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feluri (fig. III.9), schemele fiind echi- 
valente cu reprezentarea de baza din 
fig. I1I.8. Diodele sint legate fn seric, 
gn formi de patrulater, dou& avind 
comun anodul (punctul 2), iar cele- 
lalte doud catodul (punctul 4). Ten- 
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Plate insulated with tape 
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Circuit Diagram 
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All Diodes are 1N4148 


C1---C8 = 0.22uF/100V mylar 
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Antenna wire TicTacRadh 
ic Tac Radio 
: Earphone 


Antenna lead in 
Polyvaricon tuning 


Ground wire 
capacitor 


TO AERIAL, AT LEAST 20 METRES 
(60FT) OF WIRE MOUNTED 7 METRES 
(20FT) MINIMUM ABOVE THE GROUND 


DIODE LOAD RESISTOR, RX, IS ONLY 
REQUIRED IF CRYSTAL RECEIVER IS 
CONNECTED TO HEADPHONE AMPLIFIER. 


26 S.W.G. 
(25 AW.G.) 


TO EARTH, BISCUIT TIN OR 1M COPPER 
PIPE IN DAMP GROUND. CONNECTION TO 
CENTRAL HEATING PIPEWORK WILL OFTEN 
SUFFICE. 
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Step 1: LED+RF Diode 
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First Solder the led perallel to the Rf diode 
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DIY Wireless Power - Part 2: Simple Wireless Power Transmission! (CB) 
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DIY Wireless Power - Part 1: TV/FM Antenna,1N34/Germanium Diode 


The simplest FM Crystal Radio Circuit - http://billydiy.blogspot.hk 


Antenna - Extendable Radio 1.8 meter. That also serves as tuning 


1N34A,1N48,AA112, ISS86, ISS106 
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Simple crystal receiver for FM 
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wire tapped at 2.5 
tums. 12mm inside 
diameter. 


50pi 
Air variable 


Parts List (some of these parts you can buy from our online store) 


1N60 Germanium Diode 
15pF Ceramic Capacitor 
50pF Variable Capacitor 
150K Ohm Resist 

#16 & #18 Copper wires 


shee vpuel 


L- 4 turns #18 copper or silver wire, 12mm inside diameter, tapped at 2.5 turns 
Ant - 7 inches of #18 bare copper wire 

C1 - 18 pf ceramic capacitor 

C2 - 50 pf air variable capacitor 

D - 1N34 diode or rock crystal 

R - 150K resistor 


All passive components 


Two 50v capacitors (0.22 microfarad). These two 
capacitors do NOT have a positive or negative lead. 


Make sure all the diodes are all facing the same 
i i come with a band which tells you 
ite is the negative (cathode) side. 


Four germanium 


Positive leads 


oe 
ese 50v electrolytic capacitors (100 
microfarad). Each has a positive and 

negative lead. The negative leadis on _ 

the side of the capacitor with the “-” sign. 
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1ade to the twisted ends of the ceramic capacitors. When soldering the leads of the 1N34 diodes, care must be taken t. 
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Amplifier circuit. The crystal radio used for example purposes is the crystal radio made from scraps here. 
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4. Results and Analysis 


‘The simulated and measured results at the output voltage 
of voltage multiplier circuit are shown graphically in 
Figure 8. From the graph analysis, the simulated and the 
measured results agree considerably with each other. The 
measured results are shown to be better than the simula- 
tion results, The reason behind this may be due to the 
uncertainty in series resistance value of the diode ob- 
tained from SPICE parameters in modeling as explained 
in Equation (5). This resistance vale of diodes in practi- 
cal circuit may be lower than in the model, which pro- 
vides fast discharge path, in turn rise in voltage as passes 
through the stages and reaches to final output. In this 
work, the DC output voltages obtained through simula- 
tion and measurement at 0 dBm re 2.12 V and 5.0 V re- 
spectively. These results are comparatively much better 
than in ref. (9], where in at 0 dBm, 900 MHz they achieved 
0.5 V and 0.8 V through simulation and measurement 


Input SMA Connector Schottky Diodes 


increasing to 1.4 V, 1.67 V, 1.87 V and 2.12 V for 4, 5,6 


and 7 stages respectively compared to 2 mS as shown in 
[10]. Figure 12 shows that the conversion ratio of 22 is 
achieved at 0 dBm input power and drops to 2.5 at ~40 
dBm. The highest value at 0 dBm is due to the innate 
characteristics of the zero bias Schottky diodes which 
conduct fairly well at higher input voltages. 


5. Conclusion 
From the experimental results, it is found that the pro- 


‘Table 2. Component used in 7 stage voltage multiplier. 


‘Name of component Label Value 
‘Stage capacitors C-Cu 330F 
Stage diodes Di-Dw HHSMS 2850 
Filter capacitor a 100 nF 
Load resister Re 100k. 


‘Output SMA Connector 


Filter Circuit 


Figure 7. Photograph of assembled circuit board. 


sign in this paper uses a capacitor across the load to store 
and provide DC leveling of the output voltage and its 
value only affects the speed of the transient response. 
Without a capacitor across the load, the output is not a 
good DC signal, but more of an offset AC signal. 

In addition to the above, an equivalent load resistor is 
connected at the final node. The output voltage across the 
load decreases during the negative half cycle of the AC 
input signal. The voltage decreases is inversely propor- 
tional to the product of resistance and capacitance across 


the first stage was 3.3 nF, the second stage was 1.65 nF, 
third stage was 825 pF, fourth stage was 415 pF and so 
on. But keeping in view of testing, the capacitance values 
were chosen to have a close match with the standard 
available values in the market. 

Simulation was carried out through 4 to 9 voltage 
doubler stages. Based on results obtained a 7 stage doub- 
ler is best to implemented for this application. 

The design of the printed circuit board (PCB) was car- 
ried out using DipTrace software. The material used to 
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Figure 6, Schematic of 7 stage voltage multiplier. 
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Fig. 9. Configuration of a single shunt diode (Class F) rectifier with a dipole 
antenna. 


To antenna, 


Load 
Fig. 10. Configuration of the proposed rectifier on coplanar stiplines (CPS). 


‘TABLE I 
CIRCUIT ComPONENTS USED IN THKEDESIGN 


‘Component Nominal Value Part number and supplier 
Dr ‘Schottky diode SMS7630-079LF, Skyworks 
u 47 nH chip inductor _0603H1P47N, Coileraft 
ca 100 nF GRMISSR7IHIOMANSD, 
‘chip capacitor Murata 


antenna have a radius of 50 mm and a circumference angle of 


respectively. While the imaginary part of the proposed OCFD 
is around 0 Q at resonant frequencies 0.6 GHz, 1.2 GHz and 2.4 
GHz, which are fo, 2f, and 4fo respectively. These results have 
demonstrated that the simulated results agree with the OCFD 
theory as discussed in Section I-A. Furthermore, the 
imaginary part of the impedance of the antenna over the 
resonant frequency band from 1.4 to 2 GHz turns from negative 
values (for the reference antenna) to positive values (for the 
proposed antenna). As shown in Fig. 7(b), the value of the 
imaginary part of the proposed antenna impedance varies 
between 0 and 300 Q over the desired frequency band. This 
feature could help the proposed antenna to produce a better 
conjugate matching with the rectifier, since the imaginary part 
of the impedance of the rectifier normally varies between -700 
and 0 Q as we discussed earlier. The simulated 3D radiation 
patterns of the proposed antenna at the frequencies of interest 
are depicted in Fig. 8. The 2D polar plots of antenna patterns in 
E-plane and H-plane are shown as well. Here we have only 
showed the directivity (maximum gain) of the antenna (without 
taking the mismatch loss into account). From Fig. 8, it can be 
seen that the antenna has symmetrical patterns about YOZ 
plane with a maximum directivity of 1.8 dBi at 0.9 GHz, 3.5 
Bi at 1.8 GHz and 3.3 dBi at 2.4 GHz. The antenna is more 
directive towards the long arm direction at 1.8 GHz and 2.4 
GHz with the half-power beam-widths (HPBW) of around 174° 
and 185° respectively. The HPBW is about 96° at 0.9 GHz. 

Therefore, the proposed broadband OCFD antenna has 
obtained high impedance over a wide frequency range. The 
proposed design is just an example to illustrate the proposed 
new method. The details of the dipole could be modified 
according to the frequency of interest. 

IV. RECTENNA INTEGRATION 
A. Rectifier Configuration 

The proposed high impedance OCFD antenna may directly 
conjugate match with the input impedance of a rectifier over a 
wide frequency band. The rectifier should only consist of few 
circuit components for rectification, DC storage and output. A 
single shunt diode rectifier is selected due to its very simple 
structure and high conversion efficiency [33]. The 
configuration of the single shunt diode rectifier with a dipole 
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Lead Free Status Lead Free 


RoHS Status RoHS Compliant 


‘The MMSD301T1, and MMSD701T1 devices are spin-offs of our popular MMBD301LT1, and MMBD701LT1 SOT-23 devices. They are designed for high- 
efficiency UHF and VHF detector applications. Readily available to many other fast switching RF and digital applications. 


Extremely Low Minority Carrier Lifetime Very Low Capacitance Low Reverse Leakage AEC Qualified and PPAP Capable S Prefix for Automotive and Other 
Applications Requiring Unique Site and Control Change Requirements These Devices are Pb-Free, Halogen FreelBFR Free and are RoHS Compliant” 
XXX G = Specific Device Code SMMSD701T1G = Date Code = Pb-Free Package 


Rating Reverse Voltage MMSD701T1G, SMMSD701T1G Forward Current (DC) Continous Forward Power Dissipation = 25C Junction Temperature Storage 
‘Temperature Range Symbol VR Value to +150 Unit Vde MG 
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Tesla Free Energy Air Circuit 


_-— 40 turns of plastic coated wire tapped 
every 5 turns on a Quaker Oats Box 


Aligator 
lip 


To Antenna 


Fahnestock Clips 
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Radio Galena ——S 


Diodo OA81. 
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itore a cristallo per FM 
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Seguendo l'invito di Leonardo ho realizzato questo semplice ricevitore a cristallo per FM (fare clic sullo 
ema qua sotto per vederlo ingrandito) 
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Figure 1: Magnetic field probe build from a paper clip. 
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Another Prototype similar to the Heathkit using toroid coil 
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This is a dual tuned crystal set made in a box like the CR-1. just a fun prototype I made a few years back. It pulls in AM stations loud and clear. 
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New idea - You can make Solar Cell from LED (Free Energy ) 


Instructions for using 
Philmore Crystal Radio Detector 
AERIAL 


LEADIN WIRE 


ntinare) 


OPEN TYPE 


on sBinEn PE 


in itself, a ie ta posible 


potter amet a omega 


icively got results 

Be not weite in aned ask what the 

{ors personal examination af your entire hook-up will 
be secamry. Go over your aerial, ground, yurious 


Conmectioan #te., and il nrcemary get someone who 
thorouglly understands tadion to belp you. 


Unscrew to remove 
or turn crystal 


Crystal holder Cat’s whisker 


Ball - rotates in housing 


Modern diode (7:5 X 2:5 mm) 


Majoritatea componentelor active folosite in circui- 
tele electronice moderne sint dispozitivele bazate pe 
semiconductoare. 

Cel mai simplu dispozitiv este dioda punctiforma cu 
germaniu: Ea are proprietatea de bazi de a se com- 
porta ca si cum este conectata direct la o sursa electricé 
de curent continuu (plusul sursei Ia plusul diodel) si 
ca un izolator, cind este conectaté invers la aceeasi 
surs& (plusul sursei Ja minusu! diodei), ca in figura 2.9. 


-PN- Dioda stabilizatoare 
—PHE Diods varicap 


PA- dioda tuminiscenta LED 
pe Fotodioda 


FIG, 2.10. 


Tipuri de diode semiconductoare 


FIG, 2.9, 


Dioda punctiform’ cu germania 


PIG. 2.11. 


Puntea redresoare 


Antenna 


50mt 


30 spire su rocchetto diam 9 


50 affiancare e 
40 sovrapposte sul lato interno 


Lead sulfide crystals, also called "galena" 


Crystal detector, the lever was used to position the spring contact on a crystal face 
capable of performing the radio signal detection. 


Yeah , but how does a galena radio work? Here is the constructive scheme of a receiver of this kind, obtained from a book of popular radio commi 
to the knowledge of the radio, ed. Hepep 1943) 


ANTENNA 


Currin 


. — Realizzazione praticn dello schema di fig. 15.3 con aggiunta delis bobina d’antenna, 


Many of the younger generation never had the pleasure to have, or to even see 
a real beautiful crystal detector as shown on Picture 1. A detector like that was 
the product of the early 1920's, and it was an expensive, quality, well made 
product. They were usually hands assembled with machine made components. 


This particular "Ernest Roger” detector device Is built on an insulated base, 
either wood or most likely of Bakelite, the most widely used and only available 
plastic material at the times. 


OddMix.com 


: = - Many of the younger generation never had the pleasure to have, or to even see a 
Picture 1. "Emest Roger” Crystal —_eai beautiful crystal detector as shown on Picture 1. The new generations are 
detector from 1920 much too involved with technology and playing on their computers or going to an 
online University. This excellent detector holder used copper, brass and bronze generously for the crystal holder and for 
allof the electrodes. 


The most often used crystal in this and similar detectors - then and now - was pyrite or galena as shown in the 1925 listing 
ina table in the “American Mineralogist” publication, that has a listing of thirty three minerals catalogued with rectifying 
detector properties. 


‘Among the very first commercially produced diodes is the 1N21B shown 
on Picture 2, It is more than curious, that this "diode" is enclosed in a case 
on which there is a slotted screw-head is just visible on the wide side 
(lower right). That screw is connected to a fine "cats whisker" steel wire, a 
few tums of a spring-like device, terminating in a point that is in touch of 
the germanium semiconductor material connected to the top left diode 
terminal 


The arrangement is much smaller, and more diode like, then the detector 
on Picture 1., but it made in a very similar arrangement, which has 


became known as the point contact diode. From these and similar OddMix.com 
germanium diodes, evolutionary progress leads us to current PN junction 
Silicon, Gallium Arsenide or other more exotic semiconductor materials Picture 2. Early point contact diode with 
which are the achievement of the latest scientific age and many years of adjustable srew 
steady experimentation, research and development. 
‘ucD REGION Picture 3 shows the cross section of a hermetically glass enclosed, point contact 
cawracr wae cuss 


Jdiode. If the left side, point contact terminal would be attached to a screw and a 
short spring, and the glass envelope would have a threaded metal part in it, the 
Picture 2 and Picture 3 devices would be nearly identical 


These point contact "cat's whisker" devices, are still made occasionally because 
lof their very small capacitance. As it was discovered early on, they are highly 
OddMix.com | usetul in high frequency electronics. All the way up to microwave frequencies 
they useable. The simplest radar detectors usually made with a simple horn 
Picture 3. Point contact diode antenna, a diode similar to Picture 2 and Picture 3 and a transistor amplifier. If 
the designer keeps it simple, and don't use a local oscillator, such radar detectors 
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FIG.4. ASSEMBLED RECEIVING SET 


9) TELEPHONE RELLIVERS 


F\G3 WIRING DIAGRAM AND DETAILS OF RECEIVING SET 


FIG 2. RECLIVING SET, WITH ANTENNA AND GROUND CONNECTIONS 
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LEAD-IN WIRE 
LIGHTNING SWITCH 
GROUND WIRE 

LEAD TO RECEIVING SET 
INSULATING TUBE 
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GROUND FOR RECEIVING SET 


FIG. 


A-SCREW EYE 
B-ROPE 

C- PULLEY 
D-ROPE 
E-INSULATOR 
F- ANTENNA 
G- INSULATOR 


H- ROPE 

1 - SCREW EYE 
J-LEADIN WIRE 

K- LIGHTNING SWITCH 

L- GROUND WIRE 

M- GROUND PIPE 
N-LEADTO RECEIVING SET 


O-INSULATING TUBE. 


Tuning 
knob 


Plastic barrel stereo 
(Mains) line socket (see Fig.11) | Wooden 


terminal block 


Fig. 14 Suggested component arrangement for elementary crystal set 


(Wires not connected) 


Crey 
Arrow | Headphones 
indicates 7° [rey 
variable 
tap = 


(Wires connected) 
(i) Circuit 


Stout copper wires 
(0-86-10 mm) * 
as connexions and support — 


"\'k'44" (Ends cleaned 
Sturns and tinned) Terminal block 
(ii) Coil toppings and mounting 


Fig. 16 Circuit with topped inductor 


Soldered 
Flexible lead 
Terminal tery 


(iii) Alternative mounting 


To variable capacitor (see Fig. 14) 
fixed plates 
moving plates 


Connections to inductor 


Jurnnumber-—~0 5 15 25 35 


leads when 
inductor 

supported on 
receiver base 


Headphones 
(low impedance) 


(iv) Suggested component arrangement 


Flexible lead 


* 2|-19 SWG, 20-18 AWG 


required) and a flying lead for the diode, these components 
are shown in Fig.16(iv). This is doing the job properly, there 
no reason however (except for unreliability of contact) why 
both aerial and diode flying leads should not terminate on 
crocodile clips and be clipped onto the chosen taps as 
required. 


Earth is connected to terminal 1 and the headphones to 11 
and 12. Both the aerial and the diode lead are tried at 
terminals 2 — 9, a game of “poke and hope” but one which 
can be rewarding. Remember that generally but not always, 
the tappings with the lower numbers reduce loudness but 
increase selectivity. Aerial to terminal 8, diode to 9 brings us 
back to Fig.13(i) of course. 


Fig. 17 - Switching aerial and diode leads 


5.2 SWITCHED SELECTIVITY 


A technique of selection of aerial and diode tapings by means f yariable capacitor, the two switches and the headphone socket, 
of rotary switches has much to recommend it especially if the latter must then be of the chassis type. A pair of terminals 
setting changes are likely to be needed for reception of for aerial and earth completes the receiver. On the panel the 
different stations. In this case two single-pole 8-way switches two rotary switches are easily labelled 1 — 8 but we are still 
are required, usually obtainable as 12-way so leaving 4 spare. uncertain about a tuning dial because we may not have the 
The drawing symbol shown in Fig.17 speaks for itself with Jf ;ight variable capacitor for the inductor, this is the subject 
regard to its action and it may be found from catalogues that of the next section. 

there are two types of action, by which is meant the manner 

in which the switch changes over from one contact to the 

adjoining one. Break before make switches disconnect one 5.3 GETTING THE RANGE RIGHT 

circuit before the next is connected and make before break 

have a change-over period during which both circuits are This is where we pause in receiver construction to remove 
connected at once for a short time. Either type is suitable for W some of the confusion which may still exist with regard to 
us. A knob to rotate each switch is also required, a small one, JJ the tuning ingredients, wavelength, frequency, inductance 
say 2 em diameter or less is ample, if with an indicator line or Jf and capacity, each of which has some bearing on the others, 
pointer, so much the better. The modifications to Fig.16 for to fit together these four pieces of the puzzle, so to speak. 
switching are given in Fig.17. For most crystal sets the inductance is fixed according to 
the variable capacitor available and we tune the receiver over 
the range bv rotating the variable capacitor knob over half a 


With such rotary switches a search for the optimum arrange- 
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Fig. 18 Approximate capacitance and frequency values for 365 pF variable capacitor and 230 wH coil 


Air-cored transformer* 
(i) Circuit 
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(iii) Moving inductor Ly 
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(movable) gene (fixed) 


(ii) Arrangement of inductors: 


Fig. 21 A double-tuned crystol receiver * See Section 2.4 


‘Support wire Aerial 
OF rope insulator 


Down lead 


(i) Outdoor Aerial 


Lead-in 
(or free end) 
Gii) Attaching aerial to insulator (iii) Room aerial 


Water pipe 


a 
Earth lead to receiver 
‘Several turns 
of wire 


(finally secured 


Ground 


i 
1 
1 

by hose clip) ' 
(iv) Earth connection to water pipe (v) Lead bolted to earth spike 


Fig. 12 Aerial/earth systems 


Fig. 11 Matching a high impedance receiver fo low impedance headphones 


RADIO 6ALENA 


521/178 


Up next STOPL 
Radio Galena en la practica (con diodo detector) — -. 


TIT 


Mili lh 


Pl) 0:48 /2.05 


Radio de Galena com Antena de Quadro - UTFPR - TD 


FABIinNes ~% 
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1 Watt Nuclear Generator - Free Energy 


" Gadget Addict 
&, —— 138,050 views 


be 


Shop “tritium battery" 


Betalux Tritium Exit Lithonia EXR LED EL DQG Fairy Brass XP- 


Voltage Balun / "Magnetic Balun" 
From GWOVMR's plan 


auim aoueldde 
AObZ PIOYUsSNOH 


Rod 
15 to 20cm long 


10 man fo deco per impant 
a co tom 


COVE PAPEHE fibvaVetro 40 wit 


49 Shine BIFILAR) t 
Pa 

Filo stracravo raume G4 mm 13 
Ary 


BALUN 1? Anieane Long Wire 


Beverage antenna 
Antenna Long Wire 


9 spire trifilari 
filo rame smaltato 1mm A 


RTX 


Antenna Long Wire or Beverage 
(450 - 550 2) 


to Beverage 
Antenna 


RTX 50-75 ohm 


Bal-Un 2:1 per antenna DELTA-LOOP 


Autoformer, not a 
parallel transmission 
| line — Ruthroff balun 
(voltage) 


One or more parallel transmission 
lines, connected various ways — 
Guanella balun (current) — core is 
used solely for choking action 


BacAuced 


Baluns W7KVI 03/16 


21 


x NY F/B: 0.00 dB; Rear. Azim. 120 dea, Elev. 60 dea 


Coax is unbalanced ..... 


COAXIAL CABLE 


foll shield 


braided shield 
SS 


outer jacket 


... Ladder line is balanced 


| Steve Nichols GOKYA 


Coax is unbalanced, while ladder line and open wire feeder is 
balanced, as long as it is used properly and is kept away from 
metal and “earthy” materials 


Convert para e| —— ~ 
feedline a 
Types of Parallel Line 
— Open Feeder or Ladde 
line 
* Typ 450 and 600 ohm 


— Twin Lead 


* Common for (old) 
outdoor TV antennas 


— Window line 


* Commonly available 
today 


Formula LUNGHEZZA DELTALOOP Esempio 14.00 MHz (20 metri) | Lunghezza TOTALE del LOOP 
Velocita’Luce : Freq MHz x 0.97= L 299.8 VL : 14.100 MHz x0,97 | 20.624 metri totale loop 


300.000 , 
Lee % 097 IGIBE 
Formula LUNGHEZZA sib coax 75 Ohm | Esempio 14,00 Mz (20 metri) | Lunghezza TOTALE cavo 75 Ohm 
Lunghezza LOOP x 0.66 : 4 20.624 x 0.66 :4 3.402 Metri coax RG-59 
46 spire filo 4.5 alla Delta Loop 


sv tobe plastica J 2,5 


ALLA 
DeltaLoop 


Bilanciate 


AVVOLGIMENTO BIFILARE 


$0239 $0239 sbilanciato 


inagesso 50 2 BALUN a: 4 


bilan ciate 


JGIBE 


— Choke RFI 
» toroide 
cavo RG-58 


5+5 spire 
controfase 


BOCCHETTONE 
INGRESSO ANTENNA 
60-259 


2.Insert metal electrodes and attach multimeter leads [cop- 
per (+), aluminum (-)] For measuring direct current voltage: 
set multimeter function switch to “DCV: 20” take a reading 
in volts DC. for measuring direct current: set multimeter func- 
tion switch to “DCA: 20m” take a reading in milliamps (mA) 
Dc. 


Lawn battery (summer). INSET: Marsh mud battery. (Circles show position of electrodes.) 


Calculating Earth Battery Power (W = 1* V) 


EXAMPLE: A lawn battery in late summer (little rain) 
produces a 0.65V, 0.2mA current. A battery power 
calculation of 0.00013W (0.13mW). 


¥ s F/B: 0.00 JB; Rear Azim. 120 dea, Elev. 60'dea 


1:1 Ruthroff Voltage Balun 


BALANCED 


UNBALANCED 


* 450 Ohm ladderline 


The Ruthroff or voltage balun is another type. Voltage baluns 
balance the voltages. Current balance is considered to be superior 
to voltage balance. Voltage baluns should not be used in lines with 
high SWR. They have the narrowest impedance and frequency 
range of any balun type. Properly designed voltage baluns have 
low common mode impedance. Properly designed current baluns 
have high common mode impedance, and provide better balance. 
If you want to stop common mode currents flowing on your coax a 
current balun is a better choice. But in the Carolina Windom, which 
uses the vertical coax as a radiator you WANT common mode 
currents, so a Ruthroff voltage balun is better. 


ve \ F/B: 0.00 dB; Rear. Azim. 120 deg, Elev. 60 deg 


1:1 Guanella current balun 


BALANCED 


UNBALANCED 


* 450 Ohm ladderline 


ber #] Steve Nichols GOKYA 


A Guanella or current balun is very common. Current baluns stop 

RF from coming back down the outside of the coax shield, and are 
so called that because they "force equal currents in each side of a 
dipole" 


nw DZ KONNEXTOR 


2mm Tel 
8 Tur Sar 


OAzZega.com 


llonHarvesting Materials Test Fixture)f 


Material being tested ==> 


‘<== Insulated Wire 
- — } 


— —i 


"fon Emitters —=—> 


Multimeter 


Earth Electrical 
Ground Connection 


. <== 130 ft (39.62m) 


Remote Field|R&D Lab 


} 1 
& ¢ 
{ 1 
c 


‘apacitor Storage Bank 


Weather Station ==> 


Strain Relief 


“ Towers 130 ft (39.624m) —>>) 


Giant Test Fixture located at lon Power Group's Florida R&D Test Site 
Four (4) towers 130 ft (39.624m) high - approx 330 ft between towers 


lon Power Group’s new method of 
coupling to atmospheric electricity is 
vastly different from all previous 
techniques by virtue of our patented 
breakthrough revealing that carbon 
nanomaterials such as Graphite (and 
Graphene) microscopic shown at left, 
macroscopic shown at right are 
significantly more effective at coupling 
to airborne charge carriers (ions) than 
metal. The use of carbon based 
I nanomaterials distinguishes lon Power 
Group from all other researchers. 


Hie atalino ns 


I cut a hole in the side of the balun then cut the end off a piece of coax cable I had and soldered it to the contacts of the coax connection. 


EXAMPLE: W1JR (Reisert) Cross-Winding Method 


BALANCED 


UNBALANCED 


Balun 1: 1 for HF 


FF] Voltage balun (*Ruthrott") 


10-15 trifilor burns on ferrite rod. 


pr 


502. 
Unbalanced 


502 
Balanced 


1:1 Voltage Balun on Ferrite Rod - MDUKD 


How to convert seawater into drinking water [Class 6, Chapter14,. @ &» @ 


SUBSCRIBE 


Pm RY 214/249 GS & Youtube 02 


How to convert seawater into drinking water,[Class 6,Chapter14,. @ 2» @ 


: \¢ 


SUBSCRIBE 


cS & Youtube ©: 


Emergency DIY Water Distillation for Survival Bug-Out Bag 
dee V2e ade E| AS Deg 


- 


“4 # . ; 
Sat" 22 Copsy\s 


AN 


Clean/Fresi Water 


p> — RY 299/327 fi & Youtube <3 


Solar Water Distilling 


Simple Survival Water Distilling = = * 


ye dd ey 


MET; 
om 
= 


Solar Still 


Turns sea water or impure water into drinking water 
EE] Remove trom pack and retain pack to top up salt water in still 


Ws Lay out Solar Sut anc inftate vatve © on floatation ring by mouth 
Of Dy erat or danghhy pump 


inflate clear dome to obtain shape using valve Qin base 
Do not over inflate M may be necessary to manually reguiate 
Come pressure during hagh temperatures: 

HZ) Attach tapered bag © and attachment cord @ to boat or litersft. 


WE) Pour 5 titres of sea water into tapered bag Q using pack 
which holds 5 litres (approx) Close vaive @ after titling. 


GH) Ensure doth vaives@ are open in reservoir teed tube and 
Grinkable water will start to collect in reservoir ©. Au may t 
need to be squeezed out to assist collection of water °o 


Ensure the Solar Stil is kept in direct suntight whenever 
possible 


WD Ret Solar Sutt and infiate deflate dome | | 
IMPORTANT 
a8 required. 7 ROR LACK MATERAL SALTS UP FALL HTH SEA 
« WATER AND AGITATE TO CLEAR SALT CRYSTALS AND 
Do Daity - Agitate Sotar Sta to dampen tabric —— . | 
se se 


[I Fo Grain unwanted water open vaive INSTRUCTIONS UNTA SALT 1 NO LONGER PRESENT NO 
Qin base CORCUMSTANCES ORME MATER TAT TASTES OF Sct 


[EX] Shener Sotar Suit curing bac weather 
AQUAMATE miiepenliciannal 


P.O. Box 6032 Dunmow CME 3AS U.K. Tel: +44 (0/1371 830 216 Fax: 831 733 e-mail: aquamatesales@eol.com 


Image of a patented lon Collector made of carbon/graphite weighing approximately 1 ounce. 


Large aluminum collection grid ( Mesh type } 
grid must not touch the earth, place it on 
plastic or wooden poles. 


8 Gauge outdoor electrical 
wire runs to home and DC 
Fuse breaker box 


SULATED WIRES 

CORCNE OE ( 3 = 4 

BLUISH GREEN e f \ —— ae 
UGHT, i; 


2,669,000 VOLTS. — i927 E | Sy . ‘3 
16,000,000 VOLTS EXPEC TED-loea i ; Test) Hur esoree? edom 
SPARK GAP 


Science aac Invention for Fume, 1928 Mt 


Remarkable Envopean Experiments with Atmospheric Electrical 
Discharges with Potentials as High as 3,000,000 Volts 


By HENRY TOWNSEND 
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Flat Earth CON SPIRES! Cathedral Spires Are Secretly Atmospheric Electricity Ma 


> plo 1:02/10:38 


Pm plo ) 1:45/9:25 


Pm Pl eM) 0:32/2:24 


Charaina from the power lines. 


Modern lightning conductors: an illustrated 


% MODERN LIGHTNING CONDUCTORS. 


surface of the joint need not necessarily exceed that of the cross 
section of the conduc- 
tors. The joint should 


rivets, and the soldered 
joint, especially if used 
in underground work, 
should be carefully pro- 
tected from local elee- 
trical action by tarred 
rope. Stranded iron con 
ductors can be conneeted 
(as previonsly described) 
by use of a box joint ; 
the box, Fig. 28, must 
bbe of the same metal as 
the conductors 
Vanes.—Particular 
attention must be paid to 
the necessity of making 
4 permanent joint to the 
spindle. A clamp is 
prepared of the stme 
material as the 
and is, furnished 
two bolts to tighten ; if 
iron is used it is well to 
Tine the clamp with a 
piece of sheet lead, The 
conductor is sweated into 
a socket which is fitted 
with an eye, through 


Which one of the tighten- 
ing bolts passes. In the 
J 
i ) 
Fic, 27-—rmunaais 8 FORM OF AM ARCH FOR Fro, 8 


CHIMNEY ACK 


EARTH CONNECTIONS, ” 


case of the vanes of churches and those fixed in inaccessible 
positions, two separate clamps should be used. 

Internal Masses of Metal.—Roof trusses fitted with 
Jongitudinal iron tie rods will, as a rule, be found to be electrically 
connected, but should this not be the case cach truss must be 
joined to the conductors. AM large and long masses of metal, such 
as beams, girders, roof trusses, tie rods, hot water systems, traveller 
ways, hoisting crabs, engines, boilers, large machines, and ventilators 
fixed in the interiors of buildings, should be connected to all con 
ductors that pass near them, and as far as possible with one another. 
‘The discontinuous parts of traveller rails should be connected by 
straps, or in some cases tramway bonds might be used. If electric 
light wires are run in tubes, such as the “SIMPLEX,” this should be 
‘earthed. Metallic contact between lead or zinc sheeting and lashings 
should be carefully studied, and for special work strips of sufficient size 
should be either burnt on to lead or soldered in such a way that the 
joint will stand rough usage, and allow for expansion or contraction. 

Earth Conneotion.—*/¢ is essential that the lower extremity 
of the conductor be buried in permanently damp soil ; hence proximity to 
rrainctoater pipes, and te drains, is desirable, It is a very good plan to 
‘make the conductor bifurcate close below the surface of the ground, and 
adopt two of the following methods for securing the exeape of the 
lightning into the earth, A strip of capper tape may be led from the 
ottons of the rod te the nearest gas or water main—not merely ta lead 
Pipe—and be soldered to it: or a tape may be soldered toa shet of capper 
‘3 feet by 3 feet and be inch thick, buried in permanently wet earth, and 
surrounded by cinders or cake; or many yards of the tape tay be buid én 
4 trench filled with coke, taking care that the surfaces of copper are, as 
in the previons enses, not les than 18 square feet. Where iren is used for 
‘the red, a galvanized iron plate of similar dimensions should be employed. 

“The use of cinders or coke appears to be questionable owing to 
the chemical or electrolytic effect on copper or iron. Charcoal or 
pulverised carbon (such as ends of arc-light rods) is better. A tubular 
earth consisting of a perforated steel spike driven tightly into moist 
round and lengthened up to the surface, the conductor reaching to 
the bottom and being packed with granulated charcoal, gives as much 
effective aren as s plate of larger surface, and can easily be kept 
‘moist by connecting it to the nearest rain-water pipe. The resistance 
of tubular earth on this plan should be very low and practically 
constant." —Lightning Research Committee, 1905. 


c 


Washinaton Monument is an Atmospheric Electricity Mast 


Figure 2.3. The lightning rod that Toaldo de- 
signed for the church of San Marco in Venice. 
Giuseppe Toaldo, “Del conduttore elettrico posto 
nel campanile” (Padua, 1776). Franklin Collec- 


mM) 1:22/ 6:28 


Gilded Temples Are Secretly Atmospheric Electricitv Masts 


When To Tune 


~ EUROPEAN STATIONS ~ 
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— > ELECTRIC CURRENTS From Bit Ryoron ot at JAS tr 2000 


magnetosphere thermosphere 


ae 1ONOSPHERE 
© mesophere 
ATMOSPHERIC 
FAIR WEATHER 
tt EI | | stratosphere ELECTRICITY 
++ ; Yi 
=! ree troposphere 
ae 130. Ve boundary layer 
oF 


=> EARTH'S SURFACE 


From R.G. Harrison, Surveys in Geophysics, 2004 


Blyant med ledning tilsluttet grafitten 


Stel hornindforing 


tesla radiant collector/ion collector with pencil 


Keeping the two wires together, make a few 
more turns through the center. 


Keep winding until you fit as many turns as 
will fit in a single layer around the torotd, 
typically 7-10 turns with thin insulated 
wire. 


Clip the wire leads down. Note that we 
have two pairs of wires: one coming out the 
front, and one coming out the back. 


Strip the wire ends. Take one wire from 
each pair of different color and attach 
them together. 


resistor 


ferrite toroid core 
wrapped with 
two coils of wire 


battery 7” 
voltage 


battery if 
1.5 volts fs 


LED - needs 1.85 volts 
(Light Emitting Diode) 


Ww 


rh a 
ot ns we) 


(* 4 coil 
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D7GR - Joule- nie) 
January 2009 


Two wires 
bifferent colours 


yx 
A npn transistor 
This one is 9 8C337-+40 - 
but any Kind will do 


A light emitting diode (Leb) 
Any colour, but not flashing 


A\kQ Resistor 


Solder the kQ Resistor to 
either of the unsoldered wires 
coming from the inductor. 


Solder the other end of the 
resistor to the base lead of the 
transistor. 

ON the transistor used here, 
that is the middle lead. 

Cut of f the spare ends of 
leads. 


Solder the anode of the LED 
(the longer leg) to the collector 
lead of the transistor AND the 
remaining wire from the 
inductor, 

Cut of the ends of the leads. 


Solder the other leg of the Leb 
(the cathode) to the emitter 
lead of the transistor: 

Do NOT cut off the LED leg. 
(Don't wory if you have cut it off - you'll 
Just need to solder another wire to this 
leg So that you can connect it to the 


battery.) 


First you need q ‘dead’ battery 
~ that means one where the 
voltage is less thaN 1.3V. 

You ca see that the batte 
used here has q Voltage of just 
over IV. 


Connect the two Soldered wires 
coming from the inductor to 
the positive (+) side of the 
battery. 

Connect the uncut LED leg (the 
athode) to the negative (-) side 
of the batteru. 


Cappels www.proiects.cappels.ora 


2XSC380 


The chip is soldered onto the legs of the 
LED and then the wire between pins 1 and 
2 is cut out so there is no connection. The 
inductor is then soldered so as to bridge 
pins 1 and 2. I soldered the inductor on 
before cutting out the wire but it might be 
easier to try some other method. 


As I said previously, this is a tedious 
solder job, and the SOT23 IC is easily 
damaged (ask me how I know!) It takes 
patience and a steady hand to assemble 
these few parts. 


This circuit would work for the LED 
indicator in the 1.5v boosters and would 
most likely be a better choice than the 
Joule Thief that I posted previously. 


Amplified power output :) 


2n3904 
Transistor 


1k Resistor 


Toroid bead 


On/Off 


Toroid 


The CIRCUIT 

The circuit is very simple. All the work is done by the 5252F chip. 

It contains an oscillator, a high speed diode and a power transistor. All these components 
inside the "IC" that looks like a 4-leaded transistor! 

This IC is smaller and cheaper than all the parts individually and is less expensive than the 
competition (that costs 70 cents). 

We can produce a complete project for a few dollars and it has two "test features." 

You can place a LED across one of the LEDs on the board and find out the colour as many 
LEDs come in a "clear-as-glass" package and you cannot tell the colour until they are 
illuminated. 

The other feature is INDUCTOR TESTING. 

The current taken by the circuit changes according to the value of the inductor. 

You just need a few reference values and you can work out the value of an inductor within the 
range of the inductors you have used as samples, or slightly higher or lower values. 


white LED 


The layout using component pictures. 


Using a 220uH, the circuit takes 13mA and illuminates 2 white LEDs very brightly. 
Using 100uH the circuit takes 30mA and the LEDs are really the same brightness. 
Using 33uH the circuit takes 80mA and the LEDs are just about the same brightness. 


Obviously the 220uH creates the most efficient circuit. 
The QXAAAIF is canahle af deliverina mare. than 10OmA ta the | Fs hit we anlv need 


Resistor 


° 


Battery 
0.6 -1.6V 


Transistor | 1) Collector 


Switch 


Watson's 2 Transistor "Joule Thief’ V. Booster 


Uses 2N3904 for output. Coil is 180 microhenry, 
2.5 ohm RF choke (green blob) 


C1 1nF or 
1O00pF "102" 


—— 


Ed 2 Ps uH, 2.5.0hm 
ee , _ ASP” RF choke 


bypass 
capacitor 


v 


White LED 


current 
sense 
resistors 


www. rustybolt. info 
Jan 29, 2012 


Watson's Version of "1 .5v Joule Thief -Blinks Led" > 
Taken from http:/Awww- youtube. com/watch?v=GVP2QGpk5KE: Nov.14, 2012 > * 


My version does boost er Reeepereoys shape tis 
the voltage and light the 
LED, but it doesn't blink. 


Two 180 uHiin 
parallel =90 uH 


’ This wiring Diagram-is 
Watson's Corrected Version:at - ~ 
F “http://rustybolt.info/wordpress/?p=4934 
1.5V AA cell below , . 


Watson's Joule Thief Pictorial Diagram 
http:/rustybolt.infoAwordpress/?p=128 2011 Dec 07 


Coil 
Core = ee] 
Fair-Rite 
2673002402 yer 
12 Turns 
24 AWG 1k 1000 ohms 
/ Emitter 
Bifilar brown, black, red, gold a 


Wound ~try. rr, Battery - 


RL, 
t _ Transistor, > 
ke NPN General ™ 
’ Purpose, 
Battery a PN2222A, 


2N4401 


Joule Thief Pictorial Wiring Diagram Dec 11, 2009 


FERRITE 
TOROID 


Flat spot 


for 2N4401 AA or AAA cell www.rustybolt.info 


Watson's True 2N2222 Joule. Thief: - Oct 31,2010 Boo! 
Not very good performance from’an expensive-transistor® 


Resistor is. 820° = sek & real 2N2329; inthe 
ohms, with a "102"> / TO-48 metal can. package: 
“1000 pF. speedup. : * <at Sto 10:times the pricé ; 


capacitor i in 
. parallel. 


“Of the plasti¢ package. 


Watson's Tiny Toroid Conventional Joule Thief - 
Nov 18, 2009 Not much bigger than the transistor! 
www.rustybolt.info 


BC337-25 


2.2 ohm. curren Os 
monitoring resistor 


321377 fZ Pe 
Pent. bb Lk 


Three windings 30 AWG, each about 6 inches long, trifilar wound 
on 0.229 inch O.D. toroid, 2 in parallel for main winding. 


| took this photo just before Halloween back in 
2010, after | made this Joule Thief without 
solder and without a toroid. It shows that you 
don't have to know how to solder and you 
don't have to have a toroid to make a working 
Joule Thief — all you need is a screwdriver. 

So do your thing and experiment a bit, and 
see what you can come up with 


Each screw (except for one) has two washers 
to hold the wires. Putting two or more wires under the screw head without the washers will be 
difficult and the wires will try to come loose. Two or three washers makes it easier and the wires 
are held much firmer. The wood block is a piece of solid oak that is about a half inch (12mm) 
thick. The oak is very hard and the screw holes have to be drilled out before the screws are put 
in. This also makes it possible to use small screws with a flat end which were used for holding 
plastic parts together. The screw size is about #3 by 3/8 inch long, with coarse threads like a 
sheet metal screw. 


The LED is not very bright because it's a cheap 3 mm white LED | got from an eBay seller, and it 
has been used a bit so it has dimmed. Use a decent LED and this circuit will be as bright as a 
toroid JT. 


Another Joule Thief | put together is shown in 
the second photo. This uses the bare wires to 
wrap around the joints in place of solder. The 
joints are not as mechanically strong as 
solder but for a quick experiment they should 
work okay. If the JT is going to be used, the 
wire joints may become intermittent or loose 
The solder joints are a much better 
connection. 


Coil consists of two. 10 foot 


Watson's Solderless , Joule Thief. Oct 25 2010 
f lengths of insulated 


White or blue LED 


2N4401 NPN transistor telephone wire wound 
1000 ohm resistor e } ) around a AA celland tied 


with wire. ties. 


Watson's 'Toroid Free’ Air Core Joule Thief 


2.2k Red, 
Red, Red, 
Gold 


rustybolt.info/wordpress/?p=2872 May 21, 2012 


Watson's Nearly Disposable Joule Thief Light 
rustybolt.info/wordpress/?p=2133 — Fri. Apr 13 2012 


Completed circuit ready for coating of silicone sealant. 
Transistor is a BC337. If it was a PN2222A or 2N4401, 
the flat side would be facing up. 


Watson's Solderless Joule Thief 


http://rustybolt.info/wordpress/?p=5210 


mee 
= 2N3904 NPN Tromictor 
——__— Terminals 


2N3904 NPN Tromistor 


Terminals 


Transistor Terminals 


EBC 


ers) 2N3904 


(NPN Transistor) 
LED Terminals 


Negative Side (Cathode) 


Flat Edge ee _~@i 
ee 


Short — 


Postive Side (Anode) 
Long Wire 


Ferrite 
Toraid 


AA battery 


Ferrite toroid core 
with two lengths of 
small diameter wire 
e.g. 26 gauge, 

30 gauge, .. 


resistor 
1kQ 


+ 


flat side is facing tte ee 
out of the page 


transistor 
oc 


LED (Light Emitting Diode) 


(C - Collector, B - Base, E - Emitter) 


2n3904 
Transistor 


1k Resistor 


Toroid bead 


On/Off 


Ferrite 
Toraid 


3" Axial lead inductor 82uH 1/4W 

1° 10nf ceramic capacitor 103 

2" AO90 Germanium signal diode 

1* 2N2222 NPN Transistor bipolar 0.6A 40V 
1* RESISTOR 5.6K Ohm 1/4W 

3* 5mm white Emitting led Diode 20 mA 3.2 V 


a 
- ¢ _} 
;. = 


= 
MORE VIDEOS 


AEMAN 


: Pm ® 2:25/3:06 % Youtube © 


Ferrite toroid core 
with two lengths of 
small diameter wire 


resistor 8.9. 26 gauge, 
. ni i se 30 gauge, . 
one leg is longer 
flat side is facing 
AA battery out of the page than the other 
transistor LED (Light Emitting Diode) 


2N4401 


(C - Collector, B - Base, E - Emitter) 


A conventional joule thief, shows a 
components and how they are 
connected. This example uses a red 
LED. A ferrite toroid is wound to form a 
coil with primary (white) and feedback 
(green) windings. A 2N2222A transistor 
and 1000 ohm resistor are used. 


The Joule Thief 


1k resistor 


1.5v AA or AAA battery (i 


Transistor shown (T) is 2N3904 (can also use 2N2222). 

Note LED pins - negative is shorter and has flat on bulb edge. 
2 wires round ferrite ring are wound together, then start of one 
joined to end of other. 

Try adding more and more LEDs... 


Joule Thief 


madwunda 


Its a Rubbish Challenge 
Dog Light 
Joule Thief 


electronics circuit 


Base ferrite toroid core 


J wrapped with 
transistor y two coils of wire 
Emitter} Collector ~ B® LED - needs 1.85 volts 


aa 


(Light Emitting Diode) 


= 
3* Axial lead inductor 82uH 1/4W 
1* 10nf ceramic capacitor 103 
2* AOSD Germanium signal diode 
1* 2N2222 NPN Transistor bipolar 0.6A 40V 
1* RESISTOR 5.6K Ohm 1/4W 
3* 5mm white Emitting led Diode 20 mA 3.2 V ode 


The joule thief circuit. 


Ferrite toroid core 
with two lengths of 
‘small diameter wire 
e.g 26 gauge, 

30 gauge, 


resistor 


4k 
| | 


; one leg is longer 
AAbatt flat side is facing than the oth 
_—s out of the page c seed 


transistor LED (Light Emitting Diode) 


2N4401 


(C - Collector, B - Base, E - Emitter) 


Transistor - The legs of the transistor can be determined by noticing that there's a flat side to the transistor case, See the diagram above. A large number of 
transistors have been reported to work: 2N4401, NET123AP, BC547B, 2SC2500, BC337, PN2222, to name just a few. 


LED - One leg of the LED is longer than the other leg. Use this to determine which one goes where. See the diagram above. 


Resistor - The diagram says use a 1 kilo ohm resistor but I've used an 820 ohm one just fine. I've also seen a 2 kilo ohm one in use. Use whatever works for 
you. You can also use a potentiometer (a variable resistor) so that you can easily adjust it to select the resistance that gives the best light. 


Toroid ferrite core - Some people have gotten these by opening up compact fluorescent lightbulbs (CFLs). | took mine out of some device whose original 
function | don't know. To get it working, my first one had just 13 tums for each wire and I used a 30 gauge wire and a 26 gauge wire. The wire must be 
insulated. A variety of number of turns will work. This is something you can play with. Look at the diagram carefully to determine where the wires connect to. 


Superglue four pads to the 
PC board. Make sure they 
are not touching each 
other. You should have 
roughly 1/8 inch between 
the pads. Apply a small 
drop of superglue on the 
board and press the pad 
onto the board with the 
small dimple up. Use a 
small screwdriver to hold 
pressure on the pad until 
the glue dries (about 10 
seconds). 


Solder the 1,000 ohm resistor 
onto pads 1 and 3. When 
soldering all components, 
place a 90-degree bend on the 
ends of the component where 
they touch the pad to allow 
better soldering. There is no 
polarity on a resistor. 


Solder the LED to the board. 
VERY IMPORTANT: Solder the 
long lead to pad 2 and the short 
lead directly to the PC board. 
The LED will not illuminate of 
you put it in backwards. If you 
look into the LED, the anvil 
shaped part is the lead that gets 

| soldered to the PC board. 


Solder the 
transistor to the 
board. With the 
flat part facing 
you the left lead 
(emitter) is 
soldered directly 
to the PC board. 
The center lead 
(base) is soldered 
to pad 1. The 
right lead 
(collector) is 
soldered to pad 2. 
_ Failure to install 
this part correctly 
_ will prevent the 


Joule Thief from 


_ working. 


Take the two 
pieces of wire and 
untwist them if 
they are twisted. 
The toroid 
requires 12 inches 
of wire. You will 
wind the toroid 
with this pair of 
wires side by side. 


Wind the toroid with 9 
turns of the wire. Each 
turn through the hole in 
the center counts as one 
turn. VERY 
IMPORTANT: You must 
take one wire from 
each side of the 
winding and twist them 
together. This makes 
the transformer 
windings out of phase. 
This is critical to 
operation. Connect one 
wire of each color. 


Solder the twisted 


"| wires on the toroid 


to pad 4. Solder one 
of the other toroid 
wires (doesn’t 
matter which one) 
to pad 2. 


Solder the other 
wire on the toroid 
to pad 3. 


Solder the battery 
holder. Connect a 
short piece of 
wire from the 
positive terminal 
(the one without 
the spring) to pad 
4. Solder the 
negative terminal 
(the one with the 
spring) directly to 
the PC board 
using a short 
piece of wire. Use 
hot glue or some 
other glue to 
secure the battery 
holder to the PC 


Step 1— Wound the Toroid 


Take the two strands of plastic insulated wire and hold them together. Start off by sticking 
then through the middle of the toroid until you have 2 cm of wire left to make a connection 
with later. Keep the two wires together and wrap them around the toroid until you have 
covered the whole toroid. If you have wire left you can continue until you have about 2 cm 
of wire free on either side. Remove about a 0.5 cm of the plastic insulation on all four of 
the wires as in the photo. You have now wound your toroid and we are ready to continue. 


Step 2 — Join the two coils of Toroid 

The next step is to join the two coils or windings of the toroid. You 
may have noticed the two dots next to the toroid windings in the 
circuit diagram. These two dots indicate the polarity of the 
transformer and as you can see the two windings are opposite to 
each other. To make sure that the polarity of our toroid windings 
are correct we must do the following: 


» Ifwe look at the toroid we noticed that we have two wires of 
different colours sticking out at both ends of the toroid. 
+ Take one wire of a specific colour (green in the example) on the 
one side of the toroid and one wire of the other colour (white in 
the example) on the other side of the toroid and connect (or 
solder) them together. These two wires forms the top pole of 
the toroid as in the circuit diagram and is connected to the positive terminal of the 
battery. 


mar 


A conventional joule thief, shows a 
components and how they are 
connected. This example uses a red 
LED. A ferrite toroid is wound to form a 
coil with primary (white) and feedback 
(green) windings, A 2N2222A transistor 
and 1000 ohm resistor are used 


ee - 


A joule thief with two axial inductors a 
replacing the ferrite toroid, shown ona 
solderless breadboard 


Step 2: Schematic Diagrams 


gle Battery Cell: Hand-wound 
aaline, NiCD, NiMH ferrite toroid 
3- 1.5 V typ.) 


LED: 


Blue Transistor Terminals) 


Whit Bigaoeec 


(NPN Transistor) 
LED Terminals 


2N3904 


2N3904 NPN Tromistor 


Termina\s 


iN 


EBC 
E <Emitter 
B= Bas 
C= Collector 


These tiny T231212T toroids from 
ae i - : Watson's Tiny Toroid Conventional Joule Thief - 
Surplussales.com are high permeability so it Nov 18, 2009 Not much bigger than the transistor! 


doesn’t take much wire to make a good Joule www.rustybolt.info 
Thief coil. The core is less than a quarter inch 
diameter (here is a data sheet in .PDF.). Six 
inches of 30 AWG magnet wire trifilar wound, 
with two of the windings connected in parallel 
for the primary winding. 


The transistor is a BC337-25. | put a 2.2 ohm Three windings 30 AWG, each about 6 inches long, trifilar wound 
on 0.229 inch O.D. toroid, 2 in parallel for main winding 


resistor in series with the circuit to measure 
the battery current. It can be put there temporarily and removed when the LED current is what 
you want. How do you change the LED current? Change the 1k resistor to a different value. 
Higher values will reduce the LED current. With the BC337-25 and 1k resistor, the LED current 
should be close to 20 milliamps so it’s probably not wise to go much below 1k. If you use another 
transistor, especially the pipsqueak 2N3904, you may have a hard time getting it to put out 20 
milliamps. 


CURRENT 


3* Axial lead inductor 82uH 1/4W 


1* 10nf ceramic capacitor 103 

2* AOSO0 Germanium signal diode 

1* 2N2222 NPN Transistor bipolar 0.6A 40V 
1* RESISTOR 5.6K Ohm 1/4W 


ANT13 ANT14 ANT15 ANT16 ANT17 ANT 13. 


Unit : mm 2.2 HSMS286F 


65 


21.1 
4 line 


Matching circuit 


19 8.1 
Class-F load 


(a) 


(b) 


Figure 4.1: Proposed positive output voltage rectifier. (a) Structure and size. 
(b) Photograph. 


264 


Antenna 
Port 
° Shorting vias - co 
: Zero-bias diodes 
_ DC load 
-- Ceramic capacitors 


Fig. 3. Layout of the rectifier prototype, printed on RO3206. w; = 72 mil, 
w) = 15 mil, and Z, = 171 mil. Fabricated sample is shown in top lefi, and 
the impedance matching stub is enci 


80 


1 vs. Power ~ Cale,{7] 
= = =n vs. Power ~ Meas. 
70 


5, 85. Power ~ Mea. 


iB) 


IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, VOL. 10, 2011 


Matching Performance (dB) 


G —Total Realized Gain (dBi 


icy (GHz) 


Fig. 5. Measured |11| performance and total realized gain (at boresight) of 
the proposed antenna. Fabricated sample is shown in bottom left. 
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Place the transformer on the frame, fix it with two M4x16 screws, 2 rings and 2 nuts 

The wire of the 68 nF capacitor must stick through the "0" connection of the transformer, and is then soldered. 
Solder the OA95 diode between tuning capacitor and the "0.625W" connection of the transformer. 

The green band on the diode must point towards the transformer. 


Solder the two wires from the transformer to the headphone socket (see for detail: next picture). 


Solder the two wires from the tuning capacitor to the terminal posts. 
The wire with the red line on it, comes on the upper (antenna) connection. 
The wire without red line, comes on the lower (ground) connection. 


Detail of the wires on the headphone socket. 
The wire without red line comes on the ground connection. 
The wire with the red line comes on the two signal pins, so these two signal pins are connected together. 


Mount the extension shaft and the knob on the tuning capacitor. 
In the middle position, the pointer on the knob must point upwards. 


$1,000,000 


in $100 bills 


910, 000 

in $100 bills 

s e 00 Million . $1 Billion 
) in $100 bills ey _in $190'bill 


$1 Trillion 4} 
in $100 bills 


USB Type A Female Field Termination Connector 


Roll over image to zoom in 


L-com Item # USBAFT 


List Price $7.24 
Your Price 1-9 $7.24 
10-24 $6.81 

25-99 $6.37 

100 + Call Us 


Availability: In Stock 
Available for Same Day Shipping 


Quantity 1 ADD TO CART. 
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1 LED azul 
(con tensién entre 3V y 3,6V) 
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Addie's super foxhole radio schematic 


120-200 winds 


safety pin 
jammed into 

#2 pencil lead 
shorter the 


ground: 
can be combined 
with 1/4" jack 


1/4" jack or pickup 
é to be plugged into amp 
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The PO-102, Crystal Radio Kit, w/Slider-Tuning! 
Perfect for parents, grandparents, 
and teachers to build with kids! 
Also a super starter kit for the 
beginning adult builder! Includes 
small coil form, wire, slider 
assembly, capacitors, and diode. 
Easy parts layout guide provided 
for kids. Excellent performance for such a simple but elegant 
classic slider. Earplug included. 


PO-102, w/Crystal Earphone 


. 


PO-102, Chassis Assembly, Top-View. » 


FIRE KIT EXAMPLE 
COMPRESSED TRIOXANE 


WATER PROOF CASE 


WATERPROOF MATCHES 
1M WATERPROOF CASE 


CHEM-LIGHTS 


FOR STARTING —" 
: 
: 


FARRO ROD 
KEY CHAI 


HIGHLANDER 
SURVIVAL BAG 


THE ULTIMATE 
BUG OUT BAG 


Anglo Arms Rambo Knife 
Anglo Arms Machete 
. Austrian Ex-Military Water Flask 
BCB Trekker Lifesaver Pack 
. BCB Compact Fishing Kit 

Canadian Gas Mask w/ Filters 
Feit Electric 500 LED Torch 
French Military Mess Tins 
Hexamine Solid Fuel Cooker 

10. Heavy Duty Camo Tarp 

44. Highlander Survival Bag 

12. Highlander Solid Fuel Cooker 

413. Highlander Trekker Hammock 

44. Highlander Folding Saw 

15. Kombat UK W/proof Matches 

16. Kombat UK 40] Molle Bag 

17. Kombat UK Fire Starting Kit 

18. Kombat UK Compass 

19. Kombat UK Throwing Axe 

20_Oasis Water Purification Tablets 

ce Survival Saw 
22. Sawyer Mini Water Filter 


24. Survival Mirror 

25. Turboflame Lighter 

26.UST Survival Poncho 
27_Wateproof Rucksack Liner 
28.Wind Up Solar Torch 

29. Wooden Deluxe Knife w/ Case 
30. LOOft Paracord 

34.24hr Ration Pack “> 900) 


them Description 


1: Soler Pane! Charger 
#2: Toctcs! Troume KR #1 
#3: SLED Head Lamp Siver 
4004-1 Dynamo Energy Rao 
100 Biack Parachute Cond 
One (1) Amerigiow 6° Light Sack 
Mognesum Fre Staring Too! 
Sabre 344-1 Deters Spray 
Emergency Survival Btanket 
‘Spork OD 
New Wire Handle Canteen Cup 
Canteen wi Cover OD t¢t 003827 
Wise Emergency Food Kit 72 O17Z73 
Medium Transport Pack Stack 220355 
Adventurer Kite KR 20363 
Trp Wire: Yetow & Groen 19817 
Waterproof Storage Bar o191s2 
1One Hand and Body Warmers (x3) 08016 
Coin Towels 4pk Tubes (3) 079415 
34N-1 Compass Whistie 019133 
£21: 31N-1 Waterproof Match Tube 019753 
#22: Marching Lensatic Army Compass 007127 
#23: Waterproct Matches 016378 
#24: Water Purticaton PA‘Ptus Tabs 012838 
#25: 11 Functon Survival Toot 19145 
#26: German Folding Stove wi Foust 003823 


Total Bug Out Bag = 
Weight: 12.4ibs 


Bug out Bag @ j S 


= Water Bottle w/ Charcoal Filte 
Aquamira Tablets 


Handwarmers 70 oz Camelbak Bladder in bag 
Cotton Balls 


Fire Starter 
Knife 
Matches . 

: BG Parang 
Fenix Flashlight w/ 
CR123 Batteries 
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First Aid Kit wWPQui 
Israeli Banda 
ther P99 w/ 130 rds 


of 9mm 
Baby Wipes 


G EMERGENCY USES FOR PARACORD 


Snare A single length of paracord has been tested 4yrShing 
rap to handle 550 Ibs of weight. Net 


2Srishing 
ine 


3. HeIten, 65 Beanbag 


There are seven internal 
strands, each of which comes 
apart into two, so there's 14 
thin lines. 


ee 


AF TER HOUR'S 


5 WAY TAG STRIP 36 WAY TAG STRIP - TWO ROWS 


e wired together ,with a little ingenuity, with the component wires being held together in the grip of solderless crocodile clips, whereby the conne 
older. 


2x circuits a plastic Terminal Block (sometimes referred to as a choc’ or chocolate block) can be utilised very effectively indeed. These are used 
15 Amp and 30 Amp. The 5 and 15 Amp Terminal Blocks | have found to be the most suitable. The various component wires can be trappec 
makes it easy to change the components around when experiment with different circuits. See The EXPERMENTAL CRYSTAL SET for more det 


gage 


‘CHOCOLATE’ TERMINAL BLOCK 


Where to connect to the earbud jack. 
For connecting to one earbud only. 
transformer 
DADA 
VW) 


oneearbud | 


the otherearbud |; 


For connecting to both earbuds 


Bitherearbud 


Monnecttofor | 


transformer 
DIDI 
[VY 


The current-limiting resistors are part of the cardboard circuit. The black spots are where | used the Bare Conductive 


paint 


The micro:bit is plotting the analog values on the §x5 LED matrix, which represent the noise level in the room. 


All you need to get started is a roll of copper tape, a few components and conductive paint. One roll of tape and tube of 
paint can make about 200 circuits. 
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7 LOGIC GATES & 4 USEFUL COMBINATIONS 


Standard Logic Gates 


A 
8 &E 


Preceding NOT Gate on One Input 
for AND, NAND, OR, NOR Gates 


NOT —>o— 

AND sR 
NAND A] pc 
OR s) -< 
NOR 4) >< 
XOR s-) >—-< 
XNOR a) >< 


TYPENF SMAM PAL/BELLING LEE F 


S 


TYPE FF 


MCX MALE 
(OTHER END) 


BNC F SMAF 


e% 


TYPE NF SMAM PAL/BELLING LEE F 
UHF F / TYPE FF 
MCX MALE 
(OTHER END) 


BNC F SMA F 
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direction of current flow 
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7. 555 Timer Projects 555555 » 
In this section we will make : 
7.1 4 Key Piano 7.7 Knight Rider 


7.2 Light sensitive music circuit 7.8 Cricket Game iiss ice 
73 Light controlled Police Siren 7.9 Multipurpose circuit Soe eas . 
74 Touch Switch 7.10 Johnson counter fn Video CD ROM 

7.5 Timer Li 
7.6 Continuity Tester 


> What is it about ? 
Se 555 timer integrated circuit (IC) is a very popular chip used in variety of 


applications like timer, pulse generation and oscillators. This is a low 
cost, stable and widely available chip which makes it favorite for hobby- 
ists. The internal components of 555 as shown in figure consists of 2 comparators 
and a flip flop. All of these components contain 25 transistors and 15 resistors 
packed in the IC. 
The three highlighted 5k resistors shown in figure are the reason why this 
ICis named as 555. 


Pin Name Purpose 
- 1 GND Ground reference voltage, low level (0 V) 
om? o 2 TRIG The OUT pin goes high and a timing interval starts when this input falls below 1/2 of CTRL voltage 
res ron 215 (which is typically 1/3 of Vec, when CTRL is open). 
ct ld 3 OUT This outputis driven to approximately 1.7V below +Vec or GND. 
aaa ~ RESET A timing interval may be reset by driving this input to GND, but the timing does not begin again until 
RESET rises above approximately 0.7 volts. Overrides TRIG which overrides THR. 
Piessd wate the aotch 5 CTRL Provides “control” access to the internal voltage divider (by default, 2/3 Vec). 
near first pin. This is 6 THR The timing (OUT high) interval ends when the voltage at THR is greater than that at CTRL. 
ee aan, the DIS _ Open collector output which may discharge capacitor between intervals. In phase with output. 


8 Vec Positive supply voltage, which is usually between 3 and 15 V depending on the variation. 
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light emitting diodes transient voltage 


supression diodes 
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Types of Diode 


X2 capacitor 
called “mains capacitor” 
electrolytic 
called “can electrolytic” a . 
ie | the line is 
" tantalum 
f surface mount electrolytic the line is positive !!! 


S [SK als surface mount capacitor green cap 
- "ieee mark edhe es 
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“pig tail" electro 
louble-ended electro 


‘® 
= Oe gle-ended electro 
+ 


2 ® 
“i P/ \\ Ac \\ 
Seer / / ‘ d // monolythic “bead” 
high voltage ceramic high a ceramic capacitor capacitor 
(ceramic) (ceramic) 


tantalum capacitors can 
“go up in smoke" “bead” tantalum 


Electronics 
Reference Sheet v1.1b 


REGULATOR Resistor digit Mutiptier Toterance 
(e.g. LM78xx) Silver Pa 


A 


LED CAPACITOR 
01 45% 
1 

10 21% 
100 a2 
1k = 
10% 


° 
1 
2 
1 3 
‘ , 
anesoy 3 GND Green S 100k 40.5% 
rar Blue 6 mM 0.25% 
w vIn vour Violet 7 10M 40.1% 
+ owe Gra tS 
NOISE (CAP) WAY 2 
—_ 


Cathode - 
Anode + 
=< 
© 
- 
ODD 


1st Digit it 
2nd Digit and Dat 
diana Multiplier 
NPN transistor (Current sink) ‘einimaiia 
(e.g. PN2222) vec N-channel MOSFET 
= vec 
To-92  sOT-23 sores 
| ges glia i! Source 
anes INPUT 
GND — 
PNP transistor (Current source) P-channel MOSFET nee 


(e.g. PN2907) 


vec = 
TO-92 sib 
‘yee —_ INPUT ol 
ea - 
Gate Source __D. 
rit: . 
s 
¥ s GND 


GNO 


* Please note that some components may have a diferent pinout than the one showed above. you should always check the 
ata sheet betore using a new component 


Reich's Orgone Accumulator Box 


Key: 4 Positive Orgone (Etheric) Energy (a.ka.,"OR"/“POR”) 
| Deadly Orgone (Negative Etheric) Energy (a.k.a, “DOR”) 


@rgonite.info 


How to build a Don Croft ORGONITE CLOUD BUSTER 


Refer to ( Part 1 - 2) How to Make an Orgonite CloudBuster: 
http://www.youtube.com/watch?v=cCn1DO2Rj6k 


Third 


Six 5' lengths of copper pipe 
When the orgonite base of the 
cloud buster is complete, fix laren tenant 
the top pipes to the bottom ones ‘ene specs, 
using pipe connectors, then 


fix the top spacer in place 
to provide stability, 
Pipe ie 


Six 1" lengths of copper pipe 


(1" diameter pipe) ie 


2 Gallon ......plastic bucket 
{8" bottom-interior diameter, 


9" top interior diameter) ey 


Double Trominated Crystal 
(secured into hose with glue) 


Section of 

garden hose 

3/4” -1" piece 
(glued into end cap 
with silicone glue) 


SS ‘Taj joint where each 
Four double terminated crystals eaoper pe pe fits int its end ca 
‘in the base aligned with the inty Kien 
Cordial rections Seeping into endcap) 


7; hase 
Brimaries Standoff 
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N, TESLA. 
APPARATOS TOR TRANGMETTING, ELDCTAICAL ENZROY, 
APLIGATION FISED 745,18, 1909, REREWED MAT 4, tHE. 


1,119,782, Patented Dec. 1, 1914. 


WM YAAAAAAAA: RRATORS 
se AARAR NA S71, 


RARE NOTES FROM TESLA ON WARDENCLYFFE 


New York. Aug. 30ch, 1901 
46 8 48 East Houston Str 


Mr. Stanford White 
160 Fifth Ave. 
New Yor City 


My Dasr Stanford 
Mary thanks for your suggestions | am writing to Mr: Powell 
today. Perhaps he will be able to clear she land akogether: 
| want you to understand that | went ta the American 

Bridge Company simoly because of my anxiety to have the 
wore pushed through as fst as practicable. | am only too glad 
to follow your advice and beg you t 
absolute free in your choice and arrangements regarding 


sider yourvell 


werk. 


Yours very sheers 
NTeea 


New Yor, Sep, 12th, 1901 
46 8 48 East Houston Sir 


Babeack & Wikcox Co, 
85 Liberty Steet 
New Yori Cty 


Gertlemen: 
Undar enclosure I forward sketch chowing your twe balers 
as they willbe placee in my building and ter position 
relative to and exact distance fom the chimney The scale is 
Y inch toa foot 

‘You wil great obsige me by {umhing the drawings of the 
fives leading to the chimney and the postion of the breech, as, 
the bulla 


annct proceed wrthout ths information 


Yours very ru 
Enel 


Anyone familiar with the Wardenclyfie Tower 
knows it to have been a colossal structure. Yer, few 
realize that it was supposed to have been even larger. 
Although the exact figures are not revealed, Tesla 
must have drastically underestimated the cost of 
building his structure as is evidenced by the follow- 
ing response to White 


ete | 


i poone 
O 


extra col 
pulsating 


supports 


Fig. ¢ Orcllating electrosatically charged dome, 


Lecester, North Carolina 28748 USA 


N. TESLA 
APPARATUS FOR TRANSMITTING ELECTRICAL ENERGY. 


APPLICATION FILED JAN, 18, 1902. RENEWED MAY 4, 1907, 
1,119,782. Patented Dec. 1, 1914. 
SPHERICAL METAL P. ; 
_p #— SPHERICAL METAL 
PLATES —_—" BERISN 
TERMINAL 4 r 
TERMINAL 
HIGH PRESSURE - (Voltage) 
RESERVOIR 


‘This patent was the result of Tesla’s 
many high voltage transmission ex- 
periments at Colorado Springs dur- 
ing the carly 1900's. It served as the 
basis for the construction of the BB 
famous:-‘‘Waldencliff Tower,’’ 
which was intended to become a 
transmission station for wireless elec- 
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AWMINUM PANEL 


LISL2 = #22 ENAM, WIRE oN 3” PUC PIPE. 
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ECE Dept 
Indian Institute of Science 
Bangalore 560012 


ECE Dept, Indian Institute of Science 


+ Vision Statement: Excellence in Theoretical and Experimental Research in 
Communications, Signal Processing, Microelectronics and RF/Photonics. 


+ Faculty: 24; Fellows of IEEE: 4; Fellows of INAE: 8 


+ Active in Publications: Books, Book Chapters, Journal & Conference Papers; 
Patents; Standardization etc 


Collaborative research 
People 
Masters Students 
[ME, MSc> Mtech, Mtech(Res) } 
PhD Students 
Project Staff 


ECE: Microwave Engineering 


* Low-Actuation Voltage Capacitive RF 
MEMS Switch (<10V) 
— low-complexity fabrication process to 
enhance process yield 
— High reliability: no failure even up to 10 
million cycles of operation tested 
+ Meso-scale Electrostatic Phase 
Shifter on microwave Laminate 
(MEPL) 
— Utilizes modern printed circuit board 
fabrication technology. 


— X-band monolithic antenna array system 
‘on the microwave laminate board 
demonstrated. 


Wideband group delay engineering in RF circuits for radar, 
medical imaging, and spectrum sensing. 

— Demonstration uses two stage All - Pass Networks; can be extended 
over multiple stages to obtain a higher bandwidth and/or higher group 
delay slope, 

RF energy harvesting circuits 

— _ Integrated with RF transmitters and sensors for practical loT nodes 

— High efficiency RF-DC converter which can operate at input power of - 
20dBm (10nW) at 2.4GHz using UMC 130nm process MOSFETs. 

FEM based algorithms for Electromagnetic circuits & 
components (periodic structures such as metamaterials) 

— _ Fast computation of electromagnetic propagation characteristics 

— _ Especially suited for evaluation of processes uncertainties 


Setting the stage.... 


¢ Introduction 
— Wireless Power Transfer 
¢ Energy Harvesting 
— Internet of Things 
« Highlights of Recent Development (Hardware) 
— Powering wireless terminals 


ie Ongoing Research Challenges 
— RFID with integrated sensors 


Wireless Power Transfer (WPT) 
* Indicates transfer of electric energy remotely 


* WPT has along history!! 


— Tesla demonstrated it in 1899 by wirelessly powering 
fluorescent lamps 40 kms away from the power source. 


— Had multiple patents in early 1900s. 


¢ In 1960s W.C. Brown coined the term Rectenna, 
which he used to directly converts incoming 
microwaves to DC. 


— He demonstrated its ability to power a helicopter solely 
through microwaves for 10 hours continuously. 


* These demonstrations involved dedicated sources 
with large power to transmit over long distances. 5 
htto://mainland.cctt.org /istf2008/brown.asp 


SSPS 


* Space Solar Power Satellites 


¢ WPT is widely investigated for putting solar power generating satellites into space 
and transmitting power to Earth stations. (Mainly in Japan) 


ZN 


| Microwave 


Pilot Beam 


Ee 


http://www.jspacesystems.or.jp/en_project_ssps/ 6 


Near field Wireless Power Transfer 


* Recent demonstration by MIT to transfer high RF power (Watts) transferred 
across meters. 


¢ Resonant coils are used 
* Typically at 100 kHz to 10’s of MHz 


* Many new applications emerged 


Ml Theory 
From experimental « 
Experiment 


@) - wii) - ’ Poo 
<> ~~ <«e Fy 
5 0.6 


ee 


75 100 125 150 175 200 225 
Distance (cm) 


André Kurs et al, Wireless Power Transfer via Strongly Coupled Magnetic Resonances , 
Science, Vol. 317 no. 5834 pp. 83-86. 6 July 2007. v 


System Schematic Qi 


Typical inductive power system 


z : PRs 


Source: Texas Instruments Qi Development kit 


Far > Near in WPT 


* Free space loss factor is a major bottleneck for power transfer at large distances 


* Short distance/ Near field options 
— MIT demonstration (2007) 
Qi Standard 


— Phone charging solutions 

— Vehicles running on wireless power 
* Two extremes in WPT 

—- mW ¢€<>MW 
mm € > 1000s km 
100kHz € > 2.4/5.8GHz 
10cm x 10cm € > km x km 


Commercial vs bluesky 


Far Field Transfer of RF Ener 


¢ Focus of this talk 


¢ Applications: RFID tags, Wireless Sensor Network nodes, biomedical equipment, 
home automation and structural monitoring can benefit from RF energy harvesting. 


¢ Block diagram and a design example: 


Reetifying element 
(For example: Schottky diode) 


Antenna 


Matching circuit Storage capacitor 
(Microstrip (For example: 0805 package 100pF) 
transmission lines) 


Antenna 


RF -DC 


Matching 
circuit 


Storage x 


P4 Rectifier Fy 
element 


A New Paradigm: Internet of Things (loT) 


¢ loT refers to uniquely identifiable objects and their virtual representations in an 
Internet-like structure. 


Connects Anytime, Anyplace for Anyone (ICT) 


AAA + for Anything (loT) 


¢  loT is ascheme for connecting things: sensors, actuators, and other smart 
technologies, thus enabling person-to-object and object-to-object communications. 


¢ Continuous availability of power is crucial for their 
deployment 
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loT Applicati 


Transportation 
and logistics 


Smart Personal and 


Heathcare 5 5 
environments social 


Comfortable Social 


homes/offices networking Robot taxi 


Logistics Tracking 


City 


Assisted Identification, Industrial Historical 


driving authentication plants queries Information 


model 


Mobile 
ticketing 


Enhanced 
game room 


Smart museum 


Losses 
and gym 


Data collection 


Environment 
monitoring 


Augmented 
maps 


L. Atzori , A. lera, G. Morabito, The Internet of Things: A survey Computer Networks 54 (2010) 2787-2805 
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Comparison of different wireless protocols 


Today, a lot can be done at low power!! 


Characteristics of key 2.4GHz ISM Band Radios studied : 


Zigbee 


Ww 
Topologies P2P, Star P2P,, Star, tree, mesh 
Modulation GFSK GFSK 
Max data rate Mbps 12.8-60 Kbps 
Throughput 305 kbps 20Kbps 
Range (in m) 10-100(0-10d8m) _| 30(@ odBm) 
Max nodes in piconet | 7 65533 
Battery life 1-2 years (coin cell) | 1-2years (coin cell) 


Key Aspects : 


N 


LA 


BLE is robust and has lowest power consumption but cannot natively form mesh networks, 


Zigbee can support large mesh networks, power consumption is higher than BLE and 
throughput is lower: It is suitable for low data rate, low power, large size networks. 


WLAN is primarily suitable for transferring bulk data at high speeds, Not suitable for low 
power applications. 


Power Requirements in Comm 


Crossbow MICAz Intel IMote2 Jennic JN5139 
Radio standard IEEE802.15.4/ZigBee |IEEE802.15.4 | IEEE802.15.4/ZigBee 
Typical range 100m (outdoor), 30m akm 
30m (indoor) 
Data rate (kbps) 250 kbps 250 kbps 250 kbps 
Sleep mode (deep sleep) | 15 yA 390 pA 2.8 yA (1.6uA) 


Processor only 8mA active mode. 31-53mA+ 
19.7mA 


17.4mA (+0dbm) 


2.7+0.325mA/MHz 
34mA 


34mA (+3 dBm) 


Supply voltage (mini x n 8 
Average 2.8mW 12mw 3mW 

bert* F. Balouchi, Comp: in of Energy Harvesting Systems for Wireless Sensor Networks, 
International Journal of Automation and Computing 05(4), October 2008, 334-347 


Ti- C430 Zarlink 
2170250 
Active mode current at 1GMHz [mA] 4 3.2 
Deep sleep current [nA] 
Transmission current [mA]@Tx-power [dBm] 15@2.5 18@0 36@2 2@-10 
Transmit frequency iz 
Wakeup time [ms] 3 0.16 
Energy consumption for a transmission cycle of 2ms [WJ] 300 32 
Power supply voltage [V] 1.8 -3.6 12-18 
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In perspective 


¢ Energy requirements in different Device type Power consumption 
. Smartphone 1w 
devices/systems MP3 decoder chip 58 mW 
Hearing ai imw 


* 6 orders of magnitude variation!!! 


Wireless sensor node 100 nW" 
RF receiver chip 24 mW 


GP 
: . 6D motion sensor 14.4 mw 
* Energy requirements in WSN Cell phone (standby) 8.1mW 
2 PPG sensor 1.473 mW 
— Depends on the complexity/ standard/ range|Humidity 1mwW 
Pressure 0.5 mw 
— eg 90 pW to power a pulse oxymeter 3D accelerometer 0.324 mw 
sensor, to process data and to transmit Temperature 27 pW 
them at intervals of 15 s Wristwatch 7 pW 
A-D conversion 1pw 


J Yun, S. Patel, M.Reynolds, G. Abowd “A Quantitative Investigation of Inertial Power Harvesting 
for Human-powered Devices,” UbiComp’08, September 21-24, 2008, Seoul, Korea. 


R.J.M. Vullers, et.al, Micropower energy harvesting, Solid-State Electronics 53 (2009) 684-693 15 


Power Density Various Harvesters 


Ambient RF < 1 W/cm? 

Ambient light 100 mW/cm? (directed toward bright sun) 
100 uW/cm:? (illuminated office) 
Thermoelectric 60 pW/cm? 

Vibrational 4 yW/cm? (human motion ~Hz) 
microgenerators | 800 uW/cm3 (machines ~kHz) 

Ambient airflow | 1 mW/cm? 

Push buttons 50 yJ/N 

Hand generators |30 W/kg 

Heel strike Up tp 7 W for 1 cm deflection 


Power requirements in conventional sensor network nodes may 
not be met by harvesting alone! 


J Yun, S. Patel, M.Reynolds, G. Abowd “A Quantitative Investigation of Inertial Power Harvesting 
for Human-powered Devices,” UbiComp’08, September 21-24, 2008, Seoul, Korea. 16 


Electromagnetic: Solar > RF 


* PV isa good source of energy. Recall, 


Ambient light 100 mW/cm? (directed toward bright sun) 
100 uW/cm:? (illuminated office) 


¢ However, it light is not always available. 
— Atnight 


— Specific scenarios: in a closed chamber, or mine. 


¢ RFis an alternative 
— Unlike others, RF sources may be ambient or intentional. 
— Ambient sources such as base stations or broadcast stations 


— Special sources: RF ID reader, Phone charger, special beacons 


i? 


Demand and Supply 


¢ The peak currents needed during transmit and receive operation is not 
achievable using the harvester alone. 


¢ Buffering is also needed to ensure continuous operation during times without 
power generation. 


* The combination of an energy harvester with a small-sized storage is the 
best approach to enable energy autonomy of the network over the entire 
lifetime. 


— Rechargeable battery 


— Thin film batteries 
* can be integrated directly in Integrated Circuit (IC) packages in any shape or size, 
+ Flexible when fabricated on thin plastics 
* Thin film batteries have high impedance; 
* Low discharge efficiency compared to Li-ion batteries 
— super capacitor 
+ Leakage in super capcitors depends on the voltage. Low at low voltage 
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Internet of Things (lo 


Embedding short-range mobile transceivers into a wide array of gadgets and everyday items, enabling 
new forms of communication between people and s, and between things themselves. 


Introduction to RFID 


¢ The reader converts incident field and returns useful data 


« In passive RFID systems reader transmits EM energy that "wakes up“ the 
tag and provides power for the tag to respond to the reader. 


to host / 


network reader 


antenna 


host computer 


Ny 


tadio 
transmissions 


\Z : 
integrated 


circuit 


ID read 
from tag 


Backscatter Communication 


¢ Backscatter is the reflection of signals back towards their 
source. 


In this scheme, two devices communicate using incident (or ambient) RF 
as the source of power. 


Backscattering is achieved by changing the impedance of a receiver in 
the presence of an incident signal. 


When waves encounter a new media that have different impedances, a 
part of the wave is reflected. 


The reflection depends on the difference in the impedances. 


¢ By modulating the impedance at the receiver port, one can 
control the scattered RF energy, hence enabling information 
transmission. 


abc.cs.washington.edu/files/comm153-liu.pdf 2 


RFID > loT 


¢ RFID 
— Uses radio waves for identifying or tracking the object. 
— Proven to be a simple and cost effective system 


— Tags are very cheap and is possible to be attached to everyday objects. 
¢ REID is considered a prerequisite of Internet of Things. 


¢ Example: RFID tags can be integrated with sensors 


— When a reader reads a tag, the sensor information will be sent to the reader 
along with the identity of the object. 
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Some Examples 


S-TAG 7 


Generic igsttte al 
sensor Yama” ae (sea 


Lf 53 


a 
“e a 


Discrete Element Based coe Chips with I2C / SPI 
WISP (Wireless Identification Sensing Multi-Chip Based S-tag SPARTACUS / RAMSES (self-Powered Augmented RFID 
Platform) Tog for Autonomous Computing and Ubiquitous Sensing / 
RFID Augmented Module for Smart Environmental Sensing) 


Single IC Based Sensing Tags Printed Chipless RFID Tag 


WISP 


* Wireless Identification Sensor Platform (2009) 


— WISPs are a wireless, battery-free sensing and computation platform, powered by 
harvested energy from off-the-shelf UHF RFID readers. 


— ToaRFID reader, a WISP is a EPC gen1 or gen2 tag; but inside the WISP, the 
harvested energy is operating a 16-bit general purpose microcontroller. 


— The microcontroller can perform computing tasks, including sampling sensors, and 
communicate to the RFID reader. 

— WISPs have been built with various sensors, WISPs can write to flash and perform 
cryptographic computations. 


Acollaboration between Intel Research Seattle and the University of 
Washington. 


http://wisp.wikispaces.com/Wisp+4.1+DL 35 


RFID Sensors (Products) 


+ 1D operation is passive; yet most sensors require power sources 


* Powercast has a wireless sensor that is battery-less. Uses RF energy harvesting. 


* Harvesting schemes works at power as low as -12dBm. (RF-DC conversion efficiency 
above 40% only above -8dBm) 


* Harvested power >0.4mW for RF in of > 

* Multiple custom ICs and discretes Sensor Tag Developme ol 
Credit card 
form factor 


-— Programming 


* Other suppliers include interface 


Charging 
capacitor 


‘on Labs 
Wireless MCU 


— Phase IV 


— RFID sensor systems 


= ee ——915MHz 
RF Powerharveste! Data Antenna 


915MHz 
Power Antenna 


(pPOHeRcasT 7 


http://www.powercastco.com/uhf-rfid-sensing-passive-rfid-wireless-sensor-tags/ 26 


Battery-less Wireless Terminals 


¢ Most of our work in this direction was towards battery-less terminals 
* Long life terminals without wiring 
* These are useful when 

— Terminals are embedded within structures (or body) 

— Devices to be deployed in hostile environments 


— Use of battery is not allowed (potential cause for explosion) 


Other factors 


— Cost, weight, etc. 


Primary focus: use of radio frequencies (ambient/intentional) 
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Ambient RF Sources 

Several sources: 
— WIiFiAccess points (mW) [2.4/.6GHz] 
— Cellular Tower (W) [900/1800 MHz] 


— FM broadcast (kW) [90-108MHz] 


* In general 
— Lower frequencies help non-line-of sight propagation 
— Power availability from ambient sources is limited and varies from place to place. 


« Note 


— Unlike other sources, most practical RF harvesters (eg in RF ID) depend on intentionally 
generated energy. 


— This is called wireless power transfer (WPT) in the conventional RF/Microwave parlance. 


Wireless Communication System 


¢ Power transfer scheme is no different! 


Channel Antenna 


Receiver 


Antenna Fundamentals: Directivity 


This is the ratio of the radiation intensity in a given direction 


to the radiation intensity averaged over all direction 


rad 


Average radiation intensity, U, = 


Directivity, 


(0,4) -UO#) _47U (0.9) 


Uo P, rad 


> If direction is not specified, it implies the direction of maximum radiation intensity 


D pag = Dj, =10log D 


Maximum directivity and Maximum effective area 


The radiated power 
density by a transmitter at 
a distance R 


PD, 
Wie — 
A,D, Direction of A,,D, 
propagation 
Power received R 
PDA, 5 ] i 
B= WA =e 
or, D,.A, = Pp AnR? : D, 7 D, if, D, =max.directivity 
ar a = max. effective area 
P A A. Am 
By reversing the transmission this can be generalized by 
direction 


DA = aul A A, # 


Frii’s Transmission Equation 


The radiation intensity for an x 


isotropic radiator is Wo= ane iS 
For an antenna of gain G, (or directivity D,) if i 
(O:, be ef 
Ww. —PrGe(Prbe) _ , PrDe(Orbe) ee ee Rx 
to amr? 8 aR? 


The effective aperture of a receiving antenna is given by , ~ eD(Bp bp) 
Therefore, 


72 
r= erD, 6 br) 2 W: =e ee aaa (8,,r) aa lBe-Brl? 
P, 
P 20D, (Or, be )D, (8, br) sas ae (Be. Brl? 
Pp 
Fe ecattear(l — Mel?) = MEp1?)De(8 0,2) Dr (Or br) ears [Be Bel? 


When the antennas are pointing towards each others’ peak radiation 
direction, 


Eta GorGor Gy 


Some numbers on Radiative form of WPT... 


* Practical systems will have 
— Operational frequencies in ISM bands. 


— Most terminals are compact. 


Antenna efficiency is compromised. 


Nearly isotropic radiations expected. 


¢ Main bottleneck is the physical limits in transmission. 
P, = P*G*G,*(A/4r)? 
— At1 GHz (A=30cm) r=1m; Antenna gain @OdBm, free space loss factor is about 
0.06% 
— Even with a moderate gain transmitter antenna (6dBi) power received @1m for 1W 
transmission, is just 2mW. 


* Drops to 23,W at 10m !! 
* The voltage of the signal is low!! 


¢ In radiative power transfer, Distance from transmitter is a major concern. 
33 


Some questions addressed in our work 


¢ Harvesting of ambient radiations or Radiative transfer of energy 
addressed 


— Isit possible to harvest the RF energy from base stations 


— Are there other viable sources of RF energy 


* Can low power communication systems be designed to operate entirely 
from harvested energy 


— Integrate sensors, control, etc 


* Can we use RF EH/ WPT to increase the range of backscatter 
communication (RFID scenario) 
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Design of Rectifiers 


Required for converting incoming RF into DC power. 


The challenge lies in maximizing the power conversion efficiency for low input 


power and minimizing the dimensions. 


¢« RF to DC conversion by rectification of the incident RF signal by a Schottky 
diode 


Oo - 
RFin Antenna Impedance —_Reetifier Load 


Most diodes have a finite cut-in voltage 

Diode is a non-linear device (performance depends on current or load) 
Impedance matching required between antenna and diode 

In most cases, the input voltage needs to be boosted 


YH HAH 


matching D, 
network 


Conceptual diode based Rectenna Voltage doubler 
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Voltage magnification in Matching circuit 


* Matching circuit is required to provide impedance match between antennas 
(50Q typical) to diode terminated with high impedance load (capacitor and/or 
high R in parallel). 

— LC matching networks provide voltage magnification. 
— This helps the diode conduct a good fraction of half cycle. 

* The higher the voltage across the diodes, the more efficient the rectifier gets. 
— Inpractice Q is limited 


— Applications requiring higher voltages, a voltage multiplier configuration is used. 


ae 
| a ei Ve=Vax— 100 
oy xe : * j paeae 
@ 7 T R+joL+ jo 
At resonance, 
Vc = Vin x — : =—JQVin 
jaoCR 
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Tuned Rectifier at RF 


¢ Atuned rectifier implemented using discrete components 


L=65nH_ = HSMS 
2852 Rectified 


RF in pad output 
stub C= oopF| 

P_in> -10dBm | -13dBm | -16dBm | -20dBm | -25dBm 
Freq. Y 

930MHz 917mV 664mV 469mV 281mV 131mV 
945MHz 1016mV | _736mV | 515mV 300mV_| 132mV 
95SMHz. 1038mV | 747mV 513mV 289mV 122mV 
960MHz. 1032mV | 736mV 499mV 276mV 114mV 
Peak efficiency | 51% 47% 39% 33% 20% 


K. J. Vinoy, T. V, Prabhakar, A Universal Energy Harvesting Scheme for Operating Low-Power Wireless Sensor Nodes 
Using Multiple Energy Resources, pp. 453-466, Micro and Smart Devices and Systems, Springer 2014. 


ypical Perform 


T T T T T T 
2 a 4 5 6 7 8 F 


L 
Time (us) 27 5 Ey eats @ Eq 0 
yin 


06; T —T T T T 
Efficiency as a function of output voltage 


RF-DC Conversion efficiency depends on 


emciency factor 


various conditions 


Aan f f f 
F a a TT 38 
Gaurav Sifigh?Rahiul 2 &P 


Rectifier Ci 


it using 4 diodes 


Rectified 
Output 


Power level Charging | Efficiency (%) 
(dBm) time (ms) 

0 40 64.11 
-2 55 63.77 
-3 67.5 63.5 
5 90 63 
7 230 59.89 
-10 370 56.78 
-12 500 53.89 
-15 900 45 
-18 2000 20.56 


K. J. Vinoy, T. V, Prabhakar, A Universal Energy Harvesting Scheme for Operating Low-Power Wireless Sensor Nodes 
Using Multiple Energy Resources, pp. 453-466, Micro and Smart Devices and Systems, Springer 2014. 
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1: Scavenging Mobile Tower Radiations 


Microconvoller 
with Wireless 

Radio Converter 
Circuit 


G. Singh, R. Ponnaganti,7-V. Prabhakar, and K.J. Vinoy, “A tuned rectifier for RF energy harvesting from ambient radiations,” 
Int. J. Electronics & Communications, vol. 67, no. 7, pp. 564-569, July 2013 
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Characterization in Lab 


¢ Using various antennas 


Distance from Transmitter [m] 1.5 2 2.5 3 
Power received by dipole antenna [dBm] -20.5 |-22.1 |-23.9 |-25.2 
Calculated power density [uW/cm?2] 0.078 |0.055 |0.035 {0.03 
Power received by patch antenna [dBm] -15.1 |-16.1 |-17.6 |-19.2 
Transmit interval [mm:ss] 07:26 |12:13 |25:00 |never 
Power received by biquad antenna [dBm] -11.8 |-13.2 |-14.9 |-15.9 
Transmit interval [mm:ss] 02:20 {03:25 |7:10 10:33 


G. Singh, R. Ponnaganti, T. V. Prabhakar, and K.J. Vinoy, “A tuned rectifier for RF energy harvesting from ambient radiations,” 
Int. J. Electronics & Communications, vol. 67, no. 7, pp. 564-569, July 2013 
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Transceiver 


Switching 


Network Micro 


Solar panel controller 


DC-DC Boost Rechargeable 


Converter 


Battery 


UEHP: Performance with different sources 


Solar RF TEG 
Light Intensity | Duty Cycle of | Power Level | Duty Cycle of | Temperature | Duty Cycle 
(Lux) operation (s) (dBm) Operation (s) | Differential | of Operation 
(eC) (s) 
1000 7 0 3 55 9 
300 11 5 6 45 13 
200 20 -7 20 35 240 
100 42 -10 50 - - 
3 = 219 240 4 


incident RF power of -7dBm (~0.2mW) performs similarly as at low light PV. 


An appropriately oriented 20mW source with a high gain antenna (~10dB) can reach this RF 
power at a low gain rectenna (eg using PIFA) at 1 m distance. 
Power levels within emission guidelines... 


K. J. Vinoy, T. V, Prabhakar, A Universal Energy Harvesting Scheme for Operating Low-Power Wireless Sensor Nodes 
Using Multiple Energy Resources, pp. 453-466, Micro and Smart Devices and Systems, Springer 2014. 
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Other Possibilities using Wireless Power Transfer 


¢ Power transfer by radiation is not efficient 
« Waveguiding systems can ensure better transmission of power 

— Loss in waveguide is a small fraction of a dB/m (~0.2dB/m) 

— Metal ducts may carry higher order modes with higher losses 

— Extended to conducting ducts, Tunnels, mine shafts etc with some compromise 
* Other possibilities 

— Surface wave 


— Focusing of fields 


¢ Empty enclosures with metallic walls 
— Containers, tanks, airplane cabin, trains, etc 


— Other objects in the path may reduce the efficiency! 
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3: Antenna for RFID sensors 


¢ Work involved design of antenna for RF harvesting sensors 
— These fuel level sensors to be deployed in a fuel tank of aircrft. 
— Optimization of design should focus on efficiency 


— High gain or directivity is not required. 
¢ EH platform to be used with RFID sensors deployed inside fuel tank 


* Requirements/Assumptions: 


Incident energy is of random polarity and direction. 


Operating frequency is 902MHz-928MHz. 


Antenna must operate in air (relative permittivity = 1) and fluid (relative 
permittivity = 2.1) 

: F ANRC 
— Dimensions of planar antenna board: B 
+ Target dimensions: Bin. x2in. 
+ Maximum dimensions: 6 in. x 4 in. 46 
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Measurements at Boeing (Nov ) 


After Integrating with 
Sensor and RFID board; 


Measured in a room and 
reverberation chamber 


reader 
antenna 


=, 


§ Copyright © 2013 Boeing. All rights reserved. A 
Resolution of fluid height measurement to within 0.25”. 
1W maximum transmit power. 

Uses a modified reader protocol. 
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A. Robb, J. Bommer, R. Martinez, J. Harrigan, S. Ramamurthy , H. Muniganti, V. Mannangi, and Ki Vinoy, “Wireless Aircraft 
Fuel Quantity Indication System,” 2014 IEEE Sensors Applications Symposium - , Feb 18-20, 2014, Queenstown, Newzealand. 


4. RFID Integrated with Sensor 


Power regulation 


5 Digital Section 
and supervisory 


\ ! 


Sandeep Rana 2014-15 


DC-DC Boost 
Converter 


RF-DC Conversion 


Sandeep Rana, TV Prabhakar, KJ Vinoy, An Efficient Architecture for Battery-less Terminals for Internet of Things, Applied 


Computational Electromagnetic Conference, Guwahati, Dec 28-21, 2015 


haracterization of Performance 


RFID Reader 30 dbm 

Circularly polarized antenna 8 dbi 

Polarization loss 3 dbi 

Monopole Antenna 5 dbi 

PIFA antenna 1dbi 

Meander Antenna 0.4 dbi 
Monopole 40 7.5 mtr 7 mtr 
PIFA 36 5 mtr 5.5 mtr 
Meander Line 35.4 4.5 mtr 4.5 mtr 

A= 34.5cm Prx= EIRP « Gr * (<4)? 


Efficiency worked out for -10 dbm 
RF-DC efficiency — 20 % and DC-DC efficiency — 80% 


Sandeep Rana 2014-15 Overall efficiency — 16% 


5. Harvesting at 2.4G 


Output voltage vs Input power 


‘Output voltage(V) 


20 18 16 4 12 10 -8 6 s 


RICOH 
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Ar £ a a 
Sanjeev K. 2014-15 Frequency(GHz) 


Comparison of Efficiencies 


<© Power 


S00MHz 2400MHz 

-15dbm Efficiency=47% Efficiency =17% 
Output voltage=0.29V Output voltage=0.2V 
Load resistor=6K Load resistor=6K 

-20dbm Efficiency=31% Efficiency=5% 
Output voltage=0.15V Output voltage=0.1V 
Load resistor=6K (0.153V unloaded) 

Load resistor=6K 
Used HSMS 2852 Used HSMS 2862 
Diode connected MOS with high Q matching 

S00MHz 2400MHz 

-14dbm Efficiency=6.2% Efficiency=2% 
Output voltage=1.1V Output voltage=0.632V 
Load resistor=500K Load resistor=500K 

-20dbm Efficiency=1.8% Efficiency=0.2% 
Output voltage=0.3V Output voltage=0.118V 
Load resistor=500K Load resistor=500K 

Zero V,, CMOS 

S00MHz 2400MHz 

-15dbm Efficiency=4.6% Efficiency=3.79% 
Output voltage=0.86V Output volane an aay 
Load resistor=500K Load resisto! 

~250bm Efficiency=2.4% Se 


Output voltage=0.198V 
Load resistor=500K 


Frequencie: 


Output voltage=0.165V 
Load resistor=500K 


ao 
2 
a0 | 
2 
° 
3 
& 
Ey 
Fi 
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Cross-coupled Rectifiers for Low Power 


¢« CMOS integration requires diodes using MOSFETs. 

¢ Simple diode connected configurations are not effective at low 
power/voltage levels 

¢ In Cross Coupled Rectifiers 


— Biasing of MOSFETs by charge stored in capacitors. This is a way of 
threshold compensation. 


— Low ON resistance due to high overdrive voltage. 


— In both cycles of input, output =i 
capacitor is charged. Although DCP 
uses both cycles, only alternate 
cycles charges the output capacitor 
and the other cycle charges the 
input capacitor. 


DC-DC converter 


¢ Low loss switched capacitor DC-DC converter: 


sc | sc sc sc Morey 
doubler | doubler doubler doubler 
Vir0.5V 
oe; 
Non- 
Ring oscillator overlapping 
clock 


DC-DC block 


sc sc sc pany 
doubler doubler doubler double 
Ring oscillator ove aie Driver 
lock 


RF-DC block DC-DC block 


1. Output capacitor of RF-DC supplies DC-DC 
2. Enable generator logic constructed using back to back inverters 


3. 5 MOSFETs added to limit supply voltage to ring oscillator RICOH 


imagine. change. 


Sanjeev K, Manjunath M, TV Prabhakar, KJ Vinoy, Some Practical Considerations of RF to DC Converter using Low Vth 
CMOS Rectifier, Applied Computational Electromagnetic Conference, Guwahati, Dec 28-21, 2015 56 


Full system simulations 


¢ Output capacitor of RF-DC loaded heavily when clocks transition, so ripples 
exist in RF-DC output. 


¢ Below 0.5V at clock transitions, above 0.5V between clock transitions 


* Time step is 8ps for RF-DC simulation and DC-DC has to run for hundreds 


of us or few ms, so simulations times are large. 


2 /1.6%10° 
10° 


= 25% 


Efficiency = 


Output voltage=2V across a load of 1.6MQ, which gives 


| ouTaT 2 | w= 
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ummary with IC Desig 


Low Vth NMOS based DCP gives 42.3% efficiency. 


FGCCR gives 55% efficiency. 


The overall system efficiency is 25%. 


Higher than efficiency reported in literature for RF-DC converter operating at 
-20dBm, 2.4GHz in 130nm technology. 


Reference This work [5] 7] [6] 
Power level -20dBm -25.7dBm -22.6dB -20dBm 
Frequency 2.4GHz 2.45GHz 906MHz 2.4GHz 
Efficiency 55%(simulated) | 37%(measured) | 10%(measured) _| 36%(simulated) 
Rectifier FGCCR in UMC DCP in 0.5um DCP with floating | FGCCR in 130nm 
130nm CMOS Silicon on gate transistors in | CMOS 
Sapphire 0.254m CMOS 
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6. ASIC Design for IOT 


¢ Working on a 3-chip architecture 
— Our chip to enable sensing, and control functions 


— Communication using an external Monza chip 


¢ Fabricated chip using commercial services!! 


Capacitor 


Voltage 
limiter 


rec 
(3) master 
Module 


anc}. ‘Sensor 


Power Lines 
— Signal Lines 
— Clock Lines 
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Battery-less Sensor node for BLE 


Input Packet 
Distance fram Start i 
tao | emer | me | Time | umes 8) 
(ain) 
z = is 175 2 
4 3 3 z 7 ‘% 
5 = 120 2 1 098 = 
Oukput Voltage sat 
Eficiency(%) vs Load (Sstage DC-Dc) Hoss aes Moerey Ry 35 = 
eS 
Fa = S078, [ wo 
in=0. in = 2 
a Vin=0.4 S048 als 
cy £ =) 
45 5 058 PI 
(%) 20 
40 0.48 
30 sieK ~ 
0 100 200 300 400 s00 600 700 800 900 028 0 
Load (k Ohms) 13 12 H 0 9 8 7 6 5S 44 


Bharat Hegde & Syed Younis 2015-16 Power (dBm) ) 


* Most low power wireless terminals operate intermittently 
* These require anywhere 50uW to about 10mW for their operation. 
— Batteries limited: cost, size, stored energy 


— Solar: not dependable through 


¢ WPT and RF EH can enable wide use of loT 
— Main challenges in the design is the low incident energy/power/voltage 


— High Quality factor components may help 


¢ Several fabricated examples discussed here: All can transmit data to an 
aggregator wirelessly 


— Different standards implemented. 
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Free Energy From Air Circuit 


Last year | found a United States Patent that showed how to collect ambient energy right fram the air. | finally decided to build 
this curcuit just to see what it could do. 
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page 1/14 


VoltsXamps | Free Energy From Air Circuit 
Copyright Jeff McDaniels webmastersof@gmail.com 
http://www. voltsxamps.com/?p=245 


‘The above images are from the circuit | built. Mast of the text and info comes direct fram the US4628299filed by Joseph Tate. 
us4628299 


The Amazing Ambi 


Parts List for the APM-2 


Four 1N34 germanium diodes (Radio shack #276-1123) ~ Figure 1, X1, X2, X3, & X4 
‘Two 0.2 mfd 50 V ceramic capacitors ~ Figure 1, CI & C2, 

‘Two 100 mfd SOV electrolytic capacitors (Radio Shack #272-1016) ~ Figure 1, C3 & C4 
Copper wire for antenna & ground connections 


Introduction 


‘The Ambient Power Module (APM) is a simple electronic circuit which, when connected to antenna and earth ground, will 
deliver low voltage up to several milliwatts. The amount of voltage and power will be determined by local radio noise levels 
and antenna dimensions 


Generally a long wire antenna about 100 long and elevated in a horizontal position about 30' above ground works best. A 
longer antenna may be required in some locations. Any type copper wire, insulated or not, may be used for the antenna. More 
details about the antenna and ground will be discussed further on. 


The actual circuit consists of two oppositely polarized voltage doublers (Figure 1). The DC output of each doubler is connected 
in series with the other to maximize voltage without using transformers. Single voltage doublers were often found in older TV 
sets for converting 120 VAC to 240 VDC. In the TV circuit the operating frequency is 60 Hz. 


FIG.1 
APM-2 SCHEMATIC DIAGRAM 


xa + 
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‘The APM operates at radio frequencies, receiving most of its power from below 1 MHz. The basic circuit may be combined with 
a variety of voltage regulation schemes, some of which are shown in Figure 2. Using the APM-2 to charge small NiCad 
batteries provides effective voltage regulation as well as convenient electrical storage. This is accomplished by connecting the 
‘APM-2 as shown in Figure 2B. 


VOLTAGE REGULATORS 


4 s+ 


pie 


axotent | " 
POWER | 2852214 ge 4 n 
MODULE , ——_. 
+ Janstenr| + 
- WER 1.2¥ wr-caD 
2a woDULE, 


AMBIENT t 


PowER | 26k 7 


ier 


Charging lead acid batteries is not practical because thelr internal leakage Is too high for the APM to keep up with. Similarly, 
this system will not provide enough power for incandescent lights except in areas of very high radio noise. 


It can be used to power small electronic devices with CMOS circuitry, like clocks and calculators. Smoke alarms and low 
voltage LEDs also can be powered by the APM. 


Figure 3 is a characteristic APM power curve measured using various loads from 0-19 kOhm. This unit was operating from a 
100° horizontal wire about 25° high in Sausalito CA. As can be seen from the plot, power drops rapidly as the load resistance 
decrease from 2 kOhm. This means that low voltage, high impedance devices, like digital clocks, calculators and smoke 
alarms are the most likely applications for this power source. Some applications are shown in Figures 4 through 7. 


pages 71a 


VoltsXamps | Free Energy From Air Circuit 
Copyright Jeff McDaniels webmastersof@gmail.com 
http://www.voltsxamps.com/?p=245 


FIG. 3 “AMP Power Envelope 
Volts vs. Resistance 


Figure 4 ~ A digital clock is shown powered by the APM-2. The 1.5 volt clack draws 28 microamps. Its position on the power 
envelope curve would be off the scale to the right and almost on the bottom line, dissipating only 42 microwatts. 


Positive 
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FIG. 5 APM charging a battery 


Figure 6 shows a clock which has the APM-2 built into it so it is only necessary to connect the antenna and ground wires 
directly to the clock. The antenna for this clock, which is a low frequency marine type, is shown in Figure 7.These antenna are 
expensive, not generally available, and usually don't work any better than the long wire mentioned above. But it may be 
necessary to use them in urban areas where space is limited and radio noise is high 


Building the Module 
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‘The builder has a choice of wiring techniques which may be used to construct the module. It may be hand wired onto a 


terminal strip, laid out on a bread board, experiment board, or printed circuit. Figure 8 shows some of the different ways of 
constructing the APM-2. 


Figure A is constructed on a screw strip terminal; Figure 88 is constructed on a perforated breadboard; Figure 8C is built on a 
standard experiment board; Figures 8D, 8E, and 8F are all printed circuits; Figure 8F is made up on a solder strip terminal. 


1G. 04,U,U,U,5,1 Ky 


Ifyou wish to make only one or two units, hand wiring will be most practical, either on a terminal strip or breadboard. 
Assembly on the terminal strip (Figure 8A) can be done easily and without soldering. It is important to get the polarity correct 
on the electrolytic capacitor. The arrow printed on the side of the capacitor points to negative. 


Figure 9 is a closer view of the terminal strip with an illustration of the components and how they are connected. 
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Meet, 
GROUND 
TERMINAL TEHONAL 


Negative 


SH. 


‘The breadboard unit is shown in Figure 10 with all components on one side and all connections on the other. All you need is a 
2" x 2" piece of perforated breadboard (Radio Shack #276-1395) and the components on the parts list. Push component wires 
through the holes and twist them together on the other side. Just follow the pattern in the photo, making sure to observe the 
correct polarity on the electrolytic capacitors and the diodes. The ceramic capacitors may be inserted in either direction, 


Antenna 


The experiment board unit is assembled by simply pushing the component leads into the board as shown in Figure 11. This 
unit is powering a small red LED indicated by the arrow. 
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“FIG. 11 EXPERIMENT BOARD 


The solder strip unit is made up on a five terminal strip. The antenna connection is made to the twisted ends of the ceramic 
capacitors. When soldering the leads of the 1N34 diodes, care must be taken to avoid overheating. Clip a heat sink onto the 
lead between the diode and the terminal as shown in Figure 12. 


FIG. 12 SOLDER STRIP UNIT 


page sT1t 


VoltsXamps | Free Energy From Air Circuit 
Copyright Jeff McDaniels webmastersof@gmail.com 
http://www.voltsxamps.com/?p=245 


FIG. 13 


° 


it 


Patent 
Pending 


Figure 14 shows the front and back view of the completed printed circuit. 


Asmall switch may be installed on the board to activate the zener regulator (Figure 15). This board was designed for use in 
clocks. 
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FIG. 15 
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Antenna Requirements 


The antenna needs to be of sufficient size to supply the APM with enough RF current to cause conduction in the germanium, 
diodes and charge the ground coupling capacitors. It has been found that a long horizontal wire works best. It will work better 
when raised higher. Usually 20-30 feet is required. Lower elevations will work, but a longer wire may be necessary. 


In most location, possible supporting structures already exist. The wire may be stretched between the top of a building and 
some nearby tree or telephone pole. If live wires are present on the building or pole, care should be taken to keep your 
antenna and body well clear of these hazards. 


To mount the wire, standard commercial insulators may be sued as well as homemade devices. Plastic pipe makes an 
excellent antenna insulator. Synthetic rope also works very well, and has the advantage of being secured simply by tying a 
knot. It is convenient to mount a pulley at some elevated point so the antenna wire may be pulled up to it using the rope 
which doubles as an insulator (Figure 16). 
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“FT 


a ANP! 


Figure 17 is an illustration of a horizontal wire antenna using a building and tree for supports, 


FIG. 17 » 
Horizontal Wire Installation 


Grounding 


Usually a good ground can be established by connecting a wire to the water or gas pipes of a building. Solder or screw the 
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wire to the APM-2 ground terminal. In buildings with plastic pipes or joints, some other hookup must be used. A metal rod or 
pipe may be driven into the ground in a shady location where the earth usually is damper. Special copper coated steel rods 
are made for grounds which have the advantage of good bonding to copper wire. A ground of this type usually is found within 
the electrical system of most buildings. 


Conduit is a convenient ground provided that the conduit is properly grounded. This may be checked with an ohmmeter by 
testing continuity between the conduit and system ground (ground rod). Just as with the antenna, keep the ground wire away 
form the hot wires. The APM's ground wire may pass through conduit with other wires but should only be installed by qualified 
personnel 


Grounding in extremely dry ground can be enhanced by burying some salts around the rod. The slats will increase the 
conductivity of the ground and also help retain water. More information on this subject may be found in an antenna handbook. 


Good luck getting your Ambient Power Module working. It is our hope that experimenters will find new applications and 
improve the power capabilities of the APM. 


CopyRight Joseph Tate 


Inventors: Tate, Joseph B. (Sausalito, CA) 
Brown, David E. (Mill Valley, CA) 


Application Number: 06/695632 


Publication Date: 12/09/1986 


Filing Date: 01/28/1985 NOTE: The images maybe hard to see as they were originally scanned and uploaded in black and 
white. If it helps you to replicate this device you may want to check the images of the one I built at the very top (in color) Here 
are some more photos of my completed unit for your review. 
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FM Crystal Radios 


SSS Ss Ss Se 


1 have heard, even from a physicist, that it is impossible to build FM crystal radios. On the other hand some experimenters 
claim that they have built them. This argument intrigued me to try and build an FM crystal radio, which I have done 
successfully, To my surprise, the result is an astounding performer, pulling in four local stations in Tucson. When 
connected as a receiver to a good sound system the sound fidelity is as good or better than more expensive AM radios. In 
fact, it sounds "high-fidelity". 


This picture shows the Solomon FM Crystal Set in an acrylic display case. I made the set specifically to fit inside this case 
(the case came first). 


My definition of a crystal radio is one that is not powered, except by the radio tran: n itself and employs a crystal 
detector. So, it should work without any batteries or AC power. An FM crystal receiver must be able to detect and receive 
FM signals well enough to be heard in earphones without any such extra power. 


This FM receiver is an amazing performer. It has crystal clear reception (pun intended), good sensitivity, but only 
fair selectivity. This set was a discovery for me. I started out by designing and building the normal AM sets. Then 
one day while testing the "Mystery" set (see my other web links), to my surprise, in addition to the expected 
panoply of AM stations, I heard a very faint signal that I could not tune out. At first, it seemed too weak to identify. 
‘When I tuned out all the AM stations, I was astonished to hear the announcement "KiiM FM, 99.5"! This is a 
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country music FM station here in Tueson. It was all over the dial, untunable, but the much louder AM signals 
masked it when they were tuned 


I set myself the task of trying to improve the FM reception, I tried some simple circuit modifications that did not 
seem to improve anything. Then I connected a dipole antenna instead of the AM antenna I normally use. Suddenly, 
the FM signal was much clearer, although still weak. By using the audio output and sound system amplifier, I was 
even more amazed that four different FM stations came in loud (or rather medium) and clear. I found that changing 
the telescoping antenna length and position I could tune the stations in and out. They were KRQ, KLPX, KiiM, and 
KHYT all local FM stations with transmitters nearby. Their reception was also affected by the length and position 
of the audio output cable. 


After doing some research, I discovered that there was a physical theory that claimed that FM reception was 
possible and even probable using the same circuit as an AM receiver. The theory is called "slope detection". So, I set 
out to find circuit improvements. A web search yielded little, mostly theory. But there was enough information that 
I thought I could make some modifications to the AM circuits to make them more tunable to FM signals and less 
tunable to AM. Since FM operates at higher frequencies, all I had to do, I thought, was make the coil and caps 
smaller, After much "tinkering" I arrived at the current circuit. 


The circuit looks identical to a classic AM crystal circuit but is even simpler to build. The components were reduced in 
dimension to resonate at higher frequencies. This was done by experimenting with smaller and smaller coils and capacitors. 
The antenna is also much reduced in size (from that of AM) to resonate at higher frequencies (the antenna is crucial). The 
air variable capacitor I used has two trimmers in it which should be adjusted for best reception.{ have found that a 
commonly available vernier dial and knob will fit the capacitor nicely. See end of article for a picture of the variable. C3 is 
a ceramic capacitor of 18 pf, but may be anywhere from 10 to SOpf. A detected FM signal is converted to AM due to an 
effect called slope detection that modulates amplitude. 


This FM Crystal Set works best near the transmitter (I have not tested it beyond about 10 miles). Secondly, the sound level 
is quiet, especially without an amplifier. A quiet room is needed for listening with earphones, One must be willing to move 
the set around to find a location for the best reception of signals. However, in addition to listening with high impedance 
earphones (crystal or otherwise), the set can be connected directly to an audio amplifier's low level magnetic input which 
can then play amplified through a sound system at any volume ~- sounds GREAT. In fact, I recommend starting tests with 
the FM crystal set by connecting it to the low-level phono inputs of a receiver or preamplifier. (Nowadays, many receivers 
don't even have a phono input!) That way you can crank up the volume, which makes it more likely to find the FM stations. 
Ifno signals are detected, I also recommend connecting an external “rabbit ear" antenna or hanging a short wire (12 inches 
or so) in various positions next to the internal antenna, The variable length of rabbitt ears can help to tune in stations, 


No additional wiring or antenna is necessary (the antenna is optimized in length for FM.) 
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L- 4 turns #18 copper or silver wire, 12mm inside diameter, tapped at 2.5 turns 
Ant-7 inches of #18 bare copper wire 

C1 -18 pf ceramic capacitor 

- 50 pf air variable capacitor 

D - 1N34 diode or rock crystal 

R- 150K resistor 


The diode is tapped directly to the antenna, The vernier dial fits directly on the tuning capacitor, The antenna parallels the 
perimeter of the acrylic face plate. "Military style" #18 AWG wiring is used without any insulation, It is important to keep 
the components physically close together. The component specifications are the same as in circuit #2, The coil is silver 
rather than copper, but copper does just as well. I think that the contrast of the silver and copper is beautiful, The coil was 
wrapped around a Sharpie Permanent Marker, then slipped off and expanded slightly. The wooden base is made from 
lacquered, polyurethane padouk. 


I consider this set a work of art as well as science and think itis the most elegant crystal receiver I have created. I love the 
contrast of the silver coil, the copper antenna, the clear acrylic faceplate, the black vernier dial, the white and 

transparent variable capacitor, and the subtle colorings on the resistor, the diode, and the lucite base, Yet the circuit is so 
ridiculously simple that some will not believe it is possible without building it themselyes, No shielding is necessary, and 
there is no problem with hand capacitance. However, the output cable position may affect reception sensitivity. 


Photos of wired circuit 
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‘A hand is included in this photograph to show scale, Note the military style wiring, diode, and antenna, I wanted the wiring 
to create a modem design similar to a Mondrian painting. Not only is this set beautiful, it works! No power and no long 
antenna! It looks like a work of fiction. 
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Is this thing imaginary -- science fiction? Well, imagination did play a part, but itis definitely not science fiction. This shot 
shows the elegance of the FM set best, I think, There is only one resistor and one fixed capacitor. 
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The inside of the tuning capacitor and the phono jack/output can be seen here, Can you spot the fixed ceramic capacitor? 
Note the polished edge of the face plate and the reflection in the wooden base. 
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A quarter-inch piece of lucite was fitted under the tuning capacitor to anchor it, Note the two tiny trimmers on the back of 
the tuning capacitor. Brass screws were used to enhance appearance. 
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The vernier dial is large to accomodate ease of tuning, and the vernier makes it easy to separate stations, Two golden 
(brass) wood screws fix the face plate to the base. Holes for the face plate were made with special plastic drills, but 
ordinary drills may be used if drilled very SLOWLY. The knob is removable. 
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FM Crystal Circuit #2 
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175mm (7 inch) antenna 


Out 


L-5 turns AWG#18 bare copper or silver wire, 12mm inside diameter, tapped at 2.5 turns 
D- 1N34 or rock crystal diode 

C1 - 82 pf capacitor 

- 80 pf air variable capacitor 

C3 - 18 pf capacitor 

R- 150K resistor 


The following photographs show the circuit wired with the handmade Saturn Dial. and knob, It is perhaps not as visually 
striking as set No. 1, but it works just as well. In fact, this set was the original version, Notice that all the wiring and coil 


are copper. 


hittpx/solomonsmusic.net/FM_CrystalRadio.himl ana 


1012712017 FM Crystal Radio 


The Saturn dial and knob were fashioned from a “doll's head" from Michael's Arts and Crafts, a piece of lucite cut with 
two circle cutters, and a brass paper fastener. The knob is fixed to the tuning capacitor with a small machine screw that fits 
in the hole below the brass fastener. The most difficult part of this was fashioning "Saturn's rings”. This must be done very 
carefully and slowly. The inside edge should be cut slightly undersized and then sanded with a drum sander to fit snugly. 
The outside edges can be sanded with fine sandpaper and polished with a plastic polisher. 
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The air variable capacitor may be obtained from Electronix Express at http://www.elexp.com/. Part number 14VCRF10- 
280P. The 80 pf side is recommended for the second circuit, contacts 2-3. Contacts 1 and 3 were used for the first circuit 


Gop). 


= OSC: 5-59 pf 
* ANT: 5-142 pf 
+ OSC and ANT Trimmer 10pfrange 
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FREE ENERGY FROM THIN AIR! 


Technology (/technology/) > Science by DrewPaulDesigns (/member/DrewPaulDesigns!) Follow 


79,181 @RA 230 


Posted May. 24, 


FREE ENERGY 


FROM THIN AIR! 


"Free energy from the air?, Yea, right!" Sardonic skepticism was my first reaction to 
this unusual concept, as well. 


Though, its not so far out there, in fact. Light can be converted to DC current with 
solar panels, electricity can be converted to magnetism as | did in my last article 
(https://www.instructables.com/id/DIY-Electro-Magnetic-Levitation/), ina 
microphone sound waves are converted to an electrical signal (by vibrating a 
magnet near a coil (http://hyperphysics.phy-astr.gsu.edu/hbase/audio/mic.html)), 


solar rays can even be focused and converted to heat in awesome devices like this! 
http:/Awww.gosunstove.com/) When we think about it, energy is all around us and 
can be harvested in an enumerable many of ways. 


Download vy 
\ 


¢ a rather novel approach. We are going to build a device 


specifically designed to sense and capture a particular band of energy which is all 
around us. 


The earth is magnetic and anyone who has ever used a compass knows this. 
Magnetic bodies in motion produce electricity, we can see this in any alternator, like 
the one in your car. So, therefore the earth is electric as well as magnetic, by 
definition. 


Can we detect this energy? Yes, we sure can! Ever turn on a radio in the middle of 
nowhere and heard static? That is your radio picking up naturally occurring energy 
in the RF spectrum! 


Can we use this energy to do work? Absolutely! This has been known for a long 
time. Crystal radios (https://en.wikipedia.org/wiki/Crystal_radio) have been around 
since before the 1930's and can run with no input energy other than the radio 
signal. Even when completely isolated, but from the atmosphere, a crystal radio will 


produce a voltage in the earpiece resulting in a sound (albeit and undesirable one). 


Well, this is where it gets interesting... 


Can we replicate this effect? Yea, and with modern components like the high quality 
crystals found in germanium diodes, we can even increase efficiency. By applying 
this concept as a Crystal Energy Receiver we can take advantage of a wide range 
of energetic frequencies rather than tuning in to just one. 


Can we scale it up? Definitely. Things like micro germanium diodes, high efficiency 
antennas and compact contemporary capacitors make the components that are 
required to build a crystal receiver fit in the palm of your hand. While there may or 
may not be a more efficient way, this renewable energy solution is simple to employ 


and can be scaled up, or daqyn,, indefinitely. f ) 


It sounds like we can build a Crystal Energy Receiver. Let's give it a shot... 


Add Tip Ask Question 


Step 1: What You'll Need 
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One of the reasons this particular renewable energy harvesting method is so viable 
is the relatively few and easy to obtain materials required. 


The simplest crystal receiver design needs no power and can be built with only 
three parts: a coil, a crystal and a resistor. We're going to optimize that design in 
order to produce a cleaner and more reliable output signal by first polarizing the 
input amplitude, then rectifying and filtering the signal. Then we'll add an antenna, 
case and connections. 


Get the circuit diagram here (http://www.drewpauldesians.com/crystal-eneray- 
receiver-kit.html. 


Get the kit here (http://www.drewpauldesigns.com/crystal-energy-receiver-kit.html) 


The parts for the circuit inclyde:.,.4 


(1) Circuit Board (https//www.drewpau 


(1) 10-18 gauge Copper Wire 

(2-12+) Ceramic Capacitors (matched) 

(2-6+) Electrolytic Capacitors (matched) 
*note various types of capacitors can be used 
(4) Germanium Crystal Diodes (1A+) 


Total Unit Cost: +/- $0.40 (USD, scaled for volume of 1,000+ units ) 


In addition, you'll probably want to get: 

(1) Project box (optional) 

(1) Antenna (a loop antenna or elevated antenna is recommended and can be 
made with copper wire) 


The tools you'll need are: 

Soldering Iron/ Solder (optional) 

Multimeter 

Oscilloscope (http:/www.seeedstudio.com/depot/DSO-Nano-v3-p-1358.html? 


cPath=63_ 65) (optional) 


That's it. Yup, that's all. Once we've got it all, let's begin. 


Add Tip Ask Question 


Step 2: Build the Circuit 
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We're going to build the simplest version of this circuit variation in order to 
understand how each component interacts and as a proof of concept. 


There are three simple systems at work in the circuit that are composed of 
capacitors, which store energy, and diodes that direct it. 


Energy in the band of radio waves, among others, will vibrate a wire antenna on an 
atomic level, sending a discernible signal to its lead. This signal will then meet the 
junction between two ceramic capacitors wired in series. This junction will force 
positive charge from the wave to travel in one direction and negative charge in the 
other direction which, when collected again, makes the signal uniform and polar. 
Connecting the two capacitors in series creates leads on each end; the now 
positively charged side of one and the now negatively charged side of the other 


creates a two cell battery. jownloag f wv — 


This next stage of the circuit takes a signal with a net value of zero, adds the 
absolute values of the positive and negative amplitudes with respect to the origin 
and produces a positive integer. This concept can be thought of as taking: 


(+1) + (-1) + (#1) + (-1) = 0 
and converting it to: 


| (+1) + (#1)] | = 2 
% 
I[-1) + ¢1)] |= 2 
=4 


Isn't math fun? 


To each of these leads from our two capacitors in series, we will connect two crystal 
diodes, one facing each direction, to form what is called a bridge rectifier. A bridge 
rectifier is a configuration which will convert an alternating current to a direct one by 
cleverly rerouting the signal. 


By connecting the bridge rectifier as shown in the circuit diagram, this direct current 
from the diodes then charges the electrolytic capacitors. This stage normalizes the 
amplitude, making the current constant and usable. 


Components can easily be twisted together for testing and then soldered to a circuit 
board to secure. 


Add Tip Ask Question 


Step 3: Test.and,Optimize Your Circuit 


To test and analyze our circuit, we'll be using a digital voltmeter and oscilloscope. 


By connecting a voltmeter to the output, we'll immediately begin to see a small 
voltage climbing in the 10-100mV range. If not, we'll want to check our connections 
and make sure the circuit is not isolated from the environment by taking it outside to 
a Clear area. 


Then, by connecting an oscilloscope to the outside leads of our two ceramic 
capacitor bank, we will see the the polarized signal being captured from the air 
around us. We can then connect after the diodes to see our varying direct current 
and then to after the electrolytic capacitors to see a normalized, usable direct 
current at our output. 


We can then optimize the input resistance in two ways. Firstly, we can add 
additional ceramic capacitors in parallel to our original two and make sure our 
soldered connections are consistent and thick in this area. 


We can optimize the circuit's capacity by adding electrolytic capacitors in parallel to 
our original two which will allow this circuit to charge slightly when not in use. For 
this purpose, a charging circuit can also be added here in order to incorporate an 
optional battery bank. 


We can optimize the antenna, py, attaching loopsgand.goilsaf copper wire in various 
ging-seme-wire-up-te-the-highest point 


a 


, store-bought antennas or by 


you can reach. 


We don't have to stop there, either. We can now connect multiple circuits in series 
to increase voltage or in parallel to increase current. This can be done indefinitely. 


Add Tip Ask Question 


Step 4: Add a Case and Antenna 


JERAo1oIe 


After choosing an antenna in the last step we'll now want to permanently wire it. 
Whether you choose a compact antenna for portability or a tall fixed antenna for 
power and range, we will wire it in the same manner according to the diagram in 


the previous step. Note that the input on the configuration here is grounded to the 
metallic case, and thus the users hand, and incorporation of longer antennas will 
require proportionally more substantial grounding. 


We 


Next, we will add a case, making sure to isolate exposed leads with non-conductive 
material especially if mounting in a conductive case. A piece of cardboard secured 
with glue is sufficient for the circuit's bottom and shrink wrap or electrical tape can 
be used in the case of any additional exposed leads. Drill two holes in your 
enclosure, one for the antenna or antenna lead and another for your output 
terminals. You can then insert your components, fasten the enclosure and your 
device is ready to use! 


Add Tip Ask Question 


Step 5: Your Crystal Energy Receiver Is Complete! 


Your Crystal Energy Receiver is now complete and ready to use! 


| built a portable version, for proof of concept and demonstration purposes. 
However, you can go as big as you want- to passively charge batteries or run 
equipment remotely; or go as small as you want- to power sensors, RFID devices, 
small electronics and more. 


| used this harvested energy to easily power a low-consumption quartz clock, a 
digital chronograph with integrated circuits and LCD and was even able to 
momentarily rotate a small dc motor. 


Because of its simplicity this device is a durable, efficient and reasonably effective 
method of harvesting radiant energy in a simple, replicable and sustainable way. | 
humbly hope that the contributions made here, and by those reading, can be one 
day used by people worldwide to conveniently capture free energy. 


Thanks for checking out my project and | look forward to seeing everyone's 
variations, suggestions and improvements! 
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About This Instructable 
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How to Make a Electrostatic RF Detector or Ghost Detector, Hunting Solution 
Much cheaper and easier than you may think For Under $5 ! A simple 
description is that IN34 or IN34A RF Germanium Diodes for Crystal Radio can 
take "Ambient" or "Radio Waves" to tums them into DC energy. | would like to 
show the Tesla Coil Transmitter, where | made an homemade "RF Detector" this, 
is the simplest detector! without any batteries or hardships circuit, only with IN34 
diodes and Ether to Earthl... Stay Tuned and Enjoy! Please olick the “like” button, 
subscribe my channel, and share this with your friends... To support my "work" 
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Build a Homebrew Radio Telescope 


Explore the basics of radio astronomy with this easy to construct telescope. 


Mark Spencer, WA8SME 


here are many ham radio related activ- 

I ities that provide a rich opportunity to 

explore and learn more about the sci- 

cence of radio, One of those opportunities is 
radio astronomy: 

Al matter emits radio frequency (RF) 
energy dependent on the temperature and 
makeup of the matter, including the matter 
in space. The foundation of radio astronomy 
is to study the heavens by collecting and 
analyzing the RF energy that is emitted 
by bodies in space, very much as optical 
astronomers use light energy collected by 
telescopes. It sounds complicated. While 
professionals use very sophisticated and 
expensive equipment, you can, with some 
simple equipment and a litle investment, 
build a radio telescope that will allow you to 
learn and explore the fundamentals of radio 
astronomy. 


A Homemade Radio Telescope 

In this article, I will build on an existing 
design ofa radio telescope made from one of 
those ubiquitous TV dish antennas that you 
see around your neighborhood. The radio 
telescope (RT) project described here can 
easily be reproduced. Although this is not 
a fully capable RT, it can provide a wonder- 
ful learning opportunity for you, or perhaps 
students in your local school 

Figure | shows the radio telescope set up. 
‘The major components include a modified 
TV dish antenna mounted on a wooden sup- 
port structure to allow pointing the antenna, a 
commercial satellite signal strength detector 
that displays the signal strength of signals, 
collected by the dish on a meter and an inter- 
face that converts the signal strength into a 
amplitude modulated tone, The tone is fed 
into a computer sound card and finally a 
computer and software graphically displays 
the signal strength as a function of time. 

The TV dish modifications are structural, 
and any available TV dish system can be 
used. The signal strength detector costs 
between $40 and $65 and is widely available 
from Web retailers. The interface circuit, 
which will be described shorily, is easily 
duplicated and costs approximately $20. 
Finally, the display software is free. 


Figure 1 — Radio 
telescope system 
on TV dish antenn: 


Figure 2 — Dual 
LNB mount. 


What it Can Do 


‘The following is just a sample of what 

you can do with this simple RT: 

Use the sun to study and determine the 
beamwidth of the dish and verify the 
‘mathematic formula that is used to predict 
dish antenna performance. 


fa 


Figure 3 — Homemade 
plastic single LNB, 
p ‘mounting bracket. 


© Measure the radiation intensity of the 
Sun and perhaps detect changes in solar 
activity. 

|= Measure the relative changes in the sur 
face temperature of the moon, 

‘Learn about and explore a common radio 
astronomy collection technique called the 
drift scan. 
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Figure 4 — Dual 
‘coax connector 
configured LNB. 
Terminate one 
‘connector with a 
‘dummy toad. 


™ Explore the fundamental principle of 
energy emission as a function of tempera- 
ture by detecting the relative differences 
between the temperatures of emitting 
bodies. 

Detect satellites parked along the Clarke 
Belt in geosynchronous orbit and illustrate 
how crowded space has become. 


Figure § — CM satollite signal strength meter. 


"Detect the Earth's rotation around the Sun 
and the Earth's spin on its axis by compar- 
ing daily drift scans of the horizon, 


Antenna Subsystem 
‘The basic RT system is based on the “Itty 
Bitty” design that is described in two Web 
pages.'? The TV dish is an offset 18 inch 
dish that has down converters) mounted at 
the focal point of the dish. The down con- 
verter called low noise block (LNB). The 
LNB jis a preamplifir/down converter that 
converts the satellite signals from around 
12 GHz down to around 2.4 GHz. Most 
modern dishes have two or more LNBs to 
access more than one TV satellite at a time 
‘without changing the pointing of the dish 


'Notos appear on page 45, 
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Figure 6 — SkyPipe screen showing 
itenna response. 


(Figure 2), The LNBs are mounted to share 
the focal point of the dish, Since only one 
LNB is required for the RT, I made a minor 
adjustment to the published Itty-Bitty design 
to position the single LNB at the dish focal 
point. Mounting the single LNB at the focal 
point really helps in pointing the antenna, 

T used the existing LNB housing and 
‘mounting bracket as a template to determine 
the distance between the edge of the mount- 
ing arm to the mounting hole of the LNB 
T then used a piece of plastic to fabricate a 
new mounting bracket for the LNB as shown, 
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Figure 7 — AT interface circuit diagram. 
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Figure 8 — RT Interface block diagram. 


in Figure 3. The dimensions are not super 
critical, but careful placement certainly will, 
improve the RT performance. 

‘Some LNBs have two coax connec- 
tors, Only one will be used in the RT 
(Figure 4). It is a good idea to terminate the 
extra coax connector with a 75 © dummy 
Toad plug to balance the load on the LNB. 
‘The dummy loads for F type TV coax con- 
rectors are readily available from electronic 
parts retailers, 

Note that the dish is mounted upside 
down, Though this orientation is not ideal 
for receiving satellite signals, this arrange- 
‘ment helps with pointing the dish in its radio 
telescope role, 


Satellite Detector 
‘The detector used in this project is the 
Channel Master (CM) satelite signal level 
‘meter model 100SIFD (Figure 5). The CM 
is connected to the LNB, Power is supplied 
to the LNB through the coax connection 
from the CM. The CM detects the signal 
coming from the LNB and gives a meter 
indication of the signal strength and also 
varies the frequency of an audio tone to 
holp technicians point the dish at the desired 
satellite. As you move the dish through the 
‘beam coming from the satellite, the meter 
indication will increase and then decrease 
coincident with the pitch ofthe audio tone 
‘The lty-Bitty plans detail haw to connect 
power to the CM and in turn connect power 
to the LNB (this power connection is han- 
dled by the interface inthis projet). Though 
somewhat effective, the CM meter and 
variable frequency tone indications provide 
limited utility in detecting changes in signal 
strengths required for radio astronomy. 


Display 

“To really study the signals received by 
the RT, you will need to see them displayed 
graphically on a stip chart. There is an 
excellent software package called Radio- 


‘SkyPipe that is posted on radio astronomy 
Web sites.* The free version of this software 
is a good place to start. SkyPipe uses the 
‘computer sound card to measure the incom- 
ing signal strength and graphically displays 
the signal strength as a function of time. 
Figure 6 is illustrative of a signals detected 
by the RT. SkyPipe is very easy to use but 
some study of the HELP files will make it 
‘easier for you to fully tap into the capabili- 
ties of this software, 

‘SkyPipe requires audio signals to be fed 
into the sound card MICROPHONE jack. The 
output of the CM detector is either an ana- 
log meter reading or a frequency modulated 
(constant amplitude) tone that is not really 
compatible with SkyPipe. An interface is 
required. 


Interface 

‘What is required to make the CM outpat 
‘work with SkyPipe and a sound card is to con- 
vert the signal level into an amplitude varying 
audio tone. The interface designed to do this, 
is shown in Figure 7 and as a block diagram 
in Figure 8, Referto the block diagram during 
the description of the interface function. 

‘The unity-gain op-amp is used as a buf- 
fer between the CM meter driver circuit 
and the analog meter. The other op-amp is 
used as a voltage multiplier to scale the CM 
meter driver output voltage to match the 
'5'V reference voltage of the following analog 


Figure 10 — CM with interface board. 


Figure 8 — Power and ground connection, 
10 CM board, 


to digital converter (ADC). The variable resis- 
tor in this voltage multiplier circuit is used 
to calibrate the CM to SkyPipe. The voltage 
from the multiplier is fed to a programmable 
interface controler (PIC) that is programmed 
asa 9-bit ADC to covert the analog voltage 
that is a function of received signal strength 
to a 9-bit digital word that is sed to control 
a digitally controlled variable resistor. The 
interface includes a simple Twin-T audio 
oscillator circuit that provides a tone of 
approximately 800 Hz that is fed to the com- 
puter sound card. The amplitude ofthis audio 
‘oscillator is varied by the digital pot that is 
boeing controlled by the PIC. The result is the 
‘audio amplitude being varied in step with the 
signal strength detected by the CM. 

The circuit provides power to the CM and 
the LNB. A 12 V source in the CM is tapped 
through an RF choke and this is connected 
to the LNB coax connector inside the CM 
(Figure 9), The 12 V isalso regulated to 5 V 10 
provide power to the interface. Though prob- 
bly not required, there are two 5 V sources, 
one forthe digital components ofthe interface, 
and the other for the analog components with 
fone common ground point, This arrangement 
is used to isolate potential digital and analog 
noise sources within the circuit. 

‘The interface is built on a circuit 
board and mounted right 
inside the CM box 
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Figure 11 — Aiming the RT at the Sun, note 
LNB shadow location. 


(Figure 10). Though I made an etched circuit 
board for the circuit, the hand wired pro- 
totype worked equally well for those who 
‘would rather roll their own. The PIC firm= 
‘ware is available on the OST Web site." 


RT in Action 
‘The first thing you need to do is learn 
how to point the RT antenna. The best place 


-a 
To 


Figure 13 — Drift scan of the Sun 
Indicating antenna’s azimuth pattern. 


to start is to connect the CM to the antenna 
and point the antenna at the Sun, Caution: 
Do not look into the Sun as you do this, or 
at any time, Adjust the pointing angle and 
elevation until you get peak signal strength 
as indicated on the CM meter or hear the 
highest pitch audio tone, With the antenna 
pointed directly at the Sun, take note of the 
position of the shadow of the LNB on the 
surface of the dish (left in Figure 11), If you 
look from behind the dish, along the LNB 


4 
e 
¢ 
i 


RT Interface Calibration 


RT Calibration Inverse 


of” bss 
3 100 
Ew a) 
3 z 
Ee) zo 
é 2 0 
8 10 
é 
€ 2 
é —— 7 = rin 
a a a eT eT | ee ee 
vm mv SiyPipe Aro 100) 
Figure 12— Example calbration curves, 
mat 0 
108 1025 
‘5050 cnet 
uns uns 
‘4500 00 
tozsao —o1zase cazzm —ao2ao 4240 Rozsco 011536 ae0nTs —os004a —oss.28 
ure ure 
Figure 14 — Sequential drift scans. Note the time offsets between the peaks. 
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supporting arm (between the arm and the 
rim of the dish), you will see the Sun being 
blocked by the LNB. 

Once you have the RT set up, it needs 
to be calibrated to match the output of the 
CM to SkyPipe, Thave developed an Excel 
spreadsheet template to help with the cali- 
bration and a few of the other activities that 
you can accomplish with the RT (also avail- 
able from the OST Web site). Turn the RT 
toa signal source. the Sun, or the side of a 
building would work. Turn the gain control 
of the CM to set the meter to maximum, 
Run SkyPipe and adjust the variable resistor 
‘on the interface board until you get a read- 
ing on the SkyPipe graph vertical (y) axis 
of approximately 32,000. With the maxi- 
‘mum value set, adjust the CM gain control 
through the voltage range (0 to 100 mV) in, 
10 mV steps and record the corresponding 
y axis value on SkyPipe. This data is entered 
into the Excel spreadsheet to compute the 
calibration curve between voltage and y axis, 
value, Both voltage and y axis values are 
used in analyzing recorded signal strength 
data (Figure 12), 

A good first activity is to do a drift scan 
of the Sun, A drift scan means that you set, 
the antenna azimuth (AZ) and elevation, 
(EL) to some fixed pointing angle and allow 
the Earth to serve as the rotator to drag the 
antenna across the sky. To do a drift scan of 
the Sun, first set the elevation and azimuth to 
point directly at the Sun (maximum signal) 
and then move the azimuth toward the west 
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Figure 15 — Clarke Belt plot — tracking 
down satellites. 


(leave the elevation set) until you are off the 
peak signal. Now start SkyPipe. In about 
15 minutes, the Sun will pass through the 
antenna pattern beam width and the result 
will be as illustrated in Figure 13, You can 
also use this collection technique to explore 
the antenna performance parameters, 

A good second activity is to do two drift 
scans of the night sky on two consecutive 
nights (beginning the scans atthe same time 
each night) using the same fixed antenna 
azimuth (AZ) and elevation (EL). Figure 14 
shows two such drift scans. Although at first 
glance they may not seem similar, there are 
some interesting features that are pointed 
to by arrows. If you compare the time that 
these two peaks occurred, the time differ- 
cence is about 4.5 minutes, This shift is the 
result of the distance the Earth had traveled 
during the 24 hours between collections. 


This illustrates that the Earth's rotation as 
‘well as its travel in orbit needs to be consid 
ered when comparing drift scans. Enough to 
‘make your head spin (pun intended)? 

‘A final good starting activity is to point 
the antenna toward the Clarke Belt and find 
all the satellites in geosynchronous orbit, 
transmitting on 12 GHz, If you record signal 
strength peaks and AZ and EL for each peak, 
‘you will develop a graph ofthe Clarke belt as, 
illustrated in Figure 15, 

Thave only scratched the surface, and the 
sky is the limit ofthis little project. The RT 
project can certainly broaden your horizons 
and expand your understanding of our uni- 
verse. Ifyou would like more detail than can 
be presented here, please contact the author. 


Notes 
‘www. setileague.org/articles/bt pat. 
Swanw.aoc.nrao.edulepolteachers/ittybity/ 
‘procedure.html 
Swww.petinternational.com/channelmas- 
‘t01/0612/satellte.htm! 
‘radiosky.com/skypipelshere.html 
on. wikipedia.orgiwiklGeostationary, 
swonw.arrLorgitiles/qst-binaries! 


‘Mark Spencer, WASSME, is ARRL Education 
‘and Technology Program Coordinator He is 
‘an ARRL member and holds an Amateur Esra 
class license. You can reach Mark at 

774 Eastside Rd, Coleville, CA 96107 or ap 
waSsme@arrLorg. 
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Simple demonstration to explore the radio waves 
generated by a mobile phone. 


Dr Jonathan Hare, Sussex University, Department of Physics, Falmer, Brighton. BN1 9QH 
Note: this article has been published: Simple demonstration to explore the radio waves generated by a mobile phone 
JP Hare, 2010, Journal of Physics Education, Institute of Physies, 45, p. 481 45 481 


Also see the brief full article at: mobile phone detector 


IMPORTANT NOTE: this device works very well on the old style mobile phones (as shown in the photo above). 
However, 


does not always work well with modern smart phones. This may be because modern phones use higher 
frequencies, less power and use the power in a slightly different way (¢.g. spread spectrum). Some smart phones do 
work and succes al strength of the local mobile phone mast nearby. If you are in a low signal 
area the phone will create more power to ensure reliable communications. If you are in a very strong signal area (very 
near the local network) your phone will drop its output power and consiquently there will be less power to pick-up 
and to convert to a voltage to light the LED. 


Described is a simple low cost home-made device that converts the radio wave energy from a mobile phone signal into 
electricity to light an LED. No battery or complex circuitry is required. The device can form the basis of a range of 
interesting experiments on the physics and technology of our mobile phones. 


1 wavelength loop 
ca 30 cm total 


7.6 cm per side “6c 


resonant at 
ca, 1000 MHz 


Fig. 1: left: mobile phone radio wave detector and right: the simple schematic 


Introduction 
Electromagnetic radiation (EMR) is at the heart of modern mobile phone data communications networks. The way a mobile 
phone and local base stations (the antenna covered masts you see dotted all around the place) communicate between each 
other is by using EMR in the radio wave part of the spectrum [1,2,3]. On switch-on your mobile sends digital information 
pulses by rapidly switching on and off the radio waves rather like a fast Morse code signal. Your text or voice is also 
converted into a series of digital pulses and sent across the network to be decoded (reassembled) by another mobile phone 
you dialled, 


‘itp iivawcreative-science.org.ukimobile_ LED him! Ww 
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EM radiation and radio waves 
Mobiles make use of various bands of radio frequencies to communicate between the mobile to base and the base to mobile: 
in Europe these include 900 and 1800 MHz (850 and 1900 MHz in the USA and Canada) [2, 3). 


The relationship between wavelength, speed of light and the frequency follows the well known formula: 
Wavelength A. (m) = speed / frequency = c (ms!) / v (Hz) 

4. (mm) = 300,000,000 / v (H1z) or approximately: 

4.(m) = 300 /-v (MHZ) ..... Equation 1 


So for a mid-range of about 1000 MHz (1 GHz) we get a typical mobile phone wavelength of about: 
4.= 300/ 1000 = 0.3 m = 30 cm. 


Simple radio wave detector 
The loop consists of about a wavelength of wire, ca. 30 cm so each side is about 30/4 = 7.5 cm. The dimensions are not 
ctitical. The two ends are connected directly to a simple series circuit consisting of a high brightness LED and a germanium 
diode. They need to be connected correctly. All these components are cheap and readily available from electronic stores [4] 
The loop can be made from a piece of copper wire roughly bent into a square (although a circular loop or rectangle will also 
work), If the wire is insulated remember to scrap off the insulation and solder-tin the ends. Simply solder the germanium 
diode and LED into circuit as shown in the diagram. 

On a new LED the long lead is the positive (anode) while the short lead is the negative (cathode). The germanium diode has 
a line (band) around the end which is the cathode. When correctly wired the LED and the germanium diodes are connected 
so they both allow current to pass in the same direction, i.e. in the circuit diagram the arrows point in the same direction. In 
practice this means the LED and germanium diode are joined at the cathode of one and the anode of the other. 

In my prototypes I used an insulator between the loop ends (light coloured cylinder in the photo) to make the whole thing 
more sturdy but this was purely for mechanical reasons and is not needed for the circuit to function properly. Note: a much 
more sensitive version using a x10 and x100 DC amplifier is described on my web site [6] 


How it works and how to use it 
‘When a radio wave passes across a metal object the EM fields cause the charged electrons in the metal to oscillate and this 
causes small AC currents at the same frequency to be induced into the metal. If a mobile is brought near to the loop and a 
call or text is made [5] the radio waves emitted from the phone pass across the loop. This induces a voltage into the antenna 
(the loop) and if it is close enough will be large enough to light the LED. As the loop is about one wavelength in size it 
resonant and so there is a good transfer of power (low reactance) between the radio wave and LED. 


The mobile phone automatically tests the network and adjusts its transmission power to maximise the battery life and 
minimise network interference. As a result the brightness of the LED will depend on the data being sent (the average signal), 
the local signal strength and how close the loop is to the phone. Why the second diode? - It's curious why the germanium 
diode is needed at all. The LED is a Light Emitting Diode after all and one would not think that another diode would help. 
However my initial experiments failed because I had not included it. The LED will have a relatively high capacitance which 
at these frequencies will tend to de-tune the loop and short out the LED. The germanium diode however is made up of a tiny 
wire which only makes a point-of-contact onto a piece of semiconducting germanium so it’s ‘self capacitance is very low 
keeping the loop resonant. 


The germanium diode will rectify the AC signal from the loop forming a series of DC pulses that will be nicely smoothed by 
the LED's capacitance. Without the diode however the raw AC signal from the loop will tend to be averaged to zero by the 
LED's capacitance. 
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Fig, 2: Three loops in a row of varying size. The one described here and shown in Fig. 1 is shown in the middle. 
‘Smaller ones may well work better for higher frequencies such as the 3G networks (see below). 


Other size loops 
Fig, 2 shows a set of three loop devices with edge lengths of roughly 3.7, 7.5 and 15 em. You can find out for yourself that 
the best match to the mobile signal is with the full wave loop of ca. 7.Sem per side. The other loops do work to varying 
degrees however (smaller ones may work better for the 3G network). The larger loop works well for the '70 cm’ amateur 
radio bands, 


Polarisation 

The electric and magnetic fields making up the EM wave are orthogonal (they are at right angles to each other as they pass 
through space) to each other but depending how they are generated by the transmitting antenna can arrange themselves in 
any orientation with respect to the ground, Ifthe electric field is parallel with the ground we say the wave is ‘horizontally 
polarised’ while if its normal to the ground we say its ‘vertically polarised’. The loop antenna will respond best to one type of 
polarisation (depending on its orientation) so it’s worth experimenting with the orientation of the mobile (or the loop) to get 
the strongest signal - brightest LED. 


Mobile antenna 

Inside your mobile phone is a transmitter / receiver and antenna, Many mobiles have this antenna at the top of the phone but 
some of the PDA type phones have it at the bottom. As a result you can locate the position of the antenna by moving it 
around the center of the loop till you get maximum LED brightness, 


Networks 
There are various different networks that a mobile may use both in the UK and abroad, It may be that you need to adjust the 
network phone settings on your mobile i.e. change from "automatic select” to set for "GSM" so as it get the strongest signal 
to light the LED. Note: the 3G network might not be powerful enough to light the LED. As the GMS network is currently the 
main network over the UK the device should work anywhere where you can get a signal as long as you check the correct. 
selection on your mobile menus [5, 7]. The 3G network operates on a higher frequency (smaller wavelength) so you might 
find a smaller loop will work better than the main one described here. See ‘other experiments’ section below. 


Test signals 
In order to pick up the radio wave energy from the phone it obviously needs to be transmitting a signal. There are a few ways 
to do this: 


1) On switch ‘on’ (or change of network) you can see that the mobile initially transmits for a few seconds to the network to 
tell it it’s there (especially if you have moved since turning it off). You don't actually need to dial a number to detect these 
signals, 

2) Even if don't text or call, throughout the day the mobile will send out data to ‘keep up! with the network, especially if you 
are moving around (going through train tunnels ete. see below). 


3) When you make a phone call you will transmit, Initially there is quite a lot of data being sent but in a few seconds data / 
power only gets transmitted when you speak. So to light the LED continuously you need to talk or provide some background 
sound continuously. Your service provider voicemail might be a good free phone number to try for these experiments [5]. 
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4) Texting is the easiest way to show the radio wave power being transmitted. Long texts will light the LED for longer than 
short texts, 


5) Finally set up the mobile on the loop and use another phone to text or phone the mobile. Even though you are not directly 
using the phone you will see that even on ‘receive’ the mobile phone transmits data to and fro. Ring off before you get 
charged. 


Note: If you can use a free phone number it will save you money [5] 


to meter, 
headphones 


or data logger 
+ screened cable 


or twisted pair 


OA91 
diode 


0.1 pF 


rest of loop 


Fig. 3: Adding a capacitor and coax (or twin) lead so that headphones, a meter or a data logger can be connected 
(Note: diode is reverse wired compared to Fig. 1). 


Other experiments: 

Hearing data - if headphones are wired across the LED they will convert the voltages into sound and you can ‘hear’ the clicks 
of the digital data being transmitted. These are the same clicks that so easily get picked up by sensitive electronics such as a 
stereo amp or recording equipment when making a video for example. Hence - 'no phones on when filming. 


Logging data - if a meter, or better still a stand-alone data logger, is attached across the LED then one can monitor the EMR 
from the phone. For example even if you are not making a call your mobile will send signals too (and receive signals from) 
the network while travelling around. Fig. 3 shows a simple modification using a de-coupling capacitor so that a coax cable 
(or twisted pair) can be used to go to headphones, meter or data logger. Note the diode has been reversed so that the logger 
has the correct + and — connections for a unipolar input logger. The capacitor should help average the signal and stop radio 
frequencies going down to the logger. If one is available a few turns of the wire can be wound within a ferrite ring near to the 
logger so that maximum immunity to the mobile phone signal can be obtained for the logger electronics. 
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Fig. 4: Typical mobile phone data signals sent out onto the network while travelling around. These were recorded by a 


data logger from a mobile using the loop (no calls or text were made) while travelling on the train from Brighton to 
London Victoria (and then around London and return). Many of these peaks were the phone sending out 'I am here’ 
data after coming out of one of the many long tunnels under the South Downs during the journey. 


Out and about - Once you can log data you can discover all sorts of interesting things your mobile phone is doing without 
you realising it. Fig. 4 shows the plot over a few hours of travelling between Brighton and London (and within London) on 
the train. The detector was simply placed near to a phone that was not making or receiving a phone call or text, but was 
turned on. 


The graph shows that the mobile sends out signals to tell the network where it is as it travels along and in particular goes in 
and out of long train tunnels. The peak heights vary because of the different powers the mobile transmits at depending on the 
signal strength of the local network and also because of the way the data logger ‘snatches’ a reading from the circuit eve 
few seconds. As your phone sends out data onto the network to ensure the very best communications as you move around, 
your mobile and the network obviously knows where you are and where you have been. Thieves and criminals beware the 
police can track you! 


The inverse square law - If the transmitting mobile phone is moved away from the loop one would expect the signal to drop 
off. Unfortunately because both diodes need a certain threshold before they conduct the detector is not sensitive to small 
signals and not very linear. Therefore it's not very easy to use the device to measure the inverse square law (drop in signal v 
distance away) but of course you can see the signal go down. You could perhaps use the device to plot isobars - i.e. plot the 
equal intensity signals around the phone / nearby objects. 


Changing the resonant frequency of the loop - you might be able to make some simple sliding mechanism (e.g. a 
trombone-like mechanism) out of metal tube for example to tune the loop device for different frequencies. Then you can use 
it to find the average wavelength and so determine the center frequency by adjusting the size for maximum brightness of the 
LED. The wavelength can be determined by measuring the total distance around the loop. If we assume the antenna is one 
wavelength in total length then the frequency can be established by rearranging Equation 1, i.e. v (MHz) = 30,000 / L (cm), 
where L is the length around the loop (cm). 
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Note: You will need to allow the transmitted digital signal to ‘settle down! i.e. make measurements only after a few seconds 
after dialling / pick up so that only the sound data is being transmitted rather than the initial connection data. A constant 
sound will also need to be made so that the mobile phone continuously transmits data. It's worth playing music near to the 
phone or constantly whistling to keep sound coming into the phones microphone, 


‘Mobile phone detector - teachers who want to know if the students / pupils really have turned-off their mobile phones 
(rather than just put on 'silent’) can wire the loop device into the class room white-board speakers, Any mobile that is on in 
the class wiil send out signals which (if you are close enough) you will hear the data going to and fro - you will have your 
very own ‘who's got their mobiles on’ device which might be useful for exams ete. 


Fig. 5: The SEPNet ‘deluxe’ printed circuit board version (peb) on a perspex stand where the loop is composed of a 
peb copper track and the diode and LED soldered onto the board (top) [8,9]. 


Summa 
All in all then, for such a simple easy to make device I hope you agree that there is a lot of scope for interesting science / 
technology investigations with your mobile phone. The device would make a good science week project (for radio amateur 
clubs etc.) A ‘deluxe’ pcb version (Fig. 5) on a perspex display case (Fig. 5) is currently going around the southern UK as 
part of the SEPnet outreach work, see the ‘Radiation Exhibition’ [8] and also as part of my on-going lecture series [9]. 


Post publication additions 
(What follows was not included in the published article as this calculation was worked out later), A full wave loop is 
resonant and so looks purely resistive to the radio waves. Such a loop will have a resistance of about 100 ohms (Note: this is 
the AC resistance and not the DC resistance which will be very low). Now power P= Vx I (V = voltage and I = current) and 
resistance = R = V/ I therefore P = V? / R or rearranging V = \(P x R) which means that the voltage created by a power level 
of say SOmW (say for argument that roughly half the mobile phone power) arriving at the antenna will be about V = V(100 x 
.05) which is aprox. V = 2V, enough to light an LED. 
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+9V 


2x BC109C Ss 


ov 


This circuit uses a two transistor darlington driver to amplify the signal from the loop and diode making the detector 
much more sensitive. The LED will be much brighter using this circuit. Note: the circuit needs a battery to power it 
(eg. a PP3 9V) 


References 
[1] These ultra high frequencies (UHF, > 1000 MHz) are also often called microwaves. 
[2] wiki pages 

[3] Elektor Electronics magazine, June 20 
[4] order codes for the germanium diode and LED are: 
e.g, Germanium diode: Maplin Electronics: QH7IN, Rapid Electronics: 47-3114 

e.g. LED: Maplin Electronics: UF72P , Rapid Electronics: 55-0085 

[5] to save money use your voice mail service (often you simply dial 121). 

[6] for details of an amplified detector see: wavemeter 

[7] select ‘network setting’ from the mobile phone ‘settings’ menu and then go to ‘network mode! and select ‘GSM 90/1800" 
rather than ‘automatic’ 

[8] SEPnet mobile phone device on display throughout southern UK. [9] for details of my talks see: talks and workshops 
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Simple demonstration to show mobile phones emit 
radio waves 


Dr Jonathan Hare, Sussex University, Department of Physics, Falmer, Brighton, BN1 9QH 
Note: this article is in press: Elektor Magazine, July-August 2010, p. 56-57 


For other experiments with this device please see my full article at: mobile phone detector 
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1 wavelength loop 
ca. 30 cm total 
7.6 cm per side 


resonant at 
ca. 1000 MHz 


left: mobile phone radio wave detector and right: the simple schematic. Below: detail of the LED and 
germanium diode. 


IMPORTANT NOTE: this device works very well on the old style mobile phones (as shown in the photo 
above). However, it does not always work well with modern smart phones. This may be because modern 
phones use higher frequencies, less power and use the power in a slightly different way (e.g. spread 
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spectrum). Some smart phones do work and success may be due to the signal strength of the local mobile 
phone mast nearby. If you are in a low signal area the phone will create more power to ensure reliable 
communications. If you are in a very strong signal area (very near the local network) your phone will 
drop its output power and consiquently there will be less power to pick-up and to convert to a voltage to. 
light the LED. 


This is a very simple and cheap device that demonstrates mobile phones (‘cell phones' or 'handies') generate 
radio waves. We have a 30 cm (7.5 em per side) full-wavelength loop antenna (a ‘Quad’ to radio amateurs) 
connected to a germanium diode and a hyper-bright LED. The loop can be made of copper wire, thin sheet metal 
ora track on a peb. The diodes need to be wired correctly. I think the germanium diode is needed as the LED 
probably has too great a self-capacitance to perform at the very high AC frequencies generated by the phone (ca. 
900 or 1800 Hz) but will work well with the DC pulses from the germanium diode (which has a very small 
capacitance). 


To show the mobile generates radio waves put the mobile near to the loop and dial a number (use a free phone 
number, e.g. your voice mail) or text. The radio waves will induce a voltage into the loop, large enough to light 
the LED. The LED will flash indicating the digital data being sent by the mobile phone transmitter. You may 
need to set your phone to 'GSM 900/1800' rather than the '3G' network in the settings menu, 


parts: 
germanium diode: Maplin Electronics: QH71N or Rapid Electronics: 47-3114 
LED: Maplin Electronics: UF72P or Rapid Electronics: 55-0085 


A very simple connector block version and a circular 1 wavelength loop 
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BACK TO GIEXG RADIO PAGE 


EPAD MOSFET - ‘near zero' and 'zero' threshold 
devices 
(e.g. the ALD110900) 


I will add more details to this page later on but for the moment it gives links to important and inspiring sites. 


ARTICLES 
1) High Sensitivity Crystal sets, Technical Topics, Pat Hawker, Rad Com, p. 77-78, May 2007. 

2) A novel kind of ‘crystal set’ radio, Giles Read, Rad Com, p. 60-61, June 2007. 

3) also see Pat Hawker, Technical Topics, Rad. Com, January 200, page 53-57. 

4) High Sensitivity Crystal Set by By Bob Culter (N7FKI) 

5) Next-generation Zero-Threshold Voltage EPAD™ design enables circuits with greater operating range in low 


voltage supply environments 


LINKS ABOUT THE CHIPS / DEVICES 

1) Advanced Linear Devices web site 

2) EPAD MOSFET (ALD web site! 

3) ALD110800 and ALD110900 page (ALD web site! 
4) ALD110802 and ALD110802 page (ALD web site) 


ORDERING THE CHIPS / DEVICES 
1) mouser.com (USA\ 


'CRYSTAL SET' RADIO'S - DIFFERENT 
DETECTORS 
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Top: the medium wave (MW) test radio with a selection of ‘detectors’ (selected by the croc clip lead) 
Bottom: the short wave (SW) version with a ALD110900 detector 
(on cach circuit board the connections are: antenna - top left, Earth - bottom left, audio output 
(heaphones / amp) - far right.) 


RADIO AND RADIO WAVES, 

The simplest 'radio’ can be a piece of wire attached to the input of an amplifier. Why does this pick up radio 
signals? Well in principle it should not be able to pick up anything but in reality poor solder joints in the 
amplifier circuitry, as well as point contact effects between the ends of the anenna wire going into the input 
socket of the amp as well as other effects mean that you do often hear radio signals. 


Radio waves are electromagnetic waves as they pass through a metal they induce small voltages into it. Any 
piece of metal e.g. metal fram specs, tape measures, metal window frames, a piece of wire ete. will act as an 
antenna and have tiny voltages induced into them. These voltages will be due to natural radio waves (from Space 
as well as the Sun and Earth), radio stations, satellites, mobile phones, garage door remote controls, microwave 
ovens .... the list goes on and on. 


In the case of long, medium and short wave radio stations the amplitude of the radio wave signal is modified by 
the music, voice or program - we call it Amplitude modulation AM. Here the strength of the radio waves varies 
as the tones, loudness and pitch of the program vary. As a result the voltages induced in the metal object 
antennas distant from the radio wave stations also vary in accord this program information or modulation. 


To actually hear the programs on the radio waves you cant actually take this tiny signal and listen to it directly 
(say with headphones or an amplifier). This is because the signal is a very high frequency signal out of the range 
of human hearing. To get the audible information - the program - ‘off the radio signal you need a device known 
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as a ‘detector’. This is usually a diode but lots of other things can act as inefficent detectors for example a 
mineral called galena, coke (burnt coal) ... as well as rusty screws and bad solder joints which is how the 
ampilfier mentioned above apparently picks up radio signals. 


In the early days of radio crystals of galina were used as diodes and so these radios became known as ‘crystal set 
radios’. They did not have any amplifiers and did not require any battery to work. They got all their power from 
that induced into the (of very long) antenna by the radio signal(s). The radio detector is an extremely important 
part of the radio and its proper function determines how well the radio works. 


The radio signal is an AC signal. A speaker or headphones can not resonate at such high frequencies as radio. 
waves and if you try to wire in the RF to the headphones the diaphram just averages the power. As half the time 
the RF is positive and half the time negative, in an AC signal, the average is zero and so you dont hear anything. 
The diode or detector is a device called a diode which only conducts electricity in one direction. So it only 
allows the positive, or negative half (one half but but not both) of the AC signal to go through (depending on 
which way it is wired). After the diode the average is now no longer zero its actually a changing signal 
dependant on the modulation of the radio wave - which is the information we want to hear. As this is at audio 
frequencies, and as the diaphram can move at audio frequencies, you hear the information on the detected RF 
signal - the music, voice or what ever. 


Why should some detectors (diodes) be 'better' than others? The answer is not that some are better at 
‘magnifying’ the signals but rather that each diode requires a certain threshold voltage in order to start 
conducting (one way). Signals below this level will not get passed through and a signal only slightly larger will 
therefore only pass through weekly (the diode unfortunatly absorbing the majority of the signal). As a result for 
large signals you wont expect to see much difference between different detectors but for weak signals there can 
be a great deal of difference. In an ideal world the diode would start to (forward) conduct at just above zero volts 
and this ideal detector (which does not conduct at all in reverse) would produce the greatest signal possible for 
the particular strength signal applied to it. 


Recently I was playing around with OA91 germanium diodes for a mobile phone detector. I made a simple 10em 
per side square loop and wired it directly to an LED. I was hoping that if I brought the mobile near to the loop 
and texted, or made a phone call, the RF should be picked up by the loop (which is almost resonant) and the 
LED should light - it didnt work! But putting an OA91 in series I did get it to work. So why did I need the OA91 
diode when the LED is itself a diode? 


It can't be due to the threshold voltage in this case as I am still using the LED and I did get it to work with the 
same signal! So I guess it because the capacitance of the LED is very high compared to the point-contact 
germanium diode. If we extend this thinking to the crystal set radio I guess the germanium diodes have very 
little capacitance and so dont allow any of the 'wrong' half of the AC signal through and so act as a more perfect 
detector. An LED would have a high capacitance and so let some of the wrong half of the AC signal through 
which on averaging by headphones would be nearer zero (see above) - hence less sound. 


A low threshold (turn-on) voltage and a low self capacitance are crucial things in a good detector. Point contact 
germanium diodes having a very small area (a point of contact) have low capacitance and the germanium 
semiconductor-metal junction of the contact has a low turn on voltage. EPAD Mosfets also have low 
capacitance, high input resistance (low loading of the signal) and low turn on voltage. 
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ANT. NG 10 - 50pf 


EPAD 
MOSFET 


to amp. or 
headphones 


cl 


EARTH 


MEDIUM WAVE TEST CIRCUIT (top in photo) 

‘As a simple test circuit to compare detectors I made up a simple ‘crystal set’ radio from a ferrite rod coil from an 
old radio, tuning capacitor an array of diodes (crystals) and a simple RF filter composed of a 47k resistor and 
InF capacitor. The coil and capacitor formed the resonant circuit which was fed via a 10 - 50pf capacitor by the 
antenna (long wire). This capacitor helps to reduce the effect of the antennas own capacitance and inductance 
from modifying the resonant frequency of the tuned circuit. Ideally this should be as small a capacitance as you 
can get away with but too small a value will reduce the radios sensitivity .... 


‘An earth was connected to the ground connection of the circuit. Instead of taking the antenna end of the resonant 
circuit to a diode detector (as many simple crystal sets do) I used a ca. 10 turn coupling coil around the coil. This 
was done to limit the loading on the resonant circuit by the detector. It should help keep the tuning sharp and 
also help to keep the overall (band) spread of tuning as large as possible. 


Because of the reduction in turns (ca. 100 turns : 10 turns, i.e. 10:1) the coupling coil reduces the signal that is 
available to drive the detector. For example if I use a standard silicon diode (e.g. a IN4148) which requires 
about 0.6V to conduct then we might need ca. 10 x 0.6 = 6V of RF to be developed in the resonant circuit! A 
high Q resonant circuit might do this with a long antenna coupled to it but without such a generious antenna 
such a set-up wont be very sensitive. 


RESULTS 
I tried an array of 'erystal set’ type diodes to campare them. Typical rough results are shown in the table below. 
This was with an Earth and about 3-4m of antenna wire randomly strung near to ground level (so its a pretty bad 
set up really - a good test). 


The EPAD MOSFET data sheets described how the gate and drain of one of the MOSFETS can be joined 
together to form the anode of a diode the source then forms the cathode. I tried this arangement with the 
ALD110900 in order to make up a ‘crystal set’ diode from this MOSFET but it didnt perform well. 
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Then I tried the alternative arrangement as described in the references above. In these articles they dont use the 
MOSFETS as diodes but connect the gate directly to the resonant circuit. As the input resistance is extremely 
high (c.a. 1E12 ohms) and the input capacitance is very low (c.a 3pf) it does not load the tuned circuit by any 
appreciable amount. The source and drain are then wired between the coupling coil and filter just as the usual 
diode detector is in a crystal set radio. In this configuration the MOSFET is working more as a gate voltage 
controlled resistor rather than a diode i.e ‘off for half an RF cycle and ‘on' for the rest - this lets the envelope 
through and you hear the music or sound. One article describes the arrangement as a synronious detector. As 
there are two MOSFETS in one package the two are wired in parallel i.e. gate to gate, drain to drain (there is a 
common source) etc. 


DETECTOR TYPE | AF voltage produced 
after filtering 
1N4148 
fs no signal 
silicon 
OA9I ea 
germanium 
IN43A, Naa 
germanium 
1N60 ae 
germanium 
oad 1.smv 
germanium 
ALD110900 
EPAD MOSFET <Imv 
wired as diode 
ALD110900 
EPAD MOSFET 10mv 
wired as sync. dete. 


Typical results of the AF voltages produced by the detector (for use by headphones or amplifier) for an 
Earth connection, small (ca. 3-4m antenna wire near ground level) and the prototype ‘crystal set' radio. 


For the simple set-up described above there was not enough signal to get the silicon diode to work at all 
(although a much longer wire did provide a very small signal). A simple listening test and measurement of the 
AF prodiced by each diode showed that their was very little difference between the various germanium diodes. 
The MOSFET simply wired as a diode (gate wired directly the drain) was a poor detector - better than a silicon 
but not nearly so good as any of the germanium diodes. Finally the EPAD MOSFET wired as a syncronious 
detector worked really very well apparently producing ca. 10 times the signal (in other words it has much less 
loss than a germanium diode) for this particular set up and station than the germanium diodes. 


As the syncronious arrangement was so succesful it got me thinking about this circuit. As the gate goes straight 
in on the main resonant circuit where the voltages, in a good Q circuit, might well be relatively high I thought I 
would try a standard FET (2N3819) and MOSFET (VN10KM) instead - and they worked! (they are a lot 
cheaper than an EPAD MOSFET chip and easier to get). Some FETS have a larger input capacitance so it helped 
to put a 10pf capacitor in series to the gate (a 10M ohm from gate to earth might reduce SOHz pick up). 
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They were not as good as the EPAD MOSFET (although I only tried a single device) but the arrangment was 
still better than a simple ‘crystal set’ diode. For weak signals the EPAD MOSFET should perform better as it is 
able to keep going while the FET and the standard MOSFET will start to trail offas the resonant circuit voltage 
drops below the relatively higher gate voltage required for these devices. However it was interesting to see that it 
seems to be possible to get a more efficent set-up for a ‘crystal’ radio using a standard FET or MOSFET than 
with the standard germanium diode detector. 


By the way I recently re-tried the 1N4148 diode but wired a 1.5V AA battery with a 100k resistor across it to 
forward bias it - and it worked ! It seemed to work better than a OA91! 


SHORT WAVE 'CRYSTAL SET RADIO (bottom in photo) 

The bottom circuit shown in the photo above is my own short wave version of the crystal set’ radio but based on 
the references above. It's the same circuit as the MW radio but has a reduction drive tuning capacitor and 
different coil. I used about 7 turns (ca. 4cm diameter) for the resonant circuit and a couple of turns of insulated 
wire (white) for the coupling coil. I guess the radio tunes from about 3-8 MHz - I havent tried a sig gen on it yet. 


I made this in the summer months (not the best time for listening on this part of the spectrum). Using an Earth 
and few meters of wire for antenna I heard 2 or 3 stations from around the world during the day while at night 
there were at least 7 including the voice of Russia world service, Radio Thailand as well as German and French 
speaking stations. 
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Design Issues in Radio Frequency Energy 
Harvesting System 

Chomora Mikeka and Hiroyuki Arai 

Yokohama National University 


Japan 


1. Introdu 


n 

Emerging self powered systems challenge and dictate the direction of research in energy 
harvesting, (EH). State of the art in energy harvesting is being applied in various fields using 
different single energy sources or a combination of two or more sources. In certain 
applications like smart packaging, radio frequency (RF) is the preferred method to power 
the electronics while for smart building applications, the main type of energy source used is, 
solar, with vibration & thermal being used increasingly. The main differences in these 
power sources is the power density; for example RF (0.01 ~ 0.1 «W/cm, Vibration (4 ~ 100 
W/cm), Photovoltaic (10 #W/cm? ~ 10mW/cm?) and Thermal 20 uW/em?~ 10mW/cm?). 
Obviously RF energy though principally abundant, is the most limited source on account of, 
the incident power density metric, except when near the base stations. Therefore, in general, 
RF harvesting circuits must be designed to operate at the most optimal efficiencies, 


‘This Chapter focuses on RF energy harvesting (EH) and discusses the techniques to 
optimize the conversion efficiency of the RF energy harvesting circuit under stringent 
conditions like arbitrary polarization, ultra low power (micro or nanopower) incidences and 
varying incident power densities. Harvested power management and application scenarios 
are also presented in this Chapter. Most of the design examples described are taken from the 
authors’ recent publications. 


‘The Chapter is organised as follows. Section 2.1 is the introduction on RF energy sources. 
Section 2.2 presents the antenna design for RF EH in the cellular band as well as DTV band. 
‘The key issue in RF energy harvesting is the RF-to-DC conversion efficiency and is 
discussed in Section 2.3, whereas Section 2.4 and 2.5 present the design of DTV and cellular 
energy harvesting rectifiers, respectively. The management of micropower levels of 
harvested energy is explained in Section 2.6. Performance analysis of the complete RF EH 
system is presented in Section 3.0. Finally, conclusions are drawn in Section 4.0. 


1.1 RF energy sources 


‘These include FM radio, Analogue TV (ATV), Digital TV (DTV), Cellular and Wi-Fi. We will 
present a survey of the measured E-field intensity (V/m) for some of these RF sources as 
shown in Table 1, [1]-[2]. Additionally, measured RF spectrums for DTV and Cellular 
signals are presented as shown in Fig. 1 to show on the potential for energy-harvesting in 
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these frequency bands. In general, many published papers on RF-to-DC conversion, have 
presented circuits capable of converting input or incident power as low as -20dBm. This 
‘means thal, if an RF survey or scan finds signals in space, with power spectrum levels 
around -20dBm, then, it is potentially viable to harvest such signal power. In Fig. 1 (left 
side), the spectrum level is well above -20dBm and hence, a higher potential for energy 
harvesting. In Fig. 1 (right side), while the spectrum level is below -20dBm, what we observe 
is that the level increases with decrease in the distance toward the base station (BTS). Using 
free space propagation equation with this data, it was calculated that at a distance 1.4 m 
from the BTS, the spectrum level could measure dBm. An example calculation and plot for 
the estimated received power level, assuming dBi transmitter (BTS) and receiver antenna 
gains and free space propagation loss (FSPL) for FM and DTV is presented in Section 2.1.1 
For the example estimation in Section 2.1.1, we select FM and DTV because they measured 
with a higher level than cellular and Wi-Fi for example. 


Source Vim dBm Reference 
FM radio 015-3 

‘Analogue TV 03-2 ‘Asunl etal 

Digital TV 0220 ‘Asami etal [Arai etal 
Cellular Mikeka and Arai 

WiFi 


Table 1. RF energy sources, measured data, 


In Table 1, FM radio has the highest E-field intensity implying the highest potential for 
energy harvesting. However, due to the requirements for a large antenna size and the 
challenges for simulations and measurements at the FM frequency i.e, 100 MHz or less (See 
Section 2.2.3, example FM antenna at 80 MHz), this Chapter will focus on DTV (470~770 
MHz band) and Cellular (2100 MHz band) energy harvesting, 


3 A 
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Fig. 1. DTV signal spectrum measured in Tokyo City (left side graph) and Cellular signal 
spectrum measured in Yokohama City (right side graph), 


‘The received DTV signal power is high and also wide band, presenting high potential for 
increased energy harvesting unlike in cellular signals. We demonstrated in [2] that the total 
RF-to-DC converted power is roughly the integral over the DTV band (1), and is 
significantly larger than in the case of narrow band cellular energy harvesting. 
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Pociorvy «f SPocl fa, i) 


where a is the attenuation factor on the rectifying antenna’s RF-to-DC conversion efficiency 
due to multiple incident signal excitation. 8Poc is the small converted DC power from each 
of the single DTV signals in the 470 MHz.to 770 MHz band. 

In detail, we derive (1) from fundamentals as follows. 


The incident power density on the rectifying antenna (rectenna), §(0,6,f,1), isa function of 
incident angles, and can vary over the DTV spectrum and in time. The effective area of the 
antenna, A,p(0,0,f), will be different at different frequencies, for different incident 


peltsizstons an incidence angle, The average RF power over a renge of requencies at any 
instant in time is given by: 


figs ae 


(1) ==——— 18,5: \Agioo. 
Prr(#) ~ S(A8.S/ Magia Ah 2) 
Fin Siow fo, 


The DC power for a single frequency ( f,) input RF power, is given by 


Pac fi) = Par f8)-1( Per (fi!) P20), ) 


where » is the conversion efficiency, and depends on the impedance match 
_p(Pre/f) Between the antenna and the rectifier circuit, as well as the DC load impedance 
The reflection coefficient in turn is a nonlinear function of power and frequency. 


The estimated conversion efficiency is calculated by Py; /Poc - This process should be done 
at each frequency in the range of interest. However, DC powers obtained in that way cannot 
be simply added in order to find multi-frequency efficiency, since the process is nonlinear. 
Thus, if simultaneous multi-frequency or broadband operation like in DTV band is required, 
the above characterization needs to be performed with the actual incident power levels and 
spectral power density. In this Chapter, we shall demonstrate DTV spectrum power harvest, 
given a rectenna than has been characterised in house at each single frequency in the DTV 
band. 


4.1.4 An example calculation and plot for the estimated received power level 


In this example we consider Tokyo's DTV and FM base stations (BS) as the RF sources. Both 
DTV and FM BS transmitter power (P,) equals 10 kW (70dBm). The antenna gains are 
assumed 0dBi in both cases but also at the points of reception for easiness of calculation but 
with implications as follows. Assuming OdBi antenna at each reception point, demands that 
we specify the frequency of the transmitted signal. For this reason we specify DTV signal 
frequency to be equal to 550 MHz. while the FM signal frequency equals 80 MHz (Tokyo FM). 


The received power, P,is calculated using the simplest form of Friis transmission equation 


given by 
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P,=P+G,+G,+FSPL, @ 


where P, = 70dBm, G,=G, = dBi. G, is the receiving antenna gain while FSPL is the free- 
space path loss given by 


FSPL(AB) = 201og(a) + 20log(f) +3245, ) 


where d is in (km) and f is in (MHz). The plot for the received power as a function of 
distance from the DTV and FM base stations is shown in Fig, 2 


“0 


Received power [dBm] 


a) 
Distance from BS (ki) 


Fig. 2. DIV and FM received signal power level against distance. 


With respect to Fig. 2, FM registers higher received power level than DTV at every reception 
point duc to its lower transmit frequency and hence lower free-space path loss. For example 
at 1 km distance, FM received power level is -0.51dBm while for DTV, the received power is 
-17.26dBm. The important thing however, is that the received power level is frequency 
independent. It means that P, is the transmitter power and the received power level at the 


position of distance d is 


However, if we assume OdBi antenna at each reception point 


ad 
as in the above example, the power level is different because the antenna size of OdBi is 
frequency dependent. As a result, high transmit power level is favorable for RF energy 
harvesting. Also near the base station is favorable. 


4.2 Antenna design for the proposed RF energy harvesting (EH) system 


It is well known that RF EH system requires the use of antenna as an efficient RF signal 
power receiving circuit, connected to an efficient rectifier for RF-to-DC power conversion. 
Depending on whether we want to harvest from cellular or DTV signals, the antenna design 
requirements are different. We will discuss the specific designs in the following sub sections. 


4.2.4 Cellular energy harvesting antenna design 


We propose a circular microstrip patch antenna (CMPA) for easy integration with the 
proposed rectifier (Section 2.5.1). However, the use of circular microstrip patch antennas 
(CMPA) is often challenged by the need for impedance matching, circular polarization (CP) 
and higher order harmonic suppression. 
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To address the above concerns, we create notches on the circular microstrip patch antenna, 
In our approach, we use only two, thin, fully parameterized triangular notches to achieve 
higher order harmonic suppression, impedance matching and circular polarization, all at 
‘once. This is the novelty in our proposed antenna. Our proposed CMPA is shown in Fig. 3 
We study the behaviour of CMPA surface current vectors when notches (triangles ABC) are 
created on the structure at a = 45? and a = 2250, 


Fig, 3. Cellular energy harvesting antenna structure. 


Notch parameters d and h in Fig. 3 were investigated by calculation using CST microwave 
Studio. 


Without notches, the CMPA’s input is not matched at (= 2.15 GHz.as shown in Fig. 4 (left 
side). However, with notches, matching is achieved. The parameter combination d= 7 and 

offers a matched and widest band input response and hence we adopt it for cellular 
energy harvesting applications. 


Frqueney [GHz] Frequency [Giz] 


Fig. 4. Left side: d and h parameter investigation, Right side: Comparison between (cal.) and 
(mea,) §) at fy = 2.175 GHz, 2f = 4.35 GHz and 3f = 6.53 GHz. The adopted notch 
parameters are d=7 mm while h= 6 mm. 
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‘The comparison between calculated and measured 5;, is shown in Fig. 4 (right side). The 2»! 
and 3*! harmonics are suppressed as required by design. The comparison between 
calculated and measured radiation patterns is shown in Fig. 5, where E, = E, due to the 45° 
tilted surface current vector. Ordinarily, without notches, the surface current vector is 
parallel fo the microstrip feeder axis. In conclusion, our proposed CMPA is sufficiently able 
to suppress higher order harmonics while simultaneously radiating a circularly polarized 
(CP) wave. The CP is required to efficiently receive the arbitrary polarization of the incident 
cellular signals at the rectenna, 


Fig, 5. Cellular energy harvesting antenna pattern at f= 2.15 GHz. 


1.2.2 DTV energy harvesting antenna design 


Unlike in the cellular energy harvesting antenna, the DTV energy harvesting antenna must 
be wideband (covering 470 MHz to 770 MHz), horizontally polarized and omni-directional, 


The proposed antenna is typically a square patch (87 mm x 76 mm) with a partial ground 
plane (9 mm x 100 mm). The patch is indirectly fed by a strip line (9 mm x 3 mm). The 
proposed antenna geometry is shown in Fig. 6. The partial ground plane is used to achieve 
omni-directivity and a certain level of wide bandwidth. To tune the impedance of this 
antenna as well as to adjust the bandwidth within the target band, a “throttle” with stepped 
or graded structures is used between the microstrip feed line and the square patch, as 
shown in Fig. 6 (left side), 


a 


RSENS 


Fig. 6. Proposed DTV antenna geometry. Left side: Front view. Right side: Back view. The 
antenna is printed on FR4 substrate; t= 1.6 mm, &:= 4.4, 
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The input response for the proposed antenna is shown in Fig. 7 (left side). The omni 
directivity is confirmed by measurement at 500 MHz, 503 MHz, and 570 MHz as shown in 
Fig. 7 (right side). The radiation patterns shown in Fig, 7 are for the xz plane, which happens 
to be the vertical polarization for the antenna. DTV signals are horizontally polarized and 
therefore, when using this antenna, the orientation must be in such a way as to efficiently 
receive the DTV signal. Simply a 90 degree rotation of the antenna along the z axis achieves 
this requirement. 


Froquemy (6 
Fig. 7. Proposed DTV antenna performance. Left side: The antenna’s measured input 
performance. Right side: The omni directivity in the vertical plane is confirmed at 500 MHz, 
503 MHz, and 570 MHz. The outermost, black solid and dotted line patterns represent 503, 
‘MHz and 500 MHz directivity, respectively. The innermost dotted line pattern is the 
directivity at 570 MHz. 


4.2.3 Example design for an 80 MHz FM half-wave dipole antenna 


‘A half-wave dipole is the simplest practical antenna designed for picking up 
electromagnetic radiation signals, see Fig. 8 (courtesy of Highfields Amateur Radio Club). 
Calculating the optimal antenna length to pick up a certain frequency signal is fairly 
straightforward because antenna physics demand that the total length of wire used in the 
antenna be equal to one wavelength of the type of electromagnetic radiation it will be 
picking up. This means that the total length of the antenna should be equal to half the 
desired wavelength. By converting the 80 MHz. frequency into a wavelength, you can thus 


obtain your antenna length 261.87 by using the magic equation, 2=-, However, the 


actual length is typically about 95% of a half wavelength in free space, hence a half-wave 
dipole for this frequency should be 1.788m long, which would make each leg of the dipole 
0.894m in length. 


4.3 RF-to-DC conversion efficiency improvement techniques 


A Schottky diode circuit connected to an antenna is used for RF-to-DC power conversion. To 
convert more of the antenna surface incident RF power to DC power, high RF-to-DC 
conversion efficiency is required of the rectifying circuit. Many authors have shown that the 
efficiency depends on several factors like Schottky diode type, harmonics suppression 
capability, load resistance selection, and the capability to handle arbitrary polarized incident 
waves. What is missing in most of these published works is the efficiency optimization for 
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Fig. 8. Half-wave dipole. Leff side: Antenna structure, Right side: Typical deployment. 


ultra low power incident waves and the explanation of the physical phenomena behind 
‘most of the recommended efficiency optimization approaches. 


This Chapter will show for example that a Schottky diode that delivers the highest efficiency 
at OdBm incidence may not necessarily deliver the highest efficiency at lower power 
incidence eg, -20dBm. We will therefore classify which diodes perform better at given 
power incidences; of course, this will also be compared to the diode manufacturers! 
application notes. Simulations in Agilent’s ADS using SPICE and equivalent circuit models 
will compare the performance of few selected Schottky diodes namely; HSMS-2820, HSMS- 
2850, HSMS.2860, HSC-276A, and SMS7630, Moreover, the effect of the Schottky diode’s 
junction capacitance (C) and junction bias resistance (R) on the conversion efficiency will be 
shown from which, special techniques for Schottky diode harmonic suppression and 
rectifying circuit loading for maximum efficiency point tracking will be presented. 


4.3.4 The schottky diode 


‘The classical pn junction diode commonly used at low frequencies has a relatively large 
junction capacitance that makes it unsuitable for high frequency application [3]. The 
Schottky barrier diode, however, relies on a semiconductor-metal junction that results in a 
much lower junction capacitance. This makes Schottky diodes suitable for higher frequency 
conversion applications like rectification (RF-to-DC conversion) [3]. We will demonstrate the 
effects of junction capacitance and resistance in the following sub section. 


1.3.2 The effect of Schottky diode’s C, and R; on the conversion efficiency 


We have studied Schottky diode’s C, and Rj and published our results in [4]. In this work, 
we designed a rectifying antenna tuned for use at 2 GHz. The circuit proposed in [4] is a 
voltage doubler by configuration, but we replaced the amplitude detection diode (series 
diode) with its equivalent circuit adapted from [5]. The results of this investigation show 
that variation of Cshifts the tuned frequency position and also introduces a mismatch in the 
resonant frequency, see Fig. 9 (left side graph). Therefore for this circuit at 2 GHz, we 
recommend using a Schottky diode having C,= 0.2pF. In general, a smaller value of Gis 
desirable at higher frequencies. Similarly, for R, investigation, a smaller value is desirable for 
better matching at 2 GHz for example. If the Rj is increased towards 10kO, there is a 
mismatch in the resonant frequency but no shift in the frequency, see Fig. 9 (right side 
graph). Another approach to the study of Schottky diodes for higher frequency and 
efficiency rectenna design is presented in [6], 
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Fig. 9. Schottky diode’s G; effect (Left) and R, effect (Right) on 2 GHz rectenna’s input 
response, 


1.4 Rectifying circuit for DTV energy harvesting 


In the design of a DTV energy harvesting circuit, several basic design considerations must 
be paid attention to. First is the antenna; it must be wideband (covering 470 MHz to 70 
MHz), horizontally polarized and omni-directional. Secondly is the rectifier; it must also be 
wideband, and optimized for RF-to-DC conversion for incident signal power at least ~ 
40dBm. Until recently, very few authors have published on DTV energy harvesting circuit. 
For the few publications, the antenna could not meet all those three requirements and a 
discussion on the performance of the harvesting circuit for ultra low power incidences has 
been neglected. In this Chapter we will present such a rectenna with conversion efficiencies 
above 0.4% at -40dBm, above 182% at -20dBm and over 50% at -SdBm signal power 
incidence. We will closely compare simulated and measured performance of the rectenna 
and discuss any observed disparities. 


Agilent’s ADS will be used to simulate the nonlinear behaviour of the rectifying circuit 
based on harmonic balance tuning methods. To simulate the multiple incident waves, a 
multi-tone excitation in the DTV band will be invoked. The wideband input characteristic 
will be achieved by the input matching inductors and capacitors, 


The generic version of our proposed DTV energy harvesting circuit is shown below in Fig, 
10. The implementation, however, is in two phases or scenarios as follows. First, we 
investigate the class called “ultra low power” DTV band rectenna. Secondly, we introduce 
the “medium power” DTV band rectenna, 


Te 


Fig, 10, Generic version of our proposed DTV energy harvesting circuit. 
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1.4.1 Ultra low power DTV rectenna 


We define an ultra low power rectenna as one impinged by RF power incidence in the range 
between - 40dBm and -15dBm. Below in Fig. 11 is the circuit we designed; optimized for - 
20dBm input. The matching network is complex so as to achieve a wide band input 
characteristic. The fabricated circuit was well matched for the frequency range between 470 
MHz and 600 MHz. More details about the circuit design can be found in [7] 


m 


Fig. 11, Ultra low power DTV band rectenna circuit. SMS7630 Schottky diode by 
SKYWORKS offered the best performance. 


The RF-to-DC conversion efficiency for this circuit is shown in Fig. 12 where at input power 
equal to -40dBm, efficiency is at least 0.4% and rectified voltage equals ImV; at -20dBm, we 
have at least 18.2% by measurement and a rectified voltage of 61.7mV. The level of rectified 
voltage is too low and disqualifies this circuit for purposes of charging capacitors or 
batteries to accumulate such micropower over time. Instead, boosting the low voltage to 
usable levels is the option available and we shall discuss this at a later stage, (in Section 2.6) 
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Fig. 12, Ultra low power DTV band rectenna efficiency. 


1.4.2 Medium power DTV rectenna 


We define a medium power rectenna as one impinged by RF power incidence in the range 
between - 5dBm and 0dBm. Below in Fig. 13 is the circuit we designed, optimized for -5dBm 
input. The matching network is simpler than as shown in section 2.4.1 since we require a 
narrow band around 550 MHz, with received peak power spectrum levels at least -5dBm. 
The circuit in Fig. 13 is a modification of Greinacher’s doubler rectifier. In the circuit, Cy 
equals 1 pF and is used to block DC current against flowing towards the source. The shunt 
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capacitance, Caw equals 3300 pF and is used to set the input bandwidth. The grounding 
inductance, L equals 56nH (optimal) and is used to improve the RF-to-DC conversion 
efficiency by cancelling the Schottky diodes (Dy and Dp) capacitive influence; thereby 
minimizing the harmonic levels (harmonic suppression). We used HSMS2850 diodes in 
these circuits for their better performance at this level of incident power. 


Fig. 13, Medium power DTV rectenna circuit, HSMS 2850 or 2820 from Hewlett-Packard 
offered the best performance. 


The RF-to-DC conversion efficiency for this circuit is shown in Fig. 14 where at input power 
equal to -SdBm, we achieve at least 50% conversion efficiency by measurement, equivalent 
to 1.2 V DC rectified at 8.2kO optimal load. If we change the load to 47k, over 2 V DC is 
rectified. This rectenna circuit is ideal for powering small sensors that run on 1.5 V or 2.2 V 
and draw around 6A nominal current. If we need to power sensors demanding more 
power, say at least 2.2 V and 0.3mA to 147mA current consumption, we have to accumulate 
the power in a capacitor over time. 
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Fig. 14, Medium power DTV band rectenna efficiency. 
1.4.3 DTV energy harvesting scenario and application demo 


Using the medium power DTV band rectenna, connected to a gold capacitor as an 
accumulator, energy harvesting was initiated as shown in Fig. 15. Details about the gold 
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capacitor, which include its charge function, backup time and leakage losses are presented 
in [8]. For the scenario shown in Fig. 15, the accumulated voltage by measurement ie. 
capacitor charge function follows the path; 


Vice = 0.5388In() + 1.4681 ) 


where Vi_ is the accumulated voltage in volts and f the time in hours. It takes 45 hours to 
accumulate 225 V, given a rectified charging vollage and current of 24 V and 51,A, 
respectively, supplied by the DTV band rectenna instantaneously. 


With this rectenna, it was possible to power up many different kinds of sensors. Sensors 
with ultra low power consumption were powered directly, without need to accumulate the 
power in a capacitor, as shown in Fig. 16. 


a 


Fig. 15, DTV energy harvesting in a park at some line of sight from the base station. 


Fig, 16, Directly powering a thermometer mounted on a car park wall (right picture). The 
‘maximum instant voltage rectification on record equals 3,7 V (left picture). 


1.5 Rectifying circuit for cellular energy harvesting 


Unlike in the DTV energy harvesting circuit, for cellular energy harvesting, the antenna 
must be narrowband (50 MHz bandwidth is acceptable), and circularly polarized even 
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though cellular signals are vertically polarized. The circular polarization is desired to 
maximize the RF-to-DC conversion efficiency of the arbitrary polarization incident signals in 
the multipath environment. Similarly, the rectifier must be narrowband, and optimized for 
RF-to-DC conversion over a wide range of incident signal power. 


Thinking about the potential applications for cellular energy harvesting is useful. Other 
authors have reported on powering a scientific calculator or a temperature sensor from GSM 
energy harvesting. In this Chapter we will present a special application for energy 
harvesting in the vicinity of the W-CDMA cellular base station and analyze the system 
performance by calculation from experimental data. A cellular energy harvesting circuit 
optimized for over 50% RF-to-DC conversion efficiency given approximately OdBm 
incidence will be presented. 


4.5. Cellular band rectenna 


Below in Fig. 17 is the circuit we designed, optimized for 0dBm input. Simple input 
matching network is ideal since we require a narrow band response around 2.1 GHz. The 
optimum value for L; equals 5.6nH, where L, is used to improve the RF-to-DC conversion 
efficiency as earlier discussed. HSMS2850 diode was used. 
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Fig. 17. Shunt rectifier configuration for the cellular band. The matching elements Lys = 
3.2nH, while Cin =2.5pF. The load resistance is fixed at R= 21k. 
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Fig. 18, Conversion efficiency as a function of input power (P,) in the cellular band. 
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‘The RF-to-DC conversion efficiency for this circuit is shown in Fig. 18 where at input power 
equal to OdBm, we achieve at least 60% conversion efficiency by measurement, given a 
2.1k0 optimal load. This rectenna circuit is ideal for powering small sensors that run on 1.5 
V or 2.2 V and 6A nominal current consumption, If we need to power sensors demanding 
more power, say at least 22 V and 0.3mA to 1.47mA, we have to accumulate the power in a 
capacitor over time as discussed in section 2.4.3 above. 


1.5.2 Cellular energy harvesting application example 


Environmental power generation in the neighbourhood of a cellular base station to power a 
temperature sensor is proposed as shown in Fig. 19 below. Electric field strength 
measurements in the base station neighbourhood have demonstrated the potential for 
environmental power generation, and the proposed temperature sensor system is designed 
based on these values. The rectenna described in Section 25.1 is used as the RF-to-DC 
rectifying circuit with the notched circular microstrip patch antenna (CMPA) proposed in 
Section 2.2.1. RF-to-DC conversion efficiency equal to 53.8% is obtained by measurement, 
The temperature sensor made for trial purposes clarifies the capability for temperature data 
wireless transmission for 20 seconds per every four hours in the base station 
neighbourhood. 


a, 
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Fig. 19. Application example in the vicinity of the cellular base station. 


4.6 Micropower energy harvesting management 


A cectifying antenna circuit for -40dBm incident power harvesting generates ImV at 2k 
load, given 0.4% efficiency as presented in Section 2.4.1. At -20dBm incidence and at least 
18.2% efficiency, 61.7mV is generated given a 2k0 load [7]. The generated DC power in both 
of these two cases is in the HW range, hence the micropower definition. To manage such 
micropower, power accumulation or energy storage is required. Storage devices may either 
bbe a gold capacitor, super capacitor, thin film battery or the next generation flexible paper 
batteries, These storage devices have specific or standard maximum voltage and trickle 
charging current minimum requirements. Typically, gold capacitors have voltage ratings 
like 27 V, 5.5 V for 100 1A, 10mA or 100mA maximum discharge current. On the other 
hand, standard ratings for batteries are 18 V, 2 V, 3.3 V and 4.1 V. Therefore, to directly 
charge any of these storage devices from ImV, or 61.7mV DC is impractical. 
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Published works have demonstrated the need for a DC-to-DC boost converter placed 
between the rectifying antenna circuit (rectenna) and the storage device. Recent efforts 
have demonstrated that a 40mV rectenna output DC voltage could be boosted to 4.1 V to 
trickle charge some battery. A Coilcraft transformer with turns ratio (N.: N,) equal to 100 
was used in the boost converter circuit. An IC chip leading manufacturer (Linear 
Technology Corp., LT Journal, 2010) has released a linear DC-to-DC boost regulator IC 
chip capable of boosting an input DC voltage as low as 20 mY and supplying a number of, 
possible outputs, specifically suited for energy harvesting applications. While this IC is a 
great milestone, readers and researchers need to understand the techniques to achieve 
such ICs and also the limitations that apply. In the following sub section, we will describe 
the methods toward designing a DC-DC boost converter, suitable for micropower RF 
energy harvesting, 


In the design, we will attempt to clarify the parameters that affect the DC-DC conversion 
efficiency. For this design, Envelope simulation in Agilents's ADS is used. This simulation 
technique is the most efficient for the integrated rectenna and DC-DC boost converter 
circuits. 


4.6.4 DC-DC boost converter design theory and operation 


The DC-DC boost converter design theory and actual implementation are presented in this 
section. The inequality ViseVow defines the boost operation. In this Chapter, our boost 
converter concept is illustrated in Fig. 20, A small voltage, Via is presented at the input of the 
boost converter inductive pump which as a result, generates some output voltage, Vou. The 
output voltage is feedback to provide power for the oscillator. The oscillator generates a 
square wave, Fosc that is used for gate signalling at the N- MOSFET switch 


DEDChoater 


Fig. 20. Boost converter concept. 


The drain signal of the N-MOSFET is used as the switch node voltage, Vin at the anode of 
the diode inside the boost converter circuit block. From the concept presented in Fig. 20, the 
actual implemented circuit is shown in Fig. 21. The circuit was designed in Agilent’s ADS 
and fabricated for investigation by measurement. 


The circuit in Fig. 21 is proposed for investigation. Since a DC-DC boost converter is 
supposed to connect to the rectenna’s output, it therefore, becomes the load to the rectenna 
circuit. This condition demands that the input impedance of the boost converter circuit 
emulates the known optimum load of the rectenna circuit. This has the benefit of ensuring 
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‘maximum power transfer and hence higher overall conversion efficiency from the rectenna 
input (RF power) to the boost converter output (DC power). In this investigation, as shown 
in [7], the optimum load for the rectenna is around 2kQ. In general, emulation resistance Ren 
is given by 


Ly sioum_pxrew F 
= S640) 


Fig. 21. The proposed boost converter circuit diagram. Designed in Agilent’s ADS and 
fabricated for investigation by measurement. 


a) 


where L is the inductance equal to 330H as shown in Fig, 20, M_ Tis the period of 


Fosc; ty is the switch”ON” time for the N-MOSFET, and k is a constant that according to [3] 
is a low frequency pulse duty cycle if the boost converter is run in a pulsed mode and 
typically, k may assume values like 0.06 or 0.0483. With reference to (7), we select L as the 
Key parameter for higher conversion efficiency while Vj, = 0.4 V DC is selected as the lowest 
start up voltage to achieve oscillations and boost operation. Computing the DC-DC boost 
conversion efficiency against different values of L, we have results as shown in Fig. 22. 


From the results above, L = 100uH is the optimum boost inductance that ensures at least 
165% DC-DC conversion efficiency, given Rt = 5.6kQ. 


Now having selected the optimum boost inductance given some load resistance, the 
emulation resistance shown in Fig. 23 is evaluated from the ratio of voltage versus current at 
the boost converter circuit's input. 


The results show a constant resistance value against varying inductance. In general, we can 
say that this boost converter circuit has a constant low input impedance around 82.59. This 
impedance is too small to match with the optimum rectenna load at 2k. This directly 
affects the overall RF-to-DC conversion efficiency. 
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The results show a constant resistance value against varying inductance. In general, we can 
say that this boost converter circuit has a constant low input impedance around 82.59. This 
impedance is too small to match with the optimum rectenna load at 2k. This directly 
affects the overall RF-to-DC conversion efficiency. 
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Fig, 22. Boost inductance variation with DC-DC conversion efficiency for a 5.6 kO load. 
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Fig. 23. Boost converter’s input impedance: the emulation resistance, 


Another factor, which affects the overall conversion efficiency is the power lost in the 
oscillator circuit, Unlike the circuit proposed in [9], which uses two oscillators; a low 
frequency (LF) and high frequency (HF) oscillator; in Fig. 21, we have attempted to use a 
single oscillator based on the LTC1540 comparator, externally biased as an astable 
multivibrator. 


The power loss in this oscillator is the difference in the DC power measured at Pin 7 
(supply) to the power measured at pin 8 (output). We term this loss, Lox converted to heat 
or sinks through the 10MQ load. A comparison of the oscillator power loss to the power 
available at the boost converter output is shown in Fig. 24 


Looking at Fig. 24; we notice that the power loss depends on whether the oscillator output is 
high or low. The low loss corresponds to the quiescent period where the power lost is 
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almost negligible. However, during the active state, the lost power (power consumed by the 
oscillator) nearly approaches the DC power available at the boost converter output. This 
results in low operational efficiency 
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Fig. 24. The power loss in the oscillator. 


To confirm whether or not the circuit of Fig, 21 works well, we did some measurements and 
compared them with the calculated results. Unlike in calculation (simulation), during 
measurement, L. = 380iH was used due to availability. All the other component values 
remain the same both in calculation and measurement. In Fig. 25 (left side graph) and (right 
side graph), we see in general thatthe input voltage is boosted and also that the patterns of 
Facand Vin are comparable both by simulation and measurement. To control the duty cycle 
of the oscillator output (Fax), and the level of ripples in the boost converter output voltage 
(Vou), we change the value of the timing capacitance, Cuy in the circuit of Fig. 21 


Simulations in Fig. 25 (left side graph) show that Cine = 520pF realizes a better performance 
i.e. nearly constant V,.. level (very low ripple). 
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Fig. 25, Voltage characteristics of the developed boost converter circuit. The left side graph 
represents simulation while the right side graph is for measurements. 


Generally, we observe that with this kind of boost converter circuit topology, itis difficult to 
start up for voltages as low as 61.7mV DC generated by the rectenna at -20dBm power 
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incidence and at least 18.2% rectenna RF-to-DC conversion efficiency. Self starting is the 
issue for this topology at very low voltages. 


‘At least 113% DC-DC conversion efficiency was recorded by measurement and is 
comparable to the calculation in Fig. 22. During measurement it was clearly revealed that 
the boost converter efficiency does depend on the value of L and the duty cycle derived 
from ty. To efficiently simulate the complete circuit, from the RF input to the DC output, 
envelope transient simulation (ENV) in Agilent’s ADS was used. The (ENV) tool is much 
more computationally efficient than transient simulation (Tran). This simulation is 
appropriate for the boost converter circuit's resistor emulation task. Moreover, the boost 
converter's DC-DC conversion efficiency, and the overall RF-to-DC conversion efficiency 
can be calculated at once with a single envelope transient simulation. 


In summary, though not capable to operate for voltages as low as 61.7mV DC, the proposed 
boost converter has by simulation and measurement demonstrated the capability to boost 
voltages as low as 400mV DC, sufficient for battery or capacitor recharging, assuming that 
the battery or the capacitor has some initial charge or energy enough to provide start-up to 
the boost converter circuit. 


‘The limitations of our proposed boost converter circuit include; low efficiency, lack of self 
starting at ultra low input voltages, and unregulated output. To address these limitations, 
circuit optimization is required. Moreover, alternative approaches which employ a flyback 
transformer to replace the boost converter inductance must be investigated. A regulator 
circuit with Low Drop Out (LDO) is necessary to fix the boost converter output voltage 
commensurate with standard values like 2.2 V DC for example. For further reading, see [7] 


2. Performance analysis of the complete RF energy harvesting sensor 
system 


To demonstrate how one may analyze the performance of an RF energy harvesting system 
including its application, we extend the discussion of Section 2.5.2 to this Section. We propose 
a transmitter assembled as in Fig. 26 for temperature sensor wireless data transmission, 
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Fig. 26, The assembly and test platform for the proposed battery-free sensor transmitter. 
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‘The transmitter consists of one-chip microcomputer (MCU) PIC16F877A and wireless 
module nRF24LO1P for the control, and MCU can be connected with an outside personal 
computer using ICD-U40 or RS232 cable. The wireless module operates in transmission and 
reception mode, and controls power supply on-off, transmitting power level, the receiving 
mode status, and transmission data rate via Serial Peripheral Interface (SPI). Figure 27 
shows the operation flow when transmitting, 
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Fig. 27. Operation flow during transmission. 


‘The experimental system composition is shown in Fig. 28 to transmit acquired data by the 
temperature sensor with WLAN at 2.4 GHz (ISM band). An ISM band sleeve antenna is 
used for the transmission. Using the cellular band rectenna shown and discussed in Section 
25.1, at least 3.14 V is stored in the electric double layer capacitor over a period of four 
hours. To harvest a maximum usable power for the overall system, we charge the capacitor 
up to 5V. The operation voltage for the wireless module presented in Fig. 26 above is 
between 1.9V and 3.6V. 


The signal was transmitted from the wireless module while a sleeve antenna, same like the 
one for transmission was used with the spectrum analyzer and the reception experiment 
was performed. Received signal level equal to -43.4dBm was obtained at a distance 3.5m 
between transmitter and reception point. The capacitor’s stored voltage was used to supply 
the wireless module in the above-mentioned experiment. Successful transmission was 
possible for 5.5 minutes after which, the capacitor terminal voltage decreased from 3.16V to 
147V, and the transmission ended. The sending and receiving distance of data can be 
estimated to be about 10m when the sensitivity of the receiver is assumed to be -60dBm, 
given OdBm maximum transmit power. 

Hereafter, the overall system examination is done by environmental power generation using 
the transmitted electric waves from the cellular phone base station, proposed based on the 
above-mentioned results, First of all, the power consumption shown in Fig. 29 is based on 
the fact that 120mW (V, 24mA) is saved in the electric double layer capacitor by 
environmental power generation, achieved by calculation as discussed earlier. 
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Fig. 28, Indoor measurement setup for received traffic from the sensor radio transmitter. 
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Fig. 29, Power management scheme for the cellular energy-harvesting sensor node. 


‘The sensor data packet is transmitted wirelessly in ShockBurst mode for energy efficient 
communication. The data packet format includes a pre-amble (1 byte), address (3 bytes), and 
the payload ie. temperature data (1 byte). The flag bit is disregarded for easiness, and cyclic 
redundancy check (CRC) is not used. 


‘The operation of the proposed system is provisionally calculated. When the rectenna is set 
up in the place where power incidence of 0dBm is obtained in the base station 
neighbourhood (as depicted in Section 25.2), an initially discharged capacitor accumulates 
up to 33V by a rectenna with 53.8% conversion efficiency (presented in Section 2.5.1). At 
this point, it takes 1.5 minutes to start and to initialize a wireless module, and the voltage of 
the capacitor decreases to 2V. This trial calculation method depends on the capacitor’s back 
up time discussed in [8]. After this, when the wireless module is assumed to be in sleep 
mode, the capacitor is charged by a 0.28mA charging current for four hours whereby the 
capacitor’s stored voltage increases up to 5V. The power consumption in the sleep mode or 
standby is 33pW (1.5V, 22pA). 


When the wireless module starts, after data transmission and the confirmation signal is sent, 
the voltage of the capacitor decreases by 0.6V, and consumes the electric power of 74mW. 
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‘The voltage of the capacitor decreases to 2V when 3.2mW is consumed to the acquisition of the 
sensor data, and the operation time of MCU is assumed to be one minute to the data storage in 
the wireless module etc. As for the capacitor voltage, when the wireless module continuously 
transmits data for 20 seconds, it decreases from 2V to 1.4V and even the following operation 
saves the electric power. Therefore, a temperature sensing system capable of transmitting 
wireless data in every four hours becomes feasible by environmental power generation from 
the cellular phone base station if we consider intermittent operation by sleep mode. 


3. Conclusion 


This Chapter has given an overview of the present energy harvesting sources, but the focus 
has stayed on RF energy sources and future directions for research. Design issues in RF energy 
harvesting have been discussed, which include low conversion efficiency and sometimes low 
rectified power. Solutions have been suggested by calculation and validated by measurement 
where possible, while highlighting the limitations of the proposed solutions. Potential 
applications for both DTV and cellular RF energy harvesting have been proposed and 
demonstrated with simple examples. A discussion is also presented on the typical 
performance analysis for the proposed RF energy harvesting system with sensor application. 
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are formulating with dedicate application areas. To move forward, now would be a good time to sotup a reviow 
and brainstorm session to evaluate the past, investigate and think through the present and understand and 
plan for the future sustainable energy harvesting technologies. 


How to reference 
In order to correctly reference this scholarly work, feel free to copy and paste the following 


‘Chomora Mikeka and Hiroyuki Arai (2011). Design Issues in Radio Frequency Energy Harvesting Systom, 
‘Sustainable Energy Harvesting Technologies - Past, Present and Future, Dr. Yen Kheng Tan (Ed), ISBN: 978- 
1959-307-498-2, InTech, Available from: http:/ivww.intechopen.com/books'sustainable-energy-harvesting- 
technologies past-present-and-future/design-issues-in-radio-frequancy-energy-harvesting-systom 


INTECH 


‘open science | pen minds 


InTech Europe InTech China 
University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai 

‘Slavka Krautzeka 83/4, 'No.65, Yan An Road (West), Shanghai, 200040, China 

151000 joka, Croatia, PE STROSS LSE RB ASD A405 HTT 
Phone: +388 (51) 770.447 Phone: +86-21-62489820 

Fax: +385 (51) 686 166 Fax: +86-21-62489821 


\ww-intechopen.com 


SCIENTIFIC 
REPZIRTS 


OPEN 


‘SUBJECT AREAS: 


ELECTRICAL AND 
ELECTRONIC 
ENGINEERING 


ELECTRONIC AND SPINTRONIC 
DEVICES 


Received 

4 September 2014 
Accepted 

19 February 2015 
Published 

7 May 2015 


Correspandence and 
requests for materials 
should be addressed to 
NS. (nagin.shariati@ 
‘mitedv.au) 


Multi-Service Highly Sensitive Rectifier for 
Enhanced RF Energy Scavenging 


Negin Shariati, Wayne S. T. Rowe, James R. Scott & Kamran Ghorbani 
School of Electrical and Computer Enginaering, RMIT University, Melbourne, VIC 3001, Australia, 


‘Due to the growing implications of energy costs and carbon footprints, the need to adopt inexpensive, green 
‘energy harvesting strategies are of paramount importance for the long-term conservation of the 
environment and the global economy. To address this, the feasibility of harvesting low power density 
ambient RF energy simultaneously from multiple sources is examined. A high efficiency multi-resonant 
rectifier is proposed, which operates at two frequency bands (478-496 and 852-869 MHz) and exhibits 
favorable impedance matching over a broad input power range (—40 to —10 dBm). Simulation and 
experimental results of input reflection coefficient and rectified output power are in excellent agreement, 
demonstrating the usefulness of this innovative low-power rectification technique. Measurement results 
indicate an effective efficiency of 54.3%, and an output DC voltage of 772.8 mV is achieved for a multi-tone 
input power of ~10 dBm. Furthermore, the measured output DC power from harvesting RF energy from 
multiple services concurrently exhibits a 3.14 and 7.24 fold increase aver single frequency rectification at 490 
and 860 MHz respectively. Therefore, the proposed multi-service highly sensitive rectifier is a promising 
technique for providing a sustainable energy source for low power applications in urban environments. 


MBIENT energy harvesting isatracting widespread interest as ithas the potential to provides sustainable 
A energy source for future growth and protection of the environment. Considerable research effort has been 
directed toward low-profile, low-power, energy efficient and self sustainable devices aiming to harvest 
energy from inexhaustible sources such as solar energy, thermal, biomass, mechanical sources (e wind, kinetic, 
vibration, and ocean waves) wastewater, and microwave energy. A thorough set of reviews is given in the 
literature". Among these green energy sources, there has been a growing interest for radio frequency (RE) 
energy scavenging, as the availability of ambient RF energy bas increased die to advancements in broadcasting 
and wireless communication systems. Furthermore, the development of wireless power transmission (WP) 
technologies that allow micro sensors’, mobile electronic devices’, wireless implantable neural interfaces* and 
far-field passive RFID (Radio-Frequency Identification) systems?" to operate without batteries has triggered 
impetus for BF energy harvesting 
Efficient RF energy harvesting is avery challenging issue, asit deals with the very low RF power levels available 
in the environment. Furthermore, the scavengeable power level can vary unpredictably, depending on several 
factors such as the distance fom the power source, the transmission media, the tlecommunication trafic density 
and the antenna orientation. The majority of available iterature on RF rectification has been dedicated to 
narrowband rectennas, which essentially operate at a single frequency and hence provide low DC output 
power'*", Various topologies, such as voltage doublers or multipliers have been employed in order to increase 
the RF to DC conversion efficiency and the output DC voltage for specific applications". However, from an 
ambient RF scavenging perspective, harvesting energy from various avaiable frequencies could maximize power 
collection and hence ineease the output DC power. Ultra-wideband and broadband rectenna arrays have been 
proposed as a potential solution’”"*. However in some cases, simulation and experimental results were not 
provided to demonstrate the findings”. A broadband rectenna consisting of a dual-circularly polarized spiral 
rrectenna array operating over a frequency range of 2-18 GHz was demonstrated". The rectified DC power was 
characterized as function of DC load, RF frequency and polarization for power densities between 10° and 
10 mW/em*, However, the proposed rectenna was matched ata single input RF power level fora specified Toad 
resistance fr the characterization. Also, due tothe low Q value ofthe rectifier citcut, the conversion efficiency 
‘wasa fraction of 1 at ~15.5 dBm. From a design point of view, whileitis relatively easy to achieve a broadband 
antenna itis very challenging to realize a broadband rectenna due tothe non-linearity of the rectifier impedance 
with input power across the frequency band” 
"To address ths, a promising approach is to use dual-band or mult-band configuration, Ths can maximize 
the power conversion efficiency (PCE) at the specific frequencies where the maximum ambient signal level i 


5 | 59655 | DO! 10.1038/sep09655 1 


available, Various dual-band RF energy harvesting systems has been 
demonstrated, however a large signal analysis ofthe rectifier was 
commonly not provided over a broad input power range. A dual 
band RF energy harvesting using frequency limited dual-band 
impedance matching has been proposed” and the PCE was shown. 
over a high power range of 0 to 160 mW, however it was only 
matched at a single input power level (10 dm). A CMOS dual: 
narrowband energy harvester circuit was modeled at environmental 
power levels", Again, the rectifier efficiency was demonstrated with 
only single input power levels of ~19 and ~19.3 dBm at 2 GHzand 
900 MHe respectively, and a large signal analysis was not presented. 
‘A compact dual-band rectenna operating at 915 MHz and 2.45 GHz 
has been demonstrated and the PCE was shown for input power 
levels of —15, ~9 and ~3 dBm. However, the reflection coefficient 
vwas evaluated at a single incident power level. Furthermore, the 
efficiency results with dual-tone excitation simultaneously and sin: 
gle-tone excitation (at 915 MHz) are very similar, hence the impact 
of applying a dual-band technique does not demonstrate a clear 
advantage over a single band. A dual-frequency rectenna for WPT 
has been proposed which achieved a conversion efficiency of 84.4% 
and 82.7% at 2.45 and 5.8 GHz.with a high input powerlevel of 89.84 
and 49.09 mW respectively. These power levels far exceed ambient 
levels in the environment”. A conformal hybrid solar and electro: 
‘magnetic (EM) energy harvesting rectenna has been presented and. 
the PCE was provided with ~30 to 5 dBm input power, achieving an 
efficiency up to 40% at 1.85 GH for higher input power levels (above 
—5 dBm). However the reflection coefficient was not provided atlow 
input power range. 

‘A multi-resonant rectenna that uses a multi-layer antenna and 
rectifier has been evaluated for a ~16 dBm to +8 dBm RF received 
power level, but the rectifier circuit layout and large signal analysis 
‘were not provided to clarify the findings". Furthermore, a rectenna 
for triple-band biotelemetry communications has been proposed 
using a triple-band antenna and single frequency. rectifier”. 
However, this rectenna is not suitable for RF energy scavenging 
due to the low efficiency at lower input power levels. Another triple 
band rectenna presented an RF-DC efficiency over the input power 
range of —14 to +20 dBm”, however the reflection coefficient 
results were only evaluated at a single input power level. This rec: 
tenna was shown to harvest 7.06 iW of DC power from three 
sources simultaneously at a high input power level of +10 dBm. A 
‘multi-band harvesting system has also been proposed where four 
individual harvesters are designed to cover four frequency bands" 
However, a larg signal analysis was not provided over a broad input 
power range. Furthermore, the proposed harvesting system has a 
‘minimum sensitivity of ~25 dBm, whilstin areal environment more 
sensitive systems are required as the available RF power levels are 
very low”. 

‘Tunable impedance matching networks have been demonstrated 
in order to collect RF signals from various sources and convert them. 
to DC power”. However from an application point of view, thisis still 
single frequency rectification and itis not widely applicable to envi 
conmental RF energy scavenging where the available power is very 
low. 

In order to increase the amount of RF energy scavenged by a 
rectenna, it is crucial to identify and harvest multiple ambient fre 
quency sources over their realistic available energy range. Our pre: 
vious research has demonstrated the feasibility of RF energy 
harvesting through RF field investigations and maximum available 
power analysis in metropolitan areas of Melbourne, Australia". The 
‘maximum available power for different frequency bands based on 
antenna aperture and number of antennas ina given collection area 
vas analyzed, Measured results and analysis indicated that cellular 
systems and broadcast sources are well suited to harvesting, with 
scavengeable RF power ranging from ~40 to ~10 dBm. This iden: 
tifies two important considerations in the design of efficient rectenna 


for RF energy harvesting: the scavengeable ambient RF power 
sources available, and the significant variance of this power. 

‘The RF to DC rectifier solutions proposed in recent literature have 
focused on maximizing the system efficiency at a given, and often 
‘quite high, input power level. This neglects the issues related to input 
power variation which can lead to unexpected variations in the 
matching network due to diode non-linearity. Also, the scavangeable 
levels of ambient RF power have been shown to be orders of mag- 
nitude lower. Therefore, based on our previous research outcomes 
and recommendations”, an efficient power harvesting solution 
‘could encompass a multi-band matching circuit at the specific fre- 
‘quencies where maximum signal power is available, enabling greater 
power harvesting due to the combination of RF signals. ‘This also 
results in a higher power being fed to a single rectifier, utilizing the 
diode function more efficiently. 

"This paper presents an RF energy harvesting method that can 
scavenge a wide range of ambient power levels which are orders of 
magnitude lower than previous reported techniques in the literature. 
‘An efficient dual resonant rectifier circuit is proposed, matched to a 
50 © input port at 490 and 860 MHz over a broad low input RF 
power range from —40 to ~10 dBm. The proposed dual resonant 
matching network operates efficiently at two identified harvesting 
frequency bands over a wide input power range, maximizing DC. 
power by scavenging two sources simultaneously 

‘The remainder ofthis paper is organized as follows. Fist, the key 
results for the reflection coefficient and output DC power are pre- 
sented, Subsequently, the Discussion section summarizes the results 
and demonstrates their potential implications, the limitations of this 
study, open questions and future research, Finally, the Method sec- 
tion describes the proposed rectifier design. 


Results 
‘A dual resonant rectifier was fabricated on a 1.58 mm FR-A substrate 
‘witha dielectric constant , ~ 4.5 and aloss tangent & ~ 0.025. These 
substrate parameters were measured using the Nicolson-Ross 
method" so accurate values could be used in the rectifier design. A 
photograph ofthe fabricated dual resonant rectifier is shown in Fig. 1 
‘which depicts input RF port, dual-band matching network lumped 
components, Schottky diodes and the output terminal. The perform: 
ance of the rectifier was verified by measuring the input reflection 
properties, and the output power was calculated from the measured 
‘output DC voltage for the input powers from ~40 to —10 dBm. 


Reflection Coefficient. The /S,,| ofthe rectifier was evaluated using 
a vector network analyzer (VNA). The VNA was re-calibrated for 
ach input power level. Figure 2 compares the simulated and 
measured [S| versus frequency for the dual resonant rectifier 
circuit at four different input power levels from ~40 to —10 dBm. 
‘The measured results show very good agreement to the simulations. 
Slightly higher reflection was observed for the resonant frequencies 
at the lover part of the input power range (due to the diode 
characteristics). However, the proposed rectifier circuit is well. 
matched (|S),| < —10 dB) at the desired frequency bands of 


Lumped Components Output 


Input RF Port ‘Schottky Diodes 


Figure 1 | Fabricated rectifier prototype. 
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478-496 MHzand 852-869 MHz over the broad range of input powers 
from ~40 to ~10 dBm. The small difference between simulation and 
‘measurement is due to the parasitic extraction accuracy. 


Output DC Power. In the frequency domain, the Harmonic Balance 
method of analysis provides a comprehensive treatment of a 
‘multispectral problem". ‘The method intrinsically takes into account 
the DC component and a specified number of harmonics, while 
allowing the ability o specify the source impedance and harmonic 
terminations. A Harmonic Balance simulation was used to numerically 
evaluate the output DC voltage ofthe dual resonant rectifier for both a 
single and two tone input. The output DC voltage across the load 
resistor was also measured and used to calculate output DC power. 
Measurements were performed using a Wiltron 682478 synthesized 
signal generator as a RF power source for the rectifier circuit 
Recording of the output DC voltage across the load resistance was 
achieved with a Fluke 791M digital voltage meter. The RF source 
power was initially set at ~10 dim, and decreased in 2 dB steps. In 
the dual-band measurement cas, two RF signal generators were fed to 
the rectifier circuit simultaneously via a power combiner. 

‘The simulation and measurement results for single and dual input 
tones are summarized in Fig. 3a) and (b). A measured DC voltage of 
772.8 mV is achieved with two simultaneous input tones at an input 
power of —10 dBm. For single tone measurements, DC voltages of 
436 mV and 286 mV at 490 MHz and 860 MHz respectively are 
produced. The comparison between the 490 and 860 MHz single 
rectifiers highlights the impact of the input frequency on the PCE. 


‘A higher amount of DC voltage can be generated at the lower fre- 
‘quency. This difference comes from decreasing diode performance at 
the higher frequency due to the higher junction capacitance of the 
diode’™ 

Importantly, a slightly higher DC voltage can be generated with 
‘the dual resonant rectifier as compared to the sum of output voltage 
from the two single bands, particularly at the lower input power 
levels as can be seen in Fig. 3(b) which shows the lower power 
section of Fig. (a) in more detail. By maximizing power collection 
from various sources of different frequencies and delivering the 
combined power to the rectification circuit, the diode conversion 
efficiency is enhanced which results in a higher level of rectified 
voltage. Figure 4 compares the simulated and measured output 
DC power for the dual resonant rectifier circuit with both single 
and dual input tones. A measured DC power of 17.3 xW and 
7.5 WW can be generated at 490 MHz and 860 MHz. respectively 
with a single tone input of ~10 dBm (100 pW). This represents 
true efficiencies of 17.3% and 7.5% for the individual single band 
rectification (see Fig. 5). However, the measured DC output power 
‘with two concurrent input tones of —10 dBm is 54.3 W which 
corresponds to an effective efficiency of 54.3% for the dual-band 
rectifier (see Fig. 6). This represents a 3.14 and 7.24 times increase in 
‘output DC power over the single tone excitation at 490 MHz or 
860 MHz. respectively. This trend is evident down to low input 
power levels (around 40 yW). Furthermore, there is a significant 
increase in the PCE of the dual resonant rectifier for lower input 
power levels (<40 j:W) 
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Figure 3 | Output DC voltage asa function of input RP power for single 
input tone at both 490 MHz and 860 MHz and for dual input tones 

(a) with ~40 to ~10 dim input RF power (b) with —40 to -25 dBm 
input RF power. (This power range is associated with the signal source). 
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Figure 4 | Output DC power as a function of input RF power for single 
and dual input tones 
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Figure 5 | RFto DC conversion efficiency asa function of input RE power 
for single band rectification, 


Here, the effective efficiency is defined as the ratio of output DC 
power to the available input RF power rather than the power deliv 
ered to the diodes (equation (1)). The available power level is assoc- 
jated with the signal source. For the single resonator, the available 
input power is 10 dBm and the delivered power is also ~10 dBm 
(assuming no loss). However, by creating a dual resonant matching 
network the power delivered to the diodes is -7 dBm (combined 
total input power from two signal generators) but the available power 


isstil “10 dm 
*2) 
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‘Therefore, combining input RF signals into a single rectification 
stage results in high sensitivity rectifier, which is widely applicable to 
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Figure 6 | Effective RF to DC conversion efficiency asa function of input 
RF power for dual resonant rectification, 
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Table 1 | Rectifier performance comparison 


(490 ond 860 MHz) 


Ref Technology ‘Measured Efficiency 8} RF power variation (in PCE eveluction) Recifation Technique 
iE} ‘Schothy diode 62850 mW WA Single resonalor 
18 Schothy diode -44@—10 dBm N/A Single resonator 
18 Schottky diode 2080.07 mW/em? 10-4010"! mW/em Broad band 
0.18510 mW/en? 
20 Schottky diode 77.13@22 dBm (158.49 mW} 10 160 mW Dual resonator 
21 CMOS 9.18-19.3 dBm (900 MH} N/A Dual resonator 
8.9@—19 dBm [2 GHe) 
2 Schothy diode 37 (915 MH2}@—9 dim 40100 dBm Dual resonator 
30 (2.45 MHz}@—9 dBm 
23 Schottky diode 84.4@89.84 mW (2.45 GH} 10 100 mW Dual resonator 
8274909 mW [5.8 GH) 
7 Schothy diede  80@10 dBm (940 M2) = 1440 20 dBm Triple resonator 
47@8 dBm (1.95 GHe) 
43016 dBm (2.44 GH} 
29 Schottky diode 50@—5 dBm ~25 100 dBm Dual resonator with tunable input response 
his work Schotky diode 54.3@—10 dBm 40 10 —10 em Dual resenator 
11.25@-18 dm 


Table 2 | Environmental measurement results 


Measured DC 
Suburb Availble frequencies (MH2) Respective available RF power (dBm) [uW] power (iW 
Bayswater 486, 488, 489, 490, 491, 867, 868, —19[12.5], —20[10], —17[19.95], —15[3] 62), -2216.3], 39.38 
869, 870, 871, 872, 873, 874 ~3710.199], ~3710.199], ~30[1}, ~24[3.98], ~20[10}, 
~30{1}, ~37(0,199], ~ 460.1] 
Bentleigh 491, 492, 494, 495, 865, 866, 867, —12[63.09], 480.02], —42{0.063}, 570.001], ~27(1.99], 309 
868, 869, 870, 871 ~27[1.99}, ~30[1], 370.199], ~40(0.1], ~40(0.1], 
~41[0 07} 
RMIT University 487, 488, 489, 490, 491, 851, 861, —30f1], ~22[6.3], ~29[1.25], ~22[6.3], -20[10], -23{5.01}, 145 
(Melbourne CBD) 862, 866, 867, 868, 869 =21(7 94], ~2117.24], 301], -35[0.31], ~40(0.1], ~40(0.1] 


real environmental RF energy scavenging. This multi-band tech. 
nique can provide higher DC power than combining two separate 
single frequency rectifier circuits operating at the same frequencies. 
This is due to the fact that harvesting RF energy from various avail: 

able sources simultaneously increases the delivered power to the 
rectifier, which improves the diode conversion efficiency and conse 

quently enhances the output DC power. Table 1 summarizes this 
work as compared to previous published work. 

In order to provide a realistic scenatio for the proposed dual-band 
rectifier, measurement results were taken in three suburbs of 
‘Melbourne, Australia, congruent with our previous research out 
comes", Table 2 summarizes these environmental measurement 
results It should be noted that the lower band (478-496 MHz) has a 
3.67% fractional bandwidth and the higher band (852-869 MHz) has 
around 2% fractional bandwidth. Hence, various RF frequencies from 
different sources can be harvested within these two bands. The envir. 
‘onmental measurement results demonstrate the feasibility of harvest. 
ing ambient EM energy from multiple sources simultaneously. 


Discussion 

The feasibility of harvesting ambient EM energy from multiple 
sources simultaneously is investigated in this paper. The proposed 
dual resonant rectifier operates at two frequency bands (478-496 and 
852-869 MHz), which are used for broadcasting and cellular systems 
respectively, The dual resonant rectifier exhibits favorable imped 
ance matching over a broad input power range(~40 to ~10 dBm) at 
these two bands. The achieved sensitivity and dynamic range dem. 
onstrate the usefulness of this innovative low input power rectifica 
tion technique. Simulation and experimental results of input 
reflection coefficient and rectified output power are in excellent 
agreement. The measurement results demonstrate that a two tone 


input to the proposed dual-band RF energy harvesting system can 
‘generate 3.14 and 7.24 times more power than a single tone at 490 or 
860 MHz respectively, resulting in a measured effective efficiency of 
54.3% for a dual-tone input power of ~10 dBm. Itis evident that this 
‘dual resonant rectification technique increases the RF to DC effective 
conversion efficiency, and hence the recoverable DC power for low 
power applications. Furthermore from a design and economic per- 
spective, utilizing large number of components (eg. antennas, diodes) 
to realize individual rectifier circuits for each frequency band creates 
additional expense. In order to provide more realistic measurement 
results the proposed dual-band rectifier was tested in three suburbs of 
Melbourne, Australia. Therefore, this dual-band technique offers a 
simple and cost-effective solution which is of paramount importance 
for environmental power harvesting systems. This innovative tech: 
nique has the potential to generate a viable perpetual energy source 
for low power applications in urban environments. 


Limitation of the study, open questions and future work 
Uslizing diodes which are mote suitable to low power applications 
(P, < —20 dBm) could increase the voltage sensitivity, resulting ina 
higher RF-DC conversion efficiency”. Applying a power optimized 
‘waveform excitation tothe rectifier circuit in these frequency bands, 
higher amount of DC power can be generated when compared with 
a single and dual tone excitations with the same input power" 
However this technique is not applicable to energy harvesting where 
the input waveform is arbitrary. 

Usilizing our proposed dual resonant rectification technique to 
combine resonant circuits for any other arbitrary frequency bands 
could lead to PCE improvement, provided that suitable diodes for the 
desired frequency bands are selected. Note that by increasing the 
‘operating frequency the rectification performance degrades due to 
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Figure 7 | General block diagram of the RF energy harvesting system. 


the higher junction capacitance of the diode. Hence, lower output 
voltage is expected at higher frequency bands. 

It is the object of our future work to design a multi-band rectenna 
array for enhanced RE energy harvesting, Furthermore, increasing 
the bandwidth, sensitivity and efficiency will also be investigated. 


Methods 
‘The major goal in designing an ficient RF harvesting system isto produce high DC 
‘output power Toward thi goal, a high sensitivity rectifiers crucial or optim RE 
avenging A slgnifiant actor governing the sensitivity of rece ithe threshold 
‘ollage of the dine usd for rectifeston. The diode must be able to “switch on” for 
‘ery low ambient energy level 

“Tosedrese this entity sue, ssterm that scavenges power from mubile 
fGequency bands and combines thm to activate a ectieaton etc proposed 
‘The general block diagram ofthe proposed ystems depcted in Fig 7. Varlous emir 
cnmental RF energy sources of diferent frequencies ae calcd by an appropeaaly 
designed antenna, and delivered tothe rectieation crcl va a mu-band matching 
‘network. The rectification cc converts the combination oF RE signals into DC power 
for low-power applications. The emsbodiment inthis paper vealzs «dual resonant 
‘matching cul ea talon between 450 © nominal sitenna output and the now 
linear etication device st 40 and 860 ME, Bisedon the Australian Radiotequency 
Spectrum Plan these bands ate allocated to boadasting services and cel syste 


Device Selection, Due tothe very Jo ambient power aaiabein areal 
‘environment ver low threshold voltage rectification device srequired in onder to 
Increase sensitivity Fr this eason, Schottky diodes (GaAs ori) are commonly 
employed for RF energy harvesting Ia this work, microwave Schotky dtecor 
THSMS2820 (Cy = 07 PE, = 6.2.1, =22e"* A) s chosen dv tots excellent high 
feequency performance, low sere esitance (R,) and junction capacitance (C), and 
low threshold voltage with igh-sturtion cucrent™ Ths lw threshold vlage 
(115-055 ¥) supports rectification at low input power levels 


Proposed Rectifler Design. In order to design an efficent RE harvesting system, the 
‘nonlinearity ofthe rectifier impedance with frequency and input power shouldbe 
‘matched tothe 50 Soutput ofthe antenna athe desied frequency bands, Terelre 
the dode input impedance a function of frequency and diferent power levels were 
‘alculstedand analyzed" Inorder to match the input impedance thevectfer tothe 
50 @ output ofthe antena, the total load impedance fr diferest input power and 
feequencis should be determined, Accu consting ofa pic of Schottky Barrier 
Diodes (SBD) terminated with oad resistor (Rui = 11 KO) and an output bypass 
capacitor (C2 = 68 pF) was simulated using Agent ADS software, Fygute 8 shows 
the proposed geometry ofthe vltge-doubler topology". The voltage doubler 
tect structure is employed forthe design ofthe RF-DC power conversion sytem, 
‘this topology i well sulted to lw power rectification. The resistor and capacitor at 
the output wl fer high frequencies. The high load vsstor (11 KO} was chosen to 
tbnerv a reasonable output voltage at very low currents, Using Large Signal 
Parameters analysis in Agilent ADS software, the load impedance and bypass 
‘apacitor were detenmined and optiized, 

"The voltage doubler rectifier in Fig 8 consists of peak eectifer formed by D2 and 
bypass capacitor C2 (68 pF) and a voltage clamp formed by DI and Ci (total cap 
lance of the wansmissian lines and diode’s parasitic capacitance (G). In the 


C1 Node1 HSMS 2820 


2 


D1 11k 


HSMs 2820 


of a voltage-double rectifier without matching 


negative phase ofthe input, current faws through Di while 2s cut The vltge 
‘cto D! stays constant around is threshold wllage and the voage at nade Lis 

‘charged to ~ Via (where ~ Vig isthe threshold voltage ofthe D1). At he negative 
pth voltage at0ss CLs Vp ~Vin (ete Vi she amplitude ofthe input 


‘gna Inthe postive phase ofthe put, current ows though D2 while D1 is uta 
“Thevoltage actos Cl remains the same tthe previous phase because ithas na way to 
Vy, 


<ischarge- Ate positive peak. the vllage across DI Is 2V 
‘conducting current ta charge C2, the volage a the output iV 
Vas 

“The DC equivalent ict ofthe SBD isa valtage source in seis with the junction 
resistor which s obtained by difeentisting the diode voltage-current character 
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Figure 9 | HSMS 2820 Schottky diode equivalent circuit, 
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Figure 10 | Diode input impedance calculated with Large Signal 
S-parameter analysis over the frequency range of 400 to 900 Me with 
various unmatched input power levels. 
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Figure 11 | Schematic of dual resonant rectifier (optimized parameters ofthe chip components are: L1 = 3.9 nl, C1 = 0.2 pF, L2 = 12 all, C2= 
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Figure 12 | Dual resonant impedance matching with ~40 to ~10 dim input RF power. (a) 478196 MHz, (b) 852-869 MHz. 
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‘he overall junction (Gy = 07 pF) and parasitic eapactance (C, = 0.08 pF) of Dt and 
D2. Ths, Ls calculated to be 265 al in order to achive a appropriate resonant 
feequency. Now that, Lconsists of L,and the overal paras inductance (Luni 
1 aH) of DI and D2 The 478-196 MHz hand resonator circuit components were 
Calculated as C3= 15 pl and L3 = 72 aF Hence, the inital component values are 
‘termined forthe two resonant circuits 

Italy these resonators were combined to achieve a dual-band structure. Then 
standard LC matching technique is utlled to determine C1, C2, Ll, and 1210 
Achieve minimum reflection athe resonant frequencies, The substitution of relic 
‘hip component values with thes asocatd paratics, and addition of 3&2 
‘microstrip ines and T junctions introduce delay and sit the imaginary pat of the 
input impedunce, The vi-holes also contebute to extra inductance inthe cca 
Hence minor cru adjustments are made in onde to fine tune the resonant fee 
‘quencies tothe desired values. The final optinized values ofthe standard chip 
Components are L3"~ 39 nF C3! = 75 pFand La! ~ 11.6 nH. Lage Sigual S 
parameter analyis i also performed ta demonstrate the matching network per 
formance a the input power is varied. Simulation results fr the input impedance of 
the circuit depicted in Fig 11 ate ilstrated in Fig 12. The proposed du-resonant 
‘matching ccult achieves a VSWR <2 4478-496 MBlz and 852-869 MH for input 
power ranging fom 140 to ~10 dBm, should be noted that he matching circuit 
rus designed Based onthe input inypedanceoftwo diodes and the output restor and 
‘capacitor (Fg 10). Therefore, selecting diferent value forthe load eestor segues 
‘ew ittching cic to be designed. 
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Abstract: This work presents the optimization of antenna captured low power radio 
frequency (RF) to direct current (DC) power converters using Schottky diodes for 
powering remote wireless sensors. Linearized models using scattering parameters show 
that an antenna and a matched diode rectifier can be described as a form of coupled 
resonator with different individual resonator properties. The analytical models show that 
the maximum voltage gain of the coupled resonators is mainly related to the antenna, diode 
and load (remote sensor) resistances at matched conditions or resonance. The analytical 
models were verified with experimental results. Different passive wireless RF power 
harvesters offering high selectivity, broadband response and high voltage sensitivity are 
presented. Measured results show that with an optimal resistance of antenna and diode, it is 
possible to achieve high RF to DC voltage sensitivity of 0.5 V and efficiency of 20% at 
—30 dBm antenna input power. Additionally, a wireless harvester (rectenna) is built and 
tested for receiving range performance. 


Keywords: RF energy harvesting; wireless power transmission; coupled resonators; 
Schottky diode; RF to DC power converter; impedance matching; Pl-matching; 
L-matching; rectenna 
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1. Introdu 


n 


For autonomous powering of sensor nodes in remote or inaccessible areas, wireless power transfer 
provides the only viable option to power them from an energy source. Due to the low power density of 
ambient RF at far-field from transmitters, there is a need to optimize each aspect of a wireless RF 
energy harvester for possible realistic applications. Today remote autonomous sensors are mostly 
powered by batteries, which have limited lifespan, Renewable powering has the potential to power 
autonomous sensors perpetually. Due to the expansion of telecommunications technology ambient 
electromagnetic (EM) power is among the most common sources of ambient energy. There are power 
transmitters/receivers scattered in practically any society, ranging from television transmission stations 
to cell phone transmitters and even wireless routers in our homes/offices or mobile phones. These 
transmitters in our environment and others which are on special dedicated frequencies produce ambient 
RF power (on the order of microwatts) which can be used as a source for powering remote microwatt 
budget sensors through wireless energy harvesting. This work presents different matching techniques 
based on different application requirements using Schottky diode-based RF to DC power converting 
circuits for wireless remote EM energy harvesting around 434 MHz and 13.6 MHz. Generalized 
analytical models and limitations of the matched RF to DC power converters are discussed. A wireless 
RF energy harvester consisting of an antenna and a matched diode rectifier is then realized and 
its performance tested. Passive wireless energy harvesting also finds applications in near field 
communications (NFC) [1], RFID tags [2-5], implantable electronics [6,7], and environmental 
monitoring [8], among others. 


1.1. State of the Art 


Hertz was the first to demonstrate the propagation of EM waves in free space and to demonstrate 
other properties of EM waves such as reflection using parabolic reflectors [9]. Wireless power 
transmission was then investigated and demonstrated for possible wireless remote powering by Tesla. 
Electromagnetic power beaming for far field wireless power transfer using collimated EM waves was 
proposed in the 1950s [9]. Recent advances in ultralow power sensors means ambient omni-directional 
EM power can be used as a source for powering remote sensors without the need to collimate the EM 
power through the wireless space. Mickle [10] and McSpadden [11] have presented earlier work on 
wireless energy harvesting systems using Schottky diodes and rectennas where the usability of ambient 
RF power into DC power was shown, Sample [12] presented a wireless harvester which can harvest 
EM power from TV and radio base stations transmitting 960 kW of effective radiated power; 60 1W 
was harvested at a range of about 4 km, Umeda [13] and Le [14] have presented more integrated 
wireless energy harvesters based on CMOS RF to DC rectifying circuits. CMOS-based rectifying 
power converters provide full compatibility with standard CMOS technologies and have advantages in 
batch processes for mass production. The drawback of CMOS-based diode connected transistors is the 
need to bias the gate of the transistors for the rectifying circuits to effectively function. This gate bias 
is provided externally, which makes the system not passive. Without the injection of external charges 
or a biasing of the transistor gate, the circuit has low efficiency, especially when the amplitude of the 
input voltage is low [15]. Shameli [2] presented a passive CMOS RF to DC power converter with a 
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voltage sensitivity of 1 V at -14.1 dBm input, but the circuit efficiency was only 5%, Zbitou [16] 
presented an RF to DC converter based on Schottky diodes and achieved 68 % efficiency at 20 dBm 
RF input power. Ungan [17,18] presented antennas and high quality factor RF to DC power converters 
at 24 MHz and 300 MHz for RF wireless energy harvesting at -30 dBm input power. The power 
converter used high quality factor resonators for impedance matching the EM source and the diodes 
and achieved high open circuit voltage sensitivity of 1 V/HW. Boquete [19] presented a risk 


assessment system for calculating insurance premiums by monitoring mobile phone usage while 


driving. This was done by harvesting EM power from detected mobile phone usage during driving for 
risk assessment. Heikkinen [20] presented rectennas on different substrates at 2.4 GHz using 
transmisson lines to match the antennas output resistance (at resonance) to the rectifying diodes. 
Akkermans [21] presented a rectenna design by complex conjugating impedance provided by a 
microstrip structure to a diode so that resonance may be achieved for a working frequency. This design 
approach may need sophisticated tools to realize and the dominant resonance frequency of the rectenna 
can be unpredictable in practice. Hagerty [22] presented rectenna arrays for broadband ambient EM 
harvesting and characterized the harvesters from 2 GHz to 18 GHz; rectennas combine impedance 
matching the RF rectifying circuit and the antenna into one compact device, but an array of rectennas 
may increase the overall size of an EM harvester. Herb [23] and Vullers [24] have provided a 
comprehensive state of the art for micro energy harvesting and have explored the various techniques 
used for harvesting ambient renewable energy. 


2. RF to DC Power Converter 
2.1. Diode Rectifier 


‘A junction diode equivalent circuit and simple Schottky diode rectifier are shown in Figure 1. Rps is 
the diode resultant series resistance, Cps is the diode resultant series capacitance, Rpp is the diode 
resultant parallel resistance, Cpp is the diode resultant parallel capacitance, Vs is the sinusoidal source 
voltage and Vc is the voltage across the capacitor. 


Figure 1. (a) Diode series equivalent model, (b) Diode parallel equivalent model, 
(c) Simple diode detector. 
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The diode capacitive impedance is mainly due to the junction capacitances provided by the metal, 
its passivation and the semiconductor forming the diode. AC power incident on a forward biased 
diode input is converted to DC power at the output. The current-voltage behavior of a single 
metal/semiconductor diode is described by the Richardson equation [25] as in Equation (1): 
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where / is the current through the diode, /s is the saturation current, q is the charge of an electron, Vp is 
the voltage across the diode, Tis the temperature in degrees Kelvin and K is Boltzmann constant. The 
voltage equation around the loop can be derived from Figure 1(c) and is given in Equation (2): 


Vy =V5-Ve Q) 


Since the same current flows through the diode and the capacitor, one can find the average current 
through the circuit by integrating Equation (1) over a time period. By substituting Equation (2) into 
Equation (1), Vc can be expressed in terms of Vs by averaging the diode current to zero. This is given 


in Equation (3) [26]: 
KT avs 
r= lal) ® 


where is the series expansion of the sinusoidal source voltage. Equation (3) can further be 


simplified for very small amplitude Vs as Equation (4): 


V3 

aired a 

Equation (4) shows that for a small voltage source, the circuit output voltage is proportional to the 

square of the input sinusoidal voltage; hence it’s so-called square law operation. Extensions of this 

model for voltage multipliers and other input signals are presented in [27] and [28]. Equation (4) 

further confirms that for low input voltage (power < 10 dBm), an impedance matching network 
between the source and the diode is necessary to improve the detected output voltage and efficiency. 


2.2. Impedance Matching 


The maximum power transfer theorem states that the highest power is transferred to the load when 
the source resistance is the same as the load resistance. For systems with both resistive and reactive 
impedances from source and load, the source and the load impedance should be adjusted in a way that 
they are the complex conjugate of each other through impedance matching. For the purposes of this 
work, a 50 @ resistive source is chosen as reference for load impedance matching. The antenna which 
captures the ambient RF signals is tuned to provide this source resistance at resonance for the 
rectifying circuit in a complete EM wireless remote harvester. The load is the resistance of the 
Schottky diodes and the actual connected resistance (remote sensor). The specific type of matching 
network which can be used for complex conjugation depends on the nature of load or source 
impedance, the desired RF to DC converter functionality and other factors like circuit size, cost, etc. 
The response of a matched RF to DC power converter depends on the matching network used as well 
as the source or load component quality factors and impedances. 
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2.3. Diode Impedance 


Schottky diodes HSMS-285C and HSMS-286C from Avago [29,30] are used to build the RF to DC 
power converters, The HSMS-285% or 286 series diodes can be operated as zero biased with 
relatively low forward junction potential. This allows for the realization of completely passive RF to 
DC power converters for wireless energy harvesting. The HSMS-285C or 286C is a pair of 
series connected Schottky diodes in a SOT-323 package. The impedance of the HSMS-285C and 
HSMS-286C diodes was first measured so it can be matched to the resistance (50 Q) of the antenna 
source. This is done by connecting the input of the diodes to a network analyzer and measuring the 
scattering parameters. These scattering parameters are then converted to the corresponding 


impedances. The input impedance of a diode depends mainly on the resistive and capacitive impedance 
provided by the junction of the diode and its connected load. For a couple of diodes arranged in a 
package such as the HSMS-285C or 286C, the input impedance is the vector sum of the impedances 
provided by each diode in the package arrangement, the extra impedance associated with the 
packaging and the connected load. The diode measuring board 
were measured at room temperature for an input power of -30 dBm at a diode connected load of 1 MQ. 
with a 100 pF filter capacitor. For the sake of this work, the input impedance of the diodes will always 
be referred to at these connected load conditions. 


's shown in Figure 2. The diodes 


Figure 2. (left) Reference circuit layout for measuring diodes input impedance, 
(right) measuring printed circuit board (PCB) for diodes input impedance on | mm FR4 
substrate. 
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Figure 3. Measured input impedance (A resistive, 0 capacitive) of HSMS-28SC (left) and 
HSMS-286C (right) diodes at -30 dBm input with | MQ load and 100 pF filter. 
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The board is fabricated such that components are soldered directly one into another to prevent 
additional impedances introduced by copper route. The PCB backside had the ground layer. An 
example of measured input impedance for HSMS-285C and HSMS-286C is shown in Figure 3. 

The diodes quality factor is given by X,,R,.', where Xps is the resultant series capacitive 
impedance of the diodes. At an input power of 30 dBm, the measured input impedance of the 
HSMS-285C diodes is 72-j501 © at 434 MHz and 587-1239 at 13.6 MHz. For HSMS-286C 
diodes, it is 10-j503 Q at 434 MHz and ~1.5-j8.1 kQ at 13.6 MHz for —30 dBm input. The measured 
impedance of the HSMS-286C diodes at low frequencies (< 60 MHz) shows pronounced fluctuations. 
The low-frequency excess flicker noise and the shot noise observed in the HSMS-286C have been 
studied by several authors [31-33]. The pronounced presence of trap states in the depletion region of 
the semiconductor, mobility fluctuations in carriers, edge effects among other reasons is reported to 
cause deviations from the ideal Schottky diode behavior and hence generation-recombination noise for 
some diodes such as the HSMS-286C [34]. When a diode rectifier is matched at a reference operating 
condition, the matching network may function less effectively at other input power levels, connected 
load and other operating frequencies. This is due to possible changes in the diode input impedance. 
Throughout this work the imperfections of the matching circuit at other operating conditions away 
from the matched reference conditions are accepted without changes to the matching network. 


2.4. Voltage Doubler 


The Delon voltage doubler and Greinacher doubler are both used to realize the RF to DC power 
converters presented in this work. The Delon voltage doubler and Greinacher doubler are shown in 
Figure 4. The diodes output voltage (Vu) is doubled what is detected by a simple detector circuit 
shown in Figure 1, Both doublers produce the same output performance, the only difference is that the 
Delon doubler has an instantaneous input ground which is not shared with the output. 


Figure 4. Circuit diagram of voltage doubler, (a) Delon doubler and (b) Greinacher doubler. 
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2.5. Matching Techniques for Antenna Source and RF to DC Power Converter 
2.5.1. L-match RF to DC Power Converter 


‘An L-match network converts a source series impedance to its equivalent load parallel impedance or 
vice-versa and tunes out by subtracting or adding any surplus reactance from the load or source with 
the counter impedance. Series impedance is converted to its parallel equivalent impedance using 
Equations (5-7): 
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Xs 
O = Re (3) 


Or = 5 6) 
where Xs is the total series reactive impedance, Rs is the total series resistance, Rp is the total parallel 
resistance, Xp is the total parallel reactive impedance, Qs and Qp are the series and parallel quality 
factors respectively: 

Rp x j 
Rp + iXp ™ 


Equation (7) is the equation of a series sum of impedances and a parallel sum of impedances. It is 
interesting to note that Qs and Qp from an L-matched network may be different from the individual 
component quality factors as a result of the inherent resistive and reactive impedances in that 
component. By virtue of Equation (7), Qs and Qp must be equal in an L-matched network. Using 
Equations (5,6) and (7), the ratio of the parallel resistance (or reactance) to the series resistance (or 
reactance) can be derived in terms of the quality factors Qp or Qs [35]. Since at match conditions, only 
the resistive impedances dissipate power, the loaded quality factor Q, of the L-matched network can be 
expressed as in Equation (8): 


Rp = (+ DRs (8) 


Using Equations (5,6) and (8), series impedance can be converted to its parallel equivalent for a fixed 
frequency and power level. As an example; a series impedance 72-j501 © (HSMS-28SC at 434 MHz 
for -30 dBm input power) is easily converted to ~j510(3519)/(-/510 + 3519) Q as its parallel 
equivalent with a component quality factor of 6.96. The source resistance is taken as part of the 
parallel matching network in an L-match circuit if the source series equivalent resistance is greater 
than the load series equivalent resistance. On the other hand, the load resistance is taken as part of the 
parallel matching network if the load series equivalent resistance is greater than the source series 
equivalent resistance. For the purpose of this work, inductors were only used for series impedance 
matching and capacitors as shunts. This prevents power seeping through any shunt inductor used for 
impedance matching due the short circuit provided by a shunt inductor to ground and resulting in less 
output efficiency. Resistors were not used for impedance matching. 


2.5.2. L-match RF to DC Converter Generalized Analytical Model 


The classical matching technique using Equations (5,6) and (8) is first used to L-match the 50. 
resistance of the antenna to the resistance of the HSMS-286C diodes (and load) at 434 MHz for 
30 dBm input and then the generalized model is discussed. The antenna source resistance was 
L-matched to the resistance of the diodes (and load). The 50 Q resistance of the antenna is taken as the 
parallel matching component and the diodes 10 Q resistance is the series matching component. The 
loaded Q is found as 2 between the 50 Q antenna source resistance and the 10 Q diode series resistance 
using Equation (8). From this loaded Q, a shunt capacitive impedance of 25 © (14.6 pF at 434 MHz) 
using Equation (6) and a series inductive impedance of 20 Q (7.3 nH at 434 MHz) using Equation (5) 
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will match the 50 Q source to the 10 © HSMS-286C diodes (and load) series resistance at -30 dBm 
input. Since the HSMS-286C diodes inherently provides 503 Q series capacitive impedance at 
—30 dBm, a resultant series inductive impedance of $23 (192 nH at 434 MHz) is needed to tune the 
50 Q resistive source to the complete HSMS-286C diodes impedance at 434 MHz for -30 dBm input. 
The L-matched HSMS-286C diodes rectifier is as shown in Figure 5(a). 


Figure 5. (a) L-match RF to DC harvester using the HSMS-286C diodes at 434 MHz. for 
—30 dBm input. (b) Small signal impedance model of a generalized L-matched RF to DC 


power converter as capacitive coupled series RLC resonator with different resonator elements. 
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Cx is the tuning capacitance, L, is the tuning inductance, Xi, is the tuning inductive impedance, Cps 
is the diodes series capacitance, Xps is the diodes series capacitive impedance, Vs is the antenna 


(b) 


captured ambient EM voltage, Ry is the resistance of antenna, L, is the inductance of antenna, C, is the 
capacitance of antenna, R, is the resultant series resistance from the diodes and the connected load 
resistance, Vis the res 


tive load voltage. From Figure 5(a) the power dissipated in the resistance of 
the diodes (and connected load); Pi, is given by Equation (9), where Ry, is the series resistance of the 
diodes and load: 


(9) 
The source power; Ps is given by Equation (10), where Vs* is the root mean squared (RMS) 


antenna captured source voltage. Half of the source power is transferred to the resistance of the diodes 
(and connected load) at match conditions as described by the maximum power transfer theorem: 


(10) 
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Equating P; and half RMS Ps gives a condition of maximum voltage gain for the matched RF to DC 
power converter shown in Figure 5(a): 


1 
7 TVR. ap 


From Equation (8), substituting the series and parallel resistance ratio into Equation (11) the voltage 
gain can be expressed in terms of the loaded quality factor as in Equations (12) and (13), where Q is 
the loaded quality factor of the RF to DC power converter: 


(12) 


1 
“2VI+e 

Equation (12) is the voltage gain in-terms of the loaded Q jf the resistance of the diodes (and 
connected load) is part of the series matching network and the resistance of the antenna source is part 
of the parallel matching network as in Figure 5(a). If the resistance of the diodes is part of the parallel 
matching network, then Equation (13) may be written as the voltage gain in-terms of the loaded Q in 
an L-matched circuit: 


1 
zvl +Q (13) 


Equations (12) and (13) shows that the maximum voltage gain is directly related to the relative 
differences between the diodes (and connected load) resistance and source resistance at matched 
conditions or the circuit loaded quality factor. It is interesting to note that the circuit shown in Figure 5(a) 
has a loaded Q of 2, but an HSMS-286C unloaded quality factor of 50 (at 434 MHz for ~30 dBm). 

Figure 5(a) is generally modeled as capacitive coupling of two series RLC resonators with a voltage 
source. This linearized model can be made at any defined frequency and power level. The model 
however neglects the metal/semiconductor physics of the diode’s junction potentials which results 
in a Schottky barrier. The first series RLC resonator is modeled as impedance from the antenna with 
or without some passive matching components. The voltage source Vs, is the antenna captured 
electromagnetic voltage. The second series RLC resonator is the impedance from the diodes (at a 
defined condition), connected resistance and some passive matching components. Ck is modeled as the 
coupling element between the two series RLC resonators. Figure 5(b) gives a more general look 
at the special scenario shown in Figure 5(a). The voltage equations in the two loops are given by 
Equations (14,15) according to Kirchhoff’s voltage loop laws, where « is the angular frequency and 
11, Iz are the currents in the first loop and second loop, respectively: 


is 
+t as) 


(is) 


Using Cramers rule, /; can be expressed as: 
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LA 
OC, 
he Fad j j i (16) 
Ry + jal, - —— - R, + jol, — i +o 
@C, Cg Ops Oy | CE 
The voltage across Ry is V1; given by Ry: 
a7) 
R, + jot, -—~-- + |r, + jor, -- - 4+] 
- WC, OC, Wp, OC, | OC? 
The voltage gain of the coupled resonator can be expressed as in Equation (18): 
V, 
= ; - 18) 
V, 1 ( 
S| Ry + jal, - A - -“|+35 
OC, Oy oC, | @Cz 


At resonance, there is no resultant reactance in the RLC resonators or the capacitive and inductive 
impedances become equal; hence Equation (19) can be written: 


i TNS tatdiado te” 
ole, Cx 


L}=o (19) 


Equations in Equation (19) can be used to find the resonant frequencies of the series coupled 
resonator. The voltage gain of the coupled resonator at resonance can then be expressed as in 


Equation (20): 
a IR, 
Y, oC, 
e = Vows = ——* (20) 
§ RR, + 2, 
o 


where Vain is the voltage gain. Vz,in at resonance is a function of the resistance of the source and load 
and the coupling element. The maximum of Equation (20) is obtained when: 


Wain 
IC. (21) 
This gives the results as in Equation (22): 
Wein 
Ti (22) 


Equation (22) can be simplified to find Cx/mas): 


Crea = (23) 
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where Cknar is the value of the coupling element where maximum power transfer from the first 
resonator to the second resonator occurs, Using Equations (19) and (23) the unknown optimal 
matching impedances can be found from the known impedances just like the classical L-matched 
procedure using Equations (5,6) and (8). By substituting Cxjmia) into Equation (20) and taking the 


magnitude of Vain, gives the maximum voltage gain of the coupled series resonator at resonance: 


(24) 


For wireless harvesters consisting of an antenna and a diode rectifying circuit, the diode resistive 
impedance at any condition is dependent on the diode realized parameters, signal frequency, connected 
load and the input power level. The source impedance is determined by the impedance of the antenna. 
For maximum efficiency, the ratio of the source resistance to the load resistance must tend to zero at 
matched conditions. The efficiency 7 of the circuit is given by Equation (25): 


Ra 
791 when Zt > 0 5) 


2.5.3. L-Match RF to DC Converter Experimental Results and Discussion 


The presented circuit was L-matched between the 50 @ resistance of the antenna source and the 
resistance of the HSMS-285C diodes (and load) at 434 MHz for ~30 dBm input as shown in Figure 6. 
Since the series equivalent resistance of the HSMS-28SC diodes and load (72 Q) is greater than the 
50 Q series resistive antenna source, the diode is taken as parallel matching network with a parallel 
equivalent impedance of -/510(3519)/(-j510 + 3519) Q. The analysis follows the same procedure as in 
2 after this step. Figure 6(b) shows the resultant L-matched RF to DC power converter. 
Cop* is the resultant shunt matching capacitance. 


Section 


Figure 6. (a) L-matched impedance circuit for matching the HSMS-285C diodes at 
434 MHz for —30 dBm input. (b) Resultant network, (c) PCB layout of the L-matched 
Delon doubler with adjusted values on FR4 substrate (d) Fabricated PCB of the L-network 
matched Delon voltage doubler. 
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Figure 6. Cont. 


via 


@ 


Figure 6(a,b) assume perfect characteristic impedance between the various components in the 
matched circuit. When a copper route is introduced between components and on a material substrate, it 
must be accounted for in the total impedance as seen by the source or load. This PCB impedance 
compensation is carried out in Advance Design Systems (ADS) from Agilent [36]. ADS has extensive 
models for microstrip substrates to account for its impedances. The optimized layout using ADS 
microstrip models and its compensated values in the passive tuning components for a Delon doubler is 
shown in Figure 6(c). 

The circuit reflection coefficient (S1,) and input impedance at open circuit are shown in Figure 7. 
There is high return loss and resonance around 434 MHz. The circuit input impedance at open circuit 
conditions is ~38 Q at resonance for —40 dBm and ~17 Q at -10 dBm input. 

The measured L-matched circuit efficiency and voltage sensitivity is shown in Figure 8. The 
maximum measured L-matched efficiency at -30 dBm is 22% at ~20 kQ load and an open circuit 
voltage of 124 mV. At—10 dBm, the maximum efficiency and open circuit voltage is 47% and 2 V 
respectively. At the optimal load of ~20 kQ, the detected voltage is 58 mV and 1 V at -30 dBm and 
10 dBm respectively. 


Figure 7. Measured open circuit S;, of the L-matched Delon circuit at different input 
power levels from a 50 Q source (left), measured open circuit input impedance at 10 dBm 
and —40 dBm of the L-matched circuit (right). 


50 
a) 
7 
a So 
3 2 
= 2 -100 J Re(Z{11)) 3 Re(ZI1,1)) 
ed oat 7 10dBa 40dBm 
msan A ate Pete steer 
= i 
300 
03 oa as 06 
Frequency (GH) Frequency (GH) 


The open circuit voltage gain is 25 at -30 dBm and 40 at —10 dBm, The maximum measured 
efficiency at -35 dBm is 27%. This is higher than that of -30 dBm due to the better matched circuit 
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impedance at ~35 dBm (35 Q) than at —30 dBm (27 Q) input. The L-matched RF to DC power 
converter has a loaded Q, sensitivity and efficiency determined mainly by the diodes resistance, diodes 
junction potential, connected resistance and antenna source resistance at matched conditions. 


Figure 8. Measured L-matched circuit efficiency vers 


is resistive load at various input 
power levels at 434 MHz (eft), measured open circuit voltage and at 17 kQ load versus 
input power at 434 MHz (right). 
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2.5.4. Pl-match RF to DC Power Converter 


A highly selective or small frequency bandwidth RF power converter is realized with a PI-network 
in-between the source impedance from the antenna and the diode rectifier. A PI-network is a ‘back to 
back’ L-network that are both configured to match the load and source impedance to an invisible 
resistance located at the junction between the two L-networks [37]. The quality factor of the L-network 
with the parallel resistance is given by Equation (26): 
-_ &fR 
= JAE - 1, 2 

Q, R (26) 
where Rp is the parallel resistance, R* is a virtual resistance and Qp* is the quality factor of the 
L-network with the parallel resistance. The quality factor of the L-network with the series resistance is 
given by Equation (27): 


} 


Ve! (27) 


where Os* is the quality factor of the L-network with the series resistance. The unloaded quality factor; 
Qs* or Qp* is set higher than what is normally achieved with a single L-network [37] to realize the small 
frequency bandwidth circuit. The resistance of the load is assigned the parallel network in a Pl-matched 
circuit if its series equivalent resistance is higher than the source series equivalent resistance; the 
opposite is true if the source is higher than the load. Equation (26) and Equation (27) are synonymous 
to Equation (8), except the lowest resistive impedance in Equation (8) is substituted with the virtual 
resistance which is dependent on the newly desired circuit selectivity. From Equations (26) and (27) the 
loaded quality factor of the PI-matched circuit can be written as Equation (34) in terms of Qs* and Qo*: 
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(28) 


where Q is the loaded quality factor of the Pl-network. Qs* or Qp* are the unloaded quality factors of 
the PI-matched network. The larger value among the unloaded quality factors result in small frequency 
bandwidth response which is desired when matching a source and load impedance with a Pl-network. 
Some authors approximate the highest value of Qs* or Qp* or their algebraic sum as the loaded quality 
factor of the Pl-network as in [35] and [37], but Equation (28) gives the exact loaded Q of the 
Pl-matched circuit in terms Qs* and Qp*. This allows for the correct estimation of the maximum 
voltage gain from the loaded quality factor. 


2.5.5, Selectivity RF to DC Converter Generalized Analytical Model 


An example of a Pl-matched RF to DC converter using the HSMS-285C diodes operating at 
434 MHz for 30 dBm input is presented first and then the generalized model is discussed. The circuit 
is matched for Qp* of 60 between the antenna and the resistance of the diodes as shown in Figure 9. 


Figure 9, Impedance diagram of Pl-matched RF power converter; (a) Impedance diagram 
of 50 Q source and the HSMS-285C diodes at 434 MHz, (b) Resultant PI matched network 
between the antenna source and load resistance. 
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Figure 9(b) can also be modeled as an inductive coupling of two parallel RC circuits. A more 
general look at such a circuit is shown in Figure 10, as an inductive coupling of two parallel RLC 
resonators with a current source. 


Figure 10. Inductive coupled parallel RLC small signal model of a generalized PI-matched 
antenna and diode rectifier. 
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The first parallel RLC resonator is modeled as impedance from the antenna and some passive 
matching components. The second parallel RLC resonator is modeled as impedance from the 
linearized diodes, its connected load and some passive matching components. / is the antenna 
induced current, Vs this time is the voltage across the parallel Ry and K; is the coupling element 
between the two parallel resonators. Using Kirchoff’s current laws, the node equations can be 
expressed as Equations (29) and (30): 


(29) 


(30) 


Load voltage (Vi) and the source voltage (V/s) at resonance are given by the equations in 
Equation (31). The resonance frequencies are given by Equation (32): 


ait te 
ok, , R 
v, ; and ay 
+ 
RR, o 
1 1 1 1 jl 
oC, - —{— + —} = Oand oC,» -—J— + 
bite} = eam cn Bp, @) 
From V, and Vs in Equation (31), the voltage gain at resonance can be expressed as: 
VM, Re 
¥, Jok, (3) 
The maximum of Equation (33) is obtained when: 
joK,>0 or Rp > oa 


Since jwK, is restricted by the conditions in Equation (32) to attain resonance, one cannot 
manipulate joK; alone without changing the resonance conditions. What can drive the voltage gain is 
if R, is very large at resonance conditions. If the input impedance (Vs/1) of the coupled resonator is 
maximum at resonance, conditions in Equation (35) hold: 


Vs 
(Alsace 


T Gs) 


Equation (36) may be assumed when 


(36) 


Under these conditions and an optimal coupling coefficient Kime, the maximum voltage gain of the 
parallel coupled resonator can be written as in Equation (37), where Kina: is given by Equation (38): 
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Kyaw = F— RR, (38) 


The analysis of Section 2.5.2 and parallel coupled RLC resonators show that any antenna and 
matched rectifying diode can be described as an equivalent circuit of a coupled resonator at a defined 
operating point. This general model can be applied to optimize other harvesters with complex output 
impedance such as piezo-harvesters or vibration harvesters for maximum transfer of power or voltage 
to its connected load. The model can also be applied to near field magnetically coupled antennas/coils 
for optimization. 


5.6. Broadband RF to DC power converter 


‘A broadband network is preferred when an RF to DC power converter is to be operated for a wide 
range of frequencies. A broadband converter is realized by connecting successive L-networks together 
in a multi-network between the antenna source and the rectifying diodes. The result is broadband or 
multiband RF power converter around certain frequencies. This can be deduced from the general 
model of a coupled resonators that by choosing certain passive components between a source and the 
load, it is possible to have more frequencies («) fulfilling Equation (32) and hence a result of multiple 
resonant frequencies or broader bandwidth at match conditions. For a two stage L-connected match, 
the quality factor of the L-network with the parallel resistance is given by Equation (39): 


(39) 


(40) 


From Equations (39) and (40) the loaded quality factor of the two stage L-connected broadband 
network may be written as Equation (41) in terms of the unloaded quality factors; Qs* and Qp*: 


O = (, + Of + D}-1 a) 


R® in this case may be chosen if it is larger than Rs and lower than the Rp. The highest possible 
bandwidth between a resistive source and resistive load is found for a virtual resistance (R#) given in 
Equation (42) [37]: 


R= JRSRp (42) 
For complex loads such as rectifying diodes or transistors, the largest achievable bandwidth 


prescribed by Equation (42) is limited by the load or source component quality factor, since Equation (42) 
does not take into account reactive impedance associated with the source or load. 
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2.5.7. Broadband-Match RF to DC Converter Results and Discussion 


The antenna source resistance was broadband matched to the HSMS-28SC diodes (and load) 
resistance at —30 dBm input around 434 MHz, For a desired Qp* and Qs* of 2.7 there is ~0.4 pF 
inherent diode capacitance which is un-tuned using a two stage L-matching network (Figure 11(b)]. 
This is because the HSMS-285C diodes provides an inherent component quality factor of 6.96 at 
434 MHz for ~30 dBm input, hence a broadband circuit with Qp* lower than this inherent component 
quality factor of the diodes (and load) is difficult to achieve without trade-offs. However, connected 
L-networks with Qp* as high as the diode component quality factor may perform worse than a single 
L-matched network with similar loaded quality factor. This is due to redundant components of the 
connected L-networks which have inherent losses. 


Figure 11. Impedance diagram of broadband RF power converter; (a) Broadband match 
around 434 MHz with loaded Q of 2.7, (b) Resultant impedance matching network with 
un-turned capacitance of 0.4 pF. 
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Figure 12. Measured open circuit $1; of the broadband circuit around 434 MHz at different 
input power levels from a 50 Q source (left), measured open circuit input impedance at 
10 dBm and ~40 dBm of the broadband circuit (right). 
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Therefore the broadband circuit is matched for Qp* of 2.7, notwithstanding the un-tuned shunt 
capacitance as can be seen in Figure 11(b). Figure 12 shows the circuit Si; at various input power 


levels and input impedance at open circuit conditions. From Figure 12 (left) there is —S dB return loss 
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from 200 MHz to 500 MHz providing an operating band of ~300 MHz. The impedance of the circuit 
shows resonances at ~290 MHz and ~450 MHz as shown in Figure 12(right). A third resonance occurs 
around 356 MHz at —10 dBm as the frequency of highest harvester input resistance (~350 Q) and 
where the reactive impedances approach their extremes. Figure 12 show that a wireless EM harvester 
can exhibit different resonance scenarios depending on the dominant instantaneous conditions. The 
efficiency and voltage sensitivity of the broadband matched wireless EM harvester are shown in 
Figure 13. The average open circuit voltage is 47 mV and 1.1 V at 30 dBm and —10 dBm, 
respectively, when operating from 200 MHz to 500 MHz. 


Figure 13. Measured open circuit voltage versus frequency sweep from 200 MHz to 
500 MHz for -10 dBm and ~30 dBm (left), measured efficiency at 17 kQ load versus 
frequency sweep for ~10 dBm and ~30 dBm (right). 
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The broadband circuit achieves average efficiency of 5% at 17 kQ load for -30 dBm and 30% at 
17 kQ load for -10 dBm input power from 200 MHz to 500 MHz. Figure 13 further confirm a direct 
link between frequency response and the unloaded quality factors. For Qs* and Qo* of ~2.7, the circuit 
response is broadband around 434 MHz. 


2.6. High Voltage Sensitive RF to DC Converter 


The current state of the art low power remote sensors would require a DC voltage supply of about 
1 V and DC current of about 30 pA for operation, Therefore, the issue is not only how efficient a 
wireless EM harvester is in converting RF to DC power, but also what the output DC voltage and 
current of the EM harvester are at the RF input power level [38]. Equations (11,24) and (33) show that 
the maximum voltage sensitivity of a coupled resonator system or an RF to DC power converter is 
mostly related to the load and the source resistances at resonance, Therefore high voltage sensitive 
wireless EM harvester can be achieved with a diode voltage doubler with a very high input resistance 
relative to the antenna source without the need to cascade the diodes as in voltage multipliers, If the 
diodes been used for the RF to DC power conversion cannot provide high resistive impedance at the 
working frequency relative to the antenna source, then a DC-DC conyerter can be applied after the EM 
harvester as presented in [39] or the diodes may be cascaded by way of multipliers as presented in our 
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earlier work [40] and by several other authors [3,5,14]. In case of multipliers, the input voltage ought 
to be high enough to overcome the junction potential of the several diodes in the multiplier network. If 
frequency is not a constraint, then a frequency sweep versus impedance for the diodes can be made and 
the frequency where the diodes exhibits high resistive impedance can be used to realize high voltage 
sensitive wireless RF harvester. For Schottky diodes, high resistive impedance occurs mostly at lower 
frequencies (see Figure 3). The measured voltage gain of a high resistive diode pair (voltage doubler) 
is presented in the next results. 


2.6.1. High Voltage Sensitive RF to DC Converter Results and Discussion 


The presented result was L-matched using 50 @ resistance of the antenna source and the resistance 
of the HSMS-286C diodes (and load). The HSMS-286C diodes do provide high resistive impedance at 
low frequencies; notwithstanding the flicker noise which causes its resistive (and reactive) impedance 
to fluctuate, The HSMS-286C has low forward junction potential (~350 mV at | mA) per diode and 
series impedance of ~1,5-j8.1 kQ or parallel impedance of ~j8.3(46.3)(-j8.3 + 46.3) kQ at 
13,6 MHz for ~30 dBm input. Even though the HSMS-286C diodes unloaded component quality 
factor at 13.6 MHz is similar to that of the HSMS-285C diodes at 434 MHz, the elevated resistive 
impedance at 13.6 MHz fulfills the condition for high voltage sensitivity relative to a 50 Q antenna 
source at resonance conditions. 


Figure 14. (a) L-matched impedance diagram for matching the HSMS-286C diodes at 
13.6 MHz at -30 dBm input. (b) Resultant network, (ec) PCB layout of the L-matched 
Greinacher doubler with adjusted values due to impedances provided by copper route on 
FR4 substrate with thickness of | mm, (d) Fabricated PCB of the L-matched RF to DC 
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The high voltage sensitive EM harvester operating at 13.6 MHz is as shown in Figure 14, On the 
realized PCB is a Greinacher doubler. An inductance of 15 tH and a shunt capacitance of 5.6 pF were 
the adjusted values after the microstrip contributions, 
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The measured $1; and input impedance at open circuit are shown in Figure 15. There is high return 
loss and resonance around 13.6 MHz, The circuit input impedance at open circuit conditions is 58 Q at 
resonance for both ~40 dBm and —10 dBm. 


Figure 15. Measured open circuit $1; of the L-matched HSMS-286C diodes at 13.6 MHz 
for different input power levels from a 50 Q source (left), measured open circuit input 
impedance at -10 dBm and ~40 dBm of the L-matched HSMS-286C diode at 13.6 MHz 
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The efficiency and voltage sensitivity of the high voltage sensitive wireless EM harvester are shown 
in Figure 16. 


Figure 16. Measured circuit efficiency versus load at various input power levels at 
13.6 MHz (left), measured open circuit voltage and at 200 kQ load versus input power at 
13.6 MHz (right). 
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The maximum measured efficiency at -30 dBm is 20% for ~200 kQ load and an open circuit 
voltage of 0.5 V. At-10 dBm, the maximum efficiency and open circuit voltage are 54% and 5.4 V 
respectively. At the optimal load of ~200 kQ, the detected voltage is 0.2 V and 2.9 V at ~30 dBm and 
=10 dBm respectively. The open circuit voltage gain is 100 at ~30 dBm and 108 at ~10 dBm, 
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Even though the RF to DC converter presented in Section 2.5.3 is the same as the L-match circuit 
realized with the HMSM-286C diodes at 13.6 MHz, the voltage gain is increased by a factor of 4 due 
to the large difference between the diodes (and load) resistance and source resistance so that at 
matched conditions high voltage gain occurs. The loaded Q of the L-matched circuit is 30 which 
results in small frequency bandwidth just like a Pl-matched diode rectifier presented in our earlier 
work [40]. From this result and the results from our earlier presented PI-matched EM harvester, it can 
be inferred that all high loaded Q RF to DC circuits have high selectivity but not all highly selective 
RF to DC circuits have high loaded Q. The voltage sensitivity of the matched HSMS-286C diode at 
13.6 MHz can be improved if its resistive impedance is not lowered by the flicker noise. 


3. Wireless EM Power Harvester 


‘A wireless EM harvester, consisting of a rectifying antenna (rectenna) was designed to find a 
compromise between size and performance of its antenna. The rectenna is shown in Figure 17. 


Figure 17. Rectenna realized on a Duroid 5880, 1.57 mm substrate. (a) Backside of the 
rectenna, (b) cross-section of antenna output coplanar stripline dimensions (e) frontside of 
the rectenna. 


The antenna (planar) part of the rectenna is based on our earlier work [41]. In contrast to the earlier 
presented antenna, this rectenna is realized on a Duroid [42] substrate of thickness 1.57 mm. Duroid 
5880 has lower loss tangent of 0.0004 at | MHz compared to 0.025 at | MHz for FR4. This means 
there is less loss in the transmission of signals on a Duroid PCB at this frequency range. The antenna 
part is fabricated to resonate around 434 MHz; hence its dimensions of 5 5.2 em make it electrically 
small, The antenna is tuned with a chip inductor and a capacitor to achieve the resonance frequency 
around 434 MHz [Figure 17(c)]. This is done at a cost of reduced antenna radiation efficiency. An 
antenna is one of the few components the size of which is related to the operating frequency. Thus, if 
the size of an antenna is fixed, resonance frequency reduction of the antenna can only be achieved with 
penalty factors [10]. The antenna’s output impedance is tuned with the dimensions of the coplanar 
stripline as shown in Figure 17(b). 
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HFSS [43] was used to simulate the presented antenna and to find the correct capacitive and 
inductive components for frequency tuning before the optimized design was fabricated, The simulated 
antenna resonances occur at 438 MHz and 445 MHz. At these frequencies, the radiation efficiency is 
20% and a peak gain of ~6 dBi. The rectifying part of the rectenna consists of L-matched HSMS-285C 
diodes (Figure 17(c)). The L-matched HSMS-285C part of the rectenna can be engineered to be as 
small as possible if required. The separate parts of the rectenna were characterized by terminating their 
ends and measuring the individual reflection coefficients just like the power converters presented in 
Section 2, Figure 18 shows the measured antenna and matched rectifier individual Sj; and impedance. 
Figure 18 (left) also show the HFSS simulated Si; results, From Figure 18 (right), the measured 
antenna resonance where the input impedance is at maximum is ~434 MHz. At ~434 MHz, 
the antenna input resistance is 376 © and the reactive impedances approach their extreme (so called 
anti-resonance). The other resonance occurs when the input resistance is ‘finite’ and the reactive 
impedance is zero; at ~441 MHz. The input resi 
matched for the antenna’s resistance at ~441 MHz. 


ance is 57 Q at ~441 MHz. The rectifier circuit is 


Figure 18. Antenna HFSS simulated, antenna measured, and measured L-matched diode 
rectifier S,; on a Duroid 5880 PCB for ~30 dBm input (left), Measured open circuit input 
impedance of antenna and rectifier at 30 dBm input (right). 
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3.1. EM Range Results and Discussion 


At far field between wireless EM transmitting and receiving antenna, the coupling mechanism 
between the transmitting and receiving antenna is neither capacitive nor inductive as is the case for the 
RF to DC converters. The coupling is radiative which can be described by the Friis equation of 


transmission on the assumption that the transmitting and receiving antenna are in free space [44]. 


A modified Friis equation for a transmitting and receiving antenna at far-field (R >> 2 and 
R >> transmitting antenna largest dimension) to each other at a specified direction is given by 
Equation (43) [45]. Equation (43) assumes real world open space conditions: 


(43) 
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where Pr is the power at the receiving antenna port, Pr is the power supplied at the transmitting 
antenna port, Fon, is uch ground reflections among 
others, Gt and Gr are the transmitting and receiving antenna gain (at specified direction) respectively. 
the wavelength of the 
transmitting EM wave. The rectenna receiving range measurements were carried out in an open space 


a factor accounting for environmental effects 


R is the distance between the transmitting and receiving antenna and i 


(hall) with the antennas 2 m above ground level. The transmitting and receiving antennas were 
arranged in the direction of their peak gain. The rectenna range performance is shown in Figure 19. 
According to Equation (43), the efficiency of RF power transferred between a sending and receiving 
antenna depends on controllable factors like the gain of the antennas in the arranged direction and the 
radiation efficiency of the antennas. Since the receiving/transmitting antenna’s incorporated in remote 
harvesters for sensor powering are normally small in relation to their operating frequencies, they tend 
efficient. 


ure 19. Rectenna receiving range performance by sending 17 dBm (50 mW) at a gain 
of -6 dBi at 437 MHz. Output DC voltage versus receiving distance for different loads 
(left), loads output power versus receiving distance (right). 
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The efficiency of the rectenna’s antenna is ~20% at resonance. A ‘perfectly’ matched RF to DC 
power converter operating in its square law region has efficiencies in the region of 20% as depicted in 
Section 2. The transmitting antenna was the same as the antenna incorporated in the rectenna, By 
transmitting the EM power with a small antenna (5 em x 5.2 em) at 437 MHz with efficiency of ~20% 
and at a gain of ~6 dBi, the power delivered by the rectenna is generally low at far-field from the 
transmitter as can be seen in Figure 19. A mediocre transmitting antenna was used to transmit the EM 
waves due to limitations in the European Union about transmitting EM power at certain frequencies; so 
the goal in the rectenna range experiment is to show the lowest limit functionality of such a harvester. 
At 4.2 m from the electrically small transmitting antenna transmitting at 17 dBm, the rectenna 
harvested DC voltage and power are 9 mV and 5 nW respectively for 10 kQ load. It can be seen from 
Figure 19 that the harvested voltage/power generally degrades as an inverse square of distance from 
transmitter as described by Friis equation, The measured received power however alternate along this 


shown in Figure 19. This anomaly is accounted for by Feny; [Equation (43)] as influence of 
ground reflections and polarization in real world open field measurements [45]. For any particular 
distance R, the signals reflected from ground can be constructive with the direct signal to the rectenna, 
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in which case the measured power may be higher than that predicted by the original Friss equation as 
in [44]. The ground effect can also be destructive, in which case the measured power will be lower 
than what is predicted by the original Friis equation. 


4. Conclusions 


Optimization of Schottky diode-based RF to DC power converters using different matching 
techniques for wireless EM energy harvesting applications is presented. Using scattering parameters 
for small signal modeling, it is shown that wireless EM harvesters can be generally described as 
coupled resonators with efficiencies and maximum voltage sensitivity depending mostly on the source 
and load resistances under matched conditions. The analytical models allow systematic control in the 
design of passive wireless EM harvesters. Based on these analyses, a rectenna is built and tested for 
lower limit functionality from harvesting ambient EM waves. The analysis presented in this work may 
also be applied to optimize derivatives of wireless EM harvesters like RFID tags, NFC, wireless 
chargers etc., for efficient powering of their sensors or integrated circuits. Generally, most energy 
harvesters and their matched loads can be described as coupled resonators and thus may be optimized 
with the methods presented in this work. 
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Appendix A: Measuring Setup for RF Rectifier Efficiency and Voltage Sensiti 


The measuring setup is as shown in Figure Al. 


Figure A1. RF to DC Power converter characterization setup. 
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The RF to DC circuit efficiency and voltage sensitivity measurements were made with a Keithley 
2400 source meter and Keithley 6514 system electrometer with an Agilent E4432B signal generator 
providing 50 © RF signal into the circuit board. 

The closed circuit current drawn by the RF to DC power converter (without load) from the 
generator is first determined by the Keithley 2400 source meter; then starting from this current, the 
value of the current is decreased at set intervals to creates virtual load resistances to the circuit for up 
to a lowest current of 0.1 A. The 6514 system electrometer is used to measure the output voltage. The 
number of data point is set through LabView [46] as well as the measurements. Additionally open 
circuit voltage or at specific loads and frequency sweep can be made through the LabView program. 
At 40 dBm input power and below, the detected voltages and currents were difficult to measure 
accurately with the measuring setup; hence measurements were made up to a minimum of -35 dBm 
input power. The circuit layout for the efficiency and voltage sensitivity measurements is 
schematically shown in Figure A2. 
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STANDARD ANTENNA TERMS 
AND RELATED FORMULAS 


The "IEEE Standard Definitions of Terms for Antennas’ (IEEE STD-145) represents a consistent and 
‘comprehensive vocabulary suited for the effective communication and understanding of antenna theory. General 
use of these definitions of terms would eliminate much of the wide-spread inconsistency conceming antenna 
characteristics, particularly with regard to the basic parameters of gain, beamwidth, polarization and efficiency. 
For convenience, IEEE antenna terms of general interest are listed here. Wherever these terms appear in this 
catalog, the definitions given below apply. Other commonly used terms, not covered by the IEEE standard, are 


shown with an 


ANTENNA APERTURE. A surface, near or on an 
antenna, on which it is convenient to make 
assumptions regarding the field values for the 
purpose of computing fields at external points. 
Note: The aperture is often taken as that portion of 
a plane surface near the antenna, perpendicular to 
the direction of maximum radiation, through which 
the major part of the radiation passes. 


ANTENNA EFFICIENCY OF APERTURE - TYPE 
ANTENNA. For an antenna with a specified planar 
aperture, the ratio of the maximum effective area of 
the antenna to the aperture area. 


* ANTENNA FACTOR. That quantity by which the 
voltage developed across the output of an antenna 
is related to the incident field strength in which the 
antenna is immersed. Note: Applicable to low 
frequency antennas and usually refers to a 50 ohm 
output. 


AFE (dB m )=E (dB V/m) - V (dB V) 
AFE = Electric Field Antenna Factor 

E = Electric Field Strength at antenna 

V = Voltage at terminals of antenna 


AFH (dB AV. m_)=H (dB A/m)— Vidb V) 


‘AFH = Magnetic Field Antenna Factor 
H = Magnetic Field Strength at antenna 
V = Voltage at terminals of antenna 


AFE (dB m') = AFH (dB AV 'm’)+51.53 


for a plane wave in free space. 


AFB (dB22) = B (dBpT) - V_(dBuV) 
HV ° 
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AFB = Magnetic flux Antenna Factor 
B = Magnetic flux at the antenna 

pT: picoTesia units 

\V = Voltage at the terminals of the antenna 


ABB (dB 22) = AFH (1B) +2 
HV Vm 


APERTURE ILLUMINATION. The field over the 
aperture as described by amplitude, phase, and 
polarization distributions. 


APERTURE ILLUMINATION EFFICIENCY. For a 
planar antenna aperture, the ratio of its directivity to 
the directivity obtained when the aperture 
illumination is uniform, 


BEAM. The major lobe of the radiation pattern 


CIRCULAR POLARIZATION. It may be either right 
hand circular polarization (RHCP) or left hand 
circular polarization (LHCP). The sense of 
polarization is determined by observation of the 
direction of rotation of the electric field vector from a 
point behind the source, RHCP and LHCP 
correspond to clockwise and counter-clockwise 
respectively. Note: RHCP transmit requires a like 
polarization to receive. 


CO-POLARIZED. The polarization which the 
antenna is intended to radiate or receive. Also "like 
polarization" 


* CROSS POLARIZATION DISCRIMINATION 
(XPD). Cross polarization discrimination is the 
measure of the antenna’s ability to differentiate 
between the vertical and the horizontal polarization 
of an antenna. This difference, shown in relative 
signal level, is indicated on directional pattern 
envelopes (DPE’s) 
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STANDARD ANTENNA TERMS 
AND RELATED FORMULAS 


* DIRECTIONAL PATTERN ENVELOPES (DPE’S). 
In accordance with standard practice, radiation 
characteristics in any given plane of polarization are 
measured and plotted using 360-degree polar 
coordinate systems. The resultant Directional Pattern 
Envelope is the smoothed composite of all these 
measurements. The purpose of these DPE's is to 
emphasize the worst composite condition. 


DIRECTIVE GAIN. in a given direction, 4 times the 
ratio of the radiation intensity in that direction to the 
total power radiated by the antenna. 


DIRECTIVITY. The value of the directive gain in the 
direction of its maximum value. 


EFFECTIVE AREA OF AN ANTENNA. In a given 
direction, the ratio of power available at the terminals 
of a receiving antenna to the power per unit area of a 
plane wave incident on the antenna from that 
direction, polarized coincident with the polarization 
that the antenna would radiate. 


FAR FIELD REGION. That region of the field of an 
antenna where the angular field distribution is 
essentially independent of the distance from a 
specified point in the antenna region. 


*  FRONT-TO-BACK RATIO. The ratio of the 
maximum directivity of an antenna to its directivity in 
a specified rearward direction. 


* Gain, dBi, The gain expressed in decibels 
relative to an isotropic radiator that is linearly 
polarized, 


8) 


G(dBi)=10log(G) G=10 > 
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GAIN, dBic. The gain expressed in decibels relative 
to an isotropic radiator that is circularly polarized, 


HALF-POWER BEAMWIDTH. In plane containing the 
direction of the maximum of a beam, the angle between 
the directions in which the radiation intensity is one half 
the maximum value of the beam. 


HALF-WAVE DIPOLE. A half wavelength antenna, 
center fed so as to have equal current distribution in both 
halves. Mounted vertically, it has a doughnut shaped 
pattem, circular in the horizontal plane. It is an antenna 
that can be constructed. It has some inherent losses. 
When used as a gain reference, the half-wave dipole has 
a power gain of about 1.7 dBi. 


* ISOLATION. Refers to the ability of one port of a dual 
polarized feed to discriminate against a signal fed into the 
other port. 


ISOTROPIC RADIATOR. A hypothetical antenna having 
equal radiation intensity in all directions. Note: An 
isotropic radiator represents a convenient reference for 
expressing the directive properties of actual antennas. 


NEAR-FIELD REGION. The spherical region of space 
between the antenna and the far field region. 


NULL. The region of a radiation pattern, either 
computed or measured, where the amplitude goes 
through a minimum value. Note: (1) It represents the 
angular position where the phase or the far field pattern 
crosses the zero axis if the pattern is plotted as a phasor 
instead of a scalar value. Note: (2) The region outside 
the main beam of a directive antenna pattem consists of 
a series of minor lobes separated by nulls. 


PARALLEL POLARIZATION. The condition where the 
electric vector is parallel to the local conducting surface. 
Note: Over the earth, this is usually referred to as being 
horizontal polarization, 


PHASE CENTER. The location of a point associated 
with an antenna such that, if itis taken as the center of a 
sphere whose radius extends into the far-field, the phase 
of a given component over the surface of that radiation 
sphere is essentially constant, at least over the portion of 
the sphere where the radiation is significant. 
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STANDARD ANTENNA TERMS 
AND RELATED FORMULAS 


POLARIZATION. The polarization of an antenna is 
defined as the polarization of the electromagnetic 
wave as described by the shape and orientation of 
an ellipse, which is the locus of the extremity of the 
field vector, and the sense in which the ellipse is 
traversed with time. The elliptical locus is called 
the polarization ellipse and the wave is said to 
elliptically polarized. Circular polarization and linear 
polarization are degenerate cases of elliptical 
polarization. 


POWER DENSITY AT A POINT 
GP 
e. et 
wag 


Say = Time average power density in Wim2 
= Power transmitted in watts 

ntenna gain relative to an isotrope 
Distance from antenna to point in meters 


POWER DENSITY TO VOLTS/METER IN FREE 
SPACE 


E* (V/m) = 377 Say (W/m) 
Say (W/m?) = E? (V/m) / 377 


1V/m = 2.65 mW / m> 


POWER GAIN. Ina given direction, 4 times the 
ratio of the radiation intensity in that direction to the 
net power accepted by the antenna from the 
connected transmitter. Note: (1) When the 
direction is not stated, the power gain is usually 
taken to be the power gain in the direction of its 
maximum value. (2) Power gain does not include 
reflection losses arising from mismatch of 
impedance. 


POWER GAIN IN PHYSICAL MEDIA. In a given 
direction and at a given point in the far field the 
ratio of the power flux per unit area from an 
antenna to the power flux per unit area from an 
isotropic radiator at a specified location with the 
same power input as the subject antenna. 
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Note: The isotropic radiator must be within the 
smallest sphere containing the antenna. Suggested 
locations are antenna terminals and points of 
symmetry, if such exist 


POWER GAIN REFERRED TO A SPECIFIED 
POLARIZATION. The power gain of an antenna, 
reduced by the ratio of that portion of the radiation 
intensity corresponding to the specified polarization 
to the radiation intensity. 


POWER TRANSMISSION FORMULAS 


GGk 
tr 


ro Gary 


P, (dB W) = Pj (4B W) + Gy (ABi) + G, (dBi) 
= 20 log r- 20 log f + 27.56 


P, (dB W) = P; (dB W) - AFEy (dB m=!) 
~ AFE (dB m1) - 20 log r + 20 log f - 32 


= Power received 
Power transmitted 

= Gain of receiving antenna 

Gain of transmitting antenna 
requency in MHz, = Wavelength 
istance between antennas in meters 
AFE of receiving antenna 

AFE of transmitting antenna 


RADIATOR. Any antenna or radiation element that is. 
a discrete physical and functional entity 


RADIATION, ELECTROMAGNETIC. The emission 
of energy in the form of electromagnetic waves 


RADIATION INTENSITY. In a given direction, the 
power radiated from an antenna per unit solid angle. 


RADIATION LOBE. A portion of the radiation pattern 
bounded by regions of relatively weak radiation 
intensity 


RADIATION PATTERN (ANTENNA PATTERN). A 
graphical representation of radiation properties of the 
antenna as a function of space coordinates. Note: 
(1) In the usual case the radiation pattern is 
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determined in the far-field region and is 
represented as a function of directional 
coordinates. (2) Radiation properties include power 
flux density, field strength, phase, and polarization. 


* RADIATION RESISTANCE OF AN 
ELECTRICALLY SMALL LOOP ANTENNA. The 


resistive component of an antenna's input 
impedance that results from the coupling of the 
antenna to its environment. This resistance 


dissipates the power that is actually radiated from 
the antenna, 


R= 20(2m/A4) nA ohms 
r 

= number of turns 

A =area of the loop 


REALIZED GAIN. The power gain of an antenna in 
its environment, reduced by the losses due to the 
mismatch of the antenna input impedance to a 
specified impedance. 


* REALIZED RADIATOR EFFICIENCY. The 
efficiency of an antenna in its environment reduced 
by all losses suffered by it, including: ohmic losses, 
mismatch losses, feedline transmission losses, and 
radome losses. 


RELATIVE POWER GAIN. The ratio of the power 
gain in a given direction to the power gain of a 
reference antenna in its reference direction. 
Note: Common reference antennas are half-wave 
dipoles, electric dipoles, magnetic dipoles, 
monopoles, and calibrated horn antennas. 


RETURN LOSS. The reflection coefficient of a 
mismatch expressed in decibels. Note: Modern 
swept VSWR techniques actually sense the 
reflected component which is normalized to the 
forward component to yield return loss. A 2:1 
VSWR is equivalent to 9.5 dB return loss. 


VSWR. The voltage standing wave ratio of a 
‘component such as an antenna. It is referred to 
the characteristic impedance of the transmission 
line being used. Note: The most common 
characteristic impedance is 50 ohms, but 75 and 
300 ohms are frequently used in coaxial or twin 
lines for VHF, UHF applications. 
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TANDARD ANTENNA TERMS 
AND RELATED FORMULAS 


NOTES: 
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ig some advanced measurements with your Oseillos 


InPart I, oscilloscope operation was covered for making basic voltage, time and frequency measurements. In this part, 
we'll continue with some more advanced uses of a scope, and in particular, how to use a scope for testing and 
troubleshooting ham radio ORP transceivers in the homebrewer s workshop. 


Receiver Filter Bandwidth. 
This procedure uses a scope (a DVM can be used with less accuracy) for determining the overall filter bandwidth (or selectivity) 
of areceiver. Itis basically measured by plotting output voltage vs. audio frequency to construct a picture of the filter response. 


Connect scope to the receiver audio output (speaker or phone jack); measurement will be based on peak-to-peak voltages (Vp) 
onascope, orrms voltage (Vrms) ona DVM. 


Using a signal generator, set the frequency for the band of interest on your radio. For example, on a general coverage shortwave 
receiver, you might set it for 10 MHz (top end of the 31M band), or perhaps to 7.040 MHz on a 40M ham radio 
receiver/transceiver, Tune the receiver to the signal generator signal. If you don’t have a signal generator, you can also tune to @ 
steady carrier or station to produce a hetrodyne audio “pitch.” Tune in the signal to the pitch that causes the maximum peak-to- 
peak display. Adjust the scope and volume control to produce a 2Vpp display (4 divisions). This is the peak response of the overall 
filtering stages as shown in Fig. 13. 


Now determine the audio frequency at this peak response by 
measuring the time period between cycles and covert to frequency. | Fig. 13 — Displaying Filler Peak Response 
Inthe example to the right, the period of one cycle is 1.7mS, which . 

is an audio tone of 750Hz (1/.0017sec). A frequency counter on the VERT: 0.5v/div ACV 


output can also be used. HOR: 1.0mS/div 
Next, tune the receiver such that the sidetone pitch goes UP in ¢ Set peak filter 
frequency and the peak-to-peak signal will decrease in magnitude. response for 
‘Tune to the point where the signal is exactly 1 Vpp on the scope. See 2Vpp vertical 
Fig. 12. display, then 
—* determine the 
This is the ~6dB point of the high end of the filter (20log Iv/2v audio freq. 


=6dB). Determine the frequency of the audio pitch as before. In 
the example, this is 1100 Hz. Record the data. 


-7mS = 750 Hz Audio Tone 
From these two data points, the -6dB bandwidth can be estimated. 
‘The bandwidth from the filter peak (750 Hz) to the -6dB point 
(1100 Hz) is 350 Hz. The bandwidth (BW) between the two -6dB 
points is usually twice this value, or 700 Hz. A filter with a—6dB 
BW of 700Hz is a mediocre filter for CW reception, and way too 
narrow for SSB or AM. 


Fig. 14 — Displaying -6dB Frequency 
Of course you can determine the exact -6dB BW by tuning the 
receiver back to the 2Vpp peak response, and confinue tuning 
DOWNward in frequency until the audio is again exactly 1Vpp. 
Determine this frequency and record. In this example, it should 


VERT: 0.5v/div ACV 
1.0mS/div 


‘occuraround 400 Hz if the filter shape is symmetrical. Tune receiver 
until vertical 
Plot these three data points on a sheet of graph paper as shown in display is 1/2 
Fig. 15 to construct the filter shape. Return to the upper~6dB point of 2Vpp peak, 
(1100Hz in the example) and continue tuning upwards in audio or 1Vpp, for 


pitch, recording the frequency at 0.5v (-12 dB), 0.25v (-18 dB), the -6dB point. 
125mV (-24 dB), ete. Everytime you “halve the voltage,” it is a 6 
dB change. The more points you collect, the more accurate your 
filter response plot will be. 


0OuS = 1100 Hz Audio Tone 


Of interest to proper rig alignment is to repeat the above 5 = 5 = 
using the output of the product detector. To maximize the (icp ibs slelletatololnesiselees 


effectiveness of the filtering, the receive offset frequency set 

by the BFO should be adjusted to the same frequency as the teats eee oe oS 
peak frequency response of the audio. In this example, with 400Hz | 1100Hz Incorrecisidetone 
the peak audio response occuring at 750Hz, if your BFO is odB 
set for a sidetone frequency of 700 Hz, you are loosing 2-3 
QB, since this is in your filter skirt. This is shown on the 
response plot in Fig. 15 by the dashed lines. By adjusting 
your BFO for a sidetone frequency of 750 Hz, you will pick 
up 3-4dB of overall gain in your receiver, plus increase the 
selectivity a bit as well, Why? Because nearby stations, such 
as one at 800-9002 tone, could actually be louder than the 
J00Hz tone signal you are trying to copy, since the gain of 
the receiver is greater at those tones than at 700Hz, as shown 
intheplot. 


-30B 


-6dB 


~124B 
~18dB 


Audio Output Voltage 


$8388 8 8 
ire ag ese e888 
Opposite Sideband Rejection a 

A superhet receiver is supposed to pass just one sideband Audio Frequency (Hz) 
and reject the other. Poor opposite sideband rejection could 
indicate the crystals in your IF filter are not well matched or 
other problems. It is measured almost identical to plotting 
the filter response just described. First, you tune the receiver Fig. 16 
to the test signal to find the peak response frequency, or i i i 
750Hz in this example. Set the scope display for2Vpp. Now calculating Spprette pideband Rejecion 
tune downward in audio pitch, passing zero-beat, and -750H2 beat 750Hz 
continue tuning and you should hear the test signal, much 
weaker, now rising ‘again in tone. This is the opposite 
sideband. Measure the peak-to-peak voltage, if you can. For 
example, say it is 80mVpp, as shown in Fig. 16. Calculate 
the opposite sideband rejection by. 


2.0v 0dB 


Desired 
jeband Sideband"| ~898 


& 

g 
go 
Zo 
3 
a 
iG 


~6dB 
rejection = 20log ig = poy =-28dB 


o.5v 128 
|somv ~180B 


If you can’t hear the opposite sideband, then obviously you 
have excellent filter rejection. If you can just barely hear it, = 
you may have to increase the sensitivity of your scope (set 88 
vertical gain to 20 or 50 mV/div). In this example, -28dB ‘at 
rejection of the opposite sideband is quite good. A —30dB ‘Audio Frequency (Hz) 
rejection means the opposite sideband is only 1/1000th of the 

desired sideband, a very suitable attenuation of the opposite 
sideband. 


Audio Output Voltage 
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These tests are important to perform on your rig for documenting it’s current performance, and repeated periodically to detect 
unfavorable changes or for troubleshooting when a problem is evident, For homebrewing, these tests can allow you to evaluate 
differentcircuits or when experimenting with different components or part values, 


Oscillator Phase Noise 

When homebrewing a basic oscillator circuit, such as a VFO, looking at the oscillator output on a scope can reveal several 
problems. One is to check for excessive phase noise, Phase noise is small variations of the oscillator frequency that causes power 
inthe close-in sidebands, usually measured on laboratory equipment within 100KHz, or even within 10 KHz. 


To check for oscillator phase noise, connect the oscilloscope to the oscillator output, loading the output of the oscillator as little 
possible, Most scopes have sufficiently high input impedances where this shouldn’t be a problem, but some cheaper scopes can 
load an oscillator circuit. If you suspect your scope is loading the oscillator, couple the scope to the circuit with a small value 
capacitor, less than 20pF. 


Display 2-3 cycles of the oscillator output as shown on the scape 
display shown in Fig. 17. Properly focus the scope and carefully 
observe if the waveform appears in focus at the peaks, but slightly 
out-of-focus at the zero-crossing points, that is, on the rising and 
falling edges of the sine wave. 


If it appears out-of-focus, this is excessive phase noise jittering 
the signal and “smearing” the waveform along the time 
(horizontal) axis. Extreme phase noise may show 2-3 sine waves 
very clase to each other, as shown in the exagerated waveform to 
the right—assuming youhave your scope properly triggered. 


Phase noise is random, instantaneous changes in the oscillator 


frequency that smears the display, Ifyou can see this ona scope, the phase noise is excessive! If you can’t see if, doesn't mean the 
oscillator has no phase noise (all oscillators have some phase noise), it just means it is not excessive enough to see on a scope. A 
scope isnot a good instrument for checking phase noise, but for homebrew circuits, it isa check to ensure you do not have aserious 
oscillator problem. 


Excessive oscillator phase noise in receivers can cause IMD products and noise in the audio range at the output of the mixer(s), 
including the product detector. In a transmitter, excessive oscillator phase noise will put power in the close-in sidebands of your 
carrier, not only wasted power for lower transmitter efficiency, but may produce strange sounds (buzzing or chirping) to the 
receiving station, A few causes of phase noise are excessive current in the oscillator transistor, low-Q coil(s), high dissipation in 
the tuning caps or poor power supply filtering atthe oscillator frequency. 


AM (Amplitude) Noise 
Another oscillator problem may be AM noise, or amplitude modulated noise. It is an opposite effect on a scope when displaying 
the oscillator output —the sine wave appears out-of-focus or thickerat the peaks, and in-fcus elsewhere as shown in Fig. 18. 


If you detect AM noise, slow down the scope’s sweep rate to the 
audio frequencies or slower to see if you can notice a lower 
frequency component, A common cause of AM oscillator noise is 
60 Hz from the power mains leaking into the circuits, This is 
particularly true if using a power supply off of 120v 60 Hz, or 
sometimes it can be due to the AC lighting above your head! Ifthe 
AM noise seems to be at the same frequency as the audio output 
tone, it means audio is getting into the Vcc bus, likely due to poor 
bypass filtering at the audio amplifier stages (particular if using 
an LM386 orsimilar). 


If you can’t find a low frequency component, the AM noise may 
be random, which may indicate poor voltage regulation, a noisy 
voltage regulator, or perhaps a circuit in VHF oscillation. If the 
AM noise seems to occur on key-down only on a transmitter, the transmit current may be loading the power supply, the voltage 
regulator is under-rated, or just simply loading the oscillator. In the case of loading the power supply or regulator(s), perhaps a 
separate voltage regulator or zener circuit should be used, dedicated for the oscillator(s). In the case of transmit loading, adding a 
butfer amplifier oremitter follower to isolate the load from the oscillator may help. 


Much of this can be diagnosed also with the scope, by looking at the AC ripple on the DC power lines. You should have less than 
S0mV of any AC component on the 8-12v DC wiring, whether 60Hz, audio or RF. If >S0mV, then additional low or high 
frequency filtering on the DC power is needed. 


Monitoring Transmitter RF Output 

RF Power (in watts) is E'/R, where E is in rms and R=50Q, The voltage displayed on the scope (peak-to-peak) must be converted 
toms by Erms=.707(Epp/2). To measure properly, the transmitter should be on a 50 dummy load using the normal hi-Z scope 
input. [fyour scope has a selectable “S0Q”input, it can be the transmitter dummy load directly, providing it can tolerate the S0Vpp 
input, (Always know what the maximum p-p input voltage your oscope will tolerate, Its often stated on your scope at the vertical 
channel inputs. 50Vpp to 100Vpp are typical). 


Measuring Transmitter RF Output Power 
Figure 19 shows how you can use an oscilloscope to fairly accurately 
‘measure output power from a low power transmitter (generally 10W 
or less with a 1X probe and 20-30W with a 10X probe). Connect 
transmitter output to a S0Q dummy load, Connect the scope lead to 
the transmitter output (after the low pass filters) or directly to the 
dummy load. Do not connect the scope leads to the collector or drain 
of the final PA transistor. The displayed voltage in this case will be 
erroneous 


In the example, the output transmit voltage across the dummy load 
measures 24Vpp. Convert this voltage to Vrms, then use the equation 
(Vrms squared divided by the load resistance) to calculate the power 
in watts. In the example, 24Vpp, the output power is 1.4 watts, ASW 
QRP transmitter should produce about 45Vpp. 


The accuracy of your power measurements depend upon the 

condition of your oscilloscope: 

1) Ensure yourscope’s vertical sensitivity (volts/division) is 
properly calibrated (see Part 1) 

2) Ensure your vertical sensitivity is properly calibrated with the 1X 
or 10X probe you are using, 


Fig. 19 Oscilloscope as a Power Meter 


24Vpp 
across 
502 load 
1. Measure output voltage. 24Vpp 
2. Convert Vpp to Vrms 
Vims=.707(Vpp/2) 8.5Vims 


3. Calculate power in watts 


2 
\Virms° 


3) Ensure that the transmitter frequency is well within the bandwidth of yourscope. A 100 MHz scope should give 
reliable readings on all HF bands. A'50 MHz scope should be reliable on all HF bands except slight errors at 28MHz. 


Checking Transmitter Purity 

Pha 

and focused, you are looking for an out-of-focus “fuzziness” 
generally at the beginning of the transmit ch: 
what it is given. Phase noi: 


Harmonic Power can also be detected on a scope while looking at 
the transmitter RF output power. In Fig. 20, notice the “dips” or the twa 
“peaks” on the top and bottom of each sine wave. This is caused by 
excessive 2nd harmonic output power. The rule-of-thumb is — if you 
can see any 2nd harmonic power (a dip or flattening at the peaks), then 
you are right at or exceeding the -30dBc FCC harmonic specification. 
‘A clean sine wave implies FCC compliance, providing the 2nd 
harmonic is within your scope’s bandwidth, Obviously, a spectrum 
analyzer should be used for accurate harmonic evaluation, but a scope 
can be used to indicate if you have a problem. If you build your own 
transmitter, it is your responsibility to ensure it is compliant, An 
approximate method of estimating 2nd harmonic attenuation is shown, 


~30dBe means the 2nd harmonic power is 1/1000th of the fundamental 
power. For a SW transmitter, this means the 2nd harmonic power 
should be SmW or less, or about 1 Vpp. In displaying a SW signal on a 
scope (45Vpp), it would be difficult to resolve much less than a 1Vpp 
dip or ripple. 


Conclusion. This concludes the NASN “Handiman’s 


e Noise of the transmitter is measured identically to the phase noise checks on page 2-3, With the scope properly triggered 
around zero cros 
n. That is, seldom does the PA transistor add phase noise; it’s merely amplifying 
‘on the transmitter output is more likely due to the transmit oscillator, or the transmit mixerifused, 


ing. If it appears phase noise exists, the fault is 


Fig. 20 -Checking 2nd Harmonic Power 


1, Measure output voltage. 
2, Measure ripple voltage. 


24Vpp 
1Vpp 
3. Calculate dBc of 2nd harmonic ripple 


2010g Y2. = 200g 1% = -27.6 dBo 
vi 2av 
or, not quite FCC compliant! 


Guide to Oscilloscopes.” Hopefilly, it has helped you to understand your 


oscilloscope to make simple measurements, and with some practice, perform the more advanced measurements discussed. An 
oscilloscope is a very powerful tool that is invaluable on the homebrewer’s workbench, If there is a particular measurement you 


feel L omitted, please let me know and I will add it when time permits 


73, Paul Harden, NASN (naSn@zianet.com or pharden@nrao.edu) 
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When in the course of human events, it becomes necessary to look at neat signals floating around your radio, you go to a hanfest 
and buy that $50 o-scope. Now what? This two part article will attempt to explain basically how an oscilloscope works, operator 

functions, basic measurements, and some advanced applications, An o-scope is a powerful tool in any shack — even a real 
“cheapie” with limited bandwidih. 


HOW AN OSCILLOSCOPE WORKS 

Ablock diagram of a typical o-scope is shown in Fig. 1. The test probe usually plugs into the scope via a BNC connector, then 
passes through a switch to determine whether the input signal will be dc or ac coupled (to remove any de component). Often this 
switch will have a "ground" position for setting the zero-volts reference. Next is the input attenuators. The vertical input amplifier 
is quite sensitive, designed for 20-SOmV of input. For larger input voltages, the signal is applied to attenuators comprised of sim- 
ple voltage dividers. This is the first area of concem for cheap o-scopes, as the input attenuators may not be very linear oraccurate. 
For example, if you appy a 10Vpp signal on the 10v/division setting, the signal should be 1 division high. Switching to Iv/div., the 
signal should be 10 divisions (usually full-scale) high. If itis not exactly 10 divisions, the attenuator for that setting needs adjust- 
ing. Some scopes have internal adjustments for fine-tuning each attenuator setting. 


Following the attenuators, the signal is applied to 
the first vertical amplifier, which converts the let 
input to a differential signal. This differential si sas le 
nal is amplified up to high voltages for the ascillo- gi AG, 
scope detlecting plates ~_moving the beam upand | $e! @ ooo! 
down (in the vertical axis). Input 


Display tube 


‘The sweep generator is usually a constant current 
source charging a capacitor to make a sawtooth 
waveform that eventually deflects the beam in the 
horizontal axis. The frequency of the sawtooth 
determines how fast the beam travels from the left comparator Sonsee 
to the right side of the tube, and is controlled by the Time/division aad 
sweep control, usually calibrated in seconds, (Seciaiv) ope 
milli-seconds or micro-seconds per division. This ean q rent? External 
is the second area of concern for an oscilloscope — - o External 9) Trigger 
how linear the sawtooth waveform is generated. feng nea 
For example, a sawtooth with a nonlinear ramp 

will cause the signal displayed in the central por- FIG. 1 - Basic block diagram of an Oscilloscope 

tion of the tube to be expanded or compressed 
compared to the signal at the ends. 


‘The sawtooth ramp is amplified to high voltages, applied to the oscope tube, to deflect the beam from left to right. An important 
task of an oscope is when the horizontal deflection begins, Normally a switch labeled "Trigger Source" determines what initiates, 
the sawtooth ramp. In the "Internal" position, a sample of the input signal (in the vertical amplifiers) is sampled, with a variable 
resistor setting the level. When the input signal exceeds the "Trigger Level,” a pulse is generated to start the sawtooth ramp and 
hence the horizontal sweep. The purpose of triggering is to keep the input waveform synchronized to the sweep so it appears 
stationary on each sweep. The trigger source usually has a "Line" position, which simply triggers the sweep off of 60Hz from the 
power supply. This synchronizes the sweep to the AC power frequency and is useful for checking television signals, which are 
synchronized to the power mains. Also, an "External" position may be present, which connects an external input signal (viaa BNC 
connector) to trigger the sweep generator. 


Other features your oscope may have are two vertical channels for dual trace operation, various modes to display both waveforms 
(alternate, chopped, A+B added, etc. ), delayed sweep features, dual sweep time bases, built in calibrators, etc. 


CALIBRATING YOUR OSCILLOSCOPE 
‘The first thing you should do upon acquiring an o-scope is to checkits calibration. 


‘The vertical amplfiers can be checked with a known voltage source or 9v transistor radio battery. Measure the output voltage 
of the battery with an accurate voltmeter. Let's say it just happens to be +9v exactly, Set the input coupling to ground (Ov) and move 
the trace to the bottom division. Switch the input coupling to DC and set the attenuators to Iv/div. The deflection should be 9 


divisions, Switching to 10v/div., deflection should be 0.9 divisions. Internal to the oscope (or perhaps accessible from the outside) 
are adjustments for the vertical amplifier gain. Adjust this for 9 divisions of deflection in the Iv/div. range. Procedure can be 
repeated with a I 5y flashlight battery (assuming you know the exact voltage froma DVM). 


‘The horizontal amplifiers should be checked/calibrated using a signal generator. For example, a 1MHz signal has a period of 
JuS. Setting the sweep rate to 1.0uS/div., a MHz signal should take exactly | division per cycle. Set the horizontal width control 
properly to ensure the beam starts at the first division and ends at the last division, If the sweep rate appears incorrect, an internal 
adjustment (Sweep gain or similar) can be set for proper display of the test signal. 


‘The main operator controlsare: 

+ Intensity - controls the brightness of the beam. NOTE: Too bright a beam can damage to the CRT tube! 
+ Focus - adjusts the beam for the thinnest and sharpest display. 

+ VERT & HOR Position - controls the vertical and horizontal position of the display respectively 

+ VERT V/div - controls the vertical sensitivity of the display, ie. how many volts (or mV) per division. 

+ HOR Sweep Speed -sets the horizontal sensitivity, i.e., how many mS or uS per division, 

+ VERT & HOR vernier ~allows the vertical and horizontal sensitivity settings to be varied in small steps 


Other adjustments you may find on your scope are: 


Astigmatism - With the scope intensity and focus properly set, this adjustment compensates for the curvature of the CRT tube by 
making it in-focus across the sweep. If your trace is out-of-focus in certain areas, but in-focus elsewhere, the astigmatism needs to, 
beadjusted. See Fig. 2. 


‘Trace Rotation -is a small coil around the CRT that skews the trace to ensure it is perfectly horizontal. On scopes without this ad- 
justment, the trace is leveled by physically rotating the CRT to align the trace to the graticle grid. See Fig. 2. 


DCBAL (DC Balance) - is ade offset in the vertical amplifiers that Fig. 2 — Effects of 
causes a shift in the trace baseline when changing vertical scales. It 
is most obvious when measuring ac voltages. For example, you are 
displaying a 10Vpp sine wave, centered on the center graticle, at 
2vidiv. Changing to Sv/div, the sine wave shifts off the center 
graticle ... thatis, itassumes adc bias error. The DC BALis adjusted | [eluuese gua 


until the shift no longer occurs when changing vertical scales. “ASTlata ae 
HV ADJ. - is the high voltage that controls the intensity of the | uuu SNe (Inconsistent focus) 


trace. Turn up the Intensity control to its brightest position, then 
adjust the HV ADJ for a trace slightly brighter than normal 
intensity. The Intensity control now has the proper range. The HV 
ADJ might have to be re-adjusted to acquire proper focus. 


NOTE: Very bright trace displays can cause permanent 
damage to the CRT, particularly on a well-used scope. 


LET’S MAKE SOME MEASUREMENTS 


Itis assumed you have your scope relatively calibrated and familiar with the front panel 
controls. The sample o-scope displays are based on eight vertical and ten horizontal 
divisions on the CRT screen, typical to most oscilloscopes. Most waveforms are actual 
displays of the signal cited, photographed from my trusty Tektronix 475 oscilloscope. 


First ...a word on TRIGGERING. 

scilloscopes have a knob or two for “Triggering.” This tells the oscilloscope when to 
start the sweep, When the Triggering Slope is placed in the (+) position, the scope will 
begin its trace when the input signal goes positive. Likewise, when (-) triggering is 
selected, the trace will begin when the input signal goes negative, as shown in Fig. 3. Often 
there will be the option to chose the Triggering Source, such as “CH.1” or “LINE.” Line 
means the scope is triggered off the 60Hz line voltage, and is useful when synchronizing on 
television signals or looking at 60Hz power supply noise. CH.1 or CH.2 means the scope 
will rigger off the signal on channel | or 2 respectively. Trigger Level is at what voltage of 
the input signal triggering begins. For example, if set high, triggering may not begin until 
the input signal reaches several volts. When set around zero, it will trigger the moment the 
signal goes positive (if set for (+) triggering). This setting can be troublesome if noise exists 
on the signal. Adjust for stable triggering, 


DC Voltages. 

Say you want to check the transmit-receiver (T-R) switch in your QRP rig, or other digital signal, 
See Fig. 4. The key lines the input to the HCT240 inverter to form the Ov TX—on key-down and 
the Oy RX—on key- up. This switches the rig between transmit and receive (T-R Switch). It is a 
logic function, that is, a voltage to represent ON or OFF. 


Place the scope lead on pin 13 at 10v/div. and you should see the waveform like the top trace in 
Fig. 4... about +6v on key-up and Ov on key down. Move the scope lead to pin 7 and you should 
see OV on key-up and about +8v on key-down (bottom trace), If the output does not go "HI" 
(48v) on key-down, or does not go to a solid "LO" (<1) on key-up, the inverter is not working 
properly. (It's busticated). Many shortwave receivers use similar schemes for switching filters 
orattenuators 


While this test could be done with a DVM, the integration time is slow, requiring long key- 
downs to get the voltages. A scope will also show you how clean the switching ts, or ifthere is an 
ac voltage (or RF noise) riding on the T-R voltage. 


‘Scopes are thus good de voltmeters, with about a 5% reading accuracy. 


AC Voltages. 

Here is where an oscilloscope pays for itself by making AC voltage (and frequency) measure- 
ments. You must remember, AC voltages are displayed on a scope as peak-to-peak voltages, 
while a voltmeter measures in rms. RMS voltages are about 1/3 the p-p voltage read on a scope, 


Key, BAT RX 
Bee T4HCT240 


ig. 4 - 38-Special 
T-R Switch 


VERT: LOv/div DC 
HOR: 500mS/div 


Vrms=¥4(.707 x Vpp) = 0.354 x Vp 


For example, let's measure the output voltage and frequency from 
the sidetone oscillator in your QRP rig. Place the scope lead on the 
audio amplifier output, On key-down, you get the waveform shown 
in Fig. 5. The transmit sidetone audio is 1.9Vpp. 


AC Frequency Measurement. 
With this waveform, we might as well see what frequency our 
idetone or transmit-offset frequency is. Most operators prefer the 


VERT: 0.5v/div ACV 
HOR: 0.5mS/div 


3.8 divisions 
peak-to-peak 
times 0.5v/div 
=1.9 Vpp 

= 0.67 Vrms 


Fig. 5 


idetone to be about 700-750Hz. Trigger the scope for a stable 

waveform and set the time-base (sweep) to display 2 or 3eycles,as | Fig, 6 

shown in Fig. 6. Center the waveform between two horizontal divi- 

sions so zero volts on the waveform is on a graticle line, then move | ERT: 0.5vidiv ACV 

the horizontal position so the first "zero crossing” isalsoonadivi- | HOR: 0.5mS/div 
jon line. ae 


Ov 


Measure the time it takes to make one complete sine wave from one 
zero-crossing to the next. In this example, itis 1.5 divisions, at !mS 


per division, or 1.5mS. Frequency is simply the reciprocal of time, First "Zero 
such that the sidetone frequency is: Crossing’ 
1 1 
= = => = 667 Hz hyiek 
T= = Tams 3 divisions between 


For some, this may be about right. For others, this may be a little 


"zero-crossings” 


low to your liking. To raise it to 700Hz, calculate the time period of 
700Hz (1/700 = 1.4mS). At L.OmS/div, you can adjust your 
sidetone or transmit offset until zero-crossings for a single 
sinewave is 1.4 divisions. This will be about 700 Hz. (Sidetone may 
not be adjustable on some rigs). 


All frequency measurements are made in this fashion, by measur- 
ing the distance between zero-crossings (or from one peak to the 
next) and converting the time period to frequency. This should em- 
phasize the importance of ensuring your sweep speed is calibrated; 
as any error in the time base will cause a corresponding error in the 
accuracy of your time or frequency measurements. 


Fig. 7 
Example of 
Waveform Quality 


VERT: 2v/div ACV 
HOR: 1.0mS/div 


Quality of the waveform is another feature of a scope that is unsurpassed since you are 
“seeing” the waveform in real time. Two examples of waveform quality are shown in Fig. 7. 


‘The top trace shows the sidetone frequency with distortion, perhaps due to improper time- 
constant on the coupling capacitors or improperly biased audio amplifiers. The bottom trace 
would be a raspy sounding side tone, due to the amplifier being over-driven and in 
compression (clipping). The o-scope is an invaluable tool for detecting and diagnosing such 
impurities in the signal quality. 


MORE NIFTY MEASUREMENTS 


Amplifier Gain. 
‘The gain of an amplifier can be measured in terms of voltage or decibels, 
(AB). For voltage gain, it is simply Vout/Vin of the amplifier. For exam- 


FIG. 8 — Full Scale 
Signal Display 


Actual display 
Tektronix 475, 


ple, if the input is 1 Vpp and the output is 4Vpp, then the amplifier has a Fig. 9 — Volt. vs. dB relationship 


voltage gain of 4. 


Gain in dB is often more useful and is how the gains of amplifiers are usu- 
ally expressed. With dB's, every-time you double the AC voltage, you add 
6dB of gain. It is the ratio of output to the input, and this ratio is easy to 
measure on ascope, 


It is often easier to start with the output. Set the vertical amplifier gain to 
display the amplifier output as a full-scale signal ax shown in Fig. 8. Now 
move jhe scope probe to the smplifer Input without distubing the sonpe 
gain, You will of course have a much smaller signal, and the ratio of the 
input to the output will be the gain in dB. In our example of using eight 
divisions for full-scale, then four divisions would be 6db, 2 divisions 
124, ete. as shown in Fig. 9. You may want to add your own dB scale 
along your scope display 10 remind you of this relationship. Note: this is 
voltage gain (Av=20log x Vout/Vin). In this example, with 4Vpp output 
and Vp input (Av=4). then the gain is 4B=20log(4) = 20(0.602)= 124B, 
oras shown directly on the CRT tube. Since this is a relative measurement, 
the absolute Vin or Vout voltage does not need to be determined. 


Insertion Loss. 

In some circuits, such as filters or attenuators, the /oss in the circuit needs 
to be measured, and like circuit gain— expressed in dB. The loss through a 
circuit is called the insertion loss, It is determined in the same way as 
amplifier gain just presented, except start with the input (the highest AC 
voltage) as the full-scale or reference display, then measure the output AC voltage (the 
lowest level). The ratio is the insertion lossin dB. 


For example, with a signal generator connected to your receiver, you want to measure the 
insertion loss through the IF crystal filter. At the filter input, you can just barely squeek out 2 
divisions of input signal on your scope at its most sensitive setting. The output from the 
crystal filter is 1.5 divisions. The insertion loss would be 20log( 1.5/2.0 diy.) =—2.5 dB. If the 
output were only 1.0 division (50% reduction), the insertion loss would be 6dB. 


Measuring Phase Shifts. 

Phase relationships between two signals at the same frequency can be measured with 2-5" 
accuracy with a scope, although more suited for a dual-trace scope. The reference signal is 
applied to CH. | and the signal to be measured to CH. 2. For proper phase measurements, 
ensure your dual trace display is in the chopped mode, not alternate mode for proper phased 
referenced triggering. 


‘There are many methods to do this. Oneis to stretch out the 


1.6 divisions 
x90 =145° 


Fig. 11 —Phase Shift 
by imposition 


nal so it takes 4 horizontal divisions, such that each division is 90" of 


phase, as shown in Fig. 10, By measuring froma common point on one signal (zero-crossing or from peak-to-peak) to the next, the 
phase can be measured. For example, say you are making a phased-array antenna in which one feedline must cause a 90° delay. 
You calculate the electrical length fora Y4A [L=(246/f) x Velocity Factor] and cut the coax to that length. You are now working on 
blind faith that you have exactly 90°, With a scope, you can measure it fairly accurately by injecting a signal into one end with a 
signal generator (atthe frequency of interest) and a 50Q load on the other. Connect the scope CH. to the coax (signal) input and 
CH.2 to the load end and measure the phase. In the Fig. 10 example, the CH.2 signal is delayed by 1.6 divisions, at 90° /div is 145. 
Your delay line is too long! Cut off an inch or two at atime until the CH.2 signal is 90" from CH.1 for precise tuning of the delay 


line. (While departing from o-scopes for a moment, the sharp null of a phased array is astounding when exactly 90° delay is 
achieved. More than 10-15" in error causes a very “mushy” null with litte difference over single vertical antenna, Most errors in 
achieving exactly 90° by the "measure-and-cut” method are due to uncertainties in the stated velocity factor of the coax). 

Another method is to superimpose the two signals on top of eachother, Make one signal larger than the other so you know which 
‘one is what, as shown in Fig. 11. In this example, the smaller signal lags the larger signal by about 100°, estimated by where they 
cross, For more accurate determination, use the time base to measure the time period of one cycle (Tl), then the time period one 
signal lags (or leads) the other (T2). The phase shift isthen 8=(T2/T1)x360". 


Phase measurements can be made on a single trace scope as well. First, connect the reference signal, uisng a BNC"T," to both the 
external trigger and the normal vertical input. Adjust the trigger level so the zero-crossing occurs at the beginning of the trace 
(left-hand graticle). Remove the reference from the vertical input, but not the external trigger, and apply the signal to be tested to 
the vertical input — without altering the time base or trigger level. The distance of zero-crossing of the test signal is from the left- 
hand graticle can now be measured to determine the phase, though with slightly less accuracy than using a dual-trace scope. 


Aninteresting experimentis to measure the phase shift of the audio signal at different frequencies as it travels through the stages in 
aCW, SSB or AM active filter. What is the phase shift of the wanted vs unwanted frequencies? 


Measuring Rise and Fall Times. 
Indigital circuits, itis sometimes important to know the rise and fall times of a signal through a 
gate. In amateur radio transceivers, this same interest could be applied to how fast the T-R 
switch switches. On key-down, if the transmitter turns on slightly before the receiver is turned 
off, it can produce an annoying "thump" in the receiver. Rise and fall times are measured by 
triggering on the edge of the signal of interest, then increase to a faster sweep speed to measure 
the time it takes the signal to reach 90% of its final level. The signal to be measured is shown in 
Fig. 12 on the top trace, and the expanded version on the bottom. For proper rise times, the 
signal being measured should be well within the bandwidth of your scope and using a low 
capacity probe. 


For example, in Fig, 12 (bottom trace), the rise time is about 1/4th of a division. If the sweep 
speed is 100nS/division, the rise time would then be about 25nS. 


USING LIMITED BANDWIDTH SCOPES. 


‘Today's scopes have 200-500MHz bandwidths. Likely your scope is much less than that. A limited bandwidth scope is still very 
useful to the amateur or homebrewer. Say the bandwidth of your scope is SMHz. This does not mean you can't see 7MHz signals. 
It just means the peak-to-peak value has lost meaning, and will likely be very weak, since it is beyond the bandwidth of the scope. 
(Like other bandwidth measurements in electronics, the “bandwidth” of a scope is usually based on the “3dB bandwidth.” That is, 
at the maximum bandwidth, you are already at the ~3dB point, or a 25% reduction in the peak-to-peak voltage display). You can 
still resolve individual cycles higher than the cited bandwidth to a certain degree and make gain and phase measurements, since 
they are based on ratios. 


Most of the examples in this article explore many regions of a communications receiver or ham transceiver without the benefit of 
any great bandwidth, Experiment with yourscopeto leamits imitations. Urea good scope probe and make measurements witha 
good ground to get the most out of the bandwidth you have. 


For the homebrewer building circuits in the HF bands, a 50 MHz scope with good calibration will yield fairly accurate 
measurements up to 30 MHz with little concern for accuracy. The old 465 or 475 series of Tektronix scopes, with 100/200 MHz 
bandwidths, make an excellent oscilloscope for the amateur or experimenter. They can often be found at hamfests today for 
100-150, and tend to maintain a fairly good calibration almost regardless of how much use they have seen, 


In Part 2 ~ we'll probe (bad pun) into some advanced measurement techniques, even with a simple scope .., such as measuring 
sideband rejection, filter responses, VCO phase noise, etc. (and what itall means). 
72, Paul NASN 


naSn@zianet.com 
pharden@nrao.edu 
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Article prepared by NASN using CorelDraw 11 
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Hi there! This Instructable is all about building a basic crystal radio set that is so 
simple to build and understand, that a child could do it - with help from mum or dad 
- or even at school, as a class project. Parts can be bought "off the shelf" at Jaycar 
Electronics and other suppliers, or purchased online via Ebay and Paypal. 


| built my first ever crystal set when | was 9 years old, but that was a different world. 
We're going to build a 21st century style radio with all modern components which 
are relatively easy to obtain at your local electronics store or on the Internet. 


The radio is contained inside a Tic Tac box, and is called "The Nic Nac Tic Tac 
Radio". It is built on a square of matrix board, with the component leads poked 
through the holes in the board, and joined underneath. It is a very simple crystal 
set, designed to initially receive only one station, but you can expand the tuning 
range with the addition of only one extra component. 


The Tic Tac radio can be constructed by simply twisting the component leads 
together, underneath the matrix board and attaching antenna/ground wires as well 
as the earphone wires to the board, using that same technique. You don't have to 


solder any wires, but there is another way to join them all together - more on that 
later. 


The Tic Tac Radio is a very easy set to put together - you don't need to wind bulky 
coils or use heavy tools and screw strange looking parts onto a large breadboard. 
See step 1 for the parts list you will need. 
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Step 1: Parts and Tools You Will Need 
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You will need to acquire the following components from a local electronics shop or 


an online electronics business. 


lam adding the catalogue numbers for Jaycar Electronics, so if you live in Australia 
or North America, you may be able to visit a Jaycar store and buy the parts over 
the counter, if not then you may be able to do an online mail order via Paypal: 


Parts List 
Resistor - 47k - yellow-purple-black-red and brown - RR 0612 (pkt of 8) 


Capacitor - 68pF - ceramic x 2 - RC 5322 (pkt of 2) and a 100 or 120 pF value as 
well for experiments. 


Inductor - 220 uH - red-red-brown silver - LF 1538 (resistive type) 
Polyvaricon tuning capacitor - 220 pF - RV 5728 - with knob and mounting screws 


Diode - BAT46 - ZR 1141 (You can also use a 1N34A Germanium Diode too if you 
have one at home) 


Ceramic Earphone - AS 3305 * 


A 25 meter roll of yellow hook up wire for the Antenna wire and a 3 meter length of 
wire for the Ground wire. 


Please note that some Jaycar parts come in multiples of 2 or more per packet. And 
please note the following: 


PLEASE NOTE: THIS PROJECT/KIT CONTAINS SMALL PARTS THAT MAY 
FORM A CHOKING HAZARD FOR SMALL CHILDREN OR PETS. NOT SUITABLE 
FOR CHILDREN UNDER FIVE (5) YEARS OLD. 


*A normal crystal radio earphone is OK, but if you can't get one of these, or if the 
one you bought goes dead (as they sometimes do,) you can use a substitute, such 
as the Murata PKM44EW passive transducer (see picture above) which is available 
from an old Telstra TF200 touchphone, (the one on the left in the diagram above,) 
or an equivalent, such as the ARIO transducer, from an old Telstra T1000 
pushbutton phone. 


The ARIO unit is soldered to the phone's pc board so you'll need to be able to 
unsolder the three mounting pins underneath the board, or find someone in the 
neighbourhood who is able. 


Take the back off the TF200 (if you've obtained one of these phones,) and you'll 
see a black disc shaped object 2" round by 1/2' thick - with a red and black wire. 
Unplug the wires from the circuit board, and unscrew any retaining screws and 
remove the transducer. Cut the mini plug off, carefully strip the insulation from the 
ends of the wires and extend them by about 18" with 2 thin lengths of hookup wire. 
These pietzo devices make good earphones for crystal sets and can be housed in 
an old pair of ear muffs. 


Miscellaneous Materials: 
A Tic Tac box (smaller size) 


A piece of matrix board at least 7 holes long by 8 holes across. Cut the board to fit 
neatly inside the Tic Tac box. 


A short length of 2 differently coloured wires 60 mm in length and 2 crocodile clips 
with red and black plastic covers 


A length of antenna wire at least 25 metres long and a 3 metre length of a different 
colour for the Ground wire. 


A metal rod or cold water pipe for the ground stake. Be careful which pipes you 
connect your Ground wire to. 


You will need a small sharp object for punching holes in the Tic Tac box. 


A small pair of wire cutters for cutting and stripping wires. 
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Step 2: How a Crystal Radio Works 
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Radio signals consists of two parts - the ‘carrier wave' which is the AM radio 
station's frequency of operation, and the 'program signal’ which is mixed with the 
carrier wave for transmission. 


Radio waves travel out from the AM transmitter tower through the atmosphere. We 
want to capture one specific frequency so we can listen to it, so we need the 
antenna/ground wire system to capture that signal. We also need a 'tuned circuit’ 
that will filter out the desired AM signal, and discard the rest, so that all the other 
unwanted radio signals pass out through the ground wire to earth. 


Two components in our circuit will perform that task for us. The capacitor C1, 
together with L1 inductor, form a basic 'series tuned' circuit. Their respective values 
will determine just which local AM radio station we will capture. 


We also need a diode to ‘detect! the voice and music, so we can hear them in our 
earphone, which transduces electrical signals into sound waves that we can hear. 


In the photo above you can see a completed Tic Tac crystal radio. It is already 
inside the box. The other set is connected to the antenna/ground wire circuit, 
undergoing a ‘soak test’. It is necessary to do this to ensure that the radio will work 
once inside the box! 


The first diagram shows a typical antenna wire installation. Coming out of a 
window, the wire is anchored to the building and then over some distance (10 
metres +) to a nearby tree or other building. 


You must take great care not to erect antenna wires near to power or telephone 
cables, near your home! 


The ground wire comes out the same window and is anchored to a metal 
pipe/water pipe or metal ground stake, embedded in soft, moist soil. 


You must not connect ground wires to electrical mains wiring installations, including 
wall power outlets! 


Another electrical hazard to consider is lightning strikes! Although it is very rare for 
anyone to be seriously injured or die from a lightning strike it is not impossible. So, 
if you hear a thunderstorm coming your way (you may hear the lightning 'crashes' 
in your earphone first,) then disconnect your antenna wire immediately, connect it 
to the ground wire and put it well up out of the way. Stay well clear of this temporary 
antenna/ground connection until the storm has completely passed away from your 
general area - miles away! 
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Step 3: How to Build the Tic Tac Crystal Radio Set 
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1. Take the components and lay them out on a clean surface. 


2. Take the square of matrix board (this is also called 'perf board' because of all the 
holes or perforations in the material) and beginning with the 220uH (UH = micro- 
Henry) and place it as shown in the diagram. 


3. Then take the diode, capacitor and resistor and place them in the places shown 
for them, making sure that the coloured band at one end of the diode joins with the 
resistor wire, as shown 


4. Then take each junction where wires come together through their respective 
holes and gently twist them together, until they form a neat, tight bundle. Take your 
side cutters and cut off any excess length, taking care not to cut any one wire too 
short, so that it comes undone from the join. 


.5. Take the link wire, strip 2 centimetres of insulation from each end of the wire and 
install that wire between the free ends of the inductor and resistor, and the matrix 
board construction is complete. 


6. Then take the ceramic earphone, cut the plug off the end, and strip the 2 wire 
ends about 1.5 centimetres in length. Wrap each earphone wire around each end 
of the resistor component, underneath the matrix board. 


7. Finally, strip the insulation off both ends of the 60mm long differently coloured 
wires, and attach them to the matrix board - one goes to the inductor/link wire 
junction and this will be the Ground connection wire. Attach the other one to the 
free end of capacitor C1 and this will be the antenna wire connection. Both 
connections are made underneath the matrix board. The Nic Nac Tic Tac Crystal 
Radio is now ready for testing. 
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nal Checks and Installation of Wires 


Step 4: 


When you've finished constructing the matrix board circuit and have clipped all the 
excess component leads off, puncture three (3) holes in the Tic Tac box - 2 small 
holes on the top lid of the box, about an inch (24mm) apart, so that your antenna 
and ground wire leads can come through the box lid, and be connected to the 
matrix board at those 2 points. 


Feed the wires through the holes and then tie small knots in each one, near the 
underside of the box lid, so that they won't pull back out if strained, and disconnect 
themselves from the matrix board. 


Then make one larger hole in the centre of the bottom of the box (clear part) so that 
your earphone wires can be fed through to the connecting points on that part of the 
matrix board. Tie a larger knot in the earphone lead so as to prevent it from pulling 


out of the box if it is strained. Strip the insulation off the earphone leads, and wrap 
them around the matrix board leads at those 2 points. You are now ready to test out 
the Nic Nac Tic Tac Crystal Radio. 
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Take your finished Tic Tac Radio (with the lid part gently pushed back inside the top 
of the box) and connect your Antenna and Ground wires to the lead outs from the 
box lid. Place the earphone in/over your ear,and listen carefully for a local AM radio 
station. This crystal radio is a simple one, and you may have to make one or two 
adjustments to the components, before you succeed in receiving one or more local 
AM radio stations, in your area. 


If you can't hear anything in the earphone, don't panic. It might just be a simple 
wiring mistake, which is easily fixed. Go back over all of the steps, making sure that 
you have the right value components from the electronics store. Make sure that 
each component is in the right place on the matrix board, (don't confuse the L1 
inductor with the R1 resistor - they look a lot like each other!) and that no 
component wires have come undone from the twisted joins you have just made. I'll 


be writing up a troubleshooting step soon, so if you run into any problems, post 
your questions in the ‘comments’ section down at the bottom of the page, and I'll try 
and answer them as soon as possible. 


Make sure that your antenna and ground wires aren't snagged on anything metal or 
anything dangerous! 


If you have ANY doubts about the electrical safety of your antenna or ground wires, 
then consult a licensed electrical trades person, who will be able to advise you on 
electrical safety principles and procedures! 


Always remember that electrical safety is your responsibility! If you don't think it is 
safe to proceed, then don't! 


You will need at least 10 to 15 metres of antenna wire, strung between 2 insulating 
points (not connected to anything metallic, or that gets wet,) at least 2 to 3 metres 
in height - anything less than this minimum arrangement may mean that you cannot 
receive any signals at all. 


Some places are regarded as 'radio dead spots’, so you may need to try an open 
space, such as a park or a remote corner of a beach. If you do erect antenna and 
ground wires in public places, hang some streamers or balloons off of them, to alert 
people to their presence, otherwise people going past may become entangled with 
them - and get cranky with you!!! 


As a final word for now, you'll be happy to know that the completed "Nic Nac Tic 
Tac Radio" shown in the picture above, picked up local AM radio station 1116 khz 
4BC here in Brisbane, with a very clear signal and quite good volume. It works! So 
be safe kids, have some fun and look forward to more... mk484 
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Step 6: Nic Nac Extras 


If you've built your Tic Tac crystal set and found that you can't receive a local AM 
radio station yet - don't panic - help is in on the way. You have just built the simplest 
version of the Tic Tac crystal radio and you may need to add one more component 
part for it to work properly. This is called a 'polyvaricon' - a miniature tuning 
capacitor, which can vary the frequency that your radio will receive at. You can see 
a picture of one up above - the small white box with the black knob next to it. It has 
3 connecting tags - the one in the middle ('G') goes to the moving plates and the 
shaft, while the 2 outer tags ('O' and 'A’) go to 2 sets of fixed plates. the smaller set 
of plates has a value of 60pF - pF is short for 'picoFarad' - a unit of measurement 
for capacitance. The larger set of plates is valued at 160 pF so that the combined 
value of the polyvaricon is 220 pF - or 220 picoFarads. 


The other picture shows you what happens inside a basic tuning capacitor. there 
are 2 sets of metal plates - one set is fixed and the other set moves on a rotating 
shaft, connected to the tuning knob of your radio set. Both sets of plates are 

mounted on an insulating frame so that they won't 'short out' by touch each other. 


The fixed capacitor C1, was chosen to tune somewhere close to the middle of the 
AM radio band. This band of frequencies starts at 531 kilohertz (Khz) and goes as 
far as 1701 Khz here in Australia. So we need a combination of coil and capacitor 
which will tune across all of those frequencies. Our simple Tic Tac radio is known 
as a 'series tuned' set. If you look at the circuit diagram, you can see electronic 
symbols for all components in the radio set.If you start at the top with the antenna 
symbol, you can see the capacitor C1 underneath that, the inductor L1 underneath 
C1 and then finally, the ground symbol - all wired in series with each other. 


The diode D1 detector, the resistor and the earphone plus the link wire, can be 
considered as one block - the "detector unit". The Antenna wire, ground wire, 
inductor/coil and capacitor/polyvaricon, can be also be considered as another block 
- the "tuned circuit". So joining both blocks together, we have the tuned circuit that 
tunes in only one frequency, passing all other unwanted signals out through the 
ground wire to earth. This one 'tuned frequency’ passes through the diode detector, 
which strips away the 'carrier wave' and leaves only the ‘program signal’ (voice, 


music etc,) behind, which is then fed via the resistor into the earphone. The 
earphone changes electrical impulses from the diode detector, into sound waves 
that we can hear. You need the R11 resistor to provide a pathway for the signals 
going through the diode, out to the ground wire connection. Without this resistor, 
the signals would sound very distorted and you couldn't hear the program signal 


very clearly. 


Add Tip Ask Question 


Step 7: Adding the Polyvaricon Tuning Capacitor 
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If you want to expand the tuning range of your Tic Tac Radio, than all you have to 
do is a simple modification (change) to the circuit of your radio set. You can see 
from the 2 pictures above, that there's an alternative way of building the crystal 
radio - you can use the matrix board method or you can use a 4 way screw terminal 
strip. 


To use the screw terminal version, cut yourself a 4 way strip of terminals as shown 
in the diagram and pictures. Undo the screws right out as far as they will go without 
falling out of the strip. Connect the component leads and wires from the 
antenna/ground system as well as the earphone wires. Cut off any excess from 
component leads that you don't need. Wrap thin wires from the antenna/ground 
system and the earphones, around the thicker component leads before screwing 
the screws in tight. 


Regardless of which method you have used, all we will now wire up the tuning 
capacitor between the actual Antenna wire and the junction (join) where the diode 
D1, the fixed capacitor C1 and one end of the inductor meet. Remove the capacitor 
from the matrix board, and connect the Antenna lead out wire straight to the join of 
the diode and inductor. Then take the polyvaricon and another piece of wire. Strip 
both ends of that wire and join the two outer tags (tagged 'O' and 'A' - the centre on 
is tagged 'G') and then connect you actual Antenna wire to one of the outer tags. 
Connect the antenna lead out wire, coming out of the box, to the 'G' (middle) tag of 
the tuning capacitor,so that the antenna wiring now looks like the picture up above. 


If you're having problems following the pictures, then refer to the diagrams, which 
clearly shows all of the connections Make sure your ground wire is connected to 
the set, and then, listening with your earphone in/over your ear, slowly turn the 


tuning cap's flat knob, until you hear one or more stations. Congratulations - you 
now have a "tuneable" Tic Tac crystal set! Happy listening! And don't forget to post 
in your results, questions, problems etc... mk484 :) 


Add Tip Ask Question 


Step 8: Tic Tac One Transistor Amplifier - Use Your Earbuds 


and Hear Great Sound... 
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Hi there folks - this isn't really an extra 'Step' as such - it's a sneak preview ata 
picture of my upcoming Instructable for a one transistor amplifier, which will connect 
to the Tic Tac Radio - and give you some really good volume - in your Iphone 


earbuds! 


Yes, it's entirely possible nowadays, with modern circuit design, to fit a one 
transistor amp in such a small space (yes kiddies - it WILL fit inside the smaller Tic 
Tac box...) and at the same time, get that great sound that comes from those 
“inside your ear" type earbuds. 


This circuit took me about a half hour to complete, uses only 3 electronic 
components, costing about $1.00, a stereo earphone jack and a 1.5 volt AAA 
battery and plastic holder costing about another $3 to $4, so you can build the 
amplifier for about $5 all up - don't forget to shop around and - mums and dads - 
cheap batteries will be OK for this project, and the battery can simply be replaced 
without soldering or undoing half a dozen screws.... 


| can hear my Tic Tac Radio with great volume and clarity - and so will you, so "stay 
tuned" (ha ha ha) to this series of Instructables, and you will hear great sound too... 


mk484 


Add Tip Ask Question 
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INDEX 


Analogue Multimeter Pressure Cell 
Buying A Multimeter Resistance - measuring 
Current - measuring TEST 
Digital Multimeter Using A Multimeter 
Diode - measuring Voltage - measuring 
to Index 
TWO MULTIMETERS 


There are basically two different types of MULTIMETER. ANALOGUE and DIGITAL 
Analogue Multimeters have a NEEDLE or POINTER that moves across a scale. 


Digital Multimeters have a numeric display of 3 or more digits. A Digital Multimeter with 
3% digits means the first digit shows only "1." 


You really need both types to cover the number of tests needed for designing and 
repair-work. We will discuss how they work, how to use them and some of the 
differences between them. 


The black (negative lead) ALWAYS stays in the 
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black hole and the red lead changes to the 
other red hole to measure 10 amps 


to Index 


BUYING A MULTIMETER 


There are many different types on the market. 

The cost is determined by the number of ranges and also the extra features such as 
diode tester, buzzer (continuity), transistor tester, high DC current and others. 
[Since most multimeters are reliable and accurate, buy one with the greatest 
number of ranges at the lowest cost. The cheapest multimeters are on eBay. 

This article explains the difference between an analogue meter and a digital meter. 


Multimeters are sometimes called a "meter", a "VOM" (Volts-Ohms-Milliamps or 
‘Volt Ohm Meter) or "multi-tester" or even "a tester" - they are all the same. 


‘One term used to describe a DIGITAL MULTIMETER is 312 digits. 

This is the number of digits on the display. The first digit is usually made from two 
pixels and can only produce "1." This is called a half-digit. The other digits are full 
digits. The cheapest digital multimeters have 3% digits. This will produce a reading 
lof 1999 and the decimal point can produce values from 1.999 to 19.99 to 199.9 to 
1999, 

Another term is DISPLAY COUNTS. This is connected with the accuracy of the 
display, but since digital meters are accurate to 1% or less and we are using 
resistors with an accuracy of 5%, even a $10.00 digital meter will be perfect. 


to Index 


USING A MULTIMETER 

Analogue and digital multimeters have either a rotary selector switch or push 
buttons to select the appropriate function and range. Some Digital Multimeters 
(DMMs) are auto ranging; they automatically select the correct range of voltage, 
resistance, or current when doing a test. However you need to select the function. 


Before making any measurement you need to know what you are checking. If you 
lare measuring voltage, select the AC range (10v, 50v, 250v, or 1000v) or DC range 
(0.5v, 2.5v, 10v, 50v, 250v, or 1000v). If you are measuring resistance, select the 
Ohms range (x1, x10, x100, x1k, x10k). If you are measuring current, select the 
appropriate current range DCmA 0.5mA, 50mA, 500mA, 10A. Every multimeter is 
different however the photo below shows a low cost Analogue multimeter with the 
basic ranges. 
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An ANALOGUE MULTIMETER 


The most important point to remember is this: 
You must select a voltage or current range that is bigger or HIGHER than the 
maximum expected value, so the needle does not swing across the scale and hit the 
"end stop.” 

If you are using a DMM (Digital Multi Meter), the meter will indicate if the voltage or 
current is higher than the selected scale, by showing "OL" - this means "Overload." 
{If you are measuring resistance such as 1M on the x10 range the "OL" means 
"Open Loop" and you will need to change the range. Some meters show "1' on the 
display when the measurement is higher than the display will indicate and some 
flash a set of digits to show over-voltage or over-current. A"-1" indicates the leads 
should be reversed for a "positive reading." 

If it is an AUTO RANGING meter, it will automatically produce a reading, otherwise 
the selector switch must be changed to another range. 


Atypical DIGITAL Multimeter 
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The Common (negative) lead ALWAYS fits into 
the "COM" socket. The red lead fits into the 
red socket for Voltage and Resistance. 
Place the red lead (red banana plug 
into "A" (for HIGH CURRENT "Amps' 

or mA,uA for LOW CURRENT. 


||The black "test lead" plugs into the socket marked "-"_ "Common", or "Com," and 
the red "test lead" plugs into the meter socket marked "+" or "V-W-mA." The third 

banana socket measures HIGH CURRENT and the positive (red lead) plugs into this. 

You DO NOT move the negative "-" lead at any time. 

The following two photos show the test leads fitted to a digital meter. The probes 

land plugs have "guards" surrounding the probe tips and also the plugs so you can 
measure high voltages without getting near the voltage-source. 


Analogue meters have an "Ohms Adjustment" to allow for the change in voltage of 
the battery inside the meter (as it gets old). 
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is also called "ZERO SET" 
ivity of this meter is 20,0000hms/volt 
on the DC ranges and 5k/v on the AC ranges 


Before taking a resistance reading (each time, for any of the Ohms scales) you 
need to "ZERO SET" the scale, by touching the two probes together and adjust the 
pot until the needle reads "0" (swings FULL SCALE). If the pointer does not reach 
full scale, the batteries need replacing. Digital multimeters do not need "zero 
ladjustment." 


to Index 


ANALOGUE Vs DIGITAL 

You cannot say one meter is better than the other because BOTH have advantages 
and disadvantages. 

‘An analogue multimeter is the "old style" and it puts a load on a circuit and this 
may change the reading to give an incorrect readout, but it has the advantage of 
the needle moving across the scale fairly quickly so you can sometimes see if the 
voltage is fluctuating. 

{It also gives a more-accurate result in some high frequency circuits as it does not 
pick up stray fields and produce a false reading. 

Digital meters put almost no load on a circuit and produce accurate readings from 
both low-impedance and high-impedance circuits. 

Digital meters can display very low resistances. 

You must remember to turn a Digital meter OFF to prevent the battery going flat. 


{If you are testing a circuit containing a high-frequency oscillator, use BOTH an 
ANALOGUE and DIGITAL meter to check the reading. Sometimes the leads of a 
Digital multimeter will pick up signals and create a false reading. 

Sometimes you will get a voltage reading with a Digital multimeter due to a high 
resistance leak and a zero reading with an Analogue meter. This is why you need 
BOTH meters. 


to Index 


MEASURING VOLTAGE 

Most of the readings taken with a multimeter will be VOLTAGE readings. 

Before taking a reading, you should select the highest range and if the needle does 
not move up scale (to the right), you can select another range. 

Always switch to the highest range before probing a circuit and keep your fingers 
away from the component being tested. 

{If the meter is Digital, select the highest range or use the auto-ranging feature, by 
selecting "V." The meter will automatically produce a result, even if the voltage is 
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AC or DC, 

{If the meter is not auto-ranging, you will have to select Y™ if the voltage is from a 
DC source or V~ if the voltage is from an AC source, DC means Direct Current (but 
this does not mean you select the CURRENT range - you are taking a voltage 
reading that is not rising and falling. That's why we say it is DC and do not say the 
words "direct current"). The voltage Is coming from a battery or supply where it is 
steady and not "rising and falling.” 

You can measure the voltage at different points in a circuit by connecting the black 
probe to chassis. This is the Ov reference and is commonly called "Chassis" or 
"Earth" or "Ground" or "Ov." 

The red lead is called the "measuring lead" or "measuring probe" and it can 
measure voltages at any point in a circuit. Sometimes there are "test points" on a 
circuit and these are wires or loops designed to hold the tip of the red probe (or a 
red probe fitted with a mini clip). 

You can also measure voltages ACROSS A COMPONENT. In other words, the reading 
is taken in PARALLEL with the component. It may be the voltage across a transistor, 
resistor, capacitor, diode or coil. In most cases this voltage will be less than the 
‘supply voltage. 

{If you are measuring the voltage in a circuit that has a HIGH IMPEDANCE, the 
reading will be inaccurate, up to 90% !1!, if you use a cheap analogue meter. 


Here's a simple case. 

The circuit below consists of two 1M resistors in series. The voltage at the mid point 
‘will be Sv when nothing is connected to the mid point. But if we use a cheap 
analogue multimeter set to 10v, the resistance of the meter will be about 100k, if 
the meter has a sensitivity of 10k/v and the reading will be incorrect. 

Here how it works: 

Every meter has a sensitivity. The sensitivity of the meter is the sensitivity of the 
movement and is the amount of current required to deflect the needle FULL SCALE. 
This current is very small, normally 1/10th of a milliamp and corresponds to a 
sensitivity of 10k/volt (or 1/30th mA, for a sensitivity of 30k/v). 

{If an analogue meter is set to 10v, the internal resistance of the meter will be 100k 
for a 10k/v movement. 

{If this multimeter is used to test the following circuit, the reading will be inaccurate. 
The reading should be Sv as show in diagram A. 

But the analogue multimeter has an internal resistance of 100k and it creates a 
circuit shown in C. 

The top 1M and 100k from the meter create a combined PARALLEL resistance of 
90k. This forms a series circuit with the lower 1M and the meter will read less than 
1v 

{If we measure the voltage across the lower 1M, the 100k meter will form a value of 
resistance with the lower 1M and it will read less than 1v 

{If the multimeter is 30k/v, the readings will be 2v, See how easy itis to get a totally 
inaccurate reading. 
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{If the reading is taken with a Digital Meter, it will be more accurate as a DMM does 
||not take any current from the circuit (to activate the meter). In other words it has a 
very HIGH input impedance. Most Digital Multimeters have a fixed input resistance 
(impedance) of 10M - no matter what scale is selected. That's the reason for 
choosing a DMM for high impedance circuits. It also gives a reading that is accurate 
ito about 1%. 


to Index 


MEASURING VOLTAGES in a CIRCUIT 

You can take many voltage-measurements in a circuit. You can measure "across" a 
component, or between any point in a circuit and either the positive rail or earth rail 
(Ov rail). In the following circuit, the 5 most important voltage-measurements are 
shown. Voltage "A" is across the electret microphone. It should be between 20mV 
and 500mV. Voltage "B" should be about 0.6v. Voltage "C" should be about half-rail 
||voltage. This allows the transistor to amplify both the positive and negative parts of 
||the waveform. Voltage "D" should be about 1-3v. Voltage "E" should be the battery 
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MEASURING CURRENT 


You will rarely need to take current measurements, however most multimeters have 
DC current ranges such as 0.5mA, 50mA, S00mA and 10Amp (via the extra banana 
socket) and some meters have AC current ranges. Measuring the current of a 
circuit will tell you a lot of things. If you know the normal current, a high or low 
current can let you know if the circuit is overloaded or not fully operational. 


[Current is always measured when the circuit is working (i.e: with power applied) 

‘It is measured IN SERIES with the circuit or component under test. 

The easiest way to measure current is to remove the fuse and take a reading across 
the fuse-holder. Or remove one lead of the battery or turn the project off, and 
measure across the switch. 

‘If this is not possible, you will need to remove one end of a component and 
measure with the two probes in the "opening." 

Resistors are the easiest things to desolder, but you may have to cut a track in 
some circuits. You have to get an "opening" so that a current reading can be taken. 
The following diagrams show how to connect the probes to take a CURRENT 
reading. 

Do not measure the current ACROSS a component as this will create a "short- 
circuit." 

The component is designed to drop a certain voltage and when you place the 
probes across this component, you are effectively adding a "link" or "jumper" and 
the voltage at the left-side of the component will appear on the right-side. This 
voltage may be too high for the circuit being supplied and the result will be 
damage. 
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Do NOT measure the CURRENT of a battery 
(by placing the meter directly across the terminals) 
A battery will deliver a very HIGH current 
and damage the meter 


Do not measure the "current a battery will deliver" by placing the probes across the 
terminals. It will deliver a very high current and damage the meter instantly. There 
Jare special battery testing instruments for this purpose. 
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When measuring across an "opening" or "cut," place the red probe on the wire that 
supplies the voltage (and current) and the black probe on the other wire. This will 
produce a "POSITIVE" reading. 

A positive reading is an UPSCALE READING and the pointer will move across the 
scale - to the right. A "NEGATIVE READING" will make the pointer hit the "STOP" at 
the left of the scale and you will not get a reading. If you are using a Digital Meter, 
/@ negative sign "-" will appear on the screen to indicate the probes are around the 
wrong way. No damage will be caused. It just indicates the probes are connected 
incorrectly. 

‘If you want an accurate CURRENT MEASUREMENT, use a digital meter. 
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MEASURING RESISTANCE 

Turn a circuit off before measuring resistance. 

If any voltage is present, the value of resistance will be incorrect. 

[In most cases you cannot measure a component while it is in-circuit. This is because the 
meter is actually measuring a voltage across a component and calling it a "resistance." 
The voltage comes from the battery inside the meter. If any other voltage is present, the 
meter will produce a false reading. 

‘If you are measuring the resistance of a component while still "in circuit," (with the 
power off) the reading will be lower than the true reading. 


Measuring resistance 
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Measuring resistance of a heater 
(via the leads) 


resistance 
wire 


Measuring the resistance of a resistor 
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Do not measure the “Re: 


tance of a Battery” 


1. Do not measure the "resistance of a battery." The resistance of a battery (called the 
‘Internal impedance) is not measured as shown in the diagrams above. It is measured by 
creating a current-flow and measuring the voltage across the battery. Placing a 
multimeter set to resistance (across a battery) will destroy the meter. 
2. Do not try to measure the resistance of any voltage or any "supply. 


Resistance is measured in OHMs. 
The resistance of a 1cm x 1cm bar, one metre long is 1 ohm. 

‘If the bar is thinner, the resistance is higher. If the bar is longer, the resistance is higher. 
‘If the material of the bar is changed, the resistance is higher. 

When carbon is mixed with other elements, its resistance increases and this knowledge 
is used to make RESISTORS. 

Resistors have RESISTANCE and the main purpose of a resistor is to reduce the 
CURRENT FLOW. 

‘It's a bit like standing on a hose. The flow reduces. 

When current flow is reduced, the output voltage is also reduced and that why the water 
does not spray up so high. Resistors are simple devices but they produce many different 
effects in a circuit. 

A resistor of nearly pure carbon may be 1 ohm, but when non-conducting "impurities" 
are added, the same-size resistor may be 100 ohms, 1,000 ohms or 1 million ohms. 
Circuits use values of less than 1 ohm to more than 22 million ohms. 


Resistors are identified on a circuit with numbers and letters to show the exact value of 
resistance - such as 1k 2k2. 4M7 

The letter Q (omega - a Greek symbol) is used to identify (or express) (or represent) 
the word "Ohm." 

But this symbol is not available on some word-processors, so the letter "R" is used. The 
letter "E" is also sometimes used and both mean "Ohms." 

A one-ohm resistor is written "IR" or "1E." It can also be written "1RO" or "1E0." 

A resistor of one-tenth of an ohm is written "OR1" or "OE1." The letter takes the place 
lof the decimal point. 

10 ohms = 10R 

100 ohms = 100R 
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1,000 ohms = 1k (k= kilo = one thousand) 
10,000 ohms = 10k 

100,000 ohms = 100k 

1,000,000 ohms = 1M (M = MEG = one million) 


The size of a resistor has nothing to do with its resistance. The size determines the 
lwattage of the resistor - how much heat it can dissipate without getting too hot. 
Every resistor is identified by colour bands on the body, but when the resistor is a 
surface-mount device, numbers are used and sometimes letters 

You MUST learn the colour code for resistors and the following table shows all the 
colours for the most common resistors from 1/10th of an ohm to 22 Meg ohms for 
resistors with 5% and 10% tolerance. 


1R0, ee IE » 
it | | Soas% tard band is gold, Divide by 10 


GEoiro GINM10R if 3rd band is silver, Divide by 100 
Se Bay (to get 0.220hms etc) 
Row siyer goto BLACK = BROWN RED gRANGE YELLOW ——gREEN 
10 GE TOR 1 1K0 BD 10k BL 100K 


OB 1k3 BOG 13k BHO130« 
J 15 GO 15k GO 150K 


(0B 1ks BOG 18k BOO 180K 
 2K0 ME) 20k BL 200K 


|i ssor BOM cks BOD 6sk BOL 680K 

10 A75 GO 7A5 GE 75R BS 750n SS 7s BO 75x WO 750K 

IM Re2 BI 2 GI 62h OB s20r OS sk2 Dh Kk GI 

24-0180 R31 OB 9F1 OO 91 CO 910R OG 9k1 OS 91k OBO s10K 
COLOR CODES FOR THE WHOLE £12/E24 RANGE OF RESISTORS 

The twelve odd rows- 1, 3, 5..- represent values available in the E12 range only, plus 10M 


JM R63 BOM ces BOM esr 


BOGB 
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MAKE YOUR OWN RESISTOR 


Make your own variable resistor that changes resistance according to the pressure. 
Use a piece of conductive foam used to package Integrated Circuits. You can ask at 
Jan electronics shop. 

Use two coins or pieces of printed circuit board or aluminium foil for the top and 
bottom conductors. 

You can solder wires to the PC board or fold the aluminium foil over a few times to 
hold the wires. 

The resistance of the foam will reduce as you press on the "cell." 

The actual resistance-values will depend on the size of the foam, the thickness and 
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pressure. 
This cell is a very simple cell called a LOAD CELL. 


The top and bottom "plates" 


The foam is placed between the plates. 


The complete LOAD CELL 
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The resistance of the unloaded LOAD CELL 


‘The fully loaded resistance can be as low as 9,330 ohms 
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||MEASURING CONTINUITY 

CONTINUITY is the same as ZERO OHMS or the resistance of a short length of 
‘wire. It can also mean the resistance through a switch or globe or a low-value 
resistor. 

‘It basically means a "PATH" and sometimes refers to a whole circuit when the 
‘switch is closed. In other words CONTINUITY means we have a "circuit." We have 
"current flowing" and generally refers to a low-resistance circuit. 

Both ANALOGUE and DIGITAL multimeters can measure CONTINUITY and you have 
to work out the approximate value of resistance for the circuit you are testing, - 

|| BEFORE TAKING A READING. 

||If the reading is above 300 ohms or contains a diode, you cannot use a DIGITAL 
MULTIMETER as the buzzer on the continuity setting will not respond. 


The project being tested must not have the power applied as the resistance ranges 
on a multimeter are actually measuring a voltage across the leads and any voltage 
jon the circuit or contained in any electrolytics, will upset the reading. 


To take a reading with an ANALOGUE multimeter, select the x1 setting and the 
pointer will move across the scale to the actual value of resistance. 

‘It it move full scale, you have ZERO OHMS resistance and this can mean a short- 
circuit or continuity via a wire. 

{If a diode is in the circuit you must also reverse the leads to get a reading. 

The resistance of a globe will be very low when it is not illuminated, so don't think a 
fault is present, 

Measuring CONTINUITY is the same as measuring LOW RESISTANCE. 
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To take a reading with a DIGITAL multimeter, select the buzzer setting. It will 
respond if the resistance is less than 300 ohms. It will not respond if a diode is in 
ithe circuit. 


Meter set to BUZZER - CONTINUITY 


You can also use the x1 resistance setting to get an accurate value of resistance. 
Touch the probes together to get the initial reading and subtract this value from the 
final reading. 

When probing a circuit containing electrolytics, you may get a beep from the buzzer. 
This indicates the resistance is low because the multimeter is charging the 
electrolytic and it will beep until the electrolytic is charged to about 0.7v. 

The same applies when probing across the power rails of a circuit. The circuit may 
contain electrolytics that will charge when probing and the buzzer will beep. 

The Digital multimeter is actually detecting a voltage less than 0.7v across the 
probes and is created by a voltage-divider network inside the meter. 

The voltage divider put 2v across the probes and when this drops to less than 0.5v, 
the buzzer is activated. That why it odes not buzz when testing a diode as the diode 
drops the voltage to 0.6v. 


to Index 


MEASURING A DIODE 

A diode can be measured to see if it is "open" or "damaged" or "working" by placing 
the probes across the component. 

{If the diode is "open" (it will not work), the needle will NOT swing across the scale 
when touching the component with the probes in one direction or when the probes 
are reversed. 

{If the diode is "damaged" (does not work), the needle will swing fully across the 
‘scale when touching the component with the probes in one direction or when the 
probes are reversed. 

‘If the diode is FUNCTIONAL, (works) the needle will swing about mid-way when 
touching the leads of the diode in one direction and it will not move when the 
probes are reversed. 


WHY? 

The positive of the battery inside an analogue multimeter comes out the black 
probe and that is why you will get a reading when the probers are "around the 
wrong way." The needle will swing a different amount for each resistance setting on 
the dial as the needle represents 0.6v drop and NOT an actual resistance. 


There are two things you must remember. 
1. When the diode is measured in one direction, the needle will will not move at 
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all. The technical term for this is the diode is reverse biased. It will not allow any 
current to flow. Thus the needle will not move. 

When the diode is connected around the other way, the needle will swing to the 
right (move up scale) to about 80% of the scale. This position represents the 
voltage drop across the junction of the diode and is NOT a resistance value. If you 
change the resistance range, the needle will move to a slightly different position 
[due to the resistances inside the meter. The technical term for this is the diode is 
forward biased. This indicates the diode is not faulty. 

The needle will swing to a slightly different position for a "normal diode" compared 
to a Schottky diode. This is due to the different junction voltage drops. 

However we are only testing the diode at very low voltage and it may break-down 
when fitted to a circuit due to a higher voltage being present or due to a high 
‘current flowing. 


2. The leads of an Analogue Multimeter have the positive of the battery 
connected to the black probe and the readings of a "good diode" are shown in the 
following two diagrams: 


The diode is REVERSE BIASED in the 
diagram above and diodes not conduct. 


Here is the equivalent circuit: 


The diode is FORWARD BIASED in the 
diagram above and it conducts 
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TESTING A DIODE ON A DIGITAL METER 

A Digital multimeter will measure the voltage-drop across the diode when the 
probes are connected in one direction (approx 0.640 on the scale) and a high 
reading (1) in the other direction. You need to select the "DIODE" setting on the 
dial as the other settings will produce a meaningless reading. 


Basic Electronics 1A 


Zathode (KJ 
Some DIGITAL MULTIMETERS will show mV drop 
across the diode when the setting on the meter is 
“diode" or the "x1" or "x10" resistance range. 


to Index 


TESTING A LED 

[Some muttimeters will test LEDs. 

It depends on the voltage of the battery inside the case of the multimeter. 

Many analogue multimeters have a single 1.5v cell and these cannot test LEDs. 
‘Analogue Multimeters with 3v (for the resistance ranges) can test some LEDs. 
White LEDs need about 3.6v and they may not illuminate on 3v. 
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The negative lead of an ANALOGUE meter is POSITIVE! 
The multimeter must have 3v (2 cells) 


Digital multimeters have a Sv battery and they will illuminate all colour LEDs when the leads are 
placed as shown in the diagram: 


A Digital meter will illuminate all LEDs and the black probe 
touches the cathode. 


to Index 


TESTING A TRANSISTOR WITH A DIGITAL METER 

Testing a transistor with a Digital Meter must be done on the "DIODE" setting as a 
digital meter does not deliver a current through the probes on some of the 
resistance settings and will not produce an accurate reading. 

The "DIODE" setting must be used for diodes and transistors. It should also be 
called a "TRANSISTOR" setting. 


TESTING A TRANSISTOR WITH AN ANALOGUE METER 
‘The first thing you may want to do is test an unknown transistor for COLLECTOR, 
BASE AND EMITTER. You also want to perform a test to find out if it is NPN or PNP. 
That's what this test will provide. 

You need a cheap multimeter called an ANALOGUE METER - a multimeter with a 
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scale and pointer (needle). 

‘It will measure resistance values (normally used to test resistors) - (you can also 
test other components) and Voltage and Current. We use the resistance settings. It 
may have ranges such as "x10" "x100" "x1k" "x10" 

Look at the resistance scale on the meter. It will be the top scale. 

The scale starts at zero on the right and the high values are on the left. This is 
opposite to all the other scales. 

When the two probes are touched together, the needle swings FULL SCALE and 
reads "ZERO." Adjust the pot on the side of the meter ta make the pointer read 
jexactly zero 


Up-scale from the zero mark is "1" 

When the needle swings to this position on the "x10" setting, the value is 10 ohms. 
When the needle swings to "1" on the "x100" setting, the value is 100 ohms. 
When the needle swings to "1" on the "xk" setting, the value is 1,000 ohms = 1k. 
When the needle swings to "1" on the "x10k" setting, the value is 10,000 ohms 
10k. 

Use this to work out all the other values on the scale. 

Resistance values get very close-together (and very inaccurate) at the high end of 
the scale. [This is just a point to note and does not affect testing a transistor.] 


Step 1 - FINDING THE BASE and determining NPN or PNP 

|Get an unknown transistor and test it with a multimeter set to "x10" 

‘Try the 6 combinations and when you have the black probe on a pin and the red 
probe touches the other pins and the meter swings nearly full scale, you have an 
NPN transistor. The black probe is BASE 

{If the red probe touches a pin and the black probe produces a swing on the other 
two pins, you have a PNP transistor. The red probe is BASE 

{If the needle swings FULL SCALE or if it swings for more than 2 readings, the 
transistor is FAULTY. 


rN 
A 
X 
X 
7 
1 
pA 


a, 


This is an NPN transistor hist a NE translator 
The black probe is the BASE The redprobe is the BASE 


Step 2 - FINDING THE COLLECTOR and EMITTER 

/Set the meter to "10k." 

For an NPN transistor, place the leads on the transistor and when you press hard on 
the two leads shown in the diagram below, the needle will swing almost full scale. 
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Setto "x10k" 


the This isan 
POSITIVE N 
ofthe battery NE —_transistor 
in the meter ~y 
This is the NEGATIVE 
ofthe battery in the meter 
Here is the equivalent circuit: 
The fingeris 
“turning ON 
the transistor" 


base 


emitter 
You have found the Collector Base and Emitter 


For a PNP transistor, set the meter to "x10k" place the 


[swing almost full scale. 


leads on the transistor and 


when you press hard on the two leads shown in the diagram below, the needle will 


Set to “x10k" 


This is the This isa 
POSITIVE PNP 
ofthe battery transistor 
in the meter 


This is the NEGATIVE 
of the battery in the meter HERE 
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Here is the equivalent circuit: 


% The finger is 


“turning ON 
the transistor 


You have found the Collector Base and Emitter 


to Index 
For more details on testing components with a multimeter, see: 
Testing Electronic Components. 
to Index 
1. What is the reading on the multimeter: 
Answer 
to Index 


[2. What is the reading on the multimeter: 
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Answer 


to Index 


'3. What is the reading on the multimeter: 


Aw 


— 
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Answer 


to Index 


4. What is the voltage between the following points: 


Terminal block 


isish 
ez 
1s= s+ 


71~* 
(9 volts) Light bulb 
Between 1&3 Between 5&7 Between 3&8 Between 1&7 
Answer Answer Answer Answer 
to Index 


[5. What is the voltage on each multimeter: 


Meter’ Meter B Meter C 
Answer Answer Answer 


to Index 


(6. What is the voltage on each multimeter: 
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switch open 


saa el 


Meter'A: Meter B Meter 
Answer Answer Answer 
to Index 
7. What is the reading on the multimeter: 
Switch ON 
com 
G 


‘tp vivwwtalkingelectronies.comiprojects/BasicElectronics-1A/BasicElectronies-1A_Page7 html 


srei2018 Basic Electronics 1A 


Answer 


to Index 


8. The multimeter has three resistance ranges: x1 ohms x100 ohms x10k ohms. 
How far across the scale will the needle move on each range for a 4k7 resistor: 


x1 x100 «10k 
Answer Answer Answer 


to Index 


[9. The resistance ranges on an ANALOGUE multimeter use the battery inside the case to move 
the pointer. If the multimeter is left on "ohms range" with the probes apart, will the battery go 


flat? 
Answer 


to Index 


to Index 


PCB CAD, 
Fabrication 


& Assembly 
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This eBook shows you how to TEST COMPONENTS. 
To do this you need "TEST GEAR.” The best item of Test Gear is a 


MULTIMETER. It can test almost 90% of all components. And that's what we 


will do in this eBook: 


CONTENTS 


‘Analogue Multimeter 


Multimeters 


Audio Stages 
Batteries - testing 


Burnt Resistor 
Buying A Multimeter 


Non-polar Capacitor (electrolytic) 
Open Circuit 

"Open" Resistor - damaged 
Opto-couplers 


Capacitors 
Capacitors - decoupling caps 


Parallel - resistors 
Parallel and Series Capacitors 


Capacitors in Parallel 


Piezo Diaphragms 


Capacitor Substitution Box 


Piezo Buzzers 


Cells - batteries 
Circuit Symbols 

Co-Ax Cables 

Colour Code (Resistor) 
Coils 


Continuity 
Creating any value of R 


Potentiometers 

Pots - testing 

Power Diodes 

Power Supply -See Basic Electronics 1A 
Reed Switch 


Relays 
Remote Controls 


Current - measuring 
Current Sensing Resistors 


Resistor Colour Code 
Resistor Networks 


Current Transformer 


Resistors - series 


Damper Diodes 


Resistor Substitution Box 


Dartington Transistors 
Digital Chips 


Ripple Factor 
Schottky Diodes 


Digital Multimeter SCRs 
Digital Transistors Short Circuit 
Diodes replacing a diode Signal Injector 


Discharge a Capacitor 


Silicon diodes 


Earth Leakage Detectors 


Soldering 


Electrolytics 
FETs 


Fingers - to feel temperature 
Focus pots 

Fuses and 100mA fuses 
Germanium Diodes 


‘Spark Gaps 

Speaker 

Substitution Box 

‘Super Probe Mkil 
‘Surface Mount - Packs 
Surface-Mount Resistors 


Heatsinks 


Impedance - of a stage 
ICs - also called Digital Chips 


IC's - Analogue Chips 
in-Circuit” testing 


Surface-Mount Resistor Markings 
Switches 


Symbols 
Test Equipment 
Testing A Circuit 


Inductors 
Inductors - measuring 
Integrated Circuits 


Testing A Resistor 


Testing Components “In-Circuit" 
Transformers - current transformer 


Isolation Transformer 


Transformer Ratings 28v-0-28v 


Latching Reed Switch 


Transistor Outlines 


LEDs 
Logic Probe MkIIB 


Transistors 
Transistors Digital 


Logic Probe - Simple 
Logic Probe - using CD4001 


Triacs 
Unknown resistors - testing 


Logic Probe - using CD4011 


Using A Multimeter 


‘Making your own components 


Voltage Divider 


‘Measuring Resistance 


Voltage Regulators 


Measuring Voltage 


Voltages on a circuit 


Mica Washers and Insulators 


Wire Wound Resistor 


Motor - testing 
MOSFETs 


Yokes 
Zener Diod 


5-Band Resistors 
10-Turn Pots 


Use your "brain, knowledge and your fingers." 
Before we start, fixing anything is a combination of skill, luck and good diagnosis. 
Sometimes you can fix something by letting it run until it finally fails. 

Some things start to work as soon as you touch them. 


Some things can never be fixed. 


But some things can be fixed by feeling the temperature rise and deciding if it is 


getting too hot. 


Sometimes you can smell something getting too hot. 


Sometimes you can see SMOKE. 


All these things make you a very clever technician and about 50% of faults will be 
fixed by looking for dry joints, burnt parts, overheating and carefully inspecting an 


item before you disturb it. 


By simply touching different items you can quite often feel a hot item and home-in 
on the fault - at a saving of hours of work. 

Servicing is not "A bull at a gate" approach. 

You may be able to service something by turning it on and leaving it for hours - and 
start thinking. 

It may take you a day to come up with the answer. 

Believe me. That's how it worked for me - while fixing over 35,000 TV's. 


TEST EQUIPMENT 


Everyone thinks TEST EQUIPMENT will "solve the problem." 

This is a big big MISTAKE. 

Test equipment can help solve a problem and it can "lead to frustration," "give an 
incorrect answer," "mess you up," and make things worse. 

You have to be very careful with test equipment and especially EXPENSIVE 
equipment because it is very sensitive and can detect pulses and glitches and 
voltages that are not affecting the operation of the circuit. 

You will learn a lot of tricks when reading through this article, but let me say two 
things. 

There are lots of faults and components that you cannot test with "test equipment" 
because they are either intermittent or the equipment does not load the device to 
the same extent as the circuit. 

And secondly you need both an ANALOGUE multimeter and a DIGITAL meter to 
cover all the situations. 

And if you are working on a car, you only need a $5.00 analogue meter because it 
will be dropped or fall into a crack, and you will only lose $5.00 

You will learn that a digital meter will pick up spikes and signals on a line and show 
an incorrect reading. 

That's why you need to back-up your readings with an analogue meter. 

When you charge a battery it gets a "floating voltage" and this will be higher than 
the actual voltage, when the battery is fitted to a project. An analogue meter will 
draw a slight current and remove the "floating voltage." 

Component testers can also give you a false reading, either because the component 
is out of range of the tester or intermittent and you need to be aware of this. 
Oscilloscopes can also display waveforms that are parts of glitches or noise from 
other chips and these do not affect the operation of the part of the circuit you are 
investigating. 

Sometimes you cannot pickup a pulse because it is not regular and the trigger on the 
oscilloscope does not show it on the screen. You may think it is missing. 

It all depends on the "speed of the oscilloscope" - it's maximum frequency of 
operation. 

Lastly- Power Supplies. You cannot test globes and motors on a power supply 
because the starting current can be 5 times more than the operating current. The 
power supply may not be able to deliver this high current and thus you will think the 
motor or globe is faulty. 


MULTIMETERS 


There are two types: 

DIGITAL and ANALOGUE 

A Digital Multimeter has a set of digits on the display and an Analogue Multimeter 
has a scale with a pointer (or needle). 

You really need both types to cover the number of tests needed for designing and 
repair-work. We will discuss how they work, how to use them and some of the 
differences between them. 


DIGITAL AND ANALOGUE MULTIMETERS 


BUYING A MULTIMETER 

There are many different types on the market. 

The cost is determined by the number of ranges and also the extra features such as 
diode tester, buzzer (continuity), transistor tester, high DC current and others. 
Since most multimeters are reliable and accurate, buy one with the greatest number 
of ranges at the lowest cost. 

This article explains the difference between a cheap analogue meter, an expensive 
analogue meter and a digital meter. You will then be able to work out which two 
meters you should buy. 


Multimeters are sometimes called a "meter", a "VOM" (Volts-Ohms-Milliamps or 
Volt Ohm Meter) or "multi-tester" or even “a tester" - they are all the same. 


USING A MULTIMETER 

Analogue and digital multimeters have either a rotary selector switch or push buttons 
to select the appropriate function and range. Some Digital Multimeters (DMMs) are 
auto ranging; they automatically select the correct range of voltage, resistance, or 
current when doing a test. However you need to select the function. 


Before making any measurement you need to know what you are checking. If you 
are measuring voltage, select the AC range (10v, 50v, 250v, or 1000v) or DC range 
(0.5v, 2.5v, 10v, 50v, 250v, or 1000v). If you are measuring resistance, select the 
Ohms range (x1, x10, x100, x1k, x10k). If you are measuring current, select the 
appropriate current range DCmA 0.5mA, 50mA, 500mA. Every multimeter is 
different however the photo below shows a low cost meter with the basic ranges. 


The most important point to remember is this: 

You must select a voltage or current range that is bigger or HIGHER than the 
maximum expected value, so the needle does not swing across the scale and hit the 
"end stop." 

If you are using a DMM (Digital Multi Meter), the meter will indicate if the voltage or 
current is higher than the selected scale, by showing "OL" - this means "Overload." If 
you are measuring resistance such as 1M on the x10 range the "OL" means "Open 
Loop" and you will need to change the range. Some meters show "1' on the display 
When the measurement is higher than the display will indicate and some flash a set 
of digits to show over-voltage or over-current. A"-1" indicates the leads should be 
reversed for a "positive reading.” 

If it is an AUTO RANGING meter, it will automatically produce a reading, otherwise 
the selector switch must be changed to another range. 


The Common (negative) lead ALWAYS fits into 
the "COM" socket. The red lead fits into the 
red socket for Voltage and Resistance. 
Place the red lead (red banana plug) 
into "A" (for HIGH CURRENT "Amps") 
or mA,uA for LOW CURRENT. 


The black "test lead" plugs into the socket marked "-" "Common", or "Com," and 
the red "test lead" plugs into meter socket marked "+" or "V-W-mA."_ The third 
banana socket measures HIGH CURRENT and the positive (red lead) plugs into this. 
You DO NOT move the negative "-" lead at any time. 

The following two photos show the test leads fitted to a digital meter. The probes 
and plugs have "guards" surrounding the probe tips and also the plugs so you can 
measure high voltages without getting near the voltage-source. 


What's the difference between sensitivity, 
resolution, and accuracy? 


RESOLUTION’ 


The emaliest portion 
of the signal that 

‘ean be measured 
‘and displayed on any 
range. Ths recolution 
on tse Moge! DMIM7S1O 
75-cigt DMM, 100mV 
range © 10rw. On tne 
1V range t © 100nV. 


‘change in the input 
signal that ean be 
detected. On 8 
100mrv range, thie 
DMM ic capabis of 
ae ercoua 
ene of nanovots (nV) 


ACCURACY AND REPEATABILITY 
Accuracy is getting the same == 


cg mag ae 
eee 
= 


‘A Toktronix Company 


The question above applies to both (every) type of multimeter and the type of meter 
you use depends on the accuracy you need. Sometimes you are looking for mV 
change on a 20v rail. Only a DMM will (or a CRO) will produce a result. 


Analogue meters have an "Ohms Adjustment" to allow for the change in voltage of 
the battery inside the meter (as it gets old). 


"Ohms Adjust" is also called "ZERO SET" 
The sensitivity of this meter is 20,0000hmsivolt 
on the DC ranges and 5kiv on the AC ranges 


Before taking a resistance reading (each time on any of the Ohms scales) you need 
to "ZERO SET" the scale, by touching the two probes together and adjust the pot 
until the needle reads "0" (swings FULL SCALE). If the pointer does not reach full 


scale, the batteries need replacing. Digital multimeters do not need "zero 
adjustment." 


FIXING A MULTIMETER 

A multimeter can get "broken" "damaged" and go "faulty." 

I don't know why, but eventually they stop working. 

It can be something simple like a flat battery, corroded battery contacts, broken 
switch or something complex, like the circuitry failing. 

Multimeters are so cheap, you can buy a new one for less than $10.00 

These meters can have a 10 amp range, transistor tester and measure up to 2 meg 
ohms. 

That's why I suggest buying a $10.00 meter. They are just as good as a $60.00 
meter and the cheapest meters last the longest. 

Dropping an analogue meter can cause the hair spring to loop over one of the 
supports and the needle will not zero correctly. You will need to open the cover on 
the movement and lift the spring off the support with a needle. 

A faulty meter can be used in a battery-charger circuit to measure the current or 
voltage if that scale is still reading-correctly. 

Otherwise keep the leads and throw the meter out. It is too dangerous keeping a 
meter that shows an incorrect reading. 


MEASURING FREQUENCY 


Before we cover the normal uses for a multimeter, it is interesting to note that some 
Digital Multimeters (DMM) have features such as Capacitance, Frequency and 
measuring the gain of a transistor as well as a number of other features using probes 
such as a temperature probe. The VICHY VC99 meter above is an example and costs 
about $40.00. 


[ Basic function I Range 

Dcv 00mV/6V/60V/600V/1000V_ 

ACV 6V/60/600/1000V 

DCA [00UA/6000UA/60mA/600mA/6A/20A 
GGpacitance HOABARRRODUAI aD QOOAFEATAOAr 
Resistanop BOORBKAHSOKOKADDKSONIAIROMIBOMHZ 


Temperature poo 00° 
MEASURING VOLTAGE 


Most of the readings you will take with a multimeter will be VOLTAGE readings. 
Before taking a reading, you should select the highest range and if the needle does 
not move up scale (to the right), you can select another range 

Always switch to the highest range before probing a circuit and keep your fingers 
away from the component being tested. 

If the meter is Digital, select the highest range or use the auto-ranging feature, by 
selecting "V." The meter will automatically produce a result, even if the voltage is AC 
or DC. 

If the meter is not auto-ranging, you will have to select V=if the voltage is from a 
DC source or Y~if the voltage is from an AC source. DC means Direct Current and 
the voltage is coming from a battery or supply where the voltage is steady and not 
changing and AC means Alternating Current where the voltage is coming from a 
voltage that is rising and falling. 

You can measure the voltage at different points in a circuit by connecting the black 
probe to chassis. This is the Ov reference and is commonly called "Chassis" or 
"Earth" or "Ground" or "Ov." 

The red lead is called the "measuring lead" or "measuring probe" and it can measure 
voltages at any point in a circuit. Sometimes there are "test points” on a circuit and 
these are wires or loops designed to hold the tip of the red probe (or a red probe 
fitted with a mini clip or mini alligator clip). 

You can also measure voltages ACROSS A COMPONENT. In other words, the reading 
is taken in PARALLEL with the component. It may be the voltage across a transistor, 
resistor, capacitor, diode or coil. In most cases this voltage will be less than the 
supply voltage. 

If you are measuring the voltage in a circuit that has a HIGH IMPEDANCE, the 
reading will be inaccurate, up to 90% !!!, if you use a cheap analogue meter. 


Here's a simple case. 
The circuit below consists of two 1M resistors in series. The voltage at the mid point 
will be 5v when nothing is connected to the mid point. But if we use a cheap 
analogue multimeter set to 10v, the resistance of the meter will be about 100k, if 
the meter has a sensitivity of 10k/v and the reading will be incorrect. 

Here how it works: 

Every meter has a sensitivity. The sensitivity of the meter is the sensitivity of the 
movement and is the amount of current required to deflect the needle FULL SCALE. 
This current is very small, normally 1/10th of a milliamp and corresponds to a 
sensitivity of 10k/volt (or 1/30th mA, for a sensitivity of 30k/v). 

If an analogue meter is set to 10v, the internal resistance of the meter will be 100k 
for a 10k/v movement. 

If this multimeter is used to test the following circuit, the reading will be inaccurate. 
The reading should be Sv as show in diagram A. 

But the analogue multimeter has an internal resistance of 100k and it creates a 
circuit shown in C, 

The top 1M and 100k from the meter create a combined PARALLEL resistance of 90k. 
This forms a series circuit with the lower 1M and the meter will read less than 1v 

If we measure the voltage across the lower 1M, the 100k meter will form a value of 
resistance with the lower 1M and it will read less than 1v 

If the multimeter is 30k/v, the readings will be 2v. See how easy it is to get a totally 
inaccurate reading. 


10v 
1M 100k 1M 
(100k) 
1M ; 1M 1m 


1M 100k 1M 


This introduces two new terms: 
HIGH IMPEDANCE CIRCUIT and "RESISTORS in SERIES and PARALLE! 


If the reading is taken with a Digital Meter, it will be more accurate as a DMM does 
not take any current from the circuit (to activate the meter). In other words it has a 
very HIGH input impedance. Most Digital Multimeters have a fixed input resistance 
(impedance) of 10M - no matter what scale is selected. That's the reason for 
choosing a DMM for high impedance circuits. It also gives a reading that is accurate 
to about 1%. 


MEASURING VOLTAGES IN A CIRCUIT 

You can take many voltage-measurements in a circuit. You can measure "across" a 
component, or between any point in a circuit and either the positive rail or earth rail 
(Ov rail). In the following circuit, the 5 most important voltage-measurements are 
shown. Voltage "A" is across the electret microphone. It should be between 20mV 
and 500mV. Voltage "B" should be about 0.6v. Voltage "C" should be about half-rail 
voltage. This allows the transistor to amplify both the positive and negative parts of 
the waveform. Voltage "D" should be about 1-3v. Voltage "E" should be the battery 
voltage of 12v. 


Electret 
A lie 


+ 


MEASURING VOLTAGES IN A CIRCUIT 


MEASURING CURRENT 

You will rarely need to take current measurements, however most multimeters have 
DC current ranges such as 0.5mA, 50mA, 500mA and 10Amp (via the extra banana 
socket) and some meters have AC current ranges. Measuring the current of a circuit 
will tell you a lot of things. If you know the normal current, a high or low current 
can let you know if the circuit is overloaded or not fully operational. 


Current is always measured when the circuit is working (i.e: with power applied). 
It is measured IN SERIES with the circuit or component under test. 

The easiest way to measure current is to remove the fuse and take a reading across 
the fuse-holder. Or remove one lead of the battery or turn the project off, and 
measure across the switch. 

If this is not possible, you will need to remove one end of a component and measure 
with the two probes in the "opening." 

Resistors are the easiest things to desolder, but you may have to cut a track in some 
circuits. You have to get an "opening" so that a current reading can be taken. 

The following diagrams show how to connect the probes to take a CURRENT reading. 
Do not measure the current ACROSS a component as this will create a "short- 
circuit." 

The component is designed to drop a certain voltage and when you place the probes 
across this component, you are effectively adding a "link" or "jumper" and the 
voltage at the left-side of the component will appear on the right-side. This voltage 
may be too high for the circuit being supplied and the result will be damage. 


Measuring current through a resistor 


Lamp 


Measuring the current of a globe 


Do NOT measure the CURRENT of a battery 
(by placing the meter directly across the terminais) 
A battery will deliver a very HIGH current 
and damage the meter 


Do not measure the "current a battery will deliver" by placing the probes across the 
terminals. It will deliver a very high current and damage the meter instantly. There 
are special battery testing instruments for this purpose. 

When measuring across an "opening" or "cut," place the red probe on the wire that 
supplies the voltage (and current) and the black probe on the other wire. This will 
produce a "POSITIVE" reading. 


A positive reading is an UPSCALE READING and the pointer will move across the 
scale - to the right. A "NEGATIVE READING" will make the pointer hit the "STOP" at 
the left of the scale and you will not get a reading. If you are using a Digital Meter, a 
negative sign "-" will appear on the screen to indicate the probes are around the 
wrong way. No damage will be caused. It just indicates the probes are connected 
incorrectly. 

If you want an accurate CURRENT MEASUREMENT, use a digital meter. 


MEASURING RESISTANCE 

Tum a circuit off before measuring resistance. 

If any voltage is present, the value of resistance will be incorrect. 

In most cases you cannot measure a component while it is in-circuit. This is because 
the meter is actually measuring a voltage across a component and calling it a 
"resistance." The voltage comes from the battery inside the meter. If any other 
voltage is present, the meter will produce a false reading. 

If you are measuring the resistance of a component while still "in circuit," (with the 
power off) the reading will be lower than the true reading. 


Measuring resistance 


‘Measuring resistance of a heater 
(via the leads) 


resistance 
wire 


Measuring the resistance of a piece of resistance-wire 


Power must be 


from the circuit 


al 


Do not measure the "Re: 


ance of a Battery" 


1. Do not measure the "resistance of a battery." The resistance of a battery (called 
the Internal impedance) is not measured as shown in the diagrams above. It is 
measured by creating a current-flow and measuring the voltage across the battery. 


} 08 J} Placing a multimeter set to resistance (across a 
ik: vies vik battery) will destroy the meter. 
ii ‘6!d 5% >. Do not try to measure the resistance of any 
aed GIMB1OR Voltage or any "supply." 
Resistance is measured in OHMs. 
The resistance of a 1cm x 1cm bar, one metre long is 1 ohm. 
If the bar is thinner, the resistance is higher. If the bar is longer, the resistance is 
higher. 
If the material of the bar is changed, the resistance is higher. 
When carbon is mixed with other elements, its resistance increases and this 
knowledge is used to make RESISTORS. 
Resistors have RESISTANCE and the main purpose of a resistor is to reduce the 
CURRENT FLOW. 
It's a bit like standing on a hose. The flow reduces. 
When current flow is reduced, the output voltage is also reduced and that why the 
water does not spray up so high. Resistors are simple devices but they produce 
many different effects in a circuit. 
A resistor of nearly pure carbon may be 1 ohm, but when non-conducting 
"impurities" are added, the same-size resistor may be 100 ohms, 1,000 ohms or 1 
million ohms. 
Circuits use values of less than 1 ohm to more than 22 million ohms. 


Resistors are identified on a circuit with numbers and letters to show the exact value 
of resistance - such as 1k 2k2  4M7. 

The letter Q. (omega - a Greek symbol) is used to identify the word "Ohm." 

but this symbol is not available on some word-processors, so the letter "R" is used. 
The letter "E" is also sometimes used and both mean "Ohms." 

A one-ohm resistor is written "1R" or "1E." It can also be written "1RO" or "1E0." 

A resistor of one-tenth of an ohm is written "OR1" or "0E1." The letter takes the 
place of the decimal point. 

10 ohms = 10R 


100 ohms OOR 
1,000 ohms = 1k (k= kilo = one thousand) 
10,000 ohms = 10k 


100,000 ohm 
1,000,000 ohm: 


100k 
1M (M = MEG = one million) 


The size of a resistor has nothing to do with its resistance. The size determines the 
wattage of the resistor - how much heat it can dissipate without getting too hot. 
Every resistor is identified by colour bands on the body, but when the resistor is a 
surface-mount device, numbers are used and sometimes letters. 

You MUST learn the colour code for resistors and the following table shows all the 
colours for the most common resistors from 1/10th of an chm to 22 Meg ohms for 
resistors with 5% and 10% tolerance. 


If 3rd band is gold, Divide by 10 
If 3rd band is silver, Divide by 100 
(to get 0.22ohms etc) 


Row silver goLo Black = BROWN = ReD grace YELLOW GREEN 


1-ED h10 BEE 1Ro }10K Gigi) 100K 
2 19 A111 SiR 
3- BD F112 Bl im 27 S120 2 


IO F13 BE Pst ——— Ht ——- bn —— 


100 f18 BOO 1Rs BOW ek BOW 1s0r BOW ks Hl 
0 R20 BM 2Ro BE 20 BA 2008 A 2k 


10-00 h24 BOD 2r4 BO 24h BO 240n B24 
11-80 R27 BB 2R7 BO 27k 270k 2k? 


IO R36 GEO sh6 OM 36R OD 360n OM ak6 BI Im 360k GE sm6 
15- GO r39 BOG sr9 GO 39r OO 390r GO sks OO 39x GOO 390K BOM 


IO AS6 srs 
20- ED R62 


75x GD 750K 
2k Bl 
24-0150 rst OBE sh OE s1R OG s10n OS 9K1 OBO sik OBC sox 
COLOR CODES FOR THE WHOLE E12/E24 RANGE OF RESISTORS BEB ion 

The twelve odd rows- 1,3, 6... represent values available in the E12 range only plus 10M 


Reading 4-band resistors 

The most "common" type of resistor has 4 bands and is called the 10% resistor. It 
now has a tolerance of 5% but is still called the "10% type" as the colours increase 
by 20% so that a resistor can be 10% higher or 10% lower than a particular value 
and all the resistors produced in a batch can be used. 

The first 3 bands produce the resistance and the fourth band is the "tolerance" band. 
Gold = 5% 

(Silver =10% but no modern resistors are 10%!! - they are 5% 2% or 1%) 


100R HD) |1ko TD > 
1208 TH 12 TE - 
150R FEDE }- }1ks TED }- 
100R FED + |1K6. TEE} 
2208 TD 242 1} 
2708 TD - |-2e7 TD 
3308 TED} /343 
3908 D- |3kd 
4708 | ED} |4e7 1} 
S60 THD }- 5x6 THE} 
So0R HELM }- [ska FENG } 
8208 HED }- |8x2 TE} 


amd FIDE} | om TDS 
12 (ES) | 2208 
1m5 (TEDE }- 
16 11D )- 
K 2m2 1 
ame} | 20K Hee }- aur pe-| 
33k SEE }- | 330k OE WS }- | 3M3 Ee > a 
39k ED - |- 3906 | oo nia 
47k EE} ae a7 |} zero ohrn (link) 
f k smé EERE 
‘Be ome [1D }- 
2k HE | 020K FE} | one DE 


4 Bands 220, 5% 
4 


5 Bands 3 22000, 1% 


6 Bands gm 


oe a el 
os A i 
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write 8 [9 9 9] Miter 
Significant Figures Temperature Coefficient 


Resistor Color Code System 


Here is another well-designed resistor colour code chart: 


HH Color Codes 
Fle Help 
Aeesistors 4 bands | Resistors 5 bands | __Capacitors_| __R and calc _ | 


a)» Co 


Nearest value {E12 sei 
Tolerance (%} AT eohes 


Download the program and save it on your desk-top for future reference: 
ColourCode.exe (520KB) 
ColourCode.zip (230KB) 


ColourCode.rar (180KB) 


RESISTORS LESS THAN 10 OHMS 

When the third band is gold, it indicates the value of the "colors" must be divided by 
10. 

Gold = "divide by 10" to get values 1RO to 8R2 

When the third band is silver, it indicates the value of the "colors" must be divided 
by 100. (Remember: more letters in the word "silver" thus the divisor is "a larger 
division.") 

Silver = "divide by 100" to get values R1 to R82 

e.g: OR1 = 0.1 ohm 0R22 = point 22 ohms 

See 4th Column above for examples. 


The letters "R, k and M" take the place of a decimal point. 
e.g: 1RO=1ohm 2R2=2point2ohms 22R = 22 ohms 
2k2 = 2,200 ohms 100k = 100,000 ohms 

2M2 = 2,200,000 ohms 


HOW TO REMEMBER THE COLOUR CODE: 

Each colour has a "number" (or divisor) corresponding to it. 

Most of the colours are in the same order as in the spectrum. You can see the 
spectrum in a rainbow. It is: ROY G BIV and the colours for resistors are in the 
same sequence. 


black 
brown —- colour of increasing temperature 


violet 


Resistor — 4 Bands Resistor —5 Bands 


| Multiplier | Li 
2nd 


3rdDigit Tolerance 
2nd Digit 
Tolerance 4st Digit 


Here are some common ways to remember the colour code: 


Bad Beer Rots Our Young Guts, But Vodka Goes Well 
Bright Boys Rave Over Young Girls But Violet Gets Wed 
Bad Boys Rave Over Young Girls But Violet Gets Wed with Gold and Silver. 


Reading 5-band resistors: 

5-band resistors are easy to read if you remember two simple points. The first three 
bands provide the digits in the answer and the 4th band supplies the number of 
zero's. 


Reading "STANDARD VALUES" (on 5-band resistors) 

5-band resistors are also made in "Standard Values" but will have different colours to 
4-band "common" resistors - and will be confusing if you are just starting out. For 
instance, a 47k 5% resistor with 4-bands will be: yellow-purple-orange-gold. For a 
47k 1% resistor the colours will be yellow-purple-black-red-brown. The brown 
colour-band represents 1%. 

The first two colour-bands for a STANDARD VALUE or "common value" in 1% or 5% 
will be the SAME, These two bands provide the digits in the answer. 

It's the 3rd band for a 5% resistor that is expanded into two bands in a 1% resistor. 
But it's easy to follow. 

For a standard value, the 3rd band in a 1% resistor is BLACK. This represents a 
ZERO in the answer. (For 5-band resistors BLACK represents a ZERO when in the 
third band. This is different to 4-band resistors where black represents the word 
OHMS! If the third band is BROWN, the answer will be 1). 

So the 4th band has to represent one-less ZERO and is one colour UP THE COLOUR 
CHART! In other words the 3rd and 4th bands (combined) on a 1% resistor 
produces the same number of zero's as the 3rd band on a 5% resistor! 


Resistors come in a range of values and the two most common are the E12 and E24 
series. The E12 series comes in twelve values for each decade. The E24 series comes 
in twenty-four values per decade. 


E12 series - 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82 


E24 series - 10, 11, 12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51, 56, 62, 68, 75, 
82,91 


Here is the complete list of 1% 1/4watt resistors from: 
CIRCUIT SPECIALISTS. The following list covers 10 ohms (10R) to 1M. 
To buy 1% resistors from Circuit Specialists, click: HERE. 


10R WIR |eoeR |akes—7kiS = [14k7 = [39K2—«[ 121k 
12R1 |150R —|@25R = |3k92—«|7k5. 415k 40k2 | 147k 
18R 182R |909R |4ko2 —|7k87 ~=—«J15k8 = [442 150k 
18R2-|200R_—|1k0 4k22|71k5 «| 16k9—|46k4 =| 482k. 
]22R1 221R|1k21|4k64 = fakos =| 17k4 | 47k 200k 
27R4 |240R ~—|1k5. 4k75—|8k25—*|47kB = *f47KS [212k 
30R1 |249R —|1k82_—*|4K7 ak45—J48k2 = |49K9 | 221k, 
s3R2 0 |274R_— 2k 4x87 |8k66 | 20k s1k1 —|226k 
36R5—301R_-—}2k21 4k fBkB7 = |22k1—|53K6 | 249K 
39R2 © |332R aka. sk11 9x09 |J22k6 = |56k2—(|274k. 
47R5 |348R = |2k43.— 523 |9k31 «= |23k7 ~—fe1k9 [301k 
49R9 /392R ~—|2k49—|5k36 = |9kS3—J24k9 = feakt =| 332k 
51R1 © |402R ~—|2k67 = |5k49. «© |9k76—|27k4 = fk =| 357k 
S6R2 /475R ~—|2k74—|5KG2_— | 10k 29K4|75k0 392k 
68R1 —499R = |3k01s|5K76 11k. 30k |82k5 «475k 
75R —|565R ~—|3k32_—| 5K. 12k 33k2 _|90k 487k 
g2R5 —604R ~—|3k48—|6KO4 = |42k1 «= [34kB = f90K9 ~—|aggk. 
foro = /681R = |3k57 = fek19. = |42k4 = |36k5 = f95k3. [562k 
100R |750R ~—|3k74—ekB1 | 13k 38k3-|100k ~——|604k 
iM 


Here is the list of 1% resistors from suppliers (such as Famell): 


1R0 R= ésR—360R~—*[ kB. foK1 a7k 
1R2 15R = |75R_~—|390R_~—‘| 2k0. 10k 51k 
1R5 1eR = |@2R_~=— | 430R_~—| 2k 11k 56k 


2R2 18k |91R_—|470R_~—|2k4 42k 62k 
2R7 20R 00R |S10R_~—‘|2k7 13k 68k 
3R3 22R 410R  |560R_—|3k 15k 75k 


3RQ9 2a 420R |620R_~——|3k3 16k 82k 

AR? 27R 130R  |680R | 3k6 48k 91k 

BRE 30R 450R |750R | 3k9 120k 100k 
6R2 0 /33R 160R |820R_—|4k3 122k 110k 
6R8 36R 4g0R |910R_~—|ak7 24k 120k 
7R5 39R  |200R_~—| 1k 5k1 27k 130k 
aR2 /43R_— }220R_— tk 5k6 130k 150k 
OR1 47R—f240R_— | 12 62 133k 160k 
10R = |S1R_—f270R_—| 1k3 6k8 36k 180k 
MR |56R 300R 4k 7k5 139k 200k 
2R _‘|62R 330R_—_| 1k6 Bk2 }43k 220k 


240k 
270k 
300k 
330k 
|360k 
|390k 
1430k 
\470k 
1510k 
|560k 
1620k 
1680k 
750k 
820k 
1910k 
iM 


Surface Mount Resistors 
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0 000) 
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4-digit Surface Mount resistors on a PC board 


The photo above shows surface mount resistors on a circuit board. The components 


that are not marked are capacitors (capacitors are NEVER marked). 

All the SM resistors in the above photos conform to a 3-digit or 4-digit code. But 
there are a number of codes, and the 4-digit code caters for high tolerance resistors, 
so it's getting very complicated. 

Here is a basic 3-digit SM resistor: 


~> 


R30 SH ra 


The first two digits represent the two digits in the answer. The third digit represents 
the number of zero's you must place after the two digits. The answer will be OHMS. 
For example: 334 is written 33 0 000. This is written 330,000 ohms. The comma can 
be replaced by the letter "k". The final answer is: 330k. 

222 = 22 00 = 2,200 = 2k2 

473 = 47 000 = 47,000 = 47k 

474 = 47 0000 = 470,000 = 470k 

105 = 10 00000 = 1,000,000 = 1M = one million ohms 

There is one trick you have to remember. Resistances less than 100 ohms are 
written: 100, 220, 470. These are 10 and NO zero's = 10 ohms = 10R 

or 22 and no zero's = 22R or 47 and no zero's = 47R. Sometimes the resistor is 
marked: 10, 22 and 47 to prevent a mistake. 


Remember: 

R= ohms 

k = kilo ohms = 1,000 ohms 

M = Meg = 1,000,000 ohms 

The 3 letters (R, k and M) are put in place of the decimal point. This way you cannot 
make a mistake when reading a value of resistance. 


Surface Mount CURRENT SENSING Resistors 

Many new types of CURRENT SENSING surface-mount resistors are appearing on the 
market and these are creating lots of new problems. 

Fortunately all resistors are marked with the value of resistance and these resistors 
are identified in MILLIOHMS. A milli ohm is one thousandth or an ohm and is written 
0.001 when writing a normal mathematical number. 

When written on a surface mount resistor, the letter R indicates the decimal point 
and it also signifies the word "OHM" or "OHMS" and one milli-ohm is written ROO1 
Five milliohms is ROOS and one hundred milliohms is R100 

Some surface mount resistors have the letter "M" after the value to indicate the 
resistor has a rating of 1 watt. e.g: RI0OM These surface-mount resistors are 
specially-made to withstand a high temperature and a surface-mount resistor of the 
same size is normally 250mW or less. 

These current-sensing resistors can get extremely hot and the PC board can become 
burnt or damaged 

When designing a PC board, make the lands very large to dissipate the heat. 
Normally a current sensing resistor is below one ohm (1RO) and it is easy to identify 
them as R100 etc. 

You cannot measure the value of a current sensing resistor as the leads of a 
multimeter have a higher resistance than the resistor and few multimeters can read 
values below one ohm. 

If the value is not visible, you will have to refer to the circuit. 

Before replacing it, work out why it failed. 

Generally it gets too hot. Use a larger size and add tiny heatsinks on each end. 

Here are some surface=mount current-sense resistors: 


| ROOS q | Rois 


becuse’ 
3 milli-ohm 16 milli-ohm 


220 milli-ohm 
OOS 
Perna - 


9 point 1 milli-ohm 
220 milli-ohm 


50 milli-ohm 1% 


2 milli-ohm 
ce 30 milli-ohm 
10 milli-ohm s-watt 2722 


THE COMPLETE RANGE OF SM RESISTOR 
MARKINGS 


Click to see the complete range of SM resistor markings for 3-digit code: 


Click to see the complete range of SM resistor markings for 4-digit code: 


0000 is a value on a surface-mount resistor. It is a zero-ohm LINK! 


Resistances less than 10 ohms have 'R' to indicate the position of the decimal point. 
Here are some examples: 


Anew coding system has appeared on 1% types. This is known as the EIA-96 
marking method. It consists of a three-character code. The first two digits signify the 
3 significant digits of the resistor value, using the lookup table below. The third 
character - a letter - signifies the multiplier. 


code [value | [code value [code |value | |code |value | [code 
01 47 [447 49 65 81 
02 || 102 | [ 18 | 150 | 50 | 324 | | 66 | 475 | | 82 
03 || 105) | 19 | 154 51 [332 | | 67 [487 | | 83 
04 20 52 [340 | | 68 84 
05] 110) [21 [162 sa [346 | [69 [sti | [as 
06113 | [22 [165 s# [367 | [70 [523 | [6 
or || 415 | 23 | 169 | 55 [365 [71 | 536, 
06 | 116 | [24 [74 56 [374 | | 72 | 549 
09 25 87 [383] | 73 [562 | 
40] 44 | [26 | te2 se [sez| [74 [576 
1 27 59 | 402 || 75 | 590 | 
#2 J 190 | | 28 [191 co [412 | [76 [608 
3] 19 | [29 [196 et [422.| [77 [610 
4 30 62 78 

45 ][140 | [31 [205 63 [aaz| [70 [eso 
46 [143 | [32 [210 64 [453 | | 80 | 665 


The multiplier letters are as follows: 


22A is a 165 ohm resistor, GBC is a 49900 ohm (499) and 43E a 2740000 (2M74). 
This marking scheme applies to 1% resistors only. 


A similar arrangement can be used for 2% and 5% tolerance types. The multiplier letters are 
identical to 1% ones, but occur before the number code and the following code is used: 


ee: 

|code |value | [code |value | |code |value | 
or [00 | [43 [390 [25 (100, 
(a2 [0 [14 [360 [26 [0 
(0s 20") [45 [390° [27 [120 
[os [90°] [46 [ago [28 [1907 
[05 [1505] [ 47 29 
[06 [60°] [48 [sto (30 | 460" 
(or [@0"| [+3 [seo"| at [4607 


(08 200") [ 20 [ean"| | 32 200") [4s 
(09 [220 [21 [ee0| [29 [200 [4s 
(40 [aao"| [22 [rso"| [24 [240 [as 
[11 [270 [23 ['20)| [35 [2701] [ 47 
("42 [a00"| [24 [aior| [a6 [300" [a8 


With this arrangement, €31 is 5%, 18000 ohm (18k), and D18 is 510000 ohms (510k) 2% 


tolerance. 


Always check with an ohm-meter (a multimeter) to make sure. 


Chip resistors come 


the following styles and ratings: 


Style: 0402, 0603, 0805, 1206, 1210, 2010, 2512, 3616, 4022 


Power Ri 
2512(1W), 3616(2W), 4022(3W) 

Tolerance: 0.1%, 0.5%, 1%, 5% 

‘Temperature Coefficient: 25ppm S0ppm 100ppm 


1402(1/16W), 0603(1/10W), 0805(1/8W), 1206(1/4W), 1210(1/3W), 2010(3/4W), 


EIA marking code for surface mount (SMD) resistors 


ors 
028 
038 
(04 
(058 
‘068 


‘orc 
‘02c 
‘o3c 
‘osc 


“0k 
+10K2 
10K5 
410K7 
1k 

11K 
11K 
11k 
a) 


12K4 
42K7 
13k 

13K 
+aK7 
1k 

14K 
14K7 


GSS SSSRSESEES SESeSeeESe BELEESRE 


01D 
02D 
aD 
oa 
5D 
6D 
07D 
8D 
9D 


00 
44D 
42D 
43D 
34D 
45D 
46D 
47D 
38D 
9D 


200 
21D 
200 
23D 
24D 
25D 
26D 
27D 
22D 
200 


‘300 


00K 
402k 
405% 
407k 
110k 
113k 
115k 
118k 
421k 


124k 
127k 
130k 
133k 
137k 
140k 
143k 
147K 
15k 

154k 


158k 
162k 
165k 
169k 
174k 
178k 
182k 
187k 
191k 


OIE 
(02E 
03 
04. 
SE 
08E. 
O7E 
BE. 
09 


10 
ME 
12E 
136 
14 
15E 
16E 
17E 
18 
196 


206 
DIE 
OE 
23E 
24E 
25E 
28E 
27E 
aE 
295 


‘0E 
SIE 
32E 
‘33E 
‘34E 
35E 
‘38 
37E 
38E 
396 


\40e 
laie 
laze 
43 
aE 
(45 
\46E 
la7e 
laa 
l49e 


50 
SIE 
52E 


3E 


lo1e= 10M 
18F = 18M 
'30F = 20M 


(sae mc sD BE 
558 '55C 55D 55 
568 56C 56D 56 
578 SIC 57D S7E 
508 ‘sac 58D 58 
598 59D 59E 
‘608 60D 60 
18 61D BIE 
628 52D 62E 
698 53D aE 
‘648 4D aE 
658 55D 65 
668 ‘56D GE 
o78 67D 67E 
608 58D aE. 
698 59D 69E 
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If you want an accurate RESISTANCE measurement, remove the resistor from the circuit 
and use a Digital meter. 


SURFACE MOUNT COMPONENTS - PACKS 
Talking Electronics has packs of components for the repairman. The following packs are 
available: 


SURFACE MOUNT RESISTOR PACK consists of 1 off each standard value 
10 ohms to 1M & 2M2 (60 resistors) 
$14.20 including pack and post 


SURFACE MOUNT CAPACITOR PACK consists of: 
2-10p 5-47p 5-100p 5-470p 5-1n 5-10n 5-22n 5-100n 
5-1u 16v electrolytic 5 - 10u 16v electrolytic 

(40 components) 

$23.80 including pack and post 


‘SURFACE MOUNT DIODE PACK consists of: 
5- 1N 4148 (marked as "A6") 
$10.00 including pack and post 


SURFACE MOUNT TRANSISTOR PACK consists of: 
5 - BC 848 (marked as "1K") NPN 

5-BC858 PNP 

$10.00 including pack and post 


email Colin Mitchell for details on how to pay by credit card or PayPal. 


CREATING ANY VALUE OF RESISTANCE 

Any value of resistance can be created by connecting two resistors in PARALLEL or 
SERIES. 

You can also create a higher wattage resistor by connecting them in SERIES OR 
PARALLEL. 

We are only going to cover two EQUAL VALUE resistors in SERIES or in PARALLEL. 

If you want to create a "Special Value," simply connect two resistors and read the 
value with a Digital Meter. Keep changing the values until you get the required value. 
We are not going into series or Parallel formulae. You can easily find a value with a 
multimeter. 


TWO EQUAL-VALUE RESISTORS IN SERIES 

Two equal-value resistors IN SERIES creates a value of DOUBLE. You simply ADD the 
values. 

This can be done with any to two values as shown. Three equal-value resistors in 
series is three times the value. 


1k tk tk 10k 
total = 2k total = 11k 

22 22 22 akr 
total = 4k4 total = 6k9 

aK} {[aKr (ar 100k 

total = 9k4 (10k) total = 104k7 

100k } {[i0K {[00k 1m 

total ~ 200k total = 1MT 


‘TWO EQUAL-VALUE RESISTORS IN PARALLEL 
Two equal-value resistors IN PARALLEL creates a value of HALF. Three equal-value resistors in 
parallel is equal to one-third the value. 


Ik 2k2 
total = 470R total = 1k1 
1k 2k2 
Ta 700k 
total = 2k35 total = 50k 
a 100k 
220k 
total = 110k 


If you want a particular value and it is not available, here is a chart. 
Use 2 resistors in series or parallel as shown: 


Series! 
Parallel 


Required 


Value | R 


fo 


10 | 4R7 s 4R7 [ 9R4 
2 10 s 2R2 | 12R2 
15 22 P 47 | 149 
18 22 P 100 | 18R 
22 10 s 12 22 
a7 22 s 4R7 | 26R7 
33 22 s jo | 32k 
39 | 220 P 47 | 38R7 
47 22 s 7 49 
56 47 s 10 57 
68 33 s 33 66 
82 27 s 56 83 


There are other ways to combine 2 resistors in parallel or series to get a particular 
value. The examples above are just one way. 4R7 = 4.7 ohms 


TESTING A RESISTOR 

To check the value of a resistor, it should be removed from the circuit. The surrounding 
‘components can affect the reading and make it lower. 

Resistors VERY RARELY change value, but ifit is overheated or damaged, the resistance can 
increase. You can take the reading of a resistor "in-cirouit” in one direction then the other, as the 
surrounding components may have diodes and this will alter the reading. 

‘You can also test a resistor by feeling its temperature-rise. It is getting too hot if you cannot hold 
your finger on it (some "metal film” resistors are designed to tolerate quite high temperatures), 


TESTING AN "AC" RESISTOR 

There is no such thing as an "AC" resistor. Resistors are just "resistors" and they can be in AC 
circuits or DC circuits. Resistors can be given names such as "Safety Resistor” "Ballast 
Resistor’ "LOAD Resistor" "Feed Resistor" "Dropper Resistor” or "Supply Resistor.” These are 
just normal resistors with a normal resistance - except a "Safety Resistor.” 

Asaafety resistor is made of a flame-proof material such as metal-oxide-film and not carbon- 
‘composition. It is designed to "burn out” when too much current flows BUT NOT CATCH FIRE. 
Itis a low-value resistor and has a voltage-drop across it but this is not intentional. The voltage- 
drop is to create a "heating-effect” to burn out the resistor. In all the other types of resistor, the 
voltage-drop is intentional. 

A Ballast resistor is a normal resistor and can be called a Power resistor, Dropper resistor, Supply 
resistor or Feed resistor. It is designed to reduce the voltage from one source and deliver a lower 
voltage. Itis a form of: “in-line” resistor. 

A.Load Resistor is generally connected across the output of a circuit and turns the energy it 
receives, into heat. 


RESISTOR NETWORKS 

To reduce the number of resistors in a circuit, some engineers use a set of identical resistors in 
a package called a Single-In-Line (SIL) resistor network. It is made with many resistors of the 
same value, all in one package. One end of each resistor is connected all the other resistors and 
this is the common pin, identified as pin 1 and has a dot on the package. 

These packages are very reliable but to make sure all the resistors are as stated, you need to 
locate pin 1. All values will be identical when referenced to this pin. 


RESISTOR NETWORKS 


Some resistor networks have a "4S" printed on the component. The 4S indicates the package 
contains 4 independent resistors that are not wired together inside. The housing has eight leads 
as shown in the second image. 

Independent resistors have an even number of pins and measuring between each pair will 
produce identical values. Resistance between any pair will indicate leakage and may be a fault. 


WIRE WOUND RESISTOR 
Awite wound resistor is also called a POWER RESISTOR. This type of resistor can have a 
resistance as low as 0.1 ohms (one-tenth of an ohm) or as high as about 10k. 
The image shows a 0.68 ohm resistor as the letter "R" represents the DECIMAL POINT and R68 
is the same a .68 and this is 0.68 ohms. The wattage is 9 watts. 
This resistor will allow xxx amps to flow. To work out the current, use the formula: 
Power = Current x Current x resistance 
9 =Current x Current x68 
Divide both sides by 0.68 
13.2. = Current x Current 
Find the square root of 13.2 
Current = 3.6 amps, 


When 3.6 amps flow through the resistor, the voltage appearing across it will be: 
\V = current x resistance 

36 x 0.68 

2.5v and the wattage (heat) loss will be 9 watts. 


The purpose of a resistor like this is to stop or reduce "ripple." Ripple is the noise or hum in an 
amplifier when the sound is turned up. 

There are many reasons why you need to reduce the level of hum and this resistor will remove 
ripple as large as 2.5v when 3.6 amps is flowing, provided you have filter electrolytics on both 
side of the resistor to assist in removing the ripple. 


If the letter "R" is in a different position, the value of resistance would be: 
680 


6.80 
R68 = 0.680 


Ifyou replace the R68 resistor a 6R8 resistor by mistake, the voltage across it will rise to 25v and 
if 3.6 amps flows, the wattage will be: 90 watts!!! 
The resistor will glow red and burn out. 


TESTING A POSISTOR 


A Posistor is a resistor that connects in series with the degaussing coil around the 
picture tube or Monitor. When cold, it has a very low resistance and a large current flows 
When the monitor or TV is switched on. This current heats up the Posistor and the resistance 
increases. This causes the current to decrease and any magnetism in the shadow mask is 
removed. The posistor can one or two elements and it is kept warm so the resistance remains 
high. Many Posistors have a second element inside the case that connects directly to the supply 
to keep the Positive Temperature Coefficient resistor high so that the current through the 
degaussing coil falls to almost zero. This constant heat eventually destroys the package 

The heavy current that flows when a set is turned ON also causes the posistor to crack and break 
‘and this results in poor purity on the screen - as the shadow mask gradually becomes magnetic. 
Posistors have different resistance values from different manufacturers and must be replaced 
with an identical type. 

They can be checked for very low resistance when cold but any loose pieces inside the case will 
indicate a damaged component. 


A"BURNT" RESISTOR - normally and technically called a "burnt-out" 
resistor. 

The resistance of a "burnt" resistor can sometimes be determined by scraping away 
the outer coating - if the resistor has a spiral of resistance-material. You may be able 
to find a spot where the spiral has been damaged. 


Anormal 1k resistor 


“hurt section’: 


A “burnt” resistor 


Note the spirals of conductive carbon. 
The number of spirals has nothing to with the resistance. 
It is the amount of carbon particles in the "track" that 
determines the resistance. It is also the thickness and width 
of the track that determines the resistance. 
And then it is the overall size of the resistor that determines the wattage. 
And then the size of the leads, the closeness to the PCB and 
the size of the lands that eventually determines how hot the resistor 
will get. 


Clean the "spot" (burnt section of the spiral) very carefully and make sure you can 
get a good contact with the spiral and the tip of your probe. Measure from one lead 
of the resistor to the end of the damaged spiral. Then measure from the other lead 
to the other end of the spiral. 

‘Add the two values and you have an approximate value for the resistor. You can add 
a small amount for the damaged section. 

This process works very well for damaged wire-wound resistors. They can be pulled 
apart and each section of the resistance-wire (nichrome wire) measured and added 
to get the full resistance. 


There is another way to determine the value of a damaged resistor. 

Get a set of resistors of the same wattage as the damaged component and start with 
a high value. It's handy to know if the resistor is in the range: 10chm to 100ohms or 
1k to 10k etc, but this is not essential 

Start with a very high value and turn the circuit ON. You can perform voltage tests 
and if you know the expected output voltage, decrease the resistance until this 
voltage is obtained. 

If you do not know the expected voltage, keep reducing the value of resistance until 
the circuit works as designed. 

This is the best advice in a situation where you do not know the value of a resistor. 


There is a third way to determine the value and this requires measuring the voltage 
drop across the resistor and the current-flow. By multiplying the two you will get a 
wattage and this must be less than the wattage of the resistor being replaced. 


TESTING POTENTIOMETERS (variable resistors) 

To check the value of a variable resistor, it should be removed from circuit or at least 
2 legs should be removed. A Rheostat is a variable resistor using only one end and 
the middle connected to a circuit. 

The resistance between the two outside pins is the value marked on the component 
and the centre leg will change from nearly zero to the full resistance as the shaft is 
rotated. 

"Pots" generally suffer from "crackle" when turned and this can be fixed by spraying 
up the shaft and into the pot via the shaft with a tube fixed to a can of "spray- 
lubricant" (contact cleaner), 

"Pre-set pots" and "trim pots" are miniature versions of a potentiometer and they are 
all tested the same. The photo shows a pot, two mini pots and 3 mini trim pots. 


10-Turn POTs 

A 10-turn pot is one of the worst items to be designed. I remove them immediately 
from any design. 

You don't know the position of the wiper. You don't know which way you are turning 
the wiper and you can't remember which way you turned the post "the last time.” 
The screwdriver always falls out of the slot. 

If you need fine adjustment, place fixed resistors on each side of the pot and use a 
normal mini trim pot with much less resistance. 


Ben 


FOCUS POTS 

Focus pots quite often get a spot of dirt where the wiper touches the track. Cleaning 
with spray fixes the bad focus but if the pot is leaking to chassis from inside the pot 
(due to the high voltage on the terminals) simply remove it from the chassis and 
leave it floating (this will restore the high voltage to the picture tube) or you can use 
‘one from an old chassis. 


MAKING YOUR OWN RESISTOR, CAPACITOR, INDUCTOR 
or DIODE 


Quite often you will not have the exact value of resistance or capacitance for a 
repair. 
We have already covered placing resistors and capacitors in parallel and series: 


Resistors in Parallel and/or Series 
Capacitors in Parallel and/or Series 


Here are some extras: 


RESISTORS 
Two 1k 0.5watt resistors in parallel produces a 470R 1watt resistor. 
‘Two 1k 0.Swatt resistors in series produces a 2k 1watt resistor. 


CAPACITORS 
Two 100n 100v capacitors in series produces a 50n capacitor @200v 


INDUCTORS: Two inductors in series - ADD THE VALUES 


DIODES: Two 1Amp 400v diodes in series produces a 1Amp 800v diode 
Two 1Amp 400v diodes in parallel produces a 2Amp 400v diode 


ZENER DIODES: Zener diodes can be connected in series to get a higher voltage. 
Two 12v zener diodes in series produces a 24v zener. 


CONTINUITY 

Some multimeters have a "buzzer" that detects when the probes are touching each 
other or the resistance between the probes is very LOW. This is called a CONTINUITY 
TESTER. 

You can use the resistance scale "x1" or "x10" to detect low values of resistance. 
Set the pointer to "0" (right end of the scale) by touching the probes together and 
adjusting the "zero ohms" control. 

When taking a reading, you will have to decide if a low value of resistance is a short- 
circuit or an “operating value.” 

For instance, the cold resistance of a 12v car globe is very low (about 2 ohms) and it 
increases (about 6 times) to 12 ohms when hot. 

The "resistance of a circuit" may be very low as the electrolytics in the circuit are 
uncharged. This may not indicate a true "short-circuit." 

The measurement across a diode is not a resistance-value but a "voltage-drop" and 
that is why the needle swings nearly full-scale. 

Leads and wires and cords have a small resistance and depending on the length of 
the lead, this small resistance may be affecting a circuit. 

Remember this: 

When a circuit takes 1 amp, and the resistance of the leads is 1 ohm, the voltage 
drop across the leads will be 1v. 

That's why a 12v battery supplying a circuit with these leads will have 11v at the 
circuit. 

Note: 

Turn off the equipment before making any continuity tests. The presence of even a 
small voltage (from an electrolytic) can give a false reading. 

You can determine the resistance of a lead very accurately by taking the example 
above and applying it to your circuit. 

If the battery is 12.6v and the voltage across the circuit is 10v, when the current is 
2.6 amps, the resistance of the "leads" is 12.6 - 10 = 2.6 R=V/I = 2.6/2.6 = 
johm. By making the lead shorter or using thicker wire, the resistance will be less 
and the voltage on the project will increase. 

When taking readings in a circuit that has a number of diodes built-into IC's 
(Integrated Circuits) and transistors, some Continuity Testers will beep and give a 
false reading. 

The following circuit has the advantage of providing a beep when a short-circuit is 
detected but does not detect the small voltage drop across a diode. This is ideal 
when testing logic circuits as it is quick and you can listen for the beep while 


concentrating on the probe. Using a multimeter is much slower. 
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CONTINUITY TESTER 


You can build the circuit on Matrix Board and add it to your Test Equipment. 
You will need lots of "Test Equipment" and they can be built from circuits in this 
eBook. 


TESTING FUSES, LEADS AND WIRES 

All these components come under the heading TESTING for CONTINUITY. Turn off all 
power to the equipment before testing for shorts and continuity. Use the low 
resistance "Ohms Scale" or CONTINUITY range on your multimeter. All fuses, leads 
and wires should have a low, very low or zero resistance. This proves they are 
working. 


A BLOWN FUSE 

The appearance of a fuse after it has "blown" can tell you a lot about the fault in the 
circuit. 

If the inside of the glass tube (of the fuse) is totally blackened, the fuse has been 
damaged very quickly. This indicates a very high current has passed through the 
fuse. 

Depending on the rating of the fuse, (current rating) you will be able to look for 
components that can pass a high current when damaged - such as high power 
transistors, FETs, coils, electrolytics. Before re-connecting the supply, you should 
test the "SUPPLY RAILS" for resistance. This is done by measuring them on a low 
OHMs range in one direction then reverse the leads to see if the resistance is low in 
the other direction. 

A reading can be very low at the start because electrolytics need time to charge-up 
and if the reading gradually increases, the power rail does not have a short. An 
overload can occur when the supply voltage rises to nearly full voltage, so you 
sometimes have to fit a fuse and see how long it takes to "blow." 

If the fuse is just slightly damaged, you will need to read the next part of this eBook, 
to see how and why this happens: 


FAST AND SLOW BLOW FUSES 

There are many different sizes, shapes and ratings of a fuse. They are all current 
ratings as a fuse does not have a voltage rating. Some fuses are designed for cars as 
they fit into the special fuse holders. A fuse can be designed for S0mA, 100mA, 
250mA, 315mA, 500mA, 1Amp, 1.5amp, 2amp, 3amp, 3.15amp Samp, 10amp, 
15amp, 20amp, 25amp, 30amp, 35amp, 50amp and higher. 

Some fuses are fast-blow and some are slow-blow. 

‘A "normal" fuse consists of a length of thin wire. Or it may be a loop of wire that is 
thin near the middle of the fuse. This is the section that will "burn-out." 

A "normal" fuse is a fast-blow fuse. For instance, a lamp fuse will remain intact 
When up to 1.25 amp flows. When a circuit is turned on, it may take 2-3 amps for a 
very short period of time and a normal 1 amp fuse will get very hot and the wire will 
stretch but not "burn-out." You can see the wire move when the supply turns on. 

If the current increases to 2amps, the fuse will still remain intact. It needs about 3 
amp to heat up the wire to red-hot and burn out. 


If the current increases to 5 amp, the wire VOLATILISES (burns-out) and deposits 
carbon-black on the inside of the glass tube. 

A slow-blow fuse uses a slightly thicker piece of wire and the fuse is made of two 
pieces of wire joined in the middle with a dob of low-temperature solder. Sometimes 
one of the pieces of wire is a spring and when the current rises to 2.5 amp, the heat 
generated in the wire melts the solder and the two pieces of wire "spring apart.” 

A slow-blow fuse will allow a higher current-surge to pass through the fuse and the 
wire will not heat up and sag. 

Thus the fuse is not gradually being damaged and it will remain in a perfect state for 
a long period of time. 

A fuse does not protect electronic equipment from failing. It acts AFTER the 
equipment has failed 

It will then protect a power supply from delivering a high current to a circuit that has 
failed. 

If a slow-blow fuse has melted the solder, it could be due to a slight overload, slight 
weakening of the fuse over a period of time or the current-rating may be too low. 
You can try another fuse to see what happens. 

You can replace a fast-acting fuse (normal fuse) with a slow blow if the fast-acting 
fuse has been replaced a few times due to deterioration when the equipment is 
turned on. 

But you cannot replace a slow-blow fuse with a fast acting fuse as it will be damaged 
slightly each time the equipment is turned on and eventually fail. 


100mA FUSES 

Fuses below about 100mA are very hard to make and very unreliable. 

Many circuits take a high current when tured to charge the electrolytics and a 100mA (or SOmA 
or 63mA fuse) will bow and stretch and change shape, every time the equipment is turned ON. 
Eventually it will break, due to it heating-up and stretching. 

To produce a reliable fuse below 100mA, some manufacturers have placed a resistor inside the 
fuse and connected it to a spring. One end of the resistor is soldered to a wire with low- 
temperature metal and when the resistor gets hot, the metal softens and the spring pulls the 
resistor away from the wire. 

Quite often you can heat up the metal and connect the wire and the fuse is perfect. 

This type of fuse is called a DELAY fuse and the current rating is shown on the end-cap. 

The value of the resistor determines the current rating. 

There is a small voltage across this type of fuse and it means the cirouit sees a slightly lower 
voltage than the supply voltage. 

The third photo shows the pot of solder or low-temp metal and a wire connected to a spring. The 
heat generated in the wire is passed to the solder and it softens. The spring pulls the two 
components apart. You can smash the glass and set up the fuse in the two fuse-holders and 
repair the fuse while you wait for a new fuse to arrive, 
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TESTING COILS, INDUCTORS and YOKES 


Coils, inductors, chokes and yokes are just coils (turns) of wire. The wire may be 
wrapped around a core made of iron or ferrite. 

It is labeled "L" on a circuit board. 

You can test this component for continuity between the ends of the winding and also 
make sure there is no continuity between the winding and the core. 

The winding can be less than one ohm, or greater than 100 ohms. A coil of wire is 
also called an INDUCTOR and it might look like a very simple component, but it can 
operate in a very complex way. 

The way it works is a discussion for another eBook. It is important to understand the 
turns are insulated but a slight fracture in the insulation can cause two turns to touch 
each other and this is called a "SHORTED TURN" or you can say the inductor has 
"SHORTED TURNS." 

When this happens, the inductor allows the circuit to draw MORE CURRENT. This 
causes the fuse to "blow." 

The quickest way to check an inductor is to replace it, but if you want to measure the 
inductance, you can use an INDUCTANCE METER. You can then compare the 
inductance with a known good component. 

An inductor with a shorted turn will have a very low or zero inductance, however you 
may not be able to detect the fault when it is not working in a circuit as the fault 
may be created by a high voltage generated between two of the turns. 

Faulty yokes (both horizontal and vertical windings) can cause the picture to reduce 
in size and/or bend or produce a single horizontal line. 

ATV or monitor screen is the best piece of Test Equipment as it has identified the 
fault. It is pointless trying to test the windings further as you will not be able to test 
them under full operating conditions. The fault may not show up when a low voltage 
(test voltage) is applied 


MEASURING AND TESTING INDUCTORS 

Inductors are measured with an INDUCTANCE METER but the value of some 
inductors is very small and some Inductance Meters do not give an accurate reading. 
The solution is to measure a larger inductor and note the reading. Now put the two 
inductors in SERIES and the values ADD UP - just like resistors in SERIES. This way 
you can measure very small inductors. VERY CLEVER! 


Question from a reader: Can I add an inductor to stop a fuse blowing? 


Basically, an inductor NEVER prevents a fuse blowing because an inductor prevents 
spikes on one lead (we will call the INPUT lead), appearing on its other lead 

This is the detection and prevention of current that exists for a very short period of 
time 

‘A fuse detects an excess of current that occurs over a very long period of time and 
they are entirely two different "detectors." 

One cannot assist the other in any way. 


‘An inductor is basically a coil of wire. It may be thick or thin wire. The value of the 
inductor is a combination of the number of turns and the material on which the wire 
is wound. 

The value of an inductor does not change over say a period of 20 years but it can go 
faulty by the enamel cracking and two turns touching. This can also be due to the 
difference in voltage between the two turns creating a spark between the turns and 
creating a "short." 

When you test it, the high voltage is not present and it will test ok. 

You may not think a few turns of wire will have any effect on improving a circuit, but 
spikes are very high frequency and the inductor will have a very big effect on 
reducing them. 

An inductor (say 100uH) can be produced in many different sizes and the thickness 
of the wire will be important as it determines the current that can flow through the 
inductor. 

The term “inductor” also includes those with two or more windings and these 
components are called TRANSFORMERS. These devices can get "shorts" and "leaks" 
between the windings and sparks can be seen between the windings. These sparks 
do not occur when you are testing them on test-equipment so the only way to 


guarantee success is to replace it with an identical replacement. 


TESTING SWITCHES and RELAYS 

Switches and relays have contacts that open and close mechanically and you can test 
them for CONTINUITY. However these components can become intermittent due to 
dirt or pitting of the surface of the contacts due to arcing as the switch is opened. 

It is best to test these items when the operating voltage and current is present as 
they quite often fail due to the arcing. A switch can work 49 times then fail on each 
50th operation. The same with a relay. It can fail one time in 50 due to CONTACT 
WEAR. 

If the contacts do not touch each other with a large amount of force and with a large 
amount of the metal touching, the current flowing through the contacts will create 
HEAT and this will damage the metal and sometimes reduce the pressure holding the 
contact together. 

This causes more arcing and eventually the switch heats up and starts to burn. 
Switches are the biggest causes of fire in electrical equipment and households. 


A relay also has a set of contacts that can cause problems. 

There are many different types of relays and basically they can be put into two 
groups. 

1. An electromagnetic relay is a switch operated by magnetic force. This force is 
generated by current through a coil. The relay opens and closes a set of contacts. 
The contacts allow a current to flow and this current can damage the contacts. 
Connect 5v or 12v to the coil (or 24v) and listen for the "click" of the points closing. 
Measure the resistance across the points to see if they are closing. 

You really need to put a load on the points to see if they are clean and can carry a 
current. 

The coil will work in either direction. 

If not, the relay is possibly a CMOS relay or Solid State relay. 


2. An electronic relay (Solid State Relay) does not have a winding. It works on the 
principle of an opto-coupler and uses a LED and Light Activated SCR or Opto-TRIAC 
to produce a low resistance on the output. The two pins that energise the relay (the 
two input pins) must be connected to 5v (or 12v) around the correct way as the 
voltage is driving a LED (with series resistor). The LED illuminates and activates a 
light-sensitive device. 


Solid-state relay Load 
= AY 


~ 


LED Opto-TRIAC 


TESTING REED SWITCHES 


A reed switch is generally contained in a long glass tube: 


wire (orlead) — v*"8P wire (or lead) 


Aire or lead comes out each end for soldering to the reed switch to the project. 
The two "blades" inside the switch are made from a material that can be magnetised 
but does not retain its magnetism. This effect is called "temporally magnetised" (not 
permanently magnetised) and really only "passes" magnetism from one end to the 
other when in the presence of a magnet. One of the blades is made of a soft material 
and it will bend very easily. The other one is much stiffer. 
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When a magnet is placed under the two blades (or on top), the magnetism from the 
magnet is passed to the two blades (INDUCTION or MUTUAL INDUCTION - commonly 
called INDUCED) and it produces a very weak magnet (in the blade) that is identical 
to the powerful magnet as far as the position of the north and south poles are 
concerned). Initially it produces a N-S and N-S set of poles and this makes the two 
blades click together because the top blade will be South at the contact and the 
bottom blade will be North. 

When the two blades click together the magnetism runs through the two blades and 
keeps them together. The two blades attract and the switch is closed. When the 
magnet is removed, the magnetism in the two blades ceases and the two blades 
move apart. 

Since there is a very small amount of movement in the top blade, this switch has a 
limited number of operations. Eventually it will fail. It is a mechanical device and is 
not suited for detecting a spinning shaft as 100,000 revolutions will very quickly 
weaken the switch. 

If the switch does not make contact or remains closed, the moveable blade can be 
cracked or broken. This can be very hard to see. So replace the switch. 


LATCHING REED SWITCH 

A“normal" reed switch can be converted into a LATCHING REED SWITCH by 
carefully placing a magnet below the switch and moving it away so the two blades 
open. Now move it slightly closer but do not allow the blades to close 

This is called putting a "SET" on the switch and the two blades will have a small 
magnetic effect "induced" in them but not enough to close the contacts: 
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Now bring a strong magnet up to the reed switch on the other side of the glass tube 
with the north pole above the north of the lower magnet. This effect will increase the 
INDUCED MAGNETISM in the blades and close the contacts: 
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Remove the top magnet and the lower magnet will induce enough magnetism into 
the blades to keep them closed: 
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Now bring the upper magnet near the reed switch with the south pole above the 
north pole of the lower magnet. (In other words: AROUND THE OTHER WAY) This will 
have the effect of reducing the induced magnetism in the blades and a point will be 
reached when the two contacts will separate: 
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Remove the top magnet and the switch will remain separated because the lower 
magnet will not have sufficient influence on the blades to close the contact: 
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CAPACITORS 

Capacitors are one of the most difficult things to test. That's because they don't give 
a reading on a multimeter and their value can range from 1p to 100,000u. 

A faulty capacitor may be "open" when measured with a multimeter, and a good 
capacitor will also be "open." 


You need a piece of test equipment called a CAPACITANCE METER to measure the 
value of a capacitor. 


HOW A CAPACITOR WORKS 

There are two ways to describe how a capacitor works. Both are correct and you 
have to combine them to get a full picture. 

A capacitor has INFINITE resistance between one lead and the other. 

This means no current flows through a capacitor. But it works in another way. 
Suppose you have a strong magnet on one side of a door and a piece of metal on the 
other. By sliding the magnet up and down the door, the metal rises and falls. 

The metal can be connected to a pump and you can pump water by sliding the 
magnet up and down. 

A capacitor works in exactly the same way. 

If you raise a voltage on one lead of a capacitor, the other lead will rise to the same 
voltage. This needs more explaining - we are keeping the discussion simple. 

It works just like the magnetic field of the magnet through a door. 

The next concept is this: 

Capacitors are equivalent to a tiny rechargeable battery. 

They store energy when the supply-voltage is present and release it when the supply 
drops. 

These two concepts can be used in many ways and that's why capacitors perform 
tasks such as filtering, time-delays, passing a signal from one stage to another and 
create many different effects in a circuit. 


CAPACITOR VALUES 

The basic unit of capacitance is the FARAD. (C) This is the value used in all 
equations, but it is a very large value. A one FARAD capacitor would be the size of a 
car if made with plates and paper. Most electronic circuits use capacitors with smaller 
values such as 1p to 1,000u. 1p is about equal to two parallel wires 2cm long. 1p is 
one picofarad. 


The easiest way to understand capacitor values is to start with a value of 1u. This is 


one microfarad and is one-millionth of a Farad. A 1 microfarad capacitor is about 
cm long and the diagram shows a 1u electrolytic. 


Smaller capacitors are ceramic and they look like the following. This is a 100n 
(0.1u)ceramic: 
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To read the value on a capacitor you need to know a few facts. 


The basic value of capacitance is the FARAD. 

1 microfarad is one millionth of 1 farad. 

1 microfarad is divided into smaller parts called nanofarad. 
1,000 nanofarad = 1 microfarad 

Nanofarad is divided into small parts called picofarad 
1,000 picofarad = 1 nanofarad. 


Recapping: 

picofarad. 1,000p = in ( 1 nanofarad) 
iu (1 microfarad) 

1,000u = imillifarad 

1,000,000u = 1 FARAD. 


Examples: 
All ceramic capacitors are marked in "p" (puff") 
A ceramic with 22 is 22p 
Acceramic with 47 is 47p 
A ceramic with 470 is 470p = 470 picofarad 
Acceramic with 471 is 470p = 470 picofarad 
Acceramic with 102 is 1,000p = In 
Acceramic with 223 is 22,000p = 22n 
Acceramic with 104 is 100,000p = 100n 
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TYPES OF CAPACITOR 

For testing purposes, there are two types of capacitor. 

Capacitors from 1p to 100n are non-polar and can be inserted into a circuit around 
either way. 

Capacitors from 1u to 100,000u are electrolytics and are polarised. They must be 
fitted so the positive lead goes to the supply voltage and the negative lead goes to 
ground (or earth). 

There are many different sizes, shapes and types of capacitor. They are all the same. 
They consist of two plates with an insulating material between. The two plates can 
be stacked in layers or rolled together. 

The important factor is the insulating material. It must be very thin to keep things 
small. This gives the capacitor its VOLTAGE RATING. 

If a capacitor sees a voltage higher than its rating, the voltage will "jump through” 
the insulating material or around it. 

If this happens, a carbon deposit is left behind and the capacitor becomes "leaky" or 
very low resistance, as carbon is conductive 


CERAMIC CAPACITORS 


Nearly all small capacitors are ceramic capacitors as this material is cheap and the 
capacitor can be made in very thin layers to produced a high capacitance for the size 
of the component. This is especially true for surface-mount capacitors. 

All capacitors are marked with a value and the basic unit is: "p" for "puff" However 
NO surface mount capacitors are marked and they are very difficult to test. 
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POLYESTER, POLYCARBONATE, POLYSTYRENE, MYLAR, METALLISED POLYESTER, 
("POLY"), MICA and other types of CAPACITOR 

There are many types of capacitor and they are chosen for their reliability, stability, 
temperate-range and cost. 

For testing and repair work, they are all the same. Simply replace with exactly the 


same type and value. 
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Capacitor Colour Code Table 
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ELECTROLYTIC and TANTALUM CAPACITORS 
Electrolytics and Tantalums are the same for testing purposes but their performance 
is slightly different in some circuits. A tantalum is smaller for the same rating as an 
electrolytic and has a better ability at delivering a current. They are available up to 
about 1,000u, at about 5Ov but their cost is much higher than an electrolytic. 


Electrolytics are available in 1u, 2u2 3u3 4u7 10u, 22u, 47u, 100u, 220u, 330u, 
470u, 1,000u, 2,200u, 3,300u, 4,700u, 10,000u and higher. 

The "voltage" or "working voltage" can be: 3.3v, 10v, 16v, 25v, 63v, 100v, 200v and 
higher. 

There is also another important factor that is rarely covered in text books. It is 
RIPPLE FACTOR. 

This is the amount of current that can enter and leave an electrolytic. This current 
heats up the electrolytic and that is why some electrolytics are much larger than 
others, even though the capacitance and voltage-ratings are the same. 

If you replace an electrolytic with a "miniature" version, it will heat up and have a 
very short life. This is especially important in power supplies where current (energy) 
is constantly entering and exiting the electrolytic as its main purpose is to provide a 
smooth output from a set of diodes that delivers "pulsing DC." (see "Power Diodes") 
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PARALLEL and SERIES CAPACITORS 

Capacitors can be connected in PARALLEL and/or SERIES for a number of reasons. 

1. If you do not have the exact value, two or more connected in parallel or series can 
produce the value you need. 

2. Capacitors connected in series will produce one with a higher voltage rating. 

3. Capacitors connected in parallel will produce a larger-value capacitance. 


Here are examples of two equal capacitors connected in series or parallel and the 
results they produce: 
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NON-POLAR CAPACITORS (ELECTROLYTICS) 

Electrolytics are also available in non-polar values. It sometimes has the letters "NP" 
‘on the component. Sometimes the leads are not identified. 

This is an electrolytic that does not have a positive and negative lead but two leads 
and either lead can be connected to the positive or negative of the circuit. 

These electrolytics are usually connected to the output of an amplifier (such as in a 
filter near the speaker) where the signal is rising and falling. 

A non-polar electrolytic can be created from two ordinary electrolytics by connecting 
the negative leads together and the two positive leads become the new leads. 

For example: two 100u 63v electrolytics will produce a 47u 63v non-polar 
electrolytic. 

In the circuit below, the non-polar capacitor is replaced with two electrolytics. 
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Anormal electrolytic must be connected the correct way in a circuit because it has a thin 
insulating layer covering the plates that has a high resistance 

HF you connect the electrolytic around the wrong way, this layer "breaks-down” and the resistance 
of the electrolytic becomes very small and a high current flows. This heats up the electrolytic and 
the current increases. Very soon the capacitor produces gasses and explodes. 

(One big mistake in many text books shows how to make a non-polar electrolytic by connecting 
two "back-to-back." 

They claim 2 x 100u connected back-to-back is equal to 47u. 

This appears to be case when testing on a meter but the meter simply charges them for a short 
period of time to get a reading, 

If you allow them to charge fully you will find the reverse electrolytic has a very small voltage 
across it. 

Secondly, when you are charging them, you are putting a high current through the reverse 
electrolytic and damaging the layer. 

To prevent this, you need to add two diodes as shown in the diagram. 

In addition, 2 x 100u "back-to-back" is very near 100u. 


Here is a question from a reader: 
Thave an amplifier with 2 x2,200u electrolytics on the output of a bridge. Can I replace 
them with a single 10,000u? 
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You need to look at the circuit of your amplifier. The two 2,200u electrolytics are possibly 
connected as shown in the circuit above and you will notice they are joined to produce a positive 
rail and a negative rail with zero (called earth) in the centre. 

This forms two different circuits with the top electrolytic filtering the positive rail and the bottom 
electro filtering the negative rail. They must be connected to the zero volts rail 

Assingle 10,000u cannot be connected to the Ov rail and cannot be substituted for the two 
electro’s. 

You can easily determine of the two electro's are connected as shown above. 

Test the positive terminal of each electro by placing the negative of the meter on the chassis. 

If the positive of one electro have zero volts, it will be the lower electro in the diagram above. The 
negative terminal of the electro will have a minus voltage on it. 


VOLTAGE RATING OF CAPACITOR 

Capacitors have a voltage rating, stated as WV for working voltage, or WVDC. This 
specifies the maximum voltage that can be applied across the capacitor without 
puncturing the dielectric. Voltage ratings for "poly," mica and ceramic capacitors are 
typically 50v to 500 VDC. Ceramic capacitors with ratings of 1kv to 5kv are also 
available. Electrolytic capacitors are commonly available in 6v, 10v 16v, 25v, 50v, 
100v, 150v, and 450v ratings. 


THE SIZE OF A CAPACITOR - RIPPLE FACTOR 

The size of a capacitor depends on a number of factors, namely the value of the 
capacitor (in microfarads etc) and the voltage rating. But there is also another factor 
that is most important. It is the RIPPLE FACTOR. Ripple Factor is the amount of 
voltage-fluctuation the capacitor (electrolytic) can withstand without getting too hot. 
When current flows in and out of an electrolytic, it gets hot and this will eventually 
dry-out the capacitor as some of the liquid inside the capacitor escapes through the 
seal. It's a very slow process but over a period of years, the capacitor looses its 
capacitance. 

If you have two identical 1,000u 35v electrolytics and one is smaller, it will get 
hotter when operating in a circuit and that's why it is necessary to choose the largest 
electrolytic. 


CAUTION 

If a capacitor has a voltage rating of 63v, do not put it in a 100v circuit as the 
insulation (called the dielectric) will be punctured and the capacitor will "short- 
circuit." It's ok to replace a 0.22uF SOWV capacitor with 0.22uF 250WVDC. 


SAFETY 

A capacitor can store a charge for a period of time after the equipment is turned off. 
High voltage electrolytic caps can pose a safety hazard. These capacitors are in 
power supplies and some have a resistor across them, called a bleed resistor, to 
discharge the cap after power is switched off. 

If a bleed resistor is not present the cap can retain a charge after the equipment is 
unplugged. 


How to discharge a capacitor 

Do not use a screwdriver to short between the terminals as this will damage the 
capacitor internally and the screwdriver. 

Use a 1k 1 watt or 3watt or Swatt resistor on jumper leads (or held with pliers) and 
keep them connected for up to 15 seconds to fully discharge the electro. 

Test it with a voltmeter to make sure all the energy has been removed. 


Before testing any capacitors, especially electrolytics, you should look to see if any 
are damaged, overheated or leaking. Swelling at the top of an electrolytic indicates 
heating (and pressure inside the case) and will result in drying out of the electrolyte. 
Any hot or warm electrolytic indicates leakage and ceramic capacitors with portions 
missing indicates something has gone wrong (such as it being "blown apart"). 


Here is a 120u 330v electrolytic from a flash circuit in an old-fashioned film camera. 
If the flash does not "fire," the electrolytic will be charged to about 350 volts !! 

Use a 1k resistor (held with pliers) to slowly discharge it. It may take 15 seconds to 
fully discharge. 


TESTING A CAPACITOR 

There are two things you can test with a multimeter: 
1. A short-circuit within the capacitor 

2. Capacitor values above 1u. 


You can test capacitors in-circuit for short-circuits. Use the x1 ohms range. 

To test a capacitor for leakage, you need to remove it or at least one lead must be 
removed. Use the x10k range on an analogue or digital multimeter. 

For values above 1u you can determine if the capacitor is charging by using an 
analogue meter. The needle will initially move across the scale to indicate the cap is 
charging, then go to "no deflection." Any permanent deflection of the needle will 
indicate leakage. 

You can reverse the probes to see if the needle moves in the opposite direction. This 
indicates it has been charged. Values below 1u will not respond to charging and the 
needle will not deflect. 

This does not work with a digital meter as the resistance range does not output any 
current and the electrolytic does not charge. 


Rather than spending money on a capacitance meter, it is cheaper to replace any 
suspect capacitor or electrolytic. 

Capacitors can produce very unusual faults and no piece of test equipment is going 
to detect the problem. 

In most cases, it is a simple matter to solder another capacitor across the suspect 
component and view or listen to the result. 

This saves all the worry of removing the component and testing it with equipment 
that cannot possibly give you an accurate reading when the full voltage and current 
is not present. 

It is complete madness to even think of testing critical components such as 
capacitors, with TEST EQUIPMENT. You are fooling yourself. If the Test Equipment 
says the component is ok, you will look somewhere else and waste a lot of time. 


FINDING THE VALUE OF A CAPACITOR 

If you want to find the value of a surface-mount capacitor or one where the markings 
have been removed, you will need a CAPACITANCE METER. Here is a simple circuit 
that can be added to your meter to read capacitor values from 10p to 10u. 

The full article can be found HERE. 


ADD-ON CAPACITANCE METER 


CAPACITOR SUBSTITUTION BOX 


You can get a kit or a ready-made piece of test gear called CAPACITOR 
SUBSTITUTION BOX and also RESISTOR SUBSTITUTION BOX. 

I bought one of each 30 years ago and I have only used them ONCE. 

They appear to be very handy but when you are testing a circuit, you want the 
component next to the other parts. 

It is just as easy to pick the component you need from your junk box and connect it 
to the circuit via jumper leads. 


REPLACING A CAPACITOR 

Always replace a capacitor with the exact same type. 

A capacitor may be slightly important in a circuit or it might be extremely critical. 

A manufacturer may have taken years to select the right type of capacitor due to 
previous failures. 

A capacitor just doesn't have a "value of capacitance." 

It may also has an effect called "tightening of the rails." 

In other words, a capacitor has the ability to react quickly and either absorb or 
deliver eneray to prevent spikes or fluctuations on the rail. 

This is due to the way it is constructed. Some capacitors are simply plates of metal 
film while others are wound in a coil. Some capacitors are large while others are 
small. 

They all react differently when the voltage fluctuates. 

Not only this, but some capacitors are very stable and all these features go into the 
decision for the type of capacitor to use. 

You can completely destroy the operation of a circuit by selecting the wrong type of 
capacitor. 

No capacitor is perfect and when it gets charged or discharged, it appears to have a 
small value of resistance in series with the value of capacitance. This is known as 
"ESR" and stands for EQUIVALENT SERIES RESISTANCE. This effectively makes the 
capacitor slightly slower to charge and discharge. 

We cannot go into the theory on selecting a capacitor as it would be larger than this 
eBook so the only solution is to replace a capacitor with an identical type. 

However if you get more than one repair with identical faults, you should ask other 
technicians if the original capacitor comes from a faulty batch. 

The author has fixed TV's and fax machines where the capacitors have been inferior 
and alternate types have solved the problem. 

Some capacitor are suitable for high frequencies, others for low frequencies. 


DECOUPLING CAPACITORS 

‘A Decoupling Capacitor can severe one, two or three functions. You need to think of 
a decoupling capacitor as a miniature battery with the ability to deliver a brief pulse 
of energy when ever the line-voltage drops and also absorb a brief pulse of energy 
when ever the line voltage rises (or spikes). 

Decoupling capacitor can range from 100n to 1,000u. 

100n capacitors are designed to absorb spikes and also have the effect of tightening- 


up the rails for high frequencies. They have no effect on low frequencies such as 
audio frequencies. 

These capacitors are generally ceramic and have very low internal impedance and 
thus they can operate at high frequencies. 

Capacitors above about 10u are used for decoupling and these are nearly always 
electrolytics. 

Decoupling means "tightening-up the power rails." The electrolytic acts just like a 
miniature rechargeable battery, supplying a small number of components in a circuit 
with a smooth and stable voltage. 

The electrolytic is usually fed from a dropper resistor and this resistor charges the 
electrolytic and adds to the ability of the electrolytic to create a "separate power 
supply.” 

These two components help remove spikes as an electrolytic cannot remove spikes if 
connected directly to the supply rails - it's internal impedance is high and the spikes 
are not absorbed. 

Decoupling capacitors are very difficult to test. 

They rarely fail but if a project is suffering from unknown glitches and spikes, it is 
best to simply add more 100n decoupling caps on the underside of the board and 
replace all electrolytics. 

Some small electrolytics will dry out due to faulty manufacture and simply replacing 
every one on a board will solve the problem. 

Some of the functions of a decoupling capacitor are: 

Removing ripple - hum or buzz in the background of an amplifier 

Removing glitches or spikes. 

Separating one stage from another to reduce or remove MOTORBOATING - a low 
frequency sound due to the output putting a pulse on the power rails that is picked 
up by the pre-amplifier section and amplified. 


TESTING DIODES 

Diodes can have 4 different faults. 
1. Open circuit in both directions. 
2. Low resistance in both directions. 
3. Leaky. 

4. Breakdown under load. 


TESTING A DIODE ON AN ANALOGUE METER 

Testing a diode with an Analogue Multimeter can be done on any of the resistance 
ranges. [The high resistance range is best - it sometimes has a high voltage battery 
for this range but this does not affect our testing] 

There are two things you must remember. 

1. When the diode is measured in one direction, the needle will not move at all. 

The technical term for this is the diode is reverse biased. It will not allow any 
current to flow. Thus the needle will not move. 

When the diode is connected around the other way, the needle will swing to the right 
(move up scale) to about 80% of the scale. This position represents the voltage drop 
across the junction of the diode and is NOT a resistance value. If you change the 
resistance range, the needle will move to a slightly different position due to the 
resistances inside the meter. The technical term for this is the diode is forward 
biased. This indicates the diode is not faulty. 

The needle will swing to a slightly different position for a "normal diode" compared to 
a Schottky diode. This is due to the different junction voltage drops. 

However we are only testing the diode at very low voltage and it may break-down 
when fitted to a circuit due to a higher voltage being present or due to a high current 
flowing. 


2. The leads of an Analogue Multimeter have the positive of the battery connected 
to the black probe and the readings of a "good diode" are shown in the following two 
diagrams: 


The diode is REVERSE BIASED in the 
diagram above and diodes not conduct. 


Here is the equivalent circuit: 


The diode is FORWARD BIASED in the 
diagram above and it conducts 


TESTING A DIODE ON A DIGITAL METER 

Testing a diode with a Digital Meter must be done on the "DIODE" setting as a digital 
meter does not deliver a current through the probes on some of the resistance 
settings and will not produce an accurate reading. 
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The best thing to do with a "suspect" diode is to replace it. This is because a diode 
has a number of characteristics that cannot be tested with simple equipment. Some 
diodes have a fast recovery for use in high frequency circuits. They conduct very 
quickly and turn off very quickly so the waveform is processed accurately and 


efficiently. 

If the diode is replaced with an ordinary diode, it will heat up as does not have the 
high-speed characteristic. 

Other diodes have a low drop across them and if an ordinary is used, it will heat up. 
Most diodes fail by going: SHORT-CIRCUIT. This can be detected by a low resistance 
(x1 or x10 Ohms range) in both directions. 

A diode can also go OPEN CIRCUIT. To locate this fault, place an identical diode 
across the diode being tested. 

A leaky diode can be detected by a low reading in one direction and a slight reading 
the other direction. 

However this type of fault can only be detected when the circuit is working. The 
output of the circuit will be low and sometimes the diode heats up (more than 
normal). 

A diode can go open under full load conditions and perform intermittently. 

Diodes come in pairs in surface-mount packages and 4 diodes can be found in a 
bridge. 

They are also available in pairs that look like a 3-leaded transistor. 

The line on the end of the body of a diode indicates the cathode and you cannot say 
"this is the positive lead." The correct way to describe the leads is to say the 
"cathode lead." The other lead is the anode. The cathode is defined as the electrode 
(or lead) through which an electric current flows out of a device. 

The following diagrams show different types of diodes: 
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POWER DIODES 

To understand how a power diode works, we need to describe a few things. This has 
NEVER been described before, so read carefully. 

The 240v AC (called the "mains") consists of two wires, one is called the ACTIVE and 
the other is NEUTRAL. Suppose you touch both wires. You will get a shock. The 
neutral is connected to an earth wire (or rod driven into the ground or connected to 
a water pipe) at the point where the electricity enters the premises and you do not 
get a shock from the NEUTRAL. 


But the voltage on the active is rising to +345v then goes to -345v at the rate of 50 
times per second (for a complete cycle). 

345v is the peak voltage of 240v. You never get a 240v shock. (It is a 345v shock.) 
In other words, if you touch the two wires at a particular instant, you would get a 
POSITIVE 345v shock and at another instant you would get a negative 345v shock. 
This is shown in the diagram below. 

We now transfer this concept to the output of a transformer. The diagram shows an 
‘AC waveform on the output of the secondary. 

This voltage is rising 15v higher than the bottom lead then it is 15v LOWER than the 
bottom lead. The bottom lead is called "zero volts." You have to say one lead or wire 
is not "rising and falling” as you need a "reference" or starting-point” or "zero point" 
for voltage measurements. 

The diode only conducts when the voltage is "above zero" (actually when it is 0.7v 
above zero) and does not conduct (at all) when the voltage goes below zero. 

This is shown on the output of the Power Diode. Only the positive peaks or the 
positive parts of the waveform appear on the output and this is called "pulsing DC." 
This is called "half-wave" and is not used in a power supply. We have used it to 
describe how the diode works. The electrolytics charge during the peaks and deliver 
energy when the diode is not delivering current. This is how the output becomes a 
steady DC voltage. 

Power supplies use FULL WAVE rectification and the other half of the AC waveform is 
delivered to the output (and fills in the "gaps") and appears as shown in "A." 
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ONE FAULTY DIODE 
One diode in a bridge can go open (any of the 4 diodes will produce the same effect) 
and produce an output voltage that can be slightly lower than the original voltage. 


The actual "voltage-drop" will depend on the current taken by the circuit and the 
ability of the transformer to produce the required voltage and current during half- 
wave operation. The voltage during each half cycle (when none of the diodes is 
delivering any energy to the circuit) is maintained by the electrolytic and its size 
(relative to the current taken by the circuit) will determine the size of the ripple that 
will result when the diode fails. The ripple will be 100 to 1,000 times greater after 
the failure of a diode, depending on the value of the filter capacitor. 

To locate the faulty diode, simply get a diode and place it across each of the diodes 
in the bridge (in turn) when the circuit is working. 

For a bridge rectifier, the ripple-frequency will be twice the mains frequency and its 
ripple will be very small if the electrolytic is the correct value. When a diode fails, the 
ripple-frequency will be equal to mains-frequency and the amplitude will increase 
considerably. You may even hear background hum from audio equipment. 

If you cannot find a faulty diode, the filter capacitor will be at fault. Turn off the 
equipment and connect an electrolytic across the filter capacitor via jumper leads. 
Turn the power ON and see if the hum has reduced 


DAMPER DIODES 

‘A damper diode is a diode that detects a high voltage and SQUELCHES IT (reduces it 
- removes it). The signal that it squelches is a voltage that is in the opposite 
direction to the "supply voltage" and is produced by the collapsing of a magnetic 
field. Whenever a magnetic filed collapses, it produces a voltage in the winding that 
is opposite to the supply voltage and can be much higher. This is the principle of a 
flyback circuit or EHT circuit. The high voltage comes from the transformer. 

The diode is placed so that the signal passes through it and less than 0.5v appears 
across it. 

A damper diode can be placed across the coil of a relay, incorporated into a 
transistor or FET or placed across a winding of a flyback transformer to protect the 
driving transistor or FET. 

It can also be called a "Reverse-Voltage Protection Diode," "Spike Suppression 
Diode," or "Voltage Clamp Diode.” 

The main characteristic of a Damper Diode is HIGH SPEED so it can detect the spike 
and absorb the energy 

It does not have to be a high-voltage diode as the high voltage in the circuit is being 
absorbed by the diode. 


SILICON, GERMANIUM AND SCHOTTKY DIODES 

When testing a diode with an analogue meter, you will get a low reading in one 
direction and a high (or NO READING) in the other direction. When reading in the 
LOW direction, the needle will swing nearly full scale and the reading is not a 
resistance-value but a reflection of the characteristic voltage drop across the junction 
of the diode. As we mentioned before, a resistance reading is really a voltage reading 
and the meter is measuring the voltage of the battery minus the voltage-drop across 
the diode. 

Since Silicon, Germanium and Schottky Diodes have slightly different characteristic 
voltage drops across the junction, you will get a slightly different reading on the 
scale. This does not represent one diode being better than the other or capable of 
handling a higher current or any other feature. 

The quickest, easiest and cheapest way to find, fix and solve a problem caused by a 


faulty diode is to replace it. 

There is no piece of test equipment capable of testing a diode fully, and the circuit 
you are working on is actually the best piece of test equipment as it is identifying the 
fault UNDER LOAD. 


Only very simple tests can be done with a multimeter and it is best to check a diode 
with an ANALOGUE MULTIMETER as it outputs a higher current though the diode and 
produces a more-reliable result. 

A Digital meter can produce false readings as it does not apply enough current to 
activate the junction. 

Fortunately almost every digital multimeter has a diode test mode. Using this, a 
silicon diode should read a voltage drop between 0.5v to 0.8v in the forward 
direction and open in the reverse direction. For a germanium diode, the reading will 
be lower, around 0.2v - 0.4v in the forward direction. A bad diode will read zero volts 
in both directions. 


REPLACING A DIODE 

It is alway best to replace a diode with the same type but quite often this is not 
possible. Many diodes have unusual markings or colours or "in-house" letters. 
This is only a general guide because many diodes have special features, especially 
when used in high-frequency circuits. 

However if you are desperate to get a piece of equipment working, here are the 
steps: 

Determine if the diode is a signal diode, power diode, or zener diode. 

For a signal diode, try 1N4148. 

For a power diode (1 amp) try 1N4004. (for up to 400v) 

For a power diode (3 amp) try 1N5404. (for up to 400v) 

For a high-speed diode, try UF4004 (for up to 400v) 


If you put an ordinary diode in a high-speed application, it will get very hot very 
quickly. 

To replace an unknown zener diode, start with a low voltage such as 6v2 and see if 
the circuit works. 

The size of a diode and the thickness of the leads will give an idea of the current- 
capability of the diode. 

Keep the leads short as the PC board acts as a heat-sink. 

You can also add fins to the leads to keep the diode cool. 


LIGHT EMITTING DIODES (LEDs) 

Light Emitting Diodes (LEDs) are diodes that produce light when current flows from 
anode to cathode. The LED does not emit light when it is revered-biased. It is used 
as a low current indicator in many types of consumer and industrial equipment, such 
as monitors, TV's, printers, hi-fi systems, machinery and control panels. 

The light produced by a LED can be visible, such as red, green, yellow or white. It 
can also be invisible and these LEDs are called Infrared LEDs. They are used in 
remote controls and to see if they are working, you need to point a digital camera at 
the LED and view the picture on the camera screen. 

An LED needs about 2v - 3.6 across its leads to make it emit light, but this voltage 
must be exact for the type and colour of the LED. The simplest way to deliver the 
exact voltage is to have a supply that is higher than needed and include a voltage- 
dropping resistor. The value of the resistor must be selected so the current is 
between 2mA and 25mA. 

The cathode of the LED is identified by a flat on the side of the LED. The life 
expectancy of a LED is about 100,000 hours. LEDs rarely fail but they are very 
sensitive to heat and they must be soldered and de-soldered quickly. They are one of 
the most heat-sensitive components. 

Light emitting diodes cannot be tested with most multimeters because the 
characteristic voltage across them is higher than the voltage of the battery in the 
meter. 

However a simple tester can be made by joining 3 cells together with a 220R resistor 


and 2 alligator clips: 
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Connect the clips to a LED and it will illuminate in only one direction. 

The colour of the LED will determine the voltage across it. You can measure this 
voltage if you want to match two or more LEDs for identical operation. 

Red LEDs are generally 1.7v to 1.9v. - depending on the quality such as "high- 
bright" 

Green LEDs are 1,9v to 2.3v. 

Orange LEDs are about 2.3v and 

White LEDs and IR LEDs are about 3.3v to 3.6v. 

The illumination produced by a LED is determined by the quality of the crystal. It is 
the crystal that produces the colour and you need to replace a LED with the same 
quality to achieve the same illumination. 

Never connect a LED across a battery (such as 6v or 9v), as it will be instantly 
damaged. You must have a resistor in series with the LED to limit the current. 


ZENER DIODES 

All diodes are Zener diodes. For instance a 1N4148 is a 120v zener diode as this is 
its reverse breakdown voltage. 

‘And a zener diode can be used as an ordinary diode in a circuit with a voltage that is 
below the zener value. 

For instance, 20v zener diodes can be used in a 12v power supply as the voltage 
never reaches 20v, and the zener characteristic is never reached. 

Most diodes have a reverse breakdown voltage above 100v, while most zeners are 
below 70v. A 24v zener can be created by using two 12v zeners in series and a 
normal diode has a characteristic voltage of 0.7v. This can be used to increase the 
voltage of a zener diode by 0.7v. See the diagram above. It uses 3 ordinary diodes 
to increase the output voltage of a 3-terminal regulator by 2.1v. 

To tests a zener diode you need a power supply about 10v higher than the zener of 
the diode. Connect the zener across the supply with a 1k to 4k7 resistor and 
measure the voltage across the diode. If it measures less than 1v, reverse the zener. 
If the reading is high or low in both directions, the zener is damaged. 


Here is a zener diode tester. The circuit will test up to 56v zeners. 
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TRANSFORMERLESS POWER SUPPLY 

Here's a circuit that uses zener diodes in a power supply to show how they work. 
This clever design uses 4 diodes in a bridge to produce a fixed voltage power supply 
capable of supplying 35ma. 

If we put 2 zener diodes in a bridge with two ordinary power diodes, the bridge will 
break-down at the voltage of the zener. This is what we have done. If we use 18v 
zeners, the output will be 17v4. 
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SUPPLY USING ZENER DIODES 


When the incoming voltage is positive at the top, the left zener provides 18v limit 
(and the other zener produces a drop of 0.6v). This allows the right zener to pass 
current just like a normal diode. The output is 17v4. The same with the other half- 
cycle. 

You cannot use this type of bridge in a normal power supply as the zener diode will 
"short" when the input voltage reaches the zener value. The concept only works in 
the circuit above. 


VOLTAGE REGULATORS. 

A Voltage Regulator takes a high input voltage and delivers a fixed output voltage. 
Providing the input voltage is 4v above the output voltage, the regulator will deliver 
a fixed output voltage with almost no ripple. 

Voltage regulators are also called "3-TERMINAL REGULATORS" or "REGULATOR IC's" 
- although this name is not generally used. 

In most cases, a voltage regulator gets quite hot and for this reason it has a high 
failure-rate 

If a regulator is not getting hot (or warm) it has either failed or the circuit is not 
operating. 

A regulator can only decrease the voltage. It cannot increase the current. This 
means the current being supplied to a circuit must also be available from the circuit 
supplying the regulator. 

All regulators have different pin-outs, so you need to find the input pin and output 
pin and make sure the voltage-difference is at least 4v. Some regulators will work 
with a difference as low as 1v, so you need to read the specifications for the type 
you are servicing. 

Some regulators are called “negative voltage regulators” and the input voltage will 
be negative and the output will be negative. 

You need to test a voltage regulator with the power "ON". 

Make sure you do not allow the probes to short any of the pins together as this will 
destroy the regulator or the circuit being supplied. 

With the power turned off or the regulator removed from the circuit, you can test it 
with a multimeter set to resistance to see if it is ok. If any resistance readings are 
very low or zero ohms, the regulator is damaged. 


TRANSFORMERS 


All transformers and coils are tested the same way. This includes chokes, coils, 


inductors, yokes, power transformers, EHT transformers (flyback transformers), 
switch mode transformers, isolation transformers, IF transformers, baluns, and any 
device that has turns of wire around a former. All these devices can go faulty. 

The coating on the wire is called insulation or "enamel" and this can crack or become 
overheated or damaged due to vibration or movement. When two turns touch each 
other, a very interesting thing happens. The winding becomes two separate windings. 


We will take the case of a single winding such as a coil. This is shown in the first 
diagram above and the winding is wound across a former (a former is a bobbin or 
plastic molding or something to hold the winding) and back again, making two 
layers. The bottom and top layers touch at the point shown in the diagram and the 
current that originally passed though A, B, C, D now passes though A & D. 


Winding B C becomes a separate winding as shown in the second diagram. 

In other words the coil becomes a TRANSFORMER with a SHORT CIRCUIT on the 
secondary winding as shown in the third diagram. 

When the output wires of a transformer are shorted together, it delivers a very high 
current because you have created a SHORT-CIRCUIT. This short-circuit causes the 
transformer to get very hot. 

That's exactly what happens when any coil or transformer gets a “shorted turn.” 
The shorted turns can be a single turn or many turns. 

It is not possible to measure a fault like this with a multimeter as you don’t know the 
exact resistance of a working coil or winding and the resistance of a faulty winding 
may be only 0.001 ohms less. 

However when a transformer or coil is measured with an inductance meter, an 
oscillating voltage (or spike) is delivered into the core as magnetic flux, then the 
magnetic flux collapses and passes the energy into the winding to produce a 
waveform. The inductance meter reads this and produces a value of inductance in 
Henry (or milliHenry or microHenry.) 

This is done with the transformer removed from the circuit and this can be a very 
difficult thing to do, as most transformers have a number of connections. 

If the coil or transformer has a shorted turn, the energy from the magnetic flux will 
pass into the turns that are shorted and produce a current. Almost no voltage will be 
detected from winding. 

The reading from the inductance meter will be low or very low and you have to work 
out if it is correct. 

However there is one major problem with measuring a faulty transformer or coil. 

It may only become faulty when power is applied. 

The voltage between the turns may be sparking or jumping a gap and creating a 
problem. A tester is not going to find this fault. 

Secondly, an inductance meter may produce a reading but you do not know if the 
reading is correct. An improved tester is a RING TESTER. 

The circuit for a ring tester can be found here: 


http://www. flippers.com/pdfs/k7206. 


It sends a pulse to the coil and counts the number of returning pulses or "rings." A 
faulty coll (or winding) may return one pulse but nearly all the energy will be passed 
to the shorted turns and you will be able to see this on the scale. You will only get 
one or two return pulses, whereas a good winding will return more pulses. 


One way to detect a faulty power transformer is to connect it to the supply and feel 
the temperature-rise (when nothing is connected to the secondary). 

It should NOT get hot. 

Detecting shorted turns is not easy to diagnose as you really need another identical 


component to compare the results. 
Most transformers get very hot when a shorted turn has developed. It may deliver a 
voltage but the heat generated and a smell from the transformer will indicate a fault. 


ISOLATION TRANSFORMER 

An isolation transformer is a piece of Test Equipment that provides "Mains Voltage” 
but the voltage is "floating." You will still get a shock if you touch the two output 
leads, but it has a special use when testing unknown equipment. 

Many electrical appliances are fully insulated and only have two leads connected to 
the mains. 

When you take these appliances apart, you do not know which end of say a heating 
element is connected to the "live" (active) side of the mains and which end connects 
to the neutral. 

I am not suggesting you carry out the following tests, but they are described to show 
how an isolation transformer works. 

If you touch a soldering iron on the "live" (active) end of the heating element it will 
create a short-circuit. 

However when the appliance is connected to the mains via an isolation 
transformer, you can touch an earthed soldering iron on either end of the heater as 
both leads from the isolation transformer are "floating." 

Note: As soon as you earth one lead of the output an isolation transformer, the other 
lead becomes "active." 

You can make your own Isolation Transformer by connecting two identical 
transformers "back-to-back." 

The following diagram shows how this is done: 
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You can use any transformers providing the primary and secondary voltages are the 
same. The current capability of the secondary winding does not matter. However if 
you want a supply that has almost the same voltage as your "Mains," you need two 
transformers with the same voltages. 

This handy isolation transformer will provide you with "Mains Voltage" but with a 
limited current. 

In other words it will have a limited capability to supply "wattage." If you are using 
two 15VA transformers, you will only be able to test an appliance rated at 15 watts. 
This has some advantages and some disadvantages. 

If you are working on a project, and a short-circuit occurs, the damage will be 
limited to 15 watts. 

If you are using two transformers with different VA ratings, the lower rating will be 
the capability of the combination. 

If the secondaries are not equal, you will get a higher or lower "Mains Voltage." 

If you get two transformers from TVs or Monitors, with a rating on the compliance 
plate of 45 watts, or 90 watts, you can assume the transformers are capable of 
delivering this wattage and making an isolation transformer will enable you to test 


similar items with the safety of being isolated from the mains. 

Colin Mitchell designs a lot of "LED lighting lamps" that are connected directly to the 
mains. He always works with an isolating transformer, just to be safe. Working on 
exposed "mains" devices is extremely nerve-wracking and you have to be very 
careful 

The isolation transformer will prevent a BIG EXPLOSION. 


DETERMINING THE SPECS OF A TRANSFORMER 
Suppose you have a "mains transformer" with unknown output voltages and 
unknown current capability. 

You must be sure it is a mains transformer designed for operation on SOHz or 60Hz. 
Switch-Mode transformers operate at frequencies 40kHz and higher and are not 
covered in this discussion. 

To be on the safe-side, connect the unknown transformer to the output of your 
isolating transformer. 

Since the transformer will take almost no current when not loaded, the output 
voltages it produces will be fairly accurate. Measure the input AC voltage and output 
AC voltage. 

If the transformer has loaded your isolating transformer it will be faulty. 

Mains transformers are approx 15VA for 500gm, 30VA for 1kgm SOVA for 2kgm 
and and 100VA for 2.5kgm. 

VA stands for Volts-Amps and is similar to saying watts. Watts is used for DC 
circuits, while VA refers to AC circuits. 

Once you have the weight of the transformer and the output voltage, you can work 
out the current capability of the secondary 

For transformers up to 30vA, the output voltage on no-load is 30% higher than the 
final "loaded voltage." 

This is due to the poor regulation of these small devices. 

If the transformer is 15VA and the output voltage is 15v AC, the current will be 1 
amp AC. 

You can check the "quality" of the transformer, (the regulation) by fully loading the 
output and measuring the final voltage. If the transformer has a number of 
secondaries, the VA rating must be divided between all the windings. 


240v to 110v ISOLATION TRANSFORMER 

Here's how to create a 110v isolating transformer: 

Find a 240v:12v transformer. 

Now find a transformer that has two secondary windings, such as 240v:12v+12v. 


a wv ‘Mov 

AC 

Input } | tay AC 
Rv Output 


Connect the two transformers as shown in the circuit above. If the output is zero, 
connect ONE of the 12v windings of the second transformer around the other way. 


110v to 240v ISOLATION TRANSFORMER 
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A 110v to 240v isolation transformer can be created by connecting 3 identical 
transformers as shown in the diagram above. If the output is zero, connect one of 
the outputs around the other way. 


TRANSFORMER RATINGS 

Question from a reader: 

Ihave a 28v - 0 - 28v transformer @3amps. Does this mean each side is 1.5 amps? 
The transformer is called CENTRE TAPPED and is shown in figures B and C. 

It is designed to be connected to two diodes so each winding takes it in turn to 
deliver the current as shown in diagram C and the output will be 28v AC at 3 amps. 
The 28v and 3 amp are both AC values. 

If you connect across both outside wires, the output will be 56v at 1.5 amp. 

This is because the transformer has a VA rating of 28 x 3 = 84VA, This is very similar 
to the term "watts." 

When the 28v AC is rectified and smoothed, it becomes 28 x 1.4 = 39v (minus 0.6v 
across the diode) and since the transformer has a rating of 84 VA, the current must 
be reduced to 84/39 = 2.1 amps to maintain the VA rating. 

Some transformers are specified as say: 12v - 0 - 12v, but the wiring diagram is, 
shown as "A." This transformer should be specified as 12v + 12v as the secondaries 
are separate. 

12v - 0 - 12v means the two secondary windings are NOT separate. 

It does not make any difference to the output voltage and current, if the windings 
are separate or joined. The only difference is 12v +12v can be turned into two 
separate 12v outputs. 

If you do not know the output current for a particular transformer, go to the website 
of electronic parts suppliers and compare the weight of your transformer with others. 
This will give you a VA rating and you can work out the current, once you know the 
output voltage. 

Note: the output current finishes up ONLY 60% of the rating on the transformer tag 
because the rating is an AC RATING. 

With 2 separate secondaries, you can parallel the outputs to get double the current, 
but don't forget 12v + 12v @ 3amp means 12v in parallel with 12v will provide 
2amp DC and the DC voltage will be about 17v. 
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CURRENT TRANSFORMER 

A Current Transformer is really an ordinary transformer. 

All transformers produce a CURRENT output and a VOLTAGE output. 

If you put an ammeter across the secondary, the current will increase through the 
meter when the primary voltage is increased. 

This is because the output voltage will increase and this voltage will allow a higher 
current to flow. 

WHY DETECT CURRENT? Why not voltage? 

Because the voltage of say the "240v AC" is always 240v but the current can 
increase from say 1 amp to nearly 15 amps, depending what appliance is connected. 
So it is pointless measuring voltage. 

A Current Transformer is a step-up transformer. When we say step-up and step- 
down, we are referring to the voltage - comparing the primary voltage to the 
secondary voltage. (Most transformers on the "mains" are step-down transformers 
and are used as power supplies to laptops, phone chargers etc.) Even a welding 
transformer is a step-down device and produces about 20v to 70v, while the current 
can be as high as 100 amps. This current is higher than the mains will deliver and is 
needed to melt the metal at the point of contact of the probe and the item being 
welded. 

A Current Transformer is a step-up transformer. The primary consists of a single turn 
(or maybe 2 - 5 turns) and the secondary has 100 turns (or more). 

This means the voltage seen by the primary will be increased 100 times and appear 
as anything from a few hundred millivolts to a few volts, depending on the quality of 
the coupling. (the magnetic coupling between the wire through the centre of the 
core, the quality of the core to transfer this magnetic flux to the secondary turns.) 
This voltage is then passed to a low value resistor, where the voltage is reduced to a 
level that suits the detection circuit and the resulting millivolts is interpreted as 
current in the wire being tested. 

Recapping: 

The reading on the secondary has no relation to the current in the primary. We need 
to add a LOAD RESISTOR and create a table before we can use the transformer. 
There is no such thing as a CURRENT TRANSFORMER. It is really an INSTRUMENT 
TRANSFORMER and the scale has been marked in units of CURRENT after 
measurements have been made. (INSTRUMENT TRANSFORMER means it is a device 
that helps us to produce a connection between current flowing through a wire and a 
reading on a meter or display). 

If we connect a load to the secondary, (say an ammeter), it will produce a reading 
that increases when the current through the single primary turn is increased. That's 
because the ammeter is a LOAD. But the reading is meaningless until be calibrate 
the scale. 


Now, lets look at the primary. 

Awire (or cable) through the centre of the core is counted as one turn. If the turn is 
wrapped around the core, the coupling will be improved, but if we always use a 
straight wire, it does not matter where it is positioned inside the centre of the core. 

It does not matter if the magnetic interaction of the flux from the wire is good or 
bad, we just have to keep to the same way of using the transformer. 

The calibration can be done with any poor coupling and the result will be accurate for 
all future readings. 

If a low-value resistor is placed across the secondary, the voltage across this resistor 
will increase and also the current through it will increase. But we are not going to 
measure the current through the resistor. We are going to measure the voltage 
across the resistor and by taking lots of reading we will finish up with a scale or table 
and this is called CALIBRATION. The results will be equated to the current flowing 
through the primary wire (primary turn). 

Aclamp meter uses a current transformer and the jaws must be closed completely 
and cleanly for the flux to flow around the core and produce a reading in the 
secondary. 

Dirt in the jaws will reduce the reading considerably. 

You cannot measure the current in a "power cord" because it contains both the 
active and neutral wires. 

Even though the current is a maximum in both conductors at the same time, the 
current is flowing in two different directions and the magnetic flux produced by one 
conductor is clockwise and the other is anticlockwise and they are cancelled by each 
other. 


1turn 1 turn 
2 turns 


Identifying ONE TURN. 
The quality (the coupling) of a single STRAIGHT wire 


through the centre of a core is very poor 
but if all readings are taken with this amount 
of coupling, the readings will be accurate, as the 
calibrations have been done with this arrangement. 


OPTO ISOLATORS and OPTO COUPLERS 

Opto Isolators and Opto Couplers are the same thing. A common opto-coupler is 
4N35. It is used to allow two circuits to exchange signals yet remain electrically 
isolated. The signal is applied to the LED, which shines on a silicon NPN photo- 
transistor in the IC. 

The light is proportional to the signal, so the signal is transferred to the photo 
transistor to turn it on a proportional amount. Opto-couplers can have Light 
Activated SCR's, photodiodes, TRIAC's and other semiconductor devices as an 
output. The 4N35 opto-coupler schematic is shown below: 
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An opto-Coupler using a TRIAC 
Note: the pinout is different to 4N35 


TESTING AN OPTO COUPLER 

Most multimeters cannot test the LED on the input of an opto-coupler because the 

ohms range does not have a voltage high enough to activate the LED with at least 

2ma. 

You need to set-up the test-circuit shown above with a 1k resistor on the input and 
1k5 on the output. When the 1k is connected to 12v, the output LED will illuminate. 
The opto-coupler should be removed from circuit to perform this test. 


TRANSISTORS 

Transistors are solid-state devices and although they operate completely differently 
to a diode, they appear as two back-to-back diodes when tested. 

There are basically 2 types of transistor NPN and PNP. 

A transistor is sometimes referred to as BJT (Bi-polar Junction Transistor) to 
distinguish it from other types of transistor such as Field Effect transistor, 
Programmable Unijunction Transistor and others. 


In the following diagram, two diodes are connected together and although the 
construction of a transistor is more complex, we see the transistor as two diodes 
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A TRANSISTOR APPEARS AS TWO DIODES WHEN TESTING IT 


All transistors have three leads. Base (b), Collector (c), and Emitter (e). 
For an NPN transistor, the arrow on the emitter points away from the base 

It is fortunate that the arrow on both symbols points in the direction of the flow of 
current (Conventional Current) and this makes it easy to describe testing methods 
using our simplified set of instructions. The symbols have been drawn exactly as 
they appear on a circuit diagram. 


All transistors are the same but we talk about digital and analogue transistors. 
There is no difference between the two. 

The difference is the circuit. And the only other slight difference between transistors 
is the fact that some have inbuilt diodes and resistors to simplify the rest of the 
circuit. 

All transistors work the same way. The only difference is the amount of amplification 
they provide, the current and voltage they can withstand and the speed at which 
they work. For simple testing purposes, they are all the same 


NPN transistors are the most common and for an NPN transistor, the following 
applies. 

(the opposite applies for PNP) 

To test a transistor, there is one thing you have to know: 

When the base voltage is higher than the emitter, current flows though the 
collector-emitter leads. 

As the voltage is increased on the base, nothing happens until the voltage reaches 
0.55v. At this point a very small current flows through the collector-emitter leads. As 
the voltage is increased, the current-flow increases. At about 0.75v, the current-flow 
is a MAXIMUM. (can be as high as 0.9v). That's how it works. A transistor also needs 
current to flow into the base to perform this amplifying function and this is the one 
feature that separates an ordinary transistor from a FET. 


If the voltage on the base is Ov, then instantly goes to 0.75v, the transistor initially 
passes NO current, then FULL current. The transistor is said to be working in its two 
states: OFF then ON (sometimes called: "cut-off" and "saturation"). These are called 
digital states and the transistor is said to be a DIGITAL TRANSISTOR or a 
SWITCHING TRANSISTOR , working in DIGITAL MODE. 


If the base is delivered 0.5v, then slowly rises to 0.75v and slowly to 0.65v, then 


0.7v, then 0.56v etc, the transistor is said to be working in ANALOGUE MODE and 
the transistor is an ANALOGUE TRANSISTOR. 

Since a transistor is capable of amplifying a signal, it is said to be an active device. 
Components such as resistors, capacitors, inductors and diodes are not able to 
amplify and are therefore known as passive components. 


In the following tests, use your finger to provide the TURN ON voltage for the base 
(this is 0.55v to 0.7v) and as you press harder, more current flows into the base and 
thus more current flows through the collector-emitter terminals. As more current 
flows, the needle of the multimeter moves UP-SCALE. 


TESTING A TRANSISTOR ON A DIGITAL METER 

Testing a transistor with a Digital Meter must be done on the "DIODE" setting as a 
digital meter does not deliver a current through the probes on some of the resistance 
settings and will not produce an accurate reading. 

The "DIODE" setting must be used for diodes and transistors. It should also be called 
a "TRANSISTOR" setting. 


TESTING AN unknown TRANSISTOR 
The first thing you may want to do is test an unknown transistor for COLLECTOR, 
BASE AND EMITTER. You also want to perform a test to find out if it is NPN or PNP. 
That's what this test will provide 

You need a cheap multimeter called an ANALOGUE METER - a multimeter with a 
scale and pointer (needle). 

It will measure resistance values (normally used to test resistors) - (you can also 
test other components) and Voltage and Current. We use the resistance settings. It 
may have ranges such as "x10" "x100" "x1k" "x10" 

Look at the resistance scale on the meter. It will be the top scale. 

The scale starts at zero on the right and the high values are on the left. This is 
opposite to all the other scales. 

When the two probes are touched together, the needle swings FULL SCALE and reads 
"ZERO." Adjust the pot on the side of the meter to make the pointer read exactly 
zero. 


How to read: "x10" "x10" "xtk" "x10" 
Up-scale from the zero mark is "1" 

When the needle swings to this position on the "x10" setting, the value is 10 ohms. 
When the needle swings to "1" on the "x100" setting, the value is 100 ohms. 

When the needle swings to "1" on the "x1k" setting, the value is 1,000 ohms = 1k. 
When the needle swings to "1" on the "x10k" setting, the value is 10,000 ohm: 
10k. 

Use this to work out all the other values on the scale 

Resistance values get very close-together (and very inaccurate) at the high end of 
the scale. [This is just a point to note and does not affect testing a transistor.) 


Step 1 - FINDING THE BASE and determining NPN or PNP 

Get an unknown transistor and test it with a multimeter set to "x10" 

Try the 6 combinations and when you have the black probe on a pin and the red 
probe touches the other pins and the meter swings nearly full scale, you have an 
NPN transistor. The black probe is BASE 

If the red probe touches a pin and the black probe produces a swing on the other 
two pins, you have a PNP transistor. The red probe is BASE 

If the needle swings FULL SCALE or if it swings for more than 2 readings, the 
transistor is FAULTY. 


This is an NPN transistor This is. a PNP transistor 
The black probe isthe BASE The red probe is the BASE 


Step 2 - FINDING THE COLLECTOR and EMITTER 

Set the meter to "x10k.” 

For an NPN transistor, place the leads on the transistor and when you press hard on 
the two leads shown in the diagram below, the needle will swing almost full scale. 
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For a PNP transistor, set the meter to "x10k" place the leads on the transistor and 
when you press hard on the two leads shown in the diagram below, the needle will 
swing almost full scale. 
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SIMPLEST TRANSISTOR TESTER 
The simplest transistor tester uses a 9v battery, 1k resistor and a LED (any colour). 
Keep trying a transistor in all different combinations until you get one of the circuits 
below. When you push on the two leads, the LED will get brighter. 

The transistor will be NPN or PNP and the leads will be identified: 
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The leads of some transistors will need to be bent so the pins are in the same 
positions as shown in the diagrams. This helps you see how the transistor is being 
turned on. This works with NPN, PNP transistors and Darlington transistors. 
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HEATSINKING 

Heat generated by current flowing between the collector and emitter leads of a 
transistor causes its temperature to rise. This heat must be conducted away from the 
transistor otherwise the rise may be high enough to damage the P-N junctions inside 
the device. Power transistors produce a lot of heat, and are therefore usually 
mounted on a piece of aluminium with fins, called a HEATSINK. 

This draws heat away, allowing it to handle more current. Low-power signal 
transistors do not normally require heat sinking. Some transistors have a metal body 
or fin to connect to a larger heatsink. If the transistor is connected to a heatsink with 
a mica sheet (mica washer), it can be damaged or cracked and create a short-circuit. 
(See Testing Mica Washers). Or a small piece of metal may be puncturing the mica. 
Sometimes white compound called Heatsink Compound is used to conduct heat 
through the mica. This is very important as mica is a very poor conductor of heat 
and the compound is needed to provide maximum thermal conduction. 


TRANSISTOR FAILURE 

Transistor can fail in a number of ways. They have forward and reverse voltage 
ratings and once these are exceeded, the transistor will ZENER or conduct and may 
fail. In some cases a high voltage will "puncture" the transistor and it will fail 
instantly. In fact it will fail much faster via a voltage-spike than a current overload. 


It may fail with a "short" between any leads, with a collector-emitter short being the 
most common. However failures will also create shorts between all three leads. 

A shorted transistor will allow a large current to flow, and cause other components to 
heat up. 

Transistors can also develop an open circuit between base and collector, base and 
emitter or collector and emitter. 

The first step in identifying a faulty transistor is to check for signs of overheating. It 
may appear to be burnt, melted or exploded. When the equipment is switched off, 
you can touch the transistor to see if it feels unusually hot. The amount of heat you 
feel should be proportional to the size of the transistor’s heat sink. If the transistor 
has no heat sink, yet is very hot, you can suspect a problem. 

DO NOT TOUCH A TRANSISTOR IF IT IS PART OF A CIRCUIT THAT CARRIES 240VAC. 
Always switch off the equipment before touching any components. 


TRANSISTOR REPLACEMENT 
If you can't get an exact replacement, refer to a transistor substitution guide to 
identify a near equivalent. 


The important parameters are: 

- Voltage 

~ Current 

- Wattage 

- Maximum frequency of operation 


The replacement part should have parameters equal to or higher than the original. 


Points to remember: 

- Polarity of the transistor i.e. PNP or NPN. 

~ At least the same voltage, current and wattage rating. 

- Low frequency or high frequency type 

- Check the pinout of the replacement part 

- Use a desoldering pump to remove the transistor to prevent damage to the 
printed circuit board. 

- Fit the heat sink. 

- Check the mica washer and use heat-sink compound 

- Tighten the nut/bolt - not too tight or too loose. 

- Horizontal output transistors with an integrated diode should be replaced with the 
same type 


DIGITAL TRANSISTORS 

There is no such thing as a DIGITAL TRANSISTOR or an AUDIO TRANSISTOR. 

All transistors are just "TRANSISTORS" and the surrounding components as well as 
the type of signal, make the transistor operate in DIGITAL MODE or ANALOGUE 
MODE. 

But we have some transistors that have inbuilt resistors to make them suitable for 
connecting to a digital circuit without the need for a base resistor. 

Here is the datasheet for an NPN transistor BCR135w and PNP datasheet for 
BCRI8Sw. 

These transistors are called "Digital Transistors" because the "base lead" can be 
connected directly to the output of a digital stage. This "lead" or "pin" is not really 
the base of the transistor but a 4k7 (or 10k) resistor connected to the base allows 
the transistor to be connected to the rest of a digital circuit. 

You cannot actually get to the base. The resistor(s) are built into the chip and the 
transistor is converted into a "Digital Transistor" because it will accept 5v on the "b" 


lead. 

The 47k is not really needed but it makes sure the transistor is fully turned OFF if the 
signal on the "b" lead is removed (in other words - if the input signal is converted to 
a high-impedance signal - see tri-state output from microcontrollers for a full 
explanation). 

This transistor is designed to be placed in a circuit where the input changes from low 
to high and high to low and does not stop mid-way. This is called a DIGITAL SIGNAL 
and that is one reason why the transistor is called a digital transistor. (However you 
could stop half-way but the transistor may heat up and get too hot). 

Any transistor placed in a digital circuit can be called a “digital transistor" but it is 
better to say it is operating in DIGITAL MODE. 
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Equivalent circuit of the digital transistor 
These transistors can be made to work in analogue circuits 
because they are ordinary transistors with a 10k base resistor, 
but you will have to know what you are doing. 
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The circuit above shows the digital transistor is designed to allow a voltage of Sv to 
be supplied to the "base" pin and the transistor will Fully Conduct. 

This type of transistor saves putting a base resistor on the PC board. 

It can be tested just like a normal transistor but the resistance between base and 
emitter will be about 5k to 50k in both directions. If the collector-emitter is low in 
both directions the transistor is damaged. 

Here's how to look at how the transistor works: 

The 10k resistor on the base will allow 0.5mA to flow into the base. But the 47k will 
reduce this to 0.4mA. If the transistor has a gain of 100, the collector-emitter 
current can be 40mA. 

To determine the current capability of the transistor, connect 100R load and turn the 
transistor ON. This will allow about 100mA for the collector-emitter current. Measure 
the collector-emitter voltage. If it is more than 0.5v, the transistor is OVER- 
LOADED. 


DARLINGTON TRANSISTORS 

A DARLINGTON TRANSISTOR is two transistors in a single package with three leads. 
They are internally connected in cascade so the gain of the pair is very high. This 
allows a very small input signal to produce a large signal at the output. They have 
three leads (Base, Collector and Emitter and can be PNP or NPN) and are equivalent 
to the leads of a standard individual transistor, but with a very high gain. The second 
advantage of a Darlington Transistor is its high input impedance. It puts very little 
load on the previous circuit. 

Some Darlington transistors have a built-in diode and/or built-in resistor and this will 
produce a low reading in both directions between the base and emitter leads. 
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Darlington transistors are tested the same as an ordinary transistor and a multimeter 
will produce about the same deflection, even though you will be measuring across 
two junctions, (and a base-emitter resistor is present). 


HORIZONTAL OUTPUT TRANSISTORS, SWITCH-MODE 
TRANSISTORS, FLYBACK TRANSISTORS, POWER 
TRANSISTORS, VERTICAL TRANSISTORS ... . 


These are all names given to a transistor when it is used in a particular circuit. ALL 
these transistors are the same for testing purposes. 

We are not testing for gain, maximum voltage, speed of operation or any special 
feature. We are just testing to see if the transistor is completely faulty and 
SHORTED. 

A transistor can have lots of other faults and the circuit using the transistor is the 
best piece of TEST EQUIPMENT as it is detecting the fault. 


TESTING MOSFETs and FETs 

MOSFETs and JFETs are all part of the FET family. 

MOSFET stands for Metal Oxide Semiconductor Field Effect Transistor. 

FETs operate exactly the same as a "normal transistor except they have different 
names for the input and output leads and the voltage between the gate and the 
source has to between 2v to Sv for the device to turn on fully. A FET requires almost 
NO CURRENT into the Gate for it to turn on and when it does, the voltage between 
drain and source is very low (only a few mV). This allows them to pass very high 
currents without getting hot. There is a point where they start to turn on and the 
input voltage must rise higher than this so the FET turns on FULLY and does not get 
hot. 

Field Effect Transistors are difficult to test with a multimeter, but "fortunately" 
when a power MOSFET blows, it is completely damaged. All the leads will show a 
short circuit. 99% of bad MOSFETs will have GS, GD and DS shorted 

The following symbols show some of the different types of MOSFETs: 
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Most MOSFET transistors cannot be tested with a multimeter. This due to the fact 
that the Gate needs 2v - Sv to turn on the device and this voltage is not present on 
the probes of either meter set to any of the ohms ranges. 

You need to build the following Test Circuit: 


P-channel 


Touching the Gate will increase the voltage on the Gate and the MOSFET will turn ON 
and illuminate the LED. Removing your finger will turn the LED off. 

Large devices such as the TO-220 types shown above do not like static electricity on 
the gate and you have to be careful not to "spike" the gate with any static. Generally 
this type of device is not "super sensitive" and you can use your finger or a large 
value resistor. 

When replacing one of these devices, there are 2 things to match-up. 

Voltage and Current. 

In most cases, the "turn-ON" resistance (the resistance between Source and Drain) 
will be the same (something like 22 milli ohms) and the speed of operation will be 
ok. 

Check the voltage needed to turn the gate ON and make sure you can supply the 
required voltage. 


SILICON CONTROLLED RECTIFIERs (SCR) 

The Silicon Controlled Rectifier (SCR) is a semiconductor device that is a member 
of a family of control devices known as Thyristors. It is a 3-leaded device and when 
a small current enters the Gate, the thyristor turns on. AND STAYS ON. It only 
conducts current between Anode and Cathode in one direction and it is mainly only 
used in DC circuits. When it is used with AC, it will only conduct for a maximum of 
half the cycle. 
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To understand how an SCR "latches" when the gate is provided with a small current, 
we can replace it with two transistors as shown in diagram B above. When the ON 
button is pressed, the BC547 transistor turns on. This turns ON the BC557 and it 
takes over from the action of the switch. 

To turn the circuit off, the OFF button removes the voltage from the base of the 
BC547. 


Testing an SCR 

‘An SCR can be tested with some multimeters but a minimum current Anode-to- 
Cathode is needed to keep the device turned on. Some multimeters do not provide 
this amount of current and the SCR Tester circuit above is the best way to test 
these devices. 

Shorted SCRs can usually be detected with an ohmmeter check (SCRs usually fail 
shorted rather than open). 

Measure the anode-to-cathode resistance in both the forward and reverse direction; 
a good SCR should measure near infinity in both directions. 

Small and medium-size SCRs can also be gated ON with an ohmmeter (on a digital 
meter use the Diode Check Function). Forward bias the SCR with the ohmmeter by 
connecting the black ( - ) lead to the anode and the red ( + ) lead to the cathode 


(because the + of the battery is connected to the negative lead, in most analogue 
multimeters). Momentarily touch the gate lead to the anode while the probes are still 
touching both leads; this will provide a small positive turn-on voltage to the gate and 
the cathode-to-anode resistance reading will drop to a low value. Even after 
removing the gate voltage, the SCR will stay conducting. Disconnecting the meter 
leads from the anode or cathode will cause the SCR to revert to its non-conducting 
state. 

When making the above test, the meter impedance acts as the SCR load. On larger 
SCRs, it may not latch ON because the test current is not above the SCR holding 
current. 


Using the SCR Tester 

Connect an SCR and press Switch2. The lamp should not illuminate. If it illuminates, 
the SCR is around the wrong way or it is faulty. 

Keep Switch 2 PRESSED. Press Sw1 very briefly. The lamp or motor will turn ON and 
remain ON. Release Sw 2 and press it again. The Lamp or motor will be OFF. 


TRIACS 

A triac is a bidirectional, three-terminal dual, back-to-back thyristor (SCR) switch 
This device will conduct current in both directions when a small current is constantly 
applied to the Gate 

If the gate is given a small, brief, current during any instant of a cycle, it will remain 
triggered during the completion of the cycle until the current though the Main 
Terminals drops to zero. 

This means it will conduct both the positive and negative half-cycles of an AC 
waveform. If it is tuned on (with a brief pulse) half-way up the positive waveform, it 
will remain on until the wave rises and finally reaches zero. If it is then turned on 
(with a brief pulse) part-way on the negative wave, the result will be pulses of 
energy and the end result will be about 50% of the full-eneray delivered at a rate of 
100 times per second for a 50HZ supply. 

TRIACs are particularly suited for AC power control applications such as motor speed 
control, light dimmers, temperature control and many others. 
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Using the TRIAC Tester 

Connect a TRIAC and press Switch2. The lamp should not illuminate. If it illuminates, 
the TRIAC is faulty. 

Keep Switch 2 PRESSED. Press Sw1 very briefly. The lamp or motor will turn ON and 
remain ON. If the lamp does not turn on, reverse the TRIAC as the current into the 
gate must produce a slight voltage between Gate and Main Terminal 1. 

Release Sw 2 and press it again. The Lamp or motor will be OFF. 
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MICA WASHERS AND INSULATORS 

Plastic insulating sheets (washers) between a transistor and heatsink are most often 
made from mica but some are plastic and these get damaged over a period of time, 
turn dark and become cracked. 

The plastic eventually becomes carbonized and conducts current and can affect the 
operation of the appliance. You can see the difference between a mica sheet 
(washer) and plastic by looking where it extends from under the transistor. Replace 
all plastic insulators as they eventually fail. 


SPARK GAPS 

Some TV's and monitors with a CRT (picture tube), have spark gaps either on the 
socket at the end of the tube or on the chassis. 

These can consist of two wires inside a plastic holder or a glass tube or special 
resistive device. 

The purpose of a spark gap is to take any flash-over (from inside the tube), to earth. 
This prevents damage to the rest of the circuit. 

However if the tube constantly flashes over, a carbon track builds up between the 
wires and effectively reduces the screen voltage. This can cause brightness and/or 
focus problems. Removing the spark-gap will restore the voltage. 

These are not available as a spare component and it's best to get one from a 
discarded chassis. 


CO-AX CABLES 

Co-Ax cables can produce very high losses and it seems impossible that a few metres 
of cable will reduce the signal. The author has had a 3 metre cable reduce the signal 
to "snow" so be aware that this can occur. Faults can also come from a splitter 
and/or balun as well as dirty plugs and sockets. This can result in very loud bangs in 
the sound on digital reception. 


TESTING EARTH LEAKAGE DETECTORS or 

Residual Current Devices or 

Ground Fault Circuit Interrupters or GFCI 

An Earth Leakage Detector or Sensor is a circuit designed to continuously monitor 
the imbalance in the current in a pair of load carrying conductors. 

These two conductors are normally the Active and Neutral. Should the imbalance 
current reach 30mA the sensor will "trip" and remove the voltage (and current) from 


the line being monitored. 

Some detectors will trip at 15mA. 

You cannot alter the sensitivity of the device however there are a number of faults in 
these devices that can be fixed. 

In some devices the contact pressure for the 10Amp or 15 Amp contacts is very 
weak and they arc and produce an open circuit. The result is this: When you press 
the rest button, power is not restored to the output. 

Clean the contacts with a small file and bend the metal strips to the contacts so they 
make a very strong contact. 

The other fault is the trip mechanism. 

The magnetism from the coil does not allow the pin to move and "trip" the contacts. 
It may be due to a small metal filing or the pin not moving freely enough. 

All good Earth Leakage Detectors have a TEST BUTTON. This connects a resistor 
between the active line and earth so that 15mA or 30mA flows. 

The detector should trip immediately. Make sure the trigger mechanism trips when 
the test button is pressed. 

None of the electronics in the detector can be replaced however you can test the 
mechanical operation and the pressure on the contacts when the unit is removed 
from the power. Do not work on the device when it is connected to the mains. 


TESTING CELLS AND BATTERIES 

There is an enormous number of batteries and cells on the market and a number of 
"battery testers." Instead of buying a battery tester that may give you a false 
reading, here is a method of testing cells that is guaranteed to work. 

There are two types of cell: a rechargeable cell and a non rechargeable cell. 


The easiest way to test a rechargeable cell is to put a group of them in an 
appliance and use them until the appliance "runs down" or fails to work. If you 
consider the cells did not last very long, remove them and check the voltage of each 
cell. The cell or cells with the lowest voltage will be faulty. You can replace them with 
new cells or good cells you have in reserve. 

There is no other simple way to test a rechargeable cell. 

You cannot test the "current of a cell” by using an ammeter. A rechargeable cell can 
deliver 10 amps or more, even when nearly discharged and you cannot determine a 
good cell for a faulty cell 


Dry cells are classified as "non-rechargeable" cells. 
DRY CELLS and MANGANESE CELLS are the same thing. These produce 1.5v per cell 
(manganese means the Manganese Dioxide depolariser inside the cell. All "dry cells" 
use manganese dioxide). 

ALKALINE CELLS produce between 2 - 10 times more energy than a "dry cell" and 
produce 1.5v per cell. 

Alkaline cells can fail for no reason at any stage in their life and are not 
recommended for emergency situations. 

The output voltage of some Alkaline cells can fall to 0.7v or 0.9v for not apparent 
reason. 

There are lots of other cells including "button cells," hearing-aid cells, air cells, and 
they produce from 1.2v to 3v per cell. 


Note: 

Lithium cells are also called "button cells" and they produce 3v per cell. 

Lithium cells are non-rechargeable (they are generally called "button cells") but 
some Lithium cells can be recharged. These are Lithium-ion cells and generally have 
a voltage of 3.6v. Some Lithium-ion cells look exactly like 3v Lithium cells, so you 
have to read the data on the cell before charging. 


You cannot test the voltage of a cell and come to any conclusion as to the age of the 
cell or how much energy remains. The voltage of a cell is characteristic to the 
chemicals used and the actual voltage does not tell you its condition. 

Some "dry cells" deliver 1.5v up to the end of their life whereas others drop to about 
L.1v very quickly. 


Once you know the name of the cell that drops to 1.1v, avoid them as the operation 
of the equipment "drops off" very quickly. 


However if you have a number of different cells and need to know which ones to 
keep, here's the solution: 


1. Check the voltage and use those with a voltage above 1.1v 

2. Next, select 500mA or 10A range on a meter and place the probes on a cell. For a 
‘AAA or AA cell, the current should be over 500mA and the needle will swing full scale 
very quickly. 

Keep the testing short as you are short-circuiting the cell but it is the only way to 
determine the internal impedance of the cell and this has a lot to do with its stage 
of-charge. 

This will give you a cell with a good terminal voltage and a good current capability. 


This also applies to button cells, but the maximum current they will deliver will be 
less. 

If you want to get the last of the energy out of a group of cells they can be used in 
the following circuits: 
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TESTING PIEZO DIAPHRAGMS and PIEZO BUZZERS 

There are two types of piezo devices that produce a sound. 

They are called PIEZO DIAPHRAGMS and PIEZO BUZZERS. 

A piezo diaphragm consists of two metal plates with a ceramic material between. 
The ceramic expands and contracts when an alternating voltage is placed on the two 
plates and this causes the main plate to "dish" and "bow." 

This creates a high-pitched sound. There are no other components inside the case 
and it requires an AC voltage of the appropriate frequency to produce a sound. 

A piezo buzzer has a transistor and coil enclosed and when supplied with a DC 
voltage, the buzzer produces a sound. 

Both devices can look exactly the same and the only way to tell them apart is by 
connecting a 9v battery. One device may have "+' and "-" on the case to indicate it 
is a piezo buzzer, but supplying 9v will make the buzzer produce a sound while the 
piezo diaphragm will only produce a "click." 


PIEZO DIAPHRAGM PIEZO BUZZER 


A piezo diaphragm will produce a click 
when connected to 9v DC. 
A piezo buzzer will produce a tone when 
connected to a DC voltage. 


How a PIEZO BUZZER WORKS 
A Piezo Buzzer contains a transistor, coil, and piezo diaphragm and produces sound 
when a voltage is applied. The buzzer in the circuit above is a PIEZO BUZZER. 


The circuit starts by the base receiving a small current from the 220k resistor. This produces a 
small magnetic flux in the inductor and after a very short period of time the current does not 
increase. This causes the magnetic flux to collapse and produce a voltage in the opposite 
direction that is higher than the applied voltage. 

3 wires are soldered to pieces of metal on the top and bottom sides of a ceramic substrate that 
expands sideways when it sees a voltage. The voltage on the top surface is passed to the small 
electrode and this positive voltage is passed to the base to tum the transistor ON again. This 
time itis turned ON more and eventually the transistor is fully turned ON and the current through 
the inductor is not an INCREASING CURRENT by a STATIONARY CURRENT and once again 
the magnetic flux collapses and produces a very high voltage in the opposite direction. This 
voltage is passed to the piezo diaphragm and causes the electrode to "Dish” and produce the 
characteristic sound. At the same time a small amount is "picked-off” and sent to the transistor to 
create the next cycle, 


TESTING A SPEAKER 


A speaker (also called a loud speaker) has coil of wire wrapped around a magnet but it does not 


touch the magnet as it is wound on a thin cardboard former so that the coil will be pulled closer to 
the magnet when a current flows in the coil 

When the current flows in the other direction, the coil moves away from the magnet. 

The coil is called voice coil and it is connected to a sheet of thin card called a CONE and as the 
cone vibrates, the speaker reproduces music or noise. 

Use a multimeter on a low ohms scale to read the value of resistance of the coil 

It can be as low as 2 ohms or as high as 100 ohms. 

Most speakers have an 8R voice coil and the actual resistance may be slightly lower than this. 
Some speakers have a resistance of 16R, 32R or 50R and even 75 ohms. 

‘You would think putting a 16R speaker in place of 8R would reduce the sound output, but this is 
not always the case. 

You can even use 50R or 75R and get the same performance. 

This may sound amazing, but here is the reason. 

The cone is deflected a certain amount due to the current flowing and the number of tums. 
These two values are multiplied together to produce a value called AMP-TURNS. 

If we have an 8R speaker with 80 turns and 100mA, the result is 0.1 x 80 = 8. 

Ifwe use a 16R speaker, the average current flow will be 50mA and the number of turns will be 
about 160. The multiplication of 0.05 x 160 = 8 

The author then tried a 50R speaker and the sound output was equal to 8R and the same with 
75R speaker. 

This might not apply in all situations, but the 75R speaker was slightly larger and the ticking 
sound form the Metal Detector kit was louder than using an 8R mini speaker. 


To see if the cone of a speaker is undamaged, push it slightly and it will move towards the 
magnet. If it does not move, it is bent or damaged. If the cone is scratchy when pushed, it is 
rubbing against the magnet. 

A.ccone should be able to be pushed and pulled from its rest-state. If not, it will produce a distorted 
sound. 


TESTING A CIRCUIT 

Whenever you test a circuit, the TEST EQUIPMENT puts "a load" or "a change" on it. 
It does not matter if the test equipment is a multimeter, Logic Probe, CRO, Tone 
Injector or simply a LED and resistor. 

There are two things you need to know. 

1. The IMPEDANCE of the circuit at the location you are testing, and 

2. The amount of load you are adding to the circuit via the test equipment. 


There is also one other hidden factor. The test equipment may be injecting "hum" 
due to its leads or the effect of your body at absorbing hum from the surroundings or 
the test equipment may be connected to the mains. 

These will affect the reading on the test equipment and also any output of the circuit. 
Sometimes the test equipment will prevent the circuit from working and sometimes it 
will just change the operating conditions slightly. You have to be aware of this. 

The last section of this eBook covers High and Low Impedance and understanding 
impedance is something you need to know. 

The point to note here is the fact that the equipment (and the reading) can be upset 
by hum and resistance/capacitance effects of test equipment. This is particularly 
critical in high impedance and high frequency circuits. 


TESTING INTEGRATED CIRCUITS (IC's) 

Integrated Circuits can be tested with a LOGIC PROBE. A Logic Probe will tell you if a 
line is HIGH, LOW or PULSING. 

Most logic circuits operate on Sv and a Logic Probe is connected to the Sv supply so 
the readings are accurate for the voltages being tested. 

A Logic Probe can also be connected to a 12v CMOS circuit. 

You can make your own Logic Probe and learn how to use it from the following link: 


htto://www.talkingelectronics.com/projects/LogicProbeMklIB/LogicProbeMk-lIB.html 
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This is a very simple transistor circuit to provide HIGH-LOW-PULSE indication for digital circuits. 
It can be built for less than $5.00 on a piece of matrix board or on a small strip of copper clad 
board if you are using surface mount components. The probe will detect a HIGH at 3v and thus 
the project can be used for 3v, 5v and CMOS circuits. 


Probe 


LOGIC PROBE using CD4001 and CD4011 

Here is a simple Logic Probe using a single chip. The circuits have been designed for 
the CD4001 CMOS quad NOR gate and CD4011 CMOS NAND gate. The output has 
an active buzzer that produces a beep when the pulse LED illuminates (the buzzer is 
not a piezo-diaphragm but an active buzzer containing components). 
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SUPER PROBE MkII has 20 different features including a Logic Probe, capacitance 
tester, Inductance tester, and more. 
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SUPER PROBE Ml Circuit 


‘SUPER PROBE Mkll 


To test an IC, you need a circuit diagram with waveforms. These diagrams will show 
the signals and are very handy if a CRO (cathode ray Oscilloscope ) is used to 
diagnose the problem. The CRO will reproduce the waveform and prove the circuit is 
functioning correctly. 

A Logic Probe will just show activity and if an output is not producing a "pulse" or 
"activity," you should check the power to the IC and test the input line. 

It is beyond the scope of this eBook to explain how to diagnose waveforms, however 
it is important to know if signals are entering and exiting an IC and a Logic Probe is 
designed for this. 


SIGNAL INJECTOR 

This circuit is rich in harmonics and is ideal for testing amplifier circuits. To find a 
fault in an amplifier, connect the earth clip to the Ov rail and move through each 
stage, starting at the speaker. An increase in volume should be heard at each 
preceding stage. This Injector will also go through the IF stages of radios and FM 
sound sections in TV's. 


TESTING AUDIO AMPLIFIERS and AUDIO IC's 

The Super Probe MII described above has a "noise" function and a tone function 
that allows you to inject a signal into an audio stage, amplifier (made from discrete 
components) or an audio chip, and detect the output on a speaker. 

Audio stages are very difficult to work-with if you don't have a TONE GENERATOR or 
SIGNAL INJECTOR. 

The signals are very small and not detected by a multimeter. 

You can start anywhere in an amplifier and when a tone is heard, you can keep 
probing until the signal is not present or louder. From this you can work out which 
way the signal is travelling. 

A Signal Injector is very handy for finding shorts and broken wires in switches, plugs, 
sockets and especially leads to headphones. 

You can determine the gain of a stage (amplification) by probing before and after a 
chip or transistor and listen for the relative increase in volume fram the speaker. 
You can also use your finger to produce "hum" or "buzz" if a Signal Injector is not 
available. 

Nearly all audio problems are plugs, sockets and cracks in the PC board, but finding 
them takes a lot of time and skill 


TESTING IC's - also called "CHIPS" 


An Integrated Circuit is also called a "chip." It might have 8 pins or as many as 40. 
Some chips are ANALOGUE. This means the input signal is rising and falling slowly 
and the output produces a larger version of the input. 

Other chips are classified as DIGITAL and the input starts at Ov and rises to rail 
voltage very quickly. The output does exactly the same - it rises and falls very 
quickly. 

You might think the chip performs no function, because the input and output voltage 
has the same value, but you will find the chip may have more than one output and 
the others only go high after a number of clock-pulses on the input, or the chip may 
be outputting when a combination of inputs is recognised or the output may go HIGH 
after a number of clock pulses. 


ANALOGUE CHIPS (also see above) 
Analogue chips are AUDIO chips or AMPLIFIER chips. 

To test these chips you will need three pieces of test equipment: 
1. A multimeter - this can be digital or analogue. 

2. A Signal Injector 

3. A Mini Bench Amplifier. 


The Mini Bench Amplifier is available as a kit. 


MINI BENCH AMPLIFIER 


MINI BENCH AMPLIFIER CIRCUIT 


Start by locating the power pin with a multimeter. 

If the chip is receiving a voltage, you can use the Mini Bench Amplifier to detect an 
output. 

Connect the Ground Lead of the Mini Bench Amplifier to Ov and touch the Probe tip 
on each of the pins. 

You will hear faint audio on the Input pin and very loud audio on the Output pin. 
If no input is detected, you can use a Signal Injector to produce a tone. 


Connect the clip of the Signal Injector to Ov and the probe to the input pin of the 
amplifier chip. At the same time, connect the Mini Bench Amplifier to the output pin 
and you will hear a very loud tone. 

These pieces of test equipment can also be used to diagnose an amplifier circuit 
constructed with individual components. 

Amplifier circuits using discrete components are very hard to trouble-shoot and these 
pieces of test equipment make it very easy. 


DIGITAL CHIPS 

It is always best to have data on the chip you are testing, but if this is not available, 
you will need three pieces of equipment: 

1. A multimeter - this can be digital or analogue. 

2. A Logic Probe, 

3. A logic Pulser. 

Firstly test the chip to see if power is being delivered. This might be anything from 
3v3 to 15v. 

Place the negative lead of the multimeter on the earth rail of the project - this might 
be the chassis, or the track around the edge of the board or some point that is 
obviously Ov. 

Try all the pins of the chip and if you get a reading, the chip will have "supply." 
Identify pin 1 of the chip by looking for the "cut-out" at the end of the chip and you 
may find a small dimple below the cut-out (or notch). This is pin 1 and the "power 
pin" can be directly above or any of the other pins. 

Next you need to now if a signal is entering the chip. 

For this you will need a LOGIC PROBE. 

A Logic Probe is connected to the same voltage as the chip, so it will detect a HIGH 
and illuminate a red LED. 

Connect the Logic Probe and touch the tip of the probe on each pin. 

You will not know if a signal is an input or output, however if you get two or more 
active pins, you can assume one is input and the other is output. If none of the pins 
are active, you can assume the signal is not reaching this IC. 

If only one pin is active, you can assume the chip is called a CLOCK (or Clock 
Generator). This type of chip produces pulses. If more than two pins are active, you 
can assume the chip is performing its function and unless you can monitor all the 
pins at the same time, you don't know what is happening. 

This is about all you can do without any data on the chip. 


If you have data on the chip, you can identify the input(s) and output(s). 

A Logic Probe on each of these pins will identify activity. 

A Logic Probe has 3 LEDs. Red LED indicates a HIGH, Green indicates a LOW and 
Orange indicates a PULSE (activity) 

Some Logic Probes include a piezo and you can hear what is happening, so you don't 
take your eyes off the probe-tip 

It is important not to let the probe tip slip between the pins and create a short- 
circuit. 


LOGIC PULSER 
If you have a board or a single chip and want to create activity (clock pulses), you 
can use a Logic Pulser. This piece of test equipment will produce a stream of pulses 
that can be injected into the clock-line (clock input) of a chip. 

You can then use a Logic Probe at the same time on the outputs to observe the 
operation of the chip. 


You can also use the Mini Bench Amplifier to detect "noise" or activity on the inputs 
and outputs of digital chips. 

This only applies if the frequency is in the audio range such as scanning a keyboard 
or switches or a display. 


This is how to approach servicing/testing in a general way. There are thousands of 
digital chips and if you want to test a specific chip for its exact performance, you will 
need to set-up a "test-bed." 


REMOTE CONTROLS 

There are two types of remote control - Infrared and RF. Infrared is used for short- 
range, line-of-sight for TV's DVD's etc. 

A few faults can be fixed, but anything complex needs a new remote control. 

Check the batteries and battery-contacts. See if the IR LED is illuminating by 
focusing it into a digital camera and looking on the screen for illumination. 

The only other things are a sticky button, a worn-out button or a crack in the PC 
board. Water damage is generally too much work to repair. 

RF remote controls for cars, garage doors etc need a second working unit to check 
the power output. 

Here is a simple circuit that can be connected to an analog multimeter to detect the 
signal strength at a very close range: 
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To hear the tone from a transmitter, the Mini Bug Detector circuit can be used: 
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Any further investigation requires a circuit diagram so you can work out what is 
actually being sent from the transmitter. 

Most of the time it is a faulty switch, battery or contacts. Make sure the setting is 
correct on the "dip switches" and use a working unit to compare all your testing. 


TESTING VOLTAGES ON (in) A CIRCUIT 

There are basically two different types of circuit. 

1. ANALOGUE CIRCUIT 

An analogue circuit can also be called an AUDIO CIRCUIT and the voltages at 
different points in a circuit can be measured with a multimeter but the changes (the 
waveforms) will be quite small or changing at a rapid rate and cannot be detected by 
a multimeter. 

You need a CRO to "see" the signals or a Signal Injector to inject a waveform into 
the circuit and hear the result on the circuit's speaker. 


2. DIGITAL CIRCUIT 
A digital circuit can also be called a "Computer Circuit" or "Logic Circuit" and some of 


the voltages can be measured with a multimeter (such as supply voltages) but the 
"signal lines" will be be changing from HIGH to LOW to HIGH very quickly and these 
signals are detected with a Logic Probe. 


Here are some circuits with details of how to test the voltages. 
Most circuits do not show voltages at various different points and we will explain 
what to expect on each "stage." 


A "STAGE" 

A stage is a set of components with an input and output. A "stage" can also be called 
a "Building Block." 

Sometimes it has a capacitor on the input and one on the output. 

This means the stage is completely isolated as far as DC is concerned. 

The stage has a supply (a DC supply) and it is producing its own voltages on various 
points on the "stage." It can only process (amplify) "AC." (signals). 

Sometimes the stage can be given a name, such as small-signal amplifier, push-pull 
amplifier or output. 

If the stage has a link or resistor connected to a previous stage, the previous stage 
will have a "DC effect” on the stage. In other words it will be biasing or controlling 
the voltages on the stage. The stage may be called a "timer" or "delay" or "DC 
amplifier." 


It is important to break every circuit into sections. This makes testing easy. If you 
have a capacitor at the input and output, you know all the problems lie within the 
two capacitors. 

In a digital circuit (no capacitors) you need to work on each IC (integrated Circuit) 
and test the input for activity and all the outputs. 


Once you have determined if the circuit is Analogue or Digital, or a combination of 
both, you have to look at the rail voltage and work out the size or amplitude of the 
voltage or waveform. 

This is done before making a test, so your predictions are confirmed 

You will need a multimeter (either Digital or Analogue) a Logic Probe and a Signal 
Injector (Tone Generator). An analogue meter has the advantage that it will 
detect slight fluctuations of voltage at a test-point and its readings are faster than a 
digital meter. A digital meter will produce an accurate voltage-reading - so you 
should have both available. 


HIGH IMPEDANCE AND LOW IMPEDANCE 

Every point in a circuit has a characteristic called "IMPEDANCE." This has never been 
discussed before in any text book. That's why it will be new to you. 

In other words, every point will be "sensitive to outside noise." 

An audio amplifier is a good example. If you put your finger on the active input, it 
will produce hum or buzz in the speaker. This is because it is a HIGH IMPEDANCE 
line or high impedance section of the circuit. 

The same applies to every part in a circuit and when you place Test Equipment on a 
line for testing purposes, the equipment will "upset" the line. It may be very slight 
but it can also alter the voltage on the point CONSIDERABLY. 

We have already mentioned (above) how a cheap multimeter can produce a false 
reading when measuring across a 1M resistor. That's why you need high impedance 
test Equipment so you do not "load" the point you are testing and create an 
inaccurate reading. 

The word Impedance really means resistance, but when you have surrounding 
components such as diodes, capacitors, transistors, coils, Integrated Circuits, supply- 
voltages and resistors, the combined effect is very difficult to work out as a 
"resistance" and that's why we call it "Impedance." 

The term "High and Low Impedance' is a relative term and does not have any 
absolute values but we can mention a few points to help you decide. 

In general, the base of a transistor, FET input of an IC are classified as HIGH 
IMPEDANCE. 

The output of these devices are LOW IMPEDANCE. 


Power rails are LOW IMPEDANCE. 

An oscillator circuit and timing circuit are HIGH IMPEDANCE. 

A LOAD is low impedance. 

And it gets tricky: An input can be designed to accept a low-impedance device 
(called a transducer or pick-up) and when the device is connected, the circuit 
becomes LOW impedance, but the input circuitry is actually high impedance. 

The impedance of a diode or LED is HIGH before the device sees a voltage higher 
than the junction voltage and then it becomes LOW Impedance. 

Impedance is one of the most complex topics however it all comes down to testing a 
circuit without loading it. 

That's why test equipment should have an input impedance higher than 1M. 


The first circuit we will investigate is the Mini Bug Detector, shown above and 
below. Points on the circuit have been labelled A, B, C etc: 


Point A - The first transistor is "self-biased" and will have 0.6v on the base. The 
antenna is connected to a 20 turn coil and you might think the coil will "short" the 
signals to earth 

But the coil and 470p capacitor form a circuit that oscillates at a high frequency 
when the antenna wire picks up stray signals. The coil and capacitor actually amplify 
the signals (see Talking Electronics website: Spy Circuits to see how a TANK CIRCUIT 
works) and these signals enter the base of the first transistor. 

This is classified as a HIGH Impedance section because the signals are small and 
delicate and any loading via test equipment will kill them. The first transistor 
amplifies the signals about 70 times and they appear at Point B. 


The signal passes though a 22n to Point € and the transistor amplifies the signal 
about 70 times to point D. Point C is classified as high impedance as any voltage 
measurement at this point will upset the biasing of the stage as a few millivolts 
change in base-voltage will alter the voltage on the collector considerably. Point D is 
classified as low impedance as any voltage-testing will not alter the voltage 
appreciably. 

The output of the second stage passes through a capacitor to the join of two diodes. 
These two diodes are not turned on because the voltage at Point E can never rise 
above 0.7v as this is the voltage produced by the base-emitter of the third 
transistor. 

The purpose of the two diodes is to remove background noise. Background noise is 
low amplitude waveforms and even though the transistor is turned on via the 220k, 
low amplitude signals will not be received. The third transistor works like this: It 
cannot be turned ON any more because any waveform from the 22n will be "clipped" 
by the bottom diode and it will never rise above 0.6v. 

So, the only signal to affect the transistor is a negative signal - to turn it OFF. 

Firstly we have to understand the voltage on the 22n. When the second transistor is 
sitting at mid-rail voltage, the 22n gets charged via the 2k2 and lower diode. When 


the transistor gets tuned ON, the collector voltage falls and the left side of the 22n 
drops. The right side of the 22n also drops and when it drops 0.6v, the top diode 
starts to conduct and when the voltage on the 22n drops more than 0.6v the third 
transistor starts to turn OFF. This effect is amplified by the transistor at least 100 
times and appears at Point F. All the voltages around the two diodes are classified 
as HIGH Impedance as any piece of test equipment will upset the voltage and 
change the output. 

There are some losses in amplitude of the signal as it passes through the 22n 
coupling capacitors but the end result is a very high strength signal at point G. The 
4th transistor drives a 10mH choke and the mini piezo is effectively a 20n capacitor 
that detects the "ringing" of the inductor to produce a very loud output. 

The 22n capacitor on the collector eliminates some of the background noise. The 
choke and piezo form an oscillatory circuit that can produce voltages above 15v, 
even though the supply is 3v. 

The 47n capacitor at Point J is to keep the supply rails "tight" (to create a LOW 
Impedance) to allow weak cells to operate the circuit. 

The "Power-ON" LED tells you to turn the device off when not being used and Point 
Lis the power supply - a low impedance line due to the 47u electrolytic. 


Testing the Mini Bug Detector 

To test the Mini Bug Detector, you will need a Signal Injector. 

Place the Injector on Point G and you will hear a tone. Then go to E, C and A. The 
tone will increase in volume. If it does not increase, you have pin-pointed the faulty 
stage. 


The next circuit is a combination of digital and analogue signals. It is a Logic Probe: 
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The voltage on a circuit (to be tested) is detected by the probe at Point A of the 
circuit above and the "tip" is classified as "reasonably high impedance" as it has a 
220k resistor between the tip and Ov rail. The 1M reduces the impedance by about 
20% but the inputs of the two inverters have no effect on the "tip" impedance as 
they are extremely high input-impedance devices. 

The 1M trim pot is designed to put put a voltage on point B that is slightly higher 
than mid-rail so the green LED is turned off. 

Point A will see a voltage below mid-rail and point C will be HIGH. Point C and F 
are low-impedance outputs. 

When the tip of the probe is connected to a LOW voltage, Point B sees a LOW and 
Point F goes LOW to illuminate the green LED. At the same time it removes the 
"jamming voltage" produced by the diode between pin 4 of the 4049 and pin 3 of the 


74C14 and the oscillator between points H and J produces a low-tone via the 100k 
resistor and 22n to indicate a LOW. 

When the probe tip sees a HIGH, a lot more things happen. 

Point C goes LOW and turns on the red LED. At the same time the 100p is in an 
uncharged state and the right lead goes LOW. This takes the left lead LOW as the left 
lead connects to a HIGH Impedance line and pin 9 goes LOW. This makes point E 
HIGH 

and since the 1u is in an uncharged state, pin 11 goes HIGH. This makes point G 
LOW and the diode between pins 9 and 12 keeps pin 9 LOW and takes over from the 
pulse from the 100p. The yellow LED is illuminated. The 1u starts to charge via the 
470k and when it is approx half-charged, pin 11 sees a HIGH and point G goes low. 
This creates the length of pulse for the yellow LED. 

At the same time, Point L goes LOW because the "jamming diode" from pin 2 of the 
4049 goes low and allows the inverter between point L and N to produce a tone for 
the piezo. 

In addition, Point I goes HIGH and quickly charges a 1u electrolytic. This removes 
the effect of the jamming diode on pin 5 of the 74C14 and a low frequency oscillator 
made up of 68k and 1u between pins 5&6 turns on and off an oscillator between 
points O and R to get a beep. The mini piezo is driven n bridge mode via the two 
gates between points QT and PS. 

Point U is a 1u electrolytic to reduce the impedance of the power rail and Point V is 
a protection diode to prevent damage if the probe is connected to the supply around 
the wrong way. 


Testing the Logic Probe 

You can test the Logic Probe with the simple Logic Probe with Pulse project described 
above. It will let you know if each point in the circuit is HIGH or LOW. You will also 
find out the difficulty in testing the points that are HIGH Impedance, as the Probe 
will upset the voltage levels and the reading may be inaccurate. 


More circuits will be added here in the future. 


THE VOLTAGE DIVIDER - this topic could fill a book. 

You need to read lots of other sections in this eBook, including the section on 
measuring across a resistor with a multimeter, and high impedance circuits, to fully 
understand the complexities of a VOLTAGE DIVIDER CIRCUIT. 

It is one of the most important BUILDING BLOCKS to understand. Even though it 
may consists of two components, you have to understand what is happening 
between these two components. You have to realise there is a voltage at their join 
that will be rising and falling due to one of the components changing RESISTANCE. 
Sometimes you can work out the voltage at the join by using Ohm's LAW but quite 
often it will be impossible as it is changing (rising and falling) during the operation of 
the circuit, 

At the beginning of this discussion we will only dealing with DC circuits and the 
voltage across a particular component will be due to its RESISTANCE. We are not 
going into any formulas, as it is very easy to measure the voltages with a multimeter 
set to VOLTS and you will have an accurate result. 

The simplest two components in series are resistors. They always have the same 
resistance during the operation of a circuit and the voltage across each will not 
change. 

In a further discussion we will cover "resistors" that change value according to the 
temperature. These are called THERMISTORS. And we have "resistors" that change 
value according to the light they receive. These are called LIGHT DEPENDENT 
RESISTORS (LDR's) or PHOTO RESISTORS. 

A transistor that is partly or fully turned ON can be considered to be similar to a 
resistor. 

In these 3 cases we need to measure the voltage at the join with a voltmeter as it 
will be a lot of work to measure the resistance and work out a value. 

You can also keep a voltmeter on the joint and watch the voltage change. 

Finally we have some components that produce a fixed voltage across them (or 
nearly fixed) and the remaining voltage is dropped across a resistor. These 


components MUST have a resistor connected in series to limit the current and allow 
the component to pass the specified in the datasheet. 

These devices include LEDs, diodes and zener diodes. A LED will have a fairly fixed 
voltage across it from 1.7v to 3.6v depending on the colour. A diode will have a 
voltage of 0.7v across it when it is connected to a voltage via a resistor. And a zener 
diode will have a fixed voltage across it when it is connected with the cathode to the 
positive rail via a resistor. The voltage across it will be as marked on the zener. 

The concept of a VOLTAGE DIVIDER is very simple, but it takes a lot of 
understanding because both VOLTAGE and CURRENT are involved in the 
UNDERSTANDING-PROCESS. 

Each component has a resistance and this can be measured with a multimeter. When 
two components are connected in series, a current will flow and a voltage will 
develop across each item. 

More voltage will develop across the item with the higher resistance and the addition 
of each voltage will always equal the supply voltage. 

That's the simple answer. 

There is a little more involved . . . It is the word CURRENT. Here is an explanation: 
Suppose we have a 1k and 2k resistor on a 12v supply. The voltage at the join will 
be av. 

In other words, there will be 4v across the 1k and 8v across the 2k. 

If we have a 10k and 20k resistors in series, the voltage will also be 4v at the join 

If we have a 100k and 200k resistors, the voltage will also be 4v at the join. 

The voltage will be the same in all cases, but the current will be different. The 
current in the second case will be one-tenth and only one hundredth in the third 
case. 

If you want to go further, place a one ohm and two ohm in series and get 4v. But the 
resistors will get very hot and burn out very quickly. 


SOLDERING 

Here are three 30-minute videos on soldering. 
1. TOOLS 

2. Soldering components 

3. Soldering SURFACE MOUNT components 


TESTING A MOTOR 

Strictly speaking, a motor is not an electronic component, but since a website gave a 
useless description on testing motors, I have decided to supply the correct 
information. 

The only REAL way to test a motor is to have two identical motors and check the 
torque by connecting them to a low voltage and trying to stop the shaft with your 
fingers. This will give you two results. Firstly it will let you know the torque of the 
motor. 

This is the twisting effect of the shaft. There is no way to determine the torque by 
knowing the voltage or current. 

The unknown factor is the strength of the field magnets (permanent magnets) and 
this determines the torque 

Secondly, feeling the shaft will let you know if the torque is even for a complete 
revolution. 

By having two identical motors, you can see if one has a lower torque. 

Almost nothing can go wrong with a motor except for the brushes. If the brushes 
wear out, additional resistance will be produced at the interface between the brush 
and commutator and this can be detected by allowing the shaft to rotate slowly and 
feeling the resistance as it revolves. A 3-pole motor will have three places where the 
strength is greatest and each should have the same feeling. A 5-pole motor will have 
five places of strength. 

If the strength is weak or not uniform, the motor is faulty. 

You cannot test a motor with a multimeter as the resistance of the armature winding 
is very low and if the motor is allowed to spin, the back voltage produced by the 
spinning, increases the reading on the meter and is false 


Micro motors have a coreless armature. This means the 3 windings for the armature 
are wound on a machine then bent slightly into shape and glued. A circular magnet 
with 3 poles is in the centre and the armature rotates around this. 

This type of motor is reasonably efficient because the armature is the greatest 
distance from the point of rotation, and the motor reaches full RPM very quickly 
because the armature has very little inertia. 

Thave not heard of the armature-winding flying apart but if you hear any scraping 
noise, it may be the winding. 

3-pole, 5-pole and micro motors can be found in printers, eject mechanisms of CD 
players, toys, RC helicopters, cars etc and rarely fail. 

Motors do not work on "voltage." They actually work on CURRENT and as you 
increase the voltage, more current will flow and produce a stronger magnetic field 
(by the winding on each pole). This magnetic field will be attracted by the permanent 
magnet surrounding the armature and repelled by the surrounding permanent 
magnet, depending on where the face of the pole is, during each revolution. 

If the permanent magnet is not very strong, the repulsion part of the interaction will 
be very weak and thus the torque will be small. 

Because motors work on "current" you must have a high current available when you 
increase the voltage as the motor will require short bursts of high current during 
each revolution. 

It is the combination of voltage and current (called watts) that gives the motor 
"strength" (torque) as well as the "strength" of the permanent magnets (called the 
field magnets) and the number of turns of wire on each pole (and the gauge of wire). 
Basically, if a motor is hard to spin, and has 3 "hard spots" on each revolution, it will 
be powerful. 

A 2-pole motor does not self-start and will spin in either direction. But a 3-pole 
motor will self-start and you can determine the direction of rotation. 

A 5-pole motor has a lower RPM. It is slightly smoother in output but is not more 
powerful than a 3-pole version. 

A motor with "permanent magnets" is called a DC motor as it will not work on AC. If 
the magnets are replaced with a coil, it will work on AC and it will be called a "shunt 
wound" motor of the field coil is connected across the same terminals as the brushes 
or a "series wound" motor if the field coil is in series with the armature. 


TESTING COMPONENTS "IN-CIRCUI 
You can test components while they are IN CIRCUIT, but the surrounding 
components will have an effect on the results. 

You can get all sorts of "In-Circuit" testers. They are expensive and offer little more 
accuracy than a multimeter. 

In-Circuit testing with a multimeter can give you the same results as a tester. 

All you have to do is turn the project ON and use a multimeter (set to voltage) to 
determine the voltage at various points. It is best to have a circuit of the equipment 
so you can what to expect at each point. 

Only major departures from the expected can be located in this way. 

Obviously the first thing to look for is burnt-out components. Then feel components 
such as transistors for overheating. 

The look for electrolytics that may be dry. Sometimes these have changed colour or 
are slightly swollen. 

If they are near hot components, they will be dry. 

For the cost of a few dollars I change ALL THE ELECTROLYTICS in some pieces of 
equipment, as a dry electrolytic is very difficult to detect. 

Testing a transistor "in-circuit" is firstly done with the supply ON. That's because it is 
quicker. 

Measure the voltage between ground and collector. 

In most cases you should get a voltage of about half-rail. If it is zero, or close to rail 
voltage, you may have a problem. 

Turn off the supply and use the multimeter on low-ohms to measure all six 
resistances between the leads. 

A low resistance in both directions on two leads will indicate a fault. 

Resistors almost NEVER go "HIGH." For instance, a 22k will never go to SOk. 
However a low-value resistor will "burn-out" and you will read the value of the 
surrounding components. 


Don't forget, some low-value resistors are designed to burn-out (called fusible 
resistors) and anytime you find a damaged low-value resistor, you will need to look 
for the associated semiconductor. 

You can replace the resistor quickly and turn the circuit ON to see it burn out again. 
Alternatively you can trace though the circuit and find the shorted semiconductor. 
It's always nice to "see the fault" then "fix the fault." 

Sometimes a transistor will only break-down when a voltage is present, or it may be 
influenced by other components. 

When the piece of equipment is turned OFF, you can test for resistance values. The 
main thing you are looking for is "dry joints" and continuity. Dry joints occur around 
the termination of transformers and any components that get hot. Rather than 
wasting time checking for dry joints, it is better to simply go over the connections 
with a hot iron and fresh solder. 

You may need to check the continuity of a track (trace) and it may go from one side 
of the PC board to the other. 

Use a multimeter set to low-ohms and make sure the needle reads "zero-ohms." 

It is very dangerous to do any testing on a project using a multimeter set to "amps" 
or "milliamps." 

You cannot test "current flowing through a component" by placing the probes across 
a component. You will simply over-load the rest of the circuit and create a problem. 
To find out if current is flowing though a circuit or a low-value resistor, turn the 
project ON and measure the voltage either across the component or the voltage on 
one end then the other. 

A voltage-drop indicates current is flowing. 

That's about it for testing "in-circuit." Use the rest of this eBook to help you with 
diagnosis. 

Don't think an IN-CIRCUIT COMPONENT TESTER is going to find a fault any faster 
than a multimeter. They all use a multimeter principle. 


SHORT CIRCUIT 

Nearly every component can fail and produce an effect called a SHORT CIRCUIT. 

This basically means the component takes more current than normal and it may fail 
completely or simply take more current and the operation of the circuit may be 
reduced only a small amount. 

The resistance of the component may reduce a very small amount but this may have 
a very large effect on the operation of the circuit. 

For instance, two turns in the horizontal or vertical winding of a yoke on the picture 
tube or monitor may arc and weld together and reduce the size of the picture on the 
screen, but measuring the winding will not detect the difference in resistance. 

The same with the windings on a motor and a short between two winding in a 
transformer. 

If the "short" is between two near-by turns, the change in resistance will be very 
small. If the "short" is between to different layers, the resistance will be reduced and 
it may be detected. 

When a "short" occurs, the winding turns into a transformer. To be exact, an AUTO- 
TRANSFORMER. 

In the following diagram you can see a normal winding in fig A: 


Fig B shows two turns touching each other and if the wire is enamelled, the coating 
has been damaged so the copper wire from the two turns is touching. This is called a 
SHORTED TURN. 

In fig C you can see two turns touching. 

In fig D the shorted-turn has been moved to the other side of the symbol to show 
the effect it has on the operation of the winding. 

The shorted-turn is exactly like the secondary of a transformer with a "jumper" 
across the output. 

This will produce a very high current in the secondary. 

Avery high current flows through the shorted turn and this changes the operation of 
the rest of the winding. 


1. In most cases a SHORT CIRCUIT can be detected by feeling the additional heat 
generated by the component. 

2. Next, turn off the supply and measure the resistance of the component. If it is 
lower than expected, the component will be faulty. 

3. Next, measure the voltage across the component. If it is lower than normal, the 
component will be faulty. 

4. Next, measure the current taken by the component. If it is higher than normal, 
the component will be faulty. 

5. If the component is an inductor, such as a motor, coil or transformer, you can use 
an inductance meter. Compare a good winding with’a faulty winding. Sometimes the 
fault will disappear because an arc develops across the fault when the component is 
operating. 


INTERNAL AND EXTERNAL SHORTS: 

An internal short refers to two windings shorting together and the winding has a 
very high resistance between the winding and the frame on which it is wound. An 
external short refers to a winding shorting to the frame of the component - such as 
one of the armature windings shorting to the metal core, around which the wire is 


wound. 

This may not be important unless another winding shorts to the metal frame and 
creates "inter winding" problems (inner winding problems is within the same 
winding) 


The opposite to a short circuit is an OPEN CIRCUIT. 


This is generally a broken lead or contact or a wire that has "burnt-out" or been 
"eaten-away" by acid attack or galvanic action by water and voltage (current). 

1. No current will flow when an OPEN CIRCUIT exists. 

2. The voltage on each end of the OPEN CIRCUIT will not be the same. 

3. Measure the current across the OPEN CIRCUIT and determine if excess current is 
flowing. 

4. Join the two ends of the OPEN CIRCUIT and see if the circuit operates normally. 


> HEATSINKS 

This is not an electronic component but it can certainly affect the operation of a 
circuit. 

If you cannot hold your fingers on a heatsink, it is getting too hot. This is because 
the actual location where the heat is being generated is much hotter than the part 
you are touching. 

Transistors and IC's can withstand a high temperature but if they go above this 
temp, they BLOW UP. 

They also have a shorter life when operating at a high temperature. 

The secret to a good heatsink is called an INFINITE HEATSINK. 

This is the metal frame of a case. 

There are lots of charts and data on choosing a heatsink but they don't take into 
account two factors: 

Sometimes a circuit takes a very high current for a short time and this creates a high 
temperature gradient. This will cause the transistor to get very hot and fail. 

The solution is to have two or more transistors in parallel to separate the "heat 
spots." 

The second problem with designing a heatsink is the unknown location of the 
heatsink and the air-flow. Products placed on a shelf or in a cupboard will get very 
little air-flow. 

Remember: some transistors are mounted on thermal insulators. This means the 
transistor will have a voltage on it but the heatsink will be zero voltage. 

The temperature of the transistor will be MUCH HIGHER than the heatsink under the 
transistor and the transfer of the heat from the transistor to the heatsink will be very 
slow. This can be the cause of the transistor failing. Sometimes the transistor will fail 
because insulation is high temp plastic and it gets brittle. The plastic can carbonise 
and leak and sometimes a voltage can flash through the insulator. Some amazing 
things have happened under these transistors and you may need to pull it apart and 
replace all the insulation. 

Finally, feel the heatsink after 15 minutes and feel right up to the transistor. If you 
cannot touch the transistor, increase the thickness of the heatsink or use two 
transistors to dissipate the heat. 

To design a heatsink, you have to have some idea of the size of a heatsink for the 
application. 

Charts and data can send you in the wrong direction. 

Start with a heatsink twice the recommended size and feel the temp after 15 
minutes. Put the project in a cupboard and see how the temperature rises. 

If possible, connect the heatsink to the metal case to get added dissipation and if 
you include fan-cooling, remember the fan will eventually gather dust and reduce its 
efficiency. 

It is very difficult to explain how heat passes through a mica washer or plastic 
washer, but if the transistor has a copper base, the heat transfer has a value of 400. 
For aluminium it is 200. If it is steel, the transfer has a value of 50. For a mica sheet 
itis 1 and for plastic it is 0.1 

Even though the sheet is very thin, the transfer is a lot less than metal-to-metal 
transfer. 


Most references state the temperature difference is about one degree C for each watt 
of heat generated by the transistor. 

Don't believe anything you read. 

Feel the temperature yourself and if you cannot hold your finger on the transistor, fix 
the problem. 


Plastic Package 
Semiconductor Die 


ia Screw 


am ¢— Metal Case 


Metal Washer 


——- Shoulder 
Nut Washer 


In the end, use a heatsink 50% larger than recommended. 


THE END 

This is not the full story to learning about servicing. It is just the beginning. 

We have only covered the simplest tests and shown how 90% of faults can be found 
by checking voltages, waveforms and looking for obvious things such as burnt out 
components, cracks in PC boards. 

The author has fixed over 35,000 TV's, radios, stereos, VCRs and all those things 
that were on the market 30 years ago. 

Things have not changed. It's just that some repairs cost nearly as much as buying a 
new product and half the customers opt for dumping a faulty item and buying the 
latest "flat screen" version. That's why you have to get things through the workshop 
as fast and as cheaply as possible, to make a living. 


If you want any more devices added to this list, email Colin Mitchell. 
To help with understanding how a transistor circuit works, we have produced an 


eBook: The Transistor Amplifier. It covers a whole range of circuits using a 
transistor. 


Not copyright by Colin Mitchell 
You can use any of this material. Please pass this eBook to your friends and let them know that 
everything on the web is FREE. | have looked at all the "Pay Sites" and found the information 
they “sell” is available on the web at NO COST. 

Nearly all text books are also downloadable for free on "Download.com" etc and when you see a 
used copy of a $74.00 textbook on Amazon for $12.00 you realise many users have already 
discarded their copy. A good textbook never gets thrown out or sold for $12.00!!! 


See the enormous amount of information on Talking Electronics website 
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KIT OF PARTS 


Talking Electronics supplies a kit of parts that can be used to build the majority of the circuits in this 
eBook. 


The kit costs $15.00 plus postage. 


Kit for Transistor Circuits - $15.00 


A kit of components to make many of the circuits 

ETA Tell) described in this eBook is available for $15.00 plus 

$7.00 post. 
(Or email Colin Mitchell: talking@tpq.com.au 


The kit contains the following components: 
(plus extra 30 resistors and 10 capacitors for 
/experimenting), plus: 


-47R 
- 220R 
~ A70R 


= 10k mini pot 
= 100k mini pot 

= 10n 

= 100n 

= 10u electrolytics 
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5 

5 
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5 

5+ 100u electrolytics 
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5 - 1N4148 signal diodes 

}6 - BC547 transistors - NPN - 100 mA 

2 - BC557 transistors - PNP - 100mA 

1 - BC338 transistor - NPN - 800mA. 

3 - BD679 Darlington transistors - NPN - 4amp 
5 - red LEDs 

5 - green LEDs 

5 - orange LEDs 

2 - super-bright WHITE LEDs - 20,000med 

1 3mm flashing LED 

11 mini 8R speaker 

1- mini piezo 

1 - LDR (Light Dependent Resistor) 

1- electret microphone 

im - 0.25mm wire 

‘im - 0.5mm wire 

1 10mH inductor 

1 - push button 

5 - tactile push buttons 

1 - Experimenter Board (will take 8, 14 and 16 pin chips) 
5 - mini Matrix Boards: 7 x 11 hole, 

11x 15 hole, 6 x 40 hole, surface-mount 6 x 40 hole board and 
others. 


Photo of kit of components. 
Each batch is slightly different: 


‘There are more components than you think, . . plus an extra bag of 
/approx 30 components. The 8 little components are switches and the 
LDR and flashing LED is hiding. 

In many cases, a resistor or capacitor not in the kit, can be created 
by putting two resistors or capacitors in series or parallel or the next 
higher or lower value can be used. 
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BEFORE WE START 


‘Too many text books start with the physics of the atom and have equations and mathematics to 
|show how smart the author is. 

Don't worry, we wont have any physics or equations. 

The reason . . 

This is not a physics course. Itis a practical electronics course to teach the basics as quickly as 
possible. There are no equations because most transistor circuits cannot be worked out 
mathematically as the gain of a transistor changes according to the current-flow and these gain- 
‘values are never provided. So the mathematics is worthless. 

"To get an answer, all you have to do its build the circuit and measure the values with a 
multimeter. 

Also lots of discussions in text books will never be used in your next 40 years of electronics, so 
this course doesn't have any unnecessary material and is much-more concentrated than 
anything you have read before. 

Every frame contains important points - especially the animations - as they show you how a 
circuit works in slow-motion - something that has NEVER been done before. 


ELECTRONICS BLOCKS 


/and they can be connected with jumper leads (alligator clips). 


Use a slotted head for the negative screw and a philips head for the positive screw. 


Here is an idea from Instructables to produce blocks with screws, containing a single component 


Leam electronics from the beginning . 


START HERE: 


Al electrical and electronic components need wire 
to connect them to the circuit. 

Ina diagram called a CIRCUIT DIAGRAM, the 
wires are drawn as lines. 

When the wires (or lines) cross, they may be 
joined or just passing. 

Itis VERY IMPORTANT to show the difference 
between lines that are JOINED and lines that are 
NOT JOINED. 

When the lines are joined, itis best to place a dot 
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lon the connection to PROVE the lines are joined 
WIRE When the lines are just crossing, a gap should be 
made so it is obvious that one wire goes under the 


lother and does not touch. 

Lines should be “across the page" or "up and 

down." Very few lines should be at 45°. 

'You can make a line thicker to indicate a power rail 
\ eres joined lor a wire that will be thick in reality. 


7 example 


aa 


wires not joined 


Fig 1 The wire in a circuit diagram 


to Index 


Next we need a battery. A battery consists of 
+ + + + 

ad titi {two or more cells. The positive terminal of a 
tee! T 


battery is the long line in the diagram and you 
must add the voltage (of the cell or battery) to the 


d 


2 cells T [symbol as a single cells can be 1.2v, 1.5v, 2.2v or 
3 cells up to 3.6 
many p to 3.6v. 
cells ‘The symbol does not let you know the voltage. 
The positive is always at the top and is the longest 
Fig 2 A single Cell and many Cells line on the battery symbol. 
to Index 


Next we need a globe. A globe has two connections (a fine 
‘wire inside a glass bulb glows when the globe is connected to 
a battery). 


to Index 


[With a globe, battery and wire we have produced a CIRCUIT. 
A CIRCUIT is a complete path and we say the “electricity” the 
CURRENT emerges from the positive of the battery, moves 
{through the globe and returns to the battery via the wire. 

If the globe is a "3v GLOBE" it will glow when connected to a 
3v battery. 

The globe can be connected either way around 

The circuit we have shown is called a SCHEMATIC and 
[consists of symbols: a globe symbol and a battery symbol 
‘The line connecting the two components is called WIRE. 


to index 


not user 
SWITCH 
5:Adding a SWITCH 


‘To tum the globe ON and OFF we need a SWITCH. 
‘The switch may be a push button, a toggle switch (a "click" action) or a slide switch. You could 
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twist the wires together and untwist them. The result is the same. We say the circuit is "broken" 
Jor “open” via the switch and the lamp does not glow. Closing the switch tums ON the globe. 


fo Index 


The top rail of the CIRCUIT DIAGRAM is called the 
SUPPLY RAIL or POWER RAIL. 

The lower rail is called the Ov Rail or EARTH RAIL. 

Do not connect the Supply rail (+12v) to the Ov rail as this, 
‘will cause a high current to flow and is called a SHORT. 
CIRCUIT: 


Supply Rail or Power Rail 


Ov Ra 


Fig 6: Naming the RAILS 


to Index 
The lower rail is also called the Chassis. 
sé ‘This comes from the "old days" when electronics 
= lconstructors build radios on a metal chassis (metal 
 12v box) and it was connected via wire to a pipe in the 
[ground to help the radio pick up distant radio 
stations. 
Earth Rail ‘The term also comes from car and truck wiring 
where one side of each globe is connected to the 
= frame or chassis so that only one wire is needed to 
Earth or Chassis leach globe and the return "path" is via the 
chassis, 
Fig 7: The EARTH RAIL 


to Index 


Some circuits identify the "Ground Lead” 
lor "Ground Wire" of a project to show 
where all the signals have been 
referenced to.” In other words, all the 
signals rise and fall above and below this 
"Ground wire" or "Ground Lead." This 
lead may not be at earth potential as the 
project may be in a plastic box but 
identifies where the earth lead of a 
Cathode Ray Oscilloscope or the negative 
lead of a multimeter is connected. 

On some printed circuit boards, the 
negative terminal ofthe battery (the Ov 
wire or terminal) is connected to a very 
large area of copper and this is called the 
EARTH PLANE or GROUND PLANE. Itis 
Jdesigned to prevent signals travelling 
Ground” -the zero along the tracks (called traces) being 
lead forthe signals SZ radiated and also prevents outside 
interference upsetting the project. It also 
ig 7a: Ground tightens-up" the earth rail 


to Index 


The circuit shows a 12v globe connected 
toa 12v battery and the circuit appears to 
bbe "broken" (not continuous) 

But the Current returns via the earth 
‘connection. 
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We talk about the CURRENT 


RETURNING. We don''t say: the voltage 
Switch S57 returning, 


‘The voltage of the globe must be the same 
tay [8 the battery voltage, otherwise it will not 
glow fully or it will Burn Out ifitis say a 


a 6v globe. 


Fig 8: EARTH Return 


to Index 


‘The circuit shows a 12v Motor. 
It is tumed ON when the push-switch is 
pressed. 


to Index 


if the wires are connected to the motor 
"around the other way,” the motor will 
reverse direction, 


Fig 10: Reversing a Motor 


to Index 


VOLTAGE AND CURRENT 


What is voltage and what is current? 

Here is a very simple description. 

A battery produces a voltage called DC. (This is a very confusing name because the letter 
actually refer to Direct Current, so we just say DC Voltage). 

‘A battery also produces current called DC - Direct Current. We say DC current. 


VOLTAGE CURRENT 
Voltage is a value produced by an electrical 
component called a battery or cell 

Asingle cell produces one and a half volts. (1.5v) 
and although this is not a high voltage, when cells 
are connected together we get higher voltages. 
If6 cells are connected in series we get Ov. 

Here is a 9v battery: 


You cannot fee! current with your tongue 50 
‘we have to carry out another experiment: 
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ina 


negative terminal 


positive termi 


Place a 22 ohm or 47 ohm resistor across 
the terminals of the battery and hold your 
fingers on the resistor. It wll get hot. This is 
the result of current flowing through the 
Is with your tongue. You get resistor and heating it up. The current will 

a tingle. This is a 9v tingle. Now you have “felt” be about half an amp and the voltage is 9v, 

electricity. This is a 9v tingle. so the wattage will be about 2 to 4 watts. 
Feel the heat produced. 


Milli = mitii means 1/1,000th (one thousandth) - such as one miliamp or one milivott. 
In other words one thousand milliamps is equal to 1 amp. 

One volts is not a very large value as a battery produces 9v and a cell produces 1.5v to 3.6v 
(depending on the type of cell 

But 1 amp isa large quality when talking about electronic circuits involving LEDs, motors and 
iransistors. 

‘The globe used in the experiments above requires about 300mA. (1,000mA = 1 amp) 

‘The 3v motor used in the experiments requires about 250mA 

[The LEDs used in the experiments require about 20mA. 

Transistors can pass about 100mA to 800mA via the collector-emitter. 

In most cases current-fiow in the circuits we will be discussing will be less than 1 amp and will 
be shown as 25mA, 100mA, 350mA etc. 


WATTAGE and CAPACITY 


A Qv battery has 6 very small cells and they will not last very long, 
"AAA" cell is larger and a "D" cell is much larger. 


A large cell is said to have a LARGE 
CAPACITY. This means it will deliver a larger 
current for a longer period of time. 

‘The WATTAGE of a cell is the multiplication of 
the voltage x current. The answer is miliwatts 
or watts. 

‘The CAPACITY of a cell is the wattage x 
hours. The answer is milliwatt-hours or watt- 
hours. This is also called watt-hours. 

You can determine the capacity of a cell (such 
as a rechargeable cell) by connecting it to a 
clock-mechanism that has a 4R7 connected 
across the terminals. The resistor will take a 
considerable current and deplete the cell in a 
few hours. The clock will let you know exactly 
how long the cell delivered the current. You 
can then compare other cells. 


The simplest electrical circuit consists of a 
battery and resistor. The current flowing through the 
circuit will depend on the voltage of the battery and the resistance of the resistor R. 
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The formula connecting these three quantities is: 


via 
1=4 amps 
This is called Ohm's Law. Suppose you have a 12v 
battery and the resistor is 3 ohms. The current flowing 


{through the resistor will be 4 amps. 
Increasing the resistance will decrease the current if the voltage remains fixed. 


All the above circuits are called ELECTRICAL CIRCUITS because they contain electrical 
[components (such as a motor, globe, relay, switch), 

When the circuit contains an ELECTRONIC component such as a diode, transistor, LED, it is 
called an ELECTRONIC CIRCUIT or ELECTRONIC SCHEMATIC. 


to Index 


POWER and ENERGY 

Here's an easy way to remember the difference between POWER and ENERGY: 

‘A Qv alkaline battery has enough ENERGY to start a car. But it does not have enough POWER 
(strength), 

Energy is effectively the strength of the battery (and this is the voltage and the current it can 
deliver) multiplied by the time it can deliver this energy. When the answer is obtained, it consists 
lof three factors ((3 quantities) VOLTS, AMPS and TIME. 

This results in an answer called _xxxx WATT-HOURS. 

For a Sv battery the quantities are: 9 volts, 500mA and the battery will deliver this 9x0. 
/4.5watts for about 1 hour. This is equal to 4.5 x 60 x 60 = 16,200 watt-seconds. 

‘To start a car requires 250 amps from a 12v battery for 5 seconds. 

This is: 12 x 250 x 5 = 15,000 watt-seconds. 

‘This means the energy stored in a 9v battery could start a car if all the energy could be 
delivered in 5 seconds. 

This is not possible however the FACT is this: A 9v battery has enough stored energy to START 
JACAR. 


to Index 


BATTERY BOOSTER 


(One of the simplest things we can do is start a 
car with a flat battery with the assistance of a 
BATTERY BOOSTER. 

This consists of a 12v rechargeable battery in a 
handy case with leads to connect to the flat 
battery in your car. 

This simple operation puts two 12v batteries in 
parallel, but no-one has actually described what 
happens and why. 

That's because the explanation is very complex. 
We have included it here to show that a simple 
explanation involves a lot of technical terms and 
you will understand more after reading the 
course. 


[The flat battery in the car is not fully charged but it has some percentage of charge and when it 
sits for a period of time in a non-fully charged condition, the voltage drops from 12.6 to less 
than 12v as the battery gradually self-discharges due to the potential at the top of the cell being 
different to that at the bottom of the cell and the specific gravity of the electrolyte being different 
Jat the top and bottom. This causes an internal current to flow within the cell and slowly 
{discharge the cell. But if you try to start the car, the voltage drops to less than 7v because the 
electrolyte cannot carry the high current and a slight potential is developed across the liquid, 
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The result is the starter-motor does not crank the car. 
‘The reason is this: When the battery is fully charged, the current taken by the starter motor is, 
Jabout 300 amps. This is about 11v x 300 amps = 3300 watts = 4.4Horsepower. 

But when the voltage drops to 7v, the current will drop to 190 amps to deliver 1336 watts = 
1.8HP. This is only 40% of normal and that's why the car does not start. The engine needs 4HP 
{to overcome the pressure in the cylinders due to the compression of the air during the "firing 
stroke.” 

Let's put it this way. If we have a brand new 7v battery, the car will not start. The starter-motor 
‘will only accept 190 amps when the supply is 7v. 

So, we have to increase the voltage. 

We do this by placing a 12v battery across the flat battery. The voltage of the flat battery will 
immediately rise to 12.6v. It might take 2 minutes but the flat battery will take a small current (1 
{to 10amps) from the battery in the "booster" and the output of the combination will be 12.6v. The 
current-carrying capacity of the electrolyte will improve very quickly and you have effectively 
given the “flat battery" a very quick charge. 

The starter-motor will now accept 300 amps from the combination and SURPRISINGLY the cells 
lof the “flat battery” will deliver about 200 amps and the booster battery will deliver about 100 
/amps. The actual sharing of current will depend on the two batteries but the secret behind the 
/success is the increase in voltage we call TERMINAL VOLTAGE. The voltage on the terminals 
(the alligator clips). 

‘The capacity of the booster battery is not important. It can be from 7AHr to 40AHr. We are just 
using a very small amount of its capacity to start the car and nearly all batteries will provide 200 
|Amps for a short period of time. 

‘The voltage of the car battery is very important. The Horsepower taken by the starter-motor is 
defined by the formula: Pwatts = V2/R Since the resistance remains constant, a voltage of 7 
volts will produce 7x7=49 units and a voltage of 11v will produce 12 units. This gives the ratio of 
40% to 100% as explained above. 


to Index 


BATTERY BOOST 
‘Continuing fram the previous frame where we showed the effect of placing a 
weak battery in parallel with a good battery, we can show what happens 
when a weak cell is placed IN SERIES with a good cell 
weak _ || This also applies when you have 5 good cells and one weak cell 

cell _||Basically, the weak cell will reduce the current. In other words, if the 5 cells 
are driving a motor and supplying 250mA, the 5 cells and 1 weak cell will 
deliver 200mA or less, depending if itis weak or very weak. The current 
5 flowing through the weak cell will have the effect of giving it a small charge - 
in other words, you will be charging the weak cell from the good cells when 
the motor is operating, 


good |/pur.... 
cell ‘There is a way to use weak cells. If you have say 6 weak cells driving a 
motor and the RPM is reducing, you can add 2 more weak cells to increase 
the RPM 


‘The effect is this: The voltage from the 8 cells will be higher than from 6 
cells and this will allow a higher current to flow. Sometimes the cells will 
provide this higher current and thus more of the energy will be delivered and 
‘you will get the last of the energy from the cells. 


to Index 


INTERNAL RESISTANCE 

All batteries and also all individual cells have a "secret, hidden’ value of 
resistance inside each cell due to the resistance of the chemicals. This, 
resistance is very small when the cell is new but it increases as the cell gets 
older. 

Itis very easy to measure this value. Simply put an ammeter directly across 
the cell and measure the current. Use Ohm's law to work out the resistance. 
But this not always a wise thing to do as some cells will deliver 10 amps and 
|some will deliver 100 amps and damage the meter. 

‘The diagram opposite shows a large internal resistance for the weak cell 
Jand a small internal resistance for the good cell 

If cell did not have any INTERNAL RESISTANCE it would deliver 
thousands of amps. I's the Internal Resistance that limits the current. 
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In most cases we neglect (do not consider) the value of internal resistance 
when making tests and when using a battery in a project. 

But when a battery gets old, it cannot deliver a high current and the internal 
resistance gets so high that the output voltage drops from say 9v to 7v, 
leven when the battery is not connected to a circuit. 

This is the result of the INTERNAL RESISTANCE of the chemicals 
increasing to a point where they become noticeable and what we call 
poisoning” of the chemicals due to the cell “aging” and new chemicals 
[being produced in the cell that have a high resistance. Some of the terms 
]we use are: “drying out and sulphating. Some cells produce spikes or 
Ineedies that completely short-circuit the cell and make it totally useless 


to index 


48 watts. 
‘As a comparison, a 


[soldering iror 


Jabout 10 to 20 watts. 


RESISTOR WATTAGE 


Resistor Wattage means two things. 


4amps 1. The physical size of a resistor tells you number of watts it is 


capable of dissipating. This is called RESISTOR WATTAGE. It 

is really RESISTOR-SIZE or RESISTOR-CAPABILITY. 

2. The multiplication of the voltage across a resistor and the 

current flowing though it will produce a value called WATTAGE. 

3R_ | This is also called RESISTOR-WATTAGE or RESISTOR-LOSS 
Jor RESISTOR-DISSIPATION or HEAT-LOSS. 

In the circuit shown, the wattage being lost in the resistor is 

12x 4 = 48 watts 

Most of the resistors we will be using in our projects are 

}0.25watts. This means they will dissipate 250milliwatts, 

however the actual wattage being dissipated may be only 70 

milliwatts and the resistor will not get hot 

[0.25watts is the maximum wattage it can dissipate without 

overheating. 

Ifitis dissipating 400milliwatts, it will be VERY HOT. 

The wattage it is dissipating (the heat it is getting rid of) will 

/depend on the supply voltage and the value of the surrounding 

components, 
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Light 
Emitting 
Diode 


ig 11. The LED 


This simple ELECTRONIC CIRCUIT contains a 
LIGHT EMITTING DIODE (LED), RESISTOR and 
battery. 


The circuit is classified as electronic because the 
LED is not an electrical item (such as a globe) but 
/more-complex, as it produces light when current 
flows through a crystal and the crystal produces 
the colour. 
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220 ohm 
Resistor 


+ 
U 


a 


Fig 12. The Resistor 


A RESISTOR must be included in the circuit to 
prevent the LED being damaged. 

‘The resistor in this circuit must be 220 ohms. 
This is shown by the colours on the resistor. The 
colours for 220 ohms: red - red - brown. The 4th 
[band is gold - indicating a tolerance of 5%. 

A resistor has RESISTANCE. 

It reduces the current from the battery to a 
required amount to prevent the LED glowing too 
bright. 

[A resistor is just like putting your foot on a hose. 
The water trickles out the end. The resistor 
"resists" the high current-flow that the battery is 
lable to deliver. 


fo Index 


Se | We | 
21} = 2 
aS MS 
Re} me TI 
2 eae 
au 1} 
3rd 33 0D } 
amo > 
m7 | 
smé SDE 
ome 11D }- 
on? TD 


Fig 12a. The Resistor Colours 


[There are hundreds of different resistors because 
the resistance-values need to cover the range one 
Johm to 10 million ohms. 

‘There are also small, medium and large resistors. 
The resistors on the left are just a few in the range. 
(See the full range below). They show colour 
bands for 1 ohm to 8.2 ohms and 1 million ohms to 
8.2 million ohms. All the other values are shown 
below. 

[An electronics engineer does not have the room to 
store 10 million different resistors so they make 
leach resistor 5% or 10% higher than the previous. 
‘This reduces the number to about 100 to 200. 


TOLERANCE 

‘The first 3 bands indicate the value of the resistor 
land the 4th band indicates either 5% or 10% 
tolerance. 

All modern resistors are 5% or 2% or 1%. The 
"old" 10% resistors are no longer made. 

Gold = 5% 

Silver = 10% 
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Fig 13. The Resistor and LED 


[The LIGHT EMITTING DIODE is called an 
lelectronic component (mainly because it is more 
}complex than a globe and it produces light by a 
/more-complex means than heating a wire). 

A LED must be connected around the correct way. 
It will not illuminate if connected around the wrong 
way. 

All LEDs have one lead longer than the other. The 
SHORT lead is called the CATHODE (k). 

All LEDs have a flat on one side and this is the 
CATHODE lead. 

‘The arrows on the diagram indicate light is "given 
off" (emitted - produced). 


to Index 
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directly to “+” and 
"A LED is connected via a resistor. 


Basic Electronics 1A 


Fig 14. The LED - showing the flat spot 
|A close-up of a red LED. The cathode lead is the short lead and next to a flat side on the LED. 
DO NOT show "+" or "-" on a diagram. Only show the letter "k" to indicate cathode. 

The symbols "+" and "-" are used when a component produces a voltage or is connected 
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2A 23v 
Fig 15. LED VOLTAGES 


When a LED is connected to a circuit, (and the 
lcorrect-value resistor is included), a voltage will be 
Jdevelop across the LED called the 
CHARACTERISTIC VOLTAGE DROP. 

‘This voltage is due to the colour of the LED and 
the crystal inside the LED that produces the colour. 
‘The diagram on the left shows the approximate 
\voltage developed for each LED. 

‘The voltage does not change for small, medium, 
surface-mount, or large LEDs. 
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When a LED is 
connected to 3v 
battery, the following 
CHARACTERISTIC 
VOLTAGE DROPS will 
develop across each 
LED. 

You will notice we 
have not changed the 
value of the resistor. It 
is 220R. 

The LED creates the 
voltage and if the 
value of resistance is 
decreased, the LED 
wil illuminate 
BRIGHTER. 

If the LED illuminates 
too bright it will be 
DAMAGED. 
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Fig 16. LED VOLTAGES 
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sgt Resistor + 
Ww = N 


220 ohm 
Resistor 


Basic Electronics 1A 
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Fig 17. WHITE LED VOLTAGE 


Ifwe connect a WHITE LED to 3v supply, it will not 
illuminate because it needs a supply higher than 
3.6v. 


‘The resistor in series with the LED is called a 
CURRENT LIMITING RESISTOR 


In this circuit no current flows because the supply 
is not high enough. 
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Fig 18. WHITE LED VOLTAGE 


When the supply is increased to 4.5y, the 220R 
resistor will allow a current to flow through the 
white LED and it will develop a 
CHARACTERISTIC VOLTAGE DROP of 3.6v 
across it. 


‘The supply (the voltage of the battery) must be 
higher than the CHARACTERISTIC VOLTAGE 
DROP of the LED so the resistor will allow the 
correct amount of current to flow. 

‘The ideal current for a LED is 20mA, however 
some LEDS will work when mA flows, so you 
Ihave to know what you are doing 


to Index 
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10k § 


no 
illumination| 


LED connected 
around the 
wrong way 


Fig 19. Testing ALED 

Now connect either the 1k, 470R or 220R and determine the brightness you need. 
As the brightness increases, the current will be higher. 

‘You can use 3v supply for all LEDs except blue and white. 


HOW TO TEST A LED 

Some clear LEDs produce red or orange and some LEDs do not have the cathode lead clearly 
identified 

Here's how to find the colour, cathode lead and the current. 

You need a 6v battery, 10k resistor, 1k resistor, 470R resistor and 220R resistor. 

Connect the 6v battery and 10k resistor to the LED and it will only illuminate when the cathode 
is connected to the negative of the battery. This is the short lead, 


to index 
Ys Do not connect a Sv battery directly across a LED 
Bias ee It will be DAMAGED. You MUST include a resistor. 
AE 
3v 
Fig 20. Damage a LED 
to Index 
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A LED IS CURRENT DRIVEN 


You may have seen this statement and tried to work out what it means. 

Basically it means an increase in current will make the LED brighter. 

But a LED needs 2 things: 

Itneeds a voltage that is EXACTLY the voltage required to produce illumination. And this 
{voltage depends on the colour of the LED. 

/As soon as you supply the exact voltage, the crystal will begin to glow and as you increase the 
current, the illumination will increase. 

But doing this is VERY VERY difficult. 

Itis very easy to supply an exact voltage such as 1.7v or 3.4v, but delivering a current such as 
10mA or 20mA at the same time is very difficult. You cannot get a 1.7v battery and deliver 10mA 
toa LED. 

‘As we have shown above, you need a simple components such as a resistor between the 
battery and LED to achieve the desired result 

A LED is CURRENT DRIVEN but firstly you need to provide a VOLTAGE that is exactly the 
[connect value for the colour of the LED and then the current can be increased. 
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Zero ohm (link) 


Fig 21. All the resistor values 
Here are all the colours and values for the resistors you will using in this course. Just match-up the 
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colours on your resistor with the resistors above and you will find the value. 
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Resistor values are always OHM values. One ohm is a small value. It might be the resistance of 
a length of wire 3 metres long. 

When a switch is open the resistance is infinite - millions and millions of ohms. 

The resistance of your body from one hand to the other will be about 70,000 ohms. 

‘The resistance between two wires dipped in water will be about 1,000 to 100,000 ohms 
(depending on the dissolved-salts in the water - pure water has a very high resistance) 

"The resistance of the filament of a 3v globe will be about 30 ohms. 

‘The resistance of the winding of a 3v motor will be about 3 ohms. 

Resistors are made with values from less than one ohm to more than 10 million ohms by adding 
carbon to the mixture inside the resistor (and cutting a track around the outside of the resistor) 
then connecting a lead to each end. Adding more carbon reduces the value of resistance. 
[Carbon has a low resistance. 

Resistance-values are measured with the RESISTANCE settings on a MULTIMETER. 

This is called the "Ohms Range.” Sometimes with the symbol: Q. 

‘A Multimeter will have 2, 3 4 or more scales to cover the range one ohm to 10 million ohms. 
Low value resistors (from 1 ohm to 999 ohms) are written as 1R, 220R, 470R, 999R. with the 
letter “R" indicating Resistance (ohms). You can also use the symbol “omega” (Q) 

For values above 1,000 ohms to 99,999 ohms, they are written as: 1k, 2k2, 4k7, 10k, 100k, 
220k, 470k, with the letter "k" indicating "kilo" (thousand) 

4M = 1,000,000 - one million ohms 1M2, 2M2, 4M7, 10M. 

‘The letters "R, k and M" are placed so they take the place of the decimal point. This prevents 
Jany mistake, as a decimal point can be missing in a poor photocopy. 


to Index 


MULTIMETERS 

‘There are two types of MULTIMETER. The top two are called DIGITAL MULTIMETERS (DMM) 
land show numbers on a display. 

‘The lower two meters are called ANALOGUE MULTIMETERS and have a pointer and scale. 
All meters come with a set of red and black leads. 
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lon a circuit will upset the resistance reading. 


Basic Electronics 1A 


The red lead is always connected to the positive of the battery or the positive on a project and 
the black lead is connected to the negative or earth or chassis. 

When making a resistance measurement, the leads can be around either way. 

Resistance measurements are always made with the power removed from a circuit. Any voltage 


to Index 


1} - 


Fig 22. Resistance Measurement 
with Analogue Multimeter 


The resistance of a resistor is measured by 
placing the leads of the multimeter on the 
ends of a resistor and turning the dial on 
the analogue multimeter to the resistance 
scale to make the pointer move to about 
the centre of the scale. 

The resistance scale is marked with a high 
value on the left and 0 ohm on the right. 
This is opposite to all the other scales. 

‘You must get the pointer to move to the 
middle of the scale as it is not accurate at 
left-end. 

Analogue multimeters are only suitable for 
reading values from 1 ohm to 100,000 
ohms. The scale is too hard to read above 
100k. 

To find the value of a resistor, you can 
compare the colours with the table above. 


ie 


ig 23. Resistance Measurement 
with 


aDMM 


accurate reading of resistance. 
Itis accurate from 1 ohm to 10M ohms. 
‘Select the scale that provides a reading. 


to Index 


‘itp sivaw-talkingelectronics.com/projects/BasicElectronics-1A/BasicElectronics-1A_ Paget html 


19174 


snovo18 


Fig 24. Connecting LEDs in series 


the LEDs is LESS than the supply voltage. 


‘The LEDs will not be very bright with 220R, 
[Change the resistor to 47R 


Basic Electronics 1A 


LEDs can be placed in series provided the total CHARACTERISTIC VOLTAGE DROP across 


In this case the voltage across the LEDs is 1.7v + 1.7v + 1.7v=5.1v 
‘The supply is 6v and this allows 0.9v for the CURRENT LIMITING RESISTOR. 


Ifyou connect 4 LEDs in series, the total CHARACTERISTIC VOLTAGE DROP will be 6.8v and 
;no LEDs wil illuminate because the total is higher than the 6v supply. 


to Index 


220R' 


red 
LED 


red 
LED 


orange 
LED 


green 
LED 


white 
LED 


Fig 25. Connecting LEDs in series 


Different-colour LEDs can be connected in series. 
‘Add up the total Characteristic Voltage for the 5 
LEDs and see ifitis less than 12. 


‘The 220R resistor will have to be reduced to 47R 
to make the LEDs bright. 


to Index 


LEDs can be connected in parallel if they are the 
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Fig 26. Connecting LEDs in parallel 


Basic Electronics 1A 


same colour. 
In the diagram a red LED drops a 
CHARACTERISTIC VOLTAGE of 1.7v and if they 
are from the same manufacturer or the same 
batch, they will work ok. 

Although we say the characteristic voltage for a 
red LED is 1.7v, this can change slightly from 
different manufacturers and one LED may glow 
brightly while the other is dull 

‘You have to build the circuit and see the result. 


to Index 


220 ohm 


red 
LED 


Fig 27. Connecting LEDs in parallel 


Different colour LEDs cannot be connected in 
parallel. The voltage across a red LED is 1.7v. 
‘This becomes the "Supply Voltage" for the green 
LED and itis too low. The green LED needs a 
supply of 2.1v to 2.3v. 

Only the red LED wil illuminate. 


to Index 


[Suppose you don't have a 220 ohm resistor. 
You can make a 220 ohm resistor with two 
resistors in series. The total resistance will be 200 
ohms, but resistors are not accurate and the result 
will be very close to 220R. 

Electronic circuits are not very critical. You will not 
be able to see the difference in brightness between 
200 ohms and 220 ohms. 


When resistors are connected in 


series, the total resistance is found by 
adding the resistance of each resistor. 


Riots =Ri+R. +R; + 


to Index 


You can create a 220 ohm resistor by connecting 
two resistors in Parallel 

When two equal-value resistors are connected in 
Parallel, the total resistance across the 
‘combination is HALF. 

470R in parallel with 470R produces 235R. 

This is very close to 220R. 

We are not going into the formula as itis very 
‘complex. 

‘Three equal-value resistors in parallel produce a 
total of one-third. 


‘Simply get two resistors and connect them in 
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parallel and measure them with a multimeter. 


to Index 


Figure A shows three resistors. It looks hard to 
[solve so the middle resistor is turned so it 
[connects directly to the top and bottom rail. Now 
you can see the circuit is three resistors in 
parallel. The result is one-third of an ohm. 


Figure C shows twelve 6 ohm resistors. Replace 
leach group with a 2 ohm resistor, because three. 
6 ohm resistors in parallel is equal to 2 ohms. 


The two left resistors create 


A i ‘L 4ohms and the two right 
resistors create 4 ohms. 
The result of two 4 ohm 
resistors in parallel is 2 
ohms. 

The resistance of the circuit 
2 2 does not change if 


the 
switch is open or closed, 


to Index 


Ho resistor needed 


Fig 30. Flashing LED 


‘There are some special LEDs that can be 
‘connected to 3v to 9v and they flash or 
produce a range of colours. 

‘These LEDs have a chip and resistor inside 
the body of the LED to produce the effect and 
allow the LED to operate on a voltage without 
the need for a current limiting resistor. 


to Index 
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Fig 31. These diagrams show the resistor needed to produce mA to 25mA current through 
a single LED on 3v, 5v, 9v and 12v supply. 
to index 
THE VOLTAGE DIVIDER 
In the circuits above, the resistor and LED are 
forming a VOLTAGE DIVIDER. 
awn 6v A red LED is dropping 1.7v across it and the 
resistor is dropping the remaining voltage. 
— Whenever two (or more) components are placed 
T 42y across a battery, they form a VOLTAGE DIVIDER. 
Le ets ‘Sometimes we want a 6v supply and only have 12v. 
avon 6v We can produce the 6v supply by putting two 
equal-value resistors across the 12v as shown in 
| the circuit opposite. 
We are nat going into the mathematics because the 
selection of the correct value is very complex and 
Fig 31a. Voltage Divider Circuit. |the circuit is very wasteful 
to Index 
THE CURRENT DIVIDER 
‘The CURRENT DIVIDER CIRCUIT is actually a 
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LOAD SHARING CIRCUIT. 
‘Suppose you are testing a Power Supply and need 
a 10 watt LOAD. But you only have 5 watt 
resistors, 

Placing two Swatt resistors in parallel across the 
output of the power supply will allow half the 
current to flow though each resistor. This is called 
CURRENT SHARING or LOAD SHARING and the 
current is divided (or passed) through each resistor 
according to the value of resistance. 


to Index 


= 
footer se Hot 
wor 


Fig 32. The DIODE 


THE DIODE 
‘The next simple electronic component is the 
DIODE. 

Itonly works when connected correctly. 

‘A DIODE allows current to flow through it when it 
is connected as shown in the diagram. 

A Diode is similar to a one-way water valve. 
When the diode is “facing down,” the motor spins. 
When it is “facing up" the motor does not spin. 


(¢ D 


The diagram shows the "current path” around the 

uit. The current is measured in AMPS and we 

discuss current as CONVENTIONAL CURRENT. 

This is the way current was thought to flow when 

electricity was born and they said it flows out the 

POSITIVE TERMINAL of the battery, around the 
ircuit and into the NEGATIVE TERMINAL. 

‘The arrow an the diode shows the current will flow 

through the diode and allow the motor to spin. 

‘The diode is said to be FORWARD BIASED. 


‘There is no flow of current because the diode 
prevents any current-flow when connected as 
shown, 

‘The motor DOES NOT WORK. 

‘The diode is said to be REVERSE BIASED. 


fo index 


There are hundreds of different types of 
diodes. 

Power diodes, signal diodes, low voltage 
diodes, high voltage diodes, high-speed diodes 
and many other types. 

They all do one thing, 

They pass current in one direction and if turned 
around, they do not pass any current. 
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Fig 34. A Protection diode 


signal diode 
+ 
16 
powerdiode id 
ii re a 
~ 
diode symbol 
, k How a diode works 
— 
current will flow in this direction 
Fig 33. A Signal diode and a Power 
diode 
to Index 
current Diodes perform 
ik no current _||many function in 
electrical and 
protection protection electronic circuits. 
diode diode Here is an 


application as a 
12 ||PROTECTION 
DIODE. 

It protects the 
amplifier. f the 12v 
battery is 
connected around 
the wrong way, no 
current will flow. 


to Index 


current 


dv k [ag 12 


protection 
diode + 


Fig 35. Diode "Voltage Drop" 


When a diode is placed in a circuit (and current is 
flowing), a small voltage develops across the 
diode. This voltage is called the FORWARD 
VOLTAGE DROP. 

This voltage is approximately 0.6v. 

This is due to a junction inside the diode where 
two different materials are joined. 

Normally, this voltage is not important because it is 
only small, but sometimes you need to take it into 
account. 

For the circuit above, the amplifier only gets 11.4v 


to Index 


Voltage is measured with a 
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500v). 


Fig 36. Measuring Voltage with a Digital 
Multimeter 


VOLTMETER. 
Multimeters have 2 or 3 
voltage ranges so you can 
measure low voltage (Ov to 
20v), medium voltages (Ov to 
200v and high voltages (Ov to 


A voltmeter is placed across 
protection the component being tested, 
diode as shown in the diagram. 

The Digital Multimeter is 
12v_ | detecting 11.4v across the 
amplifier. 


to Index 


protection 
diode + 


12 


Fig 37. Measuring Voltage with a Digital Multimeter 


Ifyou place the 
probes of a digital 
multimeter around the 
wrong way on a 
‘component, the 
display will show a *-" 
The meter will not be 
damaged 


to Index 


Fig 38. Measuring Voltage with an Analogue 
Multimeter 


‘An analogue Multimeter must 
be connected around the 
correct way to make the 
Pointer move "up scale." 
Select the range that will allow 
the pointer to show 
somewhere in the middle of 
the scale. 


to Index 


Current is measured by 
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protection 
diode 


Multimeter 


Fig 39. Measuring Current with an Analogue 


Basic Electronics 1A 


"breaking into the circuit" 
and inserting the leads so 
the positive probe is 
closest to the positive of 
the battery. 

Ifyou connect the leads 
around the other way, the 
needle will not move but it 
‘will it the "end stop" and 
you may have to "bump" 
the meter to get the pointer 
to move from its jammed 
position. 


to Index 


Blocking 


Diode 


Fig 39a. The Solar Panel and the Blocking 


[A DIODE is also used with a solar 
[panel to prevent the battery 
{discharging into the solar panel when 
the sun is not shining. 

When the solar panel is not receiving 
any light it becomes a resistor with a 
large value and a small current can 
iow through it from the battery. The 
diode prevents this current-flow. The 
diode is called a BLOCKING 

DIODE. 


to Index 


Blocking 


Bypass 
ZS Diode 


Fig 39b. The Solar Panel with diodes 


Diodes are given different names, 
according to their function. They all 
perform the same job by passing current 
in one direction and prevent current-flow 
in the opposite direction. 

When the top solar panel is shaded by a 
(cloud, it generates less current and this 
‘will reduce the current into the battery. 
By placing a diode across the panel, the 
diode will pass the current produced by 
the lower panel to the battery. 

These diodes are called BYPASS 
DIODES. 
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called BLOCKING DIODES and 
BYPASS DIODES. 


to Index 


The next component we cover is 

the CAPACITOR. 

There are thousands of different 

| | types of capacitor. 

| 4 | Each value of capacitor can have a 
low voltage rating, medium voltage 


S ] a 8 f lor high voltage 


Capacitors can be very small in size 
| || |[and shape or very stable with 

pe oF very 
temperature-rise or simply very 


cheap to make. 
B  |lA capacitor consists of two t 


sheets of metal such as aluminium 
| {|| |[witha thin sheet of plastic between, 
The sheets may be rolled up in a 


cylinder or laid on top of each other. 
fe] The fact is this: the top sheet of 

metal does not touch the bottom 

sheet. This is shown in the symbol 


The resistance between the two 
terminals is INFINITE, 

The 6th capacitor in the top row is, 
called a MONOBLOCK. 


to Index 


[A capacitor gets bigger as its value 
increases, 

It also gets bigger when the voltage-rating 
increases. 

‘The basic unit of capacitance is the 
FARAD. A ane-farad capacitor would be 
the size of a house. To make the 
lcapacitor smaller the sheets are etched to 
increase the surface-area and different 
insulating materials are used between the 
sheets. 

The result is a capacitor called an 
ELECTROLYTIC. It is a bit ike a 
rechargeable battery. It stores a lot of 
lenergy in a small space. 

‘The negative lead is shorter and has a 
black stripe on the side of the electrolytic. 


Fig 41. Electrolytic Capacitor 


to Index 


[One FARAD is too big to handle. We use smaller values. 
‘The middle of the range is one microfarad. This is written as tu. (sometimes you see uF) 

This is one-millionth of a FARAD. 

‘The smallest value of capacitance is one picofarad. This is one millionth of a microfarad. 

Itis written as 1p. 

[Capacitors are broadly separated into two groups. 1p to 1u and 1u to 100,000u 

[Capacitors 1p to 1u are ceramic, polyester, air, styroseal, monoblock and other names. 
(Capacitors 1u to 100,000u are electrolytic or tantalum. A tantalum is the same as an electrolytic 
- for testing purposes - it is a more-compact electrolytic. 
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1 microfarad is one millionth of 1 farad 
1 microfarad is divided into smaller parts called nanofarad, 
1,000 nanofarad = 1 microfarad 

Nanofarad is divided into small parts called picofarad 
1,000 picofarad = 1 nanofarad, 


Recapping: 
1p =1 picofarad. 1,000p = in (1 nanofarad) —_1,000,000p = 1u 
1,000n = 1u (1 microfarad) 

1,000u = 1milifarad 

1,000,000u = 1 FARAD. 


Examples: 
All ceramic capacitors are marked in “p” (puff) 
A ceramic with 22 is 22p = 22 picofarad 
A ceramic with 47 is 47p = 47 picofarad 


A ceramic with 470 is 470p = 470 picofarad 
A ceramic with 471 is 470p = 470 picofarad 
‘A ceramic with 101 is 100p (it can also be 100) 


‘A ceramic with 102 is 1,000p = in 
A ceramic with 223 is 22,000p = 22n 


‘A ceramic with 104 is 100,000p = 100n = 0.1u A common 100n is called a MONOBLOCK. 
A ceramic with 105 is 1u 
TYPES OF CAPACITOR 


For testing purposes, there are two types of capacitor. 
[Capacitors from 1p to 100n are non-polar and can be inserted into a circuit around either way. 
‘Capacitors from 1u to 100,000u are electrolytics (or tantalum) and are polarised. They must be 
Fitted so the positive lead goes to the supply voltage and the negative lead goes to ground (or 
earth) 


to Index 


Here is an experiment to show how much 
(little) energy is stored in a 100u 
electrolytic. 

When the slide-switch is in position "B", the 
100u is charged by the 6v battery. 


220 chm When the slide switch is moved to position 
Resistor "A" the electrolytic supplies energy to 
illuminate the red LED via the 220R 
red resistor. It will illuminate for a short period of 
LED time. 


By moving the switch back and forth, you 
can keep the LED illuminated. 


Fig 42. Charging a Capacitor 


to Index 


Capacitors can be connected in Series or 
Parallel to obtain a value of capacitance you 
may not have available, 

They are also connected in series to increase 
the effective VOLTAGE RATING. 

However when two equal-value capacitors 
Jare connected in series, the final value is 
HALF, and thus you need two with double the 
final-value to get a value with an increased 
voltage-rating 

When two equal-value capacitors are 
connected in series, the result is HALF. 

(This is the opposite to connecting resistors) 
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Fig 43. Capacitors in Series 


100p 100p 
Ov 50v 

—{HH4F—_ = 235p 400v 
470p 470p 
200v 200v 
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to Index 


+ 
100u 
25v 
100u 
25v + 


100u 
25v 


non-polar 


Fig 43a. Non-polar Capacitor 


Non-polar Capacitor 
(electrolytic) 

A normal electrolytic must be connected 
the correct way in a circuit because it has a 
thin insulating layer covering the plates 
that has a high resistance. 


If you connect the electrolytic around the wrong 
‘way, this layer "breaks-down" and the resistance of 
the electrolytic becomes very small and a high 
current flows. This heats up the electrolytic and the 
current increases. Very soon the capacitor 
produces gasses and explodes. 

‘One big mistake in many text books shows how to 
make a non-polar electrolytic by connecting two 
"back-to-back." 

They claim 2 x 100u connected back-to-back is, 
equal to 47u. 

This appears to be case when testing on a meter 
but the meter simply charges them for a short 
period of time to get a reading. 

If you allow them to charge fully you will find the 
reverse electrolytic has a very small voltage across 
it 

‘Secondly, when you are charging them, you are 
putting a high current through the reverse 
electrolytic and damaging the layer. 

To prevent this, you need to add two diodes as 
shown in the diagram. 

In addition, 2 x 100u "back-to-back" is very near 
100u. 


to Index 


Capacitors can be 
connected in Parallel to 
obtain a value of 
/capacitance you may 
not have available. 

(This does not change 
the VOLTAGE RATING. ) 
When two equal-value 
jcapacitors are 
Jconnected in parallel, 
the result is DOUBLE. 
(This is the opposite to 
connecting resistors). 
fone electrolytic is 25v 
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Jand the other 63v, the 


100p answer is the LOWER: 
ik | VOLTAGE = 25v. 
= 200p = 200u 
H te 28v 
100p 
sv 
= 440u 
63v 
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Variable 
Harisble potentiometer 
es) a 
Vertical Horizontal 
mini ‘mi 
trien:pot trimm:pot 


Mini 
pot 


* 


Variable 
Capacitor 


Trimmer Capacitor 


Tuning 
Capacitor 


AirTrimmer 
iable Capacitor 


SF 


ble Capacitors and Resistors 


The value of a capacitor or resistor 
may need to be increased or 
decreased in a circuit to tune in 
radio stations or increase and 
decrease the volume of a speaker. 
The symbol for these components 
have an arrow to show they can be 
adjusted, 

The resistance of a potentiometer 
can be from 1 ohm to SM 

They come in many different 
shapes and sizes to suit the PC 
board or front-panel layout. 

The "T" represents a trimmer 
capacitor and this can be from 1p to 
about 120p. 

|A variable capacitor will be from 
about 10p to 415p, 


to Index 


‘Simple CIRCUITS 
We have covered enough 
symbols and components 
to create a number of 
simple circuits. 

‘These circuits will show 
||how to connect a motor, a 
LED, (how to make it 
bright or dull) and how to 
connect 4 cells to make a 
battery. 


Note: The flashing LED 
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cell batteryholder 


il 

Fiack — 
negative > 
pos 4 cells 


jositive = "4" 


4celis connected in SERIES 
toproduce 1.5ux 4= 6y 


es = 
z = 
h = Sev 
oa = sv 
Fiashing >= 
LED reverse connections 
Noresistor needed so mitar a feseree: 
220 ohm 8 = = 
Resistor =— 
ied : — 
LED ¥s 


Fig 46. Simple Circuits 


does not need a resistor 
because a resistor and 
chip are inside the LED, to 
make it flash and control 
the current. 


Connect all the 
‘components around the 
correct way and then 
connect them around the 
wrong way to see what, 
happens. 

Connect the flashing LED 
in series with a red LED 
and see what happens. 
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QUESTIONS 

1. Explain why the Flashing LED circuit has no external resistor. 
2. How many 1.5v cells are needed to produce a 6v battery 

3. Explain what happens when you reverse the leads to a motor. 
4. Identify the positive terminal 


a= 


+ 


5. Can 3 green LEDs be connected in series to a 6v supply? 
6. A variable resistor is also called: 
7. The combined resistance of two 1k resistors in series i 
8. The combined resistance of two 1k resistors in parallel is 
'9. Name the short lead on a LED 
10. Name the type of multimeter with a pointer and scale: 
11. The total capacitance of two 100u electrolytics in series is: 
12. The total capacitance of two 100u electrolytics in series is: 
13. Write these values in words: 

22R 


1000 
14, How many 1:5v cells in a Sv battery? 
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|. The red probe is: (positiveinegative) 
. Conventional current flows from: (positive to negative / negative to positive) 
. Make a 470u electrolytic with two electrolytics: 
. What is the voltage drop across a diode? 
. Name the component that only allows current to flow in one direction: 
Name this symbol: 


ak 


24. When resistors are connected in series, the resistance of the combination: 
(increases / decreases) 
122. When two capacitors are connected in parallel, the voltage-rating of the combination: 
(increases / equal to the capacitor with the lowest voltage-rating) 
23. Draw two 2k2 resistors in parallel. 
124, Which is larger: 470R or 22k 
25. What is the value of this combination: 
atu 
16v 


“] 
“I 


atu 
‘tv 
26. What is the name of the resistor in series with a LED: 
127. What is the voltage across the amplifier: 
k 


128. Identify the fault with these circuits: 


ip 
tH 
|-F 
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Passive Components 
All the components shown 
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Name these components: 
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lon the left are called 
PASSIVE COMPONENTS. 
This means they do not 
amplify. 

Write the name beside each 
|symbol 
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BC 338 
2N2222A 


Fig 47a. The Potentiometer in action 


The Potentiometer is a variable 
resistor. 

It consists of a curved carbon track 
with @ wiper that touches the track and 
‘can be turned via a screwdriver or 
knob. 

‘The wiper is the middle wire on the 
circuit symbol and it moves up and 
down as shown in the animation. 
When the three leads are connected 
the symbol is called a potentiometer. 
When two leads are connected it is a 
variable resistor. 

When the resistance increases, less 
current flows through the pot. 
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variable potentiometer 
resistor 


Fig 47b. The Variable Resistor 
and Potentiometer 


‘There is a difference in operation between a 
Variable Resistor and a Potentiometer. 

Both will increase or decrease the sound level as a 
volume control or the speed of a motor or the 
brightness of a globe, but a Potentiometer will 
‘guarantee zero volume or zero brightness when 
the pot is turned fully anticlockwise (as shown in 
the animation). 

This is because the output will be zero volts, but 
the variable resistor may still deliver some "energy" 
(voltage and current) to the circuit when turned 
fully anticlockwise. 
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Potentiometers come in values from 100 ohms to 5 Meg ohms (500R, 1k, 2k, 5k, 10k, 50k, 
100k, 200k, 250k, 500k, 1M are most popular). 

‘They come as linear, or logarithmic where the resistance of the track (per mm) is higher at one 
lend. Because our hearing is not linear, these pots can be used as volume controls to produce a 
{gradual (very nearly linear) increase in volume. 

[Selecting the correct value of resistance for a circuit is VERY complex. If the value is not correct, 
the volume will not be loud or it will drop to zero before the pot is turned fully anticlockwise. Or 
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the motor will drop to zero at mid-turn of the pot or it will not reduce in RPM to the desired 
Jamount. 

‘The simple answer is to copy a circuit. 

‘Or you can try the whole range of pots and you will find one value is the best. 

A Potentiometer can be used in hundreds of different circuits to produce hundreds of different 
effects, but the actual "thing” that flows between the input and output is a percentage of the 
voltage. At the same time the current will also be passed to the output at a reduced value. A pot 


falling, the "values" are called DC values. 


actually delivers BOTH reduced values at the same time and the receiving circuit will be 
[designed to "look for" the change in voltage or current. If the supply voltage is not rising or 


‘The voltage can also be in the form of a signal (volume). This is called an AC signal. 
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emitter; collector; 
base hase 
collector jemitter 


PNP Transistor NPN Transistor 


"collector 


emitter 
PHP ope ee collector ||| emitter 
wu type PUP type LS 
NPN type base 
PHP type 
NPN type 


Fig 48. The TRANSISTOR 


‘The TRANSISTOR 

A TRANSISTOR is an ACTIVE, 
device. It AMPLIFIES. 

There are many types of transistor 
(over 20,000 different types) from 
hundreds of manufacturers and 
they have many different names. 
We are going to study the simplest. 
Ithas the technical name BIPOLAR 
JUNCTION TRANSISTOR (BJT) 
but we are going to call it a 
TRANSISTOR. 

There are two types in this group: 
PNP and NPN. 


The type we will study is also called 
a SMALL-SIGNAL TRANSISTOR. 


You cannot tell an NPN transistor 
rom PNP by looking at it. You must 
test it in a circuit. 

In Fig 65 you will make a 
Transistor Tester project, but first 
some basic facts: 
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large current 


The first type of transistor we are 
|going to study is the NPN. 

A transistor has three leads: 
BASE, COLLECTOR and 
EMITTER 

Basically, a small current enters the 
base and a large current flows 
{through the collector-emitter leads 
Jas shown in the diagram, 

‘The resistor in the collector lead is 
called the LOAD Resistor. 
‘Sometimes the load is a speaker. 
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The transistor is similar to 
the diagram opposite. A 
small drop of water entering 
the base is amplified to 
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transistor 


Each drop of water 
turns the transistor 
‘ON and produces a 
“thump" from the 
speaker. 


Fig 50. The Water TRANSISTOR 


This tap is the base-bias resistor, feeding 
a small current into the base of the 


Basic Electronics 1A 


produce a loud DRIP from 
the speaker. 
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collector 


NPH Transistor 
BC S47 22222 


Fig 51. One Transistor Circuit 


In this experiment we will construct 
a ONE TRANSISTOR circuit 
similar to the WATER: 
TRANSISTOR above and observe 
the results, 

Make sure the two leads DO NOT 
TOUCH. If they touch, the 
transistor will be DESTROYED. 


The transistor is amplifying the 
current through your finger via the 
two leads and it will be very dim. 


ANIMATION 

The lower diagram shows the 
transistor turing ON when a finger 
is pressed against the two wires. 
The finger produces a resistance 
that tus the transistor ON and 
this turns the transistor into a 
smaller and smaller resistor. That's 
how more and more current flows 
through the LED and it gets 
brighter and brighter. 
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By adding another 


transistor we amplify the 


|ttp sive talkingelectronies.com/projects/BasicElectronics-1A/BasicElectronics-1A_ Paget html 


36/74 


snovzo18 Basic Electronics 1A 


collector 


Besar 
2N 2222 base 
oranyXPN transistors: 


Fig 52. Two Transistor 


current through the finger 
about 200 times and now 
the LED will glow bright. 


Make sure the bare wires 
do not touch each other 
as this will destroy BOTH 
transistors. 


ANIMATION 

‘The lower diagram shows 
both transistors turning 
‘ON when a finger is 
pressed against the two 
wires, 

They both becomes 
smaller and smaller 
resistors. 

‘The first transistor allows 
more current to flow into 
the base of the second 
transistor and this is how 
the second transistor 
tums on more and more. 
This allows more current 
to flow through the LED 
and it gets brighter and 
brighter. 
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piece of metal ue soe 5 220R 
orcopper-clad 


printed 
circuit board 


Besar 
2H 2222 


oranyNPN transistors, 


This circuit has 
enormous gain 

Each transistor has a 
gain or more than 200 
and the final gain will 
be more than: 

200 x 200 x 200 = 
8,000,000 

8 MILLION! 


The circuit is very 
sensitive to static 
voltages in the air or 
electrical waves such 
as the waveform 
produced by the 
electrical wiring ina 
house. 

Move the project 
around a room and 
detect all the electrical 
signals. 
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Fig 53. Three Transistors 


to Index 


‘You can see the effect of one transistor. It does not do much. 
‘The two transistor circuit allows the resistance of your finger to deliver current into the base of 
the first transistor and this transistor delivers more current into the base of the second transistor. 
‘The result is more collector-emitter current and the LED illuminates. 

‘The three transistor circuit produce an ENORMOUS effect. 

Itwill pick up STATIC ELECTRICITY and all forms of electro-magnetic energy (radiation) and 
illuminate the LED. 
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By adding a piezo 
diaphragm to the 
output you will be able 
{to hear the hum of the 
mains. 

This is the frequency 
of the supply into your 
house. It will be either 
50 cycles per second 
6V | or.60 cycles per 


piece ofmetal 1M 
orcopper-clad 
printed 

circuit board 


piezo 
4 diaphragm 


‘second. 
‘The term: “cycles per 
second” is given the 


Bc sar 
name HERTZ after 
aed Heinrich Rudolf 
Hertz, who was the 
or any PH transistors Herts, who wae 
existence of 
electromagnetic 
Fig 54. Adding a PIEZO waves. 
to Index 


The Piezo diaphragm is held around 
the outer edge inside a plastic case 
and when a voltage is applied to the 
‘two leads, the thin plate curves very 
slightly. 

When the voltage is removed, the plate 
retums to its flat shape. 

If the voltage is reversed, the plate 
curves in the opposite direction. 


The curving is due to a thin layer of 
ceramic material under the plate and 


/tp:vivwwtalkingelectronies.comiprojects/BasicElectronics-1A/BasicElectronies-1A_ Paget html 


3874 


snovo18 


al 


Basic Electronics 1A 


then a film of metal is deposited onto 
the ceramic so a lead can be soldered 


‘There is infinite resistance between the 
two leads as the ceramic material is an 
INSULATOR. 

‘The capacitance between the two 
leads is approx 22n. 

‘The Piezo is a passive device. It needs 
a pulse or frequency for it to produce 


Blectrode (sive) Brass Plate 
Piezoceramic Plate 


a 


Fig 55. The Piezo 


ZS Fi ii pate caren 
when a voltage is applied. 


i 
c— —) 
Leads 7 
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33 


Fig 56. Plant Needs Water 


The ONE 
TRANSISTOR 


CIRCUIT above 
[can be turned 
into a detector to 
an 
a ae show when a 
collector transistor plant needs 
water. 


3v [Place the two 
[probes into the 
soil and water 
the plant. The 
LED will tum off. 
As the water 
levaporates the 
LED will tum ON 
to let you know 
the plant needs 
watering, 
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Le 


Fig 57. Tap the Piezo 


This experiment produces a pulse from the piezo 
when it is tapped and the LED illuminates briefly. 


‘The LED can be connected either way around 
This proves the diaphragm flexes when a voltage 


is applied and also in the reverse situation. A 
voltage is produces when the diaphragm is tapped. 
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‘A flashing LED is not very bright. 
Itcan be connected to a transistor 
and the transistor will drive a very 
bright white LED. 

The transistor is an amplifier. 

Itis amplifying the current flowing 
through the flashing LED and 
supplying a higher current for the 
white LED. 


We cannot discuss any further 
details of the circuit at the moment 
because the actual operation of 
the circuit is quite complex 


At the moment we just need to 
experiment with simple transistor 
circuits. 


Fig 58. Flashing LED and White LED 


to index 


Fig 59. Soldering Iron 
We now come to the point of HELPING YOU WITH CONSTRUCTION. 

We have already shown you 6 different circuits and there are many ways to build them, 

You can: 

1. Solder them. 

2. Build them on an Experimenter Board 

3. Connect the components with clips or twist the leads together. 

It does not matter how you build the circuits. 

‘The fact is this: YOU MUST START BUILDING. 

‘The best soldering iron for a beginner is a CONSTANT TEMPERATURE soldering iron 

Ithas a dial that can be turned to set the desired temperature. 

‘An ordinary soldering iron GETS TOO HOT. Its not suitable for soldering electronic circuits. 
This is something that no-one has mentioned before. An ordinary soldering iron will melt the 
solder TOO QUICKLY and bum the resin inside the solder and make soldering very difficult for a 
beginner. 

Soldering must be done slowly so the resin in the middle ofthe solder gate hot and cleans the 
leads of the components so the solder will "stick." 

‘That's why you must apply the solder to the leads you are soldering and allow the resin to 
attack" the leads and clean them. 

‘The cheapest TEMPERATURE CONTROLLED soldering Iron is available on eBay for les than 
}$10.00 (post FREE). 

'You will also need a small roll of solder (0.9mm) and a soldering Iron stand, 

Email Colin Mitchell for links to eBay. (talkina@toa.com.au) 

‘A whole book could be written on the ART OF SOLDERING. 

Look on the web for articles and videos on SOLDERING. 
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SOLDERING 


1. Soldering is very easy and very simple. You just need a Temperature Controlled Soldering 
Iron, Fine solder and clean components. 

2. Remember this: It is NOT the solder you need for a joint, but the FLUX. And the flux lasts for 
lonly 2 seconds. When the flux is HOT it attacks and cleans the joint so that the solder will stick. 
3. Turn ON the Temperature Controlled Soldering Iron to a low temperature. Put solder on the 
tip. It wil not melt. Turn up the temperature slightly. Try more solder. As soon as the solder starts 
to mett, this is your starting point. Turn up the temperature slightly MORE and this is the correct 
{temperature for small, delicate, fine soldering. 

‘4. Place a component through a hole and bend the lead slightly so the component does not 
move. Tum the board over and touch the iron on the component and bring the solder FROM 
THE OTHER SIDE so the solder melts and flows towards the iron. 

From start-to-finish, count one-two-three and remove the solder. Count four-five and remove the 
iron. You will have a perfect joint. 

If you are soldering thick leads or large pads on a circuit board, you will need to tum the 
{temperature UP slightly. 

'You must add enough solder to make the joint "bulge" slightly. 

Fine solder (1mm or 0.9mm or 0.8mm) makes the best joint because it is easier to use. 

Use a wet sponge to clean the tip or a ball of "Steel Wool.” Steel wool is the best. 


Here is the steel wool, bending the leads and some examples of poor joints due to insufficient 
solder: 


\ 


ny 
tes 
«> % 
Bend the leads before soldering 


ooon? 


ono V0 


The joints do not have enough solder 
and that's why they fractured. 
Called a DRY JOINT. 


More "Dry Joints. 


This is the cheapest and 
‘simplest soldering iron 
stand, 
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This stand is very messy 
as the spring grabs the iron 
and makes it difficult to 
remove from the stand. 
Test the stand before 
buying. You will se why not 
to buy this type of soldering 
stand. Get ane with a "wide 
mouth" and a heavy stand 
is best as it does not move. 


This photo clearly shows how to hold a 
soldering iron and solder. 


This is NOT a temperature-controlled 
soldering iron and you can see it is too 
hot as it is burning off the flux too 
quickly. 

Temperature Controlled Soldering 
Irons are now cheaper than the JUNK 
Wl = soldering iron shown in the photo. See 
My iui) eBay for prices. 
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BREADBOARD 


‘The term BREADBOARD refers to any 
piece of wood or plastic containing pins 
or pegs or clips or holes where you can 
build a circuit. 

‘The components can be soldered, 
twisted clipped or fitted into holes. 
Breadboard also means the circuit can 
be easily pulled apart 

Some breadboards do not have two 
rows for the positive and negative rails, 
Connections under the board for the 
positive rail is shown with a black line in 
the photo. Connections on the m 
section of the board are shown with 
blue lines. Your breadboard MUST look 
Photo shows a number of components _||exactly like the photo opposit 


fitted to the breadboard. Other breadboards are quite useless. 
‘The breadboard in the photo can be 


purchased on eBay for less than $5.00 
(post FREE). 
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Fig 61. Jumpers 


‘The components on the 
BREADBOARD are fitted 
down the holes and metal 
strips under the board join 
each column of § holes. If you 
want to join one hole with 
another, you can use 0.5mm 
tinned copper wire or 
JUMPERS. See photo 
opposite. Jumpers can be 
purchased on eBay for less 
than $3.00 posted. 


Email Colin Mitchell for links to 
eBay. (talking@tpg.com.au) 
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Fig 62. Breadboard with Nails 

If you don't have a soldering iron or experimental breadboard, you can make your own board 
‘with nails. See the photo above. It is a multivibrator circuit and we will be presenting this circuit 
in a moment. The components can be twisted around the nails and bare wire used to join some 


lof the nails to complete the circuit. 
Another method of connecting the components is called BIRD-NESTING. This involves 
/soldering the components “in the air” as shown in the 27MHz transmitter circuit below: 


‘Another way to connect the component if you don't have a soldering iron), is to wind 6 turns of 
bare wire around each connection and leaving all the components “in the air.” The bare wire can 
be obtained from hook-up flex. This is plastic coated "wire" containing up to 15 fine strands of 
lwire. Use a single strand for the connections. None of the components will touch each other BY 
MISTAKE and the circuit will work perfectly. Bird-nesting is a good way to build a quick circuit 
Jand test its performance. It might look messy but you can easily change any component. 


to Index 
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piece of metal 
orcopper.clad 
printed 
circuit board 


BC&47 


Fig 63. Wiring the 3-Transistor Circuit using BC547 Transistors 
‘The diagram shows how to connect 3 x BC 547 transistors. 

‘The leads of a transistor can be collector-base-emitter OR 

lemitter-base-collector and that's why we have provided 2 different wiring diagrams. 
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piece of metal 
orcopper.clad 
printed 
circuit board 


Fig 64. Wiring the 3-Transistor Circuit using 2N2222 Transistors 
‘The diagram shows how to connect 3 x 2N2222 transistors. 
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Fig 65. Transistor Tester 

‘This handy transistor and LED tester can be built to test LEDs and both PNP and NPN 
transistors. 

‘The project consists of two identical circuits, one for NPN and one for PNP. 

'You can build just the NPN section and then build the PNP section later. 


LED VOLTAGE 

We have shown a LED needs at least 1.7v supply for it to operate. 

‘This circuit works on 1.5v and thus the action of the transistor and coil (called a Transformer) 
MUST be increasing the voltage for the LED to illuminate. 

‘This circuit works on two “actions.” 

1. Transistor ACTION - this is the action of a transistor providing gain to make the circuit 
oscillate. 

2. Transformer ACTION - this is the action of a coil of wire producing a voltage higher than the 
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supply voltage when it is turned of. 


This circuit is very technical and very complex. 
‘We will be explaining it in a very simple way because this is a Basic Electronics Course 


THE TRANSFORMER - the two coils of wire on the left and the two coils of wire on the 
right 

When the voltage (actually the current) is switched off, the 40 turn coil in either of the circuits in 
this project; the voltage across the coil rises to more than the 1.5v supply and is in the opposite 
direction to the voltage of the supply. 

‘The circuit looks to be very simple but it uses an air-cored transformer to produce the voltage 
needed to illuminate the LED indicators and the circuit only works when the transistor is 
connected correctly. There are two separate circuits, one for NPN transistors and one for PNP 
transistors. We will cover the NPN section 

‘The circuit tums ON when the NPN transistor is fitted and the current through the 30 turn coil and 
1k5 resistor turns ON the transistor and produces expanding flux in the 40 turn coil. This flux cuts 
the turns of the 30 tum coil and produces a voltage in the coil that adds to the supply voltage and 
increases the current into the base. This turns the NPN transistor ON more. This action continues 
until the transistor is fully turned ON. At this point the current in the 40 turn coil is a maximum but 
itis not expanding flux and the 30 tur coil ceases to see the extra voltage. Thus the current into 
ithe base reduces and this tums the transistor OFF slightly. The flux produced by the 40 turn coil 
now becomes collapsing (or reducing ) flux and it produces a voltage in the opposite direction to 
greatly reduce the current into the base. In a very short period of time the transistor becomes 
TURNED OFF and it is effectively removed from the circuit. The flux in the 40 tur coil collapses 
{quickly and it produces a voltage in the 40 tum coil that is higher than the supply voltage and is in 
the opposite direction. This means the voltage produced by the 40 turns ADDS to the supply 
voltage and is delivered to the LEDs to illuminate them. 

‘The NPN circuit has two LEDs in series so that a LED of any colour (including white) can be 
connected to the TEST LED terminals and it will illuminate. You can use any colour LED for any 
lof the LEDs, however it is best to use either green or yellow or white for the single LED. 

‘The two "coils" are wound on a 10mm dia pen with 0.1mm wire (very fine wire). The loops of 
tinned copper wire holding the coils on the board are connected to separate lands under the 
board and MUST NOT produce a complete loop as this will create a “Shorted Turn” and the 
circuit WILL NOT WORK. 

If the LEDs do not illuminate, simply reverse the wires to the 30 tur coil 

‘The circuit does not need an ON/OFF switch because the LEDs require a voltage of over 2v to 
illuminate (the orange LED) and the supply is only 1.5v. A red LED needs about 1.5v to 1.7v to 
loperate but when itis in series with a green LED, this voltage is over 3.5v. 

All the components fit on a small matrix board 6 holes x 18 holes. A kit of parts for the project is 
available for $4.00 plus $3.00 postage and ordering details can be obtained by emailing Colin 
Mitchell. (talking@tpa.com.au) 

Build the circuit and test your transistors and LEDs. 

We will be covering more on the action of a transistor and the action of a transformer in the 
discussion below, but itis important to build the circuit and see it working. 

Itis your first piece of TEST EQUIPMENT. 


(Questions 

1. Identify the letters "c" "b" and "e" 

2. What type of transistor is tested in the first set of hollow pins? 

3. Put a PNP transistor into the first set of hollow pins and try all positions. Does the red and 
[green LEDs illuminate? 

‘4, When both the red and green LEDs illuminate, what is the approximate voltage across the 
pair? 

5. When you fit a red LED to the test-socket, what is the approximate voltage across it? 

6. When you fit a red LED to the test-socket, why does the red LED and green LED on the PC 
board turn off? 

'7. Why doesn't the project need an on/off switch? 

8. The two coils for the circuit on the left is called a TRANSFORMER. Do the connections of the 
|windings have to be connected to the circuit around a particular way? 


to Index 


ROBOT MAN 


This multivibrator circuit will flash 
the Robot Man's eyes as shown 
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Fig 66. ROBOT MAN 


running" multivibrator. 


‘The ASTABLE MULTIVIBRATOR or 


Basic Electronics 1A 


in the photo. The kit of 
[components is available from 
Talking Electronics for $8.50 
plus postage. Send an email to 
find out the cost of postage: 
talking@tpg.com.au 
‘The photo shows the LEDs 
ashing. 
‘The circuit is called an 
STABLE MULTIVIBRATOR 
Jand this means itis not stable 
but keeps switching from one 
& _ |transistor to the other. 
tis also called a FLIP FLOP 
circuit 
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The TIME DELAY circuit consists of a Resistor 
R and Capacitor C in SERIES. 

When the switch is closed, the electrolytic (called 
the CAPACITOR) charges slowly because the 

tor only allows a small amount of current to 


Its just like charging your mobile phone. The 
battery takes time to charge because there is a 

tor in the circuit to limit the current. If we 
remove the resistor in the mobile phone, the 
battery will get too hot when it is being charged but 
in the TIME DELAY circuit, we want the capacitor 
to charge slowly, because we want a TIME 
DELAY. 
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Fig 68. The charging of a 
capacitor is the same as. 
building a brick wall. 


CHARGING A CAPACITOR 

‘The capacitor in Fig 67 charges via the resistor R. 
But the voltage on the capacitor does not rise at a 
‘constant rate. 

It starts off charging very quickly and as the voltage 
across it get higher, the voltage increases at a slower 
land slower rate. 

In the photo | am building a brick wall. 

| am working at a constant rate. 

When | started building the brick wall, | laid 5 rows of 
bricks (5 courses) in the first hour. 

[As the wall increased in height, | had to climb the 
ladder and | could only lay 3 courses an hour and 
finally the wall was so high | could only lay 1 course 
per hour. 

This is exactly the same as a capacitor charging. 
When the capacitor is uncharged, the supply voltage 
allows a high current to pass through the resistor R 
land the energy quickly fills the capacitor. This results 
in a rapidly increasing voltage on the capacitor. But as, 
the voltage on the capacitor increases, the difference 
in voltage between that on the capacitor and the 
[supply is very small and only a small current will pass 
{through the resistor. This means the voltage on the 
capacitor increases at a slower rate 


fo Index 
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It really does not matter how fast or slow or 
100% uneven a capacitor charges because most 
circuits detect a voltage on a capacitor and 
the time taken to reach this voltage is 
called the TIME DELAY. 
But to prevent you thinking the capacitor 
charges "smoothly" we have to explain 
what actually happens. 
The graph on the left shows the capacitor 
charging. You can see it charges quickly at 
the beginning and then charges slowly and 
then very slowly. 
You can see the first part of the graph is 
fairly “straight” (constant charging) - NOT 
"straight up and down" but a straight line - 
and this applies to a voltage of about 63%. 
The time taken to reach this voltage is 
called ONE TIME UNIT - also called ONE 
TIME CONSTANT. The graph continues for 
aT ho oho ao ag gig’ another 4 "time units" (ime-constants) and 
the final voltage is very nearly 100%. (It 
this is called “time units” never reaches 100%.) 


Voltage across the Capacitor 


Fig 69. Time Units 


to Index 


A TIME DELAY circuit needs three things: 
1. A Resistor (R) 

2. A Capacitor (C) 

3. A "Detection Point.” 


When the switch is pressed, capacitor (C) 
takes time to charge via resistor (R) and after 
a short period of time the voltage at the 
DETECTION POINT is 0.6v and the transistor 
is TURNED ON. The LED illuminates. 


Build the circuit with 100u and 100k and see 
how long it takes before the LED illuminates. 
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In the ROBOT MAN project 
you can see the "TIME 

DELAY’ circuit made up of 
the 100u, 10k resistor and the 
bbase of the transistor. 


This is one of the most 
important BUILDING 
BLOCKS in electronics. 

Itis the basis of all oscillators 
and will be discussed below, 
after we explain a few more 
details, 
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Fig 71. The "TIME DELAY" in the ROBOT MAN 


Project 
to Index 
We will use the TIME DELAY circuit to tum 
the transistor ON. 
Make sure the 100u is uncharged by touching 
Push @™ both leads (both ends of the capacitor) at the 
Switch “Wy same time with a JUMPER - this is a piece of 


wire shown in Fig 61 
LED Push the switch and noting happens. After a 
100k [] short period of time the LED starts to glow and 
then comes on fully. 
This shows two things: 
1. The transistor is not tumed ON when the 


This is the 
“detection \ base voltage is zero, 
point™ 2. The base voltage must be 0.6v for the 
fe transistor to start to tum ON and when the 
100uE2 voltage is 0.65v the transistor is turned ON 


a a FULLY. 
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Here is an explanation of how the LED turns 
ON. 
When the circuits first assembled and the 
S| switch is not pressed, the transistor is not 
switch 4p . turned on and its just like the diagram 
o opposite. The LED is not connected to the 
100K [] 


transistor. 
This is the. 
“detection \, | 

point” 
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When the switch is pushed, the transistor 
tums ON (after a few seconds) and it pulls the 
lower lead of the LED down towards the Ov 
rail and this action tums the LED ON. 


100k [] 


This isthe 
detection 
cont | 


Fig 74. The LED turned ON 
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to Index 


When the LED is fully turned ON, the lower 
lead of the LED is almost directly connected to 
the Ov rail 

In other words: 

When the transistor is FULLY TURNED ON, 
the lower lead of the LED is almost directly 
connected to the Ov rail 

‘The voltage between the lead of the LED and 
Ov rail is 0.2v. This is the characteristic voltage 
across the collector-emitter terminals of a 
transistor when it is TURNED ON. 


Fig 75. The LED fully turned ON 
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In the three diagrams above you can see the LED is changed from an OFF condition to an ON 
[condition by the action of the transistor. 

‘The transistor is acting LIKE A SWITCH. 

This action is one of the most important actions 
Itis called: "The Transistor as a SWITCH” 

It is the basis to ALL Digital Circuits. 

Itis the basis because of these two facts: 

1. When the transistor is OFF, the circuit is taking no current and no power is being lost or 
wasted 

2. When the transistor is ON, the LED is almost at Ov and no resistor is in the lower lead to 
waste any power. 

Thus we can turn things ON and OFF without wasting and power. 

This is the basis to DIGITAL ELECTRONICS. 


electronics. 
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DIGITAL ELECTRONICS revolves around circuits that are either FULLY ON or FULLY 
OFF. This means they take almost no power and we can combines lots of circuits and still take 
Jalmost no power. 

‘This means they do nat get hot and it also means they will last a long time. 

‘You may not think turing a transistor ON and OFF will achieve any worthwhile outcome but a 
circuit can be designed to use two transistors (similar to the ROBOT MAN above). The circuit 
does not Flip-Flop but requires a switch and when the switch is pressed, the circuit changes 
state. The two transistors are connected together and it takes two presses of the switch to make 
the output of the second transistor change state ONCE. 

‘The circuit is a divider. Itis called a: divide-by-two and is the basis of all counting ina 
lcomputer. 

By adding more "divide-by-two" circuits we can get "divide by 4, divide by 8" etc. Two 
{transistors don't do much but when you combine millions of transistors we have a COMPUTER. 
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[Two transistors can do one 
more thing. They can 
REMEMBER.” 

Here is a manual circuit. 
Pressing Switch A tums the 
LED ON and pressing switch B 
turns the LED OFF. 

The circuit "remembers" or 
remains in each state called a 
stable state. 
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The technical name for this 
circuit is: 

BISTABLE MULTIVIBRATOR 
lor BISTABLE SWITCH or 
BISTABLE LATCH. 


This is the basis to all the 
memory in a computer. 


Switch A Jswiten B 


Fig 76. The "MEMORY CELL” 

When Switch A is pressed, the voltage on the base is 
removed and transistor A tums OFF. 

‘Transistor B turns ON via resistors Ry and Rp and the LED is 
turned ON 

When the switch is released, the voltage on the collector of 
transistor B is less than 0.6v and the two transistors remain 
in this state. 

Pressing switch B turns the LED OFF. (transistor A turns 
JON via Rg, Ry and the LED - very little current flows through 
the LED and you can hardly see it glowing). The voltage on 
the collector of transistor A is less than 0.6v and the two 
{transistors remain in this state. 
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In electronics, we talk about the DIGITAL TRANSISTOR and ANALOGUE TRANSISTOR. 
This is just an ordinary transistor (called a Bipolar Junction Transistor) in a DIGITAL CIRCUIT or 
ANALOGUE CIRCUIT. 

We are now discussing the DIGITAL CIRCUIT - The Muttivibrator - Astable Multivibrator and 
Bistable Multivibrator (Memory Circuit). 

‘The DIGITAL CIRCUIT has 2 STATES. 

‘The ON STATE and the OFF STATE. 

It is conducting in the ON STATE and the LED is illuminated. 

In the OFF STATE, the LED is not illuminated 

In the ON STATE the transistor is said to be CONDUCTING or BOTTOMED. 

In the OFF STATE the transistor is said to be "CUT OFF or "OFF." 

‘These two states are reliable and guaranteed. They are not “half on" or “quarter on” or "75% 
off." 

‘These states are easy to transmit "down a wire.” The ON STATE is transmitted as "1" (voltage 
present) and the OFF STATE is transmitted as "0" (voltage nat present). 

‘These are the two DIGITAL STATES. 


The ROBOT MAN is a DIGITAL CIRCUIT. 
Each LED is ON or OFF. 
‘The waveform on the output of each transistor is called a DIGITAL SIGNAL. 


‘The waveform is said to be DIGITAL or SQUARE WAVE. 
‘The top line of the graph represents the LED OFF. 

‘The bottom line of the graph represents the LED ON. The LED is ON when the collector voltage 
is LOW because we are pulling the lead of the LED to the Ov rail as shown above. 

‘The circuit changes from one state to the other very quickly and this is called the RISE TIME. 
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LED OFF 


rise LEDON 
time 
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Going over the two 
DIGITAL STATES for a 
transistor. 


In the first diagram the 
switch is not pressed and 
the base does not see a 
voltage to turn the 
transistor on. The 
transistor is "OFF" (not 
conducting) and it is not 
"grabbing® the LED. The 
LED is not illuminated, 

In the second diagram the 
base of the transistor sees 
a voltage via the switch 
and it is TURNED on. The 
LED is illuminated. 


OFF 


Fig 77. The two Digital States 
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Fig 78. ROBOT MAN Animation 
‘This animation shows haw a transistor grabs a LED and pulls it towards the Ov rail to tur it ON. 


to Index 
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Fig 79. TIME DELAY Animation 

‘The animation in Fig 78 shows the two transistors turning the LEDs ON and OFF in a FLIP 
FLOP circuit 

We know the 10k and 100u components form a TIME DELAY to create the time for each LED to 
be illuminated. The timing for one LED plus the other LED creates a CYCLE and this is the 
FREQUENCY OF OPERATION for the circuit. It is measured in cycles per second - Hertz - Hz. 
We will now go into more detail of how the TIMING COMPONENTS create the TIME DELAY for 
leach LED. 

‘The circuit is more-complex than you think. 

‘The 100u is already charged from a previous cycle and we show how it gets discharged via the 
10k and charged in the opposite direction by the 10k to create a TIME DELAY. 
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THE CAPACITOR 
input 


volume 
control 


The capacitor can perform many different functions and 
produce many different effects, depending on its value 
and the surrounding components. 

In this circuit the capacitors on the input and output 
prevent DC on the volume control creating "scratchy 
sounds’ when the volume is altered. 

This is called "DC blocking." 

The AC (the signal) passes through the capacitors but 
the DC voltage on the input is blocked 
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CHARGING A CAPACITOR Part Il 


It is easy to see how a capacitor charges via a resistor in the TIMING CIRCUIT (Delay Circuit) 
above but many capacitors are not connected to the Ov rail 

‘They are connected as show in the animation below and their “job” is to pass a waveform. 
When they pass the waveform they CHARGE and DISCHARGE. 

‘The waveform is called an AC SIGNAL and the output is smaller than the input. 

‘The circuit is taken from the circuit above, but the same effect applies to all capacitors that "pass 
Ja signal.” 
Here's why: 
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Ov rail 


‘The capacitor charges slightly during the rise of the signal and the right-plate of the capacitor 
does not rise as high as the left-plate. That's why the output signal is not as large as the input 
signal 

If the capacitor did not charge, the output would be as large as the input. If you use a capacitor 
‘with a large value, it will not charge and thus the output will be as large as the input. 

That's why you use a large capacitor I! 
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CHARGING A CAPACITOR part Ill 


Here is another CAPACITOR in action. 


The animation shows a capacitor charging (via a 
resistor). The initial current is LARGE and this turns the 
transistor FULLY ON and the globe illuminates. As the 
capacitor charges, the base current reduces and the 
transistor starts to turn OFF. Eventually the capacitor is, 
fully charged and the voltage on the base falls to Ov, 
tuming the transistor OFF. 


This animation shows three features: 

1. The initial charging current is HIGH 

2. It gradually falls to zero. 

3.The voltage on the base drops below 0.6v and the 
transistor tums OFF. 
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NEGATIVE VOLTAGE 


'You will be surprised to learn that many circuits produce a negative voltage or negative spike at 
/some point (when doing circuit-analysis, each location or point or join of components is called a 
NODE) on the circuit. In other words the voltage will be LESS than the Ov rail of the circuit. 

This is due to the presence of a capacitor and the animation shows how a capacitor can 
produce a negative voltage: 
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When a charged capacitor is "lowered from one position in a circuit" the positive lead may be 
lowered by say 3v. This means the other lead will be lowered by 3v. We are assuming the 
capacitor can be lowered and is not directly connected to the Ov rail 


'You can see the electrolytic produces a NEGATIVE VOLTAGE on the base in the following 
animation, when the two transistors change states: 
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The Electret Microphone 

‘The most common type of microphone is the 
ELECTRET MICROPHONE. 

Itis incorrectly termed the "Capacitor Microphone" or 
Condenser Microphone." "Capacitor Microphone" 
descriptions make no mention of a FET as the 

amplifying device and a polarized diaphragm to detect 
the audio, so they are something different. 

The electret microphone consists of a FET (transistor) 
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air holes metal housing 


very thin charged 
plastic sheet 


FET 


Source Drain 


ELECTRET MICROPHONE 


cap 
INSIDE AN 
ELECTRET MICROPHONE 
edt 


resistor 


NuFET_ [it ake 


[source 


CONNECTING A FET 
TO THE SUPPLY RAILS 


Bv-ov 


2k2 ee 


100k 
Adjust 2 — 
tor e 


senstivty | 100° 


erect Kec sa? 
microphone] 
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inside an aluminium case with a very thin Mylar film at 
the front. This is charged and when it moves (due to 
the audio it receives via a small hole in the front of the 
‘case), it vibrates and sends a very small voltage to the 
GATE lead of the Field Effect Transistor. This transistor 
amplifies the signal and produces a waveform of about 
2mV to 20mV at the output. 

‘The electret microphone requires about 0.5mA and will 
operate from 1.5v supply with 4k7 LOAD RESISTOR. 
For 3v supply, the Load Resistor can be 22k to 47k. 

For higher supply voltages the resistor will be 68k or 
higher. 

Electret microphones are extremely sensitive and will 
detect a pin-drop at 3 metres. 


This lead 
connects to 
the case 
(negative) 


Most electret microphones have two leads. One lead is 
connected to the case and this lead goes to the Ov rail 
‘The other lead goes to a LOAD RESISTOR (4K7 to 
‘68k - depending on the voltage of the project). 
Reducing the value of the load resistor will increase the 
sensitivity until the background noise is very 

noticeable. 

‘They are used in Hearing Aids and are more-sensitive 
than the human ear. 

They are very small, low-cost and very sensitive, 
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resistance. 


The two leads can be connected either way to a circui 
The speaker shown is 32mm diameter and has a reali 
100mW (NOT twat). 


The Speaker 
The most common speaker is about 30mm to 60mm diameter and 8 
ohm impedance. This means the voice coil is about 8 ohms 
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These speakers have a Mylar cone and the magnet is a "super 
magnet" and very small. That's why itis so flat. 


‘A speaker can be used as a microphone 


(called a Dynamic Microphone) and a 
‘an circuit to connect the speaker (mic) to an 

amplifier can be found on Talking 

Electronics website. It is not as sensitive 


as an electret microphone and does not 
Speaker Symbol produce the 


same output amplitude, but itis an emergency microphone. 
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LDR and Light Alarm Circuit 


Light Dependent 


Resistor 


(LDR) 
Also called PHOTOCELL or PHOTO RESISTOR 
‘A Light Dependent Resistor is a 2-leaded 
‘component containing a layer of semiconductor 
material. 

The top contains two interleaving combs of 
conducting wires with a path of semiconductor 
material between. When light falls on the 
/component, the resistance of the semiconductor 
material decreases, 

In darkness the LDR will be about 300k. In very 
bright light the resistance will be about 200 
Johms. 

But if the light changes only a very small amount, 
the resistance CHANGE is VERY SMALL. For a 
large change, see Photo Transistor. 

The Light Alarm circuit will produce a squeal 
]when light falls on the LDR. 
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Photo Transistor 
The Photo Transistor is very 
sensitive to changes in 
illumination. It is about 100 times 
more sensitive than the LDR. 

The Photo Transistor is also 
available as a DARLINGTON. 
The Darlington Photo-transistor 
is 100 x 100 times (10,000) more 
sensitive than the LDR. 


The Photo Transistor and Photo 
Darlington Transistor are 
connected just like a normal 
transistor but the base lead is not 
connected. If the value of the 
LOAD RESISTOR is large, the 
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le Ae Scacchi 
| b by 
| eee ; 
Photo Transistor” py, aot 


Lens 


gton 
Transistor 


collector 
N Ntab 


collector pase“ emitter (tab) 
(Q5E114 Phototransistor 


\ 


emitter MPF cotector 


‘BPW36 photo transistor emitter 


SFH 300 
(from Siemens data) 
photo transistor 


FPT100 Photo Darlington Transistor 
‘The FPT-100 Darlington Photo Transistor is available from 
Talking Electronics for $1.00 each plus postage. 
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transistor will not be very sensitive. 
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The Inductor 
|Also called "coil," or "Choke. 
|An Inductor consists of one to 
many tums of wire wrapped 
around a former (tube of 
cardboard). The wire can be 
|jumble-wound or wound in 
layers. The result is the same. 
This is called an air-cored coil 
or air-cored inductor. 

|The centre can be filled with a 
metal such as iron or 
laminations (thin sheets of 
metal) or a ferrite material. 
Different cores operate at higher 
frequencies. 

‘The core can be circular 
(doughnut) or rectangular and it 
is called a MAGNETIC CIRCUIT 
(when it is a closed loop). 
Additional turns or increasing 
the diameter of the turns will 
increase the inductance. 

A coil with a magnetic core can 
be used to pick up nails and 
metal items. It is called an 
electromagnet. It can be 
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Air-cored Ajircored Iron-cored Iron-cored 
variable transformer 


Ferrite-cored — Ferrite-cored Ferrite-cored 
variable transformer 


inductor 27uH 
yes 27uH 
270uH = 271 


produce the NORTH POLE - this is just "convention," a 
‘simple way to explain things - to get the explanation started 
When two or more coils are wound near each other, the 
inductor is called a TRANSFORMER (but not the armature 
/above). 


loperated on AC or DC. 

When the metal core is loose 
[and gets pulled into the coil itis 
[called a SOLENOID or 
ACTUATOR or LINEAR 
ACTUATOR. It can be operated 
Jon AC or DC. 

The way an inductor works is 
very complex but we can say it 
resists any rise or fallin voltage 
by turning the rise or fall into 
magnetic flux. 

If the applied voltage is suddenly 
{turned off, the inductor produces 
/a very high voltage of 
opposite polarity (these are the 
[two most important things for 
you to remember). 
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| The Antenna 


EM transmitter. 


if the antenna on the radi 
range. 


‘The first time you will need an antenna is when making an 


‘The antenna is usually a length of wire equal to half the 
wavelength of the transmitter. The frequency is about 
100MHz and the wavelength is 3 metres. 

| [A half-wave antenna is 1.5metres. 

‘The length is important but the height is more important. 
‘The wire should be as high as possible and "up-and-down" 


is vertical, to get the maximum 


This is called an end-fed half-wave antenna or half-wave 
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Antenna 
symbol 
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Monopole. 

‘The transmitting circuit should have a good ground-plane 

such as connection to large batteries so the signal can be 
pushed and pulled into and out of the antenna. 

This signal is then radiated as electromagnetic radiation to 
the surroundings. 
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The RELAY 


‘The word Relay comes from the 
days of Morse Code where a coil 
lof wire (an electromagnet) closed 
‘a switch to allow the Morse code 
to travel further down the 
telegraph line. 

It would "relay" or "pass-on" the 
information. 

A relay allows a "weak circuit" 
(one with low current) to operate 
[a LOAD that needs a large 
lourrent. It also separates the two 
circuits electrically and prevents 
Ja voltage such as 240v 
Jconnecting to a 12v circuit. The 
coil is separated from the 
Jcontacts and this gives the two 
circuits isolation. 

[A double-pole double-throw relay 


ado Ayeuou 
uounwos 
pasoy Ayeuri0u 


A single contact consists of 2 pins -called SPST (single-pole 
single-throw). 

/Or a single pair of contacts can consist of 3 pins - called 
Ichange-over or SPDT (single-pole double-throw). 

[A double set of contacts consists of 6 pins, called DPDT 
{(double-pole, double-throw). This is also called a CHANGE- 
OVER RELAY or REVERSING RELAY (when connected to 


[can be used to reverse a motor 
Jas shown here: 


oc to 
‘Supply motor 


[a motor). 


to Index 


Driving A Relay 

(Powering A Relay) 

The first thing you must decide is the voltage of the relay. 
This will depend on the voltage(s) available. The relay 
will be driven (activated) by a transistor and the base of 
the transistor only needs a signal (less than about 1v). 
This means the project can be operated on a voltage 
from 3v to 12v and the relay can be connected to a 5v to 
12v supply. 
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Driving A Relay 


The armature is drawn 
towards the coil when a 
current flows through the 
coil. 
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Next you need to know the current-rating of the contacts. 

This will depend on the current taken by the LOAD. The 

rating of most relays is: 1 amp, 5 amp or 10 amp. 

Finally you need ta know how many contacts are 

required. 

For a single circuit you will need 2 pins and for two 

circuits you will need 4 pins (but relays only come with 6 
ins) 

You can get relays that need a very small current for 

activation. These are called CMOS relays. But most 

relays need about 100mA. 

To protect the driving-transistor from spikes when the 

relay is turned off, you will need a diode across the coil 

The top animation shows a “single set of change-over 

contacts." 

The lower animation shows the ARMATURE being 

drawn to the electromagnet. The electromagnet is the 

coil with a core of magnetic material that becomes a 

magnet (an electromagnet) when a current flows through 

the coil 


[close the contacts. 


ov 


When the circuit is turned ON, the voltage across the 2,200u electrolytic is zero and it gradually 
Icharges. When the voltage is about 8y, the coil has enough voltage across it to pull the armature 
land open the contacts. The electrolytic supplies voltage to the coil for about 1 second and then 
||the electromagnet does not have sufficient magnetism to hold the armature and it returns to 
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GATES 
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[Animations of GATES and more details of their operation is covered in DIGITAL 
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— 
5 9@ i 
OR GATE tomp 
ig 80. The "AND" GATE and 
"OR" GATE with switches 


The next BUILDING BLOCK we will cover is 
called the GATE. 

In its simplest form it is an electrical circuit 
consisting of switches, 

Its just two or more switches connected in series 
or parallel. 

We give each circuit a name so we can talk about 
it and explain its action with a single word. 

Later we will cover the electronic version and show 
how diodes and a transistor are needed to perform 
a GATING FUNCTION. 

‘The type of GATE we are talking about is a 
LOGIC GATE. 

‘The circuit performs an operation called a 
LOGICAL OPERATION on an input or a number 
of inputs and creates a single output - called a 
LOGICAL OUTPUT. 

LOGICAL means "understandable" or "correct" 
and in this case it means DIGITAL - the signal will 
rise to full rail voltage or fall to zero voltage. The 
output will nat be half rail or quarter-rail voltage. 
‘The diagram show an "AND" GATE and "OR" 
GATE with switches. 

For the AND GATE close switch A AND switch B 
for the lamp to illuminate. 

For the OR GATE close switch A OR switch B for 
the lamp to illuminate, 
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NAND GATE [ = 


oo 
A B 


NOR GATE [ wan) 


p 


A 
B 


Fig 81. The "NAND" GATE and "NOR" 
GATE with switches and a transistor 


INVERSION 

Inversion produces the opposite effect to 
the results above. 

+ ‘Suppose we want to turn OFF a lamp 
== when one or two switches are pressed. 

1 |We needa transistor. 

Se | The technical word for Inversion is NOT. 


Itis simplified to the letter "N." 


For the NAND GATE close switch A 
PLUS switch B for the lamp to turn OFF. 
For the NOR GATE close switch A OR 
[switch B for the lamp to turn OFF. 


‘These gates are only demonstration- 
|gates to show how one or two switches 
‘will turn a lamp OFF. 
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Fig 82. The "NOT" GATE 
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NOT GATE 


A single switch and transistor produces a 
NOT GATE. 


NOT GATE [] lamp This is simply an INVERSION. 


‘The resistor turns the transistor ON and 
the lamp illuminates. The switch removes 
the voltage on the base and the transistor 
turns OFF. 

This is only a demonstration circuit to 
[show how a switch can turn a lamp OFF. 
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later in the digital section 


‘The 5 gates above form the basis to turning a circuit ON and OFF. We will discuss these gates| 
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OR GATE with DIODES 


Fig 83. "AND and "OR" gate with diodes 


The next building block is the 
GATING DIODE. 

We have shown a diode allows 
current to flow when the diode is 
correctly placed in a circuit and 
blocks current when it is reversed 
‘The 5 gates above are electrical 
circuits but an electronic circuit 
]works in a slightly different way. 

The electronic circuit will be covered 
later in the DIGITAL section. 

For the moment we will explain how 
a diode can be used to create a 
GATE 

In other words it creates a ONE- 
WAY PATH to allows signals to pass 
from one stage to another and 
prevents signals passing in the 
lopposite direction 

In the AND GATE circuit, both inputs 
are LOW and current flows through 
the resistor (it will get HOT). When 
Jone input is taken HIGH, current still 
lows through the other diode and 
the lamp does not illuminate. 

When BOTH inputs are HIGH, 
current flows through the resistor to 
illuminate the lamp. No current flows 
through the diodes. 

In the OR GATE, when one input is 
taken HIGH, current flows through 
the diode to illuminate the lamp. 
This can be done with EITHER 
input. 
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[A NAND and NOR gate 
Joan be made with 
diodes and a transistor. 
This time we the output 
is either HIGH or LOW. 
We are gradually 
producing circuits that 
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LOAD 
output inputs HIGH will still 


Basic Electronics 1A 
are electronic, rather 
than electrical circuits. 
In the NAND GATE 
circuit, taking one of the 


allow the other input to 
prevent the transistor 
turning ON. 

When BOTH inputs are 
HIGH, the transistor 
turns on via resistor R 
Jand the output is LOW. 


In the NOR GATE 
taking one of the 
inputs HIGH will turn the 


transistor. 


NOR GATE with DIODES and Transistor 
Fig 84. "NAND" and "NOR" gate with diodes and a 


{transistor ON and the 
output will be LOW. 
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Drawing A Circuit 
A circuit must be drawn according to 
[simple rules so it can be instantly 
recognised. 

[An electronics engineer can "see a 
circuit working" when it is drawn 
[correctly and can see if it is drawn 
correctly; if the parts-values are correct 
and can use the circuit to assist in 
diagnosing a problem with a faulty 
circuit. 


The top circuit on is very difficult to 
visualise because itis not drawn in the 
normal way. 

All the components have to be "turned 
Jaround in your mind," to see what the 
circuit is doing. 
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signifies: “Ground” - the zero 
lead for the signals 7 


to Index 
QUICK QUIZ.-to see how much you know 
ORETEREAA following 50 questions . . . JavaScript is required! 
fest will see how much you have learnt. 


BPx 
Easy To Use, All in One, CRM. insightly 
1.5 Million Insightly CRM users worldwide. 


> BMccr : muce. 
Capture equipment performance. 


Dx 
Easy To Use, Allin One, CRM. insightly 
1.5 Million Insightly CRM users worldwide. 


.< Pee 


150 9001:2008, ITAR, IL LISTED 
[Locates in Silicon Valley, San Jose, CA 
4, What is the approximate characteristic voltage that develops 
across a red LED? 
1 
3.4v 
Oey 
bv help 
5. If two resistors are placed in series, is the final resistance: 
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O Higher 
O Lower 
(The same 
O Cannot be determined help. 


6. Which is not a "common" value of resistance: 


Oaxr 
1a 
O330R 
Cake help 


7. Which value of resistance, placed across a 9v battery 
will get hot: 


O2R 
© 220k help 


8. If the voltage on the base of a transistor increases, does it: 


Tum on 
Tum off 

(Not enough information 

© Remain the same help 


9. The resistor identified in brown is called the: 


Base Bias Resistor 
Load Resistor 
| Emitter Feedback Resistor 


— 
@) | Bypass Resistor 


help 


10. The first three colour bands on a resistor are: 
yellow - purple - orange 


47k 
Oak7 
Oa7ox 
Oarz help 


11. A resistor with colour bands: red-red-red-gold, has the value: 


O22 5% 
O2k2 5% 
220R 5% 
O2R 5% help 


12, The lead marked with the arrow is: 
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The Collector 

The Base 

The Emitter 

The case help 


13. A 10k resistor in parallel with 10k produces: 


© 10K 
5k 

© 20k 

© Cannot be determined help, 


14, The symbol is: 


OONPN Transistor 
©) (PNP Transistor 
S Photo Transistor 

Field Effect Transistor help 


15, Two 3v batteries are connected as shown. 
The output voltage is: 


16. 4 resistors in ascending order are: 


(02aR 270k 2k2 1M 
(4k7 10k 47R 330k 
(3R3 4R7 22R 5k6 
(100R 10k 1M 3k3 help 


17. The closest value for this combination is: 


Green 
Both 
6v | RED 
None 


> green 
LED 


19. The four symbols are: 
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[aed Sh] | Capacitor, Microphone, Potentiometer, Electrolytic 
| Electrolytic, Microphone, Resistor, Capacitor 


© Capacitor, Piezo, Resistor, Electrolytic 
O Electrolytic, Coil, Resistor, Capacitor help 


20. The closest value of the combination i 


22. A resistor and capacitor in series is called a: 


23, A red-red-red-gold resistor in series with an 
orange-orange-orange-gold resistor produces: 


| Pulse Circuit 
1 Timing Circuit/Time Delay Circuit 

} Oscillator Circuit/Frequency Circuit 
| Schmitt Circuit help 


Gaxs 
(35,200 ohms 

55k 

None of the above help 


24, Name the 4 components: 


© Transistor, mercury switch, piezo, inductor 


| Photo transistor, switch, capacitor, coil 


Photo transistor, reed switch, piezo, 
© Photo Dartington transistor, switch, piezo, inductor help 


25. To obtain a higher value of resistance, resistors are 
connected in: 

O Reverse 

© Forward 
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26. 


Parallel 
Series help 


Which LED will illuminate: 


Basic Electronics 1A 


27. Name the component that detects lig! 


.o. 


28. 


29. 


30. 


31, 
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Light Dependent Resistor 
piezo 
speaker help 


What is 1,000p? 


o.01n 
0.0001u 

O.1n 

1n help 


The current in a circuit is 45mA. This is: 


0.045Amp 
0.000454 

0.00454, 

0.458 help 


‘A 100n capacitor can be expressed as: 


O1u u=microfarad 
o.otu 

0.001u 

none of the above help 


‘4mA is equal to: 
0.0014 
0.00001 


0.014 
0.14 help 


mini trim pot 


ora 
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32. 1,200mvV is equal to: 


12v 
1.2v 

Gor 

Oo.oo12v help, 


33. The approximate current for a toy 3v motor 


O10ma 
(3 100mA to 300mA 
Gtamp 


34. What is the resistance of this resistor: 


Oar 


mg | Cae 


arr 


35. Identify the correctly connected LED: 


oa 
1B 
ic 
ip help 


36. Identify the correct statement: 


The cathode lead is longer. It goes to the negative rail 
(The cathode lead is shorter. It goes to the negative rail 
(The cathode lead is shorter. It goes to the positive rail 
(The cathode lead is longer. It goes to the positive rail help. 


37. The current requirement of a LE! 


O1.7mAa 
O25ma 

© Between 3 and 35mA 
Oesma help 


38. The multimeter is measuring . 
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Voltage 
Current 
1 Resistance 
protection 39. The purpose of the 
diode 4 two capacitors: 


To pass AC from the input to the output 
To allow the signal to oscillate 
To pass DC from the input to the output 
To amplify the signal help 


40. The direction of conduction for a diode is: 


A 
1B 
Jc help 

41. A DC voltage... 

G rises and falls 

(Disa sinewave 

O remains constant 

is an audio waveform help 


42, Arrange these in ascending order: k, R, M 
(as applied to resistor values) 


Rik, M 
M.R,k 
k,M.R 
OMKR help 


43. A battery produces AC current: 


true 
false 


44, The tolerance bands: gold, silver, represent: 


5%, 10% 
10%, 5% help 
45, 223 on a capacitor represents: 
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0.022u 

22n 

22,000p p= picofarad 
All of the above help. 


46, Arrange these in ascending order 
(as applied to capacitor values) 


pun, 
Onu,p 
p.nu help 


47. What is the resistance of this resistor: 


© 100k 
O1k 


€1}- Jom 


(© 100R 


48. The number "104" on a capacitor indicates: 


Sou 
100n 
1n 
10n help 


49. What is the multi 


jeter detecting: 


Voltage 
Current 
Resistance 


{1} 


50. For the LEDs, what is the characteristic voltage for the red and white LEDs: 


. | 


k k k k kl) ki 


red orange yellow green. blue white 


3.6y, 1.7v 
24v, 3.30 
1.1, 3.6v 
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© Cannot be determined 
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100 more Crystal Set plans 


Everyone wants to make a RADIO. 


The simplest radio is a CRYSTAL SET. (Sometimes called a Crystal-Set Radio or Xtal Radio 
Set or Crystal Diode Radio.) 


However a Crystal Set needs a number of components that are very hard to get: (tuning 
capacitor with knob) and (crystal earpiece for $1.25). 

The “air’ TUNING CAPACITOR (20p to 415p) is not easily available and the postage is, 
expensive. The germanium diode is a special component and the aerial coil wound on a ferrite 
slab is difficult to obtain. 


But you don't need these components. They can be substituted. 


There are hundreds of websites on the internet describing the CRYSTAL SET and if you want to 
build a "normal" set, you can Google these sites or 100 more Crystal Set plans. Many of 
them sell kits too. 


But this article is different. 


We are going to have all the fun of making a CRYSTAL SET but with modem components and 
easy-to-make components and with an amplifier stage. The output is loud so you don't need a 
Jong antenna. And we are going to make our own TUNING CAPACITOR and a very simple aerial 
coil (called a FRAME AERIAL) as well as replacements for the germanium diode (use a TRF radio 
IC ora transistor) and in place of hi-impedance headphones (use a piezo diaphragm) and a 
crystal earpiece equivalent (a piezo diaphragm). 

It's even better to have one of each type of component so you can compare the performance, so 
no matter how many parts your get, nothing will be wasted. 


We are also going to explain the fundaments of how the circuit works as even the simplest circuit 
has a number of very important features that are used in many other circuits. 


But first we are going to leam about the components and how they combine to make the circuit, 
work, 

When two or more components are connected together they sometimes produce a completely 
different result to the capabilities of either item. 

This is the case with a capacitor and inductor in parallel. An inductor is simply a coil - tums of wire 
‘on a cardboard tube - called a former and the centre of the coil is AIR. It is called an air-cored coil 
or air-cored inductor. 

Each component (the coil and capacitor) is called a PASSIVE DEVICE - in other words it does not 
amplify, but when the are connected together they create a result very near to amplification. And 
they also produce a result of picking up a huge number of signals and only allowing one signal to 
appear across the pair. A truly amazing result. 


We start by placing a capacitor across the coil. 
There is so much activity in the air, from radio, TV, taxi and mobile phone usage that the air is 
filled with electromagnetic radiation. 

This radiation will cut the tums of the inductor (the coil) and produce a microscopic voltage in the 
tums. This is enough to start the two components passing energy back and forth at a rate 
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determined by their values. This is the basis of our first discussion. 
These two components are called a TUNED CIRCUIT and make up our first building block called 
THE FRONT END. 


THE FRONT END 

This consists of a coil and capacitor. These two components are in PARALLEL and the signal 
(called the RADIO SIGNAL or RADIO WAVE) passes through the centre of the coil and produces. 
voltage in the tums of the coil. The electromagnetic wave has to pass through the centre of the 
coil. 

This voltage is the result of a mass of signals that are interfering with each other and producing a 
signal called BACKGROUND NOISE. 

The voltage can be increased by an external aerial (called an ANTENNA) and it consists of ALL 
THE LOCAL radio stations (and everything else). 

The voltage is a mass of signals and is absolutely useless as it represents all the stations AT THE 
‘SAME TIME. 

However, across the coil is a capacitor and these signals charge the capacitor with the very small 
voltage produced by the energy of the signals. When the capacitor is charged, it delivers its 
voltage to the coil. The coil accepts the energy and converts it to magnetic flux. 

After a very short period of time the capacitor becomes discharged and the magnetic flux 
collapses and produces a voltage in the coil of the opposite polarity to charge the capacitor again 
in the oppasite direction. 

These two components keep oscillating back and forth, using the tiny amount of energy from the 
stations. 

There is a natural frequency for the capacitor and coil to pass energy back and forth and one of 
the stations will provide energy to assist this natural frequency. 

When this happens, the amplitude of the signal increases and the signals from all the other 
stations cancel themselves out and only one signal (waveform) remains. 

This signal is called the NATURAL FREQUENCY OF RESONANCE and it corresponds exactly to 
one of the radio stations. 


The end result is a waveform that is the exact same frequency as one of the radio stations and 
When voice or music is played, the amplitude of the waveform increases and decreases. This will 
be the signal you hear in the earpiece or speaker. 

Itis called an AMPLITUDE MODULATED signal and that is where we get AM RADIO from. 


Understanding the concept of a CAPACITOR and INDUCTOR in parallel is very important. They 
form a TUNED CIRCUIT that has a natural RESONANT FREQUENCY. 

Here is a very similar analogy. You have a heavy metal ball on a long string attached to the gutter 
‘on your house - just like a pendulum. You can push the ball very lightly with a finger and after a 
number of pushes you will be able to get the heavy ball swinging in a very large arc. 

The only way to keep it swinging is to push it very lightly at exactly the right time. If you push it at 
the wrong time it will eventually stop swinging. 

The parallel tuned circuit is exactly like the ball. It wants to oscillate at a particular frequency. 

All the radio stations are pushing and pulling the circuit at the wrong times and nothing is 
happening, But one radio station pushes at exactly the right time and the circuit starts to oscillate. 
All the other stations are fighting each other just like one person pushing the ball sideways and 
another pushing the ball from the opposite side. The results cancel each other and you are the 
only one assisting the swing. 

The TUNED CIRCUIT can also be called a FILTER with a very narrow BAND-PASS frequency but 
‘our simple explanation describes the operation much more clearly. 


There are a few other terms used to describe the components in the font end: 


LOOP STICK ANTENNA -This is an alternate name given to the coil of wire wound on a ferrite 
rod or sab. It also has the name ROD ANTENNA or FERRITE ROD ANTENNA. 

The winding can be enamelled wire or flexible wire called LITZ WIRE. This is very fine strands of 
enamelled wire twisted together and covered in cotton. The purpose of changing a thick wire to 
lots of very thin wires is to prevent the radio signals creating loops of signals within the wire and 
these signals will cancel each other and not produce a signal out the end of the wire. 

In our experiments, we have not noticed any difference in a coil made with ordinary enamelled 
wire and Litz wire. 
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Here is a set of components to make your own Crystal set from Scott's Electronic Parts: 

You can see the rod antenna, germanium diode, crystal earpiece, capacitor and resistor. The kit 
costs about $9.00 plus postage and includes knob, clips and screws but no board to mount the 
parts. 


Here is the circuit for a Crystal Set: 


oGa;A 
Connect Long Antenna Here | fl fl 
Top Side 


Short Antenna Connect Here | ° ©) 0 


Variable Capacitor 
1N34A 
> a 
Variable Capactor «KS ott == Ceramic 


This is the FRONT END 
or TUNED CIRCUIT 


Here are the components mounted on a board called BREADBOARD: 
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The top clip connects to a long antenna. The left clip connects to ground and the right clip 
connects to a short antenna. 


Let me clear up a point. You do not need a ferrite rod antenna for the coil. You can use an 
ordinary coil wound on a cardboard tube and it will work just as well if you are using an outside 
antenna. 

Here is the circuit using a home-made coil. 
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45 turns enamelled wire 
0.25mm dia to 0.5mm dia 
on strong carboard tube 
_ 80mm to100mm diameter 
tapped every$ turns, 


The tapings on the coil allow a wide band of radio stations to be tuned. 
Each tapping allows a different portion of the band to be covered. 


The next part to understand is this: 
The coil and capacitor must not be LOADED. In other words, you cannot connect anything to this, 
combination because the signal itis producing will be "taken away" or "removed" or "considerably 
reduced" by the item you are connecting to the circuit. 

‘These two components are called a TUNED CIRCUIT and when they are not loaded they pick up 
all the radio stations, one station at a time, when the natural resonant frequency of the coil and 
capacitor exactly match the frequency of the radio station. The circuit actually "rejects" all the 
stations except one. Because all the other stations are trying to make the Tuned 
oscillate ata different frequency and it does not do this. 

The result of the TUNED CIRCUIT oscillating under NO LOAD conditions produces a waveform 
that is very high and this gives the circuit GOOD SELECTIVITY. The circuit can select one station 
and reject nearby stations. 

Italso has good SENSITIVITY as it can pick up weak stations. 

Ifyou load the circuit, only the strongest signal will be detected and it will be spread across the full 
range of the tuning capacitor. 

Obviously the theory is more-complex but we are explaining the end-result. 

Theory talks about the "Q" value of the coil and this is its ability to produce a very good output 
when the magnetic flux collapses and the "Q" value increases when the circuit is not loaded. . 
Although these voltages are very small (in the order of microvolts or millivolts) the result is very 
important as the rest of the circuit will be amplifying this waveform a few thousand times. 

‘As we explained above, pushing the weight on a string only needs a push of 1 cm and eventually 
the weight will swing 1 metre. This is a gain of 100:1 The same thing happens with the tuned 
circuit. The incoming radio signal is in the order of microvolts, but the coil and capacitor will 
produce a signal as high as 500 millivolts. This is an improvement or "gain of more than 1,000 
and is referred to as the "Q" of the circuit. 

You will also notice the TUNED CIRCUIT is not connected to any supply voltage. It does not have 
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be connected. It generates its own waveform from the signals in the air. 
It should not have any DC current flowing through it via the supply as this would put a load on the 
circuit and reduce its operation. 


However we must "pick-off" the signal so it can be amplified. 
This must be done with a very high impedance circuit. 


THE CONVERTER (detector) - THE DIODE 

The next part of the circuit is the CONVERTER. Commonly called the DETECTOR. 

It converts the RADIO FREQUENCY signal to an AUDIO FREQUENCY signal. 

This is the job of the DIODE. 

The radio frequency signal is a very high frequency signal (say one million cycles per second) and 
it is sending a tone of one thousand cycles per second through the air-waves. 

What is happening is this: The one megahertz signal has a certain amplitude and over a range of 
the first one-thousand cycles, the amplitude gradually decreases and then increases again. If you 
ook at the tops of this 1,000 cycles you will see a waveform that corresponds to the one kilo- 
Hertz signal. 

‘The 1MHz signal is picked up by the coil and capacitor in the front end and makes it oscillate. 
The radio frequency signal is gradually getting larger over 500 cycles then smaller over the next 
500 cycles and this inctease and decrease represents the 1,000 cycles per second tone. 

This is the waveform (the signal) that passes through the diode. This will be explained further in 
moment. 

The diode does not pass any signals less than 200mV as the first 200mV is lost in the junction of 
the diode. This means the signals start to appear on the other end of the diode when they are 
above 200mV. 


This is how the diode works: 
Across the crystal earpiece is a capacitor. The capacitor gets charged via the diode. 
The diode is present to stop the capacitor getting discharged when the waveform is in the wrong 
direction. (by this we mean - when the waveform is lower or smaller in amplitude than the voltage 
on the capacitor). 

‘And the waveform is in the wrong direction about 50% of the time. To charge the capacitor for 
one-half-cycle requires 500 "litle increments" in voltage with each increment adding a 

microscopic increase in voltage. We don't want this voltage to reduce when the waveform is 
reversing direction and the diode stops the voltage flowing back to the Tuned Circuit, 

During the next half of the cycle when the pulses are getting smaller and smaller, the voltage on 
the capacitor is "bled off" by the load resistor. 

The crystal earpiece detects this voltage. What we mean, is the diode allows the voltage to rise 
(increase) on the capacitor via lots of litle "pulses" and the voltage increases in the form of a 
sinewave to a maximum amount. This voltage is passed to the crystal earpiece. 

‘Once the voltage rises to a maximum, the little pulses of energy are not quite as strong, and the 
voltage an the capacitor reduces to form the second portion of the sinewave, This voltage is 
always being passed to the crystal earpiece and you can hear it as an audio signal. 


GERMANIUM OR SILICON DIODE 

The preferred type of diode for a Crystal Set is germanium. Thi 
0.3. 

Buta silicon diode can be used, even though it drops about 0.7y, if the radio stations are very loud 
(close by). 

You have to remember, you need a very good aerial (and a water-pipe earth) to get any results 
with a Crystal Set because you are asking the signal to provide the energy to drive the earpiece. 
By simply adding a transistor, you are improving the performance 100 times and the long antenna 
can be reduced to a FRAME ANTENNA and the earth can be the metal frame of your soldering 
iron. 


THE EARPIECE or EARPHONE 
also The Magnetic Earpiece or CRYSTAL EARPIECE 


The earphone or earpiece used in a Crystal Set must be a high impedance device because the 
crystal set does nat produce a high current and cannot drive a low-impedance earpiece. That's 
why a CRYSTAL EARPIECE is ideal. 

Ithas a crystal glued to the back of the earpiece and connected to its top surface is an aluminium 
diaphragm. When the crystal expands and contracts as a result of a voltage applied via two 
electrodes, the diaphragm moves and you can hear the signal. It exhibits a very high impedance 


is because it drops only about 
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because it consists of a crystal and no coil of wire is contained inside the case. 

Ifyou do not have a Crystal Earpiece, you can make your own from the shell of an 8 ohm 
earpiece and a piezo diaphragm. Only the front part of the earpiece is used. 


Make your own Crystal Earpiece 


Hit the 8 ohm earpiece on the side and the front comes off. Glue the front onto a piezo 
with hot-melt glue. See photo above. 

‘The piezo diaphragm is a ceramic substrate that deflects in the presence of a voltage. It is quite 
sensitive and you can hear the audio quite clearly. 

‘The waveform emerging from the diode in a Crystal Sets called AUDIO and although it has an 
amplitude of a few hundred millivolts, it does not have any current associated with it. The crystal 
earpiece and the piezo diaphragm react to this voltage. 


THE 80hm EARPIECE 
‘The 8 ohm earpiece can be used with our 8ohm Buffer stage shown below. 


160hm 32 ohm and 64 ohm EARPIECE(s) 

Earpieces and headsets from mobile phones are 16 ohm or 32 ohm per earpiece and are 
terminated via a stereo 2.5mm or 3.5mm plug. The earpieces are connected in SERIES to get 
the best coupling to our radio circuits and you need to find the two pins on a stereo socket to 
produce series connection. Get a multimeter and switch to "ohms." Try all the pins and you will get 
a click in the left ear then the right ear. Keep searching until you get a click in both earpieces at 
the same time, Use these two pins. 


phragm 
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(LEFT, (GROUND) 
CHANNEL) 
Ps 
RING 
(RIGHT CHANNEL) 


Stereo mobile phone headset - unusually 32R or 64R 


64 ohms | 


y 


PROBLEMS 

The biggest problem with a Crystal Set is the need for a long antenna. 

The first 200mV to 300mV of a signal is last in the diode and you need a long antenna to pick up a 
signal so the output of the TUNED CIRCUIT has enough voltage to drive the high-impedance 
earpiece. 

‘This tequites an outside aefial 5 mettes long ad 3 meltes high 

This is not practical for most hobbyists so we will be adding an amplifying stage to the crystal set 
80 a shorter (smaller) aerial can be used. 


THE FRAME AERIAL or FRAME ANTENNA or FRAME COIL 

The aerial coil shown in the photo above is a ferrite slab with about 80 turns of Litz wire. You can 
find one of these in an old broken AM radio or from a parts-shop. In the instructions below we 
show how to make your own Ferrite Rod Antenna 

‘An equally-good substitute is a frame antenna made by winding insulated wire in a rectangle 
around wooden sticks. 
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45 turns ona diamond frame 
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One of the earliest Frame Antennas 


‘The Frame Aerial can be as large as 100cm x 100cm or as small as 10cm x 10cm around a 
plastic chocolate box. 


Here are two FRAME ANTENNAS: 


This will work just as good as a ferrite slab antenna. The slab antenna is just 100 times smaller. 
‘The slab antenna was invented so a transistor radio could be built in a small case. But if itis not 
available, you can wind 20 turns around a plastic chocolate box and it will work just as good. 


Alternately you can wind 20 turns around a biscuit tin. Put a pencil on the tin and wind the tums 
over the pencil too. Remove the pencil and it will be easy to remove the tums. Use tape to keep 
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the tums together. 


‘The FRAME AERIAL does two things. It picks up the radio waves and it becomes the coil (called 
the INDUCTOR) in the TUNED CIRCUIT. It must be placed away from metal objects, such asa 
refrigerator. 


BASKET WEAVE COIL 

There is no point making a complex BASKET WEAVE COIL as it will not work any better than 
simply jumble winding all the tums at the maximum circumference of the coil, because the eneray 
capturing capability of the coil relies entirely on the amount of flux lines passing through the centre 
of the coil. 

By increasing the centre of the coil, the amount of flux is increased for the same coil size. 
In fact, the simplest and cheapest is to wind turns around a box, as explained later in this article, 
or make a frame antenna as shown above. Technically speaking, a round coil has the best 
performance but only by a few percent. 


A BASKET WEAVE COIL 
THE VARIABLE INDUCTANCE TUNING COIL 


Whenever the size or shape of the coil is changed, (or the number of tums), the natural frequency 
of the Tuned Circuit will change and a different radio station will be picked up. 

This means tuning across the band can be done by altering the characteristics of the coil while 
keeping the value of the capacitor fixed. 

Changing the inductance can be done in many different ways. 

The coil can have taps every 5 tums and an alligator clips selects the correct tap. But very few 
radio stations will correspond exactly to each tap. 

‘Another way is to have a slider move up and down the turns as shown in the following image: 


The slider makes contact where the insulation has been removed. But it may touch two tums at 
the same time and create a "shorted turn" and reduce the "Q" of the coil. 


Another way is to move a ferrite bar (rod) in and out of the coil: 


THE SLUG TUNED COIL 

To tune across the radio band, the natural frequency of oscillation of the TUNED CIRCUIT must 
be adjusted (changed). This can be done by changing the value of the capacitor or the value of 
the inductor. 
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‘The value of the inductor can be changed by adding or removing tums or changing the amount of 
magnetic material in the centre of the coil. 

A ferrite bar can be screwed in and out of the coil or slid in and out and this component is called a 
SLUG TUNED COIL. 

The following diagram shows a SLUG TUNED CRYSTAL SET: 


120 turns. NS 


+; ie ¥aioae A 
{Earphone 


By changing the value of the 100p capacitor, different parts of the band can be picked up. 


‘The photo shows a slug tuned coil using 60 turns of insulated wire on a 10mm tube (or any tube 
that will it over a 8-10mm ferrite rod) and a circuit containing an AM radio chip plus a buffer driver 
transistor: 


TATE cy 


a 


ASLUG-TUNED RADIO 


The circuit above is has a broad-band amplifier consisting of 10 transistors (IC1) and they are 
directly coupled (connected) to each other because it is not possible to "manufacture" a capacitor 
inside the IC. The IC has 3 terminals (pins, legs) and it looks like an ordinary transistor. 
Experimenting with this type of IC has shown that itis no better than 2 ordinary transistors. 
connected in a direct-coupling arrangement. 
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Here is the address af the site for the slug-tuned radio. 


hts ri nl 
Unfortunately the site is in Dutch and the kit is not available. However the photos give a clear 


picture of the how the parts are connected. 


‘The inductance of the coil can also be altered by winding anather coil and placing it near the first 
coil so that the magnetic field interacts with each other and changes the inductance of the circuit. 
This is called a VARIABLE INDUCTANCE TUNING COIL. 

You can have one coil inside the other, two coils near each other or two fiat coils side-by-side. Any 
two coils will interact with each other. 


An Inductive TUNING COIL called a VARIOMETER 


MAKING YOUR OWN FERRITE ROD ANTENNA 

You can make your own FERRITE ROD ANTENNA by winding 60 to 80 turns of 0.25mm 
enamelled wire onto a 9mm ferrite rod or slab. If you wind it on a paper sleeve, you can move the 
coil along the rod to get the best performance. When the rod is slid out of the coil, the inductance 
changes considerably. However the inductance does change very slightly when the coil is moved 
along the rod. 
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Make your own ferrite antenna 


Now we come to the tuning capacitor: 


THE TUNING CAPACITOR 

The "C* in the "LC" TUNED CIRCUIT can be fixed or variable. When it is variable, itis called a 
‘TUNING CAPACITOR. The sheets of aluminium in the air tuning capacitor below are called 
PLATES and the moving plates are called VANES. The fixed plates make up the STATOR. 

‘The space between the plates is AIR. The photo shows a single capacitor. If two capacitors are 
connected to the same shaft itis called a GANGED CAPACITOR. 

The plates do not come fully out of mesh and that's why the capacitor has a minimum value. The 
‘maximum capacitance is when the plates are fully meshed. The odd shape of the plates is 
designed to produce a fairly constant increase in capacitance as the plates are engaged. 


An air tuning capacitor: 


Air Tuning Capa 
(Variable Capacitor) 


|The capacitor can be made much smaller by using thinner vanes and placing plastic between the 


vanes. Plastic increases the capacitance about 3 times to 10 times, 
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ground 


= 
Tuning Capacitor as found in a pocket radio 


The tuning capacitor can be replaced with a home-made equivalent that will work just the same. 
You need: 

4 sheets of aluminium foil (cooking foil) 10cm x 10cm. 

4 sheets of thin cardboard 15cm x 200m (cut Ad sheets in half). 


HOME-MADE CAPACITOR 


Tape a sheet of aluminium foil to each sheet of cardboard with sticky-tape around all 4 sides. Take 
one strand of wire from a length of hook-up flex and sticky-tape the end to each sheet of 
aluminium to make good contact. Place 2 sheets on top of each other and move the top sheet 
slightly to the left and sticky-tape the edge so they don't move. Do this with the other two sheets 
but move the top sheet to the right. Now interleave the sets. Connect the wire from the first sheet 
to the third sheet. Connect the wire from the second sheet to the fourth sheet. 

‘The cardboard (or paper) between the aluminium sheets increases the capacitance three times. 
The capacitance decreases when the sheets are moved apart and the capacitance increases 
when the sheets are moved in. The capacitance also INCREASES when the sheets are squashed | 
together such as when a book is placed on them. 

You can also make a smaller capacitor by making each sheet smaller and using 6 sheets. You 
can then add a 100p or 220p in parallel with the home-made capacitor, to select the lower part of, 
the band. 


EACH CIRCUIT 


Each circuit we describe in the following set of circuits is an improvement or advancement on the 
previous. We also offer a number of different types of aerial coils, amplifying stages and 
earphones. Some of the circuits use easy-to-obtain components and home-made equivalents for 
hard-to-get items. There will be something in this section for everyone to build. 


In all radio circuits you will encounter TWO MAIN PROBLEMS: 
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Ifthe FRONT END (the Coil and Capacitor) is loaded too much by the "pick-off" of the amplifying 
stages, you will only get one station. 

Ifyou get squealing or "motor-boating," try a different circuit and layout as the components you 
are using, plus the voltage of the battery, will need changing. 

You cannot always increase the voltage of the supply and get a louder output. Sometimes the 
increased voltage will stop the circuit working or it may introduce too much gain that the circuit 
starts to squeal. 

The Radio IC (ZN414) DOES NOT WORK on a voltage above 1.5v and some of the transistor 
circuits completely stop working with a higher voltage. This has to do with the biasing 
arrangements and if the circuit is designed for a low voltage, you need to keep to the suggested 
voltage and experiment with a slight increase in voltage and see what happens. 

Building a radio is not easy as the enormous amount of amplification of the combined stages 
creates a feedback loop via the power rail that sets the circuit into oscillation. This effect gets 
worse with a higher supply voltage and we will explain this further with each of the circuits. 


MAKING A CRYSTAL SET 

You can buy a CRYSTAL SET kit (see the photo of the kit, above) or the individual components (a 
kit is the cheapest) or use the replacement for the FERRITE ANTENNA COIL (16 tums to 20 
tums on a 150mm biscuit tin) and/or the TUNING CAPACITOR made from aluminium foil and 
cardboard sheets. 

You will need an outside antenna and an earth (such as a water tap or the frame of your soldering 
iron) to pick up the radio stations. 

Ifyou cannot put up an outside antenna, you will need to add one or more amplifying stages and 
this will allow you to reduce the length of the antenna and increase the volume of the audio. 


ADDING AMPLIFYING STAGES TO A CRYSTAL SET 

You can add two different types of amplifying stages to a crystal set. 

You can connect amplifying stage(s) to the FRONT END and these will be designed to put less 
load on the front end so the sensitivity and selectivity increases. These stages work at the 
frequency of the radio signal and they are called RF STAGES (Radio Frequency Stages). 

You can build these stages out of individual components or use a chip called a RADIO CHIP or 
RADIO IC (integrated circuit) for less than $2.00. 

‘The chip contains 5 stages of amplification and these are RF stages (or RF AMPLIFYING 
STAGES) and the concept is called TRF. (Tuned Radio Frequency). 

Itis not easy to get this type of amplifier working because the stages produce a very high overall 
gain and you get a lot of "motor-boating” and squealing if the gain is not controlled. The gain must 
be reduced when a strong signal is being passed through the circuit because a strong signal will 
produce a large output and this will be so large that some of the waveform will find its way to the 
front of the amplifier via the power rail and start to be amplified again. To prevent the output 
getting too large, the circuit has a negative feedback line - called the AGC line - Automatic Gain 
Control. 

Itwould be very difficult to reproduce these 5 stages of amplification with discreet components 
and that's why it is best to use an IC. 


The next stage is a DIODE to convert the RF (Radio Frequency) to AF (Audio Frequency). This 
can be done with the diode-characteristics of a base-emitter junction in a transistor and we will 
show the alternatives. 


‘Any stages after the diode are AUDIO STAGES or AUDIO AMPLIFIER STAGES. 
‘The main job of the AUDIO AMPLIFIER is to increase the DRIVE CAPABILITY. 

In other words, increase the current capability of the circuit for an 8 ohm speaker or Bohm 
earpiece (or 16 or 32 ohm). 

This is a very difficult thing to do and requires at least 2 stages. 

‘The LOAD you can put on a Crystal Set must be 10,000 ohms or higher. (if you put a lower 
resistance (impedance) on the output, you will load the FRONT END and reduce its ability to 
separate the stations. 

That's why a crystal earpiece is normally used with a crystal set. It puts almost NO LOAD on the 
circuit. 

Ifyou puta load on the circuit the result will be only one or two stations across the whole dial and 
only the most powerful station will be received, 


Ifyou don't have a crystal earpiece, you will have to use an 8 ohm earpiece. This 
IMPEDANCE CONVERTING CIRCUIT of 1,250:1 
This is a simple way of saying we want the 8 ohm earpiece to appear as 10,000 ohms to the 


will require an 
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crystal set. 
To produce an overall gain of 1250, we need two stages of amplification. 

Ifa transistor has a gain of 70, it will it will produce an impedance conversion of 70 times. This 
realistic value. Transistors with a gain of 200 will have a gain of about 70 when fitted to a circuit. 
This means the other transistor needs to have a gain of about 20 and that is easy to achieve. 


ADDING AMPLIFYING STAGES TO THE FRONT OF A CRYSTAL 
SET 

‘Adding stages to the front of a crystal set are called RF STAGES (Radio Frequency Stages) 
because they amplify the RADIO STATION SIGNAL. 

It does not matter if you amplify RF signals or AF signals. The result is the same. 

The only difference is this: The frequency of RF signals is much higher (1,000 times higher) and. 
the coupling capacitors can be much smaller. 

This allows an RF amplifier to be built into an IC - called a Radio Chip. 

One of the most popular Radio IC's is ZN414 or YS414. This chip has been copied by other 
manufacturers as: MK484, TA7642 and LMFS01T. 

All the chips are the same but the pinout is different. 
‘These chips work on a 1.5v supply and if the voltage is 
stages increases to a point of total distortion. 

To prevent strong signals producing distortion on 1.5v supply, the output is passed back to the 
input via a 150k resistor. This feedback line is called the AGC (Automatic Gain Control). 

The chip contains 5 stages of amplification plus a stage that converts the RF signal to AF 
(Detector Stage). This means the signal diode in a Crystal Set is not needed. 


creased above 1.5%, the gain of the 


of the TA7642 Radio Chip. It performs the same as the ZN414 Radio Chip. 
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‘The ZN414 chip can be purchased from Talking Electronics for $1.00 plus postage 


I 
t 
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USING THE ZN414 RADIO IC 

By using the ZN414 radio IC (or any if the equivalents) you can create a POCKET RADIO to drive 
a headphone or speaker. 

But itis not easy to use the chip. The main problem is receiving the strong signals without 
producing distortion and then being able to pick up the weak stations. 

A fixed 100k feedback resistor does not provide adequate control and a TRF radio has limited 
capabilities. 

That's why radio manufacturers make SUPERHETRODYNE receivers. Even though they are 
more complex, the result is far superior. 

However a simple TRF set can be made with the Radio IC and a few stages of audio 
amplification. 


The following circuit uses just the Radio IC and a crystal earpiece or the home-made earpiece 
described above: 

You can use a home-made FRAME ANTENNA or a home-made FERRITE ROD ANTENNA and 
a home-made VARIABLE CAPACITOR 


The Simplest ZN414 Radio 


Connecting the ground (Ov rail) to the frame of your soldering iron or a water tap will increase the 
output volume. The circuit above shows a Crystal Earpiece. Using a Crystal Earpiece may 
require adding a 10n across the earpiece to improve the output volume. The substitute Piezo 
Earpiece is effectively a 20n capacitor and an additional capacitor is not needed. 


2 TRANSISTOR RADIO 

Here is a simple 2-Transistor radio. 

‘The secret to its performance is the 7 turn "pick-off" from the FRONT END (the TUNED 
CIRCUIT). 

The ratio of 7 tums to 60 tums means a small percentage of the voltage generated in the tuned 
circuit is passed to the transistor. Thus it puts a small load on the TUNED CIRCUIT. 

| don't want to go into any mathematics. The tums ratio is 60:7 = 8 but the effect of the 7 turns 
“pick-off” has an effect called the IMPEDANCE EFFECT and this is the SQUARE OF THE 
TURNS RATIO. Thus the IMPEDANCE EFFECT is 8 x 8 = 64. This means the “pick-off” (the 
LOADING EFFECT) is just a few percent. The front end can produce voltages as high as 500mV 
because a crystal set can produce a voltage high enough to pass through a diode (350mV) and 
have sufficient to drive a crystal earpiece. 

Even though the front end has a "step-down" ratio, the voltage out the 7 turns will be sufficient to 
drive the first transistor. 

The "transformer" does 2 things: It reduces the loading on the tuned circuit ENORMOUSLY and it 
produces an output with a higher current than is circuiting in the front end. Even though the 
transistor is turned ON and biased by the 33k, itis classified as a low-impedance load as far as 
the front end is concemed and the input signal has to be accompanied by a certain amount of, 
current, otherwise the transistor will not respond to the voltage. The 7-turn "pick-off" is able to 
provide this current. 

Both transistors are biased ON via the 33k base-bias resistors and thus the first transistor 
responds to the slightest milivolt signal. 

This circuit was tested and had the same performance as the Simplest ZN414 Radio Circuit 
above. It can be operated on 1.5v to 6v and the strongest stations tend to overload on 6v. A 
short antenna is needed. 
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SIMPLEST 2-TRANSISTOR RADIO 
using a crystal earpiece 


ADDING AN IMPEDANCE MATCHING STAGE 

You can add an IMPEDANCE MATCHING STAGE to the output of the circuit above so a low- 
impedance earpiece can be used. 

We call it an IMPEDANCE MATCHING STAGE because this is the correct technical term. It is an 
AMPLIFYING stage but it amplifies the CURRENT because the second transistor cannot drive an 
8 ohm LOAD. 8 ohms is a very low resistance and if it is connected directly to the second 
transistor, the output will be almost zero. 

The reason for this is covered in our discussion: The Transistor Amplifier. 

This stage will not increase the volume but simply match the 8 ohm load to the circuit above, 

Itis very difficult to connect a LOAD to this type of circuit because it will take more current from. 
the battery and cause the supply voltage to fluctuate. These fluctuations will be passed to the first 
stage and cause variations in the signal. This will be amplified by the first and second transistors 
in the form of a low-frequency buzzing called MOTOR-BOATING. 

The only way to reduce or remove this noise is to add an electrolytic across the power rails and 
reduce the supply voltage. The third transistor simply takes the waveform on the output of the 
second transistor and delivers it to the earphone with a higher current. Itis called an IMPEDANCE 
MATCHING STAGE as it effectively increases the 8 ohm load by a factor of about 100. 


oniott 
Vsevich 
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3-TRANSISTOR RADIO with buffer stage for 8 ohm earpiece 
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You can use 16 ohm, 32 ohm or 64 ohm in place of the 8R earpiece and these will give better 
performance as they will take less current and improve the stability of the circuit. 
Low-impedance earphones create "motor-boating” due to the peaks of current and this can be 
very hard to fix. 


A 2-TRANSISTOR RADIO with REGENERATION 

‘The next stage in our discussion to get better performance is a feature called REGENERATION. 
Regeneration sends a small output signal back to a previous stage in the form of POSITIVE 
FEEDBACK to INCREASE the original signal. The signal on the emitter of the first transistor is the 
same amplitude as the signal entering the base but the FRAME ANTENNA has a tums ratio of, 
5:15 and this increases the signal on the receiving section of the antenna by up to 3 times. But we 
want the returning signal to be just above the amplitude of the receiving signal and so a resistive 
adjustment (attenuator) is provided on the emitter to deliver just the right amplitude. 

This has the effect of increasing the amplitude on the TUNED CIRCUIT and is just like reducing 
the load on the circuit. 

‘As we have mentioned above, when the tuned circuit is lightly loaded, it will pick up a station at 
the exact frequency of transmission and if the dial is changed slightly, the station will disappear. 
This quality is called SELECTIVITY. 

At the same time, the Tuned Circuit will pick up weak stations and this is called SENSITIVITY. 
The quality of a receiver depends on the loading of the TUNED CIRCUIT. 


Here is the original circuit from Elektor Magazine with the prototype made on matrix board and 
fixed to a base-board with a frame antenna made from two sticks of wood. The photo shows a 
speaker but the output is so low that you really need headphones. 
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2 TRANSISTOR REGENERATIVE RADIO from Elektor Magazine 


The circuit is very complex and the output will be very low as the circuit cannot drive a low- 
impedance earphone via a 4k7 load resistor. The 4k7 resistor is actually driving the speaker (the 
transistor is simply discharging the 220u). The 4k7 only allows 32/4700 x 9 = 61mV to appear 
across the earphone - a very poor result. 

The skill of designing a transistor stage is covered in our comprehensive eBook: The Transistor 
Amplifier and you wont make a mistake like this !!! 

The circuit above can be simplified and we can add the REGENERATIVE feature to our Simplest 
2-Transistor Radio circuit: 


‘Our circuit uses a 15 turn circular FRAME ANTENNA 15cm diameter and a 5 turn 
REGENERATION coil. 


“sr 


La 


piezo earpiece 


2 TRANSISTOR RADIO with REGENERATION 


The regeneration coil is brought near the main coil and as it gets closer you can hear the audio 
get louder. If this does not happen, tur the coil around. 

Early radios used this technique and the operator had to adjust the coil by hand. No-one minded 
because radio was a fascination and the simplest radio cost more than a weeks wages. To listen 
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to a broadcast through headphones was an amazement and listeners would sit all night with 
headphones listening to music. 

This is very fiddly and by adding an extra buffer stage, we can use a Frame Antenna with a very 
clever "pick-off" that does not load the front end. This gives the circuit very good sensitivity and 
selectivity without regeneration. 


3 TRANSISTOR RADIO 


Here is our final design for the simplest seff-contained 3-Transistor Radio using our home-made 
Tuning Capacitor and 250mm x 350mm Frame Antenna. It picks up the local stations and drives a 
low-impedance earphone or set of earphones (from a mobile phone). 


Freme Aerie eoach 
250mm x 360mm 
A 
= 15v 


earphone 
or 64ohm, 


‘stops squealing 


3-TRANSISTOR RADIO 


The circuit performs very well and uses readily-available components. The 22n across the output 
is essential to stop squealing. 

The secret to sensitivity and selectivity is the tums-ratio on the Frame Antenna. The 3-turn "pick- 
off" puts very litle load on the front end and this allows the stations to be tuned with our home- 
made Tuning Capacitor. 

The circuit contains all the features we have discussed above and only needs a 1.5v supply. 
Build this circuit before you buy any expensive tuning capacitors, IC's or ferrite slab antennas as 
you will not get any better results. 

This is called a TRF circuit and because the stages operate at Radio Frequency or Audio 
Frequency. Due to the high amount of amplification, the circuit can start to squeal (feedback, 
motorboat) due to the layout. 

You may need to shorten or lengthen the leads or move the parts slightly - i's that critical. 
However the result is a portable radio that needs no earth and will pick up the strong stations. 
You can try connecting the Ov rail to the metal part of a soldering iron to increase the number of 
stations. 


LOADING 


‘The whole success of picking up a radio station is the RECEIVING CIRCUIT. The receiving circuit 
is the coil and the signal in the air (from the radio station) must go down the centre of the coil. 

It cannot pass over the top or the bottom of the coil. Only the signal that goes down the centre of 
the coil is received. 

As you can see, the centre of the coil is not very big and it is amazing that the signal can pass, 
down the centre. But it does, and that is the only signal that will be amplified. 

This signal is passed to the capacitor and we have explained how the signal is gradually 
increased and increased in amplitude until itis as large as 500m\. The signal from the radio 
station may be as small as a few millivolts, but as it keeps pushing the "swing" back and forth, the 
amplitude get larger and larger. 

If you put your finger on the "swing" you will prevent it get larger and larger and it only requires the 
slightest touch of your finger to prevent the swing gaining full amplitude. 

In electronic terms, your finger is called LOADING THE CIRCUIT and since we have to pass the 
signal to further stages of amplification, we need to "tap" or "load" or "pick-off" a signal. 

The aim is to load the circuit as least as possible because the actual energy entering the circuit is 
very small. 

In fact, this is all the energy we can remove as that is all the energy entering it. 

Because a very small amount of energy is entering the "front-end" we classify it having a very 
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high impedance. Itis very difficult to provide a value of impedance for this circuit because 
impedance has the term "2" and the circuit is operating a very high frequency so resistance 

values are not the same as impedance values. 

The actual resistance of the circuit is ONE OHM but the impedance is more like 10,000 ohms to 
100,000 ohms. 

We can explain its high impedance if we put a 100,000 ohm resistor across the circuit. The 
waveform will be reduced very slightly. If we put a 10,000 ohm resistor across the circuit, the 

signal will be reduced a reasonably large amount. If we put 1,000 ohms across the circuit it will 
stop working. 

This means a load of 100,000 ohms will have the least effect. 

Ina crystal set, the diode creates NO LOAD until a voltage of 350mV is reached. It then passes 
excess voltage to a crystal earpiece that has a very high impedance. That's why a crystal set will 
produce a good output. The LOADING is very small. 

When a transistor is connected to the TUNED CIRCUIT, it starts to put a load on the circuit after 
600m and this load is VERY HIGH. The "resistance" of the base-emitter junction is about 1k and 
the signal will find it very difficult to rise above 600mV because the incoming energy is not 
sufficient to increase the voltage. 

‘Adding a capacitor between the base and the front end allows the transistor to be self-biased and_| 
get a turn-on voltage of about 600mV from a base-bias resistor. 

‘The FRONT END is now separated from the transistor and ANY voltage it is produc 
passed to the transistor via the capacitor. 

Whereas, with the crystal set, the first 350mV could be produced without any loading, the circuit is 
now loaded AT ALL TIMES. 
This means we have to load the 
stations. 

The only way we can do this is to use a capacitor of the smallest practical value and this has to be | 
worked out by trying different values. If the value is too small, the transistor will nat detect a small 
signal. If the value is too large, the circuit will stop working, 

Values such as 1n, 10n and 100n are suitable. 

Values such as 1u, or 10u will be too large. 

The CRYSTAL SET loading and a transistor load are completely different. 

The transistor loads the front end ALL THE TIME and that's why you need to use a transformer or 
other ways to reduce the loading. Sometimes a Field Effect Transistor is used as it puts almost no 
load on the front end. 
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12 THINGS TO KNOW BEFORE BUYING” * 
A THERMAL CAMERA 


Quickturn PCB & Assembly 


Your one-stop source for all types of PCBs and Full Turnkey PCB Assembly. 
ishpcb.com 


Quickturn PCB & Assembly 


Your one-stop source for all types of PCBs and Full Turnkey PCB Assembly. 
ishpcb.com 
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=: Unlimited HDTV is Here 
TWVeancit 
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Recreating an Alfred P. Morgan crystal set 


inalog Dial 
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365 MMFD. 
TUNING 
CAPACITOR 


100 MMFD. 002 
CAPACITOR Sole 


TUNING 
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Page from "The Boys" Third Book oF Radio and Electronics" by Alfred P. Morgan. 


Back Story: 


In the Summer of 1966 I was 10 1/2 years old and one of my favorite TV shows was "Get Smart’. It was a show about a bumbling secret 


agent named Maxwell Smart who had all sorts of gadgets at his disposal, My friend Billy Meyers and I decided we wanted to be secret 


agents, like Max. One of the "secret agent” things we'd do was to pick out a quy with a briefcase walking home from work and declare him a 


Soviet Spy. Then we would "tail" him for a few blocks, making up stories about him. 


Billy and I had no way to communicate with each other after we had to come in for the night. He lived half a block away. Kids didn't use 
the phone back then. There was only one phone in the house and I don't remember using It before I was about 14 years old. Maxwell Smart 


had a phone in the sole of his shoe. We needed something like that! 


Maxwell Smart (Don Adams) Agent 86, 
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Remco "Monkey Division” Wrist Radios. 


One thing 1 DID have was a set of Monkey Division Wrist Radios. These were powered by a single C battery in the "Master" unit, which 
also had a button on it that would buzz the other receiver to get the users attention (apparently, the other user was unworthy of a button). 
‘A metallic speaker doubled as a microphone. The sound was very tinny, but you could make it out. Unfortunately, they were wired to each 
other. There was nothing "radio" about them. 


I remember taking them outside with my brother Rob, and I could see and hear him talking at the same time his voice was coming over 
the wrist radio. They were pretty much useless, unless you like running around with a wire connecting you to your brother, 


BUT... with some extra wire strung across the driveway, down the backs of the houses and into Billy's bedroom, Billy and I would be able 
to talk to each other! I immediately presented this great idea to my mom with a request the she fund the cost of the wire, and she 
immediately refused and told me the electric company would just come out and take the wire down. 


Location of my house and Billy's house (actually his grandparent's house) The wire would have to be strung across the driveway. 
This is part of the West Oak Lane section of Philadelphia. 


There was only one thing left to do. Build a radio. I went down the basement and connected a battery to a speaker and used a coat 
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hanger as an antenna. This was similar to the wrist radio, but the coat hanger antenna replaced the wire. It didn’t work! All it did was make 
clicking sounds in the speaker. I had to wait for my dad to come home from work and ask him why. 


When my dad came home I showed him the setup and he sald, "You don't have a detector." I asked him what a detector was and he 
told me to go the library and get a book on radio. The next day I had a copy of "The Boys' Second Book of Radio and Electronics" by 
Alfred P, Morgan. Chapter 2, page 15 was titled "Building Your First Radio Receiver’. I wouldn't be able to talk to Billy with it, but that was 
(OK. My mom wouldn't buy me a secret agent coat, we didn't have any gadgets, and our secret agent days were coming to an end. 


Now there was another problem. None of the parts needed to bulld anything in the book could be found around my dad's workbench. 
There was a store on Ogontz Avenue named REE Electronics, so I headed up there with a list of parts. The store sold stereo equipment and 
fortunately for me, also repaired stereo equipment. I asked the man in the store if he sold diodes or "capacitaters" and he sent me into the 
bback of the place. There were two guys back there and bins of parts along the wall. 


REE Electronics was located at 7709 - 7711 Ogontz Avenue in Philadelphia. The entire block has been razed and rebuilt, and is no longer 
recognizable. The picture above is the 7900 block of Ogontz Avenue. The store on the left i the only one that retain its original 
appearance, with the glass store window and the apartment overhead. This is how REE Electronics looked in 1966, 


‘The two guys were pretty cool. I announced that I would ike a "three hundred and sixty flve micro micro farad variable capacitat 
‘They asked me a couple of questions and told me to come back with the book. They had all the parts I needed except the coll. No problem, 
‘would just build the set with no coll. I came home with Fahnestock clips, a 1N34 Germanium diode, a variable capacitor and a crystal 
earplug. 
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A Sylvania 1N34A Germanium diode (top) from 1949 and its modern counterpart. The new diodes are literally a dime a dozen, less 
than one cent each. The 1949 Sylvania diode cost me $9.00 in 2015. It is a duplicate of the one I bought at REE Electronics in 1966, 


The diode was 65 cents in 1966. I can't use the $9.00 diode because T don't want to bend the leads, so I sort of just look at it. 


Of course the radio didn't work without a coil. It did pick up the slightest whisper of KYW AM 1060 mingled with WIBG AM 990. There 
seemed to be some buzzing associated with it, as what I could hear sounded distorted. I HEARD something, that was the realy, really neat 
part. It made such an impression on me that I remember the date. July 26, 1966. 


The "problem" with the Alfred P. Morgan books was that they were not written for anybody as dumb as I was. Morgan didn't write, "If 
you can't find the coil you can make one.” He just said to go buy a coil. Not only that, but there were no photographs in the book, though 
there were excellent drawings on almost every page. Since I had never seen some of the parts in real life, I didn't know exactly what the 
coll looked like, and I didn’t understand what it did. That's because I didn't read the book! I was stuck on page 15. 


This is the picture of the coil from the book. I didn't know what I was looking at. 


| returned the book to the library and came home with "The Boys' Third Book of Radio and Electronics." I found a simple radio on 
ppage 104 and soon headed back to REE Electronics. This time, they DID have the coil! I can't remember how much time passed after the 
first non-functioning radio was built. Probably a month or so, 


asked my dad to cut me a wooden base for the radio. I started bullding the radio and, if I remember correctly, it took me a long time. I 
didn't have a drill, so any holes in the base were made with the point of a compass. There were three connections that needed soldering. 1 
‘got some solder from the basement, and the tweezers and alcohol lamp from my chemistry set. The tweezers were heated in the flame of 
the lamp tll the tips began to glow, then I would quickly solder the joint. 


(One day a friend from school named Leo Pound stopped by on his bicycle. This was a bit unusual because Leo lived miles away. I don't 
leven know how he knew where I lived. He recently told me (via Facebook) that he remembers helping me build the radio. Odd that it was 
the one and only time he came by. Apparently, we got the radio working that very day. 
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Here is the base of the radio made In 1966, 


1 found all the original parts except for the tuning capacitor. However, it looked like this one. It's just sitting on the base in this photo, but 
the radio pretty much looked exactly like this. My dad gave me the big tuning knob. The smaller knob came from a lamp in my bedroom. 
didn't tell my mom you could no longer turn on the lamp, but eventually I found a lamp in somebody's trash and took the knob off to replace 
the one on my lamp. 
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Original coil, diode and main tuning knob from the 1966 radio. The wires on the coll were soldered with a pair of red hot tweezers. 


My dad gave me the large knob for the tuning capacitor. He had a second job on the weekends at "John Cusimina’s Moving and Storage." 
T've always wondered if he pulled that knob off of somebody's radio while they were moving. I hope not. He probably did, 
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CRYSTAL SETS 5: EXPERIMENTAL CRYSTAL SETS 


Picture 1 - The Complete Experimental Crystal Set 


THE POPULARITY of the crystal radio arises from its simplicity, and the fact that it needs no power supply. The 
circuit here allows for easy experiments with tuning, aerial and diode coupling, and frequency coverage. Wrong 
connections can cause no damage to any components. 


A Crystal Set is more often than not used for the reception of medium and long wave radio, but short wave 
reception is also quite feasible. It will normally be possible to receive some of the stronger international radio 
stations. 


This is adapted from an article that appeared in the 1970's in Everyday Electronics, and gave me almost endless 
hours of funt 


BASIC CIRCUIT 
The basic circuit is shown in Picture 2 below. The coil L1 can be air cored, or have a ferrite rod placed in its 
winding. The variable capacitor C1, in conjunction with aerial-earth capacitance, tunes the circuit to resonate with 
the wanted radio station frequency. The diode D1 “detects” or demodulates the radio signal so that the programme 
is heard in the earpiece 


This basic circuit can be modified in various ways to obtain better performance. 
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EARPHONE 


As most constructors will be using a Crystal Earpice to listen to the crystal set it is essential that a 47k Ohm resistor 
is connected across the earphone terminals (TB1/1 and TB1/2 in the diagram), i.e. in parallel with the earphone, 
otherwise results will be very quiet. 


A High Impedance headset of 20k Ohms (20,000 Ohms) may give even better results, but these are very difficult to 
obtain , so unless you happen to already own such a headset the Crystal Earphone with 47k resistor will be the only 
option. An ordinary magnetic earpiece or Walkman headphones will not work with a crystal set. 


ASSEMBLY 


Construction is of a ‘breadboard’ type using a wooden board of about 165 x 130 mm. A 12-way block connector, 
TBI, is used to connected together the components and this is screwed onto the wooden board. The use of a 
block connector provides an easy method of connecting the components together and then subsequently 
rearranging them as the experiments progress. 


‘Tuning capacitor C1 is screwed to a bracket made of some scrap metal which is then also screwed firmly down to 
the baseboard, see Picture 1 above. Thin plywood screwed to the front edge of the baseboard would also provide 
a suitable method of fixing the tuning capacitor to the base. A knob with pointer is fitted to C1, and a scale is drawn 
and fitted behind this. 


Except for C1, all connections are made by the terminals of the 12-way terminal block as shown in Picture 4. 
Loosen the screws with a small screwdriver, insert the bared ends of the wires, and tighten the screws. The various 
locations on the terminal block, TB1, are also shown in the circuit diagram, Picture 2. 


AERIAL AND EARTH 


Crystal receivers need a long wire aerial preferably strung outside and about 25m long, or as long as is possible to 
install. If this is outside it should be high and clear of earthed objects as this will improve performance. 


An earth is absolutely essential for a crystal set to work properly. The earth lead can be run to an earth rod or spike 
that is buried to a depth of about 1 meter into damp soil. Or it may be soldered to a bare metal can which is buried 
in damp soil. 


It is feasible, though not recommended, that the earth lead can be connected to the earthing terminal of a hi-fi 
system or even to the bare metal case of a personal computer that is plugged into an earthed mains outlet, but is 
switched OFF. 


Stranded, insulated wire, or purpose made aerial wire can be used for the aerial and earth leads. 


Picture 2 - The Basic Circuit Picture 3 - Photo Of The General Layout 
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INDUCTORS (The Tuning Coils) 


The following four coils are suggested for initial use as L1 : 


Coll 1: Make a thin card tube to slide on a 10mm diameter ferrite rod, and on this tube wind about 105 turns of 32 
s.wg. enamelled copper wire, side by side. Secure ends with sticky tape. 


Coll 2: Make a similar coil to to coil 1 having about 15 tums of 24 s.w.g. enamelled wire on the card tube. Loops of 
cotton will help hold the ends in place, 


Coil 3: Wind 9 turns of 20 s.w.g. bare tinned copper wire on an object about 20mm in diameter. Remove and stretch 
to separate the tums, to obtain a coil about 25mm long, 


Coil 4: Make a similar coil to coil 3, but with 5 turns. 
‘The Ferrite Rod 


It will be necessary to have a ferrite rod of about 60mm to 75mm long available. Coils 1 and 2 will provide 
reception of medium wave and the longer short wave bands. Coil 3 should cover about 3 - 10MHz shortwave with 
the ferrite placed in it, or about 6 - 18MHz with the ferrite rod removed. Coil 4 should cover about 6 -13MHz with 
the rod in, and about 9 - 20MHz without the' rod. 


It will be noted that as the ferrite rod is inserted, any particular signal has to be re-tuned by opening Cl. This arises 
because the ferrite increases the inductance of the winding, so less parallel capacitance is needed for the same 
resonant frequency. 


EFFICIENCY CHECKS 


Tune in a m.w. transmission using coil 1 which gives good headphone volume. Place a microammeter or multi 
range meter on a sensitive range in series with the headphones. A reading of 50-100uA or more may be obtained, 
depending on aerial, earth, earphone resistance and resistor value, coil and detector efficiency and strength of 
signals at your locality. 


Placing the ferrite rod in the coil and re-tuning should boost the meter reading to some extent. Surplus or other 
detector diodes can be tried by substituting them in tur and noting the meter reading. Improvements to the aerial 
(or earth) will also show up as a rise in meter reading. 


If experimenting with a crystal earpiece, which gives no direct current circuit, the meter may be clipped across the 
phone leads, i.e. D1 cathode to earth. 
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Picture 4 - Baseboard Layout Of The Crystal Set 
AERIAL COUPLING 


The aerial loads the tuned circuit heavily when connected directly to the top of the tuned circuit, as in Picture 2. 
This damps the tuning action and it can be found that stations spread out all over the dial, which is unsatisfactory. 


The series capacitor, C2 connected in Picture 5(a) reduces the loading and thus improves the sharpness of the 
tuning. A variable or pre-set capacitor of about 250pF maximum is most suitable. for this role, though it is possible 
to experiment with a variety of fixed value capacitors in this range also. 


Connecting the aerial to a tapping on the coil, as in Picture 5 (b) also sharpens tuning. It may also increase 
volume. Try about 2 tums from earth for coil 4, or 4 tums from earth for coil 3. 


Another method is to have a coupling primary, as in Picture 5 (c). This consists of a second coil, with about one 
third the tums of the original wound on top of the existing coil. 


You can even combine these methods to find what arrangement best suits the aerial in use. 
The diode can be disconnected from the end of L1 and taken to a spare position on TB1 for example location 
TB1/9. You can then run a flying-lead fitted with a crocodile clip from this position, connecting it to various tappings 
on the coil as required as in Picture 5 (d). This method also reduces loading on the tuned circuit. 


Calls with spaced tums of bare wire are readily tapped. For other coils, small loops can be made every ten turns or 
0, and crocodile clips can be attached to these when selecting tapping points. 
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Picture 5 - Alternative Methods Of Aerial Coupling 
‘tp:sivww.mds975.co.uk/Contentlerystalsets Shirl ara 


182018 


SHORT WAVES 
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For shortwave reception, a good efficient outdoor aerial is certainly recommended. Evening listening in the region 
around 5 - 9MHz in often proves to be the most fruitful. 


Since there is no amplification, as with a valve or transistor receiver, certain frequencies will seem to be completely 
dead at particular times of day. So if the crystal receiver works satisfactorily on medium wave and longwave, but no 
shortwave signals are heard, check again in the evening, or after dark, when conditions are different. 


PARTS REQUIRED 


Ct 


B65pF or 500pF Air Spaced Tuning 
(Capacitor 


Dr 


(0A47, IN34, OA81, OA90, OA9T, IN94 or 
‘similar point contact small signal 
Germanium Diode 

|* The OA47 will be of particular interest since it has the 
jowest forward bias voltage of any of these diodes which 
bwill make the crystal set somewhat more sensitive and 
therefore louder. The US equivalent of he Briish OA47 
s the N34. 


High Impedance Headphones (20,000 
(Ohms) 
lor Crystal Earphone 


'12-Way Plastic Screw Block Terminal 


la7 k Ohm Resistor for Crystal Earphon 
Enamelled Copper Wire: 32 and 24 s, 
Lt: 20 s.wg. tinned wire for L1: Ferrite Rod 
410mm diameter x 75 mm long: 25m of wire 
ifor aerial: Wire and rod or spike etc for 
learth: Wood for base e.g. 10mm x165mm x 
130mm: Scrap of metal of thin plywood for 
(C1 bracket/front panel: Knob: Crocodile 
clip(s) 


Adapted from an article in Everyday Electronics magazine, November 1981, By F.G. Rayer. 


HERE ARE A COUPLE OF VERY INTERESTING CRYSTAL SET DESIGNS 
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Crystal radio 


400 


LAC Baa ‘Mace by Rat 
a 
i 
i 
Bike| || ee 
i | 
i | earphone 
4kOhm 
o 
Dan OOP INNA? 


41. Using old coils from old bulb radio for MW and LW band. Though it would be straightforward to wind the coils - 
one for Long Wave, one for Medium Wave and a coupling coil. Variable capacitor is 2 x 500pF only one half is 
used: 500pF. For the crystal earphone a resistor of about 82k ohm in parallel is required. This set also uses two 
Ge diodes as a multiplier in the quest for for higher audio signal output. 


Grystal radio with simple amplifier 


ici 


Made by Rat 


a 
earphone 
45CR- 4KOhm 
rr 
W80UH sco ac ANNA 4028170 
Ge diode Getransister 


2. If signals are not strong signal in your location, then the above circuit design can be considered. A simple 
transistor amplifier is used. A variable resistor M22 is used for better sensitivity which can be adjusted for poor 
signals. This crystal radio is aversion from cca 1960 - 1970 y. 
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al amplification - very neat! 


‘Minilabs' Crystal Radio 


BELOW: lan Tomlinson kindly sent in a photograph of the box that contained the kit for his John Adams Toys 
‘Minilabs' Crystal Radio. 


Itis a very simple circuit consisting of the coil (inductor) with a sliding contact that provides variable tapping points, 
a diode and crystal earphone. All that is added is the aerial and earth. There is no variable tuning capacitor for 
simplicity and to keep costs down. 


The coil provides the inductance required for tuning into a certain frequency (wavelength). These days a variable 
“tuning” capacitor is normally wired in parallel across the inductance (coil) in order to vary the resonance of the 
tuned circuit and therefore enable to easily tune into various transmitters on different frequencies. This crystal is 
tuned varying the number of turns on the coil (ie varying the inductance) by tapping off at different points using the 
sliding contact ("ball"). 


The crystal earpiece, or high Z headphone, is connected between the output of the detector diode (the other end 
from the coil) and earth. The volume from a crystal earpiece may be considerably improved by connecting a 
resistor of - somewhere between - 4.7 k and 47k ohms in parallel with the earpiece. A crystal earpiece cannot 
directly allow current to flow through it and the parallel resistor therefore allows current to better flow through the 
circuit. 
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‘Minilabs' crystal set by John Adams Toys 


A discussion on configurations for Crystal Sets by Felix Scerri VK4FUQ 


This discussion, by Felix Scerri VK4FUQ, was posted at this address which no longer appears on the web 
www tare.org.au/techinfo2,htm (error 404) so here it is reproduced: 


Crystal Set design is one of my passions closely allied with my obsession for audio and high fidelity. 


My main interest in crystal sets, apart from the wonder of a radio receiver that does not require a power source, is 
the potential excellence of the recovered audio quality from normal AM broadcast stations. 


Personally, itis one of my great laments that most people have never heard how good wideband AM can sound. A 
high performance crystal set or similar TRF approach is, in my opinion,the only way to do it. There are a few people 
around who have heard the audible results of my efforts,and can only agree. 


Ihave often wondered,given the ultimate simplicity of the crystal set, being essentially a tuned circuit,a diode 
detector and some form of output device, what it takes to achieve optimum performance. What follows are my 
thoughts on the matter. 


Crystal Set optimisation, is in my opinion, all about reduction of circuit losses, Essentially this means high "Q" tuned 
circuits and high quality detectors. Efficient output devices also help too. But as we will see, there are some trade- 
offs required as well. A high "Q” tuned circuit is always benefical, as a high "Q" tuned circuit has lowest RF 

losses, highest potential selectivity,and highest voltage at resonance, which is very useful for the diode being fed 
from the tuned circuit. Variable capacitors, even the "modern" miniature variable capacitors (although the older air 
dielectric units, as used in old valve receivers are more desirable) for various reasons,are generally quite efficient, 
and a higher "Q" coil will produce the most worthwhile improvements. The best (highest "Q") coils are wound with 
“Litz" wire, which is a multistranded woven wire with all strands insulated from each other. The performance of Litz 
wire wound coils is spectacular, unfortunately, although | know Litz wire is still being made, from personal 
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‘experience, it is VERY rare in Australia. 


Efficient coil design can be quite complex and all my coils are wound on ferrite rods. There seems to be,at least for 
ordinary single wire windings (close wound), an optimum wire thickness for optimum coil "Q". | have determined 
.315 mm winding wire to be about optimum for simple (single wire) coils on ferrite rods. Thicker wire is NOT better, 
believe it or not. 


Lacking Litz wire, an interesting winding approach | have developed is to use two slightly thinner wires wound as a 
bifilar winding connected together at the beginning and end of the coil, yields considerably higher "Q" compared to 
a simple single wire winding. | have found 0.25 mm winding wire optimum in this application. 


Whilst high "Q" coils are beneficial from the RF point of view, there is a possible downside. If one is interested in 
maximum selectivity and sensitivity, there is no problem, but remember highest "Q” results in a narrowed audio 
band-width as a simple consequence of band-width. For high fidelity applications this could be a disadvantage 
under some circumstances, although there are clever ways around this. 


Regardless of ultimate coil "Q", selectivity is a major issue with crystal sets generally. Here another trade-off is 
evident. For the maximum voltage into the diode, connecting the diode to the high impedance end of the coil (i.e. 
the top) yields the greatest voltage but the selectivity is usually terrible, because of severe “loading” by the diode 
circuit. For this reason, tapping well own the coil improves selectivity at the expense of signal volume (reduced 
voltage). Once again there are ways around this. As described in my “Double Tuned Crystal Set Tuner" article in 
“Amateur Radio" magazine, March 2002, the use of two separately tuned coupled resonant circuits allows top 
connection into the diode without compromising overall selectivity, thanks to the use of a second tuned circuit which 
is fed from the external antenna. The whole network forms a double tuned input bandpass filter and in practice this 
approach works very well. For single coil crystal sets | recommend the use of an un-tuned “antenna” winding 
adjacent to the "hot" end of the main coil, preferably adjustable (old paper reels from sewing cotton threads are 
ideal). This allows the degree of coupling to be optimised under actual listening conditions. The double tuned set up 
is best, yielding superb selectivity, but the un-tuned antenna coil arrangement also works quite well, especially if the 
diode is tapped well down the main coil. Tapping halfway works well. 


The other method of performance improvement involves the use of the most effective detector system possible. 
Here things get very interesting. In fact the temptation is to use more complex circuitry, but that gets away from the 
charming simplicity of the crystal set. As an example, my own crystal set tuner has at times mutated into a TRF 
tuner complete with FET RF preamplifiers, active(powered) detectors and other enhancements. These 
modifications do work well, but loses the simplicity of a basic crystal set. In actuality, a simple diode detector can 
work extremely well, subject to some qualification. Diodes like to work with a reasonable level of RF input voltage. 
Audio distortion can result under conditions of low signal level, due to diode transfer curve non linearity and other 
factors, such as the widespread use of broadcast station “processing”. The actual type of diode makes a difference. 
The 1N34A germanium diode is very popular for crystal set use, although in my experience just about ANY 
germanium diode will work, although it is worth trying different specimens. Some are definitely better than others, 
Even from a pack of twenty 1N34A's from the same source, some were definitely better than others. Measuring the 
average value of rectified output voltage across the diode load resistor will show which diodes are best. By the way, 
Iregard a diode load resistor as being mandatory. | find a value of about 47K about right, especially if a crystal 
earpiece is being used or the crystal set is being used as a tuner feeding an audio pre-amplifier and following 
amplifier. If using high impedance magnetic type headphones, the headphones provide the diode DC load. 


Another type of diode that is very interesting, is the hot carrier diode. There seem to be a lot of different hot carrier 
diodes around these days. There are even hot carrier diodes now being sold as "germanium diode equivalents". | 
have tried them and they do work acceptably well, but they are not quite as good as genuine germanium diodes 
such as the 1N34A. Typical UHF mixer hot carrier diodes, such as the 1N5711 will not work well in crystal set 
service simply because their “turn on voltage"is too high, similar to silicon diodes such as the 1N4148/914 series, 
which require a lot of RF input to function adequately as RF detectors, however a simple technique can be used to 
turn hot carrier diodes such as the 1N5711 into superlative detectors. 


| guess we are cheating a litle, because the technique is to use a little voltage bias supplied via a 1.5 battery, 
through a simple potentiometer voltage divider arrangement, with capacitor (for DC isolation) fed into the diode from 
the tuned circuit. With applied adjustable bias, | find the 1N5711 diodes absolutely superlative detectors under ANY 
signal strength conditions. | find the detection quality also superlative, with a clarity and low noise profile unmatched 
by any other diode arrangement. In my opinion, hot carrier diodes, running bias,are the best detectors overall. 


Regarding other detector arrangements, the diode "voltage doubler" is often recommended, however my own 
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experiments with the doubler arrangement have been inconclusive and slightly disappointing overall. | have found 
no real advantage in their use over a simple (one) diode detector, believe it or not. 


Yes, they do work, but they're nothing special, at least in my opinion. 
Any comments on this general subject of crystal set optimisation would be welcome. 


73's Felix Scerri VK4FUQ. 
22nd July 2002 
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Above: CRYSTAL SET BASED CIRCUIT PROVIDING A HIGH QUALITY PROGRAMME SOURCE 


IMPROVED VERSION OF THE ABOVE CONCEPT !! New update from Felix Scerri February 2010: 
New ‘two FET infinite impedance AM detector’ 


I've developed a new version of my old favourite FET ‘infinite impedance’ AM detector that | think sounds very nice. 
linclude a short audio of one of our local AM stations. | picked this station as it is my reference ‘torture test AM 
station’ as they run very heavy ‘processing’ which normally sounds yuck with all my ather (diode and non diode) 
detectors! However it's quite clean with this detector. What do you reckon? ll do up a circuit if you'd like to feature 
itin your TRF radio section. A general draft article follows. 


‘A favourite non diode based AM detector that I've built and used many times over the years is the FET based 
infinite impedance detector, offering very good general AM detector performance, especially under weak RF signal 
conditions where diode based detectors do not perform well, especially in terms of audio distortion. 


However one of the slightly strange things I've noticed about the simple FET based infinite impedance detector is 
the variable audio quality noted, even when using the same type of FET. Some I've built have sounded good and 
others slightly fuzzy when used with an audio preamp and fed into a high quality audio system. I've been giving this 
a considerable bit of thought of late and I've wondered if the audio distortion might be a result not necessarily of the 
detection process itself, but the FET stage in its guise as a ‘source follower’ audio stage which essentially itis. 


Ihave long been aware that as a simple audio buffer stage, the FET based ‘source follower’ can exhibit a 
considerable amount of audio distortion, and a technique I've long used to greatly reduce this audio distortion is to 
use a second FET in the source lead of the first FET as a ‘constant current source’ which serves to ‘linearise’ and 
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greatly reduce audio distortion in the buffer stage overall. So, to test the theory | built a simple one FET infinite 
impedance AM detector which worked well, but with just a hint of audio ‘fuzziness’ on received AM stations. So | 
added a second FET in the source lead of the first FET wired as a constant current source, taking the output from 
the source of the first RF detector FET and the source resistor and RF bypass capacitor off the source lead of the 
second FET ‘constant current source’. The result, totally clean audio! The theory seems proved! | call this 
modified detector the "Two FET infinite impedance detector 


))) Here's what is sounds like - click to play the audio file ((( 


Here is the circuit diagram: 
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This detector has been a real eye opener for me in terms ny 


of its excellent performance, especially considering its — 
circuit simplicity. Indeed in the past | have designed other =~ 
more complex FET based infinite impedance circuits that 
do not quite work as well in practical terms as this latest 

circuit, at least according to my well calibrated ears! 


| do not have access to any precise test equipment but my 
well calibrated ears tell me this ‘two FET infinite 
impedance detector’ is a beauty, surpassing practically 
every other AM detector I've built even at low RF input, 
and that's rather a impressive claim and the audio quality 
when used as an AM tuner feeding a high quality audio 


system is quite remarkable, Possibly the best thing about 
this detector is its excellent performance under weak 
signal conditions. Diode based detectors also work 
beautifully, but the use of an RF stage to ensure detection 
over a linear portion of the diode's curve is mandatory! 
This compound infinite impedance detector works 
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beautifully on the sniff of a useable RF signal. 


Just add a high Q tuned circuit and that's it! 


Felix Scerri 
VK4FUQ 


A better FET for the ‘basic’ Infinite Impedance Detector: 


Quite recently by accident, I've realised the MPF 102 FET that I've long used in my FET based infinite impedance 
detectors is possibly not the best FET to use. This was the reason why | developed the ‘two FET’ infinite 
impedance detector some time ago which works very well. 


However I've found the choice of a more suitable FET works beautifully in the basic FET based infinite impedance 
detector circuit, which has appeared for many years in many editions of the ARRL Handbook. 


use the 2N5457 and others of the same ‘family’ may be equally suitable, but | haven't tried them! However with a 
2N5457 in place of an MPF 102, the basic infinite impedance detector has became my AM detector of choice. It 
works beautifully even at low signal input with lovely and clean low distortion audio along with a very high input 
impedance for good tuning selectivity. It's a beauty! The basic generic circuit is attached, courtesy of Rod Elliott's 
ESP website. 


73 Felix VK4FUQ 
10/02/2012. 


a Detector 
gn aNes88 


The basic generic circuit is attached, courtesy of Rod Elliott's ESP website 
Felix Scerri VK4FUQ. 


As often happens with me, my renewed interest in FET based ‘infinite impedance detectors' of late has led to some 
interesting new research and | may have considerably improved the ‘two FET infinite impedance detector’ as a 
result. 


My research suggests that although the use of a CCS (constant current source) reduces audio distortion in an 
audio stage, the value of the ‘source resistor’ in the CCS stage is somewhat critical for best results. 


By using a potentiometer in lieu of a fixed resistor | have found that a resistance value of around 470 kohms 
cleaned up alll overall audio distortion. | used an MPF102 as the CCS in this circuit. An interesting and worthwhile 
little circuit refinement. 


73 Felix VK4FUQ 
21/02/2012. 

A Minimum Component Count High Quality AM Detector 

Iwas generally messing around with various circuit ideas and | came up with this AM detector circuit, a simple 
diode detector along with a FET stage. It was an attempt to provide good performance along with minimum number 


of components. Actually I've been pleasantly surprised at the excellent level of general performance and the best 
of all, it sounds great! 
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The circuit is quite conventional being a BAT 46 diode detector feeding an MPF102 FET buffer! common source 
amplifier stage. | would ordinarily use a FET source buffer stage in this application, but opted to use a simple low 
gain FET ‘common source’ amplifier stage instead, with excellent results. | also used a BAT 46 Schottky diode 
instead of an ordinary germanium signal diode. 


This was done for several reasons. Firstly, germanium diodes are now very hard to find but in any case these 
‘germanium diode equivalent’ Schottky diodes are actually a superior diode, having very low noise, almost zero 
back leakage and an essentially complete absence of carrier storage effects and very good weak signal sensitivity. 
I call these diodes high fidelity diodes as they sound wonderful as RF detectors. 


Circuit Diagram of the Minimum Component Count AM Detector by Felix Scerri 


Minimum Component Count AM Detector by Felix Scerri 
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‘A Closer View 


The high impedance of the FET's gate circuit is perfect for optimal buffering of the diode detector, something very 
important for good low distortion diode detector performance. Apart from providing slight voltage gain, the use of 
the common source FET amplifier is a new idea, as this prevents the possibility of incidental RF rectification 
occurring in a FET source follower stage, which can happen. A 4 uf plastic film capacitor may be added in series 
with the audio ‘hot! output lead to block the DC offset out of the FET drain, if required. 


Despite no additional RF stage ahead of the diode, audio quality on even relatively weak RF strength stations is 
actually very good, and of course the audio quality will be even better with increasing RF signal strength, something 
which will aiso increase the audio output level. Just on this, for a long time | was somewhat negative regarding 
diode detectors, as one AM station locally (the strongest one) was always distorted when using a diode detector. 


| strongly suspected a transmitter fault, but my complaints were ignored, until one day some time ago when all 
audio distortion suddenly disappeared! Nothing was ever ‘said’, but | realised that my suspicions of a long standing 
transmitter fault were correct, after all! 


73 Felix 
VK4FUQ 
02 March 2012 


Voltage Doubler Detector 


This is an AM detector circuit that I've long known about and which worked ok, but never seemed to work as well as 
it should have. However | spent some time late last night trying to optimise the circuit, with some success. 


Itis a curious circuit being essentially a ‘voltage doubler’ originally developed for power supply applications, and its 
use as an AM detector is hard to analyse! It seems that the component values in the circuit are somewhat critical 
for good performance and if not, the performance is rather ‘ordinary’. The circuit that | eventually came up with 
uses a 150 picofarad ‘input capacitor’ with a 150 kohm ‘load’ resistor and loaded into a FET common source voltage 
amplifier stage (as previously described) through a coupling capacitor with a 1 Mohm input resistance. 
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With these circuit values, it all works ‘quite well’. Give it a go! It's an interesting AM detector with quite good 
‘sensitivity’ and clean audio quality, and it seems to work well at low signal levels. 


73 Felix 
vkafug. 


46th April 2012. 


Simple AM detectors: What works best? A practical experimenters viewpoint. 


Ihave written a lot about simple AM detectors for use as tuners for feeding into an audio amplifier, and it has been 
a long time interest. These days | use either diode based or ‘infinite impedance’ types of AM detectors. In this 
location our ‘local’ AM stations are quite distant and are therefore quite weak in terms of signal strength. 


As such | find infinite impedance detectors based on field effect transistors give consistently better results for tuner 
applications due to their lower apparent overall detector distortion. Diode based detectors are quite ‘fussy’ as they 
require both optimal output buffering (AC/DC ratio) and an ‘adequate’ (beyond the diode knee) level of RF signal 
injection. http://www.tonnesoftware.com/appnotes/demodulator/diodedemod.htm! 


Diode based detectors will happily ‘detect’ at very low signal levels, however the (inevitable) audio distortion that 
results, can be extremely irritating to the ear! Under these conditions | find infinite impedance detectors (even 
without additional RF preamplification and subject to individual FET characteristics), generally sound ‘cleaner’ and 
more pleasant to the ear. 


FET's of course require a power source for operation whereas diodes are passive (un-powered) detectors (most of 
the time), however this is of no real advantage in a tuner application as an ‘active’ audio amplifier stage will 
generally be required anyway for audio level boosting, buffering etc. 


In the end it will come down to a consideration of prevailing RF signal levels and other related circuit considerations 
at one's location. If local RF levels are strong, a well designed diode detector will give excellent results. If not, an 
‘infinite impedance’ type of detector is most likely the better option unless one goes towards the option of additional 
RF preamplification prior to the diode detector. 


73 Felix 
vk4fug. 
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47th April 2012. 


ANOTHER DETECTOR by Felix Scerri! 


I've tried diode based ‘voltage doubler’ (or more correctly ‘diode integrator’) AM detectors before with indifferent 
results, however the other day, just trying a few ideas | came up with this version that works rather well, with low 
audio distortion, high audio output and really ‘nice’ audio quality and the best of all, it seems to work very at very 
low RF input level. 


The two diode ‘voltage doubler’ detector using two BAT 46 silicon schottky diodes feed directly into a MPF102 
source follower stage set at 1 Megohm input resistance. The ‘input’ capacitor feeding the diodes from a tuned 
circuit is 68 picofarads. 

Ihave the simple RF filter right on the output of the FET stage. In that respect this circuit is vaguely similar to the 


old ‘Selstead-Smith’ valve AM detector of the past. An interesting one! | am very happy with its general 
performance. Regards, Felix vk4fuq 11/04/2013 
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Felix Scerri VK4FUQ 


UPDATE - JUNE 2013 
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G'day all, readers may recall the two FET infinite impedance detector | developed some time ago. That circuit 
worked well, but some samples of the MPF102 regretfully produced distorted output. However a recent discovery 
has resulted in an improved version that has truly exemplary performance, 


‘The MPF102 isin all honesty a device essentially designed for VHF applications, but is often used in simple audio 
applications albeit with occasionally indifferent results, due to general device parameter ‘spread’. More or less by 
‘empirical trial and error | have found that a simple change in source resistor value to 100 k (from a much lower 
value), pretty well fixes everything, 


Ina FET source follower circuit this is interesting as the output impedance is actually a lot lower than 100 k due to 
the action of the FET's transconductance. It is similar to the action of a bipolar transistor emitter follower circuit. In 
fact a simple infinite impedance detector with a 100 k source resistor actually works very well and will be good 
‘enough for many applications, however the addition of a second FET as a constant current source does markedly 
reduce overall audio distortion in the stage overall, and produces very clean and low distortion audio quality and 
also reduces the output impedance considerably (good for tuner applications), so take your pick! 


Regards, Felix vk4fug 02/06/2013. 
UPDATE - JANUARY 2014 


A simple modification to the basic FET ‘infinite impedance’ AM detector that dramatically improves 
performance. 


rer At pe FB CTOR 
ee ee ae 


very tow perf 


wn 
eredt 


SIL of 


faire SCARE 
A ELE R, 


G'day all, over the Christmas break just messing around | worked out (mostly by accident), a simple modification for 
the simple FET based ‘infinite impedance’ detector circuit that dramatically improves weak signal performance and 
also greatly reduces audio distortion. 


Essentially by the addition of another FET ‘buffer’ stage, another source follower, capacitively coupled from the first 
detector stage. The circuit is actually a simplified version of the circuit that | described in this link, 
htto://sound,westhost,com/articles/am-radio.htm (figure 6) and testing the two head to head, they both sound 
superb and the simpler version is actually somewhat easier to build. | cannot get over how low distortion and ‘nice! 
the recovered audio sounds. Its a joy to listen to! 
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Diodes for ‘weak signal’ crystal set applications. 


As | am primarily interested in using crystal sets as AM tuners for feeding into a preampliier/amplifier and 
loudspeakers, the actual type of diode can be relatively critical. In a strong signal area, not so much, but in a weak 
signal area such as where | reside, definitely. A diode with a good ‘square law’ performance (the area below the 
‘knee’ in the diode curve), generally results in much cleaner and lower distortion than other good performing diodes, 
and believe me diode distortion under weak conditions, even with optimised diode ‘buffering’ used is very nasty 
sounding to the ear! 


Testing many, many diodes in actual working crystal sets and listening critically to the audio output, it seems to me 
that the best diodes to use under weak signal conditions are the so called ‘gold bonded’ germanium diodes. | have 
sampled many different gold bonded germanium diodes and they all work well in this specific application, although 

sometimes the rectified output voltage may not be as high as other germanium or silicon schottky diodes, however 
the audio quality is much cleaner and shows much less apparent distortion! 


Ihave tried OAS, O47, IN141 and several ‘CG' gold bonded germanium diodes with consistently excellent results. 
Other ‘ordinary’ germanium diodes may also work well under weak signal conditions, but they will need to be tested 
individually to check actual performance in a working circuit. One thing that | have noticed about germanium diodes 
is that due the ‘point contact’ nature of their construction, even diodes of the same specific type can exhibit rather 
different levels of performance! 


The otherwise very good BAT46 silicon schottky diode works extremely well at good RF input level but not so well 
at weak RF input, especially when heavy broadcast ‘processing’ (commonplace these days), is used. New ‘gold 
bonded’ germanium diodes are probably no longer made although | am aware that they can be purchased through 
vendors over the internet. Apart from that, they may be found in old gear. As stated earlier, ordinary germanium 
diodes may be quite good but will need to be checked individually. Diodes are complex things! 


Felix (vk4fug). 29/01/2014. 


Just when | thought that I've tried everything | realised that I've not tried a voltage doubler (diode integrator) 
detector with an RF stage in front. It is an unfortunate fact that all diode detectors ‘need’ a good RF injection level 
(and buffering) or audio distortion becomes ‘bad’ (an understatement!) 


Consider yourself very lucky if you live in a strong signal area! (unfortunately | don't). Anyway I quickly built a 
couple of prototypes which worked ok but not as well as hoped. Initially | tried using a source follower buffer (no 
voltage gain), but converting it to a common source amplifier (with appreciable voltage gain), seemed no better, 
which was strange. 


After staring at my prototype for what seemed like forever with my magnifiers on, | (finally) realised my mistake. A 
‘common source stage takes its output off the ‘drain’ terminal of the FET, not the ‘source’ terminal as it does with the 
FET source follower buffer stage. | shifted one wire, and all worked as expected and it sounds fantastic! All diode 
detectors (one diode envelope detectors, doubler detectors etc), need good RF input and a simple untuned FET RF 
gain stage works very well. As to the sound, it sounds great. 


73 vkafug 10/03/2014. 
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Felix Scerri's FET Crystal Set with Voltage Doubler 
A ‘nice sounding’ AM detector - update October 2015 


Looking through these pages the other day | was slightly shocked to realize that I've completely forgotten about 
some of the circuits that I've contributed in earlier days! They all work pretty well, however in my advancing older 
age and alittle ike my tastes in high fidelity generally, I'm starting to show a particular preference for ‘nice 
sounding’ bits of audio gear. 


| guess that this also means low noise/low distortion too, although with AM broadcasting, at least in this country and 
probably elsewhere in the world too, the very common use of broadcasting ‘processing’ tends to make it hard for 
‘AM detectors generally, often resulting in a ‘hard/compressed’ sort of sound although still low in distortion, is not 
‘nice sounding’, if that makes any sense! 

Well of all the AM detectors that I’ve tried and/or developed, only one sounds ‘nice’ when confronted by heavy 
broadcast processing and that is an AM detector ‘based’ on a voltage doubler/diode integrator circuit (similar to the 
above circuit, actually the 68 pf capacitor should be changed to .1 uf, for slightly greater output). 

Ithas taken me a very long time (years) to ‘optimise’ this circuit, but as it presently stands this is my favourite ‘nice 
sounding’ AM detector, and gets most use for general high quality listening on the AM broadcast band. It sounds 
really good! It somewhat reminds me of an old OA47 gold bonded diode detector from years ago before such 
abhorrent ‘processing’ became commonplace! 

An yes the OA47.....now that is a lovely sounding detector diode! 


Regards, Felix vk4fug. 17 / 10 / 2015. 


That's it for crystal sets. | hope you try building one, it’s easy and great fun! 
See some useful links below.... 


73's 
Mike 


Crystal Sets (Part1) | Build Your Own Crystal Set (Part 2) 


Spider's Web Crystal Set (Part 3) | Crystal Set By Kenneth Rankin (Part 4) | Crystal Radio Links 
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Amateur Radio 


M@MTJ Visit my amateur radio pages |= M@MTJ 


Visit my Amateur Radio Pages > 


No AM radio stations or transmitters in your locality or country? 


Has your local medium wave broadcast station closed or been moved to VHF/FM or Digital? Don't worry. You can 
stil build and experiment with crystal sets and TRF radios by also buying or even building a simple low power AM 
transmitter. So, not only can you use your crystal sets but you can also run your own radio station that can be 
heard in and around your home - playing the music or programmes that you want to hear! 


‘SSTRAN AMT3000 Superb high fidelity medium wave AM transmitter kits from SSTRAN. Versions available for 
40kHz spacing in the Americas (AMT3000 or AMT3000-SM) and SkHz spacing in Europe and other areas 
(AMT3000-9 and AMT3000-8SM). Superb audio quality and a great and well designed litte kit to build: 


http:/www.sstran.com/pages/products. htm! 


Other AM transmitters available: 


Spitfire & Metzo Complete, high quality ready built medium wave AM Transmitters from Vintage Components: 
http://www.vcomp.co.uk/index.htm Vintage Components offer a choice of the high quality Spitfire and Metzo 
transmitters: 


‘SPITFIRE AM Medium Wave Transmitter with 100 milliwatt RF output power: 
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METZO AM Medium Wave Transmitter with built in compressor: 


M88 LP A basic AM transmitter kit from North County Radio. 
:/www.northcountryradio.com/Kitpages/am88.ht 


LINKS: _ Fine links to more Crystal Radio websites here 


Component Suppliers: Links to electronic component suppliers here 


Amateur Radio 


M@MTJ Visit my amateur radio pages = M@MTJ 


sit my Amateur Radio Pages > 


Crystal Sets (Part1) | Build Your Own Crystal Set (Part 2 


Spider's Web Crystal Set (Part 3) | Crystal Set By Kenneth Rankin (Part 4) | Crystal Radio Links 


‘Top Of Page 
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CRYSTAL SETS 2 


Some Practical Designs 


MAKE YOUR OWN 
CRYSTAL SET !! 


Home | Contact | SiteMap | Radio Stations & Memorabilia | Amateur Radio 


Crystal Sets Introduction | Resistor & Capacitor Conversion Tables 


Crystal Sets (Part1) | Spider's Web Crystal Set (Part 3 


Crystal Set by Kenneth Rankin (Part 4) | Experimental Crystal Sets (Part 5) | Crystal Radio Links 


| hope that you attempt building one or two of these crystal set designs and I really do recommend that the components 
are carefully connected up using soldered joints onto a piece of tag-strip for reliability. However if you are new to 
constructing such electronic circuits then some simple solder-less techniques could be employed and these are 
Suggested at the bottom of the page. Also see Crystal Sets Part 5 for more ideas on experimenting with crystal sets. 


An early and very basic crystal set would have been nothing 
more than a coil of wire, perhaps 50 -100 tums, wound around 
a cardboard tube about 3 inches (7cm) in diameter, a detector 
(or cats whisker) and a pair of special High Impedance 
headphones (as discussed in part 1). 


There would be a very large aerial strung up around the 
garden and the all important connection to earth 


The coll would have tapping points (connection points) at 
intervals of around 5 or 10 tums. See the circuit diagram on 
the right for details of who the set is wired together. 


The tapping points on the coil allow the set to be tuned to 
different frequencies by adjusting the position of tap B. Tap B 
would be connected to the coil at differently positions by way 
clip. The fewer turns between the top (aerial 
ind tap B, the shorter the wavelength received 
(ie the higher the frequency). Tap A would allow the detector 
to be connected at different positions to vary performance. 
There is an additional component drawn in the above diagram, 
the capacitor (value 1000pF), this is included in crystal sets 
that used the High Impedance magnetic headphones, and 
bypassed any remaining radio frequencies (RF) to earth. 


fertit, Basic Early 
Crystal Set 


Avery basic crystal set circuit. 


‘tp vimds975.co.uk/Contentcrystalsets2.html 


| have not built the set described above as it is so basic. Such 
a crystal set above would probably have been adequate in 
1920 - 1923 when there would have been only one local 
transmitter receivable. 


When the BBC expanded transmissions and it became 
possible to hear more than a single station it would have 
became necessary to include a more convenient means of 
tuning the set. 


This was achieved by including a Variable Tuning Capacitor, of 
about 500pF (0.0005uF) connected in parallel with the tuning 


ne 
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coil forming a tuned circuit. The tuning capacitor would have a 
Bakelite knob on the spindle to aid tuning. 
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The Standard Crystal Set 


Because of the simplicity of crystal sets, it is often difficult to separate stations. When tuned into one station it is often 
possible to hear another close by station in the background, this is due to lack of selectivity. This can be reduced 
somewhat by adjusting the positions of the Aerial Tap and Detector Tap. Moving them closer to the bottom of the coil, the 
earthy end, reduces the load on the tuned circuit and this improves selectivity, however it does also reduce sensitivity 
which can make the station quieter. Headphones will often swamp a tuned circuit and reduce its selectivity (Q factor), so 
‘moving the tapping point lower down improves this situation. Every circumstance is bound to be different though so the 
best balance has to be found by experimentation. My crystal set has both the diode and the aerial connected to the 
‘same tapping point on the coil, about a quarter of the way down. 


The modern ‘standard crystal set’ shown above uses a Crystal Earphone, since suitable high impedance magnetic 
headphones (of 2000 to 4000 ohms) are no longer widely available. When using a crystal earpiece the 1000pF capacitor 
shown in the first diagram can usually be omitted an in its place a 47k ohm resistor is connected, this ensures that the 
Crystal Earphone will work at its most efficient i.e. the sounds will be as loud as possible. The resistor allows DC current 
to flow through the circuit efficiently - this would otherwise be blocked when using a crystal earphone. In a modern 
crystal set the detector used is a Diode. Suitable diodes include OA80, OA81, OA90 OAS1 and IN94 which are usually 
available from component stockists. 


A Better Diode For Increased Efficiency 


The OA47 will be of particular interest since it has the lowest 
forward bias voltage of any of these diodes which will make 
the crystal set somewhat more sensitive and therefore louder. 
‘The US equivalent of the British O47 is the IN34. 


On the right you will see my real working example of a 
crystal set 


The large plastic knob on the front turns the variable tuning 
capacitor. This set receives the three UK national stations and 
also three local radio stations very well at my location. 


There is a small 3.5mm jack socket mounted on the front of 
the plastic case (MBS from Maplin Electronics) that the crystal 
earphone plugs into. 


Areal working crystal set. Radio as if by magic with 


‘The coil can be seen inside the case, itis 70 turns of 30 gauge ng battery or mains power. 


enamelled copper wire wound around the centre of a toilet roll 
and tapped every 10 tums, by scraping off the enamel 
insulation and making a small twist. The croc’ clips can be 
seen clipped on to these twists to connect to the aerial and 
detector tap points. 
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Medium Wave Coil 


The number of turns of wire required on the coil will vary 
depending on the size of the former (in this case the inside 
toilet roll) and the thickness of the wire. So to obtain the 
correct coverage of the medium wave band may need a little 
experimentation. 


| usually find that between 50 to 90 turns is right and | 


generally use enamelled copper wire that is between 30 s.w.g. 
and 26 s.wg (i.e. 0.315mm and 0.45mm diameter), so it's best 
to start with too many turns and then work down 


‘The more turns that you use the lower the frequency range will 
be, i.e. too many and the coverage of the top end of medium 
wave around 1500 - 1600 kHz will be lost, while too few and 


Tn cs the coverage down to 500 kHz will be lost. 


‘THE COMPLETED CRYSTAL SET 


It is also important that the coil former is non conducting, i.e. 
not metallic. It could be wood or cardboard or a short piece of 
PVC piping and with a diameter of between 1% and 4 inches 
(4 to 15 cm) are common sizes. You could try using a ferrite 
rod too, see below. 

This particular set has a coil wound onto a toilet roll tube which consists of 70 turns of 30 s.w.g. (0.315mm dia) 
enamelled copper wire tapped at every 10 turns. It also has the additional small trimmer capacitor that helps match the 
aerial to the tuned circuit thereby improving selectivity, see below. 


The aerial coil could be wound onto a ferrite rod. 


A piece of 10mm diameter ferrite rod of between 3 and 6 inches long (80 to 150mm) will be most suitable and will 
require between 50 and 90 turns of enamelled copper wire to provide coverage of the medium wave band: First make 
a paper tube that is held together with sticky tape that will easily slide up and down the ferrite rod, Then wind the coil 
over this with the windings neatly side by side. Make tapping points every 10 or 15 tums so that the aerial and diode 
tapping points can be adjusted. 


Adjustments to the tuning range can be made by removing some wire from the coil so it is best to start off with too many 
turns and then work down. Fine adjustments can be made to the completed coil by sliding it up and down the ferrite 
rod. 


The crystal set above also has one small, but significant, 
improvement over the standard crystal set and that is an Aerial 
Trimmer. A trimmer is a variable capacitor, very similar to the 
tuning capacitor, except smaller and adjusted with a 
screwdriver, 


‘The value of the trimmer is usually around 10 - SOpF, but if a 
small tuning capacitor is available that will probably be just as 
effective. In the absence of such a variable capacitor, 
individual fixed ceramic capacitors of e.g. 10pF, 50pF and 
100pF can be tried in this position to judge which gives the 
best results with the particular aerial being used. 


The trimmer capacitor adjusts the coupling to the tuned circuit, 
reducing the load of the aerial on the tuned circuit will improve 
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the selectivity (Q), and it will be easier to separate stations. 
Again tapping points are used and | find this to be an excellent 
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Layout Of The Crystal Set - Although 
together an alternative to tagstrip would be 
connector block so that components can be trapped in pl 
with screws. See article below. 


CRYSTAL SET 


en 


Improved Crystal Set design, with good selectivity 


The picture on the right shows the general layout of the crystal 
set above. The coil is of approximately 70 tums is wound on 
the centre of a toilet roll, and has tapping points at 10 turn 
intervals. 


The trimmer is soldered between the Aerial terminal and the 
piece of 5-way tag strip, and a wire goes from there to a croc’ 
clip which is clipped onto a tap on the coil. The Diode is also 
soldered onto the tag strip, one end connected to a piece of 
wire going to a second croc’ clip & connected to a tapping 
Point on the coil, the other end of the diode is connected to the 
3.5mm jack socket that the Crystal Earphone plugs into. 


‘The 47k resistor is also connected to the earphone end of the 
diode and goes to earth, the earth terminal wire is soldered to 
the tag strip at this point too. The tuning capacitor has two 
terminals, one connected to each end of the cail, and one of 
them is also connected to earth as shown. [Where the wires 
cross over in the diagram, they do not touch and are not 
connected together]. 


In most areas around Europe and certainly around much of the UK you will be able to hear a Long Wave station. To 
receive Long Wave on a crystal set will require an aerial coil with a greater number of turns to increase its inductance. 


‘As a good general guide a coil wound on a piece of 10mm diameter ferrite rod will require about 250 turns of enamelled 


copper wire: 


Then wind the 250 turn coil over this, the windings will have to be made over the top of each other. 


First make a paper tube that is held together with sticky tape that will slide up and down the ferrite rod. 


Make tapping 


points at, say, 50, 75 and 100 turns to tap the aerial and diode to. 


As with the medium wave ferrite rod aerial, adjustments to the tuning range can be made by adding or removing some 
wire from the coil, and fine adjustments can be made to the completed coil by sliding it up and down the ferrite rod. The 
longer the ferrite rod the better and anything between 3 and 6 inches long (80 to 150mm) will be very good. 


Ifyou like experimenting, then reducing the number of turns on the coil to say 10 to 
30 will allow reception of the higher frequencies, the Short Waves. I have found 
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that winding the coil around a ‘ferrite rod’ often works even better with short wave 
reception. 


Obtain a ferrite rod about 7 to 15 cm long and about 1cm in diameter. Make a 
couple of small tubes of card, about 4cm long, that will fit tightly over the rod. 


On one tube wind two coils using 0.5mm diameter enamelled copper wire - one coil 
of about 30 tums and a second one of 2 or 3 turns wound over the top of the first. 
Secure the windings in place with Sellotape. 


On the other card tube wind a similar coil, but use about 15 tums for the first coll Fc of alapouTueing a connector 
and for the second coil wind about 3 to 4 turns over the top, and secure with block'te wire up a crystal set 
Sellotape tape. 


These coils will provide coverage of short wave in two bands using the first coil for the longer wavelengths, typically 60 to 
31 metre bands and the second coil for the shorter wavelengths typically 25 to 19 metre band. Wire up the circuit as 
shown in the circuit diagram below. 


Even better selectivity performance can be achieved by winding the inductors (coils) on a ferrite toroids (T50-2 yellow, or 
green will do). The aerial trimmer need not be used if selectivity and sensitivity is found to be adequate. It's all about 
experimenting, and | find it best to use a trimmer or small coupling capacitor to obtain the best selectivity. 


Up to 30 turns of 0.5mm enamelled copper wire can be used for the longer short waves below 10 MHz, while a winding 
of around 15 tums will provide coverage of the shorter short waves above 10MHz. 


Qferial Terminal 


Crystal 
Earphone 


A completed SW Crystal Set using a toroid inductor. Note: 
the main winding has a tap to allow the switch to short part 


‘The circuit diagram of the Short Wave Crystal Set 
of the winding and thereby give two ranges 


Moving back to the Medium Waves, here is a circuit for a very 
interesting Australian design that promises extremely good station 
separation (selectivity), and having built it | can vouch for that claim, 
it's really excellent. 


| receive three national stations and three local stations at my location 
with excellent clarity using a modest antenna and standard crystal 
earphone. 


The call is different to the other crystal sets described above, it is 
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much bigger at 3% inches (8cm) diameter and Sinches (12cm) long. 1 
made my coil former out of the cardboard from a breakfast cereal box 
- just like Blue Peter! 


The design is often referred to as The Mystery Crystal Set, by Proton. 


‘The front panel of the Australian Crystal Set 


‘Two distinct coils are wound on it, the first one consists of about 50 
turns of 24 s.w.g (approx) enamelled copper wire. The second coil is 
25 turns, very close wound right aver the top of the first coil using 30 
s.wQ. (approx) wire, try to get this second coil wound in between the 
windings of the first, for better inductive coupling, 


Then carefully wire up the set according to the diagram. Notice that 
the tuned circuit is not connected to earth and has no direct 
connection to the detector circuit. The detector circuit is connected to 
earth however. The two aerial terminals offer alternative selectivity 
performance, terminal A gives very good selectivity while B is very 
wide. | never bother with B. 


SELECTIVE AUSTREL TAN 
CRYSTAL SET 


AERIAL 
‘TERNAL S 


89 
eneenones 
Resrsron Make the coil carefully and wire up this crystal 
7k Ohm set according to the circuit diagram opposite 
and you will be rewarded with a really high 
performance crystal set of a type that was used 
in the very early days of broadcasting in 1930's 


in Australia. 


EARTH TERMINAL 


This is probably my favourite crystal set! 


THE DENCO PCC1 COIL | 


The PPC1 coil was a commercially manufactured by Denco Clacton Ltd and was popular among hobbyists not keen on 
going to the bother of winding their own fiddly little coils. As a child | wanted try one of these coils and sent away for 
one by mail order. It arrived a few days later in a little cloth bag, like a miniature pump bag, with protective wrapping 
inside. 


The coil windings are entirely enclosed in what | can only describe as a cylindrical ferrite ‘shell’, the four very thin 
connecting wires exiting, two either side, from small apertures in the ‘shell’. The performance of the circuit shown below 
I seem to remember was quite pleasing. Unfortunately | cannot find the set or the PPC1 coil at the moment, but here is 
hittpvimds87S.co.uk/Contentcrystalsets2.html ete 


111472018 
a reproduction of the circuit diagram and data: 


Crystal Receiver 
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[ 


Medium Wave Coil Type PCC.1 
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BIACK SCHEMATIC DIAGRAM 

1 Type PCC.1 

Geen. Diode GD-5 

Soll Dielectric 

MVarigble Condenser..- 
Say Tag strip - 


Actual Size 


| 


nest canbe obtained frm your Joel radio component sealer Oe, 
Tecan a acti, wee atret ts thn ersany she followin 
 shsreses= 


‘Drees icieti Ls. 
Sity4 ou ton, 
Cason Sa 
tae 


‘Tot: Cetin 20 


‘rn compary pal een ether Inter you of your neces ene 
‘Bests comyonts ge, ease of ett, wa Be ae ta 
‘recs ash wth order 


Mt malicesee und eit ate, Many al these Dene eRe 


| recently rediscovered an old Repanco DRR2 
Longwave / Mediumwave coil that must have 
been kicking around in my junk box since the 
1970's. 


The DRR2 coil was made by Repanco in 
Coventry. It came with a page of suggested 
circuit diagrams which | thought had been lost to 
the mists of time, but it recently came to light 
again, so | have now copied it below. 


Once again | included an aerial trimmer which 
can be adjusted to improve selectivity. 


‘tp vimds975.co.uk/Contentcrystalsets2.html 


SID EW 


CaPACTOR 


RePrsco cok 
Connection 


= ene 
The enyoor 


The circuit diagram of the crystal set using the Repanco DRR2 coil 


Repanco Ltd was formed by two ex-army signals engineers and from 
the earliest days of radio supplied crystal set kits and coils to radio 
construction enthusiasts. 


The Repanco DRR2 coil was for medium wave and long wave 
intended for use in when building simple crystal set and valve radio 
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A\lash-up' of the Repanco crystal set 
The Repanco DDR2 coil was provided with a simple Foolscap size information sheet that showed four different radio 
circuits. Sadly the sheet does not give a huge amount of information and my copy is now rather tatty and faded - it is 


copied below: 
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circuits. 


It consists of three coils; a Medium Wave coil at the top that includes 
a tapping point (for the aerial); a coupling coil or tickler in the middle; 
a lower coil which can be connected in series with to top coil to 
provide Long Wave reception. 


| have built a quick crystal set with the coil and it provides good 
reception with excellent selectivity, so it must have a very good Q 
factor. 


ans 
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PRRZ wth Self LAsElng Ceol 


lager the cropling conBoxser tha smaller 


cooyling + the greater the selectivity. 


‘Simple crystal radio type circuits using the Repanco DRR2 coil 
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= ree at 
Valve circuits using the Repanco DRRZ coil 


Repanco Ltd no longer produces radio coils and crystal set kits for the radio construction enthusiast, as it did in the early 
days of radio. In 1986 it was renamed Repanco Bartlett Ltd when it merged with Bartlett Electronics. The company 
moved from the Foleshill Road to Unit 24, Albion Industrial Estate, Endemere Road, Coventry CV6 SNT and now 
specialises in transformers and wound components and can design and manufacture to commercial customer 
requirements, their website is: http:/www.repancobartlett.co.uk/ 


‘tp simds975.co.uk/Contentcrystalsets2.html 10/16 


snaro18 Crystal Sats 2, How To Make A Crystal Set, Short Wave, Denco PCC Coil, Repanco Coil, Set Construction 


Here is a good idea and well worth trying, to maximise the use of sound 
output from your crystal set why not use dual crystal earphones? Having an 
earphone in each ear helps to block out extraneous noises helping the 
listener to better concentrate on any weaker stations received. 


Using the circuit below, one earphone makes use of one half cycle of the 
radio wave while the second earphone uses the other half cycle of the wave 
that would have previously gone to waste when using just one diode. Ensure 
that the diodes are connected up according to the diagram i.e. one diode is 
connected the opposite way round to the other. 


Also try to make sure that the diodes and crystal earphones are similar to 
obtain the best results. (You could simply connect two crystal earphones to 
the same terminals of the single diode, but this would not be as efficient and 
the sounds would be much quieter.) 


eNoDE 


DIODE SYMBOL 


caTHoDe 


acTUAL DIODE 


BETTER RESULTS UITH TUD CRYSTAL EARPHONES 


Diode 1 
ongt 


Diode 2 
Rat 


Ensure that the Miodes 
‘are connected as shoun 
ive. ane is the 
opposite wey around 


fo the ether 


Earth == 


Phonel 


A note about Crystal Earphones: It will be worthwhile buying several different ones from different sources as 
performance varies between manufacturers quite markedly. | have found the ones marked ‘Japan’ on the back are the 
‘most sensitive and therefore loudest, whereas ones marked ‘Receiver’ ‘Taiwan’ are often a little less sensitive and 


therefore quieter and sometimes more ‘tinny’ sounding. 


‘As mentioned previously it has been noted that the OA47 diode will be of particular interest since it has the lowest 
forward bias voltage of any of the common diodes available. This will make the crystal set somewhat more sensitive and 


therefore louder. The US equivalent of the British OA47 is the IN34. 


Here is an interesting concept sent in by Chris Dorna of the Vught North Scouts in the Netherlands. It is a crystal set 
made out of a coil wound in the form of a spiders web: 


See more HERE. 
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ee 
‘Chris Dorna’s Crystal Set 


Detail of the germanium diode 


Close up of Chris Dorna’s Spider Coil 


A crystal set can also be made that does not need a large long wire aerial. If you have ever made a loop aerial for 


medium wave or long wave DX-ing, then it is a simple matter to add a diode, resistor and a socket to connect a crystal 
earphone that will allow reception of nearby stations. 


See my section on Loop Aerials and ATU's for more constructional details. 
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LOOP CRYSTAL SET 


Crystal 
Eor— 
phone 


Toning Range 


switch 


The circuit diagram of the Loop Crystal Set. The loop is 10 turns of 7/0.2mm. 

"hook-up" wire wound on a 40cm (17") former made of attractive plastic edging 

strip available from many DIY stores. The loop is very directional in its pick up 

pattern, which can help eliminate interference from some stations by rotating the 

A portable loop aerial, that loop. The switch and additional capacitor allow tuning of the lower medium wave 

incorporates a crystal set band from about 650 to 520 kHz. Having a loop with 50 to 60 turns of wire will 
tune into the Long Wave band. 


DIODES - For Crystal Set Use - some notes by Felix Scerri 
Germanium diodes for crystal set use. 


Although I'm a fan of these new silicon schottky BAT 46 diodes, good germanium diodes still have a lot to offer, 
especially in terms of ‘weak signal’ sensitivity. Last night | did an experiment. 


| sorted through quite a few of my hundreds of acquired random germanium diodes looking for particularly ‘sensitive’ 
ones. | tested this by tuning in a weak AM station and comparing the detected DC output level and also the apparent 
‘loudness’ of the audio signal 


Even amongst germanium diodes of the same type, there was enormous variation all the way from excellent to poor! For 
very weak signals, germanium diodes ‘detect in the ‘square law’ region below the diode conduction ‘knee’, in a rather 
different part of the curve than with much stronger signals (way beyond the diode knee). 


When testing germanium diodes for weak signal sensitivity, the inherent capacitance of the diodes is also a factor, and 
the ‘tuning’ may change somewhat and will need to be readjusted with every diode tested! 


In the end, out of a large number of germanium diodes tested, | found three or four germanium diodes with excellent 
weak signal sensitivity and the rest were poor. One other interesting thing, good germanium diodes ‘sound’ different, 
rather more ‘rounded and smoother’ than the schottky's which tend to sound mercilessly clean, almost clinical. | also 
found almost no variation in weak signal sensitivity with my BAT 46 schottky diodes. Take your pick! 


Regards, Felix Scerri VK4FUQ 14/03/2012 


For a novice the use of a soldering iron may seem a bit daunting at first and while the most reliable results will 
be obtained with a good soldered joint using a tag strip as shown below, the circuits can still be made without 
the use of a soldering iron. 


5 WAY TAG STRIP 36 WAY TAG STRIP - TWO ROWS 
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The very simplest circuits could be wired together .with a little ingenuity, with the component wires being held together in 
the grip of solderless crocodile clips, whereby the connecting hook-up wire is fixed to the croc’ clip by a screw rather 
than solder. 


For more the slightly more complex circuits a plastic Terminal Black (sometimes referred to as a choc’ or chocolate 
block) can be utilised very effectively indeed. These are used in mains wiring and are available in various sizes; 2 Amp, 
5 Amp, 15 Amp and 30 Amp. The 5 and 15 Amp Terminal Blocks | have found to be the most suitable. The various 
component wires can be trapped securely with the screw at each junction point. This method also makes it easy to 
change the components around when experiment with different circuits. See The EXPERMENTAL CRYSTAL SET for 


more details in Part 5. 


"CHOCOLATE' TERMINAL BLOCK 


‘The Ladybird book called ‘Making A Transistor Radio’ (also shown on the TRE Radio pages) detailed a very novel 
approach using brass screws with screw-cups to trap the component wires at each junction point: 


‘THE BRASS SCREW AND SCREW-CUP METHOD OF —_A VERY SIMPLE CRYSTAL SET USING THE BRASS SCREW AND CUP 
‘CONSTRUCTION ‘METHOD 


Crystal Sets Part Part 3 > 


No AM radio stations or transmitters in your locality or country? 
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Spitfire 


Has your local medium wave broadcast station closed or been moved to VHF/FM or Digital? Don't worry. You can still 
build and experiment with crystal sets and TRF radios by also buying or even building a simple low power AM 
transmitter. So, not only can you use your crystal sets but you can also run your own radio station that can be heard in 
and around your home - playing the music or programmes that you want to hear! 


SSTRAN AMT3000: Superb high fidelity medium wave AM transmitter kits from SSTRAN. Versions available for 10kHz 
spacing in the Americas (AMT3000 or AMT3000-SM) and 9kHz spacing in Europe and other areas (AMT3000-9 and 
AMT3000-9SM). Superb audio quality and a great and well designed little kit to build: 
htto://www.sstran,com/pages/products.htm! 


http:/www.sstran.com/ 


Other AM transmitters available: 
Spitfire & Metzo: Complete, high quality ready built medium wave AM Transmitters from Vintage Components: 
http:/iwww.vcomp.co.uk/index.htm Vintage Components offer a choice of the high quality Spitfire and Metzo 
transmitters: 


SPITFIRE AM Medium Wave Transmitter with 100 milliwatt RF output power: 


METZO AM Medium Wave Transmitter with built in compressor: 
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AMB8 LP: A basic AM transmitter kit from North County Radio. 
hittp:/Avww.northcountryradio.com/Kitpages/am88.htm 


LINKS: 


BOWOOD ELECTRONICS - A friendly, helpful and very speedy source for many of your electronic components at prices 
that won't frighten your wallet! 


THE FOXHOLE and P.0.W RADIOS - Simple crystal set receivers used by soldiers during the war and by prisoners of 
war (P.0.W.'s). 


VINTAGE COMPONENTS - A great resource for crystal sets, components, valve radio kits and medium wave AM 
transmitters! 


6V6 - Electronic Nostalgia and Vintage Components 


Crystal Sets Part 3 > 


Top Of Page 


Amateur Radio 


MOMTJ _ Visit my amateur radio pages MOMTI 


www.mds975.co.uk © 2004-2014 
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Mike's Electronic Parts, LLC 
Simple Crystal Radio Kit 2 


Me mare, Connect Long Antenna Here 
h 


ttps://www.mikeselectronicparts.com/ 
Connect Short Antenna Here 


Ceramic 
Earphone 


| Ferrite Loopstick Antenna 


Ground 


Top Side 
Parts List 
1- Ferrite Loopstick Antenna °@o 
1 - Variable Capacitor 
1- Germanium Diode 1N34A 
1 - .001uf Capacitor Marked 102 
1-47K Resistor 
1-20 Million Ohm Ceramic Earphone 
Antenna and Ground wire not include with parts 


Variable Capacitor 


For short antenna connect a 15ft to 30ft length of wire to "1". For long antenna 40ft to 
100ft connect to "4". It is best to use a long wire antenna. If you are not using the taps 
do not cut the wires. Doing so will cause the coil not to work. Various connections are, 
Connect 1 to 3 or Connect 2 to 3. Most volume can be had at 1 to 3 less volume but 
better selectivity connect 2 to 3 and the antenna connected at 1. It is best to solder the 
coil wire, not doing so may cause a bad connection and the radio will not work. 

Drawn By: Scott Lowe 

This Kit can be bought at my web site Part Number CRK#2 Kit. 


https://www.mikeselectronicparts.com/ 


THE SMITHSONIAN INSTITUTION 


‘The Smithsonian Institution is home to more than 141 million objects, ranging in 
size from insects and diamonds to locomotives and spacecraft. It is the world’s 
largest museum complex, comprising 15 museums and galleries and the National 
Zoo in Washington DC, and two additional museums in New York City. Millions of 
visitors each year visit the nation’s capital to view such treasures as the Hope 
Diamond, the Star Spangled Banner, and the Wright Flyer. A broad range of exhibits 
ensures a fun and educational experience for young and old alike, 


One of the world’s leading scientific research centers, the Institution has facilities im 
cight states and the Republic of Panama. Research projects in the art, history and 
science are carried out by the Smithsonian all over the world. Some of the 
‘Smithsonian's research centers include the Smithsonian Astrophysical Observatory 
in Cambridge. Massachusetts, the Smithsonian Marine Station at Link Port, in 
Florida, and the Smithsonian Tropical Research Institute, in Panama. 


For membership information of pre-visit planning material, write or call the Visitor 
Information and Associates Reception Center, Smithsonian Institution, Washington, 
D. C., 20560, (202) 357-2700 (voice), (202) 357-1729 (TTY). You may also visit 
the Smithsonian through our web site, www si.edu. 


HISTORY 
James Smithson (1765 -1829), a British scientist, drew up his will in 1826 naming 
his nephew, Henry James Hungerford, as beneficiary. Smithson stipulated that, 
should the nephew die without heirs (as he did in 1835), the estate would go to the 
United States to found “at Washington, under the name of the Smithsonian 
Institution, an establishment for the increase and diffusion of knowledge. 


‘On July 1, 1836, Congress accepted the legacy bequeathed to the nation by James 
‘Smithson, and pledged the faith of the United States to the charitable trust. In 1838, 
following approval of the bequest by the British courts, the United States received 
Smithson s estate—bags of gold sovereigns—then the equivalent ot $519,169. 
Eight years later, on August 10, 1846, an Act of Congress signed by President James 
K. Poik, established the Smithsonian Institution in its present form and provided for 
the administration of the trust, independent of the government itself, by a Board of 
Regents and Secretary of the Smithsonian. 
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CRYSTAL RADIO 


WARNING: 
ONLY FOR USE BY CHILDREN 
OVER 8 YEARS OLD. 


READ THE INSTRUCTIONS BEFORE USE, 
FOLLOW THEM AND 
KEEP THEM FOR REFERENCE. 
STORE THE SET OUT OF REACH 
OF SMALL CHILDREN. 


PLEASE KEEP A NOTE OF OUR NAME NSISIMM GAmbH 
AND ADDRESS DETAILS FOR FUTURE CE Breen srene 
REFERENCE. IN EUROPE CONTACT: 49-0721-9584-116 


PLEASE BE SURE TO READ THE ADVISE 
FOR SUPERVISING ADULTS 
AND THE SAFETY RULES 
CONTAINED IN THIS BOOKLET. 


©2002 SMITHSONIAN® INSTITUTION 
NATURAL SCIENCE INDUSTRIES, LTD. 
910 ORLANDO AVE. 
WEST HEMPSTEAD, WY. 11552 


PRINTED IN USA ITEM NO, 3261-08. 


ADVICE FOR SUPERVISING ADULTS: 


¢ READ AND FOLLOW THESE SAFETY INSTRUCTIONS, 
THE SAFETY RULES AND KEEP THEM FOR REFERENCE. 


SUPERVISING ADULTS SHOULD DISCUSS ANY WARNINGS 
AND SAFETY INFORMATION WITH THE CHILD BEFORE 
COMMENCING THE ACTIVITIES. 


SAFETY RULES: 

© DO READ THE INSTRUCTIONS BEFORE USE, FOLLOW THEM 
AND KEEP THEM FOR REFERENCE. 

* DO KEEP YOUNG CHILDREN AND ANIMALS AWAY FROM THE 
ACTIVITY AREA. 

¢ DO STORE THE SET OUT OF REACH OF YOUNG CHILDREN. 


Radio Technology 


se fae 


‘Several inventors receive credit for developing a “crystal detector”, a 
device which can pass current better in one direction than the other in 
an electrical circuit. In Germany, in the 1870's, Karl F. Braun noticed 
this property in certain mineral substances, Commercial development 
required a technology that would be suitable, This came with the advent 
of wireless communication and radio after 1900. 

is tigated many minerals, including zineite 
pyrolusite, iron pyntes and galena. In the United States, Greenleaf W. 
Pickard, associated with the Wireless Specialty Apparatus Co. of 
Boston, conducted extensive experiments as well. He became well 
known for the PERIKON Detector which employed zincite and 
chalcopyrite. The early 20th century work was generally done between 
1900 and 1912 Included among the scientists is General H.H.C. 
Dunwoody of the U.S Army who developed a carborundum detector. 

Until radio broadcasting began in 1920 (Station KDKA Pittsburgh) 
experimenters utilized the crystal detector for radiotelephone 
communications and for reception of certain Morse Code signals. There 
‘was also extensive use by the U.S. Navy and other maritime services. 

‘The modem crystal diode, such as provided with your set, is a spin-off 
of radar technology developed during World War Il. The basic principle, 
however. remains the same. i.e. to remove the AUDIO (speech, music 
‘or Morse-Code) from the radio frequency carrier wave. In one early 
Pickard crystal design (left) a stiff metal point is adjustable over the 
‘crystal surface. In a later version a "Catswhisker” spring impinged on a 
piece of galena (night) and was varied to give a louder signal. 


Your Smithsonian Smart Lab Crystal Radio Set 
contains the following items 


TUNING 
KNOB 


Shown below is a typical wiring diagram 
of your crystal radio. 


‘The signal is called a MODULATED wave. You will notice that each of 
the waves is the same length, but the heights very, Since the height of a 
wave is called its AMPLITUDE, The type of transmission that WXYZ uses ls 
called AMPLITUDE MODULATION. That's why WXYZ is called an AM 
station. 


‘The crystal radio that you built works in just the opposite way as the 
radio stotion. The modulated signal broadcast by WXYZ le “picked up” by 
the antenna on your radio. 

T na is connected to the tuner circuit of the radio, which is made 
up of a coll of wire and a variable capacitor connected together. As you 
move the tuning knob, you are able to select, or isolate, the particular 


‘This signal is then DEMODULATED by the diode, separating the voice 
(eudio) wave from the carrier wave. 


‘The voice (oudio) weve then moves to the earphone, where it is changed 
bback into sound waves that you can heer, 


Learn the basic electronic symbols 


Before starting to assemble your Smart Lab Crystal Radio 
please learn the basic electronic symbols that 
are shown on the plastic base. 


Variable Capacitor - It is used to tune the radio to a station. The 
leads that are soldered to the lugs are used to connect it to the circuit. 
Diode - A small crystal is sealed inside with leads connected to it. Pay 
careful attention to the position of the black bands painted on the diode 
close to one eid, 

Coll- This is a radio-tuning COIL. It was made by winding enameled 
copper wire around a paper core 80 times. The leads have been 
stripped and tinned so it can be connected to the circuit. 

Earphone - It contains a small crystal that can make enough electricity 
to drive a metal diaphragm to produce sound. The leads have been 
stripped and tinned so it can be connected to the circuit. 

Antenna - This is a wire used for radiating or receiving radio waves. 


Ground - This is a wire used to make a electric connection with the 
earth or other type of grounding source to create a common return for 
an electric circuit. 


DEAR CUSTOMER: 


i we made an error and left something out of this set, or i 
something is damaged, we are sorry and wish to correct 


Radio Techno 


car enor Now that you have your crystal radio assembled and working, 
Please DO NOT return the set to the store where 4. it is time to take a brief look at how it works. To do 
Puschesed. asthe sore does not have replacement pars you are going to take an imaginary trip to a 

stead, write us radio station WXYZ, in anytown,USA. 


When arrive at WXYZ, you are met by the station's general manager. 
We will do our best to satisfy you. ). you. yo 3 ag é 
Send your letter to: ‘ORLANDO AVENUE Mr. Smith, who is going to show you around. 


WEST HEMPSTEAD, NY, 11852 9942 Fst, Mr. Smith takes you to STUDIO,» pecl room that a progran 


comes from. There is a lot of equipment, including dials and switches, 
record players, lots and lots of records, and microphones. 


Mr. Smith tells you that when you talk into one of the microphones, your 


. words go into the station's electronic equipment. There. itis mixed with the 
Before starting, it's important to assemble the parts correctly. ations carrier wave, and sent out into the air through the station's 
Carefully read the following instructions step by step transmitting antenna - that tall tower you saw on top of the radio station 
and have fun . . . half the fun is knowing you made tas 
your very own crystal radio. eh 

Then Mr. Smith takes a piece of paper and 2 pencil, and draws diagrams 
to show you what happens. He begins by saying that all energy travels in 
‘waves. and since the sound we make when we talk is a form of energy, it 

might look something ike ths: 


‘Sound Wave 


‘The station's carrier wave is @ radio wave, which is also a form of energy. 
which looks something like this: 


(2) SPRING CONNECTORS 
(SHOWN IN PLACE) 


A. Locate the three Spring Connectors. 

B. Insert one of the Spring Connectors 
(tapered end first into one of the 
three holes on the Base. 

€. Push down on the Spring Connector 
and twist to the right until the 
Connector is approximately half way it 
through the base i Radio Carrier Wave 


How to properly operate your Smart Lab 
Crystal Radio and troubleshoot 


After you have attached all the wires, carefully read the 
following instructions to make sure your crystal 
radio operates properly. 


A. Place the earphone in your ear and 
turn the Tuning Knob clockwise and 
counterclockwise until you pick up 
the strongest signal 

Note:lf you do not pick up a strong signal 

cr do not hear anything, please read some 

of the troubleshooting sohtions explained 
below. 


TROUBLESHOOTING HINTS 


1. There may be a bad connection caused by improper assembly 
of your radio. Check all the spring connectors to make sure the 
wires are attached correctly. If a wire is loose or the bare wire is 
not making good contact with the spring connector, the radio 
may not work. 


2. If the uninsulated part of the Antenna wire touches anything 
other than the Antenna Connection on the radio, the radio may 
work improperly or not at all 


3. If the bare stripped end of the Ground wire is not wrapped 
tightly around a water pipe (so that it makes good contact), try 
taping the wire to the shiny part of the pipe using duct tape If 
the pipe is dull or rusty, use a piece of sandpaper to gently sand 
the area where the wire makes contact. Also make sure the wire 
doesn't touch anything other than the Ground Connection or 
the radio may not work properly 


4. You may live in an area where radio reception is generally poor. 
Instead of trying to use your radio during the day, try at night 
when many radio stations are received better. 


5. The Antenna on your radio is a very important component. 
Make the Antenna as long and high above the ground as 
possible. If you live in a multi-story dwelling the highest floor 
should be used when operating the radio. Insulated bell-wire, 
which is available in hardware stores, makes a very good 
substitution for your present Antenna 


How to assemble vour Crustal Radio (cont'd) 


For this step you will need the variable capacitor, (3) screws 
and turning knob. Be carefull not to misplace the 
‘small screws when assembling. 


AA. First place the Variable Capacitor up 
into the base so the holes on the 
Capacitor line up withthe holes. on 


B. Next insert the two small screws 

ln the holes on top ofthe Bese 

tighten using © small philips 
screwdriver 


‘A. Place the Tuning Knob into 
‘position on top of the rectangular 
lug on the Base. 

B. Insert » small screw into the 
hole in the Knob and tighten 
sing a philips screwdriver. 


How to assemble your Crystal Radio (cont'd) 


Step (4) For this step turn the Base upside down. 
100 NOT CONNECT ep 
‘ant wines WERE 


i C. Connect the other wire to the Ground 
B. Connect one wire to the Antenna 
‘spring connector by bending the n Leones te sees omen 
wiring slightly to one side and NOTE:Do not connect any of the wires 


wie to the Diode spring connector or your 
inserting the wire through as acai ee uk not cork 


CONNECTION 


‘A. Next place the Coil in the well of . Place the Diode between the Diode 
Base with the wires hanging loosely ‘and Antenna Connections carefully 
toward the connectors noting the black bands face toward 

'B. Connect one of the plated ends of the Diode Connection 
Coil wires to the Ground Connector _D. Connect ends of Diode wires to 
by bending the Spring Connector Antenna and Diode spring 
‘a8 shown in inset. Connect the other connectors shown. 

Coil wire to the Antenna Connector. 


How to attach the earphones 


‘A. Locate the earphones and unravel 
the end of the wire so there are 
two wire leads. 

BB. Attach one wire lead to the Ground 


ATTACH LONG STRIPPED END TO 
‘A METAL COLD WATER PIPE 


CONNECTION 


‘A. Locate the Red Ground and Yellow _C. Next attach the short stripped end 
‘Antenna wire, of the Ground wire to the Ground 
Attach the stripped end of Yellow Connection. 

‘Antenna wire to the Antenna 1D. Attach the Long stripped end to a metal 
‘Connection on the Base. cold water pipe, metal radiator pipe, 
Note: The Anienna should be strung _—etc., near where the radio will be used. 
‘straight line away from power Have a adult help you with this since 

lines and large metal objects. We some pipes may be hot. 

suggest taping it high up on a Note: If there is not enough stripped, bare 

wall using masking tape as shown wire to wrap around a pipe then ask 
an adult to strip more insulation off the 
end using a pair of wire strippers. 


Germanium ys Silicon Diode Testing: Read this document carefully, so you will not be the victim of 
cheap knock-off or the wrong type diodes. 


The general rule is that SILICON diodes have a voltage drop across the Anode to Cathode of 0.7 V (7/10 
tenths), and the GERMANIUM diodes have a voltage drop of 0.3 V (3/10 tenths) more or less. Either 
diode voltage drop (silicon or germanium) will display a reading within approximately 5% of these 
readings. 


7 (7/10 volt drop 
across CATHODE to 
‘ANODE. 


ov 
-<silicon 


Most digital meters (DVM) have a switch setting PF that is used to measure voltage drop across these 
diodes. This setting is usually indicated by a diode symbol to let the user know the DVM is capable of 
measuring forward bias voltage. This setting will tell you immediately if the diode is a germanium, or 


silicon diode. You need to set the selector switch on your meter to the diode test symbol PF. 


Measuring Forward Bias Voltage 


To measure the forward bias voltage characteristic you connect the black probe of your meter to the 
cathode terminal, The cathode terminal is on the end with a band. You then connect the red probe to the 
anode terminal, 


Set your DVM/DMM to the diode test mode Wh, it should provide you with the respective voltage drop. 
If the figure is 0.3 V or less, the diode is a germanium type. If the voltage drop is 0.7 V or less the diode 
is a silicon diode, 


Sensitivity and Forward Bias Characteristics: 
‘The sensitivity of a diode to radio waves depends upon its forward bias voltage. This is the voltage across the diode terminals. 
When it falls below this threshold value, the diode will stop conducting. Obviously, the lower this threshold value is, the 
greater the sensitivity of the diode to the weak radio signals, 


CONCLUSIONS: 


‘When comparing germanium diodes with silicon diodes of similar forward bias voltage, silicon diodes do 
not perform as well as the germanium. 


Germanium has many properties that silicon diodes do not have. Germanium requires very little forward 
current. Forward current in a germanium diode is in the microampere region, while silicon diodes require 
amperes. This makes germanium a much better choice for both medium and high frequency radio 
signals. 


Germanium also exhibits a very low, point-contact junction capacitance, while the silicon diode has 
much higher capacitance. A low junction capacitance allows germanium diodes to operate more 
effectively at high RF frequencies. 


In addition, reverse leakage current for germanium diodes is in the magnitude of 1000, much more than 
silicon. This makes the non-linear characteristics of the germanium diode much more effective for RF 
detection and demodulation than silicon. 


Therefore, our conclusions are; germanium diodes provide the best performance in crystal radios, RF 
probes, HF, and VHF signal detection, 


SY naeu Level 3, Crystal Radio 
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BuxComm, 


Headphones 


+ Ground 
© A simple Crystal Radio 


BuxComm High Quality, CRYSTAL RADIO ANTENNA KIT, $14.95 cat# 50CRAK 


This Crystal Radio Antenna kit consists of 50 feet of #16 AWG insulated & stranded copper antenna 
wire, two heavy-duty, Delrin, UV resistant antenna insulators and instruction sheet. 


Joule Thief 


NPN 


sieai2018 chrome-extension:Jinlipoenfbbikpjkipfilogkoblgpmi/edit html 


Tha joule et eke 


Ferrite toroid core 
with two lengths of 
‘small diameter wire 
2.9. 26 gauge, 

30 gauge, 


reir 
_ 1kO 
i | 


one legis longer 


AAbattery fiat side is facing ‘than the other 


‘out of the page c 


tease LED (Light Emitting Diode) 


2N4401 


(C - Collector, B - Base, E - Emitter) 


‘Transistor ~The legs of the transistor can be determined by noticing that there's @ lat side to the transistor case, See the diagram above. A large numberof 
transistors have been reported to werk: 2N4AO1, NET23AP, BC5478, 25C2500, BC337, PN2Z22, ta name just a fev, 


LED One leg of the LED is longer than the other leg. Use this to determine which one goes where. See the diagram above, 


Resisior- The diagram says use a1 klo ohm resistor but I've used an 820 ohm ane justine I've also seen a2 kio chm one in use. Use whatever works for 
You. You can also use a potentiometer (a variable resistor) so that you can easily adjust to select the resistance that gives the bes ight 


‘Toroid ferrite core ~ Some people have gotten these by opening up compact fuorescentightbulbs (CFLs). | took mine out of some device whose original 


function | don't know. To get it working, my fst one had just 13 turns for each wie and | used a 30 gauge wire and a 26 gauge wie, The wire must be 
insulated. A varety of number of turns wll work. This fs Something you can play wih. Look atthe diagram carefully to determine where the wires connect to, 


‘chrome-extension:sinlipoentbbikpbjkfpilegkoblgpmiedit html 


Its a Rubbish Challenge 
Dog Light 

Joule Thief 

electronics circuit 


Ferite toroid core 
with two lengths of 
small diameter wire 
e.g. 26 gauge, 

30 gauge, 


resistor 
1k0 


cae 


one leg is longer 
than the other 


flat side is facing 
LED (Light Emitting Diode) 


Penny ‘out of the page 


transistor 
2N4401 


(C - Collector, 8 - Base, E - Emitter) 
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Today | am showing you how to make a very simple joule thief. A joule thief has 
many applications, the best gadget that | made with was a "Water Powered Lamp", 
soon I'm going to post on a guide about it but first | need to post this guide. | used 
an iPhone 4S as my camera :))) 


What Is A Joule Thief ? 


To simplify everything, a "joule thief" is a circuit that helps drive an LED light even 
though your power supply is low. What can we do with it? We can use it to squeeze 
the life out of our old, almost drained, non functioning batteries. This project can 
also be considered as a green and environmental experiment, we can also use it as 
a flashlight that can be ran by an old, weak, almost drained battery. | even tried to 
use my water powered battery from my previous instructable the "Water Powered 
Calculator (https://www.instructables.com/id/Water-Powered-Calculator/)", the 


project was featured and displayed in instructable's front page in the "Technologies" 
category. 


My Next Projects That Involves A Joule Thief: (soon to be posted) 
- Water Powered Lamp 

- Water Powered Flash Light 

- Dead Battery Drainer Lamp 


Here's A Video From Make Magazine: 


Add Tip Ask Question 


Step 1: Parts and Materials 


Leo 
White) 


The Parts Needed Are: (click the item to know where to 
find/ buy) 


- Round Ferrite Toroid (can be found in old CFL bulbs) 

- Old/ Used Batteries (can be found in garbage cans) 

- NPN Transistor (2N3904) (http://www.radioshack.com/product/index.isp? 
productld=2062609 

- 1K Resistor (BRN-BLK-RED) (http://www.radioshack.com/product/index.jsp? 
productid=2062343' 

- LED Light (http://www.radioshack.com/product/index.jsp?productlId=3096133) 
- Battery Tester (http://www.tooldistrict.com/Ulta-Lit-Battery-Tester-5001- 
p/901233.htm) (optional) 


- Soldering Lead (http://www.radioshack.com/product/index.jsp? 


productld=2062717 


- Copper Wire/ Magnet Wire (http://www.radioshack.com/product/index.jsp? 
productld=2036277 
- Battery Case/ Holder (http://www.radioshack.com/product/index.jsp? 


productld=2062247 


| want to share something. Here in the Philippines electronic parts are extremely 
cheap, they are extremely far cheaper from 

radio shack, for example one transistor costs (2 phil. pesos - 6 US cents), a LED 
cost (9 phil. peso - 29 US cents) and a 1K resistor cost (25 phil. cents - 0.8 US 
cents). | usually buy thing from Deeco or Alexan. Usually prices here are 15x 
cheaper from radio shack. Price conversion - $1 US Dollar = P0.31 Philippine 
Peso (12/24/11). 


Add Tip Ask Question 


Step 2: Schematic Diagrams 


Hand-wound 


Single Battery Cell: ferrite toroid 


Alkaline, NiCD, NiMH 
(0.3 - 1.5 V typ.) 


l + 
nos ess) 2N3904 
ia (NPN Transistor) 
Bi Veictaaciee LED Terminals 

1 T 

nm 

z a | 

# al Toroid bead 

On/Off Posti 
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Here are the schematic diagrams that are involved with the joule thief circuit. 


Add Tip Ask Question 


Step 3: Winding Wire at the Toroid 
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First, connect both ends of the copper wire before wounding, be sure to remove the 
insulation. Then try to solder the ends so it would not split up. Second, wind the 
wire until you run out of space in the round ferrite toroid. | have some tips for you, 
try to use a gauge #22 enamel coated copper wire for better performance, oh! my 
last tip is that "the more you wind the wire to the ferrite toroid the better”. 


Add Tip Ask Question 


Step 4: Soldering the Resistor 


“APIDAVZIFNIUINABMAIEEATBA7AWIUNIADMA | ABRE inn 


Solder the resistor with one end of the wounded ferrite toroid's wire. Oh! also don't 
forget to level the other end of the resistor with the other unused wire from the 
wounded ferrite toroid. 


Add Tip Ask Question 


Step 5: Soldering the Transistor 


2N3904 NPN Tronsistor 


Terminals 


EC 
E <Emitter 


or 
P 

& 
ta 


Intine-lindin inctniniahlne nnm/EESNIAAICMIERTI OFIEEAAINARINIEET OF | ADRE inal —! 


Solder the proper connections to the transistor. For the emitter - connect another 
wire, the wire will be connected to the negative part of the battery. For the base - 
solder the other end of the resistor to the base. For the Collector Solder the unused 
wire of the ferrite toroid. 


Add Tip Ask Question 


Step 6: Soldering the LED 


Solder the shorter wire of the LED to the tansistor's emitter and the longer part of 
the LED to the transistor's collector. After all that, you can now trim the excess 
wires. 


Add Tip Ask Question 


Step 7: Time to Look for Old Batteries 


Use your battery tester to confirm that your battery is close to death. The tester is 
only an optional tool, it's just used to determine the battery's remaining power. 


Add Tip Ask Question 


Step 8: Time to Test It - You're Done !! 


—— i 
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The wire connected to the transistor's emitter should be connected to the battery's 
negative side and the remaining wire of the ferrite toroid should be connected to the 
battery's positive side. Oh! one more thing, | advise everyone to use a battery case 
or attach a conductive magnet for each wire, so you wouldn't hold it all the time. 


Add Tip Ask Question 
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Workshop 


JAuthor:ledartist My Blog 
| work with LEDs and microcontrollers to create beautlu objects. 


"Joule Thief" LED Night Light 
| have many used batteries around. Remote controls, cameras, many slacronic gadges all use batteries, mosly AA size | always felt quily for throwing away the used 
batteries know there are rechargeable batteries, bul many elactranies dat work well with rechargeables, 

| also know that thase “used” or “spent” batteries usually have some julce let in them. So to come up with a good use of used batleries, Ve created a LED night ight 

| ke having a tite nightlight on when | sleep. LEDS are perfect for this purpose, because they are energy slfcient, and good at praviing low intensity iluminaton 


This LED nightlight operates with ust one battery. lt ullizes a litle creult called Joule The! to boost voltage aut of an AA battery. also added alight sensor totum ton 
automatically when the surrounding is dark 


The ctcuitis energy elfiient, and requires very low voltage to Work. Sot effectively sucks every bt of energy out of batteries. This ype of citcutis often called “Joule 
Thiet, because it works as though stealing every bit of energy (Joule i a unit for energy) out of battery 


'm ealing this project Night Joule Thiet 


Step 1: Features 
Here are the highighis of the Night Joule Thiet. 


Compact & sreamined design 
Uses only one AA baery (or any 1 SV battery you can hook Upto) 

Easly adaptable to diferent size batteries - hadk up holes to allach home made clips 
Two white LEDs 

{Automatic tum on via. alight sensor (adustable sensitivity level) 

Energy eficien! - works even with a un-down battery, down to 0.6V 

Ghoiee of through-thole only components or SMD - mix & match on the same PCB 


Image Notes Image Notes 


4. Through-hole version. 1. AAA battery Inserted with a help of small magnets 
2. SMD (Surlace Mount Davice) version. Hard to believe thi is the same ecu, 2. SMD version - very low prof 
but t works exactly the same as one on lel. Ok, the LEDs are sighly less bright. 3. Slandard AA battery snugly iin the clips. 


Image Notes 
1. Other sizes, such as D cel can be attached by making a pal ot litte metal cps. 
Just cut and bend paper clips. 


Step 2: Technical Overview 
"oule Tie circuits an inductor based voltage booster circuit 10 light LEDs with low supply voltage. Ax most of you know LEDS need higher than 2V (3V for white 
LEDs), so usualy at least two batteries are needed fo ight ther. The "Joule Thiel ecu was publshed in 1989 and has been quite popular. You can see the principle of 
the cieul here, hip:/en wikipedia.org wikiJoule thie! 


My version is a Variation that uses single col Inductor, to make the inductor easily blainable. | design the cicult using readly available parts ont, to make it an ideal DIV 
project 

Cireuit 

The L1, 2, 03, C1. R2, and LEDs D1 & D2 make the Joule Thiet. And the 1, and the rest of the pars form the light sensor. CaS isthe device that actually senses the 
light and change its resistance accordingly. When the surrounding of CaS is bright, it has low resistance (anywhere around 1k to 3k ohm). and when the surrounding is 
dark, the resistance goos up to 100k to 3M ohm range. So in this circuit the base voltage of Qt is controled by the ambient ght level. When the base valiage of Qt goes 
‘mote than 0.6 below the power suppiy(battary) voltage, curent goes through RX, turning the Joule Thiel circuit on. 

The Joule Thiet crcut i boosting the battery voltage up to over BV to ight two LEDs In series. LEDS ight up with the battery Voltage as low as 0.6V! Amazing! 


PCB layout can be downloaded as an edable POF, so you can etch your own board if you tke. Custom 2 layer PCB and kit are avalable fr sale as well. The 2 layer 
PCBs nave extra front pads for SMD where possible, so you can build the same crcut with SMD parts as you wish. 


Parts List 
11x CdS Photoresistor (rated 3k -0.3§ ohm) (CDS1) 
i theahm (Ri) 

1 100k ohm (F2) 

110k ohm (F3) 

150k ohm trim pot (VR) 

14 22pF (C1) 


11<470UH (1) (anywhere between 22 - 470uH would work - might have to reduce the Ct value however) 
1% 2N5401 or equivalent (Q1) (or ust about any general purpose PNP transistor, such as PN2807, 2N3806, otc.) 

2x MPSAOE or equivalent (02, 03) (or just about any general purpose NPN transistor, such as PN2222A, 2N38O4, 2N4400, etc.) 
2x LED (D1, D2) (Just about any LEDs can be used) 

2 Batlery Clips 


uy 


ott 

o1 

cas 1k ye 

15V be 
vat: Ri A oo 

ae 3 
Ra 
+ 
Image Notes 


1 Light sensor elcult with sensitvity adit 


File Downloads 


a (64 KB) 


INOTE: When saving, I you see-imp as the tle ext, rename ito 'NightJouleThie-PCB. pa) 
‘Step 3: Assembly 


The assembly is very straight forward. Insert the pats into the PCB, and solder them. Stat with small components, follow the order below. 


Parts List (in assembly order) 

1x Th ohm (1) 

1% 100 ohm (2) 

1% 10k ohm (F3) 

1x Pholoresistor (rated 3k -0.3M atm) (CDS1) 
1 50k ohm rim pot (VE) 

1x 22pF (Ct) 

1x 470UH (LI) 

11x 2N5401 or equivalent (21) 

2x MPSAOS or equivalent (C2, 23) 
2c LED (D102) 

2x Baltory Clips 


Transistors, and LEDs have polarles. so make sure to Insert them in the correct orientation. Battery holders need abit ef force to snap ino the holes. Thay attach fom 
the back side of PCB as you can see inthe picture, 


verything ls soldered in place, double check the part placement, orientation and solder Joins. Then insert battery. The pola is marked on the front side of 


you don’ see the LEDs light up, dont worry. The room is probably foo bright. Take a piace ol black paper or tape and block the ight rom hiting Gd light sensor. 
(andlor darken the room) if the LEDs still dort come on, tum the immer (the itle orange thing) with a serew drver, counter clockwise. This makes the sengor less 
tensive (0 light, 60 the LEDs wil come an by just placing the senor under shade, ar turning aff the room light 


@Divietiesout nace 


Image Notes 
1. Resistors soldered in 


Step 4: Performance 
“This litle night aht performs very wel. For starters, the brightness isnot bad for using just one AA battery. Ive been using these as lashights as well 


The light sensor also works very well Once adjusted, the light is steal off during the day, even when you put the sensor under shade. Only when you block the sensor 
bya black object, the light would turn on. Yel ater dusk, the light would come an whan you turn off the roar light. 


Atrosh battery lass for weeks only used as a nightlight. And the best use of his light iso “revive” used batteries. Those batteries tram remote controls, cameras, ete. 
‘usualy have quite abit of juce left in them, Joule Thiel sucks the julce out of those balterias tl the last drop. Ws lke gating free energy when you can use something 
that were going to be thrown out 


Step 5: PCB & Kit 
Ifyou are handy, you can etch your own PCB, and build this night light entirely DIY. 


However, fo spread the good 


of Joule Thiet and to contribute 1o the greener earth, | am pulting logether the PCB & kit avalable, 


‘The detais can be found here: hitp:/www Instructables. com/commurilyJoule-Thie-LED-Night-Light it PCB, 


Image Notes 

1. Through-hole version, 

2. SMD (Surface Mount Device) version. Hard to believe this isthe same clrul 
but it works exactly the same as one on let. Ok, the LEDs are slighty less bright. 


Related Instructables 


ki = 
Joule Thiet - i LJ Ultraviolet Light Mini ‘Joule Altoids Joule 
use LEDs with 


Thiet (Photos) Thiet Flashlight 
onlyone AA the joul 
battery! by (Photos) by 


RazorConcepts  bovonice Tinker 


by Musbud (Photes) by 
yical_chemical 


Aes commen 


| PP) tosac] says 
5 croatia: Let me know whan the kt becomes avai 
lalla! 


Sep 4, 2017. 10:47 AM REPLY 


ledartist says: Sep 4, 2017. 1298 PM REPLY 


| wll post the information on "Kis" section of the forum and on my blog (theL EDart.can). The kit & PCB are scheduled tobe ready In mid September. 
Thanks, Aki 


haxcess says: ‘Sop §, 2011. 8:16 AM REPLY 
‘This is a very neat application ofthe joule thie. | am wandering iit would be possible to replace the light-sensor cecut witha small batery charging eircult 
(colar). | euppose that would ru the beautiful frm factor you have here. 


apalacios2 says: Sep 5, 2011.7:07 AM REPLY 


Excellent cicult. May | remove the CdS circuit and use a button switch instead (thru the resistor connected tothe transistor)? 
ind great that it uses a col instead ola toroid transformer. Kudos! 


ledartist says: ‘Sep 5, 2011. 728 AM REPLY 
Yer, you ca Infact | mad suce thal you ean ft a Gm ace switch in pace of timmer pot Yeu can ami the CaS, and solder awn pace of 
trimmer pot 

Yu can alo remove Qt and puta switch there as wel, but my PCB wont accommodate thal 


‘Yeab | found having to wind my awn inductor @ hassle, go | designed this cult to use off.the-shell Inductors 


Aki 
bhvm says: ‘Sep 4,2011.9:17 PM REPLY 
Excellent build! 
How many mA does this ccult give? Gan we use a single 180mA power LED in place of 2x §mm LEDs? 
ledartist says: ‘Sep 5, 2011.7:20 AM REPLY 


‘The current through the LEDS is about 20mA or less peak I's pulsed current in about SOKH2) 
‘So you wont get any more light by using a high power LED. By using only one LED, you do get a bit more brightness per LED though. However just a 
regular LED wil give you the same brightness as a high power LED because you are not diving the LED with high current anyway. 


It not that you cant dive high curtent LED, but this circuit is designed to run wth a litle power as possible. 


Aki 
abbtech says: ‘Sep 4,2011.7:10 PM REPLY 
Great looking project. 
ledartist says: ‘Sep 4,2011.7:18 PM REPLY 
Thanks! 
vruiz3 says: ‘Sep 4, 2017. 1:56 PM REPLY 


alaid of the night?2? 0 


timotet says: 1.121 PM REPLY 
great job! 


gnafpliotis says: ‘Sep 3, 2011. 906 PM REPLY 
Can't We hack laptop's batleres that way fo perform more? Ist only leting through a small amount of amps? 


ledartist says: Sop 4, 2011. 1:17 PM REPLY 
Laplons and many other “high-tech gadget has many of inductor based boostbuck (lo reduce voltage) voltage canwerter ecu n them. Especially LED 
back ight sereens use vllage converter to ecient drive LEDs. 

‘So in a way the battery Ife is already enhanced. (Some gadgets are better than others, of course...) 


Aki 


Jolshetsky says: ‘Sep 4,201. 6:19 AM REPLY 
‘Yes, bul only if you wanted fo use your batteries once. Once a ithium rechargeable (Ike In laptops) ie discharged pasta certain pont, it can na anger be 
recharged. So there is always some energy laf ina laptop battery even when it says i's dead — albelt nergy you can use without ruining the battery. 


| stoobers says ‘Sop 4, 2011. 729 PM REPLY 
Ve heard history Have you done any oxporimants that might valida his thoory? 


jamwattles says. ‘Sep 4, 2011. 6:14 AM REPLY 
‘This might not be 100% accurate but yes, that's why We cant use the same tachnique for laptops. Joule thieves ramp the voltage Up, but the current 
{9005 dawn due fo V= IR, assuming the load is constant which itis i's the same laptop ~) 


jamwattles says: ‘Sep 4, 2011. 6:15 AM REPLY 
‘Avery prolessional looking product. This isa great idea: the amount of power saved using old batteries Instead of a herd ol plug-in night lights, as well as the 
‘amount af ballaries e-ueed is incredible. 


Just out o interest, how long do these night lights last on one “averagely discharged” battery? 


ledartist says: Sep 4, 2011.1:10 PM REPLY 
Tha ballery lasts ver lng, most katy much anger than you might think 

It's hard to define “averagely discharged", but | had one cell that was already at 0.7V (to low fo be used with anything), and the although the LEDs were 
dim they ighted for over 48 hours 

With mydeag bttres coming out ofa vireless mouse sil have over 1V, Ihave pleny of light. 


a 
YakAttack says: ‘Sep 4, 2011. 8:24 AM REPLY 
\eoncur 
@ledartist: Any tests on battery life so far? 
nymgeek says: Sop 4, 2011.74 AM RELY 


2 


‘Ara those PCBs made by Laen at dorkat pox? 


2 


ledartist saye: Sop 4, 2011. 1:04 PM REPLY 
‘Yup. They are very good! 
acmefixer says: ‘Sep4, 2017. 10:08 AM REPLY 


| should have said in my previous comment that this does nol mean there is anything wrong with your crcl. think | would change Q2 and Q3 to an easier 
to obtain transistor such as a 2N4401 or PN2222A. Gi could be a 2N3806 or lust about any PNP transistor. Ifthese changes are made, the resistors, 
especially R2, might need to be reduced, Thanks. 


ledartist says: ‘Sep 4, 2017. 1:03 PM REPLY 
‘Yes, you can use just about any general purpose transistors. R2 should be fine with most transistor, but 47k ohm might work better with some of them. 


Aki 


acmefixer says: ‘Sep4, 2017. 10:00 AM REPLY 
Unfortunately the link you gave to Joule That In Wikipedia is fara pootly writen and totally Inadequate dation. The authors (apparently several over time) 
do not have a fm understanding of how a JT works, and furthermore, they have made a mess of. | have added commenis inthe discussion and some 
terrors have been deleted, bu I's sill unworthy of use for a relerence 


‘Aco, by definition, the orginal blocking oscillator circuit ator glen the Joule Thief name used only a single vansistor. Your circuits nota one transistor 
blocking oscilator and bears litle resemblance tothe orginal JT, so | don't believe i should use the same name, 


ledartist saye: ‘Sop 4, 2011. 12:58PM REPLY 
know the original circuit only uses one transistor but the two conductor inductor is hardecioxpensive to purchase, and winding own inductors is abit of 


work. think using one extra transistor is a good trade of ar not having o wind an inductor by hand. I also makes economical sense. (transistors are 
Very cheap, so are single col inductors) 


| did mention that my version is a_varation_of original, which | find very often on the net. also think thal showing diferent ways to achiave the same 
result can be inspirational 


|also contacted the person who named the ciult "Joule Thiel (Big Cive) and he did not have a problem with me using the name, 
Aki 


StoryAddict says: ‘Sop 4, 2011. 12:54PM REPLY 
“Joule Thi" «love a clever pun! 


MikeDel saye: ‘Sep, 207. 1021 AM REPLY 


Admiral Aaron Ravensdale says: ‘Sep 4,2017.7.20 AM REPLY 
‘ike your “green” thinking 
also use joule thie! in my expedition lig 


‘1am vory lad that you wil provide the pats asa kit because many kits are able fo solder a circult but etching alte bit too dangerous for them. 


‘Thanks for your endeavour to make this instructables buyable for many people. 


kevinhannan says: 
fantasic project and incredibly well explained 


UOS says: 
Great inciuctable! Waiting th kit version to buy one but also tm gonna make mine trom scratch -D 


tphillips2 says: 


You are 80 inventive! Coo! idea and great looking light 


ledartist says: 
Thanks! 


fea gweeds says: 
Gp What a reat idea! must build one and see how long it gets out of a "usedish* battery 


011. 635 AM REPLY 


8.07 AM REPLY 


‘Sep 3, 2017. 6:18AM REPLY 


Sop 3, M REPLY 
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ooooldicoo . 


this is my version of the famous joule thief. there's alot of these things out there 
50 i did alot of research and made it as simple as i can without soldering or 
complicated math. i harvested these parts from an older dell computer that was, 
given to me to scrap. there is only a few parts needed to build this project: 


1: toroid bead (ferrite core) 

2: 1k ohm resister (brown black red) 

3: npn transistor (i used the 2n3904) (©7,340 views Licons 

4: thin wire @ 
23 favorites 


About This Instructable 


florlayamp 
(memberifiorlayamp/) 
(rutpsittpssiwww facebook com 


Folow 
(mamberenaiih | 


Bio: | love building things, and fm a twin, 
we both are electrical engineers and 
inventors. Feel free to ask anything else 


Step 1: Wind the Coil 


More by florlayamp: 


(iarTake- 
(iow. Ghost- —_(/id/Voltage- 
Twins: Picture-With- doubler-for- 
‘Change-Oll- Almost-Any- wind- 

In-AJeep!) Cameral) generators!) 


i wound a couple sizes of these things using the same wire. the type of wire i 


used came from an ethernet cat6 cable. like it because its a solid core wire that, 
stays in place where i put it. i have 11 turns of wire in the orange one and 13 in 
the green one. i looked all over the internet to find the reason for the number of 
turns but couldnt find an exact answer, and 11 winds is all the smaller (orange 
one) could take, and the green one i just put the 13 tums in it from the same 
length of wire. the orange coil is half the size (about the size of a dime) of the 
green one (litle bit smaller than a 50cent coin). 


Step 2: Connect the Resistor 


once the coil is wound, cut off the excess wire but make sure to leave enough to 


‘work with. strip the ends of all four wires, then take 1 wire of opposite color 
from each side and twist them together. then since i didnt solder any wire, i cut 
Up several small wires to piece the rest of it together. unless you want to solder it 
you can skip this part. but i took a piece of wire and attached it to one of the 
single wires on the coil ( it doesnt matter which one) and attach the other end of 
the piece of wire to the 1k ohm resister, then take another piece of wire and 
attach it to the other single wire which will go to the collector leg of the 
transistor. the final piece of wire for this step attaches to the twisted pair of wires 
which will become the positive input for the circuit 


Step 3: Connect the Transistor 


next take a piece of wire and attach it to the other side of the resistor, and then 
take the other end of the piece of wire and attach it to the base leg of the 
transistor. next, as i mentioned in the previous step, take the open piece of wire 
from the coil and attach it to the collector leg of the transistor, also i attached 
another piece of wire to this leg for the positive output side . last of all connect 
two wires to the emitter leg which will be the negative side of the circuit. (one 
wire to negative on battery, then one to the negative output side of an LED light 
or whatever else you put on it). 


Step 4: Hook It Up and Enjoy! 


time to hook it up! the positive wire from the double twisted wire on the coil goes 
to the positive power source, and one of the negative wires on the transistor go 
to the negative side on the power source. the positive wire on the transistor and 
the other negative wire on the transistor go to the output power. once its all 
wired up its ready for use. as you can see in the picture, i hooked up a new AA 
battery and got about 5 volts! not bad for a 1.5v to Sv boost. and the orange coil 
circuit i also made produces about 2.5v from a 1.5v source, so this orange one 
only produces another volt while the green one produces alot more. i dont know 
why this is really. my only guess is the size of the toroid coil and the 2 winding 
difference. other than that its all the same parts. below is the results of some 
playing around with it. 


green coil circuit: 

1: 1.5v AA produces 5 volts 

2.AA 3v produces 20 volts 

3: Sv input can power a 12v .25a computer fan. 
4: 1.5v lights 3 green LED lights. 


orange coil circuit 

1: 1.5v AA produces 2.5 volts 

2: 2 AA 3v produces 8 volts 

3: 3v input also powers same 12v computer fan for 5 seconds... 


very inconsistent results between the two but thats what is going on. thanks for 
looking and hope this helps with your project. 
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Comments 


‘We have abe nice comment policy 
Please be positive and construciive. Wf! Madeitt Gy Add Images 


‘ToXICATOM (/member/ToXICATOM) 2014-02-01 Rey 


can i use 2n2222 transistor? 


kyooby (Imembor/kyooby!) + ToXiCATOM (/mamber/TexICATOM) Realy 


'2N3904 = GP NPN Bi-Polar transistor commonly found in toys 7°27 


‘and small radios. Otherwise you can get them at radio shack, fry's 
‘electronics or order them online, 


Other compatible ones are: 
NPN 
2nz222 
2N22228 
2n1613 
8c107 
antrit 
2N2369 
2N2das 
2Na708 
2N3705 
2N3706 
2N3903 
2N3908 


‘Also, if you use a 2N4401 or BC337 transistor, your LED willbe brighter 
because they can handle more amps. 


You can get the toroid and transistor from a dead CFL; the transistor is 
usually labeled 13002 


florlayamp (/memberiflorlayamp/) » ToXiCATOM (mamber/ToXICATOM)) Realy 


2014.02.01 
{ried that transistor also and | couldnt get it to output anything, 


| think the internal circuits inside it are backwards for a joule thief. 


# More Comments 


- Newsletter About Us 
Lot your inbox help you discover our best Who We Are /about) 
projacts, classes, and contests. Instructables ‘Advertise (ladvertse!) 
il help you leam how to make anything! Contact (/aboutlcontactjsp) 
a : : obs (eommunityPositions-available-at-nstructabls!) 
Holp (idshow-to-wite-a-greatnstuctable/) 
Find Us Resources 
Facebook (htp:/www: facebook comiinstuctables) For Teachers (teachers) 
Youtube (htp ww youtube.comfuserinstructablesty) Residency Program ([pierSresidency) 
“Tite (hp: Niwa lati comfntructabies) Gift Premium Account (/accountigive?sourcea=footer) 


Forums (/community/?categoryGroup=allécategory=al) 
Answers (/tagitype-question/?sort=RECENT) 
Sitemap (/sitemapy) 


Pinterest (htip:/iwww pinterest.cominstructables) 
Goagle+ (htips:plus. google.com+instructables) 


Terms of Service (htpiusa.auodesk convadslserdatito?itlD=1231128id-21959721) | 

Privacy Statement (tsa alodeskcom/adskiseretitem?stelD=1231128id=21202079) | 

Legal Notices & Trademarks (hte aladesk conviagal-notcesstademrks) | Mabie Site (tp: insrictabls.com) 
A (house autodesk comiadskiservletpcindex?=2078154S8st0I0=123112) 

(©2017 Autodesk, Ine: 


Mercurial anomalies 


Mercury 


‘Mercury has heat of ts own, not just reflected heat of the Sun; 


Mercury has still an atmosphere of Hydrogen, possibly the last 
Vestiges of a more extensive halo and trail (caduceus) 


‘Mercury rotates because it sin its present orbit its strongly affected by the EM field ofthe SUN, 
Because the ElectroMagnetic forces near the Sun need to be accounted for in the motion of any satellite about a more massive body 


[ie Satelite-Planet or Planet- Sun], the stronger  & perturbative M forces are responsible for the observed precession of the perihelion 
of Mercury, and Leverrier’s discovery of this precession can be modelled with Einsteins’ General relativity through Tetryonic geometries 


Venusian anomalies 


to the next is only about 117 Earth days 


Earth-Moon anomalies 


‘The Moon's Origin 


Most scientists think the moon was born from a gargantuan collision, 
when a young, 30-milion-year-old Earth was sideswiped by an 
‘embryonic planet the size of Mars some 45 billion years ago, with 
debris from our planet and this impactor eventually 
coalescing from the ejecta to form our Moon, 


The Moon only shows one face to the Earth 


‘The Moon looks exactly the same size as the Sun 


A.striking coincidence that has had astronomers thinking since ancient times 
is why the Sun and the Moon appear tobe the same size during an eclipse. 
iezknown thatthe Suns diameter is 400 times that of the Moon, but 
then again, the Moon Is 400 times further away from the Sun, 


“This crates the optical illusion thatthe two ate actually the same size, 
allowing us to observe the Solar corona and Its EM fed lines 


Martian anomalies 


There is no completely satisfactory theory as to how 
Deimos and Phobos came to be in orbit around Mars 


Although Mats is much smaller than Earth, [approx 1/4 the size] 
its surface area js about the same as the land surface area of Earth 


d Phobos ate probably asteroids perturb 
ocbits that allowed them to be capture 


The southern hemisphere of Mars 
is predominantly ancient 
cratered highlands somewhat 
similar to the Moon, 


‘An abrupt elevation change of several kilometers seems to occur at the boundary 


etre of 6 km Deimos 
he smallest now moon: 


the solar system 


a 


In contrast, the northern hemisphere 
consists of plains which are much younger. 
fower in elevation and have a much 
more complex history, 


Jupiters’ anomalies 


Jupiter has twelve satellites 


The five inner m 
‘only slightly incl 


Tetryonic EM geometry 
offers answers to many of the dynamic 
mysteries of Jupiter and its moons 


Then ther 
to the planet's equator by a 
7 milion miles from Ju 


These three moons also revolve 
dir 


The four outer moons, however, mo 
halen ks tr of 
at distances from about 12 to 13 million miles from the p 


Saturnian anomalies 


In addition to the planet's giant rings, Saturn has nine major moons > 
‘and more than 60 known satellites. 
The motion of the outermost, Phoebe, is retrograde, D x 


‘moving in a direction opposite to the other eight moons 
‘and opposite to that predicted from an evafutionary origin. 


Tetryonic theory suggests that this retrograde motion isthe result 6 
of it being a gravitationally captured body whose motion over time 
will be slowed, eventually forcing it into the same motion as the others 


<> 


The Saturnilan rings, lise thany others, are formed by the electric field of the planet . 
The rings of Saturn occasionally exhibit and subject to seasonal fluctuations of the SUN's hellosheric E-field Tetryonie GEM interactions shows 
‘hotly ail spokes that seemingly that these features are the result of 
ety the laws of gravity tlectie fores addtional to gravity 


Strange features abound within the rings of Saturn. These include hundreds of “record grooves" or narrow fuctuations in the Bing, the most massive ring 


These aso include "plateaus inthe Cring. the innermost main ring—broad, dar, sharp-edged features thicker than elsewhere inthe ring, 


Neptunes’ anomalies 


Neptune has two satelites. 


Nereld, a small moon, moves around Neptune. 
inthe predicted direction, but Trton, one of the 
larger satellites in the solar system with a mass 
almost twice that of the earth's moon. 


‘Of Neptune's 13 moons, Triton isby far the biggest 
and the only one massive enough to be spheroidal, 


Weirdly, Triton has @ “retrograde” orbit, revolving in 
the opposite direction ofthe planet and other moons 


Plus, the orbit is at an angle rather than in the plane 
around the equator like typical satellites 


Neptune was the first planet found by mathematical prediction 
rather than by empirical observation 


Uranus’ anomalies 


Uranus is remarkable, even though It rotates around the sun in the same direction as the other planets 
in an orbit inclined less than a degree (46') from the ecliptic (the plane of the earth's orbit 
around the sun), the axis of rotation of Uranus is nearly in the plane of its orbit. 


‘Accordingly, the inclination of the equator of Uranus to the plane of its orbit 
1s 98°, and its axial rotation Is retrograde. 


The five moons or satellites of Uranus move exactly in the equatorial plane 
of the planet and they revolve in the same direction asthe planet rotates. 


Their motion, with respect to the remainder of the solar system, Is, 
therefore, also retrograde. 


Tetryonic theory dictates that Uranus’ 
peculiar planetary mechanics may be the result of 
the EM interactions of Uranus itself with its satellites 
The direction of the axial rotation of Uranus 


and the motion of its satellites is opposite to that rather than the current evolutionary explanation 
predicted on the basis of an evolutionary origin 


Pluto's anomalies 


Pluto is much smaller than any ofthe offical planets 
and due to Its size and orbital inclination 
Isnow classed asa “dwarf planet” 


Pluto rotates in the opposite direction 
to that of most of the other planets. 


Pluto is locked in a 3:2 resonance with Neptune; 
Le, Pluto's orbital period is exactly 15 times longer than Neptune's. 
Its orbitalinclination is also much higher than the other planets 


Pluto's orbit is highly eccentric. 
‘At times itis loser to the Sun than Neptune 


SATURN URANUS 


Charon is unusual in that itis 
the largest moon with respect to its 
primary planet in the Solar System 

(a distinction once held by Earth's moon) 


The Pluto-Charon system is noteworthy 
for being one of the Solar System's 
few binary system 


Cometary anomalies 


While the solid nucleus of comets Is generally ess than SOkm across, 
the coma may be larger than the Sun, and ion tails have been observed 
to extend 3-4 astronomical units (5-600 million km) 


Dusttalls the resut ofr 


EM int 


TheElectrc Universe’ model ofcharged solar bodles predicted the occurrence ofan electrical lash 


in advance tothe impactof a projectile into the nurleus of Comet Tempe 1 (Deep Impact) a frome sso ty aces ee asoac Wee aca 
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WONDER 


‘MAD 


Make a "Joule Thief" and Create Zombie Batteries for More 
Power After Death 


ust about every household gadget we own runs on 1.5 volt batteries of one size or another, Wouldnt it be great if you could reuse all of those 
dead AA, AAA, and D batteries after they've passed on? It turns out you can make a simple circuit called a “Joule Thief" to reanimate the undead 
flesh of your deceased batteries and create a zomble battery. 


1|Find Who Owns This Number Sr.) Phone Number ow. GatFul 


2|Start Download Si, nel Drips. Stop 2 Sean Stop 9: ently (>) 
Missing Drivers! slimware, com 


Materials 


+ LED 
+ Tk resistor 

+ 2ng04 transistor 
+ Thin magnet wire 
+ Solder 

+ Soldering iron 

+ Battery clip 

+ Ferrite core 

+ Dead battery 


|ttps:/imad-science.wonderhowto.com/how.ta/make-joule-thief-and-create-zombie-batteries-for-more-power-after-death-0134326/ 119 


The Plasma universe 


Plasma in space consists of lonised plasma is the fourth & most common 
energetic ions and electrons state of ordinary Matter, most of which 
[accelerated charged particles] is found in the rarefied intergalactic 
medium and in stars 


Only when mass-energies form standing-wave 
topologies does it create the states of Matter 
we are familiar with here on Earth: 


Where there are Magnetic fields there are Electric fields, 
solids, liquids, and gases 


modern radio-astronomers often map the magnetic lines 
of force to the exclusion of electric currents in the mistaken 
belief that electric fields do not exist in space 


Cosmic GEM pinches 


~ 
* Magnetic fields 


Blectric fields 


Magnetic fields 
are held together 
ured by EM fields 


Electric fields 


PLASMA FIELDS 


Charged Plasma fields 
neutral electric charge EM fields charged electrostatic EM fields 


(with a magnetic magneton with no magnetic magneton) 


antiMatter 


Accretion discs 0 Gamma rays 


Magnetars Pulsars 


All Gravitational fields 
are comprised of quantum 
GEM fields 
In current astrophysical theories in order to create a 


‘Neutron star 


the central region of the star collapses under gravity. 


Itcollapses so much that protons and electrons 
combine to form neutrons. and neutrogenic Matter 


Hence the name "neutron star’: 


As shown throughout Tetryonic 
In stars can be forme 


comprised comp 


Neutral Matter is comprised of 


Neutral matter atoms function identicall 
normal matter-ant le tope 


and releases energy int 


The gravitational collapse of any 
stellar material must overcome 
the radiant EM energies that it 
releases 


Pulsars are non-neutral stellar 

objects that have weak M-fields 

but emit extremely strong E-field 
radiation as they collapse 


Neutron degeneracy 


This, as shown through Tetryonic geometry, is incorrect 


Gravitational fields 
are comprised of 
convergent gravity and 
interactive EM fields 


Neutronium formation 


| 


“The gravitational field at 
about 2x10411 times: 


Such a strong gravitational field acts as a gravitational lens 
‘and bends the radiation emitted by the star such that parts 
of the normally invisible rear surface become visible” 


Photons and EM waves are REFACTED by EM fields 
NOT bent by gravity as currently hypothesized 


[may 7) 


The neutral nuclei 
of neutron stars emit 
exactly the same light 

as normal stars do 


Aneutron star Isa type of stellar remnant that can result from the gravitational collapse of a massive star during a Typelt, Type lb or Type lc supernova event. 


Such stars are composed almost entirely of neutrons, which are subatomic particles without electrical charge and withthe same mass-Matter as protons 
‘Neutron stars are very hot and are supported against further collapse by quantum degeneracy pressure due to the Paull exclusion principle. 


This principle states that notwo neutrons (or any other fermionic particles) can occupy the same place and quantum state simultaneously 


Neutron star types 


Neutron stars comprise one of the possible evolutionary end-points for stars, 
they are compact stellar objects measuring between 10 and 20 km across 
with intense magnetic fields around 1012 times that of the Earth 


electrons 


8 
s 
= 
S 


Negatrons 


Neutron stars are neutral charge pulsars 


Neutron Stars Negative charge pulsars 
Pit 
— 


Strong dipolar M-fields Strong E-fields 


Pulsars 


A pulsar isa rotating neutron star that emits a beam of electromagnetic radiation. 


This radiation can only be observed when the beam of emission Is pointing towards the Earth, 
‘much the way a lighthouse can only be seen when the lights pointed inthe direction of an observer, 
and is responsible for the pulsed appearance of emission. 


Pulsars are electrially charged 
versions of neutron stars that have i} 
<tr weak M-filds in comparision re nto 


i i Peaster a eae ae 
(peveratd by retail Bld geometric to Neutron stars themselves generated by rotating Electric ld geometries 
iF: 


Pulsars are very dense, and have short, regular rotational periods. 
This produces a very precise interval between pulses that range from 
tlliseconds to several seconds for individual pulsars 


E-field waves Radio wave astomony detects 
accelerate charged particles E-field waves of energy momenta 
M-fields do no work ( not magnetic waves 


Pul sars ‘A millisecond pulsar (MSP) is a pulsar with a rotational period 
‘Ave compact Mattes bodies wth song GEM fields in the range of about 1-10 milliseconds. 


Millisecond pulsars have been detected in the radio, X-ray, and 
gamma ray portions ofthe electromagnetic spectrum. 


The origin of millisecond pulsars is still unknown. 
The leading theory is that they begin life as longer period pulsars 


but are spun up or recycled" through accretion. For this reason, 
millisecond pulsars are often called recycled pulsars. 


Like all Stellar bodies their GEM fields 
resolve to a point at their core 


Number of Pulses 
per Second 


TB 1p — 15> Rodative E beam 


against the current rotating magnetic dipole models 
would result in the star tearing 
itself apart 


Applying Tetryonic geometries to the question of mili 
second pulsars reveals that they are the formative 
form of all Pulsars and that over time they slow 
down to become the observed longer period pulsars 
[obeying the conservation of Angular momentum law] 


ike all Stellar bodies their GEM fields 
resolve to a point at their core 


_ Accretion X-ray Pulsars 


An X-ray pulsar consists of a magnetized neutron star 
{in orbit with a normal stellar companion and 
are a type of binary star system. 


Stellar Novae 


ic nuclear explosions in a white dwarf star, 
white dwarf star 


the star 


Novae are cataclyemic stellar phenomena that take place in binary systems E s are Pi bbutwith a mas of upto 
consisting ofa compact stellar object and a low-mass star = 14 Umes that of the Sun. 


The stars must be close enough for the intense gravitational field of the white dwarf to tear material away from the outer layers of its companion. 


Humphries 


‘An enigma that has puzzled experts for over 50 years Is the origin of the Irregular, inhomogeneous distribution of nova ejecta 
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sistar for easy soldering. 


STUDY TO BECOME AN 
‘AI TECHNICIAN | SOUND EDITOR 
‘AUDIO ENGINEER | MUSIC PRODUCER 


Place the LED 


‘The LED is a polarized component. This means it will only work when itis facing the sight way in our cltcult. The positive lead of the LED is 
usually longer. Below, the positive lead is on the left, the shorter negative lead is om the right. 


|ttps:/imad-science.wonderhowto.com/how.ta/make-joule-thief-and-create-zombie-batteries-for-more-power-after-death-0134326/ 


Supernovae explosions 


Supernovae are extremely luminous and cause a burst of radiation that often briefly outshines an entire galaxy, 


The GEM pinching [collapse of Matter waveforms] 
always results in divergent neutral charge 
KEM mass-energies 


Ifthe EM pinch at the core of a Star 
rapidly increases its efficiency or 
loses its ability to confine the 
‘resultant KEM energies the 
star will be blasted apart 


Black holes, hypothesied in physics 

4a solution to the math of Einsteins 

General relativity since it was was frst 
formulated in 1915, doNOT exist 


All their physics are provided for 
‘by GEM pinch field mechanics 


Current theories based on mathematical modelling of General relativity without accurate quantum mechanical models 


Singularities ss cs ec iera oy as aes aed a ae 


‘collapsing the 3D material body ofa large star to create a singularity and the eventual formation ofa black hole. 


Equilateral Planck charge geometries are the key 


A gravitational singularity or spacetime singularity is a location io ivvdetsatuad ctohc ioceeess 


where the quantities that are used to measure the gravitational 
electromagnetic fields become infinite in a way that does 
not depend on the spatial co-ordinate system Singularities exist Black Holes do NOT 


Just as the radiative KEM fields of ‘mass-Mattertopologles Thas+-ene(ay geometries 
Matter in motion and charged EM fields 
gives rise to the modern physics misconceptions 
of spherical point particles and String theories 


Tetryonic theory precludes point particles and black holes 
‘through analytic mass-energy geometries & Gaussian Matter topologies 


that result from equilateral Planck energy momenta interactions Tracing the GravitoElectroMagnetic fields of 


The collapse of 3D Matter releases its standling-wave energies Matter back to their origin point can give rise to the 
as radiant 20 mass-energis foms the basis for 


all Stellar energy releases misconception of a EM field singularity leading to a black hole 


_ Quasi-stelar objects 


A’ standing-wave Matter is converted to 
radiant EM ‘riasses and pure energy the 
‘oiurputs of GEM pinches can increasé 
dramatically ovér short periods. 


Long hypothesised as having 


4 supermassive Blackholes at their cores 
‘A quast-stellar radio source ‘quasar’ isa very energetic Tetryonies reveals Matter~Energy GEM pinches 
and distant active galactic nucteus tobe the source of the observed, distant 
large-scale stellar dynamics 
Quasars.and Blazars are 
‘extremely luminous and'were fist identified as being 
high redshift sources of electromagnetic energy, 
Including radio waves and visible light, 
that were point-like, similar to stas, rather than 
‘extended sources similar to galaxies 


All. Matter (comprised of charged Planck quanta) 
will accelerate acCording to their charge distributions 
The central ‘core’ point singularity as they interact with the divergent energies of EM pinches 
of any GEM pinch is completely invisible 
and is revealed only by its effects on Matter 
* through its interactive EM fields 


Matter energy equivalence 


logies are every perc 


astrophysical models of active galaxies 


Active Galaxies _ sropescsupsmesivedscholesstheonly echentsm 


possible to produce the observed large-scale dynamics 


GR uses stress tensors to 
model the gravitational effects of ALL 
energy ina system in its various forms 
without distinction or differentiation 
between mass-energy geometries 
and Matter topologies 


led as being completely dominate 


‘An active galactic nucleus AGN) sa compact region a the centre of galaxy a ortcs vevenls tha Galozth Gxt 
thathas 8 much higher than normal luminosity over atleastsome portion, orces, with Gravity _Tetryonics reveals the Galactic EM Pinches are also 
‘and possibly al of the electromagnet spectrum. capable of fitting the observed data and explaining 


many of the current mysteries surrounding 
how active galaxies generate their power. 


Tetryonic geometry reveals 
divergent interactive EM masses 
& 
convegent gravitational Matter 
all contribute to the nett force of 
Gravitational fields 


[Garbage IN - Garbage OUT] 


‘Computer-based modelling of GR 
‘mathematics without cherge geometries 
leads to paradoxial & erroneous outcomes 


Tetryonics allows for Supermassive 
Matter to form but does NOT allow for 
the classically defined Black holes 


‘ Matter topoloay collapse 


radiant mass-energies 


” 


The centres of Galaxies & Quasars 
hypothesised as being powered by 

supermassive blackholes are in fact 
the foci of ElectroMagnetic pinches 


Black holes 


In General relativity, ablack hole isa region of space in which 


the gravitational feld isso powerful that nothing, including light, 


‘can escape its gravitational pull. 


The black hole has a one-way surface, calledan event horizon, 


into which objects can fal, but out of which nothing can come. 
Itiscalled "black" becauseit absorbs all the light that hits it reflecting 


nothing, just ike a perfect blackbody in thermodynamics, 


“Standard Modet quantum analysis of black holes shows them to 


possess a temperature and emit Hawking radiation, 


In Standard Model Quantum Mechanics 
‘a problem arises in that Charge and Gravity equations 
break down and produce infinities and. 
‘other impossible results 


Very large non-radiating Dark Matter’ 
‘would be the closest thing possible to 
the currently theorised blackholes. 


However the 3D volume of such an object, 
‘would be limited to the space taken up by its 
constituent Tetryonic charge Matter topologies 
(le Tetryons face-to face without Space 
present between any faceias) 


‘This is similar to the current models of 
Neutron Stars, WIMPs and MACHOs 


The Universe has 
only 3 spatial 
dimensions 


Dark Matter & 
Dark Energy are 
Ei vector forces 


Black holes, Worm holes & 
other passable singularties 
do NOT exist 


The collapse of standing-wave Matter topologies 
results in the release of divergent radiative 


mass-energy geometries 


Vacuum Field geometry 


jjated weak neutral EM s that f f 


All mass-energy geometries Relativistic stress energy 
& Matter topologies are tensors model mass & Matter 
created from Planck quanta as a density-pressure gradient 


EM mass-energy 

geometries radiate, 

permeating all of 
Free Space 


aN 
Lm 
Bs : 


Gravitation Electric Sy Magnetic < 


ElectroMagnetic mass: 
are interactive 


‘Matter topologies KEM geometries radiate 
displace vacuum energies to create vacuum energies 
to create gravity of all wavelengths 


The Big Bang theory 


The Big Bang is a considered to be a well-tested scientific theory which is widely accepted within the scientific community 
because itis the most accurate and comprehensive explanation for the full range of phenomena astronomers observe, 


The framework for the Big Bang model relies on 
Albert Einstein's general relativity and on simplifying 
assumptions such as homogeneity and isotropy of space. 


The Big Crunch 
bere et sipebalanche case fee, 


the Universe was once in an extremely hot 


‘and dense state which expanded rapidly note again, ending with astt 


that in which i started 


Gravitation Interaction 


a 

cE \\ yo 1] 
ey oy ra 
The Big Chill 


Energy death 


TheBig Bang theory is the prevailing cosmological model that 
‘a:tempts to explain the early development ofthe Universe 


Positive and negative charges are opposing sides of the same Planck energy quoin 


WY 


Empty space 


Negative discharge point 


a 


Big electrical Discharge 


Timeisaynegsie . \\ Ute(nass/ENERGY-Mauer 
of ChimiBingeiaree! + Hehsh\yof out Universe 
azrangerien\\!)|///QY 5 1/// sors 


seo oe Ci ||\ ayers 
Beanies | \ y yesilt roan JEM. 
Mauer tdpologles Wield imerdcrionis 


Upon their release these Planck scale energies created all the mass-energy-Matter and forces of interaction 


within our Universe as it sought, and continues to seek a state of eternal, dynamic equilibrium 


Singularities 
sn fone yo mdng 
omaper i Gree 
Seed nee 

Saeeoee 
oe 


Dark Matter 


results from modern modelling 
of convergent EM interactions 
‘without an understanding of 
the EM energy momenta 
‘geometries 


The Dynamic Universe 


Like a living breathing Organism, the Universe can now be seen as 


Radiant 
an eternally dynamic system that is constantly evolving through 


Matter creation, EM interactions & Matter destruction expansion 


pepe ree Inflation 
Le eck con eos eae ce Ree 
y ae a observed homogenity of the Universe 
; os sree 
pales 


Matter releases interac 


EM mass-energies 


[Divergent EM Radiation} 


Dark Energy 


results from madem modelling 
of divergent EM interactions 
Kinetics ‘without an understanding of| 
the EM energy momenta 
‘geometries 


Te energetic ‘spacetime fabric’ of sis not curved, itis created from fat Eulidean Planck quanta 
ina finely tuned state of dynamic equiibeium between gravitational Matter & radiant EM mass-<nergies 


Galactic GEM interactions 


GEM field interactions 
determine the overall shapes 
of Galaxies 


The Tetryonic solution to problematic ‘Dark Matter & Energy’ 
is to differentiate between all Matter & EM mass-energy 
geometries within the same spatial co-ordinate system 
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Step 1) Enter Phone # Step 2) View Uncensored Results 


Place the LED on the transistor as shown below, with the positive side facing to the right. 


Now, solder the LED to the transistor. 
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The Dark Forces 


Gravitational attraction fs the result ofthe nullspace of Matter, 
It is many orders of magnitude weaker than ElectroMagnetic forces 
(Gravity does not hold the whole galaxy together) 


All [KJEM radi 


Interactive field th 


when Matter s ‘ Se “converge BM field ieractions: = 


DARKMATTER <= 


or when its standing-wave Matter 


Divergent EM Myfield Ome a 
| 


logy is destroyed 


Tetryonics dictates that in order to correct for measured Gravitational accelerations 
we must distingush betwe nd Matter and take into account 
all the EM forces as well as that of Gravity produced by Matter 


All [KJEM radiation has 
‘amponent in its 
interactive field tha 
when Matter is in motion 


DARK ENERGY 


ElectroMagnetic 
mass-energies 
are interactive 


Vacuum Energies 


‘Vacuum energy is an underlying background energy that exists in space even when itis devoid of Matter (free space) 
‘and results from the introduction of the Cosmological constant [A] by Albert Einstein as a modification 
of his original theory of General relativity in order to achieve a static universe. 


74% 


Vacuum Energies 


He later abandoned this concept after observations of the Hubble redshift C 
Indicated that the universe might not be stationary 


ravitational Matter ElectroMagnetic r 


lways attr 8It are always interactive 


Unlike Einstein's Special and General theories of Relativity that utilizes a scalar energy density tensor, 
Tetryonics utilizes analytical geometry & topology to differentiate between EM mass & Matter 
and model all energy interactions in any spatial region, 


ofall EM max ENERGE-M 


the Universe can be defn 


Vacuum Energy Wavelengths 


Vacuum energies account forall energy In the Universe that Is not standing-wave Matter or Its associated [KIEM wave 


ji 


Transverse 


eld 


ting Gravity 


Dark Matter is a nett 

aitractivé force that results whert 

the blectroltngnetiaghteractions 
of Mattern mation are not 


included in calculations 


DARK MATTER 


Convergent EM field vector momenta 


Matter produces Gravity 
EM waves are interactive 


Dark Matter is matter that neither emits nor scatters light 
or other electromagnetic radiation, and so cannot be 
directly detected via optical or radio astronomy. 


ity ii 


cement 


All [KJEM radiation has 

a convergent component in its 

interactive field that increases 

when Matter is in motion or 
created in the form of EM 
standing-wave topologies 


DARK MATTER 


Dark Matter 


‘Dark matter is estimated to constitute 
84% of the Matter in seand 
23% of the total mass-energies 


84% 


Kies energies 


eS 


Much of the evident Yr dark MUSE 
from the stody of the motions of gal 


Darkmatterploysa central role in the modeling 
ef galctiestricre formation and evolution 


In 1986, Nobel laureate Hannes Alfven Galaxy Rotations The dynamic modelling 


postulated at an electrical mode! of large scale Matter must take 


The rotation curve ofa galaxy also called a velocity curve) 
Pocthesotar system can be represented by a graph that plots the orbital speed (in km/s) of the stars or gas. into'accountiall forces present 


inthe galaxy on the y-axis against the distance from the center of the galaxy on the x-axis 


Based on Newtonian mechanics and s was originally thought, that most of the Matter of the galaxy had to be in the galactic bulge near the center, 
Matter (such as stars and gas) in the disk portion of a spiral should orbit e galaxy similar to the way in which planets in the solar system orbit the sun, 
Le. where the average orbital speed of an abject any distance away from the majority of the Matter would decrease inversely with the square root of the radius of the orbit 


Gravitational 
Matter 
is attractive 


Tetryonics dictates that we must take into account EM forces as well as Gravity 
in order to account for any perturbations that convergent Gravitation alone cannot account for 


Gravity alone does not hold the whole galaxy together 
It is many orders of magnitude weaker than EleciroMagnetic forces 


Gravitational attraction is the nett convergent force resulting from three distinct quantum forces 


Dark Enerey 


EM mass-energles are conservative 


Dark Energy ‘is @ nett 

repuljive force’that results when 

.Gravitatiorial Matter-topologies- 
ate-destroyed by stellar GEM 


pinch processes 


Matter is not conservative 


DARK ENERGY 


Divergent EM field interactions 


Dark Energy is the divergent scalar field 
‘created by IKIEM field energles 


/\ 


2D/(KEM fields 


Yatween Mather 


ci 


A major outstanding problem is that most quantum field theories 
‘predict a huge energy value for the quantum vacuum, 
‘move than 100 orders of magnitude too large. 


‘This would need tobe cancelled almost but not exactly, 
‘oyan equally large term of the oppose sl. 


Energy-momenta geometry 


The super positioned EM fields Due to the equilateral asymmetry 
of free space is comprised of ge cc m, ofall the energy momenta quanta in 


Planck energy momenta a fr charged electromagnetic fields 


The total Vacuum Energy in any spatial region Divergent energy momenta 
contains fields of Planck energy-momema always dominates over 
seeking an equalised, homgenous state Convergent energy momenta 


Charged electrostatic fields 


Electric Charge divergence is always 
superior to Charge convergence 


Electrostatic lifters 


Tetryonic geometries and Coulombic forces 
offers an alternative means of propulsion 
for space lauches and frictionless transports 


M 


f 


Charged voltage fields contain nett divergent energy momenta 
[Planck quanta] that can do work over distances 


The Light speed barrier 


E=nn{[{mov’]] 
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Place the Resistor 


Place one end of the resistor on the middle pin ofthe transistor. Make sure the components stay in contact while you solder them, 
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Inflation 


All mass-energy propagates The energy in any spatial region 
ata velocity directly related to possesses a related mass-velocity 
the impedance of the medium {linear momentum] component 


7 


“And God said, 
Let there be light 
and there was light 


The planar EM Energies released 
at that point would have resulted 
in faster-than-light divergence from 
that point as dictated by the 
geometric energy-momenta 


peniay20 fis02 29 U0> s9/20;94 4 
woj6as jojaods sad ABsoua azygos yun 


velocity relationship 


niverse evolving over time ma 


Superluminal velocities KEM fields contain 


energy-momenta 


4c 


ENERGY REQUIRED 


B=[e] 


Faster than Light Travel 


energy) 


Charged spaceship. 


Warp Speed Scotty 


Conservation symmetry Noether's Symmetry 


A conservation law states that some quantity X 
(describing any physical system) 
remains constant throughout its motion 


ymmetry gives 
angular momentum 


Equilateral geometries provide the foundational 
symmetry for all the physical conservation laws 


Virtual Particles 
In Tetryonics the Uncertainity principle 


has been negated with deterministic, re-normalisable 
charged mass-ENERGY geometries & Matter topologies 


x\ iy 


A long-standing symmetry question of Physics is “why do we live in a Matter dominated Universe ?” 


<EX> 
<ES> 


Anti-Matter 


Anti-Matter Matter 


In addition to the established Matter-antiMatter forms of mass 


there exists a third form of Matter 
electron 


positron 


anti-Proton Proton 


The Universe is filled with Matter - Neutronium - antiMatter star Galaxies 
and their emitted photons of light are identical 


R & 


Matter - Antimatter 


symmetry 


Baryon asymmetry 


The Big Bang should have produced equal amounts of Matter and antiMatter 
as such, there should have been total cancellation of both. 


Itis not yet understood why the Universe has more matter than antimatter. 
Itis generally assumed that when the Universe was young and very hot, -A- 


twas in equilibrium and contained equal numbers of baryons and antibaryons. N 
Protons should have cancelled with antiprotons, electrons with antielectrons (positrons), e \ 
neutrons with antineutrons, and so on for alll elementary particles. 
This would have resulted in a sea of photons in the universe with no matter. 
However, observations suggest that the Universe, including its most distant parts, 


is made almost entirely of normal matter. 


anti-Neutron Neutron 
electron 


anti-Proton 


Matter dominated Galaxy 


Neutral Matter 


Tetryonics dictates that the Universe is filled with 
Matter - Neutronium - Antimatter star Galaxies 


and their emitted light photons are identical 


Counter-clockwise rotation 
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Find Who Owns This Number 


Enter Any Phone Number Now. Get Full Owner Info. Try Free! spokeo.com = \ 


Wrap the Coil 


‘This is where the dark magic happens, Wrap two enamel coated wites around the edge of a ferrite cote, More wire will mean a stronger joule thief 
and a brighter LED. When you have wrapped the core, you should have two palts of end wires. Connect one pair together as shown below on the 
right, Splay the other pair apart as shown below on the left. 


Attach Coil 


Remember to bum away the enamel on the end of the thin wire with a lighter. With the wires burned and exposed, solder one ftee coil wire to the 
Ic esistor, Solder the other free coil wire to the positive side of the LED. 


Below, we have to solder a coil wite to the intersection of the transistor and the positive leg of the LED. 
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Neutron 


Electron 


Galactic Matter distributions 


Tetryonics dictates that the Universe is filled with 3 forms of 
Matter - Neutronium - Antimatter stars and Galaxies 
their light is identical and cannot be used to distingush them 


Neutronium 


Neutron Neutrino anti-Neutron 


predominantly in Neutron stars and Pulsar 
ighout Matter and antiMatter gales 
oncelvable that neutral galaxies may exist 


anti-Neutron 


anti-Proton 


Leibniz-Newton 


linear momentum 


E = mv’ 


mass-energy momenta 
relationship 


Planck 
n.Q 


>lanck’s constant 


_Lorentz-Einstein 


scalar energies 


E = mv’? 


2 
mass-energy Cc 
equivalence 


Quantum Mechanics 


Tetryonic Theory 


= < we ‘Spectral lines 
= aR A 


x 


ElectroDynamics 


Unifying QM, QED, Chemistry and Cosmology 


Kinetic Energies 
through charged equilateral Planck mass-energy momenta 


of motion 


The quantum geometry of universal Gravitation 


Radiant Standing-wave 
masses \ \" Matter 


Vacuum 
Energies 


TETRYONICS 


The equilateral geometry underpinning the mathematics of Physics 


Geometry and the Theory of Everything 


DIFFERENT TYPE OF GEOMETRIES 


3D 


SADDLE 


ual 


(stued by Omar Khayyam Giolao Saccher Bernhard Reman, -) 5 - 
(428-3488C) (€330-275 8, f.¢3006C) 


‘The Socratic tradition was not particularly congenial to mathematics, as may be gathered from Socrates’ inability to convince himself that 1 plus 1 equals 2, 
but it seems that his student Plato gained an appreciation for mathematics after a series of conversations with his friend Archytas in 388 BC, 


(One of the things that most caught Plato's imagination was the existence and uniqueness of what are now called the five "Platonic solids" 


It's uncertain who first described all ive of these shapes it may have been the early Pythagoreans - but some sources (including Euclid) 
Indicate that Theaetetus (another friend of Plato's) wrote the first complete account of the five reqular solids. 


Presumably this formed the basis of the constructions of the Platonic solids that constitute the concluding Book Xill of Euclc's Elements, 
Inany case, Plato was mightily impressed by these five definite shapes that constitute the only perfectly symmetrical arrangements of a 
set of (non-planar) points in space, and late in life he expounded a complete "theory of everything’, 


in the treatise called Timaeus, based explicitly on these five solids. 


Interestingly, almost 2000 years later, Johannes Kepler was similarly fascinated by these five shapes, and developed his own cosmology from them 


The GreekTetractysisa 


Tetractys 


‘The Tetractys historically symbolized the four elements ‘Trenetred Massie name ana’ 


triangular gure consisting of ten points Tac Be ocd wail the number four 
arranged in four rows: sida altonctngeroen Heart in Pythagorean philosophy 
andthe comnoomesiedier cod there Were four seasons 
one, two, three, and four points in each row, ‘and four elements, 
Which the geometrical representation of the and the number was also associated 
fourth triangular number. v with planetary motions and music 


‘As a mystical symbol, it was very important to 
the secret worship of the Pythagoreans, 


Sacred numbers 


‘As a mystical symbol, twas very Important to 
the secret worship of the Pythagoreans. 


The Tetractys can be re-organised to represent the 
space-time geometries of 
all EM mass-ENERGY-Matter 


c 


The single triangle inthe first row represents zero-dimensions (a point) 
A vector direction in one-dimension can be represented asa line between any two points 
The second row represents a Bason (two-dimensions in a plane defined by a rhombus of three triangles) 
The whole figure folded represents three-dimensions (a tetrahedron defined by four apex points) 
Photons of ElectroMagnetic mass-Energy quanta are represented by two opposing triangles 


The Greek Zodiac 


6 


The Greek Elements 
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Equilateral Triangles 


‘An equilateral triangle sa triangle in which all three sides are equal 


ay 


quilateral triangles are 
‘symmeteicl in 
_many afferent ways 


It is unique in that itis the only polygon 
that can be tiled [or divided] and produce 
only identical geometries and squares numbers 


The equilateral triangle ES uloreral triangles aie 
is eminently suited for scalable geometries 
the construction of fractals 


hv 


Any six equilateral triangles 
joined can make a hexagon. 


The 
tesselation of 
odd numbered 
‘equilateral triangles 
creates square numbers 


Thatis, 


143454749411 =36 

14345+749411413 

143454 7474941113415 = 
etc 


Pythagoras of Samos 


The Pythagorean Theorem 


Though attributed to Pythagoras it isnot certain that h : tneihy fighettansle, 
ie the area of the square whose side s the hypotenuse 
The first lear prof came from Eu anit is posble the concept Was known (the side opposite the right angle) is equal to 


passa bert Bebiloien the sum of the areas of the squares 


| whose sides are the two legs 


2 (the two sides that meet ata right angle) 
‘The square ofthe hypotenuse of triangle f equal tothe sum of the squares ots sides. 


Pythagorean Tetractys 


Since Greek times 
squared numbers 
have incorrectly 
been identified with 
square geometries 


The Pythagorean equation is at the core of much of geometry, 
its links geometry with algebra, 
and is the foundation of trigonometry. 


Without it, accurate surveying, mapmaking, and navigation 
would be impossible, 


Equilateral triangles are also 
squared number geometries 


but its application to the energy-momenta geometries 
of ElectroMagnetic fields and Matter in motion in Physics 
is erroneous and must be corrected for science to advance 
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Below, notice that the end of the green enameled wite is exposed because the enamel was bumed off 


Solder Clip 


Now that the main joule thief is done, we can attach a battery clip for easy use. The joule thief will work without the battery clip, but only if you 
hold the wires in place with your fing 
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RAHA! 


Energy geometries 


Atomic nuclei geometries 


Heragons canbe tiled or tesellated n'a regular pattern 
‘ona fat to-dimensional plane 


Hexagons 


A regular hexagon can be subdivided 
into six equilateral triangles 


Hexagons ae the only regular polygon that 
can be subdivided into another regular polygon 


An interesting relationship between circular and hexagonal 
‘geometry i that hexagonal paterns often appear spontaneously 
‘hen natural forces ae trying to approximate circles 


Hexagons are the unique regular polygon such that 
the distance between the center and each vertex 
Isequal tothe length ofeach side 


Sixisa highly composite number, 
the second-smallest composite number, 
and the first perfect number, 


Hexagonal tessellation i topologically identical 
tothe close packing of crcleson a plane 


Thatis, 1*2*3=142+3=6 


Platonic Solids 


‘The Pythagoreans knew that there were only five regular convex sold, 
the tetrhedon, cube, octahedron, cosohedron and dodecahedron 
‘and each one could be accurately circumscribed by asphere. 


EARTH 


4 viangles meet to form 


‘Tetrahedion triangles meet to form 


3 0ctahedron 


tetryons 4 jemenene 8 quarks 


regular deltahedons regula deltahedrons 


leptons 12 F-E+V=2 20 Baryons 
faces edges _vertexs. 


12 pentagons meet to form ‘aleosahedron 


‘a Dodecahedron 


(caeai880) 
‘The philosopher Plato concluded that they must be the fundamental building blocks 
THE HEAVENS =theatoms-of nature, and assigned to them what he believed tbe WATER 


‘the essential elements ofthe universe. 


Tetryonic Solids up quark 


Despite their unique topologies Tetryonic solids 
are not unlike Platonic solids save that their toplogies are 
comprised entirely from complex hitherto undescribed 
4nr equilateral Planck mass-energy momenta geometries 2 
that also match the Euler numbers of Platonic solids 


12n leptons 127 


down quark 
8 Ar tetryons Aq & e 
z xe g 3 8x quarks 1202 
3 deltahedrons 3 2: regular 3 
Pf = 8 8 
g E deltahedrons 2 
a a 
= B 


20x Baryons 36x 


Their equilateral topologies are best described 
as regular topologic-deltahedrons: 


faces neutrino 
aSedges 
rons electron 2 


tetra-delta-hedrals ‘tetryons 4m external charge fascia 
octa-delta-hedrals wwarks ——_8xexternal charge fascia 
dodeca-delta-hedrals leptons 12 external charge fascia 
icoso-delta-hedrals Baryons 207 external charge fascia 


note: 
Charged mass-energy fascia geometries and edges become 
“hidden’ upon the meshing of delta-hedra to form Matter topologies 


Euclid 


(€330-275 BC, f.<.300 BC) 


The Elements - Book 1 - Definition 20, 


Ofthe trilateral figures, an equilateral triangle is that 
Which has its three EQUAL sides 


Euclidean geometry 


“Arguably the mos influential Mathematics book ever writen Is Eucikls"The Elements’ 


In all, it contains 465 theorems and proofs, 
described in a clear, logical and elegant style, and 
using only a compass and a straight edge. 


Euclid Elements Book 1 -Propostion 1 
‘Method of constructing an Equalteral triangle 


XIl 


Euclid’s five general axioms were: 


Things which are equal to the same thing 
are equal to each other. 


IFequals are added to equals, 
the wholes (sums) are equal. 


IFequals are subtracted from equals, 
the remainders (differences) are equal. 


Things that coincide with one another 
are equal to one another. 


The whole is greater than the part 
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“The number misa mathematical constant thats 
theratio‘of acces ccumference tits diameter, 
As its definition relates to the circle, ; 
tis found in many formulae in trigonometry and geometry, : 
especially those concerning circles ellipses, or spheres. 


Archimedes: 


mS, 


a 


Iso found in formulae from other branches of science, . \ 
such as cosmology, number theory, stasis, fractals, Pi n= cd 
thermodynamics, mechanics, and electromagnetism 


Incorrect identification of Pi {c/d] as opposed to Pi radians aheieenetener Therato Cid constant, 
in Physies ha led to the inappropriate association imarands teocheropeas. rere ofthe cee se 


of spherical particles to the physical sciences 
‘whereas equilateral triangles & tetrahedra % 
6.287 BC~€.2128C) form its true geometry 


3.141592654....0 
Proof of the fact that C=2nr and how Archimedes proved it 


Draw any cic 


Make pont anywhareon the cumference ofthe een ce, 


se tat point asthe center fa second ive] cele with the same aus asthe ree cre. 
‘The edge ofthe bive dle should touch the center of tegreen cl, 

Draw theline segment connecting the centers of the two ces. 
Thatformstheradus af both athe ees 


Now row the line connecting the center ofthe Be cet wher It roses the grown cele 
‘onbothides. and complete te angles, 


‘You should have two equates ranges whore side ar equal tothe rad of the geen ccle 


‘Now extendall ofthe radius nes so they become ameter ies, 
allthe wa azesthe ce and fish dang al of the wangles to connect hem. 


‘Youve gots uate angles new that make an orange hexagon, 


‘Se the perimeter af your hexagons thesame ass timesthe ads of your cil 


But yourchcunferences a tle bgge than the parneer of your hexagon 
boca he shortest stance between two pants alvaya salt ine 


‘Thieshoves you thatthe cramference ofthe be de hae tobe mone than, 
{oif-2nrthenphastabe itl bigger than 3, veh es 


“The mote sides we draw on our polygon, the closer we will get tothe real value ofp (3.14159). 
Using a polygon with 96 sides, Archimedes was able to calculate that n was ait bigger than 3.1408 


1.10 - Archimedes & P/ 


The Golden Ratio velocity vectors a b 
see grt ae ens a ie AR ea 


thes the quant fothelage quant ea bietng nee the eight of he 
to the ratio of the larger quantity to the smaller one. = . mieten pee 


a+b 


“The gue to the ight lustates the geomet elatlonship . 
atbis toaasais tob 


An intriguing showing of nan equilateral triangle 
was observed by George Odom a resident of the 
Hudson River Psychiatric Center, nthe early 1980s 


[1.61803] 


Intro ine ert [UM] 
L of the biseetor tine M ‘The exterior lines 
is equal 12 the side 


Looe, M x ‘ Noland (ley 


[AB] or [cA] unt) 
Let Land Me the midpoint he ds 
‘Abang ACof neque angle ABC 
oy measuemen and 
are the ltrctng Chow There 
Wineie MX-MY = AMC. 
“The area ofthe eld peritvty diamond [ALDAM] 
produced by the golden aio bisector i 2 ich ott 
i h the area of the original equilateral (a+b)b 
=> Planck energy tangle (ABC) 
on ay tangle | 
energy Denting a+ weet 
Tetryone geometry reveals 2 
themaximum eld ampitude a 14Kx=x?, 
ofthe eed lack constant 


chemsadee Planck's constant [h] George Odom 


Q 


The Golden Rhombus vector velocities 
Applying the golden ratio (@) to quantum scale vs 
electrodynamic geometry we can quickly determine that 
the linear momentum and magnetic moment vectors of photons magnetic vector 


& EM waves can also be expressed as a golden ratio 


Golden ratio phi 


[1.61803] 


u 


magnetic Force photons 


ve Bee of 


electric Force —=—p——+}>-< EM energy 


‘An equilateral [square] triangle 
dlvided into 12 equal semitones 


The 5 planes of 
Cartesian co-ordinates 


Musical 
Notes 


Planetary 
Orbits 


Matter 
topologies 


Conservation 
Laws 


hy, \y? 
B.__ Prthooorasiscrecited withthe dscovery thatthe intervals between harmenious musicalnotesalwayshave whole number rat, §— 
An equilateral [square] triangle 
divided into 6 equal semitones 
and 6 equal quarter tones 


with an Equiateral triangle, draw lines froth center of the cicleto each vertex and each midpoint, creating six right tangles shown with six different colored tangles, 
Each right triage has radius ofthe cle for ane leg, an half fa side ofthe original lange for another. 
‘Any two right triangles sharing ane of théradial lines must therefore be cangruent, and that implies that theliypotenuses of the tangles are all equal. 
This in tun shows that the sie rig tangles ae all congruent, anal so the large tangle they combine to form is equlateral 


Equilateral Fifths 


CDEFGABC 
do re mi fa so la tido 


Musical Notes 


ODD numbers” SQUARED numbers 


Equilateral _: F — , Octaves 


reai2018 How to Make a "Joule Thief" and Create Zombie Batteries for Mare Power After Death « Mad Science :: WonderHowTo 


Je that both wires in the pair are soldered to the red wite 


For those who need the schematics, this is what we just built: 


Handewound 


Side Raney Cob Bahapcries 


NiMH 


(03-15 V yp) 


‘When the current flows through the coil and around the magnet, it produce an electromagnetic field (EMF). When the coil is not powered, the field 
collapses and produces an EMF kick in the coll that is of a higher voltage than the source was. The last of the electricity gets stored up in the field 
and released in lage bursts to flicker the LED. The magnetic field oscillates so quickly that the blinking LED appears solid to the naked eye, 


‘Now, just plug your dead battery into the cicuit and enjoy the eerie unblinking glow of the undead watching you as you sleep. This project works 
‘great for night lights and even garden path lights when palred with a light sensor. 


‘What could you light up with all your zombie batteries? Post your ideas and discussion in the forum, 


Diagram image from Evil Mad Scientist Laboratories 


|ttps:/imad-science.wonderhowto.com/how.-ta/make-joule-thief-and-create-zombie-batteries-for-more-power-after-death-0134326/ 
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Ternary Diagrams 


\Viviant's Theorem implies that lines p 

arycentric/areal/trilin 

senting three quantities A.B.C whose sum l 
(which can be normalized to unity), 


allel to the sides of an equilateral trangle 


ary diagrams 
ant 


Ternary diagrams 
should NOT be used 
to model EM field 
strengths 


In aternary plot, of EM energy 
the Electric field [E] and the 


tol 


A ternary diagram is simply a triangular coordinate system in which the 3 edges correspond to the axes. 


linear charts are commonly used fer finding the result of mixing thee components (such a8 gases, chemical compounds soll colo, etc) that add to 1008 ofa quantity. 


re me Roberts 200 ter conan an pon ses ot ncedin the me Eutri gons 


the area enclosed or swept out by the three points of the triangle in question are animportat new clas of tangle (mathematical defined by Wayne Roberts) 


e analogue ofthe right-tangle in orthogonal (Cartesian) coordinate geometry 


a b = i aS b 2 = Cc? Kepler's Second Law of planetary motion 


the area of any eutrigon is equal tothe combined areas ofthe equilateral tangles on legs‘ andl, 
‘minus the area ofthe equilateral tangle on ts bypatenuse'c 


The Pythagorean theorem 


a+b 


The orbit of every planet is an ellipse 
with the Sun at one of the two foci. 


Aline joining a planet and the Sun sweeps 
out equal areas during equal intervals of time. 


Since Greek times The algebraic form of the Eutrigon Theorem, (like the algebraic form of Pythagoras’ Theorem), 


square numbers have is proven to be special case of the Cosine Rule... 
been incorrectly 
Identified with A 
squats gecretries Tetryonic theory reveals the equilateral [square] energy geometry 
that reveals the‘harmonics at play’ in physical laws 


such as the second law of Kepler, and in many other phenomena in 
physics, chemistry, cosmology, biochemistry and number theory 
thus providing the foundation for the mathematics of quantum mechanics 


Equilateral triangles also form 
square number geometries 


Number theory 


a Real 


Real Algebraic 


Rational A 


Integer 


Natural 


nN 


ithas only been in recent centuries that 
mathematics has begun to explore the 
higher order irational numbers 


‘The Pythagoreans also established the foundations of number theory, 
With thelr investigations of triangular, square and aso perfect numbers 
(rumbers that are the sum of thelr divisors). 

Tetryonics takes ths investigation to new levels 
with the identification of equilateral geometries 
as the foundation of transcendental numbers and 

the physics of fields and particles in motion 


They discovered several new properties of square numbers, 
such as that the square of anumbern is equal to the 
sum of the first n odd numbers (eg.1+3+5+7= 16). 


What mathematics has failed to appreciate is 
the significance application of equilateral geometries 
to the ‘square’ numbers of physics and science in general 
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TETRYONICS 


OO © © 


COUNTING POLYGONS 


OO OO @ 


ghts re. 


SQUARED energies in quantum mechanics are EQUILATERAL geometries 


tom 
——— 


tom 


Square Equilateral 


area = s*= [100] area = (3*b)*h 


Triangles 


\ 


Ss. 
b, 
Ve 


Circles 
15.197 
can be created by a number of planar geometries 


For a long time it has been assumed by scientists (and mathematicians) 
that circular [and squared] geometries are the geometric foundation of all physics, 
leading to a serioulsy flawed model of particles and forces in quantum mechanics 


: Tetryonic theory now reveals that quantised equilateral b h 
- wi seel angular momenta creates the foundational geometry [.5x15.197] x 13.160 
e of all the mass-Energy-Matter & forces of physics =e) 


Te Squared Areas in Physics 


0.987654321 SQUARE ROOTS 80/81 


SQUARES 


m 132 252 3 72 492 5092 4 72 3 sa 2 32 1 w 


—=——Y EVEN DISTRIBUTIONS ——> 


Integers 


The integers (from the Latin integer), literally "untouched' hence "whole" 
in Tetryonics it is the basis for the Planck charge quantum 


2n-1 


{(n} + [n-1]] 


n 
¥ [2n-1] 
1 


feat! Sates 
equialteral geometries sa 
041,36 1,15.2,28,3645,5,~ WAL 47 2 


Laieis savanna 


t2aespevseegeBer7resea3at 


Triangular numbered Equilateral geometries 
geometries are NOT form SQUARE number 
geometries 


14,9, 16, 25,489, 64,81, 100,121,144, 


Equilateral energy quanta form a normal longitudinal distribution 


Viewed as a subset of the real numbers, they are numbers that can be written without a fractional or decimal component 


Bosons are a transverse measure of scalar energy momenta 


ODD numbers 


‘An odd number isan integer which is not a multiple of two. 


Bosons have 
ODD number 
quanta 


Quantum Levels 


hv 


An odd number, when divided by two, will result in a fraction 


r 
4 


Ind 


nia 


NIN 


Tau radians 


‘Around the whole outside of acl, 
there are about 6283 radans- oy, Tau radians 


1/4 


3/4 


Tisa more‘natural’ radian system for geometric physics than 7U 


Tau = 2n = 360 degree rotation about a point 


historically defined as the 
ratlo of a circle’ circumference to its DIAMETER 
should be redefined in physics to 


the ratio of its circumference to its RADIUS 


In doing so many of the x/2 terms common to physics 
will re automatically rationalised and will better reflect 
T the Tetryonic geometry of mass-ENERGY-Matter in motion 


6.283185307 


Coens BIS 


ia 
4 


20 
Sade 


ef 


wl 


Photons are a longitudinal measure of scalar energy momenta 


EVEN numbers 


‘Aninteger that isnot an odd number isan even number 


EM waves are 
comprised of EVEN 
numbered quanta 


Photons are 
EVEN number 


quantums 


\fan even number is divided by two, the result is another whole number 
winm2an3m4nhnmZum2ni nw 
Ifan odd number is divided by two, the result is a fractional number 


2n3904 
Transistor 


4k Resistor 


Toroid bead 


Onioft 


Triangular numbers 


Historically, a triangular number counts quanta that can pack together to form an equilateral triangle 
1, 3, 6, 10, 15, 21, 28, 36, 45, 55, .... 


this form of geometric counting of same charges over-complicated the simpler physical realty 


n 
Yow 
1 


[+t] 


Equilateral chords or Equilateral geometries 
quantum levels are form SQUARE numbered 
ODD numbers geometries 


13,5,7,9,11,13,15,17,19, 21, 14,9, 16 25,49, 64, 81, 100,121,144, — 


winm2nmzgma4nr4n3nm2nrin 


Triangular energy quanta form normal distributions 


Oe ee we 


Squared numbers 


A square number, sometimes also called a perfect square, 
is the result of an integer multiplied by itself 


Quantum Energies 


Square numbers result from 
the summing of consecutive 
‘O00 numbers 


ODDS 
2n-1 


[ir1+ tral) 


v2 


In Tetryonics Square numbers produce equilateral geometries 


n 
ey [2n- 
1 


ODD Dopp 
v2 
1 
Energy levels have 
SQUARE number 
quanta 
Compton Frequency 


Square roots 


A square root of a number is a number that, when it is multiplied by itself (squared) , 


1 gives the first number again. 


-iand +i 


{ro} 


Root of positive one 


Root of negative one 


Square roots of negative numbers 
have a basis in physical reality 


They reflect the real non-negative 
linear momentum of a system 


Awhole number with a square root that is also a whole number is called a perfect square 
in Tetryonic theory they are actually equilateral geometries 


| numbers include all the rational 


je real nu 


Real Numbers 
ents a quantity along a continuous line. The 


Wave probabilities 


ONE 5», © 


ODD numbers SQUARE numbers 
[2n-1] : 
the sum of consecutive 
453) 5, Fi Discs ODD numbers 


THB SAT 4G eaies 


hv 


v2 


IRAE OISIST Cs 4s Bs 
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NORMAL DISTRIBUTION 


Basic Properties of nested scribed Equilateral Triangles 


Given an equilateral triangle of side s 


altitude 
aa ae V3A 8? 
V3/6 S S s Vij S° 
S 


V3/3 S Vi/3 S? 


Tetryonic [equilateral] geometry 


v 


All triangles are 
flat euclidean 
radian 
geometries 
[1807] 


An equilateral triangle is the most symmetrical triangle, 
having 3 lines of reflection and rotational symmetry of order 3 about its center 


Energy CHARGE QAM 


Scribed equilateral geometries 


reflect space-time'’s geometric relationship with charged mass-energy 


Vv 


QAM per 


spatial unit 


“ seconds 


Energy per 


spatial unit 


mass “ 
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Circumscribed Triangles 
silat Bnergy'a relationship with Time 


v 


Positive Planck Charge Negative Planck Charge 


The perimiter of an equilateral triangle is, The radius of the circumscribed circle is 


p=3a 


‘The equilateral triangle has the smallest area of all those circumscribed around a given circle 


Tetryonies cd Triangles 
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The ratio of the area to the square of 
the perimeter of an equilateral triangle 


Circumscribed circles 


By Euler's inequality, the equilateral triangle has the smallest ratio R/r 
of the circumradius to the inradius of any triangle: specifically, R/r= 2 


v 


) 


Inscribed cirélé 


Equilateral triangles and Tetrahedrons 
will scale at exactly the same proportion 
as Circles and Spheres scribing them 


Tetryonics 


The ratio of the area of the incircle 
to the area of an equilateral triangle 
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DOWNLOAD MEETEQ F 


Search 
Microstrip patch antennas by kai fong lee Categories 

In rao electrons, an (plural antennae 

or antennas), aerial elatcal device Samsung Kes rr fee downlo 


which converts electric power into 
waves, vice versa antennae recent 


Sara and rayvaness pin up 


years, have been one most innovative Sere fay 2b weet: 


topics thoory design. Microstip Design Saxophone all in one pro 2.0 apk 
Handbook - Garg, Bhatia, Bah 

Iuptboon 2.com popular printed 

resonant narrow-band microwave 

Wirolas links require semi 

hemispherical coverage. Pure Apo 

yadava2 electronics and. The goal 

Understand radkation mechanism, 


polarization, patterns, impedance we 
collection this java applet simulation demonsivates waves generated antennas 
arrays two dimensions, Lit increases parasic inductance associated, Here is link page various patch 
antenna microstrip topes fm provided you by progressive concepts sarvng al your broadcasting 
equipment needs. 


carry comprehensive 


T note mmic designers increasing height 
substrate decreases meta loss 


proportionataly Magazine actively 
sols fealuce articles that describe 
engineering activites taking place 
Industry, government, universities Prof 
provider finished custom external 
embedded solutions ism, calluar, 39, 4 
ps. Technol pasternack s patch 
calculator (in millimeters) antenna. , 6(2) 
(2011), pp4. 1244 
Journal Applied Sciences Technology 
‘Atmel ATO2K65 RF Layout with 
[APPLICATION NOTE} 
42131B-WIRELESS-05/2015 4 Figure 22 relum lose 3 1 pif typical 45-gharesonant 20 25 mm, 
depending thickness 187 useful about multband collated anlennasimullband dxzane frequency range 
application product image tapered slot array mid band (2-Ggh2) active phased ew high (6=18gh2) 
active. Transmission Lines Componen 


30 Intemational 


Teong-Lin Department Electreal Engineering Natonal Taiwan 
University Ink. IEEE Transactions on Antennas and Propagation includes theoretical experimental 
advances in antennas «ab products are manufactured ullzing pholo chemical machining proces 
(pcm) also known industry as etching, iin, chemical 


‘Also, a lesser degree component design a. Antenna Applications feeding methods (method for driving 
nna) Intoduced, References 1 javag@falstad. J yadav r Pin-ptch Dimensions i 
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Charged mass-ENERGIES 


Charge is the result of quantised angular momenta Time is a measure of changing quantised angular momenta 
oeimcited crear fact ene breqitatnl pemetied {ioe cremecsbed pat coer lata ener rome 
a circumscribed 
time 


Scalar EM mass isa measure of 
equilateral Planck energy per 
spatial co-ordinate system 


Itis the equilateral geometry 
of energy not a classical vector 
rotation that creates QAM 


‘Charged mass-energies can be described-as 


a vector measure of scalar Energy momenta-per unit of time 
inscribed circular fluxes oF equilateral energy per circumstiibed temporal geometry] 
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Trigometric functions Starla tsgomictls hancons tmthercartallpapnliel to 
tiieastirementaof equilateral Planck mane-cneigy geometries 
in scribed circular space-time co-ordinate systems 


opposite 


Sin 0 = Typoremme 
cos = weet a “ee 


tan0 


opposite 
— 


fjacent 


‘The most familar trigonometie functions ae the sine, cosine, and tangent. a b 


Inthe context ofthe standard unit circle with radius 1, 


‘where triangle is farmed by a ray originating at the origin and In most cases it is in fact easier to 


‘making some angle with the x-axis, f ignore the trigonomteric functions and math.” 
pace rrr deco pc a < and simpy draw their related equilateral geometries. 
‘the COSINE gives the length ofthe x-component (un, j 
the TANGENT function gives the slope 


peers” IA A A 
— IDA AA VN 


Magnetic vector 
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The roots of scribed equilateral triangles 


Scalar equilateral energies map directly onto circular space-time co-ordinates 
through their square root linear momentum 


0.866 r 
The ratio of the 
side of an equilateral triangle 
r to the radius of 
its incribed circle 
The ratio of the is sqr (31/2 
circumscribed circle of 
an equilateral triangle a 
to its inscribed circle 
is 20 The ratio of the 


side of an equilateral triangle 
to the radius of 
its circumscribed circle 
is sqr [3] 


1.732 d 


d 


satbeddrdes [ 


Equilateral triangles and scribed circles 


32 3 5 6 5 og 
dr ) = 14+ 50 + 56+ a6 + ight» 


_ my 


= ymov 


All the relativistic relationships historically attributed to circularised energies 
and modelled through the use of the math of right angled triangles = (4 
are in fact the result of equilateral, scalar geometries 


Copyright 


Finite sequences and series have defined fist andlast terms, 


DY an = ao + a1 + a 


‘whereas infinite sequences and series continue indefinitely 


‘The Basel problem is a famous problem in mathematical analysis, 
with relevance to number theory, first posed by Pietro Mengoli 
in 1644 and solved by Leonhard Euler in 1735. 


1 ee rapes 2 
2 32 art get gr eg 
‘Tetryonics now provides a geometric solution 
to visualising and solving the Basel problem 
1 
B 


1 re 
6Q)=14 get get = T1645; 


Tetryonic Infinite Series 


is ainfinite sequence of square numbers, 
the result of adding all those terms together 
Tortheir geometric inverse] 


The entire sum of the series is equal to 
twice the size of the radius of the largest inscribed circle 


which is equal to the largest circle circumscribing the triangular series. 


The In 


Inverting the Circle 


Electric Magnetic 
Permittivity Permeability 
C O Oo 


C2 


ElectroMagnetic 


2D spatial 
fields 


co-ordinates 


Irrational numbers 


an irrational number cannot be represented asa simple fraction. 
Irrational numbers are those real numbers that cannot be represented as terminating or repeating decimals 


sin(x)=-square root of (3)/2 0.86602540: 


linear momentum 


Pythaggras’ theoreom 
and irratipnal numbers expressed in terms of right-angled triangles in Physics 
offer a ‘half truth’ regarding the equilateral geometry of Energy 


vector forces 


Leibniz ae ee Newton 


Newton focused his work on 
linear momentum which he developed 


A into his famous laws of motion 
Ly 

#3 

ay Newton and Leibniz disagreed about 

3 what the world is made of and how its 
3 physics shaped our scientific concepts of 

38 force, energy, and momentum 

s 

zt 

53 

33 

#3 

z3 Tetryonics reveals the physical relationships 
a | they both described mathematically 

= properties of equllateral 

z — Planck energy momenta 


Scalar Energy 
¢? p=mv 


T 
= 
4. 
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Geometric Square Roots 


In geometrical terms the square root function maps the ares of @ square tt sde length. 


“tn mathematics, asin any scent resentch, wet tw tendencies present. Onthe ane hand, the tendency toward abstraction seks t crystallize the logical relations inherentin the maze of material thats being sted 
‘and to conelate the materia! ina systematicand orderly manvez On the ther hand. the tendency toward inulve understanding fosters a more immediate grasp ofthe objects one studies, 
‘aliverapport with them, sto speak, which stresses the enrete meaning oftheir relations” 


Square root of 


Square root of 2 


Square oot of 


"Asto geometry n particular, the abstract endency has here led tothe magnificent systematic theories of Algebale Geometny, of Riemannian Geomety, and of Topology: 
these theories make extensive us of abstract ensoning and symbolic calculation inthe sense of algebra 


Notwithstanding ths itis sti as rue today ost ever was that intuitive understanding plays a major role in georety. 
‘And sch concrete intlton if great value not only fr the esearch werkey, but also for anyone wto wishes to study and appreciate the results of research in geometry” 


‘av iat \Gaemetry ae heaton) 


Tetryonics 84.03 - Square root geom 


Square Roots in Physics 


In mathematics, a square root of a number a is a number [n] such that [n]2 =x, 
of, in other words, a number [n] whose square (the result of multiplying the number by itself, or [n X nl) is x. 


- 


Modern calculators use the ‘Tetryonics uses the 


Square Root Algorithm geometric Square Root 
to calculate the value to calculate the value 


It is an approximate numerical value It is an exact geometric value 


v v2 


= 
E= mv p= E 
A 
o 5 bb ms j 
Inclassical geometry. In physics, 
the square root function maps the Geant co aoslly op radial soubers the square root function maps 


area of a square to its side length. ENERGY [E] to momentum [mv] 
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Microstrip patch antennas by kai fong lee 


Wu Microwave Fier Cho §5 effect on performance characteristics of rectangular patch antenna with 
varying height dielectric caver 1t. CAD for calculator determines length () with (W) rectangular given 
frequency. £-FAB products are manufactured utlizing phota chemical machining process (PCM) also 
known industry as etching, ming, chemical When cients include PC Specialties at the design stage of 
their projects, collaboration resus significant cost savings due to waste dirac feed, inset aperture feed 
coupled indirect ae, 


Thoory Fang 3 description. Sci magus complete ist database Information horns, spirals, antennas, wire 
reflectors, wideband, high gain, dish 
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The Square roots of n 


Historically any number raised tothe power of2 has been modeled using a polygon~the square 
That's why we call raising a number to the second power “squaring the number” 


note: scalar is distinct 
linear momentum from vector 
[mv] [vJelocity 


Xe XEN 


[In physics square numbers are in fact equilateral geometries) 
The perfect squares are squares of whole numbers. 
Here are the first eight perfect squares 


149 
Salers ta st 
X (in decimal radians) 


The Square root of Negative 1 


Positive fields are Magnetic fields are 
out of phase with out of phase with 
Negative fields i 


w 1 32 232 372 4on foe 4 352 232 1 v2 


Leonhard Euler 


(05 April 1707 18 September 1783) 


cosx=1 


+x (in decimal 


Geometric means 


P ‘The geomettic mean of two numbers, is the square root oftheir product 4 
geometric square root geometric square root 


of positive one P=; QQ. 
= 


of negative one 


> 
= 


In physics, the geometric mean of two superpositioned fields produces a vector square root Force 


It is generally stated that 
the geometric mean applies 
only to positive numbers. 


In Tetryonic geometry 
the geometric mean applies 
to positive & negative fields. 


F=-G mm: 


Ce ee ee 2 


Superpositioning 


When two or more waves traverse the same space, AAAAY 
the net amplitude at each point is the constructive interference 
‘sum of the amplitudes of the individual waves. \FRASIREA 
PPPAY 
In phase 


Additive 


+ 


Out of phase 


‘When two or more waves traverse the same space, 
destructive interference PPA if the summed variation has a smaller amplitude 
PPAAY than the constivent component variations. 


The lines of Force 


Tetryonic Multiplication table 


‘A multiplication table sa mathematical grid used to define a multiplication operation and its results 


In Tetryonics multiplication tables can 
also be based on EQUILATERAL geometries 


Historically Mutiptcaton tables 
have been based an Square geometries 


45 


60 80/ WOO" \120, 140 160 \180 
30 50 70\ /90 Lite) 130 150. 170 190 


2345 67 8 9100 1213 1415 1617 18 19 
The integer multiplicitors are colour coded 
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84 68/112 8498. Az 
90/105 120 


9012 1601 
102 ng 153/170 
90.408. 12 é ava Cs Wass 


Photonic Root Tables 


Tetryonic multiplication table can take a umber of geometric forms 


Square root median Integer median 


1 sae S & F it o Ge 
2 4 6 8 10 12 14 16 18 20 
3.6 9 12 15 18 21 24 27 30 
4 8 |2 16 20 24 28 32 36 40 
5 10 15 20 25 30 35 40 45 50 
6 12 18 24 30 36 42 48 54 60 
7 14 2) 28 35 42 49 56 63 70 
8 16 2% 32 40 48 56 64 72 80 
9 18 2 36 45 54 63 72 81 90 


Table read from centre 
to outside edge then down 


Table read diagonally 
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si016 NSESE’s Classic RF Probe 


NS5ESE's Classic RF Probe 


(click on any picture to see larger version) 


NOTE: 'NSFC' is my former call 
is project was constructed while that call was valid, and you may observe references to it, 


The RF Probe is one of the handiest accessories you can have around the shack. Using only 3 electronic 
components, it may rank as one of the simplest and cheapest homebrew projects. The one featured here cost 
about $10 in parts and supplies, not counting the wire, which I scrounged. When used with a high-impedance 
DC Voltmeter, it can be used to measure RF voltage (and power), trace RF signals in a new design, and 
troubleshoot malfunctioning RF circuits. It has its limits, of course, and we'll discuss those here. But once you 


understand how it's 


sed, and how easy it is to build, you'll wonder why you never built one before. 


What's an RF probe, and how does it work? 


You might think of an RF probe as a special test lead that converts your regular ol’ DC voltmeter to a RF reading 
voltmeter. Why not just read it using your trusty voltmeter, set on AC? Well, because most voltmeters wont read 
AC signals having a frequency above 10 or 100 KHz, and RF is way above that, [You can buy special RF- 
reading voltmeters, but they're very expensive... a homebrew RF probe is dirt-cheap]. Let's examine how an RF 
Probe works. 


‘i + 
Classic Peak Rectifier Simplified RF Probe 


Above left, we see the schematic of a classic half-wave peak rectifier, commonly seen in power supplies. It's 
pupose is to take an AC signal at the input (usually from a transformer or the AC line), rectify it, and charge a 
capacitor, If you don't take a lot of power from the circuit (i., if your load doesn't draw a lot of current), the 
capacitor charges up to the peak voltage of the AC signal, and stays pretty much constant. Notice the simplicity 
of the circuit: not counting the load, we see it is an AC Source, a diode, and a capacitor in series. 


Above right, we see a simplified schematic of the RF Probe. At first glance, it looks quite different from the 
circuit at the left. But notice: just like the first, it consists of an AC Source, a diode, and a capacitor in series. It's 
pupose is to take an AC signal at the input (usually from a circuit under test), rectify it, and charge a capacitor. 
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Irrational Numbers 


An irrational number is defined to be any number that is the part of the real number system that cannot be written as a complete ratio of two integers 


Irratignal numbers can be 
easily represented geometrically 


1 Exponentials & Logarithms 


10 @ and the Natural Log are inverse functions of each other: 


100 e* is the amount of continuous GROWTH after a certain amount of time. 
Natural Log (In) is the amount of TIME of continuous growth to reach a certain level 
1,000 


wn — oo 


10,000 = 104 log (10,000) = 4 


i In 


How much gonthaherx unt fine In ets us plop continuous growth 
{and 10h contest nd getbetrve well ae 
e* = Jim (1+2/n)", In(x) = Jim n(2/ ~ 1). 


GROWTH PERIOD 
A 
seconds 
time 


Exponential growth 
GEOMETRIC growth = @ = lim(1+)' GROWTH 


noo 
€ represents the idea that all continually growing systems 


3.141592654 are scaled versions of a common rate 2.718281828 
¥ 


Piis the ratio between 
is the base rate of growth 


circumference and diameter 
shared by all continually growing processes, 


shared by all circles, 
@ lets you takea simple growth rate 


(where all the change happens all at once 
at the end of a period of time - ie quantised growth) 


Itisa fundamental ratio inherent in all circles 
and therefore impacts any calculation of 
circumference, area, volume, and surface areas 


e shows up whenever systems grow 
exponentially and continuously. 
radioactive decay, interest calculations 
and populations 


Piradians are equally important and show 
all quantised equilateral energy geometries 
are related to their scribed circles 


changing quantum energy per second 


sec 


EM fields 


tetryons quarks 


é can be applied to the equilateral energy geometries of physical systems 
leptons only where the rate of increase is a integer factor of a squared number Baryons 


Nuclear Energy levels Exponential energy levels 


Quantum Levels 
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Particle families 


Panck quanta 


The emission and absorption of bosons and Photons 367 [| le Al [mov ‘Il 
within sub-atomic nuclei ayers 


Increase and decrease in integer amounts 
according to the charged Tetryonic topologies 
of the particles involved 
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Radioactive decays 
follow exponential curves 
determined by the Tetryonic 
topology of the sub-atomic, 
particle families 
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Series addition & the Riemann Zeta Function 


The second series addition of the Reimann Zeta function is where x=2: (pi 2)/6=14+1/2A2+1/3A2+1/4424... 
(the sum of the reciprocals of the squares) 


Inmathematics, the Riemann zeta function, isa prominent function of great significance in number theory. tis a named after German mathematician Bernhard Riemann. 
Itis so important because of its relation to the distribution of prime numbers, It also has applications in other areas such as physics, probability theory, and applied statistics 
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‘The mystery of prime numbers 
Question: which natural numbers are prime? how are they distributed among natural numbers? 

Primes are basic building blocks for natural numbers: We don't know how to predict where the prime numbers are: 

- any natural number is a product of prime numbers “Prime numbers grow like weeds among the natural numbers, 

~a prime number is only divisible by itself and by 1: seeming to obey no other law than that of chance but also exhibit 


(itcannot be further simplified) stunning regul: 


(Don Zagiet, number theorist) 


‘Adding the odd numbers in order produces the square numbers ‘Apart from 2, al primes are odd numbers 
the diference between two consecutive squares belng odd, 
‘every prime can be expressed a the difference between two squares 


‘SPECTRAL LINES KEM ENERGIES 
Primes can be modelled as Bosons Primes can be expressed as Bosons 
[ODD number energy momenta geometries} [the difference of two squared energies] 
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[n-1] all energy quanta create normal distributions In-t] 


Prime number 


\_ Distributions 


What Vitang Zhang ust proved s that there are infinitely many pairs of primes 
‘that differ by at most 70,000,000. In ather words that the gap between one 
prime and the nex is bounded by 70,000,000 infinitely often —thus, the 
“bounded gaps" conjecture, 


/| 


twin prime fa prime number that ifr from anather prime number by two, 
‘or example the mes the term tin prime is used 
fora pair oftwin primes;an al name for this is prime twin or prime pat. 


‘Twin primes appear despite the general tendency of gaps between adjacent primes 
to become larger asthe numbers themselves get large due tothe prime number 
‘theorem the average gap” between primes les than ais login), 


‘On fist glance this might seem a miraculous phenomenon, 
Ifthe primes are tending tobe farther and farther apart 
what’ causing thereto be so many pais thatare close together” 


It isthe geometry of Numbers themselves that 
‘causes a natural geometric convergence 


P.-P, = 2 


Every twin prime pair except (3,5) s ofthe form (6n— 1, 6n 
forsome natural number a, and withthe exception of n= 1, 
mustend in0,2.3.5,7,0r8 
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The Digital roots of Prime numbers 


‘Archimedes is given credit for the first calculus. Archimedes infinite series Today's calculus was published by Newton. 


14+3/4+ 3/16 + 3/64 + 3/256 + 3/1024 +...... 14.75 +.1875 + 046875 + .01171875 +..... 
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Nested convergent infinite series 


0 Summing a convergent infinite series 
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Summing the dissimilar coloured equilateral triangles gives unity 
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And just like the first circuit, If you don't take a lot of power from the circuit (ie., if your load doesn't draw a lot 
of current), the capacitor charges up to the peak voltage of the AC signal, and stays prettty much constant. 


What's the difference between these two circuits, then? One small little thing, really. In the first circuit (the half 
wave peak rectifier), any positive DC component gets added to the voltage at the output. In the second cireuit 
(the RF Probe), the circuit is insensitive to positive DC components. This is good for an RF probe, because we're 
going to be testing cireuits with DC biases applied, and we don't want those biases to affect our readings (we're 
interested in the AC only, i.e., the RF) 


In both these circuits, if we place a DC (not AC) voltmeter at the place where it says "+" and "=" we'll read a DC 
voltage that is approximately equal to the peak of the applied AC voltage. If we knew our applied AC was a 
sinusoidal signal (or sine wave), then we could divide our reading by 1.414 to obtain the RMS value, which is 
the way we usually measure AC voltages. Even if its not a sinusoid, at least we know what the peak voltage is, 
and that's something we didn't know before we started. 


We'll do one more little trick to make the RF Probe more useful, and it will only cost us the addition of a 2-cent 
resistor. So that we don't have to manually divide our readings by 1.414, we'll use a resistor to create a voltage 
divider that will do it for us. Here's a classic voltage divider, added to our RF Probe circuit: 


47M 


uM 


‘As we know from elemental electronic theory, the voltage across the second resistor (where it says "+" and "=") 
is equal to the applied voltage multiplied times the ratio of the second resistance divided by the total resistance 
in series. In our case, for a sinusoidal input, we know the applied DC voltage is equal to the PEAK of the AC 
voltage. We would like the resistor divider to divide by 1.414, which means that the total resistance in series 
(including the second resistor) needs to be equal to 1.414 times the second resistance. In our example circuit, 
shown above, the second resistor is 11 Megohms, and the total series resistance is 11 Megohms PLUS 4.7 
megohms, or 15.7 Megohms. Is this ratio 1.414? Pretty close, about 1.427, closer than the typical resistor 
tolerances. 


But wait! I said we would add one resistor, not two! What's up with that? Well, the 11 Megohms is the typical 
input resistance of a high-impedance voltmeter, like an electronic VTVM or a digital voltmeter. As long as it's 
10-11 Megohms, it'll give results close enough for government work (HI). Obviously, it's important to know 
what your voltmeter's input resistance is, and you can find this out in your voltmeter’s specifications, or measure 
it (I wont get into that), And really, accuracy is often not that important, especially when you're signal-tracing. 


Enough! Let's get real... let's build something! 


Here's a complete schematic of the classic RF Probe. Simple, eh? 
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Summing the dissimilar coloured equilateral triangles gives unity 
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0 Summing a divergent infinite series 


ritroMengol The Basel Problem Lecce iar 


The Basel problem is a famous problem in mathematical analysis with relevance to number theory, 
first posed by Pietro Mengoli in 1644 and solved by Leonhard Euler in 1735. 


The Basel problem asks for the precise summation of the reciprocals of the squares of the natural numbers, 
i.e. the precise sum of the infinite series 


f(n) = 1/r? 


A A 


Integrals of mass-energy 


{eameans of finding scalar areas using summation an limits. 


Integration sa micro adding of CONTINUOUS quantites. The summation of equilateral energy momenta quanta 


with respect to their linear vector components 


co 
dy 
fC x) a : lav x 
Pd “, The Integral of the continuous area under the curve 
: isthe summation ofan infinte numberof discrete 
n , 


rectangular measurements made toa specified limit 


Integration isa special case of summation. 


An integration isn'ta simple summation, 


Integration is defined asthe limit of @ summation but the limit of a sequence of summations 


‘the numberof elements approches infinity while 
‘apart of their respective value approaches zero 


All Planck energies are discrete 


‘Summation isthe finite sum of multiple, ixed values. 
equilateral geometries 


co * 
A.time 
= Integrating the energy quanta contained within equilateral charge geometry ie, 


gives the variable Force required to acheive changes in motion 
‘massisthe surface integral of 


Energy, work, acceleration 
(Energy Hest EM eneray geometries 
Summation isa macro adding of DISCRETE quantities. paueariine 


vector Force 
y 


Scalar Energy "The calculus of infinitesimals" 


The fundamental theorem of calculus 
simply states that the sum of infinitesimal changes in a quantity over time 
adds up to the net change in the quantity. 


Letbniz's vis viva ‘Much of Newton's work 
(Latin for living force) ‘centred around momentum, 
sma, and changesto It 
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integral calculus i differential calculus 
v? time 
stick deta anh The fundamental theorem of calculus is a theorem that links scsi s beach arraciomnsies 


ofthe integral asa infinite sum of the concept of the integral with the derivative of a function the derivative sa measure of how 
rectangles of infinitesimal with ‘function changesasitsinput changes 
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Leibniz 
scalar energies 


linear momentum isthe square root vector force 
of the scalar energy required to do a set amount of work 
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Energy momentum Newton 


linear momentum 


geometries 
d{mv]/dt = dp/dt = ma 
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Energy momentum 


‘mass energy po second 
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near momentunt isthe square root vector force = = 
of the scalar energy required todo a set amount of work Fnvi}ide= dp/dt=ma 
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linear momentum 
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scalar energies 


E = mv? 


mass-energy momenta F = m~ 
relationship At 
square root equilateral energy 
is linear momentum 


__ 


seconds 


Planck quanta and their vector linear momentum 
lie at go degrees to the angle use in the graphs of motion in calculus 


Tetryonics 87,08 - Tetryonic 


sin calculus 


Differentiation 


Differentiation is concerned with things like speeds and accelerations, slopes and curves etc. 
‘These are Rates of Change, they are things that are defined locally. 
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An increase in a force 
in line with an object's 
vector velocity results in 
ACCELERATION 


An increase in a force 
opposing an object's 
vector velocity results in 
DECCELERATION 


remains in motion 
an outside Force 


A bodly in uniform motion 
unless.acted upon by 


A linear measure of Forces acting on physical systems 
resulting in changes to distance covered per unit of time 


A scalar measure of Forces acting on physical systems 
resulting in changes to their rate of motion. 
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Newton's second law of motion states thatthe pee ‘of the momentum ofa body equals the force applied tothe body. 


= m/s m/s? 


Visualising the geometric half-truths of relativistic physics 


The source of all the physical relationships Energy geometries within Physics including 
of mass-energy momenta and the constants Special Relativity with its Lorentz corrections 
in Physics is the Equilateral Triangle have historically been incorrectly illustrated 
(and all texts must be corrected) through the geometry of right angled triangles 

Py Physics is geometry, 


‘one cannot be separated from the other E= 


Equilateral geomtries lead to a intuitive understandings of Physics, 
Chemistry, Electrodynamics and Gravitation along 
with all the other apsects of Nature. 
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Velocity 


Velocity 1 f 
In physics, velocty isthe measurement ofthe rate and nection of change nthe postion ofan oblect eee Ss sec | 
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star abs tude) of velo is speed, isa20 
rtre per me rad Space-time 
MEASUTEMENT 
Ss 


Speed is the scalar value of the 
Distance traveled per unit of Time 


Velocity is the vector value of the 
Distance traveled per unit of Time 


i 
m 
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Velocity squared is the scalar value of the 
Distance traveled per unit of Time squared 
(Energy of a given spatial volume) 


Alll divergent Energy possesses a vector direction 
and an associated scalar area 
whose energy content is quantised 
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Acceleration 
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In Slunits, acceleration Is measured in me 


Acceleration 


Inpphysies, acceleration isthe rate of change of velocity over time [at 
Inone dimension, acceleration Is the rate at which something speeds up or slows down, 


However, since velocity is a vector, acceleration describes the rate of change of both the 


magnitude and the direction of velocity, 


Acceleration has the di 


sions [Lengthi/Time Squared} 


rs per second squared (m/sA2), 
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In classical mechanics, fora body with constant mass, 
the acceleration of the bady is proportional tothe net force acting on it 
(Newton's second law) 


‘Additionally, for a mass with constant velocity, 
{ie inan inertial frame) 

the energy of motion is expressed as its momentum 

(acceleration causes changes in Energy-momentum) 


p=kgm 
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TO VM - 


CLASSIC RF PROBE 


Reads RMS Equivalent Voltage in test circuit, if Voltmeter is 10-11 Meg Input Impedance; 
Reads 4X RMS Equiv Voltage if VM is 1Meg Input Impedance (Set VM to measure DCV) 


We've added a few things from our theoretical discussion that we'll make short note of. Obviously, for "probing" 
we need a "probe". (Hey! No wonder I get paid the big bucks...). We add a SHORT lead with an alligator clip. 
The alligator clip goes to our circuit "ground" and the probe goes to our test circuit, where we're probing. 
Brilliant! We don't want either of these to be long leads, because we're talking RF here, and long leads 

antennas, and we don't want to be picking up stray signals or broadcasting them. 10-12 inches for our ground 
lead is sufficient for circuits to up to 30 MHz. 


As shown in the schematic, we'll need to shield the RF Probe circuit, or else our hand and body will pick up 
stray RF and couple it into the circuit, causing erroneous readings. We'll also shield our leads all the way back to 
the Voltmeter, as shown, for the same reason. At the far end of the shielded wire, we'll mount banana plugs (or 
whatever will fit our DC Voltmeter). 


In case you're tempted, don't make poor substitutions for the diode. We chose the IN34A because it had the 
following key characteristics: Reverse Breakdown Voltage greater than 40 Volts, forward voltage (barrier 
potential) of less than 0.3 Volts, and good RF qualities. Any diode with these qualities (example, the IN458A) 
would work as well, but the IN34A is readily available (at Radio Shack and others). Silicon and Shottky (hot- 
carrier) diodes, while good RF devices, have higher barrier voltages, and will not work as well at low RF 
voltages. The IN34A is a germanium device, and with a barrier voltage of around 0.25 V, provides about the 
best performance you can get with this simple circuit. 


For best accuracy, size the resistor to match your DC Voltmeter’s input impedance: 


R=4,7 Meg for Zin = 11-Meg; 
R=4.3 Meg for Zin = 10-Meg; 
R= 430 K for Zin = 1-Meg; 


Here's one cheap-and-easy approach to building the RF Probe: 
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Tinear Momentum 


Inclassical mechanics, momentum (pl momenta St unit kg:rn/s, of, equivalently, Ns) 
isthe product of the mass and velocity of an object (p). 


Like velocity, momentum isa vector quantity, possessing a direction as well as a magnitude, 


“ ‘Momentum isa conserved quantity (law of conservation of linear momentum), 
‘meaning that ifa closed system is not affected by external forces, 
Its total momentum cannot change, 


Momentum should be referred to in its specific forms to distinguish iti its various forms 
[Quantised Angular, Linear, Rotational and quanturn/niclear momentum] 


p =hv?= mv 
Vv 


‘Although originally expressed in Newton's Second Law the conservation of momentum 

also hold n special relativity and, with appropriate definitions, a (generalized) momentum 

‘conservation law holds in electrodynamics, quantum mechanies, quantum fl theary, and 
‘genera relativity 


In celatvstic mechanies, non-relativistic momentum s further mulled by the Lorentz factor. 


p2= E=mv: 


Linear momentum is the vector square root 


of the mass-energy in any [K]EM field geometry.” kg mM’ 
‘. and produces a vector velocity “e2 


equilateral Planck energy momenta 


lL second... 
- mov? 


num 


Tetryonics 88.04 - Mo 


Energy-momentum relationship 


The total number of equilateral Planck quanta [quantised mass-energy momenta] 
Quantum Mechanics is directly related to the square of its linear momentum [mass-velocity] 
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4-5 
vr 


hv. v2 
ene cena Quantised Energy momenta is related to 
Scalar mass energy momenta through 

hv the equilateral geometry of Planck's constant 


mav? = E = mv’ 


Newtonian physics 


Scalar energy 
linear momentum 


pv 


quantised moment of inertia 


Inertial resistance to Force 


e of any physical object 
is state of motion, 


Inertia 


Changes to mass-velocity 
produces a change in an 
‘object's Kinetic Energies 


Changes to mass-veocity 
require a corresponding 
change to boson quanta 


KE 


second, 


‘Any change in motion results in changes to 
the Charge geometries creating in turn proportional 
changes to KEM mass and momenta components 


F=ma 


The ‘inductive resistance’ of Charge quanta fields to 
changes in their mass-energy momenta content 
is what we term Inertia 


‘Any change to an object's velocity results in a corresponding 
‘change to its mass-Energy momenta which is reflected by its inertia 


p? = E= mv’ 


Inertial mass can be related to Charge through inductive Planck quanta 


Matter in motion 
has Kinetic Energies 
in addition to invariant 

rest mass-Energy 


KE =RE - rest Matter 
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quantised moment of inertia 
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Quantised Angular momentum 


‘Ast isa physical [equilateral] geometry QAM is conservative in any system where there are no external Forces 
‘and serves asthe foundational geometric source fr all the conservation laws of physics 


Quantised Angular Momenta 


| second 


‘Angular momentum is sometimes described as the rotational analog of linear momentum, 
In Tetryonics It is revealed to be the equilateral geometry of quantised mass-energy momenta 
‘within any defined space-time co-ordinate system 


classical rotational 
‘angular momentum 


Im quantum mechanics, angular momentum is quantised ~ that cannot vary continuously, 
‘butonly in ODD nurnber ‘quantum steps" between the allowed SQUARE nuclear Energy levels 


Inpphysies, angular momentum, moment of momentum, 
‘or rotational momentum is a conserved vector quantity 
that can be used to describe the overal state ofa physical system, 


When applied to specific mass-Eneray-Matter systems 


‘QAM reveals the true quantum geometry and, 
nature of Energy in our universe 


mo) 


mass x QAM 


kg 
$s 
Planck's Constant 


Normally viewed as an expression of rotational momentum, 
‘Quantised Angular Momenturn [AMI sin facta result of 
the equilateral geometric quantization of mass-energy 


Tetryonics 89.01 - Quantised Angular Momentum 
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Charged geometries 


All charge geometries are nett divergent 


Q 


Divergent [v-v] Convergent 
energy momenta energy momenta 
1 oO 
3 1 
6 3 
10 6 
15 10 
21 5 
28 21 
36 28 


Renormalisation N77 


later in the calculation ral Relativity in the early 20th 


In QED In Tetryonics 
Infinities must Infinities do not 
be cancelled exist 


‘The mass of a charged particle should include 
the mass-energy in its electrostatic field 

(Electromagnetic mass) which in turn would 

approach infinity as the electron radius decreases. 


Tetryonics solves the problem by 
clearly differentiating between EM mass 
and Matter and using finite equilateral 
geometries for all Matter in motion 


initially viewed as a suspicious provisional procedure by som ventually embraced as an important and self-consistent tool 


2D space [c?] 


The adjective Cartesian refers to the French 
mathematician and philosopher René Descartes 
who developed the coordinate system in 1637 


Since then many other coordinate systems have been developed 
such as the polar coordinates for the plane, and 
the spherical and cylindrical coordinates 
for three-dimensional space, 


Cartesian coordinates are the foundation of analytic geometry, 
and provide enlightening geometric interpretations for many 
other branches of mathematics, such as linear algebra, complex 
analysis, differential geometry, multivariate calculus, group theory, 
and more 


Mapping 3D spaces 
using Recti-linear co-ordinates 


Cartesian coordinates can be defined as the positions of the perpendicular projections 
ofa point onto the two or more axes, expressed as signed distances from the origin. 


y 


3D Cartesian co-ordinate [c3] systems 
are distinct from spherical co-ordinate [c+] systems 


Polar co-ordinates Action Dynamics 


Cutvilinear co-ordinates may be derived from a set of rectilinear Cartesian coordinates 
by using locally invertible transformation that maps one point to another in both systems 


In mathematics, the 
each pointon a plane i 


te system isa two-dimensional coon 
bya distance from a fixed point and an angle from: 


Metric Tensors 


360 


Gravitational acceleration 


Polar or curvilinear co-ordinate 
systems are used extensively by Einstein 
in his theory of General Relavtivity 


In geometry, curvilinear coordinates are a coordinate system for x * . 
Euclidean space in which the co-ordinate lines may be curved. Reimannian curved space-time 


Co-ordinate transformations 
‘There are many diferent possible coordinate systems for describing geometrical figures and they can all be related to one another, 


Such relations are described by coordinate transformations which give formulas for the coordinates in one system. 
In terms of the coordinates in another system 


18,41 t 
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tan 0 = = 
= tan(5/I2) 
x 
= 22.619 


solving for the triangle 
using trigometric functions 


Spatial co-ordinate systems Spherical 


‘Spacetime is any mathematical co-ordinate system or model that 
combines space and time into a single continuum. 


Spacetime is usually interpreted with space as being three-dimensional with 
time playing the role of a fourth dimension that is different from the spatial dimensions. 


Froma Euclidean space perspective, the universe has three spatial dimensions 
and one dimension of time reflected by quantised angular momentum). 


Tetryonics maps spatial co-ordinates a 
through the momenta vectors of seconds’ 


equilateral Energy 
Cartesian Space-Time 


LULL 


Tetryonic Space-Time 
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x EM mass ENERGY momenta 
‘are equilateral geometries 


Mapping equilateral Energy geometries onto 
=f recti or curvi-linear spatial co-ordinate systems 
introduces mathematical complexity 
t 10.a otherwise simplistic geometry for all 

| | | | j EM mass-Energy-Matter interactions 


In physics spatial co-ordinates to date have been based on Cartesian co-ordinates when in fact Eneray momenta follow a Tri-Linear co-ordinate geometry 
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Click on the image above to sce a larger 


here 2000 


Take a small piece of scrap double-sided printed-circuit board, about 1-1/2 x 1/2 inches, Groove it on one side 
only, similiar to the image above, to create pads for soldering, but leave the back side as a "ground plane”, 
Mount your diode, capacitor, and resistor as shown, soldering to the pads you made. One side of the diode (the 
non-banded isde) gets connected to the ground plane (drill a hole through to the other side and solder it). Try to 
fit all the components neatly inside the edges of the pe board. Solder the braid of the shielded wire (3-4 ft long) 
to the ground plane, and the center conductor to the pad with the resistor. Also, solder a 10-12 inch hook-up wire 
to the ground plane, Check that there are no shorts between the center conductor and the ground-plane. Solder 
the probe tip to the pad with the capacitor (I used a discarded probe tip from a broken test probe). 


Here's where we get creative: packaging! One way or another, whatever method we use, it's important to shield 
the probe circuit, yet without shorting any part of the circuit to our shield (except the ground plane). I was on a 
kick of using copper pipe, which is very cheap, so I built my shield out of 1/2-inch copper pipe and end caps, 
commonly available at your local hardware store. I drilled a hole in the end of each end-cap, to pass the shielded 
cable and the probe tip. I used a shouldered washer to insulate the probe tip from the end cap, but a small rubber 
grommet would have worked as well. Stuff the assembly inside the copper pipe, and you end up with a 
completed probe that looks like the following: 


= 


Click on the image above to see a larger version 


So, how do we use this thing? 


Before we use it, a few precautions are in order. Don't use the probe in any circuit where the highest DC supply 
voltage is greater than the diode's reverse-breakdown voltage. For the IN34A, this is 50 Volts. Same goes for the 
capacitor, which should be rated at least 50 Volts. This probably means that the probe cannot be used in most 
tube circuits. Also, don't try to measure RF power in circuits where the peak voltage will exceed 50 Volts. What 
will happen if you exceed these voltages by a little? Well, probably nothing; possibly, the diode or capacitor will 
fail open or short. 
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The propagation of Energy momenta forms 
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Planar mass-energy geometries have no z-components 


Differentiation between 2D mass-energy & 3D Matter 
is key to extending our understanding of physics 


Matter topologies have z-components 
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Quantum probability distributions 


‘The equilateral geometry and distribution of quantised Energy momenta provides the basis for all statistical probabilities in 
‘Quantum mechanics, thermodynamic & information entropy - including a solution to Helsenberg's Uncertainty Principle 
‘thus paving the way forward for a new understanding, and manipulation of physical phenomena at the quantum level 
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‘Normal distributions are extremely important in statistics, and are often used in the natural and 
socialsciences for real-valued random variables whose distributions are not known 


Quantum Probability Distributions 


The normal distribution is a probability distribution. 
Itis also called Gaussian distribution because it was discovered by Carl Friedrich Gauss. 
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Normal Distributions 


The Gaussian distribution sometimes informally called the bel curve, 
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Abell shaped curve defines the standard normal distribution, 
in which the probability of observing a point is greatest near the average, 
and declines rapidly as one moves away from the mean. 
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In probability theory, the normal (or Gaussian) distribution Isa continuous probability distribution that has a bell-shaped probability density function, known as the Gaussian function 


Fundamental theorem of Energy momenta 


Anth level scalar energy momenta waveform has exactly n linear momentum in unit circle co-ordinate systems 
(with Longitudinal and Transverse equilateral Planck waveforms being orthogonal to each other) 


scalar energies 
Longitudinal EM waveforms are the waves 
Produced by spark gap discharges 


‘Their energy momenta are co-tinear with the 
> -wave's direction of propagation 


‘Transverse EM waveforms are the waves 
produced by accelerating charges mv 
‘Their energy momenta are orthagonal to 4 
the direction of wave propagation linear momentum 
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The first thing you'll always do in using the RF Probe is to connect the banana-plug end to the +/- jacks of your 
DC Voltmeter; set the Voltmeter to DC-Volts (not AC). 


To use the RF Probe for signal tracing in a malfunctioning RF circuit or a homebrew circuit, connect the aligator 
clip to a convenient "ground” or "common" point in your circuit. Often this is the chassis. Most of the time, 
you'll be probing at the base/gate, emitter/source, or collector/drain of a transistor, one either side of a coupling 
capacitor or transformer, or at the input or output of an IC. Because the circuit's RF must overcome the diode's 
barrier potential (of 0.25V, for our IN34A), voltages much less than that won't read at all, and voltages less than 
about a volt won't read very accurately. Typically, RF and post-mixer-amps in receivers don't have enough RF 
voltage, unless you inject a very strong signal at the input. 


I recently used my RF probe to troubleshoot my dead TenTec Scout, which had suddenly quit transmitting in 
mid-QSO. I connected the rig to a dummy load, then keyed it while probing. Using the probe, I was able to 
follow a steadily increasing RF signal through the transmit chain, from the oscillator through the transmit mixer, 
to the pre-driver, and the driver. The actual voltage measurements weren't important, just that they were 
increasing from stage to stage where expected. Then, (whoops!) the driver's base circuit had 6 Volts, but the 
collector circuit only had only 0.1 Volts! The driver transistors had gone south! 


You can also use the RF probe to measure RF power with reasonable accuracy, up to about 50 watts in a 50-ohm 
circuit. By 50-ohm circuit, I mean a 50-ohm antenna system at 1:1 SWR (higher SWRs are not 50 ohms), or a 
50-ohm dummy load. Assuming the resistor in your RF probe is sized to match your DC Voltmeter's input 
impedance (as explained above), you will get quite reasonably accurate measurements using the following 
formula: 


PWR= (Vireag) + 0.28)" 


Raoad) 


For example, I want to measure the power out of my TenTec 1340 40-Meter QRP transceiver. I place it on a 50 

ohm dummy load, and key down. I generally use a BNC-Tee adapter to gain access to the output line, but I could 
as easily pop the cover off. Using the RF probe (alligator clip to chassis ground), I measure12.2 Volts (DC) (and 

the same RF RMS Volts). Plugging this into the formula above I have PWR= (12.2 + 0.25) * (12.2 + 0.25) / 50 = 
3.1 Watts, The rated power for this rig is 3 Watts, so I've verified everything is hunky-dorey. 


We've added the potential barrier to the measured voltage above, but that little trick doesn't work so well when 
you get down around a volt, and for voltages less than about a volt, the measurement accuracy suffers greatly. 
‘Also, the diode's response is severely non-linear below the barrier potential, and will generally read much less 
than expected in circuits where the RF voltage is less than 1/4 volt. So if you see tiny readings in cireuits where 
it's normal to have voltages less than 1/4 volt RF, don't get too spun-up about the low readings... it may mean 
everything is normal. My rule of thumb for guessing at this is as follows: For collector/drain circuits in 
oscillators or transmit-chain amplifiers in key-down, expect RF Voltages about 20-50% of the applied DC 
(supply) voltage. This depends on the circuitry, of course, but it's a reasonable gesstimate. Base/gate and 
emitter/source circuits will generally be much less, maybe 5-10%. Circuit impedance will affect this too. 


How good is this thing? 


Well, we're not talking high performance test equipment here, but we are talking very useful. If you account for 
the barrier voltage, the readings can be quite accurate when measuring most low-impedance circuits (20-200 
ohms), provided that the voltage is above | or 2 volts. How accurate? +/-10% from 200 KHz to 150 MHz would 
be a reasonable expectation. Also, the voltage divider is only accurate for sinusoidal signals. If you want "peak" 
measurements, simply multiply your reading by 1.414. The "peak" measurement should be good regardless of 
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Matrices are a key tool in linear algebra 


Further developing equilateral Matrices and tensor mathematics to 


‘One use of matrices is to represent linear transformations, M atri ces teflect the 2D geometry of EM, KEM and GEM quantum fields, 
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‘Tensors are geometric entities introduced into mathematics and physics to extend the notion of scalars, geometric vectors, 
and matrices to increasingly higher orders. 


‘Modifying Square matrices to reflect the equlateral geometries of Tetryonic fields allows for the accurate geometric modelling 
‘ofall Scalar & Vector fields along with ther varied intrinsic quantum energles and physical properties 
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Py, — E,P1,p2, p3, p4). 

All standing-wave Matter topologies can be modelled 
using its Tetryonic charge energy momenta Tensors 
with an additional Kinetic EM energy-momenta tensor 
required for Matter in motion 

| (E, p5). 


2D+1 [Sk] masseneray momenta can be folded into 3D+1 [GR] Matter 
‘that can be modelled using 4 Energy-momenta tensors 
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sv? which map energy-momenta vectors in 3D spatial[cartesian] co-ordinate systems 
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aioe NSESE’s Classic RF Probe 


whether the waveform is sinusoidal. Regarding ultimate accuracy, your results may vary, and you may want to 
compare it to a laboratory instrument at the frequency of interest if you're really interested in accuracy. If you 
shield it well, and keep the ground clip lead reasonably short, it should be good in low-impedance circuits up 
into the VHF region, and down into the upper-audio region. In higher-impedance circuits, the junction 


capacitance of the diode may cause a low-pass effect at higher frequencies, and you're most likely to see this as a 


loss of measurement accuracy (i.c., low readings) at frequencies above 30 MHz. This doesn't mean it's not 
useful; it just means it reads low. Also, the capacitance of the probe may affect some sensitive RF circuits. For 
example, if you're probing a LC-tuned oscillator circuit, it may stop oscillating or change frequency or become 
unstable. Actually, most any probe will do this. Also, as we said before, the barrier voltage becomes a bigger 
part of the measurement error as the circuit voltage drops below a volt or so, and becomes dominant as you 
approach the barrier voltage. Just keep this in mind as one of it's limits. 


Enjoy, good luck, and 73! 
monty NSESE 


Return to NSESE home page 


Overseer: Monty Northrup .. leave e-mail... 


a ar oe regular (non-ham, but very popular) homepage 
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si016 [NSESE's Ballpoint RF Probe 


(click on any picture to see larger version) 


This is one of those afternoon projects that can really be both rewarding to build and useful to have. Electrically, 
it's identical to the Classic RF Probe described elsewhere (where you can also find the theory discussion for this 
one). Like the Classic RF Probe, this one is used in conjunction with a high-impedance-input Voltmeter or 
Digital Voltmeter (DVM). See the schematic below. Cost? About $5, if you can scrounge the ballpoint pen, heat 
shrink, shielded cable, and copper tape. 


NSFC 2001 


TOVM + 


TO VM - 


CLASSIC RF PROBE 


Reads RMS Equivalent Voltage in test circuit, if Voltmeter is 10-11 Meg Input Impedance; 
Reads 4X RMS Equiv Voltage if VM is 1Meg Input Impedance (Set VM to measure DCV) 


What makes this probe unique is that its built inside the shell of a regular of' ballpoint pen. Besides being 
conveniently compact, the unit sports a needle-probe suitable for use in probing surface-mount circuits, and 
good overall shielding. The pen cap protects the needle probe when not in use. When measuring sinusoidal 
signals, it should provide RMS-corrected readings, using a 10 or I1-Meg input impedance VTVM or DVM. 
With a I-Meg DVM, it reads 25% of the sinusoidal RMS voltage. Reasonable accuracy (+/- 10%) can be 
expected over the HF/VHF range (2-150 MHz), although this hasn't been verified. When used to measure non- 
sinusoidal signals, the accuracy will be unknown, but it still affords good relative measurements, and most of the 
time, that’s all that's required. It makes an excellent, compact, and portable accessory for troubleshooting or 
homebrewing QRP equipment with peak voltages less than SO Volts (i.e., most solid-state equipment) 
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Each shell consists of one or more subshells and 
each subshell conse of one of more atomic orbital. 


Electron Shells 


VALENCE SHELLS 
‘Theelectronsin the partially filed 
‘outermost [or highest energy] 
shell determine the chemical 
‘properties of theatom 


Periodic element geometries 


An electron shell may be thought of as an orbit followed by electrons around an atoms nucleus. 
The closest shell to the nucleus is called the "I shell (also called "K shel"), followed by the 
2 shell (or"L shell), then the "3 shell (or "M shell), and so on further and further from the nucleus, 
The shell letters K, LM, . are alphabetical 
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Sub-orbitals 


Each shel can contain only an integer 
‘numberof whole deuterium nucle 
(Proton, Neutron & electron) 


Principal Quantum Numbers 


Exch atomic shell equates toa specific 
Energy level forthe dueterium nuclel 
that comprise itn tum affecting the 

angular momentum of electrons in that shell, 


Periodic Harmonic motions 


x=Acos (wt + @) Much of the math in of modern physics Fe-kx 
is predicated on the assumption that 
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the properties of a circle 


Simple harmonic motion can be visualized asthe projection of uniform circular motion ona one ass 
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‘the motion of a body L 2 a‘periodic summation rule’ 
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E cheery Atomic nuclei mass-energies 


‘The quantum level mass energies 


pneu aotnina ie Each element's weight mass-Matter ina gravitational field] 
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‘The nuclel forming each atomic shell have specific mass-energy quanta 


Baryon rest masses lepton rest mass KEM 
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Deuterium mass-energy per shell 


Despite having differing mass-energies each Deuterium nuclei 
has the same velocity invariant Matter geometry [84] 


spin orbital coupling in synchronous quantum convertors 
Electrons act as quantum scale rotating armatures in atomic nuclei 
and can only have specific energies reflective of the electron orbital 
energy level of the Baryons in which they are found 


‘Compton frequencies lectron rest Matter They acheive these energy levels by absorbing or emitting photons 
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to acheive the specific angular momentum required 


iReepome KEM fields electrons. 


930.947MeV + 13.525 ev + 496.519 keV 
Mapping Planck mass-energy contributions to elementary Matter and isotopes 


Schrodinger's quantum numbers 
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wt+v+e=Z 
general form quatratic equation 
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Bohr's atomic orbitals 


Identifying electron rest Matter topologies as velocity invariant we can re-arrange the 
component Planck mass-energy geometry formulation of periodic elements to 
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reveal a quadratic formulation for all Z numbers 
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Proton - Neutron Curve Atomic Nuclei Numbers 


The graph below isa plot of neutron number against proton number. All periodic elements have an EQUAL number of 
It is used as rule to determine which nuclei are stable or unstable. Protons, Neutrons & Electrons with their molar mass-Matter 
being determined by their quantum level mass-energies 
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Proton Number [Z] 
Tetryonic modelling of the charged mass-ENERGY-Matter topologies 
Historically, Proton-electron numbers are viewed as being equivalent of elementary atoms and the nuclei that comprise them, reveals a DIRECT 
in neutral elementary matter with the excess molar mass measured LINEAR relationship for the number of Protons-electrons-Neutrons 
being the result of ‘excess or extra’ Neutrons in the atom in all periodic elements and nuclear isotopes 
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Construction 


The figure below shows the parts required to build the Ballpoint RF Probe. Click on the image to open an larger, 
annotated image with parts labled, and construction notes. Pick a ballpoint pen with a non-metalized plastic 
body, and plenty of room inside. The Papermate Flexgrip model I used had an inside diameter a little over 1/4- 
inch. We'll use an itty-bitty scrap of double-sided printed-circuit-board to mount the electronic components. 
Trim the PC board to about 2-12" long and 3/16" wide; don't make it too wide, or it won't fit inside the ballpoint 
pen. Notch or file a little out of the middle of the pe board, so the IN34A diode will fit easily inside the pen 
body. then, on one side only, groove in two places, so as to create 3 lands on the "top" side of the board. In 
addition to the parts shown, you'll need a 2-1/2" piece of heat-shrinkable tubing to cover the electronic assembly 
(although electrical tape would do instead), and about a foot of 1/4"-wide adhesive-backed copper tape, 
commonly available in rolls of 200-300 inches at large hobby stores (like Michaels, and Hobby Lobby). 
Although a chip capacitor is shown in the photo, a very small disc capacitor will do as well. 


NSF 2001 


Click on the image above to see a larger, annotated image 


In the next image (below), we get a close-up of the electronics assembly. You can see the input capacitor 
straddling the front-to middle lands, and the 4.7 Meg resistor straddling the middle-to-rear lands, The diode, 
which snuggles into the notch, connects from the middle land to the ground plane on the rear side of the pe 
board. The diode's banded end goes to the middle land, Break the sewing needle in half, using two needle nose 
pliers. WARNING! Use eye and face protection!! ALSO NOTE: Don't try to cut a sewing needle with wire- 
cutters... you'll ruin the cutters. Avoid straight pins, which dont have the hardness to perform well as probes. 
Then, solder the sewing needle to the front land, centering it carefully. You might benefit from burnishing the 
solder-half of the sewing needle with some fine grit sandpaper, to make it take solder a little better. Center it up 
nicely, as that will make for a professional-looking probe. Solder the shielded cable to the top/bottom of the pe 
board, center conductor to the rear land on top, and shield to the ground plane on the bottom. Be careful to aviod 
straggling shield-wires which could short the electronics. Also,solder a 10-12" pigtail of good, flexible insulated 
wire onto the ground plane, pigtailed rearward. This will be used as the ground wire in our test circuit. Before 
you shrink the tubing over the electronic assembly, check for shorts between lands and from lands to ground 
plane, make sure you have the diode polarity correct, and check that the needle is making solid electrical contact, 
and is mechanicaily secure. 


Click on the image above to see a larger, annotated image 


See the next image, below. Afier the electronic assembly has been heat-shrunk overall, wrap the copper tape all 
around the electronic assembly. This will be our shield. Near the rear of the electronic assembly, solder the 
electonic assembly's ground to the copper tape, near or on the cable shield. Alternative shielding methods can be 
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Schrodinger’s quantum numbers 
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2-8-18+32-+32-18-8-2 Bohr’s atomic orbitals 


nuclei number per shell 


ni 


oan tne paca! 
geo 930.947MeV + 496.519keV + 13.525ev 
Sic cagiluck ducgaicianoone The mass-energy content of Matter topologies is velocity invariant 


Protons Neutrons lectons 
with varying enery levels The mass-energy content of Baryons determines the KEM field of electrons 


The atomic shell energy levels 
of Deuterium nuclel in elements 
slectron 
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Determines the spectral line 
[KEM field energies] 
of electrons bound to them 


atomic shells 


All elements are comprised of n level Duetrium nuclei 


Baryons KEMfields —_ electrons 


Z[[72n*] + [12v?] + [1.2e20]] 


1,861,949MeV -13.525eV 496,519 keV 


i 
3,050.6 MeV 135250 ap6s19 tev 
Z1172"32n"] 4 OVDMBV" + 1.26200) 


2,862.9MeV- | 1035eV an stone: 
2 (72°31) + 1274+ (1.26201) 
2,681.2MeV : 
zitrar3t 
2,505.4 MeV 


(2,335.6 MeV 
Zu722 


2,171.7 MeV 


Zi2270'1+ VSB +12e20) | 
1 1 


2,013.8MeV ———ostev asst 
Z(72"26n') pe eRe, 
1861.9 MeV 496,519 keV 
Z((72°25n'} + [1.2e20]) 
fe 


The relativistic rest mass-energy-Matter of all periodic elements 


is the sum of the mass-energies of all atomic nuclei and spectral lines 


that comprise its mass-Matter topology as measured in 
any spatial co-ordinate system per unit of time 


2H+ / 4 
(72n?] [Mev?] 
Elemental mass-Matter 


[in Mev] 


6,101 MeV 


nuclei per shell 


39,092 MeV 
16.111.MeV 


{1.2e20] 


e 


the rest mass-Matter of 
bound photo-electrons is 
velocity invariant 


lonisation energies 
Fractional quantum differentials 


Mapping phioto-electron transition energies 
to Tetryonic energy momenta geometries 
reveals many key facts about the 
ionisation energies of nuclei 


__Pke _ 13628 
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‘The fering fractional KEM fll energy momenta of electrons 
‘ha ess rom tele ransons to spf nergy mule 
In elements results difering QAM quanta and 
produces special lies and fine line piting 


= Ap 
secalines ae pode by aceertingetons 
Note: hiss an Musrativ schema fr modeling REM filers 


c All KEM fields posses the same physical spuril geometry 
in rai time defined spatial co-ordinate system 
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Element numbers Principal Quantum Numbers lonisation energies 


Nuclei per shell in elements follow 
2 "periodic summation rule’ 
that is reflective of 
photonic energies 


2(x?) = 


=~ 


electron shells 


Ni@+s+ B+ Br grown 
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Periodic mass-ENERGY-Matter 
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along with their exact molar rest mass-energies and 
quantum wavefunctions can be described with Tetryonic geometries 


Fooen 


Spectral line differentials 


Ahv = AMv = Ap 


: Ryberg's formula is 


a mathematical description 
of Tetryonic energy geometry 


2ofs6 


ado 


All of the transitions of photo-electrons 
bound to Hydrogen atoms can now be 
revealed in the fractional geometry 
of KEM field energies 


16 


Fermat’s method of Factoring 


also known as'the difference of two squares’is used to factorise large numbers 


[xy]. [x+y] 


All 
spectral 
lines transitions 
are an example of 


Fermat's 
difference of two squares 
in action at the quantum level 


leading in turn to Ryberg's formula 


EVAVAVAVAVAN 
EI AVAVAVAVAVAN 
BALRAAKLK (49 


Fermat knew that every odd number could be written as the difference of two squares 
or as revealed geometrically through Tetryonic theory's equilateral geometry, 
every SQUARE’ number is the sequential sum of ODD numbers AO 64 


BAA 


BE” 
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Fractions 
3/4 A fraction is a number that shows how many equal parts there 
In quantum mechanics fractions appear in quantum steps 
as a result of the equilateral geometry of Planck energy momenta SD, 
24/25 we AAAKKA 
PAVAV AVAYAVAVN 
i ATV AVAN AV AVAVAN 
80/81 } L 1 1 
/ (a =R bedeccers 
987654321 ii Le 
-987654321 
Sin 60 
.866025403 


V32 


Cos 60 
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‘Tetryonic geometry explains the fractional mathematics of Rydberg’s formula 
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Lyman spectral transitions 
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Balmer spectral transitions 


Ahy = KEM = hcR 
Planck 3.381 eV Rydberg 
Emission 
— 768 
180 720 
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Paschen spectral transitions 


KEM 


1.502 eV 


a Emission 
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si2016 [NSESE's Ballpoint RF Probe 


tried, for example, you might pull the shield out of a piece of RG-59, and sleeve it over the electronic assembly, 
soldering it to the ground plane. Whatever you do, be certain that the shield cannot unravel and short against the 
probe itself or any of the electronics. 


Although not shown in the picture, we drill a small hole about 2/3 back on the pen casing, threading the ground 
pigtail through the hole. This really tests your hand-to-eye coordination. If the pen has a threaded-in rear-cap, 
drill a hole in it just big enough to accommodate your main shielded cable. Thread the whole cable into the pen 
casing, and out the other side, and if you had a threaded rear-cap, like I did, thread it on. Pull the electronic 
assembly gently back into the casing, so that the needle probe sticks out about 1/2 inch. Mix some clear 5- 
minute epoxy, and let it thicken ever so slightly. Then , while holding the assembly vertically (i.e., probe-tip up), 
and using a small toothpick or screwdriver, drop epoxy into the probe area, sealing the electronics and probe into 
place, Allow to dry thoroughly before applying any pressure to the assembly. 


When dry, attach your favorite ground-clip to the pigtail, and banana plugs on the end of the shielded cable (red 
to the center-conductor, black to the shield, to match your Voltmeter) 


Click on the image above to see a larger, annotated image 
See the next image, below, which shows the completed assembly, annotated. Sometimes, seeing the entire 


assembly makes everything perfectly clear. Place the pen cap over the needle probe to protect the assembly 
when not in use. 


Click on the image above to see a larger, annotated image 


And speaking of use, here's our lovely model (OK...XYL) making a measurement in the NOSS Noise Generator. 
She has the ground clip connected to a convenient place in the circuit's ground, and the probe touches the test 
point we want to measure. As you can see, we read 0.710 Volts. Since this is broadband noise, the actual voltage 
reading is not accurate, but it was seen to be much greater than the previous stage, as we expected. 
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Brackett spectral transitions 


Ahy = KEM = hcR 


0.8451 eV ryder 


Emission ASI68) 
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Pfund spectral transitions 


Ahy = KEM = hcR 
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Humphreys spectral transitions 


Ahy = K 
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Tetryonics 96.09 - Humphreys transitions 
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Tetryonia: Un-named tra 


Quantum Electrodynamics 


Spectral lines Photo-electrons 


> > B 


Eightoenths 


> 


‘Twenty fourths 


Siztenths 
“Twenty-sevenths 
White light Fractal antennas 
[EM radiation] are tuned to specific 
is comprised of many wavelength-frequencies 
superpositioned to match the equilateral 
frequencies geometry of photons 
Twenty seventh 


Thiny-seconds 
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and Angles 


Waey bangles 
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sum = mrad sum= "73 fad ‘sum = mrad 


sand Angles 
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Triangular dissection of an equilateral triangle 


is a way of dividing up a original triangle into smaller equilateral triangles, 
such that none of the smaller triangles overlap 


My hd > &A 


lowest order perfect equilateral triangle dissected by equilateral triangles lowest order perfect dissected equilateral triangle, an isomer of the first 


Golden mean Spirals 


Golden Mean Spiral - This spiral is derived via the golden rectangle, a unique rectangle which has the golden ratio. 
This form is found everywhere in nature: the Nautilus Shell, the face of a Sunflower, fingerprints, our DNA, and the shape of the Milky Way 


Golden spiral 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, ... Golden spirals 


Continued fractions and the Fibonacci sequence 


The convergence of the continued fractions 


ne a a ae ee ee ee ee ee 
GPEEEEEEEPREEEe ee 


= are: 
2,3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 
12 3 5 8 13 21 34 55 89 144 233 377 


The Golden Ratio (Golden Mean, Golden Section) 
is defined mathematically as: 


1+v5 
oa V5 _ 16180339887 
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Click on the image above to see a larger, more readable image 
Let me know if you build one of these... and send me a picture! 


73, monty NSESE 


Return to NSESE home page 


Overseer: Monty Northrup . leave e-mail .. 


. 2 sit our regular (non-ham, but very popular) homepage 
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Koch fractal Curve 


Niels Fabian Helge von Koch (January 25, 1870 ~ March 11, 1924) was a Swedish mathematician, 
who gave his name to one of the earliest fractal curves ever known 


He described the Koch curve, or Koch snowflakes as it popularly known, in a 1904 paper entitled 
“Ona continuous curve without tangents constructible from elementary geometry" 


Von Koch wrote several papers on number theory. A The Koch snowflake (or Koch star) is a mathematical curve 
neous 0 hee peta et anon cfc cs facal aves whave ben deed 


the Riemann hypothesis is equivalent toa strengthened 


form ofthe prime number theorem. Actually Koch described whats now known asthe Koch curve, 
which isthe same asthe now popular snowflake, except starts 
Three Koch curves form the snowflake witha line segment instead of an equilateral triangle. 
1 i 
a= z+ 


‘The Koch curve is a special case of the Cesaro curve where: 


which is in turn a special case of the de Rham curve. 


Koch snowflake C®) Flower of Life 
aN a KASS 


spacetime 
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The Flower of Life is a igure 
posed of multiple evenly-spaced, overlapping circles. 


Unit circles - SINE WAVES - Photons 


Maxwell's Equations 


Classic model of a photon DG: i byes 
- eit/4 7 electric fields 
ir ir 

e ‘ eit/8 


ett/2 


ei(87/4) 


i [ers Tetryonic model of a photon. 


Magnetic waveforms are 90 degrees out of phase with Electric waveforms 


Boson distributions in monochromatic EM waves 


GIGS 5/64 4/64 3/64 2/68 


2/66 N68 4/64 5/64 6/64 


detected interference pattern produced by quantum distributions 
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boson-photon distribution in KEM field waveform 


Probability distributions of monochromatic EM waves 


Wave interference patterns npn feed then pecucng este hwevestahensuperpeton Wi 
‘each other to produce interference patterns 


The double sit experiment, sometimes called Young's exp 


Equilateral superpositioned KEM waves produce 
constructive and destructive interference waves 


and deme 


Fe Wot rcs gee Te i that have historically been interpreted = * 
thar prods on imrence paren as being circular wavefronts 
the partis nected 
KEM] wave. bad 
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t « 
The Compon frequency of any [KJEM x 
wave ts compried of deca wavelength 
‘Photons which can combine to produce Any detctor placed afier the primary screen 
will remove energy from the secondaryKEM fields = 


and affect the interference patterns produced 


Fone slit is observed for the passage of the electron in order to determine 
its physical state then the its KEM field wave will be absorbed by the detector 
resulting in only one wave remaining, enforcing a classical particle outcome 
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Quantum computing via EM wave super-positioning 


BY superpositioning two beams AAAAt 
of EM radiation the resultant colours’ constructive interference 
will perform quantum level computations BAAS en peeenae 
that can be read via the resultant PAPAL 
interference patterns produced 
In phase 


wee ew eo zo Ln 


wae 


Out of phase 


Various basic operations, such as. 
ADDITION, SUBTRACTION and 
destructive interference PAPAS ‘SQUARE ROOTS etc 
subheactive oUt-ok phbe EM Yves PAAAY are all easily computed using 
EM wave super-positioning 


The lines of Force 


By utilsing the statiscal distribution of equllateral Planck energy momenta quanta in EM waves 
Tetryonic theory provides a practical geometric solution to quantum computing problems 
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An algoithm ofcorigleaty O27 uses exponent quarts ey Fy An algorithm of complexity O(n? utilis quadratic quanta, 


increasing n by Till double the quanta required meaning that ifyou double ni will use ur times as many quanta, 


n 


Unlike Math treatise on P vs Np that-require exponential polynomial time (nd) Tetryonic geometry of EM fields uttse exponential energies per second 


2hv “1 SECON 


By relating p to the numberof equilateral wave field in any EM wave very large [pri” ] data sets can be modelled and processed every second 
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of any complexity 
can coal developed 


Quantum Computing 


The Proton/Neutron geometries of atomic nuclei can be built at the quantum scale 
to create an atomic nuclei that can operate as a Opto-memory-transistive computing element, 
many elements can then be combined in lattices to create super computers no larger than bacterium 


Energy can be gated through individual nuclei 


Spin U P using the centre Baryon as the base transistor element, S Pp in D OW N 


in turn effecting the energies of bound photo-electrons 


SQUARE ROOTS, 


ODDS SQUARES 


PROBABILITIES 


Q bits 


photo-electronic transitions can be used to directly recieve 
1 or emit memory states through the absorption and emission O 
of spectral photons of specific energy momenta 


Scalar mass-energies Quantum distributions 


snoro18 Antenna coaxcial switch 


A Coax Switch 


Cheap slide switch in a standard 54 x 50 x 26 mm box. 
THE SWITCH 


Fig » shows a proven inexpensive 
home-made antenna selection switch. 
If you question the use of a cheap slide 
switch and SO239 coax sockets, read 
on. Measurements in a physics lab | 
showed there to be practically no 
reflection on HF and even on 70 cm the 
SWR was below 1.3 : 1! That is 
explained as follows: 


@ The contacts in the slide switch have larger contact surfaces than many a bought 
coaxial switch. 


@ The wiring and switch contacts, between the top and bottom of the metal case, act as 
the centre conductor of a coax of near 50 ?. 


It is a standard box measuring 54 x 50 x 26 mm (I x w x h) and the wiring between the 
switch and the coax sockets is done in 2 mm silver plated wire. 


POWER HANDLING CAPABILITY 
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2D mass ENERGY 3D Matter 


imitav net[ may] 


Equilateral energy momenta 


c 
has a mass equivalence 
4 
per unit of Time 


v 


c*is the radial geometry 
created by radiant energy 


in 1 second 


mass quantum Planck Constant Matter quantum 
6.629432672 e-34 J.s 


’s constant ~ 


all ideal quantum inductive loops 


resist changes to their 


Gaarey levels 


INERTIAL mass 


the quantum of Action 


all equilateral energy momenta 
produce square root vector 


Forces 


quantum of WORK 


bosons 


EM fields 


photons 


mass geometries 


Electric field 


tetryons 
quarks 
leptons 


Baryons 


Magnetic fields 


All squared energies have equilateral geometries 


Clean, limitless Energy Unlimited resources 


The geometric field equation of mass-ENERGY-Matter 


spatial 


) 


SoU, mav 


impedance mass 


Unifying Science and Religion 


Tetryonic Theory 


AIlEM mass, energy momenta & Matter can be measured and 
geometrised with respect to equilateral Quantised Angular Momenta 


standing-wave mass-Matter, 


wen | MOY ] 


2D radiant 
mass-energy 


The application of equilateral QAM geometries 
geometries 


covers all of the Physical disciplines 


TETRYONICS 


The equilateral geometry underpinning the mathematics of Physics 


Geometry and the Theory of Everything 


DIFFERENT TYPE OF GEOMETRIES 


3D 


SADDLE 


ual 


(stued by Omar Khayyam Giolao Saccher Bernhard Reman, -) 5 - 
(428-3488C) (€330-275 8, f.¢3006C) 


‘The Socratic tradition was not particularly congenial to mathematics, as may be gathered from Socrates’ inability to convince himself that 1 plus 1 equals 2, 
but it seems that his student Plato gained an appreciation for mathematics after a series of conversations with his friend Archytas in 388 BC, 


(One of the things that most caught Plato's imagination was the existence and uniqueness of what are now called the five "Platonic solids" 


It's uncertain who first described all ive of these shapes it may have been the early Pythagoreans - but some sources (including Euclid) 
Indicate that Theaetetus (another friend of Plato's) wrote the first complete account of the five reqular solids. 


Presumably this formed the basis of the constructions of the Platonic solids that constitute the concluding Book Xill of Euclc's Elements, 
Inany case, Plato was mightily impressed by these five definite shapes that constitute the only perfectly symmetrical arrangements of a 
set of (non-planar) points in space, and late in life he expounded a complete "theory of everything’, 


in the treatise called Timaeus, based explicitly on these five solids. 


Interestingly, almost 2000 years later, Johannes Kepler was similarly fascinated by these five shapes, and developed his own cosmology from them 


The GreekTetractysisa 


Tetractys 


‘The Tetractys historically symbolized the four elements ‘Trenetred Massie name ana’ 


triangular gure consisting of ten points Tac Be ocd wail the number four 
arranged in four rows: sida altonctngeroen Heart in Pythagorean philosophy 
andthe comnoomesiedier cod there Were four seasons 
one, two, three, and four points in each row, ‘and four elements, 
Which the geometrical representation of the and the number was also associated 
fourth triangular number. v with planetary motions and music 


‘As a mystical symbol, it was very important to 
the secret worship of the Pythagoreans, 


Sacred numbers 


‘As a mystical symbol, twas very Important to 
the secret worship of the Pythagoreans. 


The Tetractys can be re-organised to represent the 
space-time geometries of 
all EM mass-ENERGY-Matter 


c 


The single triangle inthe first row represents zero-dimensions (a point) 
A vector direction in one-dimension can be represented asa line between any two points 
The second row represents a Bason (two-dimensions in a plane defined by a rhombus of three triangles) 
The whole figure folded represents three-dimensions (a tetrahedron defined by four apex points) 
Photons of ElectroMagnetic mass-Energy quanta are represented by two opposing triangles 


snovo18 Antenna coaxcial switch 


If the switching is done with power off, the switch can stand 800 W. I have used this 
switch for more than 15 years and even with 1500 W there have been no problems. 


TL 
While building this switch, you might as well add a test 
t ANT2 point, e.g. to connect a ‘scope’ or frequency counter. 
The capacitors of 10 and 220 pF make a capacitive 
voltage divider and the extra loading, 9.6 pF, does not 
affect performance on HF. In fact, on 10 m it improves 
the SWR as the extra capacity, in combination with the 
wiring it makes a filter which favours that frequency. 


| ltt 


Freq counter etc. 


This shows how the switch is used in my station. 


ab - 4a - 4a 4 > ~~ ~~ 


Feral 
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The Greek Zodiac 


6 


The Greek Elements 
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Equilateral Triangles 


‘An equilateral triangle sa triangle in which all three sides are equal 


ay 


quilateral triangles are 
‘symmeteicl in 
_many afferent ways 


It is unique in that itis the only polygon 
that can be tiled [or divided] and produce 
only identical geometries and squares numbers 


The equilateral triangle ES uloreral triangles aie 
is eminently suited for scalable geometries 
the construction of fractals 


hv 


Any six equilateral triangles 
joined can make a hexagon. 


The 
tesselation of 
odd numbered 
‘equilateral triangles 
creates square numbers 


Thatis, 


143454749411 =36 

14345+749411413 

143454 7474941113415 = 
etc 


Pythagoras of Samos 


The Pythagorean Theorem 


Though attributed to Pythagoras it isnot certain that h : tneihy fighettansle, 
ie the area of the square whose side s the hypotenuse 
The first lear prof came from Eu anit is posble the concept Was known (the side opposite the right angle) is equal to 


passa bert Bebiloien the sum of the areas of the squares 


| whose sides are the two legs 


2 (the two sides that meet ata right angle) 
‘The square ofthe hypotenuse of triangle f equal tothe sum of the squares ots sides. 


Pythagorean Tetractys 


Since Greek times 
squared numbers 
have incorrectly 
been identified with 
square geometries 


The Pythagorean equation is at the core of much of geometry, 
its links geometry with algebra, 
and is the foundation of trigonometry. 


Without it, accurate surveying, mapmaking, and navigation 
would be impossible, 


Equilateral triangles are also 
squared number geometries 


but its application to the energy-momenta geometries 
of ElectroMagnetic fields and Matter in motion in Physics 
is erroneous and must be corrected for science to advance 


RAHA! 


Energy geometries 


Atomic nuclei geometries 


Heragons canbe tiled or tesellated n'a regular pattern 
‘ona fat to-dimensional plane 


Hexagons 


A regular hexagon can be subdivided 
into six equilateral triangles 


Hexagons ae the only regular polygon that 
can be subdivided into another regular polygon 


An interesting relationship between circular and hexagonal 
‘geometry i that hexagonal paterns often appear spontaneously 
‘hen natural forces ae trying to approximate circles 


Hexagons are the unique regular polygon such that 
the distance between the center and each vertex 
Isequal tothe length ofeach side 


Sixisa highly composite number, 
the second-smallest composite number, 
and the first perfect number, 


Hexagonal tessellation i topologically identical 
tothe close packing of crcleson a plane 


Thatis, 1*2*3=142+3=6 


Platonic Solids 


‘The Pythagoreans knew that there were only five regular convex sold, 
the tetrhedon, cube, octahedron, cosohedron and dodecahedron 
‘and each one could be accurately circumscribed by asphere. 


EARTH 


4 viangles meet to form 


‘Tetrahedion triangles meet to form 


3 0ctahedron 


tetryons 4 jemenene 8 quarks 


regular deltahedons regula deltahedrons 


leptons 12 F-E+V=2 20 Baryons 
faces edges _vertexs. 


12 pentagons meet to form ‘aleosahedron 


‘a Dodecahedron 


(caeai880) 
‘The philosopher Plato concluded that they must be the fundamental building blocks 
THE HEAVENS =theatoms-of nature, and assigned to them what he believed tbe WATER 


‘the essential elements ofthe universe. 


Tetryonic Solids up quark 


Despite their unique topologies Tetryonic solids 
are not unlike Platonic solids save that their toplogies are 
comprised entirely from complex hitherto undescribed 
4nr equilateral Planck mass-energy momenta geometries 2 
that also match the Euler numbers of Platonic solids 


12n leptons 127 


down quark 
8 Ar tetryons Aq & e 
z xe g 3 8x quarks 1202 
3 deltahedrons 3 2: regular 3 
Pf = 8 8 
g E deltahedrons 2 
a a 
= B 


20x Baryons 36x 


Their equilateral topologies are best described 
as regular topologic-deltahedrons: 


faces neutrino 
aSedges 
rons electron 2 


tetra-delta-hedrals ‘tetryons 4m external charge fascia 
octa-delta-hedrals wwarks ——_8xexternal charge fascia 
dodeca-delta-hedrals leptons 12 external charge fascia 
icoso-delta-hedrals Baryons 207 external charge fascia 


note: 
Charged mass-energy fascia geometries and edges become 
“hidden’ upon the meshing of delta-hedra to form Matter topologies 


Euclid 


(€330-275 BC, f.<.300 BC) 


The Elements - Book 1 - Definition 20, 


Ofthe trilateral figures, an equilateral triangle is that 
Which has its three EQUAL sides 


Euclidean geometry 


“Arguably the mos influential Mathematics book ever writen Is Eucikls"The Elements’ 


In all, it contains 465 theorems and proofs, 
described in a clear, logical and elegant style, and 
using only a compass and a straight edge. 


Euclid Elements Book 1 -Propostion 1 
‘Method of constructing an Equalteral triangle 


XIl 


Euclid’s five general axioms were: 


Things which are equal to the same thing 
are equal to each other. 


IFequals are added to equals, 
the wholes (sums) are equal. 


IFequals are subtracted from equals, 
the remainders (differences) are equal. 


Things that coincide with one another 
are equal to one another. 


The whole is greater than the part 
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“The number misa mathematical constant thats 
theratio‘of acces ccumference tits diameter, 
As its definition relates to the circle, ; 
tis found in many formulae in trigonometry and geometry, : 
especially those concerning circles ellipses, or spheres. 


Archimedes: 


mS, 


a 


Iso found in formulae from other branches of science, . \ 
such as cosmology, number theory, stasis, fractals, Pi n= cd 
thermodynamics, mechanics, and electromagnetism 


Incorrect identification of Pi {c/d] as opposed to Pi radians aheieenetener Therato Cid constant, 
in Physies ha led to the inappropriate association imarands teocheropeas. rere ofthe cee se 


of spherical particles to the physical sciences 
‘whereas equilateral triangles & tetrahedra % 
6.287 BC~€.2128C) form its true geometry 


3.141592654....0 
Proof of the fact that C=2nr and how Archimedes proved it 


Draw any cic 


Make pont anywhareon the cumference ofthe een ce, 


se tat point asthe center fa second ive] cele with the same aus asthe ree cre. 
‘The edge ofthe bive dle should touch the center of tegreen cl, 

Draw theline segment connecting the centers of the two ces. 
Thatformstheradus af both athe ees 


Now row the line connecting the center ofthe Be cet wher It roses the grown cele 
‘onbothides. and complete te angles, 


‘You should have two equates ranges whore side ar equal tothe rad of the geen ccle 


‘Now extendall ofthe radius nes so they become ameter ies, 
allthe wa azesthe ce and fish dang al of the wangles to connect hem. 


‘Youve gots uate angles new that make an orange hexagon, 


‘Se the perimeter af your hexagons thesame ass timesthe ads of your cil 


But yourchcunferences a tle bgge than the parneer of your hexagon 
boca he shortest stance between two pants alvaya salt ine 


‘Thieshoves you thatthe cramference ofthe be de hae tobe mone than, 
{oif-2nrthenphastabe itl bigger than 3, veh es 


“The mote sides we draw on our polygon, the closer we will get tothe real value ofp (3.14159). 
Using a polygon with 96 sides, Archimedes was able to calculate that n was ait bigger than 3.1408 


1.10 - Archimedes & P/ 


The Golden Ratio velocity vectors a b 
see grt ae ens a ie AR ea 


thes the quant fothelage quant ea bietng nee the eight of he 
to the ratio of the larger quantity to the smaller one. = . mieten pee 


a+b 


“The gue to the ight lustates the geomet elatlonship . 
atbis toaasais tob 


An intriguing showing of nan equilateral triangle 
was observed by George Odom a resident of the 
Hudson River Psychiatric Center, nthe early 1980s 


[1.61803] 


Intro ine ert [UM] 
L of the biseetor tine M ‘The exterior lines 
is equal 12 the side 


Looe, M x ‘ Noland (ley 


[AB] or [cA] unt) 
Let Land Me the midpoint he ds 
‘Abang ACof neque angle ABC 
oy measuemen and 
are the ltrctng Chow There 
Wineie MX-MY = AMC. 
“The area ofthe eld peritvty diamond [ALDAM] 
produced by the golden aio bisector i 2 ich ott 
i h the area of the original equilateral (a+b)b 
=> Planck energy tangle (ABC) 
on ay tangle | 
energy Denting a+ weet 
Tetryone geometry reveals 2 
themaximum eld ampitude a 14Kx=x?, 
ofthe eed lack constant 


chemsadee Planck's constant [h] George Odom 


Q 


The Golden Rhombus vector velocities 
Applying the golden ratio (@) to quantum scale vs 
electrodynamic geometry we can quickly determine that 
the linear momentum and magnetic moment vectors of photons magnetic vector 


& EM waves can also be expressed as a golden ratio 


Golden ratio phi 


[1.61803] 


u 


magnetic Force photons 


ve Bee of 


electric Force —=—p——+}>-< EM energy 


‘An equilateral [square] triangle 
dlvided into 12 equal semitones 


The 5 planes of 
Cartesian co-ordinates 


Musical 
Notes 


Planetary 
Orbits 


Matter 
topologies 


Conservation 
Laws 


hy, \y? 
B.__ Prthooorasiscrecited withthe dscovery thatthe intervals between harmenious musicalnotesalwayshave whole number rat, §— 
An equilateral [square] triangle 
divided into 6 equal semitones 
and 6 equal quarter tones 


with an Equiateral triangle, draw lines froth center of the cicleto each vertex and each midpoint, creating six right tangles shown with six different colored tangles, 
Each right triage has radius ofthe cle for ane leg, an half fa side ofthe original lange for another. 
‘Any two right triangles sharing ane of théradial lines must therefore be cangruent, and that implies that theliypotenuses of the tangles are all equal. 
This in tun shows that the sie rig tangles ae all congruent, anal so the large tangle they combine to form is equlateral 


Equilateral Fifths 


CDEFGABC 
do re mi fa so la tido 


Musical Notes 


ODD numbers” SQUARED numbers 


Equilateral _: F — , Octaves 


Ternary Diagrams 


\Viviant's Theorem implies that lines p 

arycentric/areal/trilin 

senting three quantities A.B.C whose sum l 
(which can be normalized to unity), 


allel to the sides of an equilateral trangle 


ary diagrams 
ant 


Ternary diagrams 
should NOT be used 
to model EM field 
strengths 


In aternary plot, of EM energy 
the Electric field [E] and the 


tol 


A ternary diagram is simply a triangular coordinate system in which the 3 edges correspond to the axes. 


linear charts are commonly used fer finding the result of mixing thee components (such a8 gases, chemical compounds soll colo, etc) that add to 1008 ofa quantity. 


re me Roberts 200 ter conan an pon ses ot ncedin the me Eutri gons 


the area enclosed or swept out by the three points of the triangle in question are animportat new clas of tangle (mathematical defined by Wayne Roberts) 


e analogue ofthe right-tangle in orthogonal (Cartesian) coordinate geometry 


a b = i aS b 2 = Cc? Kepler's Second Law of planetary motion 


the area of any eutrigon is equal tothe combined areas ofthe equilateral tangles on legs‘ andl, 
‘minus the area ofthe equilateral tangle on ts bypatenuse'c 


The Pythagorean theorem 


a+b 


The orbit of every planet is an ellipse 
with the Sun at one of the two foci. 


Aline joining a planet and the Sun sweeps 
out equal areas during equal intervals of time. 


Since Greek times The algebraic form of the Eutrigon Theorem, (like the algebraic form of Pythagoras’ Theorem), 


square numbers have is proven to be special case of the Cosine Rule... 
been incorrectly 
Identified with A 
squats gecretries Tetryonic theory reveals the equilateral [square] energy geometry 
that reveals the‘harmonics at play’ in physical laws 


such as the second law of Kepler, and in many other phenomena in 
physics, chemistry, cosmology, biochemistry and number theory 
thus providing the foundation for the mathematics of quantum mechanics 


Equilateral triangles also form 
square number geometries 


Number theory 


a Real 


Real Algebraic 


Rational A 


Integer 


Natural 


nN 


ithas only been in recent centuries that 
mathematics has begun to explore the 
higher order irational numbers 


‘The Pythagoreans also established the foundations of number theory, 
With thelr investigations of triangular, square and aso perfect numbers 
(rumbers that are the sum of thelr divisors). 

Tetryonics takes ths investigation to new levels 
with the identification of equilateral geometries 
as the foundation of transcendental numbers and 

the physics of fields and particles in motion 


They discovered several new properties of square numbers, 
such as that the square of anumbern is equal to the 
sum of the first n odd numbers (eg.1+3+5+7= 16). 


What mathematics has failed to appreciate is 
the significance application of equilateral geometries 
to the ‘square’ numbers of physics and science in general 
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TETRYONICS 


OO © © 


COUNTING POLYGONS 


OO OO @ 


ghts re. 


SQUARED energies in quantum mechanics are EQUILATERAL geometries 


tom 
——— 


tom 


Square Equilateral 


area = s*= [100] area = (3*b)*h 


Triangles 


\ 


Ss. 
b, 
Ve 


Circles 
15.197 
can be created by a number of planar geometries 


For a long time it has been assumed by scientists (and mathematicians) 
that circular [and squared] geometries are the geometric foundation of all physics, 
leading to a serioulsy flawed model of particles and forces in quantum mechanics 


: Tetryonic theory now reveals that quantised equilateral b h 
- wi seel angular momenta creates the foundational geometry [.5x15.197] x 13.160 
e of all the mass-Energy-Matter & forces of physics =e) 


Te Squared Areas in Physics 


0.987654321 SQUARE ROOTS 80/81 


SQUARES 


m 132 252 3 72 492 5092 4 72 3 sa 2 32 1 w 


—=——Y EVEN DISTRIBUTIONS ——> 


Integers 


The integers (from the Latin integer), literally "untouched' hence "whole" 
in Tetryonics it is the basis for the Planck charge quantum 


2n-1 


{(n} + [n-1]] 


n 
¥ [2n-1] 
1 


feat! Sates 
equialteral geometries sa 
041,36 1,15.2,28,3645,5,~ WAL 47 2 


Laieis savanna 


t2aespevseegeBer7resea3at 


Triangular numbered Equilateral geometries 
geometries are NOT form SQUARE number 
geometries 


14,9, 16, 25,489, 64,81, 100,121,144, 


Equilateral energy quanta form a normal longitudinal distribution 


Viewed as a subset of the real numbers, they are numbers that can be written without a fractional or decimal component 


Int. J. Communications, Network and System Sciences, 2010, 3, 204-207 ane Scientific 
doi:10.4236/ijens.2010.32029 Published Online February 2010 (hitp:/iwww-SciRP.org)journal/ijens/), "eS Research 


Geometry Aspects and Experimental Results of a Printed 
Dipole Antenna 


Constantinos VOTIS', Vasilis CHRISTOFILAKIS™, Panos KOSTARAKIS! 
‘Physics Department, University of loannina, Panepistimioupolis, loannina, Greece 
jemens Enterprise Communications, Enterprise Products Development, Athens, Greece 
Esmail: kvotis(@ grads.uoi gr, basilios.christofilakis@siemens-enterprise.com, kostarakis(@uoi.gr 
Received November 2, 2009; revised December 10, 2009: accepted January 12, 2010 


Abstract 


Detail experimental measurements of a 2.4 GHz printed dipole antenna for wireless communication systems 
is presented and discussed. A group of printed dipoles with integrated balun have been designed and con- 
structed on a dielectric substrate. This paper is based on modifications of the known printed dipole architec 
ture, The corresponding printed dipole antennas have differences on their forms that are provided by two es- 
sential geometry parameters. The first parameter / is related to the bend on microstrip line that feeds the 
pole and the second w corresponds to the form of the dipole’s gap. The impact of these parameters on reflec- 
tion coefficient and radiation pattern of antenna has been investigated, The corresponding measured results 
indicate that the return loss and radiation pattern of a printed dipole antenna are independent of the w’ pa- 
rameter. Instead, variations in the value of the / parameter in the dipole’s structure affect the form of the cor- 


responding return loss, These observations are very important and provide interest 


ng considerations on af= 


fecting design and construction of antenna elements at frequency range of 2.4 GHz. 


Keywords: Printed Dipole, Scattering Parameters, Radiation Pattern 


1. Introduction 


Modern wireless communications offer higher bit rates 
and efficient quality of services. The majority of the 
equipment used today introduces requirements for bet- 
ter performance and lower cost, Antennas with quite 
small sizes, low profiles and versatile features repre- 
sent interesting solutions that provide modern wireless 
applications. The printed dipole antenna with inte- 
grated balun is widely used as a radiation element on 
communication systems because of its omni-directional 
features, narrowband character and simple structure 
[1-4], This type of antenna because of its small size 
can be integrated on the same PCB with other elec- 
tronics circuits and devices. For the same reason, it can 
also be used as element on antenna array architecture. 
‘The last feature is very interesting and attractive in 
MIMO modem wireless systems. This printed dipole 
architecture offers versatile characteristics for design 
and implementation of antenna arrays on both ends of a 
MIMO wireless system. 


[eniy applicable sponsors here. (sponsors) 
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In the present paper, we will study and discuss the ef- 
fect of the variation of the two geometrical parameters 
(J, ») of the printed dipole antenna structure. The first 
corresponds to a discontinuity on microstrip line of 
printed dipole and the second is related to the discon- 
tinuity in the gap. Details of structure concept and de- 
sign process are presented in Section 2; the experi- 
mental results for return loss and radiation pattern for 
cach of the printed dipoles are presented and discussed 
in Section 3. The paper concludes in Section 4. 


2. Design and Structure Aspects 


‘As mentioned above, the proposed analysis is based on 
‘geometrical characteristics of a prototype printed dipole 
‘antenna with integrated balun, This kind of printed di- 
pole antenna is considered for use in many applications 
[1-3]. In our study the geometrical parameters of the 
printed dipole antenna were modified to achieve better 
performance in the frequency range of 2.4 GHz. This 
modified design and the corresponding parameters are 
shown in Figure | while the values summarized in Table 1 


LICNS 


Bosons are a transverse measure of scalar energy momenta 


ODD numbers 


‘An odd number isan integer which is not a multiple of two. 


Bosons have 
ODD number 
quanta 


Quantum Levels 


hv 


An odd number, when divided by two, will result in a fraction 


r 
4 


Ind 


nia 


NIN 


Tau radians 


‘Around the whole outside of acl, 
there are about 6283 radans- oy, Tau radians 


1/4 


3/4 


Tisa more‘natural’ radian system for geometric physics than 7U 


Tau = 2n = 360 degree rotation about a point 


historically defined as the 
ratlo of a circle’ circumference to its DIAMETER 
should be redefined in physics to 


the ratio of its circumference to its RADIUS 


In doing so many of the x/2 terms common to physics 
will re automatically rationalised and will better reflect 
T the Tetryonic geometry of mass-ENERGY-Matter in motion 


6.283185307 
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Photons are a longitudinal measure of scalar energy momenta 


EVEN numbers 


‘Aninteger that isnot an odd number isan even number 


EM waves are 
comprised of EVEN 
numbered quanta 


Photons are 
EVEN number 


quantums 


\fan even number is divided by two, the result is another whole number 
winm2an3m4nhnmZum2ni nw 
Ifan odd number is divided by two, the result is a fractional number 


Triangular numbers 


Historically, a triangular number counts quanta that can pack together to form an equilateral triangle 
1, 3, 6, 10, 15, 21, 28, 36, 45, 55, .... 


this form of geometric counting of same charges over-complicated the simpler physical realty 


n 
Yow 
1 


[+t] 


Equilateral chords or Equilateral geometries 
quantum levels are form SQUARE numbered 
ODD numbers geometries 


13,5,7,9,11,13,15,17,19, 21, 14,9, 16 25,49, 64, 81, 100,121,144, — 


winm2nmzgma4nr4n3nm2nrin 


Triangular energy quanta form normal distributions 


Oe ee we 


Squared numbers 


A square number, sometimes also called a perfect square, 
is the result of an integer multiplied by itself 


Quantum Energies 


Square numbers result from 
the summing of consecutive 
‘O00 numbers 


ODDS 
2n-1 


[ir1+ tral) 


v2 


In Tetryonics Square numbers produce equilateral geometries 


n 
ey [2n- 
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ODD Dopp 
v2 
1 
Energy levels have 
SQUARE number 
quanta 
Compton Frequency 


Square roots 


A square root of a number is a number that, when it is multiplied by itself (squared) , 


1 gives the first number again. 


-iand +i 


{ro} 


Root of positive one 


Root of negative one 


Square roots of negative numbers 
have a basis in physical reality 


They reflect the real non-negative 
linear momentum of a system 


Awhole number with a square root that is also a whole number is called a perfect square 
in Tetryonic theory they are actually equilateral geometries 


| numbers include all the rational 


je real nu 


Real Numbers 
ents a quantity along a continuous line. The 


Wave probabilities 
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ODD numbers SQUARE numbers 
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the sum of consecutive 
453) 5, Fi Discs ODD numbers 
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Basic Properties of nested scribed Equilateral Triangles 


Given an equilateral triangle of side s 


altitude 
aa ae V3A 8? 
V3/6 S S s Vij S° 
S 


V3/3 S Vi/3 S? 


Tetryonic [equilateral] geometry 


v 


All triangles are 
flat euclidean 
radian 
geometries 
[1807] 


An equilateral triangle is the most symmetrical triangle, 
having 3 lines of reflection and rotational symmetry of order 3 about its center 
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Teta 
Geometry of printed dipole, 


Figure 
‘Table 1, Printed dipole dimensions. 


Parameter 


Dipole strips 


Microstrip Balun 


Via radius 
Ground plane 
Side of microstrip bend 


| variable (0 mm —3 mm ) 
‘w variable (0 mm —3 


Side of dipoles arms in the gap ay 


Figure 2, Prototype printed dipole antenn: 
Bottom Layer (right). 


‘op Layer (left) 


‘An Fr-4 substrate with thickness of 1.5 mm and per- 
mittivity € =4.4 has been used for the fabrication of the 
dipoles. Figure 2 shows the top and bottom layer for the 
one of them, It also presents the dipole’s arms and gap, 
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the balun, the ground plane and the microstrip line that 
interface the dipole with the coaxial feed line via sma 
connector. 

From this Figure, we can also see the right angle at the 
‘microstrip line and the other two right angles at the di- 
pole’s gap. It is known that the presence of right angles 
in conductors cause discontinuities that leads to degrada 
tion in circuit performance [5]. Microwave theory sug- 
gests that these angles introduce parasitic reactances 
which can lead to phase and amplitude errors, input and 
output mismatch and possibly spurious coupling [5-7] 
In order to reduce this effect it is proposed to modify 
these discontinuities directly, by mitering the conductor. 
Our investigation and the experimental measurements 
show the effect of mitering these discontinuities. At first, 
4 prototype printed dipole antenna with unaffected geo- 
‘metrical parameters has been designed and constructed. 
Secondly, we constructed and measured six different 
printed dipoles. Three of them had w = 0 mm and differ- 
ent / values (I mm, 2 mm, 3 mm) and the other three 
dipoles had / = 0 mm and different values of w (1 mm, 2 
‘mm, 3 mm), All these seven dipoles we constructed, the 
unaffected one and the mitered ones were measured in an 
anechoic environment. Figures 3 and 4 show a printed 
dipole for = 2 mm and w = 0 mm and for / = 0mm and 
w = 3 mm, respectively. The aim of this study is to in- 
vestigate the retum loss coefficient and radiation pattern 
in each of these seven dipole’s forms. The next section 
susses the obtained results and presents the significant 
‘observations. 


3. Results and Discussion 


The return loss of the prototype dipole and the six dif- 
ferent modified printed dipole antenna we constructed 
fare measured using a Network Analyzer. These results 
are shown in two Figures. The first (Figure 5) corre- 
sponds to  parameter’s variations keeping the w pa- 
rameter equal to zero. The second (Figure 6) shows the 
return loss curves where w parameter varies but the / 
parameter equals to zero, In both figures we can see the 
return loss curve that belongs to the prototype printed 
dipole (/ and w equal to 0 mm). 

From these curves, it seems that this dipole antenna 
design has a resonance point at 2.4 GHz with 500 MHz — 


Figure 3. Printed dipole antenna for {= 2 mm and w= 0 mm 
‘Top Layer (left) ~ Bottom Layer (right). 
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Scribed equilateral geometries 


reflect space-time'’s geometric relationship with charged mass-energy 
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Circumscribed Triangles 
silat Bnergy'a relationship with Time 


v 


Positive Planck Charge Negative Planck Charge 


The perimiter of an equilateral triangle is, The radius of the circumscribed circle is 


p=3a 


‘The equilateral triangle has the smallest area of all those circumscribed around a given circle 


Tetryonies cd Triangles 
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The ratio of the area to the square of 
the perimeter of an equilateral triangle 


Circumscribed circles 


By Euler's inequality, the equilateral triangle has the smallest ratio R/r 
of the circumradius to the inradius of any triangle: specifically, R/r= 2 


v 


) 


Inscribed cirélé 


Equilateral triangles and Tetrahedrons 
will scale at exactly the same proportion 
as Circles and Spheres scribing them 


Tetryonics 


The ratio of the area of the incircle 
to the area of an equilateral triangle 


Charged mass-ENERGIES 


Charge is the result of quantised angular momenta Time is a measure of changing quantised angular momenta 
oeimcited crear fact ene breqitatnl pemetied {ioe cremecsbed pat coer lata ener rome 
a circumscribed 
time 


Scalar EM mass isa measure of 
equilateral Planck energy per 
spatial co-ordinate system 


Itis the equilateral geometry 
of energy not a classical vector 
rotation that creates QAM 


‘Charged mass-energies can be described-as 


a vector measure of scalar Energy momenta-per unit of time 
inscribed circular fluxes oF equilateral energy per circumstiibed temporal geometry] 
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Trigometric functions Starla tsgomictls hancons tmthercartallpapnliel to 
tiieastirementaof equilateral Planck mane-cneigy geometries 
in scribed circular space-time co-ordinate systems 


opposite 


Sin 0 = Typoremme 
cos = weet a “ee 


tan0 


opposite 
— 


fjacent 


‘The most familar trigonometie functions ae the sine, cosine, and tangent. a b 


Inthe context ofthe standard unit circle with radius 1, 


‘where triangle is farmed by a ray originating at the origin and In most cases it is in fact easier to 


‘making some angle with the x-axis, f ignore the trigonomteric functions and math.” 
pace rrr deco pc a < and simpy draw their related equilateral geometries. 
‘the COSINE gives the length ofthe x-component (un, j 
the TANGENT function gives the slope 
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The roots of scribed equilateral triangles 


Scalar equilateral energies map directly onto circular space-time co-ordinates 
through their square root linear momentum 


0.866 r 
The ratio of the 
side of an equilateral triangle 
r to the radius of 
its incribed circle 
The ratio of the is sqr (31/2 
circumscribed circle of 
an equilateral triangle a 
to its inscribed circle 
is 20 The ratio of the 


side of an equilateral triangle 
to the radius of 
its circumscribed circle 
is sqr [3] 


1.732 d 
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Equilateral triangles and scribed circles 


32 3 5 6 5 og 
dr ) = 14+ 50 + 56+ a6 + ight» 
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All the relativistic relationships historically attributed to circularised energies 
and modelled through the use of the math of right angled triangles = (4 
are in fact the result of equilateral, scalar geometries 


Copyright 


Finite sequences and series have defined fist andlast terms, 


DY an = ao + a1 + a 


‘whereas infinite sequences and series continue indefinitely 


‘The Basel problem is a famous problem in mathematical analysis, 
with relevance to number theory, first posed by Pietro Mengoli 
in 1644 and solved by Leonhard Euler in 1735. 


1 ee rapes 2 
2 32 art get gr eg 
‘Tetryonics now provides a geometric solution 
to visualising and solving the Basel problem 
1 
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1 re 
6Q)=14 get get = T1645; 


Tetryonic Infinite Series 


is ainfinite sequence of square numbers, 
the result of adding all those terms together 
Tortheir geometric inverse] 


The entire sum of the series is equal to 
twice the size of the radius of the largest inscribed circle 


which is equal to the largest circle circumscribing the triangular series. 
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Irrational numbers 


an irrational number cannot be represented asa simple fraction. 
Irrational numbers are those real numbers that cannot be represented as terminating or repeating decimals 


sin(x)=-square root of (3)/2 0.86602540: 


linear momentum 


Pythaggras’ theoreom 
and irratipnal numbers expressed in terms of right-angled triangles in Physics 
offer a ‘half truth’ regarding the equilateral geometry of Energy 


vector forces 
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Figure 4, Printed dipole antenna for /= 0 mm and w = 3 mm 
‘Top Layer (left) - Bottom Layer (right). 


Figure 5, Measured return loss of printed dipole for each 
value of / parameter and w= 0 mm. 


as 
oh 
a a a an sc a 


* preueayie 
Figure 6, Measured return loss of printed dipole for each 
value of w parameter and /= 0 mm. 


10 dB bandwidth. The last frequency range has center 
frequency close to 2.4 GHz which is the frequency value 
that the return loss is minimized. For these frequencies 
the corresponding values of return loss are smaller or 
equal to -10 dB, From Figure 5, it is obvious that as the 
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value of / parameter increases, the form of the corre- 
sponding return loss curve changes and becomes more 
flat at the resonance frequency range. On the other hand, 
the value of w parameter does not affect the form of the 
return loss curve. Each of these seven forms of printed 
dipole antenna has quite similar return loss curves and 
introduces narrowband operation at the frequency range 
of 2.4 GHz, Moreover, for a wireless application that re- 
quires design and construction of many identical printed 
dipoles, it is recommended to choose / parameter equals 
to 2 mm and w parameter equals to 0 mm for better per- 
formance. As it can be seen from Figure 5 the above in- 
vestigation ensures that the printed dipole antennas will 
have quite identical return toss curves and performance 
4s elements in an antenna atray configuration. 

For deeper analysis on this topic, experimental meas- 
urements on radiation pattern of these antennas have also 
been made. Measurements were carried out in a RF an- 
echoie chamber using a calibrated measuring system. In 
particular, Figure 7 shows the measurements of radiation 
pattern in E- plane and in H — plane for each dipole 


1-2 a 
1-3 mm 


w=Omm in 
‘each case 


) 
Figure 7, Radiation pattern of dipole for each value of 1 
parameter (a) E — plane, (b) H -plane, 
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Geometric Square Roots 


In geometrical terms the square root function maps the ares of @ square tt sde length. 


“tn mathematics, asin any scent resentch, wet tw tendencies present. Onthe ane hand, the tendency toward abstraction seks t crystallize the logical relations inherentin the maze of material thats being sted 
‘and to conelate the materia! ina systematicand orderly manvez On the ther hand. the tendency toward inulve understanding fosters a more immediate grasp ofthe objects one studies, 
‘aliverapport with them, sto speak, which stresses the enrete meaning oftheir relations” 


Square root of 


Square root of 2 
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"Asto geometry n particular, the abstract endency has here led tothe magnificent systematic theories of Algebale Geometny, of Riemannian Geomety, and of Topology: 
these theories make extensive us of abstract ensoning and symbolic calculation inthe sense of algebra 


Notwithstanding ths itis sti as rue today ost ever was that intuitive understanding plays a major role in georety. 
‘And sch concrete intlton if great value not only fr the esearch werkey, but also for anyone wto wishes to study and appreciate the results of research in geometry” 
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Square Roots in Physics 


In mathematics, a square root of a number a is a number [n] such that [n]2 =x, 
of, in other words, a number [n] whose square (the result of multiplying the number by itself, or [n X nl) is x. 
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Modern calculators use the ‘Tetryonics uses the 


Square Root Algorithm geometric Square Root 
to calculate the value to calculate the value 


It is an approximate numerical value It is an exact geometric value 
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area of a square to its side length. ENERGY [E] to momentum [mv] 


The Square roots of n 


Historically any number raised tothe power of2 has been modeled using a polygon~the square 
That's why we call raising a number to the second power “squaring the number” 


note: scalar is distinct 
linear momentum from vector 
[mv] [vJelocity 
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[In physics square numbers are in fact equilateral geometries) 
The perfect squares are squares of whole numbers. 
Here are the first eight perfect squares 
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Geometric means 


P ‘The geomettic mean of two numbers, is the square root oftheir product 4 
geometric square root geometric square root 


of positive one P=; QQ. 
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of negative one 
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In physics, the geometric mean of two superpositioned fields produces a vector square root Force 


It is generally stated that 
the geometric mean applies 
only to positive numbers. 


In Tetryonic geometry 
the geometric mean applies 
to positive & negative fields. 
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Superpositioning 


When two or more waves traverse the same space, AAAAY 
the net amplitude at each point is the constructive interference 
‘sum of the amplitudes of the individual waves. \FRASIREA 
PPPAY 
In phase 


Additive 
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Out of phase 


‘When two or more waves traverse the same space, 
destructive interference PPA if the summed variation has a smaller amplitude 
PPAAY than the constivent component variations. 
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Tetryonic Multiplication table 


‘A multiplication table sa mathematical grid used to define a multiplication operation and its results 


In Tetryonics multiplication tables can 
also be based on EQUILATERAL geometries 


Historically Mutiptcaton tables 
have been based an Square geometries 
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Photonic Root Tables 


Tetryonic multiplication table can take a umber of geometric forms 


Square root median Integer median 
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Figure 8, Radiation pattern of dipole for each value of w 
parameter (a) E ~ plane, (b) H ~ plane, 


with w parameter equals to 0 mm and parameter equals 
to integer values that ranging from 0’ mm to 3 mm. Fig~ 
ure 8 shows the corresponding results for each dipole 
with / parameter equals to 0: mm and w parameter’s inte- 
ger values ranging from 0 mm to 3 mm. All these dipole 
structures introduce radiation characteristics that corre- 
spond to a fundamental dipole antenna [6,7]. Each of 
them has a measured peak gain that equals to quite 2 dBi 
and introduces omni-directional features, Quite small 
variations on these curves are on the limits of measure- 
‘ments’ accuracy. For this reason, it can be observed that 
the radiation characteristics of the printed dipole antenna 
are not affected by the variations on / and w geometrical 
parameters. Therefore, the radiation diagrams of them 
are independent of the /and w parameters, 


4. Conclusions 


‘A number of printed dipole antennas with integrated 
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balun are constructed and studied in terms of return loss 
and radiation pattern. Each of them has a defined form 
and geometry. Starting from a dipole antenna we mitered 
the angles introducing the parameters / and w that we 
varied. Experimental measurements on return loss pro- 
vide the obtained results, These are quite similar and also 
introduce a resonance point at frequency range of 2.4 
GHz with narrow resonance bandwidth. The form of this 
resonance range is affected only by the / parameter. The 
radiation pattern of these dipoles is also investigated. The 
corresponding radiation diagrams are independent of 
these geometrical parameters (J, w) and are similar to that 
of the fundamental dipole. These observations on printed 
dipole architecture are very crucial for wireless commu- 
nication engineering and antenna design. This is because 
they introduce the ability of constructing a group of 
identical dipoles choosing an appropriate value of I pa- 
rameter (I =2 mm) with quite identical resonance and 
radiation characteristics 
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Irrational Numbers 


An irrational number is defined to be any number that is the part of the real number system that cannot be written as a complete ratio of two integers 


Irratignal numbers can be 
easily represented geometrically 


1 Exponentials & Logarithms 


10 @ and the Natural Log are inverse functions of each other: 


100 e* is the amount of continuous GROWTH after a certain amount of time. 
Natural Log (In) is the amount of TIME of continuous growth to reach a certain level 
1,000 
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10,000 = 104 log (10,000) = 4 
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Exponential growth 
GEOMETRIC growth = @ = lim(1+)' GROWTH 


noo 
€ represents the idea that all continually growing systems 


3.141592654 are scaled versions of a common rate 2.718281828 
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Piis the ratio between 
is the base rate of growth 


circumference and diameter 
shared by all continually growing processes, 


shared by all circles, 
@ lets you takea simple growth rate 


(where all the change happens all at once 
at the end of a period of time - ie quantised growth) 


Itisa fundamental ratio inherent in all circles 
and therefore impacts any calculation of 
circumference, area, volume, and surface areas 


e shows up whenever systems grow 
exponentially and continuously. 
radioactive decay, interest calculations 
and populations 


Piradians are equally important and show 
all quantised equilateral energy geometries 
are related to their scribed circles 
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EM fields 
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Panck quanta 


The emission and absorption of bosons and Photons 367 [| le Al [mov ‘Il 
within sub-atomic nuclei ayers 


Increase and decrease in integer amounts 
according to the charged Tetryonic topologies 
of the particles involved 
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Radioactive decays 
follow exponential curves 
determined by the Tetryonic 
topology of the sub-atomic, 
particle families 
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Series addition & the Riemann Zeta Function 


The second series addition of the Reimann Zeta function is where x=2: (pi 2)/6=14+1/2A2+1/3A2+1/4424... 
(the sum of the reciprocals of the squares) 


Inmathematics, the Riemann zeta function, isa prominent function of great significance in number theory. tis a named after German mathematician Bernhard Riemann. 
Itis so important because of its relation to the distribution of prime numbers, It also has applications in other areas such as physics, probability theory, and applied statistics 
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Primes are basic building blocks for natural numbers: We don't know how to predict where the prime numbers are: 
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(itcannot be further simplified) stunning regul: 


(Don Zagiet, number theorist) 


‘Adding the odd numbers in order produces the square numbers ‘Apart from 2, al primes are odd numbers 
the diference between two consecutive squares belng odd, 
‘every prime can be expressed a the difference between two squares 
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\_ Distributions 
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ABSTRACT 


‘This paper presents an optimization of the voltage doubler stages in an energy conversion module for Radio Frequency 
(RF) energy harvesting system at 900 MHz band. The function of the energy conversion module is to convert the (RF) 
signals into direct-current (DC) voltage at the given frequency band to power the low power devices/eircuits. The de- 
sign is based on the Villard voltage doubler circuit. A 7 stage Schottky diode voltage doubler circuit is designed, mod- 
led, simulated, fabricated and tested in this work. Multisim was used for the modeling and simulation work. Simulation 
and measurement were carried out for various input power levels at the specified frequency band. For an equivalent 
incident signal of -40 dBm, the circuit can produce 3 mV across a 100 kQ load. The results also show that there is a 
‘multiplication factor of 22 at 0 dBm and produces DC output voltage of 5.0 V in measurement. This voltage can be used 


to power low power sensors in sensor networks ultimately in place of batteries. 


Keywords: Energy Conversion; RF; Schottky Diode; Villard; Energy Harvesting 


1. Introduction 


RF energy harvesting is one type of energy harvesting 
that can be potentially harvested such as solar, vibration 
and wind. The RF energy harvesting uses the idea of 
capturing transmitted RF energy at ambient and either 
using it directly to power a low power circuit or storing it 
for later use. The concept needs an efficient antenna 
along with a circuit capable of converting RF signals to 
DC voltage. The efficiency of an antenna mainly depends 
on its impedance and the impedance of the energy con- 
verting circuit, If the two impedances aren't matched 
then it will be unable to receive all the available power 
from the free space at the desired frequency band, Match- 
ing of the impedances means that the impedance of the 
antenna is the complex conjugate of the impedance of the 
circuit (voltage doubler circuit) 

‘The concept of energy harvesting system is shown in 
Figure 1, which consists of matching network, RF-DC 
conversion and load circuits. The authors in [1], used a 
2.4 GHz operating frequency with an integrated zero bias 
detector circuit using BiCMOS technology which pro- 
duced an output voltage of 1 V into a 1 MQ load at an 
input power level of 0 dBm, H. Yan and co-authors re- 
vealed that a DC voltage of 0.8 volts can be achieved 
from a -20 dBm RF input signal at 868.3 MHz through 


“Comesponding author 
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simulation results [2]. In [3], work was carried out on a 
firm frequency of 900 MHz by matching to a SO Q im- 
pedance and resonance circuit transformation in front of 
the Schottky diode which yields an output voltage of over 
300 mY at an input power level of 2.5 y1. W. J. Wang, L. 
Dong and Y. Fu [4] used a Cockeroft-Walton multiplier 
circuit that produced a voltage level of 1.0 V into a 200 
M@Q load for an input power level of less than ~30 dBm 
ata fixed frequency of 2.4 GHz 

‘The energy conversion module designed in this paper 
is based on a voltage doubler cireuit which can be able to 
output a DC voltage typically larger than a simple diode 
rectifier cireuit as in [5], in which switehed capacitor 
charge pump circuits are used to design two phase volt- 
age doubler and a multiphase voltage doubler. The mod- 
ule presented in this can function as an AC to DC con- 
verter that not only rectifies the input AC signal but also 
elevates the DC voltage level. The output voltage of the 
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Figure 1, Schematic view of a RF energy harvesting system, 


cs 


The Digital roots of Prime numbers 


‘Archimedes is given credit for the first calculus. Archimedes infinite series Today's calculus was published by Newton. 
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ritroMengol The Basel Problem Lecce iar 


The Basel problem is a famous problem in mathematical analysis with relevance to number theory, 
first posed by Pietro Mengoli in 1644 and solved by Leonhard Euler in 1735. 


The Basel problem asks for the precise summation of the reciprocals of the squares of the natural numbers, 
i.e. the precise sum of the infinite series 
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Integration isa special case of summation. 


An integration isn'ta simple summation, 


Integration is defined asthe limit of @ summation but the limit of a sequence of summations 


‘the numberof elements approches infinity while 
‘apart of their respective value approaches zero 


All Planck energies are discrete 


‘Summation isthe finite sum of multiple, ixed values. 
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‘massisthe surface integral of 
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Scalar Energy "The calculus of infinitesimals" 


The fundamental theorem of calculus 
simply states that the sum of infinitesimal changes in a quantity over time 
adds up to the net change in the quantity. 


Letbniz's vis viva ‘Much of Newton's work 
(Latin for living force) ‘centred around momentum, 
sma, and changesto It 
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scalar energies 


linear momentum isthe square root vector force 
of the scalar energy required to do a set amount of work 


52__52 


Energy momentum Newton 


linear momentum 


geometries 
d{mv]/dt = dp/dt = ma 


E-p? 


Energy momentum 


‘mass energy po second 
2 
cide 


ration in caloulus 


Copyright ABRAHAM [2008] - A reserved 


near momentunt isthe square root vector force = = 
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Planck quanta and their vector linear momentum 
lie at go degrees to the angle use in the graphs of motion in calculus 
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sin calculus 


Differentiation 


Differentiation is concerned with things like speeds and accelerations, slopes and curves etc. 
‘These are Rates of Change, they are things that are defined locally. 
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energy conversion module can be used to energize the 
low power devices for example sensors for a sensor net- 
‘work in application to agriculture, 

Section 2 of this paper discusses on the theoretical 
background of the voltage doubler circuit. Section 3 pre- 
sents the simulation study and implementation of the 
circuit design. Section 4 provides the results and analysis. 
Section 5 concludes with a discussion on the findings 
from the simulated and measured results 


2. Voltage Multiplier 


‘There are various voltage multiplier circuit topologies. 
‘The design used in this module is derived from the fune- 
tion of peak detector or a half wave peak rectifier. The 
Villard voltage multiplier circuit was chosen in the cir- 
cuit design of this paper because it produces two times of 
the input signal voltage towards ground at a single output 
and can be cascaded to form a voltage multiplier with an 
arbitrary output voltage and its design simplicity 


2.1, Diode Modeling 


‘The voltage multiplier cireuit in this design uses zero 
bias Schottky diode HSMS-2850 from Agilent. The at- 
tractive feature of these Schottky diodes are low sub- 
strate losses and very fast switching but leads to a fabri- 
cation overhead. This diode has been modeled for the 
energy harvesting circuit which comes in a one-diode 
configuration. The modeling parameters for these diodes 
are given by Agilent in their data sheets. These parame- 
ters are used in Multisim for its own modeling purposes. 
‘The modeling is done by transforming the diode into an 
equivalent circuit using passive components which are 
described by the SPICE parameters in Table 1 [6] 

‘The diode used in this design is shown in Figure 2 and 
its equivalent model is shown in Figure 3. The special 
features of HSMS-2850 diode is that it provides a low 
forward voltage, low substrate leakage and uses the non 


‘Table 1, SPICE parameters, 
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Figure 2. Schottky diode. 


Figure 3. Linear circuit model of the Schottky diode [6]. 


symmetric properties of diode that allows unidirec- 
tional flow of current under ideal condition. 

‘The diodes are fixed and are not subject of optimiza- 
tion or tuning. This is described using the following deri- 
vations. By neglecting the effect of diode substrate, an 
equivalent linear model that can be used for the diode as 
shown in Figure 3, When G; is the junction capacitance 
and R; is the junction resistance, the admittance Y, of the 
linear model is given by 
fy Ye, +¥%q, a 


Equation (1) related to the frequency of operation is 
given by 


1 
Y, = jwC,+— 2 
MC Q) 
jwC,R, +1 
8) 
‘The impedance Z of the linear model is given by 
a 4 
T+ jwR,C, ® 
The total impedance Z; is given by 
R 
ae 6) 
T= wR,, 


where Rs is the series resistance of the circuit and R, is 
given by 
833x105 x NXT 

T+ ly 


where: 
1, = bias current in pA; 
1, = saturation current in WA; 
temperature (K); 
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Visualising the geometric half-truths of relativistic physics 


The source of all the physical relationships Energy geometries within Physics including 
of mass-energy momenta and the constants Special Relativity with its Lorentz corrections 
in Physics is the Equilateral Triangle have historically been incorrectly illustrated 
(and all texts must be corrected) through the geometry of right angled triangles 

Py Physics is geometry, 


‘one cannot be separated from the other E= 


Equilateral geomtries lead to a intuitive understandings of Physics, 
Chemistry, Electrodynamics and Gravitation along 
with all the other apsects of Nature. 
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Velocity 1 f 
In physics, velocty isthe measurement ofthe rate and nection of change nthe postion ofan oblect eee Ss sec | 
ita vector physical quantity; both magnitude an dection are quite to defn ; 
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MEASUTEMENT 
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Speed is the scalar value of the 
Distance traveled per unit of Time 


Velocity is the vector value of the 
Distance traveled per unit of Time 


i 
m 
s 


Velocity squared is the scalar value of the 
Distance traveled per unit of Time squared 
(Energy of a given spatial volume) 


Alll divergent Energy possesses a vector direction 
and an associated scalar area 
whose energy content is quantised 
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Acceleration 
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Force 
acceleration ig a measure of 
a vector Force acting along a line 
ina spatial volume 
i 
secorids” 


In Slunits, acceleration Is measured in me 


Acceleration 


Inpphysies, acceleration isthe rate of change of velocity over time [at 
Inone dimension, acceleration Is the rate at which something speeds up or slows down, 


However, since velocity is a vector, acceleration describes the rate of change of both the 


magnitude and the direction of velocity, 


Acceleration has the di 


sions [Lengthi/Time Squared} 


rs per second squared (m/sA2), 
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In classical mechanics, fora body with constant mass, 
the acceleration of the bady is proportional tothe net force acting on it 
(Newton's second law) 


‘Additionally, for a mass with constant velocity, 
{ie inan inertial frame) 

the energy of motion is expressed as its momentum 

(acceleration causes changes in Energy-momentum) 


p=kgm 
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Tinear Momentum 


Inclassical mechanics, momentum (pl momenta St unit kg:rn/s, of, equivalently, Ns) 
isthe product of the mass and velocity of an object (p). 


Like velocity, momentum isa vector quantity, possessing a direction as well as a magnitude, 


“ ‘Momentum isa conserved quantity (law of conservation of linear momentum), 
‘meaning that ifa closed system is not affected by external forces, 
Its total momentum cannot change, 


Momentum should be referred to in its specific forms to distinguish iti its various forms 
[Quantised Angular, Linear, Rotational and quanturn/niclear momentum] 


p =hv?= mv 
Vv 


‘Although originally expressed in Newton's Second Law the conservation of momentum 

also hold n special relativity and, with appropriate definitions, a (generalized) momentum 

‘conservation law holds in electrodynamics, quantum mechanies, quantum fl theary, and 
‘genera relativity 


In celatvstic mechanies, non-relativistic momentum s further mulled by the Lorentz factor. 


p2= E=mv: 


Linear momentum is the vector square root 


of the mass-energy in any [K]EM field geometry.” kg mM’ 
‘. and produces a vector velocity “e2 


equilateral Planck energy momenta 


lL second... 
- mov? 
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Tetryonics 88.04 - Mo 


Energy-momentum relationship 


The total number of equilateral Planck quanta [quantised mass-energy momenta] 
Quantum Mechanics is directly related to the square of its linear momentum [mass-velocity] 


v 


4-5 
vr 


hv. v2 
ene cena Quantised Energy momenta is related to 
Scalar mass energy momenta through 

hv the equilateral geometry of Planck's constant 


mav? = E = mv’ 


Newtonian physics 


Scalar energy 
linear momentum 


pv 


quantised moment of inertia 


Inertial resistance to Force 


e of any physical object 
is state of motion, 


Inertia 


Changes to mass-velocity 
produces a change in an 
‘object's Kinetic Energies 


Changes to mass-veocity 
require a corresponding 
change to boson quanta 


KE 


second, 


‘Any change in motion results in changes to 
the Charge geometries creating in turn proportional 
changes to KEM mass and momenta components 


F=ma 


The ‘inductive resistance’ of Charge quanta fields to 
changes in their mass-energy momenta content 
is what we term Inertia 


‘Any change to an object's velocity results in a corresponding 
‘change to its mass-Energy momenta which is reflected by its inertia 


p? = E= mv’ 


Inertial mass can be related to Charge through inductive Planck quanta 


Matter in motion 
has Kinetic Energies 
in addition to invariant 

rest mass-Energy 


KE =RE - rest Matter 


v 
[vv] 


quantised moment of inertia 
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Quantised Angular momentum 


‘Ast isa physical [equilateral] geometry QAM is conservative in any system where there are no external Forces 
‘and serves asthe foundational geometric source fr all the conservation laws of physics 


Quantised Angular Momenta 


| second 


‘Angular momentum is sometimes described as the rotational analog of linear momentum, 
In Tetryonics It is revealed to be the equilateral geometry of quantised mass-energy momenta 
‘within any defined space-time co-ordinate system 


classical rotational 
‘angular momentum 


Im quantum mechanics, angular momentum is quantised ~ that cannot vary continuously, 
‘butonly in ODD nurnber ‘quantum steps" between the allowed SQUARE nuclear Energy levels 


Inpphysies, angular momentum, moment of momentum, 
‘or rotational momentum is a conserved vector quantity 
that can be used to describe the overal state ofa physical system, 


When applied to specific mass-Eneray-Matter systems 


‘QAM reveals the true quantum geometry and, 
nature of Energy in our universe 


mo) 


mass x QAM 


kg 
$s 
Planck's Constant 


Normally viewed as an expression of rotational momentum, 
‘Quantised Angular Momenturn [AMI sin facta result of 
the equilateral geometric quantization of mass-energy 


Tetryonics 89.01 - Quantised Angular Momentum 
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Charged geometries 


All charge geometries are nett divergent 


Q 


Divergent [v-v] Convergent 
energy momenta energy momenta 
1 oO 
3 1 
6 3 
10 6 
15 10 
21 5 
28 21 
36 28 


Renormalisation N77 


later in the calculation ral Relativity in the early 20th 


In QED In Tetryonics 
Infinities must Infinities do not 
be cancelled exist 


‘The mass of a charged particle should include 
the mass-energy in its electrostatic field 

(Electromagnetic mass) which in turn would 

approach infinity as the electron radius decreases. 


Tetryonics solves the problem by 
clearly differentiating between EM mass 
and Matter and using finite equilateral 
geometries for all Matter in motion 


initially viewed as a suspicious provisional procedure by som ventually embraced as an important and self-consistent tool 


2D space [c?] 


The adjective Cartesian refers to the French 
mathematician and philosopher René Descartes 
who developed the coordinate system in 1637 


Since then many other coordinate systems have been developed 
such as the polar coordinates for the plane, and 
the spherical and cylindrical coordinates 
for three-dimensional space, 


Cartesian coordinates are the foundation of analytic geometry, 
and provide enlightening geometric interpretations for many 
other branches of mathematics, such as linear algebra, complex 
analysis, differential geometry, multivariate calculus, group theory, 
and more 


Mapping 3D spaces 
using Recti-linear co-ordinates 


Cartesian coordinates can be defined as the positions of the perpendicular projections 
ofa point onto the two or more axes, expressed as signed distances from the origin. 


y 


3D Cartesian co-ordinate [c3] systems 
are distinct from spherical co-ordinate [c+] systems 
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N= ideality factor. 

In Equation (5), Rj and G; are constants and the fre- 
quency of operation (w) is the only variable parameter. 
As the frequeney increases, the value of Z is almost neg- 
ligible compared to the series resistance Rs of the diode. 
From this itis concluded that the function of the diode is 
independent of the frequency of operation. 


2.2, Single Stage Voltage Multiplier 


Figure 4 represents a single stage voltage multiplier eir- 
cuit, The circuit is also called as a voltage doubler be- 
cause in theory, the voltage that is arrived on the output 
is approximately twice that at the input. The circuit con- 
sists of two sections; each comprises a diode and a ca- 
pacitor for rectification. The RF input signal is rectified 
in the positive half of the input cycle, followed by the 
negative half of the input cycle, But, the voltage stored 
on the input capacitor during one half eycle is transferred 
to the output capacitor during the next half cycle of the 
input signal. Thus, the voltage on output capacitor is 
roughly two times the peak voltage of the RF source mi- 
‘nus the turn-on voltage of the diode. 

‘The most interesting feature of this circuit is that when 
these stages are connected in series. This method behaves 
akin to the principle of stacking batteries in series to get 
‘more voltage at the output. The output of the first stage is 
not exactly pure DC voltage and it is basically an AC 
signal with a DC offset voltage. This is equivalent to a 
DC signal superimposed by ripple content. Due to this 
distinctive feature, succeeding stages in the circuit can 
get more voltage than the preceding stages. If a second 
stage is added on top of the first multiplier circuit, the 
only waveform that the second stage receives is the noise 
of the first stage. This noise is then doubled and added to 
the DC voltage of the first stage. Therefore, the more 
stages that are added, theoretically, more voltage will 
come from the system regardless of the input. Each in- 
dependent stage with its dedicated voltage doublet circuit 
can be seen as a single battery with open circuit output 
voltage Vp, internal resistance Ry with load resistance Rr, 
the output voltage, Vna is expressed as in Equation (7). 


RF 
Source 


Figure 4, Single stage voltage multiplier circuit (7). 
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v, 


R+R, 

When n number of these circuits are put in series and 
connected to a load of Rr in Equation (6) the output volt- 
age Vow obtained is given by this change in RC value will 
make the time constant longer which in tur retains the 
multiplication effect of two in this design of seven stage 
voltage doubler. 


6) 


(a) 


‘The number of stages in the system has the greatest 
effect on the DC output voltage, as shown from Equa- 
tions (6) and (7). 

Is inferred that the output voltage Vou is determined 
by the addition of R,/R, and I/n, if Vo is fixed. From 
this analysis itis observed that Vo, Ry and Ry are all con- 
stants. Assume that Vo=1V, R,/R, = 0.25, n=2, 3,4, 
5, 6 and 7, the output voltage Vay = 1.33 V, 1.72 V, 2.0 V, 
2.22 V, 2.43 V and 2.56 V respectively when substituted 
analytically in the Equation (7). This analysis can be 
compared with the results obtained in the circuit design 
of this module. In simulation at n= 4, Vay = 1.42 V, = 
67 V;n 92; a= 7, Vous = 2.15 V3 
192V;n 81 V. Also in measure- 
5, Vou =2.9 V; n= 6, 
7 Vou = 5 V. AS n increases, the 
increase in output voltage will be almost double the input 
voltage up to some number of stages. But at some point, 
ie. beyond seven stages, in this circuit the output voltage 
gained (8 and 9 stages) will be negligible as shown in 
Figure 5. 

‘The capacitors are charged to the peak value of the 
input RF signal and discharge to the series resistance (R.) 
of the diode. Thus the output voltage across the capacitor 
of the first stage is approximately twice that of the input 
signal. As the signal swings from one stage to other, 
there is an additive resistance in the discharge path of the 


iz ouput Sage Doubler 


Stage Namber(n) 


Figure 5, Normalized output voltage multiplier versus num- 
ber of stages, 
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Polar co-ordinates Action Dynamics 


Cutvilinear co-ordinates may be derived from a set of rectilinear Cartesian coordinates 
by using locally invertible transformation that maps one point to another in both systems 


In mathematics, the 
each pointon a plane i 


te system isa two-dimensional coon 
bya distance from a fixed point and an angle from: 


Metric Tensors 


360 


Gravitational acceleration 


Polar or curvilinear co-ordinate 
systems are used extensively by Einstein 
in his theory of General Relavtivity 


In geometry, curvilinear coordinates are a coordinate system for x * . 
Euclidean space in which the co-ordinate lines may be curved. Reimannian curved space-time 


Co-ordinate transformations 
‘There are many diferent possible coordinate systems for describing geometrical figures and they can all be related to one another, 


Such relations are described by coordinate transformations which give formulas for the coordinates in one system. 
In terms of the coordinates in another system 


18,41 t 
m i (12,5) Converting between 
5 He Le Polar and Cartesian 
5 coordinates 
xa 50 5 


tan 0 = = 
= tan(5/I2) 
x 
= 22.619 


solving for the triangle 
using trigometric functions 


Spatial co-ordinate systems Spherical 


‘Spacetime is any mathematical co-ordinate system or model that 
combines space and time into a single continuum. 


Spacetime is usually interpreted with space as being three-dimensional with 
time playing the role of a fourth dimension that is different from the spatial dimensions. 


Froma Euclidean space perspective, the universe has three spatial dimensions 
and one dimension of time reflected by quantised angular momentum). 


Tetryonics maps spatial co-ordinates a 
through the momenta vectors of seconds’ 


equilateral Energy 
Cartesian Space-Time 
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Tetryonic Space-Time 
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x EM mass ENERGY momenta 
‘are equilateral geometries 


Mapping equilateral Energy geometries onto 
=f recti or curvi-linear spatial co-ordinate systems 
introduces mathematical complexity 
t 10.a otherwise simplistic geometry for all 

| | | | j EM mass-Energy-Matter interactions 


In physics spatial co-ordinates to date have been based on Cartesian co-ordinates when in fact Eneray momenta follow a Tri-Linear co-ordinate geometry 


vectors 


be Ez mass-Matter Tw 
% ‘mass-energy equivalence m= M cenergy-Matter equivalence 
Euclidean c 

equivalence M= E 

et 
. . Cartesian co-ordinates GR fails differentiate betweem 
1 Dimensional EM mass ENERGY Mater 

Z . unlike Tetryonic theory 
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2 Dimensions 
velocity squared 


3 Dimensions 
; ; velocity cubed 
Space-time co-ordinates 


The propagation of Energy momenta forms 
distinct spatial co-ordinate systems 


3 Dimensions 
or radians (rad), where 360" = 2m rad = t radians. quadrature velocity 


Where angles are typically measured in degrees (*) 


Tetryonic co-ordinate systems 


2D mass-energy 
geometries 
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Neutron 


Planar mass-energy geometries have no z-components 


Differentiation between 2D mass-energy & 3D Matter 
is key to extending our understanding of physics 


Matter topologies have z-components 
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normal distributions 


Quantum probability distributions 


‘The equilateral geometry and distribution of quantised Energy momenta provides the basis for all statistical probabilities in 
‘Quantum mechanics, thermodynamic & information entropy - including a solution to Helsenberg's Uncertainty Principle 
‘thus paving the way forward for a new understanding, and manipulation of physical phenomena at the quantum level 
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‘Normal distributions are extremely important in statistics, and are often used in the natural and 
socialsciences for real-valued random variables whose distributions are not known 


Quantum Probability Distributions 


The normal distribution is a probability distribution. 
Itis also called Gaussian distribution because it was discovered by Carl Friedrich Gauss. 
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diode and increase of capacitance due to the stage ca- 
pacitors. 


2.3, Seven Stage Voltage Multiplier 


‘The seven stage voltage multiplier circuit design imple- 
mented in this paper is shown in Figure 6. Starting on 
the left side, there is a RF signal source for the circuit 
followed by the first stage of the voltage multiplier cit- 
cuit, Each stage is stacked onto the previous stage as 
shown in the Figure 6, Stacking was done from left to 
right for simplicity instead of conventional stacking from 
bottom to top, 

‘The circuit uses eight zero bias Schottky surface-mount 
Agilent HSMS-285X series, HSMS-2850 diodes. The 
special features of these diode is that, it provides a low 
forward voltage, low substrate leakage and uses the non- 
symmetric properties of a diode that allows unidiree- 
tional flow of current under ideal conditions. The diodes 
are fixed and are not subject of optimization or tuning. 
This type of multiplier produces a DC voltage which 
depends on the incident RF voltage. Input to the circuit is 
a predefined RF source. The voltage conversion can be 
effective only if the input voltage is higher than the 
Schottky forward voltage 

‘The other components associated with the circuit are 
the stage capacitors. The chosen capacitors for this cir- 
cuit are of through-hole type, which make it easier to 
‘modify for optimization, where in [8] the optimization 
‘was accomplished at the input impedance of the CMOS 
chip for a three stage voltage multiplier. The circuit de- 
sign in this paper uses a capacitor across the load to store 
and provide DC leveling of the output voltage and its 
value only affects the speed of the transient response 
Without a capacitor across the load, the output is not a 
good DC signal, but more of an offset AC signal. 

In addition to the above, an equivalent load resistor is 
connected at the final node. The output voltage across the 
load decreases during the negative half eycle of the AC 
input signal, The voltage decreases is inversely propor- 
tional to the product of resistance and capacitance across 


‘Gi 


ci 


Source 
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the load, Without the load resistor on the cireuit, the 
voltage would be hold indefinitely on the capacitor and 
look like a DC signal, assuming ideal components. In the 
design, the individual components of the stages need not 
to be rated to withstand the entire output voltage. Each 
component only needs to be concerned with the relative 
voltage differences directly across its own terminals and 
of the components immediately adjacent to it. In this type 
of citeuitry, the circuit does not change the output volt- 
age but increases the possible output current by a factor 
of two. The number of stages in the system is directly 
proportional to the amount of voltage obtained and has 
the greatest effect on the output voltage as explained in 
the Equation (7) and shown in Figure 5. 


3. Simulation and Implementation 


Multisim software was chosen for modeling and simula- 
tion which is a circuit simulation tool by Texas Instru- 
ments. The simulation and practical implementation were 
carried out with fixed RF at 945 MHz + 100 MHz, which 
are close to the down link center radio frequency (947.5 
MHz) of the GSM-900 transmitter. The voltages ob- 
tained at the final node Voc of the multiplier circuit were 
recorded for various input power levels from —40 dBm - 
+5 dBm with power level interval (spacing) of 5 dBm. 

‘The simulations were also carried out using same stage 
capacitance value (3.3 nF?) and then with a varied capaci- 
tance value for all stages from 4 stages through 9 stages 
[9]. The capacitance value was varied in such a way that, 
from one stage to the next, it was halved, For example, if 
the first stage was 3.3 nF, the second stage was 1.65 nF, 
third stage was 825 pF, fourth stage was 415 pF and so 
on, But keeping in view of testing, the capacitance values 
were chosen to have a close match with the standard 
available values in the market. 

Simulation was carried out through 4 to 9 voltage 
doubler stages. Based on results obtained a 7 stage doub- 
ler is best to implemented for this application. 

‘The design of the printed circuit board (PCB) was car- 
ried out using DipTrace software. The material used to 
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Figure 6, Schematic of 7 stage voltage multiplier. 
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Abell shaped curve defines the standard normal distribution, 
in which the probability of observing a point is greatest near the average, 
and declines rapidly as one moves away from the mean. 
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In probability theory, the normal (or Gaussian) distribution Isa continuous probability distribution that has a bell-shaped probability density function, known as the Gaussian function 


Fundamental theorem of Energy momenta 


Anth level scalar energy momenta waveform has exactly n linear momentum in unit circle co-ordinate systems 
(with Longitudinal and Transverse equilateral Planck waveforms being orthogonal to each other) 


scalar energies 
Longitudinal EM waveforms are the waves 
Produced by spark gap discharges 


‘Their energy momenta are co-tinear with the 
> -wave's direction of propagation 


‘Transverse EM waveforms are the waves 
produced by accelerating charges mv 
‘Their energy momenta are orthagonal to 4 
the direction of wave propagation linear momentum 
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Velocity and Time dependent EM fields 
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Matrices are a key tool in linear algebra 


Further developing equilateral Matrices and tensor mathematics to 


‘One use of matrices is to represent linear transformations, M atri ces teflect the 2D geometry of EM, KEM and GEM quantum fields, 


which are higher-dimensional analogs of linear functions 
of the form flx) = ex, where ¢ Is a constant: matrix multiplication 
corresponds to composition of linear transformations. v 
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‘Tensors are geometric entities introduced into mathematics and physics to extend the notion of scalars, geometric vectors, 
and matrices to increasingly higher orders. 


‘Modifying Square matrices to reflect the equlateral geometries of Tetryonic fields allows for the accurate geometric modelling 
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Py, — E,P1,p2, p3, p4). 

All standing-wave Matter topologies can be modelled 
using its Tetryonic charge energy momenta Tensors 
with an additional Kinetic EM energy-momenta tensor 
required for Matter in motion 

| (E, p5). 


2D+1 [Sk] masseneray momenta can be folded into 3D+1 [GR] Matter 
‘that can be modelled using 4 Energy-momenta tensors 
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‘manufacture the printed circuit board (PCB) is the stan- 
dard Fiberglass Reinforced Epoxy (FR4), with the thick- 
ness of 1.6 mm and dielectric constant of 3.9. The topol- 
ogy is constructed on the PCB with the dimensions of 98 
mm * 34 mm (W * H). The Sub Miniature version A 
(SMA) connectors are used at the input and output of 
PCB to carry out the measurements. The circuit compo- 
nents consist of active and passive components. The 
component used in circuit is shown in Table 2 

Special handling precautions have been taken to avoid 
Electro Static Discharge (ESD), while assembling of the 
surface-mount zero bias Schottky diodes. Also special 
attention has been given to mount other components and 
the SMA connectors on to the PCB. The Photograph of 
Assembled circuit board I shown in Figure 7. 


4, Results and Analysis 


‘The simulated and measured results at the output voltage 
of voltage multiplier circuit are shown graphically in 
Figure 8. From the graph analysis, the simulated and the 
‘measured results agree considerably with each other. The 
‘measured results are shown to be better than the simula- 
tion results. The reason behind this may be due to the 
uncertainty in series resistance value of the diode ob- 
tained from SPICE parameters in modeling as explained 
in Equation (5). This resistance vale of diodes in practi- 
cal circuit may be lower than in the model, which pro- 
vides fast discharge path, in turn rise in voltage as passes 
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respectively. 

Figures 9 and 10 show the result of a 4 stage voltage 
doubler circuit with equal and varied capacitance values 
between the stages as described in Section 3. 

From the analysis of these two simulations, it can be 
observed that the resulting output voltages are equal. The 
only difference between these two graphs is the rise time 
of the circuit with varied capacitance value is a litte bit 
slower. But, overall result on the performance of rise 
time is still under 20 ps to 24 jis and the difference is 
negligible. From these results, the use of equal stage ca- 
pacitance of each being 3.3 nF was hence considered for 
the design of the multiplier. 

‘The results from Figure 11, shows that the output 
voltage reaches to 1.0 V within 20 1S and then uniformly 
increasing to 1.4 V, 1.67 V, 1.87 V and 2.12 V for 4, 5, 6 
and 7 stages respectively compared to 2 mS as shown in 
[10]. Figure 12 shows that the conversion ratio of 22 is 
achieved at 0 dBm input power and drops to 2.5 at -40 
dBm, The highest value at 0 dBm is due to the innate 
characteristics of the zero bias Schottky diodes which 
conduct fairly well at higher input voltages. 


5. Conclu: 


From the experimental results, it is found that the pro- 


‘Table 2. Component used in 7 stage voltage multiplier. 


through the stages and reaches to final output. In this Name of component Tabet Value 
work, the DC output voltages obtained through simula- ap aaa Gita ar 
tion and measurement at 0 dBm re 2.12 V and 5.0 V re- le ais 
Stage diodes Di-Ds HSMS 2880 
spectively. These results are comparatively much better i 
than in ref, [9], where in at 0 dBm, 900 MHz they achieved Witter eqpactior G Midad 
0.5 V and 0.8 V through simulation and measurement Load resister R 10 ka. 
Input SMA Connector Sehotlky.Dindes Stage Capacitors ‘Output SMA Connector 


Filter Circuit 


Figure 7. Photograph of assembled circuit board. 
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Figure 9. DC output voltage verses rise time of 4 stage volt- 
age doubler circuit with equal stage capacitance [8]. 
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Figure 10, DC output voltage verses rise time of 4 stage 
voltage doubler with varied stage capacitance [8]. 


posed voltage multiplier circuit operates at the frequency 
of 945 MHz with the specified input power levels. The 
results have shown that there is multiplication of the in- 
put voltage. From Figure 12, it is shown that at 0 dBm 
input power, the multiplication fuctor is 22, This is sig- 
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Figure 11. DC output voltage verses rise time of voltage 
doubler circuit through 4 - 7 stages with equal stage ca- 
pacitance. 
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Figure 12. Conversion ratio as a function of input power. 


nificant, as the work shows that RF energy in the GSM- 
900 band can be harvested from the ambient RF source 
using the Villard circuit topology. The power density 
levels from a GSM base station is expected from 0.1 
mW/m? to | mW/m? for a distance ranging from 25 m - 
100 m, These power levels may be elevated by a factor 
between one and three for the GSM-900 downlink fre- 
quency bands depending on the traffic density [10]. The 
next phase of the research work is to interface the voltage 
multiplier circuit through a matching network to the an- 
tenna at the input side and a low power device to power 
from the system at the output side to complete the RF 
energy harvesting system. 
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Each shell consists of one or more subshells and 
each subshell conse of one of more atomic orbital. 


Electron Shells 


VALENCE SHELLS 
‘Theelectronsin the partially filed 
‘outermost [or highest energy] 
shell determine the chemical 
‘properties of theatom 


Periodic element geometries 


An electron shell may be thought of as an orbit followed by electrons around an atoms nucleus. 
The closest shell to the nucleus is called the "I shell (also called "K shel"), followed by the 
2 shell (or"L shell), then the "3 shell (or "M shell), and so on further and further from the nucleus, 
The shell letters K, LM, . are alphabetical 


f d p s a f 
+3 +241 0 ai = 3 
Sub-orbitals 


Each shel can contain only an integer 
‘numberof whole deuterium nucle 
(Proton, Neutron & electron) 


Principal Quantum Numbers 


Exch atomic shell equates toa specific 
Energy level forthe dueterium nuclel 
that comprise itn tum affecting the 

angular momentum of electrons in that shell, 


Periodic Harmonic motions 


x=Acos (wt + @) Much of the math in of modern physics Fe-kx 
is predicated on the assumption that 
arcitariniotion [where it appears] is related to Likseay notion 


the properties of a circle 


Simple harmonic motion can be visualized asthe projection of uniform circular motion ona one ass 


Principal Quantum Numbers 


circular harmonic simple harmonic 


motion R 8 motion 
Q 7 
P 6 
) 5 3 
N 4 3 
Circular motions describe ag =~ Nuclei per shell in elements follows 
‘the motion of a body L 2 a‘periodic summation rule’ 
with a changing velocity vector K 1 that Is reflective of 
[the result of an acceleration force]. photonic energies 
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E cheery Atomic nuclei mass-energies 


‘The quantum level mass energies 


pneu aotnina ie Each element's weight mass-Matter ina gravitational field] 
[ontaanbanis tesa hv is the result of the total quanta comprising that element 
In-1e19v 


‘The nuclel forming each atomic shell have specific mass-energy quanta 


Baryon rest masses lepton rest mass KEM 


a [72(n)‘}+[12¢19]+[m.v]| 


Deuterium mass-energy per shell 


Despite having differing mass-energies each Deuterium nuclei 
has the same velocity invariant Matter geometry [84] 


spin orbital coupling in synchronous quantum convertors 
Electrons act as quantum scale rotating armatures in atomic nuclei 
and can only have specific energies reflective of the electron orbital 
energy level of the Baryons in which they are found 


‘Compton frequencies lectron rest Matter They acheive these energy levels by absorbing or emitting photons 
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to acheive the specific angular momentum required 
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930.947MeV + 13.525 ev + 496.519 keV 
Mapping Planck mass-energy contributions to elementary Matter and isotopes 


Schrodinger's quantum numbers 
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wt+v+e=Z 
general form quatratic equation 


ax2+ bx +c=Z 


E=nhv 


polar aufbau 


Bohr's atomic orbitals 


Identifying electron rest Matter topologies as velocity invariant we can re-arrange the 
component Planck mass-energy geometry formulation of periodic elements to 


h 72[v?] + v 4 1.20e20 ¥] 
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reveal a quadratic formulation for all Z numbers 
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Proton - Neutron Curve Atomic Nuclei Numbers 
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Proton Number [Z] 
Tetryonic modelling of the charged mass-ENERGY-Matter topologies 
Historically, Proton-electron numbers are viewed as being equivalent of elementary atoms and the nuclei that comprise them, reveals a DIRECT 
in neutral elementary matter with the excess molar mass measured LINEAR relationship for the number of Protons-electrons-Neutrons 
being the result of ‘excess or extra’ Neutrons in the atom in all periodic elements and nuclear isotopes 
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Determines the spectral line 
[KEM field energies] 
of electrons bound to them 
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the rest mass-Matter of 
bound photo-electrons is 
velocity invariant 
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Fractional quantum differentials 


Mapping phioto-electron transition energies 
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ionisation energies of nuclei 
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along with their exact molar rest mass-energies and 
quantum wavefunctions can be described with Tetryonic geometries 
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Spectral line differentials 
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a mathematical description 
of Tetryonic energy geometry 
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All of the transitions of photo-electrons 
bound to Hydrogen atoms can now be 
revealed in the fractional geometry 
of KEM field energies 
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‘Tetryonic geometry explains the fractional mathematics of Rydberg’s formula 
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ABSTRACT 


‘The design, fabrication, and characterization of the microstrip circular antenna arrays were presented. The proposed an- 
tennas were designed for single band at 2.45 GHz and dual bands at 3.3 - 3.6 and 5.0 - 6.0 GHz to support 
WLAN/WiMAX applications. The proposed single and dual band antennas showed omnidirectional radiation pattern 
with the gain values of 3.5 dBi at 2.45 GHz, 4.0 dBi at 3.45 GHz, and 3.3 dBi at 5.5 GHz. The dual band antenna array 
‘was placed on both top and bottom layers to obtain the desired antenna characteristics. The proposed double-sided dual 


band antenna provides omnidirectional radiation pattern with high gain. 


Keywords: Antenna Arrays; Circular Pat 
UWB 


1. Introduction: 


Ultra-wideband (UWB: 3.1 to 10.6 GHz) frequeney sp 
trum has been approved by the US Federal Communi- 
cations Commission (FCC) for unlicensed short range 
wireless communications since 2002. In this frequency 
range, wireless local-area network (WLAN) IEEES02.1 a 
and HIPERLAN/2 WLAN operates in 5.0 - 6.0 GHz band. 
In some European and Asian countries, world interop- 
cerability for microwave access (WiMAX) service is pro- 
vided in the frequency range of 3.3 - 3.6 GHz [1-4]. To 
support the WLAN/WiMAX application, antenna arrays 
that provide omnidirectional radiation pattern are required 
To respond to this need, recent antenna design efforts 
were focused on omnidirectional antennas with high gain 
and no sidelobes [5-8]. Rectangular arrays are common 
type used for antenna arrays. Studies on dual band an- 
tennas employing rectangular arrays were reported [9-12]. 
Compared to rectangular patch antenna arrays, there are 
limited numbers of studies performed on circular patch 
antenna arrays due to difficulties in fabrication [13]. Ad- 
vantages of circular antenna array include high gain and 
narrow beam width [13] 

In this paper, a new microstrip circular antenna arrays 
were designed, fabricated, and characterized to provide 
‘Comesponding author. 
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omnidirectional radiation pattern for WLAN/WiMAX 
applications. Two antenna arrays were designed—one for 
single band at 2.45 GHz and the other for dual bands at 
3.3 - 3.6 GHz and 5.0 - 6.0 GHz. For single band opera- 
tion, circular patch array was placed on the top layer of 
the microtrip and a small rectangular patch was placed on 
the bottom layer for ground connection. For dual band 
operation, similar circular patch array was placed on both 
top and bottom layers of the microstrip with larger rec- 
tangular patch placed on the bottom layer. Both single 
band (single sided) and dual band (double-sided) micro- 
strip antenna arrays provided desirable antenna charac- 
teristics for the intended application. 


2. Design and Simulation 

2.1. Single-Band Antenna at 2.45 GHz 

‘The configuration of the proposed single band antenna at 

2.45 GHz is shown in Figure 1. It consists of six circular 

patches which are placed only on the top layer. The small 

rectangular patch is placed on the bottom layer for ground 
‘The directivity for the circular patch antenna is 
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Figure 1. Configuration of the proposed antenna for single 
band at 2.45 GHz: (a) Top layer; (b) Bottom layer; (c) Top 
and bottom layers overlaid, 


Q) 
@) 
oy 

, (kya, sin) —J, (ka, sin) 6) 

Ing = Jy (kya, sin) +4, (kya, sin) 6) 


is the effective radius, a is the actual radius, 
«is the relative permittivity of the microstrip dielectric 
substrate, A is the height of the microstrip substrate, 
and J,and J, are Bessel functions. 

The gain of the antenna was calculated using 


Gain = Antenna Efficiency x Directivity(D,) (7) 


Total Efficiency 


Antenna Efficiency = SSRCY_ 
Reflection Efficiency 


(8) 


‘The variable corresponding to each dimensions and 
values for the dimensions of the proposed antenna are 
shown in Figure 2 and Table 1, respectively. Here, L, W, 
and R represent the length, the width, and the radius of 
the circular patch, respectively 

‘The gain of the proposed antenna shown in Figure 1 
‘was calculated using (1) - (8) and the dimensions were 
optimized using ADS [14] which resulted in gain of 3.5 
Bi at 2.45 GHz, 


2.2. Dual-Band Antenna at 3.3 - 3.6 and 5.0 - 6.0 
GHz 


‘The configuration for the doubled-sided microstrip dual 
band antenna is shown in Figure 3. The proposed micro- 
strip antenna has circular arrays both on the top and bot- 
tom layers. It consists of three circular patched on each 
layer. 
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Figure 2. Variables corresponding to each dimension of the 
proposed single band antenna: (a) Top layer; (b) Bottom 
layer. 


‘Table 1. Dimensions for the proposed single band antenna 
at 2.4 GHz. 
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Figure 3, Configuration of the proposed antenna for dual 
band at 3.3 - 3.6 and 5.0 - 6.0 GHz: (a) Top layer; (b) Bot- 
tom layer; (c) Top and bottom layers overlaid. 
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Triangular dissection of an equilateral triangle 


is a way of dividing up a original triangle into smaller equilateral triangles, 
such that none of the smaller triangles overlap 


My hd > &A 


lowest order perfect equilateral triangle dissected by equilateral triangles lowest order perfect dissected equilateral triangle, an isomer of the first 


Golden mean Spirals 


Golden Mean Spiral - This spiral is derived via the golden rectangle, a unique rectangle which has the golden ratio. 
This form is found everywhere in nature: the Nautilus Shell, the face of a Sunflower, fingerprints, our DNA, and the shape of the Milky Way 


Golden spiral 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, ... Golden spirals 


Continued fractions and the Fibonacci sequence 


The convergence of the continued fractions 
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= are: 
2,3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 
12 3 5 8 13 21 34 55 89 144 233 377 


The Golden Ratio (Golden Mean, Golden Section) 
is defined mathematically as: 


1+v5 
oa V5 _ 16180339887 


Koch fractal Curve 


Niels Fabian Helge von Koch (January 25, 1870 ~ March 11, 1924) was a Swedish mathematician, 
who gave his name to one of the earliest fractal curves ever known 


He described the Koch curve, or Koch snowflakes as it popularly known, in a 1904 paper entitled 
“Ona continuous curve without tangents constructible from elementary geometry" 


Von Koch wrote several papers on number theory. A The Koch snowflake (or Koch star) is a mathematical curve 
neous 0 hee peta et anon cfc cs facal aves whave ben deed 


the Riemann hypothesis is equivalent toa strengthened 


form ofthe prime number theorem. Actually Koch described whats now known asthe Koch curve, 
which isthe same asthe now popular snowflake, except starts 
Three Koch curves form the snowflake witha line segment instead of an equilateral triangle. 
1 i 
a= z+ 


‘The Koch curve is a special case of the Cesaro curve where: 


which is in turn a special case of the de Rham curve. 


Koch snowflake C®) Flower of Life 
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The Flower of Life is a igure 
posed of multiple evenly-spaced, overlapping circles. 
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i [ers Tetryonic model of a photon. 


Magnetic waveforms are 90 degrees out of phase with Electric waveforms 


Boson distributions in monochromatic EM waves 


GIGS 5/64 4/64 3/64 2/68 


2/66 N68 4/64 5/64 6/64 


detected interference pattern produced by quantum distributions 


SES 2H HT ET EF SE SB 9 4 
_e @ @ooecoecvcecc co & & 


i 

y y | 

& O : 
2h 4 6 6 S68 82 

normal distribution of Planck energy momenta 2 

28628 2.3) 3 be i. 

z 

2 

2 


O31 


boson-photon distribution in KEM field waveform 


Probability distributions of monochromatic EM waves 


Wave interference patterns npn feed then pecucng este hwevestahensuperpeton Wi 
‘each other to produce interference patterns 


The double sit experiment, sometimes called Young's exp 


Equilateral superpositioned KEM waves produce 
constructive and destructive interference waves 
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t « 
The Compon frequency of any [KJEM x 
wave ts compried of deca wavelength 
‘Photons which can combine to produce Any detctor placed afier the primary screen 
will remove energy from the secondaryKEM fields = 


and affect the interference patterns produced 


Fone slit is observed for the passage of the electron in order to determine 
its physical state then the its KEM field wave will be absorbed by the detector 
resulting in only one wave remaining, enforcing a classical particle outcome 
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Quantum computing via EM wave super-positioning 


BY superpositioning two beams AAAAt 
of EM radiation the resultant colours’ constructive interference 
will perform quantum level computations BAAS en peeenae 
that can be read via the resultant PAPAL 
interference patterns produced 
In phase 


wee ew eo zo Ln 


wae 
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Various basic operations, such as. 
ADDITION, SUBTRACTION and 
destructive interference PAPAS ‘SQUARE ROOTS etc 
subheactive oUt-ok phbe EM Yves PAAAY are all easily computed using 
EM wave super-positioning 


The lines of Force 


By utilsing the statiscal distribution of equllateral Planck energy momenta quanta in EM waves 
Tetryonic theory provides a practical geometric solution to quantum computing problems 
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Unlike Math treatise on P vs Np that-require exponential polynomial time (nd) Tetryonic geometry of EM fields uttse exponential energies per second 
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‘The configuration in Figure 3(a) is similar to the top 
layer of the single band antenna as shown in Figure 1(a) 
but with less circular patches. However, the bottom layer 
in Figure 3(b) is different compared to the bottom layer 
of the single band antenna shown in Figure 1(b). The 
double-side nature of the antenna provides dual band 
characteristics. Identical equations were used for the sin- 
gle band antenna were employed in the design process. 
‘The variable corresponding to each dimensions and the 
dimensions for the proposed dual band antenna are 
shown in Figure 4 and Table 2, respectively, 

Simulation was performed using ADS for the configu- 
ration shown in Figure 3(¢). The simulated gains of the 
proposed dual band antenna were 4.0 dBi at 3.45 GHz 
and 3.3 dBi at 5.5 GHz. The double-sided configuration 
of the antenna provided higher gain compared to the sin- 
gled-sided antenna. 


3. Measurement Results and Discussions 
3.1. Single-Band Atnenna at 2.45 GHz 


‘The antennas were fabricated using LPKF Protomat [15] 
on FR-4 material with height of 1.524 mm. The photos of 
the fabricated single band antenna are shown in Figure 5 
which has a size of 6.7 * 4.4 (in em), 

Figure 6 shows the comparison between the simulated 
and the measured S,, results, 

‘The measured operating frequeney is close to 2.45 
Gila with S11 value below ~15 dB. The 3 dB bandwidth 
al 2.45 GHz was approximately 18%, ‘The measurement 
and simulation are in fairly good agreement, and the dif- 
ferences are due to microstrip loss and fabrication errors. 

Figure 7 shows the comparison between the simulated 
and measured radiation pattern in xy-plane at 2.45 GHz 
which is close to omnidirectional pattern. 


@) i) 
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Figure 4. Variables corresponding to each dimension of the 
proposed dual-band antenna: (a) Top layer; (b) Bottom 
layer. 


‘Table 2, Dimensions for the proposed dual band antenna at 
3.3 - 3.6 and 5.0- 6.0GHz. 


Variable Vale (mm) 
7 120 
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Figure 5. Photo of the fabricated single-band antenna: (a) Top layer; (b) Bottom layer. 


Copyright © 2013 SeiRes. 


JEMAA 


of any complexity 
can coal developed 


Quantum Computing 


The Proton/Neutron geometries of atomic nuclei can be built at the quantum scale 
to create an atomic nuclei that can operate as a Opto-memory-transistive computing element, 
many elements can then be combined in lattices to create super computers no larger than bacterium 


Energy can be gated through individual nuclei 


Spin U P using the centre Baryon as the base transistor element, S Pp in D OW N 


in turn effecting the energies of bound photo-electrons 
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Figure 6, Simulated and measured return loss for the proposed single-band antenna. 
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Figure 7. Simulated and measured radiation pattern in xy-plane (coordinate system shown in Figure 5) at 2.45 GHz. 


3.2. Dual-Band Antenna at 3.3 - 3.6 and 5.0-6.0 on double-sided FR-4 materials, ‘The photos of the fabri- 
GHz cated dual band antenna are shown in Figure 8 which 
has a size of 6.6 x 5.2 (in em). 


‘The antennas were fabricated using LPKF Protomat [15] Figure 9 shows the comparison between the simulated 
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Strong Forces and Nuclear Bonding 


How do Baryons with Positive and Neutral charges 
attract each other and bind to form stable elements ? 


Charged EN fascia 
Electric Felds & Magnetic dipoles 


‘Once nucle! have been created thelr external 
electric fields & magnetic dipoles continue to 
attract and bind individual nuclel together via 
the Residual EM Force as nuclel seek charge 
equilibrium by combining with each other 
and electrons to form neutral elements 


‘The attraction and binding of Protons and Neutrons 
through their electric charge imbalances 
creates Deuterons which have +12 charges 
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Figure 8, Photo of the fabricated dual-band antenna: 
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Figure 9. Simulated and measured return loss for the dual band antenna. 


and the measured S,, results, 
‘The measured Sy; shows dual band near the designed 
bands with Sy, values below —10 dB for both bands. The 
simulated and measured results give fairly good agree- 
ment, and the differences are due to board loss and fab- 
rication errors. 
Figure 10 shows the comparison between the simu- 
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lated and measured radiation pattern in xy-plane at 3.45 
and 5.5 GHz which is close to omnidirectional pattem. 


4, Conclusion 


A microstrip circular antenna arrays were presented for 
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Figure 10, Simulated and measured radiation pattern in xy-plane (coordinate system shown in Figure 8) at (a) 3.45 GHz and 
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5.0 - 6.0 GHz for WLAN/WiMAX applications. Both 
antennas were designed with ADS, fabricated on a FR-4 
microstrip material, and characterized, Both single band 
(single sided) and dual band (double-sided) antenna ar- 
rays provided omnidirectional pattern with desired gain. 
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ABSTRACT 


Use of defected ground structure (DGS) to reduce the 


of patch antenna is presented in this paper. In order to get a 


dipole like radiation pattern for some specific application a dumbbell shaped DGS is used in the common ground plane 
of back to back combined single fed proximity coupled antenna. A size reduction of about 60% is achieved. Parametric 
analysis has been done to see the resonance behavior of the antenna with DGS. 


Keywords: Defected Ground structure, Microstrip Antennas, Proximity Coupling 


1. Introduction 


‘The continuous shrinking size of electronic equipments 
demands similar size antenna elements in order to fit 
properly in wireless devices without compromising the 
other radiation properties of the antenna. In this respect 
microstrip patch antennas are quite an obvious choice 
because of its other benefits like low profile, light weight, 
low cost and easy fabrication 

But as far as size of these patches concerned, the patch 
length should be around half-a-wavelength for the struc~ 
ture to act as a good radiator. Different techniques have 
already been used for the antenna size reduction such as, 
using the substrate with high dielectric constant [1] , edge 
shorted patches with shorting plates or shorting walls, use 
of the shorting pin at the suitable position etc [2,3]. 

As far as our understanding goes much has not been 
reported regarding the use of DGS for size reduction of 
‘microstrip antennas, although its application have been 
reported for harmonic reduction [4], cross-polarization 
suppression [5] and mutual coupling reduction [6] in an- 
tenna arrays etc. Although the back to back geometries 
have been reported by the various researchers [7,8] but 
here a new coupling method i.e. proximity coupling with 
the defected ground structure is used for the considera- 
tion of the increased bandwidth. 

This paper presents the application of DGS for size 
reduction of microstrip antennas. A dumbbell shaped 
DGS is used in the common ground plane of a back to 
back combined single feed proximity coupled microstrip 
antenna, 
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2. Defected Ground Structure 


Recently there has been an increasing interest in the use 
of DGSs for performance enhancement of microstrip an- 
tennas and arrays, These are realized by etching off a 
simple shape defect from the ground plane of the planer 
circuits 

Although various complicated DGSs were reported in 
the literature, but the simplest one is the dumbbell shaped 
DGS. Figure 1(a) shows the simple and mostly used 
dumbbell shaped DGS that is etched in the ground plane 
below the microstrip line, in which both the areas (L,"IY,) 
and the slot gap (g) play a very important role to find the 
resonance behavior of the DGS. 

‘The head areas (L.,*W,) is very useful for the variation 
in the inductance (L) and the slot (g) produces the ca- 
pacitance (C). The L and C may be calculated from the 
formulae given below [9]. 


@ 


Figure 1. (a) Dumbbell shaped DGS, and (b) DGS Equiva- 
lent Circuit. 
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Orbital energy variations 


All Elements have stable core electron 
configurations of s & p orbitals for each energy 
level as revealed through diffraction 


As additional nuclei bind to form d &f orbitals 
they can do so by bonding in many positions, with 
each location producing different orbital energies 
for each electron that binds to nuclei in that position 


The final energy levels of each orbital 

is the result of the energy of the Baryons 
in the nuclei and the spin coupling energies 
of the photo-electrons bound to them 
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When this DGS is applied to the antenna, the equiva- 
lent inductive part due to the DGS increases and produces 
equivalently the high effective dielectric constant, thereby 
decreasing the resonant frequency when the DGS is 
corporated in the ground plane of a micro strip antenna 


3. Antenna Design with DGS 


In this section, the design approach and the performance 
of the basic antenna and the antenna with DGS is de- 
scribed. At the outset, the single patch antenna was de- 
signed and simulated using the CST Microwave studio 
[10], for the operating frequency at 5.0 GHz. Then an- 
other patch of the same size was added in the opposite 
side of the ground plane and fed in the same way as the 
first one. ‘The configuration seems as two patch antennas 
having a common ground plane working at the same fre~ 
quency. Next the feed lines were combined for the an- 
tenna for single feed design, For this purpose the antenna 
feed lines W; = 0,934 mm with dy mm were de- 
signed of 100 ohm and for matching to the 50 ohm 
transmission line (IY, = 3.86 mm) a quarter wave length 
transformer (JV; = 2 mm) was used to give proper match- 
ing (Figure 2) 

The cross-sectional view of the single fed back to back 
combined proximity coupled antenna is shown in the 
Figure 2(a). The layouts of matching networks only are 
emphasized in this Figure 2(b) for convenience. It is, 
observed that the antenna designed in this configuration 
gives the bandwidth of 137 MHz whereas single antenna 
gives a bandwidth of 67 MHz. This is due to the fact that 
as the antenna height increases the quality factor decreases 
and the bandwidth increases. This becomes a multilayer 
antenna with more height and higher bandwidth as com- 
pared to the single patch antenna, 

The simple transmission line model was used for the 
antenna size calculation, The dielectric constant was 
taken as 3.38 with the loss tangent 0,0025 and of 1.524 
‘mm thickness, The patch lengths ,, and widths WY, are 15 
‘mm and 19 mm respectively. The feed line has been in- 
serted inside the dielectric at a height equal to the half of 
the height (i = 3.048 mm) of the antenna on either side. 
‘The dumbbell shaped DGS with dimensions L, = 1, 
8.6 mm and g = 0.76 mm was created in the ground plane 
of the antenna as shown in the Figure 2(c). A small slot 
‘was also created for making the antenna with single feed, 
The two feed lines were connected with a metal strip 
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which goes through the small slot in the ground plane. 
‘The fabricated antenna is shown in Figure 2(d). 
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Figure 2, (a) Cross-sectional view of antenna configuration, 
(b) Feeding Network, (c) Top-View of the antenna, (d) Fab- 
ricated Antenna, 


4. Results and Discussion 


At first the antenna without the DGS in the common 
ground was simulated and was found to resonate at 5 
GHo with 137 MHz Bandwidth. 

‘Then the structure was simulated with the dumbbell 
shaped DGS, Before reaching to the final size of the DGS, 
4 parametric study was done by varying L, W’,and g of 
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the DGS, As shown in Figure 3, with the increase in the 
value of Z,, the resonant frequency of the antenna is de- 
creasing. Infect, increase in the length of the DGS head 
gives increasing inductance which in turn decreases the 
resonant frequency of the antenna, 

At this point the increment in the (g) was not possible 
due to the accuracy in fabrication, so for this reason the 
other dimension (g) was kept constant for the require 
ment of the desired frequency (2 GHz). The size of the 
DGS single square head for the antenna to resonate at 2 
GHz (UHF Band) was found to be 8.6 mm * 8.6 mm. 
The return loss (S11 [4B]) plot of the structure with and 
without DGS is shown in Figure 4(a). Figure 4(b) 
shows the measured S11 parameter using the HP 8720 B 
network analyzer. The marker’s position near to peak 
shows the resonance frequency 2.08 GHz with return 
loss of -13 dB. The result shows good agreement with 
the simulation results. The measured -10 dB bandwidth 
is about 60 MHz, The maximum size reduction achieved 
is about 60%, 
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Figure 4, Antenna Return Loss (a) simulated (b) measured. 
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Figure 5. Antenna radiation pattern (measured and simu- 
lated) at 2 GHz Frequency. 


‘The measured and simulated power patterns of the an- 
tenna are shown in Figure 5. It can be observed that the 
E-plane radiation pattern is similar to the pattern for a 
dipole antenna, Measurement errors are mainly due to the 
spurious radiation created by the feeding end and the im- 
proper coupling of the elements. However the gain 
‘measured experimentally for the proposed antennas with 
DGS is about -6.9 dB and -7.8 dB (where simulated gain 
with DGS is 3.8 dB and 5.7 4B is for the antenna without 
DGS, for both the planes) in both the E and H plane re- 
spectively, which is consistent with the size reduction of 
the antenna, 


5. Conclusion 


Microstrip patch antenna size reduction with DGS is car- 
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Carbon 12 
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‘Back to Back Combined Single Feed Proximity Coupled Antenna with Dumbbell Shaped DGS 


ried out in this work, A dumbbell shaped DGS in the 
common ground plane of a back to back microstrip 
structure was found to give a size reduction of about 60% 
and shifts the resonance frequency from 5 GHz to 2 GHz, 
with 60 MHz. bandwidth facilitating the antenna, to be 
used for UHF band applications. 
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ABSTRACT 


Now a day's accidents are very common due to increased population of vehicle. In order to ensure safety measures in 
the vehicle this paper has proposed some methodologies regarding careful driving by automatically scanning and ana- 
lyzing the blind spot area of an intelligent mobile vehicle. A vehicular antenna with minimum perturbation is proposed 
to be fitted on the vehicle and collect information of the concern area which would ensure visibility of the operator i. 
‘masked or integrated within the car body. This paper has dealt with the design of Tchebyschef polynomial based pro- 
totype planar microstrip phased array antenna and also redesigned the same when implemented in the body of the car 
being considered as an electromagnetically large element, Both the design has been experimentally verified with the 
‘measurement. The simulated and the measured results in both the cases are found to be in good agreement. More than 
11 dB gain was observed at perfectly 30° angles from its broad side direction as desired for blind spot detection with 


minimum amount of 


lectromagnetic interference inside the car. 


Keywords: Intelligent Transportation System; Microstrip Phased Array Antenna; Tchebyscheff Polynomial; 


Electromagnetic Interference 


1. Introduction: 


Intelligent Transport System (IT'S) ensures mobility com- 
fort and safety in transportation system. It also absorbs 
the hazards due to environmental impact. With the pro- 
gress of the information processing technology, control 
systems to minimize accidents for the roadways have 
also been advanced hence one approach to improve the 
traffic safety is found and that is automatic collection of 
data by scanning the blind spot area of the vehicle [1] as 
shown in Figure 1, Many methods were proposed to 
detect the blind spot area but all of them had certain 
limitations. Devices like dynamic angling side view mir- 
ror [2], side view camera model [3], and shadow or edge 
features detector [4] were used for detecting blind spot 
area but their performance was affected during bad 
weather, fog or mist. Also we know that the mechanical 
systems, response time is more and the system is prone to 
‘wear and tear 

‘A radio frequency method has been proposed in this 
paper to scan the blind spot zone efficiently. Four ree- 
angular microstrip antennas (RMSA) are arranged in 
guration with optimal spacing between the 
patch elements to construct the phased array radar. A 
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corporate feed network is used to feed the patch element 
unequally and a progressive phase shifter is designed 
with 108° delay elements to tilt the main beam in the 
desired direction and then the total unit is simulated and 
experimented after placing it on the car body which is 
electromagnetically a large element. The antenna works 
in the Dedicated Short-Range Communication Service 
(DSRCS) frequency band [5]. The design of the micto- 
strip phased array antenna is discussed in Section 2 and 
after that to place the antenna; the design of the entire car 
is given in Section 3. Results and discussion are por- 
trayed in Section 4 along with conclusion in Section 5. 


2. Design of Microstrip Phased Array 
Antenna 


The mictostrip phased array antenna is designed for 
Dedicated Short Range Communication Service at 5.88 
Gz with dielectric constant of 2.32 and substrate thick- 
ness of 0.785 mm. Firstly the dimension of the rectangu- 
lar patch is computed as 16.322 mm by 19.8 mm using 
the method outlined in [6]. With computed inset feed 
length of 3.8 mm and for the above dimensions of the 
rectangular patch the return loss is found to be -8.09 dB 
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Figure 1. Surrounding regions of a vehicle. 


with (30.1 + j26.7) ohm impedance at the feed position, 
‘The RMSA is simulated and optimized using Ansoft 
HFSS". After optimization the final length is found to 
be 16.4363 mm with inset feed length of 4,8225 mm 
keeping the width of the patch unchanged as shown in 
Figure 2 

By considering the above designed patch element, a 
four element linear array is realized and powered by 
‘Tehebyscheff current distribution. The spacing between 
the elements is kept considering the desired maximum 
scan angle in order to eliminate the grating lobes within 
the visible space of the phased array antenna. To opti- 
mize the performance of the antenna in respect of its side 
lobe level (SLL), mutual coupling and gain of the an- 
tenna array, the spacing between the elements is studied 
parametrically [7]. The results of the said study are tabu- 
lated in Table 1 

‘After optimization it is found that the optimum spac- 
ing between the elements is 0.6 2y while considering, the 
main lobe to side lobe ratio below 20 dB, optimum mu- 
tual coupling and overall gain. 

From Figure 1, itis observed that the beam of the an- 
tenna array is required to be tilted by an angle 30° away 
from the broad side direction, In view of the above a 
progressive phase shifter of 108" is designed with the 
help of 11.16 mm feed line length, The actual line length 
is considered as me, where m= 0, 1, 2,3. 

‘To enhance the gain by maintaining the beam width and 
main lobe to side lobe ratio, the antenna elements are ex- 
cited by Dolph Chebyshev current distribution, The array 
consist of four elements, thus third order Tchebyschet? 
polynomial is calculated. Hence the polynomial is solved 
and relative current ratio is computed as 1:1.7795:1.7795:1 
Both equal and unequal power dividers are designed along 
with the progressive phase shifter. 

For equal power division, a 3 dB equal power divider 
is designed whose vertical arm is of 50 Q line and two 
horizontal quarter-wavelength branch-lines are of 70.71 
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‘Table 1, Effect on mutual coupling and gain due to vari- 
ation in spacing (d) between the elements, 


‘with respectia _dwithrespectio Mutual Gaim 
guided wavelength operating wavelength coupling (dB) (dBi) 
06% OAL ay 10 76 
074, 0.88 Ay “1399812 
084, 058 dy 220647 
09.4 06 2 2299 


Figure 2, Photograph of the rectangular microstrip antenna 
element. 


Qis used [8]. It is shown in Figure 3(a), 

‘To get the unequal current distribution, both the hori- 
zontal arm of the microstrip unequal power divider 
should be of different resistance and it is calculated as 
46.368 Q and 82.49 Q. The structure is shown in Figure 
300). 

Generally for practical design purpose the gap between 
the corporate feed networks is taken small but the value 
of the gap less than 0.11 Ap disturbs the frequency re- 
sponse of overall antenna array. The effects of the feed 
network on the side-lobes are significant in the E-plane 
pattem. The influence on the H-plane is less important 
due to the orthogonality of the drive current and the 
symmetry of all the other currents in this cut [9]. By 
maintaining the SLL and the surface wave loss, the gaps 
are taken as 0.11 Jy as portrayed in Figure 4, 


3. Placement of Antenna on the Vehicle 


In order to compute the electromagnetic effect of the 
body of the car on the antenna performance, the entire 
structure of the car is designed in Ansoft HFSS™, The 
complete structure of the ear consist of hood, roof, trunk, 
left and right side doors, left and right side quarter panel 
for front and rear side which are made up of conducting 
material but the bumpers and wheels are assigned by 
layered impedance due to their hard rubber and polyester 
materials as shown in Figure 5. 

‘After going through the typical requirement for sean- 
ning the blind spot, the antenna is placed just beside the 
side view mirror. The following problems in the designed 
are addressed while simulating the effect of the radiation 
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Figure 3. (a) Photograph of the equal microstrip power 
divider; (b) Photograph of the unequal microstrip power 


Figure 4. Photograph of the antenna array with corporate 
feed network. 


Figure 5, The entire structure of the car along with the an- 
tenna array. 
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characteristics of the antenna after placing it on the vehi- 
cle 

1) Spans a large computational domain compared to 
the wavelength; 

2) Requires a fine grid resolution to resolve the de~ 
tailed antenna structure; 

3) Contains largely non-conformal PEC and dielectric 
structures. 


4, Results and Discussion 


For obtaining the scattering parameter characteristics, the 
microstrip antenna has been simulated over the frequency 
bandwidth ranging from 5.5 GHz to 6.5 GHz and two 
different circumstances is observed. The first experi- 
ments involve the design, simulation and measurement 
after fabrication of an individual element and then the 
array with the same without involving the effect of the 
car. Both of them should used for optimized perfor- 
mane 

The scattering parameter is measured by Agilent Tech- 
nology Vector Network Analyzer model no. NS320A (10 
MHz - 20 GHz) and the radiation pattern is measured by 
Hittite HMC-12100 synthesized signal generator (10 
MHz - 20 GHz) and Krytar 9000 B power meter (10 
MHz - 40 GHz) with 9530 B power sensor (10 MHz - 20 
GHz) as shown in Figure 6. From Figure 7, it is found 


eo 


Figure 6, (a) Experimental set-up to measure the radiation 
pattern of the antenna array; (b) Experimental set-up to 
measure the radiation pattern of the antenna array after 
placing it on the car. 
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Figure 7. (a) Return loss a single patch before and after 
optimization; (b) Gain of a single patch before and after 
optimization, 


that afiet optimization a perfect match is obtained exactly 
at 5.88 GHz and gain is also improved from 6.33 dB to 
7.01 dB with a very good return loss of -47 dB. The cur- 
rent distribution and the radiation pattern of a single 
RMSA is portrayed in Figure 8. 

A parametric study of the return loss of antenna array 
with different spacing between the elements of the cor- 
porate feed network is done and is compared in Figure 9. 
‘The results of the computational model of the entire an- 
tenna array with feed network were compared with the 
‘measured data and a good agreement is observed in Fig- 
ure 10. 

After getting the satisfactory results, next the same ar- 
ray antenna is experimented again with considering the 
electromagnetic effect of the car. In order to test the an- 
{enna array in association with the vehicle, a numerical 
model of the car is created using Ansoft HESS™ and the 
simulated data is compared with the measured in Figure 
11. Figure 12 graphically represents the 3D radiation 
pattem of the antenna array in presence of the computa- 
tional model of the vehicle. From Figure 13, it is clear 
that the inside electric field strength is not more than 15 
Volt per meter which is very less compare to the standard 
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Figure 8. Current distribution and the radiation pattern of 
the rectangular microstrip antenna. 


Figure 9, Parametric study of return loss of the antenna 
array with different spacing between the elements of cor- 
porate feed network. 
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Figure 10. (a) Return loss of the antenna array; (b) Radia- 
tion pattern of the antenna array. 
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jure 11, Normalized radiation pattern of the antenna 
array after placing it on the body of the car. 


Figure 12. 3D radiation pattern of the antenna array after 
placing it on a vehicle body. 


Figure 13. Inside electric field interference of the array af- 
ter placing it on a vehicle body. 


electromagnetic hazards 


5. Conclusion: 


‘A Tehebyscheff polynomial based microstrip phased 
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array antenna is designed to detect the blind spot area of 
the intelligent mobile vehicle. The design is further si- 
mulated in Ansoft HFSS™ after placing the antenna on 
the body of the car and the results are observed. The re- 
sult of the computational model of the entire antenna 
array is compared with the measured data before and 
after placing the said antenna array on the body of the car 
and found to be in good agreement. An overall 11 dB 
gain is obtained while measuring in the desired direction 
with minimum amount of electromagnetic interferen: 
inside the car. 
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ABSTRACT 


Fractal antennas are characterized by space filling and self-similarity properties which results in considerable size re- 
duction and multiband operation as compared to conventional microstrip antenna, This paper outlines a multiband an- 
tenna design based on fractal concepts. Fractal antennas show multiband behavior due to self-similarity in their struc- 
ture. The plus shaped fractal antenna has been designed on a substrate of dielectric constant € = 4.4 and thickness 1.6 
‘mm, The proposed antenna is characterized by a compact size and it is microstrip feed fractal patch of order 1/3. It is 
observed that the antenna is radiating at multiple resonant frequencies, The resonant frequency is reduced from 2,2 GHz. 
to 900 MHz after I & II iterations respectively. Thus considerable size reduction of 81.77% & overall bandwidth of 
12.92% ate achieved. The proposed antenna is simulated using the method of moment based commercial software 
(IE3D) and itis found that simulated results are in good agreement with the experimental results 


Keywords: Fractal Antenna; Multi Frequency; Size Reduction; Wireless Application; Plus Shape Antenna; Slotted 


Antenna 


1. Introduction 


In the study of antennas, fractal antenna theory is a rela~ 
tively new area, The emergence of antennas with fractal 
geometries has given an answer to two of the main limi- 
tations started by Wemer (1999) of the classical antennas, 
Which are single band performance and dependence be- 
tween size and operating frequency. The term “fractal” 
‘means broken or irregular fragments, It was originally 
coined by Mandelbrot (1983) to describe a family of 
complex shapes that possess an inherent self-similarity or 
self-affinity in their geometrical structure. Jaggered 
(1990) defined fractal electrodynamics as an area in 
Which fractal geometry was combined with electromag- 
netic theory for the purpose of investigating a new class 
of radiation, propagation and scattering problems. One of 
the most promising area fractal electrodynamics re- 
searches is in its application to antenna theory and design. 
‘There are varieties of approaches that have been devel- 
oped aver the years, which can be utilized to archive one 
or more of these design objectives. The development of 
fractal geometry came largely from an in depth study of 
the pattern nature, with the advance of wireless commu 
nication system and their increasing importance wide 
band and low profile antennas are in great demand for 
both commercial and military applications [1]. A fractal 
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is a rough or fragmented geometric shape that can be 
split into parts, each of which is a reduced-size copy of 
the whole and this property is called self-similarity. 
Fractal [2] geometries are composite designs that repeat 
themselves or their statistical characteristics and are thus 
“self-similar” fractal geometry finds a variety of applica- 
tions in engineering. Fractal geometry is space filling 
contours of regular or irregular shapes [3-6], and is super 
imposed of too much iteration and they describe the 
self-similar property of fractal geometry [7]. Fractals are 
a class of shapes which have not characteristic size. Each 
fractal is composed of multiple iterations of a single ele- 
mentary shape the iteration can continue infinitely, thus 
forming a shape within a finite boundary but of infinite 
length or area. Fractal has the following features 1) It has 
a finite structure at arbitrarily small scales; 2) It is too 
irregular to be easily described in traditional Euclidean 
geometric; 3) It is self-similar; 4) Simple and recursive 
[8]. Modern telecommunication systems require the antenna 
with wider bandwidth and smaller dimension than con- 
ventionally possible. ‘This has initiated antenna research 
in various directions, are of which is by using fractal 
shaped antenna elements, In recent years several fractal 
geometries have been introduced for antenna application 
with varying degree of success in improving antenna 
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characteristics. Some of these geometries have been par- 
ticularly useful in reducing the size of the antenna, while 
other designs aim at incorporating multiband characteris- 
tics, These are low profile antennas with moderate gain 
and can be made operative at multiple frequency bands 
and hence are multifunctional [9]. In our present work 
‘we focus on generation of multifrequency which yields 
increases the bandwidth and size reduction of antenna, A 
plus shape patch is taken as a base shape and in first it- 
eration four other plus shape patches of the order of 1/3 
of base shape are placed touching the base shape. Simi- 
larly second iterations are taken by further placing plus 
shaped patches at even reduced scales, It is found that as 
the iteration number and iteration factor increases, the 
resonance frequencies become lower than those of the 
zero iteration, which represents a conventional plus 
shape patch. 


2. Design Consideration 


‘The base shape of the plus shaped slotted fractal antenna 
is designed on a dielectric substrate having a relative 
dielectric constant € = 4.4 and thickness 1.6 mm as 
shown in Figure 1. This is the reference antenna or base 
shape antenna. Further this base shape antenna is modi- 
fied by inserting horizontal slots on both sides with re~ 
spect to center of patch as shown in Figure 2 and it is 
named as antennal. The length of the slot Ls is varied on 
either side of the edge as 5 mm, 10 mm, 15 mm, 20 mm, 
21.175 mm, 21.675 mm and the frequency variation has 
been studied. The optimum length obtained is Ls = 
21.675 mm ie, the distance between slots q = 2 mm is 
considered for further design 

The first iteration patch is designed with four plus 
shapes of order (1/3) of base shape ate placed touching 
the base shape as shown in Figure 3 and it is named as 
antenna 2 and same procedure is repeated for second 
iteration, This antenna is as shown in Figure 4 and it is 
named as antenna 3. For each iteration plus shapes of the 
order of (1/3)" of base shape are taken, where n is the 
number of iterations, The dimension of first iteration can 
be calculated as 

= (1/3) a& g = (1/3) calso f = (1/3) b & h = (1/3) d 
(1/8) e & k= (1/3) g also j = (1/3) f & L = (1/3) h 

So with optimized design the dimensions obtained are 
a = 45.3 mm, b = 15.1 mm, c = 35.4 mm, d = 11.8 mm. 
The length of the slot is Ls = 21.675 mm and width of 
the slot Ws ie, r= 2 mm. The dimension of the ground 
plan is 55 mm * 85 mm, A 50 ohm SMA connector is 
used to feed the antenna by using microstrip feed tech- 
nique, Optimized microstripline with following dimen- 
sion, m= 0.5 mm, n= 18.55 mm, o = 3.05 mm, p= 18.4 
mm, The suitable feed location is obtained through opti- 
mization process by using the IE3D software. The fabric 
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Figure 1, Geometry of base antenna, 


Figure 2. Geometry of antenna 1. 


cated photographic view of all proposed antennas is 
shown from Figures 5(a)-(e). 


3. Results and Discussion 


‘The characteristic of the fractal antenna with slot and 
with iterations has been studied by using 1E3D software. 
Also the results have been verified practically with by 
using Vector Network Analyzer model Rohde and sche- 
warz, German make ZVK model No.8651. 
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Figure 3, Geometry of base antenna 2. 


Figure 4. Geometry of antenna 3. 


‘The modified base shape antenna with slots as been 
optimized by varying slot length Ls, The variation of Ls 
‘with resonant frequency of the antenna is shown in Table 
1 and same is presented in graphical form in Figure 6. 
From the tabular results it is found that by increasing slot 
length Ls on both sides from the edge of the patch, reso- 
nant frequency decreases. The lowest possible resonant 
frequency 1.27 GHz is obtained for Ls = 21.675 mm (ie., 
distance between the slots q = 2 mm) & this is taken as 
optimized length of the slot for further iteration, 
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‘The results of all proposed antennas are shown in Ta- 
ble 2. The simulated and measured return loss character- 
istics of proposed antennas are shown from Figures 7(a)- 
(@), 

From the results it is clear that the resonant frequency 
of the antenna 1 i.e., modified base antenna with slot is fr 
= 1,27 GHz which is lower compared to the base antenna 
without slot (fr = 2.199 GHz). So the size reduction ob- 
tained is 66.85%. The antenna 2 i.e the modified antenna 
with slots and first iteration gives multiple bands with 
lower frequency of 0.99 GHz. The size reduction ob- 
tained for antenna 2 is 79.88%. Further antenna 3 ie., 
with slot and second iteration gives multiple bands with 


L 
r 


© 


Figure 5. (a) Photograph of top view of base antenna; (b) 
Photograph of bottom view of base antenna; (c) Photograph 
of antenna 1; (d) Photograph of antenna 2; (e) Photograph 
of antenna 3. 
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‘Table 1. Variation of slot length v/s resonant frequency. 


Slot Tengih (Ls) varaton nam Resonating frequency (GH2) 
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Figure 6, Variation of resonant frequency v/s slot length. 


lower resonant frequency of 0.90 GHz. The size reduc- 
tion obtained for antenna 3 is 81.77% which is more 
compared to all other proposed antennas, 

Further the bandwidths of proposed antennas have 
been studied through simulation and measurements and 
the results are shown in Table 2, From the results it is 
lear that the bandwidths of modified antenna with slot, 
first & second iteration are more compared to base an- 
tenna, The measured bandwidth of antenna 1 is 106 MHz 
(4.895%), antenna 2 is 190 MHz (11.93%) and antenna 3 
is 215 MHz (12.92%). The radiation patterns of all pro- 
posed antennas are studied and all are giving broadside 
radiation. Splitting of beam ie. dip is found in Figure 
8(a) of simulated radiation pattern of base shape at 2.19 
GHz. In Figure 8(b) splitting of beams merged into 
broadside pattern at 0.91 GHz at second iterations this 
results into broadside radiation pattern. 


4. Conclusic 


‘This paper presents a new plus shape slotted fractal an- 
tenna with first and second iterations, The antenna,’ ie., 
slotted fractal antenna with second iteration gives size 
reduction of 81.77% and band width of 12.92% with 
broad side radiation pattern. So from the results we co 
clude that the modified base antenna with slots of second 
iterations gives a good size reduction and enhanced band 
width compared to that of modified base antenna with 


‘Table 2. Results of proposed antennas. 


Resonant frequency fr(GHz)Retum loss (db) Bandwidkh (MHz) Overall bandwidth (MHz) 
Prototype antenna 
Sim Pract Sim Pract Sim Pract Sim Pract 
f-219 012219 9k sa 9 a 
Base antenna 
Qa E246 ta 26 18 
fang msia7 8 20 18 
122 me2ae And ua aa 23 106 
£12256 “4 
20% £099 “452 wo 
Antennal 2 with q=2 men (1* ie) ps2g pize7 14269 t 50 136 190 
Qiao Aeaa7 os 70 cy 
fis0a1 — fs0990 152 un a7 
Antennal 3withg=2mm (Qin) = QEAO7 4-76 70 50 a as 
3.168 -158 78 
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Figure 7. (a) Return loss characteristic of antenna 1 with q = 2 mm; (b) Return loss characteristic of base antenna 2 with q = 
2 mmy (c) Return loss characteristic of antenna 2 with q = 2 mm; (d) Return loss characteristic of antenna 3 with q = 
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Figure 8, (a) Simulated radiation pattern of base shape at 2.19 GHz; (b) 
iteration, 


ulated radiation pattern at 0.91 GHz for second 
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slot of first iteration. ‘These antennas may find applica- 
tion in wireless communication systems, 
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New Antenna Array Architectures 
for Satellite Communications 


Miguel A. Salas Natera et al.” 
Universidad Politécnica de Madrid, 
Spain 


1. Introduction 


Ground stations which integrate the control segment of a satellite mission have as a 
common feature, the use of large reflector antennas for space communication. Apart from 
many advantages, large dishes pose a number of impairments regarding their mechanical 
complexity, low flexibility, and high operation and maintenance costs. hus, reflector 
antennas are expensive and require the installation of a complex mechanical system to track 
only one satellite at the same time reducing the efficiency of the segment (Torre et al, 2006). 
With the increase of new satellite launches, as well as new satellites and constellation of low 
arth orbit (LEO), medium earth orbit (MEO), and geostationary earth orbit (GEO), the data 
download capacity will be saturated for some satellite communication systems and 
applications. Thus, the feasibility of other antenna technologies must be evaluated to 
improve the performance of traditional earth stations to serve as the gateway for satellite 
tracking, telemetry and command (IT&C) operation, payload and payload message or data 
routing (Tomasic et al,, 2002). One alternative is the use of antenna arrays with smaller 
radiating elements combined with signal processing and beamforming (Godara, 1997). 

Main advantages of antenna arrays over large reflectors are the higher flexibility, lower 
production and maintenance cost, modularity and a more efficient use of the spectrum, 
Moreover, multi-mission stations can be designed to track different satellites simultaneously 
by dividing the array in sub-arrays with simultaneous beamforming processes. However, 
some issues must be considered during the design and implementation of a ground station 
antenna array: first of all, the architecture (geometry, number of antenna elements) and the 
beamforming process (optimization criteria, algorithm) must be selected according to the 
specifications of the system: gain requirements, interference cancellation capabilities, 
reference signal, complexity, etc. During implementation, deviations will appear as 
compared to the design due to the manufacturing process: Sensor location deviation and 
sensor gain and phase errors (Martinez & Salas, 2010). In an antenna array, the computation 
of a close approach of the direction of arrival (DoA) and the correct performance of the 
beamformer depends on the calibration procedure implemented, 


‘Andrés Garcia-Aguilar, Jonathan Mora-Cuevas, José-Manuel Fernandez Gonzalez, Pablo Padilla de la 
Torre, Javier Garcia-Gasco Trujillo, Ramén Martinez Rodriguez-Osorio, Manuel Sierra Pérez, Leandro 
de Haro Ariet and Manuel Sierra Castafier 
Universidad Poltéenica de Madrid, Spain 
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FUNDAMENTUM QUANTUM MECHANICA 
A 2ssvees 


[TETRYONICS| 


A fundamental re-interpretation of the 
= geometry of quantised angular momentum 
is required to complete the physics of 
‘The Standard model’ 


Mathematics is the language of Physics, 
and Geometry is its grammar 
i Fosophive Naturals Principia geometcae 
v, sv? 


Esenonenertied wo thes own opens .the scientist makes use of a whole arsenal of concepts FExANY ty modet be va 
* aaa which he imbibed practically with his mother's milk; and ae nee 
seldom ifeveris he aware ofthe eternally problematic 
c character of his concepts. He uses this conceptual 
as material, or, speaking more exactly, these conceptual 
tools of thought, as something obviously, immutably 
given; something having an objective value of truth which 
{s hardly even, and in any case not seriously, tobe 
doubted. ..in the interests of science itis necessary over 


Having removed the impossible, Science is born from observation, 


anything that remains, however improbable, ad cher agali'to engage hithecttiqhe ofthese and the reasoning of known facts 
must be the truth fundamental concepts, in order that we may nat in search of underlying truths 
unconsciously be ruled by them.” 
[Albert Einstein] 


In the following pages the true geometry of quantum mechanics is revealed, leading scientific endeavour into new realms of understanding 


mass-ENERGY-Matter x 


The a-priori revelation of Tetryonic theory is 
that all square mass-energies possess 
equilateral momenta geometries 
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The quantum mechanics of 
velocity, quanta, EM fields 

and mass-Energy-Matter can be 
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15197 
can be created by a number of planar geometries 


For a long time it has been assumed by scientists (and mathematicians) 
that circular [and squared] geometries are the geometric foundation of all physics, 
leading to a serioulsy flawed model of particles and forces in quantum mechanics 


- Tetryonic theory now reveals that quantised equilateral ‘ h 
=P 5642) angular momenta creates the foundational geometry [.5x15.197] x 13.160 
ier of all the mass-Energy-Matter & forces of physics aay 
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ODD numbers 


‘An odd number is an integer which is not a multiple of two. 
n 
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Bosons have 
ODD number 
quanta 


An odd number, when divided by two, will result in a fraction 
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This chapter is organized with the following sections, Section 2, introduces the relationship 
between applications and antenna design architectures. Section 3, introduces the new 
antenna array architectures for satellite communication including motivation and explains 
experimental examples. Section 4, explains adaptive antenna array and receiver 
architectures for adaptive antennas systems considering the beamforming with 
synchronization algorithms, Finally, Section 5 explains the A3TB concept. 


2. Applications and antenna design architectures 


In recent efor, new antenna array architectures have been under analysis and 
development, In (Tomasi tal, 202) a highly effective, mult-unction, low eost spherical 
phased aray antenna design that provides hemlspherical coverage is analyze, This kindof 
hovel architecture design, asthe geodesic dome phased array antenna (GDPAA) presented 
in (Tomasic etal, 2003) preserves all the advantages of spherical phased array antennas 
wile the fabrication is Based on well-developed, easly manufacturabl, and affordable 
planar aray technology (Liu etal, 2006; Tomasi, 198), This antenna architecture consists 
Sta mumiee of plac phased subarays amanged in an Resthedml grodesic dome 
cxtigoration 

in contrast tothe about 10 m diameters dome ofthe GDPAA, there isthe geodesic dome 
aay (GEODA) (era etal, 2007) with Sm diameters dome, This antenna, presented in Fig 
{his two geometrical structure parts, The fist ne, ie based ana cylinder conformed by 30 
triangular planar active arays, and the second is half dodecahedron geodesic dome 
conformed by 30 teangular planar active arrays, The GEODA ts specitied in a fist version 
for aaelite tacking at 17 GH including, muliemiscion end malivbeam acerarios 
(Martinez & Salas, 2010. Subsequently, the system ofthe GEODA has been upgraded also 
for transmission (Arias eal, 2010), 


Fig. 1. a) The GEODA, b) The active sub-array demonstration, and c) The 45 elements planar 
active sub-array. 


‘The antenna arrays technology in the user segment for satellite communications will 
substitute reflectors providing a more compact and easy to install antenna system, which is 
an interesting solution eg. for satellite on the move (SOTM) system. There is a great 
diversity of solutions for fixed and mobile satellite communication systems including a large 
number of applications. Inmarsat broadband global area network (Inmarsat-BGAN) 
(Franchi et al,, 2000) is the most representative example among, mobile satellite systems 
(MSS), which gives land, maritime and aeronautical high speed voice and data services with 
global coverage using GEO satellites at L-band. 
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An integer that is not an odd number is an even number. 
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An even number is defined as a whole number that is a multiple of two. 
Ifan even number is divided by two, the result is another whole number. 
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A square number, sometimes also called a perfect square, 
is the result of an integer multiplied by itself 
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Square roots 


A square root of a number is a number that, when itis multiplied by itself (squared) , gives the first number again. 
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In Physics 
every complex number 
except 0 has 2 square roots. 


Against Mathematical convention, 
square roots of negative numbers 
are real numbers 
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Awhole number with a square root that is also a whole number is called a perfect square 
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Real Numbers 


Areal number sé value that represents a quantity along a continuous line. 


‘The real numbers include all the rational numbers, 
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An irrational number is defined to be any real number that cannot be written as a complete ratio of two integers 


?=-1 


the SOR of a negative number 
D1 sche incor momeneun ofa -n 


negative charge EM field 


+i and -i 


Well known irrational & imanginary irrational numberscten' 


numbers in Math are 70 and 7 occur in mathematics 


TU Vn 


Sin 60 


V3/2 


llustrate relationships b 


Green 
Aqua 
Blue 
Indigo 
Violet 


Black 


3 quantum levels 
ENERGY-| rand serves to 
en various Physical properties. 


Tetryonic Colour Code 


aad 


Tetryonics uses a colour code that is 
based on the spectral colours 
of dispersed White Light 


SQUARE 
Numbers 


yy ‘\| A | 


LTV A as 
DDNVARALVINAy 
i 


h 


v2 


Free Space 
A contiguous volume or area E =_ O A Spatial region 
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MSS services are divided into two groups, those that offer a regional coverage usually with 
GEO satellites, and those which offer a global coverage based on LEO or MEO satellite 
constellations. Depending on the coverage, there are some examples for MSS with regional 
coverage as the mobile satellite system (MSAT) in EEUU, Canada and South America, Optus 
in Australia, N-Star in Japan, Asia cellular satellite (ACeS) in Asia or Thuraya in the Middle 
East and in the North of Africa. While for MSS of global coverage there are some examples 
as Iridium, ICO Global Communications, Globalstar, Teledesic, etc. (Evans, 2009; Wu, 1994). 
Most of the MSSs work at L and S band, new applications on satelite to mobile terminal 
links work at X, Ku and Ka band, and satellite to base station connections work at L, Sand C 
band. A number of applications is broad and lead terrestrial telecommunications market to 
offer a wider coverage: high speed voice and data (internet access, SMS, VoIP), digital video 
broadcasting by satellite 2 (DVB-S2) and digital video broadcasting satelite services to 
handhelds (DVB-SH), global position system (GPS) and Galileo, security, control and 
machinery monitoring on ships and aircrafts, teleeducation or telemedicine 

These modern satellite communications systems require new antenna solutions for base 
stations, aeronautical applications or personal communications services (PCS) on-the- 
move (Fujimoto & James, 2001). Within these applications, antenna array systems are 
potentially the best choice due to, as discussed above, its capability to perform 
electronically steering or beamforming, increase the antenna gain, and conform over 
curved or multifaceted surfaces the radiating elements, Portable antennas for PCS must be 
easy to install and mechanically robust, besides compact and lightweight (Garcia et al, 
2010) as the antenna array presented in Fig. 4.a. The design of antenna systems to provide 
high data rates for reliable PCS boarded on ships is not so strict in term of the geometrical 
requirements because it does not have space limitations (Geissler etal, 2010). However, in 
the case of land or airborne vehicles, geometrical and mechanical constraints are more 
severe. Antennas for terrestrial vehicles must be low profile, and for airborne vehicles 
aerodynamic shapes must be considered (Baggen et al,, 2007; Vaccaro et al., 2010) 
Moreover, for the civil market conformal antenna arrays (Schippers, 2008; Kanno et al., 
1996), or multi-surface arrays (Khalifa & Vaughan, 2007) are suitable choices to deal with 
the system aesthetic partiality. 

Technological challenges have been faced during the implementation of satellite 
communication systems in the last decades. The design of a Test-Bed flexible and modular 
for testing or debugging beamforming algorithms and receiver architectures is an invaluable 
contribution in the educational, research and development area on satellite communication 
systems, The adaptive antenna array Test-Bed (A3TB) concept is based on the use of antenna 
arrays with beamforming capability to receive signals from LEO satellites (Galas et al., 2008) 
The scope of the A3TB is to probe the concept of antenna arrays applied to ground stations 
instead of reflectors for different applications, such as telemetry data downloading. It is also 
a good chance for Universities and Research Centers aiming to have their own ground 
station sited in their installations. 

The A3TB ground station relies on the use of an antenna array to smartly combine the 
received signals from the satellite thanks to the implementation based on software defined 
radio (SDR) technology. The advantages of the SDR implementation is that A3TB 
architecture can be used to process any received signal from LEO satellites in the band 
imposed by the radio frequency (RF) circuits. Moreover, most of the processing is performed 
in software, so that appropriate routines can be used to process any received signal. The 
ASTB can be used to analyze the feasibility of different receivers and beamformer 
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Acceleration 


{in physics, acceleration isthe rate of change of velocity (cv) over time fat) 


a acceleration 


Inone dimension, acceleration is the rate at which something speeds up or slows down, 
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However, since velocity isa vector, acceleration describes the rate of change of both the 
‘magnitude and the direction of velocity. 
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Velocity-Quanta equivalence 
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algorithms, regarding the capability to switch the receiver architecture in terms of the 
synchronizer algorithm configuration (Salas et al., 2007). 

‘The current version has been developed to track The National Oceanic and Atmospheric 
Administration (NOAA) satellites in the very high frequency (VHF) band, in particular, the 
automated picture transmission (APT) channel (Salas et al., 2008). Previous versions of A3TB 
dealt with low rate picture transmission (LRPT) signals from the meteorological operational 
satellite-A (MetOp-A), where a complete receiver with beamforming and synchronization 
stages has been implemented (Salas et al, 2007; Martinez et al., 2007). 


3. Antenna arrays for satellite communications 


Satellite applications require compactness, lightweight and low cost antenna systems to be 
mounted on a terrestrial vehicle, an aircraft or a ship, or as a portable man-pack or a 
handset, and to be competitive against ground systems. Its major advantage is the 
possibility of getting a wider or even a global coverage. For such purposes, antenna arrays 
offer the technology to get a directive system whose steering direction can be electronically 
and/or mechanically controlled. However, planar arrays usually cannot steer more than 60° 
70° from the normal direction of the antenna (Mailloux, 2005). Thus, when a wider angular 
coverage is required conformal arrays are an appropriate option (Josefsson & Persson, 2006). 
Arrays can approximate conformal shapes, such as spheres or cylinders, using several 
planar arrays, simplifying fabrication of active components (Sierra et al., 2007). 

Since the low cost and low weight specifications are of importance, micro-strip antennas are 
mostly used, due to its capacity to be printed over a dielectric substrate with 
photolithography techniques. Low cost and low permittivity substrates are usually used 
such as FR4 or PTFE with different quantities of glass or ceramic impurities. For more 
demanding applications, ceramics, like alumina or high/low temperature co-fired ceramics 
(HTCC/LTTO) allow the use of smaller components thanks to its high permittivity, and give 
robustness against mechanical stresses and high temperatures. 


3.1 Geodesic antenna array for satellite tracking in ground station 
‘The aim of using a single antenna for tracking many satellites at the same time avoiding 
‘mechanical movements as well as its inexpensive cost make these antennas an alternative to 
bbe considered (Salas et al, 2008), Multi-beam ability and interference rejection are facilitated 
thanks to the electronic control system of such antennas that improves the versatility of the 
ground stations. 

‘The GEODA is a conformal adaptive antenna array designed for MetOp satellite 
communications with specifications shown in Table 1. This antenna was conceived to 
receive signals in single circular polarization (Montesinos et al., 2009). Subsequently, in 
recent efforts the system has been upgraded also for transmission and double circular 
polarization (Arias et al,, 2010). Hence, operating at 1.7 GHz with double circular 
polarization it can communicate with several LEO satellites at once in Downlink and 
Uplink. Current structure is the result of a comprehensive study that valued the ability to 
cover a given spatial range considering conformal shape surface and a given beamwidth 
(Montesinos et al., 2009). As Fig. 1 shows, GEODA structure consists of a hemispherical 
dome placed on a cylinder of 1.5 meters height. Both cylinder and dome are conformed by 
30 similar triangular planar arrays (panels). Each panel consists of 15 sub-arrays of 3 
elements (cells). The radiating element consists of 2 stacked circular patches with their own 
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RF circuits. The principal patch is fed in quadrature in 2 points separated 90° in order to 
obtain circular polarization. The upper coupled patch is used in the aim of improving the 
bandwidth. 

Each panel is able to work itself as an antenna since they have a complete receiver that 
drives the 1.7 GHz signal to an analog to digital converter (ADC). In order to adapt the 
signal power to the ADC, it is mandatory to implement a complete intermediate 
frequency (IF) receiver consisting of heterodyne receiver with an automatic gain control 
block. Hence, each triangular array has active pointing direction control and leads the 
signal to a digital receiver through an RF conversion and filtering process. To follow the 
signal from the satellite, the main beam direction has to be able to sweep an angle of 60°. 
In this way, it is needed a phase shift in the feeding currents of the single radiating 
element. Previous calculations have demonstrated that 6 steps of 60 degrees are needed to 
achieve the required sweeping angle. An adaptive digital system allows the adequate 
signal combination from several triangular antennas. The control system is explained in 
Galas et al, 2010) 


Parameter Specification Parameter Specification 
Frequency range [GHz] 
Te 16sio175 | Wolationbetween Ts) ng 
Re 1.65 to 1.75 and Rx (dbl 
Dual circular for 
Polarization | Tx and Rx vswr| 121 
bands 
G/r [ab] 
For elevation >30° 3 suijay| 1 
For elevation 5° 6 
EIRP [4BW)] 36 Size[m) | 15x15 
3dB beamwidth [deg] 5 ‘Accuracy steering [deg] | 414 
Coverage [deg 
Maximum gain [4Bi] 29 ‘Azimuth | 360° 
Elevation | >5* 
Efficiency [%] 30 


Table 1. Main specifications for GEODA antenna. 


3.1.1 Cell radiation pattern 
Based on the study presented in (Sierra et al,, 2007), the single radiating element is a double 
stacked circular patch that works at 1.7 GHz with 100 MHz bandwidth. In order to obtain 
circular polarization, the lower patch, which has 90 mm diameter, is fed by 2 coaxial cables 
in quadrature. Both coaxial cables connect the patch with a hybrid coupler to transmit and 
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receive signals with both, right and left, circular polarizations. The upper patch is a circular 
plate with 78.8 mm diameter, and it is coupled to the lower patch increasing the bandwidth 
bby overlapping both resonant frequencies tuning the substrate thickness and the patch 
diameter size. Fig. 2.a shows the radiating element scheme and main features of the layer 
structure are specified in (Montesinos et al., 2009), 

‘A cell sub-array of 3 radiating elements shown in Fig. 2b is considered the basic module to 
build the planar triangular arrays. The whole cell fulfills radiation requirements since it has 
a good polar to crosspolar ratio and a very low axial ratio. Likewise, as it is presented in Fig, 
2c, the radiation pattern shows symmetry and low side lobes for full azimuth, 


— 1 


a b © 


Fig, 2. a) Assembly of the single radiating element, b) Cell scheme, and c) Cell radiation 
pattern, 


3.1.2 Transmission and Reception (T/R) module and cell distribution 
Different T/R module configurations have been considered, providing either single or 
double polarization (Arias et al, 2010). T/R module allows amplifying and controlling the 
pase shift between signals, received and transmitted, providing an adaptive beam and 
steering direction controller in the whole working pointing range. As Fig. 3 shows, the 
design implemented contains a hybrid coupler, enabling double circular polarization; a 
double pole double throw (DPDT) switch, selecting polarization associated with 
transmission and reception way; 2 low noise amplifiers (LNAs), which amplify the signal 
received or transmitted; a single pole double throw (SPDT) switch, choosing transmission or 
reception way; and phase shifters, introducing multiples of 225° relative shift phases to 
form the desired beam, These surface mount devices have been chosen in order to reduce 
space and simplify the design. 

Signals transmitted/received by the 3 T/R modules placed in a cell are 
divided /combined thanks to a divider/combiner circuit composed of 3 hybrid couplers 
that leads the signal to a general T/R module where signal is amplified. Due to 
transmission and reception duality, 2 SPDT switches are used to select the amplification 
way. Furthermore, each T/R module has associated a -25dB directional coupler that is 
used to test T/R modules in the transmission mode. Additionally, reception mode is 
tested by measuring signal in the divider/combiner circuit. A single pole 6 throw (SPST) 
switch selects the path that is tested 
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Fig. 3. Cell sub-array and RF circuit, 


3.1.3 Control system 
The control system has two main parts (Salas et al,, 2010), the hardware structure and the 
control software. The two level hardware structure has the lowest possible number of 
elements, making the control simpler in contrast to the previous in (Salas et al,, 2010), 
Finally, an inter-integrated circuit (I2C) expander is used to govern T/R modules 
individually, and one more cover cell needs (LNA of call and test). A multipoint serial 
standard R5-485 is used to connect the computer with the panels. 


3.2 Portable antenna for personal satellite services 
New fix and mobile satellite systems (Evans, 2000) require antenna systems which can be 
portable, low profile and low weight. Planar antennas are perfect candidates to fulfill these 
specifications. Usually slots (Sierra-Castaner et al., 2005) and printed elements (Garcia et al, 
2010) are most used as radiating elements 


3.2.1 Antenna system structure 
In this subsection itis introduced a printed antenna for personal satellite communications at 
X band, in Fig. 4. Table 2 shows main antenna characteristics. 
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‘Table 2. Portable antenna specifications, 
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‘This is a planar, compact, modular, low loss and dual circular polarized antenna, for Tx and 
Rx bands, simultaneously. It is made up by a square planar array of 16x16 double stacked 
micro-strip patches, fed by two coaxial probes. A hybrid circuit allows the dual circular 
polarization (Garg et al,, 2001). Elements are divided in 16 sub-arrays excited by a global 
power distribution network of very low losses, minimizing the losses due to the feeding 
network and maximizing the antenna efficiency. In order to reduce side lobe levels (SLL), 
the signal distribution decreases from the centze to the antenna edges, keeping symmetry 
with respect to the main antenna axes. The antenna works at X band from 7.25 up to 84 
GHz with a 14.7% relative bandwidth for a 14:1 VSWR and a maximum gain of 25 dBi, 


3.2.2 Sub-array configuration 

‘The sub-array configuration can be seen in Fig. 4.a. It makes possible to separate the 
fabrication of these sub-arrays from the global distribution network, simplifying the 
corporative network and getting a modular structure suitable for a serial fabrication process. 
Each sub-array is a unique multilayer board, where PTFE-Glass substrate of very low losses 
has been used as base material. The power distribution network is connected to each sub- 
array through (SMP.type) coaxial connectors. 


Fig. 4. a) Dual polarized portable printed antenna for satellite communication at X band, b) 
Sub-array perspective view, and c) Side view and multilayer scheme. 


Fig, 5a and Fig. 5.b show the sub-array unit cell. In order to obtain better polarization 
purity, each element is rotated 90° and excited by a 90° phase-shifted signal. Moreover, in 
Fig, 5.c is showed a miniaturized branch-line coupler (BLC) of three branches working as a 
wide band hybrid circuit (Garcia et al, 2010; Tang & Chen, 2007). 


a > 


Fig. 5. Unit cell test board, a) Unit cell test board 2x2 stacked patches, b) Micro-strip feeding 
network, and c) Miniaturized BLC Prototype. 
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A conventional configuration takes up an area of 13.3 cm? which is big compared to the 
radiating element and the sub-array subsystem size. Therefore, a miniaturization of the BLC 
is needed using the equivalence between a 2/4 transmission line and a line with an open- 
ended shunt stub. An area reduction about 35% is achieved and the hybrid circuit behaves 
like a conventional BLC. In Fig. 6.b and Fig, 6¢ measurement results for the BLC in Fig. 5.c 
are shown compared with simulations. 

Fig. 7 depicts some sub-array measurements. The copular to crosspolar ratio is better than 25 
dB and axial ratio is under 0.9 dB in the whole bandwidth. 


= ~ctiw 
Fig. 6. Miniaturized BLC, Measured and simulated S-parameters in: a) Amplitude, and b) 
Phase. 


LCI ; 


> 


Fig. 7. 4x4 patch sub-array measurements, a) Radiation pattern at 7.75 GHz, and c) Axial 
ratio for right-handed circular polarization, 


3.2.3 Low losses power distribution network 
The global feeding network presented in Fig, 8.a is a protected strip-line, where foam sheets 
of high thickness are used to get low losses. Such a kind of feeding network allows keeping 
a trade-off between the simplicity of exciting the radiating elements using printed circuits 
and the loss reduction when the distribution network is separated in a designed structure to 
have low losses, Losses in the structure are around 0.6 dB/m which yields to 0.3 dB of losses 
in the line. Two global inputs/outputs using SMA-type connectors, one for each 
polarization, excite the strip-line networks. 

Vertical transitions have to be treated carefully and must be protected to avoid undesired 
higher order mode excitation. Thereby, it has been design a short-ended pseudo-waveguide, 
adding some extra losses about 0.3 dB, for two kinds of vertical transitions, as can be seen in 
Fig. 8.b and Fig. 8c. 
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Fig. 8. a) Protected seis global ee network for one Satan b) Transitions 
from strip-line to SMA-type connector, and c) Transitions from strip-line to SMP-type 
connector. 


3.2.4 Antenna performance 
Fig. 9 depicts measured radiation pattern at 7.75 GHz, gain and axial ratio for the antenna 
system, It is shown a maximum gain of 25 dBi in the lower band and about 22 dBi in the 
upper band, and a SLL around 11 dB. Copolar to crosspolar ratio is better than 30 dB and 
axial ratio is under 0.7 dB. Total losses are about 4 dB in the working band. 


Fig. 9. Antenna measurements results, a) Radiation pattern at 7.75 GHz, and c) Axial ratio 
for right-handed circular polarization. 


3.3 Electronically steerable antennas for mobile and fixed portable systems 
‘At present, two types of electric steerable antenna systems can be used to access the 
satellite communication services (Bialkwoski et al., 1996). These are: fixed position 
portable systems and mobile systems such as those installed on a land vehicle. The fixed 
portable antenna system is relatively easy to be accomplished by the antenna designer. 
‘The design involves standard procedures that concern the operational bandwidth, 
polarization and moderate gain (Garcia et al., 2010). One drawback of the fixed position 
portable system is that they require the user to be stationary with respect to the ground. 
This inconvenience can be overcome with the mobile antenna system. A mobile user 
complicates the scenario since the ground mobile antenna needs to track the satellite 
(Alonso et al., 1996). The design of such a system is more challenging as new features 
associated with the mobility of the system have to be incorporated (Fernandez et al., 
2009). The requirement leads to a narrow beamwidth, for which satellite tracking is 
required as the vehicle moves around. Electronically steerable antennas enable the 
development of reconfigurable antennas for satellite applications. 
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3.3.1 Steerable antenna for fixed position portable systems 
This antenna is a fixed satellite communication system with high gain at X band, consisting 
of an antenna array that integrates 32 2x2 sub-array modules in the complete antenna, as 
shown in Fig. 10.a. It is a planar and dual circular polarized antenna for Tx and Rx bands 
simultaneously. It is made up by a planar array of double stacked circular micro-strip 
patches, fed by 2 coaxial probes to generate circular polarization. A hybrid circuit allows the 
dual circular polari ‘as shown in Fig. 10.b. 
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Fig. 10, Active multi-beam antenna, a) Top view, b) Feeding network of the complete 
antenna, and c) Beamforming network of the 2x2 sub-array module 


‘The antenna has the same design parameters, structure and configuration as the antenna 
explained in Section 3.2 but with a different feeding network, as previously shown. In this 
case, the beamforming network requires changes in the feeding phase in the 2x2 sub-arrays, 
which can be achieved by phase shifters (0) associated with different sub-arrays (Fig. 10.c) 
All these sub-arrays are connected to a feeding network, in Fig. 10b, formed by 
transmission lines with low losses in stripline. General specifications of the steerable 
antenna for fixed position portable systems are provided in Table 3a). 


3.3.2 Automatic steerable antenna for mobile systems. 
A broadband circularly polarized antenna for satellite communication in X band is 
presented in Fig, 11 and specified in Table 3.(b). The arrangement features and 
compactness are required for highly integrated antenna arrays. It is desired to get a low- 
gain antenna for mobile satellite communications with low speed of transmission. In this 
system, the antennas are formed by 5 planar 4x4 arrays of antennas, which form a 
truncated pyramid with a pointing capability in a wide angular range, so that among the 5 
planar arrays the complete antenna can cover any of the relative positions between the 
‘mobile system and the satellite in a practical way. The scheme of the active antenna can be 
seen in Fig. 11 

As it can be observed in Fig. 11a, the antenna terminal is a multicbeam printed antenna 
shaped as a trunk pyramid capable of directing a main beam in the direction of the satellite. 
‘The antenna steering system consists of a multi-beam feeding structure with switches that 
lets combine the feed of each 4x4 arrays to form multiple beams. Switching the different 4x4 
arrays, it is achieved different multiple beams and the variation of the steering direction. 
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‘The complete antenna consists of a Tx and Rx module that works independently in the 2 
frequency bands. 

The antenna has multiple beams covering the entire space to capture the satellite signal 
without moving the antenna. The signal detected in each of the beams is connected to a 
switch, which, by comparison, is chosen the most appropriate 4x4 array. The steering 
direction of the 4x4 array can vary between a range of directions that covers a cone angle 
range of 90°, To obtain the required gain and cover the indicated range, itis required around 
15 beams, which can be obtained by integrating the beamforming networks with switches in 
the design as presented in (Fernandez et al., 2008). 


a b 


Fig. 11. Complete antenna structure, a) Radiating element of the 4x4 arrays, and b) 
Prototype top view. 

‘The radiating element of the 4x4 array is one 2 crossed dipoles with a stacked circular patch 
as shown in Fig, 11a and Fig, 11.b. In Fig. 12 the cross-section of the radiating element 
structure is presented. 


‘Siekedcestr patch 


rece a 3h 


PTFE subarate MELTEC NY (2.37) crcundpane 


Meresrn feeding newark, 


Fig, 12. Cross-section scheme of the radiating element. 


The key element of the radiating element feeding structure (Fig. 14.b) is a resonant micro- 
strip feed ring that has been implemented, as well as a micro-strip 90" branch-line coupler to 
obtain the desired right hand or left hand circular polarizations (RHCP or LHCP) which 
ensures adequate port coupling isolation. The S-parameters in amplitude and phase of the 
micro-strip feeding structure are shown in Fig. 13.a and Fig. 13.b. 

Fig, 14.a depicts the S-parameters of the radiating element with the micro-strip feed 
structure and they fulfill the specification, in Table 3.(b). In Fig. 14.c, the radiation pattern of 
the radiating element at 7.825 GHz is shown and in Fig, 14.d the radiation pattern of the 4x4 
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arrays is presented. It is shown a maximum gain of 19.4 dBi at the center frequency band 
(7.825 GHz). Copolar (CP) to crosspolar (XP) ratio is better than 17 dB and the axial ratio is 


under -34B. 


Fig. 13. Micro-strip feeding structure, a) Amplitude of S-parameters, and b) Phase of S- 
parameters, 


Fig, 14, a) S-parameters, b) Resonant ring + 90° branch-line coupler, c) radiation pattern at 
7.825 GHz, and d) 4x4 array radiation pattern, 
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Parameter Value) | Value @) Comments 
Freq range [GHa] Re] 725-775 | 725-778 | yy vee atone 
‘Tx| 79-84 79-84 ae fare applica 
Grin ky aw] 7 7 
TARP Gn) aoWi] 92 2 
eamwidth at 340 [depp 4 Fy 
Polarization] circular | circular | Mboth reception and 
Gain jan) _>28 > 
‘Axial ratio [4B]| <1 3 (9) Between 250" 


(b) Between #45". 


vswr| <1.4:1 (-156 dB)|<1.5:1 (13.9 dB) 


Isolation between ports| 


a, <7 <5 
Radiation pattern [deg.] 235 +90 Steering direction tlt, 
Dimensions [em]] 40x40x4 20x20x15, 


Table 3. (a) General specifications of the steerable antenna for fixed position portable 
systems , and (b) General features of the automatic steerable antenna for mobile systems. 


3.4 Transmit-array-type lens antenna for terrestrial and on board receivers 
‘Technology in satellite communications has revealed an increasing interest in novel smart 
antenna designs. Phased-array based designs are basic in electronically reconfigurable 
devices for satellite applications, which are more and more demanding. The strict 
requirements in terms of architecture, shape and robustness are important constraints for 
the development of planar lens-type devices. Regarding the usage and location, lens-type 
devices are useful for either terrestrial or on board receivers, in vehicular technology. Some 
clear examples are satellite communications for aircrafts preserving the fuselage 
aerodynamics or for some other kind of vehicles such as trains, etc. 


3.4.1 Introduction to lens-type structures 
Ina general view, in lens-type a particular signal is received (in our case, an electromagnetic 
wave with specific features in terms of frequency, wave-front, etc), it is processed (either 
complex signal processing techniques or only phase correction tasks can be considered in 
this interface), and finally, the processed signal is retransmitted. 

Regarding the lens configuration, a transmit-array lens consists of three well distinguished 
interfaces: the first one for signal reception, one interface for signal processing, and the last 
one for processed signal re-radiation, as depicted in Fig. 15 
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Fig. 15, a) Multi-user scheme with different receivers and transmitters, and b) Adaptive 
scheme with DoA determination. 


‘These structures are intimately related to reflect-array ones, where the reception and 
transmission interfaces are tumed to be the same interface, with a reflection-type behavior 
(Encinar & Zornoza, 2001). Although in an equal output phase configuration a transmit- 
array device behavior would be similar to the one obtained with a reflect-array, the 
transmit-array offers the advantage of removing the feed blockage. 

In a transmission scheme, depending on the transmitter position regarding the lens, a 
different steering direction is achieved and a different user is pointed. In the case of 
reception, the situation is the same: the user position configures the direction of arrival, 
which determines the receiver position around the lens (Padilla et al., 2010a), In adaptive 
schemes, applying the proper processing algorithm to the signal received in the different 
receivers around the lens, it is possible to develop an adaptive steering vector, in terms of 
the desired direction of arrival. 


3.4.2 Transmit-array lens architecture and design 

Lens-type structures provide two fundamental advantages, First, phase error correction due 
to spherical wave front coming from the feeding antenna. Fig. 16. shows this effect. Second, 
new radiation pattems configuration. Fig. 16.b depicts this fact. 


a cy 
Fig. 16, a) Phase error correction, and b) Radiation pattern reconfiguration. 

3.4.3 Electronically reconfigurable devices for active transmit-array lenses 

The addition of reconfigurability on transmit-array devices requires the possibility of 


controlling the phase response of the transmitted signal at each cell of the lens. Electronic 
control of phase signal may be added in two different ways: First, electronic tuning of the 
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radiating element phase response (Padilla et al., 2010a): Modifications in the radiating 
element circuital behavior lead to changes in phase response (arg[Sz1)). Fig. 17 shows an 
electronically reconfigurable microwave patch antenna for this purpose, along with the 
equivalent circuit and prototype outcomes in terms of phase. 

Second, electronic tuning of phase shifters in transmission lines (Padilla et al,, 2010c): 
Modifications in the phase response of the phase shifters lead to corresponding changes in 
phase response. Some options are applied for these devices, such as hybrid couplers, etc. 
Fig. 18 shows a microwave phase shifter prototype for this purpose, along with the working 
scheme and its outcomes in phase. 


Fig. 17. Electronically reconfigurable antenna, a) Patch antenna prototypes, b) Equivalent 
circuit, and ¢) Phase behavior in frequency. 


Fig. 18, Electronically reconfigurable phase shifter, a) Phase shifter prototype, b) Working 
scheme, and c) Phase behavior in frequency. 


3.4.4 Electronically reconfigurable active transmit-array prototype 
One electronically reconfigurable prototype is presented in Fig. 19 and detailed in this 
section. The prototype design implies the use of microwave phase shifters according to the 
design specified in section 3.4.3, This transmitarray lens prototype operates at 12 GHz. 
Main specifications are provided in Table 4 
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Parameter Value Comments 
Frequency range [GHz] REDS | Microwave applications 

Polarization Linear | ln both, reception and transmission 
Diectivity [AB] 3a 

‘Axial ratio [4B] <i | Between 250" elevation 

Su a0] <2 

Radiation pattern [dex] 50_| Steering direction il for both Hand V planes 
Feeding antenna [mm] 120 | Cormugated horn linearly polarized 

Phase shifters [dem] 360 | Fall phase range variation, 

Transmitarray elements 36 __| fxbarray topology 

Separation between elements | 07h» _| Related tothe wavelength 


‘Table 4. Main features of the electronically reconfigurable transmit-array prototype. 


a > 


Fig. 19. Transmit-array core, a) Transmit-array prototype, b) Distribution networks, and c) 
Phase shifter integration. 


The electronically controllable steering capabilities are tested and assured for a range of + 
30°in each main axis. An example of radiation pattern is provided in Fig. 20, for 9" tilt in one 
of the main axes, 


a b © 
Fig. 20, a) Complete transmit-array with feeder and control circuits; and transmit-array 
‘measurement results for 9” tilt in one axis, b) H plane, and c) 3D plot. 
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4, Adaptive antenna array 


Adaptive antennas can be described as systems usually based on three main parts: the 
antenna array, the receiver architecture and the beamforming scheme. Thus, adaptive 
antennas have those advantages owing to those three main parts. The system capabilities 
increase as complexity and development cost do. Furthermore, since signal processing is the 
‘basement of the adaptive antenna concept itis important to analyze the design challenges in 
terms of hardware architecture and components such as processors and embedded systems, 
The antenna array provides the capability of performing the antenna pattern meeting the 
environment requirement under study. Besides, receiver architectures have some interesting 
advantages depending on the implemented receiver arraying technique such as signal to 
noise ratio (SNR) and bit error rate (BER) performance enhancement. Furthermore, symbol 
synchronization and carrier recovery can be used increasing the receiver complexity but 
providing higher performances. Finally, beamforming schemes use multiple antennas in 
‘order to maximize the strength of the signals being sent and received while eliminating, or 
at least reducing, interference as discussed in Section 4.3. 

‘Adaptive antenna arrays are often called Smart Antennas because they have some key 
benefits over traditional antennas, by adjusting traffic patterns, space diversity or using 
‘multiple access techniques. The main four key benefits are: First, enhanced coverage 
through range extension by increasing the gain and steering capability of the ground station 
antenna; Second, enhanced signal quality through multi-arget capability and reduction of 
interferences; finally, adaptive antennas improve the data download capacity in the ground 
segment of satellite communication by increasing the coverage range (Martinez et al., 2007) 


4.1 Design and architecture based on software defined radio 
For design there is the well known waterfall life cyclic model (Royce, 1970) that can be used 
to manage main aspects of the design of architectures. Thus, some tasks must be fulfilled 
subsequently as follow in Fig. 21.a. 

Fig, 21.b shows the design schemes resulting of the requirement analysis stage 
corresponding software and hardware system specifications. In the depicted scheme, there 
are some system components such as the radiating element and RF circuits that are often 
designed under iterative prototyping model. 
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Fig, 21. a) Water life cyclic model of the adaptive antenna array design, and b) Simplified 
design scheme of adaptive antenna arrays. 
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Regarding the hardware implementation, tables presented in (Martinez et al., 2007) show 
the hardware resource consumption in the field programmable gate array (FPGA) Virtex-4 
for the least mean squared (LMS) beamforming algorithm with full spectrum combining 
(FSC) receiver architecture and SIMPLE beamforming algorithm with symbol combining 
(SC) receiver architecture. Both scheme designs have an antenna array of 2 elements. The 
algorithm based on correlation requires less hardware. The main difference can be 
appreciated in the amount of digital signal processing oriented component (DSP48) 
resources, typically used for filtering applications (Martinez et al, 2007) 


4.2 Receiver architectures based on algorithms type 
Several receiver architectures can be implemented, and they are frequently based on the 
type of the beamforming algorithm used. When training signals are available in the 
transmitted frame, a time-based reference algorithm can be used. However, this solution is 
only valid when the earth station is capable of demodulating the received training sequence. 
Other algorithms used in deep space communications are based on signal correlation and 
they avoid performing the demodulating process. This kind of algorithms are blind 
techniques that do not require any additional signal demodulation before applying some 
beamforming technique and work better in low SNR conditions than time-based algorithms. 
Several receiver architectures can be implemented exploiting the processing capabilities of 
the SDR, such as FPGA, application-specific integrated circuits (ASICS), and digital signal 
processing (DSPs). The design of the receiver architecture fundamentally depends on the 
selection of beamforming algorithms. An example of beamforming technique is the LMS 
algorithm whose estimation of coefficients or weights requires a temporal reference and is 
implemented through SC receiver architecture (Fig. 22a). In the other hand, the SIMPLE 
algorithm (Rogstad, 1997) constitutes a beamforming technique that is implemented using 
FSC receiver architecture (Fig. 22.) in order to perform the calculation of weights 


Fig. 22. Comparison of receiver architectures. a) Symbol Combining (SC), and b) Full 
Spectrum Combining (FSC) 


The SC architecture can be divided into two more sub-classes which work on a phase- 
recovery basis. The complex symbol combining (CSC) recovers the phase information with 
regard to a reference element using feed-forward and feedback algorithms. One of the 
advantages of this scheme is that the rate of data sent to the combining module has a rate 
slightly higher than the symbol rate. For most applications, the symbol rate is relatively low 
and is a multiple of the data rate. In this kind of schemes, there is an important cost 
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consideration in real-time applications and the requirements of instrumental phase stability 
are very severe (Rogstad et al., 2003). Other type of SC architecture is the stream symbol 
combining (SSC). In this kind of scheme, data are sent to the combining module at a rate 
equal to the symbol rate. The symbol rate depends on the coding scheme and for most 
applications is relatively modest. Also, the requirements of instrumental phase stability are 
no severe, as in the case of CSC scheme. The disadvantage of the SSC is the additional 
hardware required for each antenna. 

Furthermore, there are the baseband combining (BC) and carrier arraying (CA) architectures 
discussed in (Rogstad et al,, 2003). In BC architectures the signal from each antenna is carrier 
locked and combining in baseband for further demodulation and synchronization, In effect, 
the carrier signal from the spacecraft is used as a phase reference so that locking to the 
carrier eliminates the radio-frequency phase differences between antennas imposed by the 
propagation medium. Besides, in CA architectures, one individual carrier-tracking loop is 
implemented on each array element. Then, the elements branches are coupled in order to 
increase the carrier-to-noise ratio (CNR), but losses of radio channel are far compensated 
(Rogstad et al., 2003), 

In general, the selection of the beamforming algorithms is determined by the following 
aspects: Hardware and computational resources; Speed of convergence and residual error of, 
adaptive algorithms; Calibration requirements and auto-compensation ability; and system 
signal-transmission characteristics. 


4.3 Beamforming techniques for satellite tracking 
Some satellites transmit useful information inside its frames for synchronization and 
tracking purposes. The gathering of satellite data requires the tracking operation along its 
earth orbit. To accomplish this goal with adaptive array architectures, some beamforming 
techniques should be implemented. Fig, 23 illustrates a simple example of a narrowband 
linear adaptive beamformer system. 
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a ve 


Fig, 23. Adaptive antenna system, 


A linear beamformer combines signals according to some weights to, to produce a desired 
radiation pattern. The mathematical expression of a linear bearnformer at the array output 
in vector notation can be expressed as y=10"'x , where x is the received signal vector to be 
combined, x are the weights computed by the beamforming algorithm and 1! denotes 
transposition and conjugate of (') 
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In adaptive antennas design, weights are dynamically calculated with a certain algorithm in 
order to optimize some signal parameter like signal to interference-plus-noise ratio (SINR), 
SNR, or BER. An extended variety of algorithms exist in the literature for beamforming 
purpose and the most appropriated selection is done depending on the signal characteristics 
of the received signal. 


4.3.1 Blind techniques 
Blind beamformers make use of an inherent property of the received signal, such as the 
Ciclo-stationarity of the constant modulus. In the latter, the algorithm eliminates the 
fluctuation of the signal amplitude and computes the weights to minimize the effect 
produced by those variations. The algorithms that make use of these methods are denoted 
as Constant Modulus Algorithms (CMA) (Biedka, 2001) 

CMA algorithms present an important disadvantage: as the phase information is not 
considered, the constellation of quadrature phase shift keying (QPSK) signals commonly 
used in satellite communications appears rotated after beamforming, which imposes the 
need of an additional phase recovery subsystem in the array output. 


4.3.2 Temporal-reference algorithms 
Algorithms based on a temporal reference require a known reference included in the frame 
of the signal, such as training sequences, unique word (UW) or pilot bits. Thus, these 
schemes are normally used for digital signals. The aim of these beamformers is the 
minimization of the energy of an error signal integrated by interferences and noise. In order 
to reduce the order of the problem, the weight calculation is usually done iteratively. 

‘The most popular adaptive filters are the LMS and Recursive Least Squares (RLS) 
algorithms (Haykin, 2002). Briefly, the main differences lie in the method to calculate and 
the final convergence behavior: while LMS has a linear complexity order with the number of 
antennas in the array, RLS makes use of matrix operation, so that the complexity order is 
quadratic, but the convergence is faster. 

‘An interesting alternative to the LMS is the Normalized LMS (NLMS), which normalizes the 
adaptive step to avoid variation during the convergence process. The counterpart is the 
more intensive processing requirements to calculate signal power and normalization 
operation, 


4.3.3 Correlation-based algorithm 
In contrast to beamformers based on temporal reference, schemes based on signal 
correlation do not require the demodulation of any signal. These techniques are the most 
popular to extract the spatial information for beamforming, and we have focused on the use 
of the SIMPLE algorithm (Rogstad, 1997). This algorithm has been used by the Deep Space 
Network (DSN) of National Aeronautics and Space Administration (NASA) to combine the 
signals received from spatial probes in radio telescopes located in different sites around the 
Earth surface. The main disadvantage of correlation based schemes is the lack of ability to 
cancel interference signals. 


4.4 Performance comparison 


Some simulation comparisons between spatial and blind algorithms are presented to show 
benefits and drawbacks. Four algorithms have been selected with a 4-element uniform linear 
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array (ULA). The spatial algorithms simulated are post-beamformer interference canceller ~ 
orthogonal interference beamformer (PIC-OIB) (Godara, 2004) and minimum power 
distortionless response (MPDR) (Van Trees, 2002). On the other hand, the blind algorithms 
are the matrix-free EIGEN and the SUMPLE (Rogstad, 1997). The convergence process is 
compared as a function of the input SNR as depicted in Fig. 24. 

As it can be observed from the above results, spatial algorithms outperform blind ones at 
low SNR, and vice versa. On the other hand, with medium-low SNR and low or absence of 
interferences, the behavior of all algorithms is quite similar. 


a b 


Fig, 24. Convergence behavior of spatial versus blind algorithms in the absence of 
interferences with several input SNR. a) SNR = 5 dB, and b) SNR = -10 dB. 


5. Experimental Test-Bed based on SDR platform 


This section presents a test platform known as Adaptive Antenna Array Test-Bed - A3TB, 
where a comparative study of several beamforming algorithms can be performed and 
modularity of the architecture is a well proved advantage. The test bed is based on SDR 
technology and uses a novel architecture that can be used with both blind and spatial-based 
beamforming algorithms. The A3TB concept can be applied to a number of scenarios as the 
current version is independent of the signal properties. Simulation results using the A3TB 
with the APT channel from NOAA satellites show the performance of the concept and the 
{Feasibility of the proposed implementation. 

‘The scope of the system development was is to prove the concept of antenna arrays applied 
to ground stations instead of reflectors for different applications, such as telemetry data 
downloading or end-user in mobile applications as discussed in the introduction section. In 
contrast to reflector antennas, antenna arrays offer the possibility of electronic beam-steering 
avoiding the use of complex mechanical parts and therefore reducing the cost of the 
antenna. Itis also a good chance for Universities and Research Centers aiming to have their 
‘own ground station sited in their installations. 


5.1 A3TB concept 


The A3TB can be defined as a softoare-defined radio beamformer applied to a ground station for 
tracking LEO satellites. The novelty relies on the use of an antenna array to smartly combine 
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the received signals from the satellite and its implementation based on SDR technology. The 
reason to use an antenna array instead of a single antenna is to electronically steer the beam 
in the direction of the satellite along its orbit without requiring a mechanical system for 
tracking. In addition to the advantages of the use of SDR technology and antenna array, itis 
the modularity and flexible architecture implemented in the A3TB. Fig. 25 shows the A3TB 
architecture where it is evident the feasibility to update or change during operation any of 
the main blocks. It is possible to change during operation the beamforming algorithm and to 
include new beamforming modules to the system. Furthermore, changes on the BENADC 
are possible to implement not during operation, but new receiver architecture at off-line 
such as those options discussed at follow. 

In Galas et al, 2007), the block diagram represents the software system implementation of, 
the first version of the test-bed prototype and most of it is based on VHDL. Depending on 
the firmware, three options could be installed into the FPGA Virtex4, The option A is 
implemented with the signal processing on the PC, so the SIMPLE beamforming is done in 
the module developed in C++. The option B is implemented completely on VHDL and this, 
option need to export the beamforming weights just to draw the array pattern diagram, 
Finally, in contrast to the option B, the option C is implemented for the LMS beamforming 
algorithm. 

With the first version of the Test-Bed, the modularity on the selection of firmwares was 
proved switching between A, B or C receiver architectures, and an important result of the 
‘Test-Bed development is the hardware resources occupation presented in Salas et al., 007). 
‘The advantage of the SDR implementation is that A3TB architecture can be used to process 
any received signal from a LEO satellite in the appropriate band imposed by the RF stages. 
Moreover, most of the processing tasks are performed on software, using appropriate 
routines to process any receive signal. There are 2 main schemes to implement the 
beamforming stage: SC and FSC [41]. Both schemes are compared in Section 4.2. 

‘The current version of the A3TB in Fig. 25. was updated to track NOAA satellites in the 
VHF band, in particular the APT channel. Previous versions of A3TB dealt with LRPT 
signals from MetOp-A, where a complete receiver with beamforming and synchronization 
stages has been implemented Galas et al., 2007; Martines et al., 2007). 


5.2 Implementation of the A3TB. 
‘The A3TB prototype consists of 4 main parts as shown in Fig. 25.a. The first part is the 
antenna array, which has 4 crossed-dipole antennas as depicted in Fig. 25.b. The second part 
consists of RE-IF circuits which amplify and down convert to IF incoming. signals. 
Furthermore, an automatic gain control (AGC) was implemented using two steps of variable 
attenuators in the IF domain, 

‘The third part is the SDR platform which consists of the beamforming. algorithms 
implemented on C++ and the FPGA firmware on VHDL, PC and BENADC blocks show in 
Fig, 25, respectively. The hardware resources occupation for this Test-Bed implementation is 
similar to one presented in (Martines et al, 2007). The last part is the software from weather 
satellite signal to image decoder (WXtolmg) on the PC using the sound card output/input 
in order to get the weather satellite image. 

Since the implemented architecture is FSC the demodulation is not required and the IF 
signal is digitized. For the signal processing hardware design the BenADC-v4 has been 
chosen. This solution includes a FPGA Xilinx Virtex4-SX55 with four 12-bit analog inputs at 
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a b 
Fig. 25. a) Block diagram of the A3TB, and b) BenADC - Virtex 4-sx55. 


250 Msps (Martines et al, 2007). Digital samples are transferred to the PC where 
beamforming and subsequent APT demodulation of the array output are performed using 
C++ routines. This implementation design offers higher flexibility for testing different 
beamforming schemes. Finally, demodulated APR frames are sent to the WXtolmg software 
to show meteorological maps. 

The A3TB is controlled by the PC for simulations and field trials, The graphical user 
interface allows presented in (Salas et al,, 2008) the user to choose the beamforming 
algorithm and set all the parameters of the LEO satellite for tracking such as the number of 
antennas of the array, distance between the elements, direction of arrival and IF frequency. 
The C+ routine calculates the beamforming weights and plots the synthesized array factor. 
Subsequently, the reception of meteorological images has real time system requirements. 
Thus, it is necessary a data transfer from the FPGA to the C++ module to process the 
samples continuously, and give APT frames to the audio output of the PC. Since, the 
meteorological satellites often have a low baud rate, in the case of study with NOAA 
satellites the data transfer is made using two buffers controlled by a thread. 

It is important to mention that the A3TB with SDR architecture can evaluate different 
beamforming algorithms and receiver schemes. The update of A3TB for larger arrays is 
immediate, as the basis for algorithms is independent of the number of elements in the 
array. The architecture of a new ground station concept to track LEO satellites based on 
software defined radio and antenna arraying as Test-Bed is a well proved choice to evaluate 
future antenna array architectures for satellite communication and benchmark features of 
the proposed system. As the A3TB VHF version is based on FSC scheme, the concept can be 
applied to a number of satellite tracing scenarios. 


6. Conclusions 


The performance analysis of different beamforming algorithms is an important issue in the 
new generation antenna array development and research. Thus, A3TB helps to analyze 
beamforming algorithms paving the way for testing and debugging for posteriori use in 
larger arrays, such as GEODA. Results obtained in real scenarios with A3TB state, for 
example, that spatial reference algorithms such as MPDR should be used in the absence of, 
interferences, whereas blind algorithms are appropriate for low SNR conditions. Finally, the 
A3TB can also serve to validate the performance of calibration procedures, 
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In future work, the A3TB will deal with the system combining of full modularity with the 
capability of change firmwares based on the first version design of the Test-Bed, plus the 
flexible architecture of the current design of the Test-Bed based on VHDL, C++ and Antenna 
Arraying. Furthermore, the addition of more modules to increase the number of antenna 
array elements is evident in next generations. 
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‘Any change in the magnetic environment of a coil of wire 
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a changing electromotive force will be generated, 
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Inthe frame of a conductor moving relative to the magnet, 


charged particles In the conductor experience a coulombic force 
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of induced emf (current flow) 
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(22 September 1791 - 25 August 1867) 
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Ampere’s Law 


In classical electromagnetism, Ampére’scircuital law, 
relates the integrated magnetic field around a closed loop 
to the electric current passing through the bop. 
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Ampere's law relates magnetic fields to 
the electric currents that produce them. 
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The magnetic force component 
ofthe Lorentz force manifests 
itselfas the force that acts on a 
current-carrying wire ina 
‘magnetic field. 
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Tetryonics 22.01 - Work, Force & Ene! 


Energy 
is the scalar capacity to do work 
You must have energy to accomplish work 
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mass-energy momentum squared 
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Capacitance 


Any two electrical conductors separated by a non-conducting (or very high resistance) medium is a capacitor 
[these can be plates, conductive wires or coaxial cables etc) 
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of conductors and the permittivity of the dielectric separating them 
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Capacitance is the 
ability of a body to 
store an electrical charge. 


‘A11farad capacitor when charged witht coulomb of electrical charge 
will have 2 potential difference of 1 volt between its plates. 
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Ampere’s Magnetic Interactions 
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The Lorentz force is the force on a charged particle due to external electromagnetic fields. 
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(14 September 1736 ~ 23 August 1806) 
All charges in motion are subject to external EM forces or their KEM fields 
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One coulomb of charge flowing per second equals one ampere of current. 
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Charge and Current are 
related to each other through 
time 


194 Advances in Satelite Communications 


Rogstad D.H. Milan, A. & Pham, T. 008), Antenna Arraying Techniques in he Deg Sac 
Network Deep Space Communication and Navegation Series, PL. Caloris 
Institute of Fechnology, Rel 03-00, Pasadena, USA. 

Biedka, TE. 00), Analysis nt Deolapment of Blind Adaptive Beonfornng Algor 
PAD Thesis, Facalty of Virgina Polytechnique Institute and State Universit, 
Vigil 

Haykin S (22) Adaptie Fler Theory (Sth ed). Prentice Hall 

Godara, LC. 2004). Smart Antennas (st ed) CRC Press 

Van Tres, H. L. (202) Optimum Army Proesing. Par IV of Detection, Estinaton, and 
Manton Tov Wile. 


www intechopen.com 


KG 


> 


Planck's 


‘constant 


e|em 


1355180067 e-20 _s/kg 


Planck Charge Planck mass 


quantised angular momenta scalar EM energies 
per scalar mass per second 


aware Inverse Planck mass momenta smcasean 
elemental charge 1.810109642 €30 C/kg electron mass 


mass & charge tha lier determination 


calar mass pet 
quantised angular momenta 


1.355704512 e50 ofkg 


1015372043 e70 Vv? 
Compton frequency 


poacher td ri mont th tin slo epi C kes 
ton ta macros ysl properties rats enc ca, py constant ore fom ory 8: 


KG A amie 


hy, sv? 


xy 


ecuomagnetion fundamental iteration 
beetwren the magnetic field and the presence 
‘sndimation ofan elect charge topology. 


Seca cars the seem of Mena momen 
determines dhe electromagnetic teractions, 


lect potentia the capactty of an elect feld 
todo work on an electric 
‘yplcally measured In volts. 


Electricity 


Benjamin Franklin 


(Ganuary 17,1706 ~ Apel 7, 1790) 


Austin de_Couom 


‘Andre Ampere 


Simon Ohm 


Cart Friedrich Gauss 


Heinrich Lenz 


Q ss 


[v-v} {vv 
Postive Charge ME Negative charge 
owenay = oy 

- 
Gectri fhekt an Influence produced by ane 
ect charge on oer charges EY. 


ial if 


+ 


‘BectrictyIs the flow of Energy between separated Charge potentials 
‘when an elec Creu s formed measured in Vets Joules 


As Cis 


ect current so secondary effect resting from elecical energy Ina crcut 
Tel the movement or flow of electrcally charged parties, 
‘ypleally measured in amperes. 


EM field Permittivity 


The Electric constant, commonly called 
the vacuum permittivity, or permittivity of free space, 
relates the units for electric charge to 
mechanical quantities such as 
length and force. 
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The strength of Electric fields 
is determined by the 
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As 


‘electrically 
ina circuit as a result of an electrical Voltage potential 
5.524527227 e-12 kg 


Charged mass Isecond Matter in motion 
6.241355408 el8 electrons 


‘Voltage [emf] is a measure of the energy momenta per coulomb 
available to exert a force on charged Matter in a circuit 
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i acceleration of charged Matter topologies i 
Electrostatic charges in any electrical circuit Charges in motion 
[itis an indirect measure of electrical energy] 

‘The velocity of the charges ‘Current flow produces 
ina circult is proportional to Vv magnetic fields around 
‘the value of electric current = conductive wires 


i 
Conventional caudate els Electron 
— current flow r= current flow — 

electypns per see tre 


kg.s 


Amperes 
Charge Current 
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The electrical resistance of a conductor is a measure of how much it opposes the passage of an electric current through it 


oe OHM’s Law 
ey = 2 
i P=ILV=Il.R 


Power is the amount of current times 


Current demsiy 
nee the voltage level at a given point 
measured in watts. 
R=V 
I 
V=LR 
Cunfent la tha Sow oF Resistance determines how Current {1V1 Voltage 
charged mass-Matter resulting much current will flow POWER 
from an electromotive force through a conductor Current squared [1?R] Resistance 


‘Of’ lw states thatthe curtent through a conductor betwen two points is directly proportional tothe potential diference across the two points, 


By introducing the constant of proportionality, Resistance, one atives atthe usual mathematical equation that describes this relationship 


uit, 


Voltage is the force motivating charges to "flow" in a cit 
it is measured as the difference in electrical potential 
between two points in a circuit 


Electrical Resistance 


Electron Electr-Magnetic energy Conventional 
current flow — s4prpegatesatthe'speed fightin that medium == current flow 


‘The tirfit velocity of charged bodies Is considerably less 
than the velocity of Energy propagation in an electrical crcult 


Resistive current flows should be avoided at all costs 
to facilitate the efficient transfer of energy 


‘The Polarised Electric fields induce Whenever a current exists, 
‘motion Into charged bodies in an attempt to there MUST be a Magnetic field and 
‘equalise the charge imbalances at the emf sources, there MUST be Energy present in that field 


James Prescott Joule verified Ohm's Law and determined that the heat delivered by a conductor 
is directly proportional to its resistance and to the square of the current through it 


He defined Power physically to be the rate 


at which electrical energies are created 
or transferred in an electric circuit 
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The 51 unit of powers the watt, one joule per second. 


Electrical power flows wherever Electric and Magnetic 
fields exist together and change over time 
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Electrical power propagates at the speed of light in an electrical circuit [dependent on the voltage source] 
electrons have a vastly slower ‘drift’ velocity resulting from their inertial interaction with energy momenta of the Voltage [emf] field 
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Electricity is the flow of 
energy momenta in a ciruit 


‘A source ora sinks defined by which which charge type is under observation 


Upon closure of the circuit 


NE ea 
separated Charges seek 


Equilibrium 


e transfer of force from electrical 


momenta quanta to charged 


Positive charges are attracted 


‘The directional flow of Electricity can be modelled by the movement of Positive of Negative charges Ina crcult 
{as separated charges seek equilibrium via any consductive path 


EM Inductive circuits 


Current is producedina conductor when t's moved through 
Neutral Electric field a magnetic field because the neutralised Electric fed ines are applying 
» with Magnetic dipole ‘emf on the fre electrons in the conductor and causing them to move. 


The process of generating current in a conductor by placing 
the conductor in a changing magnetic fields called induction 


The stronger the Magnetic dipole 
The Electrical emf created by the greater the potential emf 
the energy momenta comprising 
the neutral EM field will cause 
lectrons to flow in a conductor 


electicalcurtents flowing ina conductor, 
there san assocated magnetic field created around the wite, 


Inasimitar manne if we movea wire inside a magnetic ld 
‘an electrical curent willbe generated in the wire, 
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The application of UFE to Kinetic energy’ 
calculations reveals the underlying processes 


of the Photo-electric effe 


By definition, it is equal to the amount of 
kinetic energy momenta 
gained by a single unbound electron 
when it accelerates through an 
electric potential difference of one volt. 
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Accelerated electrons have increased 
KE, Magnetic moments & momentum 
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‘Allelectro-statically charged Direct Currents result in attractive co-linear Magnetic fields 
patticles in Motion have 
Kinetic EM fields 


KEM fields facilitate 
EM interactions between 
charges in motion 
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1.2 €20 Skin effect is the tendency of an alternating electric current (AC) to distribute itself within a conductor 
cia with the current density being largest near the surface of the conductor, decreasing at greater depths 


As the electrometove force 
[Electric field energy momenta 
driving the charged masses 
alternates so does the resultant 
electron directionof motion 
and their KEM fields 


Asthe electrie Current alternates 
[changing drection of charge movernent 
the external Magnetic field vector 
produced by the electronic KEM fields 

asloalternate 


Solenoidal Motion 


EM fields of alll in Motion 


Toroidal Motion 


field <i Motion in Magnetic field 
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Inductors An inductor with an inductance of 1 henry produces 
6 an EMF of 1 volt when the current through the inductor 


changes at the rate of 1 ampere per second. 


note: the electric field quanta that create 
an electromotive force in inductors 
are neutralised voltage fields 
leading to the mistaken belief that 
inductors store electrical energy 
ina magnetic field 
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Although the microstrip antenna has been extensively studied in the past few decades as one ofthe standard planar antennas, it still 
hhas a huge potential for further developments. The paper suggests three areas for further research based on our previous works 
‘on microstrip antenna elements and arrays. One is exploring the variety of microstrip antenna topologies to meet the desired 
requirement such as ultrawide band (UWB), high gain, miniaturization, circular polarization, multipolarized, and so on. Another 
is to apply microstrip antenna to form composite antenna which is more potent than the individual antenna. The ast is growing 
towards highly integeation of antenna/array and feeding network or operating at relatively high frequencies, like sub-millimeter 
\wave or terahertz (THz) wave regime, by using the advanced machining techniques. To support our points of view, some examples 
of antennas developed in our group are presented and discussed. 


1. Introduction 


‘The concept of microstrip antenna was first introduced in the 
1950s [1]. However, this idea had to wait nearly 20 years to 
be realized after the development of the printed circuit board 
(PCB) technology in the 1970s [2, 3]. Since then, microstrip 
antennas are considered as the most common types of 
antennas due to their obvious advantages of light weight, 
low cost, low profile, planar configuration, easy of conformal, 
superior portability, suitable for arrays, easy for fabrication, 
and easy integration with microwave monolithic integrate 
circuits (MMICs) [4-7]. They have been widely employed 
for the civilian and military applications such as television, 
broadcast radio, mobile systems, global positioning system 
(GPS), radio-frequency identification (RFID), multiple- 
input multiple-output (MIMO) systems, vehicle collision 
avoidance system, satelite communications, surveillance sys- 
tems, direction founding, radar systems, remote sensing, bi- 
ological imaging, missile guidance, and so on [8] 

Despite the many advantages of typical microstrip anten- 
nas, they also have three basic disadvantages: narrow band- 
width, low gain, and relatively large size, The narrow band- 
width is one of the main drawbacks of these types of 
antennas. A straightforward method of improving the band- 
width is increasing the substrate thickness. However, surface 


wave power increases and radiation power decreases with 
the increasing substrate thickness [7], which leads to poor 
radiation efficiency. Thus, various other techniques are pre- 
sented to provide wide-impedance bandwidths of microstrip 
antennas, including impedance matching networks using 
stub [9, 10] and negative capacitorfinductor [11], microstrip 
slot antennas using the U, L, T, and inverted T slots in the 
ground plane (sometimes termed defected ground structures 
(DGSs)) [12, 13], surface wave suppressing using magneto- 
dielectric substrate [14] and electromagnetic bandgap (EBG) 
structures [15], and composite-resonator microstrip anten- 
nas using metamaterial resonators [16, 17]. Another problem, 
to be solved is the low gain for conventional microstrip 
antenna element. Cavity backing has been used to eliminate 
the bidirectional radiation, thereby providing higher gain 
compared with conventional microstrip antenna [18]. Lens 
covering is an alternative way to achieve gain enhancement. 
The lens with canonical profil, like elliptical, hemielliptical, 
hyper-hemispherical, extended hemispherical, used to focus 
the radiation beam from the radiator elements, The inte- 
grated lens microstrip antenna can be treated as composite 
antenna combined by microstrip radiator elements and 
dielectric lens, which is very useful for high frequencies (mm, 
sub-mm, terahertz (THz), and optical waves) applications 
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AA farad capacitor when charged with1 coulomb of electrical charge 
will have a potential difference of 1 volt between Its plates. 
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should a current flow in the conductors the capacitive field will be dominated by 
orthogonal, superpositioned Amperian M-fields of greater strength 
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Capacitance is a function only of the physical dimensions (spatial geometry) of conductors and the permittivity of the dielectric separating them 


Inductive and Capacitive energy storage 


tis customary to use the symbol for inductance, in honour ofthe physicist Heinrich Lena. 


Inthe Sisystem the uit of inductance’is the Henry, 
‘named in honor ofthe scents who discovered inductance, 
Joseph Henry, 
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‘The voltage across an inductor 
's equal to the product of its 17 December 1797 ~ 13 May 1878} 
inductance and the time Hes 
rate of change ofthe current through it 


Michael Faraday 
= The Si unit of capacitance is the farad (symbol: F), 
‘named after the English physicist Michael Faraday 


a1 fared capacitor when charged with 1 coulomb 
of electrical charge will have a potential difference 
of 1 volt between its plates. 
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CCapacitances the ability ofa body to store an electrical charge. 
[22 September 1791 -25 August 1867), Any object that can be electrically charged exhibits capacitance, 


a charged capacttor ts connected across an inductor, 
‘charge will start to flow through the inductor, 
building up a magnetic field around It and 
reducing the voltage on the capactter. 


Eventually all the charge on the capacttor wil be gone 
and the voltage across It wil reach ze°0. 


However, the current will continue, 
‘because Inductors resist changes in current. 


‘The energy to keep It lowing Is extracted from the magnetic field, 
‘which will begin to decine, 


‘The current will begin to change the capacitor 
‘with a voltage of opposite polarity to Its original charge. 


(When the magnetic field is completely dissipated the current will stop 
‘and the charge will again be stored in the capacitor, 
‘with the opposite polartty as before. 


‘Then the cycle will begin again, 
with the current flowing in the 
‘opposite direction through the inductor. 


Inductive - Capacitive circuits 


An LC circuit, also called a resonant circuit, tank circuit, or tuned circuit 
consists of an inductor, represented by the letter L 
and a capacitor, represented by the letter C 


LC 


When connected together, they can act as an electrical resonator, 
an electrical analogue of a tuning fork, storing energy 
oscillating at the circuit's resonant frequency 


These LC circuits are idealised models 

assuming there is no dissipatior of energy due to resistanc 
with the circular EM vectors representing electron c 
and its translation between inductive and capacitive forms of energy storage 
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Displacement Current 


Maxwell's displacement current is better termed a‘displacement voltage’ 
In ight ofthe fact the charged Matter does not move/flow between 
the charged plates of a capacitor only the charged mass-energies. 
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E&M field geometries within the Planck quanta of EM fields 
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de Broglie Matter-waves 
quantum mechanics, a Matter wave or de Broglle wave 
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All EM waves and Matter The relativistic stress tensor 
are made up of integral Planck quanta mass-energies of Matter in motion 
[any imbalance results in Charge] is the sum of its standing-wave mass- 
as the number of Planck quanta increases Matter topology and its Lorentz corrected 
their associated wavelengths decrease REM field mass-energy geometries 
rest mass-Matter Kinetic mass-energy 
topologies geometries 

behead Kinetic EM mass-energy levels depend on Leas 

the charged topology are the mass-energy 
Phares le the velocity of the Matter particle in motion fields created by ‘agnetc moment 

of 2D mase-energies [in Matter energy travels in a standing wave at the speed of Light] Matter in motion 


The rest mass-energy geometries comprising all Matter topologies are velocity invariant 
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are all related through the speed of Energy (c} and its properties wll be affected by changesin velocity) (withthe KEM field subject to Lorentz corrections) 
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The Photoelectric effect 
and spectral lines are examples 
of changes in Kinetic field 
energy-momenta 


[19]. tts also well known that antenna array is an effective 
means for improving the gain [20-25] 

‘The last limitation of conventional microstrip antennas 
is the relatively large size, particularly at lower microwave 
frequencies, since their operation frequencies are related to 
the electrical size of antenna, In general, the size of the rec- 
tangular microstrip antenna should be of order of a half- 
guided wavelength. This limitation was mathematically stud- 
ied by Wheeler [26] and Chu [27]. There have been nu- 
merous efforts to minimize the antenna size and obtain 
the electrically small microstrip antenna with the raised de- 
mand towards smaller and smaller wireless devices. Inductive 
or capacitive loading are effective ways to reduce the size 
of microstrip antennas [28]. In the former work, we dem- 
onstrated that the size of microstrip antenna can be mini 
turized using composite metamaterial resonators [16, 17] 
Magneto-dielectric substrates have been widely used to 
miniaturize microstrip antennas due to magnetic substrates 
and could provide wider bandwidths than dielectric sub- 
strates [29-32]. Fractal geometries, which are composed by 
self-similar structures, have opened an alternative way for 
antenna miniaturization [33]. 

From the above discussions, we see that many methods 
and materials are used to improve the properties of mi- 
crostrip antennas, However, there should be a relationship 
among bandwidth, gain, and size of the microstrip antennas. 
Antenna engineers have recognized that the improvement in 
one antenna property is frequently accompanied by decline 
in its other performances. For example, the antenna size is, 
reduced usually at the expense of its bandwidth and gain. 
Therefore, a more comprehensive consideration must be 
given on further developments of microstrip antennas. 

In this paper, we will suggest three areas for further 
research based on our previous works on microstrip antenna 
elements and arrays [16-25, 34-41]. We first note that novel 
microstrip antenna topologies are proposed to meet the 
desired requirement of variety of potential wireless appli 
cations, such as ultrawide band (UWB), high gain, mini 
turization, circular polarization, multipolarized, and so on. 
Next, we discuss the composite antennas based on microstrip 
antennas which have more potent than each individual 
antenna. Finally, with the development of micro-/nano- 
machining techniques, antennas/arrays with highly integra- 
tion and with highly operating frequencies are discussed. We 
present some examples of antennas developed in our group 
to support our points of view. 


2. Variety of Microstrip Antenna Topologies 


Microstrip antennas have extensively used in commercial and 
military applications due to their attractive advantages. How- 
ever, the traditional microstrip antennas have the impedance 
bandwidth of only a few percent and radiation pattern with, 
omnidirection, which obviously does not meet the require- 
ments of various wireless applications, To this end, a wide 
variety of microstrip antenna topologies, including different 
microstrip antenna element structures and different micros- 
trip array arrangements, have been studied to meet the 
desired requirement such as ultrawide band (UWB), high 
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() The structure of the quas-Yagi antenna 


(b) The photograph ofthe quasi-Yagi antenna 


Fiqune 1: Compact broad-band quasi-Yagi antenna, 


gain, miniaturization, circular polarization, multipolarized, 
and so forth. 

‘As we know, microstrip antennas inherently have nar- 
rower bandwidth and lower gain compared to conventional 
bulky antennas. Some microstrip antennas with special 
topologies, like quasi-Yagi, planar reflector antenna, are 
proposed to replace the conventional bulky antennas. Here, 
‘we will take a quai-Yagi antenna as an example to show how 
to design a planar microstrip antenna with Yagi-Uda end-fire 
radiation pattern. In addition, a microstrip array with special 
array topology is designed to get dual-polarized property. 


1. Compact Broad-Band Quasi-Yagi Antenna, A novel S- 
band compact quasi-Yagi antenna has been designed, fabri- 
cated and measured by our group, as shown in Figure 1. This, 
antenna is composed of a printed monopole-driven element, 
printed reflector element, and six printed director elements. 

‘To explain the end-fire radiation behavior of the quasi- 
Yagi antenna, a comparison of radiation patterns, among 
(1) microstrip monopole only, (2) microstrip monopole and 
a reflector, (3) microstrip monopole and a director, (4) 
microstrip monopole and a reflector with one director, and. 
(5) microstrip monopole and a reflector with six director, is 
shown in Figure 2. We can observe that both the reflector 
and the director can increase the end-fire radiation, and it 
could be substantially improved by increasing the number of 
directors. 

‘The measured VSWR results are shown in Table 1, A 
bandwidth of 14% for VSWR less than 1.5 is achieved. The 
gain of the antenna is above 7.5 dBi, as shown in Table 2. In 
this design, we see that the microstrip antenna with special 
topology could be conveniently used to replace the bulky 
Yagi-Uda antenna. 
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— Mono + tellector +6 diector 
- Mono 
‘Mono + tflecor 
== Mono + director 
+ Mono + reflector + ditector 


Fioune 2; Radiation patterns of microstrip monopole only, mi- 
crostrip monopole and a reflector, microstrip monopole and a 
director, microstrip monopole and a reflector with one director, and 
microstrip monopole and a reflector with six ditector. 


“TanLe I: The measured VSWR of the quasi-Yagi antenna, 
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‘Tante 2: The measured gain of the quasi-Yagi antenna (unit: dBi). 


Frequency (GHz) 


No, 
3.25 a5 375 
T 737 a 335 
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2.2. Dual-Polarized Microstrip Antenna Array. The dual- 
polarized antenna is highly required for the radar, electronic 
countermeasure, and aerospace systems. It is known that the 
microstrip antenna can easily be integrated with microwave 
circuits and feeding network. Here, a novel Ku-band dual- 
polarization microstrip antenna array with a mixed feeding 
network, that is, the slot coupled feeding (V-port) and the co- 
plane feeding (H-port), is designed by our group, as shown 
in Figure 3. It isa three layers structure: top microstrip patch, 
layer, middle stripline feeding network layer, and bottom. 
coplane microstrip feeding network layer. Through proper 
array arrangement, very good isolation can be obtained. 
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‘Stripline-micrastrip transition 


Heshape coupled slot 


(am) 


() The structure of the dual-polarized microstrip antenna array 


(b) The photograph of the dul-polarized microstrip 
antenna array 


Figure 3: Dual-polarized microstrip antenna array. 
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Frequency (GHz) 
— Hport 
— Veport 
Figure 4: The VSWR of the dual-polarized microstrip antenna 


‘The VSWR, radiation patterns, and the isolation between 
two polarizations of the proposed dual-polarized microstrip 
antenna array are shown in Figures 4, 5, and 6, respectively. 
The results indicate that this microstrip antenna array has a 
good impedance matching, good radiation performance, as, 
well as very high isolation (less than —25dB), which can be 
an idea candidate for the dual-polarized wireless systems. 
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Figune 6: The isolation of the dual-polarized microstrip antenna 
array 


3. Microstrip-Antenna-Based 
‘Composite Antenna 


‘As many antenna designers have found, it is not easy to 
design an antenna to meet the user-defined stringent per- 
formance requirements demanded by special wireless app! 
cations like military radars, surveillances, and missile gui 
ance, if only one type of antenna is considered. This di 
ficulty may require the use of two more different types or 
structures of antenna elements with different characteristics. 
Composite antenna formed by two more types or structures 
of antennas is particularly suitable for these applications due 
to more advantages offered by different types or structures of 
antennas, For example, it is a challenging task to use single 
type of antenna to design a dual-band dual-polarization 
antenna for satelite digital multimedia broadcast (S-DMB) 
application [36]. A composite antenna composed with a 
left-handed circularly polarized (LHCP) microstrip antenna 
and a linear polarized omnidirectional biconical antenna 
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Groove guide 


Figure 7: The structure of the DCWS, 


is proposed by our group to meet this requirement [36] 
Another example of composite antenna is comprised of a 
dielectric lens and microstrip log-period antenna, which has 
been widely applied to THz systems (this type of antenna 
will be further discussed in Section 4.2). Here, we will give 
an example of composite antenna with “structure composite” 
method. 


3.1. Monopulse Circular-Polarized Dielectric Complex Waveg- 
uuide Slot Antenna Array, Waveguide slot antenna array has 
been widely used for wireless system, due to its advantages 
of high radiation efficiency, high power capacity, and high 
reliability. However, it is hard to overcome the disadvantage 
of high cost of fabrication. 

One composite antenna with waveguide slot antenna 
array property, termed dielectric complex waveguide slot 
(DCWS), is composed with slot microstrip line and groove 
guide, as shown in Figure7. The slot microstrip line is 
formed by a metal clad dielectric substrate and slots etched 
in the metal. This composite antenna not only maintains the 
advantages of the traditional waveguide slot antenna array 
but also has the characteristics of high consistence, easy for 
fabrication, and low cost. 


f 


Celeritas 
[Frequency x Wavelength} 


ElectroMagnetic Fields 
Bias 
1.112650056 e-17 = 


f 
el} 


Frequency Wavelength 


Frequency is the number of neutral quanta sets EM waves frequencles [photon number] change in direct proportion 
repeating per unit time ina EM wave to the energy content of any electromagnetic wave 


Invespective of whether its measured us 0 
transverse or longitudinal electromagnetic wave 


m 
sass = 2 charge quanta Frequency is the inverse 
128 of Charge 


equawouw ABuaua Jo saj>uanbay pue syyBuajanem ayjoads ay 
f = Ag 


[paunseaw Bujeg aie suoyoyd 10 equenb y) Aypads 03 uayey skemye aq ysnui a1e>] 
saul] uondiosqe/uosssjuia je329ds 104 S|seq BYR UUOY SPjaY WY Ul 


is directly related to the nett 
quantised angular momentum 
of any space time geometry 


JRAHAM [2008] - al 


rX 


Wavelength 


Wavelength isa measure of the distance 
between repetitions of geametrc features 


~ 


Vv 


Wavelengths are the 
inverse of Wavenumbers 


such as maximums, minimums or zer0-points 
of Electric and Magnetic fields 


In phyplca the wavelength of a sinusoidal wave h 
the spatial period of he wave -the distance over 


1—A-1-A-1 
wich the waves shape repeats ts usualy 
determined by conser the stance between 


: I—A— 1-2-1 


waves as wells other spatial wave patterns 


‘The concept can also be applied to 
periodic complex oF non-sinusoidal waves 


20979453 
Ineo metresver secand 


Tetryonics 26.18 - Wavelength 


Wavenumbers 


Wavenumbers are the 
spatial equivalent of 
Frequency 


lal 


v=1 
4, 


Wavenumbers are the 
inverse of Wavelengths 


ny 


Wavenumbers are 
inversely proportional 
toWavelengths 


2% decrease as the 
Frequency Increases wavelengths increase 


1—¥— 1-H 1 FH 1 8 8 8 1 8 1 


28792458 
incor metrespe second 


Tetryonics 26.19 - Wavenumbers 


9 
7 


HAM [2 


for ‘ wre 


mall Esra |fncev4] an{ su} [may vi] 


rosa me ‘ecroMagitic mane 


‘Bosons are EM charges Photons are EM force carriers 


Vv 
itd! 


Frequency is the 
number oscillations 
per measured timeframe 


Longitudinal 
energy momentum 


Wavelength decreases 
‘as Photon wavenumbers 
increases 


il < 


‘1 
KE = aMv? = KE 
E= Wovenumbers are . eer 
inversely proportional ore related tough 


to Wavelengths Celeritas 


%, % ig A hv? 


sacs) Kinetic energy-momenta geometry is 1/2 the equilateral scalar =a 


tr 


mv 


Tetryonics 26.20 - Kinetic e1 


rgy-momenta 


Faraday Rotation memoriam 


the Faraday effect was the fst experimental 


‘The Faraday effect or Faraday rotation is a Magneto-optical phenomenon, that is, in interaction between ‘evidence that light and electromegnetiom are related 
light and a magnetic fel in a medium, The Faraday effect causes 2 rotation ofthe plane of polarization 
‘which s linearly proportional to the component ofthe magnetic eld in the direction of propagation, Fonacy su J twertie efter os follow 


(22 September 1791 25 August 1867) 


‘This experiment determined that 
light was affected by magnetic force. 


termed the Faraday effect. # 
Farsley eiperienatited with other cabistances Before the After the 


Magnetic field M 


gy ee The resultant effect he termed “dlamagnetism? 
ts hig ap concluding that magnetism was an Inherent property 


of all EM mass-ENERGY-Matter 


Every Photon and EM wave has polarised magnetic Reversing the direction 
apexes as a result ofthe Planck quanta constituing them 


(creating Magnetic moments) of Wave propgation 
reverses the rotation 


These Photo-Magnetic Moments allow for the interaction 
of Photons with external magnetic fields resulting in effected by the external 


Faraday rotation af Photons and EM fields 


magnetic field 


ed cred ok lens ter nena area pectral colou 


didnot originate in the 


White Light is comprised of 
many coloured corpusles 


Refracting Prism 


Orange 
Yellow 
Green 


This array ofcoloshe called 


White Lightiis the result of 
superpositioned EM waves 
of differing wavelength Photons 


Uohthas 
econ All EM waves 
eneny possess 

“pec eges Wavefunctions 

‘Magnetic Moment describing 
andean their probabilistic 
bat energy properties 

ot 


— BOSONS 


ooor [fa] |mcv4] 


suoninqunasip 


Transverse wave Amplitude 


ooo [fella] 


1 Mgsterg Boson ants PHOTONS 


ee 


= 
to 
<o 
"og > Longitudinal wave Amplitude 
HB Q 
4 
7) 


Photons are 
longitudinal quanta 


Wavefunction probabilites 


Wave Amplitude 
mgt b-deecinal Momentum 


Probability = 
[Amplitude]? 


Probability of finding a Photon 
ina electromagnetic wave is the 
Square of its Amplitude 


— Quantum wavefunctions mathematically model 
EM radiation patterns thesemlalsl probably dierfunlans 

of electromagnetic mass-energy 
n3 within EM waves 


EM waves 


radiate outward 


16 mm 


at the speed of light : 4 Beran da : Asthe enn ofonEM wave 
along their E fed ; R Batley d= ae 


within scribed radial °e : ; n5 
time dependent \ y & 


spatial co-ordinates 


36 
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(2) The structure of the monopulse cicular-polarized DOWS antenna 
srry (separating view) 


(b) The photograph ofthe monopulse circular polarized 
DCWS antenna aay 


Figure &: Ka-band monopulse circular-polarized dielectric com- 
plex waveguide slot (DCWS) antenna array. 


A Ka-band monopulse circular-polarized dielectric com- 
plex waveguide slot (DCWS) antenna array is designed, 
fabricated, and measured by our group, as shown in Figure 8. 
It consists of a circular polarization grid, a slot microstrip 
array, and a groove guide and feeding network. The slot 
microstrip array is fabricated on a Rogers 5880 film with 
dielectric constant of 2.2 and the thickness of 0.254 mm. The 
measured results of VSWR of sum and different port are 
shown in Figure 9. Figure 10 shows the measured radiation 
pattern at the center frequency. Some important array 
performance parameters such as gain, null depth and axial 
ratio (AR) are also given in Table 3. As shown in the 
measured results, very good performance can be obtained 
with the DCWS antenna array. The radiating efficiency of 
the DCWS antenna array is 80%, which is almost the same 
as the traditional waveguide slot antenna array. Moreover, 
the DCWS antenna array has 40% larger bandwidth than the 
traditional waveguide slot antenna array. 


4. Highly Integration and Highly Operating 
Frequency Antennas Based on Advanced 
Machining Techniques 

It is known that the microstrip antenna was first fabricated 

using PCB technology in 1970s, nearly 20 years after its 
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Figuae 10: ‘The radiation pattern of the monopulse circulae- 
polarized DCWS antenna array at the center frequency. 


concept was first presented in 1950s [1-3]. Clearly, the 
development of microstrip antennas is closely related with 
the machining techniques. Recently, various machining tech- 
niques, including multilayer printed circuit board (MPCB), 
complementary metal oxide semiconductor (CMOS), low- 
temperature cofired ceramics (LTCC), and micro-electro- 
mechanical systems (MEMS), are highly developed, opening, 
opportunities for innovative antennas, such as active anten- 
nas, reconfigurable antennas, metamaterial-based antennas, 
‘THz antennas, and so forth. With the availability of high- 
precision and high-speed advanced machining techniques, 
microstrip antennas are growing towards highly integration 
of antenna/array and feed network and operating at relatively 
high frequencies. Since they are all based on the advanced 
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(a) Schematic side view of the structure of the high 
integrate broadband microstrip antenna array 


(b) The photograph of the high integrate broadband 
microstrip antenna array 


Figuee 11: Ku-band high integrate broadband microstrip antenna 
array using MPCB technology. 
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Figune 12: The VSWR of the high integrate broad-band microstrip 
antenna array using MPCB technology. 


machining techniques, we suggest that a third research area 
of microstrip antennas is constantly introducing novel ad- 
vanced machining techniques. In the following, two exam- 
ples will be presented to show how important the advanced 
machining technique is to fabricate microstrip antennas. One 
is the highly integrate broad-band microstrip antenna array 
fabricated using MPCB technology. Another is THz wave 
planar integrated active microstrip antenna using MEMS 
technology. 
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Ficure 13: The gain of the high integrate broad-band microstrip 
antenna array using MPCE technology 


‘Tanue 3: The measured data of the monopube circular-polarized 
DCWS antenna array, 
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4.1. High Integrate Broad-Band Microstrip Antenna Array 
Using Multilayer Printed Circuit Board (MPCB) Technology 
Recently, with the development of the multilayer printed 
circuit board (MPCB) technology, the microstrip antennas 
can be designed and fabricated from one-dimensional (1D) 
to 2D and even 3D structures. 

Based on the MPCB technology, a high integrated broad- 
band Ku-band microstrip antenna array is designed, fabri- 
cated, and measured by our group, as shown in Figure 11 
This antenna consists of a parasitic patch, a driven patch, 
a stripline feeding network, a broad-band coaxial line to 
stripline transition, some buried screw holes, and some via 
holes. The feeding network is integrated in the bottom of the 
substrate of the antenna, As all ofthe structures fabricated at 
once, the accuracy and the uniformity can be assured. Two 
antennas of this type are measured. The measured VSWR, 
gain, and radiation pattern at the center frequency are shown 
in Figures 12, 13, and 14, respectively. The measured results, 
show that this antenna maintains good radiation and match- 
ing performances with relative bandwidth of 13%. They have 
also shown good uniformity by using MPCB technology. 


4.2, THz Wave Planar Integrated Active Microstrip Antenna 
Using Micro-Electromechanical Systems (MEMSs) Technology 
‘THz waves typically include frequencies between 0.1 THz 
and 10 THz, THz technology is now becoming a promising 
technology which has potential applications in many fields, 
such as short-range communication, biosensor, imaging, 
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After the discovery of the photo-electric effect Hertz and others moved to oscillating charges to produce Transverse [planar] waves 
while Tesla continued to investigate and utilise the older spark gap technology to produce Longitudinal waves 
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Figune 14: The radiation pattern of the high integrate broad-band microstrip antenna array using MPCB technology at the center 
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(a) ‘The photograph ofthe THz monolithic antenna 


to) 


(b) The photograph of the THz monolithic antenna 
covered by a dielectric lens 


Fioune 15: THe wave planar integrated active microstrip antenna 
using micro-electromechanical systems (MEMSs). 


national security, space exploration and communication, 
and so forth [39-46]. To realize THz transceiver system, 
antenna is an essential component. We ofien use horn anten- 
na, lens antenna, and dielectric parabolic antenna, for TH 
systems. However, they are not easy to integrate with mono- 
lithic integrate circuits. Although the microstrip antenna 
has the merits of small volume, light weight, and casy 


integration with circuit, it is difficult to be processed in 
such high-frequency regions. MEMS technology opens the 
way to design of THz antennas, circuits, and systems. THz 
monolithic antenna fabricated using MEMS technology and 
covered by a dielectric lens, which can be considered a 
composite antenna, are designed, fabricated, and measured 
by our group, as shown in Figure 15, 

Diodes have the functions of mixing and/or modulating 
the carrier-wave signal. It is an effective way to reduce the 
propagation path for detectors application by integrating 
the diode and microstrip antenna, The extended hyper- 
hemispherical dielectric lens is used to increase the gain 
of the microstrip antenna, An antenna-coupled detector 
integrated with a dielectric lens is designed and fabricated up 
to THz range by our group. The planar microstrip log-spiral 
antenna and log-period antenna have been fabricated using 
micro-electromechanical systems (MEMSs) technology. The 
photographs of the antennas are demonstrated in Figure 15. 
‘The measured responses of the antenna-coupled detector 
working at different frequency bands are shown in Figure 16, 
which can be considered to determine the effective operating 
frequencies [19, 40]. This detector gave a valid response 
from 12 GHz to 110 GHz frequencies. The results prove the 
validity and feasibility of the THz antenna designed using 
micro-electromechanical systems (MEMSs ) technology. 


5. Conclusion 


‘The advantages and disadvantages of microstrip antennas are 
discussed in this paper. In particular, three areas for further 
development of microstrip antennas are presented based 
on our previous works on microstrip antenna elements and 
arrays. Variety of microstrip antenna topologies and micros- 
trip-antenna-based composite antenna are discussed, and 
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Ficuns 16; Frequency responses test results of the THz wave planar integrated active microstrip antenna covered by a dielectric lens. 


the advanced machining techniques pushing the microstrip 
antennas towards the highly integration of antenna/array and 
feeding network and the highly operating frequencies are 
described. To demonstrate the distinctive features of novel 
microstrip antennas, various antenna elements and arrays for 
different applications are presented. This paper has shown, 
that the microstrip antennas are still very promising para- 
digm for civilian and military wireless applications. 
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A 2.4 GHz 
POLARIZATION-DIVERSITY 
PLANAR PRINTED DIPOLE 
ANTENNA FOR WLAN AND 
WIRELESS COMMUNICATION 
APPLICATIONS 


This article presents the design simulation, fabrication and measured 
performance of a 2.4 GHz polariz 


ion-diversity printed dipole antenna for 
ess communication applications. Tico orthogonal printed dipole antennas 


wi 
each with a microstrip via-hole balun for vertical and horizontal polarization, are 
combined and fabricated on a PC 


substrate. PIN diodes are used as switches to 


select the desired antenna polarization. The 3D finite-element-method (FEM) 
electromagnetic EM simulator, HFSS, is used in the design simulation of this 
planar antenna structure. Numerical and measured results of the antenna 


radiation characteristics, including input SWR, radiation pattern coverage and 
polarization-diversity, are presented and compared. 


wireless local area networks (WLAN), re- nications signal, a polarization-diversity 
‘communications may become 


I: wireless communication systems, such as ly, In order to effectively receive the commu 


search and development efforts are aiming na for wirele 
at smaller size and hetter performance. In ad- an important requirement. A polarization-d 
dition to the use of signal processing tech- versity antenna may have a pair of lin 
niques to improve communication channel ca larized antennas, and the radio signal re 
pacity, the radiation characteristics of the on both antenna is sampled and compa 
portable antenna system is also very important 
for communication performance. 

In urban or indoor environments, the radio HuEY-Ru CHUANG, LIANc 
wave will propagate through complicated re- CHI-CHANG Lin AND WEN-T: 
flection or scattering processes, The polariza- National Cheng Kung University, 
tion of the radio wave may change significunt- Tainan, Taiwan 
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of the incident radiation but are 


dependent on the photon frequency 


1n2-4 specific transitions can release 
8 times the number of electrons 
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4 times the number of electrons 
that n1-4 can release 


‘Soon after the discovery of Planck's Heat law and the quantisation of energy at the quantum level 
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called the threshold frequency. ould not efect photoelectrons from the metal surface no matter how bright the source 
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Fig. 3 Simulated performance ofa 24 GH: printed dipole antenna placed hrizontaly; (a) input SWR,(b) plane pattern 


and (c} H-plane pattern 


n time intervals. Then the an- 
with the best signal quality is 
selected. 

A typical dipole antenna radiates a 
vertically polarized EM wave and has 
an omnidirectional antenna pattern, In 
order to have a preferred planar an: 
tenna structure for this 24 GHz polar- 
ization-tiversity antenna, a printed di 
pole antenna with a microstrip via- 
hole balun is designed. As shown in 
Figure 1, two orthogonal printed di 
pole antennas, for vertical and hori- 
zontal polarization, respectively 
combined and fabricated on a PCB 
substrate. PIN diodes are used to 
switch and select the desired antenna 
polarization. 

n the antenna design, the high 
ency structure ator 
(HFSS), based on a 3D FEM, was 
employed for design simulation of the 
complete printed dipole structure. A 
printed dipole antenna and a polar- 
ization-diversity planar dipole an 
na board (with a polarization-selec 
tion PIN diode cirenit) have been 
fabricated on FR-4 PCB substrates. A 
complete 8D structure FEM simula 
tion and the measnred performance 


of the realized printed dipole-anten- 
na are compared. The measured radi- 
ation characteristics of the polariza- 
tion-diversity planar dipole antenna, 
including input SWR, radiation pat- 
tem coverage and polarization diver- 
sity, are presented 


PRINTED DIPOLE ANTENNA 
WITH MICROSTRIP BALUN 

As shown in Figure 2, a printed 
dipole antenna has a printed mi- 
crostrip balun which acts as an unbal- 
anced-to-balanced transformer from 
the feed coaxial line to the two print- 
ed dipole strips. The length of the di- 
pole strip and the balun microstrip 
are both about 1/4 wavelength, The 
ground plane of the microstrip line 
and the dipole antenna strips are in 
the same plane. A via-hole permits 
the feed point 2 of a printed dipole 
strip to have the same phase as the 
feed point 1 of the other printed di- 
pole strip. Due to the 180° phase dif- 
ference between the top strip and the 
ground plane of the microstrip li 
the feed point 2 of the printed dipole 
strip will have 180° phase difference 
with the other feed point 1, Accurate 


dimensions of the printed dipole strip 
and the microstrip balun structure 
are determined by numerical simnla- 
tion, using HESS. 

The simulation results for a 2.4 
GHz printed dipole antenna placed 
horizontally with a microstrip via-hole 
bahm and fabricated on an FR sub- 
strate are shown in Figure 3. The in: 
put SWR is less than 1.5 from 2.2 to 
2.6 GHz, The simulated E- and H- 
plane antenna patterns are very close 
to those of an ideal dipole antenna, 
where the H-plane pattern is omic 
rectional. Figure 4 is a photograph of 
a realized antenna. The measnred in- 
put SWR and antenna patterns (me 
sured with the dipole placed vertically) 
agree well with the simulation results, 
as shown in Figure 5, 


PLANAR 
POLARIZATION-DIVERSITY 
PRINTED DIPOLE ANTENNA 
Figure 6 shows photographs of a 
realized 2.4 GHz planar polarization. 
diversity antenna consisting of two 
orthogonal printed dipole antennas 
with a polarization-switched PIN 
diode cireuit. Each printed dipole has 
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‘that Thomas Young proved this wave-partile duality with the classic double sit experiment. 
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All ENERGY in motion has probabilistic distribtutions of energy quanta 
resulting from the equilateral Tetryonic geometries 
of electromagnetic mass-ENERGY-Matter 
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(Fig. 4 42.4 Gls printed dipole antenna 


hole balun: (a) top view 


a microstrip via-hole bali, The ter- 
minals of the two baluns are connect- 
ed to a PIN diode selection circuit 
Voltages from the transceiver eirenit 
(45,0V) are fed through a cable to the 
input of the PIN diode cireuit sec- 
tion, to short or open-circuit the PIN 
diodes. Hence, either the vertical or 
horizontal printed dipole can be se- 
lected and connected to the trans- 
Since the two dipoles are very 
close to each other and near the PIN 
diode circuit section, EM coupling 
will degrade the performance of each 
dipole. Figure 7 shows the input 
SWR simulation results with the ver- 
tical dipole antenna selected (45V to 
PIN diode switching circuit), The 
put SWR jis less than 2 from 2 
2.60 GHz, The simulated E- and H- 
plane antenna patterns are all very 
close to those of an ideal dipole an- 
tenna, of which the H-plane pattern 
is still omnidirectional, as shown in 
Figure 8. Note that the dom 
polarization is the vertical (E 
which agrees with the selection of the 
vertical dipole, The antenna pattern 
has some attenuation in the direction 
of the PLN diode eirenit board. It can 
also be seen that a certain level of the 
input RF signal is induced to the hor- 
zontal antenna path by EM conpling, 
which generates some level of eross- 


A Fig. 6 434 Gis planar poarizaton- 


diversity antenna with a polarization 
tnvitched PIN diode cireut; (0) top el 
(b) bottom view: 
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lected. 
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polarization field. Figure 9 shows the 
simulation results with the horizontal 
dipole antenna selected (-5V to PIN 
diode switching cireuit). Results simi- 
lar to the ones obtained for the verti- 
cal dipole antenna can be observed, 
except that the dominant polarization 
is the horizontal (Eg) field, which 
agrees with the selection of the hori- 
zontal dipole. 

‘The measured antenna input SWR 
with vertial or borizontal dipole se- 
lection confirms the input SWR of 
each dipole antenna (through the 
PIN diode selection cireuit) is less 
than 15 from 2.2 to 2.6 GHz, which 
agrees with the HFSS simulation re- 
sults. The measured antenna patterns 
with the selection of the vertical or 
horizontal dipole shows that for the 
selection of the vertical dipole, the 
H-plane pattern is still quite omnidi- 
rectional (as an ideal vertical dipole) 
with some attenuation in the 
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statisical mechanics and math for 
all of Quantum Mechanics 
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Born Probability Rule 
The Probability of finding a Particle 
is the Square of its Amplitude 


‘elryonics 38.12 - W 


White Light mass-energy momenta waveforms Wasser 


“Superpositioned EM waves 
oso 


>: 


Quantum levels 


Scalar EM 
mass-energies 


Linear 


energy 
momenta 


Photons 


Amplitudes 


2D planar mass-energy EM waves are detected as 
Bosons and Photons ental a alternating radial el 


EM eaves are comprised of E-wave radiation fields 
lomptadinal [1'=hf} Phowons 
which in turn con ao be measured 


—— a[[oulfmov4] 


Electro-Magnetic Fields 


2m 


Photons and EM waves have £ 8 


é Ss Peoeresooosooosoce Ip 
ime geometries A . 
an di-electric fields 


« EM wave radiation 


Photons and EM waves oscillating 


propagate outwards from BSSSBIISSEITTES We 


their source at ‘c 


sarees magnetic dipoles 
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all photons and EM waves have mirror E-field 
‘harges on each of their opposing fascia evenTE [fe] [mav4] Thabo hee 
a E ‘lectroMagsetc mane energy momenta propagate 
3 # E orthagonally to their E-fields 


EM wave patterns 


Polarised Photons and EM waves 
produce linear interference patterns 


Diffraction occurs whenever propagating waves 
‘appear to bend around small obstacles in their path 
rd spread out as smaller waves waves past any openings, 
les effects are generally most pronounced for 
waves whose wavelength is roughly 
similar to the dimensions ofthe diffracting objects. 


atomic diffraction 
spectroscopy of matter 
plays an important role 
in the chemical analysis 

of elements and compounds 


the obstructing object provides multiple, closely spaced openings, 
«a complex pattern of varying intensity can result 


This is due to the superposition, oF interference, of different parts ofa wave 
that travels to the observer by different paths 


Un-Polarised Photons and EM waves 
produce circular diffraction patterns 
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Light waves 


Inorder to establish his wave theory of light Young had to overcome the century-old view, 
‘expressed by Sir saac Newton’ in his weatise “Optics that light is a particle of colour. 
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‘Thomas Young studied the interference of light waves by shining light though a screen 
ith two slits equally separated, where the ight emerging from the two sits would spread out 
and eventually superposition [overlap] each other to producea distinct interference pattern FY 
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can be modeled 


due to their al wavefunctions 


Tetryonics reveals the true geometry of Light <5 
and dispels the misconceptions surrounding 
its physical properties of wave-length, 
energy momenta, frequency and 
associated wave-function 
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A Fig. 8 Simulation ofa 2.5 Gls polariation-diversity dipole 
“ntonna with the ential dipole selected. a) Eafe E-plane pattern, 
(b) BfeldHplane pattern, c) Egil (erow-polariaton) plane 
pattern and (d) Egil (erosepolriation) 


tion of the PIN diode circuit board. Figures 10 and 11 
show the mesured SWR and antenna patterns, respective- 
ly. A certain level of the induced cross-polarization pat- 
tem is observed as predicted by the HESS simulation due 
to the proximity of the horizontal dipole strip and the PIN 
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CONCLUSION 

3D FEM design simulation, realization and measure- 
ments of a 2.4 GHz printed dipole antenna (with a mi 
crostrip vis-hole balun) and a planar polarization-diversity 
printed dipole antenna are presented. The planar polariza- 
tion-diversity antenna consists af two orthogonal printed dl 
pole antennas for vertical and horizontal polarization and is 
fabricated on a FR PCB board, A PIN diode switching cir 
cuit is used to select the desired antenna polarization. Satis: 
factory agreement between simulation and measurements is 
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M.Fig. 10 Menvured input SWR of 24 Gl polarzationsivesty 
printed dipole antenna; a) vertical dipole selection 
tind (0) horizontal dipole ection. 


Wave phase interference 


The interference patterns produced by the photon intensities 
of superpositioned EM waveforms have been historically interpretted 
as being the result of transverse radial wave fronts 


Radial modlling of the E-field propagation af —M waves and phatans 


does not reflect thelr true equilateral eneray momenta geometries 


This is now shown to be incorrect 


The Photon intensities resulting from superposiioned 
EM waves (and photons alike) result in a distribitin of 
ceqilateral energy momenta that in tum produces a ‘wave like! 
interference pattern when measured with respect to 
their resulting Electric field intensities over time, 


Nunterous factors can effect the resultant energy momenta 
inmensities namely: Transverse and Longitudinal phase differorces & 
the wavelength frequencies of the photons comprising each EM wave 
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‘Transverse EM mass-energies Matter in motion Longitudinal EM mass-energies 


Historically modeled through relativistic stress energy tensors 
E=hv E=hf 


all Matter in motion is possessive of distinct energy waveforms 
a a standing wave mass-energy geometry [Matter particle] & 
a divergent kinetic mass-energy field [KEM wave] 
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EM induction and forces are effected by 
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with interactive energy momenta [neutral bosons and/or photons] 


All Mattern motion [or not] Photon Intensity 
has both an intrinsic Matter-wave function . 
and an extrinsic KEM mass-energy wave function 
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Longitudinal photon wavefunction 


Interference Patterns 
E=hv 


Every EM wave is comprised of 
identical, specific wavelength photons 
which are arranged in a Normal distribution 
resulting from the electromagnetic Wavefunction 
with a peak value equal to the wave's amplitude 
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When EM waves pass through 
the slits they are detected via their E-fields 

as photons of varying strength energy momenta 

producing the impression of a interference pattern [the square root of the EM wave's 


Wavefuunction/ Probability amplitude) 


Superpositioned wavefunction: 


‘The resultant amplitudes area diet result of 
the Phase of the Superpositioned photons within EM waves 
‘ALL EM mass-ENERGY Matter geometries ‘The amplitudes ofthe dete phon nthe resutantIcerorecepaterns 
being comprised of energy-momenta quanta are determined by thir constructive /Seractve superposition tx eck wave 


are capable of producing interference patterns explaining the interference patterns currently acount or by Young's wave theory 


saiisuaqut uojoyd aaem yyq>{ UO.3D2[2-0j0Y4d 


‘The equilateral energy distribution of the 
associated KEM wave photons, created by 
the linear momentum of the electron, 
produces the parallel, weaker amplitude 
side lines of the interference pattern 
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producing its associated wavefunctions and properties yy auersion berwees the REA Feld andthe horse will 
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Double slit experiments — “salamacedtythem peduin weatr Ev varestathensperposton wth 
a ‘each other to produce interference patterns 
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Equilateral superpositioned KEM waves produce 
constructive and destructive interference waves 
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‘The Compton frequency of any [KJEM 


wave (s comprised of identical wavelength 
‘Photons which can combine to produce Any detctor placed after the primary screen 
Imnerference pater will remove energy from the secondaryKEM fields = 


and affect the interference patterns produced 


{fone slit is observed for the passage of the electron in order to determine 
Its physical state then the Its KEM field wave will be absorbed by the detector 
resulting in only one wave remaining, enforcing a classical particle outcome 
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Photo-electrons 
All Atoms and Molecules 
have ANGULAR charged fascia Incoming light interacts with a surface and may be absorbed, refelected, and/or transmitted. 
in their topologies 


‘Materials have a reflectance spectrum which Isa function of 
the angle of Incidence of the Incoming light. 


The color of an objects afunction of the color spectrum of the Incident light and 
the reflectance spectrum ofthe object's surface. 


Incident light 


Re-transmitted 


Lightwave Refraction 


The refraction of light when it passes from a fast medium 
to a slow medium bends the light ray toward the normal 
at the boundaries between any two media. 


The amount of bending depends on the indices of refraction 
of the two media and is described quantitatively by Snell's Law. 
The Fresnel equations, deduced by Augustin-Jean Fresnel describe the behavicur of ght when moving between med of ciffering eractve indices 


White Light is comprised of 


superpositioned waves with 


differing EM wavelengths 


Ball Lightning e..| 
An alternative radiant geometry 
for electromagnetic waves 


exists 


Descriptions of ball lightning vary wildly 
thas been described as moving up and down, 
sideways or in unpredictable trajectories, 


The EM energies in radiant ‘bal’ lightning 
are transformer-couplings of energy momenta 
& self sustaining until ny interaction with 


(Manor spolages occ hovering and moving with or against the wind: 
‘utracted to, unaffected by, or repelled from 
buildings, people, cars and other objects 


Ball lightning has been described as franspar 
translucent, multicolored, evenly it ra 
‘filaments or sparks, with shapes that 


“Any interaction with a 
‘all’ of EM energies will result in an explosive 
discharge of i's EM energy momenta 


Nikola Tesla was reportedly able to 
artificially produce 1.5” (3.8 cm) balls 
using spark gap technologies 


Wave~Particle interaction-at-a-distance 


eee oro aoe Whether it is Light itself or the KEM field of 


Matter in motion all EM fields are comprised of 
transverse bosons and longitudinal photons 
with probabillistic wave geometries 


a standing wave energy topology [Particle] and 


4 divergent relativistic. Lorentz velocity corrected 
geometric field of mass-energy momenta [KEM Wave] 
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photo-electron KEM wave photon intensities 


RE=M+KEM 
ewe Min atte 
Similarly charged particles 
will repel each other via their 
E-field interactions: 
[Coulomb] 


Force fields and interaction-at-a-distance 


All Matter in motion produces an associated 
Lorentz velocity corrected KEM field of interactive 
‘energy momenta photons 
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The quantum magician’s 
slight of hand trick is where 
the incident electron is 
swapped another 


Allelectrons are 
IDENTICAL 


It is practically impossible 
to identify a particular 
electron and track it 


even using spin orientations 
only eliminates half 
of the total electrons 
in the barrier 


Quantum Tunnelling 


Quantum KEM field tunnelling 
is an example of conservation of 
energy momenta on theatomic scale 
& can be likened to a unidirectional 

version of Newton's cradle 


Removal of all electrons 
but the one under measurement 
is impractical asit would 
result in an attractive 
coloumbic force that 
would trap the electron 
in the barrier 


KEM field 
‘tunnels’ out 


‘The most probable explanation of quantum tunneling 
Is that the original electron was bound to atoms in 


the material barrier and its KEM field propagated 
through the barrier along its original direction 
of momentum. 


the collision is 
Inelastic the KEM 
field energy will be 
reduced along with 
the particle's velocity 


Upon reaching the opposite side/edge of the barrier 
Its remaining energies are able to accelerate 
any weakly bound electron found there 


Quantum ‘tunnelling’ is revealed to be the result of an electron’s KEM wave propagation through the barrier not the electron itself 


The Schrodinger wavefunction of photo-electrons 
is comprised of 3D mass- Matter topologies and 
2D KEM field mass-energy geometries 


the KEM field wavefunction continues to propagate 
in line with its original linear momentum vector 


The collapse of Mauer topologies isthe 
source of radiant stellar mas 
not quantum tunnelling to 


repulsive Coloumbic forces 


Matter energy conversion via GEM pinches 
fs the source of stellar energies 
released in stars 


or are absorbed the KEM field's 
is absorbed or reflected will entropy accordingly, in turn affecting Gea sansa lo no role 
by the material or energy potential barr cab aaa! pn eared nd ene 


(which is itself an erroneous process) 


All Matter in motion is comprised of: 


@ mass-Matter standing-wave topology, 


and 
a KEM mass-energy field geometry 


whose quantised energy momenta is reflective 
of the particle's vector velocity 


Spectral 
lines 


KEM wave & 
Particle 


M photo-electron KE 


wavefunction 


‘The normal distribution of Planck energy momenta in any KEM field 
is the quantum foundation for the statistical probability mechanics 
of quanutm mechanics and quantum electrodynamics 
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in classical physics, the electron 


is. electric fie] 
~} pepe feos isbolow 
energy level of the field 


‘the topological Matter component ofa particle’ relativistic quantum wavefunction 
4s distinct from its Loneuts corrected KEM field mass-energy geometry 


‘sios, the wave 

‘electron encounters 
the electric field, but has some 

20 _- finite probability of tunneling through 


_quanturs tunneling is often also ised in modern physics 
25a means of overcoming Coulombic charg barriers of Protons in stars 
{in order to explain Jon’ asthe source of stellar energy 


Relativistic Kinetic Energies 
The relativistic Kinetic mass energies of all Matter topologies 2-E=mv 
F ro 


In motion are conta 


are subject 10 Le 


peu 


Lorentz contractions Chaps es 
only apply to the KEM fields 12 von nora 
of Matter in motion 


The Kinetic Energex of pot moon = 
canbe eipressed in term of hiner momentum 
Pp af e+ 
- = KE = 3Mv* 
2m 
or equally 0512 the ial ravine EM moss energie 


[exclusive of its invariant rest mass- Matter] 


Charge and Matter topologies 12n Mv? 


Rest Matter Kinetic Energies are Lorentz invariant Rest Matter Kinetic Energies 


Relativistic Lorentz Corrections 
‘ges their name from their earliest appearance, in Lorentzian electrodynamics 
as velocity increases the wavelengths and physical scalar geometries of Planck quanta decreases 


Scalar correction factor 


B=() 


Linear correction factor 
= [%] 
B=le 


utatera! QAM contractions 


normal proabability distributions 


Matter topologies are Cc? KEM geometries are 
Lorentz invariant relativistic fields 
Vv v2 
atthe cussuttaned hms pobaites sins oops 
ctvmetunciondattenh  poralee or suo pees 
c C2 ees 


Incorrectly applied to Matter topologies in motion, 
The Lorentz factor or Lorentz term appears i 
several equations in special relativity. 


The Energy of a Magnet ry os bared iy peg eg 


‘nino eet nena ih ts nein se eg 1V_ amy Positive and Negative quanta the EM field thas creating 
Setlomapen secant: Reco pron so sen on ora ae 2 potential difference & an electro-motive force 


‘ce hemi csi ieee E€ 
Peer ne epee iene eon : 0 
Feeney re age par 
‘The neutralised [KJEM fields are divergent 
= ____ from a permanent magnet and create 
Investigation of the source of the emf produced - — 


‘by magnets in conductive loops placed around them 
Jed tothe development of relativity theory 


PE __The energy of a permanent magnet is stored in 
quanta of equilateral energy momenta fields that 

diverge from the Magnetic mement formed 

by neutralised (Positive & Negative] E-Belds 


Classically, the energy of a permanent magnet 
‘circulates in endless loops’ from North to South 
in 3 dimensions around the magnetic moment 


Mogae Beis re prstuced by mowing lect charge od the mtrinux magnetic mements 
of eiementory particles secated with a fundamen! euantum property. her sn Inipecra! 
‘alot. erctrc and magnetic fet are two interrelated aspects of a ing object. coled the 
letromegnet Held tenor the aspect ofthe electromagnet Red hots sen. magnet 
eld dependent onthe reference hame ofthe observer In QED, the electo- magnet: eld 
‘n quontzed ond electromagnetic interactions rel fom the exchange of photon 


PHOTONS are 


imguinitvors = B= Af 


[neutral charge carriers} 


The equilateral geometry of 
ALL EM fields in relative motion 
10.4 conductor produces a 

time varying emf 


B =. dee Ga. de 


dt dt 
A changing Electric field A changing Magnetic field 
a changing Magnetic field a changing Electric field 


The b no such entity asa purely Electric field 
{all ltd are Electro: Magnetic in their geometric foundations] 


The 
[oll fields 


rely Magnetic field 
n thelr yeomeric Joundations) 


inductors 


Any two separated charge bosons 


All magnetic fields store 


contain charged energy momenta neutral electrostatic 
that once connected via a potentials 
conductive circuit will produce an emf 
permanent magnets 


dt All permanent ma; 
transverse 


Weseetw 


ry ond the 


aducing the current the golvanomete 


Conductor Frame of Reference 
(Moving Magnet) 


Charged boson field geometries 
contain equilateral energy momenta 
‘with traneverse magnetic dipoles 


Special relativity postulates that electric fields in ane reference frame become magnet 


The moving magnet - conductor problem 


ts are electromagnetic fields comprised of dt 
and longitudinal photons 


‘Magnet Frame of Reference 
(Moving Conductor) 


elds in another frame 


Tetryonic theory shows geometrically that the Electric and Magnetic fields are discrete, invariant geometries 
resulting from the equilateral ‘inductive’ mass-energy [Planck quanta] geometries that comprise all EM fields. 
Itis the relative motion of these geometries wrt a conductor that creates changing E&M field flux strengths in turn producing an emf. 
‘When there is no relative motion in either the EM field or the conductor, no emf is produced 


The Electromotive Force 


The electrowative force, (or emf] 
or electromotance 
is"that which tends to cause 
2 current (electrons and ions) 
to flowin a conductor 


Oppoute voltage emf cre 
‘posite forces on the sane 
‘harged patie 


“anger enaegy momenta 

LATE CHAAES 

Iw ction of wv propagiion) 
tal nergy meet 


REHLRATC ancl ‘THe magneto static fields ofall Magnets are 
comprised of electromagnetic elds of discrete 
‘Oppene cargnd particles Planck energy momenta quanta, which 
ewoenenee ape res Inturn are capable of accelerating 
beanecaked charged particles 


‘Changed boson field geometries meet niet ei Neutral photon field geometries 
can be viewed as transverse ‘in such a direction thatthe current it drives around can be viewed as longitudinal 


ryonics 40.06 - The Electromotive Force 


fr + et Is really an electrostatic 
Nica mI The Moving Magnet problem __.,,...Mesurnmesvo 


relative to a magnetic field [creating an orthagona Magnetic moment) 


The moving magnet and conductor problem 
isa famous 19th century thought experiment. 
and provides the intersection for classical 

and relativistic electromagnetism, 


The moving magnet and conductor problem, 
along with Michelson-Morley experiment. 
formed the basis of Einstein's theory of 

special relativity. 


Relativistic theory ee theory 
explavation explanation 
The conductor 
Inthe hame ofa moves through continuously 
conductor moving changing electric and magnetic 
relative tothe magnet, field geometries experiencing 
the conductor experiences sinuodal E/M forces that are 
a force due to an electric field. directly related to each 
‘other atall times 
A Magnetic field is Electric and Magnetic fields 
an Electric field viewed are discrete geometrically 
in a differing inertial frame related energies 
SR requires thatall observers magnetic momentsare 
in inertial frames arrive at the the result of secondary KEM 
same form for Maxwell's equations fields of Matter in metion 
SR seeks to modify space and time 
ina manner such thatthe forces 
and fields transform consistently, moment < Lorentz corrections 
only all to KEM field 
mass-energies 
producing expressions that" 
difler from Newton's law of 
motion by afactocofy hice the relative motion of 
eae ees cee : ‘geometric ElectroMagnetic elds 
accelerating spherical point charges | O”ce mymotion poets 2 ‘creates changing EM forces 


‘ereates magnetic moments 
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pains ae Einstein's Error of perception 


Inits rest frame theelectrc field of a point charge has the same strength n all directions 
‘and diverges away from the charge. 


Electric fields are distorted due to relativistic speed effects to create Magnetic fields 
The faster the velocity the greater the Magnetic field 
At rest the Magnetic field becomes an Electric field 


‘What led me more o less directly othe special theory of eatvity was the convicion that 
the electromative force acting on 2 body in mation ina magnetic held wos nothing else but an electri eld 
Albert Einstein 1953 


‘The SR theoretical model of a spherical charged body being relativisitically distorted as the 
the source of the Magnetic moments for charges in motion Is incorrect 


Lorentz velocity dependent factors relate only to Kinetic EM mass-energies of motion 


{tls the KEM field mass-energies that produce Magnetic moments In relativistic partices = RE 
‘due to the motion of ElectroStatic Matter (12 + loop inductive geometries) 


Moving charges have 
Electric fields and 
The speed of fght in a vacuum [cis the limit for electrically accelerated particles 
Tetryonic geometry reveals it is NOT the limit of acheivable velocities Magnetic moments 


fo 


‘The [KJEM mass-energy content of a particle in motion is velocity dependent 
its rest Matter toplogy & charge geometries are velocity invariant 
Ina frame in which the particle is atrest, (~ 


Tetryonic relativistic motion 


2 
we can detect only electric field 


4 S$ 


{na freme in which the particle is moving, 
we also see a magnetic field. 


rest Matter 


all Magnetic dipoles are 


neutral dipole pairs 


es) 


Tei wall domonsrated thatthe falas of charged paviclos appear durant in Marent, 


Mv? = KEM = hv? 


Tetryonics has revealed that the Kinetic Electro-Magnetic [KEM] field 
ofa particle in motion has a distinct geometric identity of its own 


rest Matter+KEM 


relativistic KEM fields produce a 


necondary magnetic moment 


UZ 


rather than being the relativistic distortion of a charged EM particle 
‘Virtual particles and action-at-a-distance are negatived by Tetryonic KEM field mass-energy momenta 


andthe problem of simuitanity ts avoided because a second particle responds not directly to the fist particle, 
‘but rather to the frst particles extended, velocity related [KJEM field generated by its motion at its own position. 


KEM field Quantum level 


ve @% 


quating Equiateral geometries to Quantised Angular Momentum reveals classical mechanical model closely resembling Maxwells hypothesised idler wheels that be be aplied to any EMfield of force 


Quantum level KEM field 


Virtual Particles ee 
according to the uncertainty principle. 


m’v‘= E’= p* 


The degree of uncertainty of each isinverecly propertionsl 
{otime duration for energy) orto positon span for momentum) 


riginalFeymar diagram illustrating the 


ssatonctaconerooemn oie mv’= E= pv 


ltohr understood that you are golng to try to be mechanical, 
You have to show some convincing mechanics. 


you can’t show some convincing mechanic, you might as well 
‘dodge all mechanics from the beginning, staying withthe math, 


‘He had leared this from Maxwell who had done the same thing 60 years eater. 


{nthe 1860s, Maxwell had tried to ceste vortices to explain the field mechanics, 
bt dng linet endrbenry fre fomlardtebi a es ta caced ORES 


‘ ey ogee 
k mov SS = Pv 


gre fields 
u > 
z = 
m aod 
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N= w 
= x 
< 
= force 
he geome nen of 
the upepononed Bel 


a ag omy eis Wn ihn a pts 
Force interactions between all Matter in relative motion ls mediated by the equilateral geometries 
Te INTEM mass ENERGY momenta hat Spread ot om tel source Mater tough ace tme 


Equilateral geometry - the Hidden Constant 


Quantised Anguiar Moments 


c 


Tewryonics has revealed 
the equilateral relationships between 
Charge, Planck energies and the Constants 
showing quantised angular momentum to be the 
‘hidden’ geometric constant driving the physics 
of our Universe on all scales 


1 
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153570856 « 10" ¢ 


cc 


\ 
*mé h kom 
Quantised Angular Momenta 
has an equilateral geometry 


EMField Planck quanta 


ve [leon] 


ElectroMagnetic mass 


Cavocay modeled 2 » rotational vector Qugatined 
‘Argulir Momentus tt an tqullatral gecigtry 


Priotons are dual equilateral geometries creating’ 
neutral charge with two opposed coupling constants 


Quantised Angular Momenta 
creates charged EM mass-energies 


ics 40,12 - Hidden Constant 


The Alpha Constant 


Alpha is the geometric coupling constant 
between Magnetic and Electrical energies 
that acts as a scaling constant between 

Kinetic and Potential quastum energies 


It is the soutce of the quanutm charges of 
all EM mass energy momentum & inertia 
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ss70Ki0x10"C 007539822 p vansrotsex 0" € 
‘The ALPHA Constant is the scalar coupling field of quantised energy momenta E 1 
e in superpositioned EM fields that facilitates Force (linear energy momenta) > a7oasmOETD 
132.6291192 ‘exchanges, resulting in the familiar Laws of Attraction/Interaction 


chard Feynnan 


(May HF 


In physics, the fine-structure constant 
isa fundamental physical constant, 
namely the coupling constant characterizing 
the strength of the electromagnetic interaction. 


‘The numerical value of ais the same 
inall systems of units, because aisa 
dimensionless quantity. Ws 


0.007539822 


132.6291192" 


equilateral energies 


You might say the "Hand of COM That number, ut “we don't Enow how HE pushed his pencil 


The Fine Structure Constant 
27 [QAM] = 0.007539822 Arnal Sommerfeld into st nd 


2n(QAM] = 132.6291192 


In quantum electrodynamics ais the coupting constant determining the tength ofthe interaction between electrons and thelr exchange photons 
ig I 
e ‘ee 


weak force sarong force 


d 


Itisa dimensiontess quantity that has a constant numerical valve 
inal systems of units that isthe direct result ofits equisteral geometry. 


Siar Charges REPEL Opposite Changes ATTRACT 


a = .007539822 


It. can now be revealed to be a measure of the forces produced by, or contained in, 
the geometry of two superpositioned KEM [E?] field energies 


e- 2 
1 0” M 7 5 3 
Ie 
gravity: M EM forces 
the energy needed to overcome the J the energy of a single photon of wavelength 0 
electrostatic repulsion between two electrons d that provides the energy momenta required 


separated by a distance of d to create a force between particles 


Gravitational Matters always ATTRACTIVE 


Coupling Constants 
k QQ. =F Coulomb fk, the Fine structure constant {cr] and Newton's [G] F =-G MM; 


are all reflections of the same coupling constant geometries differing only 


Tr? by the strength oftheir respective superpositioned energy field densities Tr? 
° ra sre 
§ z 
Es s 
5 4 
Es 5 
= 2 Mi Ma 
8 ¢ 
| 2 
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{In physics, a couplirg constant is a number th 


rmines the strength of an interaction 
for superpositioned Electrical or Gravitational fields b 


electric charge coupling 


‘gravitational coupling 


Opposites ElectroMagnetic Charge Similars 
ATTRACT REPEL 


[the universal coupling constant] 


1.33518 e-20 C Q 1.33518 e-20 C 


leche espe php rooer 
Ele 


ElectroMagnetic CHARGE 
is the equilateral foundation to 
all the quantum geometries of 

mass-ENERGY-Matter 


a aes espe Se ear other electrically charged matter, 
called pe e 


[v-v] 


seconds Changing charge geometries are equivalent to TIME in relativity seconds 


The electric charge isa fundamental conserved property of all subatomic particles, which determines thelr electromagnetic Interaction. 
‘The Interaction between a moving charge and an electromagnetic field Is the source ofthe electromagnetic force, which Is one of the four fundamental forces 


The equilateral geometry of Planck energies creates CPT symmetries in physics, 
and provides the foundation for all Matter geometries and their fields of interaction 


Einstein—Podolsky—Rosen paradox 


Tetryonics provides a complete model of all Energy forms 
and Wave-Patticle interactions, allowing a clear understanding of 
Previously mysterious actions and processes in Quantum Mechanics 


‘Showing that it is possible to know the beth Position and 
Momenta of Particles and to model EM wave geometries 
and interactions in Quantum Physics 


Boni Yatovievich Redotiky Nathan Rosen 


(14 March 1879 18 Apa 1955) 


The EPR experiment involved two systems that initially interact with each other 
and are then allowed to separate before being measured. 


(March 22,1909 -Dacember 18, 1995) 


han re en an 


TASER ia sci tt reg oes tio id ony 
the momentum of one of the pair of particees, 
wil reveal the same feature of the other parte= ‘thus providing a mechanism for determining 
both the momentum and position of both particles simultaneously 


Thus providing a theoretical indication that either the Uncertainty Principle was incorrect 
or that our understanding of Quantum Mechanics was incomplete 
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Spooky interactions-at-a-distance & the transfer of information 


arated; 


Through the equilateral geomtry of Tetryonics the mass-energy-Matter of any system of particles 
can be modelled in order to reveal the true EM mechanics of their quantum interactions 


ane 
bob 


All EM fields have Longitudinal waves can 
amplitude probabilies facilitate instantaneous 
‘wavefunctions’ ‘action-at-a-distance’ 


Information can be communicated 
“The seperation energies form a specific energy [KIEM field instantaneously between vastly separated 
Sorry betwen nd nig the two partes tht particles but their physical quantum 
inshes as the particles move apart, but can still be 
used to predict each particle's properties and to facilitate Properties are never indeterminant 
Instantaneous | flow between as dictated by the Uncertainty Principle 


When two entangled particles are separated using longitudinal energies, the energy momenta of separation provides a mechanism for 
the establishment and near-instantaneous communication of the physical wavefunction/ properties of one particle to the other, 
irrespective of the spatial or temporal [space-time] separation of the two ‘entangled’ partner particles 


Spectral line differentials 


Vv Dp 


Bosons 


All of the transitions of photo-electrons 
bound into a Hydrogen atom can be 
revealed in the fractional geometry 
of KEM field energies 


Quantum Electrodynamics 


Photo-electrons 
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Matter in motion 


3D 
Matter 


Waves 
Particles 


TETRYONICS 


The charged topology of periodic & compound Matter 


Atomic 
masses 


atomic 
j shells 


Molar 
Matter 


Chemical 
Energies 
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Protons =f “Neutrons. 


ut+td+u d+u+d 


All electrons, quarks and Baryons are made d 
up of n+ (Tetryonic) standing-wave EM fields 


As well as having nett Tetryonic charged 
topologies ranging between [-+24) ~[-1 
‘i ul u 


they all ps ELECTRIC FIELDS 


orienting nucle 


particles [elements al 
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The orientation of the component 

Electric fields within 3D Matter 

creates macroscopic force apexes. 
via externalised’E-points’ 


External ¢ 
integral EM fie 


or the abs 


Residual Electro-Magnetic Forces 


The Strong Nuclear force 


binds Matter together 
u 


‘The orientation of the component 

‘Magnetic felds within 3D Matter 

creates macroscopic force apexes. 
via externalised‘M-dipoles’ 


Neutrons 


Nucleonic residual EM force 


The attraction between Baryonic E&M field apexs, a result of their component 
Quark arrangements, results in the formation of heavier and more complex Nuclei 


The residual e-field apexes and m-field dipoles form two rings of 
residual EM fields around the circumference of atomic nuclei 


E-field apexes and their polarities highlight 
the quark alignment of all atomic nuclei and elements 


uP Quark DOWN Quark 
Positive Electr eld oper [Negative Electric field apex 
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Coloumbic forces 
lecons are attracted tothe residual EM 
‘ne +12) positive charge of Protons or 
+12] unbalanced onic charges of nucle 


Insulators and Conductors 


The position of electrons in Nuclei within Atomic Elements 
results in the properties of Insulators or Conductors 


Insulator 


way 
AVA 


Deuterium Deuterium, 


Deuterium [42-42] (42-30) 
[42-42] 
S) 

Tritium 

[60-60] 

Conductive materials contain ‘free’ electrons that Materials that have been ionised are 
can be readily or easily moved within the material more likely to become Conductors 

Insulator materials have electrons that are‘bound' tightly to the atoms on fies ont ect an bo 


and store charges locally where they are applied 
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Nucleon Quark Arrangement 


‘The nuclei arrangement of each atomic shell [quantum level] i the result of quark EM field interactions 


Nucleon Charges and Bonding 


(Strong force - topological Electric Points) 
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residual EM forces 


(Strong force - topological Magnetic dipoles) 


Antenna 


Transmission 
line 


Power 
Divider 
Shorted 
stub 


Rectifier Circuit 


Antenna 


Bound electron arrangements 


Externally bound electrons produce sub-orbital patterns 
different to the electron orbitals of internally bound electrons 


Deuterium Deuterium 


electrons are internally bound 


electrons are externally bound 
Jn the Dewteron nuclei 


tothe Deweron nuclei 


Insulators 


Charges are bound t specific locations 


Conductors 


Charges are fee to move and equalie 


electrons require less energy electrons require more energy 


to ‘break free’ from Nuclei The electron orbitals of to‘break free’ from Nuclei 
conductors are lower energies 


than those of insulators 


2D ie 
‘mass-energy geometries form the fabric of 3D Matter topologies 
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Char i 
irge provides the framework for the mass-energy geometry of Matter 


o 
(188) 


WW 


Neutron 
la 
Ansar oplogesa ret 
trier pieaernrt ine 
12 (0250) 
Matter Matter 
36r[[miv4] 367 [Imciv4] 
‘mass-energy mass-energy 
= 
parlor 
nas 
peal 


Strong Forces and Nuclear Bonding 


How do Baryons with Positive and Neutral charges 
attract each other and bind to form stable elements ? 


Charged EN fascia 
Electric Felds & Magnetic dipoles 


‘Once nucle! have been created thelr external 
electric fields & magnetic dipoles continue to 
attract and bind individual nuclel together via 
the Residual EM Force as nuclel seek charge 
equilibrium by combining with each other 
and electrons to form neutral elements 


‘The attraction and binding of Protons and Neutrons 
through their electric charge imbalances 
creates Deuterons which have +12 charges 


‘The residual Z[+12] charge Is what attracts electrons 
to form neutral atomic nucle! via Coulombicattraction 


Strong Nucleonic Bonding Alveneray sents equilibrium 


Strong E-force 
> nuclear linkages < 


External Electric field points 
bind via Charge fascia interactions 
with Plus and Minus Electric points 
combining and sharing energy 
throughout the resultant nuclei 


in each Baryon [nuclear-chemical bonds} 


a: 
A 
PI - In addition to the Strong colour force . 4 
roa 2 qf aseparate residual binding force arises. = «'s “ 
from the external apexes formed by 
Positive and Negative Electric points of quarks 
1 7 


nuclear spin coupled 


Hydrogenic vs Nucleonic Me wi ae 
electron binding = 
electron 


All atomic nuclei (and elements) are 


Spin DOWN electron coupting 
Deuteron’ic nuclei with a mixture of : {ant paral moments] 
orthagonal, parallel and anti-paralllel \ 

spin orientations 


(this is why Rydberg Is less accurate for elemental nucle! 
compared to Hydrogenic atoms - see QM spin) 


Electrons can be bour 


In four distic 


tation: 


‘Spin UP electron coupling 
parallel moments) 
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Vertically orientated electrons Deuteron 
within Proton-Neutron Nuclei (Deuterons] 
create quantum synchronous conver:or geometries 


electrons produce stronger magnetic moments due to their mass-charge quotient 


Atomic Nucleus 
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Element Names 


11612018 Phased Patch Antenna Array Design on Behance 


ag Giedrius Rakauskas 


Phased Patch Antenna Array Design 
Engineering 


© 1473 wh 17 PO 


Cea on = 


Third Year Project 


The aim of this project was to design a directive phased patch antenna array that could be implemented in modern 
vehicles for distance measurement and autonomous cruise control 


htips:/www.behance.netgallery/4046191/phased-patch-antenna-array-design 118 


Electron orbital configurations 
A huge number of differing d and f orbital configurations 


are possible given the number of nuclei and bond points 
created by elemental topologies 


2D 


As the number of nucleons 
increases so does the complexity 
of the electron orbitals possible 


quantum snowflakes 


However all have a stable ‘core’ 
grouping of nuclei comprised of 
sand p electron orbitals 


go 


All nuclei bonding closely follows hexagonal packing rules 
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Atomic Nucleus 
Exploded view 


wo 
Neutron (1618) 


Tsub-Orbital (2electrons max} 


2sub-Orbitals. (Gelectrons max) 
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O dd ssub-ovbtets 10 electrons mex) 
Or 


7 sub-Orbitals (14 electrons max) 


Atomic radii of elements 
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Orbital energy variations 


All Elements have stable core electron 
configurations of s & p orbitals for each energy 
level as revealed through diffraction 
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each location producing different orbital energies 
for each electron that binds to nuclei in that position 


The final energy levels of each orbital 
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spin numbers without the correct physical topologies 

to base the observed measurements on ¢ HK 
ee On 


Spin? 
n 12 ws 


Sen oom 
‘Determining the motion of electrons bound to atomic nuclei is “eo” 
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of oscillating fans positioned around it. sd a 2 Ld 2 3 AND the carousel is turning around on its axis 


—-NWFHUDN ® 


Each level of the quantum carousel 
can contain only a limited number of 
fans each running at a specific speed 


dps 


Imagine trying to measure (or model) the motion of any 1 quantum scale blade while the carousel rotates 


AUFBAU 2 2 FILLING 


electron orbitals 


BUILDING THE ELEMENTS 


Dalton Model Quantum Model 


Thomson Model Rutherford Model 


toe 


Tetryonic charge geometry has finally revealed the 
true quantum topology of all atoms 


‘) Historically viewed as a spherical object 


Element numbers 


The rule dictating how mary nuclei form each Atomic shel is known as th 


The physical 


“The maximum periodie elemental number is 120 


‘The number of nuclei per quantum level 
is reflective of photonic energy levels and 
provides the foundational geometry 
for all of the periodic elements 


‘The number of possible nuclei in each Quantum level 
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Deuterium is the building block of all elements 


Each element has equal numbers of Protons, electron & Neutrons 
with their stored mass-energies making up the molar masses 
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Despite having differing mass-energies each Deuterium nuclei 
has the same velocity invariant Matter geometry [847] 


spin orbital coupling in synchronous quantum convertors 
Electrons act as quantum scale rotating armatures in atomic nuclei 
and can only have specific energies reflective of the electron orbital 
energy level of the Baryons in which they are found 
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to acheive the specific angular momentum required 
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Redefining Atomic weights 


Carbon 12 


The'unified atomic mass unit’ currently in use 
is known to be inaccurate and must be corrected 
in order to bring clarity & increased accuracy 
to the atomic weights of all elements 
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atomic Planck mass of 22512n quanta 
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(or ur-bind) the Fighest energy photoelectron from an atom or molecule 


Z Honeves due to interactions with surlaces, this value ifs from the fonzation energy 
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x=Acos (wt + 9) Much of the math in of modern physics F=-kx 
is predicated on the assumption that 
Circular motion x [where it appears] is related to tinearnetan 


the properties of a circle 


‘Simple harmonic mation canbe visualized asthe projection of uniform circular motion onto ove axis 


Principal Quanturn Numtbe 


simple harmonic 
8 motion 
Q 7 
P 6 
a) 5 
N 4 
Circular motions describe a 3 Nuclei per shell in elements follows 
‘the motion of a body L 2 a’periodic summation rule’ 
with a changing velocity vector « 1 that is reflective of 
[the result of an acceleration force]. photonic energies 


> ae 


K . ° ° 
Periodic Summation 
STEP ONE Per fetryonic theory ‘STEPTWO: 
Periodic summation follows the a Periodic elements build up 
atomic shell electron config following the aufbau sequence 
2 Rk 8 Ere 2 2m, ae vniemm 
: Qo-8 118 Ununoctiom 
R Q 7 
2 8 Pp 180m) v0 6 Er-8 110 Darrnatadtiam 
= NA GAS ote 
F P 2 x? Ns o 324. ahs 5 Zo =32 a 
i = 8 HERA OR 4 Even ® 
: 
2 8 3 Dy= Be 
st * bt r Dee We 
Each atomic shell can hold only a _ = ! 2 mils Hela 
fixed number of deuterium nuclei A 
f§ d@d ps pd ¢ © Hydrogen 
are : 
Aufbau 
h ‘2 Protons 24-12) 
pepipicalpeceninl my Za[ iNew [era Jove alent Se 


Element numbers Principal Guaneum Numbers lonisation energies 


Nuclei per shell in elements follow 
‘periodic summation rule 
thatis reflective of 
photonic energies 


2(x?) = 


=) 


Neor s+ B+ Be grarn 

RF eZ2eovesz 

-“NwWAUNAN 
levels 


Periodic mass-ENERGY-Matter 
siti. a Following periodic summation rules for shell filling | 
Us Unnoctu 4 nn[1-8] quantum energy deuterium nuclei Un-named series 
7 Francium = combine to form elementary Matter 
U3 aon a 4 Humphries series 
102 Nobeliwm R i eae oe SS ae Pfund series 
one “4 ¥ [[72)}+[12e19}+[m.v'] | 3 
2 wmn - ry ps < ed 1 Brackett series § 
oll ~ The measured wight of Matern ovations elds the resut of ee z 
ese ; ‘planar mass-energies in tetryonic standing-wave geometries Vesti aortas 3 
> tiewuen a an 
2 an aig The periodicity ofall the elements, penencanin 
——— along with their exact molar rest mass-energies and 

tom 6 


quantum wavefunctions can be described with Tetryonic geometries 


COCO OOo 


Neeson een 


e@e@aez2fse 


2 
& 
3 
z 
5 
3 
3 
3 
5 


Photo-electron ionisation energies 


t+eseoos 


weeanneen 


gmunontane 


ee@aezsse 2 


Eigenstate - lonisation energies 


Aamithal & magnetic bors 


2  R 8 & 
a?) ees 
3 Pp GF 
ss 2 te n 
- 30 St iz 
2 IN Ag 8 
1 S of 
8 L a i 
2 K 1 4 
oot ¢$dps pd ¢ 
Th raton nae ol ams vatesdon may acon nome 
ecoopirsiaslonplosten bayesct sake woos 
enact emper el pen serena 
imi neeerepugeansesbooniocsan 
a 2 2a FB ke? 13.62? 
First ionisation energies for all periodic elements Be 
25 
eV 


Proton - Neutron Curve Atomic Nuclei Numbers 
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being the result of ‘excess or extra’ Neutrons in the atom in all periodic elements and nuclear isotopes 
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Fig. 4 


‘Types of antennas a 2.45 GHz patch antenna with rectifier [38]. ©2010 IEEE. All rights reserved; b Planar dual- 
polarized antenna [24]. ©2015 IEEE. All rights reserved; ¢ Microstrip antenna [37]. ©2012 IEEE. All rights 
reserved; d Array of stacked differential patch antenna [33]. ©2015 IEEE. All rights reserved 


The plate antennas are popular and have many applications 8]; on-chip antennas are preferred for small and compact 
applications. Recently, many publications addressed wide-band and multi-band antennas. It has been proven that narrow-band 
antennas offer high energy conversion efficiencies but can only retrieve a limited amount of energy. On the other hand, wide- 
band or multi-band frequency antennas can retrieve more RF energy in space. However, the tradeoffs are low overall efficiency 
and large aperture. In [32], antennas with a resonance frequency of 4.9 and 5.9 GHz were designed with PCEs of 65.2 and 
64.8%, respectively. Further work by Lu et al. [26] on polarization antennas supports the assertion that expanding the bandwidth 
of an antenna leads to increasing the amount of power harvested. In this work, the demonstration of broadband polarization 
antennas with three separate modes allows the antenna to operate in a wider range of frequencies. One common mechanism in 
the aforementioned works is the control of the antenna configuration by switching the diodes on and off, thus altering its 
resonant frequencies. However, since it uses separate modes for different frequencies, this antenna is not able to simultaneously 
resonate at two frequencies, On the other hand, the antenna presented in [39] is capable of operating at 2.45 and 5.8 GHz, 
simultaneously, providing 2.6 V output with a PCE of 65% and power density of 10 mW/cm?. 
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The mass-energy content of Baryons determines the KEM field of electrons 
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Mapping Planck mass-energy contributions to elementary Matter and isotopes 


Schrodinger’s quantum numbers 
E=hv? 


w+ev+e=Z 
gevera fom quota equation 


ax?+ bx +c=Z 


E=nhv + 


polar aufbau 


—-NWHTAN © 
rergy leve 


c 


Bohr's atomic orbital: 


Identifying electron rest Matter topologies as velocity invariant we can re-arrange the 
component Planck mass-energy geometry formulation of periodic elements to 
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Determines the spectral line 
IKEM field energies} 
of electrons bound to them 


The relativistic rest mass-energy-Matter of all periodic elements 
is the sum of the mass-energies of all atomic nuclei and spectral lines 
that comprise its mass-Matter topology as measured in 
any spatial co-ordinate system per unit of time 
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112812018 RF power harvesting: a review on designing methodologies and applications | Micro and Nano Systems Letters | Full Text 
‘The main purpose of aligning antennas in arrays is to enhance the antenna gain and obtain high voltage/current. Array antennas 
are preferred over large aperture antennas because they do not require large breakdown voltage diodes to operate. Antenna 
arrays can be connected before or after rectification. The first configuration enhances the retrieved power at the main beam 
while the second configuration expands the ability to retrieve power from various angles away from the main beam [40]. In case 
the RF waves are combined before rectification, the rectifier requires a large breakdown diode. If RF waves are combined after 
rectification, combining DC current becomes problematic. Antenna arrays can be connected in series or parallel to obtain high 
voltage or large current. Nonetheless, expanding the arrays yields better output but this might cause a deduction in conversion 
efficiency [33]. 


For demonstrating antenna arrays, Sun et al. [35] invented a T-junction to connect four quasi-Yagi antennas together. The 
advancement in this work was that the T-junction was flexible in changing from 1 x 4 array to 2 « 2 array topologies. 
‘Consequently, the system was able to operate at an ambient power level as low as 455 1, W/cm? while obtaining 40% PCE. 


Impedance matching network 


In low-power consumption electrical systems, power leakage during transmission may lead to energy insufficiency. In these 
circumstances, adding an impedance matching network (IMN) ensures that the maximum power transfers between the RF 
source and load. For WPH applications, the receiving antenna is considered as the source while the rectifier/voltage multiplier is 
considered as the load. It is acknowledged that in DC, power transfer is optimum when the resistances of the source and load are 
indistinguishable, In an RF circuit, the impedance is referred to instead of resistance. An impedance mismatch between the 
source and load creates reflected power flow in the circuit that lowers the efficiency of the system. As its name indicates, the 
IMN ensures that the impedance of the source and load are identical by adding reactive components in between. 


There are three basics matching configurations i.e. L, T and x matching networks (Fig. 5). The L matching is commonly used 
since it typically has two components, which simplifies the designing and controlling process. Additionally, the L matching 
networks do not alter the quality factor (Q) of the circuit. 


2, a) 

Zin 2 Zout n 24 Zout 
L network Reversed L network 
Zi Z3 4 

Zin zy Zour Zin 23 Zou 
T network Tt network 


Fig. 5 
Configuration of common impedance matching networks 


The T and x matching configurations are more complex than the L network, Furthermore, organizing the T and x configurations 
into multiple stages will retain the final matching results but will change the Q factor. This strategy is useful in improving 
voltage boost. 


There are tradeoffs between the attributes of an IMN, which include frequency, bandwidth, adjustability, and complexity. For 
instant, in [41], the suboptimal impedance matching and multiport ladder matching methods were introduced to enhance the 
https:imnst-journal. springeropen.convarticles/10.1186/s40486-017-0051-0 11125 
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ieai2018 RF power harvesting: a review on designing methodologies and applications | Micro and Nano Systems Letters | Full Text 


matching performance and harvested power of antennas, respectively. However, the tradeoff was that implementation of these 
configurations required more components than traditional matching networks, thus, escalating the circuit's complexity. 


Etor et al, [42] designed an IMN for THz frequencies applications using transmission lines and self-designed metal-insulator- 
‘metal diodes instead of lumped components. Moreover, fixed IMN and tunable IMN [43, 44, 45] were introduced as a technique 
for better matching with wide-band and multi-band antennas, 


Rectifier/voltage multiplier 


RF energy extracted from free space usually possesses low power density since the electric field power density decreases at the 
rate of 1/d, where d is the distance from the RF source [46]. Therefore, a power amplifier circuit is required that yields enough 
DC energy from the electromagnetic waves to drive the loads. This gives rise to two possibilities, if the power consumption of 
the load is lower than the average power harvesting, the electronic devices at the load may work continuously; otherwise, if the 
load consumes more energy than the power harvesting circuit can generate, the devices cannot work continuously [47] 


Reetifying is the most popular application of diodes, which refers to the conversion of AC current to DC current. In terms of 
power harvesting application, the RF signal retrieved in the antenna has a sinusoidal waveform. The signal after transformation 
through IMN would be rectified and boosted to meet the power requirements of the application. 


The most fundamental topology of the rectifier is the half-wave rectifier that comprises of a single diode D1 (Fig. 6a). When AC 
voltage transfers through D1, only the positive cycle remains and the negative cycle is cutoff; thus, it diminishes half of the AC 
power. Moreover, the output Vous is discontinuous since the negative cycle is cutoff. Despite its simplicity, a half-wave rectifier 


is usually inadequate for common applications. Hence, a full-wave rectifier is more preferable. The circuit design of the full- 
wave rectifier is shown in Fig. 6b. During the first negative cycle of AC input, diode D1 is conductive and capacitor C1 is 
charged to the corresponding energy level of Vea Of the input. Then, at the next positive cycle, diode D1 is blocked, diode D2 


is conductive so that capacitor C2 is also charged. In consequence, the output Voy: Would see two capacitors in series (each one 
is storing a voltage of Vpeaky. Thus, Vout is twice Vpeak. Therefore, this topology is more stable and efficient than the half-wave 
rectifier. There is also a bridge rectifier that rectifies both positive and negative cycles of the AC input but retains Vix = Vpeak 
by alternatively blocking pairs of diodes D1, D4 and D2, D3 (Fig. 6c). 
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Some common topologies of a rectifier 


Voltage multiplier is a special type of rectifier circuit that converts and boosts AC input to DC output. In some case where the 
rectified power is inadequate for the application, there is a need for boosting the output DC by stacking single rectifiers into 
series, forming the voltage multiplier [48]. Several configurations of the voltage multiplier are shown in Fig. 7. The most 
fundamental configuration is the Cockeroft-Walton voltage multiplier (Fig. 7a). This circuit's operational principle is similar to 
the full-wave rectifier (Fig. 6b) but has more stages for higher voltage gain. The Dickson multiplier in Fig. 7b is a modification 
of Cockcroft-Walton’s configuration with stage capacitors being shunted to reduce parasitic effects. Thus, the Dickson 
multiplier is preferable for small voltage applications. However, it is challenging to obtain high PCE due to the high threshold 
voltage among diodes creating leakage current, thus reducing the overall efficiency. Additionally, for high resistance loads, 
output voltage drops drastically leading to low current supply to the load. A summary of recent works related to voltage 
multiplier is shown in Table 3. 
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Differential drive voltage multiplier 


Common voltage multiplier configurations: a Three stages Cockcroft-Walton voltage multiplier, b Four stages 
Dickson voltage multiplier, ¢ Four stage Dickson voltage multiplier using CMOS technology, d Two stages voltage 
multiplier comprised of differential drive unit 
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Published work comparison regarding voltage multiplier 
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Prototyping Methods 
There's more on this in Scherz, Practical Electronics for Inventors. 
Solderless Breadboard or Plugboard 


This is what we've been using in 
lab. 


Advantages 
* Very fast to build and make 
changes. 
© Works well with DIP ICs 
Disadvantages 
© Limited reliability—tab 
testing only, for limited-size circuits. 
© High capacitance between adjacent rows (~ 10 pF). 


© Only for small-lead-size components (.032” or 0.82 mm max—a | A diode lead is just barely 
too big to meet the spec.) 


Springboard 
Used in ENGS 22 
Advantages Disadvantages 
© Fast to build and make changes. © Can't accommodate small lead 
© Accomodates large wire sizes. spacings such as on ICs. 


© Although it is reliable enough for 
long-term use, it's expensive for 


that purpose. 


* Secure, reliable connections. 
* Can handle higher current/power. 


Wirewrap 


‘Connections made by fine wire wrapped tightly around square pins of special IC sockets. This is a great 
way to make a permanent version of a digital circuit almost as quickly as using a solderless breadboard. 
Used in ENGS 31. 


Advantages Disadvantages 

© Fast to build and make © Low current—limited to under a few hundred mA, 
changes. © High inductance/resistance—on the order of 0.1 ohm, 

© Can make a complex 0.25 MH per foot. 
circuit compact. © Only makes reliable connections to square leads (as 

© Reliable. are on wire-wrap IC sockets). Discrete components 

ee (c.g., resistors, capacitors, transistors) need to be 
permanently, soldered to a “header” that goes in an IC socket or to 


4 individual wire-wrap pins. 
© Inexpensive, BP 
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Perfboard and Solder. 

Using the same perfboard as used in wire-wrap work, it is possible to simply 
twist and solder leads, and run wires where needed. 
Advantages 

* Reliable, if done well. 

© Can be used permanently. 

* Inexpensive. 

* Can handle any size components 

* Convenient for working with discrete components. 
Disadvantages 

© Slow, requires skill to do well, 

© Works for ICs, but not very easily. 


Variations: 

*  Perfboard with individual copper pads on each hole so that the solder will better hold things in 
place. (Photo below) 

+ Perfboard with a perforated ground plane. Provides the shielding and grounding benefits of a 
ground plane, and makes ground connections easy, but requires care to avoid shorts. Some have 
the ground plane etched from around the holes; others require you to cut the copper away from 
the holes with a special tool. This is also possible with wire-wrap, as in the photo in that 
section, 
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Generic Printed-Circuit Board—multiple hole-per-pad. 


A printed circuit board with a pattem of holes and connections similar to a solderless breadboard. 
Advantages 
Easier than using plain perfboard, especially for ICs. 
Reliable. 
© Can be used permanently. 
Available with ground planes if needed. 
Disadvantages 
© Usually not as compact a final circuit as some alternatives, because you are constrained by 
layout. 
Pads bigger than needed can add capacitance, but not much. 
Can be expensive, especially the “vectorboard” brand. 
© Sometimes awkward for odd sized or large components. 
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“Dead Bug,” or “Ugly-board” 


Start with a plain copper-clad board, Glue ICs down with the leads sticking up in the air, Then solder 


to them 
Disadvantages 
* Provides an excellent ground plane. © Requires high soldering skill. 
Can be a high performance way to © Takes a long time to build, 
build sensitive and/or high- Mechanical support for components is 
frequency analog circuits marginal; can add glue (*RTV") after 
© Can make a complex circuit debugging. 
compact. © Only makes reliable connections to square leads 
* Reliable (as are on wire-wrap IC sockets). Other 
© Canbe used permanently. components (e.g.. resistors, capacitors, 


transistors) need to be soldered to a “header” 
that goes in an IC socket or to individual wire- 
wrap pins. 


— a 


© Inexpensive, 
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Manually cut the board with a dremel too! to isolate sections for purposes other than ground 
plane (use the back for ground plane). See photo below. 


* Glue on little rectangles of cut-out board to add power busses, etc. 


Printed circuit board (PCB) 


This is what is used virtually universally in production of electronics. 


Advantages Disadvantages 
* Easy to build in production. ‘© Laying out the board and getting it fabricated 
© Repeatable, controllable stray L, C. takes time, although you can pay for 


fabrication in a few days if you can afford it. 
‘© Expensive, on the order of hundreds of 
dollars for one, but with almost no increase 
in cost to make many. 
© Hard to make changes, but making changes 
* Design can be (somewhat) automated may be easier than building another type of 
from a schematic you have entered. prototype. 


* Can handle virtually any component, 
power level. 


* Highly reliable. 
© Can make very compact. 
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Notes on surface-mount components 

Most modem production designs now use surface-mount components instead of “through hole” components. 
‘The circuits can be more compact, and the board layout is easier because different things can be done on each 
side (and in additional layers between sides) without through-holes interfering. But prototyping gets much more 


Prototyping options for surface mount 
© Simulate, and then lay out a PCB. Don't ever make a breadboard. 
* Order DIP ICs and leaded passives for the prototype, and then switch to surface mount for production, 
© Get adaptors that have pads to solder surface-mount ICs to, and then standard-spacing (0.1") pins in DIP 
or SIP layout. Digikey carries “surfboards” made by Capital Advanced Technologies, and adaptors 
made by Aries Electronics. In addition to DIP and SIP adaptors, there are boards with solder pads for 
connecting larger wires; these work well for prototypes built in “dead bug” style. 
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Crystal receiver set 11 


Back to the indi 


iver has a single tuned circuit, the Q factor of the tuned circuit is quite Low. 


This re 
‘iver can be used well for reception of local stations, for reception of distant stations itis less suitable 


The re 


I tried to give this receiver a nice "old-fashioned" look, the reception performance was in this design of less importance 
‘This receiver is for sale, 1 made a series production of these, and will build more on request. 

‘This receiver is also for sale as do-it-yourself kit, 

See the shop for more information, 


‘The front panel of the receiver. 
‘On the left side the socket for the headphone, 

In the middle the tuning knob. 

(On the right the connections for antenna (upper) and ground (lower) 
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‘Top view of the receiver. 


Circuit diagram of receiver set 11 


Cay) Sg PF 


= 6enF 


Circuit description, 
‘The resonance circuit is formed by coil L1 and Clb and Cle (together 1000 pF). 

Capacitor C1a and C2 provide the matching between antenna and tuned circuit, 

‘The frame (rotor) of the tuning capacitor is carrying the RF signal, by this it is possible to tune simultaneously the tuned circuit (C1b 
and Cle) and the antenna matching (Cla). 

Germanium diode D1 provides the signal detection, 

‘Transformer TR1 is loaded with 16 © at its 4.0 output, through this the input impedance increases from 16 k® to about 43 kQ. 

At the output a headphone of 2x 32 0 can be connected, with the two speakers parallel, the impedance is 16 2, 


‘Component Al isa gas discharge tube (also called: surge arrester) with type number: N81-A90X. 
‘The gas discharge tube protects the antenna input for too high voltages, 
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Response to an analysis of Tetryonic Chemistry by Robert J Brotherus [July 2015] 


In reply to a paper outlining Mr Robert Brotherus’ examination and mis-understanding of 
Tetryonic theory and in particular how it applies to the modern understanding of Chemistry 
as it currently taught... 


Point by point I'll firstly address the particular points of concern raised wrt modern chemical theory 
and physics in general: 


Tetryonics paper on quantum chemistry is very scarce on making any predictions about 
atomic properties or comparing such predictions to experimental results. 


Tetryonic theory provides many predictions regarding the physical 2d planar geometries of 
bosons [radiant mass-energies] and the 3D material Topologies of Fermions [Matter and 
their associated physical properties]. Inclusive in these are many predictions and repeated 
statements and illustrations of specific particle shapes and the values of mass-energy 
momenta attributed to each... as well as how these values stem from the equilateral 
tessellation of Planck energy momenta and why they differ from the established values of 
modern scientific theory.... 


In many cases there are similarities to be found with existing observations but where 
Tetryonic theory differs from modem theory it is not by choice but rather dictated by the 
equilateral mass-energies within charged Matter topologies themselves and all too often led 
to much effort in order to reconcile the differences, leading to further insights and extensions 
of the theory over time..... Where differences exist it is deliberate not by error. 


The quantum building blocks of Every 
{mass - ENERGY - Martr] 


Tetryonics is a BOTTOM-UP physical theory that unifies many currently disparate theories of 
science into a coherent unified model of the same — but not without its own set of mental 
challenges to those who are first becoming acquainted with it. As such it must be recognised 
that Tetryonic theory should not be studied without a sound understanding of the foundation 
upon with itis built.... Many have approached analysis of my work in such a way only to find 
that their analysis was limited by modem science’s lack of precise detail of the foundations 
of the physics that they attempt to explain [to wit modem theory is a top-down explanation of 
the science build up over many generations with an equal number of varying interpretations 
and assumptions] 


Tetryonics plays down importance of ‘mathematics’ and instead emphasizes geometry’. 


Arguably | place a lot of emphasis on geometry over that of mathematics in Tetryonic theory, 
but only so as it offers insights into physical theory that maths alone has not been able to 


provide since its wholesale incorporation into the science in the 1600's. This is not to 
downplay the importance and productiveness that maths has provided us a scientific tool, 
but rather to ‘illustrate’ and draw attention to the advances that a purely geometric model has. 
to offer us in advancing our understanding of the same..... To wit, Tetryonic geometries are 
based on the postulate that all physical theory is founded on equilateral Planck quanta of 
‘energy momenta and as such these physical entities afford no room for speculative ideas or 
mathematical manipulations beyond what is physically possible to be constructed. 


To help elucidate my work and thoughts on the differentiation of 2d planar mass-energy 
geometries from 3D Material topologies | recorded a detailed YouTube video titled 
“Tetryonics 101” where | show HOW to use the existing Tetryonic templates [of Planck 
mass-energy momenta] to construct all the fields [boson & photons] of the Standard model 
along with the 3D Mater topologies of all the known fermions [and them some]... | do hope 
you'll take the time to review this detailed instruction on the creation of quantum fields and 
Matter and try to replicate them same yourself — it is THE most informative thing students of 
Tetryonics and science in general can do when trying to increase their understanding of the 
hitherto unseen constituents that make up quantum theory and our macro-scale Universe 
and the laws of Nature we observe..... 


Tetryonics paper on physical chemistry is scarce on such numerical predictions and where it 
does make such predictions they are often in contradiction to observed experimental facts. 


In addition to the maths found within Tetryonic illustrations there are also many 
spreadsheets developed from those very same equations over time to provide the numerical 
detail found in the illustrations — particular wrt periodic elements and theory rest atomic 
masses and kinetic elements etc. — It is by no means exhaustive on every topic imaginable 


‘These high voltages can occur if the antenna picks up static charge from the air (especially occurs with long outdoor antennas from non 
insulated antenna wire). 

As the voltage at the antenna is higher then 90 Volt, the gas discharge tube will start to conduct and short the high voltage to ground, 
‘As soon as the charge has flown to ground, the conduction stops automatically 


Frequeney range of the receiver. 

Frequency range without antenna: S00 - 2500 kHz. 

Frequency range with 10 meter antenna connected: 487 - 1860 kHz, 

Both with and without antenna connected, the whole medium wave band can be tuned, 


Q factor of the LC circuit (Without antenna and without diode connected): 

600 kHz: Q= 83 

900 kHz: Q= 81 

1200 kHz: Q= 75 

1500 kHz: Q= 65 

‘The circuit Q is rather low, one reason for this is because the RF signal isin this design on the frame of the tuning capacitor. 
Because the frame of the tuning capacitor is directly connected to the wooden bottom plate lasses occur here. 
You can find a complete building instruction op the following pages: 

Step 1 Preparing the components 

Step 2 Making the frame of the receiver 

Step 3 Making the coil 

Step4 Placing the components 


You will find here the part list of this receiver. 


but they do address the information provided on particles & elements ete. along with their 
kinetic and relativistic energies of motion. 


Tetryonic Problem: Missing hydrogen element 


Hydrogen is not missing from Tetryonic theory — in fact it is extensively detailed and 
modelled in Tetryonics [1] - Quantum Mechanics eBook [again highlight the need not to 
Jump into one’s preferred field of expertise and study but rather learn Tetryonic theory as you 
would any modem physical theory in order of presentation} 


Hydrogen is designated as element 00 in Tetryonic theory as it is NOT the building block of 
periodic elements as is currently understood but rather a sub-unit of Deuterium the real 
building block of all elements.... This is not an arbitrary decision but one forced on anybody 
who attempts to build physical models of all elements in order to match and explain many of 
the current established aspects of chemical and quantum theory wrt the quantum 
electrodynamics of elements themselves wrt molar mass, the Aufbau principle, Schrodinger 
and Bohr numbers for each element and how Deuterium nuclei [or any other] may bind 
together in order to form all the elements of the periodic table and their respective spectral 
emissions lines. 


Attempting to build heavy elements utilising Z number Hydrogen nuclei as a foundation with 
the excess molar masses being accounted for by way of ‘extra or excess’ Neutrons [as is the 
established model of modem chemistry] runs into a number of problems immediately — 
namely: 


The lack of residual strong Force binding points on nucle’ to facilitate the binding of Neutrons 
to the nuclei in order to form the elements [particularly elements 60+] 


The incorrectness of ‘reserve beta decay’ to explain and model Neutron particle formation 
and the mechanics of electron binding to periodic elements in accordance with Schrodinger's 
wave equation and Bohr's atomic model of the same in order to produce observed spectral 
line emissions of each element in the PT. 


There is no uncertainty or indeterminacy in Tetryonic theory as there is in modern theory to 
explain away such inconsistencies between various aspects of physical theory — each 
attribute MUST be modelled and explained from first principles & invariably leads to new 
insights into quantum chemical theory that are at odds with established lines of thought. 


To wit | stand by the claims and statements made in my eBooks : 


Each elemental nuclei is made from Deuterium" (p. 12) 

"120 elements in 8 quantum levels and hydrogen as a free radical.” (p. 26) 
“Deuterium (not hydrogen) is the building block of all elements.” (p. 21) 
“Hydrogen is NOT a periodic element" (p. 83) 


Proton - Neutron Curve [Atomic Nuclei Numbers 


As itis the ONLY way to model and explain how all the periodic elements are created from 
equilateral Planck energy momenta that is in accord with the known observables... they are 
not in agreement with some aspects of established theory BUT they do closely mirror the 
observables and once KEM fields of thermal heat, kinetic motion etc. are taken into account 
provide a very accurate quantum model of chemical processes at the quantum scale. 


Tetryonics does not throw all these facts out of the window just because hydrogen does not 
fit neatly into my [or other] pre-conceived set of boxes and triangles and hexagons, they are 
calculated from the Material models and immaterial fields associated with each element that 
MUST grow from first principles... not from assumptions elaborated upon over time. 


* Aufbau Principle ©» 


In fact the Aufbau table is shown in Tetryonic theory to be a table that has been ‘right 
justified’ to match the nomenclature of mathematics rather than the geometric topology of 
reality [which is centred about the principle quantum numbers and shells of Schrodinger and 
Bohr respectively]... it is only our skewed perspective of maths that prevents most from 
seeing the real symmetry present in atomic nuclei as detailed in the quantum numbers of 
Schrodinger's wave equation for the same ... ie there are no g,h,|,, shells as supposed and 
all the quantum numbers of Schrodinger’s wave equations match the symmetric topology of 
elements as geometric portrayed in Tetryonics [and are in agreeance with Bohr's shells and 
orbitals as well, thus unifying all 3 theories] 


Planck masu-energy contributions to elementary Mater and iastopes 


15250 


The material topologies of Tetryonic theory then also lead to the necessity to correct 
‘weighted’ values for all known particles and elements [and then some] in light of the 
quantum mechanics of the same — ie their identical 3D charge topologies and the mechanics 
of the quantum rotating synchronous convertors [Deuterium nuclei] that they form in 
deference to the accepted theory of mini-solar systems and Neutrons that are heavier than 
their identical charged counterparts [Protons and anti-Protons] 


Redefining Atomie weights 


Carbon 
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Point in case being Tetryonic Problem: Incorrect Proton and Neutron masses 
As detailed in illustration 49.04 & 49.05 respectively in my eBook... Tetryonics demands an 
exact mass for Planck quanta and the molar masses [at absolute zero] for each and every 
particle in our Universe for modelling and any additional energy momenta [by way of 
thermal, spectral, kinetic or observational energies etc.] are accounted for in the KEM fields, 
of each respective element or particle. 


Planck mass-energy units 


Smeets 


There is NO room for a ‘weighted’ atomic mass as utilised in modern chemistry which 
conveniently ignores the mass and motional energies of the electrons in the elements or 
which ignores the KEM field energies noted above for ‘most’ situations and calculations — 
Tetryonic theory MUST account for all of these energies even if it does so at the risk of 
disagreeing with modern theory at times... 


The Proton and Neutron MUST have identical atomic masses as they are identical — both 
are 367 Baryon Matter topologies differing only in the net charges of +12 [24-12] vs 0 [18- 
18] they possess as a result of their constituent quarks [UDU vs DUD] as extensively 
detailed in my QM eBook... Neutrons are NOT created through the process of ‘reverse’ 
beta-decay as is supposed presently supposed in modern theory and accordingly do NOT 
have a slightly higher mass than Protons which in turn affects the molar mass calculations 
for all periodic elements and isotopes as outlined in my Chemistry eBook as well at length. 


le Carbon 13, 14 and upwards are not the result of ‘extra! Neutrons being bound to the 
Carbon nuclei - such a nucle’ if possible would be stable and not decay as observed — but 
rather they are simply the result of the inherent ‘squared’ equilateral mass-energies of each 
Baryon in the nuclei being increased from n1 to n2 to n3 .... Resulting in a net mass 
increase that ‘appears’ to be the result of a number of ‘extra’ Neutrons in the nuclei [again 
this is detailed in my Chemistry eBook and spreadsheets of the calculations be easily 
created from the formulae found in chapter 53 on my Chemistry eBook... 


# it 


This ‘significant discrepancy’ with Tetryonics prediction of Proton and Neutron masses from 
observed ones alone will be enough to prove Tetryonic theory a worthy successor to modern 
quantum chemistry theory — unless you can explain all of the above using ‘excess’ Neutrons. 


J am neither ignorant of the basic masses of basic particles nor do | think that Tetryonic 
theory and observed facts of nature disagree, but rather the established theoretical ‘facts’ of 
modern chemical theory must be in error 


| agree that in reality Matter has 3D structure (including volume) hence the terminology of 
Matter topologies throughout my work. To portray my planar illustration of elements and 
particles in my PDF eBooks as not reflecting their true material topologies is grossly 
inaccurate and reflects that fact that YOU have NOT read all my work including Tetryonics 
101, the Google sketch warehouse of 3D CAD models of each and every particle [kindly 
developed by Rene Cormier over many months of effort] and extensive list of all elements 
and their charged 3D topologies and electronic wave function properties and numbers which 
are freely available to all — only planar 2 d mass-energy geometries [bosons and photons] 


are portrayed as being like thin 2D sheets in Tetryonic theory, something | am sure you will 
become more familiar with as your understanding of T-theory advances,[and your distain for 
its predictions and values not in accord with moder theory wains over time]. 


Regarding the ‘separation ' of electrons from the atomic nucleus — this is an antiquated 
model of quantum electrodynamics that is fashioned on planets and their satellites [ie the 
mini-solar system Bohr model] and which has been extended to a fuzzy electron orbital 
model to incorporate the Schrodinger quantum model and the ‘inherent’ quantum 
uncertainly/indeterminacy of statistical probabilities intrinsic to quantum theory as the 
theories developed over time..... Tetryonics makes it quite clear in T[1] - QM that the atomic 
nucleus is in fact a quantum synchronous convertor [ala Tesla/Westinghouse] that can store 
and release mass-energies in a controlled and predictable manner [ala isotopic decay and 
spectral line emissions] and that quantum mechanics is NOT quantum inherently uncertain 
nor in determinant as it is often portrayed — in fact quantum theory as explained by Tetryonic 
theory is very much deterministic in every way — it was only our top-down view of the 
mechanics that led modem science to this erroneous conclusion, which | have attempted to 
correct through Tetryonic theory. 


Aare. 
Be: 


The electron does not orbit the atomic nucleus of any element but rather is bound via its 
magnetic dipole moment to the positively charged nucleus and spins akin to the rotating 
rotor of quantum convertor partially within the 3D Matter topology of Deuterium nuclei.... 


Electron Position Uncertainty 


Again these models have all been built and operate according to established electrodynamic 
theory and their operation is well understood in the macro sense [but obviously the 
acceptance of such a model strains the thoughts of most who have grown up a mental 
picture of fuzzy electrons orbiting a spherical nuclei] 


Again the electronic structure of each and every one of the 120 possible periodic elements is 
well detailed wrt Bohr shells & orbitals and unified wrt their respective Schrodinger numbers 
for the same in my Chemistry eBook for all to view... Unlike modern texts which normally 
stop at element 20 and claim that itis just too difficult to show the quantum models of larger 
elements with their evermore complex electron configurations and Schrodinger numbers 


Topology 


The s.p.d & f orbitals of electrons ‘around’ any elementary nuclei is the result of the atomic 
nuclei rotating about is centre of mass/gravity [classical angular momentum] and the 


electrons tracing out easily determined and well defined concentric orbits about the same 
centre [as illustrated] .... A close examination of the Schrodinger numbers [or in fact Bohr 
orbits] of heavier/larger Z number atomic nuclei reveals the there are no g.h | orbits etc as 
often postulated but in fact there is a reversal of electron orbital distance as the element 
number and principal energy levels increases..... Resulting in the periodic symmetry 
depicted in Tetryonic theory of an atomic nucleus resembling a child's spinning top, which 
could be mistaken for a spherical topology from our macro view of the quantum scale. 


Periodic Topology 


of Elements 


With each element's Z number reflecting the number of Deuterium atoms in each nuclei, not 
the number of Hydrogen atoms with an ever increasing number of Neutrons to account for 
observed molar masses 
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The electrons associated with each atomic element's structure in fact have an important and 
direct bearing on the spectral emissions of each particular element. Even though their mass- 
energies of their electronic topologies are only 0.000533’ % of the mass-energies of each 
Baryon in any atomic nuclei this mass-Matter differential along with the energy momenta of 
the electron's KEM field is key to facilitating the absorption and release of spectral line 
emissions particular to each and every element known... again, it is not simple good enough 
to conveniently ignore electrons ad hoc in scientific theory to suit a particular point or theory 
just because they are or ‘insignificant’ mass compared to the whole nucleus. Any successful 
model of science and physics in general must be able to account for ALL the known aspects 
of modem observations not just a select few that suit their purposes in order to unify physics 
on all energy scales. le a new model of the quantum structure, topology and mechanics of 
atomic nuclei must account for charge, atomic and chemical interactions, spectral line series 
and all known elements and compound creation in the ONE physical model. 


Clarifying question about Tetryonics nuclear vs. atomic size wrt the Zenon atom 
Thumbly submit that illustrations 51.49 


And 53.49 respectively along with the 3D CAD illustrations of the same 


Should be sufficient to explain and illustrate all properties of the Zenon atom [or any other 
you chose] including their rest mass-Matter energies [at absolute zero], their charged Matter 
topology in accord with Bohr shells/orbitals and Schrodinger numbers and the kinetic mass- 
energies of their bound electrons. 


Clarifying question 2 about Tetryonics nuclear vs. atomic size 


According to Tetryonics the proton and neutron in Deuterium nuclei touch one another at the 
point son their respective charge topologies where the e-field components of their 
constituent quarks are located - this is indicated on all Tetryonic element illustrations via red 
[for positive] focus points and black [for negative] focus points. 


Nucleanie residual EM force 


But since Tetryonics does not include any separate strong nuclear force but just 
electromagnetics, all particles of Tetryonic nucleus would fly apart in a nanosecond. 


Again, this misunderstanding and erroneous statement about Tetryonic theory seems to 
stem from you having failed to read Tetryonics [1] - Quantum Mechanics, viewed my 
Tetryonics 101 instruction video or even attempted to build and understand how atomic 
nuclei are formed and come together to form larger elements and compounds alike prior to 
commenting .... 


In my first eBook | have gone to great lengths to show that the STRONG force does indeed 
exist and in fact plays a crucial role in bringing tetryons [the tetrahedral quantum of Matter 
topologies themselves] together to form leptons, quarks, mesons & Baryons — itis the 
parallel opposite charge interaction present between the planar charge faces of each tetryon 
within each and every Baryon [not to be mistaken for the residual strong force] 


F ‘The Strong Force 


Obviously this co-planar opposite charge interaction holds all atomic nuclei together and 
your claim of Tetryonic particles flying away in a nanosecond just doesn't hold water... 


In fact just place two sheets of glass together with a thin film of water between them and see 


how easy it is to pull those sheets apart by applying a force orthogonal to the co-planar 
sheets of glass and you'll soon understand the STRONG force much better that you do 


presently. 
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This charge interaction between the e-fields of quarks in Baryons serves to not only bring 
positive charge Protons together with neutral Neutrons [something modem theory cannot, 
explain] but also serve to orientate each baryon to the other so as to facilitate electron 


bonding and the creation of ever larger atomic elements and compounds [the residual strong 
or EM force as it is often termed or the London force] 


Strong Forces and Nuclear Bonding 


Yes | have an ‘obsession’ with all atomic nuclei have equal numbers of Protons, electron 
AND Neutrons in accord with their Z number, just as you have an obsession with them being 
Hydrogen atoms with excess Neutrons ‘bound’ to them — but for the reasons highlighted 
above, and many others — as for the quantum structure of Protium (regular hydrogen), 
Deuterium and Tritium being ‘missing’ - again my T[1] - QM eBook holds the answers 


Hydrogen Family 


All isotopes are simply Z number nuclei with the energy levels of their Baryons raised to the 
next quantum energy level [n1-n8] in accord with the 3D material symmetry of the atomic 
nuclei themselves and the Bohr shells/Schrodinger principal quantum numbers, which can 
occur either through natural energy absorption or the artificial increase of their mass-energy 
content in the lab..... 


Proton - Neutron Curve [Atomic Nuclei Numbers 


Obviously with all Deuterium nuclei being quantum synchronous convectors as the energy 
levels of their Baryons are increased [or decreased] the electrons bound to them respond in 
kind [hence synchronous] via spectral line emissions [or absorption] ....all covered in 
Tetryonics [2] - Quantum Electrodynamics. 


Spectral line different 


There is NO explanation in modern chemical or quantum theory that accounts for the Proton- 
Neutron ‘curve’ of atomic isotopes nor for the islands of stability that exist for various 
elements, however Tetryonic theory accounts for all of this firstly by ‘straightening’ out the 
curved Z line of Protons and Neutrons underpinning atomic elements [by showing that all 
atomic nuclei are comprised of D nuclei not H atoms with excess neutrons] and then 
showing that the observed isotopic masses of each are the result of increased principal 
energy levels of their constituent baryons with the D nuclei comprising each element... It is 
no error or ‘false notion’ as you put it, rather itis the current explanation of these facts by 
modern theory that is in error 


Oxygen Alloropes 
a me photon 
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You have chosen Lithium to make your point | chose Carbon, Nitrogen and Oxygen to make 
mine, but the explanation for Lithium remains the same..... an increase in the mass-energies 


of the baryons making up the element concemed... btw | have done spreadsheets for each 
and all the elements as a matter of course during the development of my theory. 


Nite gun 


Nitrogen Allatropes 
Blestopes 


Element 3 — Lithium [ground state atomic topology and electronic configuration] 


Regarding your comment of “but in reality only electrons are on these shells and the 
structure of the nucleus is completely separate from these shells’, - that is only the current 
opinion/consensus explanation of quantum chemistry at this stage and is obviously at odds 
with Tetryonic theory built from the ground up from equilateral Planck energies nat the top- 
down through supposition..... | am confident that over time this consensus will change. 


1. Explaining the extra (neutron) weight as higher energy-levels of the Deuterium nuclei 
seems ad hoc explanation with no supporting evidence — simply nonsense. 

2. No calculation is presented to derive a prediction for the excess mass (or energy) 
from the Tetryonics model — have you even read my work in detail — calculations and 
mass-energies are provided everywhere throughout it 

3. The excess mass of, say, Lithium 7 (one excess neutron compared to 3x deuterium) 
— again a number based on your erroneous viewpoint — not y given explanation and 
illustrations of the same. 

4. This is inconsistent with the fact that there are multiple isotopes of each element.~ 
how so? 


The energy level of Baryons of each and every illustrated element in Tetryonic can 
be increased resulting in isotopes of that element — with NO extra Neutrons present, 
again you seem to have failed to read and/or comprehend what was presented 
before you in the Tetryonics chemistry eBook. 


5. See above for Hydrogen family [please] 


All the ‘observed’ masses you have provided in that table are firstly just that, weighted 
[averaged] measurements of particles with kinetic energies (heat, spectral, motion etc.] not 
the absolute rest masses | have provided and clearly stated as such...... you must account 
for observational and inherent kinetic energies for your stated values to even begin reflecting 
the quantum values of particles at absolute zero. 


Again, ‘isotopes’ is NOT what you think and proclaim — there are no extra Neutrons in the 
nuclei - only Baryonic energy above that of the res/ground state of such an element at 
absolute zero — unless you can account for those KEM field energies [as should be done] 


Tetryonic Problem: Helium as Alkaline Earth metal 
- And Hydrogen is element 1 which no-one can agree on which position it truly belongs in 
on the current periodic table. 


Tetryonics problem: 120 possible maximum elements 


- That is what is dictated by the charge topology of particles and elements themselves, 
perhaps you'd care to share what your spherical [or other] model for element 93 is, and 
how all the ‘extra’ Neutrons bind to each other to create that particular model? 


Tetryonics shows quite clearly the reasons for there being only 120 possible periodic 
elements and it agrees with the math and equations of both Bohr and Schrodinger's models 
despite the differing quantum topologies. 


Perhaps, you can produce element 121 and prove me wrong on this. 


‘Elementary mass Matter 


» 


Auto 


Additional random quotes - the uncertainty principle erroneously dictates that 
position and momentum cannot be simultaneously determined 


- There's nothing random about this comment/quote - Tetryonic theory is founded on the 
SINGLE postulate that Planck mass-energy momenta has an quantum equilateral 
geometry [ie quantised angular momenta (m"2/s] is equilateral/triangular not circular as 
itis the macro sense of angular momentum] - from that flows the fact that the 
probabilistic nature of quantum theory and the maths used to describe it are in fact not 
‘fuzzy’ or indeterminate as supposed presently but in fact an emergent property of the 
tessellation of mass-energy momenta at the quantum level. 


The inherent indeterminacy of quantum theory is a crutch used my mathematicians and 
scientists alike to explain many of the puzzling aspects of quantum theory like the inherent 
statically probabilities of quantum fields themselves or the wave-particle duality of photons or 
particles in motion..... Again it is them and modern theory that have simply failed to grasp 
the geometric reality of energy momenta that underpins these phenomena and how they 
build to form the familiar laws of Nature at our scale of observation. 


Tetryonic theory is all about correcting these erroneous assumptions and established 
viewpoints — but any change of perspective is not without birth pangs of angst and 
misunderstanding from those who first encounter it [ike Newton, Planck and Einstein with 
their theories of Gravity, Quantum mechanics & Relativity theories before it] 


That itis the transverse bosons Max Planck described using E=n.hv when resolving the 
ultraviolet catastrophe and spectral line emissions 


SQUARE ROOTS 


And which subsequent theorists incorrectly applied directly to Einstein's formulation of E= hf 
to describe neutral PHOTONS of energy momenta [dual charge bosons — quantum 
transformers] 


TRANSVE 


BOSONS 


And then erroneously attributed to an inherent uncertainly in quantum field dynamics etc. 
that does NOT and never existed in Nature itself or in Tetryonics.... 


| do look forward to further elaborating Tetryonic theory in detail with you — but also strongly 
suggest that you become more familiar with my Tetryonics [1] - Quantum Mechanics and & 
Tetryonics [2] - Quantum Electrodynamics eBooks beforehand as a lot of your suspicions of, 
and reaction to Tetryonic theory seem to stem from a lack of understanding of the basics of 
the theory... 


And as | mentioned in previous communications, | remain open to an online discussion so 
we may discuss these points in far more detail than possible herein. 


There is also lots more additional information and explanation of Tetryonic theory to be 
found on YouTube and Otto’s Science of Life web- blog & the detailed 3D CAD models 
developed by Rene Cormier in the Google sketchup warehouse. 
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10/28/2017 How to make a batteryless (crystal set) radio | Build Circuit 


How to make a batteryless (crystal set) radio 


By Sagar Sapkota - July 21,2012 


CRYSTAL SET 


The simplest radio receiver, known as a Crystal Set, consists of nothing more than a 
coil, tuning capacitor, diode detector, and a pair of earphones. A typical circuit 
diagram for a Crystal Set Radio is given below where inductor or coil L1 is tuned by 
variable capacitor VC] to the transmitter frequency. Diode D1 demodulates the signal, 
which is fed straight to the earphones. There is no amplification. 


Lees: 
CLICK HERE FOR BIGGER PHOTO. 


* You can use IN34 Germanium diode in place of OA47 


hitp:/iwwbuildcicult.comhow-to-make-a-batteryless-crystal-set-adio! 
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... a Reflection 


Mans intelligence has reached levels that through the 
use of modern technologies that anyone can peer the 
knowledge he reads to verify 
its logic and validity. 


I firmly believe that this work has to be understood by 
all Men and not judged by a few whose self-interest 
might, and has been, obstructing the release of such a 
knowledge as disclosed in this book. 


This book is written in such a way that anyone from 
any background field of science, and interest in the 
workings of all Matters of the universe, can understand 
the full new knowledge and be their own peers in 
receiving such a disclosure, which is at the edge of 
science and technology. 


In this book a synthesis is given of the understanding of 
new first principles in physics that are gathered for over 
more than thirty years of independent research and 
development, where several working prototypes and 
numerous tests with different loadings have confirmed 
their correctness and operativeness. 
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Forewords 


In Mans technological and scientific evolution over thousands of years, conversion of 
the Earthly state of matters and energies from one state to another has been the key to 
his progressive success. 


For man to progress further in the path of this evolution, man has to learn, understand, 
and unravel the powers of the initial fundamental particles of the Matters. 


In the following pages, simple new theoretical principles and results of tests done to 
unleash the powers of the initial fundamental particles forces will be released and 
discussed. 


In my writings, the simplest form of language is used so that every man, from all 
corners of the world, can read and will be able to comprehend the fundamental orders of 
their physical creation. 


Therefore, every man on Earth will have the same groundwork knowledge and 
opportunity to build his own environment and so be in control of his future and destiny. 


This simple transfer of knowledge gives every man, by understanding the principles of 
his world of creation, the possibility to utilise and enhance the fundamental powers of 
creation for his advancement in his path of evolution. 


Through appropriate use of this new knowledge, one can generate as much clean power 
as one needs for survival at any location in the universe. 


This is energy production capability, without the production of any further new wastes 
to damage the environment and to endanger the future generations’ chances’ of 
survival. 


This new knowledge allows man to produce food and medicine through the natural 
process of the construction of his cells’ initial fundamental plasmas. 


Therefore, no child, woman or man should go hungry and rely-upon others for his 
survival. 


This new knowledge gives man the opportunity to produce all his materials’ needs, 
without him being tied-up to the Earthly resources, or environmental conditions, or the 
place or a position in the universe, wherever that might be. 


This new knowledge brings about the capability for man to be able to move and travel 
in his environment and in the universe with universal magnetic fields protection, in any 
atmospheric or space conditions. 


This new knowledge, gives man the freedom of motion irrespective of the medium 
whatever his medium, and wherever he might be in the universe. For man to be able to 
use systems for travel that is at all time in protected magnetic fields levels and 
gravitational field levels as on the Earth. As his physical body has become accustom to 
the atmospheric condition around his home planet. 


Which up to now, this has been a dream and unattainable in all dimensions, with his 
present level of scientific development and knowledge. 


Men will build on this new knowledge, and they will add their own scientific and 
technological flavours and unique additions and discoveries to overcome their present 
natural problems and limitations. 


Our hope is that, Men, irrespective of their race, colour of skin, creed or religion, will 
use this new knowledge collectively and in unity, for advancement of the human race. 
We pray that, Man uses’ these new knowledge and information’s for creation of peace 
and justice among their fellow men and other of Gods’ creations and creatures, whom 
they will come to be in touch with, irrespective of their appearance, technological 
progress and intelligence. 


Mehran Tavakoli Keshe 


1012812017 How to make a batteryless (crystal set) radio | Build Circuit 
A long (at least 20 metres), high (17 metres or more) aerial and a good earth (a buried 
biscuit tin or a metre of copper pipe driven into damp ground) are required in order 
to ensure audible headphone reception. The earphones originally used with these 
receivers had an impedance of around 4000 ohms and were very sensitive (and heavy 
and uncomfortable). They are no longer available, but a crystal earpiece, which relies 
on the piezoelectric effect, will give acceptable results. 


Low impedance ”Walkman’” type earphones are NOT suitable. 
Component details: 
Resistor- RX-4.7k, 0.25 W- only required if set is connect to audio amplifier 


Capacitors- Cl- 10nF disc ceramic VC1- 5p to 140p, polythene dielectric variable 
capacitor. 


Semiconductors: D1: OA47 or IN34- Germanium Diode 
Miscellaneous: L1- Ferrite Rod, 10Omm(4 inch)x9mm/lOmm dia., with coil. 


Crystal earpiece and jack socket to suit; plastic control knob; plastic insulated flexible 
cable for aerial wire, downlead and earth connection, 30 meters minimum; buried 
biscuit tin or 1 meter of copper pipe for earth system; 50gm reel of 26SWG enamelled 
copper wire, for tuning coil; card and glue for coil former; multistrand connecting wire; 


crocodile clips or terminals for aerial and earth lead connection; solder, etc. 
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Introduction 


In the progressive path of mans’ technological achievement, it has been proven that the 
human race has not been able to create and produce fundamental energy systems similar 
to the ones which are operating in the spans’ of the universe. 


Nevertheless, he has managed simply to convert one form of energy to another and he 
has made use of the small surplus energies released by these methods to his advantage. 


In the universe, the structure, operation, appearance and existence of the plasma and an 
atom, does not so much differ from the relationships and interactions of their larger 
counter parts as the molecules, solar systems and galaxies. 


Where, as in the present science and state-of-the-art technology, the lower orders of 
particles of construction of an atom in its nucleus are considered to be made of quarks 
and gluons. 


The world of science has never looked at and into the progressive construction of a 
plasma (Chapter 3) on the same basis and principles’ as other larger matters and fields 
in universal orders of creation and motion. 


What this simply means, is that scientists over centuries have made some limited and 
un-necessary self-imposed conditions in looking at the physical realities of Matters and 
matters in their surrounding environment, for them to be able to compare and draw 
parallels from these phenomena and principles to understand the criterions by which the 
initial seeds of plasmas are set in the universe and to understand the methods by which 
different forces operate within them. 


From the basic knowledge of what is in hand in the world of science at the present, it is 
not too hard to discover what are the real elementary particles in the universe, and find 
an alternative and realistic way of how these fundamental particles of plasma come 
together to create the initial seed of plasma. 


It is important to note that the existence of dynamic and different strengths, speed, 
velocity and densities of magnetic fields, and their interactions, are the cause and the 
foundation of the existence of different Matters within the universe. In the universe, 
collections of loose and weak magnetic fields have initiated the creation of, and finally 
become the initial components of the Matters of plasma. 


Rays and plasmatic magnetic fields 
At the same time, we consider “rays” as individual and directional magnetic forces. We 


consider “fields” as the same ray’s magnetic force as it is influenced by other rays and 
magnetic field forces, which the ray makes a dynamic zone of influence in its path. 


We consider the same phenomena in principle with respect to plasma and plasmatic 
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magnetic fields, where, a plasma of magnetic fields is considered to be a collection of 
such rays and fields of rays. 


The collective interactions of weak plasmatic magnetic fields in the universe are 
considered to become the foundation and the cornerstone of the creation of initial 
fundamental particles. 


In the universe, the same and regular specific sequential and consequential interactions 
of lower orders of magnitude plasmatic magnetic fields strength are always considered 
to lead to the formation of the plasma and its sub-Matters’ components. 


Throughout this book a clear distinction has been tried and been made between the 
magnetic field and plasmatic magnetic fields. 


The Plasmatic magnetic fields are considered to be of collection of near similar 
dynamic rays of magnetic fields strength. We refer to the Plasmatic Magnetic Fields as 
“pmtics”, as Magnetic fields, which were detached from their source of creation, hence, 


the use of the term “plasmatic” for these magnetic fields. For clarity: In this book the 


term “plasmatie” refers to a “collection” of dynamic magnetic fields, and NOT to the 
state of a plasma in its common term use that refers to a state of dynamic protons. 


At the same time, pmtics interactions with other pmtics are considered to create effects 
the likes of gravitational fields and Magnetic fields of Matters, plasmas, planets and so 
on. 


‘These magnetic rays or fields and their collection as plasmatic magnetic fields, become 
known as the Initial Fundamental Particles. Therefore we consider that magnetic 
fields to be the “real” fundamental particles. 


The present science considers that the ‘elementary particles’ to be of ‘quarks’ and 
others. With the new understanding of creation of Matters and forces within the 
universal order of creation, in this book when the term ‘elementary particles’ is used, 
this means that the ‘magnetic fields’ are considered to be the new ‘elementary 
particles’ and their forces. The existence and interaction of these magnetic fields leads 
to and creates all other effects that one sees and observes in the universe, like creation 
of Magnetic and gravitational fields which leads to creation of what I call different 
Matters (Matter, Antimatter and Dark Matter) of the plasma, or what presently is 
known as quarks and so on of the plasma. Where, we consider the Dark Matter as an 
integral and part of the same normal Matters of existence and as an important part of the 
construction of the initial fundamental plasma in the universe, and we do not consider 
the Dark Matter as an exotic and distant hidden Matter. 


From this point on in this book, we refer to ‘magnetic fields’ as the ‘elementary 
particles’ and not consider quarks and others as elementary particles any further, | 
consider that these quarks of different colour, with up and down notation and spin are 
all created as the outcome and consequences of different interactions and attraction of 
these ‘magnetic fields’ or ‘plasmatic magnetic fields‘. As quarks themselves are now 
known to be made of simpler particles of ‘magnetic fields‘, then quarks cannot be 


considered to be the elementary particles. 


In this book will be explained how ‘magnetic fields’ become to be the creators of 
quarks and other effects and forces within the plasma of proton, then the ‘magnetic 
fields’ become the ‘new elementary particles’ in the science of physics 


Further in this book it is explained how different strength of these fields leads to the 
creation of different Matters and their forces as has been observed by world of 
science. 


Furthermore, these weak collections of pmtics and their interactions with magnetic 
fields and turbulent magnetic fields forces in different parts of galaxies manifest 
themselves as the seeds of atoms, stars, galaxies and so on. 


Magnetic and gravitational fields (Magravs) 


When we write Magnetic field (with capital M), we considered that these fields refer to 
the Magnetic field of celestial objects, like a Star, planet, etc. Where this Magnetic field 
is always accompanied with gravitational fields of the object. 


Where we consider that gravitational fields and Magnetic fields cannot exist in the 
universe without each other, and that they are produced simultaneously. Through the 
same dynamic materials and Matters in the same region. Due to the construction of 
other Matters in their catchments area, these entities could have a different value than 
the other. As the Matter/matter content of the object dictates which will be stronger in 
strength and value than the other in that given position. The only known and possible 
objects that its gravitational and Magnetic fields could be equal in value strength, in 
majority of the cases in the universe, are objects of mono-material (like some stars), 
with pure hydrogen content. There are cases in the universe(s) that mono-matter of 
objects can be like uranium or heavier elements. These objects of heavier mono-matters 
are usually the producers of stronger gravitational fields and Magnetic fields, by several 
orders of magnitudes than the hydrogen mono-matter objects. It is assumed that each 
universe cannot possess more than one heavy material mono-magnetic star. 


It has to be noted that the co-existence of these two fields always in interaction with any 
other magnetic fields or plasma of fields always lead to the creation of a 
magnetosphere, which the boundary of the magnetosphere is the maximum point of 
balance or equality between the two field forces. Any variation in strength of one of the 
two fields in respect to the other will create different effects, for example such 
unbalance field between the two fields can be seen in Mercury, which has no 
atmosphere, and such a misbalance can also be observed in most moons of planetary 
systems. 


In this book, as one field cannot exist without the other, for representation of the 
MAgnetic and GRAVitational fieldS we use the term: “MAGRAVS”. 
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Plasmas 


We consider that “ The Plasma in its collective existence is a combination of different 
initial fundamental Matters, which these Matters are created through the interaction of 
at least two or more of the same strength plasmatic magnetic fields (the initial 
fundamental particles)” 


Plasmas (Chapter 3) are considered to be collection of combination of interaction of 
pmtics forces of Matters’, Antimatters’ and Dark Matters’ and other magnetic fields 
forces, all at the same time and within an overall sphere of the confines of the plasma. 


Further, in the process of interactions and collections of these initial pmtics with each 
other, in specific combinations, these leads to creation of atoms, molecules, matters and 
so on. 


In this disclosure, simple connections between Initial Fundamental Particles and initial 
Fundamental Plasmas ate explained and discussed 


These specific collections and interaction of initial fundamental particles and initial 
fundamental plasmas and their interaction with other magnetic fields manifest 
themselves as states of matters, these are purely magnetic fields densities and 
compactness environment dependent, and they present themselves as different states of 
matter (gases, liquids and solids). 


Matter and matter 


In the following sections, we clearly distinguish between states of matter (gases, liquids 
and solids), denoted as “matter”, and state of the Matters (Matter, Antimatter and Dark 
Matter) denoted as “Matter” or “Matters”. 


Initial Gravitational Fields 


The interaction of different magnetic fields of different strengths, upon each other, is 
considered to be the creator of initial gravitational fields for the start of the creation of 
the initial seeds of the Matters of the plasma (Fig. 8 B). 


We consider that pmtics interact to create the attraction field or gravitational field. 


Reactor technology 


With the new knowledge and new first principles which are disclosed in this book about 
the creation of Matters’ and plasmas’, techniques acquired and reactor systems have 
been designed, developed and tested, it has become possible to replicate the pmtics of 
plasmas’ environment that allows different Matters of plasma to be released from their 
interlocking magnetic fields forces within the confines of a reactor. 
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Further on, it has become possible within the structure of these reactors, to manage and 
control, these unlocked fields and Matters of the plasma, for specific predetermined 
functions and applications. 


In these new reactors, in being able to weaken the Magravs of the plasmas (Coulomb 
magnetic or energy barrier) and by allowing the Matters of the plasma to be more free 
to move within the environment of the reactor. Where, these reactors were designed to 
facilitate the reduction in plasma magnetic fields forces and eventually to create an 
environment that Matters of the plasma can freely move in a soup of Matters, pmtics 
and rays. Where, through the operation of these types of reactors the famous Coulomb 
barrier becomes irrelevant in the overall structure of the soups of Matters binding 
magnetic fields of the plasma. 


With these new methods of the manipulation of the structure of the Matters’ of the 
plasma it has become possible for the pmtics forces of the plasma within these reactors 
to be unleashed, and with plasmas’ constituent substructure loosen, it has become 
possible to manage to attain new powerful effects and properties from these rather weak 
initial fundamental magnetic fields of the plasma. Where up to the present time, these 
have been the unknown knowledge and methods in the world of science. 


Within the structure of simple nuclear-based systems that have been developed, 
conditions are created in which simple weak ambient dynamic pmtics, similar to the 
internal construction of plasmas, are generated. The technology for creation of 
conditions similar to the internal structure of the plasma and methods which have been 
specially developed, that allows the loosening of the magnetic fields structure of the 
plasma, this will change the course of present nuclear fusion, and allows scientists in 
this field to achieve their goals rapidly and at the fraction of cost of present systems. 


In the new state-of-the-art technology much simpler, softer and more practical ways, 
very similar to conditions as in the universe, are employed to attain fission and fusion of 
different Matters and plasmas. 


During the reading of this book the reader will discover various future applications of 
this technology, so it will not surprise the reader that we have applied for several 
international patents to cover all aspects of the topics, principles, methods and systems 
mentioned in this book and the ones to follow. 


Fission and Fusion by Plasma Dilution 


The present methods of fusion and the Antimatter production technologies apply strong 
magnetic fields forces or high-speed rotation of the plasma, with low or limited success. 
As the real principle of the construction and structure of these sub-plasma Matters have 
never been understood correctly. 


In our new state-of-the-art science and technology, one creates a control-conditioned 


environment within the confines of a multi-core reactor, which facilitates and allows the 
plasmas’ Matters to disentangle themselves into their sub-Matters and pmtics 
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‘components. 


In these reactors the effects of the newly freed principal Matters of plasma’s 
interactions with each other are utilised to create new and more powerful internal and 
external Magravs’ forces, within and in respect to other plasmas and Matters in multi- 
core reactors system environments’. 


In the new state-of-the-art technology reactors, after achieving desired goals, the system 
parameters can be changed so that the system can allow the same separated parts of 
plasmas’ Matters to return to their original properties and regroup as the original 
plasmas. 


This new method of loosening and the use of plasmas’ Matters within the confines of a 
reactor is to be called the Keshe Theory of the “Plasma Dilution” and the art to achieve 
this “Plasma Dilution Technology”(Chapter 21). 


This technology means that it is now possible to create an environment of weak 
magnetic fields within the cores’ of a reactor, where the plasma is allowed to be 
opened-up and be released of the interlocking magnetic fields forces between its 
different constituent Matters. 


The new dilution method in opening-up the plasma is a more practical and gentler 
methods for fission or fusion of the plasmas and/or its sub-Matters’ components, for 
utilisation of their effects and properties. 


In the present state-of-the-art technology in physics, scientists have chosen harsh 
method systems in fission industry. For fusion, they have chosen high speed and by 
compression of plasma, utilising giant magnetic fields induced technology to achieve 
their goals. 


They use accelerators to slam the plasma on to a surface, to extract the sub-plasmatic 
components like the Antimatter component of the plasma (6, 7, and 8). 


In the new state-of-the-art plasma dilution technology, within the confines of the 
reactors, environments and conditions are created, which are like a soup of weak 
pmntics, similar to the internal structure of plasma’s own environment. 


In this new approach, any new introduced plasma into the reactor, new plasma’s 
binding magnetic fields forces come into an environment and interact with fields 
similar to their own plasmatic magnetic fields strength to allow their more condensed 
fields of interlocking Matter, Antimatter and others, to loosen and operate more freely 
in the environment of the pmtics soup of the reactor cores. 


Using this new state-of-the-art science and technology, achievements of astonishing 
effects has been reported over the past few years. Where, with the current state-of-the- 
art technology, to achieve these effects, is considered to be nearly impossible and 
literally a dream and against the present known laws’ of physics. 
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DRAWBACKS 


Quite apart from the absence of amplification, two factors seriously limit the 
performance of crystal receivers. Germanium diodes become increasingly reluctant to 
conduct as the applied voltage falls below 0.2V, and this makes the 

receiver insensitive to weak signals. Silicon diodes have a threshold of around 

0.6V, and are, therefore, unsuitable for circuits of this kind. 


* Silicon diodes like IN4001 are not suitable 


The earphone loading imposes heavy damping on the tuned circuit, hence, reduces 
its ability to separate signals. With such low selectivity insensitivity can be a blessing, 
and crystal sets are normally only capable of receiving a single, strong transmission on 
the long and medium wavebands. They will sometimes receive more than one if a 
shortwave coil is fitted. 


The aerial and diode can be connected to tappings on the tuning coil in order 

to reduce damping, but the improvement in selectivity is usually at the expense 

of audio output. When valves cost a week's wages and had to be powered by large dry 
batteries and lead/acid accumulators, the! construction of simple receivers of this 
kind could be justified. With high performance transistors now costing only a few 
pence or cents, crystal sets are now regarded as ‘nostalgic pieces”. Some readers may, 
however, wish to build one out of curiosity, or for the novelty of having a receiver that 
does not require a power supply. 


CIRCUIT DETAILS 


Ferrite loop aerial L1 and polythene dielectric variable capacitor VCl form the tuned 
circuit. Point contact germanium diode D1 (1IN34 or OA47) demodulates the signal; 
capacitor Cl bypasses residual r.f. (radio frequency) to earth and also exhibits a 


reservoir action, enabling the a.f. (audio frequency) output to approach its peak value. 


The recovered audio signal is fed directly to a crystal earpiece. Signal voltages 
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These effects reported, like being able to lift a reactor system weighing several 
kilograms by the use of a few grams of gasses, utilises the properties of the Antimatter 
components of the plasma’s interactions with each other within the cores of these 
reactors. 


This new technology makes it possible to produce in a very fast and easy manner 
nanomaterials and their constituent pmtics, like nano atomic layers known as graphene 
(sp2), diamond atomic structure (sp3) and nano-oxides, at room temperatures and 
atmospheric conditions, as has been independently confirmed by reputable organisation 
in the west. 


In fact, all that has been achieved is the application of the understanding of how to use 
the soup principle to undo the tangles of magnetic fields of the plasma, and release of its 
substructure Matters, like Antimatter, in a reactor. 


Lift and Motion by Magravs positioning 


By utilising the properties of the interaction of forces of the collection of pmtics, 
interlocking between the Matters of the plasma and/or their sub-magnetic fields, which 
are part of the structure of the Antimatter and the Dark Matter, it has become possible to 
create stronger Magnetic fields, or gravitational fields’ forces within the confines of and 
in respect to the surrounding environment of multiple-core reactors’. 


These Magravs, if strong enough to interact with similar fields in their environment and 
with other fields of the same components of plasma in other parts of the same reactors, 
these Magravs interactions’ of the system and the planet can cause lift and motion of the 
mass of the system, which the reactor is attached to. 


Scientists at the Fermilab (6) in the USA state that small amounts of Antimatter, as little 
as a spoon-full, can release enough energy equivalent for the launch of several shuttle 
flights. This laboratory has confirmed that they have managed to collect some of this 
Antimatter in the past forty years, using special plasma separation and containment 
methods. 


Utilising the new plasma dilution simple methods’, not only are the Antimatter 
components of the plasma separated but, at the same time the interaction of the 
magnetic fields of these Matters are used within the system for the creation of strong 
Magravs within and in respect to their environment, for creation of lift and motion. 


The newly created Magravs in these reactor cores, in interacting with the surrounding 
planetary Magravs and in trying to find a new Magravs balance, for example, in respect 
to the Earth fields, causes the system to move. 


This method of achieving system motion due to interaction of Magravs forces is to be 


known as the Keshe principle of Magravs positioning (Chapter 19). This position is, 
the point where the combined gravitational and Magnetic fields strength of the reactor 
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system and the Earth, find a new position, where they are in balance strength in respect 
to each other. 


After achieving the required Magravs positioning, this being the new height and/or 
distance, in respect to another Magravs force like that of the Earths Magravs, the 
systems’ internal parameters can be changed again to create a new Magravs strength 
within the reactor. At this point, a new Magravs positioning balance needs to be attained 
by the system in respect to the planet. This, forces the system to find a new Magravs 
balance in respect to the planet Magravs’ strength, and consequently for the need for the 
system to achieve the new Magravs positioning in respect to Magravs of the planet. 


In attaining a new Magravs positioning balance, this leads to the movement of one 
system, in respect to another. 


Thus through this new Magravs positioning method, motion of crafts, cars and systems 
for energy production can be attained without burning any fuel or using the present 
propulsion technology for lift of relatively small payload into space. 


Through Magravs positioning principles, this is how motions of atoms, planets, and 
stars and so on, are created and achieved in the universe (Chapter 19) 


Through tests, we can confirm that, the motion of any mass for any Magravs positioning 
system is not size dependent, but mass dependent, where the smaller mass always tends 
to move in respect of the larger mass in the universe. There are some exceptions in 
respect to this rule of the thumb. As in Magravs positioning reactor systems, where 
gravitational field strength control within the cores of the reactors plays a major roll to 
achieve lift, motion and Magnetic field protection of the system. 


As I have said before “no one has ever seen a rocket in the back of the Earth that has 
been causing its motion for billions of years”. 


Subsequently, if necessary, through the same changes in internal parameters of these 
new reactors, the components of the Matters’ of the plasma are and can be allowed and 
be facilitated to regroup and return back to their original structural state of pmtics levels 
of Matters and composition, once the desired affects are achieved. 


Through new understanding and new state-of-the-art technology and by simply 
following the methods and universal orders of creation of Matters, the components of 
plasmas’ Matter, Antimatter and Dark Matter can be manipulated and utilised for 
effective lift and motion of objects, creation of energy, production of new Matters and 
so on. 


By the release of this new knowledge, this does not mean that the paths chosen up to 
now by other scientists have been wrong; this is by no means so. Nevertheless, their 
achievements have been and are limited because of the focus on the use of the matter; 
it’s state of gases, liquids and solids, and even a limited view on plasma (as the fourth 
state-of matter) rather than our approach in use of the Matters; it’s state of Matters, 
Antimatters, Dark Matters with their different pmtics strength components of the 
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plasma. 


With the use of the matter, one has to burn fuel to overcome gravitational field forces to 
attain a new position in respect to the planet. However, “with Magravs positioning 
systems one uses the pmtics of the Matters of plasma (Matmags) to create Magravs 
forces within the reactor, for the reactor system to move within the Magravs forces of 
another object, like the Earth, for the system to attain a position in respect to the Earth 
Magravs forces.” 


We consider that as much as there are Magravs forces between Matters, the same is true 
for the existence of Magravs forces between the Antimatter and the Dark Matter 
‘components of the plasmas too. This principle applies the same in respect to the inertia 
‘of Matter as much as to inertia of the Antimatter and the Dark Matter components of the 
plasma. 


That is to say, in the universe there are Antimatter Magravs forces and Dark Matter 
Magravs forces as well as inertia for all three Matters. 


All Matters and their effects can be used for the creation of motion and energy 
production in conjunction with other matters and Matters of the plasma. 


Our newly released knowledge is for achieving and reaching the same target as other 
scientists and institutes, but with new knowledge about the construction of Matters of 
the plasma, we are achieving more profound and stronger effects, in simpler and less 
complicated ways than have been chosen in the past. 


We see this release of new knowledge and technologies as an addition to the rest of the 
past and present scientific works, and a breakaway from the complicated ways and 
harsher methods. 


In this disclosure, one comes to understand how Matters and matters are made from the 
start of time (Chapter 3). Where, the method of creation of plasma and atoms in the 
universe is explained in a simple form. 


‘Then one can see how to use the inner construction of Matters’ pmtics to generate vast 
amounts of energy and learn to use magnetic fields principles of interaction that are the 
fundamental principles’ in the universal method for creation of motion. 


We have tested the Magravs positioning systems for motion, and the results confirm the 
correctness of the theoretical aspects of the approach. The future of space technology 
will be based on simple safe portable Magravs positioning nuclear-based reactors, 
which have been developed and tested. 
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CHAPTER 1 


Historically unexplained principles 


The main reason for the lack of understanding of simple processes of creation and 
control of Matters of the plasma is not so much the lack of knowledge in the scientific 
world in the past or present. Rather the lack of progress is by large due to, the peer 
review obstruction mechanism, which has been put-up, for some scientists, to protect 
their individual financial interests and titles, in their schools of thoughts in their field of 
science. 


For example, despite having huge research budgets and human resources, the world of 
science in respect to understanding of the simple structure of the plasma and its fusion, 
has not reached substantial results in the past sixty years. Where, nuclear physicists and 
industry have been trying to cause fusion of plasmas of hydrogen atoms, in fusion 
reactors, which have been built, and are being built at costs of billions of dollars. 


The structure and working of these state-of-the-art fusion reactors are built against the 
natural laws of physics and opposite to the way, that fusion of plasmas takes place in 
the universe. Where, these reactors operate with near zero-gravitational field forces 
within their structure in trying to achieve fusion. Where in these systems, the natural 
internal gravitational field forces needed for a simple fusion is missing. 


What they miss as the natural gravitational field forces needed for fusion, they try to 
replace this with the use of strong external electro-magnetic fields, by the use of large 
massive coils and huge amount of energy to operate these systems, and then the they try 
to achieve fusion. This is like as they are trying to bake bread with only water, salt and 
heat, without having its main ingredient, the flour. The question to ask from these 
scientists, is simply that, where are the gravitational fields essential for fusion in these 
reactors, and where is it suppose to come from, if there is going to be a successful 
fusion chain process as in the middle of the Sun, which, these forces are in thousands of 
Gs. 


In fact, with the use of giant external magnetic coils, they squeeze plasmas into tighter 
balls and then they try to fuse two hard balls of plasmas together. This is the reason 
why, they have and will achieve very little, if the present misguided path of fusion 
technology is to continue. 


Another point is that the present twenty-first century advanced world of science is lead 
to believe and to accept the outdated 19" century principles of creation of Magnetic 
fields through convection principles in the centre of the Earth, Even, when scientific 
seismological data’s (1, 2, 3, 42A, 42B) indicate that another explanation is needed. 


For example, some peers consider that man in the 21" century is not intelligent enough 


to discover how gravitational fields of planets are created. According to these peers, the 
principle of creation of gravitational field forces and their control at present is beyond 
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comprehension of other scientists. 


Where, as new Magnetic and gravitational fields positioning systems, which have been 
developed and tested, confirms the ability to create lift and motion by just using the 
effects of Matters magnetic fields (Matmags), without burning any fuel or use of 
propulsion technology. 


Within the present 21" century knowledge and proven science, there are a number of 
unacceptable points from these earlier centuries accepted principles like the creation of 
the magnetic fields of planet through convection principles. 


New theories and principles for these misassumptions, unexplained and out-of-the-hat 
principles are explained and discussed in the following sections and chapters. 


In the following four sections in this chapter, it is important to note that: 


Information that have been obtained through the earth-quakes seismological data over 
past thirty years from around the world, these data points to the fact, that what has been 
assumed to be the solid inner core of the planet and to be made of one piece solid 
metallic matter (Fig. 1), this core in fact has a cavity in its centre (Fig. 1) (1, 2, 3, 4, 5, 
41A, 41B). This newly discovered cavity in the solid core of the planet has been called 
by geologists the ‘inner-inner’ core of the planet and is assumed to be about at least 
cover 500 km in radius in the centre of the inner solid core of the planet. 


I have called this new core, “The Caroline Core” 
from other presently known cores’ of the planet (12). 


Fig. 1, 2 and 3), to distinguish it 


1. The creation of Magnetic Fields of the Earth 


The assumption of the creation of the Magnetic fields of the Earth by scientific world 
has been based on the understanding of the working of the dynamo principle of earlier 
centuries. Where, the process of the production of the current was accepted to start-off 
with the motion of high temperature fluid of matters in the outer core (Fig. 1), in the 
centre of the Earth by heating and liquidity of matters in this core. 


Where electrons of atoms of matters are considered to be released or loosened from 
their atoms to be free to vibrate or float in this region, and as the rotation of the solid 
metal inner core (Fig. 1) of the planet interacts with these free electrons in the outer core 
of the planet, this leading to the creation of Magnetic field of the planet (Fig. | Field 
M). 


If this assumption is totally correct, then how do other planets and stars create their 
Magnetic fields? 


Stars like the Sun, possess Magnetic fields and yet do not have solid inner cores as the 
Earth does. The Sun definitely generates Magnetic fields, which does span beyond the 


Earth and the Saturn. 


The first flaw with this convection theory of electrons motion is that, we know now that 
plasma of an atom is a charged entity and possesses much stronger charges by 
several orders of magnitude than its smaller counterpart electron. 


Thus, the main Magnetic field force of the planet is more feasible to be created by the 
plasma charges rather than electrons charges. With the knowledge we now know, that 
even the electron is a plasma condition similar to the proton construction (Chapter 3, 17, 
18 and 19). 


magnetic field 


Magnetic field 
of the Planet 


CAROLINE Ee cRUST 


(inner inner Core) 


eae neaCtOF OUTER CORE 


INNER CORE (Liquid Core) 
(Solid metallic inner Core) 


Fig, 1: Two interacting plasmatic magnetic fields in the inner cores of the Earth lead to the 
creation of the Magnetic field of the planet. 


Note: The Caroline Core, can contain plasmas, atoms (nanomaterial), molecules, 
different matters, hydrogen, potassium, uranium and plutonium due to nuclear decay, 
‘sion, possible fusion, ionisation of matters, leading to the creation of heat in this 


core, which is transferred through the solid inner core to keep the materials content of 
outer core in fluid state 


Through current knowledge in plasma physics and studies in the nuclear fusion 
industry, it is a known fact that dynamic protons (plasmas) of atoms are positively 
charged entities and do generate their own currents, through what is known as the 
Birkeland current principle. It is through this principle of creation of current and the 
dynamism of plasma in the centre of stars that main solar Magnetic and gravitational 
fields forces of stars are created, and not the convection principle. 
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Secondly, if we have plasma in the centre of the planet, which is possible, then the 
convection theory for the production of Earth’s Magnetic field has limited validity, and 
it is possible that some of the Magnetic fields of the planet are partially created by the 
convection principles method too. 


2. Creation of the Gravitational Fields of the Earth 


The other major concept, which is an obstacle to the development of new knowledge, is 
to understand how gravitational fields of planets are created. This is a concept that has 
not been understood until now. Where, the creation and maintenance of gravitational 
field’s forces in stars and planets have unnecessarily made been by the scientific world 
into the holy grail of science. 


In fact, the creation of the gravitational fields of planets and stars in the universe is as 
simple as the creation of their Magnetic fields. 


The hypocrisy with this is that the scientific world and an infant child (at school age) 
agree on one principle, that, two dissimilar poles of solid magnets, gets attracted to each 
other and pulls one magnet to the other, or they have gravitation in respect to each 
other. It is an accepted fact that, opposite poles of magnetic fields forces can interact to 
create attraction field forces or the gravitational fields forces in respect to each other 
and other matters around them. 


Thus, it is correct, to assume that, to have a gravitational field in a planetary system, the 
gravitational field forces must be made similarly by the same principles of attraction 
and interaction of at least two magnetic fields, in the centre of the planet in respect to 
each other. Therefore, the gravitational fields of the planet must have been made by 
interaction of two or more sources of magnetic fields in respect to each other in the 
centre of planets or stars that can span beyond the physical boundaries of these objects. 


By the reality of the existence of the Magnetic and Gravitational field forces around the 
Earth, this leads to the confirmation and understanding of a need for two independent 
regions that can create magnetic fields forces within the structure of the planet inner 
cores, that, their interaction leads to the existence of the gravitational field forces of the 
planet. 


Consequently the Earth, being in possession of gravitational fields, this confirms and 
indicates to the existence and operation of at least two independent magnetic fields 
forces regions in the centre cores of the planet (Fig. 2, fields Gl and G2). 


Where, the interaction of the two magnetic fields (Fig. 2, fields G1 and G2), which are 
generated in the centre cores of the planet, upon each other, leads to the creation of 
attraction or gravitational field forces of the planet, similar to the attraction fields of 
opposing poles with solid magnets. 


It is a known fact that, planets and stars are made of different layers of different 


materials. Similarly stars are made of the same material (Hydrogen), which, due to 
variation in the compression and temperatures, layers are created in these objects, where 
the same matters in different layers create and behaves and show slightly different 
properties and effects; These different layers produce their own slightly different in 
strength magnetic fields force, compared to their adjacent layer magnetic fields 
strength. Thus, the layers of plasmatic or fluid materials in different depth of stars and 
planets, each layer create their own independent magnetic fields in the centre of planets 
or stars. 


The magnetic fields created in each dynamic layer in the cores of these celestial bodies, 
due to the proximity have no alternative, but to interact with the magnetic fields 
generated in ascending or descending layers from them, The interactions between these 
magnetic fields in different layers are considered to be as or similar to a solid magnets 
state magnetic fields interactions. 


In the case of stars and planets’ inner cores, magnetic fields are created by and in 
plasmatic states or fluid states of Matters. Where, these flowing dynamic materials in 
the inner layers of celestial objects cannot physically lock to each other through the 
magnetic fields generated by each layer, as it happens with solid-state magnets. This 
being due to fact that atoms and molecules in these layers are continuously in motion 
and are pushed around by other forces and the rest of the Matters in their given layers or 
by other layers effects and forces. 


Nevertheless, the magnetic fields created by each dynamic layer interact with the 
magnetic fields of the adjacent dynamic layer or layers. These interactions of magnetic 
fields in different layers creates attraction magnetic fields, as much as, repulsion 
Magnetic fields forces, in between the materials in the different layers. 


Therefore in the same regions and by the same matters, similar magnetic fields 
polarities in different layers interact and two similar polarities magnetic fields forces 
(Fig. 1 field M1 and M2) repel each other. This repulsion magnetic fields forces (Fig. 1 
field M1 and M2) becomes’ the outwards field force pushing and what is known as the 
Magnetic field force of the planet (Fig. | field M). 


Further, the opposite polarities magnetic fields in these layers at the same time, interact 
simultaneously and in a similar way, and the interaction of opposite magnetic fields 
polarities of matters in these layers (Fig. 2 field G1 and G2), leads to the creation of the 
different layers magnetic fields pulling or attraction in respect to each other. This 
attraction magnetic fields force (Fig. 2 field G1 and G2) becomes the inward field 
forces pulling field force and what is known as the Gravitational field force of the 
planet (Fig. 2 field G)(18). 


Through tests done over several years with the construction of similar set-ups as in the 
inner cores of the planet, the Keshe Theory of creation of gravitational field of 
dynamic objects in possession of dynamic cores states that: 


“The dynamic outward’ Magnetic fields forces of planets and stars are created by 
interaction of the same materials and in the same layers, as their dynamic 


gravitational fields forces”. 


Second 


‘magnetic field ae 
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Fig, 2: Two interacting plasmatic magnetic fields in the inner cores of the Earth lead to the 
creation of the Gravitational field’s forces of the planet. 


The Magnetic fields forces of the planets are made from the interaction of similar 
polarities of plasmatic magnetic fields of Matters in the dynamic layers of its inner 
cores (Fig. | field M) and these radiate themselves outward. The Gravitational fields 
forces (Fig. 2 field G) are created by the interaction of the opposite plasmatic magnetic 
fields polarities of the same Matters in the same layers in the cores of planet, creating 
the pull or énward attraction in these celestial objects”. 


This new understanding of interaction of multi-magnetic fields in the planets inner cores 
brings about a new definition, new understanding and new explanation of how 
gravitational field forces are created in centrally dynamic multi-inner-cores celestial 
objects in the universe the like of the Earth and the Sun. 


Gravity can now be defined on the real basis and what leads to its manifestation, 
strength, existence and control. 


Therefore, Gravitational field forces are magnetically based fields, and thus according 
to the Keshe Theory of Gravity, Gravity is defined as: 


“The Gravity is, the measure of the interaction and attraction of two or more, 


magnetic fields forces or dynamic plasmatic strength created within the second 
system”(18). 
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This is the same as Newton’s definition of gravity, with the extension however, that two 
Matters or matters cannot possess pulling forces nor have gravitation in respect to each 
other position, without the existence of magnetism. 


Certainly, the attraction and interaction of pmtics forces changes with respect to 
position of two objects and they are distance and fields” strength dependent. 


If the celestial objects do not possess magnetic fields strength that can interact with each 
other, then, how could they be attracted to each other? 


Thus, gravitational field now can be understood and explained in its real terms of what 
creates it, and this is due to interaction and attraction of pmtics created within dynamic 
cores of celestial objects in respect to each other. 


Secondly, as the gravitational fields of these planets or stars are magnetic fields strength 
dependent, one can now understand why their attraction is position dependent. 


Therefore, gravity in a simple form can be defined as; that gravity or gravitational 
fields forces are the measure of the interaction and attraction of two or more magnetic 
rays or magnetic fields systems of two or more entities in respect to each other's 
strength and position at any point in the Matter, plasma, matters, planets, solar systems, 
galaxies and universe. 


This new definition of gravitational fields is an extension to the present knowledge and 
due to new understanding of the plasmatic magnetic fields interactions between 
components of Matters (see Chapter 3). 


Another proposition can be that: We further can assume that the cell of a human or 
matters of other objects, which all are made of atoms and plasmas and of magnetic 
fields can/are/or behave as the possessor of the second magnetic field in respect to any 
other plasmatic magnetic fields in their environment. Therefore, it is possible that 
pmtics of these cells and matters in their interaction with the dynamic pmtics of the 
planet can behave and replace the interacting double magnetic fields system principles 
necessary for the creation of gravitational phenomenon principle to operate. 


Further it can be said, that any substance in possession of plasma or nuclei has 
gravitational attraction in respect to the planet. 


If this is correct and applicable, then, this can be another reason why, a singular 
Magnetic field of a planet can be enough to create the gravitational field pull in respect 
to any object within the catchments zone of the Magnetic field of the planet’s. That is to 
say, a single Magnetic field would be sufficient for the gravitation of plasma to the 
planet to be created and exist. 


Nevertheless, there could be a flaw with this concept, as one need the gravitational and 
magnetic fields (Magravs) together to be able to have a constant free motion and 
position option of the two objects too. 


1012812017 How to make a batteryless (crystal set) raco | Build Circuit 
introduced in the ferrite loop aerial by the radiated magnetic field are much too 
much to produce an output from the detector, and the component is used here 
simply as a tuning coil. The ferrite core does, however, reduce the number of turns 
required for the coil winding, thereby reducing its resistance and increasing its audio 


quality. 


COIL DETAILS 


Full construction and winding details for the ferrite tuning/ aerial coil L1 are shown in 


figure. 
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In this book, we try to make a distinction between magnetic fields of matters and 
Magnetic fields created by dynamic interaction of two magnetic rays, two magnetic 
{fields or two pmtics. Where, in the case of like plasmas and planets Magnetic field and 
gravitational fields, which they always accompany each other we use capital M as 
Magnetic field. In these references instead of writing Magnetic and gravitational fields 
we write in short as “Magravs” magnetic fields forces in respect to each others 
position”. 


“Where, the Gravitational field force of one celestial body in respect to the other is a 
measure of the attraction and of the interaction of one plasmatic magnetic fields 
strength created within one system in respect to another plasmatic magnetic fields. 


3. The source of the Heat in the Earth Cores 


Another unanswered question in geophysics is that, where does exactly the heating of 
the inner solid core of the planet Earth comes’ from that can keep the outer core 
materials in their fluid state? Secondly, how and through what method is heat generated 
in the inner cores of the planet? 


These questions have not been addressed fully with clarity up to the present time in the 
science of the planet. 


In general, it is an accepted fact that the Earth maintains heating of its inner cores. I 
consider that the Caroline core is a Geo-nuclear reactor (Fig. 1, 2 and 3) to be known as 
the Geo-Reactor (Fig. 2). It is not hard to assume that there are radioactive matters 
(41C) in this new central core of the planet (12), which leads to the heating of the inner 
cores of the planet. In general, nuclear geophysicists and myself agree upon this, up to 
certain degree, with difference in the content of the matter types and the process by 
which this heating is generated. 


Where, geophysicists mainly consider that the heat in the Caroline core is generated 
through the nuclear decay of heavy elements, which have sunk into the centre of the 
planet due to their weight. 


As a nuclear engineer having built several simple nuclear reactors replicating the 
structure of the inner cores of the planet Earth and achieving the same effects of 
creating Magravs similar to of the Earth, I believe, Matters, plasmas, hydrogen atoms, 
carbon atoms, radioactive matters and other matters collectively are parts of the mixture 
of the matters content of the Caroline’s core (12). 


One can now clearly explain that the major contributor to the generation of heat in the 
inner cores of the planet are, or can be due to nuclear decays, operation of plasmas, 
nuclear fission (41C) and possible nuclear fusion of materials in the Caroline core of the 
planet. 


Materials in this region of such a high temperature are, and can be, considered to be in 
the fluid state (12) as has been considered by present geophysics scientists in respect to 


the condition in the outer core materials of the planet. 


Matters in this region, due to their fluidity, can be considered to be able to produce their 
own dynamic magnetic fields (Fig. | field M2 and Fig. 2 field G2), due to the dynamic 
motion of fluid matters in this section of the planet and these fields can/and interact with 
the dynamic solid inner core of the planet (Fig. 2). This being in principle similar to 
what has been assumed by geophysicists, that to be happening in between the inner 
core and the outer core regions of the planet matters leading to production of Magnetic 
field forces of the planet at the present time. Secondly due to the charged plasmas and 
charged electrons and their motion in this core, these could be partially responsible for 
the creation of the second magnetic field force of the planet. 


By the discovery of the second cavity, the Caroline core, in the inner cores of the planet, 
it becomes clear that the second magnetic fields (Fig. | field M2 and G2) can be, and 
are created in the very centre of the planet. Where, the solid core of the planet will act 
as a separating partition wall, between the two dynamic matter regions in the centre of 
the planet, namely the fluid matters in the Caroline core and the fluid matters in the 
outer core. 


So, the holy grail of the gravity (18) can be explained by the principle of interaction of 
two dynamic magnetic fields sources in the centre of the planet as was discussed in the 
above section. Therefore, the interaction between two pmtics on either side of the solid 
core is the source of the plasmatic Magravs of the planet. 


4. What causes the Rotation of the planet Earth? 


Another unexplained and daily-accepted phenomenon is the rotation of the planet Earth. 
How is the rotation of the planet Earth created and maintained’? What causes and 
dictates its constant speed of rotation of the planet, irrespective of where the planet is in 
its solar system? 


The way and how the rotation of a planet is created, has never been explained in the 
past by world of science. 


The existence of two independent pmties forces (Fig. 1 field forces of MI and M2, and 
Fig. 2 field forces of G1 and G2) on either side of the inner solid core of the planet 
(Fig. 3) can help to explain the next mystery in the world of geophysics, through the 
Keshe Theory of “The principle of the rotation of the planet”. 

Magnetic fields are known to possess field forces that can exert pressure on an object, 
and are capable of causing its motion. 


The existence of, and the continuously maintaining and interplay of the two dynamic 
pmntics forces (Fig. | fields MI and M2 and Fig. 2 fields GI and G2) on either side of 
the inner solid core of the planet, partially goes to answer the sources of the fields that 
exert forces on the inner solid core of the planet that causes the motion of the inner solid 
core. 


It has been explained that the interaction of two dynamic magnetic fields on either side 
of the inner solid core, leads to the creation of Magravs forces of the planet. At the same 
time the interaction and exertion of the same magnetic fields forces on the inner solid 
core of the planet put magnetic pressure on the inner solid core of the planet, causing 
the motion of the inner solid core of the planet (Fig. 3 fields G1 and G2). In the figure 3 
the total and overall effect of Magnetic field and Gravitational field forces of each core 
on the inner solid core are denoted as G1 and G2. 
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Fig, 3: Interacting plasmatic magnetic fields in the inner cores of the Earth leads to the creation 
of the rotation of the planet 


‘As the solid inner core confines” the materials in the Caroline core (Fig. 3) and the outer 
cores materials are confined by other matters at the outer boundaries of this core (Fig. 
3), these two cores are considered to be holding a constant volume and weight of 
matters. Thus, it is possible to assume that the magnetic fields forces created by each 
core will be constant and these magnetic fields forces will be maintained on either side 
of the inner solid core of the planet for a long period of time (billions of years). 


Hence, the balance of magnetic fields forces exerted on the metallic inner solid core, by 
both magnetic fields on either side of the inner solid core, will determine the speed of 
rotation of the solid core of the planet. 


Consequently, through the principle of viscosity and friction of the matters inside the 


planet, the final speed of the rotation of the whole planet is considered to be set and be 
due to the motion of the inner solid core of the planet. Which is carried out to the outer 
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layers of the planet and becomes the final rotational speed of the planet. 


Therefore, the speed of the rotational motion of the planet is determined by the planet’s 
internal cores magnetic interactions upon the inner solid core of the planet and by large, 
this speed of rotation is irrespective of the position of the planet in its solar system and 
overall effect of the external Magravs forces, which are exerted by other planets, and 
the star of the solar system, on the planet. 


So the twenty-four hour speed of rotation of the Earth is totally dictated by the exertion 
of the magnetic fields of the other cores on the solid inner cores of the planet as has just 
been explained, and not necessarily by any other factors. 


This principle of constant speed of rotation of celestial object should hold true for the 
all-dynamic celestial objects that are in possession of dynamic thermal central materials 
cores and this rotation is irrespective of the temperature of the inner cores or 
temperature of the outer layers and surrounding environment of these objects. 


Through tests in laboratory of similar reactors as the construction of Earth inner cores, 
we have concluded that the speed of rotation of celestial objects and Matters and the 
creation of Magravs strength are temperature independent. 


The motional rotation of a planet is created through the same principle as the linear 
motion that is attained in the present Maglev magnetic railway system of Japan, with 
the difference that, due to spherical shape of the inner solid core of the planet (Fig. 3), 
the motion created in this case will be a rotational one (12) rather than linear. We can 
consider that this principle is universal. 


5. The difference between Matter and matter 


Another unexplained phenomenon in the world of physics has been the understanding 
and the difference between the Matter and the matter, one in respect to the other. 


In this book we make a clear distinction between the Matters and the matters in all 
levels of universal orders of materials, where; 


The Matters are understood to be as the like of the Matter, the Antimatter and the Dark 
Matter. These three Matters are all made of different plasmatic magnetic fields strength 
and are field strength dependent in respect to each other. The three Matters are the three 
major components of a plasma. Each of the three Matters have pmtics of another 
strength, where the constituent strength of the pmtics creates different Magravs, 
different magnetosphere field strength and different mass for each Matter, and these 
independent of the other two Matters within the plasma, and independent of the 
environment that surrounds the plasma. 


Whereas: 
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‘The matter refers to the Matter component of the plasma. Matter becomes matter, when 
the Matter comes to levels that plasmatic magnetic fields forces and the motion of 
these forces in their environment can determine the compactness of the components of 
the Matter pmtics appearance in the plasma that make the matter appears as a gas, a 
liquid or a solid state-of-matter. These forces being created due to interactions of 
Magravs, dynamism of the environment, and so on, 


At the same time, Matters are pmtics strength, contact friction dependent. Where, the 
friction of pmtics in matter usually leads to the change of the state of the matter through 
the change of plasmatic magnetic fields forces to the likes of light, heat and other's. 


It is the external field forces and not the field strength of the environment that dictate 
the compactness of any of the plasmas’ Matters so that the pmtics becomes matter and 
visible or tangible to human senses, like odours or appearance of Matter as solid, gas or 
liquid, it is then that the Matter comes to be called the matter. 


The principle of strength of the magnetic fields of Matters is very different than the 
strength of magnetic fields in matters. 


When we consider to work with Matter(s) for space technology, the term “fuel” is not 
applicable, therefore the use of the term “MATter MAGnetic Supply”, abbreviated to 
“MATMAGS”. This is a Matter (Matter, Dark Matter, Antimatter) source of pmtics 
used in reactors for the production of Magravs for the operation of gravitational 
positioning reactors, where one can state the Matter needed and the strength of the 
Magnetic fields of the Matter needed to achieve desired effects from the reactor. 


Since “fuels” only refer to the matter level, where fuels are usually burned through 
ignition of matters, whereas magnetic fields of Matters, in the form of Magravs, are 
manipulated to create a preferred effect, and where the magnetic fields can be reversed 
back to any other state of Matter, and they are never lost. The only difference would be 
that with the Matter supply the magnetic fields strength can differ after processing, but 
in reality one would be left still having magnetic fields of varying degrees in strength. 


6. How motion of matters and Matters are created? 


The question to be asked first is, that, how the Matter, the Antimatter, and the Dark 
Matter are created in the universe. 


Secondly, how are the regular independent motion of Matters (Matter, Dark Matter and 
Antimatter) and matters (electrons, atoms, matters, planets, stars and galaxies) in the 
universe without burning of any fuel created and maintained’ 


No explanation has been put forward by the scientific world that is realistic, 
fundamental and applicable in all levels and to all sizes of objects and in any position in 
the universe. 


In the following chapters of this book, I will disclose how matters (gasses, liquids and 
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solids) and Matters (Matter, Antimatter and Dark Matter) as part of fundamental 
elements of creation, move in the universe. In addition, it will be explained, how the 
plasmas, electrons, planets and stars attain and maintain their motion in the span of the 
universe. (Chapters 19) 


Motion in the universe is achieved by understanding in full that how the construction of 
Matters happens at their simplest form, from the inception of the initial fundamental 
particles how they come together, and how they respond to each other’s magnetic fields 
forces, that the interactions of all constituents Magnetic field forces in Matter and 
plasma of Matters, leads to the creation of motion of plasmas, electrons, planets, stars, 
and so on. 


7. How Light is created? 


The present science of physics accepts that the light is created through the drop in 
energy of an electron from one energy level to a lower, or its ground energy level. 


Further, in this book we will explain how light is created in the universe, where actually 
there are no electrons present in the plasma-saturated environment. 


The other unanswered question is whether the speed of light (C) is the ultimate speed in 
the world of Matters. 


The speed of light is in the world of science thought to be the ultimate speed that any 
Matter can travel. 


I consider this 
and Antimatter). 


sumption to bi 


correct for all states of Matters (Matter, Dark Matter 


The assumption that the speed of light is the ultimate speed can be correct only for 
interactions between matter and Matter component of the three basic Matters (Matter, 
Antimatter, and Dark Matter). 


I consider that the plasma is to be in possession of all three states of Matters, these 
being the Matter, the Dark Matter and the Antimatter. (See the cover image of the 
book) 


Secondly, the assumption that the speed of light to be the ultimate speed, can at the 
same time be partially correct and applicable, only for a limited fraction of time for 
specific conditions of matter (and not necessarily only in vacuum conditions). Where 
matter itself is only a small part of bigger components of Matters of plasma in the 
universe. 


There are too many physical facts that are present in the mechanism of the universe’s 
daily operation that rejects that the speed of the light being the ultimate speed. These 
new theories will be discussed further in Chapter 7, titled “Speed of light”. A large 
numbers of physicists around the world do not accept such a limitation on the speed of 


matters in the universe. 
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CHAPTER 2 


Interaction of Plasma' 


Magnetic Fields (pmtics) 


In the Matters the strength of the magnetic fields goes back to the origin of the creation 
of magnetic fields. Where, the strength of the magnetic fields is in terms of reference, 
the power of the magnetic fields. Where magnetic fields in essence are created out of 
the potential difference in position from their source and the rate of the flow of the 
magnetic fields from their source becomes the current of the magnetic fields. Thus, as 
the position is closer and the rate of the flow is higher, the stronger the strength of the 
fields. This principle of creation of magnetic fields and magnetic fields strength are 
explained in full in the paper titled “The creation of magnetic fiel 


In understanding the ways and the simplicity with which the gravitational field force of 
plasmatic conditions are generated and maintained in planetary and stars systems, we 
can now state that the method of creation and production of the Magnetic fields and 
gravitational field forces of galaxies, stars, planets, molecules, atoms and plasma are all 
considered to be through the same method, irrespective of their physical size. 


At the same time, it is important to appreciate that this applies to all scales of the 
universal order of creation, That is to say, stars are made of the denser, larger and 
stronger by order magnitudes of plasmatic magnetic fields strength forces in the 
universe. Compared to the plasmas and the electrons, which are made of a weaker order 
of magnitude of plasmatic magnetic fields strength forces. 


Nevertheless, the same principle of structural formation applies to the Magravs structure 
of stars as to the structure of an atom, the plasma and the electron. 


In the physically big state order of matter, large scale, stronger and denser magnetic 
fields can be easily observed and detected, like the magnetic fields of the Earth, the Sun 
or the Galaxies. 


By the same measure and the same order of the scale and magnitude, plasmas and 
electrons possess and are made of and follow the same principles of Magravs 
interaction and attraction, and hold on to their different Matters and forces, as a star or a 
galaxy does. 


Whereas, the existence of the lower order of the magnitude pmtics that make the 
physical structure of plasma due to their very weak magnetic fields strength, can mainly 
be confirmed through the physical existence of the plasma itself, its behaviour, and its 
properties. 


Through our own tests, which have been done over several years, it is apparent that the 


plasmas possess their own Magravs forces, which are made from the interactions of 
combinations of different pmtics forces within their structure. 
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The fact is that, if the plasma did not create and maintained Magravs forces internally, it 
would not have been able to hold on to its fundamental particles, for the plasma to exist. 
By the Keshe Theory of the Gravity, the existence of Magravs forces as the existence of 
a magnetosphere of the plasma confirms the existence and interaction of at least two 
plasmatic magnetic fields forces within this structure. 


Secondly, if the plasma did not possess Magnetic field, it would get stock to other 
plasmas in its environment, these environments being for example the like of the other 
plasmas in the nucleus of heavier atoms. Then as the plasma is a free motion entity, 
which keeps distance from other plasmas in its environment, this confirms the existence 
of Magnetic as well as gravitational field’s, which is internally maintained and 
emanated from the plasma itself. 


Unless it can be proven to the contrary, we can assume that all plasmas are made of the 
same types of pmtics, and the same structural Matters and the same structural 
configuration. Then, we can say with confidence that all plasmas are made of identical 
Matters and create the identical Magravs forces within their structure. 


We consider neutrons, protons and especially electrons as being of plasma structure 
with only difference in their pmtics content level. Thus, different atoms of different 
matters have different energy and physical pmtics properties from other atoms purely 
due to the level of total pmtics of their total plasmas that they can hold onto. 


From this point on, in this book, it is considered that all hydrogen atoms have and will 
always be in possession of the same properties, be of the same construction and be 
made of the same similar internal pmtics and Matters. 


Therefore, it is assumed from this point in this book that what we call initial 
fundamental plasmas, or what is called neutron, must always be made of the same 
composition and of the same specific pmtics at all times, for all such plasmas of all 
atoms. 


Furthermore, it can be said that all initial fundamental plasmas create the same and 
similar plasmatic Magravs forces. 


Until contrary to this fact is proven, then it is correct to assume that majority of plasmas 
have the same characteristics, the same properties, and have the same dimensions, and 
the same measurement of Magravs density and field strength. 


Therefore, it is right to assume that the majority of plasmas in the universe are all made 
of the same collection of pmtics interaction! 


Hence, it is correct to assume that to have plasma of specific characteristics and specific 
Magravs strengths; the plasma is made of and must be able to attain a Specific Magnetic 
Configurations for all initial fundamental plasmas. 


From observation of motion of plasmas in the universe, it is clear that not all packs of 
pmntics are connected to a specific source. They are mainly free floating in space and are 
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made of different magnetic fields strength. 


Where, some of these pmtics interact with others of the same strength. Which, these 
interactions lead to the creation of the plasmatic Magravs, in their space and in respect 
to other floating pmtics in their given environments. 


Initially, when pmtics of similar strength get close to each other, the interacting fields 
get entangled with each other and set-off a new cycle of Magravs in respect to other 
pmtics and magnetic fields in their given environment. 


Further on as more pmtics of different field strength are gathered together due to their 
initial magnetic fields strength the new seeds for creation of new and different Matters 
are set to start. Where, the collection of these different Matters and fields and their 
interactions leads to the creation of initial fundamental plasma, in a specific given 
position in space. 


Plasmas are always considered to be made in the same manner, by the same process, by 
the collection of the same pmtics force strength and the same interaction procedure of 
the fields within their structure. 


Hence, plasmas are said to be made of Specific Entangled Plasmatic MAgnetic Fields 


(SEPMAF) and this is considered to be the same for composition of all plasmas in 
general. 
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CHAPTER 3 
The Init 


| Fundamental Particles of the plasma 


The initial fundamental particles components of plasma are considered to be a 
collection of weak plasmatic magnetic fields (in short: pmtics) originally existing in 
the spans of galaxies. 


These are residuals of different plasmatic magnetic fields activities of matters and 
Matters, which are released by the interaction of different magnetic fields by/and 
through for example processes like fission and fusion within stars and so on. It is 
considered that some of these weaker plasmatic magnetic fields are released into the 
environment by the nuclear decay of atoms themselves. 


Where some of the pmtics (Fig. 4) are continuously created in the denser environments 
by the interaction and friction of two or denser or stronger pmtics and some weaker 
pintics are generated through the collision or friction of matters and Matters in the 
universe. 


ewww 
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Fig. 4: Graphic presentation of plasmatic magnetic fields. 


Note: The figure 4 A: represents the collection of plasmatic magnetic fields of different 
strength. The figure 4 B: represents a graphical representation of dynamic pmtics in 
‘motion 


The pmtics due to their very weak strength are usually considered to exist and be in 
motion in packs within the different parts of universe (Fig. 5). Where, each pack can be 
made of number of different orders of magnitude of pmtics strength. 


For ease of understanding in trying to explain that how plasmas are created initially, we 
will consider three packs of pmtics. Where, for our purposes, each pack of plasmatic 
magnetic fields is denoted by one capital letter. Then each strength sub-constituent 
magnetic fields forces is number denoted. The different strength fields denoted with 
different numbers (Fig. 5). 


For simplicity of explanation, we will consider three packs of A, B and C with 
constituents of different dynamic pmtics (considering that fields are in motion in their 
environment) 


Furthermore we consider that each pack of magnetic fields contains five different sets 
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of fields strength called (Pack A) as Al, A2, A3, A4 and AS, (Pack B) as B1, B2, B3, 
B4 and BS and (Pack C) as Cl, C2, C3, C4 and CS respectively (Fig. 5). 


Fig, 5: Initial fundamental particles of plastic magnetic 


It is important to remember in this section, that when we talk about the gravitational 
field forces (Magravs), this means the gravitational fields and the Magnetic fields of 
any entity in possession of these magnetic fields, which are generated simultaneously 
by the interaction of the same two or more plasmatic magnetic fields. 


It is crucial to remember that there cannot be a situation where, there are gravitational 
fields and no Magnetic fields within a system and vice-versa. Even where, the Magnetic 
field comes to be placed in the boundary of the gravitational field zone. 


In principle, the gravitational fields and the Magnetic fields of the plasma are 
represented in the same region in our diagram(s), and for simplicity, these are shown 
with the doted line and this single line is representing both the Magravs zone of a 
Matter. 


Creation of Matter of plasma through interaction of pmtics. 


Initially considering interactions between, the pack A and the pack B and af least one 
pintics of each pack, which are to match with each other strength of the other pack, 
where these two pmtics are allowed to interact and interlock into each other. 


eye 


AS 
Pack A Pack B 


Fig. 6: Dynamic plasmatic magnetic fields Al and BI making the initial magnetic interaction of 
two packs. 
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Note: Only pmtics of similar or near similar pmtics strength can interlock into each 
other, where pmtics of different strength are attracted to each other but cannot interlock 
in the majority of the cases 


For the pmtics of packs A and B, which are similar or equal in magnetic fields strength, 
and they are in motion, and able to interact with each other or to interlock into each 
other (Fig. 6 and Fig. 7 a), it is considered that the North Pole of pmtics Al and the 
South Pole of the pmtics B1, (Fig. 7 b) start the attraction of the two pmtics to each 
other. 
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Fig. 7: Interacting plasmatic magnetic fields making pmtics of Matter. 


Note: It is considered at all times in the universe all magnetic fields and plasmatic 
magnetic fields are in dynamic and in the state of motion, as magnetic fields in essence 
are always attracted or interacting with other magnetic entities, thus they are always on 
the move towards or repulsing from one magnetic field to another. This is how the 


motion of Matters and fields are maintained in the universe. This continuous dynamic 
mixture of different magnetic fields strength become part of a localized or universal 
pitic soup(s). 


This interaction and interlocking of these pmtics initiates and creates the first step of 
interactions between two packs A and B plasmatic magnetic fields (Fig. 7 c). This 
interlocking, leads to the creation of the very first initial fundamental magnetic fields 
set, or the first initial Magravs, what is called the initial configuration of pmtics needed 
for initial seed of the plasma (Fig. 7 d and e). 


The interaction of at least one plasmatic magnetic fields of each pack that is initiating, 
and starting the initial weak Magravs forces of a Matter of a plasma, this is the first 
step for the interlocking of the two packs of A and B, of pmtics forces in respect to each 
other. 


From this point on, the first plasmatic Magravs force, essential for the seed of the first 
Matter of the plasma, is set to start and operate (Fig. 7 e). That is to say, the first 
gravitational field (G1 in Fig. 8 B) and the Magnetic field (MI in Fig. 8 B) forces can 
be considered to be created in between these weak pmtics packs. 


It is appropriate to consider that the interlocking of the two dynamic fields, due to their 


interaction and attraction, are bent inward or become overall to be spherical in shape 
(Fig. 7e and Fig. 8 A). 


INITIAL CONFIGURATION 


(OF PLASMATIC 
MAGNETIC FIELDS SEED OF THE PLASMA 
A B 


Fig. 8: The creation of the seed of the plasma. 


For ease of explanation, all the initial plasmatic gravitational fields (Fig. 9 field G1), 
and all the plasmatic Magnetic fields (Fig. 9 field M1) from now on in this disclosure 
are denoted as GI fields (Fig. 10), or what we call Magnetic and gravitational fields 
or Magravs and considered these to be the seed of the pmtics of the Matter 
components’ of the plasma. 


| Al BI ‘ 
. Gi(+M1) 


Fig. 9: Initial gravitational fields and Magnetic fields (Magravs) of the Matter components of 
the plasma 


At the same time, the remaining pmtics in each pack of A and B, due to the dynamism 
and Magravs in the vicinity of this seed, these will be kept around the seed G1 as one 
dynamic pack SET P1. 


The collective Magravs force of the seed of Matter will be known as Gl (Fig. 10) and 
the remaining pmtics magnetic fields of Pack A and B as initial set of the Matter 
component of the plasma is denote as SET PI (Fig. 10). 
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Fig. 10: Set P1, the initial pmtics of the Matters Magravs’ components of the plasma. 


Note: It has to be remembered that the pmtics in G1 are not produced and connected to 
a source of a solid magnet, but these forces were made by magnetic fields and were 
detached from their source of creation, some times before, hence, the use of the term 
“plasmatic” for these magnetic fields. The term “plasmatic” refers in this book to a 
“collection” of dynamic magnetic fields, and not to the state of a plasma in its common 
term use, which for example refers to a state of dynamic protons. 


Nevertheless, the remaining plasmatic magnetic fields of the two packs A and B are not 
matching in strength and hence they cannot lock into each other, these being pmtics 
A2, A3, A4, AS, and pmtics B2, B3, B4, BS. 


Therefore, the initial dynamic pmtics interaction of the two packs making up the Gl, 
possessing dynamic Magravs force, become the Matter component’s of the upcoming 
plasma. 


In the open spaces of the universe, the SET PI due to its dynamism and motion, 
naturally and eventually will come across another pack of pmtics, like the pack C. 


The interaction between magnetic fields of the SET P1 and pmtics of the pack C will be 
different in respect to the initial interaction of the packs A and B. 


In this set of interactions between all the fields and initial Magravs force of the SET P1 
and the pack C, several steps can take place instantaneously, simultaneously or over a 
length of time. 

The first step is that, some of the magnetic fields strength in the pack C (C1, C2, C3, C4 
or C5) could be similar to certain magnetic fields strength as in the G1 of the SET PI 


The addition of new plasmatic magnetic fields does not necessarily increase the strength 
of the fields of the G1, but it just adds to the density of the compact pmtics in the G1, 
and hence increases of the mass of the GI only. 


Creation of the Antimatter of plasma 


The second step is that the stronger field of the SET P1 interacts with similar fields as 
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in the pack C and as they are stronger, they would create a much stronger Magrays 
strength set. This, leading to the creation of a new Magravs zone, near the initial 
Magravs forces of the Gl. 


Due to its higher pmtics strength, this new Magrays system denoted as the G2 (Fig. 11) 
and it would have a separate distinctive characteristic. The new Magravs set possesses a 
much stronger field due to its stronger pmtics, which initiated its creation. This new 
and stronger Magravs will exert forces on the GI (Fig. 10), this making the pmtics 
constituent of the Gl a denser environment as the seat of the Matter (solid, liquid, gas) 
components of the plasma, 


Fig. 11: The pmtics of the second Magravs. 
Hence, this new interaction of fields creates a separate and stronger Magravs zone G2 
(Fig. 13) adjacent to the GI (Fig. 13) and in the same environmental plasma condition 
as GI. This new Magravs G2 (Fig. 11) is independent and interlocked to the initial 
Magrays of Matters of G1 but it will not interfere with the operation of the G1. 


In fact, the Magravs forces within the G2 (Fig. 12) and its surroundings become the 
seed of another Matter in the same environment. 
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Fig. 12: The Antimatter Pmtics and Antimatter pmtics Magravs. 


This new and stronger Magravs force, due to its stronger plasmatic Magravs 
interactions and its transparency, become what is known as the Antimatter part of the 


plasma (Fig. 12 G2). 


For clarity, the new stronger magnetic fields interaction between the SET PI and the 
pack C, and creation of the Magravs force of G2 (Fig. 11), becomes part of the SET P2 
(Fig. 13). 


Where, now this new set includes the G1 the Matter and the G2 the Antimatter and the 
remaining pmtics of the three original packs. Where, the weaker Magravs of the GI and 
the stronger Magravs of the G2 co-exist next to each other, and are interlocked to each 
other by the original three pmtics fields in the original packs, which they originally 
shared (Fig. 13). Through overall Magravs of the two Matters in respect to each other, 
these two Matters’ Magravs keep the rest of pmtics of the original three packs together 
and around them. 


Fig. 13: Set P 2. This set includes pmtics and the Magravs of the Matter, the Antimatter and 
residual pmtics of 3 original packs. 


This interaction of two different plasmatic Magravs sets of different strengths is similar 
to the plasmatic Magravs set forces operating in independent celestial bodies of the 
solar systems the like of the Earth and the Sun, where, the Earth can be considered to be 
the GI pmtics Magravs and the Sun the G2 pmties Magravs of the set. 


Creation of the Dark Matter of plasma 


The third step of the same interaction of the pack A, B and C pmtics, is from the other 
residual fields of these packs. Where some of the residual magnetic fields will generate 
a new Magrays force environment, the like of the G3 (Fig. 14). The G3 gravitational 
field force is a part of the same set of the same plasma environment as the GI and the 
@2. 


This new Magrays force zone of the G3 is created through the same process as the other 


43 


‘two Magravs, with a difference that the outward Magravs strength created by G3 are in 
magnetic fields strength balance with the overall pmtics strength created by the GI and 
the G2 and other pmtics within the environment of the original three packs of pmtics. 


This G3 is independent from the magnetic fields of other two Matters of the plasma, But 
these sets overall Magravs are near equal or are in balance, in respect to the pmtics of 
the overall enclosure of the plasma and of all the three original packs and the two 
gravitational sets of G1 and G2. 


G3 


Fig. 14: The schematic and pmtics representation of Dark Matter. 


Hence, even though this region of the plasma possesses Magravs forces, but it appears 
to be void of external magnetic fields, or this region appears to be void of a 
magnetosphere. Where, in the interaction of the G3 Magnetic fields with its surrounding 
magnetic and Magravs of the Gl and the G2 of the same environment, these fields of 
the G3 fail to create a visible and distinguishable magnetosphere for the G3 set with 
other magnetic fields in its surrounding environment. Therefore, as there are no 
interaction between the overall balance of the Magrays of the G3 with its surrounding 
pmtics, thus no visible or may be very little detectable light due to the interaction 
magnetic fields of the G3 with its surrounding pmtics are produced, that these could 
create light that could make this new gravitational centre to be detectable. Which this 
light can confirm the existence of another internal gravitational fields of another Matter 
in this region of the plasma. 


Even though there would be a gravitational field force in this region of the plasma, 
which confirms the existence of another Matter in this region of plasma. However, the 
G3, due to the balance external Magrays interaction with other fields around this region 
with the lack of stronger external magnetic fields to create more profound detectable 
light in comparison to the G1 and the G2 magnetospheres within the plasma, makes this 
region around the G3 darker in respect to the rest of the plasma environment (Chapter 
D. 

Nevertheless, this region possesses pulling field forces or gravitational field forces but 
will not be as visible or detectable as the rest of the plasma, or will be darker in 
comparison, due to a lack of the stronger magnetospheric interface (Fig. 15 SET P3). 


The G3 gravitational field force region, due to its dark appearance, becomes the Dark 
Matter component of the plasma (Chapter 14). 
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Fig. 15: Set P3 interactive gravitational fields of a Matter, Antimatter and Dark Matter. 


In the past papers (36) and the Dark Matter chapter, Keshe Theory of creation of Dark 
Matter considers’ and explains’ that “Matter which possesses both Magravs, but where 
the overall Magravs strength are in balance or near balance in respect to its 
environments pmties strength, so much so, that these regions do not create any or create 
only a very little magnetospheric visible light zone through the interaction of their 
pmtics (Chapter 7), that the Matter cannot become detectable or become visible in 
respect to its surrounding environment at specific given time and position, hence the 
Matter Magravs magnetosphere appears to be darker in that part of given environment, 
hence the term Dark Matter” is used. 


These interactions and principles of how Dark Matters are generated have been 
explained and discussed in detail in the paper titled “The creation of Black Hole” (13), 
“Creation of Dark Matter” (36), “The rings of Saturn” (39) and further in different 
following chapters in this book. 


We consider the creation and appearance of the Dark Matters, Black Holes, Dark Spots 
on the surface of the Sun and Dark sections of the rings of the Saturn, are all to be due 
to and through the same fundamental principle of the interaction of equal plasmatic 
Magravs strength forces in their given specific environment at a specific duration of 
time as in the G3 (13, 14, 17, 18, 24, 36). 


Nevertheless, the Magravs forces of the G3 will be interacting with the rest of the 
plasma Matter’s field’s forces. The G3 pmtics released partially will feed the plasma’s 
of other components of Matters for their motional energy and in keeping the 
gravitational field forces of the G1 and the G2 intact and overall to keep the plasma as 
one integrated system (Fig. 15). 


Creation of the torus field force 


The fourth step: Further on in this process of interaction of three original packs of 
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pmtics, and due to the dynamic characteristics of the other three Matters Magravs, soon 
some of free pmtics lefi in the overall initial three packs will come to be positioned in 
the centre of three Magravs forces of the Gl, the G2 and the G3, and becomes the 
interlocking force between the three. The free pmtics become a dynamic swirling 
compact of residual of wn-matching pmtics field strength and behave as a partial sphere 
of rotating magnetic fields forces to be known as the F1 (Fig. 16) part of the plasma. 


@® () 


Fig. 16: The spherical torus field force. 


These free FI pmtics, due to not being able to find equal magnetic fields strength 
partners to establish themselves as a Matter condition phenomenon, this portion of the 
interacting fields become void of central gravitational field forces. 


As the G1, the G2 and the G3 are in continuous motion, and as these three Matters lose 
their energies and momentums, due to their long-term dynamic activities, they come 
close to this inner field force region of the F1 and in contact with its pmtics forces. This 
is the point where, the three Matters of plasma gain momentum from their interactions 
and encounter with the dynamic magnetic fields forces of the FI (Fig. 17). 


This dynamic pmtics region in between three dynamic Matters can be compared to an 
empty spherical torus shaped field force effect (F1) (Fig. 17), as the field forces turn 
inwards, without any central gravitational field forces strength, and without any 
matching pmtics to generate any viable internal gravitational field force for the creation 
of any Magravs to lead to the creation of any Matter typ 


In practice, the conversion of the pmtics of the Fl into energy, partially allows the 
balanced dynamism of the whole plasma to be maintained. 


Fig. 17: Spherical torus shaped pmtics made by interaction of different strength residual pmtics 
of the three original packs. 


F's are considered as a natural process and phenomenon in the plasma and in the 
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universe, with the content of larger order of magnitude difference in pmtics strength in 
their constituents. 


This dynamic spherical magnetic fields force region of the F1 in plasma or in space, 
void of central gravitational field forces, is commonly called a Wormhole, and its 
operation of its field’s forces in motion as Wormhole effect. 


It has been hypothesized in the past by scientists that such a Wormhole can be used for 
inter-space travel with extreme speeds of motions near the speed of light. 


We consider that these dynamic magnetic fields regions can be used to increase the 
speed of any object, which comes in touch with their dynamic magnetic fields. In fact 
the fast journey of the object through the FI, will not necessarily lead the Matter to 
anywhere rather than giving a turbulent fast ride within the structure of the plasma. 


In case of wormhole in a galaxy, the object will have a fast speed travel without much 
control in speed and dictating the point of final destination of where the object might 
end up. 


These are points in space that acceleration for motion for other Matters of the plasma or 
physical matters can be obtained, by using the dynamic pmtics forces of the Fl in 
plasma or space, where these forces happen to exist. Finding these points in space are 
much easier than ever thought before (Future publication). 


Initial structure of Matters of plasma 


Fig. 18: Set of interaction between the three Matters and the F1 


Even though each of the three Matters are separate and operates independently from 
other Matters within the plasma, it is possible that from time to time the magnetospheric 
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envelop of each Matter comes in touch with other magnetospheres of Matters of the 
plasma and creates a common interface in the region for the window of time of the 
interaction (Fig. 18 shaded areas). 


It is important to note that plasmas can possess several G3’s and FI’s of different 
pmtics strengths in its overall entity for some time, individually or simultaneously, at 
different time in its life cycle. 


Transition-zone pmtics 


The new overall interaction of all three Matters and all fields of all pmtics of all three 
Packs, as one entity, leads to the creation of the initial Matters and Forces of the plasma 
(Fig. 19). 


At this point, there could be other pmtics of the three original packs within the structure 
of plasma that could not link or be part of the components of the three Matters and the 
FI, these free leftover pmtics literally float in the plasma and over time, they become 
the feeding pmtics for one Matter or another and the interlocking magnetic fields forces 
of part of the other Matters of the plasma. 


These loose pmtics in-between interfaces of Matters are the dynamic plasmatic 
magnetic fields transition zones, which we call “the energy transition zones” (Fig. 20, 
the field arrows), in the overall structure of plasma. The magnetic fields in these 
intervening gaps among the Matters are fields that are mutually shared by all Matters in 
the plasma, when there pmtics strength comes to their level; these residual pmtics are 
considered more as a mixture of magnetic rays than pmtics. 


Fig. 19: Initial Matters and forces of the envelope of plasma. 


They are in the plasma, like intermediating or interface zones in between two or more 
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Matters of the plasma at the same time. 


Now that all the plasmatic magnetic fields of the three original packs are considered and 
counted for and used up, now we consider that the full set of the G1, the G2 and the G3, 
loose pmtics in the transition zones and Fl, create an overall integrated independent 
Magnetic field and gravitational field of their own to keep the integrate of all pmtics of 
the three Packs A, B and C, together as on entity. Where this new entity becomes to be 
known as the “Initial Fundamental Plasma”. 


Initial Fundamental Plasma 


Fig. 20: Keshe Model of the Initial fundamental plasma. 


I call this dynamic concept the Keshe Model of “The Universal order of creation of 
Matter”. 


We consider the Initial Fundamental Plasma to be similar to the construction of the 
Neutron (Fig. 20) 


Figure 21 gives the conceptual presentation of complete plasmatic magnetic fields of 
plasma, of “The universal order of creation of Matters”. This model represents the 
pmtics structure of the Initial Fundamental Plasma, where the G1 is the Magravs of 
Matter, the G2 is the Magravs of the Antimatter and the G3 is the Magrays of the Dark 
Matter. 


It is considered that Initial Fundamental Plasmas always have an internally balanced 
magnetic fields environment, as one observes in the plasma as in the solar systems. 
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See 


Fig, 21: Keshe Model of the pmtics of Matters of plasma. 


‘At the same time initial fundamental plasma maintains an overall and external Magravs 
created by Matters and all pmtics, which are within the confine of the plasma too. Thus 
the internal balance magnetic fields of the neutron does not mean that it does not 
possess Magravs in respect to its outside environment. But due to the existence of 
Magravs of its component structure the initial fundamental plasma maintains an 
independent magnetosphere in respect to its surrounding environment. 


When, contemplating on discussing about the proton or the neutron as a plasma, one has 
to talk about the whole of the plasmas’ components, namely, the Matter part (what has 
been considered as the matter part of the nucleus of the atom), the Antimatter part, the 
Dark Matter part, the spherical torus magnetic fields and the transition magnetic fields 
parts. These are all together the components of one plasma and have to be considered 
as one package and entity. 


There cannot be a plasma condition, where all three Matters do not participate in the 
existence of the plasma. 


Decay of initial fundamental plasma 


‘At the point in the cycle of the life of an initial fundamental plasma, when the shared 
magnetic fields of the transition zones, or pmtics of one of the Matters of plasma are 
partly exhausted and the Magravs balance among or in the Matter fields are disturbed 
and the Magravs binding forces are unbalanced, then the initial fundamental plasma 
disintegrates to its substructure of new balanced Magravs of the same Matters for the 
initial fundamental plasma to find a new balanced combination within its own Matters 
and fields within their given environment. 
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This process of splitting of the initial fundamental plasma to find new and smaller 
balanced plasmas for Magravs of Matters and fields balance, I call this process the 
decay of the Initial fundamental plasma. 


‘The decay of the initial fundamental plasma always leads to the creation of at least two 
new balanced and smaller initial plasmatic magnetic fields plasmas of the same 
configuration, with, one plasma which possess more of the Matters and is larger, and 
one plasma which is a smaller and holds less of the Matters and pmtics of the original 
initial fundamental plasma. Nevertheless, the two new plasmas and their contents have 
to keep the overall balanced structure of the initial fundamental plasma. This happens so 
that both plasmas can survive within their environment as one entity. 


The outcome of the decay of the initial fundamental plasma into two new components 
is considered to become the creator of the new proton and the electron of an atom. This 
new balanced pmtics entity, or so-called atom; itself has to have an overall balanced 
Magravs forces operating within it, for the atom to keep the integrity of the original 
initial fundamental plasma. 


The decay of the initial fundamental plasma leads to the splitting of its content into a 
proton and an electron simultaneously (Fig. 46 diagrams 1 to 8). Nevertheless, at the 
same time as the new plasmas’ component reposition and rebalance during this process 
of decay, this leads to the release of some residual pmtics or magnetic fields, which are 
not needed for or by the two new entities for their respective parts of their Magravs 
positioning (Chapter 18). 


The release of the unwanted fields for the balance interaction between the two new 
plasmas, leads to the release of the magnetic fields packs as different rays or energies 
from the splitting of the initial fundamental plasma. This release can be in any form like 
a mixture of rays, pmtics, sound energy packs and so on. 


I consider this process of the decay of the initial fundamental plasma of the contents of 
its three Matters and fields to be a new fundamental universal principle, where in larger 
scales of order of magnitude; it is called the nuclear decay of atoms. 


In science at the present, scientists consider that elementary particles are quarks and so 
on, but now we know that quarks themselves are further made-up of basic magnetic 
‘fields and their interactions. Where, collections of magnetic fields in a group, as 
‘dynamic plasmatic magnetic fields, and their interactions with other dynamic plasmatic 
magnetic fields, leads to the creation of the Matter(s). Where, the mass of the “quark” is 
produced by the interaction of these plasmatic magnetic fields through the principle of 
the creation of gravity as has been explained in Chapter 1. 


Secondly, what is at the present called the spin of the quarks now we understand is the 
natural dynamic motion of the Matters created in the plasmas’ environment, through the 
interaction and Magravs positioning of the dynamic Matters of the plasma. 


Thirdly, what is considered by the present science, as the colours of the quarks, are in 


reality the different contents, of different plasmatic magnetic fields strength interactions 
leading to the creation of gravity and Magnetic fields with their overall interaction 


s1 


effect in respect to their environment pmtics, which leads to the creation of the 
magnetosphere of each Matter of the plasma, these being the magnetosphere of the 
Matter, the Dark Matter and the Antimatter in the magnetic environment of the plasma 
or the neutron, the proton or the electron. 


This means that the quark cannot be considered as an “elementary particle” as it has 
sub-components and is made of magnetic fields itself. 


Thus, I consider the new “elementary particle” to be of the “magnetic fields” origin, 
which this itself explains why one Sees all sorts of effects, like the present quarks, 
bosons and the spin of the dynamic Matters of the plasma, and so forth. Where, these all 
can now simply be explained as being due to the interaction of different magnetic fields 
strengths, which makes up the structure of the Matters of the plasma and the other 
magnetic fields, which are within the structure of the plasma. 


Even in the largest scale, this initial fundamental plasma decay model is what 
cosmologists see in the galaxies as the collapse of stars (which the star is and can be 
considered to be the initial fundamental plasma) and its re-emergence as new smaller 
components of star or solar systems. By the same principle, the release of energies for 
the star to find its new balance through its star decay always leads to releases of vast 
amounts of unwanted matters, Matters and energies and creation of sub-components but 
still with its Magravs forces. 


This decay of initial fundamental plasma is discussed in more detail in Chapter 15. 


CHAPTER 4 


Matters’ of plasma and their transition of states 


There is conclusive evidence to show that plasma possesses energy, and maintains 
specific magnetic behaviour, and that plasmas can and do generate their own Magnetic 
fields and gravitational field forces. 


Research done by a number of institutes around the world indicates that the plasma of 
Matter is accompanied by a second Matter constituent called the Antimatter. Some 
institutes (6, 7, 8) claim that they have separated and have managed to contain the 
Antimatter. 


In other sections of science, scientists refer to what is called the Dark Matter, and 
observations of virtual matters. 


The world of science has failed to consider the creation of all these three states’ of 
Matters (Matter, Antimatter and Dark Matter) as constituents, and as of one process, in 
the chain of initial progressive process of creation of the three Matters and as the 
content of one plasma in the universe. 


This failure has been due to the lack of understanding that the Matter, the Antimatter 
and the Dark Matter components of plasmas are all created simultaneously and as one 
integrated dynamic plasmatic magnetic entity. 


It is fundamental to understand that one of these Matters’ does not exist without the 
others within the overall structure of the plasma. Then through this process, it becomes 
easier to understand the operation of Matters, matter and fields, plasmas, atoms, 
molecules, solar systems and galaxies. 


One can now translate this new understanding of how plasmas are created and operate 
into how larger celestial objects are created, and operate in their given environment 
collectively. In other words, we translate the knowledge of the operation of electrons 
around the nucleus to the operation of planets around their stars. 


To understand the relationship and construction of the plasma with more clarity, every 
effort in this book have been made to go through stage by stage, how Matters of 
plasmas are considered to be connected, and appear to inter-transit from one state of 
Matter to another within different environments without loss or gain of any of their 
plasmatic magnetic fields strength. 


In the matter world this is like the inter-change between states of matters, from solid-to- 
liquid, liquid-to-gas, and vise-versa. 


Where in the matter world the state-of-matter is magnetic fields’ forces dependent, and 
in the state-of-Matter it is magnetic fields’ strength dependent. 
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The phenomenon of transition from one state of Matter to another is a regular 
occurrence in dynamic pmtics processes in the spans of the universe (Fig. 21). 


All components of Matters of the plasma or any Matter or matters in the universe are 
connected to each other through the interaction of their pmtics, and their pmtics 
strength, which are the constituent and the creator of their Magra 


Thus, as each Matter gains or losses some of its pmtics, one Matter component of the 
plasma will become or can become the component of another Matter of another plasma 
or field at “a given point in motion of pmtics” (time) and at a given point in its space. 


For example, Matters of plasma can interchange from one Matter to another due to their 
motion of dynamic pmtics or what is called energy levels changes in respect to a given 
environment pmtics strength, 


All Matters can appear as different Matter by just changes of the environmental pmtics 
strength too. For example the same plasma or Matter by just passing through another 
region of different pmtics strength. This is the process what we call transmutation, but 
in this case the transmutation is done by the environmental condition and not by the 
internal Matter pmtics strength change. 


Matter can appear as different Matter, for example Dark Matter can appears as Matter 
by simply entering into a new pmtics environmental condition. This is how Dark Matter 
suddenly appears as virtual matter. 


For example, Dark Matter in a given environment of plasmatic magnetic fields 
strength by entering into a new and stronger or weaker pmtics strength configuration, 
instantaneously, becomes visible Matter in respect to its newly entered environment 
(Dark Matter to Virtual matter). I call this the phase of transmutation of Matter(s), so 
this is the unveiling or occurrence of a new state of Matter from the same old Matter in 
a different outfit, 


Secondly, Matters can change their status and behaviour from Matter to another for 
example from Dark Matter to Antimatter or Matter, by simply gaining from or losing to 
a part of their plasmatic magnetic fields strength to other Matter(s) or pmtics in respect 
to their given environment. 


If Antimatter Magravs strength reaches an environment pmtics strength that its overall 
Magravs strength becomes equal and in balance with its new environment pmtics 
strength level, then the Antimatter can become and behave as the Dark Matter entity in 
respect to its new given environment (Fig. 22). 


On the other hand, for example as the pmtics strength of the components of Antimatter 
reduces or as Antimatters interact with other Antimatters of different Magravs strength, 
these Antimatters lose enough of their Magravs strength that one or both Antimatters 
‘come to a new balance of plasmatic magnetic fields strength. Where, these balances can 
be in their internal and external Magravs, then these Antimatters Magravs strength can 
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come to a level that the new strength of the former Antimatter become to be in the 
pmties strength level of the Matter, or change to the Dark Matter field strength level 
status in respect to the same environmental condition. 


ANTIMATTER 


1 
1 MATTER invisible \ 
(H,He, Ara.) (detectable SEPM) 
U Visible - emitting EM 
(detectable SEPMF') 


DARK 
MATTER 


transparent/tangible 
neutralized EMF 
(balanced superimposed SEPMF's) 


y 
magnetic fields \) 


boundary \_~— > 


Fig. 22: Schematic Keshe model of interconnection relation between different states of Matters. 


This is what we call the Keshe Theory and principle of the transition of Matters, that 
is to say “the transition from the Matter to the Antimatter or the Dark Matter and in 
reverse, and the transition of the Dark Matter to the Antimatter and in reverse, is a 
normal condition of transition of the Matters” (Fig. 22 and Fig. 23). These figures 
showing in a simple and new way how and the connections by which interchange(s) 
between the states of Matters in the universe are achieved. 


Keshe principle of transition of the Matter states’ that, “the plasmatic magnetic fields 
strength of the environment in which the Matters operate in, dictates what the Matter 
appears as or presents itself as, in that given environment” or on the other hand “when 
one Matter gains or losses enough of its plasmatic magnetic fields strength that the 
Matter Status, characteristic or behaviour becomes of other Matters of the plasma status 
and behaviour or characteristics within the same given environment”. 


Therefore, Matters can change from one Matter to another by increase or decrease in 
their pmtics strength or they can appear as different Matter as they enter different 
plasmatic strength environment and conditions. 


That is to say, the Matter can become to have the characteristic of the Dark Matter in a 


given environment pmtics strength, and by the same measure, the Antimatter can lose 
enough of its pmtics to become Matter, and so one. The schematic transitions of state of 
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the Matters are shown in figure 22 and figure 23 of the Keshe model of transition of 
Matters. 


Fig. 23: Keshe universal Model of the plasma transition of plasmatic magnetic fields and 
Matters. 


With the use of simple pmtics plasma dilution reactors, which have been developed by 
Keshe Foundation through its Keshe Technology development sector, the principle of 
transition of Matters have been tested and results have proven to be in line with the 
theoretical consideration. 


Where, in these nuclear-based reactors, Matters can be allowed to go from one state of 
Matter to another and then allowed to return to their original state of Matter. This new 
method of transition of Matters brings about a new way and technology of producing all 
man’s material needs for motion, energy, creation of new matters and so on. 


For example, effects and properties of transition of Matters (Fig. 23) can be used to 
make physical Matter to have no magnetospheric boundary as Dark Matters do in a 
given environment, so that the Matter behaves like the Dark Matter in characteristics. In 
these environments, the Matter will become translucent dark or the centre core behaves 
as becoming invisible in respect to its surrounding environment, without any change in 
the property of the physical Matter or change in its gravitational field strength or 
position in space of the Matter. 


‘As the Matter with this property presents no effective magnetospheric condition in 


respect to its surrounding environment due to the lack of /or little interaction between 
the pmtics of the Matter and its environment, then the Matter now can behave as Dark 
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‘A disposable cyclic voltammetry (CV) tag is printed on a plastic film by integrating wireless power 
‘ransmitter, polarized triangle wave generator, electrochemical cell and signage through a scalable gravure 
printing method. By proximity of 13.56 MHz RF reader, the printed CV tag generates 320 mHz of 
triangular sweep wave from +500 mV to ~500 mV which enable to scan a printed electrochemical cell in 
the CV tag. By simply dropping any specimen solution on the electrochemical cell in the CV tag, the presence 
of solutes in the solution can be detected and shown on the signage of the CV tag in five sec. 10 mM of 
N,N,N’ ,N'-tetramethyl-p:phenylenediamine (TMPD) was used as a standard solute to prove the working 
concept of fully printed disposable wireless CV tag. Within five seconds, we can wirelessly diagnose the 
presence of TMPD in the solution using the CV tag in the proximity ofthe 13.56 MHz RF reader. This fully 
printed and wirelessly operated flexible CV tagis the first ofits kind and marks the path forthe utilization of 
inexpensive and disposable wireless electrochemical sensor systems for initial diagnose hazardous chemicals 
and biological molecules to improve public hygiene and health. 


between the electrodes and the solutions of all kind of solutes such as metals’, organic molecules 

proteins’, bacteria, viruses’, and DNA®, Because of the high sensitivity of the electron transfer redox 
reactions, CV could become a very promising ubiquitous electrochemical sensor protocol ifthe cost and size of 
the CV system were significantly reduced to commercially viable single-use disposable units for checking traces of 
hazardous materials such as lead’, mercury, arsenic’, e-col and pesticides" in water orto diagnose the level of 
glucose", cholesterol and specific enzymes" in blood. This single-use disposable CV would dramatically reduce 
the cost of maintaining the public health system’, Therefore, inexpensive and disposable CV measurement 
system that can be operated wirelessly using a smartphone or RF (radio frequency) reader without complicate 
‘operation processes is in high demand for the realization of an ubiquitous sensor network system (Figure 1a). 
They would mainly be used as ubiquitous diagnostic and testing tools for detecting and monitoring the level of, 
target specimens. However, there isno technology that is advanced enough yet to builda wireless, inexpensive and 
disposable CV system. In this paper, as a form of RF-tag, an extremely inexpensive, disposable and fully printed 
CY system is demonstrated for the frst time by mimicking and combining basic CV concepts and wireless power 
transmission technologies of RF devices. To realize the fully printed CV tag, a key issue of wirelessly generating 
triangular waveform (+500 mV) that can scan the electrochemical cel ata low frequency (<1 Hz) to set up a 
redox reaction needs to be addressed through a minimum number of printed thin film transistors (TFs). Fully 
printed 13.56 MHz rectenna and a ring oscillator with large trap charges in the channels of printed TFTs were 
respectively utilized to wirelessly generate triangular waveform by using only 10 printed TFs 


c yelic voltammetry (CV) has been used as a powerful tool forthe study of electrochemical redox reactioi 


Results 
Based on two Key units of the wireless power transmitter (Figure 1b-T) and the triangular wave generator 
(Figure 1b-2), the circuit layout of the fully printed wireless CV tag was designed by using a minimum number 
of printed thin film transistors (IFT) to alleviate the issue of Vy, shift and shown in Figure 1b as a platform of 
disposable CV system. The circuit of CV tag was fabricated using all scalable printing methods, a roll-to-rall 
gravure, a roll-to-plate gravure, a drop casting, and a screen printer (Figure S1 in Supplementary Information). 
‘To provide a polarized DC voltage from the coupled 13.56 MHz AC signal of the reader, we modified our 
previously reported R2R gravure printed rectenna'™", as shown in the layout in Figure 2a and the resulting 


5 | 58105 | DOL: 10.1038/srep08105 1 


Matter and move without friction and freely within the same environment. 


Utilizing this state of the Dark Matter effects around an aircraft or spacecraft, this 
condition will give the craft frictionless motion and higher speeds and possible 
invisibility in the same environment (Chapters 13). 


The technology of transition of Matters has been tested-out over years by the Keshe 
Foundation, and several systems were designed, developed and manufactured and used 
to achieve the formation of original magnetic fields plasmas to prove the correctness of 
these principles, and indeed the effect of transition of Matters were proven to be correct. 


The implication and application of the use of transition of the states of Matters are so 
immense and profound, that one needs to know, for example, where the Matter will 
end-up in, and in what state of Matter in respect to its environment, one will appear as. 


That is to say, one has to know if for example, going from Matter to Antimatter, where 
in the strength fields of Antimatter, one will end-up in. Vice-versa, when one can go 
from Dark Matter into a Matter condition zone, one has to know in what state of matter 
(gas, solid, and liquid) one will come to ends up in. 


Through the operation and control of these reactors, one needs to know where the 
system state of matter and magnetic condition will end-up. This could be in liquid seas, 
or in the middle of a solid Matter or in the middle of deserts. Without being prepared for 
these parameters through the operation of systems, which can facilitate such a transition 
behaviour and characteristic, the use of Matter transition can have catastrophic 
consequence, not only for the system, which produces it, but also for the occupants of 
possible crafts using this type of transportation in the spans of the universe. 


By the understanding of the principles of creation of the initial fundamental Matters 
within the initial fundamental plasma, through the interaction of the initial fundamental 
particles, a number of unanswered questions in the world of science can be answered. 


For example, in the universe the total quantity of plasmatic magnetic fields and the 
related energies are to be considered constant. Therefore, in the totality, no matter, 
Matters or magnetic fields will ever be lost or gained in the universe. Pmtics of different 
strength start existence at one strength level and they consolidate to become stronger, or 
lose their field strength through division and collision to become weaker in strength. 
Nevertheless, pmtics in their different strength fields can never be destroyed or lost. 


Therefore, pmtics simply interact, divide, and interlock to produce different Matters and 
conditions like forces, motions, heat and compactness for them to be matters to be 
visible to the eye of creatures, according to their positions, and so on. 


Pmtics in their interactions with others of the same can only move from one state of 
Matter to another depending upon the condition(s), which prevails at a given point in a 
given time in space. Thus, the Matter can go from the Dark Matter to the Antimatter and 
vice-versa, and the Matters to the Dark Matters and vice-versa and so on. 
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Therefore, the theory and the discussion that universe one day will run out of matters 
and energy and then there will be nothing as has been promoted by some scientists in 
the recent past is anything but a fallacy. 


By the same principle, we call the pmtics in motion as the energy of the pmtics. These 
pmtics in motion can release and can lead to creation of the same Matters as they were 
created-out of, and can have the same capability. That is to say, for example, the energy 
of the Dark Matter can change into energy of Matter, or part of the matter, and the same 
applies for other states of Matters. 


In understanding, the principles of “the universal order of creation of Matters”, one 
can utilise the transition of states of Matters and matters to take full advantage of 
universal Matters and matters pmtics and their energies. 


Through the permanent interaction of all dynamic pmtics of different scales of strength, 
there will be no end to the universe, as the universe moves through its different pmtics 
strengths field interactions and repulsions. Where, these will lead to eternal motion of 
the universal pmtics forces and creation of new Matters, matters, forces and new 
condition for them to cooperate within the universe. Thus, there never has been a Big 
Bang and there will never be a doomsday scenario for the universe as a whole, the 
universe will be forever in equilibrium in its overall universal order of pmtics. 


The pmtics of Matters will transit from one state of Matter (Matter, Dark Matter, and 
Antimatter) to another state of Matter. In addition, from one state of matter (solid, 
liquid, gas) to another state of matter. 


Where, these changes will depend on the properties and forces of the states of plasmatic 
Magravs and their strength in respect to each other. Similarly, pmtics from strength of 
fields of Matter will transit to pmtics of different pmtics strength of Matter, in these 
processes of transition, plasma releasing dynamic pmtics in motion as energy. 


The real size of the universe will never change; that is to say, the universe cannot 
expand into a space if the space for its expansion was not there to begin with. Where, 
from our point of view we only observe a small fraction of the whole, which we observe 
that fraction expanding. The observed expansion is relative to the position of the 
observer in respect to a given position in the universe, for example what will be a red 
shift observation of one at one end of the universe, this will be blue shift to an observer 
on the opposite direction of the motion of the same entity. In the paper titled “Creation 
of magnetic fields” it has been explained that the blue shift of light is created when 
pmtics are compressed, and the red shift is created when the pmtics move away from 
each other, or when pmtics are opened up. 


In the real world of the universal order of creation there is no room for the principle of 
singularity. Except, if, we would call, a large pmtics, that covered the whole of the 
universe singularly by itself. Then all that has happened, is that the original single 
plasma has gradually disintegrated to smaller and weaker strength fields, which their 
interaction has lead to the creation of what has been seen and is in the present in the 
short time of the life of man on the Earth. Then, such original singular plasma, which 
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covered the whole of the universe, had to gradually to disintegrate to smaller strength 
fields, which their interactions have lead to the creation of all events, Matters and 
matters in the Universe. 


The transition of state of Matters principles will be discussed in full in future 
disclosures. 
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CHAPTER 5 
Definition of Energy Through pmtics 


The initial components and construction of plasma are due to the existence of initial 
dynamic plasmatic magnetic fields. 


For a magnetic field to be able to be detected or its existence to be confirmed, the 
pmtics has to leave the confines of the boundaries of its containments, this being the 
boundary of Magravs of the Matter or the plasma. 


It is important to keep in mind that the pmtics do not possess or show field force unless 
they are in motion. 


The energy possessed by a plasma can be define as “the total plasmatic magnetic fields 
forces of all its constituent Matters and fields in motion, in respect to the original 
position of the plasma in a full three hundred and sixty degree spherical direction’”. 


This is an important factor, as up to this point, scientists have measured and calculated 
the energy of the Matter component of the Matters of the plasma. Where, in calculating 
the true energy of the plasma, one has to calculate the energy of all Matters (Matter, 
Antimatter and Dark Matter) and the other components of the dynamic plasma. 


When the magnetic field has left the Matters’ or the plasmas’ boundary, at this point its 
existence and the content of the pmtics strength of all Matters pmtics’ released can then 
be confirmed as energy. This is shown in (Fig. 24), the magnetic fields in the Matters. 


‘The pmtics constituent constructions of individuals Matters of plasma are not energies 
in respect to other Matters while they are within the boundary of the plasmas Magravs’ 
forces. These are shown as the magnetic fields inside the Matters on the left of image 
(Fig. 24) but are only forces (these being the like of Magnetic field or gravitational field 
forces) in respect to other Matters and pmtics. 


When the field leaves the environment of its Matter or the plasma, it is at this point that 
it can release its domain pmtics to other plasmas in regions or combinations of field 
interaction zones. These are shown as field forces A at the boundary of the plasma in 
figure 24. 


As the plasmatic magnetic fields, moves further from its original plasmas’ boundary 
(field B in Fig. 24), the plasmatic magnetic fields uses’ its energy to overcome other 
Magravs in its environment. Hence, as the plasmatic magnetic fields moves further 
away from its mother plasma, the less energy it will have to transfer to other plasmas as 
it comes into contact with their pmtics. 


Thus, energy transfers from one Matter to another Matter through one pmtics strength 


and the measure of the pmtics possessed at the point of the contact with the second 
Matter, this is position and distance dependent, from the point of departure to the point 
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of arrival. 


Dark Matter Energy Level 


Fig. 24: Schematic presentation of relationship of pmtics and energy in respect to their Matters. 


The total Energy released by the Matter or plasma is the total of pmtics forces that the 
plasma can release and transfer, and that and what measure of the pmtics can be 


absorbed by all components of other plasmas in its environment. 
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That is to say, the same proportion of magnetic fields forces by Matter, Antimatter and 
Dark Matter and other fields of plasma are released and the same proportion of all 
energy fields are transferred to the all recipient plasmas and Matters and pmti 


‘The total energy of Matter is said to be the total pmtics that Matter can release as it 
disentangles all the components of its initial fundamental magnetic fields, or what is 
known as its’ “initial fundamental particles”, which the plasma and of the Matters of 


ini 
plasma were made up of, at the point of their inception. 


Thus energies released by the plasma or the total energy possessed by the plasma is in 
fact, the total collection of initial fundamental magnetic fields of all the component 
constituents of the plasma, which disentangles from their Matters or plasmas and are in 
motion in the direction of the encountering other pmtics components. 


Pmtics absorbed by some plasma’s can be only a part of the total pmtics in motion, or 
energies that have been released by the initial fundamental plasma, and are not 
necessarily considered to be the total energies that a plasma possessed or has released. 


Energies released by plasma are said to be “the total initial fundamental pmtics 
released by all components of that plasma” passing its Magrays boundary. 


Multi-plasma atoms’ release more plasmatic magnetic fields, due to their total sum of 
the plasmatic magnetic fields released by all their participating plasmas (protons plus 
neutrons, and electrons). 


The principles of creation of Magravs forces, gives us an insight that “energy” can 
simply be defined as “pmtics, once released, through the dynamic Magravs 
characteristic boundary from the plasma or Matters, that these released pmtics can exert 
or pass a part of their released pmtics to another plasma, for the new Matter or plasma 
to maintain its existence and/or maintain constant normal magnetic fields strength 
and/or increase its magnetic density of the same pmtics strength condition to their 
ground base levels, in their given environment” (Fig. 24). 


Measure of a mass 


One of the central unsolved questions in the world of physics is how the mass of the 
Matters or of matters are created, and how they can be calculated. 


Through the Keshe theory of Mass, the creation and the measure of the mass of an 
entity can be defined to be: 


“Due to the interaction of at least two magnetic rays, magnetic fields, or plasmatic 
magnetic fields, which the outcome of their interactions leads to and creates two field 
forces of a pulling field forces called the gravitational fields force and a pushing field 
force called Magnetic fields force, whereby the interaction of the gravitational and the 
Magnetic field forces with each other, this interaction of two field leads to the creation 
of a given magnetic fields strength balance between the two field forces, where, the 


measure of the magnetic fields difference of the interaction of these two field forces of 
the gravitational and the Magnetic field forces, is the measure of the Mass of the entity 
which the two original magnetic fields have created.” 


The outcome of the interaction of the fields balance is creation of the mass of the 
Matter, components’ of the plasma (Fig. 25), or mass of the matter (solid, liquid or gas). 
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Fig, 25: Mass 


That is to say by the Keshe law of measure of the mass of any entity, this being Matter, 
plasma, atom, matter, planet, star, ete states that: 


“Mass of any entity = 
Measure of the total gravitational fields strength forces of the entity 
- (minus) 


Measure of the total Magnetic fields strength forces of the entity” 


Through this definition and understanding it becomes clear that the gravitational field 
forces are always predominate and stronger as all entities possess mass, otherwise their 
mass would be negative. 
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Thus mass is the measure of the difference between two or more magnetic fields after 
their interaction, and NOT the measure of strength before interaction. 


Where, the measure of the magnetic fields before interaction is their “forces” of their 
fields, and afier the interaction of the magnetic fields the outcome of the balance 
between the gravitational and Magnetic fields that is generated, becomes the mass in 
respect to a given fixed position of the central Magravs. 


The creation of Magravs always is accompanied by the creation of a Magnetosphere 
and the creation of the mass of any entity in the universe, and all these four forces are 
created instantaneously and simultaneously. 


That is to say, “the Initial Fundamental four forces of existence of an entity that are, 
the Magnetic fields, the Gravitational fields, the Magnetosphere field and the Mass 
field forces, are all the outcome of the interaction and interlocking of two or more 
‘mainly matching in strength magnetic fields or plasmatic magnetic fields, irrespective of 
the size of the entity, this being Matter, matter, an atom or a star. 


This is the reason why the mass of any object, which is created by any two magnetic 
fields strength, is independent of any external forces and factors, like gravitational 
fields forces of other objects or entities. The instance the two magnetic rays or magnetic 
fields interlock, to generate the first Gravitational fields as an entity, at that moment the 
span of the Magravs of the two fields forces involved in the original fields are not as 
individual fields, but they become an independent entity in respect to. their 
environments’ fields forces. That is the reason why the Mass of any entity, like the 
Matters, are constant and independent and irrespective of the environmental Magravs 
forces which the entity exists and operates within. 


That is the reason why the Mass of spacecrafis of the future, or the Mass of planets like 
the Earth are independent of their environmental conditions. That is to say, the strength 
of the interaction of the two original magnetic fields and the span of the fields they 
produces that created the Magravs decide how much mass the interaction of the two 
fields will carry and no other factors. 


This is the reason why, Man will be able to make crafts that can carry any payload by 
the use of Grapos nuclear reactors Magravs strength, as the payload of these systems 
and the strength of Magravs that these systems generate, creates independent 
environment Magravs forces as long as the boundary of the magnetosphere of the 
Grapos can cover the physical boundary of these crafts. Figure 25, in its design, 
explains’ this concept fully. That is why the two magnetic fields have to be equal in 
strength before they can create the initial four field forces. 


If two unequal magnetic fields in strength interact, the two create the gravitational, the 
Magnetic, the magnetosphere and the Mass, and the lowest strength field, which 
dictates the maximum level of the strength of the four fields that the Matter can have. 
The stronger magnetic field residuals of these types of unequal magnetic field strength 
encounters and creation of matters become the sail magnetic field of the entity, and 
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this tail is the cause of the creation of the coiling effect of these kinds of masses. Where 
and if the two unequal magnetic fields strength cannot create a mass, the same 
interaction leads to the creation of the coiling of the two fields and to what is known as 
the coiling of the magnetic fields, this effect is partially the cause of the swirling of the 
FI torus field zones in the plasmas, and its larger counterpart, the rotation of 
Wormholes, as these regions in the universe are created out of unbalance Magnetic field 
strength interactions and interlocking, this be it in the plasma or in the universe. In so 
many ways in knowing the strength of two magnetic rays, magnetic fields, plasmatic 
magnetic fields and so on, which are about to interact and to create the initial Magnetic 
and gravitational fields of an entity, one can tell what would be the outcome measure of 
the mass of the entity they will create. 


Einstein has related the mass of matter to its energy through the general equation of 
relativity. 


As explained above, the mass of an atom or plasma itself is made of a collection of 
dense pmtics strength and their interaction with each other. 


Thus initial fundamental plasmas always have the same mass irrespective of the 
Magravs of their environment. 


By the same measure, the Atoms of the same elements are always made of the same 
number of initial plasmatic magnetic field’s sub-components, of neutrons, protons and 
electrons. 


Atoms of the same elements always have the same total plasmatic magnetic 
gravitational fields pull and Magnetic field push in respect to all their internal 
components, irrespective of the environmental plasmatic Magravs that the atoms might 
be in. This becomes the total mass of an atom, as mass is an expression of measurement 
of the total enclosed pmtics interaction within the fields of confinement of the plasma. 


In considering the general equation of relativity 
E=m,¢? 
The energy for the mass of Matters of the plasma, accordingly will be 


E 


(M) . ¢? 


‘That is to say “the total pmtics released in motion by the Matter of plasma (once they 
have left the boundary of the plasma) (Energy), is equal to, the total balance after 
interacting pmtics strength of the Matter components of the plasma (Mass) which the 
plasma is made of, multiplied by the square of the maximum speed that pmtics can 
travel in the matter environment (speed of light)”. 


Considering that, pmtics of different strength can travel different distance from their 
point of release with different speeds in different Matters, Matter and matter mediums. 


Then it is correct to say that the pmtics of the Matter, once it has left the Matter 
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Magravs of the plasma, this pmtics of the Matter will travel with a different speed than 
the plasmatic magnetic fields of the Antimatter of the same plasma, or be it the pmtics 
of the Dark Matter component of the same plasma, in the matter environment. 


The Antimatter has and is made of different pmtics strengths, by virtue that it has been 
created initially by stronger fields, then its speed will be different and higher than that 
of the pmtics of its Matter component of the same plasma in the same environment. 


By the same principle, the faster field of the Antimatter carry more energy or more 
powerful energies than the slower pmtics in motion of the Matter component of the 
same of plasma. 


Alternatively, in reverse, as the Antimatter possesses more power or energy than the 
Matter, then for the same volume of Antimatter as Matter in the plasma; the Antimatter 
pmitics must move faster than the pmtics’ of the Matter, in the matter medium. 


The Fermi National Accelerator Laboratory - or Fermilab, in USA (6, 7) - considers a 
small amount of the Antimatter, once released from the Matter of plasma; it can deliver 
more energy than its Matter parts of the same plasma. They are considering and 
working on the principle as; they can burn the Antimatter to release its energy so that by 
the time the Antimatter reaches the state of matter energy, that they can harvest its 
surpluses energy. 


Through the Keshe principle of conversion of energy, the fundamental universal 
conversion principle follows the path that the Matters convert to matters through their 
dynamic pmtics in motion and forces, or what is refer to as the energy of the Matter 
magnetic fields forces, as these energies are transferred to the constituent pmtics’ 
of matter. 


From what I call “The fundamental universal conversion principle” follows that “the 
pmtics of the Matters’ like of Antimatter slow down, through interaction with other 
magnetic fields, so that their energy can be absorbed and converted to Matters’ pmtics 
strength levels, that become useable in matter environment and appears as the matter 
(solid, liquid and gas)”. 


By the same principle, the matter can be converted to Antimatter through the same 
method in reverse. Where, these processes are not much different for both paths of 
conversions. 


Only the state of pmtics strength and the effects of the environment, which dominates at 
a given point and at a given motional position (time), that will dictate what state the 
dynamic pmtics in which the state of Matters, the matter manifest itself as, and what 
matter will appears in the line of sight by given tools of detection at a given point in the 
universe. This dictates if pmtics strength will appear in state of matter as solid, liquid or 
gas, or will manifest itself in one of the state of Matters, as Matter, Dark Matter or 
Antimatter. 
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Figure 1 | (a) Informative illustration of typical CV system and disposable printed CV tag, (b) Schematic circuit diagram of the gravure printed wireless 
cystic voltammetry (CV) tags. The cireut was designed to couple AC pawer fom a 13.56 MHz reader and then convert the coupled AC to polarized 
DC #10 V ((D in Figure 1b). Polarized DC will operat the printed ring oscillator to generate a triangular voltage waveform (2 in Figure 1b). The 
generated waveform will pss through the buffer to meet the impedance difference from the electrochemical cell (in Figure 1b). The electrochemical cell 
will run the redox reaction with a single drop of specimen solution (( in Figure 1b) by the voltage triangular waveform, The output current of the 
electrochemical redox reaction wil be amplified via an amplifier circuit (G in Figure b) and the signal will passthrough the butler to meet the impedance 
difference from the printed signage (in Figure b). The signage will indicate the concentration level of specimen inthe solution (7 in Figure b), I will 
indicate whether the concentration is above or below a pre-determined value. 


printed diodes and capacitors are shown in Figure 2b. The printed 
diodes showed a rectifying ratio of 10°, and capacitances of two 
printed capacitors were all about 8 nF/cm The polarized DC voltages 
(Figure 2c) were measured by placing the printed rectenna on the RF 
(1356 MH2) reader with a distance of 2 cm. We adapted a center tap 
transformer, consisted by divided antenna, 2 diodes and 2 capacitors, 
to provide the + and ~ DC voltage for printed triangle wave gen: 
erator. Using a load of 1 MQ, voltages of +9.4 V and ~108 V DC. 
\were attained for the optimized printed antenna by monitoring the 
rectified polarized DC voltages and varying the values of the induct 
ance of the antenna (Figure $2 in Supplementary Information). The 
polarized DC voltage was also decreased with decreasing load’ resist. 
ance (Figure 2d). 

‘To generate a cyclic waveform with a low frequency (<1 H2) 
from the rectified polarized DC voltage, fully gravure printed p-type 
SWNT-based channel network thin film transistors (cnTFTS) were 


used to construct a five stage ring oscillator with p-type inverters. 
The cniTFTs can operate under less than 20 V and their mobility 
range (0.01 to 10 cm'/Vs) can be controlled through the loading 
concentration of SWNTT in the ink'*~*, To print the five stage ring 
‘oscillator, we used the same silver and BaTiO inks as inthe printing 
‘of the rectenna for reducing a number of printing steps while SWNT 
ink was used for printing the channel of the cnTFTs. To manufacture 
the ring oscillator, roll-to-plate (RP) gravure was used to print 10 
enTFTs with a gate width of 300 jum and channel length of 160 jim 
for both the drive and load criTFs (Figure $3 in Supplementary 
Information). The optimized cell depth of gravure plate was 37~ 
40 jum with the cell wall thickness of 50-55 jum for the printing 
active layers of drive and load TFs using low viscosity of SWNT 
based ink (~30 cp) (Figure S4 in Supplementary Information). By 
repeating the printing of active layers on load TF Ts, a higher SWNT. 
network density can be achieved to generate higher current in the 
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CHAPTER 6 


The total energy balance equation of Plasma 


The energy balance equation or general equation of relativity (E = m.c*) gives the 
relation between the ‘angible part of Matter of the plasma and its constituent energy. 


The mass of an atom or collection of plasmas of its components, themselves are made 
of a collection of densities of pmtics strength of different Matters and their interactions, 
in respect to each other within their respective initial fundamental plasma. 
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Fig. 26: Schematic of the fields of all components and of the initial fundamental plasma. 


In considering the plasma, the general equation of relativity can be written in its real 
terms of its constituent components and their interactions and effects, Thus, this 
equation as has been said can be defined in respect to the Matter components of the 
plasma in the following manner. 


That is to say “the total pmtics released in motion by the Matter of the plasma (once 
they have left the boundary of the plasma) (Energy), is equal to, the total balance after 
interacting pmtics strength of the Matter components of the plasma (Mass) which the 
plasma is made of, multiplied by the square of the maximum speed that pmtics can 


67 


travel in the matter environment (speed of light)”. 


Knowing the new composition of the plasma, then the total energy of the plasma has to 
be in its totality of all its masses of all its Matters and not just its Matter component. 


Therefore: 


K (the total energy of plasma) = [energy of the Matter + energy of the Antimatter + 
energy of the Dark Matter + energy of the spherical torus-shaped field force effect + 
the energy in the inter binding between the other parts in the transition zones of the 
plasma]. 


K=[E (Matter) + E (Antimatter) + E (Dark Matter) + Eef (centre spherical torus pmtics) 
+ Etr (pmtics within transition zones)]. 


Where, total general equation of relativity for the whole of the components of the 
plasma can be written in the following form. 


K=EM+EAm+EDm + Ecf+ Etr 


Or: 


K = [(The total components of constituent pmtics of the Matter) x (the square of the 
speed of pmtics in the Matter medium or the speed of light) + (The total components 
of constituent pmtics of the Antimatter) x (the square of the speed of pmtics of the 
Antimatter in the Antimatter medium) + (The total components of constituent pmties of 
the Dark Matter) x (the square of the speed of pmtics of the Dark Matter in the Dark 
Matter medium) + The total energy components of constituent pmties of spherical 
torus-shaped field force effect + The total components of constituent pmtics of the inter 
binding between the four other parts in the transition zones of the plasma]. 


K=M (M) . °(M) + M (Am). c? (Am) + M (Dm). c? (Dm) + E(ef) + E(tr) 


Note: Capital M indicates here a mass of Matter. 


When for example an apple is measured using the present measuring tools and methods, 
the figure attained is only for the mass or the weight of the Matter part of all the 
plasmas’ of atoms of the whole apple. 


As a representation, one initial plasma of an atom in the whole construction of an apple 
with it’s Matter, Antimatter, Dark Matter, and other pmtics are shown on the right hand 
side picture of figure 28. Where, the tangible apple as matter represents the total Matter 
components of all the pmtics of an apple is shown on the left picture of figure 28. 
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Fig. 27: The pmtics of all components and of initial fundamental plasma. 


The total weight or mass of the plasma has to be the total weight and the total mass of 


all the components pmtics and all of all the plasmas of Matters of the initial 
fundamental plasma. 


Fig. 28: Newton’s apple has different types of pmtics and Matters. 


Note: When the Matter is part of the plasma, this is denoted as Matter (G1 in Fig, 26, 
Fig. 27 and Fig. 28) and when the same is considered as tangible matter, it is noted as 
‘matter (Apple in Fig. 28), of an atom or an object. 


By the same measure, if one has managed to separate the Antimatter of the plasma from 
its other constituents of the Matter and the Dark Matter of the plasma to confine the 
‘Antimatter in separate container as the Fermilab has claimed. The question to ask is 
that, what is the weight or the mass of the balanced leftovers of the Matters, (or Matter, 
Dark Matter and residual pmtics) of the plasma? By the laws of physics, one cannot 
have something (Matters/Energy) out of nothing. One cannot have mass of Antimatter 
component of the plasma, when its mass is not calculated in the overall mass of the 
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plasma, or the leftover mass of the Matter and the Dark Matter of the same plasma must 
be less than before the Antimatter was taken out. 


On the other hand, the question is that, is the present used methods of measuring the 
weight and mass of the plasma, measuring the total mass of all the Matters of the 
plasma? Alternatively, does one has to break the present numbers of mass and weight of 
each Matter, up to its sub-weights and sub-mass of the Matter (Fig. 26 and Fig. 27 Gl), 
the Antimatter (Fig. 26 and Fig. 27 G2) and the Dark Matter (Fig. 26 and Fig. 27 G3) 
of the plasma. Further, the Magravs of the Matters of the plasma in conjunction with 
their own Magravs and other pmtics in the plasma create their own additional 
gravitational and Magnetic field forces, their own additional mass, as well as the 
individual masses of the Matters of the plasma. Thus the total mass of the plasma has to 
be more than the total mass of individual Matters of the plasma. 


As Fermilab has separated the Antimatter components of the plasma, then, the question 
to ask from them, is that, if the mass of the matter of the plasma they hold still has the 
same mass as before without the Antimatter in it? So, what is the mass or the weight of 
the Antimatter that has been separated? 


This applies the same to the Dark Matter components of the initial fundamental plasma 
too. 


As has been said before, the total weight or total mass of the plasma is and has to be the 
total weight and total mass of all components of the Matters of plasma. This includes 
the masses or energies of the magnetic fields force of the F1 and the residual fields in 
the initial fundamental plasma. 


Thus, there is a fundamental error in the present methods and technologies of 
measuring the weight and the mass of the plasma systems as a whole. 


That is why suddenly one can see strange results from the Antimatter component of the 
plasma of the same mass or weight in the matter environment. 


If, the total dynamic pmtics of the initial fundamental plasma, would have been, 
measured correctly from the beginning, then there would have not been such an 
ambiguity and mystery arising from the sudden hidden energy sources called the 
Antimatter, or the powers of the Dark Matter of the plasma. 


The fact is that, the Antimatter and the Dark Matter possess plasmatic Magravs forces 
and that is why, they are called the Matters, as they possess mass and energy. 


Hence, if there is a gravitational field’s force of the Antimatter or the Dark Matter 
components of the plasma, then these Antimatter and Dark Matter have to have mass 
and they have to have weight in respect to the other Matters in the plasma and in respect 
to their environments pmtics, which the plasma is in, at given time. Therefore one needs 
the measurement of both of the mass and the weight of the plasma as whole as an entity 
as well as all the individual masses of each Matter too 


Then, the same as with the atomic mass and atomic weight of an atom measurement 
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phenomenon of today’s science, there is a need for a new scale of measurements, and 
new measuring tools to be brought about and developed for the true and total pmtics 
measurements of the constituent Matters and fields of the Initial fundamental plasma. 


By this new total weight measurement, then the ambiguities in the present plasma 
physics and nuclear physics will be sorted. 


That is to say then, where and when one gives the measure of the mass or the weight of 
the plasma, then at this point, one has to give the mass or the weight of the Matter, the 
Antimatter, the Dark Matter and the rest of components of the plasma in a given 
motional position, and the position in the life of the plasmas independently, for all 
components of the plasma, and one measurement for the plasma collectively as the 
whole needs to be given too. 


The reason for stating the position and motions of the plasma is due to the fact that, the 
plasmas having dynamic characteristic components, plasma itself as a whole is a 
dynamic system too and continually gains or losses pmtics from or to its surrounding 
pmtics environment respectively. Therefore, the total pmtics of plasma, in different 
frame of motion (time), will be different, from one point to another in a given space. 


In the future measurements, one has to be clear about all measurements of the Dark 
Matters as well as the Matter as well as the Antimatter components, as well as all 
magnetic field components, the likes of the Fl or maybe several Fl configurations in 
any given pmtics of the initial fundamental plasma. Therefore, there is a need for 
correct figures for the mass, the weight and the energy of the initial fundamental 
plasma, because such data are needed for in-depth research and developments of various 
kinds of applications in Magravs positioning systems using components of Matters of 
plasmas as the Matmags, for future space travel. 


Another point to consider is the Matters environment in which the weight or mass of the 
plasma is carried out. That is if, this is carried-out in the Matter plasmatic magnetic 
fields, Antimatter pmtics strength, or Dark Matter pmtics strength environment. 


Similarly, the plasmatic magnetic fields’ strength in which the measurements are taken 
should be considered. This being, in what fields strength in the Matter, the Antimatter 
or the Dark Matter field strength or their respective pmtics energies measurements are 
taken place. 


This is the true nature of the complexity of the relationship with the mass, weight, 
energy and their interactions in the world of Matters. These cannot be so simplified with 
‘one equation of relativity with three simple denotations, if in the future scientists strive 
to achieve the universal method of producing energy and motion. 


The space travellers of the future will come truly to understand that a small error in the 
measurement of all matters and Matters components, the environmental magnetic 
plasmatic strength and so forth, can land them in strange and peculiar environments, 
which these were not planned for or expected. These small errors can end them up in 
new conditions and positions in the galaxies, which could be nice for experimental 
purposes, but not necessarily good for the health or the life of the passengers of these 
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:stems (Chapters 22 and 23). 


future crafts using Matters Magravs positioning 


It is possible that due to miss-calculations, one part of the systems of the future crafts, 
or even the reactors of crafts, which are creating the conditions for motion or energy, 
will experience different environmental and Matter conditions than the rest, of the craft 
or the reactor. As, for example, the same system can land in the border of two different 
pmtics strength environments, or, in a different plasmatic condition than was originally 
planned, because of the miscalculation of the Dark Matter Magravs strength. 


A physical comparison of the two state of Matters can be for example, considering a 
cube of sugar, half-submerged in a hot liquid, like tea, where, half of matter of sugar is 
in the solution of the hot liquid and the other end of the cube being between the fingers 
of the dipper, in solid state. 


Therefore, the question emerges, of how does or can one put the original components of 
the sugar cube together to get back to the first state of the solid cube, in its original solid 
state and shape. 


The rearranging Matters through the understanding of the Matter energy balance will be 
the solutions for these kinds of mistakes. 


The misunderstanding and potential pitfalls with space technology of the future will be 
with the miss-calculation of the loading of matters as the "Matmags”, and the control in 
the reactors of crafts of the state of Matters transitions will be interesting. 


Nevertheless, the travels and space ventures of the future through miss-calculation of 
energy balance and wrong Matter Matmags loading will not be without its problems and 
sorrows, as have been experienced in the short lifetime of the space explorations of 
today for men whom have dared to test the limits of space explorations. 


Who dares, in the space traveller of future, may succeed to have a taste of the pleasure 
of the unseen in the universe! Our hope is that they come out of these journeys much 
wiser, but not necessarily less darer than before. 


CHAPTER 7 


The creation and speed of light 


One of the possible ways that light in the universe is created can be through interaction 
of pmtics’ of the plasmas. The speed of light is not considered to be the ultimate speed 
of Matters. We will discuss how, the interaction of pmtics of the flight systems using 
Magravs positioning reactors would lead to the creation of light around such a 
in the atmospheric conditions like that of the Earth. 


Understanding the basic structure of the initial fundamental plasmas, the rationale that 
the speed of light is the ultimate speed of travel of any Matter becomes questionable. 


The phenomenon that the speed of light is the ultimate speed of travel of any Matter(s) 
or matter(s) is an assumption that has a clear flaw in its concept and cannot be correct 
for all states of Matters in the universe. 


In the iron-based magnets of the solid state of matter, the magnetic fields flow is in one 
direction, out off the North Pole and their return through the opposite South Pole. 


The question that needs to be asked is that, what is the speed of the flow of the magnetic 
fields force from one pole to another in solid state of matter? 


For ease of understanding let us consider two packs of dynamic plasmatic magnetic 
fields strength of the pack A and the pack B (Fig. 29), in the path of collision with each 
other. 


The pack A and the pack B can be considered to be of the plasmatic magnetic fields of 
the plasmas, solar systems or galaxies. The other assumption is that the pmtics strength 
of these two sets considered not being equal. These two sets of pmtics are supposed to 
be the mixture of the pmtics of gravitational and Magnetic fields of their respective 
Matters or objects in each pack. 


In considering three snapshots a), b) and c), the motion of the two packs A and B in a 
given space of time and pmtics strength of the environment area of the D in respect to 
each other. 


a) As the pack A and the Pack B are in motion in space and heading towards each 
other and these two fields are set to collide with each other (Fig. 29). 


B 


Fig. 29: Two unequal pmtics packs heading for collision. 


b) Further, in the process of their motion, the two pmtics collide with each other 
(Fig. 30), 


Fig. 30: Two unequal pmtics packs colliding and releasing lower order of 
pmtics strength as light (C). 


) Further, in the process of the interaction of two original pmtics of A and B, the 
two fields separate (Fig. 31) and carry on in the universe with some of their fields 
being released during the collision. 


™ 


Fig. 31: Two unequal pmtics packs after collision moving away from each other. 


Considering the point (b) of impact and collision as in figure 30, as there is no physical 
matter in these zones, only the pmties forces can collide and interact. 


The collision of the two plasmatic magnetic fields due to their frictions with each other, 
this leads to separation and production of fragments of pmtics, which some will be of 
slower plasmatic magnetic fields strength than the two original pmtics of the two 
original packs. 


In case of physical matter, it is normal that when two matters collide head-on, they slow 
down and some parts of their matter are sheared off and released as fragments. 


Through the collision and the interaction of these two packs of pmtics with each other, 
and the friction between them, these cause separation and fragmentation of some of the 
same pmtics from the two original pmtics of the two packs, The collision in between 
two sets of magnetic fields causes some of the pmtics to slow down, In the case of 
pmtics collision, these slowed down fragments of original two packs of pmtics are 
slower, and possesses weaker strength pmtics compared to their original two pmtics 
strength, which were involved in the collision. 


We can assume that the original two pmtics plasmas speeds of travel have to be much 
higher by order of magnitude than the fragments that are created by the collision and 
interaction of the two packs of magnetic fields forces. 


In other word, when two pmtics are colliding with each other, the outcome is partly 
slowed down fragments of pmtics as the residuals of this collision. These slowed down 
plasmatic magnetic fields fragments of the collision of the two stronger plasmatic 
magnetic fields, are slowed enough to appear as, and to be of light magnetic spectrum 
within the matter magnetic fields strength spectrum of the matter detection zone. 


15 


Nevertheless, one can say that, when the two pmtics of A and B collide, the outcome 
are residual pmtics fragments of the collision, which some of their slowed down 
magnetic fields fragments created due to their friction and collision, leads to the 
creation of slower pmtics strength in the range of visible light (Fig. 30 field zone C). 
Where, this visible range of the magnetic wavelength is part of the overall universal 
order of magnitude of the magnetic wavelength spectrum fields. 


In the universe, when two or more plasmatic magnetic rays, fields, plasmas, of Magravs 
collide with each other, some of the residual pmtics fragments produced by their 
collision will be slowed down to magnetic rays or plasmatic magnetic fields strength 
levels, which the strength of these magnetic rays or magnetic fields are in the range of 
magnetic fields strength spectrum of the visible light. In other word, the outcome of the 
interaction of two or more magnetic rays, magnetic fields or plasmas of Magnetic and 
gravitational fields (Magravs) is the production of light. 


This being considered as “one of the prime methods by which visible light is created in 
the universe. These being the residual of slowed down weaker magnetic fields strength 
fragments of pmtics released by the collision of two or more pmtics of Margraves of 
plasmas with each other”. 


The speed of pmtics fragments, which has slowed down due to a head on collision of 
two pmtics plasmas, cannot be faster than the original two pmtics plasmas themselves 
that have caused it to be produced. 


Thus, the speed of the light, which is created by interaction of two faster fields’ head-on 
collision, as a fragment and slowed down field, cannot have a faster speed and more 
pmttics strength than the fields that have caused its creation due to their collision. 


For example, by the slowing down of the two faster pmtics of the Earth and the Sun that 
have not been visible, after collision with each other, and slowing down, they create the 
slower plasmatic magnetic fields’ strength and slower speed magnetic fields in the 
range of the speed of visible pmtics as of the daylight. 


Itis correct to accept that “the pmtics, through their collision, have to slow down so that 
they became slow enough that they become in the range of the slower wavelength in the 
visible light pmtics wavelength spectrum”. 


It is obvious that a slower fragment cannot be faster than the fields that have caused its 
creation. Therefore, “The speed of the light is not and cannot be the ultimate speed of 
motion” when itself is created by interaction of faster or stronger plasmatic magnetic 
fields. 


In universal order of magnitude of the speed of motion, I consider “the speed of light to 
be somewhere in the lower end of the overall universal magnetic fields speed 
spectrum”. 


Thus, the speed of the light is only the fastest to human methods of detection and not 
necessarily true in other levels of universal order of motion. 
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Figure 2| (a) Circuit layout of the printed rectenna to provide polarized DC power, (b) areal image of printed diodes and capacitors, (c) input-output 
electrical characteristics of the rectifier at 1356 MHz AC input and (d) output + DC voltages under variations in load resistance 


channels while thicknesses of all printed gate, dielectric and drain: 
source electrodes are kept same (Figure $5 in Supplementary 
Information). 

‘Their output and transfer characteristics are shown in Figure 3a 
and 3b respectively. Based on the attained transfer characteristics, the 
mobility (}), transconductance (gq), on-off current ratios from Ips 
Vps and threshold voltages (Va) for both five drive cn PTs and five 
load cniTFTs were extracted and shown in Table $1 (Supplementary 
Information). The shift range of Vs from the fully gravure printed 10 
eniTFTs were about +04 V for the drive cn'TFTsand +0.6 V forload 
en TET. Those shift ranges are narrow enough torun the printed ring 
oscillator for generating the triangular wave. Each inverter delivered. 
a gain of 3 (Figure 3c), and the ring oscillator with five inverters 
generated a pseudo triangular waveform with a voltage amplitude 
of 7 V at 320 mHz (Figure 3d). In fact, the pseudo triangular wave 
can be only generated by the printed cnTFTs based ring oscillator 
because of the parasitic and trapped channel capacitances due to 
carbon nanotube network structures in cnTFTs. Although we only 
showed the frequency of 320 mHz at here, the frequency can be 
varied from 0.3 Hz to 2 Hz based on the printed network density 
of SWNT of printed cniTFTs, This is an advantage of our printed 
enT Ts for scanning electrochemical cell in CV tag over other tech: 
nologies such as amorphous silicon TFTs where only a sine wave 
with a designed single frequency can be generated because of no 
trap capacitance in the channel (Figure $6 in Supplementary 
Information). ‘The frequency of the triangular waveform can be 
fine-tuned in the range of 0.3 Hz to 2 Hz as shown in the Figure 
$7 (Supplementary Information) by simply changing loading con. 
centration of SWNTs. 


‘When the generated triangular waveform is supplied directly into 
the printed electro-chemical cell (Figure $8 in Supplementary 
Information), wherein printed silver and carbon electrodes were 


used with a poly(ethylene oxide) and LiCE,SOs gel type electrolyte, 
the output voltage range is reduced to zero because of improper 
impedance matching between the electrochemical cell (10 KQ) and 
zing oscillator (1 MQ). Therefore, a buffer unit is needed to match 


the impedance levels between the ring oscillator and electrochemical 
cell. The printed buffer unit Figure 1b) with high on currents and 
low on-off current ratios (Figure 3e) is consists of 6 crTFTs and a 
resistor (~7 KQ). In the printed CV tag, three resistors were printed 
by screen printer using a carbon paste (DC-20, purchased from 
Dozen Co. Korea) for the buffer units (Figure 1b-@) and 6) and 
the electrochemical cell (Figure 1b-). Their electrical parameters 
arelisted in Table SI (Supplementary Information), ‘The 6 cnTFTs of 
buffer unit were printed using R2P gravure with high SWNT con- 
centration in the semiconducting ink. Each cniTFTs exhibited on- 
‘currents in the range of 400 ~ 500 j1A with a very low on-off ratio 
due to the enhanced metallic percolation in the dense SWNT net- 
‘works. The butfer units with low on-off ratio were employed to 
reduce the input voltage to +500 mY (Figure 3f) which is the appro- 
priate scanning range of the electrochemical cell. The printed elec- 
trochemical cell with two electrodes was proven to be well operated 
under commercial CV (Figure $9 in Supplementary Information). 
‘The resulting current after scanning printed electrochemical cell in 
the CV tag can be converted to voltage by connecting the printed 
resistor (Figure Ib-@: ~5 X 10? ohm) which provides the output 
voltage for electrochromic indicator and re-plotted into the cyclic 
voltammogram, 

Because these output voltage (+70 mV) and current (~40 A) 
‘were low after scanning the electrochemical cell, they need to be 
amplified to turn on the electrochromic indicator for showing pre- 
determined concentration (10 mM) level of N,N,N',N’-tetramethyl- 
p-phenylenediamine (TMPD, purchased from Aldrich) asa standard 
reference in this work (Figure 3g). After ranning the redox reaction 
‘of TMPD (Figure 3h) in the printed cell, the output voltage and 
current needed to be amplified to reach 1.5 V and 500 jtA, respect- 
ively, to provide sufficient power to display the letters “PE” as an 
indicator of the presence of TMPD in the specimen. To construct the 
amplifier, cnTFTs based three inverters were printed with a gain of 
three to five (Figure S10 in Supplementary Information) to amplify 
‘the output signal as shown in Figure 3i. The electrical characteristics 
of the 6 cuTFTs in the inverters with extracted mobility, transcon- 
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It can be said that the speed of the light is “the ultimate speed that can be attained by 
pmtics in the Matter components of the plasma”. 


Another, fundamental point to realise is that “the speed of travel of light is different in 
a Matter environment than the Antimatter environment and even in the Dark Matter 
environment”, 


Similarly, it is correct to say that “the light created by the interaction of the Antimatter 
pmtics plasmas and the Dark Matter pmtics plasmas, they have different speeds than 
the light created by the interaction of Matters’ pmtics plasmas”. These faster speeds of 
magnetic fields than the pmtics of the light spectrum are not detectable by the present 
tools in the scientific state-of-the-art technology. But their effects and power and 
strength has been seen and observed in the reactors, which have been built and tested 
for lift and motion in the past years. 


Considering the collision of two pmtics like those of the Earth and the Sun, where the 
Earth’s Magnetic and gravitational pmtics (Fig. 32 field B) being made through 
interaction of magnetic fields of Matters in the inner cores of the Earth (Chapter 1), and 
the Sun’s Magnetic and gravitational pmtics (Fig. 32 fields A) being made by the 
matters, in the cores of the Star. (In this case, we do not consider the pmtics of Matter, 
which are released by interaction of matters pmtics on the surface of the Sun). 


‘An example of the creation of the light through the interaction of pmties: 


‘As the pmtics of Magrays produced and released by the Sun, reach’s’ the boundaries of 
the Earth pmtic of Magravs, these two pmtics of Magravs collide with each other at the 
edges of the Earth’s upper atmospheric levels. 


Fig, 32: Interaction of three different types of pmtics strength (A, B, C) and the resulting three 
residual fragment pmtics (D, E, and F). 
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Where, these interactions leads’ to the creation of the pmtics interface, or the 
magnetosphere of the planet. Where, this magnetosphere of the Earth is partially 
produced at the same time in respect to the other surrounding pmtics of Matters and 
other plasmatic magnetic fields (Fig. 32 field C) in the solar system as well as the 
pmtics of the Sun. 


Through the pmtics plasma interaction principles, the pmtics of the Magravs of the Sun 
interaction with pmtics of Magravs of the Earth leads to the creation of new residual 
slower rays and pmtics strength in the light spectrum (Fig. 32 field D), where, the 
overall effect of these pmtics fragments of light generated, leads to the creation of the 
daylight on the Earth, in the interfacing sector of the Earth with Sun’s pmtics only. 


The light generated in the sector of the planet, facing away from the pmtics of Magravs 
of the Sun, in interacting with the weaker pmties of the Dark energy of space around it, 
due to the weaker plasmatic magnetic fields” strength of these pmtics of Dark energies 
in space (Fig, 32 field C) and the same constant pmtics strength of the Earth (Fig. 32 
field B), in this sector, weaker strength pmtics residuals (Fig. 32 fields E and F) are 
created and released, thus, the appearance of the darker sky or the night light. 


Thus, the interaction of the same pmtics of Magravs strength of the Earth (Fig. 32 field 
B) with the stronger plasmatic magnetic fields of the Sun (Fig. 32 field A) leads to the 
creation and release of more powerful pmtics strength residual fragments in the light 
spectrum (Fig. 32 field D), hence the daylight. Similarly, the interaction of the same 
pmtics of Magravs of the planet (Fig. 32 field B) with the weaker pmtics of the Dark 
energy (Fig. 32 field C) in space, away from the Sun’s plasmatic magnetic fields, leads 
to the creation of weaker pmtics strength residual fragments, hence weaker lights or 
dark night light and creation of the translucent plasmatic darkness (Fig. 32 field E and 
F) light of the night. 


As the Earth’s reach a more Magravs pmtics strength balance and equilibrium with its 
environment’s plasmatic magnetic fields’ strength, thus the darker that part of the 
atmosphere it appears to be (This principle is described in Chapters 12 and 13). 


Through the same principle of interaction of and collision of solid matters of the cosmic 
dust and the pmtics of the Earth, the northern lights in different colours are created. 
Where in this case, the light created is due to collision of the matter pmtics and pmtics 
of Magravs of the Earth. 


It is not correct to consider the speed of light to be the ultimate speed of motion, for any 
pmntics of Matters environments existing within the universe. Similarly, it is conceivable 
that pmtics can fuse and that their pmtics can increase in strength and consequently they 
can increase their speed too. (Paper: Creation of magnetic fields). 


In principle, the speed of light is not only achievable by the reduction in pmtics of 
higher order of magnitude pmtics strength, but conversely it can be achieved from the 
addition or adhesion of the strength of lower order of magnitude pmtics strength too. By 
the same measure, the pmtics of the light can be integrated, to create their stronger and 
faster speed of motion, with new and faster pmtics from their interactions too. 
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The pmtics strength and the speed of plasmatic magnetic fields is environment 
dependent and there are no limits in its lower or higher orders of magnitude. Generally, 
as long as plasmatic magnetic fields can interact, they can add to pmtics speed or lose 
their speed. 


The limitation of speed of travel to plasmatic magnetic wavelength of light is the 
restriction that Man has forced upon himself, purely due to lack of his understanding of 
the true construction of Matters of his universe. 


The present limitation of the speed of the light for motion is very much similar to the 
earlier century’s hypocrisy and lack of knowledge of Man, with the belief that the Earth 
was flat and at the centre of the universe. 


The pmtics become visible light to the human eye, purely due to the fact that human 
eyes are adapted through their protein molecular pmtics strength chain, for them to be 
able to interact and recognise them. This range of the plasmatic magnetic wavelength is 
translated for the human brain to be the visible light for humans to be able to see and 
function. Where, this visible range of the magnetic wavelength is part of the overall 
universal order of magnitude of the plasmatic magnetic wavelength field’s strength and 
not necessarily its ultimate speed. 


Thus, “if the human proteins pmtics strength had a different chemical chain, that is to 
say, if the protein chain did not have hydrogen, oxygen, carbon and nitrogen in its 
composition, then man would have had different overall pmtics strength in his protein 
and the universe would have been visible to man in a different range of plasmatic 
magnetic wavelength field’s strength spectrum”. 


This phenomenon of the protein chain pmtics strength of creation is explained in more 
detail in the book to be published, titled “The universal order of existence (9)”. 


Further, in this book we will talk about new nuclear-based systems, which have been 
developed for them to be able to make use of the creation and control of pmtics of 
Magravs strength for motion. We have called these systems GRAvitational POsitioning 
Systems (GRAPOS). From, tests and what we have seen and observed in the past years 
in proof of pmtics creation and control, the following can be discussed in respect to the 
interaction of the pmtics of the Grapos Magravs and the pmties of Magravs of the Earth, 


Using Magravs positioning reactors, the interaction of the Magravs generated by these 
reactors with Earths’ Magravs, these interactions of the two of Magravs, by their natural 
phenomenon of creation and interaction of pmtics, these Magravs interaction of the 
Grapos reactor and the planet, always leads to the creation of light around these systems 
in planets’ atmospheric environment. 


Crafts using Grapos for lift and motion in their movement and travel in pmtics plasma 
of Magravs environments, like the Earth’s atmosphere, these systems generate pmtics 
fragments of rays of light and appear to be like moving bright lights in the skies 
(Fig. 33 disk 3 and 4). 
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Fig. 33: Visualisation of Magravs positioning systems (1, 2, 3 and 4) within Earth atmosphere, 


The effects of the interaction of the four different Grapos and their different pmtics 
strength and lights they produce around these systems, due to their of Magravs strength 
in respect to the Earths’ pmtics are demonstrated in the figure 33 disks 1, 2, 3 and 4. 


The brightness of these lights in sky is due to the pmtics of Magrays strength of 
Grapos’ in respect to their environment pmtics of Magravs of plasma strength of the 
Earth, and these lights are balance pmtics strength dependent. Lights around these 
crafis are produced by the same principles and are similar to the way light is created by 
stars. 


‘Another example of the Magravs positioning reactors to be used in future craft systems’ 
is, in creating a balanced Magravs strength in respect to the Earth atmospheric plasmatic 
magnetic fields’ strength, so that there would be not much field strength difference and 
hence nearly no interaction between the pmtics of the system and the Earth. Thus, no or 
very little light created around these systems as is shown in figure 33, with disks lights 
1 and 2. So the system or spacecraft in a given position and time in the Earth 
atmospheric condition can become dark translucent in respect to the Earth pmtics 
strength. This giving the impression that, the system has disappeared from the sky, in 
fact, the system has created its own balance plasmatic magnetic fields’ strength 
condition of dark light in its environment in respect to its environments Magravs 
strength, while the system still is/or can be keeping the same position in atmosphere. By 
being able to adjust the Magnetic and gravitational field’s strength of Grapos reactor(s), 
these crafts can change their visual appearance in the Earth atmosphere, from dark to 
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bright light and deemed-light and so one. Four different Magravs strength of Grapos in 
Magravs of the Earth are shown in figure 33 and figure 55 in disks 1, 2, 3 and 4. 


Man can and will travel several times faster than the speed of the light in the future. 
This will be of his own choosing and limited by his technological advancement and the 
limitation of understanding of his own tangible existence. 


The speed of motion, due to the interaction or gravitational pull of the planets and stars 
of destination, in pulling the crafts equipped with Grapos towards them is beyond the 
present technological ability and comprehension of the scientific world, but in time this 
will be as easily and manageable as daily atmospheric flights of today. Which these 
crafts can travel several times faster than the speed of light. 


The other scenario of collision of pmtics around the Earth could be that when the two 
field Magravs of the Earth and the Sun collide, and their overall field interactions can 
lead to the creation of faster pmtics than that of visible light. This again is the result of 
the amalgamation of two pmtics strength forces from two celestial objects. 


Theoretically this is not possible around the Earth as most of the fields of the Earth are 
outward going and crossing the path of the pmtics of the Sun, and these fields would be 
carried away and out from Earth’s atmosphere and not inwards. Therefore, any 
amalgamation of two pmtics of the Sun and Earth has to be inward so that Earth’s 
atmospheres can generate the daylight. 


This phenomenon of the addition of two fields to create light in the case of the high 
speed of the plasmatic magnetic fields of the Sun and the Earth is not a common 
possibility, or there is so very little of it. 


By the pmtics theory, in the case of an atom’s structure, pmtics of Magravs of the 
constituent Matters of the electron interact with the pmtics of Magravs of the proton. 
This creates the fuzzy light around the electron fields in motion, which makes it 
dimensionally easier to detect the presence of the electron than its nucleus. This fuzzy 
light being similar and created through the same principle as to the interaction of the 
pmtics of Magravs of the Sun and the Earth, as was explained. 


Considering the interaction of the pmtics of matters on the surface of the Sun: The 
lights which can be observed from the surface of the stars is primarily due to the 
interaction of the pmtics of the gravitational and Magnetic field from the centre of the 
star and their interaction with the Magravs of the plasmas on the surface of the star, 
where this interaction of the two fields leads to the release of pmtics in the visible light 
spectrum. The intensity of the light of the stars is in principle due the strength of the 
gravitational and Magnetic fields generated in the centre of the star, as the pmtics of the 
hydrogen plasmas on the surface of the Sun are considered to be constant. 


We consider the pmtics received by the fields of the Earth from the pmtics from the 
matters from the surface of the Sun to be small and to be a fraction of the power of the 
pmtics released due to the gravitational and Magnetic fields from the centre of the star 
which reaches the planet Earth. The only time when the pmtics of the materials on the 
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surface of the Sun has any effect on the interaction with the Earths’ gravitational and 
Magnetic fields is when there is a surge in the volcanic eruptive activities on the top 
layers of the materials on the surface of the Sun. These eruptions cause the release of 
large quantities of physical material of plasmas into the solar system. 


CHAPTER 8 
Dark Light phenomena 


In the previous Chapter we explained that the visible light is created through the 
interaction of Magravs and the light created due to the difference in strength of 
Magravs. Opposite to this, must be the interaction of balanced Magravs strength where 
the weak or balanced Magravs fields strength, which leads to the creation of a type of 
night light or dark light at nights. 


The point has reached in physics, that these balanced pmtics Magravs strength 
conditions needs to be considered on their own, where the Dark light phenomena can 
be introduced as part of the science of physics. 


“This Dark light phenomenon, with Dark light intensity, can be said to be created and 
be due to the near to, or balanced, equilibrium in pmtics strength reached, or that can be 
achieved, through the interaction of two or more pmtics forces in respect to each others 
in a given environment”. Where, the intensity of the darkness is pmtics strength balance 
dependent (Fig. 36 zone C). 


The level of measurement of this darkness is not field strength dependent, but plasmatic 
magnetic fields strength balance dependent of one pmtics in respect to another pmtics 
That is to say, the interacting pmtics environments can possess any magnetic strength, 
but in all cases, when the two pmtics strength are mear equal, then the darkness 
phenomenon of the same dark intensity prevails and the same type of dark light 
phenomenon occurs, irrespective of the original pmtics strength involved. 


If this phenomenon is fully understood, just as man has developed night-vision tools, 
equipment can be produced that can view Dark light plasmatic magnetic fields strength 
balance in respect to different pmtics strength. Then the universe would be full of new 
objects that have never been seen in light energy matter conditions. 


What a wonderful world would one be in and see, through these tools and machines, 


Men of vision would take pleasure and treasure by looking through from such a 
machine. 
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CHAPTER 9 
Relation between Gravity and Light 


Through the pmtics theory principles, as gravitational fields are made of interaction of 
pmtics, and the light being itself made of pmtics, it is inevitable that entities made of the 
same, will interact with each other. 


From previous chapters, it is clear that the light is made of the lower order of magnitude 
pmttics strength in the overall pmtics strength spectrum in the universe. The light in 
essence is itself moving dynamic pmtics and that by the principle of this definition light 
is energy. Alternatively, it can be said that the light possesses energy. 


We consider that light is a made of pmtics strength of a lower order of magnitude in the 
overall pmtics strength spectrum in the universe. 


At the same time as has been explained, “Gravity and gravitational fields’ (Chapter 1) 
are themselves made of interaction of at least two similar pmtics ot at least two similar 
magnetic rays”. 


It is understandable that, any gravitational field’s forces, as an entity, in essence are 
made of interactions of pmtics. Thus, gravity can and will effect any other entity in 
possession of pmtics, or entities being made of pmtics, like light. The light and the 
Magravs (known as gravitational fields) are both made of the same magnetic entities; it 
is normal that they have interactions and attractions in respect to each other's position. 


Fundamentally, it is not correct to say that light is gravitational dependent. 


But, it is correct to say that, “the attraction and interaction of the light rays in respect 
to, and from, another collection of plasmatic magnetic fields like gravitational fields 
(Magravs) are position dependent”. 


In classic physics, the behaviour of the light has been said to be gravity dependent. 
Through the new understanding of the creation of Magravs, this cannot be correct. As 
the light and gravity are made of the same magnetic fields of different strength, thus 
they can have near enough the same speed of motion in matter magnetic field strength 
medium. 


In the case of light rays, when the ray comes in the vicinity of, or in position in space 
that it can be within a field of, or be near to or in the catchments area of a collection of 
Magnetic fields or gravitational fields (Magravs), these two entities’ magnetic fields 
interact. 


Thus, light is not gravitationally dependent, but in fact the attraction of light is position 
dependent from a pmtics of any Magravs area. 
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Thus, the stronger the Magravs of an object are, the stronger the pull. 


Following the new principles of magnetic field interactions, the stronger pmties of 
Magravs strength of the Matter, the Antimatter or the Dark Matter will exert their 
gravitational magnetic field forces on the weaker magnetic field strength of the light 
rays. Hence, the stronger pmtics of heavy matters and the stronger pmtics of stars, the 
Antimatter and the Dark Matter, pull weaker magnetic fields like light pmtics towards 
themselves. 


So that the visible light will move slower as it will be pulled towards the gravitational 
force of these stronger, Magravs like stars and Antimatter zones and as it interacts with 
their pmtics forces. 


Light has a different speeds in the Antimatter, the Matter and the Dark Matter due to 
their magnetic fields strength, very much like as it has slower speed in liquid than in air 
in the matter environment. 


The difference between matter environment and the Antimatter and the Dark 
Matter environment is very much in that the former is pmtics compactness and 
density dependent, as in the latter it is pmtics strength dependent. 


Thus, light, by the principle of its construction from pmtics, will be pulled and travel 
slower in other state of Matters and near large and stronger plasmatic Magravs strength 
of objects like stars, through the magnetic fields interaction principles or the 
gravitational pull of one stronger magnetic fields in respect to the weaker magnetic 
fields of the light. 


In physics, this has been said to be like the effect of the bending of light when it passes 
a planet or star in possession of gravitational field forces. The principle of bending of 
the light, or gravitational lensing in vicinity of, for example, stars is purely due to the 
interaction of the pmtics of the light with the plasmatic Magravs forces of the star. 


It is important to notice that in positions in space, where the Magnetic fields of the star 
supersede the gravitational fields’ strength in respect to any given ray of light, the light 
ray as well as being able to bend inward due to the gravitational pulls, it can also be 
reflect away from Magnetic fields forces too. 


By the same principle, it is now understandable, why and how for example in strong 
gravitational fields like black holes areas, even light appears as to get absorbed into 
them. This being due to the fact that Magravs strength in the centre of the black holes in 
these regions are so strong, that due to their magnetic fields strength they gravitate the 
magnetic fields of the light inwards or what they call in common terms “absorb” the 
light. This attraction is simply a gravitational pull of stronger Magravs strength of 
Matters and matters in the centre of a black hole in respect to the much weaker 
magnetic fields of the light. 


Most certainly, gravity and its field strength is not warp dependent or gravity is not 


caused and is not created because of a warping of the matter in the plane of time and 
space, as has been discussed in some fields of present physics. 


85 


GRAVITATIONAL SYSTEM. 
LIKE A EARTH. 


GRAVITATIONAL SYSTEM. 
LIKE A STAR/PLANET 
‘ORABLACK HOLE 


Fig. 34: Warping path of a weaker Magravs system towards the stronger Magravs system. 


Note: Definitely the warping is not the creator of the gravitational fields, but the 
warping shows the path of the motion of the one gravitational field downward or 
toward onto another gravitational field. 


That is to say, one weaker gravitational field can be attracted towards another stronger 
gravitational field G2 (Fig. 34), so that the path of the direction of the motion of the 
weaker gravitational fields Gl, towards the stronger, could make the warp like path 
(Fig. 34 path W) in a given plane of time. This is the warping effect of a weaker 
gravitational field in respect of a stronger gravitational field and this is the warping 
path of attraction. 


Therefore, warping of the matter is not the cause of the creation of gravity in the matter 
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Figure 3 | (a and b) Output and transfer characteristis ofthe printed cTFTs for § drive and $ load TFTs respectively inthe printed ring oscillator 
(} Blectrical characteristics of inverters and (d) output characteristic ofthe ring oscillator. (e) Total output characteristis ofthe printed bulfer unit, 
consisting of 6 cnTFTs and a resistor (measured based on contacting gate and drain-source electrodes as shown in the inset circuit). (f) Modified 
‘riangular wave following the buffer unit (g) Generated signals before scanning (black) and after scanning the electrochemical cells without (1, blue) and 
with TMPD (2, red) in a drop of solution. (h) TMPD structure for oxidation and reduction reaction. (i) The input and amplified output signals after 


passing through three amplifying inverters 


ductance, on-off current ratios and threshold voltage are shown in 
Table $2. (Supplementary Information). As the impedance was 
‘matched between the ring oscillator and the electrochemical cell 
using the buffer unit, another buffer unit (Figure 1b-G) is also 
needed between the electrochromic signage (20 KO) and the amp. 
lifer (1 MQ) for impedance matching. The electrical parameters of 
the butfer are listed in Table $2 (Supplementary Information), 

‘The amplified output signal was used to run the reduction and 
oxidation ofthe patterned conducting polymer in the electrochromic 
signage, and thus the blinking signage will be used to indicate the 
presence of chemicals in the specimens, The signage was fully printed 
and attached on printed CV tag. A clear concept of the printing 
sequence for the electrochromic signage was given in Figure S11 in 
Supplementary Information. 


Discussion 

The fully printed flexible CV tag was completed by assembling the 
printed circuits including ring oscillator, buffer, electrochemical cell, 
amplifier, and signage onto the previously R2R gravure printed rec 
tena, The resultant CV tag is shown in Figure 4a, The working 
concept of the wireless and flexible CV tag is demonstrated in the 
following sequences (watch the video file by clicking Figure $12 in 
Supplementary Information), After dropping 500 yl of TMPD solu: 


tion (10 mM) on the printed electrochemical cell, the CV tag was 
placed on the custom made RF (13.56 MHz) reader (Figure $13 
in Supplementary Information). ‘The antenna was subsequently 
coupled to 13.56 MHz AC. The coupled AC was rectified into polar- 
ized DC (> + 10 V) through two diodes and two capacitors which 
‘caused the ring oscillator to generate a pseudo triangular waveform 
‘with output voltage of 7 Vat 320 mH. This was then passed 
through the buffer unit to scan the electrochemical cell. The output 
signal afer scanning the electrochemical cell was amplified to turn 
‘on the signage according to the concentration level of TMPD in the 
solution. In this work, whenever the concentration of TMPD was 
higher than 10 mM, the signage “PE” blinked (Figure 45) while it did 
not show anything (Figure 4c) when it was lower than 10 mM. 
Farthermore, clear cyclic voltammograms for scanning the electro- 
chemical cell with and without 10 mM of TMPD were obtained by 
re-plotting the output triangular voltage waveform (Figure 4d). The 
attained half potential (Ei,2 ~ 0.05 V, oxidation potential is 0.22 V 
and reduction potential is ~0.17 V) of TMPD from the CV tag was 
nearly identical to the value obtained from a commercial CV instru- 
ment, SP-240, Biologic, which uses the same frequency for the 
triangular voltage waveform and printed electrochemical cell 
(Figure 4e). However, when the generated triangle wave frequency 
is higher than 0.6 He in the CV tag, the clear redox peaks cannot be 
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of the weaker gravitational field strength object, but in fact the warping is only an 
indication of the path of the attraction and motion of the weaker gravitational fields 
towards the stronger gravitational fields. 


Celestial matters in possession of Magravs, through their internal pmtics and their 
attractions and interaction and nothing else, can generate the majority of their own 
gravitational fields in the universe. At the same time, the motion of two objects in the 
possession of their own gravitational fields can set and start different gravitational fields 
of one object in respect to the other. That is to say, when two stars in the universe come 
into each other’s catchments zone, the catchments envelope creates its own gravitational 
pull, separate from the internal gravitational pull of the stars themselves. That is in fact 
the operation of two original pmtics Magravs being cascaded by the bigger one outside 
them. The interaction of the two stars, in trying to find their position, causes the 
swirling effect first and then the warping effect type of motion of the weaker stars’ 
gravitational fields towards the stronger pmtics gravitational field. 


External motion of matter does not necessary create gravitational fields inside an object, 
but the path and speed of the motion of matter indicates the strength of the pull of one 
field towards another and the direction of the path of the attraction. 


There are no planes of references for this warping, as the original point of the reference 
of the interaction of the two pmtics magnetic fields in respect to each other comes from 
where, they first come into touch and start the first fields interactions; this becomes the 
plane reference point for the path of the attraction of one gravitational field towards 
another (Fig. 34) 


In fact, the theory of warping creating gravity is as far from reality, as gravity being 
time dependent. 


Maybe it is right to say, “In time, once two Magravs come in contact with each other 
and stay interlocked, the two fields might merge into one, this time of merger is then 
pmtics Magravs strength dependent”. 


As has been explained, Matter is one of the three parts of the Matters of the plasma. 
Thus, the same interaction between the three gravitational pulls of three Matters within 
the structure of the Matter (see Chapter 18 and 19) causes the warping and motion of 
Matters in respect to each other within the plasma. 


In fact, any magnetic and pmtics entity, at all times of its existence, is gravitating or will 
have gravitation towards one or another magnetic ray or pmtics or Magravs in its 
regions and is warping towards one point or another in space at any given frame of 
time. That is to say, there are no regions in space in the universe, which are void of 
magnetic rays or pmtics, and their gravitational interactions and attractions in respect to 
one field or one Magravs or other. 


Nevertheless, there are different magnetic fields strengths, which in one form or 


another, are gravitated to one or another magnetic fields regions in the universe, in 
respect to their proximity of distance from a ray or a pmtics. 
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Maybe we can say “that gravitation in respect to time, is dependent on the position in 
space and pmtics strength of the any two entities, and that in time, for example light 
being in essence a magnetic field in origin, it will be effected or attracted or gravitated 
to another magnetic field or collection of fields, and that these magnetic fields can 
already possess gravitation in respect to each other. 


Thus light rays in given point in space will come in touch with other magnetic fields, 
which they will gravitate towards each other, for them to merge, where this merger will 
take a certain given duration. 


Thus, the light rays and other pmtics strength have a direct effect on the rate of 
attraction of one field to another. Thus, speed of attraction is pmtics strength 
dependent”. 


In real physical terms, the light itself can be or become one-half of a gravitational field 
set, so not only is the light getting attracted towards another Magravs system, but also in 
this process, the light becomes part of a second magnetic field of a gravitational set 
itself in respect to the first gravitational field. Then this light pmtics becomes part of a 
plasma magnetic field, which this is, a new set of a light field and the first gravitational 
field interaction, and this itself becomes another Magravs system like. 


The other important point to consider, is the time it takes for the light ray to reach or be 
attracted into or by a gravitational field, zone or area. This interaction and attraction, is 
both gravitational field strength, and the light ray’s magnetic fields strength, dependent. 


That is to say, stronger gravitational magnetic fields, pulls rays faster to themselves 
than a weaker gravitational magnetic fields. 

Thus, the time, that it takes for a light ray to get attracted into the gravitational field 
zone is gravitational field strength dependent and not time dependent, as the strength of 
the pmtics of the light of the matter is considered to be constant for all states of Matters. 


Then for different Matters (Matter, Antimatters and Dark Matters) in the universe, there 
should be different frames-of-reference of duration or time. As the light created in the 
matter environment will have different speed in the Antimatter and Dark Matter 
magnetic fields spectrum environments of stronger pmtics strength regions. While the 
light created by the Antimatters and the Dark Matters pmtics, interactions have very 
ifferent speed than the light created by Matter pmtics interaction, Secondly, the speed 
of the light from Dark Matters and Antimatters are much faster than the speed of the 
light of the Matter state or in matter state pmtics’ strength levels. 


Some notes about light 


1. The frequency of the light wave is created on the same basis and due to the same 
principles as the change of the polarity in the stars, for example the Suns’ eleven 
years half shift in polarity change (12, 18). 


is 


By the same principles, the alteration in the extreme points known as maximum and 
minimum points of return of the waves are Magravs positioning balance dependent, 
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and not as what has been assumed, electromagnetic field based, as electrons 
themselves are made of plasmatic magnetic fields. 


The pmtics as rays, as they enter or come in touch with an atom or an object that 
they can move or cause motion in the penetrated atoms, electrons of matter or 
Matter or in their initial fundamental particles, because the matters or Matters 
components are similarly made of dynamic pmtics, thus, when a pmtics comes in 
touch with another pmtics, these pmtics interact and collide with each other. Thus, 
the outcome is a transition of pmtics from one entity to another. 


The transition of pmtics takes place when the plasmas of Matters come into contact 
with the initial fundamental plasma of the Matter and they transfer their plasmatic 
magnetic fields strength from one to another. Usually this transfer is from the 
stronger to the weaker field strength directional of flow. 
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CHAPTER 10 


The Antimatter 
A 
AQ 1 
82 
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In the world of science, the Antimatter has been considered and said to be the largest 
source of energy for the future of the energy, space and motion technology. 


In the structure of the initial fundamental plasma, I consider that “the Antimatter is the 
main component of the whole structure of the plasma and it is the carrier of the largest 
‘amount and strongest of dynamic pmtics strength in the plasma, which Antimatter can 
release the maximum and the larger amount of pmtics strength in the full spectrum of 
pmntics of energies from the plasma”. 


To understand what the role of the Antimatter is in the overall construction of plasma, 
we can simply look at the larger scale of the same type of entity and its effect in the 
universe. In the universe, the large-scale plasma conditions are said to be the like of the 
Stars, or the Suns” in their solar systems. 


Where, the Antimatter part of the plasma is the same as the Star of a solar system, and 
it is the holder of the main quality and quantity and the possessor of the strongest 
pmtics strength of all Matters of the initial fundamental plasma. 


I consider that, the Antimatter is the source of the energy and the central 
gravitational point of the plasma as a whole. The Antimatter is in fact the Star of the 
plasma, thus it is as the Sun to the solar system, In fact, there is nothing “anti” about 
this Matter component of plasma in the universe. 


This is the reason why, in being able to free them from the sub-components of the 
Matter and the Dark Matter of the plasma, the Antimatter appear to be such a fantastic 
new source of energy. 


‘As the Antimatter was made initially from the stronger magnetic fields strength in the 
plasma to start with, hence it holds the real fundamental source and the supplier of 
pmtics to all matters in the plasma. It can be said that pmtics released by the Antimatter 
are the platform for the change for almost everything that is made in the matter world. 
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That is to say, “that Antimatter is the source, where pmtics are positioned to start the 
change from stronger pmtics strength level in the plasma components, and transfer more 
of pmtics strength of Matters to matters”. 


It is the pmtics of the Antimatters, which are transferred in most parts‘, from one 
plasma to another, which, causes energy transfer from one molecule to another or one 
cell to another. 


We have used these Antimatters pmtics strength effects in the recent past in our 
reactors, the pmtics interactions of Antimatters were utilised to create the Magravs 
forces needed for the Magravs positioning of these systems in respect to another 
plasmatic Magravs of another object, this being like the Earth’s Magravs. 


Through tests, it has been proven that the presence of the Antimatters and its strong 
plasmatic magnetic fields that it provides for the creation of Magravs in the reactors is 
the main reason why, we have managed to lift and move large masses through the 
gravitationally positioned principle. 


In Grapos test reactors, which have been developed and tested for lift and motion, the 
operativeness of pmtics strength of the Antimatters have been proven to be in line with 
our theories, where if the pmtics of the Matter were used in these reactors, the Magravs 
created by pmtics of this Matter would not haven been strong enough to cause the 
motion or lift of the system. 


The scientific world is using accelerators (6, 7, and 8) to slam the plasma into a wall of 
matter, for the plasma to open and to release its Antimatter sub-components. 


In present technology, scientists are trying to understand how to gather and harvest the 
power of this Matter. It is however crucial to understand that, “one does not burn the 
‘Antimatter as fuel, as it is assumed by the present scientific world in this field and as 
Fermilab (6, 7) is considering”. 


Nevertheless, there is an easier and smoother way to achieve this separation, and that is 
just to dilute the plasma (Chapter 21), through this method, it will be easy to release the 
‘Antimatter from its plasma. 


Once the scientific world has a full understanding of how to separate this Antimatter 
from its plasma, then they will understand that one does not need to burn this Matter as 
fuel to create motion and energy. But, they simply have to learn to use the effects of 
the interactions of the constituent pmtics of this Antimatter in conjunction with 
other Antimatters pmtics of other plasmas or Matters pmtics to achieve lift, motion, and 
for creation of energy, as has been done in the universal order of motion and creation of 
energy for billions of years. 
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CHAPTER 11 
The Antimatter energy 


Antimatters are known to be the sources of vast amount of the strong pmtics. The 
strong fields of the Antimatter are considered to be the major sources of the energy 
supplied into their respective environment for Matter-to-Matter, and from Matter-to- 
matter through their pmtics. The strong pmtics, once released by the Antimatter, and 
these pmtics in being in motion in their environment, they become to be called the 
energy of the Antimatter. 


These pmtics by essence of their origin and strength they are, and become, strong 
energy field sources and reservoirs of energy in their environment. Where, some of the 
pmtics within the Antimatter are used to maintain the integrity of the Matter and the 
plasma itself. 


At the same time, some of the pmtics of the Antimatter are equally reduced in strength, 
and these changes and reductions in their strength of some of the pmtics strength of the 
Antimatter overall constituent pmtics, these pmtics are allowed then to escape the 
gravitational fields of their Antimatter pmtics Magravs. 


These released pmtics from the Antimatter, become the Antimatter pmtics in motion 
(energies) due to the strength of their plasmatic magnetic fields’ forces. These pmtics 
can travel much further from the Matters and plasma, to transfer their energies to other 
pmtics in their environment. 


These released fields become the Antimatter pmtics in motion (energies), which, due to 
the strength of their plasmatic magnetic fields’ forces, these pmtics can travel much 
further from the Matters and the plasma, for them to transfer their energies to other 
pmtics in their environment. 


Due to the fact that the Antimatter itself is originally made of the stronger pmtics, the 
Antimatter will let go of pmtics in stronger and wider spectrum of magnetic fields 
strength. Thus, the Antimatter releases a full spectrum of pmtics strength forces. That is 
why they are more powerfull and covering a wider range spectrum of energy levels as 
they slow down. 


In essence, the Antimatter itself starts from a combination of interactions of stronger 
pmtics bases, and hence has more to lose of its slowed down fields and it has more to 
attract due to its stronger Magravs too. At the same time, it covers a larger domain as its 
pmtics can spread further. 


In fact, the energies that are released by the Antimatter look to be, and basically are 
stronger than other energy fields around them, purely due to the fact that they start their 
life from stronger pmtics strength base in their environments. 


CHAPTER 12 
The Dark Energy 


The principles of creation of the Dark energy as an outcome of normal interaction of 
pmtics are discussed. The similarities of the Dark energy and force, which are created 
around Black holes, are in principle of the same origin. 


In the dynamic environments of the universe, changes happen due to various 
conditional factors like motion, compression, turbulence, temperature, and so on, that 
can individually or collectively lead to concentration or motion of pmties (energy). 
These changes in environmental conditions can lead to the manifestation of Matters like 
the Matter, the Antimatter, the Dark Matter, atoms, stars and galaxies and so on. This is 
the common fundamental base for the creation of Dark energy and creation of Dark 
Matters (36) and any dark objects like the Dark Matters, the regular appearance of dark 
spots on the surface of the Sun and stars (12, 13, 14), the appearance of Dark spots in 
the galaxies known as Black holes (13), the Dark Rings around Saturn (17) and so on. 
The creation of these conditions and matters can all be explained through the following 
interaction of normal dynamic pmtics in the universe. 


By pmtics theory, the Dark energy is said to be the collection of balanced and 
equilibrium pmtics strength forces in motion in respect to their environments pmtics 
strength, this being in any given environment, in deep space in the universe or in the 
centre of an atom and so on. 


The universe always possesses equilibrium pmtics strength in its total energy balance, 
hence the universe possesses more environments which are in pmtics balance strength 
and hence the existence of vast-spans of the universe which energies are in motion, but 
due to their balance magnetic fields strength in these regions of the universe, no light 
through the interaction of various magnetic fields are produced to confirm the motion of 
the pmtics in that region. 


It is important to note, that in the universe only the difference in magnetic fields 
strength is the cause of creation of visible light from the human observation point of 
view. Where there is balance and equilibrium in the environment, no lights through 
interaction of magnetic fields or pmtics are produced. This doesn’t mean that there are 
no magnetic fields or pmtics in motion (energies) and that nothing is present in that 
region of the universe. In fact the darkness of dynamic environment of the universe 
confirms the existence of the balanced magnetic fields strength. Beholding the truth, the 
darkness of the universe confirms the existence and motion of balance and equilibrium 
‘of magnetic fields strength, and not the lack of the existence of magnetic fields in 
motion (energy). 


We have defined Energy as: “pmtics forces in motion”. Therefore the Dark energy has 
the same definition, where in this case, these are balanced or near balanced pmtics 
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strength forces in respect to their environment pmtics field forces in motion. 


The universe always possesses equilibrium pmtics strength in its total energy balance, 
hence it possesses more environments which are pmtics balance strength and hence the 
darkness of the universe. 


Steps in the creation of Dark Energy 


To explain the phenomenon of creation of the Dark energy in more detail, let us 
consider two equal pmtics environment zone A and B in figure 35. These two fields 
zones can be for example pmtics from two galaxies in motion in the universe or two 
pmtics in the span of a plasma. 


Before the interaction of the two field zones, pmtics of each zone are interacting with 
their respective environment, which creates their own boundaries of their field strengths 
through their magnetosphere boundaries, in respect to their environmental pmtics (zone 
A with zone D, and zone B with zone D). 


Fig. 35: Two equal pmtics strength entities moving in each other path. 


Lets assume: a) The universal magnetic fields are always in rotational motion as of D 
(Fig. 35), and b) The two pmtics of the A and the B are in motion in directions shown. 
Through their motion and the environmental forces, the two fields zones come to be 
partially in contact and interact with each other. (Fig. 36) 


As segments of pmtics of the zones A and B collide (Fig. 36), and as their interacting 
pmntics are similar in strength, then there are no differences in field strength for the two 
pmtics to create the magnetospheres condition (14) or no residual pmtics or very little 
pmtics fragments are produced from the interaction of these two pmtics zones. Thus in 
the interaction of two fields and due to balance in their pmtics strength, this interaction 
zone C of fields does not lead to creation of pmtics fragments in the light magnetic field 
spectrum leading to the creation of pmtics of light (Chapter 7), to make this region light 
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to show the existence and occurrence of collision between two equal magnetic fields 
strength zones. 
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Fig. 36: Two equal pmtics strength entities moving in each other path colliding and creating a 
temporary Dark energy zone (zone C) due to their interaction, 


Thus in respect to the surrounding environment the colliding of two pmtics in motion 
and the lack of production of pmtics fragments strength in the bandwidth of the light in 
this section of colliding pmtics, this creates the appearance of being dimmer or darker 
zone (Fig. 36 zone C) compared to its two original zones magnetospheric condition in 
respect and in comparison with their surrounding pmtics. 


In the region of C of figure 36, due to the balance in pmtics strength and the creation of 
very little residual pmtics fragments, this area has a darker appearance in comparison to 
the rest of the region which one can observe with the rest of the two zones of A and B in 
the overall region of the D environment. Nevertheless, the energy of the pmties in 
motion of the two pmtics zone of A and B exist and they can be measured, as the two 
pmtics of A and B move on, this confirms the existence of energy in the dark zone C, 
Where in fact there are no sources for such an energy field to justify their existence in 
this darker appearing region. 


Thus, in the case of the Dark energies zones in the universe, most of the time, one has to 
look at the overall picture of the interactions of the package and area, rather than to the 
local zone where the darkness and dark energies appears to be and where pmtics in 
motion as energy fields are present. 


Further on, as the two fields zones A and B are dynamic entities and they are pushed by 
the forces in the bigger picture of the zone D, the Dark zone C, figure 36 disappears as 
‘two zones of A and B move away from each other. 


Thus, the interaction and creation of the zone C, figure 36 is a temporary phase as the 
two field zones separate and carry on in their own path and the Dark energy zone C in 
figure 36 disappears, as there never was a Dark energy zone in that part of the zone D as 


whole (Fig. 37 fields A and B). 


Fig. 37: Two equal pmtics strength entities moving away from each other after their collision. 


Therefore, Dark energy zones in the universe are not necessarily a place where there are 
void of Matters or magnetic fields, but the darkness itself confirms the existence of the 
balanced pmtics strength in motion in respect to the majority of pmtics strength forces 
in that given environment, which pmtics in these areas are in balance and in equilibrium 
in strength with each other in a given point and a given window of motion of fields 
called time in the span of the universe. 


‘At the same time, these sudden Dark energy regions in space are temporary conditio 
in a given specific time and specific position from a specific point of observation. 


On the other hand if one is inside such a zone not necessarily means that one is in the 
Dark energy zone. In some cases of dynamic solid gravitational fields of matters in the 
centre of these energy zones, due to the interaction of the Magravs of the Matters and in 
level of Dark intensity translucent, inside these Dark energy zones one can have bright 
zones as being near a star zone. 


Itis obvious that most of the universe appears as dark, even though pmties always exist 
in these areas of the universe and are essential components of its structure. This by itself 
means that the universe is in pmtics strength balance and equilibrium within itself. 


The Dark Matters do not all possess the same pmtics strength and therefore the Dark 
energies are not all of the same magnetic or Magravs strength, in respect to other pmtics 
strength environment. 


By the same measure, the Dark Energies in the universe do not all possess the same 


pmtics strength, as their strength is pmtics strength dependent in respect to the 
environment pmtics strength of their appearance. 
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Figure 4 (a) Optical image of fully printed wireless cyclic voltammetry ta. (b) Operation images of CV tag with and (c) without TMPD in the solution 
fn 13.56 MHz reader. (d) Converted cyclic voltammogram from the printed wireless CV tag vs (e) a commercial CV instrument (please refer the 
interconnected video file for the demonstration of wireless CV tag operation in Figure S12 in Supplementary Information), 


observed as shown in Figure $14 (Supplementary Information), 
Furthermore, as a typical example of testing a specimen in aqueous 
solution, 10 mM of K,(FeCN), aqueous solution was checked using 
the CV tag, and results of converted cyclic voltammogram was 
shown in Figure $15 (Supplementary Information). Those results 
support that the CV tag can examine specimens not only in organic 
solution, but also in aqueous one. 

Up to present, there has been no commercial success in fully 
printed TET-based electronic devices due to some kind of difficulties 
in integrating a number of printed TET’ through a scalable printing 
method. As increasing a number of integrated TFTs, the range of 
threshold voltage shits of TFs needs to be controlled as narrow as 
possible to properly operate designed function of printed devices. 
However, the scalable printing method is not fully understood to 
integrate a number of TFs on plastic foils while keeping the con. 
stant range of threshold voltage shifts because of difficulty in con. 
trolling a constant charge transport through the printed channels. 
‘Therefore, the printed TFT-based devices should be constructed by 
using a minimum number of printed TETs while a function of 
printed device needs to be competitive aver Si based one. Since the 
fully printed CV tag required the integration of only 26 cniTFTs, the 
acceptable range of threshold voltage shits of cr FT is controllable 
and achievable by using a scalable printing method such as aroll-to 
roll gravure, Furthermore, the unique function of printed CV tags 
cannot be simply reproduced using a Si technology with a compar. 
able cost to the ROR printing process. Therefore, the fully printed CV 
tag will be the first leading model to show a way of how printed TFT. 
based electronic devices should go for the successful launching in the 
IT markets 

In the core of the printed CV tag, fully gravure-printed enTFTs 
were employed for constructing a circuit consisting of a ring oscil 
lator to generate triangular waveforms, buffer units for an impedance 


matching, and an amplifier for enhancing output signal to turn on 
the signage. Those simple units can be combined with a variety of 
printable sensors and RF devices to create novel devices with an 
extremely low cost. In other words, the printed rectenna, ring oscil- 
lator, buffer and amplifier units in the printed CV tag will be key 
clements for the construction of variety of printed RE-sensors, this 
CV tag willbe used as a platform for the further construction of a 
variety of RE based electrochemical sensors 

In conclusion, we have presented a fully printed flexible CV tag 
with the size of 8.5 X 5.5 cm that can operate wirelessly using a 
13.56 MH2 RF reader. However, forthe practical purpose, the size of 
the CV tag can be reduced up tothe half (4 X 2 cm) of the current 
‘one by optimizing spaces between cn TFT the circuit of the CV tag 
and reducing the operation power toless than DCS V asthe current 
size of 13.56 MHz antenna is designed to provide maximum coupled 
‘AC power using a sufficient length of printed antenna pattern 
(higher inductance). Furthermore, although we utilized R2P gravure, 
screen printer and drop casting method for the convenience of fab- 
ricating the CV tag in the Lab, the whole fabricating process can be 
repeated by R2R gravure because the rectenna, ring oscillator, buf- 
fers, electrochemical cell, amplifier and signage in the CV tag were all 
designed to compromise the limit (20 jim) ofa registration accu- 
racy of a current R2R gravure system. Therefore this technology 
could be used as a platform for disposable wireless electrochemical 
sensors toa variety of specimens in aqueous and organic solutions to 
monitor oF diagnose pathogens and hazardous materials by modi- 
fying the electrodes of the electrochemical cells 


Methods 

Roll-to-roll (R2R) gravure printed antenna, bottom electrode, gate electrodes 
and wires Two color units of 2R gravure system (Taen Co. Korea: Figure St inthe 
‘Supplementary Information was employed to print antenns, bottom eecttodes and 
‘wteson roll of polyethylene terephthalate) (PET) fi (width of 200 mm and 
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In the case of the Dark Matters as sources of the Dark energies, these Dark energies are 
produced through the initial pmtics interactions in the centre of the Matter, and hence 
the energy they produce as their overall outward Magnetic fields and inwards 
gravitational fields, are always in balance in respect to other pmtics in their given 
environment. Where this balance of pmtics strength gives the Matter the appearance of 
darkness, or darker looking in respect to its overall given environment. 


Some of the Dark energies have a Magravs source in their centre in the universe. Thus, 
these types of Dark energies are part of a Dark Matter source, which are part of the 
overall magnetospheric environment of the Dark Matter pmtics. These sources of the 
Dark energies are the Magravs of a matter which in respect to its environment from a 
given position in space, and due to the equilibrium of the pmtics of the Matter and the 
environment, cause the Dark energy zone, from that specific point of observation, as 
that given zone of pmtics interaction appear to be darker than the rest of the 
environment surrounding it. 


7 


CHAPTER 13 
The Dark Matter 


G3 


According to the Keshe pmtics Theory of Dark Matters “for an entity to be considered 
as a Matter, the entity has to possess both Magravs pmtics forces, so that not only the 
Matter can maintain its Magnetic and gravitational fields, but at the same time the 
Matter can maintain a balanced pmtics magnetosphere magnetic fields forces strength 
zone and a magnetic fields mass, for the Matter hold on to its constituent pmtics for it to 
exist, with the difference with the Dark Matter that the magnetosphere created through 
the overall interaction of its Magnetic and gravitational fields forces strength of the 
Matter and the environment pmtics force strength that these two forces are in 
equilibrium in strength, where the interaction of the pmtics of Magravs of the Dark 
Matters’ magnetosphere and the environment pmtics field force in interacting with each 
other, they do not create residual fragments pmtics that is in the light magnetic fields 
strength spectrum level, that makes this Matter visible or detectable, hence the term 
Dark Matter (Fig. 38 G3) (36). 


At the same time the Magravs forces created by the same Dark Matter appears to create 
a magnetospheric fields forces’ zone around the central Matter, which gives an 
impression of an energy source that comes from a dark space in a given environment 
without a visible material source and hence the use of the term Dark Energy (Fig. 38 
aya 


The Matter is said “to be dark, as its effects can be seen or felt, but, it, is not made 
observable to the line of vision or is undetectable through detection systems, which are 
looking for signs of light as means of confirmation of the existence of the Matter"(36). 


The Dark Matter can be defined in another way, that is to say: 


“The Dark Matter (Fig. 38 Matter G3 field C) is the Matter that, by the interaction of its 
internal initial pmtics strength, creates the Magravs effects and its external plasmatic 
Magravs as the magnetospheric field effect for the Matter to exist. Nevertheless, it is 
due to the overall balanced Magravs strength that are created by the Matter as the 
magnetosphere of the Matter, being in balanced magnetic fields strength with respect to 
its given environment pmtics strength, so that the interaction of the two magnetic fields 
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does not creates pmtics fragments in the light spectrum, where the Matter cannot create 
detectable magnetospheric light.” 


That is to say, the interaction between two plasmatic magnetic fields strength of the 
Dark Matter and the second pmtics strength of environment does not create a visible or 
detectable magnetosphere effect, which would be needed to confirm the presence of 
the Matter in that given environment and in a given position, at a given point in time. 


The Dark Matters effect of Magravs energies can confirm its existence, as the Matter 
that appears as Dark or translucent Darker Matter, in respect to its given environment, 
to the line vision appearance of the Matter, in a given position and time, 


a 
- 
y 2 


Fig. 38: The Dark Matter (G3), the Dark energy (C) 


The Dark Matters can be, or, are made of stronger or weaker plasmatic magnetic fields 
than the Matter, and the Antimatters components of the plasma. 


‘The Dark Matters are Matters which appear as areas in the universe in possession of 
Magravs forces but no or a very weak, detectable external magnetosphere in respect to 
their environment at given point and a given window of transition of time, where the 
confirmation of the existence of the Dark Matter is environmental pmtics strength and 
position dependent. 


If one could create the fundamental principles of the Dark Matter, by the use of Grapos, 
with the production of balanced pmtics strength around the system, then one can travel 
the spans of the universe with pmtics Magnetic field protection and more or less without 
any friction, or resistance in the direction of the motion of the system, this allows the 
system to achieve speeds far beyond the present knowledge of Man in the space and 
aircraft industries (36). 
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The same effects of the creation of balanced pmtics strength in respect to the 
environment can be used to make systems, that without moving: such system becomes 
invisible to the line of vision at any point in atmospheric condition or in deep space. 


The larger entities like of the Dark Matters in scale of magnitude are the black holes in 
the galaxies, where a large gravitational fields zone is observed and no physical tangible 
source for the large and strong pulling forces in that region of the galaxy can be seen. 
These areas, which are usually and mainly in the centre of galaxies or on the edges of 
turbulent boundaries of galaxies, as there are more Matters, matters, magnetic fields and 
plasmatic magnetic fields on the move. Where the total balance of these fields, in 
respect to their given environment, gives these regions an impression to have the 
appearance of the darkness. 


‘These dark regions with strong gravitational pulls are overall temporary events in the 
bigger cycle of life of galaxies bigger picture of motion of pmtics and Matters (12, 13). 


Sudden appearance of Dark Matter as Matter due to changes in fields forces in the 
environment can be analogised like having a wet cloth that is dry looking. However, by 
twisting and squeezing the cloth, out of nowhere, drops of water start dripping out of 
the cloth. The appearance of the water drop does not mean that water was not in the 
cloth, but in fact it means that the condition were not there to force the water to manifest 
itself within the cloth. 


The Dark Matter can become visible as Matters around their environment pmtics 
strength changes. On the other hand, the Dark Matter can become visible Matter when 
there is a change in the internal pmtics strengths of the Dark Matter, which the change 
in magnetospheric strength of the Dark Matter, changes the magnetosphere pmtics 
strength in respect to its environment pmtics strength and the Matter becomes visible. 
That is why the Dark Matters are environmental pmtics strength dependent. The 
appearance of Dark Matters, due to changes of their pmtics strength or environment 
pmtics strength changes have been seen in the universe by scientists and they call these, 
the Virtual matters or the Virtual particles (Chapter 14). 


Dark spots on the Sun and Black Holes 


The Dark spots on the surface of the Sun; These effects are usually seen on the dynamic 
surface of stars, where large numbers of similar pmtics strength materials in motion 
interact with each other, and hence there are more possibilities of having balanced 
pmtics strength regions, as most of the matters are of the same structure of hydrogen 
plasmas. 


The main reason for the increase in the levels of the dark areas and dark spots on the 
surface of the Sun, about every eleven years, is due to change of polarities of the 
Magravs created by magnetic fields in the centre of the Sun. This increase is purely and 
only due to one factor, this being that the creation of dark spots on the Sun is primarily 
due to the interaction of pmtics of the matters on the surface of the star and the pmtics 
of the Magravs from the centre of the star. As at time of polarity change of the star, 
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there are more chances of the interaction between two pmtics, which are made by the 
components of the same matters (Hydrogen). Thus, there are more chances of reaching 
Magnetic strength equilibrium conditions between the surface pmtics strength of the 
matters on the surface and the internal Magravs’ fields strength created in the centre of 
the star. Where at these points of balance zones of pmtics strength, no or very little 
pmtics fragments in the spectrum of light are created, hence the reason why appearance 
of the increase in the number of dark spots on the surface of the Sun during the polarity 
changes of the star (12,13). 


Thus, the dark spots of the Sun are natural outcomes of the balance interaction of the 
pmttics strength of the overall Magravs created by the centre of the Sun in respect to the 
pmttics strength of the plasmas of the materials on the surface of the Sun. Thus, as there 
are more balance pmtics areas produced, a higher number of darker zones can be 
observed on the surface of the Sun, 


The darkness of Black holes in galaxies, and the Dark energy fields they produce in 
their environment, are due to the same process (12, 13). Similarly, all Dark energies are 
not necessarily connected to the central Magravs of the Dark Matters. 


‘The Dark Matter and the Dark Energies appear and behave as dark regions, in respect to 
a given magnetic fields strength environment, at a specific point in time and space, and 
specific conditions from the point of observation. By the same principle, the Dark 
Matter and the Dark energy will be a visible or tangible Matters or matters in a different 
pmtics strength environment and even from another point of observation. 


Therefore, state of the Matters, this being the Matter, the Antimatter, the Dark Matter 
appearance and detection of their energies are totally pmtics environmental respective 
dependent. 


That is to say, “what is the Matter and the energy in one given plasmatic magnetic 
fields’ strength environment can become the Dark Matter or the Dark Energy in 
another pmtics strength environment to the human point of observation”. 


In the universe, the Matters and the Matter energies or the Dark Matters, the Dark 
energies, the Antimatter and the Antimatter energies change from one state of Matter 
to another, or one state of Matter energy to another, purely due to the respective 
Magnetic fields or gravitational field strength as of their environments pmtics strength 
as these Matters and energies pass through them. 


In the micro and macro universe, suddenly Matters and energies appear out of nowhere 
and Matters and energies suddenly disappear into nothing. These appearances are all 
pmtics strength respective environment dependent as the Matter or energies pass 
through a given field at a given time in their immediate environment. 


The universe is considered by us to be covered with the Dark Matters and the Dark 
Energies. In general it can be said, where there are no faster or slower pmtics, or 
differences in pmtics strength, interacting or for other pmtics of the same or different 
strength to collide with, through these balanced pmtics strength regions, there are no 
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unbalance fields to create friction or to have an interface or to have residual pmtics 
between the environmental and the moving pmtics, these regions in the universe give 
the appearance of lack of Matter, or the Dark Matter or the existence of Dark energy in 
respect to the given point and position in the universe. This means that the dark regions 
of the universe are balanced in pmtics strength, and not void of pmtics. Hence as the 
universe is magnetically strength balanced, therefore the universe, in general, appears 
dark and empty, even though the universe has no regions without magnetic fields. 


These types of darkness can be see-through and can be transparent through their pmtics 
energies; I call these areas the “translucent Dark energy zones”. 


This translucence state of position in a given environment is a state where, there is total 
darkness but at the same time, there are pmtics strength field interactions that allow 
enough light, in respect to vision and detection for one to confirm the lack of light. 


This being the reason why, one can see or detect, other Matters or matters through this 
universal Translucent Darkness light. 


This light in the span of the universe is due to the interaction of very weak pmtics in 
motion (energies) in the constituent universal pmtics soup. In fact, these dark regions of 
their environment are where the pmtics are in balance within these regions. 


As was discusses in the previous chapter, to the human eye protein pmtics balance set, 
these residual fields of the two pmtics interactions, due to their pmtics strength balance, 
appears as the Dark Matter and is like Dark energy zones in space. If humans would 
possess another chemical pmtics protein chain, what are the Dark Matters and the Dark 
energies by present means of detection, by viewing through different tools of vision, 
then these areas will be as visible light regions of the universe, and may be in different 
colour, for example in the Antimatter colours spectrum of the universe, or even in the 
Dark Matter colours’ spectrum of the universe. Through the use of such tools, the 
importance of the use and function of the Dark energy (Fig. 36) and the Dark Matter 
(Fig. 38) will be soon grasped by men of vision, to see the true darkness. Where in the 
colour spectrum of the Antimatter the colours are magnetic fields strength dependent 
and these colours are not noticed by the human eye matter-based protein pmtics. The 
same applies to the Dark Matter colour spectrum. 


In the universal order of containment for Matters and energies, it is not far from the 
truth to say that the state of Dark Matter is the same as gasses in matter state, that the 
Dark Matters and Dark energies do not have self-containment. 


That is to say, “As with gasses in a state of matter, Dark Matter fills all the environment 
and space that is given to it, as it creates no effective magnetospheric interface boundary 
resistance in respect to its environments’ pmtics strength forces. 


The boundaries of the Dark Matters and Dark energies are dictated by the boundaries 


occupied by stronger or weaker pmtics strength regions around them in their given 
points in the universe.” 
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The forces of Dark energies can be confirmed only through their interaction with other 
plasmatic magnetic fields in motion, in respect to the field of the Dark energies motion 
themselves 


That is to say that the dark lights generated by the Dark Matters and Dark Energies 
cover the whole of their given spaces, this being the space in-between different Matters 
in the atoms structure or solar system or even galaxies, I call this principle of creation 
of dark light strength difference of pmtics magnitude needed for creation of light, the 
principle of pmtics magnitude. 


It is very correct to assume that one atom of Dark Matter and its Dark energies can be 
and/or is enough to span its balanced pmtics to cover the whole of a solar system, or its 
bigger counter part galaxies or smaller spaces as the space in the pmtics Matters of one 
tangible atom. 
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CHAPTER 14 
Virtual Particles (Virtual Matters) 


The existence of virtual particles, which appear out of nowhere, and have the 
characteristics of real particles in essence, has been described in the Dark Matter section 
of this book. The method by which these particles appear within their environment is 
exactly how the Dark Matters do exist and appear in their environment, after their 
overall Magravs, magnetosphere strength changes’ or due to changes in the pmtics 
strength of the environment. 


In fact the virtual particles are individual atoms’ or plasmas, or any Matters, of the Dark 
Matters behaviour’ (Chapter 13, and reference 12), which when they come into new 
pmtics strength environment which is different than their previous balance condition 
pmtics strength environment with their Magnetic field and gravitational fields, then 
these particles generate a new magnetosphere in respect to their new condition pmtics 
strength environment, thus they create light due to their interaction of their plasmas 
(Chapter 7) and so they appear as new matters or virtual Matter. 


There is nothing new about virtual particles; these are like loose plasmas or a single 
atom in the soup of the universal Magnetic and gravitational fields. 


Thus, in simple way according to Keshe Theory of creation of Matters, virtual particles 
are Matters and behave like Dark Matters. They are created from the interaction of at 
least two pmtics, which leads to the creation of Magravs of the Matter, therefore what 
scientists call virtual particles, these are real Matters, which due to the change in their 
environmental magnetic fields strength condition, they suddenly appears as matter(s) 
for a very short time, until they lose their pmtics strength or their environment pmtics 
strength changes or as they move out of the environmental pmtics strength level or they 
seem to disappear. 


Virtual particles possess a magnetosphere and the light they create in their new 
environment is due to the interaction of their pmtics of their magnetosphere with the 
pmtics of this new environment, which makes them visible in that given point and given 
time. 


Note: When the (virtual) particle(s), Matter(s) or matter(s) is moving towards the 
observer due to it’s compacting of pmtics, this creates the blue shift colour of magnetic 
wavelength spectrum (Chapter 7). If the virtual particles are moving away from the 
point of observer, due to opening of the pmtics of the environment, they create light in 
red shift colour of magnetic wavelength spectrum. (This is described in the paper: 
Creation of Magnetic field). 


The virtual particles are actually individual nano-atom or plasmas or sub-Matters of 
plasmas. 
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The Casimir effect 
In present physics, virtual particles are related to Casimir effects. 


First of all, the Casimir effect and the photon energy appearance in its setup of its 
confirmation is always considered to be in a vacuum condition between two 
conductive plates where, photons in between two plates are observed and electrical 
charges are measured. 


In fact, it is not important what vacuum condition level can be achieved in test 
laboratory conditions, nevertheless still a number of pmtics, Matters, plasmas (electrons 
and protons) and atoms could be left in the space between the two plates, which are 
under observation. 


As matters are made of plasmas of interacting magnetic fields of Matters, when the 
space in between the plates is freed and void of most of its atoms and Matters, at this 
point the leftover matters or Matters between the two plates are more free to move in 
the newly created condition environment. Hence it is natural that these residual atoms, 
electron plasmas, proton, can move really in empty space and can collide with the walls 
of the matter of the two plates and due to their interaction fragments of pmtics strength 
are released which these are in the range of the pmtics strength of photons. 


So vacuuming the gap between the plates creates a new environmental plasmatic 
magnetic fields force condition that allows a more free motion of leftover Matters and 
atoms in between the two plates, where in fact the boundary of the magnetosphere of 
one atom can occupy or expand the full span of the gap between the two plates. 


Casimir effect measurement is a good tool to measure how many atoms and/or what 
Matters are left in the gap between the two plates at a given vacuum level. 


We have done experiments in plasma dilution reactors, which we have developed and 
have seen the Casimir effects. In these tests, we have seen some serious voltages and 
currents, but never photons. Which indicates that these voltages can only be from 
Antimatter source in-between plates, as matter cannot produce these levels of voltage 
and amperages. 


In a number of tests we have created 30 mm gap between plates and the results have 
been the clear indication that Casimir effect testing is good to find nearly the number of 
Matters in between the gaps, and types of Matter which are left in between the gaps. As 
Matter and matter create different charge levels than the Antimatter components of 
the plasma, 


We have created environments of 10 (-9, -10, -11, and -12) bar in our tests, and in tests 
over 10 (-8) bars there was not much difference in voltage and current measurements 
from both plates’ terminals. This indicating that it does not make much difference how 
far one can vacuum the gap in between the plates, there are still some components of 
Matters or matters will be present in the gap, which can move with more freedom than 
before. Where this small number of matters or Matters in-between the plates can 
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transfer energy through the free motion of their plasmas in collision with plasmas’ of 
matters of the wall and lead to the release of pmtics fragments in the strength of the 
light magnetic field spectrum or a photon. 


Van der Waals forces 


In respect to the Van der Waals effect, this push and pull effect is now very clear and 
easy to explain, this is to say as plasmas contains all Matters (Matter, Antimatter and 
Dark Matter) and these Matters are all made from the interaction of plasmatic magnetic 
fields, which leads to the creation of their Magravs, so that each Matter is like a 
independent entity within the structure of the plasma, at the same time plasma 
possesses its own Magnetic and gravitational field forces. 


By the same measure, the atom, as an independent system, possesses its own Magravs 
in respect to other atoms in molecules. The same, the molecules have their own 
Magravs in respect to each other. 


Therefore, what has been considered as Van der Waals forces of push and pull of 
molecules, these are simply Magnetic and Gravitational field forces or Magravs forces 
of one molecule in respect to any other molecule. 


The Van der Waals force is in fact the pull (gravitational effect) and the push (Magnetic 


effect) of the individual molecules in respect to any entity (atom, molecule) around 
them. 
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thicknes of 100 um. purchased from SKC, Korea) with sver nanoparticle based 
conducting ink (PG-007 BB type, Paru Co, Kore) and the web wafer speed of 
vin under roll pressure of 0. MPa and web tension of 40 N. The aller ink was 
further formulated to met the viscosity of 500 cp and surface tenslon of 47 Nim, 
sing respectively ethylene glycol (Aldrich) and Dipeopylene gljcal mthyl ether 
(Aldrich). The curing time of printed silver layer was 10sec by passing through a 
esting chamber of 130°C installed in ROR gravure system. The ening pated 
silver patterson PET roll shoved the thickness of 450-50) nm without any defects 
and were shown in Figure 16a (Supplementary Information). 


Roll o-plate(R2P gravure printed ring onlator buffer, and apie. ull 2 
srsvurcryten (Figure Lin the Supplementary Infomation) was employed to print 
Single walled carbon nanotube network aso thin tunntors (on TF) ae aa 
Bling bloc to construct al the latgrted cc of printed cei valtaamtey 
(CV) tag (Pigute 1.26 col for hc ntgraton of el i ited CV fa ware 
Printed on the previously R2R gravure pit il (peated antenna, born 
Sectode and wies with thickness of 450m; gure sh in Supplementary 
Information) allowing printing sequence. Fst, BaTiO, nanoparticle based 
det ink (PD-10, Par Co, Koes) was fre formulated to mt vconty 
(75 e) and uta tension (31.8 aN) using the by! 2-cynoeryate (Alc 
‘Ac shown in REP pave printing scherne (Figure 17 in Supplementary 
Information), the Romnogencous and dec fe lc ayers were st RAP 
favre prt wth printing speed of 200 mais and al premure 7 kom 
Previously printed gate electrodes and baton elactvodes fr capacors wath a 
Thickness of 23201) ym and wid of 940 (2-2) jm (Fare $n Supplementary 
Information). The print lcs ayers were cur for 1m 20 aca 130.C. 
Second, single walled atbon nanotube SWNT) bused semiconducting nk (R04, 
Par Co, Kota) was dite by denne pycol monobuy ber (Dasang Co 
ores to 1:1 volume rato for printing active ayers ing RAP grave on the rind 
dct ayers with printing pes of 30 mms and ol pres of Age The 
colt and surface tennlon of ded SWNT ik were espoctivey 30 <P and 

1 aN. The reuking SWNT printed fs were ied I in at 150". For ing 
‘TT inthe ber unt, we wed the ditlon volume rai of 3:1 hetween SWNT 
ink (PR OW, Paru Ca, Korea) and dthylene gc monabutyl eer fr printing 
nly on the TFTs i the uller unit inceaae SWNT network deny for roving 
the high current (gre Sn Supplementary Information). Finally, da-surce 
tdectodes wer RP pave printed using ser nanoparticle based ik (DG-007 AA 
type Paru Co. Korea) on SWNT printed fm witha voy of 800 cPandasurace 
{enon of 42 mN/m. The R2P gravure printing was cared ot under a pining 
‘peed of 200 mis and role prea fae 


Diode fabrication, Although Shottky diodes were able to print uslg R2R gravure 
based on ou previous eported process", the drop casting method was usd forthe 
convenience inthis work Fist dropping 2aO based hybeid semiconducting ink (PD 
1070, ParuCo, Korea) on printed sliver cectrode and then, Aliak(PA-0O8, Patu Co 
“Korea was diopped on the top of 290 ink. The resuling diodes were farther cured 
for § min st 20'C. 


Measurements, Formulated and diuted inks were characterized using DCAT21 
(Dataphysies Co, Germany) and SV-10 Vibro viscometer (AND Ca. Japan for 
respectively measure surface tension and viscosity. All neaurements in this work 
‘were curied out under ambient condition I there are no other comments Resistance 
‘printed antenna, bottom electrodes, gate lectods and wies were measured ung 
two probe methods with HPMS7A multimeter. Both surlace morphology and 
thlcknes of printed layers was characterized using surface profiler (NV 2200, 
‘Nanonystem, Korea). LCR mete (E4980 A, Agilent, USA), semiconductor parameter 
analyzer (4155C, Aglent, USA) and digital phosphor osclloscope (DPO 4054, 
Teltronis, USA) were especuivey used to characterize printed cx TFT based crcl. 
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CHAPTER 15 


Interaction between Matters 


Different Matters in their environment interact and create different conditions, and 
state of Matters are similar to the state of matter, as one can mix liquid with solid and 
gas with liquid in state of matter, the same can be done with different states of Matters, 
like allowing the pmtics of the Matter to interact with the Antimatter and further the 
Antimatter with the Dark Matter. As in the case of Matters, they are all pmtics strength 
dependent, where these kinds of mixings of states of Matters allow more profound 
effects to be developed. This kind of mixing between the state of Matters will open new 
world of science to mans’ encyclopaedia of knowledge Matteorology (knowledge of 
Matters) 


‘The process by which, Matters are created and operate in respect to each other within 
the construction of the plasma has been explained in previous chapters. These Matters 
individually possess their own properties and create their own effects in respect to their 
environment, both individually and in conjunction with each other. 


What is important to understand is: What happens when these Matters interact or come 
to collide with each other within the plasma or their environment? 


Whaat is the outcome of the amalgamation of the plasmatic magnetic fields strength of 
different Matters with each other? 


Let us consider some of the variations between interactions of different Matte 


Interaction of Matter with Antimatter 


‘The Matter is composed of weaker Magravs strength than the Antimatter. In this case, 
the Matter always gets attracted towards the Antimatter. 


In the case of the plasmatic magnetic fields of the Matter colliding with the plasmatic 
magnetic fields of the Antimatter, the Matters components will get absorbed into the 
larger and stronger pmtics strength, by order of magnitude, of Antimatter. 


What can be observed from this impact is the release of some plasmatic magnetic fields 
residual as pmtics, like release of some lights or rays or magnetic residual. The content 
of the dynamic plasmatic magnetic fields of the Matter or its energy is absorbed into the 
environment of the Antimatter and gets mixed in within its structural magnetic fields 
strength. At this point there will be no more signs of the Matters past existence. 


Where, most of the rays released in this interaction are mostly due to the coming close 
of the two Magravs of the two Matters, rather than the splashing of the pmtics from the 
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surface of the Antimatter. 


This is like when a drop of water falls into a cup of tea, in this case, the drop of water 
becomes part of the larger teas” liquid. 


Majority of scientists working in this field, are lead to believe, as the Matter and the 
Antimatter collide, due to their charge balance after the impact, the content of the two 
Matters disappear into nothing, except some residuals released as energy, gamma rays 
or photons, then, in their opinion, there is nothingness left as these two Matters” charges 
balance each other out. 


Such a belief and concept is against any natural laws of existence. That is to say, there 
cannot be a position of total annihilation of both Matters, where there can be nothing 
left at all after the two actual Matters in possession of Magravs collide with each other. 
This nothingness of the two Matters after the collision of the Matter and the Antimatter 
is a rash assumption and incorrect. 


In fact, the Matter and so-called the Antimatter by their pmtics strength order of 
magnitude in the matter world, is like the Earth slamming into the Sun, and then saying 
that after this collision there is nothing left of the Sun and the Earth, except some 
outwards splashing fragments of plasmas from the surface of the Sun. This is illogic 
attempt at a scientific explanation for such a real physical event. 


The Matters of the Earth would cause a small splash on the Suns’ surface. This splash 
then releases some plasmas or gamma rays or photons from the surface of the Sun. Then 
the plasmatic magnetic fields components of the Earth become part of the plasmatic 
magnetic fields of the plasmas of the Sun. This is exactly the same incident as when 
pmtics of the Matter collides with pmtics of the Antimatter. 


In view of this principle in physics of the conservation for energy, nothing in the 
universe is lost or can disappear. They just change their magnetic fields strength and 
their compactness from one form and level to another. 


Thus, collision of the Matter and the Antimatter create nothing but the Antimatter, with 
more content of different plasmatic magnetic field’s strength of the Matter components 
inside it. Therefore the outcome of this collision is mainly the Antimatter balance 
remaining. 


Interaction of Matter with Dark Matter 

This follows the same principle as the previous states of the Matter and the Antimatter. 
The content of the Matter then becomes the constituent Matter of the gravitational 
centre of the Dark Matter. With the difference, that in this case the Matter will not have 


to overcome any magnetosphere of the Dark Matter. 


This interaction will be the same as seen in the universe matter dimension, where for 
example Stars and cosmic matters disappear into a Black hole in the universe. 
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In some instances, this process can disturb the overall Magravs’ strength balance of the 
Dark Matter in respect to its surrounding plasmatic magnetic fields strength. This 
change can induce the production of slightly stronger or weaker magnetic fields strength 
magnetospheric conditions of the Dark Matter in respect to its surrounding field’s 
environment. 


In these rare cases, due to the change and unbalance of the magnetic fields strength 
between the new content and new Magravs strength of the Dark Matter, this new 
stronger or weaker plasmatic Magravs strength, allows the creation of a new 
magnetosphere field strength of the Dark Matter in respect to its environments pmtics 
strength to take hold. Then, what was the Dark Matter in a given environment, can in 
the same given environment, with a different and new plasmatic magnetic fields 
strength, now create and possess a new magnetospheric field strength zone in respect to 
the same environment’s pmtics strength and then the Dark Matter can become like the 
Matter that is more visible. 


This incident has been recorded by cosmologists a number of times. Where, out of 
nowhere, Matters appear in the Dark spaces of the universe. 


In fact, even changes in the tightness of plasmatic magnetic fields in the span of 
universe, can unbalance the Dark Matter environment pmtics strength and make the 
Matter visible. 

This magnetic unbalance of the environment causes different balance condition around 
the Dark Matter pmtics, and then out of nowhere stars appears in the Dark spans of 
universe. 

The interaction of Antimatter and Dark Matter 

In the case of the interaction of the Dark Matter and the Antimatter, there are clearly 
several scenarios, which are possible. 


J) Scenario 1 


This case is the most probable and is considered to be the norm. This interaction is a 
collision of the giants of the Matters of the plasmas*. 


Assuming that this scenario of interaction takes place within the environment of an 
initial fundamental plasma. 


Considering the construction of pmtics strength of the Dark Matter and the Antimatter, 
when, these two Matters of the plasma collide, the outcome is normally production and 
release of new and balanced plasmatic magnetic fields environments. In this case, it is 
considered that each of the Matter’s components of the plasmas keeps their pmtics 
strength plasma status. 
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Due to the enormity of the quantity of the amounts of the two plasmatic magnetic fields 
of the Antimatter and the Dark Matter amalgamation (denoted as A-D Matter), new 
supersized, unstable giant plasma is initially created. This new plasma needs to reach 
stability over the entity of the plasma as a whole for it to survive. Thus, the new super 
giant plasmatic magnetic field has to find a new Magnetic and gravitational balance and 
equilibrium within itself. 


For the new giant plasma to reach the new equilibrium condition, the new plasma has 
to, and always does, release its excess plasmatic magnetic fields into its surrounding 
environment. The new released plasmatic magnetic fields have to be in balance by 
themselves too, for them to exist and stay within the gravitational fields of the A-D 
Matter. 


This new release of excess plasmatic magnetic fields near to A-D will contain some of 
the Antimatter, some of the Dark Matter and some other newly balanced interacting and 
attracting weaker plasmatic magnetic fields of different strength in the Matter pmtics 
strength level. These weaker fields are mainly from the leftover weaker fragments of the 
collision of the two giant Matters. These new released small bundles of weaker 
plasmatic magnetic fields strength themselves due to their proximity and their source of 
origin, these usually bunch-up and become a new miniature plasma version of the 
original initial fundamental plasma within the A-D Matter 


At the same time, this newly created mini-plasma still has to keep it’s own balance and 
the balance of the whole of the original Matters pmtics and stays’ within the Magravs 
hold of the giant A-D Matter mixture. This mini-plasma creates its own Magravs and 
then this mini-plasma has to have a Magravs positioning in respect to its original initial 
fundamental plasma. Thus the new mini-plasma is forced to take a new position and 
new gravitational positioning in respect to its larger neighbour of A-D and it is at this 
point that it is forced out of the A-D Matter plasma environment, but still in A-D Matter 
Magravs catchments’ area, therefore this mini-plasma attempts to stay in the orbit of its 
mother seed, and becomes the initial fundamental satellite plasmas’ of the original A- 
D Matter. 


Further on with the same process, the A-D Matter mixture has constituents of two 
unbalanced and un-matching plasmatic magnetic fields strengths of the Dark Matter and 
the Antimatter within it, at some point, the two Matters plasmatic magnetic strength 
fields separate and the balance returns’ to a new central plasma. By this time the central 
plasma due to this interaction, finds itself with a new rotating satelliteing smaller 
plasma. 


It should be noted that pmtics of different strength mever mix with each other, however 
they can be influenced by each other. 


The collision of the Dark Matter and the Antimatter, and creation of new satelliteing 
mini-plasmatic Magravs rotating around the central plasma is the creation of the 
electron from the interaction and collapse of theses two Matters of the initial 
fundamental plasma. The interaction of the Antimatter and the Dark Matter of the Initial 
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Fundamental plasma leading, to the creation of a new central plasma and its satellite 
mini-plasma, lead to creation of Initial Fundamental Atom (hydrogen atom). This is 
what I call the initial fundamental decay of the initial fundamental plasma, or decay of 
the neutron. 


The collision of the Dark Matter and the Antimatter is usually due to unbalance or some 
deviation in the plasmatic magnetic fields’ strength of one Matter or other within the 
confine of structure of the plasma itself. 


2) Scenario 2 


This scenario happens usually when the F1 collapses altogether, sending the two giants 
Matters of the plasma, the Antimatter and the Dark Matter, to collide head on. 


In this case, there are two possibilities, which remains open to the new A-D Matter 
plasmatic magnetic fields. 


A) The first possibility is that the plasmatic magnetic fields of the Dark Matter 
superimposes the Antimatter plasmatic magnetic fields. 


By this process, the outcome will be a giant size plasmatic region of the Dark Matter 
and energy in the plasma. 


This new giant Matter, due to the interaction and amalgamation of the two sets of 
plasmatic magnetic fields strength and their Magravs of its two separate Matters will 
have large-scale gravitational pull system, with no clear magnetospheric zone boundary 
in respect to interaction with its outside plasmatic magnetic fields strength environment 
as before. 


This will be a giant gravitational region that will have massive pulling effects, but its 
core cannot be seen due to the lack of interaction of its magnetospheric condition with 
its environment’s pmtics. Therefore, this region even possessing enormous amount of 
gravitational field pull has no balance interacting Magnetic field strength or a balance 
Magravs strength in respect to its surrounding pmtics strength. This Matter seems as if 
it does not exist, or appears to be Darker than it’s surrounding. Around this area, 
enormous gravitational pulls* can be detected, but the cause of all the pulling and where 
the gravitational pulls is coming from are not clear and obvious. Where, this darkness is 
purely due to the balance magnetic fields strength of the magnetosphere of this Dark 
Matter and being too similar in strength in respect to its surrounding environment 
pmtics strength to be able to generate the magnetospheric light. 


Thus, this area is and looks like as a giant eating machine, which has a lot of energy and 
gravitational pull, but no visible source to show for its Dark energy as was explained 
before (36) and the Dark Matter. This condition is usually referred to as the Black Hole 
effects (13). 


In fact, the only way that one can say that the Antimatter is cascading in this case by the 
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Dark Matter, is by observation of the appearances of the interaction of the Matters 
Magravs patterns of the magnetosphere of the whole structure from the outside of the 
structure. 


In these cases of cascading, where the two pmtics strength at the point of separation 
between the Antimatter Magravs strength and the Dark Matter Magravs strength, 
internal layers cannot mix due to their different magnetic fields strength, this interaction 
between two different pmtics field strength at this magnetic interface, creates an 
internal pmtics-interface zone. Where, this pmtics strength interface zone creates a 
different zone gravitational and Magnetic field strength on the outside of the 
magnetosphere surrounding environment of the cascading Dark Matter, and the position 
of this zone on the outer regions of the Magnetosphere of the Dark Matters are in 
position and in-line with its physical position of the pmtics interface in the 
infrastructure in the centre of the cascaded Material. 


This internal interface plasmatic magnetic fields zone can create ring-like zones around 
the outer boundaries of the Dark Matter magnetosphere, where these rings are like 
different colour or light intensity rings around the whole of the outer boundary of the 
Dark Matter in respect to their environment pmtics. Where, the thickness and the width 
of such a ring is equal to the thickness of the embedded Antimatter component. 


The physical observation of these effects of the pmtics-interface strength can be seen in 
the gaseous planets which have initial solid core centre, and where different pmtics 
strength zones interfaces of different Matter layers are created internally due to their 
internal pmtics interfaces, as each interface is seen as one ring in the extended 
magnetosphere of the giant gaseous planets 


These type of magnetospheric rings are usually seen around the gaseous planets with a 
embedded and initiated solid matter centre cores, and as a number of different layers of 
the same or different gases are superimposed on top of each other over the life time of 
the planet. Where the solid matter due to temperatures of its blanketing of gases has 
become to be in the fluid state-of-matter and creates its own plasmatic Magravs forces. 
Which the Magravs of matters core interact with the Magravs of the gases in different 
layers, and/or gas-to-gas of different layers. Where, at the interface of each layer of 
matters, different Magravs strength are generated and their regions and position of 
pmtics Magravs strength balance are observed, as one ring related to that specific 
interface, around the outside of these planets magnetosphere environment in their solar 
systems. This is exactly how the rings of the Saturn and the Jupiter are created (17, 18). 
In fact if one could count all the numbers of the dark rings of the Saturn, one should be 
able to say how many layers of gasses the planets has in its constituent inner structure. 
This is like counting the rings across cutting of the trunk of a tree to establish its age. 
How these rings have come to be made and how layering of different gas layers have 
been achieved by the planet Saturn has been explained in full in the papers under 
reference 17 and 18. 


These multi-layer gas rings actually can bee seen around some stars too, but these are 
hidden within the intense light from the surface of the star. 


The application of multi-solid core and ring: 


Magravs positioning reactor 
When this principle is used in a Grapos reactor, this gives the system and craft a major 
impenetrable multilayer magnetic shielding ring for protection from cosmic dusts or in 
defence technology for maximum shielding from incoming asteroids on the path of 
high-speed crafts (17, 18, 29, 33). Or these types of magnetic multiple ringing can be 
used around a craft for submerging in deep liquid environments (29, 33). Where, the 
craft using these systems become liquid-sealed and Magnetic field and gravitational 
depth positioning, and temperature independent. 


B) The second possibility, with this interaction is that the Dark Matter’s plasmatie 
magnetic fields moves to the centre of the Antimatter’s plasmatic magnetic fields 
region. 


In this case, the Dark Matter plasmatic magnetic fields are superimposed and they are 
cascaded by the Antimatter plasmatic magnetic fields. 


Considering that this scenario happens in the environment of the initial fundamental 
plasma and between its Dark Matter and the Antimatter components. In this case, again, 
giant plasma of double layers of the Antimatter and the Dark Matter is created and the 
new plasma will suck-in the Matter components and the electron or another pmtics 
around it into itself as before. 


Nevertheless, this interaction gives the impression of a sudden expansion of the 
Antimatter as a bright Matter. That is to say that the magnetospheric zone of the 
Antimatter becomes the total magnetospheric zone of the central plasma. Thus, this new 
combination of interactions will have a new plasmatic Magravs strength of the three 
Matters. These being the contents of plasmatic magnetic fields’ strength of the Matter, 
then the Dark Matter and then the plasmatic magnetic fields of the Antimatter. 


All these Matters again as previous scenario being cascaded this time by the pmtics of 
the Antimatter. Where, the weakest pmtics strength of the Matter will be in the centre, 
superimposed by the plasmatic magnetic fields of the Dark Matter. Then, these two 
Matters are superimposed by the pmtics strength of the Antimatter on the outside. 


The new giant combination of three Matters at this stage is a super plasma size, and this, 
is a temporary condition and is called the Nova state of the three layers Antimatter 
cascading of the plasma. 


Where, the Antimatter’s strong plasmatic magnetic fields strength are on the outside 
and create enormous amount of light compared to when there was a balance state of the 
initial fundamental plasma. This sudden expansion of the Antimatter due to ballooning 
of the other Matters inside the cascade gives the impression of a sudden expansion of 
the bright plasma, or what is called a Nova condition. 


Sometimes in stars, due to the internal interacting dynamic plasmatic magnetic fields of 


the plasmas, and through natural process of interaction like fusion or fission or nuclear 
decay and generation of weaker fields in the centre of these objects, Dark Matters and 
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Matters pmties strength conditions are generated and held in the centre of the star. 


This generation of new Matters internally will cause the expansion and ballooning of 
the volume of the star initially for a short time. Further on, at this point, as the content 
of the new-cascaded plasma of Matters can push its boundary to limits beyond the 
internal central gravitational strength pulls of its three different Matters, then the star 
explodes in its environment. 


This explosion leads to the total release of the internal plasmatic magnetic fields of all 
its constituent Matters and pmtics inside the cascade. Therefore, these Matters and 
plasmatic magnetic fields can again start new interacting conditions and environments. 
Henceforth, the whole cycle of the creation of fundamental particles, then initial 
fundamental Matters, plasmas, atoms and matters starts again. 


This is in fact the normal cycle of the process of interaction and attraction of plasmatic 
magnetic fields strength in their confined of their environment. There is nothing more 
and nothing less to this natural cycle of regurgitation of plasmatic magnetic fields of 
different strength and conditions that these create for themselves and the effects they 
create to secure their existence. 


That is to say, in the case of the plasma, this becomes the release of some particles, 
which gets absorbed by the other atomic plastic structures around the plasma. 


In the case of a star, this becomes an exploding star, which its constituent plasma after 
disintegration becomes part of the soup of the galaxy and the content of the star gets 
absorbed in, for regeneration of new stars and so on. In the case of galaxies, this is the 
same; further on the same happens to universes and so on. 


There is the possibility of another scenario for the same new cascaded materials, 
and that is: 


Once the Nova is created and it is not allowed by the external field force in its 
environment to expand its boundaries beyond its combined internal Magravs’ strength, 
it is at this point that, the internal gravitational fields of its three Matters interactions 
starts to lock into each other and create one overall Magravs force in respect to their 
outside environment. 


This new overall plasmatic Magravs force, which is created due to the interaction of 
plasmatic magnetic fields of the three layering and three different pmtics strength of the 
three Matters (the Matter, the Dark Matter and the Antimatter) in conjunction with each 
other [This is a similar principle to the systems of three internal layers for creation of 
gravitational field forces of the planet Earth as explained in Chapter 1 (12, 18)], once 
this new gravitational fields forces takes place and takes hold, and becomes operational, 
then purely due to its interacting layering gravitational strength magnitude, and the span 
of its coverage the Matters of the cascade will start pulling all three plasmatic magnetic 
fields components of three Matters tightly to itself. This causing the retraction of the 
matters of the Nova and hence contraction of the Nova. The Nova volume shrinks, in 
response to the new created three layers interactions’ Magravs strength. 
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Thus, by the time all the Matters settle down to their new position, this new plasma will 
be a condensed Matter of all sorts. As each Matter layer, due to their plasmatic 
magnetic fields strength will hold onto their position within the construction of the 
cascaded plasma. Once, the new matters settle into their new positions from the 
previous giant Nova condition, this new plasma state of the three Matters will be a 
fraction of its Nova size. Nevertheless, its size will not be equal to the total size of the 
collection of all three previous Matters and its initial fundamental plasma size, but its 
overall internal gravitational fields strength will be enormous compared to its past when 
it was the whole initial fundamental plasma. 


By the this stage the content of the outer layer is still active plasma with bright lights of 
the Antimatter, but due to the new strong internal gravitational pull of the Matters, even 
the light that is created through the interaction of plasmatic magnetic fields in the outer 
regions of the Antimatters, interacts with the strong internal field of the cascaded 
materials and converges inwards (Chapter 9). This giving the impression that the 
plasma or the Star is dormant or dying, but in fact the systems has never been as 
powerful and active internally as this in its whole existence even as plasma or as a star. 


Interaction of plasma with plasma 


Another possible scenario in interaction of collection of Matters as a plasma, is in 
collision with another collection of Matters as a plasma. 


Electron interaction: 


i) For example, there is the possibility that the plasma of the electron can be fused into 
the plasma of the central nucleus of its proton. 


“I have called this interaction and fusing of the electron to its proton plasma the inter- 
atomic fusion principle (37). 1 consider this method to be a simpler and more practical 
to achieve fusion for production of energy, than the path being followed by the present 
scientific world in fusion reactors technology in trying to fuse two large plasmas of the 
proton, without any tangible success up to now after over fifty years of research and 
development to attain any sustainable fusion cycle to produce usable energy for 
domestic market. These systems being like of the Jet project (Tokamak) in UK and the 
present upcoming ITER (Tokamak) project being built in the South of France at the cost 
of over ten-billion US dollars investment with the final goals of only to produce for a 
few milliseconds of energy within 10 year’s time. 


The process of the inter-atomic fusion is shown step by step in figure 39. 
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INTER-ATOMIC FUSION 


Fig. 39: Schematic process of the inter-atomic fusion. 


it AIP alee 
\ etters 


A microwave metamaterial with integrated power harvesting functionality 
Allen M. Hawkes, Alexander R. Katko, and Steven A. Cummer 


Citation: Applied Physics Letters 103, 163901 (2013); doi: 10.1063/1.4824473 

View online: http://dx.doi.org/10.1063/1.4824473 

View Table of Contents: http:/scitation.aip.org/content/aip/journal/apl/103/16?ver=pdtcov 
Published by the AIP Publishing 


Goodfellow 


metals + ceramics + polymers 
composites + compounds + glasses 


Save 5% 
0 


* Buy online 
eae 


Where, initially by using Dilution plasma reactors (Chapter 23, Fig. 57), by feeding the 
atom of hydrogen into this reactor cores (Chapter 21, Fig. 54), and then in allowing the 
magnetic atomic structure to dilute and to open up in the soup of the plasma of the 
reactor (Fig. 39 diagram 1) into its sub-components of electron and proton. At this 
point the magnetic fields’ strength of the soup of the reactor is brought to the levels, 
which now can be matching with the plasma of the proton pmtics level, for the reactor 
fields strength to match the overall Magnetic and gravitational pmtics of the protons’ 
plasma. This is the magnetic field strength level of the binding of the plasma, which is 
called the Coulomb charge barrier of the plasma. Which at this point, the Matters’ of the 
electron are more free and can be gently Magravs positioned to join up in to the Matter 
components of the proton. 


This is the natural method of fusion in its basic form, where there is no need for the 
huge magnetic fields forces to achieve what happens naturally in the universe to fuse an 
electron of atom to its proton. The same process of fusion in the plasma dilution 
reactors’ technology can be used for fusing Matters, plasmas or even atoms. 


This inter-atomic fusion is done in a magnetic field environment of soft plasmatic 
magnetic fields forces and at the same time in a similar magnetic fields forces strength 
of the same atom environment of the two similar plasmas of the proton and the electron 
of the same atom, where, in fact the magnetic fields of the outer cores of the reactor 
performs a similar job as the magnetic rings of the Tokamak systems in providing the 
containment magnetic fields. Where as in the plasma dilution reactors, at the same time 
natural gravitational and Magnetic fields needed for fusion criterion is provided by the 
operation of the fields in two cores of the reactor fields’ interactions with each other. 


If scientists use this method of creation of Magnetic and gravitational fields forces in 
the present Tokamak reactors’, to replace the solid coil electric magnetic rings, they will 
achieve fusion in real universal conditions, fusion within natural gravitational fields 
forces environment necessary to accommodate the fusing of any plasma at a fraction of 
the present costs and in a very short time-frame. 


With these soft magnetic fields in plasma dilution reactors, one can achieve more 
rapidly fusion than using current induced enforcing magnetic fields rings. These types 
of magnetic fields strength in dilution plasma reactors are similar to the magnetic fields 
strength of the plasmas and atoms, and hence they can be manipulated much easier, 
than, trying to force the plasmas’ of two protons. 


In comparison, that is to say, to make an omelette, it is easier to mix the contents of two 
uncooked eggs homogeneously as happens in plasma dilution reactors, whereas in 
trying to make the same omelette, this time by boiling the content of two eggs first into 
two hard boiled eggs, as Tokamak scientists have been trying to do for past fifty years 
to make the fusion in reactors by hard balling the content of plasmas (by squeezing the 
plasma with the use of external magnetic fields to a tighter, harder, smaller entity) and 
then trying to fuse the two hard balls of plasmas to achieve the fusion process. Then 
hoping, with increasing the speed of the two hard balls, that they can smash and fuse the 
two smaller hard balls together. That is why the present path of Tokamak technology in 
trying to achieve fusion is a sweet dream that will never come true. 
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In this inter-atomie fusion technology, smaller and weaker plasmas of electrons, which 
are already within the structure of an atom, are fused into the Matters’ component of the 
proton of its central plasma (Fig. 40). This is a more realistic and practical method of 
fusion than the present, fusion technology in trying to fuse two large plasmas of 
hydrogen’s protons together, and creating unmanageable heat, of several billions of 
degrees. Where, the tools and materials to control and harvest the energy of such huge 
temperatures, on the long term bases in small Tokamak reactors, does not exist within 
the known galaxies in the universe. 


Fig. 40: Schematic diagram of the fused proton and electron plasmas. 


In these processes of dilution plasma technologies, when the electron plasma is 
gravitationally positioned or encouraged to amalgamate its contents with the content of 
the plasma of the proton, as the two plasmas approach each other, the interaction of two 
plasmatic magnetic fields of the two plasmas will and can produce several scenarios, 
which their effects can be harvested for production of different energy levels or 
production of new materials and so many other purposes. 


In brief two cases are discussed here: 
a) If the strength of the pmtics of these plasma dilution reactors is set at a level, to be 
just below that of the total balance of the pmtics strength (Coulombs barrier) of the 


plasma of the proton, in this case, as the two plasmas approach each other, the initial 
stages’ of the process of fusion starts, which this process begins and will be 
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accompanied with light and heat emission as in figure 39 - diagrams | to 5. This light or 
heat from this process can be used for example for present state of art technology 
turbine power generators directly. Where, the temperature of the interaction of the 
systems can be set at the optimum efficiency temperature of the turbine. Hence, 
‘operating these reactors in the same configurations as is done in the present fission 
reactor technology power generators to generate steam to run turbines. With the 
difference that these dilution technology reactors leave and produce no nuclear waste, 
and heat can be generated at any level as per demand of the system. 


In these reactors, the Magravs strength similar to the plasmas’ Coulombs barriers 
charges can be created and controlled. In the dilution plasma reactors’ the magnetic 
fields created through the soup of the plasma will create and maintain pmtics strength, 
which can be similar to the magnetic fields barrier strength of the plasma of the proton. 
Where, the strength of the pmtics field in the reactor will decide the strength of the 
pmtics in comparison to the protons’ plasma Magravs strength. As the pmtics strength 
of the reactor reaches more to the level of the Magravs strength of the plasma, then 
there is less resistance and less friction between the plasmas of the proton and the 
electron, when, they are brought together to fuse. Thus as the strength of the magnetic 
fields of the plasma can be reached by the reactor operation, this allows less friction and 
hence Jess heat to be produced by the interaction and by the gravitation of the two 
plasmas of the proton and the electron to fuse. By being able to control the pmtics 
strength of the plasma dilution reactors Matters’ soup of plasma, one can dictate the 
amount and the rate of the heat release from the interaction of the two plasmas, thus one 
can control the heat output of the reactor, if the production of heat is the primary 
objective of the use of such a system. 


In general, in being able to control the Coulombs barrier strength in respect to the 
given environment of the reactor, one can vary this barrier magnetic fields strength in 
the soup of Matters in the plasma dilution reactors. 


Therefore there is no need even to fuse the plasma of the proton with the plasma of the 
electron, and by just bringing them close to each there to create the right friction when 
the Coulomb barrier is at the right strength, between the two plasmas, then the reactor 
can generate a controlled heat-output, or any other rays that is demanded from the 
systems’ operations. 


Therefore by bringing the reactor magnetic fields strength to the level of Coulomb 
barriers, one can bring into balance the magnetic strength barrier changes in the overall 
mixture of the reactor to any level from, or to the Coulombs barrier magnetic fields 
levels. 


Where, the difference between the two, the reactor and the plasmas’ magnetic fields 
strength, will decided the temperature output of the reactor when, the plasma of the 
electron is gravitated to the plasma of the proton to fuse. The outcome of the bringing of 
the two plasmas into each other proximity and the interaction of their Magravs, leads to 
the friction between the two plasmas, and the release of pmtics in form of heat. Where, 
the temperature of the heat released by this attempted fusion is directly controlled by the 
pmttics field strength within the reactor and in respect to the variation level from the 
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Coulomb barriers’ pmtics strength level. 


An example of this controlled heating of interaction pmtics in the natural world is the 
like of when the pmtics of the sunlight in atmospheric condition becoming in touch with 
pmntics of the cell of the human body. Where, as the pmtics of the proteins of the cell are 
always constant, by varying pmtics strength of the direct sunlight, the heat released 
from the interaction of these two pmtics, the human feels the increase in the pmtics 
strength as heat of different degrees. The stronger the pmtics of the sunlight, the more 
heat is produced from the interaction of two pmtics, thus the warmer one feels. This is 
like walking from the shadow into the sunlight. 


The phenomenon of heating during illness, happens due to the interaction of pmtics of a 
bacteria within the blood protein pmtics, where as a blood cell comes in touch with a 
stronger pmtics of the bacteria, the level of the interaction of the extra pmtics from the 
structure of infection, in interaction with the blood cell, manifests itself as heat or the 
increase in the body temperature (this is explained in detail in the paper: Universal order 
of creation, to be published as a book), where the interaction and possible fusion of two 
pmtics of the bacteria and the body cell leads to a release of heat, called “an infection” 
temperature. This being the reason why the same pmtics of bacteria can have no affect 
‘on some human bodies and the same infection can create high temperatures like 41°C +. 
The reason being that the cell of the one with the high temperature has a lower pmtics 
strength, thus the interaction of the two infection and the body Magravs pmtics creates 
more release of fragments of pmtics as heat. When the temperature reaches a level that 
the Magnetosphere of the human protein reaches its dilution point then the cell is de- 
structured. 


b) When the neutron is needed to be produced from the atom of hydrogen in space for 
production of heavier atoms, one can follow the process from stage | to stage 8 of the 
Fig 38. In this process the pmtics strength of the reactor are set to be nearer to the 
binding Magravs strength of the boundary of the protons of the plasma, so that the 
electrons” plasma literally melts into the protons Matter structure and the matching 
pmtics of both plasmas of the proton and the electron. Which these plasmas and their 
pmtics were all of the same origin; this is amalgamation to produce new neutron type 
initial fundamental plasma. This is the process of the decay of the initial fundamental 
plasma in reverse, using the same original components of Matters pmtics of all three 
matters of the plasma. Such a neutron can be added to the construction of the atomic 
structure of lighter atoms to create gap(s) needed for Magravs positioning for the 
protons of the nucleus to accommodate an extra proton and its accompanying electron 
for production of even heavier atoms, for example for the production of carbon, oxygen 
and nitrogen to produce protein base nutrition in deep space travels. Alternatively, one 
can produce atoms of any matter from initial hydrogen atoms, through the use of the 
same method of progressive accumulations of protons and neutrons in fusion in plasma 
dilution reactors. 


ii) The other condition is, when the plasma of an electron is attracted to the protons’ 


plasma, but does not get absorbed within its pmtics, due to their Matters strength 
friction at the zones of contact of the two plasmas. 
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As has been explained in previous chapters, the electron is itself a plasma condition and 
a collection of dynamic pmtics of Matters. Where through the method of its 
construction and motion around its nucleus, this electron is always in proximity of other 
electrons of the similar construction or it is in the proximity of larger plasmas such as 
the neutrons or the protons of the nucleus of its atom. 


The Motion of the electron around the proton is created due to the construction of its 
internal Matters (Chapter 19). Similarly, it has been explained that the interaction of 
two pmtics due to their friction lead to release of pmtics strength fragments of lower 
strength of pmtics or rays in the electro-magnetic field spectrum of the light. 


Now it is very simple to understand how light is released due to external factors. When 
the electron of the atom is forced to come close enough to another electron or the 
components of the plasma of its nucleus or a nucleus of another atom. So that, the 
interaction of the two plasmas Magravs of the electron and the proton leads to the 
release of lower magnitude pmtics strength fragments that, its pmtics strength are in the 
light electromagnetic spectrum (It has been explained that when two plasmas interact 
and collide; the pmtics fragments of their collisions always releases pmtics in the light 
bandwidth)(Chapter 7). 


This interaction and collision of the pmtics of the two plasmas does not mean 
amalgamation of the two, but in coming too closed to each other, the two pmtics 
strength touch and bounce off due to their dynamism. 


Hence, as the electron has lost some of its pmties due to the interaction and collision, 
with the pmtics of the proton, so now being in possession of different Magravs strength, 
the electron accepts a new Magravs positioning (Chapter 19) in respect to its proton 
plasmas. 


This interaction of the two plasmas creating the closeness or distance of the electron to 
its systems’ central Magravs point, or what is called that the electron finds a new 
ground energy level position after releasing some of its energies as light, this is then a 
new Magravs positioning of the electron in respect its protons’ Magravs strength forces, 
which is acceptable by both plasmas Magravs within the atoms structure after collision 
between the two pmtics of the plasma of the electron and the proton or other plasmas in 
its vicinity. 


Thus when plasmas interact like the plasma of the electron and proton, this leads to the 
creation of light in the majority of case. 


CHAPTER 16 


The fundamental difference between Inertia and Gravity 


Inertia is said to be due to the total interaction of pmtics of Matter(s) of a solid object 
without the central dynamic cores that can create Magnetic and gravitational fields 
forces. 


Inertia, through the new understanding of the structure of the plasma, can be simply 
defined as “the pmtics and gravitational fields due to the Matter in the matter (solid, 
liquid, gases) components of the plasma (Fig, 41 link F)” 


Object 1 Object 2 


GRAVITATIONAL SYSTEM 
LIKE EARTH 


Fig. 41: Interaction and connection between inertia of Matter pmtics of an entity (I and J) in 
respect to another entity and their interaction (F and H) with magnetic field (C) and 
gravitational field (D) of systems respectively. 
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Gravity is simply defined as “the total pmtics Magrays created by all components of 
the Matters (Matter, Antimatter, and Dark Matter) of the plasma (Fig. 41 link D and G, 
and Fig. 42 Link G).” 


Inertia is said to be due to a total collection of pmtics of the constituent Matter(s) of 
atoms and molecules of an object, interacting and attracted with each other and any 
‘other Matter(s) or matter(s) or Magravs. 


The principle of inertia is applicable to the Dark Matters and the Antimatters as well as 
the Matter components of the plasma in the universe. 


As each atom is made of and possesses specific pmtics strength, these fields, in 
interacting with each other in the state of matter (solid, liquid and gas), create their own 
total Magravs by addition of the overall magnetic fields of all the atoms of the structure 
of any matter. The structure of the matter could be made of molecules or an asteroid or 
any physical object, which is void of gravitational pull, but in possession of pmtics 
Magravs’ pull of Matter component of plasma, due to the construction of components of 
its neutrons, protons and electrons of matters. These pmtics, in being interlocked with 
each other, cannot create a dynamic Magnetic and gravitational pull or interactions 
between the constituent pmtics of all the Matters of an object. Nevertheless, they create 
gravitation in between the Matter components of the Matters of plasmas of the object. 


In other words they have or create gravitation in respect to Matter-to-Matter 
components of plasma, or this singularity Matter attraction or gravitation of the total 
Matter of plasma, is called the Inert 


As the Gravity is due to the overall dynamic pmtics strength of all Matters of an object, 
which is in possession of at least two sets of dynamic pmtics in respect to other pmtics, 
where, the interaction between two sets of dynamic pmtics, leads to the creation of 
gravitational field forces and simultaneously Magnetic field forces for plasmatic 
magnetic fields, or rays of magnetic fields, or the whole Matters of an object, this being 
a planet or a star or others.” 


In the case of larger objects with multi-core configurations like Earth, the multiple 
pmtics forces of dynamic multiple-core objects are loose from each other. Hence, the 
overall dynamic pmtics of their Matters can interact, creating much more active fields to 
be brought into play. These being, the stronger magnetic fields constituent components 
of the plasma; Matter, Antimatter, and Dark Matter, Fl zone fields and all other 
transition zone fields to interact with each other within the plasma. 


That is to say, that the collective free Matters of the plasma create a stronger pull or 
gravitational forces than when the same independent are compacted and cannot be free 
in a dynamic condition in matter (solid, liquid and gas). 


Gravitational fields, due to their free motion and strength of interaction of their Matters 
with others of the same, can span and reach further a field in the environment. 


Gravitational field forces are always stronger and span wider in their given 
environment, than their inertia of individual Matter counterparts, simply because 
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gravitational field forces of planets or stars are mainly created by all components of 
pmtics of Matters of the plasma (Fig. 42), rather than the collective plasmatic magnetic 
fields of individual types of Matters’ components of the plasma or the matter. 


Planets’ and stars’ total pull is a combination of the gravitational fields and inertia pull 
of all their constituent Matters and matters. These composite pulls are created due to the 
dynamic plasmatic materials of their constituent Matters in the inner cores of these 
objects in respect to each other, plus the total pmtics interaction of their matters. 


Through tests, it has been proven; that the Magravs force strength of a dynamic object is 
independent of temperature and pressure of their cores. Where, we do not consider this 
to be the same for the inertia of the matter (solid, liquid and gas). 


At the same time, Magravs of a dynamic object can vary as the strength of its Matters 
pmtics constituent changes. Where, the inertia of the solid matter is always constant, 
both in respects to the same initial given position. 


It is considered that Matters, in general, possess Magravs forces due to their dynamic 
construction of their pmtics. 


As much as the universe has inertia field forces, in respect to Matter components of the 
plasma, there is Antimatter inertia in respect to the Antimatters components of and 
Dark Matter inertia in respect to the Dark Matter components of the plasma or the 
universe (Fig. 41). In fact, a collection of the Antimatter and the Dark Matter can 
possess inertia similar to the physical Matter conditioning of their environment. 
‘Therefore, the same matter possesses separate Dark Matter and Antimatters inertias too. 


By the same measure, it is to realise that there are Matter Magravs systems as are 
Antimatter and Dark Matter Magravs systems in the universe. In understanding this 
clarification, in the systems of attraction of Matters, reactors can be build which are 
inertia dependent and not gravitational dependent. 


It is important to note that; gravitational fields of planets and stars are all created by the 
Matters components of plasma. This means gravitational fields affect all Matters of 
plasma (Fig. 42), where inertias of certain Matters affect only that particular Matter 
component of the Plasma. At the same time, it is clear that gravitational field reactors 
can be produced in such a way that their gravitational fields can attract certain Matters 
only. 


These systems will be like laser systems with the advantage that the laser operation can 
work in reverse, that is to say the system can send rays of a given pmtics strength as 
well as attraction or gravitating the same rays and collection of pmtics towards or into 
the system too. 


These systems can or will have, single or multi-molecules pmtics gravitational settings, 


that can be attracted to, or repelled by only specific pmtics strength, to or from their 
environment. 
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GRAVITATIONAL SYSTEM 
LIKE A STAR/PLANET 


GRAVITATIONAL SYSTEM 
LIKE A EARTH 


Fig, 42: Interaction between the pmtics Magnetic fields (1) and gravitational fields (G) of two 
Magravs systems. 


Note: In fact the term used as “gravity” has to be explained as gravitational and 
Magnetic field forces, as when an object is attracted by gravitational fields of a matter, 
like the Earth, at the same time it is repelled by the Magnetic field forces of the object 
too. Thus, when talking about gravity it is correct to talk about the overall Magnetic 
and gravitational fields (Magravs). 


These simple mono- or multiple-setting gravitational or inertia systems (Fig. 41 and Fig. 
42) can be used for specific extraction of certain Matters, matters or materials from the 
universal Matters or matters soup. 


Such systems, will change the present industrial systems thinking that magnetic 
attraction is only limited to ferrite metallic objects. Man has now the possibility to make 
systems that can attract any matter through the development of these systems.” 


These systems for example can be used, once set to appropriate pmtics gravitational 


field strength levels, so that they can extract only the CO, from air, or specific poison 
from water, or rare metals from the Earth and space and so forth (31). 


These reactor systems can be used for production of proteins for human consumption 
and so forth in the future space travels (32, 34, and 38). The production of proteins like 
matters, through gravitational plasma dilution mixing has been tested and different 
matters were collected in several tests in summer of 2008. In these tests, the proteins 
produced and extracted from the reactor cores caused the damage to the ancillary 
systems of the reactor set-ups. These proteins layers were physically visible and 
tangible. 


Using the mono-Magravs systems (38), new matters can be extracted from other 
environments, like nano-materials of all sorts. These systems can be used to produce 
specifics matters too, matters like, uranium, hydrogen and so forth from the plasma of 
the universe as the needs for their use arises. 


Thus through the understanding of the principle of mono- or multi-gravitational and 
inertia systems, reactors can be evolved that are gravitational to one object or one matter 
or one Matter only. Through understanding of the interaction of the plasmatic magnetic 
gravitational principles, reactors have been built, that have a Magnetic or gravitation to 
plastic at one point, and by resetting its configuration becomes magnetic to carbon and 
so on. Thus, mono-gravitational and inertia systems can be developed that have specific 
magnetic attraction or repulsion to one Matter, matters or any Matters of the plasma that 
can be expected of them through their pmtics strength operation setting. 


On the other hand, the repulsion technology of the same Grapos can be used to send the 
Dark Matter and/or its pmtics energy as the Dark energy of the same plasma of specific 
pmtics strength into deep space for specific applications. 


These types of gravitational lasers type reactors can be used for example in 
communication systems, where the information packs, using mono-pmtics strength of 
the Dark Matter and Dark energy can be sent through the system, so that the 
information can be packaged in the Dark Matter-envelop and sent without resistance or 
loss of energy, for it to travel with speeds beyond the speed of light to its destination 
anywhere in cosmos. The speed of communication through mono-Magravs systems are 
speeds which can be several times faster by order of magnitude than the present used 
state-of-the-art communication systems with satellites and microwave technologies. 
These speeds of transfer of information will be, by order of magnitude, faster than the 
speed of light. 


These GRavitational [ASERS systems, that can be called “Grasers”, can be used for 
example to avoid a head-on collision and destruction of crafts by an asteroid in the path 
of the motion of crafts in deep space (33), or within atmospheric condition. The present 
missile technology due to its slowness through development of these reactors are 
obsolete, as once fired to protect the craft in space, for example from asteroids by the 
time the missile will arrive at the point of destined collision between the spacecraft and 
the asteroid, maybe it will be years after the craft has past that point. 


These mono-gravitational or mono-inertia systems will bring to Man the realisation that 
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We present the design and experimental implementation of a power harvesting metamaterial. A 


maximum of 36.8% of the incident power from a 900 MHz signal 


experimentally rectified by 


an array of metamaterial unit cells. We demonstrate that the maximum harvested power occurs 
for a resistive load close to 700 in both simulation and experiment. The power harvesting 
‘metamaterial is an example of a functional metamaterial that may be suitable for a wide variety 
of applications that require power delivery to any active components integrated into the 
‘metamaterial. © 20/3 AIP Publishing LLC. (hitp://dx.doi.org/10.1063/1.4824473] 


Metamaterials are composed of sub-wavelength par- 
ticles that exhibit bulk properties that are different from their 
individual components, Electromagnetic metamaterials are 
engineered materials that can achieve parameters not possi- 
ble within naturally occurring materials, such as a negative 
index of refraction’ or a zero index of refraction.” Exotic 
properties like these allow for a variety of interesting appli- 
cations including a superlens device’ and an invisibility 
cloak.* Integrating active and nonlinear functionality into 
metamaterials has been demonstrated in the form of dynamic 
resonant frequency tuning,*® phase conjugation,’ and wave 
mixing.*” More specific functional behavior has also been 
demonstrated in metamaterials, including radio frequency 
(RF) limiting" and harmonic generation." 

Metamaterials are also well-suited for other functional 
behaviors, including electromagnetic power harvesting, the 
focus of this work. Power harvesting devices convert one 
type of energy to another, typically converting to a direct 
current (DC) signal. Many types of energy can be harvested. 
from acoustic (using a piezoelectric harvester)'* to electro- 
magnetic (using a rectenna).'? Power harvesting devices 
require a method to couple to the energy that will be har- 
vested as well as a device to convert the energy from one 
form to another. By their very nature, metamaterials are 
designed to couple to various types of energy, ¢.g., from 
acoustic" to optical,'* and thus provide a natural platform 
for power harvesting, Electromagnetic metamaterials. pro- 
vide flexibility in design due to their electrically small, low- 
profile nature."® Since metamaterials are typically designed 
as infinite arrays, the resonant frequency and input imped~ 
ance include coupling effects, Metamaterials can be adapted 
to various applications, such as flexible sheets to cover surla- 
ces.'7 Moreover, many metamaterials that have been pre~ 
sented in the literature require some form of external signal 
This could be a DC bias voltage" or a large extemal pump 
signal.’ In general, metamaterials could be modified to har- 
vest such an external signal that is already present for other 
purposes. With these design advantages, power harvesting 
metamaterials offer design flexibility for a large number of 
applications that general antenna-based microwave power 
harvesting devices may lack. 
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A recent simulation-based study" investigated the con- 
version efficiency between incident RF power and induced 
power in a split-ring resonator (SRR). Our work is focused 
oon the experimental measurement of RF to DC efficiency 
based on the conventional effective area of the SRR, We 


demonstrate that metamaterials can also include embedded 
devices to convert the incident RF energy to a DC voltage, 
providing platform for power harvesting that utilizes the 
advantages of metamaterial design 

‘An SRR is a canonical example of a resonant metamate- 
particle and is used as the basis for the unit cells of the 
metamaterial power harvester designed here, By tuning the 
SRR parameters, we design an SRR (Fig. 1) to resonate at 
900 MHz using an S-parameter simulation within Computer 
Simulation Technology (CST) Microwave Studio software, 
Using CST Microwave Studio, we can also simulate the 
effects of embedding devices within the SRR by retrieving its 
S-parameters using a lumped port. The retrieved S-parameters 
are loaded into Agilent Advanced Design System (ADS), 
allowing us to simulate both fullwave 3D effects and circuit- 
level nontinear effects. 

‘An SRR couples strongly to an incident magnetic field 
and can be loaded with a wide variety of circuit elements. In 
this work, we embed a rectifying circuit within an SRR to 
convert the incident RF power to DC power. A number of 
rectifying circuits could be chosen depending on the particu- 
lar application for the power harvesting metamaterial, We 
choose to use a Greinacher” circuit because the output volt~ 
age is double the input voltage maximum, which allows for 


40mm 


40 mm 


FIG. 1 (Left) Power harvesting SRR. (Right) Plain SRI with dimensions 
shown, Im traces, Incident wave polarization is also shown, 
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the time of making war-machines has come to its end 


As Man will come to understand, soon enough that using these mono-gravitational or 
inertia systems against one another as tools of war will mean and will have only one 
outcome, and that is a total wipe-out of the human race from the face of the Earth. The 
men of war through this technology will come to accept peace not out of their pleasure 
but out of the fear of their own demise. 


The use and capability of the use of this knowledge and of the effectiveness of these 
mono-Magravs systems lethality, has been the cause and the keeper of the peace in the 
universe. No chance, will be given to the Man, to change the tranquillity of universal 
peace by use of this technology. 


Man through the lethal powers of these mono-Magravs systems will be taught an 
unforgiving and painful lesson, if he ever tries to use this technology and knowledge to 
carry on with his aggressive behaviours, as has been his habit for centuries on his own 
planet. Then this will be the coming of the end of the term of the Man in the universe. 


It is clear that any celestial object as the planets, stars and galaxies, are all created 
through the attraction and interaction of these Matters and matters, their interactions and 
their constituent plasmatic magnetic fields. These interactions and collections of 
Matters and matters in respect to the plasmatic magnetic fields strength, which larger 
objects possess by their order of magnitude, decides’ what will be in their part of their 
environment. That is to say, the plasmatic Magravs created by the plasmatic magnetic 
fields of Matters in the inner cores of the stars in principle will decide on the size and 
the span of the dominion of its field in its environment. Then these Magravs strength 
and their balances dictate what matters or Matters will be attracted to the atom, 
molecule, planet or the solar system. 


This principle of mono-gravitational plasmatic magnetic fields strength forces is the 
main reason in the universe that why certain planets only retain one element in their 
structure. For example, this is one of the reasons why the planet Saturn is mainly made 
of helium on its outer layers as its main constituent matter (17). The reason being that 
the initial Magravs of the interaction of pmtics of Matters and matters in the inner cores 
of the planet has been set to be equal to the helium plasmatic magnetic fields strength of 
matters in that part of solar system in the early life of the planet. 


This mono-Magravs positioning field strength of the Saturn is one of the reasons, why 
this planet, with its strong gravitational field forces, does not pull in and absorbs a large 
number of asteroids from the Astor-belts. The other reason is that, mono-Magravs 
systems possess very strong Magnetic fields too, which this is one of the reasons why 
this planet can keep the matters of asteroids in check. 


Alternatively, certain galaxies have more of one matter like hydrogen than the others 
having nitrogen and so on. Thus, the pmtics of Magravs forces and their mixture with 
the inertia of a planet dictates what matters are extracted from their part of their 
environment, like the solar system or galaxies. 


Thus, Magravs positioning reactors are not only for creation of motion and for 


protection, but they will be the main tool for cleaning environments, collecting 
preferred Matters, matters, etc. 


CHAPTER 17 


Plasma’s and Nuclear decay 


The nuclear decay principles of an atom, is in general, considered to be on “the same 
principles and methods and as the simple decay explained previously for the initial 
fundamental plasma into a proton and an electron (Fig. 43)”. 


For the initial fundamental plasma to reach the ground-level plasmatic magnetic fields 
content condition, the plasma divides itself into two new and exactly similar structures 
with different amount of mass of the same constituent plasmatic magnetic fields Matters 
for the creation of a proton and an electron, and releases its unwanted pmtics as residual 
pmties or as rays (gamma or x-rays, ete)(Fig. 42). I call this process of the neutrons 
decay “The initial fundamental plasmatic decay.” 


Through the process of releasing of the exact amount of plasmatic magnetic fields from 
the neutron necessary for the creation of a proton, an electron and the release of 
energy or other rays from the initial fundamental plasmatic magnetic fields, this, in a 
way, confirms that all initial fundamental particles of plasmas are always make exactly 
of the same and similar plasmatic magnetic fields and the same configurationally 
structure. This being another proof that initial fundamental plasmas in the universal 
order of Matter are always made through and by the same Specific Entangled Plasmatic 
MAgnetic Fields (SEPMAF) strength criterion and procedure, as has been previously 
explained 


The principles of the nuclear decay of initial fundamental multi-plasmas of an atom, is 
considered to be solely due to the re-balancing of the overall plasmatic Magravs 
strength components for Matters of plasmas of the atom to maintain an overall 
Magravs forces balance of all participating plasmas, in the construction of the atom. 
These being the plasmatic magnetic fields of neutrons, protons, electrons and their 
constituent Matters, their plasmatic magnetic fields of their Matter, Antimatter and Dark 
Matter and their magnetic fields forces of each plasma. 


For the plasmas of an atom to stay together and hold onto its constituent structure 
plasmatic magnetic fields, some of these plasmatic magnetic fields in motion (energy) 
are transferred to other plasmas, and in term, these plasmatic magnetic fields are said 
to be used. At the same time, part of the initial fundamental particles fields of plasmas 
are used for the upkeep of the integrity of the nucleus positioning and dynamism; As 
part of the binding energy is consumed for holding the fundamental plasmas together. 
As in this cycle of consuming pmtics reaches that enough pmtics have been used, that 
the initial fundamental plasmatic Magravs of the plasma cannot hold onto their initial 
gravitational positions in respect to each other. The plasmas making up the part of 
participating neutrons or protons in the centre nucleus of atom, gravitationally 
reposition themselves within the nucleus for the nucleus to find a new Magravs balance 
and equilibrium positioning in respect to other plasmas. 


At this point of magnetically repositioning of the plasma of the heavy nucleus, the 
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nuclei of heavier atoms split into exactly the same configurations of two or more new 
Magnetic fields and gravitationally positioned balanced plasmatic strength 
configurations (Fig. 43) of the plasma’s of neutrons to protons and electrons, and hence 
split into two new atoms. This regular splitting pattern of heavier atom to two or more 
light atoms is known as a controlled fission of atoms. 


‘As the initial fundamental plasmas were all made of the same initial fundamental 
particles of the same specific magnetic fields strength and interactions, in their 
disintegration of denser nucleus atoms, they split and gather into two or more new less 
denser atoms and of Magravs’ configuration, and their need for the new equilibrium of 
collective plasmas of new atoms. 


That is how the atoms are always spilt into exactly the same lower order of numbers of 
neutrons, protons and electrons in the new nuclei for the overall new balance pmtics of 
the two new atomic structures to be able to be kept. 


Fig. 43: Schematic of a decay of pmtics and Matters of the Initial Fundamental Plasma 
(NEUTRON), “the initial fundamental plasmatic decay”. 


In principle the overall disintegration of all atoms heavier than Hydrogen, involved in 
the collective pmtics of a given matter, the collective pmtics of the residual matters is 
always constant, and of the same end-structure of new and lighter atoms. 


The overall numbers of the plasmas involved in a structure of a given matter is said to 
be constant, purely due to the fact that the overall rate of interactions and disintegration 
of plasmatic magnetic fields are considered to take place at a constant rate. Hence, the 
phenomenon that takes about the same time for the plasmas to reach a point of using a 
given amount of dynamic plasmatic magnetic fields (energy), before they reorganise 
themselves to a new balance condition. This reorganisation or rebalancing of overall 
plasmatic magnetic fields of the components of nuclei, leads to the fundamental 
principle of the nuclear decay nuclear of an atom, 
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This reorganisation of the new plasmatic magnetic fields balance in mass of matters is 
in so many ways dependent on all of the atoms participating in the total structure of the 
mass of the matter. This is irrespective of the number of atoms in the matter, these being 
in the solid, liquid or gaseous state of matter. 


The nuclear decay in some plasmas can be triggered and be due to internal changes in 
the plasmatic magnetic field’s structural balance, or can occur due to changes in the 
external environment of the initial fundamental plasma. These changes can be due to the 
changes in the external equilibrium of magnetic fields forces or field strength of other 
initial fundamental plasmas, or surrounding plasmatic magnetic fields adjacent or near 
to the initial fundamental plasma. 


This being why different atoms of a given matter decay at different rates depending on 
their position within the overall structure of tangible matter. That is to say the decay of 
atoms is environmental pmtics strength dependent. Which the environment can be 
within the same matter construction of atoms, or the interface between the matter and 
for example matters of air. Where each environment enforces different rates of use of 
internal pmtics of different matters within the nucleus of that atom. This being the 
reason why different rate of decay of atoms within matters are considered to have a 
half-life principle. Where the half-life is, and can be pmtics strength environmental 
dependent. 


Interesting point to consider: 


Does the reorganisation take place in the same position first and the same number, 
which initiates the course of the decay in the rest of the mass? 


Is the decay of an atom in a mass happening faster in the inner positions of the mass of 
matter, or on the edges of the mass? 
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CHAPTER 18 


Neutron-Proton, Electron-Atom 


Through the new understanding of the method by which the initial fundamental 
particles and their subsequent plasmatic magnetic fields interaction, leads to the 
creation of the initial fundamental Matters (Matter, Dark Matter and Antimatter) 
leading to the creation of initial fundamental plasmas or the Neutrons, the subsequent 
degeneration of initial fundamental plasmas through decays further leads to creation of 
protons and electrons of an atom, and their interactions and collections into molecules 
and matters (solid, liquid and gas). 


Fundamentally, initial fundamental particles interactions, leading to the creation of 
different states of Matters and the creation of initial fundamental plasmas, where these 
plasmas are considered to be in a total plasmatic magnetic equilibrium state (Fig. 44 
and Fig. 45). 


The Initial Fundamental Plasmas are neutrons in characteristic. Neutrons (Fig. 44 and 
Fig. 45), in their construction, are considered as balanced dynamic plasmatic magnetic 
fields environments. 


Fig. 44: Schematic presentation of the overall Magravs of Matters and the fields of the Neutron, 


Neutrons, due to the /arger content of the three Matters and their F1, they create a 
stronger gravitational pull between the Matters of the plasma, consequently their 


overall Magravs of the initial fundamental plasmas are considered to possess more 
mass, than the total sum of the masses of the individual proton and electron, from the 
same plasma after its decay. 


Fig. 45: Matters schematic diagram of the Neutron. 


For the initial fundamental plasma to find its final balanced equilibrium plasmatic 
magnetic fields force strength condition, due to different effects, the initial fundamental 
plasma reduces its plasmatic magnetic fields balance to its ground-level magnetic 
fields mass level (Fig. 46 diagram 7) for it to survive, hence the initial fundamental 
plasma disintegrates or decays’ to its sub-Matter levels and fields. 


The decay of the neutron 


This process has been explained in previous chapters where, now we look at this 
process in more detail. 


The release and division of components of the initial fundamental plasma leads to the 
release of two independent, yet at the same time interlocked, balanced plasmatic 
magnetic fields environments plasmas (Fig. 46 diagram 8). Of these two new plasmatic 
magnetic fields plasmas, one would retain more of the initial fundamental plasmas’ 
mass and be the larger of the two balanced plasmatic magnetic fields (Fig. 46 diagram 
7). The second plasma will contain less of the pmtics of the initial fundamental plasma 
and mass and would be smaller (Fig. 46 diagram 6). The larger of the two plasmas’, 
would stay in the centre, due to its mass and Magravs strength would become the 
proton of the atom (Fig. 46 diagram 8). The new smaller balanced plasmatic magnetic 
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fields released can be said to manifest itself as an electron (Fig. 46 diagram 8) of the 
same atom. 


START OF THE DECAY OF AN INITIAL FUNDAMENTAL PLASMA, 


8 


PROTON ELECTRON 


AN ATOM 
Fig. 46: The eight steps of the Neutron decay cycle to a proton and an electron and then an 
atom. 


134 


It is considered that the pmtics of the Antimatter components of the neutron start the 
process of the decay of the neutron. As the Antimatter is the main and the strongest of 
the Matters’ of the initial fundamental plasma (Fig. 46 diagram 1), in comparison the 
Antimatter is the star in a solar system. Then the pmtics of the Dark Matter part of the 
neutron plasma splits simultaneously as the total balance of the Magravs forces of the 
plasma is disturbed (Fig. 46 diagram 1). This process is continued up to the point that, 
due to the cycle of separation of more and more of the two pmtics of the Antimatter and 
the Dark Matter, leads to splitting of the Matter part of the plasma (Fig. 46 diagram 4) 
as the plasma tries to keep its overall stability and equilibrium. 


At this point, the pmtics fragments of the Antimatter, the Dark Matter, the Matter, and 
other pmtics within the plasma, through the dynamism of the plasma internal 
environment, are brought close to each other and then merge to produce a small and 
independent mini-plasma within the structure of the initial plasma. 


Where this new embedded mini-plasma in the overall structure of the initial 
fundamental plasma becomes the structure of the initial fundamental plasma of the 
electron of the atom. 


The plasma of the electron by this time is formed internally and has establishes its own 
balance Magravs zone and hence its own magnetosphere (Fig. 46 diagram 5 and 6). At 
this stage, the Magravs of the electron plasma tries to find and reach its own Magravs 
positioning balance in respect to the leftover pmtics and Matters Magravs of the initial 
fundamental plasma. At this point, as the two plasmas try to find their Magravs 
positioning in respect to each other, the electron plasma is pushed out-off the 
boundaries of the initial fundamental plasma (Fig. 46 diagram 7) environment. 


At this point where the two plasmas find their Magravs positioning balance, this 
becomes the gap berween the proton and the electron, or the ground energy level for 
the electron in respect to the proton’ of the plasma. From this point on, the foundation 
for the final step of the making of an atom with contents of a proton and an electron is 
reached (Fig. 46 diagram 8). 


Therefore the new balanced fields of the original initial fundamental plasma now 
becomes the components of the two newly balanced plasmatic magnetic fields plasmas 
of the proton and the electron of an atom (Fig. 48). 


From this point on, the motion and rotation of the electron around the proton is set to 
follow, according to what is described in Chapter 19. 


The similarities between the construction of the protons” plasma and the electron 


plasmas components of Matters, as both have started together quasi-independent life, 
from the same initial fundamental plasma mother (Fig. 47). 


135 


ELECTRON 


Fig. 47: Schematic similarities between construction of a proton and an electron (components of 
Matters) 


Fig. 48: Pmtics presentation of Initial Fundamental Atom (hydrogen). 


‘As the initial fundamental plasma splits into two balanced plasmas (Fig. 46. diagram 1 
to 8), this guaranties the total balance of the integrity of the complete original initial 
fundamental plasmatic Magravs configuration. 


Thus, the splitting and decay of the initial fundamental plasma into the proton and the 
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163901-2 Hawkes, Katko, and Cummer 
easier power transmission and measurement, A Greinacher 
circuit has a lower effective capacitance in comparison to 
other rectification circuits (such as a bridge rectifier), allow- 
ing faster switching and thus a higher frequency of operation, 
‘A Greinacher circuit also has a low threshold voltage, allow- 
ing operation at lower incident power levels. A Greinacher 
voltage doubler can be placed across a gap (Fig. 1) in the top 
side of the copper trace to rectify the induced current present 
in the SRR. Schottky diodes are used for the voltage doubler 
due to their typically low open junction capacitance and fast 
switching capabilities, which allow for rectification of a 
high-frequency RF signal, as well as their typically low 
threshold voltage. A resistive load placed across the output 
of the voltage doubler is a simple way to determine DC 
power out using P=V"/R. This DC power is maximized 
through ADS for matching capacitor and resistor values. The 
parameters of our selected Schottky diode (HSMS 2862) and 
the simulated S-parameters of the above SRR in a model of 
our actual parallel-plate waveguide are input into ADS for 
the simulation, shown in a schematic in Fig. 2. 

‘The simulated components lead to a maximum effi- 
ciency of 61% for an input power of 24.25 dBM, the maxi- 
‘mum available experimental power (at an incident power 
density of approximately 1.6 mW/em?). One important figure 
of merit for a power harvester is its RF-to-DC power conver- 


Poc 
"Par 

We determine Px by measuring the total incident 
power in our measurement apparatus. For a large metamate~ 
rial sample, We assume that the total incident power to the 
measurement apparatus is incident on the metamaterial. For 
a single unit cell, its necessary to use the effective area of 
the unit cell to determine the incident Pee. The maximum 
effective area may be calculated by”" 


‘where Do = 1.5 since the SRR is effectively a small loop illu- 
minated by a transverse electromagnetic (TEM) wave. For 
an SRR resonant at 900MHz, the effective area is thus 
Acmi =5.3Aphyscat- ‘The full waveguide area is 


4. Greinacher doubler 
5. Smoothing eap 
6 Load 


1. RF signal 
2. SRR S-params 
3. Matching cap 


FIG. 2,ADS simulation schematic of SRR power harvester. CST 
‘Microwave Studio was wed to determine the SRR S-parametes, 


‘Appl. Phys. Lett. 103, 163901 (2013) 


FIG. 3. Placement of SRR within open waveguide 


approximately 6.8Apiysicu Where Apiysca is the physical area 
of a single SRR unit cell. As A, is 78% of the open wave 
guide area, 78% of the incident power density is used as 
input power for simulation of the single cell 

‘The designed voltage doubler and resistive load are added 
toan SRR as shown in Fig. 1, resulting in the power harvesting 
metamaterial unit cell. To observe power harvesting capabi 
ities, the cell is placed in an open, TEM waveguide (Fig. 3) 
where input power is produced by a signal generator and am- 
plifier, and output power is measured with an oscilloscope Vi 
leads placed across the resistive load (Fig. 4). The DC power 
harvested is determined by P= V/R as previously mentioned, 
and input power is measured with a spectrum analyzer con- 
nected to the signal generator and amplifier via the open wave~ 
guide, By increasing the incident power from 13 to 24 dBm 
and measuring the DC output from the SRR, the normalized 
harvested power, Poc/Prr mui as & function of incident 
power Prrinidew and resulting efficiency are determined at 
each point, The maximum efficiency of the single cell is 
14.2%, setting Ppp ncienr 88 78% of the total input power from 
effective area calctilations, 

Multiple power harvesting SRR cells are then tested 
simultaneously to create the power harvesting metamaterial, 
which is accomplished through a 5 1 array shown in Fig. 5. 
‘Through a parallel connection of the leads from each SRR’ 
resistive load, the total power harvested by the metamaterial is 
found in the same way as the single cell, The maximum eff 
ciency for the 5x 1 array is 36.8%, where Pi, is the entire 
input power because the array spans the entire length 
Measured efficiencies of both the single and the array of power 
harvesting SRRs are shown in Fig. 6. Also shown in Fig. 6 is 
the open circuit voltage, Voc, a load-independent measure of 
the available voltage harvested by the array of SRRs. 

‘The power harvesting metamaterial array is more efti- 
cient than the single unit cell. This is partially due to the 


Signal 
Generator 


Oscilloscope 


FIG. 4. Experimental est setup schematic, 


electron (Fig. 48), called the initial fundamental decay, is a natural decay process as is 
the nuclear decay of heavier atomic structures into lighter atoms. Where as the plasma 
uses some of its pmtics to keep its position, motion and magnetosphere boundary, it 
needs to break up to smaller atomic substructures that can guaranty its overall magnetic 
and gravitational field structure, thus the term “decay of the atom". This neutron 
division, to the substructures of a proton and an electron, is for guaranteeing the 
survival overall of what was achieved before for the creation of initial fundamental 


plasma (Fig. 48). 


This method of the Initial Fundamental Plasma Decay to the proton and the electron is 
the reason why in atomic structures the number of the electrons and the protons have 
always been seen to be in matching numbers, as there is no alternative way in nature 
for the creation of proton and electron in the universe in general, however individual 
electrons can be produced from the pmtics in plasma dilution reactors. 


In the construction of higher atomic number elements (Fig. 49), for the total balance in 
both Magravs of the nuclei and their respective electrons, these heavier atoms need to 
have more of the balanced plasma components of neutrons. 


Fig. 49: Schematic of pmtics of a complex atom (like Helium), 


Note: Through this simple configuration (Fig. 49), one can understand why certain 
chemical bindings and structure of some atoms and molecules of certain proton 
combination interactions in a given environment become possible. 


137 


In fact, the neutron, due to its balanced magnetic plasma or neutrality, and at the same 
time possessing its own Magravs magnetosphere, becomes the space gaps and space(s) 
needed for Magravs positioning of protons, in respect to each other, as much as 
magnetic fields equalisers or balancers in the construction of the nucleus of atoms with 
more than one proton (Fig. 49). 


In the heavier elements, due to the tightness of packing, if there were not so many 
neutrons to create some magnetic and Magravs positioning balance gap, or what we call 
gaps, then due to the protons gravitational pulls, part of the nucleus would most 
probably clog-up, this being due to the interlocking of the Magravs of protons in the 
nucleus of the atom. In the majority of cases, this clogging-up would most probably 
lead to the explosion of the nucleus, due to repulsion of the fields or Magnetic fields of 
Magravs within the construction of the nucleus in being too close to each other’s 
proximity. On the other hand without the existence of neutrons as a gap the nucleus 
would not be a gravitationally positioned stable configuration. 


A configuration of the complex structure of the initial fundamental plasmas like an 
atom of the Helium and the positioning of its neutrons, protons and electrons are shown 
in figure 49. This shows the overall gravitational fields and Magnetic fields generated 
by interaction of these individual parts, in respect to the dynamic Matters and the fields 
each part produces both internally, and in their overall external boundary interaction of 
the plasmatic Magravs of the atom. 


By a close observation of the proton and electron’s Magravs balance, it is now clear 
how the different electron orbits of heavier atoms come to be created. That is to say, as 
the number of protons increases, the boundary of the Magravs of all protons in the 
centre of the nucleus increases, thus allowing and accommodating the next orbit for the 
motion and Magravs positioning of the next layers orbits of electrons. It has to be 
remembered that protons are dynamic entities, thus not more than certain numbers can 
revolve in the compact zone of a nucleus. So as the number of protons and their 
equivalent electrons are added to the nucleus, more room is needed for the free motion 
of these protons. Hence the only way a neutral zone can be created for the free motion 
of these additional protons for the structure of nucleus to be Magnetically and 
gravitationally in balance, is to add more balance neutrons to create an environment for 
the free motion of the protons and their Magravs positioning. 


Thus as proton number increases, and the volume of the nucleus increases to keep all 
protons in motion, and hence more numbers of neutrons are needed. This is the reason 
why one sees a larger number of neutrons in the nucleus of heavy atoms. The more 
neutrons and protons are in the centre, the larger the magnetosphere of the nucleus 
boundaries. Hence, the accommodation of more electrons in fuurther distances locations 
from the centre nucleus. Where all these electrons, protons and neutrons overall pmtics 
Magnetic field and gravitational field have to be at all times in balance. 


It is fundamental to understand that “ the negative field charge of any magnetic fields is 
due to its Gravitational field strength or pull, and the positive charge of the fields due to 
the Magnetic fields strength or push of the Magravs of the Matter, like a planet. 


In electric field charge and current flow, its to be understand that the positive charge is 
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the flow of the Magnetic field push of the Magravs, and the negative charge is the 
gravitational pull of the flow of the gravitational fields of the Magravs of the plasma 
and its Matters content. This in a way explains the Resistance and the Impedance 
respectively of the matters in the electrical section of physics. Where the impedance is 
the measure of the gravitational pull of the flow of the pmties in respect to the matters’ 
atoms and where the resistance is the measure of the Magnetic push of the flow of the 
pmtics in respect to the matters’ atoms. 
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CHAPTER 19 


Motion of the Electron around the Proton 


The constant rotation of the electron around the nucleus of an atom indicates that the 
electron and the nucleus of the atom constantly maintain an overall balanced Magravs 
forces between and Magravs positioning, in respect to each other. 


Within the structure of the initial fundamental plasma (the neutron), and through its sub- 
dynamic Matters (Matter, Antimatter, and Dark Matter) and at the same time, with all 
Matters of the plasma being in possession of their own independent internal dynamic 
plasmatic Magravs forces, they all exert dynamic and varying levels of Magravs on 
different constituent of Matters of plasma internally, which these field forces span 
beyond the boundaries of the nucleus plasma itself individually and collectively. 


The total effect of these dynamic forces, from the nucleus plasma (proton) (Fig. 50), 
will affect the path of the rotation of the satelliteing electron around the nucleus. 


Similarly, the plasma of the electron (Fig. 50) itself is made of the same three dynamic 
plasmatic magnetic fields structures of Matters as of the proton in its nucleus. 


The effect of these dynamic plasmatic Magravs of different Matters in the centre 
plasma (proton) of an atom on the dynamic plasmatic Magravs of different Matters of 
the plasma of its electron, and their collective effect of each plasma on each other, is 
the reason why the electron does not have a constant and a defined path of motion 
around the nucleus. 


That is to say, the electron plasma by itself is in possession of its own individual 
Matters’ (the Matter, the Antimatters and the Dark Matter) Magravs forces’ as well as 
their collective plasmatic Magravs forces of all the Matters of the electron, and the same 
applies to the Matters and the plasma of the proton, 


As the Magravs of different Matters of the electron passes different Matter components 
of the proton, each of the facing Matters’ Magravs forces within the proton and the 
electron have to interact with each other, plus the electrons’ and protons’ overall 
Magravs positioning in respect to that particular Matter in the proton and electron. 
Which, this type of interactions and Magravs repositioning between the two involved 
Matters of each plasma will keep on repeating on continuous bases as both the proton 
and the electron are independent dynamic entities. As the ever-continuous Magravs 
positioning between the two dynamic entities leads to the ever changing in position of 
the lighter by mass (the electron) of the two entities, to move around the proton, hence 
this chasing-up of the ever-repositioning movement becomes the “uncertain” position or 
erratic motion of the electron around its proton. 


This giving the electron in that given configuration of interactions of the Magravs its 


pulled closer to or pushed further away from the nucleus. Then, immediately, the 
electron has to finds its new overall Magravs balance positioning, in respect to the 
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proton, 


Then, due to the dynamism of both plasmatic Magravs of proton and electron, other 
Matters’ fields in the two plasmas come into play and face each other and their Magravs 
of these two new Matters and overall Magravs have to interact again. 


Therefore, the new facing Matter of the plasma of the electron Magravs have to find a 
new Magravs positioning in respect to the new Matter of the proton’s Magravs and the 
overall Magravs of the two plasmas. 


Further on, again, as both the proton and electron are dynamic, the electron has to find a 
new Magravs positioning, in respect to these new Matters facing each other from each 
entity interactions, this change of Matters facing each other takes place on a continuous 
basis, as different Matters and Magravs of both components and the overall structure of 
each atom come to exert their forces on each other and the overall balance distance of 
both the electron and proton position is to be maintained as every time new Matters in 
each entity come to face each other. We call this the Magravs positioning principle (or 
Magrays positioning). 


The result of this continuous change of the Magravs positioning of the Matters of the 
electron in respect to the Matters of proton and their overall Magravs, causes and 
creates the motion of the electron around its nucleus. 


The behaviour and interaction of the ever-changing of Magravs positioning of the 
proton and the electron Magravs in respect to each other, leads to the creation of an 
erratic, never duplicated path, and is the cause of the motion of the electron around 
the proton. 


That is to say, as the electron rotates around the proton, its position and distance in 
respect to the proton changes, according to the overall position and balance of the 
gravitational pull forces and Magnetic field push forces of all three components of its 
Matters and their respective plasmas, in respect to the position of all three Matters 
Magravs of the protons’ and overall Magravs of the proton. 


Nevertheless, as the Matters, in the proton and the electron are both dynamic 
themselves, the rotation of the electron around the nucleus is changing by the principle 
of the Magravs positioning of the Magravs balancing. Where, this leads to the ever 
motion of the electron around the proton of an atom (Fig. 50). 


As the overall strength of the Magravs of both components of the atom are the same, 
this leads to a minimum and maximum distance that can be attained by the electron 
field strength, in its position in respect to and from its proton. This explains why an 
electron appears to be moving erratically around the centre point, with a given 
minimum and maximum distance from the centre proton. This minimum and maximum. 
is to be known as the amplitude (minus and maximum) of the distance of the electron 
from its proton. 


In fact, as the Matters dynamic components Magravs of the electron interact with the 
combined dynamic Magravs of the proton, the electron, which is the less magnetically 
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dense of the two, has to try to find its position, in respect to all the components of the 
denser magnetic fields plasma of the proton. 


ELECTRON / 
/ 


i, 


Fig. 50: Schematic of dynamic pmtics of Matters and fields of the proton and the electron and 
their interaction of individual Matters and their overall plasma and Magravs, leading to Magravs 
positioning and motion of electron in respect to its nucleus. 


This continuous change in the Magravs positioning of the electron, in respect to the 
proton, leads to the continuous rotational motion of the electron around the proton (Fig. 
50) 


In fact, one can conclude “the proton and the electron are made up of composite 
Magravs of several different Matters by simply observing the erratic path of the motion 
of the electron around the proton’ 


In principle it can be said that the magnetic fields strength of any magnetic fields or 
Matter is position dependent of the two parts of the fields from each other, which the 
field has been released from. This is how magnetic fields strength in principle are 
determined and created. (Paper: Creation of Magnetic fields). 


For example, the interaction of the Magravs of the Dark Matter’s in the plasma of the 
electron interacting with the Antimatter’s Magravs in the plasma of the proton and their 
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overall Magravs of the electron and proton plasmas in respect to each other, decides the 
position and the distance of the Dark Matter of the electron in respect to the proton. 


Universal Magravs positioning principle 


The effect of the composite components of the proton and the electron’s Magnetic fields 
and gravitational fields strength, changes the path of the electron as it approaches each 
Matter of the proton. In composite nucleus, the overall fields’ strength of all the protons 
of the nucleus dictates the distance of the electron from the nucleus. 


All motions of objects and fields in the universe are due to the overall Magravs 
positioning of one pmtics of one object or ray, and so on, in respect to another. 


1 call this dictation of position of an entity in respect to another entity, due to their 
Magravs positioning distance, the “universal Magravs positioning principle” for 
motion in the universe. 


This Magravs positioning of Matter takes place within the constraints of Matters’ 
possessing their own composite pmtics Matters fields‘ strength. 


Universal method of motion 


In principle, “the continuous dynamic Magravs positioning of one dynamic single ray 
or multiple Matters of multi-cores plasmas of an object in respect to another dynamic 
single or multi-Matters of a multi-cores plasmas of another objects, leading to and/or 
can lead to and cause the motion Matters, matters in the universe in respect to each 
other”. 


I call this method of continuous change in Magrays positioning of one entity in 
respect to another causing motion in one of the two entities, “The Universal method of 
motion ”. 


Motions of atoms and their components interactions, the molecules, solar systems and 
galaxies in the universe, are all based on the same simple universal method of motion. 


The dynamic plasmatic Magravs of Matters within the constituent structure of one 
entity dictates the position and direction and the path of the motion of one object in 
respect to another dynamic plasmatic Magravs of Matters within the constituent 
structure of the entity. Motion of components of atoms, motion of planets of solar 
systems and physical contents of motion of galaxies in the universe are all based on this 
principle. 


The universal method of motion of any two gravitated objects in respect to each other is 
based on the dynamic plasmatic Magravs strength interaction and attraction of all of its 
complete composite components of Matters and forces within the object, irrespective of 
the physical size of the system. All universal gravitational objects follow the same 
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principle of motion as an electron around its proton, the same as is for the motion of 
Matters in the initial fundamental plasmas. 


It is correct to say, “motion in the universe is totally and exclusively caused and is due 
to Magravs strength positioning of rays, fields, matters, Matters electron, planet, stars 
and galaxies in respect to each other”. 


Thus from this point on it is clear that one does not need to burn fuel to create motion, 
but use Matmags. However, one only needs to create the right Magravs strength within 
any system to attain dynamic Magravs positioning in respect to another object, this 
being, a planet, a star, a solar system or a galaxy for the system to be in motion. 


This method of utilising the plasmatic Magravs interaction for the creation of Magravs 
forces within a system, that brings about the motion of one object in respect to another 
due to Magrays positioning, is to be known as the “Magravs positioning methods and 
universal principle of gravitational motion”. 


Thus, the Magravs positioning principles of motion are the future for the creation of 
motion for automotive, marine, air and space industry. 


Through this method of Magravs positioning, there is no need for the burning of fuel in 
engines to move cars or use liquid fuelled jet propulsion systems to fly rockets into 
space. 


When speaking about gravitational or Magravs positioning, this means the collective 
effect of gravitational field and Magnetic fields of one system in respect to another 
object or plasmas, Magravs of planets or stars. 


It is important to remember that in the universal order of motion, the plasmatic 
gravitational field and plasmatic Magnetic fields, are integrated, thus simultaneously 
they co-exist and one cannot exist and operate without the other. 


In the universe the Magravs positioning of Antimatters in respect to each other and 
their plasmatic magnetic fields does exist. Further, there exists the Magravs 
positioning of the Dark Matter in respect to each other and their plasmatic magnetic 
fields too. 


The way the Magravs systems of the future will be set-up and operate will dictate in 
which gravitational fields strength and dimensions the crafts of future will travel in. 


In man-made systems using the plasmatic magnetic fields of the Matters that, through 
their interaction with each other, create the Magravs needed for positioning: simply by 
creating Magravs within a reactor, and these systems will, by trying to find its new 
Magravs positioning balance in respect to the Magravs, for an example, in atmospheric 
area of the planet, cause the motion of the reactor system in respect to the surface of the 
planet. 


The creation of motion through Magravs positioning can be used in an aircraft equipped 
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with gravitational reactors in respect to Earth, or with a spacecraft in respect to a 
planet(s), solar system or galaxy. 


Methods based on the Grapos principle for motions are the future for the creation of 


motion in space, according and in parallel to the way the universe is operating for 
millions of years for its dynamic existence. 
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CHAPTER 20 


Molecules 


The creation of plasma and the way its plasmatic Magravs interact to bring about a 
balance in its overall plasmatic Magravs and their effect on each other, leading to 
further interactions and balances in different atoms and their components in different 
dimensions in atoms has been explained. This balancing and positioning of plasmatic 
Magravs in between different atoms of different Matters brings about how the final 
Matters, plasmas and atoms can be brought together, leading to how molecules are 
come to be generated. 


That is to say, for the creation of a molecule, it is necessary that the plasmas of protons 
and neutrons of any nucleus of an atom, and atoms of different elements, need to have a 
total plasmatic Magnetic field forces and gravitational field forces positioning balance 
in a given environment so that these atoms can hold onto their total structure, for the 
molecules to be created. 


Thus, by the same principle a molecule or a cell can only be created where, the 
Magnetic fields and gravitational fields positioning are in equilibrium in all its 
participant atoms plasmatic magnetic fields (Fig. 51). 


At the same time, the whole of the structure of the molecules’ plasmatic Magravs have 
to find plasmatic Magravs balance in respect to their surrounding environments 
Magravs for the molecules to be able to exist as an entity in a given environment. This 
in fact, explains why certain atoms and molecules, in certain configurations, can never 
exist in one environment, while they are prevalent in other environments, like planets, 
or galaxies and why different pmtics forces and conditions can apply to the same 
Matter, and Matter manifest itself as a matter in state of solid, liquid and gas. 


Likewise, the same can explain why proteins of specific characteristics are created or 
maintained by certain cells in one part of the human body and not in other parts of the 
body (9). 


In fact, if the same conditions of plasmatic magnetic fields are, or can be, maintained in 
any part of the universe, one can reproduce exactly all the Matters known to Man 
anywhere in the universe. 


That is to say, when one can create the required balance and equilibrium environment in 
the total and overall Magravs of the atoms participating in the construction of a 
molecule, one can replicate and maintain any molecule. Therefore this explains that Van 
der Waals forces of pull and push, merely can be known as the gravitational fields 
forces and Magnetic field forces respectively operating between different molecules, 
irrespective of their binding structure with other molecules or atoms. 
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FIG. 5.5» 1 amy of power-harvesting SRR 
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FIG. 6. RF to DC efliciency of power harvesters, The open-circuit voltage 
ofthe array is also shown, 


tar 
the single cell is 78% the entire width of the wav. 
some of this power is not harvested by the single unit cell 
due to fringing effects on the sides of the waveguide. For 
this reason, placement of multiple cells that together span 
the entire waveguide width results in a higher efficiency as 
the array captures more of the electromagnetic energy that 
undergoes the fringing effect. 

Another important relationship is the efficiency of the 
power harvesting metamaterial as a function of load resist 
ance. Simulated and experimental efficiencies for the 5 x 1 
array are shown in Fig. 7. Though the experimental efficien- 
cies do not match the values from simulation, the simulation 
does accurately predict the maximum harvested power as 
falling approximately within the range of 70-800, con- 
firmed by the experimental data. The experimental efficiency 
maximum occurs at 700, and the simulated maximum 
occurs at 82.0, showing close correspondence. 

In summary, we have designed, simulated, and experi 
mentally measured a functional metamaterial power har 
vester capable of converting up to 36.8% of the incident RF 
power to DC power. Through a parallel connection of five 
SRRs, a Voc of 7.3V is achieved. Simulations match 


er effective area of the array. While the effective area of 


mide, 
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FIG. 7. RF to DC efficiency of SRR array as a function of load resistance, 
for both simulation and experiment. Note that both show msaximum effi 
‘leney for around 70-80 0, 


experimental results showing an optimal resistive load for 
DC power transfer of 70-800. The SRR power harvester is 
an example of functional metamaterial that may be suitable 
for a wide variety of RF applications that require power 
delivery to any active integrated components. 
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Fig. 51: Schematic pmtics of atoms gravitational (Magravs) positioning to form a molecule. 


In the industrial Magravs reactors of the future, one can produce as many atoms as one 
needs by just absorbing the plasma from space or the environment, for any application 
and purpose like the production of the hydrogen molecules, carbon, nitrogen, oxygen 
for the production of proteins for food, air, water and so forth, by simply replicating the 
Magravs of the preferred molecules and allowing their positioning and interactions. 


In the future, by giving a standard chart of Magravs strength and prevailing magnetic 


fields forces, temperature and pressure of plasma, atoms and molecules, one can 
produce and maintain any atom and molecule anywhere in the universe. 
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CHAPTER 21 


Plasma Dilution Technology 


The Plasma Dilution Technology is the new approach for the use of new gained 
knowledge for creation and control of plasma and its sub-Matters constituents Matters 
and their fundamental elementary particles. 


The new understanding and insight into the construction and the structure of plasma and 
its constituent Matters and their magnetic fields, opens up new opportunities for the 
creation of energy and motion, production of new materials, for medical uses and so 
many other applications. 


The plasma dilution technology allows the plasmas’ Matters components to be diluted 
within a soup of Matters and their pmtics made up of exactly of the plasmas” own 
composite structure. 


Through the specially designed nuclear reactors, conditions are created within the 
structure of the reactor that the plasma is contained in a safe and secure way in reactors 
cores configuration. 


The operation of these reactors can be controlled so that they do not release any 
radiation into the environment and they create no waste of any kind, this being the likes 
of radioactive materials or CO, waste, as has been the trend in the current nuclear and 
energy production industry. 


Through the understanding and creation of a parallel environments, similar to the 
internal environment of the same weak plasmatic magnetic fields of the plasma itself, 
plasmatic magnetic soup environments are produced in these types of reactors, so that 
the plasmatic magnetic fields condition within the reactor cores matches the plasmatic 
magnetic fields of the binding forces (Coulomb Barrier) of the initial fundamental 
plasma, as the components of this plasma soup, this barrier is magnetically diluted and 
soften, allowing the plasma to open through the operation of the reactors, for the 
Matters of the plasma to become part of the dilution soup of Matters and fields forces of 
the reactor. 


A soup of weak plasmatic magnetic fields 


These plasmatic magnetic fields saturated reactors will allow components of any plasma 
introduced into the reactor to be loosened and, the Matter, the Antimatter and the Dark 
Matter of the plasma, to be free to move within the structure of the plasma soup, which 
has been created through specific setting and Matter combination. Matters once loosen 
from other Matters within the soup of the plasma, these are then free for their 
fundamental particles effects to be utilised to achieve any desired effects, like for fusion 
and production of new matters, lift and motion. 
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Reactors that facilitate such a dilution of plasma I call Plasma n Reactors (Fig. 
56) and their process of dilution as the Plasma dilution principle and their knowledge 
as the plasma dilution technology (Fig. 52). 


Fig, 52: Plasma dilution concept and technology 


Further interaction of the constituent principle plasmatic magnetic fields of the Matters 
of the plasma inside the cores of these reactors can create effects that can be used to 
achieve desired outcomes from their interactions with other Matters or matters and 
fields outside or inside the reactor’s structural environment and this is exactly the way 
and the method that different entities in the universe function and operate to achieve 
certain desired effects and production of Materials. 


Diluting the plasma in the larger pmtics environment of the reactor is another option in 


the nuclear world for achieving fission, fusion, production of new Matters, matters, for 
generation of energy and motion, 
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Disentanglement 


Through the Plasma dilution process, once the new plasma soup is produced in the 
reactor cores, the weak interacting plasmatic magnetic fields soup interacts with the 
binding fields of the components of the Matters of the plasmas which are further 
introduced into the reactor cores, this allows the Matters of new plasma to disentangle 
themselves from each other (Fig. 53), if this level of dilution of new plasma is required 


In this process of plasma dilution, the sub-components of the plasma are allowed to 
loosen up from each other and not necessarily allowing the separation of all the Matters 
of the plasma from each other. 


INITIAL 
FUNDAMENTAL, 
PLASMA 


LOOSE PLASMATIC 
FUNNEL MAGNETIC FIELDS 


Fig. 53: Dilution process of initial fundamental plasma within a soup of Matters. 


Through this method, different components of the Matters and fields of the plasma can 
be used for any purpose that the operator decides or that the system is pre-set to. 


Hence, each sub-component Matter of the plasmas in the reactor can be separated from 
the plasma in any quantities of individual Matter within the soup. 
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MATTER 


INITIAL ANTIMATTER 
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PLASMA 
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FUNNEL 


Fig, 54: Dilution process of initial fundamental plasma and atoms and molecules within a soup 
of Matters and pmtics, 


The plasma dilution technology (Fig. 54) replaces the present state-of-the-art 
technology accelerators used for the separation of different components of plasma or an 
atom. 


The plasma dilution reactors for example can be used for the extraction of Antimatter, 


instead of the presently used methods of slamming plasma at high speeds in accelerators 
into specific pure solid metal matters to extract its Antimatter, by chance, every once in 
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while (6, 7 and 8). 


In the same way, the plasma dilution reactors can be used in the fusion industry where, 
present technology uses huge enforcing magnetic fields to force the fusion of plasmas. 


With the plasma dilution method, the components of the plasma are opened up, in a soft 
way, loosened, and then are allowed to be separated from other Matters in their 
surroundings, and into their specific sub-components, interacting collectively in the 
soup of the Matters for their use for any given specific purpose (Fig. 54), like for fusion 
of Matters or matter. 


These reactors even can be used for fusing components of two plasmas together. If the 
Antimatter is needed to be separated from the Matter, this can be easily done, as by 
creating a weak plasmatic magnetic field, around the plasma, then, the Antimatter 
components of the plasma can be separated for the use of their plasmatic magnetic 
fields properties and effects for example for the production of powerful Magravs forces. 
Where, the rest of plasmas’ components are then left in the dilution soup. 


When one has used these freed Antimatter plasmatic magnetic fields for their effects 
they create, for the purposes that one needs, then the system-loading Magravs 
configuration and parameters can be altered to change the dynamism of the reactor, and 
gradually disassemble the dilution fields. Then the Matters of the plasma are allowed to 
return to their original Matters’ components state of the plasma, and for the plasma to 
return its atomic structure and so forth. 


All these reactions can be created and controlled without the creation of unstable or 
high temperature environments as is seen in the universal order of creation of Matters, 
energy and motion. 


At the same time, there is no need to hold on to certain Matters and to run expensive 
holding systems for Antimatter as done for example by Fermilab at the present. 


All these processes are carried out without any release of radiation or the production of 
new radioactive waste. 


These effects can be created at room temperature and within portable safe nuclear 
reactors, which have been designed, developed and tested in the past few years. 


There is conclusive evidence from tests, that the principle of the untangling of plasmas” 
magnetic fields binding forces through plasma dilution technology is a proven 
fundamental principle for the future of energy production and creation of motion for 
space travel. 


That is to say, that we have seen the effects that Antimatter in being loose in the cores 
of the reactors to possess stronger fields and create stronger Magravs forces than the 
Matter components of the same plasma. We have managed to lift and reduce weight of 
reactor systems in respect to its environment, and we have create new matters, all at 
room temperature, in the recent past through the operation of plasma dilution reactors, 
as we have reported and applied patents for. 


This stronger characteristics and effects of Antimatter are purely due to the fact “that at 
the inception of the plasma, the Antimatter components of the plasma were created by 
the stronger plasmatic magnetic fields to start with”. 


Similarly, gravitational field forces of the Dark Matter components of the plasma can be 
used through the plasma dilution technology for the creation of high-speed motion 
without friction for crafts of the future in space technology, or these reactors can be 
used for the extraction of poison from a substance like water or air. 


In testing for the production of the Dark Matter principle, systems have been twisted in 
their axel and damaged, confirming the enormous power of invisible, powerful, 
Magravs of the Dark Matter. 


In general, it can be said, “The future is bright, the future is plasmatic magnetic fields 
based, through the production of controlled plasmatic dilution technology reactors” 
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CHAPTER 22 


Matters and Magravs systems 


‘The technology that uses the properties of the Matters of plasma to create motion and 
energy, instead of the present use of matter, I have called the Magravs positioning 
Systems Technology. 


The fundamental difference between the Matter gravitational technology and matter 
propulsion and energy systems can be explained in simple way. 


matter propulsion technology 


‘The present matter propulsion systems in burning fuels have to fight and to overcome 
Magravs of the planet for lift and motion. This we see in the rocket propulsion space 
technology of today. 


In the matter systems, like the propulsions systems, power stations and cars use the 
fundamental principles of burning matter to release its energy and convert this energy 
from one form to another to create motion and energy. This technology has always 
delivered limited energy, and due to its bulkiness of mass and weight of the fuel that 
have to be carried by systems to achieve their objectives, these systems are payload 
dependent. 


The matter system uses the Matter part of plasma, the weakest and least energetic part 
of the plasma. By their nature as has been seen in the past, matter systems create 
different type of waste, like CO2, nuclear waste, and so on. 


Matter gravitational technology 


The Matters Magrays system uses the properties of the all Matters in the plasma to 
create motion, lift and energy without destroying the characteristic of the Matters, and 
the system works within and through the Magnetic field and gravitational field of its 
environment to attain position and motion, one can achieve more working within than 
‘fighting against the Magrays of the planet. 


In the present state-of-art technologies, always the matter components are considered 
for their physical action and reaction, and not theit Matters field’s components. 


Matters used in the Magravs systems, uses the properties and interaction of all the initial 
fundamental particles properties of all Matters within the components of the 
fundamental plasma, “Matter, Antimatter and Dark Matter”. There is no need to “react” 
as in the matter processes, since the system works’ within and is part of the same 


1s4 


magnetic fields base system and works through the universal natural forces. Therefore 
there is never a need for reaction for motion, as the system always magnetically 
balances itself in respect to other magnetic fields forces. 


These reactor systems are developed to function in the same way as the interaction of 
the initial fundamental particles leads to the creation of Magravs for the motion of 
Matters through the Magravs positioning principle in the universe. 


In these systems, there is no destruction of Matter, since the system can use Matters 
pmtics properties for the enhancement of Magravs positioning, for the creation of 
motion and energy and so forth. 


This method of the use of Matters creates heat, if it is needed from a system. 


As it has been observed, stars create massive heat to create vast amount of energy and 
Magravs forces, through tests it have been proven that the creation of motion and 
energy by the use of Magravs forces, these systems creating effects which are 
temperature independent. 


Used in the atmospheric conditions, the Grapos, through the principles of the creation of 
plasmatic Magravs within the cores of the reactor and their interaction with the 
plasmatic Magravs of the planet, this interaction of these two Magravs, leads to creation 
of a magnetosphere around the systems. Where, the interaction of plasmatic Magravs of 
the system and the planets Magravs always lead to the creation of light around the 
system. This light being created through the principle of interaction of two plasmatic 
magnetic fields as was explained in Chapters 7 (Fig. 29 and Fig. 31). This is exactly 
how the magnetosphere of the Earth is created in respect to the Magravs interaction of 
the Earth and the Sun, and the same principle as for the creation of the daylight as seen 
around the Earth. 


The magnetosphere created around the Magravs system, can be a spherical or oval 
bright light in shape depending upon the speed of motion and protection chosen by the 
‘operator. 


In the Universal systems like stars, their Magravs forces are fixed by their initial 
matters’ contents in their inner cores at the point of the inception of the star, and the 
magnetic fields strength they generate for the production of their Magravs strength, 
once the strength of the Magravs is set for the stars, these cannot be changed arbitrarily 
to achieve different Magravs strengths for the stars. 


Whereas in the Grapos reactors’ developed for the motion of crafts, the Magrays 
parameters of these reactor systems can be changed and manipulated according to the 
position, speed, energy and so forth, as is desired of the system by their operators. 


In these systems, the reactor-operator dictates the Magravs strength of the system, 
therefore he decides the speed and the position of the craft at any position in space in 
respect to another Magravs system, the like of the Earth surface or a given distance 
from the moon or galaxies. 
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Interesting enough, all these effects of motion are achieved even though the system uses 
the same fundamental methods and Matters as in the cores of the planet or star that the 
systems is operating within or aiming for. 


Fig. 55: Representation of interaction of four different pmtics strength of gravitational 
(Magravs) positioning systems (Grapos) in respect to Earth pmtics Magravs (1, 2, 3 and 4), 


Note: Figure 55, numbers 5, 6, 7 and 8 show that the position of clouds in respect to 
Earth are pmtics Magravs strength dependent, and not size or volume dependent. 


Thus, wherever the Magravs principles reactors are used for flight in a system, like in 
atmospheric condition of the planets’, the natural outcome of the interaction of the two 
pmtics Magravs of the environment and the reactors Magravs is the appearance of and 
creation of natural light around these flying systems (Fig. 55 light regions of 1, 2, 3 and 
4). Thus, the same Magrays positioning systems can be used, to produce lamps that can 
create light for years without needing to burn any fuel or consuming electricity. 


Simultaneously, in a dense plasmatic magnetic fields environment, like the Earth, when 
the Grapos are used for motion and lift, due to the interaction pmtics Magravs, of the 
Earth and the system, these systems will produce their own magnetosphere around 
them. This magnetospheric light intensity is reactor Magravs’ strength dependent and 
through the principle of interaction of two pmtics of plasmas as was discussed before, 
these magnetospheres will cause the creation of bright light around these systems in the 
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Abstract—RF harvesting circuits have been demonstrated for 
‘more than 50 years, but only a few have been able to harvest 
energy from freely available ambient (Le, non-ledicated) RF 
sources. In this paper, our objectives were to realize harvester 
operation at typical ambient RF power levels found within urban 
and semi-urban environments. To explore the potential for am- 
bient RF energy harvesting, a city-wide RF spectral survey was 
undertaken from outside all of the 270 London Underground 
stations at street level. Using the results from this survey, four 
harvesters (comprising antenna, impedance-matching network, 
rectifier, maximum power point tracking interface, and storage 
element) were designed to cover four frequency bands from the 
largest RF contributors (DTV, GSM900, GSM1800, and 

within the ultrahigh frequen of the frequency 
spectrum. Prototypes were designed and fabricated for each band. 
The overall end-to-end efficiency of the prototypes using realistic 
input RF power sources is measured; with our first GSM900 
prototype giving an efficiency of 40%. Approximately half of the 
London Underground stations were found to be suitable locations 
for harvesting ambient RF energy using our four prototypes. 
Furthermore, multiband array architectures were designed and 
fabricated to provide a broader freedom of operation. Finally, an 
‘output de power density comparison was made between all the 
ambient RF energy harvesters, as well as alternative energy har- 
vesting technologies, and for the first time, itis shown that ambient 
RF harvesting can be competitive with the other technologies. 


Index Terms—Ambient RF, energy harvesting, maximum power 
point tracking (MPPT), multiband, rectenna, RF survey, RF-de. 


1. INTRODUCTION 


OR ALMOST 50 years, far-field RF technology has been 

used to remotely power systems from relatively large un- 
‘manned helicopters [1] to very small smart dust sensors [2] and 
contact lenses that measure eye pressure [3]. With all these sys- 
tems, a dedicated RF source is used, where the operator may 
have control over the effective isotropically radiated power (i.., 
both transmit power and antenna characteristics), beam pointing 
and polarization of the RF source, ensuring optimal line-of-sight 
operation between the source transmitter (TX) and harvesting 
receiver (RX). It is important to highlight that this work will 
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focus only in radiative power transfer and not inductive or near- 
field power transfer, as demonstrated in [4]. A more convenient 
solution, however, is to power these devices from ambient RF 
energy sources, such as television and mobile phone signals, 
thus removing the need for a dedicated source. As ambient RF 
levels are lower than those that can be provided by a dedicated 
RF source, the efficiency of the harvesting system, and its min- 
imum startup power are of critical importance 

In order to assess the feasibility of deploying ambient RF en- 
ergy harvesters, the available RF power needs to be measured 
in different locations. Such measurements, in conjunction with 
knowledge on harvester performance, c 
mine the locations at which RF harvester powered devices can 
be suceessflly deployed. Several RF spectral surveys, whieh 
measure ambient RF power levels from soure: 
sion and mobile phone base stations, have been previously 
ported. Many have been undertaken using personal exposim 
ters or spectrum analyzers, where the exact location of each 
‘measurement is unknown and with RF power levels only being 
reported under general scenarios (e.g., outdoor, indoor, street, 
bus, ete.) [5], [6]. While being of academic interest for health- 
lated research [7], the lack of power level and specific time/lo- 
cation information limits their usefulness for exploitation in am- 
bient RF energy harvesting applications. 

Most rectennas (normally comprising an antenna, impedance 
matching network, rectifier, storage element, and load) pr 
sented in the open literature have been tested using dedicated 
sources rather than harvesting from ambient RF energy [8]. 
In recent years, efficiencies as high as 78% [9] and 90% [10] 
have been demonstrated with relatively high input RF power 
levels (ic, > + 10 dBm). Moderate efficiencies have also 
been achieved using dedicated TXs that provided relatively low 
input RF power levels; e.g., an efficiency of 60% was achieved 
with -22.6-dBm input power [11]. In one demonstrator (12), 
designed to operate over a broad range of input RF power 
levels, (—30 to +30 dBm), the efficiency increased from 5% at 
a low input RF power to a peak of 80% at +25 dBm. 

Despite advancements in end-to-end (i.e, input RF to output 
de) power conversion efficiencies at low input RF power lev 
(similar to those measured in the spectral surveys), only a few a 
temptsat true ambient RF energy harvesting have been reported. 
For example, one relatively efficient rectenna, utilizing a mod- 
ified omnidirectional patch antenna, has an efficiency of 18% 
with a single-tone input RF power of ~20 dBm [13]. This de 
‘cated signal source was meant to emulate the input RF power 
levels measured from a nearby digital TV (DTV) TX in Tokyo, 
Japan, but did not take into account the more realistic effect of 
harvesting from a modulated broadband signal. Another attempt 
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Earth atmospheric condition. As the brightness of the magnetosphere around the system 
in respect to its surrounding pmtics strength will be dependent on the strength of the 
plasmatic magnetic fields that are created by the Magravs positioning reactors, and in 
respect to the systems’ position, considering that the plasmatic magnetic fields of the 
Earth is constant. 


Thus, the confirmation of systems using Magravs positioning technology for motion in 
dense atmospheric condition like the Earth will be the appearance of bright moving 
lights (Fig. 55. lights 3 and 4) in the Earth atmosphere or any given atmosphere or 
medium in the universe. In dense atmospheric conditions, these Magravs systems will 
be appear to be a shining bright light floating in air, either with high speeds or seated 
stationary. 


In some literatures, systems that use Grapos for motion and appear as bright lights from 
an unknown source in the skies have been called, the Unidentified Flying Objects, also 
called UFO's (Fig. 55. lights 1, 2, 3 and 4). Now that the method by which these bright 
lights in the sky are produced, their operation understood, and known, these crafts are 
not Unidentified Flying Objects no longer. 


Nevertheless, in reality, it is now interesting to see who are the users of these systems. 
Whoever are the users’ of these Magravs systems, this does not necessarily means that 
they are more advanced in scientific level than the human race in its present scientific 
and technological evolution. However, this simply means that they have managed to 
harvest the principles of the plasmatic magnetic fields, and the constituents of Matters, 
some time before the human race. 


Now that the technology and the principles behind the plasmatic Magravs positioning 
fields are open to the human race, it is not hard to see that interaction with users of these 
bright lights will be inevitable and will only be to the Mans advantage, to help man to 
reach new levels of understanding about his universe. 


In tests, the effects and bright light created by use of these reactor systems, which have 
been developed and tested for weight reduction and lift, has been noted. 


The operation and interference with the radar and radio frequencies, through tests 
running of these Magravs positioning reactors have been videoed and recorded in 
August 2008. This confirms the origin of the motion of these systems to be on a 
plasmatic magnetic fields basis, as the system’s Magnetic field operation interferes with 
radio waves, which radio waves are magnetic fields based entitie 


NASA has done tests on these types of magnetospheric condition and motion system, 
‘on a miniature scale, in advance concept projects known as MINI-magnetospheric 
plasma propulsion project called M2P2 (40). They have achieved this by using the 
argon gas up to this stage. They hope to be able to finance the project to reach helium 
and then the use of hydrogen as base-material in years to come. They may then use 
plasma of hydrogen atoms later as they progress in gaining knowledge in 30 to 50 years 
and having the budget. However this is still one of the theoretical approaches for 
NASA. 
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Fermilab (6, 7, and 8) is looking for the Antimatter as the “fuel” for propulsion systems 
of the future space programs for NASA. If they redirect their attention into the 
properties and the effects of the Antimatters that they have gathered by now, they can 
achieve the same results as have been seen and tested in the recent Magravs systems 
reported on our Foundation web site and patents that have been applied for. 


Through the understanding of the real forces in operation of the universe, the Magravs 
positioning reactors are simply years ahead of their time. 


Our Magravs positioning reactors are not in a mini-scale dimension as NASA’s project 
has tested and envisages at this moment in time, but these are in several sizes, which 
can create controllable size magnetospheric conditions, as the operator of these simple 
systems sees fit the purpose. 


In the near future, these Magravs systems will replace the propulsion systems that have 
been used for space explorations and air travel. 


The advantage with the Matters powered Grapos is that these systems create a 
magnetosphere around the reactor system. This is the same natural magnetic protection 
barrier for the future spacecrafts as the magnetosphere around the Earth has been, 
protecting man from space debris and cosmic radiations for billions of years. 


‘These systems’ magnetosphere protection capabilities can be used to protect the craft in 
deep oceans from water and the crafts to be used like the submarines of today, with the 
difference that these systems magnetosphere will allow these crafts to reach the deepest 
parts of oceans floors without any problem, as they can reach any depth in liquid planets 
in the universe. 


The magnetosphere generated by Grapos will create magnetic shielding at Matters’ 
level of the plasmas that can be used to pass through materials like ice without melting 
their matter(s). But simply by diluting the ice Matter(s) at plasma levels as in the plasma 
dilution reactors. In these conditions the crafts will appears as the craft will come out of 
nowhere and with no holes indicating the position of the exit from the ice by the 
spacecraft. If observed from the distance these crafis will be like bright lights shining 
and jumping out from the ice-covered sea-surface. 


These plasma dilution Magravs positioning systems, by the use of Matters, will be the 
only solution for plasmatic saturation, once these crafts will pass and go through cosmic 
dusts as they temporarily disentangle the Magravs of atoms and plasmas of these 
cosmic dusts by just diluting the components of the Magravs of the Matters of cosmic 
dusts with the Magravs of the craft protection magnetosphere, and the craft passes 
through the dust matters as if they were not there. 
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CHAPTER 23 


Matter Pmtics in reactors for lift and motion 


The utilisation of the Magravs forces of dynamic multi-core s 
other, for the purpose of the creation of lift and motion is disc 


tems, in respect to each 
‘sed in this chapter. 


In multiple cores dynamic plasmatic dilution Grapos that have been developed and 
tested at room temperature, these systems have proven to have the capability to produce 
different plasmatic Magravs forces strength as strong as those of a hot centre core 
object, like the Earth, 


Using the principle of the creation of dynamic plasmatic Magravs forces within the 
structure of a multi-core reactor, the system can be caused to find its own position in 
respect to the environment of a planet or any Magnetic field and gravitational field 
forces in space. 


In developing and achieving the Magravs positioning of these systems, in respect to the 
planet’s Magravs forces, on the surface of the planet, leads to the reduction of the 
weight of the system to start with. Once the two plasmatic magnetic fields of the planet 
and the system reach the total balance or equilibrium, the zero weight of the system, 
in respect to the planets gravitational fields at a given point and the position, is 
achieved. 


From this point of total equilibrium any further change(s) in Magravs force strength of 
the reactor in the same direction and configuration as before, this leading to and causing 
the free lift and motion of the reactor system, in respect to the planet. 


Principle concept of upward or separation motion 


The upward motion of the systems in respect to the planetary fields or any other 
Magravs systems is simply due to the fact that the Magnetic field of the planet and the 
Magnetic field of the system is of the same polarity. Thus, the two similar Magnetic 
polarities repel each other, hence causing the upward or separation motion of the 
system, 


It is fundamental to understand that: In the Magravs positioning reactors “The 
repulsion of two objects or moving away from each other, like moving away form 
the surface of the Earth, is totally due to interaction of the two pmtics of Magnetic 
fields forces of the systems and of the planet. 


Whereas, any closeness or gravitation of the reactor system in respect to the planet 
is controlled by the pmtics of the gravitational fields between the system and the 
planet in respect to each other.” 
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This is how Magravs positioning reactors, in possession of dynamic cores, create up or 
down (lift and descend) motion in respect to another Magravs of an object, like the 
Earth. 


In these systems by changing the strength of any of the gravitational or Magnetic fields 
strength within the reactors of a system, this system, necessitates the finding of a new 
balance position between the system and the planet’s Magnetic and gravitational fields. 


By changing the parameters of the reactors and for the reactor to find a new balance 
between the systems” own Magravs and the planetary Magravs, this causes the motion 
of the system as it tries to reach the newly desired balanced Magravs force position, in 
respect to the planet Magravs. 


This is the universal method of creation of motion without burning an atom of any 
matter, and this is exactly how all the celestial objects find their position and motion in 
the ever-dynamic environment of plasma of an electron in an atom, solar systems, 
galaxy and universes. 


The motion of the system is purely due to the phenomenon of Magravs positioning, of 
‘one system in respect to the other(s). 


Simple, portable, plasma dilution nuclear reactor systems, can produce the required 
Magravs forces within its reactor cores on a continuous repositioning criterion bases 
that can cause the motion of the Magravs positioning system (Fig. 56). 


In these Grapos, the individual pmtics released in the central core (Fig. 56) in their 
interaction with the compatible and matching pmtics’ strength of other pmtics in the 
same core can then collectively interact with the same collection of pmtics created in 
the other cores of the reactor (Fig. 56), and interactions and interlocking of the same 
pmties strength in different cores of the system leads to the creation of Magravs within 
and around these types of reactors simultaneously. 


By referring to figure 1, 2 and 3 in the early chapters, then it can be realised that, what 
has been achieved in these dilution plasmatic Magravs positioning reactors (Fig. 56), is 
exactly what has been going on in inner cores of planetary systems such as the Earth, to 
create their Magravs for them to hold on to their components through their gravitational 
fields, and at the same time to protect their matters from other celestial objects through 
their Magnetic fields, and at the same time create positioning in respect to other 
Magravs, at the same leading to creation of motion of the reactor. These reactors are 
truly an all integrated system for flight and motion. 


At the same time, these reactors during their operation within a craft system creates’ 
and maintains’ an independent internal gravitational field forces within the reactor cores 
fields catchments’ zone. For example these properties and effects can be used to 
maintain an earth, one-G gravitational field force within the confine of any spacecraft, 
independent of the position and speed of the craft where, this position in the universe 
might be. 


These reactors in collaboration and simultaneous production of the Magnetic fields and 
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gravitational fields leads to the creation of a distinctive and separate magnetosphere 
around the reactor or the craft which, uses such reactor technology, similar to the Earth 
atmospheric magnetic field, 


Fig. 56: The Keshe Model of Plasma Dilution and Magravs positioning reactor. 


Thus, the Grapos are exact copies of the planetary Magravs producing systems. 
Similarly, they utilise the same Matters inside them, and the same principle of 
interaction to create Magravs between the systems and a planet. This being the same 
principle as, between the Earth and the Sun field forces and the Earth, and the rest of 
planets in the solar system and the same system principle as between electrons and 
protons. (Fig. 57) 


Therefore, by changing the strength of the Magrays strength of Grapos, these systems 
can be positioned in any orbit or position around the Earth (Fig. 55, Fig. 56 and Fig. 57 
c), in the solar systems or galaxies, with the use of Matters, rather than matters in the 
system. 
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In other words, the balancing of two Magravs’ forces of the system, in respect to the 
planetary Magravs forces, leads to lift or descend of the systems. This separation only 
leads to a vertical up or down motion of one-system field in respect to the other 
systems’ field. This means lift or descend of the system in a craft takes place vertically 
and not a 360-degree directional motion of the system. 


In current physics, scientists call this the anti-gravitational field forces needed for lift 
and these systems are called anti-gravitational systems. 


In reality, any motion of a system is not due to anti-gravitational field forces, but in fact 
is due to the total balancing of the gravitational field and Magnetic fields of the two 
systems of the planet and the Magravs positioning of a reactor, in respect to each other 
in a given position. 


For directional motion, the same principle as vertical lift is used with the difference that 
in the directional case, the ratio of change between Magnetic fields and gravitational 
field created within the system are utilised, as the two field forces in the reactor of such 
a system have an opposite gradient of scale of strength with each other. That is to say, 
the control of the creation of gravitational fields increases with the same increment as 
the decrease in Magnetic field strength, within the interaction of the fields of the cores 
of the system, in respect to the planetary field forces. 


The same principle of Magravs positioning can be used in space for motion, in a 
direction of motion towards or away from a planet, star or galaxy. 


There is an alternative method of motion, which is by compartmenting each core of the 
reactor. This is a highly advanced technology and needs a full understanding of the 
creation and control of the magnetic fields’ strength of magnetic rays and Matters 
mixtures and full control of the motion of dynamic Matters in a dynamic environment 
of the reactor cores. 


As motioned before, reactors have been designed, built, and tested to confirm the effects 
of weight reduction and lift, and the results have proven the correctness of the principle 
of Magravs positioning reactors, rather than the anti-gravitational field assumptions. 


It has been shown that the system gravitational field and Magnetic field strength are 
independent of the size of the system for the mass that they can lift. 


In tests carried-out in 2008, a ten-kilogram reactor system was used to lift a 100- 
kilogram weight. 


In early 2009, the system combination was used to reduce weight from 9 kg by 
increments of 100 grams. Then another system was use to reduce the weight of the 
system from 7 kg to 6.5, 6.3 and 6.1 kg and so on in increments of 100 grams. In some 
tests, the weight of the same system was increased by 100-gram increments also. 


These tests were done to show the correctness of the theoretical principles and its 


practical applications in reduction or increase in Magravs forces of one system in 
respect to another like the planetary system. 
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CHAPTER 24 


Passive Magnetic Fields 


In the universe, there are two types of interaction in respect to plasmatic magnetic fields 
forces. 


One pmtics force is called active magnetic fields force and the other passive magnetic 
fields force. 


The active magnetic fields forces are the pmtics forces that can exert forces on other 
fields and componenis of other pmtics of plasmas causing them to move or vibrate, or 
receive motion or vibration from the pmtics. This is usually matter-based motion and 
creates tangible or physical motion of matter. 


Active magnetic fields forces usually cause dislocation of the electrons in a cell or 
vibration of electron in conductive material, etc. 


Matters of the plasma mainly produce the passive plasmatic magnetic fields. 


Passive pmtics can deliver their magnetic fields forces as energies to another plasma of 
the atom, for them to increase their magnetic fields density or energy without 
dislocating any Matters plasma’s. 


Through passive magnetic fields strength, if the plasma is in need of the extra pmtics 
strength, it can receive the quantity that it needs of the same pmtics strength for it to 
return to its ground level pmtics strength level. Otherwise, the pmtics will pass the 
plasma without transferring any of its pmtics to the second plasma. At the same time the 
second plasma, if it has extra pmtics which it does not need, it gives the extra pmtics fo 
the passing pmtics, if it needs the extra pmtics for both pmtics to return to ground levels 
of their original pmtics strength. 


The passive magnetic fields do not cause the atom to move or be dislocated from its 
position but also cannot cause vibration of the electron of the atom as such. 


Passive magnetic fields are pmtics used for delivering the energy levels of vitamins and 
minerals to atoms and molecules of protein chains and are Matter pmtics orientated and 
based. 


It is important to note that each plasma carries’ one pmtics strength pack in the majority 
of cases. Thus for human body to receive all its pmtics strength spectrum, the body need 
to consume different minerals and vitamins and proteins that can deliver certain specific 
passive plasmatic magnetic fields strength to cover all his cells’ needs. 


Where the active pmtics are matter orientated and create heat, motion, and vibration in 
the matter components of the plasma. 
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CHAPTER 25 


New understandings and New Technologies 


From the new explanation and understanding of the creation and control of initial 
fundamental particles (magnetic fields), and further in having access to the new 
knowledge and the technologies that to be able to replicate the same in small reactors 
and their systems, the production and the control of MATTERS and the initial 
fundamental plasma as in the universal order of the creation of Matters in these 
reactors have become simple and practically possible. 


The world of science and technology can find new solutions and new sources of Matters 
for the production of energy, the creation of motion and other applications within the 
confines of these reactors and this technology will be developed further for these 
purposes. 


In understanding the principles of the working of these reactors, one can make use of, 
and manipulate, the Matters and energies embedded in the initial fundamental plasmas 
for the production of new materials, motion and energy. One would be able to use the 
new understandings of the Matters sub-plasmatic structure for the release of magnetic 
fields and energies from these Matters. 


Through progressive development of this technology, new and simpler methods are 
devised and developed further for the fission and fusion of Matters and their relevant 
technologies. Through these new understandings and developments of reactors, new 
ways and opportunities for the production of energy in the world of nuclear physics has 
become possible. 


For energy production in nuclear fission of today, the state-of-the-art technologies use 
the collision effect of neutrons and atoms to break up an atomic structure and release its 
energy. On the other hand, in the world of nuclear fusion, the reverse methods are in 
use, Scientists in nuclear and physics laboratories use as much force as possible to fuse 
plasmas, and harvest the residual released energies from this proce: 


Through our technology new and simple reactors are in the reach of the scientific world 
for the disintegration of an atom, or for the fusing of plasmas through plasma dilution 
technology. This new approach is less energy consuming, much simpler, more practical 
and the resulting energies produced are easy to harvest. 


The same is seen in the world of aircraft and space industry where, jet engines and 
propulsion systems are in use to force and displace matters like air to create lift and 
motion. 


With this new knowledge and approach to plasma dilution technology as one integrated 
system, much simpler and more effective methods based on the universal methods for 
creation of motion are made available to the aircraft and space industry to move crafts 
within atmospheric or outer space (Fig. 57 C). Magravs positioning principle of an 
electron in respect to its proton (Fig. 57 A) and Magravs positioning of the planet Earth 


164 


in respect to Magravs system of its Sun (Fig. 57 B), these shows similarities between 
the principle of the use of the new Magravs positioning reactors and their universal 
parallel systems 
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Fig. 57: Similarities between four different Magravs positioning principles 
and systems for motion and position 


Note: Figure 57 D. shows that an independent plasmatic Magravs system can exist 
within another Magravs system, and have Magravs positioning in respect to each other, 
as the Ganymede, a moon of the planet Jupiter, has been functioning for millions of 
years within Jupiter's Magravs. To cosmologists the case of the Ganymede is the only 
known condition of an inter-gravitational planetary system positioning, and its 
operation within the Jupiter's magnetosphere could never be explained with present 
scientific knowledge. Similarly, Grapos reactors can be used in crafts for motion and 
Magravs positioning within the magnetosphere of the planet Earth, as shown in figure 
57 Cusing the same fundamental principle as the Ganymede. 
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Through the fundamentals of this new understanding of the creation and control of 
plasmatic magnetic fields reactors (Grapos), eraft systems do not need to burn 
Matmags to create lift and motion, but where, the reactor uses the Magnetic fields 
strength of the Matter (the Matmags) to create gravitational positioning. 


In the Magrays positioning Technology reactors, by the simple creation of the 
acquired plasmatic Magravs levels of the desired point in space, within the reactor’s 
systems, the system is forced by its’ internally produced Magravs, the need fo reach a 
new plasmatic Magravs balance position between the system and the planet Magravs 
forces‘, this causing the motion of the system in respect to the Earth without burning 
any fuel. 


The Magravs positioning technology once used in a craft, unusually these crafts become 
weight independent. That is to say, the systems payload compared to the power of the 
gravitational positioning forces of these reactors are so insignificant, that the payload 
mass becomes irrelevant. 


This is how small cores size of matters in comparison, in the centre of the planet Earth, 
can create such strong plasmatic magnetic fields, that their interactions can keep and 
cause continuous motion of the heavy loads of matters of the planet, at ease, for billions 
of years. 


The important point about using Grapos in aircraft systems is that the plasmatic 
Magravs and Magnetosphere fields’ catchments area of the system has to pass the 
physical boundary of the craft itself during motion, in-flight and stationary floating 
mode or protection mode. 


During the operation of plasmatic Grapos, magnetospheres are created around the 
system interface between system and the planet. At the interface of the magnetosphere 
of the system, due to the friction between two plasmatic Magravs of the system and the 
planet, only at the point of the magnetospheric interface of the system, this leads to the 
creation of visible light (Chapter 7). 


In respect to plasmatic gravitational field systems, once the fields are allowed to pass 
beyond the physical boundary of the craft, this gives the craft being in possession and 
the advantage of having a dynamic magnetically based magnetospheric protection 
environment around the system. This magnetic magnetospheric zone around these crafts 
operates and functions exactly and similar to magnetosphere possessed by the Earth, 
which, the Earth has generated around itself by the interaction of its own plasmatic 
gravitational and Magnetic fields with that of its star and the pmtics around its 
environment in space. 


This production of plasmatic magnetospheric shielding is a natural protection system 
offered by all celestial objects in possession of dynamic plasmatic Magravs for the 
entrapped matters within their systems. 


Thus, by the use of Grapos in crafis nothing less than that is natural in the universe and 


a normal phenomenon for protection of internal matters and structure of the planet are 
offered. 
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at harvesting ambient RF energy from a mobile phone base sta- 
tion at 845 MHz was reported in [14]. This prototype managed 
to power an LCD thermometer for 4 min, but only after har- 
vesting for 65 h. In that work, when the authors used a dedicated 
signal source with a single-tone input RF power of -15 dBm, 
an efficiency of 3% was recorded. A batteryless location sensor 
has also been demonstrated [15], powered by a rectenna with a 
printed antenna on a flexible substrate and a solar cell, although 
no details for the RF-de efficiency were reported. Finally, sue- 
cessful prototypes capable of harvesting energy using TV an- 
tennas were presented, but again no details of their efficiency 
were given [16], [17] 

In order to demonstrate the feasibility for implementing 
ambient RF energy harvesting, here we first present the r 
sults of a citywide RF spectral survey, indicating suitable 
locations and associated RF bands with sufficient input RF 
power density levels for harvesting. Based on these results, 
rectennas were then fabricated and their efficiencies, under 


Furthermore, an 
nna arrays is also presented, 
demonstrating the tradeoffs between series (voltage summing) 
and parallel (current summing) topologies with the aim of 
reducing the minimum input power required for harvester op- 
cration. Finally, a comparison between measured ambient RF 
energy harvesting and alternative forms of energy harvesting 
hnologies is presented; highlighting, for the first time, the 
I feasibility of exploiting existing freely available 
of RF energy. 


Il. LONDON RF SuRvEY 


In order to quantify input RF power density levels present in a 
typical urban and semi-urban environment, a citywide RF spec- 
tral survey within the ultrahigh frequency (0.3-3 GHz) part of 
the frequency spectrum was conducted within Greater London. 
A number of citywide RF spectral surveys have previously been 
conducted, but in general, only a few samples were taken, giving 
litte insight into (semi-jurban environments [14], [18], [19] 
Other surveys [20], (21] compare their measurements relative 
to the distance from the nearest TX. In a (semi-Jurban envi- 
ronment, this may not provide enough information about the 
RE spectrum since there is likely to be local geographical vari- 
ations in base-station density and propagation characteristics 
(c.g., multipath effects and diffraction around and attenuation 
through buildings), 

Each station on the London Underground network was used 
as a survey point to provide a robust dataset for representing 
Greater London in terms of geographical distribution and 
population density, having a combination of urban (in the 
center) and semi-urban (in surrounding areas) characteristies. 
Measurements were taken at each of the 270 stations (from a 
randomly chosen exit, at street level and a height of 1.6 m). 
To provide traceability and for use as a historical reference, 
time stamps and GPS locations were recorded. In addition, 
‘measurements were taken inside a building at Imperial College 
London (ICL), to represent a typical office block within an 
urban environment. 
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A. Methodology 

Mobile phone usage varies during the daytime, and hence, 
ambient RF energy in their bands is expected to be time 
dependant, with more energy available during the daytime 
than at night time. Therefore, in order to be able to make fair 
comparisons between locations, measurements were taken 
between 10:00 am and 3:00 pm on weekdays over a period of 
‘one month (between March 5, and April 4, 2012). Electric field 
strength was measured between 0.3-2.5 GHz using an Agilent 
N99I2A FieldFox RF analyzer [22] with a calibrated Aaronia 
BicoLOG 20300 omnidirectional antenna [23]. It is important 
to note that the spectral measurements were undertaken during 
the analog-to-digital switchover period in the U.K. and so the 
surements for DTV may represent an underestimate of 
present RF power levels measured now that the switch over 
is complete [24]. It should also be noted that this survey was 
conducted prior to the 4G network being switched on within 
the UK. 

‘A “panning method,” which complies with international 
regulations for measuring exposure limits, was used [25]-27] 
Here, the calibrated antenna is rotated to three orthogonal axes 
while the spectrum analyser is set to “max-hold,” ensuring 
that the maximum reading is recorded. For each measurement, 
more than I min was allocated to allow for more than three 
sweeps across the selected frequency range. Additionally, to 
maintain a comparable signal-to-noise (S/N) ratio, attenua- 
tion was introduced (with a minimum set at 5 dB) to avoid 
compression when high input RF power levels were detected. 
For all measurements, the resolution bandwidth (BW) was 
fixed at 100 kHz, the internal amplifier was turned on and the 
highest resolution of 1001 points was selected. These settings 
provide the ability to obtain a snapshot of the power density 
that can be expected in an urban or semi-urban environment 
from continuously variable sour 


B. Results 


After inputting the manufacturers’ frequency-banded antenna 
factors into the spectrum analyzer, to ensure a fully calibrated 
system, the electric field strength measurements were taken. The 
input RF power density (5) is then calculated from the electric 
field strength measurement. Fig. | shows the input RF power 
density measured outside the Northfields London Underground 
station, where the spectral bands for DTV, GSM900, GSM1800, 
3G, and Wi-Fi can been clearly identified, 

A well-designed rectenna should ideally be capable of har- 
vesting energy across an entire band, and thus itis important to 
culate the total band power. The banded input RF power d 
sity Sq (nW/cm?) is calculated by summing all the spectral 
peaks across the band (jc. in a similar way, the spectrum an- 
alyzer calculates channel power). These levels provide a snap- 
shot of source availability at the time and location of the mea- 
surement. Moreover, they are used as a harvester design starting 
e the power density at each band will define the input 
e of a rectenna. 

The exact frequencies for each band are set by the U.K.’s of- 
ficial frequency band allocation [28]; the GSM900, GSM1800 
and 3G base transmit (BTx) bands were separated from the as- 
sociated mobile transmit (MTx) bands. Table I shows average 


Using this magnetospheric protection capability of Grapos, crafts of future will travel at 
speeds beyond the capability of the present technology in the aircraft and space 
industry. These crafts will travel without their outer-surface ever getting heated-up, or 
ever being in a position to be hit for example by birds in Earths atmospheric conditions 
or in space by space debris. The reason for this is due to the fact that the outer surfaces 
of these crafts never come to be in contact with other matters, except its own internally 
created plasmatic Magrav: 


The interface between the crafts’ dynamic Magravs and planets plasmatic dynamic 
Magravs can be extended through the design and control of the Matters within the 
reactor cores of these systems, that their interface to be far enough away from the 
physical body of the craft, that there will be no contact or interface with other Matters 
and matters of physical body of the craft system. These matters outside the boundary of 
the system can be Dark Matter, air, liquid or others. These Magravs are needed for the 
protection of a system like this in space, as the systems cannot be hit or damaged by any 
cosmic dust or asteroid in the path of motion of the system. 


The magnetosphere created around these systems, due to the dynamic characteristics of 
their nature, create plasmatic magnetic fields that will act and is a magnetic shield for 
the embedded craft within it. These dynamic magnetospheres around these crafts are 
naturally watertight systems. 


If the plasmatic magnetic fields generated by the system, do not reach and pass the 
physical outer boundaries of the crafi, these crafts can have the gravitational shearing 
gradient forces fields effects, enforced on it, half-way within its structure, rather than 
around its outer physical boundary; which partial structural cover of Magravs on the 
middle of the structure of the crait will end-up in the physical damage or in extreme 
cases the breaking-off of parts or the whole section of the craft at the point of interface 
between the system and the planet pmtics Magravs. This shearing-off zone is possible 
and can happen purely due to a difference in the two Magravs forces strength levels at 
the magnetospheric boundary of the reactor system in the middle of the structure of the 
craft. 


At the same time the passengers of the future, using the Magravs positioning systems, 
will travel in gravitational field forces within the boundary structure of the craft in 
similar conditions as on the Earth. The passengers of these crafts can travel without the 
need for the present compression systems, in use, in the state-of-the-art aircraft industry. 
There will be no G-force changes inside these crafts during their flight due to the 
sudden changes in directional motion or at high-speed capabilities of these crafts. Using 
Grapos, in spacecraft, this allows normal life and motion within the craft without the 
effect of weightlessness as is experienced by the space travels of today. 


These crafts through their natural plasmatic magnetic fields interaction will always be 
rotating, as all celestial objects in possession of Magravs positioning field force do. This 
rotational effect can be facilitated through the design of the craft that the rotational 
motion can be transferred and be connected to the outer physical boundaries of these 
crafis, without affecting the working of the internal structure or passengers of these 
types of crafts. 
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This method of travel using plasmatic Magravs protection for motion for the future 
space systems is to be called the Magnetically Originated Joint Habitation And 
Nutrition (MOJHAN) system. The passengers of this Man Originated Zone Habitation 
And Nutrition to be known as “MOZHAN”. 


These new names unify the human race by the use of the name of the technology and 
the method of its travel, through the Men’s collective effort to reach this point of 
scientific achievement over thousands of years, through their progressive evolution in 
science and technology. This takes away the national dependent names, like Cosmo- or 
Astro- and the rest from the unique and individual nations, for the collective effort and 
contribution by all of the inhabitants of the planet in different measures over the times 
to reach this point in Mans scientific evolution. 


The use of Grapos will make national boundaries irrelevant except for tax and local 
laws. The Grapos will not need airports to land near too. These systems know no 
national or planetary boundaries and they have no need for fuel as such. 


Thus, in the near future the nations will have to devise new ways of dealing with the 
Mozhans as they can land anywhere, without a need for a specific plot or landing strip. 
In reality however, these crafts will never even need to touch the ground. 


Nevertheless, these systems can reach ground level, when their total reactor Magravs 
sizes are reduced to a safe planetary level, within a specific spherical zones cavity, 
allocated just out-side the boundary of the reactor systems but within the craft 
environment. 


Pmtics reactors for production of energy 


The creation of energy in the universe and utilisation of Grapos technology for 
production of energy in essence are based on the same principles. 


In the universal order of production of energy like in stars, in these units, the principle 
of the production of current and energy is not on the base of electrons and their 
vibration movement. In fact, current and voltages on massive scales in these celestial 
objects are produce through their only ingredients, which are the plasmas and their 
creation of the pmtics of Magravs of their Matters within their inner natural cores. 


In current state-of-the-art power production units like power stations generators, the 
rotational motion of magnets, and the magnetic fields forces within the confines of the 
copper windings, is used to create a continuous vibration of the electrons in the solid 
matters of the copper wire, to generate a flow of current. 


We consider the flow of pmtics in materials like that of the wind flow of pmtics or what 
is commonly called the current flowing through matters like in copper wires. Where the 
plasmatic magnetic fields flow in matters like copper, the strength of the magnetic wind 
decides the rate of the vibration of the electrons of the atoms of the copper. 
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In understanding the new concept of the internal structure of an atom there are two 
fundamental points to consider. 


First, the electron is the smaller and the weaker of the two components of an atom. 
Secondly, the proton by order of mass is much heavier and is made itself of greater 
amounts of the same plasmatic magnetic fields as the electron. 


Thus in utilising the power of the plasma of the proton rather than the plasma of the 
electron, it becomes easier to produce the same levels of power with the use of a 
fraction of the material compared with the present power units. 


This is to say; the new dilution plasma technology will bring into to play the use of 
magnetic characteristic of Matters of the plasma of the proton rather than the 
vibration of the electron. 


To be able to separate the Matters of plasma of proton within the plasma dilution 
reactors, one needs to release enough dynamic plasmatic magnetic fields, in motion 
(energy), in the field strength level of the plasma of proton. These plasmatic magnetic 
fields can move the plasma of the matters of atoms with profound effects, rather than 
the electron of an atom. 


This new capability and control of magnetic fields strength that can be released by the 
plasmatic reactors, brings into play totally new methods for energy production for any 
purpose. 


‘The important point to note is that the production of energy through this method does 
not mean a change in the common use of electrical equipments. The beauty of this 
method is that the generators of the future will not be limited in their power production 
capabilities because of the material and size of the system. This means that even pmtics 
of plastics, nanolayers or any sort of matters can be used for current production and 
flow of current. 


This changes the present power production capability, and gives the possibility of any 
generator’s construction or any power levels at the point-of-demand, this being nano- 
amps or megawatts of power, through the operation of the same reactor, simultaneously 
and separately. 


The other advantage is that the plasmatic magnetic fields strength of these reactors can 
be changed through the operation of the system. This capability of the plasma reactors 
gives a new insight into the power production capability of these new generators using 
the present equipments and tool. 


New type of Generators 
Through the control and power of the plasmatic magnetic fields strength DYnamic 


Plasmatic Magnetic Flux Strength, abbreviated to: “DYPMES” that can be released by 
these new plasmatic dilution reactors, future electric power generators only need to 
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change their Dypmtfs, or the dimensions of the VOlume of the MAgnetospheric Field 
Strength, abbreviated to “VOMAFS” of the reactor, to envelop the generators’ winding 
using the coil winding method for power production. 


Where, the Vomafs of the reactor can cover more of the same copper winding, to 
produce larger amounts of currents or the strength of Dypmfs of the reactor can be 
increased or decreased to change the levels of the current out-put of the same winding. 


With these new types of plasma magnetic fields system there is no need for 
transformers, since the exact power input to the motor or engine can be produced by the 
plasmatic magnetic fields release at the point-of-demand. 


For example: considering the present Power Station generating units (Fig. 58), it can be 
seen that, what has been used as fuel (coal, oil, gas, nuclear) to boil water, to generate 
steam, to turn the turbine and for the turbine to cause the rotation of the rotor, which is 
mounted with fixed flux strength magnets, for the motion of these magnetic fields 
cutting with the matter of the copper coil windings, to generate power, for this power to 
feed into a power grid. 


GENERATOR 


TRADITIONAL ELECTRICITY PRODUCTION 


Fig, 58: Schema of actual electricity production 


With the present power station generating units one losses a vast amount of energy 
through each step of conversion from solid or liquid or gas to steam to rotation, by all 
sorts of channels like different types of frictions, heat lost, losses through the grid. 
These systems usually need hundreds of kilometres of transmission lines to transfer the 
generated powers to the point-of-demand usually into cities. At the same time these 
types of generating systems using matter components of plasma, these always produce 
wastes like CO2 or nuclear wastes. 
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In understanding the principle of the rotation of the Earth, through the interaction of two 
magnetic fields (Fig. 3) and the capability of the planet to create simultaneously the 
external dynamic Magnetic field (Fig. 1, similarly Fig. 61), with the new knowledge of 
the use of the plasma dilution Magravs positioning reactors with the ability to produce a 
controllable, continuous, dynamic rotational flexible Magnetic field strength, 
within the cores of such reactors, it is now easy to construct and produced new strong 
and powerful generators that do not need to burn any fuel (Fig. 59), to create rotating 
Magnetic fields, but, just by using Grapos nuclear reactor one can achieve the same and 
even more power than the present matter-based frictional systems. Even it becomes 
possible to produce varying frequencies of current output of the system from the same 
generator. 


Grapos generators can produce power from kilowatts to megawatts in seconds, by just 
increasing the strength of the Magravs for the Dypmfs of the reactor or by increasing 
the Vomafs coverage of the Magravs. We have called this new generation of power 
generators the Keshe reactor generators (Fig. 60). 


BECOMES A 
SELF-ROTATIONING 
MAGNET 


NEW TYPE OF ELECTRICITY PRODUCTION 


Fig. 59: New approach to generate electricity 


The use of plasma dilution Magravs positioning reactor brings to an end the need for 
burning of fuel (Fig. 59), to create rotational motion of the rotors’ for production of 
electricity as it happens in the present generators. 


Our new approach puts an end to the production of greenhouse gasses (like COs) 
through the burning of fuels (coal, oil, gas) and finally an end to the habitual burning of 
matters to generate motion and energy. This also bringing to an end the current 
production of dangerous nuclear waste by running the present nuclear power stations. 


By purely using the effects of interaction of the Magravs of the Matters, within the 
cores of these reactors, motion and Magnetic fields, for production of any amount of 
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electric power can be achieved in one all-integrated nuclear-based unit without creating 
any waste of any sorts. 


In a way this is how all plasmas, atoms, planetary systems, stars and galaxies create 
their own motion and Magnetic fields (Fig. 60 and Fig. 61). Why not for the man to take 
advantage of this new knowledge of clean source of supply of Matters for new energy 
production technology through the real universal method of workings of magnetic fields 
of Matters? 


IF: magnetic fields 
created by solid magnets 
(MF2:magnetic fields 
‘created by the materials 
inside the dynamic cores 


KESHE GENERATOR 


Fig. 60: The Keshe generator, which rotates for years in a coil structure. 


EARTH GENERATOR 


Fig. 61: The virtual Earth generator, which rotates and generates Magnetic fields (MF and 
MF2) for millions years, and could generate electricity if there was a copper coil around it. 


Similarly, using the plasmatic magnetic fields reactors can eliminate the need for 


172 


generators and transmission lines, due to the fact that the pmtics needed for production 
of a given current and voltage level can be created at the point-of-contact of the system. 
Even the structure of the matters electrons or plasmas can be used to create current for 
their use in the same equipment. This means that one can produce current from the 
atoms and plasmas of a silicon or plastic cover of a microchip, to meet the components 
energy needs. 


One possible use for a small reactor is to produce the right plasmatic vibration of 
electrons or the plasma of matter, within any given environment to generate light and 
power. 


Prototype reactors have already been made and can be further refined that only need to 
generate plasmatic magnetic fields within their cores, that the interaction of the pmtics 
generated by these reactors with its surrounding matters, creates a magnetosphere at the 
point of the interface of the two pmtics of the system and atmosphere, that leads to the 
release of pmtics in the range of visible light of any colour and ray. This will be how 
future light producing units will be manufactured. 


Similarly, in a given environment, in such as a craft, the operation of reactors can 
produce Magravs, that the interior of such crafts would always be lit due to the principle 
of the interaction of the surrounding Vomaf’ of the reactor and the dynamic plasmatic 
magnetic fields of the particle content of the air within the confines of these crafts. 


The strength of these Dypmfs generated by the reactors can be set to produce any colour 
rays of any magnetic wavelength, be this red or orange light, and X-rays or gamma rays. 
We have seen this effect in laboratory tests and have measured the radiation fields. 


The power generating units of the future, using the plasmatic magnetic dilution 
technology, will be a departure from the present power and light production technology. 


Grapos, due to their ability can create rays at any frequency, can be used for example 
for disinfection of any give environment and materials, by the production of Ultra 
Violet lights for matter and Extreme Ultra Violet for Matter in space. 


The same principle, for generating matching plasmatic magnetic fields for the 
production of proteins in these reactors have been tested and proven to be correct. These 
tests were carried out in 2008 and the production of proteins by the use of nitrogen from 
air through this technology was proven to be simple and achievable. 


In separate tests conditions, the hydrogen atoms of water were used to transfer the right 
plasmatic magnetic fields to the right pmtics strength of plants and human cells for the 
pmtics of the cell to gain nourishment or recover to their original level of plasmatic 
magnetic fields’ strength. 


This technology has been used in trial cases for helping volunteers with different 
vitamin deficiencies, or cell plasmatic deficiencies, to recover from the disorders 
produced by the deficiency, and people to live a normal life after years of suffering. 


Alternatively, this technology can be used for production of new materials for coating 
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or new processes of coating. 


At the same time, through simple magnetic plasmatic reactors, the lattice structure of 
matter can be changed so that the nano-components of the matter can be realigned to 
change their lattice formation to another. The change of characteristics and properties of 
one element to another has been tested and confirmed to be correct by independent 
organisations. In these tests, the nano-matter of an element was captured and then its 
lattice formation, through the right plasmatic magnetic fields conditions, was changed 
to attain new properties from the same matter. This was carried out through several 
tests, at room temperature and pressure, where atomic carbon was initially released 
from a C-H bound matter. The carbon was then allowed to deposit itself on a layer of 
copper. This deposition was dependant on the presentation of the right plasmatic 
magnetic fields at different points on the same copper Matter. This copper surface was 
then tested and proven to have sections of nanolayer coating in the form of sp2, and on 
the same layers and same condition the lattice structure changes the same material to a 
diamond lattice structure, or what is known as sp3. Where, sp2 is a two-dimensional 
nanolayer, and sp3 is a three-dimensional diamond-lattice nanostructure. 


The plasmatic magnetic fields’ of reactors can be tuned to similar frequencies’ as the 
plants pmtics, to generate certain vitamins and minerals. These single or multi- 
plasmatic magnetic fields producing reactor sources can and will replace the fertiliser 
industries of today’s technologies in space for food production, once scientists grasp the 
method of their use. 


In tests, seeds of herbs were grown by being feed using water treated in these reactors, 
the parallel seeds, which were grown normally with rainwater, died in early October. 
The herbs that were watered from reactor system were still green till March of the 
following year, because the molecules of the water were structured through the reactor 
system to act as fertilisers. Similar tests are in progress. 


In this section, it has been shown and explained some of what has been tested and 
achieved through this new understanding. Scientists and users of this new technology 
will find their own ways to expand and will add their own new knowledge to our 
disclosures 


Seed of thought 


Where, in the present time the majority of the nations in the third world due to the lack 
of funds to purchase fuel even in having power stations, or being able to afford to build 
generators at the cost of tens of million of dollars, they cannot afforded to run these 
generators to provide power for their nationals. Secondly, there is not enough 
production capacity to build new power stations and power grids. Therefore local 
alternatives can be in the range of windmills and solar cells, but these will not solve the 
incredible lack of electricity in next decades. 


Now, through the use of Keshe generators reactors, which can cost as little as a new 
car, these governments can provide electricity and clean water for their nationals. 
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Where, these governments do not need to pay for fuel as these reactors run on hydrogen 
extracted from their environment. These reactors can be placed at the point-of-demand 
in a village or in the cities without the need for transmission lines or for any expertise to 
operate these reactors. Where through the production of electricity, purification systems 
which are part of these reactors integral operations will allow fresh clean water supply 
to every child, woman and man on this planet. This new energy source and clean source 
of water, given opportunities to third world nations to rise above and from poverty and 
reliance upon foreign aids and charities organisations. Where these nations can produce 
food and warmth for their nation as the rest of developing world without the 
backbreaking debt to other nations. 


According to a United Nations report (Energy Challenge for Achieving the Millennium 
Development Goals 2006), "Currently, at least 1.6 billion people do not have access to 
electricity for lighting, refrigeration, mechanical power, telecommunications and 
other beneficial uses, ... Moreover under today's policies and investment trends 
in energy infrastructure, 1.5 billion people will still lack access to electricity in 203 
(42) 


Of course this is not acceptable, It is clear that humanity is not capable to deliver 
fundamental care to all of its members, even not within next twenty years! 


Man is not complete and healthy if parts of it human structure suffers from paint of self- 
inflicting disability, this is the same for the human race as whole. This race is not 
complete until all its members have and can exists and have the privilege to live the 
same standard of the development as the rest. 


“The future is bright, the future is plasmatic magnetic fields based, through the 
production and control of plasmatic dilution technology reactors to bring peace and 
comfort to the human race.” 


CHAPTER 26 


Matters Experimental results and observations 


Tests for the proof of all the concepts have been carried out over some years. The direct 
results and observations made in some of these tests have already been mentioned in 
some other parts of this book and now will be brought under one chapter collectively 
and will be discussed in general. 


The reason for writing this book is to disclose the theoretical new first principles of our 
technology; because most of our test results are so groundbreaking that they cannot be 
explained by actual knowledge. Actual science is partly based on a number of 
mainstream accepted assumptions about fundamental interactions and particles and 
matters, where these assumptions have become almost “laws”, and do not consider the 
true occurrences of real events in the universal order of creation of particles, plasmas, 
matters, energy, gravity and motion as they take place in the universe. 


Where, the major processes in the universe are based on fusion and fission of Matters 
and plasmas, and the transformations and conversions of matters from one form to 
another. In this book we explain how such conversions and transformations can be 
reached in plasma reactors, and by this insight we were able to attain such amazing 
results, Where some people don’t feel comfortable with them, or a priori reject them 
because these new findings and their applications counter their school of thought and 
their financial gains. 


For example, one of the major obstacles in the world of nuclear fusion has been to 
overcome the Coulomb barrier for fusing two plasmas, and this problem has not been 
solved for the past sixty years by all scientists in this industry, even though billions of 
US Dollars and more has been spent by different nations in laboratories and fusion 
reactors testing to overcome the weakest of the weakest of magnetic fields interactions 
in the world of creation, which this is a magnetic barrier, also known as the Coulomb 
barrier, where this barrier is exactly the Magravs of the plasma, and as now we know 
how it is created, we have found the solution not to fight and force to cross this 
magnetic magnetosphere barrier, but the solution is how to create an environment 
matching the magnetic fields strength of this magnetosphere of the plasma for it to 
‘open-up and unveil its real constituent Matters. As the environment of the whole reactor 
becomes in magnetic fields strength equal to the magnetic fields strength environment 
of the plasma. Therefore, through this method, there are no barriers to overcome, and 
fusion of matters of plasmas or the use of the Magravs of the Matters of the plasma 
becomes a child’s play. 


For the first time in the world of energy and motion, we offer through dilution reactor 
technology, at low costs, to open the plasma and dictate the strength and the resistance 
of this Coulomb barrier to realize the dream of fusion. 


Similarly, to achieve lift and motion where, the present space agencies are only able to 
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PISUELA eral AMBIENT RF ENERGY HARVESTING IN URBAN AND SEMI-URBAN ENVIRONMENTS 
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TABLE 
SUMMARY OF LoNDOW RF SURVEY MEASUREMENTS: 
Band Frequencies Average Sy, Maximum Sn, 
(Miz) (aWiew?) (a Wem’) 

DIV tauringavich ven) 089 460 
(GSM900 (MTs) 04s 39 
GSM900 (BT) 36 1930 
GSMIS00 (MTX) 05 20 
GSMI800 (BT) 1805-1880 3 6390 
36 (MTX) 1920-1980 0.46 6 
3G (BT) 21102170 12 240 
WiFi 2400-2500 048 6 


RF power levels across all London Underground stations for the 
banded input RF power density measurements. It can be seen 
that all base-station transmit levels are between one and three 
orders of magnitude greater than the associated MTx levels. For 
this reason, and the fact that the population of transmitting mo- 
bile phones in close proximity of the harvester is highly variable, 
only base-station TXs will be considered further. 

From our London RF survey, DTV, GSM900, GSM1800, 
and Wi-Fi were identified as potentially useful ambient RF en- 
ergy harvesting sources, although DTV appears to be heavily 
dependent on line-of-sight and sudden changes in atmospheric 
conditions (e.g., temperature inversion) and Wi-Fi is very de- 
pendent on user traffic. It should be noted that the mobile phone 
base-station TXs employ vertically polarized antennas, placing 
‘constraint on harvester orientation in deployment. With DTV, 
within the U.K., the main TXs have horizontally polarized an- 
tennas, while repeater TXs have vertically polarized antennas. 

It is convenient to define the boundary between urban and 
semi-urban environments by the line that separates zones 3 and 
4 on the London Underground map [29]. As one would expect, 
the central zones 1-3 host the highest density of base stations. 
As shown in Table II, a banded input RF power density threshold 
wwas selected to filter the ten London Underground stations with 
the highest measurements for each band, With DTV, the highest 
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recorded measurements were all found within the urban envi- 
ronment. This is because Greater London’s main DTV TX (at 
Crystal Palace) is located on the southeastern boarder of zones 
3 and 4 and there are no London Underground stations further 
south. With mobile phones, more than 50% of the stations were 
inside the urban environment and those in a semi-urban environ- 


ment were all located in close proximity to a cluster of base-sta- 
tion TXs. 

Using the complete dataset from the London RF survey, Fig.2 
shows the average and median of the banded input RF power 
density measurements for the four largest ambient RF sourc 
in Greater London. It can be seen that more than half of the lo- 
cations have below average power levels. This is duc to the fact 


that several stations had maximum levels that were considerably 
higher than the average because of their close proximity to TV 
‘TXs (e-g., Crystal Palace), extremes in base-station density and 
propagation characteristics. 

In addition to the London RF survey, measurements within 
the Department of Electrical and Electronic Engineering 
building at ICL were taken on the 11th floor of the south 
stairwell. These are shown in Table III. As can be seen, DTV 
and GSM900 have a higher than average power level, due to a 
near line of sight from the TV TX and a close proximity to the 
2G GSM900/1800 base stations 

‘The dataset from the London RF survey, with all relevant 
information (c.g., locations, timestamps, and banded input RF 
power density measurements), can be found at our interactive 
website: www.londonrfsurvey.org [30]. These measurements 
were used to design efficient harvesters and compared to ICL 


deliver a limited payload into space, and the burden and the costs of such launches of 
crafts and personnel, cannot be met by one nation easily. Where, Magravs Grapos 
reactors can lift much larger payloads at low costs, without limitation on passengers and 
no weightlessness conditions in space. 


Radiation 


During tests in 2008, radiation detectors in the surrounding environment of a test reactor 
detected high levels of magnetic fields radiation. These high-energy magnetic fields 
have been measured more than 1.5 meters away from the plasma reactors. Where, there 
were no neutron sources in the laboratory or in the building. Through known physics 
or theories, these radiations should have not been in the environment. 


These strong radiation fields were tested and looked for and were not present in the 
laboratory at any other times with other different testing configurations with the same 
reactors, using the same radiation measuring detectors. 


Such high levels of magnetic fields radiations could have only been due to the release of 
the magnetic fields that had been entrapped in the Matters of the plasmas, which the 
system was set to produce. These releases of components of the plasma were achieved 
during the specific pre-set configurations of loadings of reactors. These strong magnetic 
fields were released by the operation of multi-core plasmatic dilution environment 
reactors and at no other time they were detected in the laboratory. 


Most of the reactors, mainly built and tested for lift and weight reductions, are made of 
different simple parts, which some part have materials like plastic rings, and PVC, thus 
these systems do not and could not have been operating at high temperatures. 


In other tests in 2008, and in repeats of the same tests in January and February of 2009, 
the same results have been achieved, all of which have been recorded on video. 


In these tests with the use of a less than one gram of mixture of matters in the similar 
multi-core dilution magnetic fields systems, fundamental plasma separations were 
created through the same method as before. These tests were done using five different 
reactors, each having a different set of internal configurations. 


In all test settings of the reactors, different loadings of materials and different dynamics 
for the reactors were used. 


Weight reduction, motion and lift 


In alll cases, when the dilution of the plasma and the subsequent untangling of its 
Matters in the reactors were achieved, then the effects of the disassociations of Matters 
were observed through the effects they created internally in the reactor and externally 
through lift and motion, and jamming of radio-frequencies and so on. 
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In the early original reactor tests, full lift was achieved so fast that the effects of free 
motion were noticed a while after it was clearly apparent and were in progress, through 
the replay of the video recorded sessions of the sessions of tests. Through video replay 
of the recordings of tests, the motion of the system freely on the floor of the laboratory 
could clearly be seen prior to physical observation of the lift of the reactor system. 
These reactors have no protrusions, are not equipped with propellers, or portholes, 
which could cause the lift of the reactor by air repositioning means 


In one configuration and loading of the system, control of the system was lost, so the 
reactor had to be caught by hand in mid-air, that it could be brought under control 
before it was damaged. 


In one configuration, two reactors with different external bodies and two different 
internal settings were used next to each other. These systems were kept about thirty 
centimetres apart from each other. These reactors were entirely different in design and 
had different settings and loadings. In the two-system loadings that were adjacent to 
each other, the systems’ interacting fields pushed one reactor away from the stronger 
Magnetic fields of the two systems. With the same systems and different configurations 
of loading one system was attracted by and was pulled by the stronger gravitational 
fields strength system, where physical force was used to keep the two systems away 
from colliding with each other. 


“These systems have no portholes, and no physical means of interaction with the 
outside environment and no aerodynamic systems to cause them to propel up or move 
side-ways through the air, and they have been no solid magnets or electro-magnets for 
repositioning or for motion, for them to move the total collective weight of 15 kg of the 
two systems. There are no external systems and tracts used to help causing the lift or 
motion of the system in the laboratory. Thus the motion is not due to propulsion or 
aerodynamic design and movement”. This is the conclusion of independent expert 
appointed as observer for the validation of the results of the tests. 


During other tests systems weighting several kilograms, their weight were reduced in a 
controlled manner at increments of one hundred grams and two hundred grams per 
setting of a reactor and these tests were all videoed and recorded. For reduction of 
weight in these increments, the systems needed less than one thousand" of a gram of a 
new material combination as Matmags, even in some tests no new material was 
introduced and by just adjusting some internal parameters of the reactors reductions 
were achieved. 


With the use of such a small amount of physical mass of matters used, creation of such 
lift and the reduction of system weight seven kilograms, has been said to be impossible 
without any external energy or equipment. 


Through the understanding of the principles of the plasma dilution methods of 
disassembling the plasma components to utilise its sub-components, systems were 
designed to achieve these effects in simple ways. With the interaction of the 
disassociated Matters components of plasmas in different parts of the system, then the 
scene was set for creation of profound effects such as a reduction in weight with respect 
to the Magravs forces of the planet. 
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The interaction of the strong Antimatters’ of the plasmas components, which were 
released in the different cores of the plasma dilution reactors and the interaction of the 
fundamental magnetic fields of Antimatter upon each other, was observed during 
different tests. The interaction of pmtics of Antimatter leads to the creation of the strong 
Magravs in the vicinity of, and within, the reactor cores. 


Through the control of plasmas and by being able to separate the components of 
Antimatters and utilising their constituent magnetic fields in reactor cores, this led to the 
creation of Magravs forces that initially led to a reduction in the weight of the whole 
system. In following on with this process there was a detachment of the system from the 
ground as the system found a new Magravs positioning in respect to the Earth’s 
Magravs force strength. 


When looking at the effects and results achieved, there is no doubt about the powers of 
the interaction of the magnetic fields of Matters, which were diluted and their fields 
were allowed to interact in these reactors’ cores. These effects were attained by 
allowing a number of the pmtics of the Antimatters of the plasmas fo integrate in one 
core, and allowing these fields of Antimatters to interact with the same and similar 
fields integrated through the same principles in other parts of the reactor. Where, the 
interaction of the pmtics of the components’ of Antimatters in different parts of the 
system with each other, led to the generation of strong specific plasmatic Magravs. The 
reactor facilitates for these stronger Magnetic fields to interact and generate strong 
plasmatic Magravs in the reactor cores, with allowing these Magravs created in the 
reactor cores to interact with the Magravs forces of the planet, and due to the strength of 
the fields produced in the reactor, this causes’ reduction or increase in the weight of the 
system in respect to the planet’s Magravs 


‘The new Magravs created within the system, pushing against the Magravs of the planet 
at the boundary of the systems fields, causes the variations in the weight according to 
the combination and configuration of the Grapos loading. The produced Magravs forces 
within the confines of the system are independent of the external planetary gravitational 
fields. In numerous tests, it was observed and recorded that the changes in the internal 
gravitational field forces of the system, did not necessarily change the weight of the 
system in respect to the Magravs of the planet. The interacting internal pmtics forces 
clearly showed to be generated independently by increase and decrease through internal 
electrical measuring components set in the system for the detection of these types of 
changes. 


It has become clear that it is the interaction of the Magravs of the planet and the system 
that have brought about the reduction or increase in the weight and lift or descend of the 
system in respect to the planet. In some tests, these increases or decreases in the weight 
of the system have been without any addition or withdrawal of physical matters from 
the system. 


In continuing with the same processes of creation of varying Magravs in the system, 
weight reduction was managed and followed to such an extent that the total balance of 
the interaction of Magravs of the system and the planet, in respect to each other, 
eventually zero reading on the measuring scale system. The point was reached where 
there was total physical detachment of the system from the table or floor first, and then 
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the upward motion of the system, away from the surface was achieved. 


Some call this the anti-gravity principle but in fact, this interaction and new balance in 
Magravs forces in between the system and planet, is due to both gravitational and 
Magnetic positioning of the reactor system in respect to the planet, as both objects are in 
possession of active dynamic plasmatic Magravs forces. 


Ina specific reactor, set for weight reduction, internal gravitational field reduction and 
zero-gravitational field force were disturbed, where the human touch was applied 
causing the change in the magnetic interface between the fields of the system and 
planet. This gave a tingling feeling on the tip of fingers after repeated tests. 


In numerous tests over years, where the equilibrium state of internal Magravs strength 
between cores were achieved, the whole system, including internal physical dynamic 
parts, came to halt, sometimes for up to thirty minutes or more. Then, the dynamic 
motion of the systems re-set by itself and the system restarted. This re-setting has been 
due to losses and reduction of one Magnetic and/or gravitational field strength in 
respect to another within the cores of the reactor. 


A number of times, external power sources were used to try to restart the system. In 
some cases measured energy of up to three, four and eight times the normal operational 


energy was continuously applied to the internal systems to try to push-start the system, 
but to no avai 


This shows that the power generated by a countable number of Matters of molecules, 
was so powerful that additional systems built in the reactor cores could not overcome 
the kinds of powers produced by so few Matters magnetic fields interactions. 


These tests have shown the creation of independent Magravs in separate cores of the 
reactor. They show the creation of independent plasmatic Magravs within the system 
boundary, and then the combination of the same Magravs prevailing around the outside 
or beyond physical boundary of the reactor as magnetospheric or cosmic radiations 
were produced, which these types of fields are prevalent as have been observed in space 
around stars and planets. 


Indications are that these radiations created in these system, due to their characteristics, 
do not shown any side effects in the human tissue of the operator up to this moment, 
years after having been involved with these fields tests. 


These fields around the cores are considered to be due to the interaction of plasmatic 
magnetic fields’ of Matters of plasma and environments’ Matter or matter, and are 
independently created in different parts of the cores of the system. 


This technology opens up new opportunities for the industrial development and 
manufacturing of systems that have different gravitational conditions inside the system 
for living, and have different gravitational conditions compared to the outside and 
around the physical boundary of the craft. This allows for having a one-G gravitational 
field force for the normal habitation of Man inside spacecrafts, or in a dome outside and 
around the crafts for habitation. While the conditions outside the craft can be zero G to 
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tens of G’s. The passengers of crafts using Grapos can walk around the craft, or in and 
around the dome created by the extension of Magravs of the systems, on any planet 
surface, as if they were in Earth’s gravitational field force environment. 


No high temperature core environments or sudden surges of heat were recorded in any 
tests. The reactors were in some cases opened immediately after operation for new 
settings, in a normal lab environment. There was no physical damage ever noticed to the 
internal parts of the system. This includes melting and twisting or destruction of any 
parts due to the presence of Matters. 


Even though we lost a full system by pure enthusiasm to catch, lift upwards, which the 
jumping on the systems after several times cracked the structure and the systems was 
lost. We have kept the reactor casing for further analyses of matter lattice changes, and 
another reactor was damaged when a Black hole condition was replicated. 


On only one occasion, where a specific setting was used, a black spot was noted on one 
of the external sides of the reactor core wall. This is supposedly was due to an energy 
surge during the test. The effect of the black burn was not removed for further analysis. 


Production of matters 


In different tests, a new orange and gold coloured material was noticed on two 
occasions in a reactor, and samples were collected for further testing to show the 
material production capability of the system. 


This method of the production of Matter can be used by manipulating and changing the 
plasma’s and rearranging them for the production of oxygen, hydrogen and water from 
collections of initial fundamental particles found in space, for human deep-space travel 
and colonisation, Where, the components of plasma absorbed from the cosmos are 
loosened by producing the right pmtics strength in the reactor for production of the first 
two atoms of hydrogen. Using further plasmas from space, in the matching gravitational 
fields as of the atoms of oxygen in the same reactor, this element can be produced. Then 
through the same reactor’s operation, this allows the combination of the two elements, 
of hydrogen and oxygen, which was produced from the space plasma, this allowing the 
production of drinking water. 


In the future tests, one can attempt to combine the gravitational effects of the systems 
for production of energy, material production and other capabilities of the technology 
all simultaneously in one reactor. We have achieved this much but there is a lot more to 
learn, 


These reactors are truly an integrated system, which can produce and attain several 


effects and properties, like production of Magravs, creation of matters and so on 
simultaneously. 


18] 


Dark Matter technology 


The system using the Dark Matter in travelling through the Magravs of the planet 
creates no magnetospheric conditions, friction, or pmtics force resistance, between its 
pmtics Magravs and the planet pmtics Magravs. Thus, zones around a craft can be 
created that there is no magnetospheric field between the craft’s magnetic interface and 
the planetary system’s. Hence, a craft using the Dark Matter cascading can travel 
within a stronger pmtics, like that of the Earth, without detection since the system can 
create no interface magnetosphere, as there would be no visible light to be seen with 
this method of motion. 


Through this method of using the Dark Matter for transportation, high-speed motions 
can be attained for spacecraft in planetary systems, solar systems and galaxies. 


Using the Dark Matter principle for transportation, the environment between the 
systems and the planet is saturated with the dynamic plasmatic magnetic fields of the 
system and the planet. This zone appears to possess energies but they cannot be linked 
to any source. Even though the source of the dynamic pmtics, in motion around the 
system or so-called energies of the pmtics, is set in the centre of a strong plasmatic 
Magravs systems inside the crafts and centre of the planet. Such Dark energy fields give 
the appearance and confirm the existence of dynamic energies, which have no explicit 
source of origin. Where, the source of energy or the dynamic pmtics is the hidden 
gravitational source in the centre of the Matters reactors and the planet. 


This new technology is a radical breakaway from the hold that physical matter have had 
‘on the destiny of Man on the Earth. 


With this new understanding of the methods of how Matters are created in the universe, 


it is possible for Man to use the real Matter sources for energies and powers available to 
him in the universe for his future scientific evolution. 
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CHAPTER 27 


Discussions and Conclusions 


With this new understanding, the elementary particles have become to be the ‘magnetic 
fields’ and their interaction leading to the creation of Magravs, this leading to the 
creation of Matters, as the state of each Matter depending upon the strength of the 
magnetic fields which have led to its creation in respect to their environment fields 
strength, which the Matter appears as the Matter, the Dark Matter or the Antimatter, 
where the collective interaction of the Matters Magravs, leads to the creation of the 
Initial fundamental Plasma (the Neutron), where the environmental magnetic fields 
forces conditions, around the Plasma, dictates the physical appearance states of the 
Matter part of the plasma as matter, this being solid, liquid or gas. 


It is obvious that the universe will never stop creating new Matters and matters and their 
effects, and their interactions, as the universe is a soup of dynamic and ever-changing 
conditions, created by the Magravs positioning of plasmas, dynamic Matters, matters 
and their components and effects. 


Man can learn how to create the same conditions as the universal order, and to rearrange 
these fundamental particles for his use, in a much simpler way than he has chosen up to 
this point in his path of technological and scientific evolution by the use of matter(s). 


In the present state-of-art technologies for the production of energy, scientists have 
chosen the path of force and destruction of atoms and molecules to overcome barriers. 
In the universal order of creation, one works within the magnetic fields forces to 
achieve the same and even better results. 


This ethos of burning and destruction has been the fundamental focal point for Man’s 
survival in his environment, due to what he has been conditioned to in his evolutional 
path on Earth, He has seen the power of fire, from fires in forests, and he has used this 
knowledge to keep himself warm and so he has learned to do the same using the same 
methods and materials. By perfecting this art, through the burning of wood and oil and 
so on, he has managed to create energies for cooking and warmth and running 
industries. 


Then he saw the birds and understood the concept of motion in air and so he used the 
concept of fire to create propulsion and jet engines, still burning one form of fuel or 
another to achieve flight, still based on the principle of matters repositioning and 


conversion. 


He has seen death through disease, so he has produced other elements to destroy the 
germs that can cause and bring an end to his uncertain and fragile physical life. 


If man would learn to work within the structure of the universal order of creation of 
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Matters and the method and principle of their use, he will learn that he does not need to 
burn or destroy anything to keep himself warm or feed himself, or even to overcome 
diseases 


He can very simply change the characteristics of the plasmatic magnetic fields of the 
elements that caused the misbalance in the first place, leading to his ailment, without 
swallowing a single tablet in his lifetime. 


We have developed and tested such simple systems in the past years and have seen their 
amazing results. 


For example people suffering from Fibromyalgia for thirty years or more, within 3 
months of drinking water through these systems, have started living a normal life 
without any signs of their disease. Follow-up over 18 months has shown a total 
eradication of the ailment. 


We have tested this technology on other forms of illnesses and viruses and the results 
are amazing. However, this is what is to be expected with the use of the true knowledge 
of the creation as has been disclosed in this and future books. 


With this new disclosure, man in the future will learn to live and operate in the real 
universal order of creation of Matters and their existence in the universe for his life. He 
will never destroy any Matter or matter, but he will learn to work within their structure. 
He will learn to achieve more, with less use of the resources in his environment. This is 
an improvement on the past, whereby at the present by the use of destructive methods, 
he has brought himself to the point that the abuse of the matters is now endangering his 
future on his own home planet. 


Man has to learn to work with the real elementary particles and elements and their 
functions in the universe, such as magnetic fields and their interactions, for him to be 
able to produce what he needs irrespective of where in space he might be or would want 
to be. 


Maybe this knowledge and the proof of its pleasures will change the ingrained ethos of 
destruction for the survival for man. One could even hope for a change in his animal 
instinct of killing other people and other creatures of god to survive. 


Additionally he can change his habits and the instinct to want more since through the 
understanding of this technology he can have whatever he desires from his materialistic 
world. 


In this disclosure, some theoretical nature of the universe has been spoken about, but the 
real physical aspects can be created to achieve the same conditions as in the universe as 
wwe have shown through our tests. 


Man will be able to carry on with his life, but at the same time will be able to live in a 
balanced environment. 
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The reactors we have developed, which in real terms are miniature universes, that can 
provide man with all his needs, such as water, food and medicine for him to survive and 
enjoy the beauties of creation. 


The conditions in these reactors are soft and gentle environments and the methods of 
their use for control and creation of mans’ needs are based on working within the 
universal structure, and not destroying to achieve, as has been the principle of the past 
for the Man. 


For example, when the principles of the creation of Magravs are applied to the lower 
orders of creation, like the interlocking of atoms to make molecules, there are 
explanations as to why certain types of Matters are attracted to the reactor, and why 
certain molecules are, or can be, produced in certain ways and combinations, in certain 
parts of the universe. 


The same applies in the even lower orders of creation, that one can explain and produce 
certain magnetic fields and their interactions that can lead to the creation of present 
fundamental elements in the centre of the proton, plasma, an atom and finally the man 
himself. 


The world of science has to understand the conditions by which the interactions of 
initial magnetic fields can lead to the creation of an initial state, for the creation of the 
Matter, matter, plasma and finally atom. 


Then there is a need to understand and demonstrate as is done in this book the way 
Matters and matters are created in vast spans of the galaxi 


Scientists have studied over centuries the structure of matters and the atom, and their 
interactions, in their material and tangible states of matter. However, the structure and 
method by which the atom is created, maintains and guaranties it’s existence has not 
been fundamentally fully understood, due to the lack of overall overview of workings of 
the universal order of Matters. Even the construction of protons with its sub- 
components (quarks, gluons), up to today, is based on assumptions and indications by 
the use of particle accelerators and plasma reactors, by only looking at matter 
components of the proton and some Antimatter parts. So the present scientific world 
looks for an answer in the construction of the proton on the matter-to-matter level. 


By the present science, the existence of the Matter, the Antimatter and the Dark Matter 
are largely considered to be independent entities in different points in space, and have 
never been considered to be as one collective and all being integrated parts of one 
system making up the plasma, up to this disclosure. 


Mass of the Matters and Mass of the plasma 


In the new knowledge we consider the three different quarks of a proton, as the three 
different Matters (Matter, Antimatter and Dark Matter) of the plasma. 
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Where each Matter is created through the interaction of at least two different magnetic 
fields or pmtics, where through the interaction of these two plasmatic magnetic fields of 
different strength, initial gravitational and Magnetic field for creation of different 
Matters of the fundamental plasma are set to start. 


So that the interaction of at least two pmtics of each Matter creates it’s own Magravs 
forces. What we call the interaction of the Magravs strength forces between and in 
respect to each other of these three different Matters of the proton. 


Where, through the understanding of the method of creation of different Matters of the 
plasma, due to interaction of at least two magnetic fields and the creation of 
gravitational and Magnetic fields, this confirms that each Matter irrespective of its 
environment Magravs possesses an independent mass of its own. In the present science 
this is called the mass of the quark. In fact each Matter, Dark Matter, Antimatter and 
Matter, has its own individual mass in the plasma, As each Matter is created by the 
interaction of at least two different magnetic fields strength, the total mass of the 
plasma is the mass of the three Matters plus the total interaction of Magravs interaction 
of the overall plasmatic magnetic fields within the plasma. Consequently the ‘otal mas: 
of the plasma is always considered to be larger than the total mass of its three Matters’ 
components. 


Due to the dynamism of the interaction of the two initial pmtics, leading to the 
progressive creation of the Magravs of each Matter, each Matter is always in a dynamic 
rotational state within the plasma. Where the speeds’ of the dynamic rotation of the 
different Matters in the plasma are not the same and they are independent from each 
other, since their speed of rotation is set by the strength of their initial magnetic fields 
interactions. Where in the present science the observation of this natural phenomenon of 
rotation is called the spin of each quark. One can compare this, in cosmological sense, 
as the independent speed of rotation of the Sun and Earth, in spite of that they are 
within the same solar system. Where the initial plasmatic magnetic fields strength, 
which leads to the creation of different Matter(s) in it’s interaction with it’s 
environment pmtics strength, leads to the creation of an individual magnetosphere of a 
specific field strength for each of the Matters. Where the intensity of each 
magnetosphere creates different light intensity in its environment. 


Now we understand that the interaction between the pmtics of the magnetosphere of 
each Matter of the initial fundamental plasma leads to the release of different pmtics 
strength fragments in the range of visible light (Fig. 18). 


Due to the interaction of the plasma of each of the three Matters with each other and the 
release of light or energy, these interactions in parts reduces their strength and the 
pmtics content of each Matter, where due to these reductions in Matters quantity and 
strength of pmtics, different colours are attained by these interactions for each Matter 
during the cycle of the life of each Matter. 


It has become clear that all states of Matters are the same in their nature of their creation 


with only differences in their field strength. What does differentiate these Matters from 
one another is in principle the strength of their fields and their position(s) and 
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TABLE IIL 
MEASURED BANDED INPUT RF Powe DENSITIES AT ICL. 
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‘measurements to identify locations in Greater London where 
the designed harvesters could operate. The design procedures 
and prototype test measurements will be presented in the 
following sections, 


IIL, SINGLE-BAND AMBIENT RF ENERGY HARVESTERS 


In order to implement efficient ambient RF energy harvesters, 
designed for the banded input RF power density levels measured 
at ICL, a set of single-band prototypes were realized and charac- 
these will be compared to multiband array architectures 
in Section V. 


A. Antenna Design and Measurements 


Since our harvesters are intended to operate within a general 
(semi-Jurban environment, where the exact location of the 
‘TX source is unknown, the rectennas’ antennas need to be 
as close to omnidirectional as possible, avoiding the need for 
beam-pointing during deployment. This is at the obvious ex- 
pense of limited antenna gain, and therefore, the corresponding 
levels of Par that the rectifier can receive. Conversely, if the 
location of the TX is known, then it may be tempting to use 
a high gain antenna, but this would require an appropriate 
level of beam-pointing and polarization matching that can be 
established and maintained. 

Another requirement is that the antennas need to be easily 
scalable across all frequency bands since one important objec- 
tive for this work is to compare and contrast different banded 
harvesters. Finally, the antennas need to be easily fabricated. 
For all these reasons, a linear polarized folded dipole was se- 
lected, although a monopole would also be suitable [31]. 

To simplify impedance matching between the antenna and 
rectifier, a modified folded dipole was used to obtain the re- 
quired 50-0 reference input impedance. A balun does not need 
to be employed, as there is no significant degradation in perfor- 
‘mance for this particular application, even with the use of an un- 
balanced microstrip rectifying circuit [32]. Furthermore, the an- 
tenn was not integrated onto a substrate, to give the additional 
freedom to embed the harvester on windows or within walls, fur- 
nishings, fixtures, or fittings. To this end, two different antennas 
‘were fabricated for each band; one made using a 560-m diam- 
ler copper wire and the other with 75-m-thick 25-mm-wide 
copper tape. The fabricated antennas are shown in Fig. 3. Since 
the copper tape was not rigid enough to retain its shape, it was 
placed on a Perspex substrate, to represent a flat panel. 

To design the antennas, full-wave 3-D electromagnetic sim- 
ulations were performed using CST Microwave Studio. As dis- 
cussed previously, the antennas were designed to be as omnidi- 
rectional as possible, while covering as much of the ambient RF 
source BW as possible. Fig. 4 shows the typical simulated gain 
profile for the DTV tape antenna, having a front-to-back ratio 
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Fig. 4 Simulated beam profile forthe DTV tape antenna, 
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of unity, Table IV shows the simulated gain and the 10-dB re- 
tum-loss fractional BW for the optimized copper wire and tape 
antennas, 

Fig. 5 shows excellent agreement between predicted and 
measured retumn-loss results, within a 10-dB_ return-loss 
bandwidth, for the eight fabricated single-band antennas. As 
one would expect with such a simple classical antenna, the 
out-of-band performances (not shown) were also in good 
agreement. It was found that better retumn-loss measurements 
are achieved with our single-band antennas when compared to 
other reported single-band omnidirectional [13] and multiband 
[33] designs. The latter may be important, as it may be tempting 
to implement a more compact multiband rectenna, but which 


interaction(s) with other pmtics in their environment and in respect to each other. 


Thus, Matters are Antimatters and Dark Matters depending on the point-of-observation 
and the field strength of the environment of the appearance at a given point and 
position, but they are all made of the same entity at source, which is the magnetic field. 


The front-cover image of this book has been chosen specifically to emphasise for the 
scientific world to reconsider their assumptions. 


The Matter can change to, or appears as the Antimatter and the Dark Matter and vice- 
versa, if the right conditions and the right plasmatic magnetic fields forces are given or 
taken away from the pmtics of the Matter. 


In this disclosure, we have explained in a simple way that magnetic fields are the new 
initial fundamental particles, and the magnetic fields are the new elementary particles 
instead of what has been assumed at present as quarks. So, the magnetic fields and their 
interactions are the creators of these quarks and so on, in the plasmas. 


Then we have explained how the Matter, the Antimatter and the Dark Matter, and the 
relevant energies of the Matter, the Antimatter and the Dark Matter, are all decided, 
dictated and created at the inception of the creation of the first stages of the creation of 
the initial fundamental plasmas of these Matters. 


In this disclosure, we have discussed the results and shown how the three states of the 
Matter, the Antimatter and the Dark Matter are created, but through real tests 
conditions, we have confirmed the co-existence of these three Matters and their 
respective energies. 


For example, in tests there have been the very strong magnetic wavelengths of cosmic 
gamma-like radiations levels, which have been detected for meters around the system, 
where there has been no physical source of such radioactive materials ever being 
present. Whereas, it is a known fact that alpha and beta rays cannot travel that far in 
room condition environment. These levels of radiations could only be created through 
the interaction and the creation of strong magnetic fields in the reactors cores, which in 
their interaction with the pmtics of matters in the room environment have led to the 
release of these gammaclike radiations. This is exactly by the same principle as the 
Magravs generated in the centre of the stars in their interaction with the plasmas of 
matters on their surface, generate lights and high-level cosmic radiations. 


An atom is considered to be “a collection of different densities and strengths of 
magnetic fields interacting with each other, in different magnetic mixtures and levels, 
in, and under, the same physical rules of the existence as the rest of the Matters, matters 
and bodies in the universe”. The atom is nothing more than a collection of the lower 
order energy magnetic fields strength in motion in the universe, that always come 
together in the same specific pattern of dynamic pmtics and strength. 


The question is, that, is it the collections of magnetism, which created the MATTERS’ 
of the plasma, or did the existence of the MATTERS of plasma create the magnetism? 


187 


At this point, the existence and understanding of the Dark Matter becomes important, 
since the human eye and the physical machines of today can only observe what is in 
possession of visible and detectable energy fields 


The Dark Matter is created by interaction of magnetic fields which create and are in 
possession of intense fields of gravity and magnetism, and at the same time, and it is 
void of visible light in respect to their given environment magnetic fields strength. On 
the other hand, the existence of the Dark Matter is position dependent and pmtics 
strength balance dependent, in respect to its environments pmtics’ strength. 


Through the operation of hundreds of static and dynamic tests we have very strong 
indications that the universe is indeed made in the normal conditions and of packages of 
dynamic pmtics. 


From our observations, we can say with a large degree of certainty, that the dynamism 
of the whole universe is constantly maintained through the principle of the interaction 
and attraction of different pmtics, according to their strength and positioning in respect 
to their neighbouring rays, fields and plasmas. Where magnetic fields of different 
strengths are locked to each other by the principle of their Plasmatic Magnetic Energy 
(PME) and polarity. These causing the first stage of the creation of the magnetic 
attraction or what is called the Magravs force for the creation of the first Matters and 
plasma and further on of the first atoms, molecules, matter, stars and galaxies. 


Through the above disclosures, it is clear that these components of plasma themselves 
have no solid parts, but are merely a collection of energy and fields, trapped or 
interlocked in different magnetic fields strength of the other parts, according to their 
strength where, they can appear as the smaller components of these parts or near to 
visible as the physical state of matter. 


These dynamic pmtics or energies on their own in the universe are not that influential, 
but as they gather with other collections of dynamic pmtics or energies of the same 
levels, they appear as part of Matter, the energy constituents of an electron or the Matter 
parts of matters, that they show and exert their influence. 


When the pmtics binding principles are fully understood, the world of creation and the 
understandings of the origin and working of the universe will become much easier to 
work with. 

Why, only a part of the pmtics levels is visible to Man is not a mystery, but the reality is 
that Man has the habit of only looking at things in physical terms. If Man looks for the 
real existence of the effects of the energy levels, he will open his eyes to a new horizon 
in the world of creation. 


The question is if one can develop the pmttics as in the universe and manage to release 
part of these plasmatic magnetic fields from initial plasma as energy, then, one can 
manage to control the level of these pmtics and their interactions that are needed to 
create and replicate energy combinations that can lead to the creation of the Matter and 
then matters. This in time will be done and depending upon the openness of Man to 
accept the realities of his owns creation and his existence in the midst of others. 
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In developing reactors, which have been openly disclosed, and in understanding their 
modes of operation, which are discussed, these reactors will not only be used as future 
sources of energy for Mans energy needs, further, these reactors will become the 
incubator for the creation of the energy levels, which can lead to the creation of the 
pmtics, which will lead to the creation of Matter and matters, like oxygen, food, water 
and so on. 


Through the use of the plasma dilution and gravitational reactors systems of the future, 
one can and will experience the Black Hole concept and the reversibility of the polarity 
of planets (12), as we have done in our lab tests and become aware of their pleasure and 
dangers. 


In these plasma dilution technology reactors it is not only the fusion of Matters that is 
possible, but also the fusion of Antimatters and Dark Matters and their real application 
in the production of Antimatter and Dark Matters atoms and molecules that will become 
part of daily use. Where, these will be used for the production of energies and effects, 
which are above the levels of the Matter components strength. 


The beauty of the application of these universal reactors will be the opportunity for the 
creation and manipulation of the much weaker and smaller energy levels that can lead to 
the creation of electrons and protons. 


These weaker strength magnetic fields for the creation of Matters will be noticed and 
can be collected at the outer boundary of the plasma, but not on the edge of the plasma 
in the reactor. This is due to the fact that the edges of these reactors are dynamic and are 
violent areas in which temperature interfaces will not be so suitable, but can allow 
creating the conditions for weak energy levels to be maintained and to manifest 
themselves. These zones are good to create the conditions for the creation of electrons’ 
plasma, where loose plasma conditions are needed for fine-tuning of the fields in these 
reactors. This is due to the fact that electrons, in their foundation, are made of low 
energy levels bindings and interacting with each other, largely in a dynamic volume as 
compared to the protons, and in possession of weaker binding energy than protons. 


To create conditions for the production of the protons, there is a need for the same 
energy levels, but tighter and stronger magnetic fields plasma conditions are essential 
and the size of the plasma and the mixture of energies available in both conditions are 
important. 


The techniques for the use of the ambient temperature reactors to perform fusion or the 
production of new and heavier atoms can be learnt through the development of initial 
fundamental plasma dilution technology, which is very much different from the mode 
of operation of the present fission or fusion reactor technologies. 


In the present nuclear fusion industry, the most important point in the world of creation, 
the presence of controllable gravitational field forces, has been absent and totally 
ignored by scientists. 


In dilution plasma technology, as in the universe, gravitational field forces within the 
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systems are the cornerstones of the operation of the reactor. 


This is a unique method of the creation of new Matter and the creation of energy, which 
has been explained in the operation of dilution plasma technology. This is exactly how 
Matters are created in the universe. 


In the right conditions and mixture of initial fundamental particles, the use of plasma 
dilution technology will lead to the transformation of the initial fundamental plasma 
into protons’ and electrons’ to create the basic matter and simple atoms like hydrogen. 
With the right method of application of the plasma dilution technology, hydrogen atoms 
can be used for the production of the heavier elements. 


It is important to note that, in an atom, “The interaction between the two pmtics of 
neutrons and protons Magravs are in fact the source of the double magnetic fields of 
the atom and consequently the creation of the Magravs of the whole atom. 


Even though neutrons are supposed to be balanced pmtics entities, the magnetic energy 
of the nucleus can be increased up to a limit without the disintegration of the inner 
gravitational forces of its constituent parts for its components Matters field strength to 
attain the plasmatic magnetic energy of a higher strength or new pmtics element. 


In his progressive evolution, Man has learnt to use what has been available to him, like 
wood to create fire, steam to create power, the use of oil for engines to create motion, 
and in the recent past the breaking of the atom and joining of plasma in nuclear reactors 
for energy. 


Through the understanding of the creation of the initial fundamental plasma, the 
energies of not only the Matter parts of the plasma are used, but this technology allows 
the utilisation of all Matters of the plasma, that is the Matter, the Antimatter and the 
Dark Matter and their energies that these possess and can produce, that come into play 
and can be used. 


In the other words, we welcome the Man to the real world of creation. 
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CHAPTER 28 


Insight into the Future 


Using the new acquired knowledge from above chapters, one can look into the future 
and say that the struggles of the past will bring beautiful fruits of creation for the future 
of the man. 


From understanding of the operation and relation between magnetic fields within any 
structure, this being an atom, molecules, and even a star, different types of life in all 
corners of the universe can exist in all forms, and through other matters then the 
nitrogen based protein chain of the human race, which other lives through their different 
pmtics can operate through the same principles as the human protein chain. These 
creatures through the balance of their pmtics criterion do and can exist in the spans of 
universe. In fact, their protein chains with different matters than nitrogen could be more 
efficient in its use of passive pmtics than the humans’ protein chain in using pmtics 
from the soup of the universe. 


These Beings might have different colour of liquid distribution medium than Mans’ red 
blood, but not necessarily this mean that they are any different from the Man in essence. 


For example, if the liquid of life for these creatures of god have the potassium as the 
base element instead of nitrogen or mixture of the potassium and the nitrogen, then this 
liquid can function as good as, and even better than nitrogen-based protein of the human 
blood for converting and the use of Matters and matters in the universal soup of 
supplies. Even these Beings’ protein-based cell can be more efficient for the conversion 
and the use of the passive pmtics of the Matters of universe. This efficiency can mean 
more and different comprehension, intelligence, and brain structure, etc. 


Thus difference in these creatures and the Man will, and could be only the colour of 
their medium liquid system in their bodies. 


The Potassium, in combination with pmtics of matters like the hydrogen and the oxygen 
mixture, in vacuum condition of systems in the Earth atmosphere, creates a silver 
greenish pmtics magnetospheric interface colour. Which, to mans” protein mixture, in 
the light absorption spectrum, these creatures with potassium-base proteins can be 
different in colour. Thus the liquid of life of these creatures in its interaction with 
Earth’s atmosphere pmtics will create blood of different colour than the human red 
blood. Even in their external appearance they might be, or having to be reflecting the 
colour of their blood (9). 


In reality as different planets have acquired different matters due to their Matters 
Magravs strength as their base materials, at their inception in their galaxies, rather than 
nitrogen or potassium as the base for what is called their protein for cell production to 
sustain life in their medium, in mans’ journeys into deep space to these planets and 
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zones, he will come across different intelligence, colour, sizes, transparency and shapes 
creatures. 


Man has to understand that the level of intelligence, colours of skin or blood and shapes 
of these beings in the universe, can and is, intriguing as is in his home base with his red 
blood of the Earth to them. 


What is important is that these creatures, with their pmtics balance protein chain could 
have a different viruses tolerance passive magnetic fields levels than to the Man in the 
Earth atmosphere pmtics condition too. 


From this point on in the journey of the Man in the universe, the prejudices of colour of 
skin, and the nationhood will have no meaning. From this point on the colour of the 
blood is only the means of indication of the origin of point of life reference and nothing 
more and nothing less 


In the short-term for the future one can envisage: 


The implications and applications of the transition of Matters will be the key to the 
survival of Man in the hostile environments of the universe. If this technology is 
understood fully, Man will be able to conquer the control of most of the forces within 
the universe and use them to his advantage. The use of the transition states of Matters 
are such a powerful tools for science for the future, that if their applications are 
harvested in full, most of diseases of the present and future can be eradicated. Through 
the appropriate use of this knowledge, Man can use the pmtics strength to free himself 
from most ailments, by producing the right pmtics strength equal to his protein level 
configuration, to reset the cells in his body to their right and original pmtics strength of 
‘operation without swallowing a single tablet. 


For example, Man can produce enough food from the initial plasmas of the universe, 
without the need for soil, by simply converting the initial plasma to the atoms and 
molecules of the proteins and vitamins that he requires, at the point-of-demand, 
anywhere in the universe. As the food, itself is made of and is from the conversion of 
different dynamic pmtics strength. Where, the planets and animals do the conversion for 
man, for them by absorbing the pmtics strength of the Sun, and converting these 
different pmtics strength to vitamins and proteins for mans consumption for his 
survival. Where plasma dilution reactors can do the direct conversion of what animals 
and plants do for production of pmtics strength in levels that can be used by humans, 
and have the same effect and gives the same pmtics amount and strength needed by the 
different cells in the human body. 


At the same time by the use of plasma dilution reactors, there will be no need to carry 
all of Man’s physical needs with him into space, like oxygen, water, food or matters for 
his colonisation of planets, and space. Man will be able to convert Matters-to-matters 
through the fusion technology using plasma dilution reactors in space as he travels, and 
produce what he needs at any given point in space (Fig. 56). 


Man can produce any material from the initial plasmas absorbed from the environment 
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of space, he can produce any Matter or matters at the point-of-demand, this being an 
atom of hydrogen, oxygen, water, protein molecules, leafs’ of gold or sheets of steel. 
The crafts of the future will not need to carry any raw basic materials for the production 
of parts into space. Man can produce materials for the construction of permanent 
habitation zones at any point in space and any planetary environment, through the use 
of dilution plasma and Grapos reactors. 


Systems can be developed, which even in possession of the Dark Matter gravitational 
field forces, the same system can produce balanced pmtics strength in respect to its 
environment, for the system to appear as the source of Dark energy. 


Systems can be developed, which have the ability to produce internal Magravs forces 
that can be tolerated by the human body. However, at the same time, the same system is 
being able to generate a balanced external pmtics strength in respect to its surrounding 
environment, these pmtics created by the system can be matching to the environment so 
that they do not have to interact with other systems pmtics forces (like those of the 
planetary systems’ magnetic fields forces), so the pmtics around this region of the craft 
can have the appearance of systems that can produce Dark Matters and Dark energy. 


However in one instance, by creating the balanced pmtics in respect to its environment, 
the systems that have been physically visible in one position in the given space, without 
a change of position, suddenly become dark or translucent in respect to their 
environment. In these systems and condition of operation the interaction between the 
balanced pmtics strength of the system and the fields of the planetary system can be 
brought to be matching without the system ever moving, this giving the impression that 
the system has moved to another position. 


‘New systems can be developed that can produce instantly as much energy-on-demand, 
at temperature and pressure independent conditions, anywhere in the universe. 


In possession of this new knowledge and Technology: Man can free himself from the 
shackles of the Earths gravitational field forces. 


Through the understanding of the methods of creation and control of pmtics, Man can 
produce its own controlled protection Magravs magnetospheric conditions within and 
around the crafts, with the use of the plasma dilution Magravs positioning reactors, 
these magnetospheric field forces strength will be similar to the Earth Magnetic field 
strength (Fig. 62) or similar to the magnetosphere of an electron around its proton (Fig. 
63). Where, the Matmags of transport for the crafts of the future can be gathered from 
the plasmatic magnetic environment of the universe. 


‘The Magravs positioning systems (Grapos) can be used as much in a plasma, on Earth, 


in Space as they can be used in deep liquid environments, and galaxies, irrespective of 
the pressures and temperature around the craft. 
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Fig. 62: The plasma dilution Magravs positioning reactors used in a craft due to the interaction 
of their plasmatic magnetic fields can lead to the creation of shining silver light in the 
atmosphere of the Earth. 


Fig. 63: Initial fusion process for the production of matters and creation of bright 
magnetosphere of the electron as it approaches’ and is amalgamated into the plasma of the 
proton of the atom. 


Our hope, is that this technology cannot and will not be allowed to be utilised for 
destruction, killing and damage to any environment or against any of God’s created 
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Matters and creatures, whether in possession of intelligence or not. 


God help Man with this knowledge so that Man will find peace within himself and 
others. 


As Mans weakness, his greed and his hunger for power and control, soon he will come 
to be thought the lesson that there is no forgiveness for the ones’ whom misuse this 
knowledge and the technology for harming others. 


By understanding in totality this new knowledge and what it can bring, maybe now Man 
will understand the meaning of that there are balances in the overall construction of his 
initial fundamental materials and that their lives always have to be within their 
limitations, of these balances. 


Mans’ fundamental construction of his initial state magnetic field structure, is always 
the same in force and energy and specific in its initial components, as the initial 
fundamental components of Matters, or matters of the universe cannot take more than 
what they need to be constructed of the pmtics of the universe and balance enough to 
share their inner constituents pmtics to pass on what is needed by others’ configurations 
for them to exist, even if this giving can mean and can bring about their own demise. 


Thus every creation, in its essence, has the attributes of its creator. Therefore, with this 


new knowledge and the reality of its existence, maybe Man can strive to understand the 
truth about himself and purpose of his creation in the universe. 
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Fig. 64: The fundamental insight. 


In general, I can say, 
“God has been the creator of All, 


and Man the converter of some”. 
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PIRUELA eral: AMBIENT RF ENERGY HARVESTING IN URBAN AND SEMILLRBAN ENVIRONMENTS am 
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Fig. 6. Predict input RF power levels forthe four largest ambien sources at 
the ICL testing location. 
20 
art only covers approximately 35% of the target frequency range. 
= In other work [13], 5-B return-loss fractional bandwidth is 
& 40 + adopted for RF energy harvesting applications. 
The fractional bandwidth of the antennas having a minimum 
50 return loss of 5 dB is too great to assume a constant antenna 
gain over the whole band. Therefore, an additional advantage 
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20 and G(f,) is the rectenna’s antenna gain at f, 
Substituting the measured banded input RF power densities 
Peet recorded in Table HII and the predicted midband antenna gains 
3 in Table IV into (1), realistic values for Py can be calculated 
5 forall four bands, with the results shown in Fig. 6, Itcan be: 
40 | ; 
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SMS7630 diode (in a series configuration) was selected as the 


may ultimately not give better ambient RF energy harvesting 
performance 

Obtaining a minimum acceptable return loss over an antenna 
fractional bandwidth as large as that of the source is key to har- 
vest as much input RF energy as possible. As can be seen in 
Table IV, where the fractional bandwidth is defined for a 10-dB 
return loss, our antennas have a fractional bandwidth greater 
than those of the sources, with the exception of DTV, which 


optimal solution for our ambient RF energy harvesters, as shown 
in Fig. 7. In a series configuration, the junction capacitance 
(C,(V)) of the diode dominates the detector’s impedance, as 
long as Cu > C;(V), and thus Cu, has little or no effect 
on the matching circuit. This allows C,x+ to be large enough to 
provide a ripple-free output voltage. In contrast, Coxe must be 
less than | pF to achieve a good impedance match with a shunt 
configuration as Coy. appears in parallel with C;(V} and the 
packaging parasitic capacitance. However, Coxe is too small to 
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Published and unpublished works by M. T. Keshe 


There are a number of unfinished articles that are to be converted to full disclosures 
when completed, like Antimatter method of energy releases, Nano space technology, 
relation between the creator and the created, space communication system, deep space 
defence technology, dynamic magnetic fields force regions (wormholes) construction 
and control, creation of magnetic fields, and so on. 


Some of these works have already been published through different channels and some 
have not yet been released. 


In the following section some of the works done by the same author are mentioned, with 
a brief disclosure of their contents. 


Some of these papers can be purchased and obtained through direct request and access 
through specific links. 


A number of papers with * and ** marks are not for public release due to their 
sensitivity of information and only available to relevant commercial and governmental 
organisations for peaceful applications of the technology. 


The universal order of creation 
(5.7.2006) 


In this disclosure the main construction principles and the method of the link and 
control in the universal order of the existence of living cells, like the function and 
operational method of any matter based on so called proteins chains, as for example in 
human cell are explained in detail. 


REF 9 


The author considers this paper as one of his most important and fundamental works to 
be published and to be added to the sets of disclosures written by him 


Cosmic Rays 

(Release date 24.3.2004) 
This paper explains the source and the origin of cosmic rays and the way these work 
within our cosmos, their function and their benefits. 


REF 10 
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*The Airborne reactor 
(Release date 25.3.2004) 


This paper covers the total design of airborne reactors for space technology. This covers 
all aspects of operation, design and control of such reactors. 


REF 11 


The seed of the Earth 
(Release date 25.3.2004) 


Some extracts from this paper: 

The theory that the heat of the core of the Earth is due to inertia of the material pilled on 
top of each other is completely dismissed through this new disclosure. 

The author M T Keshe believes that this centre core is made of hydrogen, other gases 
and a mixture of liquid and solid Matters, which were in the vicinity of the centre of the 
core of the Earth at the time of its inception in the solar system. 

Through this new understanding of the new inner cores of the planet, this brings to play 
the fact that the old inner core of the Earth that is already assumed to be made of a solid 
piece itself becomes a sealed container for the new inner core. 

The author through design of a parallel system has set to confirm the validity of this 
assumption, that the centre of the Earth possesses a semi- fusion atomic reactor and not 
a fission reactor as has been assumed by other scientist 
This theory of hydrogen in the centre of the planet is in line with the physical reality of 
the creation and the present situation in the physical construction of the solar system. 

By the laws of physics all the gases in the solar system should have been in the giant 
gas planets at the outer layers of the solar system, like in Jupiter and Saturn. 

The physical reality in the solar system, is that the lightest of all these gasses, the 
Hydrogen, has taken its place right in the centre of the solar system in its star, the Sun, 

It has to be recognised that the centre of all planets in possession of gravity due to the 
centre cores heating, are always in possession of two Magnetic Field Forces in their 
inner sanctum (M. T. Keshe " The creation of gravity"), 

In the case of the Earth up to now and with the present knowledge there has been 
acceptance of only one inner core and one magnetic force. 

As it is explained in the paper titled "the creation of gravity", there is an inner core in 
the inner core. This inner core, due to it physical content, motion and position in the 
centre of the Earth, creates and maintains its own magnetic field force, independent of 
the magnetic force which has been known to be created by the interaction of the inner 
core and the outer core of the planet. 

These two magnetic fields interact to create the planet's own double magnetic fields in 
its centre. The interaction of these two magnetic fields forces upon each other leads to 
the new concept of the "DOUBLE MAGNETIC FIELD EFFECT", where the 
interaction between these two field forces in the centre of the planet leads to the creation 
of the gravity and the magnetic forces of the planet (Paper: The creation of gravity). 
This new second core is the seed core of the planet, the mother seed of the planet 
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positioned in this new inner core. 


REF 12 


The creation of Black Hole 
(Release date 25.3.2004) 


In this paper it is explained that the Black Hole is created out of a natural sequence of 
events, and that the existence of the Black Hole in a galaxy is a normal event. Further it 
is explained that a Black hole is created in similar ways to the Dark Spots on the surface 
of the Sun. In this paper for the first time, it is explained how the Black Hole is 
physically created and what function it plays in its galaxy. 


REF 13 


Magnetosphere 
(Release date 9.6.2004) 


"The shape and the strength of the magnetosphere of a planet is exactly what a 
fingerprint is to a man. It is unique to each planet, star and galaxy. It is a tell tale of all 
its attributes, and it reveals the hidden mysteries of the internal materials’ structur 


REF 14 


n to the Einstein equation of Rela 
(Release date 15.6.2004) 


ity 


In this paper the physical reality of the Einstein equation is considered, and efforts are 
made to bring this equation to the real conditions. Even Einstein considers this equation 
applicable for very small mass, and not in real three-dimensional multi-Magnetic and 
gravitational conditions, which are external and have nothing to do with the theoretical 
object’s mass and speed, but have effect on the speed and the mass of the object under 
consideration. 


REF 15 


Introduction to the new system 
(Release date 2.7.2004) 


In this paper it is written "It is essential to understand that, with the application of this 
system of motion, one cannot bring into play the solid, liquid and gas fuel method to 
create motion, as is used today. What is offered in this system is in simple words a fully 
integrated plasmatic magnetic energy system. Which creates within and around the core 
environmental conditions as known to man in the universe, like creation of gravity and 
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magnetic field protection the same as the magnetospheric protection condition of 
planets and motion through interaction of magnetic fields as planets and stars do in their 
given environment". 


REF 16 


The rings of Saturn 
(Release date 2.7.2004) 


One of the oldest puzzles in the world of astronomy has been the existence of the rings 
around Saturn. How did these rings come to exist the way they are now? How did they 
come to appear and behave the way they do? These questions and much more about the 
creation of these rings are all answered in this paper. 

REF 17 


The creation of gravity 
(Release date 11.7.2004) 


In this paper it is explained that "the source and the creator of the magnetic forces and 
the gravitational forces are due to the interaction between the same materials in the 
same region of the planet. 
Further it is explained how the gravitational field force can be created, replicated and 
controlled within a nuclear reactor. Further it is explained how this property can be used 
for the motion of a system within a planetary or solar system. 


Now by understanding the principal of the creation of gravity, in this paper it is further 
explained that "the gravity in reality is the effect of the interaction of two plasmatie 
magnetic energy fields of any two object in respect to each other." 


REF 18 


Death of a star 
(Release date 26.7.2004) 


In this paper the death of stars is explained, "The death of a star and the creation of a 
supernova is in reality the same as the half-life cycle energy step-down of an atom. 
With the difference that this show is in a larger scale, and more spectacular, in all 
aspects of its dimensions”. 


REF 19 


Fusion 
(Release date 28.7.2004) 
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In this paper the physical and scientific problems with present fusion technology is 
considered. Where it is written, "nuclear Scientists, with the fusion reactors of today, 
are trying to create fusion in the opposite way to the known laws of physics and their 
parallels in the universe”. Further in this paper it is written, "if the present path for 
creation of fusion is followed, with the present scientific knowledge of physical 
materials for construction of such system, then following the present path of 
development to create energy from current fusion systems will be a distant dream". 


REF 20 


Life of a Cell 
(Release date 28.11.2004) 


Extracts from this paper; "The reality of the transportation and transmutation of a cell is 
not far from the reality of the life of an atom or a star. Where the life cycle of the cells 
are slightly more complicated, as they contain other Matters like acids, which have their 
‘own magnetic characteristic of their on chemical structure. For this reason the control 
and replication of the energy of the cell is very much complex, but very simple to 
achieve". 


REF 21 


The Atom 
(Release date 19.12.2004) 


The content of this paper explains how and where atoms in the universe are originated 
from and how the construction of atoms in a cold plasmatic nuclear reactor can be 
replicated. 


REF 22 


Magnetism 
(Release date 8.1.2005) 


In this paper it is written, "The question is where did the Magnetism come from? This is 
the Secret of creation. The world is made of one thing and only one thing and that is 
Magnetism. Its combination and interaction with its own different strength fields makes 
it appear as different Matter. The rest of creations are the outcome of these interactions 
of different strength of this thing called magnetism and the forces it creates. Magnetism 
is the origin of existence and the real singularity in its full meanin; 


REF 23 
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*The creation of the magneto-gravitational force 
(Release date 5.2.2005) 


The creation of magneto-gravitational field force is and will be fundamentally 
independent of temperature and pressure, proviso to the fact that as long as a 
homogenous free floating PMF within a Matter is created. 


REF 24 


The core of the Earth 
(Release date 20.4.2005) 


One of the original assumptions in developing the new Magravs system some thirty 
years ago by M.T. Keshe was on the basis that the centre of the Earth possesses addition 
cores, which create the necessary gravitational conditions of the planet. After some 
twenty years of space technology and through Earthquake seismological data’s this 
assumption has been shown to be correct and after over twenty years, it has been 
scientifically proven that the inner core of the Earth has an inner core of 600 km. 
Professor Guy Master in 2002 ref 24 nuclear planet. The centre of this core is assumed 
to have an inner core of 8 Km, this he thought to be made of the plutonium or other 
nuclear materials 


But the developer of this new plasma reactor technology has proven through physical 
dynamic cores that these cores possess a mixture of hydrogen plasmas and the process 
of the heating of the centre of the Earth are due to a semi-fusion chain of events. 


REF 25 


*The electron-atomic welding 
(Release date 3.5.2005) 


Some extracts from this paper: 

"The electron atomic welding or atomic welding principle is the phenomenon that atoms 
of the same material, through a common shared electron, become a magnetically 
balanced molecule of the same Matter, with the difference that the shared electron will 
create a balanced PMF in the molecule". 
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*Shutdown and safety of the reactor core 
(Release date 6.6.2005) 


In this paper the safety parameters in the operation of the gravitational and energy 
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reactors are simply explained to avoid the loss of plasma and gravitational field forces 
created within its cores. 


REF 27 


*Reactor Start-up 
(Release date 9.6.2005) 

In this paper the systematic start-up of the dynamic reactors for the creation of 

gravitational field forces and the production of energy are set out. The start up of these 

systems are totally different then the prior arts known in the nuclear industry. 
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*The energy balance of the reactor 
(Release date 29.6.2005) 


Some extracts from this paper: 

The energy balance of these types of reactors is not as simple as might look in the first 
instance. The energy creation is simple. But the heat leakage and dissipation through the 
deliberate inherent material design are and can be zero. That is to say the system not 
only can hold on the heat it creates. At the same time due to the close circuit feed 
operation will become self-sufficient but long lasting. 

In planets, the loss of heat through their surface creates the variation in the central core 
condition over several billions of years. In this reactor as losses can be literally 
negligible, the system can operate at low energy loss temperatures. Even the boundary 
of the body could be made through the right combination of material in the chambers, 
so that the body of the reactor will be colder then its surrounding boundary. So the 
system will not only lose energy to its surrounding, but it can be made to absorb heat in 
the negative temperature gradient from its surrounding, so that there are no losses. 
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Nuclear decay or half-life 
(Release date 20.7.2005) 


Extracts from the paper: 
"The nuclear decay always has the same or near the same time duration. This is due to 
the fact that the all neutrons and protons, from their inception, carry a predetermined 
level of plasmatic magnetic energy. This energy is continually used for the motion and 
vibration of different elements of the nucleus in respect to each other and the 
surrounding Matters of the atom. As the space and dimensions of a nucleus of an atom 
always obeys the same principal of the magnetic separation and magnetic attraction. 
Protons or neutrons can and will need to use or consume the same energy before they 
become weak enough that the splitting or decay becomes a clockwork job. The nuclear 
decay is the natural levelling done of a nucleus’ energy, due to the energy consumption 
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L-matching 


Antennal(9| network 


Fig. 7. Series detector configuration with L-matching network 


provide a ripple-free de voltage to the load. This can be over- 
come with a matching network that will allow a good impe 
‘match with a large output capacitor, but at the expense of intro- 
ducing losses. Furthermore, as shown in [36], these issues start 
to become negligible with a shunt configuration as the shunt 
diode becomes more self-biased as the input power increases. 
Simulations were performed using Agilent Technologies’ ADS 
software. Its Momentum package not only takes into account 
the losses from the low-cost FR4 substrate, but also calculates 
fringing fields, effects from which are passed on to the har- 
‘monic-balance package for simulating the nonlinear behavior 
of the r 


achieved by employing a 
simple matching network; a series lumped-element inductor 
was used to absorb part of the capacitive reactance from the 
series diode and an additional quarter-wavelength short-cir- 
cuit shunt stub was employed to achieve the desired 50-9 
impedance [37]. Since the impedance of the diode varies with 
frequency and input RF power, impedance matching between 
the antenna and rectifier was first undertaken by finding the 
optimal output load resistance for an input RF power level 
of —20.dBm with a single-tone source at the midband fre- 
quency. After the optimal load was found, further broadband 
optimization was performed to the matching network and the 
load to ensure good impedance matching throughout the target 
frequency range and the measured Pg for each band. 

As with the antenna analysis, and unlike conventional RF 
circuits that adopt the more traditional half-power bandwidth 
definition, the rectifier should adopt the 10-dB-input return-loss 
bandwidth. The reason for this is that, for ambient RF energy 
harvesting applications, the input RF power is at a premium and 
so what little energy is available should not be wasted by being 
reflected back from avoidable impedance mismatches at either 
the antenna or rectfi 

Fig. 8 shows excellent agreement between predicted and 
‘measured input return loss results, within the —10-dB band- 
width, for the DTV and GSM900 rectifiers, having fractional 
bandwidths of 5.7% (below target) and 4.8%, respectively. 
With these lower frequency designs, the fundamental and 
higher order harmonics were below —55 dBm, ensuring a 
clean de voltage at the load, without the need for any output 
filtering. Reasonable agreement was found with the GSM1800 
and 3G rectifiers, having fractional bandwidths of 1.6% (below 
target) and 7.4%, respectively. It was found that with th 
two higher frequency designs, the higher order harmonies were 
—40 dBm at the output. This reduced performance, as illus 
trated in Fig. 8, is due to the higher series inductive reactanc 
leads of the output shunt storage capacitor. For this reason, 
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single-band rectifiers, with Pe 
resistances at the output. 


=20 dBm atthe input and optimal load 


second prototype version (v2) was designed for the 3G rectifier, 
using distributed-clement components for the input impedance 
matching stage and an additional output filter stage. With 
the lumped-clement matching network, it was found that in 
order to achieve good input impedance matching to 50 Q, all 
the microstrip transmission lines had to have a characteristic 
impedance of 92 (2. With the distributed-element matching 
network, a simple shunt quarter-wavelength open-circuit stub, 
designed for operation at the fundamental frequency, was 
employed. A microstrip line was added between the cathode 
of the diode and the stub to absorb the capacitive reactance of 
the diode. The stub effectively filters to < —50 dBm the higher 
order harmonies. The microstrip design can be seen in Fig. 13. 


© PMM 


Since the input RF power from ambient sources can be rep- 
resented as a multi-tone source, with power levels fluctuating 
cross the target frequency range, the output impedance of the 
rectifier is time varying. A power management module (PMM) 
;pable of performing maximum power point tracking (MPPT) 
is required. 

For our work, a low-power integrated-cireuit PMM from 
Texas Instruments Incorporated (BQ25504) was selected, due 
to its low quiescent current (< 330 nA) and low input voltage 
operation (~ 80 mV hot-start and 330-mV cold-start) [38]. Itis 
‘worth noting that its startup voltage is lower than PMMs previ- 
ously reported and realized using hybrid circuits for RF energy 
harvesting [13]. The BQ25504 PMM includes a boost converter 
that steps up its input voltage (having a 350-mV average value 
during ambient operation) to useful levels between 2.4-5.3 V. 
‘The BQ25504 also has a built-in battery management module, 
which is used to control the duty cycle of the output power to 
the load. 

MPPT operation on the BQ25504 is achieved by periodi- 
cally sampling the open-circuit voltage (OCV) at the input of 
the converter, which then draws a current causing the converter 


and heat dissipation for the motion of the elements of the nucleus for its remaining 
plasmatic magnetic fields energy necessarily needed for them to hold one together". 


REF 30 


*The decontamination system 
(Release date 10.10.2005) 


"What this means is that, for example in trying to recycle the COs, by the use of the 
right Matter in one of the cores of the reactor, the system will then use the O2 to 
produce H;O, in the form of pure water, and C in the form of atomic or molecular 
carbon, or even by feeding this back through certain operational compressions and 
gravitational interactions within a small core, to create industrial diamond or graphite, 
for different industries 


The use of the reactor for this purpose has been proven to be correct and Raman 
spectroscopy has proven the concept and physical reality of the separation of Matter in 
atomic level after separation in the same system from a composite Matter 

(See the graphene on the technology web site) 


REF 31 


The difference in atomic and molecular structure 
under gravitational force and pressurised conditions. 
(Release date 15.8.2005) 


In this paper is written that "the atomic and molecular structure of Matter is totally 
aligned and positioned in a fundamentally different configuration where it has come 
together due to gravitational forces, than when Matter has been brought together by the 
means of pressure. This has a fundamental effect on the behaviour of the structure and 
properties of the Matter which is created in either way". Where this is explained and 
utilised to develop a new method in creating graphene and Sp3 atoms and walls in a 
simple core made of a coca- cola bottle. 


REF 32 


**The Defence and shielding system 
(Release date 4.9.2005) 


Some extract from this paper: 


The design of the side open system for lunch of high saturation magnetic plasma 
package is one of the most effective technologies for defence of the reactor and the 
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craft, which is in possession of such a system. 
It is essential for any space technology in the open environment of the universe, if the 
craft is to keep a straight line of motion and to be able to protect itself from any solids 
or Matters in its path in the cosmos. 

This technology can destroy any object by the principal of plasmatic magnetic energy 
saturation of the incoming object at a molecular level, that object will disintegrate in the 
form of magnetic vapour and not atomic level destruction, before Matter can damage 
the craft as debris, and before the craft ever becomes in touch or near these space 
Matters. 

This technology can also be used to protect Earth from the collision risk of NEO's (Near 
Earth Objects), like comets and asteroids. 


REF 33 


Method of creation of an atom or nano Matter 
(Release date 11.10.2005) 


The manufacture of an atom of any density, this being of the simplest form of nucleus 
or a full atom of hydrogen, or even heavier elements in the universe, all follow the same 
principal. 

Atoms are created in the soup of the cosmos from collections of very weak plasmatic 
magnetic fields, which for their existence cluster and share their energies with the 
magnetic fields that are not far from their own plasmatic magnetic field strength. 


REF 34 


The relationship between Gravity and Mass 
(Release date 21.1.2006) 


Extracts from text of this paper: 
"A planet like Earth possesses a combination of both gravity and inertia. Where the 
gravity comes from the interaction of plasmatic magnetic energy fields from the 
processes within its core, and the inertia comes purely from the collection molecules 
PMF of Matters which has built the physical body of the planet. 

Any object, being an electron, atom, molecule or even a human body, is a collection of 
plasmatic magnetic energy fields of different strengths and their interactions between 
each other, which in total decides the total or collective magnetic field possessed by that 
object where this is the mass of the object. 

Where the mass of an object is a collective package of plasmatic magnetic energy field 
tightness of a given object and will not change as long as the object is intact as one 
entity in its overall atomic or molecular or collective molecular appearance. 

Which plasmatic magnetic energy of a physical body (so called the mass of the body) in 
interaction with molecular or atomic magnetic field (this being gravitational or inertia) 
of another object will determine the weight of the two object in respect to each other in 
each others environment”. 
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REF 35 


The Dark Matter 
The Fifth state of Matter 
(Release date 21.1.2006) 


Extracts from text of this paper: 
The existence of Dark Matter is not questionable, 

Proving its existence, and its effect on the energy balance of the universe, in all Matters 
as small as in the heart of an electron or in a solar system needs to be created, replicated 
and its effect measured. 

The theory of Dark Matter does not and needs not to be considered as complicated, if 
one understands in real terms the plasmatic magnetic energy of the Matter in the visible 
and invisible dimensions of the universal work. 

The Dark Matter has two distinctive characteristics, which makes it totally apart from 
the visible Matter. 

The Dark Matter possess mass but not visible light, where its existence can only be 
determined by the weight of the its hidden mass, which could be substantial due to its 
internal gravitational field. 


REF 36 


*The inter-atomic fusion 
(Release date 3. 5. 2006) 


Extract from this paper: 
"The fusion of two or more atoms has been the pre-occupation of nuclear physicists for 
past years. 

Conditions to achieve fusion of two hydrogen plasmas in the TOKAMAK reactors have 
taken years to teach scientists a lot about the behaviour of plasma and their fusing. 

The reality about the fusion in someway has to be reconsidered as, if the scientific 
world is trying to amalgamate the contents of two plasmas to release energy. There 
must be a simpler way to achieve releases of similar energies. 


The fundamental principal of the inter-atomic fusion is a much simpler way to achieve 
fusion. If this principal is applied to the atomic condition of fusion, then fusion will be 
attained in a simple but in a much more physically realistic environment. 


The explanation for the inter- atomic fusion is very simple and direct. 
In the fusion of two plasma of proton of hydrogen atom, the physicists try to fuse two 
large plasmas, and by doing so, they try to release a large amount of energy. Where in 
this process enormous amount of magnetic field forces and currents are needed to bring 
two plasma in close proximity, so that the energy barriers in between them can be 
overcome for them to amalgamate or fuse. 
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In the inter-atomic fusion the overcoming of energy barriers does not exist, as in this 
method of fusion, the electron of the atom which is circulating the nucleus of the atom 
and is of the same origin will be encouraged to return into and fuse with the nucleus of 
its atom". 


Where this is a more practical way to create and release manageable energies and there 
is no need for elaborate systems where even if the energy release will be small 
compared to dreamed up fusion systems of today. 


With inter-atomic fusion method at least small and practical systems can be developed 
to handle low temperatures of the fusion process. 


REF 37 


The conductivity of the Matter in the vacuum 
of the interplanetary mediums 
(Release date 21.1.2006) 


Some extracts form this short paper "Therefore plasmatic magnetic energy field of 
elements within the interplanetary medium will cover the space given to them in their 
environment. Where due to their motion and their electric charges even in eV levels, 
they become perfect conductor, and in turn, due to their motion on their environment, 
they become plasmatic electromagnetic generators. 


REF 38 


The production of Graphene 
(Release date 25.7.2006) 


Repeated experiments and tests in simple static reactors, and tests in more complex 
dynamic reactors, prove that atomic separation and recombination of Matter like carbon 
and hydrogen can be reached at room temperature and at atmospheric conditions. 

We have now indications - through static and dynamic tests in our reactors - that the 
universe was made in normal condition, which was originally nothing but packages of 
plasmatic magnetic fields of different strength, which were themselves nothing but 
areas of plasma or collections of loose magnetic fields energies. Where magnetic fields 
of different strength in locking to each other, by the principle of their plasmatic 
magnetic energy (PME), have caused in the first stage the creation of fundamental 
particles, secondly atoms, then molecules and then Matter, clouds and asteroids and 
then stars and galaxy's". 


The big bang theory conditions have no room in the reality of the creation of the 
universe. 


REF 39 
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NTERNET LINK: 


Web site: www.keshefoundation.com 


Large images of this book on the web site: 
http://www. keshefoundation.com/book/images/ 


Links on the web site to YouTube movies: http://www. keshefoundation.com/youtube/ 
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PISUELA eral: AMBIENT RE ENERGY HARVESTING IN URBAN AND SEMI-URBAN ENVIRONMENTS 
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Fig. 9, System block diagram, 
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input voltage to fall and be held at a pre-programmed fraction 
of the OCV (set by a potential divider). In a simple de circuit, 
with a resistive source impedance, the optimal ratio is 0.5. For 
the rectenna-based system, a ratio of 0.48-0.53 was found to 
maximize the power output of the system. The BQ25504 is de- 
igned to charge a storage clement, and in this case, a capac- 
itor Cyrorage WAS used. The programmed PMM continuously 
charges the storage capacitor, and the load (a low-power LED) 
‘was automatically connected to the storage capacitor when the 
capacitor voltage reaches an upper limit Vijgy, = 2.84 V and au- 
tomatically disconnected when it reaches a lower limit Viowe = 
2.401 V. The duty cycle of the LED can then be used to calculate 
the efficiency of the system, as will now be described. A dia- 
‘gram of the system is shown in Fig. 9. 


IV. END-TO-END EFFICIENCY ANALYSIS, 
‘The efficiency 1) of an RF energy harvesting system is 


Pa 


1 Q 
"Par ey 


where Py. is the time-averaged output (ie., equivalent de) 
power into the storage element (e.g., battery or supercapacitor) 
and load and Par is as previously defined. Measurements 
for this type of system are usually performed in a controlled 
environment (e.g., an anechoic chamber or TEM cell), using 
a dedicated constant or variable amplitude single-tone RF 
ignal source [32], [39]. However, the former is not suitable 
for evaluating ambient RF energy harvesting operation, which 
hhas a much broader spectrum of nonconstant input frequencies 
and where the instantaneous input RF power is time variant. 
The use of a constant single-tone dedicated source provides a 
convenient stable reference power to the harvester; while the 
latter reflects a more realistic signal source having fluctuating 
power levels across a nonzero bandwidth, multipath, and reflee- 
tion effects which are very difficult to emulate in a controlled 
environment 

Therefore, to determine the overall end-to-end efficiency tore 
fora complete ambient RF energy harvester, the input RF energy 
Ung was calculated based on the harvester’s antenna character- 
istics and the actual banded input RF power density measure. 
‘ments taken at the time of harvester operation, using the Agi- 
lent Fieldfox and the calibrated antenna. It is important to note 
that since the impedance mismatch between the antenna and de- 
tector is not taken into account, Ur is higher than expected, 
providing an underestimate of end-to-end efficiency. The output 
de energy Ue was then calculated by measuring the change~dis- 
charge cycle time, teycre of the storage capacitor between Vaigh 
and Vig, a8 the LED is repeatedly connected and disconnected. 
‘The output de energy equation is already taking into account 
the efficiency of the PMM given the fact that the measurements 
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Fig. 10. End-to-end efficiencies for ambient RP energy harvesting at ICL. 


are taken at its output voltage. The end-to-end efficiency of one 
charge-discharge cycle of Ortorage is 


Toe = ) 


Upr 
where the input RF energy is given by integrating the time-av- 
eraged input RF power over a eycle time, as 


J Peeat 


t 


Une = @ 


and the output de energy is given by the energy supplied to the 
load, as follows: 


(Vain? — V0) 


7 ©) 


Uae = Crtornge 


A. ICL Field Trials 


Four single-band ambient RF energy harvesters were assem- 
bled by connecting the rectifiers to the wire/tape antennas and 
PMMSs programmed for the optimal load. A 100-pF shunt c 
pacitor was employed as the storage element, providing Use 
115 2. Our system is capable of cold-starting the boost con- 
verter and MPPT since the rectenna is capable of providing 
the minimum starting voltage of 330 mV. When the minimum 
voltage is reached, the boost converter and MPPT start to op- 
erate and the charge~discharge cycle at the load begins, causing 
the LED to flash. During field trials, fin took up to 170 s for 
the harvester with lowest banded input RF power density, cor- 
responding to 3G with the wire antenna. Table V summarizes 
the results where i, and t, are the charge and discharge times, 
respectively, and SV and :/ are the multiband voltage and eur- 
rent summing array architectures, respectively. A detailed dis- 
cussion on the multiband rectenna arrays will be presented in 
the following section. The end-to-end efficiency was calculated 
using (3) with data from Fig. 6 and measuring the charge-dis- 
charge eycle time during harvesting operation. 

Fig. 10 shows the overall end-to-end efficiencies for all the 
harvester demonstrators, deployed and tested at ICL. As pre- 
dicted by simulations, the improved 3G v2 demonstrator with 


In this book nuclear engineer Mehran Keshe discloses in a very logical 
way that the initial fundamental building blocks of the universe find their 
origin in a cosmic magnetic soup that contains an uncountable number 
of magnetic fields of different strengths. In this soup magnetic fields of 
similar or equal strength can meet, interact and entangle into a larger 
dynamic spherical pack, The interaction between different dynamic 
packs, leads to the creation of Gravitational and Magnetic field effects 
and properties in their given environments. Due to the differences in 
their magnetic field strength each spherical pack will possess a different 
strength, which each magnetic field strength will be in the order of mag- 
nitude of the three basic types of Matters (Dark Matter, Antimatter and 
Matter). 


lee 
As these three Matters being made of magnetic fields, they also interact, inter-balance and can 
interlock with each other, these interactions of three Matters results in a larger integrated dynamic 
system, called the Initial Fundamental Plasma, or the !V°\/0".By the natural decay of this plasma, 
the proton and the electron come to be generated and to co-exist, where plasma of each proton 
and each electron still contains the Trinity of the three Matters of the original plasma. 


The discovery of these new first principles in physics will open for mankind a large number of 
benefits, since the various type of interactions of the three basic Matters and their field forces in 
their environment leads to the «/2.t/0 a11¢ contro! of matters (solid, liquid and gas). 


In this book, new first principles and criterions for the creation of Gravitational and Magnetic field 
forces of the planet Earth are explained. Similarly itis explained how safe, simple, nuclear reactors, 
which have been build to replicate the structure of the planet inner cores, confirm the Keshe theory 
of creation of gravitational fields of the planet, as these reactors can produce fields which can 
cause reduction in weight, cause motion and lift of the reactor system, and produce an indepen- 
dent magnetosphere around such reactors. The interaction of the dynamic plasmatic magnetic 
fields of the magnetosphere around these reactors with the planetary magnetic fields creates light 
around the reactor. These !)/)(-°f/2ct= confirm the Keshe's theory of creation of light through the 
interactions of plasmatic magnetic fields. These systems will open new ways of Space Travel. 


By this knowledge it became possible to design, develop and test new low cost reactors that can 
dilute plasma and achieve fusion of plasmas in a simple and affordable way. So it now becomes 
possible to create vast amount of energies (like ©/°c!"/</'y and heat) and motion without the need 
of burning any fuel and without creating any waste. These reactors can create at any point-of- 
demand matters like air, water, food, medicine, and new materials, also at nano-level. 


This new revolutionary technology can help to solve a number of global problems, like of the 
climate change, since Keshe reactors can be build to attract greenhouse gasses like C02, or the 
global issue of water shortage and water pollution since it becomes now possible to create water 
and to attract hazardous elements out of the polluted and contaminated waters. 
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Forwords 


All knowledge gathered and learned in every fields of science by man in his cycle of scientific 
evolution from his beginning of time and up to this point, these are like of the speck of dust of the 
universal wisdom in comparison to what man will enjoy from the knowledge which is to be 
revealed in this disclosure. 


This shall not be all that the man has to know about his creation and the creator but through this 
new knowledge man will become close to realise how much more he needs to discovered and learn 
more about the created bigger universe, and our hope is that we have managed to bring man to his 
ultimate point of maturity about his world and the world of other creatures of universe through what 
is to be disclosed in this book. 


In these new series of disclosures including this we will open the world of science into the 
realisation of the real working of the universe and how man can advance his intelligence and that 
this new and up to now unknown science can clear the way for bringing peace to the Man’s own 
wondering life and other intelligent beings in the universe. 
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TABLE V 
HARVESTERS CHAROE AND DISCHARGE TIMES (t,, 1, RESPECTIVELY) FoR A SPECIFIED LOAD 


= a ee 
tape antenna outperformed its original design by 11%; achieving TABLE VI 
an end-to-end efficiency of 40% with an input RF power of only NUMBER OF LOCATIONS FROM THE LONDON RF SURVEY CAPABLE OF 


=25.4 dBm. 

Iti believed that a much greater efficiency can be achieved 
for the DTV harvester if the fractional bandwidths for the 
first prototype circuits (i.e., 4.4/4.5% for the antennas and 
5.8% for the rectifier) could be increased to match the much 
greater target value of 26%. Likewise, the reduced efficiency 
of the GSM1800 harvesters can be attributed to the detrimental 
effects of the narrowband input impedance matching of the 
rectifier (i.c., having a fractional bandwidth of only 1.6% 
compared to its target value of 4.1%). Finally, with all the 
the end-to-end efficiencies can be enhanced through 
-sign and optimal polarization matching, 

Table VI, shows the number of locations from the London 
RE survey that would be able to support our harvesters. Unlike 
the single-band 3G harvester, which can operate at 45% of the 
locations, our DTV harvester can only be used at two locations 
(one in zone 2 and the other in zone 3). Therefore, for the gen- 
ral deployment of an ambient RF energy harvester within an 
(semi-)urban environment, at street level, the single-band DTV 
harvester may not be practical 


when 


V. ARRAY ARCHITECTURES 


Since ambient input RF power levels can be low (i.e., below 
—25 dBm) and dependent on both time and spatial considera- 
tions, harvesters could be designed to extract energy with spa- 
tial-diversity within the same frequency band or using different 
frequency bands. For example, with the former, at a particular 
location there may be only one band that has significant levels of 
RF energy worth harvesting. In this case, spatial-diversity array 
architectures may provide more usable output power. Alterna- 
tively, with the later, multiband array architectures may provide 
‘more robust operation. 

With both forms of parallel array architecture (i.e., spatial- 
diversity and multiband), a further classifi 
through the use of either diversity/band switching or a summing 
node. With the former, physical switches automatically select 
whichever signal path delivers the highest input RF power le 


ion can be seen 


SuPpoRTING IDENTICAL HARVESTERS AT THE SAME EFFICIENCY LEVELS, 


DIV -GSM900.—GSMIS00.—«3G 
ry), GIy) __BTs) 
Stations with higher Seo [2 2 @ 12 


with the latter, power from all signals is combined. Fig. 11 il- 
lustrates generic forms of parallel array arc 
that switching/summing can be performed electromagnetis 
at a single antenna or at the output from multiple antennas, 
tifiers, or PMMs. 

Multiband array architectures, similar to those in Fig. 11(c) 
and (d), capable of RF harvesting from the four previously 
identified bands, were selected as possible optimal solutions, 
given no size/cost constraints. Our objectives were to reach the 
minimum cold-start voltage at the lowest possible input RF 
power levels and increase the harvesters’ operational capabili- 
ties within (semi-)urban environments, 

To this end, two different multiple rectenna architectures 
were investigated. The first with a single shared PMM and 
the second with multiple PMMSs, as illustrated in Fig. 12. To 
simplify assembly, the wire antennas were selected since they 
did not require a substrate. Unwanted coupling between the 
single-band antennas was minimized by placing them a min- 
of A1,/5 apart; where A,, is the wavelength of 
the lowest frequency band antenna [40]. For example, the DTV 
and the 3G antennas were kept at least 11 cm apart, as shown 
in Fig. 13. Thi 
Fig. 5 once all antennas were 


imum distan« 


allowed $11 measurements to be the same as in 
sembled into the array. 


A. Multiple Rectennas With a Shared PMM 


In order to improve the cold-start performance of the system, 
the outputs of multiple rectennas 
shown in Fig, 12(a). This increases the probability of the voltage 
on the input of the PMM reaching the cold-start level (330 mV 
for the BQ25504) under any given scenario. While cold-starting 
the PMM, each rectenna harvests (albeit not optimally). Once 
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Introduction 


With the present knowledge in the plasma technology and the new understanding of the internal 
structure of the plasma, the light is and can be considered to be a cylindrical version of the spherical 
plasma like of the proton and the plasma of the light is in possession of all three magnetic fields of 
the matters of the plasma (1). 


The ray of light is in possession of Magravs and hence its own gravity, mass and Magnetosphere, 
and due to its dynamism this plasma of the light possesses momentum and hence can carry and 
transfer this momentum as energy to other light rays, tangible and non-tangible entities. 


As the plasma of the light is moving from one dynamic magnetic field strength spherical in shape 
plasma to another and as each matter’s mafé of the plasma of the light interacts with its surrounding 
environment’s plasmatic magnetic fields in any matter environment, then the appropriate matter 
mafs components of the light and its ever present environment come to interact with the same and 
different matters and matter maf’ in strength of its environment, this leads to less losses of the 
plasmatic magnetic field (pmf) contents of the maf’ of the matters of the ray of light and hence 
allowing the light to travel in any environment at the speed of its given environment plasmatic 
magnetic fields strength with less friction and maximum speed in that given pmf strength. Then in 
matter mafs and matter magnetic fields strength environment, this property allowing the ray of light 
to have a speed of light in matter environment strength as is observed by man, and where in 
antimatter environment the antimatter light travels at antimatter magnetic field strength 
environment, which the speed of antimatter light is far higher than the speed of light in the man’s 
matter plasmatic magnetic field strength environment. 


Thus the speed of the light in the matter environment is not the ultimate speed of matters in the 
universe, but the speed of light is dictated and controlled by the environmental magnetic field 
strength which the light operates in. 


It is possible to attain faster speeds than the speed of light in a matter magnetic field strength 
environment by using the magnetic fields properties of the antimatter plasmatic fields. 


Once understanding this criterion and concept then at this stage one will face the magnetic strength 
barriers to overcome as one does in the matter environment with sound barrier. 


Therefore: One has to understand the truth about the real construction of the light and its movement 
in each plasmatic magnetic field strength environment for the man to be able to travel the spans of 
the universe with pleasures of being able to observe and learn all the truth about the creation in all 
pmf strengths which operate in the universe. 


The re-naming of matters and conditions 


(Advice: Skip this section unless you need to refresh or reading for the first time or read it after you 
have read the chapter 1, 2 and 3 as this section can be confusing and distracting you from the main 
body of the book) 


(Point of reference: The following section is and to be added to all disclosures for the ease of 
understanding as most of these have been disclosed in the book (1), and it is added here for the ones 
who have not read the book and are not familiar with terminologies in the works of the author). 


In this literature, when using the term “maf” for example in form of the antimatter mafs this means, 
and refers to the magnetic fields (mafs) which this entity is made of and it is considered to be as a 
plasma of magnetic fields, and where the term “antimatter” is used on its own this meaning the 
physical tangible or detectable entity of the same. This usage of mafs similarly applies to physical 
matter and Dark matter too. 


Further, the difference with Antimatter and matter is only in their plasmatic magnetic fields (pmf) 
strength and compactness of their fields. Thus, what is the magnetic fields (mafs) of antimatter they 
become magnetic fields of the matter as antimatter magnetic fields unwinds, loosens up, weaken in 
their field strength through their interaction with other magnetic fields and matters and become 
matter mafs and in plasmatic magnetic field strength of matter environment the matter maf’ 
becomes tangible and become matter. 


Therefore the antimatters are a more compact strength magnetic fields entities of the same of the 
magnetic fields of the matter, and due to their tightness of their fields, these magnetic fields of these 
mafs of matters they create stronger gravitational and Magnetic fields and hence they have stronger 
Magravs and hence upon their unwinding, they release magnetic fields and pmf which are faster, 
higher in strength and hence they look as to be strange strong and fascinating matters. 


This means that antimatter entity of for example ten centimetres in diameter once unwinds in 
structure it becomes a matter of several thousands of meters in diameter entity in matter magnetic 
field strength environment. 


Inevitably one should call the term antimatter the start matter and therefore antimatters should be 
renamed the Principal matter. Therefore there is nothing anti about these matters mafs and matters 
at their pmf strength as has been assumed in the world of science. 


The Principle mafs matter itself has different degrees of strength by itself and not all magnetic 
fields of the Principal matters have the same magnetic field strength. Where, the principal maf’ 
plasmatic magnetic fields strength has a spectrum of field’s strength too. 


As the magnetic fields of the principal mafs unwinds, it releases and loosen in its environment these 
magnetic fields (mafs) of the principal matters disperses into their environment, then they lose their 
strength through contact or interaction and friction with mafs’ of matter and matters, and hence 
these principal mafs matters pmfs go for through magnetic fields strength of the Dark mafs matter 
strength first before through further reduction in strength, the dynamic pmf of mafs of the dark 
matter in motion reaches the pmf strength of the matter mafs level and hence becomes visible in 
matter pmf strength environment and becomes matter. 


Now that the essence of existence of dark energy or dark matter can be explained in its realistic 
manner, and that is what has been called dark matter is in fact this is a magnetic field in transit from 
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the principal mafs matter and matter strength to matter mafs strength and matter. 


Then as energy has been defined as “magnetic fields in motion” then the dark energy in fact is 
transition maf matters in motion, or what is called the transition energy. 

Then the dark energy can be called the Transition energy instead of the Dark energy, as the pmf in 
motion as this magnetic fields from the mafs strength of the principal matter in motion to reach to 
mafs strength of the matter level, this is only a Transition pmf condition, and transition mafs matter 
phase only. 


Where, the interaction of mafs of transition matters with other of the same leads to and creates the 
Transition gravitational and Magnetic fields of their own or create what is called the Transition 
Magravs and in some cases this condition leads to creation the transition matter (dark matter) and 
consequently sometime interaction of maf of transition energy leads to appearance and become 
transition matter (dark matter) in the cosmos. 


Therefore, the magnetic fields strength which makes the dark matter is to be renamed as the mafs 
of the transition mafs matter and the dark matter as tangible matter becomes the transition matter, 
the dark energy to be renamed to transition energy. 


The plasma of the principal mafs matters exists everywhere in the universe. This being in the centre 
of the universes, galaxies, stars, planets, plasma of proton and even in the centre of the plasma of 
the electron and in the lower order pmf strength environments which have been undetected up to 
now by man, 


In reality in the centre of what is called a black hole in the universe, there exist and is the home of 
the principal mafs matters and principal matter. Therefore the black holes should be called the 
principal stars in the centre of galaxies, stars, plasma of protons and other entities like these. 


The choice of the term star for principal centres of matters is correct as these principal matter 
concentration centres are like a star in the centre for the matter world like solar system, and the 
Principal stars are the place for the maf’ of the Principal matters and the principal matters which 
their fields radiate outward into their surrounding as it does with the stars. Thus from this point on 
in this disclosure we call the black holes the Principal stars in the universe now that we understand 
the real source of their mafs of this matter(s) and its principal matters. 


It can be understood now that where the intensity and the strength of stars and planets come 
partially from the existence of the principal mafs pmf strength which has been released by the 
Principal stars in the galaxies. This is to say that the seed of the pmf of the galaxies and matters 
needed for the creation of stars in principle are from pmf of the mafs of the Principal matter. Where, 
the interaction of the pmf of these mafs’ of the Principal matters leads to creation of initial strong 
Magnetic and gravitational fields needed for the creation and attraction of mafs of matters of 
plasmas of matters, the mafs of the transition matter and transition matters of the same region of the 
galaxies, plasma of stars, plasma of the proton and other entities of the same structure in the 
universe. 

At the same time when using Magnetic with capital “M” this means the like of the Magnetic field of 
the earth, which itself is the plasmatic environment created by the interaction of at least two 
magnetic rays and indicates the outward flow of the magnetic fields from a plasmatic environment 
the like of the earth. 


Similarly, when using magnetic field with small “m” this simply means the magnetic fields as in 
what we observe at the end of a solid magnet as magnetic fields of the object without its interaction 
with other fields. 


Chapter 1 


The light 


The initial assumption which has been made by Einstein that the light is energy and travels with the 
ultimate speed of acceleration in the world is nothing but short of the lack of the understanding of 
the scientist about the real truth about the real different composition of dynamic Magnetic fields 
strength which the light is made of. 


It is really unthinkable that the light in matter environment can be considered as energy as has been 
done by Einstein, as he has even proven that the light tends to bend when it passes near large 
objects like stars. 


This bending of the light should have indicated to Einstein that, when energy tends to bend in and 
around any objects like a star, this by itself indicates that the light is and possesses both a Magnetic 
and gravitational entity structure. He should have understood that only Magnetic fields or the 
gravitational fields, which both are magnetic fields based, that these two entities can only attract or 
interact with other magnetic fields based Magravs entities and then in finding their position in 
respect to each other, this causing the positioning and not bending of the light in respect to the star 
and hence light bypasses such large objects by manoeuvring around them and gets or give the 
appearance of bending near the object as it position’ itself in respect to large objects Magravs. 


Hence light is not energy but a physical plasma entity like the plasma of a proton or an electron. 
Therefore, the interaction and Magravs positioning of two physical dynamic entities, which leads to 
observation of what is called the bending or lensing of the light near large objects the like of the 
star. 


Whereas this was not so and light was an energy, and as has been explained before energy is when 
plasmatic fields (pmf) are in motion, then light would have been absorbed by the Magravs of most 
stars into their magnetic fields based atmosphere on the way of them passing through cosmos and as 
has been observed the light would have been absorbed by the other entities in the cosmos, and the 
light ray would not find its position in respect to star and bend around stars and large dynamic 
entities in the universe and the light ray would have never been able to cross the universe that one 
can now see the emitted light of stars from far corners of the universe. 


Therefore as light tends to react and bend near objects like stars this by itself indicates important 
points that the light is a composite magnetic field based entity and if one can attract and interact 
with any composite magnetically based entity, then the entity has to have both Magnetic and 
Gravitational field forces. 


When two or more plasmatic spherical magnetic fields Magravs interact then this can lead to release 
and creation of cylindrical Magravs of the light, which this transitional Magravs entity possesses 
both mass and gravity. Therefore, as the plasma of the light possesses gravity and Magnetic fields, 
hence this entity due to its structure possesses its own mass and its own magnetospheric 
environment too. 

Where, this magnetosphere which is created by the interaction of the two the Magnetic fields and 
gravitational fields of the light in its interaction with other pmf of Magravs of a given environment, 
this leads to and creates the visible light in matter mafs and matter environment when the outer 
matter content of the light is in matter environment. 


Hence the interaction of the plasma of the light and its environment’s magnetosphere leads to 
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release of pmf in the human protein Magravs strength, which manifestation itself as the visible 
light. 


That is to say as the magnetosphere of the light interacts with the magnetosphere of its. given 
environment, due to friction of the two fields, residual magnetic fields leftover are created, which 
they are manifested as visible light or other wavelength of magnetic fields according to the human 
eyes protein cells plasmatic magnetic fields strength levels in earth environment Magnetic fields 
condition and in comparable environments. 
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Chapter 2 


The structure of the light 


As an entity in possession of Magnetic and gravitational fields moves from one spherical plasmatic 
magnetic fields environment (for example the plasma of the proton) to another plasma, the plasma 
Magravs motion in between these two spherically dynamic plasmatic entities (transition plasma 
magnetic fields (pmf) stretches’ to and takes the shape of elongated cylindrical Magravs entity 
rather than a spherical shape. 


It can be considered that the tangible or detectable pmf are of dynamic spherical in shape entities 
and they possess the pmf Magravs of their own and as the pmf moves from one dynamic spherical 
entity to another dynamic spherical pmfs Magravs environment then the plasmatic magnetic field 
Magravs in transit between the two spherical Magravs due to interaction and its composite Magravs 
configuration and the Magravs composite of its environment becomes elongated pmf in shape from 
the Magravs of the spherical plasma and takes and become narrow and elongated and hence spiral 
cylindrical in shape. 


It has been explained in detail that the plasma of dynamic spherical entities like plasma of the 
protons’ is made of three main components of mafs of the matters, the mafs of the principal matter 
and the mafs of the transition matter and maf’ of the matter (1). 

Therefore the elongated plasma of the same must contain the same mafs and matters but in a 
different structural positioning configuration. 


Hence the dynamic cylindrical shape plasma of the maf’ of the matters in transit from one plasma to 
another will have the same quantity mafs of all matters of the dynamic spherical plasma and 
therefore the plasma in transit possesses and it is made of the same mafs of the principal matter 
(Fig.1, 2), mafs of the transition matter (Fig.1, 2), and the maf’ of the matter (Fig.1, 2), hence the 
plasma of the light contains the same mafs of the matters as the plasma which is manifested from. 


This dynamic elongated cylindrical plasma once in motion due to its new shape it can penetrate and 
move faster in its environment as it has less frontal interface and creates a lesser friction as if it was 
spherical in shape, this allowing faster speed to be attained by the plasma of the light in transit from 
one matter mafs environment to another irrespective of the plasma matter mafs of the light being in 
the principal mafs, transition mafs or matter mafs mediums pmf strength environment. 


matter 


transition matter - - - - = - - 5 
principal matter 


principal matter 
transition matter - - - - — - - 
matter 
Fig.1 The schematic maf’ of the matters components’ of the light 


This internally dynamic cylindrical plasma of the light in its motion creates friction between itself 
and the Magravs of its environment, which this friction at the point of their interaction and due to 
friction of the two pmf Magravs at this point of interface releases plasmatic magnetic fields, which 
are in the man’s protein pmf strength detectable magnetic spectrum. Through biological structure of 
the humans protein pmfs strength visionary sensors’ which can detect this interface interaction pmf 
strength then these sensors become aware of different pmf strength, its position and condition and 
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Fig. 11. Parallel array architectures with switching/summing at the: (2) an- 
‘enna, (b) output of multiple antennas, c) output of multiple rectifiers, and 
(@) output of multiple PMMs, 


the PMM circuit starts, with the MPPT operating, the harvested 
power level increases. 

‘The behavior of the series rectenna topology with a shared 
PMM requires some discussion, As the output impedance and 
the OCV for each rectenna is different, since they operate at dif- 
ferent frequencies and input RF power levels, the rectennas are 
forced to share the same output current in a series configuration, 
‘which does not allow them all to operate at their individual max- 
imum power points, This causes the voltage on each rectenna 
output, except the one having the highest input RF power, to col- 
lapse. This operation is analogous to the partial shading problem 
with a series string of solar panels [41] sharing a common boost 
converter. With this photovoltaic system, bypass diodes placed 
around individual cells stop the poorly lit cells contributing a 
negative voltage (and power) to the string. In our ease, the se- 
ries circuit formed by the loop antennas and rectifying diodes 
performs the same task. This means that whil 
tribute to system startup, only the rectenna with the highest input 
RF power contributes significant power for continuous opera- 
tion once the PMM starts. Fig. 10 shows the end-to-end effi- 
ciency forthe voltage summing multiband harvester array when 
tested at ICL, An efficiency of only 15% was achieved with a 


ll rectennas con- 


@ © 


Fig. 12. Multiband array architectures (with N’ = 4 bands). (a) Voltage sum- 
ming atthe outputs of the single-and rectennas.(b) Current summing atthe 
‘outputs ofthe single-band harvesters, 


3. Rectenna array architecture with individual PMMS for the four largest 
contributors with wire antennas, 


combined input RF power of —12 dBm. The lower efficiency, 
when compared to a single-band harvester, is due to the imbal- 
ance of rectifier outputs, as discussed above. Here, the charge 
time was 43 s, compared to 167 s with the lowest contributing 
single-band 3G harvester with wire antenna, 


B. Multiple Rectennas With Individual PMMs 


In order to overcome the balancing issues when multiple 
ennas share a common PMM, as discussed previously, 

ich rectenna can have its own PMM, whose outputs can 
be connected to a common storage element (in this case, a 
400-j(F shunt capacitor, providing Uy, = 461 J), s illustrated 
in Fig. 12(b) and shown in Fig. 13. Although not achieving 
cold-start as quickly as the series topology, this parallel 
topology has the advantage of being able to run each rectenna 
at its maximum power point. In addition, once one rectenna is 
able to harvest enough energy for a cold-start, all PMMs will 
start because they share a common storage element, allowing 
the rectennas with low-input RF power levels to harvest at 
levels below which they could not do so independently. 

‘This parallel topology was tested and found to be capable of 
operating in many locations where the series array was unable to 
operate; e.g., ifonly one of the bands had P,, > 25 dBm. As 
expected, the largest contributor hot-started the other PMMs, 
allowing them to harvest at an input RF power level down to 
—29 dBm. 

However, as with the previous results for voltage summing, 
having a combined input RF power of —12 dBm, the efficiency 
using multiple PMMs is slightly lower, at 13%, as shown in 
Fig. 10. This is because useful de output power from the cold- 


this information is passed to the brain, where this method of interface interaction of two Magravs of 
the rays of the light and the protein has become the method for man to be aware of his physical 
surrounding in his environment pmf strength and the man has called this matter interaction 
conditioned wave length the light ray. 


The light ray in its interaction with the surrounding magnetic fields in their environment leads to 
creation of magnetic field in range to man visible light according to the human protein pmf strength 
of the universal Magravs spectrum, where the shine or the visibility of the light observed become 
and it is at the boundary of the magnetosphere of the plasma of the light. 


The structure of this dynamic cylindrical plasma of the light ray, which creates its own Magrays, is 
initially consisted of, in the centre, the content of maf’ of the principal matter, then the next layer to 
the principal mafs is the mafs of the transition matter and then the layer surrounding this, is the 
matter mafs strength magnetic fields components of the light. 


MATTER 


TRANSITION 
‘MATTER 


\\ 


RAY OF LIGHT PRINCIPAL MATTER 
Fig. 2 The mafs of the matters components’ of the light 


These dynamic plasmatic magnetic fields due to their proximity to each other, they have to interact 
with each other as all magnetic fields in close proximity with each other do and by the same 
universal principle laws of physics these magnetic interactions leads to creation of gravity (1) and 
creation of Magnetic fields within and around this dynamic cylindrical plasma, where these 
magnetic fields interactions leads to creation of internal and inward magnetically initiated 
gravitational fields force of the light and the outbound Magnetic fields forces of the light. Therefore 
due to interaction of different constituent magnetic fields of different mafs’ of the matters of the 
light, the light must create and does possess its own Magnetic and gravitational fields, and due to 
the interaction of these two plasmas of the fields of the gravity and Magnetic fields, this leading to 
creation of the mass and the magnetosphere of the ray of light (1). 


Hence the light by natural laws of magnetism possesses mass and magnetosphere and similarly not 
all lights have the same mass and by the same laws and principles lights of different intensity and 
lights which can travel longer distances possess a larger mass. Where, their mass is primarily 
dictated by the strength of the pmf of mafs of the principal maf’ of the light components’. 


The interaction of the mass of the light and the environment of the medium that the light is traveling 
through, then the light acquires weight in respect to its given environment fields strength. 


The mass of the light has different weights according to the gravitational environment which it is 
passing through or being produced or arrive at. In understanding the construction of the ray of the 
light then the mass of the light has to be measured along its total length and not across its width. 


Most rays of light po: 


anticlockwise spiral longitudinal rotational motion for their constituent 
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fields and not spherical rotation of the fields as for example in spherical dynamic entities the like of 
plasma of the proton. 


Rays of light as in the case of matter plasma of protons the light rays mainly p. and 


maintains a clockwise directional motion. 


Due to composite structure of the light’s mafs, if one looks’ at the cross-section of the light (Fig. 3), 
one should be able to observe a tighter magnetic fields strength region of the principal mafs in the 
centre, leading to creation of the strong light in the principal spectrum level and stronger 
gravitational fields of this sections’ structure that creates its own magnetosphere region, then this 
section is covered with the transition mafs region structure of the light, and then when the 
transitions mafs have reduced in their strength, then they become in the level of the matter maf’ 
strength and at this zone the matter mafs and matter of the light are established and maintained (Fig, 
3), 
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Fig. 3 The cross section of the ray of light 


The lights’ structure is similar to the structure of inner sanctum of the Sun and principal star in the 
centre of the galaxies, where for example the Principal Star takes its position in the centre of the 
galaxy and due to its higher inner magnetic field’s strength of the principal star, this creates what 
appears as the principal stars strong gravitational field forces that all matters around it are pulled 
inward and at the same directional motion of the galaxy is set by their principal star too, where 
simultaneous this central matter radiates outward its own light in the principal mafs strength (3 and 
4). 


The straight helixal cylindrical shape of the light ray has polarities the same as any straight solid 
magnet, where the outer magnetic fields lines of the light ray converge inwards and the inner 
magnetic lines of fields diverge outwards, this creating an inward (South-Pole) and outward (North- 
Pole) directional motion of fields ( Fig. 4). 


Fig. 4 The polarity of the ray of light 


Due to the structure of magnetic fields of the light, it can be said that the matter maf fields 
components of the light will be interacting and be attracted and drawn inwards’ through the centre 
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of the structure of light’s magnetic fields at the ends of their pmf length (South -Pole of the light) 
and then as they go through or in proximity of the maf’ of the principal mafs of the light in the 
centre they absorb some of the pmf, which has been unwinded by the mafs of the principal mafs 
fields and then these matter maf fields, now energized, then due to their rapid motion are ejected 
and appearing from the other end (North-Pole) of the light ray. 


This inward revolving motional central rotation of the outer matter mafs fields at the same time 
gives the light its property of high speed forward motion, where the conversion and the overall and 
total gravitational field strength and the helixial cylindrical rotation of Magnetic fields of the lights” 
principal mafs’ dictates the length of the light ray and hence where the beginning and the end of the 
light ray would be. 


This process of matter of light going inwards and then ejecting from other point, is very much like 
the process what some consider as the imaginary phenomenon commonly called and known as a 
wormhole principle. The continues rotation of the mafs of the matter’s fields concaving-in and will 
go through the inner Principal Star like system of fields in the centre of the ray and then the pmf of 
the mafs of the matters emerges from the opposite-end as it has entered with new and higher pmf 
strength. 
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Fig. 5 The first conversion. The spherical plasma structure converts to the cylindrical plasma structure of the 
light (The first metamorphoses of the light) 


When, the spherical plasma first changes to cylindrical plasma that is the point when the ray of light 
is created and becomes straight line directional in motion entity, and the spherical entity goes 
through the first metamorphoses (Fig. 5) 


Then as and when this dynamic cylindrical entity reach’s its destination point, this being of any 
mafs or matters plasmatic fields strength environment, then at the point of arrival then this 
cylindrical entity goes through the second metamorphoses and reverts back and spherical rotational 
fields entity (Fig. 6). 
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Fig. 6 The second conversion. The cylindrical plasma structure of Light converts back to a spherical plasma 
structure (The second metamorphoses of the light) 
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Where, the plasma of the light gets gravitated and absorbed then it takes the shape of the matters in 
the target entity environment as the content matter of the plasma of the lights gets added to the 
plasma of the target environment and the target entity receives an additional dynamic plasmatic 
magnetic field of all mafs of the matters of the light or what is called the target plasma receives an 
additional energy from the plasma of the light. 


Therefore the plasma of the matter to hold on to its maximum pmfs and transfer its pmifs from one 
point in the universe to another as fast as possible, then the plasma of mafs uses and goes through 
double metamorphoses process of spherical to cylindrical and then to spherical entity (Fig. 7). 


In reality the light ray due to its mass possesses momentum rather than light being a ray which only 
transfers’ it magnetic fields and energy upon interaction with other entities in the universe. 


Therefore, IFF the light was a ray and not a plasma composite of different mafs strength, then only 
one of the matters’ maf’ of the plasma of the targeted entity would increase in mass and this creates 
unbalance in the inner structure of the targeted plasma and only in that matter’s content, which in 
the case of the matter environment this energy is so low compared to the principal mafs contents’ of 
the targeted plasma, that this increase in matter pmf would not have shown any increase in its 
content and increase in the energy as the whole. 
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Fig. 7 The double conversion of the plasma from spherical to cylindrical, and on its arrival back to spherical 
plasma entity 
(The double metamorphoses process of the plasma of the mafs) 


But as the light transfers all its mafs of all its matters content to the targeted plasma, then the whole 
pmfs matters of the plasma of the target plasma increases and then the whole plasma shows signs of 
increase in the plasma content and for example the whole atom structure gets energised, 


This being the like of when plasma of an atom receives injection of a ray of light that the whole 
proton and electron gets excited and energized and not only the matter components of the plasma 
(note: the term plasma of an atom as the whole structure of an atom including its neutron, proton 
and electron create its own magnetosphere and it can be considered as one plasma containing 
plasmas of these particles). Where, the electron due to its lesser mass shows a more rapid motion 
and excitation, whereas the plasma of the nucleus absorbs most of the light mafs and adds this to its 
total mass of all its matters. 

If! The protons of the nucleus magnetosphere are measured before and after interaction of the light 
with its atoms magnetosphere, then it can be observed that there is a marked increase in the 
magnetosphere size of the plasma of the proton too, this indicating that the whole atom absorbs all 
matters maf’ of the light and not only the plasma of the electron, which moves and takes new 
position in respect to the protons Magravs. 


In comparison, in earth condition as meteoroids enters its magnetospheric zone, the facing side of 
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the meteoroid on entry into pmf of the earth, its interface surface matter curves’ backward, where 
the same happens in the case of dynamic plasma of the light in entry into a new pmf strength 
environment, then the same types of curvature and convergence of the mafs of outer matter maf’ 
layer of the light due to the speed of the transition and obstruction and friction of the new 
environment, then the outer mafs of the light take their position on the outer layer and the rest of the 
mats of other matters’ of the light follow the same process and take their position within the new 
plasma and the cylindrical structure of the light converts into spherical plasma and hence the light 
converts into a tangible spherical matter, and all its matters content fuses and amalgamates with all 
matters of the same in the new target plasma environment (Fig. 6). 


The reversal of the helixal motion and cylindrical plasma of the light to spherical and rotational 
mode of matter is entirely dependent on and due to the environmental plasmatic magnetic fields 
strength, which the light arrives at and it is dependent on the tightness or strength of the magnetic 
fields of the destination environment. 


In this process pmf traveling from one point to another in the universe, as the fields of the mafs of 
the transition matters have faster speeds than the matter mafs fields of the light then, when the light 
arrives at the point of its destination, where is to release and converts its fields to the given 
environments’ of other plasmas, then the conversion in the matter mafs to matter fields strength 
leads to creation or release of plasmatic fields in the soft x-ray which is the essence of creation of 
life (6) and other magnetic fields strength of magnetic spectrum levels. 


In the matter environment the slowing down from the principal mafs components of the ray to 
matter mafs fields strength leads to release of magnetic fields plasmas in the gamma rays strength 
levels and similarly the beta plasmatic magnetic fields strength is due to fields strength from 
principal mafs to mafs of the transition matter and transition matter mafs to matter maf and matter 
pmf strength this become to release alpha rays in the magnetic field spectrum. 


The production of gamma ray through such similar process can be observed, when the star in the 
supernova state releases gamma burst, where this gamma burst is due to the rapid expansion of the 
principal maf of the star converting into the matter mafs magnetic field strength or the rate of the 
change of the principal maf to matter and matter maf leads to release of gamma rays. 


‘As the matter mafS composition and the construction of the plasma of the electron has been 
understood to be of the same as the plasma of the proton and neutron (1), then gamma rays are and 
can be produced by the mafs of the matters of electron the same way as done by the neutron or 
protons, when and where the right condition for the release of the fields strength equal to the 
gamma rays are made available for this ray pmf strength to be released. Where these rays released 
by the electron can appear in the inner structure of the plasma of the protons of the nucleus and be 
manifest as the incoming and mysterious energies which are moving within the plasma of proton or 
neutron and their source unknown. 


There are lights rays which are created by the electron in the same process of spherical to 
cylindrical structure conversion between the pmf of the electrons and the proton or an atom. 


It has been explained (2) that there is current of magnetic fields flowing within the different mafs of 
the matters magnetic fields strength of any plasma as it does between the plasmas themselves. 
Where the current of magnetic fluxes in the case of the light rays is in the light plasma magnetic 
fields strength and not electron levels of magnetic fields strength of the spectrum of the magnetic 
fields, when magnetic fields moving from one matter mafs to another within the layers of the maf’. 
of the matters of the light. This current of pmf within the mafs of the matters’ of the light is to be 
called the light Magnetism, “ligmagnetism” instead of electromagnetism as their mass of the mafs 
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are totally in different scale of measurement. 


It has to be said that as there are electromagnetic fields so there are protomagnetic field as well in 
the operation of universe, these are a more powerful current follow of magnetic fields package, 
which the world of science is not so much aware of these at the present, but in the construction of 
space reactors for the future of space technology the use of protomagnetic fields and their currents 
are much easier systems to produce and this gives opportunities for the development and production 
of a much smaller but more powerful by factor of several orders of magnitude than electromagnetic 
based plasma space reactors, where huge masses can be lifted with few grams of fuel. This concept 
of light to neutron and lift and motion is the main corner stone of knowledge and principle that 
allows the stars to create such a powerful gravitational and Magnetic fields, which the scientific 
world at the moment has not understood as of yet and has been entangled in the smaller component 
of the atom, rather than understanding the real power house of the atom and utilise this for their 
benefit to achieve some wonderful and interesting results. 


The pmf current within the mafs of the matters of light structure magnetic field in strength has a 
different spectrum due to its length and rotational motion than the electromagnetism measurement. 
This ligmagnetisem has more powerful current flow and by size have stronger field’s strength as it 
has more field contents in the principal mafs fields’ spectrum than the electromagnetism which is in 
matter fields’ strength spectrum. 


Electromagnetism or electromagnetic flow (2) is said to be the electron magnetic fields strength 
equal to the strength of the magnetic fields of the plasma of an electron and the current is explained 
as the rate of the flow of the magnetic fields from one magnetic field strength to another (1 and 2). 
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Fig. 8 Conversion of the ray of light into the fundamental plasma 
or what is known as neutron 


In most cases when the lights have enough mixture of mafs of different strength, these rays upon 
their arrival to a given environment, they directly convert into the complex plasma of fundamental 
plasma or what is known as the plasma of neutron (Fig. 8)(1).. 


At the same time collection of smaller and fragments of lights plasmatic magnetic fields upon 
arrives at the point of destination, due to the vacuum level of the environment go through the 
process of accretion and they create or lead to creation of the fundamental plasma (neutron) in their 
new environment. 


In cases the light ray carries more mass contents of all three mafs of matters compared to the its 
environmental mafs need for production of fundamental plasma in this new environment, then in 
these cases the large in mass light rays has enough mass of mafs that the light ray in this new 
environment goes directly into the structure of the fundamental atom or what is known as atom of 
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hydrogen, that once this ray. That is to say in certain conditions, the structure of atom is due to total 
conversion of the light rays components and the ray of the light does not go through neutron decay 
conversion (1) for the light to become an atom (Fig. 9). 
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Fig. 9 Production of an atom direct from the ray of light 


Some light rays due to their internal dynamism and different mafs strength in their structure, these 
lights rays create and contain entities moving internally and these internal structures keep the 
plasma of the lights’ mafs in order and under control. These internal entities are the like of the 
electrons, which are externally positioned in the overall structure of the atom, these internal entities 
have specific position and purpose and they mostly convert to electrons’ of the plasma of an atom 
in given specific conditions once the plasma of the light converts into matter of an atom, where with 
this process there is no conversion into neutron and then the nuclear decay of the neutron that leads 
to creation atom, in this process the light converts directly into atomic structure in one step. These 
internal entities are usually observed in the lower order environment medium which the light is 
traveling through, where the low speed of the entry of the outer layers fields, in-going through the 
faster speed principal mafs, these create small vortexes between the two fields in the transition mats 
environment of the palms of the light, which these vortexes start operating independently and 
gradually fiend a fix position in the internal structure of the plasma of the light and when the light 
transfers to structure of an atom, these maf entrapped in these vortexes become the electron of the 
matter of the atom (Fig. 10A). 
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Fig. 10A The conversion of light containing vortexes into the structure of an atom direct. 


The reason why the plasma of the light takes the spiral helixial cylindrical motion and shape is 
simply due to the fact that plasmas’ with this type of structure does not have a need for additional 
external plasma(s) around them for coherence and a balanced plasma the like of electron in the 
spherical plasma structures of an atom. 


In principle rays of light get their strength from their inner plasma of the principal mafs’ strength 
rather than any other part. This being the reason, why light look as to be an energy rather than 
entity with the mass. Therefore the light is a composite of plasmatic magnetic fields of different 
mafs of the matters fields’ strength and light is not a single magnetic field structure. 


The lack of understanding of the structure of the light and the inability in scientific world to be able 
to split the structure of the inner components of a light ray has led the scientific world to consider 
the light rays as an energy rather than a dynamic structural plasma as of the same as the electron or 
proton. 
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Fig. 10B Ray of light travelling through and interacting with outer mafs and 
pmfs. 


ial fundamental particles of 


Due to the cylindrical structure of the light plasmatic magnetic fields and their interactions, light 
has the wonderful capability to be able to change its outer mafs cover as/and depending upon the 
matter mafs or matter medium that it is traveling through or where it arrives at. 


In choosing and using helixial cylindrical motion the light does away with the need for external 
rotating plasmas like as the electron(s) with the atomic and planets with solar system. 


This, meaning that all rotational spherical objects the like of the solar systems and atoms need to 
have two or more parts that their centrifugal magnetic forces can keep their matters and maf’ 
content of dynamic magnetic fields in an encircled and enclosed loop for them not to lose too much 
of their magnetic fields through leakage to other plasmas in their environment. 


In reality helixial cylindrical rotation partially can be seen in structure of some of galaxial structures 
too, primarily due to this phenomenon. 


Where, for faster and simpler speed, the layers can move inside-out and vice-versa according the 
mediums’ magnetic fields strength of the environment of travel. This meaning that due to dynamic 
cylindrical helixial motional and composite matters maf’ structure of the light, the mafs of the 
transition matter plasmatic magnetic fields can become and take its position on the outer shell of the 
light rays in a mafs of the transition matter mafs and medium strength and similarly the principal 
mafs components of the light can take their place on the outer fields layers’ of the light rays in 
principal mafs and matter fields strength environment. 


The light is energized from the central magnetic fields strength region of its structure in a matter 
medium and this being the reason why the light seems to be able to travel long distances and behave 
as energy and not an entity. This change of cover allows less losses” of the mafs of all matters of the 
light ray due to friction in any medium magnetic field strength. 


Now it becomes clear, how and why spherical rotational shape of the movement of the dynamic 
plasmatic magnetic fields leads to creation of matters and at the same time longitudinal cylindrical 
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helixial rotation of the same dynamic plasmatic magnetic fields lead to creation of light rays. 
Therefore the method of transport of pmf and Magravs in space is through the Light Magravs, 
where at the point of interaction and slowing down the lights’ pmifs are transformed and transferred 
to matters fields strength of plasma of the new environment. 


Hence, in the universe mafs of the matters are transferred and transported through the mechanism 
and the use of plasma of the light and when for example the Magravs of the light reaches matter 
environment it becomes and slowed down enough to reach’s all content matters Magravs strength 
levels, then what is released in by the light pmf, this surplus or released pmf then becomes the pmf 
which targeted pmf receives as addition pmf or what is commonly called it receives energy from 
the pmf of the light. 


When, the light ray reaches the principal matter environment then its principal mafs pmf will have 
the same interaction as delivery to its given environment as mafs of matter have in the matter 
environment. 


The reason matters can feel forces of rays of light are primarily due to the momentum of the motion 
of the mass of the light itself and not through absorption of its energy. 


In the solar-sail transportation the motion of these would not be due to energy of rays of light 
absorbed by the sail, but in real term the created motion is due to the motion of the mass of the light 
and its momentum that once it comes to rest at the point of interaction with the material of the sail, 
the light transfers its momentum to the fabric of the sails’ matters and hence the increase in the 
momentum of the sail and hence the motion of the sail. 


It is essential to realize that as there are gamma rays, beta, and alpha rays and so on in the matter 
world so do the same types of rays of the same in equivalent and in proportion in strength exist in 
the environments of the Transition and the Principal Matters too. 


Therefore one has equivalents’ of the gamma ray in the principal mafs environment and the same as 
x-ray in the mafs of the transition matter environment in magnetic fields strength too. This meaning 
that the sub-division and spectrum of pmf strength of the light is not the exclusivity of the matter 
environment only and it has parallels” in other matters’ pmf strength environments. 


At the same time the interaction of the Magravs of the lights surrounding with Magravs of the light 
leads to release of magnetic wave’s rays in the visible light spectrum in these matter maf’ 
environments depends up on the observes pmf strength visibly tools of observation. 


The inter matter’s mafs cover exchangeability of the light rays is the reason why light has the 
capability to travel long distances in maf’ of the transition matter environment of the universe, as 
the similar in strength mafs of the transition matters creates no loses or interactions in this level that 
can lead to minimum losses of light’s plasmatic magnetic fields and its strength. The reason being 
that visible light is only released, when two different Magravs in strength collide and not when two 
pmf of the same interact or very little pmf are released in these compatible pmf strength entities and 
environments encounters as in the interaction of the similar pmf lead to and creates very little 
friction between the pmfs of the light and the environment and hence these interactions releases 
very little light and this being the reason why in the universe, the interaction of the transition maf’ 
of the light rays with the transition matters of the universe creates very little light or a dark light or 
what can be called the Transition Translucent light (1) and not a bright visible light, when one looks 
into the deep cosmos. 


The invisibility of travel path of the ray of light through the deep space is in fact due to its 
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capability to change its outer layers according to the environment that it travels through, 


That is to say as the light goes through the Transition fields regions of the universe, then the 
transition mafs and matters of the light will come to take their position on the outer layer of the ray, 
then through this process less pmf are used in interaction with these fields and matters and hence 
less friction and less loses of mafs of the light, and in these interactions there are very little loses 
through the Magravs of the mafs of the transition mafs of the light, these faint lights produced in the 
interaction of light’s outer mafs of its transition matter and of the same and/or transition matters in 
the universe, where these very few interfaces of the collision between the light and the environment 
Magravs gives the universe a dark but translucent effect that one can see through the universe. In a 
way this interaction of lights’ transition mafs and universe’s transition maf is the cause and the 
reason for the invisible transparent structure which allows the production of universes discreet light 
that one can see through this universe but blocks opportunity that one cannot see the lights from and 
the universes outside this universe (3). 


It can be said that the light due to its interaction and helixial rotational characteristics is like a 
chameleon and it has the ability to changes its cover matter and mafs according to its 
environmental Magravs strength, which it travels though and when and where the fields strength 
changes are too great then the light changes its cylindrical to spherical shape structure and its outer 
skin matter and mafs take’s strength of its environment mafé or the matters” plasmatic magnetic 
field strength. Or it can be said that the light has surface Magravs strength matching characteristics 
and capabilities. As the Magravs of the light reaches or tries to enter another spherical Magravs or 
cylindrical Magravs then part of the released Magravs due to friction of two Magravs with each 
other lead to transfer of pmf to spherical pmf and release of some pmf in the form of magnetic rays” 
strength spectrum. 


The light as it enters or comes in contact with plasmatic magnetic environment the likes of the 
earth, then the interaction of their two dynamic cylindrical and spherical Magravs creates fragments 
of plasmatic magnetic fields that are in the range of the man’s protein Magravs strength that to 
man’s sensory detection tool called the eyes can recognise the interface of the interaction of the two 
Magravs as the visible light. 

In reality the light is created and operates through and from different pmifs strength and it is not as, 
simple as an energy as if one define the true meaning of the energy, which is “the plasmatic 
magnetic fields (pmf) is motion” (1), then taking the motion or speed of the ray of light’s movement 
in a different matters and mats environment then one can see that the light in truth is no one 
magnetic ray but it is made of a complex plasmatic magnetic fields of different strength. 


Whereas, in the light’s principal mafs (3) the stronger and tighter of its fields seats in the centre of 
the structure (Fig.1) and as this mafs of the matters field’s unwinds, these newly made available 
which are lower in strength and are going from one strength to another, then these mafs in motion 
to be known as transition energy (dark energy) and when these mafs slow down enough to their 
transition matter and mafs environmental strength, then these appear as mafs of the transition 
matters (dark matter), and then when the transition mafs pmf strength reduces or unwinds enough 
that this mafs reach’s the matter maf’ pmf strength levels environment then it become tangible or 
detectable the matter at this strength (Fig. 11). 
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Fig. 14 Output de power density forall harvesters at ICL. 


starting harvester is being supplied to the other harvesters for 
hot-starting, even though some of them may not actually be con- 
tributing any of their own harvested power. 
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The volumetric output de power density Shar, (wW/em* 
represents an important figure of merit for comparing alterna- 
tive energy harvesting technologies. For ambient RF energy har- 
vesting, the output de power is calculated by multiplying the 
effective input RF power by the overall end-to-end-efficiency. 
‘The total volume (including that of the antenna, rectifier, and 
PMM; not including energy storage, as this does not directly af- 
fect the de power output) must be determined, It is important 
to note that the volume for the antenna could effectively 
appear if it is assembled onto a window or within a wall, fur- 
nishing, fixture, o fitting. Moreover, the required PMM printed 
circuit board (PCB) size used throughout these calculations was 
assumed to be ten times the size of the BQ25504 chip, to 
for any necessary additional components. 

Fig. 14 shows the output de power density for all the har- 
vesters demonstrated here. It can be seen that the 2G GSM900/ 
1800 harvesters with tape antennas both have the highest value 
Of Stary = 7.4 (uW/em®}, when tested at ICL, due to the 
high-banded input RF power density Sp. The value for the 
‘most efficient harvester (i., 3G v2 with tape antenna) was not 
the highest in terms of output RF power because $1.4 in this 
bband was more than an order of magnitude lower than with 
GSM900. 

Snore allows a direct and meaningful comparison to be made 
with other altemative energy harvesting technologies. Our 
best performing ambient RF energy harvester (i.c., GSM900 
with tape antenna) was compared against alternative energy 
harvesting technologies, assuming they used the same PMM 
board size [42]-[44]. 

It can be seen in Fig. 15 that ambient RF energy harvesting 
has a low output de power density when compared to alter- 
native energy harvesting technologies, but only when the total 
volume of the first prototype demonstrator is considered. How- 
ever, when the antenna is absorbed onto or into a background 
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Fig. 15. Output de power density comparison for alternative ambient har- 
vesting technologies [40]-[43] against the best current generation of RF 
harvesters at ICL. 


feature and when the PMM is fully integrated into the rectifier, 
it can outperform (as indicated by the dotted column) the alter- 
native energy harvesting technologies, while providing a com- 
plimentary means of extracting energy from the environment 
‘The RF harvesters, however, have the additional advantage in 
that they do not require a thermal gradient, and unlike vibra- 
tion-driven devices, they have no moving parts. 


VIL. CONCLUSIONS 


Our objectives were to reach the lowest possible ambient 
input RF power levels and extend the harvesters’ operational 
capabilities within (semi-Jurban environments. To this end, a 
comprehensive citywide RF spectral survey was undertaken, in- 
dicating that more than 50% of the 270 London Underground 
stations are suitable locations for the deployment of our ambient 
RF energy harvesters. It has been demonstrated that single-band 
harvesters can operate with efficiencies of up to 40% in a (semi- 
)urban environment, and can start to operate from power levels 
as low as —25 dBm. 

To increase the freedom of operation, multiband array archi- 
tectures were investigated. With the current summing harvester 
arrays, RF harvesting was achieved at an input RF power level 
as low as —29 dBm, without any extemal de power supply to 
hot-start the PMM. Limitations on the multiband array archi- 
tectures were discussed, highlighting the need for further work 
in balancing rectennas with voltage summing rectenna arrays 
when operating at lower input RF power levels 

Finally an output de power density comparison against 
altemative energy harvesting technologies has shown that 
RF harvesting can represent a competitive solution within 
(semi-jurban environments, especially when the antenna can 
be absorbed into background feature 
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Fig. 11 The magnetic field structure of the plasma of the light 


Where, the visibility of the light at this point the like as in the earth and human body, then this light 
is human protein chain mafs strength dependent, then it became visible light to the human eye in the 
Magravs strength of the planet gravitational field strength and then the light appears in matter pmfs 
strength and as tangible or detectable matter. 


Light in its visibility and tangibility has different strength and what is visible light in one matter 
mafs and matter environment strength, this it is not necessarily visible and tangible matter maf’s and 
matter’s pmf strength in another environment and vice-versa. The visibility of the light or its 
transparency is environment and target magnetic field strength dependent. 


The structure of the light prevail that in general in matter environments the stronger or the principal 
fields take its position that as it unwinds it become the source of the magnetic fields to the lower 
field’s strength and it can be divided into the lower field’s strength of the plasmatic and magnetic 
fields. 


At the same time the tightness of the fields of the mafs of the principal matters and their content of 
the principle fields in their interactions with other principal strength fields of the same strength 
mafs and matters creates visibility in their level of strength too that these lights are not visible for 
example in matter mafs or matter environment to human eyes even though in the matter 
environment the existence of the principal fields and mafs of the matters can be felt or even their 
affects can be seen. 


It has to be said that if the light was not in possession of its own Magravs, the light would have 
been attracted and absorbed into and by the first magnetic fields or the first object in possession of 
Magravs in its travel in the universe, whereas the light being in possession of its own Magravs (the 
dotted line around the maf’ of the light in the figure 11) (1) this allows the light to find its position 
according to its Magravs strength in respect to other objects Magravs and magnetic fields in the 
universe and this giving the light the ability to travel the length of the universe without being 
absorbed into or by other objects Magravs and magnetic fields. Thus the light has the ability to 
establish and maintain its own Magravs positioning criterion in respect to other entities in its 
environment. 
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The light rays with higher mass of the maf’ of the principal matters, these rays can travel further in 
space compared with rays of lower mass. Therefore what one can observe as light from far corners 
of the universe in general these are some of the lights which possess the more mass of the mafs of 
the principal matters at the point of their inception, as the rays with lower mass have already been 
absorbed by the other entities in the universe over the life of the universe from the time that these 
rays were created and have been in travel in cosmos that they could not be observed by man at this 
point in the life of this universe. 


The light observed from far corners of the universe are some of and not all the lights from the whole 
of the universal light from the point of creation of this universe as most lights by now have 
interacted and been absorbed or are interacting and getting absorbed by the other fields in the 
universe, then this can indicate that lights of lower mafs of the principal matters strength and 
content of principal matters from the origin of the time of the birth of this universe have mostly 
already been absorbed or been attracted by other pmf and entities in the universe. 


The absorption of different rays of light in the universe are environmental dependent and it can be 
said that the lower mafs strength of the principal matters of the mass of a light ray can become the 
seeds of neutrons or it can be said that the principal mafs of the light as it arrives in a matter 
magnetic fields strength environment, then this principal mafs of pmf of the light becomes 
dynamically spherical in structure and then become the seed of the creation of neutron. Hence one 
can understand how energies which are defined as “the plasmatic magnetic field in motion” convert 
to matter in a given Magravs environment. Where, each mafs of the matters field’s strength 
components of the light then can become in its arrival at a given environment the seed of one of the 
components of mafs of the matters of different plasmas too. 

Therefore it can be said that the initial seeds of the creation are in motion in the universe at all 
levels and all time and once they reach given an appropriate environment mafs pmf strength, then in 
that environment depending on theirs plasmatic magnetic fields strength and the given environment 
plasmatic magnetic fields strength then light rays manifest themselves or can become tangible and 
detectable in that environment. 


For example the light which has the plasmatic magnetic fields strength of a neutron then can upon 
its arrival ina given environment changes to a tangible and detectable neutron and then through the 
losses of some of its magnetic fields to its environment this neutron goes through the nuclear decay 
(1), which this lead to creation of plasma of an electron and a proton and the light ray becomes the 
seed of the fundamental atom (1) or the atom of the hydrogen in matter environment plasmatic 
magnetic fields strength of for example of the Earth. 


Thus; “the present assumptions that the first atoms in the universe were created when the universe 
cooled, this theory is not and cannot be correct and in reality atoms are created through change in 
the plasmatic fields strength of the mafs of the light, secondly at the point of creation of the 
universe, the universe was not hot and there were never high temperatures that the cooling of the 
universe has led to creation of the first atoms as presently commonly stated. The first atoms and 
universally all first atoms’ the like the atom of hydrogen in all mafs strength in the universe are 
created through the magnetic field strength reduction and through no other means. 
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Fig. 12 The universe heat distribution map (W-MAP of the universe) 


This concept of creation of heat and high temperatures at the birth of the universe is not observed in 
the plasmas of electron and proton, when the plasma of neutron decays and divides into an atomic 
structure, and in the universe there are always continuity and parallels, thus the universe has never 
been hot that has cooled down to create atoms, and this is the reason why W-MAP (8) shows 
present balance heat distribution of the universe (Fig. 12). 


In truth the current assumptions of initial heating of the universe at time of its birth cannot be true 
as the initial atoms of the universe and presently atoms were and are created from the original 
principal mafs strength which radiated out as principal lights rays of the universe in the centre of the 
universe and the initial atoms and matters of this universe were not created through cooling of the 
universe at the point of inception of this universe, which this universe itself is created from the 
decay and division of bigger mass of another universe as it happens in the division and decay of 
plasma of neutron to plasmas of proton and electron (3). One does not observe heating in the 
plasma of electron or proton in this division and so be it the same when the bigger universe divided 
and led to creation of this universe of the humans (3). 


In fact, if] The universe was created by the present scientific assumption then the WMAP should 
have shown cooler region in its outer boundaries than the present near homogenous heat 
distribution which has been physical observed and from collated data by the publishers of the 
universal heat distribution map of the universe. 


The heat distribution and the heat concentration on the central line of the WMAP confirms that the 
universe started from a central line in the middle and as the principal maf of the universe unwinds 
then the transition mafs and the matter maf were released and as were spreading outwards into the 
space of a larger universe (Fig. 13), then as the Magravs of the principal mafs in the central line 
region are converted and are reducing, then the overall unified oval-spherical shape explanation of 
the WMAP come to exist, and then as the total margrave of the central principal matters reach a 
point where they cannot hold on to all the mafs and matter expansion of the universal- 
magnetosphere, then at this point the universe will go through a division and all the matters and 
mafs at this point rearranged and regroup as and in the principal strength maf’ and the universe then 
divides into two principal mafs of lesser masses of universes, which these new universe are 
magnetically interconnected and then these new universe go through the same principle of the 
principal light unwinding and the same process as creation of new universe carries as before (3). 


32 


Original WMAP-image from commonswikimedia.com 


Fig. 13 The microwave heat distribution of the universe shows a concentrated heat in the centre disk of the 
universe 


That is to say that the principal matters are the way that universes divided and arrive form another 
universe and as the light in the principal mafs strength unwinds' in its new environment then the 
new envelop of the new universe starts to be created (3). The same process occurs when the neutron 
decays and divides into the plasma of the proton and electron. 


Thus, the universe is not created as a big-ball of fire which has been cooling down as has been 
promoted, but in fact the universe is created the like of as an ejected principal mafs is injected into 
new a universe environment and as the principal maf’ radiate outward as light of stronger maf’, 
then they create the other matters mafs and matters depending on the given pmtics strength of a 
given region in the larger process of this unwinding of the principal maf and matters and its lights 
(3) in this new expanding universe. 


Therefore this universe is in fact created inside out than what has been assumed up to now that as it 
cools down to what it is, which this explains why even the universe is observed to be expanding, as 
the reason for expansion of the universe is being due to the presence of principal mafs in the centre 
of the universe and as principal lights of the principal mafs radiate outward, these light rays of the 
principal maf’ while traveling in their new environment they reduce in strength and this creates new 
matter mafs and matters according to given environments magnetic fields strength and in a given 
point pmtics hence the creation of new mafs and matters and so forth, which this leads to creation of 
atoms and molecules and stars and so forth. 

Thus there has never been a big-bang and the current appearance of the expansion of the universe is 
due to the principal maf which as unwinds it creates the sphere of this universe (3). 


This method of the creation of the universe now explains’ why there is a central gravitational matter 
concentration in the universe as this pull is centred in the dynamic central line of the injected 
principal maf of the universe at the time of its inception, which this can be seen as the red line in the 
W-MAP (Fig.13), which the more concentration of the mass of the principal matter seats in the 
central disk of the W-MAP and as these principal mafs create their own magnetic interactions, 
hence these create their own gravitational and Magnetic fields of their own and thus the central 
gravitational of the universe is in the centre of the denser point of principal maf of the centre 
universal heliosphere of this universe is created and solving the present mystery in scientific world 
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that, where the gravitational pulls of the universe come from. 


This is how even the plasma of the neutron decays and divides into plasma of the proton and 
electron too, where the matters mafs of different quantities and masses of different strength from 
neutron are divided and injected in the new area in their environment, where the original in their 
overall Magravs of all their maf as original components concurrently maintained that the plasma of 
the electron and proton( Fig. 14) and then as the matter mafs unwind and interact they reach given 
Magravs level and position that new plasmas of the sub-components of the atom are created. 


Where this process of division due to micro -level of masses involved it appears as an instantaneous 
process of creation of proton and electron. 
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MATTER 
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Fig. 14A The conversion of the plasma of neutron to plasmas of the electron and proton 
The same process is considered to occur when the universe divides (3), 


This being the reason why the proton does not get heated as a big-bang theory suggests but as 
portion of principal mafs of the neutron which become part of the plasma of the proton expand 
centrally and as the principal maf unwind to the transition matter and matter maf of the plasma of 
the proton and all other fragment of pmtics and magnetic fields, hence the protons’ plasma is 
created from the division of the principal plasma and the fragments of the fields as different 
constituent maf’, matters and fields in the plasma of the proton. 


The structure of the plasma can be compared to the winding spring of a mechanical clock, were as 
the main spring is winded up using a key and then as it unwinds. 


Where as the winded spring is tighten in the centre this tightened spring becomes like the principal 
matter of the plasma, a compact entity full of energy in the centre (figure 14b-1) and as the spring 
unwinds it releases its magnetic fields in lower strength that this unwinding of the fields and 
reduction in their strength further down the line of unwinding of the spring becomes the magnetic 
field strength in the transition (dark matter) field strength (Fig 14b-2). 
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Fig. 14B The visualization of the universal spectrum of magnetic fields, 


Further as the magnetic field strength and as this field opens up in it’s environment and slows down 
and reduces in strength, these fields in this region become in the visible light and lower magnetic 
fields strength in the unwinding cycle of the principal magnetic fields reaches the matter magnetic 
field strength (Fig 14b-3) and further on this field reduces in strength to even lower fields strength 
magnetic fields. 


es 
UNIVERSAL ARGNETC FELD SPECTROM 
Fig. 14C The visualization of the universal magnetic field spectrum, 
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Then as one puts the whole magnetic fields spectrum of the principal maf, transition mafs and the 
matter magnetic fields as one continuous magnetic field strength spring or then the true sense of the 
unifying magnetic field spectrum which connects all creation of fields and matters as can be 
observed in the universe, that this can be called the universal magnetic field spectrum (Fig 14C). 


aac 


rs 
Fig. 14D The universal plasma magnetic fields structure 


Where in the plasma of a proton for example, as the fields unwind and divide in the lower scale of 
the maf strength these lower fields as themselves unwind they interact with other fragments of the 
fields of the same in the Magravs of the principals matters of the plasma and hence they create the 
division and sub fields which one observes within the structure of the plasma, these being like what 
they call quarks and bosons and so forth. Where this total interaction within the capture zone of the 
Magravs of all the fields is called the universal plasma magnetic fields structure 14D. 


The same process can happen with the ray of the light originated from principal maf’ strength (what 
is called the principal light), when this principal light arrives in the principal mafs strength 
environment and hence the first fundamental principal atoms’ can be created in that given 
environment through the same principle as principal atoms are created in the principal matter 
environment (1). 


In reality: if! one could follow and observe the rays of the light which arrives at the boundary of the 
heliosphere of a solar system, one should be able to observe that some of these light rays of varying 
in mafs strength, which can reach this point in the Oort clouds region, these due to the balancing of 
their pmf and their environment vacuum condition and mafs strength, then these light rays 
individually or as collection of fields will become particles, plasmas of neutron, atoms and matters, 
and over the life of the solar system then they rain inward towards planets and the star of the solar 
system (Fig. 15)(4). 


These light’s rays which have slowed down in the Oort clouds layers or other inner sectors of the 
solar system can and do become as neutrons or other particles, then some of these become like of 
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what is commonly known as neutrinos and get attracted back to the star. 
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Fig. 15 Conversion of the light ray to neutron, atoms and gans in the Oort cloud 


Thus as the stars of solar systems through their light emission continuously feeds their planets and 
moons with light rays in form of heat and further the sae light rays in siowing down in form of 
matter, then the same principle continues as the solar systems themselves get feed by the principal 
stars in the galaxies through their principle lights which these lights at the moment due to the man’s 
lack scientific tools these lights have been invisible for detection to the man of science. 


The neutrinos are on the other hand produced by and through the same process from the fragments 
of principal mafs of the light rays of the Sun or the principal matters in the centre of the earth inner 
cores too. At the same time and by the same measure neutrinos, which are released by the principal 
matters and mafs content of the inner-inner core of the earth which are detectable leaving the earth 
surface their existence and the exit from the surface of the earth is the confirmation of the presence 
of the principal matters and principal mafs in matter environment of the cores of the earth, as the 
light emitted by these principal entities lose their pmf strength within the centre cores of the earth 
(4) and as they move outward from the centre of the planet they appear as neutrinos exiting the 
earth surface. 


Some of these light rays due to their Magravs strength get attracted and in a process known as the 
fusion of light rays and produce the initial molecules of the matters in the solar system too. 


In understanding the concept that lights’ rays from the Sun converts into atoms and molecules, then 
this make obsolete the theory that the ice particles left from the time of the creation of the solar 
system are the ones observed in the Oort clouds, the Kuiper belt, in the rings of the Saturn and so 
forth in the solar system. 


That is to say most and even all matters in the solar system like the fuzzy material in the Oort 
clouds layers are mainly the product of the slowing down of the light rays of the star of the system 
and not the hypothetic present assumption that the meteoroids and all particles in the outer edges of 
the heliosphere of this solar systems are the residual materials from time of the creation of the star 
and the solar system. 
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This recycling of the light rays and production of for example particles is comparable and it is in 
fact the same process as one observes in systems which have dynamic magnetosphere the like of the 
earth, where the molecules of the vapours of water rise-up to upper and further regions of the earth 
magnetosphere and when they reach a given temperature and environmental condition then they 
gather and when they are heavy and enough of these entities then they rain down on the earth. This 
is the exact process as it happens with light rays of the Sun as these rays reach to the outer 
boundaries of the solar system in this process due to magnetic field strength difference instead of 
temperature difference as in a planetary system, they slow down and become matter mafS and 
matters and then they rain back towards their star due to its magnetic field interaction and 
gravitational field strength (4). 


In attraction and motion of these lighter atoms and molecules solar winds in the outer region of the 
solar system are created and as they move in the Kuiper belt of the solar system these matters 
become part of the constituent matters of the outer giant planets and these light rays become part of 
and the creators of comets, asteroids and meteoroids as different densities of matters are released 
and created in this process and collected in these so called belts of the solar system. 


Where, the existence of the meteoroids and their pattern of motion confirms the change of the mass 
of the light to the molecules of gans of the hydrogen as these comets and meteoroids go back in the 
Oort clouds layers, then meteoroids attract the newly produced molecules of the hydrogen and 
oxygen and at the same time they carry on mixing the soup of the Oort clouds matters( Fig. 16), 
this leading to collisions of new produced gas and gans of matters needed for the production of 
heavier matters and molecules like water in the solar system. 


In reality the light rays becoming part of comets and meteoroids, these themselves become like a 
mixing spoon of the solar system and the cause of the mixing and displacement of the matter maf’ 
and matters needed for having an active and dynamic matter environment in all parts of the solar 
system. 
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Fig. 16 The light rays become water molecules and get attached to comets and meteoroids and then return 
back into the inner parts of the solar system. 


s at the outer boundaries 
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Therefore the reason, why giant planets exist and possess most of the g 
of the solar system, this is due to the fact that these gas planets continuoi 
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atoms and the molecules of the gasses and gans which are produced by the transformation of the 
light rays to these atoms, and hence these gas and gans atoms and molecules get gravitated and 
pulled around and held or get captured by gravitational, Magnetic fields and get positioned, for 
example, in the rings of giant gas planets according to these ice gans particles Magravs strength 
and Magravs positioning. 


The collection of ice particles and solids in different rings in the planetary or solar system is 
primarily due to magnetic fields of static inertia of these objects the like of asteroids and on the 
other hand due to and Magravs positioning through the Magravs of the gans matters their 
interaction with the planet or solar system Magrays strength and due to their of these planet’s fields 
nearest to the Kuiper belt and Oort clouds. 


Thus, light rays of the star are the feeder of the star, planets, meteoroids and asteroid as they rain 
back inwards into the star heliosphere over time as the Star’s strong gravitational fields pulls’ every 
matter and matter mafs in its system back to itself. 


Therefore the light emitted by the star partially become the sources of the materials which are 
returned to the star matter for it to carry on with its everlasting existence. 
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PISUELA eal: AMBIENT RF ENERGY HARVESTING IN URBAN AND SEMI-URBAN ENVIRONMENTS 
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Chapter 3 


The conversion of light rays to the Gans of the matter 


Considering the transition of the light into matter in the outer boundaries in the Oort clouds 
environment of the heliosphere of the Sun, there is a further process which occurs to these newly 
created tangible mafs from light rays of the Sun as these newly born neutron goes through its 
nuclear decay (1) and become an elementary atom of the hydrogen in possession of an electron and 
the proton. This atomic matter in the coldness and in low gravitational and Magnetic fields of the 
ort clouds and Kuiper belt become in atomic or nano state of matter of hydrogen rather than 
atomic hydrogen and hence sometimes due to the weak gravitational field forces in these zone these 
lights become the gans (5) of the same element. 


The gans of the matter is the state of matter, where the atomic gas of matter becomes the single 
solid atom of itself or what we have called “the gas in nano state of matter” in short or “gans” of the 
same element (5). Where, the gans of the matter is internal gravitational and Magnetic field 
strength dependent and at the same time where the gravitational and Magnetic fields of the matter 
is stronger than its environments ‘Magnetic and gravitational fields strength 


The difference between the atomic gans or a nano gas material is in the fact that gans of an atom is 
its solid three dimensional free state of matter due to its internal gravitational field interaction, 


As the Gans is the solid state of atom of gas in its natural three dimensional structures that its mafs 
of this matters are interlocks due to their internal Magravs strength of its own and their internal 
mafs loose bindings, and not rigid binding as in solid atomic state of matter as in the form of ice 
state of matter of the same entity of the same atom, which ice state of matter is due to and 
dependent upon external magnetic fields’ strength of the environment which are exerted up on the 
binding structure of atoms that become creates the state of the ice of the same atom. 


RANSITION 
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Fig. 17 The structure of gans of neutron 


Where, at the same time it has to be noted that the light in becoming in state of gans it can create 
the fundamental plasma of the gans (Fig. 17); in the same region as it does create the fundamental 
plasma (of neutron) too. 
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Fig. 18 The structure of gans of an atom 


The gans of elements (Fig. 18) are created through the same process as of known atom directly 
from the rays of light or through the decay of the neutron of the gans going through its nuclear 
decay and creation of its own gans of the same elements in atomic state. 


It can be said that the gans state of an neutron or atom is internal magnetic and gravitational fields 
strength dependent, where atom or nano of matter of the same element is environmental magnetic 
fields strength the like of heat and pressure dependent (Fig.19). 


In this illustration the difference between the internal and external magnetic fields forces and 
processes which lead to creation of gans of matter structure of neutron respectively are shown, 


reason 


Fig. 19 The comparison between the gans of neutron on the left and 
the fundamental plasma ( neutron) on the right 


The gans state of matter is the reasons why for example the molecule of gans of the amino acid 
(Fig. 20) in the structure of protein and other cell structures the like of in the leaves of plants have 
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tangible, flexible, soft characteristics that they can be manipulated and not being rigid hard. 
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Fig. 20 The structure of a molecule of gans of amino acid 


May be it can be said that gans is the solid state of matter of living entities. That is to say the 
structure of the protein is one of the molecular states of the gans in matter magnetic fields strength 
environment. Where, through the gans state of matter as part of the cell of the living beings this 
makes the transition of pmfs needed for rapid transfer of given mafs much easier as by the 
availability of the gans of an atom rather than nano of atom, this makes it possible to transfer the 
information of the matters as magnetic fields and not the whole of the atom from one atom or 
molecule to another as has been assumed by the world of science up to now, and hence once the 
right measure of the maf’ are transferred to a cell then through accretion of mafs in the vacuum of 
the body then a new gans cell is produced. 


Where, for example, if one pinches oneself flesh or skin, what one holds within its fingers are gases 
of oxygen, nitrogen, carbon and hydrogen in state of gans of the matter, otherwise the body of the 
man would been a balloon of gases and not in the state of matter as one finds between ones fingers. 


At the same time the energy transfer to the already existing cell is due the transfer of pmf of maf’ 
from one cell of gans of lymph to the existing cell. By the same measure as the cell uses its 
appropriate mafs and is left with wrong or mis-measured amount of mafs for its use, then the cell 
transfers these pmf of maf’ to the blood cells for their removal from the body’s systems. This being 
the reason why for example one does not finds residual of urine in the blood, but as the blood 
passes through a different dynamic gans molecular structure of the kidney, then the mis-measured 
mafs in the gans blood cells are reconstituted as liquid and appear as urine in the walls of the 
bladder. 


This applies the same for the transfer of the molecules and atoms of the minerals and vitamins 
which in fact are mafs of different combinations. 
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In reality, the world of science and humanity always have known this state of matter as part of the 
structure their own body but they always have considered it as molecules of the same element and 
not as another state of matter, thus gans can be considered as the fifth state of matter. 


This condition of gans of matter is to be explained as the gases when their physic-chemical at 
ambient temperature and pressure and due to internal gravitational and Magnetic field’s strength of 
the atom the atom physical appearance the atomic structure of the gas changes fo a compact 
configuration of the solid and as the atom of the same gas become and behave like solid but with 
totally new properties and characteristics which has never been known as when the atom was in its 
other three initial known states (gas, liquid and solid). 


This conversion of the light rays to solid state occurs in the outer regions of the solar system(s) 
where the gravitational field forces (vacuum) are low and the temperature has no effect on the 
internal motion of magnetic fields that create this solid state of matter. Then, as the ray becomes 
and appears as gas and in a given conditions manifest itself as the nano structure of gas or what is 
called “GANS” in the same environment due to atom’s own internal Magnetic and gravitational 
fields configuration and not due to its environmental magnetic fields. 


This state of gans and gas of an atom is being the same difference as between the mass and the 
weight of an atom respectively, where mass is due to internal atomic interaction of fields of the 
atom and irrespective of external field forces and where the weight is due to environmental 
magnetic fields effect on the outside appearance of the same mass. 


Humans are familiar with the gans of the molecules and atoms as integral constituent of their own 
tangible body, where gases at low internal vacuum condition of the body convert gases into gans 
or soft individual solid atom state, but up to now the scientific world has never considered this state 
of matter as they just say for example the carbon of protein chain or matter of a cell or a carbon as 
part of the structure of a sugar of a leaf of a plant and so one. That is to say for example, when an 
atom or molecule of a hydrogen gas, which was created from the ray of light as this gas is absorbed 
by the human body then this gas of the atom changes to the gans of the same atom and then through 
the accretion process in vacuum condition of the human internal operation, then this gans particle 
according to its Magravs strength becomes part of the molecular ganses of the N-C-O-H protein 
chain of the human and that is why human body becomes tangible entity. Where, the creation of the 
solid gans in the atom of the gas of the atom, this process by itself is due to the accretion process of 
all the fields of the mafs of the gas atom itself. 


If this change of state of light to gans does not take place, then the human body should have been a 
balloon of gasses and not in the solid tangible arms and legs and so forth. 


Further, it has to be said that as the light ray changes to the atomic gas of the hydrogen and as it 
reaches the planetary condition and natural Magravs state of planets this matter changes to gans 
atom of the same matter in the atmosphere of the planetary entities too. 


The confirmation of the production and existence of the gans in the Oort clouds and Kuiper belt is 
and can confirmed by the existence of the hexagonal rings on the top of atmosphere of the poles of 
the Planet Saturn. Where the composite dynamic layers of nano gans of material(s) in this part of 
the planet leads to creation of the hexagonal shape solid clouds as has been recorded by pictures 
taken the scientific world from the pole region of the planet (4). 


The only reason that one sees these types of structures in the universe is primarily due to existence 
of gans state of matters like hydrogen, methane ganses and others in these layers, as the Magravs of 
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the planet interact with dynamic metallic characteristic structure of the hydrogen gans and other 
matters ganses and this nano state of matter in dynamic magnetic fields of the poles of the planet 
leads to creation of current in between these layers and consequently for example in the poles of the 
Saturn the formation of hexagonal shape rings of the clouds which is the consequence of these 
interaction , which are natural positioning for the gans in dynamic mixed and composite magnetic 
and nano structures. 


To create the hexagonal shapes of the clouds in the north-pole of the Saturn one needs at least three 
layers or mixture of three different ganses of different or the same elements to be able to create 
these shape features in the upper atmosphere clouds of this planet (4). 


In reality gans’s of matters behave as semiconductors do in the matter environment, with the 
difference that the gans of matters are always as they are in a semiconductor state and at the same 
time they create current in any environment due to their internal dynamic magnetic fields structure. 


On the other hand, the conversation of the light into gans and its absorption and their interactions 
with the strong Magravs producing planets like Saturn is the cause and producer of the internal 
Auroras that are commonly observed at the poles of the gas planets. Where these auroras are due to 
the fact that as the gans of the elements from Kuiper belt gets absorbed into the giants planet 
atmosphere and as these ganses are in solid atomic matters state the like of the cosmic dusts and in 
their interaction with the magnetic fields of the planet, these interactions of the gans and the 
magnetic fields of the planet leads to creation of the Aurora at the poles of these giant gas planets. 


It is essential to understand the fundamental effect of the light rays maf’ of the matters’ in the solar 
system and even in the creation of the solar systems and planets themselves that one can understand 
why the rays of light are the transporters of creation in the universe as in their conversion they 
become the created entities the like of atoms, cells and so forth due to their pmf strength of their 
environment. Where, in fact the lights in becoming the gas of the matter, then they become the 
source and the cornerstone of the creation in all matters levels of the universe. Thus as light changes 
to atom and gans then in the right environment of for example one G (gravitational field strength of 
the earth) as on earth then the collection of atoms as the molecules of ganses state of matters leads 
to creation of the beings, the like of single cells and complex combination as of the human’s body. 


Light ray from the Principal Star (black holes) as it loses its strength and becomes to matter maf’ 
state strength and then it becomes to the nano and atomic level of the matter strength of the 
fundamental element of atom of hydrogen, it is at this point, where this matter generates the first 
external gravitational and magnetic fields or what is called the Magravs of itself in matter 
environment that this tangible entity due to its Magravs positioning and strength in respect to other 
Magravs that it can be attracted by or attract to itself the same and others elements in the same 
environment. Then it is at this point that the light becomes physical entity and the seed of the stars 
and planets and the essence of the tangible entity in the all matters environments of the universe. 


In the spans of the solar systems, galaxies and cosmos as the gans and atomic of the hydrogen 
interact, they create the first seeds of creation of more powerful Magravs that leads to attraction and 
conversion of other light rays in the universe into liquid and solids, which these interactions leads to 
creation of galaxies, stars and planets, where the light itself in different strength becomes the tools 
of the division of the hydrogen for it to start the cycle of creation of intelligence and creation of the 
lives in all corners of the universe (6). 


The gas and gans of hydrogen becomes the dynamic fuel source of creation of the magnetic fields 
necessary for the creation and establishment of the stars and solar systems and their planets, as the 
interaction of different magnetic fields of gases and ganses lead to the creation of the initial 
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Magnetic and the gravitational fields needed for these celestial bodies to be created in the universe. 
The existence of nano materials in the core of the planets like earth has been initially disclosed (1), 
now it can fully be understood that how these nano materials in state of nano matter, gas and gans 
become to exist in the centre of these celestial entities and be the initial seeds of their creation. 


It is important to realise that due to internal structure of the nano material in layers and in gans 
state, these materials by large keep their structural integrity, where high external environmental 
matter conditions like pressure and temperatures cannot affect the total structural integrity once 
they are in individual matter gans compound state. 


This meaning that internal structure and molecular binding of gans and nano materials in nano 
layers or composite structures will not be affected by the matter environment’s the likes of 
temperature and pressure condition of the environment. But the gans will be changing in its 
structure when conditioned to high level dosage of radiation. 


For example, this is one of the reasons, why the DNA of the human being is venerable to changes 
and absorption of radioactive energy and in the radioactive environment or to burst of radiation, as 
the real structure of the amino acid of the protein of the DNA chain is made of gans of matters and 
not solid matter of the same gases (6). 


In these conditions the gans of the matter receives radiation in the upper levels of the matter mafs 
strength and hence it has to accommodate this extra pmf of radiation hence the gans reaches a new 
magnetosphere pmf strength and consequently the gans of the atoms of the protein which has 
absorbed the additional pmf has to accept a new positioning in respect to other ganses in the chain, 
hence new positioning means new additions or new configuration in the setup of the DNA and 
hence new changes and hence slightly new chain configuration or alteration (6). 


The property of the light in gans state make the gans venerable and receptive to changes due to the 
magnetic fields spectrum in all levels of mafs of the matters strength, this be it from the higher 
order mafs of the principal matters fields to lower pmf strength of below matter environment. This 
being the reason why DNA due to absorption of for example high level radiation or strong ray can 
change its configuration this leading to new permutation and change in the characteristic and 
change in parts of the being characteristics of the living matter. 


Through this process of Magravs positioning and that all Magravs needing to be in their given 
position in the DNA chain that one observes the consistency with structure of the DNA for every 
living entity in the universe, which these chains of protein positioning become entities exclusive to 
that of a given being or entity. Now one can understand how light and its process of conversion, 
fusion and amalgamation lead to creation of exclusive structure of DNA and creation of beings (6). 


Scientists due to old understanding of creation of magnetic field consider that the earth has an iron 
metallic core which due to its motion through convection theory leads to creation of Magnetic fields 
of the earth. The fact that the Sun does not possess a metallic iron core but it has large and powerful 
Magnetic and gravitational field forces; hence the existence of iron in the centre of all dynamic 
rotational bodies is not a common and acceptable principle and natural order of creation of 
Magnetic and gravitational fields in the universe. 


In truth the plasma of neutron does not possess iron core, but it goes through the decay and division 
to make plasma of electron and proton and in this process of decay neutron does not go through iron 
energy balance condition as has been claimed by the cosmologist that this is how they consider stars 
reach the point of no return due to the creation and solidification of iron matter in their central core. 
‘And at the same time geologist consider iron core of the earth is reason for the planet possessing 
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Magnetic fields. 


The method by which the Magnetic field’s (repulsion of fields) and gravitation field’s (attraction of 
fields) are generated exponentially increased in all planetary, solar and galaxial object are initially 
and primarily through the magnetic properties of the plasmas, nano and gans materials within the 
centre and internal structure of all celestial objects. As in the inner cores of celestial objects the 
ganses of the matters due to their mafs and through nano layers or different composition of 
collective crystal and magnetic fields structure they become or behave as the best insulator and 
conductor simultaneously in their environment, where the gans and nano matters, and their maf 
and their properties changes from conductor to insulators as these matters behave as 
semiconductors and metals and at the same time due to their dynamism of their pmfs this leads to 
the initial and then partially continues production of the Magnetic fields and gravitational fields of 
the star or planets respectively (2, 3, 4 and 5). It is at this point that magnetic properties of the nano 
and gans materials in their interaction lead to creation of Magnetic and gravitational field’s forces, 
this leading to creation of the independent mass and magnetosphere of the new entity. 


Through the gans internal disassociation of its mafs structure as the internal principal mafs of the 
structure unwinds rapidly and when this transition to matter level strength is very rapid, then this 
lead to release of the high temperatures and strong rays of light in man’s protein and the visible 
magnetic fields spectrum strength and hence detection of the release of spectrum of magnetic fields 
of the light rays. 


The gravitational properties of nano materials and the creation and attraction and absorption of 
matters from the environment have been explained in the paper published in detail (5), at the same 
time matter cannot attract or gravitated towards another matter if both are not in possession of 
magnetic fields, where at the same time it has been confirmed (5) that nano materials possess 
magnetic properties and as magnetic fields interact then nano and gans materials create their own 
gravitational field zones and environments; and in having nano and gans materials in the centre of 
planets and stars this indicates how the gravitation fields (6, 7) of all dynamic systems and objects 
in the universe are created. 


Ganses being in the right magnetic fields strength environment due to their Magravs strength these 
materials will convert into gravitational zones in their environment and attract light and in turn 
absorb, create and release energy, where this energy leads to creation and attraction of gases and 
their conversion as for example the same process in the human body to solid state of matter at room 
temperatures, where in test it has been shown that this process of absorption or conversion of the 
gas to gans leads to creation and release of energy and similarly vice-versa. As for example in 
absorbing CO2 from its environment the plant releases energy into its internal structure to be used 
for conversion of minerals to food for the plant to assist with its survival and growth. 


Thus the truth about how even the heat of the body is created is far from the present assumptions 
which the scientific world has led the man to believe, as they themselves never understood the real 
working of universe and the process by which matters behave and operate in its low vacuum 
conditions. 


This concept and process has been tested, explained and published in detail in Chapter 4 of this 
book, where for example in capturing gases of CO2 from the environment and collecting it as gans 
as a tangible entity at room temperatures and pressures, the energy released through this process is 
use to light and run lights and motors respectively in the lab by independent scientists as has been 
published in the journals in May 2010. 


Whereas, in this case energy is released is in a similar way as it happens in the human body, when 
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the light or magnetic fields of the light enters in the micro vacuum condition of system or the body 
and in receiving the light rays and in trying to entangle or go through the process of atomic- 
entanglement in gans level and then accretion, this process leads to release of the surpluses energy 
and then accumulation (accretion) of solid ganses which appear as cloud of matters in tests and in 
human body which then this become tangible structure of matters of the body and the surplus 
energy is released as the heat of the body or it is used for the communication system of the body. 


This process of accretion is one of the sources of energy release in the living body entities and in 
experimental testing this released dynamic energy in the level of plasmatic magnetic field strength 
of an electron produced through this process become the source of power and is enough to light a 
LED for several months, as this process is a natural process as long as the light or other rays can 
penetrate the liquid, jell or soft tissue condition of the system this process can continue. 


The other important reason that one finds water in this solar system is primarily due to the fact that 
pmf and Magravs strength of this solar system and the ones like this encourage and enforce initially 
the production of gans of magnetic matters the likes of oxygen, which leads to creation of liquid 
state of matter of water. 


At the same time it is curtail to understand the structure of three and two dimensional properties and 
characteristics of the same atoms in layering and physical positioning. The gans of the matter is 
captured and held in three dimensional states, where gans of matters gravitate and make dynamic 
clusters of ganses around themselves and become dynamic entities, whereas, in the linked version 
of the same atom clustered the same matters in solid state makes layer and gives and possess totally 
different properties and appearance. 


The light in its conversion to atom of gas or atom of gans according to its given environment then 
will take and enforces its preference estate of its manifestation, and with slight change in level of its 
internal vacuum (defined as availability of Magravs and their strength) then the light will appear as 
the gas of an atom or a gans of the same. 

It is interesting that scientists and scientific organizations are not in possession of tools at this 
moment to identify these two separate states of matters of the light in visible entity of matter and 
hence always consider all matters as the atoms and in presently considered four states’ of matters as 
has been tradition. 


The same ray of light when changes to gans of the hydrogen atom, this change’s its dynamic 
diamond crystal structure of the same matter and hence this gives the same matter insulating 
properties and hence allows the creation of conductive and isolative properties of the same element 
in its layering and clustering structure and its dynamic properties in between the same elements of 
atoms of the gas and gans. 


The gans in specific condition has diamond crystal structure of the hydrogen atom and with slight 
change in its environmental condition become a conductor for short or on a long term. Where this 
has been experimental prove and demonstrated and then clustering of this structure mixture of gas 
and gans of the same atom leads to creation of multi-layers of conductive and isolative matters of 
the same matter and hence in the dynamic magnetic environment of the universe this leads to 
creation of different and stronger Magravs, and start of attraction and positioning of different 
matters towards these initial seeds of gravity and Magnetic fields and hence start of creation of 
initial celestial entities like plasmas of neutron, atoms, stars and galaxies. 


This is the reason, for example why the same matter of carbon becomes to be the best conductor as 
nano layer Sp2 and the best insulator as the diamond crystal insulator structure known as Sp3 across 
the same layers or through its layers respectively where the production of such a mixture has been 
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independently confirmed by Ramon spectroscopy of these structures produces as layers on a given 
surface. Therefore all elements and molecules or their combinations can have both Sp3 or Sp2 
structure and property at the same time and in the same environmental condition. 


This being the like of the protein chain, where each gans of each element exist individually and 
collectively in the amino acid as molecule of gans as each element plays its individual role which 
can affect collectively the operation and existence of the acid in its given environment (6). 


In understanding the concept of the conversion of light rays to gans and gas and creation of nano 
materials, this discredits the present philosophy of the planets needing solid iron cores which 
enables them to create their Magnetic fields that they can operate in the universe or even the human 
race could be brought to the earth from other places from far corners of the universe. The life on 
earth is the natural product of lights’ motion and its conversion in the internal activity of this planet 
and solar system. 


By the same measure light plays in different environments different roles which can lead to creation 
of the same and similar or totally difference combination of creation of molecules of gans, which 
these manifestations of difference appearance of the light are environmental pmf mafs strength 
dependent. This is to say that life is not and shall not be the exclusivity of this planet and this solar 
system once on understand the principle of creation and motion of the light rays in the universe. 


Thus the centre of the earth does not need to have solid iron core for it to possess Magnetic and 
gravitational field’s forces leading to creation of life on the planet too. Whereas, composite 
elements of nano materials, gases and ganses crystal structure of the same element in the inner cores 
of the planet can lead to creation of the same Magnetic fields and gravitational fields of the planet. 


This explaining why even some planets like Saturn possess Magnetic fields, even though these 
planets could possess some solid matter as their constituent materials as part of their inner structure. 


In reality as layers and layers of dynamic gas and gans are piled-up in the centre of the planet the 
effects of dynamic magnetic layers exponential strength that they make as the Magrays of the planet 
take hold and this phenomenon lead to creation of stronger fields that can span billion of kilometres 
in the solar, galaxial heliosphere in the environment of these entities. 


Thus the transition dynamic helixial cylindrical ray of light in slowing down in a given environment 
Magravs strength, this lead to creation of specific matter in that given Magravs strength 
environment. 


The scientific world has to understand that the state of gans of matter is a natural phenomenon in 
the world of creation, this meaning as man has learned about the solid, liquid and gas state of 
matter, as these states of matters are due to temperature and pressure difference in the environment 
of these matters, but there is another state of the same matter even though as it’s like a gas and 
behaves and exists as matter in form of liquid and solid but due to its internal gravitation fields 
forces of its atomic structure this matter for its appearance and properties is mot external 
environmental dependent. 


The gans or the gas in nano state of solid state of matter will play an important part in the future of 
the science and technology. That is where the same atom behaves like a gas, liquid and solid at the 
same time depending on its own internal magnetic fields interaction in its plasma and not of the 
external environment conditions around the plasma the same matter will be in dynamic solid state at 
room temperature at all-time irrespective of the environmental condition. 
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That is to say the plasma of an atom of gans receives or coordinates its own Margravs and its own 
Magravs positioning in respect to its own electron and proton and other gans structure. 


Thus, gans is the state of the structure of the light which has changed from dynamic cylindrical 
plasma of magnetic fields to a dynamic spherical entity of the same matter mafs, which its state of 
manifestation in matter environment is internal gravitational dependent and not environmental 
condition dependent. That is why one can observe the same element in coldest and hottest regions 
of the universe and still misreads them as atomic matter rather than nano-atomic or gans of the same 
matter. 


This is how some of the plasmas and rays ejected by the Sun, depending on how they arrive at the 
Oort clouds and Kuiper belts then become nano materials of gas or gans and in clustering with other 
matters and ganses become part of the meteoroids or asteroids and look as they have been there 
from the time of the creation of the solar system. 


In the universe and solar systems of the right Magravs strength, the light changes into the nano 
hydrogen and through internal magnetic fields of the solar system through the principle of magnetic 
balancing and accretions this matter elevates to the next magnetic material, which one of these 
materials’ is the gans of the oxygen. This element due to its Magravs positioning and balancing in 
the Magravs of some solar systems lead to creation and production of water molecules in the Oort 
clouds belt and then these water nano particles gets pulled back into the inner parts of the solar 
system as nano ice particles of gans of this material which for example one observes them in the 
rings of Saturn. 


The ice particles in the ring of the Saturn are there and for ever are produced by the return of the 
rays of light which were released by the Sun itself, on their way back to the Sun as gans and ice 
particles and they are temporarily trapped and positioned in these rings, and the present assumption 
that these ice particles exist in these rings are not by the crash and splitting of meteoroids or 
asteroids into smaller pieces that afterwards have stock in these rings of the Saturn as can be 
observed at the present time. 


Thus as the light reaches the outer boundaries of the solar system, its becomes nano material, which 
due to their magnetic properties, this leads to creation of a nano magnetic material which is oxygen 
and then this matter of nano particles gans of oxygen to find stability for its Magravs, this attracts 
two atoms of gas or gans of the hydrogen nano particles, which this leads to production of gans of 
ice looking particles of water in the Oort clouds belt of the solar system, which they move inward 
and become the liquid magnetic substance and the source of the life in this solar system. 


Thus the water in the solar system is generated by the rays of the light of the Sun itself mainly and 
by no other source and hence water is produced in the solar system by the recycling of the light rays 
of the Sun itself. 


The mixture of these ice nano materials with solids matters of the solar system leads to creation of 
meteoroids, whereas these dynamic objects in traveling between the Oort clouds and Kuiper belt, 
these objects attract nano water molecules and then they return to the inner regions of the solar 
system. This being one of the reasons why the meteoroids are seen on regular basses and their size 
never changes, but their vapour trail tells the existence of the water residuals in their structure’s as 
forever these objects gets replenished with the Sun rays in the form of gans of water in these outer 
regions of the solar system and return back into the inner parts of the solar system. 


Therefore the theory that water is brought to planets like earth by meteoroids as has been assumed 
is partially correct, but Magravs of planets like earth in the Magravs of its Sun have the ability to 
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convert light to nano matters and nano matters which have been produced into hydrogen and 
molecules of water through accretion process in the vacuum of the solar system and in the upper 
layers of the earth atmosphere itself. Hence water is the creation of the combination of atoms 
created by the rays of light and in different magnetic fields conditions in the Margraves 
environment of this solar and planet system. 


This process of conversion of the light can happen anywhere in the universe as the nano particles of 
the hydrogen is one of the first and weakest Magravs strength that light can change to matter 
anywhere in the Magravs strength of this universe. 


Thus water is not exclus 
matter environment, 


ity of this solar system and is product of the light rays of the universe in 


There are waters like substances in other matter mafs and matter strength environments in the 
universe too. 


It is important to realize that all gans have the magnetic properties with the difference that oxygen is 
the one of few common magnetic materials in the solar system and in most of the universe needed 
for braking of the light itself to lower level strength, which can lead to creation of intelligent life. In 
some solar systems and galaxies pmf strength of the gans of the matter of the oxygen is the 
common magnetic elements and the reason why all maters existence dependent upon availability of 
this matter in the pmf of the environment. 


In the living bodies in possession of systems the like of the lungs and gills in fish, the light in 
changing to molecule of oxygen and in being inhaled for their existence, in these systems contrary 
to present belief the atoms and molecules of the oxygen will never cross the boundary of the 
structure of the lung or being absorbed by the blood as has been thought and promoted by scientific 
world (6). The fact is that in the process of inhaling or in case of fish by passing the water through 
its gills, the atoms of oxygen simply passes limited value of their matching plasmatic magnetic 
fields strength to its matching oxygen atom of protein of the blood cell that the blood cell as 
commonly called gets oxygenated in the lung (6). In reality no oxygen atom or molecules ever 
passes the walls of the lung as has been assumed, but the oxygen atom transfers its pmf to the 
bloods oxygen atom in its protein and then this pmf is carried through and by the same principle as 
the pmf from the oxygen of the blood protein cell is passed on to other oxygen atoms ganses in the 
protein chain of other cells in the human body (6) as they come across their corresponding mafs 
strength protein in the blood. 


The oxygenation of the red blood cell is primarily another quantum-entanglement of the same 
matching matters strength or entanglement transfer of adequate amount of pmfs of specific cell of 
the matters of blood. 


The fallacy that oxygen atoms cross the walls of the lung is so far from the reality of existence that 
as saying a man can walk through a solid wall. This hypocrisy has been the consequence and 
through the lack of understanding of the real structure of the oxygen and its origin being laying in 
the structure of the light that matching plasma of light and atoms can/and frequently entangle and 
transfer their pmf up to level of their mutual strength that existence can be guaranteed in one form 
or sub-structure of the same and without the plasma of actual solid atom crossing the boundaries (6) 
of the lung, 


In fact the energisation of the red cell is through transfer of the pmf of the atom of oxygen and not 
the actual transfer of the crossing of oxygen into the blood stream and the brightening of the red cell 
passing through the lung is like the variable light switch, that as one increase the current through the 
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light the light shines brighter, this is the same process and in the same way as the red blood cells 
receive the pmf of the oxygen, then the blood become brighter or richer in pmf, then the blood cell 
after transferring its pmf to appointed cell in the body then pmf strength of the blood cell is reduced 
in energy and illumines less, dimmer or looks darker as it returns to the lung to be recharged (6). 
Man has a lot to learn first about his own body before he can conquer the universe 

In understanding the function and the fundamental properties of the gans and molecular gans then 
computing systems can be produced that not only they think the same ways as humans do but due to 
their dynamic energy and singular directional rotation, then at this point the first quantum 
computing systems can be produced that these computers will be exact copy of the human brain and 
muscles in structure with the same multi-neuron-cross linkage and communication channel, as these 
channels are created as gans molecular Magravs linkage will allow them to have the same 
simultaneous multi-cross connection that these quantum gans of molecules structures will be exact 
parallel systems as do the human brain in all aspects of a real working structure of logical system, 
which even they can carry emotions as well as control and logic. Where, in fact the binary gans and 
twin gans sets will be the future of fast thinking units needed for the high speed control logic 
system for space systems travels of the future. 


As there are gans in the matter environment mafs strength then there are gans in pmf strength of 
principal matter and transition matter too, and at the same time the gans of matter in all maf 
strength will operate in all levels of pmfs strength. Thus it is possible to produce molecular gans 
unites which work at high speeds and with same emotion and logical systems as human brain, but 
with speeds that are far exciding speeds of the human brain processing capabilities. 


Therefore it can be said that for the first time the man has the capability and the knowledge of not 
only producing solid gans of gas at room temperature, but it can go one step further than present 
conceptual nano matters and nano matter based computers and start working on real brain based 
matter structure logical systems by using the gans of the gases which are the building block of the 
human amino acids. 


But the question is that would we as far as building the first human operational brain and body 
using these matters as we have already decoded the DNA of the human genome, and as we know 
the full chain of the DNA sequence and we have already unravelled the mechanism that the RNA 
produces it energy and current for its internal communication and control of the internal systems of 
the DNA, then would man become the creator of new beings bases on human structure and would 
the discovery of the gans and simple method of its production will allow the ethical question of 
mass replication without the need for stem cell or even egg and sperm, which are memory banks of 
human survival on this planet. Would man will make one of his own with a clean DNA memory. 
OR is the human being to become the god of new generation of beings. 


This is not the first time in the universe that one created has the ability to reproduce another of the 
same, but at the same time this discovery of structure and properties of the gans would have become 
apparent to man of science in due time as he would have progressed in his scientific conquests. 


Some scientists believe that solid iron is the main magnetic matter in the universe and this matter in 
the centre of the stars and its energy balance conversion between its fission and fusion is the point 
when stars goes through their slowing down process or reduction or what is known as their nova 
state. The truth is that the plasma of mafs of the simplest structure of the plasma is the common and 
the fundamental and elementary magnetic entity in the universe. Thus the plasma of the light is the 
basic and common magnetic matter in the universe and one does not need iron to reach this point, as 
the plasma of matters in given position can lead to unbalancing of their total environment pmf mafs 
and Magravs, this leading to total disassociation of the all matters in any matter or object in the 
span of the universe, and once the process of the chain reaction of disintegration and disassociation 
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starts then the whole entity disassociation from each other begins and in the case of plasma of 
neutron and star at this point disintegrates to re-association in a different as plasma of proton and 
electron and new star and planets in their form in difference point and place in their given 
environment. 


By the same measure the plasma of neutron which is created by the conversion of the light ray is the 
common magnetic matter of the solar system and not atoms of iron, and in reality the light of the 
Sun and its Magravs dictates this property of this mafs of the matter and the present assumption that 
energy balance conversion of iron is the cause of their nova cannot be correct and as most of 
matters in the universe are created because and through the existence and the operation of principal 
matters in the centre of the stars and their rapid unwinding and balancing of their Magravs in the 
centre of the star leads to the expansion and disintegration of the star and not as has been assumed 
at this point by some cosmologists due to the iron fission-fusion balance (3,4 and 5) phenomenon. 


What has been explained above, this is the process of creation and recycling of the light through its 
full circle of its existence from matter to light and from light back to matter(s). 


The detailed information and explanation about the existence of the gans of the matter has been 
possible due to through series of tests which has been carried out and absorption of the physical 
solid CO2 at room temperature has been confirmed. The procedures and tests results in confirming 
the existence of this new state of matter was originally published in 23.12.2009 by the Keshe 
Foundation on its website. For those whom have not been able to read this paper a copy of the same 
is published in this chapter. 


The state of gans of matter can now explain about the truth of life in the universe and this opens 
new horizons in the world of energy, new materials, production of more natural components of the 
human body parts, production of new medicine, new types of food processing technology, which 
this eliminate the need for present farming processes to feed the populations, as protein can be 
produced from the content of the light or the mixture of composition of lights mafs in gans state of 
matter that can lead to production of solid matter the like of fresh meat and or composition of dairy 
milk and so forth. Thus through production of gans dependence on the extensive farming in the 
space becomes irrelevant, where in deep space by absorbing weak residual mafs of the light and in 
bringing them together and through accretion, then producing the gans of the fundamental plasma, 
then producing the gans of fundamental atom and then through accretion creating composition of 
ganses of protein, then one can produce any food in the span of the universe directly using the 
matters of the light. Originally this concept of producing protein through gans from the gases of 
environment was considered and successfully tested in Tehran in the summer of 2008, and through 
simple process the first gans of protein in small quantities by using the natural air at room 
temperature was produced. 


In the appendix section of this book, attached is the paper titled “The unifying field theory” 
published in the 28.10.2009, in this publication it is discussed and can be concluded that the origin 
of all entities, tangible or not are magnetic fields and the interaction of at least any two of any 
magnetic fields of any strength can lead to creation of all other effects and matters which are 
observed in the universe. 


Thus the magnetic field is the unifying field and the mother and the seed of all created and creation 


in the universe, thus the magnetic field is the Holy Grail, which the scientific world had been 
searching for in the universe strength to connecting all fields and effects observed in the universe. 
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Chapter 4 
CO2 in Gans State (paper 2009) 


Direct absorption of carbon dioxide CO2 and methane CH4 gases from the environment and 
their conversion into nano solution and nano solid matters and production of energy and oxygen 
by the use of nano compound at ambient temperature and pressure. 


Abstract 


In this paper, results of processes will be introduced for the absorption of carbon dioxide CO2 and 
methane CH4 gases direct from environment and their conversion into nano materials of the same 
suspended in solution or dried as powder. Where, concurrently within the processes of extraction of 
these gases in a simple reactor, we have managed to produce energy and oxygen. 


Discussion 


New methods for absorption of CO2, CH4, and others gases and further conversion and 
preservation of these elements in their nano solid state of matters at room temperature and pressure 
has been developed and achieved. 


We have developed simple processes by which carbon dioxide CO2 and methane CH4 gases can be 
extracted from their environment where no additional heat or pressure to achieve this has been 
applied. 


At the same time conditions can be created within these systems that CO2 in conversion without 
going through any chemical process, can lead to creation of methyl, oxygen and methane gas and 
vice versa. 


Where during these processes of CO2 and methane gas extraction or conversion we have managed 
to produce usable energy and oxygen molecules in sustainable way. 


Production and extraction of CO2 by applying energy is a known technology in the present science, 
what is new with our technology is, that not only CO2 is extracted in a simple system at room 
temperature and pressure, at the same time, energy released through absorption and conversion of 
the captured CO2 to formic acid, we have developed simple techniques to capture the energy 
release from this transition process to produce useful power. 


The novelty with this new technology is that in previous state of art technologies, engineers and 
scientists had to add energy to extract CO2 the environment or to produces 02, where through our 
technology, not only we generate useful energy while absorbing these gases from the environment, 
but also at the same time, the system can produce molecules of oxygen. 


Thus, this simple system has the ability to replicate the proc: 
achieve in their conversion of CO2 into oxygen. 


sas in a natural way as plants 


With this technology, CO2 and CH4 gases are absorbed and attracted into and within the solution in 
their nano state, and then they are allowed to amalgamate to produce gel like residual solution and 
then form nano sediment. 
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Where, nano CO2 can be extracted or removed from the solution as solid matter at room 
temperature. 


The CO2 stays in state of gel as nano materials in the solution due to their diamond crystals 
structure (sp3), or due to their crystal lattice structure, this creating a non-adhesion molecular bound 
like diamond crystals. Which, this does not allow more than certain number of molecular structures 
to adhere to each other. Where, CO2 nano matters once reaching a certain molecular gravitational 
level, as crystal, then they do not attach or cannot hold on to more than single or certain numbers of 
nano molecules of CO2 and form independent or nano cell of matter. Thus, all clusters of CO2 in 
solution have certain dimensions and that is why they stay like clouds or gel within the solution. 


We have to explain that it is known tested fact to us that nano-coated materials and nano materials 
in sp2/sp3-state due to their characteristic of diamond crystal behaviour, they cannot be soldered to 
each other or soldered to another material. However, at the same time in a peculiar way the outer 
electron of these materials allows conductivity of matter. What this means, is that, even through 
they do not or cannot be attached to any other material from their outer structural boundaries, but in 
being connected with each, these materials allow flow of current and voltage through their outer 
boundary. 


Ina way, these behave like quartz materials, but at the same time after a number of layers, they do 
not or would have the gravitational pull or adhesion capability to allow more layers to be added to 
their layers. 


Where, these layers along their grain and layer, they behave as a superconductor, but across layers 
in PN junction, depending on the position of PN cavity within the layers, they become best 
resistors. Where, we have measured the resistance of these layers and this have been confirmed by 
other scientists whom have tested our material of sp2/sp3, that these materials have shown to have 
20 M Ohms resistance threshold barrier. On the other hand, this material on the surface has as good 
as resistance capacity as air and diamond. 


We have further managed to obtain solid matters of CO2 from the system or dry the nano-saturated 
nano CO? dilution into nano CO2 powder. Thus for the first time in the world of science we have 
managed to generate at room temperature and pressure nano matters of CO2 and methane through 
the same process. 


To confirm that solutions obtained in our tests to contain CO2 and CH4 matters and these matters 
are in nano form, we had to under take laboratory tests of the solution with infrared spectroscopy 
and XRD respectively. 


Further, as we know through our previous developments in nano technology, that nano materials are 
by principle sp2/sp3 in their character. Thus from results obtained from infrared spectroscopes and 
XRDs of matters during our process of absorption and nanolisation, we have concluded that the 
extracted CO2 and CH4 materials in solution and dry are both in nano state of matters of these 
gase 


At the same time parallel researches which we have found on the internet since the publication of 
the first addition of this paper on the 23.12.2009 done by other scientists, Dr Omar M Yaghi of the 
university of California released on 7.12.2009, which extracts of this has published in article by The 
New York Times published 4 on the 8.12.2009, this article refers to “metal-organic frameworks 
(MOFs) material promise of carbon capture and release, and that these materials being crystalline 
sponge hybrid lattices of organic compound and metal atoms that has a huge internal area where gas 
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molecules can be absorbed.” 


Where we have reported these characteristics of metal-organic sponge effect and capture of CO2 in 
2006, and this has been confirmed by indecent testing by major nuclear testing centre in Europe in 
their report in 2007. 


Further, in the paper Dr Yaghi states, “MOF used in the study contained magnetism atoms” 


Where in our previous disclosures and patents applied, we have declared that the absorption of 
these atom of CO2 and CH4 are Magravs (Magnetic gravitational fields) based. Which this 
independent scientific paper confirms our finding that CO2 and CH4 are gravitated to the water as 
nano molecules, and they do not have any interaction with the medium of the water, but the water is 
the container and tool or catalyst to keep these captured molecules in their singular or nano state 
and sp3 floating condition or as a solution 


In the same paper, Dr Yaghi refers to how material separated out CO2, which allows methane to 
pass. 


Where, our system not only captures the CO2, but also at the same time it can capture CH4 as we 
have reported before. That these captured carbon dioxide CO2 and methane CH4, produce diamond 
structure nano matters or crystals, with metallic behaviour like, which they have a superconductor 
characteristics and behave like conductors. 


Thus, our findings are inline with other scientists and their scientific research works, which have 
been reported. Where now we can clearly state these captured gases can be converted to solid nano 
materials, which behave like metals, and are superconductors, but in reality, their superconductivity 
of the matter is due to their sp3 nano characteristics and not their metallic condition. 


Further Dr Yaghi states that 87 percent of the CO2 captured, at 13-degree temperature are released 
back by the MOF matter to the environment, 


Where this is inline with our reported behaviour, that as the CO2 are extracted by these materials 
we have developed, which our capturing materials are metallic and organic in their real structures, 
these materials then release their captured CO2 in the water at room temperature in Gans (Gas- 
Nano-Solid) state. 


Further, he states that to release the balance 13 percent of the captured gas, one-need temperatures 
of 175 Fahrenheit. 


Where, we release all captured CO2 as nano-material into the basic solution of the system, this all at 
room temperatures without any heat being applied. 


Further more, the Canadian company Mantra-Venture-Group has announced on Business News 
Network that in conjunction with 3M using electro reduction of carbon dioxide, they confirm that 
they need 6Mw of energy to extract one tonne of CO2, which this is considered to be at the edge of 
technology of CO2 extraction. 


Where, with our new technology we produce energy rather than consuming energy. 
Where, further MantraEnergy in conjunction with use of the CO2 they capture, they can produce 
formic acid, using the technique developed by Dr Gabor Laurenczy. Where, he has confirmed that 


he can generate. ~—shydrogen— from ~— formic — acid. _—_(Video-interview: 
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http://vww.mantraenergy.com/mantra-in-the-news/squeezeplay-zapping-carbon. html). 


We clearly have shown and absorbed CH4 not only from the environment, as similarly we have 
reported the production of formic acid through the natural gravitational forces of our system as has 
been shown by laboratory tests results which are discussed below. 


We have reported the production of CH3 in our system late last year as we managed to separate the 
CHB and its capture in nano state of matter in our system. The production of radical CH3 from the 
H20 molecule of the water as the magnetic and gravitational catalyst of the system, subsequently 
this leading to existence of two radicals in the systems at the same time, one of the CH3 and one of 
an atom of Hydrogen leading to release of molecules of oxygen. 


Scientists at a nuclear centre have confirmed the production of hydrogen radical through our 
technology in 2007 in their independent (not yet published) report, 


Therefore, it has become a simpler method through our development to extract CO2 and CH4 and 
released it in nano solid matter in water, and at the same time have the ability to produce energy and 
oxygen as we have demonstrate it to independent engineers in December 2009. 


Further on in this paper we show and present pictures of both matters of CO2 and CH4 in solution 
and solid state for the first time (Fig. 29 for solution and Fig. 30 for powder of CO2, and Fig. 31A- 
B for solution and Fig. 32 for powder of the CH4). The CO2 in solution and dry state has a white 
milky appearance and methane CH4 has a blue greenish colour. 


We have mentioned Dr Yaghis’ paper in this section as the findings in his paper is near to our 
finding and is one of the latest in this field. 


The CO2 capture is well documented subject on internet and we are not here to list them to support 
our claim, one can refer to these on the internet to find that our claims our inline with main stream 
physics community, with the difference that we reported the capture of CO2 in early 2005 in nano 
materials on our web site and now we are reporting the first solid nano material of the gas as in 
Gans-state. We call a Gas-Nano- Solid state the GANS-state, which is a state or phase of transition 
of matters, which has bee unknown in actual science up to the release of this paper. 

Meanwhile in light of our latest discovery and disclosure of the capture of CO2 as solid or in 
solution, our foundation will ask the nuclear centre which has done the independent test for our 
system in 2006-2007, that if we can release part of this report confirming the CO2 capability 
capture of our materials. 


The CO2 absorption 


In our tests and development phase, we have managed to produce a special material for the 
production of a new and a simple system for absorption of CO2 through the principle of Magravs 
field forces, rather than the chemical method of absorption of these gases. Where, the absorption 
principles through gravitational systems have been disclosed in full in the book, which we have 
published in July 2009 (titled: The Universal Order of the Creation of Matter; ISBN 978-94-6087- 
001-9). In this book, I have, explained in detail, the principle of gravitational and Magnetic field 
positioning and attraction and repulsion of matters from these systems respectively. 


Through the development of these new composite materials of organic and metallic nano layers, we 
have managed to create specific static gravitational field forces which can be in the magnetic wave 
length of the CO2 molecules, or we have developed condition(s) that as the gravitational field 
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attracted the CO2 to the material, the Magnetic field(s) within these layers cause the repulsion or 
the release of the captured molecules of the CO2 from the layers. Thus causing the creation of nano 
molecules of CO2 in the water, and as we use the magnetic fields of the water for stability and as a 
magnetic catalyst, they come to allow the formation of clusters of Gans of CO2 and create a 
solution of these nano matters, which these latter manifest themselves as a sediment in the liquid of 
the system at the bottom of the holding container (Fig 30E). 
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Fig. 21 Infrared spectroscopy of the CO2 solution. 


The solution of nano carbon dioxide CO2 and has been subjected to infrared spectroscopy by 
independent laboratory confirming the production of the first nano CO2 in a solution or as gel at 
2630 cm-I wavelength of the spectrum (Fig. 21). 


This is actually the best observe data as calculated and predicted figure is said to be at 2640 cm-1 
(Fig. 22). (Source: http://science.widener.edu) 


The closeness of the figure of 2630 showing the purity of the CO2 solid matters within the solution 
obtained during our test. 


Where even the predicted matter has a multiple peaks, where these captured matters due to their 
singularity in the measured sample has a sharp and clear single peak as has been shown in Fig. 21. 


This sharp peak can confirm the possible nano sp3 structure of the suspended capture matters of 
CO? in this solution, once XRD test was carried out for the same sample. 

For further confirmation of nano structure of the matters captured within the solution and then the 
solution was allowed to dry and then as a film was subjected to XRD testing. 


The results of this test showed a clear match only as superconductor characteristics for this material. 
Further analysis with the data from XRD, a superconductor material characteristics perfect match 
was not found for this matter. 
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Fig. 22 Standard CO2 infrared spectroscopy graph, 


With this test, and from our pervious developments and testing, clearly it is shown that the matter 
within the solution has superconductivity property (Fig. 23), which has new non matching data in 
the present collected reference data, and this is the characteristics of nano materials in sp3 state of 
matter. 


This matter as superconductors known or ever been recorded for observation. 


Thus the XRD of the CO2 data as solid and its graphs have become the new base knowledge and 
fundamental basic data for any future capture of these gases, once they are absorbed as a nano 
material in solid state. 


From our previous developments and tests, we know that all nano materials show and have 
superconductive characteristics, Now with this test, now we have further proof that the captured 
CO2 in the solution is in a nano state of matter. 


Fig. 23 XRD of the CO2 nano material 


The closest match as superconductor characteristics to CO2 in the solution or in dry state of matter, 
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a prototype of a dual-band rectifier is fabricated for two public telecommunication 
bands of GSM-900 and 1800, In order to reduce the circuit complexity and sensitiv- 
ity arising due to lumped elements, the meander line and the open stub are used to. 
realize the proposed circuit. A good agreement is obtained between the simulation 
and the measurement. The measured results show that the proposed rectifier circuit 
exhibits the conversion efficiency of 25.7 and 65% for an input power of -20 and 0 
dBm, respectively. In addition, diode nonlinearity which affects the performance of 
the rectifier in terms of impedance matching is also investigated. 
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this was found to be an exotic mixture of five different materials, as can be seen in the table at the 
bottom of the graph, with the best match reference data figures to be about 80%-90% 
superconductivity properties of this matter. 


With the discovery of this new state of matters and the simplicity of their production and their high 
superconductivity properties, we predict that gans (GAs Nano Solid) of gases are going to be the 
next-best purest superconductor and resistor materials of the future. 


Further more: in confirming the matter of solution being carbon dioxide and at the same time 
confirming that this matter within the structure of the solution and the system set-up has the 
capability of conversion to formic acid in presence of CO2 captured in the solution of water, a 
further test was carried out with infrared spectroscopy to confirm this conversion principle of the 
confirmed nano CO2 capture to formic acid within the solution. 


For confirmation of absorption capability of nano CO2 by the solution and its conversion into 
formic acid, the chamber of the infrared spectrometer system was field with pure CO2 and 
measurement were taken. This measurement is shown as line A on graph Fig. 24. 


Then the solution of nano CO2 from our test was then injected into the chamber and the graph line 
B in Fig. 24 was obtained. 


The peak region NC in the Fig. 24 shows an increase in carbon dioxide in the solution was once it 
was introduced into the chamber. 


This showing that the CO2 solution is extracting carbon from the chamber or causes reduction in 
carbon content of the chamber. 


This in away showing the absorption capability of the solution of nano CO2 of more CO2 on its 
own independently, and confirming further from previous results that nano materials are CO2 
absorber by their nature of construction, even though these matters are themselves part of the 
original solution, 
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Fig. 24 The comparison graph of injection of the solution of CO2 into 
CO? gas environment. 
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In this graph the peak NC showing absorption of CO2 from the chamber and this followed by 
formation of formic acid as shown in the CF region of this graph through infrared spectroscopy test 
Fig. 24. 


The graph of the CO2 from the solution and its conversion is independently shown in Fig. 26. 


Itis at this point of gravitation attraction and subsequent Magnetic field repulsion that the magnetic 
fields strength equal to the strength of the Magravs of the proton and the electron are made 
available to the system, which these fields are absorbed by the electrodes within the system and 
then these are past to cooper wire atoms’, which are the constituent matters of electrodes and cause 
the vibration of electrons within the copper wire leading to creation of current in them. 
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Fig, 25 The graph of the conversion of the CO2 into the formic acid 
within the chamber, 


In the actual physics they call these released packages of magnetic fields or energies as photons as 
they are released which are then these are absorbed by electrodes placed within the system and used 
for example to light diodes. 


Through development of this technology, production of power without burning fuel and at levels 
that can meet the demand of a household or a car, is achievable. 


Where, for separation of CO2 from environment, in present state of art technologies, energy is used 
to be able to first separate the CO2 and then cause the formation of formic acid reaction chain, this 
leading to production CH4 or hydrogen. 


Where, through our simple technology, in opposite to the norm, we generate energy while 
extracting CO2 from the environment, The method we use is the principle of gravitational 
positioning and is exactly the way by which matters are extracted and separated in the universe as 
has been explained in this book. 
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Our approach is totally different than the present state of art technology, where they use and follow 
the fundamentals of chemistry, hence the need for their system for energy input to achieve the 
separation or extraction and we follow the universal method of extraction and holding where 
magnetic fields as energies are made available through the process. 
The example of energy production during the process of CO2 extraction is shown by lighting the 
diodes as can be seen in Fig. 26. 


Where, this set of three LED lights being powered by CO2 capture process. These lights have being 
on contentiously from 7 pm Saturday 11.12.2009 until this report is release 05.01.2010. Further we 
expect that these lights will be on for months to come, if we allow the set-up to be running as it is. 
The intensity of the lights from these LEDs has not diminished and in fact, sometimes they are 
brighter. 


Through development of this technology, production of power without burning fuel and at levels, 
which can meet the demand of a household or a car, is comfortable achievable. 


Fig. 26: Group LED’s light 


For further investigation into confirmation of CO2 capture and its conversion in their interaction 
with water to form formic acid, the standard reference infrared spectroscopy graph and data of 
formic acid was obtained as shown in Fig 27. 


To confirm further the conversion of the CO2 into formic acid from the CO2 nano solution from. 
our test, the following procedures were carried out. 


To begin with, formic acid liquid with 95% purity was introduced as film on the sample disc of 
infrared spectroscopy system and the graph FA in Fig. 28 was obtained. 


Then a drop of solution of nano CO2 was placed on the film the formic acid and the graph CO2+FA 
in Fig. 28 was obtained. 


When the three graphs are superimposed, that is the original infrared graph of the nano solution of 
CO2, on the graph of the formic acid and then the graph of the mixture of formic acid with CO2 
solution, these clearly showing the absorption of CO2 in the zone 1 in Fig. 28, and then presence 
and formation of formic acid as shown in the zone 2 of the Fig, 28. 
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Fig. 27 The standard reference of IR spectroscopy of the formic acid. 


This showing the same pattern of presence of Formic acid in the solution of nano CO2, hence not 
only confirmation of existence of CO2 in the nano CO2 solution, but at the same time the 
absorption capacity of nano CO2 solution of CO2 from the environment and conversion of these 
additional CO2 in conjunction with water into formic acid. 


Having established the characteristic of the matter within the solution from testes and results shown 
in Figures 21, 23, 24, 25 and 28, without the shadow of a doubt, the white material is CO2 in nano 
state, and from Fig. 23, we have the confirmation that this matter is a nano structure in sp3 and 
behaves as a superconductor. 


Further, as the process of the energy production from the system has been extended to days and 
weeks, the following characteristics and materials have been detected and collected from the 
system. 


In the process of the running the system, the area around the electrodes, which have been specially 
treated, start gathering a white cloud around them after subjecting the electrodes to certain 
conditions. From this point on the environment around the electrodes start creating a mist of white 
material around them, and then gradually the whole containment becomes like milky colour liquid, 
and then white sediment is established in the container. 


Through the infrared spectroscopy shown in Fig. 21, we can confirm that the material in the 
solution is carbon dioxide and the nano state of this material is very much confirmed by the second 
test of XRD, as the only match for the dried solid residual of this milky substance shows” 
superconductivity behaviour of this material. This confirming the nano characteristics of the CO2 as 
white powder, or in its solid state of matter. 
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Fig. 28 The superimposed graph of CO2 and conversion 0 Formic acid 
and formic acid and mixture of formic acid and solution of nano CO2. 


This is for the first time in the world of science that CO2 as gas not only can be captured without 


use of any pressure, temperature, or energy, but this matter can be extracted and held as a solid at 
room temperature. 


The picture of concentrated nano carbon in solution used for infrared spectroscopy leading to graph 
in Fig. 21 is shown in Fig 29. 


Fig. 29 Solution of nano-CO2 
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To our knowledge, this is the first picture of nano CO2 solution produced and maintained at room 
temperature and pressure ever been recorded. 


Photographs of dried powder of nano CO2 are shown in Figures 30 A, B, C, and D. These are the 
first pictures taken of nano CO2 in solid state in atmospheric condition, 


This is important as nano CO2 or CO2 has never been observed in solid state at room 


temperature and the only solid state of this gas known has been in frozen state of this matter as 
like of ice blocks (Dry ice). 


Fig. 30 A, B: Solid nano-CO2 ona knife and in a vial 


Fig. 30 C: Solid and gel nano-CO2 


The important point to note is that, there is no content ratio between the CO2 absorbed in the liquid 
and the water, as is the usual procedure to state in most tests like these content ratios between 
sediments or gel and the water of the solution. 


With this method of CO2 absorption technology, as long as one can extract nano CO2 from the 


environment or surrounding environment of water, the CO2 absorbed can be removed without ever 
a need for the change of the water. 
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Fig. 30 D: The Solid CO2 material in the Gans-state being held in hand at room temperature. This solid CO2 
is not a “dry ice’, but a mastic-like matter. 


In practice, we have a number of times collected Gans of CO2 from the same water within the 
container. The only reduction in the water is due to vaporisation or when it is part of the gel. 


This is a very important and crucial point, and this is where this technology departs from present 
science of chemistry, and stands on its own merit as a nuclear gravitational system. 


That is where if the system were a chemically based system, the CO2 content of the water would 
have been fixed and hence there would have been a ratio balance and final content for CO2 in the 
water and this value would have been fixed. 


Due to the new understanding of the gravitational systems, as has been explained in the book (The 
universal order of creation of Matters), these specifically designed systems, with specifically placed 
and produced electrodes, these systems can create a strong but invisible gravitational and Magnetic 
fields within the layers zone of the electrodes, that these electrodes, as gravitational positioning 
elements, can create the gravitational pull that can absorb CO2 molecules from the water and 
beyond the boundaries of the water, without the CO2 as a nano molecule ever chemically 
interacting with the water molecules content of the system and going through the normal chemical 
processes. 


Thus; if this was not so, how could electrodes deep submerged in liquid would have been able to 
extract CO2 from the air above the liquid and bring them into the material of the electrode for them 
to be separated as individual CO2 molecules on a continues bases, as we have been collecting these 
materials from the same container over period of weeks. 


Where in this processes, as the materials like CO2 become in nano structure of their own state, then 
they are sealed like the diamond and hence they achieve a self sustained gravitational system, like a 
planet, that does not interact gravitational or magnetically with any other matter and attain the state 
of singularity or nano state. 


This solution of CO2 material feels like mercury as gel, and to touch it feels cold, but does not stick 
to its container that much. 
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After extracting the water from the CO2 gans solution, the matter takes the form of gel and is cream 
whitish in colour. 


Thus, this is a static nuclear gravitational and magnetic field extraction process, which has 
never been recorded or known up to this point. 


With this method of CO2 extraction, there are no ratios between the matters collected as nano 
matters and the water content of the system, as the residual of gans of the gases can continuously be 
extracted from the environment of the system, without change in the volume of the water of the 
system. 


The point to note is that, the volume of the water content of the system stays the same. Where, the 
system caries on gravitating to itself gases of CO2 and other gases from its environment 
indefinitely. But the total mass and the volume of the system increases as gases are absorbed into 
the system by the gravitational principle. 


In fact, the system gains weight, mass, and volume as it absorbs more gases. This phenomenon was 
observed after the test was completed in Holland in the lab, and the increase in volume of the 
content of the system was noted at the end of that meeting, that we have more liquid in the bottle 
than when we started the test after about four hours of testing and running the system for energy 
production trail. 


This is normal phenomenon, as extra gases from the environment of the system have been absorbed 
in the system and converted to gans, which settled at the bottom of the bottle of liquid. 


The snap shot from video of the matters content of gans of CO2 as misty residual matter collected 
after the test in master bottle is shown in Fig, 30E. 


Fig. 30E A misty residue at the bottom of the bottle. 


The principle and the technology used for the extraction of CO2 and its containment as a nano 
matter can be used for making and allowing the production and development of vacuum systems or 
singular atomic weight extraction systems, which can attain high purity vacuum condition needed 
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for space technologies of the future or in room laboratories for extracting certain molecules or 
germs. 


This vacuuming technique can be achieved without use of any suction system or high-vacuumed 
pressure pumps as is the norm in today’s technologies for production of interstellar space level 
conditions that are hard to achieve. These systems do not even needs to be adjacent to the system or 
near the space where the extraction is needed to take place. 


In the universe, this singular Magravs strength principle is the exact method used by certain planets 
or stars and solar systems in managing to extract only certain materials from their solar or galaxy 
environment respectively. An example of mainly mono Magravs system is few elements material 
content, being the like Saturn with mainly helium content matter. 


In fact in this system we have shown, a micro universal selective gravitational, which in this scale 
we only absorb CO2 gases from the environment. Where the operation of these systems can be 
changed and modified to extract any material from any environment without the use of suction or 
chemical process and so on. 


The methane CH4 absorption 


During the process of running the system for extraction of CO2 and production of useful current, 
due to specific configuration setting of the system, specific section of system starts the absorption 
of methane gas from the environment. 


At this point, the water content of these sections of the power system starts to become blue greenish 
or violet blue in colour, similar to reported colours of the methane in solid state. 


Further to confirm the nature of this new material, the same tests as for the CO2 gas extraction was. 
undertaken and results obtained were as follows. 


Through infrared spectroscopy test, it is has become clear that this solution has the ability to 
facilitate the CH4 capture and the release of the residuals of CH4 as solid in the in the dilution of 
the liquid through the same principles as described above for CO2 gas. 


This effect of separation of CH4 as solution shown in Fig. 31 A and B as blue-greenish water and 
the same colour sediments in the tube. 
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Fig. 314, Solution of nano Methane (from two different angles) 


Fig. 31B. Solution of nano Methane 


The solid dry residual nano CH4 powder is shown in Fig. 32. 
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Figure 1. Typical block diagram 
of RF energy harvesting circuit. 


1 Introduction 
A revolutionary growth in wireless technology attracts huge attention from research community to 
moke the self-sustainable device feasible through RF energy harvesting. It exploits ambient electro 
magnetic energy transmitted from different RF systems to remotely feed the electronic devices 
(Wintanavongsa, Muncuk, Lewis, & Chowdhury, 2012). Compared to other harvesting techniques, RF 
energy harvesting provides relatively predictable energy supply owing to the features of easy avail- 
ability and less dependency on environmental variations. The typical block diagram of RF energy 
harvesting circuit is shown in Figure 1. It consists of three major blocks viz; antenna, matching net- 
‘work (MN), diode detector followed by an energy storage. The first element, antenna is employed to 
capture the RF signals of different frequencies and polarization, while second MN is for maximum 
power transfer, and the last rectifier is used to convert the RF eneray to dc voltage. It means harvest- 
ing circuit performance can be evaluated in terms of accessible ambient RF energy and its conversion 
rate (Agrawal, Pandey, Singh,& Parihar, 2014). These parameters are heavily influenced by surround- 
ing terrain conditions as the multiple reflection and dissipation certainly deteriorate the level of 
available ambient RF energy. As o result, conversion efficiency and dc output voltage may degrade. 
Previously, the majority of available RF energy harvesting circuits focused on single frequency band 
hence offer low de output voltage. As the multiple RF eneray sources of different frequency bands are 
available, thus from an ambient RF harvesting perspective, the output de voltage could be increased 
ifthe circuit is designed for multiple frequency bands rather than a single band. A wide-band energy 
harvester can also promise o high output voltage by accumulating the number of RF signals at o 
time, However, due to nonlinear behavior ofthe diode, harvesting circuit itself exhibits nonlinearity 
ie. its input impedance varies with the received RF power. Thus, its quite difficult to retain the im- 
pedance match and high conversion efficiency over a large frequency range (Song, Huang, Zhou, & 
Carter, 2014). The losses due to impedance mismatch over a large bandwidth can be illustrated in 
Collado and Georgiadis (2013), where only 8% conversion efficiency is achieved at -20 dBm. 


To address this, it is preferable to harvest energy fram several narrow frequency bands rather than 
a single large one. In literature, numerous topologies have been proposed to accomplish the multi- 
band energy harvesting (Bergés, Fadel, Oyhenart, Vigneras, & Taris, 2015; Hamano et al., 2016; Ho 
etal, 2016; Keyrouz, Visser, & Tijhuis, 2013; Kuhn, Lahuec, Seguin, & Person, 2015; Liu, Zhong, & Guo, 
2015; Niotaki, Georgiadis, Collado, & Vardakas, 2014; Pinuela, Mitcheson, & Lucyszyn, 2013; Scheeler, 
Korhummel, & Popovic, 2014; Shariati, Rawe, Scatt, & Ghorban, 2015; Sun, Guo, He, & Zhong, 2013). 
These topologies can be differentiated in terms of filter functionality i, how the antenna ar source 
impedance Is matched to the rectifier circult. For instance, in Pinuela et al. (2013) and Keyrouz et al. 
(2013) several single-band rectennas (combination of antenna and rectifier circuit) were stacked to 
constitute a multi-band harvesting circuit. In this case, each rectenna was designed for a specific 
frequency band. Thus, for compact applications, this architecture is not suitable due to the number 
of antennas used, Moreover, in most of the reported works, the quality assessment of the output 
voltages combination was not taken into consideration. In Kuhn et al. (2015), the circuit complexity 
is reduced to a certain extent by replacing the multiple antennas with a single wide-band antenna. 
However, in this topology too, the number of rectifiers increases with the frequency bands, which 
leads to prolonging the circuit complexity. 


F Signal 


Page 2 of 10 


Fig.: 32. Solid nano CH4 (gans of Methane) 


The process of creation of current and the observation of appearance of residual of solid matter 
indicates two clear processes: 


Firstly, the system starts to absorb methane gas from the environment through the same principle as 
described through mainly Magravs process as for gas of carbon dioxide CO2. 


With the difference that in this case different and specific conditions Magravs strength level by the 
layers of matters’ of electrodes are generated, that this new Magravs strength level facilitates the 
extraction or absorption of the new material by the system and within and through the system. 


As the gravitational and Magnetic fields needed for extraction of the CH4 Magravs are slightly 
different than the Magravs fields for CO2, hence different combination of Magravs is needed to 
extract the CH4 from the environment. 


Hence, in being able to collect and further test the new material from the solution to confirm the 
extraction of CH4 from its environment, this proves that, the system has the ability according to its 
pre-set conditions, to create different Magravs strength within the layers of the electrodes, that can 
absorb or gravitated different materials to the system such as CO2 or CH4, through operation of the 
same system concurrently. 


Secondly, another process can take place within the system, where the CO2 absorbed in the system 
goes through process of interaction with water and initiates the production of CH4 and release of 
molecules of oxygen. 


To achieve the production of methane gas through this process, one molecule of CO2 and two 
molecules of water H2O are required, that by using the energy absorbed by the material within the 
system leads to production of CH3 radical and then CH4 as molecule. 


Where, this process is not a chemically binding rather is Hydrogen plasma gravitated and it is 
sustained through magnetic field strength within the layers of coating or matters and energies within 
the system facilitate such a proce: 


In conventional chemistry, it is assumed at least energies equivalent to eight photons are needed to 
achieve such a conversion from CO2 to CH4. 


Through this method of using our new system, the material of the systems acts as catalyst and 
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magnetic field provider, that such energy (eight photons) are not required, but in fact gravitational 
and magnetic fields of the plasma of the oxygen and hydrogen of the water become the magnetic 
field binder for this chain of events. 


This being the reason why in similar cases and in theoretical chemistry one needs energy to trigger 
such conversion, where as through our system the hydrogen and it sister radicals in presence of the 
free magnetic oxygen, the solution becomes the magnetic bridge, allowing the system to release 
energy in larger quantities than eight photons, rather than in parallel chemical process in needing 
energy for the same process to take place in these systems. 


In this second path of production of CH4, one needs catalytic effect of the material used in the set- 
up of the system. In the nature, this catalytic effect needs eight photons of energy for it to take 
place, which this is usually provided through sunrays. 


In the case of our system the conversion of CO2 to production of CH4 and O2 takes place through 
the layers structural materials and the localised gravitational fields which they generate. As these 
materials have the ability to absorb infrareds rays too as well as sunrays in the environment and 
hence these new materials can facilitate the production of the methane and oxygen gases and release 
of energy twenty-four hours a day. 


Thus in fact with the development of this new system, we have clearly shown that for process of 
photosynthesis, one needs the Magravs strength in the infrared spectrum. Through this process we 
have clearly shown why plant do their CO2 to CH4 and 02 conversation mainly during the night 
time, where the infrared radiation from the planet is high, as the sun magnetic field can not suppress 
their emission upwards from the earth surface. Where, it is known fact that the earth is the best 
suppler of infrared rays. 


Further on, to show the correctness of our technology and that we do not require energy to extract 
CHG, where in fact we produce energy as power supplier through our technology, the engineers at 
the lab proposed to connected our system to an electric fan, to see if the poser produce can run 
mechanical devices like this on a long term. As can be see in Fig. 33. Where we ran the fan for over 
an hour. 


Fig. 33: Turning fan powered by CH4 extraction system. 
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This test was done in presence of a journalist and engineers from the magazine that we cooperate 
with and all has been videoed. The test happened in the basement of their premises, in the absence 
of any sunlight. 


Energy release by the process of gravitation and extraction of CH4 creates more energy and 
stronger current than the same process of absorbing CO2 from the environment. Where, this proc: 
leads to creation of strong current rather than stronger voltage output from the system. 


The absorption of CO2 from the environment and conversion of it into formic acid and release of 
energy needed for the photosynthesis and where at the same time the CH3 stage of methane gas as 
methyl becomes first stage for the production of sugar bases in organic materials has been observed 
and videoed with operation of one of systems. 


Thus for the first time the process of photosynthesis can be shown to take place exactly as happens 
in a nature like in a tree through these systems can be demonstrated. 


These systems not only absorb CO2 from environment, but through their process of conversion, 
they can lead to production and released of oxygen as molecular structure, 


To confirm and be able to show such a process takes place within the process of the production of 
methane and oxygen and hydrogen from our system, it is essential to show that methane in nano 
state of matter as we have collected in our system is or has a superconductivity behaviour, as was 
shown for CO2 nano material. 


For the confirmation that the captured CH4 solid material is or has a super-conductive behaviour, 
we subjected the solid residual of the blue-greenish matter to XRD testing in the laboratory. 


Fig. 34 The XRD of the superconductor characteristic of nano Methane solid 


The result of this test has to be noted that CH4 as CO2 in nano state has superconductivity 
behaviour detected seen in XRD is shown in the graph of Fig. 34. 
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The nearest material composite match to this material characteristic of our solid matter is beryllium 
palladium, which matches by 95% as a superconductor behaviour only. The list of near enough 
matches as superconductor to CH4 in nano state can be seen in the table shown in Fig. 35. 
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Fig. 35 The nearest data of matching materials available that match the green blue powder superconductivity 
characteristic to the extracted nano methane solid from the solution. 


The comparison of superconductivity characteristics of the CO2 and of the CH4 nano materials 


obtained by XRD and matching and similarity in behaviour of carbon dioxide CO2 and methane 
CH4 as super-conductive nano materials are shown in Fig. 36. 
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Fig. 36 The XRD superconductivity characteristic comparison of 
nano CO2 and nano CH4. 


The common behaviour between the CH4 and CO2 nano matte 
superimposing their infrared spectroscopy graphs as 


have been observed and shown by 
jown in Fig. 37. 
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Fig. 37 The IR spectroscopy comparison between nano CO2 and nano 
CH4 in solution 


In this graph the CO2 in zone 1, shows extraction of CO2 gas from its environment and then forms 
formic acid as seen in zone Z2. Similarly methane (Me) releases increase the availability of CO2 in 
the environment of the chamber of the spectrum machine as seen in zone Z1, and then the same 
releases’ of formic acid as the same as CO2 as can be seen in the zone Z2 through this proce: 
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Fig. 38 the enlarged section of the CO2 and CH4 in infrared from Fig. 37. 
This explaining two factors, one that the solution is processing both CO2 and CH4 extraction 
simultaneously and or it is has the ability to produce CH4 through CO2 absorption and the water 
chain interaction as was discussed before. 


Enlarged section of the zone Z1 in Fig. 37 are shown in Fig. 38 


Superimposed graphs of these nano materials of the same region in graph 37 are shown in Fig. 39. 
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Fig. 39 The superimposed and enlarged section of carbon sector of the Fig. 37. 


Observations and notes. 


In the development discussed above, one has shown how by absorbing CO2 from the environment, 
this being on earth or as the content of craft, this gas can be used to generate energy and oxygen to 
sustain life without the need for additions reserves of these gases using the man himself as the 
supplier of the main ingredient matter, the CO2. 


What this new technology offers for the planet earth is a survival line that in the present 
environment of the global warming with the CO2 generated by burning of fossil fuels and 
production of methane gases produced by extensive cattle farming, through the utilisation of this 
new technology for the first time these gases can be extracted from the atmosphere and 
simultaneously be converted to solid matters or solution, this process can be used to lead to, and 
cause the release of energy, and through the use of specially developed composite materials, this 
leading to separation and generation of oxygen. 


Where some of methane and carbon dioxide in the form of nano materials of the same gases can, all 
be suspended in the solution or dried as solid and reburied or returned to earth as topsoil. 

Where this new technology shows for the first time and make it possible to achieve creation and 
holding of carbon dioxide or methane gases in solid state at room temperatures and pressures. 
Through evaporation of water from solutions, solid of carbon dioxide CO2 and methane CH4 gases 
in the form of powder nano materials of these gases are produced. 


This new system and technology completes the circle of life for maintenance and existence in the 
future while it can clean up the mess man has created by the use of fossil fuels on earth in the past 
centuries. 


Where these new systems will behave as trees on earth and for the passengers of space systems of 
the future, by simple converting CO2 into oxygen, and where the man himself becomes the supplier 
of CO2 for the system to keep the cycles functioning. 


Through the development of the technology that has been disclosed in this paper the initial steps to 
conclude this process for application in our space technology is considered to be completed. In the 
space technology of the future, one has to be able to use all matters available within a spacecraft to 
attain continues and sustainable existence of man in deep space travels. 


This technology of direct extraction of CO2 and CH4 from the environment can happen in reactors 
of small and large dimensions. Thus the technology can be used to tackle the Climate Change 
problem. For example large installations can be connected to exhaust systems of heavy industry, 
and small extraction devices can be made for households or be built in cars. None of these 
installations will need powering, as they will deliver themselves electricity. On the other hand we 
don’t have a sequestering problem since the CO2 and CH4 are already in a solid state, which make 
storage easy. However our liquid and solid CO2 combined with limonene oxide can also be used to 
make new type of polymers and plastics. 


We have developed and attained a fully integrated system that is able to sustainable life in space. 


In letting the process of CO2 absorption and production of energy to continue, some cells of the 
system start the process of production of methyl CH3. This is a significant process as this shows 
organic process as CO2 is in progress within the system. 


Further, this process in conjunction with its water content, and nitrogen from the environment, can 
itself lead to production of natural sugars, starch and proteins, using our simple static gravitational 
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system. 


This simple system can be used not only to clean up the environment from CO2, but at the same 
time the same CO2 can be used in conjunction with specific matters of the system, to release 
energy, oxygen. Further at the same time producing CH3 and methane and formic acid and by use 
of nitrogen this leading to production of protein(s) that can be the food supply for the humans” 
passengers of spacecraft’s of the future while they inhale oxygen and exhale CO2. 


Thus through this new technology mans’ existence on board of the spacecraft’s of the future, the 
man becomes the container and supplier of carbon dioxide and hence the provider of oxygen for his 
own existence. 

Thus, man himself becomes the conversion system to maintain his own survival in deep space or on 
earth during shortages of food or natural disasters. 


The property of this system has allowed us to submit a full patent for the first full day and night 
energy panels. 


New state of matter 


When considering this new technology and understanding the potential of its physical ability to 
convert gases into solid state of the same, where up to present knowledge the gas from being able to 
take the shape of its container, for the same atom or molecule becoming the container of itself as a 
nano matter, then this new state of matter or the solid state of the gas at ambient conditions like the 
room temperature and pressure, itself becomes the nano matter of the gas and this state of matter 
has never been known in the world of science and has to be considered to be a new state of Matter 
or the fifth state of matter. 


Where, through our development of matters in our technology we consider solid, liquid, gas, 
plasma, and dark matter as the first five known states of matters up to this point in our technological 
development. 


This being due to the fact that this new nano matter of the gas in solid state, it does not behave and 
looks as any of its old states of matters or any other state of matter as we have known and what we 
have seen before from these matters. 


The infrared and XRD testing of these carbon dioxide CO2 and Methane CH4 gases in nano state 
showing that this matters behaves like a superconductor material, where nor hydrogen or hydrogen 
and the carbon in there matters are considered as super-conductive materials in the present world of 
science known knowledge in their gas state of their molecules. 


To our present knowledge superconductors at these levels are by principle of matter in diamond 
structure or sp3 state of matter. Where, their physical gas equivalent of these matters known to 
science and are classed as odours. 


Thus as in this new state of matter molecule of GAs which becomes Nano of itself and become 
and appears as Solid state of matter as we have seen from our testes and shown as solid of the 
matter in this paper, this new state of matter needs a new name, for it to show the source of the 
matter, that is from GAs to Nano of Solid and to be called GANS for short. 


This new name in fact clearly not only indicating the source of the matter, which is the gas, but at 
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the same time it clearly explains what to be expected and describes the characteristic of these 
matters too. 


Where these new characteristics being like superconductivity, lightness, singularity of grains and so 
on, of the same molecule as it become nano of itself and become solid of itself but having full 
molecular structure of a gas, but self gravitationally and magnetically closed and singular, but it still 
can be in a gas state of itself, but as it becomes singular atom or molecule of itself it behaves as 
solid matters do. 


Thus from this point on, we do not call these solids of nano of gas or nano CO2, but GANS of CO2. 


First ever pictures of these matters in Gans or solid state are shown in Fig, 30(A-D) for CO2 
solution and dry state. 


Pictures in Fig. 31A and 32B shows the first ever solutions of methane and dry or gans of CH4 
respectively. 


Through experiments and deliberate mixing of different gans in one solution, it is clear that these 
materials do not mix or do not chemical interact with each other. Where each gans of each matter 
stays separated from the other matters within the solution, and stays the original gans. Fig. 40 
shows a mixture of three gans in a solution, where they stay without any chemical binding, where 
for example the green residue settles can be seen at bottom of the tube. 


Similarly for the first time in the world of science, through understanding of this technology, we 
can capture odours as solid? But the question is that, would they smell the same as their sp3 
counterpart as gases? This is the question to be answered and explored in the times to come. 


Parallel with development and extraction of gans, these systems produce energy, which are not due 
to burning of fuel or chemical conversion like in a battery. The energy produced during the process 
of gans from any system, which this energy can be used for any purpose, this being creation of 
gravitational field force to create static sources for creation of Magrays, power to run a motor or 
light-up a lamp, this new source of energy needs a clear and new name classification. 
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Fig. 40 Different Gans do not mix or chemically bind, and stay separate in the solution, 


We call this new method of production of clean energy, this being in magnetic field force strength 
or electric energy, the GAs Nano Solid Energy or GANSE for short or Gas Energy Solid for short 
GES. 


Implication and applications of this new technology 


In the development of the technology discussed above, we have shown how by absorbing CO2 from 
the environment, this being on earth or as the content of craft, this gas can be used to generate 
energy and oxygen to sustain life without the need for additions reserves of these gases using the 
man himself as the supplier of the main ingredient matter, the CO2. 


What this new technology offers for the planet earth is a survival line that in the present 
environment of the global warming, with the CO2 generated by burning of fossil fuels and 
production of methane gases produced by extensive cattle farming, through the utilisation of this 
new technology for the first time these gases can be extracted from the atmosphere and 
simultaneously be converted to solid matters or solution and return of this matter as solid into the 
ground, 

The development of this new technology shows and makes it possible, for the first time in world of 
science to achieve absorption and containment of carbon dioxide or methane gases in solid state at 
room temperatures and pressures. 
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Besides, a multi-band harvesting circuit can also be formed by simply embedding a multi-band 
matching network between the multi-band antenna and the rectifying circuit (Bergés et al, 2015; 
Hamano etal, 2016; Ho et al, 2016; Livet al, 2015; Niotak’ etal, 2014; Scheeleret a, 2014; Sharia 
et al, 2015; Sun et al, 2013). The mult-band matching network can be designed either by dstrb- 
uted or by lumped element. In general, the multi-band rectifier circuit experiences two types of 
losses: first due to shift in resonance frequency from the optimum frequency point, and second due 
to the filter complexity. Because of the diode nonlinearity, the input impedance of the circuit varies 
as a function of power and frequency which causes a shift in resonance frequency. The difficulty due 
todiode nonlinearity can be observed in Sun etal. (2013) where the dual-band rectifier circuit exhib- 
its impedance matching for a small range of input power, The losses induced because of filter com- 
plexity can be observed in the recently reported works on dual band harvesting circuit (Niotaki et ol, 
2014; Scheeler et al, 2014; Shariati etal, 2015). In Niotoki etal. (2014), for, = ~15 dBm, author 
achieved the conversion efficiency of 23% at the expense of increased filter complexity consisting 
two series and two shunt pairs of reactive elements. Thus, for more than dual band applications, the 
proposed circuit topology is not suitable due to excessive filtering components used, To obtain good 
conversion efficiency « dual-band rectenna reported in Scheeler etal (2014). However, the rectenna 
was large in size and requiring a complex impedance tuning circult. In Shariati et al. (2015) also, a 
‘dual-band matching network consisting nine reactive elements was employed to achieve the dual- 
band characteristics. 


In order to reduce the filter complexity, this work proposed a compact dual-band harvesting cir- 
‘uit for GSM-800 and 1800. It consists of « 4th order dual-band matching network based on 1 —n 
frequency transformation, which is optimized for the energy harvesting circuit to reduce the com- 
plexity up to 2X n reactive elements (n is the number of frequency bands). Similar to frequency 
transformation method, the proposed dual-band rectifier circuit can be extended to n number of 
frequency bands by using the 2 x n number of reactive elements. The detailed analysis and design 
guidelines of dual band rectifier circuit are discussed in Section 2. 


2. Dual band rectifier design and analysis 
This section presents the design and analysis of a dual-band harvesting circuit in terms of imped- 
ance matching, DC output voltage and RF-to-dc conversion efficiency, The topology of the proposed 
dual-band RF energy harvesting circuit is shown in Figure 2(o). As seen, the low-cost Schottky diode 
is used to transform the input RF power to DC voltage. The impedance matching at two frequency is 
‘achieved using a series and parallel combination of the LC pair. The main idea underlying the sug- 
gested multi-band matching network is 1 ~ m frequency transformation (one to many mapping of 
frequency), which transforms a single-band matching network to multiband matching network 
(Nallam & Chatterjee, 2013). As the name (1 — n) suggests that for designing a multi-band matching 
network, primarily a single-band matching network is required whose resonant frequency is depend- 
‘multi-band matching network proposed to designed, 


‘ent on the frequencies for wi 


Moreover, this frequency transformation method depends on the type of load impedance, wheth- 
crits series or parallel combination of RC or RL. Since the selected diode (HSMS-2852) has capacitive 
behavior throughout the frequency, it can be represented in a series or parallel combination of R and 
In the case of parallel RC load, the following equations are used to transform the single-band 
matching network into multi-band matching network. 
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‘where, nis the number of bands and m varies from 2 to n. After substituting the value of n, Equation 
(2) can be expanded in partial fraction form using the causal foster analysis as: 
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Through evaporation of water from solutions, solid of carbon dioxide CO2 and methane CH4 gases 
in the form of powders nano materials of these gases can be produced, where in later stages in 
different applications like manufacturing processes, these materials can be added to effect the 
physical or the property of different matters or produce new types of matters with these new 
materials. 


These new matters of gans can be used for example as new biological nano filters, where their 
purity or the molecular size of gans can determine the matters to be filters, this being cancer cells, 
germs or other matters. 


Through the use of this new technology the circle of life for maintaining a clean environment in the 
future, while it can clean up the mess man has created by the use of fossil fuels on earth in the past 
centuries. 


Where these new systems will behave as trees on earth and for the passengers of space systems of 
the future, these systems by simple converting CO2 into oxygen, guaranteeing ever supply of life 
essential need, where the man himself becomes the supplier of CO2 for the system to keep the cycle 
functioning and guaranty his own survival. 


In our tests, in letting the process of CO2 absorption and production of energy to continue, some 
cells of the system start the process of production of methyl. This is a significant process as this 
shows organic process in progress within the system. 


Further, this process in conjunction with its water content, and nitrogen from the environment, can 
itself be used to lead to production of natural sugars, starch and proteins, using our simple static 
gravitational system. 


This simple system can be used not only to clean up the environment from CO2, but at the same 
time the same CO2 can be used in conjunction with specific matters of the system, to release energy 
and oxygen. Further at the same time producing CH3 and methane and formic acid and by use of 
nitrogen this leading to production of protein(s), that can be the food supply for the humans” 
passengers of spacecraft’s of the future while they inhale oxygen and exhale CO2. 


Through the development of this technology that has been disclosed in this paper, the final steps to 
conclude the process for application of these systems in our space technology is considered to be 
completed. 


Where, these CO2 extraction systems, by their nature of operation as described above, they can 
become the natural backup energy systems and vacuum systems for spacecratts of the future. 


With the completion of this sector of our technology, we have developed and attained a fully 
integrated system that is able to sustainable life in space. Where we have shown through other 
sectors of technology, systems for motion with gravitational positioning through our nano materials 
we have shown how to produce matters in the universe and materials to manufacture for what man 
needs for food and habitation, then we have shown how to develop the system to feed and produces 
systems to cure ailments through our medical application section, and in the energy production 
system we have shown how to generate energy through simple natural process, and finally now 
with this technology we have shown how to create a self sufficient environment to sustain life with 
extraction of CO2 and use of the same to create oxygen for man to survive in space. 


Thus through this new technology mans’ existence on board of the spacecrafts of the future, where 
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the man himself becomes the container and supplier of carbon dioxide and hence the provider of 
oxygen for his own existence is complete. 


Thus, man himself becomes the conversion system to maintain his own survival in deep space or on 
earth during shortages of food or natural disasters. 


The property of this system has allowed us to submit a full patent for the first full day and night 
energy panels and all other points which has raised as new science in this paper. 


Conclusion 


Through new and simple methods which has been developed and explained and production of new 
materials with some new properties which has been confirmed, we have managed to create and 
establish clearly how gases can be made to be contained, extract and converted into solid state of 
matter, without the use of any chemical reaction, temperature or pressure, and simply through 
creation of condition of mini and localised Magnetic and gravitational fields within the system, as is 
done in the universe. 


Where, these fields are hidden within the static layers of different matters within the system, as 
they have been chosen as the electrodes within the structure of these systems. 


Where clearly in picture Fig. 40, one can sce that these matters are normal solid and can be handled 
like any other solid matter. 


Clearly from the infrared spectroscopy and XRD graphs of these matters and solution it is clear that 
the matter absorbed or extracted from the environment, as gans are so pure and in nano state that 
their spectroscopy recorded data is as close as to perfect theoretical for CO2 gas. This purity of the 
matter, showing itself in such clear and single perfect lines of graphs shown from the test of the 
actual sample of the solutions of these gans 
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At the same time, it is confirmed that nano gases do behave as their metallic and semi metallic 
matters in the universe and they become or attain the behaviour of conductors and superconductors 
and super resistors. Where this finding of the behaviour of these gans solves and answers a number 
of unanswered questions in the world of physics, chemistry and biological binding, movement and 
motion of planets, stars and matters in cosmos. 


This paper in its simplicity of its presentation and the knowledge it has put forward, it will in due 
course bring about fundamental new ways that a number of problems in the scientific world 
concerning gases and solids are to be considered. 


For example we can think of ways to solve the mystery of the a-biogenesis (the study of how life 
on Earth could have arisen from inanimate matter.) or how proteins could have been created in 
Space by local super-conductive conditions. 


With the knowledge gained with the operation of these simple power cells, new systems in 
production of vacuum, creation of matter, extraction of matters and conversion of matters can be 
developed, and in a way this paper opens a new an unbelievable horizon to the man for science and 
space technology of tomorrow 


We have shown and clearly proven not only one dose not need alll sorts of machines to create or 
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extract matters from the environment but simply following the laws of universal gravitational and 
magnetic field forces, one can achieve the same in a much simpler ways, and instead of using 
energy to achieve production of a matter, one can extract energy from the same system and achieve 
better results in doing the same process. 


Additional pictures 


Some pictures of different matter, which have been gravitated to the system, are shown in the 
picture below. 


Up to this point we have managed to attain six different elements in gans-state, which each one has 
it’s own colour as can be seen in sample tubes as they have been extracted from the system during it 
operation, while producing energy. Some of the materials shown have not been subjected to IR and 
XRD spectroscopy to confirm the composition of the original gas before they were converted to 
their gans-state. 
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Fig. 41. Six different materials in gans-state which have been gravitated by the system up to today 
(05.01.2010). 
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Fig. 42. Two different materials in gans-state, which have been gravitated by the system, which we think 
these, are organic gases in Gans-state, They have different orange colours. 


Fig. 43. CO2 in gans-state , which have been gravitated by the system. It contains solid flakes within the 
solution 
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Fig. 44. Different angle of show from the same solution as figure 23. CO2 in gans-state, which have been 
gravitated by the system. It contains solid flakes within the solution, 


Fig. 45. Unknown composite material in gans-state which have been gravitated by the system. 
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Chapter 5 
The light and its interaction with the Principal star 


The Principal Star is what has been commonly called the Black Hole (3) and it is understood that 
these entities are places, where the principal maf’ and matters are create and collected. 


The pmf of principal star being covered by dense layers of the transition maf, this being the reason 
as why they look to be dark or where there are no lights are transparent in these regions in the 
specific parts of galaxies in the cosmos (Fig. 46). 
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Fig. 46 Structure of the principal star 


The light being in possession of the gravitational and Magnetic fields of its own and consequently 
the light having the Magravs of its own, these fields forces” of the light in matter magnetic field 
strength environment of the universe take their positions in respect to the Magravs of these principal 
stars in the centre or any other part of the galaxies. 


In these environments in the universe one can observe that as the light rays come close to the 
principal star the light in majority of cases will not be absorbed by the extensive gravitational fields 
forces of the principal star, but the light ray finds its way by going around the principal matter star 
instead of as it being absorbed by this entity. This ability of bending of the light is commonly called 
the lensing of the light near large objects, and this is the process by which currently scientific world 
can confirm the existence of the principal star in the universe. 


The reason for the bending of the light being due to the fact that as the light possess its own mafs of 
the principal matter, then the light’s principal mafs Magravs take their Magravs positioning in 
respect to the principal star mafs’ and matters’ and this positioning of the two Magravs of the 
principal mafs of the light and the star from the point of an observes from a distance looks as the 
light bends around these objects or what is called lensing phenomenon of the light around the 
Principal star occurs (Fig. 47). 
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Fig. 47 Bending phenomenon ( lensing) of the light around the Principal star due to Magravs positiot 
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The theory that even the light will not escape the Principal star gravitational field forces once passes 
the event horizon, this shows the lack of the understanding of the scientists in this respect too, as if 
the scientists had the tools to observe and could detect the principal mafs magnetic field spectrum, 
then they could observe that as in matter mafs stars like the Sun of the earth’s solar system, these 
Principal stars will radiate pmifs in the principal mafs strength spectrum and the Principal stars are 
like bright shining stars in their environment, and as they absorb light in matter’s spectrum strength, 
they at the same time release light in principal mafs and transition mafs pmf strength 
simultaneously. 


In time the scientific world would produce tools that with these tools they will be able to observe 
the motion and emission of the Principal and transition lights rays from these dark spots in the 
universe. Then one can observe that light in principal mafs strength are emitted from these stars in 
the galaxies as light are emitted from the Sun of the solar systems and the disappearance of the light 
in even horizon is only illusion and not a reality as the pmf of the light mafs get diluted in the 
stronger pmtf fields of principal and transition mafs rays. 


The concept that how principal stars are created, how they operate and how they absorb and emits 
some light has been disclosed in detail in the paper written in 2002 and published in 2006 titled 
“The creation of Back Hole”. 


Principal stars if they absorb mafs and of the matters, stars and visible light as it appears to human 
eyes’ vision spectrum, then they can and they do at the same time emit light in the mafs of the 
principal matters spectrum into the environment of their galaxies too, as this was not the case then 
the conservation of principal mafs and matters in the cosmos will not hold and this is against all the 
laws of physics. 


In reality the dynamism of the mafs of the principal matters in these stars and the light they emit is, 
the cause and deliverer of pmf needed for the creation of matters and stars in the galaxies. 


In a simple way, as the light from the Sun feeds its own solar system mafs of the matters and 
matters the like of its planets, the same is done by the Principal star through its light emission in the 
Principal mafs pmf strength feeds all maf and matters in its captured Magravs sphere or so called 
its galaxy. 


At the same time the Magravs of the Principal star dictates the position and attraction of other 
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matters, stars and galaxies” in respect to itself as the total mass of the matter maf’ and transition 
mafs of the matters in galaxies are about less than five present of the total mass of the galaxies (3). 


Thus the positioning and directional motion of the galaxies in the universe, the same as in the solar 
systems is dictated by the mass of the principal mafs and matters of the principal star of the galaxy 
and no other factor (3). Therefore the mass of the galaxy is the measure of the interaction of the 
Magnetic and gravitational fields’ forces that the principal mafs contents of the principal matter can 
produce and maintain. 


Once these principal stars are formed in the universe then the Principal stars and the lights which 
are releases form them become the means of the supplier of pmfs and nourishment of to the 
environment of these galaxies” (3). 


The concept of the structure of the principal’s star lights as the source of pmf into its heliosphere 
zone is applicable the same but in much smaller quantity of mafs of in the operation of plasma of an 
electron, proton and stars too. 


In the modern science the source of the creation of matters in the plasma of electron and proton are 
mysterious entity, which lead to creation of quarks, bosons and other names content of the plasma, 
in fact for example so called the bosons are the pmf of lights released by the principal maf’ of the 
plasma, which as this dynamic light reaches a given point and given pmf strength in the plasma of 
the proton or electron due to reduction in its pmfs strength in motion in the plasma, this leads to 
appearance of matter maf’ and matter of different pmifs strength in all regions of these plasmas. 


The mysterious forces which the scientific world has been observing in the plasma of the proton, 
these are released by the principal star of the plasma itself as lights in the principal mafs strength 
unwinds and as these lights reduce in strength to different mafs and matters pmf levels strength. 
Then these slowed down pmfs lead to appearance of different weaker matter pmf strength in the 
content of the plasma, where and when two matching field’s strength and matters strength can 
interact that they can create a given gravitational fields forces within the plasma then these points of 
gravitational field appears as bosons and other named entities within the plasma, At the same time 
these entities create their own Magravs which the operation of fields forces of these Magravs appear 
as mysterious filed forces within the plasma of the proton or electron. 


Theory of Higgs and Higgs boson concept: In fact if these scientists would have understood that the 
interaction of at least two magnetic fields (bosons) leads to creation of gravity (attraction) and 
Magnetic fields (repulsion), which further interaction of these two fields of Gravity and Magnetic 
fields leads to creation of the mass of the matter (Higgs), then Higgs would have understood that 
interaction of magnetic fields not only in plasma but in any level of magnitude in the universe leads 
to creation of matter which this matter always possess its own mass and magnetosphere, or in other 
word when two magnetic fields interact they lead to creation of mass which is the maximum 
strength of the gravitational strength less the Magnetic fields strength created by the interaction of 
these two secondary fields (1). Thus Higgs theory is correct and in reality one does not need to 
smash an atom in accelerators to observe and prove his theory, but it would be easier to the same 
behaviour of production of matter if nwo rays of light are fused that they lead to creation of 
matter and thus the Higgs theory would be proven to be correct in a simpler way. 


This is process of the production of bosons, Higgs and other entities in the plasma of proton is the 
replication of the same process as the operation of light rays in the solar system changes to matter in 
different pmf strength regions in the heliosphere of the star, where in the case of plasma of proton 
the same process takes place in micro/nano level of the mass of the principal star and principal 
maf’ and matter in size. 
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Stars in the centre of the galaxies in motion near the Principal stars even though they release rays of 
light but not all these rays get absorbed into the principal star or the stars themselves and in reality 
the Principal stars do not absorb all lights from the matter stars (the sun is a matter star) into 
themselves as the plasmas of the lights in the matter mafs pmf strength contain their own principal 
mafs and matter and these principal mafs of the light create their own pmf Magravs, which this 
Margrave allows the light to take its position in respect to the Principal star which is so close to, and 
this Magravs positioning of the light allows the light from the star in the matter strength to move 
away from the principal star as is observed by the astronomers. In fact the speeds and the distance 
of the star from the principal star is dictated by their own principal’s maf’ content and the Magravs 
strength. 


The matter stars in their inner sanctum contain and hold on to large quantities of the principal maf’ 
and matters (1), This meaning that even the Sun in its process of feeding light into its heliosphere, 
at the same time in this process the Sun releases a large quantity of the magnetic fields of the 
principal mafs and matters as the principal light rays strength of magnetic spectrum in this 
environment. 


It has to be said that in galaxies, the high speed of the rotation of matter stars near principal stars 
has to be extremely high, this being due to the fact that as the matter star itself contains principal 
mafs and matters and at the same time these mafs of the principal matters interact within the 
structure of matter star that they create their own gravitational and Magnetic fields that the matter 
star takes it principal mafs Magravs strength positioning in respect to the mafs of the principal star 
matters and maf Magravs. Thus the only way that matter star can hold on to its pmf structure is to 
attain a high speed as its maf of the principal matters of the matter star content have to find a 
constant continues renewing its new position in respect to the principal stars matter’s and mafs’ 
content. These high speeds of the stars near the principal star has been puzzling the cosmologist, but 
if they look close enough and as they could understand the principal of the rotation of an electron in 
respect to the proton of an atom (1), then the speed of the matter’s star with composite matter and 
mafs content near the principal star shows and is flowing the same path and the same principle of 
motion as an electron does in respect to the proton in the nucleus of the atom as electron moves fast 
around its nucleus to maintain its position and hold on to its content matter (1). Thus now may be 
the high speed of the matter stars near principal stars can be explains and the single directional orbit 
of the star matter in these regions confirms content of the Principal star as to be mainly as of the 
Principal mafs and matters, that this singular mafs and matters contents’ of the principal star 
allowing the more circular motion or elliptical motion of matter stars with their large mass near the 
Principal stars. 


This is the same process as to replacing the proton with the principal star and the electron with the 
matter star, with parallel high speed dynamic motion of the matter star with controlled Magravs 
positioning around it nucleus. The reason that the motions of the matter star around the principal 
star is not as unpredictable as of motion of electron around proton (1); this is primarily due to mono 
content matters and maf of the principal star. In fact in these cases the light observed by the 
cosmologists created by the matter star is mainly due to the interaction of Magravs of the two 
matter and principal stars, and at this point the Magravs of the matter star has to find rapidly its 
position in respect to the Magravs of the principal star, and this is how the matter star become to 
attain speeds’ in the region of the speed of light in matter pmf strength. Thus the majority of the 
visible light of the matter star in close proximity of the principal star is not of the star itself but it’s 
due to the interaction of the Magravs of the two stars. Now one can see another marvel of the 
universe, where matter mafs in creating light which itself is the light of itself. 


This concept of mass moving at speed of light in matter pmf strength environment due to 
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interaction of principal mafs strength will have such a profound effect on the man’s scientific 
progress and in man being able to travel the depth of universe and this will be the point of and the 
tool of detection of future space crafts in motion at speeds beyond the speed of light in matter maf’ 
strength and above in the cosmos, once the concept of the light rays in the pmf strength of principal 
mafs strength are understood fully. 
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Figure 2. (0) Circuit diagram 
of the proposed dual-band 
rectifier circuit and (b) 
‘optimized dual-band rectifier 
circuit. 
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‘The coefficients a, and a, can be calculated as: 
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Equation (6) is similar to that presented in Nallam and Chatterjee (2013), except the term (—1)""", 
which is included here to realize the multi-band matching network for more than three frequency 
bandsie.forn > 3 


With this transformation, the copacitor of the matching network is transformed to the combina- 
tion of prototype capacitor parallel with inductor whereas, an inductor is transformed into  combi- 
nation of the same inductor with a series capacitor, Figure 3 shows the circuit schematic of 
transformation of a single-band matching network to the dual-band matching network. It can be 
seen that C, is transformed to C,|IL, and L transformed to L, series with C,. After successful usage 
of (1)-(7), the resultant multi-band matching network requites 3n — Land 4n — 1reactive elements 
for L and II-type topology, respectively. 
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Chapter 6 


The light and its planetary interaction 


The interaction of different lights of different matters (principal, transition and matter) can be 
utilized to create the appropriate magnetic fields and currents and gravitational fields’ forces as it is 
needed for any purpose, then this concept of interacting lights is the way that food and energies 
from the right light mafs levels can and will be produced in deep space travels of the future, as one 
can take the right components and amounts of the mafs in matter field strength needed of any 
required levels of mafs as/and for nourishment of the mans’ physical body, without man actually 
cating tangible food. 


This conversion and absorption of light rays is in fact what plants and animals do in the earth 
environment as they absorb specific plasmatic magnetic field strength of light spectrum and due to 
their atomic and molecular Magravs field’s strength they create measured vacuumed condition 
within their structure to and for transformation of a given pmfs’ strength of the light to be converted 
this to gans of that mafs in the structure of the plants or animals. Which, these ganses have Magravs 
equal to Magravs strength of vitamins or minerals levels as the planet produces or the animal needs 
for existence in a given environment. The process of production of minerals and vitamins in 
understanding how light is and can be converted to gans in earth atmospheric condition will allow 
the production of the same matters and vitamins by use of the light matters’ structure in conjunction 
with the using a simple dilution Magravs positioning reactor anywhere in the universe (1). 


For example man by eating a given plant, he absorbs that spectrum of the fields transmitted and 
absorbed from the spectrum of the light mafs of the matters fields for specific use in specific protein 
in man’s body, and now man has the knowledge to produce the same proteins and minerals from the 
light rays without the need for plants or animals as an intermediary conversion toll for this process. 


In earth atmospheric Magravs condition herbs absorb pmf of the higher strength of the same light as 
normal plants do and the meat can absorb the complex strength magnetic fields of the light. The 
structure of herbs pmfs attraction and storage is more dependent on the pmf emitted by the light 
spectrum from the earth fields as the fruits store most of the light spectrum which are entered into 
the atmosphere from above and that is why each entity has different maf’ strength storage and 
conversion capacity and capability. Where, the same light from space in different distance and 
interaction with the magnetic fields strength of the light of the earth leads to creation, storage and 
production of different pmf spectrum of the light by the same plant and animal DNA. 


The ray of light in its entry into the magnetosphere of the earth and the interaction of the two 
Magravs lead to release of specific characteristic rays of specific magnetic fields strength, that this 
ray through a special process with the hydrogen atom lead to creation specific division of energy 
that can sustain life on this planet. This ray and its process of creation, which is not known in the 
world of science presently has been fully explained in the book “the universal order of creation” to 
be published in the future. We sce that in time man of knowledge would be able to comprehend this 
process, and once this process used then the wisdom of all creations in the universe will be 
understood and can be replicated anywhere in the universe. 


The rays of light at any strength of its mafs at their entry into any dynamic plasmatic environment 
have the ability to lead to or through conversion process cause the initial chain of reactions needed 
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for the start of life and then the matters produced use the light itself to further create more cell like 
beings and then through the ray of light conversion in these cells this leading to final step that the 
light ray in becoming the creature like man, then using light rays and its product main gains 
intelligence and the intelligent body at this stage acquires its magnetosphere and Magravs or what is 
known its soul. 


a1 


Chapter 7 


The use of the properties of the structure of the pmf of the light 
for space technology 


‘As the man’s knowledge reaches and becomes in line with realities of creation; in the future the 
mafs of all components of the light and the phenomenon of light rays entanglement will be used for 
space technology in an efficient way and in manners which are not even comprehendible at the 
present. 


The helixial cylindrical motion and reversibility capabilities of the outer-magnetic mafs of the shell 
of the light in space reactors of the future will be the key in control of the motion and the directional 
motion which these crafis can travel and the same time the control of the speed of the motion of the 
space crafts of the future can be set by using the matters’ components of the light. 


The gravitational fields’ forces of the light and the reactors using and producing light gravitational 
properties that can be used for control of the directional motion are much easier systems to produce 
in a fully integrated combination space reactors setup that using different mafs” strength of the light 
makes take-off and landing possible in every environment and pmf fields strength in the universe, 
without putting the craft and its passengers ever in any danger. Where, with the use of the lights” 
mafs Magravs technology one can reach the deepest part of the universe in time spans that are 
within the fraction of the life of humans, rather than the present assumptions of thousands of the 
light years. In comprehending the concept of the structure of the light in full; this will the time, 
when the Man understands the truth about the world of creation in the universe, and how universe 
was created and real universal motions are created and maintained. 


How, different rays of lights get entangled and leads to creation of conditions of mafs of matters is 
due to Magravs positioning of one light ray in respect to another of the same. The Magravs 
positioning of two rays of lights or what is known as the light-entanglement is the condition for 
example, where and when the light rays can converts from mafs of matters to characteristics of 
tangible or detectable matter in a given plasmatic magnetic field strength environment. 


It has to be noted that there is fundamental difference in light entanglement and fusion of light rays. 
The fusion of the light is more fundamental process in production of matters and maf’ and this 
process can be used for production of stronger light rays or for the production of heavier elements 
without going through the process of the matter state fusion. This being the like of the production of 
oxygen molecules through the fusion of light rays, rather than multiple fusion processes of the rays 
of the light’s once the neutron to an atom of hydrogen is reached, and then through multiple fusions 
processes to reach the production of oxygen molecules. 


In fact fusion of the matters of the light does not require energy and in reality does not lead to 
release of vast amount of energy. Whereas, in the present process of fusion of the matter of 
hydrogen the present fusion scientists have got themselves tied up with the wrong concept and 
technologies and they are in the dream of achieving fusion of matters through the use of present 
laborious fusion reactor technology with very little success. 


By the same default in understanding the real process of the fusion in the universe, there has been a 
misconception by nuclear scientists in production of the heavier matters through fusion of matters 
in the centre of stars and in their nova process. Where, the present assumption that matters are 
created in the centre of the stars through process of fusion of matter is not in reality correct, 
whereas the process of fusion and production of all matters in the universe primarily takes place at 
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the point of the fusion of the light rays first, then as the light rays become to the point of matter 
mafs strength they first all convert to gans of the neutron and then through process of the Magravs 
positioning and collective balancing of these forces of the total light rays in a given environmental 
pmf strength, then some of the light rays once converted to neutrons some stay as neutrons and 
others of the weaker strength in the collection go through the process of the neutron decay (1) and 
become proton and electron of the collection of the light rays and hence in a given pmf strength, the 
physical matter with given number of neutrons and protons and electrons are created. Therefore, it 
is the collection of fused light rays which changes to collection of neutrons and then as some 
neutrons go through neutron decay and become proton and electron, this is how atoms of different 
matters are created in the universe. Where, further this process of the light pmf strength matching 
through light-entanglement process is a much easier process than the matching and fusing physical 
plasma of atom or molecules and solids. 


In fact this is how neutrons are found to take their place in the centre of atoms to start with and this, 
is how fusion takes place in the real universal cosmos (unicos). This being one of the reasons why 
the present science have problem to produce fusion as they try to fuse matter as in real term in the 
universe and in the centre of the stars fused light rays lead to creation of matters of different mass. 


Fusion light ray reactors are simple practical systems which do not need very much energy for 
them to run and operate, but they can create and facilitate directional motion of the space crafis of 
the future using their capability to split the plasma content of the light to its sub structure matters 
and fields and create Magravs of different strength and in a cylindrical reactor of the same to stack 
the light rays gravitational and Magnetic fields forces for creation of the directional change and at 
the same time these reactors can be used for the production of the matters for the use in the space 
environment of the future. 


For the space technology of the future there is a need for multiple light reactors that an 
instantaneous three hundred and sixty degree spherical motion of space crafts can be achieved and 
the at the same time the shielding magnetic fields can be interchanged from matter mafs to principal 
mafs and change of the dynamism of the same fields can be used for rapid deployment and 
penetration in dangerous and denser matter and mafs parts of the universe. 


The same entanglement or interconnection process exists between light rays as does and prevails in 
the atomic and matter environment. At the present time the scientific world is considering quantum 
entanglement and its use in transportation of matters and other uses within and across. the 
boundaries of the universe. In reality if scientists comprehend the concept of the light-entanglement 
and understands the principle use of this phenomenon, then one can use the matching structure 
plasmas of light rays before they become matter to achieve high speed transportation in the range of 
and beyond the speed of principal light rather than limited speed of the light in matter environment 
as man is considering to be the ultimate speed of motion at the present. 


In entanglement process one can/and have the capability of use of different maf’ of the lights for 
crossing the universe, and without change of physicality of the plasma and change of its state and 
then at this stage one can even copy and lock the same plasma of the light that in Magravs 
positioning of one plasma in keeping its connection with the same plasma of the light of the same 
strength or length in other parts of the universe. 


If this concept of light interconnection and complex light-entanglement of Magravs of light 
balancing is understood and replicated then feeling, like touch, loving and hate and so forth can be 
transported across the universe without actually the matter or being ever crossing it physical 
boundaries. Thus coping atoms and interaction of the atoms and even the emotions of the matter 
(which complex, vibrational and rotational based) of one atom or light to another can be transported 
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across the universe using light entanglement technology. 


In fact this is how dreams in the inner sanctum of the human brains are created and take shape and 
give the man the image of seeing and communicating even with people which they have never 
physically met or to other Magravs of other beings which in their time of living in that give 
environment their Magravs of the dreamer and dreamed of have been exposed too. 


The light entanglement is a real and correct physical process, where certain cells within the inner 
brain or thought control systems of the living being has the capability to operate within these pmf 
mafs strength and this is the natural part of the operation of the brain of the human beings that 
scientific world has not mastered to unravel. 


In fact the light entanglement communication method called telepathy is the easier way of 
communication than using the ears or other method of listing and talking and the place for this 
system seats in the inner parts of the man’s original main brain structure. 


The light entanglement technology will allow collective entanglement and different strength 
molecular light entanglement allows the full structure transportation and even continuous motion 
replication of the molecules. This meaning the transportation through the light plasma 
entanglements of let say heart, brain and all tissues at the same time, with the same heart beat and 
the same liquid with emotion of the entity across vast points of the universe becomes a possibility 
of the use of this process. Where, the light in all its pmifs of all its maf’ of all matters and strength 
are available in all corners of the universe and all needs to be done, is to re-produces the same 
strength and combination mafs of different matters to replicated and reproduce the copy of the 
original entangled light for the two lights entanglement across the universe to interact and 
communicate and transfer their knowledge without acutely the matters of the light ever leaving their 
original environment. 


Using this technology one can even transmute the same from one mafs of the matters’ strength to 
another to speed up or reduce the transportation and trans-crossing time from one field strength and 
matter mafs to matter strength variation and principal mafs to matter mafs and matters strength. 
This needing and leading to change of light’s mafs to the appropriate measure and sizes and 
conversion from matter mafs to matter like the mafs of food or oxygen and so forth for human 
consumption in crossing the universe without relying on and physically carrying food or power 
supply or even transporting human beings across the universal physical boundaries. 


This concept of transmutation which is commonly used in the universal method of transportation 
will be thought in detail in future disclosure and partly has been disclosed in the book the universal 
order of creation of Matters (1) papers references 11, 16, 21, 29, 34 and 37. 


In the matter environment of the earth, this can be achieved in plasma reactors of simple structure 
using complex combination pmf of mafs of the light and matters and plasmas in the dynamic 
nuclear supported reactors. 


This concept of light entanglement is one of the easy solutions for transportation in the future 
without physically moving matter across the universe. This concept has been tested in medical 
application of the technology and results confirm the correctness of the technology. Where, copy of 
the correct cell information is translated to cells that the cell makes the copy of the right cell and 
uses this knowledge to cure or replace damaged cells or by allowing the process to be moved to 
another part of the body while one part of the brain recovers from damage (the coma case). 


The concept of the atomic-entanglement and the binding between two atoms is a natural process of 
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interaction in the universe and if one understands the similarity of this interaction and the light 
entanglement then one can see that in the physical world twin stars and the atomic entanglements 
are of the same in principle interaction and in concept, with difference in their magnitude and the 
size of the entities involved. Taking note that there are differences in between the twin and binary 
connection of atoms and stars and their process of entanglements criterion are totally different. 
Where, the twin atoms and stars are matching in matter contest and, where the binary stars and 
atoms are matching in magnetic and field contents. 


Where, in the binary system the overall Magravs is matching that entities can magnetically polarity 
interlock. Whereas with twin entities every matter matches in mass and position as well as Magravs 
and their pole positioning. 


The reason that a pair of atoms in receiving additional pmf’ of rays of light is elevated to create a 
mysterious binding between them, is due to one of the fundamental principles of the reversibility in 
the magnetic polarity of one atom in respect to the other, even though both atoms having the same 
directional motional rotation. That is to say, one of the plasmas involved in the entanglement get its 
magnetic polarities reversed in respect to the other atom. This meaning, if the first atoms” proton 
and electron have their North-Pole on the top, in receiving additional mafs of the light, then the 
second atom receives enough mafs that causes or initiates the change polarity in this second atom, 
that at this point the North and South poles of each atom interlock with each other and the sudden 
atomic binding due to the lock of magnetic fields flow between the atoms takes place. 


The same principle of atomic entanglement and attraction of reverse pole attraction holds true, 
when one observes the rotation of twin and binary stars entanglement. Whereas one star reverses its 
magnetic polarity, automatically the twin star polarity changes too, that the magnetic lock between 
the two stars to be maintained that the entanglement and twining and binary system can be 
sustained. 


Star, atomic and plasma twining and binary process locking is the safest and common occurrence in 
the universe as this gives the stars a total magnetic balancing and guaranty’s the survival of the both 
entities. This phenomenon of reverse polarity entanglement holds true and exists for all the twin 
system in the universe, this being for atoms, stars, galaxies and even universes. 


The reason that the light injection or absorption of additional energy by two atoms in some cases 
leads to creation of entanglement is primarily due to the fact that additional energy received from 
the ray of the light leads to increase in the magnetosphere dimension of the atoms and this in turn 
allows two atoms in proximity of each other two magnetically interact and entangle and at the same 
time in coming close to each other, one atom changes polarity and the two atoms pmf lock and gets 
gravitated to each other but at the same time each atom is holding on to their Magravs positioning 
strength gap which is dictated by their internal pmf maf contents. Once the mafs of one star and 
atom changes due to whatever reason, then one will observe the disconnection of the entanglement 
or the coupling between the two entities, where at this point the higher Magravs strength partner 
will pull the weaker Magravs entity to itself. 


This is a crucial phenomenon to understand, especially when using light entanglement reactor 
process in reaching any destination and requiring the change of the plasma of the light from 
principal maf’ to matter mafs strength condition. Thus atom entanglement is a natural phenomenon 
and at the same time once an atom is created the content of two atoms’ plasmas are hardly ever the 
same, this is to say, to find matching content of pmf of two plasmas of electrons and protons are as 
rare as finding two completely matching structure of two snow flacks. 


The injection of the light into the plasma of two atoms allows some of the atoms, which are near 
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enough in pmf mass to reach the same point of mass or Magravs strength equality at the same time 
and hence have the capability of coupling, But there are points that additional pmfs of the light can 
induce enough energy that one atom can come near to another atom pmf balance and being able to 
interlock too. 


The atomic-entanglement is not and cannot be used for transmutation of elements as easily as has 
been suggested by some scientifically advanced schools of thoughts. 


In the present scientific world, scientists have been observing and detecting regular pulses of for 
example gamma radiation in the upper atmosphere of the earth, which they consider that these 
radiations all originate from the cosmos and for example they are from the time when a star 
explodes through the nova principle in the universe. These types of radiations are not the only types 
of radiations that arrive towards the inner part of the solar system from the cosmos. In reality there 
is spectrum of radiations and magnetic fluxes of different strength that go through the solar which 
are originated in the cosmos. In comparison, the radiation that arrives in the inner-most part of the 
solar system and at the boundaries of the earth atmosphere, these cosmic origin based rays are 
nothing compared to the gamma rays and other rays which are created within the heliosphere of the 
solar system itself. 


The truth about the main source of these background radiations which has been considered to be 
from the cosmos and are released, when stars in the universe go through supernova, this concept 
that these explosions are the main source of these gamma rays and other background radiation 
which are detected, this shows the lack of the understanding of the process of the conversion of the 
light into matter and movement and collision of these new matters and mafs in the Oort clouds and 
Kuiper belt of the solar system. The main source of the gamma radiation bursts detected are 
originated and created through the motion of the charged particles of the new matters mafs and 
matters and their collision with each other in the Oort clouds and Kuiper belt region of the solar 
system and these gamma bursts have nothing to do with supernova and release of gamma bursts that 
they produce. 


That is to say as/and, when newly born charged particles of mafs of the matter and matter as gases, 
nano matters and ganses move in outer regions of the solar system and as they collide with each 
other, they release magnetic fields in the gamma, other radiations and noises in magnetic field 
spectrum levels in these regions of the solar system, which these radiations find their way into the 
inner parts of the solar system due to the strong magnetic fields interactions pull of their star. 


The way these radiations and noises are generated and released is exactly the same way as the 
lighting and thunder are created and how light and sounds are released through the collision of 
clouds on earth and in other active atmospheric conditions or in other planets and moons in the solar 
system and similarly as it happens on the surface of the Sun, when matters mafs of the Sun collided 
in its upper atmosphere. 


Thus the space travellers of the future have to consider all components of the all rays of the 
magnetic spectrum in the matters’ mafs, matters, light, sounds, the principal mafs and matter and its 
sound and all their light radiation spectrum strength levels too, which these are all free and in 
motion in the space of this solar system and in the cosmos. 


The radiation danger and damages from the light in the principal mafs strength levels are more 
predominant, stronger and profound than the matter mafs light ray spectrum strength and these 
radiations and their motion in space will play a crucial role in the future of space travel as these rays 
will be lethal and fatal if protection from these are not facilitated into cosmos excursion systems 
and scientific world has to have a viable protection technology for the passengers in the space crafts 
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of the future before they contemplate on such excursions into cosmos and specially traveling in the 
centre of the galaxies and near principal stars. 


Whereas, for example one of these problems will occur, when strong mafs of the principal matters 
radiations will interfere with matter mafs dilution Margraves positioning reactors used for motion 
of the craft in space and these principal maf upon them reaching inside the reactor, they can create 
Magnetic field surges that can lead to surges in these reactors gravitational and Magnetic fields, 
which this can lead to the loss of the system and the total inhalation of the system, or the change in 
the Magravs strength leans the craft in totally different part of cosmos than where the craft was 
originally destined for. 


Therefore, before the men of science contemplate on traveling beyond the boundaries of this solar 
system, they have to master the knowledge of the mafs of the principal matters spectrum’s magnetic 
field strength and the light transportation mechanism in this spectrum. 


If one could understand the structure of the light and how it changes from spherical shape plasma to 
cylindrical in shape for it to be able to travel with less friction and high speed from one dynamic 
environment of spherical or cylindrical entity to another spherical environment, then in the future 
the man of knowledge can develop elongated cylindrical three matters mafs strength spherical and 
cylindrical composite mafs fuelled combination setting and reactors and crafts, which these 
elongated crafts will have the benefit of possessing spherical or cylindrical plasmatic magnetic 
shielding of higher order magnitude pmf strength of the principal mafs and matters for fast and 
protected space travel in the universe, then at this point one can travel the spans of the universe in 
times which are not even imaginable at the present by the man of science by use of these types of 
composite setting and fuelling reactors. 


The use of light for purpose of transportation technology and communication through the 
understanding of the relationship and interaction of mafs of plasma and plasmas of the light(s) in 
each and every mafs strength of the matters of the light structure is the key to final and ultimate 
intellectual growth of the human race and point of maturity of the coming of the age of the man as 
has been promised. This technology will be at the edge of man’s enlightenment in the knowledge of 
creation and control of light and its mafs and matters in the universe. 
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Chapter 8 


Insight into the future use of the structure of the light 


From the new understanding of the structure of the light, can easily and readily be concluded that if 
the light did not and was not made of the structure of three maf’ of the matters then the light would 
have not possessed its own gravitational and Magnetic field forces and for example the light from 
other stars in the universe would have never been able to reach the earth as an individual magnetic 
field due to the characteristic and properties of the magnetic fields interactions and gravitations, as 
through magnetic interactions all these rays’ of lights would have been absorbed by other magnetic 
fields and gravitational fields in the universe and the light would have never reached the far 
distances of the universe. Hence the light as a physical entity which is similar to other physical 
entities the like of proton, electron, earth and the Sun and the light being in possession of both 
Magnetic and gravitational fields, the light ray has to find its position in respect to any other object 
and pmf in the universe as it passes these entities in the universe, and hence in its travels in cosmos 
light ray has to find it’s Magravs positioning in respect to them that this allows the light ray not to 
be absorbed but to go around these objects. Hence, the reason for the physical observation of the 
lensing or the bending of the light near these object as the light passing large and strong 
gravitational object is purely due to its Magravs and its positioning in respect to these entities in the 
universe. 


Therefore the lensing of the light is the confirmation of its existence as dynamic composite 
magnetic field strength fields physical and tangible entity in position of Magravs, and the light is 
not a ray of magnetic field in motion or what has been called that the light to be an energy. 
Whereas, the plasma of the light ray in motion can transfer it Magravs to other matters and thus has 
the ability to transfer its momentum to other matters and maf’ as energy. 


Hence due to the fact that the light possess both Magnetic fields and gravitational fields and in line 
with laws of physics, when the gravity and the Magnetic fields interact (1 and 2), their interaction 
lead to the creation of entity in possession of its own mass and its own magnetosphere. Where, the 
interaction of the lights magnetosphere with the magnetosphere of other objects due to their friction 
leading to release of residual magnetic fields in the matter magnetic field strength level of the 
human protein, which this makes the point of interaction of two Magravs detectable pmf field or 
what is called the visible light to human eye and his tools and methods of detection of pmfs in this 
ranges of filed strength, out of the full magnetic fields spectrum of the universe. 


Where, the motion of the dynamic spherical plasma of magnetic field in its travel from one point in 
the universe to another causes and leads to elongation of the dynamic spherical pmf, hence the 
restructuring into a dynamic cylindrical plasma ray of the light, and as this plasma of the ray of 
light reaches the right pmf environment strength that slows down enough or losses its strength, at 
this point the cylindrical plasma restructures back to its spherical structure and leads to the creation 
of pmf of matter mafs and matter in given matter pmf strength environment (Fig. 48) The book 
cover image. Hence light has the same structure as the pmf of any other plasma known to man like 
the plasma of electron and proton but in elongated form rather than presently known dynamic 
spherical shape of tangible matters. 
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Fig. 48 The conversation of dynamic spherical pmf into dynamic helixial cylindrical ray of light and its 
conversation back to dynamic spherical (Cover image) 


Where, at the same time the plasma of the light in its travels in space can become visible according 
to the plasmatic magnetic fields of the environment which it travels through and according to the 
observers’ plasmatic magnetic fields strength which in the case of human living Magravs protein 
molecules structure, 


Different proteins have different pmf strength for different creatures in the span of the universe, 
hence what is visible light to one creature in one point pmf strength in one part of universe this does 
not mean that to another protein Magravs strength in the same environment this can be visible light 
too. Hence what is visible light in principal matter or mafs strength, in transition mafs and matter 
and in matter mafs world in a given matters’ magnetic fields environment respectively these light 
rays are detectible or visible according to the environment and of each mafs and matter in the 
binding Magravs of the structure of the observer. 


The plasma of the light has the capability to present the magnetosphere around itself according to 
the pmf strength which it is passing through, thus it is the environmental pmf strength which 
decides the outcome of the mafs of the matter of external layer of the plasma of the light and the 
final presentation of the light in a given environment. 


The plasma of the light to reduces its losses in its pmf of its matters and at the same time allowing it 
to encounter less resistance for it to be able to travels through the same pmf strength that have less 
or faces no losses, thus the light ray has the capability of the change of cover maf and matters of its 
structure. Thus it is inevitable to consider and conclude that the light like its larger combinations 
has its own intelligence and its own internal logical magnetic processing that allows it to survive 
and exist in every dimension in the universe that it might travel through or be part of. This giving 
the light the capability of being able to travel long distances, and at the same time, this allowing the 
light not to have fixed maximum speed in all universal magnetic field strength spectrum opposite to 
what has been assumed by scientifie world at the present. 
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Figure 3. Conversion of a 
single-band matching network 
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‘As the aim is to design a dual-band harvesting circuit, therefore, we require here only 5 or 7 reac- 
tive elements with L and II-type topologies, respectively. From Figure 2(o), it can be seen that the 
resultant matching network consists of five elements, where the inductor, and capacitor C, results 
after the transformation of capacitor C, and inductor L, respectively. Besides, the inductor occurrs 
due to the diode reactive element, which is generally a capacitor. 


Inthis work, two frequencies 0.9 and 1.8 GHz that correspond to the maximum signal strength are 
chosen for dual-band harvesting circuit. According to this method, it is necessary to assign the fre- 
quencies in descending order €.g.0, = 1.8, a0, = 0.9. Therefore, from (3) single-band matching net- 
work frequency is equal toc, — , = 2x(1.8 — 0.9) x 10° = 0.9 x 2x x 10°. In order to match the 
source impedance with the rectifier at the calculated frequency 0.9 GHz, the chosen matching topol- 
‘ogy is L-type as shown by the encircled portion in Figure 2(a). The corresponding element values can 
be approximated using the various methods some of which are described in Pozar (2010). 

Subsequently, this single-band matching network is transformed to dual-band matching network 
Using (1)-(7). The detailed design steps of the dual-band rectifier circuit are summarized as follows: 


(1) Aswe are interested in matching the diode to 50.2.at two frequencies (0.9 and 1.8 GH2) so, the 
order of transformation is equal to 2 orn = 2 

(2) In the first step, single-band matching network is designed at the frequency f calculated as: 
f = f,-f, = 1.8 - 0.9 = 0.9GHz. Inthiscase, any matching topology that matches the diode 
to 50.0, at 0.9 GHz for an input power P,, = -20 d8m, and load resistance 4.7 KG.can be used. 
The chosen single-band matching network is shown by the encircled portion in Figure 2). 


(2) Afterwards, this single-band matching network is transformed into dual-band using the 
(1)-(7) os shown below: 


Since n=2 therefore, from (2) 


1 
= @) 


w=a,+ 


From (4) a, can be calculated as: 


Cb? Yip o,0, ) 
a, = -1.62 x 4x? x 108 = 0.64 x 10" (10) 
Thus, inductor L, (=66 nl) is transformed to impedance as: 

(66 x 10°w ~j66 x 10°», + + __ 
um i 0.23 x 10a, ay 
Similorly, capacitors (-0.5 pF) are transformed to the admittance as: 
= 15, 1 
§5x 10 w = j5 x10, + —1__ 
2x10, (2) 


Page 5 of 10 


At the same time, the light becomes more visible or detectable as it travels from stronger matter 
mafs fields strength to a lower matter fields strength environment. 


Two rays of lights with different mafs of the principal matter strength can pass through the same 
medium and they can create different brightness intensity and therefore all lights rays do not have 
the same intensity primarily and their strength and intensity is internal initial principal mass and 
strength dependent, Therefore a ray of light can be dimmer or slower compared to another ray 
primarily due to their mafs of the principal matters content and their strength. 


Lights have speed according to their lowest common denominator of it environment pmf strength. 
Therefore, speed of light in Principal environment due to the stronger field strength of the principal 
mafs pmf is much faster than the speed of the same plasma in the matter environment, hence the 
present assumption that the speed of the light as observed by man is the maximum speed of the 
plasma of the light is incorrect, and hence the plasma of the light has speeds in the Principal matter 
environment far beyond the present assumptions in the matter environment of the earth and this 
universes matters’ pmfs strength. 


Even though the formulas used for conversion of main connection of mass and energy looks as to 
be balancing and to be correct, in fact this equation is only correct for small and minute amount of 
plasma and only in the matter environment and not in other plasmatic fields environment of 
principal mafs and mafs of the transition matter or combination and composite plasmatic magnetic 
fields strength of principal mafs and matters environments and where only individual rays are 
considered. 


Now that one knows that mass is created through secondary effects and interaction of the effects of 
the interaction and connection of at least two dynamic plasmatic magnetic fields of the gravity and 
Magnetic fields (1), which these Gravitational and Magnetic fields both themselves are created and 
are products of interaction of at least two initial magnetic fields, then in fact mass itself is product 
of interaction of four fields of two initial fields and two effects of these two fields and hence the 
formula of relativity now is totally incorrect and has to be rewritten as now one of the factor of the 
four of the magnetic fields and their combination of their products with each field in position of its 
own speed of its mafs strength, as energy which is define as magnetic fields in motion, then 
multiple of speeds of the light in their initial matters mafs strength times the matters maf’ of their 
effect strength in a given mafs strength is the realistic method of the measuring the energy in 
respect to the mass of the same matter. 


Using this knowledge and understanding the structure of the light and applying these in the space 
technology and in the space reactors crafts of the future for travel in deep space, then by knowing 
the mass and the strength of the fields which one needs to be traveling to and by the same principle 
the strength of the original mafs of pmf can be calculated and measured by using the fundamental 
application and implication in production of light Magravs strength of the system and of the same 
of the destination point, then one can estimate the power of the crafts Magravs need to be and at the 
same time what the speed of the travel of the craft shall have, and using the maf’ of the light at that 
given matter environment, one can calculate what mass of the light the system needs to have and be 
loaded that the system can travel at a given speed in a given environment, or what speed the craft 
might have once one uses the certain amount of mass of the light in any combination in any of 
multiple combined fuelled integrated multiple Magravs positioning reactors of the space crafts of 
the future (1, reference 24,18 and 11). 


In understanding the strength of the principal mafs fields strength and using this phenomenon for 
creation of speed of motion of the systems and crafis, then one can calculate and understand that 


100 


travels with speeds hundreds and thousands of times and millions of time faster than the speed of 
the light in matter environment in the near future will become as conventional as jet liner travels of 
today. The assumption that the speed of light in the matter world is the ultimate speed in the 
universe cannot be correct. This assumption, when using the principal mafs fields as source of fuel 
in dynamic plasma dilution gravitational positioning space reactors, which have been developed and 
tested can be used to achieve higher speed than the speed of light in the matter environment. 


Through this technology of the use of light gravitational positioning systems, speeds of travel in 
Principal and Transition mafs strength environments, which are beyond the present understanding 
of the man in the matter universe are faster than the speed of light in matter environment. 


Now one can understand, that once by not using the principal matters as fuel as has been discussed 
and promoted by some organisation to burn, as has been the habit of the man to burn to attain 
motion and height in the past centuries, then in using the mafs of the principal matters in creating 
gravitational fields and Magnetic fields within a gravitational system, then one can travel the length 
of the universe in times which are not acceptable to man at the present time due to restrictions 
which has been forced on the humanity by the less knowledgeable scientists of the time and due to 
their lack of understanding of the creation and control and structure of the light itself. 


Then now one has to make new concepts and measuring tools for local time and universal times as 
these will be different according to the light mafs strength of the space crafts and environment of 
measurement and new conventional translation for time has to be employed, otherwise traveling in 
one speed of the light mafs strength and then entering another to live in, this will create untold 
problems for the future universal travellers of this universe and for the inter-universes travellers of 
the future (3, 6 and 7). Invariably in the near future one can use the principal mafs and matters 
magnetic fields for the purpose of transportation in the universe, where from this point on travel 
with speeds beyond the matter pmf strength environment for travel in the universe and between 
universes become a natural means of transportation. 


At the same time the speed of light in the principal mafs and matters strength is visible light to the 
man too, with the difference that in this environment as the protein chain of the man contains and is 
consisted of plasma of electrons and protons, and these plasmas themselves are made of and 
operating and consisted of the composition of principal mafs and transition maf and matters (1) 
too, then the principle maf’ strength of the protein will come into operation and the life will be as 
normal as one living in the present matter mafs and matter environment of the universe. With a 
slight difference that he needs to learn about control of the operation of his physical body and his 
tools of detection in the speed and light configuration. 


The parallel world of different pmf strength of matter maf’ and maf’ of the principal matters are the 
faster and stronger in pmf strength of life which the Man has come to comprehend and live with and 
soon he will be able to transmute from one pmf strength of mafs to another and use this knowledge 
for the advancement of his race and connection and communication in and with the other creature 
of the universes. 

The gravitational field forces of the maf’ of the matters of the structure of the light will be the 
smartest and fastest method for creation and control of space reactors of the future. At the same 
time speed of the separation of mafs of the matters of the light will be the best directional controller 
and magnetic shielding protection system for the space crafts of the future as the lights’ mafs and 
matters separation and control in different maf’ of the matters and matters of the universe this make 
the plasma of the light the safest and quickest methods to generate parallel speed of the light in 
different mafs of the matters environment and at the same time the directional motion of the 
Magravs transportation system can utilize the mafs of the matters of the light interaction for smooth 
transition from one matter maf’ field strength to another or from matter mafs to matter environment 
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and vice-versa. 


This light matter maf’ structure division and utilization will be the technology which needs a full 
understanding of the world of creation and once mastered as has been done by other inhabitants of 
the universe, then the man will be of the same strength and capability of the understanding of the 
universe of universes operation, interaction and universal organisation. 


When, the intelligence of the man reaches the full understanding of the potentials of the use of the 
light mafs of the matters, then one will be able to travel in different mafs of the matters 
environment with use of the mafs of the principal matters magnetic fields strength as the protection 
magnetosphere created around the crafts in possession of the multiple Magravs positioning reactors. 


The dynamic twin reversal of directional motional shielding system made of and through the use of 
mafs of the principal magnetic fields’ strength of the light guaranties the total non-penetrable 
protection for travel in all mafs and matters environment in the universe, without leaving any traces 
of direction of motion and without being visible to the human eyes and any other tools and means 
of detection of any other creatures in the universe. 


Where, this technology can be used for fast speed travel in crossing boundaries of universes and for 
travel across one universe without spending thousands of light years in traveling time as is currently 
calculated by human scientists. Thus one can travel with full safety using the highest lights 
Principal Magnetic field strength for every aspects of the motion in the universe. 


Once the concept and the principle structure of the principal mafs and matters and other mafs of 
matters and lights are fully understood then one can use the knowledge of the light structure in full 
and the scientific world will be able to use the structure and maf of the light for creating new 
matters and production of food and nourishment for the life of the passengers and for the space 
machineries of the future and food producing reactors for the man in deep space where the light is 
the only available matter for use and at his disposal. 


The mafs of the matters of the light can be brought to levels that one needs for the body to absorb 
for it to survive a pleasurable and comfortable life. Where, different strength maf of the matters 
and of the light can be used as vitamins and minerals and proteins for the Man’s needs to live. 
Where, the light maf’ of the matters can be used directly without the need for the plant and animal 
conversion systems of the light mafs of the matters to minerals and nourishment for the human 
consumption. 


One has to understand that there are lives in the lower pmf strength of the universe too; where in 
reality the matter universe is not the lowest level pmf strength in the universe. The light in this 
universe is the same and operates in the same way. 


In the future one can use the light mafs of the matters to produce and lower their strength mafs of 
the matters to pmf for example of the sodium or vitamin A or B. Therefore from this point on one 
can even produce composition of matters or what has been the dream of producing energy and new 
matters through fusion, Now one can use the Principle matter mafs field’s strength of the light to 
fuse the elements in the matter environment. In fact fusion is more practical and achievable if one 
uses the principal mafs and matter’s field’s strength of light and their division to create environment 
of matter mafs for the matters to be created. Fusion of pmf of the light maf’ is in so many ways 
easier than physical matter fusion once the light is transferred into neutron or an atom. The lights” 
mafs of the matters fusion is a way for the re-production of heavier elements or their pmfs without 
creating enormous amount of heat that one cannot and has no tools and means to control and 
contain such matter fusion technology. 
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Once the man learns the use of the construction of maf of the matters of the light, then one will 
earn that source of mafs of the matters are available in all corners of universe and on the other hand 
one does not need to create the physical matter to have the properties of the physical matter, but one 
can use pmf strength properties of the given matter in its fusion of the light mafs of the matters to 
achieve the same effect, the likes of the production of energy and food without ever using fusion of 
physical matter to achieve the same goal and actually without ever needing physically to eat and to 
digest food. Then in the near future man’s body will do with the digestion system and in the further 
times man will learn and will do with the physical body for it to exist and for it to travel the spans 
of the universe(s). 


Using the maf’ of the matters of the structure of the light rays for communication purposes, in the 
matter environment, then the communication system can be set to transfer the information in the 
Principal matter mafs strength and once the information arrives at the point of destination the 
receiving system can decode the information from the principal mafs strength to matter maf: 

strength and then the information can become available for whatever purpose it was transmitted for, 
this being audible, visual or computable information or transfer of matters. This method of use of 
mafs of the matters of the light field’s strength will eliminate any time delay in communication 
across the spans of the universe, the delay time which has been observed in the present cosmos 
communication systems will not exist once using principal maf’ strength and then communication 
become instantaneous anywhere in the universe. 


Thus by switching from one matter mafs strength to another matter mafs strength of the same light, 
this will bring into play a totally new technology and facilitates new approaches in the production 
of tangible matters too. That is to say one can strip the light from one of its maf of the matters for 
one purpose and use its residual maf of the matters for other purposes. That is to say, by striping 
the light off its principal mafs for the communication purposes, then one can use the maf’ of its 
transition matters and mafs of the matters of the same plasma of the light for production of increase 
in other matters and matters growth or expansion in their given environment or use these for 
production of energy for human existence in space. 


The universal language using mafs of the matters of light and using the same mafs of the matters of 
the light for their transportation will be the cornerstone of the future transmutation of matter and 
matters and communication in the universe among other intelligent creatures of the universe(s). 


The positrons are created at the point of the creation of the plasma of the atoms from the ray of the 
light and the clockwise motion of these particles is totally and primarily internal magnetic fields 
position dependent. This meaning that the directional rotational motion of all matters are dependent 
on the speed of the rotation and position of the mafs of the principal matters and matters in respect 
to each other, this plasma be it of the plasma of electron, proton, atoms even stars and galaxies. 


The clockwise or anticlockwise rotation of electrons, protons, planets and stars is determined by the 
principal mafs matters speed of rotation and its distance in respect to the matter mafs and distance 
between different layers mafs components of the plasma of the entity after the light ray is converted 
to matter of the electron or the proton and star and its matter content. 


In conelusion one has to be aware that visible light magnetic fields spectrum, which makes man to 
see its universe is the same in all pmf strength levels. This means that in every pmf strength 
environments there are visibility criterions to all created life, but the visibility is pmis field strength 
dependent. Therefore, what is not visible to one being is visible environment to another using 
different pmf strength for point reference as tool for vision and this applies to all pmf strength maf’. 
of the matters and matter universes and environment. 
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At the same time vision is not through the vision tools like the eyes, but vision is the openness to 
receive knowledge through the real means of the operation of the universe in the pmf strength of the 
level of intelligence of the structure of the beings. 


The reality of the existence has been measured by the strength of the light, which a matter can emit, 
and the duration and the depth the Magrays of the created light can penetrate in its environment. 
Then the question for the Man to ask of his existence, is that how does the matter like him, who is 
the user and the producer of the same physical entities as stars, how does his existence will shine 
and operate in the span of the universe after the demise of his physical life on this matter strength 
environment? 


May be it is the time for the Man to come to understand the true meaning of the light, as all beings 
in the universe announce their existence through the emission of the light into and onto their 
surroundings. 


This technology of the light ray’s protection gives the man the ultimate knowledge for survival and 
brings the man knowledge and intelligence in par with and equal to the knowledge known to the 
rest of the universal manifestations and the same we have served our purpose in bringing the same 
to all men of progress. 


Thus would be correct for the Man to consider his connection beyond his physical existence and 
through the light of his presence during its time, and hence would the soul of the man be of the light 
of the confirmation of his existence. 


Be wise to the truth of the creation of the man, if the light of wisdom is the light of the soul from 
the time of beginning to the end of time. This light will exist and will be the source of the 
confirmation of everlasting existence of his soul, as the light of far distance star after billions of 
years are shining in the deepest part of the universe, this has been and shall be destined for the soul 
of the Man throughout all times of the existence of the universe. 


Thus it can be said 
The man has come from, 
He exists, operates through and 


He shall return to 
the Light 
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Definitions 


Below is a list of the new terms and their definition that used in this book. A number of these words 
and terms have been used in the previous book and scientific papers, which have been published by 
the foundation and most readers, are familiar with these terms and reference. In this book a different 
approach and language and terminologies is used, therefore has become necessary to create a new 
terminology and words that can explain the real term application and processes in the world of 
physics. 


Mats: magnetic fields 


Magnetic: with capital M refers to the plasma of magnetic fields created by a dynamic entity as for 
example this refers to the magnetic field of the earth. 


Magravs: Magnetic and gravitational fields (Magnetic referring to the plasma of magnetic fields 
created by a dynamic entity as for example this refers to the magnetic field of the earth) 


Pmf: plasmatic magnetic fields 

Principal matter: This matter in conventional physics is called the anti-matter, as now the real 
structure of this matter is fully understood and is said to be source of all matters from the dark 
matter to matter, thus it has been called the original matter or the principal. 

Principal mats: These are magnetic fields, which are in the principal strength levels and considered 
to be I order magnitude several hundreds of times stronger than the magnetic fields which make up 


the tangible and visible matters. 


Principal star: This entity in the conventional physics is called the Black hole 


Transition energy: This energy in conventional physics is called the dark energy. This is the pmfs 
that are in motion from principal to matter magnetic fields strength so called the transition energy as 
energy is defined as the pmfs in motion. 


Transition matter: This matter in conventional physics is called the Dark matter, as now the real 
structure of this matter is fully understood and is said to be when plasmatic magnetic fields are in 
transition state from the principal matter to tangible matter thus the term transition matter is used. 


Transition mafs: These are magnetic fields which are in strength level between the principal and 
matter magnetic fields strength, and are in transit from the principal mafs to matter mafs strength 
levels. 


Gans: a new state of matter; a molecule of a gas (GAs) which becomes Nano of itself and appears 
as Solid state of matter. GAs to Nano of Solid and to be called GANS for short. 


106 


Reference 


1. The book, “The universal order of creation of the Matters”, M T Keshe, published July 2009 
ISBN 978 46 6087 001 9 


2. The unifying theory of the fields M T Keshe 2009 

3. The origin of the Universe M T Keshe 2010 

4, The creation of the solar systems M T Keshe 2010 

5. The CO2 capture paper by MT Keshe Published 23.12.2009 

6. “The universal order of existence” finalized and to be published in 2010-2011 by MT Keshe 
7. The Magravs positioning M T Keshe 2010 


8. NASA WMAP common.wikimedia.com 


107 


Published and unpublished works by M. T. Keshe 


There are a number of unfinished articles that are to be converted to full disclosures when 
completed, like antimatter mafs method of energy releases, Nano space technology, relation 
between the creator and the created, space communication system, deep space defence technology, 
dynamic magnetic fields force regions (wormholes) construction and control, creation of magnetic 
fields, and so on. 


Some of these works have already been published through different channels and some have not yet 
been released. 


In the following section some of the works done by the same author are mentioned, with a brief 
disclosure of their contents. 


‘Some of these papers can be purchased and obtained through direct request and access through 
specific links. 


A number of papers with * and ** marks are not for public release due to their sensitivity of 
information and only available to relevant commercial and governmental organisations for peaceful 
applications of the technology. 


The universal order of creation 
(5.7.2006) 


In this disclosure the main construction principles and the method of the link and control in the 
universal order of the existence of living cells, like the function and operational method of any 
matter based on so called proteins chains, as for example in human cell are explained in detail. 


REF 9 


The author considers this paper as one of his most important and fundamental works to be 
published and to be added to the sets of disclosures written by him. 


Cosmic Rays 
(Release date 24.3.2004) 
This paper explains the source and the origin of cosmic rays and the way these work within our 
cosmos, their function and their benefits. 


REF 10 


*The Airborne reactor 
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(Release date 25.3.2004) 


This paper covers the total design of airborne reactors for space technology. This covers all aspects 
of operation, design and control of such reactors. 


REF 11 


The seed of the Earth 
(Release date 25.3.2004) 


Some extracts from this paper: 
The theory that the heat of the core of the Earth is due to inertia of the material piled on top of each 
other is completely dismissed through this new disclosure. 


The author M T Keshe believes that this centre core is made of hydrogen, other gases and a mixture 
of liquid and solid matters mafs, which were in the vicinity of the centre of the core of the Earth at 
the time of its inception in the solar system. 


Through this new understanding of the new inner cores of the planet, this brings to play the fact that 
the old inner core of the Earth that is already assumed to be made of a solid piece itself becomes a 
sealed container for the new inner core. 


The author through design of a parallel system has set to confirm the validity of this assumption, 
that the centre of the Earth possesses a semi- fusion atomic reactor and not a fission reactor as has 
been assumed by other scientists. 


This theory of hydrogen in the centre of the planet is in line with the physical reality of the creation 
and the present situation in the physical construction of the solar system. 


By the laws of physics all the gases in the solar system should have been in the giant gas planets at 
the outer layers of the solar system, like in Jupiter and Saturn. 


The physical reality in the solar system, is that the lightest of all these gasses, the Hydrogen, has 
taken its place right in the centre of the solar system in its star, the Sun. 


It has to be recognised that the centre of all planets in possession of gravity due to the centre cores 
heating, are always in possession of two Magnetic Field Forces in their inner sanctum (M. T. Keshe 
“The creation of gravity"). 


In the case of the Earth up to now and with the present knowledge there has been acceptance of 
only one inner core and one magnetic force. 


As it is explained in the paper titled "the creation of gravity", there is an inner core in the inner core. 
This inner core, due to it physical content, motion and position in the centre of the Earth, creates 
and maintains its own magnetic field force, independent of the magnetic force which has been 
known to be created by the interaction of the inner core and the outer core of the planet. 


These two magnetic fields interact to create the planet's own double magnetic fields in its centre. 

The interaction of these two magnetic fields forces upon each other leads to the new concept of the 

"DOUBLE MAGNETIC FIELD EFFECT", where the interaction between these two field forces in 
the centre of the planet leads to the creation of the gravity and the magnetic forces of the planet 
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Figure 4, Simulated|s,,| 
vs. frequency for different 
combination of ci 
elements. 


Figure 5. Layout of the 
proposed dual-band RF energy 
harvesting circuit. 


The circuit schematic of the dual-band harvesting circuit is shown in Figure 2(o). It can be seen 
that resultant matching network consists of five reactive elements according to 3n — 1. In order to 
reduce the circuit complexity and sensitivity due to reactive elements, 0 parametric study has been 
carried out to eliminate the elements showing minimum influence on the circuit performance. 


Figure 4 shows the simulated|/S,, | for the different combination of matching elements. The simu- 
lated results demonstrate that|S,, experiences maximum change when inductor L, and capacitor 
Gare removed from the circuit, whereas it remains olmost unaffected when Lis not present in the 
Circuit. Therefore, inductor L, can be extruded from the circuit and the resultant matching circuit 
requires only 2n and 3n reactive elements in place of 3n — Land 4n — 1 elements. In this way, for 
each topology, the proposed circuit reduces n — 1 elements compared to the conventional method, 
Figure 2(b) demonstrates the optimized circuit diagram of the dual-band rectifier. It can be observed 
that circuit requires large inductors value of 32 and 66 nH. Thus, itis quite dificult to realize the 
practical rectifier circuit whose response is similar to the response of simulated result. In order to 
avoid any impedance mismatch due to the small difference in elements value, the meander line in- 
ductor and open stub are used to realize the inductors and capacitors, respectively. In this case, not 


‘only fabrication and optimization pracess become so easy but the cost will also reduced, 


Figure 5, shows the layout of the dual-band rectifier circuit. In Nintanavongsa et al, (2012) and 
‘Agrawal etal. (2014), ithas been demonstrated that the number of rectifying diodes or equivalently 
voltage multiplier stages are very much sensitive to the RF-to-de conversion efficiency. In low-power 
region (< —20 dBm), efficiency decreases if voltage multiplier stages increase, whereas in higher 
power region (= -20 dBm), an opposite effect occurs. As the demand is to harvest energy in low- 
power region, single-series circuit with a double diode is used to convert received RF energy into de 
voltage. From the left side of the circuit, the first meander line corresponds to the inductor L,, while 
the second meander line represents the inductor L,, of the Figure 2(b). The shunt stub is accounted 
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(Paper: The creation of gravity). 


This new second core is the seed core of the planet, the mother seed of the planet positioned in this 
new inner core. 


REF 12 


The creation of Black Hole 
(Release date 25.3.2004) 


In this paper it is explained that the Black Hole is created out of a natural sequence of events, and 
that the existence of the Black Hole in a galaxy is a normal event. Further it is explained that a 
Black hole is created in similar ways to the Dark Spots on the surface of the Sun. In this paper for 
the first time, it is explained how the Black Hole is physically created and what function it plays in 
its galaxy. 


REF 13 


Magnetosphere 
(Release date 9.6.2004) 


"The shape and the strength of the magnetosphere of a planet is exactly what a fingerprint is to a 
man. It is unique to each planet, star and galaxy. It is a tell-tale of all its attributes, and it reveals the 
hidden mysteries of the internal materials” structure”. 


REF 14 


Correction to the Einstein equation of Relativity 
(Release date 15.6.2004) 


In this paper the physical reality of the Einstein equation is considered, and efforts are made to 

bring this equation to the real conditions. Even Einstein considers this equation applicable for very 

small mass, and not in real three-dimensional multi-Magnetic and gravitational conditions, which 

are external and have nothing to do with the theoretical object's mass and speed, but have effect on 
the speed and the mass of the object under consideration. 


REF 15 
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* Introduction to the new system 
(Release date 2.7.2004) 


In this paper it is written "It is essential to understand that, with the application of this system of 
motion, one cannot bring into play the solid, liquid and gas fuel method to create motion, as is used 
today. What is offered in this system is in simple words a fully integrated plasmatic magnetic 
energy system. Which, creates within and around the core environmental conditions as known to 
man in the universe like creation of gravity and magnetic field protection and the same as the 
magnetospheric protection condition of planets and motion through interaction of magnetic fields as 
planets and stars do in their given environment”. 


REF 16 


The rings of Saturn 
(Release date 2.7.2004) 


One of the oldest puzzles in the world of astronomy has been the existence of the rings around 
Saturn, How did these rings come to exist the way they are now? How did they come to appear and 
behave the way they do? These questions and much more about the creation of these rings are all 
answered in this paper. 


REF 17 


The creation of gravity 
(Release date 11.7.2004) 


In this paper it is explained that "the source and the creator of the magnetic forces and the 
gravitational forces are due to the interaction between the same materials in the same region of the 
planet.” 


Further it is explained how the gravitational field force can be created, replicated and controlled 
within a nuclear reactor. Further it is explained how this property can be used for the motion of a 
system within a planetary or solar system. 


Now by understanding the principle of the creation of gravity, in this paper it is further explained 
that "the gravity in reality is the effect of the interaction of two plasmatic magnetic energy fields of 
any two object in respect to each other." 


REF 18 


Death of a star 
(Release date 26.7.2004) 


mn 


In this paper the death of stars is explained, "The death of a star and the creation of a supernova is 
in reality the same as the half-life cycle energy step-down of an atom, with the difference that this 
show is in a larger scale, and more spectacular, in all aspects of its dimensions". 


REF 19 


Fusion 
(Release date 28.7.2004) 


In this paper the physical and scientific problems with present fusion technology is considered. 
Where, it is written, "nuclear Scientists, with the fusion reactors of today, are trying to create fusion 
in the opposite way to the known laws of physics and their parallels in the universe”. Further in this, 
paper it is written, "If the present path for creation of fusion is followed, with the present scientific 
knowledge of physical materials for construction of such system, then following the present path of 
development to create energy from current fusion systems will be a distant dream". 


REF 20 


Life of a Cell 
(Release date 28.11.2004) 


Extracts from this paper; "The reality of the transportation and transmutation of a cell is not far 
from the reality of the life of an atom or a star. Where the life cycle of the cells are slightly more 
complicated, as they contain other matters mafs like acids, which have their own magnetic 
characteristic of their own chemical structure. For this reason the control and replication of the 
energy of the cell is very much complex, but very simple to achieve". 

REF 21 


The Atom 
(Release date 19.12.2004) 


The content of this paper explains how and where atoms in the universe are originated from and 
how the construction of atoms in a cold plasmatic nuclear reactor can be replicated. 


REF 22 


Magnetism 
(Release date 8.1.2005) 


In this paper it is written, "The question is where did the Magnetism come from? This is the Secret 
of creation. The world is made of one thing and only one thing and that is Magnetism. Its 
combination and interaction with its own different strength fields makes it appear as different 
matter mafs. The rest of creations are the outcome of these interactions of different strength of this 
thing called magnetism and the forces it creates. Magnetism is the origin of existence and the real 
singularity in its full meaning”. 


REF 23 


*The creation of the magneto-gravitational force 
(Release date 5.2.2005) 


The creation of magneto-gravitational field force is and will be fundamentally independent of 
temperature and pressure, proviso to the fact that as long as a homogenous free floating PMF within 
a matter mafs is created. 


REF 24 


The core of the Earth 
(Release date 20.4.2005) 


One of the original assumptions in developing the new Magravs system some thirty years ago by 
M.T. Keshe was on the basis that the centre of the Earth possesses addition cores, which create the 
necessary gravitational conditions of the planet. After some twenty years of space technology and 

through Earthquake seismological data's this assumption has been shown to be correct and after 
over twenty years, it has been scientifically proven that the inner core of the Earth has an inner core 
of 600 km. Professor Guy Master in 2002 ref 24 nuclear planet. The centre of this core is assumed 
to have an inner core of 8 Km, this he thought to be made of the plutonium or other nuclear 
materials 


But the developer of this new plasma reactor technology has proven through physical dynamic 
cores that these cores possess a mixture of hydrogen plasmas and the process of the heating of the 
centre of the Earth are due to a semi-fusion chain of events. 


REF 25 


*The electron-atomic welding 
(Release date 3.5.2005) 


Some extracts from this paper: 

The electron atomic welding or atomic welding principle is the phenomenon that atoms of the 
same material, through a common shared electron, become a magnetically balanced molecule of the 
same matter mafs, with the difference that the shared electron will create a balanced PMF in the 
molecule". 


REF 26 


*Shutdown and safety of the reactor core 
(Release date 6.6.2005) 


In this paper the safety parameters in the operation of the gravitational and energy reactors are 
simply explained to avoid the loss of plasma and gravitational field forces created within its cores. 


REF 27 
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*Reactor Start-up 
(Release date 9.6.2005) 
In this paper the systematic start-up of the dynamic reactors for the creation of gravitational field 
forces and the production of energy are set out. The start-up of these systems is totally different 
than the prior arts known in the nuclear industry. 


REF 28 


*The energy balance of the reactor 
(Release date 29.6.2005) 


Some extracts from this paper: 
The energy balance of these types of reactors is not as simple as might look in the first instance. 
The energy creation is simple. But the heat leakage and dissipation through the deliberate inherent 
material design are and can be zero. That is to say the system not only can hold on the heat it 
creates. At the same time due to the close circuit feed operation will become self-sufficient but long 
lasting. 


In planets, the loss of heat through their surface creates the variation in the central core condition 
over several billions of years. In this reactor as losses can be literally negligible, the system can 
operate at low energy loss temperatures. Even the boundary of the body could be made through the 
right combination of material in the chambers, so that the body of the reactor will be colder than its, 
surrounding boundary. So the system will not only lose energy to its surrounding, but it can be 
made to absorb heat in the negative temperature gradient from its surrounding, so that there are no 
losses. 


REF 29 


‘Nuclear decay or half-life 
(Release date 20.7.2005) 


Extracts from the paper: 
"The nuclear decay always has the same or near the same time duration. This is due to the fact that 
the all neutrons and protons, from their inception, carry a predetermined level of plasmatic 
magnetic energy. This energy is continually used for the motion and vibration of different elements 
of the nucleus in respect to each other and the surrounding matters mafs of the atom. As the space 
and dimensions of a nucleus of an atom always obeys the same principles of the magnetic 
separation and magnetic attraction. Protons or neutrons can and will need to use or consume the 
same energy before they become weak enough that the splitting or decay becomes a clockwork job. 
The nuclear decay is the natural levelling done of a nucleus” energy, due to the energy consumption 
and heat dissipation for the motion of the elements of the nucleus for its remaining plasmatic 
magnetic fields energy necessarily needed for them to hold one together". 


REF 30 
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*The decontamination system 
(Release date 10.10.2005) 


"What this means is that, for example in trying to recycle the CO2, by the use of the right matter 
mafs in one of the cores of the reactor, the system will then use the 2 to produce H20, in the form 
of pure water, and C in the form of atomic or molecular carbon, or even by feeding this back 
through certain operational compressions and gravitational interactions within a small core, to 
create industrial diamond or graphite, for different industries." 


The use of the reactor for this purpose has been proven to be correct and Raman spectroscopy has 
proven the concept and physical reality of the separation of matter maf’ in atomic level after 
separation in the same system from a composite matter mafs. 

(See the graphene on the technology web site) 


REF 31 


The difference in atomic and molecular structure 
under gravitational force and pressurised conditions. 
(Release date 15.8.2005) 


In this paper is written that "the atomic and molecular structure of matter mafs is totally aligned and 
positioned in a fundamentally different configuration where it has come together due to 
gravitational forces, than when matter mafs has been brought together by the means of pressure. 
This has a fundamental effect on the behaviour of the structure and properties of the matter maf’ 
which is created in either way". Where this is explained and utilised to develop a new method in 
creating graphene and Sp3 atoms and walls in a simple core made of a coca- cola bottle. 


REF 32 


**The Defence and shielding system 
(Release date 4.9.2005) 


Some extract from this paper: 
The design of the side open system for lunch of high saturation magnetic plasma package is one of 
the most effective technologies for defence of the reactor and the craft, which is in possession of 
such a system. 


It is essential for any space technology in the open environment of the universe, if the craft is to 
keep a straight line of motion and to be able to protect itself from any solids or matters mafs in its 
path in the cosmos 


This technology can destroy any object by the principle of plasmatic magnetic energy saturation of 
the incoming object at a molecular level, that object will disintegrate in the form of magnetic 
vapour and not atomic level destruction, before matter mafs can damage the craft as debris, and 
before the craft ever becomes in touch or near these space matters maf’. 


This technology can also be used to protect Earth from the collision risk of NEOs (Near Earth 
Objects), like comets and asteroids. 


1s 


REF 33 


Method of creation of an atom or nano matter mafs 
(Release date 11.10.2005) 


The manufacture of an atom of any density, this being of the simplest form of nucleus or a full atom 
of hydrogen, or even heavier elements in the universe, all follow the same principle. 


‘Atoms are created in the soup of the cosmos from collections of very weak plasmatic magnetic 
fields, which for their existence cluster and share their energies with the magnetic fields that are not 
far from their own plasmatic magnetic field strength. 


REF 34 


The relationship between Gravity and Mass 
(Release date 21.1.2006) 


Extracts from text of this paper: 

"A planet like Earth possesses a combination of both gravity and inertia. Where the gravity comes 
from the interaction of plasmatic magnetic energy fields from the processes within its core, and the 
inertia comes purely from the collection molecules PMF of matters mafs which has built the 
physical body of the planet. 


Any object, being an electron, atom, molecule or even a human body, is a collection of plasmatic 
magnetic energy fields of different strengths and their interactions between each other, which in 
total decides the total or collective magnetic field possessed by that object where this is the mass of 
the object. 


Where the mass of an object is a collective package of plasmatic magnetic energy field tightness of 
a given object and will not change as long as the object is intact as one entity in its overall atomic or 
molecular or collective molecular appearance. 


Which plasmatic magnetic energy of a physical body (so called the mass of the body) in interaction 
with molecular or atomic magnetic field (this being gravitational or inertia) of another object will 
determine the weight of the two object in respect to each other in each other’s environment". 


REF 35 


The Dark matter mafs 
The Fifth state of matter mafs 
(Release date 21.1.2006) 


Extracts from text of this paper: 


The existence of dark matter mafs is not questionable, 
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Proving its existence, and its effect on the energy balance of the universe, in all matters maf’ as 
small as in the heart of an electron or in a solar system needs to be created, replicated and its effect 
measured. 


The theory of dark matter maf’ does not and needs not to be considered as complicated, if one 
understands in real terms the plasmatic magnetic energy of the matter maf in the visible and 
invisible dimensions of the universal work. 


The dark matter mafs has two distinctive characteristics, which makes it totally apart from the 
visible matter mafs. The dark matter mafs possess mass but not visible light, where its existence can 
only be determined by the weight of the it’s hidden mass, which could be substantial due to its 
internal gravitational field. 


REF 36 


*The inter-atomic fusion 
(Release date 3. 5. 2006) 


Extract from this paper: 
"The fusion of two or more atoms has been the pre-occupation of nuclear physicists for past years. 
Conditions to achieve fusion of two hydrogen plasmas in the TOKAMAK reactors have taken years 
to teach scientists a lot about the behaviour of plasma and their fusing. 


The reality about the fusion in some way has to be reconsidered as, if the scientific world is trying 
to amalgamate the contents of two plasmas to release energy. There must be a simpler way to 
achieve releases of similar energies. 


The fundamental principle of the inter-atomic fusion is a much simpler way to achieve fusion. If 
this principle is applied to the atomic condition of fusion, then fusion will be attained in a simple 
but in a much more physically realistic environment. 


The explanation for inter- atomic fusion is very simple and direct. 
In the fusion of two plasma of proton of hydrogen atom, the physicists try to fuse two large 
plasmas, and by doing so, they try to release a large amount of energy. Where in this process 
enormous amount of magnetic field forces and currents are needed to bring two plasmas in close 
proximity, so that the energy barriers in between them can be overcome for them to amalgamate or 
fuse. 


In the inter-atomic fusion the overcoming of energy barriers does not exist, as in this method of 
fusion, the electron of the atom which is circulating the nucleus of the atom and is of the same 
origin will be encouraged to return into and fuse with the nucleus of its atom". 


Where this is a more practical way to create and release manageable energies and there is no need 
for elaborate systems where even if the energy release will be small compared to dreamed up fusion 
systems of today. 


With inter-atomic fusion method at least small and practical systems can be developed to handle 
low temperatures of the fusion process. 


REF 37 
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‘The conductivity of the matter maf’ in the vacuum 
of the interplanetary mediums 
(Release date 21.1.2006) 


Some extracts form this short paper "Therefore plasmatic magnetic energy field of elements within 
the interplanetary medium will cover the space given to them in their environment. Where due to 
their motion and their electric charges even in eV levels, they become perfect conductor, and in 
turn, due to their motion on their environment, they become plasmatic electromagnetic generators. 


REF 38 


The production of Graphene 
(Release date 25.7.2006) 


Repeated experiments and tests in simple static reactors, and tests in more complex dynamic 
reactors, prove that atomic separation and recombination of matter maf’ like carbon and hydrogen 
can be reached at room temperature and at atmospheric conditions. 


We have now indications - through static and dynamic tests in our reactors - that the universe was 
made in normal condition, which was originally nothing but packages of plasmatic magnetic fields 
of different strength, which were themselves nothing but areas of plasma or collections of loose 
magnetic fields energies. Where magnetic fields of different strength in locking to each other, by 
the principle of their plasmatic magnetic energy (PME), have caused in the first stage the creation 
of fundamental particles, secondly atoms, then molecules and then matter mafs, clouds and 
asteroids and then stars and galaxy's". 


The big bang theory conditions have no room in the reality of the creation of the universe. 


REF 39 
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Further works on medical research and developments have been written and completed, and will be 
published on the Foundation medical site in due course. 


The process of the reversal of coma: Published in December 2010 
Multiple Sclerosis: Published in December 2010 


Epilepsy: Published in December 2010 


Fibromyalgia: Published in December 2010 
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Figure 6, Photograph of the 
fabricated dual-band RF energy 
harvesting circuit. 


for the shunt copacitor C, of Figure 2(b). The dimensions of each element are calculated according 
to their respective reactive element value and the substrate on which circuit has to be fabricated. In 
‘Assimonis, Daskalakis, and Bletsas (2016), it has been demonstrated that traces (microstrips) con- 
nected to the rectifier terminals (e.g. distance between the diode and via and diode and load) are 
highly sensitive for RF-to-dc efficiency. Therefore, traces d,, d, between diode and capacitor C, and 
yd, between diode and load and d, between diode and ground are adjusted to optimize the im- 
pedance matching as well os the conversion efficiency of the rectifier. Due to nonlinear behavior of 
the diode, harvesting circuit itself exhibits nonlinearity ie. its input impedance varies with received 
RF power, therefore harmonic-balance (HB) and large signal analysis (LSSP) were employed to take 
into consideration the nonlinear behavior of the rectifier. 


The photograph of the fabricated dual-band rectifier is shown in Figure 6. It is fabricated on 0 1.54 
‘mm thick FR-4 substrate with a dielectric constant (¢,) of 4.3 using chemical etching method. The 
rectifier performance is evaluated in terms of|S,, | and output voltage using the Agilent vector net- 
work analyzer (VNA). The simulated and measured |S,,|is illustrated in Figure 7(a). The measured 
result shows reasonable agreement with the simulated one; the slight difference can be accounted 
for the fabrication imperfections. It is well known that impedance matching is a function of fre- 
‘quency and input power, due to the nonlinearity of the diode. Such a characteristic is examined in 
Figure 7(b), where the measured |S,,|is demonstrated as a function of input power level for three 
different load impedance values. From results its clear that impedance matching of the harvesting 
Circuit is greatly affected by the input power and the load impedance. Figure 7(b) demonstrates that 
as power increases, the impedance matching at 0.9 GHe degraded drastically, while at 1.8 GHz, it 
improves. Moreover, itis noticed that the impedance matching at higher power level is more sensi- 
tive to the variation of load impedance (RL). 


‘The measured RF-to-de conversion efficiency and output voltage vs. input power far both frequen- 
cies are demonstrated in Figure 8a). For 0.9 GHz, efficiency is equal to 25.7 and 65.1% for an input 
power of -20 and 0 dBm, respectively. However, at 1.8 GHz the efficiency is relatively small that 
might be due to the increased parasitic losses in the rectifier diade. Figure 8(b) shows the relation 
between the output voltage and frequency for various input power levels at fixed load resistance 
value of 4.7 kQ. It can be seen that maximum output voltage is achieved in the frequency range of 
‘860-900 and 1770-1800 MHz, showing the rectifiers capability to harvest RF energy in the GSM-900 
‘and 1800 bands. 


Figure 9, depicts the measured conversion for various values of load resistance. It can be noticed 
that the circuit yields maximum efficiency when the load impedance is 4.7 KO. It starts decreasing 
{5 the load impedance varies from 4.7 kQ. Table 1 shows the comparison of the conversion efficiency 
and the size of the proposed rectifier with the similar works reported previously. Only measured re- 
sults are compared in Table 1. It can be seen that in low-power condition maximum efficiency is 
‘ochieved in Sun et al. (2013), but the expense of bulky circuit size. However, the proposed rectifier 
offers an optimal conversion efficiency with compact circuit size. 


Page 7 of 10 


INTERNET LINKS 


Web site: www-keshefoundation.com 
‘YouTube Channel: btp://www.youtube.comv/user/keshefoundation 


Forum: hip /Wwww keshefoundation.conv forum 
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Appendix 1 
The unifying field Theory 


© MT Keshe 2000-2009, all rights reserved 
Date of release of paper 28.10.2009 


Abstract 


In this paper the origin of electromagnetic fields or electromagnetism and how they are created 
within the existence of the other magnetic fields are simply explained. 


Discussions 


The creation of magnetic field and its interaction with physical matter or other fields always leads 
to release of electromagnetic fields or energy equal to the energy of an electron. 


In the universe, energy equal to energy of an electron, where there are no matters for magnetic 
fields to interact with, for electromagnetism to be created or to be released, in these environments 
electromagnetic fields do still exists and function. 


Electromagnetic fields or electron energy does not need to be created by interaction of magnetic 
fields and matters as like in generators of present time, as in the universe electromagnetism is 
constantly produced due to the difference of the magnetic field strength between two fields and 
without presence of any matter or physical interaction of fields or fields and matters. 


Due to the development of gravitational systems and having the ability to create different strength 
plasmatic magnetic fields within gravitational reactors cores, with the capability of being able to 
create and maintain different magnetic field strength in different part of reactors, where these fields 
are continuous and can be kept at a given constant strength level, that their difference in strength in 
fields can be equal to the magnetic field strength of an electron, where electromagnetic current flow 
can be maintained from one magnetic field to another due to their field strengths difference, this has 
enabled us to create and maintain energy field or elect magnetic fields strength of an electron in a 
plasma reactor without an electron being present or in motion within these reactors. 


Where production of electromagnetic fields can be achieved by the simple creation of two magnetic 
fields with different magnetic field strength of an electron, that as fields are down levelled, from 
one magnetic fields strength to another, one can creates a flow of magnetic field equal to magnetic 
field strength of the an electron, thus the creation of electromagnetic current, or production of flow 
of electromagnetism can be achieved. 


Where electromagnetism or current of magnetic fields of an electron can be created at any level of 
magnetic fields strength, as long as a strength level difference between two fields in magnetic fields 
exist, and where, in plasmatic magnetic fields the strength level difference of the fields causes the 
flow of magnetic fields from one field strength to another can be caused or what is called 
commonly electromagnetic field flow can be maintained. 


Therefore, one can have electromagnetic fields of any strength, this being Matter, Antimatter or 
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Dark Matter, as long as their magnetic field strength difference between to field strength is equal to 
the magnetic field strength of an electron or magnetic fields of Matters of an electron, Or the 
magnetic field strength that can affect the motion of other fields to be equal to the magnetic fields 
strength of an electron. Then at this stage one achieves the electromagnetic current thought flow of 
magnetic fields, from one stronger to the weaker field, which the magnetic field strength of the flow 
is equal to magnetic field of an electron (see Fig. 1). 


Electromagnetism 


In the real world of existence, all Matters do not have boundaries as tangible matters do, but their 
boundaries are dictated and created through the space they cover through and by their dynamic 
magnetic field effects. Where, this space of effect of their magnetic field is called the environment 
of plasma of these fields. 


Thus when we speak of plasma or plasma of an electron, proton or neutron, what we talk about 
here, is the space and environment where the effect of these magnetic fields of the total structure 
and the entity of for example an electron can cover. 


Thus an electron is in fact nothing but a space in an environment, which the total effects of all 
magnetic fields of all Matters and fields, can be detected or be contained in. 


Thus to this end, when an entity possesses magnetic field strength equal to total magnetic fields 
strength of an environment within the plasma of an electron, then this entity is in possession of 
mixture of dynamic magnetic fields of an electron or this entity has magnetic field strength measure 
of an electron or what is called possesses electromagnetic field. 


Where this space being in possession of magnetic fields, by its nature has to interact with other 
magnetic fields and entities made of magnetic fields in it’s surrounding, where these interaction can 
be attraction (gravitation) or repulsion (Magnetic). 


Hence and direction of motion of this space of fields (Fig. 1) or electromagnetic fields is totally 
dependent on other magnetic fields within its environment, which their environments total strength 
in gravitation and repulsion dictates the direction of the motion of the plasma of an electrons 
magnetic fields. 


plasma of an electron Flow of pmtics 


Fig. | Magnetic fields concept of an electron and a flow of plasmatic magnetic fields equal in strength to 
that of an electron. 


As I have explained in the book, The Universal Order of Creation of Matters (2009, ISBN 978-94- 
6087-001-9) the magnetic field strength decay of the plasma of a neutron (Fig. 2) leads to creation 
of two plasmas of the same structure of a proton and an electron, 
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Fig. 2 Decay of plasma of Neutron into two plasmas of proton and an electron. 


It is an important to understand that the structure of an electron in fact is plasma and it is like the 
plasma of proton but in a smaller scale in the mass compared to the proton (Fig. 3). 


fragments 
—— (light,...) 
PROTON 

Fig. 3 This showing that proton and electron both possess the same 


electromagnetic field strength of different Matters, with each entity 
having different mass of each matter 


Thus the electron is and has the structure of a proton and similarly possesses all its three states of 
Matters (Matter, Anti-Matter and Dark Matter), and its content is proportion to its neutron plasma 
prior to its decay into two plasmas of the proton and an electron. As electron is made of 
electromagnetic field strength of varying strength, this being the reason, why its current and its flow 
can be influenced by other magnetic fields, as magnetic fields of different strength do influence 
each other’s path of motion and speed of motion in different Matters and matters environment. 


Where, at the same time and by the same principle the dynamics (orbits) of the electron around its 
proton is due to the continuous repositioning (alternating attraction and repulsion) of the smaller 
Matters parts of the electron in respect to the large Matters magnetic fields of the proton. This is the 
reason why that the trajectory of the electron is said to be uncertain, 


123 


Where, by the same principle, the Magnetic field source of all Matters and matters and their 
different magnetic fields strength, is the cause and the sources of all effects and matters we observe 
in the universe 


In the book I have explained how the gravity is created through interaction of two or more magnetic 
fields, and how mass is the measure of difference between gravitational fields and Magnetic* fields 
created by the interaction of the same two or more magnetic fields. Thus even mass is magnetic 
field strength dependent too. 


Further the relation between mass and energy, which both are magnetic field strength dependent 
(1), and as has been explained, energy is the measure of the mass and the rate of it’s the speed of 
transfer in its own Matters medium (this being Matter, Antimatter or Dark Matter medium) from 
one magnetic fields strength to another depending upon attraction or gravitational strength from one 
magnetic field to another. Where, this speed is magnetic fields order of magnitudes strength 
dependent. 


Where, transmutation from one magnetic field strength of Matter to another, like from Matter to 
Antimatters can lead to creation of current or electromagnetism within the given environment of the 
same plasma itself too. 


In fact in the universe one has proton magnetic field current flows or protomagnetism (proton- 
magnetism) too. This current is the flow of magnetic fields to another, which are equal to magnetic 
fields strength of one proton. These magnetic fields are bases of the cosmic magnetic field storms 
and have more profound effects on the structural integrity of the galaxies than their weaker counter 
parts electromagnetic fields. 


Further more as now we understand the concept of plasma of an electron and even by the same 
principle one can understand the principle structure of the plasma of the proton and by the same 
measure of the plasma of the neutron, hence in the universe we have observed plasmas of neutrons 
in motion, which these have the same ability as electromagnetism and protomagnetism in motion 
and these are called the neutromagnetism (neutron-magnetism). Where, these are the space in 
universe, which carry magnetic field strength equal to the strength of magnetic fields of all Matters, 
and fields, which make the structure of an entity a neutron. 


In fact what is called a neutron star, these in reality do not possess neutrons, but these stars emitted 
magnetic fields strength in the range of Magravs of neutron, Hence tangibility of the neutron 
becomes later on as they disassociate themselves from the other fields in their environment, and at 
this point, they create dynamic space or environment or what we call the plasma of the neutron, 
where these magnetic fields can exercise their influences on other fields within their surrounding. 


Further to this explanation, one can simply understand that in the matter world or in the magnetic 
field strength of matter, the gravitation and repulsion between these magnetic fields are in the level 
of matter magnetic field strength of electron, proton or neutron. 


Hence in the matter world like in solid magnets, magnetic or magnetism or attraction or gravitation, 
is the attraction between the magnetic fields strength of Matter components of the plasma of 
electron, proton or neutron of that matter. 


Thus is the reason, why in the physical world certain matters are attracted to each other, which they 


make certain types of molecules or physical matters. Where, the attraction of atoms to make up any 
matter it is entirely Magravs strength dependent and no other factor. 
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Where these attractions or gravitation of atoms or molecules in respect to each other, on other hand 
is environmental magnetic field dependent too. This is the reason why we can observe certain 
matters in one environment and not in the others. This being due to the fact that environments 
themselves are made or created or are conditioned due to interaction and Magravs (Magnetic and 
gravitational fields) of other magnetic fields. 


Permanent magnets 


Sometimes in the future I will release a book which initial basic work for it already has been set. 
The book will be titled “The universal origin of magnetic fields”. In this book I will explain how 
magnetic fields are generated and how plasmatic and specific Matters magnetic fields exist in 
different dimensions. 


In simple terms, the Matter magnetic field or what we call permanent solid magnets are mono 
magnetic fields strength which are at the levels of the Matter components of the plasma of an 
electron, which are in sequence with the plasmatic magnetic field Matters’ of the proton of their 
element. 


What this means is that when plasmatic magnetic field of the Matter components of an atoms’ 
proton and electron field strength become interconnected and in field balance, then a continuous 
field between the Matter fields of the proton and electron is set to operate, where in the case of for 
example Iron at earth magnetic and gravitational field strength, this connection is set to be holding 
and hence creating a permanent magnet. 


Hence as one establishes inter-connection between electron and proton internal field strength, then 
due to the more of supply from the proton, then the matter stays in one field strength for indefinite 
time. 


This being the reason for example why magnetic fields in level of the water molecules, do not have 
strength to attract for example cooper atoms gravitational level, but can attract other water 
molecules’. 


In fact iron will not be magnetic as it is on earth in most of positions in the universe. This being due 
to the fact that even permanent magnetic properties or characteristic of all matters are their 
environmental Magravs dependent. Hence what is permanent magnetic in solar system, its no 
similarly the same in other solar systems or galaxies. 


Secondly magnetic fields or plasmatic magnetic fields are independent of Matter, but dependent of 
Magnetic field of Magravs of the Matter, Antimatter and Dark Matter of plasma of electron and 
proton too. 

But at the same time it is important to understand that to have long term or permanent magnets, the 


Antimatter components of the plasmas have to and are positioned that they establish a continues 
field between the other antimatter component of the atoms of the same matters too. 


The difference between conductors and superconductors 
The present world of physics has a dilemma with the fundamental principles of conductors and 
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superconductors. Where this should not be so, if, scientists could understand the real term 
difference between the current flow of electron and current flow of magnetic field flux equal to the 
magnetic field strength of an electron. 

What this means is that in conductors, the motion of or vibration equal to vibration of an electron 
causes the flow of current in the matter. 


Where as in superconductor it is not the flow of the electron or the vibration of an electron that 
causes the flow of the current, but current flow is caused by the flow of electromagnetic field 
strength equal to magnetic fields strength of an electron, which flows through the material. 


Where in the case of superconductors’ there is no need for vibration or motion of matter, as with 
superconductors the same magnetic field strength equal to the magnetic field of the an electron 
flows through the superconductor materials. 


Where in the case of superconductors the lattice boundary of molecules or atoms are so closely and 
perfectly packed that the electromagnetic flows through the lattice structure without a need for 
vibration of the electrons of the atoms or molecules of that structure. 


In fact one can say that the same electromagnetic field, which starts from one end of the 
superconductor, itself will be traveling out of the other end of the superconductor, irrespective of 
the length of the material of the superconductor. 


In the case of conductors vibration of electron needs kinetic energy and hence loses, where in the 
case of superconductors the structure of the material is so that no electron moves, but the material 
has the ability to transfer the electromagnetic fields strength equal to an electron magnetic fields 
strength, hence literally no kinetic move, no resistance and no loses. 


The superconductivity of the matter is lattice position structure dependent and this is usually better 
observed in sp3 or diamond-structured materials. 


Thus in conductors, electrons have to move and in superconductors magnetic field strength equal to 
magnetic field strength of an electron needs to be transmitted, and as there are no physical motion 
of matters within a superconductor, thus there are no loses, this resulting in faster transmission of 
magnetic fields without losses. 


Current and impedance 


The origin of all motions in any material or environment is always magnetic field strength 
dependent. Where in the case of transfer of current in any conductive material for electrons to be 
moving forward or being capable to transfer current, the material or the atoms of it have in respect 
to their adjacent atoms two behaviours, one is attraction or gravitation and one is repulsion or 
outward motion. 


In the connection of let say a power source to a energy consuming unit like a light bulb, the light 
bulb creates a position that has lower gravitational and magnetic field strength in respect to the 
sources’ electrons magnetic field strength. Thus this negative gradient in the magnetic field strength 
causes the flow of the Magnetic field motion of the electron in the direction of the lower strength 
magnetic field, from the source to the component. 


At the same time, as electron vibration is in the forward direction of the magnetic field strength of 
an electron towards the component and has to be maintained, there is a similar and opposite pull for 
the electrons of the conductive matter between the power supply and the components too. Where, 
this pull is the same as the gravitational field force between the power supply and the light bulb too. 


Thus for the connecting wire to be able to keep its constituent atoms together, the atoms of the wire 
need to have equal repulsion and attraction in respect to each other and at the same time maintain 
the negative gradient in magnetic field strength between the component and the power supply too. 


Thus for supply and component to be interacting that flow of the electromagnetic fields are 
maintain in between them and due to gravitation of one field to another, the reverse field flow or 
reverse attraction flow of the fields leads to gravitation field or equal to the field strength of the an 
electron magnetic field or what is call the impedance flow. 


Where, the flow of the current equal to the strength of an electron magnetic field outward is the 
electromagnetic fields and the gravitational pull between two fields or the current of flow of 
attraction between the two fields, which create the pull of electromagnetism of the fields, is the 
impedance of the field. 


Thus in fact we can compare the current and impedance to two Magnetic and gravitational field of 
the planetary system, one can say that the outward flow field of the planet or its Magnetic fields are 
the current or electromagnetism field and attraction or gravitational flow of the planet is the 
impedance fields in the matter, where the flow of magnetic fields are restricted within boundaries of 
a copper wire or an electric light bulb. 


Note; At the point where the impedance or the current in a wire increase in one or the other, that is 
the point, where for example the wire separates and magnetic fields of the atoms of the matters can 
not hold on to their atomic balance Magravs as the increase in repulsion between the atoms of the 
wire causes the separation of atoms, and in the case large numbers of repulsion between atoms, then 
the separation or what is called in common language the melting of the wire occurs. 


Where in fact the melting is not due to the heat, but in physical terms, the melting is due to 
repulsion of atoms of the copper due to not being able to maintain constant gravitational fields of 
atoms of the wire. 


Experimental point’s observation 


In our reactors we a have the ability able to release the energy of protons which has magnetic field 
strength by order of magnitude of about 2000 times of an electron magnetic field forces. 


Thus one can see how small amount of plasma can create and release vast amount of magnetic 
fields that one can use these magnetic fields in their dynamic state for the production of electric 
currents or Magravs in a confined of a small reactor, that these can be utilised for motion and 
production of vast amount of electric current in conjunction with other field within or within the 
vicinity of these type of reactors. 


Further the interaction of these magnetic fields for example with physical copper winding outside 
the reactor in a generator structure configuration can lead to creation of energy as we are use to in 
present generators, without single movement or vibration of an electron within the cores of the 
reactor and only is presence of plasma of fields equal to the field strength of an electron. 


Conclusion 


The electric charges, magnetic field and gravitational fields are all of the same and of one origin. 
Where the gravity is due to pulling effect of two dissimilar poles of the same plasmatic magnetic 
fields interactions and Magnetic field is due to repulsion of two similar magnetic poles, and electric 
current is due magnitude of the flow of magnetic field from one field to another. 


Thus the grand Unifying field is the magnetic field, and the missing link has been to understand 
that gravity is the product of interaction of two plasmatic magnetic fields, mass is the difference 
between the magnetic fields strength of similar and dissimilar field strength (gravity and 
magnetosphere forces strength Fig. 25 of the book), and the energy is the measure of the magnetic 
field that is transferred between magnetic fields at the speed that magnetic field can travel within a 
given matters’ medium, for it to be able to move from one magnetic field strength to another, and 
the electromagnetic current is the rate of movement of the magnetic field from one field to another 
and where the electromagnetic field is due to magnetic field strength difference and is the equal to 
the magnetic field strength of an electron. 


Thus the unified and common field is the magnetic field, between the gravity, mass, energy, and 
electromagnetic field. 


Thus the unifying theory for the first time is complete and it is fully understood. 
Where magnetic field interaction makes the gravitational fields and the flow magnetic field from 
one field to another creates the electromagnetic current. Energies can be created, from any 
ambient, depending on what one wants to produce or obtain from these currents or fields. 
Electromagnetism is created as magnetic fields strength are transferred from one field strength to 
another and in the process of the flow of magnetic fields this leads to creation measurable field 
movement or measurable current from what is called “electromagnetic fields”. 


This simple sentence brings the whole of understanding between magnetic fields and its flow from 


128 


one magnetic field strength to another and is the grand link between the gravity, the mass and 
energy and this finalises the long lasting missing link of the unifying field. 


Now that one can understands that current is the rate of flow of magnetic field from one strength to 
other, and “the connection between electromagnetism, gravity, mass and energy” is finally 
understood. Thus the origin of all things tangible and their effects is magnetic field based and 
magnetic fields are the origin of all and unifying field in the world of creation. 


Reference: 


1; The Universal Order of Creation of Matters by M.T. Keshe (2009, ISBN 978-94-6087-001-9) 
Chapter 5. 


*Magnetic field with capital M is the plasmatic magnetic fields created by systems like earth, which 
this spans beyond the boundary of their physical matter. 
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3. Conclusion 


‘Anew compact 4th order dual-band rectifier has been designed to harvest the RF power of GSM-900 
‘and 1800 bands. In order to reduce the circuit complexity and sensitivity due to reactive elements, 
the meander line and the open stub are used to fabricate the matching network. For P, = -20dBm, 
the measured RF-to-de conversion efficiency of 27.5 and 20% is achieved at 0.9 and 1.8 GHz, respec- 
tively. Further, more than 45 and 34% conversion efficiency is maintained from —10 to 10 dBm for 


0.9 and 1.8 GHz, respectively. 
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Forewords 


In the past centuries so much discussion has been about the origin of this universe, where in the recent 
times the groundless concept of the Big Bang theory has taken hold in the scientific world and been 
considered to the norm accepted fact 


It will be explained in this disclosure that there has been start to this universe, but not necessarily in 
the way as it has been thought and promoted by the present scientific world due to their lack of the 
understanding of the universal processes of the magnetic field division and plasma decay as it is the 
norm in the nuclear structure. 


The origin of this universe has to be on the physical realities and in parallel with the rest of the cycles 
of creations and developments of matters and field as we have seen and observed around us in daily 
life and the creation of this universe cannot be an exception to rest of universal order of creations and 
operations. 
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Introduction 


The present visible universe to man is a larger scale in matters and fields of what have been seen by 
man of science in the structure of the plasma of the neutron, and universes division occurs in the same 
manner and by the same principle as decay of plasma of neutron to plasmas of an electron and a 
proton, 


The creation of this universe is the replica of the same process as decay structure of neutron but in a 
larger scale in quantities of magnetic fields strength and matters. This universe is not the only 
universe in existence and this universe is created through the same natural processes as other elements 
and entities in the unicos and through decays, division and amalgamation of other fields and elements 
the inner sanctum of their mother universe. 


‘Thus in truth there are as many physical universes as there are galaxies and solar systems and man’s 
universe is one of the units in this overall structure of the greater mother universes 
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CHAPTER 1 


The Universe 


The term Universe to me as a nuclear physicist’s has one meaning, and that is the more of the same 
magnetic fields of different strength as it is in the plasma of an electron or proton. Where, the total 
behaviour and operation of all magnetic fields and matters created by fields within the operation of 
stronger fields’ strength catchment’s in the centre of each entity is considered to be of the same and 
through the same and similar processes. 


Where in the smaller scale entity the like of the plasma of proton we call the bigger and stronger 
entity to be is the Principal mafs and matter, or what is commonly is called the up or down quark in 
the present physics, where in the universal scales we call these the central the principal mafs line, 
where the other components within the plasma of the universe are exactly created and operate as the 
galaxies, solar and plasma of electron systems within these universes are created and operate. 


Thus, the difference between the plasma of a neutron and the plasma of the universe is the size of the 
mafs of the fields which has come together to create that entity and otherwise all self-contained 
gravitational-spherical and magneto-spherical entities this being the plasma of proton to the plasma of 
solar system, the plasma of a galaxy or the plasma of the universe, they are all created through the 
same principle and operate through the same physical conditions and restrictions. 


Where, under certain conditions of magnetic field or gravitational fields strength and positioning in 
certain parts of the these plasmas, whatever they could be, conditions can be created that allows the 
growth and suitability condition that clusters of fields can become active and sustain a rhythmic and 
coherent field interactions that these can lead to creation of certain types of repetition of the same 
fields in these plasmas. 


Where, the repetition of Magravs of these types’ fields within these plasmas of different scale can lead 
to creation and sustainability of continuity of being able to absorb mafs in motion from their 
environment that these clusters of fields can sustain long-term durability and exist-ability, or what we 
call to attain the process of life 


Where, different versions of life can exist in the plasma of proton as it does in the plasma of the solar 
systems as is on earth and different forms of lives exists in the plasma of the universe and universes 
within the unicos of the creation of the bigger structures of universes. 


Thus, this universe or other universes, which have led to creation of this universe and the cycle of the 
life of this universe in time it will lead to creation of smaller universes, where these in time have all 
come from one essence of a larger fields entity(s) and in time as they divide and they become weaker, 
then in time these fields will gather together to create a different universe(s) with different field(s) 
strength properties (Fig. 1). 


Thus, this universe is not unique and there are others, which are created through the same process(s) 
and there is remote chance that there could be another universe similar to this universe in the unicos 
(Fig. 3) of the creation, but not necessarily it will have the exact combination and structure of mats 
and positioning of its fields and matters in its internal structure as man’s universe. 


1s 


Fig. 1, Creation of new universes out of the division of a larger universe 
through the process of decay similar to the decay of the neutron in proton and electron. 


In truth the universes are created with a long whisper as one sees and hears gases leaking out of 
cylinder or a balloon (Fig. 18 C an D), and more like trajectory line depending on the magnetic and 
gravitational balances of their mother universe and outside environment, which they are getting 
released into and as the release gases try to find their new position in the new environment, which 
they have been released into, 


Thus the creation of universes are not made with huge sound and explosion but very much with a long 
whisper as the plasma of the larger universe is dividing and ejecting its matters into two or more 
environments to guaranty the survival of its overall Margrave strength structure. Very much as the 
neutron divides and creates the proton and the electron plasmas, 


Then as each universe reaches 
creates further universes (Fig. 2) 


it's own Magravs balancing positioning then it again divides and 


This has been the truth about the creation of this universe in the unicos and in time man will come to 
understand that the creation of unicos, universes, atoms and plasma are nothing but natural dynamic 
processes of the interaction of different amount and strength of magnetic fields at different time and 
position in the overall world of the creation, 


Then the question becomes, where did it begin to start with (ref 23), then one needs to understand the 
truth about the levels and position differences of the origin of the magnetic fields. 


This in time will be revealed to the men of real insight in the world of creation as the man at this 
moment is not mature enough to understand and comprehend the totality of creation of the universe 


If one reads all the writings’ of the author, and if! and that is a big if, then the reader will understand 
the truth about the essence of creation and the origin of the creation. One will come to see its creator 
way of operation and purpose of creating such an intriguing mesh of unify principles in all levels of 
creation in all of unicos’s, 
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SISTER UNIVERSE 


(MAN'S UNIVERSE 


MOTHER UNIVERSE 


2. The creation of Man's Universe after the decay of it's Mother Universe Magravs’ maf's 


This shall be the point of maturity of the man to understand how feeble he has been created according 
to his understanding, where in fact he carries the whole of the world of creation within himself 
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CHAPTER 2 


Theory of Expansion of the Universe 


There have been theories and observational data, which support the concept of the expansion of this 
universe at the present time. 


There are two aspects to this expansion theory of this universe, which each one has to be considered 
on the real terms of expansion of the universe that both can be scientifically acceptable. 


In principle, it can be said that this universe cannot expand in to space in bigger unicos’s space, if this 
space was not there for Man’s Universe to expand into and to begin with, Thus this universe cannot be 
the only universal system that exists in the bigger UNIversal COSmology (unicos). 


Man's Univ 


within the Unicos (Unive 


Fig. 3. The Unicos 
‘The Man’s Universe is a small fraction part of the unicos universes (Fig. 3), 


This Man’s universe is expanding due to two factors, firstly as the principal mafs of the central fields 
of this universe are unwinding they make available more mafs in the strength of different matters 
(Book 2) that as these fields open up they lead to creation of new galaxies and other entities, and the 
other factor is that the stronger gravitational fields environments which are outside the boundary of 
this universe's at the same time are pulling on this structure and keep it dynamic (on the same 
principle of motion of electron around it proton (Book 1, Chapter 19)), and the expansion of this 
universe in reality is part of the motion of the unicos as in the direction of the motion of all the 
universes in respect to unicos’s internal central Magnetic and gravitational field forces interactions. 


This meaning that if one looks at the overall directional motion of all the galaxies in this universe, it 
will be noted that not all galaxies in this universe are following the rest of this universe’s galaxies on a 
straight overall spherical one line motion of expansion, but in fact part of this universe’s galaxies 
overall line of motion is curvature and is following in the direction of the pull of an outside sister's 
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universe gravitational field force, which this is necessary as this universe is to find its balance and 
position in respect to other external fields forces of the same of other universes in the unicos (Fig. 4). 


position of 
sister universe 


Indication of the position of sister universe 
in respect to Man's Universe in the Unicos 


Fig. 4 The position of the sister universe in respect to the Man's Universe. 


At the same time each universe possesses a central principal mafs and matter point and or central 
principal matter line, where these mafs strength and quantity of in this centre point or the centre line 
dictates the size of any universe and at the same time the Magravs created by this is like a Principal 
star and line in the centre of the universe that this dictates the position of the universe in respect to 
other universes in the unicos and this Magravs s s the matters which 
are attracted and created in that universe and the matter and content of Galaxies’ in respect to itself 
and no other matter in that universe. 


Where, the total mass of the mafs and transition mafs in a galaxies are about less than five percent of 
the total mass of the universe principal matters and maf’ in its central line and its principal star. 


Thus the positioning and directional motion of the galaxies in the universe, the same as in the solar 
sstems is dictated by the mass of the Principal mafs and mafs in that universe central principal mafs 
and star in the centre of that universe but in larger order of magnitude of contents and due to no other 
factor. 


At the same time as the universe is created out of the ejection of the large quantity of principal mafs 
and matters and have motion in their time of creation, thus it is more feasible to consider an stretched 
line of principal matters and mafs across a central line of the universe rather than a centre point 
tar of principal mafs and matters in the central line of universes 


univers: 


Therefore the mass of the universes are measure of their principal mafs and matter content, which 
their Magnetic and gravitational field forces dictates every motion of matters in galaxies in that 
universe, hence strength of the principal matters and maf’ in the central line and central principal star 
dictates that universe’s-magnetosphere, gravitational pull sphere and the mass of that universe. 


To understand the process of creation of mafs and matter and elements in the universe, one needs to 
look at the smaller scale universe, which are similar to the constituents’ plasmas and the structure of 
an atom, its creation from division of the neutron to a simple hydrogen atom with it’s plasma of 
electron and proton, the way they are created from neutrons division and the mafs which are released 
in the process of decay of the neutron into its environment, leading to creation of the simplest atomic 
system of Hydrogen. 
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Where, any mafs realised through and during the process of the division is not necessarily transferred 
to the newly created plasmas that lead to heating of the two new plasmas of the proton and electron, 


Thus there could be some heating of the plasma of the electron and proton during and due to decay of 
its mother neutron, but this energy may and possibly and do not necessarily is transferred totally that 
leads to heating up of the plasma of the proton and electron. 


Therefore the same applies to the division of this universe, when it was created from the decay of it 
mother neutron universe, Hence there are no logical reasons that the universe was heated and was hot 
and it has cooled for elements in this universe to be created due to creation of gravitational field 
forces. 


As in the production of two parts of the plasmas of an atom (1) from the division of the plasma of 
neutron, the present assumptions in physics that the first atoms in the universe were created when the 
universe cooled, this theory is not and cannot be correct and in reality atoms are created through 
change in the plasmatic fields strength of the mafs of the light, secondly at the point of creation of 
the universe, the universe was not hot and there were never high temperatures that the cooling of the 
universe has led to creation of the first atoms as presently commonly stated. The first atoms and 
universally all first atoms” the like the atom of hydrogen in all mafy strength in the universe are 
created through the magnetic field strength reduction of the principal mafs and through no other 
means, 


The concept of creation of heat and high temperatures at the birth of the universe is not observed in 
the creation of plasmas of electron and proton, when the plasma of neutron decays and divides into an 
atomic structure, and in the universe there are always continuity and parallels, thus the universe has 
never been hot that has cooled down to create atoms, and this is the reason why W-MAP (1) shows at 
present balance heat distribution in this universe (Fig.5). 


‘cooler zones 


Fig. § The universe heat distribution map (W-MAP of the universe) 


In truth the current assumptions of initial heating of the universe at time of its birth cannot be true as 
the initial atoms of the universe and present atoms were and are created from the original principal 
mafs strength, which radiated out as principal lights rays of the universe in the centre of the universe 
and the initial atoms and matters of this universe were not created through cooling of the universe at 
the point of inception of this universe, which this universe itself is created from the decay and division 
of bigger mass of another universe as it happens in the division and decay of plasma of neutron in two 
plasmas of proton and electron. One does not observe heating in the plasma of electron or proton in 
this division and so be it the same, when the bigger universe divided and led to creation of this 
universe of the humans. (Fig. 18). 


In fact, iff The universe was created by the present scientific assumption then the W-MAP should 
have shown cooler region in its outer boundaries than the present near homogenous heat distribution, 
which has been physical observed and from collected data by the publishers of the universal heat 
distribution map of the universe 


The heat distribution and the heat concentration on the central line of the WMAP confirms that the 
universe started from a central line in the middle and as the principal mafs of the universe unwinds 
and reduced in strength (Book 2) then the transition mafx and the matter mafs were released and 
created, and as these were spreading outwards into the space of a larger universe (Fig. 1) from its 
central line ejected mafs into unicos, then as the Magravs of the principal mafs in this central line 
region are converted and are reducing in strength, then the overall unified oval-spherical shape 
explanation of the WMAP come to exist. 


Then as the total Magravs of the central principal matters reaches the point of the equilibrium of its 
forces, then at that point, this becomes the boundary of the universes boundary or becomes the plasma 
of the universe, At this point where they Magnetic and gravitational field forces cannot hold on to all 
the mafs and matter of that universe and this become the point of the limit of the expansion and the 
boundary of the universe and the envelop of the maf’ at the given point in time, which are under 
control of these forces from the central lines principal mafs of that universe, where this expansion line 
becomes that universe’s magnetosphere boundary line. 


Then, When a point in the cycle of the life this universe reaches that the overall strength of the 
Magnetic fields and gravitational fields of the central line principal maf and matters cannot hold to 
their overall fields balance, then at this point this universe will go through a division the same as the 
division of neutron decay and all the matters and mafs at this point rearranged and regroup as and in 
the principal strength mafs and the universe then divides into two principal mafs of lesser masses of 
universes, which these new universes are magnetically interconnected as proton and electron do after 
the division of neutron and then these new universes go through the same principle of the principal 
maf light unwinding and the same process as creation of new universe carries and central line as 
before. 


Original WMAP-image from commons.wikimedia.com 


Fig. 6 The microwave heat distribution of the universe shows a concentrated heat 
in the centre dise of the universe 


That is to say through the principal maf and matters are the way that universes divided and arrive 
form another universe to start a new universe and as the light in the principal mafs strength unwinds’ 
in its new environment then the new envelop of the new universe starts to be created. 


The same and similar process occurs, when the neutron decays and divides into the plasma of the 
proton and electron. 


Thus, the universe is not created as a big-ball of fire which has been cooling down as has been 
promoted, but in fact the universe is created the like of as an ejected principal mafs is injected into a 
new area in the unicos and as the new universe environment and as the principal mafs radiate outward 
as light of stronger maf’, then as the weaken and radiate outwards in their new environment, then they 
create the other matters maf’ and matters in this new envelop depending on the given pmtics strength 
of a given region in the larger process of this unwinding of the principal maf and matters and its lights 
(3) in this newly born and expanding universe. 


Therefore: this universe is in fact created inside out rather than what has been assumed up to now that 
as it cools down to what it is, which this explains why even the universe is observed to be expanding, 
as the reason for expansion of the universe is being due to the presence of principal mafs in the centre 
of the universe and as principal lights of the principal mafs radiate outward, these light rays of the 
principal mafs strength while traveling in their new environment they reduce in strength and this leads 
to creation and transition mafs and matters, which further on losing its strength creates new matter 
mafs and matters according to given environments magnetic fields strength and in a given point 
pmntics, hence the creation of new mafs and matters and so forth, which this leads to creation of atoms 
and molecules and stars and so forth in this universe and its galaxies and solar system through the 
same principle. 


Thus there has never been a Big Bang and the current appearance of the expansion of the universe is 
due to the principal maf, which as unwinds, it creates the expansion of the universal-sphere of this 
universe (3), 


This method of the creation of the universe now explains’ why there is a central gravitational matter 
concentration in the universe and as this pull is centred in the dynamic principal central line, which 
the original principle maf’s were ejected out of the mother universe when it divided, where the injected 
principal maf of the universe at the time of its inception can be seen as the red line in the W-MAP 
(Fig. 6) which the more concentration of the mass of the principal matter sets in the central disc of the 
W-MAP and as these principal maf’ create their own magnetic interactions, hence these create their 
‘own sphere of gravitational and Magnetic fields and thus the central gravitational of the universe is in 
the centre of the denser point of principal mafs of the centre universal heliosphere of this universe and 
as the more principal mafs are unwinding and spread outward are reduced in their strength they 
principal mafs become transition mafs and further as they reduce in strength they become the matter 
the unisphere of the universe and as the principal mafs open up and reduce in their environment this 
leads to creation and expansion of the balloon of this universe in the unicos, and this explanation 
resolves the present mystery in the scientific world that, how and where the central gravitational pulls 
and the expansion of this universe which has been observed by scientists of the universe comes from. 


This is how the plasma of the neutron decays and divides into plasma of the a proton and an electron 
too, where the different quantities of matters and mafs of different strength of the neutron are divided 
and injected in two new areas in their environment, that their overall Magravs of all their mafs are as 
original components that the plasma of the electron and proton concurrently maintain their overall 
Magravs of the original neutron Magravs (Fig. 7) and then as the matter and mafs unwinds and 
iteract they reach given overall Magravs level and position as the new plasmas of the sub- 
components of the atom are created. 


Where, this process of division of neutron due to micro-level of masses involved, these appear as an 
instantaneous process of creation of proton and electron, where the same applies to creation of 
universe and larger universes divide to guaranty their overall existence in the unicos. 


evrRon PROTON + ELECTRON 


Fig. 7 The conversion of the plasma of neutron to plasmas of the proton and the electron. 
‘The same process is considered to occur when the universe divides (3) 


This being the reason why the proton and electron in their process of creation do not get heated as a 
Big Bang theory suggests but as different portions of principal mafs of the neutron which become 
parts of the plasma of the proton and electron unwinds and expand from the central line of their 
centrally disc which they are rejected into their environment by the division of the neutron, and as 
their principal maf unwind in this disc to the transition matter and then, as they weaken further, they 
create maf and matters in tangible mafs levels, the like of the plasma of the proton and all other 
fragments of pmtics and magnetic fields in these new plasmas (Book 2, Chapter | and 2), in these 
processes of creation of new smaller plasmas of there is no Big Bang and there is not heating of the 
plasma of the neutron and electron (Fig. 8). 


Fig.8 Decay of plasma of neutron in plasma of proton and plasma of electwon 


Hence the theory of Big Bang is not correct and has no meaning in the real world of creation. 


The same process can happen with the ray of the light originated from principal mafs strength (what 
is called the principal light), when this principal light arrives in the principal mafs strength 
environment and hence the first fundamental neutron principal plasmas and principal atoms’ can be 
created in that given environment through the same principle as atoms are created in the matter 
strength environment (1). 


At the same time the Magravs strength of the Principal Universal Line Mafs (PULM, the central line 
of the universe)(Fig. 9) dictates the position and attraction of other matters, stars and galaxies’ in that 
universe in respect to itself 


9. The Principal Universal Line of Ma's 


The total mass of the matter mafs is about five percent and transition mafs of the matters about fifteen 
percent in any universe and is the same as with galaxies, solar and plasma of proton systems in the 
universe, The reason for this is due to the principal mafs (Fig. 10) and mass conversion and 
conservation and motion as they move within the plasma of the universe and lose their strength and 
reduce to transition, and matter mafs. Secondly if any mass more than this ratio of principal mafs is 
converted and stays within these systems, these can lead to unbalance and faster division of the entity, 
this be it plasma of the proton, neutron, solar system or universe 


Opening of the 
principal Maf's of the Universe 


Fig. 10, The principal mats of the Universe, 


Thus, the positioning and directional motion of the galaxies in the universe, the same as in the solar 
systems is dictated by the mass of the principal mafs and matters of the principal mafs of the universal 
line star mafs (pulm) of the galaxy and no other factor. 


Therefore the mass of the universe is the measure of the difference in the interaction of the Magnetic 
and gravitational fields’ forces that the principal mats contents of the principal matter in the universe 
can produce and maintain. The same measurement principle applies with the galaxial and solar 
system. 


Once these principal stars are formed in the universe then the Principal stars and the lights which are 
releases and radiate outward from the pulm becomes the means and the supplier of pmfs and 
nourishment source to all entities in the internal plasma environment of that universe, these be it 


galaxies, solar system atoms and so forth (Fig. 11), 


Opening of the 
principal Maf's of the Universe 


Fig. 11. The unwinding of Ma 


rays in an entity 


The same applies as to the galaxies, solar systems and plasma of proton systems too, where in fact in 
the centre of each galaxy, solar system and plasma there is the principal star (Fig. 12) with a plasma of 
principal mafs and matters and as these unwind, expand and spread within the Magnetic and 
gravitational fields which they create, these releasing, opening’s and loosening of principal mafs in 
the pulm leads to creation of transition and then matter strength mafs and matters in the envelop of the 
magnetosphere of the universe leading appearance and creation of principal matter in the galaxies, 
solar and plasma systems, exactly the same as it has happened and has led to the creation of the 
plasma of a neutrons, stars, galaxy 


26 


Fig. 12 Plasma of the Universe: any entity can be created anywhere in the Universe as long as 
the appropriate mat"s strength of that entity is reached through reduction or interaction of maf's of the Universe 


‘Where, A(s) are the universal magnetic fields oceans in the form of fields forces or light, where sea of 
lights are created by the interaction of the fields which these can be in any light strength of matter, 
transition or principal magnetic fields strength, B(s) are universal matter oceans, C (s) are the 
transition matter and mafs oceans, D(s) are galaxies, E(s) are sub-matter mafs and matters oceans in 
the plasma of the universe, where all these entities they are created due to and through the interaction 
of the residual fields which are released by and through the release and separation of fields from 
principal mafs and transition mafs and matter mafs of the main or the subsequent divisions of these 
mafs as the principal mafs of the universe open up and divided and expand in the structure of the 
plasma of the universes’ Magravs (Fig. 13). 


Fig. 13 Plasma of galaxy: any entity can be created anywhere in the galaxy as long as the appropriate maf's strength 
of that entity is reached through reduction or interaction of maf"s of the galaxy itself or its Universe's mats 
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ABSTRACT 


‘This paper presents an optimization of the voltage doubler stages in an energy conversion module for Radio Frequency 
(RF) energy harvesting system at 900 MHz band. The function of the energy conversion module is to convert the (RF) 
signals into direct-current (DC) voltage at the given frequency band to power the low power devices/eircuits. The de- 
sign is based on the Villard voltage doubler circuit. A 7 stage Schottky diode voltage doubler circuit is designed, mod- 
led, simulated, fabricated and tested in this work. Multisim was used for the modeling and simulation work. Simulation 
and measurement were carried out for various input power levels at the specified frequency band. For an equivalent 
incident signal of -40 dBm, the circuit can produce 3 mV across a 100 kQ load. The results also show that there is a 
‘multiplication factor of 22 at 0 dBm and produces DC output voltage of 5.0 V in measurement. This voltage can be used 


to power low power sensors in sensor networks ultimately in place of batteries. 


Keywords: Energy Conversion; RF; Schottky Diode; Villard; Energy Harvesting 


1. Introduction 


RF energy harvesting is one type of energy harvesting 
that can be potentially harvested such as solar, vibration 
and wind. The RF energy harvesting uses the idea of 
capturing transmitted RF energy at ambient and either 
using it directly to power a low power circuit or storing it 
for later use. The concept needs an efficient antenna 
along with a circuit capable of converting RF signals to 
DC voltage. The efficiency of an antenna mainly depends 
on its impedance and the impedance of the energy con- 
verting circuit, If the two impedances aren't matched 
then it will be unable to receive all the available power 
from the free space at the desired frequency band, Match- 
ing of the impedances means that the impedance of the 
antenna is the complex conjugate of the impedance of the 
circuit (voltage doubler circuit) 

‘The concept of energy harvesting system is shown in 
Figure 1, which consists of matching network, RF-DC 
conversion and load circuits. The authors in [1], used a 
2.4 GHz operating frequency with an integrated zero bias 
detector circuit using BiCMOS technology which pro- 
duced an output voltage of 1 V into a 1 MQ load at an 
input power level of 0 dBm, H. Yan and co-authors re- 
vealed that a DC voltage of 0.8 volts can be achieved 
from a -20 dBm RF input signal at 868.3 MHz through 


“Comesponding author 
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simulation results [2]. In [3], work was carried out on a 
firm frequency of 900 MHz by matching to a SO Q im- 
pedance and resonance circuit transformation in front of 
the Schottky diode which yields an output voltage of over 
300 mY at an input power level of 2.5 y1. W. J. Wang, L. 
Dong and Y. Fu [4] used a Cockeroft-Walton multiplier 
circuit that produced a voltage level of 1.0 V into a 200 
M@Q load for an input power level of less than ~30 dBm 
ata fixed frequency of 2.4 GHz 

‘The energy conversion module designed in this paper 
is based on a voltage doubler cireuit which can be able to 
output a DC voltage typically larger than a simple diode 
rectifier cireuit as in [5], in which switehed capacitor 
charge pump circuits are used to design two phase volt- 
age doubler and a multiphase voltage doubler. The mod- 
ule presented in this can function as an AC to DC con- 
verter that not only rectifies the input AC signal but also 
elevates the DC voltage level. The output voltage of the 


Antenna 
Matching [7] (ADE FO] pc-toad 
Network nee Circuit 


Hiss 


Figure 1, Schematic view of a RF energy harvesting system, 
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Where, the same principle applies to the structure of the creation of stars and planets in the galaxies 
and solar systems, and where the same process of creation of matters and fields is applied in the 
creation of entities in the plasma of neutron, proton and electron. 


Where, A can be the point of creation of a star, a B the black hole, C the creation of planet in the solar 
system, D the cloud dusts and E the magnetic fields ocean of the galaxy. 


Fig. 14 Plasma of Neutron: any entity can be ereated anywhere in the neutron as long 
as the appropriate mats strength of that entity is reached through reduction or interaction 
‘of mafs of the neutron and it's galaxy itself or it's Universe's mats, 


Where, A can be the principal matter, B the transition matter, C the matter, D are the fields in motion, 
E are dust of matters in creation and motion within the plasma of the neutron (Fig. 14), Where even 
the creation of the X-rays and gamma rays are normal features of the plasma of the neutron as one 
observes in the process of the existence and operation of the galaxies (Fig. 15) and universes plasmas. 


The universe as the plasma of the proton can expand according to the amount of the transition matters 
which can travel away from the principal matter line, and hence the expansion of the universe or 
plasma is dictated by the amount of the transition matter and mafs and speed of by which the principal 
mafs and matters can release which the pulm can hold on to the total Magravs of its structure. Now 
this can explain why this universe through WMAP (Fig. 5 and 6) shows to be more oval than sphere 
in shape. 


On the other-hand the shape of the WMAP being oval can explain the same characteristics as one 
observes in the major composite gas planets in the solar system as they are not fully sphere in shape, 
but have more flat poles. 


The oval shape of this universe confirms the existence of a central principal disc point in the centre of 
the universe and the flat disc spread shape of the principal mafs distribution in the central line disc of 
the universe, 


At the same time the uniformity of the speed of the objects in the universe and galaxies shows the 
connection between the principal mafs release in the pulm. 


This confirming the real process by which plasma and atoms are created and appear across the 
universe, where their accumulation leads to the creation of cosmic dust, stars and planets. 


Fig.15 Galaxy (Source: Hubble) 


Where, the concept of the cooling of the universe leading to creation of the atom becomes to be 
meaningless, as the creation of plasma and atoms is totally due to reduction in the mafs strength of the 
principal mafs to matter mafs strength and has no connection with heat or cooling inside or in any 
position in the plasma of the universe. 


Where, the heat in different points in the plasma of the universe has only have the effect once the 
plasma of matter is created, then the environmental temperature in any point in the universe only 
dictates if the plasma in matter state will manifest itself as gas, liquid or solid. 


Then in fact this brings a question mark on the theory of time and space as then time will have no 
meaning as a new plasmas of atom can be created in the far comers of the universe from high speed 
mafs of the principal mafs which left the pulm, where some mafs go through the mafs strength 
reduction before arriving in the same point in the plasma of universe. 


Thus; the theory that the whole parts of the universe are created about the same time and the more 
ancient galaxies are in the centre of the universe in some extent és not correct. As matters in the 
universe move as their Magravs positioning dictates and hence some components of the universe 
move in such a rapid way which are not visible to the present technology available to the man. 
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CHAPTER 3 


The method of transportation of mafs in different mafs 
strength in the universe 


In all dimensions of the universal mafs strength, these be it principal matter, transition matter or 
matter environment, for the plasma of these matters to travel with the maximum speed and minimum. 
loss of mafs to their environment, in all dimension of the universal mafs levels, the spherical shape 
plasma of the matter transforms itself to elongated plasma of itself or what is commonly is called as a 
ray of light (Fig. 16) (Book 2). 


PRINCIPAL 
MATTER 


Spherical Cylindrical - RAY OF LIGHT 


Fig. 16, Conversion of the spherical plasma of a neutron in a cylindrical ray of light. 


That is to say for example as the principal light goes through the Transition fields regions of the 
universe, then the transition mafs and matters of the ray will come to take their position on the outer 
layer of the ray, then through this process less pmf are used in interaction with these fields and 
matters of their environment and hence less friction and less loses of mats of the ray, and in these 
interactions there are very little loses through the Magravs of the mafs of the transition mats of the 
light. 


Then any faint lights produced in the interaction of these rays outer maf transition matter and of the 
same transition matters in the universe, where there are very few interfaces of the collision between 
the ray and the environment Magravs this gives the universe a dark but translucent effect that one can 
see through the universe. 


Ina way this interaction of rays transition mafs and universe’s transition mafs is the cause and the 
reason for the invisible transparent structure which allows the production of universes discreet light 
that one can see through this universe but blocks the opportunity that one cannot see the lights from 
the universes outside this universe. 


The most important point to understand is that light exists in all mafé strength levels in the universe, 
that is to say there are lights in the principal mafz strength as much as light in the transition mafs 
strength and as man observe there is light in the matter world of the man. 


It has to be point out, that as one hears sound boom in the matter world when one reaches the speed of 
sound in the matter environment, or what is called the sound barrier, the same applies when the 
systems developed by man reach’s and passes the ultimate speed of the light in the matter 
environment too. 
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That is to say when rays go from lower level strength to higher level strength mafs, one will hear 
audibly and will feel the vibration of the passing the light barrier. 


This sound will not be a one of boom as when the sound barrier is broken, but due to the spectrum of 
the light transition forces, this noise will be more like a continues varying and long boom and roars. 
Therefore one will hear a long term tunes and not just one of noise. 


This applies the same as one passes the transition mafs environment into principal mafs strength too. 


Thus light speed barrier will always be the speed of the light according to man’s mafs of his amino- 
acid and the visible light in all mafs strengths, which are the universes’ creature’s structures’ mats 
strength dependent, 


‘When, the man become habitual to travel with the speeds faster than the mafs of matter strength, then 
‘on frequent bases man will hear a roar of a noise as passing the light barrier limit. 


There are lights in all levels of the matter and mafs strength in the universe, that is to say there are 
lights in the principal mafs strength specific to that mafS strength environment, which is not 
necessarily the same as the white light as one observes in the man’s matter world and at the same time 
cach light has its own speed which is dependent on the maf’ strength of its environment. 


Therefore there are lights in the transition mafs strength as much as there are in the man’s matter 
levels. 


There are rainbows (Fig. 17) in all levels of the mafs strength in the universe as there are in the matter 
mafs strength of the earth, The light in all mafs can diffract according to the Magravs strength of the 
mafs of the given environment. 


Fig. 17 The colour of rainbow according to the Man’s pmties strength in Earth Magravs strength 


CHAPTER 4 


How matters are created in the universe 


In the spans of the solar systems, galaxies and cosmos as the gans and atom of the hydrogen interact, 
they create the first seeds of creation of more powerful Magravs that leads to attraction and 
conversion of other light rays in the universe into gas, liquid and solids, which these interactions 
leads to creation of galaxies, stars and planets, where the light itself in different strength becomes the 
tools of the division elements the like of the hydrogen for it to start the cycle of creation of lives and 
the creation of intelligence in all corners of the universe (6). 


The gas and gans of hydrogen becomes the dynamic fuel source of creation of the magnetic fields 
necessary for the creation and establishment of the stars and solar systems and their planets in some 
parts of this universe, as the interaction of different magnetic fields of gases and ganses lead to the 
creation of the initial Magnetic and the gravitational fields needed for these celestial bodies to be 
created in the universe, 


The existence of nano materials in the core of the planets like earth has been initially disclosed (1), 
now it can fully be understood that how these nano materials in state of nano matter, gas and gans 
become to exist in the centre of these celestial entities and be the initial seeds of their creation once 
the mafs of the principal matter is reduced to the mafs of the matter strength. 


It is important to realise that due to internal structure of the nano materials in Jayers and in gans state, 
these materials by large keep their structural integrity, where high external environmental matter 
conditions like pressure and temperatures cannot affect the total structural integrity once they are in 
individual matter gans compound state. This meaning that internal structure and molecular binding of 
gans and nano materials in nano layers or composite structures will not be affected by the matter 
environment’s the likes of temperature and pressure condition of the environment, But the gans 
will be changing in its structure when conditioned to high-level dosage of radiation. Thus such entities 
have monoid characteristics. 


For example, this is one of the reasons, why the DNA of the human being is venerable to changes and 
absorption of radioactive energy and in the radioactive environment or to burst of radiation, as the real 
structure of the amino-acid of the protein of the DNA chain is made of gans of matters and not solid 
matter of the same gases (6). 


Thus, gans is the state of the structure of the light which has changed from dynamic cylindrical 
plasma of magnetic fields to a dynamic spherical entity of the same matter mafs, which its state of 
manifestation in matter environment is internal gravitational dependent and not environmental 
condition dependent. That is why one can observe the same element in coldest and hottest regions of 
the universe and still misreads them as atomic matter rather than nano-atomic or gans of the same 
matter. 


Thus as maf strength of the universe changes according to mafs available in any given part of the 
universe, this allowing the production or appearance of plasma of any matter which the mafé strength 
allows it become in that point in the universe. 


Thus this why in one part of the universe one observes the hydrogen as in some parts helium or even 
gold can be observed without actual existence of any hydrogen atom any other matters. 

In some part of the universe the matter take up their nano crystal structure, that the same matters looks 
to be the diamond structure of its parallel matter in another environment in the same galaxy or 
universe’s environment, 
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Thus matters are created and to be part of the structure of star and planets or being in the universe 
according to the mafs strength of the environment and then they become appear in state of gas or solid 
according to the pressures and temperatures of that same given environment. 
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CHAPTER 5 


The theory of decay and division of the universe(s) 


In reality all theories which have been put forward up to present time have no parallel in the universe 
as has been observed by scientists. 


In the universe everything and every process has parallel. In the universe there are always parallels 
due to the magnetic fields laws of interaction, and hence there cannot be any divisions from these 
laws. 


At the present the scientific world has been intrigued and encouraged to understand the phenomenon 
of the creation of this universe and scientists have to unravel the mysteries of the creation of this 
visible universe. 


In fact the creation of this universe as is visible to the world of science cannot be any different than 
any other process in the world of creation, and this universe has been created through the same 
principles as the rest of the magnetic plasmatic nuclear and atomic additions and divisions of entities 
in the universe. 


This meaning that the present universe is created though the same method as has been observes in the 
division of the neutron’s plasma into plasma’s of electron and proton or smaller and/or bigger 
components of the same Matters. 


Hence to follow the principle of the universal order of matters, this universe is created from the 
ion of a larger universe that the man’s visible universe is or can be the smaller part of the 
ion, 


The reason for it being the smaller part is that in the present cosmological term, this universe is 
following the attraction of the bigger part and hence it is always in the motion to follow the Magravs 
of the bigger sister . 


This being the reason why it looks as the universe is always expanding as the external field forces pull 
and pushes the boundary of this universe mafs and as part of the universe has been noted to be 
collectively following different path of motion than the rest of the universe. 


The portion of the independent motion of this universe is the indicator that where the bigger portion of 
the division of the pervious universe is in respect to the man’s universe. 


It has to be said that the original universe through the same principle of decay of neutron to plasma of 
electron and proton (1) and similarly as the decay of heavier atoms to two or more lighter atom: 
through the same principle as the mother universe of the man’s universe as itself has been created and 
‘was created from the division of a larger universe through the same method of decay and division, 


The difference in the universe creation and decay is in principle merely is the size of the plasmatic 
field content in comparison to plasma of electron or proton after nuclear decay and division of the 
neutron, 


‘Thus in fact this present universe itself is and was created some billion of years back from the division 


of a larger universe (Fig, 18). Where in Fig. 18 A to G, step by step the phases of the unbalance of the 
Mother Universe, it’s opening and as the fields disperse in to two different zones in the unicos, where 
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these fields interactions and Magravs positioning with Magravs of the Mother universe leads to the 
establishment of position and placement of two new universe entities, where the same process of 
decay of neutron and creation of Hydrogen atom occurs. 


Hence every time as it is the same with division of the plasma of neutron to plasma of electron and 
proton, in this division the new universe carries the characteristics of its mother’s universe, but due to 
reorganisation of magnetic fields and their strength the new universe will have a new and fresh cycle 
of time, which this shows as the age of the new universe. 


In fact this being the like of giving birth to a child, where the age of the mother is irrelevant once the 
new seed of life is created and once the child is born, even though; the new child carries some of the 
same DNA fingerprint of the parents. The new life has its own cycle of life and its own timing, 


Therefore the theories of Big Bang and M-1! as has been proposed in the past and present have no 
meaning and have no parallel principles in the physical world of creation of universe. One does not 
see the same Big Bang , when the atoms and neutron go through division or decay, hence this cannot 
be the same in the division of universes too. 


Then if this was so, then every time an electron is created from the division of neutron there must be a 
Big Bang , This proposed principle is nothing, but showing the man’s and scientific worlds lack of 
knowledge and ignorance of the real terms and parallel entities existence of all units in the universe. 


In fact once the division is created and the universes are created, then the rest of the materials and 
matter content and how they organise themselves in that universe is more or less follows the same 
principle as before and once the fields are released within a given Magravs which the fields can 
created in interaction with each other, then the size of galaxies, stars and planets and even creatures 
within that given Margraves strength of the newly produced universe are determined. 


The mafy and matters as arrive directly into the new universe are maf’ first which can change to 
matter then divide between the two universes and then new matters are created in the new universes 
\dependently according to the Magnetic fields and gravitational fields in interaction with each other 
these mafs can achieve to maintain and create. Thus all universes in content are not and cannot be the 
same in material and mafs strength, and content of each universe are dependent upon the internal 
teraction of fields which are transferred into the new universes, 


The new structure is dependent on the fields within the new universe and their internal motion of the 
new universe is internally determined by the total mass which the interaction of the Magnetic fields 
and gravitational fields of the universe can master. 


This new universe has all the attributes and mafs of its mother’s universe, where the subsequent 
production of mafs and matters like Principal matter and Principal Matter, planets, solar systems and 
galaxies and so forth, are nothing but the consequential outcome of all other effects in a given 
universe. 


Thus in other universes there could be no physical matter the like of hydrogen and where for example 
hydrogen can be only in nano or gans state only, thus the life in these universes will be in order of 
fields and mafs strength rather than matters in this visible section of this Mans” 


universe. 
But if this universe has the same structure as its mother’s universe and co-birth universe, then this 


universes can be a micro replication of a bigger version, where these universes are macro version of 
the total universe in the greater universe. 
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Phases of the decay of the plasma of a Liniverse 


A. Mother Universe 


C. Loss of structure 
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energy conversion module can be used to energize the 
low power devices for example sensors for a sensor net- 
‘work in application to agriculture, 

Section 2 of this paper discusses on the theoretical 
background of the voltage doubler circuit. Section 3 pre- 
sents the simulation study and implementation of the 
circuit design. Section 4 provides the results and analysis. 
Section 5 concludes with a discussion on the findings 
from the simulated and measured results 


2. Voltage Multiplier 


‘There are various voltage multiplier circuit topologies. 
‘The design used in this module is derived from the fune- 
tion of peak detector or a half wave peak rectifier. The 
Villard voltage multiplier circuit was chosen in the cir- 
cuit design of this paper because it produces two times of 
the input signal voltage towards ground at a single output 
and can be cascaded to form a voltage multiplier with an 
arbitrary output voltage and its design simplicity 


2.1, Diode Modeling 


‘The voltage multiplier cireuit in this design uses zero 
bias Schottky diode HSMS-2850 from Agilent. The at- 
tractive feature of these Schottky diodes are low sub- 
strate losses and very fast switching but leads to a fabri- 
cation overhead. This diode has been modeled for the 
energy harvesting circuit which comes in a one-diode 
configuration. The modeling parameters for these diodes 
are given by Agilent in their data sheets. These parame- 
ters are used in Multisim for its own modeling purposes. 
‘The modeling is done by transforming the diode into an 
equivalent circuit using passive components which are 
described by the SPICE parameters in Table 1 [6] 

‘The diode used in this design is shown in Figure 2 and 
its equivalent model is shown in Figure 3. The special 
features of HSMS-2850 diode is that it provides a low 
forward voltage, low substrate leakage and uses the non 


‘Table 1, SPICE parameters, 


Parameters Units SMS 2850 
By Vv 38 
Gn pe ous 
Ee By 0.69 
tev A 3E4 
Is A 3E6 
N No unite 1.06 
Ry a 2s 

Pav) v 03s 
Po(xth Nounits 
M No nits os 
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Figure 2. Schottky diode. 


Figure 3. Linear circuit model of the Schottky diode [6]. 


symmetric properties of diode that allows unidirec- 
tional flow of current under ideal condition. 

‘The diodes are fixed and are not subject of optimiza- 
tion or tuning. This is described using the following deri- 
vations. By neglecting the effect of diode substrate, an 
equivalent linear model that can be used for the diode as 
shown in Figure 3, When G; is the junction capacitance 
and R; is the junction resistance, the admittance Y, of the 
linear model is given by 
fy Ye, +¥%q, a 


Equation (1) related to the frequency of operation is 
given by 


1 
Y, = jwC,+— 2 
MC Q) 
jwC,R, +1 
8) 
‘The impedance Z of the linear model is given by 
a 4 
T+ jwR,C, ® 
The total impedance Z; is given by 
R 
ae 6) 
T= wR,, 


where Rs is the series resistance of the circuit and R, is 
given by 
833x105 x NXT 

T+ ly 


where: 
1, = bias current in pA; 
1, = saturation current in WA; 
temperature (K); 
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E. The creation of the seeds of the new universes from the decay of the 
Mother Universe, where the two new universes have to maintain a 
magravs positioning in respect to the Mother's and each others magravs. 


F. Initial stage of creation of gravity and magneto-sphere of the two 
universes due to unwinding and interaction of the fields 


G. The final physical parameters of the Mother Universe, the Sister 
Universe and the Man‘s Universe. Where the same process applies to decay 
of neutron and it’s division in proton and electron, where Man's Universe 

is the like of the electron after the division. 


(AG). The process of the division of the Mother's Universe in to Man's Univ 
and it’s Sister Uni 
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Thus, in fact in the bigger portion of the original mother universe which the man’ universe is partly 
created out of it is bigger or smaller mass portion of the original maf’ of the mother fields, then the 
bigger portion or co-birth universe of this universe, due to the larger mass of its content, this 
universe’s galaxies and stars can be much larger in proportion in comparison to the galaxies in man 
universe and conversely due to larger Magravs of the internal structure of the larger portions, the 
beings within these universes can be smaller or they be totally different in operation than the beings 
the mans universe. 


It has to be said that life in any form is not exclusivity of the Earth, if this is the mind-set of some, this 
shows their lack of understanding of universe and how it is created and not the real truth and how 
fields and matters operated and function in the universe 
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CHAPTER 6 


The Man and his soul and their connection 


to the universe 


In the structure of the Principal mafs centres or the Principal star or what is so called the Principal 
stars in the centre of galaxies and maf and matters in the centre of stars and in giant planets and even 
in the centre of some planets, the Magravs of these objects seems to possess a stronger or larger than 
the mass ratio for such an object, that the object possess and covers a stronger Magravs forces than 
usually a matter in these regions by the present in the world of science knowledge become apparent. 
The reason for the stronger Magravs of these objects comes from the multiplicity in the Nano 
magnetic mafs’ and matters’ and layers in the inner structure layers in the sanctum of these objects. 


In understanding the operation of different mafs of matters in the universe and the process of the 
reduction in strength of these mafs to reach the lower levels light, visible light and tangible structure’s 
like atoms, then one should understand that the structure of the man’s body will not change as the 
physical structure of the man goes through and from matter to transition matter or from transition 
matter to principle mafs and matters strength’s environments. 


The reality about this, is that the plasmas of the atom of the structure of the man, like the individual 
atoms, which are active in the structure of fundamental amino-acid molecule of the human body, these 
are all made of plasma of mats of universe and for the proton or the electron of let say carbon atom in 
the amino-acid, this plasma of the proton has in its centre principal mafs and maters as well the 
transition mafs and matters and finally the matter mats, which tangibility state which make 
matter visible to for example the eye of the human. 


But once these plasmas of the tangible matter structure of let say proton and electrons of the carbon 
atom cross the barrier from the light mafs strength and matter fields to transition mafs and matters 
field strength, or even the body of the man crosses the principal mafs and matter strength, then at each 
point of field strength crossing, that part and components transition or principal mafs and matters of 
the plasma of the proton of the carbon will come to operate and interact in that entered field strength 
zone, and hence the integrity of the structure of the human being physical body will be maintained, 
but indifferent mafs strength level 


This meaning that the man will be still intelligent and will have the use of all its faculties, but the 
body will operate through the principal mafs of its plasma rather than present matters mafs strength of 
it material world strength. 


Thus the man is not restricted to life in matter world only, but life in all dimension of strength of the 
mafs of the universe 


The reason for the plasma of the human body having the ability to operate in any mafs strength, is due 
to the fact that the atoms of each cell of the human body operate in the gans state of matter and not 
solid state of matter, which this gives the plasma of all the elements of the human body to cross mafs 
strength barriers by calling up on their mafs components of their environment, 


That is to say the gans of the carbon in the amino-acid of the human beings’ will bring forth and 
operate through it transition mafs strength in the transition mafs environment, Then the same gans of 
atom will operate with its principal mafs components in the principal mafs strength environment. 
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Thus the body of human will not be destroyed or evaporate in different plasmatic magnetic fields 
strength environments as it orderly crosses them 


But the body of the man will be destroyed if the mafs of principal mafs strength is applied to it in the 
matter strength environment, where in this case the mafs and the matters of the atoms of the man 
become diluted as a minor part in the mafs and matters of the applied fields. 


Therefore man is part of an inclusive pattem of field’s in motions 
less can be attached to the existence of the man, 


the universe and nothing more or 


‘The man in physical term is an entity and in and through his soul the connection of the field between 
himself and the other fields in the universe. 


The physical body of the man is the like of the planet earth, where it has mass and its magnetosphere 
which expands beyond the physical body, but its total magnetic fields and gravitational fields 
determines its position and relation with other matters in its solar system and in a small way it 
determines the position of its star in its galaxy and, then the position of star determines in a small way 
the position of the milky-way in the universe and so forth. 


Thus the soul of the man is the external connection of the operation of the physical body of the man 
the universe, it is part of one and inclusive realty of interaction of the whole. 


Therefore the soul is part of the operation of the universe and every creation which can extent the 
effects of its overall magnetic field to others which can affect their position and existence is in 
possession of a soul, 


Thus soul which magnetic fields created and expand beyond the physical body of the man is not 
exclusivity of the creature but it is the common denominator and common link between the man and 
other creatures of the God and has direct effect on the operation of the rest of the universe. 


Therefore the man’s body due to the interaction of its atoms protons and electron and neutrons 
magnetic fields, this object creates its own magnetosphere and its own mass and this body is and has 
to be in possession of magnetosphere which shows the working of the magnetic fields of 
constituent matters and its subcomponents and fields. 


Where, in the physical worlds as the same as the solar systems possessing magnetosphere as so do the 
star and planet, so does the body of the human through the same physical principle possess the 
magnetosphere, which is so called aurora of the human body, the field of the aurora is part of the soul 
of the man, but is fact the total effect of the internal interaction of all fields of the body which creates 
the Magnetic field and gravitational fields of the body and their interaction on each other which leads 
to the interaction with their fields in the universe, this overall output of the fields of the body of the 
man is the soul of the man. 


Thus; all dynamic plasmatic matters in the universe possesses a soul. But the man has the intelligence 
to allow the interaction of its soul with others. Therefore through this principle the man is responsible 
for all his actions and he stands answerable to other souls in the universe. As he decides how these 
fields which partial and fully control through the Magravs of the matters of his brain how and what 
happens in its interaction with other souls during its physical existence. 


Hence the man has to understand, that universe and others, whom this universe has been created from 
and the universes which will be created from the division of this universe in the future are all 
iterconnected and operate through the same fundamental principle magnetic fields. 


Therefore there are parallel universes to this universe, with the difference in the measure of their 
magnetic fields and their position in their given environment. 
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Thus as we have the same and similar electrons structure’s and protons structures in the same 
structure of an atom, this structure of positioning of electrons and protons is the same for all known 
atoms, then the same applies to the universe and the souls within them too. This meaning that there 
are similar universe as this universe in the greater universe and other universes which this universe 
has been created from or it shall create. 


It has to be said that at the same time the matters in the universe have the same universal language of 
communication, where in the universe the common language is the basic plasmatic magnetic fields, 
based on the first plasmatic magnetic field strength of plasma or the simplest atom of matter of their 
environment. 


This language is universal and once the man on earth understands this phenomenon and can fully 
measure the magnetic fields strength of the electron Magravs and uses this as the base strength, then 
man will be able to understand and communicate with rest of soul possessing creature of the universe. 
Until then, the search in the sound waves to look and try to communicate with other creatures of the 
universe is a primitive picture and shows the lack of mans understanding of the world of the Creation. 


Therefore the gravitation, magnetic, radiation and other similar properties and interactions of the 
field(s) on each other in this and other universe(s) decides on how and the way the creatures in the 
different universes and in the man’s universe would look and behave. 


But in a essences they are all made of the same building block of MAGNETIC FIELDS AND IN ITS 
AND THEIR INTERACTION OF DIFFERENT STRENGTH AND TIGHTNESS OF IT IN THEIR 
ENVIRONMENT, This determining how tall and short and if one has eye or uses the interaction of 
fields to interact and communicates with other creatures of its environment, universe(s) with or 
without physical tangible or visible so called body. 


May be now it can be understood what has been said that in the universe, 


Thave made man in the image of myself 
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CHAPTER 7 


The creation of gravity in the universe 


At the present time the scientific world uses the terminology that when the gravity took hold then that 
‘was time when the matters in the universe began to be created. 


The reality is that as when the universe is created from the magnetic fields of the previous universe(s), 
then the content of the new universe is nothing but a soup of different strength plasmatic magnetic 
fields, then as these magnetic fields interact with each other usually laws of magnetism they attract or 
repel each other, where at this point the attraction fields of these plasmatic magnetic fields become the 
gravitational fields forces of the universe and the repulsion field forces of the magnetic fields become 
the Magnetic fields forces which the same fields create. 


This interaction of fields in the plasmatic fields always enclose itself in the form of an envelope, 
which this always in the universe leads to creation of the spherical shapes of all entitles, this be it 
plasma of a neutron, earth, or universe? 


The interaction of field and attraction fields which leads to creation of a circular motion of the 
gravitational fields as the fields in respect t the matter have keep their gravitational positioning too. 
Thus the spherical shape of the fields is primarily due to the gravitational field and positioning 
combined together which this causes the magnetic fields in the universe to close and created a full 
circular; and hence the creation of spherical objects in the universe 


Therefore the gravitational filed forces of the new universe is created by the interaction of its content 
magnetic fields and in fact gravity is created by the natural laws due to interaction of two opposite 
polarities of two magnetic fields, which as these opposite fields interact they create attraction fields or 
what commonly called the gravitational field, where the strength the outcome field from this 
interaction of fields expands beyond the boundaries of the two original fields, this leading to the 
creation of an envelope or area of the effect of this new field that attracts other fields to itself and the 
strength and compactness of this new field leads to creation of gravity which in the universe this leads 
to creation of Principal matters, transition matters and then visible matter of galaxies , stars and planet 
and so forth. 


The creation of gravitational fields forces in the for example the plasma of neutron, its strength and 
contest by large measure is dictated by the universal gravitational fields forces and not in full by the 
field which leads to creation of the neutron to start with. In the universe the creation of the neutrons 
are dependent on their universal gravitational fields forces. To this effect not all neutrons are all the 
same and not all neutrons in the different universes have the same gravitation a magnetic fields forces 
and dimension 


In fact the human race has to learn that what it is observed by them as the physical matter in fact is 
only a fraction of overall content of matters of the universe created through creation of gravitational 
forces and what he sees are not all of its matters. 


This meaning that the universe has other matters and mafs contents and as the man’s technological 


and intellectual capabilities expands and increased then man will come to see more of the realities of 
the universe 
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CHAPTER 8 


Insight into the realities of the working of the Universe 
and what they bring about 


In the recent past scientists have talk about the term dark energy and anti-matter, where these covers 
the part of knowledge which they cannot find explanation for within the present understanding in the 
scientific world, For example the term dark energy is used to understand the forces, which is nor 
explainable and neither does fall within the conventional present world of physics too. 


In this disclosure the terms like the matter, transition matter and Principal matter are used, where 
these terms are and have become recent addition to man’s scientific vocabulary, where these can more 
precisely explain the rang and the medium, where each magnetic field in respect to their fields and its 
‘own magnetic fields strength is and would behave. 


In the universe the same as in the physical matter world there are sources of magnetic fields, which 
are stronger in magnetic fields strength and some which are in the transition and there are some which 
are in between the strong and the weaker field strength. 


In the physical world one called the stronger fields source the star, where in the plasmatic fields of the 
universe, the stronger fields’ plasmatic regions or fields are easier to be called the Principal fields, 
which their interaction leads to creation so called principal matters (anti-matter), which these are 
real physical entities, which have been unknown to man up the recent times. 


There are transition fields, which are in between the Principal matter fields in strength and the matter 
field’s strength, and as these are in balance in between the both fields of Principal matter and matter 
world, and then these do not create visible light when they interact with Principal matter or matter 
fields strengths. Hence they tend to be like transparent and translucent in their environment and 
hence they give the appearance of the darkness to their environment. 


When, magnetic fields are in motion they are called energies (Book! ), where these translucent fields 
as they are in motion from one state of mafy to another they create what is called the Transition 
energy (commonly called the dark energy) which this explains the Transition energy mystery of 
today’s science. 


Then there are in the universe fields, which are the weaker plasmatic fields region in strength, which 
these fields are in the human protein plasmatic Magravs strength that they become detectable or what 
is called the visible or tangible matter. 


Therefore in simple term, the Principal matter is the like of the sun and sources of energy in the 
universe, the transition matter is the magnetic fields strength fields travelling from the stronger field 
to weaker field, and the matter fields are the like of the planets of the solar system 


There are no mysteries about these fields, energies and matters, except in the lack of knowledge in the 
man’s progressive and advancing science about his universe and living environment. 


* Where, in the universe one sees the effect of the stronger Principal matter’s fields as in the 
centre of the galaxies as the star do in the solar systems. The present world of science will 
come to realise the order of fields are all time kept and all followed the same rules and 
principles in all levels of the universal creation and created. 
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N= ideality factor. 

In Equation (5), Rj and G; are constants and the fre- 
quency of operation (w) is the only variable parameter. 
As the frequeney increases, the value of Z is almost neg- 
ligible compared to the series resistance Rs of the diode. 
From this itis concluded that the function of the diode is 
independent of the frequency of operation. 


2.2, Single Stage Voltage Multiplier 


Figure 4 represents a single stage voltage multiplier eir- 
cuit, The circuit is also called as a voltage doubler be- 
cause in theory, the voltage that is arrived on the output 
is approximately twice that at the input. The circuit con- 
sists of two sections; each comprises a diode and a ca- 
pacitor for rectification. The RF input signal is rectified 
in the positive half of the input cycle, followed by the 
negative half of the input cycle, But, the voltage stored 
on the input capacitor during one half eycle is transferred 
to the output capacitor during the next half cycle of the 
input signal. Thus, the voltage on output capacitor is 
roughly two times the peak voltage of the RF source mi- 
‘nus the turn-on voltage of the diode. 

‘The most interesting feature of this circuit is that when 
these stages are connected in series. This method behaves 
akin to the principle of stacking batteries in series to get 
‘more voltage at the output. The output of the first stage is 
not exactly pure DC voltage and it is basically an AC 
signal with a DC offset voltage. This is equivalent to a 
DC signal superimposed by ripple content. Due to this 
distinctive feature, succeeding stages in the circuit can 
get more voltage than the preceding stages. If a second 
stage is added on top of the first multiplier circuit, the 
only waveform that the second stage receives is the noise 
of the first stage. This noise is then doubled and added to 
the DC voltage of the first stage. Therefore, the more 
stages that are added, theoretically, more voltage will 
come from the system regardless of the input. Each in- 
dependent stage with its dedicated voltage doublet circuit 
can be seen as a single battery with open circuit output 
voltage Vp, internal resistance Ry with load resistance Rr, 
the output voltage, Vna is expressed as in Equation (7). 


RF 
Source 


Figure 4, Single stage voltage multiplier circuit (7). 
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v, 


R+R, 

When n number of these circuits are put in series and 
connected to a load of Rr in Equation (6) the output volt- 
age Vow obtained is given by this change in RC value will 
make the time constant longer which in tur retains the 
multiplication effect of two in this design of seven stage 
voltage doubler. 


6) 


(a) 


‘The number of stages in the system has the greatest 
effect on the DC output voltage, as shown from Equa- 
tions (6) and (7). 

Is inferred that the output voltage Vou is determined 
by the addition of R,/R, and I/n, if Vo is fixed. From 
this analysis itis observed that Vo, Ry and Ry are all con- 
stants. Assume that Vo=1V, R,/R, = 0.25, n=2, 3,4, 
5, 6 and 7, the output voltage Vay = 1.33 V, 1.72 V, 2.0 V, 
2.22 V, 2.43 V and 2.56 V respectively when substituted 
analytically in the Equation (7). This analysis can be 
compared with the results obtained in the circuit design 
of this module. In simulation at n= 4, Vay = 1.42 V, = 
67 V;n 92; a= 7, Vous = 2.15 V3 
192V;n 81 V. Also in measure- 
5, Vou =2.9 V; n= 6, 
7 Vou = 5 V. AS n increases, the 
increase in output voltage will be almost double the input 
voltage up to some number of stages. But at some point, 
ie. beyond seven stages, in this circuit the output voltage 
gained (8 and 9 stages) will be negligible as shown in 
Figure 5. 

‘The capacitors are charged to the peak value of the 
input RF signal and discharge to the series resistance (R.) 
of the diode. Thus the output voltage across the capacitor 
of the first stage is approximately twice that of the input 
signal. As the signal swings from one stage to other, 
there is an additive resistance in the discharge path of the 
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Figure 5, Normalized output voltage multiplier versus num- 
ber of stages, 
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This meaning that in the centre of the galaxies the entity which recently called as the Principal 
star of the galaxies, this entity in its centre have nothing but Principal matter magnetic fields, 
which their interaction leads to creation of strong gravitational fields. Where, this centre of 
Principal matter is covered by the transition fields as they are on their way to visible matter 
fields strength or what one observes as the dark environment around the central Principal 
matter region, hence the term black hole (Fig. 19) or Principal star, which this darkness region 
is only due to the balance transition between fields in motion and the fields which the rays are 
travelling through, 


In the center of a black hole in a galaxy there exist the principal visible Light 


Fig. 19 The Principal Light inside a black hole. 


The existence of the principle fields and matters in the centre of the universe with its strong 
gravitational fields is the reason as it seems that the Principal star is eating everything and 
absorbing everything this being rays or matters, where in fact it is the gravitational field 
forces of the Principal matter in the centre of this dark spot which are creating these large 
pulling fields. 


The size of the Principal star in the centre of the pulm is the combination of gravitational 
fields and Magnetic fields forces or the field’s strength of the Magravs of the Principal matter 
content of the Principal star 


Ina sense as the Principal star extracts more material from its environment in the universe, 
then a position is reached that the total Principal matter absorbed by the Principal star from 
the objects, the like of stars, planets, plasmas and so forth, a point of criticality is reached that 
the gravity of the Principal matter fields exceeds the Magnetic fields of the Principal matter 
and that these forces cannot sustain their balance, hence the Principal star has to release 
enough material and fields that it can reach equilibrium between its two fields, and that is the 
point where the principal stars release vast amount of fields and matters without actually 
causing the division of the universe (Fig. 20). 


Where, these massive fields and matters of massive principle fields released will disturb the 
equilibrium of the universe as they travel the spans of the universe and in case can lead to 
laxies and even stars and new mattes suddenly out of nowhere in the 
universe. These principal storms are very much like the sun storm one observes on the surface 
of the sun. In this process of rebalancing, it can observed in the universe, like as in galaxies 
that their Principal star has sodden volcanic eruptions in the rest of universal galaxies central 
principal stars as they absorb some of the principle matters and fields which they receive 


creation of new 
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through the universes principal field eruption and the Principal star spewing of the surplus 
maf and matters in to its surrounding environment. 


20 The absorption of matters and fields by principal stars of the universe or galaxies. 


The principal star of the galaxies as much as the same with the principal mafs and matters of 
the stars of the solar systems or their sun have observed this process in smaller scale, Where 
up to now man has not have had the tolls to observe that when the star of its solar system not 
only release the visible matters and releases huge amount of magnetic field into its 
heliosphere, but at the same time through and amongst these eruption of the Sun huge amount 
of principle fields and matters are released into the plasma of the solar system, which these 
have not be observed by the scientific world due to the lack of appropriate tools. 


The ejection of principal mafs and matters from the surface and right from the centre of the 
sun is an essential part of sustainability of the fields and matters within the solar system and 
essential part of the creation of new atoms and matters on the surface of the planets of the 
solar system. Where at the same time the solar systems as the whole on continues bases 
receives large amount of principal mafs and matters from principle star of its galaxy and 
principal stars disc in the pulm centre of the universe. 


It will observed that Principal star in the central disc of the universe even absorb principal 
light, in fact as light is an entity which possesses both gravity and Magnetic fields and its own 
mass, thus Principal star is extracting another object from its environment due to its stronger 
fields strength (2) is a normal occurrence. (Fig. 21) 


Where, the same has been assumed in the present science that black holes even absorb light, 
but the truth is that principle stars be it in the centre of the universe, or galaxies are created 
from the principle mafs, which are of the higher order of magnitude in mats strength and the 
mafs than of the light mafs in the matter mafs strength, Thus in fact it is normal for weaker 
field’s strength to be attracted by much larger and stronger mafs of Magravs of the principal 
stars in the centre of the universe or galaxies, 
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Principal Light in the center of the Principal star (black hole) 


Fig. 21 Principal Light in the centre of the universe 


But at the same time it is normal to see that the principal stars in the centre of the universe 
and galaxies spew stronger lights in the order of magnitude of principal mafs which are not 
visible to human eyes, where the light in the matter maf strength is visible to him, hence man 
see one way traffic and not the real truth about the world of creation of duality and 
equilibrium 


Thus in the universe it should be possible to observe points where the light lenses the 
Principal star if it is far enough that Magravs of the Principal star cannot overwhelm the 
Magravs of the light, but strong enough that Magravs of the light find their position in respect 
to the Magravs of the Principal star and creates their own Magravs positioning. As this can be 
observed in respect to the light and star of a system so as the star is made of mafs of principal 
maf and matters too and has the same effect of the lensing for the lights rays too. 


Lensing of the transition light when passing the principal mafs regions of the universe should 
be observed the same way in the future as one observes the lensing in the matter light mafs 
strength. Where even the lensing of principal light should be observable in the specific cases 
and some regions in the universe. 


‘The matter, Transition Matter, Principal stars, the dark spots on the surface of the sun all are 
created through the same concept and principle that when plasmatic magnetic fields of the 
any field or matter is equal to the plasmatic magnetic fields of its environment, then there are 
no collisions between the matters fields which can leave or release any surplus or residual 
magnetic fields in the light spectrum of the mafs strength or lead to creation of magnetic wave 
in the visible light balance of the human protein pmf strength or that specific mafs spectrum 
anywhere in the universe, Thus these areas in the universe, the galaxies and stars surface 
looks as creating not too much light or what is called to be looking as to be darker than the 
rest of their surrounding environment(1) 


Thus the assumption that even light cannot escape the gravitational fields of the Principal star 
is position and the lights itself Magravs strength dependent. 

In truth if and when the Principal matter magnetic fields over time are reduces in strength and 
they unwind and transfer their fields to their environment, which as these fields slowdown, 
they become transition matter energies and then transition matter and finally they slow 
enough that they reach the plasmatic magnetic fields of the mafs strength, which at this point 


they become energies observable and absorbable and tangible to human field touch and 
visible to it virtual magnetic fields sensors. 


It has to be said that there is a great misunderstanding in the operation of the fields and mats 
in the universe, this misunderstanding over time has reason due to the man’s concept of heat 
in the MATTER WORLD, WHICH THIS NEEDS SOME CORRECTION THAT CAN BE 
APPLICABLE IN THE UNIVERSE as whole (The full explanation of the magnetic fields, 
plasmatic magnetic fields, matter and mafs is explained in the reference 1). 


The universe will never run out of energy and get cold, the universe will not expand to 
nothingness, but universe will decay to smaller universes as universal gravitation will never 
disappears as long as there are two or more magnetic fields remain in the universe that they 
can interact and attract and repel each other that they can create gravitational and Magnetic 
field forces that the whole process can restart again. 


In the nuclear decay one does not observe temperature increases and one sees uniform 
temperature gradients across the newly divided plasmas and the temperature distribution will 
be constant, this is the same with division of mother universes to smaller universes. Thus the 
concept of universe was hot and as cooled down matters are created is fallacy and not in 
parallel with the rest of the universal laws and processes. 


This observation is parallel with the W-MAP, which has been planned out by present 
scientific world, where one does not observe huge heated areas and points in the universal 
map. Here the equal heat distributions parallel with the nuclear decay and heat balance in the 
divided components of electron and proton after their division and long term motion in their 
environment is observed. 


The individual heat spots observed across the universe, these points are due to newly arrived 
mafs and matter movements in that given region of the universe and they are temporally 
condition, 


The central heat line across the W-MAP is due to dynamism of the principal mafs and matter 
in the centre of the universe and this is due to concentration and dynamism of the mafs and 
matters and their reduction to transition energies within this region. 


The creation of gravity in the beginning of time of the universe(s) was and will be primarily 
due to the interaction of combination of different plasmas of mafs within the plasma of each 
universe which have arrived from the mother universe and as the magnetic fields interacted, 
they create gravitational fields and Magnetic fields of the new universe, which these in turn as 
there are made of many mafs strength, which have arrived in the new universe from the 
division of the old universe, then different gravitational fields and magnetic fields due to their 
interaction are created, this leading to creation of different galaxies and matters. Thus, the 
universe never been cooled but pmfs from one strength meets-up with another and leads to 
creation of central gravitational fields of the universe and these interactions in the future will 
lead to creation of specific new matters in that universe, which these matters existence and 
appearance are closely related to the gravitational fields which the pulm mafs and matters 
have stared and maintain during the life of that universe and will allow to be created and be 
held in that universe. Thus all universes do not contain the same matter and all their basic 
matter is not based on the plasma of the hydrogen as is in the man’s universe. 


The intemal and initial gravity created in the plasma of any universe is on the same principle 
as the one created in the plasma of proton and electrons mafs and matters and from the 
interaction of their mafs of matters, transition matters and their principal matters once they 
arrived from the decay and division of the neutron. Thus the gravity of the universe is 
established from the interaction of different mafs and matters strength once the mother 
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universe is divided and they are created in respect and relation to the original Magravs of the 
mother universe as these fields are separated from their mother universe into two or more 
universes like the one visible to the man. Therefore it can be said that man’s universe is part 
of the multiples of universes which all have been created from one mother universe, which 
this present visible universe to man is a fraction and part of operation of bigger and more 
active universal order of the Grand universe. 


In reality one can say that this universe is nothing but like an electron in the structure of a 
uranium atom which this atom is part of a large mass of a large block of uranium atoms. 


This visible universe is part of a total universe and man’s universe which looks so large to 
him is only due to his lack of understanding of the real terms of the world of creation and 
existence and is dependent up on his openness and understanding of levels of his own 
existence. 


The principal concept of creation of the principal matter and transition matter strength from 
mafs and matters in matter mafs strength can be achieved through the process of fusion of 
mafs, when these mafs and matters of lower order strength enter into the principal star region 
of the universe and their fields become and are squashed and tightened in intensity of the 
fields within the mafs and Magravs of the principal star that the entered fields into the 
Magravs catchment’s of the principal star merge different field strength magnetic rays and 
fuse these rays that they become and reach mafs equal to the strength and density of the 
principal maf’ and matter strength. 


Thus Principal stars are, where the process of fusion of mafs and matters occurs to 
amalgamate and increasing the mafs strength of loose and incoming lights and matters from 
weaker strength mafs is set to take place. This is to say that Principal stars of different size 
and intensity in galaxies of the universe are the places where the principal mafs and matter are 
cooked up and separated and processed and manipulated into their given strength and then 
through conditions become to be known the like of quasars these new recycled stronger fields 
are released into their given environment, leading these principal mafs and matter to become 
the centre point for the creation of the stars and planets in their galaxies and as some become 
to be in the centre of the plasma of proton and electrons and so forth. 


Where, at the same time the Principal stars are the points in the universe that by and due to 
their high gravitational fields of their environment, this is the place in the universe, up on 
entry of different mafs and matters, these matters strength can be increased to higher level 
magnetic fields strength. Thus the Principal star are the points in the universe where the mafs 
and matters can increase their strength to transition matter levels or to the principal matter 
magnetic fields strength and where the transition mafs matters fields can be increased to the 
principal matter field’s strength 


In the centre of the stars as the same as the in the centre of galaxy and universes, where the 
fusion process of fields and matters are considered to take place and heat to be generated due 
to fast movement of the pmfs. In reality in movement of the stronger and weaker mafs and 
reduction in strength of the mafs, which these changes disturbs the plasmatic magnetic fields 
of the Magravs of plasma of the components of atom, this be it the plasma of electron and 
plasma of proton in principal matter, transition matter or matter strength, this leads to release 
of mafs fragments, which these can manifest themselves as heat or radiation in their given 
environment mafs strength. This movement of plasmatic magnetic fields leads to weakening 
of the magnetosphere of plasma of the all atoms, this be it plasma of principal, transition or 
matter atoms, hence this weakening allowing the process of entry and amalgamations or 
fusion of different plasmatic fields into another magnetosphere of any other plasma or an 
atom or increase and amalgamation of lose mafs of different strength within the environment 
of a principal star. 


By creating and using the higher strength mafs than the gravitational and magnetic fields 
strength any entity this be it atom or rays, one can create conditions, where one can cause 
fusion of atoms, plasmas and rays without creating heat and any need for accelerating 
particles and in colliding them to create fusion as has become the tradition in the present 
plasma of matter fusion technology on earth in the recent times. 


If the full concept of fusion in matter level is to be achieved in much easier way, then it will 
more appropriate to separate the different components of the plasma’s mafs and matters, 
amalgamate the same together and then allow the re-amalgamation of different maf’ strength 
to take place. This is how fusion of field’s and matters are attained the span of the universe 


In the universe the principal mafs and matters are the sources of the energy and supplier of the 
pmfs of the universe, thus when the plasma of principal mafs or matters interacts or collides 
with the lower strength mafs in order of magnitude of any matter then mafs and magnetic 
field content of matter becomes part of the principal matter spectrum and their content is 
added to the mafs of the plasma of principal matter. 


Hence the current fallacy that when matter and principal matter interact nothing is left of the 
two, except some release of magnetic fields or energies, this is hypocrisy and man lack 
understanding of its own world and the world of the creation. This is like saying that if earth 
gets attracted and absorbed into the Sun of the solar system as a lot do on frequent bases in 
the universe, then there will be nothing left of the Sun. 


The principal mafs and matters are the source and stars of the universe and by order of 
magnitude and strength and the mass the principal matters and stars mafs are by far stronger 
and possess denser fields than their by-products the transition matter and matter fields 
strength which are created and released originally by the principal mafs and matters itself to 
begin with (1) which has led to creation of the planets and stars. Then how can the weaker 
and insignificant part in matter strength level destroy the larger entity? 


Thus nothing happens when matter entity comes to contact with principal matter (antimatter 
as is known at the present time) entity. There will be only principal matters left with addition 
into it the content of matters mafs and matters, which have collided with it. 


Thus the physical structure of the plasma of principal stars in the universe is as follows the 
principal mafs and matters in the centre, transition mafs and matters and the then mafs and 
matters in the matter mafs strength. 


This entity what man calls the universe follows the rest of the universe orders of linking the 
magnetic fields polarities of north and south poles together as has been observed in the man’s 
planet. This universe is near spherical in shape in general and dynamic and rotational 
anticlockwise in direction of motion. But the principal star can pull into itself due to its strong 
Magravs and gravitational field’s matters as well as matters to itself from its content plasma 
as well as from the unicos of it outside environment, where in the process it can separate their 
sub-Matters for these to be added to its principal matter too. 


Looked from outside this universe surly will possess rings as planet Satumn’s does, as this 
universe has the same construction as the gaseous planets, but; with the difference that its 
rings will be colourful and much more dynamic than Saturn’s rings. 


In universe(s) principal stars can be found which have anticlockwise motion and some, which 
have vertical rotation and may be some, which have combination of both clockwise and 


53 


vertical rotation too. These motions are primarily matter and fields’ strength and position 
dependent as has been seen in the man’s solar system (1, 2). 


In the principal mafs state of matter all matter more operate in the gans state of matter than 
the gas or plasma of the matter, where with the gans of the matter the mafs of the environment 
decided the appearance of the element in a given condition and in all cases tangibility of 
matter is the consequence outcome of these conditions. 


Hence all matters in the universe are not matter atoms, but gans of matters, as gans of matter 
can take all lattice structural combination of elements, where for the matter of same element 
to converse from one lattice structure to another high temperatures and pressures are needed. 
Where, in the universe majority and nearly all conversion of lattice are done through gans of 
the matter and not atom of the matter. 


To achieve the gans state of matter the environment of the atom of the gas needs low and 
continues flow of mafs in transition for the atom of the gas to be converted and its Magravs 
changes from magnetosphere of a gas to a magnetosphere of tangible matter of the gans (4) 
state of matter, and in fact this happens when the gravitational field of the gas is made more 
powerfull than the Magnetic field of the gas and hence the plasma of the gas gravity contracts 
or tightens and hence the gas changes from gas to gans and becomes what is called solid nano 
state of matter in the atmospheric condition. 


Multi-layering of mafs and matters increases and exacerbates the initial magnetic fields 
strength of the matters and the fields they can create. This causing an increase in the strength 
of the Margraves of these objects and even Magravs strength can be further increased if the 
mafs and matters are in gans state of matter or in combination of different mafs strength in 
different layers. 


Ganses as gases once reach the state of certain structural lattice as in the gases on the earth 
atmospheric pressures, these ganses change their characteristics and take the properties of 
non-dimensional plasma or they become what is known as odder or what can be detected of 
their existence in their environment. This principle applies the same to the gans of the matter 
too, that the ganses of all elements have odder and hence the universe outside the earth 
atmosphere has an specific odder of its own, which in fact each galaxy has the same 
properties and different odder and each universe has its own odder primarily due to the 
structures of the gans(s) of the elements they create or they can hold on to, and the same 
element does not have the same odder in all comers of the universe. As odder is the mafs 
strength dimension dependent the gans of smelling entity mafs combination and/or of the 
gans’s mafs strength itself, 


At the birth of the universe there has never been and in the future there will never been 
creation of heat, as in the same process of decay and division of neutron in to plasma of 
proton and electron. Thus the theory which has been created and been followed in the world 
of cosmology that universe at the beginning was hot and then as it cooled down and gravity 
took hold and then matters are created are false, The hot universe and cooling and production 
matter through cooling, this is an understanding of creation of matter and based on the matter 
world condition structure is base of old centuries and understanding of matter from cooling of 
gases and liquid into solids. 


The heat distribution of the universe is the same as the heat distribution in the plasma of the 
proton after the division from the neutron. This balance distribution of the heat has been 
observed and recorded by the W-map. This pattern of no heat and creation of gravity due to 
interaction of pmf fields in the universe leading to creation galaxies and stars are the normal 
process. Where in the universe matters operate through mafs and their environmental mafs 
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and no other factors. This being the reason why one can observe matter in all comers of 
universe independent of temperatures and pressures which prevail in that part of the universe. 


Matters in the universe are brought to the state of conductivity and connection through their 
Magravs and not heat and pressure and that is the reason why life exists in all dimensions and 
structures and intelligence in all comers of universe and life is not the exclusivity of water 
and oxygen based entities and environments the like the earth and its citizens. 


The present concept that the production of iron atoms are the limits of fusion in the universe 
and the point where the fusion of matters leading to production of iron and absorption of all 
energies of the star this leading to collapse of the star and that the star go through the final 
cycle of life as an active star, this again shows the man’s lack understanding of the full 
science of creation and motion of mafs and maters in the universe. 


In fact due to presence of principal matter in the centre of stars, the process of fusion will go 
on and all heavy elements are produced through the process of fusion in the centre of the star 
and not as has been assumed when the process of red dwarf and white dwarf are initiated 


Stars produce the heavier elements in a rapid process when the Principal mafs of the star 
releases part of its pmf, facilitating and making available pmf necessary for the fusion of the 
matters to heavier elements. All heavy matters in the universe are created in the fusion centres 
of the stars and most of very heavy material like uranium and heavier principal mafs are 
created in the principal star regions of the universe. 


The point to realise and which has been overlooked is that most of the universal objects like 
stars and planets, and principal stars they all carry in their centre a large amount of nano 
materials in all mafs and matter forms and it is correct to understand that in these areas there 
is a large amount of gans of matters too. The reason for the existence of these nano matters in 
the form of individual or specially in the form of layers and sheets in the layer boundaries or 
interfaces of one or different state of maf’ or matters, the existence of gans and nano maf and 
matters in these large objects leads to creation and production and enhancement of 
gravitational, and Magnetic fields of the these entities through the principle of interaction of 
dynamic motion of mafs and matters with magnetic matter or matter of these objects. As this 
interaction are the main source of increase in mafs and their effects in all matters 
accelerations in the universe and scientific world by large has not understood this concept 
full, as if they would have understood this, they would have understood that there are no 
limitation within the structure of the planets and stars for them to create conditions that 
through fusion all elements in the universe can be produced within their sanctum during their 
cycle of existence, and not when they are at the their latter stages of their cycle of existence. 


In the centre of planets and stars always through interaction of plasmas and their capability to 
unwind and open up and release all their components of mafs and matters, then it is possible 
for the centre of planet to reach a point that they can release the content of the plasma of their 
‘gas, gans and matters that this leads to release of the principal matter of the plasma, that this 
high strength mafs through rapid reduction in strength can lead to rapid creation of new atoms 
and due to its localised strong Magravs in the centre of stars and even planet, this allowing the 
production and help with the fusion of large number of plasmas of proton and electrons 
separately, that further on by interaction of large quantities of these plasmas this can lead to 
production of any element in the centre of the planet or a star. This be it the atom of uranium 
or copper or even fusion hydrogen to produce helium. 


Fusion is not action, which is exclusivity of the centre of stars or universes. Fusion can take 
place in simple environment of universe, where there are no confinement matters like the core 
of the earth or where there are no high temperature regions the like of the centre of stars. 
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Fusion of elements can and do take place in the open spans of the universe, when the right 
mafs strength environment are created without even existence of no tangible matter. 


‘Thus the creation of iron in the centre of stars being its doomsday has no meaning, and has no 
truth in the realities of world of production of matter in the universe, the reality is that if the 
centre of the star cannot create new heavier matters than iron during its working concentrated 
fields how can it do so when most of its matter are in process of disintegrating and diffusing 
the environment of the star. Thus this is another fallacy about the doomsday of star and 
creation of iron atoms in the centre of the stars. 


In the process of the movement of pmf one has to understand that the interaction of magnetic 
fields and the repulsion of the similar magnetic field poles of the pmf of matters of the 
universe leads to creation of the repulsion forces of the universe, thus leading to its so called 
separation of its matters and what is called the expansion of the universe. 


While the interaction of opposite polarities of the same magnetic fields leads to creation of the 
gravitational field forces of the universe and universe cannot exceed its magnetospheric 
teraction size, where this is the maximum fields balance between the gravitational and 
Magnetic fields of the universe, and at the same time the mass of universe will remain the 
same as the mass is the balance fields between the gravitational fields and Magnetic field 
strength of the universe. 


Thus the mass and the content mafs and matters of the universe are set to be the same at the 
beginning of its creation less what pmf are transferred to it surrounding universe(s) during its 
life for this universe to keep its distance and Magravs positioning in respect its contents and 
respect to others universes in the grater universal scale of existence in the unicos. 


When, the pmf of matters transferred by this universe to it neighbouring universes is more 
than what this universe needs to sustain its existence, then this universe cannot hold its 
present universal magnetosphere and gravitational balance, once this balance is disturbed then 
universe like its previous universe(s) will go through division to find its new balance and 
leads to creation of new universe(s). 


Thus, the concept that this universe will expand to point of running out of energy and go 
through crunch and/or dies as a cold entity or go through the contraction and go through a 
singularity point again, these are nothing but fallacy of the misunderstood and short-slightness 
of a few to realities of the operation of the universe and not in line with real world of 
existence as has been observed in the universe, and why in truth the creation of this universe 
should and division, but never ending process of the cycle life of this universe of its matters 
and fields be any different than the rest of universal methods of creation of fields and matters 
their birth, fusion and decay. 

Therefore the limit of the expansion of the universe is dictated by the total Magravs strength 
of this universe itself and at the same time the space which is accommodate by and for this 
universe by the mother universe and the space given to this universe to expand into and the 
expansion of the universe observed presently is not dependent on no other factors. 


It is possible some times in the future this universe itself will merger and fuses with another 
universe and make a larger in mass universal unit too as much as it can divided into two or 
more universes. 


It has been considered that the noise which has been detected by scientist in the 1960's, that 
this noise goes back to origin of the universe, when this universe was made, this has no truth 
as the noise which is constantly can be detected from the cosmos is the constant noise of 
teractions of pmf of mafs of different matters and mafs in the universe and these are created 
continuously and constantly. 
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Thus is the same as when mafs of different field in the universe interact and create visible 
light, thus the noise from the universe shows that it active and living universe as different 
parts of it interact with each other, as one can hear the noise from the Sun in the solar system 
when it matters and field interact with each other. 


In fact if there were any noise left from the time of the creation of the universe, by now it 
would have escaped from this universe through its magnetosphere into the mother universe, 
the way strong radiation pointed upward from the earth escapes from earth atmosphere. 


In the universal levels, the energy is defined by the term, that when the pmf are moving from 
‘one point in the universe to another, and as they transfer or they carry pmf of the principal 
matter for it to be slowed down to matter levels, hence this transportation of pmf of the 
principal matter to slowdown to matter level strength, this is called the energy of the universe 
or what commonly called the Transition energy (dark energy) of the universe. 


The universal energy is the one which the pmf in motion is carrying that is balanced in maf 
strength with the environment in which they are travelling through which due to their balance 
field strength the two field create near to no resistance to each other that this condition creates 
near no interaction with pmf of its environment that leads to release of pmf that become 
visible, thus the pmf of the universe travels in the soup of its own field and hence less losses 
and hence the lack interaction, which this condition of travel does not create collision and 
hence no residual release of mats of any significant and hence not much of the visibility of the 
travel of the mafs of the universe, but this transition energy is translucence and as one can see 
through it so much so that one can see through it stars billions of kilometres away as their 
light travels in the balance Transition energy of the universe. 


This concept of travel of pmf or Transition energy in the transitions matter is explained in the 
book “The structure of the Light” (2). 


The universal energy does not need to cool to create matter, to reach matter maf’s pmf strength 
level, but the energy reduces in strength to pmf strength of the matter that matter can be 
formed, this being the reason why there is a homogeneous heat distribution is observation of 
the W-MAP as heat is not created during the early seconds of the creation of the universe. 
Thus the cooling phenomenon of the universe is a fallacy. 


The reality of the operation of the universal system is that the universe is made of pmf which 
their mafs and matters in motion become energies and that is where the cosmologist says that 
at the point of birth the universe there was only energy and as it is known now energy is 
defined (1, 2) is nothing but magnetic fields or plasmatic magnetic fields in motion 


At the present some consider that there are more Transition energy than transition matters, 


mafs and matters are unwinding much faster and in a rapid manner, which if th 
to be achieved in the universe, then this means that the losses are more than expected and this 
can indicate that universe is losing too much too fast and this can be an indication that the 


universe is getting ready for a further division into two or more universes. 


At the same time it is possible as the universe was created from the splitting of the mother 
universe, then the separation of the pmf of that neutron universe due to separation of its mats 
and matters have released some pmf, which might have created some localised heating in 
some parts at the point separation and division of the neutron mother universe, which this 
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diode and increase of capacitance due to the stage ca- 
pacitors. 


2.3, Seven Stage Voltage Multiplier 


‘The seven stage voltage multiplier circuit design imple- 
mented in this paper is shown in Figure 6. Starting on 
the left side, there is a RF signal source for the circuit 
followed by the first stage of the voltage multiplier cit- 
cuit, Each stage is stacked onto the previous stage as 
shown in the Figure 6, Stacking was done from left to 
right for simplicity instead of conventional stacking from 
bottom to top, 

‘The circuit uses eight zero bias Schottky surface-mount 
Agilent HSMS-285X series, HSMS-2850 diodes. The 
special features of these diode is that, it provides a low 
forward voltage, low substrate leakage and uses the non- 
symmetric properties of a diode that allows unidiree- 
tional flow of current under ideal conditions. The diodes 
are fixed and are not subject of optimization or tuning. 
This type of multiplier produces a DC voltage which 
depends on the incident RF voltage. Input to the circuit is 
a predefined RF source. The voltage conversion can be 
effective only if the input voltage is higher than the 
Schottky forward voltage 

‘The other components associated with the circuit are 
the stage capacitors. The chosen capacitors for this cir- 
cuit are of through-hole type, which make it easier to 
‘modify for optimization, where in [8] the optimization 
‘was accomplished at the input impedance of the CMOS 
chip for a three stage voltage multiplier. The circuit de- 
sign in this paper uses a capacitor across the load to store 
and provide DC leveling of the output voltage and its 
value only affects the speed of the transient response 
Without a capacitor across the load, the output is not a 
good DC signal, but more of an offset AC signal. 

In addition to the above, an equivalent load resistor is 
connected at the final node. The output voltage across the 
load decreases during the negative half eycle of the AC 
input signal, The voltage decreases is inversely propor- 
tional to the product of resistance and capacitance across 
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the load, Without the load resistor on the cireuit, the 
voltage would be hold indefinitely on the capacitor and 
look like a DC signal, assuming ideal components. In the 
design, the individual components of the stages need not 
to be rated to withstand the entire output voltage. Each 
component only needs to be concerned with the relative 
voltage differences directly across its own terminals and 
of the components immediately adjacent to it. In this type 
of citeuitry, the circuit does not change the output volt- 
age but increases the possible output current by a factor 
of two. The number of stages in the system is directly 
proportional to the amount of voltage obtained and has 
the greatest effect on the output voltage as explained in 
the Equation (7) and shown in Figure 5. 


3. Simulation and Implementation 


Multisim software was chosen for modeling and simula- 
tion which is a circuit simulation tool by Texas Instru- 
ments. The simulation and practical implementation were 
carried out with fixed RF at 945 MHz + 100 MHz, which 
are close to the down link center radio frequency (947.5 
MHz) of the GSM-900 transmitter. The voltages ob- 
tained at the final node Voc of the multiplier circuit were 
recorded for various input power levels from —40 dBm - 
+5 dBm with power level interval (spacing) of 5 dBm. 

‘The simulations were also carried out using same stage 
capacitance value (3.3 nF?) and then with a varied capaci- 
tance value for all stages from 4 stages through 9 stages 
[9]. The capacitance value was varied in such a way that, 
from one stage to the next, it was halved, For example, if 
the first stage was 3.3 nF, the second stage was 1.65 nF, 
third stage was 825 pF, fourth stage was 415 pF and so 
on, But keeping in view of testing, the capacitance values 
were chosen to have a close match with the standard 
available values in the market. 

Simulation was carried out through 4 to 9 voltage 
doubler stages. Based on results obtained a 7 stage doub- 
ler is best to implemented for this application. 

‘The design of the printed circuit board (PCB) was car- 
ried out using DipTrace software. The material used to 
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Figure 6, Schematic of 7 stage voltage multiplier. 
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separation leading to creation of hot spots or small heating of the new universe in sporadic 
positions and conditions within the plasma of the universe. 


The plasmatic magnetic fields strength that are released from the Principal matter to matter 
levels and during their process of the strength level reduction from principal matter to matter 
level, what is known as the Transition energy, as the plasmatic fields need space and matter in 
the universe to release and lose some of their strength to their environment to reach the 
plasmatic magnetic matter mafs strength level, which is maf in motion from one level to 
another strength level is known as the Transition energy or universal energy or what is called 
the universal energy in motion. 


The speed of travel in the universe has only relation in respect to its maf and matter strength 
environment, hence one can travel at the speed of light of environment strength in any maf 
strength, this meaning that in the matter environment on can go faster than the speed of the 
light if one travels with the Magravs of the plasmatic magnetic field strength of the transition 
matter or Principal matter plasmatic strength level. 


Therefore one can only travel with a faster speed than speed of light in matter environment 
only if one has the capability to create and/or captures Principal matter or transition matter 
plasmatic magnetic field strength in a Margrave positioning reactors (1), 


Hence the limitation of the speed of travel limited to speed of the light in matter environment 
is applicable if one use matter and mater mafs for transportation otherwise there are no speed 
limitation in this environment as one can travel faster than the speed of the light in matter 
environment when using principal mafs strength in the cores of the Magravs systems, where 
the speed of the light in principal matter environment is millions of times faster than the speed 
of light in the matter environment. 


‘One has the ability to travel any speed in the universe and with any maf and matter plasmatic 
fields strength in but there are hazards to consider prior to taking such a travel. 


The theory, that the speed of the light to be the ultimate speed of travel is only applicable in 
the matter environment using matter plasmatic magnetic field strength and it is not true if 
using stronger mafs strength, thus one can travel the spans of the universe by using higher 
order mafs with speeds millions of times faster than the speed of light in matter maf strength 
like on the surface of the earth. 


The body of the man will not feel any difference and will behave as one is in the jetliners of 
the last centuries as the pmf of the mafs of the human body cells contains within their 
structure mafs of principal matter, then the man will not feel that much difference travelling 
with speed of light or thousands of times faster than speed of the light in the universe. 


It has to be noted that as in the matter and mafs universe and environment, in the principal 
mafs and transition matter environment, these environment possess their own shock waves 
and speeds of sound and as said before even smells and odour of themselves, which these are 
different than the ones in the matter universe. One can smell the Principal matter and hear the 
noise of the transition matter interactions, once one is trained and developed the senses for the 
observation of the transition matters and principal matter which are part of the structure of 
every living thing as these matters and mafs are part of the structure of the plasma of every 
proton and electron in the matter environment of the universe. 


‘Once understanding the structure of the universe, it can be conclude that universe will never 
end, there are no singularities and no cold ends to it and no crunch, and only for ever the 
universe(s) will divide in plasmatic magnetic fields strength and from one mafs to another and 
then in fusing together they repeat the same process, and as the universal structure never can 
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lose any of its fields through by its natural laws of conservation in physics, then only matters 
and matters converts from one matter or mafs to another form of maf or matters and order of 
preservation of fields and matters is obeyed even in the bigger universal order as has been in 
the matter world as has been studied in details over centuries. Thus preservation of energy 
and conversion from one form to another is the essence of creation in every levels of the 
bigger universe too. 


In the matter universe for example smell is only diamond structure of the or SP3 structure of 
the same atom in the gas state, thus in the principal matter environment the principal matter 
possesses and have different states of matter like the gas, liquid and solid state of Principal 
matter too. 


‘The same there are molecules and atoms and plasma of the Principal matter too, therefore 
principal matter have smells and odours and they frieze and they boil and they create clouds 
and become all thing as one has observed in the matter environment of the universe too. 


Then one can ask the questions that are the cold and warmth the same as the matter universe 
as in the principal matter universe. And the answer to this is most certainly is yes, with the 
difference that the temperatures are beyond the levels of man’s understanding as the strength 
levels of plasmatic magnetic field in these environments are off the scale of comprehension of 
the human at the present time. 


Then the point arises that are there lives in the Principal matter and transition matter scale of 
plasmatic magnetic field strength of the environments of the universes, and the answer to this 
most certainly yes, as the same structure of interaction and creation of cells and life exists 
the these environments in the universe as are these conditions available and possible in the 
matter environment in the larger scale of the working of the greater the universes. 


The matter made available to the matter universe by the down levelling of the plasmatic 
magnetic fields strength from the Principal matter levels is what allows the creation of the 
matter, where these new matters have to find physical Magravs positioning in respect to each 
other, this need for new positioning in cases can lead to movement of the matter and increase 
spacing of matters in respect to each other, hence this new increase in the spacing looks as 
the universe is expanding. Thus the increase in the spacing or expansion is limited as the 
matters and the rate of conversion from the principal mafs to matter has a limit and hence the 
universe cannot explode and only thing which can happen to the universe, is that as the 
Margrave of the universe is reached a point that cannot be sustained in its present mafs levels 
needed for the creation and sustaining its Magravs level, then the universe in a gentle way 
divides to guaranty its overall survival in two parts, rather than losing everything in the 
mother universe to other universes all together. 


The universal Magnetic fields within the transition matter is the force which pushes the 
universe apart and the gravitational fields within the transition matter is what brings the 
matters of the universe together and is the glue of the universe. Where both these forces are 
created by the principal mafs and matters field’s interactions of the universe and the transition 
matter is the medium which they use without interfering with to a large extend for these 
forces to keep the universe in its dynamic condition. 


If the rate of the conversion of the principal mafs reaches to the point that there are more 
energies in transition mafs strength levels that the rate of conversion cannot lead to creation of 
matter mafs of magnetic fields strength, then the transitions energies fields interact and this 
will lead to creation transition matter, which this condition is abnormal and this ultimately in 
some cases can lead to creation unbalanced Magnetic fields and gravitational fields within the 
universe, and this is the trigger point for sudden expansion of the universal magnetosphere in 
certain point and as this cannot be sustained, then the universe goes through division and the 
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universe and creation of two or more fragment of this universe are the consequences of such 
condition. 


It has to be clearly understood that the neutron division to electron and proton, usually is 
caused due to sudden expansion of the neutron magnetosphere, which is caused through the 
same process of the rapid change of the principal mafs to transition energy, which this leads 
to temporarily creation of transition matter that this creates a new magnetosphere condition 
which cannot be sustained, hence the neutron goes through the process of division to electron 
and proton too. 


‘As the pmf of the transition energy slows and reduces in strength once reaching the 
boundaries of the universe as it happens in the planetary upper atmosphere and solar systems 
heliosphere, in the same way and by the same principle these transition mafs will rain inwards 
into the interior of the universe, where they started their lives from and at the edge of the 
universe boundary the same as cloudy earth in its upper levels will have showers of matters in 
the form of small plasmatic matters and mafs and this looks as universe is raining inward 
Thus once one look at the boundary of the universe one will see cloudy or a hazy shell, in fact 
this haziness it is nothing but the weak mafs and matters which are lingering around as clouds 
do or dust particles do in the planter systems upper atmosphere. 


The same cloud systems do exist in the solar systems heliosphere too, where this zone where 
most of meteoroids and asteroids of the solar systems find their seeds and receive their regular 
matters and mafs from. 


It has to be said that once man learns to cross the boundaries of the heliosphere of the solar 
system, the travellers of the crafts as is done when man leave for the travel to the moon at the 
present time, these crafts as they enter the heliosphere of the solar system they will encounter 
the same misty cloudy space at the edges of the solar system too and still they have to deal 
with solar heliosphere re-entry and cloud dusts and so forth as one encounters in the re-entry 
into the earth atmosphere. 


On the edges of this universe one will see weak pmf of matter and transition matter and 
transition energy plasmas and even one will observe the entry of other mafs and maters and 
plasmas in all mafs strengths and entry of universal meteoroid from other universes and 
unicos, as one sees meteoroid and radiation entries into the earth atmosphere from the solar 
system and cosmos. There are universal lightings and universal meteoroid too, in fact if the 
W-map observers look for this they will see another storm and lightings as these vast energies 
and large matter enters this universe at the edges of the universe, but they simply have 
registered these as hot spots in this map’s outer boundaries. 


The existence of these short lived hot spots will show that they are dynamic, live a short life 
and their energy is fast moving, as it happens when one has meteoroids entering into the earth 
atmosphere. 


In reality the existence of these hot spots on the edges of the W-map should give a clear 
indication to the man the existence of other universes and the greater universe as earth is part 
of a solar system and a galaxy, the same is with this visible universe of the man, and all one 
sees in this universe as the same is repeated in the greater universe too. 


One of the fundamental principal concepts of the universal energy is what the scientific world 


of today to a large extent has not understood fully and has up to now ignored this fundamental 


principle of the pmf magni 
specially the universal energy. 


tation using the pmf of the mafs and matter and energies and 
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If the scientific world understand how universe uses its dynamism and its inner content 
dynamic universal energies layering to magnify its power in its operation of this universe, 
then men of wisdom will come to realise that one does not need principal matter that much 
and in truth any matter so much all to operate this vast universe and transfer energy to all its 
far distance corners. 


The world of science of today has been by large ignorant to this fact and has not managed to 
understand the magnetic layering and dynamic universal energy principle and in turn this has 
put man in disadvantage in comparison to the technological advance with other travellers of 
the universe. 


Man of wisdom should look within to see the creation of their own being, then they will come 
to understand how small amount of matters and mafs and magnetic fields has been creating 
conduction and energy transfer in their own structure without utilising or using very little 
mafs or matters, then they find the power of creation and its application and manipulation for 
untold usages. 


Then they will realise that one does not need wormholes and all that fancy words to travel 
within the universe with the speed of their own creator. This shall and will remain the mystery 
of existence upon the time when man learns not to trespass the boundary of others and he 
learns the existence of balance and true peace within himself and its people and it’s 
surrounding, 


One should understand the concept of multiple principal stars operation in one galaxies system 
and the role they play to create disc like or spiral galaxies. The operation of visible and 
invisible principal stars in the universe will play the same role as the twined solar systems and 
twin galaxies, where in this cases the twined principal matter centres are and have the 
capability to discharging different pmf strength according to their anti-martial gravitational 
pull and the measure of the mafs that they might release to control their field of domain. The 
multi- principal matter centres are and can be used in the space travel in a fascinating way, 
where once creates multiple jumping steps, with differential and opposite dynamic direction of 
motion of these Matters. The speed and protection created from and through these 
manipulations will give the man the chance to travel the length of galaxies and universes in the 
minutes, but one has to be aware of the destruction power of these technologies as there will 
nothing left but pmf of the creatures travels of these universal craft if things goes wrong at 
these mafs levels, 


It should be noted that the shapes of the galaxies and their physical appearances, should teach 
one the power of the effect of the other matters and entities around them as they will allow and 
pull an push these objects toward or away from one point or other and hence allowing the 
appearance and the physical visible structure of these celestial bodies to obey and have a given 
shape, this is important in the understanding that one has not to look at an entity but look at the 
surrounding area of the entity to understand the limitation of the operation and the shape of the 
matter and mafs internally and externally as it is allowed by the environment of the entity for it 
to exist within a given point and time of a system, this being a planet, solar system, galaxies or 
universal entity. 


The uniformity of the pmf within the plasma of a proton, an atom or a universe these all show 
the equilibrium and balance condition between all the participating magnetic fields forces 
which have been designated to the entity at the point of its inception and creation. Thus, if one 


sees a fast moving object the like of the Plasma of an electron in an atom or in a larger part the 
universe, then this does not mean that the universe is expanding and it will be chaos internally 
in these entities. Thus the fast movement of the internal matters and mafs of the universe does 
not mean that the universe is expanding, on the other hand this means that the universe is 
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internally controlling its mafs as repositioning to guaranty its existence as an entity and at the 
same time the universe is holding its position or what is called universal Magravs positioning 
in respect to other universes in the unicos. 


Thus this universe will have matters and mafs which will be moving away in one position but 
at the same time other fields in the universe will be moving in the opposite way to, but it has to 
be said that the conversion of mafs to matters creates a visible expansion, but overall 
gravitational field forces of the universe cannot be changed and the universal order of 
preservation of fields will be maintained, does not matter what is converted to what fields and 
matters and the internal universal gravitational fields strength will be maintained and 
preserved. 


The universe has laws and conditions and has primary atoms and particles, at the present man 
has managed to understand the structure of atom and plasma of proton and other particles and 
through this understanding and his vision of his universe thinks that the atom of the hydrogen 
is the simplest structure as he can see and understand, in time this will become apparent not to 
be the same for all creature of the universes, but up on and until then man has to learn that the 
fundamental particles and unifying fields and the fundamental fields of universe are the simple 
magnetic fields of the universe and the whole operation of the universe is based up on their 
interaction and operation. 


But at the same time man has to learn that all created entities 


n the grater universe have 
achieved a common method of communication or what is known as the universal fields 
communication, all created being which have managed to influence their environment and 
have managed to interact with other intelligent being individually or as unified groups and 
have managed to accept one universal communication language that is acceptable to all, this 
language is known as the universes language and is bases on the strength of the pmf of the 
different strength and not based on the voice or sound or physical alphabets and shapes 


The man will have to lea this language and will be able to communicate with the other 
intelligent created entities in the universe once man lear to find peace within himself and 
reaches the understanding that they cannot trespass and cannot create division in the universe 
as they have been accustom to on earth to get their way and in achieving and attaining physical 
possessions and that in the universe martial possession are nothing but the lack of man’s 
understanding of his position and short slightness of use of his intelligence. 


The universal language is transparent and clear language and works on the pmf waves strength 
and has standard forms and accepted levels for communication depending upon the creatures 
of different environments which creatures are initiated from. 


Where, one should understand that not all created intelligent beings in the universe need or 
needed the physical planetary structure as human do for their existence for them to be created 
orto survive. 


Life is created in the universe in and within the fields of the universe and it does not 
necessarily need physical tangible, food and land for it to exist and collaborate and operate 
with others in the universe. 


Whereas, and as long as the Man tries to contact others through pictures and voices using the 
present technological advancement, man will find in general he will have a long time to wait 
for the response, as the other created intelligent beings of the universe have been and are and 
will be visitors to man’s home from the time of its creation and to its demise, but the universal 
language will be established and communications will be opened when man learns that he does 
not need to take more than he needs to and at the same time man does not need to create 
division to get what he desires and cause conflict 


The cause of isolations of the man from the universal community has been his lack of 
understanding that 
they can and do understand and communicated at pmf fields levels, thus the thoughts of the 


the universal language the other creature do not need to use words but 


man which is pmf based in his operation in the brain of the man, these pmf are detected and 
are like visible light to these creatures and as what is said they can see and understand the real 
intentions of the man’s deeds without man uttering a single word. 


Thus man isolation from the universal community has been in forced up on it out of protection 
of the universal peace, rather than man’s inability to find the other creatures to communicate 
with, 


The Universe in general is a peaceful place and wars and conflict has been things of the past 
and a long-long time 
then man will learn the universal language and then man will be allowed to learn more and 
join the universal community of B 
appearance to the eye of the man 


n the past, hence once the man learns the advantage of peaceful living, 


ings, irrespective of these being physical or field 


One does not need eye to see but the intelligence to understand, and then the real sight is the 
real will of the observer of the beauty of the creation in all levels of universes. 


In the material world for example the neutron always divides into balancing masses that the 
overall gravitational positioning of two new masses can guaranty the existence and 
continuation of the life of the neutron in the same material world. This applies to the universe 
too, that universe will divide in mass and as in the neutron the lighter mass will have to follow 
the graters mass fields forces Magravs motion and hence the universe of the 
be more agile than the heavier mass. Whereas, the smaller mass universe will be and has to 


maller mass will 


follow the internal motion of its own mafs and matters and at the same time the overall 
Magravs of the smaller universe has to find its position in respect to overall Magravs of the 
larger universe and the overall dynamic motion of the mafs and matters which the bigger 


universe creates. 


Thus, the smaller universe can be in a snapshot or in the case of man life time over a million 
years, this universe be looking as it is stationary in its internal space, but in fact this universe is 
following another larger universe at very high speeds itself to keep its position and at the same 
time the universal centrifugal force of motion allowing the universe to hold on to its content of 


its own mafs and matters. 


All universes the like of the galaxies and solar systems are all in motion not only internally but 
at the same time they are in motion in respect to their the other half of the their mother 
universe, which it was originated from. The overall direction of the motion of the universe in 
its bigger universe can easily be detected and realised. The direction of motion of the universe 


63 


is shown by the directional motion of the mass of universe, which is moving out of normal 
direction of the whole content of the universe itself. This meaning that, if! The full matter 
motion of the universe is planned out; one should see a region, which is moving 
totally arbitrary and independent direction. 


s a whole in 


The reason for this envelope of the mass following an independent directional motion is due to the 
fact that this mass of the universe is connected Magnetically and gravitationally is locked to the 
direction of the interaction of the Magravs of this universe in respect to the Magravs of it co-birth 
sister Universe (Fig. 22), 


Universe 


Envelope of mass 

‘ofgalaxier moving with 

diferent speed within 
ach Universe 


Man's Universe 


Indication of the position of sister universes 
in respect to each other through the separate mass 
movements in their plasmas 


Envelope of galaxies in each Universe indicating the position of the Sister Universe, 


The mass of the matters involved in this motion should indicate the extent and power of the Magravs 
interaction between the two universes. 


This mass moves in all three hundred and sixty degrees direction as the co-birth universe is dynamic 
and has its own dynamic Magravs motion too. 


This independent zone in motion in the universe has already been detected by the cosmologist for this 
universe, but they could not understand the reason for this independent part motion in the plasma of 


the universe. 


Thus the direction, which this mass in the universe is moving and is positioned, this shows the 
position of the co-birth universe in respect to this universe. 
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Therefore if and when the man’s scientific and technological achievements reached the level in the 
future that man can see through the universal magnetosphere, then the position to look for the co-birth 
universe, would be the direction where this internal mass is in motion and at the same time the 
distance of the this internal mass from the edge of the universe will show the distance of this universe 
respect to its co-birth universe. 


‘© In the universe the heat and cold is not measured in the way, which has been accustomed in the 
world of physics of today. In the universe heat is measured to the extent that the matters pmf 
can be loosened to allow the bridge of what is known as the atomic or molecular 
magnetosphere. 


Thus what is commonly known, as the coulomb barrier, in the atomic physics is only the 
extent of the resistance or the tightness of the Magravs of the atom. In fact man has to realise 
that if he unifies the terminology then he will solve most of the problems in the world of the 
science of physics. For example, by unifying the word of the magnetosphere and coulombs 
barriers, which in fact these are both the same properties and principles; where one shows the 
tightness of the Magravs of the planter system and the second show the same for the atomic 
structure. If this discrepancy in language is resolved and man understood all phenomenon of 
the creation of magnetosphere in all levels universal mafs strength which has been discussed 
above, then the nuclear and theoretical physics would not have the problem in creating and 
maintain fusion of all matters and mafs in the universe. 


Thus for fusion one does not heat or speed to create and achieve fusion, but the loosening of 
the Magravs or dilution of the Magravs of the maf and matters will lead to fusion and creation 
heavier elements without the need for the elaborate accelerators and others gadgets which has 
become the tools of the advance science of today, 


The use of the accelerators are nothing but to show the true lack of understanding of the 
scientific world in the what these scientists are trying to achieve and their misunderstanding of 
the operation of the universe. 


The heat created by the fusion processes within the stars or the principal stars is the by-product 
and in fact the heat assist with the operation to loosen the Magravs and loosening the 
Coulomb’s barrier that fusion or mixing of different plasmas of mafs and matters are 
accommodated, but not the cause or the outcome of the fusion. 


Where in the world of the fusion of today scientists try to speed up and accelerate plasma and 
make them to collide and hope for the fusion, but in the universe the reverse process happens, 
whereas in the universe fusion takes place in condense centre of the principal stars and matter 
stars, where there are no rooms for the plasmas to speed-up, but due to loosening of the pmf 
forces magnetosphere of the plasma or coulomb barrier, then matter mix and fuse and what is 
not necessary from the amalgamation of two plasmas fusion, then these appears and are 
released as surplus unwinding pmfs of mafs which as in this process of higher to lower mafs 
strength is so rapid that this process shows itself as the heat in these environment of the 
universe as part of the proces 


Thus heat can be explained in its real term as the pmf which is unwinding from one state of 
matter to unwind that the pmf field released allows the other matters to open their 
‘magnetosphere that they can receive the pmf in transit from other plasma, 


Then the cold can be explained as the when the pmf of the matters are reduced to beyond the 
magnetosphere of the matter that matter cannot transmit any pmf to another matter. 


At the point, where the total transfer is zero, this is known as the Absolute zero point at the 
present time. Where, the scientists say that at this point there are no molecular movement. In 
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fact the plasma of the matters or the atoms is still at this point active and maintains their 
internal dynamic condition and environment. If this was not so then magnetic fields creating 
the mafs and matters would have ceased to interact and the matter or mafs would have lost 
their gravitational fields and magnetic field and hence the matter and mafs would not have 
been able to maintain the magnetosphere and the mass of the atom, and hence nothing would 
have existed; But as one still sees the matter at absolute temperatures, then the condition is 
inter plasma magnetosphere connection and not internal magnetic connection; 


In fact magnetic fields, which are the principal particles or are known as the fundamental 
matters can never come to a point that they do not exist or interact with other fields and at the 
same time due to ever existence of other magnetic fields and fundamental elements in the 
universe, then all fields and matters at all times are attracted or repelled by one matter or other 
and hence a total non-dynamic universe never can exist and in truth the creation of the 
universe and creation and origin of the magnetic fields is due to and through the fundamental 
of difference in the universes differential waves. Thus the magnetic fields are themselves 
created out of strength level difference in the universe and thus the origin of the magnetic 
fields is the cause of the existence of the universe and the existence the universe is the cause of 
the existence of the condition differential which is the creation of fields to compensate for this 
difference and hence the creation of entity to cover the difference in position and hence the 
creation of the magnetic fields. Thus one in a simple language now knows even how magnetic 
fields, which their variation leads to the world of the creation of universe has come from and 
how the real essence of all creation become to exist. 


It can be said that at the Absolute temperature the time stops for the matter and material world 
but not for the mafs and mafs dimension and hence if the universe were made only of matter 
and mafs then the physical matter would have never existed in the deepest part of the universe 
if the temperature were at absolute temperature, 


‘The measure of the cold in the universe is dependent upon the slowing down of the movement 
of given pmf in a given direction and strength, hence the measure of the coolness is the 
external strength dependent and not plasma internal fields motion dependent. This being the 
reason why like in the planetary systems planets can and do produce their own independent 
temperatures irrespective of where in the universe they are and how cold or warm the 
environment of their surrounding planets and stars could be. Therefore THE ABSOLUTE 
ZERO IN RESPECT TO mats and matter environment is only applicable to the earth position 
and environment and not to all universal condition. This being the reason why, one can see and 
observe life in all kinds of pressure and magnetic field strength in the universe. 


Therefore the Absolute zero for mafs and matter environment is not applicable true for 
principal, transition and matter mafs and matter strength and environment. 


This being the reason why that internal atomic structures can exist and atoms mats can hold on 
to its structure and its existence, while the molecular structure in the matter environment can 
be cold that no external motion within the atoms of the molecule can be observed at absolute 
temperature, 


The absolute temperature in a given environment can be said to be when the Magrays of the 
constituent matters environment come to be in total balance; and that is the point that the total 
losses and gains from the surrounding environments are said to be balance out that the total 
magnetosphere of the environment will compensate for the losses that the environment can 
keep on holding on to the zero motion of the total environmental Magravs. 


On other hand the environmental Magravs can be reduced that there is no interaction between 
atoms that the motion of the atoms in respect to each other ceased to exist and motion 
respect to each other become frozen. This is known as balance Magravs criterion and to 
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produce this within the structure of reactor is an art not known to man. Where, the balance 
Magravs positioning is the key to establishment of colonies in the universe, where there are no 
planets and stars as point of reference, but the condition of balance allows the station to be 
permanently positioned in that spot that all passengers of space can come to meet. 


Production of an absolute balance give man the ability of what is known as hovering, where 
there are no propellers and no vertical jets of today to stay stationary in mid-air. 


Absolute Magravs balance allows crafts of the future to keep a constant position and this can 
create fantastic composition for gate-thing, which is needed for movement from one Magravs 
system environment to another without actually needing to handle re-entry problem in either 
direction. 


The operation and the use of the absolute balance Magravs technology systems are as for the 
physical doors of today, when used in the future, when one moves from Magravs plasma 
environment to another. 


In the operation of the universe, the distance of pmfs and the speed of the rotation of one pmf 
in respect to another is the criterion by which the speed and directional rotation of one matter 
or plasma in respect to another plasma is dictated. 


Where, the positioning of mafs in respect to each other in the universe has a direct effect on 
how fast, when and where an entity will position itself and even this dictates the measure of 
the cold or heat of two entities in respect to each other and to other environments. This concept 
is seen in the universe in respect to the rotational direction of planets, stars and galaxies, where 
their direction of the rotation if different to the one other entities in their surroundings. 


The criterion of maf’ positioning is the reason, why for example the Vinous rotates in different 
direction than the rest of planetary systems in the solar system of the man, as its internal pmfs 
speed of rotation and their position in respect to others of the same within the internal structure 
of this planet are as such that the outer layers of this planet are forced by the configuration of 
the combination positioning of different cores and their pmf strength, forcing the planet to 
rotate in the clockwise direction rather than the anticlockwise direction as the rest of the 
planetary entities in this solar system. 


This principal of the mats positioning and speed in way can explain even why all matters in 
the universe rotate anti-clockwise or what is commonly called the electro negativity of the 
hydrogen atom directional motion. 


Hence it can be said that the anti-clockwise directional movement of the plasma of proton and 
electron are due to the mafs strength within their plasma and the position of different mafs in 
respect to each other within the plasma. 


Then this puts a closure to present theory of electron and positrons, where in fact electrons and 
positrons only difference is that one’s internal magnetic fields are slightly differently 
positioned than the other and as their mafs contents of fields is the same, then only the 
positioning of the fields in respect to each other dictates the direction of the rotation of the 
plasma of these entities. This directional motion variation can even affect the absolute 
temperature of the operation for the positrons and electron in different environments too. 


Time as man is accustomed to on earth, this time in the universal language does not exist; time 
is a manmade phenomenon to measure the course of his life. In reality the time is the measure 
of the pmf of given strength to pass a given predetermined strength, thus time in the universal 
language is magnetic field strength and environment dependent. Where in the principal mafs 
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‘manufacture the printed circuit board (PCB) is the stan- 
dard Fiberglass Reinforced Epoxy (FR4), with the thick- 
ness of 1.6 mm and dielectric constant of 3.9. The topol- 
ogy is constructed on the PCB with the dimensions of 98 
mm * 34 mm (W * H). The Sub Miniature version A 
(SMA) connectors are used at the input and output of 
PCB to carry out the measurements. The circuit compo- 
nents consist of active and passive components. The 
component used in circuit is shown in Table 2 

Special handling precautions have been taken to avoid 
Electro Static Discharge (ESD), while assembling of the 
surface-mount zero bias Schottky diodes. Also special 
attention has been given to mount other components and 
the SMA connectors on to the PCB. The Photograph of 
Assembled circuit board I shown in Figure 7. 


4, Results and Analysis 


‘The simulated and measured results at the output voltage 
of voltage multiplier circuit are shown graphically in 
Figure 8. From the graph analysis, the simulated and the 
‘measured results agree considerably with each other. The 
‘measured results are shown to be better than the simula- 
tion results. The reason behind this may be due to the 
uncertainty in series resistance value of the diode ob- 
tained from SPICE parameters in modeling as explained 
in Equation (5). This resistance vale of diodes in practi- 
cal circuit may be lower than in the model, which pro- 
vides fast discharge path, in turn rise in voltage as passes 
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respectively. 

Figures 9 and 10 show the result of a 4 stage voltage 
doubler circuit with equal and varied capacitance values 
between the stages as described in Section 3. 

From the analysis of these two simulations, it can be 
observed that the resulting output voltages are equal. The 
only difference between these two graphs is the rise time 
of the circuit with varied capacitance value is a litte bit 
slower. But, overall result on the performance of rise 
time is still under 20 ps to 24 jis and the difference is 
negligible. From these results, the use of equal stage ca- 
pacitance of each being 3.3 nF was hence considered for 
the design of the multiplier. 

‘The results from Figure 11, shows that the output 
voltage reaches to 1.0 V within 20 1S and then uniformly 
increasing to 1.4 V, 1.67 V, 1.87 V and 2.12 V for 4, 5, 6 
and 7 stages respectively compared to 2 mS as shown in 
[10]. Figure 12 shows that the conversion ratio of 22 is 
achieved at 0 dBm input power and drops to 2.5 at -40 
dBm, The highest value at 0 dBm is due to the innate 
characteristics of the zero bias Schottky diodes which 
conduct fairly well at higher input voltages. 


5. Conclu: 


From the experimental results, it is found that the pro- 


‘Table 2. Component used in 7 stage voltage multiplier. 


through the stages and reaches to final output. In this Name of component Tabet Value 
work, the DC output voltages obtained through simula- ap aaa Gita ar 
tion and measurement at 0 dBm re 2.12 V and 5.0 V re- le ais 
Stage diodes Di-Ds HSMS 2880 
spectively. These results are comparatively much better i 
than in ref, [9], where in at 0 dBm, 900 MHz they achieved Witter eqpactior G Midad 
0.5 V and 0.8 V through simulation and measurement Load resister R 10 ka. 
Input SMA Connector Sehotlky.Dindes Stage Capacitors ‘Output SMA Connector 


Filter Circuit 


Figure 7. Photograph of assembled circuit board. 
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world the time of reduction is much faster than the time of reduction in the same matter 
environment. Thus time or measure of reaching from one level of strength to higher or lower 
by the same order of magnitude is the measure of the time in the universe. 


Where, the universal positioning time will be measured according to the central position of the 
universe and considered to be zero at this point and then to make an appointment to be at a 
given time then the motion of all mafs and matters in the universe in respect to this point needs 
to be considered, Where this position is and has a three dimensional three hundred and sixty 
degree reference. Where, in fact time in the universe needs point of reference and that is 
carthly time, solar time, galaxial time and universal time, 


Time is unchangeable and it is the same in the same gravitational and Magnetic field strength 
environment. This is important, as at the present there is a fallacy, which has been accepted to 
convince the scientific world that time goes faster in the universe as one moves away from the 
earth. 


This is nothing but hypocrisy and lack of the understanding of how gravitational fields are 
created. This fallacy has come to a point that in the satellite systems of today an error time has 
been allocated that the satellite timing is adjusted in respect to position location of a matter or 
entity on earth. Where in fact if the scientific world would understood the full principles of the 
creation of matters, and if scientists can create the same g strength forces in the environment of 
the operation of the electric and mechanical processing of these satellite does not matter where 
they are positioned, what is called the environment of what is called one g, then these satellites 
do not need correction factor which they are using, 


Where, in fact the time correction factor is due to the fact that matters in the different 
Margraves and gravitational position around the earth have and operate under different 
magnetic and gravitational field strength and this is the reason why there is a difference. 

Thus for the correction of time in these systems only one needs to consider creating the same 
Magravs strength at on the surface of the earth and then there will be no difference in time. 


This concept is important for the future travels of the man into space and his excursions in the 
universe if he wants to keep to his habitual twenty four hour clock and earth gravitational magnetic 
field strength of his planet 


Man soon will find and realise a simpler way and then the hypocrisy of time travel and wormhole and 
going to the past and to the futures and so-called granddad theory will come to an end 


One point to remember that light which itself is plasma entity moves out in a spherical three hundred 
and sixty degree environment of the universe and for example the feature of a the face of the man will 
create man lights for it to be seen as a whole, but in time as light travels in the ever rotating sphere of 
the universe and these rays some get absorbed and some get distorted, then one cannot bring all the 
lights of all the matters of the one human face together to see that entity as it was so many time lapses 
before. 


Thus if one hopes think that one can see the past of one person on a revolving dynamic environment 
through one light or making a machine to go backward to see the face of its forefathers, this shows 
nothing but the lack of the understanding of the science of creation and motion of light through the 
haze of dynamic universe by these men of science. 


‘One can see the structure of matters like stars and fields in the far points of the universe primarily due 
to the fact that the light is and has plasmatic environment and like a telescope can pass the 
formation to the point of arrival. But the light cannot bring the past of its source, but shows the 
pattern of its source like a move at the time it left the object. 
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In fact it can be said that light is composite matter and entity with active complex pmf of different 
maf. 


Thus, for example one as one enters the principal matter environment, where the principal matters is 
the creator and controller of Magravs of the environment, then in these environments one travels at 
the speed of the pmf of the principal matter and not pmf of tangible matter. Then if considering the 
principal matter environment in the centre of galaxies, then time for the matter world will be looking 
as being much faster or matter seems to be travelling thousands of times faster than what has become 
to be as the speed of light in the matter world in these environments. 


‘Thus in reality the accepted time and speed of light as the maximum limit is only applicable for and to 
human understanding of the universe and not considered to be the truth in the real working of the 
universe. 


When, the race of the man understands the concept of the use of the principal matter in the travel 
systems of their creation, then the man will be able to travel into the universe with much faster speeds 
than the speed of light of the mafs in the matter world and then one can travel the spans of the 
universe in seconds in human term and then one can travel the length and the breadth of the greater 
universe as one travels the earth glob with the toy systems of the jetliners of today. 


Then the point arises that why some mates and entities in the universe can last for a long time, where 
for example the human life is limited, the answer to this is very simple, and that is the body of the 
man is made of composites of mafs and matters and the more one adds to the composite the more 
Magravs are available to be lost to the surrounding Magravs, and be effected by the surrounding 
Magravs too. 


Thus the life of the man is environment conditioned and in time as the DNA of the man learns to 
preserve more, then this will be adding to the life of the man and then the man will live longer, but 
eternal life is and belongs to no one entity in the universe, but the entity is the total facet and attribute 
of the whole as a whole. Thus man has been and shall ever be, not in the physical form but rather in 
the attributes of its physical existence in all universes of the god. Where, god is part of whole and 
fraction of none. 


Where, the universe possess mafs and matters which their difference only is in their strength and 
nothing more and nothing less, thus time is faster in the stronger field for the weaker matter created 
entities and time is slower for the stronger mafs field strength in slower in weaker matter field 
strength. Thus time in the universe in reality does not exist and is a creation man’s state of position 
and possession. Thus if one is in universe, where the strength of the mafs are one thousands time 
stronger than the other mafs, then the time is one thousands time faster and this applies to all mafs and 
matters in the world of creation. 


One point to realise is that the magnetic rays which are released and are prevalent in the environment 
of the man are the time setters for the degeneration and division of the man’s cells and have direct 
effect on the life span of the man in the universe, this be it a word of wisdom for the ones who come 
to comprehend and look for the eternal time life. 


‘© What holds the universe together are the attraction and repulsion force of the pmf content of 
the universe. Thus the tightness of and the position that matters appear in the universe are 
totally pmf strength dependent. 


Therefore as the pmf strength of the matters are attained at any point in the universe then that 
matter becomes to manifest itself in the given point and time in that part of the universe. Thus 
the glue of the universe is a combination of the interaction of all the mafs and matters, which 
their interaction makes the Magnetic and gravitational fields Magravs of the universe. 
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Thus in fact what is called the bosons theory has its truth in the position of and their 
interaction of the magnetic fields of different pmfs, plasmas, matters in a given position in the 
universe as these interaction dictates what and how pmf are given or taken from the universal 
soup of magnetic fields, and what the outcome entity shall be and how the matter manifest 
itself at given point and for what period of the time. 


Thus once a given pmf strength in the universe is achieved which can be initiated combination 
of the interactions of several conditions, plasmas, and environmental magnetic fields, then at 
that point in the universe a specific given mafs or matters comes to exist, this being mafs or 
tangible matter magnetic fields strength and so forth. This is the secrete of universal existence 
and manifestation of the all mafs and matters and the observation of one mafs or another 
matter is totally dependent on the observers pmf Magravs strength that one matter or another 
can be tangible or visible. 


As in the solid state magnets in the plasma state of the magnetic fields regions of the universe, 
these plasma poses and operate through the North and the South poles and the same goes with 
their attraction and interactions in respect to other magnetic fields of all plasmas too, that is to 
say that plasmatic magnetic fields position themselves as solid magnets do in respect to 
strength and position of other plasmatic magnetic fields near to and in their environment. Thus 
the North-pole of the plasma attracts the south-pole of other plasmas and at the same time the 
South-poles of the plasma keep and make distance from the South-poles of other plasmas as it 
happens in the solid state magnets. 


In the physical matter one can see the motion of the magnetic fields and motion of magnets in 
respect to each other as magnets move and find their position in respect to each other in their 
given environment once they are brought into the proximity of each other. The same 
positioning and movements are applicable and are created and maintained in the magnetic 
environment of the plasma two plasmas once they are brought within the mafs field interaction 
of each other too. 


The plasmatic magnetic fields of all entities can recombine to allow the circulation of their 
fields and in general determine the point at which the fields can re-enter the plasmatic 
magnetic fields to complete a full spherical plasma of the fields. Where, this point of re-entry 
of the fields is primarily dictated and decided according to the environment, which the maf’ of 
the entity operates in and, not necessarily by the mafs strength of the field of the entity itself, 
Thus, the point of termination and re-entry of the fields of the plasma of mafs of even solid 
matters is dictated by the environmental maf strength and not by the matter. That is to say the 
termination point for the magnetic field lines for a plasma and solid matters (the beginning and 
end of a field line) is decides mainly by the environmental mafs strength and not necessarily 
the strength of the fields of the matter. 


This being the reason why the magnetic fields can reconnect anywhere in the universe 
irrespective of their physical distance, as the environment which the fields enter and carried to 
their full destination is supported and facilitated through the maf of the environment and not 
the strength of the fields of the entity. Where, this phenomenon is well explained in the 
interaction of the change of polarity of two atoms, which as one changes its polarity, the 
second one does the same instantaneously. This is what one observes in the change of polarity 
of plasmatic field’s entities, that for example as one plasma changes polarity, the other does 
the same parallel changes automatically that one never observes any changes in the structures 
of either entity. 


This being like the change of the polarity of the earth and the synchronized change of the 
polarities of the cells of all beings on earth, that no physical change can be detected by the 
inhabitancies of the planet as the physical polarity of the earth changes. 
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Even though the same cannot be said about the change of the polarity of the moon of the earth 
as it does not changes as the earth polarity changes in majority of the cases. 


In understanding the principle of this phenomenon, then man of science can make any matter 
anywhere in the universe as the need of the time be, this be it production gold or production of 
amino-acid needed for production of proteins of chain of fibres of heart of man anywhere in 
the space for the travellers of the future. 


Thus, one can control the point where what appears as the magnetic fields can draw in fields 
(as called conventionally called the exit pole) and where the field exits to release the fields (the 
north-pole of the mafs. Then size and the length of the magnetic field and the gravitational 
fields and Magnetic fields, which any entity creates, can be controlled and hence the size of 
plasma of an electron or proton can be predetermined. That is to say the total field strength of 
the Magnetic field and the magnetosphere which an entity creates and can hold on to, this 
determines the exact and precise dimension of the plasma of be it this be the plasma of the 
proton and electron 


Thus, in principle one can have field zone of the same length, which upon their interaction 
they create a given magnetosphere, but one can have the same spherical dimension of 
magnetosphere with a different magnetic fields strength, which this creates different Magravs 
field zone. Thus, the length of the magnetic fields determines in what entity is to be created, 
this being the plasma of proton or an electron, and so forth 


Complex magnetic fields create different field lines, hence different Magravs. This being the 
reason why in the plasma of the proton different pmf and matters entities are observed and 
detected, 


In the bigger picture of universal works, scientists will come soon to realise that all parameters 
are the same, all plasmas do and behave within a given procedure and sequence. Thus, what 
one sees in the plasma of this universe is the same as what goes on in the plasma of the proton 
and electron too. That is to say what has been puzzling the theoretical physicists about the 
content of the plasma of the proton, as one can see in the operation of the universe then one 
should have been expecting the existence of different matters, fields and fields strength in the 
plasma of the proton and even the same in the plasma of the electron as one sees in the plasma 
of the universe 


Interesting enough scientists soon will start wondering about the creation and control of these 
magnetic fields that how they lead to creation of different plasmas of magnetic fields too, and 
how plasma of the magnetic fields become to become units of the same fields and how a 
magnetic fields can be attracting one plasma while the same end of the matter can repel 
another of the same from the same end or exit port of the magnetic fields. That is to say how 
can a solid magnet at the same time as can attract the opposite polarity and then at the same 
time and simultaneously the same pole can attract another dissimilar polarity. The fact is that 
magnetic fields of plasma of fields do not bunch all to north and south or all exit and entry 
port, but they arrange themselves as one of entry and one of exist and or one north pole and on 
the south pole adjacent to each other, but they do not set end to end with each other. Thus for 
example looking at the section cut across cluster of the magnets, the fields are arranged like 
mosaic of north and south in correct sequence and order. Where, in the case of the dynamic 
plasmas like protons the top view shape of the magnetic fields are the likes of a whirlpool and 
not straight-line fields of the same mosaic. 


Then one should understand how the structure of nucleus of atoms are arranged in a similar 
manner too, as one exit port sets next to an entry port, then when a nucleuses has two proton 
then the in and out ports are matching and the magnetic fields of the atoms internal 
magnetosphere is complete and the atom is stable, but when the atom possess two of the same 
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ports and one of the other ports in its nucleus then the extra port is sharing its fields and or is 
looking for the an extra port that can receive its pmf or it receives pmf from, and hence the 
odd number protons nucleuses always are more receptive in receiving or dividing for them to 
have matching pairs pmf ports of entry and exit, that they can make their own matching 
magnetic plasma. In fact single magnetic fields do not exists in the world of plasma, and in a 
way the theory string shows nothing but lack of understanding of operation of the fields in the 
universe. This explains why odd number proton numbers go through decay or they are more 
receptive to make polymers of themselves or join up to make molecules. 


Where, the entry port of the fields can take magnetic fields from the other ports or from the 
soup of the Magnetic fields of its environment, and thus the size of the entry port of the fields 
in principle determine the matter and mafs condition in a given environment. 


The reality is that the entry point consumes more energy than the fields, which are coming out 
of the exit port of the plasma of the fields. The fact is that whenever fields interact they create 
minute contact points that at these contact points fields are divided into smaller length and 
strength, this is like when two bodies collide and due to their friction some heat or fragments 
are created; This happens the same when two magnetic fields interact to create their own 
magnetosphere and mass. Then due to this friction between fields the magnetic fields entry of 
south-pole are slightly weaker and less in mass than the total mass which originally entered 
the magnetosphere of the two fields in the south-pole. Where, in fact the slight difference in 
the mass and fields strength between the entry and exist of the ports, leads to ever 
reconnection and closing of the loop of the fields between the North-pole and the South-pole, 
and the motion of the fields within the structure of the matter and the entity. 


Where, the South-pole or entry port is the feeder and the North-pole or exit point is the 
provider, where at the same time the due to miniature and micro size of the magnetosphere of 
the fields, there are too many magnetospheres which are connected and arranged in the 
mosaic of the one cross section, thus the entries and the exists or the north and south poles set 
next to each other and where the entries poles are more stronger the matter attracts and where 
two facing section the south pole are stronger the matter repel and hence the sequence of 
pulling and attraction of maf and matters in the universe. 


Where, the entry points both need to attract as much as possible so they move to guaranty 
their own continues supply of fields and this being the reason why similar poles move away 
from each other, that is simply to allow the entry or exit of the same floor of the fields to have 
the maximum chance of attracting fields to guaranty their field supply. 


The dissimilar poles gravitate, as the entry-pole try’s to absorb all that it needs from the 
supply of exit-pole of the other entity. 


Further on the minute fields which are released from the interaction of the two fields, in them 
separating and being able to travel a given distance away from the original two fields and 
their interaction, these fragments travelling distance capabilities determine the magnetosphere 
region of the two interacting magnetic fields too. 


The interaction of fields in creating plasma of fields needs a constant supply of fields from its 
environment, and that is why the fields can and do regurgitate some of the fields which was 
released by their own interactions and this being the reason why the Plasma of magnetic fields 
can last for a long time in the given environment. 


Ina way the attraction or the gravitational fields forces is created out of the necessity of the 
need for the two interacting fields to keep locked to each other, and hence the need for a 
constant sources of supply of magnetic fields in the universe, which this need is meet in large 
from a stronger source of fields and their unwinding of the principal mafs sources which are 
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scattered around the universe. Where for example the larger plasma’s the likes of the stars 
needs are meet by the cosmoses principal fields as they unwind and in the micro levels the 
need of weaker fields magnetic fields of atoms are meet by their lower level strength fields of 
their environment, 


Where, at the same time the magnetic fields can enter a centrifugal region where their 
strength can be tightened and thus fields as much as they can lose their strength through 
unwinding, and then through the same process of rewinding they can increase their strength 
too. That is to say that if the mafs fields are entered into a winding region or in a tighter pact 
region fields strength of the universe, their magnetic fields can be winded up that the mafs 
strength increases to principal mafs field strength. Or what is said in the common language of 
present science the mafs can become of principal mafs strength and the centre of the 
tightening mafs is the principal centre of what is called at the present science the principal 
region of the environment, this being in the centres of the cell, galaxies or universes. 


Thus as long as the environment can supply surplus amount of the pmf for a given system for 
its north and south poles to be maintained, then there will always be an entity existing, does 
not matter what word in the vocabulary is used to confirm its existence 


The mass is created when the field at the entry port and the exit port are linked and it is 
independent of any other entities of the same or there scale of mafs entities in the 
environment. Where, the mass is the amount of the fields needed from the environment for 
the interaction between two fields or plasma of its fields to exist. 


The magnetosphere is the limit of the field’s exertion in a given environment created 
by the interaction of the gravitational and Magnetic fields of the two original fields. 
Where the magnetic fields are the cause and the gravitational and Magnetic fields are 
effects their interaction and the Magnetic fields interaction now becomes the cause of 
the creation of the mass and magnetosphere of the entity as the latter become the 
effect of the interaction of gravity and the Magnetic fields. 


This being the reason why, that the mass is independent of the environmental conditions and 
effects, as the mass is the indication of the given internal interactions itself and is due to 
internal processes of interaction of the same internal magnetic fields. Thus when the 
environmental magnetic fields, gravitational and Magnetic fields are considered and applied 
to the given mass system, then the weight or the measure of the mass in respect to the 
environmental fields forces can be measured. 


As the puzzle of creation of gravity is solved, this should open new horizon in the world of science 
and make life easier for scientists to understand the working of the universe. Where the whole world 
of creation can be said to start from the difference in condition in position, where this leads to creation 
of field that the different position can interact and be connected to each other, This known to be the 
origin of creation and origin of the creation of magnetic fields in the universe. 


Where, this movement of and need for interaction of fields to cross the space of their environment 
leads to creation of what is come to be known as magnetic fields flow, and the extent of the flow to 
cover the strength difference and the proximity to each other trying to cross the gap to guaranty 
continuity of flow of fields in the environment become the current or the strength of the magnetic 
fields 


Where, the interaction of magnetic fields leads to creation of Magnetic (repulsion) or gravity 
(attraction), where the interaction of the created Magnetic fields and gravitational fields leads to 
creation of mass and Magnetosphere (1) for the magnetic fields concerned. Where the interaction of 
magnetic fields depending upon their strength leads to creation of stronger fields to be connected to 
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each other, thus the stronger fields become the principal fields or feeders of mafs and the weaker 
fields become the matter mafs fields of the universe. 


In the man’s range of Magravs strength of his protein, the weaker mafs become tangible and visible or 
detectible and part of his own being’s structure and his matter world is created and where in other 
levels due to stronger fields the principal mafs create a visible world for the one’s whom their protein 
Magravs strength is set to a level beyond the man’s mafs strength level. 


Thus, the universe is the collection of and the creator of magnetic fields in different length and 
strength and their interactions to create different magnetosphere in size and strength in Magravs, and 
whenever and wherever there are fields to interact then they coagulate and linkup and create mafs and 
matters of different strength. 


In the universe there are no empty places, which are void of magnetic, Magnetic and gravitational, 
mass and magnetosphere fields or not being in the path of the movement of fields. In general what 
tangible and visible magnetic fields collection has been and it can be called matter and what is fields 
the motion which are not yet attached to any matter to become part of given environment of matters 
or mafs are called energies of the universe. 


The universe will never cease to exist as long as there are fields to attract and repel each other 
Universe has no dark and black unknown phenomenon about it, it has principles and how they are 
applied and enforce themselves or it is enforced upon them, then a given condition and fields and 
mafs are created for given span of duration of fields interaction so called time. 


The earth is not the unique environment which can provide and sustain life and intelligence, but life 
starts from fields and their interactions and upon their complex interactions and order they choose to 
be a club of plasmas, matter mafs, atoms, molecules, Magravsly to be bind (chemically), combination 
orderly repetitively Magravsly bind (biological) and creating communication in the biological 
Magravs repetitive order to guaranty the survival of their overall Magravs which these interactions 
lead to creation of intelligence. 


Thus the man is not the only being with intelligence in the universe, as given the environment of 
teraction of fields entanglement is the facets of progression interaction of the fields which can be 
sustained everywhere in the unicos. 


What is interesting is that one does not need the intelligence to have the soul, the same as one does not 
need to see the star in the far corners of the universe to know of its existence, but the plasmatic 
magnetic fields which it released during its existence it has travelled and nourished the universe to 
reach the position of the observes. This is the same for the soul of the man and the manner of it’s 
creation and movement in all dimensions of existence, wise one now can understand the mystery of 
nothingness and of the creation of the soul of the man and the essence of its meagre existence in the 
world of universes. 


The survival of the soul of the created being is the beauty of it, for it to give and to receive and not to 
be an outcast, then man of wisdom will enlighten the man of possession that there is nothing to 
possess if one uses what one needs and no more. Be wise on what has been said and open to be 
received and receive what is in your path of life in its different levels of interaction and attractions 


The ultimate point of understanding for the man who is one of the created entities in the universe and 
through what has been revealed on to man in the verities of disclosures in the recent past is that in the 
universe among its created whom have attained intelligence and have managed to take into spaces of 
transition environment of universes, that in the universe there are no animosities and no wars and nor 
this rule shall be changed as war and acts of aggression has been the habit of the passengers of the 
planet earth during their technological progress and their short lives on this planet. 
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The reason for the universal peace is not the lack of technology among its inhabitancies, but the truth 
that the intelligence of the beings of the universe is so advanced that they have no reason to fight 
for what they can attain in and achieve and obtain from the universe. 


Thus the universe is ruled by peace and justice and the ones whom have the habit of the like of the 
blue blood from the blue planet will be thought soon a lesson that unless unity takes over the thoughts 
of the creatures of this planet, then these shall be thought a lesson that they will soon fall and follow 
the rules of the universe and not the old habits of the feeble man. 


Not forgetting that the everlasting habitant of the universe have attained the knowledge that can wipe- 
out any type of life from the universe, thus the peace in the universal order is not due to the weakne: 
of its inhabitants, but their strength to be able to see any short sightedness from the newly joined 
members of the universal community that they cannot and shall not be allowed or even think they can 
carry on with their old habits of war and division and injustice and exploitation of the other habitants 
of the universe as they has become accustom to on the blue planet 


The laws of the universe shall be in the hand of the land of the lion as they have been graceful and has 
been just and as has been promised, the knowledge of universe shall come from the land of the lion 
and the Sun where it will shine upon the rest of humanity in equal measure and with true powers of 
grace and justice. This has been the command of the created and shall be attained. 


1S 


16 


CHAPTER 9 


The creation of Gravity 


© MT. Keshe/The Keshe Foundation 2004/2006. Alll rights reserved. 
Author: Ing. Mehran Tavakoli Keshe 
Date of Internet release: October 8, 2006 
Revised 1.9.2011 


Abstract 


The universe is built and held together and operates on the basis of two forces. One cannot work and 
exist without the other and when one of these two forces dominates the affects can be interesting, 
drastic or/and at times dramatic for the entity, this be it the universe, solar system, planet, atom or 
plasma, These two universal principal dynamically plasmaticaly magnetic field forces one being the 
Gravitational fields forces (attraction field forces of the entity) and the other the Magnetic fields 
forces (the repulsion or magnetosphere fields forces of the entity), which both have their origin within 
its centre these operating entities. 


Hypothesis 


The source of creation and sustainer of the gravitational field force and the Magnetic field forces of 
for example planets are the same elements and the same conditions in the centre of the planet. 


Prototypes 


To prove this concept, several static and dynamic prototypes over span of five years have been made 
and tested (Fig. 23), which the outcome of these tests shown system on the bases of this concept can 
be made that the system creates both gravitational and Magnetic fields forces, which in the operation 
of the system allows the system to reduce its weight first and then the system separates from its 
ground base and hovers within its environment. This proving that the concept of production of dual 
Magnetic and gravitational fields through the same elements and conditions to be correct, and the 
results and observation from these tests are summarized in general in this and other papers to be 
published. 
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Figure 9. DC output voltage verses rise time of 4 stage volt- 
age doubler circuit with equal stage capacitance [8]. 
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Figure 10, DC output voltage verses rise time of 4 stage 
voltage doubler with varied stage capacitance [8]. 


posed voltage multiplier circuit operates at the frequency 
of 945 MHz with the specified input power levels. The 
results have shown that there is multiplication of the in- 
put voltage. From Figure 12, it is shown that at 0 dBm 
input power, the multiplication fuctor is 22, This is sig- 
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Figure 11. DC output voltage verses rise time of voltage 
doubler circuit through 4 - 7 stages with equal stage ca- 
pacitance. 
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Figure 12. Conversion ratio as a function of input power. 


nificant, as the work shows that RF energy in the GSM- 
900 band can be harvested from the ambient RF source 
using the Villard circuit topology. The power density 
levels from a GSM base station is expected from 0.1 
mW/m? to | mW/m? for a distance ranging from 25 m - 
100 m, These power levels may be elevated by a factor 
between one and three for the GSM-900 downlink fre- 
quency bands depending on the traffic density [10]. The 
next phase of the research work is to interface the voltage 
multiplier circuit through a matching network to the an- 
tenna at the input side and a low power device to power 
from the system at the output side to complete the RF 
energy harvesting system. 
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Fig. 23. Some of the prototypes used for creation of Magravs, 


Discussions 


In this paper for ease of understanding the structure of planet earth is considered as vast amount of 
information about the inner-structure of this planet are available. In fact this principle of creation of 
gravity through interacting magnetic fields can be scaled up to structure of universe or scaled down to 
structure of the plasma of proton and electron and the principle will still applies and be correct. 


If scientists would have discovered both magnetic field forces and the gravitational field forces of the 
planet at the same time, they would have probably had a totally different understanding of their 
principles, their capabilities and their connections and most probably the human race would have 
taken a different course in its intellectual and scientific world. It seems this miscomprehension has 
been purely due to the physical time gap between the discovery and understanding of these two forces 
of creation. 


Working on a real basis for gravitational field’s forces production at the centre of the planet, the 
author set out in early 1980’s to design and has produce several real and practical reactors (Fig. 23). 
which these reactors could replicate the universal order for generating magnetism and finally their 
interaction lead to the creation of Magnetic and gravitational field forces within the same system to 
prove the correctness of the principle of above hypothesis. 


A fundamental assumption to achieve the proof of the creation and control of a gravitational force 
within a system has been that the Earth in its inner part has and maintains a semi-fusion and fission 
nuclear chain of reactions, also called a geo-nuclear reactor. 


The interaction between materials and magnetic fields of semi-fusion and fission chain of events in 
the Caroline core (Fig. 24) of the planet (This being the core within the inner-inner-core of the Earth, 
“The seed of the Earth” (12)) always leads to creation and maintenance of planets physical forces of 
Magnetic field (MF) and gravitational fields (GF). 
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Fig. 24. The structure of inner cores of the Earth (12), 


This semi-fusion and fission sequences of processes and existence of plasmas, nano-materials, gases 
and other materials in the containment of Caroline's’ core and the convection process due to the heat 
transferred from the Caroline core to the Outer core of the planet once being passed through to the 
inner-core has been considered to be the principle operation of the inner cores of the planet, where, 
due to dynamic characteristic of the materials, which are charged and rotating within in vacuum 
condition of inside of the Caroline core, leads to independent creation of current and plasmatic 
magnetic field within this core, irrespective of the already assumed second and already known 
magnetic field, created between rotation of the inner-core and the outer-core of the planet. 


These two independent dynamic plasmatic magnetic fields which are separated by means of the 
physical barrier made by the existence of the known solid inner-core. 


The interaction of these two dissimilar poles if the these two dynamic plasmatic magnetic fields due 
to their proximity within the centre of the planet leads to the creation of the central gravitation field 
force of the planet, which this force spreads out to cover the whole of the structure of the planet, 


Hence it is clear that the source of the Gravitational field force of the Earth and all planets are due to 
the interaction of two dynamic plasmatic magnetic energy fields, which are created independently in 
the centre of the planets. 


The Caroline core of the Earth creates its own spherical dynamic plasmatic magnetic energy field, and 
the already known second field, comes from the dynamic spherical plasmatic magnetic field, wl 
created in the outer-core of the planet at the same time. 


In trying to lock onto each other, these fields forces create the condition of double spherical magnetic 
fields, which both possess their own North-pole and the South-pole, where due to dynamic and loose 
atomic, molecular structure of the matters and fields in these two cores, the dissimilar poles of the two 
cores can never quite reach the point of total locking into each other, and as they try to reach this point 
of full lock, the field forces they create lead to creation and maintenance of the perpetual motion of 
the two fields in the centre of the planet. 


0 


These separated dynamic fields forces on either side of the solid-inner core exert their forces on the 
solid inner-core of the planet and cause it to rotate, and this leading to creation of the rotational 
movement of the planet (12) 


At this point the interaction of the fields created by atoms and molecular elements, which cannot lock 
to each other due to their similarity of magnetic poles, will create the outward plasmatic magnetic 
field between the two cores, or they create what is known as the Magnetic field force of the planet 
(this being created by the environment and the behaviour of two similar poles of a solid magnet which 
they repel each other) 


Where, at the same time the interaction of the magnetic fields created by atoms and molecular 
elements which cannot lock into each other due to their dissimilarity of magnetic poles, these 
teraction of the magnetic fields will create the pulling power effect between the fields, atoms and 
molecules contents of the two cores and this creates the dynamic attraction plasmatic magnetic fields 
of the planet or what is called the gravitational (Pulling) field force of the planet 


Thus; Gravity or gravitational field force does not and cannot exist with existence of only one 
plasmatic magnetic field force as has been assumed to be so up to now in respect to the creation of the 
magnetic fields of the planet. 


The gravity and gravitational field forces manifest themselves upon the creation and existence and 
maintenance of the second dynamic plasmatic magnetic field within the structure of any dynamic 
plasmatic field entity, that in the case of the earth fluid matter in the outer-core is source of this 
second field and may be generated through the assumed convection theory by the convection of the 
matter in the outer-core, and the interaction of fields in this core with the plasmatic magnetic field 
which was originally created in the Caroline core of the planet through the fluidity of the fields, 
plasmas and matters in this core. 


Therefore the gravity is an outcome of the interaction at plasmatic, atomic or molecular levels 
between two dynamic plasmatic magnetic fields created and maintained by the two inner-cores of the 
planet upon each other, 


Ultimately for creation and maintenance of gravitational field force, for all stars and planets or any 
dynamic maintain plasmatic magnetic fields system, and to maintain a gravitational fields forces in 
any celestial entity there is a need for existence and establishment of two independent dynamically, 
molecularly or/and combination of the two independent plasmatic magnetic fields forces, which these 
can be created by any mixture of matters and fields, in any combination of magnetic fields, liquid, 
gas, plasma or other state of matters within the confined of specific condition and entity, this leading 
to generation of loosely interlocking plasmatic magnetic fields, which these two fields are separated 
and maintained by any physical supranational means, in any state of matter or function, separately and 
independent from each other, even though one magnetic field could be the cause of the creation and 
maintenance of the second pmf 


Where, the separation of the plasmatic magnetic fields could be established by the means of solid, 
liquid and gases, plasma and energy directly in adjacent layers to each other as has been observed to 
be in the structure of the inner-core of the Sun material layers. 


Once the strength of the plasmatic magnetic fields of the inner-inner-core (Caroline) and the outer- 
core in a system, by controlling the creation of the plasmatic magnetic fields in the Caroline core or 
the outer-core is attained by the system, consequently the strength of the gravitational field forces of 
the system like the earth is set 


Looking at overall view of the centre of the Earth magnetic fields and it their near spherical shapes 
structure and with the new understanding of its’ physical inner construction and material composition, 
‘one will come to understand that at least the two magnetic fields generated within the inner cores 
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structure of the Earth are spherical in shape and they generate dynamic spherical plasmatic magnetic 
fields. Where, one field being superimposed on top the other are in operation within the centre of the 
planet. 


Whereas, one of the fields being the spherical magnetic fields maintained by the inner-inner-core due 
to existence of plasmas, hydrogen atoms, other gases, nano, gans, nuclear and non-nuclear materials 
in presences of second magnetic field generated by spherically dynamic plasmatic magnetic the outer- 
core in the centre of the Earth (Fig. 25). 


Which, this creates and brings about the phenomenon of the dynamic magnetic confinement for the 
materials in the Caroline core, which this brings about the conditions for the fusion process to be 
attained in this core of the earth. This explaining why the planet can exist for a long time with its 
matters and motion intact, as matters through fission and fusion use a very little matter in the close 
capsule environment of the Caroline core, 


The second spherical dynamic plasmatic magnetic field in the outer core of the earth possibly is 
created through convection, due to its materials in motion in the outer core. 


There are strong indications and possibilities that the outer core could be operating in the same matter 
mixture composition as the Caroline core, which this eliminate and invalidates the concept of the 
convection theory. 


Fig, 25. Existence of minimum two separate magnetic fields in two cores of Earth. 


It has to be said and it can be proven that the Caroline core maintains and through nuclear decay of its 
matter content produces plasma of matters, then by the understanding of the concept of generation of 
current through motion of the plasma itself, this proves that one does not need the convection 
principle to create the current and magnetic fields in the Caroline core or even in the outer core of the 
planet. 


Therefore the existence convection theory and motion of the solid inner-core to create the magnetic 
fields of the earth losses its credibility, as in plasma technology, it is well understood that plasma in 
motions create their own current and in tum the interaction of this current with matters and other 
fields in their environment this can lead to they creation their own magnetic fields. 
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Thus, the theory of convection has to large extent no validity in the present understanding of nuclear 
science as one observes these operations of plasmas’ phenomenon at the solar, galaxial and universal 
systems levels. 


The convection theory was he understanding of the eighteenth century and the understanding of the 
working of dynamo of bicycles and this has no room in the integral working of the universal motion 
of plasma and magnetic fields of today. 


Secondly entities like stars do not have solid core that leads to creation of their strong magnetic fields 
and gravitational field, as they only operate on the principle of plasma layers and some helium matter 
|, nano, atomic and molecular level 


Therefore in reality the physical positioning of the matter in the cavity of the once presumed solid 
sphere of the inner-core is the catalyst and contributor and the creation of both plasmatic magnetic 
fields of the planet, which both fields are independent of each other, but at the same time 
iterconnecting or magnetically reconnecting tool for both spherically plasmatic magnetic fields on 
cither side of the solid inner core of the earth to produce the Magnetic field and gravitational field of 
the Earth 


Where the interaction between these two dynamic plasmatic magnetic fields in the physical body of 
the inner-core of the earth leads to creation of the double spherical plasmatic magnetic fields’ 
phenomenon needed for creation and control of the strength of the plastically magnetically based 
gravitational field forces and plasmatic Magnetic field forces necessary for the creation of the mass of 
and the atmosphere or magnetosphere around the planet. 


These reconnections’ of plasmatic magnetic field generated in two cores of the planet are totally on 
atomic and molecular levels, this leading to a creation of loose plasmatic magnetic field forces that 
operate at weak levels, but strong enough to cover a vast area in their surroundin; 


That is why a small Caroline core in the centre of the Earth can create a strong magnetic fields effect 
of up to outer boundary of the magnetosphere and gravitational field of the Earth and beyond. 


As the plasmatic magnetic fields could be created by use of any elements in both cores of the planets 
that they can generate any amount of heat and a given gravitational fields forces and for example with 
the Earth operating at central temperatures of several thousands of degrees centigrade at its core with 
surface gravitational force of one g at its surface, and similarly the Sun physically possessing several 
of thousands of times larger mass and volume than the Earth with central temperatures of several 
millions of degrees centigrade, which has only the surface gravitational force of about twenty eight 
times more than the Earth, therefore the following statement can be made that “the strength of 
gravitational field force of any system is largely independent of temperature, and is primarily 
dependent on, the composition of its dynamic inner structure mafs and matters, and the fields they 
created or maintained and the physical condition and are positioned in respect to each other, which 
through their interactions these leads to creation of the two dynamic plasmatic magnetic fields 
strength of the gravitational fields and magnetic fields of the system within its inner sanctum”, 


In relation to the physical data's available, the present gravitational field system which has been 
assumed to be created by the single magnetic system due to motion of matter and the inner-cores and 
the outer-core in the centre of the planet is not scientifically acceptable and cannot stand the present 
physical knowledge about the inner construction of the planet from seismological data's of the past 
twenty five years. 


The concept of single plasmatic magnetic field of the planet, which has up to now been assumed does 
not stand scrutiny of present knowledge and the present expanded laws of physics, as for the planet to 
be able to create gravity and Magnetism (for magnetosphere) that can span a vast area of the solar 
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system irrespective of its position and the material carried in its outer shells and on its surface, then 
the planet has to have two active plasmatic magnetic field forces in its centre cores, that the 
teraction between these two plasmatic magnetic fields can create the fields that affect the behaviour 
other entities’ with dynamic plasmatic fields elements in the vicinity of these fields, and the 
teraction of the fields of the planet and the fields of the entities allows for the entities’ to position 
themselves in respect to and within the plasmatic magnetic field strength of the planet to be attracted 
by the effective plasmatic magnetic field of the planet. This is what we have called Magnetic and 
gravitational position or for short Magravs positioning of one entity in respect to the other entity, 
where both entities possess internal dynamic plasmatic magnetic fields. 


The reality is that, if Earth has had only one magnetic field as has been assumed until now, then all 
elements on the planet would have been firmly attached to it, due to principle of attraction or 
repulsion of two magnets, and as it is observed on the planets all systems have been able to freely 
positioned themselves and being able to be mobile. 


Without the shadow of a doubt the centre of the planet maintains two 
fields, that the interaction between these two plasmatic magnetic fields at the plasmatic, atomic or 
molecular level leads to creation of an environment in which the matters in the surrounding area of the 
two plasmatic magnetic field will have the power to attract and repel mafs and matter within this 
created field. By the same law as the atomic matter, itself is made of magnetic energy fields, which 
possesses polarity hence why the attachment of the man to the earth as his being is made of these 
entities. 


\dependent plasmatic magnetic 


Therefore the matter will only by finding its Magravs position within the plasmatic magnetic field of 
the planet, if it can be attracted and be kept as part of the matter of the planet, or if its plasmatic 
magnetic field is too weak or too strong to be kept within a given field. Thus now it can be clearly 
understood how and why different planets can manage to hold on to certain matters and not the others 
and now one can understand why different matters take their positions in different layers of the planet 
too, where this positioning, like of the gases and solids, are totally related to the strength of the 
plasmatic magnetic energy of the atom in respect to the plasmatic magnetic energy of the planet or in 
other word, in respect to the total interaction between the pmf of mafs of the matter and the 
Magnetism and gravity of the planet. 


The plasmatic magnetic field force created on these levels in the physical inner cores body of the 
planet these creates the condition, where all magnetic forces within these fields will be influenced 
through their magnetic reconnection, this being in atomic or molecular level, this creating pulling 
wards forces for the two plasmatic magnetic fields of the matter and the planet to be locked into 
each other. This interlocking and the strength of it bind creates the effect of the gravitation field force, 
as the matters’ magnetic force and the planet plasmatic magnetic field created by the double plasmatic 
magnetic energy field, reconnect to keep each other at a physical interactive but loose distance. 


In reality gravity is the strength of the plasmatic magnetic field created by the interaction of the 
double dynamic magnetic force fields of the planet that can influence to pull the matters around these 
field to stay within its strength, or what is called its gravitational field force. 


The interlocking of these forces are the same as with two bars of ma; 
to each other, but their binding of forces is in planetary plasmatic levels, which are at a loose atomic 
or molecular level rather than electrons’ realignment or what is called are energy equal to the 
collective plasmatic magnetic energy of the electrons of Iron atoms interlocking plasmatic magnetic 
field level 


ignets when they are brought close 


With the difference that in the planetary or astronomical, cosmological and universal levels these so 
called magnets are in the form of closed loop spherical shape and may be in possession of internal 
heating in respect to their surrounding temperature and system, where their plasmatic magnetic field 
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force can vary and they can change their strength due to the compression and other factors in their 
centre cores, as in solid magnet the strength of the magnet is constant and permanent. 


In the closed loop spherical plasmatic magnets, the system of the plasmatic magnetic field lines has to 
find their magnetic reconnection line for the loop to be completed. Where, this plasmatic magnetic 
field’s reconnection leads to the directional polarity leading to the creation of the North and South 
Pole phenomenon of the planet. 


Through replication and production of such a system as the structure of the inner-cores of the earth, in 
being able to control the amount of matter and fields within the structure of these systems, the 
strength of the plasmatic magnetic fields of the cores of the system can be controlled and adjusted, so 
that, this will allow the creation and control of the measured gravitational fields forces by the systems 
respect to the environment in which the system is operating in. 


In the case of motion of an object like a manmade system, in possession of its own gravitational 
power production, in the gravitational pull of another object like a planet, the use of the phenomenon 
of the creation and control of the gravity in the centre of any system can be treated in the same 
manner as in the planetary system. 


Where, the gravity created in the centre of manmade system needs to be slightly changed in the 
positive or negative direction in respect to its previous position for the object to be repelled or be 
attracted towards the planet or an object. 


This Magravs positioning of a system in respect to planets plasmatic magnetic fields, can be achieved 
through several means, like by the change of characteristic of the dynamic of the one core in respect 
to the other, or changes configurations of the parameters, materials or physical structure aspects of 
‘one core or both core of the system, 


The magnetic and gravitational forces of a Star are to some extent dictated by the position of planets 
within the system as much as the constituent content matters of the Star itself. On these bases, this 
being the gravitational forces of the system and its position within its galaxy is to a large extent 
dictated and controlled by its’ planets and the gravitational force they create independently on their 
own 


This is very much like the rotational plasmatic magnetic fields of the electrons circulating around the 
nucleus of an atom. Where, the magnetic rotational spin of the electron decides the plasmatic 
magnetic field strength of the nucleus and the position which the element occupies and the number of 
other electrons it can carry, so this dictates the properties and its characteristics in respect to other 
elements around it, even though the plasmatic magnetic field of the nucleus is much more powerful 
than the plasmatic magnetic field of the electrons around it, or in other word the gravitational forces 
of the nucleus is needed for the electrons to be kept in their orbit and vice versa 


Thus the gravitational forces of a system or a galaxy is not only dependent on the plasmatic magnetic 
energy forces of its centre or its star, but it is fully controlled and determined by a bigger scale by its 
constituent planets and stars in that system too. 


From the topography of the Earth gravitational field pattem provided by space agencies, Earth 
plasmatic magnetic field does not keep a constant pattern and there are constant changes in the 
strength of these fields in different parts of the planet, where these are dictated by the activities withi 
the centre cores of the planet at the point of observation. These variations in gravitational field’s 
patterns confirming that the planet has composite and not necessarily spherical shape cores. 


These variations in these forces in the cores of the planet could be due to the variation between the 
teraction of the inner and the outer plasmatic magnetic fields, where for example at point where 
these forces vary drastically in respect to each other, then one gets distortion of the fields and 
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reduction or increase in the gravitational field force in that region of the planet by small factor. Then 
where, for example one force field, like the fields created in the Caroline core is more powerful due to 
sudden short burst of ionization in the core, at that point and that moment, the plasmatic magnetic 
fields interaction of the centre field is more powerful, then the gravitational field force can be more 
powerful at that given point, but these changes due to close confinement of the centre cores are 
usually not so large 


For example by observing the pattern of the gravitation field of the Earth, a constant depression in the 
plasmatic magnetic field in the region of the southern eastern hemisphere in respect to the rotation of 
the planet usually can be observed. Where, this phenomenon now can be easily be explained, and thi 
is what I so call the washing machine effect and that is, where the material within the inner-core has 
loose plasma area of rotation, as in the drum of washing machine filled up with clothes, the inner-core 
of the Earth does not possess the blades as in the drum of the washing machine, then the more dense 
matters in the Caroline core as they cannot role all the way up against the internal wall of the cores, 
and then due to toroidal and interaction with poloidal motion of the Earth, these materials pull up the 
wall of the core and due to their viscosity they roll back over in this area, this whirlpool effect due to 
slower motion and less available field in this region effects the gravitational field in the south 
American continent area too. 


This washing machine effect of the materials in the Caroline core directly affect the plasmatic 
magnetic field production in this core, and consequently its interaction with the plasmatic magnetic 
field of the outer core, and in turn this creates the disturbance in the gravitation field of the planets 
these two regions as has been noted in the overall pictures of these regions gravitational field forces 
effect, where dents in the gravitational field forces patterns are observed on continues bases. 


Even thou Newton did note the effect of interaction of two forces between the matters and the planet 
and he measured its strength and called it gravitational field’s forces of the planet, but he could never 
establish the source and method of its creation. He speaks about the effects of the gravity 
relationship between two objects in respect to each other’s position, and not the effect created by two 
plasmatic magnetic forces in respect to each other and their position in respect to each other, where he 
could not understand that gravity was magnetic field bases entity and magnetic field strength and it 
effect are magnetic fields position dependent. Newton never could relate and understand the 
connection between Magnetism and the gravity as both to be created by the same matters and 
conditions which manifesting itself as two different forces in respect to other magnetic field forces. 


Scientists explain the gravity as the relationship of attraction between position of two bodies in 
respect to each other, and not the reality that gravity manifest itself in relation to interaction and 
attraction of two bodies in possession of dynamic plasmatic magnetic field forces created and 
maintained in respect to each other position 


In understanding the real method by which the gravitational field forces of planetary systems are 
created then systems can be made to replicate the same process and by being able to create and 
control gravity as done in the planets one is able to observe the effect of this natural phenomenon 
within operation of a manmade system, 


In manmade reactors as the concept of gravity has been replicated, now the concept of the gravity has 
to be redefined as the “ attraction between two bodies, where at least one body possesses a double 
spherical dynamic plasmatic magnetic field force, where one field is superimposed by the other 
plasmatic magnetic field forces within an object, where their overall plasmatic magnetic field strength 
‘teraction upon each other can create an overall plasmatic magnetic field, that other matters in 
possession of their own dynamic plasmatic magnetic field or static plasmatic magnetic field, within 
their catchments area can position themselves according to their internal plasmatic magnetic fields 
strength”, 
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The interaction of these double dynamic spherical superimposed plasmatic magnetic fields in the 
centre of the planet separated by the physical matter of the inner-core upon each other is the cause of 
the rotational motion of the inner solid core of the Earth and where the motion of the inner solid core 
itself is the containment body of the centrifuge system for the gases in the Caroline core for the 
atomic fusion chain of events in this chamber, for it to sustain the ionization process in the this 
chamber. Where, at the same time the inner-core plays the effective mixing machine for the matter in 
the outer-core of the planet, where the interaction of plasmatic magnetic field of the Caroline core 
with interaction with the plasmatic magnetic field of the outer-core would change the combined 
plasmatic magnetic field effect of the whole planet, which in reality would have changed the 
gravitational field strength of the planet. 


The rotation in the gas layers of the Caroline core in conjunction with turbulence, which leads to 
convection in the materials in the cores of the planet, this effecting the generation of current and 
plasmatic magnetic field in the core of the planet and consequently the gravitational forces created by 
the core of the system. 


‘Now one can explain that the change of the polarity of the earth and any other entity the like of the 
Sun is only due to change direction of flow of the current in one core or layer of these dynamic 
magnetic fields based star and hence the change of direction of the flow of the current for example in 
the plasma of the Sun layer leads to change of the polarity of the star, as one can sees the same change 
of polarity in the production solid magnets, where the change of direction of the flow of current 
changes the polarity of the metal, as is the same for the plasmatic magnetic field entities too. 


Thus change of polarity of the earth is only due to the change of direction of the current within the 
core(s) of the earth and would not affect the gravitation field or Magnetic field strength of the earth 
when it will happens. 


‘Now that the method of the creation and control of gravitational field forces of planet is understood 
and can be replicated, it becomes easy to understand how systems can be produced that can create 
magnetic field structure of any element or matter in the universe, this being magnet for hydrogen atom 
or uranium atom or magnetic machines can be produced that can gravitated to themselves molecular 
structure like water or protein. 


Where, the system gravitational field can be created to match for example only the plasmatic 
magnetic field of atom of gold, so that the system becomes a gold magnet or the system will generate 
only or gravitates towards the plasmatic magnetic energy of the gold atom, so one can separate gold 
or any other matter which the system is present to generate the Plasmatic magnetic energy of. This 
system will then can replace the present centrifuge system of the present time. 


Magravs measuring system 


In the gravitational systems, where only magnetic fields forces are considered and measured, the 
present earthly measurement tolls of gravity has no meaning and room. Space scientists of the future 
have to learn to measure magnetic field force in respect to each other and not kilogram per centimetre 
per Seconds Square. 


Thus the measuring gravitational systems to be developed have to be first of all three dimensional, as 
field forces of all matters and fields in space have to be considered and balanced against or with. 
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The gravitational tools of the space technology is fixed magnetic fields shear against the magnetic 
fields of the system against the total magnetic fields forces in the overall sphere of the systems fields. 


In fact the gravitational fields of the space technology are like a magnetic fields sphere positioned 
around the gravitational reactors, as these measuring tools of the gravitational systems will measure 
the Magravs of the all fields of all forces internally and externally in respect to their position in 
respect to the reactor Magravs. 


‘The Magravs measuring tools are to be called Universal Magrays Measuring System (UMMS) and 
position of Magravs of the system in respect to another Magravs are called Magravs po: 
System (MPS), 


Elaborations: 


Through understanding the real term concepts of the creation of the gravitational field forces and 
design and production of specific nuclear-based reactors of the function of matters within static and 
dynamic reactors, the principle of the hypothesis of creation of gravity has been proven to be correct, 


The difference between inertia and gravity is said to be the gravity is an attribute of a body in 
possession of two dynamic plasmatic magnetic field forces interacting upon each other, where the 
inertia is the attribute of collective molecular magnetic force of an object which does not possess a 
double magnetic field structure as whole, even though both behave the same and due to their 
plasmatic magnetic fields appear to be the same thing. 


Where, in case of planets like Earth, the total pulling power of the planet in respect to other objects in, 
on, or about it are due to collective forces created by the gravity and its constituent’s matters inertia, 


The creation and maintenance of gravity is dependent on two dynamic regions being in possession of 
two independent dynamic plasmatic magnetic field forces and gravity is totally independent of the 
mass of the object as mass itself is the by-product of the interaction of the Magnetic fields and 
gravitational fields of the entity, but dependent on the position of their plasmatic magnetic forces in 
respect to their plasmatic magnetic field strength from the centre entity. 


The centre of planets, does not matter what their inner layers are made of do not need a metallic 
matter or metallic behaviour conditioned matter for the creation and maintenance of their own 
electromagnetic effect due to motion of electrons and charged plasmas in their core as these entities 
generate current and potential difference levels for the core to maintain independent plasmatic 
magnetic field forces leading to the creation of plasmatic magnetic field and finally by interaction of 
two such dynamic plasmatic field forces upon each other, leading to creation of gravitational field 
forces within the entity and in its surrounding area. 


The interaction of these two plasmatic magnetic field forces upon each other, or the concept of 
“DOUBLE DYNAMIC SPHERICAL PLASMATIC MAGNETIC ENERGY FIELD EFFECT”, in the 
centre of any dynamic plasmatic entity will lead to creation of the gravitational field force and the 
magnetic field forces of that entity in respect to other entities with the catchments fields force of the 
entity. 


Therefore, the gravitational field strength of a system manifest itself and can be explained as the 
relation to interaction and attraction of two bodies in possession of dynamic plasmatic magnetic field 
forces created in respect to each other plasmatic magnetic field position and strength. Even, further it 
has been proven through prototype reactor tests that the speed of the rotation of the planet is 
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determined by the speed of the solid inner-core of the planet, where the speed of the rotation of the 
planet is set and dictated by the interaction between the dynamic plasmatic magnetic fields of the 
Caroline core and the outer-core of the planet, as the motion induced by the strength of the two fields 
in the centre cores, upon and interacting within the solid inner core, determines the speed of the 
rotation of the inner core, and in turn this will determine the speed of the rotation of the whole planet. 


Whereas, if the speed of the rotation of the planet were not set by the planet by this principle, then the 
planet would have had different speeds at different points in its daily axial rotation and it would have 
had different speeds in its annual path in circling its star, where the effect of the other objects in the 
system would have dictated different speed of the rotation of the planet, therefore it is correct to 
assume that the speed of the planet is controlled by the speed of the solid inner-core of the planet, and 
the same applies with other entities like the star as the speed of the internal fields interaction dictates 
their speed of rotation. 


The motion of the inner solid core is very much like the motion of the trains on magnetic tracks, 
where by not allowing the two dissimilar magnetic poles to be aliened, the train moves forward. 
Where, in the case of the spherical solid metallic inner-core of the Earth, this motion is rotational 
rather than linear, 


Through tests, it has been proven and understood for the first time, that the magnetic polarity change 
of planet or the system occurs when the direction of the flow of current this being due to motion of 
electron or charged plasma in the cores in the whole of the system changes from one direction to the 
other, or in some cases one field change of direction of internal current can causes the half reversal of 
the polarity of the whole system. This is understandable, as the plasmatic magnetic fields are created 
due to directional motion of electrons, plasmas or charged plasmatic current within the matters of any 
entity, thus as the direction of the flow of the current changes, this will change the direction of the 
polarity of the planet. 


Understanding the direct relationship between the magnetism and gravitational forces within a system, 
the manmade systems the change of polarity in the reactors of a system has to be avoided, as, if this 
happens during the operation of the reactor, this can and would lead to the overturning of any 
platform which is equipped with such a system. This being one of the fundamental reasons why the 
reactors which have been developed and tested up to now for space technology, always are preferred 
to be constructed in a half spherical shape, simply to avoid the flipping of the polarity in the cores of 
the reactor, where the speed of the rate of the polarity change is very dependent on the components 
and conditions created within of the centre of a planet or a star. 


Ifa planet 
will be much faster and on a shorter tis 


made of near enough similar material on both side of the inner core, the flips of polarity 
lapse, like in the Sun 


If the planet is made of a composite core, and made of two or more different materials in its Caroline 
core (the real centre core), for the two fields to re-align, then this will take a longer time for the 
magnetic flip of polarity to occur, like in the core of Earth. In any case, as the materials in both cores 
are always constant and cannot change that much, therefore the time laps between the changes of 
polarity stays on the same time intervals. 


In the case of the Sun, due to its more uniform and singularity or only composite of three matters of 
plasma, hydrogen and helium in its core, the change of polarity takes eleven years, and the full 
polarity change has the predetermined time of twenty-two or three years. 


In the case of smaller planets’ like the Earth, which is made of composite mixtures cores, the time 
lapse in change of polarity will be longer. Where, the switching of polarity is a natural outcome of the 
direction of the flow of current created by the electrons and primarily by the charged plasma and due 
to dynamic characteristic of the core, and is an inherent characteristic of the atomic structure of each 
element and environment which they are condition to within the cores of the planet. 


88 


It has been observed in tests, that the plasmatic magnetic field of the core increases by the principle of 
extraction of the electron from the core, where electrons are facilitated to be absorbed by the walls of 
the reactor core. Where, the majority of the field created is primarily due to the motion of charged 
plasmas. Where, at the same time for weaker magnetic fields test the reactors have present to absorb 
the plasma of the proton that only the lesser mass of mafs available in the plasma of the electron can 
be used for a given test condition. 


Therefore according to need of the use, reactors can be set to utilize any components of an atom or the 
mafs of their constituent plasmas without in fact destroying any structure of the mafs or the matter, 
which the mafs was used for that given exercise. 


In principle it is observed that the plasmatic magnetic energy of the planet is primarily due to the 
motion of the charged plasma in the core and not electrons, where in reality the motion of charged 
dynamic nuclease of an atom has/ and indeed, possess a much larger electrical charge then its 
counterpart the electron by factor of 2000 times. Thus now it is apparent and clear why such a small 
core in planets can master such large magnetic field forces within and around them, and now it 
understood how planets can carry the burden of such large mass in their journey through their system 
for such long period of time of billions of years in their solar systems. 


In tests plasmatic magnetic field created by these type of cold condition plasma using a 20 cm 
dynamic core, has been noted to create a 4-meter radius dynamic spherical plasmatic magnetic field 
span, which can last up to several minutes after the switching off the whole system, 


The dynamic plasmatic magnetic fields created within the double cores of the planets, determines the 
magnetic or gravitation fields, which the planet will possess and consequently the material, which the 
planet will hold on to. This explaining why planets behave like magnets, which only have the 
characteristic of one element or several materials plasmatic magnetic band(s) which covers some and 
not the other elements, which this dictates the material composition of the planet within, on the 
surface and around the planetary system. Where, the same applies to the solar system and galaxies and 
so forth. Where, the gravitational field forces created by the balance of the two interacting dynamic 
plasmatic magnetic fields is the principal factor in determining the constituent material of a plasma, 
planet, star or a system. 


The creation of the gravitational field forces of a solar system and even the gravitational field force of 
the galaxies are not far from the gravitational system and method's used in the atomic and planetary 
systems. That is to say, that solar system’s possess and generate plasmatic magnetic fields like planets 
and they possess gravitational forces according to their stars constituent materials. If one could stand 
on the edges of the solar systems, one should be able to see and detect the gravitational forces of this 
system, by it simply absorbing and attracting with the entry of cosmic meteoroids and asteroids into 
's gravitational and solar heliosphere region of its solar system. 


Solar systems, like planets, possess and create magnetospheres of their own which is specific to their 
composition materials. The entry and exit from these solar Magnetic and gravitational fields uses the 
same method as the entry into or exit out of planetary systems. 


This also holds true for a solid magnet, where if a piece of magnet could be cut into two halves or four 
quarters, each piece of the material will still carry the same north and south poles and each piece will 
have the same magnetic powers as the original piece. That is to say, that if one uses the same volume 
ratio of the same mafs or matters and proportional physical conditions in the core of a system; one 
will attain the same magnetism and gravitational field force from the system as its bigger dimension 
system with the same mass ratios. 
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In astrophysical terms, the Magnetic field forces of any entities are what keeps the entities apart from 
each other, and at the same and opposite to this, the gravitation filed forces are what keeps them 
together. 


Where, the pattern of distribution of Magnetic and gravitational fields forces of the entity interacting 
with another Magnetic and gravitational field force shows itself as the magnetosphere of the entity. 


This Magnetic and gravitational field force (Magravs) of dynamic plasmatic fields force is known 
passive magnetic field (PMF) and has no relation with the magnetism as known in a solid-state 
magnet. This is so called passive plasmatic magnetism due to the fact that, this type of magnetism 
cannot magnetize an entity otherwise all the materials in the universe would have stuck to each other. 
But this mixture of Magnetic and gravitational fields are used to position one entity in respect to each 
other that they not necessarily collide or move too far from each other once they established inter- 
magnetic connection, 


The reason the Magravs are called passive plasmatic magnetic field is due to their capability of 
passing through human tissue without in majority of the cases affecting the function of their atomic 
and molecular magnetic field, which human cell possess on their own for their structural bindings. 


In the past, magnetism and gravity have been explained according to the physical understanding of a 
solid magnet and not according to the planetary magnetic forces, this new understanding of creation 
of magnetism and gravity, is one of the corer stones of the creation of plasmas, planets, solar systems 
and galaxies. By not appreciating the connection between the magnetic field force and gravitational 
field force of a system like Earth, it has become a challenge for the scientific world even to overcome 
the weak gravitational field forces of small planet like earth in just trying to send a small rocket into 
the Earth’s orbit, 


Through development and tests on double core type of cold condition plasma reactors creating the 
same conditions as it has been assumed to exist in the centre of planets, it has been observed and 
physically been proven, that the source of the three dimensional spherical gravitational field and three 
dimensional spherical magnetic field of the planets are the same materials and the dynamic interaction 
of plasmatic magnetic fields created individually and independently in each core of these reactors and 
their effects upon each other creates and maintains both forces of the creation Magnetic field and 
gravitational fields forces simultaneously. 


If one were able to create the right condition and material in a simple core, as has been done in our 
tests with core developments, then one can create and control magnetism and then the gravitational 
field forces within that object, and then in the environment which the object is positioned in respect to 
other external plasmatic magnetic fields around it, where, the plasmatic magnetic fields created within 
and by the object will becomes its Magnetic field around it, very much like the magnetosphere of the 
planets, this providing a magnetic shielding like Earth atmosphere around the object and due to the 
spherical shape of objects in possession of both forces, this creates a magnetic loop, where they create 
the two poles of the magnet as the North and the South Poles 


If a system can take advantage of this phenomenon, for it to move within forces of a planet, rather 
than trying to overcome them, or to resist them for its motion, then not much energy or effort is 
needed to create the right gravitational forces and magnetic field protection within and around a 
system for it to move inside or outside the atmosphere of a planet or a system without burning a single 
atom as a fuel, which this puts an end to the propulsion technology for rapid and protected motion 
anywhere in the universe. 


Due to the spherical shape of most of celestial entities and their rotational motions in the universe, the 
gravitational force created by the dynamic plasmatic magnetic effect has a pulling force, which has 
the tendency to encircle and reconnect within the interior of the entities fields of the same dynamic 
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structure. This being the reason why the gravitational forces increase as one moves closer to these 
objects and as one moves’ towards the centre of these matters. 


The difference between the solid magnetism and plasmatic geomagnetism are two clear factors, in this 
particular order, first is Dynamism of the magnetic fields which creates the geomagnetism, and 
second the need for the interaction of two independent fields upon each other to maintain the 
plasmatic magnetise, where plasmatic magnetism for it to exist the plasma needs to create and 
maintain a full gravitational and Magnetic fields system of its own, which can absorb and feed other 
plasmatic magnetic fields within its environment to guaranty its survival in that environment at the 
same time, whereas in solid magnet, the order of continuity is within the structure of the matter and 
not mafs of the matter. 


Conclusion 


The gravity is the product of interactions of fields and wherever in the universe fields will interact 
their interactions will gravitates some fields or matters to them, or caused these fields to be attracted 
and gravitate towards another setup of the same or stronger and by laws of nature the stronger attract 
and gravitates more to itself and the heavier mass as they are made of more magnetic fields tend to 
dominate the seen when it comes to gravitational pull. Through tests it is apparent that the power of 
Magnetism and gravity of all entities in the universe are independent of the physical size of the entity 
and more dependent on the strength of mafs, which have led to the creation of the entity. 


Through design and test of double core reactors we have proven that the origin of the gravitational 
force and magnetic force of a planet or any celestial systems in the universe are the same mafs and 
materials and conditions, where they are created out of the interaction of two independent and 
dynamic plasmatic magnetic fields. 


Note; this revised version of the creation of gravity paper has included extracts from collection of 
three other papers published by the author, which these were, the gravitation measurement system, 
the relation between Magnetisem and gravity (35) and the original paper of the creation of the 
gravity. 
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CHAPTER 10 


The creation of Black Hole 


© MZ. Keshe/The Keshe Foundation 2004/2006, AU rights reserved, 
Author: Nue Ir. Mehran Tavakoli Keshe 
Date of Internet release: December 3, 2006 
Up dated version for this book publication 2.9.2011 


Note: 


The original version of this paper, which explains how black holes are created and how they do leak 
‘matters and rays into the environment of the universe, was submitted to the Royal Astronomical 
Society of United Kingdom in London in April of 2004 for peer review and publication. The author 
after three months received on the 8.7.2004 a letter (Fig. 29) from the Society dated 7.7.2004 that this 
paper will not be published and will be kept in the library of the Society. 


Interesting enough on the same day 8.7.2004 (check the press) Mr Steven Hawking, the imminent 
Black hole scientist and expert in this field of science announced that he, after thirty years has 
changed his mind and he says that indeed the black holes do leak rays out and that he announce this 
in a conference in Dublin later that month (see the press), as now he has lost a bit of shirt. 


We have wondered for years how coincidental of the topic, the date of letter from the institute, the 
date of announcement, and the change of mind of a scientist! 


This is the reason why the Keshe Foundation does not believe in the scandals and process of peer 
review and the foundation publishes its own scientific papers on its website and its own books for the 
reader to peer review the newly gain knowledge. As with this process the knowledge is passed on first 
hand and in some cases in matters of hours of the discovery to the public and not waiting for month 
and years until there is gap in some journal that the paper can be published. The Keshe Foundation 
firmly believes that ‘as if a man, has reached the age of maturity and intelligence that he can read, 
then he can independently investigate and judge the correctness of the knowledge he receives 
according to his own level of imelligence for himself”, unless he is an innocent, then he needs to 
accept the enforced control system of peer reviewing to tell him what to think, that this peer reviewing 
can suit the self-interest of the peer reviewer, or organisation which supports him financially or the 
nation which has promoted the peer reviewer for their own clandestine purposes, as we have seen the 
same process of control through peer review systems in different occasions in different countries 
around the world in this recent times. 


A copy of the letter from the Royal Institute of Astronomical Society ix enclosed at the back of this 


chapter for reference. (Fig. 29) 
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Abstract 


Since first disclosures of this phenomenon, scientists and the rest of academic world have tried to 
understand and explain the reasons for the existence of these mysterious Black spots in the universe, 


Hypothesis 


The object of this paper is to prove that Black Holes are created out of a natural sequence of events in 
the universe and to prove that existence of a Black Holes in the galaxies and in the universe is a 
normal event as the appearance of the Dark Spots on the surface of the Sun. Black holes are simply a 
creation or an outcome of natural interaction between two or more mafs, passive magnetic fields and 
matters in motion within any dynamic plasmatic magnetic field entity in the universe (Fig. 26). 


SYSTEM1 


BLACK HOLE 


Fig. 26 Interaction of two plasmatic energy fields creating the effect of'a Black Hole. 


Discussion 


In this paper for the first time, it will be explained how the Black Hole is physically created and in this 
disclosure it will be explained 


1) The conditions, which this physical object is created in the universe naturally. 
2) How this body of the mass appears as a dark spot in the galaxy? 
3) What purpose it serves in the universe? 


4) Parallel example of the Black Hole condition in our solar system. 
5) The use of this phenomenon for Man to enable him to travel in space. 


When, one could fully understand the concepts of the creation of galaxies, stars and planets and 
plasmas, and then one could be able to understand the creation and existence of the Black Hole in the 
universe in its different scale of dimension, where the creation of these entities in the universe all 
follow the same principle. 


In understanding the fundamental principle that galaxies like solar systems and planets are given their 
inner mass and energy at the point of their birth in the universe, so they cannot create additional new 
masses and new source of energy on their own. Then it is understandable that Galaxies can only 
recycle what they have been given at the start of their lives, to create different new objects like stars 
or planets within themselves. In universal terms they have a finite mass and energy available to them 
and nothing more. But at the same time as a part of bigger picture galaxies have to obey the universal 
laws of physics. Consequently, all galaxies follow the same rules and so do their physical contents 
like solar systems and atoms within them. 


A Black Hole is created primarily and only under-one condition in the Universe and as the 
consequences of other acts in a galaxy. They are not created as a deliberate act and as predetermined 
plan in and by a galaxy. But in their way, they make an enormous contribution in keeping the matters 
check in their surrounding environment during their relatively short life. 


At the same time they redistribute fresh materials throughout the galaxy during their cycle of 
existence. This is done through and as the consequent of them being the source for the creation of 
cosmic rays in their galaxies, as this is very much like natural fertilizers production systems of 
galaxies. Where, the old matters give its energy in an indirect way, for the existing other planets, to 
keep them healthy and for them to receive sustenance from their galaxy. 


Black Holes in the universe are nothing but the centre for collection and re-cycle waste bin of cosmic 
debris of different sizes, this being giant meteoroids to specs of cosmic dust. 


As the black hole grows bigger and their gravitational forces take over, then a Black Hole becomes a 
predator for parts of this galaxy. They become vast eating machines of the debris and stars and planets 
and this is exactly what is to be expected of them. 


The Black Hole is originally created totally by chance. There are no patterns in their creation. They 
are simply a creation or an outcome of natural interaction between two or more passive magnetic 
fields or matters in motion within the galaxy or the universe. 


Creation of the Black Hole 


To explain the concept of creation of black holes, phenomenon’s that are normal and familiar are used 
and will be relied upon in this paper. Then a parallel for the creation of the Black Hole type of 
incidents will be drawn with the same process in the solar systems, galaxies and universe. 


Black Holes are created according to the rules of physics in galaxies to collect and then replenish the 
galaxies with fresh recycled materials, where this recycling is the vital factor in sustaining and making 
sure that as the galaxy moves that there are new materials available to start new systems within the 
galaxies. At the same time for them to nourish the other planets within the galaxy with fresh supply of 
materials. Where, for example the Earth receives several thousands of tons of cosmic dust from the 
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solar system through the similar method through its atmosphere per year from the black hole within 
its galaxy and from the universe 


The parallel similarities between the Black Hole and presentation of new material in the universe and 
on Earth can be compared to the effect of collision of Earth’s tectonic plates. When, two sources of 
solid materials interact with each other. In the long run stars and planets in the galaxy, as the same 
with Earth submerged tectonic plates; these become the source of the supply of new materials in the 
galaxy, similar to, as lava becomes the new continents, or mountains on the Earth, 


Let’s explain this in the following manner. The continental plates and stars systems are forever on the 
move, they move slowly, but surly they are on the move. On the Earth, when two or more continental 
plates move in random manners, over centuries and millions of years, at some point they come on 
each other's path so as do the stars and their systems, like solar system and others in our galaxy. 


When on Earth the two or more continental plates come together. Several things can happen, this 
happens in galaxies but in a different form too, Where, the continental plates in galaxies are replaced 
by cosmic spherical or flat oval magnetic fields of the stars or systems. 


The next steps in the procedure are very familiar on Earth as the continental plates push against each 
other, if, they are of similar strength, they rise together to create the mountains over millions of years 
as these plates are still pushing and moving while they are exerting their strength on each other. So, 
large mountain ranges on the surface of planets are created 


Other things can happen too and that is if, one of the continental plates has weaker energy strength the 
weaker plate will slide under the other, where the continental plate which sub-merges in the long run 
becomes the material in the lower levels inside the planet, which later this becomes the base material 
for the magma of the planet, then over millions of years this matter again appears on the surface of the 
Earth through volcanic eruption. Then some times in the future these too become the source of 
materials for new continents or an island and so on through volcanic eruptions. 


The material drawn into centre of the planet does not disappear but for the time being is hidden from 
the view and parallel to this scenario happens in the galaxies, when two or more systems in the galaxy 
reach each other, where an area in the space is created that the two passive magnetic fields and or 
entities have to interact with each other, Where, their passive magnetic fields push against each other 
like continental plates (Fig. 27), 


27. Plasma of passive magnetic fields pushing each other exeating 
balanced magnetic field region, called Black Hole 


As they are on a collision path with each other and as at the same time the surrounding systems forces 
are pushing for their position, they do not allow any other course of motion but path of the collision of 
the two systems on the move. Then, a point is reached that as there are solid materials in motion from 
both systems and they have no choice but to collide and interact with each other. Where, in this 
process being thrown at each other by their systems, pieces of inter-planetary garbage, parts of moons 
‘or meteoroids and other bits of the two systems in this region are in the same pot too and all are mixed 
up and get entangled with each other. 
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In this area and at the same time as the two systems physical materials are pushed and thrown at each 
other, so do their mafs and passive magnetic fields are exerting their powers and authority too as in 
the like of in the planetary the hidden forces pushing the continental plates into each other. Then a 
point is reached, where these two magnetic force fields’ of the two set of entities forces become to 
near enough to cancel each other out and create a condition of magnetic field equilibrium, where one 
field force cannot dominate the other passive magnetic field force, and inevitably an area of no or 
very week passive magnetic fields force in this region of the universe is established, where during all 
this processes materials from both systems are still being pile-up in this part of space. Where, the two 
systems materials are brought together due to pure forces of the Passive Magnetic Field forces of the 
systems and their surrounding systems in the galaxy. 


Even stars themselves in the latter stages of the development of the Black Hole could become the 
victims of the Black Hole, which their system themselves were partially the cause of creation of. At 
this point the new mass of the Black Hole may even be a larger mass than any of the individual 
systems that created the Black Hole in the first instance. 


‘One cannot forget that these masses are still in motion and rotating at very high speeds. 
This new mass in the centre of this is pile all together creates a very large gravitational force within its 


region due to sheer weight of the mass which is collected and primarily these could become inertial 
pull rather than gravitational pull of the matter in these Black Holes too. 


By laws of physics, one knows that the only reason that stars shine or cosmic rays glow is the 
phenomenon of the motion of charged particles passing through a magnetic field. In this region where 
the magnetic fields are very weak, this region lacks the main component that could make it shine or to 
be bright and that is the lack of the passive magnetic field in this region, due to the equilibrium and / 
or cancelling out of the two interacting magnetic field forces of the two systems. 


r for a time in the motion of the two magnetic fields of the systems passing each other in some parts 
there are no or there will be very little magnetic field force available, even thou there are charged 
particles in the area, but there are no magnetic fields strong enough for them to interact with to create 
the visible light. Consequently, in these areas of galaxy there are No glows and No shine 


Reason why this is called the Black Hole, is due to the fact that in these parts of the galaxy, which two 
or matters and their magnetic fields meet and interact, and can balance each other out, there will be 
very little visible light emission due to the lack of interaction between charge particles and non- 
existence of magnetic fields or existence of weak magnetic fields, that cannot produce bright light 
enough to be visible from the Earth. 


This is the reason, why if one look’s at these areas of the galaxy these areas seem to be darker 
compared to their surrounding areas, as the light not only is emitted from the mass of the black hole, 
but at the same time these matters due to their physical dimensions and their magnetic fields forces 
strength will not allow and block lights coming from other sources behind them in the galaxy too. 


This is why, these regions of the space seem to be black, but from an outsider point of view looking 
over the area it looks as everything and all materials are thrown in to this dark spot from one side and 
nothing is coming out of the same side and consequently the physical term of The BLACK HOLE 
was invented. 


This area appears as to be a Dark part of the universe, but in reality some rays of light should be 
observed being produced in this zone, as some charged particles still interact with the some weak 
PMF of the systems or what is left of them before they enter and interact and in this part of the galaxy 
there are visible light but matters are disappearing too, 
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‘more of a guess than a science. 
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Cable under test rere 
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So, in this region of the galaxy astronomers observe a large gravitational force due to the large 
amount of mass thrown in to this area by the two systems as they pass each other. But, they have no 
explanation as what is happening to all this mass. Now one understands the reason for this false 
assumption and appearance. This is the region where the gravitational forces are in reality mixture of 
gravity and inertia pull of two systems, 


‘One has to remember that as these two or more systems are passing each other, several scenarios can 
happen again, which every one of these will have and has drastic and profound effect in that region of 
the galaxy. Where, at the same time these events can generate a vast amount of new recycled material 
for other entities within the galaxy. 


At the same time one has to take into account the time factor and that one is dealing with a three 
dimensional picture, as in some cases the Black Hole exists for millions of years during the crossing 
of the two systems crossing each other’s path at a slow speeds. The truth is that the Black Holes are a 
temporally condition, so to speak, in the bigger picture of cycle of the life of a galaxy, but they surly 
look like being there forever. 


Some of the residual of these interactions will be some cosmic rays (10) or the outcome could be the 
birth of a new system with a new mass from the mixture of the masses of the two old systems after the 
system parameters balances each other out. In this case the overall masses of elements within the 
black hole are present as they were in their original systems. Where, now the new Black Hole could 
possess slightly less than the combined mass of two old systems. With lose of the some of its matter 
the process of the interaction of the two systems into the galaxy 


One cannot forget that the centre mass of the Black Hole is still rotating most probably in the same 
direction as the systems were rotating which created it. At the same time, as the centre mass is void of 
the Passive Magnetic Field (PMF), the usual interaction between the passive magnetic force and 
gravitational force do not take place that usually creates the first basses of heating and sustaining that 
heat, so that the temperature gradient could take hold, that this in turn could create the scenario 
conditions for the mass to become a large star or a system. 

So that the centre mass have enough material but not the right condition to create the necessary heat, 
for the time being to make the jump to become the source for a new system or a new star in 
possession of gravitational forces. 

This is one of the ways that the Black Holes become the creator of new stars and systems. Therefore 
the mass relies upon the heat that is produced mainly by the natural friction of the elements pilling on 
top of each other in the centre of the black hole. 


But at the same time these places become the centre of the mafs of principal matters of the entities 
within the collision zone. Where at this point the principal mafs and matters of the constituent matters 
within the collision can take hole and star t the process of creation of the principal star with its strong 
magnetic and gravitational field forces, which this condition can lead to creation of principal star and 
hence through realises of mafs of at principal level and through its slowing down and through 
production of transition mafs, these parts of the universe can again appear to be dark than the rest of 
their immediate surroundings, and hence the creation of balance mafs of created and the surrounding 
environment field, then again due to lack of creation of interaction sufficient to create mafs at the 
mafs of visible light, then these areas of the universe again look darker than the neighbouring regions, 
and as the centre of this region is covered with the seed of principal mafs and matters then one 
observes the strong pull of matters to this region without being able to see its origin which is the 
principal star in the centre of the dark zone. 


These interactions between passive magnetic fields occur on regular basses in our galaxy, as systems 
are at all times on the move in a confined space of their Galaxies and if one had enough time to look 
out into the space, one will observe the creation of so called black hole the way one observes passing 
of dark clouds in the sky of the earth during stormy times. 
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The motions in this specific part of galaxy are in progress over thousands of years, the Black Hole’s 
due to other systems magnetic fields surrounding it and their influence and interface with passive 
magnetic fields of these systems making and allowing the black hole to leak cosmic rays into the 
galaxy like a fountain in its surrounding area. 


Then it should be understandable now that why the scientific world finds materials from the Universe 
that is not nor have not the same age as the original component of the galaxy. As like supernovas, the 
Black Holes are the source of the new material for the galaxy primarily because of the way they are 
created and the way their life cycle finishes, 


The other scenario of the interaction of the two systems could be totally different with an interesting 
outcome. This is the most horrendous way that the two systems could come into contact with each 
other and in this case as the two magnetic fields come too close to each other, at the same time other 
systems around them push these Passive Magnetic Fields themselves together. 


The two fields interact and the first stage of creation of the Black Hole is reached very rapidly, but as 
the two systems surrender more and more of their debris and planets to the Black Hole, the central 
mass of the Black Hole increases and as the Black Hole is receiving its contents from two different 
systems simultaneously, then a point reached that the weight and the gravitational force of the new 
centre mass of the Black Hole super-passes the mass weight of one of the systems, which created it in 
the first place. 


Systems which have already lost some of their mass to the Black Hole at the outset of the creation of 
it, now losses control of its magnetic fields too. To an outsider looking at this event, it seems as the 
Black Hole is consuming everything around it. Where, this process can take over thousands of years, 
until a temperature gradient or a dynamic principal mafs and matters of in the centre of the mass is 
established, 


As the centre mass of the Black Hole has consumed the entirety of two systems, and it is operating in 
ano magnetic field zone for a period of time, where its internal dynamic plasmatic magnetic field 
cannot pass its physical boundary (see the paper “The creation of dark matter” M T Keshe for clarity), 
the system will still can absorb or attract other masses from its surrounding into itself. 


In this scenario, if mafs and materials are held for long enough time within the centre mass! That new 
magnetic field force could be produced and maintained, where at this moment of its life cycle this 
giant of a mass of the Black Hole will be nothing but a huge Gravity and Magnetic field producing 
machine. Where, by the end of this process a new system or several systems will come to be born and 
new materials will be scattered in the galaxy, and this Black Hole will be a Dark place but not 
necessarily cold. 


If the centre mass during its creation does not manage to heat up, then the third phase of the Black 
Hole syndrome takes hold. This being that, the centre mass at this stage becomes so big and as it 
never had a chance to heat up due to total absence or lack of strong magnetic force at the same time 
where the new large centre of the mass is rotating, this new mass will be inherits a huge natural inertia 
force from its collective mass with no or little magnetic field beyond its physical boundary to keep it 
at bay, so, this massive large body will start pulling smaller objects near to it into its trap. 


The same phenomenon applies when two galaxies come to pass each other’s path too, with the most 
horrendous outcome for the galaxies in that part of the cosmos, where the outcome of such encounter 
beyond imagination. This has happened before and astronomers forecast it for The Milky Way 
galaxy in the future as it passes the nearest galaxy to it in the next few billion years. Where, the 
surrounding areas near the newly created Black Hole will not be safe from the onslaught as this new 
mass at all time of its existence has the same fundamental problem as of all other systems, and that it 
tries to hold onto all its elements. At the same time like other systems the lighter elements and weaker 
mafs in the mass move to the outer layers and to the edges of the ma 
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Where, weaker mafs as lighter gasses and particles move to the outer region of the mass, they become 
better candidates for them to be pulled away from the centre mass by any opening in the adjacent 
Magravs systems near to the Black hole. When the centre mass reaches a point that Magravs or its 
ertia force become weak on its edges, that lighter elements can manage to loosen themselves and 
escape from its grip into the space of its neighbouring environment. 


These freed elements will become part of matter that can be attracted by adjacent systems to the black 
hole or due to the rapid motion of the Black hole released as cosmic dust in the galaxy. Therefore 
objects can and do leak out of the Black holes into their respective galaxy even during the time of 
their creation. 


If these elements are pulled out of the power of the centre mass, through the strength or gap in the 
adjacent systems or weakness in the power of the black hole, then they become the cosmic rays this 
being due to the fact that during extraction most atoms get striped of their electrons, and some heavier 
atoms in this scenario lose their electrons in the same way and so they appear as plasma and as part of 
the cosmic dust in the galaxy too. Black Holes are the source of most of cosmic rays and dust in the 
galaxies due to this effect (10). 


In the galaxies Black Hole’s while are in process of being created and during their existence at all 
times are still surrounded by other systems and are under the influence of their Magravs. 


The powers of these Black Holes are usually kept at bay by other systems around them with their 
larger magnetic field forces and gravitational forces, which the black hole is still encapsulate amongst. 


Black Holes are normally observed close to the centre of the galaxies and the universe, as there are 
more systems clustered together in these regions as this increases the chances of different systems to 
come in the path of each other and in tum increasing the chance of the collision of solar systems in the 
and galaxies in the universe and hence increase in the chance of the creation of numbers of the Black 
Holes. 


The stronger maf and the heavier elements of the universe and galaxies are largely concentrated in 
and near the centre of these entities, thus the passive magnetic fields and gravitational forces of the 
systems in these central regions are many times more powerful near the centre of galaxies then what is 
experience in the outer edges of them. 


Consequently, the gravitational forces and passive magnetic forces in the centre regions of the galaxy 
will soon bring and keep the size and the power of these giants Black Holes under control. 


What these collisions of systems and creation of Black Holes achieve is the fundamental principle of 
regeneration of new systems out of the old matters, and at the same time unclogging of the galaxy of 
all the loose debris. 


If one looks at a three dimensional overview of these areas in space, surely due to the movement of 
stars and planets and the interaction of their forces, one should be able to predict, where the next 
Black Hole in that part of galaxy could be produced. 


In time, a point will be reached, where the passive magnetic fields systems in one of the immediate 
systems’ neighbours to the Black hole will move on, and at this point the feeding frenzy of the Black 
Hole will come to an end. 


Like volcanic eruptions on Earth, where the mantle is thin enough that pressure of the lava can 
takeover, and that it can to pure out, pushing its way out into the atmosphere as a volcanic eruption. 


This is exactly what happens when one of the passive magnetic fields in this area moves or weakens. 
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This creates a gap in the fields cont 
materials in the centre of the Black hole, which has been pushed previously 
one direction, for these materials to be released or scattered in to the galaxy 


ing and controlling the black hole parameters, where the 
ito the Black Hole from 


In this process, part of these materials will manage to cluster together and generate the conditions 
essential for creation of one or more systems or stars, 


Where the rest of the materials of the centre mass of the black hole becomes cosmic dusts, some 
become comets and some become cosmic rays and so on. 


Thus Black holes are not gigantic eating machines compared to the size of their galaxy. In reality, 
they are nothing but a temporary condition created in the galaxies due to movement of plasmatic 
magnetic field systems as they are crossing each other. 


Very much like two masses of clouds crossing each other path colliding with each other. Where, this 
teraction of clouds upon each other creates abnormal conditions in that area of the planet, where, 
their thickness can block the rays of the Sun behind them and the sky looks darker, but in reality these 
are temporary conditions for the viewer from Earth. 


Contrary to common belief, Black holes always release matters and release new recycled material into 
their surroundings; they are not bottomless pits, where everything disappears into them. They are like 
a funnel, that if one looks at one end it seems that they are taking everything in, but exactly like a 
funnel, they have a hole on the other end, that what goes in has to come out, with a difference that the 
end of this funnel is connected to a kitchen-waste unit of the universe, where that on one end it 
crunches everything up and mixes whatever goes in before spewing the waste out through the waste 
pipe. 


So the behaviour of the Black Hole is very much dependent on the position of the observer. If one 
looks from one end they are massive eating machines and from the other end they are the supplier and 
feeder of new life in the Galaxy. 


In real term this dark part of the galaxy is at all times emitting electromagnetic waves of varying 
levels and strength from all the activities which is happing within, around and because of it. Black 
holes can easily be identified in their environment and their position can clearly be pinpointed by 
using much simpler method of detection than by just guessing and look for their effects in a given 
region of the universe. 


In principle the Black hole has all the attribute of any system, but in fact as the internal plasmatic 
magnetic energy field of the systems creating it, in the given region of the galaxy, cannot create 
outward plasmatic magnetic energy field, that can interact with other plasmatic magnetic energy fields 
its immediate given environment, for it to create outward visible magnetosphere at boundary of the 
black hole to manifest itself as a visible space in its region, this leads to creation of lack visible light 
the man’s Magravs amino-acids matter maf’ strength. 


The phenomenon of Black Hole occurs on the continuous bases on the surface of stars of any Solar 
system. The principle of the creation of Black hole happens on a smaller scale on the surface of the 
Sun in the solar system, where these are called the Dark Spots of the Sun. 


These are where dynamic plasmatic magnetic fields systems on the surface of the Sun go through the 
same cycle of interaction of fields with each other as it happens for the creation of the Black Hole in 
the galaxies, where these plasmatic magnetic fields come across each other in the atmosphere and on 
the surface of the Sun, consequently they have to interact or pass each other, with the difference that 
these plasmatic magnetic fields systems on the surface of the Sun, even thou they are so powerful, 
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they in one way or other meet-up with each other, and as their energies have to interact, then 
sometimes these energies cancel each other out and reach a balance magnetic energy condition. 


At these points then, the same cycle as the creation of a Black Hole, on the surface of the Sun in much 
smaller scale repeats itself as there are no magnetic fields interaction because of similarities and 
identical maf’ strength of the interacting fields, then there very little friction of fields that residual 
fields in the strength of the man’s mafs of amino-acid strength are released, and hence or a very little 
light in the region and hence the appearance of the Dark Spots on the surface on the Sun is observed. 
In some instances the same is created as there are no interactions or balanced pmfs strength of the 
matters and mafs between the charged particles and mafs from the surface temporally are produced 
and consequently there is no or very little emission of light from the surface of the Sun in these 
regions. 


On the surface of the Sun the same scenario of retraction and absorption of matter as the of the Black 
Hole starts occurs with a slight variation, which in this case the gravitational fields force of the Sun is 
so powerful and very close by that as the gravitational forces of the Sun are (in proportion) many 
times stronger than the gravitational force of the particles captured within the Dark spot region on its 
surface, that once the magnetic fields have interacted their energies and the content within the 
catchments of their forces have reached the equilibrium level, then the mass of particles in these 
regions are sometimes pulled back inward onto the surface of the Sun instantaneously after the 
collapse magnetic fields which created the dark spot regions, then at this point the physical matter of 
plasma in this region of the dark spot are pulled back into and is literally missile back into the liquid 
surface of the Sun, this creating a secondary dispersion of matter in the atmosphere of the Sun and 
ito the solar system and hence the increase in the Sun flairs during the creation and as sequence of 
the collapse of dark spots on the surface of the Sun. 


In reality the persona of dark spot is created mainly through interaction of mafs fields of the Sun and 
these are created very high above the surface of the Sun, that the dark image observed is not in reality 
mainly on the surface but much further up in the atmosphere above the real solid surface of the Sun. 


In other instances as the plasmatic magnetic energy fields interact to create the Dark spot, the surface 
tension of the Dark spot becomes weaker on its face away from the Sun and all sorts of maf and 
matters in the full spectrum mafs of the universe directly gets ejected into the solar system with much 
more power and matter then normal dispersion. 


Once the temporally condition of creation of dark spot of the Sun is created, By this time, most of the 
other plasmatic magnetic fields of the Sun physically push and cajole the plasmatic passive magnetic 
fields (PMF) that created the Dark spot, so that, these external forces in the surrounding environment 
of the dark spot move and shift them from their position, where by this movement there are no more 
active plasmatic magnetic fields in the region to interact with each other in these regions and then the 
normal process of the charged particles interacting with the plasmatic magnetic fields around them 
start again as before, then everything goes back to normal and the light or the shine on the surface of 
the Sun retums to normality. 


When too many dynamic plasmatic magnetic energy fields start cancelling each other out, the surface 
of the Sun become congested with many different plasmatic magnetic energy fields and they clog up 
the surface of the Sun, like congestion in traffic jams, hence the number of the Dark Spots starts 
increasing 


It is important to remember that Objects (these being solid, gas, plasmas or etc.) possesses their own 
plasmatic magnetic energy field and all these plasmatic magnetic energy fields on the surface are 
dynamic and respond to other dynamic plasmatic magnetic energy fields, which are created internally 
in the inner cores of the star. Where, these internal magnetic fields are the creators’ of the 
gravitational field and the overall magnetic field of the star itself. Where, The stronger plasmatic 
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magnetic energy field (the gravitational field) usually dictates and plays apart in the position and level 
of freedom of the weaker plasmatic magnetic energy field (the object) in respective to each other. 


Thus, when the inner cores of the stars due to their near mono atomic structure go through their 
ternal current realignment (12, 18) this in turn leads to change in the direction of the gravitational 
field and thus the polarity of the whole star. 


Consequently the rotation of the gravitational field which itsel nated and created magnetically 
interacts with the dynamic plasmatic magnetic energy field areas on its surface and in its atmosphere 
causing them to move in respect to the internal dynamic plasmatic magnetic energy field movements 
of the star. 


Therefore main reason for sudden periodic increase in the movement of the plasmatic magnetic 
energy field on the surface of the star and sudden increase in the creation of black spot in their 
environment can be clearly be identified, to be due to the interaction of the dynamic plasmatic 
magnetic field created by the matters and mafs on the surface and the inner Magravs fields force of 
the stars, 


Where, the inner dynamic plasmatic magnetic field of the star is by order of magnitude several 
millions of times much stronger than the isolated single or packages of dynamic plasmatic magnetic 
fields on the surface. Thus the stronger inner fields force of the star, dictating the direction of the 
motion of the weaker fields of the Dark spot. This being the very reason why the eleven-year cycle of 
change of polarity of the Sun brings about an increase in the number of the Dark spots of the surface 
on the Sun on regular bases. This being due to Sun’s internal plasmatic magnetic energy fields’ 
changes which brings about the polarity changes, every eleven years. Where, at these cycles there are 
more of these surface and atmospheric dynamic plasmatic magnetic energy fields in motion and 
available to interact with each other and the internal mafs of the Sun. 


In fact, as the polarities of the Sun changes, so more dynamic plasmatic magnetic fields start moving 
from one pole to the other to accommodate the physical practicality of the plasmatic magnetic energy 


field polar change. Thus, a larger number of the dynamic plasmatic magnetic fields become to cross 
each other’s path and consequently there are more chances of two or more dynamic plasmatic 
magnetic fields to meet and to balance out each other's field. Inevitably, as at these areas, there are no 
effective plasmatic magnetic energy fields for the charged matter to interact with, thus there is less 
light emission from these areas of the Sun. Henceforth the appearance of darker areas or dark spots in 
these areas on the same principle as the creation of the Black Hole phenomenon re-occurrence. 


The increase in the number of dark spots of the surface of the Sun is always in sequence with the 
period when the Sun internal dynamic plasmatic magnetic fields activities go through their 
repositioning. 


The number of these Dark spots increases and as they move, suddenly a vast number of dynamic 
plasmatic magnetic fields cancel each other out and as the change of polarity of the Sun completes 
self and settles down. 


The whole cycle of collapse of the Black hole re-occurs’, that is, where a Dark Spot collapses, and 

their new plasmatic magnetic energy fields fines its total balance, and the matters which where 

gravitationally trapped under the influence of the dark spots, which are mainly plasmas, are retracted 

by the gravitational pull of the star and are ejected back onto the surface of the Sun is large quantities 

and numbers. This is the time, where there are massive activities and strong Sun flares scattering 

outwards from the surface of the Sun, where, large quantities of the Sun matters are plashed outward 
the solar system. 
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Sometimes, as the mass of particles collected in a Dark Spot is pulled back into the surface of the Sun, 
due to their mass and speed, these become like meteorites hitting the surface of the Sun. This act 
causes more than usual charged particles to be leaving the Sun surface into surrounding space. 


The darkness on the surface of the Sun is not due to what is commonly thought to be due to cooler 
temperature in these regions, as the Dark Spots are purely due to the fact that there are no or very little 
dynamic plasmatic magnetic fields available in these regions to interact with the charged particles to 
create light. 


So underneath the Dark Spots on the surface of the Sun the temperature of the surface is still the same 


as the rest of its surface. 


Conclusions 


Black holes are natural physical by-products of the motion of forces and matters like every other 
object in the universe. The only difference for this body to appear is the fundamental shortage or total 
lack of one of the three main ingredients of the creation, namely the lack of the Passive Magnetic 
Force Fields in the region, where these black holes manifest themselves 


Black holes are another creation of universe like the uniqueness of the Blue planet and once one has 
understood the methods of universe’s powers of creation within all its physical parameters, then every 
aspect of the appearance of objects and fields can only be explained with understanding of the 
interactions of these with each other. 


‘The most beautiful part of this phenomenon will be! How Man will use this knowledge now for the 
advancement of its race? 


Understanding of the method of creation, existence and the behaviour of the Black Hole in space 
opens new doors for the Man to plan his future excursions in space and the appropriate name for this 
object should not be a Black Hole. 


These regions of Black hole in the galaxies cover areas as large as several solar systems, with them 
possessing all the physical attribute of solar system. With the difference that they do not shine due to 
the lack of appropriate dynamic plasmatic magnetic fields strength within their construction or during 
the time of their existence in the environment of their operation. 


The appropriate name for this object as has one body and two distinctive characterizes behaviours and 
appearance, by first characteristic being a gigantic eating machine, and the second characteristic by 
allowing new systems to start from what it has digested. There is an old Aryan name for an arrow 
with two heads as the Black Hole with two characters and this object is called ZHUBEEN. 


Icall this unpredictable object in the galaxy with this name, as now it is a known object and not a 
mysterious scientific phenomenon. 


Elaborat 


ns 


The helio-seismology is the study of the internal structure and dynamic of the Sun using Sun-quakes, 
and the Sun oscillates continuously by varying degrees and directions. These oscillations are caused 
mainly by turbulent convection just below the surface. The data from spherical-symmetrical solar 
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model of the same condition shows close correlation to physical collected data through inversion. Thi 
showing that the data simulation is close to the physical reality of what is happening in the inner 
sanctum of the Sun. 


For our testes in dynamic cores and data's attained through them, it can be confirmed that the rotation 
and the turbulence have direct effect on the heating of the matter within the confined of the reactor 
build on the same principles, where in the reactor and consequently in the creation of the current 
through convection and magnetic fields production within it, where the turbulence of the matter in the 
core of the reactor creates the dynamic and the dynamo effects which this has a direct effect in and on 
the production of the dynamic plasmatic magnetic field in the reactor. 


Turbulent convection and differential rotation in the Sun are thought to be the cause of the creation of 
the solar magnetic fields and the directions in which these magnetic fields appear to flow out of the 
surface of the Sun according to their direction of rotation their tightness are known as helicity of the 
magnetic field in the region. Where, Helicity simply describes the handedness of this field and as the 
field literally opens up like a cone as it moves away from the centre towards outer region. As 
Magnetic and Magravs helicity is in fact a measure of the knottiness and the twistedness of these 
fields within a region, where this closely related to the turbulent dynamo effect. Where, from all 
observation in the past, large-scale poloidal magnetic fields the helicity have a direct linkage with 
strong toroidal field leading to finite helicity. 


As, in the reactor tested on the same bases as turbulence of the mafs of matters where the reactor 
cores having a finite parameters and the rotation and turbulence are predetermined, therefore the 
helicity of the magnetic fields has to be the same at different points but equal for all distance from the 
centre. Where, due to the small size of the core, a mean or average strength or tightness of the 
magnetic field could be assumed. 


Thus a point of interaction of two magnetic forces in the cores will create condition similar to the dark 
spot on the surface of the plasma. Which if the collapse can go through plasma towards the boundary 
of the core, this can create a sudden surge of dynamic plasmatic magnetic field or which this can alter 
the system operation mode. The reason for writing this paper has been due to the fact that in the 
reactor designed, if the condition of Black Hole is created, this can lead to the shutdown of the system 
or unstable condition of the operation of reactor. As this has happened in two occasions during testing 
of the spherical core, where the second magnetic field was deliberately created and positioned to 
iteract with the internal magnetic field created by the core. 


In both cases the whole system did go through magnetic poles trying to bypass each other. 


In the second test in trying to prove the point of the interaction of two magnetic fields and creation of 
black hole condition, the whole system was twisted and the axial pines of the core were off centred. 


The core axels had to be realigned, but the damage to the core weld and axel proven to be too much to 
repair, and more or less this test of creation of black holes caused the loss of the first steel prototype 
core (Fig. 28). 


At the same time in the same reactor the creation of the dark spots due to interaction of the matters 
were deliberately created for specific use of the system, where investigation in the creation of dark 
spots, and where the use of transition matter condition for the creation of dark matter, for the fuel 
needed for deep space travel was tested and confirmed. 


This is how these above phenomenons clearly can be explained, and the principle for the creation of 
the Black Hole can easily be demonstrated. 
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Fig, 28 Test reactor 


In the future papers the writer will explain how the Black Hole’s effects can be useful in helping to 
travel through galaxies and in the Universe. These are at this moment of time beyond understanding at 
the present level of scientific achievements. 
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CHAPTER 11 


The relationship between gravity, mass and weight 
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This paper is written for clarification by the encouragement from Mr Dirk Laureyssens. 


Abstract 


With the new understanding of the creation of the double dynamic plasmatic magnetic field of 
planets and understanding the new principle and method of the creation of gravitational 
forces, further on the balanced fields outcome of the collective and intemal interaction of 
Magnetic and gravitational fields up on each other of any entity within the structure of mafs, 
plasmas, atoms or molecules this leads to creation of so called the mass effect of an object, it 
is now simple and apparent that what the mass is, how it is created and why the same mass 
possess different weights in different gravitational field forces environment. 


Hypothesis 


The mass of an entity is created from the outcome of the deduction of the interaction of the 
gravitational fields and Magnetic fields forces of an entity and has nothing to do with external 
field’s interaction and strength of the environment of that entity. The variation in the 
numerical difference in the weight of the same mass of an object in different dynamic 
plasmatic Magravs field forces of different environments or different planets, is totally due to 
the interaction of the total collective dynamic plasmatic Magravs fields forces, including the 
inertia effect of the environment which the entity is weight measured and of the collective 
internal dynamic plasmatic Magravs fields strength of the maf’ of the entity which create the 
mass of the objects upon each other. 


Where, the magnetosphere of the same entity is the total sum of the magnetic field and 
gravitational field forces catchments zone of the same two internal fields which make the 
Mangroves fields of the entity that they can attain in their given Magravs fields strength 
environment. 
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Discussion 


Planet like the Earth possesses a combination of two magnetic field forces. First the gravity, 
created due to the interaction of the two independent dynamic plasmatic magnetic fields in its 
centre cores upon each other. Second the inertia, which is the collective dynamic plasmatic 
magnetic field of its atoms and molecules of its constituent matters, which has the physical 
body of the planet. 


Any object, this being plasma, an electron, an atom, a molecule or even a human body is 
created from a collection of the plasmatic magnetic Magravs energy fields of different 
strength and their continues interaction between and up on each other, which in total decides 
the total or collective magnetic field possessed by that object or the mass of an object and the 
total interaction within molecular or atomic dynamic plasmatic magnetic field of a given 
object is always constant irrespective of the other dynamic plasmatic magnetic field fields 
around it. The mass of an object has a collective package of plasmatic magnetic field 
tightness of all its constituent elements, and this will not change as long as the object is intact 
as one entity in its overall atomic or molecular or collective molecular appearance. 


Which the interaction of the one object dynamic plasmatic magnetic fields with molecular or 
atomic magnetic field of another object Magravs in its vicinity or it environment will 
determine the weight of the two objects in respect to each other or in a given environment. 


The mass of a body in relation to another molecular magnetic field, like gravity is dictated by 
the strength of the magnetic fields which creates the gravity, which in the planetary system 
like earth, this is maintained by the planet according to its inner molecular construction and 
conditions in and by which the Magravs strength of the planet manifest itself to the body. 


The interaction between two or more dynamic plasmatic magnetic fields created by a planet 
to create and determine the gravitational strength of the planet are due to conditions and in 
conjunction with its elements. 


Usually these types magnetic fields created by planets are very strong, so an object like a 
human body which possess a weaker collective dynamic plasmatic Magravs and in reality 
possesses its own gravitational field forces due to its combined electromagnetic fields of its 
elements which it is composed of, which for a given body this is constant, these will be 
attracted and be operating in a much more stronger dynamic plasmatic magnetic field 
environment of the planet. Which, this gives the body due to its interaction of the Magravs 
and the planet dynamic plasmatic Magravs interaction, where the strength of the Magra 
force of the planet and the body in respect to each other, this determines the attraction force 
between the two fields of two entities of the body and the planet and consequently the mass of 
the weaker force or the object in respected to and within the stronger Magravs forces of planet 
or Magravs forces of the body dictated the weight of the body in respect to the planet. 


In reality the reverse of the same criterion is true too, for the mass of the planet, and its weight 
in respect to the dynamic plasmatic magnetic field of the body. 


Thus, it is easy to explain, when a body interacts with two planets of the same size and when 
the two planets are made of the same materials, where one for example has lower 
temperatures, or internal speed of rotation or lower rate of ionization of the prime materials 
within its Caroline core, which all these can affect the strength of the Magravs of the planet 
for it to possess a weaker dynamic plasmatic Magravs strength, then planet which has a more 
inertia power, which is of the weakest order than gravity, but always constant, for a planets 
like moons, then the magnetic attraction, or pulling, between the same object and the second 
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Magravs force will be weaker, this by the same principle as above giving the body in the 
second environment a lesser weight value. 


This is the very essence, why man’s body appears to have less mass on the moon than on the 
Earth. Where, this is simply due to the fact that the dynamic plasmatic Magravs of the moon, 
which creates its gravitational force, and even this could be the inertia effect of the moon, 
have weaker Magravs strength power to interact with same given human body's dynamic 
plasmatic Magravs than the Earth dynamic plasmatic Magravs strength on the same body. 


Therefore, the weight of a body is position dependent in its relation to its counter interac 
planet or object inner Magray 
Magravs of atones of that planet. 


ng 
forces, which create the Magravs or/and the inertia, or static 


That is to say, if one could replicate the same Magravs field as on the moon, within a given 
position in the Earth atmosphere, one will have the same weight as the body will have on the 
moon within the Magravs force of the Earth. 


This is why in propulsion technology there is an absents of the Magravs within the system 
objects always float and have less mass, as first of all the propulsion systems do not create 
Magravs that the object can position itself in respective to and lock to the position that the 
object become motionally stable and this and the secondly for example in respect to the body 
of space users of the propulsion system, the body’s collective dynamic plasmatic Magravs 
strength, has been positioned far enough away from and within the dynamic plasmatic - 
Magravs strength of the Earth, that the mass dynamic plasmatic magnetic field strength of 
body in that position within the Earth gravitational field, due to the speed of the rotation or 
motion and conditions created within of the craft, will have a weaker interaction upon the 
body, allow the body a more freedom of movement. 


Using the principle of the Margrave positioning for vertical take-off or choosing stationery or 
fixed position orbit for an object, like for satellites, within any atmospheric condition, where 
the magnetic fields created within the reactor of a craft can lead to creation and control of the 
Magravs within the craft, allowing the mass of the body of the object in a given position 
within the atmosphere of the planet to reach the equilibrium in relation to the Magravs of the 
planet, then in that particular point within the fields that are created by the planet the body 
will have the same mass as the earth and the time delay lapse of free float satellites to tune 
with earth gravity become irrelevant and there will not be a need time delay or adjustment. 


This is the fundamental principle and criterion for any system that is used in any spacecraft’s 


technology to replace the present jet propulsion or rocket technology. 


Therefore the mass of an object is the representation of the effect of the Magravs of a body in 
respect to the Magravs of the second body 


‘The Magravs positioning is the reason why atoms of the same element fuse to create 
molecules, as their weight in respect to each other is zero, or equilibrium, even thou they both 
possess the same mass. 


At the same time, if this is understood in full, then most of the chemical and biological 
interaction of atoms to create molecules can be comprehended and replicated in an easier 
manner. 


Where, the collective mass of atoms in respect to other atoms within a molecule Magravs will 


dictate the number of, position of and the composition of atoms of different elements within 
that molecule. 


Then this explains why it is easier to create certain material in absence of gravity in space 
labs, that in the presence of lesser dynamic plasmatic Magravs strength of the planet in high 
altitude then only the weaker Magravs forces of the elements come in to play as they are ina 
much weaker dynamic plasmatic Magrays strength levels from the centre of the planet and 
they can combine to produce materials, which under Magravs forces of the Earth are 
impossible. 


Conclusion 


Therefore the mass of an object possess different numerical weight values in two different 
Magravs force environments purely due to the interaction of the double dynamic plasmatic 
magnetic field of the planet and the constant collective dynamic plasmatic Magravs of the 
object. 


The gravity itself is created by the interaction of magnetic fields of the matter and as the mass 
is the product of interaction of gravitational force and Magnetic fields forces of the same 
matter magnetic fields based generated phenomenon and as any environment in the universe 
possess magnetic fields irrespective of their strength and interaction of these fields in that 
given environment creates a new Magnetic and gravitational fields or Magravs in that 
environment that the outcome the interaction the two Magravs of the matter and it 
environment become the weight of the matter in that environment. 


That is to say the variation in weight of an object in different environments is totally due to 
the interaction between the dynamic plasmatic Magravs strength of the two of entities upon 
each other, in respect to each other’s position, in their respective environment. 


Where Magnetospheres of the entities are the outcome of the sum of the interaction of 
Magnetic fields and gravitational fields forces that the entity can master for it to be able to 
protect and hold on to all its mafs and matters which the difference field forces of the same 
Magnetic fields and gravitational or Magravs of the same entity has managed to attract and 
accumulate within its given environment. 


In short the interaction of the two or more dynamic plasmatic magnetic fields lead to creation 
of Magnetic and gravitational field (Magravs) of the entity, and then the balance of interaction 
of the Magnetic and gravitational fields forces leads to creation of the mass of the same entity 
which the mass is entirely dependent on the strength of the two original magnetic fields of the 
entity, and then when the Magravs of entity interact with the Magravs of another entity which 
itself magnetic fields origin based, then difference or the influence of one Magrays of one 
entity in respect to the second entity Magravs make the weight of the two entities in respect to 
each other, where as much as the first entity has weight in respect to the Magravs of the 
second entity at the same time second entity has a weight in respect to the first entity too. 
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CHAPTER 12 
Parallel worlds 


Mysteries of existence about parallel worlds, the questions to ask are or can be as follows: 


L, How do they become to exist? 
2. How can we interact or be aware of their existence? 
3. What can we do or have done to get there? 


Let us consider the structure of simplest entity of plasma of an electron in overall structure of let say 
an atom of hydrogen (or atom of sodium which is part of piece of stone or metal, gas and etc.). 


The plasma once created and maintained from interaction and down levelling in strength of different 
mafs of which this plasma in its division leads to creation of an atom which at this point the plasma of 
the electron of the atom has an independent existence from plasma of its proton and electron decides 
about its own motion and its own position in its environment in respect to its proton, Even though, 
this is conditioned on the position and strength of the proton of its atom. Where, electron itself is 
made up of collection of different magnetic fields strength and their interactions and as the electron of 
an atom is not aware of the its larger counterparts of proton(s) and other electron(s) in a larger 
elemental or molecular structures and it is not aware of any state of matter and at the same time that 
the electron is not aware of the part of heat and cold in its environment are playing in its position and 
motion in respect to its proton and other entities of the same which it is connect to. 


Where, this electron physical appearance as any physical matter is dependent on its environmental 
condition. Where, let say this electron can be an electron of atom which is part of atoms of a piece of 
stone and at this point the electron is not aware of the existence of a stone in larger scale levels of its 
existence. But the electron exists within the existence of an atom, which the atom exist in existence of 
the stone. 


But now let's say the stone is parts of a salt stone grain which is consumed by an animal 


Now the sodium atom by making its Magravs available to protein of a cell of the animal it becomes 
and takes part in the bigger scale and larger Magravs of a protein chain connection, where sodium on 
its own could not achieve. 


Let’s say that now the protein and in conjunction with sodium this creates the condition of neuro- 
connection and the cell becomes part of living being, this being part of neuro system a shrimp, dog or 
aman. 


Where, for example the combination of different protein and different atoms and the interaction of 
their Magravs and balancing act within their mangroves lead to need for interaction and new 
balancing Magravs, where this new interaction of proteins and their different Magravs, leads to a need 
for cohesive and balancing line of magnetic fields line of transfer of fields. Where, an accumulation of 
different fields and Magravs and their interaction brings about feelings and intelligence and so forth in 
the animal, 


Now as the different Magravs and their interaction takes place, this being in the level of an atom, a 
solid, protein, combination of proteins and their attachment to other atoms, these new entities create 
two distinctive levels of individual compacted fields one for their tangible state of existence and one 
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they facilitates their fields and positioning for the use by and to other parts which are related to them 
but not connected to their existence in the line of communication of other atoms. 


What this means, is that the entity gives life to existence of two levels, one is the physical tangible of 
itself and one is the fields and energy which it is part of, but once it is created the new entities has 
enough field that is an accumulation of the interaction of another interaction that this new entity does 
not need a physical entity to manifest itself in the tangible world, but the fields strength is sufficient 
enough that the new entity can easily exist on its own right in the universe and make decision about 
all others whom have become part of and operate through the new entity. 


‘Now as the more and more fields and matters interact and creates a certain fields levels, that let say 
they lead to tangible matter existence of an entity, the accumulated physical matters have a parallel 
acuminated non tangible levels too which are its fields which allows it to be part of bigger entity. 


Where in complexity of previous interactions to reach a point, these interactions have released or will 
release new complex fields that these fields perform and exist as the matter part do. 


But sometimes the matter and associated fields interlocked, but exists and operate into different 
levels. Even though the tangible matter is aware of its own existence, but it is not aware of the 
existence of the associated counter interlocked fields within it, this be it the same as the plasma of 
electron of a piece of stone, which the electron is part of. 


Thus now it becomes clear how a man has physical body and a soul. Where, the physical body is 
conditioned of the matter world and its environment, where the soul has no such a conditioning, 


Thus the soul is aware of the existence of the physical body, but independent of its existence, but it 
receives the changes in the condition of the physical Magravs of the body. 


Thus the soul of a man is a parallel world to the physical world of its associated plasmas, which has 
created it. 


But as soul has no need for the physical body to sustain its existence once it is created, as it operates 
a different field zone non tangibility, hence the physical body can die, but the soul will be left 
tacked and carries on without its detached physical counterpart in the world of creation 


At the same time, the fields of the soul will carry-on with its interaction with other fields and Magravs 
of its own level and it will keep on attaining more and keep on and interacting as it physical 
counterpart did and combining with more and creating more the same and different. 


The soul, itself is the balancer of the physical matter of the body, but from point of detachment, does 
not need the physical body for it to exist. As the physical interaction has led to its existence, but by 
now it is independent enough to carry on with its own operation. 


This is like giving of a birth, even though the baby has been in need of the mother for it to start and 
become entity, up on the departure from the mothers body, the two entities can live two independent 
lives, without a need for each other existence. 


Thus the soul of an entity, this being stone, animal or a man has the same method of operation and 
existence as any other matter or fields in the universe, and that as once it is established and sets its 
frame work, it does not need its physical counterpart which led to its existence. 


‘Now one can understand how different levels of existence do operate and exist 
parallel with each other. 


conjunction and 
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Take this one step further and let say fields of the souls have established the same methods of 
interaction and communication as their physical counterpart plasmas of atoms did with each other and 
souls through their fields of existence interact with each other and lead to a more dynamic parallel non 
tangible world of existence in the dimension no need for the actually physical dimension of existence, 


In the universe there creatures, which are made from the interaction of principle mafs and matters 
strength as man is made of matter mafs and matter fields strength and they can operate in a non- 
tangible level of existence rather than the physical tangibility to the eye of the man 

This does not mean that they creatures do not have a soul or they are more intelligent than the man, 
but the only difference is that they operate in different mafs strength, which these lives can be strange 


to the mans’ travels of the futures as they have the ability to transmute between different levels of 
mafs strength and be able to visible or detectable in their spectrum of maf’ strengths 


The soul of the man ids the like of the light from the star in distance universe, where the physical star 
could have been exploded and destroyed billions of years ago, but still at night the man observes the 
soul of the stars as the shining light in the dark of the night. 


Parallel world exist even within the and during the life of the man himself, but they need the eye 
of the wisdom for the beings to see them and recognise them in their environment. 
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CHAPTER 13 


The universal principle of division of pervious universe(s) 
and their decay leading to creation of new universe(s) 


Written in 2009 
‘© MT Keshe 2000-2010, All right reserved 
ITNOGOG 


In the universe there are always parallels due to the magnetic fields laws of interactions and hence 
there cannot be any deviations from these laws. 


At the present the scientific world has been intrigued and encouraged to understand the phenomenon 
of the creation of this universe and scientists have tried to unravel the mysteries of the creation of this 
visible universe. 


In fact the creation of this universe as is visible to the world of science, it cannot be any different than 
any other process in the world of creation and this universe has been created through the same 
principles as the rest of the magnetic plasmatic nuclear and atomic interactions, addition and division. 


This meaning that the present universe is created though the same method as has been observes in the 
division of the neutron into electron and proton or smaller and/or bigger components of the same 
Matters. 


Hence to follow the principle of the universal order of matters, this universe is created from the 
division of a larger universe that the man’s visible universe is the smaller part of the division, 


The reason for it being the part of a system is that in the present cosmological term, this universe is 
following the attraction of the bigger part and hence it is always in the motion to follow the Magravs 
of the bigger sister. 


This being the reason why it looks as the universe is always expanding and as part of the universe has 
been noted to be collectively following different path of motion than the rest of the universe. 


Where, the portion of the independent motion of the universe is the indicator that where the bigger 
portion of the division of the pervious universe is in respect to the man’s universe. (Fig. 30). 


It has to be said through the same principle of decay of neutron to plasma of electron and proton (1) 
and similarly as the decay of heavier atoms to two or more lighter atoms, the original universe 
through the same principle the mother universe of the man’s universe, itself has been created and was 
created from the division of a larger universes through the same method decay and division during the 
time of the life of the unicos. 


The difference in the universe’s creation and decay is in principle merely the size and amount of the 


plasmatic field content plasma of each universe in comparison to plasma of electron or proton after 
nuclear decay and division of the neutron. 
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sister universe 


Indication of the position of 
in respect to Man's Universe in the Unicos 


Fig, 30 The position of the sister universe in respect to Man’s Universe 


Thus in fact our present universe itself is and was created some thirteen billion years back from the 
division of a larger universe. Hence every time as it is the same with division of the plasma of neutron 
to plasma of electron and proton, this division the new universe(s) will carries the characteristics of its 
mother universe, but due to reorganisation of magnetic field strength the new universe will have a 
new and fresh time, which this shows as the age of the new universe. 


In fact this being the like of given birth to a child, where the age of the mother is irrelevant once the 
new seed of life is created and once the child is born, even though; the new child carries some of the 
same DNA fingerprint of the parents. The new life has its own cycle of life and its own timing 


Therefore the theory of Big Bang and M-11 as have been proposed in the recent past has no meaning 
and has no principle parallels in the physical world of creation of universe, a child or plasma of the 
proton or an electron, These two proposed principles are nothing, but showing the man’s and 
scientific worlds lack of knowledge and ignorance of the real terms and parallel entities existence of 
all units in the universe. 


In fact once the division is created and the universe is created the rest of the material and matter 
content and how they organise themselves in that universe is more or less follows the same principle 
as before and once the field are released within a given Magravs which the fields can created in 
interaction with each other, then the size of universe, galaxies, stars and planets and even creatures 
within that given Margraves strength of the newly produced universe are determined by the entity 
itself and without interference from its previous part. 


Where, the new structure is dependent on the fields within the new universe and the internal motion of 
the new universe is internally determined by the total mass, which the interaction of the Magnetic 
fields and gravitational fields of the universe can master on its own. 


Thus in fact in the bigger or smaller portion of the original mother universe which the man’ universe 
is partly created of, in the bigger or smaller portion due to the larger mass the galaxies can be much 
larger in portion to the galaxies in this universe and conversely due to larger or smaller strength 
Magravs of the intemal structure of the larger or smaller portion, the being’s within these universes 
an be smaller or bigger or totally different in operation than the beings in this universe. 


It has to be said that life in any form is not the exclusivity of the earth, if this is the mind-set of some 
men, thus this shows their lack of understanding of universe and how it is created, not the real truth 
and how matter’s operated and function in the universe. 
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‘Therefore man is part of an inclusive pattern of field’s motions in the universe and noth 
less can be attached to the existence of the man. 


ng more or 


‘The man in physical term is the entity and in the soul the connection of the field between himself and 
the other fields in the universe. 


The physical body of the man is the like of the planet earth, where it has mass and its magnetosphere 
expands beyond its physical boy, but its total Magnetic fields and gravitational fields determines its 
position and relation in respect with other matters in the solar system and in a small way it determine 
the position of its star in its galaxy and souls which are created within it in their course their operation 
the universe, as then the position of star determines in a small way the position of the milky-way in 
the universe and so forth. 


Thus the soul of the man is the external connection of the operation of the physical body of the man 
the universe, it is part of one and inclusive realty of interaction of the whole. 


Thus the soul is part of the operation of the universe and every creation can extent the effects of its 
magnetic field to others which can affect their position and existence of any in possession of a soul. 


Thus the soul, which is magnetic fields created and expands beyond the physical body of the man is 
not exclusivity of the creatures but it is the common denominator and common link between the man 
and other creatures of the God and has direct effect on the operation of the rest of the universe 


Therefore the man’s body due to the interaction of its atoms protons and electron and neutrons 
magnetic fields, this object creates its own magnetosphere and its own mass and this body is and has 
to be in possession of magnetosphere which shows the working of the magnetic fields of i 
constituent matters and its subcomponents and fields this being including thoughts. 


Where, in the physical worlds as the same as the solar system possess magnetosphere and so does the 
star and planet, then the body of the human through the same physical principle possesses the 
magnetosphere, which is so called aurora of the human’s body. The field of the aurora are part of 
outer appearance as the soul of the man, but is fact the total effect of the internal interaction of all 
fields of the body which creates the Magnetic field and gravitational fields of the body and their 
teraction on each other which leads to the interaction with their fields in the universe, this overall 
output of the fields of the body of the man is the soul of the man, 


Thus, all dynamic plasmatic matters in the universe possess a soul. But the man has the intelligence to 
allow the interaction of its soul with others; therefore through this principle the man is responsible for 
all his actions and he stands answerable to other souls in the universe. As he decides how these fields 
which partial and fully controlled through the Magravs of the matters of his brain, in how and what 
happens in its interaction with other souls effects their operation in the larger universe. 


Hence man has to understand, that universe and others, which has the use of this universe all have 
been created from and the universe, which has been created from the division other universe and will 
be created from the division of this universe and in the future are all interconnected and operate 
through the same fundamental principle. 


Therefore there are parallel universes to this universe, with the difference in the measure of their 
magnetic fields and strength and their position in their given environment. 


Thus as we have the same and similar electrons structure’s and protons structures in the same 
structure of an atom, which this structure of positioning of electrons and protons is the same for all 
known atoms, then the same applies to the universe too. This meaning that there are similar universe 
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as this universe in the greater universe and other universe which this universe has been created from it 
and those that we will shell create through he operation of our souls and bodies maf and matters. 


It has to said that at the same time all beings in the universe use one and the same universal language 
of communication, where in the universe the common language is the basic plasmatic magnetic fields 
of basic field’s. This is based on the first plasmatic magnetic field strength of existence of the simplest 
plasma of atom of the universe, and is similar to what we call in this universe neutron and its division 
and collections as atoms the like of the Hydrogen atom, which the mystery of this has been kept from 
the man and not apparent through his own misunderstanding of the operation of the universe. 


This language is universal and once the man on earth understands this phenomenon and can fully 
measure the magnetic fields strength of the electron Magravs of it and he uses this as the base 
strength, then man will be able to understand and communicate with rest of soul possessing creatures 
of the universe. 


Until then, the search in the sound waves to look and try to communicate with other creatures of the 
universe is a fantasy and shows the lack of his understanding of the world of the Creation by the man 
of ignorant intelligence. 


Therefore the gravitation, magnetic, radiation and other similar properties and interactions of the 
field(s) on each other in this and other universe(s) decides on how and the way the creatures in the 
different universes and in the man’s unicos and universe would look and behave 


But in essences they are all made of the same building block of MAGNETIC FIELDS AND IN ITS 
AND THEIR INTERACTION OF DIFFERENT STRENGTH AND TIGHTNESS OF IT IN THEIR 
ENVIRONMENT, This determining how tall and short and if one has eye or uses the interaction of 
fields to interact and communicates with other creatures of its environment, universe(s). 
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CHAPTER 14 


How would it end? 


The end of this universe will be the same as it started, 


What this means is that as the magnetic field balances of the universe reduces to a level that the 
universe has to re-organize itself that it can keep its constituent field forces together, the whole 
universe will, like as with neutron plasma will decay and divide into two constituents of smaller 
universes, which these universes are still connected to each other through their original magnetic field 
forces (book | - chapter 17) 


Hence this universe will be divided in to a smaller universe and larger universe parts of a set. This 
being the same process as the like of the process as neutron decays and the rest of the known nuclear 
decay of atoms do as there are no other known processes of division process in the universe, and there 
has to be uniformity in all dimensions of creation. 


There is no end in the universes but conversion and amalgamation of fields and matters, which are 
created out of fields themselves. 


Thus, this universe will divide into two active fully operational of lesser universe and bigger universe 
masses (fig. 31). But in total the overall balance of the matters and fields in both universes will be 
near equal of what was in this universe, with a little leakage of fields into the Universal Cosmos 
(unicos). 


Man‘s Universe 


Fig 31. In time the decay of Man's Universe 


s universe, 


Where, the lesser mass part of the division of this universe will rotate around the larger ma 
Where, the whole of the two new universes both will be rotating around larger universe mechani: 
Which this universe on its own was rotating around 


ms, 


Thus, if one is in the lesser universe, and looks into its motion, it looks as their universe is expanding, 
as they always seems that matters and fields in this universe to be running away from them as their 
universe is looking as being expanding, 


Where, in fact being in the smaller universe, the gravitational field of the larger universe is 
continuously pulling or holding onto the lesser universe that the lesser universe stays within its orbit, 
as the electron does with its proton in atomic structure. As there can be no difference in all levels of 
creation of larger universe, as it is with the structure of decay of all atoms known to man 


‘Therefore this is how this universe was created and how future universe will be created out of this 
universe. 


Thus there has never been a big bang, and there will never be a dooms day or the big rift. All it will 
happen is that this universe will go through a division, which is the norm in all-universal orders of 
creations 


The original universe has divided itself to smaller universes, which our universe is one of its 
offspring’s and the same will happen over and over again to this universe and its offspring’ 


Thus this universe is not the original universe, but part of a fraction of a fraction of fraction of a 
bigger picture. 


May be now it can be understood that in the universe, as has been said that “I have made man in the 
image of myself” and now the reality of operation of different and all entities of the universe 
understood and are set in motion for the man to have the full understanding of method of creation and 
control and the way he has come to be on this planet at this moment in time and if he understood the 
purpose of his creation, then it can be said that: 

The universe exists and operates within the structure of the man 


and 


the man exists and operates within the structure of universe 
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Definitions 


Below is a list of the new terms and their definition that used in this book. A number of these words 
and terms have been used in the previous book and scientific papers, which have been published by 
the foundation and most readers, are familiar with these terms and reference. In this book a different 
approach and language and terminologies is used, therefore has become necessary to create a new 
terminology and words that can explain the real term application and processes in the world of 
phy: 


Mafs: magnetic fields 


Magnetic: with capital M refers to the plasma of magnetic fields created by a dynamic entity as for 
‘example this refers to the magnetic field of the earth. 


Magravs: Magnetic and gravitational fields (Magnetic referring to the plasma of magnetic fields 
created by a dynamic entity as for example this refers to the magnetic field of the earth) 


Pmf: plasmatic magnetic fields 

Principal matter: This matter in conventional physics is called the anti-matter, as now the real 
structure of this matter is fully understood and is said to be source of all matters from the dark matter 
to matter, thus it has been called the original matter or the principal. 


Principal mafs: These are magnetic fields, which are in the principal strength levels and considered 
to be I order magnitude several hundreds of times stronger than the magnetic fields which make up 
the tangible and visible matters. 


Principal star: This entity in the conventional physics is called the Black hole 


‘Transition energy: This energy in conventional physics is called the dark energy. This is the pmfs 
that are in motion from principal to matter magnetic fields strength so called the transition energy as 
energy is defined as the pmfs in motion 


Transition matter: This matter in conventional physics is called the Dark matter, as now the real 
structure of this matter is fully understood and is said to be when plasmatic magnetic fields are in 
transition state from the principal matter to tangible matter thus the term transition matter is used. 


Transition mafs: These are magnetic fields which are in strength level between the principal and 
matter magnetic fields strength, and are in transit from the principal mafs to matter mafs strength 
levels. 


Gans: a new state of matter; a molecule of a gas (GAs), which becomes Nano of i 
Solid state of matter (Gas to Nano of Solid and to be called GANS for short). 


elf and appears as 
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The re-naming of matters and conditions 


(Advice: Skip this section unless you need to refresh or reading for the first time or read it after you 
have read the chapter 1, 2 and 3 as this section can be confusing and distracting you from the main 
body of the book). 


(Point of reference: The following section is and to be added to all disclosures for the ease of 
understanding as most of these have been disclosed in the book (1), and it is added here for the ones 
who have not read the book and are not familiar with terminologies in the works of the author) 


In this literature, when using the term “mafs” for example in form of the antimatter mafs this means 
and refers to the magnetic fields (mafs) which this entity is made of and it is considered to be as a 
plasma of magnetic fields, and where the term “antimatter” is used on its own this meaning the 
physical tangible or detectable entity of the same. This usage of mafs similarly applies to physical 
matter and Dark matter too. 


Further, the difference with Antimatter and matter is only in their plasmatic magnetic fields (pmf) 
strength and compactness of their fields. Thus, what is the magnetic fields (mafs) of antimatter they 
become magnetic fields of the matter as antimatter magnetic fields unwinds, loosens up, weaken in 
their field strength through their interaction with other magnetic fields and matters and become matter 
mafs and in plasmatic magnetic field strength of matter environment the matter mafs becomes 
tangible and become matter. 


Therefore the antimatters are a more compact strength magnetic fields entities of the same of the 
magnetic fields of the matter, and due to their tightness of their fields, these magnetic fields of these 
mafs of matters they create stronger gravitational and Magnetic fields and hence they have stronger 
Magravs and hence upon their unwinding, they release magnetic fields and pmf which are faster, 
higher in strength and hence they look as to be strange strong and fascinating matters. 


This means that antimatter entity of for example ten centimetres in diameter once umwinds 
structure it becomes a matter of several thousands of meters in diameter entity in matter magnetic 
field strength environment. 


Inevitably one should call the term antimatter the start matter and therefore antimatters should be 
renamed the Principal matter. Therefore there is nothing anti about these matters mafs and matters at 
their pmf strength as has been actually assumed in the world of science. 


The Principal mafs matter itself has different degrees of strength by itself and not all magnetic fields 
of the Principal matters have the same magnetic field strength. Where, the principal mafs plasmatic 
magnetic fields strength has a spectrum of field’s strength too. 


‘As the magnetic fields of the principal mafs unwinds, it releases and loosen in its environment these 
magnetic fields (mafs) of the principal matters disperses into their environment, then they lose their 
strength through contact or interaction and friction with mafs’ of matter and matters, and hence these 
principal mafs matters pmfs go for through magnetic fields strength of the Dark mafs matter strength 
first before through further reduction in strength, the dynamic pmf of mafs of the dark matter in 
motion reaches the pmf strength of the matter mafs level and hence becomes visible in matter pmf 
strength environment and becomes matter. 


Now that the essence of existence of dark energy or dark matter can be explained in its realistic 
manner, and that is what has been called dark matter is in fact this is a magnetic field in transit from 
the principal mafs matter and matter strength to matter mafs strength and matter. 
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Then as energy has been defined as “magnetic fields in motion” then the dark energy in fact is 
transition mafs matters in motion, or what is called the transition energy. 


Then the dark energy can be called the Transition energy instead of the Dark energy, as the pmf in 
motion as this magnetic fields from the mafs strength of the principal matter in motion to reach to 
mafs strength of the matter level, this is only a Transition pmf condition, and transition mafs matter 
phase only. 


Where, the interaction of mafs of transition matters with other of the same leads to and creates the 
Transition gravitational and Magnetic fields of their own or create what is called the Transition 
Magravs and in some cases this condition leads to creation the transition matter (dark matter) and 
consequently sometime interaction of mafs of transition energy leads to appearance and become 
transition matter (dark matter) in the cosmos. 


Therefore, the magnetic fields strength, which makes the dark matter, is to be renamed as the mafs of 
the transition mafs matter and the dark matter as tangible matter becomes the transition matter, the 
dark energy to be renamed to transition energy. 


The plasma of the principal maf’ matters exists everywhere in the universe. This being in the centre of 
the universes, galaxies, stars, planets, plasma of proton and even in the centre of the plasma of the 
electron and in the lower order pmf strength environments which have been undetected up to now by 
man. 


In reality in the centre of what is called a black hole in the universe, there exist and is the home of the 
principal mafs matters and principal matter. Therefore the black holes should be called the principal 
stars in the centre of galaxies, stars, plasma of protons and other entities like these. 


The choice of the term star for principal centres of matters is correct as these principal matter 
concentration centres are like a star in the centre for the matter world like solar system, and the 
Principal stars are the place for the maf’ of the Principal matters and the principal matters which their 
fields radiate outward into their surrounding as it does with the stars. Thus from this point on in this 
disclosure we call the black holes the Principal stars in the universe now that we understand the real 
source of their mafs of this matter(s) and its principal matters. 


It can be understood now that where the intensity and the strength of stars and planets come partially 
from the existence of the principal mafs pmf strength, which has been released by the Principal, stars 
the galaxies. This is to say that the seed of the pmf of the galaxies and matters needed for the 
creation of stars in principle are from pmf of the mafs of the Principal matter. Where, the interaction 
of the pmf of these mafs’ of the Principal matters leads to creation of initial strong Magnetic and 
gravitational fields needed for the creation and attraction of mafs of matters of plasmas of matters, the 
mafs of the transition matter and transition matters of the same region of the galaxies, plasma of stars, 
plasma of the proton and other entities of the same structure in the universe 

At the same time when using Magnetic with capital “M” this means the like of the Magnetic field of 
the earth, which itself is the plasmatic environment created by the interaction of at least two magnetic 
rays and indicates the outward flow of the magnetic fields from a plasmatic environment the like of 
the earth. 


Similarly, when using magnetic field with small “m” this simply means the magnetic fields as in what 
we observe at the end of a solid magnet as magnetic fields of the object without its interaction with 
other fields. 
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specific links. 


A number of papers with * and ** marks are not for public release due to their sensitivity of 
formation and only available to relevant commercial and governmental organisations for peaceful 
applications of the technology. 


The universal order of creation 
(5.7.2006) 


In this disclosure the main construction principles and the method of the link and control in the 


universal order of the existence of living cells, like the function and operational method of any matter 
based on so called proteins chains, as for example in human cell are explained in detail. 
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REF 9 


The author considers this paper as one of his most important and fundamental works to be published 
and to be added to the sets of disclosures written by him 


Cosmic Rays 
(Release date 24.3.2004) 


This paper explains the source and the origin of cosmic rays and the way these work within our 
cosmos, their function and their bene! 


REF 10 


*The Airborne reactor 
(Release date 25.3.2004) 


This paper covers the total design of airborne reactors for space technology. This covers all aspects of 
operation, design and control of such reactors. 


REF II 


‘The seed of the Earth 
(Release date 25.3.2004) 


Some extracts from this paper: 
The theory that the heat of the core of the Earth is due to inertia of the material piled on top of each 
other is completely dismissed through this new disclosure. 


The author M T Keshe believes that this centre core is made of hydrogen, other gases and a mixture of 
liquid and solid matters mafs, which were in the vicinity of the centre of the core of the Earth at the 
time of its inception in the solar system. 


Through this new understanding of the new inner cores of the planet, this brings to play the fact that 
the old inner-core of the Earth that is already assumed to be made of a solid piece itself becomes a 
sealed container for the new inner core. 


The author through design of a parallel system has set to confirm the validity of this assumption, that 
the centre of the Earth possesses a semi- fusion atomic reactor and not a fission reactor as has been 
assumed by other scientists. 


This theory of hydrogen in the centre of the planet is in line with the physical reality of the creation 
and the present situation in the physical construction of the solar system, 


By the laws of physics all the gases in the solar system should have been in the giant gas planets at the 
outer layers of the solar system, like in Jupiter and Saturn: 


The physical reality in the solar system is that the lightest of all these gasses, the Hydrogen, has taken 
its place right in the centre of the solar system in its star, the Sun. 
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It has to be recognised that the centre of all planets in posses 
heating, are always in possession of two Magnetic Field Fore 
“The creation of gravity"). 


ion of gravity due to the centre cores, 
in their inner sanctum (M. T. Keshe 


In the case of the Earth up to now and with the present knowledge there has been acceptance of only 
one inner-core and one magnetic force. 


As it is explained in the paper titled "the creation of gravity", there is an inner-core in the inner core. 

This inner core, due to it physical content, motion and position in the centre of the Earth, creates and 

maintains its own magnetic field force, independent of the magnetic force which has been known to 
be created by the interaction of the inner-core and the outer-core of the planet. 


These two magnetic fields interact to create the planet's own double magnetic fields in its centre. The 
interaction of these two magnetic fields forces upon each other leads to the new concept of the 
"DOUBLE MAGNETIC FIELD EFFECT", where the interaction between these two field forces in 
the centre of the planet leads to the creation of the gravity and the magnetic forces of the planet 
(Paper: The creation of gravity). 


This new second core is the seed core of the planet, the mother seed of the planet positioned in this 
new inner core. 


REF 12 


The creation of Black Hole 
(Release date 25.3.2004) 


In this paper it is explained that the Black Hole is created out of a natural sequence of events, and that 

the existence of the Black Hole in a galaxy is a normal event. Further it is explained that a Black hole 

is created in similar ways to the Dark Spots on the surface of the Sun. In this paper for the first time, it 
is explained how the Black Hole is physically created and what function it plays in its galaxy 


REF 13 


Magnetosphere 
(Release date 9.6.2004) 


"The shape and the strength of the magnetosphere of a planet is exactly what a fingerprint is to a man, 
It is unique to each planet, star and galaxy. It is a tell-tale of all its attributes, and it reveals the hidden 
mysteries of the internal materials’ structure" 


REF 14 


Correction to the Einstein equation of Relativity 
(Release date 15.6.2004) 


In this paper the physical reality of the Einstein equation is considered, and efforts are made to bring, 
this equation to the real conditions. Even Einstein considers this equation applicable for very small 
mass, and not in real three-dimensional multi-Magnetic and gravitational conditions, which are 
external and have nothing to do with the theoretical object's mass and speed, but have effect on the 
speed and the mass of the object under consideration. 
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REF 15 


*Introduction to the new system 
(Release date 2.7.2004) 


In this paper it is written "It is essential to understand that, with the application of this system of 
motion, one cannot bring into play the solid, liquid and gas fuel method to create motion, as is used 
today. What is offered in this system is in simple words a fully integrated plasmatic magnetic energy 
system. Which, creates within and around the core environmental conditions as known to man in the 
universe like creation of gravity and magnetic field protection and the same as the magnetospheric 
protection condition of planets and motion through interaction of magnetic fields as planets and stars 
do in their given environment” 


REF 16 


The rings of Satu 
(Release date 2.7.2004) 


One of the oldest puzzles in the world of astronomy has been the existence of the rings around Saturn. 
How did these rings come to exist the way they are now? How did they come to appear and behave 
the way they do? These questions and much more about the creation of these rings are all answered in 
this paper. 


REF 17 


The creation of gravity 
(Release date 11.7.2004) 


In this paper it is explained, "the source and the creator of the magnetic forces and the gravitational 
forces are due to the interaction between the same materials in the same region of the planet." 


Further it is explained how the gravitational field force can be created, replicated and controlled 
within a nuclear reactor. Further it is explained how this property can be used for the motion of a 
system within a planetary or solar system. 


Now by understanding the principle of the creation of gravity, in this paper it is further explained, "the 
gravity in reality is the effect of the interaction of two plasmatic magnetic fields of any two object in 
respect to each other." 


REF 18 


Death of a star 
(Release date 26.7.2004) 


In this paper the death of stars is explained, "The death of a star and the creation of a supernova is in 
reality the same as the half-life cycle energy step-down of an atom, with the difference that this show 
is in a larger scale, and more spectacular, in all aspects of its dimensions” 


REF 19 
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Fusion 
(Release date 28.7.2004) 


In this paper the physical and scientific problems with present fusion technology is considered. 
Where, it is written, "nuclear Scientists, with the fusion reactors of today, are trying to create fusion in 
the opposite way to the known laws of physics and their parallels in the universe”. Further in th 
paper it is written, "If the present path for creation of fusion is followed, with the present scientific 
knowledge of physical materials for construction of such system, then following the present path of 
development to create energy from current fusion systems will be a distant dream 


REF 20 


Life of a Cell 
(Release date 28.11.2004) 


Extracts from this paper; "The reality of the transportation and transmutation of a cell is not far from 
the reality of the life of an atom or a star. Where the life cycle of the cells are slightly more 


complicated, as they contain other matters maf like acids, which have their own magnetic 
characteristic of their own chemical structure. For this reason the control and replication of the energy 
of the cell is very much complex, but very simple to achieve", 
REF 21 


The Atom 
(Release date 19.12.2004) 


The content of this paper explains how and where atoms in the universe are originated from and how 
the construction of atoms in a cold plasmatic nuclear reactor can be replicated. 


REF 22 


Magnetism 
(Release date 8.1.2005) 


In this paper it is written, "The question is where did the Magnetism come from? This is the Secret of 
creation. The world is made of one thing and only one thing and that is Magnetism. Its combination 
and interaction with its own different strength fields makes it appear as different matter maf’. The rest 
of creations are the outcome of these interactions of different strength of this thing called magnetism 
and the forces it creates. Magnetism is the origin of existence and the real singularity in its full 
meaning”. 


REF 23 


*The creation of the magneto-gravitational force 
(Release date 5.2.2005) 
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The creation of magneto-gravitational field force is and will be fundamentally independent of 
temperature and pressure, proviso to the fact that as long as a homogenous free floating pmf within a 
matter mafs is created. 


REF 24 


The core of the Earth 
(Release date 20.4.2005) 


One of the original assumptions in developing the new Magravs system some thirty years ago by M.T. 
Keshe was on the basis that the centre of the Earth possesses addition cores, which create the 
necessary gravitational conditions of the planet. After some twenty years of space technology and 
through Earthquake seismological data's this assumption has been shown to be correct and after over 
twenty years, it has been scientifically proven that the inner-core of the Earth has an inner-core of 600 
km, Professor Guy Master in 2002 ref 24 nuclear planet. The centre of this core is assumed to have an 

nner-core of 8 Km, this he thought to be made of the plutonium or other nuclear materials 


But the developer of this new plasma reactor technology has proven through physical dynamic cores 
that these cores possess a mixture of hydrogen plasmas and the process of the heating of the centre of 
the Earth are due to a semi-fusion chain of events. 


REF 25 


*The electron-atomic welding 
(Release date 3.5.2005) 


Some extracts from this paper: 

"The electron atomic welding or atomic welding principle is the phenomenon that atoms of the same 
material, through a common shared electron, become a magnetically balanced molecule of the same 
matter mafs, with the difference that the shared electron will create a balanced pmf in the molecule”. 


REF 26 


*Shutdown and safety of the reactor core 
(Release date 6.6.2005) 


In this paper the safety parameters in the operation of the gravitational and energy reactors are s 
explained to avoid the loss of plasma and gravitational field forces created within its cores, 


REF 27 


*Reactor Start-up 
(Release date 9.6.2005) 
In this paper the systematic start-up of the dynamic reactors for the creation of gravitational field 
forces and the production of energy are set out. The start-up of these systems is totally different than 
the prior arts known in the nuclear industry. 


REF 28 
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*The energy balance of the reactor 
(Release date 29.6.2005) 


Some extracts from this paper: 
The energy balance of these types of reactors is not as simple as might look in the first instance. The 
energy creation is simple. But the heat leakage and dissipation through the deliberate inherent material 
design are and can be zero. That is to say the system not only can hold on the heat it creates. At the 
same time due to the close circuit feed operation will become self-sufficient but long lasting. 


In planets, the loss of heat through their surface creates the variation in the central core condition over 
several billions of years. In this reactor as losses can be literally negligible, the system can operate at 
low energy loss temperatures. Even the boundary of the body could be made through the right 
combination of material in the chambers, so that the body of the reactor will be colder than its 
surrounding boundary. So the system will not only lose energy to its surrounding, but it can be made 
to absorb heat in the negative temperature gradient from its surrounding, so that there are no losses. 


REF 29 


Nuclear decay or half-life 
(Release date 20.7.2005) 


Extracts from the paper: 

"The nuclear decay always has the same or near the same time duration. This is due to the fact that the 
all neutrons and protons, from their inception, carry a predetermined level of plasmatic magnetic 
energy. This energy is continually used for the motion and vibration of different elements of the 
nucleus in respect to each other and the surrounding matters mafs of the atom. As the space and 

dimensions of a nucleus of an atom always obeys the same principles of the magnetic separation and 
magnetic attraction. Protons or neutrons can and will need to use or consume the same energy before 
they become weak enough that the splitting or decay becomes a clockwork job. The nuclear decay is, 
the natural levelling done of a nucleus” energy, due to the energy consumption and heat dissipation for 
the motion of the elements of the nucleus for its remaining plasmatic magnetic fields energy 
necessarily needed for them to hold one together". 


REF 30 


*The decontamination system 
(Release date 10.10.2005) 


"What this means is that, for example in trying to recycle the CO2, by the use of the right matter mafs 
n one of the cores of the reactor, the system will then use the O2 to produce H20, in the form of pure 
water, and C in the form of atomic or molecular carbon, or even by feeding this back through certain 
operational compressions and gravitational interactions within a small core, to create industrial 
diamond or graphite, for different industries." 


The use of the reactor for this purpose has been proven to be correct and Raman spectroscopy has 
proven the concept and physical reality of the separation of matter mafs in atomic level after 
separation in the same system from a composite matter maf’. 

(See the graphene on the technology web site) 


REF 31 
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The difference in atomic and molecular structure 
under gravitational force and pressurised conditions 
(Release date 15.8.2005) 


In this paper is written that "the atomic and molecular structure of matter mafs is totally aligned and 
positioned in a fundamentally different configuration where it has come together due to gravitational 
forces, than when matter mafs has been brought together by the means of pressure. This has a 
fundamental effect on the behaviour of the structure and properties of the matter mafs which is 
created in either way". Where this is explained and utilised to develop a new method in creating 
graphene and Sp3 atoms and walls in a simple core made of a coca- cola bottle. 


REF 32 


**The Defence and shielding system 
(Release date 4.9.2005) 


Some extract from this paper 
The design of the side open system for lunch of high saturation magnetic plasma package is one of the 
most effective technologies for defence of the reactor and the craft, which is in possession of such a 
system. 


It is essential for any space technology in the open environment of the universe, if the craft is to keep 
a straight line of motion and to be able to protect itself from any solids or matters maf’ in its path in 
the cosmos, 


This technology can destroy any object by the principle of plasmatic magnetic energy saturation of the 
incoming object at a molecular level, that object will disintegrate in the form of magnetic vapour and 
not atomic level destruction, before matter mafs can damage the craft as debris, and before the craft 
ever becomes in touch or near these space matters mafs. 


This technology can also be used to protect Earth from the collision risk of NEO's (Near Earth 
Objects), like comets and asteroids. 


REF 33 


Method of creation of an atom or nano matter mafs 
(Release date 11.10.2005) 


The manufacture of an atom of any density, this being of the simplest form of nucleus or a full atom 
of hydrogen, or even heavier elements in the universe, all follow the same principle. 


Atoms are created in the soup of the cosmos from collections of very weak plasmatic magnetic fields, 
which for their existence cluster and share their energies with the magnetic fields that are not far from 
their own plasmatic magnetic field strength. 


REF 34 


The relationship between Gravity and Mass 
(Release date 21.1.2006) 
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Extracts from text of this paper: 
“A planet like Earth possesses a combination of both gravity and inertia. Where the gravity comes 
from the interaction of plasmatic magnetic fields from the processes within its core, and the inertia 
comes purely from the collection molecules pmf of matters mafs which has built the physical body of 
the planet. 


Any object, being an electron, atom, molecule or even a human body, is a collection of plasmatic 
magnetic fields of different strengths and their interactions between each other, which in total decides 
the total or collective magnetic field possessed by that object where this is the mass of the object. 


Where the mass of an object is a collective package of plasmatic magnetic field tightness ofa given 
object and will not change as long as the object is intact as one entity in its overall atomic or 
molecular or collective molecular appearance. 


Which plasmatic magnetic energy of a physical body (so called the mass of the body) in interaction 
with molecular or atomic magnetic field (this being gravitational or inertia) of another object will 
determine the weight of the two object in respect to each other in each other’s environment” 


REF 35 


‘The Dark matter maf’ 
The Fifth state of matter maf’ 
(Release date 21.1.2006) 
Extracts from text of this paper: 


The existence of dark matter mafs is not questionable, 


mall 


Proving its existence, and its effect on the energy balance of the universe, in all matters maf as 
as in the heart of an electron or in a solar system needs to be created, replicated and its effect 
measured, 


The theory of dark matter mafs does not and needs not to be considered as complicated, if one 
understands in real terms the plasmatic magnetic energy of the matter maf’ in the visible and invisible 
dimensions of the universal work. 


The dark matter maf’ has two distinctive characteristics, which makes it totally apart from the visible 
matter mafs. The dark matter mafs possess mass but not visible light, where its existence can only be 
determined by the weight of the it’s hidden mass, which could be substantial due to its internal 
gravitational field, 


REF 36 


*The inter-atomic fusion 
(Release date 3. 5. 2006) 


Extract from this paper: 
"The fusion of two or more atoms has been the pre-occupation of nuclear physicists for past years, 
Conditions to achieve fusion of two hydrogen plasmas in the TOKAMAK reactors have taken years to 
teach scientists a lot about the behaviour of plasma and their fusing. 
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The reality about the fusion in some way has to be reconsidered as, if the scientific world is trying to 
amalgamate the contents of two plasmas to release energy. There must be a simpler way to achieve 
releases of similar energies. 


The fundamental principle of the inter-atomic fusion is a much simpler way to achieve fusion. If this 
principle is applied to the atomic condition of fusion, then fusion will be attained in a simple but in a 
much more physically realistic environment. 


The explanation for inter- atomic fusion is very simple and direct. 

In the fusion of two plasma of proton of hydrogen atom, the physicists try to fuse two large plasmas, 
and by doing so, they try to release a large amount of energy. Where in this process enormous amount 
of magnetic field forces and currents are needed to bring two plasmas in close proximity, so that the 
‘energy barriers in between them can be overcome for them to amalgamate or fuse. 


In the inter-atomic fusion the overcoming of energy barriers does not exist, as in this method of 
fusion, the electron of the atom which is circulating the nucleus of the atom and is of the same origin 
will be encouraged to return into and fuse with the nucleus of its atom”, 


Where this is a more practical way to create and release manageable energies and there is no need for 
elaborate systems where even if the energy release will be small compared to dreamed up fusion 
systems of today. 


With inter-atomic fusion method at least small and practical systems can be developed to handle low 
temperatures of the fusion proces 


REF 37 


The conductivity of the matter maf’ in the vacuum 
of the interplanetary mediums 
(Release date 21.1.2006) 


Some extracts form this short paper "Therefore plasmatic magnetic field of elements within the 
nterplanetary medium will cover the space given to them in their environment. Where due to their 
motion and their electric charges even in eV levels, they become perfect conductor, and in turn, due to 
their motion on their environment, they become plasmatic electromagnetic generators. 


REF 38 


The production of Graphene 
(Release date 25.7.2006) 


Repeated experiments and tests in simple static reactors, and tests in more complex dynamic reactors, 
prove that atomic separation and recombination of matter mafs like carbon and hydrogen can be 
reached at room temperature and at atmospheric conditions. 


We have now indications - through static and dynamic tests in our reactors - that the universe was 
made in normal condition, which was originally nothing but packages of plasmatic magnetic fields of 
different strength, which were themselves nothing but areas of plasma or collections of loose 
magnetic fields energies. Where magnetic fields of different strength in locking to each other, by the 
principle of their plasmatic magnetic energy (PME), have caused in the first stage the creation of 
fundamental particles, secondly atoms, then molecules and then matter mafs, clouds and asteroids and 
then stars and galaxy's", 
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The Big Bang theory conditions have no room in the reality of the creation of the universe. 


REF 39 


Further works on medical research and developments have been written and completed, and will be 
published on the Foundation medical site in December of 2011 


The process of the reversal of coma: Published in December 2010 
Multiple Sclerosis: Published in December 2010 
Epilepsy: Published in December 2010 


Fibromyalgia: Published in December 2010 
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INTERNET LINKS 


Web site: www. keshefoundation.com 
YouTube Channel: http://www.youtube.com/user/keshefoundation 


Forum: http:/www.keshefoundation.com/forum/ 


Internet ra 


interviews: 


Interview 06-09-2011 with Red Ice Creations (hour one): 
http://www. redicecreations.com/radio/201 1/06/RIR-110609.php 
Interview 06-09-2011 with Red Ice Creations (hour two - need for simple registration): 
http://www.redicecreations.com/radio/2011/06/RIR-110609.php 


Interview 05-09-2011 radio interview with Alienshitt 
http://www livestream,com/alienshift/video?clipld=pla_825 1665e-ac74-4d77-a785-443bbca6Sbf6 


w 04-20-2011 with Mr. Redneck Radioman of blogtalkradio.com: 
inttp://www.blogtalkradio.com/paranormalpalace/201 1/04/20/gravitational-technology-with-nuclear- 
scientist-mehran-keshe 

Interview 04-17-2011 radio interview with Mrs, Aurora and Mr. Bill Alek of vortexnetworksnews. 
http://intalek.com/A V/VNN/ VortexNetworkNewsHour/04-17-2011-VNN.mp3 


Interview 04-09-2011 second radio interview with Mr. Bill Alek of vortexnetworksnews, 
http:/intalek.com/AV/VNN/ProgressiveTechnologyHour/04-09-2011-Technology.mp3 


011 first radio interview with Mr. Bill Alek of vortexnetworksnews: 
http://www.intalek.com/A V/VNN/ProgressiveTechnologyHour/04-02-2011-Technology.mp3 


Interview 12-18-2009 radio interview with Mr, Allan Sterling of Peswiki: 
http:/www.mevio.com/episode/205187/fen-12-18-09-interview-with-mehran 


19 


140 


LIST OF ILLUSTRATIONS. 


FIG. 1. CREATION OF NEW UNIVERSES OUT OF THE DIVISION OF A LARGER UNIVERSE 16 
THROUGH THE PROCESS OF DECAY SIMILAR TO THE DECAY OF THE NEUTRON IN PROTON AND ELECTRON. 16 
FIG. 2. THE CREATION OF MAN’S UNIVERSE AFTER THE DECAY OF IT’S MOTHER UNIVERSE MAGRAVS’ MAP’S...17 
Fig. 3. THE UNICOS 19 
FIG. 4 THE POSITION OF THE SISTER UNIVERSE IN RESPECT TO THE MAN’S UNIVERSE, 20 
FIG. 5 THE UNIVERSE HEAT DISTRIBUTION MAP (W-MAP OF THE UNIVERSE). 21 
FIG. 6 THE MICROWAVE HEAT DISTRIBUTION OF THE UNIVERSE SHOWS A CONCENTRATED HEAT 22 
IN THE CENTRE DISC OF THE UNIVERSE 22 
FIG. 7 THE CONVERSION OF THE PLASMA OF NEUTRON TO PLASMAS OF THE PROTON AND THE ELECTRON. 24 
‘THE SAME PROCESS IS CONSIDERED TO OCCUR WHEN THE UNIVERSE DIVIDES (3). 24 
FIG.8 DECAY OF PLASMA OF NEUTRON IN PLASMA OF PROTON AND PLASMA OF ELECTRON. 24 
FIG. 9, THE PRINCIPAL UNIVERSAL LINE OF MAF’S. 25 
FIG. 10, THE PRINCIPAL MAF’S OF THE UNIVERSE. 25 
FIG. 11. THE UNWINDING OF MAGRAVS IN AN ENTITY, 26 


FIG. 12 PLASMA OF THE UNIVERSE: ANY ENTITY CAN BE CREATED ANYWHERE IN THE UNIVERSE AS LONG AS ....27 
THE APPROPRIATE MAF’S STRENGTH OF THAT ENTITY IS REACHED THROUGH REDUCTION OR INTERACTION OF 


MAF’S OF THE UNIVERSE. 27 
FIG. 13 PLASMA OF GALAXY: ANY ENTITY CAN BE CREATED ANYWHERE IN THE GALAXY AS LONG AS THE 
APPROPRIATE MAF’S STRENGTH 21 
OF THAT ENTITY IS REACHED THROUGH REDUCTION OR INTERACTION OF MAF’S OF THE GALAXY ITSELF OR ITS. 
UNIVERSE’ MAP’S, 27 
FIG. 14 PLASMA OF NEUTRON: ANY ENTITY CAN BE CREATED ANYWHERE IN THE NEUTRON AS LONG. 28 
AS THE APPROPRIATE MAFS STRENGTH OF THAT ENTITY IS REACHED THROUGH REDUCTION OR INTERACTION.....28 
(OF MAPS OF THE NEUTRON AND IT’S GALAXY ITSELF OR IT’S UNIVERSE'S MAP’S. 28 
FIG.15 GALAXY (SOURCE: HUBBLE) 29 
FIG. 16, CONVERSION OF THE SPHERICAL PLASMA OF A NEUTRON IN A CYLINDRICAL RAY OF LIGHT 31 
FIG. 17 THE COLOUR OF RAINBOW ACCORDING TO THE MAN’S PMTICS STRENGTH IN EARTH MAGRAVS STRENGTH, 
32 
FIG. 18 (A TOG). THE PROCESS OF THE DIVISION OF THE MOTHER'S UNIVERSE IN TO MAN'S UNIVERS! 39 
ANDIT’S SISTER UNIVERSE 39 
FG. 19 THE PRINCIPAL LIGHT INSIDE A BLACK HOLE 
48 
FIG. 20 THE ABSORPTION OF MATTERS AND FIELDS BY PRINCIPAL STARS OF THE UNIVERSE OR GALAXIES. 49 
50 
FIG. 21 PRINCIPAL LIGHT IN THE CENTRE OF THE UNIVERSE. 50 
FIG. 22 ENVELOPE OF GALAXIES IN EACH UNIVERSE INDICATING THE POSITION OF THE SISTER UNIVERSE. «64 
FIG. 23. SOME OF THE PROTOTYPES USED FOR CREATION OF MAGRAVS. 18 
FIG. 24, THE STRUCTURE OF INNER CORES OF THE EARTH (12). 79 
FIG. 25. EXISTENCE OF MINIMUM TWO SEPARATE MAGNETIC FIELDS IN TWO CORES OF EARTH. 81 
FIG. 26 INTERACTION OF TWO PLASMATIC ENERGY FIELDS CREATING THE EFFECT OF A BLACK HOLE. 4 
FIG. 27. PLASMA OF PASSIVE MAGNETIC FIELDS PUSHING EACH OTHER CREATING 96 
ABALANCED MAGNETIC FIELD REGION, CALLED BLACK HOLE 96 
FIG. 28 TEST REACTOR, 106 
FIG. 29 . LETTER OF ROYAL ASTRONOMICAL SOCIETY 107 
FIG. 30 THE POSITION OF THE SISTER UNIVERSE IN RESPECT TO MAN’S UNIVERSE 118 
FIG 31. IN TIME THE DECAY OF MAN’S UNIVERSE. 121 


MI 


142 


INDEX 


A ps ” 
antimatter 127 - 
5 ano materias 2 
Nuclear doy. 135 
black hoe 8 ios 
e P 
centre of the Earth 134 105,127 
coz 135 7 
> Principal matter 125,127 
Principal star 125 
dark mater in,” “Foose 
a R 
Earth 89,90,91,92——sispow 5 
cneray 128 
s 
F 
5 Satur, 132 
ene Poe shielding 136 
« sold magnet 72,73, 82, 86,88, 128 
ans aia; ata 2 
Graphene. 138 eae hee 132 
gravity 132 cau aata 
F r 
‘Transition energy 12s, 128 
lg barr = 3 reamstion mats 12s 
peri teeia Transition Magravs 128 
u Transition matter was 
Mats ws27 ow 
Magnet sD ee ie 
magnetic shielding 92 
unico. 16.22 
nage 133 ee 7 
Magravs 15, 16, 19,21, 125 Upeniee 
Mages positioning as 


143 


‘As we are helping with series of books which have been published and 
to be released, to build the full knowledge of the structure ofthe opera- 
tion of the magnetic fields and their interactions in the world of 
creation for man to understand the entire process, one comes to the 
point that one has to explained different proportion of this entity in 
different levels of creation of the greater universe and not the man’s 
universe. In the first book the creation of of matter, the operation and 
interaction of smaller fields, which leads to creation of matters was 
explained. In the second book we merely explained the method of 
travel of the collection of fields in the form of so called light. In this 
third book, itis further I have explained the operation and interaction 
of a bigger cells of the same fields, which these leads to creation of the 
‘mans universe and more and what is too much for the man to under- 
stand with his present scientific knowledge and he calls it his 
universe. 
Where, the so called this universe in this book is explained itselfis to be a part of natural process of 
creation and it has been created from the division of bigger quantities of fields and in time this. 
universe will itself will be divided into and will create smaller universes or part of it will amalgam- 
ate with other universes and their fragments’ to create bigger universes in the overalll structure of 
the unicos, the universal cosmos. 


This process is being the like of the division of the plasma of the neutron to plasma of the electron 
and proton to create an atom and/or the fusion of two proton to create a heavier bodies of 
plasmas. 


Thus this universe is not the centre of creation and itself is part of the bigger structure. 


That is the same dilemma as man had as he tough the earth was the centre of the universe and as 
he understood more, he realised that he, his planet and himself are the smallest part of solar 
system and his solar system was in fact smaller part of a galaxy and so forth, and this is the same 
with operation and existence of the of the mans’ universe in the bigger operation and structure of 
universes in the cosmos of universes: the Unicos. 


‘The Keshe Foundation 
independent non-profit and 
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Thekeshe Knowledge 
Foundation and new technologies to 
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climate change, illnesses, by the use of new 
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BRIEFING OH SOVIET SCALAR 
FLECTRONAGHETIC WEAPORS 


FER DE LANCE 


9, the E first strategic sub-space war 
was silently fought and won. 


Sweating done by red_gonzo. 


Note: sometimes formatting of the text may be a little fuzzy. It's all because the OCR process didn't go as. 
smoothly as I expected. Also there may be some errors inside text so be vigilant. In any case share this book, 
send emails to people about knowledge contained in it. Since this book talks about the most terrifying weapons 
present today the information in it is even more of value. But knowing an old saying »the knife cuts both ways« 
one can also use the same knowledge in order to heal ourselves since it seems that our body already does it 
using the physics described inside. Hopefully the latter will prove to be the most useful way to use this old but 


forgotten / supressed knowledge. 
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‘The Russians have sustained the largest weapons 
development program ever launched by any 
nation, and they have kept it effectively hidden 
from prying Westen eyes. 1 have called this 
program "Fer-de-Lance,” after the deadly South 
American pit viper of that name. 


‘The dreaded ferde-lance is a snake of great 
agility and lethal effect. It often ambushes its 
hapless prey, striking unexpectedly and without 
warning. Its first sudden strike is usually lethal to 
which promptly expi 
agony. Since the Soviet development of scalar 
EM weapons has been designed for the same 
purpose, the name seems appropriate. 
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Update 


Note: We have placed this update as a section in front of the original paper. This 
leads to some redundancy, which remains to insure clarity 


"This isan updated and slightly sanitized version of a paper originally prepared for and 
transite to sslected Senators and Congrespersons 

The present name ofthe old KGB isthe Federal Security Services. The leopard’ spots emsin 
the same, regardless ofits ew name—at least fora die-hard old communist faction of 

Presoly the helm of Russia hes ben ted over to anew Premier who has ah extensive KGB 
background. However, Putin his chosen to dif from the taditional KGB outlook and seems 
intent om becoming Americas triste cheap oil parincr and supplir, in a bid to Belp his economy 
nd pump mich-needed funds ito it. His friendship with George Bush may be one of the turing 
Pais ofthis ow century He at least hay achieved sufficient contol over much ofthe KGB to 
ct on with trying to solve bis economic problems and hres theo “die-hard communist” mold a 
wie 


2002 OVERVIEW AND BACKGROUND 


For some time, Russia and several other nations have possessed highly advanced 
“extended-electromagnetics” (energetics) weapons of a very novel kind, using a 
dramatically extended electrodynamics theory {1}. To comprehend these 
‘weapons requires a combination of non-Abelian electrodynamics in at least the 
0(3) gauge symmetry {2}, general relativity, Bohm's interpretation of quantum 
mechanics (3), and the use of time-domain (scalar) energy, fields, and potentials 
to directly enter distant 3-spatial points without propagating energy through 3- 
space. It also requires correcting many of the serious errors in classical 
electrodynamics. Probably the most elegant and applicable extant model to deal 
with these phenomena and weapons is Sachs’ {4} unification of general 
relativity and extended electrodynamics, particularly as implemented in (3) 
electrodynamics. 0(3) allows direct engineering by modified EM means. 


Most of these energetics weapons are more advanced than what has previously 
been known to the U.S. military, intelligence, and scientific communities, 
although parts of the communities are finally making real progress in 
understanding such “revolutionary” areas. For example, every major we: 
lab on earth seems to have discovered longitudinal EM waves and longitudinal 
EM wave weapons—the scalar interferometry we have been discussing for so 
long {5}. A major contributing factor holding back U.S. catch-up is that the 
flawed foundations of Maxwell's 1865 theory {6} have not been changed by the 
Westen scientific community 


Historically, the scientific community exerts resistance to substantial innovation. 
Ofien 40 to 50 years are required to do what can be done with a concerted effort 
in four years. The Manhattan Project in WW II is a notable example of where 
the scientific community made a maximum effort and did a difficult job in four 
‘skunk works" efforts continue to be utilized for very rapid 
development when something really advanced is to be done and done quickly. 


With the U.S. substantially behind in these "new" strategic superweapons, a new 
Manhattan Project would appear to be advisable and warranted. There are at 
least some indications that such may actually be going on at last. We hope the 
indications are true, 


‘A sobering development that occurred early this year (2002) was China's 
deployment of both quantum potential (QP) weapons {7} and negative energy 
electromagnetic pulse (EMP) weapons (a type which we originally called the 
‘MindSnapper to disguise its true nature) {8.9}. The QP weapons are the 
dominant weapons on Earth today, followed closely by negative energy EMP 
‘weapons in second place. We have not been able to ascertain exactly how many 
nations have the negative energy EMP weapons, but itis at least five at the time 
of this writing 
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‘The U.S. is stil well behind in the use of special “engines” (special curvatures 
of spacetime and their dynamics, but achieved with higher group symmetry 
electrodynamics) for directly engineering the mind itself, and for producing 
znonmaterial robot systems made totally of such engines—"causal s 
robots” which we will mention later. Several of the Western nations do 
accomplish work in the mind control area, but use a sort of "brute force” method 
oriented on frequency and frequency changes, etc. where the true active mode 
the unsuspected transformations of the U(1) electrodynamics to a higher group 
symmetry unified field theory electrodynamics, accomplished by the human 
body tissues and structures themselves. 


Westem scientists have not realized that all EM energy in 3-space actually 
comes from the time domain to each point in 3-space and returns from that 3- 
space point back to the time domain.’ Hence “propagation” of 3-space EM 
energy is actually the propagation of a “circulation” of EM energy between the 
time domain and 3-space, involving each 3-space point presently said to be 
by the energy. Unfortunately, Western science is still unaware that 
no observable exists in time, a priori, since by definition it has no extension in 
the time dimension at all (10}. Instead, an observable continually recurs as a 
frozen 3-space snapshot of an ongoing dynamic 4-space interaction, due to the 
continual repetition of the observation process which is the application of a d/dt 
operator to the ongoing 4-interaction. Hence, w hysical reality (3-space 
reality) similarly to the way we view a "motion picture” series of successive 
‘The major result of this flaw (mistaking a 3-space observable 
use) in Western science is that Western science still extensively 
substitutes effect for cause—e.g., in the notion of a separate 3-forve acting on a 
separate 3-mass. No such situation exists in nature, and nothing "moves" or 
shanges" in 3-space alone. For an entity to exist in time, it requires at least 4- 
space because a time length is required. Nonetheless, the West is making 
progress. If some of its scientific dogma can be overcome, the younger scientists 
will break free and readily do the job required for the defense ofthis nation. 


Mad Scramble of Soviet Science After the End of WWII 


During WW II the West produced a great technical breakthrough and obtained 
the atom bomb as a decisive new weapon. While speeding up his own atomic 


» Specifically. energy comes fom the time domain to the negative charge, thence the postive 
Secharg, thence back Yo theme domain ina 4-cirulaion of EM eneras. With exta energy 
“appearing and present tthe negative charge de to entering S-sace there, and with ess energy 
resent a the positive charge dic tothe encray leaving S-space there, thee sa dla in enersy 
density (resize) aeross a dipolar oriented from negative wo positive. That isthe exact bass of 
the T. T. Brown unilateral trust force, and the force used inthe "Mitre" experiments today. To 
lula the fore, the long-unaccounted Heaviside energy flow componeat must slso he 
‘counted not jin the weak Poynting flow componcn 


‘weapons program! as a result, Stalin also ordered his own Academy of Sciences 
to quickly derive the next great new technical breakthrough, and he held the top 
scientific leaders themselves personally accountable to him, to see that it was 
done at all speed (Figure 1). 


stain 
“Te ey corn banned Re US dar th 
1 Sova You wil poem wit al eat ew ec! Beakvouph a al 
‘Spee a il have your eats De make rset dear, codes” 


que Salis dictum removed any esitane from is sient community. 


Simply put, Statin placed the heads of the Soviet scientific leaders on the 
chopping block, since he was an absolute dictator and often killed or imprisoned 
those who opposed his instructions. To survive, the leaders of the Soviet 
‘Academy had to demand the utmost of their subordinates, because they 
themselves had to report their progress or lack of it to a dictator who would and 
did take swift action if they did not produce results. Thus, Stalin simply 
bypassed the usual scientific posturing and protracted delay so typical of our 
Westem scientific bureaucracies’ If the Directors of the Russian scientific 


* Atthe Potsdam conference afer Truman informed him the U.S. hadjust exploded a great new 
‘explosive weapon, Stalin secretly called the head of his nuclear weapons program and ordered 
him to accelerate the Soviet nuclear weapons program, 

® As a simple example. the U.S. National Academy of Sciences, National Research Council, 
National Academy of Engineering, andthe National Science Foundation—and all the electrical 
engineering departments at all the universities in the U.S.—have not yet recognized tha all EM 
circuits and systems are in fact powered by EM energy extracted directly from the seething local 
vacuum by the source charges and dipoles inthe circuit or system, and particulary by the broken 
symmetry of the source dipole inthe generator or other primary power source. They also have not 
yet solved the more than a century-old source charge problem, but continue to support 
fengincering models assuming thatthe chargefreely creates real EM energy out of nothing at all 
in total violation of the conservation of energy law, and pours that created energy out, freely and 
‘continuously, to establish its associated fields and potentials and ther energy reaching across the 
‘universe. The agencies thus unvwitingly advocate perpetual motion machines on a scale 
unparalleled in history. They continue to support an electrical engineering model and a classical 


community dragged their feet and did not push his des 
their heads would roll—and some did. 


fed program to the limit, 


As a result of Stalin's forceful intervention, the entire Soviet scientific 
community was galvanized into a most intensive review of all of physics. The 
scientists desperately sought to quickly uncover potential breakthrough areas 
that could be developed into the great leap forward that Stalin demanded. They 
had to have progress, and they had to have it rapidly 


One Institute Had 2,000 PhDs and a Full Support Staff 


Large review institutions were quickly set up, staffed with the best Soviet 
scientists and support translators and teams. One such search institute involved 
some 2,000 Ph.Ds along with their support staffs. Soviet ships brought in 
shiploads of copies of all the scientific journals of the West—from the 
beginning—, and they were reviewed paper-by-paper, page-by-page. Anything 
novel and implying new scientific possibilities, or anything that had not been 
adequately followed up, was laid aside in a "select" pile for further review and 
decision by the best Soviet theoreticians available (11) 


One gets a new physics by discovering shortcomings and flaws in the old one. 
This intensive Russian search almost immediately uncovered the deep flaws in 
classical electrodynamics—flaws that have been propagated throughout most 
other branches of science. Classical electrodynamics (and electrical engineering) 
is particularly beset by hoary flawed foundations problems, dating from at least 
1865. As an example, the equations did and still do assume a material ether, and 
they have since the beginning! Not a single equation was changed when the 


clectrodynamics model which do not even model the ative vacuum and its exchange with every 
‘charge, much less a broken symmetry in that exchange. So none of those agencies even knows 
what powers an electrical circuit, 45 years ater the proof of broken symmetry was accomplished 
by Wa and her colleagues in 1957, and the Nobel Prize was then quickly awarded to Lee and 
Yang the very same year (1957) for predicting that broken symmetry revolution, In the modern 
view a charge isa dipolarity, when its vacuum interaction is considered. As a dipolarity, every 
charge exhibits the proven asymmetty of opposite charges, i its interaction with the active 
‘vacuum. The charge thus extracts and outpours real observable EM energy from the vacuum, 
freely and continuously o. Those agencies—along with nearly all the rest, 
of the U.S. scientific communi “sume that a COP>1.0 EM system (0) is 
impossible, (i is against the laws of nature, and (i) isa forbidden perpetual motion machine. In 
neirly half a century since the discovery ofthe broken symmetry of opposite charges, those 
agencies have yet to apply that finding to electrical engineering and enginccring curricula, 
Frankly, since they have dragged their collective feet for nearly a half century on extracting EM 
‘energy fom the vacium, what is needed isa Stalin to put his iron boot firmly to their posteriors 
and call ther attention t it in language they cannot ignore. The polation ofthe planetfor energy 
purposes and the inominent oil and energy wars that will ravish the earth are divectty due (i) 10 
this inexplicable dogma upheld by the scientific community an (i) t0 the community's cominued 
falsehoods equating EM COP>L0 to perpetual motion machines. The continuing failure to 
incorporate the active vactnun exchange—and its broken symmetry—into electrical engineering 
and classical eletromageties also poses an unacceptable threat to the continued survival of this 


Michelson-Morley experiments in the 1880s destroyed the material ether itself, 
‘The classical EM model also assumes a flat local spacetime (falsified by general 
relativity since 1915) and an inert vacuum (falsified in particle physics for 
several decades). It till assumes the same EM field in mass-free space as exists 
in mass—a non sequitur of major impact. Just to make the Maxwell-Heaviside 
equations easier to solve and avoid numerical methods, the totally arbitrary 
Lorentz symmetrical regauging® discards all EM systems far from equilibrium 
with their active vacuum environment. In fact, there is no “active vacuum. 
environment" in the model, much less a broken symmetry in that exchange. Yet 
that very broken symmetry is exhibited by every charge and dipole {12}, and 
thus by every EM circuit and system. That asymmetry is involved in the 
continuously increasing giant negentropy poured out by every charge in the 
thereby generating all EM fields and potentials and their energy, 
eventually reaching even across the universe, and with perfect macroscopic 
order and time duration as long as one wishes, Indeed, all electrodynamics is in 
{otal violation of the second law of thermodynamics, to any macroscopic size 
level and time duration desired.” 


‘The terribly flawed electrodynamics model was completely overhauled by the 
Russian scientists very quickly, and the work was accomplished by some of the 
best nonlinear scientists in the world, Already present at the time were many 
things available to assist in dramatically extending {13} the hoary 1865 
Maxwellian electrodynamics (6}. Gauge field theory was available since the 
tum of the 20th century, and the top theoreticians could readily see that 
something more than Abelian electrodynamics was firmly required in particle 
physics. The Yang-Mills {14) theory met that need in 1954 by originating non- 
Abelian gauge theory. 


Situation in the Early 1950s 

By 1950, Stalin's scientists had the beginnings of what they dubbed “energet 
{15,16}, which we would dub an "engineerable unified field theory 
{17,18,19}. Longitudinal EM waves were primary {20,5} in that more 


© Actually a version ofthis symmetrical regauzing was first performed by Ludwig Valentin 
Loren, "Ueberr die Ideniat der Schwvingungen des Lichts mit den elekvischen Stromen” Ann 
Phys. Chem, Vol. 131, 1867, p.243-263—only two years after Maxwell published his seminal 
theory in 1865. The paper is also published in English, as Ludwig Valentin Lorenz, "On the 
idemty ofthe vibrations of light with electrical currents," Phil. Mag. Ser 4 Vol. 4, 1867. p. 
287-301. Unfortunately not much atteation was paid to Loren’s effort, since he independently 
derived electrodynamics. Decades later, when H. A. Lorentz also published symmetn 
regauging of the Maxwell-Heaviside equations, he was given credit frit with no farther mention 
(of Lorenz. A proper historical summary of this has been given hy J.D. Jackson and L. B. Okun, 
Historical roots of gauze invariance,” Rev: Mod. Phys, Vol. 73 uly 2001. p. 663-680. This is 
an excellent coverage ofthe history of who actually dd what and when, and who got credit for it 
‘This dramatically extends the size regions (microscopic through colloidal) and the time 
durations (momentary to two seconds) where the seeond law is known and proven ot 0 
necessarily apply. 
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fundamental approach. By the mid 1950s, one can pick out of the open literature 
(21} increasing incidences of prototype Russian energetics weapon testing 
around the world. In 1960, Khrushchev (22} spoke obliquely of these "fantastic 
new weapons” that were “just within the portfolio of the Soviet scientists," so to 
speak. Commercial aircraft sightings (Figure 2) and the reports of thei captains 
and crews are also a particularly significant source of sightings of Russian 
energetics weapons tests, as are sightings by ships’ crews (Figure 3) and ground 
observers (Figure 4), 
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1963 Deployment and Immediate Use of Scalar 
Interferometers 

‘The first huge scalar potential interferometers {23,24} of strategic range and 
power (Figure 5) were deployed by the Soviets in 1963, and one was used to kill 
the U.S.S. Thresher nuclear attack submarine (Figure 6), leaving clearly 
recognizable signatures (25), 


Since 1963, the Russians have had the equivalent of more than seven additional 
Manhattan Projects (using the Russian 5-year program instead of the 4-year 
Manhattan Project), back-to-back, in development of energetics weaponry. The 
energetics weapons have never been given to the regular Russian forces. Instead, 
all research, production, siting, manning, and employment are by the KGB and 
still under ruthless KGB control by die-hard communist factions {26} 
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An Example of Russian Technology Astonishing Western 
Scientists 

Some years ago, coordinating with a Western but non-US aerospace firm, 1 
furnished the firm with the names and addresses of some Russian scienti 
Moscow, since it was clear from their internet site that the scientists were on the 
fringes of the KGB energetics weapons program. An excellent European 
engineer fluent in Russian was sent in, several times. Several unusual things 
‘were demonstrated to him, including (i) transmitting enormous energy down a 
very thin wire, and (ji) cold molding, or turning metal into a liquid at room 
temperature, pouring it into a mold, and then letting it sit and harden, All 
without heating 


‘The engineer also closely questioned the Russian scientists about Russian 
energetics weaponry, a subject the scientists were most reluctant to discuss. 
Finally they admitted the energetics weapons existed, and they actually obtained 
a meeting between the engineer and the KGB General who had directed the 
Soviet energetics weapon program for more than 20 years. In the meeting, the 
‘Of course you are not going to 
those!” and confirmed that somehow the Russians obtained 
everything the present author writes, as soon as he writes it {27} 


‘The engineer then brought the Russian scientists to his aerospace firm in that 
Western nation, where the scientists demonstrated cold molding to assembled 
scientists and some U.S. personnel. I forwarded a written explanation to the 
Western scientists of how the cold molding was performed technically. Later, on 
calling the engineer again, I discovered that the foreign authorities of that 
country had suddenly classified everything over there, and the engineer could no 
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er even talk to me without filing a Foreign Intelligence Contact Report. My 
‘own part in all this was completely open-source, pro bono, and I had already 
written of it openly and publicly. 


Softening of Metal at a Distance Was One Effect Used 
Against the Challenger 

Atany rate, earlier I had openly advanced (and printed) the same mechanism, 
since it was the metal softening mechanism used by the KGB to kill the U.S. 
Challenger spacecraft in 1986. Publicly I had been resoundingly called a lunatic 
for advancing such a "preposterous" thesis. Nonetheless, metal softening by a 
distant LWI (longitudinal wave interferometer) was definitely utilized as part of 
the kill of the Challenger, as a close colleague here in the U.S. proved 
experimentally, detecting and demonstrating that metal-softening Russian signal 
prior to the kill ofthe Challenger. He amplified the signal and demonstrated on 
the bench its nearly instant softening of nails, rendering the nails momentarily as 
limp as wet noodles (Figure 7). Nails from the same box, not exposed to the 
signal, remained hard and could be hammered into a board. Not so the nails 
from the box that were exposed to the amplified Soviet signal! Those nails 
folded up like a wet noodle when tapped with a hammer, and could not be 
driven into a board. 


with the foreign scientists, we had in fact obtained the 
‘smoking gun” proving that this cold molding capability rigorously existed in 
the KGB inventory. Further, it had existed so long that the KGB had essentially 
declassified it so that the civilian Russian scientists seeking employment funds 
from the West could utilize it. 
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Energetics: Three Branches and a Strategic Deception Plan 
‘The energetics weapons use exotic polarizations of EM waves, quantum 
potentials, and the "infolded” LW electrodynamics (both scalar and longitudinal 
photons) inside and comprising every “ordinary” transverse EM field and wave. 
‘The KGB energetic weapons are categorized (Figure 8) according to what they 
are targeted against: 


(1) against inert matter, fields, and potentials ete., that branch of weapons 
is called by the same name, energetics weapons. 

(2) Against living tissue, bodies, cells, biofields, biopotentials, ete., they 
are known as bioenergetic weapons, 
electrodynamics such as used to irradiate the U.S. Embassy in Moscow 
are examples of bioenergetic weapons. 


(3) Against the mind, thought, memory, behavior, and the mind-body 
coupling mechanism, they are known as psychoenergetic weapons. 
Particularly in the latter mode, these weapons also use time-polarized 
(scalar) EM waves and time-polarized (scalar) photons as well (28) 
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‘The KGB also implemented an elaborate and continuing deception plan, as is 
standard military practice for any great strategic attack plan. The KGB deception 
plan has been highly successful {29} in keeping the United States convinced 
that these weapons do not exist, and convinced that the standard strategic 
nuclear weapons possessed by the West are “leading” and "superior. 


Strategic Attacks Scheduled and Why We Were Not 
Destroyed 

Indeed, the West's nuclear weapons are inferior to R 
particularly to the quantum potential weapons (Figure 9) deployed at the end of 
1989 and to the newer “causal system" weapons deployed since the fist of 
1999, where functional robot systems (Figure 10) are made of nonmaterial 
spacetime curvatures and their dynamics only! In the event of a full strategic 
Russian energetics strike, an opening strike with quantum potential weapons 
{30} will dud all nuclear weapons on earth, all nuclear power systems, and all 
nuclear propulsion systems in about 10 minutes. This takes care of most of the 
USS. strategic armament, within the first 10 minutes. The publicized strategic 
‘weapons of this nation have in my opinion been almost defenseless now for at 
least a full decade (31,32), but I also believe that situation may be rapidly 
changing for the better. 


in energetics weapons, 


A friendly little foreign nation does have such weapons including QP weapons 
that operate in multiply connected spacetime (MCS). That litle nation has been 


responsible for our continued survi 


and has continued to deter the planned 
KGB strategic energetics strikes upon the West. There are indications (though 


still not certain) that at least one—and possibly two—other friendly Westem. 
nation also possesses such weapons, 
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‘Twice in 1997 alone we were within days ofthe scheduled total strategic 
destruction ofthe U.S. by die-hard KGB energetic weapons, with all-out 
strategic attacks actually scheduled in each case. The first attack was scheduled 
in latter February but was quickly countered. The attack was immediately 
rescheduled for May 1. The U.S. intelligence and scientific communities were 
apparently unaware of what was happening, and still do not believe it. However, 
as this author previously informed appropriate government agencies a few days 
prior to the attack scheduled for May 1, 1997, U.S. intelligence agencies 

tainly intercepted my urgent personal fax directly to the prime minister of the 
friendly little nation, urgently requesting that the "sane" command and control 
ofthe countering MCS/QP weapons be changed to “insane control and spelling 
out the compelling reason why it was necessary. 


In the insane weapons control mode, the computer periodically (say, every two 
hours) initiates launch sequence for the weapon, automatically. Ifany operating 
personnel remain alive on site, there is a designated short period in the sequence 
where the onsite personnel can countermand the order and abort the launch. If 
(he order is not countermanded, the launch is not aborted and the "doomsday" 
‘weapon automatically fires. In that case, KGB military power and most of 
Russia would disappear from the face of the earth. 


‘This was necessary to nullify the impending strikes of MindSnapper negative 
energy EMP weapons (33} on those critical friendly QP weapon 
instantly kill all personnel on site. Strike by the MindSnapper instantly kills 
every living thing in the area, and a protracted contamination remains whereby 
the struck areas emit longitudinal EM waves. If one attempts to insert new crews 
to resume operation of the weapons, the crewmen sicken and then die in the 
centry attempt. First, increasingly severe interference between mind and body 
control occurs. Then the individuals waver, lose consciousness, go into seizures, 
and their minds gradually de-couple from their bodies and they die. Fortunately, 
alter my fax message the C3 system was changed to the insane mode, and the 
Russians were notified, ust in the nick of time {34}. To prevent their own 
destruction by the certain insane counterstrike, the KGB aborted the looming 
strategic strikes. 


Ironically, at about the very time that the KGB strategic armada was standing 
down, Secretary of Defense Cohen {35} was making the following statement in 
Georgia: 

“Others are engaging even in an eco-type ofterrorism 

whereby they can alter the climate, set offearthquakes, 

volcanoes remotely through the use ofelectromagnetic 

waves...$0 there are plenty ofingenious minds out there that 

dare at workfinding ways in which they can wreak terror upon 

other nations...t's real, and that’s the reason why we have to 

intensify our efforts.” 


Almost certainly Secretary Cohen had no knowledge that, so to speak, a great 
Sword of Damocles hanging over his head was being removed by a friendly 
litle foreign nation at that very moment, as he uttered those words apparently 
referring to the older longitudinal EM wave interferometer weapons. I suspect 
that Dr. Cohen is to this day still unaware of the incidents that were ongoing at 
the time of his poignant statement. 


Attempts to Alert the Nation 

We alerted the President and the National Security Council as early as 1984 
(Figure 54). In 1998 we also furnished selected Senators, Congresspersons, and 
certain high-level U.S. government agencies with color copies of a 200-page 
briefing and expose (36) of-  things—these weapons, their t 
and their clandestine use agai S. since 1963. Because of the nearly 50 
years of demonstrated induction of diseases {37, 38) (Figure 11) in personnel in 
ihe U.S. Embassy in Moscow (c.g., responsible for the deaths of three U.S. 
Ambassadors), we also included part of the briefing on the Priore work {39} 
(Figure 12) showing the remarkable cellular changes (time-reversal of diseased 
states back to a previous earlier healthy condition) that can be and had been 
experimentally induced by energetics under rigorous scientific controls. 


8, 


Formers. Embazay in Moscow, BACKGROUN! 
Bogan in latter 19508 
iscovered on VP Nixon's trip 


‘Top consisting 
5 Leading U.S. scientifc institutions 


restondel eave poten werengy weet 
+ Fur U.S. Presideres requested Sowets cease 
B Gut from 18 watts/sqom to 2 
‘Then again increased 
jo one could understand what was going on 
‘Aluminum screens were placed over windows 
‘*Moscow was declared a hazardous duty zone 


Fque 11 Mirouae radiation of US, Ertzsy in Mason 


We proposed to the DoD a very rapid, high priority development program to 
develop portable suitcase-sized computer-controlled treatment devices (Figure 
13) capable of saving a majority of mass casualties—e.g., from a professional 
large anthrax attack on a major population center. 
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The Responses 
‘The responses—or more exactly the near total lack thereof—by various U.S. 
government agencies were enlightening. E.g., the National Institutes of Health 
(NIH) never let the package out of its Policy (.e., political spin control) section. 
It did not check a single scientific reference on a proven method documented in 
the hard French scientific literature for reversing terminal cancer, infectious 
diseases, etc. Not a single scientist called me to discuss such a proven, 
revolutionary effect. Instead, the NIH Policy section simply shipped the package 
over to the DOD as "their problem, not ours.” That was because the package 
also explained how the Gulf War Disease was induced, including how semen 
can cause infection of the wife, and how the structured body biopotential of the 
sickened veteran can induce similar structuring of the biopotentials of his 
children by proximity, thus inducing various aspects of the diseas 


Effective Survival Treatment of Mass Casualties Could Be 
Developed 

Meanwhile, we had uncovered a way to dramatically speed up the Priore healing 
process, and use only normal transverse EM radiations for ready 3 

existing equipment, while still forcing the same time-reversal of 
damaged cells back to normal. Just much faster. This meant that very small 
suitease-sized treatment units (Figure 13) could now be developed in a 
reasonable time—e.g., in two to three years, given a high priority, intense 
adequate funding, and a carefully chosen scientific team, 


fort, 


So, we proposed a crash development by DOD of a small, suitcase-size portable 
device for quick, mass treatment of mass U.S. casualties following terrorist 
attacks on our cities using weapons of mass destruction. Eventually an 
innocuous reply (forced by my congressman) simply stated "it was not 
supported by the literature.” In the package, of course, I had specifically cited 
the numerous scientific papers in the French scientific literature reporting and 
proving the experimental results. I had also worked 14 years to decipher the 
mechanism actually performing the revolutionary healing accomplished in 
rigorous animal testing by the Priore team. Eleven years after suppression of the 
Priore effort, the University of Bordeaux, which had been pressured into 
rejecting Priore’s doctoral thesis, did approve and publish a doctoral thesis by 
Perisse on the work {40} 


‘The National Science Foundation (NSF) did not reply at all. Yet at the time the 
official strategic threat to the United States listed WMD attack on our cities and 
great population centers as the greatest threat of all (Figure 14). Today, as 
everyone knows we are in a war after the terrorist attack on the twin towers in 
New York and on the Pentagon on September 11, 2001. The U.S. government 
clearly recognizes that itis not a matter of if additional attacks on the U.S. cities 
‘and populace will occur, but when. The terrorists are also known to have already 
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infiltrated weapons of mass destruction such as biological warfare weapons 
(anthrax, smallpox, bubonic plague, etc.) Nonetheless, apparently the NSF 
simply did not believe a novel but rigorously demonstrated-in-the-1960s 
unorthodox process that could potentially save most of those millions of 
Americans who otherwise will surely die—and who are going to die in the first 
major WMD strike on our population centers. 
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‘The entire scientific method is based on assigning priority to experimental truth 
rather than dogmatic belief. If experiments refute the theory, the theory must be 
changed and the experimental results accepted. Else one is not following 
scientific method. Apparently the National Science Foundation does not follow 
scientific method, nor does it seem interested in doing so. Neither do the 
National Institutes of Health. The decisive results of some 2,000 rigorous animal 
experiments reported in the refereed scientific literature in leading French 
journals, by multiple established French scientists, were simply ignored because 
the results are contrary to present dogma. Meanwhile, four years have been lost. 
During that four years, the portable units could have already been developed, 
‘mass produced, and made available to treat and save millions of coming U.S. 
civilian casualties. Apparently the lives of those Americans are not as important 
as maintaining the present medical dogma. When those millions do die—and 
they will—we shall most certainly remind those agencies of the caliber of their 
dedication to scientific method and of their service to their fellow Americans. In 
my personal view, ignoring a chance to save so many Americans is treason of a 
very special kind. 
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The Official Silence Was Deafening 

Not a single scientist in any of those and other organizations seems to have 
taken the package seriously. Not one called me to discuss it, or apparently 
studied the references, etc. No one asked for a personal briefing. No one was 
interested in the actual photo of the strike of a Russian EM missile from a scalar 
interferometer, offset from a U.S. night shuttle launch (Figure 15) from Cape 
Canaveral in latter November 1985, or the photo of the actual registration point 
ball of light high in the air (Figure 16) over that same shuttle launch {41}. The 
-apon then killed the Arrow DC-8 at Gander, Newfoundland about wo 
Weeks later (Figure 17). An eyewitness (or more than one) actually observed the 
streak of light from the sky that struck the Arrow DC-8 in the right fuselage 
ahead of the engines {42,43}, after the thrust of the engines were reduced during 
take-off by use of a negative energy (cooling) interferometer. A similar ball of 
light associated with the kill of a Titan missile fired from Vandenberg AFB in 
early 1986 {44} and printed in Aviation Week & Space Technology magazine, 
was also apparently of no concern, 


Interferometer operator 
fires offset EM missile from Russia 


Figure 15 Soviet EM misses fet rm US shut unc at Cae Canaveral on 2 Nov. 
1985. Thi isthe sling gun 


These remarks are intended to show the lack of understanding that has existed in 
our governmental, scientific, and intelligence communities of what energetics is 
and of the great energetics superweapons that have been developed. With the 

present rapidly growing interest in longitudinal EM waves, however, we suspect 


that such lack of understanding is now no longer the case. We certainly hope 
that is true, and we are 
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much encouraged that at least one—and possibly two—friendly Western nations 
ow possess quantum potential weapons. 


The Long Dry Spell in Correcting Electrodynamics May Be 
Slowly Ending 

In over 20 years of unrelenting effort, until 1999 we were unable to get any 
significant Western scientists of real "horsepower" (e.g. in non-Abelian 
electrodynamics, foundations errors in electrodynamics, advanced gau; 
theory, general relativity, et.) to meticulously examine conventional U1) 
electrodynamics and its glaring errors, and to look at weapons implications of 
higher group symmetry electrodynamics. 


Beginning about three years ago, however, a noted scientist, Dr. Myron Evans 
{45,2}, along with other theoretical scientists of the Alpha Institute's Institute of 
Advanced Study (ALAS), have been extending electrodynamics by developing 
the 0(3) electrodynamics. They also have deeply examined the Whittaker work 
‘of 1903 and 1904 on which the early part of the Russian energetics weapons are 
based (24) 


The AIAS analyses, and subsequent papers by Dr. Evans and Alex Labounsky 
as well as by the entire AIAS group, have clearly established the primary 
importance of time-like precursors of EM fields, operating in massfre 
spacetime where fields E and B cannot exist. These time-like precursors create 
all the rest of the conventional electrodynamic entities {46}. This is a dramatic 
extension to electrodynamics and physics across the board. More than 100 
papers have been produced to date, with more than thirty published in journals 
such as Foundations ofPhysics, and many of the others are either accepted or 
still in the referee process with various journals. Some 60 of the papers were 
published as a single special edition of the Journal of New Energy (JNE) in 
latter 1999, and a second edition of Modern Nonlinear Optics, Wiley, 2001 has 
been published with many important papers. 


However, the problem is that the scientific community, which is strongly 
committed to "business as usual”, has funded none of this work. The 
conventional lead agencies of the community are stil in the "ostrich position", 
with their heads buried very firmly in the sand with respect to the terrible 

damage they continue to enforce on this nation by their continued perpetuation 
ofan old, long-archaic, inadequate electrodynamics and electrical engineering. 


Engineerable Unified Field Theory Is Now Clearly Appearing 
‘The rapidly emerging ALAS extension of electrodynamics has "met in the 
middle" with Sachs’ (4) revolutionary generalization of general relativity and 
electrodynamics. For the first time, an engineerable unified field theory— 
employing 0(3) electrodynamic means—is now being produced. The AIAS 
‘work in 0(3) electrodynamics was shown to be an important subset of Sachs’ 
approach, It also now provides the ful, rigorous theoretical foundation and 
model for the Priore mechanisms and results. 
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This paper presents the development of two dual-band RF harvesters optimized to convert 
far-field RF energy to DC voltage at very low received power. The first one is based on a 
patch antenna and the second on a dipole antenna. They are both implemented on a standard 
FR4 substrate with commercially off-the-shelf (COTS) devices. The two RF harvesters 
provide a rectified voltage of IV for a combined power respectively of -19.5 dBm at 915 MHz 
and -25 dBm at 2.44 GHz and of -20 dBm at 915 MHz and -15 dBm at 2.44 GHz. The remote 
powering of a clock consuming 1V/5#A is demonstrated, and the rectenna yields a power 
efficiency of 12 %. 
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1 INTRODUCTION 


Today’s the society is evolving toward creating smart environments where a multitude 
of sensors and devices are interacting to deliver an abundance of useful information, Essential 
to the implementation of this Internet Of Things (IOT) is the design of energy efficient 
solutions aiming toward a low-carbon-emission, namely green, society. Within this context, 
the energy harvesting appears as an altemative to provide systems with self-sustained 
operation. Many electronic devices operate in conditions where it is costly, inconvenient, or 
impossible to replace the battery. Examples include sensors for health monitoring of patients 
[1],2], aircraft or building structural monitoring [3],[4], sensors in natural, industrial or 
hazardous environments, etc. The scavenging of natural ambient energy requires some 
specific conditions such as: daylight for solar energy [5], breeze for wind energy or motion 
for kinetic energy [6] to name a few. As consequences the exploitation of natural source does 
not fit with many cases of applications. On the other hand the electromagnetic (EM) [7], or 
Radio-Frequency (RF), energy is a human made source that is not dependent of weather 
conditions nor the daytime. It is so very attractive for wireless powering of remote devices. 
Furthermore the ever growing of commercial and personal wireless installations opens up to a 
24 hour a day available energy in the vicinity of any human activity areas. The schematic of a 
general Wireless RF Power Transmission (WPT) system is shown in Fig.l. We talk here 
about far-field RF energy transmission [8], which is different from near-field RF energy 
transmission [9]. This later including inductive, capacitive or resonant coupling is a close 
contact transmission and is not relevant for remote devices. In Fig. 1, the receiver antenna 


We also comment most strongly that the important SU@)xSU() 
electrodynamics as developed by Barrett (47) leads to essentially the same 
conclusions, since Barrett's electrodynamics is homomorphic with 0(3) 
electrodynamics. Barrett, of course, is one of the pioneers of ultrawideband 
radar—another scientific area that was fiercely opposed and suppressed by the 
orthodox U.S. establishment for some time. Ironically, today those very 
scientists who were so dogmatic in their vociferous condemnation of UWB 
radar, have assumed the mantle of “experts in the UWB field”, sometimes even 
taking credit for having "advanced it” in the first place. 


Examples of Some Major Non Sequiturs in Conventional 
Electrodynamics 

In every textbook and millions of technical papers in the We: 
electrodynamicists routinely calculate the "magnitude of the scalar potential” 
Actually, not a single one—including Maxwell—calculated or calculates the 
‘magnitude of the potential itself. Instead, they universally calculate the reaction 
cross section of the potential at a point occupied by an assumed 
intercepting/collecting unit point static charge (48). At best that is a 
representation of the intensity of the field at each point. The reaction cross 

jon of the potential with a fixed unit point static charge is indeed a scalar 
value. The "scalar" potential itself, on the other hand, is not its own reaction 
cross-section at each point of itself, and itis not a scalar entity at all! Instead, it 
is a harmonic bundle of bidirectional EM longitudinal phase conjugate 
wavepairs, as shown by E. T. Whittaker in 1903 (49). It is and always has been 
a multi-vectorial, multiwave entity. By slightly reinterpreting Whittaker's work 
to agree with quantum field theory, the scalar potential is also a circulation of 
EM energy from the time domain to 3-space and back to the time domain, at 
every point in space that is occupied by the potential 


Further, the “field” notion is utilized in two self-contradictory manners. On the 
‘one hand, itis assumed in the massless reaches of space, and on the other hand it 
is assumed in mass, which is the only case in which aforce field is properly 
defined’ The so-called “electromagnetic field” existing in empty space is not an 
EM force field at all, but a curvature or curvatures of spacetime with assorted 
ilynamics. Spacetime is afterall active, and being active means curvatures and 
ilynamics. As rigorously shown by the AIAS theoreticians, what exists in 
spacetime—before the force-fields appear on reacting charged mass—are time- 
like and longitudinal scalar potentials and fluxes. These "pre-EM field” entities 
in fact interact with mass to produce all the force fields (the electromagnet 
fields), Mass is a component of force: simply by F == dpldt, which is expanded 


* Since Maxwell and the original pincers believed in a material cher illing all space, to them 
there was mit single point anywhere inthe universe that was devoid of mass. Hence w them 
there was only one ind of ik the kind that exists in mass 
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into F = d(mvydt, which 


‘ma + vidinddt), Note that both terms have mass as a 
component, Hence there is no force or forvefield when mass is absent, Present 
mechanics is seriously wrong (and has been wrong for hundreds of years) in 
assuming a separate massless force acting upon a separate mass. 


Jackson, one of the ablest classical electrodynamicists of our day, adroitly states 
how electrodynamicists skirt that issue. Quoting, p. 249 of his Classical 
Electrodynamics, second edition: "Most classical electrodynamicists continue to 
adhere to the notion that the EMforce field exists ax such in the vacuum, but do 
admit that physically measurable quantities such asforce somehow involve the 
product ofcharge and field.” 


ur comment is that one does not get an observable until after the interaction of 
a cause with a previous effect, to provide a change (a new effect). The 4-cause 
itself —in this case the field that actually exists in the vacuum—is never 
observed nor is it observable. Its effect (lorce with an affected observable mass 
as a component of it) is observed. The field in space and the field in matter thus 
do not even have the same fundamental units, but differ by a factor of m. In 
electrodynamics the m is avoided by “defining” the field as force per unit 
coulomb of “charge” (without saying or accounting “charged mass 


Wide Confusion of Cause and Effect 

Present electrodynamics (and even the hoary old mechanics, as pointed out) has 
thoroughly confused the causal (4-space) side of the observation process with 
the effects (3-space) side—observation yields 3-spatial entities, not 4-spatial. 
Indeed, as is well known, time is not observable, even in theory. That is really 
because observation is a ddt process applied by the 3-space intermediary (e.g. 
‘mass) being acted upon by the causal (4-space) entity in spacetime, to produc 
change in that intermediary (3-spatial) that results (is observed). A priori, the 
output of the observation process does not even exist in time, since its 
fundamental units are LLL and not LLLT. The observation process is thus 
dfdt{LLLT) => LLL. 


Further, electrodynamics omits the fact that, not only does the causal entity act 
upon the intermediary to produce the effect (changes to the intermediary), but 
those changes (effects) also act back (in reverse) through the intermediary to 
produce changes in the causal entity itself. ‘This mutual interaction betwe 
cause and effect (but never stressed in exactly that manner) is well known in 
GR, where the curvature of spacetime acts upon mass-energy to change it, and 
the resulting change in mass-energy also acts back upon spacetime to curve it. 
‘The omission of the latter “back reaction” in EM theory by Maxwell resulted in 
omitting half the energy, half the wave, and half the causal entity in spacetime, 
as well as half the effect. The missing half of the effect appears as the 
Newtonian third law reaction, which in electrodynamics is just mystically 

to be an effect without a cause. 


‘The vast importance of restoring this missing "back action of ef 
is because it can be deliberately utilized to directly engineer the causal (4-space) 
state itself, producing nonmaterial “engines” and unobservable functioning robot 
systems comprised entirely of curvatures of spacetime and their dynamics. Such 
“causal system robots” (CSRs) can be designed and engineered to then perform 
almost any desired action upon normal mass systems they encounter. The robots 
also can easily penetrate vast depths of mass, which is mostly empty space filled 
with potentials, fields and waves—all of which are just bundles of longitudinal 
EM waves and their dynamics. "Mass" is actually a vast superhighway through 
hich such CSRs can easily move at the speed of light {50} 


CSRs: Engineering the Unobserved Causal Side To Create 
Functional Systems 

Understanding early on the mutual interaction between cause and effect that 
existed in their energetics, the Russians were able to engineer this totally new 
kind of system: the causal system robot or CSR (Figure 10). With sufficient 
theoretical development, one can “work backwards” by adroitly re-engineering 
the effect to oblain a desired causal system (spacetime curvature set along with 
its impressed dynamics: (Figure 18) corresponding to some physical system and 
its changes one desires to engender. One thereby directly creates a determinist 
set of spacetime curvatures and impressed dynamics, which we call an "engin. 
(Figure 18). This ST curvature engine system can then function as a completely 
separate system {51} (Figure 10). One can communicate with it via longitudinal 
EM waves, control it, ete. By building in scalar interferometry functions, the 
CSR can be given "weapons" capabilities, etc. 
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Fgue 18 The principe of gnarl elatvity extended to include the concept othe vacuum 
engine. 


In theory such a CSR can be assembled to perform any desired function or 
complex of functions upon matter, fields, potentials, etc. that is desired. In short, 
one can build real, functioning (subspace) robot weapon systems 
using this "backward engine 
underground facilities (hundreds) that the Russians 
collapse of the Soviet economy and the fall of the Soviet Union, apparently 
contained the full CSR development and control facilities as well as the 
operational systems employed for this totally new kind of weapon system. 


A great engineering of the future lies in engineering CSRs, which already 
constitute a great leap forward past the material nanobot technology being 
pursued in the West. 


Making the First CSR is Extremely Difficult; Mal 
Copies Is Easy 

‘The development of a specific CSR with a specific set of functions is akin to 
developing a highly complex software system of major proportions (several tens 
Of millions of lines of code). The job is extremely difficult, and tortuous 
‘debugging” is required for a lengthy period. Once a single CSR is compl 
and debugged, however, the production of thousands or even many millions of 
sk 


copies is then a trivial 


‘The CSR may be visualized as a sort of vast complex of longitudinal EM waves, 
(recall, we are speaking of ST curvatures, not the conventional EM waves 
thought to operate on a flat spacetime. All EM waves operate in a curved 
spacetime a priori, as clearly shown by Sachs). It turns out that all matter 
‘mostly empty space, filled with potentials and fields. Space itself, considering its 
energetics, may be taken as a giant scalar potential. All those potentials and 
fields and waves are in fact nothing but sets of longitudinal EM waves and 
dynamics. In short, they are vast superhighways for the travel of CSRs and the 
propagation of longitudinal EM waves. 


A CSR can be embedded within any kind of EM potential, wave, or field. So to 
replicate one, one embeds it in a magnetic signal and records that signal on a 
diskette or other media. Then one makes millions of copies of the diskette, for 
perhaps 10 cents or less each. Or do it en masse, by first completing a CD-ROM 
with a hundred or two hundred CSRs embedded in its signals (Figure 19). Then 
simply reproduce the CD-ROM. Every reproduction has another hundred or two 
exact duplicates of those CSRs, made for almost no cost at all. With 
communications built into the CSRs, the command and control facilities take 
charge of them, give them individual numbers or designations, and a robot 
armada emerges with most unusual capabilities indeed 


‘The puzzling underground facilities in Russia (which our fellows apparently 
never deciphered and which remained a mystery) apparently contained the 
scientific teams, the research and development facilities, the production 
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facilities, and the command and contro! facili 


for the new vast CSR weapon 
complex. It was to see its first great employment at the end of 1999. 
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Figure 19 Mas reproduction ofa CSRs simple and inexpensive. The Cressi, or 
Mopazates inside any EM signal, potential ofl 


In 1999 The KGB Deployed Massive Numbers of CSRs fora 
Strategic Attack 

In latter 1999 the KGB began massively deploying these CSRs of various types 
throughout the Western world, particularly including the United States. They 
simply sent the CSRs back “inside” the potentials and fields and waves being 
emitted from radio stations, TV stations, power lines, satellites, communications 
systems, inside matt CSRs were deployed and infiltrated in major 
‘command posts and installations throughout the U.S. and its allies. True to form, 
the KGB even “stimulated” some major computer 

‘government facili 
Compute 


detected the interference as a "sophisticated computer hacking attack’ 
(puzzlingly from the Russian Academy of Science), and then the robots 
‘submerged” again after deliberately performing actions to produce obvious 
changes and guarantee the U.S. dk of this 
"stimulus and probe” was to s 
technology. We clearly showed we were not, and we still are not aware of them, 
Further, the entire government apparatus—including all our vaunted national 


laboratories—knows absolutely nothing at all about CSRs, and none of the 
laboratories believe it. That is the same posture they've been in with respect to 
energetics weapons for a half-century. Apparently they will be in that same 

posture for another half century, left to their own devies 


However, I was not allowed to remain a casual onlooker for this new CSR. 
armada! The KGB also planned to use me as a stimulus to ping the government 
yet another way, and then assess the government's response. 


Here in Huntsville, suddenly I was personally struck by such a CSR right from 
my computer monitor, with the attack riding through the light from the monitor 
to my eyes and retinas and right into the brain and nervous system (Figure 20), 
‘This was the type of CSR that can lurk in any potential or field inside a 

computer, and then strike and kill the operator looking at the screen. The CSR 
took over control of the machine, split the screen so that only one-inch 
horizontal strips were luminous—one at the top and the other at the bottom of 
the screen with the middle dark. These two separated horizontal strips allowed 
scalar interferometry via the inner LWs comprising the light from the two strips. 
The LWI signals crossed in my vision center, where suddenly ordinary EM 
signals and waves were produced by the scalar interferometry occurring there. 


Stimulating apparently the 
only analyst capable of 
recognizing a CSR attack 
and connecting it with the 
scheduled giant strategic 

R attack. 
KGB General commanding 
the energetics weapon 
previously confirmed that 
‘what this analyst writes on 
his computer i received as 
soon ashe writes it 
‘Apparently accomplished 
by Tempest techniques or 
cliretly by energetics. 


gue 20, Preset autor suck by CS in ater 19682 a deliberate nonfatal stimulus, 


1 saw rapid blinding flashes like a hundred flashbulbs exploding at once right in 
my face. However, the signals representing those "flashes" were being created 
right there in my vision center. An external camera would have recorded only 
the weirdly separated screen display. It would not have shown the brilliant 
flashes of light I was seeing, unless it was set up stereoscopically. The strike was 
deliberately sustained for only about 10 seconds so as to be severe but nonlethal; 
about 30 seconds would be totaly lethal. Violent fibrillation of the heart also 
resulted explosively, and I was instantly hypnogogic and seriously weakened by 
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sudden hypoxia from near total lack of blood pumping (because of the 
fibrillation). The purpose was apparently to strike the only analyst in the U.S. 
‘who would recognize what the nature of the attack was, stimulate him, watch 
him try to notify the government, and then observe the government's reaction. It 
look four days to recover from the strike, But I knew immediately what had 
‘made the strike, and that I had been hit with a CSR weaponized by having a 
built-in scalar interferometry capability. It was also a very sophisticated CSR, as 
it showed by assuming complete “intelligent” control of my computer's 
functions. 


When | finally recovered, I did notily the government and wam them of CSRs 
exactly as anticipated by the KGB. As might be expected, the government's total 
disbelief and lack of reaction clearly showed they knew nothing of CSRs. They 
simply did not believe such weapons existed or even could exist. Sadly, once 
again one faced the "not invented here” syndrome. General relativity and its 
provision for spacetime curvatures and their associated dynamics (engines) 
operating back upon mass are apparently just supposed to remain a theoretical 
curiosity. Why, obviously no scientist in his right mind would think of 
weaponizing such! 


‘A more correct answer is, “Like hell they wouldn't!” American scientists would 
not think of it, but Russian scientists with their national chess-playing 
psychology will immediately seize upon any opportunity—even many moves 
ahead in the game—and develop it and utilize it. They understand and use the 
boa constrictor. We only understand and use the immediate rattlesnake. 


How the Asymmetrically Deployed Strategic Attack Was 
Stopped in Its Tracks 

However, we also alerted the "litle nation” that has advanced EM weapons 
technology, which—since early 1997—has been saving the U.S. by forcing the 
abortion of impending KGB energetics weapons attacks. 


When I warned them in 1997 about the MindSnapper weapons and mind-control 
‘weapons used against Captains Button and Svoboda, unknown to me at the time 
they later reacted and suddenly destroyed those facilities in Russia (apparently 
with violent scalar interferometry strikes). So that mind-control type of attack 
being readied for 1999 was thwarted for a few years by these strikes sometime 
prior to mid-1998. 


Butto retum to the CSRs. In the latter quarter of 1999, the Russians were 
developing and deploying throughout the West numerous kinds of CSRs. So the 
period at the end of 1999/first few days of 2000 attack was already scheduled for 
a massively programmed CSR attack. It was designed to cripple the entire 
nation, and perhaps even collapse it economically, yet all would be blamed on 
'Y2K! Our scientific ignorance guaranteed that we would blame it on something 
mundane that our scientists could understand: Y2K problems in all the old 
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software programs running so much of our automated systems, communications, 
and centralized functioning, accounting, banking, etc. In short, the KGB planned 
to give us a bicentennial gift: a Y2K nightmare far beyond our wildest fears. 


Afier my recovery from the CSR strike in the latter quarter of 1999, I again 
urgently alerted the friendly nation of the development of CSRs and their 
‘widespread deployment—and informed them of the personal attack on me and 
specilically why it was made nonfatal. Of course 1 also alerted our own 
government. We were scheduled for a real Y2K problem that would curl one's 
hair, so to speak, with everything imaginable failing—and probably all blamed 
on Y2K. 


Admirably, beginning just at the end of 1999, the friendly nation simply began 
methodically and massively cleaning out all the CSRs, and they disposed of 
them in very short order! Such CSR systems” may easily be located and 
destroyed by strategic longitudinal EM wave weapons (52}, when and iffone has 
the longitudinal EM wave technology sufficiently developed. So Y2K came and 
went with only a few relatively minor incidents from the normal Y2k problems 
expected.” 


However, unknown to our scientists and intelligence community, a great war of 
avery special kind—the Earth's first strategic subspace war—had just been 
silently fought and won, right there inside our power systems, command and 
control systems, major weapon systems, electrical power systems, electrical 
control systems of our nuclear submarines and strategic bombers and missiles, 
even inside the electronics of our nuclear warheads, etc. And not a bobble 
showed on the surface, anywhere. This was the first real "subspaci 
‘weapons made of pure spacetime curvatures and dynamics wei 
main offensive battle systems. LWI destruction of numerous CSRs ii 
potentials and fields in various electronic equipment throughout the nation, 
created little or no overt signs at all 


tific 


‘This time we won, thanks (o the "good guys” and not to our own sci 
community. Next time we may not be so fortunate. 


The Mostly-Ignored Time-Energy Interaction 
For some inexplicable reason, physicists in the West have omitted one-half the 
actual photon interaction."’ If one allows the spatial energy component of the 
photon to interact, then one must also account forthe simultaneous interaction 
‘of the time-component of the photon. A mass m absorbing a photon (AEA) 


"These arly CSRs apparently had no “stealth” capabilities built-in, so they were easily detected 
and destoyed, eather like shooting Fish in a rain haere 

"Even s0, «normally disastrous Y2K problem was narrowly averted. inthe nick of ime, by a 
concerted national sftvare repro Hort massively mounted and costing billions of 
dollars. Otherwise, the expected "ordinary" Y2K problem would have been very ba indeed 
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becomes masstime (m-dm)t, not mass m. Mass m and masstime mt are as 
different as are force F and impulse Ft. No scientist in his right mind would 
ignore the 1 in Fr and consider just the force F. Yet that exact kind of giantjaxex 
pas has been done for many decades now in the photon interaction. And itis still 
ubiquitously done in physics. Mass does not emit photons; masstime does. 
Again, phy confuse effect and cause. 


As the Rus 
spatial energy compressed enormously, by at least the factor 
at least the equivalent energy density of mass. The greatest amount of "ener 
existing in a photon—particularly in lower frequency photons—is in that 
part that is arbitrarily ignored and discarded. An ELF photon has enormously 
‘more total energy—by many orders of magnitude—than does a gamma ray 
photon. 


Energy and time components in the photon are canonical. Low frequency 
photons are reduced in the magnitude of their spatial energy component and 
thereby maximized in thei me components. For the ordinary (decompressed) 
energy equivalency of the time component, one must multiply the time in 
seconds by c?. Haiving the frequency, e.g., doubles the time component, whose 
spatial equivalent energy is now (2t)x(c2), With respect to the original photon, 
the new total energy (achieved by halving the frequency) is given by 

[GEYA) x ((2A0 xc*] = ((AB\(ADx ¢?]. So halving the photon’s frequency 
increases its total energy by a factor of c2, which is approximately by a factor of 
9x 10"®, Hence photons actually carry enormously greater total energy (most is 
locked up as time) at low frequency than at high frequency. Indeed, the highest 
energy photon interactions in the universe are at low frequency, ifand when a 
transduction of the available time-energy into spatial energy occurs. 


‘This has been completely missed in the West, but not by the Russian energetics 
weapons scientists. They have been engineering that formidable new high 
energy but low frequency physics—a physics far more energetic than that used 
in our most energetic colliding beams in “conventional high energy physics” 


‘The cold fusion processes!” stumbled onto by Western scientists are using the 


"Le, except for accounting forthe overall “action” (angular momentum) and such things as 
‘minimum action theorems, et. Treating the photons increment of time specifically as a 
formidably compressed piece of spatial EM energy does not appear in Western physics. It has 
lang been utilized in the KGB's secret energetics weapon scicnee 

"For an explanation ofthe use oftime-reversal zones in col fusion experiments, and some of 
the resulting new transmutation reactions that result, see'T-E. Bearden, Energyfrom the Vactam: 
Concepts anc Principles, “Chaplet 10: Cold Fusion: Low Spatial-Energy Nucleat Reactions at 
High Time-Energy.” Cheniere Press, Santa Barbara, CA, 2002. Available fom 

www cheniere org. Statistically, the formation of significant ime-reversal zones is guaranteed by 
the transient fluctuation theorem of Denis Evans cal, and by recent experimental work by Evans 
cal proving that such zones (where the reactions run backwards) ean and do oeeur at up (0 
‘micron (colloidal) sie and fr up wo two seconds in duration. We tess that this isa recognized, 
proven violation ofthe second law of thermodynamies already known to physics. 


rim at tance 


ergy component of photon interactions, to generate enormous localized 
EM energy directly upon the interior quarks and gluons of nucleons {53}. We 
worked out a speculative explanation of the active time-energy transduction 
‘mechanisms that fits all the experimental phenomena, including the 
instrument anomalies occurring in rigorous electrolyte experiments at China 
Lake for some years. That is included in my new book, Energy rom the 
Vacuum: Concepts and Principles, Cheniere Press, Santa Barbara, CA, 2002, 
available from www.cheniere.org. 


Of course consistency alone does not prove it conclusively; consistency is a 
necessary but not sufficient condition for proof. But at least the proposed 
explanation is consistent, and nothing else seems to be, at this time. In one 
chapter in my referenced new book we do cover the cold fusion mechanism and 
give specific new nuclear reactions producing the excess deuterium, tritium, and 
‘alpha particles in so many successful cold fusion experiments worldwide. 


My “time-reversal zone” approach is stringent, because the recent work by 
Denis Evans et al. {54} has clearly shown that reactions can and do run in 
reverse—totally in violation of the second law of thermodynamics—at micron 
(colloidal) level in size and for up to two seconds in duration (and sometimes 
even a little Longer). So experimental demonstration that the "time reversal 
zones" assumed can and do indeed occur has now been accomplished by Evans 
etal. This provides strong experimental and theoretical support for the basic 
assumption (of the formation and momentary existence of localized time 

-versal zones that subsequently decay) we used to derive the fundamental cold 
fusion mechanism including some of the specific reaction equations for excess 
deuterium, tritium, and alpha particles now demonstrated in hundreds of 
successful experiments. 


In areversed zone the law ofattraction and repulsion ofcharges is reversed, so 
that like charges attract—sometimes so closely that each enters the strong force 
region of the other, forming a quasi-nucleus (Figure 21). As the time-reversal 
zone subsequently decays back to a time-forward zone, the reduced strong force 
is restored much faster than the Coulomb force is reduced and then reversed 
back to normal. So during this readjustment decay process, the quasi-nucleus 
will simply change to an isomer and a known nucleus by quark-flipping to 
change an H+ ion to a neutron. Note that the "reversal zone" momentarily 
changes the Coulomb barrier—always the only thing that has really prevented 
chemical fusion and transmutation at low spatial energy—to a Coulomb 
attractor. Hence cold fusion—as now backed up by more than 600 successful 
experiments worldwide, by multiple laboratories and researchers in multiple 

in established fact and a herald for a vast new science based on 


energy. 


With its usual perspicacity, the organized U.S. scientific community has flubbed 
it—and flubbed it badly—with respect to cold fusion. Its contribution has 
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collects the EM energy radiated by a RF source, and converts it into a RF signal. This RF 
signal is transferred to the rectifier by an impedance matching network, to be converted into 
DC power, which is further accumulated in a storage element, The main purpose in the 
deployment of WPT systems is the development of compact and efficient solutions. Most of 
the challenge concerns the implementation of harvesting modules, especially the antenna as, 
its design defines the scavenging capability and the size of the RF harvester. At low frequency 
the transfer of energy is efficient, but the antenna footprint is large. To address the trade off 
between the efficiency of the WPT and the size of the modules, the frequency band located in 
the 433 MHz to 6 GHz frequency spectrums are preferred. 
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Fig. 1: Schematic of a Wireless RF Power Transmission (WPT) system 


Over the last decade the research effort has focused on the development of WPT 
systems according two scenarios: the RF energy scavenging [10] and the RF energy transfer 
[11]. The two RF energy scavenging is an opportunistic collection of the RF ambient energy 
from the surrounding communication traffic. To improve the harvesting capability the 
scavenging RF harvesters are of wide-band type [12] and cover popular standards such as: 
DTV (470-610 MHz), GSM900, GSM1800, 3G (2.1GHz) and WiFi (2.4 GHz). Unfortunately 
these standards dedicated to convey wireless communications do not radiate a large RF 
power. As consequences the collected energy is weak, unpredictable and out of control. The 
RF energy scavenging remains a promising solution in the future as the increase of 
communication traffic could make it more reliable, and consistent with IOT applications. The 
second concept, namely RF energy transfer, assumes an identified source that is dedicated to 
perform the WPT. The amount of transmitted power is controlled by the source and the 
collected energy is larger than in scavenging approach. The licence-free Industry-Science- 
Medical (ISM) frequency bands located at 0.9, 2.4 and 5.8 GHz are usually exploited to 
support such a WPT scenario. Today the RF energy transfer in ISM Bands is not only 
promising, it becomes a reality as some pioneer companies propose some full kits: Powercast 
Corporation, AnSem and MicroChip to name a few. However there is still a lot of work to 
make the RF energy transfer an appropriate, low cost and easy-to-use solution for remote 
powering. One of the most critical point concerns the harvesting capability of the RF 
modules. So far the commercial kits referenced above only explore the 900 MHz ISM 
allocations to perform the WPT. This work proposes to demonstrate the interest of a 
concurrent harvesting at 915 MHz and 2.44 GHz. The design and implementation of a 
modified 4-stage doubler RF to DC converter, including a concurrent matching network, is 
first presented. The section III details the design of two types of multi-band antenna, The 
comparison between a single frequency and a multi-band WPT is exposed and the 
demonstration of the remote powering of a clock is reported as a case of application. To 
conclude a comparison of our results with the state of the art is exposed. 


largely been a tirade of ad hominem attacks, slander, and libel ofa viciousness 
seldom seen in the annals of science. Once again, the community is far more 
devoted to defending its cherished dogma (and its own rice bowls from the 
conventional Big Nuclear Science that cold fusion thoroughly upsets), than it is 
in applying scientific method which calls for believing the experiments and. 
changing the dogmatic theory. 


@ Fermions time-reverse in even 


numbers 
© Like charges cluster ©O-O 
© Aqueous solutions contain H+ 

ions, which are just protons © O- 
© Quarks flip as TR zone fades 


2G: +1Fh) > 4G) > 2(m +34) 
— Hes = helium (alpha) 


gue 21 Example of ine eversed zone mula ection commen n sucess col tuson 
experiments. 


Development of Threats and Scheduled Attacks Aborted 


KGBenergetics weapons have long constituted our single most pressing yet 
largely unrecognized national security problem. That problem has also increased 
with the growing development and deployment of such weapons by other 
nations such as China. Some 10 nations, for example, now have scalar 
interferometry weapons, and even the Japanese Yakuza has them and also has 
their own secret facilities for producing them in Japan, including small portable 
units developed for use in assassination and terrorist type w: 

targeted nation—the United States of America. 


Unknown to our government, we narrowly escaped destruction twice in the first 
half of 1997 from scheduled all-out strategic KGB energetics weapons attacks. 
Only the actions of a friendly small country countered the attacks and caused the 
KGB to abort on each occasion, 


When the second scheduled Russian strategic attack was aborted just prior to 
May 1, 1997, a new KGB counter-counter for the friendly counter used by the 
litle nation in latter April 1997 was already rapidly being deployed. The new 
Russian counter-counter—seizure and control of the mind of an operator at a 
distance, and complete control of his actions while he performs sophisticated 


technical tasks—was tested in two s 


parate incidents {55}, first on Captain 
Button (Figure 22, Figure 23) and then on Captain Svoboda about two months 
later (Figure 24), each flying an A-10 Warthog aircraft over the U.S 
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Figure 23 Capin uns yawaypab 1 event ttl rash, 


The highly successful test against Captain Button (Figure 22, Figure 23) is 


FER DE LANGE 


particularly significant, as we have explained. Captain Button was controlled 
while performing highly technical operations, for more than a full hour, and one 
hour was apparently the acceptance test specification. Captain Svoboda (Figure 
24) simply had her mental perception of up and down instantly reversed while 
climbing her A-10 warthog from low level ordnance delivery on target. 
Erroneously perceiving she was diving, she immediately “corrected” sharply to 
limb", thereby diving headlong into the ground and perishing in the resulting 
explosion of her aircrat. 
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Fgue 24 Climbing ou otlowlevelochance delivery, Captain Siobods suddenly dvs 
headlong to hr death on 27 May 1957 


Svoboda's kill demonstrated a tactical destruction usage, whereas Button’s test 
demonstrated a strategic hostile usage of the adversary's defending weapons 
crew to take action against the adversary's defending strategic weapons system. 
‘A new KGB strategic energetics attack against the United States—using the 
mind control (psychoenergetics) weaponry to take over the operators of the little 
nation’s QP weapon sites and stand the sites back down for maintenance—was 
escheduled apparently for latter 1997 to mid-1998 or so. It appears that the 
extensive preparations for that attack were totally destroyed clandestinely and 
very suddenly by the friendly little nation some time after we warned them, as 
‘we mentioned above. 


However, still another Russian counter—the development of "weaponized 
engines" (functioning causal system robot weapons, “infolded electromagnetic” 
in form) consisting of organized and functioning systems of spacetime 

‘curvatures operating in and traveling through EM fields, potentials, waves, and 
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signals—came on line (Figure 10, Figure 18). The KGB simply altered the 
attack plan for a Millennium Strike and completed the forward deployment of 
these eerie new CSR systems by introducing millions of them directly 
throughout U.S. facilities, command centers, weapon systems, power grids, 
ships, aircraft, submarines, missiles, nuclear warheads, computers, 
communications systems, ete. 


We estimate that several million such systems were introduced in that manne 
and readied for the Millennium Strike. The United States and its allies were and. 
are almost totally unprepared for this dramatically new kind of strategic warfare 
that has been developed and deployed against us. No such weapons have 
previously existed in history. Consequently our national survival and the 
survival of our allies was once again at stake—and right on schedule during the 
critical period from mid-1999 through mid-2000 that we had predicted back in 
1997. 


‘The die-hard elements of the KGB indeed had a new millennium gift for us, but 
it was not at all the kind of gift we would appreciate. The KGB is not a 
‘monolith! This plot apparently did not include Putin, and it did not include the 
rest of the KGB, particularly that element reporting to Putin 


Live Destructive Tests Over and Near the U.S. Have 
Continued 

Without elaboration, we believe that the Learjet crash incident and the EA-990 
crash incident may have been very sophisticated tests of these new robotic 
causal EM systems. We also believe that the long years of Russian construction 
of over a thousand mysterious underground facilities, even though the Russian 
economy was collapsed and the citizens and soldiers were destitute, is 
significant. Those facilities apparently contain the set of command and control 
systems for this vast new strategic weapon system. 


‘The facilities also include the “factories” where the CSRs are made, because the 
factories are unlike any other factories ever conceived. They do not build 
“physical” systems, but something more like "software." Only now the 
‘software program” itself is an independent robotic system, with a full 
‘weapon systems functions, and capable of independent navigation and 
functioning anywhere, while remaining under KGB command and control via 
Jongitudinal EM wave communications infolded inside the potentials of earth, 
‘ocean, and space. The facilities also contain the operational forces, headquarters, 
and communication and control systems that maintain, deploy, and employ 
(fight) these CSR systems, and direct the battle. 


tof 


‘The purpose of the 1998 document we sent to DoD—which did not include the 
causal robot system armadas later deployed throughout everything in the West— 
was to inform selected members of the Senate and Congress of the energetics 
threat situation and summarize it for them. Accordingly, we presented the 
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background of the de 


clopment and testing of the KGB energetics weapons 
since WW Il, in some detail, for selected Legislators and their staffs. We also 
included some specifics on the failure of the U.S. scientific community to keep 
American science and technology abreast of that of our adversaries. 


The Scientific Basis For Energetics Weapons Is Established 
As pointed out above, the scientific basis for our early use of Soviet scalar EM 
interferometry is now rigorously established by work accomplished by the 
Alpha Foundation’s Institute of Advanced Study. It 

that all major weapons labs have discovere 

actively working on and with them. The Dire: 
Evans, is an eminent scientist and theoretician with over 600 papers in the hard 
science literature. He and his colleagues also have had zero funding for their 
work on the higher group symmetry electrodynamics necessary to understand 
such things as energetics. A combination of non-Abelian electrodynamics, 
advanced gauge field theory, and the impact of E. T. Whittaker’s work shortly 
after the tum of the century has shown that scalar interferometry is real, and that 
‘weapons based on scalar interferometry can be a potent threat on the battle! 


established. 


With this important new work, we are now only some 40 years behind the 
Russian weapons scientists! But we are beginning to close the gap—and 
hopefully that will be done very rapidly 


In 1999 after being personally attacked by a CSR, I again contacted the office of 
the leader of the friendly small nation and again furnished all the information we 
possess on the new CSR systems programmed by the KGB as a countering 
method against the small nation’s QP weapons. The outcome was that the little 
nation destroyed the CSRs in time, as we stated above. We were lucky that (i) 
the KGB did attack me with one of the weapons, deliberately to "get my strong 
‘and immediate attention”, and (ii) deliberately did not kill me with the strike. 
Otherwise, there would have been no warning to the little nation, and the U.S. 
and its allies would have experienced a "Y2K" problem worse than their wildest 
fears, possibly collapsing the economy of the United States and much of the 
developed world 


Our Situation Here In the U.S. Is Precarious 


Meanwhile, our own scientific community apparently does little or nothing in 
these areas, except to castigate, slander and libel anyone daring to suggest that 
such “out of the box" weapons areas even exist. E.g., there does not appear to be 
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‘ntist who knows how to create a time-polarized EM wave." 
There do not seem to be any concerted programs to deal with t-polarized 
photons and t-polarized EM waves, Our scientists still firmly believe that one 
has to propagate spatial EM field energy through space to affect a target 
electromagnetically, when that was obsoleted by Russian "subspace EM 
longitudinal wave propagation” weapon systems deployed as early as 1963, and 
was completely obsoleted by deployment of quantum potential weapons in 
1989. 


Yet a close colleague of the present author has single-handedly developed and 
demonstrated prototype superluminal communication systems using the infolded 
(longitudinal EM wave) electrodynamics, and these systems would have been 
heading onto the market in latter 2001 except for the sudden bankrupting of the 
‘major backing company. There has not been any funding forthcoming for his 
revolutionary work, but only clumsy attempts to take it from him. It is my 
that the further clumsy takeover attempts will be successful, and this desperately 
needed technology will never see the light of day in defense of our nation. AS a 
single example without further discussion, his work revolutionizes the present 
notions used in the rapid development of quantum communication and quantum 
computing, because it revolutionizes the very notion of the Q-bit, completely 
removing the statistics of the quantum state and making it engineerable. This of 
course is completely counter to present QM notions, but is consistent with the 
Bohm hidden variable approach to quantum mechanics, 


Meanwhile, our own weapon scientists apparently still do not recognize the 
possibility of a superluminal longitudinal EM wave communication system, and 
appear to have no motivation or intention to develop such. This is in a way quite 
sad; quantum tunneling at more than four times the speed of light, ofa clearly 
recognizable Mozart symphony, has already been demonstrated in a section of a 
waveguide {56}. Whatever one wishes to call it and however one wishes to do 
it, superluminal communication of intelligible signals has been clearly 
demonstrated in the laboratory. For the "infolded” longitudinal EM waves, all 
the “normal” or “envelope” EM waves, potentials, and fields are just great 
superwaveguides for such longitudinal EM wave "tunneling through subspace” 
at superluminal speeds. 


" Keeping one's sense of humor. apparently there has also not been a US. scientist who even 
recognized and knew what actully powered an electrical eieuit, until our solution to the source 
charge problem and publication of it in 1998. Eerily, even afte the technical basis for a solution 
hha been proven in particle physics in 1957, no one seemed to have applied the brokea symmetry 
‘of opposite charges tothe common dipole and to a dipolaity such asa scalar potential and a 
charge (with its associated viral charges of opposite sig, in the modern view). Everyone 
accepted thatthe fields and potentials and their energy are established by their associated source 
charges, but no one had stated that the source charge feceves its input energy fom its asymmetry 
in its seething energy exchange with the ative vacuum, 
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The Dominant Weapons Are Quantum Potential Weapons 
Full-bore deployment of Russian quantum potential weapons occurred by the 
end of 1989, the first lab prototype weapon having been tested in April 1986 
against the U.S. air attack on Libya (Figure 25). Beside Russia, two other 
nations—Brazil and the "little friendly nation"—also had developed quantum 
potential (57) weapons. The United States did not develop them, oral least 
apparently not ust yet. 
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Figue 25 US. sree on Libya, Api 196. 


Burlier this year (2002), China also deployed QP weapons, and we now find that 
another friendly nation has them as well. ‘That brings the total to five, as of this, 
writing. Two of those are friendly, and a third is astraddle of the fence, so to 
speak. The other two are Russia (the KGB) and China. 


AC this point China could go either way, so it represents a future enigma. China 
hhascontrol of the Panama Canal, and has inserted more than 200,000 Chin 
into Panama—which is on the way to gradually becoming Chinese territory, as 
soon as the Chinese in Panama outnumber the native Panamanians. In addition, 
Under the Clinton administration China gained access through two U.S. ports 
(with little checking, so anything can easily be inserted). China also has 
additional ports in the Western hemisphere. China is almost certain to eventually 
attack and seize Taiwan, which puts her on a collision course with the U.S., 
since the U.S. has an agreement to defend Taiwan. She has also declared the 
South China Sea—through which passes some 60% of the oil bound for Japan, 
and much oil for other nations also—to be Chinese territorial waters. China also 
has developed bioenergetics weapons, having long ago induced cancer into most 


ofthe GRU Russian representatives then serving in China. She almost certainly 
has or is rapidly working to develop psychoenergetics weapons as well. 


So far as I am aware, there stil exists not a single funded U.S. scientific 
program to directly correct the glaring errors in our own classical 
electrodynamics—such as those problems deplored by Nobelist Feynman and 
Wheeler (58,59,60}. Both knew that the force field concept in space was 
erroneous. As they put it, only the "potential" 

in case some charged mass is available there for interaction. But the 
is created by the interaction and is the effect of it. It does not exist before the 
interaction occurs. Yet all our texts continue to teach the disinformation of the 
field in space.” And our science community continues to fiercely defend such 
dogma, attacking and sometimes destroying the careers of those brave scientists 
who do try to change it. 


One notes that time 
al every point in the universe. Or said another way, in any instant in time, every 
point in the universe simultaneously exists. 


multiply-connected, since in theory the same instant exists 


Operating in the time-domain as a causal system, and then turning out of one 
point there into any point in 3-space desired, is a means of producing “action at 
ur old concept of transmitting the energy directly 


through space {61} 


Presently the U.S. scientific community has little predisposition toward energy 
turning into the time-domain, operating in the time-domain, then turning out of 
the time-domain into any desired point in 3-space, anywhere in the universe." 
Every 3-space point in the universe simultaneously exists in (is superposed in) 
‘each point in time, as those points in time occur. In one sense, time can be 
considered to be the total multiple connectedness of space! We suspect that it 
may even be possible to interpret “instantaneous” communication—as by a 
quantum potential—in that “in here-out there” instantaneous fashion via 
“tunneling through the multiple connection of the time channe! 


Finally, mass—being an observable and 3-spatial—does not exist in time. Mass 
continually turns into masstime (by photon absorption), then masstime turns 
back into mass (by photon emission). Masstime exists in time, but mass does 
not. U.S. scientists also seem unaware that the so-called "rate of flow of a m: 
through time" is generated by the sum total of all photon interactions (both 
Virtual and observable) with that mass. The ubiquitous interaction of a mass with 
photons also causes that mass to continually recur, and thus to seemingly 
“continuously exist.” It is continually observed, but it does not continuously 


"tone models the time domain in three dimensions instead of one, ¢ then in theory it 
becomes possible to “flip” a 3limensional mass object into the time 3-domain ata single 
"moment," then rotate from tht "ime 3-point” back into 3-space at anew space location 
anywhere in the universe. Hence the "beam ‘em up Scotty!” ofthe old StarTrek (and the more 
modern beaming version) may hold more of a promise than just for science fiction entertainment 
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exist! Since the photon interaction is engineerable, then it follows that a sj 
muss can be time-reversed back to an earlier state {62} 


Cellular Time Reversal: Revolutionary Healing by a Team of 
French Scientists 

Priore and eminent French scientists {39,40} unwittingly used the me 
for time-reversing a mass and every part of it, to time-reverse diseased and 
damaged cells, including tumor cells, physically changing them back to their 
previous healthy physical state and condition in vivo. This included all parts of 
the cell, including its genetics. ‘The Priore team demonstrated revolutionary 
cures of terminal tumors, infectious diseases, atheriosclerosis, and restored 
depressed immune systems, 


que 25 Simptid agra ofthe immune sytem. 


The immune system (Figure 26) heals nothing, not even its own damaged cells. 
‘The human cellular regenerative system {63) is responsible for all healing in the 
body—and it utilizes time reversal of the damaged cells as the active healing 
mechanism. The regenerative system (Figures 27, 28, 29) pumps the damaged 
cells with longitudinal EM waves (and therefore with time-polarized EM waves, 
which always accompany longitudinal EM waves), inducing the cells and all 
their parts to add the phase conjugates, thereby forming time-polarized EM 
waves and pumping in the time-domain rather than the 3-space domain. This 
dramatically extends nonlinear optics to the time domain, and mass pumped in 
that fashion is time-reversed (propagated back along its own time-track, to a 
previous physical condition. 
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II. CONCURRENT RF TO DC CONVERTER 


The Radio-Frequency IDentification (RFID) applications are the most popular systems 
exploiting the principle of RF energy transport. In passive RFID applications the reader 
transmits the RF power to the tag, and also sets up the communication, The RF to DC 
converter is designed to yield a maximum of power efficiency to the tag. Most of the time the 
reader and the tag are in line of sight and close to each other, these conditions improve the 
transmission of RF energy, the amount of power available at the tag antenna is large, typically 
between -15 dBm and -20 dBm. In RF energy harvesting the scenario is different. The 
distance between the RF source and the RF harvester ranges from 0.5 meter to 10 meters. The 
amount of collectable power is low, from -10 dBm to -25 dBm, and the remote powering is 
difficult. The RF harvesters are supposed to collect and to store the energy during a long 
period of time. Once the level of stored energy is large enough, it can be released to the 
application, For these reasons a rectifier dedicated to RF energy harvesting is first designed to 
yield a maximum of sensitive to increase its scavenging time and capability. 


A) Rectifier Architecture 


The rectifier architecture is based on voltage multipliers to provide an adequate output 
DC voltage. The architecture of the RF to DC converter, reported in Fig.2, includes a 
matching network based on a L-section, and a N-stage voltage multiplier based on Schottky 
diodes from Avago (HSMS285). The choice of the Schottky diode is very important in the 
design of the rectifier. A key parameter is its threshold voltage Vim, When only low power 
levels are available in the environment, the amplitude of the incident signal may be close to or 
even below this voltage. Below this voltage value, the diode will no longer conduct and the 
losses become predominant. For COTS devices the two Schottky diodes performing the best 
conyersion efficiency in a 2.4 GHz range are HSMS-2850 from Avago and SMS-7630 from 
Skyworks [13]. 


matching 4-Stage Voltage Mutter 


Fig. 2: Architecture of the RF to DC converter 
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Figue 30 Kazracheje's electromagnet induction of cellar Ssese and dsorde. 


Kaznacheyev has shown that essentially any cellular disease or disorder can be 
electromagnetically induced in cells at a distance (Figure 30). Together with 
Becker's work, this shows that the cells can be altered either detrimentally 
(disease induction) or beneficially (disease elimination) by purely 
electromagnetic means. It would seem that diseases such as AIDS, e.g., could be 
rather dramatically cured by use of whole-body longitudinal EM wave radiation 


(with its simultaneously time-polarized EM wave radiation), as was done for 
other diseases by the Priore team and properly reported in the French scientific 
literature. We have also uncovered a process and method for causing the body to 
directly produce the time-polarized EM wave pumping, reducing the irradiation 
to perhaps 30 seconds of pumping instead of two or three hours {64} 


Becker's Study of the Cellular Regeneration System 

In all our medical science, the only true healing procedures being utilized appe. 
to be the use of Becker er al.'s tiny EM stimulation across otherwise intractable 
bone fractures {65} (Figure 31), to dedifferentiate (time-reverse) red blood cells, 
then redifferentiate (time-forward) them again twice to form osteoblasts, which 
are deposited in the fracture site to make new bone growth. All the other 
medical procedures seem to be interventions, not healing. Alier the 
intervention—which of course may be urgently necessary—it is then up to the 
body to heal itself (restore its cellular and tissue damage and functioning). So we 
have little healing science today, and in fact our medical establishment hardly 
funds any healing studies at all. EM radiation is usually considered as something 
that simply heats tissue. Our present medical science is deeply engrossed in 
studying the immune system. Again, the immune system heals nothing, not even 
its own damaged cells. 
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em “kills the bad guys” and saves the day, the battlefield 
idue and many cells of the body are damaged. The immune 
system sends in large scavenger cells that clean up the residue. And that's i for 
the immune system. Comparing it to an army's operation in the field, the 
immune system is the combat troops, not the medic: 


Restoration (healing) of the damaged cells back to normal is accomplished by 
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the cellular regeneration system (Figure 29). ‘This system is little known and 
litte studied, but mostly studied by Becker (Figu 8). Itis a system that 
funetions electrodynamically, but uses time-domain pumping to time-reverse the 
cells and their every part (including their genetics) back to an earlier state. In 
biology, the effect is called dedifferentiation, but without any knowledge of the 
‘actual EM mechanism, 


So, within its capabilities, the cellular regenerative system in the body already 
uses longitudinally polarized EM waves, time-polarized EM waves (TPWs), and 
optical pumping by LWs and TPWs. Here we point out that neither the 
longitudinal photon nor the scalar (\ime-polarized) photon is individually 
observable; however, the combination of the two is observed as the 
instantaneous scalar potential {66}. With a little correction to properly make the 
phase conjugate replica wave a time-polarized EM wave, Whittaker’s 
fundamental bidirectional EM longitudinal wave decomposition of the scalar 
potential (Figure 32) is consistent. Immediately the direct involvement of both 
the scalar photon and the longitudinal photon—and both the scalar EM wave 
and the longitudinal EM wave—are seen in Becker’s bone-healing work using a 
scalar potential (Figure 31) 
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Priore unwittingly stumbled onto the actual mechanism used by all biological 
systems in “healing” (cellular regeneration), and also recognized how to amplify 
it (Figure 12). But no one understood its exact nature, including Priore and the 
scientists who worked with him at the time, and the conventional community 
Still does not understand it. The Russian scientists not only understood it early 


on, but weaponized it as well. So did the Chinese. 


Need to Correct and Extend Classical Electrodynamics 


‘The organized scientific community's protracted defense of a seriously flawed 
sical electrodynamics is long standing. The conventional, comfortable ways 
of “doing business as usual, leisurely" now threatens the survival of the nation 
itself. We need to quickly admit and correct long-standing EM errors—such as 
alculating a reaction cross-section of an entity and calling it the magnitude of 
the entity itself! Our electrical texts continue to make that fundamental mistake, 
and they have done it now for 100 years or more. We need to quickly change the 
classical EM model to include the active vacuum and its interaction, and we 
need to change all textbooks to clearly state that all EM energy in the univ 
comes from the active vacuum, via the asymmetry of the source charges in their 
fierce energy exchange with it 


We also need to point out that all primary electromagnetic entities—the charge, 
the field, the potential, and every joule of EM energy in the universe—totally 
violates the second law of thermodynamics. The charge produces continuously 
increasing negentropy, the field and the potential are formed at expanding light 
speed across the universe and are perfectly ordered (thereby totally violating the 
statistical mechanics basis of the second law), and every joule of EM energy is 
either field energy or potential energy, and hence violates the same statistical 
basis of the second law. 


The Situation Is Serious 
Admittedly these are strong statements highly critical of our scientific 
establishment's track record. But our national survival continues to be 
increasingly at stake, the situation is serious, and we must not continue to bury 
our collective heads in the sand like ostriches. We simply cannot continue to 
idly sit by and pontificate while other groups and nations methodically 
‘maneuver technically to cut our collective throats with advanced weapons we 

sannot defend against, once they find a way to “get by” the little nation that has 
been countering them for some years. Our own beloved nation may have less 
than 10 years {67} and perhaps less than three years to survive, unless the 
organized scientific community is galvanized to focus its very best scientific 
cfforts in the energetics area. 


So far, in truly innovative approaches to new methods for electrical energy, the 
USS. scientific community is about as energetic as a sand terrapin sleeping in the 
tropical sun, There is no discernible move to recognize the seriousness of the 
problem, or to do anything effective about it. In 45 years, the asymmetry of the 
dipole (and the charge in its modern view as a dipoiarity of special kind) has not 
‘made it across the university campus from the particle physics department to the 
electrical engineering department. In fact, the implication of broken symmetry to 


dlectrical engineering and classical electrodynamics seems to still be completely 
unnoticed by the National Academy of Sciences, the National Science 

Foundation, our universities, and our great national laboratories. In the scient 
community, other than work on vaccines etc., itis largely "business as usual.” 


‘A New Manhattan Project Is Warranted 


ur need in the energetics weapons area is extreme, as are our needs in the 
‘medical area for quick, cheap, easy, and effective portable treatment of the 
coming mass casualties and our coming dramatic needs in energy. We do have 
superb scientists with the horsepower necessary to do something about it. The 
astounding, independent work of Sachs, the ALAS, and a few other scientist 
which we stress has been unfunded—already clearly proves that. But unless we 
change the organized scientific community's normal rather snail-like pace—by a 
strong measure such as a Presidential Decision Directive and a declaration of a 
Nalional Emergency—the U.S. scientific community will overshoot the point of 
ro return now approaching, 


We need a new Manhattan-type project. We need it very quickly. If we do not 
change and focus our present scientific procedure, then—all too shortly—little 
that the scientific and intelligence communities are doing will be of value. We 
shall all be very, very dead or else in a new Dark Ages where most of the world 
economy has collapsed and freedom has largely disappeared from the face of the 
Earth, 


T.E. Bearden, Ph.D. 
Lieutenant Colonel, U.S. Army (Retired) 
President & CEO, CTEC, Ine. 

Director, Assoc. of Distinguished American 
Scientists 
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2002 ENERGETICS WEAPONS THREAT TO THE U.S. 


T.E, Bearden 2000 
Updated Oct. 1,2002 


The U.S. Narrowly Escaped Energetics Destruction Twice in 
1997 


On two occasions in 1997 (latter February and on May Day), we were scheduled 
In be strategically attacked without warning and completely destroyed. Eerily, in 
public statements the leader of the Aum Shinrikyo sect (Figure 33) had 
foreshadowed the dates for the planned attacks, since his group was also 
involved—in fact, shooting down the TWA-800 (Figure 34) as advanced 

practice and stimulation of the U.S. to see if it knew what was afoot. Those two 
planned strategic strikes in 1997 were avoided only in the nick of time by 
actions of a friendly litle foreign country, which was the only nation on earth at 
the time that could counter the KGB quantum potential (QP) weapons. I am sure 
that proper U.S. agencies intercepted my urgent personal faxes to the Defense 
Attache in Washington, DC and directly to the Prime Minister of the nation 
involved. Actions by that nation did succeed in averting our destruction in the 
niick of time. 
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Only five nations or national groups have quantum potential (QP) weapons, 
though one or more additional nations are almost certainly working on them and 
‘may even have them. First of the five is the KGB in Russia (the weapons are not 
in the regular Russian forces, and never have been). Second is the friendly little 
foreign country to whom we presently owe our continued survival. The third is 
Brazil (Which has had a small and successful QP weapon program for some 
time). China deployed QP weapons in early 2002, and I recently found that at 
least one other friendly nation has them as well. I'm not too impressed with that 


other friendly nation, since they played no role in saving our bacon in 1997. It 
appears they did not actually know the coming attacks were imminent. They 
certainly do not have Causal System Robot weapons, nor do they believe such 
‘weapons even exist, 


Brazil implemented an energetics weapons program after it employed the 
repatriated Dr. Hellman, a German scientist taken to Russia after WW II along, 
with the German radar team, Years after being taken to Russia, Hellman was 
repatriated and made his way back to Germany. In a news interview Hellman 
reported that he had worked directly on the development of Soviet secret EM 
‘weapons which could suddenly free/e large areas of the ocean surface. That of 


courses a scalar interferometry weapon, producing negative (converging) EM 
energy rather than positive (diverging) EM energy in their distant interference 


‘Also, when the U.S. made David Bohm persona non grata in the McCarthy 
witch-hunts, Bohm was later employed in lecturing and teaching in Brazil for 
some time. At the time our own scientists continued to pontificate as to whether 
they liked or could tolerate Bohm’s quantum potential and his hidden variable 
interpretation of quantum mechanics {3}. Meanwhile, the KGB weapon 
scientists and the Brazilian Hellman project seized upon Bohm's hidden variable 
theory with alacrity as soon as he published his seminal paper. Those two 
‘weapon groups were already familiar with the internal longitudinal EM wave 
structuring of potentials, fields, and waves (Whittaker 1903), and immediately 
saw the fantastic weapons implications of a deliberately structured quantum 
potential, containing a specific "engine as desired. Most of our scientists still 
are unaware of it to this day, and are unaware of its formidable weapon 
implications when combined with Whittaker’s 1904 superpotential paper, his 
1903 potential decomposition, and quantum field theory. Most of our scientists 
stilladhere to the Bohr interpretation of QM, which excludes the normal, 
everyday, observable, ordered universe we all inhabit and observe."* 


‘The Bohm quantum potential is, after all, a scalar potential, and at least in theory 
it has a Whittaker biwave decomposition {68}. Even in the Coulomb gauge, the 
scalar potential has infinite velocity, as pointed out by Jackson. 


Several tests of the "cold explosion” Russian weapons referred to by Hellman 
have since been openly made. One major test seen by at least five jetliner crews 
was the anomalous rapidly rising cloud and subsequent extremely huge light 
globe (ABM energy shield) effects off the Kurils in April 1984 (Figure 35). Two 
excellent scientific articles on the physical phenomena observed in that incident 
‘are published in the prestigious journal Science {69}. We had explained the cold 
explosion phenomena and the ABM energy shield effects some years before that 
incident. Even ordinary superpotential theory {70} and longitudinal EM wave 
interferometry at a distance can substantiate the capability. We also positively 
confirmed by private sources that the scalar interferometry, the MindSnapper 
(negative energy EMP), and the cold explosion weaponry are real 


"This exclusion iscuphemistically known asthe "missing chaos" problem in quantum 
‘mechanics. and it s resolved in Bohm’ hidden variable approach. 

""{.D Jackson, Classical Electrodynamics, 2d Edn, John Wiley & Sons, New York, 1975, p. 
222,223, Usually the instantaneous sealar potential contributes only to the near fed 
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Related Phenomena 

In 1969 in Toronto, Canada, Sid Hurwich demonstrated a device capable of 
“freezing” a pistol lying on a table so that the gun could physically not be 
‘moved and the trigger could not be pulled {71}. For this exhibition of strong 
electrogravitation, general relativistic fields initiated by the EM force field 
(including the usually unaccounted Heaviside nondiverged component that 
Lorentz arbitrarily discarded) as the agent of spacetime curvature were used 
{72}. The strength of the effect was attested by the fact that the hands of the 
observers’ watches all showed “no passage of time” during the half hour they 
‘were in the room with Hurwich’s device operating."” 


Rapid development of that strong electrogravitational technology and 
‘concomitant energetics then proceeded in another nation. Weapons of such 
nature were then employed by that nation a few years later, in two well-known, 
international incidents. Clear signatures of the nature of the weaponry utilized 
‘were present in those incidents. Details of these incidents will not be included in 
this paper. 
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Since the energetics weaponry already utilized special EM " 
Bohm’s hidden variable theory and quantum potential wes 
the program to dramatically extend it into the development of quantum potential 
weapons. 


Stalin Personallyinitiated the Soviet Energetics Program 
with the Greatest Urgency 

While Stalin was at the Potsdam conferet at the close of WWII, the U.S. 
exploded the first atomic bomb in the desert. Truman informed Stalin in general 
terms that a powerful new U.S. weapon had been successfully tested. Secretly, 
Stalin already knew of our atomic bomb progress, for he had a spy in the 
program. While he was still at Potsdam, he then secretly called the Director of 
the Soviet atomic weapons program and directed a speed-up. 


Aller we exploded two atomic bombs on Japan, the Japanese surrendered and 
WWII was over. See again Figure 1. Stalin vehemently ordered his Academy of 
Sciences to produce the next great technical breakthrough at all possible spk 
sincethe American atomic bomb had frustrated his plan to wait two years after 
the war while the West speedily disarmed, then march into Europe and take it in 
sixweeks. Now his massed troops could just be bombed back into the Stone 
Age by U.S. bombers using atomic bombs. 


A Great Technical Breakthrough in Physics Can Always be 
Had in Four Years 

‘The scientific community can have a great new technical breakthrough 
whenever its furious and dogmatic resistance to innovative discoveries or the 
possibility of innovative developments can be suspended. All that is necessary is 
a concentrated group of highly skilled, open-minded scientists, the money and 
facillities.and a strong headlock placed on the powerful but dogmatic scient 
groups who would otherwise hamstring the program and destroy it." 


"present day examples ae (i the cod fusion fiasco, where the U.S. sciemifie eommunity has 
revealed furiousdeterminationtoignoremorethan600successfulexperiments worldwide, (i)a 
similar fry against any and all research nto extracting EM energy from the vacuum, even though 
all EM energy comes directly from the ative vacuum via the proven asymmetry of source 
‘charges and dipoles, i) violent suppression of proven "extended electrodynamics" methods of| 
rapidly curing severe diseases, even in terminal stage (resistance to anything except "cut, dru. 
‘bum and anything tht would interfere with the monstrous profits ofthe large pharmaceuticals) 
(is) continuing dedication to an electieal engineering model tht doesnot even model or apy 
what powers an electrical circuit, (0) continuing resitanee to quantum potential research and 
development, (¥) slavish dedication to "big nuclear sence”, massive accelerators dangerous 
tueclear power plants, and a "hot fasion WPA program", even though muuch higher energy physics 
than these programs advocate and use ean be and is being done onthe tabletop. using time-energy 
instead spatial energy, and (vi) inereasing "lock-up" ofall esearch funds into the organized 
hierarchy politically approved agenda. The community has deviated sofa from scientific 
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Focusing on the sensitivity, the RF to DC converter is designed to maximize the 
rectified voltage for an input power close to -20 dBm. The optimum number of stage is fixed 
to four according [14]. The footprint of each voltage doubler imposes the micro-strip line 
network. The micro-strip lines namely “junction” is set to minimum length, the micro-strip 
lines “access” are used as an additional degree to tune the input-matching network. Indeed, 
the L section in combination with the micro-strip distributed network is equivalent to a T 
section (Fig.3). Many combinations of Z;, Zs, Zs can achieve input matching at 900 MHz or 
2.4 GHz, Some of them are very close for each frequency, so we choose one that allows a 
return loss (<- 10 dB at least) both at 900 MHz and 2.4 GHz. 


stage 


Pp, 
J 2 zi Rectifier 


‘Emetzhing sip ne Network 
Fig. 3: Topology of the input-matching network 


The equivalent narrow band model of the matching network is proposed for each 
frequency (Fig.4). At 915 MHz, the voltage multiplier, including the rectification stages and 
the micro-strip line network, is modelled with a shunt capacitor (SpF) and a shunt resistor of 
270 Q (Fig.4a). The stub, (Fig.3) is equivalent to an inductor (Fig.4a), which compensates the 
shunt capacitor. The input micro-strip line, (Fig.3), is a quarter wave impedance transformer, 
(Fig4a) it converts the 270 Q into 50 Q. At 2.44 GHz the micro-strip line network 
distributing the RF signal to the voltage doublers (Fig.3), becomes inductive (Fig.4b). The 
stub is equivalent to a shunt capacitor of 120fF, its effect is negligible. The impedance 
transformation is actually performed by the input micro-strip line, which is modelled by a 
shunt capacitor (0,6 pF) and a series inductor of 5.6 nH. 
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Fig. 4: Equivalent model of the input matching network at 915 MHz (a) at 2,44 GHz (b) 


We proved it in the WWII Manhattan Project, where we went from nearly zilch 
to the operational atomic bomb in 4 years. But we did it only by secretly 
bypassing the conventional U.S. scientific establishment. Einstein wrote to 
President Roosevelt around the scientific community, and when the President 
approved and ordered the highly classified program, conventional scientists not 
oon the project were just parked on the sideline and ignored so that the job could 
be completed. The naysayers were also muzzled because of the extreme 
classification of the project; they faced jail if they engaged in their usual ad 
hominem attacks and dogmatic eloquence. 


that bold new 
sare mobilized and 


Further, today the "Skunk Works" approach repeatedly prov 
projects can be done, when the skilled scientists and facili 
no adamant opposition by the conventional community is tolerated. 


Numerous examples of the U.S. scientific community's suppr 
innovation and new technology can easily be furnished. $ 

any historian of science. Cold fusion, the amorphous semiconductor by 
Ovshinsky, the first laser papers, ultrawideband radar, Mayer's original 
conservation of energy law, Boltzmann's work, Wegener's continental drif 
flight of heavier-than-air machines, the rocket as a great strategic weapon, and 
hundreds of other examples come readily to mind. Such suppression has been 
the major characteristic of the organized scientific community since its 
inception, as pointed out by numerous leading scientists and authors. As Planck 
stated, usually one gets a new physics only after the old physicists who so 
adamantly oppose itjust die off and get out of the way. 


Today, the U.S. scientific community is in fact our "front line troops," 
although—except for a little lip service—the managers of the organized 
scientific community are blissfully unaware of it and have little or no sense of 
mission in out-of-the-box areas with respect to national survival. Itis ironical 
e.g., that our orthodox scientific community does not even know what powers an 
EM circuit—energy extracted directly from the vacuum by the asymmetry of the 
source charge (considered in its modern view as a dipolarity) and by the source 


method in defending archaic theory in the face of experiments that falsify it thatthe ubig 
violation ofthe law of ineeasing entropy (second law of thermodynamics) by electrodynamics 
itself continues to be adamantly resisted using ad hominem and inflammatory attacks, slander and 
libel, and destruction of scientific earers of researchers. We fay are not geting our taxpayer 
money's worth from our present scientific community. and—barting a Stalin-like shakeup from 
top to bottom—we are not going to get our money's worth inthe future unless the community is 
forced to fce up funds for young graduate students and postdoctoral scientists wishing to work in 
‘aut ofthe box” scientific areas. As Max Planck stated, "sn important scientific innovation rarely 
‘makes its way by gradually winning over and converting its opponents: it rarely happens that 
Saul becomes Paul. What does happen is that its opponents gradually die out, and thatthe 
[growing generation isfamiliarized with the ideas rom the beginning.” In other words, one 
‘doesn't get a scientific innovation until the old dogs so bitterly opposing itjust die off and get out 
of the way. This long-known and stated characteristic ofthe scientific community—its fier and 
unrelenting resistance 1 change and innovation—is presently the grealest threat io the survival of 
this nation 
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dipole (Figure 36), 


Generators make dipoles. 
‘They do not add one watt to the attached powerline. 
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A Typical Example: The Suppression of Cold Fusion 

‘As an example, much of U.S. Science—dominated by nuclear factions since the 
adventof the atomic bomb in WWIl—vehemently attacked cold fusion and the 
cold fusion researchers, including wholesale ad hominem attacks, with a 
viciousness seldom seen in the history of science. Many dogmatic scientists 
declared the entire field at best a mistake and at worst a fraud. Even the 
character of many of the leading cold fusion scientists was openly impugned and 
the researchers were slandered and libeled. All this was done by conventional 
dogmaticscientists who have not solved the fundamental source charge problem 
{10.12}, have no inkling that all EM energy in 3-space comes from the time- 
domain {10}, and have not a clue as to what really powers every EM circuit 
Since they also do not know where the electrical energy driving the chemistry 
actually comes from, they have no knowledge of the elfects of time-energy in 
electrolyte solutions 


‘They also appear to have little or no knowledge of the implications of Evans’ 
and Searles’ transient fluctuation theorem!” in thermodynamics showing to what 
degree the second law of thermodynamics can be violated and reactions can run 


DJ. Evans and D. J. Seailes, Phys: Re. E, Val. 50, 1994. p. 16. 
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in reverse, nor its extension to the micron (colloidal) size level and to two 
seconds in duration” If they did, then they would realize that the Coulomb 
barrier provided by repulsion of like charges (such as two H+ ions), often 
reverses into the attraction of like charges, with the barrier changing into the 
Coulomb attractor. This can last (by experimental proof shown by Evans et al.) 
up to two seconds, in a volume of fluid up to @ micron in diameter. Hence it 
not “against the laws of physics and thermodynamics” to observe attraction of 
two protons in an electrolyte so closely that each enters the strong force region 
Of the other and the two form a quasi-nucleus. In the decay of this reversal zone, 
the preferred decay of the quasi-nucleus can be by quark flipping in one of the 
protons, yielding an atom of deuterium emerging from the decayed time reversal 
zone. Such results have been meticulously observed in many cold fusion 
experiments in multiple labs and nations, and by multiple researchers. Since 

these and other novel nuclear transmutation results are replicated experiments 
(more than 600, in multiple labs, multiple nations, and by multiple researchers), 
it means that no amount of theory can refute them or the results. ‘The harsh 
skeptics launching the frenzied ad hominem attacks are thus revealed as the 

tific bigots they are, since they ignore substantial experimental results 
that contradict the prevailing theory. The excess energy production and 
inexplicable new nuclides (Figures 21, 37, 38) obtained by these multiple 
experimenters are completely inexplicable by ordinary nuclear interaction: 
the accepted theory 


+ Fennions time-reverse in even O-O 
numbers 
* Like charges cluster OQ O- 
+ Aqueous solutions contain H+ 
ions, 


which are just protons 
* Quarks flip as TR zone fades 


QHi + 1H) > (mi + Hi) = 1H2 deuterium 


gure 37 Electron rention in a tmevered zone producing excess deuterium ns. 


® GM. Wang, E. M. Sevick, Emil Mittag, DebraJ. Scares, and Denis J. Evans, "Experimental 
Demonstration of Violations of the Second Law of Thermodynamics for Small Systems and Short 
‘Time Scales,” Phys. Rev. Ler, 8(5), 29 July 2002, 050601 
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As TR zone decays, quasi-nucleus is 

usually in an excited state 

— Decay action starts from every point in 
spacetime inside the nucleons -© O- 

— Moves from inside toward outside 

— Strikes the nearly free quarks first 

+ Decay occurs by easy quark flip 

+ Quasi-nucleus transmutes to an isobar 


+ If quasi-nucleus is a stable state in a 
forward time zone, no decay occurs. 


i 


Hz + :H2 > 2Hes 


Fgue 28 Ekceonulr reaction in aineevereed zoe protucing exes alpha parle. 


Meanwhile, the U.S. Patent Office has been instructed not to accept any patent 
applications that would interfere with present nuclear planning. Positive cold 
fusion results have also been successfully obtained in several U.S. government 
laboratories, including at China Lake where very strange instrumental effects 
hhave the experimental team puzzled. I proposed an explanation of those 
anomalies in August 1998, and have included it in my book just published in 
September 2002 {73} 


Revolutionary New Processes Are Hidden 
Experimental Results 


‘Once understood, cold fusionholdsthebreathtakingkey tosystemsthat 
consume atiny fraction oftime flow tselfasa fuel to produce copiousheat 
energy for the world’s needs. Unknown to the conventional scientists, of course, 

electrodynamics itself already does this, butithasjustnot been recognized and 

accepted. Transducing one microsecond persecondoftime intotransverse wave 
EMenergy will produce some 9x10!” watts of real electrical power, if all the 
transduced EM energy is intercepted and used. This is the real way to extract 
‘energy from the vacuum and use it cleanly and cheaply, 


the Cold Fusion 


To grasp such a notion, recall that the fundamental units used in physics are 
completely arbitrary. It is perfectly possible to express all physics in only a 
single fundamental unit—for example, the joule. Time then becomes totally a 
function of energy. So it is not so insane alter all to express time as highly 
compressed energy. Mass is also highly compressed energy. That concept is 
now familiar after Einstein, the nuclear age, and E = me”. Time-as-energy is just 
as straightforwardas mass-as-energy, but it has just not yet come into 
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recognition, 


‘The use of time as compressed energy, howe Is to some profoundly new 
types of electronuclear reactions presently unknown in particle physics. These 
new transduction reactions produce the new nuclides in cold fusion experiments, 
and generate the electronuclear interaction, We explain that in some detail in 
‘our new book, Energyfrom the Vacuum, previously cited {10} 


When interpreted as using tims 
electronuclear regime of nucle: 


ergy, cold fusion shows us the way to a new 
ictions where nuclei, elements, and 
‘compounds can just be directly assembled by comparatively weak (in terms of 
spatial energy!) electromagnetic interactions. Presently we have made 
substantial progress in understanding the fundamental mechanisms generating 
these electronuclear reactions, after presenting preliminary results in August 
1998. 


As one example, time-reversing a single fermion (a particle with spin U/2, 3/2. 
etc.) is precluded by the Pauli exclusion principle. But one can time reverse two 
of them, or any even number n, where they act as  semi-boson or group of 
semi-bosons. Simply put, ifa time-reversal zone is established momentarily in 
the region where like charges exist, then the n-tuple fermion cluster can be 
chieved because the law of attraction and repulsion of charges is temporarily 
reversed {74,75}. This unexpected “attraction of paired fermions of like sign” 
will form quasi-nuctei in many cases, particularly in small clusters of two or 
four, ete: 


Hence two H+ hydrogen ions (two protons) in such a time-reversal zone in a 
fluid are drawn together into a quasi-nucleus, which actually is an excited 
isomer of deuterium (Figure 37). Time-reversal zones are temporary in cold 
fusion experiments due to the statistics of their formation and the transient 
fluctuation theorem {76} of thermodynamics. As the time reversal zone decays, 
the quasi-nucleus of two protons is increasingly in an excited and unbalanced 
state. The excited-state diproton nucleus decays by flipping a quark in one 
proton, converting it to a neutron. That produces a neutron + proton nucleus, 
which is a deuterium ion, strictly by electronuclear means. Or four protons may 
cluster by “attraction in a time-reversal zone” and form a 4-p nucleus. That is an 
excited isomer of a helium nucleus. As the time-reversal zone decays, first one 
quark flips in one proton and then another quark flips in a second proton. That 
produces a helium nucleus - ie., an alpha particle. Or two deuterium ions can 
attract and form a quasi-nucleus (Figure 38), which is already an exact isomer of 
helium nucleus and thus easily decays into an alpha particle by simply 

tightening” as the weakened strong force recovers faster than the Coulomb 
force can reduce, vanish, and resume in the opposite direction. The exact 
reaction equations for these reactions are given in my new book, Energy from 
the Vacuum (10) 


We filed an Invention Disclosure on the process of forming and using tim 
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reversal zones to cause like charges to attract and unlike charges to repel in 
vacuo, in fluids, and in other media, resulting in the formation of semi-nuclei as 
excited isomer states of other nuclei, followed by decay into new nuclides. We 
will follow it with patent applications in the future. This represents a completely 
new kind of particle physics interaction presently not included in the textbooks, 
and not requiring high-energy processes. Literally thousands of new nuclear 
interactions—all permissibly violating the second law of thermodynamics 
because the statistics permit such violations and experiments prove it—are now 
possible. 


Cold fusion does indeed hold a new kind of nuclear physies in its hand—but a 
physics presently considered very alien by our orthodox nuclear science 
community. For decades nuclear scientists have been seeking ever more 

spatially energetic particle smashing, believing that extreme high energy nuclear 
reactions and transmutations cannot possibly be done with charged particles at 
low spatial energy. One is sympathetic to the scientists, because even the 
concept of "low spatial energy transmutation sounds like an oxymoron, 
And it would be, ifone were limited to spatial energy alone, as is presently 
assumed by physicists. But one is also speaking of the neglected and 
compressed huge time-energy component of those low-spatial energy photons, 
and that is quite a different matter. The lower the spatial energy of the photon 
(the lower its frequency), the greater the amount of compressed energy 
transported in the time component as "time". The transposition of time-polarized 
EM energy into longitudinally polarized EM energy—and vice versa 

already justified in quantum field theory. Use of that extremely high energy 
‘component by its transposition or partial transposition into spatial energy in fact 
provides a much higher energy physics interaction than present orthodox high 
energy physics utilizes, knows, or considers, 


Almostall the learned scientists are thinking onty of gy, since that is 
‘the only kind they have been "taught" to consider. Hence, from their view (i.e., 
‘on the premise of their implicit assumption) itis perfectly logical” to condemn 
cold fusion, since in their view, “cold” implies low (spatial) energy and “fusion” 
implies high (spatial) energy transmutation. What is unknown to the orthodox 
community is that the “cold” in cold fusion also implies “extraordinarily high 
‘0 with a little transduction of highly compressed time-energy 
into spatial energy, “cold” fusion actually can imply “extremely high spatial 
cenergy made available by transduction" also. 


‘As an example, the Chief Editor of Science recently had the courage {77} to 
publish results of sonoluminescence research reporting positive experimental 
transmutation results (78). A paper was then published in Nature {79}, pointing 
‘out thatthe (spatial) energy involved is insufficient for such nuclear 
transmutation temperature, thereby implying that the reactions reported by the 
first researchers are not possible. 


However, given formation of a time-reversal zone, this second paper is not 
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necessarily applicable to the sonoluminescence fusion process, because the 
paper is based on an unwitting two-part premise that (i) only spatial energy can 
he usedfor nuclear transmutation and (ii) no time-reversal zones exist to nullify 
that premise by having reactions (such as the law ofattraction and repulsion of 
charges) run backwards. That premise is already experimentally proven to be 
invalid by Evans et al, and it fails when the time reversal zone effect is 
considered 


We strongly stress that thermodynamics—both in theory and as demonstrated in 
cexperiments—not only allows but predicts—for a certain fraction of the time— 
the formation and existence of just such "reversal zones” where the usual 
reactions run in reverse {76}. Itis also experimentally proven {54}. In that case 
‘a much higher energy—time energy—can be and is employed to convert the 
Coulomb barrier into the Coulomb attractor.” We know now (from the 
experimental demonstrations by Denis Evans et al.) that such “reversal zones 
may be up to a micron in size and may endure for up to two seconds. The 
subsequent decay of that TRZ then allows the quasi-nuclei temporarily formed 
in it to decay by quark flipping alone, allowing the quasi-nucleus to easily 
transmute into a perfectly well known nuclear reaction product. 


To quote Arthur C. Clarke, when a leamed scientist says something is possible 
he is probably right. When he says something is impossible, he is probably 
wrong. 


Stalin's Dictatorial Impact on Soviet Scientific Management's 
Response 

Stalin was a powerful dictator. He simply killed orjailed those who opposed his 
will, So after his blunt order (Figure 1) circa latter 1945 to find a great new 
technical breakthrough area quickly, his Academician and high level science 
managers were faced with a severe dilemma: They could not afford to oppose or 
criticize a vigorous search for new innovations and a great breakthrough, and 
they could not remain passive. Their very lives depended on they themselves, 
personally finding such a breakthrough in great haste and presenting it to 
‘Stalin, They had to actively spur the efforts of their most outstanding 
subordinates and Soviet science itself, or suffer dire personal consequences, 
Siberia and prison camps loomed for the lot of them unless they produced. 


To put it bluntly, Stalin "got their collective attention” and their "whole-hearted 
support.” Those few who resisted simply were shipped post-haste to the 


notorious prisons of Siberia, and worked to death in short order. 


® We strongly point out that hen the reations rum backward and negentopy appears in those 
reversed regions the conservation of energy law i volted unless me-energy is being converted 
to spatial energy” Either we must begin accounting time as energy. or we mist give up the 
conservation of energy la itll. The obvious solation isto account the time energy being 
lized as well the space ener: 


So the highest-level Soviet scientific managers now desperately demanded of 
their subordinate scientists anvthing—anything at all—that was novel and had 
breakthrough implications. An almost convulsive national scientific effort was 
launched immediately, with hardly a detracting voice. A great team of the very 
best Soviet scientists was rapidly formed and methodically searched the 

ture of the world from beginning to end. Nothing even remotely 


For example, one great technical center set up by the Soviets had a staff of about 
2000 Ph.D.s with associated translators, stalls, etc. The Soviets purchased and 
hhauled in copies ofall the scientific literature of the West—by the shiploads—to 
such centers. Their scientists then methodically went through the material, 
journal by journal, paper by paper, page by page. There are and always have 
been myriads of innovations and discoveries sitting on the shelf in the scientific 
literature, never followed up, or opposed by standard models and credos. The 
first tier of reviewing Soviet scientists was composed of excellent scientis 
‘They skimmed out the "cream" into a select pile which the second tier then 
analyzed in depth. The second tier was composed of the best nonlinear scientists 
in the world—the "superscientists.” 


‘They were seeking new principles ofnature that could rapidly be developed into 
highly advanced technology, and they found them—sitting there in the literature 
already pointed out, and long ignored by the Western scientific community. 


Shortly Stalin had his great new breakthrough area emerging, and they had their 
heads. 


‘Our Own Science Community's Progress During These 
Decades 

For decades foundations physicists (Bunge, Feynman, Wheeler, Lindsey. 
‘Margenau, etc.) in the U.S. have repeatedly pointed out the substantial 
foundations problems in electrodynamics. Nobelist Feynman and the great John 
Wheeler tried to "fix" the problem whereby electrodynamics still erroneously 
assumes forve fields in a space filled with a material ether (unit point positive 
charge, unit point north pole, and unit point mass assumed at every point in 
space). Unfortunately they failed, primarily because their absorber theory (80) 
contradicted the photon hypothesis and hence quantum mechanics. 


Meanwhile, our own National Science Foundation and National Academy of 
Sciences has directed only minimal work on correcting electrodynamics and 
dramatically extending it, Faraday and Maxwell—as did every other scientist at 
the time—rigorously assumed a material ether. Maxwell's equations also 
implicitly included that material ether assumption. They still do, even after 
Heaviside's truncation and Lorentz’s symmetrical regauging, because none of the 
Maxwell-Heaviside equations were changed to eliminate the material fields in 
space (material ether) assumption after the Michelson-Morley experiments 
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Every major university in America still teaches that implicit material ether, even 
though it was falsified over a century ago. That is an exact measure of the 
caliber of "foundations" work our own scientific community does if left alone. 
In more than 100 years, they have not even chosen to root out the material ether 
from electrodynamics 


gue 30 This poled and sutering planet Orect est othe sient community's 
adamant researc ovpredng desc! elactodyramie and eecieal engnesng, 


‘The prevailing flippant attitude is that, "Well, your TV set works, doesn't it 
Yes it does, but we also do not have practical electrogravitation and inertial 
propulsion, nor do we have cheap clean EM energy from the vacuum, Instead, 
we have a severely polluted planet (Figure 39), ever increasing deaths from 
biospheric fumes and polluting byproducts, increasing destruction of species, 
and a monstrous unleashing of far more coal and hydrocarbon burning in our 
near future while the world tears itself apart and destroys its economy and 
civilization in a rising series of oil and energy wars. The direct responsibility for 
that mess lies directly with the scientific community and its fierce resistance to 
innovative research and development, and changing a century-old, long 
outmoded classical EM and electrical engineering model. 


Wryly put, its high time we "got the lead out” of EM 
lead is the material ether and other non-sequiturs clutt 


ld theory, where the 
ing the theory. 


Such drastic modeling errors would not be tolerated of government-funded 
aerospace engineers and contractors developing a new missile system. So it 
should be equally intolerable in the government-funded scientific community 


and in fact in the civilian scientific community as well, and it should not be 
emy of Sciences or the National Science 


Einstein {81} said it perfectly, as follows 


the scientist makes use ofa whole arsenal ofconcepts 
which he imbibed practically with his mother's milk; and 
seldom ifever is he aware ofthe eternally problematic 
character ofhis concepts. He uses this conceptual material, 

or, speaking more exactly, these conceptual tools ofthought, 
as something obviously, immutably given; something having 
aan objective value oftruth which is hardly even, and in any 
case not seriously, to be doubted... in the interests ofscience 
it is necessary over and over again to engage in the critique of 
these fundamental concepts, in order that we may not 
unconsciously be ruled by them. ” 


Upholding and perpetuating flawed electrodynamics models seriously impedes 
the progress of scientific development and revolutionary new technology." At 
some point, one must legitimately question the upper management of the U.S. 
scientific community for not modifying classical EM and electrical engineering 
to include the active vacuum exchange with every charge and EM system. In not 
doing so, they continue to advocate perpetual motion source charges, creating 
energy from nothing, on a scale unparalleled in history. 


Its little wonder that we do not have electrical power systems that successfully 
and freely utilize more than a trillionth of the vacuum energy they freely extract 
from the local vacuum. There is not now and there never has been a single 


Oddly, the conventional cletrodynamics model assumes that every source charge freely creates 
nergy out of nothing a all, and pours this energy out continously in all directions, thereby 
sits associated EM fields and potentials at light speed, reaching out across the 
rom the 1960s alone, the total assumption of incredibly vast numbers of perpetual 
motion machines has been carefully hidden from the new students, s0 that today even many 
‘professors donot realize that in their model all EM fckls and potentials, and every joule of EM 
nergy in the universe, are assumed tobe ereated bya vast assortment of perpetual motion 
‘machines called source charges. That problem has not been solved in electrical engineering or in 
lasialcleetrodynamies, and ifthe scientists have their way, itis nt going to be solved. Yet the 
basis forts solution—the asymmetry of opposite charges such as the dipolarity inthe modern 
View) ofa source charge—has been n particle physics since 1957, withthe award ofthe Nobel 
Prize to Lee and Yang in December ofthat year. 
= One keeps one's sense of humor. The raucous skeptics and "defenders of the orthodox EM 
faith who so noisily denounce legitimate COP> 1.0 EM system researchers as “perpetual motion 
‘nuts, are themselves unwittingly the greatest perpetual motion nuts ever recorded in history. 
Furter, they are so ignorant of what their present model actually means, that they’ do not even 
now it Its one thing to be ignorant an 4 recognize it its quite another thing to be ignorant 
and soignorant one does not now it—45 years after broken symmetry was rigorously 
‘tablished experimentally by Wu and he colleagues, andthe Nobel Prize awarded 10 Lee and 
Yang 


To study the impact of the power on the diode, and input matching, behaviour the 
return loss of the 4-stage rectifier has been measured and plotted (Fig.5) for various input 
power Psat 9000MHz. 
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Fig. 5: Measured Si of a 4-stage voltage multiplier with a L section at 900 MHz for various 
input power Pye 


As illustrated in the figure 5, the input return loss is not strongly affected by the input 
power if P,- < -15 dBm. The RF harvesters developed in this work are dedicated to collect 
power from ~ 15 to ~ 25 dBm. Over this range the diode model can be considered as stable, 
and the slight frequency shift is still covered by the antenna bandwidth. 


B) Rectifier Characterization 


The power efficiency and the power sensitivity are two conversion characteristics of 
importance in RF harvesters. However, the RF harvester operating at low power level 
accumulates the energy in a storage element, to further release it to the application. In such 
accumulation mode the power sensitivity becomes more important than the power efficiency. 

For the characterization the rectifier is not connected to a load. The load represents the 
equivalent impedance of the application (clock, sensor) to power. The effectiveness of RF- 
DC conversion of the rectenna and its DC ouput voltage varies depending on the load value. 
The rectifier is first characterized in a single tone mode, 915 MHz and 2.44 GHz 
respectively, and then in a dual-band mode. Measurements of the unloaded rectified voltage 
versus various input power P,rare reported in Figure 6. 


electrical engineering department, professor, or textbook that knows what 
actually powers an EM circuit—real observable EM energy extractedfrom the 
local seething vacuum by the source charges and the source dipolarity 


Since our scientific community cannot seem to make such a simple change (as 
including the active vacuum’s interaction with every charge and the charge's, 
broken symmetry in that interaction) even 45 years after the basis for that 
change has been resoundingly proven in particle physics, our national survival is 
at stake and the nation itself is seriously threatened by the superweapons 
developed by the KGB over the last five decades. We would have already been 
totally destroyed—twice in 1997 alone—had it not been for the intervention of a 
friendly litte foreign nation, My colleagues and I played a very small alerting 
role in those affairs, so we are speaking from experience, not from extrapolation. 
We would be quickly destroyed today, were it not for the continuing “balance of 
terror" provided by the little nation, 


U.S. Scientists Have Committed Monstrous Crimes and Gone 
Unpunished 

Rather sadly, we also point out another thing that has to be said: scientists are no 
‘more moral or immoral than any other slice ofAmerican citizens. A percentage 
ing horrible scientific crimes, as distasteful as 
such a statement may be. That includes the deliberate experimentation on 
humans, resulting in deaths. In short, atleast manslaughter and perhaps even 
murder, since knowledge of the probable results was there beforehand. 


of scientists is capable of commit 


One would think U.S. scientists would never scientifically condone and perform 
experiments leading to mass deaths for 30 years (i) as they did in the Tuskegee 
case in Alabama. Over 400 poor blacks were supposedly treated for syphilis, 
while actually not being tre I, but were deliberately tricked and allowed 
to rot with syphilis so our cientists could watch how their brains 
decayed, so to speak. Over 100 of those poor blacks died with the disease while 
the scientists cold-bloodedly watched them expire and kept meticulous records. 
r (ii) as they did in the case of whole body nuclear radiation for 30 years 
again by trickery, deceit, and illegal use of 
acts—of helpless retarded children and othe 


. some of whom also died. 


I power of the 


Once these heinous incidents were exposed publicly, the politi 
scientific community is such that no scientist was ever indicted or triedfor these 
heinous mass murders, and none is going to be. ‘The scientific community has 
not fiercely called for punishment of these mass murderers amongst their 
‘midst—guilty of precisely the same kind of horrible actions for which we tried 


and executed war criminals at Nuremberg. 


formally apologized for these 
over to the Justice Department for 
prosecution of high crimes against humanity and mass murder, ax would have 


TIR DI TANCE 
66 


been done for ordinary citi 
such things on his own, he would have been arrestes 
sentenced to life in prison or executed. 


ens, Had a single doctor in his private clinic done 
summarily tied, and either 


‘The sad thing is that there was really no sharp clamor from the scientific 
‘community to bring their fellow scientists to justice, a la Nuremberg. By their 
silence, the organized scientific community showed a side that scientists are 
lofty not supposed to possess. So long as the scientific community continues to 
tolerate those mass murders ofAmerican citizens and not callforjustice, then 
Just so long do they stand convicted by their own resounding silence and 
inaction. 


We cite these painful incidents (there are others!) to point out that one must not 
deify the scientific community. The conduct of science is no better and no worse 
than the conduct of human affairs in other areas. Science is also a big business, 
and it has its moral scientists and its immoral scientists. It does its moral 
business and it does its immoral business. 


We painfully submit that both sides of the scientific character must be 
considered, when one examines such things as the tolerance or intolerance of the 
:ntific community to dramatic innovation and “outof the box" research. We 
have to consider it now, because it has become a serious threat to the continued 
survival of our nation. The conduct of scientific affairs will unavoidably include 
suppression, maneuvering, spin control, and fierce struggle for power and. 
funds—such is in the very nature of human beings, and it is present in the 
scientific community on a bell-shaped curve as in all other human communities. 
Itis ongoing widely today, and to an uncomfortably large extent much of 
science has been captured andeffectively controlled by controlling the scientific 
funding and prescribing what research must be done for the funds available. 


As the French say, "The more things change, the more they remain the same. 
Science is still the same way ast was when Planck made his Famous statement. 


It will still be that way tomorrow, and a century from now. As with any other 
big enterprise, it has to have checks and balances imposed and enforced on it 
from outside—by the government itself. Little or no indication exists of that 
hhappening in the near future, until we get something like an anthrax spray attack 
on a large city, and have a million or more Americans dying in the streets 


Energetics: New Principles of Physics and How the Soviets 
Found Them 


Under Stalin's whip, the Soviets particularly sought anything that indicated 
possible new principles ofnature. It is no accident that Nobelist Petr Kapitsa 
later informed Nikita Khrushchev that a means of total neutralization of foreign 
missiles could only come from a group ofnew principles in physics called 
energetics. A group of new principles is precisely what energetics is. So if our 
scientific and intelligence communities wish to understand energetics, they must 
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first understand the new principles it is based upon. They cannot just simply 
apply ordinary electrodynamics and "business as usual” as they have largely 
done. The massive Soviet scientific search program spurred by Stalin is where 
those new principles came from, 


‘When the first tier of Soviet review scientists found something that had not been 
followed up, and saw that it had significant implications if found valid, that 
paper was laid aside into a "select" pile. That select pile then went to the "super 
scientists, for full-blown review and analysis by some of the brightest and 
sharpest minds on the planet. 


‘The Russians came up almost immediately with Whittaker’s 1903 and 1904 
work. That work shows a hidden electrodynamic longitudinal EM wavepair 
structure (in phase conjugate pairs) inside the scalar potential and comprising it. 


‘This is a dramatic extension of electrodynamics to incorporate a full-infolded 
general relativity infolded inside the electrodynamics. Whittaker showed that 
scalar potential functions in interference already create all the “normal” fields 
and waves anyway (the beginning of superpotential theory). This novel 
interferometry and its inherent capability for action-at-a-distance did not elude 
the Russian superscientists. The superb Soviet scientific team came up with that 
‘and with much, much more. 


Nothing like the comprehensive, intense review of the entire scientific literature 
has been accomplished by the U.S. scientific community. Nothing like it 
being done now. 


Longitudinal EM Wave Interferometry Energetics Was 
Almost Immediately Uncovered 


At the end of WW I, the German radar team and infrared team were taken to 
Russia, Both teams were years ahead of their Western counterparts. 


One of my clo 
severe instrumental anomalies while still in 


volleagues has validated that the German radar team had some 
jermany. We think this is what they 


In WW II the Germans invented radar absorbing materials, to coat their 
submarine snorkels and prevent Allied antisubmarine warfare bombers from 
tracking the snorkels and destroying the subs. A wide variety of highly 
nonlinear, doped materials were investigated. In addition to single beam radar 
cross section, the Germans also examined the materials in multi-beam 
illumination circumstances 


It appears that, in some multibeam experiments with some materials, condi 
‘were just right so that the multi-illuminated absorbing material acted as a 
pumped phase conjugate mirror (PCM), and wave-to-wave interactions 
emerged. This meant that the absorber material PCM would suddenly gather up 


all the energy in the pumping beams, use one of the other beams as a signal 
input beam, and fire an amplified retroreflected pulse right back down th 
input beam, wrecking the experiment and creating havoc in surrounding 
equipment 


When the German radar team went to Russia, their knowledge of these 
anomalies went with them. In the desperate Russian scientific climate to find 
lust such anomalies, this startling and anomalous phenomenon would have been 
exhaustingly examined and studied, once the German radar engineers got to 
Russia to their new laboratories, 


In short, it appears that the Russians quickly came up with what today is called 
near phase conjugate optics,” but first in the radar band rather than 
optics." So before 1950, it appears that the Russians already had working phase 
conjugating pumped phase conjugate mirrors for the radar bands and in other 
bands. 


Fisher (82) details that we Americans did not " 
conjugate optics experiments until Russian physicists bri 
Livermore National Laboratory scientists in 1972 about the strange wave in 
many of their optical experiments that "came out of nowhere and restored order 
from disorder.” At that time, the KGB energetics weapon scientists had known 

aboutphase conjugate retroreflection and its amplified pumping, for more than 

20 years. Indeed, the first giant strategic scalar interferometers had already been 
deployed and utilized to kill the U.S.S. Thresher nearly a decade earlier (Figure 
6). 


tumble onto" practical phase 
-d Lawrence 


By 1950 Russian Energetics Was Off and Running 

By the beginning of the 1950s, the Russian scientists under iron KGB control 
‘were already experimenting with "scalar potential interferometry” at a distance. 
a la Whittaker 1904, Here transverse EM waves, EM fields, and EM energy— 
either divergent (heating) positive energy or convergent (cooling) negative 
enery—could be readily created ata distance {83} (Figures 40 and 41). 

Further, the longitudinal EM wavepairs used in this interferometry had the 
marvelous characteristic of easily penetrating right through the earth and ocean, 
with only a little intervening inte given that the LWs are sufficiently well 
made {84}. The interferometry can and do also move superluminally— 
again, right through the earth and ocean. 


Ofcourse, they would alsohave investigated itaallotherbandsasvell 
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Fayre 40 Scatintreromety in the endoeri (colrg) mode. 


Iis not accidental that Admiral Gorshkov, head of the Soviet Navy, would later 


bluntly state: "We have made the oceans ofthe world transparent.” And so they 
had. 
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By 1950, the Russian scientists were experimenting with deliberately creating 
and phase conjugating longitudinal EM waves, forming phase conjugate 
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wavepairs. They then assembled the desired (mathematically calculated) sets of 
those waves, adjusted frequencies and magnitudes, phasing, etc., to produce EM 
potentials having a desired deterministic internal spacetime curvature set 
{internal spacetime engines) and dynamics. 


As a result, by the mid-50s Russian weapon scientists were already 
experimenting in bioenergetics with the direct inductance of diseases and health 
changes via the transmission into human targets of such “internally structured” 
EM potentials, fields, and waves. They were also experimenting with the 
production of EM energy, potentials, fields, and waves at a distance, directly 
through the earth and the ocean. Either heating (energy flow divergence) 
(Figure 41) or cooling (energy flow reconvergence) (Figure 40) could be 
produced at will in the distant interference zone, merely by altering the bias 
voltage on the chassis grounds of the interferometer’s transmitters. Rapid 
switching between the exothermic and endothermic modes thus was. 
straightforward {85}, as demonstrated (Figure 35). 


By the latter ‘50s, longitudinal wave interferometry weapons had already 
emerged from advanced engineering development and were in full production 
engineering toward deployment. The LIDA device (86) and even more 
advanced versions for directly affecting the human mind and its state of 
consciousness had emerged in psychoenergetics as one class of devices rather 
openly released and utilized. The LIDA uses structured EM microwaves {87} to 
induce a hypnogogic or cataleptic type of trance-like state in either a human or a 
cat. as tested years later by Dr. Ross Adey of the U.S. Early prototypes were 
purportedly used against our prisoners in North Korea during the Korean War to 
assistin their brainwashing by their North Korean Captors. Prisoners reported 
that its effects were irresistible. 


Meanwhile, energetics weapon testing in several major modes was being 
conducted, particularly from Soviet research ships over remote regions of the 
ocean and at night. Descriptions of such tests—many of them seen by passing 
ship's captains—can readily be found in the open maritime literature. We 
gathered and published many such incidents and cited references. 


Deployment of the Soviet Energetics Weapons and Their 
Quick Use 

In January 1960 Khrushchev spoke obliquely of these “fantastic” new 
superweapons, just within the portfolio of the Soviet scientists, so to speak, in an 
important speech to the Presidium. Parts of that speech were reported in the New 
York Times {88}. No one in the West knew what Khrushchev was talking 

about. Our intelligence community, which bases many of its assessments on the 
tired old phrase "We have no evidence that..." simply treated it as propaganda, 
It wasnt, and the U.S.S. Thresher was to be destroyed (Figure 6) three years 
later by that same weapon Khrushchev was speaking of. 


Khrushchev began rapidly inserting long-range missiles and nuclear warheads 
into Cuba in 1962, precipitating the Cuban Missile Crisis. Kennedy knew 
Khrushchev's strategic bombers and rockets were in horrible shape, due to direct 
information received from Colonel Oleg Penkovskiy, a Russian spy in our 
employ courtesy of British Intelligence. No one knew of the superweapons, but 
they were not yet operationally ready in Oct-Nov. 1962. So Kennedy called 
Khrushchev's bluff and faced him off. Blustering awhile to obtain U.S. 

assurance that it would not invade Cuba, Khrushchev was forced to back down 
and withdraw the missiles. In his exuberance he had simply moved too fast in 
inserting the missiles into Cuba. Had he waited a few months later, the strategic 
superweapons would have been operational and ready. Any U.S. naval 
blockading force would have thus faced quick and eerie destruction or disabling, 
as was soon to be demonstrated in the case of the U.S.S. Thresher and its surface 
companion, the U.S.S. Skylark. 


This severe loss of face by Khrushchev, before the Communist Party, made it 
imperative that he do something quite dramatic to stay in power, and do it as 
quickly as possible. 


Khrushchev's first large, full-up, strategic longitudinal EM wave energetics 
interferometer weapon became operational on site by April 1, 1963. A few days 
later, Khrushchev employed it to kill the U.S.S. Thresher atomic submarine 
(Figure 6) underwater off the East Coast of the U.S. By simply creating EM 
noise in an interference zone placed on, in, and around the sub underwater, and 
thus jamming the sub's electrical controls so that it could not be controlled, the 
helpless sub sank to crush depth and imploded. The U.S.S. Skylark on the 
surface had multiple systems seriously jammed or rendered nonoperational. This 
was the Russian deception plan, to have the kill of the sub resemble an accident. 


‘One day after the successful clandestine kill of the Thresher, the same we 
was used to demonstrate a powerful underwater electromagnetic burst 100 miles 
north of Puerto Rico (Figure 42). The energetics underwater burst equaled 
substantial deep underwater nuclear explosion in size. The burst was seen by a 
passing U.S. jetliner crew and was reported to the FBI and the U.S. Coast Guard 
when the aircraft landed in Florida. A colleague interviewed the co-pilot of the 
aircraft, and relayed the interview information to me. 
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Figure 42. Deep underwater aul burs, demonstatng sane water pheramenclogy 
roduced by Kinushche’s second demonstration on 11 Ape. 1969, the dy afer ling the 
USS. Thresher. 


Why the Soviets Could Continue to Attack and Kill U.S. 
Targets with Impunity 
Ironically, Khrushchev clearly demonstrated the inability of U.S. science to 
‘comprehend the numerous test incidents of Soviet LW interferometers, 
including the actual destruction of strategic U.S. targets (our latest and greatest 
nuclear attack submarine!) right off our coast. The greatest strategic weakness of 
theUS—andthethingthatmayyetcompletelydestroyallofus—isthe 
continuing snail-like pace of U.S. scientific progress in revising, correcting, and 
extntirg its seriouslyflawed classical electrodynamics model. This scientific 
inertiaplaced us several decades behind in development ofdefenses in the areas 
of longitudinal EM wave weapons, quantum potential weapons, and causal 
systemweapons, Itcounteredour strategic nucleararmadafortwodecades. We 
were forsome time analogous to the Spanish Navy with its wooden ships, when 
it faced and was destroyed by American steel ships. Hopefully at least some 
‘moremodernworkhasnowbeenaccomplishedinhighergroupsymmetry 
electrodynamics, so that we are not quite as defenseless as we formerly were 
But we still have a very long way to go. 


‘When one performs a standard strategic analysis on a nation, one of the areas 
examined in depth is called national style. One of the major characteristics in the 
USS. national style is that we do not react to slowly inereasing threats or changes 


(Figure 43). That style particularly applies to the scientific community. Because 
Of it, the Russians knew that our government only inches forward in achieving 
new basic science. We run at enormous speed, doing applied science. We are 
essentially Romans and great engineers. We are largely not Greeks and not great 
esthetics discoverers. We also will just ignore new threats if they emerge very 
slowly and are only gradually perceived, and we will hide behind that infamous 
phrase, "We have no evidence that...” 


Americans tend not to reactto slowly increasing things, 
but react to rapidly increasing things. 


Figure 43. Aeris naonal sve: we do nl reacto stony rereaing teats 


In short, we react to the coiled rattlesnake, not to the boa constrictor. We are 
now in a long, bloody, costly war against terrorism because of that very 
characteristic of our national style. For decades, the slowly increasing 
infiltration of terrorists and their weapons was just ignored. Oh, yes, the offic 
‘threat studies” pointed it out, placidly.** But no one got very excited about it. 
The prevailing attitude was that "Ah, yes, but nothing like that will happen on 
‘my watch!" 


As clearly demonstrated by their successful decades-long radiation of the U.S. 
Embassy in Moscow, the KGB chess masters knew that, ifthe test kills using 


* Indeed, if one will look atthe thret studies prior to William Cohen taking office as U.S 
Secretary of Defense, one wil find widespread complacency about the lerorst threat, and mostly 
just lip service tot It as defintely not very important to most ofthe intelligence and scientific 
‘ommiity. Cohen built a ie nr the entite threat community, forcing them to get their act 
togeticr and start atally studying the eerist dheat, asymmetrical warfare capabilities and 
dangers and what could be done about He dd force the reseatch and theeat communities to do 
‘creditable job of studying i and to publish tepots detailing it. Unforunately, the tenor ofthe 
political community outside SeeDef Coben's contol was basically "bosiness as wsal, not 9 
‘worey.” September 11, 2001 changed all ht forever. Once again we had waited unl the 
Fallesaake stuck and actualy ft ws, before te ation rose Up and paid altenton 
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their superweapons were not too often repeated, and if they even vaguely 
ssembled other things known in the world, the U.S. scientific community and 
government investigators would resist all suggestions of Russian superweapons 
‘and super technology using new principles of nature. And so would our 
intelligence community, since they rely on the scientific community for t 
scientific assessments. They were well aware of our historical “ostrich” position 
(Figured4), 


by 


We're running out of energy! We have to keep polltng the 
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‘The KGB deception just depended upon the U.S. tiger to keep its stripes and 

exhibit its normal reactions or lack thereo. They also utilized (i) a series of 
strategic deception plans, deliberately designed to perform the tests suggestive 
of discredited phenomena such as UFO reporting and "lights at night" types of 
things, and (ii) a continuing series of subtle and anomalous stimuli (probes) 

designed toratherslowly attract the attention of U.S. Governmentat high levels, 

and of state-of-the-art U.S. government scientific contractors as well. The trick 
‘was not to attract U.S. attention too suddenly or too strongly. Show them the 
slow boa constrictor, not the lightning-fast rattler, and see how they reacted, ifat 
all. By their reactions, the KGB could assess whether or not the U.S. 
government, intelligence, and scientific communities understood what was 
happening. 


ely as anticipated by the KGB, we showed them for some decades that we 
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Fig. 6: Unloaded rectified voltage for various input power 


To compare the results of the two considered tones, the target is fixed to a value of IV. 
In a single tone mode, the required Ps to rectify 1V is close to -18 dBm at 915 MHz, and 
would be larger than -15 dBm at 2.44 GHz, In a dual-band mode the circuit only needs a 
power P,r of -20 dBm at each frequency. The dual-band rectification significantly improves 
the power sensitivity. The reverse breakdown voltage of the HSMS285 Schottky diode limits 
the input power to - 9 dBm, for which Veceis 4,56 V. 


III. ANTENNA DESIGN 


To meet the low-cost constraints, the RF energy harvester will be implemented on a 
single low cost substrate, an FR4 PCB. For the antenna, there are more efficient substrates 
with a higher permittivity to reduce the size of the antenna or a lower losses but their cost is, 
much higher than the improved performance. These powerfull substrates fail to build low cost 
energy harvesters. This section exposes the design of two dual-band antennas implemented on 
a 1.6 mm FR4 printed circuit board. The fabrication uses a mechanical etching process with a 
200m resolution. We have chosen two complementary antenna topologies with a directional 
and omnidirectional radiation pattern. 


A) Dual - band patch antenna 


Emitting and receiving antennas do not usually meet the same constraints. Mobile 
devices such as smartphones and tablets use compact antennas (ifa, pifa...) to address the 
trade off between performance and size. Base stations can afford large efficient radiating 
elements (omnidirectional or directional antennas depending on the application). For energy 
harvesting purpose, micro-strip patch antennas are commonly used [15-17]. A rectangular 
micro-strip patch antenna (RMPA) is first developed to suit with both low cost technology of 
implementation and co-integration with the rectifier. Based on the cavity-model 
approximation, the resonant frequencies of the RMPA for the TMma mode is described in (1). 
c 


Inn = 


W, L are the patch dimensions, ¢ = 3.10°m/s. 


a) 


really had little or no comprehension of the superweapons and their testing right 
over our heads. Even today, at least in the open community there is still little 
recognition, even of the violent weather war raging right over our own heads 
since July 4, 1976 and easily recognized." 


A case in point was the deliberate induction of diseases and health changes in 
USS. personnel in the U.S. Embassy in Moscow for over 40 years (Figure 11). 
On a continuing basis, this excellent intelligence probe showed (by the U.S.'s 
actions or lack thereof) that we knew nothing about energetics, 


Another KGB probe method was to kill a target once in a while, such as a 
jetliner or a submarine (deliberately rather seldom here, because the U.S. 
military would react ia certain frequency threshold were exceeded). Such kills 
resemble or can be posed as natural accidents or terrorist incidents. Quite a 
number of such incidents have occurred over the last three decades. The 
National Transportation Safety Board (NTSB) does not have higher group 
symmetry electrodynamics in its knowledge base or on its "checklists", nor does 
ithave scalar interferometry, psychoenergetics, bioenergetics, or quantum. 
potentials. In total, the results of deliberate stimuli of the U.S. continually 
assured the KGB chess masters (with 100% certainty) that we were a complete 
novice in the energetics game, and we were a lamb increasingly ready for the 
slaughter. 


‘The major contribution to the continued success ofthese deliberate measures by 
the KGB has been provided for decades in the "nonreaction of our own 
scientific community to slowly increasing threats." To a lesser extent, our own 
intelligence community has also not focused sufficiently open-minded and 
highly qualified scientists to comprehend what is occurring in “new principles of 
nature” phenomena. "In the box” electrical engineers with Bachelor of S 
degrees often are the analysts who analyze and asse 
phenomena. Good luck! 


Ordinary radar engineers may analyze an ordinary radar rather well. They will 
never, never become aware of a radar beam carrying infolded spacetime 
curvature engines. Such is not even in their lexicon or in their belief structure. 
‘They have no understanding or experience at all with longitudinal or time- 
polarized EM waves—most have never even heard of time-polarized EM 
Mention curvatures of spacetime and their dynamics as deliberate 
impressed inside EM fields and potentials and waves, and one gets 
glaze right over the eyes of the intelligence analyst recipient. 


‘Western science conceives the mind as a meat computer, and does not 
understand that mind operations are totally electromagnetic and causal, but 
nonphysical—meaning in the time domain rather than in 3-space. Mind 


~The weather war over our heals has been particularly violent, and violently resisted, this year 


(2002). 
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operations primarily use time-polarized EM waves rather than the transductions 
into transverse EM waves that the scientists actually measure. Hence Western 
science has not the foggiest notion as to what Russian psychoenergetics is all 
about, or how it can even “be.” Certainly Western science has had no notion of 
deliberately creating time-polarized EM waves for direct engineering within the 
‘mind itself and within the mind's time-EM operations 


As Arthur C. Clarke puts it in his "third law," "Any sufficiently advanced 
technology is indistinguishable from magic." 


Our long fascination with our "normal" (optics, IR, UV, radar, COMINT, 
satellite photography, etc.) technological intelligence collection systems will 
tainly not lead to any great breakthrough understanding of Russian energ 
‘weaponry. That could only have come through HUMINT or COMINT. 
HUMINT is an area which, in the past, we have mostly just neglected or given 
lip service to for decades—and that came back to bite us severely on September 
11,2001. Even when we use HUMINT, it will not yield energetics results if the 
‘managers and directors themselves (and the agent handlers in the field) have no 
ind do not even know the proper questions to ask. And the 
system will not deliver results if the Intelligence Collection Requirements do not 
address the proper issues because ordinary electrical engineers and conventional 
electrical physicists having no inkling of psychoenergetics, or how it works, 
drew them up. 


COMINT, on the other hand, suffers from its own extraordinary prolific 
output ~as well as by only conventional analysts and conventional scientists 
examming it, Warehouses of COMINT information ofien have noteven been 
read in any way except a casual glance by ajunior analyst, and certainly have 
not had serious foundations scientists examine it in detail. ELINT does a little 
better insofar as a human analyst looking at it, but then what is a conventional 
electrical engineer or radar engineer to make of a giant hemispherical globe that 
slowly forms and expands from a tiny "seed bubble” of intense glowing light 
(Figure 35), as it did off the Kurils in April 1984? What will he 
label it? "Light phenomena?" Where are the technical descriptors of the actual 
process forming the phenomenon’? Where are the implications as to the strategic 
military use of such phenomena? The reader can see the point. For decades our 
analysts ignored prolific reports of such incidents by the hundreds. Why, 
everybody knew itwasglowingswampgas! 
One cannot even write a proper “intelligence collection requirement” ifone does 
not understand the basic phenomenology. Soessentially no one in U.S 
intelligence was writing the proper intelligence collection requirements. 


TheScience Behind the Soviet Energetics Weapons 


‘The science behind these weapons is called energetics. (See again Figure 8) 
Energetics consists of three branches, depending upon the nature of what is 


being targeted. The branch targeted against nonliving matter is just called the 
same name: Energetics. Targeted against living cells and biological material, the 
nervous system, etc., that branch of energetics is called bioenergetics, Against 
the mind and its functions (which are time-like and thus involve scalar photons 
and time-polarized EM waves ies is called psychoenergetics (89). S 
Figure 45. Psychoenergetics includes both the conscious” and unconscious 
mind® of the individual—and even Jung's collective unconscious mind” of the 
human species {90}, and in fact even the collective unconscious mind in 
‘es on earth, which corresponds to Lovelock’s Gaia concept. 
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gue 45. Mind lvls ae sbjecto engineering by higher group symmetry elecbomagretc 
(psyhooregeie) weapons 


‘We remind the reader that we are talking physics, not metaphysics and not 
mysticism, Strong Soviet physics developments over a sustained period have 
occurred in all three energetics areas, and these areas continue to be developed 
al present. 


‘Once a nation enters into LW EM development, it has just entered into unified 


The conscious mind isa very fast serial processor, processing one snapshot a time. 
The unconscious mind is a massively parallel processor, doing a great many th 
simultaneously. Its totally conscious, bt multiply so. Since the serial processor conscious mind 
can only "see a single slide projector in the vewgraph atone time", when it “looks atthe 
‘unconscious mind” it sees a large numberof slides simultaneously, hence just sees black” oF 
‘nothingness" (no single thing). 

* Jung himself labeled ita mind (and hence a living entity). His modern followers shudder at 
such a concept, and very much downplay the “mind” and “entity” aspect, preferring that it just g0 


ied theory development also. Particularly with longitudinal EM waves, one is 
directly engi mneral relativity itself, and spacetime itself, as well as the 
dynamics of spacetime curvatures and sets of such curvatures. But itis an even 
‘greater unified field theory than Western physicists suspect. Not only does it 
Unite the four forces of physics, but it also unites mind and matter and their 
dynamics as well. 


We shall also refer to time-polarized EM waves as time-density waves. The 
reason is that a time-polarized EM wave is one where the EM energy is on the 
time-axis and oscillating along it, like the squeezing of an accordion. In short, it 
is a longitudinal EM wave on the 4th Minkowski axis ict, where the only 
variable is t. Hence itis a wave of the variation of time-density along that axis, 


Al three branches of KGB energetics use longitudinal EM waves, longitudinal 
EM wave interferometry, and Whittaker-structuring of fields and waves to 
provide organized curvatures of spacetime known as spacetime engines or 
vacuum engines. They also use time-polarized EM waves, as mentioned above. 
Any or all can also employ the quantum potential as well as negative energy 
EMP aspects. For now, the reader should just recognize that each infolded 
longitudinal EM wavepair comprising the scalar potential, includes both a time- 
de ave along the time axis and a longitudinal EM wave in 3-space (91) 
So ordinary electrostatic scalar potential fi—ondinary voltage—is made of a 
harmonic structure of coupled time-polarized and longitudinal EM wavepairs. 


Oscillations of time density os 


te the local rate of flow of time. In turn, since 
time has the energy density of mass, its spatial energy equivalence Wis given by 
W=c't. Any change in a time density wave is a very powerful oscillation of 
local spacetime curvature. So time-density waves constitute a very powerful 
form of infolded general relativity, inside potentials and hence inside all EM 
waves and fields. The KGB weapon scientists call that inner general relativity 
(time density waves) the information content ofthe field. Unfortunately our 
follows confuse that term with common “spectral analysis" which it very 

def initely is not. But as part of the deception plan, the Russians are quite happy 
to help them think itis exactly that, and in fact the Russians go to some pains to 
continue to help our fellows think that. 


KGB energetics involves the use of a highly structured general relativity 
infolded inside electrodynamics—inside EM potentials, fields, and waves 
regardless oftype. In addition, that very special GR is using the very strong EM 
force along the time axis as the main agent of curvature. By deliberately 
structuring these time-polarized EM waves and their dynamics, extremely 
powerful spacetimecurvatureenginescanbeemployed,cithercreatedlocally or 
ata real distance, oralso globally in an entire selected distant region. 


Once these spacetime curvature engines structure the distant targeted spacetime 
region, Then in that interference zone the engines therein actupon any mass 
present. In theory, any physical effect known can be engineered, according to 


general relativity, once one can create and utilize the proper set of spacetime 
curvatures (the proper set of spacetime curvatures and their dynamics). In GR, 
curvature of spacetime acts directly upon any mass present, and vice versa. With 
such technology one can therefore engineer mass to any level and at any 
distance (and eventually in any quantity) at will, using energetics methodology. 
The engineered mass may be either living or inert (92). follows that 
bioenergetics and psychoenergetics effects can also be engineered at a distance 
in similar manner. All it requires is the proper engines for the effects desired in 
the targets desired. 


By using time-density waves and their dynamics, mind itself can be engineered 
and controlled ata distance as in the cases of Captains Button (Figures 22 and 
23) and Svoboda (Figure 24). 


The Importance of Scalar Photons and Time-Density Waves 


Now we digress momentarily. Again, there are four major photon polarizations 
in quantum field theory {93}. The first two are transverse photons, polarized in 
the x- and y-direction respectively (transversely to the line of propagation, which 
is customarily taken along the <- axis). Ordinary transverse EM waves are 
comprised of such photons or blends thereof. Though ignored, EM waves prior 
to interaction with mass do transport EM time-energy as well as EM spatial 
energy, though in electrodynamics that time-energy transport has been ignored, 
thus confusing the effect with the cause. 


‘The third polarization is a longitudinal photon, vibrating along the z- direction 
(the direction of propagation). Obviously longitudinal EM waves are comprised 
of such longitudinal EM photons. 


‘The fourth polarization is a scalar photon, since it oscillates only along the time 
axis (the word "scalar" refers to the fact that it has no vector field component in 
3-space). In American physics the latter photon is largely ignored since time is 
not an observable in quantum mechanics. However, such scalar photons do 
comprise time-density waves and EM time-energy currents, and they are 
involved in powerfully curving spacetime via oscillating the time domain. 
Hence by their oscillations they produce spacetime curvature oscillations, which 
in turn project small components into 3-space. Sufficient such coherent 
projection components are in fact longitudinal waves in 3-sp: 


‘The combination of the scalar and longitudinal photons is observable as the 
instantaneous scalar potential, and when Whittaker’s 1903 decomposition of the 
scalar potential is slightly corrected, then the scalar potential is comprised of 
coupled pairs of waves, where each pair consists of a time-polarized EM wave 
coupled to a longitudinal EM wave. The combination of the scalar and 
longitudinal EM waves in the presence of charge is observable as the 
‘macroscopic scalar potential. Negative charge absorbs the time-polarized photon 
from the time domain and re-emits a longitudinal photon in 3-space, while the 


positive charge absorbs a longitudinal photon from 3-space and re-emits a time~ 
polarized photon in the time domain 


Psychoenergetics: Engineering the Mind-Matter Interaction 
by Engineering Mind 
‘We shall be interested in what actually constitutes a living biological system in 
ergetics view (Figure 46). Mind operations are time-like rather than 
existing in 3-space, and for that reason mind and its operations are not 
observable. Observation is a d/dt operator acting on an LLLT ongoing 
interaction, which removes the T and leaves a frozen LLL snapshot, via 
Wat(LLLT) => LLL. Imposition of observation itselfbreaks, any and all 
connection with time-like operations, including mind and its operations 
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locity", and in general relativity’s 4-space velocity is, 

rotation (Figure47). Any mind-operation or change is dynamicsand produces 
small velocity, which is a small rotation. This projects a very small component 
into 3-space, in the physical body, but still in the virtual state. We are speaking 
of physics rather than metaphysics! Sufficient coherent mind operations 
(changes) have just such small (virtual) rotation components in 3-space that will 

project coherent little projection components (virtual) into 3-space. Coherently 
sustaining these components (intent) results in their coherent integration to 
breach the quantum threshold and become detectable (produce an observable 3- 
space result). That is how an “intent” change sustained in the mind becomes an 
actualphysical energy input to the body and nervous system. 
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We again stress that the scalar potential is comprised of coupled time-density 
and longitudinal EM wavepairs. Mental operations also are time-density wave 
changes, hence they are changes to the interior of potentials, including the 
ambient potential of the vacuum itself. Potentials superpose, and their coherent 
internal structures add (integrate) coherently. Hence, mind changes can 
‘coherently integrate to produce minute but real, observable, physical input 
changes to the body system. Mind permeates the body via the interlinked and 
superposed potentials ofthe body. The living bio-organism's mind and its 
operations can be modeled as an organized operating wave dynamics inside a 
salar potential and superposed potentials of the body of that organism. Since 
elds are made from the more fundamental potentials, these operations also 
function inside the fields of the body. ‘The organized time-density dynamics 
constitute both the conscious mind and its operations and the unconscious mind 
and its operations. More subtle depths of the time-density dynamics also 
constitute the human collective unconscious mind functions and operations. 
Again, we are speaking physics, not mysticism, 


See Figure 48. The "component projection” (coherent integration) process from 
time-like mind operations into 3-space in the body potentials introduces into the 
living body the physical commands correlated to the mental intent of that entity. 
This is the solution {94} to the long unresolved philosophical problem ofintent, 
and addresses the unresolved physics problem of just what constitutes the 
“observer.” But the subsequent physical changes accomplished by the 
responding body as a servomechanism, also produce small rotations into the 
time domain (into the mind domain) but in the virtual state. However, a series of 
coherent physical changes produces coherent virtual state changes in the mind 
realm, which in tum coherently integrate into perceptual input. In this fashion, 


the mind senses the response of the body to its order, and any errors in that 
tion. The time delay gives also the sense of identity and 
creates the perception of 
belonging to self," etc. Interwoven perceptions of coherent rotation chan; 
from other 3-space phenomena that do not respond to mind intent, also create 
the perception of the "separate physical world.” That these phenomena do not 
respond directly to mental intent creates the perception of the "s of 
this “external” physical world, while the interweaving creates the perception of 
existing simultaneously" with or in the external world. 
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Without further elaboration, we again stress that the conscious mind is a serial 

processor, whereastheunconsciousisamassively parallelprocessor. 
Westerners are prone to equate self to consciousness or conscious mind 
operation alone. That is not the case. Consciousness is just one attribute of the 
self (of the total feedback loop having delay between feedforward and 
feedback) 


‘The totality is the mind-body coupling mechanism (Figure 48) enabling a living 
biologicalsystem(Figured6), 


By using time-density waves formed of scalar photons, the mind realm also can 
be directly engineered by the same energetics technology. Hence, forthe 

Russian energetics weapon scientists there followed the development of 

psychoenergetics as an entire class of breakthrough electromagnetic weaponry. 
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This resulted in the development of not only a unified physics of matter and 
space, sd physics of mind and matter reaction. Any true unified 
field theory must integrate the observer and the unobserved as well as the 
various categories of the observed. It is now possible to directly model and 
engineer both physical and mental reality and their interaction. Russian 

etics has been developed to do precisely this (95). 


psychoene! 


Quantum Potential Weapons Are Utilized in All Three 


Energetics Branches 
In addition to scalar interferometers, there is another category of energetics 
weapons used in all three branches. That category involves the use of quantum 
‘potential weapons, alter David Bohm's quantum potential in his hidden variable 
interpretation of quantum mechanics {96}, published in Physical Review in 
1952, We openly published one mechanism for creating a quantum potential 
{97); there are others. 


Presently these quantum potential weapons are the most powerful and most 
flexible weapons on earth. Nothing else can stand against them. Any nation not 
s is already a second-rate power, regardless of how many 
. bombers, and submarines it possesses, or how many high- 
energy lasers and high power microwave weapons it possesses. 


‘The greatest problem the Soviets had was not in making the QP itself, but in (a) 
localizing its creation to the specific area or region desired, and (b) restricting its 
coupling to the type of equipment, entity, level, size, type of nuclei, etc. that was 
desired. We have not yet fully solved the problem of how they are able to do 
that, but have made a little progress upon it. 


The Importance of Longitudinal EM Waves 

‘The KGB energetics weapons use longitudinally polarized and time-polarized 
EM waves as their basis, rather than transversely polarized EM waves. There is 
a surge of renewed U.S. interest—and a revolution in electrodynamics—just 
underway in this country (and in the major weapons laboratories of other 
nations) vis a vis longitudinal EM wave solutions to the major equations of 
physics. E.g., one may check the Los Alamos National Laboratory Internet web 
for summary papers by Rodrigues and Lu (98). There are now formal EM 
‘wave solutions faster than light speed, slower than light speed, etc. {99}. The 
is also experimental support for superluminal tunneling of EM waves in 
waveguides (100). In addition, as is well known, the speed of the ordinary 
scalar potential is infinite in the Coulomb (transverse) gauge (101} 


Higher topological algebra is being used to embed the electrodynamics in most 
ofthe KGB energetics work. Maxwell's original theory {6} was some 20 
4quaternion and quaternion-like equations in 20 unknowns. Quaternion algebra 


has a higher topology than either vectors or tensors. Heaviside and others 
reduced the quaternion-like theory of Maxwell down to four equations in four 
unknowns—or to two coupled equations, depending upon how represented— 
and formed the much lower topology vector algebra in the process. TI 
serously demoted the topology of electrodynamics and placed undue limitations 
upon whai can be done with it. The subsequent mathematical promotion of 
electrodynamics to tensor algebra still did not recover much of the EM. 
functioning possible in quaternion algebra. An even vaster, far more powerful 
electrodynamics emerges in Clifford Algebra electrodynamics, which may be 
the coming modern trend. 


However, even with Clifford Algebra, there remain fundamental foundations 
difficulties—such as bluntly confusing energy transport with energy dissipation, 
by arbitrarily integrating the Poynting vector around a closed surface so as to 
select only the divergent portion of the Poynting energy flow. That produces the 
energy dissipation flow associated with the circuit, not the overall energy flow 
associated with it. The overall energy flow is some 10"? times greater in a 
nominal case, as (i) discovered by Heaviside in the 1880s, (ii) never even 
considered by Poynting, and (iii) deliberately discarded by Lorentz with a little 
integration trick (102) still used by classical electrodynamicists and electrical 
engineers. Electrical engineering departments, professors, and texts do not know 
and do not teach that all EM power sources—such as generators and batteries— 
‘actually pour out of their terminals a far greater energy flow than the meager 
shaft energy input to the generator or the chemical energy dissipated in the 
battery. Lorentz arbitrarily discarded the huge Heaviside nondiverged output 
energy flow component a century ago, with the observation that it 
physical significance” {103,104} 


thas no 


Part of the emerging electrodynamics revolution is intuitively obvious. Higher 
topology algebra used in one’s electrodynamics mode! means that lots more 
things can be done—in circuits, equipment, and components. As an example, 
suppose one can only draw geometrical figures on a flat, uncurved plane. Then 
compare the figures there to what can be drawn when a third dimension is added 
so that the plane can be curved, twisted, folded, stretched, compressed, etc. in 3- 
dimensional space. That is similar to the dramatic differences between 
ectrodynamics in a higher topology algebra and electrodynamics in the far 
‘more limited tensor and vector algebras. 


Further, if someone's circuits are working in a higher topology, a lower topology 
aabsis will not even see their true functioning. This turns out to be true for 
‘Tesla’swork, where so many pundits have used vector or tensor algebra in the 
belief that they therefore knew what Tesla was doing. They did not, nor did they 
‘even use the proper tools to see what he did. For the proof, see Barrett's 
examination of Tesla’s actual patented circuits, using quaternions {105} 


riy pe Lance 
s 


The antenna dimensions, 68 cm? (8.8 x 7.8 cm), described Fig.7a are dependent to the 
frequency bands and the feed location is selected to only excite the fundamental modes TMo1 
and TMi. Those modes permit to obtain a large aspect ratio (W/L = 2,7) but reduce the 
performance of the RMPA. On the other hand, TMo, and TM3y modes require an aspect ratio 
close to one but offer beneficial radiation patterns for our application. The RMPA is fed by a 
probe whose position (x,y) adjusts the matching both at 915 MHz and 2.44 GHz. This two 
operating bands of the proposed antenna are on cross polarization planes. The geometric 
parameters of RMPA have been optimized with an approximate model, the TL model [18], 
and with a full wave method. Details of the two approaches have been studied in [19]. The 
retum loss of the RMPA is better at 915 MHz than 2.44 GHz because the maximum 
impedance of TM30 mode is 31 @ [19]. The TM30 mode does not achieve 50 Q because it is 
not a fundamental mode. This antenna has a maximum gain of 1.3 dB at 915 MHz (Fig.7b) 
and 2.5 dB at 2.44 GHz (Fig.7c). This two operating bands of the proposed antenna are on 
cross polarization planes. 

The realized gains of the dual band patch antenna are lower than the classical patch 
antenna because the radiating efficiency is low, 60% for the TMy: mode and 30% for the 
TM mode. The FR4 substrate has a loss tangent of 0.02. The radiation efficiency of the dual 
band patch antenna is highly dependent of the substrate losses. 


(a) (b) (o 
Fig. 7. Layout of the RMPA antenna (a) - Radiation pattern at 915MHz (b) and 2.44 GHz (c) 
Solid and dashed lines correspond to E-plane and H-plane respectively 
B) — Multi-band arm dipole antenna 


The second antenna 


s a multi-band dipole type composed of three arms. Its dimension 
is about 23 cm* (11.1x2.1 cm), Fig.8a. Each arm is designed to work at one band of 
frequency. The longer one is for the 915 MHz, the middle one, not useful in our case, is for 
the 1.4 GHz and the last one, the smaller, is dedicated to 2.4 GHz [20]. 

All the geometric parameters have been optimized with a full-wave method in order to 
be matched both at 915/ 2440MHz. On Fig.6b and 6c, the radiation pattern is plotted for the 
elevation plane (orthogonal to substrate) of the simulated antenna. The maximum gain is 
0.5 dB at 915 MHz and 3.4 dB at 2.44 GHz at 90°, on the substrate plane. The radiation 
efficiency is 99% at 915 MHz and 95% at 2.44 GHz. 


Energy, Wave Energy, and Wave Speed are All Dramatically 
Altered 
The 


‘gy of a pure longitudinal EM wave (LW) is infinite (unlimited). In 
practice, only an imperfect LW is produced experimentally, and therefore its 
‘energy is finite, but that energy may be extremely large, and the wave's 
propagation may be many times faster than the speed of light. This is much like 

juantum tunneling, which has been measured to be superluminal. Nimtz et al 
e.g., have transmitted Mozart's 40th symphony through a barrier in a waveguide 
‘at 47 times the speed of ight {100}. Other researchers have transmitted 
information at lesser velocities but still at greater than ¢, the speed of light in 
standard vacuum, 


Einstein assumed light speed in vacuum to be universally constant. That is 
correct for transverse photons and transverse EM waves, but not ne 

other polarizations. Instead, it can be a function of the energy dei 
vacuum (i.e., its stress energy density), which can be a matter of the gauge and 
the wave polarization. Further, ¢ as a constant applies to transverse polarized 
EM waves (which are "surface" waves of the medium, so to speak) and not to 
longitudinal or time-polarized EM waves (which are "subsurface" or "subspace" 
waves). In general, the speed of the EM wave can be a function of the energy 
density of the vacuum (ic., its stress time-energy density). And itis also a 
function of the type of EM wave being utilized. 


“Empty space" is filled and writhing with the continual transiting of higher order 
EM waves, the presence of standing high order EM waves, and energetically 
organized regions where the energy is in the LW mode and in the time-density 
‘mode. Indeed, space (more correctly, spacetime) itself is nothing but a plenum 
of such waves and their wave-to-wave interactions. 


‘The longitudinal and time-density effects in empty space are correlated with 
seasonal and periodic variations of time-charging and longitudinal EM wave 
emissions from planets, stars, etc. As a result, the characteristics of empty space 
itself periodically vary, and these can be detected as variations in the speed of 
light through the affected space. 


‘The interplanetary radar measurements, e.g., do indeed show several periodic 
variations of the speed of light in interplanetary space, on a weekly and 
essentially monthly basis. In this data the proclaimed constant speed of light is 
upheld only by averaging the measurements over a month-long period, as shown 
by Wallace {106}. Actually, the scientists are dealing with variations of the 
periodically varying local time-density of spacetime, but have not taken that into 
account. 


‘There are also specialized "galloping wave" zones, created by variations in the 
interferometry of the interpassing and interfering longitudinal EM waves in 
space. Such galloping waves from wave interferometry are already known in the 
literature {107} from 0.1 to 100 times the speed of light, but they do this on a 
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"surge forward and lag backward" mode about an average speed ofc in the 
laboratory here on earth. In space away from planetary masses, that valu 
varies from its textbook value also, 


All that has really been shown is that interplanetary space is not quite uniform 
after all, contrary to present scientific assumptions. 


One would think that this fundamental foundations anomaly shown by the 
interplanetary radar measurements would excite the entire scientific community 
and trigger a massive scientific investigation. Instead, scientists such as Wallace 
| analyses showing that the data directly prove the variation 
ofc in “ordinary” space, are just ignored and essentially “parked on the 
side-lines” until they eventuaily fade away 


A Process for Creating Longitudinal and Time-Density EM 
Waves 

Today we know that some plasmas very often can produce a longitudinal EM 
wave from a transverse EM wave, and can produce a transverse EM wave from 
aun input longitudinal EM wave. This was not known when the Priore team was 
performing its experimental work. However, it provides one method for 
producing and detecting longitudinal EM waves. 


The Priore team in France unwittingly made longitudinal EM waves by 
inputing transverse EM waves into Priore’s rotating plasma in a giant plasma 
tube (Figures 12 and 49). 


+ Acthe end ofthe project, 
Priore had developed a 
large unit to weat humans 

+A few were treated, 

* Cures replicated what had ben 
‘done in fab animals. 

+ The massive size ofthe unit and 
Jong treatment time (hours) 
smal the process bulky and 
very inconvenient — and 
expensive 

+ We proposed a way to do it 
‘with a Suitease-sized unit and a 
teeatment time oftwo minutes.* 

"See Porte Biting wor. cheniere.org 


Face 49 Pro large pls ube inctalaton in ie tres igh eaten acy or 
humans Ress cin in animal experanis wera dupleatedinhuran opermens. 


Quantum Potentials and Multiply Connected Spacetime 


1K appears that a sufficiently clean longitudinal EM wave can be utilized to 
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create a quantum potential, very similar to Bohm's notion, by iterative 
retroreflection between two phase conjugate reflectors. When sufficient iterative 
self-targeting occurs and persists, the Waves eventually "snap in” and fully 
converge to laser-like beams without any energy divergence (97). At that point, 
‘one has achieved an essentially “pure” LW, which has infinite velocity. For all 
practical purposes, there is then little or no difference between this wave and a 
quantum potential 


A pure longitudinal EM wave just “appears instant! 
it will be. Itis already an element of a quantum potential. In this sense, 
"quantum" potential is, is an ordinary scalar potential in which the comp. 
EM longitudinal phase conjugate wavepairs really are pure longitudinal EM 
waves. It would seem that this also moves the gauge to the Coulomb gauge, so 
far as the potential is concerned. It follows that, by establishing significant and 
clean longitudinal EM wave contact between any two points via iterative 
retroreflections, one establishes a quantum potential if sufficient harmonies are 
established in the contact. The implications for "phase conjugate shooting” to go 
‘one step farther are obvious. 


-verywhere in space that 
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By “scanning” an area with the appropriate LW transmitter array, with 
deliberately imperfect LWs so that contact reaction occurs, and then decreasing 
the imperfections in the scanning by iterative retroreflection, it appears that a 
quantum potential can be created and connected between the transmitters and a 
desired distant region. 


Essentially, in the case of pure longitudinal EM waves and quantum potentials, 
‘we must model the situation in terms of a multiply connected spacetime. The 
divergence-free waves are now pure longitudinal waves in one sense, and pure 
potential beams in another sense. In any case, the Coulomb gauge applies. As is 
well-known, the potential moves at infinite velocity in the Coulomb gauge. 


‘Thus a single station can be connected by such a QP to any number of distant 
stations—by first "knitting them together" into a common multiply connected 
spacetime by iterative mutual LW self-targeting beams. It matters not if one or 
more distant station(s) is/are then moved beyond the star Sirius; the moment an 
energy signal appears in the initiating station, itis already instantly in each 
distant coupled station anywhere in the entire universe. There is no separation 
distance involved. Here one no longer needs to propagate transverse EM wave 
‘energy painfully through space at the speed oflight. Instead, one is now dealing 
with multiply connected spacetime. One now has the instant appearance in each 
and every distant coupled target of the energy input into the single 

rransmitting” or “coupling” station. So the process is a startling and giant 
‘energy amplification method" as should be expected from something that has 
infinite energy in the first place! 


‘One vulnerability and disadvantage of a QP weapon is that, ifthe target is aware 
‘of one’s coupling and also has QP technology, he can now immediately send 
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back any energy form or “greetings” he wishes, from any one of his coupled 
targets. He can even do it inadvertently, without even knowing he has been 
coupled by a quantum potential. In other words, the QP provides a two-way 
street, if the target is aware of it and has the technology himself, and even ifhe is 
unaware ofit and does not have the technology. For that reason, actual use of 
the QP weapon in strategie strikes requires caution and special considerations. 
Usually it requires very rapid single use and then cessation of any further usage 


Need for Caution with QPs Used Against Biological 
Organisms 
Another QP weapon disadvantage is that rather extreme care must be rigidly 
exercised, particularly when linking living creatures. Forliving things, the QP is 
best utilized in the absolute minimum energy mode. E.g., an extremely weak OP 
already links every member ofthe human species. Suppose one increased that 
linkage intensity carelessly. Immediately the entire human race is in grave 
difficulty. Every death of a person feeds into every other living person. Every 
birth of a baby feeds into every living human. Even the fertilization of one 
human ova instantly feeds into all other ova. The integration of all those changes 
‘would totally disrupt—and instantly destroy—all human life on Earth, Since 
chimpanzees have very similar genetics to that of humans, all the chimps would 
probably die also. Other higher primates would also suffer or die, as would 
many other species, 


What might be useful, of course, would be to use a QP to kill every smallpox, 
HIV, Ebola, and other dread disease pathogen on Earth. Ifso, it would first have 
to be made extraordinarily specif could threaten all or most of the life 
on Earth, 


‘A very useful adjunct would be to use a QP device to nearly instantly scrub and 
decontaminate (disinfect) an anthrax-contaminated large city—such as New 
York or Washington, D.C.—by instantly killing all the anthrax spores in that 
locality. Or to clean all the antibiotic-resistant staph pathogens out of U.S. 
hospitals by just killing them all instantly and periodically. Or to rid the Earth of 
necrotizing fasciitis—flesh eating disease pathogens. 


Anextremely localized QP could be used to connect with all HIV viruses and 
DNA inside an AIDS patient's own DNA. One could then kill the HIV virus 
not yet integrated into the patient's cellular DNA. One could also time-revi 
the patient's own HIV-infected DNA back to normal, effectively “removing” the 
HIV DNA already dumped into the patient's own infected cells. In theory, 100% 
of the HIV infection could be removed from the patient's body, restoring him or 
her to a completely HIV-free condition. 


A Hypothetical Example 


FER DE LANCE 
“ 


Suppose one arbitrarily increased the even weaker QP that presently joins all 
living things on Earth, regardless of species. Instantly every living thing on 
Earth would die, and the Earth would be instantly converted to a sterile planet. 


Even though physically embodied life was gone, however, all the forms of those 
species would remain in spacetime activity, their vacuum engines—for both 
minds and bodies—forever embedded in the local potentials and fields of the 
material Earth. In other words, the Earth's potentials and the local spacetime 
potential would still be dimensioned and conditioned for the life forms that once 
‘moved upon it in physical form. The dimensioning and conditioning (engines) 
for every life form that ever lived on the Earth exists now at every point in the 
Earth and in the local spacetime. With proper application of energetics, in theory 
it is possible to recover any of these life forms desired, back into living form. 


When one understands that environmental aspect, one understands why the 
Miiller-Fox-Urey biogenesis experiments {108,109,110} (Figure 50) would still 
produce living organisms again. A physically dead planet or test flask is not 
necessarily a "completely dead” planet or flask, when one considers the 

presence of spacetime engines and dimensioned potentials. One recalls that 
these forms and engines contain not only physical forms, but also the mind- 
aspects and the mind/body coupling and dynamics aspects as well. 


In short, the entire biochemical notion of biogenesis from truly inert matter 
devoid of any form of life or pattern of life appears to be a false premise. Since 
potentials reach to the end of the universe, then any structured potential 
structures (dimensions) the universal vacuum potential everywhere in the 

{111}. The Miller-Fox-Urey experiments were not performed in a truly 
environment after all, when the new energe' jered {112} 
One realizes that the entire universe is alive: the mere presence of a single living 
microbe or other form anywhere establishes an entire living noosphere. The 
Russian researchers—such as Kaznacheyev { 113)— into EM induction of 
disease in targeted cells at a distance also realized that biology included a 
noosphere, and it could be engineered. 
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gue 50 Typical Miler-Fx-Uey biogenesis expaimental apparatus, 


Herman Kahn, then director of the Hudson Institute (a leading think tank), once 
remarked that it did not concern him that there existed mechanisms that would 
destroy all physical life on earth. Instead, he stated, it concemed him that he 
know almost 200 such mechanisms. The quantum potential weaponry is yet 
another doomsday weapon with a thousand lethal mechanisms to add to Kahn's 
list, were he still with us. 


The QP Weapon Is a Superb Energy Amplifier "For Free” 
In a multiply connected spacetime established between multiple separated (to 
the observer) stations, one can instantly input one megawatt of power into every 
distant stution by inputting it into a single station. Suppose that coupling station 
is coupled via QP to one million distant stations (scattered anywhere in the 
universe). Then in each distant coupled station there now instantly appears one 
megawatt of power, even though we have input only a single megawatt in our 

"transmitter" coupled station. This is a superb one-on-many weapon system and 
energy amplifier—perhaps the ultimate weapon system.” 


ASananalogy for understanding, one can look at it this way. Put a dot (point) on 
a piece of paper. Mathematics tells us that an indefinite number of other points 
‘can be “superposed” directly on that original point. Now input some 

into the original point. It instantly appears in each and every other superposed 
point, That is precisely the way a quantum potential linkage between stations 


However, we should not be loo surprised at such “astonishing” effets, once we appreciate that 
with theguantem potential and pure longitudinal waves one is playing with infinite energy 
anyway. 


‘works, except that in normal singly-connected 3-space the points are observed 
by a normal observer to be widely separated. Aristotelian logic—which is an 
“either/or” logic—does not apply. Instead, a higher topology logic applies.” 


‘The QP weapon can be used with microwatt input to induce low-level disease 
states or pre-disease states (shadow disease states) (Figure 51) in entire 
populations. Tests done in this fashion will violate the "vector carrier” aspect of 
infectious disease transmission. Instead, the tests will cause a few widely spaced 
nearly simultaneously cases of the disease being tested. Several such tests (€.g., 
with necrotizing fascitis) have already been conducted in the populace of the 
United States. 
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Or a QP weapon can be used with megawatt or gigawatt input to blast multiple 
distant targets simultaneously. One may destroy, e.., every single transmitter of 
a given type. Or one may instantly kill all ships and weapons and paraphernalia 
in a large naval task force steaming toward its target. Or if one wishes to take 
the ships and equipment, the weapon can just kill all the humans instantly in that 
task force. ICBM sites, e.g., are vulnerabie and obsolete since 1990 to any 
nation possessing QP weapons. So are underwater nuclear submarines and long- 
range strategic bombers. The entire strategic and tactical armada we have built 
up so painfully over the decades is obsoleted—also meaning countered—by any 
‘enemy possessing sufficiently advanced energetics weapons, and particularly 
quantum potential weapons. 


We developed such a logic years ago, and have recently included lt in Energyftom the Vacuum 
2002, ii 
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Other Novel Uses of QP Weapons 

Ifan enemy has such QP weapons and you do not, you are easily and directly 
destroyed at will, once certain other deterrents are overcome. One of these 
previous deterrents that had to be overcome was the stability of nuclear weapons 
in our nuclear arsenal. To remove this stability and render them easily destroyed, 
the holder of a scalar interferometry capability could induce sudden massive 
joning and fusioning of many of the targeted onsite weapons ifthe scalar 
potential interferometers were used massively. However, the resulting 
tremendous nuclear explosions—many "in the dirt and dirty"—would also 
‘unacceptably damage the attacker. Further, major antagonists usually 
clandestinely introduced hidden nuclear weapons into the cities and target areas 
of their opponents, which practice was known as "dead man fuzing." The notion 
was that, even if one side suddenly destroyed the other, that destroyed side could 
still detonate its secret nuclear weapons hidden in the attacker's homeland 
territory, destroying him as well. In essence, the killed side (the “dead man") 
had set off the fuzing of his pre-planted weapons, to destroy the attacker even 
though the "dead man” was already dead. 


One strong reason that the Russians pursued the quantum potential weapon so 
strongly was precisely because it offered a mechanism to solve this "de: 
fuzing" problem, removing it as a viable deterrent. Obviously it would be quite 
advantageous to be able to dud or destroy these hostile weapons in one's very 
midst, even though one did not know their locations, and pull the fangs of the 
dead-manfuzing installed by one’s opponent. 


‘There appear to be ways of directly connecting a QP, eg., to every atomic 

nucleus ofa given type, ina given region (say, in aregion consisting of on the 
surface of the Earth, in the Earth to some depth, in nearby space, on the surface 
of the ocean, and beneath the ocean). Connection can be made, e.g, to every 
'U235 nucleus and to every weapons grade plutonium nucleus. Or with the 

technology developed, the users ought to be able to make such connection only 
between certain pre-selected localized amounts of U235 nuclei or plutonium 
nuclei 


Now suppose that such a QP is established between weapon-sized groups of 
U235 atoms. Then one hits one U235 nucleus in such a group in an activator 
station with neutron bullet. Voila! One simultaneously hits every other linked 

U235 atom (including the activator station—one just blew it to smithereens ifit 
contained very many U235 nuclei) in such weapon-sized groups. The raw U235 
in oresin nature is still okay if the ore contained only tiny traces of U235 nuclei. 
But all the “neutron-struck” fissionable nuclei in nuclear weapons worldwide— 
regardless ofownerorlocation—fission in he weaponsimmediately. That 
destroys all the nuclear weapons on Earth—including the clandestine nuclear 
‘weapons that various nations have spirited into other nations perceived to be 
theirenemies, asa ”checkmate” against sudden surprise attack. One does not 
eed to know where a weapon is at all. 


elf could create 


However, it gets all the weapons by exploding them, and that it 
a giant nuclear destruction and fallout problem that would probably do in most 
life on earth because a great many nuclear weapons will have exploded "in the 
dirt and dirty.” In short, itis an entirely unacceptable solution to the dead-man 
fuzing problem, 


Of course, no sane enemy would wish to use the QP in such fashion, because it 
is quite suicidal for him and essentially destroys civilization. But suppose the 
sane enemy is well aware ofthe exact nature of the new cold type nuclear 
reactions (we explained these in an initial rough paper given in August 1998 at 
an Energy conference in Utah). The energy initiating the eversed” 
nuclear reactions starts from "inside" the nucleons in the nucleus and moves 
outward (that is true of any “reversed” zone). 


ia. quantum potential joining U235 and Plutonium in warheads 

‘ Includes weapons airborne, underwater, in storage 

‘¢ Transmutations of the nuclides themselves 

‘¢ Part of the initial barrage launched by Aum/Yakuza/KGB. 

‘© Will occur in the first minutes (10) of the strategic strike, following 
psychoenergetically crew-disabling QP weapons 
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Figure 52 Simultaneous duding of nucear weapons worldwide, As dus nus ears 
‘nd rela proplson systems. 


Direct isomeric transmutation then becomes a preferred decay reaction to induce 
in the nuclear weapons one wishes to dud. By gradually inducing (slowly 
indling”) one of these transmutation reactions, one can just “transmute” the 
[U235 to—say—an isomer such as U238, with some readjustment and energy 
balancing in the ensuing rebalancing decay processes. In that way, one gets no 
nuclear explosions. One can even choose the transformation or several 
successive transformations so as fo minimize any resulting nuclear radiation, 
‘The attacker also destroys all the nuclear reactors, including those in civilian 
power plants, nuclear submarines, and elsewhere. But he gets just about all the 
nuclear weapons if he transforms both U235 and plutonium (Figure 52). In 
about 10 minutes he will dud them all, without any nuclear explosions, but he 
‘would probably allow about one hour “just for good measure and nearly 100% 
certainty.” 


This offered the Soviets the ideal solution to the worrisome hostile nuclear 
arsenals of the world, since they also had additional nonnuclear strategic 
‘weapons of a different kind and of great power. 


Apparently that very kind of QP weapon became operational, on site in Russia, 
circa 1989 under KGB control. For the first time, it provided the KGB with a 
‘guaranteed solution to the nuclear dead-man fuzing problem that had until then 
prevented its massive use of the scalar potential interferometers (such as in 
1985-1986as originally envisioned by Brezhnev). 


By almost simultaneously leasing the earlier scalar interferometer weapons to 
the Yakuza and Aum Shinrikyo at the end of 1989, the KGB obtained an influx 
of vast new funds {114}. It thus concentrated even more intensely on the more 
advanced energetics weapons such as QP weapons and psychoenergetics 
‘weapons (115). 


So with a QP weapon one can attack multitudes of targets, using a single 
coupler" or “transmitter,” all without "propagating the EM energy through 3- 
space." Further, with the technology developed, only the number of outrigger 
stations coupled limits the energy amplification achievable. One can alter matter 
at any level, from the quarks in the protons and neutrons in the nucleus, to the 
lattice bonds, to the molecular bonds, etc. Or one can structure the emerging 
energy (that emerges directly out of the local spacetime itself), so that structured 
local spacetime curvatures (engines) appear in the target zone(s). These ST 
engines can be generated so as to perform macroscopic functions against real 
systems—e.g., jamming electronics, as against the U.S. air attack on Libya in 
April 1986 (Figure 25), or as was done by a longitudinal EM wave 
interferometer in the attack and kill of the U.S.S. Thresher (Figure 6) in April 
1963 (116) 


The U.S. Narrowly Escaped Destruction Twice in 1997 Alone 
‘On two occasions in 1997 the United States would have been utterly destroyed 
by the die-hard faction of the KGB, except for direct countering by a friendly 
litle foreign nation. The present author and three colleagues played a very 
minor role by alerting that nation to the impending attacks. ‘There was certainly 
no reason to contact officials of our own country; the U.S. was and is powerless 
although hopefully that is changing! It made much better 
er. 


to prevent such attacl 
sense contact the only nation that could possibly avert our impending disas 
Of course we later also informed proper U.S. government officials of our 


actions 


‘The first strategic attack was scheduled for between early to mid-February, and 
involved (1) dudding all nuclear weapons, (2) striking the QP weapons in the 
litte nation simultaneously, as well as extant scalar interferometer weapon sites 
in other foreign nations, and (3) then leisurely blasting cities, facilities, and 
installations with iterative and continued scalar interferometer strikes. This third 
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(a) (b) (c) 
Fig. 8. Layout of the multi-band arms dipole antenna (a) - Radiation pattern at 915 MHz (b) 
and 2.44 GHz (c). Solid and dashed lines correspond to E-plane and H-plane respectively 


It is interesting to compare the characteristics and performances of the two types of 
antennas. Although the radiation efficiency of the dipole antenna is better than the patch 
antenna, the antenna gains are similar because the high directivity of the RMPA antenna 
compensates the low values of radiation efficiency. When there are no cost constraints, it is 
interesting to use high performance substrates for the design of RMPA antennas because they 
improve the radiation efficiency and consequently antenna gain. 

Moreover, the integration of the antenna with the rectifier will not be made in the same 
way. Considering the patch antenna, the rectifier can be integrated on the ground plane 
allowing a more compact solution. The dipole antenna, which is ground plane free, is less 
sensitive to the surrounding environment in our case. The performance of the dipole antenna 
and especially the radiation efficiency are very weakly dependent of the substrate 
characteristics. The design of a dipole antenna can be easily reuse with other material such as 
Kapton®, paper, Plexiglas to name a few. 


IV. WIRELESS POWER TRANSMISSION 


This part presents the measurement results of the assembled RF harvesters in the 
context of Wireless Power transfer. The two dual-band harvesters are realized with COTS 
devices such as HSMS diodes and capacitors. Those elements are reported by heat-treating. 
‘The RF to DC converter board, including the matching network and the rectifier, is reported 
on the backside and connected to the radiation part, on the front side, through a via (Fig.9a). 
The dipole antenna is connected to the rectifier circuit using SMA connector (Fig.9b). 


Fr 
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Fig. 9. Dual-band RF harvesters based on patch antenna (a) ~ arms dipole antenna (b) 


phase would include work assigned to the Yakuza/Aum Shinrikyo teams. That is 
how the Yakuza (and Aum Shinrikyo) expected to revenge themselves for the 
Western defeat of Japan in WWII, and for the West's dropping the atomic bomb 
on Nagasaki and Hiroshima, To be able to "get in on the kill” is why the Aum 
Shinrikyo and Yakuza leased the scalar (longitudinal EM wave) interferometers 
from the Russians in the first place {117} 


‘These, along with negative energy EMP weapons, are the kind of energetics 
‘weaponry that now determines our fate, and against which the U.S. presently has 
still inadequate defenses. Our own scientific community does not believe such 
‘weapons even exist—apparently due to the “not-invented-here” syndrome. Most 
ofthe U.S. scientific community is thus relatively useless and outdated as far as 
contributing to the strategic survival of the United States is concerned, 


Purpose of the Novel Attack on Captain Button 

Hopefully, some scientists are aware of the strange incident that involved the 
mental seizure of Captain Button in his A-10 (Figure 22) and controlling him for 
well over an hour (Figure 23), including controlling his perceptions, intent, and 
actions while performing complex technical tasks. That was the test of a KGB 
psychoenergetics weapon, developing and to be deployed by the KGB. That was 
the "acceptance test”, so to speak—deliberately conducted over the United 
States—for the KGB's system that would be produced in numbers sufficient to 
counter the QP weaponry, if the QPs ofthe little friendly nation were to be 
placed in the insane command and control mode. This was yet another Sov 
counter, planned for the near future against the counter by which the little nation 
did force abortion of the KGB second attack (scheduled for May 1) in 1997. 


‘The purpose of the attack on Captain Button can be understood as follows: The 
later second scheduled strategic attack on the U.S.—scheduled for May 1, 
1997—was forcibly aborted aftr the friendly defending nation switched to an 
insane command and control mode. The insane C3 mode counters the 
MindSnapper type attack that instantly kills all on-site operators and renders the 
sites t00 "hot" for new personnel to come in from outside and control it. In 
short, the U.S. could have been destroyed in that scheduled May 1 attack, but 
with the change ofthe friendly QP weapons to insane C3, Russia would also 
have perished in the immediate quantum potential counterblow from the litle 
nation” that would have been automatically delivered by the site weapons 
themselves. The May 1 attack had been predicated upon the fact that a 
preliminary MindSnapper (negative energy EMP) attack on the friendly QP 


"There are also v 
requiring a counte 


jons. As an example, the insane C3 can alsa inchude a separate channel 
1g “punch in" code every 15 minutes (asin a heightened alert status) or the 
control system will order the launch initiation (this accepts that all on ste personnel have now 
been suddenly killed). So the insane contol system is also flexible, and many va 
considerations are poss 
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‘weapon sites would have instantly killed all persons on site," and neutralized 
the site for some months because of the resulting longitudinal EM radiation 
However, the shift of the C3 of the QP weapons to insane mode rendered such a 
pre-emptive MindSnapper attack totally ineffective because Russia would still 
have been destroyed. 


Hence another countering means was required, and in fact that additional system 
‘was already in development. It was a very sophisticated array of 
psychoenergetic weapons, each with a special, highly trained team of operators 
capable of fully controlling one targeted individual while he was directed and 
controlled to go about performing desired technical tasks. We estimate that it 
required one psychoenergetic weapon (very complex, multiple transmitters) and 
‘an operator team of perhaps 20 to 30 skilled operators (one for each major 
‘human function to be controlled) to adequately control the mind and actions of 
son performing quite technical tasks. Hence several hundred such 
were required (0 take over all persons on the targeted QP 
weapons sites in the friendly nation, have the controlled crews deactivate the QP 
‘weapons including using the security code and procedures to standdown for 
‘maintenance, etc. 


Once the QP weapons were totally on standdown, then the MindSnapper would 
have struck suddenly and killed every living thing on site, neutralizing the site 
for several months due to subsequent strong longitudinal EM wave emissions 
from the struck site. No new crews could have entered the site and lived, so the 
sites could not be operated after MindSnapping, even though the QP weapons 
ere still intact butjust on standby. Of course, a third phase then would have 
involved strikes by scalar EM interferometers to leisurely and completely 
destroy the systems and sites, permanently taking out the physical system as 
well With the first two of that three-part series of strikes completed 
successfully, then the KGB weapon sites would have been absolutely free to 
blast North America and our European allies into smoking ruins, 
will, given the first 10 minutes of dudding all nucle: 
take care of that old type of “dead man fuzing"”. 


From the open reports of the Button incident, and from the kill of Captain 
‘Svoboda a few weeks later, the nature of the next strategic attack that would be 
scheduled was immediately apparent. Accordingly, we wamed the little nation 
about the shift to a new attack plan, and estimated the new schedule between 
mid ~ 1999 and the first of 2000. Of course, we also passed that information on to 


° We pot out tha it required a longer time ta develop the more powerful negative energy EMP 
‘weapons capable of ust destoying he sites, personnel and all The fs effective Weapons ofthat 
type could easily hill personnel brains, nervous systems, and hearts while stil doing litle damage 
tothe mach morerobust QPsystemsandonsiteequipment 

“ We strongly believe thee are shielding provisions at those sites, agaist scalar interfevometey 
‘tacks, which reduces thei effectiveness und delays their destructiveness. However, farthis 
analyst has not deciphered thove shielding methods or mechaniams. 
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‘our government as well, but apparently, no one believed it. The proper U.S. 
intelligence agencies, however, certainly intercepted my faxes to the little 
nation’s Military Attache in Washington D.C., and particularly my fax a few 
days before May 1, sent directly to the Prime Minister of that nation and urging 
the change to an insane command and control system for the QP weapons and 
the reason why 


It turned out that, some months after I alerted them to the coming 
psychoenergetics, MindSnapper, and scalar interferometry attack in that order, 
to be scheduled between mid-to-end of 1999, apparently the friendly nation 
suddenly struck and utterly destroyed the KGB facilities for the MindControUer 
negative energy EMP weapons being painfully built up in sufficient number. 
Probably scalar interferometry weapons were used to destroy them. The onsite 
psychoenergetic were destroyed and neutralized 


Anyway, as we passed mid-1999, the type of "Y2K" problem we were worrying 
about was whether or not the attack was on, headlined by a psychoenergetics 
‘weapon strike on the little nation first, with the three phases as previously 
scheduled back in 1997 


Later, in early 1999 I realized the Russian/KGB development of the causal 
system robots (Figure 10), mentioned in the introduction. In the latter part of the 
third quarter of the year, working at my computer at night, I was struck by one 
of these very beasts from within my computer (Figure 20), in very bizarre but 
unmistakable fashion (previously detailed). In 10 seconds I was nearly killed 
and severely disabled for a period of time (it took four days to recover 
completely). Because of the features deliberately utilized by the CSR on my 
computer screen so I would recognize it, I grasped the nature of the attack (the 
KGB wanted me to recognize it, and live to tell about it!), how it was done, how 
itjammed the brain and vision center and strongly fibrillated the heart, upset the 
equilibrium, etc. I also realized that, in 20 seconds or so additional exposure, 1 
would have been a very dead person, expiring with a very violent heart attack 
and severe brain embolisms. Note that the CSR deliberately struck directly from 
the computer screen through my retinas and onto the nervous system, passing 
through the vision center and flashing it tremendously, and jamming my mind, 
brain, and nervous system, 


When I recovered shakily about four days later, I notified the small nation, once 
again, as best I could, giving the exact symptoms of the attack and explaining 
‘what it was. By then I knew what was coming down, the form it would take, and 
the deceptive cover (Y2K uncorrected errors!) 


‘The little nation then quickly proceeded to search out—apparently inside the 
North American signals, potentials, fields, and waves “superhighways" for the 
CSRs—all the CSRs and destroy them in place. It turns out to be a fairly 

straightforward operation, once one possesses advanced longitudinal EM. wave 
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interferometry weapons and techniques. Locating a "very dense" and very 
dynamic set of LWs performing organized functions is analogous to a normal 
radar locating a large bomber in cloud cover. One "burst" from the LW "radar," 
and the targeted CSR is completely disrupted and electronically destroyed. 


So a very short (lasting a few days) and strange strategic battle was fought in 
infolded space or subspace, inside our electrical and electrical systems and 
lds, potentials, and waves in them. A mighty attacking armada of 
pethaps several million main battle systems was intercepted and destroyed 
throughout our homeland, without the slightest notice by our own government, 
scientific, and intelligence communities. And without a whimper of what is 
usually recognized as “combat actions 


Afierwards, a very simple and innocuous little message was received which, 
wding between the lines, simply meant "thank you very much.” In short, my 
hard-pressed colleagues and I got a small "Attaboy!" for our role in alerting the 
friendly nation. 


So Y2K and the Millennium Celebration came, while we waited to see ifthe 
's were gone or if they would erupt with damage all over the U.S. 
Fortunately, they were gone like popping balloons, and so the fourth scheduled 
strategic attack upon the U.S. in the space of three years—this time actually 


Taunched—was successfully destroyed. 


Whatever I can do to help the survival of my country I will continue to do 
without hesitation, regardless of whether the U.S. scientific, intelligence, and 
military communities are aware of the new threat or not, and regardless of 
whether they believe it or not. Presently our fate and that of the Western world 
ts on the shoulders of a small but advanced and friendly nation. That 
beginning to change, it seems, but still not swiftly enough to suit our needs. 


We simply must change all that, by developing QP weapons and defenses 
ourselves. It is not an option; as an example, China has now finished—as of 
cearlier 2002—and deployed QP weapons. Almost simultaneously, China also 
finished and deployed the more powerful negative energy EMP (MindSnapper- 
type but much more powerful) weapons and deployed them as well. So we have 


entered a very dangerous period when the strategic changes that are likely to 
occur will be both massive and traumatic. 


AS thisis being written in early October 2002, itis obvious that our nation is, 
also preparing to strike Iraq if need be, either with a coalition effort or alone. If 
so, then Saddam Hussein will certainly unleash whatever terrorist forces he has 
in North America. He will attempt to unleash upon us all the weapons of m: 
destruction at his command. This could even happen within the next 30 days, 

with the MidEast exploding, giant polarization of the Arab world, general chaos 
in the MidEast and upset of world oil supplies, and skyrocketing fuel and energy 
costs withsevere impact upon the already seriously ailing U.S. stock market. 


if 
infrastructure with more weapons of mass destruction than we have credited him 
with, then the potential economic collapse of the United States and much of the 
developed world is an uncomfortable possibility. If that happens, turf wars will 
erupt all over the world, the world economy may collapse, the KGB and rogue 
Japanese (Yakuza and Aum Shinrikyo) will move and unleash further 
destruction, Pakistan and India are likely to erupt into a nuclear war, and several 
other regions may also erupt into nuclear war and use Weapons of mass 
destruction. What China might do in such event is anybody's guess 


idam Hussein succeeds in doing sufficient damage to our cities and energy 


In short, the Armageddon we have so long feared, with the resulting collapse or 
destruction of much of civilization, could well be approaching. Let us hope that 
dark picture is terribly, terribly wrong, and that we successfully avoid 
Armageddon one more time! 


Meanwhile, we would be in much better shape to weather the coming storm had 
‘our scientific community not grossly betrayed us. But if and when millions of 
Americans are dying in the streets with no effective means of treatment, and no 
effective defenses to prevent onslaught after onslaught against our nation, all 
those deaths and all that suffering will be directly the fault of our own organized 
scientific community. 


Rogue Japanese (Yakuza and Aum Shinrikyo) Have a Role 
In the information briefing furnished the previously named agencies, we briefly 
detailed the elements of the attack, how our own nuclear weaponry can be 
dludded anywhere, te 


We also detailed the strange role of the Japanese Yakuza and the Aum 
Shinrikyo, who leased the operational use ofthe early generations of KGB 
longitudinal wave interferometry weapons in 1990 directly from the KGB. The 
first down payment on the lease was $900 million, I previously furnished 
pertinent information on this to an investigative U.S. Government agency. Since 
then, the Yakuza have set up their own scalar interferometry weapons 
development facilities in Japan, including portable energetics weapons,”* and 
have assumed a very secret and nearly unsuspected role somewhat similar to Bin 
Laden's role inthe attacks of September 11, 2001—but much more deadly when 
the coming Armageddon erupts 


Inducing the Gulf War Disease 


In 1986, the Russians had already solved the dead man fuzing problem 
theoretically, but had not yet completed the development and deployment of the 


We strongly suspect some of these portable weapons have already been infiltrated into the 
United States e.g, to be used against nuclear powerplants and other lucrative targets such as 
refineries, oil fields, ee 


necessary QP weaponry. The KGB's first "combat demonstration” test of the 
ability to localize a QP in a selected region of space was against the U.S. air 
attack on Libya in 1986. That test apparently used a laboratory apparatus to 
prove the process. In short, it was a major milestone whose success moved the 
system into full production engineering and production. The system was then 
developed at very high speed after the successful demonstration in 1986. The 
first strategic KGB QP weapon(s) became operational on site in latter 1989, 


It was this QP weapon that was used to generate the so-called Gulf War Disease 
in our soldiers in the MidEast. In the action package, I explained precisely how 
that was done. I have also finally placed the simplified gist of that explanation 
openly on the Internet for all to see (website www cheniere.org). Those 
suffering U.S. veterans were casualties ofwar, not victims ofjust nerve gas 
\whiflS or chemicals or their own stress, etc. The initial U.S. Government and 
US. scientific community's assertion that "it was all in their heads” and due to 

stress, insults every veteran who has ever served his nation. One justifiably has 
contempt for such treatment of our veterans. Sadly, the latest "studies" are 
beginning to conclude the same thing once again. 


Apparently our intelligence and military command agencies have not yet leamed 
the lesson of the decades long Soviet microwave radiation of the U.S. Embassy 
in Moscow, which was responsible for health changes of many kinds in U.S. 
personnel and was also responsible for the deaths of three U.S. Ambassadors to 
the Soviet Union. Apparently we are stil using radar engineers and electrical 
engineers for electrodynamics analysis, and these analysts apparently still 
believe that in the absence of the EM fields there can be no induced EM effects, 
‘One sadly comments that, just as the electrical engineering departments of our 
universities have been unable to walk across the campus to the particle physics 
department and find out what the discovery of broken symmetry in 1957 
portends for their discipline and model, then the intelligence community 
‘apparently has not yet learned that no EM analysis of such things as the 
microwave radiation of the U.S. Embassy in Moscow or the shootdown of the 
‘TWA-800is worth a tinker’s dam unless it is @ higher group symmetry EM 
analysis. As Barrett showed, our fellows still have not grasped what Nikola 
‘Tesla already accomplished in actual patented circuits circa 1900 and shortly 
sor analysis and vector analysis simply will not show what is 


hit with a “cocktail mix” of specialized disease “spacetime 
curvatureengines" justbelow the observablethreshold, inthe "shadow (virtua, 
but nearly observable) State" (Figure 53). The immune systems and the cellular 


"One shouldthiakdeply abouts. intermsothesoluiontothesourcecharge problem 

(which our engineers have nat tought of very much, much less solved). Every charge already 
sncers the viral stale at wil converting viral energy into deterministic observable EM. 
‘nergy. Thatmeanswecandlectly engineer the virtual sate vacuumisllst weputourmindsto 

it Actully Noblist Lee has alcadypointed ou that we have not even tried todo this! See. D. 
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regenerative systems do react to that shadow state level 
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Figr053 Sreang (hinrng) the immune sss aby aalabioto meet anew 


Such a "simultaneous mix" shadow induction “spreads” the reacting finite 
immune system and regenerative system (Figure 53) and their resources all 
across that entire mix of shadow diseases, so that only a much smaller portion of 
the immune system and of the regenerative system is directed against any one of 
the shadow diseases. This in turn greatly heightens (by a factor of 5 or more) the 
susceptibility of the body to all additional disease pathogens, and it greatly 
lowers the ability of the body to recover from any disease or biological warfare 
strike. In addition, the exposed veteran's body fluids and masses have 
accumulated a persistent “time-density charging” that very slowly decays (by 
emission of weak longitudinal EM waves) over months or even a few years.” 
‘The sperm from these veterans did indeed have the innate “engines” and 
therefore the capability to gradually infect their wives. So did the saliva in their 
mouths. The weak "dimensioned" LW radiation from their bodies could also 
slowly alter the cellular regeneration and immune systems of their family 
members in close proximity, over a period of time, thus inducing the disease in 
them {118,119,120} 


Lee, Particle Physics and Imroduetion to Field Theory. Harwood, New York, 1981. in his 
‘Chapter 5: Outlook: Possiilty of Vacuum Engineering,” p. 824-828. On p. 383 Lee points out 
that the microstructure ofthe scalar vacuum field (Le. of vacuum charge) isnot wtlzed. We add 
thatthe West does not utilize . Ithas been utilized for some decades in te former Soviet Union 
and now in the continuing KGB energetics and bioenergetics weapons programs 

” See T_D. Lee, “Can Time Be a Discrete Dynamical Variable.” Phys. Lett, 122B(3,4), Mar 
10, 1983, p.217-220. 


‘The induction of GWS in our troops was in fact a test for the present clandestine 
use—already ongoing—of that technique to spread the immune and regenerative 
systems of the targeted U.S. population. This in tum gradually makes us more 
susceptibleto terrorist BW attacks and disease pathogens of all types from 
anyone else. This tactic is already in place and accomplished, and it will 
substantially increase the American civilian casualties in our cities when they 
are subjected to terrorist BW attacks in the near future. Those attacks now will 
have some five times the effectiveness that ourpresent planners estimate. In 
short, itis going to insure the deaths of millions more Americans. The 
approaching war in the MidEast, with Saddam Hussein's unleashing of his 
terrorist assets in the U.S. to the maximum extent possible, thus will probably 
see a five-fold increase in the effectiveness of some of his mass destruct 
weapons that Hussein's assets are able to unleash on Ameri 


‘The entire affair of the Gulf War Disease was both a preliminary test and also a 
‘magnificent intelligence probe by the KGB, to clearly demonstrate once again 
that the U.S. Government and the U.S. scientific community are still nearly 
totally unknowledgeable of QP weaponry, immune and regenerative system. 
‘preading," disease induction by bioenergetics means, etc. It follows a 
methodology used with great success for four decades by the KGB,” and one 
that our own government, scientific community, and military community has yet 
todecipher. So long as the threat only slowly increases, Americans remain 
complacent in their ignorance, ignoring the boa constrictor slowly strangliny 
them, while awaiting the cobra seen in the distance?” We have unwittingly 
‘cooperated with the KGB boa constrictor for four decades, even as it slowly 
prepared to crush us. In the Gulf War, that crushing moved to the next threshold, 
to actually inflict casualties and deaths on U.S. troops and totally get away with 
it because of the bioenergeties (in the Russian sense) ineptness of the U.S. 
scientific community. 


™ thedecades-longmicrowave radiation ofthe U.S. Embassy and induction of health changes 
and diseases, was acasein point. Abigh evel arget—the US. Ambassador was involved 
{uirantecing US. Governmentattctionatthe highest level, Puzzled, the U.S. government would 
then cll in their most rusted EM scientific analysis groups. By the responsive actions then taken 
by the U.S. at the Embassy, the KGB could ascertain with absolute certainty whether or not out 
‘cients knew ofthe use ofinfolded engines n bioenergetics. For more than four decades our 
actions aswel them with 100% certainty that we knew nothing of wha their information 
Content of theficid and potential” actualy was, how it had been weaponized and was being 
sed ight im ont of ou faces and before the entire world 
iuisbizane that our scientific community—even afer those decades of EM induction of 
tiscases andhcalthchangesin AmericanpersonnelinthcUS.Embassyin Moscow —stildonot 
and cannot believe that conditioned EM radtion can induce cellar disease. Sach oll 
blindness is inexplicable 
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40-Years of Russian Induction of Diseases In U.S. Embassy 
Personnel 

Sadly, our own fellows have never even figured out how the diseases and health 
changes were previously induced by the KGB for decades in personnel in the 
former American Embassy in Moscow. Three U.S. Ambassadors to the Soviet 
Union died as a result of their exposure to that radiation, Many other Americans 
on site were made ill or suffered health changes. 


When Johns Hopkins scientists studied the problem, they found a most 
anomalous thing: no health changes occurred in areas where the EMforcefields 
existed in the microwave radiation. Instead, the health changes only occurred in 
areas where the potentials were gradient free so that the force fields were zero— 
and thus the potentials (and their specific internal “engines") were persistent. 
Using only a classical EM force field analysis—which does not show any of the 
internal longitudinal EM wave substructuring of the fields, potentials, and 

the Johns Hopkins scientists erroneously concluded that it could not 
the weak microwave radiation causing the health difficulties, because 
no such health difficulties occurred where the forcefields were present. That is, 
they very naively assumed that “no force fields” meant no EM effects were 
possible. Their entire findings thus were based on a total non sequitur, the 
assumption that there can be no electromagnetically induced physical changes in 
matter in the absence of fields! The Aharonov-Bohm effect alone falsfies that 
entire premise. So does general relativity and higher group symmetry 
electrodynamics. 


Actually, the Johns Hopkins scientists had just clearly proven the exact opposite: 
that it indeed was the radiation that induced the health changes. That is simply 

shown statistically, and it is a deep and continuing mystery how good scientists 
and their governmental overwatch did not notice the violation of inferen 
methodology. 


Simply put, there was 100 percent correlation to the presence of gradientfree 
EM potentials— the persistent kind. There was zero correlation (or 100% 
anticorrelation) to the presence of the normal electric and magnetic fields—ic., 
where the potentials changed over a very small region of space. Hence it could 
only have been the constant potentials, else we must throw out statistical 
inference theory altogether. 


Ifthe changes had not been caused by the EM radiation at all, one would have 
had some health changes in regions where fields were present and some health 
changes where the fields were absent. Considering the lengthy time the radiation 
persisted and the number of personnel affected, the statistics are decisive. 
Without question, the cause was indeed the persistent potentials where the force 
fields were zero. Whittaker's two papers—one in 1903 and the other in 1904- 
‘would then show how it was done. The 1904 paper and superpotential theory 
alone would not have explained i, since that alone does not include the 
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“information content of the fi 
inside the normal EM potentials, 


. Spacetime curvature engines infolded 
elds, and wavs 


So, the U.S. government and U.S. scientific community "botched it badly, 
unfortunately, by elemental statistical inference standards. And unfortunately, 
they have continued to "botch it” to this day. Both the scientific community and 
the intelligence community missed it. Elementary statistics theory alone 
coupled with the Johns Hopkins results, clearly indicates that the microwave 
radiation was causing the health changes, to a very high degree of confidence. 


‘Thisdemonstrates how “totally inexplicable” some of the effects generated by 
longitudinal EM wave interferometry and by “structured” or dimensioned 
potentials fields, and waves can seem to our conventional scientists. If we 
‘examine the serious foundations flaws in classical electrodynamics and 
electrical engineering taught in our universities, and the near-total lack of higher 
group symmetry electrodynamics training, we can understand why our scientists 
and intelligence analysts did not and do not have the background required to 
properly assess the incidents and effects. 


Western Electrodynamics Is in Sad Shape 
Actually. numerous scientists have long pointed this out. For example, quoting 
Mario Bunge (121): "...it is not usually acknowledged that electrodynamics, 
both classical and quantal, are in a sad state." 


In quantum electrodynamics, it is the potentials that are the primary causes of all 
electromagnetic phenomena, not the force fields as used by Johns Hopkins and 
the Government in its analysis. We know that classical EM is wrong in its focus 
upon force fields as primary EM causes; the Aharonov-Bohm effect, Berry 
phase, and geometric phase work in some 20,000 papers in the physics literature 
already show that. Indeed, we also know that the classical force fields do not 
even exist apart from mass; in space, only the potential for such a force field 
exists, in case some charged matter is brought in to interact with the EM entity 
as it exists in mass-free space (as curvatures of spacetime). 


‘The Aharonov-Bohm effect and its implications have been published in Physical 
Review—our most prestigious physics journal—since 1959. Later publications 
have included the Berry phase extension of the AB effect, and Aharonov and 
‘Anandan’s further extension of the Berry phase to what is today called the 
geometric phase. The potentials are indeed the primary EM causes, and theforce 
fields do not even exist as such in mass-free space, but only in mass. Yet our 
Classical EM taught in our universities has not been changed in its fundamental 
acceptance of the material ether since 1865. 


Every university in America is still teaching and defending a rather mangled 
electrodynamics where 


(1) The material ether is still assumed, even though destroyed more than a 
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For the dual-band RF harvester based on patch antenna, the return loss, Si1, is 
measured for an input power of -20 dBm with a HP8720 network analyser. The patch antenna, 
the rectifier and the dipole antenna are centered at 915 MHz and 2.44 GHz with a low return 
loss (Sii< —15 dB), Fig.10. The return loss of the RMPA antenna is better at 915 MHz than 
2.44 GHz because the maximum impedance of TM30 mode is 31 © (Fig. 6 and Fig. 7 of 
[16]). The TM30 mode does not achieve 50 Q because it is not a fundamental mode. 
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Fig. 10. Measured return loss $1; of the dual-band rectfier, patch and arms dipole antenna 


A) Remote Powering and Power Efficiency 


The rectenna is connected to a clock, which mimics a low power application, The 
remote powering of this clock is performed in a furnished room of the lab according the 
schematic of Fig.11. The distance between the source and the antenna is fixed to 2 m. The 
clock is turned on for different scenarios of transmitted power. For each combination of 
power proposed in Fig.12, the RF power is first measured with a calibrated antenna and a 
power meter. Then, the rectenna is measured and Pyir is the ration between the power 
delivered to the load (here the clock) and the power available at the antenna. 
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Fig. 11. Schematic and picture of the scene of remote powering of a clock 


century ago by the Michelson-Morley experiments; 


(2) The force fields are erroneously assumed to exist in massfree space, but in 
force-free form(!!!) when what actually exists there as an EM disturbance is 
2 general relativistic perturbation of spacetime (ie., an oscillation of the 
local curvature of spacetime). Actually, force identically is the time rate of 
change of momentum, where momentum is mass times velocity. ‘Thus mass 
is a component of force and force field. There is no force or force field 
without mass. As Feynman put it, there is no force field in massless space; 
instead, there is only the potential for such a force field to be formed at the 
various points, should a charged mass be placed at (added to) each of them; 


(3) The source charges are erroneously assumed to create their fields and 
potentials and all that energy in them, reaching across the entire universe 
from each and every charge, right out of nothing at all. This perpetual 
‘motion and creation of energy error continues even though particle physics 
has known (and proven, both theoretically and experimentally) that any 
charge (as a set of composite dipoles, when the charge is taken with its 
clustering virtual charges of opposite sign) is a broken symmetry in its, 
fierce energy exchange with the vacuum. Hence the charge extracts that 
energy in its fields and potentialsfrom the active vacuum, and outputs the 
extracted energy across space (122). 


Our own electrodynamicists and electrical engineering professors and 
departments would have us believe - and they continue to imply such in every 
university in America—that every charge is a perpetual motion machine clearly 
in violation of the master energy conservation dictum that energy can neither be 
created nor destroyed. The complete lack of scientific understanding that every 
charge extracts energy from the vacuum and freely and continuously pours it out 
as real observable EM energy, is reflected in rather silly "witch-hunts” {123} 

3 electrical systems which exhibit more energy output than the operator 
elf inputs—i.e., systems which exhibit a coefficient of performance (COP) 
of COP>1.0, which are open EM systems far from equilibrium in their active 
environmental exchange 


Let us reason together! If the second law of thermodynamics really did prohibit 
COP> 1.0 electrical systems, then it also would prohibit the demonstrated COP = 
00 of a solar cell array. It would also prohibit the demonstrated COP> 1.0 
‘mechanical systems such as a windmill, waterwheel, or sailboat—all of which 
have COP =oo! In other words, the second law cannot even be a law if it 
discriminates only one type of energy prohibited from being used for COP> 10, 


For some inexplicable reason, EM COP>.0 systems have come to be 
dogmatically labeled "perpetual motion machines" by the professional skeptics, 
since EM systems must take their excess energy from the known active vacuum 
environment! In short, the dogmatic scientific community is saying that 

“windmill-type EM systems” with COP =ooare permissible for exchanges with 


physically active and observable environments (such as the sunlight used in 
solar cells, the heat in the air used in heat pumps, the water currents used 
hydroelectric power plants, the winds used in windmill power generation, etc.), 
but they are not permissible for exchanges with the proven modern active 
vacuum virtual particle flux energy environment, even though the discovery of 
broken symmetry in 1957 already proves that all EM energy is indeed freely 
taken from the seething vacuum environment by the asymmetry of the modern 
ipolarity of the source charge! We refer the interested reader to the proven 
broken symmetry of opposite charges (124). We also refer the reader to 
Nobelist T. D. Lee's statement applicable to the skeptics’ naive notion of 

symmetry. Finally, in modem physics all the major forces of nature are 
generated by the exchange of virtual particles. It is these forces that then 
translate against a resisting mass or entity to provide useful work. So all useful 
work in the universe already comes from the interactions of the seething virtual 
flux of the vacuum. On what distant planet have the skeptics been hiding while 
all this modern physics has been developed? 


One must keep one's sense of humor! It is ironic but true that every major 
university in the U.S. continues to teach, uphold, and advocate—by 
implication—EM charges as ubiquitous perpetual motion machines, freely 
creating energy from nothing. And that is those professional skeptics and witch- 
hhunters never mention that their own naive understanding of electrodynamics 
already implicitly assumes and teaches perpetual motion machines freely 
creating energy from nothing at all—and on a scale unparalleled in scientific 
history! 


We have one chart with some 32 major foundations errors and flaws in the 
electrodynamics taught in all our schools; there are many others in addition. 
This erroneous teaching has so indoctrinated our graduate students that most 
electrical engineers no longer know the real difference between power (the rate 
of change of form of energy and thus the rate of production of work) and rate of 
energy flow (whether itis being dissipated or not). 


Every textbook speaks of "sources furnishing power,” when itis the rate of 
dissipation of energy in the individual loads and losses to provide the rate of 
doing work that constitutes power. Sources do not furnish power! ‘They furnish 
energy flow (specifically, their source dipole furnishes energy flow, extracted 
and transduced directly from the active vacuum, and only a tiny bit of that 
enormous energy flow is diverged into the circuit and used). The various 
components ofthe receiving circuit interact with that energy flow to catch and 

dissipate a litle of it, thus producing power and work locally in the intercepting 
and dissipating component. 


A massive nondivergent (nonintercepted) energy flow has zero power (time-rate 
‘of doing work), but ifintervepted and diverged, the divergence may develop 
enormous. power (time rate of doing work) inand upon the interceptor, diverger, 
‘or collector. Even many physicists today are confused on the difference between 
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rate of work and rate of energy flow per se. E.g., for about 30 years now, there 
has been a polite debate involving that very subject in the American Journal of 
Physics. Itis still not completely resolved, because the argument has not actually 
addressed where all EM energy in fields, potentials, and waves comes from in 
the first place: directly from the seething vacuum via the asymmetry of the 
source charge. It also has not addressed the long unaccounted giant Heavi 
nondiverged energy flow component. 


Toward a Deeper Electrodynamics 


‘The first thing the Soviet Academicians did after WW II was to completely 
‘overhaul electrodynamics, but in highly classified areas controlled totally by the 
KGB. Stalin's boot firmly planted on their backside saw to it, creating the 
terrible fear that if they failed to produce, they would surely die. Not having 
experienced such a "Stalin boot,” our own scientific community continue 
irely onwand, while it teaches 110 years old electrodynamic material filled 
with non-sequiturs, 


‘The Russian use of the “information content of the field” euphemism is a case 
in point. Our fellows (in both the intelligence community and the scientific 
community) assume the Russians are speaking of simple transverse EM wave 
spectral analysis. Nothing could be farther from the truth. Let me explain. 


In 1903, E.T. Whittaker—a leading theoretical physicist at the time—showed 
that any scalar potential is comprised of a harmonic set of bidirectional 
longitudinal EM wavepairs. Each pair consists of a longitudinal EM wave and 
its true phase conjugate replica (i.e, its “antiwave", or time-reversed twin, 
coupled together) 


Unknown to Whittaker, that LW wavepair actually includes a time-density wave 
in the time domain, coupled to a longitudinal EM wave in 3-space. Per quantum. 
field theory {66}, such a coupled pair would be observable as the scalar 
potential. Knowledge of this specialized coupling is necessary in order to 
properly decipher the Priore mechanism. That mechanism was demonstrated to 
time-reverse (dedifferentiate) a diseased or damaged cell and all its parts back to 
it previous normal state, genetics and all. The time-reversal was accomplished 
by "pumping" the cell and all its parts in the time-dimension so that tim« 
reversal propagation of the mass-energy is achieved. The time-domain pumping 
is done by the associated time-density wave, which always accompanies any 
longitudinal EM wave a priori. So sometimes we stoppily say that the 
Longitudinal EM wave pumping” causes the time reversal of the mass, but itis, 
really the associated time-density wave pumping that causes it. The time-density 
‘wave component also can cause time charging or time-excitation charging of a 
mass. During its alternate existence as masstime, the time portion is altered, and 
that is a time-excitation or time-energy excitation. 


Ic tums out the human cellular regenerative system (Figure 29) also uses the 
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same time-excitation charging methodology to produce time-pumping of the cell 
and all its parts. This produces a slow tims al (dedifferentiation) of 
damaged cells back to a previous state. This is in fact the basic mechanism for 
healing, as used by the living body. 


Reversing aluminum, for example, just converts it back to ordinary aluminum. 
Not too interesting. 


Reversing an HIV infected cell, however, would produce a healthy, normal cell 
with normal genetics. When a damaged cell turns into a cancerous cell, itis due 
to a process called promotion (change of the cell to a cancerous cell). Reversing 
4a cancerous cell would change it back to a healthy, normal cell again—in short, 
it would constitute demotion of cancer and then healing of the damage in the 
now normal but damaged cell. In the AIDS patient, simply pumping the enti 
body with the time-density wave accompanying the longitudinal EM waves 
produced in a plasma—as Priore did for terminal tumors—would time-reverse 
all cells, completely ridding esidue of HIV infection. This would 
remove all the ely solving the problem of AIDS. 
We have also uncovered a more advanced process where matter can essentially 
he directly engineered in any conceivable manner, including nuclear 
transmutation ete. We have filed a Provisional Patent Application and will file 
formal patent applications on those processes in the future, as soon as funds are 
available (patent attorneys are expensive!) 


e Is Highly Compacted Energy 
Since time is energy compacted by some 9x10"*, even small time-density 
changes can produce enormous spatial energy, should any of that compacted 
energy be transduced from time-density waves into transverse EM waves and 
thus into spatial EM energy. Such transduction can indeed occur in nonlinear 
materials and processes, 


TheNew Transduction Model Explains the Cold Fusion 
Results and Mechanisms 


In August 1998, we presented a conference paper pointing out that cold fusion 

uses this very transduction of EM wave types, one into the other. We presented 

such new concepts as (i) TW to LW to TDW transduction and in the other 

direction also, (i) time density charging of a particle to an excited time-density 

state (analogous to energy charging to an excited energy state), and (ii) the 

observation that excess phase conjugation in a local region can generate a time 
reversal zone where like charges attractandunlikechargesrepel 


With these concepts we were able to explain the excess heat appearing in the 
cold fusion experiments of hundreds of researchers. We also came up with (iv) a 
totally new class of nuclear reactions without the usual high-energy 


considerations. That is, we showed the exact nature of the electronuclear 
reaction that is forming the anomalous nuclides in cold fusion experiments. 
Production of the new nuclides was revealed to be simply what one would 
expect from this mechanism, as indeed was particle clustering of like-charged 
particles. 


We also explained (v) all the instrumental anomalies occurring in a series of 
well-documented cold fusion electrolysis experiments at China Lake. In fact, 
(vi) we added a completely new term to the conservation of energy law, thereby 
extending it 


‘An updated explanation is included in my new book, Energy from the Vacuum, 
2002, ibid. With the new transduction interactions, one must state that the total 
energy in (a) spatial energy form, (b) mass-energy form, and (c) time-energy 
form is what is conserved 


So when transduction occurs in cold fusion experiments (electrolysis), some of 
the time-density charge energy is gradually transduced into ordinary transverse 
EM wave energy, which as it scatters produces excess heat not accounted for in 
present particle physics interaction models. 


Scientists with only the “old” 2-term Einstein conservation law in mind, will be 
firmly convinced that this excess heat represents a violation of conservation of 
energy, hence is impossible. So they will question the calorimetry ability of the 
cold fusion scientists, etc. Unfortunately, the more ardent defenders of the 
orthodox faith will unjustifiably impugn the intentions and morals of the 
experimenters themselves with vicious ad hominem attacks. Such has indeed 
been precisely the case. Many of the harsh scientific critics have acted like cur 
dogs in a pack attack, and not as scientists at all, 


Once one analyzes cold fusion in the new 3-term conservation manner and with 
the new transduction concepts, one immediately sees that the overall 
conservation of energy is upheld, while the special case represented by the 
former energy conservation law (conservation of the sum of the spatial energy 
and the mass-energy) is permissibly violated. The former case was a special case 
in that it arbitrarily assumed that no transduction of time-energy into spatial 
energy or mass energy—or vice versa—occurred. 


successful cold fusion experiments show that, via transduction, a bit 
self can be “utilized for fuel” and transduced into ordinary EM energy 
Energy-wise the system has become a nonlinear open dissipative system’ far 


“But we point out one iosyncrasy of thermodynamics, which defines “closed system” as one 
in which mass does nt cross the system boundary, but energy is fce wo exchange across that 
boundary (125). Hence, cela “closed thermedynamie system” is actually an open system with 
respect energy exchange between system and environment. As such, enersy-wise the syst 
an bea system far from energetic equilibrium with ts external active envionment, and sll be 
consiered a closed thermodynamic system! Energetic. «cased hermodsnanic stem that 
txchanges energy but not mass is permitted t exhibit COPD 0 and even COP = col 
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fiom thermodynamic equilibrium (125). As such, itis permitted to (1) self 
organize, (2) self-oscillate, (3) output more energy than it itself has, by merely 
receiving, converting, and using excess energy from its environment (in this, 
rase, from the transduction of a tiny bit of the time-charging that has occurred), 
(4) power itself while simultaneously powering a load or performing useful 
work, and (5) exhibit negentropy. With the exception of transduction of time~ 
charge into excess energy, all ofthat is already in the thermodynamics texts, 
though it has not been clearly spelled out in electromagnetics texts. The source 
charge, e.g., exhibits all five of those capabilities. The inclusion ofthe time- 
domain as part ofthe external active environment, however, is an extension of 
previous open dissipative system work by leading researchers such as 
Prigogine. It dramatically extends the meaning of "active environment” 


Why There Is a Time Delay in the Onset of Cold Fusion 
Phenomena 


With an energy-to-time compaction ration of 9x10"® , energy processes have to 
transduce spatial energy into time for quite a while in order to build up very 
much time-excitation charge. This leads to an initial delay in the onset of the 
“new law” transduction phenomena, as directly shown by the vast majority of 
careful cold fusion experiments. This build-up occurs during the "palladium- 
lattice loading” time, eg. 


By the same token, there is a time delay after cutoff of the input power to such 
experiments, during which time the slowly decaying time-density charge by its 
transduction into spatial energy continues to maintain the anomalous new 

processes (such as excess heat production) as they slowly subside. So the hours- 
Jong or even days-long delay phenomena after input power shutdown are also 
explained by the new approach. 


In summary, there exist some very anomalous but very good experiments by 
excellent scientists—more than 600 of them—that are at least totally consistent 
with the above new wave polarization transduction model. Consistency with 
experiments is the first element of proof (it is necessary but by itself itis not 
sufficient), The new model also contains and obeys the conventional 
conservation of energy law until the new transduction phenomena become 
observable, at which time the extended energy conservation law applies. So in 
its lower limit, the new model corresponds to the present model—again, another 
requirement of any model purporting to extend a scientific area past that area's 
conventional model description. 


‘The KGB weapons scientists—not the regular Russian academic 
establishment—have about a 40-year lead on us in all these areas. While our 
have dallied and pursued the standard model, the Russian weapon 
1e produced the equivalent of 10 Manhattan Projects, back-to-back, 
energetics are: 


m 


The Early Soviet Longitudinal Wave Interferometers 

Using longitudinal EM waves, the early KGB energetics interferometers could 
pass their beams right through the earth and ocean. LWs readily penetrate 
matter, reacting with it only weakly 


Some LW interferometry was also done using ordinary EM waves as carriers for 
the LW wave functions. Each such transverse wave carrier is in fact two scalar 
potential functions (Whittaker 1904, the initiation of superpotential theory). In 
each scalar potential for which functions are extracted and used to make the 
normal transverse cartier wave, there exist LW biwave pairs comprising said 
potential. So by assembling the desired LW biwave subsets, the two scalar 
potentials and their resulting interference-produced carrier wave are internally 
structured as desired. This is the use of the so-called internal information 
content of the field. We speak of such a deliberately structured potential, field, or 
‘wave as having been conditioned, dimensioned, or activated. If these terms are 
deemed inappropriate, just use the more generic term "internally structured. 
‘Then one has to explain what the “internal” is, and how this “internal” can be 
“structured, 


In the distant interferometry zone, those dimensioned potentials, fields, or carrier 
waves would interfere and produce the desired alterations in the local spacetime 
(including specific spacetime curvature engines). Remember, the potentials are 
just bundles of special waves. We are discussing a special form of nonlinear 
multiwave interferometry, where the individual waves and waveforms 
comprising the total wave package assembly constituting a carrier have been 
carefully chosen in advan 


In the local spacetime in the distant interference zone, such multiwave 
longitudinal EM wavepair interferometry creates ordinary EM waves and energy 
that arise directly from each and every point in that individual interference zone. 
We stress that ordinary transverse wave EM energy propagation through the 
intervening space between the interferometer transmitters and the distant target 
does not occur. 


In January 1960, in a speech to the Presidium, those are the weapons then in 
final engineering development for production that Khrushchev spoke of as 
“fantastic new weapons’, 


Khrushchev Killed the Thresher to Prevent His Own 
Dismissal 

The first deployed large force-structure interferometer weapons became 
operational circa 1 April 1963. Khrushchev was still smarting from his Cuban 
miss fiasco and his humiliation by Kennedy. Having overplayed his 
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hand and gotten caught." Khrushchev was desperate to stay in power and not be 
thrown out by the Communist Party leaders for such a massive loss of face. 


On April 10 of 1963 Khrushchev used his new interferometers fo reach through 
the earth and ocean and “kindle” EM jamming in the electrical controls of the 
USS. Thresher nuclear submarine underwater off the East Coast of the U.S. 
‘The reader should recall that, wherever the interference zone is established— 
including in the earth or underneath the ocean, in the atmosphere, or in space— 
the energy arises directly out of the local spacetime. There is no Faraday 
shielding ofsuch effects, which do not depend upon ordinary transverse wave 
EM field energy propagation through space. The energy appears everywhere 


‘within the targeted object, simultaneously. 


It is extremely important that the reader recognize the dramatic difference in the 
‘way energy propagates in the new mode as compared to the old "propagation 
through space” mode. In the old mode, energy transport arises in one spatial 
location and is considered to proceed serially through the intervening spatial 
points to the intercepting and interacting particle's location. The Poynting model 
presently uses only this mode. In other words, the energy propagates from 
without the object to the object, and thence inward inside the object, if possible 
as the object interacts, 


On the other hand, when the energy arises at each and every point in spacetime, 
it then propagates outward from each arising point. ‘Thus in the nucleus of an 
atom,the “energy flow” starts at all interior spatial points and flows or diffuses 
outward in all directions. So the energy and interacts with the quarks in 

the nucleons, 

reason, with energetics tis easier to alterand "flip" quarks in nucleons than it 
to translate nucleons, since one is using the new energy propagation mode. This 
simple reversal ofthe outside-to-inside energy propagation to an_"inside-to- 
‘qutside” mode, isa revolution inparticle physics and effects on materials, 


In fact, the energy dramatically enters the “interior” areas of nuclei, nucleons, 
tc. in a manner heretofore impossible or extremely difficult to achieve by high- 
energy physics, which can only doitby smashing into the object with sheer 
brute kinetic energy. Therefore the new “inside to outside” energy propagation 
mode can produce—at feeble spatial energy—extraordinary nuclear interactions 
not possible by brute force “outside-to-inside” energy propagation means. By 
controlling. the structuring of the arising ofthe energy ateach point in spacetime, 
the energystructure interacting with the quarks and other interior components 
can be tailored to order. This is the primary secret of transmuting an element at a 
distance — by a specialized energetics weapon. The structuring of the emerging 


“Oddly, had he simply waited a fev mee months ora year before injctng the missles and 
‘uclearwarheadsinoCuba.Khrushchev sirategicsealarinterferometerswouldhavebecome 
‘operational With those in operation, a" Cuban missile crisis” might wel have hada diferent 


internal energy can be deliberately tailored to change quarks in—say—some of 
the nucleons of U235 and plutonium nuclei. In this fashion nuclear warheads, 
nuclear powerplants, and nuclear propulsion systems of atomic submarines can 
be altered at a distance, beneath the earth's surface, beneath the ocean's surfa 
in space above the earth, ete 


‘The EM “hash” emerging from the Russian interferometry simply jammed the 
electrical controls and systems of the Thresherfrom inside its very electrical 
circuits. Out of control and helpless, the ‘Thresher sank to crush depth and 
imploded (Figure 6). The EM "splatter" from that interferometry, arising from 
the local spacetime throughout a surrounding region, engulfed the Skylark, the 
surface companion of the Thresher. The resulting spurious EM jamming 
severely interfered with multiple electronic systems on the Skylark. Several 
electronic systems just ceased working altogether. Their electrical forces were 
time-energy excited and time-reversed so that electron currents in them became 
impossible (blocked) 


It required over an hour for the Skylark to transmit an emergency message back 
to the Navy that the sub was in difficulty, through all that interferometry 
jamming effects. The Russians undoubtedly “tracked” the sub till it imploded, 
then cut off the interferometry. As the “time-density charging” in the area 
slowly diminished, all failed electronic systems in the Skylark returned to full 
functioning. This was because the excess time-energy excitation just decayed 
away, so that electrical currents could again flow 


Khrushchev Demonstrated the Powerful Blast Capability of 
Strategic Interferometry 
The next day, 100 miles north of Puerto Rico, the same KGB interferometer 
‘weapon was powerfully pulsed to produce a giant EM burst deep under the 
surface (Figure 42). A cone of water rose up from the surface to about a 
half-mile in height, observed by the startled crew of a passing U.S. jetliner and 
reported to the FBI and Coast Guard when the aircraft landed in Florida. As it 
rose, the cone of water spread into a cauliflower shape typical of a deep 
underwater nuclear burst that does not vent the gas bubble. Then that giant 
cauliflower of water fell back out of the sky and into the ocean. ‘The second 
successful demonstration of Khrushchey's scalar interferometer weapon had 
been made for the benefit of the Presidium and the leaders of the Communist 
Party. 


With those two dramatic tests, Khrushchev had killed the latest and greatest US 
atomic submarine and demonstrated the awesome power of energetics weapons. 
He had shown the leaders of the Communist Party that the U.S. had no inkling 
fis new superweapons. He had struck the U.S. a formidable blow in a direct 
act of war—but a new kind of clandestine energetics war—and gotten clean 
away with it, Now it was Kennedy, rather than Khrushchev, who had been 


duped. So had the entire U.S. Intelligence Community and the U.S. Scienti 
Community. Sadly, mostly they apparently remain duped or partially duped to 
this day. 


Khrushchev managed to stay in power nearly two years longer by these two 
demonstrations. So the KGB/Soviets embarked on a decades-long program of 
buildup and development of the new weaponry, clandestinely, in order to take 
the U.S. by surprise attack and destroy it utterly 


In 1972 Brezhnev named 1985 as the target year when Russia would be able to 
do as it pleased, and would essentially control the land, the oceans, and space 
(126). This was stated ata secret meeting of the European Communist parties in 
Europe. A British intelligence agent was in the meeting, and furnished the U.S. 
that information. Later it was openly released and published. 


‘TheRussians met that 1985 deadline, and the resulting increase in killing U.S. 
rissiles and aircraft in 1985-1986 was most indicative. Other indicators such as 
‘massive weather engineering were already ongoing, 


Weather Engineering Over North America 

‘Thefist KGB weather engineering tests over the ULS., using their relatively 
new interferometers, produced signatures of anomalous perfectly round holes 
appearing in clouds. ‘These experiments started in 1967 or thereabouts. The 
Russians gave us that very severe "deep freeze" winter of 1967, as an initial 
wweather-engineering test of their energetics interferometry weapons. 


ind they often do 
things on certain dates in symbolic fashion. Full-time Soviet weather 
engineering over North America started in earnest on July 4th, 1976—our 

“gift” to the United 
ther engineering over the 
‘Americas has continued to this day, and even increased. It was passed into the 
hhands of the Yakuza and the Aum Shinrikyo upon their leasing of those 
interferometers on site in Russia at the end of 1989. In 1985 I produced a rather 
crude videotape“ (40 minutes) with pictures of the giant radial cloud signatures 
etc. associated with such weather engineering operations since 1976. 


‘The basic weather engineering method is simple. Use an LW interferometer 
(LWD to reach through the earth and coo! the air in a region and produce a high- 
pressure area, due to the densification of the air. Use another interferometer to 
heat another area and form a low-pressure area, due to the expansion of the air. 
‘Then carefully steer those highs and lows by gradually and slowing rotating the 
distant antennae and slowly adjusting the interferometry range simultaneously, 
according to a calculated schedule. 


TB, Bearden, "Soviet Weather Engineering Over North America.” 1988. 
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The power efficiency of the patch and the dipole rectenna is worked out from these 
experiments and reported in Fig. 12. The power efficiency n is defined as the ratio between the 
DC power delivered to the clock and the RF power collected by the antenna. 
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Fig. 12. Power efficiency of the dual-band RF harvester based on the patch (a) and the arms 
dipole (b) antenna 


The minimum power required to turn on the clock with the patch-based harvester, Fig. 
10.a, is a two tone signal featuring: -19.5 dBm at 915 MHz and -20 dBm at 2.44 GHz. At this 
point, the power efficiency is 12.5 %, which corresponds to a DC output power of 2.7 uW/1V. 

‘A maximum efficiency of 24 % occurs for a combined power of -16.5 dBm at 
915 MHz and -14 dBm at 2.44 GHz. The harvester is able to deliver a DC ouput power of 
15 uW. The harvester based on the arm dipole antenna needs a minimum power of -19.9 dBm 
at 915 MHWz and -15 dBm at 2.44 GHz at the antenna to turn on the clock. For these conditions 
of remote powering, the efficiency of the harvester is 11 %. It delivers a DC power of 
3.8 HW/L.IS V. The maximum power efficiency, 15.5 %, yields for an input power of 
-14.4 dBm at 915 MHz and -9.7 dBm at 2.44 GHz, the DC output power is 21 pW. 

This scenario of remote powering figures out that the harvester based on the patch 
antenna exhibits a better power efficiency than the harvester combined with the dipole 
clement. This difference is due to the antenna gains. Referring to Fig. 7 and Fig. 8, the gain of 
the patch antenna is larger (+0.8dB) at 915 MHz and lower (-0.9 dB) at 2.44 GHz than the 
dipole element. However the rectifier, referenced in [16], achieves a power efficiency of 17% 
at 915 MHz and only 5% at 2.44 GHz for an input signal of -15 dBm. As consequences the 
patch-based harvester is able to extract more power from a 915 MHz signal than the dipole- 
based harvester can do at 2.44 GHz. For this reason the overall efficiency of the patch 
harvester is better. 


B) _ Power Sensitivi 


The power sensitivity is measured with the same scenario of Fig.11 but the clock is 
disconnected. The output voltage is reported for different combination of collectable power at 
the antenna in a dual-band configuration, 


By that means, the LWls easily catch, entrain, and steer the jetstreams largely 
sponsible for our weather. Put sharp loops and twists in that steering, and the 
huge angular momentum of the jetstreams developed in those sharp turns and 
circles will spawn tornadoes, violent weather, ete 


‘The first complete weather engineering system over North America in 1976 also 
used the Woodpecker's normal EM carrier signals with dimensioning and 
internal assemblage of the composite longitudinal EM wavepairs. A giant 
“interference grid” was established over much of North America. A gre: 
local adjusting of the interferometry in the grid was necessary. Thes 
readjustments caused "sudden popouts” of EM energy, creating many 
atmospheric booms, rumbles, and explosions. 


deal of 


To really stir up big weather trouble, the Russians—and now the Yakuza and 
Aum Shinrikyo—also heat or cool areas of the ocean where El Nino and similar 
“water engines" form. A dimensioned LW interferometer is required for this 
operation. By slowly and protractedly heating or cooling the water in one of the 
“warm water engines” fueling the weather, one causes a very significant, long- 
term, later effect on perhaps an entire continent. 


One can create great droughts in some areas, great floods in others, ete. The 
KGB has been doing this extensively, since 1976. The great floods in Red China 
afew years ago are a direct example of KGB/Yakuza weather engineering, as is 
much of the extreme heat of 1998. In fact, thanks to the weather operations of 
the Yakuza under their KGB mentors, 1998 was the overall hottest year on 
record till then, since records were kept. At least for the summer of 2002, the 
record may have been broken again, with a significant season of giant forest 
fires burning away. 


One purpose of the excess heating of the atmosphere, of course, is to do damage. 
An added "benefit" to the KGB is to furnish support to the environmentalists, 
who are concerned about global warming. Understand, there is indeed such a 
thing as global warming. But by augmenting the atmospheric (and ice sheet) 
heating just a bit in a single year, the statistical analyses are skewed. The skewed 
analyses will show that the global warming problem is far more imminent than it 
really is, ifthe LWI engineering of it were suspended. Nobody on either side of 
the global warming debate seems aware of the LW1 intervention that is ruining 
the results of their models and calculations 


In turn, the heightened global warming indications, detected as a result of the 
LWI interruptions, impel strong activist support for such things as the Kyoto 
treaty, which is specifically designed to the strategic detriment ofthe U.S. if and 
when the U.S. Senate ever approves it. The Kyoto treaty does not even apply to 
some 160 countries including Russia, China, etc. This focuses a certain 
proportion of our govemment time and effort in grappling with an inflated 
global warming problem, immediately. It directly fits the KGB strategy of 
spreading” our government energy and attention all over the map, anywhere 


but upon the coming strategic energetics strike and upon energetics weaponry. 


‘The die-hard section of the KGB strategists are chess players. They will come at 
you anyway, anyhow, and anywhen that they can. Everything that can be 
impressed to serve or support the overall objective, will be impressed and used. 
‘That is the overriding principle when analyzing Russian KGB strategy. 


Khrushchev meant every word of it when he said to Nixon in their famous 
Kitchen Debate: "We will bury you!" Interestingly, to this day Americans and 
their government officials have continued to be deceived as to exactly what 
Khrushchev meant, He meant it literally 


Earthquakes to Order 
According to U.S. Defense Secretary Cohen, electromagnet 
earthquakes is now recognized by the U.S. Department of De 
his little-noticed statement in Georgia in 1997, which we previously quoted. An 
interesting exchange of induced earthquakes (Figure 54) had occurred in latter 
1988and carly 1989. Here two sides seemed to be "counting rifles 


induction of 
se, considering 


Opening bet (induced quakes) 


= Quebec 25 Nov 88 
4 - Pasadena 3 Dec 88 
\ 
Raise you 
~ Armenia 7 Dec 88 
¥i Call - what do you have? 
~ Malibu 8 Jan 89 
Four aces 


- Soviet Central Asia 23 Jan 89 


Clear table (stress relief) 
= Bakersfield CA et al. various 


Fare 54 Counting les with earthquakes: Pt up osha 


As Secretary Cohen made his April 1997 statement obliquely recognizing the 
scalar interferometer weapons, the little friendly nation had just completed 
countering and averting a massive strategic energetics strike upon the United 
Statesand Wester Europe, scheduled for May 1, 1997 —just three days later. A 
little more than two months earlier, a previously scheduled attack had also been 
countered and averted by the same friendly little nation. 


Once one can reach into or through the earth and ocean and create energy in a 
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desired interference zone, induction of earthquakes is simple. Use the 
interferometers to deposit energy in a fault zone over a period of time. Keep it 
i the piezoelectric plates build up enough mechanical stress to forcibly 
slip" and produce an earthquake. 


Put the energy in very slowly, and one gets a long “overpotential” effect where 
the rocks do not slip for a long time, while the energy builds to higher levels due 
to the static friction of the rocks. Then there occurs a rather rapid catastrophic 
slip. In short, one produces a large destructive earthquake. The KGB weaponry 
can produce earthquakes of the highest magnitude if they work at it 


Ifone wishes to induce a quake in an area where there are no known faults, then 
cone simply focuses the interference zone there inside the solid rocks and 

proceeds to deposit the energy, preferably rather quickly (in hours instead of 
days). The entire rock will be expanded and it will fracture, producing an 
anomalous so-called "flat plate” earthquake. 


Around the early 1900s, the "normal" rate of large earthquakes was two or three 
per year. That gradually increased after WW II. During one week in year 2000, 
there were some 20 major earthquakes around the globe. Obviously, someone is 
doing it, since this is far beyond what could be expected naturally. Presently that 
"someone" is mostly the Yakuza and Aum Shinrikyo, on site in Russia and 
leasing the LWls. With the scheduled CSR attacks forcibly aborted, the KGB 
has the problem of restraining an increasingly impatient Yakuza and Aum 
Shinrikyo group, while keeping them paying the lucrative lease money. 
Consequently, inducing some big earthquakes is one way to "keep the troops 
occupied and busy." Shooting down the occasional aircraft or missile is another 
way 


| worked for 8 years or more with an inventor (Floyd Sweet, now deceased) who 
had an energy device {127,128} sensitive to artificially induced quakes of that 
fashion, even such quakes thousands of miles away. The device would sit right 
on top of a normal quake and not react. We could tell within some 8-10 
thousand miles—and often even for greater distances— which quakes were 
artificial and which were natural 


So during that period I was able to clearly ascertain what was going on, and who 
was doing what to whom, and which quakes were normal and which were 
manmade, Several artificial U.S. quakes, the Armenia quake, and a subsequent 
big quake in Russia were particularly interesting in the mid and latter 1980s. The 
huge 1976 China quake was directly induced by the KGB 
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que 55 Breweries President Reagan on Soviets EM weapons October 186, then 
ies National Secury Count 


In 1984, on my behalf Roy Brewer (129} had briefed President Reagan on these 
scalar interferometry weapons (Figure 55), then briefed the National Security 
Council. Let us hope that these high level briefings may have borne at least 
somefiuit 


Readying the Weapons for the 1985 Readiness 
Demonstration Tests 

In latter April 1985 I received an urgent cal from my close colleague Frank 
Golden. In his avionics repair work, he suddenly found that his best calibration 
instruments were very "noisy." He replaced one expensive instrument, and the 
second was "noisy," also. A third proved equally noisy. This was unparalleled. t 
ents, but instead it was all the electronics to be repaired, that 


was not the instrun 


wereemiltingelectromagneticnoise! 
So Frank borrowed one expensive instrument and brought it home for the 
weekend. He altered it by proprietary method so that he could detect energetics 


radiation. Voila! The entire earth was alive with Soviet energetics signals. The 
‘weak interferometry of so many signals impinging into the weakly interacting 
electronic systems to be repaired, had generated the electronic noise his 


instruments had detected. 


In response to Frank's call, I immediately proceeded to his location. I personally 
observed on the oscilloscope, as detected by Golden, some 27 pairs of Russian 
12 kilohertz apart. (We have 


energetics signals, each of the two in a pair bei 


the entire earth held in entrained resonance. Each pair was an "energy tap” in the 
arth, extracting enormous energy from the heat of the molten core of the earth. 
If and outputting it as 12 kilohertz power for transmission to giant 
interferometry weapon sites. 


Each “tap” was extracting energy suflicient to power perhaps 4 to 6 of the giant 
intercontinental energetics interferometer weapons. We were observing 
something like 100 to 150 massive weapons on line and radiating. A full-up 
strategic dress rehearsal—or preparations for a full-up strategic attack on the 
U.S —was underway 


Gorbachev was still a "new man on the job" at that time. Further, 1985 was the 
40th anniversary of the end of WWII, and a very important occasion for the 
‘Communists and in fact for all Russians. The May Day celebrations that year 
went on for several days, not just on May 1 


What we were seeing were preparations for a massive May Day weaponry 
demonstration in and around May 1, 1985. We were observing the preparation 
‘and demonstrated readiness of ail that great armada of Soviet energetics 
weapons, to meet Brezhnev's 1985 schedule laid down back in 1972 {126} 


Longitudinal EM wave communications to deep underwater Soviet subs, the 
hhuge interferometer armada, and everything else—all were being readied and 
demonstrated. I can assure the reader that observing full rehearsal of 
preparations for the next World War was a most sobering experience. 


Afier May 1, most of the armada of interferometers was stood down again 
because it had been demonstrated that the "ready schedule” had been met. All 
but one of the giant energy taps in the Earth were also stood down again. That 
one remained active. 


‘The May Day report to the heads of the Communist Party that year must have 
really been something! 


As usual, apparently our own scientific and intelligence communities did not 
detect the main activities, and would not have believed it if one told them. They 
certainly did not believe it when I published it in 1986 in Fer-de-Lance, but 
labeled it sheer fantasy or at best total conjecture. 


It was neither fantasy nor conjecture. It was direct experimental measurement. It 
was in fact what used to be called scientific method. The problem with our 
intelligence agencies was that they operated behind policies. Once the policy is 
decided, then regardless of what the intelligence analysis indicates, anything 
against the official policy is just ignored. This neat little policy method of doing 
business has resulted in making our intelligence agencies some of the most 
political-minded and manipulative groups on Earth. 
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Meeting the 1985 Schedule for Readiness 


In 1985, KGB/Russian preparations began in eamest for the energetics weapons 
dines 


projected for that year by Brezhnev in 1972. Being full-bore tes 
tually went after destruction of vehicles and killing people. These wi 
so-called "Cold War” was not nearly so cold as pictured 


thes 
actual acts of war. 
in the news media! 


Early that year, an LWI was used to cool the combustion in the engines of ajet 
liner off the coast of San Francisco, bound for Los Angeles (Figure 56). This 
flamed-out the engines. The stricken craft fell 30,000 feet before the time- 
density “cooling” charge drained away, sufficient for the pilot to restart 
engines and limp into San Francisco. Gravitational and inertial anomal 
clear signature ofthe use ofthis EM/GR weapon—were exhibited upon the 
personnel in the cockpit. ‘The official investigators ignored those signatures; 
afterall, such is not in their standard checksheets! And everybody knows the 
standard checklists are already perfect! 
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Fre 56 Extinguishing coun te ergs fajetiner 19 Feb, 1985, 


KGB Crews Regularly Practiced Against U.S. Rocket Launches 


from Cape Canaveral 

Ina late Nov. 1985 night shuttle launch at Cape Canaveral, the Russian 
interferometer crews continued their practice of using the U.S. shuttle launches 
as convenient "simulated" ICBM launches, for energetics interferometer erew 
practice (Figures 15 and 16). EM missiles (balls of EM energy formed in the 
area by distant LW interferometry through the earth) were used as the 

tructive agent", but were offset from the actual launch in order not to 
destroy the shuttle. This was normal crew drill, not combat operations. The 
practice range for energetics weapons is—as might be expected—the actual 
targeted area and targeted nation itself. 


‘As shown in Fer-de-Lance, I published an actual picture (Figure 15) of such a 
KGB EM missile strike, offset from that shuttle launch in late Nov. 1985 and 
snapped by Bob Gladwin. I also published an actual picture of a second such 
EM ball of glowing energy (Figure 16), over the launch site for the same launch, 
and used as a registration point (the LWs deviate slightly in passage through the 
earth, since the potentials in the earth are not constant). George Suchary took the 
second photo. 


A standard artillery "shift-from-known registration point" method of firing was 
being used. In other words, the crews establish LW track on that EM registration 
ball, right through the earth. That represents a point having a known set of 
coordinates—a registration point—established in the firing computer. ‘Then 
when the targeted strategic missile (in this case the shuttle's main booster) 
ignites, the interferometer also tracks the huge ionization target of the exhaust 
with the same weapon system, 


‘That gives a known relative location of the missile rear end, with respect to 
‘one's registration settings for the registration point ball of light. Then add some 
‘meters to move up onto the missile body proper, and voila! The center of the 
target missile that will be fired is now in the bulls-eye, so to speak. That is a 
standard "shift from a known registration point” method of shooting, well 
known to every artillery group on the planet. The "marker beacon” is what is, 


known as a “high burst registration," except itis not a burst but a steady ball of 
energy maintained over the area as the registration point. 
‘The distant rocket or missile can now be destroyed in a variety of ways: 


(1) Just create a sudden EM surge arising right in that spacetime (that is, just 
pulse the interferometer). That burns out some of the inner electronics of the 
missile, causing partial or complete missile failure. 


(2). Sharply pulse the interferometer to introduce EM energy surges and sparks 
in the fuel or solid propulsion, igniting it massively and blowing up the 
rocket. Works well for aircraft fuel tanks as well 


(3) Form another EM missile and hit the missile broadside with that, burning 
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through it and destroying it immediately. 


(4) Hit it with an explosive EM missile internally, 
missile into pieces, Or 


tantly exploding the 


(5). Hit it with several of the above simultaneously 


Suchary and Gladwin had captured the direct evidens 
for the strike and kill of the Arrow DC-8 in Gander, 
weeks later. 


of KGB dress rehearsal 
Newfoundland about two 


of the Arrow DC: 
Two weeks later, the same KGB weapon tested against the Cape Canaveral 
shuttle launch was used to destroy the Arrow DC-8 at Gander, Newfoundland, 
killing some 256 occupants, 248 of them being U.S. soldiers returning from 
peace-keeping operations overseas. The aircraft was not iced up; later that was 
clearly established. 


ractice Turned into Performance 


‘Soe Figure 17. As the ill-fated Arrow aircraft began its thrust down the runway 

for takeofl, it was already under LW interferometer track (the exhausts of the 
engines were being precisely tracked) by distant KGB operators. The KGB 
operators simply began to cool the combustion gases in the engine combustion 
chambers as had been done to a U.S. jetliner earlier that same year (Figure 56) 

off thecoast of San Francisco (there they had completely flamed out the 

engines). Now they did not want to flame out the engines during take-off, but 
just wanted (0 reduce the thrust of those engines. 


So the available thrust of the engines began decreasing as the aircraft picked up 
speed on the runway toward takeoff, even though the turbines were rotating at 
full speed. For powered flight, it is the thrust-per-drag ratio that is important. 
(One can reduce that ratio by ice-loading and therefore increasing the overall 
ircraft drag, as all Transportation Safety Board checksheets assume if the 
engines are at full rotation and if operation and icing conditions are present. Or 
fone can reduce the ratio by reducing the engine thrust itself, as was done for the 
Arrow, even though the plane is de-iced. All the Transportation Safety Board 
checksheets assume that it has to be drag increase, and thus due to icing. 


‘TheNational Transportation Safety Board (NTSB) investigators know nothing 
about longitudinal EM wave interferometry and its capabilities—and its 
development by several nations of the world. Neither do their checksheets. 
Sadlly,the NTSB is not even aware that the electrodynamics and electrical 
cengineeringit assumes is so perfect is in fact a decrepit old model based on 
century-old errors. They are unaware that much better electrodynamies models 
have long been developed for particle physics, because the crusty old classical 
‘model is totally inadequate. Their checksheets also are "unaware" of anything 
really modem such as electrodynamics models of the higher group symmetry 
kind. 


‘The thrust reduction by combustion gas cooling does not appear on the official 
checksheets and is never considered. Itis not considered to this day. It will 
probably still not be considered this century. 


Observers on the ground heard those engines “laboring,” which can be a direct 
symptom of combustion gas cooling and engine thrust reduction. Rough running 
and missing can be another, if the cooling increases. Engine flameout occurs 
‘when the combustion no longer can be sustained because of the dramatically 
lowered temperature of the gases. 


The Arrow Pilot Sensed the Lack of Power, But the Aircraft 
Was Immediately Hit 


Figure 17. At rotation and liftoff, the pilot of the Arrow DC-8 immediately 
sensed his lack of lift, and started a slow turn to the right, apparently intending 
to come around and land again as an emergency measure. Meanwhile, crossed 
‘beams had formed in the sky above and off to the right side. From those crossed 
beams of light, there shot down a bright "streal ‘nt that struck the fuselage 
ofthe aircraft in the right side, ahead of the engines. That was the EM missile 
strike—just as had been offset from the shuttle launch two weeks earlier in 
Florida, and photographed by Bob Gladwin. 


‘That piece of Arrow DC-8 fuselage hit by the EM missile, with the bumed hole 
in it, was recovered and tested. Tests showed no explosive residues on the edges 
ofthe hole, so it was not made by a bomb or other explosive device. Instead, it 
‘was made by an EM missile of the type that over a decade later hit the TWA- 
800 several times off Long Island and killed it. 


In the Arrow aircraft's kill, the fiery EM missile sharply ignited the plasties in 
the forward cabin, which explosively outgassed. One product of such outgassing 
is hydrogen cyanide. A whiff or two, and all the passengers in that section were 
already dying of cyanide poisoning. In the autopsies ofthe recovered bodies, 
‘about half the passengers were already dead of cvanide poisoning before the 


plane impacted the ground and exploded. They died while that aircralt was stil 
flying and sinking tail-first toward the ground. 


‘The results of those autopsies were deliberately withheld from the Canadian 
investigative board. 


‘The impact of the EM missile on the Arrow DC-8 was clearly recorded by 
sharp, vertical EM surges (spikes) in traces on both data recorders on board the 
aircraft. In Gravitobiology, on p. 82 I printed the recorded sensor responses for 
that signature also. 


Elements of the U.S. Government Deliberately Suppressed 


including Judy Parsons, physically observed the formation 
of the crossed beams in the sky. Parsons and perhaps others actually saw the 
streak-down and strike of the EM missile when it hit the doomed Arrow DC-8. 
Parsons tried to testify, but her testimony was never allowed to be heard by the 
Canadian Transportation Safety Board. A major U.S. News agency interviewed 
her, but then squelched the story for some "unknown reason.” Other witnesses 
(who are still reluctant to come forward) did observe the strike of the EM 

missile also, 


Why would the U.S. government deliber 
the cause of the deaths of 248 of our soldiers returning from peacekeeping 
missions overseas? Why were they so determined that this direct act of war be 
declared an “accident” in the face of overwhelming evidence that it was not an 
accident at all? 


Iran Contra was not yet divulged at the time. Recall, at very high level our own 
fellows had directly violated the law, and were engaged in the illegal Iran Contra 
fiasco up to their eyeballs. Also, some officials in Washington in certain high 

U. S. Government circles were in near panic, in their personal (erroneous) firm 
belief that a MidEast-sponsored terrorist bomb had destroyed the Arrow. In that 
case, so they reasoned, with the murder of 248 of our soldiers, the American 
public would be so aroused and angry that they would force military action 
against the MidEast nation or group, and that would then reveal Iran Contra. Too 
‘many highly placed people's hands were dirty! 


So extreme spin control was the major requirement. Damn how many American 
soildershad just been killed in an overt act of war against the U.S. Damn the 
implications of the use of eerie new weapons we did not possess. A hue and ery 
from the U.S. public would almost certainly reveal Iran Contra and smoke out 
the duly secrets. That must not happen at any cost. Some high offi 
particularly the ones who engage in such illegal acts, in assassinations, murders, 

etc—are far more interested in covering up their nefarious deeds than they are 
interested in any kind ofjustice or morality. Consequently, the fix was in. 


So U.S. officials placed enormous pressure on Canada to produce afinding of 
icing. Lots of other skullduggery occurred, which probably constituted criminal 
activityby some U.S. officials. A high-ranking U.S. military officer arrived on 
site quickly, apparently under orders to erase that scene as fast as possible. He 
‘almost immediately wanted the Canadians to bulldoze over the site, even before 

recovery operations were complete and while the investigation was just getting 
underway. ‘The site was bulldozed over in unseemly haste not long thereafter. 
‘That would appear to possibly constitute deliberate tampering with the evidence 
at an official site of investigation, on the part of whoever ordered the General to 
bulldoze the site precipitously. 
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Fig. 13. Rectified voltage of the RF harvester based on patch (a) and arm dipole (b) antenna 


To rectify a 1V DC voltage, the patch-based harvester, Fig.13a, requires a two dual- 
band configuration: -19.5 dBm at 915 MHz and -25 dBm at 2.44 GHz, which is equivalent to 
an input power of -18.4 dBm (or 14 ,W). For the same purpose the dipole-based harvester, 
Fig.13b, needs a dual-tone of -22.1 dBm at 915 MHz and -17.8 dBm at 2.44 GHz. The 
equivalent input power of this 2-tone signal is -16.5 dBm (or 22 pW). The patch-based 
harvester exhibits a better sensitivity than the dipole harvester for the same reason exposed in 
the part A of this section. In Fig.6, which reports the power sensitivity of the rectifier part 
only, the overall sensitivity is almost the same for the dipole harvester. It is improved by 
1.8 dB for the patch harvester due to the additional gain of the antenna at 915 MHz. 


C) _ Discussion and Comparison with the state of the art 


‘An important characteristic of a remote powered device is its size. Indeed it is expected 
to be as small as possible to make it unobtrusive to our closest environment. In a scenario of 
RF harvesting the antenna footprint determines the compactness of a harvester operating Ultra 
High Frequency (UHF) bands. To complete the comparison between the two harvesting 
modules developed in this work, two figures of merit, FOMsexs and FOMars, including the size 
of the antenna, are proposed in (2) and (3). 
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With: Pos the input RF power required to provide Varcapene the unloaded rectified output 
DC voltage, and Aya the area of the antenna, 
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FOMepy 


With: P.y the input RF power required to achieve n the overall power efficiency. 


FOMene and FOMgr do not represent the same scenario of application. The FOMsens 
illustrates the capability of the rectenna to start collecting energy and store it in an element 
such as a capacitor or a battery to further release it. FOMcq demonstrates the capability of the 
RE harvester to yield “on time powering”: the rectenna is connected to an application and 


In addition, witnesses such as Parsons were never allowed to testify. The 
Canadian Board waited until the half of its members who strongly opposed any 
ad hoc finding were absent, and hastily approved a finding of icing as the cause 
ofthe “accident.” Later the disgruntled Board members who were absent when 
the “voting” occurred, issued their own minority report. Unfortunately they 
knew nothing of scalar interferometry and energetics weapons, and so they 
strongly believed it had to be sabotage and explosives. 


‘Anyway, the blackguards hiding tran Contra buried the incident, and the savage 
Kill of 248 of our soldiers and 8 civilians went unpunished. Anyone such as the 
present author who pointed out what had really happened and why, was just 
branded a lunatic. After all, the blackguards who do not flinch at murder and 
unapproved assassination do not blink an eye at slander and libel. 


‘The sad partis those fine young soldiers and the 8 civilians who were killed, and 
the grief and lasting changes made to their families. It is the children who had to 
grow up without their fathers, the mothers whose husbands were suddenly dead, 

etc. They deserved much better from their government than they got 


Other Direct Energetics Signatures on the Arrow DC-8 


Meanwhile, in the lifting DC-8 the strike of the EM missile had also time 
density charged the forward cabin materials. Those materials slowly decayed 
from their excited states via longitudinal EM wave emission. When a human 
body is subjected to fairly significant LW waves (accompanied with their time- 
density waves), it gets its internal immune system and cellular regeneration 
system "jammed," since these systems use LWs and accompanying time-density 
waves. The cells and tissues are also "time-energy charge: and so 
spurious LWs continued to be slowly emitted in their tissues and cells locally. 
leading to gradual, general debilitation. After a time delay for the effects of this 
time-charge decay to be exhibited, such exposed persons will get sick with odd 
symptoms of various diseases such as influenza, 


‘The ground handlers on the scene and exposed to the struck materials of the 
aircraft, were also exposed to longitudinal EM wave radiation from those 
materials which had been instantly “time-charged'" at the powerful strike. He 
they were exposed to fairly significant LW waves, and should therefore have 
shown later symptomology. 


Some 60 or so of the ground handlers actually retrieving the crash materials later 
sickened with all sorts of mysterious maladies: dizziness, stomach cramps, flu- 
like symptoms, weakness, nausea, fatigue, ete—precisely what would be 
expected if some the materials they were handling were emitting longitudinal 
EM radiation, exposing them to significant LW radiation. That is a clear 
signature again of a strike by an EM missile, and the exposure of those retrievers 
to LW emissions. In no normal way could 60 ofthose ground crewmen handlin; 
the wreckage debris all come down simultaneously with the exact symptoms of 
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LW radiation sickness, unless that was what it actually was. 


Many of those sickened persons remained debilitated for years. Probably a few 
arestill alive and debilitated. 


‘Thereare other signatures on the Arrow DC-8 kill. I did a small bit of work on 
the problem in the interests of Arrow airlines, but of course the conventional 
investigators they also hired could only conceive of an ordinary explosive. 
Nevertheless, I did tell them as best I could what happened to their aircraft, their 
crewmembers, and our own valiant soldiers. 


Our troops on board the tragic Arrow DC-8 did not die from a simple over-iced 
plane that crashed as a result of carelessness in deicing operations. They died as 
the result ofan act ofwar against the U.S., carried out by the KGB as a test in 
an entire series to demonstrate the 1985 readiness that Brechnev had specified 
in 1972. That war is still partially ongoing and undeclared to this very day, with 
other players such as the Yakuza and Aum Shinrikyo also now in the game— 
‘and possibly even the e, who certainly have had the weapons for some 
time, and have had QP weapons and negative energy EMP weapons since earlier 
this year (2002). 


With the kill of the Arrow DC-8, the KGB made its deadline that had been set 
down 13 years earlier by Brezhnev. To meet the 1985 schedule, something 
significant had to be killed successfully and clandestinely, no later than Dec. 31 
1985. The KGB made the schedule on December 12, 1985, by killing the Arrow 
DC-8 after a warm-up and full dress rehearsal against a U.S. night shuttle launch 
at Cape Canaveral about two weeks earlier. And they also demonstrated just 
how ignorant of such energetics weapons and their usage the U.S. government, 
scientific community, and investigative boards really were. 


We were fortunate they did notjust go ahead and kill that same shuttle in late 
November 1985. Instead, they waited and killed the Challenger a few months 
later. 


Other Acts of War Completed the Milestone 


Apparently the final demonstration of milestone completion called for the 
destruction of an aircraft, kill of an ICBM, kill of a space shuttle, induction of 

earthquakes, and demonstration of the new quantum potential weapon still in the 
advanced laboratory stage. The KGB completed much of the milestone 
demonstration in 1985, ‘The remainder they completed in 1986. 


In January 1986 they killed the spa 
the KGB even gave a big party in Moscow, to celebrate the "perfect suc 
their active measures” against the shuttle. General Daniel O'Connor, former 
head of U.S. Army intelligence, personally issued an alert to many high-ranking 
US. government officials, pointing out the almost certain involvement of the 
KGB and the fact that the loss of the shuttle was almost certainly due to a hostile 


shuttle Challenger, and the very next night 
of 
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act by the Soviets. 
In April 1986 (May Day report time was coming!) the KGB killed a Titan ICBM 
fired from Vandenberg Air Force Base. They also induced several large 

an the induction of the long-dreaded 
“giant California quake” in the San Andreas Fault zone. 


This latter induction of what would have been a massive quake in both San 
Franc . and all along the San Andreas Fault, was countered 
(destroyed) by a civilian group known to this author, with a backlash that 
resulted in the Chernobyl incident. 


In April 1986 (for the same May Day report) the KGB also demonstrated the 
effectiveness of their newly emerging quantum potential weapon against the 
convenient U.S. air attack on Libya (Figure 25), 


Kill of the Titan Missile Over Vandenberg Air Force Base 

In 1986, the KGB began gingerly using those energetics interferometry weapons 
to kill other U.S. aircraft and several U.S. missiles, including killing a Titan 34- 
D fired from Vandenberg AFB on 18 April 1986. The Titan was killed 9 
seconds after launch, partially crippling the U.S. space surveillance program. 
‘That kill was part of the demonstration of readiness milestone completion 


‘There was a completely decisive signature on the kill of the Titan. Simply check 
Aviation Week & Space Technology, 124 (17), Apr. 28, 1986, p. 18, where a 
picture (the one taken from longer range) of the Titan explosion is printed. Look 
about an inch above that explosion, which is already well developed. There 
above the Titan explosion sits the KGB ball of light registration point, just as it 
‘was sitting over the night shuttle launch in Cape Canaveral in latter Nov. 1985 
when videotaped by a private photographer. 


I persuaded NBC engineer Ron Cole and his colleagues to analyze a copy of that 
video tape frame by frame. In 17 frames, that little ball of energy above the 
explosion moved off on its own course, independent of the Titan explosion. 

ince the launch area for such missile launches is controlled and there were no 
aircraft over the explosion, then one again has a very clear signature. The KGB 
killed the Titan, with 100% certainty 


‘That of course was a test of the interferometry weapons in the role of Launch 
Phase ABM Tested against the Arrow, the KGB operators were 
emulating test of the system in a Launch Phase Antibomber role, ‘These were 
Vital strategic weapon tests. I published details of the use of the weapons in 
‘many other roles. 


Dead-Man Fuzing and Outside Assistance Deterred a Full 
Strategic Attack in 1986 

We have previously documented and published why the U.S. was not fully 
attacked and destroyed by the Soviets in 1986. It was because of our nuclear 
facilities, warheads, etc. which would have exploded, creating great fallout 
hazards worldwide, and because of nuclear dead-man fuzing weapons 
clandestinely placed in Russia by one or more other nations. 


‘A friendly small nation possessing energetics weapons also intervened directly 
in 1986, and blew up several Russian missile ammunition storage sites, some 
five or so in six months. In one such explosion, about one third of all the 
missiles in the Russian Northern Fleet were destroyed. As we stated, the so- 
called "Cold War" was not nearly so cold as has been represented, 


In short, the friendly little nation served notice on the Soviets that, ifthey moved 
against the West, the Soviet Union itself would suffer terribly. They put it in 
language clearly understood by the KGB. So any full-up strategic attack for that 
period was stalemated by that combination of factors 


A. major concem for the Soviets was their inability to counter the dead-man 
fuzing problem posed by nuclear weapons clandestinely hidden inside Russia 
and by the nuclear warheads and reactors inside the targeted nation(s). They 
already had the quantum potential (QP) answer theoretically, and had conducted 
a demonstration test of a laboratory QP device, but they had not yet completed 
the OP weapon systems and deployed them. 


Nonetheless,a very powerful strike of peculiar nature—induction of a giant 
earhquake in the San Andreas Fault zone, including in both Los Angeles and 
San Francisco—was scheduled. This strike would have caused billions of 
do! Larsworth of damage and would have killed perhaps 200,000 Americans. The 
initiation of the strike was actually begun in April 1986—as the reader can begin 
to see, there was to be one helluva May Day report in 1986! Incredibly, a private 
group here in the U.S. then made a unique and unprecedented contribution that 
saved the day for Los Angeles and San Francisco, 


What Really Happened in the Chernobyl Disaster 
Usingthe “inside” of the Woodpecker beams as superhighways for their 
longitudinal waves and interferometry, in April 1986 the KGB interferometers 
had started their build-up of substantial induced EM energy in the sides of the 
San Andreas Fault that runs through Los Angeles and up through San Francisco. 
‘Two beams were being used by the Soviets: One was coming down on the target 
from the North—coming over the North Pole regions and the ice caps—and one 
‘was coming around from the East and upon the target area. Completely (100%) 
certain signatures were present, including some ELF "chugger” waves 
symptomatic of the Soviet method of inducing very large quakes. The time- 
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energy is being used, hence very low frequency ELF is employed to maximize 
the amount of time-energy available for transduction in the rocks on the side of 
the fault. The Soviets were building up a very large earthquake—indeed, to 
spawn a whole series of such quakes all along the San Andreas fault—with 
severe aftershocks following alter the main quake had done terrible damage. In 
short, they were preparing to hit California with the "big one” that everybody 
had been anticipating and dreading for so long, 


A private group contacted me. They stated they could take out one of the 
transmitters by producing a powerful (giant) phase conjugate replica signal pulse 
upon it that would backtrack right into the transmitter and catastrophically burn 
it out—a surface application of the "phase conjugate shooting” once considered 
for armed satellites that could shoot down rising hostile ICBMs at 10,000 miles 
distance. As I understood it, they had a new kind of essentially noise-free 
regenerative amplifier, used in a transmitter. This meant that extreme 
amplification could be achieved in a pulse response to a received Woodpecker 
signal, before the transmitter burned out." Since the group had no knowledge of 
the exact KGB transmitter locations or the possible consequences of such an 
action, they asked my opinion as to the risks associated. This placed me in a real 
quandary 


Atthe time, the U.S. was literally under siege. We have mentioned some of the 


“very subtle bu important point is this An energy flow of any amoust—say, 10" joules per 
second-has absolutely zero power if mone of tha enerzy flow is diverted or changed inform. So 
if one has a wuly perfect noiseeee amplifier and a pute soise-fe energy signal input the sgaal 
‘nergy input canbe directly and fecelyampliied without mit, so long as thoxenoie-eee 
Conditions can he upheld, In short, that igorously contittesPegauging. and he widely used and 
‘wellknown axiom of gauge fcedom—the ability to change the local enezsy density ofa system 
for spacetime frely and at will—applies. Relativistic. such r-gauging is merely rotating the 
frame ofthe system away from te laboratory fame This group indeed had such an ampliier 
‘whic I physically saw, and apparel has i today. Our present texts have not yet realized the 
real implications of gauge fresdom: It means tht one can rely amply energy without limit 
once eran conditions (no divergence ofthe energy of change ofits form) ae met. This docs not 
olat energy conservation: the “potential enerey ofa system” is nota fixed number a ll, but 
depends onthe frame ofthe observer vis vis the frame ofthe system. We point out tht there 
reilly ae no true conservation laws im genera relativity wlessitroduced By arbitrary measured 
‘he great Hilben already knew this in 1917, two yeats ater the advent of Einsteins general 
relauvty. Hier stated! “Tassert. thatfor the general theory ofvelavity, Le. in the case of 
fenerl invariance ofthe Hamiloianfancton. energy equations. corresponding 10 the energy 
quatons in orthogonally invariant theories donot exist a all. I ould even take this 
fircunstance as the charucersiceanre ofthe general theory of relat.” [D. Hilder. 
Gontingen Nachrcinen, Vol 4, 1917, p21} Loskutov and Logunow commented as follows: In 
formulating the equivalence principle, Einstein actually abandoned the idea ofthe gravitational 
eld as a Faraday-Maxll eld and this is elected inthe peuotensoral characterization of 
‘he gravitational field that he inoduced. Hilbert was theft to dra attention 10 the 
consequences ofthis. Unforunately, Hiller was evidently not maerstoo by his 
Contemporaries, since neither Einstein hinselfnor other plysciss recognized the fact that in 
ener relativity conservation lawsfor energy, momentum, and angular momentum are in 
prinple imposible.” "Nonusigueness of te predictions of the general theory of reat 
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“target year" activities, such as kill of the Arrow DC-8, flameout offet engines 
carly in 1985, target practice against shuttle launches at Cape Canaveral in 
November 1985, etc. Actually kill of targets had continued in 1986. A huge 
earthquake followed by several large aftershocks had been used against Mexico 
City on 19 September 1985, causing great damage and demonstrating a little of 
‘what might be expected when they chose to hit Los Angeles and San Francisco 
‘much harder. The Mexico City quake had been preceded by an induced, giant 
hailstorm weeks earlier, and on the evening of 18 September 1985 by giant 
radial cloud signatures accompanying the generation of excess energy in the 
underlying rocks as the KGB prepared next day's giant Mexico City quake. The 
reader should recall that, working with Sweet during this period, I knew with 
certainty which earthquakes were natural and which were manmade. 


US. and aircraft had been hit, the Challenger had been destroyed, and 
the Titan 34-D had been destroyed at Vandenberg AFB on 18 April 1986, 
accompanied bya 100% indicator (the substantiated presence ofthe marker 
beacon for registration and shift firing). In addition, a little Richter 5.3 quake in 
the San Francisco Bay area had been induced by the Soviets on 31 March 1986, 
a quake which was correlated with preparatory activity on the Woodpecker 
transmitter signals the day before, showing Soviet induction of the energy to 
create the quake. Again, we had instrumental evidence that it was manmade. 


‘That quake on 31 March had been a "warm-up" and practice for the big one now 
about to be induced in both Los Angeles and San Francisco, and along the San 
‘Andreas Fault. In fact, it appeared that the entire fault zone would be stimulated 
bby deposit of excess energy all along its length. In that case, induction of a 
distrituted California quake of unprecedented extent and great magnitude was 
now in process, though just beginning. Ifthat event or those events occurred, the 
loss of American lives and property would be staggering. 


The High Side 


‘The group's query to me presented a very difficult decision situation. Such huge 
Soviet interferometer beams, once built up, contain enormous longitudinal EM 
wave energy. Ifa Soviet transmitter were near large nuclear facilities, and were 
instantly. blown and shorted, all that potential energy might flash directly into 
the ground. 


k Factor 


In case of such a catastrophic transmitter failure, an enormously powerful 
longitudinal wave pulse would spread out inall directionsin the surrounding 
arth, The first nuclear material the pulse encountered would be fissioned 
abruptlyand very violently. Ifthe transmitter were within a few kilometers of 
fone or more of the large “monster” Soviet ICBM sites, the full-up explosion of 
several 30 or 40 megaton warheads might result—in the dirt and dirty. The 
resulting fallout and contamination would be massive, would spread round the 
‘world, and would eventually kill millions for years to come. Nuclear reactor 
stationswere a similar risk; instant fission of all the fissionable material in one 
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of them would constitute an unprecedented and giant nuclear explosion, in the 
dirt and dirty. That was the high side risk. 


The Low Side Risk Factor 


‘The low side 
tremor induced in a nearby fault zone, etc. I knew that the Soviets—after 
carly Kyshtym transmitter failure—had produced such a flashover on a much 
smaller scale and that flashover had caused the nuclear explosion of nearby 
stored nuclear wastes. The resulting fallout contaminated some 1200 square 
kilometers, which is still contaminated to this day. I also knew that, after 
Kyshtym, the Soviets had installed safety devices on all their scalar 
interferometer transmitters in case ofjust such failures. 


would be that litle or nothing at all would happen; perhaps a 


So if the safety devices held when the transmitter suddenly shorted out, they 
could hold the longitudinal EM wave beams and potentials long enough to drain 
the energy slowly and harmlessly into the earth over an extended period. That 
was the low side risk, 


‘The most likely consequence, of course, would be somewhere in the middle 
between the extreme upper risk and lower risk limits. In other words, we could 
expect some bad repercussions in the Soviet Union almost certainly, but 
hopefully it would mostly be confined to that spot. 


Consequences of Not Taking Counterfire Action 


Ifno action were taken, the risk to the U.S. was appalling. Ifthe transmitters 
continued, then perhaps 200,000 Americans were going to die in Los Angeles 
and San Francisco and along the San Andreas Fault. Perhaps 300,000 more 
Americans would be injured, and many of them would also die. Enormous 
physical damage would also be done, and those basins would be disaster areas 
for some years to come. It would be interpreted by our inadequate scientific 
community as a great “natural” disaster caused by a giant earthquake, and the 
ghost of Khrushchev would have had one more laugh at us, with his words "We 
will bury you!” silently ringing in the ether. 


My Recommendation to the Counterf ire Group 


To save those American lives, some reasonable element of risk had to be 
accepted. In other words, it became a classic "risk-to-benefit” military analysis, 
but one that was deadly serious. To me, as a military person the medium risk 
had to be accepted in such case, 


| gave the group my reasoning. They then asked what I would personally do if 
my own finger were on the fie switch. I answered that I would take out the 
transmitter or transmitters and save those American lives, accept the medium 
risk, trust in God, and pray for the best. Military decisions often have to be made 


ry could not make such tough 
their wars 


{n just such uncertain conditions. If one's mili 
ons, then one’s military forces would inevitably los 
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The Group Fired and Took Out a Transmitter 

‘The group thanked me, stated that they would fire, and hung up the phone. See 
(on April 25, just as they promised, and they did destroy 
—apparently located some kilometers (perhaps 30°) 
tors at Chernobyl. 


Atthe moment the transmitter was hit and destroyed, engineer Bill Bise—out in 
the field with magnetic field detectors and measuring the Woodpecker beams— 
observed the abrupt failure of the Woodpecker transmitter beam coming around 
the Earth from the East. Thus, he actually detected the successful destruction of 
that distant interferometer transmitter. Unknowingly he had detected the results, 
of a great counterstrike in a very dangerous strategic battle. 
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Resultsat the Transmitter and at Chernobyl 

We were very, very lucky. At the destroyed transmitter site, the safety circuits 
kicked in and caught the huge beam potential and held it for about 24 hours. 
gradually draining down the intense beam energy into the earth in a slow 
‘manner all the while 


A frantie Russian message to the Chernobyl reactors galvanized the operators to 
immediately shut down those reactors (put in the cadmium control rods). 


However, the uranium in the fuel rods was of course still sitting there. 
Chemobyl then waited with bated breath to see if the safety circuits would hold. 


‘Then on 26 April, the safety circuits at the transmitter site finally crumbled, and 
a far weaker LW flashover occurred than would have occurred earlier without 
the safety. The spreading LWs in the earth struck the nearest reactor core at 
Chernobyl, preceded seconds before by a tremor induced in the earth at 
Chernobyl as the LWs arrived. Part of the struck uranium in the core fissioned 
immediately, venting the containment structure and spewing out radioactive 
‘material. Nuclear fallout spread over much of Europe. The rest of the disaster is, 
well known 


‘That unknown group, in my estimation, saved a large number of American 
lives—at least 200,000 or more and perhaps as many as 300,000. They also 
prevented enormous physical damage to California, both to Los Angeles and 
San Francisco and to points in between. The members of that group are the 
unsung heroes of this bizarre episode. It is my hope that I may live to turn the 
names of those persons in for the award of a very high Presidential medal. Until 
then I will not reveal those names under any circumstance. 


Whether or not the U.S. scientific and intelligence communities know it or 
believe it is of no concer. What matters is that a great many Americans are still 
alive, and their children born since then are alive. ‘Those Americans otherwise 
would have been very, very dead or never born. I personally have reflected on 
those desperate circumstances many times. If had it to do over again, I would 
unhesitatingly urge the same action: Fire and save those American lives, and 
‘accept the medium risk. And pray. 


‘And I did pray after recommending the strike. In my opinion, this time my 
fervent prayers were answered, Lam extraordinarily sory forthe civilian deaths 
that occurred; all one can say is that it was under se 

very peculiar—and very desperate—war. 


Soviets had many other interferometers on line. They induced a substantial 
sarthquake in Mexico at the end of April. Thus they did complete their 
‘earthquake footsteps" of the milestone. On 7 May they induced a 7.7 
quake in the Aleutian Islands. If7.7 to 9.5 quakes had hit all along the San 
Andreas Fault in Los Angeles and San Francisco and in between, then the 
destructive scenario I had envisioned for the West Coast would have occurred. 


See 
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On 12 November 1986 the Soviets even placed a giant "dummy shield 

(practice) over Atlanta, Georgia (Figure 58). Ifthe shield had been real and not 
Jjust practice, any aircraft and missiles flying into it would have been instantly 
exploded and destroyed. That mode—"botiling up” a strategic weapons a 
useful to nullify an entire strategic ICBM launch complex or a large bomber 
base, etc. It can also "bottle up" a large carrier task force at sea, including the 
aircraftand the Tomahawk missiles, the shells from the naval guns, etc. 


Kill of the Challenger Included Use of Metal-Softening 

‘As we mentioned, during that 1986 preparation period the Russians also 
destroyed the Challenger spacecraft (January 28, 1986). Numerous signatures 
abounded, all of which we have already published. 


A few weeks before the kill of the Challenger, a close colleague had 
experimentally proven that a metal-softening signal was indeed placed on the 
Russian "woodpecker" signals (Figure 7). He did this quite simply: he wired 
himself into a receiver, through an intervening amplifier, and tuned the receiver 
to the Woodpecker signals." Then he took nails from a can of nails he was 


Here he was taking advantage of the fact tht the infolded LW signals inside the Woodpecker 
engines” for metal-softening, also constitute “perfect” divergence 
0 to speak, at last overall. Amplifying the signal also amplifies the "engine 
inside it. When connected to his body. "potentials superpose™ is the rule. and that transfered the 
amplified engine to his body and into the EM field immediately surrounding his body. Hence h 
softened the hammer metal a tiny bit, and softened the much les tempered nails quite a bit mo 
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supply it on time. Both are reported in the Table I, which also includes some references of the 
state of the art. The ability of the proposed rectenna to simultaneously operate in two 
frequency bands, significantly improves the power sensitivity. 


Table I. Comparison with the state of the art 


Freq Efficiency Sensitivity Number Schottky Size. = FOM— FOM 


Ret (GHz) (M@P,) (V,c@Prf) ofstage diodes. (cm) Sens_—EE 
mw TIE ; % 

me ee “ib 1 SMS760 «ISIS 1966 

oa MG ova Tere 

ey 24 ee ee 1 sMs-7630 155.1258 
0078 @ 

2 a 1 SMS7630 3434 65 905 

5 036V@ 1 ss : 

3} Ne SMS-7630 6x6 0518S 
300m) 

pay rey 1 SMS760 770112 

This : 

ons) a Wa HSMS- 

Danke 24 -20/18aBm 22/18 zap KIL 19836 

Ths 091) Bs%@ WV @ =e 

work 244 -19.8d8m/ —-19SdBm/ SMS. rece 105 100 

Patch 20dBm 258m 


According the Table I, the patch-based harvester exhibits the highest sensitivity to 
rectify 1V with a dual-tone featuring: -19.5 dBm at 915 MHz and only -25 dBm at 2440 MHz. 
The FOM.cns represents the trade-off between the sensitivity performances of a rectenna and 
the antenna area. The FOMsir rates the efficiency performances to the antenna area. For these 
two figures of merit, the rectenna based on the multi-arm dipole element yields the best trade- 
off, both for FOM.ex. and FOM.;, compared to the patch-based solution. This dual tone and 
multi-arm dipole harvester is close to the work proposed in [24] which exhibits the highest 
FOMcxs reported so far in the literature to our knowledge. 


V. CONCLUSION 


The range of power collectable in a scenario of RF harvesting varies from -15dBm to 
-25dBm. To address this purpose the rectenna proposed in this work are optimized to operate 
at a RF input power close to -20 dBm (or 10 1 W). To further improve the ability to collect the 
RF energy, these rectenna, developed with Schottky diodes HSMS285 from Avago, perform a 
concurrent harvesting in the 915 MHz and 2.44 GHz ISM bands. The harvester including a 
patch antenna implemented on a 1.6mm FR4 PCB achieves the highest sensitivity. It provides 
a 1V-rectified voltage for a dual-tone excitation of -19.5 dBm at 915 MHz and -25 dBm at 
2.44 GHz. For these conditions of operation the rectenna yields a power efficiency of 12.5%. 
To take into account the dimensions of the haverster, two figures of merit, FOMsess and 
FOMg including the size of the antenna, respectively related to the power sensitivity and the 
power efficiency are proposed. The rectenna developed with the arm dipole element exhibits 
the highest figures of merit. A case of application is proposed with the remote powering of a 


using, and hit them with a hammer to drive them into planks. The nails all 
folded up instantly like totally wet noodles. A couple dozen, one right after the 
other. Simultaneously, his son—who was not connected to the Soviet signal— 
was pounding nails from the same box, normally and without difficulty. None of 
the nails picked up and pounded by his son experienced any difficulty or 
softness 


‘Then my friend disconnected himself from the signal, and waited a bit 
Whereupon when he then used nails from that same box, he drove them in 
without difficulty. There were no more *wet noodle” nail 


We reach a very simple conclusion: When he connected to an ampli 
Woodpecker signal, his body was time-excitation charged (quick charge and 
quick decay) with a specific signal so that the nails he picked up were charged. 
‘Then when hit with the hammer, the nails acted as if made of very limp rubber 
without a rebound. When he disconnected from the amplified Woodpecker 
signal, and waited a moment for the induced charge in his body to dissipate, the 
nails also discharged their engines and quit acting like limp rubber bands when 
hit, and became normal nails with normal behavior. That would seem to be quite 
sufficient to prove the thesis. 


‘The Challenger was then destroyed, as we previously printed, with numerous 
signatures of the hit, including even a KGB party in Moscow to celebrate the 
success of killing the vehicle (and getting away with it), 


Cold Molding: An Epilog to the Metal-Softening Donnybrook 


| was called a total lunatic for pointing out a metal-softening capability on the 
Russian signals. So be it. Metal softening is achieved by an engine which serv 
as a pumped phase conjugate mirror for the vibrations and signals in the lattice 
bonds of metals. Build up that engine in the metal until the precisely reversed 
and overlaid signals negate the normal signals, and one has “dissolved” the 
lattice bonds, converting the solid to a liquid. Lattice bond cancellation is not 
heating, 


But that was not to be the end of the “metal softening” story 


‘A few years later, working informally with a large UK aerospace firm “for free”, 
I furnished them an address in Moscow of some Russian scientists associated on 
the perimeter of the KGB energetics weapon program. The address had been 
taken from their cautious advertisement for business on the Internet and 
furnished to me by a correspondent. A UK engineer fluent in Russian was sent 
to meet with those scientists in Russia. They nervously showed him several 
novel things, one of which was "cold-molding” of metal. The liquefied the metal 


“The result wus that a hammer blow onto nail head resulted in the mail acting as limp noodle 
upon impact. 


without heating, poured it in a mold, and waited for the “effect” to wear off and 
the liquid to turn back into a solid again 


Briefly, an energetics charge (using LWs) was induced on the metal lattice 
vibrations, adding their phase conjugate replicas to the interior LWs comprising 
the lattice bond signals. The metal's atoms were time-density charged to an 
excited state (presently not recognized in Western science). Thereupon the metal 
lattice EM forces “dissolved” and the metal became liquid at room temperatures 
and without heating. ‘The cool liquid metal was then poured into a mold. Then 
after awhile, the time-density charge and slowly drained away, and the metal 
resumed its normal solid state—all without any heating whatsoever. 


On a subsequent trip the engineer brought that Russian team itself out of Russia 
and to the UK. The Russian scientists demonstrated cold molding to assembled 
UK scientists, and to some U.S. visitors. ‘The phenomenon was physically 
demonstrated and proven. 


1 was correct about the metal softening then. We were also correct back there in 
1986 about the metal-softening signal employed against the Challenger (together 
with several other things). 


‘There are numerous other signatures on the death of the Challenger. Again, the 
death ofthe Challenger was not an accident. It was due to a deliberate act of 
war by the KGB. The KGB knew in advance—after substantial probing 
incidents—that they would get away with it. And they did so. 


Additional Update from Year 1998 to Year 2,000 Has Been 

Given 

In the action package we sent to the DoD in 1998, we told the rest of the KGB 
energetics weapons story up to that date. We gave the attack plans as we saw 

them and the most useful types of attacks to be expected. 


I hope the reader is interested in this special energeties weapons information 
High power microwave weapons, high energy lasers, and nuclear weapons are 
useful but no longer decisive weapons either strategically or on the battlefield 
against a foe equipped with such energetics weapons. and particularly against a 
foe equipped with quantum potential weapons and negative energy EMP 
weapons. 

Atpresent, we are intensely watching to see if we can pick up indicators forthe 
next scheduled strategie attack, its probable timing, and the "new twists 
included in it 


Presently, we have perhaps an 80% chance that the litte nation can once again 

counter any new threat and cause the KGB to abort the impending attack. On the 
other hand, with Putin apparently limiting at least some ofthe action ofthe 

KGB, we have moved into our pr smmetrical warfare against terrorism— 
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and ultimately against the extensive terrorist teams and assets already infiltrated 
into our homeland. 


‘As a single example, before the collapse of the former Soviet empire, the 
Russians long ago slipped in nuclear weapons (from 20 to 40 K'T) and hid them 
in all our large cities and population centers, along with the Spetznaz teams to 
detonate them on command. Several nations have introduced teams with 
normal sabotage assets and also with weapons of mass destruction such as 
radioactive nuclear materials (for a dirty bomb), anthrax, smallpox, bubonic 
plague, ete. Behind the scenes, the die-hard remnant of the old KGB crew are 
using QP weapons to “spread” the immune systems (Figure 53) of our populace 
and materially enhance any BW strikes that the terrorists unleash. The rogue 
Japanese team (Yakuza and Aum Shinrikyo) on site in Russia are using their 
LWIs in a giant weather war and the occasional kill of an aircraft, ete. Over the 
decades Castro infiltrated some 10,000 guerrilla/special forces types trained in 
camps in Southern Mexico for decades. Probably at least half are still loyal and 
dedicated—and waiting to blow up bridges, power substations, high voltage 
power distribution system towers, dams, harbor facilites, refineries, pipelines 
(both oil and gas), etc. The first phase of WW Ill—delivery of the weapons of 
destruction and mass destruction to the targets along with means to unleash 
them—has already been accomplished. 


We are particularly struggling against the rise of asymmetrical warfare—the 
superpower’s paradox (Figure 59)—and our present involvement in that "new" 
kind of warfare is still quite foreign to us. Only time will tell how well we fare 
in this new type of war, which we will be engaged in for many years to come. 

Vice President Cheney rightly regards it as almost a state of perpetual warfare 
wwe shall have to learn to live with, as shown by his words on Oct. 21, 2001 


“The war on terrorism will not be over in our lifetime. It is different than the 
Gulf War was in the sense that it may never end. At least not in our lifetime. The 
way I think ofit is, its a new normalcy.” 


© Sco Stanislav Lunev (with Ix Winkler), Through the Eyes ofthe Enemy, Regnery. Washington, 
1098. Lunev is «high-ranking GRU defector. He isa former Colonel in the GRU. the military 
‘countegpart ofthe KGB. In p. 22-33, he summarizes the Spetznaz capabilities. On p. 2 
‘summarizes Spetznaz use of nuclear weapons already on American soil. On p. 26, he gives some 
‘ofthe ways in which the Soviets easily hrought nuclear weapons into the U.S. On p. 30 be 
‘confirms Russian seismic weapons, Use of EMP weapons ison p. 30-31. Use of very, vey low 
frequency weapons to destroy the human brain, put people into a zombie-lke state, and aid in 
brainwashing i confirmed on p. SI. And this i information Okayed by the CIA for release! 
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Complex, expensive, hightech 


Sy, 


‘Simple, cheap, lowtechinitialy. 
Laterincludes high tech and very high tech. 


Fue 59 The superpower paraox: Aymnetc cheap VND staloge shes and destucton, 
[ale becoming extremely hgh toh ard exer yl 


There is Also a Severe Bioenergetics (EM Biological Warfare) 
Threat 
The threat from bioenergetics is equally vivid. ‘That old die-hard section of the 
KGB can now attack an entire population, eg, with electrodynamically 
(energetics) induced diseases of any kind whatsoever, particularly when using 
QP weapons. Such attacks are totally immune to inoculations and antibiotic 
treatment. Any kind of strain or variation of a disease can also be induced in the 
pathogen pool for that disease. Against a foe who has such capabilities, our 
entire medical establishment—including all our emergency treatment procedures 
and agents—is obsolete right now. A vaccination and the presence of antibodies, 
eg. does absolutely nothing against the EM induction of the exact physical 
shown in the decades-long "microwave 
radiation” ofthe U.S. Embassy in Moscow (Figure 1). 


To the Assistant to the SecDef in such matters, in 1998 we furnished a 200+ 
page briefing package and loosely proposed a crash development of the new 
type of medical therapeutic treatment devices pioneered and proven by the 
Priore group in France in the 1960s and early 1970s. Later, Congressman 
Cramer queried that office for an answer. 


Unfortunately the Assistant SecDef's office erroneously responded to 

‘Congressman Cramerthatnothinginthe literature supportedthemechanisms 
proposed. Indeed, the package we furnished contained a detailed lis citing the 
hard French scientific papers in the literature, reporting the exact experiments 
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‘and the astounding results obtained. Some 2,000 highly successful animal 
experiments for more than a decade of experiments in fact supported the thesi 
and higher group symmetry electrodynamics fully supports the ability to use EM 
‘means to make spacetime curvature engines, so that these engines then interact 
back upon the targeted matter to perform the actions desired. ‘That it does not 
appear in conventional electrical engineering is of no consequence; it appears in 
physics and it is good physics, just on the cutting edge. 


We also reported, explained, and cited Becker's epochal work (Figures 27 and 
28), which is copiously published in the hard literature and which was an 
example of the fundamental mechanism also. Becker was twice nominated for a 
Nobel Prize for his outstanding work. Unfortunately, the Assistant SecDef 
office responded with a non sequitur. 


Packages were sent also to NIH, NSF, CDC, and several other government 
agencies. Not a single one of those agencies was interested enough to have a 
competent scientist contact me and discuss the area. I strongly doubt that a 
single scientist anywhere in the Government bothered to seriously read and. 
ponder the material so painfully and expensively compiled and furnished. 
Lieutenant Colonel (Retired) Ken Moore and I worked our fingers to the bone 
for weeks, preparing that briefing, and we spent all the spare money doing it that 
we could rake up and obtain. 


‘The near-total lack of response itself seems astounding, but it clearly shows the 
state of U.S. science with respect to novel energetics innovations, even long 
after those innovations have been experimentally proven and documented in the 
hard literature, and even after they have been weaponized against us. Itis a 
direct indication of why the U.S. never deciphered what was going on in some 
four decades of Soviet weak microwave radiation of the U.S. Embassy in 
‘Moscow, including the kill (eventual deaths) of three U.S. Ambassadors. 


For decades there have been manipulations, to say the least, in the hotly 
contested field of the biological effects of EM radiation. We refer the interested 
reader to an excellent expose of that situation: The expose is by Dr. Andrew A. 
Marino, Ph.D., 1.D., Powerline Electromagnetic Fields and Human Health, 
which is current. I believe it can be freely downloaded from: 

hutp://www.ortho Jsume.edu/Faculty/Marino/PowerlineTOC.html. Dr. Marino 
has been personally and deeply involved in the investigation of EM bioeffects, 
in court cases, and in Blue Ribbon Panel investigations and proceedings. The 
book is an eye-opener, and it gives one a good view of the machinations in the 
EM biveffects field. We quote directly from Dr. Marino, Chap. 6, p. I 


"Oversimplistic as it may sound, whoever pays for EMF 
bioeffects research and analysis determines what data is 
produced and the way it is interpreted. Soon after the 
possibility that powerline EMF’ were health risks was raised 
ina legal dispute involving the New York Public Service 
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Commission, power companies and their trade associations, 
particularly the Electric Power Research Institute (EPRI), 
became massively involved in EM bioeffects research. 
Subsequently, the power industry dominatedfunding of the 
effects ofpowerline EMF’, both in terms ofabsolute dollars 
and compared with dollarsfrom non-industry sources...the 
power companies and their trade associations were deeply 
deceitful regarding the information they provided to scientists 
and to the public regarding the potential health hazards of 
powerline EMFs." 


In the entire EM bioeffects field, there does not appear fo be any mention of, 
study of, or recognition of EM bioeffects induced by the most powerful EM 
factors: longitudinal EM wave irradiation, time-polarized EM wave irradiation, 
and time-excitation charging of particles throughout the body and its cells, with 
resulting emission of transduced longitudinal and transverse EM radiation from: 
within-to-without, 


National Institute of Health Reaction 


NIH replied to my letter and action package from their Policy—read: spin 
control—Section. They noted that the package mentioned the Gulf War 
Syndrome, which was not in their mission area. So they just sent it off packing 

to DoD (simplest way to get rid of it, apparently no one seriously read it or even 
‘cared to read it). I queried them back by separate response letter about their lack 
of interest in a revolutionary proven new medical methodology well- 
documented to cure cancer and other dread diseases, in many hundreds of 
experiments by leading French medical scientists. This was certainly within 
their mission area 


‘They hastily replied from the Policy Section that, yes of course NIH was 
interested in all such things, and told me where to “submit a proposal.” We 
never got out of their Policy department. Again, not a single competent scientist 
in the U.S’s supposed master medical agency apparently even read the package 

oor cared to call and discuss the matter. This was an indicator of their total lack of 
any grasp of the energetics threat, its testing, and its use to induce the Gulf War 
Disease. 


Nowpethapsone can see why we are so far behind the KGB energe 
‘entists and weapons program. 


weapons 


Marino, ibid., is particularly enlightening on the adamant opposition by 


ct of nonionizing EM 


radiation. 


No responses at all were received from the NSF and the CDC, or the other U.S. 
govemmentagencies to which the package was furnished, 
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would be dictated by the parent NIH policies. As for the NSF, Marino, ibid. 
again is enlightening on the qualifications or lack thereof of its membership. 


So as the reader can see, the top of the medical establishment in this nation is, 
flatly not interested in any “controversial” or "out of the box" proven method for 
curing cancer, dread diseases, and mass treatment of those millions of American 
casualties that are coming in our cities and population centers. Again, they 
directly ignore scientific method's very premise: Ifthe experiment is replicated 
and contradicts the theory, accept the experiment and change the theory. 1 
personally concluded that the U.S. Medical establishment largely does not 
follow scientific method, but follows dogma and the already approved 
methodologies. 


How the New Revolution in Medical Healing Works 

For the reader who is a medical scientist and trained in physiology and biology, 
‘one might be interested in that revolutionary French therapeutic methodology 
and how it worked (before it was ruthlessly suppressed in the early 1970s). 


Priore's apparatuses (Figures 12,49, and 60) simply pumped the cells of the 
entire body with longitudinal EM waves (each accompanied of course by its 
time-polarized twin, in a Whittaker pairing). The cells and every part of them 
are very nonlinear, so they act as pumped phase conjugate mirrors for Whittaker 
wwave-pair engines resident in the cells and acting as “input signal complexes 


Once the cells are pumped by these now-established time-density waves, the 


“time-excitation charging” stage. Thereafter, the time-charge decayed slowly, all 
the while constituting pumping of every cell and every part of it, in the time 
domain, 


‘The resident engine in the cell contains two components: (1) the normal or 
healthy component, and (2) the abnormal component representing disease or 
debility. Pumping these two components time-reverses both of them and 

‘amplifies that reversal. This creates amplified and incredibly precise antiengines 
in each cell and in each part of each cell, These antiengines override the weaker 
cellular engines resident. In turn, this “reversing” action of the antiengines 
uses the pumped cellular masses (actually the mass-energy, in its exact 
structure and dynamics)—at any and all levels, including the genetics—to be 
time-reversed back to normal. In biological instead of physics terms, it 
“dedifferentiated” the diseased or altered cells back to a previous healthy state 
by simply eliminating the diseased engine component. This ix a dramatic 
extension ofnonlinear optical phase conjugation from the 3-space pumping 
domain to pumping in the complex (time) plane, and itis effective for time- 
reversing mass-energy at any and all frequencies. We accent that the cellular 


fime reversal back to aprevious state_includes all the cell's genetics and every 
art ofthe cell no matter how small 


Time-reversing the cells back to normal state 


sucess 


gue 60 Blick diagram of Pro's heating (egnertve and time eversing) process 


Normal cells are just backed up to a slightly younger condition. Diseased cells 
have their abnormal engine component overridden and reversed back to zero (its 
earlier state), so that only a slightly younger normal engine remains resident in 
the cell. This simultaneously reverses the cellular masses back to their previous, 
healthy condition. 


Contrast this direct healing mechanism to the action of the immune system. 


‘The immune system itself does not heal anything. It contains the killers, the 
scavengers, the locators, the markers, the attackers, and the troops manning the 
ramparts. Usually after a fierce battle with invading hostile pathogens, it wins. 
Lots of cells still living are damaged in the melee. The immune system 
scavengercells then scavenge up the residue littering the battlefield. But the 
immune system itself cannot heal and restore a single damaged cell, includin 
ne of its own, 


‘That healing and restoration of damaged cells is the job of the regenerative 
system, still little known and inadequately studied today. Perhaps the most 
fundamental studies were mostly by Becker et al. some decades ago. The 

regenerative system (Figure 29) isan EM system in ts operation, as clearly 
shown by Becker (Figures 27 and 28), yet it is able to physically differentiate 
and dedifferentiate cells from one form to another at will, and in highly selective 

enerative system acts within its limitations (only weak pumping 
versal of diseased or damaged cells) to eliminate the 

delta (the deviation from normal of the resident engines in the pumped cell) 
‘That restores the normal (healthy) engine and slightly amplifies it as well 
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Itis obviously of the utmost medical importance to understand and apply (and 
amplify) this little-known technical mechanism by which the regenerative 
system is able to restore damaged cells back to normal. 


It turns out that the regenerative system in its novel EM functioning uses 
precisely LW and TDW pumping ofthose damaged cells and gradually time- 
reverses their entire masses back to a normal healthy state, within its 
limitations. 


‘This is the secret of the mechanism of the cellular regenerative system—which 
is an electrodynamic system of very unusual nature. The exact mechanism has 
not previously appeared in the literature. It took me 14 years to uncover that 
fundamental mechanism, and another 4 or 5 to refine it abit, even though both 
Priore and Becker (as well as others) applied it decades before without being 
able to fully decipher it 


‘The experimental proof'is already in the literature, once one understands the 
higher topology EM unwittingly used by both Becker and the Priore team. The 
proper types of higher group symmetry electrodynamics required to understand 
the action of the cellular regenerative system are available. There exist scientists 
skilled in their application and use. Th tists and that higher group 
symmetry electrodynamics are little used, and are never used at all in the 
medical field. There exists no funding anywhere for higher EM examination and 
‘modeling of the functioning of the cellular regenerative system—i.e., for the 
fundamental heating process 


Just imagine what this could mean to medicine: One can now develop a new 
medical science to amplify and apply nature's own proven method of restoration 
‘and healing ofdamaged cells, including all their damaged genetic material. It 
matters not what caused the damage, whether pathogen or gamma radiation, 
whatever. This new therapeutic method is a totally new general relativistic 
process where powerful spacetime engines are created which work directly upon 
the damaged cell and every part of it, physically reversing the cell and all its 
parts precisely back to normal condition, 


General relativity rigorously tells us that a precise spacetime curvature engine 
(set of precise spacetime curvatures) is present and active for every specific 
disease condition and every nuance in it. It also tells us this flawed (disease or 
damage carrying engine) continuously operates on the cellular mass at every 
level, maintaining the exact physical condition of the cell and its dynamics. By 
creating a precise "anti-engine” and amplifying and applying it, general 
relativity assures us that we are physically acting upon the cell and all its parts 
at every level, down to the smallest—to precisely return every part in perfect 
proportion back to a previous normal healthy condition. Pauirizel directly 
proved the time-reversal to an actual earlier state ofthe cells and the organism 
(Figure 61). Amplification by time-domain EM pumping, means that we can 
cause this time-reversal of the cells back to normal to happen much more 
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quickly than can the body itself, which can only pump very weakly 


+ Pautizel compared identical teatment of immature 
rats with imate imine s)stems, and mate as 
‘vith mature immune systems 
Trestnen restored the damaged mature system back 
to fll mature functioning. a promptly recognized 
tn spatched the pathogens 
+ Treatment restored the damaged immature system 
back to fll immature functioning, unable to cope, 
andthe pathogens promptly einfeted and Killed the 
immatu rat. : 
+The lesson: The body is indeed retumed to a 
Previous ysl te The pathogens thes 
Se not kl by the teatment bat by restoring the 
ably ofthe immune system to recognize and destoy 
nan PROF AYUOND PAUTRIZEL 
+ Only the previous ability of the immune system is (Renowned Parasioiegit) 
restored by the process. “ 


Figue 61 Pais prooaftine reversal ofthe sick cals back to a previous state 


therapy. The Sachs unified general relativity and electrodynamics, and GR/EM 
unification applications in O(3) electrodynamics produced by Evans, for the first 
time provide a solid theoretical basis for Priore’s methodology and his, 


evolutionary results. They also offer direct engin¢ 
cures, once the technology is developed. 


ering of startling physical 


‘The profound implications of that treatment can be seen. Apparently, however, 
our leading governmental agencies and health agencies do not see it, do not wish 
to see it, have no appreciation for general relativistic effects in healing, and do 
not intend to have any appreciation for general relativistic effects in healing, 
Indeed, they seem totally uninterested in even trying to comprehend and 

arch the fundamental healing mechanism demonstrated by nature herself 


What the French Researchers Showed 


Among other things, the Priore team produced revolutionary cures of terminal 
tumors, infectious trypanosomiasis, suppressed immune systems, and 
atheriosclerosis in several thousand laboratory animals in rigid laboratory tests 
under rigorous protocols. Eminent scientists such as Robert Courrier and 
Raymond Pautrizel worked with the Priore team. Courrier was head of the 
Biology Section of the French Academy of Sciences at the time, also Secretaire 
Perpetuel of the Academy, and a noted scientist of high stature. Courrier 
personally presented the astounding Priore results to the entire assembled. 
French Academy. He also sent his own most able scientist assistant to personally 
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digital clock consuming 1V/5j1A. The patch based harvester turns on the device with a dual 
tone excitation at the antenna of -19.5 dBm at 915 MHz and -20 dBm at 2.44 GHz. For the 
same scenario the harvester connected to the multi-arm dipole element needs a power of 
-22.1 dBm at 915 MHz and -17.8 dBm at 2.44 GHz. 
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prepare the terminal tumor grafts on the lab animals before their treatment. 


‘A world-renowned parasitologist who did enormously important work with 
Priore was Raymond Pautrizel, who is still alive at this writing though quite 
aged. Pautrizel was greatly persecuted for his years of determination and effort. 
Courtesy of Pautrizel via the late Christopher Bird, I personally have the very 
Ph.D. thesis that Priore himself submitted to the University of Bordeaux on his 
revolutionary work. That thesis was maliciously rejected in the suppression that 
‘was applied to the project. When the French Government changed to a Leftist 
government in the mid-70s, Government support was immediately withdrawn 
and the project was ruthlessly suppressed. Priore later sickened and died and that 
was the end of that. More than a decade later a brave and determined Pautrizel 
finally was able to get a doctoral thesis approved in the Priore work area, at the 
same university, by another doctoral candidate, Erie Perisse {40) 


‘There are two U.S. patents on the Priore device itself, and of course several 
French patents also. 


All the above was rigorously documented in the 1998 package prepared and 
submitted by Ken Moore and I 


While Priore was stil alive, a team with which I was connected attempted to 
‘mount a well-funded effort to restore the Priore methodology while Priore was 
slill alive. We also were viciously suppressed. The lives of our financial backers, 
and their families were threatened. The head of our project was viciously 
attacked financially and destroyed, fleeing the country for his very life. Whoever 
thinks that dramatically innovative medical science in this country is just sweet, 
reason and scientific method, should have a strong enema to remove the serious 
blockages interfering with his perceptions. 


‘This vicious outside suppression of our project so infuriated me that I made a 
solemn promise that, were it humanly possible, I would decipher the Priore 
process before I died. It took 14 years, but we made good on that promise. 
During the 20 years or so since our project was suppressed, itis heartbreaking to 
consider the millions of children and sickened and suffering people who could 
have been saved had the project continued and succeeded. It is heartbreaking 
now to consider the coming millions of casualties in our civilian populace in our 
Cities, most of who are going to die from mass destruction weapons. And most 
of those would not have to die, would the scientific community waken from its 
long sleep and discover some modem physics and higher group symmetry 
electrodynamics—and their application to solve nature's mechanism for healing. 


When one time-reverses the body's cells and all their parts, one forces the 
diseased cells to dedifferentiate back to healthy state. We strongly accent that 

this is accomplished by unified G o cisely organize 
sp: 
cing, Sap do fos lovl 1 can be. pce exp 
unified physics, as expressed in an electrodynamics such as O(). 


FED 01 LANCE 
46 


‘The nondamaged or nondiseased cells just get a litle younger. That is also 
highly beneficial it reverses the ravages of aging, just a little. Indeed, one of the 
implications of the Priore mechanism is that aging can indeed be reversed by the 
process and treatment. Again, one must keep one's sense of humor. In order to 
‘get this technology and therapeutic method born, what seems to be needed is an 
extremely wealthy person, strongly desiring to live longer than the expected life 
span and do it in a vigorous, healthy body—and who is willing to fund the 
project with the necessary $60 million required so to redevelop and extend the 
Priore technology so it can be readily applied. A byproduct will be the saving of 
millions of American lives when those coming mass casualties from weapons of 
mass destruction occur in our cities. 


How the Regeneration Mechanism Was 
What took so long in deciphering the mechanism was the problem of how to 
make such precisely tailored and exact ST curvature engines, specifically so that 
they are exact antiengines for a spe 
and even for different versions of the engines for different cells in a single body 
having different strains of the same pathogen, having different body DNA, ete. 
For years, the solution of that task seemed hopeless. How on earth could one 
possibly work all that out in a hundred lifetimes, so that it could be precis 
calculated even by an array of the most powerful computers on Earth? 


nally Deciphered 


Afier years of struggling with the problem, in one stroke of enlightenment it was 
revealed tobethe simplest thinginall the world, Absolutely nocalculation was 
necessary, and theexactamplified antiengine effectwasafairly simple and 

straightforwardthing to obtain. General relativity tells us that every cellular 

mass and each part of it, has its own unique spacetime curvature engine, to the 
finest detail and an exact fit. As Wheeler put it so nicely {130}, "Space acts on 
matter, telling it how to move. In turn, matter reacts back on space, telling it 
how to curve. " The mass and its dynamics and the engine and its dynamics 

‘constantly interactuponeachother, and"keepattunedandinperfect 
adjustment," so to speak. 


‘That means that a "normal" cell already has just such a precise “normal” ST 

engine residing in it, and acting upon every component at every level—even in 
the atomic nuclei. Well, a diseased cell has an absolutely specific structuring 
and therefore it also has an absolutely specific ST engine structuring. A priori 
that resident structuring for the diseased or damaged state in the individual cell 
differs (by some delta) from the structuring of the normal healthy cellular state 
for that individual cell 


Voila! That means that the STengine for the damaged cell can be decomposed 
into two parts (two engines): (1) the normal “healthy cell” state engine, and (2) a 
‘delta ST engine that has been added to it so that together the two comprise the 
full ST engine for the exact individual condition of the cell 


What is now needed is a way to produce an exact antiengine of two parts: (1) 
‘one for the normal engine and (2) a second one for the delta (disease) engine. 
Applying this amplified and combined "antiengine” would overpower the 
resident combined engine, precisely reversing the cellular condition by reducing 
the delta to zero. Rigorously, the cellular mass and every part of it must then 
also revert to a previous physical state, or else we must complete discard general 
relativity itself 


Well, if we were to just time-reverse the resident engine and its two 
components, that would give us the perfect antiengine with its two components. 
Amplifying this antiengine would then produce one that was more powerful than 
the resident engine in the cell. Applying that amplified antiengine to the cell, 

that would not really change the “normal” engine component, but it would 
ecisely reduce the delta engine component back to zero (its previous state, 

ore it was there!) Voila! A specific healing signal of perfect structure, for the 
specific deviant condition of the individual cell and its every part. 


Since we have a combined GR/EM to use, we can think electrodynamically 
about this general relativity problem. Immediately we see that phase conjugate 
optics is a candidat the “resident composite engine” can correspond to 
the "signal” or input wave, and the pumping ofthe nonlinear mass of the cell 
and its parts (Where they act as nonlinear phase conjugate mirror materials) 
produces an exact phase conjugate replica (the exact amplified antiengine). The 
presence of that antiengine overrides the magnitude of the resident engine, and it 
‘moves the cell precisely back along the temporal path previously taken. In short, 
it applies a specific kind of dedifferentiation of the cell back to its previous 
healthy condition. 


ince we extend phase conjugate pumping to the time-energy domain, then the 
resident composite engine and its time-stream component are the "input." The 
amplified antiengine and its time domain component will then forcibly 
propagate that pumped mass energy back over the time trajectory previously 
taken by it. In short, it will time-reverse the cell and all its parts back to a 
previous condition, completely eliminating the delta (disease or disorder). The 
beauty is that it will also reverse damaged or altered genetics, such as in the 
AIDS disease. It can do this prior to the appearance of health symptoms—it can 
bbe done as soon as the patient tests positive for HIV. 


Since the antiengine is amplified, it moves the cell back to normal fairly rapidly 
(in a few hours, for example). At least the time charge for the reversal process is 
delivered in that period; one may allow (as Priore did) a full week for the time- 
charge and its transduction to continue reversing the cells. But it is much faster 
than the normal speed of the human regeneration system using the same process, 
because now we have greatly amplified the time-reversal rate: 


Itis therefore ideal for a method of quickly treating mass casualties, particularly 
since it can be developed and used in a portable unit about the size of a large 
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suitcase (Figure 13). 


Interestingly, during the radiation with LW EM radiation, one also pumps the 
pathogen and time-reverses it as well. Its “normal state” towards the 

‘was a condition whereby it could move with relative immunity past the immune 
system's opposition, having deceived the immune system. In the treatment, a 
small amount of the pathogen is therefore converted back into this condition just 
shy of the beginning, where that part of the pathogens is resistant to the immune 
system. However, a very small, short "post treatment” irradiation with LW 
radiation for a much shorter interval and at weaker power, will clean up this 
altered pathogen residue by allowing the immune system to recognize it and 
destroy it, Pautrizel clearly demonstrated this significant fact. 


Cellular and Body Rejuvenation are Possible, Once the 
Technology is Developed 

‘One can in fact really accomplish rejuvenation of the aged and infirm, as the 
technology is developed. One could certainly solve the major problems of 
Medicare, and cut the patient load at least in half, relatively quickly and 
inexpensively. Of course lots of big U.S. drug companies will be rather violently 
‘opposed to any such idea, because much of their empire would be threatened. 
Much of the organized medical community depends largely on the Big Drug 
Approach. So the organized medical community will also vehemently oppose it, 
just as the formal medical science community in France viciously opposed it. 


One could also produce cheap, portable LW treatment units en masse, which is 
what we were suggesting to the Assistant. SecDef. That way one could flood the 
system (response teams, hospitals, fire stations, police 


precinct stations, schools, ete.) with quick and effective treatment devices. They 
could be used fo rapidly {131} treat those millions of American casualties that 
are going to occur when one or more of our cities are attacked in the near future 
by terrorist WMD attacks. This would save the lives of most of those stricken 
millions of Americans. 


Mow Many Americans Could Be Saved? 

Foran anthrax attack on Washington, D.C., first generation equipment could 
save pethaps 70% of those sickened Americans, almost all of who are going to 
die with present capabilities. With second-generation equipment, one could save 

pethaps 90%. 


For ananthrax attack without spreading via QP clandestine preparation of the 
populace, one would save 0.7 to 2.1 million Americans. With clandestine KGB 
QP spreading and a 5:1 increase in the yield of the anthrax strike, one would 
save 3.5 to 105 million Americans. 


For a truly nightmare attack (as a worst case scenario) perhaps 5 major cities, 


might be attacked in such manner and to such degr alking 
about saving 3.5 10 10.5 million Americans for the unspread attack case, and up 
to 1755 to 52.5 million Americans for the spread ca 


Further, the development of the necessary portable treatment units is doable and 
affordable, for mass treatment capability. Training on a portable machine could 
be done for a high school student in 30 minutes or less, and that student could 
then give emergency treatment effectively 


Absolutely nothing else out there can presently warrant such projections. Yet 
this is the very technology our own medical science community is eminently 
uninterested in, has no knowledge of, does not wish to obtain any knowledge of, 
and does not wish to scientifically discuss. 


There Are No Resistant Strains to the New Technology, and 
There Cannot Be Any 

‘A most interesting thing is that there cannot be tant strain” of a pathogen 
for the new treatment methodology, a priori, No mass can shield against 
spacetime curvature effects. Slight adjustments of the controls will adjust the 
spacetime engines being utilized. Two or three hour's work with a developed 
unit and a lab team on a new strain would suffice to completely determine the 
required adjustments, once the technology is developed. The new information 
could then be quickly relayed to all stations treating patients. On each treatment 
a few dials and controls for the laptop computer controlling the 
unit will do the trick. The use of the final device would be so simple that a 
teenager could be trained to use it in less than 30 minutes. 


Such new capabilities are urgently needed not only for the millions of civilian 
casualties we expect in the future, but also for support of our armed forces in the 
field, Frankly, the anthrax shots are not going to do them much good, once one 
realizes that the "spreading" of their immune and regenerative systems is 
already occurring via KGB quantum potential means. Camel pox is available to 
any terrorist foe, and has almost the identical actions and constitution as 
smallpox. Indeed, it is almost identical to smallpox. 


‘The Gulf War Disease and Syndrome were just small preludes of what is to 
come and what is already being used against the entire U.S., though as yet very 
clandestinely. Look again at the Kaznacheyev work. He clearly proved in 
thousands ofsuccessful experiments that any kind ofcellular disease or damage 
or death whatsoever, can be induced at a distance by novel EM means. 
Replication experiments were successfully accomplished at the University of, 
Marburg and also at the University of Sydney. 


Results of the Priore’ Treatments Are Well-Documented and 
Independently Supported 

‘The Priore team's results are well documented in the hard French scientific 
literature. At least one French doctoral thesis was eventually accepted upon the 
lounding results really occurred. They were scientifically 
substantiated under rigorous protocols and even police-guarded labs for tests by 
a leam of outsid ists. To then deny those results simply because no one 
has understood the active mechanism until now, is to deny the scientific method 
itself: Believe the experiment when it refutes the prevailing theory 


‘There is also independent work by other scientists that strongly supports the 
Priore results, once the mechanism is finally understood. 


Robert Becker et al. in the U.S. conclusively showed that living cells in situ can 
be dedifferentiated, redifferentiated, etc. by laughably weak currents 
(picoamperes) and DC potentials (which are comprised of those famous 
Whittaker pairs). Becker was unaware that his potentials included time density 
waves and longitudinal waves id theory and as 
shown by Whittaker in 1903 (once one understands that a bidirectional phase 
conjugate longitudinal EM wavepai ensity EM wave coupled to a 
longitudinal EM wave). Application of such EM potentials by Becker 
transformed red blood cells into pre-cartilage cells, then further into pre-bone 
cells. That latter cell type was then deposited in bone fractures, healing them 
when nothing else would. Becker and others have demonstrated partial 
regeneration of limbs in small test mammals, using the technique. ‘The bone- 
were finally approved by the FDA and are often used in 
some hospitals for treating otherwise intractable bone fractures. 


Since then,other scientists have shown the directed formation of other types of 
body cells from cells from distant parts of the body (i.e., muscle-type cells from 
cells produced in the bone marrow, ete.). Such things are now well documented 
in the U.S. literature, in at least several hundred papers and in the leading 
journals including Nature, Science, ete. 


The Present Threat Is Urgent, and Our Strategic Destruction 
is Still at Issue 

Our ovn medical community, our science community, and our intelligence 
community are at least 20 years or more behind the KGB right now. We are also 
behind the Chinese. In many respects our scientists have simply missed the 
biggest scientific breakthrough of the 


It is urgent that we 2 
energetics attacks sure to be scheduled. ‘The eventual attack actually launched— 
if the little nation’s QP weapons can be countered first—would destroy the U.S. 
in about 2 hours. It only takes about 10 minutes, it seems, for the QP weapons 
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nuclear arsenal. Thereafter, 
us at will and utterly 


the KGB and Yakuza/Aum Shinrikyo can simply at 
destroy the U.S. To any loyal American, that is an entirely unacceptable 


already deployed to negate almost all our strat 


solution, 


‘The most urgent requirement would seem to be immediate and strong contact at 
the highest level between the U.S. government and the leaders of the little 
foreign nation (and the other friendly nation) that presently is guarding the 
ramparts and saving our necks. A cooperative crash program to develop our own 
QP weapons would seem to be the order of the day, if itcan in any fashion be 
negotiated. But to have any chance of success, the President and the Congress 
will have to use the utmost care in selecting the U.S. negotiators and scientists to 
explore this possibility 


Immediate transfer of the requisite capabilities to the U.S. would be desirable, at 
least from our own view. From their view, of course, we do not necessarily 
resemble a trustworthy scientific partner at all, based on our past scientific 
performance, and itis up to the U.S. scientific community to prove to them that 
the leopard really has changed its spots. That would all have to be negotiated 
and worked out 


If that is not possible, then itis of extreme urgency that our own country 
embarks upon a new Manhattan Project to develop strategic quantum potential 
‘weapons and defenses. It would be a great relief to discover that such had 
already been started, but I fear not 


Desperately Needed Defensive Capabilities Can be Provided 
byaQP Solution 

We pose one more very, very useful QP capability prior to closing. As we 

stated, if'a large U.S. city is hit with—say—an anthrax attack done in 
professional manner, we would expect 1-3 million casualties, according to a 
well-known major U.S. government study. With immunelregenerative spreading 
presently already ongoing here in our populace by KGB QP weapons, that figure 
may actually increase by about 5-fold. So the casualties (prompt and delayed) 
right well reach 5-15 million, in a single professional anthrax spray attack by 
two persons from one light plane on a calm night dispensing 100 kilograms of 
anthrax spores sprayed over the city with simple agricultural sprayer. With the 
indicated Priore technology and treatment units in all emergency response 
hands, at least 70% or so of those casualties could be saved. Otherwise, 
presently almost all ofthem will die. That dramatic saving of lives is one 
desperately needed capability that could be met 


But there is a further capability of LW technology that nothing else presently 
known can do without serious impact upon the populace. 


‘fier the prompt and shortly delayed casualties are mostly cured and the 
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remaining fraction dies, a terrible problem of BW contamination still remains. 
No one anywhere really knows how to clean up an entire city from anthrax 
spores. But unless harshly decontaminated, that contaminated city is going to be 
effectively uninhabitable for decades to come, if only the present technology and 
methods are available. Islands of the coast of Scotland, where anthrax was tested 
decades ago, are still "hot" and contaminated—and off limits 


‘The indications are that our nation has developed chemical sprays that can Kill 
‘and neutralize the anthrax, including in the lungs of the populace breathing the 
spray. On the other hands, it is indicated that the spray is a high physical stress 
factor, and some of the more debilitated citizens will be injured or even killed by 
the spray itself. This includes babies and small children, the aged, those with 
lung and breathing difficulties, ete. As a matter of national survival, desperate 
diseases do deserve desperate remedies. So while spraying the zone might itself 
sickenand kill some thousands of our weaker citizens, at least—so the thinking 
would go—it saves millions. This of course is similar to the use of triage— 
reserving treatment and scarce medical capabilities and supplies for treating 
those most likely to live and recover with treatment, rather than treating those 
more seriously affected and less likely to survive. Sadly, presently triage will 
almost certainly be necessary because of very short supplies and treatment 
teams, ete. So most of those I to 3 million casualties will simply be dragged 
aside and left to die, and just made as comfortable as possible. 


the QP technology can be adapted to produce systems that can indeed 
decontamination, very quickly, and without harm to the citizens in 


do complet 
zone. The anthrax can simply be modified by spe 


lized EM fields and wavs 


cengines—speci 


anthrax and nothing else. Eventually one could develop the capability to do it 
similarly for any other major contaminant, including nuclear radioactive 
materials contamination of a major city 


Any strategie and tactical analyst 
such capabilities. 


in immediately see the tremendous value of 


In Conclusion 

1 hope the above admittedly lengthy overview is of interest to the reader and 
useful. If we are to survive the debacle that now looms before us in this new 
asymmetrical war we shall be in for decades, it will require the efforts of leading 
and dedicated Lawmakers and Overwatch persons. Without firm prodding, the 
military, scientific, and intelligence communities are likely to just continue their 
present pace until many or most of us all die suddenly 


‘The KGB energetics threat is still real and imminent; Russia is not a monolith 
and Putin still does not have complete control over the KGB. Another full 
strategic attack is sure to be scheduled before very long by either that die-hard 
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faction of the KGB, the Yakuza/Aum Shinrikyo, the Chinese (particularly if 
they move against Taiwan and we defend), or someone. And so our possible 
deaths also to be taken into account, if we just continue to do business as usual 


‘Along with other Americans, I love my country and served it to the best of my 
ability for 20 years of active duty. It is the survival of America itself that is now 
at stake, both in the asymmetrical war against terrorists and in the continuing, 
‘war against energetics weapons. Our scientific, military, and intelligencs 
communities simply must be jolted awake and into massive efforts in energetics. 
We have the scientists with the required capability. We have the facilities. We 
have the leadership, and we can do it if we can put this thing under a 
Presidential Decision Directive, under an Executive Order and a Declaration of 
National Emergency (along with the several already in effect, 
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1986 FER DE LANCE INTRODUCTION & BRIEFING ON SOVIET 
SCALAR ELECTROMAGNETIC WEAPONS 


‘This briefing presents the basic concepts of Sov 
‘weapons, some of the major types available, and evidence of their wide 
tes 


Scalar Electromagnetics is Electrogravitation 
Scalar electromagnetics is an extension of present electromagnetics (EM) to 
include gravitation. That is it is a unified, and, what is more important, it is a 
unified engineering theory. Nikola Tesla initially discovered its basis. 


In the scalar EM extension, EM field energy can be tumed into gravitational 
ied energy and vice versa. This exchange can be patterned and localized, in 
specific areas or objects. Such a controlled change of electromagnetics to 
gravitation is not possible in the normal EM or physics presently taught in 
Wester textbooks. However, the bits and pieces of the theory have been 
scattered through the physics literature for some time, but no orthodox Western 
ntist seems to have realized that these anomalous portions could be 

's. Unorthodox experimenters, inventor 
in this arena for several decades, but again 
‘manner in which their 


integrated into a startling new phy: 
and scientists have made discover 
have not realized the exact implications or the pre 
results could be combined with present electrical physics. 


Fer-de-Lance 


certainly not present in the Soviet Union. For over thre 
Union has been developing electrogravitation and applying 
it to develop strange new secret weapons of incredible power and capability 
‘Theyhave sustained the largest weapons development program ever launched 
by any nation, and they have kept it effectively hidden from prying Western 
eyes. I have called this program "Fer-de-Lance,” after the deadly South 
American pit viper of that name. 


lance is a snake of great agility and lethal effect. It often 
unexpectedly and without warning. Its 
first sudden strike is usually lethal to its victim, which promptly expires in 
writhing agony. Since the Soviet development of scalar EM weapons has been 
designed for the same purpose, the name seems appropriate. 


The equivalent effort of about seven Manhattan projects has been poured into 
Fer-de-Lance by the Soviets. and the program has been successful almost 
beyond imagination. The eery weapons are now developed, deployed, and 
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tested. The ambush has been completed; Fet-de-Lance is coiled and ready to 


strike, 


Energetics and Directed-Energy Weapons (DEWs) 
‘The ordinary Soviet name for this type of weapons science is 
West, that term is believed to be associated with conventional dir 
weapons (DEWs) such as particle beam weapons, lasers, radio frequency (RF) 
directed-energy devices, ete. The Soviets do not limit the term in this way 


are familiar only with directed-energy weapons where 
asses, photons, or particles travel through space and contact the 
target to deliver their effects. Hence in their thinking they limit the Soviet term 
" (0 the type of weapons they themselves understand - exotic but 
jpons using energy or mass traveling through space to impact a 


normal we 
target. 


However, itis possible to focus the potential for the effects of a weapon through 
in € manner so that mass and energy do not “travel through 
space” from the transmitter to the target at all. Instead, ripples and patterns in the 
fabric of space elf are manipulated to meet and interfere in and at the 
local spacetime of some distant target. There interference of these ripple patterns 
creates the desired energetic effect (hence the term ) directly in and 
through the target itself, emerging from the very spacetime (vacuum) in which 
the target is imbedded at its distant location. As used by the Soviets, 

refers to these eerie new superweapons, as well as to the more mundane DEWs 
known to the W 


a 


As a consequence of the Soviet breakthrough and decades of feverish 
development, monstrous strategic weapons undreamed of in the West are 
already in Soviet hands. A noose is slowly and steadily being tightene: 
our throats, and itis already the 11th hour. 


The Soviets Use a Deception Plan 


and implemented an elaborate deception plan to conceal th 
‘and their nature from Western eyes until itis too late. Soviet deception has been 
so successful that even when Western scientists are confronted with the actual 

Soviet tests of these weapons directly over their heads, they do not recognize the 


weaponry nor the nature of is produc 


As early as January 1960, Nikita Khrushchev announced the Sovi 

development of a new, fantastic weapon. On May 1, 1960 Soviet defensive 

prototype weapons of this new kind - probably downed 
plane over the Soviet 


radars - rigged as 
Francis Gary Powers's high-flying U-2 reconnaissan 
Union, precipitating a major diplomatic incident 
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On April 10, 1963 one of the first new superweapons operationally deployed 
was used to destroy the U.S.S. Thresher atomic submarine underwater, off the 
east coast of the U.S. The next day, April 11, 1968 the same deployed 
superweapon was utilized in a different mode to produce a giant underwater 
explosion in the ocean over the Puerto Rican Trench, 100 miles north of Puerto 
Rico. 


Over the years, various aircraft were interfered with or downed as tests of the 
Soviet weapons. A particular case involved the mysterious loss of F-11Is in the 
Vietnam conflict. At least one downed F-I1 | crew was recovered in the 

subsequent prisoner-of-war exchange. On that aircraft, all electrical systems 
suddenly were in difficulty simultaneously. All emergency indicator lamps were 
lit up, "like a Christmas tree.” This was probably due to special Soviet teams 
converting some North Vietnamese SA-2 missile system radars to the scalar EM 
mode, and employing "scalar beam” interference to produce spurious EM noise 
throughout the electrical and electronic systems of the aircraft. 


In late April/early May of 1985, the entire armada of Soviet strategic scalar EM 
superweapons was activated as a special celebration of the 40th anniversary of 
the end of WWII. Activation of this armada (which probably contained over 100 

giant weapons), together with 27 giant power systems and a large number of 

command and control transmissions, was monitored on an advanced, proprietary 

detection system by Frank Golden. Afier the giant strategic exercise, which 

lasted several days, most of the weapons and power sources were once again 
stooddown to “standby.” 


‘The NASA shuttle launches provided a convenient opportunity for Soviet testing 
Of these superweapons in a Launch Phase ABM mode, where a launched missile 
can be detected and destroyed shortly after liftoff. At first, electromagnetic pulse 
(EMP) bursts on the early shuttle trajectory were deliberately delayed in time, to 
prevent actual destruction of the target and avoid alerting the U.S. that 
somethingunusual was happening, 


‘Theshuttle launch of November 26, 1985 saw a particularly significant-test of 
avery loud "sonic boom" or explosion occurred over the 
after shuttle liftoff, when the shuttle was already away 
and downrange. At least two previous shuttle launches had also been used as 
pseudotargets, with delayed booms occurring over the launch site well behind 

the vehicles, 


‘Afler the lack of U.S. reaction to these three tests showed that the U.S. stil had 
no knowledge of the new technology and did not even recognize its 
‘employment, the Soviets apparently decided to proceed withtests where the 
targetvehicles wouldactually bedestroyed. 


On December 12, 1985 the same Soviet weapon tested against the NASA shuttle 
launches may have deliberately interfered with the controls of an Arrow DC-8 
taking off from Gander Air Force Base, Newfoundland. At an altitude of 100 
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feet, the aircraft - carrying over 250 U.S. soldiers and civilian crew members ~ 
lost power and sank into the ground tail-low, killing everyone on board. Thre 
Canadian witnesses to the crash were interviewed over the Canadian Broadcast 
Corporation's television news on April 8, 1986 at 10 p.m, No flame or smoke 
issued from the plane before its descent and crash. However, the aircraft was 
seen to be mysteriously glowing with a yellow glow. That is a signature of the 


manner in which the F-111s were downed in V 
electrical systems were interfered with by electromagnetic noise created 
throughout each increment of spacetime occupied by the aircraft. The powerful 
charge created in and on the aircraft also apparently caused the loss of two 
engines, one after the other. With its controls ineffective and power drastically 
reduced, the aircraft sank to earth, still in its “tail down" configuration from 
takeoff, and crashed and burned. The "yellow glow” was a corona due to the 
acquisition of a high electrical charge by the skin of the aircraft 


Other factors contributing to the crash may have been reduced lift due to poor 
engine maintenance, increased weight of the aircraft due to icing, and heavy 
loading. Still, no one has recognized the significance of the "yellow glow" or 
‘what it implies, or the possible connection between loss of the aircraft and 
previous Soviet testing of-a Launch Phase ABM system against U.S. shuttle 
launches 


AS this book goes to press, the last two U.S. Air Force Titan 34-D missiles fired 
from Vandenberg Air Force Base in California have blown up shortly after 
launch, The first one blew up on Aug. 28, 1985 just after lift-off. That loss has 
been attributed to failure of a high-powered fuel pump, causing a massive 
oxidizer leak and a smaller fuel leak. The second Titan toss occurred on April 
18, 1986 when the missile blew up 5 seconds after lift-off. Its loss is still under 
investigation and no determination of cause has been made. Apparently the 
shuttle and the Titan presently provide the only viable launch vehicles for 
launching U.S. “spy” satellites. The loss of these sensitive satellites - if indeed 
they constituted the payloads - cannot help but be damaging to our strategic 
surveillance capability. According to the Los Angeles Times, the single 
remaining KH-11 satellite was launched in December 1984 and, with an 
expected life of two to three years, it could stop functioning later this year. 


Whether or not significant Woodpecker grid activity existed in the vicinity of 
the Titan launch of August 1985 is unknown at this time. However, significant 
activity in the grid definitely occurred before the April 18 Titan disaster and on 
the same day. 


(On Easter Sunday, Mar. 30, 1986 engineer Ron Cole observed significant cloud 
signatures of grid pattern activity, correlated with Soviet Woodpecker 

measurements. On April 18, the present author observed traces of a cloud radial 
over Huntsville, Alabama and took photographs of it. Preliminary reports from 


‘Thousand Oaks, California indicate extensive grid activity again on April 18, the 
day the second Titan exploded, 


At least the second of these two missile destructions shortly after launch is 
suspicious, since the grid positively was active during that time. Also, a clear 
trail of Launch Phase ASM system indicators exists back to the massive scalar 
exercise of April/May 1985. The first Titan explosion in Aug. 1985 thus falls 
within the Soviets’ “now let's test them against U.S. launch vehicles” period. 
‘The second Titan loss follows highly suspicious losses of the Arrow DC-8 on 
Dec-T7 1985 and the Challenger on Jan. 28, 1986. The same Soviet weapon 
system that destroyed those targets may also have destroyed one or both of the 
critical Titans. 


‘The Soviets have also been able to significantly engineer the weather over North 
America for more than a decade without being found out. They have tested a 
fantastic range of anti-ballistic missile (ABM) defense weapons for over two 
decades, and no one is the wiser in the West. 


As previously stated, prior to the end of November, 1985, at least three "wet- 
run” tests of a Soviet "launch phase ABM system” against 
launches were made directly over Cape Canaveral itself, and still no one 
recognized what was happening or what sort of weapon was being tested. On 
December 12, destruction of the Arrow DC-8 in Newfoundland produced no 
indications that the Americans and Canadians knew anything about the nature of 
the weapon possibly used. 


Accordingly, after a sufficient wait to test our reactions (if any), the Soviets 
prepared to actually destroy a shuttle after its launch, 


Destruction of the Challenger in January 1986 
AAs the whole world knows, on January 28, 1986 the shuttl 
launched from Cape Canaveral, Florida after exposure to un 
conditions, and disastrously exploded shortly after launch. ‘The evidenct 
to indicate that, as the rising vehicle was stressed, one end of its right booster 
broke loose, twisting away and into the main fuel tank, causing rupture, spillage 
of the fuel and catastrophic explosion. Several other anoma 
however, and it is clear that a problem existed with at least one of the booster 
scals. All seven astronauts aboard the flight were killed in the fiery destruction 
of the vehicle 


Of course no one had recognized that the Soviets had already tested a launch- 
phase anti-ballistic missile (LPABM) system against three of our previous 
shuttle launches. These "wet-runs” used a deliberate "time offset” to delay the 
explosive emergence of electromagnetic energy in a launched shuttle's location 
along its trajectory. ‘The delayed test shots resulted in very large "booms" above 
the Iaunch site after the shuttle was safely out of the area, but did not destroy the 


shuttle vehicles themselves. For example, the delayed-shot boom occurred 12 
minutes after the evening launch of Nov. 26, 1985. Even a marker beacon (large 
light in the sky) was utilized on that launch shortly alter lift-off. The marker 
beacon was photographed. In addition, another photograph taken in a time 
sequence shows another sudden streak of light coming down and ending in a 
burst of light. This was probably a spatially-offset test of the "pulse" mode for 
destroying the shuttle. The "light burst" would have been detected in the S 
Union and scored against its intended offset position. However, another 
‘mechanism may have been used to cause destruction of the shuttle itself 


(On Jan. 1, 1986 the presence of a metal-softening signal added on to the 
LPABM system's scalar EM transmissions was detected by a surprised Frank 
Golden. The metal-sofiening ability of the detected signal was experimentally 
verified by him. Golden also locally nullified the action of the scalar EM signal 
in a test, rather conclusively establishing (1) that it existed and (2) what it was. 
‘The signal was apparently being prepared for use against an upcoming U.S. 
shuttle launch, 


Just prior to the launch of the shuttle in late January, 1986, the Soviets 
accomplished significant weather engineering over the U.S. The jet stream was 
severely bent southward in the middle of the U.S., bending rightward again to 
‘move across the Florida panhandle. Icy cold air from Canada was drawn far 
down, into Florida and onto the Chall ting on its launch pad. This 
exposure to cold outside its tested range was probably an additional factor 
contributing to the Challengers failure. Positive signatures of the Soviet weather 
engineering and jet stream manipulation were observed and photographed by 
several persons, particularly in Alabama and California. 


On January 28, 1986, the Soviet scalar EM weapon system effects were sharply 
localized in the launch zone. Localization involved higher frequencies being 
present; these are quite painful to small brains ~ whose hemispheres act as a 
scalar interferometer and detector - such as in birds. As commented upon by 
national news commentators, strangely the birds were not flying that morning. 


Indeed, they were staying down on the ground or avoiding the area, since the 
sky over the area was painful to them. 


As the Challenger rose, the metal-softening signal would have been experienced 
in and around the boosters shortly after ignition, since the booster flame acts as a 
special "ion-plasma” tumner/detector for the scalar signal. (Certain plasmas have 
‘unique characteristic: they transform an input transverse wave to a longitudinal 
‘wave, or an input longitudinal wave to a transverse wave.) The effect of such a 
local signal is to "change mass in the immediate vicinity” with the particular 
signal. (Mass acts as a capacitance or accumulator for scalar 


scalar resonant 
resonance). 


‘The ill-fated was doomed. After ignition, the booster flame acted as 
a ionic plasma detector/amplifier for the scalar metal-softening signal on the 


Soviet Woodpecker grid. The metal in and around the booster flame was slowly 
and steadily weakening due to charge-up with the metal-softening pattern. This 
attributed to booster leakage from the already cold-damaged seal. The leaking 
booster poured out smoke and later flame, contributing to the impending 
disaster. 


Substantial winds and air turbulence over the site increased the stress on the 

Challenger as it rose through this region. This also contributed to the impending 
aster and may have been deliberately created there by Soviet weather 

eering, 


entually one or more weakened metal mounts 
gave way, partially freeing the end of the right booster. The booster oscillated, 
rotating into the tank and rupturing it. Contact of the escaping liquid fuel and the 
flame resulted in a fiery explosion, destroying the vehicle. 


Eyen so another anomalous flame or light was observed on the vehicle, and may 
have represented a very small additional "pulse mode energy form” produced by 
the Soviet weapon that was attacking the Challenger. The shock of the explosion 
probably killed the astronauts instantly, although the cabin appears to have 
remained essentially intact while it plunged several miles to the ocean below. 


By treating excess cold exposure to the shuttle, inducing metal-softening in and 
around the ignited booster, and possible adding a deliberate “intensely hot spot", 
the_Soviets caused the Challenger to weaken and destroy itself shortly after 
launch, in so subile a fashion that NASA scientists would not suspect what had 
actually — caused the mishap. The Soviets also had previously withdrawn all their 
trawlers and ships which normally shadow a shutlle launch, to prevent an 
suagestion of Soviet presence near or involvement in the catastrophic accident 


A few days later, sporadically intense “high frequency localization signals 
till present on the grid, at least at one hinge-point at Birmingham, Alabama. 
From 14 February 1986, many birds inadvertently flew into the zone when an 
intense breakout of these components occurred, and dead birds fell from the sky 
in substantial number 


* According to an Urgentgram sent out by General D. Graham, on the evening 
loss, KGB headquarters held a party to celebrate 
against the shuttle.” Note that all Soviet scalar EM weapons 
= development, testing, deployment, and usage - is under command and control 
of the KGB. 


Among other things, this briefing details the bizarre series of indicators that 

showedthe Soviet intention to destroy the vehicle, and documents the accidental 
discovery of the signal with which they intended to cause the shuttle to fail and 
destroy itself, 
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Technological Surprise and a New Hiroshima 
Sadly, the bureaucratic smugness of orthodox We 
assisted the Soviet deception process. Most W 
particularly in weapons development activities — have continued to view the 
Soviets as ignorant peasants, still irying to clean the mud ol their boots. This 
view, of course, is totally untrue and unwarranted. 


tern scientists has materially 
ern managerial scientis| 


It takes only a few examples to refute this attitude. In nonlinear mathematics, 
engineering and science, the Soviets have led their Western counterparts since 
the beginning. The electromagnetic pulse (EMP) effect of a nuclear explosion 
appeared in the ordinary Soviet scientific literature before Western scienti 
were even aware that the effect existed. The Soviets continue to lead the world 
in explosive welding, titanium forming and welding, etc. While the Sovi 
scientists exhibit litle inclination to build good washing machines, they 
certainly do produce state-of-the-art technology — and beyond — in any area in 
which they focus their main efforts. (We do lead the Soviets in some areas such 
as computers, computer software, miniaturization, etc.) 


Once before, a moder nation - the United States - developed a mighty weapon 
in secrecy and used it to force a powerful foe - Japan — to its knees. TI 
mindbending atomic blows to Hiroshima, and shortly after to Nagasaki, showed 
once and for all that in the modem age technological surprise can prove instantly 
disastrous. Yet in our scientific arrogance, we have assumed that no one else 
will ever do such a thing. We have assumed that it certainly could never happen 
to us, and that the "secret weapon” scenario will never be repeated. On the 
contrary, it has happened again, someone else has done it, and it has happened to 


thas also become fashionable in the West to believe that all the laws of physics 
are already discovered. We assume we already know all of them. While we have 
been pridefully crowing this tune, the Soviets have been steadily discovering 
new laws in secret, as well as new ways to circumvent the old laws. 


We Have Given Up Defense in the Larger Sense 


Meanwhile, to defend ourselves strategically, we have chosen to forego 
“defense” and rely almost totally on building a powerful strategic offense that is 
capable (we think!) of destroying our would-be enemies anywhere in the world, 
Our offensive striking power is based mostly on a triad of deterrent forces - 
land-based ballistic missiles, submarine-launched ballistic missiles, and strategic 
bombers. The cruise missile is presently being added to the triad. If this 4-part 
offense were nullified or destroyed by Soviet secret weapons, we would be 
powerless to prevent our own destruction and Soviet domination of the worl. 


We have been viewing ourselves as Samson, confident in the strength of our 
locks. 


Yet literally our locks have been secretly shorn and the Philistines are already 
upon us. Indeed, Soviet energetics weapons are now capable of destroying our 
triad shield, our homeland, our armed forces in the field, and our population, 
quickly and efficiently. We have a new "gap" of monumental proportions: not a 
missile gap, not a submarine or bomber gap, and not even a particle beam or 
laser gap. We have a scalar electromagnetics or electrogravitation gap. 


In this briefing, it is my purpose to show a portion of the Soviet weapons 
developments that have lead me to such dire conclusions. The Fer-de-Lance 
briefing is also an attempt to galvanize our leaders and scientists into action, for 
ur present total vulnerability to the Soviet Fer-de-Lance weapons is intolerable 
and unacceptable. 


Unless we achieve defenses — and quickly — our own demise in a fashion similar 
to the Hiroshima-Nagasaki scenario is inevitable and imminent. 
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Slide 001: Characterization 


We point out at the beginning that this briefing and its interpretation are the 
result of 22 years of analysis and effort by a single analyst. It is entirely 
unofficial. It is not approved or disapproved by any corporation, company, or 
government agency. It has been prepared by this analyst at nights, on weekends, 
on holidays, and during off-duty time. 


It has been prepared mostly at personal expense, though several grants and 
support have been received from R. J. Reynolds Ill, Peter Kelly, Mike Bearden, 
Interdimensional Sciences, Association of Distingu 
and others. Very valuable assistance has been received from the U.S. 
Psychotronics Association and the Planetary Association forClean Energy. 
‘These contributions are deeply appreciated and most gratefully acknowledged. 


Graphics and artwork support by Hal Crawford, Margaret Wilson, Tommy 
Neumann, Ron Cole, and Lee Giles has been invaluable. My sincere thanks go 
to these artists who have made the presentation vivid and imaginative. A great 
deal of background support was given by Joe Gambill, Frank Golden, Tom 
Herold, Ken Moore, Pete Kelly, Eike Mueller and Mel Bartlet and is deeply 
appreciated. 


Finally, the help of many other persons and colleagues t00 numerous to 
enumerateisalsogratefully acknowledged 
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Slide 002: Outline 


This presentation does not attempt to cover the complete field of energetics 
‘weapons developed by the Soviet Union. Instead, it concentrates on the major 
areas necessary to understand the type of weapons likely to be unleashed on our 

strategicand tactical installations and our troops and their equipment. It does not 
attempt (0 present the frightful bio-electromagnetic weapons the Soviets have 
developed to be unleashed on our populace at large and on our troops in the 
field. Also, the briefing does not dwell on the historical progression, but on the 
types of weapons themselves. 


Of necessity, it presents several shortcomings in classical EM, and presents 
three differing views of electromagnetics and what can be done with them. The 
briefing particularly stresses the Aharanov-Bohm (AB) effect. This mesoscopic 
effect, which produces action at a distance by pure EM flux and not EM force 
fields, has been extended by the Soviet weapons developers into the 
macroscopic world around us. 


and how 


In addition, we develop the basic concepts of scalar electromagnetics 
electrogravitation is achieved. The basic concepts of scalar interferometry and 
scalar resonance are briefly advanced, and a few of the major kill and damage 
‘mechanisms are presented. The nearly total vulnerability of our present 
electronicequipment, personnel, communications, vehicles aircraft, shi 
missiles, submarines, nuclear weapons, and materiel is stressed. 


Finally, a short summary is given to highlight the main points of the briefing. 
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Slide 003: Elements of the Emerging Theory 
Specifically, we will point out some flaws in vector mathematics itself 
particularly with the concept of the zero force vector. The zero force vector is 
system of forces that sum to a zero resultant. Hence the components of the 
summation represent a patterned stress in the medium to which they are applied, 
or in which they are imbedded. This includes the vacuum (spacetime) medium. 
In classical electromagnetics, this vacuum stress due to a zero-vector summation 
of EM force fields has been totally omitted and ignored 


‘AS stich, the EM "zero" force-vector summation produces a "trapped internal 
EM flux and flux pattern, without resultant (external) force field” condition - 
precisely as does the Aharonov-Bohm effect. The components of the artificially 
zeroed system, however, can be transmitted and still maintain their special 
relationship and coherence. While the AB effect has been shown to hold for the 
mesoscale (a few thousands of angstroms), the zero-vector scalar EM effect can 
hold for hundreds of thousands of kilometers. 


To provide a unified electrogravitation, we adapt Kaluza-Klein 5-imensional 
gravitational concepts to the idea of the zero-vector stress system in vacuum- 
spacetime. We also point out how simultaneously varying the magnitudes of the 
force components of a stress, all in phase, produces a stress wave or scalar EM 
wave. Scalar waves are almost always absorbed and emitted by the nucleus of 
the atom, not by the electrons in orbit 


‘The relationship of mass and vacuum, and the constitution of the vacuum, are 
pointed out from the viewpoint of modem quantum mechanics. 
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How a scalar wave resonance differs from conventional EM resonance is, 
developed briefly. Mass and inertia are the direct result of - and are - trapped 
scalar resonance. The trapping mechanism is the spin of the particle. 


Severely limiting assumptions in ordinary general relativity (OGR) are pointed 
out. In OGR, it is assumed that the local frame is always a Lorentz frame, and 

never curved. In other words, local spacetime is always assumed to be flat. This 
saves the conservation laws, simplifies relativity, and reduces "gener: 
relativity to special relativity with distant perturbations and curvatures, 


By removing this ad hoc assumption, a much richer local general relativity 
results. This local general relativity is readily engineered. Note that, in OGR, the 
physicist has actually assumed that he can never “engineer” local general 
relativity! Indeed, with the scalar EM approach, he can easily do so, in 
contradiction to what is taught in all Western universities. 


By engineering a local general relativity (LGR). the individual conservation 
Jaws can be violated locally. This includes the conservation of 
energy/momentum, and the conservation of charge, for example. 


‘The major implication of this startling new engineering physics is that one can 


engineer physical reality itself, For example, elements can be transmuted with 
minuscule energy input, free energy devices are possible, action at a distance is 
possible, communication faster than light speed is possible, etc. 


By using the zero-vector approach, the virtual state can be organized and made 
largely deterministic, rather than statistical. This means that the probabilities of 
the states propagated forward by the Schroedinger equation can be engineered 

and changed. Whether or not a certain quantum change shall emerge or not can 
be determined or substantially influenced in advance. Bohm’s hidden variable 

theory now becomes directly engineerable. This is a drastic change fo quantum 
‘mechanics and physics in general 


Another implication is that this is the final engineering, for it allows the direct 
engineering of physical reality itself, Humans must now find a way to resolve 
their differences peacefully, or shortly Man will destroy himself and hig 
biosphere by his own hand, 


‘KINDS OF ELECTROMAGHETICS 
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Slide 004: Three Kinds of Electromagnetics 

There are actually three kinds - or three views - of EM. These are (1) the 
classical view, (2) the quantum mechanical view, and (3) the scalar EM or 
electrogravitational view. 


In the classical view, the potentials are just mathematical conveniences and do 
not physically exist. The real causative agents are the force fields, and there is 
no longer any electromagnetics going on if the force fields reduce to zero. 
Further, the ideas of “charge” and "charged mass" have been made erroneously 
synonymous. 


Of course the classical view was formed from the idea of a thin material ether 
with electricity as a thin fluid, long before the discovery of the electron. Since 
‘most earlier scientists studied string waves and these are transverse, the EM 
wave was modeled as a transverse wave. Also, detection equipment actually 
detected transverse waves. The role of electron spin and drift velocity, which 
‘would have shown that force-field-causing EM waves in the vacuum could only 
be longitudinal, was not yet discovered. Maxwell's equations and the classical 
approach became so engrained that the basic derivations were never corrected 
for more moder discoveries. 


‘The quantum mechanical view, on the other hand, regards the potentials as the 
real physical actants, and the force fields are just effects derived from the 
potentials by differentiating operators. Classically oriented physicists have 
adamantly opposed this foundations requirement of QM because it would 
require nearly a complete redo of EM theory. It would also rather drastically 
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change our ideas of physical reality. For years a controversy has raged around 
the Aharonov-Bohm effect (which demonstrates the reality of the potentials, 
among other things). Only this year - 1986 - have most physicists finally 
accepted the AB effect with its implications (see Physics Today, Jan. 86). 
However, no changes have yet been made to EM theory and the basic classical 
approach to electrical physics and engineering 


Yet even the QM view is flawed, since it has not examined the structure of EM 
forces which sum to a vector zero. Such a system produces stress, and if the 
summation is in the vacuum itself, it produces stress of vacuum/spacetime, 
Rigorously, this is a gravitational effect, and the energies of the various EM 
components in the local region are locked into an artificial potential. From 
general relativity, this type of potential where the energy density of va 
alfered is a gravitational potential, From Kaluza-Klein unified theory, it is at 
least a S-dimensional gravitational potential 


If the individual force vector components of the vector zero are varying in 
‘magnitude - say, all in phase - then they produce a gravitational wave. ‘The 
energy density of the local vacuum is being rhythmically varied. Call such an 
EM wave a scalar EM wave, where, by “scalar” we imply that, to an external 
observer, the EM force vector resultants are identically zero, but the local 
gravitational potential of the wave is varying. Thus this is an electrogravitational 
‘wave, and vector zeroing of EM forve fields constitutes a means of changing 

d energy into G-field energy. On the other hand, by breaking up the 
coherence of the zero-vector summation of the EM forces, nonzero EM 
resultants are recovered, constituting the change of gravitational energy into EM 
energy. 


A simple means to break zero-summed coherence is by interference of two or 
‘more such zero-vector waves. 


In his, third view of EM, action at a distance is easily possible, and is the norm 
rather than the exception. In addition, a new kind of resonance - scalar 

\s. The scalar EM wave does not interact with orbital electrons, 
of atoms. Thus the new scalar EM 


resonance is between nuclei and within nucl 
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Slide 005: Bohm-Aharonov Effect 


In 1959, Aharonov and Bohm published a fundamental paper in Physical 
Review, which pointed out the QM implications of potentials as the real entities, 
while force fields were derived effects. They showed that, even in the presence 

of zero EM force fields, the potentials may still exist and produce real effects in 
physical systems. They also suggested experiments to prove these predictions. 


Interference of the potentials is the key mechanism producing real effects in 
charged particle systems, even in the presence of zero E-field and zero B-field. 
Unfortunately the AB paper did not address the issue of zero-summed systems 
of EM force fields as one way of producing artificial potentials having unique 
characteristics 


Atany rate, the "AB effect," as it came to be called, was rather hotly resisted 
‘and debated over the years, until finally it has generally been accepted as proven 
in 1986. The principle represents a violation of both classical mechanics and 
classical electromagnetics. It is required, however, by quantum mechanics and 
quantum electrodynamics. And experiment has proved it 


(See Y. Aharonov and D. Bohm, "Significance of Electromagnetic Potentials in 
the Quantum Theory," Physical Review, Second Series, 115(3), Aug. 1, 1959, p 
485-491). 
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A-FIELD IS REAL 


Slide 006: A-Field is Real 
In classical EM, the vector magnetic potential (the A-field) had been defined as 
‘a mathematical convenience by the equation 


VxA=B li 


But if the potentials are real, then conceivably the A field can be loosed from its 
cenchainment to the Vx operator. In that case, it becomes a free, new, and 
independent field of nature with potentially unique characteristics. For example, 
its defining equation shows that magnetic force field can be made from it, and 
the rightmost term of the equation 


E 


VO -dA/dt (21 


shows that its time rate of change makes an electric field 


Let us explain this in more simple terms, and somewhat more precisely than 
conventional theory. We will use the Kaluza unified G-EM interpretation and 
electron flow in our explanation. 


In the A-field, we have a certain kind of 5-dimensional G-potential which can 
bleed-olf as EM force fields in two ways: (1) in a swirl fashion, where the 
vortex producing the swirl moves parallel oelectron movement, andthe 
swirling. is a torque or spin, and (2) in a linear fashion, where the time rate of 
change of the A-potential produces a linear E-field on the electrons. 


‘The first bleed-off as given by equation [1] constitutes the magnetic B- 
the second bleed-off as given by the rightmost term of equation [2] creates 
‘component of the overall electrical E-field. (Bleed:-off of the electrostatic scalar 
potential produces the other component of the E-field). 


Now in general relativity (GR) theory, "the" G-potential is just a conglomerate 
of many things, each of which has the characteristic of curving spacetime. "The 
gravitational field is not a single thing at all, but is composed of a collection of 
many things. 


Thus if we realize that both the electrostatic scalar potential (D-field) and the 
‘magnetic vector potential (A-field) are components of the 5d G-potential, then 
‘we see immediately that bleed-off of these two components of the 5-d G. 
potential creates all normal EM force fields. 


It follows that, if we produce a zero-vector summation of the two or more EM 
bleed-offs, we are actually “putting as much back in" to the 5-1 G-potential 
through its A and @ components as we are taking out electromagnetically. In 
that case, the 5-potential is in a state of equilibrium with respect to EM bles 
off. It is now forced to bleed-off in the only other way it can: as ordinary 4- 
dimensional gravitational field. Thus by vector-zeroing EM force fields, we tum 
EM field energy into G-field energy and vice versa, via the intermediary of the 
5-potential 


At any rate, soon alter publication of the Aharonov-Bohm paper, experiments 
showed that, if the magnetic field is trapped inside a long solenoid, a phase shift 
still is induced in the two-slit electron experiment, even though - classically ~ 
1no contact of the enclosed magnetic field and the moving el 
phase shift is explained by the fact that the freed A-field 
trapping solenoid, even though the B-field does not. Consequently, interaction 
of this free A-field with the electrons produces a phase shift of the QM 
interference detection pattern. 


‘This proves that A-field is real and causes physical effects. 


It also proves that a form of action at a distance is real, just as required by 
quantum mechanics. 
‘Years ago, Frank Golden and this author - together with Dr. William Tiller - 


experimented with "Iree A-field” devices. Golden went on to develop prototype 
transmitters and rei and a prototype underwater communication system. 


Since that time, Gelinas has patented several curl-free magnetic vector potential 
(free A-field) devices: see U.S. patent no. 4.447.779, May 8, 1984: 4,429,288. 
Jan. 31, 1984; 4,429,280, Jan. 31, 1984; and 4,432,098, Feb. 14, 1984. Thes 
patents are assigned to Honeywell. 


(Se 


so Theodor Kaluza, 


iz. Berlin Preuss, Adad. Wiss. 966, 1921.) 


QUARTUM HOH-LOCALITY 


“The non-local aspect of quantum 

systemsis... a general property of nature, 
and not just a freak situation manufactured 
in the laboratory.” 


PAUL DAVIES, SUPERFORCE 
1984 (PAGE 48) 


Slide 007: Quantum Non-Locality 


Indeed, quantum systems exhibit nonlocal effects that are general properties of 
nature. These effects are not just freak situations manufactured in subtle 
laboratory experiments, 


However, if spatial coherence in such microscopic effects can be induced and 
sustained, then action-at-a-distance can be obtained in large macroscopic 
systems. This is the engineering aspect of the scalar EM approach. 


IL is also the aspect that the Sov 
decades. 


is have secretly weaponized for over three 


‘The zero-vector EM force-field summation of multiple EM waves is used to 
transport specific time-phased patterns of EM polarization of vacuum to a 
distance, There interference of two or more such patterns results in the 
interference of the internal patterns, breaking of the phase relations, and 
appearance of positive (added) or negative (extracted) EM energy in the 
intersection region. 
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Fig. 1: Schematic of a Wireless RF Power Transmission (WPT) system. 

Fig. 2: Architecture of the RF to DC converter. 

Fig. 3: Topology of the input-matching network. 

Fig. 4: Equivalent model of the RF to DC converter, 915 MHz (a) - 2,44 GHz (b). 

Fig. 5: Measured S:; of a 4-stage voltage multiplier with a L section at 900 MHz for various 
input power P,s. 

Fig. 6: Unloaded rectified voltage for various inpout power. 

Fig. 7. Layout of the RMPA antenna (a) - Radiation pattern at 91SMHz (b) and 2.44 GHz (c) 
Solid and dashed lines correspond to E-plane and H-plane respectively. 

Fig. 8. Layout of the multi-band arms dipole antenna (a) - Radiation pattern at 915 MHz (b) 
and 2.44 GHz (c). Solid and dashed lines correspond to E-plane and H-plane respectively. 
Fig. 9. Dual-band RF harvesters based on patch antenna (a) ~ arms dipole antenna (b). 

Fig. 10. Measured return loss Si; of the dual-band rectfier, patch and arms dipole antenna. 
Fig. 11. Schematic and picture of the scene of remote powering of a clock. 

Fig. 12. Power efficiency of the dual-band RF harvester based on the patch (a) and the arms 
dipole (b) antenna. 

Fig. 13. Rectified voltage of the RF harvester based on patch (a) and arm dipole (b) antenna. 
Table I. Comparison with the state of the art. 


DECTOR MATHEMATICS HAS A FURDAMEHTAL PROBLEM 


INITS AXIOM FORTHE ZERO VECTOR, 
VECTOR ANALYSIS DISCARDS ZERO VECTOR 
‘SUMMATIONS OF ACTIVE SYSTEMS 

‘OF VEcTorS. 


VECTOR ZERO IS MADE THE ABSENCE 
OF ALLVECTORS, 


(IT’CAN ALSO BE THE PRESENCE OF REAL 
VECTORS WHOSE VECTOR SUMIS 03.) 


Slide 008: Vector Mathematics has a Fundamental Problem 


tor mathematics discards zero-vector 
such a summation with a 


In its concept of the zero vector, v 
summations of active systems of vectors. It replac 
zero vector. This is fine for mathematics as an abstract system, but it is in error 
when applied to real electromagnetic force fields of nature. 


In the abstract mathematics, a vector zero summation is made the “absence of all 
finite vectors". Further, all vector zeros are made equal. No concept of the 
“internal stress" of the zero vector exists in abstract vector mathematics. 


However, physically the zero summation or "balancing" of vector forces in a 
5 in that medium. In the physical case, a vector zero 
tors has a dynamic substructure, and this 


substructure is an individual. 


Obviously, in the physical case vector zero summations may materially differ, 
both in the pattern of stress and the magnitude of stress. They cannot all be 
equated. Further, they are not the absence of vectors, but represent the presence 
of vectors in a special manner. Such a zero summation of EM vector fore. 
directly stresses the “medium” - which may be the vacuum itself 


In the physical case, several changes to the axioms of abstract vector 
mathematics are required. (1) the “potential” of a vector zero must be taken into 
account, such as is represented by the sum of the squares of the magnitudes of 
its vector components. (2) the specific deterministic pattern of the vector 
components comprising the zero must be taken into account. (3) The dynamic 
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variation in both the deterministic directions and deterministic magnitudes of the 
components and of the overall pattern must be taken into account. (4) 
Frequencies of the changes in the direction, magnitude, and actual makeup of 
the vector zero must now be accounted for. That is, time and wavelengths are 
rigorously aspects of the vector zero, and these may be deterministic variables, 

ince time itself is now a variable aspect of the vector, the vector zero system 
can affect its “rate of time flow” in the observer's system. (5) Since a "reference 
vector zero" can be established at any point of a vector magnitude, then 
individual vectors themselves may have dynamic substructures inside a special 
zero 1 * in and on the vector. The patterned potential of a vector is a 
reality 


‘This leads to a system of "Vectors nested inside vectors" ad infinitum. In other 
words, it leads to an infinite-dimensional system, and the "opening" of every 
finite closed vector system through its vector zeroes. 


For application to physical electrogravitational systems, at least 5 dimensions 
are required, four of space and one of time. 


Here we still are considering only a special case where all vector zero 
summations represent EM force field energy locked in a gravitational potential, 
or gravitational force field energy locked inside the EM potentials. That is, we 
are prescribing a system where the only it lation of energy is among, 
field, gravitational field, and vacuum virtual energy (anenergy). 


(See T. E. Bearden Toward a New Electromagnetics: Part III: Clarifying the 
‘Vector Concept, Cheniere Press, Santa Barbara, Ca. www.cheniere.org, 1983; 
Part 4: Vectors and Mecha 1983. See also E. T. Whittaker, Proc. 
Lond, Math. Soc. I, 367, 1903; Robert Bruce Lindsay and Henry Margenau, 
Foundations of Physics, Dover, New York, 1963, p. 283-287; Richard P. 
Feynmanet al, The Feynman Lectures on Physics, Addison-Wesley, New York, 
Vol. 1, p.2-4.) 


THE ZERO-DECTOR AKION 


+" THERE IS A UNIQUE VECTOR, 6, INV 
(THE VECTOR SPACE) 
‘SUCH THAT 


‘+ THIS MAKES ALL 0; EQUAL BY ASSUMPTION, 
‘SINCE THERE IS ASSUMED TO BE ONLY. 
A SINGLE TYPE 0 WITHOUT REAL 
‘COMPONENTS. 


Slide 009: The Zero-Vector Axiom 


‘This slide shows a standard mathematical statement of the zero-vector axiom, 
used in many texts. 


all zero-veetors are made identical, and no substructure 


Such an abstract system of vector mathematics does not fit physical reality. 
However, when all one’s EM foundations concepts are strongly conditioned in 
this fashion, the gravitational aspects of EM are discarded. 


Further, EM theory, experiments, and equipments will be developed along these 
limiting lines. In that case, EM engineering of gravitational effects will not be 
developed. One will assume that itis impossible to have a locally curved 

time, and hence all local frames will be Lorentz frames. Therefore the 
servation laws will rigorously apply 


Further, the nonlocal quantum effects will stay firmly in the microscopic world 
where they belong. Physical macro-reality will stay stable and predictable in a 
classical manner. 


General relativity (in curved spacetimes) will be restricted to the special case of 
the local special relativistic (uncurved) spacetime, with only distant 
perturbations (spacetime curvatures) 


‘The world will stay sane and "normal", and the totally variable insanity of 
physical reality will remain bottled up in the minute microworld or the distant 
maelstrom of suns, stars, black holes, ete 


‘The Aharonov-Bohm heresy will stay kaput in the real world and will not be 
unleashed beyond mesoscopic reality —a few thousand angstroms or so. 


With such an error in the application of vector mathematics to physical science, 
we become “flatland physicists,” so to speak. We become like skimmer bugs on 
the surface of a pond; we have no appreciation of the dynamics of the depths 
below or of the heavens above. 


Worse, we condition our development of instruments according to the fixed 
notions in our heads. Then we use these “biased” instruments to do experiments 
that reaffirm our notions. Any deviation suggested to this is considered heresy 
and nonsense. 


‘And as Max Planck once pointed out, you will get a new physics only when the 
‘old physicists — who so adamantly oppose it — die oft. 
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ARE THESE SYSTEMS EQUAL? 


ae 
we 


Slide 010: Are These Systems Equal? 

Shown here are some representations of various very simple zero-vector 
systems. AS can be seen, the stress magnitudes and the spin and dynamics of all 
ofthese systems are very different. 


Further, their “stress potential” substructures are not composed of a huge 
collection of little random force vectors. Instead, their substructures are 
deterministic. If the components being put into the zeros are varied in direction 
and magnitude, but always sum to a zero resultant, then highly complex 
substructure dynamics may be created and utilized, infolded (Bohm’s term) 
inside the zero vector. 


In theory one can establish “channels” of communication and power 
(magnitude) transmission without ever surfacing a nonzero EM force field. In 
practice one can do this with very litle EM spillout. Thus one can establish 

trogravitational channels and energy transmission inside normal EM 
potentials and/or ordinary EM carrier waves. 


One can use a conventional system of EM potentials, force fields, and waves 
a special kind of "wiring circuit” in and through which to transmit and produce 
electrogravitational effects. By distant interference, EM effects at a g1 

distance can be a ‘ordinary EM energy” has passed between 
the transmitters and the distant interference zone. 


IKFOLDED SYSTEHS ARE EXCLUDED BY PHYSICS 


DYNAMIC ZERO-VECTOR SYSTEMS ARE 
NOT CONSIDERED IN ORDINARY GENERAL 
RELATIVITY, CLASSICAL ELECTROMAGNETICS, 
(OR QUANTUM MECHANICS. 


Slide 011: Infolded Systems are Excluded by Physics 
Unfortunately, these infolded dynamic zero-vector systems have been 
eliminated from physics. 


They are omitted in classical EM, ordinary general relativity (OGR), and. 
quantum mechanics. 


‘That is, they have been omitted in Western physics. 


They have not been omitted in secret Soviet weapons labs and weapons 
development programs. 
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+ THEORDOR KALUZA, POLISH PHYSICIST. 


“ UNIFIED THEORY OF ELECTROMAGNETICS 
AND GRAVITY (1921) 
15 IMENSIONAL SPACETIME 
1 SDUAENSONAL GRAVITY LD 
1 ELECADMAGHETISM 1S THAT PART THAT 
(OPERATES THE FFA DIMENSION 


Slide 012: Kaluza Geometry 


In 1921, Theordor Kaluza, a Polish physicist, published a unified theory of 
electromagnetics and gravitation. Albert Einstein, who had had the paper for wo 
years, recommended his paper for publication. In that theory, five dimensions - 
Tour space and one time - are utilized in the basic model. This gives a 5- 
dimensional spacetime. 


In the model, electromagnetics and ordinary gravity are two aspects of a single 
‘more fundamental field: the S-space gravity field. Electromagnetism is that part 
of the 5-field that operates (bleeds-off) in the fiflh dimension. 


The ordinary 4-space G-field is the small residue that spills over into our 
ordinary 4-space, and doesn't slide around into the fifth dimension and bleed-off 
there as electromagnetics, 


Implicit in the theory, but not explicitly stated, is the fact that the 
potential bleeds-off in two fashions: (1) in the Sth dimension nearly unopposed, 
to produce what we see as EM force fields, and (2) in the ordinary 4-space we 
live in, which we see as ordinary gravitational field. 


Normally almost all the force field bleed-off is in the fifth dimension as EM; 
only a minuscule bit bleeds off as 4-gravity. 


Just as one example, between two electrons the S-space G-potential bleeds-off 
into electric force field about 10" times as much as it bleeds-off into 4-space G- 
field. 
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A POTERTIAL 1S A CHAR! 


IH THE STRESS OF UACUUM 


Slide 013: A Potential is a Change in the Stress of Vacuum 

In physics, the idea of a "potential" is very poorly defined, if at all. The normal 
“definition” for the electrostatic scalar potential, for example, is not a definition 
at all. Instead, it's an abstract operation that tells how to mathematically 
calculate the magnitude of the potential, by pushing unit charge in from 
infinity, against the potential field. 


Now ultimately a definition must be an identity statement, not an operational 
statement about something. 


Since I could find hardly anyone who actually understood what a potential was, 
and how or of what it was composed, I simply took quantum mechanies at face 
value and constructed this model. 


First, the modem view of the vacuum is that itis not an emptin 
It's teeming with an incredible amount of raw energy, existing totally as the 
temporary bits of energy of virtual particles. That is, the vacuum “energy” exists 
as the nonintegrated energies of litle particles which appear from nothing fare 
spontaneously created) and disappear into nothing (are spontaneously 
annihilated) almost instantly. This happens so fast that the little particle and its 


but a plenum. 


energy cannot individually be detected; it doesn't hang around long enough. 


Hence the fleeting little booger is called a "virtual" particle. Lil 
there man, for just a moment, but he was gone before we could grab im!" 


‘This kind of ghostly particle, however, is very real in modern physics. All 
observable forces are theorized to be due to the integration or collection of a 
large number of virtual forces created by e e of these little partic 


However, this implies a peculiar thing about the vacuum "energy." Actually it’s 
vacuum energies, for each little bit of energy only exists momentarily, then 
returns to the nothingness from which it came. That is, vacuum virtual energi 
are totally unintegrated. Each "bit" of virtual energy exists individually. ‘These 
Virtual energies cannot be “added up” to compute the "available energy” unle 
some collector or integrating mechanism puts them together. 


‘That is, unless some kind of "zipper" is there to "zip them together" into 
vable energy. The usual "zipper" is a spinning, observable 

iy that the vacuum energy is unzipped and hence 
unobservable in that state. We say that “observable energy” is just zipped- 
together vacuum energies - integrated by and on a spinning, observable particle 
of mass. 


So the vacuum can be visualized as a special sort of violent, unzipped plasma, 
where the particles of the plasma are fleeting and do not last. We can speak of it 
also as a sort of special unzipped gas, in the same manner. 


‘The "pressure" of the vacuum gas we refer to as “stress.” Due to its violent 
boiling activity, the vacuum gas is always under very high stress. 


This “stressed virtual plasma” identically IS the vacuum and identically 1S 
spacetime. Length, time, frame, mass, ete. - all arise by zipping operations (or 
understood zipping operations) in and of this raw vacuuny/spacetime. When one 
uses the vacuum notion in this manner, one now uses the term “ether” again, 


However, this is not the old "thin material ether that hangs around”; this is an 
entirely new kind. Its a virtual flux and a virtual plasma, 

‘The ether is also what we call "spacetime" in relativity. As can be seen, 
spacetime is stressed. Further, spacetime has a substructure. 

By an uncurved spacetime, we mean one in which the stress of these virtual 


particles (the "pressure in the ethereal gas," so to speak) is constant from one 
place to another and from one time to another. Indeed, we also should mean that 
the stresses of the individual components of the entire plasma are constant from 
cone place to another and from one time to another. 


By definition, when we determine the lengths between every two point 
determine a frame. (Actually, we have prescribed a universal "length zipping” 
operation/mechanism as well as its characteristics.). A "linear frame" or 
“Lorentz frame” is one in which the pressure or stress remains constant. It may 
be higher than ambient vacuum, however, due to a particle's or an object's 
‘motion through the observer's ether. In the case of constant velocity, the 
particle/object encounters a higher level of virtual particle flux in the observer's 
ether, like a vehicle moving through raindrops. It encounters a constant rate of 
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flux, however. In such constant velocity case, the moving object’ frame is said 
to be “rotated,” but not curved, with respect to the laboratory frame of the 
observer. 


In a “curved” spacetime, we mean one in which the stress of vacuum increases 
or decreases from one place to another, or from one time to another, or both. At 
one fixed location, if spacetime is curved, then the stress is increasing or 
decreasing as a function of time. That is, the flux density of that area is 
changing. We may visualize the local frame as undergoing angular acceleration, 
rotating more or rotating less. This is a non-Lorentz frame, or curved spacetime. 
It is also a nonlinear vacuum. 


In such a vacuum, local gradients exist in the flux of virtual particles. If affected 
by (coupled to) one or more of these gradients by a nonzero coefficient, a local 
object experiences effects (forves and actions) “without observable ca 
Observably, conservation laws may be locally violated by these "virtual rivers” 
of vacuum by coupling, just as a paddlewheel dipped in a river violates its own 
local “conservation of energy” due to the river providing an energy source to it. 


‘One must be very careful with the "pressure" analogy, however, when one 
utilizes unified theory (Kaluza theory). We now have a virtual plasma vacuum 
in five dimensions, not four. But the basic notions to enable our visualization 
and understanding still apply 
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TYPE OF POTENTIAL DEPEHDS OH THE PARTICLE(S} 


Slide 014: Type of Potential Depends on the Particle(s) 
Now one can see that, by choosing the type or class of virtual particle, and 
Jooking at its potential or stress in the vacuum, one can have many kinds of 
"potentials" existing in the overall "gravitational potential” of vacuum 


spacetime. 


For example, the stress of the virtual photon flux (which is what causes 
electrical charge) is called “electrostatic scalar potential."* 


We can choose any other class of virtual particle we wish, and there exists a 
potential (and "change”) for it. There are quark potentials, neutrinic potentials, 
ete 


|, one of the reasons for ignoring Kaluza unified theory for so long was 
that it predicts a great many types of potentials and fields which have never been 
observed and which are unknown. Approximations, which neglected all thes 
mysterious, and unknown fields, gave erroneous results. Perplexed physicists 
seeking to simplify matters, simply turned away from it in frustration. They 
returned to it in the mid-70's when it appeared that 11-dimensional Kaluza-Klein 
theory possibly offered a complete unified theory 


Inde 


Actually, the diversity of new fields in Kaluza theory was its strength not its 
‘weakness. That they are presently unobservable and undetectable is beside the 

point. Neither is time directly observable; however, we have worked out handy 
procedures and measurements of spatial quantities, which allow us to infer time. 
We have not just tried to drop it from physics! 
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And indeed the Kaluza theory is consistent with experiment when the higher 
fields are included. The message is, we must work out “clocks” for these new 
potentials and fields, so that they can be inferred with at least some degree of 
precision 


+ The character of movement also determines the type of potential. The 
longitudinal (radial) movement of the virtual photon flux is implied in 
electrostatic scalar potential. The swirl (tangential) component of this flux 
might be taken as the magnetostatic scalar potential - a magnetic pole 
when the cw and cew components of the swirl balance, but the sum of their 
absolute values differs from the sum of the absolute values of the 
corresponding tangential components in the swirl flux of the local amt 
vacuum, Ifthis swirl stress is higher than the vacuum swirl stress, thi 
constitutes a north magnetic pole. If lower, it constitutes a south magnetic 
pole. If there is a prevalence of direction (ew or cow) in the swirl (Le., one 
component exceeds the other), this corresponds to the magnetic vector 
potential (the A-field) when the A-field is freed from the magnetic force 

field (B-field) — i.e., when A-field is freed from its Vx operator in the 

equation VxA = B. The bleed-off of the excess swirl stress from the north 
magnetic pole to the deficient swirl stress of the south magnetic pole 
constitutes the magnetic force field, B — usually referred to simply as the 

“magnetic field." 
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A POTENTIAL ENTEHDS 10 INFIAITY & IHVOLUES THE ENTIRE UMIDERSE 


Slide 015: A Potent 
Entire Universe 


As shown on this slide, the change in the stress of vacuum due to a potential 
tapers off to infinity. Its magnitude normally does not reduce to zero until 
infinity 


| Extends to Infinity & Involves the 


Some types of potentials reduce much faster or slower than others, however, and 
so - at some distance away from a common origin of the potentials, one or more 
may be neglected in its (their) overall effects on an experiment or system. 


Also, the speed of propagation of potential is highly dependent upon (1) what 
type of virtual particle or particles produce its stress, (2) its magnitude, (3) its 
composition, and (4) the presence or absence of coupling objects and other 
interacting potentials 


Fundamental observable particles are like little spray pumps and little vacuum 
cleaners at the same time. 


Each is emitting virtual particles into the vacuum in a spray or flux, and at the 
same time it is absorbing virtual particles from the vacuum spray or flux. It's a 
little dynamo, and nature furnishes its driving energy unceasing! 


However, each little virtual particle it emits is itself such a litte simultaneous 
pump and vacuum cleaner. That is, i's also emitting an even finer (and faster) 
fux of smaller virtual particles, and at the same time it's also absorbing flux al 
this time finer level 


"Bigger fleas have smaller fleas to bite em; 
‘And so on ad infinitum’. 


le number of virtual state 


‘We may consider the vacuum to be made of an infi 
layers or levels 


"layers" of virtual state corresponds to a successively higher dimension bein, 
added to our 4-space basic spacetime. So hyperdimensions and deeper levels of 


speed ofthe first layer isc, the speed of light. 
‘The basic ofthe second layer is c*. 


And so on, 


ing vector zeros inside 
er layers of virtual stat, 


vector zero (scalar el 
other vector zeros, we may directly engine 
and consequently hyperdimensions 


ies) approach. By n 
the de 


Scalar electromagnetics thus is virtual state engineering and hyperspatial 
engineering at one and the same time. 


Superluminal communications systems, hyperspace drive, and materialization 
and dematerialization are all hypothetically possible, using scalar 
electromagnetics. As the technology develops, we should see the development 
‘of many of the systems long thought impossible except in science fiction. 


AAATURAL POTENTIAL 


Slide 016: A Natural Potential 


‘There are two broad categories of EM potentials, depending upon the way in 
which they are formed, 


‘The two categories of potential formation are: (1) natural, and (2) artificial 


ss the 


‘The difference is in the virtual particle flux substructure that compris 
potential 


If the substructure of emerging and vanishing virtual particles is random and 
without deliberate order (polarization) except in one broad, overall sense, then 
that is a natural potential. As such, there is no deterministic functioning going on 
inside the substructure of the potential itself. The potential can only act "as a 
whole” on a charged particle system. 


Natural potentials have substructures of random virtual vector components. Any 
small amount of coherence as a function of distance vanishes quickly (on the 
order of a few thousand angstroms at most, according to present Aharonov- 
Bohm experiments). 


AR ARTIFICIAL POTENTIAL 


‘Slide 017: An Artificial Potential 


{al potential by definition has a substructure composed of deterministic 
‘observable vector components, summed to an overall zero vector. Coherence as 
a function of distance can be maintained over enormous macroscopic distan 
even hundreds of thousand of kilometers - by simultancous transmission of the 
centire cluster of substructure components as a coherent "zero" group. 


To the conventional linear EM detector, at any point along its transmission path, 
this substructure is detected as a zero-E vector and a zero-H vector. Hence the 
conventionaldetector does not see the artificial potential, even ifits "stress 
magnitude” (a function of the magnitudes of all summed components) changes. 


Action at a great distance is possible with this artificial potential, however, if a 
highly nonlinear situation is met so that the phasing of the components is broken 
or significantlyaltered. In that case, the components do not sum to zero after 
their dephasing, and real EM force fields emerge. This "dephasing" can be made 
to occur at the distant nonlinearity. 


Actionat a great distance is not possible with the natural potential, but is 
possiblewiththeartificialpotential 


Further, with the transmitted artificial potential, VO must be applied from the 
transmitter to the distant interruption zone, as if there were no intervening space 
between, 


Note that VO may be positive or negative. Thus energy may at the 
tant disruption, or be extracted from there. In the first case, energy is input to 
the transmitter, to re-emerge at the distant dephasing zone. In the latter case, 
energy is extracted (disappears) from the distant dephasing zone and is received 
(reappears) back at the transmitter 
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PRODUCING AH ARTIFICIAL POTENTIAL 
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ENGINEERS BOHM’S“HIDDEN VARIABLES” 
“BENDS SPACETIME 


Slide 018: Producing an Artificial Potential 


ANattificial potential is deterministically patterned spacetime stress, made by 
opposing E-fields and/or B-fields so that they sum fo vector zeros in a special 
patter. 


‘The resulting zero-summed envelope has no EM force field, to an external 
observer/detector. 


However, the infolded E-field and B-field vector components still exist and act. 
‘They may dynamically vary, so long as their summation is always kept to zero, 


‘The simplest variation is to vary all their magnitudes at once, by the same 
degree. In that case, each one comprisesan"EM wave." However, the 
summationsof this cluster or "locked grou 

zero-B field to any external observer/detector. In other-words, to an external 
observer, one now hasa varying wave of pure spatiotemporal stress, but one that 

has a deterministic structure. This is a scalar EM wave, or: 

‘wave. It is also an alternating current of specific scalar pattern 


‘Varying the stress of spacetime locally, curves it locally. This violates the 
conventional assumption of restricted general relativity that local spacetime is, 
waned (is a Lorentz frame) 


By use of scalar EM waves with deliberate substructures, one can engineer 
Bohm's "hidden variables” so that quantum mechanics becomes det 


Fle pt tance 


rather than statistical. This is a drasti 
interpretation of quantum mechanics. 


to the common (Bohr) 


‘And Einstein's intuition that God does not play dice with the universe turns out 
to be correct afterall 

Since physicists haven't seen where the real game was being played, it has all 
seemed bewilderingly statistical to them. 


IF HO OBSERVABLE MASS FLOWS: 


EM POTENTIALS PRODUCE SUSTAINED G-FIELD 
FLOWS OF VIRTUAL PARTICLES 
psc 


Slide 019: If No Observable Mass Flows: 
Since there are no observable mass particles flowing in vacuum, there are no 
observable forve fields produced. Only virtual forve fields can be produced in 
the virtual particle medium that is vacuum itself, 


id in the vacuum surrounding a charged point 
e. When an observable charged particle 

‘vacuum and "couples to 
vector force is 


‘Thus (here is no observable E- 
tr however, a virtual E: 
such as an el 
integrates, zips together) the virtual E-field, an observable 
produced on and of the observable charged particle. 


(For the classically trained electrical engineer or electrical physicist, the 
statementthat no E or B fields as such exist in vacuum, is usually bewildering. 
Let me point out that any so-called “vector field” (such as the assumed E and B 
vacuum fields) can mathematically be replaced with two scalar fields. See E. T. 
Whittaker, Proc. Lond. Math. Soc.1, 366, 1903. What we are saying here is that 
the definition of an E field is in terms of force per unit charged mass. The scalar 

fields - which are actually what exist in vacuum - provide only a virtual or 
unzipped. E field, until an observable spinning particle couples to both of them 
by virtue of its “dynamo flux pump” action. The ensemble, then, of two 
electrostatic scalar potentials coupled toa spinning observable particle, 
constitutesandistheso-called"E-field.") 


gas inour probe or antenna which couple to the two "Whittaker scalar field 
‘These electrons produce ensembles that interact with each other collectively. 
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Charges in this electron-gas coupled medium is what we actually detect - not 
“what is in the vacuum.” 


To repeat this again for emphasis: The usual detector is an “clectron-wiggle 
detector. It detects changes in its own conduction electron gas, not in the 
vacuum itself. That is, the disturbance in the virtual-particle vacuum interacts 
with the observable particles of the electron gas, if (and only if) the spins of 
these observable particles couple the vacuum disturbance to the electrons and 
integrate their virtual components. After integration, an observable disturbance 
of the integrating object - say, the electron - results. Its this electron gas 
disturbance that is “detected” by almost all orthodox EM detectors. 


Ifthe spin of the observable conduction electrons cannot couple the electron to 
the vacuum flux disturbance, then the normal "simple" detector will not detect 
the disturbance. (By a "simple" detector we mean one in which the electrons are 
able to couple to the vacuum disturbance! Little circular definition here!) 


Now most potentials reach to infinity before reducing to zero. The change in the 
Virtual particle flux intensity of vacuum - which comprises the potential - 
decreases with distance from the potential. The magnitude of the change tails oft” 
toward zero as one approaches infinity. 


To any finite distance, then, there exists a decreased gradient in the change of 
the virtual flux intensity of vacuum, from a potential. Therefore virtual particles 
are flowing in the direction of the decrease of this gradient, just as gas molecule 
flow from a region of high pressure toward a region of lower pressure. 


So there is a virtual particle “river” in the vacuum between any two separated 
points of different potential magnitude. The type of potential determines the type 
of virtual particle(s) in the river. 


Ifthe potential is natural, the gradient river does not carry any coherent 
substructure. 


If the potential is artificial, the gradient river carries the coherent substructure 
everywhere within it. In this case, there is a flow or "river" of the virtual 
structure of this coherent pattem in the vacuum between two separated points of 
different "potential" in that patter, 
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GRAUITATIOHAL POTERTIAL: f CONGLOMERATE OF STRESS TYPES: 


Slide 020: Gravitational Potential: A Conglomerate of Stress 
Types 

Rigorously, all EM potentials are actually part of the overall S-dimensional 
gravitational potential 


‘There is no such thing as, 
conglomerate of di 


ngular gravitational potential: instead, it is a 
types and patterns, each of which is named for 


‘The movement of charged particles, for example, creates electromagnetic 

potentials. At any point in vacuum, the potential consists of a flux of virtual 

particles 

‘The vacuum contains a great variety of particle fluxes. There are virtual photons, 
virtual electrons, virtual positrons, virtual protons, virtual pions, virtual 

neutrinos, ete. 


‘The conglomerate stress from all these virtual particle stresses constitutes the 
overall gravitational potential 


FIM ot 1ANCE 
201 


WHAT GRAUITATIONAL FIELD IS 
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"FLOWS CAN EXIST BETWEEN PAIR, TIADS, ET WITHOUT 
[APPRECIABLE CHANGE OFTHE OVERALL CONGLOMERATE POTENTIAL 
"= ALLFORCE FIELDS REPRESENT BLEED-OFFS OF ONE OR MORE 
COMPONENTS OF FELD 


‘Slide 021: What Gravitational Field Is 


As previously stated, there is no such single thing as "the" gravitational field, as 
is assumed in the Newtonian sense. 


Grfield is a conglomerate of many component potentials and other entities. 


ld. 


Rigorously, anything that "curves spacetime" is a gravitational 


In the modern view, all forces ultimately arise, by some means, from the curving 
of spacetime, Thus all forces and force fields are related to - and caused by, so 
to speak - gravitational field. 


Ifthe vacuum stress is uniform from one place to another in an observer's frame 
then the observer's spacetime is uncurved. The observer's frame, is said to be 
linear or uncurved; or a Lorentz, frame. In such a situation the conservation laws 
rigorously apply for macroscopic, closed systems, 


Ifthe vacuum stress is not uniform from one place to another, then the 
spacetime is curved. In such a situation the conservation laws may be violated 
for macroscopic systems, since they are “opened” to the vacuum stress, and 

vacuum virtual particle flux gradients exist across the system or portions of it 


Note that the overall stress magnitude may be constant across a region, but its 
composition may change. That is, two or more components may vary 

canonically. In that case, the spacetime is uncurved in the gross external sense, 
but contains specialized "internal" curvature patterns locally. Depending upon 


reaction to the canonical infolded curvature patterns, some macroscopic systems 
will still exhibit conservation, but certain other macroscopic systems may not 
An example is symmetry breaking. Here charge, parity, and time symmetry may 
be violated individually or in pairs, but not all three simultaneously. An overall 
conservation law is obeyed, but any two of the three conservation laws can be 
(und are) violated, 
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EM FORCE FIELOS ARE 
GRAVITATIONAL POTERTIAL DIA OBSERVABLE MASS FLOWS 


Slide 022: EM Force Fields are Releases of Gravitational 
Potential via Observable Mass Flows 

In Kaluza theory, we may take EM force fields to be the Sth dimensional 
“bleeding-off” of a 5-G potential. However, in vacuum alone this bleeding-off is 
totally within the virtual state. That is, only virtual EM force fields exist in 


By the ordinary term "EM force fields,” physics has chosen to imply 
‘measureable or observable E and B force fields. 


‘That implies that the 5-G potential gradient flows of virtual particle flux must be 

coupled to observable charged particles - such as electrons, protons, ions, etc. - 

before observable E and B force fields exist 

of the virtual E and B force fields 

‘They do not “cause” a particle to 
eration. 


Rigorously, E and B force fields co 
coupled to observable charged particle 
accelerate; they are the product of the particle and its ace: 


As these observable particles are themselves "spray pumps” producing virtual 
particle flux, then a collection of them represents an increased or decreased nx 
(for negative or positive charge) vis-a-vis the ambient background flux of 
vacuum. Nature furnishes the continuous power to drive these "virtual flux” 
pumps. 


Normally, EM potentials are formed in natural and manmade electrical circuits 
by collections of these observable particle "spray pumps.” Such collections of 


increased or deci 
gravitationally. 


Release of these pumps in conductors or in the vacuum itself results in creating 
Erfields and B-fields on and of the moving observable charged particles. But 
release of the observable-particle spray-pumps from the collection (the potential 
“pressure head” or "source") reduces the potential or “pressure” at the source. 


wed "spray flux” dens 


y, of course, represent 5-potentials, 


‘Thus the formation of E and B fields 
Hence EM force fields are the bl 
observable mass flow. 


nts the release of the 5-potentials. 
off of 5-dimensional G-potential via 


Since classical EM always seeks to create the force fields, it always bleeds-off 
and discards the gravitational effects that could be otherwise achieved. 


To allow orthodox EM flow is to dissipate the gravitational effects. 


Strangle the orthodox EM flows, and you can keep and use the amplified 
gravitational effects, 
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SCALAR O-WAVE PRODUCTION 
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WILL NOT PRECESS 


COMPRESSIVE 
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Slide 023: Scalar O-Wave Production 


-s of pure stress in the spacetime 
salar EM waves, Tesla waves, 


We now visualize the formation of wat 
‘medium (in the vacuum). These we call 
electrosravitational waves, longitudinal EM waves, waves of pure potential, 
lectrostatic/magnetostatic waves, and zero-vector EM waves. All these terms 
are synonymous. Each sheds its own particular light upon the nature of these 
waves or oftheir original discoverer, Nikola Tesla 


;edanken experiment, or thought experiment, in which we can be 


‘Thus we have two single-frequency EM sine waves whose E-field components 
are shown on the slide. The two waves are of the same frequency, traveling 
together in the same direction, and superposed 180 degrees out of phase with 
each other. 


In this ca 


al any spatial point, the summation E and B fields are vector zeros. 


s induced by the wave, wo 
e stress in one half eycle and 


However, if we plot the spatiotemporal (vacuum) st 
see that it constitutes a sine wave, with compres 
tensile stress in the second half cycle 


Rigorously this defines a "longitudinal" EM wave - or what Tesla called a 


sound wave in the nonmaterial ethei 


Also, rigorously it is a gravitational wave, for itis a wave of the curvature of 
spacetime (nonlinearity of vacuum) itself. That is, what is changing in the wave 
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is the vacuum stress, or intensity of the virtual particle flux of vacuum. That is 
identical to changing the curvature of spacetime. In one half-cycle, spact 
curved positively. In the second half-cycle, spacetime is curved negative 


Since the increase or decrease of the intensity of virtual particle flux ( 
the ambient vacuums virtual flux intensity) represents electrical charge, then in 
‘one half-cyel iarge is represented, and in the other half-cycle 
positive charge is represented. This directly explains the 

in electromagnetic photon - the "photon" being one 


wavelength, 


In one half-cycle, time moves slower. In the second half-cycle, time moves 
faster. Thus scalar waves can also be considered to be "tempic” waves (to use 
Wilbur Smith's term), or oscillations of the rate of flow of time itself, about the 
ambientrate of time flow. Since these oscillations are variations in the curvature 
of spacetime, then they represent gravitational or for when 


coupled to a mass. 


‘generating Wav 


Variations in the rate of flow of time produce force, just as any other type of 
curvature in space-time does. 


SCALAR ELECTROKAGHETICS 
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Slide 024: Scalar Electromagnetics 


To rehash: scalar waves are zero-vector waves. Patterned E and B 
a relationship where their summation equals vector zero. Electromagnetically, 
the zero EM "envelope" of a scalar EM wave is composed of a zero-summation 
of infolded finite EM force-vectors, 


However, the internal (infolded) substructure is deliberate, macroscopic, and 
ordered. Vacuum is polarized deterministically by the wave, and macroscopic 
spacetime is locally curved by it. 


‘These substructure components constitute Bohm's “hidden variables.” They can 
be manipulated and varied at will. Phasing, beaming, frequency, superposition, 
interference, resonance, and Fourier expansion are the keys to scalar EM 
engineering. 


‘To make a scalar beam, special modifications are made to the EM wave 
transmitter so that, effectively, the transmitter transmits multiple transmissions 
simultaneously, and these vectorially sum to zero. This is the same thing as 
transmitting multiple phase-locked EM force-field beams simultaneously, in the 
sum-zeroed fashion. 


Standard beaming antennas and conventional circuits can readily be utilized 
With slight modifications. 


Any radar can be converted to a scalar EM radar quite simply. Ind 
‘modification kit to accomplish that can be developed and held until the sealar 
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mode is desired. The modification kit can be quickly installed to provide the 
scalar capability 


Scalar radars, for example, cannot track "comer reflector” targets. However, 
they can magnificently track smoothly filleted comers; rounded, smoothly 
curved surfaces; and curved or flat metalized dielectrics. Against aerial targets 
using special construction to lower their cross-section to normal radars, the 
application of the scalar radar mode is immediately obvious. 


Scalar waves pass through the electron shells of an atom and interact with the 
nucleus. They are continually absorbed and emitted by all nuclei in the universe. 


BACKGROUND FOR THE BRIEFER. 


Any large collection of nuclei - such as a star or a planet - is a strong absorber 


and radiator of scalar wave radiation. 


‘The Sun is a particularly strong source of scalar radiation. This radiation 
penetrates the Earth deeply, interacting more and more with the deeper layers 
which, under greater mechanical stress, are more nonlinear. Most of the heat in 
the molten core of the Earth comes from the dephasing of a portion of this, 
absorbed scalar radiation from the Sun, liberating ordinary EM energy as heat 


The Earth also re-radiates scalar wave radiation back to the Sun, The Sun and 
Earth are thus coupled into a "scalar" system in equilibrium or near-equilibrium. 
Each body in the couplet possesses both a feed-forward and a feedback loop. 


‘The Earth also radiates scalar wave radiation to the Moon, and the Moon 
reradiates scalar radiation back to the Earth. The Earth and Moon also are 
coupled into a "scalar" system in equilibrium or near-equilibrium. Again, each 
body in the couplet possesses both a feed-forward and a feedback loop. 


‘The Sun and Moon are correspondingly coupled into a scalar system in 
equilibrium or near-equilibrium, each with both a feed-forward and a f¢ 
loop. 


sdback 


‘The Earth, Sun, and Noon thus form a triad-coupled system of special 
importance to the stability of our existence here on Earth, and the stability of our 
biosphere. 


And so on with all the other planets in the solar system, and combinations 
thereot. 

‘The solar system is thus a very sensitive sealar-coupled system, with strong 
subsystems within it 


ADDED FOR THE BRIEFER: 


Actually this scalar coupling of the solar system provides a major check on 
unrestricted use of the large Soviet strategic scalar EM weapon systems. If 
significant scalar effects are produced on earth in a "puls 
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disturbance of the earth-sun and earth-moon systems results. Here a danger 
exists that one or more natural resonances of the coupled system may be excited. 
Ifthe feedback stimulation of the Sun is not insignificant, for example, lange 
sunspot activity may result sometime thereafter, say in a day or two. If too much 
or too sharp stimulation occurs on earth, the coupled resonant response from the 
sun could be disastrous. Indeed, a solar response could be stimulated so that the 
Sun would violently belch and destroy our biosphere, among other effects. The 
simplest doomsday stimulation would be for a violent expulsion of Solar EM 
energy and particles to occur. Ifthis were due to resonance, the expulsion of 
Solar EM energy and particles would continue during some decay time. In that 
case, fiery destruction of the earth, strongly indicative of Biblical prophecy, 
‘would result. Particularly sensitive are the resonances of the sun-earth, sun- 
‘moon, and earth-moon systems, 

Note the abnormal influence of the moon on tides - tides of both the tectonic 
plates and the oceans. One cannot help but point out that, if the earth-moon 
resonant system were overstimulated, one might expect violent earthquakes of 
extraordinary magnitude, and tremendous tidal waves hundreds of feet in height. 
(The potential connection to legends of earth-destroying floods, evidences of 
extreme water levels in mountains, and legends of ancient cataclysmic 
destruction of supposedly advanced technological oceanic cultures is obvious.) 


Accordingly, use of huge scalar EM weapons is a double-edged sword. Unles 
carefully employed, use of the weapons could cause a terrible backlash to the 
user as well as the victim, and even accidentally cause the destruction of the 
cearth itself. It is not accidental that in 1960 Khrushchev stated that his new 
fantastic weapon could - if unrestrainedly used - destroy all life on earth. 


‘This appalling backlash potential 
to make so strong an effort to get agreement to outlaw the development of 
weapons of mass destruction” more frightful than the mind of man had even 
dreamed of. Gromyko even introduced such a draft agreement into the 
proceedings of the United Nations. The first article of the draft agreement 
indicated that the nature of the weapons referred to would be negotiated. Sadly, 
the entire Western world did not even know what the Russians were talking 
about 


apparently what prompted Brezhnev in 1975 
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ROGERS” UNDERSEA € URDERGROUKD COMMURICATIONS SYSTEHS 


+ SECRETLY USED BY U.S. INWWI 
+ COMMUNICATED TO SUBS UNDERWATER 
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15000 TIMES STRONGER THAN AERIAL 
2» STATICEREE 
“DECLASSIFIEDIN 1919) 
‘TO REVOLUTIONIZE COMMUNICATIONS 
"2 TOEND ALL SURFACE ANTENNAS. 
‘+ MYSTERIOUSLY “LOST” 
‘REDISCOVERED AND “LOST” 3 TIMES AFTER WWII 


Slide 025: Rogers’ Undersea & Underground 
Communications Systems 


In an article in the March 1919 issue of the Electrical Experimenter, a real 
bombshell was released on an unsuspecting world. 


In that issue, details of the Rogers‘undersea and underground communication 
systems were released. These systems had been classified SECRET during 
WWI, and used to communicate with (1) U.S. submarines underwater around 

the world, and (2) U.S. Expeditionary Forces Headquarters overseas. 


Subs at any submerged depth could be reached with transmitters of frequen 
up to 30 kiloHertz. At reduced depths, frequencies above 30 kHz could be used. 


Atthe headquarters of U.S. overseas forces, the signals were received through 
the earth. They were 5,000 times stronger than aerial signals through the 
atmosphere, and static-free. 
‘The Rogers systems were covered by a series of patents. They used special 
antennas implanted in the ground, 
While the patents are somewhat confused, several of the diagrams in the 
Hxticl__Experimenter reveal that the antennas were producing scalar waves. 
Scalar waves can indeed travel through the earth and through the ocean. Indeed, 
if good quality scalar waves are made, then freque 
be sent throughthe ocean. Multi-megahertz. frequencies c, are easily 
able.(The problem, of course, is that these waves are pure zero-vector 


antficial potentials that do not move electrons in the conduction gas ofa 
conventional antenna/receiver combination. Normal receivers and detectors do 
not see them. Special underwater detectors - such as those developed by Frank 
Golden - are required.) 


With the startling declassification and revelation of the Rogers’ systems, it was 
expected that all communications would be revolutionized, and that all surface 
antennas would be removed, 


Strangely, this entire technology faded away quickly, as if it had never been. 
Certain powerful interests did not wish the extended electromagnetics to be 
discovered or taught. That, afterall, would lead to free energy and loss of 
economic control of the citizens. That was precisely why Nikola Testa had 
already been suppressed. 

According to the important research of Dr. Robert Beck, the same scalar 
technology has been rediscovered and mysteriously “lost” at least three times 
after World War II! 


Today the orthodox establishment is still suppressing it 


One wonders why no orthodox physicist - with the single exception of Dr. 
Hooper (see U.S. patents 3,610,971, Oct. 5, 1971 and 3,656,013, Apr. 11, 1972) 
ems to have experimented with deliberately constructed zero-vector EM 
and published his results in the literature 


waves and devi 


One would think that any university physics department would wish to explore 
such a gaping void with at least a few graduate student experiments, if for no 
other reason than scientific curiosity, particularly when the experiment is easily 
performed, itis totally different from anything else in the theory or literature, 
and the implications may be formidable. A true scientist in that related field 
ought to try it! 
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HOW DOES THE ROGERS SYSTEM WORK? 


“WE DO NOT KNOW AS YET HOW THE 
ROGERS SYSTEM WORK. 


ROGERS HIMSELF TAKES THE VIEW— 

AND HE IS SECONDED BY TESLA—THAT THE 

TRANSOCEANIC MESSAGES WHICH HE RECEIVES 
‘ARE NOT HERZIAN WAVES...” 


.GERNSBACK 
ELECTRICAL EXPERIMENTER 
{6(11), MARGH 1919, PAGE 2 


Slide 026: How does the Rogers System Work? 


In the same March 1919 issue of Electrical Experimenter, Hugo Gernsback 
pointed out that no one as yet knew how the Rogers’ system actually worked, 


Rogers himself believed he was not using conventional Hertzian waves, 


Nikola Tesla himself confirmed that the underground and undersea waves were 
not Hertzian waves. 


Ifso, they could only have been 


FER DI 1ANCE 
2 


SCALAR EM WAVES ARE EMITTED & ABSORBED BY THE HUCLEUS 


Slide 027: Scalar EM Waves are Emitted & Absorbed by the 
Nucleus 


Normally scalar EM waves do not couple to orbital electrons. Entering into the 
‘atom, incoming scalar EM waves penetrate the electron shells without 
interaction. They continue, penetrating into the interior of the closely packed 
nucleus, where the extreme nonlinearity of the charged virtual particle flux that 
bbinds the nucleons together distorts the scalar wave, dephasing its summed EM 
vector components. This produces a nonzero EM resultant and polarized pattem 
directly inside the virtual particle charge flux of the nucleus. 


‘The new EM resultant immediately couples the distorted scalar wave to the 
nucleus, resulting in absorption of the wave and incorporation of its polariz 
pattern into the nucleus’ virtual flux. This in turn results in a slightly excited 
nucleus. Normally the excited nucleus will promptly decay by emitting another 
scalar wave, which passes through the orbital electron shells and radiates out 
into the universe. 


However, as can be seen, ifthe same strong scalar pattern is constantly radiated 
into the nucleus and absorbed by it, the excitation of the nucleus “charges up, 
leading to decay by other modes. In this manner the nucleus can be engineered 
even transmuted - by rather minuscule power of the engineering radiation 
signal, 


This is how living biological systems are able to transmute elements, as 
discovered by Louis Kervran, (Kervran was nominated for the 1977 Nobel Prize 


for this work.). The biosystem produces scalar EM waves. If the appropriate 
signal is employed into and on the appropriate nucleus, a changed element 
emerges. In this fashion chickens denied sufficient calcium in their diet, but 
allowed a surplus of potassium, are able to transmute some of the potassium into 
calcium, Note that one of the isotop 

calcium, Transmutation of this potassium isomer to calcium 


easiest. 
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HUCLEI OF THE UNIVERSE COHTIRURLLY ERCHAWGE SCALAR EM WAUES 


Slide 028: Nucl 
‘Scalar EM Waves 

‘Thus scalar EM waves are continually exchanged by all nuclei of the universe, 
and the vacuum is ~ among other things - a seething cauldron of s 
radiation 


if the Universe Cor 


ually Exchange 


In fact, it is this seething scalar wave cauldron that creates the virtual particles 
and the virtual particle flux of vacuum itself. (Since the scalar EM wave 
represents an oscillation of the curvature of spacetime, and since everything - 
virtual or observable - is a curvature of spacetime, then scalar waves can be 
taken as the universal generatrix. 


‘The intensity of the trapped scalar flux in the nucleus of an atom is responsible 
for the mass and inertia of the nucleus. 


Mass is localized trapped scalar resonance. 


‘The trapping agent is 


he spin of a particle. 


‘The mass and inertia ofthe particle are due to the scalar resonance that is, 
trapped. Increasing the amplitude ofthe trapped scalar resonance inereases the 
mass and inertia; decreasing the amplitude decreases the mass and inertia 


CORUERTING EM FIELD ERERGY 10 G-FIELO ENERGY & VICE-VERSA) 


5-D G-FIELD 


4 


4-D G-FIELD 


Slide 02: 
Vice-Versa 

According to Kaluza theory, there are no such things as a separate EM field and 
4 separate gravity field. Instead, in five dimensions there is only one field: the 5~ 
4 gravitational field. The EM field is the Sth dimensional aspect, while our 
normal 4-dimensional G-field is the other aspect of the S-field, in our normal 4- 
space. 


‘onverting EM Field Energy to G-Field Energy & 


‘Thuswe may say that the S-field is composed of two components: the Sth 
dimensional component (our normal EM field) and the component occupying 
‘our normal 4 dimensions (our normal G-field). 


‘The 5d “force” field, of course - or the S-space analogy to a force field - would 
be due to a gradient or "bleed-off of the 5-d gravitational potential. This 
gradient in tur is composed of two components: the 5th dimensional "bleed- 
off" outside our normal 4 sd-off is our normal EM force 
field) and the bleed:-off inside our normal 4-space (this inner bleed-olf is our 


Normally the 5-potential bleeds-off outside our 4-space as EM field, far greater 
sds-off inside our world as G-field. Between two electrons, for 
example, the electric field is about 10" times as strong as the G-field. Si 
the Kaluza view there is only one 5-d G-potential that is causing both force 
fields, this shows that there is an incredibly greater EM bleed-olf of the 5- 


ld bleed-off between 


potential between the two electrons than there is a G- 
them, 


[As shown on the diagram, the 5-dl G-ield 
of the Sth dimensional EM field, Only a small 4-spa 


However, suppose we were to "block" the bleed-off of the 5-potential in the EM 
mode. Then none of the 5-potential could bleed-off in the Sth dimensional EM 
i, it would be forced to bleed-off into the 4-space G-field. In our 
this "perfect case” would result in the disappearance of 


normally comprised almost entirely 
G-field component exists. 


increase to about 10° times its normal strength 


‘The end result would be that, by blocking the EM force field bleed-off, EM field 
is converted to G-field. In addition, EM field energy is converted to G-field 
energy. With the extremely amplified gravitational and inertial effects that 
result, one can now accomplish direct engineering of gravitation, mass, and 
inertial effects. 


We can effectively accomplish this "blocking the EM bleed-off by opposing 
EM force fields so that they sum to vector zero. This is the same as summing 
various Sth dimensional gradients of the 5-potential to a zero vector resultant. In 
that case, as much "EM bleed-back to 5-potential” occurs as there is "EM bleed- 
off from 5-potential.” This places the 5-potential in equilibrium with respect to 
EM bleed-off, 


Also, another nice thing results: Since we can readily vary the magnitudes of the 
EM force field components of the vector zero summation, we can actually form 
phased "zero vector waves" by increasing and decreasing the magnitudes of all 
the component EM vectors in phase, but retaining their vector summation 
always equal to zero. 


In that case we have produced a very simple 5-space G-potential wave, which 
concomitantly forces phase-locked variations in the 4-space G-potential. In 
hort, we have produced an electrogravitational (EG) wave, or scalar EM wave 
for short. This wave described is the simplest EG scalar wave we can produce: 
much more complex EG waves can be produced and used for highly specialized 


purposes. 
‘The scalar EG wave changes EG potential energy into 4-gravity potential energy 
in one half-cycle, and changes 4-G potential energy into EG potential energy in 
the other half-cycle. However, the EG potential energy in the first half-cycle 
does not react electromagnetically in linear circumstances, since itis, 
electromagnetically a linear vector zero. 


So our scalar EG wave actually oscillates energy back and forth between a 
locked-in Sth dimensional EM potential and a 4-space G-potential. As can be 
seen, 10 the linear 4-space observer this scalar EG wave appears as a purely 

gravitational wave, with G-potential magnitude varying in a wavelike manner. 
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HORHAL EM BLEEDS-OFF G-FIELD 


Slide 030: Normal EM Bleeds-Off G-Field 


For easy visualization, we may regard the situation in the analogy shown on the 
slide. 


‘The 5-potential of 5-space vacuum is like a high pressure in a big tank. ‘The tank 
has huge open door in the Sth dimension, leading to rapid bleed-off of the 5- 

presure_ through the big door; that is, as EM field. Only a very small hole in the 
tank normally exists in our own 4-space world, so only a very small amount of 
the pressure bleeds off as our G-field, 
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Slide 031: Scalar EM Forces 4-D G-Field 

door so that we have only’ fittle 
eals, then most of the pressure is forced to bleed-off 
through the small opening, greatly enlarging it. In that case, most of the 5- 
potential bleeds-off as 4-G force 


‘The mass exposed to such increased 4-G bleed-of exhibits a much greater mass 
and inertia 


In fact, mass itself can act as an accumulator for the effect, and it can increase its 
ability to store trapped scalar resonance. This increases its inertia, 


By the use of scalar EM (blocking the EM bleed-of), we can input normal EM 
energy and obtain powerful gravitational and inertial effects. Many other 


powerful effects can also be obtained, 


DETECTION OF ELECTAO-GRAVITATION 


‘¢ WHEN ORDINARY EM FORCEFIELDS ARE 
INTERFERED/SUMMED TO PRODUCE ZERO, AND ARE ALSO 
LOCKED TOGETHER, THEY PRODUCE STRESS OF VACUUM 
(GRAVITATIONAL POTENTIAL OF FIELD). 

‘THS ISELECTRO-GRAVITY, 


‘© WHEN ELECTRO-GRAVITATIONALFIELDS ARE 
INTERFERED/SUMMED TO PRODUCE ZERO, AND ARE 
LOCKED TOGETHER, THEY PRODUCE ORDINARY 
ELECTRO- MAGNETIC FORCE, 


Slide 032: Detection of Electro-Gravitation 
Here are two magic rules in the scalar electrogravitational busines 


(1) When ordinary EM force fields are interfered or summed so that they 
produce vector zero, and the fields are locked together, they produce stress of 
vacuum (5-potential). One component of this 5-potential is the 4-space G- 
potential. Since bleed-off as a gradient of this 4-space G-potential is all that is 
allowed, then the EM destructive interference/zero summation bl 
produce gravitational force field, This is because opposing equal fore 
sum to a vector zero force field resultant, actually produce a stress potential 
having stress energy of spacetime. And that is a curvature of spacetime, hen 
gravitational. 


In short, total destructive interference of EM waves or force fields produces 
excess stresspotentialenergy in spacetime, andthereforegravitational force 
field on detecting/coupled particles. 


(2) When electrogravitational fields are interfered/summed to produce vector 
zero, this destructive interference/zero summation bleeds-off to produce 
ordinary electromagneticforcetield 
In short, destructive interference of scalar EM waves or fields 
(clectrogravitational waves or fields) produces electromagnetic force fields on 
detecting/coupled particles. 
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BACKGROUND FOR THE BRIEFER: 


Mathematically we can summarize this as follows; 


G4) = Gy 4) (tm) + Gag (EM) re 
Gu. = Gs + Gu» a 
If E=Z4E,= 0,540; B= 2a, (5) 


then 


and 


and 


Wher 


Gi..s)is the 5-d G potential, or total G-stress on dimensions 1-5 
Gis the combined EM potential, or G-stress on dimension 5 only. 


Gq. (m) is the normal 4-d G-potential of mass alone, or the G-stress 
due to mass-gravity. 


Gy). (EM) is any extra 4-d G-potential of mass due to conversion 
from Gs stress (normally zero). 


E and B are the electric and magnetic force fields. 


is the electrostatic scalar potential. 


Ais the magnetic veetor potential, 


‘Thus the age-old scientific dream of direct engineering of gravitational 
and of spacetime itself — can now become reality. To start, one simply makes 
an intense EM vector zero and varies its stress intensity and internal pattern of 
summed components. One also varies the reference potential at which the 
patterned EM stress zero is created, and the frequency of intemal component 
variation 


BACKGROUND FOR THE BRIEFER. 


He that has ears, let him hear. 
Here is the secret of antigravity 


The “electrical charge” of a charged particle — such as one of the orbital 
electrons of an atom or one of the protons of its nucleus — represents a 
difference in flux intensity (potential) between the local particle and its ambient 


It’s the continual bleed-off of gravitational charge as electrical charge. 
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If that bleed-off is reversed or stopped, a drastic effect on the gravitational 
potential and charge ensues. The 5-potential and S-charge have become 4-G- 
potential and 4-d-charge respectively. 


‘Thus “charging” an object with its scalar EM pattern charges it gravitationally. 
Now the only "bleed-off channel" is through the 4-G force field. 


Further, in a nucleus the nucleons continually change back and forth between 
proton and neutron, so the electrical charge is "spread" throughout the nucleus 
and shared by all the nucleons, 


Further, each element (actually each isotope) has its own unique “ensemble 
pattem” of Fourier expansion scalar frequencies, amplitudes, ete. This pattern, 
of course, can be reproduced artificially and transmitted by modified EM 
transmitters (ie., by scalar EM transmitters). There is, however, a sort of 
“master key" scalar EM (EG) pattern for nucleons (protons and neutrons which 

‘are changing back and forth into each other by exchange of virtual charge 
currents) 


Ione “reverses the charge” by inverting this pattem, and then “charges up a 
mass with the inverted charge,” to the extemal observer the charging mass just 
gets lighter and lighter, and its inertia gets less and less. Eventually it seems (to 
him) to acquire negative mass and negative inertia, and just accelerate away 
from the earth, The object "falls upward!” instead of "falling downwards.” 


There are also some weird time effects. The object can be moving slower 

through time than the laboratory observer, or even be moving backwards 

through time with respect to the laboratory observer. (Dont believe everything 

they laught you in relativity; none of those professors had ever engineered a 

single general relativistic situation. Little that they teach in GR is based on direct 
experiment. Most of what they teach is already experimentally proven to be 
incomplete orinneedoffurtherextension.). 


But back to our slide, 


Inside the pattern itself, i's just a quite normal pattern. No change in or on the 
object seems to have occurred, to it, ifthe charge is evenly accomplished 
throughout the object. Inde observer it's the 
environment that seems to have suddenly gotten very strange! Thi 

occasionally happenstoahaplessaircraftorshipthatexperiencesanomalous 
spatiotemporal difficulty in an occasionally scalar-active area such as the 
Bermuda triangle. Under the right conditions, the vehicle's gravitational charge 
is affected by anomalous changes in the scalar radiation from the earth in that 
area. To the passengers and crew, itis the external environment that suddenly 
seems weird. In addition, on-board EM and inertial instruments may be affected, 
and other electrogravitational effects may also occur, due to differing rates of 
charge in different parts of the vehicle.) 


what 


“Reversing or lowering the EG-charge” is controlled by means of biasing the 
ground potential on the ensemble pattern transmitters. These transmitters can 

even be on-board the vehicle itself. (Remember, in scalar EM to transmit is also 
to receive. A vehicle can change its own bias potential (with respe 
vacuum G-potential) by properly transmitting, which translates to 
potential charge.” The charge current can either be negative or positive (its 
potential can be lowered or increased vis-a-vis that of the vacuum.) Think of this, 
as handling positive and negative energy, which means positive and negative 


gravity. 


By “fiddling” with this, you can float metal. Or a human body. Or a battleship. 


Ora high-speed vehicle containing a crew. 


You can even "dematerialize it" or “teleport it.” 


‘The Philadelphia Experiment may have been real afterall. If so, the test ship and 
its personnel were "blasted" into this strange realm, instead of making a gentle, 
controlled entry. 


Suppose you materially lower or reverse (adjust) the gravitational charge 
(gravitation 5-potential with zero-summed EM to throttle EM bleed-off}. At zero 
gravitational charge, to the external observer, such an assumed vehicle would 
seem to have no mass and no Itis capable of extreme accelerations, right 
angle turns at full speed, etc. It is also right on the point of dematerialization, 
and may appear to be glowing or just a vehicle of light 


Ifthe pilot wishes to “land,” of course he must adjust the charge on the vehicle. 


Ifthe pilot wishes to “dematerialize" or “teleport,” again he must adjust the 
charge on the vehicle. 


Ifhe wishes to go "byperspatial,” again he must adjust the charge on the vehicle 
and allow the proper bleed-off to produce a hyperspatial force. That's done with 
nested zero summations and nested patterns of scalar EM transmission. 


‘That is, he can charge and bias the vehicle in multiple, nested zero-summations 
simultaneously. 


‘That is necessary for hyperspatial control and travel 


Note that in lower hyperspace such a vehicle could do some very strange things. 
Such as "penetrate" solid matter (actually, it goes “around” the 3-space matter in 
a dth Kaluza-Klein space) 


We might expect to see such vehicles glowing. Their various surface features 
and mechanisms might appear to be glowing or revolving lights, ete. 


‘They could exhibit incredible “aerodynamic performance," seemingly in the 
atmosphere. Actually they would not be moving "through" the atmosphere at all 
but through a higher space outside each particle of atmosphere. 


‘They could seem to materialize and dematerialize. 


They could s 


em to plunge into the ocean or rise out of it 


‘They could even s 


-m to operate under the ocean or inside the earth itself. 


Such anomalous vehicle performances have been seen all over the world, 
particularly since a few years after WWIL 
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SCALAR WADE DETECTOR” 


(OETECTS ELECTROGRAVITATIONAL WAVES! 
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Slide 033: Scalar Wave Detector 


On this slide we show a concept for a detector for scalar EG waves. This is the 
Bedini scalar wave detector, adapted from an original concept by Dea and 
Faretto. 


‘The idea is quite simple: install a very powerful bar magnet vertically inside a 
grounded Faraday cage. Then install an open-ended coil longitudinally above 
the magnet so that a line through the longitudinal axis of the magnet passes 
through the longitudinal axis of the coil above it. The open end of the coil does 
not touch the magnet 


Connect the other end of the coil to a variable tuning capacitor, so that the coil 
and capacitor form a tunable, series-LC-oscillatory circuit. The output of the 
jpacitor is connected to a transistorized preamplifier inside the cage. A tuning 
shaft for the capacitor is very carefully passed through a small hole in the shield 
to allow tuning from outside. 


‘The output of the preamp passes very carefully through a small hole in the 
shield, through a shielded cable, to an adjacent oscilloscope. The cable shield in 
also grounded to reference ground potential 


‘The theory is as follows: Suppose a normal EM wave appears inside the cage, 
above the magnet or closely adjacent thereto. In that case a coupled oseillation 
appears in the field of the magnet, and this oscillation is coupled to the coil 
immediately above it. Ifthe oscillation is within the bandwidth of the tuned 


soties LC cireuit, detection occurs. This is amplified by the preamp and passed 
to the oscilloscope, where it is displayed on the scope. 


Note that the detector detects normal EM wave. Now our problem is: how do we 
get an EG wave to be detected? And how do we assure that we do not detect 
ordinary EM waves from outside? 


Actually this is simple. Ordinary waves (except for quite low frequency) will be 
‘grounded out by the Faraday shield, and will not penetrate the cage. Thus these 
normal EM waves cannot enter the cage and appear above the magnet. They will 


oon the other hand, will enter the cage since they do not couple 
to conduction electrons in the metal of the cage. Above the pole of the magnet, 
me is locally bent. After all, a pole is a magnetostatic scalar potential, 
which is a part of the conglomerate called "G-potential.” The pole represents an 
increase (or decrease, depending upon whether itis a north or a south pole) in 
the magnetostatic component of the local G-potential. This is a curvature of 
spacetime. An EG wave entering this region adds a varying component of 
‘magnetostatic G-potential, which bleeds-offin the coil as an ordinary EM wave. 


Another way to view the detector is to model the EG wave as a longitudinal 
wave, and an ordinary EM wave as a transverse wave. When the EG wave enters 
the curved spacetime region above the magnet, to the coil (the "observer" in this, 
case) the longitudinal aspect of the EG wave appears to be rotating back and 
forth, so that an oscillating transverse component is present. This transverse 
component appears to the coil as an ordinary EM field, and so the LC circuit 
detects it if it is in the proper frequency band, 


Yet another way to view the situation is to realize that an EG wave entering the 
‘magnet results in an oscillation component added to the magnetostatic scalar 
potential (pole strength) of the magnet. Accordingly, th 
for scalar waves, which are detected 10 " 

‘magnetic field strength of the magnet. Coupling of this oscillating magnet 
to the coil creates an oscillating current flow into the capacitor. This oscillates 
the voltage input t0 the preamp, which amplifies and feeds the signal to the 
oscilloscope for display. 


In fact rather like the latter view! It is important to remember that a 
‘magnetostatic potential and anelectrostatic potential canbe oscillated bya 

scalar EG wave. By placing a magnetic material inside a Faraday cage, the 
oscillation ofthe magnetostatic scalar potential (pole strength ofthe magnet) can 

be used as the EG detecting mechanism. By placing a chargeable material inside 

Faraday cage, the oscillation of the electrostatic scalar potential can be 
detected. (Possibleexamplesofthelattertypedetectorsare givenby 

Hodowanec, Radio Electronics, April 1986.) 


bin pr tance 


Note also that one may detect waves at one reference level and not at another. 
Changing the bias on the zero-reference ground of the Bedini detector affects the 
detection. To look inside a normal EM carrier (such as the Woodpecker) and see 
‘what scalar signals are riding upon it, the carrier may be used to bias the 
reference ground of the Bedini detector. 


‘To produce a spectrum analyzer, simply use additional series resonant LC tuning, 
circuits in parallel (put multiple taps on the coil, and wire each tap to a separate 
tuning capacitor of different capacitance). Again, varying the zero reference 
level is important, as is varying the strength of the magnet. 


Golden also has invented an excellent series of scalar wave detectors based upon 
quite different proprietary principles. 


‘The bottom line is: we can indeed rigorously detect and measure scalar EG 
waves. When one considers the large sums of money presently being spent t0 
bury large aluminum cylinders etc. in an attempt to detect gravitational waves, 
‘one wonders why some funds could not be released to a few unorthodox 
researchers by the National Academy of Sciences to fund the proven creation 
and detection of electrogravitational waves! 


Note from TEB: I understand that it took Bedini about 600 attempts before he 
got the device to work. It was then handed over to a different party to product 
who made some “improvements,” and the device then failed to work 
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Slide 034: Scalar Resonance 


Here we explain a new kind of resonance: scalar EH resonance, or 
electrogravitationalresonance. 


First, imagine we have a standard resonant cavity, represented by the two walls 
in our diagram. In this cavity we have a resonant EM wave moving back and 
forth, represented by the forward-most plane. In accordance with convention, we 
show the E-field vector and the B-field vector at right angles in this moving 
wave front. As the wave front moves back and forth, the vectors vary back and 
forth; however, at any one point between the walls, the two vectors always have 
the same value. Thus our resonant EM wave forms a standing wave in the 

cavity 


Now imagine that a second wave front, precisely like the first and of the same 
frequency, is superposed over the first wave front and travels along with it. This 

scond wave - the “antiwave" -has its force vectors 180 degrees out of phase 
with the force vectors of the reference wave. Hence the E-fields and B-fields of 
the two superposed waves always sum to vector zeros, anywhere in the cavity 
To an extemal observer, the cavity contains no ordinary electromagnetic force 
fields, hence no ordinary EM energy. 


However, the energy density ofa single EM sine wave in vacuum is given by 


[E+B’/8n 191 
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This energy density is always positive. Hence the energy density ofthe two 
waves at any point x between the walls is equal to 


[10 


where 
E= E(x); B=B(x) un 
‘Thus the energy density of vacuum varies with x. But, rigorously, since the 
resultant E and B fields are zero, this describes a standing gravitational wave, 
Hence we have a standing EG wave, existing in the resonant cavity. This is an 
lar resonance, Rigorously the cavity has mass and inertia, to an 
outside observer, as a result of the two warps in spacetime it contains. 


Note that in one half-cycle the energy density of vacuum is greater than ambient, 
cle itis less. In the region of one half-cycle, time flows at 
a faster rate than to the ambient observer, and in the other half-cycle time flows 

at a slower rate than to the ambient observer. 


One half-cycle appears to contain negative electrical charge, and the other 
appears to contain positive charge. 

‘One half-cycle appears to contain a north pole (positive magnetostatic scalar 
potential), and the other half-cycle appears to contain a south pole (negative 
magnetostatic scalar potential. 


Pethaps now one can begin to understand why a continuously accelerated orbital 
electron in the atom does not radiate EM energy. completely in violation of 
Maxwell's equations, The electron is naught but a complex aspect of a standing 
scalar resonance, existing between the nucleus and the orbit 


ALAR RESORAKCE 
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Slide 035: Scalar Resonance 


Scalar resonance is not in the conventional textbook. 


Scalar resonance is a particular zero-summed multi-resonance, 
electromagnetically, so that it does not act in an electromagnetic manner, 


A scalar resonance is a standing electrogravitational wave. It can be made 
lectrically, but it is not electrical in behavior. 


In any scalar resonance, spacetime is curved, and itis the magnitude (and 
direction; of this spacetime curvature that is oscillating in "standing wav 
fashion. In respect to stress of the vacuum medium, one half of a standing sine 
wave of scalar resonance is tensile; the other half is compressive. However, this 
is with respect to the local ambient stress of vacuum, 


may be compared to the concept of "capacitance." That 
; that is, for scalar resonances. Its 
continually being "charged" and "discharged" by absorption and emission of 
scalar waves from and to the ambient vacuum scalar wave flux. 


Indeed, the magnitude of a mass may be defined in terms of the absolute value 
switch out) rate. In a 

very early puper I defined the mass of an object as proportional to the absolute 
value of the sum of the input and output switching rates, where each "switch" 
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represents a change of action of h/(4). (Bearden, Quiton/Perceptron Physics: A 
‘Theory of Existence, Perception, and Physical Phenomena, Mar. 1973, AD 
763210, available through NTIS.) In that scheme, one kilogram of mass equals a 
switch rate of 17.053 x 10” switches per second. An object is in a Lorentz frame 
when the switch-in and switch-out rates are equal in a given direction. If, in 
addition, the in-out rates in all directions are constant, the object is "stationary 
with respect to a Lorentz observer. Ifnot constant in all directions, the object is 
in a curved spacetime with respect to a Lorentz observer. In that 

object’ local spacetime is warped or the object is in a generalize 
frame 


In the normal linear spacetime, the "charging" and “discharging” are equal in all 
directions; hence the "mass" exhibited in any direction is the same. 


With respect to an “external observer's" equilibrium flux, a moving object 
encounters an increased amount of flux rate along its line of motion, just as a 
moving object in a rainstorm encounters more raindrops per second in the 
direction ofits path, than does a stationary object. Encountering increased scalar 
wave flux (with respect to the external observer) forces the moving object to 
absorb and emit scalar waves at a higher rate along its direction of motion than 
when it is not moving. Thus to the external observer, the mass of the object has 
increased, insofar as any disturbing force along its line of motion is concerned, 


At right angles to its line of motion, however, the flux rate is precisely the same 
as when the object is at rest. Therefore the "mass" of the moving object with 
respect to any disturbing force at right angles to its line of motion has not 
changed, as seen by the external Lorentz observer. 


‘Thus is explained both parts of one of the alltime great mysteries of special 
relativity: (1) how the mass of an object increases with respect to its motion, and 
(2) why the mass only increases with respect to its line of motion, and not at 
right angles to it 


‘The inertia of a particle is due to its mass, ie., to the total magnitude of its 
trapped scalar resonance. 

‘The gravitational attraction between two masses is due to their spacetime 
curvature. Further, mass is like a capacitance. It can trap additional scalar waves 
as trapped resonan 
can discharge more scalar waves than it absorbs; hence det 
or “inertial charge. 


scalar waves emitted from resonance are emitted as a pattern ensemble of 
‘onance. Hence they may be regarded as constituting a current of scalar 
leaving the mass-accumulator-object. Scalar waves absorbed into 
trapped resonance may be regarded as constituting a current of scalar resonance 


Further, itis possible to increase the mass of an object directly, by transmitting 
scalar EM waves to it so that it absorbs them. (By “absorbing” scalar waves one 
‘means that more enter the object than leave it, so the object acts as an inertial 
accumulator charging up with inertial charge. This is done by insuring that the 
reference potential of the scalar wave transmitter is higher than the reference 
potential of the irradiated object.) 


It is also possible to decrease the mass ofan object directly, by transmitting 
scalar EM waves to it so that it emits more than it absorbs. (By “emitting” scalar 
‘waves one means that more leave the object than enter it, so the object acts as if 
it were an inertial accumulator that is discharging its inertial charge. This is done 
hy insuring that the reference potential of the scalar wave transmitter is lower 
than the reference potential of the irradiated object.) 


‘As can be seen, the scalar wave "transmitter" is actually somewhat comparable 
to a heat pump: it can either act as an "energy transmitter" or as an "energy 
extractor,” depending upon the difference in potential between "transmitter" and 


Finally, scalar resonance can have a specific pattern: both in frequency and in 
spatial curvature aspects, as well As. Indeed, 
scalar-wise every object has its individual "scalar pattern” which is a unique 
fingerprint. Since that print is spatiotemporal, itis a product of the object's entire 
pust history. Thus - scalar-wise - no two objects are identical 


‘This brings up another rather amazing potential: Ifa reasonably precise scalar 
pattern of an object can be “irradiated” and resonated with scalar waves, energy 
may be created in or extracted from the distant object, just as stimulating one 
tunning fork can excite another at a distance by sympathetic resonance. We 

for the reader to ascertain the relevance of this statement to 
radionics, remote viewing, ete. 


For the skeptic, however, we must point out that - rigorously - quantum, 
‘mechanics requires that, continually, in any localized region of spacetime, the 
“pattern of any object in the universe appears momentarily in the virtual state, 
purely from statistical considerations alone. So long as the situation remains 
statistical, any place in the universe can continue to have the "ghosts" of 
everything present there, in an ethereally thin pattern, and the observable world 
will not be affected by it. However, if one can discriminate and scalarly 
“charge” or “discharge” individual patterns in this "ghost-realm," action-at-a- 
distance is directly possible, as is materialization and dematerialization. Ifone 
accepts that even thought itself produces such virtual "ghost-patterns'” inthe 
Virtual particle flux of vacuum, then itis at least theoretically possible to even 
materializethoughtsandthoughtimages, 


‘We have entered a new kind of reality where the old rules and the old limitations 
do not necessarily apply. 
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Slide 036: Scalar Resonance Currents 

AS we pointed out, we can often greatly simplify matters by considering curr 
of scalar res ‘These currents flow from higher potential to lower 

J, regardless of whether we are considering "transmission" or 
‘reception.” 


Indes 
potential” is to transmit 


ive, and to "receive at higher 


{to “transmit at lower potential” is to re 


‘Thus the "transmitter-receiver" is a special system where simply biasing the two 
nodes differently determines which way the scalar resonance current will flow. 


We may increase or decrease an object's inertia and mass, simply by properly 
biasing the transmitter-receiver system's two nodes. 


In one accidental experiment of some hours in duration, Golden charged up an 
area so that, locally, all clocks became erratic. This included electrical clocks, 
battery-driven watches, wind-up kitchen clocks, and a pendulum-operated 
‘grandfather's clock. The rate of flow of time itself was apparently altered in the 
local area by the accumulated charge, which took some four days to drain off 
and discharge. At the end of the four days of discharge, all clocks and watches 
hhad returned to normal, 
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Slide 037: Transverse Wave Interference 
On this slide we show the orthodox representation of EM wave interference. 


‘The chart is stylized since we assume two single-frequency EM waves that 
intersect and interfere in the indicated region. 


In the interference zone, in-phase wave amplitudes add (constructive 
interference) while out-of-phase wave amplitudes subtract (destructive 
interference). In our stylized mode, we show the zero-summed locations as lines. 


Conventionally, these interfering waves are considered to be transverse waves in 


‘The point is, in this scheme we think of “putting in the waves of finite 

amplitude, and creating the zero-amplitude regions by destructive interferenc 

Wecreate additional waves of increased-amplitude regions by constructive 
iterference. 


Note that this view is only half correct. It addres but not 
the gravitational aspects. Actually the regions of destructive EM interference are 
regions of constructive G-interference, and the regions of constructive EM 
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ence are regions of 


TRANSVERSE WAVE INTERFERENCE 


ENERGY ZONES 


aura 1 4) 


xara o2 ff) 


INTERFERENCE ZONE 


-ZERG ENERGY LINES 
(@-Lnes) 


i 


Slide 038: Transverse Wave Interference 


Here we show the same interference situation, only now we think of transmitting 
scalar EM waves, which we model as longitudinal waves. 


Again we assume two single-frequency scalar EM waves that intersect and 
interfere in the indicated region. 


However, to an extemal observer, each of these waves individually appears to 
have zero E and H fields, hence to contain zero EM energy. That is, 
conventionally we seem to be transmitting waves of "pure potential,” without 
any "Force field” amplitudes whatsoever. We say we are transmitting waves of 
“artificial potential,” since we deliberately constructed the zero-vector- 
summation scalar waves in the first place. 


In the interference zone, a strange thing now happens. The relative magnitudes 
ofthe artificial potential of one wave with respect to the artificial potential of the 
ther depend upon the phase relationship between the two. Further, whether the 
sradient” so established appears negative or positive also depends upon the 
phase relationship between the two. 


What results is most interesting: the out-of-phase condition now produces an 
EM gradient whose sign and magnitude are functions of the location within the 
interference zone 
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‘Thus one now has real, non-zero EM potential gradients, both electrical and 
magnetic. And so real EM energy has emerged in an interference pattern within 
the area. 


ut in the 


Ironically, we get essentially what we had before! Only now we hav 
zero-reference lines, and produced the non-zero gradient (energy) zones. 


In other words, we have recreated ordinary EM energy at a distance, directly 
from the interference of gravitational potential energy (anenergy) 


And, to the laboratory observer, there has been no "EM wave 


through the intervening space. 


's secret of "wireless transmis: 


in a hypothet 
“energybottle.” 


sally perfect ca 


e, the interference represents a sort of 


But now recall our need to take the sign ofthe scalar current into account. In this 
energy bottle, then, EM energy emerges and stabilizes 
transmitters are at higher reference potential than the ambient interference zone. 
If our transmitters are biased at lower potential, then energy is extracted from 
the energy bottle and re-emerges back at the transmitters, where it must be 
extracted and disposed of, if the transmitters are not to be burned out. 


BACKGROUND FOR THE BRIEFER: 


Ifwe interfere two transmitters in a region of great energy -such as the molten 
core of the earth itself- and bias the transmitters negatively, we can extract 
enormous energy directly from that distant source! 


Indeed, a slight variation of this effect is precisely how the Soviet Union obtains 
the enormous energy with which to power its incredibly powerful strategic 
continent-buster"scalar EM weapons. Scalar frequency pairs - 12 kiloHertz, 
‘part - are transmitted into the earth itself on some portion of the earth's "giant 
scalar resonance” frequency curve. Biasing the two transmitters differently with 
respect to each other produces a high potential difference (voltage) between 
ig them both negative with respect to the earth's 
‘molten core produces a scalar resonance current from the core to the two 
the two scalar transmitters, there 
appears a gigantic voltage and gigantic electrical current that can be captured by 
appropriatemeans. This electrical power is tapped off and transmitted to 
incredibly powerful scalar EM weapon systems. There special accumulators and 
switchers are are utilized to provide the power of many Niagaras to each weapon, 


Just before May 1, 1985 the Soviet Union performed a “full-up" operational test 
of their entire strategic scalar EM weapons complex. This test was detected and 
monitored periodically by Frank Golden. Some 27 of these giant Soviet "power 
taps" were locked into the molten core of the earth, producing forced (entrained) 
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scalar resonance ofthe entire planet on 54 controlled frequencies under our very 
feet. The remainder of the scalar frequency spectrum was ablaze with literally 
hundreds of Soviet scalar transmitters: probably the entire strategic scalar 
‘command and control system to underwater submarines, higher command 
centers, distant commands, etc. was activated in the giant exercise 


For several days, the system was exercised on a mind-boggling scale, apparently 
as part of the Soviet Union's highly accentuated 40th anniversary celebration of 
the end of World War I 


Ironically, not a single U.S. intelligence agency, laboratory, or scientist detected 
this monstrous exercise for the new Soviet leader, Gorbachev. Not a one of them 
had a detector for scalar EM radiation, and not a one of them officially belie 
the exercise ever happened, 
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Slide 039: Creating Energy at a Distance 


A most useful device is obtained if one uses a scalar interferometer where the 
‘wo transmitters transmit beams that intersect at a distance. 


In the interference zone, an energy bottle is created 


By biasing the transmitter reference potentials well above that of the distant 
energy bottle, EM energy emerges in that zone. In that case the interferometer is, 
operating in the exothermic mode, 


By biasing the transmitter reference potentials well below that of the distant 

energy bottle, EM energy is extracted from the distant zone and emerges from 
the transmitter. In that case the interferometer is operating in the endothermic 
mode, 


Ifthe transmitters 
continuous, 


transmit continuously, the effect in the distant zone is 


feach transmitter transmits a pulse, and the two pulses meet in the distant 
intersection zone, then an explosive emergence or extraction of energy occurs at 
the distant interference zone, depending upon whether the interferometer is 
operating in the exothermic or the endothermic mode. 
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Slide 040: Exothermic Mode (Scalar Interferometer) 


For a scalar interferometer, “del phi” (the gradient of the potential) applies 
between the transmitter site and the distant intersection site, not to the 
intervening space in between. Thus one speaks of “energy flow" as being 
between transmitter and intersection, without any “in between.” In the 
intervening space, all the energy exists as locked-in artificial potential, not EM 
force field energy (gradient bleed-off of potential) 


In the exothermic mode, the ground potential of the transmitter is biased well 
above the ground potential of ambient vacuum. Energy enters the transmitter 


and "disappears", to "reappear" in the distant interference zone. 


continuous wave transmission is used, the energy continuously appears in the 
distant zone. 


Ifpulse transmission is used and timed so that the two scalar pulses meet in the 
distant zone, energy explosively appears there 


If multiple frequencies are transmitted in the manner of a Fourier expansion of a 
particular geometric form, then a 3-dimensional energy form appears at the 
distant intersection. In this manner, a spherical or hemispherical shell (a globe of 
"dome" of EM energy) can be created at a distance. If pulse transmission is 
used, this will be an impulsive or explosive emergence of that energy form. If 
continuous transmission is used, this will be a continuous glowing form. 


By feeding incredibly powerful transmitters with large amounts of energy 
extracted from the earth's molten core by "energy taps,” very large spherica 
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globes and hemispherical domes of EM energy can be created. The energy in the 
interference “shell” of such a sphere or hemisphere is sufficiently dense to lift 
Dirac matter from the Dirac sea of the vacuum. Thus the shell contains a 
glowing plasma. 


Many such scalar howitzer signatures have been seen over the oceans, 
particularly over the North Pacific by jet airliners flying into and out of Japan. 
Also, such globes and domes of light have been seen deep within the Soviet 
Union, by observers in Afghanistan and by pilots of aircraft landing in Iran 


In the impulsive exothermic mode, a large visible flash will occur if EM energy 
in the visible spectrum is produced. "Flashes" in the infrared may similarly 
occur, if the emerging energy is in that spectral band. In September 1979 our 
Vela satellites detected such a large "nuclear flash” over the South Atlantic, off 
the southern coast of Africa. A second "nuclear flash” detected by the Vela 
satellites in 1980 was in the infrared only. Some years ago, a series of 
Momalous "flashes" and "booms" occurred off the east coast of the United 
States. These were due to the orientation and alignment -and registration - of 
‘one or more Soviet "scalar howitzers" - scalar EM interferometers in the 
exothermicmode. 


Large "booms" occurred over the shuttle launch site at Cape Canaveral, 
associated  withthree shuttle launches priortotheend ofNovember 1985. These 
were tests of such exothermic scalar EM howitzers, being tested as part of the 
Soviet Launch Phase ABM system. In that mode, the scalar pulses from the two 
transmitters are injected into special zero-reference scalar EM "channel: 
established in the EM carriers of the Woodpecker over-the-horizon radars. The 
sealar pulses travel through these channels, traveling in the ordinary EM beam 
of the transmitter and following it in its curvature around the earth in the earth- 
ionospheric waveguide. The scalar pulses are timed, phased, and oriented so as 
to meet the rising shuttle, In these tests the transmissions were offset in time so 
the shuttle would not actually be destroyed, but the system could be tested 
against actual shuttle launches in the U.S. 


The specific uses of these various exothermic modes will be covered in later 
partsofthebriefing. 
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Slide 041: Endothermic Mode (Scalar Interferometer) 


In the endothermic mode, the bias on the transmitters is such that energy is 
extracted from the distant intersection zone, to re-emerge at the transmitt 
There the energy must be caught and disposed of if itis not to burn out the 
transmitters. When very large amounts of energy are extracted from distant 
points, the Soviets often ” 


a “dump” method of temporarily capturing, and 
storing in an accumulator, the heat energy emerging at the transmitters. A 
‘scalar energy tap" established into the accumulator then feeds a second 
howitzer in the exothermic mode. This howitzer is focused on a distant dumpsite 
- often Bennett Island, where U.S. weather satellites continually observe 
exhausts 


In the impulsive endothermic mode, energy is impulsively extracted from the 
distant intersection zone. In the atmosphere this results in a very sharp cooling, 
or a “cold explosion.” It also results in the type of boom and rumble often 
associated with thunder after a lightning bolt 


On April 9, 1984 the Soviet Union tested such a "cold explosion” off the coast 
of Japan, near the Kuril Islands. In the suddenly induced low pressure "cold 
zone" above the ocean, ocean water was sharply sucked up from the ocean, 
forming a dense cloud. Then air rushing in to the low pressure zone forved the 
cloud upward, forming a mushroom much like that of an atomic explosion in 
visual appearance, except for the absence of a flash and the absence of a giant 
shock wave moving out away from the site of the explosion. (In this case the 


Soviets controlled the rise time of the pulse so that no "giant atmospheric boom" 


ocurred), 


AS the cloud rises, it expands by mixing - very similar to a giant thunderhead 
buildup, except much faster. In this case the cloud rose to 60,000 feet in about 2 
minutes, spreading out until it reached a diameter of about 200 miles. The pilots 
andcrews of several Boeing 747 jet airliners in the general vicinity saw the 
incident. Sometime after that, a U.S. weather satellite photo of the area occurred, 
‘The cloud in that photo has an anomalous density distribution, differing from 
that of all other clouds in the area, 


Fllo1 1ANCI 
243 


LS, 


Slide 042: Tesla's "Big Eye" for Remote Viewing 
Nikola Tesla also planned a very special use for his endothermic scalar 
interferometer. He planned to produce what he called his "big eye to see at a 
distance: 


‘This is accomplished as shown on the diagram. First, the system is only weakly 
endothermic, so that only a small amount of extracted from the distant 
target. Also, the beams are "scanned" by an open receiver, timewise, from side 
to side and top to bottom, By scanning yet another single beam through the 
intersection zone and phasing its pulses, an even better representation can be 
obtained. Thus the receiver produces a representation of the energy extracted 
from various locations within the distant endothermic zone. By displaying the 
ved signals on an appropriately scanned screen, a representation of the 
distant scene in the intersection zone can be created. Indeed this is a special kind 
of "microwave interferometry,” and - with modern techniques - the imagery 
obtained might be surprisingly good. With development, it might even become 
as good as the image presently obtained by side-looking acquisition radars. 


Interestingly enough, since scalar EM beams will easily penetrate the earth or 
the ocean, one can also look beneath the earth or beneath the ocean with this 
type of scanning scalar interferometer. 


‘The importance of this capability to strategic and tactical reconnaissance is 
obvious. Camouflage, cover, and concealment have no effect on such a system. 
One can easily look inside buildings and into underground facilities. With a 

small system such as this, the U.S. Marines at Khe Sahn would have had litle 


difficulty locating the tunnels continually dug under the perimeter by the Viet 
Cong. And targets under jungle canopies are directly visible 


BACKGROUND FOR THE BRIEFER: 


It requires little imagination to see that this system is easily adapted to produce 
an “underwater radar.” With such devices, the problem posed by the underwater 
nuclear submarine is solved. For example, an entire area can be continually 
‘hed, much like acquisition radar systems do now. A submarine can be 
detected and tracked, and none of its ordinary detectors will detect anything out 
of the ordinary. By using a separate pair of beams in the exothermic mode, 
powerful scalar pulses can be fired at the distant sub, intersecting at the 
submarine in a violent EMP throughout the sub and its armament. ‘Thus the sub 
and all its missiles are destroyed instantly 


fr, continuous exothermic transmission can be used by the targeting weapon at 
lesser power, gradually interfering with the sub’s electrical systems and causing 
it to lose control. ‘The sub then sinks to crush depth and implodes. 


sms to be what happened on April 10, 1963 to the 
submarine. It left a signature: the sub's surface 
companion, the nearby U.S.S. Skylark, was in the "splatter zone” of the 
underwater scalar interference. That is, spurious EM noise was being generated 
In all the Skylark’s electrical systems, some of which were actually disabled. So 
intense was the “electronic jamming” that it required over an hour and a half for 
the Skylark to transmit an emergency message back to its headquarters that the 
‘Thresher was in serious trouble and contact with it had been lost. Some of the 
Skylark’s communication systems actually failed, but later resumed operation 
inexplicably, once the jamming was gone. That type of "jamming" of multiple 
bands and multiple electronic equipments, of course, together with the 
‘anomalous failure of electronic equipment and its later mysterious recovery, 

were direct signatures of the use ofthe exothermic scalarinterferometer against 
the undersea target area in the vicinity of the Skylark. 


‘The very next day, Apr. 11, 1963, the same Soviet 
was tested in the "destroy submarine” pulse mode. A huge undi 
occured off the coast of Puerto Rico, about 100 miles north 
underwater explosion caused a huge boiling of the surface of the ocean, 
followed by the rising up of a giant mushroom of water about a third of a mile 

high. ‘The mushroom of water then fell back into the ocean, completing the 
signuture. 


Fortunately the startled crew of a passing U.S. jetliner that was just passing its 
checkpoint in that area saw the entire incident. (See Robert J. Durant, "An 
Underwater Explosion - or What", Pursuit, 5(2), April 1972, p. 30-31.) 


‘Thesetwoincidents werefull-upoperationaltestsofKhrushchev'snewly 
deployed superweapons. He probably staged this dramatic one-two punch in a 
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desperate effort to recover face with the Communist Party after his disastrous 
facedown by Kennedy in the Cuban Missile Crisis a few short months 
previously. Apparently the attempt was successful, since he remained in power 
another year before being deposed. 
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ide 043: Site of Mystery Cloud 


On this stide we show the location of the “cold explosion” offthe coast of Japan 
‘on April 9, 1984. The site of the explosion was only about 200 miles from 


downtown Tokyo. The crews of several jet airliners, including Japan Air Lines 
Flight 36, saw it 
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Slide 044: Mushroom Cloud from Sea off Japan near Russian 
Test Area 


the Soviets had hastily announced missile tests would be 
conducted into a zone some distance away from the cold explosion site. This, 
may have been intended as deception to cover this incident, should any foreign 
nation indicate they understood what was going on 


It also was a direct "stimulus" to the Japanese and the rest of the world: That is, 
stimulate the system and see if the scientists recognize what happened. If they 
do, then they know about scalar EM weapons. If they don't, then their countries 
know nothing of scalar EM weapons, and those countries are defenseless against 
them. 


‘At any rate, at about 5:14 am, Pacific Standard Time on April 9, 1984, a giant 
‘mushroom cloud erupted above the ocean south of the Kuril Islands. The 
mushroom rose rapidly, expanding as it rose. In two minutes it had reached an 
altitude of 60,000 feet and a diameter of about 200 mites. 


One pilot of a Boeing 747 who observed the cloud was a former B-52. bomber 
pilot. He described the cloud as very similar to a mushroom cloud from a 
gigantic nuclear explosion, except there was no flash of visible light. Taking 
evasive action, he tuned off course away from the blast, and braced for a blast 
shock wave, which never came. 
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MUSHROOH CLOUD RISING FROM SEA (COLD ERPLOSIOH) 
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‘AT 2100 HOURS, 9 APRIL 1984 


Slide 045: Mushroom Cloud Rising from Sea 


Indeed, this highly anomalous cloud was due to a cold explosion - a test of a 
Soviet scalar EM howitzer in the pulsed endothermic mode. 


In the weapon's targeted interference zone, EM energy (heat) was rapidly 
withdrawn when the biased endothermic extraction occurred. Above the ocean 
anintense low-pressure zone was created. Water from the ocean was sucked up, 
as if by a giant vacuum cleaner. The water was violently broken into droplets, 
forming a dense cloud, with a strong upward momentum. 


‘The surrounding higher-pressure air rushed into the low-pressure zone, pushing 
the risingdense cloud of water vapor upward as its upward momentum 
continued. Mixing caused rapid expansion of the rising cloud, causing its 
density to thin measurably as it rose and expanded. An effect very similar to the 
formation of a strong thunderhead resulted, except much faster. 


‘The mixing cloud also resembled the mushroom cloud from a giant nuclear 
explosion, just as an emerging thunderhead does. 


But no outward blast wave resulted as does from a nuclear explosion. Also, no 
visibleflashoccurred, probably as result of deliberate design by the Russians. 


and test was conducted: quite a few airliners were 
providing a high-level stimulus to competent observers. The news was 
sure to be reported by them to several nations. The press was sure to pick up the 
story. This was a high order stimulus to see whether the U.S., Japan, or other 


1216/2017 K3OPS - RF Energy harvesting 


Low Pass Filter gp Matchingnetwork ly Rectifier jj DC Output 


The Rectenna was inventé 64 by mC. Brown, patente 9 rectifying antenna 
convert microwave energy into DC. A simple Rectenna consists of a dipole antenna with an RF diode connected 
across the dipole elements. The diode rectifies ce na to produce DC pow 


yright © 2017 Alexandre Xin V All rights 


hittp/wwa.k30ps.com/en/teambiography him 313 


potential adversaries of the Soviet Union recognized the testing of a cold 
explosion weapon. 


By our reaction, we assured them (with high confidence) that we still knew 
nothing of scalar EM interferometry or cold explosions. 
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‘Slide 046: Mushroom Cloud from Sea off Japan 


Five Boeing 747's flew through or near the cloud on their way to Anchorage, 
‘Alaska. The aircraft were checked at Anchorage for radioactive contamination, 
but nothing was found. This showed that the huge “explosion” had been non- 
nuclear. 


‘The ocean in the area is also about 21,000 feet deep. That is really too deep for a 

submarine volcano to have erupted and caused the cloud. (Besides, a volcano 

would have continued to snort at least a bit, and so that appears to be out of the 
questionasapossiblecauseoftheincident.) 


In short, a manmade phenomenon is indicated. 


Indeed, we know it was a cold explosion. As I've stated previously, a colleague 
has in fact produced the basic effect over a dish of water in the laboratory, using 
a small scalar interferometer in the endothermic mode 
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Slide 047: Not a Known Natural Phenomenon 
Further, the story does not end there. 


A geophysicist at the University of Hawaii, Dr. Daniel A. Walker, together with 
his colleagues monitor an array of hydrophones on the ocean bottom, recording 
signals such as seismic incidents, volcano eruptions, ete 


Dr. Walker and his colleagues performed a comprehensive analysis of the data 
recorded by the hydrophones in and around the time of the incident in question 
‘The data shows the absence of any natural seismic or volcanic event that could 
have caused the April 9th phenomenon off the coast of Japan. 


He and his colleagues concluded that it was either an as yet unknown natural 
phenomenon, or a man-made phenomenon. 

nce. (Walker et al, "Kaitoku Seamount and the 
227(4687), Feb. 8, 1985, p. 607-611.) 


‘Their report is published in S: 
Mystery Cloud of 9 April 1984,” Sci 
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ERPLOSIVE EVENTS SEEK OH SOUIET ISLAKD 


| 


Slide 048: Explosive Events seen on Soviet Island 


Here are two U.S. weather satellite photos of the anomalous exhausts on Bennett 
Island we previously referred to. 


‘The exhaust in the left picture is about 150 miles long, and is nearly horizontal 
(about 15 degrees above the horizontal). It is entirely consistent with the 
continuous exhaust from a "dumping transfer” scalar EM howitzer in the 
continuous exothermic mode. (The primary howitzer, of course, was activated in 
the endothermic mode.) 


| think any open-minded investigator must admit that that is indeed a very 
powerful jet-like exhaust, and not like anything one ever sees from a natural 
volcano orgeological gas vent. Ifanyone knows of such an anomalous volcanic 
‘or geological exhaust, I would be most delighted to see aphoto or report. To my 
knowledge, no such natural photo exists, and no such natural exhaust has ever 
been reported 


‘The right picture shows the "puff of an explosive emergence of the exhaust. In 

other words, this one is the exhaust from a "dumping transfer" howitzerused in 
the pulsed exothermic mode. Since it did not have so much energy to dump, it 
could dump it in a pulse. Again, the primary howitzer, of course, was activated 
in theendothermic mode. 


Over 100 weather satellite photos of these anomalous exhausts have been taken 
since 1974. 


‘One or more U.S. aircraft have even been vectored through the exhaust 
samples of the exhaust taken and analyzed, The exhaust is made up of 
lay and mud and water, and is colder than the surrounding air. 


little 
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Slide 049: Explosive Events seen on Soviet Island 
ULS. weather analysts euphemistically call these exhausts from Bennett Island 


plumes, 


Here is another U.S. weather satellite photo, showing the twin emergence of 
multiple puffs 


One might expect such exhausts if the secondary "dumping transfer” howitzer is 
‘operated in the continuous mode, with continuous extraction by “power tapping" 
the accumulator of the primary howitzer. In that case, the signature of the 
exhaust would expose the operation of the primary howitzer. For example, this 
exhaust would indicate multiple puffs, hence probably multiple frequencies and 
‘multiple primary transmitters, each phased in a controlled manner. That of 

course indicates the production of Fourier expansion forms - of 3-dimensional 

geometrical forms - by the primary howitzer(s). Since these are puffs, it may 

indicate the explosive formation of distant spherical balls of energy by the 
primary howitzer. This in turn indicates the use of a howitzer system in the 

“pulse firing” mode, which can be used against missiles, ships, aircraft, ground 

targets, armored vehicles, underwatertargets.etc 
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EXPLOSIVE EVENTS SEEN OH SOVIET ISLAKDS 
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Slide 050: Explosive Events seen on Soviet Islands 


‘This slide shows the location of three areas of interest relative to Soviet scalar 
EM weapons testing. 


Wrange! Island, north of the northeastern portion of the Soviet mainland, is 
associate with tests of these weapons in large circular breakups ofthe ocean's ice 
cover. This of course could aid submarines that wished to surface and fi 
missiles, or submarines that wished to fire from underw: 
broken up. 


Strangely enough, Wrangel Island has a most peculiar history: legally it still 
belongs to the U.S., but has been “given” to the Soviet Union without 
permission of the U.S. Senate, which is illegal. 


Bennett Island, a little farther to the west and still north of the Soviet maintand, 
is noted for its phenomenal number of anomalous exhausts as previously 
discussed 


North of the Soviet mainland and near its middle lies the large island of Novaya 
Zemlya. Weather satellites have taken pictures of anomalous circulations over 
this island, which are further candidates for exhausts from scalar EM howitzer 
operations. 


CHEATING A SPATIAL 8-FIELO PATTERR 


TRUNCATED FOURIER EXPANSION (3D) 


| non 
INTERFERENCE OF TWO SUCH 
| ‘SCALAR HEMISPHERES CREATES 


[ASGLOWING HEMISPHERICAL 
SHELL” 


Slide 051 : Creating a Spatial 0-Field Pattern 

(On this slide we show that a hemispherical dome (or other regular shape) can be 
composed from scalar waves by 3-dimensional Fourier expansion. By truncating 
the expansion - say after 10 or 12 frequency terms - a good representation of 
the desired form can be obtained with a practical number of frequencies, and in 
tum a practical number of transmitters. A computer is used to compute the 
‘multiplying functions for each frequency, and the entire complex of frequencies 
is thentransmitted to produce the scalar form. By interfering two such scalar 
forms, a 3-dimensional shell of locked-in, ordinary EM energy is formed in 
space. 

Interference of two such scalar hemispherical surfaces creates a "glowing 
hemispherical shell or dome of energy.” 


Interference of two such scalar spherical surfaces creates a "glowing spherical 
shell or globe ofenergy. 


Both such geometric forms have been repeatedly seen. 


TESLA SHIELD 


Slide 052: Tesla Shield 
Of particular interest isthe hemispherical shell of energy, which years ago I 
dubbed the "Tesla shield.” 


‘As shown on this slide, two scalar hemispherical surfaces are created, using 
‘multiple frequency transmitters and truncated Fourier series expansions. 
Interference of the two scalar hemispheres creates a great, glowing 
hemispherical shell of ordinary electro-magnetic energy. In the shell, the energy 
density is sufficient to lift Dirac matter from the Dirac Sea of vacuum. The shell 
is thus filled with a glowing plasma. 


Such a shell may be several hundred miles in diameter at the base. The 
‘enormous energy required to form such a defense shell is obtained by a "scalar 
power tap” into the molten core of the earth itself, as previously explained. In 
late April/early May of 1985, 27 such "power taps” were placed in the earth by 
the Soviets. Ifeach tap is capable of powering four to six large scalar EM 
‘weapons, then the Soviet strategic scalar EM arsenal contains over 100 
monstrous superweapons capable of generating exothermic explosions, 
endothermic explosions, engineering the weather, locating and destroying 
underwater submarines, detecting and destroying ballistic shortly after 
launch, detecting and destroying long range strategic bombers as soon as they 
are airborne, ete 


Atany rate, the giant Tesla shield is useful against any penetrating vehicle. If the 
shell is not so large, its energy density may be very high, In that case, the intense 
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plasma heating will fuse and even vaporize metallic bodies. In addition, any 
Vehicle encountering the shell is subjected to an extremely intense EMP ati 
everywhere inside its circuitry. EM shielding is of no use agai 
energy throughout the spacetime of the circuits; such shielding only helps 
against energy flow through space in the conventional sense. 


‘Thus the electronics of any vehicle encountering the shield are instantly dudded, 
‘whether or not they are shielded against ordinary electromagnetic interference 
(EMD. This includes the electronics operating a nuclear warhead, carried by a 
re-entry vehicle. Electrically everything penetrating the shell is totally dudded. 
Further, explosive materials are exploded when such an EMP is encountered, 
rcely consumed or set alire. Ablative shielding 
eresting catastrophe: since energy does not try to "flow into” the 
‘ses everywhere in it simultaneously”, "ablation" occurs 
everywhere throughout the ablative material, simply exploding it instantly. In 
addition, for smaller Tesla shells (say of 50 miles diameter) the energy density is 
sufficient to melt or vaporize metals such as in missile structures. 


With such a Tesla shield, there is no need to discriminate true warhead-bearing 
re-entry vehicles from decoys, chalf, etc. The entire "mess" entering the shield 
simply "cleaned up and "sterilized" or destroyed. The shield can take care of 
ICBM/IRBMS and their nuclear warheads, strategic bombers and their nuclear 
bombs, cruise missiles and their nuclear warheads, re-entry vehicles and their 
warheads, decoys, chaff, ete 


s2rt2017 Research 


HOMEPAGE PROFILE RESEARCH PUBLICATIONS RESEARCH TEAM HIGHLIGHTS 


Centee for Collaboration In Electromagnetics and Antenna Engineering is a centre for research collaboration established to foster research in electromagnetics and 
engineering conducted by Macquarie University researchers and prominent collaborators from external institutions, inluding people from industry and overseas ins 
We have state ofthe art research feities including a NS1-700S-50 spherical neafield anechoic chamber. 3 Vector Network Analyzers (capable up to 22GHz, 50GHz, ane 

ectvely), state-ofthe-art embroidery machine DreamCreator-XE-VMS100 for embroided antennas, Dielectric Characterization Kit - High Temperature Probe (2¢ 
Hz), as well as several in-house and commercial licenced softwares. 


ur recent and ongoing research projects are: 


+ Wireless implantable Bio-Telemetry System and Miniature Antenna Design 
+ Wireless Freedom for ab Rats 

+ Hlealble and Wearable Antennas for Biomedical and Healthcare Applications 

+ Characterizing Properties of Carbon nano Tubes at Microwave Frequencies 

+ Electromagnetic Band Gap (E86) Resonator Antennas 

+ Leaky Wave Antennas for Advanced Wireless Systems 

+ Shared Aperture Arrays for Space Borne Applications 

+ Novel Dielectric Resonator Antennas 

+ Super Wideband Antennas 

+ Focal Plane Arrays for Radio Astronomy 

+ Achimedian Spiral Metamaterials 

+ Frequency Selective Surfaces for Enerey-Saving Glass Panels 

+ Dual-Band Aruficial Magnetic Conductor (AMC) Surfaces 

+ Antenna Technologies for Ulawideband (UWB) Systems 

+ High Gain Antennas with Planar Surface. Mounted Short Horns 

+ Photonic Crvsta/EB6 Based Hom Antennas 

+ Broadband Microstrip Patch Antennas for Wireless Computer Networks 

+ Theoretical Analysis of Photonie Crystal Structures 

+ New Closed-form Green's Functions for Microstrip Circuits and other Layered Structures 

+ Integrated design of Hbrid.resonator Antennas for Broadband Wireless and other Communication Systems 
+ Singulaity-enhanced Fiite-dfferent Time-domain (EDD) Method for Diagonal Metal Edges, tris and Films 
+ Low-profile Dielectric resonator (OR) Antennas 


Wireless Implantable Bio-Telemetry System and Miniature Antenna Design 
The two major challenges associated withthe conversion ofa wireles system operating in air to an Implantable version, antenna detuning and biocompatibility, area 
ina coherent way. An RFID-based biomedical telemetry system designed for free-space operation was chosen as the starting reference. Anew, pincompatbl, spa 
antenna with a ground plane was designed, fabricated and tested, to replace the original “~ree-space” antenna in the active RFID tag without making any other chang 
tag cireut, such that the tag would function well when itis placed under rat skin and fat. locampatibilty and potential antenna detuning due to rat tissue varat 
addressed inthe design process, without significantly increasing the tag physical height, by applying a thin coating of biocompatible material directly over the ante 
operation ofthe medical telemetry system was successfully demonstrated, with the tag placed under rat skin and fat, and its range of 60-72 cm was found to be sul 
support medical research experiments conducted with rats in cages, Due tothe biocompatible coating aver the antenna, antenna matching is very insensitive to ct 
tissue dielectric constants and thickness. The footprint of the new antenna Is 33% less than that ofthe original antenna, its measured 20 dB returdoss bandwidth is 1¢ 
114%, and overall efficiency is 0.82% at 520 Miz 


Wireless Freedom for Lab Rats 


We are developing a fully implantable wireless telemetry system. This is a joint research project with 8CS Innovations and the Australian School of Advanced Medicine | 
will be first used in the research conducted in ASAM, with rats, on hypertension, To date the major methad of controlling hypertension is through the use © 
pharmaceuticals. The pathway to approval for mast drugs for human use involves pre-clinical (animal) trials, Lab rats are considered biologically similar to humans, pa 


bttp iweb. science.mq.edu.au/~essolle/Research him! 13 


ERPRKDING OOME-LIKE PHEKOMEHOK 


Slide 053: Expanding Dome-like Phenomenon 

Here we show one instance of apparent Soviet testing of the Tesla shield 
(hemispherical shell of energy) over the ocean. This incident occurred in the 
Caribbean and Western North Atlantic Ocean on Mar. 20, 1969 and is reported 
in the Marine Observer, Vol. 40, 1970, p. 17. A semicircle of milky white light, 
quite intense at first, was sighted on the horizon. The semicircle enlarge 
dimming as it expanded. The incident lasted for about 10 minutes. 

the top of the hemisphere reached a sighting elevation angle of 
while the base of the hemisphere of light subtended an arc of 
about 70 degrees. This is directly indicative of a test of the Tesla shield, first as a 
shield and then expanding to greater size for a less intense 
shield whose primary destructive mechanism is EMP. Note that the EMP in a 
Tesla shield is locally contained in the energy-bottle shell. It is not an ordinary 
EMP of energy radiated out of the shell 


from a 
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HEMISPHERE € GLOBES 1977 


Slide 054: Hemisphere & Globes 1977 


Here is a second instance of apparent Soviet testing of the hemispherical Tesla 
shield over the ocean. This time it is combined with simultaneous testing of two 
smaller scalar interferometers creating Tesla globes of EM energy 

‘This incident occurred at 23 degrees 5 minutes north, 17 degrees 25 minutes 
west. It was sighted and reported by a British ship, H.M.V. Kinpurnie Castle, on 


Mar. 24, 1977. The report is in the Marine Observer. Vol. 48, 1978, p. 21-22. 


First a large, moderately luminous hemisphere of light formed, requiring about 3 
minutes to do so. Seen from the ship, the top of the hemisphere was at a sighting 
elevation angle of about 30 degrees, while the base subtended an arc of about 40 
degrees. This was the basic Tesla shield. 


‘Then two other luminous globes or patches of light, each of about 1 degree 
diameter as seen from the ship, formed in the same area; one inside the shield 
‘and one outside it, From the glowing globe inside the shield, a light beam 
similar to a giant searchlight shone down to the ocean’s surface for about 10 
seconds. 

Again the phenomena lasted about 10 minutes and then disappeared. 

‘The luminous globe or patch inside the hemisphere might be the test of a second 
‘weapon deployed from a Soviet aircraft in the area. Ifso, the aircraft has placed 
a strong spherical shield around itself. In addition, the aircraft is utilizing some 
sort of scalar interferometer beam weapon in an underwater mode. Probably this 
‘would imply a "shot" at a hostile nuclear submarine inside the shielded zone. 
‘Thus this aircraft would have the scalar EM equipment to search for the 
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underwater sub and detect it, and also to concentrate interference energy upon it 


underwater, destroying it quickly 
Suffice it to say that itis possible to perform scalar interferometry by means of a 
gle beam, in a proprietary process discovered by a close colleague. Thus the 
‘glowing beam to the ocean” resembling a searchlight makes very good sense in 
the anti-submarine role. The same weapon, of course, could also attack any 
hostile surface vessel that might have been inside the shielded area at its 


‘The second luminous globe or patch, outside the hemispher 
second scalar interferometer from the naval task force, simula 
continuous attack of a certain target (missile or aircraft) outside the protective 
dome. 


As can be seen, this phenomenon is directly indicative of the types of operations 
‘one would expect from the testing of Soviet scalar EM weapons at sea, possibly 
to protect a Soviet naval task force during simulated combat operations. 


SARYSHAGAK DIRECTION, SEPTEMBER 1979 (SEEN FROM AFGHAKISTAH) 
= SS 
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Slide 055: Saryshagan Direction, September 1979 

‘The London Sunday Times of 17 August 1980 contained information and a 
photo-sketch of incidents of sighting of the testing of very large Tesla globes 
deep within the Soviet Union. British war cameraman Nick Downie made the 
sightings from Afghanistan. The phenomena seen were in the direction of the 
Saryshagan Missile Test Range, which - according to the U.S. Defens 
Department's Soviet Military Power, 1986 - contains one or more large directed 
energy weapons (DEWS) 


Even though Downie was seeing the giant globe of light from a great distance, it 
flared silently over the Hindu Kush and expanded to subtend an are of about 20 

degrees, dimming as itexpanded. (An arc of 20 degrees subtended by an object 
‘many hundreds of miles distant indicates an object of well over a hundred miles 
in diameter. This gives some idea of the enormous energy being controlled and 
Soviet weapons.) 


‘ht on more than one occasion in September 1979. 
BACKGROUND FOR THE BRIEFER: 


In the same month - September 1979 - a stationary luminous globe containing a 
vertical stripe of black in the center was seen in the sky off Saint Petersburg, 
Florida. This particular type of sighting in that area has been previously 
correlated with times of known activity at Saryshagan, 


Further, in the same month U.S. nuclear-warning Vela satellites detected a 
‘mysterious “nuclear flash" over the South Atlantic, off the coast of Africa, 
Controversy has raged in U.S. intelligence and scientific circles to this day as to 
whether a nuclear explosion or some other mechanism produced the flash. 


Indeed, the flash may have been produced by a scalar EM howitzer from 
Saryshagan as one more "ping" of the U.S. intelligence system, to ascertain 
whether or not it knew anything about scalar EM howitzers. Again, the negative 
response told them with high confidence that (1) we still didn't know about 
scalar EM stuff, and (2) we were still absolutely defenseless against the Soviet 
scalar EM weaponry 


In 1980, a second "Vela flash” was reported. This time it occurred in the 
infrared region only, which positively rules out any sort of nuclear explosion. 
Even this increased stimulus still evoked a U.S. action that revealed total 
ignorance of scalar EM weaponry. 


An alternate possibility for the September 1979 Vela flash also exists: countries 
not hostile to the U.S. may have tested a scalar EM weapon that produced the 
flash. 


Atany rate, from Downie’s sightings, it is highly probably that the DEW 
‘weaponry at Saryshagan Missile Test Range was active in September 1979, and 
was producing huge Tesla globes. If the DEWs at Saryshagan can produce the 
giant luminous Tesla globe, they almost certainly are scalar EM interferometers 
and can produce the giant Tesla shields as well. Downie reported other earlier 
sightings of similar phenomena seen by Afghans deep within the Soviet Union 
in the same direction toward Saryshagan. 


Briefly let us cover the uses of such a "giant globe” or spherical shell of glowing 
EM energy and plasma, 


By placing such a "giant globe" thousands of kilometers out away from the 
defended heartland, an entire arc of the sky can be defended against long-range 
ballistic missile attack in midcourse. During their midcourse trajectory, the 
attacking missiles would have to penetrate the globular shell twice, exposing 
them to giant internal EMPs twice. A very high probability thus exists that all 
missiles entering the space occupied by the globe are dudded upon entry and/or 
exit. This includes the electronics inside the nuclear warheads themselves. Also, 
this is particularly effective against MIRV and MARV missile carriers, since the 
multiple re-entry vehicles are normally still on the main Vehicle during most of 
midcourse. The use of this midcourse ABM globe defense greatly reduces the 
number of vehicles arriving at the latter part of midcourse and at the terminal 
phase of their trajectory. 


By using a smaller, more intense globe and placing it on incoming clusters of 
objects or single objects, both EMP and intense local heating are used against 
the objects. This is suitable in the latter part of midcourse and in the terminal 
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phase of ICBM so useful against 
incoming strategic bombers and their air-to-surface missiles, both ballistic and 


pecially the small ones - can be used. First, the 
or vaporize incoming objects in a 


‘Two modes of the globes - 
continuous mode can be used to "fry’ 
relatively small volume (say two or three tens of kilometers in diameter). 
Second, the “pulse” mode can be used to all incoming objects, whether 
or not they have passed through the "large globe” midcourse defense. This 
provides an additional guarantee of killing the objects; discrimination is not 
required, just service all of them. The exposure of all incoming objects to 
multiple attacks raises the probability of kill to essentially 100%, or as close to 
that as one wishes. Ofcourse the incoming vehicle may still encounter a 
terminal defense consisting of the Tesla shield and associated roving 

quickshot" small intense globes. 


In short, with these systems an essentially 100% ABM and anti-bomber defense 
is possible. Further, the Soviets have possessed such an effective defense for two 
decades, just as they have openly stated. 


CONTINUOUS TESLA EMP GLOBE 


TEHERAN RAN. 
JUNE 17,1956 


SEEN FROMNEAR 
MEHRABAD AIRPORT 


(OBSERVED BETWEEN 
470 SMINUTES, 


SEEN BY TWO AIRCRAFT 


Slide 056: Continuous Tesla EMP Globe 
Here is another verified incident of a gigantic test of a Soviet scalar EM 
howitzer deep within the Soviet Union. 


This is a CIA report, released under the Freedom of Information Act. One can be 
quite sure that the incident occurred as stated. 


‘The phenomenon was seen from two aircraft approaching Mehrabad Airport in 
‘Teheran, Iran on June 17, 1966 and reported by their pilots 


(On the far horizon deep within the Soviet Union, an intense spherical ball of 
light appeared, "sitting on the horizon” so to speak. The globe of light increased 
to enormous size, dimming as it did so, literally filling an arc ofthe distant sky 

as itexpanded. The sighting was shielded from most ground observers’ view at 

the airport itself due to an intervening mountain range that masked most of tin- 

phenomenon from the ground 


‘The silent, expanding globe was observed for four or five minutes before it 
faded away 


BACKGROUND FOR THE BRIEFER: 


Again, this is positive evidence of the testing of a giant scalar EM 
interferometer, in the "midcourse ABM globe” type of action. 


However, note the date - mid 1966! The Soviets have therefore been te 
such scalar weapons of enormous size and power for at I 
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et, or in the 


Still earlier in January 1960 Nikita Khrushchev had announced the development 
ofa "fantastic" Soviet weapon, one that could even destroy all life on earth if 
unrestrainedly used. In 1962 the ebullient Khrushchev was forced to back down 
and lose face before John Kennedy in the Cuban Missile Crisis. Khrushchev’ 
iissiles and bombers were in woeful shape, as Kennedy well knew (by courtesy 
of the Soviet spy, Colonel Oleg Penkovsky). Kennedy did not know that 
Khrushchev's new superweapons were nearing deployment, but were not yet 
quite ready. 


To save face and prevent his immediate ouster, Khrushchev apparently 
conducted a startling two-strike demonstration of his new weapons as soon as 
they became operationally ready. On April 10, 1963 he detected and destroyed 
the U.S.S. Thresher nuclear submarine using a scalar EM howitzer in the 
underwater “continous” mode. 


‘The next day he demonstrated the “pulsed” underwater destruction mode for 
uclear subs by producing a giant underwater EM explosion underneath the 
azn 100 miles north of Puerto Rico. Ironically, just as the Atlantic was coming 
alive with U.S. naval vessels searching for the lost Thresher, a second test of the 
weapons that had finished off the sub occurred to the south of them, unnoticed 
and disregarded, even though seen and reported (to the FBI and the U.S. Coast 
Gund) by a passing U.S. jetliner’s pilot and crew, who observed the underwater 
explosion. 


We thus can peg the development of these weapons by the Soviets as starting 
well before 1960. The first operational deployment of the giant strategic 
weaponry occurredinearly 1963. 
Note that the 1966 testing observed here is completely consistent with this, 
estimateddevelopmentschedule 
strategic scalar EM weapons have been operational on site for 


implies that at least three additional generations of the scalar EM 
‘weaponshavebeendevelopedanddeployedbynow 


MYSTERIOUS LIGHT OVER HORTH PACIFIC 


JUNE 18,1982 
‘OBSERVED IN 

[NORTHERN PRCEEIC 

2700 KA EAST OF KUSHIRO 


SEEN BY TWO AIRCRAFT 
IAL FUGHT 403, 
AL FUGHT 421 


Note 
SUCH INCIDENTS ARE 
FEPCATCOLY SEEN GY JETUNER 
(CREWS OVER THE NORTH PAGFIC 


SEEN FROM 42" N LAT 153°ELONG. ‘ASAHI EE ac eds FORTS. 
SUNE 22,1982 


Slide 057: Mysterious Light over North Pacific 


Incidents of Soviet testing of the Tesla shield and the Tesla globe weapons are 
routinely observed by airline pilots flying over the North Pacific into and out of 
Japan, 


This is one typical example. Two jetliners, Japan Air Line flights 403 and 421, 
sighted and reported a large glowing globe of light siting just beyond the 
horizon and extending well above it. The aircralt were in the vicinity of 42 
degrees N latitude and 153 degrees longitude at the time. The sighting was thus 
about 700 miles east of Kushiro. 


‘The pilots estimated the diameter of the ball as at least 18-27 kilometers. 
Depending upon the actual distance to the sphere, it may have been of much 
larger size. 

‘This incident is reported in the Asahi Evening News, Tokyo, June 22, 1982. 
‘The jet airliner pilots flying over these waters have reported many other similar 
sightings 
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WHITE SPHERE SEEH IN HORTH ATLAKTIC 1976, 


a = June 22,1976 
: 2113— rao HOURS 
3. “OBSERVEDIN NOFTH ATLANTIC 


z + 2112:0RANGE GLOW BEHIND CLOUDS 
= NVSMHITE SPHERE OBSERVED ALT 10 
toe BEARING 20" 
R Jes * WHITESPHERE DEVELOPED ASSHLOWN 
oan) ae 1 Stats COULD Bf Stn TROUGH SPHERE 
ATALL INES 


+ BY 2140 THE SPHERE HAD DISAPPEARED 


MARINE OBSERVER. 47661977 


Slide 058: White Sphere seen in North Atlantic 1976 
Here 


another sighting closer to home. 


‘This incident was observed from a passing ship on June 22, 1976 in the North 


Atlantic, at about 2113-2140 hours. It is reported in the Marine Observer, Vol. 
47. 1977, p. 66. 


First, an orange glow was sighted behind some distant clouds. A couple of 

minutes later, a glowing white sphere of light was observed to the left of the 

orange glow, just above the clouds. The white sphere then slowly expanded to a 

much larger sphere, dimming as it expanded. At its maximum size, the top of the 

white sphere reached about 24 degrees 30 minutes elevation angle to the 
observer. Developmenttomaximumsizerequiredabout 1Ominutes. 


By 2140 hrs the sphere had faded and disappeared. The sphere was sufficiently 
thin that the stars could be seen through it at all times, 


Again. thisincidentstrongly fitsthe large Tesla globe mode of Soviet scalar 
EM interferometer. 


‘The significance and role of the orange glow are not known at this time. 


1211/2017 Research 


In terms of thelr social behaviour. Therefor, it Is very important to not compromise the pharmaceutical trials by unnecessarily stressing the rats by hares 
‘monitoring equipment. One of the technical challenges of developing an implantable system that monitors the various signals, isthe relatively small size re 
Implantable telemetry system isa miniature transceiver Implanted in an animal that senses, 

freely moving labaratory animals. This Is crucial in giving researchers flexibility and 
wheels and treadmills. We have plans to develop a fully implantable tel 

parameters as well as blood pH and chemistry, nerve activity and circadian respi 


‘capabilities that costs less than what is cutrentl available, to provide more universities and researchers with the opportunity to use this technology, 


rocesses and transmits data via a wireless link to maniter vital signals ofc 


reliability, especially in studies with special experimental settings using mazes 
jem for subcutaneous or intraperitoneal placement in rats that monitors th 
Fy rate rhythms. The alm ofthis project is ta eventually develop a system with ¢ 


metry 


In this sequel, intially, when a module of our original system was placed under the skin of rat, the wireless link failed completely. t could not send a temperature reac 
ta work outside the body, in alr. Such antennas da not work unde 


ce the main challenge was to design an antenna that works ¥ 


imetrel The point of fallure was the commercial antenna in the module that had be: 


from that of 


because the electrical characteristics of skin eat or human) are significantly dif 
placed und 

‘of skin characteristics from one ra to anather ar one person to anather were considered. Unlike the commercial antenna, we wanted our antenna to radia 

the rat/person and more away from the body because that not only increases the quality of the wireless link, maximum range (distance between implanted mo 

‘monitoring station) and battery life but also reduces the exposure ofthe body to radio-frequency waves. Indeed we had to consider the electromagnetic effects of fat 

‘meet all these requirements with a novel cor third the size ofthe orignal co 

i the monitoring station pl 

ficient for our immediate target application supporting new medical research by Professor Paul Pilowshy' 


the shin. In addition, twas necessary to cover the module and the antenna by biocompatible material, which algo affects antenna perfarmance. Possible 


‘material acound the antenna. We were abl antenna design that is appro. 0 


antenna. We successfully demonstrated wireless telemetry transmission of temperature with the new module placed under rat skin a 


distance of u earn. IFnecessary 


‘80 cm! This range i 


further extended by increasing the power level atthe monitoring station, 


Flexible and Wearable Antennas for Bi 
Body Centric Witel 
transcciver specifications and real-time scenarias i close proximity to haman body is continuously evalving antenna system re 


}-Medical and Healthcare Applications 


Communication is a rapidly growing research area 


and det 


© applications. The need to addres 
earch. Several novel miniature anteanas havi 


ted for medical, healtheare, public 


dlal- and wide-band operations have heen designed and tested for Wircless Body Arca Network (WBAN). They have significant advantages of small sic, wide radiation pat) 
the human body for maximum cavern 


and are less sensitive tothe gap variation between human body and 


A co n 


ultra wideband antenna is shown below with strong notch-band rejections up to VSWR = 26, that is tunable over a wide frequency range from 3.$SGHEz t 6 
been designed. To estimate the stub length to notch frequency for » given interfering application, analytical expressions for the normalized stub length which is indep 


substrate dielectric constant i also presented. This helps t avoid bit-an-trail method and gives a good estimate of initial des for notch, Proposed antenna 


radiation pattems and yields measured 10d return-loss bandwidth from 3GHe to 10. SG 


ace 


(Characterizing Properties of Carton Nano Tubs at Microwave Frequencies 
Carbon Nanotube (CNT) yams are novel CNT-based materials that extend the advantages of CNT from the nano-scale to macro-scale applications, We 
to measure lectriel properties of CNT yarns, sshich are attached to these test struct 

uF of the 


se modelled CN1 


potential data transmission lines, Test structures have boon des 


1 measurements have been conducted for characterisation, The observed frequency indepen 


and microwave S-paran 
ing indicator that this material, with 


ilded valucs of mechanical resilience and thermal conductivity, could be invaluable fora range of wpplications such as 


Networks (BAN), A mode is developed for CNT yam, which fits the measured data collected and agrees in yeneral with similar data for non-yarn CNTs 


hittpiweb science.mq edu.au/~esselle/Research html ang 


CORTIMUOUS TESLA FIREBALL 


SEPTEMBER 10,1976, 
LTWEEN 
MOSCOW AND LONDON 


seen ey 
{BRITISH EUROPEAN AIRWAYS. 
FLIGHT #31 


cus eeport 
RELEASED UNDER FOWA 


Slide 059: Continuous Tesla Fireball 


Here is another incident that represents a stimulus to the British government, to 
see if the British are aware of scalar electromagnetics. 


ed under the Freedom of Information Act, so 


Again, this is a CIA report rel 
the details are reliable. 


On Sep. 10, 1976 British European Airways flight 831, flying between Moscow 
and London and over Lithuania at the time, observed an intense ball of light 
above the clouds below the aircraft. The light was so intense that it lit up the sky 
in the entire vicinity, 


The concerned pilot reported the glowing object to the Soviet ground authori 
‘with whom he was in contact. He received the harsh instructions to ignore the 
light, and essentially to continue on his way out of there. 


c an incident involving a small, intense Tesla globe, of the kind with 
service” objects that had already penetrated a large 


Here we s\ 
which the defense could 
midcourse globe, or aircraft approaching the defended area, 


Obviously the Soviet authorities were tracking the aircraft, and knew it was in 
the vicinity. It seems logical, then, that they deliberately placed the brightly 
glowing ball beneath the aircraft so that the pilot and crew could not fail to 
observe it 


The strange message to the pilot was simply designed to increase the intensity of 
the stimulus. The stimulus was to be something like, "The Soviets are doing 
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something in research and development that allows them to create intense balls 
of glowing light at a distance, and place these objects in the air in and around 
aircraft, possibly to intercept them.” The purpose, of course, was to observe the 
British government's reaction alter the incident was reported by the pilot upon 
his arrival at London. 


Again the reaction of the British - and the U.S. as well - was as predicted. 
Again we showed that we knew nothing of scalar electromagnetic weapons, and 
did not recognize one when we encountered its effects. 


FEI DI LANCE 


TERHIAAL ABM SYSTEM 
a se 


Slide 060: Terminal ABM System 

Very neat things can be done iffone nests several Tesla shields - say three or 
four - concentrically, or ¢ the other. In that case even the nuclear radiation 
(such as gamma rays) from a defense-suppressive high altitude nuclear burst can 
be handled. 


For example, suppose three such concentric shields are placed over a large vital 
area. Further, suppose a high altitude nuclear burst is placed up above the outer 
smma radiation almost instantly strikes the plasma in the outer shell, 
absorbed, scattered, and re-radiated at lower temperature. (That, ater 
what plasmas do.) 


c the first shell, the scattered radiation is now in the x-ray and ultra-violet 
region. Let us track the most lethal component, the x-rays. 


‘The scattered x-rays then strike the second plasma shell, and are absorbed, 
scattered, and re-radiated at lower temperature. Inside the second shell the 
scattered radiation is now in the visible and infrared region, with a little 
ultraviolet 


This optical radiation in turn strikes the third plasma shell, and is absorbed, 
scattered, and re-radiated at still lower temperature. Inside the third shell most of 
the energy is now in the form of radiofrequency (RF) energy, with a little IR and 
visible band spectral energy content. 
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AL this point, ordinary electromagnetic interference (EMI) shielding of 
electronic equipments on the ground and inside the third shield can take care of 
any RF interference resulting from the emergent RF noise 


As can be seen, three shells are sufficient to convert the gamma and x-ray 
radiation (and ultraviolet and infrared) mostly to harmless RF energy before all 
three shells are penetrated. Thus the tactic of deliberate defense suppression by a 
preliminary high altitude nuclear burst can be countered by multiple Tesla 
shields. 


In addition, of course, any ordinary vehicles penetrating all three shields are 
fe violent EMP's, and are almost certainly electrically 
are also subjected to multiple periods of intense heating, 
so combustibles, fuels, explosives, and ablatives are destroyed. In addition, 


metal structures may be melted or vaporized. 


‘Think of it this way: anything that hits one of these Tesla shields goes phht! Just 
like a bug hitting an electrified bugkiller sereen. 


For years passing ships have observed and reported such multiple-shield "light 
phenomena” over remote regions of the ocean. U.S. intelligence has routinely 
not paid any heed to reports of “lights at night” over remote ocean areas, and so 
Soviet tests in this manner have remained relatively unnoticed by officialdom. 


TWO ARCS 18 THE SRY 


Reet, MERA 


Slide 061: Two Arcs in the Sky 


Just to list one incident involving the testing of multiple concentric Tesla 
shields, here is an early test conducted in mid-1961 over the Indian Ocean. 


‘The incident occurred at 1800 hrs. Greenwich mean Time (GMT) and was 
observed by a passing ship. The report is contained in Marine Observer, Vol. 32, 
1962, p. 64. 


First the ship's crew observed a gigantic, very bright are of light on the horizon 
or beyond it, with both ends passing below the line of sight to the horizon. This, 
was in fact probably a large Tesla shield, but of such low intensity that only its 
intersection are could clearly be seen. The arc subtended an arc of about 150 
degrees across its diameter at the bottom. After about 10 minutes, a second and 
dimmer are appeared, concentrically inside the first one. The ship thus was 
observing what probably was the nesting of two giant hemispheres (of EM 
energy) to provide a multiple Tesla shield. 


This was probably a test of an early research and development prototype, since 
Khrushchev had only announced his new “fantastic weaponry” in development 
in his January, 1960 speech to the Soviet Presidium. And apparently land-based 
‘weapons such as this prototype probably did not become deployed and 
operational until April 1963. However, even in 1961 the Soviets would have 
been developing and testing prototypes of the weapon adapted for naval task 
force protection and usage. 


Several other similar phenomena involving nested hemispheres or giant 
concentric ares of light have been seen by mariners at sea. 


ABH DEFENSES 


Slide 062: ABM Defenses 

When the various capabilities of Tesla shields, globes, and scalar howitzers are 
integrated together into an ABM defense, a most formidable Soviet strategic 
defense capability is apparent. 

On this slide we deal only with midcourse and terminal phase ABM defense. 


Later we shall cover the application of these weapons to launch phase ABM 
defense, primary phase bomber defense, underwater antisubmarine defense, etc. 


Suppose the U.S. is provoked to desperately launel 
Russia, asindicatedontheslide. 


le attack toward 


First would come the launch phase destruction of the launched missiles, which 
we will cover shortly. 


Any remaining missiles in midcourse would encounter extremely large, glowing, 
spheres of light, where the EM energy density is contained and held in the 
spherical shell “energy bottle” of the glowing globes. Each globe might cover an 
are of up to about 20 degrees, as seen from the Soviet defended area. Missiles 
carrying MIRV and MARV payloads would not yet have deployed their re-entry 
vehicles. 


ile and its payload encounter one of the globular shells, an intense 
suddenly experienced throughout the missile and all ofits components. 
Again, EMI shielding is of no consequence since the EMP arises in each 
increment of spacetime throughout the vehicle volume. The result 
instantaneous dudding of all electronic circuitry, including the electronics of the 
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nuclear warheads themselves. The HE content of the nuclear warhead system is 
violently exploded, totally destroying the configuration of the warhead. A low- 
order nuclear detonation may occur, but more likely the warhead's nuclear 

crial is just broken up, finely divided, and set 


In addition, all combustible materials are set fiercely afire or destroyed 
Explosive materials such as booster propellants and HE explosives are violently 
exploded. Ablative and plastic materials literally explode into pieces, torn apart 
by sudden violent ablation and outgassing everywhere within, The remnants of 
the vehicle are now total duds, as is the payload, including re-entry vehicl 
nuclear warhead electronics, nuclear materials from the disruption and explo 
ofthe HE portion of the warhead system, etc. 


I, each piece of the debris must pass through the glowing shell once more 
before it exits. Thus a second "shot", precisely as effective as the first, still 
-¢ of the debris plunging along inside the shell as it 


awaits each and every pi 
exits, 


As the debris continues on to the latter part of midcourse and early terminal 
phase, any portions large enough to track are subjected to small, intense Tesla 
globes where the energy density in the shell is many orders of magnitude greater 
than in the larger globe used in earlier midcourse. This part of the defense 
system simply services each incoming "blob" methodically, probably first in the 
pulse mode. Later, any blobs stil remaining are given the maximum. 
“continuous heating” mode with a small Tesla globe, to actually vaporize metals 
and materials. 


In the unlikely event that anything active still remains, or that an object has 
‘managed to elude the large and small Tesla fireballs, a Tesla shield is still to bo 
encountered, towering over the protected area. For significant targets this shield 
will be concentric, and will contain three or more concentric Tesla shields. 
Again, the approaching vehicle will be subjected to multiple EMP’s and severe 
heating throughout its volume. In addition, the concentric shields will “clean up 
and sterilize any gamma radiation and EMP resulting from any deliberate high 
altitude defense suppression nuclear burst that somehow (inconceivably!) gets 
through the launch phase ABM system, and the Tesla-globe midcourse and earl 
terminal phase defenses. 


‘As can be seen, the system complex represents a most formidable defense that 
certainly approaches 100% effectiveness against the present triad, and even 
against the addition of cruise missiles. 


In addition, since these weapons suffer from very strange constraints and 
limitations, the scalar transmitters are actually dual mode: they become 
conventional radars by simply switching into the ordinary EM mode. They are 
part of the more conventional ABM defense system complexes we presently 
¢ in the Soviet Union. In this conventional role, backup ABM missile 


interceptors are available, to be employed in case the conventional role must be 
assumed, 


Later we will address the reason for the strange limitations that must be placed 
upon unqualified use of the large scalar EM systems, particularly in the pulse or 
“burst” nodes. 


HETWORK OF VIRTUAL TRAHSHITTERS 


‘Slide 063: Network of Virtual Transmitters 


In July 1976 the U.S. received very special Bicentennial greetings from the 
Soviet Union. 


At that time, communications systems of the world in the 3-30 megaHertz band 
suddenly met substantial interference from extremely powerful, chirped Soviet 
transmitters that were suddenly activated. These transmitters continue their 
transmissions to this day. 


es of the power of these enormous transmitters vary, but figures range 
ral hundred megawatts, with a nominal figure being 100 megawatts. 


¢ powerful transmitters were promptly nicknamed “Woodpeckers” because 
of the characteristic sound of the chirped signal when received. That is, the 
received signal made a "pecking" sound much like a woodpecker’s beak hitting a 
block of wood. 


Several nations protested, but the powerful signals have continued, right down 
to this day. The only Soviet response was to add a “spread spectrum” capability, 
so that the transmitter did not dwell too long on one specific frequency, but 
shifted periodically to other frequencies. 


‘These transmitters have apparently never been precisely located by U.S. 
intelligence, but their beams carry much of the characteristics of an over-the 
horizon (OTH) radar. They have been dubbed OTH-radars by U.S. intelligenc 
‘and can without question perform that mission, in addition to some very 
interesting missions which U.S. intelligence does not asse 


Soviet Military Power, Department of Defense, 1985, p. 45 shows the direct 
intersection over the United States of the Woodpecker radar beams used in an 
OTH-role. We show an illustration of that intersection on this slide. 


In addition, we show an additional “scanner” beam that can be scanned across 
the intersection “grid” over the U.S., formed by waveform interference of two 
main Woodpecker beams. 


‘These Woodpecker transmitters have a great many diverse functions. 


First, they can be 
beams follow the 
mode they can detect miss 
when taking off and therealter. 


ed in a conventional over-the-horizon radar node, since their 
th-ionosphere waveguide and curve around the earth. In this 
at launch and thereafter, and strategic bombers 


However, these scalar interference grid weapons have many other uses. 


Firs, they can be used to biologically attack entire populations in a targeted 
area. ‘This aspect is not covered in this briefing, Sulice ito say that phase~ 
locked ELF modulation signals ot 10 Hz and less are often detected on multiple 
Woodpecker frequencies simultaneously. In a target area, this modulation - if 
sufficiently stronger than the Schumann resonance of the earth's magnetic field - 
will entrain a percentage of the brains into "forced entrainment.” In that 
these human brains are “synchronized” to the Woodpecker signals so that 
multiple coherent frequencies are phase-locked into them. That is, multiple 
coherent EM channels directly into these entrained brains now exist. At that 
point, Fourier expansions may be used to attack specific portions of the brain 
geometrically 


In addition, scalar EM disease patterns can be modulated upon the carriers, 
again with Fourier expansions. Specific biological effects can be induced in the 
entrained populace at will, limited only by the state of the art of the Soviet 

technology used to attack them. Possible induced effects include instantaneous 
death, heart seizure, severe emotional disruption, loss of control of internal 
functions, diseases, disabling of the immune system, and even implantation of 
thoughts, emotions, and ideas which are interpreted by the targeted subjects as 
their own. 


While further discussion of this area is beyond the scope of this briefing, the 
biological aspects of the Woodpecker transmitters are horrible. It suflices to say 
that, in thousands of experiments, Kaznacheyev demonstrated that almost any 
ind of cellular death and disease pattern could be electromagnetically 
transmitted. Kaznacheyev reported the effect in the near ultraviolet. 
Experimenters at the University of Marburg in West Germany duplicated the 
cexperimentsintheinfrared. 


The bottom line is that photons themselves can carry death and disease patterns 
between cells. Scalar EM technology allows the synthesis ofthe actual potential 
pattern (which afer all represents total control of charge and charge distribution, 
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Electromagnetic Band Gap (EBG) Resonator Antennas (ERA) 


We have designed, fabricated, and measured antennas based on 3D, planar and 1D EBG structures (ie. photonic erysals). These lat microwave antennas, known as EBG 
antennas or Fabry-Perot cavity antennas, can give gains of about 20dB and very good efficiencies, 


Enhancing Radiation Characteristics of ERAs by Improving Aperture Phase Distribution 
Tis work focuses on achieving superior radiation characteristics of ERAS by improving ther aperture phase distributions. A unique method, utilizing fll-wave simula 
analytical analysis, has been developed to design Phase Correcting Structures (PCS) for ERA. Ths method uses actual phase distribution on the physical aperture of ERAS 
relying on geometric optics. Several Phase Correcting Structures (PCSs) have been designed, which were later validated with the measurements of their fabricated 
Tremendous improvement in the radiation performance is witnested in both simulated and measured results. These exciting initial results validate our proposed method 
indicate an existence ofa great potential to be explored. The figure below shows the field propagation above an ERA: (a) without PCS, and (b) with PCS. It is clear thatthe 
the PCS is much more uniform and the energy is focussed towards broadside direction, ths, resulting in increwsed dirty 


a. without PCS b. with PCS: 


Extremely Wideband High-Gain ERAs (Gain~15-20dBi, Bandwidths >50%) 
In 2014-15, we invented an innovative class of electromagnetic bund-zap (EBG) resonator antennas which provide high gain and wide bandwidih with an extremely 9 
footprint. One of the prototype developed has only 8% of the area as compared to conventional EBG resonator antennas but its performance (gain bandwidth) isa record bi 
for this class of antennas, while providing gain in the range of 15-20 dBi. This represents an improvement of nearly two orders of magnitude in the bandwidth compared tc 
ENG resonator antennas, Thanks to is practical advantages of lat shape and low-cost manuficturablty, i an be easily attached to x wall of a building, for example, to c¢ 
building wirelessly tothe National Broadband Network, 


(Our most recent results on such widehand high gain antennas can be found in: “Acbieving high gain-bandwidth through flat GRIN superstates in Fabry-Perot cavity antenn 
2014 IEEE International Symposium on Antcnnas and Propagation (AP-S/USNC-URSD, pp. 1748 1749, Memphis, Tennessce, USA, July 6-11, 2014. 


Detaled antenna design along with experimental data of another of our wideband EBG resonator antenna having composite multi-layer superstrate, is published inthe pa 
‘Widehand high-gain EBG resonator antenna witha small footprint and all-electric supestructrss'in IEEE Transactions on Antennas and Propagation, vol. 62, no. 6, 201 


‘itp iweb. science.mq.edu.au/~essolle/Research him! 33 


hence biochemistry in the cell) of a particular cellular disease or death 
‘mechanism. Symptoms (and cellular death from them!) of nuclear radiation, 
chemical poisoning, bacterial infection, and other mechanisms were successfully 
induced by the Kaznacheyev experiments. 


Dr. Popp of West Germany has published an analysis of the virtual photon 
master control system of the cells. Since scalar EM represents the deliberate 
ordering of virtual particle flux into deterministic patterns, the master control 
system can readily be entered with scalar techniques to induce disease and 
disorder at will 
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HETWORK OF VIRTUAL TRAKSMITTERS 


Slide 064: Network of Virtual Transmitters 


On this slide we diagrammatically represent the Soviet woodpecker interference 

arid over the U.S. This grid can easily be used to influence and control the 
‘weather, and for over a decade the Soviets have manipulated the weather over 
the U.S. and other parts of the world, 


By the peculiar ttle of this slide, we wish to call attention to the fact that, in the 
exothermic: mode of scalar interferometry riding on the woodpecker radar 
signals, each ofthe woodpecker grid interference cells can actas alittle "virtual 
transmitter."_It'sexactly as ifthe Soviets had been permitted to enterthe U.S. 
and build thousands of EM transmitters at regular intervals all over the country! 


And of course i's even worse. In the endothermic mode, it's as ifthe Sovi 
‘been permitted to enter the U.S. and build thousands of "cold generators” all 
overthe U.S. That is, in that mode, each of the "transmitters 
extractelectromagneticenergy. 


had 


san actually 


‘ThesetwomodeshaveenabledtheSovietUniontodrastically manipulatethe 
weather at will over the U.S. during the last decade (and similarly, for other 
placesas well.) 


(For a disclosure of the Soviet weather control operations over the U.S., see 
‘TE. Bearden, Soviet Weather Engineering Over North America, L-br. 
Videotape, 1985, available from The TomBeardenWebsitewww.cheniere.org. 
We will only summarize here.) 


Briefly, inside various reference level zeros on the ordinary EM woodpecker 
ied. Scalar beams, signals, and 
interferometer pulses and transmissions can be transmitted through these 
reference channels as if directly through a wire. Phasing, pulse shaping, and 
Fourier expansion formation of geometric forms are then the key to be used in 
scalar interferometry through the internal scalar channels of the Soviet 
woodpecker signals, 


By choosing one or more grid cells and using scalar interference there in the 
exothermic continuous mode, local heating and expansion of the air, and 
formation of a high-pressure area, occurs. 


By choosing one or more grid cells and using scalar interference there in the 
endothermic continuous mode, local cooling and shrinking of the air, and 
formation of a low-pressure area, occurs. 


By electromagnetic “rotation” of the interfering scalar beams, the hotspots and 
coldspots can be moved along a desired path and at a desired spe 


By these methods the entire jetstream across the U.S. can be deviated and 
controlled to a large degree. Moisture can be drawn from the Pacific beyond 
Southern California and Mexico, and collided over the southern U.S. with 
extremely cold air brought down from Canada, producing ice storms such as 
those in and around February 1, 1985, 


Violent thunderstorm activity can be induced and directed. By adding 
these same storms can be induced to form extensive tornados. 


By sustained weather engineering operations, drought or excessive rain and 
flooding can be induced in areas of the U.S. as desired. Crops can be destroyed 
or heavily damaged by severe and unseasonal weather. 


Ifthe grid is placed in the ground on scalar EM carriers instead of normal EM 
carriers (and the woodpecker "radars," can switch to, or add, scalar carrier mode 
whenever they wish), it can be used as an anti-submarine weapon, as we shall 
see later. It can also be used fo cause substantial ocean effects that have drastic 
consequences on the world’s weather - such as the anomalous El Nino of 1982- 
83. 


By localizing one spot of heating at the top of a thunderstorm anvil, and another 
spot of cooling at its side, a localized downburst can be created. Our weather 
satellites have detected just such an anomalous combination heating and cooling 

of thunderstorm anvils over the U.S. While there may exist natural mechanisms 
to cause this anomalous dual pattern, it may also be caused by Soviet weather 
engineering, which can cause either broad-area or highly localized effects 


Al these types of weather engineering incidents have been deliberately created 
over the U.S. by the Soviet Union. 
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Perhaps the greatest weather effects can be induced by altering some of the 
large-scale normal mechanisms that influence and control our Weather. Thus the 
artificially induced El Nino of 1982-83 was a case in point, causing drastic 
‘weather upsets worldwide for a year or more. 


‘Thelast decade has seen weather so anomalous that it could only occur once in 
1200 years by chance. It has not been due to normal chance, but by Soviet 
‘weather engineering, particularly since the advent of the Woodpecker 
transmitter complexes, 


ADDITIONAL BACKGROUND FOR THE BRIEFER: 


‘The Woodpecker transmitters can carry scalar components, which, in addition to 
biological strikes, can be used for many other purposes such as to 


1. Influence and control the weather, 
Deviate the giant jetstreams ofthe upper atmosphere, 


track and destroy missiles shortly after launch, 


2. 
3. Det 
4. Detect, track and destroy strategic bombers and other aircraft, 
5. Attack land and ocean surface targets by large aerial elect 
explosions: the EM explosion produces the fireball, the therm: 
and the blast wave of a nuclear explosion without the nuclear radiation 
and radioactive fallout contamination: 


6. Attack surface land and ocean targets by large “cold explosions", where 
living things freeze almost instantly, leaving the surface facilities and 
equipment intact 


7. Attack land and ocean surface targets by severe internal 
electromagnetic disruption, so that all electronics are dudded, 


8. Attack personnel on land and sea by direct destruction of their nervous 
systems with an internally induced strong EMP, 


9. Disrupt the operation of distant facilities, equipment, and personnel or 
destroy food crops in large areas by severe cold or severe heating, or 
even startling oscillation between the two. 


In addition, the scalar aspects of the Woodpecker transmitters can be 
‘beamed through the earth and ocean as surface waves or at a given 
depth to intersect at a distant region. This mode can be used to 


10. Cause distant earthquakes in a distant fault zone by depositing energy 
in the rocks there, increasing the plate stress unl slippage occurs at a 
fault zone, 
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12, 


20. 


Cause large, anomalous rocking of an entire plate or large area, by 
depositing and extracting energy from alternate areas, causing buckling 
of the large rock plate, 

Set up an interference grid under the water, so that underwater 
submarines can be detected, tracked, and destroyed on station and with 
their missiles still unfired, 

Attack naval vessels and task forces through the water and through 
their hulls, without waning, 

Attack missile silos and nuclear storage sites “before launch’, directly 
through the earth itself, 


Initiate the full nuclear explosion of implosion-type nuclear warheads 


on-board missiles on station, 


Initiate full nuclear explosion of implosion-type nuclear war 
storage sites and ready reserve, 


Destroy seaborne and ocean-bottom-mounted mines and underwater 
sensors, even including entire “fields” of them, 


Detect and destroy hostile torpedoes, ship-to-underwater anti 
and dumped anti-submarine munitions and charg. 


submarine mis 


"Pump" the electrical grounding of distant electrical power distribution 
and generation systems so thatthe system catastrophicaly fails, 


“Pump” the electrical grounding of distant electrical power systems so 
that radio and television transmitters, power grids, and wiring 
‘complexes in buildings and facilities radiate a desired scalar wave 
‘component or signal complex at equipment and personnel. 


All in all, the woodpecker transmitter complexes and other associated scalar EM 


‘weaponry are most useful in the major mi 


jons required in war. 


tlw oe Lance 
a 


URUHCH PHASE ABH SYSTEM 


ide 065: Launch Phase ABM System 


On this slide we show the use of the Woodpecker grid in the Launch Phase 
ABM system role. 


‘Thescalar components establish an interference grid over the U.S., at some 
altitude above the earth. One or more separate scalar interferometers transmit 
through scalar channels established in the Woodpecker’s normal EM carriers, 


scanning through the grid square cells one by one in the 
energy" endothermic mode. 


just barely extract 


Back in the Soviet Union, the energy extracted pa 


s through a scanned 
receiver biased just so that the normal energy extracted from the distant 
atmosphere does not show on ase 


ning screen. Any substantial amount of 
additional energy appearing in the cell - such as from thejet engines of a large 


aircraft orthe rocket exhaust ofa large missile will be detected, 


‘The operation of this weapon is four-fold: (1) the scanning interferometer or 
“big eye” scans the grid squares, detects penetration, and tracks the rising 
missile. (2) A separate scalar EM interferometer (a howitzer) is controlled by a 
computer and fired through a separate scalar EM channel opened in the ordinary 
EM woodpecker carriers. (3) Two timed scalarpulses are fired so that they 
convergeandmeetinthe gridcellcontainingtherisingmis 


is le.Thisresultsin 
the sudden emergence of a violent EMP pulse throughout the mi 


le and the 
surrounding vicinity. (4) All missile and warhead electrical and electronic 
systems areil 


tantly dudded and destroyed. Inaddition, fuels, propellants, and 


explosives of the missile are immediately ignited, explosively destroying the 
penetrating missile. 

‘That takes care of the missile target. (The same weapon, of course, can be used 
against airborne strategic bombers - including Stealth-type bombers. In fact. 
Gary Powers’ high flying aircraft was probably shot down in 1960 by a “jury- 
rigged” scalar EM howitzer using modified radars and timed scalar pulses to 
provide an aerial explosion and EMP.) 


‘The Woodpecker gridhowitzer weapon system can be placed over the ocean 
and used against cruise missiles, naval surface-to-air and surface-to-surf 
missiles, submarine-launched ballistic and cruise missiles, etc. Placed over a 
carrier task force, it can also take care of the aircraft launched by the cartier as 
fast as they are launched. It can also handily take care of the missiles launched 
by guided-missile cruisers of the accompanying task force. 


Now let's take a look at the command and fire control end of this weapon 
system, way back in the Soviet Union. 
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SOUIET COMMARD & CONTROL CONCEPT 


Cop 


Slide 066: Soviet Command & Control Concept 


On this slide we show a postulated Soviet fire control system for the grid 
weapon, 


‘Two or more operators sit at a control console, facing a giant display (screen). 
‘The display contains a grid, which represents the distant interference grid of the 
Woodpecker carriers (or scalar EM carriers, if in the underground or underwater 
mode). A distant missile launched into the real interference grid overhead will 

cause a spot of light to appear in the appropriate grid square (cell) on the 
operators’ screen. The operators wlltrack the displayed target, select firing 
‘mode and type of action, engage the target, and assess whether or not the distant 
target is killed or missed by the firing 


When a missile is launched in the distant area over which the Woodpecker grid 
thas been placed, it quickly rises through one of the scanned grid cells on its 
upward journey. Asit penetrates the cell, additional energy is extracted (since 
part of the missile's exhaust energy is now extracted also). At the screen in the 
Soviet Union, the additional energy received rises above bias, causing a 
“bloom” or spot of light to appear on the screen at the appropriate grid cell 
representation. 


‘The distant operator has now detected the missile launch and its location, He 
places a marker over the target track and activates the computer, also inputting 
the type of firing or action to be performed. In this case, let us say he wishes a 
burst of energy to emerge inside the distant launched missile, and has activated 
that mode of firing action. 
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‘The computer computes the necessary parameters for another scalar 
interferometer channel in the exothermic mode, and for firing at the location of. 
the rising missile so that two scalar pulses will meet in the cell penetrated by the 
rising missile on the other side ofthe earth. As the channel is opened, the firing 
solution settled, and the interferometer howitzer readied, the computer activates 
indicators on the console notifying the operator. When all is ready, a “ready-to- 
fire” light is lit on the console. 


Upon receiving the command to fire and destroy the missile, the operator 
presses the fire button. The computer fires the activated scalar EM howitzer in 
the pulse mode. The operator continues to watch his screen. 


‘When the pulses meet in the distant grid cell, a violent EMP suddenly arises in 
and throughout the missile and its surrounding vicinity. This explodes the 
missile propellants and warheads, destroying the target. 


On the distant screen, a sudden drastic "blossoming" of the target results from 
the sudden extraction of a great deal of additional eners 
interferometer. The operator thus knows he has made a " 


Should for some 


on the target be missed, additional energy will still be 
extracted by the scanning interferometer from the grid cell/vicinity in which the 
EMP suddenly emerges. The distant operator will still see a bloom on his scope, 
bbut not nearly so great as when the missile explodes. He thus knows that the 

EMP effect of the firing has occurred, but the target has been missed (he will see 
the bloom in its offset location as well). In that case, the operator can quickly 
mark the EMP location, hit the switch, and the computer will automatically 
correct and fire again. 


Atany rate, for a miss a large "sonic boom” or blast still results in the EMP 
emergence zone from sudden heating of the air. These are precisely the type of 
‘booms that were associated with three NASA shuttle launches prior to the end of 
1985. These were actual testing of this weapon system, using the shuttle 
launches to provide a target, and delaying the burst some minutes so the shuttle 
‘would not actually be destroyed. On Nov. 26, 1985 a "marker beacon” (glowing 
ball of light) was also created over the site. This was probably to orient satellites, 
and other detection systems. Some 12 minutes after that nighttime launch, a 
large blast occurred over the site, heard for hundreds of miles up and down the 
coast. Shortly afer, the light suddenly moved away very rapidly - faster than a 
Jet aircraft 


If many missiles are being launched, the operator marks them rapidly, one after 
the other, and the howitzer fires burst alter burst at them, decimating the 
launched missiles, one after the other. In this fashion most of the counterstrike 
missiles launched by the U.S. would be destroyed shortly after launch, greatly 
reducing the number of missiles that make it to midcourse. 
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However, apparently the loss of the shuttle launched on Jan. 28, 1986 was 
caused by the addition of a metal-softening pattern in the exothermic mode, in 
and around the booster, using the actual booster ionic flames as a receiver- 
amplifier. This led to the failure of one of the supports and the partial breakaway 
of the right booster. The booster rotated into the tank, causing damage and the 
resulting explosion when the venting main fuel hit the booster flame. 


By spread spectrum techniques and proper timing and phasing, one system of 
Woodpecker transmitters can set up multiple interference grids, in various parts 
of the world. The scanners and howitzers can operate in the appropriate zones, 
again by spread spectrum techniques and proper timing and phasing. 


In fact, the latest versions probably can operate in the “ordinary EM cart 
(atmospheric) mode and the "scalar EM carrier” (underwater and in the earth) 
mode simultaneously - again by timed switching between EM and scalar EM 
Fhniques, and timing and phasing of howitzers and 


‘Thus a single system can operate in the earth, underwater, and atmospheric 
‘modes. It can operate against the very wide range of different targets previously 
‘mentioned. It can do all this "simultaneously," from a real-time practical 
viewpoint. 
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Fen) 
Frequency response of one of our Wideband ERA Prototypes 


‘Simple Dual-Band ERAs 
We developed a new method to obtain dual-band operation from a simple electromagnetic band gap resonator antenna. The antenna is based on a one-dimensional EBG 
made out of two low-cost unprinted dielectric slabs. The EBG structure is implemented asthe antenna superstrate, which has been designed to provide a lcally-inverted 
reflection phase gradient with high reflectivity, in two pre-determined frequency bands. The linearly polarised antenna design and experimental results are described in 
entitled: "A simple dual-band electromagnetic band gap resonator antenna based on inverted reflection phase gradient” published in IEEE Transactions on Antennas and Pre 
vol. 60,80. 10, pp. 4522-4529, 2012. 


We have extended this concept for dual-band, dual-polarised and circularly-polarised antennas, We also designed a tri-band antenna following this concept, It needs only t 
cost unprinted dielectric slabs 
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Low-Profile Wideband ERAS 
We have designed and successfully tested wideband low-profile (thin) EBG resonator antennas. The breakthrough that contributed to this success is our design ofa partially 
surface (PRS) witha positive reflection phase gradient. Thin singl-diclectric-slab PRSs with printed pattems on both sides were investigated to minimise the PRS thickne 
simplify fabrication. Thee such surfaces, each with printed dipoles on both sides, have been designed to obiain different positive reflection phase pradients and reflection = 
levels in the operating frequency hands, These surfaces, and the EBG resonator antennas formed ffem them, were analysed theoretically and experimentally to highlight t 
compromises involved and to reveal the relationships between the antenna peak gain, gain bandwidth, the reflection profile (i. positive phase gradient and magnitude) oft 
and the relative dimensions of dipoles. A small feed antenna, designed to operate in the cavity field environment, provides good impedance matching (S11|< 10 dB) « 
operating frequency bands of all three EBG resonator antennas. Experimental results confirmed the widehand performance of a simple, low-profile EBG resonator antennz 
thickness i ony 1mm, effective bandwidth is 12.69%, measured peak gain is 16.2 dBi at 11.5 GHz and 348 gun bandwidth is 15.7%, Please find details ina paper entitled 
af Simple Thin Partially Reflctive Surfaces with Positive Reflection Phase Gradients to Design Widchand, Low-Profile ERG Resonator Antennas," published in IEEE Tra 
‘om Antennas and Propagation in 2012. 


We have achieved dual-band operation in « low-profile EBGRA using a single dielectric superstate with «printed pater only on one side, This also made use af our # 
inverting the gradient ofthe PRS reflection coefliciet 


Woodpile EBG Material and Antennas 
1 2003, we designed und built a woodpile 3D photons 
the electromagnetic hand gap. The erysal is made out of exmain materia 


sal, operating in microwave frequencies, and demonstrated experimentally the ex 


Then we designed a planar ERG resonator antenna, Shown bel, it has a resonant cavity between a ground place and a 3D woodpile photonic erystal. We employed both m 
and slots to feed the cavity, and invesizated both linearly and cireularly polarised antennas. The linearly polarised antenna design and experimental results are described in 
entitled “A planar resonator antenna based on a woodnile ERG materia.” published in IEEE Transactions on Antennas and Propagatin,vol, $3, no. 1, pp, 216-223, January 2 
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Slide 067: Launch Phase ABM System (Anti-SLBM) 

Here we show the operation of the system in the atmosphere over the ocean, 10 
destroy sub-launched ballistic missiles such as Poseidon and Polaris. The system 
operation shown uses the normal EM Woodpecker carrier frequenci 

scalar components to establish the interference grid, and scalar channels for the 
scanners and howitzers. The grid can be set up by this method anywhere in the 
world, 


‘As can be seen, during their early launch pha 
missiles launched from underwater U.S., Brit 
submarines 


‘stem is operating. It can at the 


Remember, this is ust one mode in which the s 
same time have other interference grids at other locations, and even in other 
modes, including underwater grids used against the submarines themselves, it 
an be engaging a multitude of targets of a wide variety of types, essentially all 
simultaneously. 
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DETECTING  HARKING HISSILE LAUHCI 


Slide 068: Detecting & Marking Missile Launch 

Here we show the missiles launched from the underwater submarines, when just 
detected intheatmosphere overthe ocean. Aseach rising missileis detected, an 

‘operator at the screen places a cursor (a "marker") over the detected track spot 

on thescope. 

‘The computer quickly computes the firing parameters and indicates when the 
systemis"readytofire.” 


By using additional scalar scanner frequencies in the multi-gigaHertz range and 
finescanning.theoperatorisabletoaccomplishnon-cooperativetarget 
identification. 


After the operator places a cursor over a target, the advanced system fine-scans 
and identifies it as hostile, then continues the track in automatic. 


When the operator presses the fire button for a designated target, the computer 
intiates fire by the appropriate scalar EM howitzer through established grid 


scalarfiringchannels. 


DESTROYING THE LAUNCHED MISSILES 


Slide 069: Destroying the Launched Missiles 

On this stide we temporarily omit the interference grid and diagrammatically 
show the operation of the scalar EM howitzer. As shown, two pulses are fired so 
that they meet in the grid cell where the rising missile is located. A drastic EM 
pulse suddenly emerges everywhere throughout the missile and its vicinity 
using instant missile destruction. 


Ofcourse, individual howitzers not in the Woodpecker carrier's scalar channel 
‘can also fire at the missiles in the purely scalar exothermic mode. Or they can 
utilize the large "Tesla globe" in the continuous mode, the small Testa "ball of 
light" in the continuous or pulsed mode, ete 


Also, continuous EM energy can be caused to emerge in a broader, “defocused" 
interference area causing electronic dudding of circuits in vehicles over a wider 
area. This is a very useful mode to use against mass attacks by many aircraft 
and/or many missiles at the same time. That is, the entire formation can be 
attacked in the "dud electronics” mode, and then followed up by more inten 
servicing of each individual hapless target. 


‘Again, in 1960 Gary Powers was probably downed by a crude prototype scalar 
interferometer "howitzer" obtained by modifying two ordinary radars. At least 
had previously been unable to down a penetrating U-2 with missiles 
c 1 howitzers were in development, for 
Khrushchev had announced to the Presidium in January 1960 that a new 

fantastic weapon” was in development. A development prototype was probably 
used to down Powers’ aircraft 
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SHIFT TO ANTI-SUB KODE 


Slide 070: Shift to Anti-Sub Mode 

In the underwater mode portrayed on this slide, the Woodpecker transmitters 

have been switched to "s 

through the ground and into the ocean underwater. (Remember 
potential. thatdoes notcouple tocharged particles orions will travel through the 


‘Thus a giant scalar interference grid is now established underwater. Additional 
scalarbeams in the weakly endothermic mode scan this grid. When a submarine 
centers tne grid, it substantially changes the potential in that cell, and the scanner 
picks thisup. The distant screen now displays the sub as a "track" of fight in the 
appropriate grid square cell. The computer switches in fine-scanning and non- 
cooperative target identification. It identifies the target as hostile and alerts the 
‘operator (by blinking the track and changing its colorto red, for example). 


‘As before, the operator marks the target and enters the firing mode and type of 

action desired. Again, let us assume the "EMP burst” mode of destruction is to 
be used. The computer computes the firing parameters and readies the howitzer, 
When the commander gives the command to fire, the operator presses the firing 
button. The computer fires the howitzer. 


‘Two scalar pulses proceed through the howitzer scalar channel and meet in the 
submarine. ‘Throughout the sub and its vicinity, a violent EMP is suddenly 

experienced, knocking out the electrical systems, electronic equipment, and 

igniting propellants and explosives in the on-board missiles and armament. This 
explodes thesubmarine, missiles, andtorpedoesinstantly 
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Atthe distant command console, the scanners detect the violent eruption of 
energy from the exploding submarine. It appears on the screen as a sudden 
strong blossoming of the track. The operator assesses that the target has been 
destroyed. He immediately engages another target if one is present. 


Ifthe EMP is of . the scanners still pick up a smaller 
blossoming in the offset location. The operator immediately knows he has 
missed the target. He marks the offset bloom, presses the switch for "Correct!" 

and the computer makes the firing correction. When the operator again gets a 
Ready-to-Fire light illuminated, he presses the firing button and fires again at 
the target, this time with corrections applied. 


‘Again, the same Woodpecker system - using timing, phasing, scalar/EM 
switching and spread-spectrum techniques - may be involved in several grids 
and many types of targets. When in a target-rich environment, the firing 
operators may be very busy indeed. 


Aswe shall later see, the same weapon system may also be firing in the “cold 
explosion” or pused endothermic mode, where intense bursts of instant and 
severe freezing are unleashed in the target zone. 
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SHIFTING TO ERRTAQUAE KODE 


Slide 071 : Shifting to Earthquake Mode 
‘The uses of the complex grid, scanners, and scalar howitzers is limited only by 
‘human ingenuity and state-of-the-art of the technology developed. 


By shifting to the scalar-carrier mode and transmitting in the surface layer of the 
carth, the interference zone can be established in adistant region ofthe earth, 
beneaththeearth’ssurface. 


Suppose. we establish a very small interference grid in the earth at and around a 
int fault zone. Then by steadily depositing energy in the zone in the 
continous exothermic mode, the stress in the fault area is steadily and gradually 
increased. Eventually the plates oneach side of the fault wil slip, anda "natural 
appearing earthquake” occurs. Iftheenergyisdepositedstowly andgently,a 
gentler quake can usually be effected. Ifthe energy isdeposited fairly rapidly, a 
higher peak stress can usually be reached before the rocks slip, and a larger, 
moredestructiveearthquakeresults, 


By making a wider grid in the earth in a larger area, a strange kind of earthquake 
ccan be induced, whether or not a fault zone exists in the area. By pouring energy 
out of alternate cells and extracting energy from the others, a “wave-like” 
buckling tensile and compressive stress created throughoutthe zone. Asthis, 
continues, the entire plate area will try to oscillate, moving and causing an 
‘anomalous sortof" rocking, flatearthquake" throughoutalarge area. 


Not too many days afer the destruction ofthe Challengeron January 28, 1986, 
such an anomalous “fat earthquake" occurred in the U.S., nearthe Great Lakes, 


involving some 10 states. This was probably the subsequent testing of an 
additional weapons mode of the same Soviet scalar EM system that destroyed 
the shuttle. 


SUPPRESSION ATTACK ~ MARU'S (WITHOUT DEFENSES) 


Slide 072: Suppression Attack—MARVs (without defenses) 


Now to shift the emphasis a bit, and look at the impact on som 
strategiesystemsandconcepts. 


“normal” 


On this. slide we show the basic idea of suppression attack agai 
ground based missile forcein fixed-sitesilos. Theattack u 
‘maneuverablere-entry vehicles(MAR Vs)deliveredbyasinglecarriermissile, 
which acts as a "bus." The bus ejects the MARVs at the appropriate time, and 
ich of the MARVs heads toward its predesignated target, maneuvering asitre- 
enters the atmosphere and proceeds to the target. The maneuver makes 


conventionalinterceptofthe MAR Vbyconventionalanti-ballisticmissiles 
moredifficult. 


Inthismanner, 
destroyed, 


silos withoutdefensesmay be 


ightby surpriseand 


‘The"bus" conceptactually multiplies the number oftargetsasinglelaunched 
missile can attack, and the maneuvering of the MARV increases the difficulty of 
defendingthetargetareaby orthodoxmeans. 
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SUPPRESSION ATTACK - MARUs WITH DEFERSES 


le 073: Suppression Attack—MARVs (with defenses) 


Now suppose some of the scalar EM defenses we have discussed are added to 
the picture. 


On this slide we show a similar missile field, defended by a Tesla dome and by 
multiple scalar howitzers. 

‘The howitzers take the incoming buses under attack during the early midcourse 
phase, by means of very large spherical EMP globes. Many of the buses - and 
their entire payloads, including the nuclear warheads themselves - are dudded 
by these midcourse defenses. 


Servicing of dudded vehicles that have penetrated the globe now occurs father 
along in midcourse. Each dud vehicle may be serviced, for example, with a 
small globe in the continuous mode for an appreciable number of seconds. This, 
‘causes vaporization or fusing of the physical structures of the vehicles. 


Groupings of incoming vehicles may also be serviced by medium-sized globe 
in the pulse mode. This assures dudding, and is especially useful for clearing 
away chaff and debris with smaller ballistic coefficients. It also is useful to 
further insure that the nuclear warheads themselves are totally dudded. 


‘An additional wrinkle is to place scalar signal patterns - that affect and 
transmute a nuclear warhead's radioactive nuclei - onto a continuous globe. In 
short, by the proper scalar signals itis possible to transmute plutonium and 
uranium into harmless elements, and it can be done at a distance. The 4th and 
Sth generation Soviet scalar EM technology is probably capable of doing this, 
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Thisinsures that, not only are the incoming nuclear warheads 
electromagnetically inert, but they are also nuclearly inert and incapable of 
_generatingnuclearexplosions. 


Siill another wrinkle - particularly useful against implosion-type weapons - is to 
utilizea scalar signal pattern that causes sudden generation of neutrons in the 
active material (plutonium or uranium). This harmlessly explodes the nuclear 
warheads while they are far away from their intended targets and out in space. 
‘The burst mode is probably the most useful for this tactic. 


Note that, if desired, this same tactic - exploding the nuclear weapons 

themselves - can also be utilized in the Launch Phase ABM system grid against 

the missiles after launch. This capability converts an adversary's intended 
nuclear attack against youtoanactual attack againsthimselt! 


Also note that the adapted grid system in the surface of the earth can be used to 
explode the nuclear warheads in ICBMs while they are still inthe silos, orto 
explodenuclearwarheadsinstorage. Intheunderwatermode, thenuclear 
‘warheads in the Poseidon and Polaris missiles on-board the nuclear submarines 
can be exploded in a similar manner. In fact, the nuclear reactor used to furnish 
the power for the nuclear submarines can also be exploded or disabled in this 
‘manner, ascan and-basedand ship-basedreactors. 


Again, this actually tums an adversary’s own nuclear weapons against him, His 
‘own weapons canbe used to obliterate him, Without scalar defenses, possessing 
the capability of nuclearattack becomes aseriousdetriment! 


But back to our slide. Just in case something gets through this formidable 
defense somehow, the Tesla Shield (dome) provides the final reite 
takes care of any residue "leakag 


‘The sum total of these defenses fully justifies the 1968 Soviet statement in 
Military Strategy that the USSR has achieved a 100% dé 
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Leaky-Wave Antennas for Advanced Wireless Systems 

Antenna beam stecring can bring significant benefits to advanced wireless systems, Microstrip leaky-wave antennas (MLWAs) are of particular practical interest hecats 
planar low-profile configuration, ease of fabrication, and beam-scanning capabilities. In this research several planar MLWAs and arrays are developed to radiate at bores 
conical beam around the boresight, with simultaneous dual-side-beam scanning, dual-band forward and backward bear-scanning, and continueus beam scanning from the 
to the forward direction. Moreover, methods and antenna designs are proposed to ster the beam at fixed frequency, shifting beam-stecring range, and fixed-fequency bean, 
in forward and backward directions, 
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Multi-band Dual-Polarized Shared Aperture Array 

Multiband dus-polarized shared-aperture (MBDP-SA) arrays are antenna arrays that operate in two (or more) frequency bands with dual-polarization in each band, m1 
clements are integrated together into a common physical space by sharing the single aperture. The MBDP-SA array is of great interest in space-bome SAR system, bet 
technique can efectvely reduce the payload and size of the antenna sub-system. In this research project, main efforts ae focussed on three aspects: 1) improve the specif, 
current Dual-Band Dual-Polarized Shared-Aperture (DBDP-SA) array 2) construct Tri-Band Dusl-Polarized Shared-Aperture (THDP-SA) array; and 3) explore some new 
for DBDP-SA antenna 
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Slide 074: Response to Counterforce Strike with No Defenst 


Here we show the orthodox concept of response to a surprise counterforce 
nuclear strike when the surprised force has no defenses. 


‘A great percentage of the attacked missile silos are destroyed. The surprised side 
thus is able to mount only a limited strike in retaliation. Pethaps he is able to 
launch some remaining silo-based missiles that escaped destruction. He is also 

able to launch missiles from any of his underwater nuclear submarines that 
escaped. Some of his strategic bombers may have escaped destruction on the 
ground or while airborne on station; these surviving bombers can be directed to 
proceed with strategic reprisal against the enemy 


‘AS can be appreciated, this entire concept is now totally obsoleted by the Soviet 
possession of scalar EM weapons. 


‘The "mutual assured destruction" capability - or MAD concept as it was so 
aptly named! - is no longer mutual 


‘And for two reasons: (1) the Soviet surprise attack could destroy essentially all 
our Triad forces wherever they are, in the first attack. (2) Even iffa very small 
number of our strategic forces survive, the puny strike we could attempt to 
launch could be repeatedly decimated from launch to terminal phase. 


‘The restraint on the Soviets is not because of our Triad forves. The restraint is, 


twofold: (1) a second nation has scalar EM weapons, and would undoubtedtly 
unleash them upon the Soviet Union with great violence if such a massive 


world-wide destruction of U.S. forces occurred or was threatened (is it really 
“accidental” that six major Soviet missile ammunition storage sites mysteriously 
exploded within seven months?); (2) the closed-loop scalar radiation exchange 
system ofEarth-Sun could be inadvertently "tweaked" in the feedback loop 
from Earth to Sun, so that a large solar scalar resonance was stimulated. In that 
case the Sun could emit a mighty resonant “burp” that would simply wipe out all 
lie on Earth in a fiery shower. 


‘The "terror" in the "balance of terror” between nations has just increased by 
many, many ordersofmagnitude. 


‘The biblical prophecy that the Earth will be wiped out by “fire and brimstone 
from heaven" is very near fulfillment now. 


jans who may contemplate 


Put another way, the pucker factor- even on the Rus 
unleashing Armageddon -is higher than any Western strategic analyst ha 
imagined, eveninhiswildestnightmares. 


‘Truly these weapons are "more frightening than the mind of man has imagine 
asBrezhnevputitin 1975, 

‘The frightening scalar EM weapons can be used, but only very, very gingerly 
indeed. Ifaslightmistakeismade,everybody loseseverything. 
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RESPORSE 10 COUNTERFORCE STRIKE - WITH DEFERSE 


Slide 075: Response to Counterforce Strike with Defense 

On this slide we show the impact of scalar defenses against an adversary who 
ssesses only the orthodox nuclear weapons and delivery systems, and makes a 
“first strike” by surprise against his opponent. 


In this case, the attacked opponent has scalar EM defenses. 


With just the midcourse and terminal scalar EM howitzer defenses, almost all of 
the attacking missiles and re-entry vehicles are destroyed. 


Iffor some reason (such as to prevent triggering the sun and destroying the 
world inadvertenly!) the attacked adversary does not wish to attack strategically 
with scalar EM weapons, he may now launch a massive retaliatory strike on his 
opponent. 


‘And if that opponent has no ABM defenses, he's just bought the farm. 


‘What a funny coincidence! Long ago, we crazy Americans chose to put all our 
in the offensive basket. That is, we thought the Soviets cannot dare to strike 
we will have enough surviving missiles to penetrate any orthodox 
defense and destroy them in return. They would also have the same “mutual 
assured destructon (MAD)" capability, of course! 


The MAD concept was aptly acronymmed - it was an insane idea from its 
inception. That is, the Soviets were not supposed to defend their cities and 
populace, and neither were we. That way, you see, we could destroy their 


FEH DE LANCE 
a2 


citizenry at will, and they could destroy ours at will. We deliberately agreed to 
that, thinking - in our insanity - that the Soviets agreed also. 


Ofcourse the Soviets werent playing the same lunatic’s game at all. They 
simply fed our own garbage back to us, and we importantly thought we were 
negotiating something. Unknown to us, they were secretly building and 
deploying scalar EM defenses even then. Since we didn't know of any other 
defense, we assumed the Soviets could not defend their citizenry with ABMs 
any better than we could defend ours with ABMs. So we blithely scrapped our 
ABMs. 


‘The high government officials of the United States of America grossly violated 
our constitution and their swom oaths of office. Our constitution specifically 
charges the government of the United States to defend the people of the United 
States. That means our officials are specifically charged with defending our 
people. Yet they deliberately agreed not to do so, and they deliberately 
sactificed us in advance, 


‘Theycommitted treason of the highest kind, by deliberately surrendering us to 
tou destruction anytime the big balloon goes up. 
The constitution doesn't charge the government with surrendering our citizens to 


destruction underany circumstances, Itcharges the government with defending 
us_against_destruction. 


Ronald Reagan is the first U.S. president in some time to see through the MAD 
concept. Atleasthe stands forthrightly for defense. Itsjust ashame that the 

government and scientific leaders under him aren't aware of the Soviet scalar 
weapon developments, so they could briefhim on these startling developments. 


Be sureyou understand what the government leaders before Reagan have bet 
saving. Foryears, our official policy has effectively said tothe Russians 
will allow each side a token defense only. We deliberately will not defend 
ourselves, so that anytime you decide to strike us you can destroy us. In return, 
however, we do not think you will want to strike us, for we believe that - before 
‘we become ashes from that strike - we can get enough away at you, to destroy 
you as well. OF course we believe you are in the same sort of boat 


‘Then we said, "There! That's settled! What a relief! Nobody can strike anybody 
anymore. Now can we talk about partial disarmament and on-site inspection” 
‘The Sovietsjust kepttheirastonished amusementtothemselvesandkept 
building scalar defenses (and scalar offenses as well!). Their deception plan 
called for imbedding the scalar EM weapons in ordinary systems when possible, 
and hiding the scalar EM weapons tests in ordinary weapons tests when 
possible. Of course they had to be adamant in their opposition to on-site 
inspection; after all, even Westen scientists, if allowed on site with the dual- 
mode weapons, might suspect something was different and possibly things were 


‘The Soviet deception has worked like a charm, The U.S. MADmen who created 
and implemented the MAD doctrine have succeeded in prejudicing two 
‘generations of academicians and elected U.S. leaders against the need for 
effective defense. A vast wasteland of inane paper studies - learnedly dealing 
ikage, force and counterforce, radar blackout, 
churned out by our military, industrial, 
and university “think tanks” to clog the minds, efforts, and literature of our 
defense and governmental es 


Our homeland has no effective ABM defense (and very little defense against 
aircraft or subsonic cruise missiles 


Our field army has no effective ABM dk 
have no effective ABM defense (although they are better defended against air 
attack than the field army). Yet ballistic missiles - and to some extent cruise 
missiles - have supposedly been our greatest threat for decades, followed 
closely by the secondary threat of massed aircraft attack. 


‘Accynic might take the stand that, if our Defense Department hasn't been 
allowed to defend us (with deployed weapon systems, not by "paper studies") 
against what we ourselves have proclaimed is our biggest threat, then why is it 
called the Defense Department? Why not call it the No-defense Department’? 


Understand, a great many fine, hard-working people in DoD have certainly tried 
to get adequate defenses developed and deployed. The sheer weight of the 
bureaucracy and its mind-numbing entanglements has prevented it. 


But it's even worse. Our bureaucrats - both in government and in "big, 
organized science” - have been so caught up in the "Russians are really just 
ignorant peasants” syndrome and the "not-invented-here” (NIH) syndrome that 
they've not recognized the greatest scientific and technical breakthrough in 
history. Such a breakthrough - far greater in importance that the nuclear bomb 
has been made, developed, and deployed by the Soviet Union, all in secrecy and 
behind the smokescreen of a masterful deception plan. 


We've totally missed the most incredible “secret superweapons" development 
program of all times, and the worldwide testing of the weapons themselves. 


Hiroshima and Nagasaki should serve as object I 
of such technological breakthroughs. 


sons in the price of ignorance 


History does repeat itself. But this time it’s not we Amer 
new superweapon first 


‘ans who got the gow! 


CLEAR COHHUKICATIONS 


Slide 076: Clear Communications 

Now let us rapidly give some unique capabilities that one can do with scalar EM 
in smaller things. Not only can scalar EM weapons be used in the bi 

buming” strategic weapons, but they can also be used for a variety of smaller 


For example, one can establish a zero reference anywhere one wishes in an 
‘ordinary carrier. Inside that zero, one can establish as many independent 
“carriers” as one wishes, and hide them completely from ordinary detectors. 


‘The way to do that is easy. Take as complex a signal as you wish. Subtract it 
from zero. That gives a "complement" which, when summed with the original 
signal, will produce the zero. Then only a scalar detector can go inside the zero 
and pullout the individual components, 


So take acartier wave. Letthe enemy jamit completely, with gobs of power. 


‘Your scalar communication channel stays serenely there, calm and unjammed. 
‘Theenemythinksyou'rejammedandcan'tcommunicate. Meanwhile, you 
continuetocommunicatejustfine. 


(Or be real smart. Take one of those components inside the first zero. Pick a zero 
reference insideit. Hide stil morecarriercomponentsinsidethesecondzero, 
Do this as many times as you wish. 


You can put all the telephone calls in the United States of America on one 
carrer. And you can keep them clear, right through total jamming. 


URIQUE COMMURICATIONS 


Slide 077: Unique Communications 


But that's still not all 


You can also communicate with your submarines underwater. High data rate. 
Chat away as you wish. You can scramble, frequency hop, encrypt, the works. 
‘They can also communicate back to you. 


Remember. EM force fields of any appreciable frequency won't travel through 
the water. Natural EM potentials grab charged particles and ions, so they won't 
travel through the ocean either. But artificial potentials don’t grab onto charged 
part and they will go through the ocean quite nicely 


Everything - aircraft, ships, shore installations, submarines, etc. - can 
communicate like gangbusters if they possess scalar EM technology. 


In fact, you can even build scalar EM underwater radar if you wish 


‘The airborne scalar EM radar can see under the ocean with a little adjustment. 
perhaps as well as a conventional side-looking radar sees distant targets today, 
‘The airborne scalar EM radar can detect and track the underwater submarine 
while tooling along 

In fact, the airborne scalar EM radar can then destroy the sub, by using a little 
scalar interferometry. And it's even possible to do scalar interferometry with a 
single transmitter! How, is proprietary to a friend 
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In fact, you can even use your enemy's jamming transmission as a “wire” along 
which to establish your scalar EM channels. You can use these scalar channels, 
In the "weakly endothermic mode" to locate his transmitter and "lock-in" on it. 
‘You can “walk” the lock-in right past his encryption function to the "clear" 
Input, and receive and record that in the clear. All this from a distance. 


You can then destroy his equipment if you wish, orjust continue to monitor him 
Fit's important to do so. Perhaps now we can understand what the 
jes-long_weak microwave radiation of the U.S. Embassy in Moscow is all 
about. Or why the Soviets are building a nice new Embassy, bristling with 
antennas,on the high ground in Washington, D.C. 


HIRE COURTERKEASURES - CRTHODOK SYSTEM 


Slide 078: Mine Countermeasures—Orthodox System 

Take something like mine countermeasures, for example. Finding and 
destroying mines - particularly those placed on the bottom in relatively shallow 
areas such as ports and rivers - is a really tough problem. 


Presently it’s often done as portrayed on this slide. 


Here a minchunter ship uses an underwater sonar to locate the mine, or what 
resembles a mine. Then it directs a submersible robot vehicle to proceed over to 
the object and examine it with an underwater television camera, If it's a mine, 
the submersible places a remotely operated charge beside it, then chugs away. 
When it reaches a safe distance away, the charge is exploded, causing the mine 
to detonate 


A very painful process. Very time consuming, and very difficult 


MIKE COUNTERMEASURES ~ SCALAR EM SYSTEMS 
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Slide 079: Mine Countermeasures—Scalar EM Systems 
Now try the same thing while us 


ig scalar EM underwater systems. The scalar 
EM acquisition system is really a sophisticated scalar radar. It scans a large area 
rapidly, locating moored mines, bottom-planted mines, and drifting min 


‘The acquisition system is also a scanned "underwater eye." The operator in the 
surface vessel can tell whether or not it's a mine he's located. 


Once the target mine is detected, a computer computes the firing parameters for 
4 scalar interferometry pulse to hit it and destroy it. The operator fires the pulse, 
destroying the mine, 


The same system that detects the mine at a distance identifies and destroys it at a 
distance.In this way large areas can be quickly scanned and swept clean of 


If a suspicious object is det 
it anyway! I it’s a mine, i 


led and one is still not quite sure it's a mine, shoot 
explodes. If it's just a rock, nothing happens. So the 
samesystemcando”discriminationbyfire. 


‘The same system is useful to destroy midget submarines, bottom crawlers, ete 


It can also wipe out whole arrays of underwater sensors by electromagnetically 
udding them, 


It can take on a sub ifit has to! Here it wouldjust gently kindle EM energy 
inside the sub’s controls, causing it to lose control ofall its systems. The sub 
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a) Rear 1) Front 
() Front o o 
Fig 1 Improved DBDP-SA amy ‘Fig.2 Photos ofthe TEDP shared aperture prototype aay. 
Side view 


Fig: Novel sructre DBDP-SA aay 


Compact Dielectric Resonator Antennas with Ultra-Wide 60%-110% Bandwidths 
We have recently made a significant achievement in the emerging ult wide-band (UWB) wireless communication systems, which require antennas with bandwidths gm 
106%, Inthe past, the only way antenna engincers knew how to get such a bandwidth froma thin antenna was by removing the metal sheet underneath the antenna (knows a 
plane"). This is not an acceptable solution for practical systems because the lack of it allows the antenna to radiate both upwards and (unnecessarily) downwards (i, 
tlectronic device on which the antenna is installed), wasting about half of ts power. Saving power is crucial in UWB systems due tothe severe power limits imposed by rei 
2011, we made a breakthrough in dielectric-resonator (DR) antenna research, by inventing a novel DR antenna with a full round plane and a 110% bandwidth, This disp 
‘myth tha such bandwidths cannot be achieved with full ground planes. This antenna, published inthe prestigious IEEE Transactions on Antennas and Propagation in Decem 
is 29 ater bandwidth than the next-best DR antenna, which does not even havea fll ground plane, Hence itis ideal for next-generation ultrafas 
and sensar applications 


smaller but has a 30% 


We theoretically and experimentally demonstrated that, by introducing a lower-permitvity full-length insert between the ground plane and a higher-permitivity dielectric 
dielectric resonator antennas (DRA) with ulira-wide bandwidths, inthe range of 60%-110%, can be designed, Furthermore, the volume of such DRAs is reduced by appe 
509% using a finite planar conducting wal, Unlike vertical monopole-type hybrid UWB DRAs, thee antennas radiate sufficiently in the upward direction. Unlike im printed 
UWE antennas, the power radiated int the lower hemisphere is significantly less. An example prototype antenna, designed to operate inthe FCC UWB band, has a dielect 
of 12 x 8 x 152 mm (or 0.124 x 0.083 x 0.187 lambda at 3.1 GHz), and an average measured gain of $ dBi fom 3.1 o 10.6 GHz, These antennas exploit multiple low 
‘vith overlapping bandwidths 1 form an ultra-wide contiguous bandwith. With the proposed dielectric amangement, itis possible to efficiently couple a sufficient numb 
overlapping modes to a SO ohm feelin using a single, simple fee, 


The antenna has a remarkably small footprint of 12x8 mm at 3.1 GHz- the lowest frequency of the FCC UWB band, Its dilectrie volume is 1459 ma3, or 1.7x10-3 lamb 
lowest operating frequency of 3.1 GHz, and overall height is 15.2 mm or 0,157 lambda. To place these results in perspective tis worth comparing the new designs with 
\widehand DR designs available in the literature. To the best of our knowledge, prior to this, the widest bandwidth ever obmained from a pure DRA design is 84% . The volu 
DR in that design is 0.225 x 0,172 0,062 lambda3 (= 2.4x10-3 lambda’) at its lowest operating frequency of 3.69) GHz. In that DRA, the DR is positioned in a non-traitt 
close to the edge of an orthogonal, “yertical” ground plane, which doesnot block radiation towards the lower hemisphere. The widest bandwidth demonstrated by a pure DI 
traditional “horizontal” ground plane, (which can be employed to shield the rest from the antenna, as discussed previously) is 78%, The dielectric volume of that design is 0 
0.21 lambda3 (= 5.8x10-3 lambda3) at its lowest operating frequency of 6.7 GHz, 


Super Whde-band Antennas 
We have demonstrated that extremely wide bandwidths (caio-bandwidths up to 1:25) ean be obtained from w specially designed printed antenna with a tapered semi-rin 
design is described in “A Printed Elliptical Monopole Antena with Modified feeding Structure for Bandwidts Enhancement” in IEEE Transactions on Antennas and Pre 
val, $9, 0.2, pp. 667-670, Feb, 2011 
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‘would then sink to crush depth and implode. The scalar EM mine sweeping 
system could, of course, simply "blow" the sub, but might itself get caught in 
the resulting explosion, 


LAR ANTI-PERSOHHEL WEAPOR 


Slide 080: Scalar Anti-Personnel Weapon 
From a military viewpoint, these scalar EM weapons are really quite all-around 
‘weapons, 


For example, they are very lethal against personnel. 


Set in the “high intensity pulse mode," one blast and a person's nervous system 
is destroyed instantly. Total, instantaneous death results. One can blast away at 
entire groups of infantrymen, for example. Its the peak power that’s important, 
not the average power. So the weapon doesn't require too much battery power. 


simply knock out a person, 


Set on a lower intensity pulse mode, one zap c: 
renderinghiminstantly unconscious. 


Quite useful if one needs prisoners to interrogate. Also very silent, which is 
useful in operations employing stealth and surprise. 
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le 081: Afghanistan 


‘The Soviets are employing just such a scalar “death ray" weapon in 
Afghanistan, apparently in the noses of some of their HIND helicopters. 


‘These choppers usually fire gas rockets to camouflage the testing of the tactical 
scalar death ray. For example, they may fire rockets filled with nerve gas, and 
some persons will die convulsively from the chemical 


+, have a most peculiar death mode, 


‘Those hit by the scalar EM weapon, howe 
Death comes instantly and totally. There is no convulsion, no response. The 
entire nervous system is destroyed instantly. Every living cell in the body is 
killed instantly, including all bacteria, germs, ete 


A body hit with this thing falls like a timp rag and lies where it falls. It doesn't 
decay in even 30-45 days. In a macabre fashion, it's been reduced to something 
like food irradiated with nuclear radiation; everything is killed, so the material is 
preserved for an extended period before any decay can set in. 


Western military authorities have speculated that this strange death is due to 
some sort of e 


However, even with the most virulent gas, some seconds are required for a body 
todie. And while it's dying it goes into convulsions. Violent convulsions. 


This cery, instant death that leaves a non-decaying corpse is not due to a gun, 
This is the signature of a high-powered pulse kill using a scalar EM. weapon 
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‘The associated gas rockets are the disguise used to fool our intelligence analysts. 
‘They're just part of the Soviet deception plan. 
ADDITIONAL NOTES AND REFERENCES 


15, For details of the mysterious, instant deaths in Afghanistan, see Yoss 
Bodansky, "Soviets testing chemical agents in Afghanistan, Del 
Weekly, 1(13), Apr. 7, 1984, p. 508 


SCALAR AKTI-TAHK WEAPOH 


Slide 082: Scalar Anti-Tank Weapon 


Such weapons are also effective against armored vehicles, for example. 


ey can be carried by personnel, mounted on vehicles, mounted in helicopters, 
ete. 

‘They are truly all-purpose weapons. 

An infantryman with a bazooka-sized scalar EM pulse weapon can easily knock 


outa tank with one shot. The armor has no effect; scalar EM goes right through 
conductive shielding and Faraday cages. 


‘And with the same weapon he can knock out another tank, and another, and 
another. 
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SCALAR ARTI-AIRCRAFT WERPOR 


Slide 083: Scalar Anti-Aircraft Weapon 


And, if a helicopter ora fix 
‘weapontobearonit. 


ng aircraft attacks him, he can bring the same 


He can knock down a chopper or ajet. With one shot. 
Andanother. And another. 


Also, its a line-of-sight weapon. He doesn't have to compute lead angle and all 
that jazz. Just aim, get the target in his sights, and pull the trigger. 


ADAR IHUISIBILITY 


Slide 084: Scalar Anti-Aircraft Weapon 
Another neat trick you can do with scalar EM is make an aircraft invisible to 
ordinary radar. 


Just use multiple transmitters on the airplane to establish a spherical interference 
shell, in the bandwidth of the threatening radar, around the aircraft 


Ise (or continuous wave) from the ground-based radar strikes 
in the shell, it interferes with it and is diffracted, scattered, 
and partially absorbed. 


‘The ground-based radar doesn't get any coherent return pulse or return signal 
reflected from the target. 


ing 


ive radar (one which tracks emissions from the aircraft), 
ons so that "near zeroes" result In 


To shield against a pa 
just detect and complement your own emiss 
the spectrum of interest. 


Or do both, to protect against both. 


It's even possible to cool the exhaust and heated surfaces of the aircraft by a 
scalar EM adaptation of electrostatic cooling. Theoretically it’s even possible to 
cause the aircraft to "disappear" optically. Takes a bit of doing, but i's possible 
‘The basic scheme here is that, when a photon hits the target from a given 
direction, it's absorbed totally, and a corresponding or “matching” photon is, 
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emitted from the opposite side in the same direction the original photon was 
going. In that fashion, the light emitted from the target from one direction 
to have “passed through it” from the other direction. 


Since that's what empty space does, then what a distant observer sees is "empty 
space,” so far as he can tell 


AW EFFECTIVE PERETRATION AID (CM AGAIHST ACOH & TRACKING) 


Se 
ee a 


Slide 085: An Effective Penetration Aid 
Of course you can do the same thing for re-entry vehicles. 


Use some multiple antennas on a vehicle. Or better yet, use satellite RV's to 


carry the extra transmitters necessary for scalar interferometry. 


and activate the scalar EM transmitters. Place an 


Deploy the interferometer RV 
cll around the ensemble in the 


energy bottle Fourier expansion interferenc 
bandwidth of interest. 


Radars in that bandwidth now will be unable to detect the incoming ensemble. If 
nothing detects the threat, nothing is going to shoot at it or react t0 it 


This can also be used on a bus vehicle during midcourse, for example. 
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Slide 086: Unique Capabilities: ATM/AD/AARTY 


But the uniquer 


ss of scalar EM devices and weapons doesn't end there. 


You can hit lots of other threats that are presently difficult or impossible to 
ffectivelyhandle. 


sal battlefield, the same scalar EM radar interferometer 
les (ATM role), aircraft (AD role), 
en artillery and mortar shells (ARTY role). 


cruise missiles (ACM role), and e 
How the devil, you might ask, can it defend against artillery and mortar shells? 


Simple. Sweep the artillery or mortar barrage with closely spaced pulses. Sorta 
like a machinegun. Or more like a phased-array radar. 


If the peak power in the sweeping pulses is sufficient, the explosives are s 
and detonated. Fuses are destroyed. 


sarked 


Soevenmortar andartillery roundscanbedestroyed, bythe same system 
providing air defense and anti-tactical missile defense. 
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imulated 


15 
Frequency(GH2) 


Focal Plane Arrays for Radio Astronomy 
Dense focal plane arrays (FPAs) area key technology for a new generation of Radio-elescopes. Their primary beneit is the rapid survey speed facilitated by the wide fel 
provided by multiple beams. Revent advances have brought dense FPAs within reach of radio astronomy applications. A numer of institutions have significant research pr 
this field. This technology is being considered for the Square Kilometre Array (SKA) (www skatelescope.org). The PhD project of Douglas Hayman, conducted with CS 
Centre and Division of Astronomy and Space Science, investigated beamforming aspects of FPA and cvaluated their performance in Radio Astronomy. A prototype inert 
radiotelescope, built at CSIRO's Radiopbysics Laboratory in Sydney, is used to demonstrate a suite of techniques forFPA beamlorming and evaluation for this thesis. Heat 
solutions were experimentally demonstrated in our paper in IEEE Transactions on Antennas and Propagation, entitled “Experimental Demonstration of Beamforming Sol 
Focal Plane Arays"The THEA tile, shown below, is designed by ASTRON and used for the experimental component ofthis research 
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Negative Permeability of Spiral Metamaterials 


Archimedean spirals and complementary Archimedean spirals are super-compact metamaterial particles, Thanks ta their convoluted geometry, unit cells can he made cect, 
small, We theoretically analysed menofilar, bifilar, trflar and quadrifila Archimedean spiral metamateril particles using point group theory and crystallography. From the + 
Properties electromagnetic response was determined. Magnetic, electric and magnctaclectric modes of the particles were identified along with their isotropy characteristics. 
shown thatall the pasiles, except monofiar spiral, are nonbianiscropic. Further, effctive medium theory was applied to extract the effective permeability ofthe spiral mec 
results indicated negative values for permeability in certain frequency ranges. Detailed theory and numerical simulation results are available inthe paper entitled “Analysis, 
mtamaterials by use of group theory,” published in the Metamateriale Journal, vo, 3,n0, 1, pp. 33-43, March 2008. 


Archimedean Spirsl Metamaterials and Backward Waves 
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Slide 087: Unique Capabilities 
‘That's still not al 


An incredible number of different types of targets can be attacked with scalar 
EM weapons, 


For example, aircraft equipped with scalar EM weapons can attack targets such 
as loaded artillery pieces. The round in the chamber explodes, destroying the 
‘weapon, 


It can also attack nearby stored ammunition, Again, the high explosive in the 
ammunition explodes, destroying the store. 


Even underground missiles can be attacked. The scalar pulse will go right 
through the overhead cover and dud the electronics, including the nuclear 
warhead. It will also detonate the HE in the warhead and detonate the fuels and 
propellants. 


A great variety of other targets can also be attacked, as we shall see. 
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UHIQUE CAPABILITIES: 


Slide 088: Unique Capabilities 
For example, suppose one attacks a tank. 


Withscalar EM pulse, the personnel die instantly. Total personnel kill is 
achieved. 


All electronic systems of the tank are dudded. Total systems kill is achieved. 
‘The ammunition in the tank explodes. Total kill is achieved, 
‘The fuel explodes. This is another total kill mechanism. 


‘That tank has been killed totally, by a variety of mechanisms, all 
simultaneously 


‘That's a k-kill in any analyst's book, 
And don't worry about retrieval and repair. That tank is finished permanently. 


Even the most moder tank is just as vulnerable as the most obsolete. 
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UHIQUE CAPABILITIES: 


Slide 089: Unique Capabilities 

Suppose one attacks a fighter-bomber aircraft 

Again, the kill is catastrophic from multiple simultaneous kill mechanisms 
The pilot and crew die instantly. Total destruction of their nervous systems. 
‘The electrical systems are dudded. 

‘The electronics in all avionics and ordnance is dudded. 

‘The fuel explodes. 

HE in on-board or out-board ordnance explodes. 

‘The jet engine flames out if the pulse is powerful enough. 

‘That aircraft is finished. Permanently. 

And it's point-and-shoot, line-of-sight. 


Even the most modem aircraft is just as vulnerable as the most obsolete. 
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UNIQUE CAPABILITIES: PENETRATE SHIELDING 


Slide090: Unique Capabilities: Penetrate Shielding 


Shieldingisineffective 


The scalar pulse (or continuous wave) can go anywhere gravity 
‘can go. 


It penetrates the steel hull of tanks and armored vehicles. 
Itpenetrates underground sheltersand bunkers. 
It penetrates pillboxes and fortifications 

Foxholes are no protection. Justshoot through the earth into them. 


‘There isno longerany place tohide 


Slide 091: Multi-Purpose Weaponry 


‘These scalar EM weapons are all-purpose. Things such as ammunition dumps, 
radar systems, radios and communication gear, communications centers, 
gasoline dumps, etc. can easily be destroyed. 


Not only that, but the weapons can be swept, giving area coverage. 


You can hit both point targets and area targets. 
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MULTI-PURPOSE WERPOHAY. 


Slide092: Multi-Purpose Weaponry 
Look at what a weapon a helicopter becomes. 
‘The same vehicle, equipped with scalar EM weapons, can engage 


and destroy jet aircraft, other helicopters, cruise missiles, personnel, and 
‘armored vehicles. 


It can alsohit all the other targets we've been talking about. Any vehicle 
equipped with scalar EM weapons becomes a formidable destroyer on the 
battlefield, 


And “reconnaissance by fire” takes on a particularly lethal meaning. 


Forexample,don'tworryabouttheenemyincoverandconcealment orhighly 
camouflaged. 


Don'twonry aboutdecoys ordummy positions. 


Just sweep the area with scalar EM fire. The actual targets will be discriminated 
by fire and destroyed. 


Slide 093: Multi-Purpose Weaponry 


‘As can be 


en on this slide, most targets of interest can be attacked. 


‘A single aircraft can sink an aircraft carrier or destroy a battle cruiser from afar. 


Itcan also de 
‘weapons storage 


aft, ground installations, artillery, personnel, nuclear 
inks, vehicles, fuels, and combustibles. 


UMIQUE CAPABILITIES: HEAT EXTRACTION 


1 A ZONE, INSULATION HAS No EPFeCr. 


Slide 094: Unique Capabi 


Or one can get truly exotic 


ies: Heat Extraction 


To prevent destroying equipment and installations, the endothermic mode can be 
utilized 


Cold explosions can be used to freeze tanks, personnel, and equipment. 
‘The equipment and tanks thaw out, 


‘The personnel thaw out too, but they are dead when they do. Heaters and arctic 
clothing are no protection. 
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UHIQUE CAPABILITIES: COLD ERPLOSIOKS 


Slide 095: Unique Capabilities: Cold Explosions 


For example, suppose three cold explosions, 
placed upon the front-line strength of NATO. 


+h 50 miles in diameter, are 


In seconds there is no longer any “front line strength” of NATO. Every living 
thing is frozen into a block of ice. 


A few more of these things placed on selected rear area installations, and the 
battle is over before it gets started. Say in about one minute flat! 


Suppose NATO is quickly defeated - say in two days. And then the Russians 
offer us a "Dunkirk." They agree to allow us to evacuate the beaten remnant of 
our forces. 


Are we going to evoke a strategic nuclear exchange, or are we effectively 

‘decoupled” from Europe? Particularly if the Soviets also offer sweeping 
accommodations to the Europeans, and they accept? If we punch the strat 
button, we guarantee our own absolute destruction. (MAD doctrine and all that, 
old chap!) 


Whether or not we could do anything to the Russians is a matter of conjecture, 


For a demonstration, they could even invite us to launch a couple of missiles, 
and destroy them over our heads shortly after launch. 


And they could take out a few submarines under the ocean, just to make it 
believable. 


‘And destroy some SAC bombers that are orbiting on station. 


Or take out a U.S. Naval Task Force, with a nuclear carrier, as a demonstration 
that they mean business. 


Would a sane President go ahead and destroy us, or accept the Soviet’s "Monroe 
Doctrine" and an "armistice"? 


Ifthe Soviets thought he was seriously contemplating ordering a nuclear strike, 
they could immediately destroy all our nuclear armaments where they sit. Our 
‘own weapons would obliterate us! 


What would Congress do - after the Soviet Union had demonstrated its absolute 
power, offered a Dunkirk and armistice, and threatened our total destruction if 
we "reached for the holster,” so to speak - when it realized the President might 
actually be contemplating evoking assured national suicide? 


What would you do if you were a Congressman? If you were the President? 


1212017 Research 


We have shown backward wave propagation and double negative paramcters over # 19% bandwidth in a microstrip line loaded with series yap discontinities andl super 
complementary Archimedean spial resonator mctamsteral particles. Moreover, our equivalent-circuit model for such unit cells almost perfctly described the structa 
practically important frequencies (by comparison with fll-wave results). We also fabricated and tested compact iter ciruits with only ane or two complementary spiral met 
particles. Our results ste summarized inthe paper entitled “Backward Wave Microstrip Lines with Complementary Spiral Resonators” published in IEEE Transsctions on 
and Propagation, Vol. 6, Issue: 10, pp. 3173-3178, Oct 2008, 


\We derived design equations for Archimedean spiral resonators and 
‘Archimedean spiral rsoaators for metamaterial applications,” published in IET Microwaves, Antennas & Propagation, vol 


ested them against full-wave simulations. The details are in the paper entitled “Design of mosofilar a 
10.6, p, 929-935, Sep 2009, 
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Frequency Selective Surfaces for Energy-Saving Glass Panel 


Encegy-saving glas is becoming very popular in building design duc to thir effective shielding of building interior against heat entering the building with infrared (IR) wavs 
obtained by depositing a thin layer of meallicoxide on the glass surface using special sputtering processes, This layer alinuates Ht waves and hence keeps buildings 
Summer and warmer in winter. However, his renstive coating also attenuates use microwave RE stenals required for mobile phone, GPS aod personal communication sy 
by as mach as 40 dB. To overcome this drawback, we designed and tested a bandpass aperture type cross-dipaleIrequency selective surface (FSS), etched inthe coatings ¢ 
sving glass to improve the transmission of usefl signals while preserving IR attenuation as mach as possible. With this FSS, 15-18 dB peak iransmission smpeoveme 
Sschieved, for waves incident with 48 degrees from noanal for both TE and TM polarizations, 


and other results of this esearch, conducted in collaboration with the Lund University in Sweden, are ayailable inthe paper entitled “Cross-Dipole 

‘Saving Glase Used in Buildings." published in IEEE Transactions on Antennas and Propagation, vol 9, no.2, pp, $20-825, Fh 
efeet of these FSSs on the transmission of infrared and visible wavelengths through energy-saving glass was investigated theoretically and experimetally in another pap 
Microwaves, Antennas & Propagation, Vol. 4, ss. 7, pp. 985-961, 2010, 


Switchable Frequency Selective Surfaces to Reconfigure Electromagnetic Architecture of Buildings 


{n large buildings and offices, 


jeney re-use methods will be equired to enhance the spectral efficiency and eapacity of wireless communication systems. This observatc 
to the concept of electromagnetic architecture of buildings. Passive bandstop FSSs ean be used to enhance the electromagnetic architecture of a building, and hence tc 
spectral eiciency and system capacity, but switchable F 

reconfigured remately and rapidly, which is not possible with passive FS 


Se can provide a heer reconfigurable solution. [switchable FSSs are placed in strategic locations ofa building, th 


With collaborators in UK and Sweden, we designed and suocessfullytestd a single-layer active Frequency Selective Surface (F ronically switchable bet 
and transparent states. It can be used to provide a spatial filter solution to reconfigure the electromagnetic architecture of buildings. The FSS measurements show that the 1 
response of the filter does not change significantly when the wave polarization changes or the angle of incidence changes up ta +48" from normal. The FSS is hased on 39 
aperture geometry, with each unit cell having four PIN diodes across the aperture at 90 degree intervals, Experiments demonstrated that almost 10 dB additional transmssio!, 
be introduced om average at the resonance frequency, for both polarizations, by switching PIN diodes to ON from OFF state, 


5) that is 


For detils, please refer to “Switchable Frequency Selective Surface for Reconfigurable Electromagnetic Architecture of Buildings,” in IEEE Transactions on Ante 
Propagation, Vol 58, Issue 2, pp SKI-SM4, February 2010, 
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THE TARHSMITTER 1S THE MAJOR WERPOH 


Slide 096: The Transmitter is the Major Weapon 


As shown on this slide, with scalar EM the transmitter becomes the major 
‘weapon on the battlefield. 


Almost every type of target of any importance can be easi 
attacked and destroyed or nullified by scalar EM weapons, 


and effectively 


Small wonder the Soviets do not discard their thousands of “old” radars! 


How effective do you suppose some of their “old” transmitters on their "old" 
aircraft might be? 


inst thousands of “old” 
sites? 


‘What chance do you think SAC bomber 
radar-directed gun sites and 


would have ag 


Could it be that even something like the old SA-I could be startlingly effective? 
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‘STAR WARS—THE FIRAL FROKTIE 
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Slide 097: Star Wars—The Final Frontier? 


But what of our advanced concepts, 


uch as the strategic defense initiative? 
Here we show some of the expensive and complex components of that powerful 


system. 
We have ground-based radars, endoatmospheric interceptors, exoatmospheric 
interceptors, airborne sensors, space-based sensors, chemically propelled 
interceptors, electromagneticrailguns, particlebeamweapons, highenergy 
lasers, etc. all tied together by a massive command and control system. This 
massive, expensive system is designed to detect and destroy missiles, including 
ICBMs, IRBMs, crui . SLBNS, etc 
The systemdetects the missile launches and engages them from launch on in to 
theterminalphase. 


Massive systems. Electromagnetic marvels. Nuclear-pumped lasers of 
staggering power. Perhaps even x-ray and gamma ray lasers. Directed energy 
RF weapons. Stupendous railguns. Sensors everywhere. Giant webs of 

communications. Banks of computers and control systems, 


And itstotally vulnerable to scalar EM interferometer weapons. Giant scalar 
EM"radars” cansimplysweepthroughall thatlikeascythe through standing 
hay. 


Asit stands, its obsolete before its design iseven finished. 
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Its obsolete to Soviet scalar EM weapons that ate already deployed and 
operationally plac 

Without scalar EM weapons and defenses, all our present weapons and concepts 
are deadly vulnerable. 


‘The war is over before it hardly gets started. I's not a war; it's more like a clay 
pigeon shoot. 


Understand, if orthodox science was all the Russians possessed, the Strategic 
Defense Initiative would be the way to go. 


But they do possess something else, and presently they have all the trump cards 
im the deck 
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Slide 098: Comparison of EM Concepts (Chart) 


On thi 


major characteristics of the three kinds of electromagnetics. 


We compare the classical, the quantum m 


(clectrogravitational) 


Noti 


views of electromagn: 


the differences between the three in regards to vacuum spac 


thanical, and the scalar EM 


substructure, force, whether or not force exists in vacuum, the effect of zero 


force fields, potentials, and what is to be 


felt 


garded as causative 


nts, 


lide and the three that follow, we show a comparison of some of the 


tual 
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Slide 099: Comparison of EM Concepts (Chart) 


Now note the differing views of charge conservation, action at a distance, scalar 
resonance, and whether inertia, gravity, and mass are electrical 


COMPARISON OF EH COHCEPIS 
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Slide 100: Comparison of EM Concepts (Chart) 
Continuing, note the differences in the views of charge, what relativistic effects 
are due (0, whether or not one has hidden variables and whether they are 

enginerrable, how vector theory is applied to electromagnetics, the nature of the 
EM wave in vacuum, and conservation of energy/mass. 


+ AHARONOV-BOHM EFFECT 
VERIFIED 
1 MESOSCOPIC SCALE (CENTIMETERS) 
NEED MACROSCOPIC CONERENCE 
' POTENTIAL WEAPOH IMPLICATIONS 
' PROBABLE SOVIET WEAPORIZATION 


+6 TO 8 ADDITIONAL ORDERS OF MAGNITUDE 
NEEDED 


Slide 101: Summary (1) 


Now we examine the three views for whether or not electro-gravitational waves 
exist and what they interact with, the number of required spacetime dimensions 
the type of geometry, the nature of a zero-summed EM vector, local and distant 
relativity aspects, and whether or not the probability states propagated by the 
Schroedinger equation can be deterministically engineered 


‘As can be seen from the last four slides, the three v 
the scalar EM view is drastically different. 


ws are quite different, and 
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SUMMARY [1 


+ AHARONOV-BOHM EFFECT 
» VERIFIED 
| ESOS COPIC SCALE (CENTIMETERS) 
' NEED MACROSCOPIC COMERENCE 
© POTENTIAL WEAPON INPLICATIONS 
1 PROBABLE SOVIETWERPONIZATION 


+6 TO8 ADDITIONAL ORDERS OF MAGNITUDE 
NEEDED 


Slide 102: Summary (1) 
In summary, we can now slate unequivocally thatthe Aharonov-Bohm effect 
hhas been conclusively proven, at least for the mesoscopic scale overa few 
thousand Angstroms, and possibly over centimeters. 
But inthese experimental proofs; the "natural" type of potential has been used, 
it is basically incoherent in its substructure, dooming the effect to stay small. 


By utilizing macroscopic EM force fields and waves to zero-sum and comprise 
artificial potentials, the coherence can be maintained over a macroscopic 
distance - even for hundreds of thousands of kilometers. 


‘The weapons implications-only some of which we have set forth in this treatise 
~ are mindboggling, 
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‘+ ZERO-VECTOR (SCALAR) EM SYSTEMS 
1 SCALAR EM WANES, 
KEY TO ELCTROGRAVITATION 


* DETECTORS. 
' INITIAL DETECTORS DEVELOPED 
NEED INPROVED DETECTORS. 


“INITIAL THEORY BEGUN 
+ PRELIMINARY EXPERIMENTS SUPPORT 


Slide 103: Summary (2) 
‘Zero-vector (scalar) EM systems are the key to scalar EM waves, which are 
actually electrogravitational waves. 

Scalar wave detectors nave been developed and are being improved. Further 
improvement is needed. This development is limited only by funds. 


‘The initial theory has been begun. More work is needed. Again, this 
development is limited only by funds. 


Preliminary experiments support the scalar EM concepts, 
Equipment can be designed and made to work electro-gravitationally. 


‘And it has been. 
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SUMMARY (3) 


+ INTERFERENCE PHENOMENA ARE KEY 
ACTION ATA DISTANCE 
1 EXOTHERIIC MODE 
1 ENDOTHERMIC MODE 
123-0 FOURIER EXPANSIONS (TRUNCATED) 
‘EFFECTS IN/ON NUCLEUS 
+ NOT ENERGY TRANSMISSION THROUGH 
SPACE 
+ SHIELDING INEFFECTIVE 


Slide 104: Summary (3) 
Interference phenomena are key. 


‘One can getaction at adistance - even over hundreds of thousands of 
kilometers. 


One can engineer gravitational and inertial effects 


One can engineer the nucleus, including transmute 
couldcleanupallthenuclearwastes. 


ceasily and cheaply. One 


Electromagnetic energy can be produced at a distant target, or extracted from a 
distant target. 


‘This is is not energy transmission through space in the form of EM force fields. 
is transmission through spacetime in the form of electrogravitational 


ConventionalEMshieldingisineffecti 


s2t2017 Research 
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+ » 
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Absorb/Transit FSS: 


We designed and tested a novel absorb/transmit frequency selective surface (FSS) for S-GHz wireless local area network (WLAN) applications. The novelty ofthe design # 
capable of absorbing, as opposed to rejecting, WLAN signals while passing mobile signals. The absorption ofthe WLAN signal is important to reduce additional multipa 
spread and resultant fading caused by typical reflect/transmit FSSs. Our FSS consists of two layers, one with conventional conducting cuss dipoles and the other with resis 
dipoles, The FSS has good transmission characteristics for 0 1800/1900-ME2 mobile bands and performs well for both horizoatal and vertical polarizations 


Later we modified the FSS to obtain even better performance, for example, for both horizontal and vertical polarizations at oblique angles of incidence. The distance betwee 
layers has been successfilly reduced to one eighth of free-space wavelength. This small distance makes it more compact as campared to the conventional Salishury screen 
achieving an acceptable absomption inthe stopband, 


The details of our designs and tes results can be found at “Oblique Incidence Performance of a Novel Frequency Selective Surface Absorber,” in IEEE Transactions on Ant 
Propagation, Vol. $5, no. 10, pp. 2931 — 2934, Oct. 2007, and “A Novel Absort/Transmit FSS for Secure Indoor Wireless Networks with Reduced Multi-path Fadia, 
Microwave and Wireless Component Letters, Vol. 16 (6), pp. 378 ~380, June 2006, 


Dual-Band Artificial Magnetic Conductor (AMC) Surfaces 


AMC surfaces have many advantages and interesting properties due to their unique reflection characteristics, with near zero reflection phase, We have designed and pro 
novel dual-band AMC surface, which has. very wide upper AMC band anda narrow lower AMC band, and therefore suitable for mult-band wireless'mobile applications. 


Fully Printed Quad-band Antennas for Wi-Fi IEEE802.11 and other WLAN Applications 

‘Our flly-prnted antennas can be fabricated and integrated to WLAN systems a almost zero cost by printing them on the same circuit board (e- FR) with the radio circuit, 
same standard fabrication methods. They are extremely compact: an antenna with a radiating element of Jemlem covers all four IEEE standands (802.11a, $02.11b, 80: 
'0211n) a5 well as HiperLAN? with a VSWR less than 2, We have also developed a packaging solution where the rest of the circuit can he shielded to satisfy EMC regulat 
leaving the antenna (en the same board) open for radiation. The advantages ofthe antennas based on this technology are: Lightweight; Radiates almost every direction in 
shadow region); Microstrip and co-planar waves 


ide (CPW) designs available; Compatible with all printed microwave circuits, including stripline circuits; Excellent 
bocause no cables, connectors, soldering of any mechanical stachments are required to connect the antenaa tothe radio; No protruding parts hat ate likely to break; Covers 
WLAN bands with one antenna (eg. W-Fi IEEE 80211 a,b, g.n, HiperLAN? ete.) Excellent matching, ic. input reflection <-10 dB (VSWR <2) in all WLAN bands (e 
GHz, 49-5.1 GHz, .15-535 GH, 5.725 — 5425 GHz); High efficiency (~60-70% on FIR; can be increased to over 90% on Duroid); Ideal for intemal mounting in a c 
device, to achieve very wide beam coverage diversity reception or MIMO arrangements available; can be dsigned to cover other multiple bands (eg, multiple mobilee 
hands) and other applications 


‘itp iweb. science.mq.edu.au/~essolle/Research him! ans 
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“+ MOST SYSTEMS ARE VULNERABLE 
"ELECTRONIC ONCLUDING OF FING WAR 
PERSONNEL 
' BXROSWES PROPEL FUELS 
ORME 
» SHIPS SUBMARINES TORPEDOES 
1 AIRCRAFT HELICOPTER SILES/DRONES 
» TANIS/APCSWEAPORS ARBIERSSP ARTY 
COMMUNICATIONS SATELUTESRADARSIC 

EW SYSTEMS 

' SURVEILLANCESEISORSISTEMS. 

» AINES/ARTY ROUNDS NUCLEAR WARHEADS 


Slide 105: Summary (4) 


Almost every weapon system we presently have - or are developing - is totally 
vulnerable to scalar EM weaponry. 


This includes personnel, electronics (including fuzing and warhead), explosives 
propellants, fuels, ordnance, ships, 

submarines, torpedoes, aircraft, helicopters, missiles, drones, rockets, tanks, 
armored vehicles, weapons carriers, self-propelled and towed artillery. 
communications, satellites, radars, command and control, directed energy 
‘weapon systems, surveillance and sensor systems, mines, artillery rounds and 
ammunition, nuclear warheads, ete 


We are in dire straits. We need a "Manhattan Project" of the highest priority. 
Now! 


‘The Soviets have already had the equivalent of seven or eight Manhattan 
Projects in this area 
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SOVIET DEFEHSE AGATHST MISSILES 


“In our country the problem of eliminating 
rockets in flight has been successfully solved 
by Soviet science and technology... 


It is interesting to note that the problem 
of anti-missile defence is far from being solved 
in the West. 


soKoLovsKiv 
MILITARY STRATEGY 
THIRD EDITION, 1968 


Slide 106: Soviet Defense Against Missiles 


Here is a significant statement by Sokolovskiy, contained in Military Strategy, 
3rd edition, 1968. 


‘Thisis not propaganda. The Soviets really do have an effective missile defense 
Wedo not. AC the present rate we're going, we may not have one in the year 
2000 - iff we live that long, 


SURPRISE BY USING SECRET WEAPOKS 


Each side secretly develops new means of wartare 
In order to employ them unexpectedly. History knows 
many examples how the employment of a new 
weapon initially gave considerable success because 
the enemy, caught unawares and not knowing the 
‘combat capabilities of this weapon, was for some 
time Incapable of effective counteraction.” 


v.v0 stv 
THE BASIC PRINCIPLES OF OPERATIONAL 
ART AND TACTICS 

Moscow, 1972 


Slide 107: Surprise by Using Secret Weapons 
The Soviets took to heart the lesson of our secret development of the atomic 
bomb. Thrust suddenly upon a fanatical nation, the atomic bomb brought the 
empire of Japan to its knees. 

Other lesser examples - such as the impact of the German V-I and V-2 missiles 
and jet fighter - also were not lost on the Soviets 


SOMETHIRG RUSSIA DOESH'T WAKT THE U.S. 10 KHOU 


“of particular importance Is basic research aimed at 
discovering still unknown attributes of matt 
phenomena, and the laws of nature, and developing 
new methods for their study and use to reinforce 
the state's defense capability.” 


COMMENTS: 

"= PORTION OF ABOOK BY MARSHALL GRECHKO 

1 DELETED FROM ENGLISH TRANSLATION, BY SPECIFIC 
REQUEST OF THE USS. 


Slide 108: Something Russia Doesn't Want the US. to Know 
But Marshall Grechko said it even plainer. 


He made it clear that the Soviet Union has actively searched for great technical 
breakthrough areas, particularly in discovering new laws of nature, unknown 
attributes of matter, and new phenomena, and developing their use for defense 


He made it so clear that the Soviet Union formally requested the U.S. State 
Departmentto have deleted from its. English translation that portion of his book. 


‘That is a positive signature that the statement is exceedingly ser 
Soviets. In other words, it’s a real tipoft. 


itive to the 


So of course the State Department leaned on the publisher and got that section 
eliminated. 
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ADDITIONAL NOTES AND REFERENCES 


1. Nikola Tesla, "The Problem of Increasing Human Energy," Century magazine, June 1900, p. 208- 
209. In this article Tesla spoke of using standing waves to produce distant effects and locate objects 
such as ships. At this point he was thinking of a scalar radar locator, something more advanced than 
even our radar today. It was also capable of producing electrical effects at any part of the globe. To 
quote: "Stationary waves... mean something more than telegraphy without wires to any distance... For 
instance, by their use we may produce at will, from a sending station, an electrical effect in any 
particular region of the globe; we may determine the relative position or course of a moving object, 
such as a vessel at sea, the distance traversed by the same, or its speed..." 


2. Nikola Tesla, "The True Wireless," Electrical Experimenter, May 1919, p. 87. 


3. T. E. Bearden, Comments on the New Tesla Electromagnetics: Part I: Discrepancies in Present EM. 


Theory, Tesla Book Co., 1580 Magnolia, Millbrae, CA 94030, 1982. 


4. T. E. Bearden, Toward a New Electromagnetics: Part II: Clarifying the Vector Concept, Tesla 
Book Co., 1580 Magnolia, Millbrae, CA 94030, 1983. 


5. T. E. Bearden, Toward a New Electromagnetics: Part 4: Vectors and Mechanisms Clarified, Tesla 
Book Co., Millbrae, California, 1983, p. 6, 39. 


6. T. E. Bearden, Solutions to Tesla's Secrets and the Soviet Tesla Weapons, Tesla Book company, 
1981 


7. T. E. Bearden, Tesla's Secrets and the Soviet Tesla Weapons, | hr. 40 min. videotape, Weather 
Engineering, POB 1472, Huntsville, AL 35807, 1981. 


8. T. E. Bearden, Soviet Weather Engineering Over North America, 1-hr. videotape, Weather 
Engineering, POB 1472, Huntsville, AL 35807, 1985. 


9. T. E. Bearden, Star Wars Now! The Bohm-Aharonov Effect, Scalar Interferometry, and Soviet 
Weaponization, Tesla Book Co., 1984 


10. Stefan T. Possony, "The Tesla Connection," Defense & Foreign Affairs, Aug. 1984, p. 12-14, 27. 


11. Stefan T. Possony, "Psy-War: Soviet device experiment," Defense 
& Foreign Affairs Daily, 12(104), June 7, 1983, p. 1-2. Reports on Dr. Ross Adey’'s investigation of 
the Soviet LIDA device which is used to bombard human brains with radio waves in the 40 MHz 
region. Also reports on work by A. S. Davydov of the Ukrainian Academy of Sciences, who 
discovered how the blood-brain barrier can be penetrated by low-frequency radio waves so that brain 
cells are affected. 
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12. Fritz Albert Popp, "Photon storage in biological systems," in Electromagnetic Bioinformation: 
Proceedings of the Symposium, Marburg, Sep. 5, 1977. Edited by Fritz Albert Popp et al, Munchen, 
Wien, and Baltimore, 1979, p. 123-149. Dr. Popp has discovered, both theoretically and 
experimentally, that mitogenetic radiation from cells can be seen as a sort of "waste" from a virtual 
electromagnetic field with a high coherence. This field has a tendency to become stationary over the 
whole organism. In addition, it includes the storage of "virtual" coherent photons. (In other words, 
there is a master EM field with high coherence, stationary over the whole body. This is the cells’ 
master control system. Storage of virtual photons --i.e., scalar signals -- occurs in this field.). 


13. To gain an appreciation of the Aharonov-Bohm effect, see Y. Aharonov and D. Bohm, 
"Significance of Electromagnetic Potentials in the Quantum Theory," Physical Review, Second 
Series, 115(3), Aug. 1, 1959, p. 485-491. For an exhaustive discussion of the Aharonov-Bohm effect 
and a large number of references, see S. Olariu and I. Iovitzu Popescu, "The quantum effects of 
electromagnetic fluxes,” Reviews of Modern Physics, 57(2), April 1985. See also Bertram 
Schwarzschild, "Currents in normal-metal rings exhibit Aharonov-Bohm effect," Physics Today, 39 
(1), Jan. 1986, p. 17-20. 


14. For details of the mysterious explosions of six major Soviet missile ammunition storage sites in 
seven months, see photograph, Jane's Defence Weekly, 2(3), July 28, 1984, p. 92; see also Mark 
Daly, "Goa and Goblet SAMs in Severomorsk explosion," Jane's Defence Weekly, 2(6), Aug. 18, 
1984, p. 224; Derek Wood, "Soviets' northern fleet disabled... ‘not viable’ for six months,” Jane’ 
Defence Weekly, 2(1), July 14, 1984, p.3; Derek Wood, "Six explosions in the past seven months, 
Jane's Defence Weekly, 2(1), July 14, 1984, p. 3; John Moore, "The aftermath of Severomorsk," 
Jane's Defence Weekly, 2(6), Aug. 18, 1984, p. 224. 


15. For details of the mysterious, instant deaths in Afghanistan, see Yossef Bodansky, "Soviets 
testing chemical agents in Afghanistan," Jane's Defence Weekly, 1(13), Apr. 7, 1984, p. 508. 


16. For details of the Enhanced-V cloud signature of severe weather, see Gary Ellrod, "Dramatic 
examples of thunderstorm top warming related to downbursts," National Weather Digest, 10(2), May 
1985, p. 7-13; T. J. Fujita, "Manual or Downburst Identification for Project Nimrod," SMRP 
Research Paper No.156, University of Chicago, 1978; D. W.McCann, ., The Enhanced-V: A Satellite 
Observable Severe Storm Signature," Monthly Weather Review, 111, 1978, p. 887-894. 


17. For a good discussion of the modern view of the vacuum, see 
LER. Aitchison, "Nothing's plenty: The vacuum in modern quantum field theory," Contemporary 
Physics, 26(4), 1985, p. 333-391. 


18. For a discussion of the ring interferometer experiments related to quantum and gravitational 
effects, see G.E. Stedman, "Ring interferometric tests of classical and quantum gravity,” 
Contemporary Physics, 26(4), 1985, p. 311-332. 


19. For information on self-induced transparency with pulsated light, see E. L. Hahn, Scientific 
American, June 1967. This is a scalar EM effect. The phenomenon is observed only in insulators, not 
in conducting materials. A dielectric tends to stop the flow of electrons, thus stopping the bleed-off of 
the Kaluza-Klein 5-potential as EM force fields. Thus through the insulator or dielectric, an 
electrogravitational pulse is transmitted. When this pulse emerges from the other side of the 
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dielectric, then electrons are free to move again and form ordinary EM fields, resulting in resumed 
EM bleed-off of the KK (Kaluza-Klein) 5-potential. Thus ordinary photons strike the dielectric, 
changing into electrogravitational waves which transit the opaque dielectric, and these EG waves 
transform back to EM waves on the far side of the dielectric. Advanced scalar EM application of this 
effect can make an object optically invisible. 


20. For a lucid and profound presentation of the entire subject of elementary particle physics and 
quantum field theory, see T. D. Lee, Particle physics and introduction to field theory, Harwood 
Academic Publishers, New York, 1967. Subjects covered include those at the forefront of current 
research. Chapter 16, "Vacuum as the source of asymmetry,” is particularly important. Here Lee 
concisely covers the idea of degenerate vacuum states, vacuum structuring, and vacuum effects 
causing symmetry breaking (violation of conservation laws). An excellent coverage of asymmetries 
and observables is given on p.181-188. For example, whenever symmetry is spontaneously broken, a 
nonobservable (virtual entity) has become observable. Thus there exist mechanisms for the direct 
translation between virtual and observable states. 

Most engineers are unaware that physics has already rigorously proven (both theoretically and 
experimentally} that conservation of energy can be physically violated, even by excitation of the 
vacuum. 

However, in the present assumption of a randomized virtual microstructure of a vacuum 
potential, these broken symmetry effects are individually confined to very small microlevels. For 
example, on p. 383, Lee points out that the microscopic structure of the scalar vacuum field (i.e., of 
vacuum charge or "potential”) is not utilized. 

This of course is reasonable if all vacuum potentials used in particle physics are treated as 
having a randomized microstructure of virtual particle flux vectors. Since any appreciable directional 
coherence in such a randomized microstructure could persist only over extremely tiny distances, then 
the microstructure of vacuum degenerate states has negligible local effects in ordinary macroscopic 
systems. 

In other words, these conservation violation effects would be very difficult to coherently capture 
and utilize to provide "free energy, emerging from the vacuum." 

The randomized momentary coherences, however, are responsible for the violent 
microfluctuations of the EM fields, well-known in classical electrodynamics. An approach such as 
taken by Yater or Moray would be necessary to achieve a vacuum energy tap under such conditions. 
To achieve usable macroeffects, a very large collection of charge or magnetic material, etc. would be 
required before the probability of usable coherences would become sufficiently large. Therefore this 
area is neglected in practical physics and engineering. 

However, this is precisely where scalar EM is lost in conventional theory and engineering 
practice. In scalar EM, the coupling together of macroscopic EM force field vectors into a summed 
zero system means that the vacuum potential's microstructure is now macroscopically ordered by that 
system. Further, it is sustained during translation through space. In such case, one has produced 
directional gravitational potential gradients that have macroscopic range and form, Further, by 
coherently varying the amplitude of the individual components of the zero vector system, a 
gravitational wave -- a controlled oscillation of the degenerate states or vacuum -- is produced. By 
processing the EM components, this gravitational wave can be narrowed, formed into a beam, and 
projected. Two such beams can be interfered, even at a great distance, producing G-interference and 
causing EM effects to emerge in the distant interference zone. Thus scalar EM profoundly affects 
quantum mechanics, quantum field theory, particle physics, general relativity, and electromagnetics. 
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21. For some strong and pertinent critique of present scientific bias, see Ruggero Maria Santilli, 
Ethical probe on Einstein's followers in the U.S.A.: An insider's view, Alpha Publishing, POB 82, 
Newtonville, MA 02160. Santilli is a highly published physicist and the editor of a refereed scientific 
journal, the Hadronic Journal. After lengthy attempts to correct injustices within the Scientific 
system, to no avail, he finally has gone public with his specific charges. Santilli references senior 
Russian physicist G. Yu. Bogoslovsky, whose 1984 paper "Generalization of Einstein's relativity 
theory for the anisotropic spacetime,” whose research would have been impossible in the U.S. 
Quoting Santilli: "He would have been discredited, humiliated, and chased out of these institutions 
[Harvard, M.LT., and Yale] beyond any reasonable doubt by ample documentation on similar cases.” 
Again to quote Santilli: "Papers bearing the title of ‘Generalization of Einstein's relativity’ are 
routinely permitted with human dignity at Moscow University in the U.S.S.R., but they are absolutely 
inconceivable today at the departments of physics of Harvard University, of the Massachusetts 
Institute of Technology, of Yale University and of other similar institutions in the U.S.A., as 
numerous senior scientists would readily testify." 

You see, dear reader, there has been a deep scientific conspiracy in the U.S. to prevent am 
change in the severe restrictions placed on general relativity by Einstein. This has reduced GR toa 
sort of "special relativity, with only distant perturbations." Specifically, it has excluded scalar 
electromagnetics and branded as heresy the inconceivable idea that general relativity could be local, 
and engineerable, 

Now you know why the Soviets have been able to develop these monstrous weapons for over 
three decades while our scientists slept at the wheel. Scientific arrogance and pride has been our 
greatest enemy. 

See also Bryan G. Wallace, "The great speed of light in space coverup,” Scientific Ethics, 1(1), 
Feb, 1985, p. 2-3; "Radar testing of the relative velocity of light in space," Spectrosc. Lett. 2, 1969, p. 
361; Wallace, "Letter to the editor," Physics Today, 36(1), 1983, p. 11; "Letter to the editor," Physics 
Today, 37(6), 1984, p. 15. See M.E. Ash et al, Astron. J., 72, 1967, p. 72. Direct experiments on 
Einstein's second postulate, in the 1961 interplanetary radar contact with Venus, challenge whether 
relativity is correct. Variations of over 30,000% of the best possible general relativity fit the MIT 
Lincoln Lab could generate were measured. The variations were not random but contained diurnal, 
lunar, and synodic periodic components. See also Bryan G. Wallace, Spectrosc. Lett. 4, 1971, p. 79 
for an analysis of published 1961 data on the interplanetary radar contact with Venus that concludes 
that the data showed a component that was relativistic in the Galilean c+v sense. See also Wallace, 
"The Unified Quantum electrodynamic ether," Foundations of Physics, 3, 1973, p. 381. which details 
Measurements strongly challenging the Einstein assumption of the constant velocity of light, and 
deals with the nature of the ether. See also Thomas E. Phipps, Jr., "Critique of accepted theories of 
special relativity and electromagnetism," Scientific Ethics, 1(2), Apr. 1985, p. 17-23. 


22. For a sample of Soviet scientific freedom from narrow-minded bias in general relativity, see V. I. 
Denisov and A. A. Logunoy, "The inertial mass defined in the general theory of relativity has no 
physical meaning," Teor. i Matemat. Fizika, 51(2), May 1982, p. 163-170 (In Russian). See also A. 
A. Vlassov and V. I. Denisov, "Einstein's formula for gravitational radiation is not a consequence of 
the general theory of relativity," Teor. i. Matemat. Fizika, 53(3), Dec. 1982, p. 406-418. Here we find 
that the intensity of gravitational radiation and the total intensity determined in the general theory of 
relativity in accordance with Einstein's formulas depend on the choice of the coordinate system, so 
that they can be made to vanish or even become negative. [Note by T.E.B.: If local curvature is 
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engineerable, as in scalar EM, the local choice of coordinate systems can itself be directly 
engineered. This clearly implies that scalar EM can thus produce either "positive" intensity radiation 
or "negative" intensity radiation; thus it can "produce energy at a distance" or "extract energy from a 
distance.] 

Continuing with Denisov: This result is a particular consequence of the general assertion to the effect 
that in general relativity there are no energy-momentum conservation laws for a system consisting of 
matter and the gravitational field. [Note by T.E.B.: Thus we can have an energy source or energy sink 
appear in the distant interference region, where matter has been lifted from the Dirac sea and 

exposed to the highly nonlinear interfering EG fields.]. See also V. I. Denisov and A. A. Logunov, 
"New theory of spacetime and gravitation, "Teor. and Matemat. Fizika, 50(1), July 1982, p. 3-76. 
Points out that"... the gravitational field in general relativity is completely different from other 
physical fields and is not a field in the spirit of Faraday and Maxwell." (p. 3, English version). 


23. In the Proceedings of the Tesla Centennial Symposium, an IEEE Centennial Activity, Colorado 
College, Colorado Springs, Colorado, Aug. 9-11, 1984, see Richard A. Blade, "Modification of 
Maxwells equations in free space to account for nonzero photon mass and scalar electromagnetic 
waves," p. 91-92; Jack Y. Dea, "Scalar fields: their prediction from classical electromagnetism and 
interpretation from quantum mechanics," p. 94-98; Robert W. Bass, "Self-sustained non-Hertzian 
longitudinal wave oscillations as rigorous solutions of Maxwell's equations of electromagnetic 
radiation," p. 89-90; T. E. Bearden, "Tesla's electromagnetics and its Soviet weaponization," p. 119- 
138. 


24. To see the limiting assumptions imposed on general relativity that results in the severely 
restricted "ordinary general relativity” taught in almost all Western universities. see Charles W. 
Misner, Kip S. Thorne and John Archibald Wheeler, Gravitation, W. H. Freeman and Co., San 
Francisco, CA, 1973, p. 19-21, 71-72, 367-369. Among other things, these arbitrary restrictions save 
the conservation laws. When they are removed. the conservation laws can be violated. 


25. Several anomalous events -- skyquakes, booms, or earthquakes -- have been documented in 
Europe. See H. W. Haak. "The Seismic event of November 9, 1983: Earthquake or sonic boom." 
Seismic Activity in Western Europe, (With particular consideration of the Liege Earthquake of 
November 8, 1983), Ed. by Paul Melchior, D. Reidel Publishing Co., 1985, p. 215-222. For such 
events in the United States, see S. Claflin-Chalton and G. J. MacDonald, "Sound and light 
phenomena," The Mitre Corporation, McLean, Virginia 22102, Nov. 1978. 


26. Fundamental experiments were performed by Eotvos et al. in the early 1920s. See R.V. Eotvos, 
D. Pekar and E. Fekete, Ann. Phys. (Leipzig) 68, 1922, p. 11. Actually a fifth force of nature due to 
hypercharge may have been found by these experiments, See Ephraim Fischbach et al. "Reanalysis of 
the Eotvos experiment," Physical Review Letters, 56(1), Jan. 6, 1986, p. 3-6. See also F. D. Stacey 
and G. J. Tuck, Nature 292, 230 (1981); S. C. Holding and G. J. Tuck, Nature 307, 714 (1984); G. W. 
Gibbons and B. F. Whiting, Nature 291, 636 (1981); F. D. Stacey, in Science Underground, edited 
by M. M. Nieto et al., AIP Conference proceedings No. 96, (American Institute of Physics, New 
York, 1983, p. 285. See also S. H. Aronson et al, Physical Review Letters 48, 1982, p.1306; Physical 
Review D 28, 1983, p. 476, 495. Also, comparison of satellite and terrestrial determinations of the 
gravitational field constant reveals significant disagreement: see R. H. Rapp, Geophys. Res. Lett. 7, 
1974, p. 35; Bull. Geod. 51, 1977, p. 301. 
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27. John J. A. O'Neill. "Tesla cosmic ray motor may transmit power ‘round the earth: Famed scientist, 
on eve of 76th birthday, says he has succeeded in harnessing ‘penetrating rays’ to operate small 
motive device.” Brooklyn Eagle, July 10,1932. Tesla reported he had harnessed "cosmic rays" and 
caused them to operate a small motive device. Tesla's use of "cosmic rays," however, encompassed 
scalar EM radiation. Tesla later seems to have progressed to a simpler motive unit. In the Kansas 
City Journal-Post, Sep. 10, 1933, he stated: My power generator will be of the simplest kind -- just a 
big mass of steel, copper and aluminum, comprising a stationary and rotating part, peculiarly 


assembled." A similar type of "gravitational turbine" seems to have been invented by John Bedini. 


28. To see just how arbitrary and postulational are present "definitions" of mass and force, see Robert 
Bruce Lindsay and Henry Margenau, Foundations of Physics, Dover Publications, New York, 1963, 
p. 283-287. Note on p. 283 that a "field of force” at any point is actually defined only for the case 
when a unit mass is present at that point. Also see Richard P. Feynman, Robert B. Leighton, and 
Matthew Sands, The Feynman Lectures on Physics, Addison-Wesley, New York, Vol. 1, 1963, p. 2-4 
for a definition of the electric field in the context of its potentiality for producing a force. This 
problem did not exist for the original foundation of electromagnetic force fields in vacuum, since the 
vacuum was assumed to be a material ether. With the modern view a nonmaterial ether has emerged, 
yet the classical electromagnetic theory has not been made sufficiently rigorous in distinguishing 
"observable" and “virtual” electromagnetic force fields. 


29. E. P. Battey-Pratt and T. J. Racey, "Geometric Model for Fundamental Particles," International 
Journal of Physics, Vol. 19, No. 6, 1980, p. 437-475. 


30. Some years ago, Dr. William Tiller produced very important "free A-field" theoretical work 
which showed waves which did not fall off as 1/12. Interesting theoretical work in scalar wave theory 
has also been advanced by Dea. See Jack Dea, "Fundamental Fields and Phase Information," 
presented at the 1985 U.S. Psychotronics Association Conference, Bergamo Center, Dayton, Ohio, 
July 1985. Dea has formulated an important theory for vacuum EM scalar waves, derived from 
Maxwells equations with zero E and B fields. He predicts waves whose intensity falls off with 
distance as 1/r instead of 1/12, and detection of these waves by various means. He shows simple 
generators for the waves. Detection is quantum mechanically by electron interference, not by single 
electrons. Thus such scalar waves will pass through normal Faraday shields. In his theory Dea does 
not address the question of spin vortexes in vacuum scalar waves. It is the present author's view that 
all vacuum waves are scalar waves, and the primary distinction between the "transverse" EM wave 
and the longitudinal scalar wave is simply the presence or absence of spin-vortexes. Indeed, one may 
argue that the present "vector wave" EM theory can be replaced by a scalar wave theory. In 1903 
Whittaker proved that any vector field can be replaced by two scalar fields. See E. T. Whittaker, 
Proc. Lond. Math. Soc.1, 367, 1903. By implication, since a vector wave is simply a moving vector 
field, it can be replaced by two moving scalar fields. 


31. David Jones, "Israel's Secret Weapon," Weekend Magazine, Dec.17, 1977. 


32. John Hutchinson, private communication, Masses of wood, metal, etc. -- some weighing over 60 
Ibs. ~- have been levitated by Hutchinson. 


33. For a description and details of the April 9, 1984 incident off Japan, see Daniel A. Walker, 
Charles S. McCreery, and Fermin J. Oliveira, "Kaitoku Seamount and the Mystery Cloud of 9 April 
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1984," Science, 227(4684), Feb. 8, 1985, p. 607-611. See also transcription from Japan Airlines flight 
036 to Anchorage International Flight Service, 9 April 1984, at 1406 Greenwich mean time, Federal 
Aviation Administration (FAA) — Alaska Region; Jim Derry, Special Agent, FAA-Alaska Region, 
interviews with Captain CH. McDade, Japan Airlines Flight 036, with Captain Cornelis Vander 
Berg, KLM Royal Dutch Airlines Flight 868; with First Officer Reint Sol, KLM Royal Dutch 
Airlines Flight 868, and with Captain Mike Howe, Flying Tiger Lines Flight 078, Anchorage Daily 
News, 10 April 1984, p. A-l; Anchorage Daily News, 12 April 1984, p. A-l; Honolulu Advertiser, 10 
April 1984, p. B-I; Newsweek, 30 April 1984, p. 25, Gregg Ripee, "Mushroom cloud sighted off 
Japan,” Los Angeles Daily News, 11 April 1984, p. 1,8; Ross Gelbspan, "Mystery cloud baffles 
scientists," Boston Sunday Globe, 13 Jan. 1985, p. 1, 14; TE. Bearden, Soviet Weather Engineering 
Over North America, I-hr. videotape, 1985. See also McKenna, Daniel L, & Daniel Walker,"Mystery 
Cloud: Additional Observations”, Science, 234(4775), Oct. 24, 1986, p. 412-413. 


34. For a description of the April 11, 1963 anomalous underwater explosion north of Puerto Rico, see 
Robert J. Durant, "An Underwater Explosion — or What?", Pursuit, 5(2), April 1972, p. 30-31. 


35. For details of the loss of the U.S.S. Thresher and the interference experienced by the U.S.S. 
Skylark, see John Bentley, The Thresher Disaster, Doubleday, Garden City, N. Y., 1975, particularly 
p. 164, Some of the communications systems of the Skylark experienced temporary failure, but were 


not disabled, later resuming operation. 


36. The Soviet Union has a well-established history of interfering with and destroying aircraft; for 
example, for a listing see "Soviet and Warsaw Pact air incidents," Jane's Defence Weekly, 3(2), Jan. 
12, 1985, p. 58. 


37. For details of the anomalous "nuclear flashes” detected by U.S. Vela satellites, see "Scientists Fail 
to Solve Vela mystery," Science, 207, 1 Feb. 1980, p. 504-506. "Satellite Evidence Shows 
‘possibility’ of Nuclear Test, DOD Says," Aerospace Daily, Oct. 29, 1979, p. 286. "A Flash of Light," 
Newsweek, Nov. 5, 1979, p. 64-65. "Was It a Nuclear Device?”, Newsweek, July 21, 1980, p. 19. 
verging Views,” Washington Roundup, Aviation Week & Space Technology, July 21, 1980, p. 

15. Philip J. Klass, "Clandestine Nuclear Test Doubted,” Aviation Week & Space Technology, Aug. 
11, 1980, p. 67, 69, 71-72. "Debate continues on the Bomb That Wasn't," Science, 209, 1 Aug. 1980, 
p. 572-573. "Navy Lab Concludes the Vela Saw a Bomb," Science, 209, 29 Aug. 1980, p. 996-997. 
See also Jack Anderson and Dale Van Atta, United Press Syndicate, "CIA knew South African-Israeli 
nuclear test was coming," Birmingham Post-Herald, Apr. 26, 1985, p. AS. The latter article repeats 
the CIA/DIA argument that the Vela incidents represent concurrent South African-Israeli testing of 
atomic weapons. Taiwan is considered a possible third partner. According to Anderson and Van Atta, 
a South African navy contingent was "in the area” at the time of the 1979 Vela detection, and Israel 
and South Africa were cooperating on an atomic bomb project as early as 1966. Apparently U.S. 
announcement of an impending South African atomic test in the Kalahari Desert in 1977 led to such 
an outcry that the test was suspended. Anderson and Van Atta cite succeeding visits to South Africa 
by Israeli scientists, technicians, and defense officials. However, since the actual Vela detections 
showed some deviations from what would be expected from nuclear tests, one can speculate that 
Anderson and Van Atta have presented evidence for the development of scalar electromagnetic 
weapons by two additional countries. One may further speculate that this could reveal what has been 
checking the Soviets from simply moving against the West with scalar electromagnetic weapons. 


file:/CYbearden/A DITIONAL 20NOTES%20AND9%20REFERENCES. htm (7 of 21)25.11.2008 0:09:25 


The Tom Bearden Website 


Indeed, the mysterious destruction of six major Soviet missile ammunition storage areas within the 
space of seven months could have been a preemptive measure and warning to the Soviets if they had 
actually been considering moving against the West. Also, other incidents reported in the South 
Atlantic may possibly be associated with the program producing the "Vela flashes." For example, see 
N.W.C. Rutherford, "Unidentified Phenomena," Marine Observer, 51, 1981, p. 186 for a description 
of a great bluish-white flash and small bolt of lightning, indicating some sort of anomalous electrical 
discharge, on Dec. 23, 1980 at 2245 hours (10:45 p.m.). Many other anomalous flashes for which no 
known causative mechanism exists have been detected by satellites. For example, the OSO-2 and 
OSO-5 satellites have detected about one mysterious short (less than 0.1 sec) flash about every ten 
orbits, at times when the fields of view of the telescopes were well above the earth. As many as three 
of the satellite's photometers have detected a flash simultaneously. These flashes must be removed 
from any discussion of satellite-observed lightning; see J. G. Sparrow and E. P. Ney, "Lightning 
Observations by Satellite,” Nature, 232, 1971, p. 540. 


38. For a description of sightings of enormous glowing globes of light deep within the Soviet Union 
in the direction of Saryshagan, see Gwynne Roberts, "Witness to a Super Weapon?", The Sunday 
Times, London, England, Aug. 17, 1980. Several incidents were observed by Downie and others. 


39. For an artist's conception of a directed energy weapon installation at Saryshagan, see Aviation 
Week & Space Technology, July 28, 1980, p. 48. For a DOD sketch, see Soviet Military Power, 
1985. Obviously classically-trained U.S. military analysts, with no knowledge of scalar 
interferometry, have not considered the installation as a candidate hyperspatial howitzer. 


40. For a description of multiple pilot sighting (from Iran) of an enormous glowing globe of light 
deep within the Soviet Union, see Central Intelligence Agency (CIA) Information Report No. CO-B- 
321/15354-66, "Sighting of Unusual Phenomenon on Horizon Near Iranian/USSR Border," Sep. 8, 
1966, released on 15 Dec. 1978 under the Freedom of Information Act (FOIA). The sighting occurred 
at 2142 hours (9:42 p.m.). 


41. For details of sighting of the intensely glowing ball of light near British European Airways flight 
831 between Moscow and London, see CIA Foreign Intelligence Information Report CO-B- 
324/33601-76, "Aerial observation of intense Source of Light," Nov. 18, 1976, released on 15 Dec. 
1978 under the FOIA. The incident occurred between 1800 and 1900 hours (6:00-7:00 p.m.). The 
light was observed for 10-15 minutes, until the aircraft had flown past and left the light behind. 


42. For other examples of pertinent light phenomena: F. S. Angus and G. Carling, "Optical 
Phenomenon: Caribbean Sea; Western North Atlantic," Marine Observer, 40, Jan. 1970, p. 17-18; R. 
A. Holmes, "Unidentified Phenomenon, off Barbados, West Indies," Marine Observer, 40(229), July 
1970, p. 107-108; H. K. Dyer, "Unidentified Phenomenon: Western North Atlantic,” Marine 
Observer, 43, July 1973, p.114. For a 1961 double concentric hemispheric shape observed in the 
Indian Ocean, see Marine Observer, 32, 1962, p. 64. For a particularly significant combination of 
forms, see Marine Observer, "Unidentified Phenomenon," 48, 1978, p. 21-22. Also, on the night of 
July 26, 1984 the pilot and crew of a Boeing 747 (American carrier) flying from Tokyo to Fairbanks, 
near the Kuriel Islands, at 47 5'44" N: 161 00'05" E, noticed a slowly expanding hemisphere of white 
light off to their left above the horizon. The shell of light continued to expand over a 10-minute 


file:/CYbearden/ADDITIONAL%20NOTES%20AND9%20REFERENCES. htm (8 of 21)25.11.2008 0:09:25 


The Tom Bearden Website 


period until ahead of them and to the right. The crew braced for a shock wave which never arrived. 
Their weather radar saw nothing out of the ordinary. The shell of light had sharp edges and was semi- 
transparent so that stars became visible through it. (Richard F. Haines, private communication, Sept. 
27, 1984). See also Richard Hall, "Aerial anomalies at sea," The Info Journal, 4(3), May 1975, p. 6-9 
for an unusual light phenomenon seen in the Caribbean by the R.M.S. Carmania (British). The 
phenomenon occurred four times at precise hourly intervals, strongly suggesting an artificial origin. 
See also F. Shepherd, "Cloud: Strait of Gibraltar," Marine Observer, 51(273), July 1981, p. 107-108 
for an incident of associated cloud, arch, and anomalous pressure effects. For another significant 
airline sighting by Japan Airlines flights 403 and 421 of a giant, expanding globe of light on June 18, 
1982, in the North Pacific, 100 km. east of Kushiro, see the Asahi Evening News, Tokyo, Japan, June 
22, 1982. For additional evidence that nomadic tribesmen passing through Kazakhstan repeatedly 
observe such gigantic light phenomena in close association with Saryshagan missile test range, and 
that Soviet deception planners foster the notion of "UFO activity” as a Red Herring, see Robert 
Jackson, "KGB takes to the flying saucers!", Northern Echo, Darlington, England, March 15, 1984. 


43. For details of Khrushchev's announcement of a Soviet superweapon, see Max Frankel, 


"Khrushchev Says Soviet Will Cut Forces a Third; Sees 'Fantastic Weapon", New York Times, Jan. 
15, 1960, p. 1. 


44. See Christopher S. Wiren, "Brezhnev Calls for Accord against 'Terrifying Arms," New York 
Times, June 14, 1975, p. 1, 11. Ina major Kremlin speech on June 13, 1975, Leonid I. Brezhnev 
included a statement that one major concern not covered by existing agreements was "assuming ever 
greater urgency with each passing day.” Calling for a ban on new weapons of mass destruction, the 
Soviet leader stated: "The level of modern technology is such that a serious danger arises of creating 
weapons more terrifying than nuclear ones." He stated, "The reason and conscience of humanity 
dictate the necessity of erecting an insurmountable barrier to the development of such weapons.” See 
also Malcolm W. Browne, "Senatorial Group Received by Brezhnev,” New York Times, July 3, 
1975, p. 2. Leonid Brezhnev repeated his proposal to a group of U.S. senators on July 2, stating that 
the capability to develop more terrible weapons was obvious. He emphasized, however, that he "had 
no particular weapon in mind." Here he may have been deliberately misleading the U.S. senators, to 
prevent revealing that the Soviet Union had already developed such weapons, and was horrified at 
their potential for total destruction. E.g., if massive and rapid scalar explosions occur, the linearity of 
spacetime -- and the orderly flow of time itself -- may be seriously perturbed throughout the earth and 
its adjacent space. From a general relativistic viewpoint, such an event might well prove catastrophic 
for the entire biosphere. Boris N. Ponomarev, a Soviet national party secretary, again raised the same 
issue to a delegation of visiting U.S. congressmen in the Kremlin on Aug. 11, 1975; see Christopher 
S. Wren, "Moscow Now Pressing Disarmament." New York Times, Aug. 12, 1975, p. 6. At the 
United Nation's thirtieth session of the General Assembly on Sept. 23, 1975, Foreign minister Andrei 
A. Gromyko strongly raised the same issue, warning that science can produce "ominous" new 
weapons of mass destruction. He urged that all countries, led first by the major powers, should sign 
an agreement to ban the development of these unspecified new weapons. He even offered a draft, 
entitled "Prohibition of the Development and Manufacture of New Types of Weapons of Mass 
Annihilation and of New Systems of Such Weapons.” The first article provided that the types of these 
new weapons would be "specified through negotiations on the subject." Because of its fixation on 
nuclear weapons, the West may have lost its only opportunity to prevent the spread of scalar 
electromagnetic weapons of power unprecedented even by nuclear arms. Of course, it may also have 
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been a Soviet ploy to prohibit the U.S. from developing scalar electromagnetics defensive weaponry 
to counter the massive strategic scalar electromagnetics weapons already developed, tested, and 
deployed by the Soviet Union. Certainly in 1973 at a secret meeting in Prague with European 
communist leaders, Brezhnev had laid out a firm statement of Soviet domination of the world by 
1985. See "Secret Speech: Did Brezhnev Come Clean?", National Review, 29(8), Mar. 4, 1977, p. 
248, 250. Brezhnev's speech contained statements such as: "We are achieving with detente what our 
predecessors have been unable to achieve using the mailed fist...come 1985 we will be able to extend 
our will wherever we need to." Brezhnev stated the Soviet Union would control the oceans of the 
world, 90% of the land, and the air and space above. A front-page Boston Globe article on Feb. 11, 
1975 was the first to carry the story. A copy of Brezhnev’s secret speech was obtained by British 
intelligence in 1973, but denigrated by Secretary of State Kissinger. Apparently the first official U.S. 
reference to Brezhney's startling speech did not appear until the 1976 National Intelligence Estimate. 
Although the big intelligence bureaucracies can do a fantastic job with "current intelligence," their 
record at predicting a drastic change is woeful, precisely because of the political nature of 
bureaucracies. See "What is Intelligence," Colonel William V. Kennedy et all, Intelligence Warfare: 
Penetrating the Secret World of Today's Advanced Technology Conflict, with an introduction by Dr. 
Ray S. Cline, Crescent Books, New York, 1983, p. 8-23. Intelligence Warfare is heartily 
recommended as the single book which best gives the reader a grasp of modern technical intelligence 
organizations, capabilities, and operations. 


45. For details of Soviet weather engineering operations over the U.S., see Thomas E. Bearden, 
"USSR: New beam energy possible?", Defense & Foreign Affairs Daily, 13(111), June 12, 1984, p. 1- 
2. Cloud signature patterns reported in the article have been repeatedly sighted over multiple areas in 
the U.S. A series of anomalous "hole in the cloud" patterns, possibly associated with early Soviet 
weather engineering efforts over the U.S., was widely seen in 1967-68. See Weatherwise, 21(4), Aug. 
1968, cover and p. 143; 21(5), Oct. 1968, p. 194-195, 204-205; 21(6), Dec. 1968, p. 238-245. 
Peculiar stationary blocking patterns have also been observed to occur and influence weather over the 
USS., leading to severities such as the winter of 1976-77. See K. K. Tung and R. S. Lindzen, "A 
theory of stationary long waves, Part 1, A simple theory of blocking; Part 2: Resonant Rossby waves 
in the presence of realistic vertical shears; Part 3, Quasi-normal modes in a singular waveguide," 
Monthly Weather Review, 107(6), June 1979, p. 714-774. See also T. E. Bearden, Soviet Weather 
Engineering Over North America, videotape, 1985 for an expose or the physics and some major 
incidents of major Soviet weather engineering, including details and photographs of cloud signature 
patterns. See also C. B. Baker, "Soviet Weather Mayhem," Youth Action News, Nov. 1983, P.O.B. 
312, Alexandria, Virginia 22313, p. 1-8; C. B. Baker, "Diabolic Soviet Warfare," Youth Action 
News, Nov. 1984; For a conventional Soviet look at weather modification (possibly intended to 
mislead the West), see E. T. Protasevich, "Microwave weather modification,” Soviet Technical 
Physics Letters, 7(3), March 1981, p. 114-115. For a downburst mechanism, see Gary Ellrod, 
"Dramatic examples of thunderstorm top warming related to downbursts," National Weather Digest, 
10(2) May 1985, p. 7-13. See Art and Kay Westermann, Weather War — Worldwide, Liberty Bell 
Books, POB 288, Sedona, Arizona 86336, 1983. See also U.S. Senate Resolution on Environmental 
warfare, July 11, 1973. 


46. For details of the Soviet Woodpecker beams bending around the earth and intersecting over the U. 
S., see Christopher Chant and Ian Hogg, Nuclear War in the 1980's?, Harper & Row, New York, 
1983, p. 71. See also Soviet Military Power, U.S. Department of Defense, 1985, p. 45. The 
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intersection forms an interference grid. Scalar EM channels added to the Woodpecker carriers then 
provide a corresponding scalar EM interference grid in the scalar area. 


When adjusting the scalar interferometry components of the grid, bursts in the interference and 
discharges of energy as well as bursts of energy extractions occur. This leads to the production of 
anomalous aerial phenomena such as explosions, rumblings, airquakes, etc. In addition, direct Bohm- 
Aharonov forces may be engendered in ground structures, shaking buildings and windows, etc. 
without seismic disturbances. Such anomalous disturbances have been widely noted in the open U.S. 
press. E.g., particularly see Kenneth F. Bunting and Daniel M. Weintraub, "Mysterious Rumbles Jar 
Southland," Los Angeles Times, Dec. 8, 1984, CC(ID, p. 1,10; Let Scarr, "People shook up over 
mystery shakes,” The San Diego Union, Dec. 8, 1984, p. Bl, 4. Following this and a Dec. series of 
anomalous aerial disturbances off the Los Angeles/San Diego coast, a sharp and unexpected weather 
front appeared, racking the area with high winds on the night of Dec. 12, producing widespread 
damage and power outages. The newly-formed front moved on to produce significant snowstorms in 
other areas. See Ted Thackery, Jr., "Winds Kill Two, Wreak Havoc as They Sweep Through the 
Southland," Los Angeles Times, Dec. 14, 1984, MF/Part II, p. 1,8; "Even Tucson gets snow in storm 
that dumps 20 inches,” AP release, Los Angeles Herald Examiner, Dec. 14, 1984, p. A-12. During 
several months prior to the December 1984 Los Angeles incident, anomalous electrical failures and 
outages had occurred in the San Diego and Southern California area, possibly due to scalar 
interferometry adjustments in the Woodpecker grid over the area. For other typical incidents possibly 
associated with adjustment of the interference grid, see "Who boomed? Odd Noise unnerves 
Ohioans,” Journal, Milwaukee, Wisconsin, Dec. 28, 1982; "Tremors shake Miss. Gulf Coast," Times- 
Picayune, New Orleans, Louisiana, Feb. 27, 1983; Sandra Skowron, "Sonic boom is just Mother 
Nature," Beaver Co. Times, Beaver Falls, Penn., Jan 13, 1983; "Booms in Rockland, New York 
Times, Mar. 1. 1979, Sec. 8, p. 82; "Loud ‘boom’ unexplained," Star-Beacon, Ashtabula, Ohio, Feb. 
21, 1983; Paul Senecton, "The word is now IDENTIFIED," Mail, Hartlepool, England, Feb. 3, 1985: 
On Jan. 23, 1974 a mysterious explosion over North Wales rocked a 60-mile radius area. Associated 
anomalous light phenomena were also seen. Hundreds and hundreds of anomalous booms, aerial 
rumbles, and aerial explosions, many accompanied by flashes or anomalous shaking of ground 
structures, buildings, windows, etc., have occurred over the U.S. and other Western nations in the 


On occasion, an aircraft at the proper altitude and position can conceivably experience interference in 
its electrical systems and in its engine combustion processes due to exothermic kindling or 
endothermic extraction of electromagnetic energy. The combustion processes of aircraft engines 
produce highly ionized gases in very nonlinear conditions. These can act as strong dephasers and 
decouplers of the vector EM components of a vector zero summation in a scalar interference zone. 
Exothermic interference would have little effect on combustion, but strong endothermic interference 
can result in engine flameout. Anomalous simultaneous failure of jet and propeller-driven aircraft 
engines sometimes occurs. For high altitude grids, this can result in engine flameouts, but restart and 
recovery after unusual loss of altitude has dropped the aircraft out of the scalar interference zone. 
Several candidate incidents over and near the U.S. exist, particularly where power failures were 
experienced by multiple aircraft. The more usual exothermic case, however, if substantial could result 
in anomalous loss of control of the aircraft. For a recent candidate incident, see "Jetliner drops 32,000 
feet; 400 aboard; 50 are injured,” Associated Press release, Huntsville Times, Feb, 20, 1985, p. 1 and 


"China Airlines Pilot Denies Cockpit Error," Associated Press release, Huntsville Times, Feb. 21, 
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1985, p. A-9. Deliberate use of this effect as an anti-strategic-bomber weapon capable of destroying 
bombers at or shortly after takeoff is possible (the Arrow DC-8 which crashed just after takeoff from 
Gander Air Force Base, Newfoundland on December 12, 1985 may have been deliberately interfered 
with by just such a Soviet weapon -- see extensive newspaper and TV news coverage of that event). 


In scalar EM interference with aircraft, certain signatures may occur. Different instruments may 
sharply contradict each other, since their activation and inactivation is no longer a simple function. 
The pilot's instrument panel, for example, may indicate failure of the control system, when actually it 
has not failed, and the flight recorder may record that the control system is still operating. In such 
case, the pilot may take proper action based on his own instrumental readings, yet these actions may 
be contraindicated for the actual status of the aircraft, resulting in opposing pilot/autopilot actions. 
Tentative indications of the jetliner that anomalously dropped 32,000 feet and recovered are that 
apparently such anomalous instrument disagreements occurred. Another signature is that, as the EM 
charge accumulates in and on the aircraft, its skin charges up electrically, producing a glowing corona 
similar to St. Elmo's fire. The Arrow DC-8 was observed to be glowing yellow by eyewitnesses, 
according to the Canadian Broadcast Corporation's 10:00 p.m. network TV news on April 8, 1986. 


47. T. E. Bearden, Star Wars Now! The Bohm-Aharonov Effect, Scalar Interferometry, and Soviet 
Weaponization, Tesla Book Co., Millbrae, California, 1984, p. 19-22. 


48. For a paper possibly related to the first Bedini scalar wave detector from the "free A-field is a 
scalar field” view, see Robert R. Lewis, "Aharonov-Bohm effect for trapped ions," Physical Review 
A, 28(3), Sept. 1983, p. 1228-1235. This paper analyzes the role of the Aharonov-Bohm effect for the 
bound states of a charged particle in the superposition of two fields: a uniform magnetic field plus the 
vector potential of a solenoid. Gives exact solutions for a solenoid of zero size and discusses the 
corrections due to a solenoid of finite size. Shows that a series of new "betatron resonances" appear in 
the spectrum, dependent on the flux quantum number. The fundamental betatron resonance remains 
narrow and unshifted for solenoid radii large enough to broaden and shift the cyclotron resonance. 
See also W. Ehrenburg and R. E. Siday, Proc. Phys. Soc. London, Sect. B62, 1949, p. 8 which, 
among other things, discusses the effect of the vector potential in electron interferometry, where the 
insertion of a tiny solenoid between the interfering paths is shown to give an additional phase 
difference proportional to the flux through the solenoid. The resulting shift in the fringe system is 
called the Aharonov-Bohm effect. 


49. Frank Golden has developed a most important and precise scalar EM detection system to display 
scalar EM signals on a cathode ray tube. His important measurements have mapped the scalar 
resonant frequency responses of the entire earth. Two completely different types of scalar 
instrumentation show precise agreement on the frequency maps. The measurements show that the 
Soviet Union has for some time entrained the entire earth into giant scalar electromagnetic 
resonances on two frequencies approximately 12 kilohertz. apart. It is the opinion of the author that 
the beat frequency between these two giant resonances is utilized by the Soviet Union to extract 
enormous power from the earth, essentially by a mechanism that Golden has uncovered. A complex 
of four to eight weapon systems might reasonably be powered from the single bi-resonant tapping 
source. In April 1985 Golden discovered the rather sudden activation of many other scalar 
frequencies with characteristics resembling command and control communications. In addition, a 
significant number of additional paired scalar resonances had been entrained upon the earth. It is the 


file:/CYbearden/ADDITIONAL %20NOTES%20AND%20REFERENCES.htm (12 of 21}25.11.2003 0:09:25, 


The Tom Bearden Website 


opinion of the author that this showed a major activation of the Soviet strategic scalar 
electromagnetic defense system, with the power up of from 80 to 100 weapons, along with the 
complete command and control system. Golden has previously built a prototype of an actual Soviet 
scalar communications system and demonstrated that it works. Because of the impending mayday 
and the 1973 statement by Brezhnev indicating that 1985 was a critical planning year, the sudden 
activation of such massive numbers of weapons and communications was alarming. Accordingly, the 
author discreetly notified certain contacts to alert the U.S. system. Golden then detected the periodic 
turn-on and turn-off of the systems, indicating a large command and control exercise rather than 
preparations for direct tactical use. An additional difference, however, was the change from scalar 
electric to scalar magnetic field on many of the large transmitters. This is indicative of electrostatic 
location, targeting, and adjustment of the target on the earth and then switching to the "power input” 
mode. It is the opinion of the author that this indicated the choice of a geological target and 
proceeding to attack that geological target in the "slow buildup" mode. Again, proper contacts were 
so notified. 


50. A very good coverage of the Soviet microwave radiation of the U.S. Embassy in Moscow is given 
in Paul Brodeur, The Zapping of America, W. W. Norton & Co., New York, 1977, passim. None of 
our U.S. Embassy security personnel knew of scalar interferometry, nor did they possess scalar 
electromagnetics detectors. Further, orthodox U.S. scientists were also ignorant of scalar 
electromagnetics. The Soviets were thus in a position to tailor the radiation signals and precisely 
determine what our on-site personnel would detect. Details of the effects on U.S. Embassy personnel, 
possibly associated with the microwave radiation, are given by Brodeur. A great number of related 
releases by the open news media also exist. For example, see Robert C. Toth, "Radiation Devices 
Bug U.S. Embassy," Huntsville Times, reprinted from the Los Angeles Times, Feb. 8, 1976; "U.S. 
Screening out Soviet ‘Listening Rays’," United Press International release, Washington D.C. Star, 
Feb. 11, 1976; Norman R. Beebe, "Nixon Exposed to Radiation In Russia?", Associated Press 
release, Huntsville Times, Apr. 30, 1976; Barton Reppert, "U.S. Scientists Puzzled Over Embassy 
Radiation Effect,” Associated Press release, Huntsville Times, May 28, 1976; Barton Reppert, 
"Radiation Entering Embassy in Moscow through Phone Line,” Associated Press Release, Huntsville 
Times, May 28,1976. See also Martin Ebon, Psychic Warfare: Threat or Illusion, McGraw Hill Book 
Co., New York, 1983. 


51. For details of the electromagnetic transmission of cellular disease and death, see Vlail P. 
Kaznacheyey, "Information function of ultraweak light flows in biological systems," Problems in 
Biophysics, Novosibirsk, 1967, p. 7-18. Kaznacheyev et al, "Conditions necessary for appearance of 
distant intercellular interactions after UV-radiation," Bulletin Experimentalnoy Biologii i Meditsiny, 
(5), 1979, p. 468-471; Distant intercellular interactions in a system of two cultures connected by 
optical contact," Ultraweak Luminescence Biology, Moscow, 1972, p. 224-227; "Distant intercellular 
interactions caused by UV-radiation,” Photobiology of a Living Cell, Leningrad, 1979, p. 221-223; 
"Studies on the biological role of electromagnetic emission as a factor of adaptive behavior of cells 
under conditions of latitude changes," Abstracts of the second all-union conference devoted to the 
problem of human adaptation to different geographical, climatic, and labor conditions, Novosibirsk, 
1977, p. 101-104; Vlail P. Kaznacheyev, S. P. Shurin and L. P. Mikjhailova, "Distant intercellular 
interactions in a system of two tissue cultures," Official Bulletin of the committee on inventions and 
discoveries affiliated to the council of ministers of the USSR, Discovery no. 122 (19), 1973, p. 3, also 
printed in Psychoenergetic Systems, 1(3), Mar. 1976, p. 141-142; "Apparent Information Transfer 
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Between Two Groups of Cells," Psychoenergetic Systems, 1(1), Dec. 1974, p. 37. 


52. For evidence of anomalous scalar reflection out of the scalar grid caused by a Navy chaff drop, 
See "Navy sabotages traffic lights, TV sets," United Press International, PM cycle, Jan. 11, 1985; 
"Power blackout blamed on anti-radar particles," United Press International, AM cycle, Jan. 11, 1985; 
"Power Disrupted Briefly After Navy Plane Drops Metallic Strands," Associated Press, AM cycle, 
Jan, 16, 1985. 


53. A good summary of the early incidence of the Soviet Woodpecker signals is given by Bradley 
Wells, "The Russian woodpecker: a continuing nuisance," CQ, Nov. 1984. 


54. A particularly important Soviet Paper is E. B. Smetanin, "Electromagnetic field in a space with 
curvature -- new solutions,” Soviet Physics Journal, 25(2), Feb. 1982, p. 107-111. In this paper, a 
solution to the stated problem is obtained, which may be regarded as a classical model of a charged 
particle that has both a magnetic moment and a nonzero magnetic charge density. Interaction with 
spacetime curvature can disrupt the gauge invariance of the EM field, and it can also reestablish 
invariance in an initially noninvariant theory. (Hutchinson has had anomalous breaks of metal caused 
by standing scalar waves, which seems to be due to a mechanism that produces monopoles and 
deposits them in the metal at standing-wave nodes. This paper should be directly applicable.) 


See also Yu. S. Vladimirov and A. A. Kozlenkov, "6-optics and a general theory of gravitation and 
electromagnetism," Soviet Physics Journal, 27(12), Dec. 1984, p. 1039-1041; V. G. Bagrov and M. D. 
Noskoy, "New exact solution of the Dirac equation. XI," Soviet Physics Journal, 27(12), Dec. 1984, 
p. 1030-1034. See particularly V. I. Petukhov and I. A. Kuzin, "Weak processes in the field of a 
gravitational wave," Soviet Physics Journal, 27(12}, Dec. 1984, p. 1025-1029. 


In the latter paper it is significant that the decay probability increases in a locally curved spacetime, 
and that solutions are obtained for circularly polarized waves. 


(In EM waves, circularly polarized waves have special characteristics in nonlinear isotropic media: 
exact solutions exist. Also, when two longitudinal sine waves of differing frequencies are transmitted 
into a nonlinear isotropic medium, the apparent difference frequency is transmitted as a sine wave, 
undistorted. This characteristic has been used by Westinghouse to produce improved sonar 

ion through seawater, for example. The scalar EM (electrogravitational) wave may be 
represented as a longitudinal EM wave. Immediately, if one wishes to produce a pure scalar EG wave 
in the nucleus of an atom, two frequencies should be transmitted such that their difference is the 
frequency wished. Or circularly polarized waves may be utilized.) 


Note that, by implication, one should be able to deliberately tailor scalar EM waves to greatly speed 
the decay of long-lived radioisotopes, such as are contained in radioactive wastes from nuclear 
reactors and other processes. 


55. For some evidence of continuing persistence of the higher frequency scalar components applied 
to the scalar grid on Jan. 28, 1986 to localize the effects when attacking the Challenger, see "Poison 
suspected in unexplained deaths of birds,” Huntsville Times, AP release, Feb. 6, 1986. From 1-4 Feb. 
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1986, various kinds of dead birds -- such as blackbirds, cardinals, sparrows and bluebirds -~ 
plummeted to the ground in Birmingham, Alabama. At first some sort of mysterious poison was 
suspected, but later was ruled out. During this period, the woodpecker grid was particularly active in 
weather engineering operations. Multiple sightings of giant cloud radials occurred in various places 
throughout the U.S. The retention of the high frequency components possibly was intensified in the 
Birmingham area sporadically during the period. Birds flying into this zone would be killed if their 
brains acted as scalar receivers and were sufficiently jammed by the signals. Normally Huntsville 
(further north) is a "hinge point" for increased scalar activity, to start the Jetstream bending northeast 
to move along the Appalachian mountain chain. However, just before 28 January the jetstream had 
been diverted further south than usual by the Soviet interference, bringing unseasonably cold weather 
to Florida and the waiting Challenger on its launch pad. Probably hinge points further south than 
Huntsville were needed for this operation. If these more southern points were retained for a few days, 
and the high frequency components were retained, then an inadvertent high intensity area of these 
components may have sporadically occurred in the Birmingham area, killing the birds. 


For description of the Apr. 18, 1986 Titan blast and its ramifications to the spy satellite program, see 
James Gerstenzang and Ralph Vartabedian,” Los Angeles Times News Service, "Titan Blast to Hurt 
Spy Program," Huntsville Times, Apr. 19, 1986. 


56. For another very important paper indeed, see Vu. G. Ignat'ev, "Relativistic kinetics of an 
anisotropic plasmalike medium with damping in a field of gravitational radiation,” Soviet Physics 
Journal, 27(12), Dec. 1984, (English translation: Plenum, June 1985), p. 1066-1069. If we substitute 
the vacuum "virtual plasma’ for the observable plasma, this paper may be part of the smoking gun to 
show that the Soviet Union has developed scalar electromagnetics. Extrapolating from this paper, the 
amplitude of the "induced longitudinal field" is proportional to the square of the amplitude of the 
gravitational wave (GW) in an initially isotopic medium, but reduces to a linear proportionality as the 
medium develops nonlinearities (anisotropies or inhomogeneities). Whereas conventional GW are 
considered to be weak, the scalar GW may be very strong since we ourselves determine the variation 
in the energy density of vacuum it involves, Further, sharply spiked scalar EM (EG) pulses may 
develop appreciably more amplitude that the linearly calculated amplitude from the magnitudes of the 
zero-summation components. The end result is that (1) we can produce powerful gravity waves using 
the scalar EM approach, (2) local spacetime can be curved, producing violation of the conservation 
laws, and (3) the assumption of a local Lorentz frame made by Einstein as a limitation on ordinary 
general relativity is falsified. 


In passing, note that immediately one also has a clear basis for the excess local production of energy 
when the battery furnishing power to a DC series motor is sharply spiked backwards in a 
"recharging" fashion. Further, the ions in the battery (which are several hundred thousand times as 
massive as an electron) possess a resonance on the order of 16 megahertz in a typical lead-acid 
battery. Under the correct conditions, the ions collect the excess energy (due to the initial square 
effect) produced by a sharp pulse of recharging potential. The ions are shocked into resonance and, 
on reversal, "overshoot" and deliver this excess energy to the plates, recharging the battery. Thus 
such a system can violate linear conservation of energy because spacetime is locally curved by the 
spiking, and excess energy from the excited local vacuum is collected by the ions and delivered to the 
plates. This is precisely the effect upon which the first Bedini free-energy motor depended. The 
timing and adjustment, however, are highly critical and difficult, and the battery takes a rather severe 
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beating. 


57. For details and photographs of highly anomalous exhausts seen on Bennett Island, see "Explosive 
Events Seen on Soviet Island," Aviation Week & Space Technology, Sept. 26, 1983, p. 31. NOAA-6 
and NOAA-7 weather satellite photographs of massive smoke plumes, one of them 150 miles long 
and nearly horizontal, are shown. Also, in U.S. weather satellite photos of Novaya Zemlya, similar 
plumes have been detected, making this location a tentative candidate for a second Soviet "exhaust 
site." See also Letter John M. Miller, Geophysical Institute, University of Alaska, Jan. 4, 1985 with 
attachment, "Bennett Island plume cases recently found." Satellite photos showing actual circular 
breaking of arctic ice have also been taken near Wrangel Island. See Sam Bishop, "UA photos show 
Soviets break ice for missiles," Fairbanks Daily News-Miner, Dec. 15, 1984, p. 1,3; Craig Covault, 
"Soviet Ability to Fire through Ice Creates New SLBM Basing Mode," Aviation Week & Space 
Technology, Dec. 10, 1984, p. 16-17. Wrangel Island in fact has a bizarre history: it belongs to the U. 
S., but has been illegally given to the Soviets and occupied and used by them. For details, see 
"Wrangle over Wrangel and the Weather War," Don Bell Reports, 32(9), Mar. 8, 1985. 


58. For details of anomalous blinding (probably by scalar EM means) of U.S. satellites, see Philip J. 
Klass, "Anti-Satellite Laser Use Suspected," Aviation Week & Space Technology, Dec. 8, 1975, p. 
12-13. For details of anomalous failures and recoveries of a British satellite, see Joe Schwartz, 
Nature, 280, July 12, 1979, p. 95. 


59. For other possible evidence of traces of Soviet scalar EM activity over the oceans, see George D. 
Curtis, "An electromagnetic radiation pattern over the ocean," Undersea Technology, 5(8), Aug. 
1964, p. 29-30, 40. In producing a scalar wave, there exists a sort of "signal to noise” ratio of the 
desired scalar wave to an accompanying, undesired normal EM component. Due to practical 
equipment imperfections, the generated scalar wave inevitably is accompanied by a small residue of 
ordinary EM wave. While measures can be taken to further purify the scalar wave, a residue always 
remains. Curtis may have detected the weak EM residue accompanying early Soviet interference 
gridding for weather control testing over the U.S. 


60. Interactions which occurred between Khrushchev and renowned physicist and Nobelian P. 
Kapitsa are of interest. Khrushchev desired absolute defense of the Soviet Union so that the Soviets 
might be able to launch any action desired without risk or serious concern. Kapitsa informed the 
Soviet leader that, if a means of total neutralization of foreign missiles was to be found, it could only 
come from a group of new principles in physics which was called " energetics." The term 
“energetics,” of course, was contracted from "psychoenergetics,” and is essentially the expanded 
physics/electromagnetics that this author has dubbed scalar electromagnetics. 


Strangely, a portion of a book by Marshal Grechko was deleted from its English translation at the 
specific request of the Soviet Union to the U.S. State Department. The passage stated: "Of particular 
importance is basic research aimed at discovering still unknown attributes of matter, phenomena, and 
the laws of nature, and developing new methods for their study and use to reinforce the state's 
defense capabilities.” 


The most definitive Soviet book on military strategy is titled Military Strategy (Voyennaya 
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Broadband Microstrip Patch Antennas for Wireless Computer Networks, 
‘We have designed and ested trosdand, compact E-shaped patch antennas for wirlass communicalon ostworks, operating in frequencies from 4.9 GHs to 6.0 GHz. We mage two 
[chiavements, Pest wa dasigned an E-shaped anenna, whch is itnscaly compatible with 2 printed mcrasp ect k can be made auto a‘singla sheet of mela and ean be mo. 
micros ccult without expensive cogwal connector Second, we designed a unque F-shaped antenna wth corugation to reduoe the with of anianna, We successfuly mnatursed the 
{tt nsde a tin (Arm) PC (or PCMCIA) cara extension. Infact we were abe fo squeeze in wo of these anlannas ino single PC car of standard wish (Simm) fr avers commurict 
‘achieve excelent isolation (20 d8) and matching (10 8) over the whole WLAN frequency band 


‘Theoretical Analysis of Photonie Crystal Structures 
We have developed and successfuly mplamented, in both personal compulrs and supercomputers, ecient theoretical methods to analyse and design complex electromagnetic (mio 
‘opteal routs based on photonic cysts (PC). Among our novel fetniques a PC-baved Perfectly Matched Layer [PIML)abeoring boundary for use with heft ference time dome 
Iethodin the analysis of waveguises in 3 photonic crysis. 


‘We have appled these techriques to model wave propagation in various gudng structures such as bands Junctions and tapers In 2D and 30 crystals. From tis analysis, we can 
‘waramission and refecion coefclens, propagation characteristics, phase ard delay response, at, of a component ora sytem 


New Closed:-orm Green's Functions for Microstrip Circuits and other Layered Structure 
\When combined with ine spatia-domain Mathod of Mamnts (Mal), our naw Gosec-form funcions now enable afclent and accurate anaiysis of micostip routs and antennas wih 
appresimatons. The kay featur inthis now MoM stat the four-dimensional integrations in MoM matrix elements can be seved analytical, completly aimanating the need for expensive 
inigratons. Our new closed-form funcions are simpler and more fixie than previous such funcions. and (undke pravous ones) they do not reque adaiional (ayor sens 
fpprcimations. The computer tn requ for the analysis ofan example mirostip ine using ine new NM was thes Limes les tan the oext best matod, which requeed some 
integrations 


Integrated-design of Hybrid-resonator Antenns 


for Broadband Wireless and other Communication Systems 


‘Shou blow fs the fst baby of our recent project on brosdband hybritresonatr antennas. This ist prolotype ofa Dielectrc Resonator on Patch (ORoP) antenna demonstrated a ba 
24%. This design also proved, both theoretically and experimental thatthe elecwomagnet fds ina detecticresonalr can be fcinty coupled tothe feds in a patch resonal 
perturbing te radiation characterises of each resonator. 


Singularity enhanced FiniteiferentTime-domain (FDTD) Method for 
‘We developed he works fst 


lagonal Metal Edges, trips and Films 
1d lhe only singuarty-enhanced FOTD method for metal edges nat parallel tothe gr. The edges wer 


sumed to be diagonal to cll faces. Compare 
‘conventional spall model the computer memory required for an FDTD analysis ofa siucture could be reduced by upto 27 times and the computing time could be reduced by up to 
‘without sacrificing the accuracy fresls.On the other hand, when the same gr was use, the accuracy of resus improved by a factor of mare than 3 compara to he splices model, 
‘of more than 7 compared to the staircase model. The new equations ware stable in a tess, and even in most demanding tests when the computational speed was furthr maximised by 


the timestep (Dt) othe maximum alowed by the FDTD method! Le, tbl factor of 1!) 


“The kay this success was the dervation of enhanced FDTD equations for nodes near the edges by considering rigorously the singular naure of he electromagnetic fils. The table here 


Improvement of accuracy achieved by using the enhanced FDTD equations. The new equation a 


imple to Implement n standard FDTD cod. They a 


‘deal forthe analyse and 


microtp componénts and high-speed dtl cuits where thin metal fms or tps with hagonal edges are encountered 


Low-profile Dielectrioresonator (OR) Antennas 
‘We designed and tested the world’ fst low pro 


rulary polarised, ectangardielecinresonstr antenna (DRA) in 1995. The radating element of this antenna i shown inthe photo 
have aso designed many other delecticresonator antenna, Including a lowsrofie lisa polarised ORA, for various applications (S86 publestios). We pioneered the FOTD anal 


‘antennas ard published the fst adlaton patoms of a DR antenna obtained using the FDTD method in 1095, 
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Strategiya). See V. D. Sokolovskiy, Soviet Military Strategy, third edition, edited with an analysis 
and commentary by Harriet Fast Scott, Crane, Russak & Company, Inc., New York, 1975. There are 
three editions, the latest in 1968. In the third edition, the exotic weapons normally proposed for 
defense against strategic ballistic missiles -- such as particle beams, high energy lasers, exotic nuclear 
warheads, plasma weapons, antigravitational weapons, etc. -- are discussed and discounted by 
implication. The statement is made several times that 100% defense against missiles and aircraft is 
possible. A statement is also made that it is interesting to note that this capability (a solution to the 
strategic missile defense problem) has been achieved by the Soviet Union, but not by the West (e.g., 
p. 298.) In the same edition, a previous definition of antimissile defense obviously consisting of 
radars, computers, and interceptor missiles is deleted (see author's note 190, p. 454). 


The Soviets also recognize the great importance of technical surprise: "The experience of war shows 
that warring sides quite often have tried to employ new types of weapons to this end to achieve 
surprise, which are a surprise for the enemy or are little known to him, Each side secretly develops 
new means of warfare in order to employ them unexpectedly. History knows many examples how the 
employment of a new weapon initially gave considerable success because the enemy, caught unaware 
and not knowing the combat capabilities of this weapon, was for some time incapable of effective 
counteraction... The mass introduction of new weapons into an army usually cannot remain secret for 
long for the other side. -- New means of warfare, and in mass numbers, are impossible to create often 
and quickly. In this regard, the sides have begun to take other paths concerning the attainment of 
surprise along with searches for new weapons and their sophistication.” V. Ye. Savkin, of The Basic 
Principles Operational Art and Tactics, Moscow, 1972, U.S. Air Force translation, U.S. Government 
Printing Office, Washington, D.C. 20402. 


61. The Soviets have not discarded most of their old radars, and have continued to develop, build, and 
deploy giant new radars (in apparent violation of SALT agreements), which U.S. analysts always 
analyze in conventional fashion. It is fairly straightforward, simple, and inexpensive to modify an 
ordinary pencil beam radar to produce scalar wave beams and geometrical scalar Fourier expansion 
forms. Radars can provide a wide array of totally new and unexpected capabilities when utilized in 
the scalar electromagnetics mode. Even older Soviet radars, with antiaircraft gun sites and older 
surface-to-air missile sites, will exhibit new and startlingly advanced capabilities against ballistic and 
cruise missiles and Strategic Air Command bombers. Since there are many thousands of these older 
Soviet radars still operationally deployed, in the scalar mode the Soviet strategic defense may well 
approach 100%, just as Military Strategy implies. Also, the antiaircraft and antimissile defense 
capability of Soviet land forces may be far greater than anything presently estimated by U.S. analysts. 


62. To the physicists, engineers, and researchers who have made the tough sledding to this point, 
congratulations! Here's a bonus for you. 


Turn to page 32, equation [7]. Time differentiate it (this is left as an exercise for the reader). Collect 
terms and study the result intensely. 


Now you have the reason why rise time is so important from a scalar EM viewpoint. You can 
also see why spiking the innate inductance of any system very sharply is so important. Fast rise time 
greatly increases the value of the time derivative terms, and your gravito-inertial effects go up with 
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the collective squares of your zero-vector summed components. Any system has at least a little 
inductance. For sharp spikes, the gravitational potential goes very high. The inductance of the system 
momentarily opposes any current (translation: opposes any current bleed-off, or EM force field bleed- 
off). During that time you've got the 4-space G-potential to use. If you need to hold it longer to use it, 
then increase the inductance. 


Now you can see why extremely rapid discharge of properly tuned, giant Tesla coils give 
gravitational and inertial effects sometimes. 


You can see why the sharp "EMP" (electromagnetic pulse) from a nuclear explosion or EMP 
generating device can penetrate the ocean. 


That's why the spikes (such as used by the neurophone) can carry messages directly into the brain and 
nervous system. You also should see why the Soviet woodpecker carriers (a Soviet over-the-horizon 
radar system) are loaded with scalar EM spikes (Bedini has precisely detected them from 50 Hz to 10 
MHz; Golden has detected them into the gigahertz range.) to work on the humans in the targeted area. 
They're zapping the hell out of us. And they have done something similar at the U.S. Embassy in 
Moscow for decades. 


Bedini has developed a simple, cheap device to mess up the phaselocking of the scalar EM spikes on 
the woodpecker carriers. It's based on the fact that the Russkies use a lot of circularly polarized 
transmitters when they make the spikes. Here's what to do: Take 4 strong bar magnets and an old 
(but operational) long-playing record turntable. Set it on 33-1/3 RPM speed. Glue the magnets on the 
top of the turntable, standing vertically, symmetrically placed around the turntable's outer edge. Place 
them so that on one a north pole is up, on the next a south pole is up, then a north up, then a south up. 
Now turn the turntable on and let it run. This gadget makes a slowly rotating magnetostatic wave. 
(Yes, it will also make a rotating “magnetic” wave, which is actually two rotating magnetostatic 
waves.). These rotating magnetostatic waves will interfere with the scalar spikes, changing them to 
EM (electromagnetism) and slowly rotating their phase. This breaks the phaselock of the Soviet 
circularly polarized scalar EM signal on the human brain. This gadget will protect the average large 
room. 


But back to our differentiated equation. 
Now you should also see why the first Bedini motor is so "devilishly difficult” to adjust. You've got 
to get the effect and examine it in well under 20 nanoseconds. You'll need an oscilloscope of 350 
MHz range or so. Microwave-quality bench equipment is necessary; the ordinary electrical and 


electronic shop equipment is not good enough. You can also see why the ordinary lead-acid battery 
takes such a beating. However, a special battery certainly can be designed to take it. Now you know. 


Okay, you tigers. Go get ‘em. 
63. Now here's a final bonus for the persistent reader. 
This time, see J. N. Brittingham, "Focus Wave Modes in Homogeneous Maxwell's Equations: 
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Transverse Electric Mode," J. Appl. Phys. 54, 1983, p. 1179-1189; T. T. Wu and R. W. P. King, 
"Comment on ‘Focus Wave Modes in Homogeneous Maxwell's Equations: Transverse Electric 
Mode' [J. Appl. Phys. 54, 1179 (1983)]", J. Appl. Phys. 56, 1984, p. 2587; T. T. Wu and H. Lehmann, 
"Spreading of Electromagnetic Pulses," J. Appl. Phys. 58, 1985, p. 2064-2065; T. T. Wu, 
"Electromagnetic Missiles," J. Appl. Phys. 57, 1985, p. 2370-2373. Pay particular attention to the 
latter paper. 


Because of the Strategic Defense Initiative (SDI) and other programs, great interest has recently been 
kindled in using EM pulses to carry energy from a high-powered source to a target. However, so far 
almost all the work is still couched in terms of purely ordinary (though sophisticated) 
electromagnetics. It still involves the EM concept of "EM energy flow through the intervening space 
from the transmitter to the target." As such, the work to date still suffers from all the self-imposed ills 
and limitations of using the classical force fields concept of EM. 


However, the theoretical work of these referenced papers is of great interest to us here. 


In the first paper, Brittingham sparked a great deal of interest with theoretical work which promised a 
permanently focused 3-dimensional concentration of EM energy that propagates in a straight line 
with the speed of light. That is, this mode used a newly formulated wave packet (called the "focus 
wave mode") that acted as a non-dissipating EM soliton. 


In the second reference, it was concluded that Brittingham's focused wave packet actually satisfied 
Maxwell's equations, but not the associated boundary conditions. 


[Comment by this reviewer: both of these formulations use "linear time" and a "linear frame," 
ignoring the local general relativity aspects. Indeed, Brittingham's "focused wave packet" can be 
made by the zero-vector approach! However, it will not be an "EM" packet, it will be a pulse (or 
oscillating wave, depending upon how it is made) of 5-gravity potential. As such, it contains a 
multiplicity of locked-in, Sth-dimensional, non-zero EM gradients in and EM gradients out. 
Collectively these gradients themselves constitute a deterministic "flux of gradients" or an EM flux in 
the 5th dimension, with no resultant effective current of EM gradients. In other words, it's possible to 
build a "flux of gradients” and to have a "current of gradients,” just as in ordinary EM it's possible to 
have a “flux of virtual particles" and a "current of virtual particles." The argument concerning the EM 
boundary conditions of Maxwell's equations is not relevant in such a case. The only boundary 
involved is the zero itself.] 


Be that as it may, the 4th reference is of direct interest. In this paper, Wu has done us a great service. 
He shows that, under transient excitation, an antenna of finite size can transmit energy to a faraway 
receiver so that the energy decreases as slowly as one wishes. An electromagnetic pulse of energy 
with such slow decay is conveniently referred to as an "electromagnetic missile.” 


The electromagnetic missile has important applications, according to Wu. One possible application is 
the transmission of 


information in a manner that is very difficult to intercept or jam. A second possible application is to 
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destroy or disable a distant target. However, Wu feels that so much energy is required [remember, he 
is speaking of EM non-zeroed force fields traveling through ordinary space] that a likely radiating 
source must be something like a nuclear explosion. However, as Wu points out, a nuclear explosion 
produces a powerful EM pulse which includes frequencies from microwaves to gamma rays. To 
weaponize the explosion to produce a coherent beam, the nuclear explosion must be controlled to 
produce a coherent radiating source and a pulsed laser-like EM beam. Wu points out that such a 
technology is difficult and has not been developed. 


We comment as follows: It is certainly true that enormous energy is required if the waves in the pulse 
remain electromagnetic -- that is, if they have non-zero resultant E and B fields to the external 
observer. 


On the other hand, if we form a complex of waves in opposition so that we control the energy content 
of each individual component wave, but blend all the waves so that their collective envelope wave 
has zero E-field and zero B-field resultants, then -- to the external observer -- the EM energy is 
infolded and unzipped electromagnetically. It is now electrogravitational energy, and limitations of 
"EM force field energy flowing through space or through a physical medium" need no longer apply. 
However, we may still look at each EM component wave as an individual EM wave, moving in the 
Kaluza-Klein Sth dimension that is wrapped-around each and every point in our ordinary 4-space. In 
other words, to the ordinary 4-spacetime observer, each component wave has a special channel 
around every point of his space, not through it. Thus we have established multiple EM channels " 
outside" each point of observer space. These we call "scalar channels,” and EM energy can move 
through each one as if it were moving through a wire. The relative potentials between the "ends of 
each wire" determine in which direction the "EM energy current" flows along the wire. 


st 


And in each of these "special channels,” we just have a normal kind of space (to the internal 
observer). Wu's paper assures us that we can get as much of the input energy to the distant target as 
we desire. The problem then is how to break the zero-summed EM envelope (and hence the "zero 
channel” for each component EM energy wave) in the distant target itself, spilling the infolded 
contents of all the special channels back into ordinary spacetime as EM energy (either positive or 
negative). 


That, of course is easily done by interference in the distant zone. As previously stated, there is a way 
in which we can even perform this interference in a single scalar beam. Since the newly formed EM 
energy emerges from each and every increment of spacetime occupied by the distant target, it already 
emerges inside the very vitals of the target, It does not have to translate through the intervening 
ordinary space between transmitter and target. Instead, it goes through the Kaluza-Klein fifth 
dimension. It translates along a line through our space, but not through our space. With the scalar EM 
approach, we transmit EM energy through hyperspace, not through normal space. 


Hereafter we will adapt and expand Wu's SDI term "electromagnetic missile” to include these 
electrogravitational aspects. In other words, we include the "scalar EM missile", which consists of an 
infolded multiple of Wu's ordinary EM missiles moving together coherently in special sheathed 
hyperspace channels. 
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In Appendix I we show an anomalous photograph taken by Bob Gladwin, just before the shuttle 
launch of Nov. 26,1985. While the photograph may be an artifact, it also is a candidate for the test 
strike of such a Soviet scalar "electromagnetic missile" tested against an aiming point offset from the 
shuttle launch which followed a few seconds later. The test was accomplished before the shuttle was 
launched, and offset from it, so that it positively would not endanger the shuttle itself. The conditions 
under which this spectacular photograph was taken happened to coincide with the special conditions 
required to photograph such scalar EM energy. Those conditions are clarified and explained in the 
Appendix. 


My deep appreciation goes to Mr. Gladwin for allowing me to use this photograph. As we will point 
out in Appendix I, the video camera caught a picture of the Soviet scalar EM marker beacon 
associated with the Titan explosion of April 18, 1986. One can rest assured that the Soviets probably 
destroyed that vehicle, using a scalar EM missile. 


file:/CYbearden/ADDITIONAL %20NOTES%20AND%20REFERENCES. htm (21 of 21}25.11.2003 0:09:25, 


The Tom Bearden Website 


The Tom Bearden 


: Help support the research 
Website 


APPENDIX 1: SOME IMPORTANT INDICATORS 
AND DESTRUCTIVE TESTING 


Some of the indicators which bear on the use of the 
Soviet 

scalar electromagnetic grid via the Woodpecker EM carrier 
beams are given in this appendix. along with other 
information believed pertinent to overall scalar EM effects. 


IN ADDITION, THE THESIS OF ACTUAL LIVE 
TESTING OF THESE WEAPONS BY THE SOVIETS -- 
TO INCLUDE THE DESTRUCTION OF A TROOP- 
CARRYING U.S. AIRCRAFT, A SHUTTLE, AND A 
TITAN MISSILE -- IS ADVANCED AND 
INDICATORS PRESENTED. 


An anomalous photograph taken by Bob Gladwin is 
presented which possibly may have captured the "smoking 
gun" -- the strike of a 

Soviet scalar EM missile at an offset aim point near the 
shuttle Atlantis, just before its launch on Nov. 26, 1985. 
However, this photograph is caveated since it may also 
represent an anomalous but ordinary artifact. captured in 
some as yet unknown manner, The manner in which such a 
photograph may have been taken —- when normally the 
scalar energy does not show on a photo -- is explained. 


Another photograph taken by George Suchary after the 
launch did 

capture the Soviet "marker beacon" utilized in the test firing, 
however. This independent photograph is presented, and 
adds credence to the thesis that the Gladwin photograph 
captured the test of a Soviet scalar EM pulse missile. 


- INDICATORS AND SUCH - 


1. Continual cloud radials have repeatedly been seen and 
photographed over Los Angeles, California or its vicinity. 
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Los Angeles is also apparently a "hinge point" for bending 
and controlling the jetstream. Three typical radials seen to 
form one after the other by Margaret Wilson (and sketched 
and airbrushed by her) in the greater Los Angeles area are 
shown in figures 1, 2, 3, and 4. These radials were formed 
on Sunday, Jan. 26, 1986. Ms. Wilson had heard my 
Saturday night "Soviet Weather Engineering" broadcast over 
KABC Los Angeles, and my request that anyone who saw 
the typical radial cloud formation should photograph or 
draw it, noting time and location, and send the photos or 
drawings to me. 

As Margaret described it. "To my astonishment, the 
next day I not only saw one, but three in the sky at the same 
time. 

The time of the first one was Sunday, Jan. 26, at 1:15 p. 
m. 

. .. [stepped out the back door for some minor errand and 
noticed a 

fan of long straight clouds in the sky. The sky had been 
filled with dark clouds most of the morning but this had 
been breaking up and the western half of the sky was now 
clear with these lines of clouds spread out on it. I 
immediately thought of your request and tried to see the 
bottom of the fan which was hidden behind bushes and a 
garage. When I stepped into the street, I saw there was 

a semi-circle beneath them. 

Not having film and a wide-angle lens on my camera. 
I knew I couldn't capture it in its entirety. Tam, however, a 
retired commercial airbrush artist so I quickly sketched the 
formation. It is illustration #1. 

It was in the western sky, the base of the central semi- 
circle sitting about 15 degrees above the ocean horizon. It 
was very clear and sharply defined. The semi-circle was 
broken at the top and the two broken ends curled inward like 
commas. As I sketched the wind deformed it somewhat, the 
right half of the whole formation sliding down away from 
the left. 

Ten minutes later it was getting quite clear of clouds 
except 
for a bank over the Santa Monica Mountains to the north 
and there, straight north, another fan was forming. As I 
watched it took shape -- illustration #2. The same broken 
semi-circle (with commas') but this time the bases of the 
rays were feathered about half-way out with end halves long 
straight wisps. 

As I sketched, another fan had begun to take shape 
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further east. It was hard to tell its size but I had estimated 
the first one at about 15 miles across and the second a little 
larger and the third larger yet. At the peak of its formation it 
looked like illustration #3. ...There in the middle of the 
central circle, hazy and a little faint was what looked like the 
top of a mushroom cloud. Or was it only a distant 
thunderhead that coincidentally found its way to a place 
behind the formation? The arms of the last, largest 
formation were rather wavy and feathery like some gigantic 
sea creature. It did not disperse as fast as the others, but 
held for a couple of hours, though it was pretty distorted by 
then. I could not estimate its size as I wasn't sure of its 
altitude. 

Were they aircraft contrails? Certainly not! There was 
an airliner in the sky at the time -- a mere scratch on the 
smooth blue sky (see illustration #3, right center.). 

The three formations were present in the sky at the 
same time although the first was getting quite distorted by 
the upper level winds before the last reached its peak. 

Tuesday our weather changed from hot and sunny to 
rainy as the weather man said the path of the jetstream 
altered, and then there was the space shuttle explosion. 

... The Russians seemed very sincere in their sympathy 
for the loss of our astronauts but only two days later it was 
printed in TASS and I personally heard Vladimir Posner say 
that Russia hoped that the United States would now realize 
what could happen if the S.D.I. program was further 
pursued. Was this friendly concern or a threat? It is very 
evident that if the S.D.I. can destroy a missile in flight, it can 
also destroy one on the ground. This would immediately put 
all Russian missiles in [reach of] our arsenal. They are 
already in place in the most desirable target areas -- their 
own launch sites. I'd be panicky too if I were a Soviet 
leader." 

[Ed. comment: My sincere thanks to this thoughtful 
lady who took the time to sketch the cloud radial phenomena 
occurring in the Los Angeles "jetstream pivot point" at this 
critical time, just prior to the launch and destruction of the 
Challenger. 

‘Anomalous cloud grid activity (formation and 
dissolution) in 
the Los Angeles area has been positively correlated with 
Soviet Woodpecker activity by engineer Ron Cole, with 
100% correlation in 30 straight Woodpecker measurement 
runs, Statistically, of course, this 
is quite decisive.]. 
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2. Continual cloud radials have repeatedly been seen and 
photographed over Huntsville, Alabama, associated with 
weather engineering and grid activity. Typical radials seen 
by this author are shown in Bearden, Soviet Weather 


Engineering Over North America, |-hr. videotape, 1985. 
Huntsville is apparently a pivot point or "hinge point" for 
bending and controlling the jetstream. 


3. Spectacular cloud grid patterns have been seen over 
Huntsville, Alabama and Los Angeles, California. An 
excellent videoclip of one 
of the Los Angeles area grids, personally observed and shot 
by KABC Open Mind talk show host Bill Jenkins, is shown 
in Bearden, Soviet Weather Engineering Over North 
America, |-hr. videotape, 1985. An artist's sketch of an 
earlier gigantic grid, extending from horizon 
to horizon in every direction, seen over Huntsville, Alabama 
by Tom Bearden and Ken Moore, is also shown in the tape. 
The videotape is available from P.O. Box 1472, Huntsville, 
AL 35807. Sketches and details of another highly 
anomalous grid pattern observed in the greater Los Angeles 
area by engineer Ron Cole are shown in figures 5 and 6. 
The reason that clouds of water droplets and/or ice 
particles detect the scalar interferometry and form signature 
patterns is simple: Consider each HO molecule as having 
two light little hydrogen atoms hanging on to the much 
heavier oxygen atom. The covalent sharing with the oxygen 
atom of the electron from each hydrogen atom means that 
(1) the electrostatic scalar potential between the H ion and 
the O ion it is bonded to, is rhythmically varying as the 
electron is shared back and forth, (2) this varying potential 
contains "electron spin holes” since it is made by the moving 
electron, (3) two such varying potentials exist since there are 
two H atoms sharing covalent electrons with the O atom, (4) 
the two H ions are at an angle of over 100 degrees with 
respect to each other, (5) the molecule assembly thus 
constitutes one part (one half, so to speak) of a scalar 
interferometer with imbedded electron spin holes for 
electron hooking, (6) Incident scalar waves from outside the 
system interact with the "half scalar interferometer." This 
scalar interferometry interaction is coupled to the covalent 
bonding electron because of the internal spin hole pattern of 
the molecular half of the interferometer. The coupled 
electron moves with the scalar pattern's changes, causing an 
observable interaction with and in the electrical structure 
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and ionic potential of the molecule, (7) the weak H to H 
hydrogen bonding between molecules connects resulting 
ionic potential changes to the structuring of the entire 
macroscopic cloud assembly. Thus by scalar interferometry 
with the H,O "half interferometers", an incident scalar EM 
pattern is detected and translated into patterns of E and B 
force fields. The HO molecules then "line up" in accord 
with the electrical patterns detected. 

Thus the clouds form "signature patterns" according to 
the incident scalar EM radiation patterns. Giant cloud 
radials in the targeted area are probably due to the type and 
shape of antennas -- including the type and shape of the 
electrical wires establishing the antennas’ ground planes -- 
640used by the Soviet Union to project the scalar waves. 
Note that such "radial" antenna patterns were occasionally 
used by James Harris Rogers in his underground and 
undersea scalar EM transmission system. 


[For Rogers' patents, see U.S. patent numbers 
1,316,188, Radiosignaling system, Sept.16, 1919; 1,322,622, 
Wireless Signaling System, Nov. 25, 1919 (figure 6 of this 
patent clearly shows a "radial wire" ground plane antenna); 
1,349,103, Radiosignaling system, Aug. 10, 1920 (the fourth 
version in figure | shows inside/outside variation which, for 
the long waves used, to a distant observer appears as a 
varying magnetostatic scalar potential using opposing B 
fields); 1,349,104, Radiosignaling system, Aug. 10, 1920; 
1,220,005, Wireless Signaling System, Mar. 20, 1917; 
1,303,729, Wireless signaling system, May 13, 1919; 
1,303,730, Radiosignaling system, May 13,1919; 1,315,862, 
Radiosignaling system, Sept. 9, 1919; also 958,829, Method 
and Apparatus for Producing High Frequency Oscillating 
Currents, May 24,1910.]. 


4. Anomalous power outages in Ventura County, 
Southern California on Nov. 8 and 9, 1985. Again, engineer 
Ron Cole, who lives in the affected area, investigated and 
reports as follows: 

"On the evening of 11-8-85 in a rural area of Ventura 
County known as Carlisle Canyon, a strange electrical 
phenomenon began to occur at about 10:15 p.m. Our first 
observation was that random white dots began to appear on 
the TV screen, then began to increase in size and brightness. 
The brighter the dots got, the dimmer certain lights in our 
home became. Yet later we found that, when some lighting 
circuits were dimming, other circuits were causing lights to 
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Australian Antenna Measurement Facility (AusAMF) 


@ 


‘AUSAMF is operated by a consortium of Australian Universities, Industry and CSIRO. The facility provides access to a shielded anecholc chamber offer! 


spherical near-field measurement capability for small antennas operating In the frequency range of 1-20 GHz, primarily for research purposes. 


‘The facility was established under an ARC LIEF (Australian Research Council Linkage-Infrastructure Equipment and Facilities) grant and Is hosted by C 


ICT Centre located in the Sydney suburb of Marsfield 


‘The facility currently consists of a spherical near-field turn-key NSI-7O0S-50 system wihin a &m x3. x3:4m anechoic chamber. thas been designed to operate upto fr 
0120 GHz. and uses an Agent PNA (E3628) as a receiver. The measurement systam is capable of supprtng a ~{0kg antenna under test (AUT) up toa diameter of approximately 1.2m. { 


the standard gain homs and he probes avaiable a AUSAM are as follows: 


Waveguide | Frequency | Probe ] Standard 
Band on Gain Hom 
WROTE 075-42 x x 
WRESO Tia 170 x x 
Waa 170-260 x x 
W340 220-330 x x 
WR229 330-490 x x 
WRis9 490 -7.08 x x 
WRIT 705 10.00 |x x 
WRSO a20-1240 |x 
WRI 7000-3500 | x x 
WRSE 1500-2200 | x x 


‘itp iweb. science.mq.edu.au/~essolle/Research him! 
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shine much brighter than normal. After a bit of checking, 
we were able to determine that lighting circuits common to 
pole 1 of the service transformer were the ones that were 
seeing a reduction in voltage, while all circuits on pole 2 
were seeing an increase in voltage. 

There is another interesting condition that was 
observed on the TV screen. The dots were in sync with the 
vertical field or frame rate of the signal, This means that the 
interference had to be of a frequency of 59.7 Hz or 29.85 
Hz. Normal power line interference will form a grouped 
dash pattern across the screen and will strobe upward at the 
rate difference of 59.7 Hz or 29.85 Hz. In the 8 November 
case, there was no strobing of the dots whatsoever. 

These conditions continued off and on for the rest of 
the entire evening and were observed by no less than six 
other persons that I know of. They were observed over the 
entire TV frequency spectrum, low band VHF, high band 
VHF, and on two UHF channels. Line interference is almost 
always most prominent on the low band VHF frequencies 
only. 

These anomalous events would take place on a 
somewhat irregular time pattern; anywhere from 3 to 10 
minutes apart. They would always last for about 2 minutes. 

At 12:30 a.m. I went to bed and was not aware of any 
further activities until 6:20 a.m., at which time I was 
awakened by several sharp snapping or cracking sounds 
coming from the walls of my house. I rolled over and went 
back to sleep, only to be reawakened about 15 minutes later 
by my wife, who informed me that the power and phones 
were out. My comment was, "Some dummy must have 
crashed into a power pole," and I dozed off again. 

At 10:15 a.m. the power and phones came back on 
line. Shortly after, our phone began to virtually ring off the 
hook. About a dozen neighbors up and down the canyon 
wanted me to check out their electrical wiring and various 
appliances. All of them were trying to explain their 
individual encounters and what took place when the power 
went out. Such things as wires snapping in walls, singing 
and humming sounds coming from wiring in walls, strong 
smell of ozone, light bulbs exploding, buzzing coffee pots, 
and a handful of other phenomena all took place just before 
the power went out at 6:20 a.m. 

A typical example was that of Rob Steel. [Ed: Name 
changed for this report; his real name is in my files.] Rob 
lives four miles down the canyon from us. He had just 
turned on the lights in his barn and was getting ready to feed 
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the livestock, when he realized he had left several needed 
items in the garage located about 75 yards from the barn. 
Upon entering the garage, he saw the garage lights began to 
flicker, then go to a dim orange glow. Upon stepping from 
the garage area, Steel saw that lights in the barn were so 
bright that he thought the entire structure was about to 
explode. He froze in his tracks for a moment and his whole 
house and garage began to hum. Then everything went out. 

An interesting point to inject is that Mr. Steel's home 
and several others farther down the canyon from us are 
being fed from a different 19 kv power feeder source than 
the 14 kv feeder that supplies us and most homes in the 
canyon. 

At about 2 p.m. on 11-9-85 I was in contact with the 
power utility company (Southern California Edison 
Company) to inquire as to the cause of the power outage. 
My first assumption was wrong. No power poles had been 
knocked down; only a ceramic fuse in the 19 kv feeder 
system had blown and a two-pole oil breaker had kicked out 
on the 14 ky feeder system. Load charge recorders at the 
power company show that both fuse devices kicked out at 
exactly the same time, but they are in no way common to 
each other as to load distribution. They only supply power 
to adjacent areas. 

Also, the phone company has no record of its service 
being out, yet the phone service was restored when the 
power was restored. The phone company does not use 
Edison Company's power to power its phones. Again, the 
only commonality is that the phones and phone lines were in 
the same area. 

Numerous magnetic breakers, used as manual switch 
devices for well pumps and other services, were on when 
power was returned. These switches had previously set in 
their off state. 

A strong electrical-type ozone odor was detected at five 
locations at the time the power went out. 

Later we found that a Research and Development 
laboratory in a nearby area measured 29 Hz intermittent 
signals late on the night of 11-8-85. These signals were 
interfering with some critical tests the lab personnel were 
trying to accomplish. The laboratory itself did not 
experience a power outage. 

At this point in time, the only realistic surmise we can 
come up with is that a tremendous ELF or scalar ground 
wave was adding and subtracting to the grounded neutral 
service side of the power pole transformers so as to sum in 
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and out of phase. When peak nodes were achieved, all line 
transformers ended up back-feeding the feeder lines out of 
phase, causing the final power outage. 

Twenty-one persons are aware of the strange conditions 
of the power outage and prior events. [Ed: Their names are 
in my files.]" 

Editor's comment: Another anomalous power outage 
also occurred in the same area. This occurrence is possibly 
associated with effects of the scalar interference grid 
adjustments. If the Soviets were preparing for a major test of 
the grid in the Launch Phase ABM mode, substantial tests 
and exercises may have been performed before the actual 
"wet run" against the shuttle launch on Nov. 26, 1985 -- 
about two and a half weeks after the anomalous power 
outage at Carlisle Canyon. 

See the Rogers’ patents, referenced above, for ideas of 
how scalar EM signals couple to the power lines and 
telephone lines. 

As this book goes to press, John Bedini has notified 
me that his new and very sensitive developmental scalar 
detector positively verifies scalar frequency "spike" activity 
on the Woodpecker grid (and possibly the ground reference) 
from 50 Hz to 10 MHz. A normal instrument will definitely 
not see these signals. John’s lab is at Sylmar, California and 
about 70 miles from Carlisle Canyon. 


5. During the Skylab mission, NASA astronauts 
observed and photographed a mysterious green glow of the 
atmosphere. The glow was over 1,000 miles long and over 
100 miles wide. From Carlisle Canyon, Ventura County, 
California the sky has also been observed to possess a 
mysterious green glow from horizon to horizon, on three 
occasions. [Editor's comment: It is hypothesized that this 
green glow is associated with grid activity in the Launch 
Phase ABM System mode.] 


6. Just prior to the hapless launch of the Challenger on 
Jan. 28, 1986, the Soviet Union sharply bent the jetstream 
down through the center part of the country, then curved it 
eastward across the Florida panhandle. This exposed the 
waiting Challenger on the launch pad to severe cold air, 
brought down from Canada by the sharply deviated 
jetstream. The use of the scalar interferometry aspects of 
the Woodpecker grid for weather engineering over the U.S. 
has been documented previously. [Bearden, Soviet Weather 
Engineering Over North America, |-hr. videotape, 1985; 
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Bearden, "USSR: New beam energy possible?”, Defense & 
Foreign Affairs Daily, 13(111), June 12, 1984, p. 1-2.]. 
Wilson's cloud radial sightings on Jan. 26, 1986 and Cole's 
giant cloud grid sightings on Jan, 24, 1986 are directly 
connected with adjusting the Woodpecker grid and deviating 
the jetstream, to carry cold air to the Florida launch site. 


7. The previous testing of the grid in the Launch Phase 
ABM/Anti-bomber Mode, using actual jet aircraft as "wet- 
run" targets, has been demonstrated by various anomalous 
incidents. 

As one probable example, see "Jetliner drops 32,000 
feet; 400 aboard; 50 are injured," AP release, Huntsville 
Times, Feb. 20, 1985, p. 1 and "China Airlines Pilot Denies 
Cockpit Error," AP release, Huntsville Times, Feb. 21, 
1985, p. A-9. In this incident (see figure 7) a Boeing 747, 
flying at 42,000 feet and bound for Los Angeles, 
experienced unusual engine flameouts while still out from 
San Francisco. In a hair-raising plunge toward the earth, the 
pilot fought to restart the engines and regain control of the 
aircraft. After a fall of some 32,000 feet in two minutes, the 
engines finally restarted, and the pilot was able to fly into 
San Francisco and land safely. 

We have already explained how the Soviets are able to 
track the aircraft's jet engines. Later in this Appendix we 
show just how accurately an actual "scalar EM missile" may 
be focused by the Soviets on a hapless target. If a 
negatively biased pulse or continuous wave scalar EM 
"energy extraction" beam hits the engines, the extraction of 
energy will result in engine flameout. (No heat energy, no 
combustion of the fuel.). This is apparently what happened 
to this aircraft. In the presence of "splatter" from the 
extraction beam targeted at the engines, the aircraft 
instruments were seriously affected. Different instruments 
have different responses to such an anomalous scalar EM 
kindling effect. Thus a signature would be that the 
instruments disagree with each other, and need not record 
what actually occurred. This appears to have been the case, 
constituting a signature that scalar EM was targeted against 
the aircraft. The pilot's instruments apparently indicated that 
the control system had failed, while the flight recorder 
apparently indicated that it had not. 

Let us assume this was a Soviet test. When the distant 
Soviet operator turned off the extractor beam, the engines 
returned to normal state after a "discharge time constant" 
period. They normalized before the plane struck the ground, 
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so the pilot was able to restart the engines and proceed. 

Notice that this was a limited test to cause engine 
flameout only. If the scalar EM missile had been used 
against the aircraft in the "pulse" mode, it would instantly 
have exploded in mid-air. 

The crash of an India jet aircraft outside Great Britain 
may have been a test of the same weapon in the pulsed 
"destroy aircraft" mode, since there are indications that the 
aircraft suffered an anomalous midair explosion. Another 
candidate for such a possible "shoot-down" of a jet aircraft 
is an (Italian) Itavia DC-9 that crashed into the 
Mediterranean in June, 1980. Both Itavia and the Italian 
Transportation Minister Salvatore Formica believed that a 
missile struck the jetliner and was the likely cause of the 
crash. It may have been a scalar EM missile and a full-up 
test by the Soviet Union. See "Plane was probably hit, judge 
says," Birmingham Post-Herald, Jan. 17, 1981. 

Also the present author has knowledge of at least one 
instance in the early 1980's when an American-made tactical 
ballistic missile was anomalously destroyed shortly after 
being launched by troops in Europe. The destruction was 
anomalous and a large hole was inexplicably burned through 
the side of the missile -- exactly as if it had been struck by a 
scalar EM missile test in the anti-tactical missile (ATM) 
role. 


8. As another example of airborne scalar EM activity in 
the Woodpecker grid, in January 1985 a U.S. Navy- 
dispensed chaff cloud, dispensed well-offshore from San 
Diego, California was caught by an unexpected wind and 
blown toward the city. (See figure 8,). As the chaff cloud 
moved in, significant failures of electrical systems and 
electrical components resulted. Power was disrupted to as 
many as 60,000 homes by the incident. 

The sudden, unpredicted wind was suggestive of a 
wind blowing toward an artificially created low pressure 
area. Under certain conditions, a specialized structure such 
as that of a piece of sophisticated chaff will reflect scalar 
waves of frequencies within its cut bandwidth. If scalar 
modulation frequencies within the chaff bandwidth were 
present on the Woodpecker carrier grid above and 
surrounding San Diego, a myriad of reflecting bits of chaff 
in the moving chaff cloud would produce myriads of 
random, invisible "fireflies" of EM energy kindled at a 
distance, from random scalar interferometry, in a zone 
surrounding the cloud. As these invisible "firefly" pulses of 
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EM energy pulsed inside components of the electrical 
systems and electrical controls in San Diego and vicinity, 
extensive and random internal electrical interference 
occurred. This lead to widespread, anomalous electrical 
failures throughout the city. 

Note that this activity preceded the huge Soviet scalar 
EM exercise of April-May 1985. The grand exercise would 
certainly have been scheduled well in advance by Soviet 
strategic forces controlling the scalar EM howitzers and 
Woodpecker grid weapons, and adjustments and smaller 
tests would have been being made for some months before 
the tests. 


9, — Other anomalous "electrical strikes” certainly exist, 
suggesting Soviet testing may occur widely throughout the 
world, yet be reported as ordinary but anomalous 
phenomena. An example which comes readily to mind is 
the anomalous blast (or blasts) that struck Bell Island, off 
the east coast of Newfoundland, on April 2, 1978. Persons 
on the shore of Conception Bay reported seeing fireballs 
coming down out of the sky and hitting the island, according 
to Royal Canadian Mounted Police. Highly anomalous 
atmospheric electrical activity preceded the blast. This may 
have been Soviet testing of scalar-created electromagnetic 
missiles. Extensive information on this incident can be 
obtained from P.A.C.E., 100 Bronson Ave., Apt. 1001, 
Ottawa, Canada TIR 6G8. 

As another possible example, villages in an area of 
West Donegal in Ireland have been terrorized by freak 
“lightning bolts" for over two years. Roofs have been 
literally stripped off, windows smashed, telephones and 
television sets blown up, and pipelines wrecked. On 
Dec. 25, 1984 a mighty blast caused a three-day blackout: it 
accompanied a snowstorm, the first "white Christmas” in the 
area in 20 years. See "Bolts from the blue,” Fortean Times, 
Issue no. 45, Winter 1985, p. 5. 


10. Scalar spikes or pulses from the Soviet testing may 
also cause other anomalies, including deaths of unsuspecting 
persons using the telephone. For a candidate event of this 
type, see "Killer Phones,” Fortean Times, Issue no. 45, 
Winter 1985, p. 8-9; also AP release, Huntsville Times, 
May 30, 1985; AP newswire June 2, 1985; and New York 
Times, Sep. 11,1985. 

On May 21, 1985, five days after passing a complete 
physical examination, 17-year-old Jason F. Findley of 
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Piscataway, New Jersey was on the phone at his 
grandmother's house, talking to his girl friend. An odd click 
occurred on the line, followed by a gasp from Findley and 
then only the TV playing in the background. His 
grandmother found him unconscious, still clutching the 
phone in his hand. Rushed to Muhlenberg hospital, he was 
pronounced dead shortly afterwards. An autopsy could not 
determine the cause of death, and the telephone company 
found the phone working properly, properly grounded, and 
no evidence of excess electrical charge. Findley was lying 
on a wooden bed which would not conduct electricity. He 
had a hemorrhage of the inner ear. There had been an 
electrical storm over Scotch Plains, New Jersey the night 
Findley died. 

AP wire services were told by the special forensic 
investigator with the New Jersey medical examiner's office 
that about six people had died in the U.S. in similar 
circumstances. Others had reported being knocked 
unconscious by "high voltage shock” from their telephones. 
Several weeks before Findley’s death, another man from 
Whitehouse Station, New Jersey had been found 
unconscious with a telephone in his hand. According to the 
Consumer Product Safety Commission in Washington, D. 
C., in 1984 nearly 12,000 people in the U. S. were taken to 
emergency rooms with injuries related to telephones. A 
hundred of them died, although exact details were not 
revealed. 

Note that the giant Soviet scalar exercise of May 1985 
had been detected and verified by Golden. Substantial 
activity in the Soviet weapon complex, and in the 
Woodpecker grid over the U.S, continued throughout May 
and beyond. A phone line may by chance detect one or 
more atmospheric scalar EM pulses, just as occurred in the 
blackout in Ventura County, California on Nov. 8-9, 1985. 
These scalar pulses can travel along a phone line and be 
broadcast into a person's ear and brain from the telephone 
earpiece. The proper scalar EM pulse can induce both 
"acoustic shock" in the inner ear and "electrical shock" 
conditions in the nervous system. The pulse may also 
interrupt the body's electrical timing pulses to the heart, 
causing the heart to stop without physical damage. The 
scalar EM shock to the brain and nervous system can knock 
the person unconscious or, if sufficiently strong, kill him 
instantly. The condition is worsened if the person is 
ungrounded, since then he acts as a large, open-ended 
capacitance in series with the telephone instrument's 
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inductance. In such case, the scalar resonance of the 
equivalent series LC circuit can be sharply excited and 
resonated, By the nonlinearities of the body and nervous 
system, the scalar resonance can be translated into an 
ordinary electrical pulse or resonance. Since the scalar 
power is not translated into ordinary power except inside the 
nonlinearities of the human capacitor/nervous system, no 
damage to the telephone or phone lines need happen. [At 
the ComTec exhibit in Las Vegas in 1984, John Bedini 
demonstrated powering a 200-watt speaker system through a 
100-foot length of #40 magnet wire, using scalar EM 

means. He put some 200 "watts equivalent” of scalar energy 
through the tiny wire to the speakers, where a small Bedini 
translator translated it back into ordinary electrical "force 
field” energy, powering the speakers. This was much to the 
astonishment of the technical audience, since the wire was 
quite cool and exhibited no evidence of heating, even though 
by conventional thinking it should have been instantly 
melted.] 

The bottom line is: With increased Soviet scalar 
weapons activity over the U.S., the telephone system is 
likely to become more hazardous to humans using it, when 
the instrument is connected to th e external wire. A radio 
ph one is much saf er against anomalous scal ar EM 


11. The metal-softening detected and verified by Frank 
Golden on Jan. 1, 1986 is certainly indicative of a new 
mechanism or effect added to the Woodpecker grid. The 
highly specialized nature of the particular detector/amplifier 
which Golden was using provides strong evidence that the 
signal was actually derived by recording the scalar EM 
signals produced by a human cerebrum (two cerebral 
hemispheres connected by the corpus callosum, forming a 
scalar interferometer) when the human was successfully 
performing psychokinesis (metal-bending). The fact that 
Golden was able to nullify the signal locally by special 
methods worked out by him lends further credence to this, 
hypothesis. In any event, three hours of very objective 
experimental data strongly support this thesis, It is therefore 
indicated that (1) the metal-softening signal had been added 
for a purpose, and (2) something made of metal was going to 
be softened, leading to its failure. Certainly the Challenger 
would have been an ideal target; softening the metal on its 
boosters and fasteners by even a small percentage would 
significantly reduce the vehicle's ability to withstand the 
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stress during launch. This of course is circumstantial 
evidence only, but the finger of suspicion is there 
nonetheless. It is a fact that the metal-softening signal was 
and is in the Soviet Woodpecker-repertoire; it is a 
presumption that it was intended for use against the 
Challenger. 


- FINAL DRESS REHEARSAL BEFORE THE BIG 
SHOW - 


12. The shuttle launch from Cape Canaveral on the 
evening of Nov. 26, 1986 seemed smooth as silk to the army 
of official observers and onlookers. In reality the Soviet 
Union clandestinely conducted one or more Launch Phase 
ABM System tests against the vehicle, using it as a 
convenient target. 

Figures 9, 10, 11, and 12 are included to give the 
reader some preliminary background on the highly 
significant events which occurred in conjunction with this 
flight, and previous to it. These figures are newspaper 
articles from the News Tribune, Fort Pierce, Florida. The 
articles are used by permission. 

Anomalous atmospheric "booms" and airquakes had 
occurred in the Florida area for over three and a half years 
prior to the launch. Sixteen counties, most of them on the 
northern Gulf coast or close to it, had reported booms during 
the two-year period preceding April 1984. State and local 
emergency preparedness officials and U.S. Air Force Base 
representatives met but could not resolve the mystery of 
what was causing all the anomalous booms. 

In fact, many booms had occurred in and around the 
gulf coast of Florida, particularly offshore from St. 
Petersburg, starting from several years earlier. 

These anomalous booms were caused by the Soviets 
adjusting and testing the Woodpecker scalar EM grid for 
weather engineering and potential weapons use. The booms 
and airquakes were certainly not confined to Florida alone, 
but also occurred at many other locations throughout the U. 
S. and Europe. 

Mysterious, highly localized seismic microquakes also 
had occurred at widely scattered locations throughout the U. 
s. 


On at least two shuttle flights prior to the Nov. 26, 
1985 launch, large anomalous "booms" had occurred over or 
around the launch site after launch. No one in NASA knew 
what they were or what caused them. 
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So prior to Nov. 26, the Soviets had already prepared 
and tested the Launch Phase ABM system mode of the grid 
against at least two U.S. shuttle launches. However, so 
eerie and strange are the scalar EM weapons that they had 
been able to do so without the U. S. government even 
becoming aware of what was going on. In the Kremlin, they 
must have marveled at our continued ignorance. 

At any rate, they tested the Launch Phase ABM system 
again on Nov. 26, and this time private U.S. citizens 
happened to capture at least some evidence of what was 
going on. It still would have died there without surfacing, 
except for a curious chain of events. Let me briefly recount 
those events. 


ISS SSH S SSeS SS er Seo 


Lucius Farish publishes a fine little monthly 
newsclipping collection called UFO Newsclipping Service 
(Route 1, Box 220, Plumerville, AR 72121). In it she 
includes clippings on all sorts of anomalies, including 
UFO's, strange light phenomena, etc. Because of my long 
work in UFOs (for some time now, placed on the back 
burner due to the press of my work in Soviet scalar 
electromagnetic weapons), I've subscribed to Farish's service 
for several years. 

And this time my unorthodox interests certainly paid 
off. Farish published a clipping of the article, "NASA 
officials stumped by strange light, boom," by Susan 
Burgess, News Tribune writer (see figure 10). The moment 
Tread the article, I realized that the Soviets had actually 
tested the Launch Phase ABM System's area mode against 
the shuttle launch of Nov. 26, 1985. Further, George 
Suchary had taken a picture of the marker beacon as it was 
slewed away at the conclusion of the test. 

With alacrity I contacted Ms. Burgess and, through 
her, George Suchary. Both were very helpful, and Mr. 
Suchary gave me permission to use his important 
photograph of the light moving away after the test. 

Ms. Margery Bril , the kind librarian at the News Tribune, 
sent me four clippings. 

After reading the article by Julie Enders, Showcase 
Editor of the News Tribune, I contacted her also. Although 
extremely busy, Ms. Enders kindly gave me additional 
details, including the fact that Bob Gladwin had taken a 
series of eight stills of the launch itself, and in one frame an 
anomalous, curving line of light with a splash on the end 
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appeared. 

At first I thought it might be the answer to a dream. 
Very tentative information suggested that the "curved light 
with a splash on the end" might have occurred in one of the 
pictures taken during the launch sequence itself, with the 
light striking directly under the shuttle shortly after it lifted 
off. I was positive the Soviets could strike at the shuttle (or 
a missile) with a "scalar EM pulse" missile, but hardly dared 
hope someone could have actually been lucky enough to get 
a photograph of it. 

From my acquaintance with two masters of 
paranormal photography -- the indomitable Trevor James 
Constable and a close friend, Joe Gambill -- I understood 
how one could possibly get a picture of such a strike -- 
assuming it occurred -- at night, when the same picture 
could not have been taken in the daylight. I also understood 
why the camera might catch it when the human eye would 
not see it. 

It seemed that, between them, these friendly, 
cooperative persons just might have gathered together the 
positive evidence to prove that the Soviets had struck at the 
shuttle with an offset test of a scalar EM missile, using a 
marker beacon for adjustment. (As it turned out. it was not 
to be as definite as that!) However, time was of the essence. 

The Soviet tests had definitely included a test in the 
‘ea burst" mode, which can catch and destroy several 
missiles fired from a deployed silo complex at once. The 
clinching evidence I had needed for so long on a Soviet test 
of the pulse mode -- the scalar EM pulse missile -- just 
might be there in one of Bob Gladwin1s photographs. But 
there was no time to lose; such evidence is fleeting. and 
unless I moved quickly, it was likely to fade away and 
disappear forever. With persistence, the rest followed 
swiftly. Mr. Suchary graciously gave me permission to use 
his photographs. These of course prove that the marker 
beacon was there. (In addition, it was seen by numerous 
persons.). The News Tribune gave me permission to print 
the articles. Mr. Gladwin furnished his negatives and gave 
me full permission to analyze and use his photographs. 
Personal friends, Everett and Shirley Edwards, printed the 
photographs in their private darkroom so the negatives 
would not be out of safe hands for even a moment. 

At the time, this book was almost finished. If the photo 
of the candidate Soviet use of the electromagnetic missile 
was accurate, quick work would be necessary if it was to be 
included. My friend and publisher, John Ratzlaff. had 
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already agreed to swiftly publish this large output as soon as 
I could get it to him. At Omni Video Publishing, Ms. 
Electra Briggs was alerted to the potential importance of 
what was coming. She and Mr. Glenn Shoemaker swung by 
my house from New Orleans, and a quick, informal 
videoclip was taped, announcing the book. (Murphy's law — 
if anything can go wrong, it will -- got me there. 
Inexplicably, in my near-total fatigue from months of 19- 
hour days and 7-day weeks on this project, I spoke the date 
of the Titan explosion as April 19th, knowing full well it 
was the 18th! It happens. Electra suggested she slap a 
correcting statement over the video. Done. Be ready to get 
it out. It's too important; don't sweat the small stuff.) 

Zerox copies of the photos were received. There in the 
fifth photo (or so it seemed) was an unequivocal strike of the 
scalar EM missile, in the launch sequence itself, The 
assumed strike seemed to have occurred right under the 
shuttle, a few seconds after liftoff. 

The evidence seemed complete. All that was left was 
to receive the actual negatives and verify the sequence, At 
last we seemed to have the smoking gun. The Soviets would 
have been caught redhanded. 

Based on the advance zerox copies, the manuscript was 
altered. Everything was ready. And then the negatives 
came in. 

In this business, you learn to meet and accept a lot of 
failures. Things often go astray, and don't wind up as they 
seem at first blush. This time was no exception. Murphy 
got us again! The photos on the negative were in a different 
order then they had been on the zerox copies. 

There's no mistaking the order in which the pictures 
were taken. There they are on the negatives, one right after 
the other, and clearly numbered. And the curving light with 
a splash at the end did not occur during the launch sequence 
at all, Instead, it was taken before the launch -- just how 
long remained to be seen. Everett and Shirley took the 
photo and developed it at both extremes: very dark and very 
light, to bring out all the details possible. 

The results were most interesting. As shown on the 
lighter print (figure 13), the light does not curve down out of 
the sky and strike toward the ground, it turns up toward the 
sky and strikes above the distant treeline, Further, as shown 
on the darker print (figure 14), it does consist of a little ball 
of light, just like a scalar EM missile would appear. No 
apparent structure to hold the light appears in either picture, 
though one could not positively rule this out completely 


hup:/www.cheniere.org/books/ferdelance/appendixa.htm (17 of 31)25.11.2003 0:02:08 


The Tom Bearden Website 


without microdensitometer tests. (One can inadvertently get 
artifacts like this by focusing on a ball-like light bulb, for 
example, and then moving the camera while the shutter is 
still open. On the other hand, there is no evidence that this 
happened at all, and no street lamp post or other foreign 
object in the photo.) 

(The remaining photos of the liftoff sequence are 
shown in figure 15.). 

We called Mr. Gladwin. He verified that the photos 
had been taken in order, one right after the other. He had 
not had the camera on a tripod, but had steadied it on a 
railing. In other words, the "light streak with a burst on it" 
had been taken just before the liftoff. Also, Mr. Gladwin 
had not observed 'the marker beacon, and had not attempted 
to photograph any such "light in the sky.” In fact, visually 
he had not observed any such streak and burst of light in any 
scene he was photographing. 

So the question is, exactly what did Mr. Gladwin 
photograph in that photo, just prior to the shuttle's liftoff? 
The answer is. we just don't know for sure. 

Let's run through the two possibilities: 

(1) He may have snapped an artifact while moving the 
camera. If so, the camera was definitely quite still at least 
most of the time the lens was open, for the treeline is quite 
clear in the lighter photo, which reduces light saturation and 
shows details more clearly. Further, there is no evident 
support or structure attached to the light itself; it seems to be 
a "disembodied" light. So this possibility is ambiguous, 
though reasonable. Mr. Gladwin does not recall any such 
movement of the camera; it was steady while he was 
shooting. 

(2) He may still have snapped a scalar EM missile. If 
so, it means the Soviets fired a "small test" of the 
exothermic pulse or scalar EM missile in advance of the 
actual shuttle launch. Let's pursue that for a moment, and 
suppose it to be true. 

The Soviets already had the marker beacon up in the sky 
-- that's certain. Many persons saw it. Soviet trawlers off 
shore and Soviet satellites could also have given the actual 
position of the marker beacon. Thus the Soviet LPABM 
System would have had (a) the actual parameters the 
computer had used to transmit the beacon, and (b) the actual 
location at which the beacon emerged. Comparison of (a) 
and (b) is much like having a "meteorological data message" 
in field artillery: One has the corrections to apply for 
specific conditions of the medium that cause deviation. 
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These corrections can then be applied to calculated or 
“table” data to adjust firing for real-world conditions. 

So far so good. The Soviets had the exact position of 
the registration beacon, and could apply corrections for a 
shot of the scalar EM missile. They certainly would know 
the exact position of the shuttle on its launch pad. 

If a fairly substantial offset for the scalar EM missile 
shot were used, "met corrections" could be applied and a 
small scalar missile could be zinged in, stopping 
momentarily at the final offset "strike" position so that a 
track could be obtained by the scanner extraction beam. 
Then by comparing the detected offset position of the 
“burst” of the scalar EM missile to the detected offset 
position of the marker beacon, the difference could be 
applied to the beacon's true position to get the true strike 
position of the missile. The offset used could then be 
subtracted to give the location where the missile would have 
struck without the offset, had it actually been fired at the 
rising shuttle after liftoff. This "adjusted final strike 
position” could be compared to the shuttle's expected early 
trajectory (which varies only slightly from standard for the 
first few seconds) to determine the expected combat success 
of the shot. It's a little roundabout, but it's a very safe way 
to do it if one wants quite positive assurance that the missile 
will not strike the shuttle and destroy it. Since the Soviets 
delayed the "area burst" and its concomitant atmospheric 
"boom" to T + 12 minutes, it is evident that a large offset 
was used for the area strike -- probably about 10 extra 
minutes -- to positively assure that there would be no actual 
damage or threat to the shuttle. 

It seems logical, then, that they might fire the small 
scalar EM missile well offset from the shuttle, and just 
before its launch, to prevent any possibility of actual damage 
to the shuttle. 

So there you have it. Mr. Gladwin's photograph is 
consistent with such a careful, safe scalar EM missile test by 
the Soviets, prior to the actual liftoff of the shuttle. On the 
other hand, it's not possible to say with certainty that that is 
what it is. It may simply be a very peculiar artifact. In fac, 
if it were not for the other indicators, one would most 
certainly not consider such a bizarre possibility as an offset 
Soviet scalar EM missile strike at the shuttle. 

If the "streak" photo is examined as a candidate for a 
scalar EM missile test, then one other thing must be 
explained: Why did the film capture the test when observers 
did not see it at all? That, of course, we can explain! 
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So back to our presentation. Here I'm going to assume 
-- and accent that this is a postulation -- that the Gladwin 
photo actually represented a scalar EM missile test. We will 
run through a possible sequence of events, based on that 
assumption. We will hypothesize the LPABM system 
operation and the Soviet conduct of the test. The major 
events here in the U.S. may be quite real; those assumed to 
occur in the Soviet Union, of course, are "author's license" —- 
but hopefully realistic. 


IESE SHS EHS eu obceob ei ckk 


The evening of Nov. 26, 1985 is perfect. At Cape 
Canaveral, the shuttle Atlantis is poised on its launch pad 
waiting to move majestically into the heavens on its 
impending journey. As launch time approaches, everything 
is as smooth as a cat's whisker. There is, however, just one 
small anomaly. 

‘A mysterious light is hanging up in the sky, staying still 
for awhile, then gently rocking back and forth. The light is a 
Soviet marker beacon for a scalar EM howitzer. The 
howitzer, employed in a special scalar EM channel 
contained in the Woodpecker transmitters and interference 
grid, will shoot through the EM carriers at an aiming point 
offset from the shuttle. 

Since this is still to be a nondestructive test, no chances 
will be taken. The pulse mode will be used, and a "scalar 
EM missile" -- a bundle of energy buried in hyperspace 
around its moving zero-point in this world -- will be fired 
directly at an offset aiming point prior to launch of the 
shuttle. A substantial offset in distance will be used to 
prevent posing any danger of inadvertently hitting the 
shuttle on its launch pad. 

The marker beacon is necessary for precision. Its 
desired position will be calculated and the beacon will be 
placed on station, By placing this source of continuous EM 
energy in the area, it can be detected by the scanning 
"energy extraction beam" and tracked by the distant Soviet 
operator. Soviet trawlers and satellites monitoring the test 
will report the true position of the marker beacon, which 
will deviate from the calculated location due to conditions of 
the channel medium (the Woodpecker beams) at the time. 
Comparison of the beacon's true position to its desired, 
calculated position "registers" the marker beacon and yields 
the "meteorological corrections" which must be applied to 
standard firing table calculations. These corrections can be 
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applied to any further shot into the area to correct its aim. 
just as standard field artillery applies registration corrections 
in the target area. 

When the shuttle boosters ignite, an additional track 
will be obtained from it. The offset from the received track 
of the marker beacon and the received track of the shuttle 
booster flame thus will give the exact correction or "shift" 
from the marker beacon settings that should be used to set 
the howitzer's aim. In other words, a "relative" firing, offset 
from the marker beacon registration track, will automatically 
compensate for any vagaries of the medium experienced by 
the beams in transmission. 

The Russians, being excellent artillerymen, have 
simply applied the standard artillery technique of shifting 
from a known registration point. 

The Soviet Launch Phase ABM System is cocked and 
ready. This is the last test in the "wet run" series in which 
an offset will be used. If everything goes as planned, future 
shots will move into the next phase, where actual U.S. 
targets will be destroyed. The two great powers are already 
at war, but one of them does not know it yet. Because of the 
importance of this last test before the next step in hostilities 
commences, Gorbachev himself is monitoring the test. 

The countdown begins. In Florida a great many 
persons are observing the event. George Suchary has 
already spotted a strange light hanging in the sky, where 
none ought to be. Bob Gladwin, resting his camera on a 
railing, prepares to snap his first picture so that he will be 
sure to have a sequence completely across the launch. 

Deep within the Soviet Union, a large display screen 
is illuminated. The marker beacon's track is clearly shown 
on the display, as are synthetic symbols for the shuttle on its 
launch pad, several Soviet ships off the coast of Florida, and 
several Soviet satellites. 

The control officer barks, "Missile test! Proceed!" 
The simulation officer presses a switch, and a simulated 
shuttle launch track appears. 

The operator responds immediately, "Launch 
detected!" The identification officer, scanning the 
frequency components and the signature of the energy 
extracted from the launch, calls out, "Missile! Target 
hostile!" He presses a button, and a light illuminates on the 
panel, marking the target as a hostile missile. The launch 
track begins to blink. 

The control officer announces, "Prepare to fire!" 
"Pulse mode!" "Strength one!" "Test!" "Apply burst 
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offset!" The operator rapidly flips switches, setting the 
mode of fire and the offset. Instantly lights light to show 
that the computer has computed the shift and offset, and 
corrections. A red "Ready to Fire" light illuminates and a 
low siren begins its wobbulating growl. 

The control officer orders, "Fire!" The operator 
presses the fire switch. A "Fire" light appears. A slight, 
deep shudder is felt briefly as the howitzer fires its scalar 
EM pulse missile of deadly energy. On the screen, the path 
of the scalar EM missile is traced out as it speeds toward its 
target far over the horizon. 

In Florida, George Suchary is getting more and more 
curious about that pesky light. Bob Gladwin is preparing to 
snap his first photo as the final seconds of the countdown 
tick away. 

On the distant Soviet screen, a sudden small burst 
appears, superposed over the synthetic shuttle track. The 
operator yells, "Burst!" On a smaller screen, a vertical 
profile shows the strike directly underneath the target. 
Immediately a blinking "Target Killed" light appears as the 
computer assesses the shot a kill. 

The operator excitedly calls out, "Kill!" "Direct Hit!" 
Cheering breaks out from the firing team and the onlookers. 
Gorbachev and his entourage are smiling broadly and 
clapping. The cheering quickly hushes as the crew and 
participants continue to watch the track of the rising shuttle, 
and prepare for the launch and the next test. 

Bob Gladwin has snapped his first picture (figures 13 
and 14) leaving the shutter open a bit to allow for the 
nighttime conditions. As luck would have it, the scalar EM 
missile strike Occurs during the time the shutter is open. 
The film has captured the strike by a special process, even 
though human eyes have not seen it. (We will explain that 
shortly.). 

At 7:29 the Atlantis's boosters ignite and the vehicle 
begins to rise smoothly off the launch pad. She will continue 
to rise, then pitch over to a 45 degree angle and proceed 
down range.. 

Bob Gladwin is snapping pictures regularly, one after 
the other. 

In the local Florida area, hundreds and hundreds of 
persons are watching the flawless launch. The tip-off of the 
Indian River Community College basketball game and the 
St. Lucie County School Board meeting are held up while 
participants watch the Atlantis begin to rise serenely upward. 

In the Kremlin, another track has appeared on the 
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control screen display. Once again the sharp-eyed operator 
snaps, "Launch detected!" The identification officer, 
scanning the frequency components, tersely rasps "Missile! 
Target hostile!" Again he presses a button, and a light lights 
on the panel, marking the target as a hostile missile. 

The control officer orders, "Simulate multiple firings!" 
The simulation officer acknowledges, "Multiple firings 
simulated!" and presses a button to cause the computer to 
simulate multiple launches on the display. 

Immediately other synthetic target tracks begin to 
appear on the display screen, one by one, clustered around 
the shuttle launch at various separation distances, pre- 
arranged to represent multiple firings from a missile silo 
complex for this exercise. A special audio alarm sounds as 
each track appears. 

The operator immediately calls out, "Multiple tracks! 
Missile launches!" and then "Identified hostile!" 

The control officer orders, "Prepare to fire!" "Area 
pulse mode!" "Test!" "Apply time offset ten!" 

The operator flips switches rapidly, acknowledging. 
Lights illuminate on the console, showing status of 
preparation for firing. The "Ready to Fire" light illuminates 
and the low siren begins again. 

Back in Florida, Bob Gladwin has stopped snapping 
photographs. George Suchary has gone into his house to 
find his Polaroid camera and take a picture of that pesky 
light still hanging up there in the sky. 

Back in Russia, the fire control officer orders, "Fire!" 
The operator presses the fire switch. The "Fire" light 
illuminates, immediately blinking, and the siren changes 
tone. On the display screen, all target tracks are blinking. A 
large light on the console comes on, showing that an 
"exercise time offset” of 10 minutes has been applied. A 
digital clock starts ticking off the minutes. 

Minutes pass as the offset time ticks down. 

Back in Fort Pierce, George Suchary is coming out to 
take photographs of that darn light, which is still hanging up 
there! 

Folks are streaming back into the Indian River 
Community College gymnasium for the basketball game. 
Attendees at the St. Lucie County School Board meeting are 
wandering back inside, to get ready for the meeting. 

More minutes pass. 

Back at the control console in the Kremlin, the offset 
clock ticks down to zero. The siren ceases its wobbulating 
tone and holds a steady note. The "Fire" light ceases 
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blinking and illuminates with steady brilliance. A deep 
shudder is felt as the howitzer fires again. On the screen, the 
rapid trace of the mighty scalar EM serpent is shown as it 
races toward its target. 

Suddenly it reaches the target area, and a large 
blossoming light appears, covering all the target tracks. The 
operator announces, "Burst!" 

All the target tracks flare brightly, then dwindle and 
die. The "Targets killed" light illuminates and the operator 
yells, "Kill! All targets killed!" 

Wild jubilation breaks out. Everyone is grinning and 
clapping. Gorbachev personally congratulates the fire 
control officer and pumps his hand. The tension relaxes 
visibly. In the noise, the operator touches a joystick and 
slews away the marker beacon, preparing to shut down the 
system. 

The final test has been a crowning success. Now the 
real first phase of active combat begins. "And the fools 
don't even know it yet!" a grinning Gorbachev delightedly 
announces. 

Back in Fort Pierce, precisely 12 minutes after liftoff, 
high in the atmosphere above the launch site and a little 
downrange, a tremendous rumbling boom suddenly rocks 
the coast for hundreds of miles in each direction. The blast 
is heard as far north as Charleston and as far south as Key 
West. 

George Suchary is taking pictures (figure 10) as the 
hanging light in the sky suddenly begins to move away, 
obeying the controls of a Russian operator thousands of 
miles away. Bob Gladwin has already finished snapping his 
photographs (figures 13, 14, and 15) of the launch and taken 
down his camera. 

The anomalous light disappears rapidly in the distance, 
moving faster than any jet aircraft. 

People gradually resume their normal activities, talking 
about the beautiful evening and the perfect launch. Many of 
them have noticed the strange light that hovered and 
bobbled in the sky, then sped away. 

The final Soviet registration of their eerie weapons for 
World War III has been completed. A totally different kind 
of Pearl Harbor -- more akin to a Trojan Horse -- has been 
prepared for the unsuspecting United States. 

Countdown toward Armageddon begins. 
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George Suchary's photograph of the marker beacon, 
just after it had started slewing away, is shown in figure 10, 
as printed in the News Tribune. 

Bob Gladwin's photographs of the shuttle launch are 
shown in figures 13, 14, and 15. 

Figures 13 and 14 show two developments of the same 
shot, one light and one dark, The light one shows the 
treeline in focus in the distance, with the light streak and 
burst. 

Figure 15 shows liftoff of the shuttle and its rise and 
tilt over on the first part of its trajectory. 

Figure 16 shows a possible detailed interpretation of 
the first Gladwin photo. The simulated aim point was offset 
from the shuttle, and the strike was directly at the offset 
point. The computer computed the burst strike strike of the 
scalar EM missile from the adjusted registration data, and 
determined whether or not the target was killed. 

The control precision is shown by the small size of the 
scalar EM missile. 

The strike of the weapon is caught by the camera, but 
not seen by the naked eye, None of the many hundreds of 
onlookers saw the strike, though all of them saw the shuttle 
launch. 

There is a very good reason for that, though it is not 
commonly known. 


The reason is that Bob Gladwin's 
camera was utilizing a form of photography 
pioneered -- to the best of my knowledge -- by 
Trevor James Constable. At least I learned 
about it from Constable's books and articles. I 
then told it to my good friend, Joe Gambill, 
and Joe applied and adapted it to the unusual 
photography which he performs. Both 
Constable and Gambill are masters of this type of 
photography. Once I got deeply into scalar 
electromagnetics, I finally figured out what was going on in 
this methodology. 

Briefly, here's the way it works. Scalar energy, of 
course, has to be detected by some sort of interference 
phenomenon. There exists a very special way to get a 
camera to perform such interference for you. 

In the EM spectrum, the infrared and the ultraviolet 
have a special relationship to each other. The ultraviolet is 
exactly twice the frequency of the infrared, if the two zones 
are properly chosen. In other words, the UV is the first 
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harmonic of the IR. 

The scalar EM energy, since it operates in the Kaluza 
hyperspace surrounding every point in ordinary space, may 
be considered to be composed of pure spin. (That is, it's 
moving in a dimension where each particle of that 
dimension is spinning). Harmonics there are spin 
harmonics. 

In this photon-interaction produced level of reality 
(the ordinary world), the IR and UV bands are more closely 
connected to the "shadow world” in which scalar energy 
moves. Thus there is a sort of shadowy "swirling" of the 
scalar energy near the IR and the UV. Entry of the scalar 
energy into this world, through the IR and UV windows by a 
kind of "harmonic interferometry," is normally prevented by 
the presence of visible light. That is, visible light 
"squelches" the "paranormal channel” that lurks beneath the 
IR and UV zones. 

To make use of the IR and UV interference source 
zones, Constable covered his camera lens with a special 
filter (I8A) which is opaque to the visible light spectrum 
and transparent to the IR and UV. Note that the film is 
sensitive to the IR and UV region we are talking about, but 
the human eye is not. 

When pointed at a sufficiently strong source of scalar 
energy, such a specially filtered camera has unique 
characteristics, It strips out the visible spectrum, but still 
admits the IR and UV spectrum. The scalar energy surges 
through these two source windows, and phaselocks 
harmonically. That is, the scalar energy entering through 
the UV window fits twice neatly in the scalar energy 
entering through the IR window. This interference, on the 
film, is (recall) swirling in frequency. The net r 
the film records the interfering scalar energy as 
spectrum energy. 

Infrared film can be used to increase the response in 
many circumstances. 

Both Constable and Gambill have rigorously proven 
this technique in literally thousands of "paranormal" 
photographs. (They do not necessarily use my scalar EM 
terminology, but the technique is rigorous and works, 
regardless of terms.) 

Under nighttime conditions, sometimes the particular 
ens and film combination will phaselock between IR and 
UV for incident scalar EM energy. This is particularly true 
when a relatively strong source of IR is in the vicinity. 

While Bob Gladwin was taking his photographs, there 
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was no suppression of the IR/UV phase-lock effect by 
visible light because it was night and there was hardly any 
visible light entering his lens. 

Thus his camera lens and film formed an IR/UV phase- 
locked interferometer that detected and recorded the strike 
of the scalar EM missile underneath the shuttle, even though 
human eyes did not detect it. 

At this point it would be interesting to know whether 
NASA may have had IR cameras focused on this shuttle 
launch (which was at night). If so, it would also be 
interesting to know whether any of them may have 
developed the IR/UV phaselocked interferometer effect, and 
captured the strike of the weapon. 

Note that daylight shots would automatically break the 
IR/UV phase-lock possibility, by jamming out the effect 
with visible light, unless a special filter is used to filter out 
the visible light but leave both the IR and UV. 

One would hope that both NASA and the U.S. Air 
Force will take note and discreetly add a specially filtered 
camera to the instrumentation observing and recording all 
future daylight launches. 

To recapitulate the major events at the shuttle launch 
on Nov. 26., 1985, see figure 17. A marker beacon was 
placed in the vicinity, high over the area, for precise 
registration and location of tracks relative to it. A scalar EM 
missile strike may have occurred just prior to launch, and 
offset from the shuttle. 

Then the shuttle lifted off. The exercise called for 
simulating multiple launches from a missile field. The area 
code was computed, and the fire order given. A substantial 
time delay -- say, 10 minutes or more -- was used to 
absolutely assure that the actual shuttle was well away from 
the engage blast. 

Twelve minutes after launch, the delayed firing in an 
area "multiple missile kill” mode occurred, producing a 
massive boom heard for hundreds of miles up and down the 
east coast. After the boom, the marker beacon was slewed 
away, and photographed by George Suchary just as it 
moved. 

The shuttle moved on downrange and went merrily on 
its way, blithely unaware of the jaws of the tiger that had 
snapped shut behind it. 

To the Soviets, this final test of the preparation phase 
was highly successful. They were now ready to increase the 
risk level and fire the first round of World War III. 
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- THE SHOW BEGINS - 


13. On Dec. 12, 1985 the same Soviet weapon tested 
against the previous NASA shuttle launches and against 
various aircraft may have deliberately interfered with the 
controls of an Arrow DC-8 taking off from Gander Air 
Force Base, Newfoundland. At an altitude of 100 feet, the 
aircraft -- carrying over 250 U.S. soldiers and civilian crew 
members -- lost power and sank into the ground tail-low, 
killing everyone on board. It was a tragedy of enormous 
proportions to the U.S., and especially to the families and 
friends of the brave servicemen and crewmembers who lost 
their lives, 

Three Canadian witnesses to the crash were 
interviewed over the Canadian Broadcast network television 
news on April 8, 1986 at 10:00 p.m. No flame or smoke 
ued from the plane before its descent and crash. 

However, witnesses reported seeing the aircraft 
mysteriously glowing with a yellow halo. That is a 
signature of the use of a scalar howitzer in the "continuous 
EM emergence" mode, similar to the manner in which 
several F-111's were downed in Vietnam. 

In short, the DC-8's electrical systems were interfered 
with by electromagnetic energy and noise created 
throughout each increment of spacetime occupied by the 
aircraft. A powerful charge was rapidly created in and on 
the aircraft structures and skin. The "yellow glow" seen by 
the witnesses was a corona due to the skin of the aircraft 
acquiring a high electrical charge. 

Something also apparently caused the rapid loss of two 
engines, one after the other. This indicates that the distant 
Soviet operator may have struck at the engines, one after the 
other, with a scalar "energy extractor beam.” Thus he 
apparently tracked the aircraft as it moved down the runway, 
then used two modes against it: one to create serious EM 
interference with the electrical systems of the aircraft, and 
one to disable the engines. 

With its controls ineffective and power drastically 
reduced, the doomed aircraft sank to earth, still in its "tail 
down" configuration from takeoff, and crashed and burned. 

Admittedly other factors may also have contributed to 
the crash. These included reduced lift due to poor engine 
maintenance, increased weight of the aircraft due to icing, 
and heavy loading. However, normally the aircraft could 
still have taken off and flown to its destination. (See "Arrow 
Air was absolutely safe, FAA official says," UPI release, 
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Birmingham Post-Herald, Apr. 17, 1986.) 

To date, no official seems to nave recognized the 
sinister significance of the "yellow glow" or what it implies. 
No one seems to have connected the loss of this aircraft, the 
mysterious booms over U.S. shuttle launches, the 
Woodpecker interference grid, the anomalous loss of the U. 
S.S. Thresher, the high altitude "booms" off the east coast of 
the U.S. some years back, the puzzling loss of two critical 
Titan launch vehicles in a row, anomalous engine flameouts 
of civilian jetliners, etc. 

Certainly officialdom has not recognized that a Soviet 
Launch Phase ABM System is being tested directly over its 
collective head, to include actual destruction of U.S. aircraft, 
missiles, and space vehicles with concomitant severe loss of 
American lives. 

Direct and diabolical acts of war have been committed 
upon us by the Soviet Union, but in a fashion that still 
eludes our erstwhile pundits. 

However, it is not as simple as that. To even energize 
giant scalar EM weapons is to run a risk -- to all mankind -- 
so horrendous that it boggles the imagination. Truly it 
deserves Brezhnev's 1975 phrase, "...more frightful than the 
mind of man has ever imagined." 

Shortly we will reveal exactly what he meant. 


- Apr. 18, 1986: Death of a Titan - 


14. As this book goes to press, the last two U.S. Air Force 
Titan 34-D missiles fired from Vandenberg Air Force Base 
in California have blown up shortly after launch. The first 
one blew up on Aug. 28, 1985 just after lift-off. That loss 
has been attributed to failure of a high-powered fuel pump, 
causing a massive oxidizer leak and a smaller fuel leak. The 
second Titan loss occurred on April 18, 1986 when the 
Missile blew up 5 seconds after lift-off. Its loss is still under 
investigation and no determination of cause has been made. 
Apparently the shuttle and the Titan presently provide the 
only viable launch vehicles for launching U.S. "spy" 
satellites. The loss of these sensitive satellites -- if indeed 
they constituted the payloads -- cannot help but be damaging 
to our strategic surveillance capability. According to the 
Los Angeles Times, the single remaining KH-11 satellite 
was launched in December 1984 and, with an expected life 
of two to three years, it could stop functioning later this year. 
Whether or not significant Woodpecker grid activity 
existed in the vicinity of the Titan launch of August 1985 is 
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unknown at this time. However, significant activity in the 
grid definitely occurred before the April 18 Titan disaster 
and on the same day. 

On Easter Sunday, 30, 1986 engineer Ron Cole 
observed significant cloud signatures of grid pattern activity, 
correlated with Soviet Woodpecker measurements. On 
April 18, the present author observed traces of a cloud radial 
over Huntsville, Alabama and took photographs of it. 
Preliminary reports from Thousand Oaks, California 
indicate extensive grid activity again on April 18, the day 
the second Titan exploded. 

At least the second of these two missile destructions 
shortly after launch is highly suspicious, since the grid 
positively was active during that time. Also, a clear trail of 
Launch Phase ABM system indicators exists back to the 
massive scalar exercise of April/May 1985. The first Titan 
explosion in Aug. 1985 thus falls within the Soviets’ "now 
let’s test them against U.S. launch vehicles" period. 

The second Titan loss follows highly suspicious losses 
of the Arrow DC-8 on Dec. 12, 1985 and the Challenger on 
Jan. 28, 1986. The same Soviet weapon system that 
destroyed those targets probably also destroyed one or both 
of the critical Titans. 

Atleast, on the second Titan explosion, the Soviets left 
another signature. In one of the videotapes taken of the 
explosion, the marker beacon can be seen well , above the 
exploding debris, moving away from the explosion site. 

See for yourself! Refer to "Titan Explosion Cripples U. 
S. Launch, Surveillance Capability," Aviation Week & 
Space Technology, 124(17), Apr. 28, 1986, p. 16-19. 
Specifically, look at the color photo of the explosion on p. 
18, 

Look well above the explosion (about one inch on the 
page) and to the left (about one inch on the page) of the 
center of the top of the fireball portion. There you will see a 
little light, caught in the very act of moving away. 

At my rather frantic urging, engineer Ron Cole sought 
out a copy of the original videotape. He and a team spent 
two hours, going through this portion of the tape frame by 
frame. The light is there. It's real. And it moves on out of 
there, well above the explosion and independent of it. 

It's the Soviet marker beacon, caught in the very act. 
Here I want to express my sincere appreciation to Ron Cole 
for his untiring efforts to nail this light down. Without his 
dedication to supporting this investigation, it would have 
been impossible to say for sure that the light was there. 
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So we have caught the bear red-handed, with his 
fingers in the cookie jar. If the marker beacon is there, you 
may rest assured that the Soviets destroyed that Titan 
missile, with very high probability. [See also "Investigators 
Search for Clues to Cause of Titan Blast,” Aviation Week & 
Space Technology, 124(17), Apr. 28, 1986, p. 19-20; also 
"Titan Accident Prompts Funding, Technology and Policy 
Questions," AW&ST, 124(17), Apr. 28, 1986, p. 21. 


Continue 
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Figure 1 


Figure 1. Wilson's first cloud radial 
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Figure 2 


Figure 2. Wilson's second cloud pattern 
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Figure 3 


Figure 3. Wilson's third cloud radial 
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Figure 4. 


PLACEMENT OF WILSON'S THREE RADIALS 
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ABSTRACT | Energy harvestingis well established as one of the 
prominent enabling technologies [along with radio-frequency 
identification (RFID), wireless power transfer, and green 
electronics] for the pervasive development of Internet of 
Things (loT). This paper focuses on a particular, yet broad, 
class of systems that falls in the lot category of large area 
electronics (LAE). This class is represented by ‘smart surfaces.” 
‘The paper, after an introductory overview about how smart 
surfaces are collocated in the loT and LAE scenario, first deals, 
with technologies and architectures involved, namely, materi 
als, antennas, RFID systems, and chipless structures; then, 
some exemplifying solutions are illustrated to show the 
present development of these concurrent technologies in this 
area and to stimulate further solutions. Conclusions and future 
trends are then drawn, 
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I, INTRODUCTION 


Looking at the telecommunication (TLC) market develop. 
‘ment worldwide in the last five years, we see an average 
decrease of about 5% per year, in both gross domestic 
product (GDP) contribution and employment [1]. Against 
this trend, the global information and communication 
technology (ICT) market has remained grossly constant. 
Some compartments, in fact, are experiencing an opposite 
trend. Beside some sectors related to new consumer pro: 
ducts, such as tablets and smartphones, new Internet of 
Things (loT) related products are growing at two digits 
per year and some estimations from big players report a 
‘market value in the order of trillions of dollars in the next 
decade [2], [3] 

‘The vision behind IoT' is in fact to connect objects 
directly to the Internet so as to allow them to provide 
information directly to the web without any human inter 
‘mediation [4]. This vision will have a great impact on sev- 
eral electrical and electronic technologies, ranging from 
the basic physical layers (technology platforms) to the 
highest ones: communication protocols, software, human 
interface, and information management. 
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- More Frightening Than the Mind of Man Has Ever Imagined - 


Brezhnev's unheeded 1975 characterization of these weapons as "more frightening than the mind of 
ran has ever imagined" has very real justification. Ina moment we shall explain what he meant. We 
shall also explain why the Russians may be serious about substantial nuclear disarmament. 


There is now a "balance of terror" loose in the world that makes the old MADmen’s MAD concept 
look like a sunny day in Hawaii. 


Let me explain just a little of what I mean. 


The scalar EM can and does use an ordinary EM beam as a medium. Many, many scalar EM 
channels can be infolded into an ordinary carrier. Thus the amount of energy stored in the carrier as 
“electrogravitational" energy has little to do with the feeble amount of electromagnetic energy stored 
in the EM carrier signal. 


Thus in one sense, when the Soviets are employing the big "continent buster" weapons, literally 
hundreds of millions -- or even billions -- of watts of energy may be infolded into the seemingly 
weak carrier beams. All this energy is in the scalar EM channels established in the carriers. 


Plus which, the scalar beams are employed in a "standing wave" node. Each scalar standing wave is 
like a gigantic "capacitor": It is highly charged. Under normal conditions, it has a charge and 
discharge time constant as well. If something were to "short circuit" one of these huge standing waves 
-- say, one with a thousand megawatts in it -- all that stored electrogravitational charge would 
discharge through the short circuit into whatever is on the other end of the short, and into the ground 
itself. In other words, the earth itself in that location would receive a mighty electrogravitational 
pulse (EGP). The ground in a region surrounding the discharge point would "charge up" just like a 
capacitor, and would transmit the EGP as a hemispherical current into the earth and spreading around 
it. This is where the real problem cores in. 


The problem, as originally discovered by Wilhelm Reich forgone energy was and is real, and is 
simply one form of scalar electromagnetics], is that radioactive material has a very great affinity for 
this EGP and undergoes a drastic reaction to it. Crudely, it works like this: 


Imagine the vacuum as a virtual particle gas. This gas is under extremely high "pressure" or, more 
correctly, internal Stress. This stress is a gravitational potential. 


However, the stress of the ambient vacuum is normally about the same in most localities. So a chunk 
of radioactive material doesn't experience a difference in vacuum potential across itself or throughout 
itself, In other words, the scalar EM fluxes in and out of every part of the nucleus are very high, but 
of equal magnitudes. The radioactive nucleus, however, is "unbalanced"; that is, it has an extra bit of 
unresolved EG potential which it would very much like to get rid of or discharge, by spitting out one 
or more particles, That is, it would like to "decay" to a more stable configuration. A nucleus that is 
trying to decay to a more stable configuration is a radioactive nucleus. 
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Remember, the radioactive nucleus is involved in a tremendously dynamic virtual particle flux 
exchange with the vacuum potential. And a part of it isn't quite in balance in that flux. Sooner or later 
the right "bobble" in the input flux will come along, and the nucleus will decay and emit a particle 
and/or radiation. By measuring the level of decay activity in a certain amount of the radioactive 
material, we can determine a "decay constant,” or basically the probability that a nucleus will decay 
in one second. We can then determine how long it will take that chunk of material to decay away to a 
stable, relatively inert material. Some materials only require a few minutes to decay, while others 
may require thousands of years. 


Now if you suddenly and drastically change the stress of the vacuum in which a radioactive nucleus 
is imbedded, you change the potential placed on the unbalanced nucleus. You hit it, in other words, 
with a strong EG potential pulse -- an EGP. That instantly unbalances the nucleus and it decays 
explosively. That is, it changes the decay constant and the probability of decay. 


Basically that's what happens in a nuclear implosion weapon: You hit the radioactive hunk of 
material in the center with a very high, imploding pressure wave, which is carrying an EGP. The EGP 
causes alll the nuclei to decay nearly instantly, producing a nuclear explosion. 


The bottom line is: strong EGPs wreak havoc if they happen to hit anything radioactive. Such as 
nuclear warheads, in missiles or in storage. Such as nuclear reactors. Etc. 


Now do you begin to see the problem? Let me spell it out. 


Suppose the Soviets have activated some of their giant scalar EM transmitters, to place a giant 
weather engineering grid over the U.S., or to knock down a Challenger or a Titan. They've got their 
scalar EM beams alll charged up. One of the giant Woodpecker transmitters has -- let's say -- 500 
megawatts in its infolded scalar EM standing waves. Everything is going good. They're socking it to 
the Americans and the Europeans. 


All those multiple scalar EM frequencies they're using to form the patterns, etc. have to all be 
absolutely phaselocked. Therefore all the transmitters have to be rigorously phaselocked, too. 


And suddenly something goes wrong. A major amplifier/transmitter controlling or stabilizing the 
phaselocking malfunctions. The phaselock is disturbed, and begins to quiver. 


Emergency circuits react instantly, trying to stabilize the situation and restore the quivering 
phaselock. Little "shorts" are being applied to the circuitry and to the "giant capacitor" that is the 
scalar EM standing waves. Dumps and discharges of EM energy are beginning to flash in the 
transmitter and associated circuits -- and into the ground. These make the situation more unstable. 
Feverishly the emergency circuits struggle to contain this thing -- and Wham! they cave in, all at once. 


Now you get a mighty and continuing discharge of the scalar EM energy in that standing wave back 
into the transmitter and into the ground. It burns out the transmitter. And the discharge continues as 
the "capacitor" drains all its EG energy into the earth in a giant pulse. 
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Around the transmitter site, the EGP is transmitted radially away, still very much like a standing 
scalar wave. It reaches the first nuclear facility. Let's suppose it's a nuclear reactor. Specifically, let's 
suppose it's a nuclear reactor at Chernobyl. 


If you'll check Soviet Military Power. DoD, 1986 you'll find that there's a big ABM radar site not far 
from Chernobyl. And Canadian sources verify that one of the large Woodpecker transmitters seems 
to be sitting in that general location. Now check "The Soviet Nuclear Disaster," The Wall Street 
Journal. Apr. 30, 1986, p. 24. Check the small drawing in the lower right corner of the bigger 
drawing. Here you can see that a Woodpecker transmitter located near Chernobyl would ideally 
transmit nearly due west to intersect over the U.S., entering across North America from its east. Other 
Soviet "over-the-horizon (OTH) radar transmitters" go over the north polar regions, to enter the U.S. 
from the North. The two then form a giant interference grid over the U.S. (You can see that in Soviet 
Military Power.). 


Suppose you were in the field in the U.S., measuring the Woodpecker signals. Suppose the stronger 
beam was coming from the east. You would be able to see this with your instruments. 


Now suppose the giant transmitter near Chernobyl got into the type of failure we're talking about. The 
emergency circuits panic and cut down the EM carriers, trying to drain away the standing scalar 
waves in a controlled fashion. Then your instruments would suddenly record the "new" direction as 
coming from the north, since the east carrier is gone. 


That's exactly what engineer Bill Bise detected out in California, about the time it appears the reactor 
at Chernobyl began to get in trouble. 


Let's continue with our scenario. Suppose the emergency circuits at the discharging Chernobyl 
transmitter contain things for awhile. The standing scalar waves are steadily draining into the earth. 
The EG potential starts to rise at the Chernobyl nuclear power plant. 


In the nuclear reactors, the decay constant of the uranium in the fuel rods changes. Additional 
radioactivity begins to pour out of the uranium. The reactor alarms go off, and the crew takes 
measures to reduce the problem. The control rods go further in, to slow it down. 


But the EG charge keeps increasing. The radioactivity of the uranium continues to increase. The 
control rods go further in to counteract this. The electrical controls begin to act up, showing 
anomalous indications. The radioactivity increases. In panic, the controls are fought until the control 
rods go all the way in. The reactor should in fact now be shut down completely, in normal 
circumstances. 


Things settle and hold a bit. The scalar EG charge increases. Finally the "shutdown" reactor starts to 
increase in radioactivity again. The control rods can't handle it. Everything is heating up, including 
the graphite moderator. Back at the transmitter, the emergency circuits finally are overwhelmed and 
give in. They fail all at once. The dreaded "uncontrolled short circuit" now exists between the 
collapsing standing wave and the earth. A gigantic discharge of EGP into the earth occurs at the 
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In terms of physical layer, IoT actually inherits the 
technologies developed for wireless sensor networks 
(WSNs), bringing the distributed nature of that to the 
‘extreme. WSN, in fact, can be synthetically seen as a mesh 
of sensor nodes purposely conceived to build and com- 
‘municate a sensed image of a monitored area. Within loT, 
the sensing nodes are not purposely deployed to monitor 
something specific; instead, they are simply hosted by 
“objects” in order to provide the information they are able 
to collect and make it available on the web. Conceptually 
speaking, there is not a big difference, but in terms of 
related technological challenges, there is. Nodes must be 
hostable by objects; objects are of many types, and the 
better the nodes fit themselves transparently to the hosting 
objects, the denser and more reliable the information they 
are able to provide. 

Several challenges can be envisioned in this evolution: 
first, electronic systems must be mechanically flexible, 
thin, and miniaturized in order to conform to the shape of 
as many objects as possible; second, the adopted materials 
have to be as recyclable as the hosting objects in order to 
avoid pollution from guest apparatuses; last but not least, 
hosted nodes must be autonomous, because they cannot be 
either connected to the grid or powered by life batteries. 

A great technological paradigm shift is going to be pulled 
by the development of IoT; green materials, autonomous 
systems, ultralow-power circuits, energy saving protocols, 
and energy harvesting (EH) are concurrently mandatory. 

Conversely, this technological evolution is pushing 
new solutions and architectures, so far constrained by the 
limits of conventional technologies. The development of 
inkjet printing techniques, the introduction of very cheap 
and eco-friendly materials compatible with roll-to-roll 
(R2R) circuit realization techniques [5] and so forth, open 
new horizons also to large area electronics (LAE). 

LAE, first applied to printed photovoltaic and organic 
screens [6], is actually at the onset of its development. The 
development of R2R techniques and related materials, in 
fact, is allowing for tremendously increasing the dimen- 
sions of LAE circuits and systems, from the present tens of 
centimeters to meters and beyond, Along this evolutionary 
scenario, new configurations and architectures, based on 
massive integration of large circuits over conformable sur- 
faces, can be envisioned, opening the way to what can be 
called the smart surfaces (SSs) approach. 

SS, in turn, can be seen as a branch of loT evolution, 
Large 2-D arrays of autonomous sensor nodes, for instance, 
make possible granular tracking of whatever parameter, 
ultimately providing augmented imaging of the environ- 
ment; large 2-D arrays of tags can provide a very low-cost 
platform for precise localization and location-based. ser- 
vices (LBS), thus enabling the realization, for instance, of 
smart floors [7] and smart wallpapers [8]; inheriting quasi- 
‘optical approach [9] contact-less electromagnetic (EM) 
‘wave processing (filtering, frequency conversion, selective 
shielding, etc.) can be conceived even at low frequencies. 


On the one hand, $$ is thus an approach stimulated by 
technologies pulled by IoT; on the other hand, it contri- 
bbutes to a class of architectures, within LAE, that can even, 
widen the huge horizons of loT applications in a sort of 
virtuous circle. 

‘According to this wide vision, the paper is organized as 
follows. A review of the technologies suitable for distri 
buted systems implementation to a large extent is given in 
Section Il; then, the explanation about how radio- 
frequency identification (RFID) can be considered one of 
the most suitable technologies for the implementation of 
of architecture, and how it can be naturally integrated 
with 88s, is provided (Section III). In order to deal with 
the implications of the development of RFID systems 
compatible with $$ and LAE evolution of lof, two specific 
sessions have been provided: the first relates to antenna 
implications (Section IV), and the second relates to 
electronic architectures for RFID tags (mainly chipless 
‘ones; Section V). In order to smoothly bring the reader 
from relevant technologies to applications, quasi-optics, as 
an example of general approach concurrently exploiting 
the mentioned technologies to provide a platform suitable 
for LAE, is described in Section VI. After this, some appli 
cation examples of how SS concept can be articulated, 
according to the IoT paradigm, are described; specifically, 
smart floor (Section VII), smart shoes as useful subsystems 
for the implementation of smart floors (Section VIII), and 
energy skin (Section IX). In order to have a vision of the 
logical links behind the many topics dealt with in this 
paper, a synoptic picture can be found in Fig. 1 


Il. TECHNOLOGY FOR LAE 
DISTRIBUTED SYSTEMS 


Given the described scenarios of SS, it is clear that the 
technologies involved have to be compatible with LAE 


fabrication, 
niet printing 
rove printing 


Technologies: 
RFID 
chips 


Fig. 1. synoptic view of the paper structure reflecting the loT vision 
described in the introduction. 
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transmitter site. 


In the desperate reactor, suddenly a great EGP appears. Instantly the uranium goes intensely 
radioactive. A gigantic pressure of heat, steam, graphite and radioactive materials bursts out of the 
reactor, breaching the building and erupting violently into the atmosphere. The core melts down. The 
graphite moderator ignites. You've got the realization of the nuclear engineer's worst fears: core 
meltdown and reactor out of control. It's afire and spewing deadly radioactivity out by the gobs. And 
the heat! It’s like hell itself opened up for business in this spot. 


At any rate, something very similar to that seems to have happened at Chernobyl. 


This author believes something similar happened in 1957 in the Southern Urals. (See Zhores A. 
Medvedev, Nuclear D: er in the Urals, Translated by George Saunders, W. W. Norton & Co., 
1979, p. 150. 


In the Kyshtym area, an explosion of nuclear wastes stored underground occurred in 
the winter of 1957-58. The area for miles around was contaminated, and is still contaminated to this 
day. 


Recall, Khrushchev spoke of a fantastic weapon in development in January 1960. Early prototypes of 
the weapon would have been in development and testing in 1957. Probably at that time there were no 
emergency control circuits to handle standing wave collapse, or only primitive circuits at best. 


If the failure of a transmitter occurred in full-power experiments, the unrestrained collapse of the 
standing scalar EM wave would most certainly have produced a large EGP in the ground, and 
instantly activated the nuclear wastes stored nearby. Eyewitness accounts reportedly stated that the 
wastes exploded, and that is totally consistent with our thesis. It is in fact a scalar EM accident 
signature. 


Any nuclear facility at all is an incredible and monstrous risk whenever scalar EM weapons are active. 


Of course, one's nuclear facilities are at risk if one's enemy has scalar EM weapons and fires at them, 
as we covered earlier in this book. 


However, they are at terrible risk even from one's own scalar EM weapons. The consequences ot a 
relatively simple electronic failure can be catastrophic; not only for the local nation, but for the earth 
as a whole. 


To show what we mean: 


Suppose a similar scalar EM accident -- such as seems possibly to have happened at Chernobyl -- 
occurs at some other giant Soviet "radar" facility. Further, suppose this particular transmitter is not 
too many tens of kilometers away from a Soviet missile silo complex. Just to really throw in the grit, 
suppose these missiles are the "big monsters" with--- say -- a 50 megaton warhead in each missile. 
Suppose there are 10 of them in the complex. 


Let's say this accident occurs "catastrophically" -- that is, the emergency control circuits are 
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overwhelmed immediately and a discharge of all the scalar energy begins at once. 
A giant EGP strikes the earth, spreads in all directions, and strikes the waiting monster missiles. In 
their implosion trigger warheads and in their fissionable and fusionable payload, everything goes at 


once. Actually, it goes better than when normally triggered. So each one goes at about 100 megatons. 


You've just had a monstrous 1,000 megatons of nuclear explosion in the earth. You get a giant 
earthquake. If it's not too far from the ocean, you get a tidal wave also. You get incredible amounts of 
lethal dirt and debris, radioactive and deadly, hurled violently into the air. 


This is just about the equivalent of a "normal all-out nuclear war!" 


And what about the other side's detection and early warning systems? Who's going to alert whom, 
and for what? How many missiles get launched? 


I think you see the point. 


And I haven't even covered what a giant EGP can do to humans. If it's truly a catastrophic failure, 
you can get an EGP that can wipe out half a mighty nation in one burst! 


And if the discharge happens to tickle the Sun and Moon's feedback loops the wrong way, you'll get 
convulsions of the earth, mighty burps of the sun raining fire and brimstone on the earth, and a 
violent increase in the interior heat of the earth's molten core, with a concomitant eruption of that 


core right up though the mantle. 


In other words, it could be "back to the beginning" for the earth, and start all over -- if, that is, some 
semblance of an earth survived. 


The Soviets know full well the implications of their giant scalar EM weapons. (Remember, I estimate 
they have over a hundred of these monsters, based on Frank Golden's detection of their full-up 
exercise in April/May 1985.). 


Scalar EM weapons have added a totally new dimension to the meaning of the word "terror". If one 
develops them and his adversary does not, nothing on earth can stand against them. So in Man's 
present state, the temptation to develop them is nearly irresistible. 


On the other hand, if one’s adversary already has developed them, one is already totally defeated 
unless one also develops them. Again, the need to develop them is imperative. 


Yet, whenever one activates a large scalar EM weapon, one immediately places the entire earth in 
deadly peril. The slightest misstep, and it's curtains for everyone. And it's curtains for the earth as 
well. 


So one is damned if one does, and damned if one does not. 
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We have reached the final turning point in human history. The clock is ticking away the last years ~ 
or days -- of the lives of all humans on earth. There has never been such a threat. 


We simply have come to the crossroads. somehow, all Mankind has to change. 


Infatuated with the thirst for ultimate power, we are facing two doors. Behind one is a beautiful lady, 
and the fulfillment of all man’s dreams: control of physical reality itself. Behind the other is the 
deadliest tiger ever dreamed of in our wildest nightmares. 


Which is it to be, the lady or the tiger? 


file://CYbearden/apendi Ib.htm (6 of 6)25.11.2003 0:08:17 


The Tom Bearden Website 


SCALAR EM INOCULATION AND ITS IMPLICATIONS 


My appreciation goes to Gary North for his openly sharing the above important information with 
the public, Human nature being what it is, one or more of his more dire scenarios is going to happen 
sooner or later. 

The problem becomes enormously more compounded if the hostile agent or agents possesses 
sophisticated scalar EM technology. 

With scalar technology, there exists the potential that the worm or virus can be implanted from a 
distance. If scalar scanning devices of sufficient precision can be developed, then major software 
residing in a chip, a computer, or on a disk can be read from a distance. With scalar EM methods, the 
ordinary software "guards" are totally ineffective. The scalar "reader" could simply read off the 
software directly as the disk or device goes about its normal operations. 

After the software is read, a germ or a virus is designed to produce a particular problem as 
desired and upon special stimulus. Then a scalar "imprinter" device is used to produce the necessary 
digital pulses directly upon the media in which the software resides. The required code has now 
been .implanted. In effect, the operating system has been injected from a distance, and contaminated 
with the desired "sleeping agent” -- germ or virus. From there on, it's just like Gary North's scenarios. 

So the scalar EM technology can probably be used (at least eventually) to place "mines” in 
systems in advance, for damage or destruction at a future date. At least it's possible in principle. 

However, it's not the injection of computers and equipment that bothers me. It's the injection of 
human beings. Here's generally how it can be done (and possibly is being done). 

Basically, human brains have various rhythmic waves which represent "envelope pulsations" of 
the entire electrical system. However, it is not the EM force fields represented by these pulsations 
which are important: it is the summed-zero (scalar) patterning of the entire complex of neuron firings 
which represents the real activity of the brain -- and represents it thoughts and emotions. A storage 
system for these patternings exists, but it's a scalar pattern storage, not an E and B field storage. The 
storage system is in the nuclei of the tissues of the nervous system itself, not in electrical or 
electrochemical potentials. 

At any rate, the human brain rhythms are also "riding along" relatively entrained to the 
Schumann resonance of the earth's magnetic field. So all the patterning of the brain is grouped 
together into giant overall orders, and one or more of these is normally synchronized to our natural 
environment. 

If a varying magnetic signal of extremely low frequency -- say 10 hertz -- bombards the brain 
with greater power than the earth's magnetic field, it is possible for the brain's rhythm to be "forcibly 
entrained" to synchronize with that signal, rather than with the normal Schumann resonance. If a 
large number of brains are forcibly entrained to such a signal, and the signal is artificial, then a 
master coherent phasing of all the brains to the transmitted signal has been accomplished. 

And that can be utilized -- and is utilized -- by the Soviet Union. On the Woodpecker signals, 
Bob Beck has detected up to 16 carriers, each with a 10 Hertz modulation, and with all the 10 Hz 
modulations in phase 

Let's stress what we're saying here. At times, the Woodpecker signals have shown 16 carrier 
frequencies which contain the same 10 Hertz modulation, and which are all kept coherently sync- 
locked. 

If those signals and the modulations are strong enough, the brains in a targeted area demodulate 
the 10 Hertz signal and phase-lock to it -- actually, to them, At that point, the brains are entrained to 


file://CYbeardenfapendix1e.htm (1 of 3)25.11.2008 0:08:35, 


The Tom Bearden Website 


a 10-Hertz driver, and 16 channels of multimegahertz frequencies are locked-in to the brain. 
Now if the Soviets have broken the genetic code of the human brain (which they have) and 
succeeded in developing the ability to implant thoughts, emotions, pictures, etc. (which at least to a 
degree they have), then they can simply record the proper signals from human guinea pigs, using 
scalar technology and instrumentation. They can tailor those signals and add them onto the 
Woodpecker carriers, using scalar EM techniques. By using most of the sixteen carriers as a means 
to express Fourier frequency expansions, specific areas and functions of the brain can be targeted. 
Notice that the distant transmitters al ready "know" the correct phasing: just use the 10 Hertz 
modulation signal as a reference, In that case, phasing takes care of itself inside the captured human 
brains 


The brain has a unique characteristic. If a signal arises inside it, it interprets that it itself 
originated the signal. Thus for the first time in history , true unwitting "robot" actions and emotions 
can be engendered in masses of human beings. 

But it's still worse. The Kaznacheyev experiments (see references) proved conclusively that 
electromagnetic signals can carry and transmit cellular disease and death patterns into a targeted 
biosystem. You can rest assured that the Soviets continued on to actually measure and determine a 
wide variety of death and disease scalar patterns. All of that can be added on to the Woodpecker 
carriers so that the population in the intersection grid area is devastated. One can even test it out in 
advance by producing a modified pattern of a disease in the targeted populace, and keeping the 
percentage of brains entrained down to a small level. This lowers the number of persons “injected” 
from a distance to a small percentage of the populace. Then the outbreak of the "new strain” of a 
familiar disease -- such as influenza, pneumonias, and something like AIDS -- can be monitored to 
provide targeting and effectiveness data. Notice that a series of diseases was experienced by U.S. 
personnel assigned to the U.S. Embassy in Moscow, probably as a result of the so-called "weak 
microwave radiation" of the Embassy by the Soviet Union. 

But that's not all. Much more subtle effects can be produced in the targeted populace, without 
anyone getting wise. Cancers and leukemias should be relatively easy to induce. Also, the immune 
system can simply be attacked directly. If done slowly, a series of common, ordinary diseases will 
just seem to get "tougher and tougher to cure." Actually it's not the disease that got tougher, it is the 
immune systems that got weaker. It is my opinion that precisely that sort of testing -- against the 
immune system -- has been accomplished by the Soviet Union against the U.S. since about October, 
1985. A great percentage of influenza patients during the period from then until now have had 
complications. So much so that multiple sessions —- as many as 3 to 5 -- of antibiotics are necessary 
before the patient recovers. At least in the Huntsville, Alabama "hinge pin" area, that seems to have 
been the case. This author personally experienced this, having influenza and follow-on complications 
for a period of seven months -- something quite different indeed for him. 

But it's even worse. 

The human scalar EM nervous system ("inside" the ordinary EM signals and functioning of the 
system) also has its own resident "software." It has special storage media contained in its brain. its 
cells, and its genetic material, and its actual nucleons. Alll of these storage media are continually 
telecommunicated with via scalar EM means. The "stability" of what each of us is, is largely 
conditioned by those recordings. As personalities we literally "are" what we have experienced, felt, 
thought, and did. Our whole "functioning conscious system" has been evolved by our experience, 
and it continues to be "us" by means of continual reference to the record base. 

Thope you now realize that the actual record base itself can conceivably be altered by scalar 
electromagnetic means, even from a distance. Even by the hidden scalar EM content of 16 
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Woodpecker carriers, locked into a captured brain and pouring in their deadly content. It is 
conceivable that even what one is can be taken from him, and what someone decides he will be, he 
will be. 

A totally new -- and ultimate -- form of "slavery" has emerged. 

Also, look at all this scalar EM functioning of the human system as a special kind of 
cybernetics. A scalar EM computing software and hardware system. 

What if scalar techniques are used to plant "worms" and "viruses" in this system? With hidden 
triggers? What about a series of them, so that a range of "eruptive software diseases" can be 
stimulated at will? 

‘And guess what. Such scalar EM "worms" and "viruses" can even be induced by contact with or 
consumption of "contaminated" water and food. Or saliva. Or other body fluid. 

So you can see the possibilities of "seeding" a population with a staggering variety of time- 
bombs. 

I think you begin to see the point. Now you can change North's "Soviet blackmail” scenario 
drastically. In a new scenario, Gorbachev simply announces to Reagan that a graduated series of 
specific sweeping changes are going to happen in our population -- changes which we are absolutely 
powerless to stop. The last stages are various deaths. The master "trigger" for this series has already 
been initiated. Incidentally, the Soviet populace has been carefully "seeded" with the proper 
antidotes. The Russian leader demands certain things (very similar to what North's scenario 
utilized). Unless his demands are met, a "killer virus" will be activated by a special signal. If so, 
everyone dies. The first step change in the series will start to occur in a few hours. And it does. 

In fact, this scenario could be added to North's scenario, and both used simultaneously. What 
do you think the President and the Congress would do? Or could do? 


There are other even more diabolical possibilities, but these should be quite sufficient to 
illustrate the point. 

Pandora's box has already been spilled, and the end of humanity is ticking away like a time- 
bomb. It's already nearly midnight, and the watchman hasn't even sounded the alarm yet. 


I certainly can anticipate the next question: Have the Soviets already "seeded" the 
populations of the U.S. and other selected western nations with scalar EM viruses and germs"? 

The answer is, I simply don't know. And just like Gary North, I don't know what if anything 
can be done about it if they have. This researcher certainly doesn't have alll the answers. An 
immediate national crash program to develop scalar EM defenses is essential if we are not simply to 
be crushed beneath the hammer and sickle. It takes funding, people, facilities, and time. 

In some 22 years of unrelenting struggle to convince the system we've got a terrible problem, 
I've hardly been able to move it off dead-center (no pun intended). This book, produced under 
extreme workload stress, is all I can do to raise the alarm, I've given it my very best shot. 

What happens now remains to be seen. Other hands, hearts and minds are going to have to 
take up the task and carry it forward. This researcher has reached his limit, and has no more left to 
give. 
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1986 APPENDIX II 


COMPUTER WORMS AND VIRUSES, AND THE IMPACT OF 
SCALAR EM 


Source: - Gary North, "Electronic Aids (Parts 1 and 2),” Remnant Review, 
12(20), Nov. 1, 1985, p. 1-8; 12(20), Nov. 15, 1985, p. 1-8. POB 8204, Fort 
Worth, TX 76124. Phone (817) 595-2691 


Annotation: - Two deliberately un-copyrighted issues to alert the public to 
software worms and viruses, and their implications for drastic interruption of 
society. Describes a hypothetical scenario in which drastic scrambling and 
destruction of banks’ computer tapes, files, and records occur due to software 
‘worms and viruses. Written in first person by Gary North. [Slightly edited. ] 


Article: - "Worms." Earlier this year, I read a very interesting article on a major 
problem facing computer software (programs) development companies. A 
program comes on one or more 5.25-inch plastic discs. It takes only a few 
seconds to copy a program on one disc to a blank disc, which costs $3. Yet these 
programs normally run at least $250, and usually sell at $495, and sometimes 
cost thousands. Very few are less than $100. So you have a major temptation: 
make a $500 asset out of a $3 asset. Insert the $500 program into drive A, write 
“COPY A:*.*.B:" and hit the “enter key;" sixty seconds later, you have a $500 
program in drive B. 


‘There are ways to make this copying more difficult. The companies code the 
programs, and force you to have a control disc in drive A at all times. ‘These 
hassle for users. We cannot put them on "hard 
sily, and sometimes the control dise dies for some reason. Then 
what? Your data are locked in your hard disc or on a floppy disc, but you can't 
get to the data because the control disc is not functioning. You order a 
replacement. Weeks go by. 


Last year, several firms came up with a solution. It is called a worm. A worm is 
command that is built deep into the complex code that creates the program 
itself. These are incredibly complex codes, and it is easy to bury a command in 
them. They cannot be traced. 


‘What does the worm do? It “eats” things. Say that you are a software thief, You 
make a copy of a non-copy-protected disc, either to use on a second computer, 
or to give (or sell) o a friend. The program works just fine. But when the 
program is copied to a new disc, the worm is “awakened.” It bides its time, 
maybe for many months, maybe for years. The program's user is blissfully 
unaware that a monster lurks inside his pirated program. He continues to enter 
data, make correlations, etc. He becomes completely dependent on the program. 
‘Then, without warning, the worm strikes. Whole sections of the data disappear. 
Maybe the data storage disc is erased. Maybe it is just scrambled. Even his back- 
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up data dises have worms in them. Everything he entered on those discs is gone. 

Forever. 

Can you imagine the consternation of the user? He has become dependent on a 

booby-trapped program. His business could simply disappear. For the savings of 
$500(stolenprogram), hecouldloseeverythinghehas. 


Several firms threatened to insert worms into their programs. But then they 
backed off. They are afraid that lawsuits initiated against them might go against 
them in court. They could be hit for damages suffered by the thieving victims. 
Juries might decide that the punishment, a bankruptcy) was too much for the 
crime (a $500 theft, 


So far, no worms are lurking in any commercial software programs — as far as I 
know and the industry knows, anyway. But what if a disgruntled programmer 
was to hide one in a master copy of, say, Lotus 1-2-3, the most popular bus 

program on the market? What iften thousand copies a month go out for, say, 
three years? Then, without warning, every company that has started using them 
loses three years of data? They sue Lotus. Lotus goes bankrupt paying lawyers. 

‘No company in the industry is willing to talk about this sabotage threat publich 
Obviously. 


LARCENISTS 


| just happened to stumble across an article on worms in a computer magazine. 
Tt occurred to me that it might be possible to use the worm technique as a form 
of deliberate sabotage rather than just as a copy protection device. But what did 
I know? I'm not a computer expert. 


I know a computer expert, however. I mean, a real expert — one of those people 
‘you occasionally read about. In the world of business, they're called "space 
cadets.” in between the asteroid belt and Jupiter. But 


1 got him to sit down with me to discuss the problem of worms. It turned out that 
hehas a real fascination for the topic. He tells me that there are advanced design 
worms, called ‘viruses’ by ‘hackers’ — computer freak programming geniuses. 
"The software virus is the most terrifying thing I've ever come across,” he told 
‘me. And then he showed me why. My initial scenario is based on only a portion 
of his estimation of the threat. It gets a lot worse. 


He gave me a 90-minute FIRESTORM CHAT interview. He must remain 
anonymous. He used to be a software developer for programs that were used in 
the U.S. banking system, but is now employed in a highly sensitive job in a 
related industry. Therein lies his problem. Ifhe were to tell the story of what he 
is capable of doing to these banks, his firm might lose a lot of sales. He can't 
"go public.” Let's call him Tom. 
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Let me summarize briefly some of the details he gave to me. They floored me. 


‘They're going to floor you. 


ler 
very 
st them. Just walk up, punch in your eard number, ask for 


(1) Jackpotting, The rush is on in the banking world fo get automate 
machines (ATM's) into shopping malls, supermarkets, and in front of 
bank. We've all 
cash, and you get it 


In a busy location, one of these machines can hold as much as $250,000 in cash, 
‘mostly small bills. These machines are controlled by computer. They are hooked 
up to the bank's computer system, usually by phone lines. This local line, Tom 
tells me, is what computer freaks call THE LOOP. The loop is wide open to 
tampering. He says that what computer thieves are doing is to hook up a cheap 
Apple I computer, tie into the phone lines, break into the ATM, and get it to 
empty itself. This is *jackpotting.” 


He tells me that ATM thieves are hitting banks continually, but nothing is 
getting to the press. The banks have yet to show a profit with the ATM's so far, 
hich is understandable. They are hoping to get their machines placed in key 
locations, so "market share" is crucial to their plans. They are suffering 
horrendous losses in the short run in the hope that long-run profits will pay off, 
ifand when a defense is developed. 


‘The banks are saying nothing because of their fear that if the extent of the losses 
s into the press, they will be forced by pressure from depositors — bank runs 
—to cancel the ATM's. The losses are horrendous, he says. At present, there is 
no known defense, given the communications technology. 


(2) Rounding Off, This is the “preferred” computer bank theft system, Someone 
‘on the inside who has access to the software takes advantage of the banks’ need 
to round off numbers. The programs carry numbers out to 13 places. Banks can't 
ll that space. So when they balance the books (interest rates at, say, 9.873), 
they just don't count every tenth of a cent. The program is assumed to round off 
the numbers randomly. What does the bank care? But the thief has set up bank 
accounts that absorb those random tenths or hundredths of a cent. In millions of 
dollars worth of transactions (federal funds, etc.), programmers in some cas 
have stashed away hundreds of thousands of dollars — maybe millions — over 
a few years. No one knows how much of this goes on. 


How could a bank spot this? The books would always balance to the penny. 
How would the accountants ever know? 


1 think of a story that Adam Osborne tells in his paperback book, Running Wild 
‘The president of a large firm was looking out his window one day, and he 
noticed two Rolls Royce cars parked next to each other. He inquired as to the 
owners. They were two men in the data processing department. He called in 
investigators, and the cars and the men disappeared. They fled to Brazil and took 
their cars with them; Brazil has no extradition treaty with the U.S. Years later, as 
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4 Conductive ink 
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2. Printing dielectric 
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{conductive Ink 
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final curing 


3. Printing metal ater 
dielectric curing 


Fig. 2 injet printing technique, synoptic description. The ink is 
deposited on the substrate withthe desired pattern and after a curing 
procedure the next layer can be printed. The thickness of each film 
depends on the number of passes. 


approach, as described in the Introduction; according to 
{6}, for example, the eco-compatibility of the materials, the 
‘mechanical flexibility of the substrates to make the device 
conformable to the hosting surface, and the life cycle (ope- 
rability and biodegradability) have to be accounted for. 

‘The new techniques proposed from different research 
groups [10]-{12] focus mostly on the printing techniques 
that can be industrialized easily with R2R methods, already 
investigated for the traditional printing on paper. Within the 
printing methods, one of the most attractive and investigated. 
in the last decade is the inkjet printing of conductive and 
dielectric layers (Fig. 2). This technique allows circuits to be 
printed on almost any kind of substrate: from the photo- 
graphic paper to liquid crystalline polymers (LCP) or Kapton, 
that are flexible, thin, and eco-compatible; to glass or poly 
‘methyl meta acrylate (PMMA, commonly referred to as 
Plexiglas) that are usually thicker but not flexible. 

‘A first proof of concept for the inkjet printing tech- 
nique at radio frequency (RF) and microwaves has been 
obtained on photographic paper by printing simple struc- 
tures, such as antennas and other planar circuits and de- 
vices [10], [13]-[22], with a technology stack simply 
composed by the substrate and the conductive layer 
(usually realized by means of nanoparticle silver ink). 

Recently, this method has been improved thanks to the 
development of new inks, usually composed by a polymer 
and a solvent (i.e., SU-8, PVP, PMMA, PEDOT, etc.); more 
complex fabrication procedures of multilayer structures 
are now possible, as shown in [23] and [24]. Another no- 
ticeable feature of this technology is represented by the 
resolution: conductive tracks of 50 jum of width and space 
gaps of 50 jim can be printed, allowing the design of 


millimeter-wave (mm-wave) frequency devices [25]. The 
combination of the quite high resolution (considering the 
simplicity of the technology) with the multilayer featuring 
also gives the opportunity to manufacture very easily ma- 
trix of passive and active devices that can be used in the SS 
development. It is worth noting that the process can be 
developed in a few steps based on the design and mostly on 
the number of layers needed. For example, a metal- 
insulator-metal (MIM) device can be realized by printing 
silver on the substrate [26], curing it in the oven in order 
to create a surface that, with the proper treatment (for 
instance, UV-Ozone exposure or preheating), is ready for 
the insulator printing. Then, the dielectric is cured as well 
and the last metal layer can be printed on top of it. The 
entire structure can be then cured at temperatures ranging 
between 130 °C and 200 °C. 

Ina perspective of industrialization of the inkjet print- 
ing technology, the hypothesis of R2R manufacturing of 
circuits is being investigated and some examples are al- 
ready reported in literature for solar cells and other de- 
vices [27], [28] 

‘Today, many pros have been mentioned for the inkjet 
printing method, and others can be found in the non-use of 
wasted chemicals (as is for the traditional lithographic 
technologies), in the no-need of clean-room environment 
for the fabrications, in the low-cost and rapidity of manu- 
facture, and in a R2R perspective compatibility. However, 
the necessity of a curing procedure after the printing of a 
layer still represents the biggest inkjet limit for two main 
reasons: first, the time and type of curing are dependent on 
the inkjeted materials and on the material stack-up; sec- 
cond, especially on a laboratory level, the curing can cause 
misalignment issues, given the fact that the sample is re- 
‘moved and then replaced in the printer after the last layer 

Comently, the lation. aictly ued wavs by 
researchers is the Dimatix 2800 DMP. In terms of inks, it 
is possible either to buy printable solutions or mix solu- 
tions in labs; for example, the combination of polymers 
and solvents allows layers to be printed with different 
electrical properties and thicknesses. 

Besides the inkjet printing method, in [11], a new 
technique, suitable for LAE, has been proposed. It uses a 
‘metal (copper in that case) adhesive laminate technology 
based on the application of the standard etching process to 
an adhesive copper laminate material. This technique was 
already adopted to produce mm-wave circuits and to char- 
acterize the resulting compound substrates, as reported in 
[29]-[31]. A brief illustration of the metal laminate tech- 
nique is here reported referring to Fig. 3. 

‘The production process can be divided in five steps 
The first step consists of the deposition of a (positive) 
photoresist film on the copper surface; then, the circuit 
layout is transferred to the photoresist by means of a pho- 
tomask and ultraviolet exposure. After that, the unim- 
pressed film of photoresist is removed using a NaQH 
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Osborne was writing the story, the firm still hadn't figured out what they had 
done. 


ARSONISTS. 


‘These are the fearful ones, far more than the larcenists. These are the practical 
jokers who get into a major data bank and trash things. I's a kind of 
‘multimillion-dollar "Kilroy was here” graffiti 


How easy is it to get in? Incredibly easy. The boy in “War Games" really could 
have broken into most firms’ telephone-connected computers. Computer 
programs exist that allow the user to hook up his computer to a phone line and 
randomly dial numbers until they hear the telltale whine of a computer line. It 
then notes the phone number and goes on its way, searching out more lines. 


‘They can do it by long distance, free of charge. The telephone company has a 
tough time tracing those who use various sorts of electronic black boxes to call 
anywhere on earth at no charge. Some people get caught, of course. "The tip of 
the iceberg," says Tom. 


How do they get in? Easy: few systems are protected, once you locate the line. If 
one is, he says, you create a deliberate error. Most programs then collapse the 
protective shell, and the hacker finds himself inside the heart of the system. Tom 
hhas designed a program that keeps this from happening to his company's 
programs, but few companies have anything like it 


Its very easy to get in if someone has "logged on,” — opened his terminal 
connection to the main computer — if the system is connected to phone lines. 
Or anyone in the company can just tap in, if someone has left his desk and left 
the computer on. It's common to forget and leave an open terminal. 


He showed me. He says anyone can get fired for leaving a computer on. He 
demonstrated his point. With 40 computers on line, he ran a quick search and 
found two of them "logged on," despite the fact that it was after hours. All the 
security in the world can't do anything if'a computer line is open. It’s like a 

burglar alarm: it's worthless if you leave the door unlocked or leave the keys 
lying around. That janitor you hired. Is he a computer illiterate? Or a plant? 


Once inside, what can you do? Steal a fortune? Yes, if you really know the 
system. He told me he could easily steal $3 million from a local bank, even as an 
outsider. He would then offer to give it back and keep his mouth shut about how 
easy it was if the bank would pay him 10% the take. He thinks most banks 
‘would capitulate for fear of the publicity. In any case, he knows that he probably 
wouldn't get caught 


is true. You could even create a new ide 
academic discipline, just by breaking into a university's database. There is very 
little security here, he says. 


ities of a virus- 
tions link: 


But for sheer vindictiveness, for sheer envy, consider the pos 
implanter. He gets inside the computer for a major communik 
telephones, large information database, bank wire transfer, or whatever. Then he 
lays the egg: a tiny, untraceable brief instruction. Inside a huge database are just 
a few characters. These float inside a system, secking to devour certain kinds of 
data, or executing certain routines 


There is a game played by computer freaks called "Core War.” They try to 
implant these killer messages, which seek out each other and battle one another. 
Ifyou find one morning that yours has been consumed, you lost the battle. That 
‘was probably the origin of worms and viruses. 


TERRORISM 


Say that a revolutionary terrorist group, or some anti-zionist group gets a 
° into a system. He might be a computer genius type. Everyone knows 
they are either oriental, dark-skinned people with accents, or teenagers. The 
firms don't hire teenagers, but they hire a lot of foreigners. They may even check 
the guy's credentials. Electronic credentials. (Ha!) Then they tum the guy loose 
in the system 


‘The virus is implanted deep inside the system. It can then be transferred to any 
other bank's computer by means of EFT (electronic funds transfer). Maybe it is 
triggered when someone with a peculiar name and address opens a bank 

account. Three days later: Bam! The data disappear. They haul out the back-up 
tapes. Bam! The virus is on them, too. It is a process of infection, contamination, 
and incubation. There is no known defense. Not yet. This is the bottom line. 


ANTIBODIES 


‘The designer ofa virus can also design an “antibody.” The antibody is a 
counter-Virus agent that seeks out a virus and destroys it. But like other 
antibodies, it must be specific. The only way today that an antibody system can 
be created is to know what kind of a virus is involved beforehand 


‘Tom says that people are now selling antibodies at very high prices. Who is 
paying? Big companies that suspect that there is a virus present in thei 
computers. In all probability, the guy selling the antibody created and injected 
the virus. But now can any businessman prove it? So he pays the blackmail 


NATIONAL DEFENSE, 


A Soviet agent or American spy working for the Soviets penetrates any of a 
dozen computers used by the military. He plants a virus. The computers talk to 
cach other, and the virus spreads to all of them. It tells them to execute a certain 
routine when a certain command is entered at a missile-controlling terminal 
‘That command might interfere with a routine that activates a missile or launches 
it. Upon reading that command, the virus shuts down the computer, or scrambles 
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the executing program, or scrambles the data, No more “launch on warning.” No 
more launch at all. Dead metal 


Scenario: The President of the United States receives a telephone call on the 
“red phone” — the direct link to Moscow. He lifts the receiver and says, 
“Hello. 


"Mr. President, this is Michael Gorbachev. You must recognize my voice. I have 
very little time. I will come directly to the point. You have refused to back down 
‘on your threat to implement your Strategic Defense Initiative. You intend to go 
ahead with space-based weapons. My military staff informs me that they think 

that the United States has the technology to implement it, and that it could place 
my nation’s military strategy in jeopardy. We cannot allow you to do this. 


“If we allow you to deploy the SDI, it will be too late for us to respond. 
effectively. Therefore, we are taking the initiative today. I issued orders this, 
‘morning to put Soviet military units on immediate alert. We are abiding by your 
biblical rule to announce the initiation of hostilities before striking. Neither the 
Japanese nor the Germans gave us this courtesy. If you do not come to terms, 
with us, we will launch a first strike against your nation in three hours. We will 
delay for one day, if you agree to follow a precise procedure that I will outline 
shortly. 


“At one time we feared nuclear retaliation, We no longer do. Within two hours, 
that you instruct your ballistic missile team to 
prey to prove to yourself that we no longer 
are concerned about retaliation, launch one or two of them. As far as Tam 
concerned, launch all of them. But please instruct your senior military 
‘commanders to report back to you concerning the effects of their instruction. 1 
suggest that you try launching three or four as a test. We dont care which ones. 


“Mr. President, let me tell you what is going to happen. AS soon as anyone 
attempts to launch a missile, that missile’s computer guidance system will shut 
down. It will lock up tight, and you will not be able to unlock it within the time 
‘you need to respond to our attack. Two hours and thirty minutes from now, your 
nation will have no remaining Minuteman III missiles to respond with, should 
you finally unlock your frozen computers. 


‘I suggest that you contact your senior officers now. You will have to mobilize 
them within 60 minutes. The test should take about 30 minutes. I will telephone 
you again in 90 minutes to present our terms of surrender.” Click 


‘The President calls the Joint Chiefs. Ifhe is lucky, he will be able to locate two 
ofthe three in time. They will be paralyzed. Who wouldn't be? But in all 
likelihood, they will at least test Gorbachev's theory. They will order one or (wo 
missiles launched. The computer guidance system on both will shut down the 
system. They will try two or three more, with the same result. They will attempt 
to launch one from a submarine, with the same result 


‘The President brings in senior Congressional officials and the remaining Joint 
Chiefs member to the White House. 


Exactly 90 minutes after he had hung up, Gorbachev telephones back. He 
presents his list of demands. First, the immediate removal of U.S. troops from 
Europe. Second, the withdrawal of personnel from Diego Garcia Island in the 
Indian Ocean. Third, the breaking of diplomatic relations with Red China and 
‘Taiwan. Fourth, the removal of all U.S. troops from Korea. Fifth, a moratorium 
on all debts owed to U.S. banks by the Soviet Union and its client states. Sixth, 
the removal of all Minuteman III missiles from their silos. Seventh, the return of 
all U.S. submarines to port. Ifhe agrees, and the orders are delivered within two 
hours, the Soviet Union will delay launching a first strike. ‘The President 
complies. 


‘They might do it with our communications satellites, Tom says. You might do it 
with any aspect of U.S. data transmission. The virus could sit dormant in a 
system for years, and no one would know. Triggered, it would then strike. 


‘THE WEST'S VULNERABILITY 
‘The West has become increasingly dependent on computers. We can no longer 
function without them. The Third world hasn't. Neither has the U.S.S.R. Their 


technology is still pre-computer. They are ineflicient, but they are far less 
vulnerable. 


Tom says that the world of computers presumes that almost everyone is 
ntially honest, and that all the brightest programmers must be honest. They 
aren't. Thus, the members of the entire system — banks, national d large 
and small businesses, public utilities — have opened themselves to attack. The 
attackers are invisible 


"Nothing I have seen in all my years of computers scares me as much as this, 
does,” he says. "The system has been designed in terms ofa far older set of 
standards, especially with respect to security. It is totally vulnerable. 


He compares it to plague, or venereal disease. People copy each other's software 
to save a few bucks. They use public access databases. They use 

phone lines. Yet these transmission belts of information can become 
transmission belts of collapse. 


‘This is what I have harped on for twenty years: the potential for a collapse of the 
division of labor. We become rich by means of a brilliant technology. yet we 
become dependent on it to an extent that no previous society ever has. 


Centralized institutions are most vulnerable, but because we use public 
transmission lines, from microwave transmissions to cables in the ground, each 
local unit is vulnerable. Those who would choose to bring down the system need 
only plant electronic viruses in a handful of major common-use databases or 
and live years or ten years later, the disease hits. 


transmission soui 
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It could bring down the system if technological defenses are not developed. 
Nothing on the immediate horizon points to a solution, he says. The silence of 
those who should know what to do indicates that they don't know what to do, but 
they don't want panic to spread. 


Is this fantasy? Last summer a 23-person team broke in (by phone) to Chase 
Manhattan Bank's computer. 


Break-in: - Continuation of part 1, a treatise on worms and viruses in cybernetic 
systems. 


“Maybe you saw the article buried somewhere in your newspaper. I saw it in the 
New York Times (Oct. 19) 


“A group of at least 23 teen-age computer users broke into a Chase 
Manhattan Bank computer installation by telephone in July and August 
and "significantly damaged” bank records, the Federal Bureau of 
Investigation said yesterday. 


Chase officials insisted that no money was stolen or transferred out of 
customer accounts as a result of the break-ins, and said no intrusions 
have been detected recently. But Federal officials, in an affidavit, said 
that in several cases the youths changed passwords, preventing 
customers — and in one case a unit of the bank itself — from gaining 
access to their own computer files.” 


And where were these teen-agers located? In San Diego, across the continent! It 
gets even more ludicrous: 


Federal officials s 
prosecuted. 


id that most of the offenders were probably too young to be 


Robert D. Rose, the assistant United States Attorney handling the case, said: 
"We're not yet sure what we are going to do. But these things can get out of 
hand — it did get out of hand — and we have to treat them seriously." 


‘Treat what seriously! "These things?” What things? If they can't legally treat the 
electronic trespassers seriously, just what is the man talking about? He is talking 
about the topic, above all topics, that bank and government officials don't want 
to face: the vulnerability of their computer records. 

T have seen no follow-up on this story in the conventional press. A brief article 
did appear in the computer-oriented tabloid, Info World (Oct. 28). It turns out 
that the students had broken into the fifes of Interactive Data Corp. of Waltham, 
Massachusetts, which maintains the bank's financial records. The break-ins were 
discovered in late July. They had obtained the toll-free 800 number which was 
restricted (Ha!) to Interactive Data subscribers. As late as October 9, an illegal 
entry was observed. In short, it took ten weeks after the break-ins were 
discovered to put a stop to them, 
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‘The response of the bank's bureaucracy was predictable. It will ever be thus: 
Bank officials are claiming that the FBI exaggerated the nature of the activities 
of the suspected individuals. A spokesperson for Chase Manhattan said that 
Interactive's customers were not prevented from accessing their accounts and 
that none of Interactive's data was altered or manipulated in any way." In 
response, FBI supervisory agent John Kelso said that the FBI has swom 
affidavits from bank officials that say data has been manipulated or damaged. 
“That sounds pretty serious to me," he volunteered 


Here is the capper: Interactive Data has 25,000 subscribers who are tied into that 
toll-free phone line. Try keeping tight security on a system with 25,000 users 
‘Chase Manhattan couldn't If they ean't, who can? 


‘And if Chase Manhattan Bank was vulnerable to 23 teenagers who are too 
young to prosecute, consider its vulnerability to just one envy driven genius who 
knows all about electronic viruses. The students that did this were apparently 

just goofing around. But what ifjust one malevolent computer freak decided to 
‘get even” with Chase Manhattan? What iff he had phoned in just once or twice, 
implanted a long-dormant data-killing virus, and quit? What if he had tied it 
detonation to, say, a calendar clock in the Interactive computer? If it took 
security forces from July until early October 15 to raid the 23 students’ homes, 
they would never have spotted one break-in. They could not have traced it, 

either. Conclusion: we have a risk-free opportunity for electronic arson. We face 


ctronic epidemic. And when I say "we" I mean the entire financial 


all the bank "spokespersons" in the world will tell you, "No problem." But 
s a problem. A horrendous problem, 


At this point, it really gets interesting. Chase Manhattan Bank has just 
‘announced that we will be able to set up our own personal electronic banking 
facilities with them by buying an expanded version of Managing Your Money, 
Andrew Tobias’ home financial management. 


Citicorp and Bank of America have opted for Dollars and Sense a rival program. 
You will be able to pay monthly bills electronically, balance your "checkbook," 
monitor your net worth, buy and sell stocks, etc., etc, just by dialing Citicorp or 
Chase Manhattan, Fantastic! But despite all the assurances, I get nervous. Yes, I 
know no one will be able to break in and tamper with the numbers. But 23, 
teenagers shouldn't have been able to do it, either. And now we're talking about 
2 lot more subscribers than 25,000. 


Obviously, the master program used by the banks will prohibit easy entry 
Unfortunately, someone has to write the program. Can you imagine the 
blackmail possibilities? Some hotshot programmer could build-in a bomb, and 
then threaten to detonate it. In fact, he could merely pretend to have inserted 
Virus. Who would want to call his bluff? Not Chase Manhattan, I would bet. 
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CORE WARS REVISITED 


In May of 1984, A. K. Dewdney published an article in Scientific American’s 
“Computer Recreations” column, It was a light-hearted-piece on how computer 
experts can get involved in playing this exciting game of "blow up your 
opponent's defenses.” You know: recreation! In the March 1985 issue, he wrote 
a follow-up. It begins 


"When the column about Core War appeared last may, it had not occurred to me 
how serious a topic I was raising. My descriptions of machine-language 
programs, moving about in memory and trying to destroy each other, struck a 
resonant chord. According to many readers, whose stories I shall tell, there are 
abundant examples of worms, viruses and other software creatures living in 
every conceivable computing environment. Some ofthe possibilities are so 
horrifying that I hesitate to set them down at all."(emphasis added.) 


Ittums out that tne French nave been enjoying a novel on the international 
implications, Softwar: La Guerre Douce, by Breton and Beneich. A translation 
is scheduled for publication here by Holt, Rinehart & Winston. The study 
revolves around the sale of a high-power computer to the Soviet Union. The 
USS. allows its export because it has a "software bomb” in it. When the U.S. 
Weather Service announces a certain temperature at St. Thomas in the Yirgin 
Islands, the program proceeds to subvert every piece of software in the Soviet 
Union. 


A pair of Italian programmers was “inspired” by the translation of Dewdney's 
original article to dream up a virus (a virus is a computer-to-computer killer, 
whereas a worm is resident in one man's computer). They figured out that by 
infecting a disk operating system disk (these start computers and tell them what 
to do with programs and electronics), and then installing it on disks used by the 
biggest computer shop in the city, they could create an epidemic. They decided 
not to do it. In short, the only restraint is self-restraint 


A high school student in Pittsburg wrote a virus that was subtler than a data- 
destroying virus, which at least tells us that we have a problem. His virus created 
plague of very subtle errors in the disk operating system. “All of this seems 
pretty juvenile,” he wrote, but "Oh woe to me! I have never been able to get rid 
of my electronic plague. It infested all of my disks, and all of my friends’ disks.” 
He wrote a program to destroy the virus (an "antidote" to it) but it is not 
anywhere near as effective as the virus is 


Warning: do not copy disks from your friends’ copies. This act of piracy could 
cost you plenty 
A COMMERCIAL WORM 


Just a few days after I wrote "Electronic AIDS, Part 1," 1 read a column in the 
Washington Times, the conservative (Moonie-owned) daily newspaper. One of 
the reporters has a computer. He had purchased a newly released program from 
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Microsoft Co., called "Access." Understand that Microsoft supplies the disk 
‘operating system that is used by the IBM PC, the most popular microcomputer. 
In other words, this is no backyard company. Itis one of the two or three 
software giants in the U.S. (Its owner is under age 30, which tells you something 
about who is pioneering the microcomputer revolution). 


AS he was setting up his computer to take advantage of this telecommunications 
program, a warning flashed on his screen: "The weed of crime bears bitter fruit. 
Now trashing your program disk.” Wham! He lost all is files — probably a 
couple of year’s worth of work. Sure, he was probably smart enough to have 
‘made back-up copies, but think of the risk. And what if it had been a worm that 
kept silent for a few years, infecting all of his back-up disks? 


He called Microsoft, and they gave him the runaround. They told him that they 
‘were not responsible, Some programmer had put in the worm in order to zap 
program pirates, but the journalist insisted that he was an original buyer. Tough 
luck, they told him. Obviously, they didn't know that he was a reporter. 


‘Then he published his article. All of a sudden, the victim was not some average 
buyer. He was big trouble. Things started moving. InfoWorld (Oct. 28) reports 
that Microsoft has admitted that a programmer put in the worm, but without 
permission. The offending text has now been removed, we are assured. But what 
if it had sat in the master for three years? Here is the premier firm in the 
software 


‘This is not idle speculation. It has already happe 
scenario within a few days after I published it 


|, verifying my hypothetical 


Can you imagine the absolute havoe that a dormant worm or virus could «1 
if it were imbedded in all updates of Microsoft's masters of PC DOS and MS 
DOS, the operating systems for all [BM microcomputers and IBM-compatible 
microcomputers? It could cost the U.S. economy billions, and some 
microcomputer-dependent firms wouldn't survive. Any Microsoft spokesman 
impossible; it could never happen." has to explain how it already 
did happen to "Aci 


ADAM OSBORNE'S WARNING 


You may know the name Adam Osbome, He invented the revolutionary portable 
computer, the Osborne 1. Before there was an Osborne 2, the company went 
bankrupt. Compag, the most successful first-year firm in U.S. history (over $100 
million in sales in its 12 months of operations) and others built imitations that 
‘were far superior. 


‘That isn't my point, however. Adam Osborne was “present at the creation” of the 
microcomputer industry. He created Osbome publications, and then sold out to 
McGraw Hill. He knows what is going on. In his delightful paperback book, 
Running Wild, which is a history of the microcomputer (desk top) revolution 
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1975-82, he offers this warning. He says that three areas should not be allowed 
to be computerized: 1) bank money transfers; 2) the stock market; 3) elections. 


All three are just about fully computerized. Another ten years, or maybe five, 
and they will be 100% computerized. Several firms allow microcomputer 
buying and selling of stocks (e.g., Charles Schwab), and New York Stock 
Exchange floor transactions eventually will be fully computerized, at which time 
it will be pressured to get rid of the "specialists" who make (and sometimes 
manipulate) the market, short-term — Richard Ney's hated "Wall Street Gang” 
— but the price of getting rid of them may turn out to be horrendously high. 


“The great fortunes of the 21st century,” Osbome predicts, "will be the legacies 
ofthe great computer thieves of the 20th 


‘Three years ago, I used a firm to supply computer services I needed. The head of 
it was a former businessman, quite young, and a true "space cadet.” I've quoted 
hhim in the last issue. I call him Tom. He operated in a world far removed 
mentally from the rest of us. He is a nice fellow, a Christian, and a moral 
philosopher of sorts 


He ran the operations of the local elections. He did it faily inexpensively. He 
told me why: "I want to keep these elections honest. It would be incredibly 
simple to rig the program to produce whatever outcome I wanted in close races. 
IfT can do it, anyone with enough skill to set up the system could do it.” 


asked him if he thought Osborne was correct in his predictions about bank 
theft. "It would be a piece of cake for me to steal three or four million from any 
local bank. I could go in the next week, offer to give the money back, keep 10% 
as a finder’s fee, and promise not to tell the press how easy it was to steal. They 
would probably pay me my 10% just to keep me quiet.” 


Look, These people are geniuses. Worse, they are geniuses in a very narrow 
field technically, which is now being used to control darned near everything. 
‘This unique intellectual-technical skill is the possession of literally a handful of 
people, mostly under 35 years of age. They are "fooling around” with Chase 
Manhattan Bank's computers. What happens when a few of them stop fooling 
around and get deadly serious? 


‘Computer program designers keep telling us that there is no 100% secure way to 
defend data banks. Maybe there will be a 98% secure system someday, but not 
now. To defend itself, the system relies on the integrity of youth. In short, self 
government is the major defense. 


‘And where have they learned sel 
“NOW YOU'VE DONE IT!" 


scipline? In the public schools? 


About four years ago, I read an article inthe Rolling Stone, the tabloid aimed at 
rock music fans. It was the only article I ever read in that periodical. It was a 
gem. 
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It described a subculture of students at Stanford University, “hackers.” These 
people are computer freaks. The mainframe computer at Stanford was cheaper to 
use after midnight, so from midnight to 6 am., the hackers gathered at their 


terminals. They lived on candy bars, junk food, and high-technology dreams. 


One of the games they played was breaking into each other's programs. It was 
considered the mark of a master hacker to be able to crack another hacker's 
defenses. They would spend hours trying. They were "hacker-crackei 


‘One bright fellow then designed a classic booby trap. He wrote a program that 

warmed trespassers not to tamper with it. This, of course, alerted every would-be 

electronic safe cracker to the challenge. It was a complex program, and it took 

days to crack it. Then, after repeated warnings, the successful trespasser got a 

surprise. Japanese letters appeared on his screen. Roughly translated, the words 
e done it! 


proclaimed, "Now you's 


‘At that point, the victim’s computer screen went blank. Then the names of all his 
own computer files appeared on the screen — files that may have taken years to 
assemble. One by one, they blipped off the screen. In horror, the victim would 

stare at the screen, unable to stop the proces 


As it tumed out, the booby trap was only a practical joke. It really didn't erase all 
files. IC only listed the names, and then erased them, But for a 
the victim wouldn't know this. 


the vietim's 
horrifying few minutes 


Hacker 


play games. Very interesting games. 
‘The kind of people who spend six hours, midnight to 6 a.m. trying to break into 
each other's programs are different from the rest of us. Among their ranks are 
some highly individualistic people. Some of them are libertarians. I me: 
anarchists. They are electronic "don't tread on me” sorts of people. They do not 
appreciate bureaucracy. They appreciate being pushed around even less, 


‘The folks at Chase Manhattan really do have a problem. Do you attempt to 
prosecute a legally un-prosecutable kid? A kid who has already cracked your 
computer system? I don't think you do. You play the role of stem but 
appreciative banker. "Son, I am impressed by your ability to break in. But 
understand, we are honest people. There is a code of honor here. You wouldn't 
want to break that code — of honor, I mean — would you?” Because if this kid 
gets angry, he can do it again. Quietly. And next time, he deposits a virus. 


Ofcourse, Chase may hire a programming team to create an unbreakable 
system. Sure. "Hire fox A. Give him chain link fence B. Hire him to build fence 
B around chicken coop C. 

TEEN CHALLENGE 


‘Suppose that the public gets wind of the threat (o the whole banking system that 
is posed by viruses. What do the bankers (or anyone else) announce to the 
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Fig. 3. process steps for the circuit fabrication using the adhesive metal laminate, M: metal, A: adhesive, P: protection, R photoresist, 
‘Ss sacrificial layer, SUB: hosting substrate. after the standard lithographic procedure, the copper pattern can be transferred on top of any 
‘substrate by means ofa sacrificial layer and exploiting the adhesive face of the copper tape. 


developer solution (Fig. 3(a)]. In the second step, the 
copper tape is wet etched. As can be seen in Fig. 3(b), in 
this way, the adhesive layer is exposed where the copper 
was removed, while it remains everywhere else covered by 
the original copper tape that serves as protection for the 
adhesive underneath. 

‘The first two steps are, in this example, similar to those 
adopted in standard photolithographic technology. More- 
over, different ways to remove the not needed metal can be 
used, as, for example, by means of numerical control 
pattern cutting plotters. 

In the third step, depicted in Fig. 3(c), a sacrificial layer 
is stuck on the top copper side and, finally, the protection 
layer on the bottom is removed, The sacrificial layer is very 
important because it keeps the relative distances among 
the layout features constant even when these are not phy- 
sically connected. 

‘The fourth step is characterized by the transfer of the 
etched metal to the hosting paper substrate and, finaly, 
the sacrificial layer can be removed [see Fig. 3(d) and ()] 
‘The last step is also useful to remove most of the exposed. 
adhesive material. 

With this method, quasi-fully-organic circuits and de-~ 
vvices can be realized. The performance in terms of tracks 
‘width and pitch are, at present, abit lower than what can be 
obtained with the inkjet printing, with the advantages of no 
curing processes, the possibility to fix devices on the circuit 
using standard soldering techniques, and a better conduc- 
tivity (the conductivity of copper laminate, in fact, is one 
order of magnitude higher than that of the cured nano- 
particle silver ink: 5.8 x 107 S/m versus about 6 x 10°—1 x. 
107S/m obtained with at least five layers of silver), 


‘To verify the validity of the metal laminate technology 
at microwave frequencies, a 50-9 microstrip line was 
manufactured exploiting the Mitsubishi photografic paper 
as the substrate (thickness 250 yim, relative permittivity 
3.2, and loss tangent tan 6 = 0.08). The line is 30 
mm long, and the measured scattering parameters are 
shown in Fig. 4. The same graph also compares the 
performance of a similar transmission line manufactured 
with an inkjet printing process. The performance of the 


‘experiment (Cu line) —-—" 
simulation (Cu line) 
simulation (Ag ink) ~ 


2 4 6 8 10 
frequency (GHz) 


Fig. 4, Measured scattering parameters versus frequency fora 
{50:1 microstrip ine on paper substrate. Thelin, shown inthe inset, 
4s 30 mm long; the ruler diviion corresponds to 172 yim. The graph 
alco reports a comparicon with a microstrip line of equal dimensions 
‘made with an inkjet printing process (ag ink, 3m thickness, 

um = Et = 10? 5/m after curing) fer 1) 
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public? "We want to assure you that our computer program is impenetrable. No 
one can break in. Its foolproof.” 


Here is the challenge — rather like the Stanford program that announced: "Do 
not trespass.” These kids see breaking-in as a challenge, a kind of sport. They do 
not regard it as theft. They do not regard it as vandalism, even ifit costs a 
company millions of dollars to unscramble. They may be ethical in other 
respects, but they think of "core wars” as a game. 


How would you like to be the 60-year-old banker who doesn't know a byte from 
usury, but whose public relations department tells him to inform the public that 
nobody can crack his bank's code? To cite Mr. T in "Rocky III,” that bank is 
dead meat. So are its depositors. 


But ifhe keeps quiet, and the story still gets out about the vulnerability of the 
system, one or two small "virus-demolished” banks could trigger a collapse of 
the system, as people do the only smart thing: run for cash, The whole fractional 
reserve banking system would deflate; only the FED's printing presses could 
"save the day," in a wave of fiat money. 


What I am saying is this: Lthink that we will see the end of fractional reserve 
banking in our day. At the very least, I think we will see it subjected to 
tremendous shocks. People will lose faith in electronic promises made by 
bureaucrats who do not know anything about the monsters that their efficient 
‘computers can be turned into. 


‘Attack on Martinsburg, Now, let’ take it a step farther. Some day some state or 
Federal bureaucrat is going to step on the toes of some genius entrepreneur who 
i created a software development firm. The bureaucrat will try to wrap this, 
entrepreneur in red tape. Or maybe —just maybe — he will try to sock him 
with a tax bill that the entrepreneur regards as unfair. 


In Martinsburg, West Virginia, there is a large computer. It is owned and 
operated by the Internal Revenue Service. Into it, over the next five years, the 

LR.S. apparently intends to deposit all the records it can assemble on every U.S. 
taxpayer. This computer database will be the biggest in the world. It is the tool 
by which the LR.S. hopes to increase taxpayer compliance. And it may succeed. 
Fora while. 


‘This is one reason for saving all letters to and from the LR.S. Ifthe LR.S. 
becomes dependent on its computer system, which is likely, then any short- 
circuiting of its database could create havoc for tax collecting. If word gets out 
that a major failure has hit the LR.S., the tax revolt could multiply overnight 
‘You would see the deficit become astronomical. Ifthe LR.S. continues to tie its 
“voluntary” compliance program to the myth of the “all-seeing computer,” then 
news of the computer's scrambling could backfire. 


It is possible that the story of the LR.S. database is a myth. Maybe they aren't 
going to build it, But if the public believes that such computer power is at the 
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disposal of the LR.S., and taxpayers then leam either that the system has been 
blown, or that it was mythical from the start, the tax revolt could spread like an 
epidemic. The electronic epidemic-could trigger a tax revolt epidemic. 


He who lives on the cutting edge of technology eventually dies on the cutting 


edge of technology. 
"PEOPLE ARE BASICALLY GOOD" 


Let’s return to my taped interview with "Tom." In a 90-minute interview, we 
covered a lot of ground, But one topic that stands out in my mind is our 
discussion of the pre-supposition that goes into the creation of a computer-based 
society. The computer people have all adopted the assumption that undergirds 
modem science, namely that, participants are well meaning, that they will not 
fake their experiments, and that they will play fair. If scientists had to check 
every aspect of every article, science could not advance very fast. 


What about the computer industry? The whole system re ith: "Men are 
not malevolent. They are not envy-driven. They will not deliberately seek to 
destroy the work of some random victim.” Tom says categorically that this 
assumption is false. There are bad people with tremendous computer skills, and 
modern society has not restructured its economic institutions to protect itsel 


Here is one example of a break-in technique. Someone phones in to a computer, 
which has been left open temporarily by some user. The lock is unlatched; he 
needs no key to get in. He then seeks to penetrate the inner core of the program, 
such as a bank's program. He creates a deliberate error, which all too often 
triggers a kind of electronic explosion. The protective shell self-destructs, and 
the invader now finds himself inside the system, where far fewer defense 
mechanisms exis 


‘Tom designed his own firm's defense against this tactic. His program 
automatically records the source of the error, and throws the user out of the 
program. The program has protection against deliberate errors, but most of them 
don't, he says. A major error simply collapses the program’s outer shell 


In my previous issue, I speculated that a Soviet spy or agent could penetrate 
USS. computers. Note: I did not assume that he would simply phone in; I 
assumed that a disloyal programmer, or a team, could plant the virus as 
From there, the virus would spread through the system through normal 
telecommunications. Several people have written in to tell me that a wrecker 
cannot destroy the system by penetrating it from the outside. They may be 
correct. But when informed that I am assuming an inside job by someone with 
access to a major computer, the critics have admitted that this might be possible. 


‘The weed of crime bears bitter fruit: for honest, computer-dependent people. 


FIR DI 1ANCI 
429 


FEDERAL FUNDS 


‘The Federal Funds bank transfer lines allow banks to borrow money overnight. 
Hundreds of billions of dollars go across these lines every working day. The 
bank's computers communicate with each other by means of this, 
telecommunications hook-up. What if someone were to plant a long-delay virus, 
in the software that operates these transfers? And what banker has even thought 
about this problem? 


What if this scenario was to take place: a virus triggers the disruption of bank 
records — not a total breakdown initially, but disruptions in the data? It might 
be weeks or months before auditors recognized the extent of the problem. 


AS rumors begin to leak out about complex accounting or other data- 
‘management problems of major banks all over the U.S. (including off-shore 
branches), the various banking regulatory agencies would be swamped with. 
crises and outside rumors. Then, all at once, bank computers begin breaking 
down. 


‘The rumors then explode. The lines appear in front of banks. The only answer at 
this point is to print up paper money. It would be printed by the hundreds of 
billions in order to offset the deflationary effects of bank runs (paper money that 
is pulled out but not re-deposited in another bank), 


You could topple the fractional reserve banking system all over the world. The 
entire payments system could easily become engulfed in chaos. Debits and 
credits would no longer be meaningful. A pure paper money inflation would 
replace the manipulated, “fine-tuned” monetary inflation of modern central 
banking 


All of a sudden, market-created alternative currencies would be revived. It 
would then be metallic cash that talks loudest. Silver dimes are not electronic. 
"They can't be infected electronically.” They still circulate when banks are 
emporarily closed, due to circumstances beyond our control.” 


‘The loss of efficiency would be initially horrendous, 1 would guess. The divis 
of labor would break down. You could then have the crash that lurks in the 
minds and suspicions of average depositors. Who says it cannot happen’ A lot 
of public relations firms hired by the banks — computer illiterates in high 
places: 


‘What we have is an internal bank money wire system that is totally vulnerable to 
some vindictive programmer. There is little doubt in my mind that the bankers 
are desperately fearful of this sort of vandalism. It could topple people’ 

confidence in the fractional reserve banking system, and confidence is the only 
thing that keeps it going, 


Conclusion, Technologically, there is no solution at this point. I have no 


ing message. Maybe later; not now. Keep precious metal coins. Don't 


tei 
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assume that it can't happen here. It can. The only thing holding it back is the 
restraining hand of God, through the temporary self-restraint of a technological 
priesthood. 


[Reviewer's comment: Iwas unaware of the problem ofcomputer worms and 
viruses until I read Gary North's two articles. His open release ofthis important 
information is appreciated.) 


SCALAR EM INNOCULATION AND ITS IMPLICATIONS 
My appreciation goes to Gary North for his openly sharing the above important 
information with the public. Human nature being what itis, one or more of his, 
more dire scenarios is going to happen sooner ot later. 


‘The problem becomes enormously more compounded if the hostile agent or 


agents possesses sophisticated scalar EM technology 


With scalar technology, there exists the potential that the worm or virus can be 
implanted from a distance. If scalar-scanning devices of sufficient precision can 
be developed, then major software residing in a chip, a computer, or on a disk 
can be read from a distance. With scalar EM methods, the ordinary software 
"guards could simply read off the 
software directly as the disk or device goes about its normal operations, 


After the software germ or a virus is designed to produce a particular 
problem as desired and upon special stimulus. Then a scalar *imprinter" device 
is used to produce the necessary digital pulses directly upon the media in which 
the software resides. The required code has now been implanted. In effect, the 

operating system has been injected from a distance, and contaminated with the 


So the scalar EM technology can probably be used (at least eventually) to place 
mines" in systems in advance, for damage or destruction at a future date. At 
least it’s possible in principle. 

However, it's not the injection of computers and equipment that bothers me. It's 
the injection of human beings. Here's generally how it can be done (and possibly 
is being done). 


Basically, human brains have various rhythmic waves, which represent 
envelope pulsations” of the entire electrical system. However, it is not the Et 
force fields represented by these pulsations which are important: itis the 
summed-zero (scalar) patterning of the entire complex of neuron firings which 
represents the real activity of the brain — and represents its thoughts and 
emotions. A storage system for these patternings exists, but it's a scalar pattern 
storage, not an E and B field storage. The storage system is in the nuclei of the 
tissues of the nervous system itself, not in electrical or electrochemical 
potentials. 
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Atany rate, the human brain rhythms are also “riding along" relatively entrained 
to the Schumann resonance of the earth's magnetic field. So all the patterning of 
the brain is grouped together into giant overall orders, and one or more of these 
is normally synchronized to our natural environment. 


Ifa varying magnetic signal of extremely low frequency — say 10 hertz — 
bombards the brain with greater power than the earth’s magnetic field, itis 
possible for the brain's rhythm to be “forcibly entrained” to synchronize with 
that signal, rather than with the normal Schumann resonance. Ifa large number 
of brains are forcibly entrained to such a signal, and the signal is artificial, then a 
nester coherent phasing of all the brains to the transmitted signal has been 
accomplished. 


And that can be utilized — and is utilized — by the Soviet Union. On the 
Woodpecker signals, Bob Beck has detected up to 16 carriers, each with a 10- 
Hertz modulation, and with all the 10 Hz modulations in phase. 


Lets stress what we're saying here. At times, the Woodpecker signals have 
shown 16 carrier frequencies that contain the same 10-Hertz modulation, and 
which are all Kept coherently sync-locked 


Ifthose signals and the modulations are strong enough, the brains in a targeted 
area demodulate the 10-Hertz signal and phase-lock to it — actually, to them. At 
that point, the brains are entrained to a 10-Hertz driver, and 16 channels of 
multimegahertz frequencies are locked-in to the brain. 


Now, if the Soviets have broken the genetic code of the human brain (which 
they have) and succeeded in developing the ability to implant thoughts 
emotions, pictures, etc. (which at least to a degree they have), then they can 
simply record the proper signals from human guinea pigs, using scalar 
technology and instrumentation. 


‘gnals and add them onto the Woodpecker carriers, using 
By using most of the sixteen carriers as a means to 
express Fourier frequency expansions, specific areas and functions of the brain 
can be targeted. 


"Notice that the distant transmitters already "know" the correct phasing, just use 
the 10 Hertz modulation signal as a reference. In that case, phasing takes care of 
itself inside the captured human brains 


‘The brain has a unique characteristic. Ifa signal arises inside it, it interprets that 
it itself originated the signal. Thus for the first time in history, true unwitting 
robot actions and emotions can be engendered in masses of human beings. 


But its still worse. The Kaznacheyev experiments (see references) proved 
conclusively that electromagnetic signals can carry and transmit cellular dise 
and death patterns into a targeted biosystem. You can rest assured that the 

Soviets continued on to actually measure and determine a wide variety of death 
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and diseas 
carriers so that the population in the intersection grid area is devas 
even test it out in advance by producing a modified pattern of a disease in the 
targeted populace, and keeping the percentage of brains entrained down to a 
small level. This lowers the number of persons “injected” from a distance to a 
small percentage of the populace. Then the outbreak of the "new strain" of a 
familiar disease — such as influenza, pneumonia, and something like AIDS — 
can be monitored to provide targeting and effectiveness data. Notice that a s 
of diseases was experienced by U.S. personnel assigned to the U.S. Embassy in 
Moscow, probably as a result of the so-called "weak microwave radiation” of 
the Embassy by the Soviet Union. 


scalar patterns. All of that can be added on to the Woodpecker 
ated. One can 


But that's not all. Much more subtle effects can be produced in the targeted 
populace, without anyone getting wise. Cancers and leukemia should be 
relatively easy to induc 

directly. If done slowly, a series of common, ordinary diseases will just seem to 
‘get "tougher and tougher to cure.” Actually it’s not the disease that got tougher, 
itis the immune systems that got weaker. It is my opinion that precisely that sort 
of testing — against the immune system — has been accomplished by the Soviet, 
Union against the U.S. since about October 1985. A great percentage of 
influenza patients during the period from then until now have had complications. 
So much so that multiple sessions — as many as 3 to 5 — of antibiotics are 

sary before the patient recovers. At least in the Huntsville, Alabama “hinge 
sms to have been the case. This author personally experienced 
this, having influenza and follow-on complications for a period of seven months 
— something quite different indeed for him, 


Also, the immune system can simply be attacked 


But it's even worse 


‘The human scalar EM nervous system ("inside" the ordinary EM signals and 
functioning of the system) also has its own resident "software." It has special 
storage media contained in its brain, its cells, and its genetic material, and its 
actual nucleons. All of these storage media are continually telecommunicated 
with via scalar EM means. Those recordings, largely condition the “stability” of 
‘what each ofus is. As personalities we literally "are" what we have experienced, 
felt, thought, and did. Our whole "functioning conscious system” has been 
evolved by our experience, and it continues to be “us” by means of continual 
reference to the record ba 


Thope you now realize that the actual record base itself ean conceivably be 
altered by scalar electromagnetic means, even from a distance. Even by the 
hidden scalar EM content of 16 Woodpecker carriers, rocked into a captured 
brain and pouring in their deadly content. It is conceivable that even what one is, 
can be taken from him, and what someone decides he will be, he will be. 


A totally new — and ultimate — form of "slavery" has emerged, 


‘Also, look at all this scalar EM functioning of the human system as a special 
kind of cybernetics. A scalar EM computing software and hardware system, 


‘What if scalar techniques are used to plant "worms" and “viruses” in this 
system? With hidden triggers? What about a series of them, so that a range of 
eruptive software diseases can be stimulated at wi 


‘And guess what. Such scalar EM "worms" and "viruses" can even be induced by 
contact with or consumption of "contaminated" water and food. Or saliva. Or 
other body fluid. 


So you can see the possibilities of "s 
variety of time-bombs. 


-ding” a population with a staggering 


1 think you begin to see the point. Now you can change North's "Soviet 
blackmail” scenario drastically. In a new scenario, Gorbachev simply announces 
to Reagan that a graduated series of specific sweeping changes are going to 
happen in our population — changes which we are absolutely powerless to stop. 
‘The last stages are various deaths. The master “trigger” for this series has 
already been initiated. Incidentally, the Soviet populace has been carefully 

-ded” with the proper antidotes. The Russian leader demands certain things 
(very similar to what North’s scenario utilized). Unless his demands are met, a 
“killer virus will be activated by a special signal. If so, everyone dies. The first 
step change in the series will start to occur in a few hours. And it doe: 


In fact, this scenario could be added to North's scenario, and both used 
simultaneously. What do you think the President and the Congress would do? Or 
could do? 


‘There are other even more diabolical possibilities, but these should be quite 
sufficient to illustrate the point. 


Pandora's box has already been spilled, and the end of humanity is ticking away 
like a time bomb. It’s already nearly midnight, and the watchman hasn't even 
sounded the alarm yet. 


I certainly can anticipate the next question: Have the Soviets already "sede 
the populations of the U.S. and other selected western nations with scalar EM 
viruses and germs7 


‘The answer is, I simply don't know. And just like Gary North, I don't know what 
if anything can be done about it if they have. This researcher certainly doesn't 
have all the answers. An immediate national crash program to develop scalar 
imply to be crushed beneath the hammer 
and sickle. It takes funding, people, facilities, and time. 


In some 22 years of unrelenting struggle to convince the system we've got a 
terrible problem, I've hardly been able to move it off dead-center (no pun 
intended). This book, produced under extreme workload st all [can do to 
raise the alarm. I've given it my very best shot. 
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What happens now remains to be seen. Other hands, hearts and minds are going 
to have to take up the task and carry it forward. This researcher has reached his 
limit, and has no more left t give. 
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APPENDIX III: CONTINUING THE SCENARIO 


On May 3, 1986 a stunning loss of a U.S. Delta rocket carrying a critically-needed weather 
satellite occurred. The rocket suffered a shutdown of its main engine during launch and began to veer 
off course, causing the range safety officer to destroy it. 

The takeoff of the blue and white Delta "workhorse" from launch Pad A at Cape Canaveral at 
first appeared picture-perfect. About a minute later, six of the nine booster rockets were expended 
and the remaining three switched on. Shortly after that, the rocket seemed to lose power. The main 
liquid-fueled engine had suddenly shut down, with the three strap-on boosters still burning. The 
rocket then had no stability and started to slowly drift off course, creating an increasing angle of 
attack, Within a few seconds, the nose cone snapped off under the severe stress. The U.S. Air Force 
range safety officer then sent a destruct command to the stricken rocket, which exploded in a ball of 
flame. 

The Delta, built by McDonnell Douglas, had previously piled up a continuous string of 43 
successful launches. Since 1960, 177 launches have occurred, and the success rate has been 94%. The 
Delta is one of the most reliable rockets ever built. 

The unexpected shutdown of the main engine was perplexing. At a news conference following 
the mishap, William Russell. NASA's Delta project manager. stated: "It was a very sharp shutdown. 
almost as if it were a command shutdown.” 

Preliminary data, such as turbine speed and temperatures in and around the engine, "all appeared 
to be very normal." Russell said. 

It may well have been a "command shutdown," unknown to Bill Russell and his NASA 
engineers. 

Preliminary runs of the videotapes of the incident, aired by the national TV news media, show 
that during liftoff, a mysterious light approached the rocket from below and from the side. rising and 
striking the vehicle. This light and its path are strongly reminiscent of the first anomalous "light 
streak and ball" photo taken by Bob Gladwin just prior to the shuttle launch on November 26, 1985. 

Let’ s suppose that on May 3 the Soviet scalar EM grid was in the launch Phase ABM system 
mode and was tracking the launch of the Delta rocket. 

If the anomalous light that moved up and contacted the rocket was a small ball of continuous 
electromagnetic energy formed by a distant Soviet scalar EM howitzer, then the rocket's main engine 
control circuits would have received a sudden and continuous pulse of EM power. This would 
probably have shutdown the engine by an actual "command" signal, artificially delivered. * 


“Engineers have now determined that such a shorting of the engine circuitry occurred, causing engine 
shutdown. 


Certainly such mysterious switching of satellite circuits has occurred before, probably due to 
Soviet scalar EM precision testing. For example, the British Ariel VI satellite has exhibited very 
strange anomalies in its command and control circuitry -- in fact, with very precise control switching 
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being exhibited as if from an external source. 

Thus a very small scalar EM missile may have been utilized by the Soviets to disrupt the control 
circuits in the rocket. A resulting pulse of power in the engine shutdown command circuit could have 
“ordered” the shutdown of the main engine -- just as it appeared. 

It remains to be seen whether or not the Soviets used a "marker beacon" associated with the 
disruption of the Delta launch. One news photograph seems to contain a suggestion of such a light, 
but the videotapes must be studied frame by frame before it can be ascertained exactly what if 
anything is really there. 

If a marker beacon was not used, the distant Soviet operator could simply have "popped out" the 
continuous EM ball of energy, tracked it and the ascending rocket exhaust, and "joysticked" the 
scalar EM missile up into the rocket. 

Analysis of this incident is continuing, so nothing is certain as we go to press. 

However, if this incident was indeed another Soviet kill, then it will have served the Russians 
well. Much of the world's media attention will now be focused on NASA's launch difficulties, and 
away from the recent Chernobyl nuclear reactor disaster in the Soviet Union, It's bound to take some 
of the media pressure off the Soviets. 

In addition, it further cripples the U.S. satellite program. Loss of this critical weather satellite 
payload seriously reduces U.S. weather monitoring capabilities. 

Further, the U.S. space program now appears to be all but grounded by the Challenger, Titan, 
and Delta explosions. For example, it will require about 18 months for the U.S. to redesign the shuttle 
so that America's shuttle program can get going again. So things are delayed until summer of 1987 at 
the earliest. 

Meanwhile, the Russians are set to grasp the lead in the space race. In 1985 they launched about 
100 rockets, five times as many as the U.S. They have a shuttle program of their own, well underway, 
with a flight expected within months. Earlier this year, they launched Mir, a second generation space 
station; a U.S. version is still some eight years away. 

Charles Vick, of Huntsville, Alabama's Space and Rocket Center, summed it up: "They have 
their standard military program, a shuttle program and the equivalent of an Apollo program, all 
within a 10-year period. It's awesome. 

An experienced propagandist like Gorbachev certainly understands the advantages of a strong 
Soviet push into space, such as (1) military advantage, (2) national prestige, (3) scientific 
achievement, and (4) projecting an image in the world’s news media that the Soviets are first in space 
exploration. 

So the failure of the Delta rocket provides many benefits to the Soviet Union. 

It also continues to exercise and demonstrate Soviet mastery of the skies over North America 
itself. 

Meanwhile, two U.S. nuclear submarines have "inadvertently" run aground in the last month or 


so. 
Gorbachev again seems disposed toward a summit meeting soon. 
If it's held, the agenda may be quite different from the one President Reagan is prepared for. 
The clock ticks on toward midnight. 
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Fig. 5. Screen printing technique. The squeegee is used to press the screen with impressed pattern and transfer it on top ofthe substrate. 


‘metal laminate structure is superior compared to that of 
the inkjet printed line, At 10 GHz, the measured specific 
losses for the metal laminate microstrip are about 0.6 dB/ 
em [11]. Results at higher frequencies are also reported in 
[31]; in particular, an insertion loss of about 1.8 dBm/cm at 
30 GHz is demonstrated. 

‘The tradeoff is the adoption of a photolithographic 
step; it is worth mentioning, however, that the process is, 
still compatible with R2R implementation, 

Other possibilities for LAE are the screen printing [12] 
and the gravure printing [12], both of them adaptable to 
R2R industrialization techniques. 

Screen printing consists of dragging a layer of ink 
across the surface of a screen and squeezing it through the 
open pores of the patterned mesh onto the substrate 
(Fig. 5). In general, the thickness of the printed layer and 
the achievable resolution depend on the density of the 
‘mesh and on the ink properties. Usually, the ink viscosity 
is in a range of 1-50 Pa x s, and this allows for printing 
with a resolution of about 100 jum and a thickness up to 
100 ym. Until now screen printing has been adopted to 
realize low-resistance structures, solar cells, and field 
effect transistors (FETs), exploiting the possibility of 
printing very thick layers. 

Gravure printing, also known as rotogravure, is consid- 
ered a very high volume printing (Fig. 6) process, and itis 
being adopted to produce very conductive structures as, for 
example, capacitors, antennas, and organic devices such as 
pentacene-based diodes, organic light-emitting diodes 
(OLEDs), organic field effect transistors (OFETs), and. 
organic thin film transistors (OTFTS). 

‘The resolution can be of about 20 jem. The method is 
implemented by engraving the patterns into a metallic 
cylinder by a laser, by chemical etching, or electrome- 
chanically (as separate cells or intaglio trenches). Typi- 
cally, the print pressure is high (1-5 MPa) in order to 
achieve a good ink transfer and to reduce the percentage of 
unprinted dots caused by the surface roughness of the 
flexible substrate. However, this high pressure of printing 
makes this technique suitable only for robust substrates 
with no soft, previously printed, layers that could be 
damaged. 


To summarize, the technologies described in this sec- 
tion are characterized by some common features, such as: 
flexibility and conformability, compatibility with large 
area realization of circuits and interconnections, use of 
additive or mixed (subtractive/additive) deposition tech- 
niques, easy use of eco-friendly materials and, in some 
cases, compatibility with classical bond wiring as well as 
soldering techniques for electronic device placement. 

Table 1 summarizes the main features of the described 
technologies. 


III. RFID: A MIX OF 
CONCURRENT TECHNOLOGIES 
FOR SS IMPLEMENTATION 


‘As mentioned in the outline paragraph at the end of the 
Introduction, after describing the technologies enabling SS 
development (Section II), here we illustrate RFID as a 
suitable means to transfer information through EM trans- 
mission between tags and readers to the Internet. 

‘An RFID tag has a unique identification code and a 
‘memory used to store information, while the reader can 


Printing Cylinder 


Pattern Cylinder 


Fig. 6. Gravure printing process. Note that these machines 
‘can be from 20 cm to 3 m wide with a diameter ranging from 
semtosm. 
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2. M. W, Evans, "0(3) Electrodynamics," Modern Nonlinear Optics, 2nd 
Edition, M. W. Evans (Ed.), Wiley, New York, 2001, Vol. 2, p. 79-267. 


3 David J. Bohm, "A Suggested Interpretation of the Quantum Theory in 
‘Terms of Hidden’ Variables, I and I." Phys. Rev., $5(2), Jan. 15, 1952, p. 166- 
179 (Part 1); 180-193 (Part 11); — "Quantum theory as an indication of a new 
order in physies.” A:, Found. Phys., Vol. 1, 1971, p. 359: B: "Implicate and 
explicate order in physical law," Found. Phys., 32), 1973, p. 139-168. 


4 Mendel Sachs, General Relativity and Matter, Reidel, 1982; — 
"Symmetry in Electrodynamics: from Special to General Relativity. 
Quantum Domains,” Modern Nonlinear Optics, 2nd Edition, Wiley, New York, 
Vol. 2, p. 677-706. 

5 M.W. Evans, P. K. Anastasovski, T. E. Bearden et al., "On Whittaker's 
Representation of the Electromagnetic Entity in Vacuo, Part V: ‘The Production 
of Transverse Fields and Energy by Scalar Interferometry," J. New Energy, 4(3), 
Winter 1999, p. 299-301 gives a basic mathematical expose of scalar 
interferometry. 


6. James Clerk Maxwell, "A dynamical theory of the electromagnetic 
field,” Phil. Trans. Roy. Soc, Vol. 155, 1865, p. 71, 459. Orally presented in 
1864. This was Maxwell’s definitive presentation of his theory, with 20 
{quatemnion and quaternion-like equations in 20 unknowns. Also in The 
Scientific Papers of James Clerk Maxwell, edited by W. D. Niven, Dover, New 
York, 1952, Vol. 1, p. 526-604. 


1. In T. E, Bearden, Gravitobiology: A New Biophysics, Cheniere Pre 
Santa Barbara, Ca. www.cheniere.org, 1991 we first exposed the quantum 
potential weapon and some of its uses and characteristics. 


8 ‘A negative energy EMP weapons strikes the target or target area with 
aan extreme pulse of negative energy empty Dirac Sea 4-holes. As a result, the 
¢ electrons flowing in electrical currents in the struck target instantly 
isappear by re-absorption into the Dirac Sea. A living body struck by such a 
blast is totally and instantly dead in every smallest part, since all its brain and 
nervous system currents, cellular currents, etc. are instantly and totally 
extinguished. The Russians tested this weapon in the 1980s in their war in 


D1 LANCE 


Afghanistan, against two Afghan villages. I spent two hours in Washington D.C. 
with the then-representative of the Mujahedin to the U.S. Government, verilying 
the incidents and going over the exact characteristics of the instantaneous deaths 
of those villagers. With such a sudden death, the mind-body interconnection 
loop is instantly severed, so that the mind is instantly snapped loose from its 
connection to the body—hence my use of the term "MindSnapper.” The struck 
body usually emits longitudinal EM waves for an extended period, so that 
vultures and other predators will not approach the bodies and eat them. All 
bacteria, viruses, etc. in the body are also killed instantly, and the body does not 
decay, even in 30 or 60 days. 


. the negative energy EMP weapon is an all-purpose 
tive against every kind of target: missiles, aircraft, 
communications, satellites, ships and particularly aircraft carriers, personnel, 
enerators, power systems sctronics of nuclear warheads, submaring 
. and the electrical and electronic controls of any kind of 
‘machinery or equipment. Such weapons are the second most powerful weapons 
on earth. In the first part of 2002, a U.S. 2-carrier task force maneuvered in the 
South China Sea as a precautionary warning to the Chinese that we would 
defend Taiwan. Unknown to that fleet, tracking it and trained on it were the 
newly deployed Chinese negative energy EMP weapons, which could have 
destroyed the entire task force—everything in it—with a few shots in less than 
10 minutes. 


10. T.E, Bearden, Energyfrom the Vacuum: Concepts and Principles, 
Cheniere Press, Santa Barbara, CA, 2002. Chapters 1 and 2 give a deeper 
coverage of this and similar foundations principles. 


11. Asis well known, Russian theoreticians have always been the best 
nonlinear scientists on Earth, since the beginning. They still are. 


12 See T. E, Bearden, "Giant Negentropy from the Common Dipol 
‘New Energy, 5(1), Summer 2000, p. 11-23 for solution of the source charge 
problem. On DoE restricted website http://www.ott.doe.gov/electromagnetic! 
and on www.cheniere.org, The problem of the source charge can be solved by 
treating (with the modem quantum field theory viewpoint) the “isolated! 
observable charge and its cluster of virtual charges of opposite sign as a 
composite dipole. Because of the broken symmetry of its opposite charges, any 
dipole or dipotarity continuously receives virtual energy from the seething 
vacuum, transduces it into real observable EM energy, and pours out observable 
photons in all directions at the speed of light. See also E. T. Whittaker, 1903. 
ibid. There is a scalar potential between the ends of each dipole. The scalar 
potential may be decomposed into a bidirectional set of longitudinal EM phase 
conjugate energy from the time dimension (from the imaginary plane) and 
outputs that EM energy in the real 3-space. 3-space conservation of energy flow 


is violated, but 4-space conservation of energy flow is upheld. This rigorously 
follows from the discovery of broken symmetry of opposite charg. 
‘one of the types of asymmetry for which Lee and Yang received the 
Pri 


In classical electrodynamics, the charged particle itself is assumed to be the 
source of its own fields and potentials. In other words, the charge is implicitly 
considered to be creating—right out of nowhere—the Poynting energy flow it 
continuously pours out across the universe in all directions. That makes the 
charge a perpetual motion machine of the grossest kind, violating the maxim 
that energy can neither be created nor destroyed. 


So the greatest perpetual motion advocates of all times are our own classical 
electrodynamicists and electrical engineering departments and professors who 
still ignore the active vacuum interaction that is missing from the classical 
model. They thereby ignore that the charge is a broken 3-symmetry in its violent 
exchange of virtual energy with the active vacuum, and merely organizes and 
cemits in observable form a fraction of the energy it continuously receives from 
the imaginary plane (from the time domain). Yet, that broken symmetry has 
been known in particle physicists, both experimentally and theoretically, for 45 
years. 


‘When Maxwell wrote his theory, neither the electron, the atom, nor the nucleus 
had been discovered. There was no knowledge of the Drude electron gas, 
electron spin, ete. There was no knowledge of the nucleus of the atom, and even 
the atom itself was still contentious. A thin material ether (fluid) was believed to 
fill all space, so that no point in all the universe was empty of mass. 
Consequently, E and B were conceived as physical force fields in a material 
‘medium—the luminiferous ether. All Maxwells equations—including the 

subset selected and modified by Heaviside that today are called "Maxwell's 
equations’—assume this material ether to this day 


Electricity was thought to be a "thin material electric fluid” running through 
wires like water through a pipe. ‘The magnitude of the potential was not used: its 
reaction cross-section was calculated and erroneously used as its magnitude, as, 
itis today (although a good electrodynamicist does know that it is only the 
intensity of the potential, not its magnitude) 


Faraday believed that his “lines of force” were taut physical “strings” in this, 
‘material ether, and that EM perturbations were the vibrations of these taut 
strings. As he clearly states in his 1873 Treatise..., Maxwell sought to capture 
Faraday's work exactly. He simply assumed Faraday's "plucked taut string” 
waves. Later the measurement in instruments of what was actually the lateral 
gyroprecession of electrons in receiving wires was thought to prove that the 
incoming ether vibrations were transverse, like those string waves, because the 
detected electric fluid (electron precession) waves in the receiving wire were 


transverse. The drift velocity of electrons longitudinally in a wire (in a typical 
case, several inches per hour) was unknown. A charge q was just a piece of 
electric fuid, much like a cubic centimeter or other volume of fluid; it had no 
connotation of “charged particle.” There was no concept in all of physics of EM 
energy flowing through space. There was no knowledge that the same fields 
created in the transmission wire, which perturbs the Drude electrons laterally, 
also perturbs the positively charged nuclei laterally, in the opposite direction, 
highly damped but with equal energy 


‘There was no way to realize that the energetic perturbation of the curvature of 
spacetime around the sending wire antenna, by the Drude electron perturbation, 
energy, is simultaneously accompanied by an equal and opposite perturbation of 
the curvature of spacetime in the opposite direction (energy density, not 
amplitude of the disturbing wave, determines the degree of curvature of the 
surrounding spacetime). Hence Maxwell omitted precisely one half the EM 
energy, one half the EM wave, and one-half the electrodynamics. As a 
consequence, the "Newton's third law recoil” of the nuclei today is thought to 
spontaneously arise as if some mystical demon observes the Drude electron 
perturbations, and simultaneously kicks the positively charged nuclei in the 
equal and opposite direction. Hence Newton's third law, so to speak, is 
erroneously still omitted from classical electrodynamics, and the better texts say 


In the 1880s, the Michelson-Morley experiments falsified the material ether. Not 
a single one of the Maxwell-Heaviside equations were ever changed to this day. 
Instead, the electrodynamicists eventually announced that, since there was no 
longer an ether, they were not using one! Then a total non sequitur was 
incorporated: that in massfree space, the same E and B fields (defined 
material entities and thus existing only in mass) still remain but the forces go to 
zero. Simple algebra reveals this clever, insidious faux pas, using the E-field as 
an example: First, F == d/dt(my), so mass is a component of force. (This reveals 
the great error due to the hoary old notion that a separate force acts upon a 
separate mass; the mass is a component of the force, and the force is a coupled 
system of a curvature of spacetime and a charged mass.). Then E == Fig, which 
rigorously holds when mass is present. 


Now for whatever reason, let F = 0. ‘Then Fiq = 0 and E = 0 also, else we must 
discard algebra. What actually remains is easily explained in general relativity 
terms (available since before 1920). The couplet of a curvature of spacetime and 
a charged mass is broken up by absenting the mass. What remains is that 
specific curvature of spacetime. GR assures us that curved ST acts upon mass, 
and that any force involves a curvature of ST. Yet in more than 80 years, this 
erroneous old "material ether remnant” in electrodynamics has been fiercely 
defended. Every textbook today uses and confuses the E and B fields in two 
dichotomous fashions: (1) as massive forve fields existing only in the presence 
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and as "massless force-free fields" existing only in the absence of mass. 
‘This of course is a non sequitur. 


13. _E. T. Whittaker, "On the Partial Differential Equations of Mathematical 
‘Math, Ann., Vol. 57, 1903, p. 333-355. The “scalar” potential itself is, 
not even a scalar entity, as shown rigorously by Whittaker. Instead, itis a 
harmonic series of bidirectional EM longitudinal phase conjugate wavepairs, 
and it decomposes into that series. Hence it is a multiwave, multivectorial entity 


14 GN. Yang and R. L. Mills, "Conservation of Isotopic Spin and 
Isotopic Gauge Invariance,” Phys. Rev., Vol. 96, 1954, p. 191 


15. The term 
universe. Rankine 
“energetics” and f 


energetics" simply means energy as the primary thing in the 
inst used it. G. Helm in 1887 revived Rankine’s term 

tored energy into an intensity factor and an extensity factor 
(which today we would call potential and kinetic energies). William Ostwald in 
1893, 1895, and 1901 raised the concept of “energetics” (energy as the primary 
thing in the universe) to the forefront. Thus when the Russians developed new 
extensions and principles in weapons physics, they simply used the historical 
notion of “energy as the primary thing in the universe" and adopted the earlier 
name for it: energetics 


16. Later when Khrushchev demanded a 100% antimissile defense, famed 
Russian Nobelist Petr Kapitsa answered, "Ifa means oftotal neutralization of 

foreign missiles is to be found, it can only come from a group ofnew principles 
in physics, called energetics” 


17. See'T. E, Bearden, "Mind Control and EM Wave Polarization 
‘Transductions, Part I", Explore, 9(2), 1999, p. 59; Part Il, Explore, 9(3), 1999, p. 
61; Part IIL, Explore, 9(4,5), 1999, p. 100-108. It appears that Sachs’ unified GR 
and EM approach is perhaps the best Western physics model to apply to analysis 
of the KGB energetics weapons. However, because of the third branch. 

(psychoenergetics: engineering the mind directly), Sachs’ work would appear to 


need further extension along the lines indicated by the present author in the cited 
paper. 
18. See T. E. Bearden, "EM Corrections Enabling a Practical Unified Field 


‘Theory with Emphasis on Time-Charging Interactions of Longitudinal EM 
Waves," J. New Energy, 3(2/3), 1998, p. 12-28; — Energy rom the Vacuum, 
2002, ibid. For nuclear transmutation at a distance (e.g., dudding all nuclear 
‘weapons by transmuting U235 and weapons grade plutonium), extension is 
required along the lines indicated by the present author in these references. 


19. See M. Sachs, ibid. also M. Sachs, "Relativistic Implications of 
Electromagnetic Field Theory,” in T. W. Barrett and D. M. Grimes, eds., 
Advanced Electromagnetism, World Scientific, 1995, p. 551. The Sachs theory 
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es the greatest ger 
the preceding view. 


2. See Whittaker, 1903, ibid.; — "On an Expression of the 
Electromagnetic Field Due to Electrons by Means of Two Scalar Potential 
Funetions,” Proc. Lond. Math, Soc, Series 2, Vol. 1, 1904, p. 367-372. The 
latter paper was published in 1904 and orally delivered in 1903. Per these two 
Whittaker papers, it is known that (i) ordinary EM fields and waves are the 
result of interference of two or more scalar potential functions, (ii) scalar 
potentials are comprised of harmonic sets of bidirectional EM phase conjugate 
‘wavepairs, (ii) all ordinary EM. 
dynamics internally, and (iv) in theory, this "infolded” electrodynamics can be 
engineered. Sachs’ theory dramatically extends the richness of that internal 
electrodynamics ignored in the West, and highlights the general relativity (sets 
of spacetime curvatures, or “engines”, involved). 


cralization possible of electrodynamics 


21 Exg., Marine Observer was a rich source for Russian energetics 
‘weapons testing in remote ocean areas, sighted by ships’ captains and crews and 
centered into the ships’ logs. 


22. Portions of Khrushchev's statements to the Presidium are given in Max 
Frankel, "Khrushchev Says Soviet Will Cut Forces a Third; Sees ‘Fantastic 
Weapon’,” New York Times, Jan. 15, 1960, p. 1 


23. See Whittaker 1903 and 1904, ibid., for the original basis of scalar 
interferometry and its creation of any kind of EM field, potential, and wave in 
the interference zone. 


24, Also see M. W. Evans, P. K. Anastasovski, T. E. Bearden et al., On 
Whittaker's Representation of the Electromagnetic Entity in Vacuo, Part V: The 
Production of Transverse Fields and Energy by Scalar Interferometry, J. New 
Energy, 4(3), Winter 1999, p. 76 for mathematical proof of scalar 
interferometry. There are several other AIAS papers in the same issue of JNE, 
dealing with interferometry and with the implications of the Whittaker papers 


25. Asan example, the U.S.S. Skylark, surface companion of the Thresher, 
was beset by mysterious "jamming" of multiple types of EM systems in multiple 
bands. So bad was it that it required more than an hour to get an emergency 
message to Naval headquarters that the Thresher was in serious difficulty. Later, 
as the scalar interferometry died away, all the EM systems aboard the Skylark 
resumed normal functioning. The Skylark was in fact in a "splatter zone” of the 
underwater interference zone around the Thresher. 


26. _ Circa the end of 1989, the earlier longitudinal EM wave weapons on 
site in Russia were leased to a rogue Japanese group comprised of Aum 

Shinrikyo and Yakuza, who have been operating those weapon systems—on site 
in Russia—since then. Senator Sam Nunn’s investigations revealed the presence 
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of the Aum Shinrikyo in Russia, to include establishing a university there. His 
investigators missed the Yakuza involvement and also missed the exotic 
‘weaponry aspects as one might expect. 


27. concluded from this remark that TEMPEST techniques are probably 
used at some nearby site not too distant from my home here in Huntsville, to 
read and record my work as I write it on the computer. That appears to be a good 
assumption 


28 Asa small example of what can be done, see a series of papers by M. 
W. Evans, P. K. Anastasovski, T. E. Bearden et al, published in J. New Energy 
are: (a) “On Whittaker's 

id in Terms of Two Scalar Potentials, 
Part I"; (b) "An Experimental Test of the Existence of Whittaker's g and/Fluxes 
in the Vacuum"; (c) "On Whittaker's Representation of the Classi 
Electromagnetic Field in Vacuo, Part II: Potentials Without Fields"; (d) "On 
Whittaker's F and G Fluxes, Part III: The Existence of Physical Longitudinal and 
Timelike Photons"; (e) "Representation of the Vacuum Electromagnetic Field in 
Terms of Longitudinal and Time-like Potentials: Canonical Quantization”: (f) 
"On Whitaker's Analysis of the Electromagnetic Entity, Part IV: Longitudinal 
Magnetic Flux and Time-Like Potential Without Vector Potential and Without 
Electric and Magnetic Fields"; (g) "On Whittaker’s Representation of the 
Electromagnetic Entity in Vacuo, Part V: The Production of Transverse Fields 
and Energy by Scalar Interferometry"; and (h) "On Extending Whittaker's 
‘Theory, Part VI: Photons Without Fields and Vector Potentials 


29. Asan example, one part of the strategic deception plan was devoted to 
convincing the West that Soviet psychoenergetics was nothing but a technical 
wrinkle upon the rather harmless Western parapsychology. This part of the 
program was completely successful for decades. Another very clever use of 
deception is to allow release of some real scientific advances that lead the West. 
but are not too important to the KGB in the weapons arena. The increasing 
emphasis on torsion fields is an example of this “deception by giving good 
information that directs the adversary upon a path one wishes him to take", 
effectively steering him away from the path one wishes him to avoid. Lately, 
however, there is an uproar amongst the academicians in the Russian Academy 
of Sciences over this very point, that torsion fields being presented as the "end 
all, be all” is simply disinformation. 


30. With their deployment of QP weapons in 2002, the Chinese are also on 
the way to having this capability 
31. The multiply connected spacetime (MCS) or quantum potential 


‘weapons went on site circa latter 1989. A laboratory prototype had been tested 
against the U.S. air attack on Libya in April 1986. For details of the extremely 
anomalous jamming of aireraft and missile guidance and control systems in that 
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attack on Libya, see Mark Thompson, "Mixed signals may have misguided U.S. 
weapons,” The Washington Post, Jan. 22, 1989, p. A-4. 


32. One or more QP weapons also apparently induced the Gulf War 
Disease in MidEast forces in the Gulf War. We have previously explained the 
peculiar anomalies, how it was done, why the endemic natives did not contract 
the disease, why the French forces did not contract it but U.S., British, and 
Canadian forces did, ete. We briefly discussed quantum potential weapons in T. 
E. Bearden, Gravitobiology: A New Biophysics, In T. E. Bearden, 
Gravitobiology: A New Biophysics, Cheniere Press, Santa Barbara, Ca, 
www.cheniere.org, 1991 


33. (a) Yossef Bodansky, "Soviets testing chemical agents in 
Afghanistan,” Jane’s Defence Weekly, (3), Apr. 7, 1984, p. 508 giv 
something of the two Soviet tests of this weapon in Afghanistan. In addition to 
the fierce blast of empty Dirac Sea 4-holes, these weapons produce a powerful 
time-polarized EM pulse in the area, producing a very sharp “jerk” in the rate of 
flow of time, (b) The mind-body coupling mechanism—which cannot 
withstand such a sharp jerk in the rate of flow of time—has been given by T. E. 
Bearden, "Mind Control and EM Wave Polarization Transductions,” Explore 
1999, ibid. This sharp "jerk" in time-flow instantly snaps the mind-body 
coupling mechanism for any living thing in the struck area. A very small 
version of this weapon was tested twice in Afghanistan, where the bodies in the 
“mind-snapped” zone died instantly, fell like limp rags, never twitched, and did 
not decay or get molested by insects or scavengers for the 30 days it required the 
Mujahedin to fight their way back into the two struck villages. The Mujahedin 
thought it was some new, extremely fast acting nerve gas, which they dubbed 
"smerch” or “death wind" 


34. Two Ph.D. scientists were working closely with me on this entire 
effort, as was another close colleague. There was much more involved in the 
effort that is so briefly mentioned here. 


35. Secretary of Defense William Cohen at an April 1997 counterterrorism 
conference sponsored by former Senator Sam Nunn. Quoted from DoD News 

7 William S. Cohen, Q&A at the Conference on 
Terrorism, Weapons of Mass Destruction, and U.S. Strategy, University of 
Georgia, Athens, Apr. 28, 1997, 


36 TE, Bearden, Energetics: Extensions to Physics and Advanced 
Technology for Medical and Military Applications, CTEC Proprietary, Mar. 21, 
'8, 200+ page inclosure to CTEC Letter to Gen. (Ret.) Walter Busby, Deputy 
Secretary of Defense for Counterproliferation and Chemical and Biologic 
March 21, 1998. Copies were sent to various other U.S. government 
cies, including to NIH, CDC, the USAF, ete. 


37. See Vlail Kaznacheyev and L. P. Mikhailova, Ultraweak Radiation in 
Intercellular Interactions, in Russian], Novosibirsk, 1981. An English 
exposition of much of the Kaznacheyev material is given in Vlail Kaznacheyev, 
“Electromagnetic Bioinformation in Intercellular Interactions," Psi Research, 
1(1), Mar. 1982, p. 47-76. The work of Vlail Kaznacheyev led to the 
understanding of how to electromagnetically transmit cellular death and dis 
into targeted cells (or bodies) at a distance, and involved thousands of lab 
experiments. Highly sanitized work revealing the results but not the 
‘mechanisms, were permitted in order to stimulate the West to see if it knew 
about energetic: 


38. See Stanislov Lunev and Ira Winkler, Through the Eyes ofthe Enemy: 
Russia's Highest Ranking Military Defector Reveals Why Russia Is More 
Dangerous Than Ever, Regnery, Washington, D.C., 1998. The Red Chin 
were able to decipher the Russian EM disease transmission methodology, early 
on. As a strange kind of "poetic justi on the Chinese induced cancer into 
many Russian spies stationed in the Russian Embassy in China. Quoting Lunev, 
p. 160: "...1 was not the only person who was stationed in Beijing to come 
down with cancer..Almost all ofthe GRU officers stationed in China with me 
have been diagnosed with cancer. People assigned to the embassy had told me 
that they were picking up high levels ofrradiationfrom the apartment building 
around the embassy compound. Whether it was aform ofhigh-tech monitoring 
ora conscious effort to harm our health, it seems to have been successful. So 
‘much so that in 1992 the GRU was asked to investigate the high rate ofcancer 
among embassy officials. The findings, however, have never been made public 
in part, no doubt, because ofthe rapprochement between Russia and China.” 


39. See my “Porthole Briefing”, on www.cheniere.org. Also see "Le 
Probleme Priore,” Rapport de la Commission de Academie des Sciences a 
Monsieur le Ministre d’Etat charge de la Recherche et de la Technologie, 

France, 1982, p. 1-22; J. B. Bateman, "Microwave Magic,” Office of Naval 
Research London Conference report, ONRL C-14-77, 1977; —A Biologically 
Active Combination of Modulated Magnetic and Microwave Fields: The Priore 
‘Machine, Office of Naval Research, London, Report R-5-78, Aug. 16, 1978; — 
wzing the Perils of Nonionizing Waves," European Scientific Notes, ESN 32- 
3-85-88, 1978; T. E. Bearden, "Energetics Update and Summary,” Parts 1, 
Explore More, No. 1, 1996, p. 13-18; Part 2, Explore, 8(1), 1997, 53-56; Part 3, 
Explore, 8(2), 1997, p. 42-45; Christopher Bird, "The Case of Antoine Priore 
and His Therapeutic Machine: A Scandal in the Politics of Science," Explore, 
5(5-6), 1994, p. 97-110; R. Cambar, "Rapport general des travaux de la 
‘Commission de Controle constituee en vue de verifier Tun des effets biologiques 
‘obienu. par utilisation de Vappareillage de Priore A. Bordeaux,” [General 
findings of the work of the control commission formed to verify one of the 
biological effects obtained by use of the apparatus of A. Priore at Bordeaux], 


1969; R. Courrier, "Expose de M. le professeur R. Courrier Secretaire perpetuel 
de I'Academie des Sciences fait au cours d'une reunion a l'Institut sur les effects 
de la machine de M. A. Priore 26 Avril 1977" [Presentation by Professor R. 
Courrier, Perpetual Secretary of the Academy of Sciences, made at the meeting 
ofthe Academy on the effects of the machine of M. A. Priore.]; Jean-Michel 
Graille, Dossier Priore: A New Pasteur Affair, De Noel, Paris, 1984 [in French]; 
Antoine Priore, "Apparatus for producing radiations penetrating living cells,” 
USS. Patent No. 3,368,155, Feb. 6, 1968; — "Method of producing radiations for 
penetrating living cells," U.S. Patent No. 3,280,816, Oct. 25, 1966; — "Procede 
et dispositif de production de rayonnements utilisables notamment pour le 
traitement de cellules vivantes,” [Procedure and Assemblage for Production of 
Radiation Especially Serviceable for the Treatment of Living Cells}, Republique 
Francais Brevet d'invention P.V. No. 899.414, No. 1,342,772, Oct. 7, 1963: A. 
Priore, Guerison de la Trypanosomiase Experimentale Aigue et Chronique par 
Laction Combinee de Champs Magnetiques et D'Ondes Electromagnetiques 
Modules (Healing of intense and chronic experimental trypanosomiasis by the 
combined action of magnetic fields and modulated electromagnetic waves} 

thesis submitted in candidacy for the doctoral degree, 1973—rejected when the 
project was suppressed. 


40. Eric Perisse, Effets des Ondes Electromagnetiques et des Champs 
Magnetiques sur le Cancer et la Trypanosomiase Experimentale [Effects of 
Electromagnetic Waves and Magnetic Fields on Cancer and Experimental 
‘Trypanosomias}, Doctoral thesis, University of Bordeaux No. 83, March 16, 
1984. Although Priore’s own thesis was suppressed in 1973, Pautrizel 
nevertheless finally succeeded in getting this doctoral thesis by Pe 

‘on the work, at the University of Bordeaux which had rejected Prio 
after eleven more years had passed. Considering the viciousness of the 
suppression, this was a major accomplishment 


41. The photo was taken by George Suchary of the registration point (ball 
of light) high over the Nov. 1985 night shuttle launch from Cape Canaveral. For 
‘a photo of the same kind of “ball of light” registration point above the kill of a 
Titan missile launched from Vandenberg AFB in early 1986, see reference 39 
below. 


42. The picture by Canadian investigators showing the hole burned through 
the right fuselage ahead of the engines of the Arrow DC-8 is shown in T. E. 
Bearden, AIDS: Biological Warfare, Cheniere Press, Santa Barbara, Ca. 
wwwcheniere.org , 1988, p. 52. 


43, See T. E. Bearden, Gravitobiology: A New Biophysics, Cheniere Press, 
Santa Barbara, Ca. www.cheniere.org, 1991, p. 82. Two sensors on-board the 
Arrow DC-8 independently recorded the sharp electrical spike generated by the 
e of the EM missile 
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Roselli et al.: Smart Surfaces: Large Area Electronics Systems for Internet of Things Enabled by Energy Harvesting 


Table 1 Technologies Comparison 


“Technology | Resolution | Cost | Waste | Speed 
Twit [50am [Low | Low | Fast 
Copper | 100m Low | High | Medium 
Gravure [20m — | High | Medium | Very fast, 
Sereen | 100m | Medium | Low | Very fast 


write or read data on and from the tag through RF trans- 
missions. The tag is usually attached to an object that 
needs to be identified and monitored, or contains infor- 
mation to be read. In typical RFID applications [32], the 
‘main goal is to provide mapping of physical objects that are 
equipped with an RFID tag attached or embedded. In this 
way, RFID technology inherently leads to identifying, 
tracking, and localizing, but it can also enable the storage 
and transmission of information regarding object status 
and surrounding environments by embedding sensing 
capabilities. 

‘As mentioned previously, oT is most commonly de- 
scribed asa structured system of technologies concurrently 
‘working to capture meaningful data from objects and com- 
municate them through networks to a decision-taking level 
Useful keywords, whenever a definition of IoT is given, 
inclide: smart objects, autonomous logistics, machine-to- 
machine communication, RF technologies, centralized in- 
formation, and so on. 

In order to implement these functionalities, an loT 
platform, an S$ for instance, has to provide at least unique 
object identification together with wireless communica- 
tion for data management. 

‘The loT physical layer can thus be naturally thought of 
as meshes of RFID and sensor nodes. The RFID tag that 
embeds a sensor can use the same working principles and 
protocols of the conventional RFID tags; a differentiation 
can be made, considering the way sensor tags are powered 
up, in active, semipassive, and passive tags: actually, the 
difference consists of the way they are powered, 

Active tag sensors may use customarily conceived com- 
munication protocols or rely on RFID standards enabling 
the tag to be easily integrated into the existing wireless 
infrastructures so that they will not require expensive 
readers. In [33], a system architecture was developed to 
integrate WSNs and the RFID systems. Bluetooth and 
ZigBee technologies are adopted as the communication, 
protocol of WSNs to meet the requirements of a large 
number of sensor nodes, large areas, and low cost. 

Active tags with integrated sensors are used in several 
applications, including temperature and position monitor- 
ing, vibration detection, blood pressure, heart beat moni- 
toring, and more. This type of sensor tags, besides having 
larger amount of energy provided by batteries, affords both 
a large range and multiple functionalities: some of them 
hhave also external buses that enable the use of connected 
external sensors [34], 


Passive tags with an integrated sensor operate without, 
battery, collecting the needed operational energy from ex- 
temal environment sources. The main requirements of 
this class are high energy conversion efficiency, large stor- 
age capability, and overall low-power consumption, Pas- 
sive systems have usually low operating range and limited 
processing capability. 

In this field, research activities are directed toward 
ultralow-power design of integrated sensor tags [35], an- 
tenna design for improving reading range [36], sensor 
overall performance optimization [37], and development 
of optimum protocols allowing for additional power saving 
(38), [39] 

‘Typical applications are, for instance, temperature 
monitoring [40], photodetection [41], motion detections 
[42], ete. 

Semipassive tags use both batteries and energy sources 
coming from the environment; they can integrate more 
operational capabilities than the passive ones, since they 
can exploita higher amount of energy. For the same reason, 
semipassive RFID tags are more suitable to integrate a 
sensor; the operational methodology is similar to the pas- 
sive one, using the reader signal to interrogate and cause a 
response from the tag. The primary difference is that the 
semipassive tag does have a battery used not to generate a 
response, but only to power electronics, like sensors in- 
corporated in the tag, while exploiting RF circulation to 
reply to the reader interrogation. Just like passive tags, 
semipassive ones are limited in terms of slow reading 
speeds and short reading distances. In [43], the design, 
realization, and experimental validation of a battery- 
assisted RFID tag with sensing and computing capabilities, 
conceived to explore heterogeneous RFID-based sensor 
network applications, was presented. 

Dealing with battery-less devices that are, by far, the 
‘most interesting ones for IoT, LAE, and SS applications, we 
can now focus on the typical energy sources adopted. No 
battery devices can exploit solar scavenging [44], [45], 
vibrational [46], [47], or RF radiations [48]-[52} 

In many cases, wirelessly powered systems can harvest 
energy from the incident RF waves, thus generating the 
required direct current (dc) voltage to power the system. 
‘The EM energy present in the environment may be signi- 
ficant in some regions (some urban areas or indoor sites); 
here the use of proper conversion devices may allow 
enough energy to be scavenged. RF power harvesters 
usually consist of an antenna, an impedance transformation 
network, a rectifier, and a storage element. In [53], adesign 
example of integrated rectifier antennas (rectennas) for 
wireless powering at low incident power densities, from 
25 to 200 p:Wiem?, is given. 

Regarding mechanical energy scavengers, they may be 
categorized upon the kind of energy source exploited; 
there are scavengers providing energy from a constant, 
motion over extended periods of time (e.g., turbine air 
flow) or others based on intermittent motion (e.g., human 
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44. “Titan Explosion Cripples U.S. Launch Surveillance Capability," 
Aviation Week & Space Technology, 124(17), Apr. 28, 1986, p. 16-19. 
Specifically see the picture of the explosion on p. 18. It clearly shows the Soviet 
‘marker beacon (little ball of light) well above the missile explosion. General 
background on the Titan explosion and investigation is given in “Investigators 
Search for Clues to Cause of Titan Blast," Aviation Week & Space Technology, 
124(17), Apr. 28, 1986, p. 19-20.1 persuaded NBC engineer Ron Cole with a 
team of engineers to examine the videotape of the explosion, frame by frame. In 
17 frames the ball-of-light (registration point) is visible, and moves away 
completely independent of the explosion. No "bogies on the range” were 
reported at Vandenberg AFB. 


45. Dr. Evans is co-discoverer with Vigier of the B(3) field, now well 
established but still not in the textbooks. He is the Director of the Alpha 
Foundation's Institute of Advanced Study (AIAS) and has over 600 papers and 
books in the literature, 


46. M. W. Evans, P. K. Anastasovski, T. E, Bearden et al 
Whitaker's F and G Fluxes, Part III: The Existence of Physical Longitudinal and. 
Timelike Photons," J. New Energy, 4(3), 1999, p. 68-71; — "Representation of 
the Vacuum Electromagnetic Field in Terms of Longitudinal and Time-Like 
Potentials: Canonical Quantization,” ibid., p. 82-88; — "On Extending 
Whittaker's Theory, Part VI: Photons Without Fields and Vector Potentials,” 
ibid, p.79-81 


47. Terence W. Barrett, "Electromagnetic Phenomena Not Explained by 
Maxwell's Equations," in Lakhtakia, A. (ed.): Essays on the Formal Aspects of 
Electromagnetic Theory, World Scientific Publishing, River Edge, NJ, 1993, p. 
6-86; — "On the distinction between fields and their metric: the fundamental 
difference between specifications concerning medium-independent fields and 
constitutive specifications concerning relations to the medium in which they 
exist." Ann, Fond. Louis de Broglie, 14(1), 1989, p. 37-75; — and D. M Grimes. 
[Eds.] Advanced Electromagnetism: Foundations, Theory, & Applications. 

fic, (Singapore, New Jersey, London, and Hong Kong), Suite 1B, 
er Edge, New Jersey, 07661, 1995. In the latter book see 
agnac Effect: A Consequence of Conservation of Action Due to 
Gauge Field Global Conformal Invariance in a Multiply-Joined Topology of 


48. But see Craig F. Bohren, "How can a particle absorb more than the 
light incident on it?” Am. J. Phys., 51(4), Apr. 1983, p. 323-327. By resonating 
the intercepting charged particle, its reaction cross section increases, and more 
EM energy is collected and re-radiated by the charge than is input to it by the 
‘conventional accounting (which only accounts the input Poynting energy that 
‘would be intercepted by a static charge). The conventional input energy 


calculation therefore ignores the huge nondiverged Heaviside component 
surrounding the Poynting component and wasted. The resonant particle sweeps 
out past the usual Poynting component into the unaccounted Heaviside input 
component, and collects excess energy. The Bohren experiment with resonant 
charged particles produces COP =18. Metallic particles at ultraviolet 

are one class of such particles and insulating particles at infrared 
are another. For independent confirmation of the Bohren 
experiment, see H. Paul and R. Fischer, {Comment on "How can a particle 
absorb more than the light incident on it?"}," Am. J. Phys., 51(4), Apr. 1983, p. 
327. 


49. E.T, Whittaker, 1903, ibid. 


50. ial use, e.g., would be t0 us s to investigate and 
report the interior of the sun and planets, including the Earth and its core. S 
a CSR can also travel "through” the interior of alight beam, in theory such 
could be dispatched back into some of the nearer stars to also explore and report 
their interior. 


51. This is no more curious than stating that sets of waves and their 
dynamics can exist in space, without interacting with mass, and that they can 
then later interact with a mass system to change it in specifically designed 
manner. Since longitudinal EM waves and their dynamics are "infolded” inside 
ordinary EM waves, fields, and potentials, they are also infolded “inside” the 
ambient vacuum potential, which itself is a part of the local vacuum potential. In 
short, one forms highly complex LW wavesets and functional dynamics, in 
ntially a sort of "subspace" as popularized by the Star Trek television s 
‘The LW "engines" are identically ST curvature engines. A close colleague of 
the present author has in fact already invented and rigorously demonstrated such 
4 communication system, but his former funding by several very large 
communications companies collapsed before he could develop and employ this, 
system for the commercial market. 


52. This is easily understood ifone shifts one's vision from "space" to 
” Subspace is filled with (literally is composed of) longitudinal EM 
waves and their dynamics. The CSR's are quite unique, enormous systems 
‘singing away” with longitudinal EM waves. So a longitudinal EM wave 
interferometer can easily locate them by sweeping its beams through subspace, 
as a radar sweeps to track aircraft in space. Once the CSR target the 
system automatically hits it with a profusion of interacting LWs, completing 
disrupting and destroying its dynamics. Scratch one system. Probably several 
million such systems were destroyed throughout the West (command centers, 
power grids, submarines, nuclear bombers, etc.) in rapid fire order, all without 
any extemal "spatial" sign other than perhaps a wee bit of very low level 
noise” briefly as a struck CSR fractured 


53. See M, Sachs, Quantum Mechanicsfrom General Relativity, Reidel, 
1986. Sachs‘unified field theory, e.g.. applies equally to the quarks and gluons, 
as it does to the nucleons, the atoms, molecules, and macroscopic objects and 
phenomena. See also M. Sachs, "Symmetry in Electrodynamics: From Special 
to General Relativity, Macro t0 Quantum Domains,” in Modern Nonlinear 
Optics, Second Edition, 3 vols., M. W. Evans (ed.), Wiley, 2001; vol. 1, p. 677- 
706. 


54. G. M. Wang, E. M. Sevick, Emil Mittag, Debra J 
Evans, "Experimental Demonstration of Violations of the S 
‘Thermodynamics for Small Systems and Short Time Scales, 
89(5), 29 July 2002, 050601 


Searles, and Denis J. 
‘ond Law of 
Phys. Rev. Lett 


55. The tragic death of Captain Hess was also very probably such a test. 
Hess, perfectly normal and happy, laid out his uniform in the early morning and 
then went for his customary morning jog. He suddenly veered aside, sat down in 
‘path and stabbed himself 26 times, all deep stab wounds, four of which would 
be totally incapacitating (two right through the heart) to any normal individual 
experiencing normal shock, etc. To a psychoenergetically controlled individual 
where shock does not occur nor does emotion or pain, this is understandable. 
Add this to the incidents involving Captains Button and Svoboda, and one 
begins to see the picture. 


56. W. Heitman and G. Nimtz, "On Causality Proofs of Superluminal 
Barrier Transversal of Frequency Band Limited Wave Packets,” Phys. Lett 
A196, 1994, p. 154-158. Aichmann and Nimtz and co-workers at the University 
of Cologne have transmitted 8.7 GHz microwaves (free space wavelength 34 
cm) traveling in a rectangular wave-guide that contains a "barrier" section of 
reduced dimensions. ‘They have recently transmitted Mozart's 40th Symphony as 
frequency modulated microwaves through a barrier wave-guide at an FTL group 
velocity of 4.7 c, receiving audibly recognizable music from the microwave 
photons that survived their barrier passage. The transit time through the barrier 
‘was about 81 picoseconds and was observed to be constant for barriers with 
widths varying from 4.0 cm to 11.4 em 


57. Quantum mechanics in fact requires instantaneous transmission of 
effects. A mishmash of learned contention would have us believe one can 
“transmit energy instantly, but not intelligence. This argument has essentially 
stymied our scientific establishment so that it has not really funded strong 
investigation in this area. Itis a stupid argument: Simply transmit one change, 
then a second one, then a third one, in serial order, where th 

the intelligence. No different from Morse code. Somehow the pundits so certain 
that intelligence cannot be superluminally transmitted seem to have forgotten 
what “intelligence” is. They also seem to have assumed that one superluminal 
change can be transmitted on order, but a second, third, and fourth cannot 


Feynman and Wheeler tried very hard to formulate a new absorber 
to eliminate many of the fierce foundations problems, 
Wheeler described the effort this way: ”...we may summarize the account of 
radiation reaction given by Wheeler and Feynman in 1945. In it every charged 
particle is envisaged as coupled to every other charged particle by a field that is 
symmetric in time: halfadvanced, half retarded. Interconnections run forward 
‘and backward in time in such numbers as to make an unbelievable maze. That 
weaving together of past and future seems to contradict every normal idea of 
causality. However, when the number of particles is great enough to absorb 
completely the signal starting outfrom any source, then this myriad of couplings 
adds up to a simple result: thefamiliar retarded actions ofeveryday experience, 
plus thefamiliarforce of radiative reaction with itsfamiliar sign.” [John 
‘Archibald Wheeler, "Law without law,” in Quantum Theory and Measurement., 
preprint, p. 39] 

Unfortunately, when the foundations of any science are closely examined in 
their roots, one runs into the age-old bane of the philosopher: ultimately 
opposites are identical, at least prior to the observation (separation) action to 
separate them. It follows that all scientific reasoning is circular at its most 
primary basis. 


59, See Charles W. Misner, Kip S. Thome and John Archibald Wheeler, 
Gravitation, W. H. Freeman, San Francisco, CA., 1973, p. 71. Wheeler spoke of 
that inescapable fact in this manner: "Here and elsewhere in science, as stressed 
not least by Henry Poincare, that view is out ofdate which used to say, ‘Define 
your terms before you proceed.’ All the laws and theories ofphysies, including 
the Lorentzforce law, have this deep and subtle character, that they both define 
the concepts they use (here B and E) and make statement about these concepts. 
Contrariwise, the absence ofsome body oftheory, law and principle deprives 
ne ofthe means properly to define or even to use concepts. Anyforward step in 
human knowledge is truly creative in this sense: that theory, concept, law, and 
‘method of measurement—forever inseparable—are born into the world in 


60. Also see T. E. Bearden, Energyfrom the Vacuum: Concepts and 
Principles, 2001, ibid, for a rework and extension of Aristotelian logic to 
iminate its present fatal flaw, extending it into a S-law logic. 


61. The very notion of "propagation of energy through space” is radically 
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“Representation of the Vacuum Electromagnetic Field in Terms of 
Longitudinal and Time-like Potentials: Canonical Quantization," J. New Energy; 
4(3),Winter 1999,p. 82. 
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mass form, simply pump that mass with time-polarized EM waves. AS an 
alternative, it may be pumped with longitudinal EM waves (which are always 
accompanied by time-polarized EM waves anyway), and the pumped mass is 
also pumped in the time-domain because of the presence of the time-polarized 
EM waves in the pumping. We previously filed an invention disclosure with the 
USS. Patent Office dealing with how to do that 


63. Mostly studied by Becker. See (a) R. O. Becker, “The control system 
governing bone growth in response to mechanical stress,” J. Ark. Med. Soc 

Vol. 62, 1966, p. 404; (b) — and David G. Murray, "The electrical control 
system regulating fracture healing in amphibians," Clinical Orthopaedics and 
Related Research, Vol. unk, No. 73, Nov.-Dec. 1970, p. 169-198. This latter 
paper is the definitive technical exposition by Becker of his electrical control 
system ideas and findings. Good references for the educated layperson are (c) 
R. O. Becker, "A technique for producing regenerative healing in humans," 
Frontier Perspectives, \(2), Fall/Winter 1990, p. 1-2; (d) Robert O. Becker and 
Gary Seldon, The Body Electric: Electromagnetism and the Foundation of fe, 
William Morrow and Company, New York, 1985; and (e) Robert O. Becker, 
Cross Currents: The Promise ofElectromedicine, the Perils of Electropollution, 
‘Tarcher, St. Martin’s Press, New York, 1990. 


61. A provisional patent application has been filed on the process, and an 
overview of the method can be seen as the "porthole briefing” on my website 
www.cheniere.org 


65. (@) CAL. Bassett; R. O. Becker, and R. J. Pawluk, “Eff 
currents on bone in vivo," Nature, Vol. 204, Nov. 14, 1964, p. 652-654. The 
complete electrical control system (conventional EM theory) for the healing of 
bone fractures is given in (b) R. O. Becker, Clinical Orthopedics and Related 
Research, Vol. 73, 1970, p. 169. A paper "putting it all together" is (c) R. O. 
Becker, J. Bioelec, Vol. I, 1982, p. 239. 


66. F. Mandl and G. Shaw, Quantum Field Theory, Wile 
Edition 1993, under the heading "5.2 Covariant Quantization” and "5.3 The 
Photon Propagator” in Chapter 5. The longitudinal and scalar photon 
polarizations are not directly observable, but only in combination, where they 
manifest as the instantaneous Coulomb (ie., electrostatic) potential interaction 
“which emerges as an exchange oflongitudinal and scalar photons.” So the 
common old electrostatic scalar potential is actually comprised of longitudinal 
EM waves and time-polarized EM waves. 


67. With the MidEast increasingly set to explode, we may be facing the 
unleashing of weapons of mass destruction, a vast shortage and curtailment of 
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available oil and energy, and a total collapse of the Western economy and 
therefore most of the World economy, in as little as three or four years, ifthe 
impending energy crisis worldwide is not resolved quickly. See T. E, Bearde 
ADAS position paper, “The Unnecessary Energy Crisis: How to Solve It 
Quickly," ibid. As this is written, we have already had a warning shot across our 
bow: the vicious terrorist attacks on September 11, 2001. We are in Afghanistan 
‘a war against terrorism, and anyone can see the escalation in 
toward war between the U.S. and Irag, and almost certainly a 
resulting explosion in the MidEast and unleashing of the hostile terrorists ass 
and mass destruction weapons already inside the United States. Since modem 
economies are based on cheap energy, and cheap energy is largely based on 
cheap oil, then with surging energy demands worldwide we shall see “oil wars" 
erupt and rage worldwide, with terrorist retaliations and attacks—using weapons 
of mass destruction—occurring in U.S. cities. Unless energy from the vacuum is 
quickly developed and deployment begun at high speed, we risk the comin; 
Collapse of the world economy, great destruction of populaces, and a new Dark 
Ages, 


68. ET. Whittaker, 1903, 


and elsewher 


ibid. 


©. Daniel A. Walker, Charles S. McCreery, and Fermin J. Oliveira, 
“Kaitoku Seamount and the Mystery Cloud of 9 April 1984," Science, Vol. 227, 
Feb. 8, 1985, p. 607-611; Daniel L. McKenna and Daniel A. Walker, "Mystery 
Cloud: Additional Observations,” Science, Vol. 234, Oct. 24, 1986, p. 412-413. 


70. Superpotential theory was initiated by E. T. Whittaker, extending 
earlier concepts advanced by G. Johnstone Stoney. See E. T. Whittaker, Proc. 
Lond, Math. Soc, Series 2, Vol. 1, 1904, p. 367-372. Nisbet extended the 
Whittaker and Debye two-potential solutions of Maxwell's equations to points 
within the source distribution. This is a full generalization of the vector 
superpotentials (for media of arbitrary properties) together with their relations to 
such scalar potentials as those of Debye. See A. Nisbet, Physica, Vol. 21, 1955, 
p. 799. Also, A. Ricci in 1901 introduced what might be called the 
magnetization potential, satisfying a certain equation, as an alternate to the Hertz, 
vector. This was a part of early vector superpotentials. For an excellent overview 
discussion of superpotentials and related things, see Melba Phillips, "Classical 
Electrodynamics,” in Principles of Electrodynamics and Relativity, Vol. IV of 
Encyclopedia ofPhysics, edited by S. Flugge, Springer-Verlag, 1962. Phillips 
discusses, for example, that Whittaker 1903 (note: oral delivery; paper was 
published in 1904) was the first to prove that one can derive a general 
electromagnetic field from two scalar functions, which are really components of 
the vector superpotentials, with proper choices of the gauge functions. 

Whitaker's method is well known in the treatment of transverse electric and 
transverse magnetic modes of a cylindrical cavity or a waveguide. Nisbet has 
shown that this result may be extended within the source distribution (assumed 
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given) by a suitable choice of stream functions. The Debye potentials and the 
Bromwich potentials are essentially radial components of the vector potentials, 
‘of which Whittaker potentials are the real parts. So in general the particular 
integral (the stream potentials) of the inhomogeneous Maxwell equations may 
be so chosen that the complementary function can be expressed in terms of only 
two scalars, which are components of the vector superpotentials. The Whittaker 


and the Debye-Bromwich potentials are special cases of two vector 
superpotentials. 

71. David Jones, Vancouver Sun Times, Weekend Magazine, Dec. 17, 
1977, p.17. 

72. For more specific information on the production of practical antigravity 


and an experiment demonstrating it, see T. E. Bearden, Energy'from the 
Vacuum: Concepts and Principles, Cheniere Press, Santa Barbara, CA, 2002, 
Chapter 8. Approach to Antigravity. 


73. TE. Bearden, Energyfrom the Vacuum: Concepts and Principles, 
Cheniere Press, Santa Barbara, CA, 2002, Chapter 10. Cold Fusion: Low 
Spatial-Energy Nuclear Reactions at High Time-Energy. By inadvertently using 
highly compressed time-energy, cold fusion researchers are actually using—on 
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physics model can legitimately be made of a single fundamental unit. When the 
then time becomes totally a function of energy, just 
nergy gave us the nuclear age; the use of time- 
energy will give us a far greater age, if we can ever get the scientific community 
off its duff and moving. 


74, Further, the second law of thermodynamics has long been known not to 
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microscopic phenomena, there will occur reversed reactions a certain small 
fraction of the time. But also see G. M. Wang, E. M. Sevick, Emil Mittag, Debra 
J. Searles, and Denis J. Evans, "Experimental Demonstration of Violations of 
the Second Law of Thermodynamics for Small Systems and Short Time Scales 
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backwards for quite a bit, can and do in fact occur on the colloidal scale, 
sufficient for the formation of large clusters of like charges. Evans and his, 
colleagues have pointed out that these results dramatically affect chemistry 
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Energy Conversion Using High Charge Density,” 
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and Controlling Charged Particles,” U.S. Patent 5,148,461, 1992; — and Steve 
Shoulders, “Observations on the Role of Charge Clusters in Nuclear Cluster 
Reactions,"J. New Energy, 1(3), Fall 1996, p. 111-121 
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295, 8 Mar. 2002, p. 1793, 


78. —_R.P. Taleyarkhan, C. D. West, J. S. Cho, R. T. Lahey Jr, R. 
Nigmatulin, and R. C. Block, "Evidence for Nuclear Emissions During Acoustic 
Cavitation,” Science, Vol. 295, 8 Mar. 2002, p. 1868-1873. Quoting from the 
abstract: "In cavitation experiments with deuterated acetone, tritium decay 
activity above background levels was detected. In addition, evidence for 
neutron emission near 2.5 million electron volts was also observed, as would be 
expected for deuterium-deuterium fusion. Control experiments with normal 
acetone did not result in tritium activity or neutron emissions. 


79. Yuri T. Didenko and Kenneth S. Suslick, "The energy efficiency of 
formation of photons, radicals and ions during single-bubble cavitation,” Nature, 
Vol. 418, July 25, 2002, p. 394-397. 


80. Eg, see John Archibald Wheeler and Richard Phillips Feynman, Phys: 
Rey. 59, 1941, p. 683; —"Interaction with the Absorber as the Mechanism of 
Radiation,” Rev. Mod. Phys., 17(2, 3), Apr-Jul. 1945, p. 157-181 


81. Albert Einstein, 
History of Theories ofSpace in Physics, Harvard Unive 
Massachusetts, 1969, p. xi-xi 


‘oreword,” in Max Jammer, Concepts ofSpace: The 
ity Press, Cambridge, 


82. Robert A. Fisher, [Ed.], Optical Phase Conjugation, Academic Press, 
NY, 1983, p. xv 
83. Basically, the choice between distant heating in the interference zone, 


or distant cooling, is as simple as how one biases the ground potential used for 

grounds of the interferometer transmitters. Biasing well above the 

‘ambient potential in the distant IZ produces divergent EM energy (heat) 

forming and radiating in the distant zone. Biasing well below the ambient IZ 

potential produces convergent EM energy (cold) forming and radiating in the 
istant zone. 


84, Mass is mostly empty space filled with EM potentials, fields, and 
waves. Since these potentials, fields, and waves are simply bundles of 
longitudinal EM waves and their impressed dynamics, it follows that mass itself 
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85. As demonstrated by such dual serial usage by a giant interferometer in 
the anomalous and explosive “cloud” phenomena near the Kurils in April 1984. 
For excellent descriptive articles and a hard look at the phenomena, see Walker 
etal., Science, ibid 


86. See "Soviet device uses radio waves as tranquilizer,” AP release, 
Huntsville [Alabama] Times, May 19, 1983. See also W. Ross Adey, 
"Biological effects of low energy electromagnetic fields,” Proc. NATO Adv. 
Study Inst. on Advances in Biological Effects and Dosimetry ofLow Energy 
Electromagnetic Fields, Plenum Press, New York, 1983, p. 359-391. Adey 
apparently was aware only of ordinary U(1) electrodynamics. He describes the 
LIDA device as follows: "Soviet investigators have also developed a 
therapeutic device utilizing low frequency square wave modulation ofa 
radiofrequency field. This instrument know as the LIDA, was developed by L. ¥. 
Rabichev and his colleagues in Soviet Armenia, and is designedfor the 
‘treatment ofneuropsychic and somatic disorders, such as neuroses, psychoses, 
insomnia, hypertension, stammering, bronchial asthma, and asthenic and 
reactic disturbances.’ It is covered by U.S. Patent #3,773,049. In addition to the 
pulsed RF field, the device also delivered pulsed light, pulsed sound, and pulsed 
heat. Each stimulus train can be independently adjusted in intensity and 
frequency. The radiofrequency field has a nominal carrierfrequency of40 MHz 
and a maximum output ofapproximately 40 watts. The RF field is applied to the 
patient on the sides ofthe neck through two disc electrodes approximately 10 
‘om. in diameter. The electrodes are located at a distance of2-4 cmfrom the 
skin. Optimal repetition frequencies are said to lie in the range from 40 to 80 
pulses per minute. Pulse duration is typically 0.2 sec. In a 1-year trial period, 
the instrument was used on 740 patients, including adults and children. Positive 
therapeutic effects were claimed in more than 80 percent ofthe cases treated." 
We accent that this is one of the simplest Russian psychoenergetics de 
obsoleted very early on, and thus released very early for public use. 


87. Since U.S. researchers are unaware of the EM wave polarization 
transduction mechanisms, and in general have no instruments for detecting 
longitudinal EM waves, the specific transduction effects on humans would not 
‘be measured by U.S. laboratories. Hence the U.S. scientists could only think of 
it in conventional electrodynamic terms, and remained totally unknowledgeable 
about the specific transduction mechanisms in the human body producing time- 
polarized EM waves and effects from the devi 


88 Max Frankel, "Khrushchev Says Soviet Will Cut Forces a Third; Sees 
‘Fantastic Weapon’,” New York Times, Jan. 15, 1960, p. 1 


89. Fora simplified introduction to psychoenergetics and the mind-matter 
coupling mechanism, see T.E. Bearden, "Mind Control and EM Wave 
Polarization Transductions, Part I", Explore, 9(2), 1999, p. 59; Part II, Explore, 
9(3), 1999, p. 61; Part II, Explore, 9(4,5), 1999, p. 100-108, 


. One of the serious goals of the die-hard KGB psychoenergeties 
scientists appears to be to achieve the capability of directly engineering the 
entire human collective unconscious mind. The plan envisioned is to convert the 
human species into a sort of "giant ant species” where each one has perfect, 
machine-like niche and function (except, of course, for the elite Communist 
masters). In short, they conceived back there in the 1960s that such a "perfect 
communist state" for all humanity was in fact possible to achieve technically, 
with sufficient development of psychoenergetic technology. They are apparently 
well along the way toward achieving that goal. [The U.S. has not even 
conceived such a scientific possibility, and modern cognitive science in the West 
seems bent on the rather astounding proposition that mind itself does not even 
exist!]. We point out that no type of physical defense is even possible against 
such a capability engineered into the collective human unconscious, once it is 
achieved. The only “counter” is to use the same technology (it has to first be 
developed) to “re-engineer” what will have been done, But our fellows have not 
even conceived the possibility of the threat, much less the cause or the counter. 
Hence they continue to totally misunderstand what happened to Captains 

Button, Svoboda, and Hess in successful mind-control tests achieved perfectly at 
great distance. 


91. To see the nature of the time-density wave (which is basically a 
longitudinal EM wave along the time axis), due to the perfect correlation 
between time-energy flow currents and variations with respect to longitudi 
see T.E. Bearden, "Giant Negentropy from the Common Dipole, 
2000, ibid. Not stressed in the paper is the fact that the same dipolar negentropy 
with correlated EM time-energy currents and EM spatial energy currents, exists 
photon. Further, they can occur in coupled photon-antiphoton 
pairs, yielding the graviton, For time-polarized EM photons, it appears that two 
photon-antiphoton pairs are coupled, yielding the "supergraviton.” Elsewhere 
wwe have briefly and addressed these novel formations as hypotheses 


92. Induction of specific diseases and health changes in the U.S. Embassy 
in Moscow over four decades, included causing the deaths of three U.S. 
Ambassadors. It was accomplished by implementing desired disease-pattern 
infolded inside field-tree potentials. ‘The Johns Hopkins study of the 
radiation patterns revealed a most significant finding: All the affected persons 
were in regions of the Embassy where the Russian microwave radiation fields 
were absent. In short, where the field-free—and thus very stable—potentials 
existed. Since these scientists (and most others in classical EM) consider that 
effects are caused only by fields, they concluded (totally erroneously) that 
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Roselli et al.: Smart Surfaces: Large Area Electronics Systems for Internet of Things Enabled by Energy Harvesting 


step). Particular attention is given to vibrational energy 
sources; in this case, the amount of energy that can be 
harvested depends mainly on the vibration amplitude and, 
frequency and on the vibrating mass (mass of the harvest- 
ing device) (54]-[56] 

In order to power the systems by using energy sources 
available in the working environment, proper energy 
transducers thus have to be chosen. Focusing on distrib- 
uted systems (IoT, LAE, and $8), it is worth referring to 
typical parameters for optimum transducer design since, in 
these applications, the different kinds of energy available 
in the various scenarios may lead to the need of integrating 
‘more than one energy conversion system into the same 
device, in order to take advantage of all the accessible 
energies. The main design parameters are the available 
power output, the electrical impedance, and the operating 
voltage. Table 2 summarizes them for the most common 
energy transductions [57], [58] 

To conclude this section, the mentioned reasons why 
RFID can be considered a useful technology for the imple- 
‘mentation and development of LAE and, more specifically 
for $Ss, are summarized. RFID systems, especially in the 
passive version of tags, are communication systems charac- 
terized by the following characteristics: compatibility with 
very low-power communication protocols, compatibility 
with the constrains posed by the hosting objects, especially 
when they are implemented by adopting the technologies 
described in Section II, inherent capability to gather infor- 
‘mation from the environment (sensor tags) and from the 
hosting objects, a low number of electronic devices (inher- 
ent circuital simplicity) and, finally, proven compatibility 
with printing technologies. 

For all these reasons, RFID technology has to be con- 
sidered the leading one to pursue the development of LAE 
and SSs as a communication platform for the evolution 
of IoT. 


IV. ANTENNA DESIGN FOR NODES 


Distributed systems for ubiquitous electronics (UE) and 
WSNs [59], [60] are, today, increasingly employed for mo- 
nitoring and sensing applications. These systems can be 
seen as networks of nodes, massively distributed in the 
environment and communicating wirelessly with a base 
station, This massive deployment can be designed and 
structured to monitor a set of specified parameters by 
‘means of purposely conceived sensor nodes, as in the 
classical WSNs, or it can be obtained by integrating nodes 
into existing objects, which isthe vision of loT evolution. In 
general, the nodes can have different functionalities, how- 
ever they have to provide information collected by em- 
bedded sensors (such as, for instance, identification codes, 
position and monitored environment parameters as well as 
object status) whenever it is required. 

In this scenario, the RFID technology, summarized in 
Section III, is attractive. When RFID technology meets 
sensor nodes, information goes from the node to the 
Internet via a question-and-reply protocol between nodes, 
hosted by tagged objects, and readers. 

‘Thinking about distributed systems and specifically SS, 
it is natural to think about radiative coupling in the avail- 
able industrial-scientifi~medical (ISM) frequency bands, 
including mainly the ultrahigh frequency (UHF) and mi- 
crowave frequencies (around 0.9, 2.4, 5.8 GHz, and 
higher), exploiting the communication standard such as 
the WiFi [61]. Recently, also the ultrawideband (UWB) has 
been considered in order to minimize the limitations of 
narrowband systems (mainly localization accuracy and 
sensitivity to interference) [62] 

Multistandard systems are often adopted for large 
compatibility and higher use flexibility. An example of this 
recent approach is given in [61] where near-field UHF 
nodes are combined with far-field transceivers. This allows 
application fields with compromised radiation capability, 


‘Table 2 Transducer Characteristics far Several Forms of Ambient EH (57 158] 
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these health changes could not have been caused by the microwave radiation. To 
the contrary, they had just clearly proven that the radiation was indeed the cause. 
They showed a 100% correlation to the presence of field-free potentials, and a 
100% anticorrelation to where the fields were present. This was for induced 
phenomena over several years. Had the radiation not been the culprit, then some 
health changes would have occurred where the fields were present, and some 
‘would have occurred where they were absent. That is not what happened at all, 
and this inexplicable logical non sequitur against common statistical infere 

was the accepted decision. The truly revealing aspect was that apparently the 
entire U.S. Intelligence community had no competence or capability in higher 
group symmetry electrodynamics. 


93. _E.g., see Lewis H. Ryder, Quantum Field Theory, Cambridge 
University Press, 2nd Edition, 1996, p. 147+ which covers the four photon 
polarizations. See also F. Mandl and G. Shaw, Quantum Field Theory, Wiley, 
1984, Revised Edition 1993, under the heading "5.2 Covariant Quantization" 
and "5.3 The Photon Propagator” in Chapter 5. 


Mind Control and EM Wave 


94. We elaborate on this somewhat, in 
Polarization Transductions", ibid. 


field approach of Mendel Sachs as 
ch to grapple with these 


95. ‘Again, we point out the uni 
probably being the best Western model in w! 
phenomena, 
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Terms of Hidden’ Variables, I and II." Phys. Rev., 85(2), Jan. 15, 1952, p. 166- 
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Santa Barbara, Ca. www.cheniere.org, 1991 


98. W. A. Rodrigues Jr. and J.-Y. Lu, "On the existence of undistorted 
progressive waves (UPWS) of arbitrary speeds 0 < v < oo in nature,” Found. 
Phys., 27(3), 1997, p. 435-508. A slightly corrected version is downloadable as 
hep-th/9606171 on the Los Alamos National Laboratory web site. It includes 
corrections to the published version 


99. W. A. Rodrigues Jr. and J. Vaz Jr., "Subluminal and Superluminal 
Solutions in Vacuum of the Maxwell Equations and the Massless Dirac 
Equation,” Adv. Appl. Clifford Algebras, Vol. 1S), 1997, p. 457-466. 


100. E.g., see A. Enders and G. Nimtz, Phys. Rev. Lett, Vol. 48, 1993, p. 
632. Enders, Aichmann, Nimtz and co-workers at the University of Cologne 
have transmitted 8.7 GHz microwaves (free space wavelength 3.4 cm) traveling 
im a rectangular wave-guide that contains a “barrier” section of reduced 
dimensions. They transmuted Mozar’s 40th Symphony as frequency modulated 


microwaves through a barrier wave-guide at an FTL group velocity of 7c, 
receiving audibly recognizable music from the microwave photons that survived 
their barrier passage. 


IL. J.D. Jackson, Classical Electrodynamics, 2nd Edition, Wiley, New 
York, 1975, p. 222. 


102, See H. A. Lorentz, Vorlesungen Uber Theoretische Physik an der 
Universitat Leiden, Vol. V, Die Maxwellsche Theorie (1900-1902), 
Akademische Verlagsgesellschalt M.B.H., Leipzig, 1931, "Die Energie im 
elektromagnetischen Feld," p. 179-186. Figure 25 on p. 185 shows the Lorentz 
concept of integrating the energy flow vector around a closed cylindrical surface 
surrounding a volumetric element. This is the procedure which arbitrarily selects 
only a small component of the total energy flow in space outside a circuit and 
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surface charges into the conductors to power the electrons—and then treats that 
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of this Heaviside energy flow component in inverted circuit 


ea very novel use 
frcuits that 
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operate almost completely in reverse from normal textbook circuits. This is a 
totally new kind of circuit that we hope will revolutionize power systems and 
electronic control systems. Until our intellectual property rights are secured, we 
are not releasing any details at al 
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Earth," Ann. NY Acad, Sci,, Vol. 69, 1957, p. 260; —Bioch. Biophys. Acta., Vol 
23, 1957, p. 480-489; — Science, Vol. 117, May 15, 1953, p. 528-529; —and 
H.C. Urey, “Organic Compound Synthesis on the Primitive Earth, 

Vol. 130, 1959, p. 245-251 


109. R. Harada and S, Fox, "Thermal Synthesis of Natural Amino-Acids 
from a Postulated Primitive Terrestrial Atmosphere," Nature, 201(4917), 1964, 
p. 335-336; S.W. Fox, "How Did Life Begin?", Science, 132(3421), July 2 
1960, p. 200-208; — and S. Yuyama, "Abiotic Production of Primitive Prote 
and Formed Microparticles," N.Y. Acad. Sci. Ann., Vol. 108, June 1963, p. 487- 
494; — and K. Harada, "Thermal Copolymerization of Amino Acids to a 
Product Resembling Protein,” Science, 128(333), 1958, p. 1214; — and M 
Middlebrook, "Anhydrocopolymerization of Amino Acids Under the Influence 
of Hypothetically Primitive Terrestrial Conditions,” Federation Proc. Vol. 13, 
Mar. 1954, p. 211 


110. H.C. Urey, "On the Early Chemical History of the Earth and the Origin 
Of Life," Proc. Nat. Acad. ScL, 38(4), 1952, p. 351-363. 


IL. —_Le., one may speak of the "potential” of a specific engine of a former 
life form, and then realize that the potential for that form reduces in magnitude 
inversely as the radial distance from the Earth. However, it does not reduce to 
zero until an infinite distance is reached. 


112. Asan example, a great EM energy flow—produced by the cross 
product ExH of the earth's magnetic field and the earth-to-electrosphere electric 
field—flows from West to East around the earth, nearly parallel to the equator. 
Infolded in that great EM energy flow are all the structures of all the genetics 
and life forms on earth, or that have ever been on earth and conditioned the 
natural scalar potential of the earth. The vials in the laboratory experiments of 
Miller, Fox, and Urey were all continually bathed in that great energy flow, 
hich within it contained the entire life structure and dynamics of the planet. So 
no “inert” experiments were ever performed, contrary to the interpretations of 
the scientific community, 


113. Viail Kaznacheyev and L. P. Mikhailova, Ultraweak Radiation in 
Intercellular Interactions, {in Russian], Novosibirsk, 1981 [an English 
exposition of much of the Kaznacheyev work is given in Vlail Kaznacheyev, 
Electromagnetic Bioinformation in Intercellular Interactions,” Psi Research, 
(1), Mar. 1982, p. 47-76. Kaznacheyey, e.g., appears to have headed the 
Soviet team actually producing the basis for the disease-inducing technology 
utilized for four decades in the microwave radiation of the U.S. Embassy in 
Moscow. 


114. Specifically, the down payment was $900 million in gold. The lease is 
probably about $1 billion per year. Thus the Yakuza acquired very powerful 
strategic weapons, and became a secret power to be reckoned with 
internationally and strategically. Since 1990, weather engineering over the U.S. 
and occasional shootdown of aircraft (such as the TWA-800) have been by 
rogue Japanese fingers on the scalar interferometer weapon triggers, on site in 
Russia. 


115. ‘The Yakuza has also transferred some of the longitudinal EM wave 
interferometry technology to their Japanese facilities. One such system has 
apparently been deployed in the power grid, and has been used to kill some 
government officials who opposed the Yakuza. This information was obtained 
by some brave Japanese risking their lives to get the information to the present 
author. 


116 Many important KGB weapon tests happened in April of various years; 
the KGB weapons folks were simply preparing for their May Day reports, and 
each wished to have a good one. 
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jon teams verified that the Aum Shinrikyo 
vely seeking the “Tesla Weapons", with the Aum Shinrikyo even 
visiting the Tesla Museum in Beograd for that purpose. We have 100% certain 
confirmation of the Yakuza and Aum Shinrikyo leasing of the scalar 
interferometers from the KGB and Russian Mafia (working for the KGB) at the 
end of 1989 or first few days of 1990. Sen, Nunn's report confirms that the Aum 
Shinrikyo set up a University in Moscow. Our comment the 
Russians actually taught the Japanes 
so that they could successfully man and us 
interferometry weapons. 


the scalar (longitudinal EM wave) 


118. Recall that in the 1950s and early 1960s, Kaznacheyev et al., bid., had 
already clearly proven that nearly any form of cellular change, damage, or 
disease could be induced in cells at a distance by purely electrodynamic means. 


119. In the kill of the Arrow DC-8 at Gander, Newfoundland on 12 Dec 
1985, the struck aircraft did charge up with time-density charging, and many 
pieces of the wreckage did indeed emit longitudinal EM waves thereafter for 
some time. Consequently, the Canadian recovery crews working the site and 
handling the materials, were exposed to longitudinal EM wave radiation for 
varying degrees of exposure. It follows that many of those on-site handlers 
should have later come down with physical ailments, with symptoms such as 
flu-like features, weakness, heart palpitations, headaches, dizziness, disturbance 
of equilibrium, and with various infections because of weakened immune 
systems. They also should have had weakened cellular regenerative (healing) 
systems, so their physical problems would endure and largely remain, About 
five dozen of the recovery personnel did come down with those exact 
symptoms, and many remained disabled or debilitated for some years. 


120. We have also explained (a) why the French forces in the Gulf War did 
not get GWS, while American, British, and Canadian forces did, (b) why the 
native population did not exhibit GWS, and (c) the remaining anomalous 
phenomena associated, such as the semen “infecting” the wife, the children 
catching similar or related conditions from sustained close proximity to their 
father’s biofields (transmission of engines), ete 


121. Mario Bun; 
1967, p. 176. 


Springer-Verlag, New York, 


122. _T_E, Bearden, "Giant Negentropy from the Common Dipole,” J. New 
Energy, 5(1), Summer 2000, p. 11-23 gives the solution to the long-vexing 
source charge problem. The paper is also carried on DoE restricted website 
hup:/Avww.ottdoe.govielectromagnetic! and on www.cheniere.org 


12. Two examples of inane articles and actions inthis respect, reve: 
knowledge that every charge in the universe already exhibits COP = 00, are (a) 
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Graham P. Collins, "Ther 


No Stopping Them: Perpetual Motion is alive and 
well at the U.S. Patent Office,” and (b) Resolution by the Executive Board at the 
June 2002 meeting of the American Physical Society (APS) as follows: "The 
Executive Board ofthe American Physical Society is concerned that in this 
period of unprecedented scientific advance, misguided orfraudulent claims of 
perpetual motion machines and other sources ofunlimitedfree energy are 
proliferating. Such devices directly violate the mostfundamental laws ofnature, 
laws that have guided the scientific progress that is transforming our world." So 
the learned APS has just declared the source charge as an unacceptable "free 
energy” machine and perpetual motion machine, since the charge simply’ sits 

there and continuously pours out real observable EM energy in all directions at 
the speed of light, without any observable EM energy input. Thus the APS has 
implicitly declared all EM fields and potentials and their energy—which 
includes every joule of EM energy in the universe, in matter or in space—to be 
unacceptable byproducts of perpetual motion nonsense. We heartily call upon 
the APS in the name of science to enforce their resolution in the orthodox 
academic community, who are the greatest perpetual motion advocates in 
history. To be consistent with their own resolution, they must root out and 
destroy—from all texts and universities and from the scientific literature—any 
mention whatsoever of charge, field, potential, and EM energy. Either they must 
do that, or stand hoisted on their own petard as a dogmatic group still very much 
unaware of why the Nobel Prize was awarded to Lee and Yang in 1957 and 
what the proof—by Wu et al—of the asymmetry of opposite charges means 
with respect to the source charge considered in its modern quantum field theory 
view as a dipolarity ofa bare infinite central charge surrounded by clustering 
Virtual charges (also infinite charge) of opposite sign in the active vacuum. 

Every electrical engineering department and professor and textbook still uses a 
‘model and teaches a subject assuming that every charge in the universe freely 

's energy from nothing at all. Further, the APS in every annual meeting 
also tolerates, encourages, and publishes multiple papers and presentations with 
the same such unacceptable perpetual motion assumptions in them, Such is the 
lofty understanding of our present organized scientific community, which s 
‘much more politically bent than scientifically bent. The simple Bohren 
experiment and the entire area of negative resonance absorption of the medium 
has long been established in nonlinear optics, and such experiments widely yield 
a nominal COP = 18. In other words, the experiments nominally output 18 times 
aas much energy as the operator inputs, and the excess input energy is furnished 
absolutely for free from the active vacuum's exchange. In this case the Executive 
Board of the APS is not even aware of what its own physics discipline has long 
proven and accepted in particle physics, for nearly a half century. Neither are the 
self-appointed defenders of the faith, who also are totally unaware of what 
physics has already proven with a Nobel Prize awarded nearly a half century 

ago. 
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124 CS. Wu, E. Ambler, R. W. Hayward, D. D. Hoy 
Experimental Test of Parity Conservation in Beta Decay.” Phys. Rev., Vol. 
105, 1957, p. 1413. We also quote Nobelist T. D. Lee as follows: "Since 
nonobservables imply symmetry, any discovery ofasymmetry must imply some 
observable. The experiment of Wu, Ambler, Hayward, Hoppes and Hudson. 
established the asymmetry between the positive and negative signs of 
electricity." {T. D. Lee, Symmetries, Asymmetries, and the World of Particles, 
U. Wash. Press, Seattle, 1988, p. 11.] 


125. Dilip Kondepudi and Ilya Prigogine, Modern Thermodynamics: From 
Heat Engines to Dissipative Structures, Wiley, New York, 1998, reprinted with 


corrections 1999. 
126 See "Secret Speech: Did Brezhnev Come Clean?” National Review: 
29(8), Mar. 4, 1977, p. 248, 250 

127. For the energy description of this device and some results, see Floyd 


Sweet and T. E. Bearden, "Utilizing Scalar Electromagnetics to Tap Vacuum 
Energy." Proc. 26th Intersoc. Energy Conversion Engineering Conf. (IECEC 
'91), Boston, Massachusetts, p. 370-375, 


128 Also see my book, Energyfrom the Vacuum, 2002, ibid, which 
includes photographs of the self-powering Sweet device, courtesy of Walter 
Rosenthal. 


129. Roy Brewer was very active in Hollywood Unions against Communists 
when they were busily penetrating the Hollywood complex. He was a staunch 
anti-communist, fighting them out of control of the unions, way back when. 
Ronald Reagan was a personal friend of his of long standing, and Roy had open 
access to the White House when Reagan was President 


Roy briefed Reagan on the Russian scalar weapons, and Reagan believed him. 
‘Three times, Reagan ordered his Secretary of Defense to take action in that area, 
but neither of the three did so because the U.S. Intelligence Community did not 
believe it and adamantly opposed any such action. We took quite a beating in 
those days, for quite a long time (some years), before certain key parts of the 
Government finally believed us, checked it out experimentally, and found that it 
worked. 


Roy also introduced me to the Duke de Grantsmesnil, one of the last of the great 
old British intelligence men, now unfortunately deceased. In the hectic 1997 
days when we were trying desperately to warn a little friendly nation (and our 
own) against a coming great strategie strike on the U.S. and other allies, the 
Duke played a major role in introducing us directly to higher political levels in 
that litle nation - which was the only nation on earth that could counter the 
pending strike. The first planned strike scheduled in February 1997 was 
successlully countered, only to be immediately rescheduled. In the second 
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incident, the attack was scheduled for May 1, 1997. We finally realized why the 
hostile nation could reschedule and go ahead, and needed then to war the little 
nation of the reason in some detail. We had tried everything to get certain 
information through, and all means had failed. A former ambassador of that 
nation to Great Britain was also assassinated during that struggle. Roy Brewer 
was one of the key fellows assisting in that attempt, as were other personal 
colleagues of mine who also were witnesses and direct participants in those 
desperate events. When all else failed, I finally just faxed the Prime Minister 
directly, in the clear, some five days before the attack, urging the most urgent 
and immediate action possible by the Prime Minister. A complete change in 
command and control of the weapon was required, and that change had to be 
made and then the hostile nation had to be notified that the change was in place 
(and probably shown that it was). The Prime Minister accepted the message and 
the necessary action was carried out immediately. So two days or so before the 
actual attack was scheduled, that great hostile armada began standing down. Oh, 
the hostile nation and its leaders could have easily destroyed the entire United 
States in two hours or so, without fail! But then their own country would have 
promptly disappeared from the face of the earth. So they stood down. And our 
own Intel community never even picked it up (they did get my messages alerting 
the U.S. Government, but thought it was a joke or something). They, of 
also intercepted my open fax to the Prime Minister, and so were all over me for 
that one for a while thereafter. 


Interestingly, at the very time that great armada was just beginning to stand 
down, then Secretary of Defense William Cohen made the following statement 

a conference in Georgia: "Others are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off earthquakes, volcanoes 
remotely through the use of electromagnetic waves...so there are plenty of 
ingenious minds out there that are at work finding ways in which they can wreak 
terror upon other nations...Its real, and that's the reason why we have to 
intensify our efforts, and that’s why this is so important.” Secretary of Defense 
William Cohen at an April 1997 counterterrorism conference sponsored by 
former Senator Sam Nunn. Quoted from DoD News Briefing, Secretary of 
Defense William S. Cohen, Q&A at the Conference on Terrorism, Weapons of 
Mass Destruction, and U.S. Strategy, University of Georgia, Athens, Apr. 28, 
1997. 


+ scalar interferometer 


Ironically, the wry was referring to the eat! 
‘weapons, and now the quantum potential weapons etc. He was completely 
unaware that a great strategic strike had actually been scheduled and was just 
being aborted as he was speaking those words. 


Roy Brewer is one of those fellows who has been a great American, has served 
his country admirably during his lifetime, and contributed greatly to preventing 
planned take-over by the Communists of the labor unions of America. In 
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addition, he helped set up the contacts with the friendly lille foregn nation, so 
that on four occasions planned attacks to destroy the United States have been 
successfully aborted or handled. 


As you know, one of the great failures in the Communist plan to have America 
go communist was their failure with the labor unions. And we owe that failure to 
the steadfast efforts of some staunch folks like Roy Brewer. He helped save our 
nation when many of us were still wearing knee pants 


130. Wheeler's principle, as stated in W. Misner, K. S. Thorne, and J. A. 
Wheeler, Gravitation, W.H. Freeman and Co., San Francisco, 1973, p. 5. 


13 With the new improvements we uncovered, treatment time can be 
reduced to 5 minutes per patient. Three such treatments one week apart would 
be what are required. Hence one machine station could treat a patient every five 
minutes, around the clock. With sufficient portable treatment units, mass 
‘treatment for mass casualties would become a practical reality. 
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Sweating done by red_gonzo. 
Note: sometimes formatting of the text may be a little fuzzy. It’s all because the OCR process didn't go as 
smoothly as I expected. Also there may be some errors inside text so be vigilant. In any case share this book, 
send emails to people about knowledge contained in it. This book should especially be interesting to any person 
in medical community (being as a doctor or as patient) as it provides factual evidence of successful (but 
supressed) treatments through electromagnetic means. But before any devices can be understood and developed 
a new and extended kind of physics must be introduced into our educational system. Only then can this proper 
foundation be learnt and used by applicative sciences such as medicine. So far such knowledge has been 
contained in highly classified military circles and hopefully now, after many decades of suppression, it will 
finally be used for the good of mankind. 
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such as in proximity of metal and liquids at short ranges, to 
bbe improved. 

It is clear that antenna systems are key elements in 
these apparatuses. The foundation of antenna design rules 
can be found in [63]. The antenna design specific for dis- 
tributed systems, in turn, has to take into account several 
instances. Beyond the typical design criteria, other aspects 
are: the communication standard, the form and the size in 
agreement with the application, the communication range 
as a function of the equivalent isotropic radiated power 
(EIRP) limits, of the environment and of the orientation, 
the reliability under several conditions and processes, and 
the material cost considering massive production [64]- 
[67]. Among them, the operating environment is the most 
critical aspect that influences the node behavior [68]. 

‘As a consequence, antenna topology and materials for 
$$ and IoT systems, in general, have to be chosen in order 
to make the antennas capable of operating in variable 
environmental conditions and to be integrated into ob- 
jects. As an example, let us think about wearable antennas 
for body area networks (BANs): they must be washable, 
flexible, and able to shield the body from radiation [69] 

In general, antennas for SS should be flexible, planar, 
and low profile: moreover, by adopting low-cost materials 
and technologies (see Section II), cost per unit surface is 
low, thus large arrays and big elements can be adopted 
more easily, ultimately allowing for easy developments of 
LAE distributed systems and SS, even at low frequency. 

Materials compliant with S$ implementations must be, 
in turn, mechanically robust, flexible, and very low cost, 
while exhibiting acceptable EM performance. These mate- 
rials must also exhibit high tolerance levels in terms of 
bending repeatability. Flexible materials, often used, are 
polymers and polymer-ceramics composites such as the 
poly-di-methyl-siloxane (PDMS) and the titanate-based 
ceramic [68], which provide flexibility, robustness, and 
resistance to harsh environments in order to protect an- 
tenna and circuit. Moreover, when eco-compatibility has 
to be guaranteed, recyclable materials and related technol- 
ogies have to be adopted; among them, cellulose substrates 
in combination with inkjet printing of conductive inks 
[18], [70] or with conductive adhesive laminate technology 
[11] are increasingly frequently adopted. The aforemen- 
tioned techniques, compatible with the well-known indus- 
trial printing and the R2R processes [5], are in agreement 
with the low-cost fabrication and are expected to facilitate 
widespread and very low-cost electronics for distributed 
systems. These fabrication technologies can also be 
adopted for electronic devices on flexible polymeric sub- 
strates. An example of cellulose-based antenna for smart 
floor applications, such as indoor localization, is docu- 
mented in [71]: a low-profile planar loop antenna is real- 
ized on cellulose substrate exploiting adhesive copper tape. 

‘Although beyond the scope of this paper, which focuses 
on SS, it is worth mentioning here that this evolution 
toward the development of more and more sophisticated 


“unconventional” materials for electronics has a great 
impact on other IoT related developments such as, for 
instance, implantable systems. 

‘When applications require devices with soft visual im- 
pact (think about SS, such as smart windows, glass integ- 
rated inside and outside buildings and glass for automotive 
applications, or smart skins [72]), transparent and conduc- 
tive materials, such as transparent conducting oxides 
(TCOs), and in particular indium-tin-oxide (ITO) and 
17O-based multilayers, have been proposed [73]. These 
materials afford a good compromise between minimum 
electrical resistivity and high optical transmittivity in the 
visible light spectrum when patterned on see-through 
materials such as glass or transparent polymers. A tech- 
nique to improve the efficiency of the transparent anten- 
nas, without affecting their transparency, is the application 
of a layer of highly conductive coating or metallization, 
strips on the antenna edges where the current density is 
high (72 

‘Among SSs, or in general distributed systems within 
the IoT vision, a fast growing field of research is repre- 
sented by wearable electronics for BANs [74]. In this case, 
the integration of electronic devices in the garments re- 
quires the development of wearable and washable anten- 
nas and antenna arrays on fabrics. Washable antennas can 
be realized by covering textile antennas by a breathable 
thermoplastic polyurethane coating in order to protect the 
device against water absorption and corrosion [69] 

Although dimension constraints are not very critical for 
distributed systems on cheap materials, they cannot be 
neglected thoroughly. At RF, for example, high permittiv- 
ity materials [68] and magnetic composite substrates [75] 
can be adopted. Artificial magnetic conductors (AMC) can, 
bbe employed alternatively to the magnetic composites with 
similar results [76]. These approaches are simply demon- 
strated from the wavelength equation: wavelength is a 
function of the relative permittivity and permeability and 
adopting suitable materials to increase these values, the 
effective wavelength, and therefore the antenna size, de- 
creases. Anyway, the use of these materials introduces a 
tradeoff between dimensions and performance: generally 
the substrate losses decrease the antenna radiation efficien- 
cy, thus affecting the communication range of the overall 
Wireless system, as documented in [68], (75], and [76]. 

In terms of design methodology, the introduction of 
‘unconventional materials as well as the environmental 
constraints posed by distributed systems and systems for 
oT influence and drive the design strategies. Some solu- 
tions are proposed in the literature to cope simultaneously 
with these constraints; in [68], shielded configurations 
have been analyzed to mitigate environmental sensitivity. 
In [69], an example of robust patch antenna for BAN ap- 
plication that reduces the effect of the body on the perfor- 
‘mance is illustrated; in [77], the use of broadband antennas, 
such as the Chebyshev monopoles with a fractional band- 
width of about 40%, is proposed to reduce the frequency 
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Dedication 


This book is sincerely dedicated to the millions of persons 
who have died needlessly of cancer, leukemia, and AIDS in the 
last two and half decades. They were men, women, and 


children, Some were wea 


some were strong. Some died in 
agony, some died silently. All ofthem were our fellow human 
beings. We remember them. They were important. Their 
anguish cries out to be heard. God willing, the new 
electromagnetic medicine so long suppressed will flower, 


and save the millions otherwise yet to die 
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shift introduced by the background materials or by the 
bending effects. 

In SSs, and in general in loT applications, antennas are 
used both to transmit and receive information and to har- 
vest the necessary energy from the surrounding environ- 
‘ment. Regardless of the fact that the available energy is 
randomly released in the environment by existing services 
(GSM, WiFi, and so on, in urban and semi-urban environ- 
ments (78), [79]) or purposely delivered to empower a 
distributed population of nodes [80], antennas have to be 
able to harvest EM energy. This kind of “double effect” 
antenna is widely referred to in the literature as 
“rectenna”: it combines rectifying circuitry with EM to 
electrical energy transduction. 

‘The fundamental codesign techniques of antennas and 
rectifiers, focusing on the improvement of the conversion 
efficiency exploiting matching circuits, are described in 
[53]. Harmonic-balance and load-pull simulations are 
often used in order to find the optimal impedances that 
allow best efficiency to be obtained as a function of the EM 
incident power. 

Multiband, broadband, and circularly polarized anten- 
nas are often adopted in EH applications to reduce the 
overall sensitivity to the environment. An example of pla- 
nar antenna array for EH applications, in agreement with 
the 8S principle, is documented in [81]: spiral antennas are 
proposed in order to provide a wide operating frequency 
band, and the rectification circuitry is optimized and char- 
acterized for low incident power levels. Similar antenna 
array for UWB EH is shown in Fig. 7. 

‘A rectenna can be used in addition to the communi- 
cation antenna or, alternatively, the same antenna can be 
used for both EH and data transmission. The use of di 
ferent antennas is generally adopted if harvesting and 
communication are carried out at different frequencies 


combiner 


Fig. 7. scheme of the rectenna array able to collect RF energy even ina 
broadband (depending ofthe kind of receiving antenna element), 
‘according tothe solution adopted in[81). 


Fig. 8, Hybrid rectenna for solar and EM-EH. The hybrid rectenna 
consists of a broadband antenna and a solar cell combined inthe same 
‘structure. After [82]. 


and, mainly, in order to enhance harvesting efficiency 
without decreasing communication performance. In any 
case, this requires a codesign and can affect the node di- 
mension and complexity. Alternatively, a single antenna 
can be a feasible compromise if communication and har- 
vesting share the same frequency band and if the antenna 
harvesting efficiency is not the main issue; examples are 
the passive RFID tags empowered by the reader with a 
standard RFID antenna able to provide both EH and com- 
‘munication capability, as documented in [64] and [65] 

However, the EM-EH is not the only solution to ener- 
gize nodes and $S elements: hybrid EH, in fact, can be 
performed by exploiting different energy sources; that is, 
combining the rectennas with other sources of energy. 

Recently, a low-cost and conformal structure for hybrid 
EH, based on low-cost and flexible poly-ethylene tere- 
phthalate (PET) substrate and an amorphous silicon solar 
cell, has been proposed in [82|; other examples are dis 
cussed in [20] and [83]. The use of low-cost, printable 
photovoltaics deposited on flexible substrates to form part 
of the antenna radiating structure is documented in [84] 
Inall these contributions, the main challenge appears to be 
the codesign of the antenna and solar cell in order to avoid 
reciprocal detrimental effects. The antenna is designed 
with a solar cell integrated on top of the radiating surface 
to obtain good radiation characteristics and to incorporate 
connections for the extraction of the de provided by the 
solar cell. In [82], it was demonstrated that, by adopting 
thin film solar cells and paying attention to not exceeding 
the perimeter of the RF antenna, the solar cell can be 
integrated so as not to significantly affect the performance 
of the antenna. The hybrid rectenna for solar and EM-EH 
documented in [82] is shown in Fig. 8 
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contain complex scientific material 
and are suggested for those who are 
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1 Foreword 


FOREWORD 


What This Book is About 

In my book, "Fer-de-Lance: A Briefing on Soviet Scalar Elec- 
tromagnetic Weapons," (Tesla Book Co., P.O. Box 1649, Green- 
ville, Texas 75401, 1986), I specifically pointed out that I was of 
necessity neglecting the biological warfare (BW) aspects. intended 
to later write a second book covering the BW aspects. 


This book contains the most important item of that planned second 
book, including the photobiology aspects of BW. 


‘The material is put down in great haste, for it is meant to serve as 
an urgent warning. There is no time to do the six months additional 
research and compilation necessary to "flesh it out", sculpture it and 
meticulously document it, as should be done by a careful scholar. 


1 apologize to the reader for this lowered standard, but in this case 
the basic information is far more important than scholarship. 


Further, I acknowledge the fundamental contributions ofDr. Robert 
B. Strecker, M. D., Ph. D., who together with his brother Ted, has for 
some time urgently called attention to the terrible threat posed by 
the AIDS epidemic. 


1 specifically acknowledge his important warning, "This is a Bio- 
Attack Alert,” Mar. 28,1986, which was sent to the U. S. President 
and Vice-President, Governors of the states, various federal agen- 
cies such as Departments of State, Defense, and Agriculture; 
National Security Agency, Federal Bureau oflnvestigation, Central 
Intelligence Agency; and three members of Congress. 


Dr. Strecker has also strongly pointed out the covert involvement of 
Soviet and other communist agents in the epidemic, and the absolute 
necessity for an electromagnetic solution. 


Also recognized are the efforts of the other medical scientists, such 
as Dr. John Seale, M.D., and Dr. Eva Snead, who have tried 
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repeatedly to call attention to the nature ofthe AIDS initiation, only 
to have their submitted papers resoundingly rejected by important 
journals such as New Scientist, The Lancet, etc. 


Work by Dr. William C. Douglass in alerting the public to the no- 
nonsense truth about aids is particularly recognized. His monthly 
newsletter, The Cutting Edge, is an oasis of clarity sharply stand- 
ing out in a sea of misinformation. Permission to reproduce his 
published research article on UV irradiation of the blood to suceess- 
fully heal viral infections is deeply appreciated. 


The continuing efforts of Dr. Andrija Puharich and Dr. Robert Beck 
to assist in achieving an AIDS solution are pointed out and recog- 
nized, Important contributions by Ed Skilling are also recognized in 
this regard. 


The vital and extensive contributions of Christopher Bird are par- 
ticularly acknowledged. Chris has unstintingly and unselfishly 
shared with me the results of his enormous research on the Priore 
device and affair and the results ofhis translations from the French. 
He has most graciously permitted me to publish his important 
summary of the Priore affair, and I am greatly in his debt. The 
reader Will find that material most illuminating, and well may be 
shocked at the depth and malevolence of the scientific and political 
suppression of Priore’s rigorously demonstrated electromagnetic 
cure for cancer, leukemia, and other Killer diseases. 


Special acknowledgement is made to Robert Whitney, who so nobly 
labored to bring the Priore technology into the mainstream of 
medical treatment, only to be ruthlessly suppressed in his efforts. 
Photographs of the Priore machine were furnished by Bob from his 
collection. 


My special thanks to colleagues John Bedini, Frank Golden, Andrew 
Michrowski, George Fencl, Ken Moore, Tom McLaughlin, Joe Par- 
rott and Randy Davidson, without whose assistance this project 
could not have been accomplished 


‘The material in this present small book is intended to be of any 
assistance possible to certain brave colleagues who — with little or 
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no funds or resources except what they can tear out with their bare 
hands — are already laboring around the clock to develop a perma- 
nent solution to the AIDS problem 


As a matter of discretion, I shall not mention the names of those 
colleagues. The solution sought is radical, by orthodox assessment. 
Yet it is the only possible approach that has any chance whatsoever 
of succeeding 


What they are doing, I cannot do. Ifthey do not succeed, no one can. 
But I will say this, and most strongly: In my view, the only hope for 
humanity lies in the work they are doing, and they have my utmost 
admiration and support. 


‘Their initial results are exciting and encouraging. Basic phase 
conjugated electromagnetic "mixed-modulations” signals lethal to 
bacteria, nematodes (hookworm-like organisms), various amoeba, 
viruses, etc. at very weak power levels have been synthesized and 
demonstrated. 


In my best estimate/opinion, these researchers must succeed in vo 
years or less, certainly in no longer than three years, else the AIDS 
incubation already accomplished by then, and the implementation 
time delay — even given a cure —together will insure a devastation 
of humanity unparalleled in all of history. 


Let me accent that developing this AIDS cure is far more important 
than developing our entire arsenal of new military weapons. It is, 
even more important than the development of defenses against the 
Soviet scalar electromagnetic weapons I detailed in Fer-de-Lance. 
Problems in the Middle East, Korea, and Nicaragua are insignificant 
compared to the AIDS problem. 


Desperate Diseases, Desperate Remedies 

Spurred by the looming holocaust of AIDS, and by the strong 
efforts of my colleagues, I have decided to release specific informa- 
tion on how to develop electromagnetic healing, essentially against 
any and all ofthe “killer” diseases including cancer, leukemia, and 
AIDS. 
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Figure 1. Conventional science cannot do the job. 


Unavoidably this also releases a major principle of scalar elec- 
tromagnetics: what is really going on in phase conjugation. Ifphase 
conjugation is truly understood and applied, all the Soviet weapons 
Thave pointed out in Fer-de-Lance can be understood, designed 
and developed. 

I'm also releasing specific information on mind and thought that 
will enable them to eventually be directly detected, measured, and 
investigated scientifically. Unfortunately, this also will enable them 
to be technologically manipulated for nefarious purposes. 

However, the developing scalar EM technology for the AIDS cure 
must not be hamstrung. There is no time to apply the standard 
"Let's classify it!" response. Ifwe do, we'll win the skirmish and lose 
the war. 

As shocking as it sounds, I am convinced that the Soviets have 
already launched WW III, to the hilt. And it’s not at all the kind of 
war we've been expecting, 

‘There's no time to rail against the Soviets, who have cunningly 
and in great secret "struck our vitals with the mailed We've 
been struck in such a way that, unless we can solve the AIDSproblem, 
in two to three years or less, we are already finished. 

We have been preparing to fight a better World War II. The one 
we're preparing for is never going to be fought. The real World War 
Ill is already raging. Our death knell has been sounded, and we've 
not yet even recognized that the battle is underway. 
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A great Soviet "first strike to finish us" has already been 
accomplished. The new "Pearl Harbor” has already happened. The 
enemy has already overrun our Maginot Line; we are at our Dunkirk. 
‘There are no boats waiting, and there are none on the way. 

‘The great Soviet first strike has been delivered with 
surreptitious biological warfare, not with nuclear weapons 
or ground forces. 

‘As always in the past, we have almost no troops facing the brunt 
of the first strike and trying to turn it. This time we have far fewer 
than we've ever had. Just two or three unorthodox researchers. All 
the orthodox researchers are manning the wrong ramparts. 

Ironically, this time our entire system—the government, the 
medical establishment, the scientific establishment, the universi- 
ties —all are far too dogmatic, and have fartoo sluggish a response 
time, to offer any assistance at all. They are simply so "out of it” that 
they don't even know what's really happened. 

The bureaucracy simply is so stagnated that, even witha giant 
paroxysm, itcannot change quickly enough to do thejob in time. 

The best response the orthodox system could theoretically make 
—ifit immediately placed the nation under martial law, marshalled 
all the universities and scientists, everything — would require at 
least seven years to produce results. A more likely response time is 
10 to 14 years. That won't do the job, 

So the job has to be done from completely outside the system. It 
has to be done with independent financing. Financing without a lot 
of conventional, bureaucratic strings on it. Resources must be 
committed as needed, immediately, not with a several months’ 
approval process. 

Everything in the orthodox establishment simply has to be 
bypassed. 

The government, the medical establishment, the scientific es- 
tablishment, the universities, everything. 

Otherwise, we're as good as finished right now. 


The "Dirty Dozen” 
In the West, there are only perhaps a dozen persons or so that I 
know of, who are qualified to work on the main task required. They 
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In terms of industrial assembly, the use of new mate 
rials and the need for low-cost and large-scale fabrication 
techniques would be fostered by architectures more insen- 
sitive against geometrical errors and placement misalign- 
ments. Following this direction, EM coupling can be 
exploited instead of ohmic contact to connect antennas on 
a flexible substrate to Si chips or, more generally, to the 
active circuitry [85]. This technique exploits a planar 
heterogeneous transformer, with the primary and second- 
ary windings implemented on the antenna substrate and 
the Si chip, respectively. In this way, the galvanic contacts 
and the soldering process are avoided, and the final struc- 
tures have been proven much more robust to alignment 
errors than traditional ohmic techniques without any 
significant performance degradation. By artificially apply- 
ing a misalignment of 150 jum, which is the common di- 
mension of a soldering pad, the technology proposed in 
[85] causes a loss increment of only 0.1 dB, due to the 
applied misalignment, while the same misalignment, when 
adopting ball grid arrays, would have implied missing the 
contact. This approach is quite attractive especially in 
combination with nonrigid materials where mechanical 
stress can result in significant substrate deformations. Re- 
cent contributions show the application of the aforemen- 
tioned approach to inkjet printed antenna on PET 
substrate coupled to the chip for wireless nodes [86] and 
a textile patch antenna, magnetically coupled to the active 
circuitry, suitable for garment integration (see Fig. 9) [87] 
the reflection coefficient of which is shown in Fig. 10. 

In order to testify the robustness of the proposed solu- 
tion against uncertainties inherent to textile and garment 
electronics assembly, the radiation efficiency of the an- 
enna, asa function of horizontal and vertical misalignment 
of the two transformer windings, used to perform the 
‘magnetic coupling, is plotted in Fig. 11(a) and (b), respec- 
tively. This technique can be extended also to interlayer 
communications of multilayer devices, and an example is 
documented in [88], where the circuitry fabricated on 
different garments communicates by means of overlapped 
coils. 


V. CHIPLESS APPROACH 


thas already been discussed that SS represents a possible 
technology for the development of killer applications with- 
in the Io paradigm. Thanks to the convergence of several 
technologies, ranging from EH and sensing to RFID and 
LAE, SS can afford complex functions, For example, SSs 
can be used in intelligent buildings for structural moni- 
toring and alarms (fire, for instance). To achieve these 
goals, SS must be equipped with a huge number of tags, 
each one monitoring a small portion of the surface itself 
‘The passive RFID systems can be divided into two 
families, namely, chip-based and chipless tags. The first 
family usually exploits a low-power complementary metal: 
oxide~semiconductor (CMOS) chip to implement the 


Fig. 9. Example of textile patch antennas operating at 2.4 Ghz. 
The antenna and the ground plane are made of Flectron, a conductive 
textile, and the substrate is black foam. These materials are flexible 
and integrable inthe garments. Magnetic coupling is exploited to 
‘connect the antenna and the active circuitry on flexible substrate. 
Aer 1871 


main tag functions [RF carrier rectification, de voltage 
regulation, amplitude shift-keying (ASK) demodulation, 
IDentification code (ID) decoding, load modulation, 
etc] and thus can be adapted to sensor applications by 
a few additional circuit blocks [signal conditioning, 


‘Measured reflection coeficient $1 (dB) 


Frequency (GHz) 


Fig. 10, aeasured reflection coefficient ofthe previous textile 
antenna in the frequency band 2-248 GHz After [871 
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are all unorthodox researchers and scientists. 

There are thousands of fine orthodox scientists, of course, who 
can help with the peripherals — making and testing viral solutions, 
setting up and operating equipment, doing interminable tests, all 
the lab stuff, etc. 

But only about 12 unorthodox guys are qualified and mentally 
and emotionally prepared to come to grips with the particular scalar 
EM technology required for rapid development of an AIDS cure. 

Right now, there are just two or three ofthe 12 working on this, 
hammering away as best they can, at terrible cost to themselves and 
their normal endeavors. 

Obviously immediate funds are needed for facilities, equipment, 
and marshalling that dozen unorthodox researchers and a team of 
scientists — along with support staff and personnel. 


An Analogy 

T'm reminded of a story from WWII. 

On the beach at Anzio, in a battle lull some doughboys were 
briefly resting near their foxholes, eating lunch from C-ration cans. 

A lone German Messerschmitt appeared, closing on them fast 
and low with machineguns blazing. They were forced tohastilyjump 
into their foxholes as the Messerschmitt strafed their position. 

The pilot continued to make strafing run after strafing run, low 
and "on the deck." Obviously lunch was rather totally disrupted. 

Suddenly, in total disgust a soldier leaped up and flung his half- 
filled C-ration can into the air directly at the approaching aircraft, 
full in the teeth ofthe machinegun fire. 

Incredibly, the can sailed straight up into the air intake of the 
hurtling aircraft, where it was sucked into the engine, which sput- 
tered and died. 

‘The surprised German pilotbankedhis plane upward and bailed 
out. 

He was promptly captured by the very troops he had been 
strafing only moments before. 

Those two or three colleagues of mine are literally "throwing 
their C-ration cans" in a desperate effort to ward off a monstrous 
threat, 
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‘Those two or three are striving to the limit of their endurance. 

This book and the release ofthe material in it represent my own 
"Oration can” hurled into the teeth of the actual Soviet threat as a 
last resort. Hopefully we can “hit the air intake” of the Soviet 
juggernaut, so to speak, and stop its progres 

‘The giant Soviet scalar electromagnetic weapons that I detailed 
in Fer-de-Lanee, e.g., are easily countered —in six months or less. 
Primarily, itis necessary to make a pumped phase conjugate mirror 
adjunct (PPCMA) that operates at the frequency band of interest, 
and associate it with a receiver. Once a signal is received from the 
enemy weapon — say, from a Woodpecker transmitter — it is intro- 
duced to the PPCMA. A powerful phase conjugate replica energy 
pulse is returned into the distant hostile transmitter, totally de- 
stroying it 

To meet the viral biological warfare weapon, however, we must 
develop electromagnetic healing. 

In an important article, "SDI vs. the plague,” Mar. 8,1988, p. 6, 
the Washington Times revealed a startling Pentagon conclusion 
that the Soviets may counter SDI with genetically engineered 
weapons. 

Valentin Falin, Chief of the Soviets 
quoted as saying: 


Nova 


sti Press Agency, 


"We won't copyyou anymore: We'll take asymmetrical means with 
new scientificprinciples... genetic engineering could be a hypothetical 
example. Things can be done for which neither side could find 
defenses or countermeasures, with very dangerous results. If you 
develop something in space, we could develop something on earth. 
These are notjust words. I know what I'm saying.” 


The genetically engineered Soviet counterstrokes exist and are 
already being taken. This book tells you what the asymmetrical 


means, new scientific principles, and genetically engineered weap- 


ons are 
May God help us all. Ifwe do not move immediately and correctly 

to augment the effort ofmy colleagues, the Free World and halfofthe 

peoples ofthe earth will perish before another decade passe: 
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CHAPTER 1 
THE VACCINE CONNECTION 


The following quote is from Don Rowe, Wall Street Digest, 214 
Carnegie Center, Princeton, New Jersey 08540. 


"The AIDS Plague will affect society in ways thatyou cannot now 
imagine. AIDS is 100% fatal. Scientists and medical research people 
are not optimistic about an immediate cure to [or] vaccine. They do 
not expect to develop an effective vaccine within the next two decades. 
Public health officials estimate that as many as 2.4 billion people 
(halfthe world’s population) will die from AIDS within the next 15- 
20years." 

"Economically, the insurance and medical health systems could 
be devastated in the 1990's. Nothing short ofa spectacular medical 
breakthrough will keep Western civilization from suffering the worst 
catastrophe in the history ofthe world.” 


‘The first official U. S. AIDS case was diagnosed in San Francisco 
in 1981. This followed the puzzling outbreak ofthe disease in Third 
World areas such as Africa and Haiti in the 1970's. 

‘The U.S. AIDS outbreak at first seemed to be confined to the gay 
community, such as in San Francisco. 

No one seemed to connect the apparently unrelated facts that, 
before the outbreakinthe U.S. gay community, (1) the World Health 
Organization had accomplished substantial smallpox vaccination in 
Haiti, and (2) West Coast gays — particularly from San Francisco — 

had made Haiti a main playground and vacation spot. 

Most orthodox medical scientists have not the foggiest notion 
why such a drastic "explosion" of the virus has occurred. 

It has occurred because AIDS was introduced by contaminated 
vaccine used by WHO in its smallpox eradication campaign. A high 
correlation exists between WHO vaccination and subsequent out- 
break of AIDS. 
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Figure 2. The "monkay-bite” theory. 


The"Monkey-Bite"" Theory 

As the prevailing rationale goes, a naturally-mutated monkey 
AIDS virus derivative or strain is believed to be the cause of the 
‘monstrous plague looming to strike down half of all the humans on 
earth, 

Thatis, a monkey is supposed to have bitten aman—an African 
—and transmitted the normally harmless monkey AIDS virus to 
him, The virus is then supposed to have naturally "recombined" its 
genetic material with other viral genetic material and the man's 
human genes, to produce the virulent new strain of AIDS. 

‘Then this new strain, from its single human host, is supposed to 
have rapidly started spreading through Africa and around the world, 

That is simply nonsense, 

In Africa, for example, monkeys as well as other animals have 
had their viral diseases for thousands of years. Ifmonkey virus were 
the culprit, Aftican man would have been devastated by AIDS 
thousands of years ago. He either would have been dead or—ashave 
the monkeys — he would have developed a certain resistance and 
tolerance for the disease, so that it is no more harmful than others. 

Understand, the "monkey bite plus human cell modification" 
undoubtedly does occur in Afiica with great rarity — once in several 
thousand years. 
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However, even ifthat rare natural recombination ofthe monkey 
AIDS virus were to occur in a single human, normal contact between 
other humans and the infected human is totally insufficient to 
provide any substantial infection rate unless the rate ofinfection of 
new individuals is greatly assisted and vastly speeded up by some 
other outside mechanism — for example, by something like AIDS- 
contaminated vaccine and a mass inoculation program. 


Retroviruses and Recombinants 

As Dr. John Seale has pointed out, "The AIDS virus (human 
immunodeficiency virus or HIV) is a lentivirus — a little-studied 
sub-family ofthe retroviruses. It is highly pathogenic to man but it 
differs profoundly from any other virus of humans. It is spreading 
rapidly in the general population of central Africa, and amongst 
homosexual men and drug addicts in the West. Itis the first virus to 
have appeared in mankind for many centuries which is entirely new, 
highly lethal, and spreading steadily from person-to-person world- 
wide.” [accent by the present author.] 

Dr. Seale has courageously pointed out some other very disturb- 
ing facts: 

(1) Retroviruses of animal origin, if repeatedly passed from 
human cell culture to human cell culture, will gain the ability to 
infect human cellspreferentially. Indeed, they may then even cease 
to be infectious to their original animal hosts. 

(2) In 1982 Robert Weiss pointed out that, in the laboratory, the 
genetic code of retroviruses commonly recombine if two of them 
infect the same cell simultaneously. 

@) In a 1984 article in the Journal of Virology, David 
Baltimore showed an efficient means of overcoming the cell's block 
against simultaneous infection by two or more retroviruses. 

(4) Further, Baltimore reviewed how this had widely been done 
during the preceding ten years! 

(5) Outside the laboratory, recombination of multiple simulta 
neous retroviruses has not been shown to occurnaturally in humans. 

(6) In animals, there is some evidence that it may occur 
naturally with extreme rarity — indeed, only once in many thou- 
sands of years. 
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(7) Bythe early 1970's, the technology to make new recombinant 
retroviruses virulent to humankind was already developed and had 
been widely published 


To the layman, the infection and reproduction by retroviruses i 
peculiar to say the least. 

When a retrovirus infects a cell, from its own genetic material 
(RNA) it first makes a "template" or pattern (DNA) for forming other 
retroviruses just like it. It then inserts this "DNA template” into the 
DNA ofa cell. The host cell itselfis now a "sleeping factory", ready 
to start producing retroviruses. 

When activated, the "template" in the cell causes the factory to 
go into production of retroviruses. Activation is varied. The 
"infection production factory” can just remain dormant, be slowed 
over years, take place almost immediately, orbe slowed for years and 
then “explode” to rapidly increase the infective viruses. 

Genetically, the cells of any person infected with AIDS or any 
other recombinant retrovirus have been permanently transformed. 
Literally that person has acquired a new set of genes. He or she has 
heen converted into a "factory" for producing—and spreading—the 
virus. 


Cancer Research Produced Ideal Biological Warfare 
Agents 
In 1971 President Nixon signed into law the National Can- 
cer Attack Act. Though certainly not intended by the President and 
the Congress, the inadvertent result ofthis act was that taxpayer's 
funds were used to research and develop the precise things that 
constitute the most lethal kind of viral biological warfare. 

The on-going small effort in medical research laboratories to 
alter animal tumor viruses — including retroviruses to replicate 
efficiently in human cells was drastically speeded up, as part ofthe 
new "war on cancer.” In other words, whether intended or not, much 
of our cancer research money was converted into the precise kind of 
research that develops virulent biological retroviruses for potential 
use in biological warfare 

Not only was the research drastically accelerated, but also the 
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direct participation by Communists and scientists sympathetic to 
the communist cause was accepted and encouraged. 


Astoundingly, this open invitation to the communist scientists 
was issued at a time when one of the high KGB priorities was to 
infiltrate our recombinant DNA genetics laboratories! To the Sovi- 
ets’ utter astonishment, we simply opened our labs and invited them 
in, 

‘The Soviets participated — and penetrated — with alacrity. It 
is an obvious conclusion that a number ofthe Iron Curtain scientists 
sent to help staff our laboratories were undercover KGB agents. 

In the cancer laboratories, on a wide-spread scale, animal 
retroviruses were injected and reinjected into human cell cultures, 
until these retroviruses had become efficient, lethal recombinants 
favoring human cells as their hosts 

At that point, infection of one or more persons by one of these 
lethal new retroviruses could unleash a massive AIDS-like plague 
on all mankind. 

A single laboratory accident (or a single act by one Communist 
agent) could unleash the Great Death Plague. 

Weak and ineffective reference to this forthcoming danger was 
made in 1974 by the Committee on Recombinant DNA Molecules, 
which had been established by the U.S. National Academy of 
Sciences. According to Science, July 26,1974, p. 303, the Commit- 
tee made the following rather bland and ineffectual recommenda- 
tion: 


Scientists throughout the world (should) join with the members 
of this committee in voluntarily deferring experiments (linking) 
segments of the DNA from (cancer-causing) animal viruses to... 
possibly increase the incidence ofcancer or other diseases." 


So much for the great scientific watchdogs. 
U.S. "Cancer War" Labs Were Infiltrated 


‘As we said, ironically we ourselves helped load and cock this 
potentially disastrous biological warfare cannon. Incomprehensi- 
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bly, enemy fingers were permitted — even encouraged! — to be 
placed on the trigger. Many of our medical research facilities 
involved in this research contained known Communists, dissidents, 
ete. 

For example, see page 106 in Omni, March 1986. Carlton 
Gajdusek, presently Chief of the National Institute of Healt 
Laboratory of Central Nervous System Studies and Laboratory of 
Slow, Latent and Temperate Virus Infections, was asked the ques- 
tion, "Isn't Fort Detrick in Maryland such a biological-warfare 
research facility?” He responded: 


"No, emphatically no! There is no defensive or offensive 
warfare microbiology done at Fort Detrick today. It is the 
national cancer research facility of NIH. In this facility I 
have a building where more good and loyal Communist 
scientists from the USSR and mainland China work — with 
full passkeys to all the laboratories — than Americans. With 
night-working U. S. citizens and foreign Communist investi- 
gators here, obviously there is no "secret" bacterial warfare 
activity going on. Even the Army's infectious-disease unit is 
's — not always friendly nation- 
als. It is a valid basic research unit on worldwide problems 
of infectious -diseases in which no classified or secret activi- 
ties unfold.” 


‘The pointis, what was being produced in these labs were viruses 
that would grow in human cells. Under tight control, these new 
lethal agents could be safely studied, and many things could be tried 
experimentally to see ifthey would slow, stop, or kill the viruses and 
heal or benefit the virally infected human cell cultures 

‘The viruses were being developed to benefit man by aiding in the 
war on cancer — we accent this most strongly 

However, many of them were precisely the same things that 
would be developed in a biological warfare lab: lethal new viruses 
that preferred the human as a host, and against which humans have 
developed little or no immunity 
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The Deed Was Easily Done 

Now one can see the subtlety and irony in the Soviet Union 
accusing the U. S. ofhaving made the AIDS virus at Ft. Detrick! 

It's both true and false at the same time. 

There is substantial information indicating that the AIDS dis- 
ease is manmade, and has been deliberately unleashed on mankind 
by Soviet and other Communist agents, augmented by the interna- 
tional control groups and shockingly inept work by U. S. and 
European medical researchers, 

Human cell cultures deliberately infected with animal viruses 
were carelessly handled in U. S. and European laboratories — 
carelessly handled in that far too great (essentially open) access to 
the new viral strains was permitted. 

Our own scientists were apparently unwitting pawns, and So- 
viet agents performed the "final touchups” to insure release — 
whether intentional or inadvertent — of the lethal new agents 
against an unsuspecting world. 

Viruses can infect bacteria, since a bacterium is a one-celled 
organism and the virus is a single molecule 

Cell cultures where vaccine is made from weakened bacteria 
could easily be contaminated with the desired recombinant viruses 
available in the cancer laboratories. 

To insure worldwide release of the lethal virus, covert Commu- 
nist agents apparently caused contamination of the smallpox vac~ 
cine that was prepared in quantity in Western laboratories. 

This contaminated vaccine then was widely used to inoculate 
Third World peoples and others, in the successful international 
program to eradicate smallpox. 

‘With only a few agents in key places, the Soviets could easily 
have taken advantage of the looseness of Westem laboratory proce- 
dures to deliberately contaminate the animal cell cultures used to 
make the vaccines. 

They had an abundance of agents in the key laboratories, for 
they were openly invited in and accepted! 

“The Soviets had their fingers in it, up to the elbow. 

And atjust exactly the right time, the answer to a Communist's 
biological warfare dream was available: The World Health Organi- 
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Figure 3. The Soviels have delivered an intended knock-out 


zation was already involved in its 13-year campaign of massive 
smallpox inoculation in the Third World, to eradicate smallpox 

All that was needed was to contaminate the WHO vaccine by one 
or more of the lethal new recombinant retroviruses that had been 
developed — and were continually being developed — in cancer 
research laboratories filled with Communists agents. 

‘The opportunity was presented for a great Soviet "first strike” 
against the West, using biological warfare agents developed in U. 
and European laboratories and administered by an international 
agency 

‘The opportunity was ripe for the taking. It was irresistible. You 
can be sure the Soviets took it. 


I's Actually Documented! 
Virus-contaminated vaccines were then widely administered to 
Third World countries—particularly in Africa, South America, and 
Haiti. Administration ofthese vaccines by the World Health Organi- 
zation is precisely correlated to the subsequent outbreak ofthe AIDS 
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analog-to-digital converter (ADC), etc.]. The main advan- 
tage of such an approach is the digital modulation of the 
transmitted signal, and thus the flexibility of the related 
data treatment, as shown in [89] and (90]. The production, 
costs of chip-based tags are mostly associated with the 
heterogeneous integration of the silicon chip with the 
antenna [85], [91], the latter being manufactured typically 
ona flexible substrate or a textile substrate [92]-[97] 

In order to reduce the aforementioned costs and to save 
as much energy as possible, solutions requiring minimum 
amount of electronics must be pursued. For this purpose, 
the chipless tag family was introduced and applied to 
wireless sensing in the recent years [98]-[103]. It is worth 
recalling here that the introduced buzzword “chipless” 
stands for a family of tags that are actually able to imple- 
‘ment their functionalities by using only a few lumped 
components and passive distributed elements, without re- 
quiring any electronic integrated circuit (IC), the chip 
indeed, to be mounted. 


Vol 


‘The standard chipless tags (ie., only coding and no 
sensing) exploit, basically, two mechanisms, namely, time- 
domain and frequency-domain scattering [64]. In the first 
case, the elapsed time between multiple reflections is used 
for coding. These reflections are obtained, at tag level, by 
connecting the antenna to a transmission line structure 
with several discontinuities. In the second case, instead, 
the tag has a specific frequency signature that is decoded at 
the reader level; to implement such a behavior, a coded 
series of resonators is realized on the tag antenna in order 
to reflect or not the corresponding frequency. Both ap- 
proaches (time and frequency domain) lead to tag circuits 
that are not necessarily easy to miniaturize; nevertheless, 
it is worth noting that they are compliant with the LAE 
paradigm. 

‘When dynamic sensor information has to be added to 
the static identification, we talk about chipless RFID sen- 
sor tags; these exploit an antenna, the electrical properties 
of which are controlled by the change of the physical 
parameter to be detected. There are, mostly, two proposed 
approaches for this. The first one is to induce a permanent 
change in the antenna property when a certain critical 
threshold (acceleration, temperature, fluid level, etc.) is 
exceeded [104]; this is useful for alarm type operations. 
The second one exploits a sensing load, ie., a load the 
impedance of which is controlled by the sensed variable, 
connected to an antenna [105]. In both cases, the whole 
wireless sensor system (tag and reader) needs to have 
absolute accuracy, thus limiting the system performance 
with respect to both distance and fabrication tolerances. 

A different method has been recently introduced in 
(106). In this paper, a novel sensing principle is associated 
to the generation of an intermodulation signal from a tag, 
the latter being illuminated by two waves at different 
frequencies. The advantage of this idea is that the tag 
response is generated at a known frequency, thus the pre- 
sence or the absence of such a signal can hardly be 
misinterpreted. Similar techniques have been used in har- 
‘monic radar systems [107] and in one-bit frequency doub- 
ling tags [108], 

Tm line with the above ideas, a novel and completely 
original approach was proposed in (20] and [109] to solve 
the issue of absolute accuracy of the most of the passive 
chipless RFID sensors. The chipless tag described in [109] 
is based on the harmonic radar concept [110], [111], ie.,0n 
a tag that, being illuminated by a carrier at frequency fy, is 
capable of generating the second harmonic 2fy 

A simplified block diagram of the tag is illustrated in 
Fig. 12. For this purpose, the sensor information is en- 
coded as the phase difference between two signals, one 
acting as the reference signal for the other one. First, the 
tag receives a carrier at frequency fo. Then, two equal 
signals at frequency 2fo are generated by means of a diode- 
based frequency doubler and a power divider. At this point, 
cone of the two signals is phase-shifted using a passive 
sensing element. Finally, the 2fp signals are reirradiated by 
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epidemics in those countries. 

This strongly indicates that the vaccine itself was the "precur- 
sor” agent initiating the start of the AIDS infection. 

Ina shocking article, "Smallpox vaccine ‘triggered Aids virus’ 
in the London Times of May 11,1987, Times Science Editor Pearce 
Wright announced that the AIDS epidemic may have been caused by 
World Health Organization (WHO) smallpox inoculations in third- 
world countries. 

In an important article in Easy Reader, June 4, Jon Rapoport 
reported the Times article and the results of an interview with 
Robert Matthews, technical correspondent of the Times. 

According to Rappoport, Matthews informed him WHO itself 
had somehow suspected that its immunization program against 
smallpox. might be connected to AIDS. An outside consultant was 
employed to perform an independent study, and the study confirmed 
that WHO vaccines were indeed — somehow — causing AIDS to 
evidence in inoculated persons 

Needless to say, WHO promptly buried that report—whose con- 
clusion must have been the last thing WHO wanted to hear. 

‘The consultant then came to the Times. The Times heard him 
out and printed the story. 

This astounding story has almost startling correlations: "The 
smallpox vaccine theory would account for theposition ofthe Central 
African states as the most afflicted countries; why Brazil became the 
‘most afflicted Latin American country; and how Haiti became the 
route for the spread of AIDS, to the US.: Brazil, the only South 
American country covered in the eradication campaign, has the 
highest incidence ofAIDS in that region.” 

Rappoport confirms that the subject of contaminated vaccines— 
accines which, made in tissue cultures of animal parts, contain 
‘extra’ dangerous viruses" — has been of increasingly serious 
concern to medical scientists in recent years, and the WHO smallpox 
vaccines may have been contaminated in this fashion. 

A documented U.S. Army incident is a case in point. 

New U.S. Army recruits are routinely vaccinated against a 
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range of diseases. One ofthem is smallpox, in case an enemy should 
try to use smallpox as a biological warfare agent. 

Ahealthy 19-year old Army recruit developed AIDS after vacci- 
nation, and was admitted to Walter Reed Army Medical Center, 
where he died. 

In a paper published in the New England Journal of Medi 
cine, Walter Reed medical team scientists reported their discovery 
ofthe connection between vaccination and stimulated AIDS disease. 

They also warned against the WHO plan to use modified ver- 
sions ofthe smallpox vaccine to combat other diseases in developing 
countries, 

WHO's 13-year vaccination and eradication program ended in 
1980. The program is credited with saving two million lives a year 
and preventing 15 million infections. 

Itmay be inadvertently responsible for the ultimate death ofbil- 
lions. 

In a meeting of 50 experts near Geneva in May, 1987, it was 
revealed that millions ofnew AIDS cases are about to hit Southern 
Africa. The experts believe that up to 75 million Southern Africans 
— about a third ofthe population —may have AIDS within the next 
five years. 

From our previous statements above, it appears almost certain 
that Communist agents who had penetrated U.S. and European 
laboratories manipulated the contamination ofthe altered vaccines, 

Further, the Soviets may be stimulating the disease and guiding 
it electromagnetically, by special implanted signals carried by the 
int Soviet woodpecker "over-the-horizon radars” and other Soviet 
transmitters 

Or, the Soviets may be using their own transmitters and ours, 
including our own power lines and radio and TV stations, to broad- 
cast signals that "precondition" and greatly amplify our population's 
vulnerability to certain selected diseases — AIDS and otherwise. 

We will address these issues and Soviet subtle EM capabi 
later, 


Soviet Biological Warfare Background 
In World War I, the Russians suffered half a million casualties 
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to gas warfare, including 50,000 dead. 

At 10,000 troops per light division, that's the equivalent of 5 
divisions killed and 45 divisions incapacitated 

This made a deep and lasting impression on the Soviets. Lenin 
himself ordered a major effort mounted to develop and manufacture 
chemical and biological weapons, for he understood the implications 
of such mass-destruction weapons. 

In 1919 the Soviets began work in earnest on BW weapons. Work 
on them has not stopped since then. It will not stop so long as the 
‘Communists remain in power. 

To loyal Communists, Lenin's dictate to develop and lead the 
world in biological weapons is absolute and unquestioned, 

By 1937, the Red Army was fully equipped and psychologically 
prepared to wage chemical and biological warfare. 

Continuing today, the Soviet forces have the highest training in 
chemical warfare of any troops in the world. Red Army soldiers 
practice regularly, often using actual chemical agents. Decontami- 
nation is a standard measure and practiced as a matter of course. 

Even though the Soviets, along with many other nations, signed 
the Geneva Protocol of 1925 which banned the use ofdeadly chemical 
and bacteriological weapons, the Soviets have never ceased develop- 
ment of such weapons. 

Inthe 1930's, a secret Soviet bacteriological institute was set up 
at the town of Suzdal. Prisoner microbiologists worked on a variety 
of new weapons and vaccines, including bubonic plague and tulare- 
mia (rabbit fever). By World War II the Soviets were prepared to 
retaliate vigorously to any use by the Germans of chemical and 
biological warfare agents. 

After the war, Soviet research and development in chemical and 
biological weapons continued apace. However, much of the genetic 
work was hampered by Stalin's stern support of the autocratic 
control of agronomist Trofim D. Lysenko. Lysenko's crackpot theo- 
ries on genetics, for example, held that genes did not even exist. 
After the death of Stalin, Lysenko's work was discredited, and the 
Soviets set forth immediately to "catch up” with the West in genetic 
implications such as recombinant DNA techniques. 

Thus in the early 1960's the Soviets began sending Russian 
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scientists to the West to catch up with Western genetics research. 
One of these scientists was David Goldfarb, who later became a 
leading Soviet expert in the field of molecular genetics. He headed 
up the Laboratory of Molecular Genetics of Bacteria and Bacterioph- 
ages ofthe Soviet Academy of Sciences in Moscow. Although he did 
not work on secret Soviet projects, the Soviet authorities stopped 
him cold when he applied for a visa to leave in 1979. Goldfarb was 
a specialist in plasmids, antibiotic resistances, and recombinant 
DNA technology—all very, very useful to the Soviet effort in biowar. 

‘One can readily understand the reluctance of the authorities to 
release scientists such as Goldfarb. After all, the Soviet "dirty work” 
with the deliberate AIDS contamination of the World Health 
Organization's smallpox vaccine had already been accomplished and 
a great Soviet biological warfare “strike” was already underway, 
thanks to the massive smallpox vaccination program of WHO. 

In 1972, in the Biological and Toxin Weapons Convention, the 
Soviet Union and every major power agreed not to develop or use 
biological weapons. The agreement went into effect in 1975. Al- 
though it bans the development, production, and stockpiling of 
biological agents and toxins for hostile purposes, ithas not slowed or 
altered the Soviet program. 

Inthe early 1970's, Soviet leaders made a decision to use genetic 
engineering to produce new and improved BW weapons. Highly 
secret institutes for this purpose were set up in Moscow, Leningrad, 
and Novosibirsk. These laboratories specialize in seeking ways that 
genetic engineering techniques can be used to develop virulent 
strains and agents that their opponents cannot resist. 

Every Soviet civilian institution dealing with bacteriology and 
epidemiology is responsible for certain military work as well. The 
Soviet Academy of Sciences in fact funds appreciable research of 
such nature at these institutions. 

One ofthe major Soviet centers for recombinant DNA techniques 
in biological weapons research is in the village of Protvino, near 
Moscow. Research on chemical and biological weapons is very easy 
to conceal, and the Soviets are sure that they will not be caught. 
Satellites cannot detect what is going on in the labs. The payoffis big 
and the risk is minimal. The Soviets push this area vigorously. 
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A number of installations capable of producing disease agents 
and toxins on a large-scale basis and placing them in munitions and 
delivery systems have also been identified. One such facility is inthe 
city of Sverdlovsk and has a long history of BW research and 
development and production, with emphasis on anthrax. During 
early April 1979, an accidental release of anthrax occurred in 
Sverdlovsk that caused many casualties and deaths in spite of heroic 
efforts by Soviet doctors and cleanup and decontamination crews. 

Note that, according to DoD's 1987 edition of Soviet Military 
Power, page 110, "Anthrax causes a high mortality rate when the 
infection results from ingestion (up to 70percent fatal) or inhalation 
(almost 100 percent fatal) iftreatment is not promptly begun." 

In addition to military BW institutes, military officers and KGB 
agents are assigned to key posts in the Soviet Union's normal health 
and science ministries to monitor research and development that 
has possible military significance. 

Also, the KGB has a continuing and highly active program to 
insert recruited Soviet Scientists in Western genetic research insti- 
tutes and agencies. This is ahigh priority effort, and it has been very 
successful. Also, it obviously says something about the probability 
of Soviet agents penetrating U.S. and Western European cancer 
research institutes, particularly those using recombinant DNA 
techniques. To make it even worse, we simply invited them in with 
open arms! 

Indeed, it was that KGB program plus the “open arms" in 
Western cancer virology research institutes that enabled the Soviets 
to set up and bring about a massive "first strike", using WHO and 
Wester laboratories to do the actual dirty work unknowingly 


We Need An Immediate, Full Scale Investigation 

Annually, President Reagan makes areportto the U.S. Congress 
on the subject of Soviet noncompliance with Arms Control agree- 
ments. 


In April, 1984 Defense Secretary Caspar Weinberger put it this 
way 
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"There is an apparent effort on the part ofthe Soviets to transfer 
selected aspects of genetic engineering research to their biological 
warfare centers... Soviet research efforts in the area of genetic 
engineering may also have a connection with the biological 
program...Normally harmless, non-disease-producing organisms 
could be modified to become highly toxic or produce diseases for 
which an opponent has no known treatment or cure. Other agents, 
now considered too unstable for storage or biological warfare appli- 
cations, could be changed sufficiently to be an effective agent." 


At the time that Secretary Weinberger made this statement, a 
devastating biological warfare strike using those exact techniques 
had already been unleashed on the Western world by the Soviet 
Union, cleverly disguised under the banner of the World Health 
Organization's smallpox vaccination program. 

Itis imperative that the Congress ofthe United States launch a 
full investigation of the entire background of the AIDS biological 
warfare strike, as a matter of the highest priority. 

The investigation should include the role of the Soviet Union, 
fellow-travelers, and Western scientists openly sympathetic to the 
Soviet cause. 

It requires little investigation to see that there is a well-marked 
trail for several decades, showing that such a biological warfare 
strike against humanity has long been considered — and even 
preferred — by those advocating the Communist cause and world 
domination, 

For example, Bertrand Russell, philosophical spokesman for a 
group of Westerners, explicitly stated this diabolical BW capability 
for consideration, in his Impact of Science on Society: 


“At present the population of the world is increasing at 
about 58,000 per diem. War, so far, has had no very great 
effect on this increase, which continued throughout each of 
the world wars... War has hitherto been disappointing in this 
respect... but perhaps bacteriological war may prove effec- 
tive. Ifa Black Death could spread through the world once 
in every generation, survivors could procreate freely with- 
out making the world too full. The state of affairs might be 
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unpleasant, but what of it?" 


The blood of every American — and every European, African, 
and Asian — should curdle at such words. We are now facing the 
very "Black Death" type of plague referred to by Russell in such 
glowing terms! 

Highly influential followers ofthe Russell philosophy — and his 
callous approval of the periodic slaughter of much of the world's 
population — may have continued to view the great destructive 
power ofnew viral warfare agents as the best means to achieve their 
end: Selective thinning of the world’s population, 

Atleast a few such men may have continued to cooperate with 
the Soviet Union to work powerfully behind the scenes in interna- 
tional organizations, trying to arrange the proper opportunity to 
achieve their nefarious purpose. 

The "East-West cooperative effort” in cancer research created 
and gave them the precise biological agent custom-made for the job. 

WHOs massive, worldwide smallpox inoculation program gave 
them the precise means to rapidly get the deadly virus into enough 
human veins to assure a new "Black Death." 

All that had to be done was surreptitiously contaminate the 
vaccine — the easiest thing of all. 

This plague has been knowingly, with malice aforethought, 
unleashed upon mankind. ‘The perpetrators should be hounded 
down like the wild beasts they are, uncovered in the full light of day, 
and suitably punished with the swift and sure justice they deserve. 

At least one outstanding medical consultant had the courage to 
report to WHO that heir vaccine was generating the AIDS epidemic. 
When WHO suppressed the evidence, the London Times had the 
courage to print the story. 

I strongly urge every U.S. Senator and Congressman to 
introduce and/or support immediate legislation that would 
launch a full-scale, massive investigation, with no stone left 
unturned. I urge every concerned activist to demand and 
support such an investigation at the highest level. 

By preoccupying ourselves with lesser things — "IranGate, 
Nicaragua, the Middle East, etc. — we are simply fiddling while 
Rome burns. 
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CHAPTER 2 


THE SOVIETS KNEW 
THE U.S. WOULDN'T REACT 


Administering the Coup-de-Grace 

‘As we've seen, the present AIDS viruses were deliberately 
created in Western cancer research laboratories strongly penetrated 
by Communist scientists and Soviet agents. 

In laboratory experiments that were a legitimate and vital part 
of the war against cancer, animal retroviruses were repeatedly 
injected into human cell cultures until they recombined to produce 
strains hostile tohuman life—strains that would thus live in human 
cell cultures. 

Even though their work was accomplished for a totally different 
purpose, cancer laboratories produced the ultimate, made-to-order 
biological warfare agents. 

‘The World Health Organization (WHO) is also strongly pene- 
trated — and even controlled at some levels—by communist agents, 
as are many other such international agencies. 

And WHO's massive smallpox vaccination program in Third 
World countries provided the Soviets a made-to-order opportunity to 
have (ostensibly) "someone else" deliver the actual BW strike 

In other words, the Soviet deception plan was complete. 

Itwas very simple for Soviet agents to contaminate the cultures 
in which smallpox vaccine was being produced for WHO's inocula 
tion campaign. This insured the production of vaccine contaminated 
with AIDS viruses, and the subsequent massive infection of the 
African peoples and other Third World nations. 

It delivered what will be the knockout punch against the West, 
unless AIDS is countered. 
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Table 1. Interesting Soviet Statements 


"WE HAVE A NEW WEAPON, JUST WITHIN THE PORTFOLIO OF OUR 
SCIENTISTS, SO TO SPEAK — SO POWERFUL THAT, IF UNRE- 
STRAINEDLY USED, IT COULD WIPE OUT ALL LIFE ON EARTH.” 
NIKITA KHRUSHCHEV, 
1960, SPEAKING TO THE PRESIDIUM 


“WE WILL BURY YOU! 
NIKITA KHRUSHCHE| 
TO RICHARD NIXON, "KITCHEN" DEBATE 


“IF A MEANS OF TOTAL NEUTRALIZATION OF FOREIGN MISSILES IS TO 
BE FOUND, IT CAN ONLY COME FROM A GROUP OF NEW PRINCIPLES 
IN PHYSICS, CALLED ENERGETICS!" 

NOBELIAN PETER KAPITSA, TO NIKITA KHRUSHCHEV 


"EACH SIDE SECRETLY DEVELOPS NEW MEANS OF WARFARE IN 
ORDER TO EMPLOY THEM UNEXPECTEDLY. HISTORY KNOWS MANY 
EXAMPLES HOW THE EMPLOYMENT OF A NEW WEAPON INITIALLY 
GAVE CONSIDERABLE SUCCESS BECAUSE THE ENEMY, CAUGHT 
UNAWARES AND NOT KNOWING THE COMBAT CAPABILITIES OF THIS. 
WEAPON, WAS FOR SOME TIME INCAPABLE OF EFFECTIVE COUNTER- 
ACTION.” 

V.YO. SAVKIN, THE BASIC PRINCIPLES OF OPERATIONAL ART 

AND TACTICS. MOSCOW, 1972 


“OF PARTICULAR IMPORTANCE IS BASIC RESEARCH AIMED AT DIS- 
COVERING STILL UNKNOWN ATTRIBUTES OF MATTER, PHENOMENA, 
AND THE LAWS OF NATURE, AND DEVELOPING NEW METHODS FOR 
‘THEIR STUDY AND USE TO REINFORCE THE STATE'S DEFENSE CAPA- 
BILITY." 

PORTION OF A BOOK BY MARSHALL GRECHKO 

DELETED FROM ENGLISH TRANSLATION, BY SPECIFIC RE- 

QUEST OF THE USSR. 


ILL SHORTLY SEE DEVELOPMENT OF NEW WEAPONS, MORE POW- 
ERFUL THAN NUCLEAR WEAPONS, AND THEY WILL BE NONVERIFI- 
ABLE.” 

LYSENKO (FIRST NAME UNKNOWN) 

USSR REP/SOVIET EMBASSY WASHINGTON, D.C. 

WORLD FURTURESCONFERENCE, WASH. D.C, 20 JUL 82. 
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Murky "Behind-the-Scenes" Intentions 

‘As was pointed out, the WHO inoculation program is well- 
correlated as the precursor or "initiator" of the AIDS epidemic. 

Where WHO smallpox vaccination occurred, the mysterious 
symptoms of AIDS disease appeared in due time 

Even the eventual spread ofthe AIDS virus to the U.S. homosex- 
ual community is explainable. 

For example, the economy of Haiti had earlier been made a 
shambles. The poor citizens of that impoverished island had been 
reduced to desperate str 

In desperation many younger Haitian males had begun to 
prostitute themselves to visiting homosexual tourists. The Haitian 
males were not homosexual themselves; rather, they were desperate 
to gain money to provide for their starving families. 

In response, U.S. homosexuals — particularly from San Fran- 
cisco and New York — had made Haiti their vacation playground 
They even ran ads to this effect in their gay newsletters and 
mngazines. 

WHO then vaccinated some 15,000 or so Haitians against 
smallpox, using the vaccine contaminated with the AIDS virus. This 
introduced AIDS into Haiti and into the Haitians. 

The U.S. homosexuals quickly picked up the AIDS virus by 
direct contact, and brought it back to the U.S. with them. There the 
nature ofthe activities engaged in by homosexuals was responsible 
for enhanced spread ofthe virus among members ofthe homosexual 
community. 

Engineering the AIDS epidemic appears to have been acollusion 
between Communists and the international control groups. 

Apparently the control groups wished to "clean out the African 
continent and other Third World areas” — possibly to provide room 
for relieving population pressure in the developed countries. This 
may have been seen as the way to solve the problem ofthe ballooning 
human population — the so-called "biological time bomb." 

‘The Soviets, however, realized that contamination ofthe small- 
pox vaccines would result in an epidemic of unparalleled propor- 
tions. They recognized the opportunity for safely initiating — and 
winning — World War III with a great first strike. 
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exploiting two orthogonally polarized antennas. With this 
approach, the sensor information can be extracted by a 
suitable reader equipped with two complex (I/Q) receivers 
It must be observed that chipless tags, due to their in- 
herent simplicity and extremely low number of lumped 
components, are easily realizable on flexible substrates by 
‘means of metal laminate [29], [30] and inkjet printing 
technologies. In particular, antennas [112], diodes (113), 
and passive sensing elements [114]-[117], ie., all the main 
tag components, have already been experimented in 
cellulose-based materials. This will soon make SSs, equipped 
with sensing chipless tags, feasible at affordable prices. 


VI. QUASI-OPTICS 


“Quasi-optics concerns the propagation of EM radiation 
‘when the size of the wavelength is comparable to the size of 
the optical components (e-g., lenses, mirrors, and apertures) 
and hence diffraction effects become significant” [118]. 

In optics, operations are usually performed by using 
lenses, At EM frequencies, by following the quasi-optics 
analogy, lenses become large arrays, several wavelengths 
in size, of unconnected elements, each of them being able 
to get part of the signal incident on the array (usually 
focused by using a Gaussian beam), to carry out an ope- 
ration and to irradiate the modified signal. The sum of the 
radiated signals modified by the array elements ends up in 
a radiated beacon elaborated with respect to the incident 
one [118]-[120]. From a historical point of view, quasi- 
optics was first introduced experimentally by Heinrich 
Hertz in the late 1880s [120] when he demonstrated the 
possibility of collimating EM signals on a multiwavelength 
surface by using cylindrical reflectors and studying effects 
that, until that time, were observed only at infrared and 
visible EM spectrum, 


Smart Surfaces: Large Area Electronics Systems for Internet of Things Enabled by Energy Harvesting 


Alter more than 70 years, owing to the increasing 
demand for bandwidth and to the development of optical 
wavelength systems, quasi-optics experienced its palin- 
genesis at the millimeter and submillimeter wavelengths. 

We can classify the quasi-optical components into three 
main categories: frequency independent, frequency selec- 
tive, and active devices. Frequency-independent surfaces 
include: delay lines, polarizing grids, hybrid junctions 
[121], attenuators [122], power dividers [123] and combi- 
ners [124], nonreciprocal devices [125], [126], absorbers, 
and calibration loads, Frequency-selective surfaces [127]~ 
[129] include: inductive grids, capacitive grids, resonant 
grids, thick structures (perforated plates), and interferom- 
eters, Active devices include: oscillators [129], [130], am- 
plifiers [131], [132], mixers [133], [134], phase shifters 
[135}, [236], multipliers (108), (137]-[139], and switches 
[140]. This approach has been used so far mainly at milli- 
meter and submillimeter frequencies because, being the 
size of the apparatuses proportional to the wavelength of 
the radiated wave, lower frequencies would have been 
prohibitive due to the very large size required. With the 
present development of technologies for LAE, however, 
4quasi-optics has become a feasible approach even at RF and. 
microwave bands, where large arrays of operational ele- 
ments can be conceived, 

Inheriting the quasi-optical approach, contact-less EM 
wave processing (filtering, frequency conversion, selective 
shielding, etc.) can be implemented even at low frequen- 
ies (in the order of megahertz). Two pioneer examples are 
switches [140] and the cross-dipole frequency doubler, 
proposed in [108], and implemented in [141], where, 
among various operating principles, the generation of 
harmonics is chosen to demonstrate the feasibility of such 
‘a component at microwave frequencies, 

‘The layout of the proposed quasi-optical frequency 
doubler is shown in Fig. 13. The structure is inkjet printed 
‘ona cellulose-based substrate (a piece of photografic paper 
from Kodak). It consists of two crossed A/2 dipoles. The 
longest dipole receives the incoming power at the 
fundamental frequency fo = 3.5 GHz, while the shortest 
one transmits the generated power at the doubled 
frequency 2fo in an orthogonally polarized orientation. 
‘The length of the dipole operating at fy is 32 mm, while the 
2fe dipole is 16 mm long. The width of the tracks used to 
implement the dipoles is about 2 mm. The multiplication 
is provided by four diodes in a bridge configuration, thus 
forming a fully balanced multiplier unit. 

Due to the omnidirectional nature of the dipole an- 
tenna, the harmonic signal is irradiated with the same 
intensity in the azimuthal plane (small differences are due 
to both the dielectric substrate and the planar nature of the 
dipole conductors). This means that the harmonic signal is 
reflected toward the reader and the transmitter toward 
other directions at the same time. A measurement of the 
received power at 2fo = 7 GHz is reported in Fig. 13(b). 
Here the interrogation distance is 10 cm and the 
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The Soviets themselves already possess an electromag- 
netic cure for diseases such as AIDS, but they have not 
unveiled it. 

All such products of scalar electromagnetics (which the Soviets 
call energetics) are held tightly by the KGB. 

That the Soviets have kept such a cure secret strongly 
implies that they regard it as a known antidote for biologi- 
cal warfare agents, and thus highly classi 

‘The importance of this can easily be seen: Presently the West 
has absolutely zero defense against a biological warfare strike using 
viruses as BW agents. 

In such a strike, fast-acting viral strains can easily be used — 
say, agents which are highly infectious and kill within two or three 
days. 

Development of a vaccine is impossible. There is simply no time 
todo that. Further, even ifthe virus was slow-acting, a vaccine could 
only be developed ifthe virus is stable. Ifit is unstable (constantly 
mutating), development of a vaccine is impossible. 

st vulnerability of the U.S. today is its total 
'y to unknown BW viral agents. Absolutely noth- 
ing we have or are doing in our Department of Defense is of 
any consequence or protection against new BW viruses for 
which no vaccine is developed or possible. 

‘The great ease with which such cheap new, highly lethal viral 
BW agents can be developed means that even a relatively small 
military power—such as Libya, Cuba, or Iran—can develop and use 
them against the U.S. 

Such BW viral agents can also easily be clandestinely planted 
across the U.S., to devastate an unsuspecting, unprotected Ameri- 
can populace. 

In fact, even a single deranged madman can readily develop 
lethal BW viral agents sufficient to devastate even a great military 
power. Further, in an open society such as the U.S., that same 
madman can easily introduce such an agent he develops — and, if 
he's clever, not even get caught in the act. 

Past isolated cases of "contamination" of on-the-shelf drugstore 
medicines is just a faint prelude of that which is to come. 
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Indeed, we may unwittingly do it to ourselves by accident, even 
without a BW strike by the Soviets, small enemy powers, or a 
madman, 

Throughout the West, it is now most fashionable to experiment 
with the production of new bacteria and viruses. Gene-splicing, 
recombinant DNA genetics, etc. are being employed on a grand scale 
as the latest "scientific marvel.” 

Even some high school students have experimented with this 
sort of thing. Many other colleagues, universities, and private 
persons are proceeding full-tilt with casual experiments, 

Most of this “casual experimentation” is uncontrolled. When 
finished, the residue gets dumped in the trash can or flushed down 
the drain. In any case, it goes into our biosphere. Some of this 
residue contains unstable, highly adaptable viruses. 


It's only a matter oftime until one ofthese unwitting agents gets 
loose and survives — one that's lethal, fast, and highly infectious. 

Make no mistake: It's anear certainty that this will happen. The 
only question is when. 

Also, with the recent Supreme Court decision allowing the 
patenting of a virus or bacteria, a number of laboratories and 
companies are now feverishly developing new agents to unleash in 
the biosphere upon persons, animals, and plants. 

For the most part, these experiments are tightly controlled. 
However, it is impossible to test in the laboratory the result of the 
natural recombination and mutation of these agents once they are 
loose in the environment and in a free exchange with all the natural 
bacteria and viruses. 

Once loosed in the biosphere, a new viral agent undergoes 
combinations and recombinations with the greater number of vi- 
ruses already present. The situation is like an increase in a large 
factorial number: Only a few additional viruses will result in 
millions and millions of additional combinations — at least some of 
which inevitably will be lethal and quick-acting. This is nor tested 
in those laboratories making, patenting, and releasing new viruses. 


Humans have spent millions of years developing sufficient 
immunity to the natural BW agents to allow humanity to survive. 
Very shortly we are going to have increasingly large numbers of 
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new environmental BW agents emerging all around us. For some of 
them, it is a foregone conclusion that we have little or no natural 
immunity developed. 

So we are going to enter an increasingly harsh environment, 
characterized by the rise of great epidemics and pandemics ofmany 
kinds. 

Inevitably some of these coming scourges are going to rival the 
"Black Death” in ferocity and lethality. 

Effective defense against one or more such BW viral 
attacl ither against our forces in the field or against our 
civilian population — can only be provided by a ready, fully 
developed technology of electromagnetic healing. 

It does not really matter whether the BW strikes are performed 
by a hostile foe, a madman, natural mutations within our now 
drastically stimulated viral environment, or as a result of some 
particular "residue" discarded by an enthusiastic high school or 
college student. 

The end result — the decimation of humankind —is going to be 
the same unless we develop and use electromagnetic healing tech- 
nology. 

However, with the present enormously self-hostile state of 
mankind, one or more enemies or madmen will almost certainly 
launch a strong, clandestine BW strike against the United States 
Armed Forces and the U.S. populace. 

With EM healing technology, a specific "antidote" to any 
viral disease — known or unknown — can be developed in a 
matter of hours. 

Mass electromagnetic treatment can then be started immed 
ately, even for an entire army in the field or for our population in the 
heartland. Within hours ofrecognizing a BW strike, cure rates above 
90% can be quickly achieved in exposed personnel 

Further, using electromagnetic healing technology, ifnecessary 
a more conventional vaccine can also be rapidly developed — say, in 
two weeks — for mass distribution and inoculation of the civilian 
populace. 

The bottom line is this: Neither the U.S. Armed Forces nor the 
U.S. civilian populace can or will survive the coming lethal viral 
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warfare strikes unless we quickly develop electromagnetic healing 
technology and have the necessary diagnostic and treatment devices 
already ready and waiting. 

‘The clandestine AIDS strike by the Soviet Union is just the 
precursor ofa great deal more to come. 


The USSR Has Repeatedly Verified Our Nonreaction 

The Soviet Union already knows that Western science and 
governments are too stereotyped and dogmatic to react to anything 
highly unorthodox. 

For years, the Soviet have been proving this, over and over, in 
their development and testing of frightful scalar electromagnetic 
superweapons ofunprecedented power. In the face ofoverwhelming 
evidence of this, the West has kept its head buried in the sand like 
an ostrich. 

It wasn't invented in the West. Therefore it cannot be. 

Years of substantial Communist indoctrination of students in 
ies, by leftist/liberal professors, has placed a massive 
imprint into our society. An entourage of sympathetic groups has 
resulted — groups which believe that the Soviet leaders arejust like 
us, that the Stalinist era is long since over, and that the Communist 
leopard has changed its spots and really isn't trying to take over the 
world anymore. 

‘As a system, then, much of the West simply refuses to accept 
anything unorthodox, anything "not invented here”, and anything 
that indicates Soviet aggression 

‘The Soviets know the U.S. is totally ignorant of advanced scalar 
EMweaponry. They have proven over and overthatthe U.S. will not 
even comprehend that it has been deliberately struck, ifthe strike is 
sufficiently unorthodox. 


our univers 


‘The Soviet scalar EM superweapons have already been docu- 
mented in Fer-de-Lance, Tesla Book Company, 1986, and that 
documentation will not be repeated here. 

Only a short summary of events will be presented, to put the 
Soviets’ confidence into perspective. A longer chronology of selected 
events is included as Appendix IV. 
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The Soviets were quite confident in arranging for a great biologi 
cal warfare strike, because ofthe total lack ofthe U.S. to comprehend 
incidents such as the following: 


1. Beginning in the late 1950's, hidden Soviet transmitters 
across the street targeted "weak microwave radiation” against 
the U.S. Embassy in Moscow. Over the years the radiation 
continued, sometimes continuously, sometimes. intermit- 
tently. The Soviets electronically induced diseases that re- 
sulted in extensive health problems of Embassy personnel, the 
death of two U.S. Ambassadors, and the sickness of a third 
Several U.S. Presidents have protested the radiation. Both 
U.S. Intelligence and the U.S. scientific community have been 
totally baffled. ‘They still do not know the true nature of the 
radiation, nor its purpose 


2. In the winter of 1957-58, an unexplained nuclear event hap- 
pened near Kyshtym, within the Soviet Union. A huge explo- 
sion occurred in the stored nuclear wastes in the disposal 
section of the Soviet atomic weapons industry located in the 
southern Urals. Radioactive contamination covered 1,000 
square miles. For years the story was opposed — or sup- 
pressed — by U.S. intelligence agencies, perhaps to allay 
public resistance to the U.S. nuclear industry. At the time, 
Soviet experimentation with large scalar electromagnetic 
transmitters was well underway. A large transmitter proba- 
bly failed, discharging its built-up, giant electrogravitational 
potential (EGP) into the earth. Such a pulse would have 
propagated through the earth as a wave; the first nuclear 
material contacted would have been fissioned immediately. 
The stored nuclear wastes probably exploded due to receipt of 
an EGP from the inadvertent failure of one of the Soviet 
Union's new superweapons in development. Survivors re- 
ported that indeed the nearby nuclear wastes exploded. 


3. In January 1960 Khrushchev announced to the Presidium 
that a new fantastic weapon was in development. He stated 
that the weapon was so powerful that, ifunrestrainedly used, 
it could wipe out all life on earth. 
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Figure 4. The US. Embassy in Moscow. The Soviet Union has bombarded this 
‘aclty with weak microwave radiation for decades. 


Table 2. MICROWAVE RADIATION OF THE US. EMBASSY IN MOSCOW 


SINCE 1959 OR 1960 
HIGH LEVEL TARGET (U.S. AMBASSADOR) 
GUARANTEES PERSONAL ATTENTION OF 
- PRESIDENT 
- NSA, CIA, DIA 
- TOP CONSULTING SCIENTISTS 
- STATE DEPARTMENT 
LEADING SCIENTIFIC INSTITUTIONS 
NATIONAL SECURITY COUNCIL 
- ETC. 
‘TWO AMBASSADORS DIED, ANOTHER SICKENED 
US. REACTION REVEALS ANY KNOWLEDGE OF TESLA 
ELECTROMAGNETICS 
+ FOUR U.S. PRESIDENTS REQUESTED SOVIETS TO CEASE 
- CUT FROM 18 WATTSICM? TO 2 
- THEN AGAIN INCREASED 
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Figure 5. Decay of a radioactive nucleus. When it absorbs a scalar EM wave 
(electrogravitational pulse) that is long enough and large enough, the nucleus 
fissions. 
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Figure 6. EGP fission of a radioactive nucleus. If an intial EGP is large enough and 
long enough, it wil fission any and all radioactive nucel it strikes. 
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Figure 7. Bottled up energy in a standing scalar EM wave is a potential. 
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Figure 8. EGP short-out Transmitter failure and consequent cischarge of a giant 
standing scalar EM wave potential caused the explosion of stored nuclear wastes at 
Kyshtym, USSR, in the winter of 1957-58, 
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Figure 9. EGP initiation of the Chernobyl event. Failure of another giant transmitter 
‘near Chernobyl in 1986 eventually caused the eruption of one of the Chemaby! 
reactors by EGP-pulsing its nuclear fuel rods. When the transmitter falled, the 
alarmed Soviets shut down the four Chemoby! reactors while waiting for drain-of of 
the EGP potential by the safety circuits ofthe disabled transmitter. These circuits 
finally gave way, producing a mild EGP pulse ino the earth. Had they faled 
immediately, al four reactors at Chernobyl would have violently exploded. 


Table 3, KHRUSHCHEV'S 1960 STATEMENT 


(Speaking to the Presidium) 


WE HAVE A NEW WEAPON, 
JUST WITHIN THE PORTFOLIO OF 
OUR SCIENTISTS... 

SO POWERFUL THAT, 

IF UNRESTRAINEDLY USED, 
{T.COULD WIPE OUT 
ALL LIFE ON EARTH! 
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In May 1960 Gary Powers’ high-flying U-2 spy plane was 
mysteriously disabled over the Soviet Union, resulting in its 
subsequent crash and the Soviet capture of Powers himself. A 
flash appeared behind Powers' aircraft, as iffrom an explosion 
— except that the flash persisted, showing that it was not a 
normal HE explosion at all. A tracking radar, employed in a 
scalar EM mode, probably was used to cause the electromag- 
netic "flash ball” and disable Powers’ aircraft. Harmless SA- 
2 missiles fired far below him may have been employed to 
deceive Western intelligence analysts. 


Figure 10. The U2 high alttude reconnaissance aircraft. On May 2,1960 Francis 
Gary Powers high flying U2 spypiane was disabled over the Soviet Union. Some 
iicues with the autopilot were first experienced. Then a single dull thump was 

felt, and.a tremendous orange flash lit the cackplt and sky — andpersisted. (See 

Francis Gary Powers with Curt Gentry, Operation Overflight, Hot, Rhinehart and 
Winston, 1970, p. 82) 


5. In April 1963 the Soviet Union utilized a newly deployed scalar 
EMweapon to destroy the submerged U.S.S. Thresher nuclear 
submarine, offthe coast ofthe U.S. itself. In spite of intense 
and totally anomalous electronic jamming experienced by the 
U.S.S. Skylark, surface companion to the Thresher, the U.S. 
failed to recognize this major indication ofa scalar EM attack. 
One day later, a Soviet scalar EM weapon placed a giant 
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Fig. 13. celllose-based prototype ofthe (a) crossed-dipole frequency 
doubling tag and (b) measured second-harmonic response. The 
‘measurements have been carried out interrogating the tag at 

fo ~35 Ghz and receiving the fo ~ 7 GHz frequency component. 
‘The interrogation distance is 10 cm, and the transmitted power is 
‘equal to20 dam. The transmitter is equipped with a two-element 
Yagl antenna at fy, while the receiver uses a helix antenna at. 

‘The fundamental frequency dipole is 32 mm long. After [141]. 


transmitted power is equal to 20 dBm. The transmitter 
(reader side) is equipped with a two-element Yagi antenna 
at fo, while the receiver (reader side) uses a helix an- 
tenna at 2fo. In these conditions, the power received from 
the cellulose-based (paper) tag prototype at 2fo is about 
80 dBm. The same structure implemented on a plastic 
substrate produces more power, mainly because of a better 
frequency tuning. An improved efficiency could be 
achieved by: 1) adopting a frequency multiplier with better 
harmonic terminations; and 2) using directive antennas in 
order to address the power only toward the reader. 

In the frame of the Io, the crossed-dipole tag is a very 
simple one-bit tag that can alarm system when itis placed 
within the range of the reader. However, with very simple 
‘modifications, this idea can be used to implement a variety 
of on/off sensors (the paper substrate can be easily torn 
when a certain mechanical strain is exceeded), 

The crossed-dipole structure can also be used as a 
building block to form arrays, an example being shown in 
Fig. 14. These arrays are mainly intended for LAE applica- 


Vol. 102, No.1, November 2014 | PROCEEDINGS OF 


prototype uses a Rogers substrate, thus it is not flexible. 
However, adopting a cellulose-based substrate, a flexible 
structure can be built. The bending capability of cellulose- 
based circuits is quite good and only limited by the discrete 
components mounted on them. 

‘The second example consists of a paper-based contact- 
less frequency doubler for harmonic RFID applications 
[142]. The doubler, realized on paper substrate, generates 
the harmonic signal by means of a single Schottky diode. 
‘The system operates at 7.5 and 15 MHz, and these fre- 
quencies are chosen, without lack of generality, to accom- 
plish the realization of a fully organic frequency doubler 
exploiting paper printed coils and organic diode 
(pentacene-based), the present frequency limit of which 
is around 15 MHz. [143]. Fig. 15 shows a picture of the 
organic tag, while Fig. 16 shows the doubling efficiency of 
the organic tag versus transmitting/receiving (TX/RX) 
distance, assuming TX power asa parameter (for the sake of 
completeness, itis worth noting that TX and RX antennas 
of the reader are equal to the RX and TX antennas of the 
tag, respectively). 

‘Asa final remark, itis worth noting that, to the authors’ 
knowledge, only planar developments of quasi-optical arrays 
have been proposed so far; reasonably, combining quasi- 
optics with LAE related technologies can lead, in the near 
future, to new SS solutions only in a limited planar extent. 


VII. SMART FLOOR 
The new concept of smart cities is generating a group of 
new scenarios that will impose a new way people interact 
with the environment. This immersion brings the IoT to a 
new level of relationship with people and environment, 
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underwater burst in the ocean, 100 miles north of Puerto Rico. 
With these two tests Khrushchev, still smarting from his 
Cuban Missile Crisis facedown by John Kennedy, avenged 
himselfand convinced the Presidium to allow him to remain in 
power for yet awhile. 


Figure 11. The U.S.S. Thresher disintegrates, OH Canton 1979 


Table 4. DEATH OF THE US.S. THRESHER 
APRIL 10, 1963 


+ DURING TRIALS OFF EAST COAST OF US. IN ATLANTIC 
+ SURFACE COMPANION: U.S.S. SKYLARK 
+ UNDERWATER PHONE BETWEEN THE TWO 
+ THRESHER DIVED AND WAS LOST 
- GARBLED MESSAGE 
- DID NOT RESPOND TO CONTROLS 
- SANK TO CRUSH DEPTH 
= IMPLODED 
+ SKYLARK ENCOUNTERED SEVERE ELECTRONIC 
INTERFERENCE 
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‘Table 5. SEVERE EM INTERFERENCE EXPERIENCED BY U.SS. SKYLARK 
APRIL 10,1963 


+ SKYLARK JAMMED (1.5 HR TO TRANSMIT MESSAGE) 
+ MULTIPLE SYSTEMS 
+ SIGNATURE: 
- SCALAR INFEROMETRY 
- SKYLARK IN "SPLATTER" ZONE 
- THRESHER PROBABLE TARGET 
+ OTHER SYMPTOMS 
- ONE SYSTEM KNOCKED OUT 
+ OTHERS THEN WENT OUT 
- LATER RESUMED WORKING 


6. In Afghanistan, in 1981 and at intervals since then, Soviet 
helicopters have sometimes attacked Afghan guerrillas or 
villages with a strange new weapon. A body struck by this 
weapon dies instantly and completely. It falls like a limp rag, 
and does not decay even in 30 days. Every cell, bacterium, 
virus, etc. in the body has been killed instantly. Nerve gas 
rockets and chemical rockets are also usually fired to provide 
"deception cover” for the nature ofthe real weapon. This eery 
Soviet weapon has been mislabeled as some strong new gas, 
and is referred to as "Smirch”, a combination ofthe two words 
smert” (death) and "semerch” (sandstorm), 


7. In April 1984amonstrously hugescalarEMincidentoccurred 
off the coast of Japan, near the Kuriles. Subsequent inter- 
views with the pilots sighting the incident have revealed that 
several combined tests of the various modes of a scalar EM 
howitzer occurred. A giant "cold explosion” occurred, raising 
a giant mushroom cloud to over 60,000 feet and greater than 
150 miles diameter in two minutes. A glowing dome appeared, 
and expanded to monstrous size. According to Dr. Walker and 
colleagues, the diameter of this great glowing, hem- 
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ispherical shell expanded to several hundred kilome- 
ters. * He and his colleagues were able to rule outany possible 
known natural events or mechanisms that could have caused 
the incident. 


8. Numerous incidents ofhemispherical shells of ight and giant 
balls oflight within the Soviet Union have been seen from Iran 
and fom Afghanistan, Such giant artificial phenomena have 
also repeatedly been seen over the oceans by mariners and 
airline pilots. 


Several instances of anomalous disabling of jet engines of 
commercial airliners have occurred while the aircraft were in 
flight. 


10. Direct and intensive weather engineering over the US. itself 
has been accomplished by the Soviet Union for a decade, using 
the interference grid resulting from the crossing oftwo or more 
giant beams fiom the woodpecker "over-the-horizon radar" 
transmitters. Specific cloud signatures (anomalous holes, 
giant radials, twin giant radials, and razor-sharp giant inter- 
ference patterns) have continually occurred, but the orthodox 
system has blithely ignored them. 


11. Agianttest ofovera hundred huge Soviet scalar EM weapons 
occurred in and around May 1, 1985 for the 40th anniversary 
ofthe end of WWIL The entire Wester scientific and intelli- 
gence establishment remained sublimely unaware ofthe giant 
exercise. They had not a single scalar EM signal detector — 
even though the air, land, and ocean was filled with hundreds 
of Soviet scalar EM transmitters, chattering away to Soviet 
armed forces, submarines under the water, etc. Underneath 
our feet, the earth itself was in giant scalar EM resonance on 
54 frequencies — 27 pairs, each of which tapped energy 
directly from the molten core of the earth and fed it to an 
ensemble of giant Soviet strategic scalar EM weapons. 


See Science, 227 4584), Feb, 8, 1985, p. 607-611; Science 234 (4775), Oct. 24, 1986, p.412- 
4B, 
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Figure 13. Mushroom cloud from the sea off Japan, near a Russian test area. 
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Figure 14. The Tesla shield, a giant hemispherical shell of energy. Seen repeatedly 
in Soviet tests in out-of-the-way places and remote regions ofthe ocean. 
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Figure 15. The Tesla shield: A 1969 Virgin Islands incident. 
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Figure 16, Tesla shields: Two nested arcs of ight in the sky. 


Figure 17. Tesla shield: An expanding hemispherical circle of light. 
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Figure 20. Large glowing Tesla Globe,” Red China. Observed by hundreds of 
persons. 
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©1980 Hal Crawford 


Figure 21._ 1966 test of giant Tesla Globe, expanding deep within the Soviet Union. 
‘Seen from Teheran, Iran June 17, 1966 by two aitcraft approaching Mehrabad 
Airport. Observed for several minutes. 
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Multiple events seen in Sept. 1879 from Afghanistan 


‘Strange lurid glow that flared silently over the Hindu Kush; as described by 
Nick Downie 
‘The LONDON SUNDAY TIMES, 17 August 1980, 


Figure 22. A giant globe, deep within the Soviet Union in 1979. Seen several times 
from Afghanistan, looking toward Saryshagan, 
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Fig. 15. Fully organic tag prototype of the frequency doubling tag 
‘operating at 75-15 Miz. After [142]. 


where the scenario around is aware of people's needs and 
can interact with their way of living. 

‘This new concept brings IoT to areas that cover broad 
topics, including transportation, energy distribution, data 
communications, and all technologies in a sense that they 
will become transparent to the normal users and citizens. 

‘The growth of smart cities will significantly increase 
the quality of life, the reduction of energy waste, and the 
availability of information by using ICT. All these devel- 
opments have, as a motivation, the overall inclusion of 
people into the city in a way that ICT should become 
completely embedded into our surroundings. 

‘These new concepts are viable only if the smart envi- 
ronments are enabled by Io. IoT is actually taking shape 
and is growing everyday through the number of devices 
that get connected to each other. 

Nevertheless, most of these devices that team up with 
each other to build up the lo world are powered by some 
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Fig. 16. Conversion (doubling) loss ofthe reader tag harmonic RFID 
system asa function of the reader tag distance, assuming the output 
‘reader power asa parameter. After [142 


kind of power sources. This is actually the main limitation 
of present IoT solutions. In order to be able to create real 
lof environments, RFID, wireless power transfer (WPT), 
and EH devices appear as a major enabling technology for 
the IoT, due to their inherent simplicity and ability to 
provide sensing to remote objects without the need for 
constant powering 

In this scenario, the concept of a smart floor becomes 
real. Smart floors should be capable of interacting with the 
environment seamlessly and be aware of persons and 
objects on top of them, 

‘The focus of this section is going to be smart floors as 
{an information system, where RFID capabilities are used to 
provide an identification and information source embed- 
ded into the floor. This massive RFID immersion will allow 
to create low-power high accuracy location, navigation, 
and, generally speaking, an information system that can 
team up with passers in a noninvasive way. 

In this approach, the system uses passive RFID tags that 
are spread beneath a flooring in order to create a map that 
can be read with a mobile unit that might be self-powered 
through energy harvested from the movements of the sub- 
ject to be located [144], [145] 

This new location system based on smart floors can 
actually be extremely competitive when compared with 
existing solutions; among them, we can take into consid- 
eration those based on image processing [146]; they pro- 
vide a high level of information at the price of high cost, 
power consumption, and intrusiveness. Another approach. 
is based on pressure sensors (146], [147], providing actually 
a different type of smart floors; pressure sensors are nonin- 
‘musive and can be less expensive in terms of equipment 
‘when compared to the imaging systems; however, they can, 
still be quite expensive to install into the floors; moreover, 
they do not allow for seamless identification of an individ- 
ual in a given space. Eventually, ultrasounds [148] and RF 
localization system detection [149] have to be listed; al- 
though very flexible, they require dedicated communica- 
tion infrastructures, additional complexity and costs, and. 
they are mostly sensitive to environmental changes, both in 
terms of accuracy and functionalities 

‘The just mentioned smart-floor-based system tackles 
most of these challenges as it is very low cost, able to have 
1 good, and precisely predictable, accuracy, and able to 
detect different users in a given space. 


A. RFID-Based Smart Floor Including, 
‘Material Aspects 

Smart environments and floors should be completely 
seamless to the users. This entails the need to embed 
electronic devices into the environment in a noninvasive 
way. Nevertheless, this embedding of electronic devices, 
mainly wireless transceivers into the floor, is not a simple 
matter. Floors, in fact, have been made by almost the 
same kind of materials for centuries; tile industries are 
weakly available to introduce new materials to match 
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Figure 23. Engines disabled, a passenger jet drops six miles in two minutes. 
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Figure 24, Giant "Woodpecker" beams intersecting aver the U.S. Used for weather 
‘control,as a launch phase ABM and anti-bomber system, electromagnetic attack of 
istant populations, and disease conditioning. Using phase conjugate radar mirors, 
‘any amount of energy desired can be delivered to any distant targat from which a 
radar retum has been received. Real-time distant holography, to produce powerful 
energy forms ata distance, can also be accomplished, 


‘Table 6. MASSIVE 1985 STRATEGIC MAY DAY EXERCISE 


APRILIMAY 1985 


BREZHNEV'S 1972 STATEMENT FULFILLED 
40th ANNIVERSARY OF WWII 
GORBACHEV NEWLY IN POWER 
EARTH IN GIANT SCALAR EM RESONANCE 
- 54 FREQUENCIES 
- 27 "POWER TAP" PAIRS 
- 4TO 6 WEAPONS EACH PAIR 


C'l SCALAR EM LINKS 
- UNDERWATER SUBS 
- NAVAL FORCES 
- OTHER FORCES 
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In late November, 1985 the Soviets tested their Launch Phase 
ABM system over Florida, using the launch of a U.S. space 
shuttle as a convenient test target. A marker beacon (ball of 
light) was placed in the sky, hovering near the launch area. It 
was seen by hundreds ofpersons, and photographed by George 
Suchary. During the final countdown to launch, a scalar EM 
“missile” (ball of intense energy) was fired, offset from the 
shuttle. This ball ofenergy was notin the visible spectrum, but 
may have been accidently photographed by Bob Gladwin 
Twelve minutes offset after launch, a tremendous rumbling 
overhead boom echoed through the area — so huge it was 
heard for hundreds ofmiles up and down the East Coast. This 
was the third U.S. shuttle launch in which NASA had noted as- 
sociated anomalous phenomena, but did nothing, 


On December 12, 1985 the Soviets used the same weapon in 
the anti-bomber mode to destroy an Arrow DC-8 jet just after 
its takeoff from Gander Air Force Base, Newfoundland. Over 
250 U.S. soldiers and civilian crew members were 
killed. Gander has long been a registration point for the 
Soviet scalar EM weapons. For example, in one 4-day period 
in 1982, 36 anomalous incidents occurred in and around 
Gander, involving moving lights, lights in the sky, etc. 


On January 28, 1986 the Soviets destroyed the U.S. space 
shuttle Challenger, shortly after its launch. A dozen signa- 
tures are associated with this Soviet kill, too many to mention 
all of them. To give only a few: First, the Soviet ships 
monitoring the launch site suddenly departed at high speed, 
four hours before the launch. This was unparalleled. Second, 
according to General Daniel Graham, the following evening 
KGB headquarters gave a party to celebrate the success ofthe 
KGB's perfect active measures against the Challenger! Direct 
and unmistakable indications of extreme localization of the 
Soviet transmitters to the Challenger's launch site existed on 
the day of the launch. In addition, a metal-softening signal 
was confirmed on the Soviet Woodpecker beams as early as 
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January 1,1986. Many other indicators also exist. The total 
is a very strong statement that the Soviets destroyed the 
Challenger with the same weapon they had tested against 
three previous shuttle launches, and which they had used to 
kill the Arrow DC at Gander Air Force Base only six weeks 
earlier. 


15, A whole series of anomalous missile failures occurred, involv- 
ing Titan, Delta, and Ariane launches. The odds against all 
these launches failing in that pattern were millions to one. In 
one Titan failure, video taken ofthe event showed the anoma- 
lous "marker beacon" light in the vicinity, high overhead. 
Frame-by-frame analysis of the video showed that the light 
was indeed independent of the explosion, and it moved off 
separately after the rocket exploded. 


Figure 25. Third Soviet non destrucive testing against shuttle launches, Nov. 26, 
1985, 
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Table 7. SHUTTLE LAUNCH ANOMALIES, NOV. 26, 1985 


+ MARKER BEACON 
- PHOTOGRAPHED 
- SEEN BY HUNDREDS 


+ OFFSET SCALAR EM MISSILE 
- INVISIBLE TO HUMAN EYES 
= STRIKE PHOTOGRAPHED 


+ GIANT ATMOSPHERIC BOOM 
= T+ 12 MINUTES 
- HEARD FOR HUNDREDS OF MILES 


+ THIRD LAUNCH WITH SUCH A BOOM 


Table 8. SOVIET ESCALATION AFTER 3RD TEST AGAINST SHUTTLE LAUNCH 
(on Nov. 26,1985, 


+ US, STILL UNAWARE OF SCALAR EM WEAPONS USE 
+ SOVIETS ESCALATED ACTION 

DESTROYED OR DISABLED: 

ARROW DC-8 (DEC. 12,1985) 

CHALLENGER (JAN. 28, 1986) 

TITAN 34-D (APRIL 18, 1986) 

DELTA ROCKET (MAY 3, 1986) 


MAY HAVE DISABLED: 
- ARIANE II(MAY 31,1986) 
- TWO US. NUCLEAR SUBS WHICH RAN AGROUND 
- STEALTH FIGHTER WHICH CRASHED 
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AIRCRAFT GLOWING 


CRASH N 
‘ANOMALOUS HOLE 


ENGINE POWER INTERFERED WITH 


Figure 26. Death of the Arrow DC-8, Dec. 12,1985. Three eye-wiesses saw the 
doomed airliner glowing. An anomalous hole was found in the fuselage, forward of 
the engines. Engine combustion was interfered with, by phase conjugate (negative) 
‘energy. Engines were rumbling laborously, not roaring with power, as the aircraft 
passed 100 ft directly over a witness. 


Figure 27. Anomalous hole in the right fuselage of the ARROW DC-8, ahead of the 
tengines. With crossed over the-horizon radar beams and multiple phase conjugate 

radar mirrors, realtime holography allows the production of a ball of EM energy at a 

(great distance. The ball may be as small as desired, and contain as much energy as 
desired. 
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Table 9. ARROW DC-8 DISASTER, DEC. 12, 1985 


GANDER AFB, NEWFOUNDLAND 


+ AIRCRAFT LIFTED OFF 
+ AIRCRAFT WAS GLOWING YELLOW - ORANGE 
+ SANK TAIL-DOWN AND CRASHED 
+ SIGNATURE OF ENGINE/COMBUSTION INTERFERENCE 
- LAUNCH PHASE WEAPON 
- ANTI-BOMBER MODE 
- ANOMALOUS HOLE IN FUSELAGE, FORWARD OF 
ENGINES 
STRUCK BY ELECTROMAGNETIC MISSILE? 
EXTENSIVE "BALLS OF LIGHT" WEAPON TESTS IN 
AND AROUND GANDER 
CLOSELY FOLLOWED THIRD TEST AGAINST SHUTTLE 
NOV. 26,1985, IN ABM MODE 


Figure 28. Part ofthe Soviet engineering of U.S. weather, just priorto the death of 


the Challenger. Taree “giant radial” clouds sighted over the greater Los Angeles 
area by Margaret Wilson. Appeared one after the other, at 10 min. intervals. 
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DOD PHOTO 


Figure 29. Soviet Trawler spyship. About four hours before the launch of the 
Challenger, all Sovit ships off coast, that normally monitor each launch, suddenly 
and mysteriously departed at high speed. Unprecedented event. 


+ SOVIET WEATHER ENGINEERING 
+ SEVERE COLD STRESS 

+ METAL-SOFTENING 

+ BOOSTER SEAL PROBLEM 

+ SOVIET SHIPS ABSENT 

+ LOCALIZATION 

+ AIR TURBULENCE 

+ BIRDS NOT FLYING 


Figure30. Launch of the doomed Challenger, Jan. 28,1986. 
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Table 10. DEATH OF THE CHALLENGER, JAN 28, 1986 


+ METAL-SOFTENING SIGNAL ON WOODPECKER GRID AS OF 
JANUARY 1, 1986 
+ SOVIETS ENGINEERED COLD WAVE INTO FLORIDA 
+ SEVERE COLD STRESS ON VEHICLE 
+ GRID LOCALIZATION SIGNATURES 
- BIRDS NOT FLYING IN LAUNCH AREA 
- BIRD FALLS IN BIRMINGHAM, AL (HINGE) 
+ SOVIET SHIPS/TRAWLERS DID NOT TRACK LAUNCH 
+ BOOSTER SEAL PROBLEM SEVERELY AGGRAVATED 
+ CAUSED SHUTTLE FAILURE 
+ SOVIET KGB HEADQUARTERS CELEBRATED "PERFECT 
SUCCESS OF ACTIVE MEASURES" AGAINST THE 
CHALLENGER! 


Table 11. KGB CELEBRATION 


EVENING OF JAN. 28,1986 


+ AFTER DEATH OF CHALLENGER 
+ KGB HEADQUARTERS 
- JUBILANT PARTY 
- CELEBRATED SUCCESS 
- OF ACTIVE MEASURES AGAINST 
THE CHALLENGER 


SOURCE: GENERAL DANIEL GRAHAM, URGENTGRAM 


+ NOTE: SOVIET SCALAR EM WEAPONS ARE CONTROLLED 
BY KGB 
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+ SHORTLY AFTER LAUNCH 

+ ANOMALOUS POWER SURGE 

+ "COMMANDED" ENGINE SHUTDOWN 

+ VEHICLE THEN UNSTABLE 

+ RANGE SAFETY OFFICER DESTROYED 
ROCKET 

+ EXTERNAL RANGE SENSORS DID NOT 
RECEIVE SURGE SIGNAL 

+ SIGNATURE OF TIME REVERSED WAVE 

+ WHICH LOCALIZED ON ROCKET 


Figure 31. Loss of a Delta rocket, May 3, 1986. 


16. In 1975, Brezhnev had surprisingly urged U.S. senators to 
have the U.S. cooperate in banning the development of new 
weapons of unparalleled horror, He used the phrase, "more 
frightful than the mind of man has ever imagined.” Shortly 
after, at the United Nations, Gromyko had even introduced a 
draft agreement for all nations ofthe world to sign. Again, the 
West had not the foggiest notion as to what the Russians were 
talking about. 


17. The orthodox U.S. newsmediahasbeen, andis,almosttotally 
“out ofit." Ironically, at the time ofour deadliest peril, and the 
most momentous period in history, incidents such as the 
indiscretions of a presidential candidate and of a television 
evangelist, and the "Iran Gate” actions of the National Secu- 
rity Council in trying to illegally get arms to the Contras, are 
the "burning issues of the hour” — and the week, and the 
month, and the year, and HO on ad nauseam, 
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Fig. 17. Readable distance test scheme (a) without and (b) with tie. After [144]. 


requirements posed by embedded electronics. Similar 
considerations can be made about the consolidated tech- 
niques to build apartments and houses: they are quite 
‘mature and whatever adaptation of them to embedded 
electronic systems is unrealistic. The consequence of this 
is that constitutive elements of SSs embedded into the 
floors must be suitable to materials and technologies al- 
ready present: materials available are those adopted for 
tiles and $8s must be adapted to building constraints. 

In this section, we focus on the most important ap- 
proaches for the characterization of the EM properties of 
the materials, commonly adopted in floors, and their in- 
teractions with our electronic radio systems. As an exam- 
ple, ceramic tiles are going to be selected as the floor 
element where electronic tags have to be embedded. 

Ceramic tiles have been used for ages to pave floors. 
‘These make up a great deal of most floor types in public 
buildings, from airports to banks, therefore, they are the 
‘most interesting flooring elements to investigate, 

‘As the first approach, the study of the influence of 
some materials for floor surfaces, such as ceramic, cork 
laminates, and wood, in the communication between the 
transmitter and receiver devices has to be made; in this 


‘Table 3 Results From Average Readable Distance Test 


case, low-frequency (13 MHz) inductors are going to be 
used as the wireless interface. 

In order to do the measurements, traditional RFIDs are 
used, which simplify the measurement approach signifi- 
cantly. A test setup is shown in Fig. 17, and experimental 
results are summarized in Table 3. What can be seen from 
the results presented in the table is that none of the tested 
materials affect the electrical characteristics of the RFID 
propagation significantly 

Another approach to the measurement is to evaluate 
the impact of the presence of metal inclusions beneath the 
ground; these can appear from pipes or from buildings 
supporting structures. In order to test this scenario, the 
presence of a metal sheet close to the coil was tested to 
verify its impact on the RFID reading distance. The test 
setup is presented in Fig. 18. In this case, when the reader 
is aligned (1) with the center of the coil beneath the tile, a 
‘minimum distance of 10 mm between the metallic sheet 
and the tag must be guaranteed in order to allow for the 
proper reading of the tag. In the other approach, the edge 
aligned scenario (2), the minimum distance between the 
metallic sheet and the tag increases to 30 mm to allow for 
communication. 


Tile ype ‘Aligned (1) | Bdge Unaligned 
aligned @) | (3) 
‘Without tle dsem | 43em | 2dem 
Ceramic tile trom thick | 45cm | 43cm | 2dom 
‘Ceramic tile Gmm thick | 4.5em | 43cm | 2dom 
Ceramic tle Tmm thick | 45cm | 4Sem | 2dom 
‘Cork laminate Smam thick | 4.5em | 43cm | 22cm 
‘Wooden floor 8mm thick | 4.em | 42cm | 22cm 
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19. 
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The Congress — great watchdog and the direct representative 
of the U.S. citizenry — is equally immersed in interminable 
hearings of little or no substance except news media coverage 
and publicity. 


Abelabored president, misled and now hemmed in on all sides 
and on the defensive, has had his power to act greatly con- 
stricted. In addition, the orthodox filtering networks sur- 
rounding him have effectively isolated him. He has been 
unaware of the extensive information that shows just how 
certain it is that the Soviets have fantastic superweapons and 
have been gingerly using them against us for decades. He and 
his immediate advisors are fed highly filtered, shaped and 
interpreted data. U.S. intelligence is very good at doing the 
things thatiit does. However, itis also very good at ignoring the 
things that it ignores! Further, the intelligence community is 
a past master at "slick-tonguing" the interpretation of any- 
thing new, and anything it really doesn't understand, in terms 
such as "We have no evidence that ..". For decades, the 
community has consistently underestimated the Soviet 
threat, and it has also usually projected any unpleasant 
present Soviet capability in the terms that "Ifthe Soviets keep 
this sort of thing up, it may prove to be a real threat 30 years 
from now!" For years U.S. intelligence was unaware of a 
Toronto inventor's development and public demonstration in 
the late 1960's of an inertial field generator device, for ex- 
ample, because it simply did not place high value on simple 
overt intelligence such as reading the newspapers! The entire 
event was printed in detail in a Canadian newspaper. Only 
very recently, within the last few years, has the community 
again realized that the most important intelligence can only 
come from human (HUMINT) sources. And in relying on the 
scientific community — which itself knows nothing of scalar 
electromagnetics — the intelligence community has not re- 
ceived the technical advice necessary for it to properly task its, 
collection agencies to collect information on the Soviet super- 
weapons. 
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20. Wester science has also shown itselfto be highly dogmatic 
and ensconced in the comfortable "status quo.” It has regally 
ignored the important Soviet developments in unified field 
theory. It has assumed an aristocratic stance, regarding the 
Soviet scientists as little more than peasants still trying to 
clean the mud offtheirboots. In fact, the Soviet scientists have 
been ahead ofthe rest ofthe world in nonlinear science — the 
truly hard stuff— since the beginning. They have always been 
the best nonlinear mathematicians in the world. "Soviet 
scientific papers regularly appear which deal with local gen- 
eral relativity and the overcoming ofthe sacrosanct conserva- 
tion laws as a matter of course. That subject is still a "no-no" 
in USS. scientific publications, even though breaking symme- 
try and consequent violation of conservation laws has long 
boon proven in particle physics. To my knowledge, with the 
exception of Hooper's obscurely published work, not a single 
US. scientific paper appears in the literature showing any 
detailed investigation of "bucking fields” as such and investi 
gating the behavior ofmaterials exposed to such "sum-zeroed” 
fields. Yet ironically a whole area of optical physics — phase 
conjugate optics (PCO) — has shown great activity since we 
discovered it in the open Soviet literature in the late 60's, and 
since two Soviet scientists visited Livermore* in 1972 and 


briefed us upon the subject (as another stimulus to see if we 
recognized the awesome weapon implications). In PCO, the 
scalar EM wave formed by two waves 180 degrees out of phase 
with each other, and locked (modulated) together by a nonlin- 
ear medium, is blithely called the pump wave. Using it on 
nonlinear materials produces extraordinary results — such as 
electromagnetic waves traveling backward in time. Further, 
the PC effectis known tobe universal, and notjustin the optics 
region at all; for example, it has also been done with sound 
waves. The obvious experimental and theoretical proof, 
of scalar EM has been in our literature for nearly two 
decades, and even in PCO our scientists do not yet 
realize that the" pump" wave is a scalar wave, a wave of 


*LawrenceLivermoreNatlonalLaboratory 
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artificial potential, and a gravitational wave that 
pumps the nuclei of the atoms in the nonlinear medium. 
They a 
of the atom that produces the phase conjugate replica 
wave in PCO. 


iso still do not understand that it is the nue! 


Table 12. BREZHNEV'S 1975 PROPOSAL 


AT THE SALT TALKS ON JUNE 13, 1975 


+ THE SOVIETS URGED THE U.S. TO AGREE ON A BAN 
AGAINST RESEARCH AND DEVELOPMENT OF NEW KINDS 
OF MASS DESTRUCTION WEAPONS MORE TERRIBLE THAN 
ANYTHING THE WORLD HAS KNOWN! 


BREZHNEV PERSONALLY URGED VISITING U.S. SENATORS 
TO AGREE TO THE BAN. 


+ GROMYKO INTRODUCED A DRAFT AGREEMENT INTO THE 
UNITED NATIONS MEETING AND URGED THE NATIONS OF 
THE WORLD TO SIGN IT. 


+ THE WEST HAD NO IDEA WHAT THE SOVIETS WERE. 
TALKING ABOUT! 


+ SOVIET HAWKS THEN GAINED DOMINANCE, AND THE USSR 
STARTED ITS MASSIVE BUILDUP FOR EVENTUAL WORLD 
TAKEOVER. 
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ATLANTA 


ALocationoftheincident 
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BB. AMtist's sketch of the incident. 
Figure 32. Probable Soviet test of a Tesla Shield over Atlanta, Georgia. 
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Continually assured that Western science and intelligence 
remained outrageously ignorant and would obstinately persist in 
wearing orthodox blinders, the Soviets felt quite safe in striking the 
U.S. and its Western allies a mortal death blow. 

‘The Soviets knew there would be no retaliation, so long as the 
blow was sufficiently unorthodox. 

After all, the Soviets have been waging a slowly increasing 
unorthodox war against us for decades, and totally getting away 
with it 

Consequently the Soviets manipulated the cancer research and 
the contamination of the World Health Organization's smallpox 
vaccine to produce the perfect biological warfare "first strike,” 
administered unwittingly by the WHO itselfin 
tion program to eradicate smallpox. The Soviets continue to ma- 
nipulate the spreading AIDS viruses electromagnetically so that the 
West will be devastated, as well as Africa and the Third World. 

At least one other spreading AIDS-strain has already appeared 
in Africa, Testing for exposure to the first strain in most cases did 
not detect exposure to this second strain. 

Officially no one knows whether it will be as infectious as the 
first strain. However, a suspicious correlation has appeared be- 
tween hepatitis vaccination in several large U.S. cities and conse- 
quent outbreak of AIDS among the persons inoculated, 

Further, the latest studies are beginning to show that (1) AIDS 
may be just as spreadable, though more slowly spread, in the 
heterosexual community as in the gay community, (2) the AIDS tests 
themselves are far more unreliable than suspected; one may have 
the AIDS virus — and serve as an active carrier —for up to three 
years before the tests begin to detect it, and (3) no one has any real 
idea as to how many persons have already been infected. 


's mass immuniza- 


As can be seen, even orthodox scientists are beginning to suspect 
a coming AIDS infection "asymptote" which may represent an 
explosion of the disease into a mass pandemic in the world popula- 
tion. In Africa, for example, AIDS is spreading freely among the 
hetersexual population as well as the homosexual population. * We 
may be on the verge of seeing a similar phenomenon emerge in the 


“Although there is much speculation as to why Afican heterosexuals scem so vulnerable, at 
present no one knows why iis true 


Soviets Knew The U.S. Wouldn't React 62 


Western world. 
If so, we are looking full in the face of a forthcoming AIDS 
massacre thatmakesthe 191 8influenzapandemicpalebycompari- 
son. Not only will AIDS decimate Africa and the Third World, but it 
will also decimate the West a little later. 
In the Soviet plan, after the AIDS massacre has peaked, the 
remaining much smaller U.S. and European populations will be 
decimated and totally powerless. The demoralized and devastated 
Western nations will easily capitulate and pass under the Soviet 
hammer and sickle. 
In their deception planning, the Soviets even are allowing some 
contamination of their own citizens by AIDS. Thus they can keep up 
a pretense that they are just as much victimized as we are, and just 
as much "in the dark" as we are about the whole thing 
Of course, once the AIDS infection does its lethal dirty work in 
the West, the Soviets can easily eradicate it in their own population 
at will, using the electromagnetic healing technology they already 
posess. The Soviet planners regard the loss ofa few Soviet citizens 
along the way as one ofthe things necessary to insure the success of 
the Great Strike andthe Final Revolution. Forward divisionsinthe 
standard Soviet attack are always rega 
pawns to guarantee the success of the follow-on echelons in the 
attack, In this BW strike, the sacrifice of some Soviet citizens is 
deemed necessary to the overall success of the attack. 


Remember, these are the same type of Soviet communist plan- 
ners who killed 20 million Kulaks— their own people —to forcibly 
collectivizeSoviet agriculture. For their highest purposes, these 
planners are still quite capable of ruthlessly sacrificing millions of 
their own people to achieve their objectives. 


The Asian Tiger Mosquito: A New and Efficient Vector 

As almost everyone now realizes, inthe past ourgovernmenthas 
greatly understated the AIDS problem. Past projections of the 
limitation oft he spread ofthe disease have been far more optimistic 
than warranted. 

For example, officially the government is still denying any 
possibility of insect vectors for the disease. 
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Don't believe it. In fact, highly efficient insect carriers of the 
disease are already on the way. 

Insects in Africa have positively been verified to be harboring the 
AIDS retrovirus. Ofcourse, such reports are always accompanied by 
the bland assurance that "We have no evidence... (that the insect 
bites will give AIDS to humans). 

Let's see now: We're supposed to believe that a monkey bite will 
do enormously more than that. Even when the monkey didn't have 
the exact present form ofthe AIDS retrovirus. Even though monkey 


But we're supposed to turn right around and believe that an 
insect carrying the live AIDS retrovirus can bite you, inject into you 
some ofhis body fluid containing AIDS viruses, and you won't stand 
any chance of developing AIDS . 

What are we supposed to believe? That the injected AIDS virus 
from an insect bite won't bother you, but the injected AIDS virus 
from other causes will? 

Nonsense! 

Anyone who believes that is a prime candidate for purchasing 
that bridge down the road. 

Ofcourse insect vectors will give you AIDS! 

And we've got a real tiger — mosquito, that is, on the way to do 
just that. 

‘The Asian Tiger mosquito has been introduced into the U.S. (it 
just "accidentally" appeared, of course!) and is now spreading 
through the Southeastern states. This vigorous and voracious 
mosquito prefers man as its target, and has an unusually wide range. 

Recently U.S. scientists have reluctantly confirmed the 
presence of the AIDS virus in the Asian Tiger mosq 
However, as usual we are presented with the same tired refrain, "We 
have no evidence that... the mosquito's bite is capable of causing a 
human to develop AIDS." 

Ofcourse, you can be sure that eventually we will have evidence 
of precisely that! 

‘The AIDS virus is now known to be able to live outside the body 
for up to at least 15 days, ifnot longer. 
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Also, the AIDS virus is an unstable virus — it's constantly 
mutating and changing its form, That means it's "highly adaptable" 
- that is, it's continually adapting to its environment, at a rate 
millions of times faster than normal stable viruses change and 


‘That fact implies that some mutant strain of the virus will 
almostcertainly be adapted to living in the Asian tiger mosquito and 
being introduced into its human host by the mosquito's bite.* 

It's not a matter of "Can it do that?" or "We have (as yet) no 
evidence ofthat.”; instead, it's a matter of "How long will itbe until 
that occurs and we confirm it?” 

The Asian Tiger mosquito apparently is intended to serve 
as the major vector (carrier), or at least one of them, to 
eventually rapidly increase the AIDS infection rate and 
devastate the U.S. population 

ASthe vector spreads and the virus adapts to that mode of 
transmission, the rate of increase of the AIDS infection will itself 
accelerate. This means that all the projections for "doubling times” 
are seriously in error. 

The latest data from Alabama, for example, shows that the 
disease is now doubling every six months instead ofevery year. Also, 
the doubling interval itself has been shortening, at least up to the 
present. Note also that, from the data ofthe new studies confirming 
a much longer lag time for the AIDS test to indicate the presence of 
the infection, even the present data on the number of persons 
infected and the doubling time are underestimated. 

If these and other data are a true indication, it appears 
that we literally may have an "explosion" of the AIDS 
infection in no more than two to three years 

In addition, as we said the AIDS virus is an unstable virus. 
Mutations in the virus itselfare occurring so rapidly that producing 

an effective vaccine essentially will be impossible. Without a totally 
new means applied to produce an AIDS cure, AIDS simply cannot be 
stopped. 


‘And one or mre strains will eventually evolve that can be infectuousy spread like the 
influenza virus is 
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In fact, recenly it has been discovered that the AIDS virus is far 
more devious than previously susupected.* It attacks in more ways 
than suspected. It changes in the body, increasing its virulence as 
the disease progresses. 

Macrophages, the immune system's scavenger cells, become 
infected and carry the virus to other body cells. It appears that 
macrophages may pass the virus to the T-cells, conditioning the 
destruction ofthe immune system. Infected macrophasges are found 
in rectal material of AIDS patients and in cervical fluid and semen. 
Thus through infected macrophages the AIDS virus is able to infect 
partners through exhange of semen, cerical fluid, and rectal mate- 
jal —even though there are no breaks or tears in the skin, and even 
though the number of free AIDS viruses in thefiuids is too small to 
pass the infection. 

Other immune system cells —such as Langerhans cells—are 
also suspected to be capable of serving as AIDS carriers when 
infected. The end result is that, as the AIDS patient sickens, the 
virulence of the AIDS virus increases, so that it attacks a greater 
variety of cells and can more easily infect them. 


Present orthodox methods cannot cure AIDs in time, if 
ever. 

Unless unorthodox technology is applied to solve the problem the 
West is already defeated. 


*Sce Gina Kolata, "Fatal Strategy of AIDS Virus Grows Clearer." Science Times section, New 
York Times, Mat. 22. 1988; see also “Growth in AIDS Virus Virulence Found," Los 
Angeles Times, Apr. 1. 1988, 
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CHAPTER 3 


WORLD WAR III IS RAGING AND WE'VE 
NEARLY LOST IT 


More on AIDS Doubling Time 

AS we said, the AIDS problem is much, much worse than 
officially announced. As stated, in some areas at least, the number 
of new AIDS cases diagnosed has been doubling every six months 
instead of every year. New studies have shown that the tests to 
identify infection by the AIDS virus may themselves have a 3-year 
lag period in which they do not reliably indicate the presence ofthe 
infection. 


These facts probably make all previous "officially announced" 
estimates and projections offby several orders ofmagnitude (at least 
three). 

If the incubation period (nominal) is, say, 5 years, then there is 
a factor of up to 2 (exp 10) of AIDS cases already in incubation. 

‘The lag in accuracy of the AIDS tests however, may mean that 
there are even more AIDS cases in incubation than this 

Andwe may have a new entry into the equation at any time, once 
the AIDS virus adapts to its transmission by the Asian tiger mos- 
quito and possibly even other insect vectors.” 

Remember, we've got the U.S. data for only a relatively few years 
since 1981. So it's statistically difficult to project ahead with any 
accuracy. However, the best interpretation ofthe data we can make 
shows a spiraling (speed-up) trend in the rate of acceleration of the 
disease, indicative of a forthcoming asymptote. If that interpreta 
tion of the data holds true, the asymptote represents literally an 

explosion" ofthedisease 

‘That is, the six-months "doubling interval” is slowly becoming 
the six-months "tripling interval,” the six-months "quadrupling 
interval,” etc. 

‘The best indication/projection I can tentatively arrive at is thi 
If the total cure is not accomplished within about twoto three years, 
then - considering the incubation ongoing by then and the speedup 


Another HIV virus has now been Mente. 


Roselli et al.: Smart Surfaces: Large Area Electronics Systems for Internet of Things Enabled by Energy Harvesting 


Fig. 18, Readable distance test scheme with metallic sheet presence. 
Acer [144]. 


‘This test allows us to conclude that, in a real scenario, 
when considering the typical distance from the antenna to 
the floor, where the reader is usually embedded into a 
mobile device, a minimum distance from the tile to any 
‘metal inclusions in the ground has to be guaranteed. As 
seen, this safe distance should be at least 30 mm. 


B. Navigation Approach Based on Smart Floors 

‘A meaningful example of the applications of the smart 
floor concept is the demonstrator developed at the Univer- 
sity of Aveiro, Aveiro, Portugal. It allows a nomadic RFID 
reader on top of it to be identified and localized by means 
of a smart floor. 

‘The prototype in the present state is composed of four 
main components: a set of tagged tiles forming the smart 
floor, the nomadic reader, a wireless communication de- 
vvice to connect the reader to the information system, and a 
computer on which the location and navigation software is 
installed. A potential scenario of application for the moni- 
toring of elderly housing is shown in Fig. 19. In the de- 
‘monstrator presented, the RFID reader is connected to the 
radio unit and inserted into the user's shoes in order to 
read the passive tags as the user walks around a given area. 
The tile IDs are detected by the reader and sent to a 


Fig. 19, Example of smart floor application scenario. 


centralized information system using, without lack of 
generality, a nonstandard wireless communication system, 
purposely developed in the laboratory. 

‘The software in the computer then decodes the ID of 
the smart tile, and correlates it with a preloaded refer- 
enced map, thus being able to provide the precise position 
of the walker in the environment, 

‘The location can be subsequently translated to a navi- 
gation system, and combined with artificial intelligence to 
allow navigation, situation awareness, etc. 

Plenty of applications and related solutions can be en- 
visioned on the basis of this smart floor approach: robot 
control, automatic pallet managements, prevention in 
harsh environments, and so forth. 


VILL. SMART SHOES AND BAN 


‘The aforementioned smart floor (Section VII), initially pro- 
posed to localize moving subjects in a given area, actually 
allows for the implementation of a very low-cost, accurate, 
and reliable system able to provide each kind of detectable 
information from an equipped area to the Internet. 

‘To exploit the potentiality of a smart floor, itis obvious 
that developing purposely conceived communication units 
acting, on the one hand, as readers for tag tiles and, on the 
other hand, as communication systems with the web is 
needed. 

One of the investigated systems for this is the so-called 
smart shoe [21]. Smart shoes are intended as shoes incor- 
porating a reader able to illuminate the tag embedded into 
the tile and a wireless interface to communicate data to the 
web. To this extent, smart shoes can be seen as hubs of 
BANs able, on the one hand, to get information from the 
surrounding environment (body included) and, on the 
other hand, to communicate the collected information to 
the Internet. According to common buzzwords, they can 
be seen as the second technological layer, just above the 
first physical one consisting of tagged objects, in a hierar- 
chical picture of IoT, Alternatively, they provide the cloud. 
of nomadic readers with networking capabilities required 
for the implementation of the so-called networked RFID 
(N-RFID) [150] strategies. In the referred structure (21], 
the necessary antenna system is inkjet printed on paper, 
thus exploiting the process described in Section Il, and itis 
a trademark-logo-shaped dual-band antenna working at 
900 MHz and 2.4 GHz. A block diagram and its equivalent 
realization are shown in Fig. 20: itis worth noting that the 
reader itself works at 13.5 MHz. exploiting the near-field 
‘communication (NFC) concept, according to what is stated. 
in the smart floor section; as a consequence, there are no 
issues about the interference between the dual-band an- 
tenna and the NFC reader. Moreover, an approach similar 
to [145] is proposed to power the reader: the idea here is as 
well to harvest the energy produced by the human walking 
bby means of piezoelectric materials embedded into the sole 
of the shoe 
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ahead — somewhere between a third and two thirds of all humans 
on earth will perish. 

In other words, nominally half the humans on earth will inevi- 
tably die, say within five years (the incubation) after that two to 
three year point. 

Most of the people who die are going to be highly selected. Most 
of them are going to be Westerners, Africans, Asians, and Brown 


ks, ships, bombers, missiles, nuclear weapons, 
and armed forces put together can’t save a single AIDS victim. 

We've got more generals than ever before in our history, includ- 
ing World War II. And not a one of them has a single tactic ora single 
weapon to use against this mortal attack. 

Understand, our generals have not failed us against the enemy 
they know and recognize. The bellies of our B-52 bombers and the 
aircraft aboard our distant aircraft carriers are filled with nuclear 
bombs sufficient to destroy the world many times over. Our powerful 
nuclear-tipped missiles sit in land-based silos and in sleek subma- 
rines cruising silently under the oceans, waiting to respond in an 
instant to hostile attack, again with the power to destroy the world 
many times over. 

‘Yet the fine men and women who have built and maintained that 
awesome force, and who man it in constant vigilance to protect our 
nation, are absolutely vulnerable and defenseless against the small- 
est foe of all —just as were the Martians in H.G. Wells' War of the 
Worlds. 

With all our awesome forces, we do not have the power to stop a 
single AIDS virus — or indeed, any other similar new BW virus. 

We can be defeated with ridiculous ease by even the tiniest 
determined hostile nation — or even by a single terrorist, madman, 
or genetic accident by a high school youth. 

And ifthere’s one thing that we can learn from history with iron 
certainty, itis this: Ifwe can be defeated with ridiculous ease, then 
most certainly we will be! 

Since the strike has already occurred, then our defeat is just a 
matter oftime if we continue our present courses of action. 

All other threats — nuclear, chemical, scalar EM, the works — 
pale in comparison to this seemingly innocuous, doomsday BW viral 
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weapon that has already been unleashed upon an unsuspecting 
world. 


World War II is Already Raging 

World War Ill has long been unleashed and a final, decisive first 
strike has now occurred. We've already lost the war unless unbe- 
lievably heroic measures are taken immediately. 

‘This thingis deliberate. It's fiendishly clever. It's effective. And 
a smiling Gorbachev — master propagandist — is just part of the 
icing on the cake to deceive us until it's too late 

Ironically, Soviet announcements have cleverly started claim- 
ing that the U.S. has produced the AIDS virus and unleashed it. 

That's a very clever propaganda trick to shift suspicion from 
themselves. Indeed, in the Third World the propaganda has been 
veryeffective. Most Third World peoples now give at least credence 
to the Soviet claim. 

Unless we move immediately to effect a total cure, the armed 
forces and the populaces of all the Western nations will shortly be 
devastated — perhaps even worse than if they been attacked with 
nuclear weapons. 

With our armed forces and populations devastated, we surren- 
der. We lose. 

The Soviets getthe U.S. (and European) farmland. That's what 
they really need. 

Ofcourse they also will have rid themselves ofabout 200 million 
Americans or so along the way. 

‘That, solves the old "winner's problem" of what to do with, and 
how to effectively control and care for, a conquered, resentful 
populace. That problem will have already been taken care of, for 
most of the U.S. populace will essentially have been eliminated. 

‘There won't be many U.S. military prisoners, for example, since 
mostofthe military personnel will also have been eliminated by the 
virus or viruses clandestinely released 


Communism Is Savage Enough to Do Diabolical Things 

The Communist's doctrine is to wage total war. Win any way, 
with any weapon, at any cost. 

ALSO, communism has always taught that it is necessary to 
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destroy capitalism. That equates with destroying the U.S., the 
major capitalist country. Communists have always taken the long 
view, 

aim, 

Ifyou think no modern nation could be so incredibly savage as 
to deliberately destroy untold millions of people, look at the actual 
record of the Communists. 

When the Khmer Rouge took over Cambodia, they murdered a 
third of their own people. 

The Soviets murdered some 20 million or so Kulaks when they 
collectivized the Soviet farms, 

‘The Red Chinese also slaughtered Chinese peasants by the tens 
of millions — perhaps as many as twenty or thirty million — when 
they collectivized the farmers. 

Lenin's followers have proved over and over that they are 
capable of murdering even their own people, on a scale of millions. 

Dedicated communists are highly religious people — even fanat- 
ics. Deliberate murder to achieve communism's goals is part of the 
accepted dogma. 

‘The communists are quite capable of killing a billion or more 
“foreigners” and "enemies," given the chance. Particularly when the 
goal is to win the "Final Revolution." 

The opportunity to strike the decisive final blow without conse- 
quences, using as simple and unorthodox a weapon as the AIDS 
viruses, could simply not be ignored by men who have spent their lives 
trying to control the world. 

The unparalleled strike opportunity was particularly irresist- 
ible since someone else (the Western cancer research institutes) 
would develop the weapon itself, someone else (the World Health 
Organization) would unwittingly deliver the strike, and the blow 
could easily be clandestinely arranged (simply by secretly contami- 
natingthe WHO smallpox vaccine) and accomplished without reper- 
cussions to the Soviet Union. 


willing to struggle for decades to eventually accomplish their 


Western Medicine is Inadequate 

But what of Western medicine? Doesn't it always come through 
to save us? 

Present Western medical science is totally inadequate to do the 
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task required. 

For example, present medicine is largely based on "slowing or 
killing the invader of the body.” Whether that invader is a germ, 
bacterium, virus, or whatever. 

If there's amechanical difficulty, thenpresenttreatmentistotry 
to mechanically remedy it — remove a bad appendix, set a broken 
legeete. 

However, then it's strictly up to the body's own natural healing 
system- its immune system and its repair system —to actually do 
the healing and repair/reconstruction. 

‘The problem with AIDS is that it directly affects and suppresses 
the body's systems for healing and repair. 

Once this protection and repair system is in disarray, any 
disease organism can attack the body and infect it. Ifthe immune 
system can't handle the problem, eventually the invading disease 
organismkillsitshost. 

Even ifa way is found to destroy the AIDS virus itself, present 
medicine ha snotthe foggiest notion of how torestore the healing and 
repair system from the damage and destruction it will have already 
sustained by massive AIDS infection, 

Compare the situation to division combat: Hostile invaders are 
met at the front of the division by the division's combat forces. A 
battle ensues, with penetration and damage to the rear area support 
and sustenance facilities. After the enemy is beaten back or de- 
stroyed,the rear support and the combat forces must be renewed and 
restored. Ifthat cannot be done, the seriously weakened division can 
still literally be boiled overby almostanythingthat comes along and 
hits it 


“For this reason, standard Soviet doctrine is to atack in echelon, say, by three divisions — 
‘one behind the other. Thus, even ifthe irs division is annihilated the atack, the second 
and third divisions meet a seriously weakened enemy division and blast 1 
tacticsinthe BW ersis-mltpl vialstrikes.oneaftertheother—cinalmostinevitably 
be expected, now thatthe “irst division” - AIDS - has engaged ws 
‘The Soviet “repetitive attack- method works, in care anyone has doubts, Por example, see 
George C. Wilton, "Army training exercises ruse troubling questions” The Washington 
Post, as printed in the Huntsville (AL) Times, Feb. 28, 188, p.21A. Repeated U.S. Army 
teus in the Mojave Desert have shown that in'nonnuclear combat, when attacked by 
‘multiple Soviet echelons with strength, US. forces lose everytime! In particular, US. 
troops have poor ant tank defenses, 
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Modern medical dogma has concentrated almost entirely on the 
combat forces’ problem of destroying and/or repelling the invader 

Western medicine has almost no tools or means of restoring the 
support and rear maintenance functions. 

Even in a paroxysmal effort, dogmatic Western medical science 
would take decades to totally reorient its medical thinking to where 
it could even attack the real problem of AIDS and catastrophic 
sickness due to other viral BW warfare agents. 

The same inability to cope with the problem also applies to our 
government bureaucracy, government agencies, the private compa- 
nies, the universities, and to Western science in general 

Ifwe have to depend on any or all ofour present "system," the war 
is already over and we are all already doomed. Halfofhumanity will 
die within possibly five years after the upcoming two- to three-year 
"point of no return.” 

Medical insurance, treatment centers, and even private phy 
cians are quickly going to be bankrupted as the AIDS plague 
increases. With the collapse of Western medicine, panic and pande- 
monium will reign in the streets. Martial law will be anecessity, and 
riotingon ascale unparalleled in American history will occur. We are 
likely to see our own U.S. dictatorship, in the form ofa militaryjunta 
making a coup and seizing power "to restore order and keep the lid 


Study carefully the performance of governments and military 
regimes in such countries as Korea and South Vietnam, when those 
countries were hard pressed by enemy forces and in great disarray 

You may be looking at your own future. 


The Soviets Will Not be Decimated 

With the devastation of our armed forces, our governmental and 
civil agencies, and our population at large, a simple show ofstrength 
by the Soviets will collapse any further resistance. The hammer and 
sickle will wave supreme over the residue. 

That's because the Russians do have the necessary developed 
scalar EM medical technology, not only to control and destroy the 
AIDS viruses, but also to directly restore the immune and repair 
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‘The Kaznacheyev experiments alone show they have exten- 
ively studied electromagnetic induction of cellular disease and 
death." We will have much more to say on that later. 

If the Soviets extensively studied cellular death trans- 
mission by electromagnetics, you can bet they also studied 
the reverse: _electromagnetichealing, ortime-reversingthe 
electromagnetic "death" signals themselves to produce spe- 
cific "healing" signals for any type of cellular disease. 

This is particularly certain since the Soviets also discovered and 

possessedthenecessary "timereversal" electromagnetics: phase 
conjugation. This had been widely used by the Soviets in developing 
their enormous scalar EM weaponry, beginning about 1950 or so. 

‘The curative signal technology was kept secret, of course, since 

theSovietsrealizedthatitprovidedtheonly viabledefenseagainst 
viral biological warfare weapons 

‘The Soviets most certainly have the necessary AIDS cure. They 
can readily make the correct electromagnetic healing signal, by 
phase conjugating the AIDS death signal from dying human cells 
that contain AIDS retroviruses. 

They also know we most certainly donot have the necessary EM 
cure. Years of weak microwave radiation of personnel in the U.S. 
Embassy in Moscow, and inducing illnesses in those personnel and 
even U.S. ambassadors, have shown that our own intelligence and 

scientificcommunitiesdon'tknow what'sreally goingonthere. 

Specificially, we've demonstrated (afterchecking with the DIA, 
CIA, NSA, and the orthodox scientists) that we do not recognize 
electromagnetic biological warfare —the deliberate introduction of 
cellular disease and death by electromagnetic means. Notonlydowe 
not recognize it, we can't do anything about it when it hits us. 

And make no mistake, time-reversed electromagnetic medicine 
is shockinglycheap and effective, once developed. Specific healing 
signals for specific diseases — viral or whatever — can be quickly 
developed (within hours) and immediately used formass treatment 

ofentirepopulations. 

Forexample, given the developed healing or "antidote" signal, it 
can even be recorded and played over ordinary transmitters, using 


© There is now reliable information more clesly associating Kaznacheyev with military 
insttutesnearMoscows,engagedinmrowaeweapon irecedenergy) research 
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theirnormal transmissions as carrier waves. A populace continually 
bombarded by such "healing" television, radio, and powerline sig- 
nals simply doesn't get the disease. And those already infected 
recover when continually exposed to such healing signals. 

So the Russians can stop the AIDS epidemic cold, anytime they 
choose to do so. 

Electromagnetically they can also gently guide and 
stimulate the progress of a disease such as AIDS, once the 
disease is introduced into a targeted population.* 

Or, the Soviets can pull out all the stops and induce the disease 
in a distant population directly, placing the "death signals” on 
common carriers. Such as on our power lines, radio stations, 
televisions, and directly by induction from the Woodpecker over-the- 
horizon radar signals which continually bombard us. 

‘The West cannot do any of these things. Neither can the West 
counter them, or defend against them effectively. 

Unless a totally different tack is taken in the Western effort to 
counter this viral BW threat, Gorbachev's entrancing smile has 
already lured us to our doom. We are faced with a direct realization 
of Lenin's words: 


“In the final revolution it does not matter if three-quar- 
ters of the earth is destroyed, so long as the remaining 
quarter emerges communis 


And Khrushchev's ghost will have the last laugh after all. We 
will have fulfilled the prediction he made to Nixon in their famous 
"Kitchen debate”: 


“We will bury you!" 


Quite simply, for some decades the Soviets have had a new 
science —one they call energetics, and one which I have called scalar 
electromagnetics. The keystone or "heart" ofthis new science is time- 
reversed (phase conjugation) electromagnetics and electrogravita- 
tion. 

A candidate fran ery test ofjust this capability may be the highly anomalous deaths of 
numerous dolphins eff the East coast ofthe U.S. in 1987. Nearly 500 died inthe summer and 
Tate fall, apparently asa result ofthe weakening oftheir immune sytem to the commen. 


bucterium Vibrio. See Juli Lawlor, "Key: Failure of Mammals defenses," USA Today Jan, 
19, 1988, p. 1A20. 


Chapters 4 and 5 
deal with complex scientific material 
and are suggested for those who are 
technically proficient. 
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CHAPTER 4 
EXTRAORDINARY PHYSICS 


Maxwell'sLost Unified Field Theory 

About the time of the U.S. Civil War, James Clerk Maxwell 
succeded in unifying magnetism and electricity. Actually he did far 
more than that, in his theory as originally written. 

In fact, he had produced a theory which also captured the free 
interchange between electromagnetic energy and gravitational 
energy, but no one— including Maxwell himself—tealizeditatthe 
time. 

Maxwell wrote his original theory in quaternion and quater- 
nion-like mathematics. The modern form of vector mathematicshad 
not yet been finalized by Gibbs and Heaviside. It is most instruc 

tional to examine some of the fundamental differences between a 
vector and a quaternion. 

In a conventional 3-dimensional vector, one may have three 
vector components, suchas 


veai+bj+ck @) 


where i, j,k are unit vectors in the directions ofthe x, y, and z axes 
respectively and a, b, and are constants. 


Obviously if the vector components of vector v are zero, then 


v 


(4-2) 


We shall be interested in the "vector product" of two identical 
vectors v, where 


vXv=AAsing =O (43) 


and A is the length (magnitude) of vector v, @ is the angle between 
the two vectors (in this case zero), and O is the zero vector. 


75. Extraordinary Physics 


Now let us look for a moment at the quaternion situation. 


First, in addition to the three vector components, a quaternion 
also has a separate scalar component, w. So the quaternion q for this 
situation is 


q=wtai+bj+ck (4-4) 
Now when this quaternion is multiplied times itself, the vector 


part zeros, just as it did for the vector expression. However, the 
scalar part does not go to zero. Instead, we have 


qXq=. +b*+c7 (4-5) 

There is a very good physical interpretation of this result. Itis 
a square of the amplitude, hence for the vector part of a wave, it is 
directly proportional to the energy density of the vacuum, as a 
function oftime, at the particular position. However, we now need 
to make a short explanation of variation of stress energy density of 
spacetime 

First, we note that, according to general relativity, the "gravita- 
tional potential” is just a conglomerate of potentials of all kinds 
Basically, a potential represents a G-potential, and consequently 
curvature of spacetime. The potential also represents "trapped 
energy 

Second, we note that Kaluza combined electromagnetics and 
gravitation as a unified theory in 1921. Kaluza added a fifth (spatial) 
dimension to Minkowski's 4-space, and applied Einstein's relativity 
theory to 5 dimensions. 

To Kaluza's delight, a common 5-4 potential is responsible for 
both electromagnetic field and gravitational field. The "bleed-off of 
this 5-potential in the 5th dimension (which is wrapped around 
each point in our 3-space) is what we know as the electromagnetic 
force field. The bleed-off of this 5-potential in and through our 3- 
space is what we know as the gravitational force field. 

Since the EM field is very much stronger (by a factor of 10" for 
electrons) than the gravitational field, it is obvious that most of the 
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Fig, 21 (a) Atounted electronics on shoe with piezoelectric energy 
‘harvester and block diagram of the transmitting tag, driven by the 
‘EH unit. (6) Photograph of the assembled prototype showing the 
‘key components packaged on an organic flexible substrate, 

After 145). 


reach) 
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Fig. 20. (a) lock diagram, (6) photo, and (@ duak-band antenna results| 
of the smart shoe that works 2s an energy autonomous reader for 
‘mart floors able to collect the localization data from the smart tiles 
land send them toa centralized system, After [21 


Fig. 21(a) shows the shoe with the mounted electronics 
consisting of a trademark-logo antenna inkjet printed on a 
flexible paper substrate together with the circuits in which 
the components (Fig. 21(b)| are fixed by conductive epoxy 
glue. A piezoelectric push button was embedded in the shoe 
to scavenge energy from human walking strike. This energy 
is then collected by a simple electronic circuit based on off- 
the-shelf components and used to supply the RFID trans- 
mitter. As reported in [145], the system is composed by the 
power-generator/energy-conversion device, the energy 
storage device, the power regulator circuit, and the RF 
transmitter that can broadcast the tag ID and the stored 
information. 

‘When the push button is pressed, an inner spring is 
compressed and when the pressure exceeds a fixed thresh: 
old, the spring-loaded hammer will be released to deliver 
the dynamic mechanical force to the piezoelectric compo- 


nent; once the hammer strikes the piezoelectric element, a 
pressure wave is generated and reflected a few times be- 
tween the hammer and the element, creating a mechanical 
resonance [151]. As a result, the generated output voltage 
follows closely an alternating current (ac) signal course. 
The signal out of the piezoelectric element is characterized 
by high voltage and low current; therefore, since this RF 
circuitry requires lower voltages at higher currents, a step. 
down transformer is used for better impedance matching 
to the following circuitry. 

‘An energy storage device is adopted to collect the 
electrical energy and to provide it to the transmitter even 
when the external power source is temporarily unavail- 
able; in fact, the RF transmitter takes tens of milliseconds 
to transmit one complete word, while the piezoelectric 
push button harvests energy in a transient time. To store 
the collected energy, a 4.7-uF tank capacitor was chosen. 
‘An ac~de full wave diode bridge rectifier is used to convert 
the ac voltage from a piezoelectric element into a de source 
and a dc linear regulator is added to adapt the de voltage 
across the capacitor to 3-V transmitter operating voltage. 
For this purpose, a MAX666 low-dropout linear regulator, 
providing a stable 3-V supply until the tank capacitor 
charge is drained below the reference level of the de linear 
regulator itself, is chosen. The transmitter used, the LINX 


Vol 102, No, 11, November 2014 | PROCEEDINGS OF THE IEEE 1739 


Extraordinary Physics 76 


bleed-off of the 5-potential isin the Sthdimension, as EM force field. 
Only a tiny bit is left to bleed-off in 3-space, producing a very weak 
gravitational field." 
w it generates 
increased “activity” with the virtual particle flux of vacuum itsell. 


state this fact: as a mass moves in spa 


‘The Increased virtual particle flux activity exchange between va 


uum and mass is analogous to a strange kind of" virtual resistance. 
Since the resistance is virtual, it does not observably slow down an 
observable object moving in an (unobservable, virtual-particle flux) 


‘The increased flux activity represents an increased “virtual 
“trapped potential” 
: resistance toan accelerating force) ofthe moving object. It 


energy density” of space time, and an incre: 

(ma: 

represents a rotation ofthe spacetime frame, visa visthe laboratory 
observer), 

In the virtual vacuum (which contains both positive and nega- 


tivetime), one seestwoantiparallel virtual forces: one in positive 
time, along the velocity vector ofthe object, and one in negative time 
(time reversed, or phase conjugated). ‘The reason one sees virtual 
forces is that, each virtual (subquantal) change in the virtual flux 
activity represents an individual (unintegrated), separate change, 
eleration. The observer (where things are int 
grated), sees the integral of ll these accelerations, hence observable 


hence a virtual acé 


velocity. 

‘The vector sum ofthese two virtual forces in the vacuum is a zero 
vector; however, the two taken together represent a stress in the 

local energy density of vacuum. 

Since we may regard an EM wave as a stream of virtual 
electrons/positrons, each engaging in tremendous virtual particle 
flux exchange with the vacuum, then the same basic picture applies. 

Now for our physical interpretation of(4-5): Ifwe refer to an EM 

wave moving in the vacuum, the rotation of the frame is maximum 
(90degrees).  Butthis same rotationisjustthe same as additional 


vacuumstress,sothe vacuumst 


"ectromagnetcs Is S-gravity sliding around our Sepace.3egravity ls Sgravity eozing 
through our 3-space. 
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This leads to these conclusions: An electrical force field vector 
represents a local maximum linear stress in spacetime, along the 
line ofthe vector. (Note we specifically deny that the electrical force 
field vector, of an EM wave in vacuum, is transverse. Instead, it is 
longitudinal. That has been addressed elsewhere by the author and 
will not be covered further here.) 

Another electrical (stress) vector interacting with the first one 
adds more "urging" stress to the first. However, this action is 
occurring in the rotated frame ofthe moving wave, and so is rotated 
90 degrees from the electrical velocity vector. Therefore it is lateral 
(but in a hyperdimension, not in 3-space) at right angles to the 
electrical velocity vector. 

‘The combined "urging" action ofthe two vectors thus sweeps out 
an area with respect to the laboratory observer. 

This means thatthe total "urging" or stressing” action ofthe two 
vectors is analogous to a vector area. 

It also means that this "area" function may be taken as the 
‘swirl” of the electrical vector, but in a hyperdimension, not in 3- 
space. That is, we have described the magnetic force field. 

Thus any two electrical vectors that interact will have an area’ 
or "resistance" component generated. Any two that interact. 
Whether they add vectorially, cross-product multiply, or dot-product 


multiply 
What is actually happening is that the wave exists in the 5- 
potential. The E and B fields just represent the oscillations in that 


S-potential. They represent oscillations in the bleed-offs of that 
potential as E-field (longitudinal) and B-field (swirl), 

‘The drag-area represents the accumulation ofextra potential — 
hence the local rotation of spacetime. Since this accumulation is 
moving (along with the EM wave), as it passes a point it represents 
a change in the local virtual particle flux density of vacuum at that 
point, hence a local curvature of spacetime. 

Hence, the EM wave makes a 5-dimension G-potential wave as 
it travels. The 3-dimensional gravity wave associated with this is 
normally very, very much smaller in magnitude — say, by a factor 
of 10 orso. 

However, ifthe two vectors interact so as to produce a vector zero 
resultant, then all the electromagnetic energy of tho two vectors is 
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captured. That is, all the "EM vector zero” resultant means is that 
the EM bleedoff ofthe 5-space gravitational potential wave has been 
stopped. The 5-potential is still oscillating, and now all its trapped 
S-energy must bleed off as 3-gravity force field. 

Mass acts as an accumulator for this "trapped-EM energy turned 
into local curvature of 5-space." If we continually irradiate a mass 
withsucha wave, the atomic nuclei ofthe mass slowly charge up with 
the new energy. Note that this potential delta may be positive or 

negative, ifoneadjustsaccordingly. 

In this fashion one may change the mass ofa static object 
in the laboratory. One may either increase the mass or 
decrease it, or cause it to float, or even cause it to accelerate 
upwards. 

But to return to our vector interaction and our interpretation of 
the scalarremainder ofthe quaternion. 

‘The rule is, when the two EM vectors interact so as to forma zero 
EM resultant, then the EM energy represented in each of the two 

vectors has been converted into a special form of 5-space gravita- 
tional potential, one that is not bleeding-offin the fifth dimension 
(electromagnetically), but one which will gradually produce a 3- 

gravity potentialinamass'satomicnucleiasafunctionoftime,the 

individual element, permeability and absorption factors of those 
nuclei.ete. 

Therefore in our mathematical theory we ought to have 
ascalar componentremainingwhentwoEMvectorsinteract 
to form an EMvectorzero resultant. That scalarcomponent 
represents what is happening in the 5-potential, that will 
only bleed into 3-gravity. 

With exploration ofthis phenomenology in the laboratory, one 
can work out the functions, constants, coefficients, and parameters 
which specify how the "5-G to 3-G and vice versa" component works 
in conjunction with mass, motion, and other fields. 


That's the magic secret of electrogravitation. 


Itwas captured inherently by the quaternion theory of Maxwell 
published during the American Civil War! 


79. Extraordinary Physics 


After Maxwell's death, when the scalar portion ofthe quaternion 
was discarded (by Oliver Heaviside) to form "modern" EM theory, 
that also discarded the unified field interaction between electromag- 
netics and gravitation, 

Electromagnetic field and gravitational field were then modeled 
and regarded as mutually exclusive. EM field, therefore, was 
thought to produce no specific gravitational effects in the vacuum 
itself. 

Hence when Albert Einstein was formulating general relativity 
some decades later, he knew only one way to "curve" spacetime: that 
was gravitationally, by "attraction of mass" forces 

But gravitational force was so weak that only a huge collection 
of mass would exert enough of it to measurably curve spacetime. 
That would require a sun or star. Since the observer and hi 
instruments would never be on the surface of the sun or a star, 
Einstein assumed that the local spacetime of the observer 
would not be curved. 

Hence he severely crippled his general relativity theory. In the 
West, it remains an assumption to this day. It is not a universal 
assumption in the Soviet Union, however, since the Soviets have 
long since written —and developed in the laboratory—unrestricted 
general relativity with /ocal spacetime curvature, and hence local 
violation of conservation laws. 

So the scalar part of the quaternion interaction, that remains 
when the vector part of the resultant is zero, is magic indeed. 

That is the magic unified field portion that everyone has been 
seeking for decades and decades! 


It was there at the beginning. Then we inexplicably threw it 
away! 


But to return to our vector/quaternion examples. 


Note also that the two vectors 


i+bj+ck, 
i-bj-ck (4-6) 
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sum to zero vectorially when added, such that 
vitva=0 (47) 


However, quaternions may behave quite differently, even under 
addition. For example, the two quaternions 


4 
q 


w+taitbjtck, 
-ai-bj-ck (48) 


sum their vector parts to a vector zero resultant, but do not 
sum to a scalar zero as well. Instead, they sum to 


qi +g. =2w (49) 

AS can be seen, quaternions which have the same vector parts as 
vectors, donot necessarily yield a complete zero when the vector 
parts sum to zero. And when two vectors multiply to provide a zero 
vector resultant, corresponding quaternions may yieldascalar term 
that is equal to the product of the magnitudes of the two vectors. 

In this way, the quaternion approach can capture the stress of the 

‘medium, induced by opposing or multiplying vectors. Inthe vector 

approach, the stress of the medium is entirely lost when the two 
vectors sum or multiply to a zero resultant. 


Let us see just how important this "vacuum stress" can be 


First, the "stress in the medium” represents curvature of space- 
time when that medium is the vacuum/spacetime. 


In other words, the quaternion approach captures the 
ability to utilize electromagnetics and produce local curva- 
ture of spacetime, in an engineering fashion. Heaviside 
wrote a subset of Maxwell's theory where this capability is 
excluded.* 


Dr. Henry Monteith has independently discovered that Maxwells erginal quaternion theory 
was a unified field theory. See his important "Dynamic Grivity and Electromagnetic 
Processes,” in publication 
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Note that, by Maxwell's original quaternion theory, however, 
Einstein's assumption need not be true at all. For example, look at 
equations (4-5) and (4-9): Here we may utilize electromagnetic force 
quaternions to produce zeroed EM forces, and an increased stress in 
local spacetime. In other words, we have curved local spacetime 
electromagnetically. Since (with electrons) electromagnetic forces 
are about 10" times as strong as the gravitation force, this local 
curvature of spacetime is not negligible. 

That is, we have produced a scalar effect from zeroing vector 
operation between electromagnetic forces. Ihave called this sealar 
electromagnetics, and pointed out that it is truly electrogravita- 
tion. 

We stress again that this violates one of the severely limiting 
assumptions that Einstein placed upon his theory of general relativ- 
ity. He assumed that curving spacetime could only be done by the 
weak gravitational force due to mass. Since gravitational force is so 
weak, only a stupendous collection of mass — such as the sun or a 
star — could curve spacetime enough to notice experimentally. 

Since obviously the observer and his laboratory instruments 
would never be located on the surface ofthe sun or a star, Einstein 
assumed that the local spacetime would never be curved! In other 
words, the local frame would always be a Lorentz frame. This meant 
that, locally, the familiar conservation laws of physics would alw: 
apply. Curvature of spacetime would only occur at great distances, 
and at huge collections of mass such as a star or dwarf star. 

Einstein did not write a complete, unlimited general 
relativity. He wrote a sort of "special relativity with distant 
perturbations.” 

If Einstein had had electromagnetic theory in quaternions, the 
scalar "vacuum pressure” parts would have been there for him to 
ponder. It is highly probable that he would have captured the 
"electromagnetics-to-gravity conversion remainder” in the quater- 
nion interactions 

If so, he would have written the full theory of general 
relativity, involving local violation of conservation of en- 
ergy, a unified field theory, and the direct engineering of 
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gravitational and antigravity effects on the laboratory 
bench by electromagnetic means 
In that case, we should long since have navigated all around the 


solar system, — colonized the planets, produced practical free energy 
devices and power systems, and avoided two great world wars and 
a host of little ones. 

But let us now see ifwe can make a gravitational wave, electro- 

magnetically. 

Again, regard equations (4-5) and (4-9). Suppose these are 
instantaneous operations of EM force quaternions whose vector 
parts are varying in magnitude, but in such a manner that the vector 
parts ways form a zero vector resultant. Now one can see that the 
scalar part remaining — which represents the stress oflocal space- 
time - is varying as the product ofthe magnitudes ofthe vectors in 
the interaction var 


‘This means that one has now produced a scalar wave that 


represents the local variation of spacetime curvature in an oscillat- 


ing manner. 

Rigorously this is a gravitational wave. It has been 
produced locally. Ithas been produced by Maxwell's original 
unified theory. 

Again, I have called this area scalar electromagnetic: 

Sovietscallitenergetics. 
‘Where local spacetime curvature is varied, conservation laws 
(energy, conversation, etc. neednothold.Curvedoneway, thelocal 
spacetimeacts as a source (ofenergy, charge, etc.) Curved the other 
way, the local spacetime acts as a sink (of energy, charge, etc.) 

The Soviets often do not utilize the same restricted kind of 
general relativity that Western scientists adhere to, 

Soviet papers in general relativity regularly point out the 
complete and unrestricted theory, where local spacetime 
curvature is allowed. They also point out that all conserva- 
tion laws may be violated by such local curvature. Thus the 
Soviets have no unduly dogmatic respect for conservation 
laws. 

Further, by assuming the possibility of local spacetime curv 

ture, Soviet scientists have assumed the possibility of direct experi- 


‘The 
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mentation with general relativity on the laboratory bench. 

Inthe West, we have assumed that such cannot possibly be done, 
because of Einstein's limiting assumption of no local spacetime 
curvature. Thus Western physicists are strongly conditioned away 
from electrogravitation. 

This is particularly ironic since the basis for just such an 
experimental theory was produced by none other than Maxwell 
imself in his original theory of electromagnetism 

Indeed, shortly after the U.S. Civil War, we should have been 
developing antigravity spaceships. We should have developed 
electromagnetics a la Maxwell and been on our way to the planets of 
our solar system, For Maxwell had — admittedly somewhat unwit- 
tingly — given us the basis for the necessary engineering theory of 
unified electrogravitation 


Heaviside's Mutilation of Maxwell's Theory 

Well after Maxwell's death,Oliver Heaviside helped to finalize 
what is today vector analysis. 

Then he undertook to "translate" Maxwell's theory from quater- 
nion form to the new vector mathematics form. 

Now quaternions were devilishly difficult to calculate in. So 
much so, that a majority of the electrical scientists (there were not 
very many of them in those days!) were in despair. 

Not to worry! Heaviside took a broadax, figuratively speaking, 
and simply chopped off the scalar term, leaving only the vector 
components 

With that artifice, he greatly simplified the calculations to be 
performed, 

Ofcourse, he also threw away the EM stress of spacetime! That 
he threw away the "gravitation" part of Maxwell's theory! 

Let me stress this fact most strongly. After Maxwell's death 
asingle man—Oliver Heaviside—directly altered Maxwell's 
equations, eliminating localized electrogravitation and 
producing the form ofthe theory taught throughout the West 
today as "Maxwell's theory." 

Maxwell's theory has never been taught in Western universities! 
Only Heaviside's crippled subset of the theory has been taught! 
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‘Then, shortly before the turn of the century, a short, sharp 
“debate” erupted in a few journals — mostly in the journal Nature 
Only about 30 scientists took part in the "debate." 


It wasn't really much ofa debate! The vectorists simply steam- 
rolled right over the remaining quaternionists, sweeping all opposi- 
tionbefore them. 

‘They simply threw out the remaining vestiges of Maxwell's 
quaternion theory, and completely adopted Heaviside's interpreta- 
tion 

‘Thus, a little overa decade later when Einstein wrote his general 
relativity theory, he did not know that the original work of Maxwell 
already indicated the unification of gravitation and electromagnet- 
ics, and indicated the ease with which local spacetime could be 
electrogravitationally curved locally and engineered. 

Accordingly, he placed the scientists ofthe West on aroad which 
rigorously assumed that a unified field theory was yet to be discov- 
ered. It also strongly discouraged any experimentation aimed at 
curving local spacetime, for it assumed that such could not be done. 


After Potsdam and World War I, a frustrated Stalin was to drive 
his scientists to review the entire scientific literature ofthe Western 
world, actively seeking a great new technical breakthrough area 
such as the Allies had demonstrated with the development and use 
of the atomic bomb. 

Great Soviet institutes — one staffed, for example, with over 
2,000 PhD's — were set up to thoroughly review all the Western 
scientific literature from its very beginning. Anything interesting, 
anomalous, or unknown was put aside for further examination. 

It is a good bet that the meticulous Soviet scientists discovered 
the difference between Maxwell's original electromagnetic theory 
and Heaviside's mutilation of it. Great mathematicians that they 
are, Soviet scientists would have realized the implications of the 
difference. With their knowledge of unlimited general relativity, 
they would have made the connection to electrogravitation 

By 1950 they had indeed done so, and were deeply into the 
development of what they called "energetics", and I have called 
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scalar electromagnetics 


‘They had also reached another milestone about the same time — 
1950 or so. 

After WWI, both the Soviets and the U.S. were keen on securing 
the best of the German scien ‘The U.S. particularly wanted 
missile scientists and rocket engineers. The Soviets wanted them 
too; but they also wanted the German radar specialists and infrared 
specialists. 

‘The West didn't care about the German radar scientists and 
engineers, and the IR fellows. The Soviets did, and they got them 
‘That was to prove a most spectacular benefit indeed. 

During the war, the Germans had placed extreme emphasis 
upon radar and radar absorbing materials (RAM). The German 
scientists had fantastically developed and extended the science of 
radar cross section — which is the heart ofthe matter and very, very 
complex. They were much further ahead in radar cross 
section theory at the end of WWII than where the U.S. is 
today, in the opinion of some U.S. radar experts. 

So the Soviets started with a great jump on us in radar knowl- 
edge, and they have steadily increased the lead over the years. 

In addition, the Germans had developed highly successful radar 
absorbing materials, and much of the theory to accompany them. 

Such materials turn out to be the key to how to build and 
develop aradar phase conjugation mirror, to produce a time- 
reversed radar wave. 

Thus, because ofthe German scientists, by 1950 or so the Soviets 
had already discovered phase conjugation. And they had discovered 
it in radar first, not in optics! 

They would have been primed for the discovery by their great 
review of Western literature and the foundations of science, since 
they would probably have noticed that the time-reversed wave is a 
solution to the wave equation. If so, they would certainly have 
realized its generality throughout all physics, all frequency bands, 
and all types of waves. 

Superb mathematicians that they are, the Soviets would cer- 
tainly have made the Kaluza-Klein theory connection, and also 
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Table 4 shoe Energy Performance Summary 


Energy provided by the | stored in the capacitor | 8184p 
pushbutton 
Utilized energy below 2.7V capacitor | 171 pd 
voltage the active RFID 
fag stops transmitting 
‘valable eneray B84 — ITA Bisa 
Energy required by the | Power Needed for 50ms | 450} 
circuit for a one-word | operation: 9 mW. 
transmission 


‘TXE-433-KH2 (152], is able to combine a highly optimized 
RF transmitter with an onboard encoder. 

‘The maximum voltage across the capacitor is 19 V; 
therefore, the energy stored in the capacitor can be calcu- 
lated to be close to 850 jJ. After the strike, the regulator 
becomes active, providing power to the tag circuitry; ts 3-V 
output remains constant before it starts to drop to zero 
according to the capacitor discharge rate, When the voltage 
across the capacitor drops below 2.7 V, the active tag stops 
transmitting. The resulting energy left in the capacitor and 
not used is about 17 iJ. The required time for successful 
completion has been measured to be close to 50 ms; the 
total circuit energy consumption for a 50-ms transmission 
is then approximately 9 mW (Section IV). Consequently, 
the energy required for a one word transmission is ap- 
proximately 450 j1J, much less than the power collected by 
the energy conversion and regulation unit. The energy 
performance of the smart shoe is summarized in Table 4. 

“Smart” solutions like smart shoes are suitable for smart 
floor interaction and for collecting information (position 
included) from them. The smart shoe has actually a double 
functionality: on the one hand, it is a means to collect 
information from the environment (smart floor included) 
and from the on-body sensors and apparatuses; on the other 
hhand, it transfers data to the Internet, via WiFi, for in- 
stance, while likely receiving control and feedback signals. 
To this extent, it contributes to the development of wear- 
able electronics for body-centric communication systems, 
according to the scheme of Fig. 22. This class of devices is 
‘based on the BAN concept (see Fig. 22): a network of 
‘wearable computational units, sensors, energy harvesters, 
and transceivers networked and implemented around the 
human body. The information is acquired by means of sev- 
eral sensors and, after processing and digital modulation, is 
transmitted by means of off-body transceivers. The most 
attractive application of BANs and wearable systems, so far, 
is probably health monitoring [88], but the number of 
foreseeable applications is constantly increasing (personal 
fitness monitoring, personal audio system, personal alarm 
set, and so on). Today, a big contribution to the BANs is 
being given by the interaction with portable devices such as, 
smartphones which can be exploited as gateways. 

Low-power ICs, sensors, and wireless communications 
are key elements of the BANs, and the use of EH techniques 


and mixed technologies such as RFID, as in the above de- 
scribed smart shoe, can contribute to the development of 
autonomous BANs. According to the notation adopted in 
[74] and [153], BANs can exploit wireless communication 
not only for off-body communications with other systems, 
but also for on-body and in-body communications to inter- 
connect networked devices [wireless body area networks 
(WBANs)|. Generally, the proposed WBAN solutions are 
based on existing communication standards; but, recently, 
the IEEE 802.15.6 working group has provided a standard. 
for short-range, wireless communications inthe vicinity of, 
or inside, a human body based on ISM bands for BANs 
[154]. In this rapidly evolving scenario, smart shoes can be 
seen, in turn, as a promising mean to interface information 
‘coming from smart floors to the BANs and ultimately to the 
Internet, directly or via portable devices. 


1X, ENERGY SKIN 


Within SSs, another area is emerging, which requires de 
energy. The availability of devices that can actually increase 
the battery life of our electronic gadgets [155] is the holy 
grail of LoT; the idea is actually to convert energy from 


(®) 


Base Station 


‘Access Point 


Fig. 22. BAN integrated with foT: the data sensed on the human body 
and collected by smart devices are sent to the internet through the 
standard protocols like third generation/fourth generation (36/46) 
and Wii. 
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realized that phase conjugate waves carry negative energy as well as 
negative time. They would quickly have seen the gravity and 
antigravity implications. 

So about 1950 or so, the Soviet Union would have started 
phenomenologyexperimentation in earnest, with phase conjugate 
radar mirrors and phase conjugate radars. This is what was referred 
to as energetics. The Soviets began a massive program in energetics 
about the time of the beginning of the Korean War. 

By 1957-8 the Soviets had progressed to the point of a giant 
scalar EM accident in the Urals which exploded nearby atomic 
wastes, devastating the area. They had also progressed to develop- 
ment of greatnew superweapons using their new energetics — 
weapons to which Khrushchev referred in 1960 when he informed 
the Soviet Presidium of a new, fantastic weapon in development, a 
weapon "so powerful that it could wipe out all life on earth 
unrestrainedly employed, 

About the same time (mid-to-late 50's), the Soviets had also 
started theeery low-level microwave radiation ofthe U.S. Embassy 
in Moscow, to see if the U.S. knew of scalar electromagnetics 
(energetics) and was developing its own electrogravitational weap- 
ons and defenses. 


Building Upon Whitaker's Fundamental Work 

In 1904, a most fundamental paper in the foundations ofelectro- 
magnetics was delivered by the British mathematician E. T. Whit- 
taker. (E.T. Whittaker, "On an expression ofthe electromagnetic 
field dueto electrons by means of two scalar potential functions,” 
Proc. Lond. Math. Soc., Series 2, Vol. 1, 1904, p. 367-372). 

In this important paper, Whittaker showed that the electromag- 
netic force field equations can be replaced with the derivates of two 
scalar potential functions 

He also derived the most general form of electromagnetic distur- 
bances in the ether. 

This means that the coupling of two dynamic scalar functions 

can replace vector electromagnetics in the vacuum 

Note that Whitaker's work pointing out the overriding impor- 
tance of scalar fields also accents the erroneously discarded scalar 
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part of Maxwell's quaternion electromagnetic theory even more 
strongly. 

Let me explain now how I got from Whittaker's paper to scalar 
electromagnetics, Soviet Tesla weapons, free energy, antigravity, 
and electromagnetic healing. 

When I discovered Whittaker’s paper, I had already strongly 
objected that "charges" and electromagnetic vector force fields — as 
presently included in the Heaviside version of Maxwell's equations 
— included observable mass. Of course there was no observable 
mass in the vacuum, hence the prescribed kind of EM force fields 
could not exist as such in the vacuum. 

Obviously the foundations of our ordinary electromagnetics 
theory were seriously flawed. Although my objections fell on deaf 
ears, I determined to examine the foundations of EM theory, dis- 
cover the flaws, and at least point out the necessary corrections to be 
made. 

‘Though this was an arduous task to undertake and it required 
many years, slowly the flaws showed themselves, and the necessary 
corrections slowly became clearer 

Most exciting of all, in working with several unorthodox re- 
searchers, I was able to see many ofthese new ideas tried, adjusted, 
and demonstrated. In addition, the proprietary discoveries of these 
colleagues continued to reveal new and unique principles and 
concepts. The only disadvantage was that I could not reveal the 
propriety apparatuses and demonstrations of my inventor associ- 
ates, but only the principles and concepts that developed. In turn, 
L also developed principles and concepts to explain what they were 
doing and the results they were obtaining. 

So over the years I have slowly been releasing the principles and 
concepts. Some of them are my own discoveries, many of them are 
the discoveries ofmy associates. Some ofthem are simply a mixture 
of both. 

Early on, it became obvious that the Soviet Union was far ahead 
on this path, and was already utilizing the new unified field theory 
to build eery, powerful new superweapons. 

Since no one else in the U.S. seemed to be "watching thin 
particular store" (I was rather universally regarded as some pecu- 
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liar sort of fool!), I also began to compile information and data on the 

Soviet weaponization of this unrecognized technology. This infor- 

mation Thavereleased in a series of papers, briefings, and books, the 

most recent being a I-hour videotape, "Soviet Weather Engineering 

Over North America,” 1985, and a detailed book, Fer-de-Lance: A 

Briefing on Soviet Scalar Electromagnetic Weapons, Tesla 
BookCo.,Greenville, Texas, 1986. 

Building upon Whitaker's important work, I formulated a 
conceptual revision to electromagnetics, which I dubbed scalar 
electromagnetics to accent that the observable EM vector force fields 
did not exist as such in vacuum, but dynamic scalar fields did. I also 

wished to call strong attention to the fact that observable force does 
not exist until an observable particle of mass is coupled to the 
interference of the two scalar fields (much like in the Aharonoy- 
Bohm effect). The Soviets, of course, call this area energetics 
Energetics technology has been used in gigantic weapons programs 
of the Soviet Union for decades, and it appears to be developed under 
the most highly classified program that the Soviet possess. All 
development and deployment of energetics weapons is under the 
KGB and controlled directly by that organization, not by the Soviet 
Armed Forces. 

Peter Kapitsa, the great Soviet physicist, was once pressed by 
Nikita Khrushchev for a total defense against missiles and air- and 
space-borne vehicles. Kapitsa replied that it could only come from. 

the new energetics. In 1960, of course, Khrushchev gleefully an- 
nounced to the Presidium that a new, fantastic Soviet weapon was 
in the development, "so powerful that, ifunrestrainedly used, it could 
wipe out all life on earth.” 

Ironically, Khrushchev "jumped the gun" before his new super- 
weaponswere deployed. In the fall of 1962 he began inserting long 
range missiles into Cuba, bracketingthe U.S. with nuclear firepower 

in an attempt to immediately change the balance ofpower. Kenned: 
of course, backed him down "eyeball to eyeball,” so to speak, ina 
blunt confrontation, but promised not to invade Cuba. 

Khrushchev, with his days numbered, was desperate to deploy 
his new superweapons and provide a dramatic demonstration to 
recover face. 
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By destroying the U.S.S. Thresher on April 10,1963 and, on the 
next day, producing a gigantic underwater explosion 100 miles north 
ofPuerto Rico, the Soviets demonstrated that the new superweapons 
had been deployed. Khrushchev managed to retain his position a 
while longer. 

Inthe 1960's and early 1970's, I was also deeply involved in the 
study of paranormal phenomena. 

In 1969, I entered the Georgia Institute of Technology to pursue 
a Master's Degree program in nuclear engineering, graduating in 
1971 

In 1973, I published a rather simple paper, "Quiton/Perceptron 
Physics: A Theory of Existence, Perception, and Physical Phenom- 
ena,” in which I pointed out the nature of quantum change, gave a 
new definition of mass and acceleration, and pointed out the funda- 
mental nature of inversion of time. The paper also contained a 
simplified derivation of Newton's laws of motion, relativistic form. 
The elements ofthis paper had been worked out in 1971 while I was 
finishing my Master's program in nuclear engineering. Finishing 
the work had been interrupted by a slight sidetrack — a tour in 
Vietnam from summer of 1971 until summer 1972. 

At about the same time, I formulated a fundamental correction 
to Aristotle's logic, adding a fourth law of logic to Aristotle's three, 
and a proof fit. The new logic was of great use in discovering and 
uncovering new concepts in unified field theory. 

Incorporating Kaluza-Klein 5-dimensional concepts, scalar EM 
became a field theory that unifies electromagnetics and gravitation. 

Incorporating dynamic sum-zeroed EM vector systems (which 
are discarded in normal EM theory) allowed the direct engineering 
of the unified field theory, including structuring the vacuum, curv- 
ing local spacetime, and producing effects at a distance and in higher 
dimensions. Actually it allowed the recovery of much of the scalar 
part of Maxwell's original theory 

I then realized that, inside a vector zero EM force field summa- 
tion/multiplication, the virtual particle flux of vacuum/spacetime 
was ordered and controlled locally and macroscopically. This of 
course violated one of the major assumptions (a postulate) of quan- 
tum mechanics; the assumption that the structure of vacuum was 
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randomized, andcouldnotbedeliberatelyordered,engineered,and 
curvedlocally. 
Adding phase conjugation (time reversal) aspects and extended 
quantum mechanical conceptsallowed local antigravity andlocal 
curvature ofspacetime tobeincluded—again, on anengineering 
basis. It also allowed one to produce a mechanism responsible for 
Newton's third law, and to engineer the reaction force at will. 
Further, itrevealedthatthelawofentropy wassimplythepositive 
time statement;it showed that there was another half ofthe law, the 
negativetimepartorthelawofnegentropy 
In addition, a startling new concept of mind, thought, life, 
biofields, disease, and healing emerged from all this — again, on an 
engineering basis. As we stated in the beginning of this book, it is, 
now an urgent necessity to release my work on the basis for electro- 
magnetic disease and electromagnetic healing. We must produce 
a very quick, positive treatment and cure of AIDS and other 
coming lethal viruses before the world is decimated 


Accordingly, this work is being released in this book 


In this chapter we will next present some perhaps surprising 
material onphaseconjugation, fromthescalarEM viewpoint, after 
first briefly explaining symmetry and parity. 

In following subsections, we will cover briefly the remaining 
major concepts in scalar electromagnetics. This will then set the 
stage for the following chapter, Extraordinary Biology, in which 
we will deal with the basis for unparalleled electromagnetic healing. 


Symmetry and Parity 

The basic idea of symmetry is the arrangement ofthe parts ofa 
bodyor system about an axis so that two or more parts appear the 
same with respect to some operation. 

‘The most obvious example is to look in a mirror, where we notice 
that our image has been reversed, left to right. Yet otherwise there 
is no difference; and so we may say that the reflection has "mirror 
symmetry.” It's the same except that left and right are reversed. 

Ifyou know the details ofa system at one point, and at another 
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point you know that the system will possess mirror symmetry, then 
you can predict exactly what state the system will be in at the latter 
point. It will be "left to right reversed." You don't have to caleulate 
the laws of reflection and the laws of motion of the system. 

All the laws of nature that possess "mirror symmetry” have a 
special property: Ifthe words "right" and "left" are interchanged in 
the statement of the law, then the behavior of a system that obeys the 
law is unchanged. 

Thus symmetry became a powerful idea in physies. Fora system 
with a great number of possible interactions, etc., one can usually 
eliminate a very great number ofthem due to symmetry considera- 
tions. In other words, ifone can assume that symmetry ofthe system 
will not be violated, then all the possible interactions that would 
yield "broken symmetry" can be eliminated. 

On the otherhand, ifsymmetry is broken in a physical interac~ 
tion, at least one of the conservation laws is broken in that interac- 
tion. Broken symmetry — and hence violation of individual conser 
vation laws — is a well-established fact in particle physics today. 

Another concept intimately associated with mirror symmetry is 
parity. Each particle is assigned a number (+1 or -1), depending 
upon what kind of particle it is. One adds up these numbers for an 
assembly of particles, to obtain an overall "parity” number for the 
system. If parity is conserved in an interaction, then this total 
number does not change in the interaction. 


Table 13. SYMMETRY 


+ SOMETHING IS SYMMETRIC IF IT REMAINS UNCHANGED 
UNDER A CERTAIN OPERATION 


+ ASPHERE IS SYMMETRIC WITH RESPECT TO ROTATION 
ABOUT ITS CENTER 


+ A CATHEDRAL ARCH IS LEFT AND RIGHT SYMMETRIC 
ABOUT A VERTICAL LINE THROUGH THE CENTER 


+ LAWS OF ELECTRICITY ARE SYMMETRIC WITH RESPECT 
TO REVERSAL OF POSITIVE AND NEGATIVE CHARGE 
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‘Table 14, AFORCE FIELD ISA SPECIALLOCAL SYMMETRY 


". THE FORCE OF GRAVITY ISSIMPLY AMANIFESTATION OF 
AN ABSTRACT SYMMETRY — A LOCAL GAUGE SYMMETRY — 
THAT UNDERLIES THE PHYSICS OF THE WORLD.” 


"ALL FOUR FORCES OF NATURE CAN BE GENERATED IN 
THIS WAY." 

PAUL DAVIES, SUPERFORCE. 

1984, p. 115 


‘Tae 15. GRAVITY ANDLOCALSYMVETRY 


+ THE LAWS OF PHYSICS CAN BE MADE SYMMETRIC EVEN 
UNDER LOCAL GAUGE TRANSFORMATIONS: 


+ AGRAVITATIONAL FIELD IS INTRODUCED TO 
COMPENSATE FOR PLACE-TO-PLACE VARIATIONS 


+ THE GRAVITATIONAL FIELD IS NATURE'S WAY OF 
MAINTAINING A LOCAL GAUGE SYMMETRY 


+ IN THE ABSENCE OF GRAVITY, THERE IS ONLY GLOBAL 
SYMMETRY 


93 Extraordinary Phys 


Table 16. HINDSIGHT IS BETTER THAN FORESIGHT 


+ FROM THE TWIN REQUIREMENTS OF 
- SIMPLEST LOCAL GAUGE SYMMETRY 
- LORENTZ-POINCARE SYMMETRY OF 
SPECIAL RELATIVITY 


+ ONE CAN CONSTRUCT OR INFER 
MAXWELL'S EQUATIONS 

- ALL THE LAWS OF ELECTROMAGNETICS 

- THE EXISTENCE OF RADIO WAVES 

- THE POSSIBILITY OF MOTORS AND GENERATORS 
- ETC. 


+ IN REALITY THESE WERE FIRST DISCOVERED 
EXPERIMENTALLY 


Table 17. WHEN SYMMETRY IS VIOLATED [BROKEN 


+ A"NON-OBSERVABLE” TURNS OUT TO BE AN 
OBSERVABLE 

+ AN INVARIANCE IS BROKEN 

+ ACONSERVATION LAW OR SELECTION RULE IS BROKEN 


COMMENTS: 
+ A VIRTUAL OBJECT BECOMES AN OBSERVABLE 
OBJECT 
+ LOCAL SPACETIME BECOMES CURVED, AT LEAST 
TO SOME POTENTIAL INVOLVING THAT OBJECT 


Table 18. SOME PROVEN ASYMMETRIES 


+ POSITIVE AND NEGATIVE SIGNS OF ELECTRIC CHARGE 
+ TIME REVERSAL 
+ RIGHT/LEFT HANDEDNESS 
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Table 19. SPONTANEOUS SYMMETRY BREAKING 
PRESENT VIEW 


1. IF 4-MOMENTUM Ki = 0 : 
oq = Qyac 
WHERE @,, IS AS COMPLEX 
AS ANY SPIN-0 FIELD 
2. FOR VOLUME Q» RELEVANT MICRODIMENSION. 
Ku #0 BUTK,~0 
Wo) # Dyyq [INSIDE QJ 
Wj) # Dye [OUTSIDE Q] 
3. INSIDE Q, SYMMETRY PROPERTIES DIFFER 
FROM THOSE OUTSIDE 
4. T. P AND CP MAY BE SLIGHTLY ASYMMETRIC 
5. CPT REMAINS INTACT 


SCALAR EM VIEW 


1. IF ARTIFICIAL POTENTIAL @,,,>> 0, VOLUME Q 
MAY BE SMALL 
2. xq; MAY BE ENGINEERED IN 
+ SPATIAL SIZE 
+ LOCATION 
+ MAGNITUDE 
+ SUBSTRUCTURE 
3. SYMMETRY PROPERTIES INSIDE (2 MAY 
+ DRASTICALLY DIFFER 
+ BE DELIBERATELY ENGINEERED 
+ BE PATTERNED 


4. T,P, AND CP MAY BE APPRECIABLY ASYMMETRIC 


5. CPT MAY BE ASYMMETRIC 
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Table 20. WHY SUCH DRASTIC DIFFERENCE? 
IN PRESENT THEORY 


©, + IS USED ONLY AS A PHENOMENOLOGICAL 
DESCRIPTION 
+ MICROSCOPIC STRUCTURE OF @,,. OF NO CONCERN 
+ ONLY LONG-WAVELENGTH LIMIT OF FIELD IS OF INTEREST 
+ VACUUM ENGINEERING IS ONLY A REMOTE POSSIBLITY 
+ ACTION AT A DISTANCE IS NOT POSSIBLE 
+ LOCAL SPACETIME NOT CURVED 


IN SCALAR EM 


O,4,* REPRESENTS A LOCAL CURVATURE OF SPACETIME 
[LOCAL GENERAL RELATIVITY] 

+ MICROSCOPIC STRUCTURE OF @,, IS DETERMINISTIC AND 
COHERED INTO MACROSCOPIC STRUCTURE 

+ ALL WAVELENGTHS OF THE FIELD ARE OF INTEREST 
© ,,, WAVES ARE REAL, ENGINEERABLE AND 
ELECTROGRAVITATIONAL 

+ VACUUM ENGINEERING IS A REALITY 

+ ACTION AT A DISTANCE IS POSSIBLE 
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EM Source 


2am 
oom 


= 
External lights RF Energy Harvesting 
Circuit 


Fig. 23. Ea source, ikely supplied by solar energy in order to 
keep eco-friendliness, is used to broadcast energy to the urban 
‘neighborhood where houses are equipped with local RF-de converters 
able to power supply local devices (external lamps in the example). 


different sources, as solar to de [156], EM radio signals to 
de, thermal to de [156], vibration to de [157], ete. [158] 
Portable converters from solar to de are today com- 
‘monly available on the market at very low prize. Similar 
portable scavengers can be easily envisioned even for other 
energy converters. On this basis, plenty of sophisticated 
and more complex solutions are being proposed. Just as an 
example, we report the solution in Fig. 23, where the solar 
energy is used to supply an EM source that broadcasts RF 
energy in the surrounding urban environment; this energy 
is converted to de energy at building level and, in turn, 
exploited to supply external local lamps. This approach was 
conceived for space applications [159], [160], but could be 
used in certain conditions in earth stations as well. The 
concept can actually move forward and be integrated into a 
smart skin, in the sense that all devices could be powered 
up by the skin energy conversion that a person can carry 
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‘Table21. ASPECTS OF STRONGLOCAL ASYMVETRY 


+ PROPERTIES OF AN OBJECT MAY DIFFER 
APPRECIABLY FOR 


- DIFFERENT OBSERVERS 
- DIFFERENT DETECTING MEANS 
- ONE TIME TO ANOTHER 

- ONE POSITION TO ANOTHER 


+ CONVERSATION LAWS MAY BE APPRECIABLY VIOLATED 
- ENERGY 
- CHARGE 
~ SPIN 

MOMENTUM 

ANGULAR MOMENTUM 


+ LOCAL SPACETIME IS CURVED 
+ LORENTZ INVARIANCE OF VACUUM IS VIOLATED 
+ MAY BE A LOCAL "SINK" OR "SOURCE " 
+ GRAVITATIONAL/INERTIAL EFFECTS FROM EM 
+ TRANSLATION BETWEEN VIRTUAL AND OBSERVABLE. 
+ ELECTROGRAVITATIONAL SOLITONS 
+ ACTION AT A DISTANCE 
+ TRANSMUTATION EFFECTSMAY EXIST 
+ SCALAR/PSEUDOSCALAR FIELD TRANSLATION 


For years the idea of conservation of parity convinced physicists 
that it would never be possible to tell right from left in the univ. 


Then in 1956, Yang and Lee pointed out a class of reactions where 
parity need not be conserved. This effect — broken parity — was 
confirmed experimentally, and so certain parts and interactions of 
the universe do possess asymmetry. 

‘The result ofall this was that particle physicists established that 
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(1) symmetry can be, and is, sometimes broken, (2) individual 
conservation laws can be, and sometimes are, broken. 

Particle physics, however, concerns itself primarily with micro- 
scopic interactions. Most ofthe delightful new things discovered in 
the microworld have not yet been applied — by physicists, that is — 
in the macroworld. 

If you can successfully apply broken symmetry in a major 
system, for example, you should be able to violate the conservation 
of energy law and thus produce a "free energy” engine. Several 
inventors with whom I work have done precisely that. The tech- 
niques and technology are still primitive and they need much 
further development, but the principle has been clearly established 
and replicated. 

Physics is correct in certifying broken symmetry, and you can do 
it in large systems as well as in microscopic particle interactions. Of 
course you also curve local spacetime as well, something which 
Einstein and his followers have assumed cannot be done. 


Charge-Parity-Time and Negative Energy 

The upshot ofall this is that the physicists came up with the idea 
that what is really conserved is a consolidated thing called Charge- 
Parity-Time. You don't have to conserve any one or two of these 
three, but only the combined product. 

Here they overlooked one key factor that is very important to our 
thesis: In the photon interaction, if you reverse charge and time, you 
reverse the sign of the energy. 

That is, a photon that is emitted from a positive charge carries 
negativetime negative energy. Itis different from a photon that 
is emitted ftom negative charge, for that one carries what we have 
conventionally established as positive energy. 

‘Thus physics has not considered the exclusive use of negative- 
energy / negative-time photons, even when some of its interactions 
produced them. Instead, it has just lumped together photons and 
antiphotons, and considered them both to have positive energ 

Antimatter systems don’t have positive energy, for example: 
they have negative energy. Here we don't use the positive and 
negative signs to indicate the direction the energy is traveling, but the 

fundamental kind, ofenergy that it is—time forward or time reversed. 
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For example, consider the local conservation of energy. As 
conditoned, one almost always unconsciously thinks of the conser- 
vation ofpositiveenergy, withoutsostating. Yetoneis perfectly free 
to builda system into which he inputs 100 joules of positive energy, 
and from which he outputs 300 joules of positive energy and 200 

joulesofnegativeenergy! 

For the real conservation law, that's the equivalent of putting in 
100 joules of positive energy and outputting 100 joules of positive 

energy. ; 

Now negative energy will run motors, light lamps, etc. —often 
much better than positive energy. It can be transmitted, trans- 

formed, steppedupordownin "voltage," rectified, received, etc. It 
can be translated into positive energy or vice versa. 

Circuitsrun "coo!" when using negative energy. Ifyou short out 
a circuit of negative energy so that a violent discharge occurs, it 
produces cooling instead ofheating, greatly lessening the danger of 
fire and destruction. If you mix negative energy onto a line that is 

carrying the same amount of positive energy, however, the two 
negate each other and there is suddenly “no power" on the system. 

Think of what you were taught in simple arithmetic. You can 
take a zero — the absence of any single specific number — and 
replace it with any set of multiple numbers whose algebraic sum is 
zero. The presence ofthis special set ofnumbers you choose does not 

violate the condition thatthe zero means that you could not use just 
a single number. 

Although zero is the absence ofjust a single thing, it can be the 

presenceofmultiplethings. 
‘The same thing works with energy. In the microworld, every- 
thing is fantastically energetic, and wildly fluctuating. For example, 
in a copper wire carrying a current of one ampere, wild momentary 
fluctuations at extremely high frequencies are occurring, 
According to classical electrodynamics, the instantaneous cur- 
rent in a single one of these micro-micro fluctuations may reach 
thousands ofamperes, and the instantaneous voltage may reach 10° 

volts or more. As can be seen, the instantaneous energy and power 
are enormous. Yet outside the wire, we see a very placid and 
peacefulsituation. 
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WHAT THEN IS TIME? 


WHERE THEN DOES TIME EXIST? 


Figure 93. The riddle of ime. Unsolved by both physicists and philosophers. 
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Figure 34. Raindrop model of physical change. 
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‘Table 22. FLOWOF TIVE 


+ PHOTON INTERACTION CONSTITUTES TIME CHANGE 
(Newnes + 

> ( POsIMOHRGS = x 
+ CHARGE-PARITY-TIME [CPT] 

Wile) 34+ 5 (note: ~ = photon) 


- UBIQUITOUS 
- PREDOMINANT 


ANTIPHOTON IS A PHASE CONJUGATE REPLICA 


‘Table23. PHYSICALCHANGE 


COMPOSED OF ACTION 
+h=BASIC QUANTUM 
TWO CANONICAL VARIABLES 
- ENERGY/TIME (dE dt) 
- MOMENTUM/LENGTH ( p L) 
ETC. 


ENERGY/TIME 
(+ E) (+ t) 
(- E) (-t) 


Free Energy and Antigravity 

Let's say the current flowingin the wire is alternating current at 
a frequency of one megahertz. Let's say we have one watt of power 
in the wire (there's one volt onit, and one ampere of lowingcurrent), 
As a working rule-of thumb for engineering use, the available 
absolute micropower in an alternating current in a wire can be taken 

as: 


P, = 40xfxP, (410) 
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where P, is the absolute power available, in watts; fis the frequency 
in Hertz; P; is the conventional power available, in watts; and 40 is 
a constant of proportionality. 

In our example, the absolute power actually available in the 
currentis 40 million watts! We've got about 20 megawatts ofpositive 
power, and about 20 megawatts of negative power, in there — in the 
microstructure ofthe electrical current itself--but disintegrated 

By applying unconventional scalar EM engineering techniques, 
we ought to be able to take such an “input” (a straight wire with one 
watt of power at a frequency ofa megahertz) and get an "output" of 
up to 40 megawatts. It is relatively straightforward to get out 1 
megawatt; such ratios have actually been achieved on the laboratory 
bench by my associates, 

Ofcourse we will have curved the local spacetime to do such a 
thing. Butitis absolutely permitted to do that, by the laws ofnature 
as best we know them from particle physics. 

Itis also possible to do that by Maxwell's original theory. And it 
has been proven in the laboratory. 


Table 24. NEGATIVE ENERGY 


+ CAN BE + EASILY POWERS 
- GENERATED - AC MOTORS 
- TRANSMITTED - DC MOTORS 
- TRANSFORMED - LAMPS 
- RECTIFIED - TRANSFORMERS 
- RADIATED - RECTIFIERS 
- TRANSLATED + CIRCUITS STAY COOL 


Inscalar electromagnetics, we deliberately seek to produce such 
effects and systems by nonclassical application and extension of the 
modern conservation law CPT. And we include negative energy/ 
negative time production in those systems and effects. 


Here's the extended magic rule: Fi 
sion CPTEGS. 


t we write down the expres- 


In this expression, C stands for charge, P stands for (space) 
parity, T stands for time, E stands for energy, G stands for gravity, 
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and S stands for entropy. 

We are referring here to the algebraic sign of each term, and to 

a complete photon interaction (absorption and re-radiation) with a 
charged particle inside an atom of matter. Specifically, we are 
refferringto the result, after the reaction has occurred. 

Normally the photon interacts with one of the electrons in the 
atom's outer shell. This interaction with the negative electron 
charge produces the "normal" physical world/physical reality we see 
around us. In the interaction, normal parityis produced, andnormal 
gravitation (attraction ofmass) is produced. Also, in a series of such 
interactions, the normal entropy (movement from order to disorder) 
is txperienced and produced. 

So in the expression CPTEGS normally the charge term is 

negative, and every other term is positive, for the complete photon 
interaction in an atom 

Now here is the magic engineering rule: In the complete 
photon interaction with a charged particle in an atom, ifone 
of these termsis reversed in algebraic sign, all the others will 
be reversed also 

For example, ifthe photon interacts with the positively charged 
nucleus,then parity is reversed, the bit oftime-advance is reversed, 
anegative/time-reversed _ photonisemitted, atinybitofantigravity 
is produced in the nucleus, and negentropy is produced. By negen- 
tropy. we mean that the emitted photon exhibits the strange charac- 
teristics of time reversal, and hence it will return from disorder to 

order 

This rule is actually a statement ofphase conjugation and time 
reversed waves, as we shall see later. 

For example, using the rule, the production of antigravity is 

straightforward. Simply produceagreatexcessofnegativeenergy 
and negative time in an object or generator by scalar photon inter- 
action with the nucleus, at a sufficient rate. 

In negative time, gravitational force is reversed. Thus in 
negative time gravity is a repulsion, not an attraction. Production 
of excess negative time in the atomic nuclei of a system produces 
antigravity in that system, Period." 


weat i cannot be measured, ad no amount of power will float the mirror 
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Let me amplify that statement. There are two kinds of energy, 
negative and positive. Normally, everyone thinks only of positive 
energy. 

‘Take Einstein's formula for the amount of energy that's 
up" and stored in mass: 


ottled 


E=me* 11) 


That's positive energy and positive mass. It automatically im- 
plies that we are looking at things where time is forward-going. 

Now suppose we "charge up” that mass with negative energy 
‘Then the mass is negative, like this: 


-E = (-m)c* (412) 


And negative mass is repelled by positive mass. (Like mass G- 
charges attract, unlike mass G-charges repel.) 

That's all there is to it! Simply charge up the protons/neutrons 
ofthe atomic nuclei ofa mass with excess phase conjugate (negative) 
energy/time, and it exhibits antigravity compared to the earth 
Nothing could be simpler 

Again, it's been done in the laboratory by an associate. 

So, with respect to a negative energy/negative time generator, 
you just add more load and draw more negative power from the 
machine, forcing it to produce more. It produces more negative time, 
and hence more antigravity and more “repulsion.” When the repul- 
sion balances the earth's attraction, the system "floats in air.” Draw 
still more powerby adding still more load, and it accelerates upward. 
Draw less power by decreasing the load, and it sinks downward 
again. That's all there is to it. 

We should have been working upon this, shortly after the U.S. 
Civil War. 

Again, there exist two completely different kinds ofelectromag- 
netic energy: positive and negative. These have been totally and 
hopelessly confused by modern physics, even though physicists 
sometimes use these terms. 

But in dealing with CPTEGS in the photon interaction in an 
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atom, we must clearly keep in mind what kind of energy we are 
dealingwith. 

‘The basic engineering rules are these: (1) Ifany one ofthe factors 
- C, PT, E, G, or S—is reversed, all the others are reversed. (2) If 
positive charge is involved in the photon interaction, then time 
(carried by the emitted photon) is negative and so is the energy 
carried by it. (3) The simplest scalar EM wave may be considered as 
twoEM waveslockedtogether(modulatingeachother), whereone 
component wave carries positive energy and time and the other 
component wave carries negative energy and time. (4) Separation of 
thetwo componentsbyinteractionwithchargedparticlescreates 
both positive and negative time and energy. (5) If the interacting 
particle is negatively charged, the positive energy/positive time 
component will interact with it. (6) If the interacting particle is 
positively charged, the negative energy/negative time component 
will interact with it. (7) The interacting particle phase conjugates 
(time reverses) the component with which it interacts. (8) The 
primary interaction with negative electron shells of atoms yields 
positive energy and positive time: constituting ordinary physical 
reality as we observe it. (9) The secondary interaction with the 
positive atomic nucleus produces phase conjugated (time-reversed) 
physical reality. (10) Secondary interaction (nuclear phase conjuga- 
tion) normally produces Newton's third law of motion. (11) In 
Newton's third law, the reaction force need not be equal, and need 
not be antiparallel. Note, however, in such case local spacetime is 
curved. (12)Thepresentlawofentropyisonlythepositive-timehalf; 

the other (negative time) half is the negentropy law. 


Phase Conjugation (Time Reversal) 

It is a most remarkable fact that Soviet radar engineers and 
radar scientists are also trained in optics. While this seems little 
short of astonishing by Western standards, the Soviets have an 
exceedingly good reason: As a matter of course, most Soviet 
radar systems are also operable in, or associated with an- 
other system that is operable in, a time-reversed (phase 
conjugate) mode. 

In this mode the radar and/or its assoc 


ted system is also an 
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extremely powerfull directed energy weapon, having capabilities 
undreamed of in the West. 

A phase-conjugate (time-reversed) wave actually is a wave that 
travels backward through time.* That is, itis capable of precisely 
retracing the path through space, taken by another wave that 
traveled that path to a nonlinear mirror, stimulating the reflection. 
ofthe time-reversed wave. 

Further, in retracing its invisible path through space, the phase 
conjugate replica wave does not diverge as do normal waves. Instead, 
it continually converges upon its invisible trace. 

Consequently all its energy arrives back at the distant source 
that emitted the stimulus wave originally. This was Tesla's original 
secret ofhis "wireless transmission of energy at a distance with no 
losses."** 

Itcan easily be shown, however, that the phase conjugate wave 
is a legitimate solution to the wave equation. Hence it is a general 
property ofall types of waves: sound, magnetohydrodynamic, etc. It 
is not confined just to the optical band, 

Obviously such a startlingly different wave has phenomenal 
uses. Literally it ushers in a new physics 

Let us turn now to look at this strange wave that has emerged 
on our scientific horizon, 

Inthe late 1960's, Soviet researchers cautiously pointed out the 
possibility of a time-reversed wave. Papers appeared in the open 
Soviet scientific literature, and shortly thereafter U.S. physicists 
began to read about it, 

In 1972, Soviet scientists visited Lawrence Livermore Labora- 
tory and specifically briefed U.S. scientists on the optical phase con- 
jugation (OPC) phenomenon, Thereafter the effect became of in- 
creased interest to American scientists. 

(Note, however, that phase conjugation (PC) is a major phe- 
nomenon of all physics. It is not confined merely to the optical 
spectrum, norjust to electromagnetic waves. Phase conjugation is a 
general phenomenon true of all waves, regardless of type. We will 
primarily discuss OPC, since most Western experimentation has 


‘The extemal pestve-time observer sees this time reversal as length (space) reversal 


The great clecrician had actully discovered what 
time reversal of EM waves, 


eday is known as phase conjugation or 
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been in the optics domain, and the literature is rich in that respect. 
However, we also point out that Western scientists have absolutely 
noinkling of themechanismcausing OPC. They havesimply written 
a model fora time-reversed waveby takingthe equation ofanormal 
wave und writing the conjugation (adding an asterisk exponent) to 
the appropriate term, and pointed out that this new equation also 
satisfiesMaxwell'swaveequation, Theyalsodonotclearlyrecognize 
that an EM wave carries timeand energy, and that atime-reversed 
EM wave carries negative energy and negative time. Further, they 
do not at all comprehend the startling implications for generating 
gravitational fields, including antigravity andinertialeffects, 
rectlyonthelaboratorybench.) 

In optical phase conjugation, when an input EM wave (ordinary) 
enters a nonlinear medium, the medium "reflects" or produces a 
strange, time-reversed EM wave in response. 

Figure (35a) shows the effect. In the figure, El is the normal 
input wave, entering a distorting, nonlinear medium (the "blob") as 
shown. Wave E, moves on through the blob, emerging on the other 
side and continuing, though now in distorted form. 

‘The medium produces a second wave, Ex, which precisely re- 
traces the steps of E; That is, everywhere E; is, Ey now appears. The 
phases of the E wave are precisely reversed from those of E; The 
only difference _ inthe two waves is that wave E, carries positive time 
and positive energy, while wave E, carries negative time and nega- 
tive energy. 

(US. physicists are well aware of everything in the above 

statement except for the negative energy portion.) The historical 
background ofthephaseconjugatewaveisgiveninTable25 

(We strongly stress that the West did not discover the time- 

reversed wave; the Soviets did. At the time (late 1960's) this ap- 

peared in the open Soviet literature, the Soviets had already been 

using it for about two decades in their giant energetics (scalar 
electromagnetics)weaponsdevelopmentprogram.) 

However, to return 

‘The time-reversed wave is called the phase conjugate replica 
of wave E). The overall characteristics ofthe phase conjugate replica 

Ey are summarized in Table 26. 
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DISTORTING 
MEDIUM 


a. Phase conjugation by a nonlinear, distorting medium. 


b. Ordinary mirror reflection versus phase conjugate mirror reflection. 
Figure 35. Phase conjugate reflection of a time-reversed wave. 
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Table28, PHASECONJUGATE WAVES. 


+ NONLINEAR OPTICS TRANSIENTS. 
+ DISCOVEREDBY SOVIETS 
+ LATE60s-EARLY 70S 

+ PRESENTLY "HOT ITEM" 

+ INITIALLY THOUGHT RARE 

NOW KNOWN WIDESPREAD 

+ THIRD POWER OF E-FIELD 

STILL MUCH UNEXPLORED 


“Table 26. PHASE CONJUGATE REPLICA 


+ TIME-REVERSED 
+ CARRIES NEGATIVE TIME 
CARRIES NEGATIVE ENERGY 
"HEALING" PROPERTY 
DISTORTION CORRECTION 
FROM DISORDER TO ORDER 
MAY DWARF INPUT WAVE. 


‘Table27.DISTORTIONCORRECTIONTHEOREM 


“fa scalar wave E; (1) propagates from leftto rightthrough an 
arbitrary but lossless dielectric medium, and if we generate in 
some region of space [say near 2=0] its phase conjugate replica 
Ep (r) , then Ep will propagate backward from right to left through 
the dielectric medium, remaining everywhere the phase conju- 

gateofE;.” 
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We point out here that the basic nonlinearity (nonlinear me- 
dium) in spacetime is a single particle of mass. In a photon interac- 
tion with that particle of mass, the interacting (input) photon 
(positive energy, positive time) causes the generation and emission 
of a phase-conjugated (time-reversed) photon. This time-reversed 
photon provides the precise mechanism for generating Newton's 
third law: For every action there is an opposite and equal 
reaction. This will be covered later 

But back to our nonlinear medium, and the two waves E; and E>. 

E; and E, are "locked together" as a scalar EM wave unless 
something else is specially done to separate them. That is because 
the nonlinear medium is a modulator, and the two waves modulate 
each other (lock together as a single wave), 

(We interrupt again to strongly point out this fact: This directly 
shows that all EM waves in vacuum exist as scalar EM waves, not 
as the so-called Maxwell-Hertz transverse waves of conventional 
theory. Nikola Tesla, the greatest electrical scientist the world ever 
produced, always adamantly insisted that EM waves were "sound" 
type waves, not "transverse" waves. For one thing, the vacuum- 
medium would have to be a solid to produce transverse waves! Tes 
even visited Hertz in Europe and tried to convince him of the error 
of his so-called "proof of transverse EM waves.” Tesla found Hertz, 
adamant on the subject, however, and returned without changing 
Hertz's mind. Ironically, Tesla was right and all the textbooks in the 
Western world have been consistently in error as to the nature of the 
EM wave in vacuum.) 

We simply state here that, for a single-frequency EM sine wave 
in vacuum, a "full photon” ofthat wave in vacuum is actually a single 
sine-wave oscillation. The positive (positive energy, positive time) 
halfofthat sine wave is the same thing as a virtual electron (negative 
charge). The negative (negative energy, negative time) half of that 
sine wave is the same thing as a virtual positron —a virtual electon 
travelling backwards in time, or "time-reversed”, which we detect as 
length-reversed and charge-reversed. 

Further the vacuum — including the vacuum inside each rela- 
tively empty "mass structure” such as an atom or molecule — is a 
seething inferno of activity of virtual particle fluxes. It is upon that 


la 
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mediumthat all physical reality and physical changes are im- 
pressed. Thus there is nothing static in the world; what actually 
exists is switching of virtual particle fluxes. What we call a "static 
thing” is only an equilibrium in this switching activity. And, once 
switched on, any stream continues until switched off or switched to 
change it 
For that reason, the full photon has always contained twice as 
much absolute energyasisprovidedbythe presently usedequation 


E=hf (4-13) 


Where E is energy, h is Planck's constant, and fis frequency. 

‘One half the photon carries negative energy and negative time, 
while the other halfcarries positive energy and positive time. In the 
full photon interaction, one half of the photon interacts and 

‘switches off” the stream. Thus the photon interaction makes a 
single change of action, energy x time, both switching on the 
beginning ofthe quantum change and switching offthe ending ofit. 

The full photon in vacuum is, and has always been, a 

scalar EM photon. It rigorously is the presently accepted 
photon plus its directly "hooked on" and accompanying 
phase conjugated replica photon. 

That is, in terms ofthe present physical view, the scalar electro- 

magnetics view of a full photon in vacuum is that it consists of a 

photon and its antiphoton, directly combined in serial fashion. 
Further, this antiphoton part is not identical to the photon, since it 
is time- and energy-reversed, 

‘The present physics makes no distinction between the two types 
of photons, hence makes no distinction between positive and nega 
tive photon energy. Italso still considers "static" things to independ- 
ently exist. It does not pursue the fact that all things appearing 

"static"are equilibrium states in nearly unbelievably intense virtual 
particle streams. Sinceitdoesnotpursue thatfact, itdoes notbuild 

a “switching” model for quantum change, not does it arrive at a 
method ofdirectly engineeringthese "switching" operations 

For that reason, present physics has totally missed local 

general relativity and the engineering of spacetime curva- 
ture by electrogravitational methods, as was contained in 
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Maxwell's original theory. 

For the same reason, present Western physics has not worked 
out the basic mechanism that produces phase conjugation, and it has 
not realized that all conservation laws can be locally violated with 
the new methods — methods actually hailing back to Maxwell's 
original theory! 

‘Now returning again to our nonlinear medium and waves E, 
and Ex 

Itis possible to separate (demodulate) wave E fiom wave E, In 
that case, E; is an ordinary EM wave, carrying positive energy and 
positive time. Ey is a phase conjugate replica, carrying negative 
energy and negative time. 

Irradiation ofan atom in a new sample of material with anormal 
EM wave such as E;, just provides the normal photon interaction 
with the electron shells. That is, the electron part ofthe full photon 
adds to the orbital electron's energy state in positive time, raising the 
orbital electron to an “excited state.” (Remember, this has switched 
on a continuous process of "keep raising the energy level of the 
electron" in positive time.) The "state-increasing” orbital electron 
then interacts with the second, positron-part of the full photon, 
which switches off the increasing, leaving the electron in its "static 
excited state." Simply put, one half of the full photon turns on an 
uplifting spray, and the second half of the full photon turns off the 
uplifting spray, leaving the electron in equilibrium state at a new 
level.* 

Thus in orthodox physics we have taken the view that an 
electron in a shell absorbs a "photon" from the incident wave, taking 
extra energy and being raised into an excited energy state. 

In the orthodox view, the excited-state electron then decays to 
release another ordinary photon (since it comes from a negative 
charge). 

What actually happened was that, when the "full photon” of the 
incident wave is absorbed by the orbital electron, increase of the 
electron energy is switched on, then switched off, leaving the elec 


“We state here a magnificent principle without proof When one furnishes (inputs) electrical 


povier toa system, all the "input work" is expended purely upon switching fics by fighting 
ligainst them in brute-force fashion. Eg. elecrial power furnished to an electric motor dacs 
‘not run the motor, but only continually wrestles the internal fields to switch them. Obv- 
‘ously, to build an over-unity device, one must gti to switch its own feds, at least a 
Significant fraction of the time. 
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tron in equilibrium at a new energy level. 
What happened in the middle was phase conjugation. In absorb- 
ng thefirsthalf ofthe incident full photon, the electron acted as a 
phase conjugate mirror (we will explain that term shortly). It 
emitted a forward-travelling phase conjugate replica (PCR) of that 
first photon half, and this conjugate replica entered the nucleus, 
where it is absorbed to cause the Newtonian reaction force. Note that 
this PCR emission by the electron does not generate recoil in the 
electron-PCM, asiswellknownin OPCtheoryandexperiment. 
‘The same type of phase conjugation happened when the state- 
increasing electron absorbed the second half of the incident full 
photon, It phase conjugated again, sending this halfto the nucleus 
to acompany the former PCR half. In the nucleus, this second half 
switches offthe increase in excited state of the nucleus that was 
engendered by absorption of the first half. 
The photon interaction is a process for switching on and 
off a continuous rate of action increase or decrease 
At the conclusion of the full photon absorption, both the orbital 
electron and the nucleus are in excited states. The nucleus has 
increaseditsgravitationalmass, 
‘Then the situation precisely reverses. Both nucleus and electron 
decay, again emitting full photons and again phase conjugating. 
The PCR photon emitted by the nucleus reduces the positive 
mass of the nucleus. The PCR photon emitted by the electron i 
reversed fiom the electron's absorption record, reducing the nega- 
tive charge’senergy state, andtheelectronissaidto "decay" from its 
excited state. The PCR photon emitted by the electron now (to the 
observer) willappeartocarry positive time and positiveenergy. 
(In passing, we point out that, actually, the situation is far more 
complicated. Both the electron and the positively charged nucleus 
are enmeshed in continuous streams of virtual particle flux, includ- 
ing intense streams of virtual photons. One must go to n-wave 
mixing, where n is greater than 4, to fully understand the total 
reaction. Themain pointsare,theNewtonianreaction forces within 
the atom are generated by phase conjugation, the photon emitted by 
the decay ofan excited state electron will normally carry what we call 
positive energy and positive time, and the photon emitted by the 
decay ofan excited state positive charge will normally carry what we 
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call negative energy and negative time. Full coverage of these 
interactions is beyond the scope of this book, and must wait for 
another effort in the future.) 

Now once again we return to our simplified model of phase 
conjugation, and waves E; and E; in our nonlinear, modulating 
medium! 

As we stated, we can engineer the situation so that the phase 
conjugate replica Ey can be separated from E,. A separated Ep, 
however, is a quite different breed of cat. It is a phase conjugate 
wave, carrying negative energy and negative time. 


Enis a magic wave indeed! 


Irradiation ofthe nucleus ofan atom in a new sample of material 
with a phase conjugate replica such as Ey causes the nucleus of the 
atom to interact in reverse ofits normal interaction.* That is, one 
of the positive charges in the nucleus interacts with a photon 
resulting from wave E>, and goes into an excited "negative energy” 
state. That state, in decaying, emits an ordinary virtual photon 
which promptly interacts with a virtual positive charge in the 
nucleus, which decays to emit the virtual photon, which interacts 
with another positive charge in the nucleus, etc. 

In other words, the negative energy ofthe absorbed antiphoton 
is captured by the nucleus, and the nucleus overall does not 
immediately decay to discharge the negative energy. 

Instead, the nucleus acts as an accumulator or capaci- 
tance, charging up and then discharging far more slowly 
than the normal photon/electron interaction. 


(For the purist, the nucleus does phase conjugate the input 
negative energy/negative time wave, and phase conjugates it again 
— upon an electron in the electron shells, through spin coupling 
This second phase conjugate replica is now just a normal EM wave, 
and the electron exhibits a normal EM jnteraction, Thus our 
instruments (Which are electron wiggle detectors) detect a normal 


“Irradiation ofthe nucleus with a PCR wave i easily accomplished by using ordinary 
magnetic resonance, and modulating the PCR wave upon the magnetic carer, as Antoine 
Priore did 
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EM wave detection and do not discriminate between photon and 
antiphoton halves ofa full photon. Forthatreason, scientists have 
not clearly noticed the difference between positive and negative 
energy, andbetweenphotonsandantiphotons. Theyhavealsonot 
resolved thebasicconflictbetweentheparticleandwavetheoriesof 
electromagnetics. Note that the full photon concept, where the full 
photon is a normalphoton and phase conjugate replica ofthat photon 
hooked together into a single sine wave, resolves the long-standing 
wave-particlecontroversy.) 
In most of their instruments, present scientists are detecting a 
secondarynormalEMwaveforthephaseconjugatereplicainterac- 
tion, since the phase conjugate interactions in the instrument are 
not sortedout, and since the instruments measure only one kind of 
PCR, that emitted by a negatively charged electron. Hence scien- 
tists think the antiphoton has positive energy, and interpret it in 
positive time. Consequently they tend toaccentthatthe waveis 
" phase-reversed,"andnotaccentthenegativetime/negativeenergy 
implications since they have not clearly sorted them out. 
Let us return to our consideration of the irradiation of the 
nucleus of an atom (with an incident E> phase conjugate replica 
wavecarryingnegativeenergyandnegativetime, withrespectto 
our electron-wiggle-detecting observer), 


ASirradiation continues, the actual "structured charge pattern” 

existingontheincidentE,waveslowlychargesupthenucleusofthe 

atom with that exact charge structure, in the negative energy/ 
negative time state. 

We shall find that most interesting fact of great utility when we 
later discuss the mind, thought, cellular control systems, and gener- 
ating a specific electromagnetic phase conjugation pattern to re- 

versecellulardisease, 

We shall also find that it is of great interest in accomplishing 
antigravity when we use extremely low frequency PCR irradiation 


The Phase Conjugate Mirror 

Any system which phase conjugates the input wave and returns 
a phase conjugate "reflection" is called a phase conjugate mirror, 
or PCM forshort. 
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But the phase conjugate mirror has some very unique proper- 
ties, as can be seen in figure 35b. 

For example, if you look in a normal mirror, you see your own 
reflection, You see your shoes and legs, for example. Light from your 
shoe scatters across the mirror, and it hits one spot on the mirror 
which reflects it at the proper angle to strike your eye. 

But that simply doesn't happen with a phase conjugate mirror! 
Ifyou were looking into a phase conjugate mirror (PCM), the light 
that left your shoe and scattered across the mirror would be reflected 
right back to the shoe, since it would retrace the path taken by the 
previous light striking all across the PC mirror from the shoe. So all 
you would be able to see would be two black dots: the retinas of your 
eyes. Light reflecting off them and striking the PCM would be 
reflected back to the source — the retinas — so you could see that 
light and that light only. 

This path reversal is most important to keep in mind, With a 
phase conjugate signal, you are not functioning with an ordinary 
signal. Further, ithas a "precursor" path taken by the incident wave 
that stimulated its emission from the PCM. Unless interfered with, 
the PCR will trace back down the invisible vacuum trace of that 
incident wave, orback down its wave path, like electricity goes down 
awire. 

This, by the way, is the secret of Tesla's wireless transmis- 
sion of energy at a distance with no losses. 

‘When broadcast into space, a normal EM wave (positive time, 
positive energy) diverges or scatters from its path. 

Precisely the opposite happens with a PCR wave. When broad 
cast (reflected) into space, the PCR wave continually converges back 
upon the invisible trace taken by its incident stimulus precursor. 
Thus all the PCR energy is continually converging upon an invisible 
beam or "wire" through the vacuum, backto the source ofthe original 
incident wave.* 

Ifthe PCR wave is highly amplified (and means to do this are 
now well-known), then large amounts of EM energy can be precisely 


*One can effectively move the entire imp 
additional input vector wave computed s0 
the desired shifted distant point. In this way 
intercept a distant moving target. 


cum path, however, by adding an 
fe resultant input would have come frm 
1° PCR can be steered in space to lead and 
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returned to distant points from which a stimulus wave of any kind 
isreceived. 

Ifa micro-microwatt is received from a point thousands of miles 

distant, then a gigawatt can readily be returned precisely to that 
distantpoint. 

This was Tesla's magie secret. The great electrician had discov- 
ered phase conjugation, though he did not use that term. He did, 

however, pointoutthathe couldcreateaninvisiblewirethrough 
spaceto a distant point, and could send any amount ofenergy to that 
distant point without any scattering losses along the way. 

He also accomplished the same thing with sound waves and 

mechanical waves. He pointed out that he could produce an undi- 
minishedphysical (mechanical)effectatanydistantpoint,andcould 
eventually split the earth if he added power long enough. 

Tesla had given the principles of radarin World War I! He later 
even spoke of his "big eye that can see at a distance.” Here he was 
probably referring to stimulating the emission ofa PCR return from 
that target. The PCR would automatically correct for the distortion 
in the intervening medium, and fairly sharp pictures of the distant 
scene — without showing the size dispersion of distance — could 
probably be obtained, Note that a non-scattering signal to a distant 
observer does not make him suffer any loss in field or apparent size 
and detail of the scanned object, which can be recovered to any 
resolution, limited only by the state of the art of the physical 
realization technology. 

The implications for far greater resolution microscopy— 
far heyond the present limitation to about 4,500 — should be 
immediately obvious. The implications of such amicroscope 

- that can see directly inside atomic nuclei; photograph 
nuclei and fundamental particles directly; see living viruses, 
molecules, and atoms directly; and theoretically see even 
into the virtual state itself{— should be immediately obvious. 

In discovering phase conjugation, the Soviet Union was attempt- 

ing to break Tesla's secret of wireless transmission ofenergy without 
losses, and the Soviet scientists did so by about 1950, They highly 
‘weaponized the effects of phase conjugation, phase conjugate mir- 
rors, and amplified phase conjugate mirrors, both in radar waves, 
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mechanical waves, and sound waves, for nearly two decades. Then 
the Soviets cautiously stimulated the open literature with a limited 
paper on optical phase conjugation, to ascertain whether or not we 
realized the severe weapon implications of time-reversed waves, 
their production and use, and their amplification 

So phase conjugate mirrors can do very useful things. For 
example, look again at figure 35a. Suppose we are trying to 
photograph something on the other side of the distorting medium, 
say through a distorting gas, such as a turbulent atmosphere. In 
that case E; on the leftis, say, light coming from an object on the left 
and passing through that distorting medium. If we just used 
ordinary waves in a camera on the right, we would see a very 
distorted wavefront, as represented by the distorted Ey 

However, ifwe illuminate the object by sending a wave through 
the distorting medium, and detect the phase conjugate signal that 
returns, it will have reversed the distortion when it gets to us, and 
we will get a clear picture. A very nice photo ofjust this process is 
contained in David M. Pepper, "Applications of Optical Phase 
Conjugation,” Scientific American, 254 (1), Jan. 1986, p. 75 

Phase conjugation has many more uses than we have covered in 
this briefpaper, of course, but this is an important use: the removal 
of distortion effects from optical systems. 

It would, however, be nice to be able to amplify the effect. And 
so we can 


Amplifying the Phase Conjugate Effect 

Let's look now at figure 36, where we will develop how to amplify 
the phase conjugate replica. 

Be careful to notice that we are changing subscripts on you. By 
convention, optical scientists use A; and A as two additional waves, 
called the pump waves, that are used to stress the nonlinear 
medium, and input signal wave Ay. Wave As then is the stimulated 
PCM output, or the phase conjugate replica (PCR) wave. 

In this figure we show a scheme for amplifying the phase 
conjugate signal that is generated and returned by the phase 
conjugate mirror (PCM). 

We do this by adding two opposing waves of the same frequency 
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(in thissimplified case). These are the two "pump waves", and 
impressing them upon the PCM is called "pumping" the PCM. 
Actually, in producing the pump wave, we are adding two input 
waves of the same frequency, 180 degrees out of phase with each 
other. Since the nonlinear medium is a modulating medium, the 
waves are forced to modulate each other and "lock together" as a 
single scalar EM wave of most interesting characteristics. Indeed, 
its E fields sum to a zero resultant vectorially, and its B-fields sum 
toB zero resultant vectorially. However, the scalar parts remain and 
are multiplied together, as in the original Maxwell quaternion 
theory. Since the magnitudes ofthe vector components in the scalar 
summation (quaternion multiplication, since we are addressing 
modulation) are varying, then the magnitude of the remaining 
scalar partis varying. We have therefore produced a standing scalar 
wave in the nonlinear material medium, having zero vector EM 
gradientcomponents. We have produced a purely scalar EM 
wave of pure potential — and this is an electrogravitational 
wave, rigorously, since it represents a time oscillation ofthe 
local energy density (local virtual particle flux density) of 
vacuum. This scalar EM wave passes through the electron shells, 
and enters the nuclei, where it is phase decoupled by the extreme 
nonlinearity of the violent virtual particle currents of the nucleus. 
Its energy is then absorbed by the nucleus, raising it to an excited 
pseudopotential. This potential decays, returning the scalar EM 
stress wave into the local vacuum and area. We are now pumping the 
atomic nuclei of the nonlinear PCM material with our two pump 
waves, and we have created an oscillating local gravitational field 
around the PCM. 


This increased nuclear G-potential, looked at in Kaluza-Klein 
theory, is a S-space potential. It is ready to burst out in the Sth 
dimension (as electromagnetic bleedoff) at the slightest provocation. 
‘That provocation is the entrance and absorption ofthe input signal 
wave, E;, Note that Ey acts as an "initiator" (or a pinprick into a 
highly inflated balloon, if you will) on the built-up, excited 5- 
dimensional gravitational pseudopotential of the nuclei. The 
moment so initiated, the entire 5-space G-pseudopotential collapses, 
emitting a time-reversed phase conjugate replica (PCR) of Ey. This 
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emitted, highly amplified PCR is labelled E;. It now "backtracks" 
down the invisible trace through space taken by the incident stimu- 
lus wave Es, returning to the distant source that originally emitted 


Voila! Tesla's wireless transmission ofenergy to a distant point 
without losses. Voila! The Soviet Launch Phase ABM system and 
the Soviet Launch Phase Anti-Bomber System, when used in con- 
junction with an over-the-horizon radar (such as the giant Wood- 


Table 28. FOUR-WAVE MIXING 


+ NONLINEAR MEDIUM 

+ OPPOSING PUMP WAVES 
= CROSS MODULATION 
= SCALAR WAVE 

INTO NUCLEI 

+ TRANSMISSION WAVE 

+ REFLECTION WAVE 

+ REFLECTION GAIN 


—hy 
NONLINEAR MEDIUM 


Figure 36. Phase conjugation by four-wave mixing 
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‘.SovietLaunch phaseandmigcourse ABMsystem. 


{ONOSPHERIC REFLECTION 
‘AMPLIFIED 


b. Soviet launch-phase and midcourse antibomber system. 


Figure 27. Soviet launch-phase and midcourse strategic defense system. 
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peckers) to provide a reflection signal from a distant target. Voila! 
The true use of Soviet Stand-Off-Jammers to knock out enemy 
antiaircraft, air control, and anti-tactical missile radars wholesale. 
Voila! The Intermediate Phase ABM system, where a long range 
strategic radar is used to provide reflections from incoming targets. 
"Fire and fire again!" is the rule, and 100% defense is directly 
achievable. Voila! How the Soviets knocked down Gary Power 
high-flying U-2 reconnaissance aircraft. Voila! How SA-2 missile 
system radars were temporarily modified in North Vietnam to knock 
down several hot new F-I1 I aircraft. Voila! How the Arrow DC-8 
aircraft, Titan missiles, Delta rocket, and Ariane rockets were 
lectromagnetically surged” from inside to destroy them. Voila! 
Why the Soviets almost never throw away old radars, since they can 
now add PCMs and make them formidable destroyers of incoming 
targets. Voila! How one solves the ABM problems of discrimination 
and weapon kill; simply pulse-fire everything — nuclear material 
explodes in a full nuclear explosion when struck with potential 
pulses of sufficient magnitude and duration. 


Summarizing figure 36 and amplification ofthe phase conjugate 
replica: 

When we consider the addition of the input wave and the 
resulting phase conjugate wave that will be produced, we shall have 
a total of four waves. Thus this particular process is called four-wave. 
mixing.* 

On the diagram in Figure 39, A; and A, by convention are taken 
tobe the two opposing EM pump waves. Notice that these two pump 
waves stress the medium. Since the medium is nonlinear, it is a 
modulator. Hence the two pump waves modulate each other. The 
two waves thus lock together into a scalar EM wave. This scalar EM 
wave is an oscillating artificial scalar EM stress wave, and it goes 
directly into the atomic nuclei ofthe medium and pumps the nuclei 
themselves. 

The atomic nuclei are now rhythmically stressed with the 
oscillating scalar wave. 


“Probably the best single introduction to optical phase conjugation in the English language is 
David M. Pepper. "Nonlinear optical phase conjugation.” Optical Engineering, 21(2,Mar-/ 
Apr. 1983, p 156-185. Especially sea Pepper's footnote on p. 166, 
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We now input a weak signal (wave A,) into the "pumped nuclei" 
medium. 
By our CPTEGS rule, the positively- charged nuclei generate a 
negative energy/negative time wave —in short, a phase conjugate 
replica wave. Further, itis a highly amplified PCR, and may contain 
‘as much raw energy as was fed into the pumped mirror by our pump 
waves. This "seeker wave" or "electromagnetic missile” wave then 
sets out on its invisible path through space, seeking a distant "Ay 
source point" and delivering all its energy intact to that point. 


The Phase Conjugate Mirror as a Vacuum Triode 

‘The pumped phase conjugate mirror (four wave mixing) can best 
be understood as a special kind of vacuum triode 

The pumped artificial potential on the atomic nucleus provides 

a powerful cathode in positive time, and a powerful plate as well in 
negative or reversed time. The electron shields, in their spin 
coupling to the nucleus, act as a grid in positive time. The input 

signal Asitselfacts as arelatively weak signal onto the grid ofthe 
triode. 

The positive charge difference in potential between the powerful 
pump potential of the nucleus (cathode, in forward time) acts as the 
plate voltage. The decrease of this potential when discharging 
(increase of the negative time, negative aspect) acts as the produc- 

tion of aplate signal tothe negative time operation (productionofthe 
amplified, time-reversed PCR wave). 

‘The excited nucleus immediately decays upon stimulus by the 
"grid signal" Ay, emitting a "time- and energy-reversed” strong 
signal — in short, amplified phase conjugate replica wave Es, 

‘The amplified phase conjugate signal moves from the cathode 
(nucleus) out to the electron shells and beyond, precisely because it 
is time-reversed. To a time-reversed signal, the grid (normal input) 

acts as the final plate (external output) — that is, in negative time, 

the elements _ofthetriode arereversed. Thismakesitpossible forthe 
‘material to emit the powerful PCR. 
I have called this effect/analogy a vacuum triode, to accent the 
directengineeringpossibilities. Myassociateshavealreadyengi- 
neered this effect to obtain enormous amplification of energy ("free 
energy" jandpracticalantigravity.fromsolid-statedevices,directly 
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‘2. Typical nonlinear power reflection coefficients. 


04 


Power (fraction of Prorau) 


b. Intensities for the osciltion condition, 


Figure 38. Power reflection coetfcients and oscilation 
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on the laboratory bench 

‘The actual "amplitude gain" ofthe vacuum triode is the ratio of 
the amplitude of A; to the amplitude of Ay. The square of the 
amplitude gain is proportional to the power gain; this entity is called 
the nonlinear power reflection coefficient. 

Figure (38a) shows the typical nonlinear power reflection coeffi- 
cient for a pumped phase conjugate mirror, as a function ofthe input 
energy and the depth ofthe material. As the input signal increases, 
the gain increases. The ultimate condition would be that the "free 
oscillation” condition is approached. This occurs when the angle 
between the input wave Aj and the pump waves A; and A, is 90 
degrees. 

Figure (38b.) shows the oscillation condition and the fraction of 
the total pump power that is in the input wave A, and its output 
phase conjugate replica As 

At the oscillation condition, an "infinite" gain exists at the 
correct depth in the medium. This means that essentially all the 
energy being fed into the pump waves A; and Ap will now be emitted 
in the output wave Aj. At that point, "saturation cutoff" ofthe triode 
output occurs, and it cannot output higher energy, since it has no 
more. 

Notice that, at the oscillation condition, for the slightest output, 
the full power of the pump waves is fed into the phase conjugate 
replica. This powerful wave then retraces the path taken by the 
original input signal, unless something else is done to divert it.* 

‘The interesting question then arises: Since we can have infinite 
gain, can we get a special oscillation condition so that the pump wave 
furnishes its own energy? In other words, can the pump wave 
“resonate” with the vacuum flux in such a fashion that it is self 
pumping and self-perpetuating? 

In at least three materials, the answer is yes. Such effects have 
been experimentally accomplished in special forms of barium ti- 
tanate. See, for example, J. O. White et al, "Coherent oscillation by 
self-induced gratings in the photorefractive crystal BaTiOs," Appl. 
Phys. Lett., vol. 40, 1982. p. 450. 


“Rocll that the PCR can be steered by introducing a minute wave Asto vectrially sam with 
input A, In that ease, the effective input i the veetorresultantof(Av# Ao. The apparent 
stant source point and invisible vactum path are sified correspondingly 
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Phase conjugation is a universal phenomenon, Theoretically it 
applies to any sort of wave: electromagnetic, scalar, sound, mechani- 
cal, etc. By using it, incredible new effects and an entirely new 
physics can be accomplished. It is a new and exciting field, little- 
known outside specialist circles, and still not well-understood. Most 
discoveries in the field are yet to be made.* 


Newton's Third Law and the Full Law of Entropy 

For example, the present author noticed that Newton's third 
law— for every action there is an opposite and equal reaction — is 
actually a result of phase conjugation. To explain that, we diverge 
abit 

First 0 involved in the fact that a 
charged particle of mass is a little "dynamo" or engine. 

Actually, a particle of mass is itself “nonlinearity” in vacuum 
spacetime. When a photon (virtual or observable) strikes a particle 
the same as "interacting with a 


phase conjugation is a 


of mass and is absorbed by it, it's 


nonlinear medium: 

In terms of virtual photons, the charged particle is continually 
bombarded with them, from the vacuum flux. The charged particle, 
being a "nonlinear medium", phase conjugates each input virtual 
photon, emitting a phase conjugate replica 

Ifit absorbs a normal virtual photon, it emits a "negative energy, 
negative tim 

Ifit absorbs a normal virtual photon, it emits a "negative energy, 
— just a normal virtual 
intime. Or, 


phase conjugate replica. 


positive time” phase conjugate repli 
photon. Note that the particle ofmass thus does not 
it exists equally in positive and negative time. Since we only observe 


particles, it follows that time is not normally an observable, as 
quantum mechanics has assumed, 

The emission of a phase conjugate replica does not affect the 
momentum ofthe emitting PCM, as is well-known. 

For an observable photon, the particle (nonlinear medium) 
absorbs the normal photon, which does not affect the energy and 
momentum ofthe PCM particle of mass. 

Ifthere is no other mass to accept the PCR, itjust moves off 
“The US. may finally be woking up. SDI snow starting stuxly EM mises “in the 
timedomain”&s opposed to frequen. See AV. Wk. Spurn Tech, Feb. 29, 1988, p. 56. 
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Ifthere is another mass to accept the PCR, the PCR is absorbed 
and phase conjugated by it. 

A charged particle in vacuum is continually bombarded by a flux 
ofessentially "randomized" fluctuations. However, on the average 
these all "average out" to zero. Any particle is automatically in avery 
high vacuum potential, and is in a state of great agitation at all 
times, even ifit's "at rest" with respect to ordinary observers. It's 
really "smeared all over the place," so to speak. 

When we expose a charged particle to a normal potential, the 
interior virtual particle flux ofthat potential is disorganized. Hence 
the particle just "wiggles a bit more frantically," so to speak, 
randomly in every direction, 

However, when we expose a charged particle to an artificial 
potential made by zero summed/multiplied EM force fields or waves, 
the particle wiggles more frantically in organized directions.** 

This is just as true for virtual particles as it is for observable 
particles. 

Thus the use of such artificial potentials in scalar electromag- 
netics enables us to overcome the disorder ofthe internal structure 
of normal electromagnetics. By this means, we can structure the 
vacuum, organize electricity and electromagnetic waves, accomplish 
negentropy, curve local spacetime in complex, deterministic fash- 
ions , produce free energy and antigravity, reorganize and transmute 
nuclei (transmute elements) with miniscule input energy, ete. 


Rigorously, this means that the present law of entropy is only 
half of the full law of entropy. Specifically, it is the "positive time, 
positive energy" half of the law, and it states that in closed real 
physical systems, continuing operations of ordered "positive time, 
positive energy” effects tend to inevitable "disordered" effects pro- 
duced in the apparatus or system. 

In other words, the present law of entropy really states that no 
ordered system is totally closed. The system will inevitably have 
energy and actions that escape the system's order, and hence (to the 

system) this escape represents "loss oforder" —orin short, disorder. 

The present law of entropy specifically excludes (by implication) 


* Le, the electtonic noise is partially organized. This is major key toward building salar 
EM detctos. Its also primary cause of many solid-state circuit malfunctions. The exact 
principle: Random changes) + (artificial potential) equals (chaos) 


Figure 39. Photons have virtual substructures. These may be statistical or 
deterministic. 


negative time aspects, where external (disordered) energy time- 
reverses to again enter the ordered system, in perfect order. By 
implication, it also excludes negative energy production and opera- 
tions 

However, experimentally we can produce both negative 
energy and negative time, in deliberately time-reversed 
operations such as phase conjugation and with devices thnt 
serve as phase conjugate mirrors. Further, we can amplify 
the phase conjugation and disorder-to-order operations. 

Hence the present law ofentropy is incomplete, and states only 
half the true possibilities. The other half of the law is the law of 
negentropy. In this law, disordered operations outside the ordered 
system undergo time-reversed (and possibly amplified) effects 
‘These reordered energy effects — which may be highly amplified in 
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comparison to the disordered escaped energy—reenter the "ordered 
system" restoring order. Since this process moves in negative time, 
it goes from disorder to order. Hence it is negentropic. 

‘Therefore we have solved the old thermodynamic problem ofthe 
"eventual decay of the universe into disorder.” Not to worry; the 
other halfofthe full law ofentropy prescribes negentropic operations 
in negative time/negative energy, and these restore the order ofthe 
universe. That takes care ofthe problem. 

Italso means that, in highly disordered systems ofmany degrees 
of freedom and far from thermodynamic equilibrium (that is, when 
the disorder law is saturated), then one can expect to see further 
stress “create” negative time and hence create order emerging and 
stabilizing from disorder. 

And of course that is exactly what is seen. Ilya Prigogine was 
awarded the Nobel Prize in 1977 for writing a new thermodynamics 
predicting precisely such effects, and experiments have proved his 


But to return to Newton's third law: 


Newton abstracted his third law from the classical interaction 
between two colliding balls 

Ifone balll is at rest and another approaches it at some velocity, 
the approaching ball carries momentum and kinetic energy. As it 
“collides” with the resting mass, quantum mechanics tells us what 
actually happens: Particles ofmass inthe moving ball are producing 
virtual photons continually, and these virtual photons strike the 
particles of mass of the resting ball and are absorbed by it. 

The resting mass now acquires extra energy and momentum 
from the absorbed photons. Atthe same time, it acts as a nonlinear 
medium. It produces phase conjugate replica virtual photons, and 
these time-reversed virtual photons are emitted. These photons 
produce no change in momentum or energy upon the emitting mass. 
However, being phase conjugates, they precisely follow back along 
the paths taken by the first or "stimulus" virtual photons, striking 
the moving ball. They are absorbed by that ball, producing (to the 
external observer) negative momentum and negative energy in it. 
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‘These subtract from the kinetic momentum and kinetic energy ofthe 
moving ball, reducing them. 

The virtual photons emitted by the approaching ball perform 
positive work upon the target ball. 

The virtual, phase conjugated photons, emitted in return by the 
‘mass ofthe struck ball as a PCM, reverse to strike the approaching 
ball to do negative work upon it. 

Notice that twice as much absolute work is always done on the 
system of two balls as we "input" with the approaching ball. 

Also notice that, if we directly "engineer" the phase conjugation 
ofthe struck system, we can directly tamper with, and drastically 
change, the production ofthe negative energy and negative momen- 
tum in the moving ball, Hence we can drastically alter Newton's 
third law. We can now make a Maxwell's Demon. 

This alone clearly establishes that itis perfectly possible to build 
a so-called free energy device. Though subtle mechanisms must be 
used, it's nothing more spectacular than putting a paddle wheel in 
ariver, and extracting shaft power from the wheel, furnished by the 
river's current. Phase conjugation yields other exciting possibilities 
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Figure 40. Once established, a virtual river is for free. 
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Figure 41. Local energy conservation can be violated. 


Figure 42. TH. Moray adjusts the controls of his ragiant energy device. Salt Lake 
Gity, Utah, in Feb. 1997. Moray obtained 50 kilowatts of power from a 55-1b. device, 
straight from the ether. Its characteristics (cool circuits, brilliantly lit lamps) reveal 
that It was negative energy. 
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too numerous to explore here. For just one example, by phase 
conjugation, real-time holography can be accomplished without 
having to separately make and illuminate the holograms. 

Now with holography and multiple projectors — and particu 
larly with two intersecting "normal" beams to backtrack upon with 
ever-converging PCR signals—you can assemble a "form ofenergy" 
at an appreciable distance from the projectors in three dimensional 
space. With phase conjugation, you can do it in real time. And you 
can do it at a great distance back along the path of any signal you use 
as an input. 

By using PCM holography, degradation with distance is not 
appreciably experienced. Afterall, the PCR waves utilized are ever- 
converging. The energy does not diverge and spread. Therefore, if 
you can make a 6" diameter ball of intense EM energy at a short 
distance in the laboratory, you can make that same 6" diameter ball 
of intense energy at several thousand kilometers distance, using 
PCR real-time interference holography. 

With highly amplified PCM's, you can put far more energy into 
the distant interference form than you can with normal holography. 
Conceivably it is possible to assemble so much energy in the holog- 
raphy “object” that it condenses into a real material object! In other 
words, it materializes or semi-materializes. 

Both the "intense light form" usage and semi-materialization of 
forms (such as light forms, flying geometrical forms, etc.) have been 
created worldwide by the Soviets for decades, to stimulate UFO 
reports and provide a deception plan for their development and 
testing oflarge, strategic energetics weapons using highly amplified 
PCMs and PCR holography. 

Other bizarre considerations also arise. For example, in radi- 
onics one utilizes a "witness"—such as a photograph—ofthe object 
one is attempting to send "energy" to. (For example, this might bo 
asickly plant one is attempting to spruce up). Now when the plant 
was photographed, the light from it struck the photoemulsion of tho 
film, producing a photochemical reaction. It also produced phase 


“For an example of highly reliable detection and obser 
see Leif Havik, "Projet Hessdalen," MUPON UFO Jou 
ftuthor certainiy does not imply that all UFO phenomens 
‘only that some UFO phenomens are 


tion of "Soviet hololography UFOs, 
“an. 1988 p. 4-7. The present 
re due to Soviet PCR holography. 
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conjugation in the atomic nuclei of the film emulsion, since the 
emulsion acts in some respects as a nonlinear medium, 

‘There exists a continuous, invisible "stimulus photon and its 
connections" trace in time and space, between the plant when the 
photo was taken and that photo now, even ifone orboth ofthem have 
moved. That trace is highly persistent (as Australian experimenters 
Reid and Barsamian have shown). A phase conjugate (time-re- 
versed) signal can be made to retrace that track and travel all the 
way back to the plant, in the present. The effect of using the photo 
(or sample of the object) as such a "witness" of the real plant and 
directing weak PCR energy back along the invisible trace into the 
object is called radionics. In most cases, the two cerebral hemi 
spheres ofthe operator's brain are depended on to form the necessary 
scalar "pump wave" to pump the “witness” and produce phase 
conjugated signal energy, time-reversed to travel back into the 
distant object.* 


The problem with present radionics is that itis far too weak, and 
it is "operator dependent", changing with the mood, temperament, 
and skill ofthe operator. It does objectively work, however, though 
Often erratically. In countries such as England, France, and Ger- 
many, use ofradionics to treat human disease is legal and permitted, 
though operators (for example, in England) must undergo extensive 
training and certification. Its results are roughly comparable to the 
results of normal medical doctors. Radionics does not replace 
orthodox medicine. It can successfully treat certain things that 
orthodox doctors have little or no success with (such as lupus), and 
orthodox medicine can successfully treat many things that radionics 
has little success with (a broken leg or ruptured appendix, for 
example). ‘The two treatments are best used in conjunction with 
each other. 

However, we must point out that a new, amplified PCM radion- 
ics is likely to emerge in the near future. Such a new approach will 
offer highly effective, powerful treatment of diseases, even at a 
distance, by amplified PCR electromagnetics. Again, the radiation 
in and from a photo or witness of a diseased patient can be used as 
a “grid signal” into a powerful, pumped phase conjugate mirror. The 


‘Again recall that we observe time-reversal of waves as spatial path reversal, not as time 
travel, 
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PCM will produce a specific, powerful, amplified signal that will 
travel directly to the patient, be absorbed in his entire system, 
including the atomic nuclei comprising his cells, and directly reverse 
the chemistry, toxins, and cellular damage in the patient from that 
disease. Itwill also kill or destroy the harmful viruses, bacteria, etc. 
causing the disease, and it can even reverse the actual genetic 
changes in the cell caused by disease-inducing viruses. 

Ofcourse, any powerful tool is two-edged. It can be used forharm 
as well as good. I think the reader can appreciate the damage that 
can be done to systems and persons at a distance by means of such 
powerful new amplified PCM radionics devices. 

You can also see the security problems posed to large comput- 
ing facilities in banks, federal facilities, state and municipal facili- 
ties, the IRS, U.S. military weapon systems, ships, aircraft, etc. 

Obviously such devices are going to have to be highly regulated 
and controlled. Else criminal operators will be killing people and 
destroying things wholesale, secretly and at a distance, and they will 
have perfect legal alibis to allow them to escape prosecution. 

‘To summarize: if. photograph or witness pattern ofan object or 
person can be correctly stimulated by phase conjugate electromag- 
netics so that the emulsion acts again as a PCM, can one not argue 
that—theoretically — phase conjugate energy from the photograph 
and the instrument can be sent back along all paths, all the way back 
to the original object? After all, this has been rigorously demon 
strated by University of Sydney researchers. Is there not an actual 
physical mechanism for radionics? For highly amplified, powerful 
radionics where the operator himself is removed from the circuit? 
Just because it changes our present notion of physical reality, must 
we dogmatically reject the results being shown on the laboratory 
benches, some of which are in the hard-core scientific literature? 


Phase conjugation and time-reversed engineering have a 
diversity of applications unparalleled in the history of sci 
ence. They literally present us with anew physics. New rules 
apply. 


‘Most of the major discoveries in phase conjugation have yet to 
be made 
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Scalar Electromagnetics 

The scalar electromagnetic approach modifies classical electro- 
magnetics (EM) to include gravitational waves and effects 

To do this, scalar EM utilizes summed-zero vector forces and 
force fields to construct polarized vacuum potentials. 

Although externally it has zero E and B vector gradients, an 
“artificial” potential possesses an internal, dynamic E and B vector 
field structure. This "infolded” (Bohm's term) structure has finite 
size and is deterministic. The infolded structure of the artificial 
potential in turn deterministically structures and polarizes the 
vacuum and curves spacetime locally, contrary to presently as- 
sumed limitations of general relativity. 

Since in free vacuum a potential normally extends to infinity in 
a decaying exponential fashion, then this infolded E and B vector 
structure of an artificial potential extends to infinity in a decaying 
exponential fashion. 

‘The artificial potential itself may be rhythmically varied either 
in structure, magnitude, frequency, or all of the above. This pro- 
duces waves of potential, and waves of the structure of vacuum/ 
spacetime — again, in the free vacuum case, reaching to infinity in 
a “decaying exponential” fashion, These "scalar EM waves" are 
gravitational waves. 

Each photon (one major wave length of the "carrier", complete 
with modulations) of the scalar EM wave also has structure (its 
included modulations). 

Modulated waves have compound or "giant" photons — photons 
containing infolded photons. 

Each compound photon of such a scalar EM wave is a 
vacuum engine. It deliberately structures and patterns — 
dynamically — the energy density and charge of vacuum 


(1) By canonically varying two or more components of the 
electromagnetic vector structure of the zero-summed EM force 
vector system, the local structure of vacuum spacetime is macro- 
scopically varied in its internal composition. This is the compound 
variation of "curvature within curvature” — and hence hyperdimen- 
sional 
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Table 29. A ZERO VECTOR SYSTEM: 


+ IS AN ACCUMULATOR 

+ DOES "INTERNAL" WORK ON MEDIUM 

+ HAS NO "ENERGY" EXCEPT STRESS 
OF VACUUM, YET 

+ CAN YIELD THE ENERGY OF ITS 
COMPONENTS WHEN DISSIPATED 

+ IS A SPECIAL SORT OF "PUMP" 

+ CAN YIELD CONTINUOUS ANENERGY FLOW 
IF NOT DISSIPATED 


(2) By prohibiting internal canonical variance while coherently 
varying the amplitudes of all the EM components, the total stress of 
vacuum/spacetime — and hence its overall curvature — is locally 
varied, without modifying its structural form. This is simple vat 
ation of overall curvature of local spacetime, involving primarily 
relativistic effects 


Rigorously, each of these two methods produces a localized 
gravitational wave, where the local stress of vacuum is deliberately 
patterned as well as oscillated in amplitude 

Both methods may be applied simultaneously (and multiple 
infolded times) to produce an even more sophisticated gravitational 
wave, and more sophisticated structuring of the local stress energy 
density of vacuum. 

The resulting unified electromagnetics/gravitation is called 
scalar electromagnetics, since the electrogravitational effects are 
obtained by deliberately opposing EM vector force fields so that they 
vectorially sum or multiply to a zero vector EM resultant, while the 
infolded (Bohm’s term) EM vector components structure and vary 
the stress energy density of vacuum.* 
folded and locked in’ dynamic electromagnetic forces. The 


ange inthe local energy density of vacuum 
the out folding of 


witational potential is just 
infolded EM energy is locked-in, representing a 
tnd hence a curvature in spacetime. Electromagnetic fore fields are 
the G-potential’s inner EM contents into the Sth dimension. Ordinary 
fcld i just the “trickle leakage’ ofthe G-potenial's inflded contents, out into and through 3- 
space 
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Note immediately that scalar EM also deals with internally 
structured and patterned electricity and electromagnetism. 

"Normal" electromagnetics has no deterministic internal struc~ 
ture 

‘The new electrogravitational (EG) wave is called a scalar EM 
wave, and is believed to have been originally discovered by Nikola 
Tesla. 

James Clerk Maxwell was aware ofthe potenti: 
to stress and structure the vacuum ether. 

His original electromagnetic theory — written in quaternions, 
not vectors (which had not yet been completed by Oliver Heaviside) 
- can allow for these effects to be expressed. 

Unfortunately Heaviside’s interpretation of Maxwell's work 
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Table 30. STRESS IS FUNDAMENTAL 


+ THE MOST FUNDAMENTAL REALITY IS STRESS 

+ THE COMPONENTS COMPRISING STRESS ARE THE GREAT 
CAUSATIVE AGENTS. 

+ MOST OF THESE ACTIVE AGENTS ARE HIDDEN INSIDE 
ZERO-VECTOR SYSTEMS 

+ THE COMPONENTS OF STRESS MAY BE STATISTICAL OR 
DETERMINISTIC 
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figure 43. Charge affects anything existing in spacetime. 
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eliminated these effects, and they have remained eliminated from 
the Western EM theory to the present day. 

The use of the scalar EM wave directly engineers the virtual 
state and the vacuum itself. 

Hooper's work represented important work in this respect, as 
does other related experimental work by Bedini, Watson, Golden, 
Dea, Faretto, Beck, and other inventor colleagues who do not wish 
their names mentioned 

Scalar EM theory also bears a strong relationship to the Kaluza- 
Klein unified theory of gravitation and electromagnetics. At least 
five dimensions — four spatial and one time — are required as a 
minimum, 

Nested levels of virtual state may be modeled as identical to 
successive hyperspaces. 

Internested levels of zero-summed vector EM force fields allow 
the direct engineering of those hyperspaces. 

Negative energy and negative time floware especially important 
when building free energy devices and antigravity. The mechanism 
producing negative energy and negative time flow is the forced 
amplified production and absorption of phase conjugated waves. 

In addition, phase conjugation is a basic phenomenon of nature: 
for example, as previously pointed out, it is the direct mechanism 
that generates Newton's third law of motion. It also adds a negen- 
tropy law (for negative energy/negative time). 

Accordingly, if we engineer phase conjugation, we can change 
Newton's third law to our will. And we can invoke the negentropy 
halfofthe total law ofentropy, so that we can go from disorder back 
to order. Again, we can make a Maxwell's Demon at will! 

In Newton's third law, when manipulated locally, the reaction 
force need not necessarily be equal in magnitude to the action force 
It also need not necessarily be parallel to it. It can even be phase 
conjugated itselfto yield an addition force, assisting the propelling 
ofa particular engine or device. 

Phase conjugation may also be manipulated so as to cause like 
magnetic poles to attract, and unlike poles to repel. 

Magnetic "force field lines" of a bar magnet normally exist in 
conjugate co-existing pairs. One ofthe pair is in observer positive 
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time, and (by convention) runs from the north pole to the south pole. 
The second line ofthe pair is a phase conjugate ofthe first, and exists 
in negative observertime. Thus, to the "positive time only" observer, 
it will appear to run from the south pole to the north poie, perfectly 
retracing the path ofits twin. 

Howard Johnson uses a "two particle” theory of magnetic field, 
for example, where one particle (photon) is the phase conjugate ofthe 
other. This is identically the same as the scalar electromagnetics 
concept of phase conjugate pairs of field lines. By very complex, 
specialized, compound permanent magnets, Johnson is able to 
partially separate the two lines, and spatially concentrate or dimin- 
ish the phase conjugation (negative time) component in a given area 
of operation, 

If the negative time component lines are concentrated to out- 
weigh the positive component lines in a local region, then the laws 
of magnetics are reversed in that region. There like poles attract and 
unlike poles repel. 

In his rotary permanent magnet motor design, he concentrates 
the negative time component in that part of the rotation where a 
north rotor pole is approaching a north stator pole. Normally, in this 
part of the cycle, one has to overcome the repulsion of like poles to 

“force energy” into the device for later extraction. 

However, now in that region like poles attract. There the north 
pole of the rotor is attracted toward the north pole of the stator, 
adding impetus to the rotor. 

As the rotating north pole passes the stator north pole, it leaves 
the region of negative time concentration and returns to a normal 
“positive time” region again. Now the north poles repel again, and 
impetus is again added to the rotor. 

In that manner Johnson is able to violate local conservation 
energy, and make a "free energy” permanent magnet motor. The 
motor will rotate itself and deliver constant shaft power to a me- 
chanical load. By attaching a standard electrical generator, normal 
electrical power is continually and freely produced by the complete 
motor generator power system. 

Johnson's complex nonlinear magnets severely curve local 
spacetime, allowing local violation of energy conservation. 
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Scalar EM View ofthe Vacuum 

Inthe modem quantum mechanical view, the vacuum is not an 
emptiness, but instead is a plenum, 

Today the vacuum is considered to be filled with incredible 
virtual particle activity. From nowhere, virtual particles continu- 
ally arise — even with fierce energy — then disappear again into 
nowhere, so rapidly that they cannot be individually observed. 

However, these virtual particles are quite real, forthey cause all 
the forces of nature when they interact in the aggregate with 
observable particles. 

Tothe observer, the fleeting particles also appear and disappear 
in both positive time and negative time. Thats, the flux consists of 
both particles and antiparticles, 

Thus the vacuum is a seething inferno of virtual particle fluxes. 

The concept of an ether is again accepted. It refers to this 
"virtual flux" vacuum, 

Note, however, that this is an ether far different from the old 
material ether that was theorized prior to relativity. 

In the new vacuum ether, every imaginable type of particle 
continually and spontaneously arises (creation) and disappears 
(annihilation) at every point in the vacuum, according to modem 
quantum mechanics. 

The rate ofthis seething virtual particle creation and annihila- 
tion is essentially unlimited, Hence the "flux density” of vacuum is 
essentially unlimited. 

Further, any virtual particle created has a flux of even finer 
virtual particles associated, and so on without limit. 

The vacuum's virtual particle flux is thus comprised of nested 
levels of ever finer virtual particle fluxes, in the modem view. We 
state without proof that each deeper virtual level may be 
modeled as a higher dimension (hyperdimension). ‘This 
yields an infinite-dimensional vacuum spacetime (hyper- 
space) that is identically the infinite nested levels of virtual 
state. 

At the same time, every nucleus in the universe is continually 
absorbing and emitting scalar EM (electrogravitational) waves. The 
emitted scalar EM waves of pure potential are waves in the stress 
and structuring of the vacuum itself. 
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VACUUM IS IDENTICAL TO: 


+ VIRTUAL PARTICLE FLUX 
+ SPACETIME 


+ ANENERGY 
+8, 
a + MASSLESS CHARGE 
+ MADE OF UNQUANTIZED ACTION 
+ WITHOUT DEFINITE LENGTH INTERVALS 


+ WITHOUT DEFINITE TIME INTERVALS 
+ N-DIMENSIONAL (UNFIXED) 


VACUUM IS: 


Figure 44. Vacuumspacetime is pure virtual particle fx. 


Table 31. VACUUM IS: 


+ SPACETIME (L"T, WHERE n >= 3) 
+ CHARGE (MASSLESS) 
+ ELECTROSTATIC SCALAR POTENTIAL 
(@, +0) 
(ERROR IN PRESENT THEORY) 
+ BROKEN BITS OF ENERGY (SUBQUANTAL) 
+ PURE VIRTUAL PARTICLE FLUX 
+1 -WAVE FLUX 
+ MULTILEVEL, STRUCTURED, PATTERNED 
+ AVIRTUAL PLENUM 
+ AN OBSERVABLE EMPTINESS 
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Figure 45. A simpltied charged particle. 
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Figure 46. A charged particle is a special kind of "spray nozzle.” 
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Figure 47. An observable charged particle is directly connected to virtual particle 
vacuum flix 


Table 32. SPIN COUPLES VACUUM TO PARTICLE 


+ SPHERICAL ROTATION IS THE KEY 
+ A PARTICLE CAN BE MODELLED AS 
A SPHERICALLY ROTATING VORTEX OF SPACETIME 
+ ITS MASS IS DUE TO ITS SPIN 
+ THE SPINNING OBJECT IS CONTINUALLY CONNECTED 
TO ITS ENVIRONMENT 
+ VERY HIGH VALUES OF ELECTROSTATIC POTENTIAL 
CAN INDUCE RELATIVISTIC CONDITIONS 
+ CHANGE RATE OF FLOW OF TIME 
+ EVEN THOUGH VELOCITY IS NONRELATIVISTIC 


EP. BATTEY-PRATT AND T.J. RACEY, 
"GEOMETRIC MODEL FOR FUNDAMENTAL PARTICLES," 
INTL. J. OFPHYS.19. NO. 6, 437-475, 1980 
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‘Vp>0 IMPLIES A MOVING RIVER, AND THE 
CHARGED PARTICLE 1S “HOOKED TO” THE RIVER 
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Figure 48. In a flux gradient (vitual particle river), a charged particle moves itselt 


rover sunroof 
tie 
Zag a 


4 ey 


—— Bie 7k 
2h FA Fag Bh ah te 


Figure 49. A natural potential is a disorganized change in the stress of vacuum. It 
has a random virtual substructure. 
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Figure 50. An artificial potential is an organized change in the stress of vacuum. It 
has a deterministic virual substructure. 


PARTICLES 


Figure 51. Gravitational potential is a conglomerate of stresses, organized or 
disorganized, 
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Figure 52. EM force fields are releases of gravitational potential via observable 
charged mass flows. 


Table 33. RESIDUE UNIVERSE, RESIDUE SCIENCE 


+ VECTORIALLY, STRESS IS SUM-ZEROED 

+ THE VECTOR FORCE FIELDS REPRESENT NON-ZERO 
GRADIENTS IN MORE FUNDAMENTAL STRESS 

+ FORCE FIELDS ARE THE RESIDUE LEFT OVER FROM THE 
SUM-ZEROED STRESSES 

+ PHOTON INTERACTIONS ARE FORCE-FIELD INTERACTIONS 

+ PHOTON-DETECTED REALITY IS ONLY "FIRST ORDER.” 
IT SHOWS ONLY "RESIDUE-LEVEL" REALITY 

+ WE HAVE BUILT A "RESIDUE SCIENCE” AND A 
“RESIDUE PHILOSOPHY” BASED ON FORCE FIELDS AND 
PHOTON DETECTION 


Roselli et al.: Smart Surfaces: Large Area Electronics Systems for Internet of Things Enabled by Energy Harvesting 
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Hence at every point in the vacuum, an intense flux of these 
scalar EM waves, with concomitant interferences, exists — in both 
positive and negative observer time. 

This scalar EM flux causally drives (constitutes) all the 
enormous quivering of the vacuum spacetime medium itself. 
In other words, it drives subquantum (virtual) change, 
which in turn drives quantum change. 

This is a drastic reorientation of quantum mechanics. In scalar 
EM, we view that the virtual flux of vacuum is causally driven or 
created by interacting scalar EM waves. This replaces the present 
view that the virtual flux is entirely chance. It opens up the direct 
engineering and structuring of the vacuum — and hence the atomic 
nucleus — by scalar EM means. 

However, it does not replace the normal statistical nature of the 
basic changes of the background vacuum medium. We normally 
have little or no knowledge of the myriad of drivers that cause the 
basic background waves of that medium. We may, however, delib- 
erately create special vacuum potential waves which are determin- 
istic, and which we have knowledge of, 

To the observer, from a purely statistical viewpoint, in this 
violent vacuum flux any and every finite pattern of virtual particles 
is also continually being momentarily created and destroyed — and 
at every level and in every hyperdimension. 

Thus, in the vacuum there continually exists — at any and every 
point, and in any and every region — the ghostly image of anything 
and everything, whether in the past, present, or future; and whether 
potentiai, probabilistic, or actual. Even everything that could have 
been in the past but wasn't, or might be in the present but isn't, or 
couldbe in the future but won't be, is continually present in thin, 
ghostly. form. 

Rigorously, the universal vacuum may be taken to be a sort of 
giant hologram, for the whole is in each part, albeit in ghost-like 
manner. Everything that is, or was, or shall be; and everything that 
could be but isn't, wasn't, or shan't be; already exists at once, 
anywhere and everywhere, in this ghostly, holographic, virtual 
state. 

We point out in passing that, conceivably, one can engineer any 
part of this "potential for reality.” That is, one can directly engineer 
physical reality itself, in the scalar EM view 

All that must be done is to amplify (continuously and coherently 
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Figure 53. As beyond (without), so within. Hyperspaces are internested virtual 
states, and rotated orthogonal frames. They are also substructures within and of 
vacuum state potentials 
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Figure 54. Intemested levels of tual state vacuum interact with neutrino, photon, 
‘and mass. "Thought" or "mental state" refers to the third and more levels down in 
viral state. 
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Figure 55. Virtual state patiewns are absorbed and emitted by the atomic nucleus. 
‘The buil-up nuclear “charge” in that particular pattern is a partial potential — for that 
pattern only. 


Figure 56. Nuclei of the universe continually exchange scalar EM waves and virtual 
panicle fluxes, 
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Figure 57. First order realty. Rough-hewn by observable photon interaction with 
electron shels ofthe atoms of physical mass. This process is “physical observation.” 
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Figure 58. Higher order (hyperspatia) reality. It exists as stored in the potentials ot 
the atomic nucle’ of physical mass. 
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add energy to) one of these "ghost images" virtual state forms. In 
that case, the form becomes "denser and denser,” until eventually it 
starts to breach the quantum threshold. At that time, the form will 
be seen emerging as a sort of "coalescing form of light,” where the 
light seems to be forming in little "chunks" or pieces. As the 
coalescing operation continues, the light-form will eventually be- 
come fully formed. Ifit continues, it will start to coalesce further into 
thin, ghostly material form, appearing much like a faint fog-form, 
With continued coalescing, it will become a very solid, material form 
which exerts pressure on tree limbs, breaks them, leaves traces, etc. 

Long ago I dubbed this process kindling. Itis rather widely met 
in paranormal phenomena of many types. 

But back to the basic idea of ghostly images in the virtual states 
of vacuum, 

In this view, Everett's many-worlds interpretion (MWD ofquan- 
tum mechanics is literal and real, albeit the additional worlds are to 
bo taken as virtual and hyperdimensional to the laboratory observer. 

(Itis rather simple to show that ever deeper, nested levels ofthe 
virtual state are exactly the same thing as ever higher dimensions. 
By “rotating” an object in many-dimensional space, one can show 
that, after three rotations, a physical object has lost all physical 
intersections with our normal 3-space, to us now only occupying 
time. Since this is the precise characteristic ofa thoughtform, Lused 
this phenomenon and spatiotemporal model to make a multidimen- 
sional space model directly including thought, mind and matter. 
That is, one is thus able to form a unified field theory of mind, 
thought, life, and matter — a model that is testable, makes predic- 
tions, and actually unites physics and metaphysics. That work and 


its plications, however, are largely beyond the scope ofthis book.) 

Itis stressed that the basic scalar EM image (interpretation) of 
reality is directly implied by quantum mechanics. It is not idle 
metaphysics. Other than the scalar EM wave causality for the 
observer's statistical microscopic dynamics (and the extended model 
unifying mind, thought, life, and matter), it is not the construct of 
this author. Instead, it follows from interpretation ofthe equations 
and axioms of quantum mechanics (QM) itself, as changed and 

extendedbythe" zerovectorsystem"dynamics. 
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Charge, Potential, and Curvature ofthe Vacuum/Space- 
time 

The flux of one type of virtual particle through a point in the 
vacuum may be examined. 

A single type of virtual particle flux (VPF) at a point constitutes 
one particular type of charge at that point. For example, the flux of 
virtual photons constitutes the electrical charge. 

Further, the magnitude of the selected flux (usually expressed as 
aflux density) through the point may be taken as the magnitude of 
the vacuum’s charge there in that type of particle. In other words, 
ata point the magnitude ofthe vacuum’s charge (VPF) is one type of 
potential at that point. 

Various kinds of fluxes constitute various kinds of charge, and 
comprise various kinds of potentials. Immediately we see that one 
type ofcharge may always be decomposed into other kinds of charge, 
scan potentials. This pointis beyond the scope of this book and will 
not be further amplified. 

Continuing our example, the magnitude of the electrostatic 
scalar potential at a point in vacuum represents the magnitude of 
the flux of virtual photons through the point, and hence the electrical 
charge at the point, 


Table 34. REALITY ISA HOLOGRAM 


TO ESTABLISH THIS: 


4. ALL DETECTION IS INTERNAL 
PHYSICAL REALITY CONSISTS OF THE INTERNAL 
DETECTIONS OF THE PERCEIVER/OBSERVER. 


2. THE OBSERVER MAY BE AT ANY POINT IN THE UNIVERSE 
THE UNIVERSE CAN BE DETECTED FROM ANY POINT 
INSIDE ITSELF. 


3. THE PHYSICAL UNIVERSE IS TOTALLY INSIDE EACH POINT 
IN ITSELF 
THIS DEFINES A HOLOGRAM: THE WHOLE |S IN EACH 
PART. 
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Twin Flows of Time 

In quantum mechanics, each virtual photon is continually 
turning into an electron/position pair, and vice versa. 

By Dirac theory, apositron is an electron traveling backwards in 
time. 

Further, pair production produces time-smeared particles — an 
electron and a positron. 

Pair production, then, actually produces two electrons, one 
coupled to (smeared in) a positive piece of time and one coupled to 
(smeared in) a negative piece of time. 

Thus in the vacuum two discretized streams oftime, one positive 
and one negative, are continually created in conjunction with pair 
production, and destroyed by pair annihilation. 

Further, integration of tiny virtual pieces of time (from virtual 
photons) to form "passage of time” macroscopically is directly asso- 
ciated with the charge (the absorption and emission of virtual 
particles) of an observable particle. 

This is what is meant by an object "existing" (persisting). Its 
continual virtual photon interactions are integrated by its mass 
(timeless part) to continually create its energy states and its march 
through time. 

‘The absorption and emission of an abservable photon, however, 
moves the mass (timeless part) in (comparatively) larger jumps 
through time. The absorption ofthe photon connects a positive piece 
of time to the mass of the particle, converting it to masstime. The 
subsequent emission of an observable photon "tears off the little 
time-tail,” so-to-speak, and leaves behind a totally spatial ma: 
entity, having no large connection to 


This is what is really meant by 


Because the "observation" disconnects time from the previously 
excited mass" (masstime), then it follows that time is not an 
observable. 

It also follows that the twin streams oftime are not continuous. 
Each is broken into incredibly tiny bits. 
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The bits oftime are continually interlaced between nega- 
tive and positive, and neither of the two streams oftime bits 
is integrated in the vacuum. The vacuum is disintegrated! 

‘A photon — the basic quantum — is composed of discretized 
energy and time, bound together (integrated) as action (angular 
momentum). That is, a photon is a little piece of energy, welded to 
alittle piece oftime, with no seam in the middle 

‘Two kinds of photons exist: the normal photon exists as 
(4dE) (+dt). The phase conjugate photon exists as (-dE) (-dt). 


VIRTUAL ELECTRON 


(NEGATIVE CHARGE GOING 
FORWARD IN TIME) 


+t 


VIRTUAL POSITRON 


(NEGATIVE CHARGE GOING 
BACKWARD IN TIME) 


Figure 59. A photon is a single oscilation of a carrier wave. It is also two virtual 
electrons, one going forward in time, and one going backward in time. With 
intemested modulations (subphotons), the structure of the photon becomes ex. 
tremely complex 


Table 35. PHYSICAL CHANGE 


+ COMPOSED OF ACTION 
+ h= BASIC QUANTUM 
+ TWO CANONICAL VARIABLES 
- ENERGY/TIME (AE At) 
= MOMENTUMILENGTH (Ap AL) 
ETC. 
+ ENERGY/TIME 
= hz (#AE) (+At) 
- hs (-AE) (-At) 
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If the photon is of a certain magnitude, given by Planck's 
constant, then it is an observable photon. 

If the photon is less than h in magnitude, then it is a virtual 
photon. 

‘A simple photon in vacuum can also be considered to be one cycle 
ofa sine wave. One half of the sine waves exists in positive time, 
hence is/contains a virtual electron. 

The other half of the sine wave exists in negative time, hence it 
is/contains a virtual positron — an electron traveling backward in 
time. This second half of the full photon (a single sine wave 
oscillation) is the phase conjugate (time reversal) of the first half: 

As we stated previously, the full photon in vacuum actually 
exists as a presently visualized "positive time” photon and a phase 
conjugate "negative time” photon , a "serially linked pair,” where 
each photon is only one-halfthe sine wave. This resolves the conflict 
inherent in wave/particle duality. 

Italso has a great deal to say about engineering the vacuum and 
about detectors and the detection process. 

In the spontaneous decay ofa virtual photon, it can be seen that 
one part (the virtual electron) is associated with positive energy and 
positive time; the other part (the virtual positron) is associated with 
negative energy and negative time. 

The continual "switching" between positive and negative time in 
an observable particle's absorption and emission of virtual photons 
(and the associated electron/position +t/-t pairs) means that the 
positive flow of time, to the macroscopic observer, is continually 
being "started" and "stopped" (created and destroyed). 

This continual attachment and detachment of positive 
time to and from the "observer particle" creates the "past" 
and the "future" to which the observer seems somehow to be 
connected, and yet not connected. 


Engineering Local General Relativity 

In a flat spacetime (linear vacuum), the two time flows are 
balanced, as are pair creation and pair annihilation. In this case, 
conservation of charge and energy hold. 
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Table 36. ORDINARY GENERAL RELATIVITY (OGR) IS A SPECIAL CASE 


+ OGR HAS ASSUMED AWAY MOST LOCAL GR SYSTEMS, OF 
THE TYPE WHERE MAXWELL'S EQUATIONS AND THE 
CONSERVATION LAWS CHANGE LOCALLY. 


+ PHYSICISTS ARE THUS STRONGLY DISCOURAGED FROM 
CONSIDERING THAT GR CAN EASILY BE ENGINEERED IN A 
LOCAL EM SYSTEM. 


Inacurved spacetime (nonlinear vacuum), one ofthe two triplets 
(positive electron/energy/time or negative electron/energy/time) 
predominates. Hence in a curved spacetime the rate of flow (produc- 
tion) of the two time streams is unequal, as is the production of the 
two kinds of energy and the two kinds of electrical charge. 

A locally curved spacetime thus produces a predominance of 
either positive or negative electrons, and either positive or negative 
energy, and a predominance of the addition of either positive or 
negative time production. 

The curved spacetime acts as a local source or sink accordingly, 
and both conservation of energy and conservation of charge can be 
locally violated in such a curved spacetime region. 

‘As we stated, the locally curved spacetime produces either 
positive time or negative time more predominantly, acting as a 
source or sink for normal (positive) observer time. The local rate of 
flow of the observer's time can thus be speeded up or slowed down, 
depending upon the type of local spacetime curvature utilized, 

It follows, then, that standing local gravitational waves can 
result in localized, stable gradients in the vacuum virtual particle 
flux, between the "high potential” part ofthe standing wave and the 
“low potential” part. 

This allows the violation of conservation laws such as charge and 
energy in the local gravitational gradient, utilizing the localized 
curvature of vacuum to provide a special source. 

For proof that conservation laws need not apply to a curved 
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spacetime, see A.A.Vlasov and V.I. Denisov, "Einstein's formula for 
gravitational radiation is not a consequence of the general theory of 
relativity, Theoretical and Mathematical Physics, 53(3), June 
1983 (English translation); Russian, Dec. 1982, p.406-418. Quot- 


ing: 


"This result is a particular consequence of the general 
assertion to the effect that in general relativity there are no 
energy-momentum conservation laws for a system consist- 
ing of matter and the gravitational field." 

See also V.I. Denisov and A.A. Logunoy, "New theory of space- 
time and gravitation," Theoretical and Mathematical Physics, 
50(1), July 1982, p. 3-76. This paper (p. 3) points out that 
the gravitational field in general relativity is com- 
pletely different from other physical fields and is not a field 
in the spirit of Faraday and Maxwell." 

‘A 1984 Soviet paper by senior Russian physicist C. Yu. Bosgo- 
slovsky, "Generalization of Einstein's relativity theory for the ani- 
sotropic spacetime," is also very relevant.* 

In composing his theory of general relativity, Einstein assumed 
that the local spacetime of the observer could never be curved, and 
instead would always be represented by a Lorentz frame (flat 
spacetime). 

This severe assumption had the effect of "saving" the sacrosanet 
conservation laws, and maintaining the exclusion of electrogravita- 
tion, 

Since then, Wester physicists have raised Einstein's assump- 
tion — and the conservation laws — to a dogmatic belief system — 

in some cases, to near fanaticism. 

To see a clear statement of these limiting assumptions imposed 
on general relativity to provide the severely restricted version 
taught in almost all Western universities, see Charles W. Misner, 
Kip S. Thome and John Archibald Wheeler, Gravitation, WH. 
Freeman and Co,, San Francisco, Califomia, 1973, p. 19-21, 71-72, 
367-369. 

In other words, Western physicists still use a sort of "special 


*See also VL Denisov and AA. Logunov. "The inertial mass defied in general relativity has 
ro physical meaning." preprint p. 0214, Institute of Nuclear Reseach, USSR Academy of 
‘Science, Moscow, 1981 
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" and call it 


relativity with distant curved spacetime pertubations 
generaltelativity! 

The Soviets do not limit themselves to the same restricted 
general relativity theory as does the West. 

Santilli (Ruggero Maria Santilli, Ethical probe on Einstein's 
followers in the U.S.A: An insider's view, Alpha Publishing, 
Newtonville, Massachusetts) has documented what essentially 
amounts to a conspiracy in Western physics to shut out any gener- 
alization of Einstein's severely limited relativity 

It is precisely this near-total Western scientific prejudice — 
along with Heaviside’s mutilation of Maxwells original theory — 
that has excluded electrogravitation from being developed in the 
Wes 

Note also that, by embracing a “locally flat spacetime" assumed 
to be decreed by the "laws of the universe," in their rigid mindset 
Western physicists have excluded any possibility of performing 
simple laboratory experiments in locally curved spacetime. 

Theydo not believe itcan be done, so they have never tried. 

Butletus further address the importance ofthe negative triplet 
(electrical charge/energy/time) and its concomitants parity, gravity, 
and entropy: 


Engineering Antigravity 

In negative time flow, gravity is a repulsion, not an 
attraction. 

Producing antigravity in an object is simply the produc- 
tion of excess negative time flow in that object. 

That is readily achieved by curving local spacetime in the 
appropriate direction, and forcing the object to produce excess 
negative energy. 

Mass, for example, isjust a special form oftrapped energy—and 
trapped energy (potential) is just trapped charge of one kind or 
another, whether observable or virtual.* 

As such, mass represents a "localized potential” in the ambient 
vacuum, of a certain kind of "trapped energy/time charge." 
**Acualy ioe its in equixium in a dynanic and consul fox, a mass particle is 


actully a special trapped rate of ction flow. A defining uation for mass im terms ofthe 
rate of action flow was given by the author in Quiton/Pereeptron Physics, NTIS, 1973 
Report AD-763210, 
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‘The mass/potential is continually being charged by the vacuum 
flux, and discharging and emitting charge flux into the vacuum flux 
‘The mass is "in equilibrium” at its fixed potential. 

Normal ("positive") mass is simply charged up with positive 
energy and positive time. And its external electron shells result in 
it presenting a "negative charge” face to the world. 

If we charge up the mass, however, with negative energy and 
negative time, so that some of its charge potential now is of thi 
second type, the trapped energy will now consist partially ofnegative 
energy. In addition, the mass will partially existin negative time (be 
charged up partially with negative time). 

When excess negative time flow is produced in a mass, the mass 
begins to be repelled by the earth as well as still being attracted to 
it in its positive time stream. The net result of the object's fixed 
attraction and increasing repulsion is that the object begins to lose 
weight in the earth's gravitational field and gets lighter. 


When a sufficient rate of excess negative time flow (sufficient 
local spacetime curvature) is produced, the mass floats freely 

With additional negative time production rate, it accelerates 
falls") upward 

The rate ofexcess negative time produced may be controlled very 
simply by using a "negative time/negative energy" generator and 
varying the amount of the load applied to the device. 

‘The negative time/negative energy generator can be rigidly 
affixed to a flying apparatus, serving as a sort of gravitational rocket 
or gravitational propulsion system. 

Of course, the negative energy produced in the propulsion 
process can be used to light lamps and power electrical loads, as well 
as host of other things. (Yes, Virginia, it can also be used to generate 
force fields, power weapon systems, etc.) 

Thus one can "eat his cake and have it too"; by using negative 
energy flow for power, a very practical antigravity spaceship can be 
developed. 

An additional side benefit to the passengers probably exists: 
they should age at a slower rate when traveling in the vehicle. 

As can be seen, since many kinds of VPFs exist in vacuum, the 
vacuum is filled with (and consists of) many types of "potentials." 

Overall, this matches very closely the view of general relativity, ifwe 
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regard the vacuum itselfas indefinite "spacetime", where no ordered 
universal frame with a fixed metric has yet been associated or 
prescribed. 


Curved Spacetime and the Disintegrated Vacuum 

From general relativity, additional characteristics of the mod- 
em vacuum/spacetime may be inferred or interpreted. 

First, we may take a "flat spacetime" to consist of a charged 
vacuum, such that both the magnitude and strueture ofthe VPF are 
essentially unchanged from point to point, and the flux of virtual 
particles and virtual antiparticles are balanced. Equal positive and 
negative time flows/charges exist. 

Note, however, that we can have what casually may appearto be 
"flat spacetime” but instead is "warped." This case exists when the 
magnitude of the overall VPF comprising the vacuum does not 
change from point to point, but the component structure ofthe VPF 
does vary fiom point to point. 

In other words, the overall vacuum potential remains the same 
from point to point, but two or more individual potentials may 
canonically vary. Let us further clarify this point by analogy. 

‘Suppose we view the vacuumv/ether/spacetime as a special sort of 
gas, where the "gas” is actually a mixture of many, many gases. 

It is a rather peculiar sort of gas; it exists in five or more 
dimensions andis composed of very strange, fleeting particles which 
spontaneously are created and destroyed, each arising out of no- 
where and returning to nowhere almost immediately. 

‘There is only minuscule (negligible) time overlap (integration) of 
the existence of these virtual particles in the main, 

Thatiis, mostly each virtual particle — along with its associated 
energy, movement, momentum, charge, and increment of time — 
exists almost entirely as an individual. 

The energies, movements, momenta, charges, and time incre- 
ments of the individual virtual particles do not integrate or sum to 
any appreciable degree in vacuum. 

Thus, although casually this ether/gas may seem to contain 
enormous "energy density", momentum density, charge density and 
time increment density, these are not integrated energy density, 
momentum density, and time density in the normal sense. 


Extraordinary _ Physics 160 


Instead, they are the densities of disintegrated energy, disinte- 
grated momentum, and disintegrated time flow. 

In scalar electromagnetics, we have called the disintegrated 
energy of vacuum anenergy. This clearly distinguishes that it 
exists in a fashion altogether different from normal, integrated 
energy with which we are accustomed. 

By integrating anenergy, of course, one obtains ordinary 
energy—but it first requires an integrating agent. The most 
usual integrating agent/operation is the spin of an observ- 
able particle of mass. 


Similar considerations apply to momentum and time 


With this more precise interpretation, the vacuum con- 
tains enormous anenergy, but essentially no energy. It 
contains enormous virtual energy, but no observable energy. 

Unfortunately, however, orthodox physics does not yet clearly 
differentiate between the two states of energy, virtual and observ- 
able (disintegrated and integrated), 

Instead, it continues to loosely utilize the term "energy" for both 
states, whether integrated or not. Thus it exclusively uses the term 
“energy density of vacuum.” Rigorously, the term should be "ane- 
nergy density of vacuum. 

Indeed, most physicists are not clearly aware of the distinct 
difference between the two different states of energy, insofar as the 

implication of integration or nonintegration, 

Regrettably, then, we will continue to utilize the orthodox term, 

‘energy density of vacuum." but the reader should be clearly aware 
that the vacuum "energy" and vacuum "stress energy density” 
such are totally disintegrated. 


Separation of Vacuum and Observable States 

Because the energy density of vacuum is unintegrated, an 
integrated physical body — including one’s personal body — can 
exist "in" the vacuum medium of incredible "energy" density, yet 
observably exist in a medium of zero energy density. 

‘The unintegrated vacuum ether has enormous spatial density of 
virtual energy, but essentially has zero spatial density ofobservable 
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energy. 

Note, however, that in our hyperdimensional interpretation of 
the levels of virtual state, the vacuum spatially does not exist in the 
normal 3-space of observable matter.* 

The vacuum occupies the 4th dimension (time) and all spatial 
dimensions (hyperdimensions) greater than the third — it occupies 
all levels of virtual state, but not observable state. It occupies all 
levels of disintegration, but not the levels of observable integration. 

Exchanges occur between normal 3-space and the hyperspatial 
vacuum, through the common connecting dimension, time. 

These exchanges (of virtual particles) are integrated by the 
spinning observable mass particle into the first quantally excited 
state — a delta (change) representing a single entrapped quantum 
— of the 5-space potential represented by the particle and its 
accumulating VPF. At that time a sharp electromagnetic (fitth 
dimensional) discharge ofthe quantum occurs, converting the accu- 
mulated 5-G quantum to the ordinary EM quantum ofthe 4th (time) 
and Sth (infolded space) dimensions. 

This accounts for the so-called "collapse of the wave function", 
the production of unitary quantum change, and the discretizing of 
observable change. 

We note in passing that time is the only “dimension” where 
everything can be considered to occupy the same "point" or "inter- 
val", but it is discretized and chopped into pieces (disintegrated), 
quite different in nature from the familiar three spatial dimensions 
ofthe observable (integrated) universe. 

The dimensional separation (spatially) of the seething vacuum 
"energy" (anenergy) and the 3-space of normal matter allows a 
physical body to enormously interact with the vacuum at or near 
equilibrium at the microscopic level, but maintain its macroscopic 
form and stability as ifno interaction were going on. 


Partial Potentials, Curvature, and Warping 
Atany rate, we view the magnitude ofthe overall "potential" of 
this vacuum gas mixture, as the magnitude of the entire "stress 


“Here we sharply difer fom conventional physics, which hopefully confuses the concepts of 
‘vacuum, spacetime (indeterminate), spacetime (determinate) and frame. 
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ENERGETICS OF A POTENTIAL 
Running in Place and Getting Nowhere 


Figure 60. A potential is trapped energy. A potential in vacuum is trapped virtual 
stale “energy” oF fux. A natural potential is trapped random energy. 
‘An artificial potential is trapped organized energy. 


or "pressure" ofthe mixture — IF AND ONLY IF this stress 
energy or pressure were somehow integrated. * 

As can be seen, we can now look at each of the component gases 
in the mix as contributing a partial pressure or partial stress energy 
(an individual component potential) of the vacuum conglomerate. 

We may have the overall pressure remain the same, yet canoni- 


‘Thus its really the potential stress energy density. ‘The vacuum is nothing but potential! 
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cally change the partial stress energies (individual potentials), 

Inthatcase one has an internally twisted or "warped" spacetime 

A warped spacetime may prove quite useful, for example, for 
direct translation of one type of "energy" into another. In that 
fashion, one may conceivably obtain radiation energy at the expense 
of mass, or mass at the expense of radiation energy. 

Or one may convert between potentials where one or more ofthe 
converted potentials are as yet unknown to orthodox physics. 

Kaluza theory, forexample, contains many potentials that are as 
yet unknown and undiscovered in nature. When undue simplifica- 
tions are made to arbitrarily exclude the unknown potentials, the 
adapted theory leads to error in its predictions. 

This was originally regarded as a great imperfection, and 
Kaluza theory fell into disfavor for decades. Then as modern particle 
physicists began to produce fundamental particles of an astounding 
variety, a Kaluza-Klein theory of 11 or more dimensions was found 
to very reasonably describe the emerging situation. Once again, 
then, Kaluza-Klein theory became a moving force among modern 
theorists 


One may also convert electromagnetic field energy into gravita- 
tional field energy, for example, and obtain enormous amplification 
of gravitational effects. 

This is precisely what scalar electromagnetics seeks to do. 

Since the electrical field between two electrons is about 10° 
times as strong as the gravitational force between them, conversion 
ofthe EM charge flux into gravitational charge can conceivably yield 
up to 10" times as much gravitational force as normal, depending 
upon the efficiency ofthe conversion process. Even with a process or 
device that uses electron currents and has an efficiency of only 107°, 
gravitational/inertial gains of 10 are possible. 


Note, however, that the levels of vacuum may also be compared 
to horizontal planes beneath the ocean 

For example, we may take a particular level of vacuum potential, 
and that level constitutes a sort of included "flat spacetime” of its 
own. By biasing the potential ofa scalar transmitter and receiver to 
agiven level, one may transmit (in either direction) at that level only, 
Receivers at higher or lower levels will detect nothing. 
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The immediate application to engineering the nucleus for such 
things as nonradioactive transmutation of elements, controlled 
nuclear fusion, electromagnetic healing, and processing nuclear 
wastes to render them harmless should be apparent. 

To recapitulate our analogy, a true "flat spacetime” is a vacuum 
whose VPF does not essentially vary overall or in each constituent 
part, between two comparative points. 

‘A "curved spacetime” is a vacuum whose overall VPF varies in 
overall magnitude, between two comparative points. 

‘A “warped spacetime” is a vacuum whose VPF may or may not 
vary in overall magnitude between two comparative points, but 
whose partial VPFs vary their ratios, between the same two points. 
Note that a vacuum/spacetime can be both warped and curved. 

Itis stressed that we have not limited the number of dimensions 
that can be placed on the vacuum to Minkowski’s four. We hold the 
number of dimensions necessary to represent both vacuum and 
observable matter to be arbitrary, but greater than four. 

To unify electromagnetism and gravitation (which is what scalar 
electromagnetics is about), we must take five dimensions — four 
spatial and one time —to be the minimum necessary in modeling the 
unified theory, similar to Kaluza. 

We state now a major characteristic: Vacuum/spacetime 
consists entirely of potentials, nothing else, and these are 
hyperspatial a priori. 

‘The vacuum does not contain observable force fields nor any 
Other non-potential entity. 

We also state without proof that in scalar EM theory it seems 
very possible to model the mind and its unification with physical 
reality, in a fashion subject to experimental verification. 


Force and Mass Are Inextricably Intertwined 

In foundations of physics, it is well-known that, paradoxically, 
force and mass can only be defined one in terms of the other. 

We may use that paradox for a new interpretation of force and 
force fields: a force may be interpreted to consist of the time rate 
of changing the "mv" momentum ofa mass system or object, instead 
of being the cause of its dp/dt. 


ics 
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That is, we may take the view that 


F=dp/dt (4-14) 
not just that 
F = dplat (415) 


We have previously pointed this out and called it the "strong 
definition of force.” 

‘This immediately suggests the question: Ifforce is an effect and 
not a cause, what, then, causes force? 

Quantum mechanics already provides the answer: A differenti- 
ating operator must be applied to (coupled to) potential in order to 
produce a force field. The most usual "differentiating operator” is an 
observable spinning charged particle. 

Acharged particle exposed to the variation ofelectrostatic scalar 
potential between two points is exposed to a gradient (flow) in the 
virtual photon VPF, and hence to a directional "stream" of virtual 
photons. The observable charged particle couples to that stream. Its 
spin integrates the unobservable, disintegrated anenergy of the 
gradient flux into integrated, observable energy ofthe particle. 

With greater integrated "pressure" on one side of the particle 
than onthe other, the observable particle accelerates and translates 
This produces or "detects" (and comprises) an electric force between 
the two points. 

Force is the mass particle(s) accelerating, either in time or in 
mass. Observable force is observable particle(s) accelerating. Vir- 
tual force is virtual particle(s) accelerating. 

In Quiton/Perceptron Physics, I gave a new defi 
that is consistent with this viewpoint: 


ition of 


mas 


I kg. mass = 17.053 x 10 switches/sec (4-16) 


where a switch is h4'pi) having the units of action/time, or energy. 
This directly defines mass in terms of energy accumulation, where 


The ‘rub! (http://www.usingenglish.com/reference/idioms/there%27s+the+rub.html) 


Want to detect the presence of RFID readers? Want to control when a RFID tag is 
active or readable? We describe how to do both using bits of copper and card, and 
some readily available electronics hardware. 


Longer preamble 
Radio frequency identification ( RFID (http://en.wikipedia.org/wiki/RFID)) is rapidly 


growing in popularity. RFID tags are found everywhere. They're attached to 
container freight, in those funny-looking white labels you find in newly purchased 
books, embedded in many corporate ID cards and passports, etc. The tags have a 
few common properties: they transmit a unique ID number, are optimized to be 
'read' from predefined distances, and are usually small so they can remain 
unobtrusive or hidden. 


RFID readers are used to track nearby tags by wirelessly reading a tag's unique ID 
(see Figure 4); a tag simply has to be brought into physical proximity with a reader 
to be read. Readers are mostly used for industrial or commercial purposes, e.g. 
asset tracking or electronic payment. Wal-mart use RFID tags and readers in their 
supply chain. The technology is also used in mass transit systems in cities like 
London (http://en.wikipedia.org/wiki/Oyster_card) and Hong Kong 


(http://en.wikipedia.org/wiki/Octopus card). In Japan, many mobile phones 


incorporate readers to enable e-money payments in shops and vending machines. 


For those of us who want to experiment with RFID, the problem is that the 


technology is almost always | iblack boxed (http://en.wikipedia.org/wiki/Black_box). 
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the energy accumulated is in equilibrium in a differentiated action 
flow. 

Note that "energy" is the time rate of flow of action. Energy can 
only be accumulated (as a mass or a potential) by possessing two 
rates of flow of action simultaneously, one in positive time and one 
in negative time. This is a very deep statement that affects all of 
physics, but unfortunately it is beyond the scope of this present book. 

To return: 

The observable electric force field does not exist as such in 
vacuum, The vacuum and all its constituents are totally virtual. 
Only the potential ("potential for the electric force field, given a 
coupled charged observable particle") exists in vacuum, as pointed 
out by Richard P. Feynman et al, The Feynman Lectures on 
Physics, Addison-Wesley, Reading, Mass., 1964 vol. 2, p. 2. 


The Concepts ofZipped and Unzipped Forces 

As noted previously, the potential exists as an unintegrated 
virtual particle flux (VPF). Further, each little moving virtual 
particle is smeared in length and time, is coupled to finer VPF, and 
thus may be said to constitute a minute "force vector" while it exists. 

Thus, the electrostatic scalar potential is composed of a myriad 
of little individual "virtual particle force field” vectors. 

Since these little virtual vectors are essentially separate and 
unintegrated, one may say that the electric field is unzipped in 
vacuum. By "unzipped" we mean that the individual virtual particle 
E-field vectors are unintegrated. 

A potential, for example, is composed of unzipped vector fields 
since it is comprised of unintegrated, virtual vectors. 

To be static, the potential must be comprised of a pair (at least 
one pair) of unzipped vector fields, one in positive time and one in 
negativetime. These unzipped vector fields must in turn be locked 
together. In this case, the positive time observer sees nothing 
(vacuum only), until he "observes" or detects. Normal detectors 
detect (and in so doing, they zip together) only the positive time 
unzipped component. The negative time (phase conjugate) vector 
held retraces the positive time field, in Newton's third law. Or, if 
generating a wave or pulse, it would be seen as a phase conjugate 
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replica which affected the disturbing source. 

Letusbe very plain. A"'scalar EM potential" is actually two 
vector fields zipped together: one is in positive time, and the 
other is in negative time. Each halfis composed of microvectors, 
A dynamic gradient in this scalar EM potential (ie., a scalar wav 
for example) actually consists of two waves: one is the normal 
positive energy/positive time” EM wave, while the other is the phase 
conjugate replica. When we detect the normal half (with electron 
detectors), we actually detect the second halfwith the atomic nuclei 
Since it is a phase conjugate, it produces a negative momentum 
change on the nucleus {since one has p/(-t)} instead of LeSage’s 
positive momentum change. In other words, it produces a drawing 
(attracting) force on the absorbing nucleus, instead of LeSage's 
assumed repelling force on it 

‘That is the entire secret of gravitation. And of electro- 
gravitation. Knowing that, you can easily work out how to apply 
the necessary engineering to get antigravity. 

But to return. 

The potential can also be comprised of many unzipped vector 
fields at once. These may be deterministic (artificial potential) or 
randomized (natural potential) 

The "force field" is disintegrated (unzipped) in vacuum, and 
integrated (zipped) on, of, and by an observable charged particle. In 
vacuum, itis always accompanied by its phase conjugate twin. When 
detection by an observable particle occurs, the spin of the particle 
acts as the "zipper," producing an observable force (which is actually 
of the particle accelerating, not "acting independently upon it.") 

Vacuum is unzipped; observable mass is zipped. 

Any zipped entity exists observably in 3-space; any un- 
zipped entity exists in hyperspace outside 3-space, and is 
unobservable and virtual to the 3-space observer. 

This interpretation is still consistent with the extended quan- 
tum mechanical view, where ultimately all observable forces are 
considered to be generated by absorption and emission of virtual 
particles by/from an observable particle (mass), at least insofar as 
what we may observably measure or detect. 
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Force, Force Field, and EM Waves in Vacuum 

In the new interpretation, consistent with the quantum me- 
chanical view, observable force becomes an effect, not a cause. 

One may interpret quantum mechanics as stating that any 
observable is an effect, since it is assumed to have a virtual 
state cause. In the axioms of quantum mechanics, an operator is 
required for every observable. 

‘The primary causative agents are potentials, not force 
fields, as is now firmly established in quantum mechanics. 

The Aharonov-Bohm (AB) effect is a striking illustration of the 
primary reality of the potential rather than of the force field. 

In the AB effect, potentials may still exist when the force fields 
are zero, and their interference can still cause real effects. The AB 
effect has finally become generally accepted by physicists after 
nearly three decades of controversy. 

The immediate result is that, contrary to the outdated view 
imbedded in classical EM, observable E and B force fields do notexii 
as such in vacuum, This allows a totally new interpretation of the 
nature of the EM wave in vacuum: It is longitudinal. And actually, 
itexists in longitudinal pairs: the second is the phase conjugate ofthe 
first. 

But of course we detect transverse waves with our detectors! 
However, this has a simple explanation. 

Examine, for example, a straight-wire antenna. The spinning 
conduction electrons are longitudinally constrained, as is well 
known. The electrons are relatively unrestrained transversely in the 
wire, but can only “drift” longitudinally down the wire with a speed 
usually on the order of centimeters per second, The signal potential, 
however, moves longitudinally down the wire at almost the speed of 
light. 

Obviously it is not the longitudinal movement of conduction 
electrons that constitutes the "signal", even though classical electro 
magnetics represents it that way.* 

We note that a spinning electron whose movement is longitudi- 


“Actually. we do not really know how currenlclectrons travel down a wire or even ifit does 
they do. See three articles by Chappell Brown in Electronic Engineering Times: "Railgun 
Research Shoots Holes in Lorent’s Theory.” April 6, 1987,p. 49-50; "Anomalies in Electro 
magnetic Law Spur Debate” Sept 14, 1987, p58: “Electro and Conduction: Not So Simple 
‘Aller All"Dee. 38,1987, p: 21-2. 
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nally restrained, but is unrestrained transversely, may be charac- 
terized as a gyroscope. Further, the axis of this gyroscope may be 
taken as lying in a plane perpendicular to the straight wire conduc- 
tion path, since the electron is relatively unrestrained transversely. 

Ifnow disturbed by a vacuum potential gradient, the gyroscopic 
electron is free to precess at right angles to the length ofthe wire. In 
other words, given a disturbing force, the electron will move tran: 
versely, or radially in the cross sectional plane of the wire, because 
of gyroscopic precession. 

Thus, assuming a gyroscopic electron and its longitudinal con- 
straint, we will detect transverse oscillations in the electron gas in 
the wire, IF AND ONLY IF the incoming disturbance in the vacuum 
is longitudinal, and IF AND ONLY IF the unzipped vacuum distur- 
bance “couples” to (is zipped by) the gyroscopic conduction electrons. 

Two things are certain in our electron-detector model: First, by 
the nature of a gyroscope, the conduction electrons move (precess) at 
right angles to the "disturbing force.” Second, we only detect the 
movement of the electrons themselves. 

Since we do detect transverse oscillations of the precessing 
electrons in the straight wire antenna, then it follows that normal 
electromagnetic waves in vacuum—that is, the component half that, 
interacts with the atom’s electron shells and not with its nucleus — 

are (1) longitudinal, and (2) of such form that they couple to 
electrons. 

Note that Tesla always insisted that electromagnetic waves in 
vacuum were longitudinal. For example, he called them "electro- 
magnetic sound waves" in the ether. In "Tesla Maps Our Electrical 
Future,” H. Winfield Secor presents Tesla’s view oftransverse waves 
in this fashion: 

"Tesla upholds the startling theory formulated by him long ago, 
that the radio transmitters as now used, do not emit Hertz waves, as 
commonly believed, but waves ofsound... He says that a Hertz wave 
would only be possible in a solid ether, but he has demonstrated 
already in 1897 that the ether is a gas, which can only transmit waves 
of sound; that is such as are propagated by alternate compressions 
and rarefactions of the medium in which transverse waves are 
absolutely impossible.” 
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In his "The True Wireless,” Electrical Experimenter, May 
1919, Tesla himself further stated: 


"The Hertz wave theory of wireless transmission may be kept up 
for a while, but Ido not hesitate to say that in a short time it will be 
recognized as one of the most remarkable and inexplicable aberra- 
tions ofthe scientific mind which has ever been recorded in history. 


It should also be pointed out that our analogy permits the option 
of making a longitudinal wave in the vacuum in such a fashion that 
It will not couple to electrons. 


In that case a normal"electron gas” conduction detector will not 
detect the new wave. Such a noncoupling EM longitudinal wave 
referred to as a scalar electromagnetic wave, where by use ofthe 
term "scalar" we call attention to the fact that the vacuum potential 
is varying, but electron coupling to form vector force fields in an 
electron gas does not occur. 

Since according to general relativity the variation of a potential 
in vacuum rigorously is a gravitational wave, then the scalar EM 
wave is a gravitational wave.* 

We often say it is an electrogravitational wave to call attention 
to its electromagnetic origin, and to the absence of EM force field 
“bleeding away” ofthe 5-space Kaluza-Klein gravitational potential 
We will discuss the 5-space G-potential shortly. 

‘The conventional equation 


E=-VO (4-17) 


thus applies in the detecting electron gas, but not in the vacuum 
Instead, in the nonmaterial vacuum, rigorously 


VorE (418) 


and this states that a gradient in a vacuum electrostatic scalar 


“tis also 8 very power gravitational wave, since fr letons itis some 10° times as 
song at "masystacion®pavity waves 
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potential produces an antiphased electric force on and of particle, 
on condition that a particle is present. The intent of equation (4-17) 
should be stated as 


(4-19) 


where the vertical line means "on condition that", and cp means 
“charged particle” (ie., "that a charged particle is there.) 

Equation (4-19) clearly shows that, in the vacuum, only the 
organized potential for an E field exists due to the quantity 
essentially as pointed out less strongly by Feynman et al in The 
Feynman Lectures on Physics. 

Certainly, in the quantum mechanical interpretation, it is the 
potential that is real. The force field can only be made from the 
potential by a differentiating operation. 

Since there is nothing in vacuum to perform this differentiating 
operation observably, one may interpret quantum mechanics as 
already prohibiting the existence of observable electromagnetic 
force fields in vacuum, at least in the form prescribed in classical 
electromagnetics 


Figure 61. A force-field vector is a movement of mass in one di 
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One may regard quantum mechanics — and physics in general 
- to be incomplete until electromagnetic theory is changed to 
incorporate the implications of quantum mechanics 

In scalar electromagnetics a new interpretation is taken, and the 
“overhaul” of electromagnetic theory is in progress. 

We accent that scalar electromagnetics is still embryonic. It is at 
a stage similar to that where electromagnetism was when experi- 
menters were still rubbing glass rods with cat fur and experimenting 
with little charged pith balls. 

Early experiments are enlightening and encouraging; nonethe- 
less, the phenomenology and the myriad of variables are not at all 
well-understood, even by the experimenters themselves, and cer- 
tainly not by this author. 


Zero-Summed Vector Systems: Shortcoming in Vector 

Analysis 

It has long been pointed out by this author that a fundamental 
shortcoming exists in classical vector analysis itself when applied to 
physical systems. Let us briefly look at the construction ofthe vector 
mathematics theory, to clarify this shortcoming. 

First, an abstract entity called a "vector" is conceptualized. This 
vector has both direction and magnizude, as contrasted to a "scalar" 
quantity, which only has magnitude. 

Next, an abstract "vector space" is defined; this is a sort of 
“container” for mathematical objects called vectors, with certain 
inherent properties of the system specified. In other words, a vector 
space is an abstract "system" or "space" which can contain objects 
called "vectors." 

Next certain other properties, operations, and entities are de- 
fined, oneofwhichistheisthe"zerovector" 

Essentially the zero vector is defined by a set of operations; 
however, one simplified interpretation is "the absence of any vector 
of finite magnitude.” By implication, in the abstract vector theory, 
all zero-vectors are defined to be identical. * 


* Because, bytheirmature assumed inthe concep, they have no internal structures. Thatis 

‘lfectively the zeo vector as heen to restictively defined asthe absence ofany anda, 
finite vectors." I should be redefined as "the absence of any single vector being present 
alone" In that case the definition would admit “the presence of multiple translation vectors, 
‘where their combined translation ation is zor. 
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Inthe vector addition operation, a group offinite vectors adds to 
a single vector called the "resultant." 

Itis standard practice in abstract vector analysis to replace a 
system of summation vectors by their resultant, since all appropri- 
ate properties of the summation system are retained by the vector 
resultant, in the abstract mathematical model. 

This, however, is only possible because the abstract vector space 
has no such thing as stress, and a zero-vectorhas no substructure by 
definition. In the abstract space, only translation and rotation are 
possible, by assumption 

Itis also possible for two or more finite vectors to add to a zero 
resultant, in which case the system is replaced with a zero vector. 
Note that all further action by the summing vector components is 
eliminated by this assumption. 

Again the appropriate properties ofthe summation system are 
retained by the zero resultant, in the abstract mathematical model, 
only because the medium (the abstract vector space) is not subject 
to stress, translation, rotation, and structuring. 

Note however, that in physical systems, one cannot simply 


Figure 62. The zero-summed vector system is an engine and an artificial potential 
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replace a zero summation system of force vectors with a zero vector 
and retain all characteristic physical effects caused by the replaced 
system. The physical medium - including the virtual flux of the 
vacuum, is subject to stress, translation, rotation and structuring. 

Physically, the presence of the summing vector component 
forces creates a stress and a dynamic macroscopic structure in the 
physical medium in and on which the forces are acting. Therefore the 
stress of the medium and its structure must be preserved and 
accounted for, even though a zero vector resultant force exists. 

This is particularly true in the vacuum, where internal (in- 
folded) stresses cause charge and energy conversion between one 
kind of charge/potential and another. 


Maxwell's Theory Was Altered and Curtailed 

In fact, Maxwell seems to have been well aware of the electro- 
magnetic stress ofthe ether and its importance. After all, he believed 
the ether to be material and mechanical, and developed his theory 
accordingly. 

For example, in his Treatise on Electricity and Magnetism, 
he wrote: 


"There are physical quantities ofanother kind which are related 
10 directions in space, but which are not vectors. Stresses and strains 
in solid bodies are examples of these, and so are some of the properties 
of bodies considered in the theory ofelasticity and in the theory of 
double refraction. Quantities ofthis class require for their definition 
nine numerical specifications. They are expressed in the language of 
quaternions by linear and vector functions ofa vector.” 


Maxwell worked out his theory in quaternions since, at the 
time, the modem form of vector analysis had not been originated by 
Heaviside and Gibbs. 

To recapitulate what we stated earlier: A quaternion consists of 
a vector part and a scalar part and can readily take into account the 
stress and strain ofthe medium. A vector consists only of the vector 
part, and does not take into account the stress of the medium. 

It seems certain that Maxwell knew that the scalar part of the 
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quaternion could be present and vary, even though the vector part 
‘was sum-zeroed. Quaternions, however, are devilishly difficult, and 
even in the time of their founder, Hamilton, few mathematicians and 
scientists ever mastered them. 

‘Maxwell's theory was transposed (shortly after his death) to its 
modem vector form by Oliver Heaviside. Many ofthe characteristics 
ofthe scalar part of the quaternion were effectively discarded. 


In the remodeling, the "unified" basis was omitted, and electro- 


Table 37. MAXWELL'S EQUATIONS 


+ INVARIANT 
- UNDER CONFORMAL GROUP 
OF TRANSFORMATIONS 


~ IN 4-D MINKOWSKI SPACE 


+ GROUP INCLUDES 

- TRANSLATIONS 

- ROTATIONS 

- REFLECTIONS 
INVERSIONS WRT HYPERSPHERES, 
OF M-SPACE 


+ HENCE MAXWELL'S EQUATIONS 
INCLUDE TRANSFORMATIONS THAT 


CHANGE INERTIAL FRAMES INTO 
FRAMES THAT ARE NOT INERTIAL. 


PROVED IN 1910 BY 
H. BATEMAN AND E. CUNNINGHAM 


That is, the inner workings of a tag and its interaction with a reader is hidden from 
view, and thus difficult to have much control over. 


In the two exercises that follow (building a RFID reader detector 
(https://www.instructables.com/id/SX28QZ1FN4H8QCG/) and a tilt-sensitive RFID 
tag (https://www.instructables.com/id/SGW3JOSFN49WUIF/)), we offer an example 
of how you can start revealing some of the workings of RFID and thus gain some 
control over the technology. The two exercises also hopefully show that the 
technology is relatively simple and how it can be extended to support some 


interesting interactions. We offer some other possibilities that build on our examples 
at the end (https://www.instructables.com/id/SQKIRD4FN49ZUS1/). 


Add Tip Ask Question 


Step 1: Material and Tools 
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gravitation was accordingly discarded. Heaviside wrote a severely 
limited subset of Maxwell's theory; he did not by any means capture 
allofit.* 

‘The new Heaviside vector reinterpretation of EM was far easier 
in than Maxwell's quaternions. Many physicists (there 
were really very few scientists in those days!) immediately loved it. 


to calculat 


FitzGerald wrote glowingly of Heaviside's translation (and 
mutilation!) of Maxwell's theory 


"Since Oliver Heaviside has written, the whole subject ofelectro- 
‘magnetism has been remodelled by his work. No future introduction 
to the subject will be at all final that does not attack the problem from 
at least a somewhat similar standpoint to the one he puts forward." 


‘Thus it was that Heaviside discarded the basis for scalar electro- 
magneti 's original work, and 
the so-called "classical Maxwell Equations" appeared for the first 
time in their modern vector form in Heaviside's work, 

Then in the early 1890's a short but vigorous debate on vectors 
and vectorial methods occurred, involving eight journals, twelve 
leading publications, and over 30 scientists. Over half the publica 
ding British scientific weekly journal Nature 

This debate, which Lord Rayleigh characterized by the state- 
ment "Behold how these vectorists love one another,” together with 
the far greater difficulty of quaternion methods as compared to 
Gibbs'and Heaviside’s vector analysis, spelled the death knell to the 
position of quaternions, 

After some years, the Gibbs-Heaviside vector theory was firmly 
entrenched. The quaternion theory of Maxwell was forever modified 
and limited to the form we know today as "Maxwell's equations. 

What really happened was that electrical physicists, faced with 
the formidable difficulties of quaternions, simply stampeded down 
the far easier road blazed by Heaviside, bowling over all protests 

againstHeaviside/Maxwell/Hertztheory. 


s and electrogravitation from Maxwel 


tions were in the I 


J Heaviside wrt the subst of Maxwells thay whee grays dexter 
donihead acm eds. 
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In Wester universities today, no one actually teaches 
Maxwell’ true theory! Instead, Heaviside's curtailed reinterpreta- 
tion — a severely restricted subset of Maxwell's theory —is taught. 

‘And so that is the EM theory that is learned and applied. 

One may rightly argue, therefore, that Maxwell's theory has 
only been partially applied in its modern translated form, 
and the modern form of the Maxwell/Hertz electromagne 
theory is very much incomplete. 

To recover the stress factor in Maxwell's original theory, electro- 
‘magnetics must take into account the artificial potential, which has 
a deliberately ordered, dynamic, deterministic structure. Scalar 
electromagnetics takes the patterned stress into account and delib- 
erately uses it. Normal electromagnetics only considers the natural 
potential with randomized VPF structure implicitly assumed, 


Scalar Waves and Polarization of the Vacuum 

Let us use a simple analogy. This will lead us into the profound 
implications of the deliberate Vacuum polarization and curving of 
local spacetime that is provided by the vector zero summation 
(artificial EM potential) method of scalar electromagnetics. * 

Visualize two sets of opposing and balanced forces pressing on 
the sides of a plate, 

The forces sum to zero, so the resultant force acting on the plate 
fortranslation is zero. Hence the plate does not translate (move away 
or accelerate). 

However, the plate is under internal stress (compression), and is 
in a quite different condition than when it has no external forces at 
all acting on it. 

Now visualize the forces being applied with rigid rods welded to 
the sides ofthe plate, sothat the forces may alternately "pull” as well 
as "push." Let the forces rhythmically vary, alternately "pulling" 
and "pushing’, but always remaining balanced so that their summa- 
tion for a translation resultant is constantly a zero vector. 

The plate never accelerates or moves in translation, but it now 
contains an internal stress wave which rhythmically varies between 
compression and tensile stress. Rigorously the plate internally 


*Vector multiplications that yield a zo vector product are also highly significant 
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Now visualize a similar "plate-like" region of vacuum, with its 
virtual particle flux, instead of the material plate. Visualize two 
opposing sets of (unzipped) EM force fields, acting in and on the 
plate-like region, so that they rhythmically increase and decrease, 
changing direction also, but always with a zero vector summation. 

In this case, there is an unzipped zero resultant EM force field 
(it is zero, by our assumed conditions), but there is a rhythmic 
oscillation of the intensity of the vacuum flux (intensity of the 
vacuum potential) and the vacuum structuring in the region, That 
is, there isa rhythmic and steady oscillation of the stress energy and 
structuring of vacuum, and hence of the curvature of spacetime, in 
the plate-like region. 

Rigorously, this oscillation — which we call a scalar electro- 
magnetic wave—is a gravitational wave, since the local curvature 
of spacetime is being oscillated. 

Further, it differs from a "natural" gravitational wave in several 
respects: 


1, Ithas a deterministic pattern or substructure, 

2. It patterns or "polarizes" the vacuum, 
3.Itconstituteslocalcurvatureof spacetime andhencelocalized 
general relativity - something which ordinary general relativ- 


ity assumes cannot be accomplished, 


4. It deterministically engineers the virtual state and local 
spacetime, 


5. Since itis achieved by converting EM field energy into artifi- 
cial G-field energy, one can expect tremendous gains of gravi- 
tational and inertial effects in and around electrical circuits 
utilizing such fields precisely, 


6. It affects the Schroedinger wave and the probabilities of the 
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states being propagated forward by the Schroedinger wave. 
With the scalar EM wave, one can thus deterministi- 
cally engineer the emergence of quantum change, and 
violate one of the fundamental assumptions of quan- 
tum mechanics, that of the totally statistical nature of 
quantum change, 


7. The scalar wave can accomplish direct and localized change of 
the rate of flow of time (even to its reversal) and variation of 
mass and inertia, without concomitant translation of matter, 


8. By locally curving and patterning vacuum spacetime, a stabi- 
lized standing scalar EM wave can provide macroscopic viola- 
tion ofthe conservation laws, which rigorously depend upon a 
locally flat spacetime (Lorentz. frame), 


9, Since the components in the zero summation may be EM 
waves, and may be "locked together" and broadcast to a great 
distance and interfered there, effects at great macroscopic 
distances may be achieved, in violation ofpresent assumptions 
ofphysics, and 


10. Since excess negative time flow may be locally produced, anti- 
gravity, negative energy, and negentropy may be locally pro- 
duced. 


These are the startling implications inherent in correcting 
classical electromagnetics' improper treatment of zero-summed EM 
force vector systems in vacuum.* 

By classically replacing the forve vectors in a zero EM forve field 
summation with a zero vector and discarding the components, one is 
totally discarding the fact that such a patterned system of oppositive 
forces forms a deterministically patterned stress in the vacuum 
medium, 

By this innocuous error, classical EM discards electrogravita- 
tion, and avoids unification of gravitation and electromagnetics. It 


“And its zero ~ multiplied farce vector systems as well 
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also avoids direct engineering of gravitation, vacuum/spacetime, 
inertia, rate of time flow, free energy, and quantum change. 

Generations of Western physicists and electrical engineers have 
acquired a mindset in only one aspect of the vastly expanded 
electromagnetics actually available 


cis 


Vector Zero Systems and the Kaluza-Klein Approach 

Prior to 1921, Theodor Kaluza applied Einstein's new general 
relativity to five dimensions. 

He produced a unified theory ofelectromagnetism and gravita- 
tion. 

In Kaluza's theory, the ordinary 4-dimensional gravitational 
field and the electromagnetic field are but two different aspects of a 
single more fundamental field: the 5-dimensional gravitational 
field. 

Kaluza's theory was published in 1921, on the personal recom- 
mendation of Albert Einstein, who had had Kaluza's paper for two 
years. 

In Kaluza's model, electromagnetics is the Sth dimensional 
aspect of the 5d Geld, while the ordinary 4-d G-field is the 
intersection of the 5-d G-field with our ordinary world. 

Five years after Kaluza's epochal paper, Oskar Klein explained 
where the extra space dimension — the fifth dimension — was. He 
modified it as "wrapped around” each point in our ordinary 3-space. 

In the Kaluca-Klein model, then, an electromagnetic wave— 
which moves spatially only in the fifth dimension — does not move 
through our 3-space at all. Instead, on its trajectory it "flows around” 

each point in our 3-space along its path. 

Using Kaluza’s model, we may regard the EM field as the normal 
"bleed-off or escape ofthe 5-dimensional gravitational potential in 
the 5th dimension. 

Any gradient in a potential represents a bleed-off of the potential 
from the high point to the low point. The way to prevent effective 
bleed-off of a potential at a point is to add an equal amount ofbleed- 
in! The bleed-out and the bleed-in at the point then become 
balanced, so that an equilibrium state exists in the potential 

By this mean, the magnitude ofthe potential can be fixed by the 
two opposing bleed processes in equilibrium. 
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Table 38. KALUZA GEOMETRY 


+ THEORDOR KALUZA, POLISH PHYSICIST 
+ UNIFIED THEORY OF ELECTROMAGNETICS AND 
GRAVITY [1921] 


-5- DIMENSIONAL SPACETIME 
- 5- DIMENSIONAL GRAVITY FIELD 
- ELECTROMAGNETISM IS THAT 
PART THAT OPERATES IN 
THE FIFTH DIMENSION 


Table 39. 5D G-FIELD BLEED-OFF [KALUZA 5.D THEORY] 


+ FAR EASIER TO BLEED-OFF AS ORDINARY EM FIELD 


VERY DIFFICULT TO BLEED-OFF AS ORDINARY 4-D G-FIELD 


+ E.G., BETWEEN TWO ELECTRONS: 


EM 
cay ~ 8 


BETWEEN TWO PROTONS: 


Extraordinary Physi 182 


vance 


Figure 63. /An analogy for how scalar electromagnetics can engineer Kaluza‘Klein 
untied fied theory. 


5-D G-FIELD 


Figure 64. The zero-vector system can engineer Kaluza-Klein theory. 
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WHERE DID THE EXTRA DIMENSION GO? 


iP 
6 


+ FROM A DISTANCE, A HOSE-PIPE LOOKS LIKE A 


WIGGLY LINE 


+ WHAT WE REGARD AS A POINT IN 3-SPACE IS REALLY A 
TINY CIRCLE AROUND ANOTHER DIMENSION OF SPACE 


Figure 65. The basic idea of Kiein’s explanation of where the extra dimension is. 


Table 40. PHYSICAL REALITY IS ELEVEN DIMENSIONAL 


+ IN THE KALUZA-KLEIN THEORY THE GAUGE FIELD 
SYMMETRIES BECOME CONCRETE 


+ THEY ARE THE GEOMETRICAL SYMMETRIES ASSOCIATED 
WITH THE EXTRA SPACE DIMENSIONS 


+ AN 11-SPACE IS REQUIRED BY THE GRAND UNIFIED FORCE 
THEORY 


PAUL DAVIES, SUPERFORCE. 
1984, P. 160-161 
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5D GHELD 


5-D G-FIELI 


D = 


Figure 67. Scalar EM forces 4-dimensional gravitational fold 
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Note that this positively establishes that two or more zero- 
summed EM force field gradients produce and stabilize an artificial 
potential. 

Usually, very little bleed-off of the 5-potential occurs in our 
normal 3-space. When the 5-space G-field is bled off on electrons, 
e.g., the resulting 5th dimensional E-field bleed-offis on the order of 
10” times as much as the 3-space G-field bleed-off. 

This accounts for the enormous magnitude of the ratio of the 
electrical force between two electrons to the gravitational force 
between them. 

Even when the 5-space G-potential is bled-offon and against the 
greaterinertia ofmuch more massive protons, its 5th dimensional E- 
field bleed-offis still on the order of 10” or so times as much as the 
3-space bleed-off. 

Note that ifwe can stop the acceleration ofthe charged particles, 
bleed-off of the 5-space G-potential as EM force field cannot occur, 
and instead all of it must bleed-off as 3-space G-force field. This +G 
bleed-off normally occurs only minimally in electromagnetics, even 
for so-called "static" charges. This can be seen as follows 

‘When one charges a conductor such as a large metal sphere, for 
example, the electrons are unconstrained on the surface of the 
sphere. They are in constant agitation and motion on the surface, 
thus constantly bleeding-off the 5-space potential as myriads of 
squirming little E-fields. Only a very little is bled off as 3-dimen- 
sional G-field. 

On the other hand, when one charges a dielectric, the electrons 
cannot be in as much agitation movementas they are on a conducting 
surface. Hence slightly more ofthe 5-dimensional G-potential is bled 
off as 3-dimensional G-field. 

Therefore, charged conductors and charged dielectrics should 
exhibit slightly different gravitational and inertial properties when 
exposed to a gravity field potential difference. Highly charged 
capacitors, for example, should exhibit a small but detectable unidi- 
rectional thrust in vacuum. Apparently they do, as exhibited by the 
Biefield-Brown effect. 

In addition, different materials should exhibit slightly different 
fall rates gravitationally. Again there is some evidence that they do, 


Uniine-|Ipeie inctn intablas cam /EVRIMMEAIENAG7IA\/IEVNUMECERAG7I IAL ABE inal 
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as exhibited by the Eotvos experiments in a modern reinterpretation 
by Fischbach et al.* 


Electrogravitation Amplification Factor 

Ifthe movement of two free electrons could be entirely stopped, 
all EM bleed-off of the 5d G-potential between them would be 
effectively zeroed or blocked. Then the 5-d G-potential would be 
forced to totally bleed-off into ordinary 3d G-ield 

For two electrons, this could increase the gravitational force 
between them by a factor of 10", if the EM bleed were perfectly 
blocked. 

Such perfect blockage ofthe 5th dimensional EM bleedoffcannot 
be accomplished in practice. Normally, with the increase in potential 
caused by zero-summing, agitating electrons in a statically charged 
object agitate more intensely, moving and squirming in local, erratic 
constraints 

However, conversion efficiencies on the order of 10° or even 
10” appear to be achievable in ordinary circuitry. In that case, 
gravito-inertial amplification gains ofup to 10” or even 10” appear 
to be achievable. Gains of 10” or more appear to be fairly readily 
achievable 

Time delay in producing the gravito-inertial effects may be 
experienced, however, because mass (nuclei) acts as a capacitance to 
incident scalar waves, exhibiting capacitive charging and discharg- 
ing "time constants” when charging scalarly for a particular effect or 
to a particular pattern. 

In these achievable amplification ranges, a single milliwatt of 
electrical power can control enormously powerful local gravitational 
and inertial effects, once the scalar EM charge is built up in the 
nuclei of the target material. 

Excessive and frustrating "fiddling time" with the circuits 
usually required, however, due to the charging "time constant" 
effect, the general lack of adequate measuring instruments, and the 
great uncertainty as to the phenomenology and major variables 
involved.** 


“Ephraim Fischback et al, “Reanalyss ofthe Eotvos experiment.” Phy. Rev. Lett, $6(), Jan, 
1085 p36. 

"A series of scalar FM instruments, however is being developed by Bedini, Schnur, Golden, 
tnd pethaps even Hewlett-Packard 


a 
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However, with persistence, in rather ordinary EM circuits and 
devices, the use of "summation to zero-vector” techniques and 
"multiplication to yield a zero-vector" techniques can lower the EM 
bleed-off of the 5-potential sufficiently to allow substantial local 
gravitational/inertial effects. By beaming and wave interference, 
effects at a distance can be achieved. 

When gravito-inertial amplification of many orders of magni- 
tude are involved, the assumption in ordinary general relativity of 
alocal Lorentz frame (local special relativity, with local conservation 
laws applying) is readily violated. 

Now one may have local general relativity, with concomitant 
violation of conservation laws, and local broken symmetry on a 
macroscopic scale. 

Soviet papers already strongly point out that such unrestricted 
general relativity allows the violation of all conservation laws. 

Inthe Soviet Union, scalar electromagnetics is called energetics. 


Comparison ofEM Concepts 

Table 41 shows a comparison between three concepts of electro- 
magnetics: classical, quantum mechanical, and scalar electromag- 
netic views. 

As can be seen, scalar EM re-introduces Maxwell's original 
potential for electrogravitational variation and structuring of the 
stress energy density of vacuum spacetime. It applies Kaluza-Klein 
5-dimensional unified theory in an engineering fashion. 

It deliberately utilizes phase conjugation as a tool to achieve 
startling negative time/negative energy capabilities and results, 
including “free” energy and antigravi 

With scalar EM, it should be possible to overcome or circumvent 
most of the severely limiting assumptions of present physics and 
engineering, 

‘The great conservation laws yield to direct manipulation and 
violation. The previously inviolate statistical structure of quantum 
change becomes deterministic and engineerable. 

General relativity becomes an experimental scientific discipline 
in the laboratory, instead of a complex description of effects only 
observable in distant, massively curved regions such as on the 
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surface of a star or near a black hole. 
God does not play dice with the universe after all, just as 
Einstein suspected. 


The Aharonov-Bohm Effect 

In 1959, Y. Aharonov and David Bohm published a fundamental 
paper in Physical Review which pointed out the quantum me- 
chanical implications of potentials. 

The seminal paperis Y. Aharonov and D. Bohm, " 
Electromagnetic Potentials in the Quantum Theory, 
Review, Second Series, 115 (3), Aug. 1, 1959, p. 458-491 

In classical electromagnetics, the potentials had largely been 
regarded as mathematical conveniences, having no real effects. 


significance of, 
Physical 


Table 41. Comparison of EM Concepts 
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Table 42. THE AHARONOV - BOHM EFFECT 


+ IN FIELD-FREE REGIONS 
-E- FIELD IS ZERO 
- B- FIELD IS ZERO 
+ POTENTIALS STILL EXIST 
- CAUSE REAL EFFECTS 
- INTERFERENCE IS KEY 
- CONTAIN SUM-ZEROED SUBSTRUCTURE 
+ DOES NOT FOLLOW FROM 
- MECHANICS 
= CLASSICAL ELECTROMAGNETICS 


However, according to quantum mechanics, the potentials are the 
real entities, while the electromagnetic force fields are just effects 
derived from the potentials by imposed operations on them 

Aharonov and Bohm showed that, even in the absence ofthe EM 
force fields, the potentials may still exist and interfere to produce 
real effects in physical systems. They suggested experiments to 
prove these predictions 

Interference of the potentials is the key mechanism producing 
real effects in charged particle systems, even in the presence of zero 
E-field and zero B-field. 

Unfortunately, Aharonov and Bohm did not address this issue of 
zero-summed systems of EM force fields as one way of producing 
artificial potentials having unique interference characteristics. 

That is, by implication they did not consider the deterministi- 
cally substructured “artificial” potential, but only the randomly 
structured “natural” potential 

At any rate the "AB effect,” as it came to be called, was rather 
hotly debated and fiercelyresisted over the years. Steadily, more and 
more experiments were added, validating the AB effect. Finally, in 
1986 it came to be generally accepted as proven to any but the most 
die-hard skeptic 
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The AB principle represents a violation of both classical mechan- 
ies and classical electromagnetics. It is absolutely required, how- 
ever, by quantum mechanics. And experiments have now estab- 
lished it as proven beyond question. 

The potential, then, can be a free and independent field. 
Further, it can directly act on charged particle systems, even 
when classical electromagnetics does not recognize the in- 
teraction. 


Curl-Free Magnetic Vector Potential (A-Field) 

‘As an example, in classical EM the vector magnetic potential 
(the A-field) had been defined as a mathematical convenience by the 
equation 


VxA=B (4-20) 


Butifthe potentials are real, then conceivably the A field can be 
loosed fiom its enchainment to the Vx operator. In that case, it 


‘A. FIELD CAN INFLUENCE THE MOTION OF ELECTRONS. MAGNETIC FIELD AND 
VECTOR POTENTIAL OF A 
LONG SOLENOID. 


‘THE FEYNMAN LECTURES ON PHYSICS. VOLUME I 


Figure 68. The cur-ree A-field. The magnetic vector potential (Aield) may be freed 
from its attachment to the magnetic field (B-eld) and electric field (E-field). It can 
intertore at a distance to cause real effects. From it, either E-field or Bold, or both, 
‘can be made at a distance. 
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becomes a free, new, and independent field ofnature with potentially 
unique characteristics. 

For instance, its defining equation shows that magnetic force 
field can be made from it, and the rightmost term of the equation 


E=~V@-dA/dt (4-21) 


shows that its time rate of change makes an electrical field. 


Let us explain this in simpler terms, and somewhat more 
precisely than conventional theory. We will use the Kaluza unified 
G-EM interpretation and electron flow in our explanation. 

In the A-field, we have a certain kind of 5-dimensional G- 
potential which can bleed-off as EM force fields in two ways: (I) ina 
swirl fashion, where the vortex producing the swirl moves parallel 
to electron movement, and the swirling is a torque or spin, and (2) in 
a linear fashion, where the time rate of change of the A-potential 
produces a linear E-field on the electrons. 

‘The first bleed-off as given by equation (4-20) constitutes the 
magnetic B-field, and the second bleed-offas given by the rightmost 
term ofequation (4-21) creates a component ofthe overall electrical 
E-field. Bleed off of the electrostatic scalar potential produces the 
other component ofthe E-field. 

Now in general relativity (GR) theory, "the" G-potential isjust a 
conglomerate of many things, each of which has the characteristic of 
curving spacetime. "The" gravitational field is not a single thing at 
all, but is composed of a collection of many things. 

Thus ifwe realize that both the electrostatic scalar potential (B- 
eld) and the magnetic vector potential (A-field) are components of 
the 5-d G-potential, then we see immediately that bleed-off of these 
two components ofthe 5-d G-potential creates all normal EM fields. 

It follows that, ifwe produce a zero-vector summation ofthe two 
ormore EM bleed-offs, we are actually "putting as much back in" to 
the 5-d G-potential through its A and @components as we are taking 
out electromagnetically. 

In that case, the 5-potential is in a state of equilibrium with 
respect to EM bleed-off in the fifth dimension. It is now forced to 
bleed-offin the only other way it can: as ordinary 3-dimensional 
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gravitational field. Thus by vector-zeroing EM force fields, we turn 
KM field energy into G-field energy and vice versa, via the interme- 
diary of the 5-potential, 

At any rate, soon after publication ofthe Aharonov-Bohm paper, 
experiments showed that, if the magnetic field is trapped inside a 
long solenoid, a phase shift still is induced in the two-slit electron 
experiment, even though — classically — no contact ofthe enclosed 
magnetic field and the moving electrons occurs. This phase shift is 
explained by the fact that the freed A-field exists outside the 
trapping solenoid, even though the B-field does not. Consequently, 
interaction of this curl-free A-field with the electrons produces a 
phase shift ofthe QM interference detection pattern. 

This proves that curl-free A-field is real and causes physical 
effects 

It also proves that a form of "action at a distance 
required by quantum mechanics. 

Years ago, Frank Golden and this author — together with Dr. 
William Tiller — experimented with "free A-field” devices. Golden 
went on to develop prototype transmitters and receivers and a 
prototype underwater communication system. 

Since that time, Gelinas has patented several curl-free magnetic 
vector potential (free A-field) devices. See U. S. patents numbers 
4,447,779, May 8,1984; 4,429,288, Jan. 31,1984; 4,429,280, Jan. 
31,1984; and 4, 432, 098, Feb. 14,1984. These patents are assigned 
to Honeywell 


is real, just as 


Fractional Charges, Magnetic Monopoles, and 

Magnetic Currents 

Fifteen years ago, a most distinguished gathering of physicists 
occurred in’ Trieste, Italy to review the physicist's conception of 
nature and how it developed. Seven Nobel Laureates were in the 
prestigious audience. The keynote address, appropriately, was given 
by P.AM. Dirac, and — appropriately — was entitled "Development 
of the Physicist's Conception of Nature.” 

Dirac called attention to the possibility offractional charges, and 
unexpectedly presented some of the data from experiments done 
lung before by Felix Ehrenhaft. 

Years earlier Felix Ehrenhaft, former director of the Physical 
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Institute at the University of Vienna, had reported a number of 
experiments where — purportedly — he easily obtained fractional 
electrical charges 

Whereas Millikan had used liquid oil drops in his experiments 
to determine the charge ofthe electron, Ehrenhaft used little solid, 
red selenium oxide spheres. Not only could Ehrenhaft get a frac- 
tional charge, but he could actually vary the size of the fraction by 
varying the size of the spheres. 

(Knowing what has been discovered in the last two decades on 
the complex bond structuring of water and liquid hydrocarbons, one 
might very well suspect that a solid — which has one less degree of 
freedom than a liquid — could possibly yield a very different 
experimental condition from a liquid, from first principles. However, 
no one seems to have noted that, or taken it into account.) 

(Also, Ehrenhaft's results were replicated by other researchers 
who used his experimental methods. They published scientific 
papers, but that made not a whit to the scientific community, which 
simply rejected the experimental evidence.). 

Dirac pointed out that Millikan himself, in his oil drop experi- 
ments that established the charge of the electron, reported one 
anomalous experiment which yielded a fractional charge. He dis- 
carded the results of that experiment. 

Ending his speech, Dirac stated that it all made him wonder if 
perhaps Millikan didhaveafractional chargeinthatoneexperimiment 
after all. And well he might wonder. Ehrenhaft — almost unknown 
now to the present generation of physicists — may have found not 
only fractional electrical charges, but the magic magnetic monopoles 
as well 

Over and over, Ehrenhaft reported the results of experiments 
which disagreed with the notions of magnetic theory at the time. 

Again, some ofthese experiments were replicated, and reported 
by those researchers replicating them. 

It didn't make any difference at all. 

Now, finding a magnetic monopole — and the accompanying 
magnetic charge current — would be most satisfying to many 
theorists. That would make the equations of magnetics quite 
anced" with respect to electricity. 

However, no one —at least whose results have been accepted - 
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has yet found a magnetic monopole or magnetic current. 

Stanford researchers have perhaps come closest, and even re- 
ported the results of one exciting experiment that found the mag- 
netic monopole. However, the team has consistently failed to be able 
to replicate those results. And in science, "no replication, no accep- 
tance" is necessarily the dictum 


a possible cause for this failure to 
find the magnetic monopole and magnetic charge current 


Some Ehrenhaft Experiments 

Let's look at some simple, rather informal experiments that 
Ehrenhaft showed. We call attention to Alden P. Armagnac’s excel- 
lent article , "Magic with magnetism," in Popular Science Maga- 
zine, June 1944, p. 130-133, 222, 226. In the first experiment, 
Ehrenhaft seems to have dissociated water with a permanent 
magnet. 

First, Ehrenhaft seals two rods of pure iron, in holes through 
opposite sides of the U in a U-shaped glass tube filled with water. 
Then he uses the two rods — which protrude through the tube into 
the water — as the pole pieces ofa horseshoe magnet — either an 
electromagnet or a permanent magnet. Dilute sulfuric acid — one 
percent by volume — is in the water, to give it a very slight acidity. 

Bubbles of gas rise up through the twin vertical columns of 
water, and are collected and analyzed. Most ofthe gas is hydrogen, 
as is to be expected from common chemical interaction of the iron 
rods with the very dilute sulfuric acid. However, some ofthe gas — 

ranging from two to twelve percent — is oxygen, and most of the 
oxygen is produced at the north pole of the magnet 

The pole pieces may be short-circuited with wire, to insure they 
are at the same electrical potential and prevent any electrical 
dissociation of the water 

Without the magnet, all the gas liberated is hydrogen, as is to be 
expected. No oxygen at all is produced, 

And another very interesting phenomenon occurs. A strong 
permanent magnet of the Alnico type gradually loses a marked 
fraction of its strength — say, 10% in 24 hours. It appears that the 
energy dissociates water — very similar to electrical energy from a 
battery draining away when electric current is used to dissociate 
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water. 

The real question is: Is this experiment a demonstration of 
magnetic current? 

If it is, then the textbooks are wrong, and there's another 
constituency in magnetism that has not been taken into account. 
Further, if it proves magnetic current exists, it has also proven 
‘magnetic charge — the magnetic monopole — exists. 

Ifit is not a demonstration of magnetic current, then what is it? 
Why don't you get any oxygen liberated when the magnetism is 
removed? What causes the magnet to discharge its magnetic 
strength? 

These serious questions do not appear to have ever been re- 
solved. 

In all fairness, however, we must warn the reader that other 
factors in the water can very seriously affect the outcome of this 
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Figure 69. Earth, sun, and moon are lacked into a triad system. They exchange 
‘both normal energy and phase-conjugate energy. The phase-conjugate energy 
(negative energy, negative me) streams affect all “subile-energy" earth experiments 


This section provides an overview of the necessary materials and tools. 


Materials (see Figure 1): 

We need the following material to built the basic RFID reader detector. 

- Cardboard (around 100x70 mm) 

- Conductive copper tape (e.g., order number 1218478 at www.farnell.com) 

- Capacitor 82 pF (picofarad) (e.g., order number 1138852 at www.farnell.com) 
- Low current LED (light-emitting diode) (e.g., order number 1003207at 
www.farnell.com) 


Tools (see Figure 2 and 3): 

- Craft knife and scissors 

- Insulating tape (e.g., order number 1373979 at www.farnell.com) 
- Soldering iron and solder 


RFID reader for testing (see Figure 4): 

To test our RFID tags we need an RFID reader that can operate at a frequency of 

13.56 MHz. 

There many readers for this widely used RFID standard, for instance the Sonmicro 
MIFARE USB reader (http:/www.sonmicro.com/). 

Note: The Phidget RFID reader does not work with the tags created in this project, 
as it uses a different frequency for communication with the tags (125 kHz). 
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experiment. As we now know, the bonding structure of water is 
incredibly adaptive. Every bit of water you examine, for example, is 
absolutely unique in many respects. And in other respects, it's a sort 
of "single giant molecule. 

Be forewarned also that subtle experiments with water are 
affected by just about everything under the sun. Including the sun! 

Ehrenhaft himself was quite embarrassed when this "decompo- 
sition of water” failed to be 100% repeatable. It can be done — but 
you may have to work at it a bit. The best water for this experiment 
is the most natural, pure ground water you can obtain. 

Atany rate, it may be that these experiments of Ehrenhaf's are 
related to the old notion of "watergas" — the changing of water in 
some fashion so that, as it enters an internal combustion chamber, 
it decomposes into hydrogen and oxygen, and is ignited by the spark 
and burns as a fuel. In the typical watergas case, the experimenter 
has a "green powder" which, when added to water, will allow it to be 
burned as a fuel when it is used in an ordinary engine. Such a 
capability, for example, seems to have been exhibited at least once, 
to the U.S. Navy, by an unorthodox experimenter named Anderson. 

Ofcourse, if fractional charges exist and can be controlled (and 
Ehrenhaft's experiments certainly seem to confirm this), then it is 
conceivable that a material could be found that would do the "green 
powder" function, That is, ifthe bonding electron that bonds hydro- 
gen and oxygen in water were replaced by a fractional charge, the 
"fractionated water molecule” could just barely be holding together 
an a liquid. A strong hydroshock — such as going through the jet 
nozzles in a carburetor — could then cause many of these molecules 
to break apart, effectively dissociating the water. 

A possibly related phenomenon was reported by Le Bon in his 
Evolution of Matter. The experiment was to hold a piece of 
ordinary aluminum under the surface of mercury in a container for 
a period oftime. Then the piece ofaluminum is taken out and thrown 
into a container of water, where it violently dissociates the water. At 
least one colleague was able to replicate this experiment by holding 
the aluminum beneath the mercury for 36 hours. 

‘These Ehrenhaft experiments may also be related to the exten- 
sive use in the Soviet Union (and to some extent, in the U.S.) of 
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magnetic treatment of water pipes so that boilers do not develop so 
much hard precipitate. Magnetic treatment of water, for example, 
can rigorously be shown to alter some of a liquid’s properties. 

Ament, for example, in numerous well-controlled repetitions has 
clearly shown an increase in auto gas mileage by using a strong 
magnetic apparatus on the fuel line. Best results are obtained by a 
magnet which only has one polarity facing the fuel line, and using 
three stages where the middle polarity is reversed. The effect ofthis 
apparatus is definitely scalar EM (gravitational) and expressed in 
the atomic nuclei in the molecules of the fuel flowing through the 
line. 

Again, the Ehrenhaft experiments may be related to the strange 
results of Viktor Schauberger, who obtained motive results with 
water and natural energy that have not been duplicated before or 
since, so far as anyone can tell. 

Schauberger utilized "implosive" energy rather than "explosive" 
energy — strongly suggesting he was using the negative time 
aspects of energy, hence negentropy. Schauberger also conceptual- 
ized this energy in a spiral form— and that is precisely the type of 
motion Ehrenhaft observed in many ofhis bubble experiments. That 
such negative time/negative energy is “natural” energy will be 
apparent from our next chapter, where we point out that all living 
things must use negative time/negative energy processes ifthey are 
to defeat the inexorable law of entropy — the increasing disorder of 
a system as its positive flow of time progresses. 


Note, for example, that a system that is 20% efficient in 
positive time would be 500% efficient in negative time. 


Let's look at another of Ehrenhaft's magnetic experiments 

Taking the air gap between two very flat, very parallel pole 
pieces of sufficient width, one obtains a very accurately-parallel, 
uniform magnetic field in between them. Now suppose you place 
some very small particles of material—both magnetic and nonmag- 
netic — in the air gap. 

Common sense assures us that, if closer to the south pole, for 
example, one of the little magnetic particles will be attracted by the 
preponderance of south polarity. That is, alittle magnetic north pole 
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will be induced on the side ofthe particle nearest the south polepiece, 
and a little south pole will be induced on the particle on the side away 
from the south polepiece. The little particle will then be attracted to 
the south polepiece. 

Again, common sense assures us that, ifcloser to the north pole, 
the situation is reversed and the little particle is attracted to the 
north polepiece. 

Well, that isn't quite what happens. Some move to the south 
polepiece, and some move to the north polepiece. Andit seems to vary 
by the type of material the little particle is comprised of. 

Now try another experiment. Let's make a permanent magnet 
motor. Understand, this one is not quite "for free," for we'll consume 
“fuel"—the strength ofthe magnet and the acidified water solution. 

In this one, we use a glass cylindrical cell, with one vertical iron 
rod at the top and another at the bottom, and the rods serving as the 
pole pieces ofa giant horseshoe magnet. (Or, for ease you can use an 
electromagnet). The cell is filled with the same acidified solution as 
before. 

Without the magnet, hydrogen bubbles can be seen rising as 
before. 

Now put on the magnet (or turn on the switch). Voila! the 
situation with the bubbles changes drastically. A spectacular mit 
ature merry-go-round — a "whirligig” — of bubbles forms between 
the faces of the poles and parallel to them. 

Add some copper particles to the solution. The particles will 
rotate in the same plane, but in opposite directions from the bubbles. 
‘The stronger the magnetic field, the faster the particles and bubbles 
will contrarotate. 

Ifthe magnetic field is reversed, the rotation ofboth the bubbles 
and the copper particles is reversed, 

Only a few months after this was reported in Popular Science 
Magazine, Brother Gabriel Kane of Manhattan College and Char- 
Jea B. Reynolds of the Federal Communication Commission con- 
firmed Dr. Ehrenhaft's discovery of magnetic currents. 

They made a drop of copper sulfate solution spin between the 
polepieces of a permanent magnet. They also made an interposed 
microscope cover glass. spin from the rotation ofthe copper sulfate. 

It was hinted they were heading toward power machinery. Ifso, 
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nothing else was heard — possibly because they never solved the 
problem of consuming the magnet's strength and the acidified 
solution. 

Bill Mueller, the present inventor of a free-energy device, has 
also demonstrated the spinning of a piece of plastic in a magnetic 
field. 

After WWII, Dr. Ehrenhaft returned to his post in Vienna, 
published later work in French and other scientific journals, and 
died not long after. 


What is a magnetic monopole 

First, let's reiterate what we mean by "magnetic field." It'll take 
alittle bit to get there, so please bear with me. 

By electric charge, we mean the virtual photon flux connected 
with a particle of mass or an object (of mass). One type of charge (by 
convention, positive) is modeled to constitute a "source" of this flux. 
‘The second type ofcharge (negative) is modeled to constitute a "sink’ 
of this flux, 

Everything in electromagnetics is fluid flow, you see. The old 
guys who formed the theory believed that electricity was a thin 
material fluid. So they modeled it that way. 

‘They modeled the positive charge as an everlasting "sprayer 
and the negative charge as a "sink" or everlasting accumulator. 

‘They reasoned that of course this "stream" ofelectric fluid could 
"swirl" or rotate, just as normal fluids can. 

This "swirl" in the stream of virtual photons is magnetostatic 
scalar potential — or magnetic pole for short." 

Obviously there can be two directions of swirl — one right- 
handed, and one left-handed, with respect to the direction of the 
virtual photon stream. So there are two kinds of "magnetic pole” — 
north (right-hand swirl) and south (left-hand swirl), 

The strength of one of these "swirls" can vary, of course, and 
that's a variation in the strength of the corresponding pole. 

‘You can also think of the "pressure" ofthe swirl, so to speak, at 
least for modeling purposes. In that model, north swirl is "higher 


“Rigorousy, a permanent magnet dees not produce an observable B field in vacuum! 
Instead, it produces the dynamic, swirling “potential” fr that field —ie, an unzipped field 
AA particle of observable mass placed in this field integrates and "zips" — producing the 
‘observed E-field on and of the spinning observable particle 
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than ambient" pressure, and south swirl is "lower than ambient" 
pressure, where "ambient" means "with respect to right-hand swi 
‘The swirl pressure is then considered to "bleed offiflow" from north 
pole to south pole. This is modeled by Faraday's "flux lines of force.” 
This bleed off (gradient) from north pole to south pole is called the 
magnetic force field, or just "magnetic field” for short, even though 
in vacuum it's really an unzipped magnetic field. 

Note that the original modelers didn't consider negative time 
and negative energy at all. And they didn't know anything about 
phase conjugation — in fact, the electron had not even been discov- 
ered when all this model was originally put together. 

But back to the model. Considering the swirling fluid as 
served", if you produced a concentration of one kind of swirl at one 
place, you had to decrease the concentration elsewhere, which is the 
same as producing and adding opposite swirl there. Thus, conceptu- 
ally, in the simplest case (only two swirls allowed), a north pole and 
a south pole always occur together in a pair — though of course 
there's no limit to the distance between the pair. 

Notice that ifyou have a conservative field such as we assumed, 
you are keeping your overall frame of observation Lorentzian — in 
other words, conservative. You do not have a "curved spacetime” to 
speak of, by assumption. 

Now of course, you can have compound and very complicated 
magnets and magnetic fields — you don't always have to have 
everything so neat and simple. In that case, conceptually you could 
have — for example — one north pole and two south poles. 

In fact, it's easily possible to demonstrate that: a bar ofmagnetic 
material is simply magnetized so that a north pole is in the middle, 
and a south pole is at each end. Now bend it around a bit, and you 
get the point. 

However, now let us suppose that we curve spacetime itself, 
locally — something they avoid in present physics by pure assump- 
tion. 

Specifically, we curve our local spacetime in such a fashion that 
there's more right-hand swirl in the local region than there is left- 
hand swirl there 

In that case, we have a north-pole region there , all by itself. We 


‘on- 


201 Extraordinary Physics 


have a magnetic north monopole. Ifthat "curved spacetime" region 
oftrapped swirl is moving, that constitutes magnetic current, and it 
may be either positive (north polar) or negative (south polar) flow. 

It's as simple as that! Only when you curve local spacetime can 
‘you get a magnetic “charge” or monopole. Everyone who's trying to 
demonstrate a magnetic monopole in uncurved spacetime is doomed 
to failure a priori, It takes but little reflection to see that, conceptu- 
ally, a magnetic monopole is a curvature of local spacetime. Indeed, 
each of the two poles of a bar magnet is precisely that anyway. 

Now a monopole can indeed be "made", by bending local space- 
time correctly. It can be made in two ways: in the virtual state 
vacuum itself, or in and on physical materials. It's easiest to make 
it in the virtual state: just curving the local spacetime will do that. 
‘When this "excess switl flux without corresponding antiswirl flux" is, 
impressed into and onto matter, however, the atomic nuclei are 
affected, producing excited "magnetic states." In addition, a great 
deal of physical stress is created in the material, due to monopolar 
repulsion between the various "nuclear monopoles deposited in it." 

Ifa sufficiently strong monopole intensity (magnetic charge) is 
produced in the material, the material will violently fragment from 
internal stress. When a metal, for example, undergoes such a 
"monopolar fragmentation’ it is common to see “tiled edges" of the 
metal rupture, much as twisted little "planks" or tiles of metal 
unfurled and "split." Such abreak may be a positive signature ofthe 
involvementof virtual magnetic monopoles (i.., by the metal having 
acquired virtual magnetic monopolar charge, causing the disrup- 
tion). 

This precise type of metal fracture has been very well demon- 
strated in experiments by Canadian experimenter John Hutchin- 
son. Anomalous, powerful breaks in metal have been obtained by 
Hutchinson where the two ends that break apart both have a north 
pole or a south pole 

‘The anomalous hole in the fuselage of the Arrow DC-8 
destroyed at Gander Air Force Base, Newfoundland on Dec. 
12,1985, strongly suggests that an electromagnetic missile struck 
the aircraft, inducing monopolar effects. That would also match the- 
three eyewitnesses’ description of an anomalous glow on part of the 
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aircraft as it faltered and then fell. 


Supercharges and Fractional Charges 

Now without further ado, let me just state flatly that the only 
way to get a fractional charge is to have an appreciable curvature of 
local spacetime. 

To get that local curvature, it's going to be very difficult to use 
liquid. For weak effects, it will almost always change its bond 
structure and not localize the curvature in the nuclei. So "fractional 
charges” in liquid are much harder to come by. 

However, with solids it's a different thing, particularly if you 
make the solid material very, very small and nonlinear — precisely 
like Ehrenhaft's little red selenium oxide spheres. There you can get 
the curvature to localize without so much bleedoff through the 
bonding lattice. 

‘The greatest electrical wizard of all, Nikola Tesla, reported 
producing electrons with 50 times the normal electrical charge of an 
electron. That's readily understandable if you look at what's happen- 
ing to the charge of a particle: To have 50 times as much charge, the 
electron must be exchanging virtual photon flux with its surround- 
ing vacuum at 50 times the rate of the normal vacuum. 

In other words, it's the vacuum (spacetime) which must be 
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Figure 70. Forming magnetic monopoles with a standing scalar EM wave. In a 
nonlinear vacuum (locally curved spacetime), virtual magnetic monopoles can be 
formed and deposited in materials 


203 Extraordinary Physics 


EXPANSIVE BREAKS 


FE 
a me A) 


FLUX 


A 4 x a 


STANDING SCALAR WAVES 
ge NT NO SRD 


} 


SW wrtual stave, 


Figure 71. Meta fracture by depositing magnetic monopoles. Demonstrated by 
Canadian researcher John Hutchinson. 


changed, not the electron! Actually, thathappens anyway whenever 
the electron is in an_ electrical potential field. There are many 
unrecognized assumptions in the postulate that the electron charge 
is fixed, 

Ifyou curve local spacetime in one direction, you get the charge, 
ofan electron increased. Ifyou curve itin the other direction, you get 
the charge decreased. In that case it's called a quark. 

At any rate, our own scientists have been looking in the wrong 
way and in the wrong place for magnetic monopoles and fractional 
charges. 

Work such as that of Ehrenhaft and others should be re- 
evaluated, And, most certainly, the basis of the present electromag- 
netic theory should be both re-examined and reformulated. 


“Such as the implication that the fe electron is always fre to move, and that potential 
sounding the electron always possesses translating sradient when it changes It docs 
‘ot conser the ease where the viel fh exchange elven clcron and vacuum icrescs 
iroteopically. centered onthe clecron. That of couse, represents an excited charge of the 
fice electron 
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CHAPTER 5 


EXTRAORDINARY BIOLOGY 


Kervran's Proof of Biological Transmutation 

In orthodox chemistry, one of the strongest dogmas is the 
stubborn insistence that itis impossible to create another element by 
chemical reaction. Most chemists also insist that all reactions 
occurring in living systems are chemical in nature. They believe 
fervently that chemistry can and must explain life itself 

In the early 1960's, a French researcher named Louis Kervran 
published work which flew directly in the face of the accepted 
chemistry dogma. Kervran reported the astounding results of his 
research showing that living plants were able to accomplish limited 
transmutation of elements. Kervran was then the Conferences 
Director at the University of Paris, and his first paper was published 
in La Revue Generale Des Sciences, July 1960. 

‘What was so revolutionary was that, according to the prevailing 
wisdom of science, you can’t transmute elements (permanently 
change the nucleus) except with enormous energy — certainly not 
with the microvolts and millivolts (and microwatts and milliwatts) 
that living systems can muster electromagnetically. * 

Rutherford, the British physicist who discovered the nucleus of 
the atom, had shown in 1919 that you can bombard elements with 
alpha particles and transmute them. The accepted wisdom oftoday 
is exactly the same, except that the physicists have used heavier and 
heavier "bullets" in their artillery approach. No one has tried a 
controlled approach, for the catchecism is that you have to use the 
wham it harder! approach. 

In other words, to most scientists the whole thing had to be 
preposterous, and Kervran had to be deluded. 

Kervran published further details ofhis work in a book, Trans- 
mutations Biologiques, Maloine, Paris 1962. But the initial reac- 


Nite, however that since gravity is infolded EM. one can have extremely powerful infolded 
EM, yetonly have miniscule electrical (outfolded) residues. Thus the actual "available 
power” in arificil biopotentils may not be quite so small afer all 


205 Extraordinary Biology 


tion of most scientists was disbelief and skepticism. Few scientists 
would stoop to repeating Kervran's experiments, which of course 
they knew could not work anyway. 

Actually the effect is widespread amongst living systems. As 
Kervran pointed out, the ground in Brittany contained no calcium; 
however, every day a hen would lay a perfectly normal egg, with a 
perfectly normal shell containing calcium. The hens do eagerly peck 
mica from the soil, and mica contains potassium — a single step 
below calcium in the standard table ofelements. It appears that the 
hens may transmute some of the potassium to calcium, 

Further, if one tests this assumption, it is quickly shown to be 
true. Hens denied calcium but not potassium, stay perfectly healthy 
and lay perfectly normal eggs. Hens denied both potassium and 
calcium will be sickly and lay only soft-shelled eggs. If these sick 
chickens are allowed to peck only mica — which they will frantically 
do — everything returns to normal again. 

Most orthodox scientists nevertheless remained skeptical or 
downright hostile 

However, a few other scientists began to repeat Kervran's 
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Figure 72. The Kervran effect. A biosystem can accomplish limited transmutation of 
elements. 


Advanced material (see Figure 5): 

The following material is necessary to build the second part of the project: the tilt- 
sensitive RFID tag. 

- Micro tilt switches (e.g., www.digikey.com) 

- RFID ICs (e.g., MIFARE Standard 1k, part no. 568-2219-1-ND at 
www.digikey.com) 


Add Tip Ask Question 


Step 2: Building the RFID Antenna 
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experiments and replicate his results. Several of these corroborat- 
ing scientists were (1) Professor Hisatoki Komaki, Chief of the 
Laboratory of Applied Microbiology at a leading Japanese univer- 
sity, (2)Professor Pierre Baranger, Head ofthe Laboratory of Chemi- 
cal Biology ofthe Ecole Polytechnique in Paris, and (3) J.E. Zundel, 
then head of paper company with a chemical analysis laboratory, 
and later a chemical engineer of the Polytechicum School of Zurich, 
Switzerland. 

Later work by Zundel was particularly decisive: he utilized the 
mass spectrometer at the Microanalysis Laboratory of the French 
National Scientific Research Center, and neutron activation mass 
analysis at the Swiss Institute for Nuclear Research in Villigen to 
positively confirm an increase in calcium of 61% to an accuracy of 
2%. Such results and instrumentation, ofcourse, removed any doubt 
that the effect could be due to statistical variation. In the same 
experiments, the plants increased their phosphorus 29% and their 
sulphur 36%. 

Komaki became head of a research laboratory at Matsushita 
Electric Company. There he conducted research conclusively prov- 
ing that microorganisms (including some bacteria and two kinds 
each ofmolds and yeast) could transmute sodium into potassium. In 
fact, he placed a brewer's yeast product on the market that, when 
applied to composts, increases their potassium content. 

Extensive work in the area has been done in the Soviet Union, 
where results similar to Kervran's have been substantiated. 

‘Thus all doubt (to an open-minded scientist) was removed: living 
systems are able to change one element into another by some 
unknown means, using very feeble energy. 

A noted French physicist, O Costa De Beauregard, suggested a 
mechanism for the transmutations, using weak force interactions 
and advanced waves. 

No one — even Kervran himself— thought of negative energy/ 
negative time interactions. The jury is still out on the actual 
mechanism, but it is absolutely clear that the transmutation does 
indeed occur. 

‘The Japanese researchers, having replicated Kervran's as- 
tounding results to their complete satisfaction, recommended him to 
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the Nobel Committee for a Nobel Prize for such epochal work. Thus 
Kervran became a Nobel nominee, though he was not granted the 
prize 

Kervran has since passed away, leaving behind his books and 
papers that point to a revolution in chemistry and physics - 
transmutation of elements at very weak energy. 


Biological Transmutation Has a History 

Actually biological transmutation — and transmutation of ele- 
ments (alchemy) in general — has a history, of both results and 
suppression. 

Louis Nicolas Vauquelin, a celebrated French chemist, discov- 
ered that chickens could produce more calcium in their eggshells 
than entered their bodies. Hence they had to be able to " 
calcium, else their own bodies would have been completely depleted. 

One of his contemporaries, however — Antoine Laurent La- 
voisier —became the "father of chemistry." Lavoisier laid down the 
dictum that nothing was created. So chemistry fixed upon the notion 
that the combinations ofelements could be shifted, but the element 
self could not be transformed, 

Notuntil the discovery ofradioactivity did any crack in this solid 
wall appear. But still, the basic ideas of chemistry said the element 
couldn't be transformed chemically. It could only be transformed if 
one blasted the daylights out of it with an atomic or particle bullet. 

Today most chemists still hold that exact same opinion, un- 
shaken. 

To resume: Over a century ago, a chemist named Albrecht von 
Herzeele proved that germinating seeds somehow transmuted ele- 
ments in the process. In 1873 von Herzeele published a book, The 
Origin of Inorganic Substances, where he showed research 
proving that plants continuously create material elements. 

Even earlier, in 1822 an Englishman named William Prout had 
studied chicken eggs in incubation. He found that hatched chicks 
had more lime (calcium) in their bodies than was originally present 
in the egg! 

Another French scientist named Henri Spindler discovered that, 
akind of algae called Laminaria could create iodine, 

‘A German researcher named Vogel had planted cress seeds in a 
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belljar. They were fed nothing but distilled water; still, when grown 
they contained more sulphur than had been in the seeds originally. 

Lawes and Gilbert, two British researchers, also found that 
plants could "extract" more elements from the soil than the soil 
actually contained in the first place. 

Baranger performed thousands of meticulous experiments in 
plant transmutation of elements. He proved that the transmuta- 
tions do occur. He also discovered that many things affected the 
germinating seed transmutation process: the time the seeds germi- 
nate, the type oflight they are exposed to, the phase ofthe moon, ete. 

None of these experimenters understood the transmutation 
process used by the living organism. But they proved beyond ques- 
tion that the process existed, and universally occurred. 


Surplus-of-Energy Mechanisms Proposed by the U.S. Army 

There has also been other very positive support for the thesis 
that ifliving systems transmute elements, they can produce a net 
source of energy in the process. 

In 1978 an officially-funded effort of the U.S. Army Mobility 
Equipment Research and Development Command, Fort Belvoir, 
Virginia positively confirmed that mechanisms for elemental trans- 
mutations could occur in biological systems, from an energy consid- 
eration. 

‘The work was performed under the direction of Emil J. York, 
Chief ofthe Material Technology Laboratory. Solomon Goldfein ws 
the principal investigator for the effort. Robert C. McMillan, Chiefof 
the Radiation Research Group of the laboratory, provided guidance 
on matters of physics and nuclear physics. 

The abstract of the final report (S. Goldfein, Report 2247, 
Energy Development from Elemental Transmutations in 
Biological Systems, U.S. Army Mobility Equipment Research and 
Development Command, May 1978. DDC No. AD A056906.) reads as, 
follows: 


"The purpose of the study was to determine whether recent 
disclosures ofelemental transmutations occurring in biological enti- 
ties have revealed new possible sources of energy. The works of 
Kervran, Komaki, and others were surveyed, and it was concluded 


209 Extraordinary Biology 


that, granted the existence of such transmutations (Na to Mg, K to Ca, 
and Mn to Fe), then a net surplus of energy was also produced. A 
proposed mechanism was described in which Mg adenosine 
triphosphate, located in the mitochondrion of the cell, played a double 
role as an energy producer. In addition to the widely accepted 
biochemical role of MgATP in which it produces energy as it 
disintegrates part by part, MgATP can also be considered to be a 
cyclotron on a molecular scale. The MgATP when placed in layers 
one atop the other has all the attributes ofa cyclotron in accordance 
with the requirements set forth by E.O. Lawrence, inventor of the 
cyclotron.” 

"It was concluded that elemental transmutations were indeed 
occurring in life organisms and were probably accompanied by a net 
energy gain.” 


The researchers also concluded that elemental transmutations 
occurring in life organisms are accompanied by losses in mass 
representing conversion to thermal energy, and that such energy 
probably is a net gain when compared to the amount required to 
effect the transmutation. 

Allin all, they concluded that the little cell with its feeble energy 
does quite well! It's in control ofcyclotrons, and cyclotron forces, and 
direct conversion of mass to energy. Pretty good for a little bitty 
beastie, wouldn't you say? 

Actually, one should point out that, according to nuclear phys: 
ics, an atom gets a little heavier when it absorbs (usually by means 
ofan orbital electron) a normal "positive energy” photon. Thatis, the 
addition of positive energy results in the addition of a little bit of 
“positive mass." 

Negative energy, ofcourse, does a similarthing to the nucleus — 
except that it adds "negative mass.” Thus the nucleus of the atom, 
when it absorbs negative energy, gets lighter. This is seen in the 
external world as "loss of mass." 

With our present nuclear physics, only positive energy is as- 
sumed except in extremely rare case: 

Thus the Army study —which was conducted and controlled by 
some excellent scientists — worked out a "loss of mass" the way 
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they're trained to, 

By adding some positive energy, the nucleus would gain 
some positive mass. By adding some negative energy, the 
nucleus would lose some corresponding positive mass. The 
conventional physics then would equate this "loss of mass" 
as the direct conversion of mass to energy. And so it is, only 
it's conversion to negative energy! 

However, by pointing out the cyclotron mechanism in the cell 
MgATP, the Army researchers have made a most important contri- 
bution. 

Note also that the whirling motion may be very much related to 
Viktor Schauberger's work and to Wilhelm Reich's work. Both of 
them worked with what they viewed as an unusual kind of living, 
spiraling energy. 

All the orbital electrons of an atom also are whirling around in 
orbit, in the simplest model. Further, these orbits themselves move 
and rotate or precess. 

Similar orbits and shells occur in the nucleus, at least in some 
models (several rather independent models are used there for 
specific things.) 

It may be that a whirling, spiraling (cyclotron) energy motion is 
necessary to connect positive energy to orbital electron (negative 
charge) shells, and to connect negative energy to positive charge 
shells in the atomic nucleus. * 


Alchemy and Unusual Critters 

In ancient times, the old alchemists pursued the dream of 
making gold. Obviously, ifone could do that economically, one could 
become quite wealthy. 

Just as obviously, the kings and rulers of the world took rather 
a dim view of such proceedings. After all, much of their own power 
rested on their ability to get and control gold. And if some "loose 
cannon" could make all the gold anyone wanted, then the national 
treasury of the king wouldn't be worth a plugged nickel. And that 
would finish the king, for he would be powerless 
The spinninghwbiling motion may be viewed as integrating the unzipped vacuum fx 


Virtual! vectors into zipped observable force vectors —just as great grandma's spini 
Integrated fibers into continuous threads 
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There are some unorthodox researchers today who take the view 
thatthe alchemists were stamped out—not because they failed, but 
because they succeeded. 

I subscribe to the same view. 

T.H. Moray had a process to "recover finely divided gold fiom 
quartzite sands." My personal, strong belief is that he possessed a 
practical transmutation process. His knowledge and techniques, of 
course, are still possessed by his sons, and reside through them in 
Cosray Research Institute, Salt Lake City, Utah. 

The possession of such a technical secret may be one ofthe major 
reasons why the Morays have met with such intrigue, harassment, 
and suppression over the years. 

To speak furtheron "making gold,” we first have to present some 
details on some special "critters" that live, but that can'tbe observed 
through anormal microscope — even an electron microscope. 

Inthat vein, toward the end of this chapter, we will present some 
ofRoyal R. Rife's fundamental discoveries. Pay particular attention 
to his discovery of "finer" living forms — which today we could only 
refer to as "living energy, virtual-state forms." 

Let's call them eritters for short. 

Atone time, when the earth was young and the radiation fiom 
the sun was different, conditions on earth were much hotter. Great 
voleanic activity and fiery eruptions were commonplace and nearly 
continuous. Huge storms, of size and magnitude undreamed of 
today, swept the primitive atmosphere. The oceans were frenzied. 

Under those conditions, many types of "critters" were highly 
active. Most ofthe critters, for example, lived in and worked on the 
atomic nuclei of matter . 

Afterall, the critters are living, virtual-state organisms. There's 
a continual exchange between the virtual state (the vacuum, or 
spacetime) and mass (the observable state). An atomic nucleus is 
like an island in the "virtual state ocean", and the flux interchange 
is like waves breaking onto the island and then washing back to sea. 
The critters live in that ocean, and wash upon, so-to-speak, the 
mass-islands and interact with them, 

In those primal days, many ofthe present great mineral deposits 
ofthe earth were created due to the transmutation activities of the 
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critters, 

One kind, for example, lived in copper. In an "energetics" sense, 
this critter "ate" copper and "excreted" gold, so-to-speak. Much ofthe 
gold that occurs in great copper deposits today was formed this way 
in the old days under primal conditions. 

When conditions on earth changed, these little "copper critters" 
ceased their incessant activity and became dormant, just as viruses 
can do. But the critters are still there in the copper ore, waiting to be 
activated. 

And activate them you can! You can even get the critters into a 
solution, and then crystallize them out as crystals. 

These crystals are what the alchemists of old called the 
philosopher's stone, with the power to transmute base elements 
into gold. There are several kinds of philosopher's stones; this kind 
is for copper. 

At any rate, you can then place these special crystals on some 
copper (and add another thing or two), and restore them to a similar 
primal environment as of old. That is, heat them in an electric 
furnace. Blast them with terrible electrical bolts. Bathe them in 
intense ultraviolet light. That's just a nice, refreshing spring day for 
the critters!" 

That stimulates them and revives them. They wake up after a 
long sleep — and they're immediately "hungry." So they go right to 
work on the copper. Boom! In a little bit there isn't any more copper, 
just mostly gold, with a little other miscellaneous residue thrown in, 
such as black ruby and silver (in the experiments of one of my close 
colleagues). 

The gold is radioactive when first made. Fortunately, all 
isotopes of gold are very short-lived: just minutes suffice for the 
radioactivity to die away. So you wait half an hour and everything's 
okay. 

‘That's all there is to it. 

And if you do that and try to capitalize upon it, your life 
expectancy is about 24 hours. 

I don't know whether or not biological systems, in their Kervran- 


“Nae the probable similar elects involved in the Mille-Fox-Urey experiments in biogenesis 
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transmutations at weak energy, deliberately manipulate similar 
"critters." I suspect, however, that they do, at least to some extent. 


The Cell Also Lives and Functions in the Virtual State 

Obviously, to transmute elements the living system has to be 
able to directly affect and influence the atomic nucleus. 

It has been shown that this is a cellular capability, for single- 
celled organisms can do it. 

‘As we shall see, Rife's work showed that the living cell is 
connected to at least 16 intemested deeper levels of reality than a 
relative "point" under an ordinary microscope. Further, all levels are 
structured and organized. 

Think oft! Each one of those levels is to the preceding level as 
microscopy today is to the normal world. Sixteen levels! 

Ithinkit's reasonable to state that the life of the cell is patterned 
and dynamically structured and funetioning all the way into. the 
virtual state; indeed, to very deep intemested levels of the virtual 
state. That is, it also funetions hyperspatially. 

We shall also see that the mind and thought involve these more 
subtle physical (though virtual) levels. 

Thus the living virtual-state levels are a reality, for Rife proved 
it. 

The living organized structures at each level are a reality, for 
Rife proved it. 

The living ordering and control of dynamic functions on all those 
levels is a reality, for Rife proved it. 

Those living virtual-level parts of the living organism—plantor 
animal — thus affect, function in, and reside in the atomic nuclei of 
the material that composes its bodily structures. 

Beasties like bacteria and viruses also have living, organized 
energy structures in multiple levels of virtual state. Apparently, for 
these more primitive life forms, the virtual-state "energy part” can 
be separated and pass through a filter, then re-engender the physi- 
cal form and/or itself cause the disease in ahost! Atleastthat is what 
Rife and other scientists showed. 


"Bigger fleas have smaller fleas to bite ‘em, And so on, ad 
infinitum." 


Of course the living system can "work on" the nucleus and 
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change it a little bit! If it couldn't do so, it couldn't stay alive and 


function in there in the first place! 


The Kaznacheyev Experiments 

Dr. Viail Kaznacheyev is Director of the Institute for Clinical 
and Experimental Medicine in Novosibirsk. 

For 20 years he has been directing highly unusual experiments 
with twin cell cultures. These experiments are vital to understand- 
ing disease and healing on a more fundamental basis than is 
presently utilized by orthodox medical science. 

The Kaznacheyev experiments (several thousand) in the Soviet 
Union proved conclusively that any cellular disease or death pattern 
can be transmitted electromagnetically, and induced in target cells 
absorbing the radiation, 

In the experiments, two sealed containers were placed side by 
side, with a thin optical window separating them. The two contain- 
ers were completely environmentally shielded except for the optical 
coupling 

A tissue was separated into two identical samples, and one 
sample placed in each of the two halves of the apparatus 

‘The cells in one sample (on one side of the glass) were then 
subjected to a deleterious agent — a selected virus, bacterial infec- 
tion, chemical poison, nuclear radiation, deadly ultraviolet radia- 
tion, etc. This led to disease and death of the exposed/infected cell 
culture sample. 

Ifthe thin optical window was made of ordinary window glass, 
the uninfected cells on the other side ofthe window were undamaged 
and remained healthy. This of course was as expected in the ortho- 
dox medical view 

However, ifthe thin optical window was made of quartz, a most 
unexpected thing happened. Some time (usually about 12 hours) 
after the disease appeared in the infected sample, the same features 
of disease appeared in the uninfected sample. 

This startling "infection by optical coupling" occurred in 
a substantial percentage of the tests (70 to 80 percent). From 
an orthodox medical view, these results were unexpected 
and unheard of. 


Further, ifthe originally uninfected cells were in optical contact 
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Figure 73. The Kaznacheyey effect. Thousands of experiments proved that (1) 
cellular disease is electromagnetic, and (2) it can be induced electromagnetically at a 
distance. Also called the cytopathogenic effect. 


PHASE-LOCKED CARRIER 
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Figure 74. A photon is one oscillation of an electromagnetic carier. tt may have 
substructures that are modulations. Such a structure is called a "glant photon,” ora 
“compound photon.” 


This step describes how to build the antenna for the RFID tag. 


Building the RFID tag antenna 

To build the tag's antenna follow these three steps. 

1. Cut the conductive copper tape into thin stripes of around 2mm (see Figure 1). 
2. Tape these stripes (see Figure 2) in loops around one half of the cardboard (see 
Figure 3 for the layout of the antenna). The tag should have between 3-4 loops for 
the antenna. 

3. Solder all the connections between the copper tape. Sometimes, this isn't 
necessary as the tape's adhesive backing is conductive, but solder the connections 
if you want to be on the safe side. 


Now we have created our RFID tag antenna, and we will add the "RFID reader 
detection" functionality in the following step. 


A little background 

RFID readers transmit an electromagnetic (EM) field with their reader antenna. This 
EM field induces a current in the antenna for all RFID tags within reading distance. 
This induced current activates the RFID chip that is connected to the tag's antenna. 
This chip then modulates a response (usually the unique ID number) that is 
transmitted back to the reader. The antenna of an RFID tag is usually a thin copper 
wire that is arranged in loops. The loops allow the emitted EM field of the RFID 
reader to induce current to the antenna of the tag. 


Add Tip Ask Question 
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with the infected cells for 18-20 hours or so, and then were corre- 
spondingly exposed (optically coupled) to another uninfected cell 
sample, symptoms of the infection appeared in this third sample an 
appreciable portion of the time (20 to 30 percent). 

Guided by A.G. Gurvitsch’s work that showed that cells give off 
mitogenetic radiation (photons) that can affect other cells, the 
Kaznacheyev team sought an answer by looking for photons given off 
by the infected culture sample as its cells died 

They found that the cells in the infected culture gave off photons 
in the near ultraviolet when they died. The normal window glass was 
opaque to these near-UV photons and absorbed them. In that case, 
the uninfected culture on the other side ofthe glass was not exposed 
to radiation by the UV "death" photons from the dying cells, and they 
remained serenely healthy. 

However, the quartz window was transparent to the UV "death 
When the quartz window was installed, the UV "death 
passed through it and were absorbed in the uninfected 
culture on the other side of the window. Most of the time, the 
uninfected culture which absorbed "death photons" sickened and 
died with the same disease symptoms. 

‘The Kaznacheyev experiments proved conclusively that cellular 
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death and disease patterns can be transmitted and induced electro- 
magnetically.* 


Structuring and Charging a Biopotential 

Kaznacheyev thus demonstrated that a photon information/ 
regulatory system exists in biological systems due to a continual 
influx of EM energy from outside the system, That is, the cells ofthe 
biosystem are charged with an electromagnetic potential, and addi- 
tions and changes to the potential are continually received. The cell 
is thus in minute disequilibrium, 

Usually the myriad of continual inputs from the external envi- 
ronment into the cell’s potential charge pattern (in its atomic nuclei) 
may be taken to be potential changes whose substructures are 
disordered. In that case, no specific environmental effect is observed 
except slight fluctuations without order — a miniscule form of 
“heating.” 

However, ifa continual ordered substructure exists in the input 
from the external environment into the cell's potential, the cell's 
potential will gradually "charge up" with that pattern. 

An analogy will prove helpful. Imagine an accumulator, a largo 
pot, that holds a volume of water. Several pipes are connected to tho 
pot, some are inputs for water coming in, and some are outputs for 
water flowing in, 

Imagine the inputs all containing "blue" water, just in slightly 
varying shades. The water in the pot is blue, and may slightly rise 
and fall in level as the input flow rates vary. The water in the pot may 
also vary slightly in its blueness as the inputs vary. However, it will 
still be blue. 

Now suppose that yellow water starts flowing through one ofthe 
input pipes, and at a goodly rate. Slowly the water in the pot will 
start to turn greenish as a greater percentage of yellow builds up. In 
other words, the pot slowly charges up with some of the "yellow" 
charge, in the process acquiring a "green" charge. 

‘We point out that ths fet hasbeen investigated in both the infrared and wlio, IR to 
UUV nay be taken as ingle Barmoni interval —an octave, musically speaking. The sie 
effect canbe reprodced in any oter“octae™(snge harmonic interval ofthe electromag 
neti frequency spectrum. The reversal ofthe efit can also be acteved in any harmonic 


interval. The mechanism for these effets involves the cellular biopotential, Popps master 
cellular control system, and the deterministially-tilored substructure of photons. 
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The biopotential in the cell experiments works the same way. 

A cell has a biopotential built up, which represents the "nominal 
equilibrium" ofthe scalar charge on the cell. This biopotential, being 
mostly a"sum-zero" of virtual state vectors, is centered in and on the 
atomic nuclei of the cell, constituting charge patterns in these atomic 
nuclei. The biopotential extends out of the atomic nuclei, through the 
electron shells, into and through the molecules, through the internal 
cell structures and membrane, and outside the cell. 

From the atomic nucleus on out through the cell, every layered 
structure or organization of the cell will layer, structure, and 
organize the biopotential accordingly. 

This organized, structured cellular biopotential is continually 
receiving "charge patterns" contained in incoming photons absorbed 
by the cell. The biopotential is also continually exhausting some of 
its biopotential charge pattern in the photons (heat, light, etc.) that 
the cell emits. 


The Cell's Electromagnetic Breathing 

Via structured photon exchange, the biopotential of the living 
cell thus "breathes in" the virtual state charge structure of its 
environment, and "breathes out" its own internal virtual state 
charge structure. 

So, in the experiment, the uninfected cells are continually 
absorbing photons from their surrounding environment, and emit- 
ting photons back to itas well. According to our scalar EM view, each 
photon it absorbs has a substructure that depends upon the part of 
the environment from whence it came. 

These "substructures" are actually patterns of the sum-zeroed 
virtual vectors comprising the potential of the absorbed photon 
carriers. 

Normally, since a large number of very different substructures 
are continually being "input" into the cell's potential from the 
absorbed photons, the substructure ofthe cell's potential receives an 
essentially disorganized continual input from the environment. This 
liquates to the fact that the environment does not normally specifi- 
cally influence or change the cell's potential with ordered informa- 
tion (organization).* 
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When a cell dies, it ceases to maintain the bio-dynamies that 
sustained its artificial potential (that part due to bio-ordering by its 
organized life processes, above the background level of its "inert 
matter" potential). The dead cell's built-up artificial potential then 
"discharges" by emitting a structured photon.** 

Since this photon (energy) comes from an organized 
potential drop, the virtual substructure of the emitted photon 
is organized. The photon, then — among other things — 
carries the exact organized virtual charge pattern of the 
dying cell's disease. 

We strongly insist on the quantum mechanical view here: All 
physical changes — chemical, material, mechanical, whatever —at 
root level are constituted and caused by virtual state interactions, in 
direct patterns of virtual particle exchanges 

In the full QM view, what's really going on in primary physical 
reality is just a complex set of patterns and changes in potentials 
anyway. 


The Summed Virtual Structures ofKaznacheyev's 

"Death Photons" Physically Kindle the Disease 

At any rate, the Kaznacheyev experiments showed that the 
dying cells from the infected culture emitted photons in the near UV 
that contained artificial (structured) potentials. The virtual-state, 
patterned-substructures in this photon flux directly represented tho 
cellular disease pattern caused by the original cell's specific infec- 
tion, 

In other words, as the infected cells died, they emitted "death 
photons" which contained the template pattern of their death 
condition. 

‘When these "death photons" are absorbed into uninfected cells, 
their deterministic substructures gradually diffuse into the cell’s 
bio-potentials. Gradually the biopotentials of the new cells are 
‘There maybe sufficient ordered input fom the environment, however, to have something to 


dd with terstoriality in living things, salmon returning toa fixed place to spawn, turtles 
returning tothe same beach to lay eggs, the migration ofbirds, et. 


*+Noethat this photon 
CGmerevrsd photon I wil ieract withthe oot otargeed cll ant ach 
thotrowm atomic nuke This isthe mechanism fe Karnachyevs ytoputhogent ef. 
Sse paiclrly CW. Rise Found: Phy , 10, Jon. 7s p 351 


ted from an atomic nucleus. Hence it is a phase conjugate 
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Table 43. THE LIVING AURA: THE CELL'S ELECTROMAGNETIC BREATH, 


+ VIRTUAL EM FIELD 

+ STORES VIRTUAL PHOTONS 
+ ENVIRONMENTAL INPUTS 

+ OUTPUTS BIOPHOTONS 

+ COHERES ORGANISM 

+ TENDS TO STABILIZE 

+ EXPERIMENT ESTABLISHES 


Popp, "Photon Storage in Biological Systems," 
Electromagnetic Bio-Information, 1979 


"charged up” with the integrated pattern of the disease. 

‘The master cellular control system of the biosystem is itself a 
dynamically changing, ordered pattern in the biopotential of the 
cells, which is centered in the atomic nuclei comprising the cell 
materials. As the bio-potentials of the cells gradually acquire the 
"death photon's” substructure pattern, this pattern is also diffused 
throughout (modulates) the master cellular control system. Alll the 
cells in the sample (or in a biosystem) are now slowly charging up 
with the "death photon” pattern. 

As Popp discovered, photons continually "leak out” ofthe virtual 
photon master control system of the biosystem. Some of the: 
leakage photons are observable photons, but most are virtual pho- 
tons. 

Further, they are structured photons. 

In other words, as leakage photons spill out ofthe master control 
system, observable change is now being slowly initiated in the 
physical structures, biochemistry, etc. ofthe biosystem’s cells —and 
those changes are in consonance with the integrated "cellular death 
pattern” of the originally infected cells. 

Note particularly that it is already well-known in quan- 
tum mechanics/electrodynamics that, when a photon is 
emitted from the surface of a dielectric body, the entire 
dielectric body participates in that emission. Ifa photon is 
absorbed on the surface of the dielectric body, the entire 
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dielectric body participates in that absorption. 

Thus as irradiation by the "death photons" continues, the "death 
structure" in the irradiated cells increases. It is spread throughout 
the cell culture by the master communication system, gradually 
charging the virtual state structure of that system with the death 
pattern. 

Spillage photons from the cellular control system oceur through- 
out the culture. These photons are structured with the death pat- 
tern, and gradually affect the cell and its biochemistry physically. 
The previously uninfected cells thus physically start to acquire and 
exhibit the symptoms and characteristics ofthe disease pattern that 
killed the infected cells. 


Electromagnetic Infection Results in Physical Disease 

The new cells are now electromagnetically infected and physi- 
cally diseased. 

After all, that is all a cellular disease is in the first place — 
physical, electrical, and biochemical changes in the normal funetion- 
ing of the cell. 

For a given pattern of changes in the cells, a specific "disease" 
exists in them. 

It absolutely does not matter what causes this exact pattern. If 
the specific physical pattern is there, the specific disease is there. 

Note that any ghost pattern in the virtual state flux can 
charge up physical matter — that is, the atomic nuclei of a 
mass. All that is necessary is that a continual flux of thin 
virtual pattern continually bathe (irradiate) the mass's 
atomic nuclei. 

The eventual emergence of this "ghost template pattern” into 
observable physical reality is called kindling. Kindling is charging 
up one or more atomic nuclei with an integrated virtual charge 
pattern until the integrated pattern breaches the quantum thresh- 
old, resulting in emergence of that pattern into observable physical 
change, 


A Possible Cure for AIDS 


One of the things going for the "good guys" and EM defense 
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against AIDS is that cells are a lot tougher than viruses. Thus even 
non-structured EM signals can be used to effect cures in many 
disease cases. 

In fact, ordinary ultraviolet (UV) irradiation of the blood has 
already been utilized to cure or control severe infections, including 
severe viral infections. I am indebted to Dr. William C. Douglass for 
pointing this out tome, and for permission to reproduce the following 
information from his important newsletter, The Cutting Edge, 
Noy. 1987, p. 3. The following material is quoted verbatim, with no 
editing. 

It’s amazing what you can find by nosing around in the dusty 
archives ofa good medical library. I came across anotherremarkable 
therapy that the AMA and drug industry (or whoever is in charge of 
supressing non-toxic treatments that work) have shoved down the 
memory hole.” 

"Back in 1933, Doctors Hancock and Knott treated a patient 
dying of septicemia (blood poisoning) with ultraviolet irradiation of 
the blood.' The patient was moribund with a blood stream infection 
and obviously near death. (Remember that this was before antibi- 
otics and there was nothing to lose.) The patient made a complete 
and uneventful recovery. 

"Searching further, I found that in 1928 a similar terminal 
infection was treated by ultraviolet light to the blood. This patient 
also made a complete recovery.’" 

"Soin 1928, practically in the middle ages, an incurable disease, 
blood stream infection, was cured with ultraviolet light. With such 
a breakthrough why wasn't it tried again for 5 years? According to 
the record, another 6 years passed before it was tried for a third 
time." 

"Back in those days infection was the number one cause ofdeath 
You can't help but wonder how many lives could have been saved if 
doctors weren't so resistant to new ideas. Just imagine a cure for 
AIDS being set aside for 11 years. Yet bacterial infections of the 
blood were uniformly fatal in 1935, just like AIDS is today. 


! Northwest Medicine, 38:200, 1934 
2 Knott, AM.J, Surg, Aus. 1948, pp. 165-171 
* Am. J. Med. Sci., 197:873, 1939. 
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"Finally, in 1940, 110 cases treated with ultraviolet spectral 
energy were reported. The results were uniformly good. Between 
1940 and 1948 many other conditions were successfully treated, 
including vein inflammation (phlebitis), polio and asthma. Up to the 
late 40's over 40 thousand treatments were given with ultraviolet 
blood irradiation.” 

"And now for the most interesting part. In 1947, Dr. G.P. Miley 
reported on 79 cases ofvirus infection.’ Miley stated that ultraviolet 
blood irradiation therapy could be relied upon consistently to control 
an infection of a virus in a safe and efficient manner.” 

“AIDS is a virus. AIDS-ILis a virus (the HTLV-IV leukemia and 
lymphoma now sweeping the world). Remember that these killer 
viruses are within the cell and any chemical agent that enters the 
cell to kill the virus will often kill the cell as well. But ultraviolet 
irradiation kills the virus without harming the cell.” 

"A fine piece of crystal can be shattered by exposing ittojust the 
right frequency. You can be standing in the room and the energy 
from that frequency won't harm you in the least. Viruses have the 
same characteristics, and so, in my opinion, frequency irradiation of 
the blood in the ultraviolet range is our greatest hope for curing 
AIDS.” 

"But the treatment is simple, safe, inexpensive and unpatent- 
able, That doesn't bode well for its future, at least until a few 
senators get AIDS." 


The Mirror Cytopathogenic Effect and Factors 

Influencing It 

The cellular disease induction effect was called the mirror 
cytopathogenic effect (CPE for short) by the Kaznacheyev group. 
Mirror CPE appeared only when the quartz or mica window was no 
thicker than 0.8 mm. A. F. Kirkin also duplicated the experiments 
using a thin plexiglas window. 

There are conditions which enhance the effect, and others which 
inhibit or degrade it. Irradiation of the detector-culture with a low 
dose of UV priortoits optical contact enhances the effect, increasing 


$Rev. Gastroenterol. 15 271-277, 1948, 
SAm_ J. Surgery, Aug. 1948, pp. 170, 
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itto certainty (99-100%). Increasing the temperature to 38.5 degrees 
centigrade also enhances the effect (from 37% to 90% for example).* 

A necessary condition for the success of the experiment is the 
rotation ofthe holder with its two optically-coupled samples at a rate 
of about 24-25 revolutions per hour. Optical contact between the 
inductor and detector cells for a minimum of 46 hours is necessary, 
after which the cell cultures can be separated. A longer contact time 
is necessary for complete development of the irreversible effect. 

Both cultures must be maintained in complete darkness 
throughout the experiment. Use of the detector as a new inductor in 
a successive state reduces the effect by 20-30%. Three or four such 
stages is sufficient to eliminate the effect. 

There is a seasonal variation in the results. In more than 15,000 
experiments, monthly variations and daily variations were noted, 
(The present author's interpretation of this is that it is due to the 
monthly variations in the virtual photon substructure input fiom 
the moon to the substructure of the cell's bio-potential. The daily 
variation is due to the daily variations in the virtual photon 
substructure input fiom the sun to the substructure of the cell's bio- 
potential.) 

Negative results appear more offen in winter. (The present 
author's interpretation of this is that it is due to the fact that the 
scalar potentials of the earth and the biopotentials of each living cell 
on earth are lowered in winter by the weaker flux fiom the sun.) 

Effects are correlated with the polarity of the interplanetary 
magnetic field. Negative polarity of the field usually precedes the 
appearance of mirror CPE, (This is because ofthe positive nuclei — 
which prefer one direction of the magnetic field over another). 
Disturbance of the geomagnetic field several days before a culture 
planting also results in enhancing the mirror CPE effect. (Disturb- 
ing the geomagnetic field provides a "dithering magnetic distur- 
bance" in the atomic nuclei which "livens" them. Consequently their 
readiness to charge-up and emit structured virtual state charges is 
increased). 

Kaznacheyev further discovered that the Sun's activity and the 
“This is very important. Precandioning the cells by “dithering” them inthe frequency bard 
finer or ina subharmonic band “liven: the cls devslping te radiated pattern. 


Thin is similar to. dither voltage placed on a missile fin making it much easier and quicker 
fr the fin to move win an acta order is placed on 
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Earth's magnetic field greatly affected the results of his experi- 
ments. Large flashes on the sun seem to inhibit the effect. (Such 
flashes cause substantially increased irradiation of the atomic 
nuclei by sun-emitted substructures, charging them mostly with 
this disordered substructure pattern and literally "burying" the 
disease structure several decibels below it.) In a season of active 
sunspots, the mirror CPE effect becomes highly unstable. (The sun 
emissions are sporadically jamming the effect.) Under active sun 
conditions, the effect varies from 90-100% on some days to complete 
absence on others. 


Some Biological Warfare Implications 

The Soviets reported detecting near-ultraviolet photons — bio- 
luminescence — as carriers of the death/disease pattern, 

However, scientists at the University of Marburg in West Ger- 
many also duplicated the effect in the infrared. This shows that 
bioluminescent photons in the near UV and in the IR can definitely 
carry "disease and death" information between cells. Further, inte- 
grating a continuing input of such photons coherently integrates the 
disease or death pattern from the virtual state into the observable 
state, 

Note also that portions of the infrared spectrum are a subhar- 
monic of the near ultraviolet. Harmonies are well-known in nonlin- 
ear oscillator theory, and biological systems are filled with nonlinear 
oscillators. It may be that harmonics and subharmonics are directly 
involved in the death pattern, 

Ifso, the induction of such "death patterns" upon normal electro- 
‘magnetic carriers is directly indicated. For example, modulations 
covering several octaves in the region of 10 gigahertz. and above 
might be constructed that are the analogues of some particular 
cellular disease. This modulation pattern could then be added to a 
common microwave carrier — say in the communication band, fiom 
3 to 30 megahertz. Say, that is, to something like the giant Soviet 
Woodpecker "over-the-horizon radar" signals as carriers, 

In that case, a large population could be bombarded, even on the 
other side of the earth, with "death photons" whose virtual state 
substructures carry the particular disease pattern, With sufficient 
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time, many of the targeted persons would develop the disease. 

Note that, even ifthe power and/or irradiation time is reduced so 
that the absorbed "death photons” are insufficient to actually kindle 
the disease in the targeted population, a heightened change in the 
substructure ofthe biopotentials of the cells of the targeted persons 
is still accomplished, 

In that case, a precursor pattern — a predisposition for that 
disease — exists in the targeted persons. 

Ifthe actual disease agent is now loosed on that popula- 
tion, the agent will be far more infectious and lethal than it 
otherwise would. 

Inthis way, even diseases which normally do notkill or seriously 
debilitate the infected person can suddenly become very lethal 
agents indeed. 

Influenza, the common cold, etc. can become devastating 
killers if the exposed population has been electromagneti- 
cally "pre-conditioned" for enhanced susceptibility. 


What Kaznacheyev Hid: The Role of Phase Conjugation 

Ifcellular disease can be electromagnetically induced, can it not 
be electromagnetically corrected or healed? 

Ifone could time-reverse the exact signal structure (the informa- 
tion) that kindled the effect, and bombard the diseased cells with 
that reversed pattern, would not the cell deviate back to "normal" 
and be healed? 

‘The burning question as to whether cellular disease conditions 
can be corrected by time-reversed disease signals must certainly 
have occurred to the Soviet experimenters. 

It is highly significant that they did not openly publish 
those results.* 

‘As we have explained in the sections on phase conjugation and 
scalar electromagnetics, there are really two major kinds of photons: 


Recent inforationiniaes the song conection of Kazacheyev wih the Institute of 
Pyslogy and Biophysics nd the Frank Intute in Poking, ust ouside Mecow. Since, 
the nites ar Scply ald in microwave and corn ticrovave “dea oegy 
‘espos, ishighly probable thatthe Soviet are applying Kasnacyevs "death phonon 1 
Iicrowave weapons — sch the Woodpecker tncmter. Meo, obvi they weld 
‘Evlp pase Cojugt countemenure gal at wel 
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(1) the “normal” photon carries positive energy and positive time. (2) 
the "time reversed" or phase conjugate photon carries negative 
energy and negative time 

Further, the Soviets certainly knew all about phase conjugate 
ignals. After all, they discovered and developed the effect. We 
discovered it only from the open Soviet scientific literature! 

Let us assume that the "death photons” in the mitogenetic 
radiation emitted by the dying cells are ordinary photons. Their 
virtual state structures (in positive observer time) are exact "tem- 
plates” for the disease pattern. 

‘Now suppose we detect the "death photons” with a phase conju- 
gator, which by definition will produce a time-reversed counterpart 
to the input signal detected. In other words, the death photons are 
allowed to strike a phase conjugate mirror (PCM). Time-reversed 
counterpart photons — carrying the exact time-reversed template 
of the death pattern — will be created and emitted by the PCM. 

‘These newly emitted photons now carry the exact "heal- 
ing pattern" for that specific "death/disease pattern that was 
ived and detected." 

Further, ifwe "pump" the phase conjugate mirror, we can 
greatly amplify the output pattern, and hence greatly in- 
crease the healing pattern: 

If one records the pattern of the "death photons” for a specific 
disease, one could of course modulate that pattern upon ordinary 
photons/signals — such as the Woodpecker signals — and accom- 
lish disease induction or precursor conditioning. 

By phase conjugating the pattern ofthe "death photons,” one can 
produce an exact antidote. One can modulate this specific healing 
pattern upon ordinary photons/signals — such as the Woodpecker 
signals — and accomplish healing induction for that specific disease. 

In other words, one can create the healing pattern — the 
antidote, if you will, for any biological warfare agent. Can- 
cer, leukemia, AIDS, viral diseases, bacterial diseases, what- 
ever. One can create the antidote within minutes after the 
first symptoms of the disease or death pattern appear. 

One can then simply add the negating (healing) signal to power 
line signals, television and radio signals, special transmitters, etc. — 
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and immediately start to "administer the antidote” to the irradiated 
population one wishes to protect. Now one can see why the Soviets are 
so ready to expose the entire world to something like AIDS. It doesn't 
represent a real problem to them, the instant they decide to negate it. 

So they can devastate the rest ofthe world, with the assurance 
that their population is safe. 

They can allow some of their own people to develop AIDS — and 
even some to die ofit — as a deception plan to delude the West while 
Western populations are succumbing en masse. 

‘Then they can snatch their own population right back to health, 
from "the brink of the grave,” so to speak. 

Our government must immediately develop the same capability. 
It is straightforward. As weapons and counterweapons go, it is 
enormously cheap. It can be immediately and widely implemented. 
And it can protect our population against AIDS or any other biologi- 
cal warfare strike by the Soviet Union. 

We can save our people from the AIDS knockout already un- 
leashed upon us by the Soviet Union. 


First let us do that. Then let us negotiate. 


Remember this: You can negotiate with the Russians only 
from a position of strength. Ifyou are weak, they will bury 
you. 

Ifwe do notimmediately develop this biological warfare counter- 
measure, we are already as good as dead 


Popp's Master Cellular Communication System 

Dr. Fritz Albert Popp has already discovered and pointed out the 
"virtual state” master communication system that controls all cells 
in the body, and all their functions. 

Based on a thesis derived to best fit experimental results by Ruth 
nnd others, Popp postulates that biological systems generally have 
the capacity to store coherent photons that come from the external 
world. 

In other words, the biosystem is open to environmental commu- 
nication and exchange. 
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He has shown that the cell population is in a quasistationary 
state that is far away from thermodynamic equilibrium, as pointed 
out by Ilya Prigogine 

Popp also concludes from his analysis that ultraweak photon 
emission within biological systems can influence chemical reactiv- 
ity. In fact, his analysis strongly implies that "ultraweak" photon 
intensity can regulate the whole cell metabolism and related phe- 
nomena. 

‘The cell takes up photons from external radiation. This includes 
both “observable” photons and "virtual" photons. Since it stores 
virtual photons, it stores charge, or biopotential changes. Since its 
stored virtual photons may be coherent virtual photons, it effectively 
"polarizes” or structures its stored photon charge, hence its biopoten- 
tial 


‘The cell emits "spillage" photons — both coherent and incoher- 
ent — from its stored potential 

Although Popp only uses conventional "unstructured" photons 
in his analysis, he shows that, at the molecular level, there is a 
stationary equilibrium, as far as photon storage and emission are 
concerned, between the molecular photon traps, the cell population, 
and the external world. 

It follows that coherent photon/charge inception from the exter- 
nal world can directly and precisely influence the cell's biopotential, 
hence its functioning and control, by information input 

Incoherent photon inception, on the other hand, can only grossly 
affect the cell, such as by heating or sporadic effects. 

In his "Photon Storage in Biological Systems," Popp points out 
the master cellular communication and control system as follows: 


"The photons which we have measured can be seen as a sort of 
"waste" from a virtual electromagnetic field with a high coherence. 
This field has a tendency to become stationary over the whole 
organism.” 


After additional analysis, he adds: 
"Consequently, biological systems must exhibit ‘holographic’ 
properties to an extremely high degree. The successful trials in 
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{finding ‘pictures’ of various organs in each other organ, such as the 
ear, the hands, the eyes (acupuncture, iris diagnosis) support these 
conclusions. Our assumption that the entire genetic information of 
the DNA is stationarily delocalized over the body in form ofgenons 
may be seen as a further striking example.” 

"From this we can easily deduce that pattern recognition, as, for 
example, repair mechanisms and immunity, depends finally on the 
coherence of the photon field within the body." 


Finally, Popp states a most important conclusion: 

"In medicine new aspects have developed, and not only 
for cancer problems. Diseases in general can possibly be 
understood in terms of electromagnetic interactions within 
the organism." 


Scalar EM Comment on Popp's Communication System 

Popp and his colleagues have produced most important work 
and results indeed. They only need to add the impact of the zero- 
summed/multiplied electromagnetics (electrogravitation). 

As we cover in this book, the biopotential of the cell is rooted in 
the nuclei ofthe atoms ofthe cell's constituent materials. To be sure. 
every internal physical structure ofthe cell correspondingly "level: 
and structures the biopotential. The overall cellular communication 
system is actually the exchange of "leakage" photons — both observ- 
able and virtual — throughout the overall biopotential of the organ- 
ism. 

Further, going beyond Popp's work, both the biopotential and 
the leakage photons have extensive, complex internal substruc- 
tures, Leakage and intercommunication occurs laterally at all levels 
of the biopotential, and vertically among cells and substructures. 

‘The master cellular control system's primary electrical conduc- 
tivity path is not through the electron shells of the atoms, but is 
through the nuclei-to-nuclei scalar EM "biopotential levels” path- 
way. 

With scalar EM methods, organized signals (signals with spe- 
cific internal nonzero vector EM waves, but which externally sum to 
zero vector resultant E and H fields) can be constructed for essen- 
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tially any specific purpose. This includes "killing" a cancer or 
leukemia cell, destroying a virus, changing the DNA, etc. 

This approach can directly reach and manipulate all immune 
and repair system functions. 

‘The entire biochemistry and functioning of the cell — including 
its genetics — is totally engineerable. The Soviets have long 
known this, and have long since done it. 

Further, a specific "charge pattern" of desired specific 
immunity (antibodies, etc.) can be designed and used to 
“charge up" the nuclei of the biosystem. This charge is then 
maintained by the system to provide permanent immunity. 
Thus one can develop, for example, an "electromagnetic 
inoculation" for AIDS, one for cancers and leukemias, etc. 

Since the cellular control system is holographic, the "charge 
pattern” ofimmunity resides in every cell, including the blood cells. 

Injecting a drop ofblood from a scalarly immunized animal into 
another non-immune animal carries the scalar EM immunity pat- 
tern into the new animal. That charge diffuses throughout the 
overall biopotential of the organism, and the charge pattern acti- 
vates the animal's immune system, including causing it to produce 
antibodies — according to the EM-transferred antibody template. 


Antoine Priore demonstrated this effect numerous times. Thin 
was one of the great mysteries that confounded the orthodox mem- 
bers ofthe French Academy of Sciences. 

‘The French Academy did not know of scalar electromagnetics, 
the cellular biopotential rooted in atomic nuclei of the cellular 
material, the cytopathogenic effect of mitogenetic radiation from 
diseased and dying cells, phase conjugation, and phase conjugated 
electromagnetic healing 

It is little wonder they did not comprehend the operational 
healing mechanism ofthe Bordeaux cancer-curing machine of Anto- 
ine Priore! 


A New View of the Nature ofMind and Thought 

The reason that Western science has not discovered what mind 
and thought are is simple: They have only built instruments and 
tools to look where the mind and thought are not to be found. 
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Let's look where they are to be found. 


For example, consider the ionic discharges in and across the 
tremendous numbers of synapses ofthe human nervous system, and 
the slower discharge and migration of ions across cellular mem- 
branes, etc 

Considered as a single biological ensemble, these are much like 
a vast array of continual and continuing spark discharge vectors, 
slow charge current vectors, etc. 

Overall, within the macroscopic space occupied by the body 
these electromagnetic vectors sum almost entirely to a zero vector 
resultant. Only a tiny nonzero vector residue remains. 

However, this vector zero summation has incredibly rich in- 
folded signals, channels, and dynamic relationships (structure) 
within it 

Modem science/medicine measures the small nonzero electro- 
magnetic residue (the remaining weak E and H fields) and tries to 
ascertain where and how mind and thought are accomplished, by 
studying that residue. 

However, the residue E and H field remainders are simply the 
‘garbage thrown out” ofthe glorious engines dynamically operating 
inside the vector zero summations (and multiplications). 

The E and H field residues are the wastes or exhaust by- 
products. They are not the functions of the mind/thought process 
itself; instead, they are the spillage or leakage from those functions. 

Take a "frozen time" snapshot of the components of the zero 
vector summation. Regard the highly complex, infolded structure or 
pattern these components form. 

Now take a second "frozen time” snapshot ofthe components of 
the zero vector summation, a very, very short time later. Subtract 
the previous "frozen pattern” from this second "frozen pattern."* 

‘The difference or "delta" between the two patterns represents a 
myriad of thoughts, hence it represents the contents ofthe "thinking 
mind,” in the most general sense. 

‘The "mind" is the overall functioning and changing ofthe entire 
pattern’s substructure, and the ability of an organism to have such 
and do such. The "ability ofthe organism to do such” requires atleast 


“Similar to the magnificent “double exposure holography” werk of Dr Rober Powel 
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two more nested levels of virtual state—two more hyperdimensions. 

In simplest Kaluza-Klein theory, all those electromagnetic 
component vectors are in the fifth dimension, Hence they are 
hyperdimensional. 

‘The zero-vector system may well have further infolded, in- 
ternested levels of zero: tems within systems. 
‘These are hyperspatial, goinginto the 6th, 7th, 8th, etc. dimensions. 
Rife’s microscope, for example, could reveal some of these levels; 
using evanescent waves, it could resolve some 16 ever-deeper levels 
of dynamic energy structure. 

Everything driving the component vectors themselves is higher 
dimensional 

"A thought” is the exact change of localized pattern (localized 
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Figure 76. Hyperframes, vacuum, vital state, minds and thoughts. 


zero vector summation whose components are changing but remain 
ing zero summed) from one moment to the next. 

‘Thoughtis always a pattern change, ofthe components inside an 
EM vector zero summation. 

‘Most thoughts are totally "unconscious" (multiple simultaneous 


Extraordinary Biology_____234 


or "parallel" thoughts). A few are conscious (serially ordered, 
singularly considered and processed). 

The unconscious mind is totally a parallel processor (many 
things/thoughts at once) 

The conscious mind is totally a serial processor (only one thing/ 
thought at a time) 

Most persons never take the time and trouble to reflect and 
notice that, consciously, they only can perceive one single thing at a 
time. Of course, the conscious mind is so rapid that by habit they 
assume they can perceive many things at once. 

Since the conscious mind cannot discriminate the "multiple 
images in the slide projector at once" ofthe unconscious mind, that's 
what makes it unable to "be conscious" of the contents of the 
unconscious.” 

In fact, the unconscious mind is totally conscious — it's just 
multiply conscious "simultaneously." (Which sheds some inter- 
esting light on why one can develop multiple personalities, for 
instance). 

When the conscious mind "regards" the unconscious contents, it 
sees "something" which has "multiple meanings at once.” 

‘That's what we call symbolic. A symbol is something which can 
have many meanings at once. 

That's why the unconscious content always "symbolizes" some- 
thing when it's trying to communicate to the conscious mind. It's 
necessary to interpret the symbols to understand what the message 
being communicated is. 

That's why dreams, for instance, are symbolic. And why it 
usually takes a trained psychiatrist or psychologist to properly 
interpret the symbolic representations manifested in mental disor- 
der, and get at the underlying cause being symbolized, 

With deliberately constructed scalar EM, any or all of the 
conscious/unconscious portions of the mind can be available for 
engineering and control/change. Eventually you will be able to put 
contents of the mind and memory on a video screen if you wish to. 

It will also be possible to interact with the mind's contents 
electromagnetically. Mental illness will be treated directly, on an 
engineering basis. 
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Of course this opens up the frightening possibility of hostile 
misuse to the detriment of an individual. It will even be possible to 
change or erase his orher very personality itself. We pray, ofcourse, 
that such a powerful tool will notbe utilized this way, but will be used 
to heal humans, not hurt or kill them. 

Unfortunately, Lisitsyn’s work reveals that the Soviet Union 
has long since applied energetics (scalar electromagnetics) to mind 
control and mind engineering, including deciphering the genetic 
code operation. Controlled induction of images and sensations 
inside the brain — where they are processed as if self-originated — 
has been reported by the Soviets. Indeed, they have reported being 
able to control whether or not the induced material should rise to 
conscious awareness, as well as when it should rise to consciousness. 

For years, U.S. intelligence analysts and U.S. scientists simply 
did not believe that electromagnetic signals could directly influence 
consciousness. 

However, they were forced to reevaluate that position when a 
Soviet medical machine — the LIDA device — was openly obtained 
and evaluated. 

‘The LIDA machine — a small unit somewhat larger than a 
briefcase — has been used in Soviet medical facilities to treat 
humans for decades. 

‘The device uses a 40 megahertz EM carrier and very complex 
waveforms (signal modulations with complex mixtures of frequen- 
cies, phases, etc.) 

When exposed to it, a person is caused to gradually fall into a 
trance-like, catatonic-like state within a few minutes. That person 
becomes very still and very quiet. 

It was reported that the machine was tested upon a cat and had 
the same effect upon it 

‘One American scientist stated that the device had actually been 
used in North Korean "brainwashing" of U.S. prisoners ofwar in the 
early 1950's during the Korean War! 

Ifso, one can seejust how long the Soviets have achieved success 
with electromagnetic biological warfare/medical treatment tech- 
niques. 

Reportedly, prisoners exposed to the machine were rendered 
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This step describes how to add a simple mechanism to the RFID tag antenna that 
allows us detect nearby RFID readers. 


Antenna connection 

First, we add a small piece of insulation tape for the connection of the inner end of 
the antenna loop (as illustrated in Figure 1). This is to insulate the outer loops. 
Then we add another copper tape strip to the inner end of the antenna as shown in 
Figure 2. Here again we solder the two ends of the conductive copper tape 
together. 


Capacitor and LED 

Next, we add the capacitor (82 pF) and the low current LED to the tag as shown in 
Figure 3. They are connected in parallel. We also solder these two components to 
the copper tape (see Figure 4). 


Testing 

With these simple steps, our RFID reader detector is finished! By bringing our DIY 
RFID detector close to an RFID reader (as shown in Figure 5), the connected LED 
lights up. With the Sonmicro reader hardware the distance to the reader has to be 

below 8-10 cm; however, there are RFID readers available with a stronger EM field 
and therefore a higher maximum reading distance. 
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unable to psychologically resist their harsh brainwashing interroga- 
tion. 

But to return to the brain activity, with its innumerable, zero- 
summed minute EM vectors, and its extremely rich and complex 
deterministic substructure. 

Note that the ensemble of sum-zeroed vectors forms potentials 
‘These potentials — i.e., the scalar EM — penetrate to the atomic 
nuclei in the brain and body. Internal changes in the potentials’ 
substructures (ie., thoughts) also penetrate to the nuclei. 

The nuclei continually "charge up" (the particles change their 
states) to these impressed potentials, including the "potential" or 
"charge" of each component of the impressed potential. That is, the 
nuclei charge up with both dynamic overall potential (mind) and 
thought (individual substructure changes). 

Notice that mind, thought, and memory reside in, and are 
recorded in, the atomic nuclei. At many virtual state levels. 
In many hyperdimensions. 

‘Thus the functioning mind and bio-control systems — including 
Pop's master cellular communication system, the immune control 
system, the acquisition control system, and the repair control system 
~ all “reside” in the nuclei as dynamically interacting, patterned 
potentials or "patterned charge,” complete with resonances and 
frequencies, etc. 

We can regard the mind and its interactions as physical, in the 
extended sense we have briefly developed here. 

Everything "mental" can be directly interfaced with and 
engineered. 


One day, for example, "education" will be by direct loading of 
patterns into the brain/body/cellular biopotentials, much as we now 
place a diskette in a disk drive and load the computer memory. And 
then everyone can be educated, in the widest range of skills and to 
the highest degree ever dreamed of. 


Kindling, Life, Mind, and Negentropy 
The mass of the atomic nucleus can be charged up with a 
particular dynamically structured biopotential. 
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In scalar electromagnetics, Luse the term kindling to refer to 
the effect of charging up mass by a specific structured charge pattern 
to form such a structured potential in the nuclei. 

Note that we are actually and physically restructuring the 
nucleus itself. That is because, ifthe structure ofthe potential in the 
nucleus is changed, local spacetime of the nucleus is polarized in 
complex electromagnetic structures. The electromagnetic currents, 
actions, and charges of the affected nucleus adjust automatically to 
this structure or "grid." * 
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Figure 77. Intemested levels of vitual state vacuum contain mind and thought. The 
‘vacuum also contains their interaction toward and upon mass. 


“See Richard E. Prange and Peter Stance, “The semiconducting vacuum” Am. J. Phy. 62), 
Jan. 1984, p. 19.21. The vacuum may be regarded asa semiconductor. This semiconductor, 
pariculary in he region close to the nucleus, may be manipulated by subjecting io external 
fields, doping, ec. Extra energy dansiy can oven be extracted: see H. Paul and Fischer 
"Comment on’ How can a particle absora mare than the ight incident on i” Am. J. Py. S44), 
‘Ap. 1983. p. 327. For the involvement of negative tmainegave energy, see CW. Retik, "How 
ovr’ photons and mesons transmit forces between charged pareles and nucleons?” 
Found. Phy 756), June 1977. p. 351-374 


Extraordinary Biology 28 


(© 1981 Hal Craword 


Figure 78. The human cerebral cortex is a natural scalar interferometer. tis a 
virtual state tuner, processor, and transmitter-recelver. It also can produce...and 
Control to some extent..phase conjugate energy and phase conjugate waves. 


Figure 79. Consciousness and life. These phenomena refer tolconsttute a 
deterministic hyperspatial (virtual state) coupling between mass and an ordered 
hyperworid 
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Figure 80. Life and death. Ifthe tuning or coupling between the mindworid and the 
tuned, structured mass body is broken, that is physical “death.” Discharge of the 
structured collular potentials then produces “death photons." Dischargk 

overall, structured biopotential of the body constitutes discharge of the 


Figure 81. Layers of unconsciousness intersect hyperspatialy. 
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Figun92, Scar elcromagnetes can drcy Hr wth vers io 
wuman mind and personal 
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Fgure 83. What personally is. 
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Figure 84. Jamming the “alder fles recall” process produces simple amnesia. if the 
recall process is then restored, the person regains his or her former memories. 
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Figure 85. To sustain one's personaly, continual functioning is required. All 
‘channels must be functioning 


Figure 86. Ifthe fles themselves are changed, the personaly itself is changed. tis 
ppossibi to alter who or what a living person is. 
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Figure 87. The mind and personaly can be affected — and changed or controlled 
from a distance. The Soviets have developed atleast a substantial part ofthis 


technology. 


Table 44, LISITSYN'S REPORT 


+ THEORY DEVELOPED & FITTED 
+ HYSTERESIS MEMORY LOOP 
+ CONTROLLED INDUCTION 
- IMAGES 
- SENSATIONS 
- PREDETERMINED EMERGENCE 
+ 23 EEG BANDS 
- UPTO8.1 X10" HZ 
+ 11 INDEPENDENT CHANNELS 
+ BRAIN CODE BROKEN 
+ 44 DIGITS OR LESS 


Extraordinary Biology 244 


Thus by tailoring the specific scalar waveform and wave sub- 
structure with which we irradiate a mass, and utilizing phase 
conjugate (time reversed) waves, we can directly engineer the 
nucleus itself when sufficient charge structure has been built up in 
it to form a structured potential that is powerful enough to alter/ 
shape the nuclear processes. 

We can, for example, transmute the nucleus into another form. 
Here an isomer form is the easiest. An isomer for an atomic nucleus 
(a specific isotope) has the same number of nucleons (protons and 
neutrons) overall as that isotope does, but a different number of 
protons. So it's a different element, but very specially related to its 
isomeric "brother. 

Alll that it takes to change a neutron into a proton or vice versa, 
isto "flip" a single quark (subparticle ofthe nucleon). 


Living systems can do that and transmute elements, to a small 
degree 


For example, living systems must use phase conjugation, nega- 
tive time, and negative energy. To do so, they must function 
nonlinearly. That is the only way they can defeat the otherwise 
inexorable second law ofthermodynamics: that all (linear) processes 
continue to more and more disorder as time passes. (That's called 

‘increasing the entropy (disorder).” Unless a biosystem could defeat 
that law, its genetic pattern would inevitably be disordered in a few 
generations, and the species would disappear. 

By using phase conjugation and time reversal, the living 

ystem is able to reverse the law of entropy in its time- 
reversed channel. That is, in that channel things go in reverse: 
from disorder back to order! That's called "negative entropy” or 
negentropy” for short.* 

It follows a priori that, to do this, the living system of necessity 
possesses phase conjugate energy systems (negative energy, nega- 
tive lime systems) that are rooted in the atomic nuclei of its body. 
Further, it must deterministically manipulate these phase conju- 


*To hw boy fly one can integrate physics and metaphysics, we point ot that, since the 
‘vacuum imprints inh every change, nothing i ever lost! Death, where i thy ting? 
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gate systems. 

This allows the precise definition ofa living or nonliving system. 
If the system deliberately utilizes and manipulates phase 
conjugate energy/time in its atomic nuclei, it is a living 
system. Ifit does not deliberately use this, it is an inert or 
nonliving system. 


For example, this 
virus, 


hheds a great deal of light on the nature ofa 


A virus is a single molecule. Ordinarily it clouds the distinction 
between life and death, Viruses can be crystalized out of solution, 
formed into "rock-like" crystals, and placed on the shelf, so to speak. 
‘There they can remain for many years or centuries, seemingly an 
inert rock. Then when placed back into their "preferred medium," so 
to speak, the virus crystals dissolve, separate, and "come back to life” 
and resume their living function, Yet the virus can be killed, in 
which case itisjusta "hunk ofrock,” sitting on the shelf. In that case, 
it won't come back to life when placed back into its preferred 
medium, 

In one case its "deterministic phase conjugate energy system" — 
its mind, to putt simply — remained in the nuclei ofthe atoms of 
the crystaline form, In the other case its "mind" was destroyed or 
disconnected from the crystalline form.* 


A somewhat similar effect can be demonstrated in bacteria. 


You can "kill" bacteria, for example, with UV radiation, then 
hold them in the dark for 24 hours (say, for 12 generations, since a 
nominal bacterial generation is about 2 hours.) They will remain 
absolutely “lifeless” and static, with no movement or cell division. 

Then if you place them in the sunlight, you will be astounded to 
see them revive by the hundreds of thousands. In the "special kill” 
case here, the virtual state substructure of the UV photons just 
totally "jammed" the biopotential substructure functioning of the 


“ln the living case, the atomic mle remained patterned by the structured biopotential In 
the ease of true death, the structured biopotential is lost and the nuclei revert to their "ine 
form, 


In the next step of the instructable we will show how to extend a basic RFID tag 
and make it tilt-sensitive. 
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of the bacteria on one key channel. It didn’t physically 
damage their bodies or "physical tuners.” Then when placed in the 
sunlight, the broad frequency spectrum of the virtual substructure 
ofthe photons “dithered” and stimulated the bacteria’s body-tuners, 
much like a "frequency massage” in all the bands. This set the 
physical tuners vibrating — and therefore responding once again to 
the biopotential substructure changes of the mind. Hence the 
bacteria "revived" and swam about — fat, dumb, and happy. 

‘We have stated that the mind is a physical thing, albeit a 
virtual or hyperspatial thing. In virtual/hyperspatial real- 
ity, it is a functioning, hyperspatial thing. Interchanges be- 


Hal Crawtord 1978 


Figure 88. The mind and personality are physical things, albeit hyperspatial and 
virtual 
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tween it and an otherwise inert, functional, 4-dimensional ordinary 
system (a "body") comprise life functions, "thought," cellu- 
lar control, etc. Those interchanges in a living system occur in the 
biopotentials residing in the atomic nuclei ofthe physical body, in the 
higher levels of biopotential in the body structures such as cells, 
membranes, and organs, and in the overall biopotential ofthe entire 
mass of the body. 


We accent that this is not mysticism, but physics. 


But now let us return to phase conjugation and the Priore 
machine. 


The Priore Machine and Phase Conjugation 

In the 1960's and 1970's, in France Antoine Priore built and 
tested electromagnetic healing machines of startling effectiveness, 

In hundreds and hundreds of rigorous tests with laboratory 
animals, Priore's machine cured a wide variety of the most difficult 
kinds of terminal, fatal diseases known today. 

Funded by the French government in the amount of several 
million dollars, Priore's machines concretely demonstrated a 
nearly 100% cure of all kinds of terminal cancers and leuke- 
s, in thousands of rigorous laboratory tests with animals. 
e results were shown to medical scientists as early as 


Many of the experiments and tests were done by prestigious 
members ofthe French Academy of Sciences. Robert Courrier, head 
of the Biology Section and Secretaire Perpetuel, personally intro- 
duced Priore’s astounding results to the French Academy. 

‘The operation of the Priore machine was seemingly incompre- 
hensible. Many orthodox French scientists — some of them world 
renowned — were outraged at the success of such a machine, 
shrilling that science had nothing to do with "black boxes. 

They loudly called upon the inventor to explain the mechanism 
utilized by his machine, but the inventor either wouldn't or couldn't, 
explain the curative mechanism. 

Priore certainly knew how to build the machine and make it 
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work. Itis debatable to this day whether anyone — Priore included 
— actually understood its principle of operation. 

Neither the French Academy nor Antoine Priore knew anything 
of phase conjugation at the time. 

In fact, the entire Western World knew nothing of phase conju- 
gation in the 1960's when Priore was getting his finest results. At 
that time, only the Soviets knew of time-reversed waves 


Certainly Priore's machine was impressive 


Into a tube containing a plasma of mercury 
pulsed 9.4 gigahertz wave modulated upon a carrier frequency of 17 
megahertz was introduced. These waves were produced by radio 
emitters and magnetrons in the presence ofa 1,000 gauss magnetic 
field. Experimental animals were exposed to this magnetic field 
during irradiation, and the mixture of waves (some 17 or so) coming 
from the plasma tube and modulating and riding the magnetic field 
passed through the animals’ bodies 

Amongst other things, a plasma can convert a transverse wave 
toalongitudinal wave. Also, phase conjugate (time-reversed) waves 


Figure 89. One of Priote's intermediate devices. This device cured terminal cancers 
and leukernias in thousands of laboratory animals. (Courtesy Bob Whitney) 
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can be produced by plasmas. Priore's apparatus produced a scalar 
EM wave/signal with deliberately constructed, infolded components 
including phase conjugate waves. 

One may roughly view a cancer cell as a normal human cell gone 
“awry” and out ofcontrol ofthe body's master cellular control system, 
‘The cancerous cells, viewed as a sort of separate, parasitic group of 
cells, form a special kind of organism having its own master cellular 
control system "level," immersed in the host's biopotential.* 

There is thus a specific, constant electromagnetic "delta" 
that differentiates the parasitic cancerous "organism" from 
the normal human cellular organism. 

This "delta" can be considered a sort of constant, complex- 
structured charge existing in the body's atomic nuclei. It's exactly 
if the body biopotential had been charged up by Kaznacheyev's 
"death photons" for that specific cancer condition. 

If this cancerous "delta" (which may be rather like a complex 
intermodulation mix of waves) — or a frequency shifted "transform" 
of it to a different frequency band — is phase conjugated, a specific 
healing delta frequency pattern results. 

If phase conjugate replicas of a cancer's cell's specific "delt 
frequencies are fed into the body having that cancer, the deviation 


of the cancer cell's master cellular control system will be "time- 
reversed.” 
‘That will return the cancer cell to control ofthe animal's proper 


master cellular control system. The cancerous cell will be immedi- 
ately destroyed, or reverted back to a normal cell ofthe animal. 

‘A very similar process exists for just about every disease bacte- 
rium and infectious agent that attacks the body. 


Phase Conjugates of "Death Photons" are 

‘Healing Photons" 

‘The Kaznacheyev experiments in the Soviet Union proved tha 
any cellular death and disease pattern can be induced by a specific 
electromagnetic pattern carried on an electromagnetic signal, ifthe 
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target cells are bombarded with the pattern-carrying carrier signals 
for a length of time. What was not published of Kaznacheyev's work 
was the correspondent work showing electromagnetic reversal of 
cellular death and disease conditions by irradiating the diseased cell 
cultures by phase conjugate replicas of the pattern-carrying induc- 
tion signal. 

In simplified terms, if an action in forward time induces a 
condition, then the time-reversal of that action will reverse the 
condition. 

‘The concept is almost laughably simple. The time-reversal of 
an electromagnetic disease process is a specific healing 
process for that disease. 


In his device, Priore internally structured the carrier photons 
themselves — making them vacuum engines. He phase conju- 
gated his vacuum engines, and then passed these time-reversed 
vacuum engines down and through a strong magnetic field which 
thoroughly penetrated all cells of the biological organism being 
treated. 

‘The scalar components (structured photons) representing the 
time-reversal of the disease were absorbed and reradiated in all the 
cells, "charging up” the nuclei ofthe atoms in the organism to some 
potential level of the exact "healing and reversing pattern.” 

In the process, the cancer/leukemia pattern/charge also de- 
stroyed the cancer cells, or converted them back to normal cells as 
appropriate 

As ahighly simplified analogy, the complex signal — viewed as 
a scalar Fourier expansion — represented a "stress" against any 
abnormal cellular control system encountered and returned it to the 
normal cell's master cellular control system of the body. 

Encountering the normal control system in normal cells, it 
produced zero stress. 

Encountering the abnormal control system in tumerous cells, it 
produced great stress on it, reverting it to the normal control system 
of the body's normal cells. 

‘Thus to a normal cell the Priore signal pattern acted somewhat 
as a comb passing through one's hair. 
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No interference occurred with the normal cell (one whose scalar 
control pattern is phase-locked to the body's master cellular control 
system and in phase with it) 

‘The Priore signal stimulated and "stroked" the normal cell, but, 
did not hurt it at all. 

On the other hand, the scalar control pattern in and of an 
abnormal (cancerous) cell is out of phase with the body's master 
cellular control system, and is not phase-locked to it 

Hence the Priore signal caused direct interference with the 
abnormal cell's independent scalar control system. The interference 
pattern constituted the reconstruction of normal energy directly in 
the cancerous cell, and also jammed its abnormal scalar life signal 

This destroyed the cancerous cell by two mechanisms: (1) 
physical energy was kindled directly in the abnormal cell, causing 
direct mechanical damage, and (2) the cancerous cell, being an 

independent living critter,” had its scalar life channel (connecting 
its primitive "mind" to its "body") jammed and stopped. 

Ifthe cancerous cell was reverted to a normal cell by the Priore 
stress before being destroyed, it became just a normal cell and the 
Priore stress had no further effect upon it. 


The Effect is Universally Applicable 

Any disease with cellular, biochemical, or genetic basis 
can be cured in like fashion. 

Priore's method, for example, was clearly shown to be able to 
completely reverse clogging of the arteries with fatty deposits, and 
to be able to lower the cholesterol level to normal, even in the 
presence of an abnormally high cholesterol diet. 

His method also showed complete mastery and cure of sleeping 
sickness and trypanosome-induced illnesses. 

Often Priore found that every cell ofthe body — even the hair — 

must be irradiated and treated (“charged up") with the signal, for 
the disease pattern was in every cell. The master cellular control 
system is holographic — the pattern (substructured potential with 
its dynamic, oscillating components) is in each component (each 
atomic nucleus, hence in each cell.) 

Every structural level ofthe body larger than the cell also has its 
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own correlated pattern, or modulation, on the overall. 

A biological organism can regenerate lost limbs, for example, if 
it can utilize its natural recovery process in a Priore manner. 

Even though Priore’s work was presented to the French Acad- 
emy of Sciences by Robert Courrier, the prestigious head of the 
Biology Section, the Academy could not understand the device and 
its functioning, 

That was because the Academicians knew nothing of scalar 
electromagnetics, and phase conjugation, and the Priore machine 
was a scalar electromagnetic device using phase conjugation. 


In the Mid-70's It Ended 

In 1974, achange oflocal government lost Priore his government 
supporters. His support and funding were lost. 

Ironically, Priore was just completing a 4-stories-tall apparatus 
apable of radiating and treating entire human bodies. It would 
have been capable of curing cancer and leukemia in humans rather 
than just in laboratory rats. (His previous machines were much 


Figure 90. The large, special, phase conjugating plasma tube for Priore's giant 
device. The final machine would have treated humans "Whole-body." 
(Courtesy Bob Whitney) 
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Courtesy Bob Whitney 
Figure 91. Capping assembly for tho top of Prior's giant plasma tube device. The 

last device would have treated human patients “whole-body.” The cap assembly was 
on the third oor of the device 

smaller, and only a small animal could be irradiated whole-body.) 

In that machine Priore used a "lamp," a special section, in which 
17 specific frequencies were mixed and modulated upon the 94 
gigahertz. carrier 

The machine was large enough to irradiate humans over their 
whole body. It should have been capable of curing cancer and 
leukemia in two five-minute irradiations, one week apart. 

While Priore was still alive, with my associates I spent nearly 
two years of my life in an effort to bring the Priore device to market 
and into the mainstream of medical research and development. 

Robert Whitney, Frank Golden, and Tony Gideon played the 
major role, going to France and negotiating directly with the Priore 
group and the French government. 

Verbal agreements with both the Priore group and with the 
French government were obtained. The machines were to be built, 
assembled, and tested in Bordeaux. Then they were to be dismantled 
and shipped to the purchasers — large medical research and devel- 
opment laboratories where they would be reassembled on site. 
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A group of wealthy backers was going to provide the necessary 
millions to fund the effort. Final contracts were being drawn. 

Mysteriously, all funding for the project was suddenly with- 
drawn. Our backers were "leaned on" very hard and strongly 
threatened. Nothing we could do could revive the project. 

Priore never again recovered his funding, and later died. The 
machine fell into disarray and was disassembled. 

However, the proof that the requisite time-reversed signal can 
be produced, and will ride down a magnetic field, to penetrate every 
cell and every atomic nucleus in the body, is already in the present 
hard-core physics literature, ifone knows where to look and how to 
properly interpret the work. 

The fact that such signals can reverse nearly every major 
cellular illness condition of the body also has been proven by Priore 
and the scientists who worked with him, and it is in the French 
scientific literature, 

The Priore-type cure for AIDS and other diseases only requires 
the necessary funding and personnel to be redeveloped and re- 
established, 


Work ofAustralians Reed and Barsamian, and the 

American G. Wilbanks 

At the University of Sydney, Department of Obstetrics and 
Gynaecology, some magnificent work of great importance to our 
thesis has been accomplished. Indeed, this Australian research may 
well be some of the most important work going on in the Western 
world today. 

Dr. B. L. Reid, Dr. S. Barsamian, and their colleagues have 
produced experimental studies that positively verify pattern and 
form transmission at a distance, even through Faraday shielding. 
‘They have directly shown the reaction to, and results of, an unex- 
plored information field on both living cells and inert crystalline 
matter. 

In addition, they have replicated — and extended — the pub- 
lished results of Kaznacheyev on the cytopathogenic effect. In fact, 
they have obtained the effect at over 100 meters 
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This shows, of course, that the effect is notjust mesoscopic, but 
also macroscopic. Whether we like it or not, structural patterns of 
cellular disease can positively be transmitted electromagnetically, 
and kindled in target cell structures at a distance. 

Dr. Reid has been interested in the origins of cancer since atleast 
1958. After much workin the standard models, by the late 1970's he 
was convinced that the present approach of medical science is wrong. 
He reasoned that we should pay stricter attention to the nature of 
growth before examining new growth, i., cancer. Growth, of course, 
is creation — and so the problem became, what is creation? 

As a metaphor for biological growth to work with, he and his 
colleagues chose the growth of crystals. With keen foresight and 
intuition, they directed their inquiry so as to expose the complicity 
of some force — if any — external to solute and solvent. 

Their work began to show that such a force existed, and it was 
a type that was unaffected by interposition of a Faraday cage. In 
other words, itwasnotaconventionalelectricalforce.* 

Dr. Reid and his colleagues then included biological subjects in 
the form of living cells. They were familiar with Kaznacheyev's work 
in Alma Ata, Kazakstan on the subject oflong range transmission of 
pathological (viral) effects on cells. In addition, they were familiar 
with the seminal studies of Gurwitsch on transmissions by onion 
roots cells, in the 1920's 

Most of their basic studies on the nature of the new force, 
however, were made with common salt, drying from aqueous solu- 
tion, Some of their major results were as follows: 

1. The familiar cubic symmetry is altered toward ahigher energy 
form of dendrite crystals when biopolymers such as protein are 
included in the solvent. 

2. A mass of lead 12-20 kg in the crystal space (up to 1 meter 
distant) causes an interference pattern in the salt crystal 
display. 

3. Aprospective dendrite pattern is not realized when a prospec- 
tive cubic-pattern of the salt is dried in the local space (up to 


For one related possible scalar EM (eletrogravitaton interaction, see Va. 8. Zel'dovich, 
Electromagnetic curent and charge due fo interaction between a gravitational anda ree 
lectromagneti el J Exper. and Elec. Phy. (Soviet vanslaon) 16(7), Oct. 5, 1972, p. 302-303, 
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1 meter). The latter by its presence in space is able to prevent 

the dendrite expression and enhance the cubic symmetry 
expression. A photograph of crystals of cubic symmetry 
when moved by a vibrating holder (2 eps) has the same 
effect on the real crystals drying from the solvent. 


Dendrite forms of salt crystal result when certain chemical 
reactions involving proton or ion movement occur up to 30 
meters away, separated by brick walls, glass, etc. These 
reactions were detailed by Dr. Reid and his colleagues. Ifthe 
mother solution is examined by ac capacitance on a sensitive 
bridge, variations in capacitance of over 300% accompany the 
receipt of the signal. 


Ifsuch a transmission from 30 meters distance is regarded as. 
a carrier wave which is modulated by a foreign — and thus 
detectable — chemical, the chemical can be detected in 
the distant atmosphere some 3 months later in the form 
ofa discrete or adiabatic ‘cloud’ which contaminates 
sodium chloride drying at the same time. In this way, 
copper sulfate dissolved at a site A in June 1985 could be 
repeatably detected at site B, 30 meters distant and separated 
by walls, screens ete., by a drying solution of sodium chloride 
solution in September 1985. Serial dryings of the sodium 
chloride solution on glass slides showed that each day, the 
cloud hovered over a space of 1-2 cm at the end of a venturi tube 
for several hours before 3 p.m., and then moved off at 1 meter 
per hour in a NW direction. ‘The copper content of the cloud 
‘was discernible by crystal structure and chemical means from 
the adjacent sodium chloride 


All of the above crystal forms required ambient oxygen for 
their manifestation, Atmospheres of nitrogen and argon 
prevented their display. At the time, the researchers sus 
pected that the effects may have been carried by orbital 
electrons of oxygen showing unpaired spin which had inter- 
changed with electrons of the copper solution. They then 
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developed an information-carrying device which could ‘infect 
the electron cloud of a target molecule sufficient for the 
chemical display of properties ofthe infecting electron’s parent 
atom. This concept seemed to explain the experiment of the 
following paragraph. 


‘Two beakers of sodium chloride solution were connected in 
series with a small voltage source (say a 15V dry cell) to 
provide a transfer of electrons through each beaker. The 
second beaker in series was sampled for subsequent drying 
and display of the crystal form. A crystal form of cubic 
symmetry resulted. When the solvent of the first beaker was 
altered by the addition ofa protein solution (such as albumen 
or globulin), the crystal pattern of the second beaker was 
altered from cubie to dendrite pattern as though protein were 
present in the second solution. 


During attempts to stabilize salt crystals on glass by means of 
thin plastic films drying from appropriate solvents (in order to 
stain the salt with aqueous solutions of dyestuff), it was 
discovered by chance that the crystalizing process is accompa- 
nied by structural patterns on the plastic film so exposed. 
‘These patterns were oftwo majortypes: (a) vortices, or spirals 
in the film plane, of 0.1 to 10 mm diameter, and (b) smaller 
curled structures into which the spiral could be seen to merge 
or grade, From a concurrent mathematical study of vorticeal 
interaction as designed by Barsamian, the similarity of the 
curl structures in plastic films (the researchers usually used 
0.25% polystyrene in benzol) to computer simulations of vor- 
ticeal vectors was shown to be remarkable, 


‘The researchers then dispensed with the underlying crystals 
and exposed the drying polymer film to a variety of spaces 
where the field, thought to be responsible for many of these 
tele-effects, was operative. With this technical advance, the 
team has made rapid progress over the last year or so, They 
have come to have a more comprehensive grasp of the ether 
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field than was po: 
tion of crystals 


ible by less direct methods involving forma- 


On the biological side, they repeated the Russian studies done 
at Alma Ata with transmission ofthe cytopathogenic effect of 
viruses on animal cells. They used the cytopathogenic effect of 
colchicine and its relative vinblastine on cells with the follow- 
ing differences from the published Russian work: (a) The effect 
can be transmitted at least 100 meters between campus 
buildings, (b) itis not necessary to use a magnetic field for the 
propagation, (c) itis not necessary to use quartz vessels; glass 
is quite effective. These experiments came to the attention of 
acolleague, Dr. G. Wilbanks, Head, Department of Obstetrics 
and Gynaecology, Medical School, University of Chicago in 
1983. Dr. Wilbanks was able to repeat them with similar 
results. However, in a more faithful copy of the Russian 
experiments, he used quartz vessels with cells placed in a 
magnetic field, with the vessels separated by no more than | 
mm, Both the Australian researchers and Dr. Wilbanks 
shared another thing in common: their uniform inability to 
interest the editors of several scientific journals such as 
Science, Nature, Naturewissenchaften, and others in 
publishing papers describing these fundamental experiments 
and results. 


Experience with interference ofa lead mass in the crystal work 

prompted the use of several metals in the ambient field of 
growing cells. Only lead (and to a lesser extent tin) showed the 
following properties: (a) Cell growth with 0.5-5 Kg lead in the 
ambient field is depressed sometimes to one third normal, (b) 
‘The cells die (dye exclusion test) but then can be revived by 
placing a small bar magnet in the local space with its poles in 
an E-W orientation. At least in Sydney, a N-S orientation of 
the bar magnet does not revive the stricken cells. 


‘The effects of energy flowing through living matter have been 
documented by Kirlian's method. It was therefore of interest 
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to the Australian researchers to expose living systems to 
drying films of polystyrene. They found that the staining 
properties of the ambient-derived image on plastic films par- 
allel those ofthe real organism. 


By appropriate use of an imposed potential on living cells, it 
proved possible to match the field strength and show the 
actual imposition of the ambient (scalar) field on the bio- 
polymer content of the material during the permeation proc- 
ess. The traces obtained are not unlike noise and would be so 
regarded by the casual investigator. The design of this appa- 
ratus and associated experiments was the work of Dr. Bar- 
samian, 


Concepts ofDr. Reid and Associates 
Dr. Reid has kindly shared with me some ofthe concepts he and 


his colleagues have formulated. These concepts, it is stressed, are 
consonant with direct physical results they have obtained in the 
laboratory. 


Note that any errors in this explanation are strictly the fault of 


this author, and not of Dr. Reid and his colleagues. 


L 


Matter is bathed in an energy sea familiar to quantum theo- 
rists. The Australian team prefers to call this sea of energy 
ether, as a relatively bland term, perhaps in a way to rescue 
itfrom the oblivion where Einstein banished it. The key to the 
silence of this sea is its "fractional-charge” charged particle 
status and low energy values. The former conceals it fiom 
physics, while the latter conceals it from chemistry and th- 
ermodynamics. 


The differing energy levels of this sea, combined with its 
enduring motion, are theoretically and practically best ex- 
pressed as a vortex. Dr. Reid and associates have detailed 
this theory to explain the creativity of biology. The incipient 
creativity of the vortex is given material expression by its 
association (as part ofthe EM field) with an electron which it 


Extraordinary Biology 200 


now endows with equivalent novel properties. There is no 
intuitive reason why the energetic rearrangements of the 
electron cloud cannot proceed to the nucleus, there to set up a 
quark or proton rearrangement — or, as the quantum theorist 
would say, a virtual particle exchange — leading to transmu- 
tation. Kervran's work on biological transmutations is rele- 
vant; the literature of such effects goes back to 1798 at least! 
‘The team suspects that some such mechanism may underlie 
their experimental result ofthe transition of sodium to copper. 


A further prime property of vorticeal interaction is its 
proclivity for amplification, wherein the atomic-size vor- 
tex can be built up to the meteorological hurricane by such 
adherence or affinity. The team has noted the affinity of 
ambient field vortices to those produced by an electric current 
in a metallic conductor, with particular reference to the ill- 
defined boundary between the two. This parasitism was the 
reason behind the team’s use of "carrier waves” from chemical 
reactions as transporters offields whose identity oforigin were 
sufficiently specific to trace the field subsequently. It is at 
least conceivable that the whole process could be amplified and 
used to parasitize (modulate) a radar beam as carrier. The 
affinity property of fields may be exhibited by the experience 
of mariners with what they loosely term "magnetic phenom- 
ena” thought to be derived from luminescent plankton. In the 
South China and Arabian Gulfseas, giant "wheels" oflight, 5- 
15 km in diameter and containing spiraling spokes, revolve 
about the ship at night, reversing their direction of rotation as 
they pass the midpoint of the vessel. The key observation inthe 
context ofthe field affinity concept is that the luminescence is 
manifoldly enhanced when the ship's radar is switched on. 
There could thus exist a chain, scalar-EM/plankton-optical, 
the first leg (scalar EM) of which can be amplified by radar EM. 


‘The property of affinity means that a scalar field's trans- 
form or copy, of the energy disposition imposed on it by 
the experience of matter last permeated, may persist as 
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amemory in space, as many of the Australian observations 
attest. The team found that recall was not all that difficult 
technically. The energy transform for copper sulfate 
existing as a non-dissipated cloud with marked adi- 
abatic properties could be recalled five months after its 
formation. There is no reason why informationally 
more elaborate spatial configurations of energy, in- 
cluding human thoughts, will not behave in precisely 
the same way. The cell nucleus could conceivably be the 
candidate for the first site for storage of such energy. The 
nucleus has a highly ordered structure and an associated high 
permittivity, and this would make it a real target. In the 
human subject, there is experimental evidence that the mon- 
goloid polymer constitution will have a higher activity for 
storage of the ambient field than will the Caucasian, 


Other Important Ideas 

Dr. Reid also shared other important insights: 

Lavoisier in 1748 advanced the concept that matter itself 
(chemicals) is inert. The activity of all chemicals, according to 
Lavoisier, resided in their associated ether — and God sent the 
ether! 

Taken to its limit, this suggests that the source of the energy 
which we call thought is a property ofthe scalar field. Matter (say, 
the nervous system) interacting with these fields, would be inca- 
pable of discerning the source of the field as presented, whether of 
self or external origin 

Inhis book Hidden Variables in Quantum Theory, Dr. David 
Bohm felt that in ‘elevating’ (his word) matter (as particles) from the 
sea, it might be possible to consider the idea as containing even more 
elaborate energy transforms such as biological shapes, these trans- 
forms themselves undergoing metamorphosis. [Comment by this 
author: Rife's microscope, using evanescent waves, actually allowed 
one to directly see and photograph such forms, proving the thesis.] 

The ability of the Australian researchers to rescue these trans 
forms on films together with evidence that they could be seeing the 
results of the exclusively space interaction of virtual forms (say 
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microbe and antibiotic), is also a direct technical step toward validat- 
ing Bohm's important idea. 


Wider Implications of Structured Field Information 

AsT.D. Lee points out in his important book, Particle Physies 
and Introduction to Field Theory, particle physicists have not 
attempted to use the structure of the vacuum nor the structure of 
potential 

Dr. Barsamian has shared other wider implications of the 
structured ether. 

Over the ages a phenomenon which, as discussed, can have no 
representation in real (that is, electromagnetic or thermodynamic) 
terms can hardly have been thought of as possessing specific struc- 
ture or function. Instead, it signaled its undoubted presence to 
generations of philosophers and physicists before Einstein, solely 
through statistical effects. 

The writings of Helmholtz, James Clerk Maxwell, and Neils 
Bohr are examples. The more recent Dirac and Fermi statistics are 
a continuation ofthe process. 

If an alternative definition of science is the continuing refine- 
‘ment ofthat which we partially knew or took for granted, then the 
refinement of these statistical approaches ~ with their obligatory 
uncertainty as defined by Heisenberg — is a worthy goal 

Inthis sense, amore articulate description ofthe anatomy ofthe 
field is a logical progression from the beginnings ofthe ether concept 
in Classical Greece through to the statistics ofthe nineteenth to the 
early twentieth century. 

‘A hundred years ago, this orderly progression even reached the 
concept of a vorticeal atom at the hands of J. J. Thompson, However, 
it was interrupted very effectively by Einstein's publication of the 
special theory of relativity. 

Einstein was fortunate in that he had chosen for his mathemat- 
ics a pivotal feature ofthe ether field, its elasticity. The mathematics 
of elasticity had been evolving — through the developments of 
Hooke, Young, invariance, and the calculus — to handle its histori- 
cally increasing complexity (by tensors). This mathematics of 
elasticity was then available to Einstein. The wisdom of this choice 
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was vindicated by the remarkable special relativity predictions 
which were bom out in subsequent observation and experiment. 

There was seemingly no need to suspect, let alone probe, any 
special properties of the medium underlying the mathematics.* 

The success of these predictions effectively blocked any chance 
of a return to the ether field concept. Indeed, it was seen as an 
arrogance to despoil the "elegance" of the mathematics. Nor was the 
success of quantum mechanics —the other leg of the Western World 
statistical approach to the nature of reality — able to get the 
physicists to heed Bohm’s 1958 ideas on the hidden variables in its 
fabric or Dirac’s 1952 ideas on a lesser uncertainty of the particle- 
field relationship than Heisenberg had formulated. 

Recently Dr. Barsamian has originated the concept ofan aliena- 
tion of the electron from its field. The full expression of this 
could see the field so alienated that it is well-nigh autonomous, and 
some kind of fundamental entity in its own right. 

Inthis sense, the freed autonomous field — at least conceptually 
—could proceed with its creativity by hybridization with other fields 
and so return the product ofthese asides to the particle. In atoms of 
the next fragment of matter with which the particle then associates, 
this product could create novel properties derived from the inter- 
change. 

The multiple properties of such a field allow it to be resolved in 
EM (electrostatics and electrodynamics), in atomic structure (elec- 
trons and nucleons), and in pressure (gravity) terms. This univer- 
sality makes anew concept possible, long beloved of the GUT (Grand 
Unified Theory) theorists: that there is only one energy. 

Itis also quite possible that this ubiquity need not be confined to 
physics. It may penetrate the biological imponderables of growth, 
new growth and consciousness. 

In view ofthe work ofr. Reid and his associates, and other work 
— such as that of Hines and Chimonas showing atmospheric gravity 
waves launched by auroral currents — the prospect of amplification 
and transmission of transforms and patterns over long distances, 


“As, for example, whether or not the concept of an abstract vector space in vector 
mathematics must be modified to correspond to what we know about the vacuum 
medium. Ifthe vectors are to correspond to the movements of physical things in 
the vacuum medium, then the vector medium must cortespond to the vacuum, 
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through affinity with long distance carriers, is indicated. 

Dr. Reid stated that it would be surprising if other laboratories 
outside Russia had not progressed as far, ifnot further, than he and 
his associates had. Obviously the lack of similar publication indi- 
cates the nearly impenetrable editorial curtain confronting Westem 
researchers in this and related areas. 


Dr. Barsamian's Important Theoretical Insights 

Dr. Barsamian has formulated a theory in relation to the 
development of cancer that is of great importance. 

Inhis theory, he is developing the approach of classical mechan- 
ies to electromagnetic interactions between charged particles and 
between dipoles. The field associated with the primary moving 
particle is not neglected in his theory, and this part of it differs from 

’s "new electromagnetic theory." 


Dirac’s 

‘The field associated with the primary moving particle, in Dr. 
Barsamian's approach, is viewed as an important part of the 
particle's interactions. This field is stressed in the sense that diverse 
phenomena — from Maxwell's EM field radiating from the remotest 
regions of the universe to the controlled charge flow in the matter 
‘medium — are viewed as manifestations of EM forces. 

This ofcourse is unlike the traditional relativity view of EM force 
action on moving charges 

In Dr. Barsamian’s view, the potential vectors (derived by a 
reatment from fluid mechanics theory) form an EM field and are 
positioned on a vortex curve. All parameters of such a field can be 

treated mathematically, andDr. Barsamianhas one ormore papers 

presently in publication. 

‘The duality ofsuch potential vectors (gradients) is to conduct the 
motionof particles (which are always either charged or dipolar) 
appearing in nonmatter, which is taken as an incompressible contin- 
uum — the "void." Because the final results of these forces are 
always movement of matter, Dr. Barsamian prefers not to classify 
them by their origin, 

Such a field may persist with great permanence. There are some 
limitations in summation (triplet conditions) and selectivity (perio- 
dicity) ofthe vortices themselves. Part ofthese limitations takes the 
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form of particle characteristics. Presently he is rather sure that the 
formation of patterns of organic, inorganic and liquid crystals 
(typical to living biomatter) are partially responsive to the effect of 
the described field. 

Dr. Barsamian is attempting to synthesize his own experimen- 
tal findings on the dielectric behavior ofbiosystems as they enter the 
cancer process with the data that Dr. Reid is producing with respect 
to action at a distance. 

With respect to living systems, he has slowly been approaching 
the conclusion that existing physical laws are just not applicable 
concerning (1) entropy, or (2) energy breakdown, or (3) random 
collisions of particles in quantum terms, or (4) electron-ion ex- 
changes in bioelectrochemistry terms. 

Under such circumstances, it is difficult to find a referee 
who sincerely understands the related experiments and 
their underlying theory. This presents a nearly impene- 
trable barrier to publication in leading scientific journals. 

This is tragic, because these considerations and experimental 
results at least provide an entry into more fundamental experiments 
with present lethal diseases such as cancer and AIDS which annu- 
ally take large numbers of human lives. 

‘The presentstate of the artis telling everyone loud and clearthat 
something fundamental is wrong with present theory, and that we 
should come to terms with more novel views. 

Comment by the present author: Inhis prophetic insights, Dr. 
Barsamian has placed his finger squarely on the fundamental 
struggle of living systems against the "positive energy/time” laws of 
present physics. Inits struggle, the living system must use negative 
energy/ime, to correct fiom disorder to order and provide the extra 
five energy to do so, Otherwise, the steady progress toward increas- 
ing disorder in all its actions, would very shortly reduce the living 
system to such a disordered state that it could no longer reproduce 
the clear genetic pattern of its own kind. We have already pointed 
out the hitherto unexpected role that phase conjugation plays in 
allowing the living system to violate and break the iron dictates of 
conservation, nontransmutation, entropy, and raw statistics. 

To live and survive, a living system must have access to other 
functional levels and other mechanisms beyond those contained in 


We now describe the process of how to build a tilt-sensitive RFID tag. This extends 
the previous exercise. 


Antenna 

The antenna for this second RFID tag is similar to the first antenna we built. We 
thus need another piece of cardboard and to repeat the steps described earlier in 
STEP 2 (https://www.instructables.com/id/S2YO8NWEN4H8Q8A/) of this 
instructable. 


Tilt-sensitive tag 

Next, we add additional copper tape connections to the tag, as shown in Figure 1. 
These connections allow us to connect three tilt switches, a capacitor, and the LED 
to the antenna. Again, all the connections of the copper tape are soldered together. 
We add the three tilt switches to the tag as shown in Figure 3. The tilt switches are 
soldered to the copper tape, and it is important to connect them in a slight angle 
(around 5-10 degrees) as shown in Figure 4. This makes sure that the silt switches 
are in a closed state while the RFID tag is in a horizontal position, and in a open 
state while the tag is in a vertical position. 

Again, we also add an LED and a capacitor to the antenna as shown in Figure 3 
(we use a different form factor of the capacitor here just to illustrate the alternative 
options). 


Testing the tilt-sensitive tag 

We can now use our Sonmicro RFID reader again to test our new tilt-sensitive 
RFID tag. The tag is activate while in a horizontal position as in Figure 5, and is 
inactive when in a vertical position as in Figure 6. 


Using RFID chips 
We can now replace the connected capacitor and LED from our tag with an RFID 
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our present physics, electromagnetics, and biochemistry. 

The incredibly productive and important work of Drs. Reid, 
Barsamian, and associates is ofthe utmost importance. Their work 
clearly moves everything in biochemistry and the knowledge of 
cellular functioning a major step forward. 

Itis a betrayal ofthe scientific method that such vital work goes 
so largely unreported in the leading journals. Indeed, the work of 
these Australian scientists should be galvanized and well-staffed 
and funded, They can literally usher in a new science, given the 
chance to further exploit and develop their results. 


Royal Raymond Rife 

In the 1930's and 1940's, Royal Raymond Rife revolutionized 
everything that has been done before or since in high resolution 
optical microscopy. 

He also revolutionized everything before or since in cellular 
biology. He carried cellular structure far beyond anything ever 
dreamed of at the time or presently. He revealed the direct connec- 
tion between organized living energy forms and organized biological 
systems. He revealed that life itself is organized and dynamic, to a 
far finer level than anything in the textbooks today. He revealed 
that our present theory of disease is fundamentally very, 
very wrong. 

He produced direct, economical, electromagnetic cures ofcancer, 
leukemia, and other such debilitating diseases. His work presages 
a future mankind could have had, where most debilitating diseases 
were quickly and economically corrected, and where no poisonous 
drugs, violent nuclear irradiation, and harsh chemotherapeutic 
"burning" of the patient would be necessary. 


For such epochal work, he was ostracized, essentially impri 
oned in a medical treatment facility, broken, condemned, and re- 
jected by his peers. His findings, though printed in reputable 
publications and journals, were discredited and ridiculed. 

He literally was reduced to a non-person by the power of the 
medical cartel. 

Finally escaping from his enforced confinement, he lived out his 
remaining years and died quietly and unknown. 
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Rife's Universal Microscope 

With his universal microscope, Rife achieved optical resolution 
ofup to 31,000 diameters and magnification up to 60,000 diameters. 
His microscope could examine living viruses, living bacteria, and 
other as-yet-undiscovered living organisms and living energy forms 
that no other microscope before or since could see. 

Even today, only the electron microscope furnishes such resolu- 
tion, and it zaps-to-death the objects that are being examined, 
Further, it will not at all detect or see the "living energy forms 
revealed by Rife's microscope. 

To appreciate Rife’s accomplishment, let's briefly summarize 
some of the performance factors of an optical microscope." 

Several factors are important in the functioning of a microscope: 
Resolution, magnification, and contrast lead the list. 

By resolution we refer to the ability ofthe instrument to distin- 
guish a small object. In other words, something like looking at a 
medical doctor's eye chart, and specifying the smallest print one can 
clearly see. Resolution is often referred to as resolving power 

By "magnification" or magnifying power we mean the ability 
of the instrument to "blow up" or enlarge the image produced. 
Roughly, it's the ratio ofthe apparent size of the object seen through 
the microscope to the apparent size of the same object seen without 
the instrument 

Magnifying power is exactly like enlarging a photograph. It 
won't improve the resolution or make the photograph any clearer, 
but may make whatever was captured (resolved) easier for the 
human operator to see. Ifyou just keep enlarging the photograph, 
it will get more and more grainy, until no further details can be seen 
with higher magnification. 

Contrast refers to the distinctness by which the various parts 
of the object can be distinguished from one another. To enhance 
contrast of objects under the microscope, staining of the objects is 
often used. Very often the act of staining will itself kill the living 
organisms — such as bacteria — that are being examined. 


“The electron microscope reveals only the "dead carnage" of the battlefield after 
everything is destroyed. With it, one is observing physical residuals, not the 
living players. For some encouraging modem work, however, see Michael 
Hercher, *Virometer — an instrument for the measurement of the size of viruses 
using an optical microscope.” SPIE Seminar Proc., 1977, p. 17-22 
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Figure 93. Rife's first ius microscope. Courtesy Christopher Bird 
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Figure 94. Side view of Royal R. Rfe's prismatic universal microscope. Largest and 
‘most powerful of five Rife microscopes. With i, living fiterable viruses could be 
observed. Courtesy Christopher Bic. 
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Figure 95. Front view of Royal R. Fife's prismatic universal microscope. Bui in 
193 in Ffe’s San Diego, Calforia laboratory. Courtesy Chris Bird. 


271 Extraordinary Biology 


We may state the resolution of an optical microscope in terms of 
the diameter of the smallest object resolved: for example, so many 
nanometers. Or we may just simply and loosely speak of so many 
thousands of diameters. 

‘The resolution ofan optical microscope depends upon the illumi- 
nation conditions, its optical system, and the fact that the object 
viewed diffracts and spreads the light. A wide variety ofmechanisms 
for illuminating, resolving, contrasting, etc. are used in optical 
microscopes. 

According to standard Rayleigh theory, normal optical micro- 
scopes are limited in resolution to about half a wavelength. That 
corresponds to about 250 nanometers for visible light illumination. 
One can do a little better than that by using ultraviolet light and 
quartz optics. The UV has a higher frequency than visible light and 
hence a shorter wavelength. However, beyond 240 nanometers the 
resolution of an optical microscope quickly disappears. 

A few researchers — notably in the 30's and 40's — remarked 
about other factors, such as "quality of the lenses,” affecting resolu- 
tion. Some ofthem reported results to about a tenth ofa wavelength. 
Loosely, that translated to somewhere in the order of 5,000 to 6,000 
diameters. The dependable upper limit seemed to be — and still is 
— about 3,000 diameters, however. 

Normal optical microscopes simply are almost useless for trying 
to look at viruses. They will not resolve any but the very largest 
viruses, and will not resolve the internal features of even those few 
giants, 

Much oftoday's knowledge of virus structures and shapes comes 
from the use of electron microscopes. They bombard the object 
viewed with a fierce rain of energetic electrons. These instruments 
see nothing of the functioning of the virus, for they kill it instantly 
in trying to view it. 

With Rife's universal microscope, the dynamic living 
functions of the virus could be observed without killing i 

With Rife's microscope, a whole range ofcomplex organisms and 
structures below the size of bacteria was revealed. Many of these 
organisms are still not known to present science, even though some 
ofthem were written about at the time. Filterable forms of bacteria 
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— forms which readily passed through filters supposed to easily 
block their passage — were discovered and reported by Rife and his 
medical colleagues. 

In addition, Rife’s microscope — which contained block-quartz 
prisms and lenses and interference stages — revealed halos around 
living organisms that other microscopes could not see, even though 
the object was within their resolving power. Further, it revealed the 
existence of entire organisms and forms which other microscopes 
could not see — even though, again, the size of the organisms was 
within their resolving power 

In other words, Rife's microscope not only revealed smaller 
physical forms than any other microscope could see, but it also 
revealed sizeable "living energy” forms which no other microscope 
could see. 


Rife Proved That Everything Is Alive 

‘The degree of smallness to which Rife’s microscope would re- 
solve, and the extraordinary energy forms it could detect, showed 
that direct detection of the virtual state organization of the living 
organism was accomplished by the instrument, 

‘The science ofthe day was onlyjust groping its way toward any 
sort of physics that could explain such an astounding instrumental 
result. Today, however, in the hard-core literature there is demon- 
strated proof that the optical limit of resolution can be drastically 
overcome, using evanescent waves.* 


Shortly we will briefly give an "ad hoc" explanation of such 
evanescent waves 


Electromagnetism has been shown by Kaluza-Klein theory to 
actually exist in the fifth dimension. In other words, EM itself is 
hyperdimensional. It flows in the fifth dimension, which is "wrapped 
around" each point in our ordinary space. It is — to the first 
approximation — the external environment ofevery normal point in 


"Eg., see T. Sato et al, “Application of evanescent waves to microscopic 
observation,” Bull. Tokyo Inst. Technol. (Japan), No. 125, 1974. p. 35-41. See 
also GA. Massey, "Microscopy and pattern generation with scanned evanescent 
waves,” Appl. Opt. (Poland), 133), 1983, p. 247-255. 
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our 3-space. 

Let's say that again 

The electromagnetics "medium" itself is totally external 
to each point in our space. Each of our points is surrounded 
in higher space by the electromagnetic medium. 

We live inside a totally electromagnetic medium. It's notjust an 
"electromagnetic environment” in our own space; instead, it's an 
electromagnetic environment in hyperspace. 


Everything already is just the internal structure of the 
electromagnetic medium! 


what the "vacuum" is. 


what "spacetime" is 
‘That's what the "virtual state" is. 


‘That's what physical matter is. 


And it’s all alive. Totally and completely alive. Everything is 
alive. There is nothing but life. The electromagnetic medium is 
alive. 

Except within a locally-organized biopotential area, it's just 
“equally alive in all directions.” So it appears inert, where by inert” 
we mean not singly preferential. 

Every biopotential change, at any level in abiopotential, extends 
“decaying-expotential-wise” to infinity, by standard theory. Part of 
that potential change exists at every point in the entire spatial 
universe. And there at that point, so do the biopotential changes for 
every other biosystem in the universe. 


Everything's alive. There is nothing but life. Anywhere. Any- 
time. 

An interchange between this "living, surrounding electromag- 
netic medium” and each particle of mass in our 3-space continually 
occurs. This exchange involves the so-called virtual particle flux. 

Ifwe model higher dimensions, such as are necessary to include 
the "particle zoo" discovered by modern particle physics, each of 
these "higher dimensions" corresponds to a "successively deeper 
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internested level of virtual particle flux—of the vacuum, or of this 
electromagnetic medium that surrounds us 

The living system orders, structures, and dynamically functions 
and interchanges electromagnetically throughout many higher 

dimensions" — throughout many such internested levels of virtual- 
state/vacuum/spacetime. 

Except for the first layer of virtual state (the 5th dimen- 
sion in Kaluza-Klein theory), gross (classical) electromag- 
netic theory totally ignores the infolded, ordered deeper 
structure of electromagnetism (of the EM medium). 

Using such gross electromagnetics, orthodox science thus can 
only detect and grasp the gross results of the living organism's 
functioning. Further, itcan only detect and grasp those gross results 
that actually move 3-space matter — observable particles. 

So it only detects the grossest interchanges between "mind" or 
“life” and matter. Specifically, it only detects the final results ofthat 
interchange—the gross movement of material particles themselves. 

The first hypernumber — "i," the square root of minus 1 — is 
used to model another dimension at right angles to our normal three. 
An electromagnetic wave thus is modeled to have two parts: the first 
is the partthat affects or moves a material particle, and that's called 
the "real" part or "observable" part. The second part ofthe EM wave 
is the component that lies in this "imaginary" (unfortunate standard 
term!) dimension. That imaginary part does not of itself move 
charged particles, so it is considered to be "something other than 
real.” 

Note that what's really done in this sort of orthodox modeling is 
to define observation as the movement of observable charged par- 
ticles. 

‘The human "conscious mind” is a functioning part ofthe overall 
human mind that has been specifically fitted to function almost 
totally with our gross bodily detection of the photon interaction. 

We thus consciously detect and "are aware of only the first level 
of reality: the interface between the first layer of virtual-state/ 
vacuum/spacetime/ and the 3-space of observable particles of mass. 

Since the physicist must be "conscious" of his observation or 
instrumental detection, the detection process ultimately has to have 
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afinal stage that produces a photoelectric interaction with his body 
— for that is all the conscious mind detects and processes. 

Everything chemical, electrical, etc. — according to quantum 
mechanics — will involve at its root level only the photoelectric 
effect. 


Rife's Microscope Used Evanescent Waves 

However, itis certainly possible to build an instrument which is 
multi-staged, and one in which higher stages interact primarily with 
deeper internested levels of vacuum virtual state. That is, an 
instrument that interacts with higher dimensional phenomena. 
Thatis, one that interacts with deeper internested levels of electro- 
magnetics. If these stages interact causally in a vertical manner, 
then the final interaction with the human body and nervous system. 
can still be "normal electromagnetics" and yet indicate a higher 
dimensional phenomenon, event, or function, 

That is precisely what Rife did: His universal microscope 
penetrated to a much finer level of reality because its multiple stages 
used evanescent waves. 


Here's what we mean by that. 


An electromagnetic wave consists of a "real" part and an "imagi- 
nary" part, as we have discussed. It's possible, however, to have the 
real part become zero, and still have the "imaginary" part remain 
and dynamically vary. 

This sort of wave — containing only the "imaginary" part — is 
said to be one type of complex wave, or an evanescent wave. 

Inadvanced EM waveguide and optical theory, such evanescent 
waves can function to guide or determine the real parts of the EM 
waves. That "real part" is the part that is then going to interact with 
electrons and move them, and give us a "detection." 

Inother words, the "real" part ofthe EM wave will be moved and 
guided by the "higher dimensional" or evanescent part, or even by 
Separated evenescent parts — pure evanescent waves 

So one can build a device or instrument that utilizes such an 
effect to reveal what's going on in a whole dimension beyond what we 
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normally see. Waveguides in certain RF radars already do that. 

Such instruments are not limited to the resolution determined 
by the "real" part of the EM wave (such as the "real part” of light) 

Such a microscope would not necessarily be limited in resolution 
by the wavelength of the light it used to illustrate the observed 
object. 

Indeed, if one uses a higher dimensional Kaluza-Klein model 
(which particle physics of necessity has to consider), one could build 
a "repetitive stages" instrument which could view many more higher 
dimensions. That's exactly the same thing as viewing many more 
deeper internested levels of virtual state 

That is precisely what Royal R. Rife did: He developed a 
microscope using multiple stages, special interferences, etc. 
He built a multistaged evanescent wave instrument that 
could see into higher dimensions and deeper levels of virtual 
state. 

Rife's microscopes were thus startlingly different from normal 
microscopes. That is why he could see phenomena and organisms, 
ostensibly within the size capability of normal microscopic resolu- 
tion, which ordinary microscopes could not see.”* 

Evanescent waves penetrate the virtual state (hyperdimen- 
sions) and interact with what to us is "dimensionless" (what does not 
spatially intersect our 3-space). Interfering multiple evanescent 
waves reflected from/having interacted with these (to us) nonphysi- 
cal forms can again reproduce ordinary electromagnetic "light. 


Thus the evanescent wave microscope, if properly built, allows one 
to directly "see" (and photograph) what is to us living forms ofenergy, 


nonphysical, and without 3-space matter bodies.** 

The same scheme can be used to develop instruments capable of 
directly revealing the living nonphysical world around us — such as 
the human biopotentials, their internal structures (including 


“However, Rifes microscope was extraordinarily dificult to focus. Rife often 
spent 24 hours straight at his universal microscope, just in focusing it, 


‘*lfone is going to accept the many-dimensional theories necessary to explain 
particle physics, one must accept the possiblity of higher dimensional living 
things, which we would see as living energy forms or as thought forms. These 
would ‘appear nonphysical to us - as is time itself but would be real and 
interactive nonetheless. 
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"thought forms"), etc. What the Soviets call bioplasma can be 
directly observed and photographed in this fashion. We have only to 
develop the necessary instruments; the science required is difficult, 
but it is already in the literature. 

That is what Rife's microscope did. It was a forerunner of the 
instruments we need to develop in electromagnetic healing, and Rife 
was a truly great and unappreciated pioneer. 

In one swoop medical science could have jumped a cen- 
tury ahead. The ruthless suppression of Rife and his fantas- 
tic scientific breakthrough was one of the most dastardly 
deeds ever perpetuated by the orthodox scientific establish- 
ment. 


Rife Revealed a Far More Fundamental, Living Biology 

With Rife's powerful universal microscope, it was also possible 
to view the interiors of the so-called "pinpoint" cells situated between 
normal tissue cells and just barely visible to ordinary microscopes. 

Here is the astonishing living world inside those "pinpoint" cells, 
as revealed under Rife's powerful instrument: When one of the 
“pinpoint” cells was magnified, still smaller cells were revealed 
within its structure. When one of these still-smaller cells, in turn, 
‘was magnified, it 100 was seen to be composed of even smaller cells. 

With Rife's microscope, this process could be repeated 16 
times. An astonishing internested series of organized levels 
of a living cell was revealed, far more fundamental than 
anything that exists in present biological theory. 

The present author points out most strongly that these levels 
correspond electrically to, and are in virtual particle flux pattern 
exchange with, the electromagnetic potentials of their environment. 
This includes their own biopotentials that are centered in the atomic 
nuclei ofthe atoms comprising the physical material ofthe cells, and 
that charge up with specific internal patterns 

The biopotential itselfis organized into a corresponding virtual- 
state series of internested levels and functions. The structured 
biopotential of the cell is a living, organized, functioning 
ing, and its internal functioning literally constitutes the 
irit" or "true nonmaterial deep mind" of the organism. 
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All the internested levels are in constant electromagnetic ex- 
change "up and down" with each other, particularly with respect to 
organized virtual particle flux patterns 

In addition, all the cells are in constant electromagnetic ex- 
change "across" with each other, at all levels. This provides a 
dynamic, structured, living biopotential for the entire bio-organism 
(the entire body). Within this potential, dynamic interchange on all 
levels is continually occurring. This is the basis for the master 
cellular communication system that Dr. Fritz Albert Popp discov- 
ered 

Rife's powerful microscope had revealed nonmaterial function- 
ing life forms (structured, dynamic, living biopotentials) connected 
to material bodies. 

He could follow "filterable" forms of bacteria — actual living 
biopotential forms of the organisms that could not be separated out 
by filters, but which would easily pass through any filter.* He could 
observe interactions of these forms, changes of forms, translations 
and transmissions of forms, etc. — none of which is detectable by 
present biological theory or medical science. 

Rife had advanced biology and biophysics a century in 
one jump. As always, orthodox scientists — most of whom in 
their scientific paradigm are self-admitted materialists — 
were quite unready to tolerate such heresy. 

Obviously the materialistic dogma of the science of his day — 
and ofthe science oftoday —reacted most hostilely to such hogwash. 
Contrary to the prevailing mystique, most scientists are dogmati- 
cally attached to materialism and to the dogma of their present 
paradigm. Faced with a conflict provided by experiment, most will 
uphold the dogma and reject the experiment — the exact opposite of 
the scientific method they espouse. 

Rife's revolutionary work was no exception. He incurred the 
unending, total opposition of powerful individuals controlling the 
direction of biology and medical science for their own personal gains 

Rife was hounded into court on trumped up charges. Though he 
was acquitted, he emerged a shaken, broken man and an alcoholic. 


"More precisely, they would easily flow around the 3-dimensional filter, since 
they were hypetdimensional 
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His work was suppressed. His equipment was left to gatherdust. He 
was also forcibly committed to a medical treatment facility. 

Finally escaping from his "prison," Rife lived out his remaining 
years quietly. He died without ever being vindicated for his marvel- 
ous, world-shaking discoveries. 

But at least he left us a legacy. Persons are still alive who knew 
Rife and his work, to one degree or another. Some ofhis microscopes 
are still in existence, though non-operable due to missing or stolen 
parts. With proper funding, an enlightened team of scientists and 
researchers can be assembled to quickly repair Rife's remaining 
instruments and duplicate his incredible work. 

With concentrated effort, Rife's work will yet play a primary role 
in the development of a direct electromagnetic cure for AIDS. As a 
byproduct, it will play a role in rapid development of cures for cancer 
and other debilitating diseases. 

Royal R. Rife’s contributions may yet help save half of human- 
ity, and prevent a Soviet takeover of the world, 
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CHAPTER 6 


DEVELOPING THE ELECTROMAGNETIC 
CURE FOR AIDS 


By now, how one goes about developing a electromagnetic cure 
for AIDS — and for cancer and other killer diseases — should be 
apparent. 

One must set up a modem research laboratory and assemble as 
many of the "dirty dozen” together as is possible. One then tackles 
the problem head-on, adding the necessary support staffand special 
consultants 

First the Kaznacheyev effect for AIDS must be isolated and 
determined. Then it must be reversed, to yield the precise "curative" 
signal 

‘Transforms for these Kaznacheyev IR/UV "death photons” and 
their phase conjugated "healing photons" must be obtained for a 
lower electromagnetic frequency band — such as, say, 10 to 20 
gigahertz. 

Away must be found to irradiate the whole human body with the 
curative signal. The ideal way is to utilize a scalar EM curative 
transform so that the atomic nuclei ofthe body — and hence its entire 
master cellular control system and immune control system—will be 
"charged up" with the correctly structured "AIDS cancellation 
message." 

The entire procedure and apparatus must be as simple and small 
as possible. My colleagues have already achieved very promising — 
even remarkable — progress in this respect. 


Reversing the Kaznacheyev Effect 
The "Kaznacheyev effect" for AIDS virus condition must be 
stimulated between cell cultures, so that the disease condition is 
electromagnetically transferred from one to another. ‘The actual 
electromagnetic "delta" constituting the contribution of the AIDS 
infection must then be isolated electronically. The best way to do this 
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is probably to subtract the normal cell radiation pattern from the 
‘cell plus AIDS" radiation pattern.* 

With the "AIDS delta” determined, the delta is then fed into the 
appropriate phase conjugating mirror system, so that its time 
reversed replica is produced. 

The new phase conjugated signal is then the required AIDS 
reversal signal to reverse the effects of the AIDS virus itself, inside 
the cell where it resides dormant. This " time-reversed” signal will 
reverse the genetic change in the cell, not just kill the HIV virus. 


Inacrude way, one is making an electromagnetic anti-virus. 


For ease of development and treatment, microwave technology 
is most attractive. Obtaining transforms ofthe signals in the radar 
band is ideal, since a wide variety of techniques, instruments, and 
electronic parts are available for that region. Millimeter waves 
would be most attractive, for the equipment could then be highly 
miniaturized. 

One can regard it another way also: energy forms (critters) are 
involved. The action ofthe AIDS virus in its host cell, upon the DNA. 
of the host, is underlaid by manipulation of energy critters. If one 
makes the electromagnetic anti-virus form, one is also manipulating 
the energy critters in their virtual state substrata. 

‘The net result is that essentially the virus pattern — even the 
virus itself — can be phase conjugated by the energy critters. The 
result can be to turn the actual virus in the cell into a negative virus, 
accomplishing recombinant DNA procedures in reverse. 

Remember that the signal we seek to use involves negative 
energy and negative time. We are also engineering the virtual state 
directly. The ordinary positive energy/positive time/observable 
state rules and limitations do not necessarily apply. And the "fixed 
form’ first order physical reality as we normally conceive it need not 


Procedures along the lines of the extraordinary double-exposure holographic 
work of Dr. Robert Powell will probably be necessary. His work on biologically 
significant spatial frequency spectroscopy has blazed the trail as to how to obtain 
the specific delta patterns desired. It is hoped that Powell will shortly publish 
the remarkable results ofhis 15 years’ work 
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be so fixed at all. 
Physical reality itself can be directly engineered. 


‘The engineering we seek to accomplish is directly upon the 
probability states propagated by the Schroedinger equation, before 
observation and collapse of the wave function occurs. We seek to 
engineer physical reality before it is born, while it is yet 
forming. 

Only at such a level can the previous action ofthe AIDS virus — 
that in which it combined its genetic material with the genetic 
material of the host cell — be reversed and undone. 

Only at such a level can we convert the infected human body from 
an “AIDS virus factory” back to an uninfected normal human body 
without AIDS. 


The Proof: Priore's Work 

Antoine Priore’s pioneering work largely proves that it can be 
done. Cancers, leukemias, and many other virulent diseases yielded 
to his phase conjugated signals passed down through a powerful 
magnetic field to totally penetrate every cell in the treated patient's 
body. 

‘And Royal R. Rife's work proved that a virus and a bacterium are 
not at all the "rigidly fixed” physical forms that our normal science 
has led us to believe they are. Instead, both the organisms and their 
biochemical and genetic actions can be addressed — and changed — 
on a much finer level of reality. 

Ofcourse, it would be enormously helpful if one had a working 
Rife microscope. 

My colleagues are attempting to rebuild one ofthe original Rife 
microscopes, which has parts that were missing from it. They have 
every hope of having the microscope in action in the future. 


Another angle of attack is also possible 


One of my colleagues has discovered a very peculiar, weak 
electromagnetic signal that will kill viruses, harmful bacteria, toxic 
protozoa, etc. but not harm living human cells. Only a few volts and 
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a few milliamps are used. 

However, there exists a major problem in getting any such very 
weak signal into every cell in the body — which is required if one is 
to heal blood diseases such as AIDS and leukemia. After all, that was 
the reason that Priore utilized a powerful magnetic field of thou- 
sands of gauss. The magnetic field penetrated every cell in the body 
— even those in the bone marrow where all the blood cells are 
manufactured. By using the all-penetrating field as the carrier, the 
phase conjugated healing signal pattern could thus be introduced 
into every cell in the body, bathing it completely, inside and out, with 
the restorative signal 

Remember, one must not just get the signal into the cell: 
themselves — instead, one must get the restorative signals 
directly into, and absorbed in, the atomic nuclei 

Again, that is why Antoine Priore found it necessary to 
employ a "rippling" magnetic field. The "ripple" was actually 
a magnetic wave, and nuclear resonance then provided the 
magic mechanism to penetrate all the atomic nuclei 

So the initial problem is, how does one provide a mechanism to 
carry the desired signals into and through each and every cell of the 
body and into each and every atomic nucleus of the matter of the 
body? 

Obviously one can utilize nuclear magnetic resonance, after the 
fashion of Priore. If so, the resulting apparatus is going to be 
extremely large and expensive. It would be highly desirable to do it 
a different, simpler, much cheaper way. 

After many hundreds of back-breaking experiments, one of my 
colleagues appears to have discovered a completely unique and 
direct way ofintroducing the desired EM restorative signals into and 
completely through every cell of the body, and into every atomic 
nucleus. Though much additional work to confirm this still remains, 
the initial results are marvelously encouraging 

Another colleague has succeeded in developing a peculiar sort of 
detector that should prove adaptable to detecting the actual "biopo- 
tential structural patterns” themselves, directly in and out of the 
atomic nuclei. Though obviously much more work is necessary 
before the final instrumentation is ready, the preliminary results 
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are again most encouraging. 

‘As I write these words on paper, this work is proceeding, but 
very, very slowly due to lack of the necessary funds to attack the 
research problems in force. 


What is Needed 

‘Time is running out —most conventional science appears to be 
driven by special interest groups/Drug Manufacturers who are un- 
able and/or unwilling to counter the AIDS epidemic with anything 
other than extensive "Addict Style” symptom-reducing drugs that 
generate dollars, not cures. Though this is not universal, it is the 
conventional norm. 


Unconventional disorders or diseases require unconventional 
science for unconventional cures. 

Immediate funding is required ifthis awesome threat to human- 
ity is to be stopped. An American public alerted in time to this 
desperate situation can demand that the government and/or private 
business immediately address and act on this life-threatening issue 
in a different, unconventional manner. 


Encouraging Preliminary Work 

One of my associates, already familiar with scalar EM devices, 
has exerted every effort to try to reduce the scope ofthe problem. In 
literally hundreds of experiments, he has been able to narrow down 
the search, and obtain at least some very promising results. 

He has obtained an initial candidate phase conjugated signal for 
further test and trial. 

He may well have succeeded in discovering a new and unique 
method to communicate signals directly into the atomic nuclei inside 
the matter in the human body. This signal presently appears to 
directly interact with the cellular biopotential and with the body's 
master cellular communication system. 

Remember, however, these are preliminary results. They still 
must be fully substantiated in a great many more tests. Undoubt- 
edly a great deal more research, analysis, and adaptation is neces- 
sary. We certainly cannot presently say we have any sort of "cure 

for the AIDS virus or anything else — or that these results are to 
be considered as proven in any fashion. 
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But what we can say is that my colleague has been able to derive 
a very complicated phase-conjugated signal, which produces nega- 
tive energy and negative time of the general sort required. And he 
may just have made a most marvelous discovery that will point the 
way to eventual equipment much, much smaller than the 4-stories 
high machine with which Priore intended to treat terminal human 
cancer patients 

The initial signal discovered by my colleague, when applied to 
the body at miniscule voltage, seems to zap all sorts of "bad things’ 
— viruses, harmful bacteria, dangerous protozoa, microworms, you 
name it — without harming the blood cells, the normal body cells, or 
the hosted friendly bacteria. 


‘The signal does this at miniscule voltage and amperage. 


Itcan be applied directly to the body through special electrodes. 
Through a special feature, my colleague has been able to get the 
signal to reverberate the entire body, all cells, all parts, and even 
penetrate the atomic nuclei and establish scalar resonance therein. 

There turned out to be some extremely strange things that have 
to be done to the phase conjugated signal before it will accomplish 
what is being sought. At least some of these "strange things” have 
been uncovered by my colleague. 

One of the peculiarities is that the entire electrical apparatus is 
part of the input "form" (that conditions the potential wave struc- 
ture) being phase conjugated and sentto the organism. Ifa lead-acid 
battery is included in the apparatus to power it, one will inject the 
electromagnetic form for the battery acid directly into the organ- 
ism,* destroyingit. This includes destroying the host's cells. In this 
case the signal is lethal, not curative. Substitution of a dry cell 
battery with no liquid electrolyte eliminates the problem. Exactly 
why a liquid electrolyte has a toxic effect and a "sludge" or solid 
electrolyte does not, is not understood at this time. 

Other such anomalies in the tentative process have been discov 
ered and compensated for. 

However, the way ahead is exciting. It suggests that the body 
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(atomic nuclei) can literally be "charged up" (i.e. the livingbiopoten- 
tials can be "charged up" with the signal structure) so that the 
"disease-proofing” is very lasting, possibly for many years or even for 
a lifetime. 

Atleast my colleague has pressed this to the point ofdemonstrat- 
ing a long-lasting charge being acquired by the body. 

For example, at one time his body became so "charged" from his 
lengthy experiments that a one-inch blue spark often leaped from his 
fingers when he reached out for something metallic. The discharge 
was cool, negative energy — living energy, if you will. It should be 
negentropic, not entropic. It was definitely not the type ofenergy the 
orthodox scientific community is accustomed to. And normal elec- 
tricity will definitely not charge up the body in such a continuing 
fashion, so far as is known. 

Let me clearly state again that we have not yet produced the 
specific anti-pattern per se. What my colleagues have discovered 
appears to be a broad-band signal that appears to act hyperspatiall 
analogous to the manner in which a broad-band drug such as 
penicillin acts biochemically. Even this much remains to be clearly 
established, 


However, it is a most encouraging and promising first step. 


Much more work, and a great deal of experiments to substanti- 
ate or adapt these tentative results, still need to be done. Now there 
is no substitute for rigor and thoroughness — and there is no 
substitute for clearly and scientifically demonstrating the proof of 
the concept in the laboratory. 

It is not just good intentions that we seek, but solid, concrete, 
proven results substantiated by proper scientific procedures. Much 
work remains to be done. 


But the preliminary results are very encouraging indeed. 


Let me briefly share with you some of the things we foresee, if 
this present line of successful development continues. 

We foresee being able to eventually develop and set up — legally 
and under proper medical auspices, of course — tested and proven 
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devices that can easily treat up to two or three hundred persons at 
once. A treatment of about 45 minutes to one hour is all that would 
be required. Several repetitive treatments a week or so apart, might 
prove advisory. 


In addition,once the entire gamut of the treatment process is 
validated and proven, and shown to be completely harmless and safe 
in accordance with legal medical requirements, if need arises we 
foresee simply adding the signal to ordinary radio and television 
transmitters — perhaps as simply as modulating the electrical 
ground, Ifso, a "maintenance" signal could be established to negate 
the AIDS virus (or other disease such as cancer and leukemia) in an 
entire area, and keep out other diseases such as malaria, sleeping 
sickness, etc 

Another advantage of such machines would be their portability 
in time of conflict. Also, they would be most useful indeed as 
defensive measures against biological warfare. For example, the 
inhalation of only a relative minor amount of anthrax agent is 
sufficient for 100 percent certain death unless treatment begins 
promptly. With the portable machines, however, this would be 
easily negated in any troops exposed to the agent, even before the 
lethal disease is evidenced. For a totally new agent, a "phase- 
conjugate delta signal" could be rather quickly ascertained and 
developed, and the proper settings made on the machines for imme- 
diate treatment and immunizing, 

‘And even later, when we proceed to the direct engineering ofthe 
living energy form strata themselves, we shall see remarkable cures 
and remissions of diseases for which medical science offers little 
hope today. Arthritis, multiple schlerosis, lupus, and other such 
debilitating diseases come readily to mind. Even reversal of the 
aging process should be possible. 


“Twoother promising approaches have recently been discovered First, an electrolyte 
‘compound Has reenily been approved by the FDA for elincal testing. This compound has the 
remarkable property of raising the cellular electrical potential back to that ofa tong, 
healthy cll In several years oflab animal testing, ths alone was indicated to be over 80% 
sffecive against cancer It may also prove efecive aginst diseases suchas arthritis, where 
the bods immune system atacks bay tissue with lowered cellular potential, sine it fil 
to recognize the weakened cells as those ofthe body. Second. Baylor University reseachers 
have found that treating blood with certain laser EM radiation kills the AIDS virus, but does 
not harm the blood eel ‘This means that it willbe possible 1o assure that blood used in 
transfusions wil be AIDS - fre eliminating one saree of AIDS transmission, 
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Conclusion 
We have now come to the end of our road, literally and figura- 
tively. 


Alll ofus have been struck a mortal blow by the Soviet AIDS first 
strike. 

Make no mistake, this is real. We and our children are already 
as good as dead unless we move as we have never moved before. 


We have a chance. A slim chance. 


Americans have always come through when the chips are down. 
We can conquer this thing. We can overcome this mighty death blow 
that has been launched against us. We can defeat the others yet to 
come, 


But we've got to move. Now. 


Remember, Pandora's box has already been spilled. Even 
without the Soviet biological warfare strike, hosts ofnew viruses and 
different strains of old ones are going to be, and are now being, 
dumped into the biosphere by our own culture. It is also only a 
matter oftime before terrorists and meglomaniacs turn to the use of 
this potent weapon against a wide-open society such as ours 

Both our Armed Forces and our civilian populace are 
totally defenseless against electromagnetic biological war- 
fare. Now. At this moment. 

Even without the Soviet BW strike implication, it is only a 
matter of time until we perish, unless we develop electromagnetic 
healing and electromagnetic biological warfare countermeasures. 

We've come to one of those profound momentary pauses in 
history that determine the fate of the entire world henceforth. 


It's like the parable ofthe lady or the tiger 


We're facing, so to speak, two doors. 
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Behind one is the most fearsome and hungry tiger ofall time. If 
. that door will open and we'll get the tiger full upon us. We 
shall be utterly destroyed. That mighty tiger will consume half the 
world in his roaring frenzy. Our children, and our children's children 
— what few ofthem will be left — will wear the hammer and sickle 
yoke for eons. 

Those few future survivors will be taught strange things. How 
you and I were the real enemy. How we were absolutely destroyed 
for the good of all mankind, How glorious and necessary it was to 
unleash the great plagues upon us. And how heroic were those who 
performed the "noble deed.” 

Our own distant children will curse us and revile us, and they 
will be taught to worship at the throne of a false prophet. 

The world will descend into a new "Dark Ages” far more frightful 
than George Orwell ever envisioned, 

On the other hand, behind the second door is the most beautiful 
lady of all history. Literally all of humanity's dreams of health, 
beauty, and vitality lie behind that door. 

Ifwe open it, we achieve a freedom from disease and a measure 
of bountiful health for all mankind that has heretofore only been 
dreamed of. Even reversal of the aging process itselflies beyond the 
second door. Health and youth — the dream of the ages—can be ours. 

But we have only a moment to open the second door. Its firmly 
shut, and we must exert ourselves to the fullest if we are to open it 
at all 

On the human stage, the first door is already slowly openin; 
inexorably. In only a few moments it will be open and the tiger will 
be upon us. 


We must move quickly. 
Which will it be for mankind, the lady or the tiger? 


‘The next few moments in the human play will most assuredly 
tell. 
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Z, CHARACTERISTIC IMPEDANCE [0] 


The characteristic impedance is the resistance 
initially seen when a signal is applied to the line. It is 
a physical characteristic resulting from the materials 
and geometry of the line. 


Lossless line: 


t TRANSMISSION COEFFICIENT 
The transmission coefficient is the ratio of total 
voltage to the forward-traveling voltage, a value 
ranging from 0 to 2. 


Lossy line: 


inductance per unit length [H/cm] 
= capacitance per unit length [F/em] 

V. = the forward-traveting (left to right) voltage [V] 
1, = the forward-traveling (left to right) current [1] 


V. = the reverse-traveling (right to left) voltage [V] 
L 


he reverse-traveling (right to left) current [I] 
he line resistance per unit length [vem] 
G = the conductance per unit length [Q"'/em] 
phase angle of the complex impedance [radians] 


yo CHARACTERISTIC ADMITTANCE [Q”'] 


The characteristic admittance is the reciprocal of 
the characteristic impedance. 


= /E|o = 


weyrlay 
L| V, 


L 


TOF TIME OF FLIGHT [s] 


The time of flight is how long it takes a signal to 
travel the length of the transmission line 


I 


TOF ILC = fl53 Cros 


v 

length of the transmission line [em] 

v= the velocity of propagation 1/,JZC. the speed at which 
the waveform moves down the line 

L = inductance per unit length [H/em] 

C= capacitance per unit length [F/cm] 

Lror = total inductance [H] 

Cror = total capacitance [F] 


p REFLECTION COEFFICIENT 
The reflection coefficient is the ratio of reflected 
voltage to the forward-traveling voltage, a value 
ranging from —1 to +1 which, when multiplied by the 
wave voltage, determines the amount of voltage 
reflected at one end of the transmission line. 


ve 
v, 


p= 


A reflection coefficient is present at each end of the 
transmission line: 


DERIVED EQUATIONS 
yr2 
p= Vror ~Tror20)!2 


1, = yoV. = (ror +VrorYo)/2 
1 =-yV_=(lror —Vror Yo)!2 


‘1 FOURIER SERIES 


The function x(*) must be periodic in order to employ 
the Fourier series. The following is the exponential 
Fourier series, which involves simpler calculations 
than other forms but is not as easy to visualize as the 
trigonometric forms, 


I x(te™ dt 


smplitude he harmonic (an integer) 
T= period [s] = frequency 21/7 [radians] 
ime [5] 


The function x(t) may be delayed in time. All this does in a 
Fourier series is to shift the phase. If you know the C,s for 
x(t), then the C,s for x(t-ct) are just C,e""™*. (Here, C,s is 
just the plural of C,.) 
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the time constant, RC [seconds] 

sapacitance [F] 
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SMITH CHART 


First normalize the load impedance by dividing by the 
characteristic impedance, and find this point on the chart, 
When working in terms of reactance X, an inductive load 
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reflection coefficient 
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The basic idea is to connect a line stub in parallel 
(shunt) or series a distance d from the load so that the, 
imaginary part of the load impedance will be canceled 


Shunt-stub: Select 


so that the admittance 


Y looking toward the 
load from a distance d 
is of the form ¥ + JB. 
Then the stub 
susceptance is chosen 
as -jB, resulting in a 
matched condition 


Series-stub: Select d 
so that the admittance 


Z looking toward the 
load from a distance d 
is of the form Z +X 
Then the stub 
susceptance is chosen 
as -iX, resulting ina 
matched condition 


FINDING A STUB LENGTH 


Example: Find the lengths of open and shorted shunt stubs 
to match an admittance of 1.j0.5. The admittance of an 
open shunt (zero length) is Y=0; this point is located at the 
left end of the Smith Chart x-axis. We proceed clockwise 
around the Smith chart, i.e. away from the end of the stub, 
to the 4j0.5 arc (the value needed to match ~0.5). The 
difference in the starting point and the end point on the 
wavelength scale is the length of the stub in wavelengths. 
The length of a shorted-type stub is found in the same 
‘manner but with the starting point at ¥==. 
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In this example, all values were in units of admittance. If we 
were interested in finding a stub length for a series stub 
problem, the units would be in impedance. The problem 
Would be worked in exactly the same way. Of course in 
impedance, an open shunt (zero length) would have the 
value Z=~, representing a point at the right end of the x-axis. 
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Author's Note: So far as I can find, there are no available 
references other than my own that deal precisely with my particu- 
lar approach to the nature of mind and thought. There is, however, 
a serious debate over whether (a) the mind is simply the physical 
brain, similar to a computer (the prevailing materialist view of 
orthodox science), or (b) the mind is something else altogether, and 
metaphysical — at least with respect to the level of scientific 
knowledge today. My own approach utilizes a non-Aristotlean 
fourth law of logic (included in an appendix to this book) by means 
of which the dichotomy between mind and matter is removed. In 
that fashion, one can model the mind as material, or model matter 
us mind. 
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below. 
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2n_ 21 
Bok 
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k= ane = 202, wave number 
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y COMPLEX PROPAGATION CONSTANT 
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2/4 QUARTER-WAVE SECTION 


‘A quarter-wave section of transmission line has the 
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-__— 44 —_ 


Zs 


To find Z,,, we can normalize the load (by dividing by the 
characteristic impedance), invert the result, and 
“unnormalize” this value by multiplying by the characteristic 
impedance. 


Z 
In this case, the normalized load is is 
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oo the nomalzed nputimpedances ( 


and the actual input impedance is Z,, = 2Z, 


Tom Penick tom@tomzap.com www-leicontrols.com/notes MicrowaveEngineering pat 1/30/2003 Page 6 of 21 


Selected Bibliography 326 


h, "The Boundary Identity of Exact Opposites: A simple 
Solution tothe Age-old Philosophical Problem of 
Change." NTIS, Oct. 1975. Report AD-020798. 


i, "The fourth law of logic." NTIS, 1979. Report AD- 
A068987, 


id, Formon, Superspace, and_ Inceptive 
Cyborg: A Paraphysical Theory of Noncausal 
Phenomena. U.S. Army Medical Inielligence and In- 
formation Agency, Report MIIA-1-74, Dec. 1974. Avail- 
able from the Defense Documentation Center (DDC), 
Report AD A-005579/8GI. 


k. "The One Human Problem, Its Solution, and Its relation 
to UFO Phenomena.” Pursuit, January 1976. Avail- 
able from NTIS, Report AD-A034236. 


1. "Writing the Observer Back Into the Equation,” Address 
given to the Princeton Center for Alternative Futures, 
Princeton, New Jersey, Mar. 5.1976, published in June, 
1976. Available from NTIS, Report AD-A027867. 


m. "Species Metapsychology, UFO Waves, and Cattle 
Mutilations, May 23, 1977. Privately published. 


n, "The Holography of Being,” 1975. Unpublished, 


0.  Yoseikan Aikido, 1973. Privately published. 


p. “AIDS: Urgent comments on mankind's greatest threat; 
and the secrets ofelectrom: i,” presented in 
absentia at the annual USPA Symposium in Golden, 
Colorado 30 July-2 Aug. 1987. 


2. Mike Costello, "Without a Brain," letter, Fortean Times, 96 
Mansfield Road, London NW 8 2HX, England, Spring 1987, p. 
78. Information on hydrancephaly, persons with normal intel- 
ligence but with large cavities in the area normally occupied by 
cortical tissue. Most of the data on these anomalous cases is 
buried in obscure medical journals. (Hydrocephaly — an 
excess of fluid in the cerebral/spinal system — is much more 
widely known.). See also Anthony Smith, The Mind, Hodder 
& Stoughton, 1984 for additional information on hydranceph- 
aly. 


327 


Selected Bibliography 


Quoting from Costello: "Actually cases of this kind have been 
fuming up at autopsies for years, and reported in the appro- 
priate medical journals, but have been disregarded, perhaps 
ecause they aie so destructive ofestablished beliefs about the 
relationship between consciousness and the human brain." 


Costello goes on to point out that a group at Sheffield Univer- 
sity has collected a great deal of data on this subject, from case 
sttidies of 253 hydrocephalics and hydrancephalics. There 
seems to be no correlation between the 1Q of these individuals 
and the amount of residual brain tissue’ 


One living subject, Roget hasan TQ of 126 and a First Cass 
degree in Mathematics, yethas no more than 5% ofthe normal 
amount of brain tissue, 


A Swedish documentary on the subject was shown on ITV in 
1982. 


Fortean Times 38, p. 30 also contains an item on surviving 
adults with no detectable brains. 


Hugh Everett, Ill, The Many-Worlds Interpretation of 
Quantum Mechanics: A Fundamental Exposition, with 
wapers by J.A. Wheeler, B.S. DeWitt and Neill Graham, 
rinceton Series in Physics, Princeton University Press, 1973. 


Louise and Galen Hieronymus, Tracking the Astronauts in 
Apollo 11, With Data From Apollo8 Included," Advanced 
Sciences Research and Development Corporation, Fort Lau- 
derdale, Florida, 1969. 


Vlail Kaznacheyev's work and publications related to it (see 
Kaznacheyev references). 


Antoine Priore's work and publications related to it (see Priore 
references). 


Charles Muses and Arthur M. Young, eds, Consciousness 
and Reality. Outerbridge & Lazard, 1972. 


George Meek, Healers and the Healing Process, Theo- 
sophical Publishing House, 1977. 


9. 


10, 


16. 


20. 


Selected Bibliography 328 


Harold Puthoff and Russell Targ, Mindreach, Delacorte, 
1977. 


Harold Puthoff and Russell Targ, "A Perceptual Channel for 
Information Transfer Over Kilometer Distances: Historical 
Perspective and Recent Research,” Proceedings of the 
IBEE, 64(3), March 1976. 


Edward W. Russell, Report on Radionics, Neville Spear- 
man, London, 1973, 


John White and Stanley Krippner, eds., Future Science, 
Anchor, 1977. 


C. Louis Wiedemann, "Results ofthe N.J. 'Spook Light’ Study, 
Vestigia Newsletter, Stanhope, New Jersey, May 1977. 


David Bohm, Wholeness 
ledge, Kegan Paul, 1980. 


and the Implicate Order, Rout- 


Renee Weber, "Reflections on David Bohm's Holomovement: 
A Physicist's Model of Cosmos and Consciousness,” in Valle 
and von Eckartsberg, editors, The Metaphors of Con- 
sciousness, Plenum Press, 1981 


"The Physicist and the Mystic: Is a Dialogue Between Them 
Possible?” A Conversation with David Bohm, conducted by 
Renee Weber, edited by Emily Sellon, ReVision, 4(1), Spring 
1981, p. 22-35. 


17. The Tao of Physics Revisited,” A Conversation with Fritjof 
Capra, conducted by Renee Weber, Revision, 4(1), Spring 
1981, p. 36-52. 


"Reflections on the New Age Paradigm,” an Interview with 
Ken Wilber, ReVision, 4(1), Spring 1981, p. 36-52. 


Fritjof Capra, The Tao of Phy 
Colorado, 1975. 


, Shambhala, Boulder, 


Fritjof Capra, The Turning Point, Simon & Schuster, New 
York, 1982. 


Ken Wilbur, Up From Eden, Doubleday, 1981 


329 


22. 


24, 


25. 


26. 


27. 


28. 


29, 


30. 


31 


32. 


33. 


34. 


Selected _ Bibliography 


G. Spencer, Laws of Form, Julian Press, New York, 1972. 


Bernard D'Espagnat, Conceptual Foundations of Quan- 
tum Mechanics, W.A. Benjamin, Menlo Park, California, 


1971 


Robert Linssen, Zen: The Art of Life, Pyramid, New York, 


1969. 


EP. Wigner, "Remarks on the Mind-Body Questior 


The 


Scientist Speculates, IJ. Good ed., W. Heinemann Ltd., 


London, 1961 


G. Hieronymus, U.S. Patent No. 2,482,773, Sept. 27, 


Langston Day and George De La Warr, New Worlds Beyond 


the Atom, Vincent Sti 


Publishers Ltd., London, 1973. 


Jule Eisenbud, M.D., The World of Ted Serios, Pocket 
Books, Simon and Schuster, New York, 1968. 


Sheila Ostrander and Lynn Schroeder, Ps 


chic Discoveries 


Behind the Iron Curtain, Prentice-Hall, 1970. 


Carl G. Jung, Man and His Symbols, ed. by Carl G. Jung and 
after his death by M.S. von Franz, Aldus Books Ltd., London. 


1964. 


‘The Unfathomed Mind: A Handbook of Unusual Mental 
Phenomena, compiledby William R. Corliss, The Sourcebook 


Project, Glen Arm, Maryland, 1982. 


Charles Panati, ed., The Geller Papers: 
vations on the paranormal power 


Scientific obser- 
of Uri Gell 


Houghton Mifflin Company, Boston, Massachusetts, 1976. 


Ken Wilbur, 


The Spectrum of Consciousness, The Theo- 


sophical Publishing House, Wheaton, Illinois, 1977, 


"Godel's proof,” Scientific American, June 1965, p. 81-86 


As Ken Wilbur puts it, "Thus logi 


ally as well 


verification is not an absolute mark of reality. If all 


verified, how do you verify the verifi 
all” 


, since he is part of the 


Selected Bibliography 320 


35. Erwin Schroedinger, What is Life? and Mind and Matter, 
Cambridge University Press, London, 1969. 


36. Teilhard de Chardin, The Phenomenon of Man, Harper 
Torchbooks, New York, 1965. 


37. D.T. Suzuki, The Zen Doctrine of No Mind, Rider, London, 
1970. 


38. Frederick S. Perls, Gestalt Therapy Verbatim, Real People 
Press, Lafayette, Indiana, 1969. 


39, Frederick S. Perls, Ralf F. Hefferline, and Paul Goodman, 
Gestalt therapy, Dell, New York, 1951 


40. John White, ed., The Highest State of Consciousness, 
Anchor, New York, 1972. 


41 J. Blofeld, trans., The Zen 1 
Press, New York, 1958. 


aching of Huang Po, Grove 


42. RE. Omstein, The Psychology of Consciousness, W.H. 
Freeman and Company, San Francisco, California, 1972. 


43. Joseph C. Pearce, The Crack in the Cosmic Egg, Julian, 
New York, 


44, Andrija Puharich, Beyond Telepathy, Anchor Press, Dou- 
bleday & Company, Garden City, New York, 1973 


45. Jacques Vallee, Passport to Magonia: From Folklore to 
Flying Saucers, Henry Regnery Company, Chicago, Illinois, 
1969. 


46. Robert Bruce Lindsay and Henry Margenau, Foundations of 


Physics, Dover publications, New York, 1957. See p. 2-3 for 
the blunt statement that physics has nothing at all to say 
about a possible real world lying behind its concepts and 
equations. Thatis, physics is simply a model, and the assump- 
tion ofa kind ofreality is an interpretation and an hypothesis. 


47. Ted Bastin, ed., Quantum Theory and Beyond, Cambridge 
University Press, 1971 


331 


Selected Bibliography 


48. 


49, 


50. 


51 


52. 


53. 


54, 


55. 


56, 


57. 


58. 


59. 


\gar D. Mitchell, Psychic Exploration: A Challenge for 
Science, edited by John White, G.P. Putnam's Sons, New 
York, 1974. 


Hector Hawton, Philosophy for Pleasure, Fawcett Publica- 
tions, 1956, Fifth printing, June 1970. (A real gem.) 


Jiro Kikkawa and Malcom J. Thorne, The Behavior of Ani- 
mals, Plume, The New American Library Inc., New York, 
1974. 


Helena Curtis, Biology, Worth Publishers, Inc., New York, 
1968 (fourth printing): p. 614-637 contains a good discussion 
of instinct, learning, and memory. 


John Cunningham Lilly, The Mind of the Dolphin: A 
Nonhuman Intelligence, Avon, New York, Mar. 1969. 


Isaac Asimov, The Human Brain: Its Capacities and 
Functions, Signet Science Library, The New American Li- 
brary, Inc., New York, 1963. 


RW. Sperry, "The Great Cerebral Commissure,” Seientific 
American, Jan. 1964, p. 42-52. 


Michael S. Gazzaniga, "The Split Brain in Man,” Scientific 
American, Aug. 1967, p. 24-29. 


Roger Sperry, "Problems Outstanding in the Evolution of 
Brain Function," James Arthur Lecture, American Museum of 
Natural History, New York, 1964. 


Jose MR. Delgado, Physical Control ofthe Mind: Toward 
a Psycho-Civilized Society, Harper Colophon Books, 
Harper & Row, New York, 1971 


B.B. Kazhinskiy, Biological Radio Communications, 
Izdatel'stvo Akademii nauk Ukrainskey SSR, Kiev. 1962. 
Trans, available through DDC, AD 415676. 


S.K Lisitsyn "New Approach to the Analysis of Electroen- 
cephalograms," in Problems of Bionics (Selected Ar- 
ticles), p. 16-25, DDC Report AD 730045, 


60. 


61 


63. 


64. 


65. 


66. 


61. 


68. 


69. 


70. 


7B. 


Selected Bibliography 332 


Evert W. Beth, The Foundations of Mathematics, Harper 
Torchbooks, Harper & Row, New York, 1966. p. 481-518 
contains a discussion of the "contradictions" of logic painfully 
noted by mathematicians shortly after the turn of the century 


Stanley Krippner and James Hickman, "West Meets East: A 
Parapsychological Detente,” Psychic, May/June 1974, p. 51- 
55. 


G.G. Globus, ed., Consciousness and the Brain, Plenum, 
New York, 1976. 


Karl Pribram, Emotion: the Search for Control, McGraw 
Hill, New York, 1968. 


Karl Pribram, Languages of the Brain, Prentice Hall, 
Englewood Cliffs, 1971 


Charles Hampden-Turner, Maps of the Mind: Charts and 
Concepts of the Mind and Its Labyrinths, Collier Books, 
Macmillan Publishing Co., New York, 1981 


Adam Smith, Powers of the Mind, Random House, New 
York, 1975. 


Peter Tompkins and Christopher Bird, The Secret Life of 
Plants, Harper & Row, New York, 1973. (a real gem.) 


‘The Louis Kervran material. 
‘The Antoine Priore material 


Langston Day and George De La Warr, Matter in the Mak- 
ing, Vincent Stuart, London, 1966. 


Sister Justa Smith, "Paranormal Effects on Enzyme Activit 
Professional Paper No. 2, Human Dimensions, 1(2), 1972. 


John Pierrakos, The Energy Field in Man and Nature, In- 
stitute of Bioenergetic Analysis, New York, 1971 


Jeffrey Mishlove, The Roots of Consciousness, Random 
House, New York, 1975. 


333 


74, 


15. 


16. 


71. 


78. 


Selected Bibliography 


Andrija Puharich, "Psychic Research and the Healing Proc- 
ess,” in Psychic Exploration, ed. John White, Putnam, New 
York, 1975. 


Andrija Puharich, Beyond Telepathy, Darton, Longman 
and Todd, London, 1962. 


Lyall Watson, Supernature, Hodder & Stoughton, London, 
1973. 


Jule Eisenbud, "The Mind-Matter Interface," Journal of 
American Society for Psychical Research, 69(2), Apr., 
1975, 


W. Meek, From Enigma to Science, Samuel Weiser, 
New York, 1973. 


References Related to Antoine Priore's Work 


1 


Letter, R. Pautrizel to his colleagues at the University of 
Bordeaux, Sept. 11, 1979. 


Letter, R. Pautrizel to his colleagues, Mar. 26, 1969. 


Jacques Syivain and Jean-Michel Graille, "Depuis guinze ans 
Ie "rayon Priore" divise le monde scientifique." [For fifteen 
years the "Priore Ray" has divided the world ofscience.]. Sud- 
‘Ouest Dimanche, Jan. 27, 1980. 


“Affaire Priore: L'armee va trancher? [The Priore Affair: Will 
the Army resolve it?] Sud-Ouest Dimanche, May 20,1980. 


"Affaire Priore: Liarmee va tranchera.” [The Priore Affair: 
‘The Army will resolve it.]. Sud-Ouest Dimanche, Apr. 12, 
1981. 


9. 


10. 


ul 


Selected Bibliography 334 


MR. Riviere, A. Priore, F. Berlureau, M. Fournier and M 
Guerin, "Action de champs electromagnetiques sur les greffes 
de la tumeur TS chez le Rat.” [Action of the electromagnetic 
fields on the graftings of the TB tumor on the rat.]. Compt. 
), 1964, 259, 4895-4897. 


MR. Riviere, A. Priore, F. Berlureau, M. Fournier and M. 
Guerin, "Effets de champs electromagnetiques sur un lympho- 
sarcome lymphoblastique transplantable du Rat.” [Effects of 
Electromagnetic fields on lympheuplastic lymphosarcoma 
transplantable from a rat. |. Compt. Rend. Acad. Sci. 
(Paris), 1965, 260, 2099-2102. 


MR. Riviere, A. Priore, F. Berlureau, M. Fournier and M. 
Guerin, "Phenomenes de regression observes sur les greffes 
d'un lymphosarcome chez des souris exposes a des champs 
electromagnetiques." Compt. Rend. Acad. Sci. (Paris 
1965, 260, 2639-2643, 


G. Delmon and J. Biraben,"la croissance du carcinome de 
Guerin sous Faction de champs electromagnetiques.” Rev. 
Path, comp, 1966, 3, no. 2, 85-88. 


MR. Riviere and M. Guerin, "Nouvelles recherches effectuees 
chez des rats porteurs d'un lymphosarcome lymphoblastique 
soumis al'action d'ondes electromagnetiques associees a des 
champs magnetiques." Compt. Rend. Acad. Sci. (Paris), 
1966, 262, 2669-2672. 


R. Pautrizel, MR. Riviere, A. Priore, and F. Berlureau, "Influ- 
ence d'ondes electromagnetiques et de champs manetiques 
associes sur I'immunite de la souris infestee par Trypano- 
soma equiperdum." [Influence of electromagnetic waves 
and associated magnetic fields on the immunity of the mouse 
infected with the Trypanosoma equiperdum.]. Compt. Rend. 
Acad. Sci. (Paris), 1966, 263; 579-582. 


R. Pautrizel, A. Priore, and F. Berlureau, and A.N. Pautrizel, 
"Stimulation par des moyens physiques des defenses de 
Souris et du Rat contre la trypanosomiase experimentale. 
[Stimulation, by physical means, of defenses of the mouse and 
ofthe rat against the experimental Trypanosoma.]. Compt. 
Rend. Acad. Sci. (Paris), 1969, 268, 1889-1892. 


335 Selected Bibliography 


14, R. Pautrizel, A. Priore, F. Berlureau, and ANN. Pautrizel, 
“Action de champs magnetiques combines a des ondes electro- 
magnetiques sur la trypanosomiase experimentale du Lapin" 
[Action of magnetic ‘waves combined with electromagnetic 
waves on the experimental trypanosoma on the rabbit. 
Compt. Rend. Acad. Sei. (Paris), 1970, 271, 877-880. 


15. A.J. Berteaud, AM. Bottreau, A. Priore, A.N. Pautrizel, F. 
Berlureau, and R. Pautrizel, "Essai de correlation entre 
revolution d'une affection par Trypanosoma equiperdum 
et l'action d'une onde electromagnietique pulsee et modulee.” 
[Trial of the correlation between the evolution ofa disease by 
Trypanosoma equiperdum and the action ofa pulsating and 
modulated electromagnetic wave.|. Compt. Rend. Acad. 
Sei. (Paris), 1971, 272, 1003-1006. 


16. R. Pautrizel, P. Mattern, A. Priore, AN. Pautrizel, and D. 
is de Trypanosoma equi- 
sees et soumises a une 


17. R.Pautrizel, A. Priore, M. Dallochio and R. Crockett, "Action 
dlondes eleciromageigues et de champs magnetiques sur es 
modifications lipidiques chez le Lapin par V'administration 
d'un regime alimentaire hypercholesterole.” [Action of elec- 
tromagnetic waves and magnetic fields on provoked lipidic 
modiications in the rabbit by the administration ofan alimen- 
tary hyperchloresterol diet]. Compt. Rend. Acad. Sci. 
(Paris), 1972, 274, 488-491. 


18. G. Mayer, A. Priore, G. Mayer and R. Pautrizel, "Action de 
champs magnetiques associe’s a des ondes electromagnetiquea 
sur 1 orchite trypanosomienne du lapin.” [Action of the 
magnetic fields associated with electromagnetic waves on the 
trypanosomian orchitis ofthe rabbit.]. Compt. Rend. Acad. 
Sel. (Paris), 1972, 274, 3011-3014. 


19. R. Pautrizel, A. Priore, P. Mattern, and A.N. Pautrizel, 
"Stimulation des defenses de la soutis trypanosomee par 
Taction dun ayonnementassociant de champ magnetique et 
ondes electromagnetiques.”. [Stimulation of the defenses of 
the trypanosomized mouse by the action of a ray associated 
with a magnetic field and electromagnetic waves.]. Compt. 
Rend. Acad. Sei. (Paris), 1975, 280, 1915-1918, 


MODULATED WAVE 

Suppose we have a disturbance composed of two 
frequencies: 

sin[(@, —8)1—(B, - 38) z] 

and sin [(@, +8@)1—(B, +88) = | 


where «is the average frequency and iy is the average 
phase. 


Using the identity 2e09( 45 }in( j=sin A+sin B 
“2 


z) 
The combination (sum) of these two waves is 


OMEGA - BETA GRAPH 


This representation is commonly used for modulated 
waves. 


o 


do 
slope is “7, group velocity 
slope is phase velocity 

for'a particular a, B 


2cos (Ser — Bz) sin (@,—B,z) 


The envelope moves at the group velocity, see p 7. 
the difference in’. 

cartier frequency [radians/second] 

= modulating frequency fradians/second] 

Bo = carrier frequency phase constant 

B = phase constant 


a 


Sothe sum of wowaves —gaisione 
will be a modulated wave ¥ goer 
having a carrier frequency 

equal to the average 

frequency of the two waves, 

and an envelope with a 

frequency equal to half the 

difference between the two 

original wave frequencies. 


8 SKIN DEPTH [cm] 
The depth into a material at which a wave is 
attenuated by 1/e (about 36.8%) of its original 
intensity. This isn't the same 8 that appears in the 
oss tangent, tan 8. 


where: 


Ou 


c= JRG attenuation constant, the real part of the 
complex propagation constant, describes loss 

= permeability of the material, dielectric constant [H/cm] 

(= frequency [radians/second] 

G = (sigma) conductivity [Siemens/meter] see p12. 


Skin Depths of Selected Materials 


vy, GROUP VELOCITY [cm/s] 


The velocity at which the envelope of a modulated 
wave moves. 


where 


= inductance per unit length [H/em] 
Cp = capacitance per unit length [F/em] 

permittivity of the material [F/em] 

permeability of the material, dielectric constant [H/cm] 
. = carrier frequency [radians/second] 

(© = modulating frequency [radians/second] 

phase constant 

Also, since B may be given as a function of, remember 


a) 


60 Hz 1 MHz 1GHz 
wilver 327 mm a 
copper 8.53 mm (0.066 mm — | 0.0021 mm 
gold 10.14 mm 0.079 mm — | 0.0025 mm 
aluminum 10.92 mm 0.084mm — | 0.0027 mm 
iron 6.65 mm 0.005 mm | 0.00016 mm 
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APPENDIX I 


‘The Case of Antoine Priore and His Therapeutic 
Machine: A Scandal in the Politics of Science 
© 1984, 1988 Christopher Bird (Used by permission) 


Forty- four years ago, in 1944, an Italian engineer working as 
a prisoner and forced laborer for the Germans in the huge submarine 
base in Bordeaux, approached a French police agent to plead for hi 
life. He would be killed when the Germans left Bordeaux, he said, 
and since they were by that time obviously losing the war, the day of 
his execution was at hand. 

The police officer, who also worked clandestinely for the French 
underground, told the engineer to get in his car, then simply drove 
him out of the base and introduced him to the 7th battalion of 
underground resistance fighters, in the nearby province of Dor- 
dogne. There he so distinguished himselfin military operations that 
he was ultimately decorated by the French government. 

Itwas due to his thankfulness to his savior, and his loyalty to his 
companions-in-arms, that Antoine Priore decided after the war's end 
to live out the rest ofhis life in Bordeaux. Thus he became the focus 
of one_of the strangest, and most scandalous, chapters in the 
scientific history of France or any other nation. 

Antoine Priore had earlier graduated from a small provincial 

school forelectricity in Trieste, Italy and become aradaroperatorin 
the Italian Navy. During this period he observed what to him was 
an exciting anomaly: some oranges left in a room filled with electrical 
bric-a-brac had fallen into an assemblage where they seemed to have 
been preserved in the same fresh state they had enjoyed when 
bought off a fruit stand. Other oranges in the room, bought at the 
same time, were rotten and putrid. 

Stunned by his observation, Priore dreamed throughout the war 
of one day working out an electrical means of conserving foods in 
their fresh state based on what he surmised was a new, and wholly 
unexplained, principle. Newton's apple had become Priore's orange. 

Occupied during the day as a humble electrical repairman —and 
projectionist in a movie theater — the almost wholly self-taught 
Priore devoted all his free time and his meager resources to research. 
With the help of his war-time companions, some of whom had 

attained high rank in the Bordeaux police force, he was able to beg, 
borrow, steal, scrounge, or otherwise acquire a mini-warehouse of 

electrical and electronic components and parts. With these he put 
together a device worthy of Rube Goldberg. Exposing lentil seeds to 
amagnetic field of225 gauss and electromagnetic frequencies of 80, 
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32, 3 and 10 Hertz, Priore’s device caused the lentil plants which 
sprouted from them to grow 12-15 centimeters in length, as against 
only 5 centimeters for controls not subjected to the same treatment. 
He got similar results for tulips, asparagus and other plants. 

Shifting his fous, he next radiated fertilized hens” eae, on 
to see the chicks hatch in 19 days, instead of the normal 21. Thou; 
he could not explain these astonishing results, he realized he had 
stumbled upon a process basic to the enhancement, or speeding up, 
of cellular growth, 

Itwas at this point that one ofhis police friends introduced him 
to Francis Berlureau, the former Director of Studies at the School for 
Veterinary Medicine in Toulouse and, atthe time of heir meeting, 
director of the Bordeaux abbatoir. Priore asked Berlureau to supply 
him with various animal tissues for experimentation. For 10 years 
they worked together, Priore’s free time allowing, during which 
Priore noticed he could get no electrical measurement from a cancer- 
‘ous bull’s testicles. Since he realized that, in some way, his newly 
constructed device (no trace of which remains today, except for 
snapshot ofit affected the electrical propertis of cells, he put two 
and two together and his sum of four led him to believe that he might 
be onto an electromagnetic cure for cancer. Newton's gravity had 
become Priore's cancer cure. 

Berlureau next allowed him to expose a cat with cancer of the 
mammary glands to radiation of his machine. To make absolutely 
sure that he was not exposing himself to mockery, the veterinarian 
had all the histological work done by his friend and colleague, a 
Professor Drieux at the famous Veterinarian School of Maisons- 
Allfort, neat Paris. Drieux wrote a technical report proving that 
tumor taken from a cat had, before treatment, started to become 
cancerous and, after treatment, had become benign. 

By 1953, with the help of a doctor of general medicine, Maurice 
Fournier, Priore began treating human patients whose cancers had 
been judged hopeless. The huge file of cases maintained by Fourier 

id filed with a notary until after his death, was subsequently 
mysteriously lost. Buta few details were preserved in letters discov- 
ered in an old dog-eared file. 

Some of these dating to the year 1954 concemed a 12-year old 
boy, Alain B., whose diagnosis wavered between one of reticulo- 
histio-sarcoma and a malignant form of Hodgkin's disease. The 
was taken by his parents to Priore, who irradiated him. Though the 
exact nature of the radiation was not known, 12 years later a 
Bordeaux physician, after a medical examination, certified that the 
boy, now become a man of 24, was free of disease. 

‘A second case unearthed from the old file indicated that a patient 
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with cancer of the larynx was able to avoid a laryngectomy and be 
totally cured after Priore's new ministration. 

Fascinated by the principle which he suspected must lie behind 
the strange Priore Ray, Dr. Berlureau tried to get some Bordeaux 
University physicists interested in the problem but was laughed out 
oftheir offices. He next turned to cancer specialists, beginning with 
Professor Lachapele, the Director of the Bergonie Foundation, a 
prestigious center for cancer research, to whom he proposed animal 
experiments to prove the efficacy of Priore's methodology. His plea 
met with a stony affirmation on Lachapele’s part to the effect that he 
and his colleagues had no need of the new discovery, inasmuch as 
“all the patients treated in his hospital were cured and departed in 
perfect health.” As ifbound in the chains ofhis curt reply, years later 
Lachapele was to become one of the bitter adversaries of Priore's 
pioneering research. 

Only somewhat discouraged, Priore kept up his momentum. He 
went on to build a new and more complicated version ofhis treatment 
device, called the P-1, over the next year. When it was finished he 
secretly and unofficially began to treat dozens of cancer patients who 
had been given up by their doctors as incurable. At his funeral in 
March of last year, among the crowd of mourners was, it is said, a 
small platoon of older people who had been cured of their terrible 
afflictions by Priore in the 1950s. 

While his findings excited him, he nevertheless felt tremen- 
dously frustrated that he could apparently get no one in the world of 
medicine or science to pay attention to them. Undaunted by his 
previous rebuffs, his friend Berlureau next introduced the Italian at 
the end of 1959 or the beginning of 1960 to Professor Tayeau, vice 
dean of Bordeaux's Medical Faculty. Unlike Lachapele, Tayeau 
behaved as a true physician and scientist. He sent Priore to two 
researchers, Biraben, head of the Faculty's Department of Patho- 
logical Anatomy, and his assistant, Deimon. The two had been 
working together on cancerous rats for two years—specifically on 
animals grafted with T-8 tumors, discovered by the internationally 
famous team of Guerin and Oberling in Paris, which had proven to 
be intractable to any form of treatment yet known. To their utter 
surprise, the tumors in the rats treated with Priore’s machine were 
reduced in volume by 60%, marking the first time in the history of 
cancerology that the virulent T-§ tumor had in any way been 
affected by any form of treatment. 

Knowing that the mayor of Bordeaux, Jacques Chabans~Del- 
mas-who has kept his post until this day, and was soon to become 
prime minister of France-- was most interested in the work of Priore 
(who, he too, had known as a fellow resistance fighter), they also 
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informed Chaban, 

Promptly Chaban convoked not one, but two, commissions made 
up ofBordeaux and Parisian scientists to study the Biraben-Delmon 
results in detail. Both commissions rejected Priore and his machine 
out ofhand, and without appeal. It is curious that, in the science of 
our day, a result, undeniable though it may be, seems to have no 
hearing unless and until all means to effect it can be adequately 
explained. It was for this ostensible reason that the two commissions 
decided to so adamantly reject the research: Biraben and Delmon 
could not explain the nature of the radiation engendered by the 
Priore device. 

One can stress the word ostensible here because the principal 
reason for the rejection lay elsewhere. The decision by the first 
commission was, in fact, hardly unanimous. But among its members 
was the same Professor Lachapele who had refused Berlureau's plea 
for assistance. His opinion was that even the results themselves 
were oflittle value because they were obtained, not on spontaneously 
arising, but on grafted, cancers. The fact that no treatment whatso- 
ever had ever affected a T-8 tumor was totally discounted. As the sole 
cancerologist on the commission, Lachapele's dictum was prepon- 
derant. 

When he learned that the rejection of the first commission had 
actually been a split decision, the Bordeaux mayor asked for the 
formation of a second commission to re-examine the problem. Fear- 
ing a reversal, Lachapele was able to get one of his colleagues, 
Professor Courtial, director ofthe Radium Institute in Paris, and one 
ofthe so-called top authorities of French cancer research, named to 
it. Itwas all but impossible for the other physicians on the new com- 
mission now to outvote not one, but two, cancer specialists, so again 
the antagonists won the day. 

At no time did either of the commissions bother to interview 
Priore himself or to run a supplementary experiment under their 
own control 

This seemingly incomprehensible attitude on the part of scien- 
tific authority was only a foretaste of what was to come, again and 
again, over the years. Biraben and Delmon went on to do new 
experiments. They modified either the time after grafting that the 
radiation was applied, or the length ofits duration. This time their 
efforts were crowned with unequivocal and complete success. The 
tumors stopped growing and, when still living cells were excised 
from them and implanted in healthy control animals, none of them 
became malignant. 

Though these results should normally have fascinated any 
academy ofmedicine or sciences, the two researchers did not publish 
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them. Why? The reasons horrify or disgust. It seemed that Biraben 
was simultaneously preparing an examination for the agregation, 
the highest French academic degree leading to a senior university 
teaching post. In charge ofthe committee to pass on, and award, this, 
degree was none other than that same Professor Lachapele who told 
him: "Either you get the degree, necessary to your professional 
advancement, or you publish your research paper. But not both!” 
Discouraged, Biraben ceded to this demand but nevertheless contin- 
ued to work on the research that looked so exciting and promising. 

Most mystifying to him was how the machine operated to 
achieve its startling results. At the 3rd Congress of Biometerology 
held in 1963 in the Pyrennees mountains, a New York City re- 
searcher by the name of Kenneth McLean reported he had been able 
to obtain regressions on tumors and improve the health of cancer 
patients by using a magnetic field of a strength of 3000 gauss or 
more. Acting on this hint, Biraben and Delmon made an electromag- 
net that put out a field of 4,500 gauss and tried it out on the TS 
tumors but without the slightest success. Obviously, something 
other than a simple mag 

In 1966, after others had had the same success with the T-8 
tumor by irradiating it with the "Priore Ray,” the two scientists 
finally published a memoir in the Revue of Comparative Pathol- 
ogy in which they stated that neither magnetic fields nor X-rays had 
any effect on the T-8s and that "only certain devices associating a 
magnetic field with high frequency waves seem at present to reveal 
therapeutic properties..." 

‘Their conclusions were too late for, by that time, a campaign to 
stamp out Priore and his electromagnetic approach to cancer cure 
was well underway, a campaign that has lasted right up to the 
present moment. 

‘The all-powerful Lachapele had sealed the fate of the Priore 
device as far as the local Bordeaux medical community was con- 
comed. Veterinarian Berlureau and Priore next decided to carry 
their case to Paris. They contacted Professor Guerin at the cancer 
Institute at Villejuif, the leading French center for cancer research 
nnd the equivalent of the American National Cancer Institute in Be- 
thesda, Maryland. Guerin, one ofthe discoverers of the T-8 tumor, 
which for the first time had been stopped in its tracks by the Priore 
device, courteously received his guests and heard them relate the 
whole story of how the device had come into being, starting at the 
point. when Priore had seen the oranges strangely preserved by some 
unaccountable electromagnetic effect. 

Guerin was sufficiently impressed that he assigned his col- 
league, Marcel-Rene Riviere, to delve into the whole question. For 
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two years, Riviere, who also had teaching responsibilities at the 
University of Rennes in Brittany, unremittingly worked to corrobo- 
rate the Biraben-Delmon findings. On 9 December 1964 a note wa 
sent for publication in the Proceedings of the French Academy of 
Sciences detailing the research and modestly concluding: "... as of 
now, one may already state that our first observations show that 
electromagnetic fields used can lead to most interesting data from a 
point of view of the biological behavior of grafts and their therapeutic 
action on experimental tumors." 

Riviere next decided to see ifthe Priore Ray could affect another 
tumoral form that had never been affected by any therapeutic 
method, the 347 lymphoblastic lymphosarcoma. The results were 
even more spectacularthan for the T-8 tumor. The effects produced 
were of broader scope and took place more rapidly. A second note was 
sent to the Academy for publication. The conclusion read: "We can 
now already affirm that our research offers proof that electromag- 
netic fields are capable of producing effects on quite different type 
of neoplasms.” 

At this point one of the key characters in this extraordinary 
drama must be introduced. There might have been no drama at ail 
without his appearance on stage. This personage was Robert Cour- 
rier, an eminent endocrinologist, who had been named, while still in 
his 30s, a full professor. Courrier was now perpetual secretary of the 
Academy of Sciences and later would become President of the 
Academy ofMedicine. Because no scientific paper can be accepted by 
an academy unless introduced by one of its members, Riviere would 
have had no chance to see his work so prestigiously published had 
not Courrier, who knew Riviere well, since he had shepherded him 
through the winning ofhis doctorate, taken the responsibility for its 
introduction. 

It was Courrier who, at this point, also took up the cudgel to 
interest various highly placed French organizations responsible for 
the administration of scientific projects and their funding. Thus, ho 
sent a personal letter to the French Minister for Scientific Atomic 
and Space Research, who immediately offered to try to make funds 
available for further research on and with the Priore Ray. He also 
personally asked the Director of the CNRS (National Center for 
Scientific Research, which coordinates and oversees all such activity 
in France) to receive Priore and Riviere. 

Thatthis meeting was, in its way, somewhat ofa disaster, can be 
explained in part only by a brief resume of the complex character of 
Priore himself. Priore throughout his life had great difficulty 
making himself understood in the French language and, as the years 
went by, he even forgot how adequately to speak his own mother 
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tongue, Italian, Added to these twin impediments was his lifelong 
fear that his discoveries and inventions were prone to being stolen, 
a fear which led him never to fully explain the exact nature of the 
complex radiation emitted from his machine, far less the settings 
which controlled its various parameters. Whether Priore would not, 
or could not, exactly explain the functioning ofhis invention (which, 
as we shall see, went through several increasingly complex genera- 
tions) is a question to which no precise answer has been given. It 
would appear that Priore was an excellent engineer gifted more with 
a God-given intuition than with school-book reasoning and logic. In 
short, Priore had_a combination of talents that could remind one of 
the same enigmatic personality that was Nikola Tesla, the deductive 
reasoning behind some of whose discoveries has never fully been 
unraveled. 

Highly placed scientific administrators are neither comfortable 
with, nor sympathetic to, what they see as self-appointed geniuses 
who have not run the same academic gauntlet through which they 
themselves had to pass. Thus the CNRS director took aversion to 
Priore’s somewhat incomprehensible, yet fairly prolix explanations 
ofhis technology and only recommended that a physicist be sent to 
look over his device to properly decipher its working. At the same 
time, the Minister, together with the head ofthe general delegation 
for Scientific Research (DGRST) — still another key body in the 
administration of the French scientific decision-making proce: 
let it be known to Robert Courrier that they had not understood a 
tingle thing about Priore's invention despite his best efforts to 
present it. 

Advancing one more step into what was to become for him a 20 
year-long expedition into a jungle of scientific intrigue, Courrier 
next resolutely decided to send to Bordeaux one of his most trusted 
laboratory workers, Madame Colonge, to repeat Riviere's experi- 
ments under her personal supervision. The DGRST director fully 
Concurred with Courrier's decision, while letting slip his admission 
that he strongly suspected that Riviere might well have been duped 
in some manner by Priore. When Courrier asked the minister for 
travel funds for Madame Colonge, he was refused with the dry 
remark that such a request was "premature." The now angry Cour- 
rier telephoned to reply: "You've been spending millions for pro- 
grams and hypotheses about the cancer problem. Riviere has been 
presenting you with facts 

‘The physicist who had been sentto try to elucidate the function- 
ing principles of Priore’s device, reported that he could make neither 
"head nor tail” of the machine 

‘Madame Colonge’s experimentation was as prolonged as neces- 
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sary. She was so meticulous that, in order not to take her eyes off 
the experimental animals for an instant, she limited her lunches to 
sandwiches eaten in the laboratory. She returned, profoundly im- 
pressed, to Paris. 

Nor was Riviere idle during this period. He decided to experi- 
ment with the L-52 lymphosarcoma, a tumor similar to, but even 
more malignant than the 347. This time, he used not rats, but mice, 
as hosts for the grafts, So suecessful were his results that, this time, 
Courrier decided to bar no holds. Instead of simply having a note 
published in the Academy Proceedings on the quiet, he decided to 
present it personally, orally, and in all solemnity, before his fellow 
academicians at an official meeting scheduled for I May 1965, 

That date was, and is, a turning pointin what came tobe known 
in France as the "Priore Affair.” From then on the whole French, and 
even the international, scientific community could be divided into a 
minority and amajonty group. the firstthat believed in the research, 
the second that did notknow enough details about it, did not or would 
not believe, or simply didn't give a damn, 

Before Courrier could make his presentation, its scheduling and 
subject were inadvertently and prematurely leaked to the press. 
Immediately thereafter, a horde ofjournalists arrived in Bordeaux. 
After one of two of them managed to all but force entry into his lab, 
Priore closed its doors and, with the help of his friénds, wrote a 
printed press release that stressed his thankfulness to the many 
people who had helped him over the years rather than providing any 
comprehensible details about the machine he had brought to birth. 
Stymied, many of the newsmen travelled across town to seek an 
explanation from its leading cancerologist, Professor Lachapele, 
who informed them acidly that the machine was all but useless and 
unworthy of their attention or their time: 

The journalists reports, founded as they were on rumor of 
outright lies, riled the pages oftheir newspapers and magazines in 
such a way that they either over-exaggerated the potential or a 
forthcoming cancer cure, or came close to billing Priore as just one 
more cancer-cure charlatan, All of which so alarmed, amoig many 
others, Dr. Wilhelm Bernhard, world specialist in electron micros- 
copy. that he called his friend Courier to warn him that his 
forthcoming presentation to the academy might put his hard-won 
reputation at risk as well as those of Guerin, Riviere and the Villejuif 
cancer institute itself. 

In the journalistic melee, no one had bothered to read the 
declaration carefully issued by Riviere fiom Rennes, where he was 
occupied with his university courses, which formally stated: "Our 
experiments are ofreal interest. Much more experimental research 
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has ofcourse tobe done before any therapeutic application on human 
cancer victims can even be considered. It goes without saying that 
this will take a certain time and no little effort of many types, both 
scientific and financial. Our work, as fascinating a perspective as it 
might hold, in no way, therefore, allows anyone to offer the public 
hope which could only lead to deception at the present time. 

‘On May Day, Courrier gave his report to an Academy assembly 
hall crowded with scientists, newspapers and television reporters, 
photographers and an unusual number of curious bystanders. Ac- 
companied with slides showing histological details, and animals 
before and after treatment, his lecture was heard out in almost tomb- 
like silence. When the lights came on again, he announced that he 
had personally checked the validity of Riviere's findings through the 
offices ofhis personal assistant, Madame Colonge. He then went on 
to say that he had taken the responsibility of presenting three notes 
to the Academy for two reasons. The first was a ringing declaration 
and a challenge to critics and skeptics ofevery stamp. Itreads "When 
it is a question ofa problem as serious as that of cancer and when one 
sees a little light beginning to dawn, one has the obligation to see 
what this light might represent. One has no right to snuff it out 
before learning what it may be worth.” 

‘The second was a tribute to his colleagues who had done the 
pioneering work, particularly Guerin, Riviere and Madame Colonge, 
and a statement ofthe essence of the problem to be faced down the 
road. It read: "Attention must naturally be given to the apparatus 
which Monsieur Priore has conceived and constructed. It has appar- 
ently already been examined by several physicists. It is found to be 
too complicated. While that may be possible, it is nevertheless a fact 
that Guerin and Riviere have obtained results with it that had to be 
made public. What is emitted from such an apparatus? I hope 
Monsieur Priore will allow disinterested physicists to study it at 
their leisure, for Science cannot tolerate apparatuses enveloped in 
mystery.” Then, as almost a footnote to the history of the moment: 
"The biological action of magnetic fields is the object of intense 
research in the United States. In specialized institutes, the influence 
of these fields on tissue cultures, microbes, plant forms, diastases 
and certain tumors is under study. Up to now, the results obtained 
on grafted tumors seem less significant than those which have here 
been presented. 

After Courrier sat down, a leading cancer specialist, Professor 
Lacassagne, rose to ask snidely why the notes had included no 
bibliographical references on work done on the bio-effects on tumors 
from electromagnetic fields, and criticized the experimentation as 

impromptu.” When Courrier denied this allegation as ludicrous, 
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Lacassagne stalked out of the assembly hall in full view of the 
audience. 

The meeting caused a new eruption of media reports which 
unfortunately accented one of three aspects of the problem at the 
expense of the other two. These were 1) the hope that a miraculous 
cure for cancer was in the offing 2) the contradictory, not to say 
discordant, reception of the data by various academics and 3) the 
enigma of Priore's personality. 

Remarkably, no serious discussion among the scientists present 
at the meeting ever took place. This led a foreign scientist, present 
in Paris at the time, to remark: "Jdon't understand. Here is a report 
given to the most authoritative scientific body in France by one ofthe 
‘most respected and eminent of its members and it is publicly subject 
to doubt without that leading to any reaction whatsoever." 

The General Delegation for Scientific Research was at this point 
still open to the idea of providing funds for more research with the 
Priore Ray. The big stumbling block, however, was one related to 
niceties involved in relations up and down the scientific hierarchy. 
To open the way to the allocation of such funds required the approval 
of the Delegation’s own section for cancer research and that section 
was headed by none other than the same Professor Lacassagne who 
had so rudely walked out of the Academy's assembly hall. 

At the same time the General Delegate diplomatically covered 
himself by suggesting to Robert Courrier that he had to have more 
information underscoring the potential importance of the research 
accomplished. Courrier told him to simply re-read the three notes he 
had presented to the academy. His matter-of-fact, yet terse, come 
back then elicited his invitation to a full-dress meeting of scientific 
experts at the Institute for Scientific Cancer Research 

In this short historical account we obviously cannot go into the 
ins and outs of what transpired at this meeting or any of the many 
similar meetings which followed it. A paragraph in a brilliant book, 
four years in the writing, by the courageous Bordeaux journalist, 
Jean-Michel Graille and entitled: Dossier Priore, A New Pasteur 
Affair (of which this account is but a tenuous synopsis) must suffice 
to pointedly characterize the nature of the problem in its most 
general sense. 

Writes Graille: "To read what follows in this chapter might well 
seem tedious: an enumeration of names and titles, the content of a 
debate held at an administrative meeting, personal remarks by one 
ranking personage or another, exchanges of letters following the 
meeting itselfand the official report which came out ofit. Tedious but 
indispensible for not a few reasons. It is important to know who were 
the participants at this meeting and what of these participants each 
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was trying to represent. It is important to know how such scientific 
meetings go about their business at the ‘top level,’ And, finally, it i 

important to learn about and to understand, in the particular case 
of the Priore Affair, the behavior and reactions of all concerned. A 
reading of all this could be difficult (and it won't be the only such 
passage in this book) yet it is necessary to understand the essence of 
the dossier in order to be able to create for oneself as clear and well- 
motivated a personal opinion about it as to subsequently be able to 
it, or to hear it discussed, with a thorough knowledge of the 


In this single paragraph, Jean-Michel Graille has, in m 
opinion, pointed to both the nub and the difficulty in getting at the 
essence ofthe real facts behind a case such as that of Priore's that are 
so important to its proper understanding, an understanding which 
inst the backdrop ofthe history of science and the 
backdrop of human pettiness and maliciousness or human courage 
and magnanimity. 

One of the participants, Professor Andre Lwoff, soon to become 
n Nobel Laureate for his work in virology, was violently against the 
meeting's central issue: namely, whether or not funds should be 
spent to build a new and better Priore machine. Not only did Lwoff 
aver that the three notes presented to the Academy never should 
have been published, but he also opined that since all the work was 
done, not on spontaneously generated but on grafted cancers, the 
effects of the machine were hardly impressive. He later added in 
writing that 1) the patents issued to Priore for his device were 
nothing but a web ofnonsense, 2) the machine itself could never be 
duplicated based on any description given for it by its inventor and, 
in a repetition ofhis oral remarks, 3) the fact that only cancer grafts 
were experimented with was nothing to shout about. He strangely 
added that because the animals who had been irradiated subse- 
quently were able to entirely reject new grafts, the whole phenome- 
non offered no proof that cancer cells could be killed while healthy 
cells were not. The whole thing came down to a question ofimmunity, 
he said, as ifthat were not of the greatest possible importance. 

To which, in due course, Guerin and Riviere replied: "Ithas been 
claimed that our experiments are valueless because they were 
carried out on grafted tumors and that other therapeutic measures 
were known to get rid of such tumors and their metastases. We defy 
those persons who have made such affirmations to prove, with the use 
of such other measures, that animals infected with T-8 tumors can be 
cured at a percentage rale identical to those obtained by using the 
device which Monsieur Priore has developed.” 

Not a soul has responded to this challenge, then or since. 


HIGH FREQUENCY 
At high frequencies, more materials behave as 
dielectrics, i.e. copper is a dielectric in the gamma 
ray range. A wave is considered high frequency when 
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What happens to the complex propagation constant at high 
frequency? 
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The loss tangent, a value between 0 and 1, is the loss 
coefficient of a wave after it has traveled one 
wavelength. This is the way data is usually presented 
in texts. This is not the same 5 that is used for skin 
depth. 
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ee Is proportional to the amount of current going through 
the capacitance C. 


« Is proportional to the amount current going through the 
conductance G. 


TEM WAVES 
Transverse Electromagnetic Waves 


Electromagnetic waves that have single, orthogonal 
vector electric and magnetic field components (e.g. 
and.7, ), both varying with a single coordinate of space 
(e.g., ), are known as uniform plane waves ot 
transverse electromagnetic (TEM) waves. TEM 
calculations may be made using formulas from 
electrostatics; this is referred to as quasi-static 
solution. 


Characteristics of TEM Waves 
‘* The velocity of propagation (always in the z direction) is 


v, =1/ Jie. which is the speed of ight in the material 


‘© There is no electric or magnetic field in the direction of 
propagation. Since this means there is no voltage drop in 
the direction of propagation, it suggests that no current 
flows in that direction, 

‘= The electric field is normal to the magnetic field 

‘© The value of the electric field is n times that of the 
magnetic field at any instant. 

‘© The direction of propagation is given by the direction of 
ExH 

‘= The energy stored in the electric field per unit volume at 
any instant and any point is equal to the energy stored in 
the magnetic field. 


TEM ASSUMPTIONS 
‘Some assumptions are made for TEM waves. 
#=0 #=0 
o=0 time dependence e/ 
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‘A second cancer expert at the meeting, a woman of great 
influence, resorted only to the cavil that the experiments had been 
of doubtful quality since none of the animals had been weighed. The 
fact that those same animals had survived normally lethal cancers 
seemed not to have weighed with her. 

‘There were many more observations of the same ilk. They seem 
atrociously paltry, trifling and picayune coming from professionals 
who, ifthey no longer believed in the Hippocratic oath to which they 
once swore, are considered by the public in general, and by cancer 
patients in particular, at least to be concemed with seeing what a 
little light on the problem might reveal before extinguishing it, as 
Professor Courrier expressed it 

Atthe same time, we must not forget Priore’s decidedly difficult 
personality. He was an inventor determined at all costs that hi 
invention be developed for the benefit ofhumanity, yet anxious that 
that same humanity not steal it from him. As author Graille puts it, 
His conceptions and attitude directly or indirectly conditioned the 
overall essence of this affair. Full of enthusiasm, from the very da 
he discovered that the ray he had developed had a curative effect on 
a cancerous cat, he developed a single-minded fixation on cancer 
One could understand and sympathize with him on this score. Here 
he is, a little Italian immigrant without money or means, and he is 
going to offer the world a cancer cure. He is so convinced that he 
wants to move ahead to doingjust that. He will never understand or 
accept the exigencies of Science or Medicine. For him, experiments, 
controls, verifications and parallel research are a waste of precious 
time. ‘I've made machines which cure cancer. Take them and treat 
cancer patients. Don't bother with the rest.’ Such would be a 
summation of his point of view." 

Through the efforts of persons kindly disposed to the inventor, 
this point of view was softened and he came finally to understand the- 
necessity for what has been called scientific rigor, on the other hand. 
another aspect of his character never changed an iota. This was his 
determination to preserve the secret ofhis invention, motivated first 
ofall by his unshakeable desire thatit be developed in Bordeaux, the 
city ofhis adoption, for the citizens ofthat city. Deeply rooted was his 
belief that ifhe made his secret public, the machine would be taken 
from the Bordeaux region and further developed by Parisians, those 
who considered themselves to be in the penthouse of the scientific 
edifice. Once this was accomplished, he would likely not have one 
more word to say about the matter. Therefore he continued jealously 
to conserve his secret and put confidence in nobody. 

As Graille generously concedes, he may well have been right. 
and adds: "Allhis life he had to go up against men, whether scientists 
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or industrialists, who had but one idea in their heads: to get to the 
bottom of the inventor's secret in order to build for themselves a 
machine which they then could exploit for their own account, for 
their own glory. Many such ‘Priore Machines’ were to be actually 
built more or less surreptitiously or clandestinely. Not one of them 
ever worked." 

While one might easily accuse Priore of a limited view, the 
horizons of the researchers themselves were certainly not as broad 
us they might have been. Those involved in bio-medicine were 
content with the results produced by the machine, the workings of 
which were ofno concern to them. A black box, as it were, emitted a 
ray that definitely affected experimental animals. Atthe same time, 
as researchers specifically interested in the cancer problem, they 
never gave a thought to what the Priore Ray might accomplish in the 
wider clinical domain of other afflictions. 

As for the physicists, they were seemingly not up to the task of 
comprehending a complex radiation that had miraculously sprung, 
as from the head of Zeus, out ofthe intuition ofa man they considered 
to be an undereducated and all but illiterate gadgeteer. Still others, 
whether physicists, biologists, doctors of medicine or specialists in a 
dozen other fields, were willing to throw the baby out even before it 
went into the bath water. In their eyes Priore was just a nobody. 

Behind the scenes, many ofthese scientists resorted to using the 
press to achieve their own ends. Thus, the chief medical chronicler 
for Le Monde (the French New York Times), herself a doctor of 
medicine, was led to write outright lies about the Priore Affair— 
specifically and falsely stating that cancer patients had been treated 
with the Priore Ray in the clinic of Professor Lachapele in Bordeaux 
with not only negative, but disastrous, results. 

On the other hand, a journalist for another leading Paris daily, 
Le Figaro, scrupulously conscious of his responsibility to fairly 
report what was going on, aptly wrote: "We would like to see at least 
one thorny point clarified as soon as possible. Several years ago 
Professor Biraben ofthe Bordeaux Medical Faculty (who at that time 
had not become a ranking professor) was involved with the Priore 
device. According to certain reports from medical circles, his results, 
seemed, even at that time, to have been already quite positive on 
small animals and he seems to have written a report to that effect, 
Hewas advised by highly placed authorities "to keep quiet" and stop 
talking about this affair. If this turns out to be true, it would be a 
veritable medical scandal to be judged in the harshest terms.” 

Could one have put it more succinctly’? 

The foregoing is to present something of the flavor of what was 
transpiring in the wide world far removed from the laboratory of 
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Priore who, at the time unaware ofit, was revelling in the fact that 
his machine had been successfully used by high-ranking French 
cancerologists and its results reported in three separate notes to the 
Academy of Sciences, 

His courage was also more than buoyed by the arrival on the 
scene of the commercial director of a large French industrial firm 
specializing in the intricacies of manufacturing glass components. 
This man had heard that Priore needed a large tube that was beyond 
all existing norms and perhaps did not exist anywhere in the world. 
This tube, it can be stated, contained a rare gas, neon, which when 
excited into a plasma, seemed somehow to convert the various 
electromagnetic inputs into a single Priore Ray which surged from 
the business end ofthe tube. In the tube were an anode and cathode. 
Peculiar to the anode was that ithad to rotate to produce the desired 
biological effects and this is but one of the anomalies in Priore’s, 
equipment which physicists and bio-physicists have to this day been 
unable to explain. 

‘The manufacturing company, a subsidiary of the internationally 
known company, Saint Gobain, was looking for a new product. The 
commercial director thought the new tube might fill the bill, particu- 
larly if it could be adapted to a machine that might ultimately cure 
cancer, a product that indubitably would have an enormous market 
across the world. There were plenty of problems with regard to the 
tube, notably those of its large dimension, its resistance and its 
conductability. When the tube was finally made, it now seemed that. 
Priore would have to explain his discoveries to the scientists of the 
company that had made it. One of these was sent to elicit such an 
explanation but was, so to speak, "shot down in flames" by Priore. 
So a second attempt was made by Ivan Peyches, a senior executive 
of the company, and president of the Society of Civil Engineers of 
France, who made a detailed investigation of the device. His reports 
were subsequently lost, but there remained an article he published 
in a leading French journal, Sciences and Technics, a short time 
before his death in 1978. Itbore the intriguing title: "What Are So- 
Called Paranormal Phenomena’ 

Initthe engineer wrote: "There was so great an accumulation of 
components capable ofhaving some kind ofaction, and being unable 
to work separately, that the results of measurement were limited to 
proving that there were no specific rays that issued from the tube 
(Priore talked aboutcanal rays), no more than there were any X rays. 
On the other hand one could detect a magnetic field which was the 
end result ofa field proper to the tube and ofthe magnetic field of a 
solenoid that constituted the experimental chamber, an electromag- 
netic field with a frequency of 16 megacycles (19 meters) and a high 
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frequency field (metric waves), the whole being pulsed at a very low 
frequency ofan order ofone per second. It was impossible, in such an 
imbroglio, to determine what was necessary and what was suffi- 
cient. Priore maintained that the simultaneous action ofhis various 
generators was indispensible to achieving his effect." 

Peyches then went on to relate how he tried to persuade Priore 
to offer a more precise definition ofhis thinking about the workings 
ofhis device. He wrote the inventor: "At this point, I would say that 
all reticence on your part, which in your eyes would be justified by 
the fear of seeing yourself partially dispossessed of your work, would 
be of far greater detriment to you than any safeguard of your 
interests. Moreover, since it has become a question involved in public 
health, you are no longer entirely your own boss...you absolutely 
must bring all this to the clear light ofday and I don't believe you can 
do it alone... You must supply all the characteristics so that third 
parties can reproduce your results.” Then, he concluded by citing the 
words of an academician: "Many phenomena are rejected by the 
scientific world because they are considered irrational: But it is not 
B proof of scientific honesty to refuse a priori to try, out ofhomage 
totruth, to have a look at them and perhaps to understand them. Will 
Science one day be able to abandon its taboos?" 

It was Peyches' final conclusion that, in the end, Priore was a 
man of genius who knew absolutely nothing about what occurred in 
his machine from the scientific point of view. The company which he 
represented no longer exists since it was bought out by the American 
firm of Corning Glass. 

Industrial interest in the Priore device was not limited to the 
Saint Gobain subsidiary. Next into the lists was a company in 
Anguouleme, Leroy-Somer, which specialized in electric motors, 
generators and later was to branch out into solar power. Its presi- 
dent, Georges Chavanes, took the initiative to write to Priore in 1965 
that his company was interested in providing some of the complex 
electrical equipment needed by the inventor, more particularly high- 
powered generators, on the condition that Priore move his operation 
to the company seat at Anguouleme. When the inventor categori: 
cally refused, Chavanes tentatively agreed to build a factory to 
manufacture the Priore device in Bordeaux itself 

The alliance between Leroy-Somer and Priore, shaky at best, 
lasted two years and blew up on Holy Thursday of 1967. The period 
$ a stormy one for both parties to the agreement. Priore did his 
best to convince Chavanes to commit himself to building a huge 
machine with a magnetic gauss strength of 10,000 gauss. In the end 
he got one that put out only 920 gauss, not much stronger than the 
machine he had already built which put out 620 gauss. Since the field 
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of action increased with the gauss strength, Priore reasoned that a 
machine of literally behemoth size would be able to irradiate the 
whole, or every part, of a human cancer victim lying on a stretcher, 
whereas the smaller machines had been effective only for small 
animals or for treating a limited portion of the human body. 

Chavanes and his company were aware that it would be a 
tremendous financial burden to contemplate building the larger 
machine. So they went ahead with plans for the smaller one while at, 
the same time putting great pressure on Priore himselfto make him 
feel that he was the least important cog in a new gear, in fact that his, 
status was reduced to being a simple employee of Leroy-Somer. In 
Graille’s estimation, this lack of psychological finesse on Chavanes 
part constituted what he called "the blackest pages in the Dossier 
Priore." 

Even the smaller machine was to cost about half a million 
dollars, a price which today, due to inflation, could be tripled or 
quadrupled. During a stage in which an intermediate machine was 
designed by the chief Leroy-Somer engineer, Ribeau, a machine that 
never did function properly, Chavanes all but forced Priore, who was 
heavily in debt, to sign a contract which was falsified. The falsifica 
tion was a matter of one word which was changed in the contract. In 
a phrase reading that an exclusive license of patents, and subse- 
quent patent modifications, would accrue to the company "for all 
countries solely for therapy on cancers concerning animals and 
humans,” a word was inserted by hand so that the phrase read. 
"concerning particularly animals and humans" implying that other 
uses ofthe machine, whatever they might turn out to be, would also 
accrue to the company. This one word change was amended on 
Priore’s copy of the contract by calling the word "particularly" a 
“nullified word," but on Chavanes' copy it was called an "added 
word.” 

Leroy-Somer believed it was sufficiently well positioned in the 
driver's Seat to be able to deal on behalf of Priore himself with the 
French governmental institutions, mainly the General Delegation, 
concerned with the funding of the new machine. When Priore 
learned of Chavanes' contact with the General Delegation he wrote 
aletter informingit thatno one had the right to deal inhis name. Nor 
did Chavanes even attempt to cut the Saint Gobain subsidiary, 
which alone could supply the tube, key to the device's functioning, in 
on the government funding, 

In the meantime, no less a figure than Professor Kastler, soon to 
win the Nobel Prize in Physics, came down from Paris to inspect. the 
existing Priore device. He brought with him Delmon, who, we recall, 
had worked with Berlureau on the first animal experiments and who 
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NOW, it turned out, was trying to build his own version of a Priore 
device on the sly without telling Priore. Kastler’s bringing Delmon 
with him to Priore’s lab so angered Robert Courrier that he told the 
physicist he had committed a real gaffe. He also convinced Kastler 
that Leroy-Somer should build a machine with a power of at least 
5000 gauss, but Chavanes refused. There seemed to be no harmony 
of outlook between the leading industrialist concerned, on the one 
hand, and the top physical and biological scientists on the other. 

While all these, and many more, peripatetics were proceeding, 
Priore’s sister in Italy came down with cancer. Beside himself with 
atic, Priore informed all concerned to commit themselves either to 
building an intermediate machine correctly, under his supervision 
or, better, the 5000-gauss machine, and to do this in time to save his 
sister, or he would wash his hands ofthe entire matter. Confronted 
with this ultimatum, the company began to work round the clock to 
perfect the intermediate machine but engineers involved, believing 
themselves to be more adroit with respect to its design than Priore, 
left out a host of what, to them, were unnecessary components. The 
result was that when the machine was first put to trial, most of the 
components burned out or otherwise failed, and the machine itself 
became a useless pile of rubble. 

Shortly thereafter, Priore's sister died of cancer. Her grief 
stricken brother went into what amounted to total isolation, unwill- 
ing to talk to a soul 

The whole Priore affair might have ended at that point, in the 
early part of 1967, were it not for the entry onto the scene ofa key 

figure, Professor Raymond Pautrizel. Bor on 3 June 1916 in 
Basseterre, capital ofthe French Carribean island of Guadeloupe, at 
forty years of age he was on the Faculty of Medicine at Bordeaux. He 
soon became known, world-wide, as the "father of parasitological im- 
munity,” a title he never accepted, saying that, ifothers had awarded 
it, it was simply because "he had searched through old scientific 
publications to find ideas that were as valid for modern research as 
they were forgotten by modern researchers." And he later was 
quoted as adding: "It is really too bad that researchers today don't 
pause from time to tome to dig into studies made by their predeces- 
sors, some of which were performed even decades ago!” 

Professor Pautrizel was awarded the first academic chair in 
France for immunology, and later a special unit was created for him 
for parasitological immunology, a subject which is both simple and 
complex. The simple part involves the fact that various immunologi- 
cal techniques can be applied to diagnosing specific parasites that 
have invaded an organism in order to develop preventative actions 
against them via vaccines, or curative actions via serums 
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When invaded by parasites, organisms react by creating anti- 
bodies, specific substances aimed at killing the invaders also known 
as antigens. These antibodies are liberated, like an attacking army, 
into the blood. Simple enough so far. The complexity arises because 
the defending army, the parasites, don'tjust lie down and die under 
the attack. They are capable of modifying their "personalities," as it 
were, and of changing various oftheir characteristics such that the 
mechanisms that the host uses to recognize, or detect, the invaders 
are invalidated. Thus, the substance which an organism would 
secrete to destroy an invader A becomes incapable of recognizing A, 
now become A-l, and therefore incapable of destroying it. 

The organism at this point seems to realize it has to create a 
different substance to rid itself of its antagonist but, in the mean- 
time, the metamorphized parasite is getting on with its assigned 
destructive task. Alternatively, the parasite has another capability: 
that of itself liberating substances which can annul or annihilate the 
organism's overall defense system. A sort of "in the blood” version of 
Star Wars is going on at the microscopic level. 

The study and classification of the substances - - call them 
weapons - - emitted by parasite-attacked organisms allows for the 
establishment, in turn, ofbatteries oftests to define the exact nature 
ofthe parasites themselves in order to come up with an appropriate 
therapy or counter-weapon 

This then, is the essence of parisitological immunology, Ray- 
mond Pautrizel's area ofresearch. He specialized on a particularly 
lethal parasite known as trypanosome, the scourge of tropical third- 
world countries where. in one form, it causes sleeping sickness in 
animals and humans, in another, equine syphillis, in still othera, 
other afflications. Over the years, during which he produced a small 
library ofliterature on the problem (known mostly to specialists in 
countries where that problem is acute), Pautrizel and his team 
discovered, among other things, that the trypanosome can modify 
itself, again and again, up to 101 times over a period as short as onl 
three weeks. 

Even before his work on trypanosomes, Pautrizel, back in 1949, 
was one of the first researchers to discover what is known as 
ambivalence in drugs, notably histamine. Histamine is a substance 
which is secreted by an organism as a defense mechanism but if 
oversecreted by certain cells circulating in the blood, it becomes 
virulently noxious, mainly by overdialating blood vessels, thus 
making them permeable to water and leading to edema and even 
death. This process occurs, for instance, in some human beings who 
are highly susceptible and over-reactive to bee or wasp stings. 

Pautrizel's research on the noxious aspects of histamine led to 
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his finding that the same substance, applied in requisite small doses, 
is extremely importantto the defense system ofthe organism. Today 
he stresses the notion ofambivalence in many areas ofhis work and 
characterizes it as "a key to the biology of the day after tomorrow." 

‘To finish with the background on Pautrizel, before bringing him 
on stage in the Priore drama, it may be added that only a few years 
ago, at a formal reception for him attended by the medical elite of 
France, he was given a Basque makila, an iron-bound honorific cane 
of sculptured wood, in tribute to his work. On it was the incised 
inscription: "Sometimes to heal, often to alleviate, always to con- 
sole,” an epithet that perfectly characterizes a medical doctor im- 
bued with that kind of rare compassion that marked Pautrizel 
character. 

When Robert Courrier sent Madame Colonge to Bordeaux, it 
was Pautrizel whom he asked to provide her with eve 
In this way, Pautrizel was first introduced to Priore and his device. 
After witnessing the results obtained with it he was to say: "What 
stupified me, and led me to ponder the question, was to see the 
control animals die from their tumors in 3 weeks, while at the same 
time I could observe thatthe tumors in the animals under treatment 
were literally melting away and the same animals were taken back 
to Courrier’s lab at the College de France in Paris in perfect health." 
ASa result ofhis thinking about the problem, Pautrizel came to the 
belief that the machine, however it worked, did not exert any action 
at all to kill cancer cells but, through as yet unexplained mecha- 
nisms, stimulated the afflicted organisms to provide themselves 
with new immunological weapons that could overpower the cancer 
cells, 

To shed light on this problem, Pautrizel proposed the simple 
expedient of experimenting, not on cancer-infested animals, but on 
in vitro cultures of cancer cells. He made this proposition to both 
French and British cancerologists but they were convinced thatthe 
Priore device had to be actually killing cancer cells themselves,. They 
could not see the point that, ifthe machine did not kill cancer cells, 
then it was doing something else to the body to allow it, and not the 
machine, to do that job. 

Pautrizel's involvement with the British was the result ofa team 
being sent from England to experiment with cancer mice with the 
Priore Ray. What happened cannot be related in this brief resume 
except to say that, out of a lack of understanding on the part of 
certain British cancer experts and malicious conniving on the part 
ofone member ofthe cancer aristocracy" in Paris, the experiments 
were put under a cloud. It was alleged that mice had been substi- 
tuted somewhere during their long round-trip voyage between 
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England and Bordeaux to make it look as ia failed experiment had 
been successful. This did not prevent Sir Alexander Haddow, chief 
ofthe prestigious Chester Beatty Research Institute for Cancer from 
stating, at a meeting in Paris, that the Priore machine had been 
indubitably effective on the English mice and supporting Pautrizel's 
idea that experiments should forthwith be done to see ifthe Priore 
Ray had any effect on cancer cells in vitro. Haddow’s suggestion 
backing Pautrizel’s recommendation fell on deaf ears. 

Because of the emotional turmoil and rancor with respect to 
cancer that had so long surrounded Priore and the workings of his 
machine, Pautrizel suggested that it be tried in a completely new 
area, one he knew so well, namely on afflictions caused by the 
trypanosomic pathogen. Before these could get underway, however 
someone had to persuade the still desolate Priore to return to work. 
Pautrizel, known to those really concerned with and knowledgeable 
about the potential of the Italian's invention, at last was able to 
convince the inventor to cooperate and get back into harness. This ho 
did with that rare combination of diplomatic tact and warm human 
sympathy with which only the Pautrizels of this world are gifted. 

Inthe meantime, Riviere had gone on to implant new 347 tumor 
grafts in rats previously cured of 347 tumors. When none of the 
tumors developed, that result added one more argument to back 
Pautrizel's idea that the machine was, in fact, affecting the immu- 
nological defense system of the animals. However, when Riviere 
tried the same procedure with the T-8 tumors, his animals died. This 
lead to the conclusion that the immunity acquired by the animals to 
lymphoblastic lymphosarcoma 347 was specific to that tumor. When 
a note on this research was sent, again through Courrier’s good 
offices, to the Academy, for the first time, it strangely omitted from 
the listing of the participating researchers the name of Antoine 
Priore. It seemed that Riviere had been taken to task by fellow 
cancerologists who believed that Priore was nothing but a naive 
bumpkin or, worse, a swindler. They had warned him against pub- 
lishing any papers with which Priore's name would be associated 
This rank injustice and lack of fair play again sent Priore into a fit 
of despondency and depression from which he could only be wilth 
drawn by those subtleties involved in Pautrizel's sympathetic and 
friendly counsel. 

On 25 July 1966, another note was sent to the Academy filed for 
the first time not under the rubric Cancerology but under the 
rubric Immunology. It was entitled "Influence of Associated Elec- 
tromagnetic and Magnetic Fields on the Immunity of Mice Infected 
with Trypanosoma equiperdum.” The conclusion read: "The treat- 
ment allows the organism to rid itself of parasites even when these 
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have invaded it in a most intensive way.... There is an enhancement 
of both the specific and aspecific factors of immunity.” 

Thus, for the first time, the field of research shifted from the 
narrower field of cancer to the much vaster domain ofimmunology. 
And, for the first time, Pautrizel’s name appeared as the senior 
author on the paper. It also appeared that, for the first time, there 
should no longer be any problem about experimenting with the 
Triore machine. Such was not the case. 

Still complicating the whole issue was the fact that Priore 
himself was using different setting to produce different varieties of 
radiation depending upon his own intuitive evaluation of the par- 
ticular biological experiments being run with his machine. He would 
never reveal the nature ofthese settings. 

Atthis point there appeared on the scene a new researcher who 
became Pautrizel's loyal ally, a young woman, Pierette Chateau 
Reynaud Duprat. During her work in Paris, she had learned of the 
Priore controversy, and, against the stern advice of mentors senior 
by many years to her in the cancer hierarchy, she came to Bordeaux 
to meet Pautrizel and learn more about the research. 

Her work, performed over many years, is too detailed for presen- 
tation here but it led to important conclusions. One was that the 
Priore Ray had no direct effect on the trypanosomes themselves but 
stimulated and reinforced the defense’ mechanism of the infested 
organisms, allowing them to reject the parasitical influence with an 
effect so durable that they were no longer subject to this influence 
even after treatment stopped. 

Another conclusion was even more important and involved, in 
part, British research. It pertained to the effects of the machine on 
both allografts or those made between two different individuals of 
the same species, and isografts, or those made between two diffe 
individuals ofthe same genetic line having in common antigens that 
were characterized by what is called the same histocompatability. 
The conclusion was that not only was the rejection of allografts 
accelerated by the Priore Ray but that isografts were also rejected. 
This meant, in sum, that the ray stimulated not only the defense 
mechanisms of the organism but also, and more importantly, its 
recognition mechanisms. In the case ofan isograff, this allowed the 
recognition of weak antigens that were not recognized in non- 
irradiated animals. In other terms, where at first the anti-aircraft 
batteries could not shoot down the aircraft because they could not see 
them.now they could shoot them down because they could see them. 
In immunological terms, the ray affected both humoral and cellural, 
both specific and aspecific, immunity. 


Here we must return to the mystery ofthe settings on the device. 


WAVE ANALOGIES, 


Plane waves have many characteristics analogous to 
transmission line problems. 


Transmission Lines Plane Waves 
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The phase constant for the uniform plane wave; the 
change in phase per unit length. It can be considered 
a constant for the medium at a particular frequency. 
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The ratio of electric to magnetic field components. 
Can be considered a constant of the medium. For 
free space, 1 = 376.732. The units of 1 are in ohms. 
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As aresult ofthe new experimentation it seemed that, depending on 
those very settings, the active ray, complex as it was, could have 
either similar, totally different, or diametrically opposed effects. 
Thus it was not a question ofa ray having universal effects — akind 
of magic bullet capable of killing any target — but of multiple 
radiations which, due to the complexities in Priore's personal ma- 
keup, have unfortunately yet to be sorted out and explained. 

Thus, the machine originally designed by Priore, called the P-1 
when it put out a wave length of from 19-21 meters, had a radical 
effect on certain animal cancers, on cellular defense mechanisms, 
and finally, but not universally, on organisms infested with Try- 
panosoma equiperum, (hereinafter called Te.) 

‘A second machine, dubbed the P-2, was at first not able to 
produce these frequencies. What it did put out was a frequency of 17 
meters that was universally effective against T.e. and seemed to act. 
not on the cellular, but the humoral, defense mechanisms. The 
rejection of grafts depends on the cellular defense mechanisms, 
which partially explains why Pautrizel when using the P-2 machine, 
selected the T.e. vector, as it is called in microbiology, just because 
this creature is fought by the organism's humoral defense system. 

Consequently, the bio-effects that were successfully attained 
depend on the varying, not to say quixotic, nature of the radiation 
At one point Pautrizel actually did experiments on animals infected 
with plasmodia — the vector for malaria which attacks red cells - 
and found that the settings used were effective while never learning 
exactly what they were or the exact nature ofthe radiation. Further 
more, Priore himself maintained that over the years he had success 
fully treated cases ofhuman tuberculosis but, again, never revealed 
which frequencies had been used to achieve this. 

Several more notes were sent to the academy on the successful 
work performed with the Priore Ray on animals affected with Te. 
But the central issue remained: how to find out exactly how the- 
machine worked. It fell, not to civilian scientists, but to those in the- 
French army service to attempt, at this point, to work out the 
problem. The army service brought into the picture was the DRME 
(an acronym which translates as Administration for Research and 
Test Methods), to which Pautrizel had sent a request for funds in 
1968, 

This request was the subject ofa meeting at which were present 
three ofthe top names in French science, one representing biology, 
the second physics and the third, medical physics. The latter two 
turned in extremely unfavorable reports recommending that no 
money be wasted on the problem. The biologist, however, turned in 
a most favorable report and, despite the fact that he was in the 
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minority, his opinion won the day. 

‘As remarkable as was this victory, it was even more stunning 
and incredible given the fact that this biologist was the same Andre 
Lwoff who had so adamantly opposed the Priore research a couple 
ofyears previously. Lwofthad summoned the courage to completely 
reverse himselfonly after he sent one ofhis most trusted colleagues 
to do secret experiments with the Priore Ray on mice injected with 
peroxydase (an antigenic solution) to see if they would produce a 
higher level of antibodies than non-irradiated animals. This they did 
so well that Lwoff became convinced that the Priore Ray caused an 
extremely important increase in immune reactions. These results 
were never published because, before the experiments could be 
repeated to be absolutely sure of their results, the machine suffered 
one ofits many interminable breakdowns. 

The DRME report was at length, and in length, issued but not 
publicly since it was protected by a military classification. However, 
a synthesis of it was finally published in November 1979 by Herbert 
Gossot, Secretary General for the French Association for Bioelectro- 
magnetism, underthe title: "A Scientific Balance Sheet on the Priore 
Ray." Its contents were as follows: 

"The two physicists assigned by the army made a complete 
analysis of the electromagnetic radiations and magnetic fields acti- 
vated by the Priore device. They thus determined the spectrum of 
frequencies which the device emitted. They showed particularly that 
frequencies in the visible light and infrared range had no biological 
effect; that there were no X-rays or Y-rays; and that the pulsed ultra- 
high frequency electromagnetic wave Was modulated in amplitude 
to that of a high-frequency wave. They did a topographic survey of 
the respective intensities of the various magnetic and electromag- 
netic fields in the experimental plane of the device. In particular, 
they determined the spatial repartition in this plane of the density 
ofthe strength ofthe ultra-high frequency wave. They showed that 
its value was very weak and that it could not produce any kind of 
overall significant thermal effect imputable to the hyperfrequency 
ray. 

Finally, and most importantly, by using what they had learned 
about these repartitions, they demonstrated a clear correlation 
between the biological effects obtained and the intensity of the 
hyperfrequency ray. What they actually observed was that, on the 
biological model used, i.e. experimental trypanosomosis of the 
mouse, there was a diminution of the rate of evolution of the 
paras proportional to the strength of the hyperfre- 
quency wave. To quote them: 'These experiments ofcorrelation are of 
certain interest: they confirm, ifthere is still any need ofso doing, the 
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biological efficacy ofthis device.” 

The two physicists, Bottreau and Berteaus, are still interested 
in rebuilding a Priore device with which additional biological re- 
search could go forward. At the same time they suggested to admin- 
trative bodies in French science the creation ofa special laboratory 
for bioelectromagnetism to fund more work, a suggestion in which 
Professor Pautrizel concurred. No action was taken and their report 
was kept under wraps. In a note they presented to the Academy of 
Sciences on their investigation, they were not allowed to include the 
names ofthe laboratories where they worked: in the case of one, the 
CNRS Magnetic Laboratory at Bellevue near Paris, and ofthe other, 
the Laboratory of Ultra-Hertzian Optics and Talence near Bor 
deaux. Why? Because the directors of these laboratories did not want 
any mud in the Priore affair to be spattered on them. 

The next experiment done by Pautrizel was on rabbits whose 
testicles had been so seriously affected by trypanosomes as to be 
almost entirely destroyed. After radiation the same testicles took on 
their normal histological appearance and the rabbits, able to procre- 
ate again, in no way abstained from their newly regained ability. 
This implied the complete regeneration of an organ that had 
all but completely degenerated. 

Yetjournalists, who sought out truths about the Priore affair in 
Paris from high officials they believed would know best about what 
was going on, continued to be led astray. For example, an American 
scientific reporter, writing in the Saturday Review of Science in 
1973 saw fit to state: "It is really a question of a mystical problem 
that has little to do with science.” He was quoting Professor Bader, 
aman who for 15 years held top administrative posts in science that 
could have allowed him to back the Priore research with all the 
funding necessary to its accomplishment. At the time Graille’s book 
came out, Bader issued a book of his own about the Priore affair 
which offers no real idea of what was involved. When I asked several 
people in France why Bader had written the book, they were 
unaware of Bader's inmost motivation. 

Machinations continued to swirl about the case over the next 
several years. Behind-the-scenes intrigues, distorted accounts in 
the press, lethargic attitudes on the part of administrative officials 
who would not take responsibility to cut an increasingly tight 
Gordian knot, outright fear of various personalities to become too 
deeply implicated lest they lose their jobs - - all these, and more, 
continued their daily round in an atmosphere of "Business AS 
Usual,” and "Don't Risk Your Neck." 

To get to the nexus of the situation, we have but to cite the 
observation of one of the few perspicacious journalists who, in the 
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prestigious scientific monthly, Sciences and Life, wrote: "The 
physicists are convinced that the effective Priore Ray is very complex 
but to analyze this further some things first have to be made clear. 
One is to raise the suspicion that has surrounded Monsieur Priore 
with a fabulous acretion of misunderstandings, insults and accusa- 
tions of being a swindler over many years. What is needed is a 
veritable national effort to act effectively and to act rapidly.” 

Over the next two years the decision-making process of the 
French government lumbered its way along until it was finally 
decided to back the construction of a powerful machine. ‘This deci- 
sion was not favorably accepted in many quarters. As Le Monde 
would comment: "The decision was made in spite of the disapproval 
of many scientists. When money is tight, one should pay particular 
attention to how it is being spent. Such seems not always to be the 
case. A credit of some $3.5 million francs (or about a million dollars) 
has just been accorded to finance the construction of a new Priore 
machine." 

‘The scientists to whom the article referred were in a rage. They 
understood, at this juncture, that the only way to put an end to the 
affair was to eliminate Pautrizel who, because ofthe very success he 
was having with his research, was seen as a dangerous competitor 
that might even become one of the top figures in medicine and science 
on a national, or perhaps, on a world scale. Indeed, it was learned 
that Professor Courrier had gone to the length of sending a report on 
Pautrizel's behalfto the Nobel Committee in 1979. 

‘To make a long story short, the large powerful machine, the M- 
600, was built but a huge tube in it, after functioning for about a 
week, exploded. Due to the galloping inflation of the 1970's, to 
replace it would have cost another million dollars. The money wa 
not forthcoming. 

In the meantime Pautrizel, ever experimenting with the still 
functioning smaller machine, was to discover new facts. Mice with 
their spleens cut out, for example, also could survive injections of T.e. 
The Priore Ray had important implications for Arterio-sclerosis, 
since it effected lipid modifications in rabbits given a dietary regime 
high in cholesterol. This research, published in another note in the 
Academy Proceedings, instead of being warmly received, only 
irritated the cardiological fraternity which felt, as some of its 
members put it, "trapped" by Pautrizel's efforts. 

One_ particularly virulent opponent was Professor Bricault, 
Dean of the Bordeaux Medical School who, as late as 1980, was 
telling his own students that the published results were a farce and 
had never been obtained. The students, who carried out a special 
investigation of the matter on their own, were able to judge what a 
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farce their own medical dean might represent. 

L'Express, the Time magazine of France, read by at least half 
the population of French intellectuals, had the gall to compare the 
results of the Priore research to those of the infamous Trofim 
ysenko ofthe Russia of Stalin's day. Haughtily L'Express added: 
"Today Priore's defenders explain that his machine has not only 
cured cancer but, in all probability, altered the immunological 
characteristics of mice. Were this, in fact, so, all the immunologist, 
all the geneticists ofthe world would unite to affirm that a machine 
capable of changing the genetic patrimony is the discovery of the 
century, far more important than the atomic bomb or the conquest 
ofthe moon. Unfortunately, the history ofthe whole thing has never 
been properly elucidated.” The article was illustrated with photos 
distortedly selected to convince viewers that the Priore machine was 
as serious and effective as the one that purportedly brought Frank- 
enstein to life. 

In this poisonous atmosphere the slow work of building the M- 
600 went forward. To give anyone who was not there a feeling for this 
endeavor we may now cite verbatim a passage from Graille’s book: 
"The construction and assembly of the prototype —the M-600), that of 
highest power and variable parameters — were fraught with many 
uncertainties and delays on the one hand and, on the other, were 
marked by the stamp of Antoine Priore's sparkling genius. 

"To go from an apparatus that developed 1,240 gauss applied 
over an effective area of some 20 centimeters, to one developing 5000 
gauss over an area of 60 centimeters means to take on an extreme! 
risky technical and technological wager. Electrical, mechanical and 
glass-blowing specialists plunged into the unknown. They had to 
conceive, make, adapt and put together all the various myriad 
components almost haphazardly with no precise technical study 
being previously available. Priore's stubbornness forced them to 
take on a trial-and-error manufacturing "gimmickry” without prece- 
dent. As the thing was put together and preliminary tests made, it 
became clear that many ofthe components were unsuitable and that 
they would have to be modified or replaced. The tube itself, made of 
pyrex, 60 centimeters in diameter, and 6 meters tall, had to be 
replaced twice after itimploded. In fact, practically everything had 
to be reconsidered or readapted. "Everything" meant the parts going 
to make up a generator of 50 tons in weight. For example, the coil 
which created the magnetic field: 5.5 tons with 1] miles of copper 
wire. For example, the numerous cooling circuits which stabilized 
the thermal equilibrium of the generator and its environment or, 
additionally, the circuits governing command, control regulation 
and selection — 6 tons of electrical cables of which 15 miles were of 
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tele-command wiring. 

"Priore astonished everyone. Breakdown after breakdown, inci- 
dent after incident, it was he alone who showed what to do next, 
indicated the proper steps to take, the right settings to adopt, the 
right way to assemble the components: He was virtually building his 
machine by himself, nursing its construction along day after day, all 
the engincers’ studies and efforts actually, and ultimately, serving 
only as a preliminary attempt, a sketch as it were. When Priore made 
his presence felt, things began working.” 

Then... after the machine was built: "The part of the entire 
apparatus to generate electricity was set up ona provisional bass. 
It was so noisy that, while functioning, it up the whole 
neighborhood. ‘The number of experiments had therefore to be 
curtailed so that the machine would not be used at night, And, all at 
once. everything came to a alt. The Faraday cage, shielding and 
isolating Priore’s apparatus, was torn and fissured by the shock of 
the cement pilings that were being sunk into the ground all around 
to hold up the building under construction, This allowed high- 
frequency waves to escape which disturbed radio broadcasts emitied 
by local radio stations, the army, and civilian aircraft for miles 
around." 

Nevertheless during the week or ten days that the machine was 
in good operation the results of experiments performed with it were 
more than formidable. First of all, it allowed for as many as forty 
experiments to be performed on some 280 animals in a remarkably 
short period of time. Among the discoveries made were: The ray 
emitted provided the treated animals with an extremely strong 
immunitary response. Animals whose immune defenses had been 
attentuated by an immuno-depressant were able to overcome the 
effects of injected parasites but relapsed a few days later. One could 
therefore conclude their immune response was much weaker than 
those normally infested and treated. 

Newbom animals, whether treated or not, developed a marked 
parasitemia leading to their deaths. At the time of death, the 
parasites had the same antigenic structure as those ofthe innoculum. 
which thus implied that they had met with no defense at all in the 
infected organisms. This also proved that the Priore Ray did not act. 
directly on the parasites themselves but only by way of an increase 
in the immune defense system of the organisms, The newborn 
animals succumbed to their parasitemia because their immune 
sytem was not yet sufficiently developed to be stimulated by the P- 

‘ay. The phenomenon of stimulation ofthe immune deferises was 
demonstrated by the fact that animals which had received soluble 
antigens developed, after being irradiated, a level of antibodies far 
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superior to the controls. 

‘These and other conclusions were the object of notes presented 
to the Academy of Sciences by Pautrizel and his team in 1978. Even 
before, at a colloquium held in Antwerp, Belgium devoted to African 
human trypanosomiasis, the same team had offered the conclusion 
that the stimulation of the immune defense system that allowed 
organisms to throw off the effects of trypanosomiasis had to be very 
significant in that all attempts to try to effect such stimulation 
through immuno-stimulants as well known as B.C.G., or Coryne- 
bacterium granulosum, had led neither to the cure produced by the 
Priore Ray, nor to any prolongation ofthe infected animals’ lives, nor 
even to the slightest modification in the evolution of the Trypano- 
somiasis. 

‘These three scientific papers did little for the cancerologists who 
read them except to exacerbate their urge to oppose the Priore 
research, if not to arouse their outright hatred for the principal 
experimenter, Raymond Pautrizel. Could this have been because, for 
over 20 years, the same cancerologists had been working in vain to 
provoke in cancerous organisms immuno-stimulative reactions by 
intensively and successively vaccinating them with B.C.G.? Many 
others had been life-long apostles of chemotherapeutic cocktails of 
all sorts, or life-destroying ionizing radiations, or, what more re- 
cently has become the fashion, of applying the two methods in 
endless combination. 

For this reason, they saw Priore and Pautrizel as nothing more 
than spoil-sports who had to be destroyed. 

One of the opening shots in this campaign was a letter received 
by Pautrizel to inform him that his request for funds to continue his 
research through Unit-89, a unit that had been specially set up for 
him to direct, had been denied. It took many months ofinvestigation 
for Pautrizel to learn that the real reason for the refusal was because 
of his work with Priore. 

Next Pautrizel was informed that his appointment as director of 
the same research unit would be extended for only two years, 
whereas the normal extension for similar units was five years. A 
third insult came when Pautrizel tried to win a post within his unit 
for a high-ranking military physician, who had been his student and 
who had decided to quit the military in order to participate in the 
fascinating research prosecuted by his mentor. Pautrizel's request 
for funds to pay this physician, who all his life had been working on 
tropical medicine closely associated with problems of trypanosomia 
sis, were refused four times in a row with no cogent reason given. The 
physician, who in the meantime had volunteered his time without 
pay, finally became so emotionally overwrought that he gave up his 


The Case ofAntoine Priore 374 


medical career and retired to the countryside where he gave himself 
over to alcohol. Then Pautrizel tried to get a salaried post for another 
ofhis brilliant collaborators (who still works with him). He was told 
that this man could take up his new functions only if he left 
Bordeaux. One could go on with many other shocking stories but we 
will leave it to Graille to conclude: "Everything possible was done to 
isolate Pautrizel, to separate him from his collaborators. Every 
single one of these collaborators saw their careers put in jeopardy, 
compromised, or broken.’ 

‘As a final insult, when the time came again to renew Pautrizel 
as director of Unit 89, those responsible, not daring to overstep what 
even they knew to be decent limits by not extending him, simply 
abolished the unit. And to add injury to that insult, a doctoral thesis 
that had now been prepared by Priore, and backed not only by 
Pautrizel but by Nobel Laureate Andre Lwoff himself, was summa- 
rily refused by the President of the University of Bordeaux. 

Itis perhaps unnecessary to state that the details behind all of 
this skulduggery could, and did, fill up two chapters of a book and 
make for the most heart-rending reading imaginable. 

So what happened next? In the autumn of 1977, Professor 
Georges Dubourg, one of the leading lights in Bordeaux's company 
of surgeons and a friend and admirer of Pautrizel's, came to him to 
say openly and baldly: "My friend, at the point you've reached, there 
is only one more way to jolt medical opinion and that is to treat 
human cancer patients.” Pautrizel was hesitant, believing his role to 
he one of continuing with his animal experiments but where would 
the funds for that come from now? He therefore asked his old mentor, 
Robert Courrier’s advice. Courrier gave the green light. The treat- 
ments were restricted to terminal cancer patients whose immune 
defense systems had been disastrously weakened by chemotherapy 
or radiation or both. Atleast one ofthem was totally cured. The other 
lived, without pain, for a period many times longer than predicted by 
prognosis. Dubourg, Pautrizel and their collaborators wrote up the 
results and sent them as an official communication to the French 
Academy of Medicine for publication. 

The reply they received from that Academy's perpetual secre- 
tary reads: "Experts whom we consulted consider that your work 
does not fall within the jurisdiction of our members and that it would 
doubtless find an audience more worthy of its purpose in a more 
specialized society." 

To which Pautrizel formally replied: "Since two of the four 
signatories of our note are corresponding members of your Academy, 
could we not benefit from the remarks and comments made by the 
committee which saw fit to refuse our paper? And even, ifthis is not 
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too indiscreet a request, to learn the names of the expert members 
who were consulted which would allow us to get into contact with 
them directly and to benefit from their singular competence?" 

His letter has remained unanswered for four years. 

There was nothing more to do except one thing which Raymond 
Pautrizel, as aman of science, had always been careful to avoid: Get 
a responsible journalist interested in the case, inform him of all 
possible details, and let him carry the Priore Affair in all its 
harrowingly loathsome aspects to the broad reading public. That 
journalist was Jean-Michel Graille 

For four years, Graille went about his task, publishing three 
consecutive long articles in his newspaper Sud-Ouest France and 
finally the book to which we have referred and of which this 
presentation is largely a resume. As early as 1980, Graille would 
write in his newspaper: "The Priore Affair is simple in essence. It can 
be reduced to a simple alternative: either the machine developed by 
Antoine Priore is ofno interest and, having shown this, the affair can 
be considered at an end. Or else the machine is of real and demon- 

strable medical interest and, ifthat is officially recognized, he would 
be allowed to get on with the work. For this dilemma runs the ri 
yet again, ofbeing buried under delays and evasions. Beyond all the 
that-be that have been directly connected to the affair for 
ears now — the power of finance, the power of medicine, the 
power of science — perhaps it is now political power with which 
responsibility lies ifit can rise to meet and assume that responsibil- 
ity through decision. 

‘That was Graille's statement in 1980. His book which came out 
four years later ends with the sentence: "The Dossier Priore thus 
depends, from here on out, on a decision that must be taken on the 
very highest level, and imperatively. This responsibility devolves, in 
last resort, on the chiefof tate and on him alone. Will he assume it?” 

Would the President of the United States? 

Note added by T.E.B.: Antoine Priore is now dead. His machine 
has been dismantled. The iron dogma and hatred ofelectromagnetic 
medicine by bureaucratic science may have doomed hundreds of mil- 
lions of humans - - whom Priore's device could have saved - - to bitter, 
agonizing, and unnecessary deaths. Hitler, Stalin, and Mao com- 
bined were not responsible for the deaths of so many. 
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APPENDIX II 
PATENTS. 
English Translation of the French Patent No. 1,342,772 
of Antoine Priore, 7 Oct. 1963. 


Procedure and Assemblage for Production of Radiation 
Especially Serviceable for the Treatment of living cell: 


Brevetd'Invention. P.V. no. 899.414 no, 1.342.772 Classification 
Internationale: A61 k-H 05 g 


Procedure and assemblage for production of radiation 
especially serviceable for the treatment of living cells. 


Antoine Priore 
Requested I June 1962, 14.52 hours, Paris 
Released by decree (arrete) of 7 Oct 1963 


The invention deals in a general manner with radiation capable 
of penetrating matter. More exactly, it aims at a procedure and an 
apparatus making it possible to obtain a combination of radiations 
of different types able to penetrate matter and especially to pene- 
trate intimately living organic tissues in order to produce in them 
certain effects, particularly in human tissues with a view to a 
therapeutic effect without destroying essential elements such as the 
enzymes, 

In conformity with the present invention, one emits in a cavity 
a stream (rayonnement) ofelectrically charged particles upon which 
one superposes electromagnetic radiation of the centimeter wave- 
length range, the wavelength of which is preferably between 3 cm 
and 80 cm, and one directs the resulting radiation emerging from the 
cavity on to the object to be irradiated. 

This applicant has shown that the penetration and, in particu- 
lar, the curative effects are very distinctly improved when one gives 
the electromagnetic radiation a frequency determined as a function 
of the organ or the tissue to be penetrated or to be treated. For 
example, a wavelength of 14 cm is suitable for the liver and a 
wavelength of 19.5 cm for the spleen. 

Preferably, the stream of charged particles is accelerated in a 
particle accelerator in such a way as to increase the force of penetra- 
tion. 


SHEET RESISTANCE [0] 


Consider a block of material with conductivity o. 


Ws resistance is R= o. 


wi 


Ifthe length is equal to the width, this reduces to 


And this is sheet resistance 


HIGH FREQUENCY RESISTANCE [0] 


When a conductor carries current at high frequency, 
the electric field penetrates the outer surface only 
about 1 skin depth so that current travels near the 
surface of the conductor. Since the entire cross- 
section is not utilized, this affects the resistance of the 
conductor. 


Cross-section 
of a conductor 
showing current t 
flow near the surface: il 
1 Op 
68(perimeter) 26 2w+2r 
« = (sigma) conductivity (5.8%10° Siem for copper) 


[Siemens/meter] 
(= frequency [radians/second] 
kin depth [em] 
Ho = permeability of free space Ho = 4xx10° [Hiem] 
1w = width of the conductor fem] 

thickness of the conductor [em] 


Nin WAVE INPUT IMPEDANCE [0] 


The impedance seen by a wave in a medium. 


For example, the impedance of a metal sheet in a vacuum: 


metal vacuum 
se 
! ne n 


Nhe 
Note that a transmission line model is used here because it 


is analogous to a wave traveling in a medium. The “load” is 
the element most remote in the direction of propagation. 


nt no tanhly!) 
“ny +n, tanh(y) 


In this example, Is the thickness of a metal sheet. If the 
‘metal thickness is much greater than the skin depth, then 


tanh) tn als tanh{(big number)(1+ j))=1 


I is much less than the skin depth 8, then 


The input impedance is 1), 


tanh(Q) = wnt 20 4j x = tanb|{small number\(1+ j)] 


= (6ame small number +) een) 


} MAGNETIC PERMEABILITY [H/m] 


The relative increase or decrease in the resultant 
magnetic field inside a material compared with the 
magnetizing field in which the given material is 
located. The product of the permeability constant and 
the relative permeability of the material 


BE Holl where jo = 4nx107 Him 


Relative Permeabilities of Selected Materials 


Air 100000037 | Mercury (0.999968 
Aluminum 1.000021 Nickel 600 
Copper 09999833 | Oxygen 1,000002 
Gold 0.99996 Platinum 1.0003, 
Iron (99.96% pure) 280,000 iver 0.999736 
Tron (moter grade) 5000, Titanium 1.00018 
Lead (0.9999831 | Tungsten 1.00008 
Manganese 1.001 Water 0.999912 
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The resulting radiation is advantageously applied and directed 
upon the target, that is to say, upon the tissue to be penetrated, by 
the intermediary of a tube which is the site of electric fields and of 
magnetic fields for acceleration and control, the said radiation being 
preferably guided and/or reflected by a rotary deflector placed in the 
tube. 

It is often advantageous to modulate or impose rhythm on this 
stream of particles by means of variable magnetic and/or electric 
fields so as to augment still more the force of penetration. This 
rhythm is preferably consistent, especially in medical applications, 
with the intrinsic period of the tissue to be penetrated or of the 
neighboring tissues, for example, muscle. These intrinsic periods arc 
well-known in medicine and are applied, particularly, for diathermy: 
they are situated in the wavelength range from I m to 50m and more 
especially from I m to 18 m. 

Preferably, one arranges to modulate the emission of radiation, 
the accelerating magnetic and electric fields, and perhaps also the 
rotatory deflector, to the cardiac rhythm ofthe subject. 

It Seems that the result obtained by the invention in the treat- 
ment of maladies of living cells (vegetable or animal) are due to 
certain phenomena which will be described, it being understood that 
this exposition will not circumscribe the invention. 

As a function of its electro-physico-chemical constitution, the 
cellular pair nucleus-protoplasm is endowed with electric conductiv- 
ity in direct relationship with ion exchange processes provoked by 
metabolic phenomena, One finds in tissues the presence of an 
accumulation of electricity at different potentials according to the 
different cellular densities of the tissues 

‘The work of Renshaw, Forbes, Morison, Amassian, de Vito, 
Ruset, Albe-Fessard, Tauc, Adrian, etc. has shown with the aid of 
micro-electrodes the existence of slowly oscillating elementary elec- 
tric activity in the interior of cells; it can be thought that the 
rythmeur (or pace-maker) is achieved by the oscillatory electro- 
magnetic system comprising the cell nucleus. This nucleus, in effect, 
is made up essentially of tubular filaments of insulating material 
(related to chitin) containing in its interior an electrically conducting 
saline liquid, and these filaments, coiled upon themselves, can be 
considered to constitute real little oscillatory circuits 

The recent work of Warson (sic) in America, as well as that of 
French scientists, including a communication from Polonsky, Don 
zon and Sadron presented to the Academie des Sciences by Prof. 
Francis Perrin on 16 May 1960 (Rec. comptes rend, heb., 250 No. 
20, 3414-3416) making it clear that experimental samples of solid 
DNA manifest properties analogous to those known in ferroelectric 
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materials, makes plausible the hypothesis that a potential differ- 
ence may exist between nucleus and periphery of cells. Certain 
recent theories go even further and liken the cell to an electronic 
receiver-emitter device normally functioning in harmony with the 
ambient media. The oscillatory system of demand waves, consti- 
tuted by the cell nucleus, would behave in accordance with the laws 
governing semi-conducting materials. 

‘The applicant is led to the conviction that in a normal state of 
physico-electric equilibrium, the cell nucleus is positively charged, 
but can acquire a negative surcharge following phenomena analo- 
gous to polarization. 

‘The invention, especially, enables organs afflicted by this inver- 
sion of their electric potential, particularly in the case of the pathol- 
ogic negative surcharge of cancerous nuclei, to recover their former 
equilibrium 

The following description in regard to the attached drawing, 
given as a non-restricting example, will make it possible to under- 
stand how the invention can be realized, the details which emerge 
both from the text and the drawing being, ofcourse, part ofthe said 
invention: 


Fig. | is a schematic section showing an apparatus for produc- 
tion and emission of an electromagnetic field combined according to 
the invention. 


Fig. 2 is a frontal elevation of the cathode, taken from the right 
of Fig. | 


Fig. 3 is a section through III- II] in Fig. 1 
Fig. 4 is the overall scheme of the electric supply. 


Fig. 5 is a view analogous to Fig. 1 showing another mode of 
implementation. 


Fig. 6 is a section through VI-VI in Fig. 5. 


Fig. 7 represents schematically an apparatus for pulsing the 
electric current. 


Fig. 8 is the circuit of an amplifier permitting activation of the 
apparatus of Fig. 7 at the cardiac frequency. 


Fig. 9 is the circuit ofan oscillator permitting modulation ofthe 
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electric current according to a wavelength between | m and 18 m, 


The assemblage of Fig. 1 contains an apparatus | emitting 
electrically charged particles in a cavity or passage 3, acycloron 
4 accelerating the particles 2 and sending them into a cavity 5 


forming a tube into which merges another cavity 6 acting as wave- 
guide for electromagnetic radiation of frequency in the centimeter 
Tange emitted by amagnetron 7. The cavity 8 formed by the joining 
oftube 5 and waveguide 6 leads into a tube 9 in which the resulting 
radiation is accelerated and aligned. The interior of the cavity- 
formed by the assemblage of elements 1, 3, 5, 6, 8, and 9 contains 
argon at'a pressure of 2mm mercury. 


XXX and regulary spaced: The filament for heating, 12, situated in 
to the power supply 


The best results are obtained with a cathode 11 of molybdenum, 
The applicant has obtained satisfactory, but slightly inferior, results 
with tungsten cathodes. It turns out that molybdenum, and to a 
lesser degree tungsten, are the metals whose valency is closest to the 
mean valency of the chemical molecules constituting living tissues 
and more particularly those ofhuman beings. One might well sek 
to use this fatto explain scientifically the phenomena involved, but 
itis understood that the invention is not limited by any scientific 
explanation. Conceming, on the other hand, the gas present in the 
apparatus at low pressure, the best results have been obtained with 
argon: the applicant has’ also obtained satisfactory, but slightly 
inferior, results with other gases of the rare gas series, 

Surrounding the tube which constitutes the electromagnetic 
chamber are arranged: an electromagnet 13 with its winding 13a, 
placed at the level of the accelerating coils 14 and 15. Other acceler- 
ating coils 14,15 and 16 are similarly dispersed around the cavities 
3, Sand 8. 

The two semi-circular boxes or "dees" 4a of the cyclotron 4 are 
placed in the usual manner between the poles of the frame around 
which are wound the accelerating coils 4b and 4c. 

‘The magnetron 7 is of a familiar type and must be capable of 
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emitting in the cavity 3 a centimeter wave ofadjustable wavelength 
from 3 cm to 80 cm. 

The lower portion of the tube 9, for acceleration and ali 
contains a cathode 17 resembling the cathode 11, with a 
17a. This cathode 17 is supported by a hollow pillar 18 pierced by 
holes 18a close to its junction with the bottom of tube 9. This pillar 
18 communicates with a tube 18b emerging on the axis of a rotary 
deflector 19 carrying at each end a “crown” of graphite plates 19a 
inclined at 45° to the vertical. The rotating axis 19b of the rotary 
deflector is mounted in a support 20 fixed to the interior of tube 19 
and carries at its upper extremity magnetic bobs 19c which ensure 
that itwill be set in motion in cooperation with the magnetic bobs 21a 
mounted on the shaft 21b ofa motor 21. The lower extremity of the 
rotary deflector 19 is composed of a piece of molybdenum or of 
tungsten 19d in the form of a pyramid whose apex is opposite the 
open end of the tube 9. 

The hollow base 18 and the tube 18b can be ofa borosilicate glass 
oflow coefficient ofexpansion such as that sold under the trademark 

Pyrex.” They may also be of quartz. Tube 9 itself can be of "Pyrex" 
as above or of another glass of the quality currently used for the 
manufacture of electronic tubes, but its bottom 9a, which is trav- 
ersed by the radiation, is advantageously made of quartz. 

The duct 8 joins the tube 9 by way of several tubulures such as 
8a and 8b directed in vertical planes towards the plates 19a at a 
certain angle, which is advantageously about 22.5°. An electromag- 
net 23 analogous to the electromagnet 13 ofthe emitter tube 1 is 
placed around the cathode 7. Similarly, accelerator windings 24 are 
disposed around the tube 9. This tube also carries, at positions 
indicated in the drawing, three electrodes 25, 25a, and 25b sur- 
rounded by windings 26, 26a, and 26b, respectively. The drawing 
shows the supply lines, 17b, 17c of the cathode and its filament and 
that of the plate, 22a. 

The basic plan ofthe electric supply is represented in Fig. 4. The 
part 27 feeds an initial branch with low voltage alternating current: 
this consists of a rectifier 28 (e.g. a Kenotron) whose rectified 
current is modulated at a frequency variable between 30 and 120 
pulses perminute by means ofa resistance 29, the control apparatus 
lor which will be described with reference to Figs. 7 and 8, The 
current so modulated is passed through the electromagnets 13 and 
23 in such a manner as to generate, normal to the cathodes 11 and 
17, a modulated field of 10,000 to 20,000 gauss. 

‘The part 27 also feeds a variometer (interrupter) 30 which 
modulates the current of this part at a variable frequency 30 to 120 
pulses per minute, the current pulsed in this way serving to feed the 
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remainder of the installation, to wit: The magnetron 7; a converter 
31 whose excitation is modulated at a variable frequency 300 to 900 
He, yielding a doubly modulated current (stat 30-120 pulses per 
minute, then at 300-900 Hz) which feeds the coils 15, 16 and 26; 
another converter 32 producing a low voltage direct current modu. 
lated at 30-120 pulses per minute by the variometer 30. This current 
feeds the motor 21 as well as the motors driving the variometer 30 
and the apparatus controlling the resistance 29. 


The current produced by the converter 32 also feeds a voltage 
step-up apparatus 33 consisting of a vibrator followed by a trans- 
former and a rectifier, and producing a direct current varied at 30 to 
120 pulses per minute imposed by the variometer 30. The maximum 
value of the voltage produced by the apparatus 33 is, for instance, 
300,000 V, but this value may Vary up or down, depending on the 
power one wishes to operate with. 

The current producedby the voltage step-up apparatus 33 feeds 
the coils 4b of the cyclotron and 24 of tube 9, as well as a rheostat 34 
permitting egulation of voltage to the desired value between 5000 

and 70,000 V. This voltage is applied to an oscillatory circuit 35 
which produces oscillations at a frequency variable at will of wave- 
length between | mand 18 m. The current available to the output 
terminals 35a, 35b ofthis oscillating circuit 35 is thus a high tension 
current modulated first at 30 to 120 pulses per minute (by the 
variometer 30) and secondly at a wavelength 1-18 m. This current 
feeds the coils 4c and 14; the electrodes, 25a and 25b are connected 
to terminals 35a and 35b, respectively, and electrode 25 is connected 
to the mid-point 35c. 

Cathodes 11 and 17, the "dees" ofthe cyclotron, andthe plates 10 
and 22, not shown in the diagram of Fig, 4, are connected to the 
output of the step-up assembly 33, while the heating current for the 
filaments Ile and 17a is furnished by the resistance 29. 

To operate the apparatus, one adjusts the contol ofthe ress 
tance 29 and the variometer to the desired rhythm: in medical 
applications, this is advantageously the subject's cardiac rhythm: 

is thythm is thus imposed upon the whole installation, The 
cathode’ 13 emits toward the left a stream of positively charged 
particles 2, which are concentrated by the electromagnet 13 and 
accelerated by the coils 14, 15 and 16 and by the cyclotron 4. 
Superimposed on this particle stream in the duct 8 is the electromag- 
netic radiation from the magnetron 7, which is adjusted to the wave- 
length found by experience to be most appropriate to the cells which 
are to be penetrated. eg. 14 cin forthe liver and, 195 om for the 
spleen. The resulting radiation is deflected, directed and accelerated 
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in tube 9 and is directed by way of the base of this tube toward the 
target to be penetrated, 

It must be noticed that the magnetic field of the coils 15,16 and 
26 is modulated, by means of the converter assembly 31, at a 
frequency adjustable between 300 and 900 Hz. This modulation has 
the effect of concentrating the particles, that is to say to detach them 
from the walls ofthe tubes, and it also permits an appreciable saving 
in weight of the iron cores of the coils. One chooses the highest 
frequencies (j.e., around 900 Hz) when one wishes to produce hard 
radiation at the exit of tube 9, and the lower frequencies for soft 
radiation. 

‘The unidirectional magnetic fields of the coils 4c ofthe magne- 
tron (sic) (cyclotron?) and the accelerator coils 14 as well as the 
electric field of electrodes 25, 25a, 25b, are modulated by the 
oscillatory circuit 35 at a chosen wavelength between | m and 18 m. 
In medical applications notably one selects the wavelength that best 
suits the organ to be treated or its surroundings, such as muscle. As 
already indicated, experience with diathermy makes it possible to 
determine the most suitable wavelength. 

It must be noted that the resulting radiation already possesses, 
in tube 8 (Fig. 1) a considerable penetrating force. One could 
therefore use the assemblage described by omitting tube 9 and 
terminating the cavity at the end of tube 8 by means ofa glass or 
quartz base, the resulting radiation being accelerated and directed, 
for example, immediately upstream from the base, by a final coil (not 
shown) surrounding tube 8. However, tube 9 appreciably improves 
the results. 

Figs. 5 and 6 represent another mode ofrealizing the assemblage 
in accordance with the invention, in which the elements playing the 
same role are indicated by the same signs as in Figs. 1 and 
modified by primes. 

‘The arrangement of the connecting ducts of Fig. 5 in relation to 
tubes I' and 9', to the magnetron 7’ and the cyclotron 4’, is different 
from that of Fig. | and has been used successfully by the applicant. 
‘The waveguide 6' ofthe magnetron 7’ opens into the end oftube I and 
the duct 3’, carrying the resulting radiation, divides into two 
branches: Branch 36, which conducts the radiation directly to tube 
9, and branch 37 which conducts it to the cyclotron 4’. This blocks the 
electromagnetic radiation and accelerates the stream of particles 
which is passed by way of duct 38 to the tube 9" 

This arrangement can be used with a particle emitter and_an 
accelerator and directortube similarto tubes | and9 ofthe preceding 
figures. However, tubes 1’ and 9' of Figs. 5 and 6 are constructed in 
a different manner with regard to their cathodes and anodes. 
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Tube 1’ contains a first electrode 11" exactly like that of the 
cathode 11 oftube 1, and an identical second electrode 39 furnished 
with a filament 39a, Tube 9' (Fig. 6) contains in its lower part a first, 
electrode 17’ with filament 17'a and an identical second electrode 40, 
with its filament 40a, 

In normal operation, i.e., to produce radiation identical to that 
described in connection with Figs. 1 to 4, electrode 11" serves as 
cathode and electrode 39, given a positive potential, plays the role of 
the plate 10 in Fig. 1, the filament 39a being unheated. Electrode 40 
and its filament 40a are disconnected; cathode 17’ and plate 22' are 
supplied as in Fig. 3. 

To obtain particularly penetrating radiation, the polarities are 
reversed: Electrode 11" becomes an anode and its filament I1’e is 
sonnected, while electrode 39 receives the cathode supply and its 
lament 39a is heated; electrode 17’ (with filament 17'a discon- 
nected) and electrode 22" become anodes, while electrode 40 serv 
as cathode and its filament 40a is heated. For example, one can 
establish a potential difference of 250,000 V between 40 and 17’, and 
50,000 V between 40 and 22’. Itis understood that in these conditions 
the cathode 39 emits to the left a stream of electrons which is 
concentrated, modulated and accelerated by the various coils and in 
the cyclotron, the polarities of which must of course be established 
inthe proper direction. This stream ofelectrons is combined with the 
centimeter radiation emitted by the magnetron 7’, resulting in tube 
9" in the emission of very hard x-rays, modulated at the chosen 
frequencies, combined with the centimeter radiation of the desired 
frequency. 

The assembly shown in Figs. 5 and 6 thus permits one to obtain 
at will either very hard x-rays or the radiation described in connec- 
tion with the preceding diagrams. 

The following description, referring to Figs. 7 and 9, relates to 
certain details of the apparatus used for modulating the electric 
current. 

Fig. 7 represents schematically the apparatus for control ofthe 
resistance 29 and the variometer 30. The variable resistance 29 
consists ofa graphite helix 29a immersed in a conducting liquid 29b; 
another electrode 29c, also of graphite, partly immersed in the 
liquid, is set into up-and-down oscillations by a connecting rod 4la 
linked to a fly-wheel 41. The fly-wheel is set in rotation, through the 
intermediary of a worm transmission 41b, by an axle 42 which can 
be driven, thanks to a double clutch 42a, 42b, either by a motor 43, 
or by the shaft 30a ofthe variometer 30. The variometer 30 is driven 
by a motor 44 by way of the worm transmission 44a. 

Ifthe fly-wheel 41 is driven by the motor 43 at the proper speed, 
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the resistance 29 causes the supply current ofthe electromagnets 13 
and 23 (Figs. | and 4) to vary at the chosen rhythm which as we have 
seen can be between 30 and 120 pulsations per minute and which can 
be checked by means ofa rotation counter shown schematically in 45. 
Inthis case, the motor 44 ofthe variometer 30 can be stopped and the 
remainder of the installation is then not pulsed. If, on the contrary, 
the fly-wheel 41 is engaged in 42b and disconnected from 42a, the 
motor 44 activates the variometer 30 and the resistance 29 at the 
chosen rhythm. 

The speed of rotation of motors 43 or 44 can be regulated at the 
required speed, corresponding visibly to the cardiac rhythm of the 
subject, by acting upon the excitation of these motors by means ofa 
manually adjustable rheostat. Ifone prefers to regulate the speed of 
motors 43 or 44 in direct accord with the cardiac rhythm of the 
subject, one can use an assembly such as that represented schemati- 
cally in Fig. 8: At 46 there is a contact microphone which, when 
placed over the subject's heart, produces impulses. These are ampli- 
fied in the circuit shown and applied to an electromagnet at 47 with 
a moving core which activates a rheostat; this in turn regulates the 
current running the motors 43 or 44, 

Fig. 9 shows schematically the principle ofthe oscillating circuit 
35. The rectified potential, adjustable between 5000 V and 70,000 V 
by means oftheostat 34 (Fig. 4) is applied between the terminals 48 
and 48a. Terminal 35c (which is also connected to electrode 25, Figs. 
2 and 4) is connected to the neutral point on the high tension side of 
the transformer which is a component of the step-up assembly 33 
(Fig. 4). The terminals 49 and 49a receive the heating current 
produced by the resistance 29. The variable condensers 50 and 50a 
make it possible to regulate to the desired wavelength (which, as 
seen, is between | mand 18 m) the current available at the output 
terminals 25a and 25b of the oscillator shown. 

‘The modes of implementation described gave been successfully 
carried out but it is self-evident that these are only examples, and 
that they might be modified, notably by substitution of equivalent 
techniques, without going beyond the bounds of the invention. In 
particular, the electron gun 1 or 1' could be replaced by another 
charged particle generator. 


Resume 
‘The invention includes especially: 


A procedure for obtaining a combination of radiations of 
different kinds capable of penetrating matter, especially of 
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intimately penetrating living tissues in order to produce in 
them certain effects and more particularly in human tissues 
with a therapeutic effect in mind, consisting ofthe emission in 
a cavity of a stream of electrically charged particles, upon 
which is imposed electromagnetic radiation in the centimeter 
wavelength range, and the guiding of the resulting radiation 
emerging from the cavity toward the target to be penetrated. 


2. Types of implementation exhibiting the following features 
taken separately or in the various possible combinations: 


a, The centimeter radiation has a wavelength between 3 
cm and 80 cm; 


b. This wavelength is set at the value found by experience 
to be most suitable for the tissues to be penetrated, e. 
14 cm for liver and 19.5 em for spleen: 


c. The particle stream is accelerated by magnetic and 
electric fields such as those which are used in particle 
accelerators: 

d. The resulting radiation is accelerated and guided, before 


its emergence from the cavity, by means of electric and 
magnetic fields; 


e. The resulting radiation is guided, before its emergence 
from the cavity, by means of deflecting and/or reflecting 
surfaces; 

f The stream of particles and/or the resulting radiation 


are concentrated and accelerated by means of individual 
magnetic fields modulated at a frequency between 300 
and 900 Hz, the highest frequencies being used to 
produce hard rays and the lower frequencies to produce 
soft rays; 


g. The emission of the particle stream, as well as the 
acceleration and concentration of the radiation result 
ing at its exit from the cavity, are aided by individual 
magnetic fields oftemporally variable intensity, advan- 
tageously pulsed at a rhythm between 30 and 120 
pulsations per minute and preferably at the cardiac 
thythm of the subject; 
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h, The assemblages for production of the resultant radia- 
tion are pulsed in their entirety at the same rhythm as 
the magnetic fields according fo 


i. The stream of particles and/or the resulting radiation 
are accelerated and concentrated by direct magnetic 
and/or electric fields modulated at ‘a wavelength be- 
‘tween | mand 50 mand preferably between | mand 18 
m, this wavelength being advantageously chosen as that 
which is known in diathermy as suitable for the tissues 
to be penetrated or for the surrounding tissues. 


An assemblage making it possible to obtain a combination of 
a stream of electrically charged particles and a beam of 
centimeter electromagnetic waves in order to penetrate inti- 
mately and to irradiate living tissues and particularly human 
tissues, the said assemblage comprising at least a particle 
emitter, means for channeling said particles in a cavity serv 
ing as waveguide for an emitter of electromagnetic radiation 
of which the wavelength is included in the range of centimeter 
waves and preferably adjustable from 3 cm to $0 em, means for 
generating in the cavity magnetic field for acceleration and 
Concentration and means for concentrating and accelerating 
the resulting radiation at the exit of the cavity. 


4, Modes of implementation with the following details taken 
separately or in the various possible combinations: 


a. The particle emitter is an electron gun of which the 
anode is at the end of the cavity and the cathode is, 
situated further along, this cathode being hollow and 
placed in the magnetic field of an electromagnetic in 
order to ensure emission of a stream of particles towards 
the mouth of the cavity; 


b. The cathode consists of a rim connected by two aligned 
spokes to a hub, the said rim being provided internally 
with an annular housing containing a heated filament 
and the said housing communicating with a number of 
holes arranged annularly and traversing the rim trans- 
versely; 


cc. The cathode is made of a metal of valency close to the 


e€ ELECTRIC PERMITTIVITY [F/m] 


The property of a dielectric material that determines 
how much electrostatic energy can be stored per unit 
of volume when unit voltage is applied, also called the 
dielectric constant. The product of the constant of 
permittivity and the relative permittivity of a material 


85x10" Flem 


€, COMPLEX PERMITTIVITY 


x e 
e’— je” where 


In general, both ¢” and e" depend on frequeney in 
complicated ways. ¢’ will typically have a constant 
maximum value at low frequencies, tapering off at higher 
frequencies with several peaks along the way." will 
typically have a peak at the frequency at which e” begins to 
decline in magnitude as well as at frequencies where ¢” has 
peaks, and will be zero at low frequencies and between 
peaks. 


© CONDUCTIVITY [S/m] or [1/(Q-m)] 


A measure of the ability of a material to conduct 
electricity, the higher the value the better the material 
conducts. The reciprocal is resistivity. Values for 
common materials vary over about 24 orders of 
magnitude. Conduetivity may often be determined 
from skin depth or the loss tangent. 


nn, = density of conduction electrons (for copper this is 
8.45x10™) [m"] 

electron charge? 1.60210 [C] 

‘isl the product ofthe thermal speed and the mean 
{ree time between collisions of electrons, the average 
distance an electron travels between colisions [m] 

1m, = the effective electron mass? [ke] 

vq = thermal speed, usually much larger than the drift 
velocity vs. favs} 


Conductivities of Selected Materials [1/(Q-m)] 


¢, RELATIVE PERMITTIVITY 
The permittivity of a material is the relative permittivity 
multiplied by the permittivity of free space 
B=€,xe, 


In old terminology, eis called the "k of a dielectric’. Glass 
(SiOs) at e: = 4.5 is considered the division between low k 
and high k dielectrics. 


‘Aluminum 3.82107 | Mercury 1os108 
Carbon 71410% | Nierome Loox108 
Copper (annealed) 5.80x10? | Nickel 15x10" 
Copper (inclas) 6.8010" | Seawater 4 
Fresh water ~10" Silicon ~4.35x10" 
Germanium ~2.13, Silver 6.1710? 
Gass =10" Sodium 21710" 
Gold 410x107 | Stainless steel 1.1 1x10 
Iron 1.03x10" 877x108 
Lead 45710 2.0910" 
L710" 


Relative Permittivities of Selected Materials 


Air (sea level) 1.0006 Polystyrene 26 
‘Ammonia 2 Polyethylene 225 
Bakelite 5 Rubber 22-41 
Glass 45-10 Silicon 11,9 
lee 32 Soil, dey 2535 
Mica 546 Styrofoam 103 
‘most metals ~1 Teflon 21 
Plexiglass 34 Vacuum 1 
Porcelain 37 Water, distilled 81 
Paper 24 Water, seawater 72-80. 
oil 21-23 


P POWER [W] 


Power is the time rate of change of energy. 


Power reflected ata discontinuity: power =[p| x10 


(py 100 


Power transmitted at a discontinuity: 9 powe 


NOTE: Relative permittivity data is given for materials at 
low or static frequency conditions. The permittivity for 
most materials varies with frequency. The relative 
permittivities of most materials lie in the range of 1-25. At 
high frequencies, the permittivity of a material can be quite 
different (usually less), but will have resonant peaks. 
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Patents 


mean valency ofthe chemical molecules comprising the 
tissue to be penetrated; 


The cathode is oftungsten or preferably of molybdenum; 


‘The cavity contains a rare gas, preferably argon, under 
a vacuum of the order of 2 mm Hg; 


The cavity contains a duct carrying at least part of the 
stream of particles to a cyclotron and a duct bringing 
back into the cavity the particles accelerated in the 
cyclotron; 


The cavity passes through several coils, the supply 
current for the various coils being capable of undergoing 
modulation at different frequencies; 


The downstream end ofthe cavity is composed of a tube 
containing, in the part from which the resulting radia- 
tion must emerge, a cathode and an electromagnet 
which may be identical to the cathode and the electro- 
magnetic according to para. a an anode near the other 
end, and a rotary'deflector consisting of a number of 
plates arranged en couronne on a rotor lacing the 
Incident radiation at such an angle that the radiation 
deflected and/or reflected is directed toward the cathode, 
several coils whose supply current can be modulated 
being distributed over the length of the tube; 


This tube also contains electrodes supplied by alternat- 
ing current generating an electric field at the level ofthe 
rotary deflector, each of the said electrodes being sur- 
rounded by abobbin of which the supply current can be 
modulated; 


Methods are anticipated for modulating, at an adjust- 
able rhythm between 30 and 120 cycles per minute, the 
supply curtent ofthe electromagnetic accordingto aand 
band preferably to modulate the supply current ofthe 
rest of the assemblage at the same rhythm; 


Methods are anticipated for modulating, at a fequency 
between 300 and 900 Hz, the supply current of the 
bobbins surrounding according to { arid one or several 


m, 


Patents 388 


coils according to g 


Methods are anticipated for modulating, at an adjust- 
able wavelength between | m and 50 mand preferably 
between 1 m and 18 m, the supply current of the 
electrodes according to i, of one or several of the coils 
generating the magnetic field of the cyclotron; 


The electrodes of the electron gun consist of two elec 
trodes identical to the cathode according to a, b, ¢, or d, 
the cathode of the tube according to h is replaced by a 
double electrode reproducing the arrangement of the 
electrodes of the electron gun, and methods are antici- 
vated for reversing at will and simultaneously the 

arities ofthese two pairs of electrodes and the direction 
of flow ofthe current supplying the acceleratory coils, a 
first pattern ofpolarities assuring the functioning ofthe 
apparatus in the conditions which are laid down accord- 
ing to a, and a second pattern of polarities assuring 
emission in the cavity ofa stream of electrons combined 
with the centimeter radiation and giving rise, at the exit 
ofthe said tube, to emission of very hard x-rays. 
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Patents 


Two Patents of 
G. Lakhousky 


June 12,1934 G.—_LAKHOvSKy 1,962,585 
APPARATUS WITH CIRCUITS OSCILLATING UNDER MULTIPLE WAVE LENGTHS 
Filed Nov. 13, 1931 


1,962,565 


Patented June 12, 1054 


UNITED STATES PATENT OFFICE 


u i 
lig 


ae 


i 


Hh 


Hi 


Ee 


bi 


ti 


ne 


8 a 
tli 
fa ti 
it 


He 


aE 


int i ii unt ie | 
faa Fag ath HH 
Re Hi ee 


Heel! fe iit 
Hd Hale ig k fl i 


at Hay bi hall Te ; 


a do a 


ial Hy ie ae 


cae tf li 


ia? 


ue 


ae Ha 


tap 


i 
iit 
Mi 

Ht 


ut i 


{ 


MICROSTRIP CONDUCTORS 


How fast does a wave travel in a microstrip? The 
question is complicated by the fact that the dielectric 
on one side of the strip may be different from the 
dielectric on the other side and a wave may travel at 
different speeds in different dielectrics. The solution is 
to find an effective relative permittivity €,.. for the 
combination 


‘Some Microstrip Relations 


STRIPLINE CONDUCTOR 


Also called shielded microstrip. The effective relative 
permittivity is used in calculations. 


hE aly 
= hth, 


assuming w210h, — €, where 


he relative permittivity of the dielectric of thickness /, 
relative permittivity of the dielectric of thickness hs 


2M = Zofia CMZ." = fete 


L=2)" en =C™ (2) 


[x a ft 
\e= a= fee 


Y= IB= joe dy fear 2 -— 
Fas so, tale 
oe VEE en = YLC™ 


It's dificult to get more than 2000 for Z; in a microsttip. 


LOM =E hy 


Z 


Microstrip Approximations 
e,-l 
2NT+12h7 w 


in| 2], for “<1 
hi 


1205 for “>1 


Ti 


ay ree 


\2fa-1-m(20- yeS=tfin ay s0a9- se Yo2 


al 


Sonat} B 
41 


COPPER CLADDING 


The thickness of copper on a circuit board is 
measured in ounces. 1-ounce cladding means that 1 
square foot of the copper weighs 1 ounce. 1-ounce 
copper is 0.0014" or 35.6 jim thick. 


ay DIELECTRIC LOSS FACTOR [dB/cm] 


a, CONDUCTOR LOSS FACTOR [dB/cm] 


R = 
0, =8.68——, pt font 


‘ipenmeter) 20 (perimeter) 
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Patents 


T.-H. Moray's Patent 
Electrotherapeutic Apparatus 
Feb. 1, 1949 


Feb. 1, 1949, TH MORAY 2,460,707 


Boebrig 


Feb. 1, 1949. 1H MORAY 2,460,707 
ited apett 30, 1963, 3 sente-shoet 2 


Moire 
Bil attinekred 


uch 


Feb. 1, 1949. TH MORAY 2,460,707 


Fra 23 


Patented Feb. 1, 1949 2,460,707 


UNITED STATES PATENT OFFICE 
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FurCTROMICRAPEUTIC APPARATUS 
‘Thomas Meray, Salt Lake ity, Cah 
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WHEELER'S EQUATION 


Another approximation for microstrip calculations is 
Wheeler's equation 


NETWORK THEORY 


iy SCATTERING PARAMETER 
S 


i 
‘observation port NS -excitation port 


A scattering parameter, represented by 5,, is a 
dimensionless value representing the fraction of wave 
amplitude transmitted from port j into port i, provided 
that all other ports are terminated with matched loads 
and only port j is receiving a signal. Under these 
same conditions, 5, is the reflection coefficient at port 


To experimentally determine the scattering 
parameters, attach an impedance-matched generator 
to one of the ports (excitation port), attach 
impedance-matched loads to the remaining ports, and 
observe the signal received at each of the ports 
(observation ports). The fractional amounts of signal 
amplitude received at each port i will make up one 
column j of the scattering matrix. Repeating the 
process for each column would require n° 
measurements to determine the scattering matrix for 
an n-port network 


Sij SCATTERING MATRIX 


The scattering matrix is an nxn matrix composed of 
scattering parameters that describes an n-port 
network 


The elements of the diagonal of the scattering matrix 
are reflection coefficients of each port. The elements 
of the off-diagonal are transmission coefficients, under 
the conditions outlined in "SCATTERING 
PARAMETER’. 


If the network is Internally matched or self-matched, then 
S, =S,y =0, that is, the diagonal is all zeros. 


The sum of the squares of each column of a scattering 
matrix is equal to one, provided the network is lossless. 
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UNITED STATES PATENT OFFICE 
CERTIFICATE OF CORRECTION 


Patent No. 3,610, 971 Dated__Octobes 5. 1971 


Taventor(s)_“William J. Hooper 


Te fe cerettied chat exror appears in the abuvé-fdeatifted patent 
and that said Letters Patent ara hereby corrected a5 shown below: 


Une 14, after "conductor" insert -- with =» aad delete "electric 
charg 


col. 


Col. 1, tine 45, "10" shoutd be =~ 10 


Col. 2, Tine 4, "ad should be == and =. 


Col. 2, line 25, "3.6 x 102 ghould read -- 3.6210 =~. 


con. 


Hine 44, “motion” chould be =~ motional --. 


Col. 4, line 7, "anitgravitational" should read -- antigravitational --. 


Col. 4, Tie 22, "he" should be -~ the 


Col. 5, lise 20, "out" should be 


Col. 6, live 26, after "conductor" delete "ol and Insert -- to 


Signed and soaled this 16th dey of May 1972. 


 MeELETCHSR, JR. ————RowERT GoTPSCHALK 
Lbtesting Officer Cominsicaer of Pateata 
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a,b, INCIDENT/REFLECTED WAVE 
AMPLITUDES 


The parameters a, and b, describe the incident and 
reflected waves respectively at each port n. These 
parameters are used for power and scattering matrix 
caloulations. 


The amplitude of the wave incident to ve 
port n is equal to the amplitude of the a a 
incident voltage at the port divided by 

the square root of the port impedance. 


‘Amplitude of the wave reflected at port 
‘nis equal to the amplitude of the 


the square root of the port impedance. 


LOSSLESS NETWORK 


Anetwork is lossless when 
5 S'=/ 
means to take the complex conjugate and transpose the 
‘matic Ite networks reciprocal, then the wanspose 
[bite seme es ine original matin 
unitary mat. Aunltary matrix has the properties: 


Ys.s, = Ys.5; =0 


In other words, a column of a unitary mattix multiplied by its 
complex conjugate equals one, and a column of a unitary 
matrix multiplied by the complex conjugate of a different 
column equals zero. 


Ie 


The scattering parameter is equal to the wave 
amplitude output at port i divided by the wave 
amplitude input at port j provided the only 
source is a matched source at port j and all fi 
other ports are connected to matched loads. 


Z, 
eve 
reflected voltage at the port divided by Aza, 
b 
s, 


The relationship between the S-parameters 
and the a- and -parameters can be writen in 
‘matrix form where S is the scattering matrix 
and a and b are column vectors, 


Power flow into any port is shown as 
a function of a- and b-parameters. 


The ratio of the input power at port 
j to the output power at port I can 
be written as a function of a- and 
b-parameters or the S-parameter. 


RECIPROCITY 


A network is reciprocal when 5, = 5,.in the scattering 
matrix, i.e. the matrix is symmetric across the 
diagonal. Also, Z, = Z, and ¥, = ¥,. Networks 
constructed of "normal materials" exhibit reciprocity. 


Reciprocity Theorem: 
fE,xH,-ds=§ B,xH, -ds 


E, and H, are fields from two different sources. 


RAT RACE OR HYBRID RING NETWORK 


The rat race or hybrid =. 
ring network is lossless, Va ~\ 
reciprocal, and 

internally matched. To 


x [x 


The signal splits upon entering the network and half travels 
around each side. A signal entering at port 1 and exiting at 
port 4 travels % of a wavelength along each side, so the 
signals are in phase and additive. From port 1 to port 3 the 
signal travels one wavelength along one side and / 
wavelength along the other, arriving a port 3 out of phase 
and thus canceling. From port 1 to port 2 the paths are 
and 5/4 wavelengths respectively, thus they are in phase 
and additive. 


Tom Penick tom@tomzap.com wwwteicontrols.cominotes  MicrowaveEngineering pdf 1/80/2003 Page 15 of 21 


3,610,971 


5 
esr poietic aap 
‘Rieaekentcomy ote stator 

Which cmon at AC current eda 
scpacteet open pret tere eS 
Puen 


6 


cobatinr ft tation hee eed snd 
‘Semhed mca ta ite beans tose 
ont etna rae ey bert copes 
Ihnen ete eps Chin 

hgpra or devoeraig a daa penne 


‘Steel wa yas saree ance spe 
SSeceectow ocd mpcichan 
cent nae om ech eset a cacome 


‘Saiyan sceon taint eh nese mano 
ince pag oes cut ape 


1 sg rig in 3 whe Og me 


Patented April 11, 1972 3,656,013 
4 Shoete-sheot 1 


sew Tom! 
Wisian J HOOPER 


Y Ctdham é Olkfam 


RITTORUE, 


Patented April 11, 1972 3,656,013 


3,656,013 


Patented April 11, 1972 


4 Shoote-sheot 3 


Patented April 11, 1972 3,656,013 
4 Sunets-sheot & 


United States Patent 
Hooper 


ust 3,656,013 
fst Apr 11, 1972 


(4 APPARATUS FOR GENERATING 
MOTIONAL ELECTRIC FELD 


12) nei Fam J pe, Cong al, hin 
193) Annee: Dcincyramie Creve, Int Coty of 
Sooo re 


a2) ink Ape 19,1968 
lait Apes 72587 


2 
ft 
on 


roy 


patsy ses 
‘diss 


20H 
is30 


ages ansss 
Sorat sonses Seas 
3390 "Sheet 
COTHERPUBLICATIONS 
Baber ge Glan Beta pmb, 
‘en Boos The Barvompete Flin in Exper 
depose GW. Cuneo Caco 181 pgs Hw 
Shas. eiaseesioe 
“he Fyn ectre on Pye y Fenny, Lion nd 
Hes Rains Wa Peng Cox Res Yo gt 


inary Esa DX Sosy 
Jeon Sita Cam 

im sasreact 

Aruna padacing sod eowering oper of mo. 
Sa ee fs by wens of rug mast es 
Protea phate rape ened ib oe 
Ebcfoutog haan mene ae 


(6 Ce Drange 


3,656,013 


1 


srraxarsforcexemaToc MOTION ELICTNC 


Bieaeiee cera 
{iceacedonty fea uhehtndudrag toate eter 
eer eee tres 
{ty Paraday covered thatthe dane Bd Ge ele 
Ei ier cee 
osreneraeeeenrae 
ESS See ema 

a 
poeta Saeemees: 
Pieler aortas 


cei wrk was teenie mes 
“he seen ebecine ofthe neon map Be son 
nS deeca en ee ore a ee 
Sete ie ae ae peer ts 
sinaaon ret 


Sega to ceseh ved ee nya an’ 
etn pte megs fd en eed So ft 
‘ikaw medusa ioveneet yh aon el ana, 

mice rave sare 


Sepang aaile wna os See pane rte 
(ide reg els“ be congo raped 
[Seta ican miter. cen orp wage uel 
er Gob gl foes) meh be oer 
‘etna seen i than enon sey We aninornd oh 


2 


dei bac pena doe ec ie 


sees cope oe ati 
be croton of dese econ E Te roaton ot 

Saatemiia See tapes mse 
SEES Secs 


s 


‘onot te magne ase expat evn a 
prs om one nds con oh op 
steel ep) prdees nsthe e i ate e 
ips) othe mney iced Sc 


‘Siriano om pce s 
SCRE Riniy oa Fate 

“Pew emir oe eh a ay fer 
mages meet cv srt ng 1 le coer, 
(Bropywtth pone of eer eu fe moved 2 ie 
opste te moni ec fd peep der 


rere entoimet in chs ir ope, 


"aes 


ates een 
4 , Fo Vin dopant ee Hors ett 
intanany ted pancenepettiec anak 
Ric SES Sea in ene ton 
Te Tistlgcact ts wemctn nse cain 
6s dlamrentnaenishe Cacti coer 
PG Suareneeciuvenstaioarisjenag 
‘eakedinen fhe unum, where tise ape a 
20 tpt shila cibc peer Be ee 


scone ten eng Caen poe 
rnin eter hie coper singe 
"Servos ot wang ee #2 HO aed 
7 sawing i 


3,656,013 


3 


ate anion of anspor 


seahhilgmocig ed pevemera 


ems dev weve te romed FG Ie marche 
oe Sete rand nay be conse ene 
Mikotanter peasy comport wacalvngie 


eter permet mp be sed, 2B *V mo 
Italeri pie gerziedbet exer teeter 
sSivotrac empr #fpm econ othe rater Tet 


os Rac tide he apnea ew opened eee 
emi peed yon de mayen come 
(Seite pie Ping he nesoncayberenn ae 
(i and pal Whe parce ein ton he 
‘cocky mutt conierinaringat tenes 
Veetkefomia f= 9% 7) dakar wil be pies 
it pre consared aay dia ve 
POET R eh  n en 
toe mspatest be fnce mprend pont zie 
Then spedaf ion fhe furs seed sagen 
Tin cea iee ned by an eee athe Da cit 
gwen speed fost, Re echen wich eee 


tnibcauenont tn mde are pce 
tote or opine curpeamaent the kacer e 


Stopkenecrcaten tents 


10 SiSts ce pesea tee Cometny, te 
‘TiskaaStomem net tatied fare 


15 Toe tim “ei ado” hae een edt it 
ta acon fan cect fd te sc ofon wl 
‘Srmevied mare pen roting at 2 Se 
‘Rey Tere a bee eager shat weber 

3p moseapion areal bam ctaupe asec ne 
‘Spet wiht orsemusatonn shee mpiee en 
‘ate dveps hem for earewhen tt mgt 


Fat we shown ie dug adnate yo 
raed bed 50 ends ay Staph moc 
40 Ho 1st The mop ten 30 


‘ween mapa Homa The 
45 Sige input fom 04 50 ot 
See tpenn nee prt 
‘tpn sneered roe tee peo 
goer reed Deana 8 
{Site eeu eeu te 304 comees we oof 
‘rocco he Potamanen 270. Apa ad 
{ceric ty ntsc Set rod 1b ace 
ole ear scneta poe dag maint tie eed 
5 Hd VOuE To a ule Sere Nareay oe 
fra of he cape be ga 3 


3,656,013 


Ss 


utd ake amen creat rough be tee 

Sod 30 a wee ctng 4 Fld ening 

‘cteeenunen ene ares ian 
‘harsh bce ued ath etmanet mugs 210 and 


‘Stata te mga is wi eS ee ceed 
‘ip beroied sborse monet Aba be med it 
‘S2bape ass Chars cg spied a ie 
lenght hla enue se reebok 


BSinihermensesernin Gt wih bewodng eee 


heya Se tod espera Canty magnet cw = 
‘iSlreny anaes ove om Ge tt, tf aed 
‘poe ol enya prety te 
(fred Seen ne hy ine evs abe eed 
evtcrng te sean deere nett ee oe 


ede to fiat ey of Oe eve Lemons. 
ijl ace angcn cob eer oe ogr reac. 
‘Gebel oct mae of a east wo peer 3 and 20 


Silay eae ote sy 
Svaeriaee 


"Pete pies 2h aed are ek imercmnecing 
sun abe ere msalbeng een mngoet 
iweb or troy che ts ded ofa te 
rtm hecape of magpie fon thy aye foie 


‘Recon pce Ia 


Warabtineg e conta ecels ich oe vou oat 
eves par ob rap nd 36 ehh ne Cente 
SE ibategusas sane 
iireeteatnomencererns 
i iaeamenamcrene ges 
Sierras 


6 


1122 A 1 soln ae conned Wa he enna 
these we ane eas Trees 
Sg eave pln tom etree BroghCo- 

, ER Stent 

“Teor te von nape ame ig 


10 Se fr acho beving tea how etree 2 
Bier ae 
i oor fc eft Deere wh pet 
Soe canna 
ecm tae eer 
she finecaniy ie eecua 
Seeeeeateaae 

Zameerese 
Seana tert an 
eee 
suger eidemamecreal 
st 


as 


Simeone ns 
ewe onsse ott i ees 
rane ete take 
gg Shamu open te etfs the For 
2 Seen Nearest 
\onhip within the eprtve eraes 38 2nd 39. Toe te 0 
esooerenen nee 
eae Neca thant os ee 
pep yt ee 
neriamsncn teen ais 
Serial een 
pe errr 
pepe ee pe oi 
Seen seentmoeacs 
Peder pears 
tenets eaten nC, 
pepe eset 
prior Dero pear 
Prone gentler et 
eee rete tat 
Sapa Set ements 
Ser nescence ats 
“Rerieteecanante Na ee, 
10 pemeracsthe giro be 8, den tore en 
imaet yeianemeannes 
os ESBS Napanee fn Sch gn 


0 


3,656,013 


7 


fie ot expe in ed nin ete, BX 
‘een gered bye romirg nope ct 


elena bcos Tom sion mere psonto ie 
iseiatnn ndtteomccion 
"ieee te ps shwnin ICE. 6.7, 
wh Win be sptcan epson ba be odie 
FG. 6.1. S'S hs mo mong mechanic pars Bo 
[Data smn oom ta own FIGS 
sod hint itn Spee fore caries 
tied nthe pout embodiment Ar shove in HG 2 
iia swan ae 
{eves ugh . pri oigee Uap te 
ee ih tte 11), often puree of 
(Tene fw x ty rai ere wo 
Mécrrbe menescion witch pevcgemisdren od 
tee mowed anny mabeesyemh oer pce oT 
th 1 congue and sinc on the na, 
ibe 50 aie emtotaent howe be ver seat U- 
totes Hl 1 tod hae core wh ae 
of water having ee not mae eee, 
fer whe 146 of piprbad wrod Fone 


‘Savana oes Cees 
eeechnestiinet bocce 
Seca cman arch pe 
‘hts ten atean rected pod dee eoent 
sing slr eee onl a eg 
Rima toneceh ieee ecasenara at 
Source qeamearhou sina 
tek 12 stow ne wag ope ues 
repentant agent ear arenes 


10 sere fei: a 30 102 ere 
‘Mfr of de adn Ltr oo 


‘endothe ecient et 
Persea ry Rpt nc 
‘Sarl sere te comeqerwlston oe hl 
‘els whch fiw te se decion ee ew 


ee he eel af magne Pa 
Eevonad ee soca tard 3 wcoreceat 


235 Cain ancy pruned ten) aca Se at 
NghaageespmehsnSd chsh ope 
‘telesales eco 


Bis ne mre omen tom fang ge 
fever anteepntenty barns beta oad et 
Rite ee A acid noes raat 

45 Mioreaswan tcpacaety map cieidre 
ese ae oe nae pokey ete psy 

‘hese cet engl crea perl ret econ 

‘ects oe an dae cpt 

"hve i sone sou ne 

[prowl dacs etal crs of uel arog 

Scene pees Tesi nem 

ss Revegnoetan eaten 
sng wt ecncon ond Tero 
{Stiga ecnencdin pre a 
aig lait re nice won as 

cq Prenatal 
"SatNapecatea th eh eon 1. 
ini anah Suma ett pean 

{iy omsnl Orton pepe eta ee 

finned sey of em epoch ot 

Riera aera oer 

‘coercion hes pee 

Sepeoiagrns neuen Soa seabeepdss 

sidieemcaase pao cesadoremrepeti 


so 


aay op dw conten 
SETS TRCEOEE wemdethemendnue 
‘igor scope Vorweamay tigger 


DIRECTIONAL COUPLER 
The directional couplerisa4- © @ 
port network similar to the rat Sz 
race. Itcan be used to — 
measure reflected and 

transmitted power to an 

antenna. 9 ® 
‘An input at one port is divided between two of the remaining 
ports. The coupling factor, measured in dB, describes the 
division of signal strength at the two ports. For example if 
the coupler has a coupling factor of -10 dB, then a signal 
input at port 1 would appear at port 4 attenuated by 10 dB 
with the majority of the signal passing to port 2. In other 
words, 90% of the signal would appear al port 2 and 10% at 
port 4. (-10 dB means "10 dB down" or 0.1 power, -6 dB 
‘means 0.25 power, and ~3 dB means 0.5 power.) A 
reflection from port 2 would appear at port 3 attenuated by 
the same amount. Meters altached to ports 3 and 4 could 
be used to measure reflected and transmitted power for a 
system with a transmitter connected to port 1 and an 
antenna at port 2. The directivity of a coupler is a 
measurement of how well the coupler transfers the signal to 
the appropriate output without reflection due to the coupler 
itself; the directivity approaches infinity for a perfect coupler. 
directivity = 10log (p, / p,), where the source is at port 1 
and the load is at port 2. 


The directional coupleris lossless [0 p 0 -g 
and reciprocal. The scattering pogo 
matrix loks Ike this. Ina real 

coupler, the off-diagonal zeros 98 a Oip, 
would be near zero due to leakage. -q 0 p 0 


CIRCULATOR 


The circulator is a 3-port 
network that can be 
used to prevent 
reflection at the antenna 
from returning to the 
source. 


Port 3 is terminated internally by a matched load. With a 
source at 1 and a load at 2, any power reflected at the load 
is absorbed by the load resistance al port 3. A 3-port 
network cannot be both lossless and reciprocal, so the 
circulator is not reciprocal. 
‘Schematically, the ‘The circulator is lossless 
circulator may be depicted but is not reciprocal. The 
like this: scattering matrix looks like 
this: 


ro) oot 
100 
010 


MAXWELL'S EQUATIONS, TIME 
HARMONIC FORM 
Vx =-jowH — “curlonk’ 
Vx# =-jOwE — “curlon 
[E(u y)8+E, (xy) +E (ny) Je 


# =[H,(x.y)&+H, (x y)F+H.(x,y)2]e™ 


From the curl equations we can derive: 


jou, (4) hn, jock, 
i 


jouH, (5) san 
ax 


a4) E, 


8 B, 


This makes it look lke if E. and H. are zero, then H,, Hy, Ex 
and E, are all zero. But since 2X0 + 0, we could have 
non-zero result for the TEM wave if 

ate = y= joxffie- This should look familiar. 
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APPENDIX IIT 


A CONDITIONAL CRITERION FOR IDENTITY, 
LEADING TO A FOURTH LAW OF LOGIC 


Summary 

Iflogic is regarded as a set of perceptual operations, then logic 
has a chronotopology (time structure). Identity or nonidentity then 
results as a decision from an algorithm —a set of perceptual opera- 
tions and comparisons — in which case the nature of a particular 
identity is conditional upon the nature of the set of perceptual 
operations comprising the algorithm. 


Ordinary logic does not account for the temporal aspects of 
perception, merely accounting for the spatial aspects. 


In other words, Aristotlean logic is a synthesis of primitive 
observation, fitted to the partial (spatial) reality emerging from 
spacetime after the imposition of the monocular (one-at-a-time) 
photon interaction with matter 


In quantum mechanics, time is a parameter, not an observable. 
Hence measurement/detection (of observables) deals with primitive 
observation and Aristotlean logic (topology). 


Total reality includes nonprimitive observation — hence, non- 
Aristotlean logic (chronotopology) — as shown in Young's two-slit 
experiment. 


By applying temporal accounting to each perceptual operation, 
Aristotle's three laws can be shown to be self-contradictory and 
incomplete as written. That is, they are topolological, not chronoto- 
pological 


A simple derivation of a fourth law is shown and an application 
rule given which itself may be regarded as a fifth law of logic. 


A proof of the fourth law by demonstration is given 


The resulting four law logic is chronotopological. The applica- 


429, Fourth Law ofLogic 


tion rule states that either Aristotle's three laws apply explicitly and 
the fourth law is implicit, or the fourth law applies explicitly and 
Aristotle's three laws are implicit 


‘The four-law chronotopological logic is theoretically capable of 
resolving every present three-law paradox 


Aristotle's Laws and the Paradox of Change 

Aristotle's three laws of logic, on which foundation rests all 
mathematical, physical, and rational thinking, can ordinarily be 
stated as shown in Table 1 


‘Table 1. Aristotle's tee laws of logical thought 


1 ASA 
2 AgA 
3. AVA 


A variety ofarguments can easily be produced to show that these 
laws are incomplete; ie., they do not specify all reality, for parts of 
reality can be shown to contradict one or more of Aristotle's laws. 


Indeed, all "observed" reality can be shown to violate all three- 
laws. 


E.g., the most direct violation is posed by the problem of change, 
a problem originally propounded by Heraclitus about 500 B.C., and 
unsolved to this day. Heraclitus pointed out that, for a thing to 
change, it must turn into something else, and then asked how a thing 
could be something other than itself? 


We may think of a thing — say, «—some feature A of which is 
said to change. IfA changes, itturns intoA, thus violating logic laws 
one and two. Further, we are considering A as the "changed thing. 
‘A,"i.e., something which is somehow both A and A, so logic law three 
is violated as well, 
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Thus, ifAristotle’s laws are taken to be all the fundamental laws 
of logic, then logically there can be no change whatsoever, because 
change negates all three laws. Le., either change does not exist or 
it is totally illogical 


Since all measurements, detections, thoughts, and perceptions 
are simply changes, then it follows that these operations logically 
cannot exist. Or, ifwe assume the "operations" to exist, their outputs, 
cannot exist. Ifthe operations do not exist, then again their outputs 
do not exist. 


So ifthe products or outputs cannot exist, then by this reasoning 
no perceived, detected, measured, conceived thing exists. Ifwe then 
insist that such things do indeed exist, then all is paradoxical and 
illogical. This is essentially the nature of the paradox posed by 
Heraclitus. 


Heraclitus's change paradox has not been satisfactorily resolved 
to this day, and rigorously all the rational science of the Western 
world, being based on paradoxical change (detection, perception, 
observation) is itself totally illogical by its own logical standards. 


Resolving the Paradox of Change 

However, the conditions necessary to resolve the problem of 
change can be stated simply by inspection of the problem as follows: 
(1) Aristotle's three laws must specify or apply to only that which is 
not changing, since change violates or negates all three laws; (2) If 
change is to logically exist, there must exist at least a fourth law of 
logic, one which applies to change; (3) This fourth law must contain 
the negations of each of the first three laws, since change negates 
them; (4) To be consistent, in any particular logical case, either the 
three laws explicitly apply or the fourth law explicitly applies (ie., 
either change explicitly exists in that particular case or it does not); 
(5) Since all four laws must apply at all times, then when the three 
Jaws apply explicitly, the fourth law must be implicit—and when the 
fourth law applies explicitly, the three laws must be implicit. 


With the five stated conditions, a fourth axiom of logic can be 
written simply by writing down the negations of Aristotle's three 
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laws, and synthesizing these negations into a single fourth law, as 
shown in Table 2. 


‘Table 2. Negations to Aristotle's laws. 


Aristotle’s law Negation of negation* 
AzA Asa 
Ava Aza 
AVA AAA A=AorlAAl 


However, even though we can synthesize the negation into a 
single law — the old "identity of opposites” idea — we still have the 
problem of understanding such a law. Though at first glance the 
negations and the synthesized fourth law seem bewildering, we can 
readily comprehend them if we carefully consider the temporal 
nature of the process that occurs in logical thinking. 


The Importance of Time 

Specifically, a finite interval of time is required to perceive, 
think, detect, or observe an entity — regardless of whether we refer 
to "physical" or "mental" detection, because both physical and 
mental processes are temporal. Indeed, we flatly state without 
further discussion that ultimately the identifying or mapping of 
physical and mental operations onto each other is what time is a 
priori. 


At any rate, we now carefully account for each individual time 
interval required to think, conceive, detect, perceive, or observe any 
entity — whether that entity is physical or mental — and we also 
account for the finite time interval required to perform a logical 
operation. So we rewrite Aristotle's three laws as shown in Table 3, 
with subscripted numbers indicating the separate time intervals in 
each law. 


“These negations mean thal A and A are totally udiferntated. 
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Table 3. Temporal accounted laws and negations. 


Aristotle's law Negation 
1 A, =, A, orA, # A, 
2 As A A= A, 

3 A, VY, A, A, A,A, or lA, Ag), 


The resolution to the entire mystery so long inherent in these 
axioms of logic now stands simply revealed: Whether one of 
Aristotle's laws holds or its negation holds is determined solely by 
the nature of the logical operation in time interval three.' 


Le., the operation in interval three may be regarded as an 
algorithm comprised of subsidiary (assumed) operations in separate 
time subintervals that, taken together, comprise the overall opera- 
tion implied by the logic symbol. 


Thus in the first law, if temporal tags (time snapshots) are not 
accounted (i.e, ifthey do not apply), then Aristotle's laws hold, for 
the snapshot 1 of Ais not differentiated in algorithm 3 from snapshot 
2 of A. This then rigorously holds for spatial (L’) entities, but not 
for spacetime entities. The snapshots in this case for Aristotle's first 
law (and the others as well) are spatial snapshots. On the other 
hand, if snapshots | and 2 of A are themselves temporally differen- 
tiated in algorithm 3, then the negation of Aristotle's law applies, 
because the spacetime snapshots A; and A» are different. This is 
immediately apparent, e.g., in a Minkowski geometry representa- 
tion, where the second snapshot of A will have a time coordinate 
different from the time coordinate of snapshot 1. This is represented 
as shown in figure 1, where "A" is taken as a simple magnitude, in 
this case 5. 
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Figure 1. Spatial snapshots of spatiotemporal A citer. 


‘As can be seen from figure 1, 5; is not identical to 5: unless we 
imply the operator 3/8 in the time interval three algorithm. 


‘The negation ofthe second law may also be simply understood if 
we use temporal accounting. E.g., suppose we take Ai=+1, A, =-1 
and then pose the absolute value operator || for potential use in 
algorithm 3. If || is not used, then 


GD, % 6D, 


and Aristotle's second law holds. If || is used, then 


Jon, ; 


15D, 


and in that case 


4A 


A, 


Note we are taking the view that there is nothing “absolute” or 
inherent” about identity or non-identity; instead, each is a condi- 
tional result that can only be established by some logical, comparn 
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tive set of operations. Ifthe suboperations comprising the decision 
algorithm for the identity/non-identity determination are changed, 
the finding ofthe algorithm (the decision) may often change. Specifi- 
cally, one can have the cases 


am 


AAA 


Thus we advance a conditional identity criterion to be incorpo- 
rated into formal logic: "Identity" or "non-identity” is defined by a 
decision made as a result of applying an operational algorithm; 
changing the internal operator components assumed inherent in the 
algorithm can change the decision. We are stating a fundamental 
principle that "identity" and "non-identity” are conditional and only 
conditional; they are never absolute 


Primitive Observation and "Reality" 

With these points made, we now turn to the third law. From 
Table 2, on examination it can be seen that the third law actually is 
a statement for monocular perception, detection, observation, 
thought, or conception. Indeed, this law says that only a single thing 
ata time can be perceived, detected, observed, thought, or conceived. 


As we pointed out in a previous paper’ , there is a very good 
reason for this "law." Primitive man lived almost exclusively in a 
reality detected by light, by the photon interaction, Even in the 
absence of visible light, all bodies have temperature, and man is 
immersed in a "sea" of continual electromagnetic photon with inter- 
actions. The photon interaction is monocular - - only one at a time 
interacts with a particle ofmass. Further, photon interaction con- 
stitutes the operator 9/@T invoked upon L'T spacetime. Photon 
emission carries away time (the photon is made of(AE AT), leaving 
behind an L’ spatial reality, as we have previously pointed out. 


So all our primitive concepts, ideas, and notions about reality 
have come from over four million years of hominid and human 
experience in the photon-detected partial reality ("physical,” "objec- 
tive," or "spatial" reality) that remains when the time "dimension" 
(fundamental variable) is destroyed from L'T spacetime, leaving 
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only L space behind. Specifically, our observed macroscopic reality 
consists of large temporal (mental) aggregates of such spatial re- 
sults, where we cannot distinguish the tiny temporal separations of 
the pieces. Thus all our observed/perceived entities are spatial, and 
further, each perception/observation snapshot results in a frozen, 
unchanging spatial entity (resulting — in physical detection — from 
the so-called "collapse of the wave function.” The loss of a wave 
function is simply the loss of time.) We vaguely sense "time" and 
“change” as the relation between these snapshots — i.e., by causal- 
ity, or the ordering of the spatial changes — much as we see 
“movement” in movie frames rapidly projected onto a screen one-at- 
a-time. 


Thus our primitive observations, from which have painfully 
been formed our relational concepts and ideas, are monocular, 
unchanging, and spatial. Aristotle's three laws of logic — which 
indeed may be taken to be only a simple synthesis of our primitive 
observation and corresponding relational concepts — then exhibit 
the same characteristics; they are monocular, unchanging, 3-dimen- 
sional, spatial, non-temporai relational statements. Any statement 
that is temporal, changing, or 4-dimensional will thus appear as a 
logical paradox to this logical shorthand. 


But from Young's two-slit experiment, we already know that 
reality and relationships between its parts are quite different ifthe 
photon interaction is not invoked — ie., if O/T is not invoked. 
Classical reality (as prescribed by Aristotle's laws) is directly vio- 
lated by an electron in the two-slit experiment, e.g. if and only if 
photon interaction with the electron is not invoked. Again, this has 
been simply explained by the present author", and Charles Muses as 
early as 1957 pointed out the absence of any mystery in Young's 
experiment if the chronotopological aspects were considered.* 


The Conscious Mind is Fitted to the Photon Interaction 

However, what is normally referred to as the "conscious, think- 
ing mind’ is simply a functioning temporal (rigorously, chronotopol- 
ogical) mechanism that is painfully built up in the individual's 
awareness (his mind in the greater sense ofboth thought and aware- 
ness, whether monocular or multiocular) by training, conditioning 
and experience. Its functioning is largely conditioned by one’s 90% 
orso attention to visual stimuli (to the partial reality remaining after 
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photon interaction has been invoked, and to the memory-collated 
ordering of vast numbers of such photon interactions) and by one's 
cultural conditioning — which itself has been almost exclusively 
conditioned and shaped by the monocular photon interaction at base 
root. 


Thus, since the beginning of man, his conscious, rational mind 
has been trained and constructed to function almost exclusively in 
basic correspondence with the photon interaction, and his experien- 
tial reality consists of the partial reality stripped from fundamental 
reality by photon interaction. 


All "perceived differences,” e.g., are created by this deep mind- 
set. As has been previously pointed out,’ the solitary human problem 
responsible for all man's inhumanity to his fellow man is directly 
dependent upon man's almost exclusive detection, observation, 
perception, and conception of “difference” between humans, these 
differences" being due exclusively and totally to the fitting of men's 
conscious minds to the photon interaction's monocular separation of 
spatial reality from nonspatial reality, ie, to 


A/T (LAT) => Lé 


Such well-nigh total devotion to, and enslavement by, photon 
interaction also is responsible for the scientist's well-nigh total 
devotion to, and enslavement by, the present imperfect and incom- 
plete three laws oflogic, as presented by Aristotle. The depth ofthat 
devotion and enslavement is evidenced by the fact that the resolu 
tion ofsuch paradoxes as Heraclitus's problem ofchange have eluded 
the best minds of humanity for several thousands of years. Indeed, 
these paradoxes cannot be resolved by the conscious, rational mind 
in its present state, for it has been most firmly constructed and fitted 
to function in accordance with the photon interaction.’ One cannot 
hope to resolve any logical paradox by using only those same logical 
methods that found the situation to be paradoxical in the first place! 


Dimensionality 

That we need not be constrained by such universal delusion is 
already shown by binocular vision. Specifically, in viewing a three- 
dimensional object, each eye never detects a "third dimension,” but 
detects only an L* 2-dimensional picture. By taking two slightly 


WAVE EQUATIONS 


From Maxwell's equations and a vector identity on 
curl, we can get the following wave equations: 
a "del squared on E" 


‘del squared on H’ 


WE, 


Using the separation of variables, we can let: 
E,=X(x)-¥(y)-Z(z) 


We substitute this into the previous equation and divide by 
XYZ to get: 


Since X, ¥, and Z are independent variables, the only way 
the sum of these 3 expressions can equal a constant is if all 
3 expressions are constants. 


az 


1 
Sowe are letting — 


Asolution could be Z =e 


sothat e* =—k.2e7 
Solutions for X and ¥ are found 


1ax 


k2 => X = Asin(k,x)+Beos(k,x) 


=> ¥ =Csin(k,y)+Doos(k 


Yay 


giving us the general solution k,” +k,° 7° = wpe 
For a particular solution we need to specly initial conditions 
and boundary conditions. For some reason, initial 
Conditions are not an issue. The unknowns are h., ky A, B, 
C.D. The boundary conditions are 

OH, 
“ag =0 =0 

an 


Eogo = the electric field tangential to a conducting surface 
Ha = the magnetic field tangential to a conducting surface 
n= | don't know 


TM, TE WAVES IN PARALLEL PLATES 


TM, or transverse magnetic, 
means that magnetic waves | —P— 
are confined to the transverse | 

plane. Similarly, TE qd eo 
(transverse electric) means 

that electrical waves are 

confined to the transverse (2 direction is imo page) 
plane. 

Transverse plane means the plane that is transverse to 
(perpendicular to) the direction of propagation. The 
direction of propagation is taken to be in the : direction, so 
the transverse plane is the x-y plane. So for a TM wave, 
there is no #1. component (magnetic component in the : 
direction) bul there is an E. component. 


E. = Asin(k,x)e 


A = amplitude [V] 
mn 
k, = 77° The magnetic field must be zero atthe pate 


boundaries. This value provides that characteristic. 
[em"] 

position; perpendicular distance from one plate. [er] 
late separation [em] 

ropagation constant 

sition along the direction of propagation [emi] 

m = mode number; an integer greater than or equal to 1 


Y= (kx) 


Notice than when (ia) > aie the quanlily under the 
square root sign will be postive and will be purely real. In 
this circumstance, the wave is said to be evanescent. The 
wavelength goes to infinity; there is no oscillation or 
propagation. On the other hand, when (ix)' < aiue «is 


purely imaginary. 


The magnitude of £- is related 
to its position between the 
plates and the mode number 
m. Note that for m = 2 that 

d 
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different 2-dimension snapshots and superposing them, the third 
dimension is gained. One then essentially sees the resultant super- 
posed pictures as "almost the same but not quite." Le., the Aristot- 
lean identity algorithm, if satisfied, yields "no difference, hence one 
object,” and if not satisfied, yields “difference, hence multiple (ex- 
tended) object(s).” So ifthe two snapshots are almost Aristotlean- 
identical but not quite, we get an extended-two-dimensional (three- 
dimensional) object. Otherwise we see two separate, two-dimen- 
sional snapshots blurred together (the reader is urged to try this and 
see). 


The point is, "dimensionality" and the identity algorithm are 
directly related, and geometrically one follows from the other. 


Awareness of Time 

In very similar manner, we can only gain cognizance of aware- 
ness of “time” (as a fourth dimension) by the superposing of two 
slightly differing (Aristotlean-wise) 3-dimensional snapshots. As is 
well known, e.g., time is not an “observable” in quantum mechanics; 
it is a "parameter." Rigorously, the only place such snapshots — 
each of which is "past” (spatially separated by the annihilation of 
time in the collapse of the wave function) — can multiply exist is in 
the "mind" in its most general sense. In a rigorous sense, mind and 
time can be taken as identical, and the "flow oftime” can be taken as 
the "flow of mind connections or superpositions" of its spatial 
components. Le., measured/detected/observed "physical phenom- 
ena" are a priori 3-dimensional and spatial, while a mind is four- 
dimensional and hyperspatial." Spacetime exists mentally but not 
observably. Time is logically implicit, not explicit. 


Temporal Aspects of Logic 

Now we return to the temporal aspects oflogic. Each perceptual 
part ofeach Aristotlean law is fitted to the photon interaction, hence 
monocular. The logic operation, inherent in the logic symbol in each 
statement, involves temporal superposition or comparison of spatial 
perceptual objects. Hence the logic operation is hyperdimensionally 
a function of mind and injects mind/time into the statement. Yet 
these laws, being fitted to or synthesizing photon interaction, at- 
temptto prescribe the absence oftime, even though writing down the 
logic operation rigorously invokes time. They are thus totally 
contradictory, since as written they implicitly violate themselves 
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Table 4 summarizes the operations now to be permitted in the 
time-three algorithm, in developing a new four-law logie: 


Table 4. Conditional identity rules. 


5= (zero), = (identity), 


= (nonzero), => (non-identity), 


\{sl.. Isl, | = monocular separation, differentia 
tion internally 
s os 

4] ]e=[ ], = nonseparation, no differentiation internally 


Rules one and two simply state that, when snapshots | and 2 are 
superimposed (subtracted) in time interval 3, theresultant snapshot 
3 may be zero or nonzero. Ifzero, snapshots | and 2 are said to be 
identical, and if snapshot 1 is to be labeled A, then snapshot 2 is to 
be labeled A. If snapshot 3 is nonzero, snapshots | and 2 are said to 
be nonidentical; if snapshot | is labeled A, then snapshot 2is labeled 


A 


Rule 3 says that snapshot 3 is a "memory" snapshot, and it may 
be particulately examined to monocularly separate snapshots | and 


Rule 4 states that snapshot 3 is not a "memory snapshot” and 
‘may not be further separated. 


Note that in logic we repeatedly apply these rules in combina- 
tion, serially or compositely. Note further that Rule 1 must serially 
apply both rules 3 and 4, as must rule 2 also. 
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Ifwe take 4| ,o mean "rule 4 applied conditional to rule 3 also 
being applied,” and 4|; to mean "rule 4 applied conditional to rule 3 
not also being applied,” we may write Table 5: 


‘Table 5. Conditional idemity, non-idemtity, and oneness. 


A 1= identi 


8,8) 


4|5 A2=non-identity (6,,8,) 


oneness without separate-ones; oneness, ex- 
traordinary and unperceivable; thing-in-itself 


4 | 5 = “ordinary” one, perceivable separation, “thing- 


as-separate-from-others” 
As can be seen, thi 


light on the long-standing problem of the "thing 
is beyond the scope of this paper. 


type of reasoning also sheds a great deal of 


The Fourth Law of Logic 
Now we write the fourth law of logic as follows: 


4. (A,,A,), > A, = A, 


where all we have said is that, by rule 4, in snapshot 3 no memory 
process is allowed, and no separation/differentiation whatsoever of 
‘A; and A, is permitted. Under these operational conditions for 
identity, what had previously been called A, in snapshot 1 and what 
had been called A, in snapshot 2 are indistinguishable, hence 
identical 

Figure 2 shows this concretely, and may be taken as a proofofthe 
fourth law by demonstration. 
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Figure 2. Proof that two opposites can be identified. What was separately 
perceived as A; in time snapshot 1 and what was separately perceived as A, in time 
snapshot 2, cannot be distinguished in time snapshot 3 


Thus the age-old philosophical dilemma posed by the illogical 
identity of opposites has a simple resolution if one considers tempo- 
ral aspects, and introduces temporal conditions for identity or non- 
identity decisions. 

We now write the new four law conditional identity logic as 
shown in Table 6: 


1 As Ay 
2 A aA, 
3. ALY, A, 
4° ASA 


Further, we point out that all four laws now apply. Laws 1,2, and 
3 are the laws ofexplicit monocular perception, with implicit binocu- 
lar perception. Law four is the law of explicit binocular perception, 
with implicit monocular perception. Both monocular and binocular 
perceptions must be and are used in each law. So in any situation, 
either the triad applies explicitly and the fourth law applies implic- 
itly, or the fourth law applies explicitly and the triad applies 
implicitly. 


Indeed, one can even take the view that we have prescribed a 
-law logic, the fifth law being taken as shown in Table 7: 
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Table 7. A posible ith aw of lic 


5. [1,2,3, A@)] V [4 AG,2,3,)] where 0 => implicit 


In aprevious paper’, the author has already presented methods 
to apply this new logic to resolve present paradoxes. At least 
hypothetically, every present paradox should be simply a statement 
of the explicit fourth law, and it should be resolvable by explicit 
application of that law'". 
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sents the "collapse of the wave function" and corresponding 
loss oftime. This defines "observation" and explains why all 
"measurement" and “detection” and "observation" — requir- 
ing a collapse of said wave function — are spatial and not 
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Relativity, being constrained by such logic, obviously can find 
nothing "physical" (observed, spatial, timeless thing frozen by 


Fourth Law ofLogic 442 


the collapse of the wave function as engendered by or fitted to 
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been interacted with by photons” and therefore is spatiotem- 
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APPENDIX IV 


LIST OF SELECTED INCIDENTS 

Author's note: In 1985-1987 a series of anomalous missile and 
space failures swept the U.S. and the West. These incidents were not 
unique, as many think, but were actually only a portion ofthousands 
ofrelated incidents showing the Soviet testing of advanced weapons 
throughout the world. This listing will show the types of incidents 
referred to. 


The listing is not intended to be complete at all, but only 
representative. Hundreds ofincidents of weather engineering, giant 
cloud radials and grids, suspicious light incidents, etc. could easily 
be added, were there time and room. No attempt has been made to 
exhaustively map the "aerial booms” that have blanketed the U.S., 
Europe, and other parts of the world. The light and "maybe it's 
UFO's" reports alone would add thousands of incidents to the list. 


Our message is succinct: The Soviet Union has developed anew 
science and weaponized it, since at least the latter 1940's. It has 
utilized that science — energetics — to develop superweapons and 
supervehicles. Because of the danger from accidental initiation of 
nuclear weapons and materials, it is exceedingly difficult and dan- 
gerous for the Soviets to make extensive use of these weapons. 
Accordingly, a biological warfare strike — AIDS —has been utilized 
to deliver what is to be the knockout blow to the West. 


DA’ 


rE, IN 


CIDENT, LOCATION, REMARKS 


Early spring 1966 - Malstrom AFB Montana 
UFO sighting coincident with simultaneous problems in 10 strategic 
missiles in launch site associated with Malstrom AFB, Montana, 
Similar event in Mar 1967 also. (Source: Clear Intent.). 


20 Mar 67 - Malstrom AFB Montana. 
Flight of 10 strategic missiles in launch site associated with 
Malstrom AFB, Montana experienced problems with guidance and 
control system. UFO in area and confirmed on radar. Jet fighters 
scrambled, results unknown. Similar event one year earlier. 
(Source: Clear Intent.). 
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1972 - Prague. 

Ata secret meeting of European communist leaders in Prague, 
Brezhnev lays out firm statement of Soviet intent to be able to 
dominate the world by 1985. Stated would control the oceans, 90% 
ofthe land, and the air and space above. Notice he said control, not 
invade and conquer. 


Aug 73 - Over ocean. 

USAF Minuteman ICBM is launched from Vandenberg AFB, aimed 
for Kwajalein missile range. Unidentified object appears and is 
tracked next to the ICBM's nose cone. Crossed the RVs trajectory. 
Object about 10 ft long. Seen by 2 separate radars. Three other 
identical objects were seen in the vicinity. Probable Soviet advanced 
flying vehicles. Also a deliberate stimulus to see if U.S. knows ofthe 
technology, and how the U.S. reacts. (Source: Clear Intent.). 


18 Oct 73 - Near Mansfield, Ohio. 

U.S. Army helicopter is intercepted by glowing red object that 
converged on it with terrific speed. Object placed some sort of 
“tractor beam" on helicopter. Object was gray metallic structure, 50- 
60 ft long. Helicopter was stopped in mid air. Radio blacked out. 
Official report filed by pilot. Probable advanced Soviet flying vehicle. 
Also a deliberate stimulus to see if U.S. knows ofthe technology, and 
how the U.S. reacts. 


21 Oct 73 - Near St. Joe, Indiana. 

20 or 30 lights sighted circling in the sky near St. Joe, Indiana near 
a woods fire, by firemen. Probable Soviet holographic tests to stimu- 
late UFO reports. 


1973 to date - Bennett Island, 

Bennett Is. exhaust plumes detected by U.S. weather satellites. 
Well over 100. spotted so far. Weirdly, 5 islands and part of the 
continental Alaskan area are in process of being secretly given to the 
USSR; Bennett Island is one of them. 


May 1974 - Lake Michigan. 
Blue-green glowing ball of light seen to fall into Lake Michigan. 
Soviet scalar EM testing. 
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8 July 74 - Lake Okeechobee, Florida and Atlantic Ocean. 
Orange red ball of ight lights up sky over south Florida. Crashes in 
area of Lake Okeechobee. Was accompanied by a large boom. 
Several other booms 5-7 min, after "object crashed." Pilots also saw 
object plummeting in from over Atlantic. Probable Soviet scalar EM 
weapons testing and calibration. 


Nov. 74 - Saryshagan. USSR. 
Construction of Tora facility begins at Soviets’ Saryshagan test 
facility. Believed to be directed energy facility. Probably connected 
with Soviet scalar EM weapons systems development. 


Oct? 74 - Antarctic. 

Ozone hole over Antarctic first detected. Did not appear in measure- 
ments from 1957-1973. Note did not appear until exhaust plumes 
noted from and around Bennett Island, with substantial activity. 
Looms over the continent every Oct. Diminishes through Mar. More 
severe each year since 1974. 


1975 - USSR. 

Soviet article in International Life speaks of weather war, chang- 
ing the nature of lightning, increasing the power of lightning, and 
directing electric charges of tremendous power against specified 
targets. "Atmospheric electricity" can be used to suppress mental 
activity of large groups of people. Tip ofthe iceberg. Unclassified 
reference to Soviet's scalar EM (energetics) weapon program. Note 
involvement of "lightning" in destruction of U.S. missiles a decade 
later. 


16 Feb 75 - Caribbean. 

RMS. Carmania (UK) observes bright white circular light appear 
and rise to 20 degrees, leaving comet-like trail, circle and disappear. 
Repeated four more times at exact hourly intervals. Soviet scalar 
EM weapons tests. May have been a shipborne device. 


13 June 75 - Kremlin. 
Brezhnev calls for ban on frightful weapons of mass destruction. 
Major speech. Repeated proposals to U.S. Senators. 


GENERAL MATHEMATICAL 


COMPLEX TO POLAR NOTATION 


jin polar notation: 


7 mag 
je? cr 


‘So we can find the square root of j y 


unit circle 


dBm DECIBELS RELATIVE TO 1 mW 


The decibel expression for power. The logarithmic 
nature of decibel units translates the multiplication and 
division associated with gains and losses into addition 
and subtraction 


P(dBm) =10log[ P(mW)] 
(mw) =10")"" 


V NABLA, DEL OR GRAD OPERATOR 


Compare the V operation to taking the time derivative. 
Where a/@r means to take the derivative with respect 
to time and introduces a s' component to the units of 
the result, the V operation means to take the 
derivative with respect to distance (in 3 dimensions) 
and introduces a m™ component to the units of the 
result. V terms may be called space derivatives and 
an equation which contains the V operator may be 
called a vector differential equation. In other words 
VA is how fast A changes as you move through 
space. 

in rectangular 
coordinates: 
in cylindrical 
coordinates: 


in spherical 
coordinates: 


PHASOR NOTATION 


To express a derivative in phasor notation, replace 


a 
5, with j@. For example, the 
7 


al 


Vv 
Telegrapher's equation 


VY GRADIENT 
"The gradient of the vector " or 
"del «" is equal to the negative of 
the electric field vector. 

‘Vo is a vector giving the direction and magnitude of the 

maximum spatial variation of the scalar function at a point 


in space. 
20D dd dd 
x +p ta 
ax "dy E 


Vb = 


vb 


Vv. DIVERGENCE 


V. is also a vector operator, combining the "del" or 
"grad" operator with the dot product operator and is 
read as "the divergence of". In this form of Gauss’ 
law, where D is a density per unit area, with the 
operators applied, V-D becomes a density per unit 
volume. 


D = electric flux density vector 
p = source charge density [C/m'] 
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2 Jul 75 - Kremlin. 

Brezhnev repeats his proposed ban on development of frightful new 
weapons, to a group of U.S. Senators. To visiting U.S. Senators. No 
one knew what he was talking about. 


Aug. 1975 - Kremlin, 
Ponomarey calls for ban on frightful new weapons of mass 
destruction. To visiting Congressmen. 


23 Sep 1975 - United Nations. 
Gromyko presents draft agreement to UN General assembly, for 
banning development of frightful new weapons. 30th session of UN 
Gen. Assy. No one knew what the Soviets meant. 


Oct - Dec 75 - Satellite, over the Indian Ocean. 
U.S. satellites illuminated or "blinded" over the Indian ocean. 
Source 10-1,000 times as strong as natural sources. 5 incidents. One 
4 hrs. long. Soviets wasted no time after Sep. fiasco. 


28 Oct to 11 Nov 75 - Mid-U.S. and Canada. 
Series of "UFO's" seen at Malstrom AFB, Montana; Loring AFB, 
Maine; Minot AFB, North Dakota; Wurtsmith AFB, Michigan and 
Canadian Forces Station, Falconbridge, Ontario, Canada by reliable 
military personnel. Reported to NORAD. Some objects seemed like 
helicopters. Radar tracked objects. One object at 72,000 ft. was 100- 
ft sphere, with seeming "craters" around it. 

Malstrom F-106's scrambled on one object but could not close on it in 
darkness and low altitude. Efforts by Air Guard helicopters, SAC 
helicopters and NORAD F-106's were fruitless. Probable Soviet 
activity in and around the SAC bases and Canadian radar sit. 
(Source: Clear Intent.). 


30 Oct 75 - Wurtsmith AFB, Michigan. 
UFO's and "unidentified helicopters” sighted (multiple incidents) at 
or near Wurtsmith Air Force Base, Michigan. Helicopter hovered 
over the weapons storage area. Radar reported low-flying objects. 
Returning KC-135 tanker a/c diverted to intercept one UFO. Ob- 
served two objects, unable to close. Visual and radar contacts. Low 
on fuel, KC-135 returned to base to land, again seeing lights over the 
weapons storage area. (Source: Clear Intent.) Soviet Activity 
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7 Nov 75 - Near Lewiston, Montana 

Giant glowing disc, football field sized, hovered over Minuteman 
missile launch site K-7, just south of Lewiston, Montana. When it 
rose to 1,000 ft, NORAD radar picked it up. Two F-106's were 
scrambled. UFO rose to 200,000 fi. and disappeared from NORAD 
radars. Probable advanced Soviet flying vehicle, using antigravity 
propulsion system. (Source: Clear Intent.). 


Nov 75 - Semipalatinsk, USSR. 

Large amounts of gaseous hydrogen with traces of tritium begin to 
be detected by USAF/TRW early warning satellites. 

Nuclear debris apparently related to nuclear facility at Sem- 
ipalatinsk labelled PNUTS (possible nuclear underground test site.) 
Probable large scalar EM development and test site. 


Jan 76 - Cannon AFB, New Mexico. 

‘Two UFO's reported near flight line at Cannon AFB, New Mexico. 25, 
yards in dia., gold or silver in color with blue light on top, hole in the 
middle and red light on bottom. Observed and reported by security 
police. (Source: Clear Intent.). Probable Soviet activity 


31 Jan 76 - Eglin AFB, Florida. 

MG Lane, CG, Armament and Development Test Center, Eglin AFB, 
Florida reported a UFO sighting near an Air Force Radar site from 
0430 to 0600 Eastern Standard Time. Photographs were taken. 
Later press release called it "building lights.” (Source: Clear 
Intent.) Probable Soviet Scalar EM activity. 


1976 - U.S. Embassy, Moscow. 

State Dept. declares U.S. Embassy in Moscow an unhealthful post. 
Installs Aluminum window screens against Soviet microwave radia- 
tion, which has been underway since 1950's. 

Provided 20% pay extra differential. Embassy radiated with weak 
microwave radiation since 1950's. Two U.S. Ambassadors died, 
Stoessel ill with strange leukemia-like malady. Soviet stimulus to see 
if we knew about scalar electromagnetics, phase conjugate waves, 
and EM disease induction, (Stoessel died recently of cancer). 


1976-U.S. 
Soviet nuclear scientist named Rudakov visits U.S., proposes coop- 
erative effort in some areas of fusion research. Showed work he had 
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been doing and results obtained. U.S. officials reacted drastically, 
classified his talk as top secret, even ripped off blackboard and 
carried it away.Very strange incident. Soviet open, public scientific 
work considered Top Secret by the U.S. One wonders why. 


30 Mar 76 - Netherlands. 
Huge atmospheric boom occurs over northern part of Netherlands. 
Through 1983, in 10 years 7 events took place. 


22 Jun 1976 - North Atlantic. 

Expanding white sphere of light developed for about 10 min. then 
faded. Other associated light phenomena observed. Seen and logged 
by passing ship. 


4 Jul 76 - Soviet Union. 
Giant Soviet Woodpecker transmitters activated. 3-30 MHz band. 
Worldwide interference with communications. 


30 Jul 76 - Fort Ritchie, Maryland. 
Several UFO's sighted in and around Ft. Ritchie, Maryland. One 
hovered over the ammunition storage area. Reported. Temperature 
inversion at the time provided a convenient pseudoexplanation. 
Could not have caused the incidents. (Source: Clear Intent.) 


10 Sep 76 - Lithuania, 

European Airways flight 831, Moscow to London, at 31,000 ft over 
Lithuania sees blinding single ball source of light at constant 
altitude about 5-6,000 ft. below them and above a lower cloud, 
Pilot contacted Soviet authorities. Received negative response and 
suggestions he should not ask questions. Probable deliberate stimu- 
lus offlight so, from reports to British authorities, could ascertain 
whether Britain knew anything about scalar EM weaponry. 


19 Sep 76 - Near Teheran, Iran 

In early morning hours, UFOs were spotted north of Teheran, Iran. 
Two F-4's attempted to intercept. The first lost all communications 
and instrumentation at 25 miles distance. When the F-4 turned 
away, equipment was restored to functioning. Second F-4 acquired 
radar lock at 27 nm. and attempted to close. Object moved to stay at 
25 nm distance. Second object came out ofit, headed straight for the 
F-4. F-4 attempted to fire AIM-9 missile and at that instant weapons 
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control panel and communications went off. F-4 took evasive action. 
A third object was seen to emerge from first. The F-4 returned to 
base. Each time it passed through 150 degrees magnetic bearing, it 
lost communications and INS fluttered 30 to 50 degrees. A civilian 
airliner also experienced loss of communications in the vicinity. 
Signatures of scalar electromagnetic weapons and antigravity. 


1976 - Soviet Union, Sweden. 
Swedish national authorities detect anomalous radionuclides — 
similar to those from nuclear explosions — over Sweden. No 
accompanying seismic activity. Correlated with known Soviet 
activity at Semipalatinsk. In other words, nuclear explosions were 
occurring, but they did not shake the earth. Total anomaly. Indicates 
transformation ofthe explosive energy. Positive signature. 


1976 - Philadelphia. 
Legionnaires Disease precipitously strikes Legionnaires attending 
convention in downtown Philadelphia. Kills 34, makes 187 others 
seriously ill. Similar malady struck Odd Fellows convention at same 
hotel in 1974. Odd person with apparent transmitter and antenna 
was expelled. Informed members: "It's too late! You are all dead!" 
Probable scalar EM conditioning of convention with an immune sup- 
pression pattern for the disease. 


21 Jan 77 - Columbia. 
Columbia A/L Avianca night flight. Instruments wenthaywire. Saw 
enormous, zigzagging glowing light, traveled at fantastic speed back 
and forth. Blinked landing lights, UFO responded. Sped away at 
incredible speed. Probable Soviet advancedperformance antigravity 
flying vehicle. Such have been widely sighted over South America. 


3 Mar 77 - Columbia. 
Columbia A/L Avianca night flight. Pilot abruptly changed course to 
circle a huge, glowing UFO. Object had cigar-shaped fuselage and 
was twice as big as the aircraft. Blinked lights, UFO responded. 
Sped away. Air traffic control radar tracked object at ten times the 
speed of normal aircraft. 

Probable Soviet advanced performance antigravity flying vehicle. 
‘Such have been widely sighted in South America. 
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24 Mar 77 - Off coast of Spanish Sahara, Africa, 

MV. Kinpurnie Castle, offcoast of Spanish Sahara, Africa, observes 
complex, dynamic light phenomena. Third phenomenon was the 
formation of a semi-circular area of moderate luminosity, a hemi- 
sphere oflight. Took 3 min to form about a previous luminous patch. 
Then another luminous patch formed over the hemisphere. After 
about 7 min., phenomena dispersed. Soviet test of Tesla shield and 
globes. 


11 Jun 77 - Moscow, USSR. 
Soviet biophysicist hands Robert Toth, Los Angeles Times journal- 
ist, a report containing proof that certain particles existed in cells, 
carried information, and were radiated. Both seized by KGB and 
charged with possessing Soviet state secrets. — Interrogated, 
released. Neither knew what they actually had. Soviet Academician 
IM. Mikhailov pronounced secret such phrases as. "micro-organism 
self-radiation... by means of vacuum particles in space.” Use ofsuch 
particles was discussed, and was secret. Paper contained basis of 
Soviet energetics use in biology. Positive connection ofSoviet classi- 
fication to mitogenetic radiation and scalar EM waves ("vacuum 
particles” indicate virtual flux structuring). 


13 July 77 - New York. 

Massive electrical blackout strikes New York City. Affects 8 million 
persons. Staggering series of" natural” electrical shocks, mechanical 
failures, and human errors occurred. Anomalous "lightning strokes" 
supposedly initiated the collapse of the power grid. Probable Soviet 
test. 


1977 - Ocean off Yugoslavia. 

MV. Dolphin, between Yugoslavia and Israel, observed extensive 
light balls and repeated phenomena, appearing and disappearing. 
Men were disoriented. Compass was disrupted. Okay after the 
phenomena dispersed. Probable Soviet test. Stimulus to see if 
Britain recognized the weaponry and knew anything about it. 


13-14 Dec 1977 - Leitchville, Australia. 
Large aerial light plus 3 smaller ones observed for four hours by 
multiple persons. Lights simulated activity ofa "mother ship" and 
smaller craft assigned. Changed colors. Then a shower of orange 
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lights occurred. Probable Soviet test. Part of deception plan, to create 
'UFO" phenomena to hide weapons testing. TR wave holography. 


Dec 77 to Jan 78 - Off East U.S. Coast. 
Mysterious atmospheric explosions occur off U.S. Atlantic Coast. 
Some accompanied by light phenomena. Soviet tests and calibration 
(registering the long-range artillery, so to speak.) 


13-14 Dee 77 - Leitchville, Australia, 
Large arrays of light phenomena sighted by multiple witnesses. 
Probable Soviet creation. Reported as "UFO" phenomena. Holo- 
graphic creation of "UFO" phenomena as part of deception plan to 
disguise tests of the weapons worldwide. TR wave holography. 


1977-78 - North Pacific Ocean. 
‘Two huge hot spots in North Pacific ocean, 2,000 mi by 1.200 mi. 
May have caused El Nino and one of most severe winters on record. 
May have been caused by Soviets as a weather experiment. 


27 Jan 78 - U.S. East Coast. 
Boeing 727 offeast U.S. coast experiences engines failing, | atatime, 
in all three engines. A/c plunges 8,000 feet; engines restart one at a 
time. First time ever that all three engines on a 727 had failed. 
Probable Soviet test. 


Feb 78 - Rocky Mtns. NW of Las Vegas. 
Four aircraft crash in a 6-day period in the rugged Rockies, NW of 
Las Vegas. Connected with a crashed military a/c from Nellis AF 
Base. Should be further investigated. 


Feb 78 - Texas coast. Nova Scotia. Charleston, SC. 
Atmospheric booms occur. Multiple booms in Charleston. Soviet 
tests. Scalar EM weapons. 


2 Apr 78 - Bell Island, Nova Scotia. 
Mysterious fireball, explosion accompanied by anomalous electrical 
effects. Small bldgs blown apart, trees scorched, fireballs seen. Prob- 
able Soviet test. Apparently even registered on U.S. satellite. 
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10 May 78 -Off Florida. 

Women pilots in race experience anomalous "time loss" on their 
watches from Fort Myers to Freeport (Bahamas). 39pilots. Watches 
synchronized. Up to 3 min. lost. Definitely not normal EM effect. 
Probably due to sporadic natural scalar interferometry and time- 
reversed waves generated in area from time to time. "Bermuda 
Triangle” mechanism? 


May 78 - Florida, 
Unexplained lighted objects sighted in sky over remote sector of 
Florida. Tracked on radar at a Navy EW center. Naval personnel 
also observed them through binoculars. Probable Soviet advanced 
{flying vehicles, or tests ofintense holograms with energy sufficient to 
ionize air and reflect radar. 


18 May 78 - England. 
Several atmospheric explosions shake houses over a wide area in 
Hull, Scunthorpe, Holderness coast, and Brough and Grimsby. 
Probable Soviet weapon testing and calibration. 


Jun 78 - Indiana. 

Large ball oflight streaks across sky, stops, hovers, then explodes 
with a large boom. Possible test. Standard Soviet incident to 
generate deception. 


7 Sep 78 - Netherlands. 
Large acoustical event (boom) occurs over the Netherlands. Soviet 
scalar EM weapons testing and calibration. 


Sep 78 - Tabas, Iran 

Anomalous Richter 7.4 earthquake strikes Tabas, Iran, killing 
25,000. No aftershocks. Anomalous depth. Soviets needed to relievo 
pressure in rocks at nearby Askhabad on the Soviet/Iran border, else 
lose the city to a large earthquake. 36 hrs. earlier, Soviets exploded 
‘monstrous 10 Megaton underground nuclear explosion, to disguise 
what caused the earthquake. Almost definitely a Soviet- induced 
earthquake. 


Oct. 78 - USSR. 
U.S. DOD weather satellite purportedly photographs a semi-rectan- 
gular object climbing out of atmosphere at 4,000 to 4,500 mph. 
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Object was over the Soviet Union. Probable Soviet advanced flying 
vehicle, using antigravity propulsion system, if photograph is real. 


31 Oct 78 - Fairbanks, Alaska & Lake Ontario. 
Red and yellow flash seen descending through sky S. of Fairbanks, 
Alaska by multiple observers. One minute later, U. of Alaska 
seismograph registered a tremor 1.5-2.0 on Richter scale. Ten days 
prior, a similar phenomenon was observed over Lake Ontario and a 
photo taken of the light. Probable Soviet scalar EM wpns testing 
calibration. 


Nov 78 - Kuwait. 
Large flying vehicle lands at Umm. Alaish oil pumping sta., Kuwait. 
Disrupts elect, comm, and pumping activities. Leaves after 7 min. 
Probable antigravity propulsion system. Soviet vehicle. One of a 
series of "UFO" sightings in oil fields of Kuwait. Positive scalar 
electromagnetics and time-reversed wave signatures. 


Nov - Dec 1978 - Kuwait. 

Series of "UFO" incidents over Kuwaiti oil fields occur. Kuwait 
Gov't. investigates, makes official report. U.S. Pentagon noted inci- 
dents. Probable Soviet-induced incidents. 


1979 - British Columbia & Caspian Sea. 
Ariel 6 satellite experiences anomalous tumoff of two power 
supplies. Over British Columbia and Caspian Sea, when sun is 
shining. Probable Soviet stimulus. 


Jun 79 - Vienna. 

Pres. Carter signs SALT Il agreement in Vienna. After that, his acts 
and speech are erratic and he seems to be in a depressed state 
Suggestive of exposure to EM behavior modification. Soviets had 
possessed the LIDA technology for 29 years. 


Sep 1979 - USSR. 

Strange giant semicircular light phenomena observed in USSR, 
toward Saryshagan. Observed several times. Source: London 
Times. Observed from Afghanistan by British cameraman Nick 
Downie. Definitely Soviet tests ofa Tesla globe and/or shield. 
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22 Sep 79 - South Atlantic. 
U.S. Vela satellites detect anomalous flash over South Atlantic, as 
f from a nuclear event. U.S. Govt Agencies still disagree as to 
whether this was a nuclear event or not. May have been a Soviet test, 
or a test ofa scalar EM weapon by another nonkostile country. 


25 Dec 79 - Afghanistan. 

Soviets invade Afghanistan. This is the Soviet "Spanish Civil War,” 
where wpns, training, and the state oftheir ready reserves are tested. 
Iris not primarily the regulars who are fighting there. Some scalar 
weapons — e.g. Smirch death ray — are tested also. 


1980 - Afghanistan 

Soviets kill 225 women and children in a village in the province of 
Maiden, near Kabul, Afghanistan. A month and a halflater, bodies 
still undecayed. Bodies were also shot, to try to deceive Mujaheddin 
as to cause of death. Bodies perfectly preserved. No smell, no bugs, 
no scavengers had eaten them. Probable Soviet test ofa "death ray.” 
Definitely scalar electromagnetic weapon signature. 


Feb 1980 - Duncanville, Texas. 
About 100 startlings suddenly start falling from flight, instantly 
dead. One ofseveral such anomalous birdfalls. Connected with very 
high frequency components added to Woodpecker signals for sharp 
localization. Birds entering such an area are Killed. 


May 1980 - Seminole, Florida. 
Start of mysterious plague of assorted illnesses striking healthy 
persons in a 20-block section of Seminole, Florida. Animals affected 
also. Lack friendly bacteria in their intestines. Signatures of EM 
induction of disease and kill of intestinal bacteria. The lack of 
friendly bacteria is important. May indicate one direction of biologi- 
cal warfare planned by Soviets. 


June 1980 - USSR. 
Huge, luminous hemisphere oflight seen within Soviet Union, from 
Kuwait. Probably over Caucasus region of USSR. Source: personal 
communication from observer. Tesla shield. A definite test, un 
equivocal. 
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July 1980 - U.S. and Canada. 

Richter 5.1 quake centered in northern Kentucky rumbles through 
14 states and into Canada. No known fault. Was predicted two wks 
in advanced by an associate. 


7 Nov 80 - Applegate Valley, Oregon. 

Mysterious explosion, earth rumbling, brilliant light turns night 
into day in Southern Oregon. Associated with subsequent earth- 
quake next day? 


8 Nov 80 - California. 

Richter 7.5 earthquake off coast of Southern California. Shakes CA 
and Southern Oregon. Note anomalous phenomena in S. Oregon the 
preceding day. 


Dec 1980 - South Atlantic 

U.S. Vela satellites detect another anomalous nuclear-like flash 
over the South Atlantic. In infrared only. Obviously not a normal 
nuclear wpn. 


28 Dec 80 - South Atlantic. 

Great bluish-white flash over the South Atlantic. Clear sky except 
2 or 3 small cumulus clouds, one about 600 ft. above ship. Possibly 
connected with the second Vela flash detection, or generated by the 
same system. One ofmany such incidents. 


1 Jan 81 - Somerset, Pennsylvania. 

Pilots oftwo ac report the descent ofa bright, shiny object with fiery 
tail over Pennsylvania. Large boom rumbles across most of Western 
PA. Possible Soviet scalar EM testing. Part ofdeception plan. 


Jan 81 - Minnesoto, Wisconsin, South Dakota. 

Great skyflashes and rumbling noises occur around Morris, Minne- 
soto and Wisconsin and South Dakota. Possible Soviet scalar EM 
testing. Part of deception plan. 


Feb 81 - San Jose California 
‘Two pilots menaced by 10 ft. dia. light which flew directly at aircraft 
over San Jose, CA airport. Plane climbed, light followed, then sped 
away. Totally consistent with exercise of the Soviet Launch Phase 


v? THE LAPLACIAN 


V’ is a combination of the divergence and del 
operations, ie. div(grad @) = V-V @ =V"®. Itis read 
as "the LaPlacian of" or "del squared’ 


ed Fo ao 
ax ay 


= electric potential [V] 


VE 


GRAPHING TERMINOLOGY 

With x being the horizontal axis and y the vertical, we have 
a graph of y versus xor y as a function of x. The x-axis 
represents the independent variable and the y-axis 
represents the dependent variable, so that when a graph 
is used to illustrate data, the data of regular interval (often 
this Is time) is plotted on the x-axis and the corresponding 
data is dependent on those values and is plotted on the y- 
axis. 


HYPERBOLIC FUNCTIONS 
jsin @ = sinh ( j0) 


jcos @ = cosh ( j®) 
tan @= tanh ( j0) 


TAYLOR SERIES 
Vivxetele, xe! 
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Anti-bomber system's real-time holography aspects of the Wood- 
pecker OTH radars. 


6 May 81 - Fredericksburg, Maryland, 
EC-135 a crashed near Fredericksburg, MD. Severe nose-down 
from 29,000 ft. Apparent loss of all power. At 5,000 ft., either fire or 
minor explosion occurred. At 1,50) large explosion destroyed the 
aircraft. Possible Soviet test of OTH radar anti-bomber weapon 
system? 


Mid-81 - Afghanistan. 

Soviet helicopters use mysterious, highly lethal agent in Afghani- 
stan, Causes death so quickly victims do not have time to make the 
slightest move. Rptby Jane's Defense weekly. Referred to as Smirch 
gas or Smert gas. Probable test ofa Soviet scalar EM "death ray.” 


20-23 Jan., 1982 - Gander, Newfoundland. 

“Object with red, green and yellow lights sighted in the Gander, 
Newfoundland area more than 36 times. Alternately hovered and 
darted in a complex "flight" pattern. Possible real-time holographic 
phenomena produced by Soviet scalar EM weapons as part of the 
worldwide deception plan. Gander is a major "registration point.” 


3 Feb 82 - Newfoundland. 

Red and green flashing lights travelling across the horizon at 2,000 
mph reported by 3 Armed Forces officers at Gander, Newfoundland, 
Possible real-time holographic phenomena produced by Soviet scalar 
EM weapons as part ofthe worldwide deception plan. Possible major 
"registration point.” 


Feb 82 - Ankasaray, Turkey. 

Cluster of high, multiple lights pass over Turkish town of Anka- 
saray, 200km. from Ankara. Dogs were disturbed also. Possible real 
time holographic phenomena produced by Soviet scalar EM weapons 
as part of the worldwide deception of plan. Gander is a major 
"registration point.” 


Sep 82 - Ankara, Turkey. 
Cluster of 10-14 high, multiple lights pass over Ankara, Turkey in 
clear night sky. Dogs were also disturbed. Possible real-time holo- 
graphic phenomena produced by Soviet scalar EM weapons as part 
ofthe worldwide deception plan. 
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Early 82 - St. Petersburg, Florida. 
Extended series of booms occur off coast of Florida, near St. 
Petersburg. Continued lengthy period of time. Years of Soviet scalar 
EM interference grid adjustments have been registered in Florida 
and off St. Petersburg. Booms are so numerous that meetings of civil 
defense, federal, and state officials have been held. 


June 82 - Washington/Canada border and off-shore, 
Extended series of booms occur over Pacific Ocean, centered about 
Port Angeles and Sequim near Washington state/Canadian border. 
Persisted for several weeks. As many as 10 blasts per day. Fireballs 
and lights also seen. Soviet extended scalar EM tests 


18 June 82 - Northern Pacific Ocean. 
‘Two JAL flight crews observe large, yellowish-white globe of light 
over the North Pacific Ocean 700 mi. east of Hokkaido, Japan. 
Covered one fourth of the sky. Light gradually dimmed and 
disappeared. Tesla globe. Definitely a Soviet weapons test. 


June 1982 - Red China. 

Several Red Chinese giant light hemisphere and globe incidents. In 
one instance, a/c electrical power systems began to fail in several Red 
Chinese fighter a/c when encountering a huge hemisphere of glow- 
ing light. Teslaglobes. Tesla shields. Balls oflight. Definitely Soviet 
weapons tests. 


24 Sep 82 - Maryland, New Jersey. 
Anomalous airquakes off the coast of Cape May and Northern 
Maryland, and Atlantic City, New Jersey. Adjustment of Wood- 
pecker grid. Soviet tests. 3 weeks later also. 


14 Oct 82 - Maryland, New Jersey. 
Anomalous airquakes off the coast of Cape May and Northern 
Maryland, and Atlantic City, New Jersey. Adjustment of Wood- 
pecker grid. Soviet tests. 3 weeks earlier also. 


16 Nov 82 - Delaware, New Jersey. 
Five mysterious booms rock Sussex county, Delaware and southern 
New Jersey. Adjustment of Woodpecker grid. Soviet tests. 
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1983 - Loma Linda, California, 

Photos and information about the Soviet LIDA machine released. 40 
MHz carrier, complex waveforms. Induces catatonic state in hu- 
mans and animals. Shows consciousness can be affected by EM 
‘means. Was used on U.S. prisoners of war in Korea. Suggests similar 
capabilities are possible for Woodpecker. U.S. scientific community 
had said impossible. President Carter affected in Jun. 79? 


Early 1983 - Bennett Island. 
Large exhaust plume detected coming from Bennett Island and 
vicinity, one on-shore and two offshore. Plume was 6 mi. wide, 155 
mi. long and reached 23,000 ft in height. U.S. weather satellites 
detected it. Nearly horiz, jet, 155 mi. long. Definitely not natural. At 
angle ofperhaps 1.5 degree above horizontal. 


27 Sep 83 - England. 
British RAF/Panavia Tornado aircraft loses all electrical power and 
crashes. Possible Test? Tornado system is triplexed. 


22 Oct 83 - Off Okinawa. 

Two alc operating off U.S.S. Midway apparently lost w/o trace, about 
127 mi. E. of Okinawa, under anomalous conditions. Causes un- 
known. Additional data needed. 


8 Nov 83 - Western Europe. 
Anomalous earthquake occurs in Western Europe. All foreshocks 
and aftershocks were missing. Called the "Leige” earthquake 
Definite symptoms of manmade (Soviet ) origin. Large boom oc- 
curred over Netherlands the next day over 35,000 sq. km. area. Soviet 
scalar EM weapon testing. 


9 Nov 83 - Netherlands. 

Large acoustic event occurs over Netherlands. Detected over 35,000 
sq.km. First mistaken as a Dutch quake. One day after the anoma- 
lous Leige quake. Soviet wpn testing. 


Dee 83 - Alma Ata, 

Stored munitions exploded at Dolon (Soviet) airfield. 150 km south 
of Alma Ata. One of six that mysteriously exploded in 7 months. 
May be evidence that another nation also has Scalar EM wpns, and 
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is checking the Soviets. Ifso, probably was warning that Soviets also 
would suffer if they moved. 


1984 - Novaya Zemlya. 

First mysterious plume detected from Novaya Zemlya by U.S. 
weather satellites. Sometimes plumes are 200 mi. long. Novaya 
Zemlya contains Soviet atomic facilities including weapon facilities. 


1984 

Senior Soviet physicist G. Yu. Bogoslovsky publishes paper, "Gen- 
eralization of Einstein's Relativity theory for the anisotropic space- 
time.” Such Russian research published regularly. Would be 
impossible in U.S., where similar attempts meet discredit, humili- 
ation, and rejection by leading U.S. physics journals and depart- 
ments. The West has decreed that general relativity must not be local, 
and above all must not be lab-bench experimental. Open Soviet 
publication indicative of experimental development of local space- 
time curvature technology. 


1982 - 84 - Florida (& elsewhere). 
Airquakes, booms (hundreds). /6 counties, near coast. 


28 Jan 84 - Pennsylvania, New Jersey. 
Bright orange light streaks across sky from Pa. to N.J.'s Cape May 
Similar "fireball" explodes in Clementon. Two other sky explosions 
observed. Possible Soviet activity. TR wave holography and pulses. 
Part of Soviet deception plan. 


Feb 84 - in space, 
All three payloads of the Challenger flight fail, 2 commication 
satillites, I balloon. 


10 Feb 84 - Netherlands. 
Large atmospheric boom occurs over Netherlands. 7 others thru 
1983. 


29 Mar 84 - Bennett Island. 
Bennett Island exhaust plume detected by U.S. weather satellite. 
Over 100 such anomalous exhaust plumes detected there. 
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9 Apr. 84 - S. of Kurils toward USSR. 

nt rapid cloud tower rose, then faded. Small semicir. halo of light 
replaced it. Halo expanded to full circle of light. Expanded to giant 
globe then faded. Cloud 60,000 ft in 2 min. Light globe expanded to 
about 380 mi. dia. and center over 200 mi. high. Source: Science 
Journal. Definitely a Soviet test of multiple weapon modes. 


26 Apr. 84 - Bennett Island, 
Bennett Island exhaust plume detected by U.S. weather satellite, 
Over 100 such anomalous exhaust plumes detected there. 


May 84 - S.E. US. 

Series of devastating storms breaks out over S.E. U.S. in early May. 
Tornadoes, large hail, downbursts. Some loss of life. Persisted 
through night into early morning hours. Several instances of rapid 
thunderstorm top warming were observed in satellite photography. 
Occurred near downbursts. Very heavy plume activity at Bennett Is. 
noted in Apr. and May, 1984. Warming oftops ofthunderstorms can 
produce downbursts. In literature. Note that Soviet scalar EM wpns 
can perform such top-warming of thunderstorm anvils, and induce 
downbursts on command. 


13 May 84 - Severomorsk, USSR. 
Soviet missile storage facility at Severomorsk Naval Base on the 
Kola Peninsula 1450 km north of Moscow blows up in a series of vast 
explosions. Over 200 wounded. Soviet North Fleet lost about 1/3 of 
its missiles. Speculation of an "electromagnetic cause, possibly by 
reflection of radio waves from ionosphere.” Detected by satellites: 
first thought to be nuclear explosion. One ofsix such explosions of 
Soviet ammunition storage sites in a period of seven months. Defi- 
nitely not accidental. Probably use ofscalar EM weapons by another 
nation, not hostile to U.S., to warn the Soviets that they also will 
suffer if they move. 


15 May 84 - Bobrwjk Airfield. 

Major blast occurs at Bobrwjk Airfield, 138 km SE of Minsk and the 
base of a Badger-equipped air-to-surface missile regiment of the 
Smolensk Air Army. 10 ofthe 11 ammo storage bldgs blow up and 
admin, and access control bldgs. are destroyed. Note that fires and 
explosions were still raging at Severomorsk, from 13 May event. 
Same note as above. 


Selected Incidents 462 


25 Jun 84 - Schuerin, East Germany 
Explosion occurs at an ammunition depot at Schuerin, south of 
Wismar in East Germany. Windows blown out within 10 mi. radius 
of depot. Same note as above. 


27 Jul 84 - Kuril Islands. 
Slowly expandingball oflight seen by Boeing 747 crew nearthe Kuril 
Islands. Expanded for 10 min, Shell was sharply defined. Light 
semi-transparent and nearly perfect half-circle. Tesla globe. Bennett 
Is. exhaust plumes detected by U.S. weather satellite. Definitely a 
Soviet test. Related to 9 Apr. 84 incidents S. ofKurils. 


29 Aug 84 - Edwards AFB, California 
B-1 bomber prototype crashes in flight test about 10 mi. NE of 
Edwards AF Base. 


1983-84 - Ireland. 

For two years, freak lightning terrorizes villages of West Donegal, 
Ireland. Roofs stripped off, windows smashed, pipelines wrecked, 
telephones and TVs blown up. No known cause for the anomalous 
lighting. Shows natural potential in area is disrupted. 


25 Dee 84 - Ireland. 
Freak lightning continues in West Donegal, Ireland. Causes 3-day 
power blackout. Extensive plume activity at Bennett Island. 


1985 - Worldwide, 

After years ofa superb safety record, airline industry suffers a series 
of disastrous crashes. 20 major air crashes occur worldwide, with 
more than 2,150 lives lost. 


Early 85 - Worldwide. 

KGB begins a worldwide campaign to blame the U.S. for starting the 
AIDS epidemic. Effort continues. Disinformation; is believed in 3rd 
world. 


Jan 85 - San Diego, California. 
U.S. Navy chaff caught by wind, blown in over San Diego. Power 
knocked out to 60,000 homes. Symptoms of presence of Soviet scalar 
EM grid in San Diego urea. 
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7 Jan 85 - Cantrell, Alaska. 
Cantrell, Alaska. Blinding white light passes in sky overhead, lights 
up sky and mountain range for 30-40 seconds for 16 mi. Est. 3-mi. 
altitude. Probable Soviet test. Note thatplume activity at Bennett Is. 
is heavy in Jan. 85. 


Feb 85 - Zimbabwe. 

Zimbabwe suffering worst electrical storm season in history. Death 
toll up to 116. 21 persons killed by a single bolt in one case. 
Anomalous lightning. Shows natural potential in area disrupted. 


17 & 18 Feb 1985 - Anchorage, Eklutna Flats, Northway, Alaska. 
Several anomalous lights and sky booms incidents in Alaska. 
Skyflashes, balls of light, booms, etc. Seen both from ground and by 
pilots of aircraft. Probable Soviet realtime holography tests as part 
of worldwide deception plan. 


19 Feb 85 - Out from San Francisco, California. 
China Airlines Flight 006 Boeing 747 enroute to Los Angeles. 
Engines fail. A/c falls 32,000 ft. in 2 min. Restarts engines, lands at 
San Francisco. Note previous incidents over Alaska on 17 & 18 Feb. 
Probable Soviet test oflaunch phase anti-bomber system capability 
of woodpecker transmitters. 


10 Mar 85 - Tblisi & Tallin, USSR. 
Soviet Academy of Sciences announces an Aeroflot ale had been 
followed by a UFO for 800 mi. Soviets occasionally produce light 
phenomena in their own territory and near Soviet a/e as part oftheir 
deception plan. They do not wish to appear different. 


1 May 85 - Near Nashville (monitoring station), 
In and around May Day 1985, the Soviet Union held a giant exercise 
ofall its strategic scalar EM weapons. 27 "power taps” into the earth 
—each two frequencies 12 KHz apart — were activated. The earth 
was thus in forced gravitational resonance beneath our feet on 54 
frequencies. Each tap estimated to power up to six of the giant 
weapons; thus over 100 major strategic scalar EM weapon transmit- 
ters were activated. Frequency bands were filled with scalar EM 
transmissions, command and control, including to subs on station 
underwater. Frank Golden monitored this startling giant exercise, 
which was probably held for Gorbachev, and this author observed it 
by courtesy ofGolden's special detection equipment. Thus the Soviets 
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‘met the 1985 timetable established by Brezhnev in 1972 at a secret 
meeting in Prague of European Communist leaders. Western nations 
do not appear to have the equipment to monitor scalar EM emissions, 
and so Western intelligence agencies are believed to have totally 
missed this giant exercise and its significance. At conclusion, two 
power taps (four frequencies) were left in the earth to power "ready 
firing batteries,” so to speak. 


11 Jun 85 - Lanzhou, China. 
China B747 crew encounters a huge, expanding yellowish glow of 
light, with very intense spot at center. Probable Soviet test. 


11 Jun 85 - Mongolia. 
Chinese jumbo jet, Peking to Paris flight, encounters giant "UFO" 
light form over Mongolia. 10 km. wide. Lit sky for 50 km. Extremely 
bright spot at center. Paced aircraft for 2 minutes. Probable Soviet 
test. Soviet operator tracked a/c exhaust with long range antibomber 
system. Added giant light form for deception, and to create UFO 
reports, which are largely ignored. 


23 Jun 85 - lowa, Nebraska, Kansas, Illinois, Kentucky. 
Thunderstorms over lowa, Nebraska and Kansas organized into 
single circular pattern rainstorm 200,000 sq. km. in area. Declined 
until dawn, then rejuvenated to unleash severe weather over Illinois 
and Kentucky. Such organization never before had been seen. Now 
called "mesoscale convective complex." Shows unique new weather 
pattern involving giant organization. 


2 Aug 85 - Dallas/Ft. Worth, Texas. 
Delta Airlines flight 191, a Lockheed L-101 1, encounters microburst 
while approaching runway at Dallas/Ft. Worth International Air- 
port. Crashes and kills 134 ofthe 163 persons on board. While such 
microbursts occur in nature, this was during a period of intense 
Soviet scalar EM activity. Note that warming the tops of thunder- 
storm anvil causes a downburst. May have been just accident. May 
have been test. 


23 Aug 85 - Italy, Adriatic Coast. 
More than 28 "UFO" sightings reported along Italy's Adriatic coast 
soon after midnight. Light phenomena. Probable Soviet test. Part 
ofdeception plan. Scalar KM holography (real-time). 
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28 AUG 85 - Vandenberg AFB, California, 
Titan B fails after launch at Vandenberg AFB, California. Believed 
to have carried sensitive U.S. satellite. Suspicious. 


Sep 85 - Kourou. 

Ariane rocket explodes at Kourou. 3rd stage engine failed to ignite 
properly, forcing loss of power. Destruct then ordered. French 
officials suspect Soviet sabotage. Probable Soviet test. 


Sep/Oct 85 - Cape Canaveral, Florida. 
Anomalies observed on two U.S. shuttle launches by NASA. No 
action taken; NASA does not recognize scalar EM weapons capabili- 
ties nor testing over its Cape Canaveral launch site. Nor does it 
connect the mysterious "booms" that have rocked the Florida coastfor 
several years with the Soviets or with the anomalies noted on its two 
shuttle launches, such as giant booms. 


2 Sep 85 - Mexico City, Mexico. 
Worst hailstorm in 50 yrs. strikes Mexico City, leaving some streets 
more than a foot deep in ice. I-hr pelting. 25 bldgs collapsed. 4,000 
roofs heavily damaged. 1 killed, 185 injured. Power blacked out 
May have been due to extensive Soviet long range weather engineer- 
ing. 17 days prior to suspicious giant Mexican earthquake. 


5 Sep 85 - Australia, 

Premier Wran, Australia, along with Minister of Agriculture Hal- 
lam, observe a brigh spherical "UFO" from their governmentjet. It 
was photographed. Radar contact showed object at 100,000 ft. 
Probably Soviet advanced performance antigravity flying vehicle. 


18 Sep 85 7:15 pan. - Catalina Is. Channel Is, 
Cookman observes giant cloud radial, awesome to behold, between 
Catalina and Channel Islands, off California coast. 

18 "funnel" strobes, dynamically boiling. Activity indicates great 
energy poured into earth and atmosphere. Mexican quake the next 
‘morning. Indicator of Soviet scalar EM connected to quake. 


19 Sep 85 7:18 a.m. - Mexico City, Mexico. 

Large earthquake strikes Mexico City, causing great damage. 
Largest of several. Preceded wks earlier by giant anomalous hail- 
storm. Evening before, giant radials showed extensive Soviet power 
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transmission activity. Positive indications of Sovier test. 


8-9 Nov 85 - Ventura County, California. 
Highly anomalous power biackout in Carlisle Canyon, Ventura 
County, Calif, Accompanied by severe electrical anomalies totally 
beyond normal electromagnetics. Investigated and reported by 
engineer Ron Cole, who lives in the area. TV, light, phone, electrical 
anomalies plus intermittent 29 Hz signals. 


Nov- Dee 85 - California. 
Mysterious hum continues to baffle people at Pacific Heights, Calif, 
and Marina district on San Francisco Bay. Previously had had same 
hum. Note such hum in England persisting over long period. Note 
8-9 Nov 29 Hz. anomalous elec. signal at Carlisle Canyon, Ventura 
County, CA. Possible indications of Soviet scalar EM activity. Area 
appears to be one of Soviet register /test points. 


26 Nov 85 - Cape Canaveral, Florida, 

Launch of space shuttle Atlantis from Cape Canaveral, Florida is 
accompanied with high anomalies. (1) Seconds before launch, Bob 
Gladwin inadvertently photographs nearby strike of what appears 
to be an electromagnetic missile, probably of Soviet origin. (2) 
Anomalous light is hanging in the sky, near the launch site: a 
marker beacon, placed there by the Soviet scalar EM weapon system 
being tested. Seen by hundreds of persons, and photographed by 
George Suchary. Printed in Fort Pierce Tribune. (3) 12 minutes 
after shuttle is launched, when it is well down range, a tremendous 
rumbling atmospheric boom occurs, heard 600 mi. up and down the 
East Coast. Marker beacon then slewed away by distant Soviet 
operator at high speed. With offset EM missile strike, Soviets tested 
the weapon to be used on the Arrow DC-8 two weeks later at Gander 
AFB, Nfld. Marker beacon used in precise registration. Note it was 
evidenced again above the explosion of the Titan on 18 Apr. 86 at 
Vandenberg AFB. Boom is from energy induced over a large area; 
which can catch multiple missiles being launched, a large Naval task 
force at sea, or a whole flight of airborne bombers, fighters, or 
helicopters. Also can catch an entire organization on the ground, or 
an installation - - wiping out all electronics, exploding explosives and 
ordnance, stunning or killing personnel, etc. 

Again hundreds of NASA engineers and scientists did not recognize 
what was happening at the site and over their own heads. 


ELECTROMAGNETIC SPECTRUM 


FREQUENCY | WAVELENGTH | DESIGNATION ‘APPLICATIONS 
(free space) 
<3Hz > 100 Mm’ Geophysical prospecting 
3-30 Hz, 10-100Mm | ELF Detection of buried metals, 
30-300 Hz 1-10 Mm SLF Power transmission, submarine communications 
(0.3-3 kHz, 01-1 Mm ULF Telephone, audio 
3.30 kHz 10-100 km’ VLE ‘Navigation, positioning, naval communications 
30-300 kHz, 1-10 km LF Navigation, radio beacons 
(0.3-3 MHz, O.1-T km MF ‘AM broadeasting 
3.30 MHz. 10-100 m HF ‘Short wave, citizens’ band 
30-300 MHz 110m VHF TV, FM, police 
54-72 TV channels 2-4 
76-88 TV channels 5-6 
88-108 FM radio 
174-216 TV channels 7-13 
(03-3 GHz 10-100 em’ UHF Radar, TV, GPS, cellular phone 
470-890 MHz TV channels 14-83 
915 MHz Microwave ovens (Europe) 


800-2500 MHz. 


"money band” 


PCS cellular phones, analog at 900 MHz, GSM/CDMA at 1900 
L+band, GPS system 
Microwave ovens (U.S.) 


S-band 
T-l0em SHE Radar, satellite communications 
Chand 
X-band (Police radar at 11 GHz) 
Ky-band (dBS Primestar at 14 GHz) 
21 K-band (Police radar at 22 GHz) 
30.300 GHz Oem EHF Radar, remote sensi 
27-40 Kyband (Police radar at 35 GHz) 
40-60 Usband 
60-80 Veband 
80-100 W-band 
03.1 THe 031mm ____| Millimeter Astromony, meteorology 
107-10" Hz 3-300 um Infrared Heating, night vision, optical communications 
3.95x10 390-760 nm | Visible light Vision, astronomy, optical communications 
77x10! He 625-760 Red 
600-625 Orange 
377-600 Yellow 
492 Green 
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390-4 Violet 
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Ultraviolet 


Sterilization 
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Xerays 
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Cosmic rays 


Astrophysics 
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12 Dec 1985 - Gander, Newfoundland. 

Arrow DC-8 crashes immediately after takeoff at Gander AFB, 
Newfoundland. Lost power just after takeoff, engines "rumbling" 
abnormally rather than roaring, according to eyewitness whom the 
alc flew directly over, 100 ft up. Aircraft seen by three eyewitnesses 
to have an orange glow on it. Symptoms of negative energy intro- 
duced into engines, cancelling some ofheat energy ofthe engines and 
seriously interfering with combustion process, causing loss of power. 
Glow may have been steady, small electromagnetic ball of energy 
against the aircraft, causing it to electrically charge and exhibit 
corona, Anomalous hole in right fuselage, just ahead of engines, as 
if from internal explosion; however, no explosive residue (it was 
tested). One other anomalous hole found. Wild swings of some 
instruments recording just at/after liftoff — ignored by 
investigation. Note previous 36 light incidents in and around Gan- 
der, Jan. 1982. Gander Airport is major stopover for Soviets, and a 
‘major "registration point" for scalar EM weapons. Note anomalies in 
shuttle launch 2 wks earlier, and apparent actual test of the small EM 
missile then, offset so as not to destroy that shuttle. 


Aircraft crew one ofArrow's best. Aircraft should have flown okay, 
ifnot interfered with. Serious indications that the DC-8, with over 
250 U.S. soldiers and air crew, was deliberately destroyed by test of 
a Soviet launch-phase antibomber system. 


Note metal-softening Soviet signal detected on 1 Jan 86 by Frank 
Golden may actually have been on the Woodpecker transmissions on 
Dec 12,1985. This metal-softening signal probably played a part in 
the destruction of the Challenger on 28 Jan 86. 


1 Jan 86 - Near Nashville, Tennessee. 
Frank Golden discovers a metal-softening signal on the Soviet 
Woodpecker interference grid. Performs experiments to verify the 
metal-softening ability of the signal. Signal is ofsuch a nature that 
only Golden's instrumentation could have detected it. He then 
scalarly cancelled the signal to totally prove it 


24 Jan 86 - Ventura, California. 

Engineer Ron Cole observes and sketches a giant grid cloud pattern 
over Ventura, Calif, at 11:45 p.m. PST. Giant cloud fingers, sepa- 
rated from each other, formed the crossed-grid pattern. Shows 
Woodpecker scalar EM power very high and active. 
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26 Jan 86 - Northern California 
Strong quake hits Northern Calif, 5.5 on Richter scale. Hollister 
area, about 120 mi. south of San Francisco, Several power outages 
in southern Bay area, where quake knocked out transformers, 
downed 21,000 V. power line, and set offburglar alarms. May have 
heen induced by Soviet scalar EM transmitters. 


26 Jan 86 - Los Angeles, California 
In greater Los Angeles area, Margaret Wilson observes 3 classic 
giant radial clouds form at 10 min. intervals: 1:15, 1:25, and 1:35 
p.m. Appeared one after the other, till all three were there. Last one 
lasted about two hours, gradually distorting. Shows a great amount 
of structuring to capture and turn the Jetstream, to direct cold weather 
to the Florida Panhandle and catch the Challenger before its impend- 
ing launch, exposing it to drastic cold conditions. Definitely Soviet 
engineered. 


27 Jan 86 - Santa Monica, California. 
On evening prior to the Challenger disaster, Al Matthews photo- 
graphs a strange bar-grid cloud formation, absolutely rectangular 
bars, from the Los Angeles freeway. Pattern approx. over Santa 
Monica Bay, due north of Catalina Island. Edges and ends very 
straight, as ifdrawn in sky by a giant draftsman. Shows severe high 
frequency content, and fine-point localization of Soviet scalar EM 
transmitters, in preparation for forthcoming launch of the ill-fated 
Challenger. 


27 Jan 86 - Florida Panhandle. 

Avalanche of freezing air temperatures to record lows across the 
Southeast. Low temperature records set all across the South 
Jetstream bent far south, across Florida Panhandle. Definitely 
caused by Soviet weather engineering. Preceded by giant radial 
cloud signatures in "hinge" areas of Los Angeles and Huntsville, 
Alabama, showing steering ofJetstream. 


28 Jan 86 - Cape Canaveral, Florida. 
Low temperature records shattered all across the South. Into 30's in 
Florida and into teens elsewhere. Definitely result of Soviet weather 
engineering, and definitely directed against the Challenger rocket on 
the launch pad. 
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28 Jan 86 - Off Florida Coast. 

About 4 hr. before the launch ofthe Challenger, all Soviet ships off 
coast, which normally monitor shuttle launches, suddenly depart at 
high speed. Soviets do not want any suggestion that the ships' radars 
and transmitters may have interfered with the Challenger launch. 
Total anomaly. Unprecented event. 


28 Jan 86 - Cape Canaveral, Florida. 
National radio and TV newsmen comment on the highly unusual fact 
that no birds are flying in the launch area, Reason: For severe 
localization, high frequency content of the scalar EM signals had 
heen drastically increased. ‘A bird's brain will detect and resonate to 
this energy, ifthe wavelength approaches the diameter of its brain. 
This resonance will cause greatpain and/ or death ofthe bird. Thus 
the birds flee the area when this begins to occur —or they die. When 
birds accidentally fly into such a high frequency scalar EM signal, 
their nervous systems are instantly jammed. They die and fall from 
the sky. 


28 Jan 86 - Cape Canaveral, Florida. 
Space shuttle Challenger, launched from Cape Canaveral after 
exposure to cold weather conditions, disastrously explodes. Booster 
seal problem. Encounters air turbulence during launch, at most 
critical altitude. Soviet metal-softening signal has been added to 
grid. Extreme localization in area because ofhigh frequency content 
added; shown by birds having vacated the area. Anomalous depar- 
ture of Soviet ships offshore, 4 hrs. earlier. Three previous tests of the 
weaponry in that exact launch area, against the three previous shuttle 
launches. Kill of the Arrow DC-8 about 6-112 weeks earlier. Actual 
celebration by the KGB ofperfect success of their active measures 
against the Challenger! U.S. space program crippled and set back 
severely. 


29 Jan 86 - Moscow. 
At KGB headquarters in Moscow, the KGB holds ajubilant party to 
celebrate the perfect success of their active measures against the 
Challenger. Note that Soviet scalar EM weapons — development, 
deployment, and use —are under the control ofthe KGB rather than 
the regular Soviet armed forces. 
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31 Jan 86 - Mid-US, 

Richter 5.0, Earthquake rattles 9 states and Great Lakes. Possible 
test ofweapon that killed the Challenger, in the earth transmission / 
earthquake induction mode. 


2-4 Feb 86 - Birmingham, Alabama. 
In Birmingham, Alabama dead birds plummet from the air to the 
ground for three days. Blackbirds, cardinals, sparrows, bluebirds, 
etc. No trace of poison in carcasses. Only a few days after kill ofthe 
Challenger. To divert theJetstream further south and hit Florida, the 
Soviets had moved the normal "hinge pin'—where scalar EM energy, 
either positive or negative, is focussed —from Huntsville to Birming- 
ham. Hinge pin area was still activated. The high frequencies used 
for extreme localization against the Challenger were lethal to birds. 
Therefore birds that inadvertently flew into this zone were instantly 
killed and dropped from the sky. 


10 Feb. 86 - Europe. 
Super Frelon (French) helicopter crashes, with 11 killed. Aeronau- 
tique Navale aircraft. Part of spate of crashes of French military 
aircraft in four months (through June 86). Defense Minister Andre 
Giraud launched a special investigation. 


23 Feb 1986 - Irish Sea. 

Over the Irish Sea in an airplane, England's Prince Charles sights 
a brilliantly glowing, red object hovering near them. His pilot 
reports the object to air traffic control. Four other aircraft traveling 
through that area radioed similar reports. Probably either a Soviet 
craft or a Soviet holographic scalar EM demonstration as part of the 
overall deception plan, and/or a stimulus to a member ofthe Royal 
Family to observe what action is taken by British Ministry ofDefense. 
By actions, could ascertain whether or not Britain knew what was 
going on. 


30 Mar 86 - Ventura, California. 
Engineer Ron Cole in Ventura CA observes significant cloud pat- 
terns, positively correlated with his measurements of the Soviet 
woodpecker transmissions. Cloud pattern changes were directly 
correlated to signal changes on the Woodpecker. Shows cloud 
signatures can be indications of specific Woodpecker activi 
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31 Mar 86 - San Francisco, California. 

Strong earthquake, Richter 5.3, rocks San Francisco Bay area. 
Third in region in 3 days. Three aftershocks within minutes. Note 
correlation of Woodpecker activity previous day. 


31 Mar 86 - San Francisco, California. 
Crew error on Delta flight accidentally shuts down engines after 
normal takeoff from San Francisco. Engines restarted. Definitely a 
crew error. Possible human effects from earthquake energy in area. 
Same type incident on Jun. 30, 1987. 


3 Apr. 86 - Florida, 
Loud boom shakes houses and rattles windows over Brevard County, 
Florida. One ofa whole series over the years. Not far from Kennedy 
Space Center. Soviet adjustment of scalar EM grid. 


Apr 86 - France. 
French Armee de L'Air has lost two Jaguars and two Alphajets in 
April 86. Part of a spate of losses in 4 months, leading Defense 
Minister Giraud to launch a special investigation. 


7 Apr 86 - Sacramento, California. 

Charlotte King of Sacramento calls UPI and predicts a major earth- 
quake will strike in Canada, Alaska, Aleutians, or Japan. She had 
predicted eruption of Mt. St. Helens in 1980. On Apr. 27th, she 
predicted quake that shook Mexico three days later. 

Note that human brain is a scalar EM interferometer, capable of 
transmitting and receiving scalar EM waves. Unfortunately, not 
conscious — output of system is in deep unconscious. Some persons 
are more sensitive than others, and can detect the scalar activity from 
the increasing stress in rocks that is leading toward an earthquake. 
Charlotte King is such a person, having over an 80% accuracy of 
prediction ofquakes. She will be able to detect the increasing stress 
in rocks, whether naturally or artificially induced. 


9 Apr. 86 - Aleutian Islands. 
‘Three quakes rock the Aleutian Islands. Predicted by Charlotte 
King on Apr. 7. Documented prediction. 


18 Apr. 86 - Huntsville, Alabama; Thousand Oaks, California. 
TE. Bearden sees and photographs remnants ofa giant radial cloud 


Selected Incidents 472 


in Huntsville, Alabama. Extensive Soviet woodpecker grid activity 
noted over Thousand Oaks, California by Engineer Ron Cole. Both 
show increased scalar EM activity in the interference grid. 


18 Apr 86 - Vandenberg AFB, California. 

USAF Titan 34-D rocket explodes nine seconds after launch from 
Vandenberg AFB, California. Video captured the Soviet marker 
beacon (Aviation Week & Space Technology). Engineer Ron 
Cole and team study video ofthe explosion frame by frame and verify 
the anomalous beacon light is present, is separate from the explo- 
sion, and moves away separately after the explosion. Sensitive 
satellite believed on board the rocket. U.S. Space surveillance 
program crippled. Probable Soviet kill. TR wave adjunct with Wood- 
pecker. 


25 Apr 86 - New Mexico. 
NASA research rocket misfires over the New Mexico desert. No 
public announcement made at the time. Was first failure in 25 
consecutive missions of the Nike-Orion rocket. Said NASA spokes- 
man Kukowski: "It looks like we're snakebi 
Possible Soviet test kill. 


25 Apr 86 - California; Chernobyl, USSR. 
Bill Bise detects the sudden loss of the East-West Soviet woodpecker 
transmitter he is monitoring in the field, leaving the North-South 
transmitter. The failed transmitter was about 20-30 km. from 
Chernobyl. The Soviet transmitter sites safety circuits go-in full, 
trying desperately to hold back the giant scalar EM standing-wave 
potential that has been built up, and slowly and safely drain it away 
into the earth. In alarm, Soviets shut down nearby reactors at Cher- 
nobyl. Any "flash discharge" escape as a flash-over pulse of the scalar 
EM potential will produce a giant EGP pulse into the earth. When this 
EGP pulse reaches the four reactors, they will violently explode, full- 
up nuclear, like giant hydrogen bombs — perhaps 1200 megatons 
equivalent. Later the Soviets will claim that the operators shut the 
plant down to do some "unauthorized experiments.” 


26 Apr 86 - Chernobyl, USSR. 

With the giant scalar EM standing wave almost all drained away, the 
safety circuits finally fail, dumping a small EGP into the earth. The 
nearest reactor at Chernobyl gets it, and the uranium fuel roils 
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suddenly go half-decayed, instantly heating and blowing out the 
reactor, destroying it. Nuclear radiation fallout spreads over much 
of Europe. 


3 May 86 - Florida. 
Delta 178-rocket destroyed by range safety officer at T+ 91 aftertwo 
anomalous power surges occurred in the rocket, causing premature 
shutdown of Ist stage Rocketdyne RS-27 engine 71 sec. into the 
flight, and rocket to go aerodynamically unstable. Previous 43 
launches had been successful. Since 1960, 177 launches 94% 
successful. One of most reliable rockets ever built. Soviet weapons 
test. One ofa series. TR wave adjunct with Woodpecker. 


7 May 86 - Aleutian Islands. 
Great earthquake measuring 7.7 Richter strikes Aleutian Islands. 
Centered about 100 miles SE of the island of Adak. Tsunami alert 
issued for the North Pacific, but no major waves ever materialize. 
Thousands evacuate coastal areas. A U.S. researcher known to this 
author used a powerfull scalar interferometer to block the tsunami 
The researcher must remained unnamed. 


9 May 86 - Redstone Arsenal, Alabama. 
All power on Redstone Arsenal, Alabama suddenly and mysteriously 
fails all at once. Similar related incident on May 12. No explanation. 


12 May 86 - Huntsville, Alabama. 
In Huntsville, Alabama — adjacent to Redstone Arsenal — on local 
radio program Feedback, public radio discussed the mysterious 
failure of all power on Redstone Arsenal on Fri., May 9, 1986 and 
requested that, ifanyone knew why all circuits would go offat once, 
to please get in touch. Immediately the station's radio transmitter 
went offthe air! (Almost as if "Big Brother's listening to you!") 


18 May 86 - Dijbouti. 
French Breuguet Atlantic aircraft crashes in Dijbouti, killing 19. 
Part ofspate of crashes of French military aircraft in 4 months that 
leads French Defense Minister to open special investigation. 


19 May 86 - Brazil. 
Brazilian fighterjets are sent to chase multi-colored "ping- pong ball 
sized” UFO's in skies over Brazil. 4 jets, two Mirages and 2 F-5's 


Selected Incidents m4 


chased them at speeds of 840 mph. Tracked on radars. Chase lasted 
3 hrs. Planes could not catch them; ran low on fuel and returned. 
Discussed on TV by Brazil's Air Force Minister Brig. Gen. Otavio 
Moreira Lima. Soviet scalar EM holographic production; distant 
Soviet operators having fun and games as part ofthe deception plan, 
generating UFO incidents and reports? 


22 May 86 - California. 
High-speed orange "X" object with lights seen above Sonoma CA 
before dawn. At one time the object slowed and hovered. 


29 May 86 - Huntsville, Alabama. 
Huntsville and Madison County, Alabama electrical power dipped 
momentarily and mysteriously, causing a seconds-long outage in 
businesses and homes, playing havoc with traffic signals and com- 
puter centers throughout the area. Some traffic signals continued to 
malfunction for 30-45 min. after power was restored, then mysteri- 
ously resumed normal functioning. Some phones also went out 
inexplicably, and many battery-powered radios went off, and were 
awry for seconds or minutes before recovering. Obviously this was 
not caused by any kind ofordinary electromagnetics. Shows anoma- 
lous and high activity (pulsed) in the Soviet scalar EM grid 
(Huntsville Ah. is a pivot point). 


30 May 86 - French Guinea. 
Ariane 2 rocket fails because ofa faulty ignition system for the third 
stage engine. Rocket destroyed by ground command 4-1/2 min. after 
launch from Kourou, French Guinea. The third stage has failed 3 
times since start of Ariane's operations in 1979. 

Possible Soviet test. 


Tad Szule, Washington journalist, implies that French Defense 
Minister Andre Giraud may have discussed the possibility of Soviet 
Sabotage of the rocket with Washington. 


May? 1986 - Straits of Gibralter 

USS Atlanta nuclear sub runs aground in Straits of Gibralter and 
ious damage,” according to reports in Madrid. A hole was 
made in one ballast tank and the sonar wrecked. 

Another U.S. nuclear sub ran aground within a month orso (earlier?) 
ofthis incident. Could something have interfered with their naviga- 
tion systems underwater? Continued Soviet Scalar EM tests? 
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11-12 July - California. 

Secret USAF crashes approx. 14 mi, NE ofBakersfield, CA along the 
Kern River. Site secured. Possible Stealth fighter. Crippled aircraft 
in trouble seen and photographed by Andy Hoyt, who turned photos 
overto USAF (properly so). Aircraft not on fire when came down. Did 
not explode in the air. No information as to whether any Soviet scalar 
EM hanky-panky involved or not. Suspicious because follows a series 
of anomalous missile failures. Woodpeckers definitely have good 
anti-stealth capability. 


11 July 86 - Tennessee and Georgia. 
Moderate quake with sonic boom shakes SE Tennessee and North- 
ern Georgia. 3.7 on Richter scale. Centeredjust east of Chattanooga 
‘Tennessee on the TN/GA line. 


12 July 86 - Michigan, Ohio, and Kentucky. 
Mild quake in Michigan, Ohio, and Kentucky. 4.0 on Richter scale. 


18 July 86 - Los Angeles, California, 
Sharp aerial boom rattles Los Angeles Basin at about 0930 hrs. FAA 
and USAF unable to identify a potential source from an aircraft. 


Aug 86 - Soviet Unio 
Two huge new Soviet "radars" discovered on Western Soviet border 
by U.S. intelligence. One near Skrunda, on Lithuanian border. 
Other near Mukachevo, on the Czech border. With phase conjugate 
adjuncts, represent significant strategic weapon system deploy- 
ments. 


2 Sep 86 - Baltic Sea. 
Finnish ferry Scandinavia in Baltic Sea observes a strong Ii 
from the sea near the Finnish Coast. After 3 to 4 seconds, a giant 
mushroom reached 500 feet into the sky and covered the moon. 
Probable Soviet test. 


12 Sep 86 - Dallas, Texas. 
Mysterious, powerful "explosion" rocks South Dallas. No source 
found or explained. No supersonic jets in area. 
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15 Sep 86 - Australia. 
Katherine, Australia. Object with flaming orange tail moved from 
sky toward ground at 45 degree angle. Katherine's electrical power 
suddenly cut off and phone lines in the town disrupted. Probable 
Soviet scalar EM generated. 


Oct-Nov 86 - Los Angeles, California, 
Giant radial clouds observed in Los Angeles area. 


Oct 86 - Reykjavik, Iceland. 
Gorbachev and Reagan meet at Reykjavik, Iceland. Gorbachev 
proposes "zero option.” Seeks to get nuclear missiles removed, since 
they constitute "dead man fuzing” because ofnuclear warheads, and 
severely limit pulse use of Soviet scalar EM weapons. Adamantly 
insists on bottling up SDI — because if space laser is converted to 
scalar EM laser, its power (effective) goes up about 10” times, and 
single shot could devastate Russia. 


10 Oct 86 - Vandenberg AFB, California. 
USS. forced to scrub another missile launch when a USAF Scout 
satellite malfunctions during final countdown at Vandenberg AFB, 
Calif. The booster's gyro system failed a checkout sequence at about 
T-5 hr. Scalar EM can inertially interfere also. 


13 Oct 86 - ABC News. 

On Peter Jennings’ ABC News show, Gennadi Gerasimov, Soviet 
spokesman, indicated that SDI as presently designed was of no 
concern to Soviets. Real concern is that U.S. will make a "great 
technical breakthrough” and deploy new, modified devices, present- 
ing an unacceptable threat to the Soviet Union. Here he is thinking 
of changing the laser to a scalar EM laser. 


6 Nov 86 - Albuquerque and Phoenix. 
Power failures at Albuquerque air traffic control tower and a radar 
station near Phoenix, Arizona occur. Radar controlling high altitude 
air traffic from Texas Panhandle to southern California was knocked 
out for 40 min. First such incident in Albuquerque center. The 
Arizona radar was out for 59 hrs. Note similar incident at Montreal 
onNov. 11, 1986. 


GLOSSARY 


anisotropic materials materials in which the electric 
polarization vector is not in the same direction as the electric 
field. The values of e, 4, and c are dependent on the field 
direction. Examples are crystal structures and ionized 
gases. 

complex permittivity ¢ The imaginary part accounts for heat, 
loss in the medium due to damping of the vibrating dipole 
‘moments. 

dielectric An insulator. When the presence of an applied field 
displaces electrons within a molecule away from their 
average positions, the material is said to be polarized. 

When we consider the polarizations of insulators, we refer to 
them as dielectrics. 

empirical A result based on observation or experience rather 
than theory, e.g. empirical data, empirical formulas. Capable 
of being verified or disproved by observation or experiment, 
e.g. empirical laws. 

evanescent wave Awave for which B=0. cwill be negative. 
That is, y's purely real. The wave has infinite wavelength— 
there is no oscillation. 

Isotropic materials materials in which the electric polarization 
vector is in the same direction as the electric field. The 
material responds in the same way for all directions of an 
electric field vector, i.e. the values of e, H, and c are constant 
regardless of the field direction. 

linear materials materials which respond proportionally to 
increased field levels. The value of p is not related to H and 
the value of ¢ is not related to E. Glass is linear, iron is non- 
linear. 

‘overdamped system in the case of a transmission line, this 
‘means that when the source voltage is applied the line 
voltage rises to the final voltage without exceeding it. 

time variable materials materials whose response to an 
electric field changes over time, e.g. when a sound wave 
passes through them. 

transverse plane perpendicular, e.g. the x-y plane is. 
transverse to 

underdamped system in the case of a transmission line, this, 
means that after the source voltage is applied the line 
voltage periodically exceeds the final voltage. 

wave number k The phase constant for the uniform plane 
wave. k may be considered a constant of the medium at a 
particular frequency. 
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10 Nov 86 - Huntsville, Alabama. 
Three giant radial cloud formations in Huntsville, Alabama photo- 
graphed by T.E. Bearden. One is a twin giant radial. Shows heavy 
activity in scalar EM interference grid. 


10 Nov 86 - SE U.S 
Red glowing light with tail flares across sky in Southeast about 
sunset. Seen over parts of TN, AL, GA, MS. Ground searches 
conducted in several areas for possible crash. Probable Soviet scalar 
EM activity. Note heightened activity in grid same day. 


10 Noy 86 - Near Nashville, Alabama: Hemet, California. 
Frank Golden measures scalar EG field of earth — highly agitated 
and dynamic, about half as much as when Soviets induce earth- 
quakes. Anomalous winter storm in progress. Cold records broken 
in Mid-U.S. Heat records broken in Florida. Storm penetrates very 
deeply southward. Sovier weather engineering. 


11 Nov 86-Canada 
Air traffic control radar in Montreal, Canada region broken down. 
Backup system employed. Note similar occurrences to Albuquerque 
and Phoenix on Nov. 6, 1986. 


12 Nov 86 - Atlanta, Georgia. 
Stationary arc (dome) of clouds sighted over Atlanta. Well defined 
lower edge. Upper edge irregular. Multiple witnesses. Clouds 
moved into top of dome and flowed around it. Very strange sight. 
Probable Soviet "gentle test” of placing a suppressive covering over a 
distant U.S. city. Performed at night, at minimal level (no glow) so 
no great notice would be taken. Dome was stable against 20 mph 
winds and other moving clouds that collided with it 


13 Nov 86 - Huntsville, Alabama, 
‘Twin giant radial cloud observed moving over Huntsville, Alabama 
by TE. Bearden. Westto East. Atnearly noon. At dusk, single giant 
radial cloud was also spotted over Huntsville. 

Significant scalar EM activity in grid. 


17 Nov 86 - off Alaska. 
JAL Flight 1628 observes giant UFO while enroute from Reykjavik, 
Iceland on mid-leg of Europe to Tokyo. Crossed Beaufort Sea off 
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Alaska's north coast. Sighted flashing lights which moved alongside 
the aircraft. Pilot descended, so did light. Glimpsed craft in profile, 
twice as big as aircraft carrier. On board radar located it. USAF and 
civilian controllers reported brief radar echoes, but tapes did not 
show it. Approaching Fairbanks, Alaska. Pilot made 360 degree 
circle, object stayed with him. Finally disappeared as he was 
approaching Anchorage. Probable Soviet test as part of deception 
plan. TR wave holography. 


27 Nov 86 - Fort Pierce, Florida. 
Flash oflight in sky and sonic boom occurred vicinity of Fort Pierce, 
Florida. Probable Soviet EM test. Note that a classified payload was 
scheduled for launch in near future at Cape Canaveral nearby. 


4 Dec 86 - Huntsville, Alabama; Hemet, California 
Twin giant radials seen and photographed over Huntsville AL. 
Large radial cloud seen in skies over Hemet, Calif, and photo printed 
in The Press Enterprise, Hemet, CA 5 Dec 86. 


4 Dec 86 - Cape Canaveral, Florida 
Atlas/Centaur rocket successfully launched at Cape Canaveral, 
orbits a communications satellite for DOD. The Soviets had to allow 
one or two ofthe missiles to succeed, else even the lethargic USS. 
bureaucracy would have caught on. Grid activity indicates they 
probably just tracked it without the other goodies. 


5 Dec 86 - Vandenberg AFB, California. 
MX ICBM launched from Vandenberg AFB. Two of RVs did not 
deploy although all impacted within the Kwajalein Missile Test 
Range. Note: Soviets let one go from Vandenberg. 


21 Dee 86 - Huntsville, Alabama. 
‘Twin giant radial photographed over Huntsville Alabama. 


23 Dee 86 - Huntsville, Alabama. 
‘Small flash in lower sky over Huntsville, Alabama observed by T-E. 
Bearden. Followed by faint boom. Momentary loss of power occurred 
in large area of Huntsville. Positive correlation between the aerial 
flash/boom and the loss of the power. Soviet test. 
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7-21 Jan 1987 - Florida. 
Several giant radial clouds seen in vicinity of Fort Lauderdale, 
Florida. “Indicates substantial action in scalar EM grid. 


20 Jan 87 - US. 
Highly unusual bend in Jetstream. Completely down West Coast, 
curving east under Texas, NE along SE USA. Shows great action in 
scalar EM grid. Significant weather engineering. 


20 Jan 87 - Vandenberg, AFB, California. 
Minuteman missile destroyed in launch. Note substantial action in 
scalar EM grid. 


23 Jan 87 - Huntsville, Alabama. 
Bearden photographs twin giant radial over Huntsville AL. Cloud 
fades with great and unusual rapidity. A private-type jet, similar to 
a Learjet, continually circled under the strange twin radial cloud, a 
if observing and/or photographing it. Perhaps someone in the U.S. 
system wised up. 


28 Jan 87 - Vandenberg AFB, California. 
Minuteman missile successfully launched from Vandenberg AFB. 
Note: Anniversary of the Challenger disaster. 


7 Feb 87 - Alabama - Tennessee border. 
Loud aerial boom or explosion shakes area from Tennessee, New 
Market, Monte Sano through Huntsville Alabama area. 


10 Feb 87 - Huntsville, Alabama. 
Bearden photographs twin radial cloud in Huntsville, AL. Cloud 
stayed fixed, although winds present and other clouds moved. Note 
big storm in NE - Cape Cod, etc. Associated with weather engineer- 
ing. 


11 Feb 87 - Huntsville, Alabama. 
Bearden photographs another twin giant radial in Huntsville, Ala- 
bama. Shows activity in Woodpecker grid. 


Feb 87 - Vandenberg AFB, California. 
USAF Titan launched from Vandenberg AFB, Calif. 
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12 Feb 87 - California. 
Blue Angel F-18 a/c crashed near Brawley, CA. Fourth military air 
crash in the Imperial Valley since October. Note Woodpecker grid 
activity on previous day. 


26 Feb 87 - Cape Canaveral, Florida. 
GOES-H weather satellite launched from Cape Canaveral on a 
DELTA rocket. 


26 Mar 87 - Cape Canaveral, Florida, 
Stunning failure of an Atlas/Centaur rocket launched from Cape 
Canaveral. May have been hit by lightning. Failed suddenly 51 sec. 
after liftoff. Veered out of control and destroyed. Note: Possible 
Soviet scalar EM involvement. Much to do later about multiple 
lightning strikes; very suspicious. 


June 1987 - Vandenberg AFB, California 
Minuteman 3 missile fired from Vandenberg AFB, Calif, is aborted 
and destroyed in flight. Note similar incident in July. 


12 Jun 87 - Cape Canaveral, Florida. 
‘Trident III launched successfully from flat pad. 


21 Jun 87 - Alaska. 
Three strong earthquakes shake parts ofremote Alaskan Peninsula. 


30 Jun 87 - Los Angeles, California. 

Delta 767 flight 810 crew inadvertently shuts down engines shortly 
after takeoff from Los Angeles. Starts to fall, restarts engines and 
recovers. Definitely crew error. Similar incident on Mar. 31, 1986 
after takeofffrom San Francisco. 


12 July 87 - Over Pacific Ocean. 
Minuteman missile is destroyed in flight over the Pacific Ocean 
because of a problem in flight. Launched from Vandenberg. Note 
similar incident the previous month. 


16 Jul 87 - Huntsville, Alabama. 
Anomalous largo "boom" occurs at Huntsville, Alabama. 
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17 Jul 87 - Huntsville, Alabama, 
Another anomalous, large "boom" occurs at Huntsville, Alabama. 
Note that Huntsville is a pivot point on the Soviet grid. Adjustments 
in the grid often "spill out" energy, causing such a boom. It causes a 
sharp boom ifpinpoint spillage occurs. It causes a more general 
quaking, rumbling sound of longer duration if spillage occurs over an 
area. 


20 July 87 - Cape Canaveral, Florida. 
Tident III successfully launched from flat pad. 


14 Oct. 87 - Nellis Air Force Gunnery range. 
Top secret plane crashes; possible siealth fighter. Did the Soviets 
Kill another one? 


9 Noy. 87 - Vandenberg, AFB, California, 
Minuteman II missile is destroyed seconds after launch. Unnamed 
anomalies cited. Did the Soviets interfere? 


4 Jan, 88 - Madison and Huntsville, Alabama. 
Giant radial sighted for several hours. Three mysterious booms 
rattle Huntsville. Sovier scalar EM activity continues. 
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APPENDIX V 


DEAD MANFUZING* 
THE REAL MEANING OF THE REYKJAVIK SUMMIT 


Soviet Foreign Minister spokesman, Gennadi Gerasimov, fol- 
lowing failure ofthe Iceland Summit, said in a radio interview that 
SDI(U.S. Strategic Defense Initiative), as presently designed, is of 
no concern to the Soviet Union. The real Soviet concern, he indi- 

cated, is that the U.S. would make a great technical breakthrough 
and deploy new devices in space asa modification to SDI presenting 
an unacceptable threat to the Soviet Union. 


Peter Jennings’ ABC News Show, Los Angeles, CA 
13October 1986, 


Gerasimov let the cat out of the bag! 


With their deployed scalar electromagnetic weapons, the Soviets 
would immediately hold the winning hand-ifthese weapons could be 
unrestrainedly brought to bear. 

As pointed outin Fer-de-Lance: A Briefing On Soviet Scalar 
Electromagnetic Weapons, Tesla Book, Co., 1986, the use of 
massive Soviet scalar EM weapons can only be gingerly applied. Ac- 
tivation and use of the Soviet scalar EM weapons is fraught with 
grave danger to the entire earth and to the whole human species 
because of the presence of nuclear facilities in the desired target 
area, and because of the "backlash" potential against the Soviet 
Union's own nuclear weapons and facilities 

The explosion at Chernobyl was apparently caused by the acci- 
dental failure ofa nearby scalar EM transmitter, and the eventual 
impulsive loss of part ofthe electrogravitational potential built up by 
the transmitter before it failed. The resulting electrogravitational 
pulse (EGP) inthe earth "pulsed” the nearestnuclear material... feul 
rods in the reactor at Chernobyl. 

Had the EGP not been depleted prior to its escape, all four reac- 
tors at Chernobyl would have exploded with the same intensity as if 
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they had been “triggered” by a fission explosion. 

In short, ifunrestrainedly used, the EGPs from the Soviet scalar 
EM weapons would initiate most ofthe nuclear weapons where they 
are in the targeted area-in storage, in silos, in aircraft, etc. Target 
area nuclear reactors and nuclear wastes would also be violently 
initiated into nuclear explosion. The resulting vast megatonnage of 
nuclear explosions, much of them "in the dirt, " would provide an 
unthinkable holocaust. The effects ofthese giant explosions, deadly 
fallout and dense clouds of smoke and dirt, would blanket the earth 
with nuclear effects greater than is presently expected from an all 
out nuclear war, in which many of the weapons are expected to be 
destroyed or lost without being exploded nuclearly. Deadly nuclear 
radiation would blanket the globe, contaminating it for thousands of 
years. From the covering of the earth by dense smoke and dirt 
clouds, a new and deeply bitter global ice age-not just a "nuclear 
winter"-would almost certainly be initiated. In 1960 Khrushchev 
appropriately characterized these fantastic weapons by stating that 
they could wipe out all life on earth if unrestrainedly used. 


A country’s nuclear weapons and facilities, then, become its in- 
advertent "dead man fuzing" to prevent any substantial employ- 
ment oflarge scalar EM weapons against it. So long as nuclear "dead 
man fuzing” is in place in a country, its adversary can only utilize 
scalar EM superweapons against it with great difficulty, and then 
only sparingly. At present, both the U.S. and its NATO allies are 
"dead man fuzed" by the presence of Western nuclear weapons-and 
to some extent, by the presence of nuclear reactors and stored 
nuclear wastes. 

Obviously the Soviet Union's task of world domination—and the 
mind-rending risks it must take in employing large scalar EM 
weapons—would be greatly expedited ifthe obstacle of "deployed U.S. 
and NATO nuclear weapons and facilities" could be eliminated or 
minimized. 

Also, Gorbachev must be acutely aware that the U.S. is finally 
beginning to look at the possibility of scalar EM weaponry. He would 
assume that either the U.S. is already on the way to acquiring scalar 
EM weaponry ofits own, or else the time is imminent when it will do 
so. Ifthis happened, and the U.S. then were to deploy SDI scalar EM 
lasers in space, the effects of each laser would be enormously 
increased by the electrogravitational amplification factor. Reason- 
able gain increases ofthe yield ofeach laser shot might approach, for 
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example, on the order of 10”, In that case, each laser could suddenly 
devastate a whole state or region with one or two shots, instead of 
just being able to destroy one little missile. The Soviets know that 
Reagan's Star Wars weapons-ifmodified to the "improved" kind and 
deployed in space—could deliver a surprise first strike in seconds, 
and devastate Russia before all the Star Wars space weapons could 
be knocked out by Soviet ground-based scalar EM beams. 

The Soviets also know that it is not too difficult to modify lasers 
to become such powerful scalar EM lasers. 

This means that Gorbachev needs to insure that the Star Wars 
weaponry is not actually tested in space. Testing in space requires 
developing at least prototype "space deployment” SDI weapons, to 
get them up in space to test them from there in the first place. And 
even such "prototype" SDI weapons would be sufficient to devastate 
the Soviet Union, given that the prototypes employed the technolo; 
cal breakthrough represented by scalar EM weapons. This is what 
Gerasimov was really referring to! 

‘Thus Gorbachev simply cannot allow such space testing of SDI 
weapons, if he hopes to be able to safely seize the opportunity to 
employ his own already-deployed, massive scalar EM weapons 
during the "window oftime" that would be provided by dismantling 
of U.S., NATO, and Soviet nuclear weapons. 

And-given that he gets agreement and implementation of the 
‘zero option"-Gorbachev knows he will only have a narrow "window" 
oftime in which he can hope to achieve world domination. It can be 
only a short time until the U.S. produces results in scalar EM 
weapons, and promptly develops such weapons of its own. Faced 
with that eventuality, Gorbachev would then have no choice but to 
turn away from the Communist dream of world domination, and 
reach a mutually agreed accommodation with the West. Both the 
West and the Soviets then would have to take immediate and drastic 
measures to prevent the rapid development and spread of the 
relatively cheap scalar EM weaponry throughout other nations, 
particularly those motivated from fanatical beliefs and quite capable 
of "blowing up the earth” deliberately. 

Thus, before the U.S. becomes aware of scalar EM weapons and 
builds its own, Gorbachev desperately needs to get rid of the "dead 
man fuzing" problem posed by the nuclear weapons and faciliti 
possessed by the U.S. and its Nato allies, so that he can utilize his 
superweapons to dominate the world without destroying it. 
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And he needs to block any chance that the U.S. would be able to 
have space-tested high energy laser prototypes which could be 
quickly modified to scalar EM weapons, fired into space, and used to 
counter Soviet aggression or even destroy the Soviet Union in 
retaliation 

In short, today the paramount and almost desperate need ofthe 
Soviet Union is to reduce American dead-man fuzing and keep the 
SDI space laser genie bottled up in the lab on the ground, 

Accordingly, in Iceland, in what appeared to be a stunning 
concession on nuclear arms, Gorbachev suddenly offered Reagan a 
complete dismantling of all nuclear weapons-Reagan's "zero op- 
tion.” Actually this move had been planned by Gorbachev from the 
beginning; it was not a spur-of-the-moment offer. The reason was 
simple: Ifthe U.S. could only be persuaded to quickly get rid of its 
nuclear weaponry, the Soviets would hold an absolutely winning 
hand. Their massive, deployed, operational scalar EM weapons 
could then be unleashed with minimal restraint. The extremely 
delicate and incredibly dangerous problem of bringing the large 
scalar EM "continent-buster” weapons to bear, without inadver- 
tently causing world destruction, would be vastly eased if only the 
ordinary U.S. nuclear facilities such as nuclear power plants and 
radioactive wastes had to be reckoned with. 

Fortunately, Ronald Reagan fervently believes in defense 

He made the right decision, whether or not it was for the right 
reasons. 

Indeed, he probably knew in advance that SDI was to be targeted 
in Iceland by the Soviets, and that sweeping concessions might be 
offered by them for that purpose. According to one report (" 'Blinded’ 
Satellites," Rowland Evans and Robert Novak, Washington Post, 
Oct. 29,1986), just before Reykjavik the CIA-sent a report to Reagan 
with the warning that "the sole reason for Gorbachev's wanting the 
Iceland summit was to offer unprecendented inducements for Re- 
agan to drop SDI." 

Fortunately, Reagan rejected Gorbachev's proposal, because he 
does not wish to give up what he truly regards as a potential defense 
against incoming Soviet missiles 

Apparently neither Reagan nor his advisors were aware of the 
real reason for Gorbachev's unexpected and breathtaking proposal 
for what would essentially be near-total nuclear disarmament. 

‘The Soviet ground-based scalar EM lasers could sweep the 
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heavens of the presently conceived SDI weapons, as Gerasimov 
obliquely implied. However, this would not change the barrier 
represented by U.S. nuclear dead man fuzing, unless the nuclear 
weapons had been removed. 

Meanwhile, Gorbachev's chess game to remove the dead man 
fuzing is certainly not over. The Soviets have mounted an intense 
propaganda campaign urging nuclear disarmament and cancella- 
tion or restraint of SDI. With a Democratic Senate now in, and with 
the approaching end of Reagan's term in office, the Soviet effort to 
clear the U.S. nukes-and the dead man fuzing-out of the way for 
Soviet deployed superweapons, while keeping the SDI genie in its 
laboratory bottle, can only be intensified. Already the Soviets are 
beating every drum to get substantial antinuclear segments of the 
U.S. scientific, congressional, political, and pacifist communities 
aroused to oppose SDI and urge a quick zero nuclear option. 

The treaty for dismantling certain missiles in Europe has al- 
ready been signed by the President, and its ratification by the U.S. 
Senate appears imminent. More is yet to come, and quickly. 

In its aching desire for peace, if an unsuspecting America falls 
into Gorbachev's trap, shackles SDI and removes its dead-man 
fuzing, the Soviet Union will be free to enforce its will wherever and 
whenever it wishes.* If that happens, our beloved stars and stripes 
will be replaced with the atheistic hammer and sickle. And the 
noblest experiment of all—freedom for the common person—will 
have come to an ignoble end. 


‘Just as Breshney forecast for 1985, at a secret meeting in 1972 ofthe communist party 
leaders of Europe, 
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Note: sometimes formatting of the text may be a little fuzzy. It’s all because the OCR process didn't go as 
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send emails to people about knowledge contained in it. If you are an amateur electronic guy/girl try to make 
some good use of this knowledge and post your results. Try to use physics vocabulary as is presented in this 
book because as the author concludes, there are many good inventors around but they each use their own 
vocabulary and explanations of their inventions which are only understandable to them. 

And please don't be naive and expect you'll be buying those devices in your local supermarket any time soon. 
Although some progress is being made it’s still to slow, especially with the suppression factors watching over it. 
The knowledge has been handed to you and it's expected that at least a few of us make some use of it. Gather 
together and try to share your results with the rest of us. 


TABLE OF CONTENTS: 


Acknowledgements xi 
Foreword xiv 
Chapter 11 
Foundations and Scientific Mindset 1 
1 Introduction, 
12 Organized Science Often Resists Innovative Change. 
13 Scientific Disagreement or Street Fight?. 
14 A Few Significant and Unresolved Scientific Problems. 
15 Electrodynamics is Still Developing, 
L6.A Summarizing Letter. 
Chapter2 75 
Background and Concepts 75 
2.1 Comments on the Foundations of Classical Electrodynamics 
2.2 Lorentz Regauging ofthe Maxwell-Heaviside Equations, 
2.3 The Suicidal Closed Unitary Current Loop Circuit 
2.4 In Summary. 
Chapter 3-125 


Giant Negentropy, Dark Energy, Spiral Galaxies and 
Acceleration 
ofthe Expanding Universe 125 


3.1 Broken 5-Symmetry of the Dipole, 


3.2 Reinterpreting Whittaker’s Decomposition ofthe Scalar 
Potential. 


3.3 How the Dipole Charges Transduce Time Energy. 
3.4 Reordering of the Local Vacuum: Giant Negentroy 


v 


108 
119 


122 


127 


137 
M41 
143 


3.5 Some Implications of Giant Negentropy. 143 
3.6 How Circuits Are Powered, 153 
3.7 The Heaviside Component ys. the Poynting Component, .... 155 


3.8 Dark Positive Energy: The Unaccounted Heaviside 
Component, 157 


3.9 A Short History ofthe Discarding of the Heaviside 
Dark Energy. 158 

3.10 The Problem ofthe Accelerating Expansion of the 
Universe... 164 
3.11 In Conclusion, 166 


Chapter 4171 
tting the Stage for Understanding Overunity Power Systems 


im 

4.1 Introduction 173 
4.2 Demonstration Gedanken Experiment. 180 
43 Iterative Retrorefiection and Collection in a Circuit. 194 
44 Tesla's Iterative Retroreflection Work. 197 


45 Perspective on Tesla vs. Marconi. 


4.6 Conclusion, 
Chapter 5 219 


Selected Approaches to Overunity Power Systems 219 


5.1 Introduction. 219 
5.2 Tesla’s Shuttling of Potential Energy and Barrett's 

Extension, 220 
5.3 Moray's Radiant Energy Device. 220 
5.4 Anti-Stokes Emission and Similar Processes, 225 
5.5 Gain in Intensely Scattering Optically Active Media 27 
5.6 The Fiber Fuse. 230 


5.7 Multiple Feedforward and Feedback Semiconductor Loops. ..235 


wt 


5.8NegativeRes 


5.9 Suppression of Free Energy Systems Has Been Common... 288 


istors, 236 


5.10 In Conclusion, 289 
Chapter 6 293 
Additional Approaches to Overunity Power Systems 293 


6.1 Introduction. 294 
6.2 Energy Conversion and Energy Amplification. 295 
6.3 Other Systems of Electrical Interest. 304 
6.4 Some Magnetic Processes of Interest. 341 
6.5 Conclusion 381 


Chapter 7 385 


Aharonov-Bohm Effect, Geometric Phase, and the Motionless 
Electromagnetic Generator (MEG) 385 


7.1 Introduction. 387 
7.2 Aharonov-Bohm (Geometric Phase) Effect. 390 
7.3 Abbreviated History ofthe Geometric Phase. 391 
7.4 Possible New Aspect ofthe Curl-Free Magnetic Vector 
Potential. 393 
7.5 Use of Aharonov-Bohm Effect in the MEG.........397 
7.6 Collection of Field Energy in the MEG. 403 
7.7 Experimental Path to Development of the MEG, 408 
7.8 Additional MEG Functions, 4 
7.91nConclusion. 419 
Chapter 8 421 
Approach to Antigravity 421 
8.1 Introduction 422 
8.2 Selected Theories of Gravitation, 423 


8.3Selected AntigravityandInertialEngineeringResearch 
Efforts, 431 


84 The Author's Engineering Approach to Local Antigravity..454 
85 In Conclusion. 47 
Chapter 9473 


‘The Supersystem and Remarks on Gravity, Antigravity, and 
Testing 473 


9.1 The Supersystem and Its Considerations, 476 


9.2 Differences between Effects in COP» 1.0 and COP<1.0 
EM Systems, 479 


9.3 Primarily Concemed With Dirac Sea Holes and Not Lattice 
Holes. 487 


9.4 Peculiarities of Spacetime Curvature and Dirac Hole 
Interactions, 488 


9.5 Charging and Discharging a Capacitor, 490 
9.6 The Open-Loop COP>1.0 EM Power System, 495 


9.7 Remarks on Dirac Sea Holes, Currents, and Negative 
Energy. 501 


9.8 Remarks on the Observed Acceleration of the Expanding 
Universe, 505 


9.9 A Solution to the Hole Current Problem and Close-Looping..509 
9.10 Negative Energy: Localized and Nonlocalized 510 
9.11 Tests Reinforcing the Antigravity Mechanism, 514 


9.12 Susceptible Unitary System without Conversion of 
Dirac Sea Hole Current. 519 


9.13 Unitary System with Conversion of Dirac Sea 


Hole Current 521 
9.14 Non-unitary Outrigger Array System 521 
9.15 Some Instrument Considerations, 525 
9.16 Still Anomalous Aspects. 528 


Chapter 10537 


viii 


Cold Fusion: Low Spatial-Energy Nuclear Reactions at High 
‘Time-Energy 537 


10.1 Explaining Time as Energy, 539 
10.2 Mechanism Generating Flow ofa Mass through Time.........540 
103 Time-Polarized EM Waves and Longitudinal EM Waves... 542 


104 Time Reversal Zone and New Nuclear Reaction 
‘Mechanisms. 554 


10.5 Revision of the Conservation of Energy Law. 560 
10.6 Some Resulting Low Spatial Energy Nuclear Reactions ..... 566 


10.7 Time-Energy Can Generate Instrumentation Anomalies......570 


108 Additional Implications for the Future. S77 
Chapter 11583 
Final Pe 
583 
11.1 Introduction. 583 


11.2 Source Charges, Curved Spacetime, Efficiency, and COP....585 


11.3 Truncations of Maxwell's Theory and Discard of System 


Classes, 590 
11.4 Examples of COP> 1.0 Electromagnetic Systems. 594 
11.5 Motionless Electromagnetic Generator (MEG). 596 
11.6 Physical Considerations of Gauge Freedom, 599 
11.7 Special Modeling of the Vacuum, 600 

11.8 Every Charge and Dipole in an EM System Receives and 

‘Transduces Vacuum Energy. 601 
11.9 Energy from the Vacuum Powers Every Electrical PowerLine 

and EM Circuit 601 
11.10 Significant Developments in Negative Resistance........602 

11.11 In Conclusion, 605 


Annotated Glossary of Selected Terms 609 


Appendix 


A 739 
Appendix 
B 767 


Index(notincludedbecauseyoucansearchinPDF)774 
ENDNOTES 849 


Acknowledgements 


This book is dedicated to those lone researchers and stalwart inventors 
who have succeeded in building working model COP> 1.0 electrical 
systems in the face of overwhelming odds and strong scientific opposition. 
We particularly mention Gabriel Kron , T. Henry Moray, John Bedini, Jim 
Watson, Ed Gray, Frank Golden, Floyd Sweet, Howard Johnson, Ken 
Shoulders, Bill Fogal, the Correas, and Teruo Kawai. There are quite a few 
others, of course, and no slight is intended by not listing all their names. 


Also, I particularly acknowledge the contributions of my long-suffering 
close colleagues Dr. Lee Kenny, Dr. Jim Hayes, Ken Moore, and Steve 
Patrick, whose efforts on the bench have produced the working motionless 
electromagnetic generator (MEG) experiments as well as several variants. 
Our first MEG patent was issued in April 2002 and a second patent 
application has been filed. The MEG represents the first practical 
macroscopic application of the geometric phase (extended Aharonov- 
Bohm effect) for EM power systems. I particularly thank Lt. Col. (Retired) 
Ken Moore for watching my back and keeping me alive. I'm also grateful 
to both Dr. Fred Wood Sr. and Dr. Fred Wood Jr. for their personal 
support, action, and encouragement. I particularly acknowledge more than 
two decades of close cooperation and work with John Bedini, who is one 
of the most creative inventors on this planet; nearly a decade of work with 
Floyd Sweet and his vacuum triode amplifier; more than a decade of work 
with Frank Golden in COP>1.0 motors and uncurled A-potential 
communication systems; and a special thanks to Don Jensen for his 
important contributions and work in special combustion systems. Working 
with these inventors, I was able to physically examine working COP>1.0 
power system prototypes and also experience and study the novel 
phenomenology that results in such systems. 


With deep appreciation I acknowledge the kind assistance and helpful 
critiques of Dr. Myron W. Evans and other members of the Alpha 
Foundation’s Institute for Advanced Study (AIAS) such as Alex 
Labounsky, Alain Beaulieu, and Bob Flower. Dr. Evans encouraged me to 
write down the basic concepts of the theory of permissible COP>1.0 
Maxwellian systems I have been working on for three decades. This book 
is the result of that effort. 


A special note of thanks goes to Dr. Dave Hamilton ofthe Department of 
Energy, who oversees a DoE restricted website provided for the important 


MI 


ongoing scientific work and drafts of the ALAS. On that site, now there are 
‘more than 100 AIAS papers, many ofthem dealing with EM energy from 
the vacuum in rigorous fashion. Many ofthese AIAS draft papers have 
been published in leading journals such as Foundations ofPhysics Letters, 
Physica Scripta, Optik, etc. This is an invaluable scientific effort that 
clearly establishes the importance and potential for extracting copious EM 
energy directly from the active vacuum. It also extends the present U(1) 
electrodynamics to the much more extensive O(3) group symmetry 
electrodynamics, in which such things as I discuss in this book can indeed 
be accomplished on the bench and mathematically modeled. 


‘The outstanding work and encouragement of Dr. Hal Fox and Dr. Eugene 
Mallove are particularly recognized, and 1 am grateful to them for their 
continued publication of important information and developments in cold 
ision and the entire field of anomalous energy systems. I am also grateful 
to Dr. Robert Flower for his cogent explanations of some tough 
points in quantum field theory that were beyond my ken before h 
explanation, Dr. Hal Puthoff introduced me to his cosmological feedback 
mechanism, and I am grateful for his important work with his colleagues in 
the areas of inertia, permissible thermodynamic extraction of energy from 
the vacuum, and possible mechanisms of antigravity. 


A special thanks goes to Tim Ventura and to Jeffrey Cameron and the 
engineers of Transdimensional Technologies, Inc. for their courtesy and 
demonstrations of Transdimensional’s successful lifter and rotary devices, 
and for an introduction to the field of inertial propulsion and antigravity 
now ongoing under the NASA Breakthrough Propulsion Physics (BPP) 
research program. 


To Marcia Stockton I owe very special thanks indeed for her tireless 
efforts in reading and proofing the manuscript and translating the graphics. 
Also, Lam much indebted to Michael Anderson for the art direction, and to 
‘Tony Craddock for making it possible. I am deeply grateful to Tony for his 
unfailing encouragement and support, and for operating and maintaining 
my website www.cheniere.org. I also deeply appreciate the continued 
contributions of Mike Rieker, of Network Innovations, who furnishes the 
website pro bono. A special thanks also goes to Dr. Steve Greer, who gave 
my wife and I great assistance and personal uplift at a time of personal 
tragedy. Dr. Greer has also now taken up the effort to develop and deploy 
practical electrical power systems, freely taking their EM energy from the 
vacuum. 


Stalwart modem researchers in the overunity movement such as Jerry 
Decker and Walter Rosenthal are particularly to be commended for both 
their work, assistance to others, and their communication of work in the 
field. I am much indebted to Walt for furnishing the pictures of the closed- 
loop Sweet vacuum triode amplifier used in this book. 


To Jean-Louis Naudin, | also am very grateful for his extraordinary 
experimental work and extensive publication of valuable information, his 
personal replication of a variety of systems, and his kind permission to use 
several illustrations in the book. His important website, 
http:/naudin.free.fr/, is a comucopia of information, experiments, and 
results in this entire area, with important links to many other appropriate 
web sites 


Also, to more than a dozen special persons — including those now passed 
on such as Glenn Foster and R. J. Reynolds III — who encouraged and 
supported these efforts through the years, I am very grateful. Throughout 
the years their kind words and friendship have made a very great 
difference to me personally and professionally, and they still do. 


Finally and most importantly, I acknowledge the continuing and 
unwavering support of my dear wife, Doris, without whose encouragement 
and tolerance this work could never have been accomplished, She made all 
these long years of seven-day weeks and 18-hour days possible and 
humanly bearable. Without her, this book simply could not have been 
written, 


xu 


About Ixia 


Ixia, recently acquired by Keysight Technologies, provides testing, 
visibility, and security solutions, strengthening applications 
across networks and cloud environments for enterprises, service 
providers, and network equipment manufacturers. Ixia offers 
companies trusted environments in which to develop, deploy, 
and operate. Customers worldwide rely on Ixia to verify their 
designs, optimize their performance, and ensure protection of 
their networks and cloud environments to make their applications 
stronger. Learn more at www.ixiacom.com. 


About Keysight Technologies 


Keysight Technologies is a leading technology company that 
helps its engineering, enterprise, and service provider customers 
optimize networks and bring electronic products to market 
faster and at a lower cost. Keysight's solutions go where the 
electronic signal goes, from design simulation, to prototype 
validation, to manufacturing test, to optimization in networks 
and cloud environments. Customers span the worldwide 
communications ecosystem, aerospace and defense, automotive, 
energy, semiconductor, and general electronics end markets. 
Keysight generated revenues of $2.9 billion in fiscal year 2016. 
In April 2017, Keysight acquired Ixia, a leader in network 
test, visibility, and security. More information is available at 
www.keysight.com. 


Foreword 


‘The original purely scientific purpose of this hook was interrupted en route 
by two events: The first was a sudden heart allack and onslaught of severe 
hypoxia resulting from the resurgence in Spring 2001 ofa 33-year old 
chronic mycoplasma infection, of the modified biological warfare kind 
produced by a combined U.S/Canadian team, which got loose in Canada 
and Florida in the 1950s. I contracted this "mysterious, unknown ailment" 
in 1968 while in the U.S. Army and stationed in Quebec, Canada as the 
U.S. Army Liaison Officer to the Canadian Armament Research & 
Development Establishment (CARDE). The second event was the sudden 
terrorist attack on the U.S. on September 11, 2001, which propelled this 
nation and others into a war against international terrorism, 


For the mycoplasma, Kenn Thomas recognized and informed me exactly 
what the difficulty was, and I was finally tested and diagnosed correctly in 
December 2001 due to the efforts of a courageous family physician. 
Accordingly, in December 2001 we started a yearlong (or longer) regimen 
of antibiotics and supplementary oxygen, with additional medication to 
control the runaway heart fibrillation associated with this virulent form of 
the disorder. Ifwe make it through this yearlong program, we will 
probably survive with at least some significant recovery. Now on a much- 
reduced regimen, this made me realize the absolute necessity of passing 
the "energy from the vacuum” information and baton, so to speak, to those 
sharp young graduate students and post doctoral scientists who are 
interested in this area. They simply must not have to spend 30 years of 
their lives getting to this point. Instead, they should start where I am now, 
correct any errors I have inadvertently made, and go much farther. 


Accordingly, we sharply changed the intent and content of the book to 
comply with that new purpose. We also deeply considered the potential 
U.S. and World energy implications of that second shocking event of 9/11 
when international terrorists struck the World Trade Center in New York 
Center and the Pentagon, having also targeted the White House. 


In the new asymmetric form of warfare, the internal aspects of a nation - 
its civilian population, its vulnerable installations, its energy infrastructure, 
its food crops, and its transportation modes — are the targets. Terrorist, 
teams and groups in significant numbers are already inside every targeted 
developed nation, and these teams have weapons of mass destruction 
including biological weapons and even nuclear weapons. For confirmation 


xiv 


ofthe hostile nuclear weapons already secreted in large U.S. cities, read 
Lunev's book! to see how the former Soviet Union brought them in, along 
with the Spetznaz teams to detonate them on call. The nuclear weapons 
and the Spetznaz teams are still here. Other hostile nations have inserted 
terrorist teams with weapons such as anthrax, smallpox (camel pox is 
nearly identical to smallpox, and widely available), bubonic plague, etc. At 
the end of the 1991 Persian Gulf War, most of Iraq's calutrons and its 
nuclear program escaped the weapon inspectors and were hidden. In the 
few calutrons we did get, weapons-grade U235 residues were found. In a 
formal threat study for a foreign nation, begun before the Gulf War and 
delivered after its end, my analysis team and I estimated that Iraq had 
produced sufficient U235 in 1991 for from 7 to 12 nuclear weapons, 
particularly of the gun assembly type. My personal estimate now would be 
that Iraq has made sufficient weapons grade U235 to build three dozen to 
six dozen nuclear weapons. Ifo, then some of those weapons are 
undoubtedly long since spirited into the United States, and planted in our 
large cities. 


In modem asymmetric strategic war, the first phase ofthe war is conducted 
in "peacetime". The first phase is to insert the weapons of destruction into 
the targeted nation and hide them at the intended targets, along with the 
teams to detonate and unleash the weapons when desired. In that sense, the 
first phase of WW III has already been accomplished. 


According to Vice-President Cheney. "The war on terrorism will not be 
over in our lifetime. It is different than the Gulf War was in the sense that 
itmay never end, At least not in our lifetime. The way Ithink ofitis, it's a 
newnormaley." 


With much ofthe cheap oil of the world in its borders, the MidEast is a 
powder keg ready to explode. Ifa clash between the U.S. and Irag occurs, 
Saddam Hussein has already clearly shown that he will attack and destroy 
his foe's energy infrastructure and he will also use weapons of mass 
destruction. Simply witness the hundreds of oil wells set afire in Kuwait 
by Iraqi forces during the Persian Gulf War, and the use of chemical 
weapons on his own people. As this is being written, Pakistan and India 
are skirting the brink of war, and both have nuclear weapons. Either side 


* Stanislov Lunev and Ira Winkler, Through the Eyes ofthe Enemy, Regnery. 
Washington, D.C. 1998, p. 26 


ice President Richard B. Cheney, October 21, 2001 
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that decides on war will have to make a nuclear strike on the other. They 
have no antimissile defenses, hence making the “first knock-out" or pre- 
emptive strike is each nation’s only chance of survival. Hopefully cooler 
heads will prevail, but Ifthat war erupts, the Mid East, oil, and present 

energy infrastructures will never again be the same, for the entire world. 


‘There are other very serious U.S. vulnerabilities of gas and oil pipelines, 
port facilities, Gulf of Mexico oil rigs, nuclear power plants, power 
substations, hydroelectric dams, long power transmission lines on towers, 


ele. that are (oo numerous to enumerate, With but a moment's reflection, 


one realizes that even normal and cheap guerrilla-type or commando-type 
forces with C-4 explosives and timers can destroy a very substantial 
portion of the energy infrastructure with minimal risk and loss of assets. 
For those who wonder about a nuclear power plant's vulnerability, 
visualize a seized Boeing 747 loaded with fuel and flown directly into the 
main reactor container . If meltdown occurs, the nuclear tragedy at 

a 
other electromagnetic ways (such as a portable EMP "shooter" hauled in 
the back of a personal SUV) to instantly destroy the electronic controls of 


ernobyl in 1986 will appear tame by comparison. There are also several 


the nuclear power plant, seriously risking runaway and core meltdown, 


Consequently, inere: 
vulnerability of the centralized energy infrastructure in the U.S. and every 
other developed nation. So what started for me as a purely scientific 
endeavor to set out the concepts and principles of permissible COP> 1.0 
EM systems suddenly assumed a role of potentially critical strategic 
significance to the U.S. and to the entire developed world. Quite simply, 
000 terrorists in teams already in the United Stat 


‘ng attention is now focused on the extreme 


at this very moment —destroy large portions ofthe nation’s energy infrastructure 
at will, easily and cheaply. The economy of any modern developed nation 
depends on the availability of cheap energy. So this kind of hostile 
strategic capability means that the power to readily destroy a nation's 
economy — and thus defeat a mighty nation itself in the ensuing economic 


collapse — has passed into the hands of hostile forces already in country 
and awaiting the order to commit their assets. 


In this new asymmetrical form of warfare, it would appear that the rapid 
developmentanddeploymentof significantdistributedpowersources 


now a critical element of national survival for many nations of the world. 
Decentralization does little good, however, iffuel for the decentralized 
generators must remain centralized and distributed by very large and 
complex systems.The fuel and Its distribution are still extremely 
vulnerable resenting easy targets allowing paralysis of the decentralized 


generators, Self-refueling /self-powering) of the electrical power systems 
is therefore a mandatory additional requirement. 


So sober assessment dramatically reveals the need for self-powering 
electrical power systems, freely extracting their EM energy from the local 
vacuum. Thus an engineerable theory of permissible COP> 1.0 EM systems 
has become essential to the national survival of the U.S. and many other 
nations, so that an effective decentralized energy infrastructure — with the 
seething vacuum as the "localized and inexhaustible free fuel supply" — 
can be rapidly designed, developed, and deployed. 


Sadly, the leaders of the scientific community are still in a "business as 
usual” mode with respect to energy, and intend to remain so. They do not 
even recognize what powers and always has powered an EM circuit and 
system: EM field and potential energy extracted directly from the vacuum. 
by the broken symmetry ofthe source charges and dipoles. Since no 
scientific research on EM energy from the vacuum is going to be launched 
by the scientific leaders at the top, then the results ofthe broken symmetry 
discovered in 1957 are going to have to be applied in the scientific 
community from the bottom up. Consequently, a rather desperate need to 
communicate everything possible to the young graduate students and post- 
docs has become imperative, ifthe nation is to survive. 


From the beginning of my effort in COP>1.0 systems, and then my effort 
on this book and prior to the events leading to the attack on September 11, 
2001, the appalling humanitarian need for COP>1.0 electrical power 
systems taking their energy from the vacuum has been obvious and 
overwhelming. One third of the human population usually goes to bed 
hungry at night. One third is infested with worms and parasites of one kind 
or another, in addition to other diseases. Simple things such as clean water, 
common sanitation, medical treatment, and jobs to support one's family are 
difficult things in many parts of the world. 


In the final analysis, the only way to get a suffering, impoverished, and 
undeveloped nation up and going is to provide cheap clean energy, and to 
do it with systems which get their "fuel" for free, such as from the vacuum 
itself. Once cheap clean energy and self-powering systems are widely 
available, then the economy and infrastructure of that nation can be slowly 
and steadily built up to get the society moving. Roads, bridges, hospitals, 
schools, teachers, industry, and jobs then follow as the economy rises. 
Until there is a cheap energy infrastructure available and growing, 
essentially fuel-free, none of that is going to happen in most impoverished 
nations because presently the world's fuel is monopolized, controlled, and 
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fought over, and it will become evei more expensive as the supply vs. 
demand ratio falls, prices escalate, and additional wars - almost certainly 
involving weapons of mass destruction - are engendered. With present 
aid concepts, at best the politicians and warlords usually get the bulk of 
whatever assistance is sent in, and the warlords on the take from foreign 
masters will continually plunge the country into turmoil, war, and human 
tragedy. Assistance is necessary, but the eventual aim has to be to enable 
and empower the common citizens to be self-supporting, educated and 
trained, relatively free from disease, and living in a nation having a 
growing and developing infrastructure, jobs, and a decent economy. 
Availability of cheap and affordable energy — and clean energy if we 
wish to save the precious environment — is the primary key to "freeing 
and empowering the developing nations” as well 


Along with this omnipresent, desperate humanitarian need, the increased 
strategic need for decentralized energy systems freely fueled from the 
vacuum itself has led me to make every effort possible — particularly after 
the heart attack in 2001 and in continued hypoxia from severe chronic 
mycoplasma infection — to finish the book and at least outline the major 
concepts and principles that enable the construction of a sorely-needed 
COP>1.0 electrical power systems theory, followed by the development 
and rapid deployment of actual self-powering systems. The Alpha 
Foundation’s Institute for Advanced Study (AIAS), spearheaded by Dr. 
‘Myron Evans, has also been vigorously preparing and publishing papers in 
leading scientific journals and other publications’ showing that EM energy 
from the vacuum is permissible, possible, and feasible. 


In my three decades of work with multiple inventors of working prototype 
COP> 1.0 electrical systems, I have been privileged to experience and work 
with several actual COP>1.0 circuits and prototype systems, study them, 
and slowly comprehend some of the advanced and unusual principles 
involved. In short, thanks to the courtesy and kindness of others, I have 
been able to gradually acquire at least an elementary understanding of the 


* E.g, Modern Nonlinear Optics, Second Edition, 3 Vols., edited by M. W. Evans, 
Wiley, 2001; M. W. Evans et al, "Derivation of 0(3) Electrodynamics from the 
Irreducible Representations ofthe Einstein Group,” Found. Phys. Lett, 15(2), Apr 
2002, p. 179-187; “Anti-Gravity Effects in the Sachs Theory of Electrodynamics,’ 
Found. Phys. Lett, 14(6), Dec. 2001, p. 601-605; "Classical Electrodynamics 
Without the Lorentz Condition: Extracting Energy fiom the Vacuum.” Physica 
Scripta, 61(5), May 2000. p. 513-517; "Runaway Solutions of the Lehnert Equations: 
‘The Possibility of Extracting Energy from the Vacuum," Qprit, 111(9), 2000. p. 407- 
409, 
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mechanisms which enable COP> 1.0 EM power systems. With this 
background, one can understand why conventional EM systems and 
circuits do not develop COP>1.0 or self-powering, even though all the 
energy collected and used in every electrical power system comes from the 
vacuum and not from the shaft energy input to the generator, chemical 
energy dissipated in a battery, wind energy collected by a windmill (that 
just "feeds" the shaft of the generator), or from the water power dissipated 
in a hydro turbine (the hydro turbine also only turns the shaft of the 
generator, which does not actually furnish the power to the external power 
line connected to it), 


It seems appropriate that other researchers should be able to start where 1 
am now, understand what I have leamed or think I have leamed, find and 
correct any errors, and simply go forward with alacrity — much farther 
than I have been able to go, and much faster. This is particularly true of the 
young researchers who have excellent theoretical and experimental skills 
and a vigorous lifetime ahead of them. When an old and tiring runner 
falters with the baton, it is time to pass it on to the fresh young runners 
who can carry it to the successful end ofthe race. 


‘The purpose of this book, then, is to lay out in some little detail what I 
have learned in all these years of sustained effort, but in such a way that it 
ties directly into good physics. In some cases, the tie-in to physics is 
unavoidably to a somewhat esoteric area such as the geometric phase and 
to time as a special form of energy. COP>1.0 EM systems are not simple, 
and they involve special phenomenology rarely encountered in 
conventional EM circuits and systems. COP> 1.0 EM systems 
simultaneously involve a combination of particle physics, modern active 
vacuum theory, advanced materials science, higher group symmetry 
electrodynamics, quantum mechanics, and general relativity. They also 
involve areas where foundations of physics are presently in error. We 
found it necessary to think in terms of the supersystem, defined as having 
three components, which are (i) the physical power system itself, (ii) the 
active local vacuum, and (iii) the active local curvatures of spacetime. All 
three components ofthe supersystem interact and exchange energy with 
each other continuously. Any legitimate COP>1.0 power system must 
freely receive, collect, and use some excess energy from its active 
environment — in this case, the latter two components of its supersystem. 
By definition, this COP>1.0 function requires disequilibrium between the 
system and its active environment, so that classical equilibrium 
thermodynamics does not apply. Instead, the thermodynamics of systems 


far from equilibrium in their energetic exchange with an active 
environment applies. 


However, since the “environmental energy” we are extracting is virtual 
photon energy fiom the vacuum and energy fiom local curved spacetime, 
the fundamental definitions of classical thermodynamics and classical 
electrodynamics have to be re-examined and altered. A closed system, e.g., 
can no longer be defined just as one closed to the transfer of mass across 
its boundary, but permitting energy to exchange across it. Since the advent 
of general relativity in 1915, we have known that energy and mass are the 
same thing. Whenever any system changes its energy, it also changes its 
mass by the well-known E = mc’ rewritten as dm = dE/(c’). Further, in the 
fierce virtual particle exchange of the vacuum with every part of every 
system, both virtual mass and virtual energy continually cross the system 
boundary. Neither classical thermodynamics nor classical electrodynamics 
deals with the transduction of time-energy into spatial energy in a system, 
which is a totally different type of energy exchange accomplished by 
charge. 


Further, certain phenomenological areas — such as strong gradients — are 
already well known to violate present thermodynamics. These are 
presently being researched under the aegis of extended nonreversible 
thermodynamics. Finally, as the present laws of classical thermodynamics 
are stated in the textbooks, every charge and dipole in the universe already 
violates those laws, and has done so since the beginning ofthe universe. 
Let us put it bluntly: Every charge in the universe already freely and 
continuously pours out EM energy in 3-space in all directions, without any 
observable EM energy input. That is the well-concealed source charge 
problem, known but ignored by the leaders of the scientific community for. 
a century. All EM fields and potentials and their energy come from those 
source charges, according to electrodynamics itself. Either we must give 
up the conservation of energy law entirely, or else we must accept the fact 
that unobservable virtual EM mass and energy are continuously absorbed 
‘The vacuum by the source charge, transduced into real observable EM 
energy, and then re-radiated in 3-space in all directions as observable EM 
energy, creating the associated fields and potentials reaching out across the 
universe. That this problem continues to be ignored by the scientific 
community — some 45 years after the basis for its solution has been 
proven and is well known in particle physics — is totally inexplicable. But 
it continues to be resoundingly ignored, which means that the scientific 
community itselfis and remains totally responsible for the energy crisis 
and the associated vast despoilment of the biosphere, because it adamantly 
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insists on using a seriously flawed electrical energy science whose hoary 
basis is more than a century old. 


Accordingly, we have simply extended the first law of thermodynamics 
appropriately, pointed out that the second law does not apply absolutely 
but only as an approximation when conditions are appropriate, and revised 
the third law and the zeroth law. In this book we simply show the results of 
that revision, particularly in Appendix A. 


We were also able to trace the history of electrodynamics, and to find 
exactly how the permissible Maxwellian systems far from equilibrium with 
an external active environment — which are included in Maxwell's 1865 
seminal theory and even in Heaviside's vector truncation later — were 
arbitrarily discarded by Lorentz with his symmetrical regauging of the 
Maxwell-Heaviside equations. The purpose of such arbitrary regauging 
was and is to provide simpler equations that can usually be solved 
analytically without resorting to numerical methods. In the name of 
mathematical simplicity and ease, that entire great class of Maxwellian 
systems far from thermodynamic equilibrium in their supersystem was just 
arbitrarily discarded. Those Maxwellian systems are still arbitrarily 
discarded in every electrical power-engineering textbook today. 


So the first requirement for a COP>1.0 EM system becomes building-in a 
‘mechanism to violate the Lorentz symmetry condition, at leastfor a 
significantfraction ofthe time. Further, the standard closed current loop 
circuit — including the entire external circuit in the same closed current 
loop as the source dipole inside the generator is what already self 
enforces the Lorentz symmetry condition. Consequently, in any legitimate 
COP>1.0 electrical system, the operation of that closed current loop circuit 
must be violated for some portion of the system's operation. This of course 
places the system in disequilibrium with its active supersystem 
environment, allowing intake of extra energy from the environment and 
therefore permitting COP>1.0. So one of the immediate requirements in 
COP> 1.0 electrical systems research is to seek out and find known or 
suspected mechanisms that accomplish just such violation of the Lorentz 
symmetry condition. In the book, I show a sampling of the various 
mechanisms I found other inventors using or that I uncovered myself, 
that already exist in physics. 


or 


Finally, we discovered (and found the basis for it was shown in the hard 
literature in Heaviside’s original work) that every generator and battery as 
an energy transducer already extracts from the vacuum and outputs from 

its terminals a far greater nondiverged energy flow than is accounted in the 
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Poynting diverged energy flow theory (which captures only that small 
fraction that is diverged into the circuit and captured by it). The total 
output energy flow fiom the terminals of a generator is also far greater 
than the mechanical energy input to the shaft of the generator. So in its 
energy transduction function, every dipolar electrical circuit ever built is 
already a “free energy circuit” and a COP >>1.0 system, extracting its 
utilized electrical energy fiom the vacuum and extracting additional energy 
also. But presently the electrical power system is unwittingly designed and 
constructed by engineers to deliberately destroy the source of that 
enormous energy flow from the vacuum faster than the system can use 
some of it to power its load. Wryly put, that does not seem to be the proper 
way to build energy systems or “run an energy railroad,” even though it's 
always been done that way. 


This led to recognition ofa great scientific faux pas, perhaps the greatest in 
history. One must keep one's sense of humor! So with tongue in cheek, let 
us state it this way: There is not now, and there never has been, asingle 
electrical engineering department, electrical engineering professor, or 
electrical engineering textbook that teaches what powers an electrical 
circuit. Yet the basisfor it has clearly been in particle physics since 1957, 
as certified by the award ofthe Nobel Prize to Lee and Yang. Whatpowers 
every electrical circuit and system is the broken symmetry ofthe primary 
power system's source charges and source dipole (i. e., the broken 
symmetry ofthe opposite charges on the ends ofthe dipole) in itsfierce 
energy exchange with the seething vacuum, once that dipole has been 
made. The moder "charge" is also a dipolarity, once its associated 
clustering virtual charges ofopposite sign are considered. Further, any 
dipole willfreely extract EM energy from the vacuum, convert it into real, 
usable, observable EM energy, andpour out real, usable EM energy 
continuously and indefinitely, so long as the dipole remains intact. 


‘The external circuit attached to a generator is not powered by the 
mechanical energy that is input to the generator shaft. The external circuit 
attached to a battery is not powered by the chemical energy expended by 
the battery. Astonishingly, every electrical power system and electrical 
circuit ever built, and every one built today, was and is powered by energy 
extracted and transduced directly fiom the active vacuum by the broken 
symmetry of the opposite charges on the ends of the source dipole (or a 
charge considered as a modern dipolarity), once that dipole is formed. A 
Nobel Prize was awarded to Lee and Yang in 1957 for the prediction of 
broken symmetry (strongly in 1956). Wu and her colleagues proved it 
experimentally in early 1957. So revolutionary a change in physics was 
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that startling discovery of broken symmetry, that — in a nearly 
unparalleled action — the Nobel Committee awarded the Nobel Prize the 
same year, December 1957, to Lee and Yang. One ofthe broken 
symuetries proven was that ofopposite charges such as are on the 
opposite ends ofevery dipole, or such as constitute a classical "isolated 
charge" when the charge and its clustering virtual charges ofopposite 
sign are considered as in modern physics theory. Rigorously, every source 
dipole is continuously extracting EM energy from the vacuum andpouring 
it out ofthe "terminals" ofthe dipole in all directions in 3-space. Andso is 
every charge as well. That the leaders of the scientific community continue 
to ignore this solidly proven fact is astonishing. But they do. 


We also came to realize that the great Gabriel Kron, who was never 
allowed to reveal the secret of his open path, had in fact discovered the 
precursor of that very broken symmetry of opposite charges (of dipolarity) 
His open path is simply the recognition that any two points in the universe, 
that are at differing potentials and therefore can be considered as a 
dipolarity of opposite charges, acts as a source dipole that already extracts 
virtual photon energy from the vacuum, transduces it into real, observable 
photon energy, and pours out that energy in all directions. In reaching that 
understanding, he had applied general relativity to rotating electrical 
machines, simulated various forms of electromagnetics equations, and 
dealt deeply with quantum mechanics and the Schrodinger equation. 


Sadly, the electrodynamics model used in electrical power engineering still 
does not even model the active vacuum, much less a broken symmetry in 
the virtual photon exchange between that active vacuum and all the 
charges in every electrical system. The electrical engineering model does 
not model the supersystem, hence cannot be used to design and produce 
COP> 1.0 systems. A priori, that seriously truncated and crippled model 
arbitrarily discards all permissible Maxwellian systems far from 
thermodynamic equilibrium (i.e., with broken symmetry) in their vacuum 
flux exchange. And those are precisely the systems that are permitted to 
perform the five magic functions of great interest to the COP> 1.0 energy 
researcher. Such a disequilibrium system can permissibly (i) self-order, (ii) 
self-rotate or self-oscillate, (iii) output more energy than the operator 
inputs (the excess energy is freely received from the active environment), 
(iv) power itself and its load simultaneously (all the energy is freely 
received from the active environment), and (v) exhibit negentropy. Every 
charge and dipole in the universe already performs all five magic 

function: 
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by Kalyan Sundhar and 
Lawrence C. Miller 


dummies 


‘AWiley Brand 


Itis the purpose of this book to clearly show that all EM systems are 
already powered by vacuum energy, and always have been. We cite the 
references and experimental proof that this is true, and the interested 
reader can check the extensive references himself or herself, The intent is 
to show that only a part of what has been discovered and is already known 
in particle physics is presently included in the woefully inadequate and 
ancient electrical power-engineering model. And frankly, unless there is a 
groundswell from the bottom of the scientific community, the leadership of 
the scientific community has no intention whatsoever of funding or 
allowing significant research in extracting copious EM energy from the 
vacuum (very simple) and learning to use it effectively (more difficult). A 
single 200 million dollars of good research in EM energy from the vacuum 
would solve the energy crisis forever, and dramatically reduce the 
pollution of the biosphere. The scientific community will spend many 
times that amount on their favored "big science” projects, but not one cent 
on EM energy systems powered by energy extracted from the vacuum. 


Also, we show a sampling of the present work ongoing in inertial 
propulsion and antigravity research. Working with Sweet, in the 1980s I 
designed and Sweet performed a highly successful antigravity experiment. 
I share with the reader the concepts and theoretical basis for that 
experiment, why it worked and how it worked, and the excellent results 
achieved. One of the tragic losses to science was the loss of the Sweet 
COP» 1.0 vacuum triode amplifier (VTA) system with the death of Floyd 
Sweet. Nonetheless, we apply the mechanism we conceived so long ago to 
propose a mechanism generating the antigravity recently confirmed to be 
accelerating the expansion of the universe. We offer the long-neglected, 
Lorentz-discarded giant nondiverged Heaviside energy flow component 
accompanying every field-charge interaction as the probable generatrix of 
the excess gravity holding the arms of the spiral galaxies together. And we 
offer that same component — when connected with a flow of negative EM 
energy and with negative energy EM fields and potentials — as the 
specific generatrix of the excess antigravity that is accelerating the 
expansion of the universe. Both theses are testable on the laboratory bench. 


Our target audience is several fold. Even though presented conceptually, 
the material is not oversimplified, and it is targeted at (i) the sharp young 
grad students and post-docs interested in extended (higher group internal 


* Floyd Sweet and T. E. Bearden, “Utilizing Scalar Electromagnetics to Tap Vacuum 
Energy,” Proc 26th Intersoc. Energy Conversion Eng. Conf. (IECEC '91), Boston, 
Massachussets, 1991, p. 370-375, 


symmetry) electrodynamics and in researching and developing COP> 1.0 
electrical power systems, (ii) the forward-looking electrical engineering 
professors who will at least consider that extended electrodynamic models 
and the laws of nature do permit COP>1.0 electrical power systems, and 
(iii) the still open-minded leaders of the scientific community, such as the 
National Academy of Sciences, National Science Foundation, the U.S. 
Department of Energy, the great national laboratories, etc. In one area of 
physics much better models of electrodynamics enabling COP>1.0 power 
systems, antigravity, and novel propulsion systems already exist (and a 
few such systems experimentally exist in the hands of independent 
inventors as well), while in a second area of physics that part of 
electrodynamics dealing with permissible COP> 1.0 EM systems and 

unified field theory has been arbitrarily excluded at great cost to society, to 
the environment, and a tragedy to science and technology. Additional 
secondary targets are (iv) governmental leaders responsible for advanced 
research and development planning and funding, to argue that the "energy 
crisis" is a direct result of an inexplicable and sustained shortfall in the 
scientific mindset, and not as a result of the laws of nature and the need for 
cheap oil, coal, and gas or nuclear power plants, (v) science writers, 
journalists, and entrepreneurs to sensitize them to (hopefully) a coming 
energy revolution of unparalleled proportion, (vi) strategic and tactical 
planners in our Department of Defense to make them aware that the great 
logistics burden of modem highly maneuverable armed forces can and will 
be dramatically lowered by rapidly developing and using self-powering 
power systems “fueled” directly by the local active vacuum, and by 
adapting novel new propulsion methods, (vii) theoretical and experimental 
physicists to make them aware that the easiest thing in the world is to 
extract copious EM energy freely from the vacuum; just pay once to make 
a little dipole or assemble a charge and do not let it be destroyed, (viii) the 
Department of Energy upper level managers to bring into their awareness 
the coming advent of (and terrible need for) self-powering decentralized 
EM power systems worldwide, and the pressing need for a major role to be 
played by the DoE, (ix) the struggling but serious COP> 1.0 researchers 
and inventors, to give them a technical overview — rather than just 
anecdotal material — of much of what has been done, tried, and 
conceived, and what seems to be successful and what is still to be 
determined, (x) the environmentalists devoted to cleaning up the biosphere 
and saving this precious planet, to make them aware that the answer to the 
world’s energy problems and saving the biosphere cannot come to them 
from their conventional scientific consultants, who are trained in applying 
the very scientific disciplines responsible for the problem in the first place, 


and (xi) the long suffering undeveloped and impoverished nations and 
peoples of the earth. Our fervent message is one of hope after all, once a 
change occurs in the scientific mindset. There is a cheaper, cleaner, and 
better way to get their economies and nalional infrastructures up and 
running, and it is imminently doable. 


The main message of this book is that there is not now and there never has 
been an electrical energy availability problem. Every large centralized 
power generator actually outputs enough EM energy flow, extracted 
directly from the seething vacuum, to power all electrical loads on earth, if 
all the energy pouring from its terminals were caught and utilized. 
However, there is certainly an EM energy flow interception problem, to get 
more ofthe available energy flow from a source dipole intercepted and 
diverged into the circuit in a manner not complying with the Lorentz 
symmetrical regauging condition. Also, once the excess energy has entered 
the circuit and been collected, there certainly is a problem in using the 
intercepted and collected energy in the circuit without destroying that part 
ofthe generator or battery — the source dipole — that is actually 
extracting all the energy from the vacuum, Or at least to use the circuit's 
collected energy in such fashion as to destroy the source dipole in the 
generator slower than the energy is used to power the external load. 


‘That conglomerate of the two sub problems — the "energy flow 
interception, collection, and usage problem — is the single energy 
problem, There is no other energy problem, and there has never been any 
other. One finds it very ironic that, in the conventional agencies, 
universities, the DoE, the National Science Foundation, the National 
Academy of Sciences, the national laboratories, etc., not one of them is 
working on the real, solitary electrical energy problem, even though they 
are importantly spending billions of dollars purporting to do so. 


We fervently hope that the content of the book will reach a sufficiently 
interested audience to begin to change that century-old erroneous scienti 
mindset. We hope that the book, along with the important contributions of 
other COP> 1.0 inventors and researchers having success, will spark a new 
creative drive in the scientific spirit that solves the problem of cheap, clean 
n three years or less. This is a doable. I firmly believe in the 
scientific method and what it can do once it is unleashed from the century- 
old dogma that COP>1.0 systems are against the laws of nature, physics, 
and thermodynamics. Just tum the young scientific and engineering tigers 
loose on the problem, give them some funding, and watch them do it. 
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As we stated in a formal rebuttal to a charge of perpetual motion nonsense, 
it only takes one white crow to prove that not all crows are black. And 
with respect to COP>1.0 EM systems far from thermodynamic equilibrium 
with their active environment, every charge and dipole in the universe is 
already a "white crow” pouring out EM energy freely and continuously 
with the speed of light, and exhibiting COP = oa. This is in fact reluctantly 
recognized in physics, but it has essentially been buried from the attention 
and knowledge of generations of electrical engineers and most physicists. 


A COP>1.0 experiment well known to nonlinear optics is the Bohren-type 
experiment, demonstrating the known negative resonance absorption of the 
medium. A typical experiment of that type outputs some 18 times as much 
EM energy as the experimenter inputs by standard calculations. We note 
that a single replicable experiment can and does negate any theoretical 
‘model that contradicts it. Hundreds of such materials experiments proving 
the feasibility of COP>1.0 EM systems are performed every year in any 
major nonlinear optics laboratory without a second thought. Together with 
the known but avoided source charge problem and proven broken 
symmetry of any dipolarity, it is almost unthinkable that our electrical 
engineering departments still do not incorporate the active vacuum 
exchange — and every EM circuit's broken symmetry in it — into the 
classical electrodynamic model used. In short, to really understand what 
powers every EM circuit, just now the electrical engineer would have to go 
across campus to the particle physics department and investigate broken 
symmetry of opposite charges — as are on the ends ofthe source dipole, 
once created in the generator or the battery, or as are involved with the 
ingle "isolated charge” considered with its associated virtual charges of 
opposite sign. 


It is high time that our electrical power engineers and scientists heed the 
message of all these demonstrated white crows of nature, and begin 
developing and deploying self-powering COP>1.0 electrical power 
systems with alacrity. 


We have a biosphere, a planet, a strong world economy, and an uplifting 
for the long downtrodden poor people of the world to recover. We strongly 
urge the scientific community to accept the challenge and meet it head-on. 


‘Tom Bearden 
22 July 2002. 
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Chapter 1 


Foundations and Scientific Mindset 


"the scientist makes use of a whole arsenal of concepts 
which he imbibed practically with his mother's milk; and 
seldom if ever is he aware of the eternally problematic 
character of his concepts. He uses this conceptual 
‘material, or, speaking more exactly, these conceptual 
tools of thought, as something obviously, immutably 
given; something having an objective value of truth which 
is hardly even, and in any case not seriously, to be 
doubted. ..in the interests of science it is necessary over 
and over again to engage in the critique of these 
fundamental concepts, in order that we may not 
unconsciously be ruled by them.” [Albert Einstein] {1} 


1.1 Introduction 


Einstein's quote is a beautiful statement that scientists should never take 
the present understanding — and the present models — as absolute. That is, 
the approach the present author has taken for some 30 years, in a struggle 
to comprehend that class of electromagnetic (EM) systems that are open 
systems in disequilibrium in their virtual photon energy exchange with the 
active vacuum, and exhibiting a broken symmetry in that exchange. The 
statement beautifully expresses that the major problems encountered in 
grappling with such EM systems have been the existing errors and non- 
Sequiturs in classical electrodynamics and other parts of physics. Many 
difficulties have resulted from the continued propagation of a 137-year old 
classical electrodynamics model formed before electrons, atoms, nuclei 
positrons, the active vacuum, special and general relativity, quantum. 
‘mechanies, etc. were discovered or known, 


1.1.1 EM Foundations Are Incomplete and Contain Errors 
In any model, there are many assumptions. Even when a model is well- 
fitted and well-developed, it still applies only when the foundations 
assumptions on which it is based are true or are not too much in error. 
Whenever one or more of the fundamental assumptions is violated by 
phenomena uncovered, then there is a new class of phenomena where the 
‘model does not hold, or does not hold well and is only an approximation at 
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best. In that case, either the existing unsatisfactory model must be 
improved and advanced, or a new mode! must be constructed, 


Great scientific minds continue to point out Einstein's beautiful principle 
in different words. E.g., expressing the thought of Stephen Hawking, one 
of the great physicists of our day: 


"All we ever know is our models, but never the reality that 
‘may or may not exist behind the models and casts its 
shadow upon us who are embedded inside it. We imagine 
and intuit, then point the finger and wait to see which 
suspect for truth turns and runs. Our models may get 
closer and closer, but we will never reach direct 
perception of reality’s thing-in-itself.” [As stated by 
George Zebrowski] {2} 


Excellent scientists — Feynman, Wheeler, Bunge, Evans, Barrett, and 
‘many others — have indeed pointed out that classical EM theory is 
seriously flawed. In the words of Bunge {3} 


it is not usually acknowledged that electrodynamics, 
both classical and quantal, are in a sad state.” 


‘The author also found it imperative to return to many of the original 
seminal papers of physics, particularly in electrodynamics. The major 
concepts in those papers led to the present classical EM model. This was 
particularly true of the work of Poynting {4a, 4b} and Heaviside {Sa-Sc}, 
who independently and simultaneously arrived at the notion of the flow of 
EM energy through space’. Their work occurred in the 1880s, after 
Maxwell was already deceased. It also necessitated reviewing Lorentz 
symmetrical regauging of the Maxwell-Heaviside equations, where 
Lorentz arbitrarily discarded all permissible COP>1.0 Maxwellian 
systems. 


‘The science of this "EM energy flow through space" is controversial to this, 
day. Which is the real "EM energy flow vector" as such has never been 


* As we shall point out later, the concept of energy flowing through 3-space is a non 
sequitur and requires substantial revision today, to be consistent with the nature of 
observation and the fact that no observable continuously persists. Any observation is 
an instantaneous frozen 3-space "snapshot" at a single instant, gone the next instant 
‘when almost immediately replaced by another such frozen snapshot. In between 
observations, not mass but masstime exists. The same is true for 3-space, which only 
exists as the output of an observation process. Prior to observation, spacetime exists 
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adequately resolved, and there continue to be polite debates about it {6} 
One should also be aware that physicists really do not know what many 
things — including energy — are. The definitions of these fundamentals 
are still uncertain, as stated rather poignantly by Feynman {7} in this 
quote: 


"It is important to realize that in physies today, we have 
no knowledge of what energy is." 


As another fundamental example, Feynman {8} also pointed out that we 
really do not know what force is® either! Quoting: 


"One of the most important characteristics of force is that 
it has a material origin, and this is not just a definition 
Ifyou insist upon a precise definition of force, you will 
never get it!" 


1.1.2 Physics Is Not the Mathematics, But What It Manipulates 
Following Feynman's ansatz, one should realize that the physics is not 
really in the mathematics itself, but in the physical meaning of the 
concepts that the mathematics manipulates. Here again, the inimitable 
Feynman {9} cautioned against over-attachment to the mathematics itself. 
He said it very clearly: 


"Mathematicians or people who have very mathematical 
‘minds, are often led astray when “studying” physics 
because they lose sight of the physies. They say: “Look, 
these differential equations — the Maxwell equations — are 
all there is to electrodynamics it is admitted by the 
physicists that there is nothing which is not contained in 
the equations. The equations are complicated, but afier 
all they are only mathematical equations and if 1 
understand them mathematically inside out, I will 


The problem isthe ubiquitous and erroneous use of a "separate" force acting on a 
“separate” mass. Actually mass is a component of force, as ean be seen from 

F ¥ didt(mv). Hence thete is no such thing as a separate force in empty space, acting 
‘upon a mass. Instead, the massless 4-field in space acts upon mass to produce force 
in that interaction, Force is not a cause, but an effect of an ongoing interaction — as 
is any observable. An observable is a continuing series of frozen 3-space LLL 
snapshot entities given by the result of continual application of yt (LLL) Y LLL. 
by photon emission. The formation of the LLLT (spacetime and masstime) in 
between observed m as LLL, is produced by photon absorption of the previous 

m= pia (LLLT) 
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understand the physics inside out.” Only it doesn't work 
that way. Mathematicians who study physies with that 
point of view —and there have been many of them — 
usually make little contribution to physics and, in fact, 
little to mathematics. They fail because the actual 
physical situations in the real world are so complicated 
that it is necessary to have a much broader understanding 
of the equations.” 


Such matters and similar thoughts had bothered me even back in the early 
1950s, when I could not find a single professor or dictionary of physics 
that logically defined a field or a potential. Considered rigorously, the 
definitions all fell apart and violated elementary logic. Improper, 
insufficient, or just plain wrong definitions in physics have continued and 
are still widespread to this day. To give a single example from an excellent 
book by Kraus {10}: On p. 60, Kraus gives the formula for a potential 
referred to as the "absolute potential” of a charge source. Quoting: 


"This potential... is, by definition, the work per coulomb 
required to bring a positive test charge from infinity to the 
point ri.” 


Kraus erroneously "defines" the scalar potential identically as work, which 
is equating the cause with the effect. The work that dissipating a potential 
does or can do, is not the potential itself! Else “human” means nothing but 
how well one can chew one’s food or drive an automobile. Actually, Kraus 
gives one theoretical way to measure or calculate the effect of the 
potential's local intensity at a point.’ Note that what is measured is the 
energy diverted from the potential at that point, around that test charge 
This does not specify the entity (the potential itself) at all, but only what 
has been diverted from it. It is rather like confusing the whirlpool (water 
diverged from the normal river flow) in a river as being the river itself. 


To show the non sequitur, a million more positive test point charges could be 
brought from infinity to that same point, and the potential — without any change in 
it — would cause the same amount of work to be done upon each of those charges. 
‘As can be seen, even noted professors can speak rather casually when they “define” 
the potential’s point intensity as "the" potential (which extends over all space, not 
just at that one point). There may be different intensities at different points in the 
potential, but the potential itself remains one-and-the-same thing regardless of which 
‘one or all of the point intensities are discussed. And neither the point intensity of the 
potential nor the potential is the work that is done upon a moving charge by that 
potential or its intensity, 
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Integrating what has been diverted from it does not yield the potential 
itself! At best, the measurement gives an indication of the intensity of the 
potential at a point, insofar as its reaction with charge is concerned. More 
rigorously, what is being utilized is the potential’s reaction cross section 
presented to a unit point static charge at that point. The same unit point 
charge, if placed in particle resonance, will sweep out more geometrical 
area and exhibit a greater reaction cross section. That will increase the 
energy collected divergence of the energy flow that is being moved 
around the particle itself. By normal calculations, the resonant charge may 
collect some 18 times as much energy as is possible at the same point by 
the same charge in static mode — e.g., as shown by Bohren {24, 25} 

‘A definition must present an identity. Examining the proposed definition 
as "the potential is identically ... work" one sees the problem immediately. 
The potential exists whether or not there is a positive test charge, or 
whether one moves such a charge in from infinity or not, and whether 
there is any work done or not. None of that is what a potential identically 
is, but only one aspect of what it does or ean do or ean cause. One leaves 
as an exercise for the reader the task of further examining dictionaries of 
physics and textbooks, to try to find a satisfactory definition of that 
common scalar potential." We do not believe the reader will find it. 

Yet any good textbook will also contain some real gems of great insight, 
simply said. As an example from Serway {11}, we eventually took a most 
marvelous cue, of how to get around classical thermodynamics’ prohibition 
against heat energy "running uphill" from hot to cold. In an insightful 
statement, Serway said {11} 


"The second law [of thermodynamics] does not rule out 
the possibility of pushing heat uphill, as it were, from a 
cold object to a hot one, or of creating order out of 


The scalar potential identically is actually a harmonic set of phase conjugate 
longitudinal EM wavepairs, as shown by E. T. Whittaker in 1903 {85}. Even 
Whittaker, however, misinterpreted his wavepairs only after interaction with that 
ubiquitous unit point charge assumed at every point in space. He gave two effects of 
that interaction, not the cause (which exists prior to interaction) and the effect 
(which exists only after interaction). Reinterpreting to get at the causal wave, each 
‘wavepair is a matched set of two waves; an incoming EM longitudinal wave in the 
time domain prior to interaction with a charge, and — after the time-energy wave is 
absorbed by the charge, an emitted outgoing EM longitudinal EM wave in 3-space. 
The so-called "static" potential is not static at all, but is a dynamie, ongoing 4-space 
process. This follows the re-interpretation by the present author {12} of Whittaker's 
decomposition — a reinterpretation then found to be consistent with quantum field 
theory {19} and with broken symmetry of opposite charges in particle physics {73} 
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disorder. It merely states that such a reversal of the 
natural flow requires an influx of energy..." 


This essentially states the Jaw of entropy, where to reverse entropy 
(disorder), one must apply ordering (energy).” We also note that the 
original concept of entropy was as dissipation of potential. There are of 
course different ways to apply the energy, and it need not be by the 
operator himself. Chapters 4, 5, 6, 7, and 8 of the present book give some 
unusual ways. A special paper {12} published by the author in 2000 gives 
another, Indeed, when the flow of time is predominantly reversed, so is the 
entropy" of a situation, since the "videotape is running backward", so to 
speak. In that case, the entire classical thermodynamics must be extended 
to essentially include its own opposite. The making of a small time- 
reversal zone where such things happen is as simple as involving a 
predominance of antiphoton interactions with the charged particles in that 
zone, rather than a predominance of photon interactions. What we are 
saying is that the notion of irreversibility in thermodynamics is not 
necessarily absolute. It usually assumes a “time forward” situation, and 
‘may not hold in a “time-reversed” situation. In our chapter on cold fusion, 
‘we will present some specific and quite startling nuclear interactions that 
occur as a result of the time reversal of the coulomb barrier (repulsion of 


* Now notice what Serway’s statement means with respect to the classical 
thermodynamics “definition” of closed system. Thermodynamics defines a closed 
system as one in which mass is not exchanged across its boundary, but energy can 
be. That definition permits a closed system to receive excess energy from its active 
environment, and thereby reduce its entropy. A specific example is simply 
potentializing a circuit, prior to movement of the current. Hence the entropy of 
closed system does not necessarily increase, but may decrease or increase if the 
system is in disequilibrium (difference in energy received from its active 
environment and energy escaping back to the active environment from the system. 
For the same system, if energy exchanges across its boundary equally in both 
directions, the system is said to be in “equilibrium” with respect to external energy 
exchange. One must be very careful in interpretation of the second law of | 
thermodynamics! One has a very different “closed thermodynamic system” when it 
is in energy exchange disequilibrium, than when itis in energy exchange 
equilibrium. Equilibrium is the condition of maximum entropy. For substantial 
disequilibrium condition, entropy cannot be computed, but is less than the entropy of 
the same system in equilibrium, The entire ansatz of thermodynamics may be 
violated once time-energy is transduced into internal EM energy inside the system. 
That is a fundamental disequilibrium, performed by every charge in the universe. 
Hence of necessity we have advanced and utilized new definitions of “open system” 
and “closed system” in our approach in this book, as discussed in the Appendin. 
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like charges in a forward time situation) into a coulomb attraction between 
like charges in a time-reversal zone and time-reversed situation. 


If Serway's statement were reversed, it would then be a statement of the 
law of negentropy. It would state that self-ordering (i, freely receiving 
energy from the active environment) in a system could indeed "push heat 
uphill from a cold object to a hot one", and the system could 
simultaneously emit energy in the process. Every charge does it! 


We did find it necessary to correct the classical thermodynamic definitions 
of “open system" and "closed system". To define a closed system as closed 
only to mass transfer, but open to energy transfer, is a gross non sequitur. 
Since general relativity was published in 1915, energy and mass are known 
to be the same thing (mass is just a special form of energy), hence the term 
"mass-energy" (mass as energy) in physics. Whenever energy crosses the 
boundary of a system, the system’s mass changes and mass (or certainly 
‘mass change) has also crossed that boundary. Indeed, as we shall point out, 
in 1917 Hilbert specifically pointed out that in general relativity there can 
be no energy conservation equations of the kind usually employed 
elsewhere. The fact that general relativity falsifies much of the present 
foundations of classical thermodynamics seems to have been either 
ignored or missed by most of the scientific community, although we will 
quote leading Russian scientists who have noticed it and are aware of it. 


‘The reader is thus warned that, henceforth, when we use "open system" we 
‘mean one where either energy or mass or both exchanges across the system 
boundary. When we use “closed system" we mean one in which neither 
energy nor mass exchanges across the boundary. In short, the notion of a 
closed system” has been redefined into what classical thermodynamics 
calls an isolated system. We already know from particle physics and the 
active vacuum (and from general relativity and the change of spacetime 
curvature with every change of spatial energy or mass-energy), and from 
the giant negentropy involving time energy transduced into 3-space energy 
and vice versa, that there is no such thing in all the universe as a truly 
closed system. 


In Appendix A, we have discussed how extension and change to classical 
thermodynamics must be made. We do this by extending the first law, 
refuting any absoluteness of the second law and third law, dealing with the 
zeroth law in a new way, etc. We also urge the better theoreticians to re- 
examine classical thermodynamics along such lines, to modernize and 
upgrade it. We believe that the present scientific work to extend 
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thermodynamics so it fits those situations now known to violate it should 
include additional considerations such as we present in Appendix A. 


In short, with the new definitions Serway clearly states the difference 
between classical equilibrium thermodynamics, where no excess energy 
from the environment is received, and the thermodynamics of systems far 
from equilibrium with their active environment (using the new definition 
of open system for clarity), in which case excess net energy from the 
environment can be received and used in electromagnetic systems, 
providing COP>1.0 systems or even COP = x systems. The windmill, 
sailboat, and waterwheel are age-old examples of disequilibrium systems 
where of course the energy of mass in motion is what is transduced. It is 
our objective in this book to point out the use of electromagnetic systems 
in energetic disequilibrium with their active environment (the active 
vacuum and curved spacetime) to provide just such negentropy. 


1.1.3 Time Is Energy and Must Be Considered As Such 
Ina physics model, one’s choice of fundamental units is arbitrary.'” As an 
example, in one type of physics only a single fundamental unit — length 
— is employed. All other entities then become functions of length. 


We are also free to choose the joule as the single fundamental unit in our 
physics model. The result that mass is a function of energy is now familiar 
and quite accepted, by the famous formula E = me’. Indeed, as can be 
seen, in that equation mass and energy are one and the same thing, since c” 
is a dimensionless constant. However, in our new model time becomes a 
function of energy similarly, and thus time is identically energy. 


Let us perform a thought experiment. Suppose we take some spatial EM 
‘energy in 3-space, and compress it by the factor c”. What can we do with 
it? If we leave it there in 3-space, it is known as "mass". If we place it on 
the fourth Minkowski axis ict, it is known as time because 1 is the only 
variable on that axis, and the only "place we can set it" 

So to first order, time has the same energy density ax mass. Multiplying an 


amount of time 1 (in seconds) by c* gives the decompressed spatial energy 
E that the time ¢ will transduce into. In short, E = tc" also. 


Now we notice what special relativity has to say about the relationship 
between time-energy and mass-energy. When the mass-energy increases 


Bg, see Jackson, Classical Electrodynamics, 2nd Edition, Wiley, 1975, p. 811- 
812; thid., 3rd Edition, 1998, p. 775. Jackson wryly remarks on how much excess 
heat and passion have been unnecessarily expended on that subject. 
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(eg., as a function of velocity), time "dilates” or “decreases”. In other 
‘words (hint), there is a sort of special new extension to the conservation of 
energy law: If mass (3-space) gains some 3-spatial energy, then time loses 
some time-energy. Since time is spatial EM energy compacted by c’, then 
the relativistic energy changes in the time domain are enormously greater 
than the corresponding relativistic changes in spatial energy in the 
photon. To the external 3-space observer, this is the injection of 
negentropy with respect to the present 3-spatial conservation of energy 
law. In the reverse case (as when the object reduces its velocity), if mass 
(3-space) loses some energy, then time gains some time because the time 
dilation reduces — ice, time contracts or densifies (less time has more 
energy). To the observer, this is the production of entropy with regard to 
3-space energy conservation. Yet the observer misses the fact that, 
accompanying entropy in 3-space is negentropy in time energy on the 4th 
Minkowski axis, and vice versa. 


We believe this to be a rather dramatic extension to the previous concept 
of entropy in thermodynamics. We get 3-space entropy in physical 
processes only by gaining 4th dimensional negentropy accordingly. One 
can thus appreciate the impact upon the entire subject of thermodynamics, 
once time-energy is accounted and the new interplay of entropy and 
negentropy are accounted. We believe that this mechanism may involve 
the fundamental mechanism for both entropy and negentropy. Neither is 
produced alone; both are always produced in tandem. This of course is not 
what we “observe” since all observation is 3-spatial. Hence to observe the 
system and see 3-space entropy or negentropy is to hide the simultaneous 
4th dimensional negentropy or entropy that unobservably accompanied the 
observable that we did see. 


Again we call attention to the original meaning of entropy: the dissipation 
of potential (i.., potential energy). 


Once we understand that rime is a special form of energy (we discuss this, 
shortly), we may input the energy required to "move heat energy 
backwards" — ie., we may directly engineer negentropy — by 
transducing some time-energy into 3-spatial energy. We can do it easily by 
time reversal, and every charge in the universe does it already. On the 
other hand, we can do it by breaking the symmetry of time-energy flow — 
which is as simple as forming a little dipole. The broken symmetry of 
unlike charges — and therefore the dipole — was discovered by Lee and 
Yang {13a-13c}, who strongly predicted it in 1956. Wu et al. {14} 
confirmed it experimentally in early 1957. This was such a revolutionary 
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change to physics that Lee and Yang were awarded the Nobel Prize in the 
same year, 1957 — an almost unprecedented action. 


Its broken symmetry tells us that the dipole’s unlike charges continuously 
absorb virtual photon energy from the active vacuum, transduce it into real 
observable energy, and pour out real, observable EM energy in all 
directions in 3-space. That puts an entirely different perspective on what 
really powers every dipolar EM circuit; i.e., what produces the flow of 
energy pouring from the terminals of every generator and battery, filling 
all space around the external circuit and its conductors. The EM energy 
pouring from the generator or the battery is not due to the generator 
outputting some of its own available internal energy (from the shaft energy 
input to the generator, transduced into magnetic field energy inside the 
generator, and then dissipated to separate the charges and form the source 
dipole between the generator terminals) o the battery transducing and 
outputting some of its available chemical energy (which is only dissipated 
inside the battery to separate the internal charges and form the source 
dipole between the battery terminals). We will explain that later, and 
explain how any dipole or charge simply pours out real, observable energy 
continuously in all directions, without any observable input of energy. The 
input energy is there, but it is in unobservable (virtual) form. 


In 1971 while a graduate student at the Georgia Institute of Technology, I 
realized the mechanism that generates the "passage of time” insofar as the 
observer is concerned {15}. With a little more work, this gave the clue in 
the 1990s for the mechanism generating little momentary time-reversal 
zones (TRZs) {16} in the electrolyte utilized in cold fusion experiments. 
Hence we proposed the use of little time-reversal zones forming, 
‘momentarily in the electrolyte after loading of the palladium lattice of the 
electrodes with hydrogen or deuterium. Such time-reversal zones can form 
in the region of excessive positive charge accumulation, since positive 
charge can be said to receive negative EM energy from the time domain 
and output negative EM energy in 3-space. 


This led to uncovering an entire class of new nuclear reactions — fusion 
reactions at low spatial energy but high temporal energy — in these little 
temporary time-reversal zones (TRZs), in which like charges attract and 
unlike charges repel {17}, followed by rapid decay of the TRZs where the 
normal law of attraction and repulsion is restored again. 


In theory, a fermion cannot be time-reversed because the Pauli exclusion 
principle prohibits it. However, a boson can be time-reversed, so fermions 
can be time-reversed in pairs, where each pair acts as a quasi-boson. The 
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‘TRZ completely overcomes and reverses the "coulomb barrier" between a 
pair of like fermion charges.'' 


‘As an example, two deuterium ions in a little TRZ would momentarily 
form a quasi-nucleus of helium, since the two positive deuterons are 
attracted so closely that each enters the strong force region of the other. At 
the same time, the strong force is weakened by the partial time reversal of 
the gluon forces, so that the quarks are nearly freed. As the other ions in 
the surrounding solution then move to destroy the momentary time- 
reversal zone, their movement forces the TRZ to decay back to a time- 
forward zone — with the decay action starting from every point in 
spacetime inside the nucleons themselves'*. The TRZ decay-induced 
action thus strikes the nearly freed quarks first, and decay can occur by 
easy quark flipping while the gluon forces are still much reduced and not 
back to normal strength. Hence as the gluon forces return toward normal, 
the quasi-nucleus decays by the strong force increasing and overpowering 
and drawing the quasi-nucleus into a full-blown helium ion —i.e., an 
alpha particle —flipping the partially-freed quarks as necessary to do so 
(that is not necessary in equation [1] below. 


During decay of the TRZ, the weakened strong force grows much more 
rapidly than the Coulomb force zeroes and then increases. Consequently. 
the quasi-nucleus of two D+ ions merely draws together due to the rapidly 
increasing strong force, forming an alpha particle without quark flipping. 
Four H+ ions — four protons — in a quasi-nucleus in a TRZ will undergo 
quark flipping twice when the TRZ decays, thereby resulting in an alpha 
particle.). So that explained the anomalous formation of the alpha particles 
in the experiments. The interaction for two ions of deuterium is given by: 


“Hes” faa] 


"In a TRZ, the law of attraction and repulsion of charged particles is reversed. 


"= Any moment in time exists everywhere simultaneously throughout the universe. In 
short, time is a multiple connection in 3-space. Hence in any time-reversal zone (a 
TRZ) where time is reversed, then starts fading away and back to a time-forward 
zone (TRZ), the changes induced by the "fading back to TFZ" simultaneously 
involve every point in the 3-space ofthat TRZ that is changing (decaying). An easy 
change is quark flipping, since the quarks are almost fieed in the TRZ to begin with, 
TThe reason the reaction proceeds in that direction is thatthe recovery of the strong 
force is much faster than the restoring of normal electrical repulsion, hence the 
quasi-nucleus is drawn further together into full nucleus, constituting a legitimate 
nuclear transmutation at low spatial energy but high time-energy. 


it 
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This interaction between two deuterons in solution does not occur in a 
normal time-forward zone because of the coulomb barrier preventing the 
two deuterons from entering each other's strong force region and acting as 
a quasi-nucleus of helium, so particle physicists have missed it. It does 
exist in a time-reversal zone; such zones form and then decay back into 
normal time-forward zones. This is possible because the coulomb barrier is 
‘momentarily reversed. The use of such TRZs in particle physics opens up 
thousands of new nuclear reactions, all at low 3-spatial energy, but 
involving very high time-energy. Because of the extreme energy density of 
time, these time-energy-induced reactions are actually much higher- 
energy reactions than high-energy physicists presently consider and 
utilize! Indeed, it opens up a new kind of far more energetic "high energy 
physics". 


Cold fusion experimenters have unwittingly opened a window upon a vast 
new particle physics, previously overlooked by our scientists because they 
have disregarded the use of time-energy, time reversal zones, and. 
transmutation of time-energy into 3-spatial energy in their nuclear 
reactions. However, a few physical theorists attempting to better explain 
particle physics have recognized the importance of the time domain, and 
probing work in that respect is occasionally done {18}. In our view, it is 
not accidental that more than 600 successful cold fusion experiments have 
been obtained, by a variety of researchers in many labs in several nations. 
We strongly suggest that much of the conventional physics community has 
firmly placed its collective head in the sand, and is refusing to grapple with 
the startling new time-energy physics that is being initiated by cold fusion 
research 


In 1999 (published in 2000) {12} we finally discovered a great new 
symmetry in EM energy flow, whereby time-energy flow symmetry and 
3-space energy flow symmetry are each individually broken, while an 
overlooked and more fundamental 4-symmetry energy flow — between the 
time-domain and 3-space — is sustained. The result is that all EM energy 
in 3-space comes from the time domain locally and returns to the time 
domain locally, in a giant negentropic circulation."* Together by the 


' This is also understandable from the implications of the observation process, 
which yields a frozen 3-space snapshot existing only at a single instant. Thus any 3- 
space energy existing there in that frozen instant, had to just come from 4-space 
(liom the time-domain via the giant negentropy process, if we take the view that “the 
past exists only in time itself”). For the frozen snapshot to “change”, time must be 
added to it, which converts it to a 4-space process again. So the “3-spatial” observed 
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discovery of relevant quantum field theory work by Mandl and Shaw {19}, 
this now lends strong support to the use of time-energy in physics as a 
practical matter for strenuous investigation. 


‘As an example, Mandl and Shaw {19} treat the four polarizations of the 
photon. Neither the longitudinal nor the scalar photon is directly 
observable, but in the presence of charge the two are observable in 
combination, where they manifest as the "instantaneous" Coulomb (i.e., 
electrostatic) potential. This argument, translated from particle 
terminology to wave terminology, directly fits our re-interpretation {12} of 
Whitaker's 1903 decomposition of the scalar potential {85}. For the 
combining mechanism of the fields of the photons, we must account for 
the field as a ubiquitously assumed interaction with the 
detecting/observing unit point charge. Thus we must account for the 
absorption of the incoming time-polarized wave or photon, the 
transduction of that excitation energy of the charge into longitudinal EM 
wave/photon energy, and subsequent emission of that excitation energy in 
3-space. That is what happens for a negative charge. For the positive 
charge, the process is time-reversed, hence occurs in opposite fashion. Or 
as an alternative, the positive charge can be said to continuously receive 
negative time-energy from the time domain and emit negative spatial EM 
energy. 


There is an energy polarization transduction function of charge, whereby it 
transforms received time-polarized photon energy into emitted longitudinal 
photon energy in 3-space (for the negative charge, and vice versa, for a 
time-reversed positive charge). This transduction appears to have been 
overlooked in physics prior to our recognition of it. It can in fact be used to 
generate an acceptable definition of charge itself. Charge is the 


energy must come from an immediately previous 4-space process, and must return to 
an immediately following 4-space process. 


'* As we will find in our chapter on antigravity, there is good reason to treat the 
positive charge as a source of negative energy and negative energy fields. However, 
this is pertinent only prior to observation of the charge, while itis still a 4-spatial 
unobserved negative energy electron entity. For the observable charge, one has 
already conjugated — after all, the positron is observed as if it were an electron 
‘going backwards in time, which we observe as an electron with its charge reversed 
and with parity reversal (of its spatial direction). For the observable charge, we have 
already reversed the negative energy fields into positive energy fields by simply 
reversing their direction and the time associated with the photon (quantum of the EM 
field), 
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continuously active entity which performs that ongoing process or those 
ongoing processes of energy transduction between the time domain and 3- 
space (between the causal unobserved 4-space process and the observed 
3space snapshot). Or in other words, it is an active process connecting 4- 
space cause and 3-space effect, and connecting the unobserved (such as 
virtual) to the observed (such as mass) 


So for a dipole, the "causal" time-polarized EM wave or photon as a 4- 
space entity comes to the dipole'’ (3-spatial as observed) and is absorbed 
by the detecting negative charge or dipole, then is re-emitted as the 
longitudinally polarized EM wave or photon in 3-space. That 

absorption and remission is what charge does, since it is an entity 

for performing that process. The emitted energy in turn is absorbed 

by the nearby positive charge, retransduced into time-energy, and re~ 
emitted back to the time domain, This ongoing very special 4-space energy 
circulation (even with a virtual charge in the vacuum) is what a sealar 
potential identically is and is doing, at every spatial point of itself, 
inducing vacuum polarization and “point dipoles” in the virtual state in the 
process. Recognition of these missing functions allowed at last a solution 
to the long-vexing problem of the source charge and its associated fields 
and their energy, often called the most difficult problem in both quantum 
and classical electrodynamics {68}. We discuss that solution later. 


1.1.4 The Search for COP>1.0 Circuits and Systems 
A very long search and much intense study and reflection eventually 
revealed the concepts and principles of those long-neglected 
disequilibrium Maxwellian systems that permissibly output more energy 
than the operator inputs. The active environment — not the operator — 
simply inputs the rest of the energy. Such disequilibrium systems are 
indeed permitted in Maxwell's theory {20}, and are also still prescribed by 
Heaviside's severe curtailment of it {21} into what is two vector equations 
with variables unseparated, rather than Maxwell's 20 equations in 20 
variables. 


'S Prior to interaction of the incoming time-energy with the observable charge oF 
dipole, it interacts with the virtual particles of the vacuum, generating vacuum 
polarization. Neither the virtual particles nor the time-energy ate observable; only 
the effects of their conglomerate interactions with observable charges are observed. 
Hence one can take the particle view that virtual particle energy is continually 
absorbed, or one can also take a quantum field theory view that time-energy is 
continually absorbed. The two are always present in combination. 
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‘When Lorentz'® symmetrically regauged the Maxwell-Heaviside 
equations, he arbitrarily discarded the entire class of Maxwellian systems 
that are far from equilibrium in their exchange with their active (vacuum) 
environment. Lorentz revised (symmetrically regauged) the Maxwell- 
Heaviside equations to make them amenable to separation of variables and 
closed analytical solutions, thus reducing the onerous chore of numerical 
methods. This Lorentz symmetrical regauging is given in most EM 
textbooks {22}, and we show it in Chapter 2. The symmetrically regauged 
Lorentz equations are not Maxwell's equations, nor are they the truncation 
of Maxwell's theory by Heaviside ef al. Considering an active 
environment, under our altered thermodynamics definitions Lorentz 
implicitly selected and retained only the equilibrium class of Maxwellian 
systems, while arbitrarily discarding the entire disequilibrium class. He 
thus discarded all those Maxwellian systems permitted to produce COP 
lying in the range 1.0< COP ¢ x. 


Maxwell's electrodynamics is a material fluid flow theory and it assumes a 
‘material ether. Anything that fluid systems can do, electrodynamics 
systems can do, at least in theory, because theit mathematical models are 
the same form. So when one cites known examples of fluid-driven physical 
systems where the energy to run the system is freely furnished by the 
active environment, analogous electrodynamic systems in active 
environments — and in disequilibrium exchange with that environment — 
‘must also exist in nature. Indeed, particle physics requires it and proves it. 
‘These are the very systems arbitrarily discarded by Lorentz symmetrical 
regauging in every university. 


So there exists a direct analogy between fluid systems and classical 
electromagnetic systems. The common windmill, waterwheel, and sailboat 
demonstrate by analogy that open EM systems far from equilibrium — 
powered by free EM "winds" and "energy flows" in the active vacuum 
environment — also exist in consonance with natural law. They are no 
‘more mysterious than a solar cell power system, which is after all a 
recognized "free energy" or "overunity" system, as is the humble charge 
(thought to be the source of all EM energy, fields, and potentials). In 
physics, the powering of systems by receipt and use of energy from their 


"© Actually first accomplished by Ludwig Valentin Lorenz in 1867, then by H. A. 
Lorentz much later. Lorentz was given the credit erroneously. Lorenz actually 
derived electromagnetic theory independently in his paper. See J. D. Jackson and L. 
B. Okun, "Historical roots of gauge invariance,” Rev. Mod. Phys, Vol. 73, July 2001, 
p. 663-680. 
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active environment leads directly to the thermodynamics of systems far 
from thermodynamic equilibrium in their energetic exchange with that 
active environment. 


It follows that the seeming absence of such electrodynamic systems arises 
not because they are impossible but because present-day circuits and 
systems are ubiquitously designed to self-enforce an inherent energy 
equilibrium with their active vacuum environment. The closed-current 
loop circuit turned out to be the Lorentz self-regauging demon involved in 
destroying the COP>1.0 capabilities of every EM circuit. So little by little, 
‘we unraveled the long tedious trail of Maxwell's electrodynamics and what 
had happened to those missing Maxwellian-Heaviside systems far from 
equilibrium with the active vacuum, 


‘We learned how, where, and by whom those permissible overunity 
Maxwellian systems were discarded. That is, we found what happened to 
all those Maxwellian open disequilibrium systems — originally included in 
Maxwell's and Heaviside's theories — where such a system receiving and 
using excess energy from its active environment'” is permitted by the laws 
of physics, electrodynamics, and thermodynamics to: 


"” For the discerning reader, of necessity we have revised the foundations of the 
ancient classical thermodynamics, as further discussed in Appendix A. We refer the 
reader to Bimalendu N. Roy, Fundamentals of Classical and Statistical 
Thermodynamics, Wiley, New York, 2002, and to any good book on the history of 
thermodynamics. Also particularly good is Kondepudi and Prigogine, Modern 
Thermodynamics: From Heat Engines to Dissipative Structures, Wiley, Chichester, 
1998, reprinted with corrections in 1999, The foundations of classical 
thermodynamics (and its fundamental definitions) were basically frozen prior to the 
advent of Maxwell's 1865 seminal theory, and well before the 1880s discovery 
(modeling) of the flow of EM force field energy through space. Some of the 
fundamental definitions of thermodynamics now will not withstand critical review in 
terms of “meshing” with the Heaviside/Poynting material fluid energy flow theory. 
Neither will they withstand the new concepts of energy such as mass-energy, time- 
‘energy and transduction between time-energy and spatial energy by every charge. 

E.g., thermodynamies defines an open system as one that exchanges energy and mass 
with its surroundings. Yet it defines a closed system as one closed only to mass 
exchange, not to energy exchange. /f the energy exchange is analogous to material 
energy flow and changes the mass of the system, then that definition of closed system 
is a non sequitur. From general relativity, mass is simply energy anyway, and so 
“mass” exchanging across the boundary of the system is actually energy exchanging, 
and vice versa. Since Maxwell’s theory is a material fluid theory, the Poynting and 
Heaviside energy flow models are material fluid flow energy models by analogy. 

The specialized thermodynamics definition of clased system rigorously will not 
logically allow the exchange of “material fluid energy flow" (or energy as matter) 
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since it prohibits matter flow, but the specialized definition of open system would 
and does. In short, with respect to material fluid energy flow, the concept of the 
“closed system” in thermodynamics has forced itself to become the isolated system 
instead, which is unacceptable since we must model EM energy flow exchange 
between the environment and the system. So we must change the thermodynamic 
definitions of apen system and closed system. Else there cannot be any EM energy- 
'mass or mass-energy flow between environment and system, which totally violates 
‘what is well known to be happening in all EM systems. In modern physies, every 
charge and every dipole already have such energy exchange with the active vacuum 
environment, and itis never zero; instead, itis of enormously high magnitude 
Without that exchange, as we advance in this book, there cannot even be a “source 
charge” or associated EM fields and potentials and their energy, reaching across 
space. In other words, without it we can have no electrodynamics at all. So we have 
‘uncovered a fundamental and major contradiction between classical thermodynamics 
and general relativity, as well as between thermodynamics and the “material EM 
fluid energy flow” model used in electrodynamics. What classical thermodynamics 
calls a “closed system” permitting energy flow exchange, we must now logically 
regard as an open system because it is open to energy exchange across the boundary! 
The previous notion of the isolated system — with no exchange of either energy or 
mass — is what we must treat as a truly closed system. And there is none such in the 
universe, as we know in particle physics (e.g., because of the discovery of broken 
symmetry in 1957 and because of the well known active vacuum exchange with 
every EM charge and dipole). So we have corrected these direct contradictions 
between “EM as a material fluid energy flow theory” and the old classical 
thermodynamics, 

‘As the reader will later see, this strongly affects our new definitions of efficiency 
and coefficient of performance. The new definitions we advance are rigorous, and 
they also apply to COP>1.0 EM systems, and even to self-powering (COP = 1) EM 
systems. They also hold for very novel new energy processes such as quantum 
potential energy in a multiply connected space, multiple retroreflections and re-use 
of the same energy, conversion between time energy and spatial energy, and 4-space 
giant negentropy energy flow circulation. 

But one can no longer be allowed to equate efficiency with coefficient of 
performance. Now they are never the same thing, just as a six-foot tall man and a 
six-foot tall doorway are never the same thing, even though they have the same 
height magnitude. We warn the reader that a great deal of thought and study must be 
put into appreciating these suddenly encountered changes to the quite old classical 
thermodynamics definitions. The changes are absolutely necessary. Bluntly put, in 
light of much more modern knowledge, a rigorous foundations analysis reveals the 
classical thermodynamics as well as disequilibrium thermodynamics to contain 
logical contradictions, such as its direct contradiction with general relativity and the 
EM material fluid energy flow theory. Either we give up or dramatically change the 
present EM energy flow theory, or we must make the necessary foundations changes 
to thermodynamics. We have chosen the latter option in this book, and the reader is, 
forewarned of that dramatic change. The specific changes and rationale are discussed 
in Appendix A. 
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(J) self-order, 
(2) self-oscillate or self-rotate, 


(3) output more energy than the operator inputs (the excess being, 
freely received from the active environment), 


(4) power itself and its load simultaneously (all the energy being 
freely received from the active environment), and 


(5) exhibit negentropy. 


We vigorously pursued those long-lost Maxwellian systems, and we 
eventually found them. We also found real experiments {23, 24, 25, 26, 27, 
28} and real devices {29a, 30, 31, 32, 33, 34, 35a, 36a, 36b} that 
performed one or more of those fabulous five functions, though there was 
often no realization by the experimenters, inventors, and scientists of the 
actual mechanism involved. Eventually my colleagues and I were also able 
to produce a successful experimental device {37, 38a-38c, 39}, the 
motionless electromagnetic generator (MEG), which outputs more energy 
than we input to it. We cover the MEG in Chapter 7. Presently a 
cooperative research program is ongoing with the National Materials 
Science Laboratory of the National Academy of Sciences of a friendly 
foreign nation, to develop and market commercial power systems based on 
successful laboratory experiments with the MEG. At this writing, we are 
also strongly seeking the extensive funding required to set up a physics lab 
and complete the final research allowing production of power systems. 


1.1.5 Additional Very Important Implications 
We also formally proposed {40} that the vast nondiverged EM energy 
flow component — Heaviside's "dark" nondiverged energy flow 
component, accompanying every reaction of a charge with a field or a 
potential, but arbitrarily discarded by Lorentz and modern classical 
electrodynamicists — is the generatrix for the extra gravity holding the 
arms of the spiral galaxies together, after all the dark matter is accounted.'* 


'S Heaviside himself recognized the gravitational implications of his extra 
component of energy flow, which is in closed circular loops. Beneath the floorboards 
of his little garret apartment, years after his death, handwritten papers were found 
‘where Heaviside used this component for a unified EM approach to gravitation, See 
E.R. Laithwaite, “Oliver Heaviside ~ establishment shaker," Electrical Review, 
211(16), Nov. 12, 1982, p. 44-45, Laithwaite felt that Heaviside's postulation that a 
‘lux of gravitational energy combines with the (E? H) electromagnetic energy flux, 
could shake the foundations of physics. Quoting from Laithwaite: “Heaviside had 
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In addition, my close colleague Bedini and I have filed a patent application 
upon a very special process to "freeze-frame and lock-in" a disequilibrium 
Maxwellian system in its otherwise far-from-equilibrium state, so the 
apparent disequilibrium operation of the system can be maintained stably 
as a new equilibrium condition. This appears to be a method to produce 
and utilize what Kondepudi and Prigogine refer to as a nonequilibrium 
stationary state. This stabilization is necessary in order for such a system 
to maintain its COP>1.0 excitation and steadily output more energy than 
the operator inputs, or to steadily power itself and its load {41} 


We also found that COP>>1.0 EM systems (and some COP>1.0 systems) 
produce (as a function of the COP) a current of Dirac sea holes (positrons) 
in the local vacuum environment itself, from the output section back to the 
input section. At COP<1.0 and COP not too greatly above 1.0, a Dirac sea 
hole in the vacuum almost immediately interacts with an orbital electron in 
the material lattice of the system. This converts the negative energy, 
negative mass "vacuum hole or state" into a lattice hole, which is attached 
to the large positive mass of the ion left by the disappearance of the 
electron. This "lattice positron” type of problem has been known in 
semiconductor design for some decades. Normal EM circuits do not 
usually meet the phenomenon overtly because the semiconductor designers 
controlled it in the semiconductors themselves by use of appropriate 
donors and acceptors, 


There is a great difference between the actions of Dirac sea holes in the 
vacuum prior to observation, and lattice holes in materials (after 
observation). So there is a great difference between the action of a 
“positron” on spacetime before its interaction with mass and observation, 
and its action on spacetime after it interacts with mass and is observed. 


For COP>>1.0, significant phenomenology and novel effects occur 
because a substantial fraction of the Dirac sea holes (unobserved positrons) 
sweeping from output to input do not convert to lattice holes (observed and. 
bound positrons) along the way. For substantial values of COP above 1.0, 
Bedini’s invention (patent application filed by Bedini and the present 


originally written the energy flow as $ = (EH) * G, where G is a circuital flux. 
Poynting had only written S = (EH). Taking p to be the density of matter and e the 
intensity of a gravitational force, Heaviside found that the circuital flux G ean be 
expressed as pu ~ ce, where u represents the velocity of p and ¢ Is a constant.” 
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author)" covers the master process for intercepting and transducing this 
appreciable flow of negative energy from the output section back to the 
input. Otherwise, that flow — if not intercepted and not converted — will 
"eat" extra input electrons from the power supply, thus acting as a novel 
“extra load” appearing in the input section. That extra load then draws 
additional current and power from the external power supply by electron- 
hole annihilation” 


With the Bedini invention, the negative energy (unobserved positron) flow 
appearing at the input section is transduced into a flow of positive energy 
(a flow of electron current) from the input section back into the system. 
The process deliberately uses the "interaction and observation" process to 
phase conjugate the charge and reverse its direction of flow! In that case, 
the otherwise detrimental negative energy output back through the 
COP>1.0 system (which is nature’s decay process for COP>1.0 
interactions) is changed to a beneficial positive energy input within the 
system itself, freely received from the vacuum environment. This process 
is then used to close-loop the system for self-powering in a "locked" and 
stabilized disequilibrium condition — a nonequilibrium stationary state 


If we consider mass to be a special kind of positive energy state, then 
positive energy states represent curvatures of spacetime that are positive 
gravity. Negative energy states generate antigravity (the time-reversal of 
gravity). 


°° Bedini personally discovered and implemented the solution before the exact nature 
of either the problem or the solution was recognized! My contribution was to 
recognize the nature of the problem and the mechanism used in the solution. We also 
stress tha, contrary to conventional treatment, all EM circuits do involve not only 
lattice holes in the conductors and components, but also Dirac sea holes in the local 
‘vacuum, That the Dirac sea is involved whenever there are EM fields is clearly 
shown by Felix Finster, "Definition ofthe Dirac Sea in the Presence of External 
Fields," Adv. Theor. Math. Physics, Vol. 2, 1998, p. 963.988. 


*° With a proper change in the curvature of local spacetime, pair annihilation can 
‘occur with no accompanying photon radiation. The condition is that the part of the 
curvature of spacetime representing the energy change of the otherwise emitted 
radiation, does not "relax" even though it is an "excited state". Rigorously, the 
emission of the radiation from pair annihilation occurs in two steps: (i) first the local 
spacetime is curved for and by the energy excitation, as a static change of the 
curvature, and (ii) then that curvature relaxes back to its former value, propagating 
that specific curvature in space, which is recognized as the radiation propagating in 
space. Ifthe spacetime curvature excitation does not relax, there is no photon 
emission and propagation, 
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Before their interaction and observation, the Dirac sea hole (positron) 
currents — produced in natural COP>1.0 processes in the universe — are 
still negative energy electrons in 4-space. They are not 3-positrons until 
interaction with matter has occurred. These “negative energy electron 
generate negative energy EM fields, including both the Poynting energy 
flow component and the Heaviside nondiverged energy flow component. 
‘These negative energy EM fields appear to be generating the antigravity 
whose effects are seen in the distant parts of the universe. They produce 
far more powerful effects than the accounted electrogravitation effects in 
astrophysics, which only uses the gravitational effects of the very much 
smaller Poynting energy flow component. Also, astrophysicists do not use 
the “positron before observation,” when itis still a negative energy 
electron with negative mass. The accumulation of the negative energy 
(Dirac holes) in space (in the surrounding vacuum) is connected with 
massive objects and violent processes, where very strong gradients are 
produced.”’ As a result, very large negative energy fields and potentials are 
produced. In turn, this results in cumulating antigravity. This cumulating 
and interacting antigravity appears to be the mechanism for the forces 
accelerating the expansion of the universe — rather than it decelerating as, 
would be the case if the net gravity there were positive. In Chapter 8 we 
propose this explanation for the observed acceleration of the expanding 
universe — and the basis for the explanation can be and has been 
sucessfully demonstrated in a legitimate overunity EM circuit or system 
{42}. We offer this in honor of Heaviside, who first discovered the 
gravitational aspect of his huge nondiverged energy flow, but did not live 
to publish it. He also did not consider the Dirac sea prior to hole 
interaction with matter, as it was not yet formulated, so he had not yet 
recognized the way to produce and utilize the practical antigravity 
potential of his discovery. 


1.1.6 A Scientific Dilemma 

There would seem to be a sufficient abundance of techniques, devices, 
processes, and theoretical works to impel a crash project in the scientific 
community to develop successful overunity electrical power systems {43a- 
43d}. This would be especially appropriate at this time, since the 


* Kondepudi and Prigogine, ibid., p. 459 already point out that strong gradients 
produce situations that violate present thermodynamics. Research in these and other 
situations violating present thermodynamics is going forward under the caption of 
“extended thermodynamics” research. A discussion of the area is given by D. Jou, 
Extended Irreversible Thermodynamics, Springer-Verlag, New York, 1996. 
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escalating energy crisis now threatens to slow the world economy, and 
then eventually collapse it. At this writing, the MidEast has heated 
considerably, and appears headed for another MidEast war, with resulting 
severe interruptions of cheap oil supplies from the MidEast. Nonetheless, 
in spite of Russia having opened its oil field spigots to try to fill the need, a 
crisis in oil appears to be looming, 


So why does the U.S. scientific community still so adamantly oppose the 
very notion of Maxwellian systems freely extracting EM energy from the 
vacuum? Why is there no outery pointing out what the hoary old Lorentz 
regauging really means in terms of equilibrium or disequilibrium of the 
regauged system with the active vacuum? The unequivocal participation of 
the vacuum in a continuous energy exchange with the charges and dipoles 
of every EM system has long been affirmed by particle physics. All the 
fields and potentials — and their energy — manipulated in any EM circuit 
come from the vacuum, as proven in particle physics for 45 years. Why 
have our electrical scientists not understood — from the broken symmetry 
of the vacuum exchange with the opposite charges of the source dipole 
between the charged terminals of every generator and battery — that EM 
energy from the vacuum powers, and has always powered, every electrical 
power system and circuit ever built? Why have the later rigorous broken 
symmetry findings of particle physics not been incorporated to update the 
ancient classical EM theory used to design and build electrical power 
systems, nearly a half-century after those broken symmetries were 
discovered and proven? Why do our classical electrodynamicists continue 
to assume that every charge and dipole in the universe is a perpetual 
motion machine, freely creating energy out of nothing and pouring it out 
across all space at the speed of light? 


Therein lies one of the real problems of present science — its historical 
and continuing resistance to "out-of-the-box" thinking” and to research 
that overcomes conventional strictures. More than 40 years after the basis 
for the vacuum-energy powering of every dipolar system (and of every 


2% "Out-of:the-box" thinking is a widely used concept among planners and program 


formulators, when conventional thinking will not suffice to solve a major problem 
with which they are struggling. Conventional thinking is considered "in the box" 
thinking, so by demanding out-of-the-box thinking, a problem demands an 
‘unconventional solution outside those normally proposed. In short, some new 
thoughts and concepts are required. Much lip service is given to the concept as a 
favored buzzword, but few proposed programs with truly "out of the box" approaches 
will be funded. In the energy field, none at all are funded that are truly "out of the 
box", whether or not that or similar phraseology is used 
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observable charge once its clustering virtual charges of opposite sign are 
accounted) was discovered and proven in particle physics, all our 
university electrical engineering departments continue to erroneously teach 
that the shaft energy input to the generator powers its external circuit. 
Internal EM energy in the generator, transduced from the input shaft 
energy, does not directly add a single watt to the external circuit. Instead, 
it only continually forces the generator's internal charges apart, to 
continually remake the source dipole, which then extracts energy from the 
vacuum and pours it out of the terminals, filling the space surrounding the 
conductors of the external system for the system to intercept and utilize 
some of the available external energy flow. 


Once the dipole is established, it will extract and transduce EM energy 
from the vacuum and pour it out in all directions at the speed of light, 
without ceasing. Else, the Nobel Committee should admit its grave error 
and revoke the Nobel Prize awarded to Lee and Yang. Real observable EM 
energy extracted and transduced from the vacuum’s virtual energy is 
precisely what the "broken symmetry of the opposite charges” on the ends 
of the dipole means. Indeed, all the forces of nature are already considered 
as generated by the interaction of virtual particles with observed particles. 
Since force produces energy changes in the system affected, then it follows 
directly that energy changes are produced by the interaction of virtual 
particles with observable particles. 


However, our power system engineers ubiquitously use the closed current 
loop circuit. This inane circuit self-enforces the Lorentz symmetrical 
regauging condition. It uses half the energy captured by the external circuit 
(from intercepting some of that "energy flowing around the circuit from 
the seething vacuum" that is copiously pouring out of the generator 
terminals) to ram the spent electrons back through the back emf of the 
source dipole itself. That scatters the dipole charges and kills the dipole 
and its broken symmetry — and also kills the free flow of transduced EM 
energy from the vacuum. 


‘That insane circuit kills the source dipole in the generator faster than it 
powers its external loads! So one has to keep rotating the shaft of the 
generator, to keep producing a magnetic field inside the generator, so that 
this magnetic field energy can continue to force the charges back apart and 
continually reform the source dipole. 


In short, our engineers build the equivalent of an electrical windmill, then 
— so to speak — force it into a closed barn so the environmental wind 
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cannot reach it any longer. It is little wonder that we ourselves then have to 
do work on that "electrical windmill” to crank it around! 


We pay the power company to engage in a giant wrestling match inside its 
own generator and fase. We also wildly pollute the planet with 
hydrocarbon and nuclear wastes, poison species (including killing of X 
numbers of humans every year via the disruption of their body functions 
and health), and enhance global warming. We are slowly strangling our 
biosphere and ourselves. None of that is necessary. 


1.2 Organized Science Often Resists Innovative Change 


The history of science is littered with examples where the scientific 
community has ignored the principle behind Einstein's statement quoted at 
the beginning of this chapter. As pointed out by Smith {44}, science has 
become reoriented toward profit. Quoting: 


science is not the danger; scientists encouraged to do 
bad science to survive are.” ... "..changing the way 
modern science is funded is an enormous undertaking, but 
it is a necessary one if we want to protect our future. Call 
it managed risk.” 


Science's resistance to change is so well known to historians of science 
that it is rather universally accepted — although usually not made explicit 
to undergraduates. Further, scientists are under great pressure to conform: 


1. After all, science is patronized; someone must fund the 
laboratories, the research supplies, the salaries and personnel 
benefits, ete 


2. To procure and protect its patronage, science has become 
quite organized, particularly with respect to how the funds — 
received and channeled down from the top — are cut into 
individual packages (research grants and research programs) 
and made available for competition among the "performing" 
chain of universities and research laboratories. 


3. In the last few decades, there has risen an increasingly fierce 
demand by universities that the scientific researchers (i) be 
successful in attracting outside funds and (ii) file patents 
assigned to the university. So fierce has this demand become, 
that the research professor's continued livelihood may literally 
depend upon his or her success in bringing in extra funding. 
Further, much of his time is now spent in writing proposals to 
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compete for these "packaged funds". When he wins them, the 
kind of research and the areas of research are already 
stringently defined, and he dare not deviate — else there will 
shortly be no more funding packages won, no funding for his 
graduate students, and soon thereafter there will be no job of 
any importance for the professor! 


4, In the United States, all the government National Laboratories 
and our universities are intensely seeking and filing patents! 
So small, independent inventors cannot deal with these 
organizations, without risking and almost guaranteeing the 
loss of their patents and intellectual property. Funding dangled 
in front of the inventor, much like a carrot dangled in front of 
a horse, is offen tied to "march in" rights {45, 46} calling for 
surrender of the inventor's patent rights altogether, whenever 
the government — ie., a single bureaucrat — wants to take it 
All that has to be done is to declare that the inventor is not 
getting it developed and to market fast enough. Science has 
thus become more avaricious and — some inventors would 
even say — it increasingly involves overt and covert piracy of 
intellectual property rights. From personal experience, 
reluctantly I would not argue with that statement, Simply ask 
Larry Fullerton of Time Domain Corporation about his 
struggle with a National Laboratory over patent rights to his 
ultrawideband communications invention and technology.” It 
eventually resulted in a "draw" of sorts. He did not lose his 
rights, but the government gained them also, in competition 
with him, The government circumvented his patent, even 
though they did not succeed in taking it. We were delighted to 
recently see that Larry (the company is Time Domain, Inc.) 
received its 74th patent in this technology, as well as a ruling 
that will allow the technology to at last go to market. 


5. The result is a dramatic increase in the pressure on working 
scientists and independent inventors to conform, and to "play 
the game by the rules". Then everybody up the scientific food 
chain is fed, and is happy and secure. The journals happily 
publish the research papers and results, the professor gets 


® Stephen Fenichell, "Radio Flyer," Discover, 22(5), May 2001. Fullerton’s 
technology has been given a limited go-ahead by the FCC, which has drafted 
standards and regulations in the area as of February 2002. 
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funding for his graduate students, the university gets that 
wonderful overhead cut of the research funding — such as 
half or it or more — and the entire apparatus is like a very 
large and tidy Titanic adhering to its ponderous course toward 
the iceberg. Meanwhile, truly new and innovative science 
discoveries — vulnerable and desperately needing nurturing, 
funding during their initial embryonic state — get shoved 
aside, crushed, and starved in the funding rush to adhere to 
performance of the prescribed funding packages. 


In this environment, the day of the "defenders of the scientific 
faith" has arrived! A small percentage of conventional 
scientists who are dogmatic and vociferous, are now very 
prominently attacking any novel experiments and ideas with a 
vehemence seldom seen in organized science. It is again 
reminiscent of some of the noted scientific attacks in history, 
€.g., as pointed out by Hellman {47}. Yet, because of the 
financial pressure upon the scientific community, and the 
increased pressures to conform, there is little restraint of the 
dogmatists and they are almost never called to task. Cold 
fusion is a current example. The American Physical Society 
has recently issued a statement condemning perpetual motion 
‘machines — yet the society's members continue to condone 
and use a classical EM model that assumes every charge in the 
universe to continuously be creating energy from nothing, 
Even the American Physical Society has not recognized what 
broken symmetry of opposite charges means with respect to 
the common dipole and dipolarity in every circuit. Nuclear 
reactions at low spatial energy (which means at 
extraordinarily high total energy when the c’-compressed time 
energy is considered) do indeed sometimes occur in carefully 
controlled experiments, whether or not we yet sufficiently 
understand the reactions theoretically, and regardless of 
whether we can get the anomalous results to happen every 
time. Yet this area of nuclear interactions at low spatial 
energy {48} — and unknown to the scientific community, at 
very high time energy {49, 50, $1} — has been savaged by 
these self-appointed spokespersons for the "official" 
community, none of whom even account the compressed 
energy in the time increment portion of the photon. More than 
six hundred successful experiments in multiple laboratories, 
by respected scientists in multiple nations worldwide, are now 
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rather resoundingly ignored. Yet the replication rate for good 
cold fusion experiments is certainly higher than many of the 
replication rates for novel and little-understood phenomena in 
large particle accelerators, and the cold fusion experiments are 
also far cheaper.”* While particle accelerators are "popular" in 
their ability to garner huge funding, their cost/benefit ratio 
compared with, say, cold fusion experiments, may be 
abysmally low. Simply examine the decades of effort and 
many billions of dollars expended on the search for warm 
fusion (using spatial energy only). What has it produced, in 
terms of watts of power on the power lines? When will it 
produce any electrical power of any significance? Prototype 
cold fusion power systems have in fact been produced and 
patented {52}. With seed money from the scientific 
community and using a higher symmetry electrodynamics, 
cold fusion power could proceed at a rapid pace. 


Strangely, the ever-present pressure to conform to that which is already 
known and accepted has often made science its own worst enemy 
throughout its history. Establishment scientists and the "system itself" now 
probably block — and have blocked over the decades — more innovative 
scientific research than does any other factor {53} 


1.2.1 Many Scientists and Historians Have Pointed It Out 
The scientific community is well known to have always been highly 
resistant to novel ideas and innovations. Here are some selected pertinent 
comments regarding this phenomenon, where organized science is itself 
the obstacle to the advance of science, and where such has been recognized 
for many decades: 


% As an example, see R. P. Taleyarkhan er al., "Evidence for Nuclear Emissions 
During Acoustic Cavitation," Science, Vol. 29S, 8 Mar. 2002, p. 1868-1873; Charles 
Scife, "Bubble Fusion’ Paper Generates a Tempest in a Beaker." ibid. p. 1808-1809 
See aiso Donald Kennedy, "To Publish or Not to Publish,” ibid. p. 1793. Science 
had the courage to publish the peer-reviewed results ofa tabletop sonoluminescence 
experiment that apparently produces nuclear reactions. Editor Kennedy essentially 
advises all protagonists on both sides to cut the rhetoric and allow the scientific 
community to do its replication work, to either validate or refute the successful 
experiments of Taleyarkhan er al. This action by Seience isa shining beacon to 
remind the scientific community that science is based on experimental method, and 
that prevailing theories cannot refute new experiments that contradict them. Instead, 
laboratory bench experiments must decide such an issue 
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"Every great scientific truth goes through three stages. 
First, people say it conflicts with the Bible. Next they say 
it had been discovered before. Lastly they say they have 
always believed it." [Louis Agassiz, 1807-1873.] 


"There are three steps in the history of a great discovery. 
First, its opponents say that the discoverer is crazy; later 
that he is sane but that his discovery is of no real 
importance; and last, that the discovery is important but 
everybody has known it right along." (Sigmund Freud] 


"Anybody who has studied the history of science or 
worked as a scientist knows that whenever something 
novel is discovered or proposed, there is a polarization of 
scientists, with hostility and bitterness that may last for 
generations. What wins arguments is scientific fact, and 
that may change as the years go by. A good example of 
this is the geological theory of continental drift, as 
proposed by Wegener in 1912. When I studied geology 
around 1950, continental drift was acknowledged in my 
undergraduate textbook as a crank theory. The first 
serious confirmation was in 1956, and it was finally 
established as the dominant theory in the early 1970s 
Until that time, anybody who admitted that he or she 
believed in continental drift was the subject of derision 
and scorn. Sorry, folks, science is not and has never been 
the ‘idealized portrait painted in texthooks’.” [Allan 
Blair] {54} 


the four stages of response to any new and 
revolutionary development [are]: I. It's erazy! 2. It may 
be possible — so what? 3. I said it was a good idea all 
along. 4. I thought of it first." [Arthur C. Clarke]. {55} 


"J suggest that most revolutions in science have taken 


place outside the lofty arena of the refereed journals, and 
with good reason. The philosophy by which these journals 
govern themselves virtually precludes publication of ideas 
that challenge an existing consensus." [William K. 
George] {56} 


"At every crossway on the road that leads to the future, 
tradition has placed against each of us, 10 thousand men 
to guard the past." [Maeterlinck] 
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"An important scientific innovation rarely makes its way 
by gradually winning over and converting its opponents 

it rarely happens that Saul becomes Paul. What does 
happen is that its opponents gradually die out, and that 
the growing generation is familiarized with the ideas from 
the beginning." [Max Planek] {57} 


"Peer review is widely seen as a modern touchstone of 
truth. Scientists are roundly drubbed if they bypass it and 
‘go public’ with their research... The first limitation of 
peer review is that nobody can say quite what itis... A 
‘more pernicious danger is that peer review may reject the 
important work. As Charles W. McCutchen, a physicist at 
the National Institutes of Health, has put it, peers on the 
panel reviewing a grant applicant ‘profit by his suecess in 
drawing money into their collective field, and by his 
failure to do revolutionary research that would lower 
their own ranking in the profession. It is in their interest 
to approve expensive, pedestrian proposals.’ " [Jonathan 
Schlefer] {58} 


‘The sheer massive size and inertia of the modern scientific establishment 
also exert mind-numbing difficulty in "hearing" and recognizing an 
innovative scientist's message, even a message of utmost importance, and 
even if it gets through the censors. For example: 


"We used to be able to say things once; if the message 
was reasonable, it had a good chance of becoming a 
permanent part of the structure of the field. Today, a 
single publication is lost; if we say it only once, it will be 
presumed that we have changed our mind, and we 
therefore must publish repeatedly. This further fuels the 
large publication volume that requires us to repeat.” 
[Rolf Landauer] {59} 


1.2.2 Some Specific Examples 
‘There are hundreds of examples of new discoveries in science that have at 
first — and often for an extended period of years — been severely 
obstructed and ridiculed. Here are just a selected few: 

1.2.2.1 Conservation of Energy 

‘Von Mayer {60}, the discoverer of the modern statement of the 
conservation of energy and the mechanical equivalent of heat, was 
severely chastised for his "insane" work. He was hounded and severely 
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ridiculed. This extremely harsh treatment, together with domestic 
problems, drove him to a suicide attempt and a nervous breakdown, and 
into psychiatric treatment for some years. Toward the end of his life, his 
principle of energy conservation had so greatly increased the ease of 
calculations and the understanding of systems that the same scientific 
community — due to the commendable efforts of Helmholtz, Clausius, and 
‘Tyndall — began to recognize his great contributions and lionize him. In 
1867, he was made a member of the nobility, dying in 1878 with his 
"insane" work by then well respected. He was fortunate to have the "cur 
dog attack" reversed in his lifetime. Most scientists with novel discoveries 
are not so fortunate. 


1.2.2.2 Continental Drift 

Alfred Wegener {61} proposed the theory of continental drift in 1912. The 
reception was extraordinarily hostile. So ferociously was he ridiculed for 
the notion that huge continents of rock could "float" and "drift" that his 
very name, "Wegener", was often used as a synonym for “utter idiot". To 
refer to someone as "a Wegener" was to cast the greatest slur possible 
upon that person's mental powers and to label him a gibbering lunatic. 
Only in the 1960s when sea-floor spreading from ocean ridges was 
discovered, proving that ocean basins are not permanent features, did 
‘Wegener's concept of continental drift concept finally gain acceptance. 


1.2.2.3 Kinetic Theory of Gases 
As pointed out by Paul Nahin {62} 


"J. J. Waterston's paper on the kinetic theory of gases, in 
1845, was rejected by the Royal Society of London. One of 
the referees declared it to be ‘nothing but nonsense, unfit 
even for reading before the Society."... "Waterston’s dusty 
‘manuscript was finally exhumed from its archival tomb 
forty years later, because of the efforts of Lord 
Rayleigh..." 


Lord Rayleigh was the Secretary of the Royal Society when he had 
Waterston’s paper reprinted nearly a half-century after submitted. Lord 
Rayleigh also gave an introduction to the paper, regretting it lying so long 
unpublished when its content was quite important. His introduction is a 
way of explaining the delay.”* 


2° Waterston’s paper was finally published as John James Waterston, "Free and 
Elastic Molecules," Phil. Trans. Roy. Soc. Lond., Vol. 183, 1892, p.1-79. Lord 
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1.2.2.4 Surgical Pain Deemed Necessary 
It has always been this way in science. As another example, the famed 
surgeon Alfred Velpeau wrote in 1839: 


"The abolishment of pain in surgery is the chimera, It is 
absurd to go on seeking it today. ‘Knife’ and ‘pain' are 
two words in surgery that must forever be associated in 
the consciousness of the patient. To this compulsory 
combination we shall have to adjust ourselves." [Martin 
Gumpert] {63} 


Wryly we observe that today a similar attitude of "we must glory in the 
pain” — where the "pain" is due to the yoke of COP<1.0 EM systems and 
of the second law of classical equilibrium thermodynamics — consumes 
‘most modern electrical power system scientists and engineers. 


1.2.2.5 The Photoelectric Effect 
Almost every household now knows Albert Einstein's epochal 
achievements. Yet his formative three papers — on Brownian motion, the 
photoelectric effect, and special relativity — were published in 1905 while 
he was working in the Swiss Patent Office. The most renowned physicist 
of the time was Max Planck. Planck was embarrassed that a scientist who 
‘was not even employed in physics was doing such important work in 
physics. So Planck and other scientists arranged for Einstein to be awarded 
a chair in physics at a proper university. In their letter to the university, 
they pointed out Einstein's brilliance in his papers. They also then excused 
him for straying down the road of the photoelectric effect, because — as 
they put it — everybody knew that was foolishness, but persons of such 
brilliance could be forgiven a few such little bobbles along the way. Years 
later, in 1921, Einstein was awarded the Nobel Prize for Physics, for his 
work in theoretical physies and especially for his explanation of the 
photoelectric effect 


‘The Einstein incident is a typical illustration of Arthur C. Clarke's cogent 
observation: 


"When a distinguished but elderly scientist states that 
something is possible he is almost certainly right. When 
he states that something is impossible he is very probably 
wrong." [Clarke's First Law] 


Rayleigh's introduction and Waterston’s paper also are given in Jefferson Hane 
Weaver, The World of Physies, Simon and Schuster, New York, 1987, p. 632-651 
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1.2.2.6 Amorphous Semiconductors 
Stanford R. Ovshinsky's development of amorphous semiconductors {64, 
65} is another modern example. "Everybody knew" that a crystalline 
structure was necessary in order to have a semiconductor at all; in short, a 
semiconductor formed out of non-crystalline material was deemed to be 
totally impossible, never mind this “phase” change that Ovshinsky 
advanced. However, some young graduate students, e.g., began to look at 
Ovshinsky's amorphous materials and his phase change approach. 


Finally funded by the Japanese, Ovshinsky's company, Energy Conversion 
Devices, Inc. (ECD) simply placed its amorphous semiconductor devices 
into working equipment. Copy machines appeared with his amorphous 
semiconductors installed in them — with the machines and their 
amorphous semiconductors working very well. More graduate students and 
post-docs enthusiastically entered the area, did research, and wrote 
dissertations. 


As a result, amorphous semiconductors finally became accepted, and they 
are now part of the established technology and scientific knowledge base. 
The interested reader can simply look up Ovshinsky's company and 
statistics on http://www.ovonics.com . The Japanese have reaped a 
continuing bonanza from the sales of amorphous semiconductors, because 
of the shortsightedness and bias of the U.S. scientific community. 


ht? 


It is one thing to scientifically disagree — even strongly — in a technical 
and courteous fashion, and quite another to engage in ad hominem attacks 
The first is science; the second is a cur dog fight. Unfortunately the history 
of science far too often reveals "cur dog fights" instead of respectful 
scientific disagreements {66} 


1.3 Scientific Disagreement or Street 


A recent modern example of legitimate research and qualified researchers 
still being savaged in a "cur dog fight” manner is cold fusion (low energy 
nuclear reactions). Quoting one learned orthodox scientist, whose name is 
withheld, speaking to a learned scientist in cold fusion: 


“How stupid do you think we are? My assessment of you 
and your colleagues is that you are complete frauds or 
totally mad. There is no known physical principle that 
would support the kind of results that you claim your 
technology can accomplish, nor is there any credible 
argument why there should be such a principle." 
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We answer that “cur dog attack" unemotionally and scientifically. The key 
is in the scientist's own phrase: "no known physical principle.” If the 
experiments work and are replicated, but are not understood by the 
conventional theory, then they refute the prevailing theory, whether the 
physical principle is understood or not. Else scientific method has been 
totally abandoned in favor of “truth by authority and dogma”. The 
experiments clearly show that a previously unknown physical principle is 
at work. The real task then is to rediscover this new principle — that being 
one of the primary ways that science advances. We propose new principles 
in this book as a possible explanation of those experiments 


‘The dogmatic scientist's statement was made in spite of some two hundred 
(200 at that time; now more than 600) scientific experiments worldwide, in 
‘many nations, many at prestigious institutes, where dozens of scientists 
have reported positive and anomalous results in cold fusion experiments. 


So yes, there is indeed a very "credible argument” — the results and 
replicability of the experiments, which are supposed to be the decisive 
statement of science. If that view in science has changed, then we are no 
longer practicing the scientific method. Instead of accepting successful and 
replicable experiments and seeking to change the model, the scientist is 
insisting that we must first understand the principle and thus have a model. 
This of course is a total violation and reversal of the scientific method. We 
used aspirin effectively for decades without the slightest notion as to the 
‘mechanism enabling its beneficial actions. The mere fact that "there is no 
known physical principle" for the results achieved has nothing to do with 
the validity of the replicated experimental results. Instead, it merely 
substantiates that there should be a vigorous scientific program to uncover 
the new principle or principles obviously involved, since the old model has 
cither failed or been revealed as too limited. 


The derogatory statement by the dogmatic scientist is also made from the 
viewpoint of the conventional nuclear physics model. The conventional 
physics has not taken into account that all 3-spatial electromagnetic energy 
associated with charges and dipoles and their fields and potentials in fact 
comes from the time domain {85, 86, 12, 19}. It has also not taken into 
account that time itself (as in the time component transported by the time- 
polarized photon or a time-polarized EM wave) may be comprised of 
extraordinarily dense energy. Indeed, time appears to be spatial EM energy 
compressed by the factor c*, so it has the same energy density as mass 

{67}, which we pointed out earlier. The smaller the spatial energy of the 
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photon, the greater its time component and hence its fime-energy in 
seconds expressed in decompressed spatial energy joules”*. The highest 
energy particle physics is not spatial-energy physics as presently practiced, 
but sime-energy physics, where some of the time-energy of photons is 
transduced into spatial energy. One second of time transduced 
(decompressed) into spatial energy yields approximately 9? 10'° joules. 
Further, every negative charge in the universe continuously accomplishes 
that decompression, and every positive charge continuously accomplishes 
the recompression. 


In other words, not all physical principles were discovered in the particle 
physics of, say, five years ago, as the literature since then clearly shows. 
To assume that everything is already known today is ludicrous; science is 
never completed. The new principles reported in the present book now are 
at least "candidates" for the physical principles that do support cold fusion 
results, There is also another powerful argument for these hypothesized 
principles: they have produced the final resolution of the source charge 
problem — something for which the arch skeptic quoted has no solution 
whatsoever, and which he himself cannot explain. Ifthe arch critic cannot 
produce an alternate solution to the source charge problem, and is 
unaware of that new principle that may solve it, let him go and learn the 
new principle. Until then, he unwittingly assumes that every charge in the 
universe is a perpetual motion machine, continuously creating and 
pouring out EM energy in all directions at the speed of light. So we return 
his own argument and approach to him: he should attack the conventional 
scientific community for accepting the source charge, while having 
absolutely no principle to explain how it continuously pours out 
observable EM energy without any observable EM energy input. In short, 
he should practice what he preaches; else he brands himself a total 
hypocrite. The alert reader will note that none of the arch skeptics doing all 
the ad hominem attacks on cold fusion and COP>1.0 EM systems are 
practicing what they preach. 


% The spatial energy of the photon decreases linearly as the frequency is lowered, 
while the time component in seconds increases linearly. But the highly compressed 
time energy, comprising that time component, inereases nonlinearly (by the factor 
°D). Hence the highest energy photons are actually the low frequency photons 
something completely alien to particle physicists — and not the high frequency 
photons chased by "high energy physics". Indeed, high energy physicists are 
practicing a high spatial energy physics, which —-overall — is a much lower energy 
physics than radar, microwave, VHF, or ELF, ithe total energy of the photon, to 
Include is time energy, is considered. 
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What we are saying is this: 


(a) Ifone's physics knowledge was current five years ago, it may be 
stale today. A few years ago, no one believed the expanding 
universe was accelerating. Today we know that it is, rather 
unequivocally. And by "no known physical mechanism". We will 
later present a strong candidate for that missing mechanism. The 
results of experiments will substantiate or refute it. 


(b) The proposed principles in this book, e.g., are newer, and may 
shed light on the mechanism for the cold fusion results as well as 
other phenomena. The experimental results themselves are 
irrevocable; any proposed explanation requires validation. 


(c) The new principles do explain cold fusion and are consistent with 
the phenomena encountered in multiple experiments by multiple 
researchers in many laboratories. We readily admit that the stale 
and incomplete principles presently utilized in nuclear physics do 
‘not explain cold fusion. Neither do they explain how a charge 
continuously pours out EM energy. So do the skeptics attack all 
those physicists who believe in source charges and their provision 
of the fields and potentials and all EM energy? Of course not. 
‘They themselves believe in that greatest of all “perpetual motion” 
faux pas. 


(@) The proposed new principles also solve the source charge 
problem, which is still ignored by most conventional physicists 
and electrodynamicists, even though often referred to as the "most 
difficult problem in electrodynamics" {68} 


(©) Scientists should not be close-minded, but should consider new 
proposals and let the experimental results decide their validity or 
falsity — precisely the position taken by the journal Science in 
publishing the results of some new cold fusion experiments, That 
is the scientific method in action. 


(8) Those scientists who remain close-minded, and viciously attack 
experimentally demonstrated new processes and mechanisms, are 
guilty of practicing dogma and not science. They are in fact guilty 
of being what they so frequently charge: pseudo-scientists 

When science does not allow proposed new mechanisms and principles to 

be considered in science following demonstration of new phenomena 

inexplicable by present models, then science is no longer practicing 
scientific method. When any scientist rejects these demonstrated new 
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experimental phenomena out-of-hand, he is practicing dogma rather than 
science. The “friendly skeptic” attitude is welcomed and appropriate. The 
cur dog attack has no place in science, but only among cur dogs — and 
those who behave like them, 


1.4 A Few 
Problems 


ficant and Unresolved Scien’ 


1.4.1 Time as Structured Energy 

Time also has internal structure and dynamics {69, 70}, as we explain 
later, as well as the same energy density as mass. So it should not be 
surprising that a tiny bit of time-energy, transduced into ordinary spatial 
EM energy, might be capable of energetically inducing a wide variety of 
nuclear reactions. One has transduced not only "gross" energy, but also 
energy structuring and dynamics — which act internally on any object 
with which interaction occurs. Further, the overall spatial energy 
component and the time-energy component in a photon are canonical. 
Being quanta, all observable photons have the same fixed "total 
magnitude" with respect to angular momentum. The photon is also "made" 
of (DE)(D) which may be taken as (DE)(c"D) in terms of purely spatial 
energy equivalent content, assuming that the time energy is decompressed 
into spatial energy. As can be seen, the so-called "low (spatial) energy" 
photons are precisely the photons that transport the greatest time- 
component. When that time-energy component (Dt) is converted to spatial 
energy (DE), the formula is (DEc) = *(Dy). As can be seen, the converted 
time energy will produce far more spatial energy in the converted 
interaction, than was carried by the photon in its spatial energy (DE) 
component prior to interaction and time-energy transduction. Hence the 
highest energy photons are actually low frequency photons — under the 
circumstances where time-energy transduction into spatial energy is 
involved. With transduction, the highest energy particle physics can be 
conducted at low frequencies and low spatial energy if conversion of time- 
energy occurs in the interaction. 


Since cold fusion involves transduction of a little bit of the time-energy, 
the total lack in physics of knowledge of time-energy transduction into 
spatial energy explains why conventional nuclear physicists find the cold 
fusion results so confusing and astonishing 

1.4.2 The Obsolete Foundations of Classical Electrodynamics 
Another modern example of science’s resistance to change is the failure to 
update classical electrodynamics to include the active vacuum interaction 
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sp he next-generation mobile network (NGMN) is on the 

|) horizon. 56, the next iteration of 4G Long ‘Term Evolution 

| (LTE) networks, will enable significantly greater mobile 
speeds — as much as 20 gigabits per second (Gbps) with less than 
one millisecond (ms) latency — to enable real-time connectivity 
for mission-critical and potentially lifesaving devices and appli- 
cations, 5G will also provide truly ubiquitous connectivity in the 
‘most challenging and remote areas of the world whether on land, 
in the air, or at sea — even on the 42nd floor of an office building 
in downtown Chicago! Finally, 5G networks will connect billions 
of Internet of Things (loT) devices with a wide variety of speed 
and data volume requirements. 


But 5G is an ambitious goal. Work on key technologies to enable 
5G has already begun. In much the same way that 4G LTE was 
rolled out in 2008, but is only now achieving the 4G LTE goal 
of 1 Gbps speeds with the 4G LITE Advanced standard, 5G will 
be a steady evolution that begins with commercial availability 
expected in 2020. Many technologies that have emerged in the 
evolution of 4G LTE, such as carrier aggregation (CA) and multiple 
input multiple output (MIMO), will continue to develop to achieve 
the massive speed and scale required in 5G. Innovative new 
technologies will leverage unlicensed spectrum — where Wi-Fi 
operates — to offload certain traffic from the carrier networks to 
create more capacity in their data pipes. Low-power technologies 
such as NarrowBand Io (NB-IoT), LTE for Machines (LTE-M), 
Long Range Wide Area Network (LoRaWAN), Sigfox, and others, 
will be used in billions of loT devices, and a new radio interface 
technology — 5G New Radio (5G NR) — will be developed for 
connections between User Equipment (UE) and carrier enhanced 
Node B (eNodeB) stations. Finally, carriers will fully embrace vir- 
tualization technologies in their core networks to enable massive 
scale and efficiency. 


In this book, you learn about the technological innovations that 
are being developed today to enable a 5G future, You also learn 
about potential use cases that will transform entire businesses 
and industries, and create new business models and opportunities. 
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and the interaction with the local curved spacetime”’, as we shall discuss in 
Chapter 2. It has been scientifically established (in particle physics) that 
there ean be no equilibrium of any physical system without accounting for 
the vacuum interaction.”* To simply observe a physical electrical power 
system sitting there stably and running, is to prove its vacuum interaction 
in order to even have such equilibrium. 


An interesting point then arises since every charge and dipole in the 
system is a broken equilibrium in the exchange between the material 
system and the vacuum. Not only does an electrical circuit receive some 
energy from the vacuum, but also the energy from the vacuum is massively 
hemorrhaging from the vacuum into the system (and back out)! The 
isolated charge, e-g., is infinite if one removes the screening clustered 
virtual charges of opposite sign, as is well known in modern physics. 
Further, the screening virtual charges also have infinite charge, again as is 
well known, The difference between these two infinite values of charge, 
e.g., gives the standard finite observed charge of the charged particle. The 
lay reader may wish to positively verify that statement; e.g., a8 given by 
Nobelist Steven Weinberg.”” Quoting: 


"[The total energy of the atom] depends on the bare mass 
and bare charge of the electron, the mass and charge that 
appear in the equations of the theory before we start 
worrying about photon emissions and reabsorptions. But 
free electrons as well as electrons in atoms are always 
emitting and reabsorbing photons that affect the 
electron's mass and electric charge, and so the bare mass 
and charge are not the same as the measured electron 
mass and charge that are listed in tables of elementary 
particles. In fact, in order to account for the observed 
values (which of course are finite) of the mass and charge 
of the electron, the bare mass and charge must themselves 
be infinite. The total energy of the atom is thus the sum of 
two terms, both infinite: the bare energy that is infinite 


* We again stress the concept of the supersystem, introduced in footnote 11 


** E.g., see T. D. Lee, Particle Physics and Introduction to Field Theory, Harwood, 
New York, 1981. On p. 380-381, Lee shows how there is no symmetry of matter 
alone, but only of matter and vacuum. 


® Steven Weinberg, Dreams of a Final Theory, Vintage Books, Random House, 
1993, p. 109-110.) 
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because it depends on the infinite bare mass and charge, 
and the energy shift ... that is infinite because it receives 
contributions from virtual photons of unlimited energy." 
[Steven Weinberg] 


So a simple charged particle actually involves a polarization of the vacuum 
involving two charge energy functions — the bare charge and the charge 
change functions — each of which has a known and recognized COP = #1! 


A priori, the conventional system's overall actions must incorporate 
functions (whether intentional or unintentional) that continuously adjust to 
provide net equilibrium in that exchange by adjusting the hemorrhaging- 
out t0 equal the hemorrhaging-in. In this book, we will spell out just what 
those unintentional functions are, such as the ubiquitous closed-current- 
loop circuit, and how to beat them so that excess energy from the vacuum 
can be utilized by the system to power the loads 


1.4.3 What Powers an EM Circuit or Electrical Power System? 
Another modern example of science’s resistance to change is the continued 
engineering of electrical power systems with the erroneous notion that 
‘mechanically powering the shaft of a generator directly powers the power 
line. The notion is that the generator transduces some of the mechanical 
shaft energy into output EM energy added to the power line {71}. To the 
contrary, all EM systems are powered by energy extracted from the 
vacuum. They ate not powered by the mechanical energy we input to the 
shaft of a generator, or by the chemical energy in a battery. In this book, 
we discuss at some length what powers the EM system, and we have 
previously published the basis for our "shocking" statement {12, 72}. The 
basis for how an EM system is powered by energy from the vacuum has 
been known in particle physics for nearly a half-century {73}, since the 
experimental proof of broken symmetry {74}, including the broken 
symmetry of opposite charges (and hence of any dipole) in its fierce 
energy exchange with the active vacuum {75} 


A generator or battery expends all of its available energy to separate its 
internal charges and form its source dipole between the terminals. Once 
made, the dipole's broken symmetry — in its violent energy exchange with 
the active vacuum — converts virtual photon energy absorbed from the 
vacuum into observable EM energy, and emits it — pours it out — through 
the terminals and along the power line, filling all space around the 
conductors 


If one wishes to appreciate the enormity of the vacuum changes 
engendered by formation of that source dipole, simply visualize those two 
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infinite charge energy functions (from Weinberg’s quotation above) for 
every charged particle on the ends of that dipole. The dipole then is a great 
set of offsetting infinities in EM energy (photon energy) boiling and being 
ordered in the vacuum. Making a simple little dipole or producing a simple 
charge initiates into motion an enormous set of infinite energy changes in 
the vacuum! None of these startling, enormous vacuum energy changes 
and functions is modeled in classical electrodynamics and electrical power 
engineering. So when we speak of the Heaviside nondiverged energy flow 
component pouring from the terminals of a generator, as being a trillion or 
ten trillion times as great in magnitude as the intercepted Poynting 
component, the reader should not be appalled. The reader should recall that 
we are dealing with the difference between sets of infinities that combine 
to provide finite differences. These finite differences can be very small, or 
they can be extraordinarily large, depending on the exact situation. In the 
case of a source dipole formed in an ordinary generator or battery, the 
difference of the infinities is very large. 


Figure 1, adapted from Kraus {76}, illustrates that small part of the 
external energy flow around a typical transmission line that is intercepted 
by the surface charges and their fields, and that is drawn into the wires to 
power the circuit as these charges are driven axially back and forth across 
the conductors. The surface charges are constrained to the "drift velocity” 
(usually a few inches per hour) movement down the wire by repulsion of 
the electrons ahead of them. 


The spinning, longitudinally restrained electrons precess laterally, thus 
withdrawing across the transverse axis of the wire. So the laterally 
precessing electron withdraws a little ways, withdrawing that first small 
portion of its fields and their energy increased by intercept of additional 
energy from the outside energy flow. The further part of the fields is not 
withdrawn into the conductor, and is not used to power the electrons, 
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Figuret-1 Peying (aught energy) flow contours sureunding a trnsmiscnine 


Most of the available energy flow misses the circuit and is not drawn into 
the conductors. However, that large component is not shown by Kraus, 
and Poynting did not consider it. Heaviside {5c} pointed out that the 
remaining flow component is hardly reduced (hardly changes direction) 
from the entire flow component before the extraction of the small Poynting 
component. Given sufficient intercepting charges outside the wires in 
separate receiving circuits, the total remaining energy flow that could 
potentially be intercepted is enormous — far more than the feeble amount 
of energy that is input to the generator shaft or that is in the chemical 
energy of a battery. 


This is easily established by actual experiments placing intercepting 
charges in separate "receiving" circuits in the otherwise nondivergent 
energy flow outside the conductors, or one may show it with Bohren’s 
experiment {24}. Collecting additional energy completely outside 
conductors is one part of the COP>1.0 operation of the motionless 
electromagnetic generator (MEG) {37}, to be discussed later in this book. 
‘The Sweet device {29a} established sustaining self-oscillation of the 
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barium nuclei in a barium ferrite magnet, by using the surrounding vacuum 
as a semiconducting medium.” 


1.4.4 The Incompleteness of Aristotelian Logie 
Another false notion usually perpetuated in much of science and 
‘mathematics is that Aristotelian logic is complete and consistent {77, 78} 
To the contrary, it is both incomplete and inconsistent, as is easily shown, 
Let us use the symbols "A" for a particular thing, "A" for that which is not- 
A, "1" for “is identical to," "#" for "is not identical to", "V" for "or", and 
"A" for "and". Using these symbols, the three laws of Aristotelian logic 
may be expressed as follows: 


AMA 2] 
Agh& BI 
AVA [4] 


‘The first law states that a thing is identical to itself. The second states that 
a thing is not identical to that which is not itself. The third states that a 
thing is either itself, or it is something else. Those are the three laws of 
Aristotelian logic. As written, the process of perception, observation, ete. 
has been excluded. More on that in a moment. 


Specifically excluded are the laws 
A#AAMASAAK [5] 


Which says that a thing is not identical to itself but is identical to 
something else that is not itself. 


Heraclitus posed a profound challenge to Aristotelian logic, a challenge 
that has not been adequately resolved by Aristotelians to date. He simply 
observed that, for a thing to change, it had to change into something else. 
“But then,” he asked, “how can a thing be itself but also something else as 


™ Eg, see Richard E. Prange and Peter Strance, "The Semiconducting Vacuum,” 
Am. J. Phys., 52(1), Jan. 1984, p. 19-21. The vacuum may be regarded as a 
semiconductor. In particular, the vacuum in the region close to the nucleus of a 
superheavy element is analogous to the inversion layer in a field effect transistor. 
The authors introduce the idea of the inverted vacuum, Just as a semiconductor may 
bbe manipulated by subjecting it to external fields, doping ete., it appears that so can 
bbe the vacuum, 
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well?” In philosophy that is still known as the unresolved "problem of 
change". It has no resolution in Aristotelian logic, but can be resolved in 
an extended logic we shall advance. The solution to Heraclitus’ problem 
of change is the nature of observation, as advanced in this book. 


We now critique Aristotelian logic, by observing a simple Venn diagram 
of the type used in "proving" logic theorems in axiomatic logic. See Figure 
1-2. 


A A 


Tia Canal We diagram oT A and 


(A22) (A???) 


Tab Appling second and hd laws to Gree 


227 NOTHING 22? 


Applying second an third ast rider and ter bounary 


Figure 1-2 Applying Aristotle's ans to enn dagram ued to prove 


In Figure 1-2 a, we have introduced a dividing boundary line between A 
and A. Unfortunately that dividing line belongs entirely to both A and A. 
So it violates all three Aristotelian laws, and must be removed.”" 
Therefore, we remove it in Figure 1-2 b. Now we have neither a 
discernible A or a discernible A, but we have removed naught but the 
boundary separating them, so we may argue that they are both still there 
although not discernible. However, if they are not discernible, we cannot 
distinguish what A is or what A is, and so we cannot discern whether they 


» A clever fellow once proposed regarding the boundary as a total discontinuity, 
being neither A nor A. However, in that case A and A could never meet, so there 
could not be a cause interacting with not-cause to produce an effect. So that 
suggestion as to how to "fix" Aristotelian logie does not hold. 
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are identical or not. Here again this violates all three laws of Aristotelian 
logic, so we have to remove the diagram. Indeed, the outer rectangle line is 
also such a boundary, between the “inside” and the "outside" (the not- 
inside), and so it must be removed. In compliance with Aristotle's laws, we 
are left with the trivial diagram shown in Figure 1-2 ¢, which is nothing at 
all 


Ifthis Venn diagram method is objected to, then we must insist that all 
those papers and texts using that method of proof of logic theorems be 
cither abolished or corrected! 


Sometimes the objection is raised that, as far as the center boundary line is, 
concerned in Figure 1-2a, the line "belongs to A on the left and belongs to 
A on the right". Fine! Then we have a unique situation where a line (call it 
L) is an entity made of two entirely different things, which we may refer to 
as Land Lx. Yet L? L, without any qualifications as to "sides" L and 
Lx. It can be shown that every point in L is a point in Ly, and is 
simultaneously a point in Ly. The point in L is obviously identical to itself, 
by Aristotle's first law. Further, the same point in L; and in Lp is identical 
to itself, by the same first law. But L, is the set of all such points, and so 
is La, and so is L. Therefore L* L, * Lg, since each one consists of each 
point that the others consist of. There is absolutely no distinction between 
the three things themselves, unless we are to violate Aristotle's laws. 


Note that in passing from left to right across the boundary, a "change" 
occurs. This simply re-resurrects Heraclitus' original objection that, 
according to Aristotelian logic, there can be no change. That is, a line 
cannot change from "a different entity as seen from the left" compared to 
that entity as seen from the right. None of Aristotle's three laws contains a 
left and a right” for A or A. 


So the question of logic is a little more complex than writing three simple 
laws and drawing simplified Venn diagrams. In short, one cannot have 
Aristotelian logic without having something else outside it, which follows 
directly from Gédel's theorem and proof {78}. Note that we are 
introducing the required notion of "perception" into the formal notions 
implied as axioms in Aristotle's laws, as that "something outside the 
prescription of the laws themselves" and in addition to them. We are 
perfectly free to use Gédel's theorem and observation, 
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TIME. riME2 TIMES 


Ongoing 
Interaction 


Previous 
penis 


Change to 
Moyce effet 


Figure 1-3 Mechanism fr ebseration of ange 
eration 


See Figure 1-3. We now add the notion that a thing is a perceived, thought, 
or observed thing. So let us use the symbol to mean explicit, ie., output 
by a given perception, thought, or observation process as the result of a 
Ur operator having been applied to whatever exists prior to perception, 
thought, or observation. The symbol ®is used to mean implicit, e.g., when 
one observes an observation "Y" at time two, and later is deciding in time 
three whether or not that observation "Y" in time two is identical to a 
previous observation "X" made during time one, then memories of the 
observations of X and Y are involved in time three rather than the 
observations X and Y themselves, and so the observations of X at time one 
and Y at time two — by whatever manner they were observed and 
according to whatever decision algorithm is used — is said to be 
"implicit", 


We note that we can know nothing about the so-called "thing in itself" 
without thought, perception, observation, or other process involving Pi 
Further, at the moment the [YY operator is applied, time momentarily 
ceases. The resulting perception, thought, or observation exists therefore as 
a “frozen output” at that single moment in time, To have it "persist" or 
exist a moment later, we have to apply the [fy operator again, and stop 
time again, so that we again perceive, think, or observe. 


But at any moment later than when we made a particular perception, 
thought, or observation of "A", that specific "perceived A" no longer 
exists, except in our memory as a recording of "observed A" that we can 
continually recall. Our conscious mind is a very fast serial processor, with 
only one "perception" or "thought" at each fleeting moment — only one 
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slide at a time in the slide projector, so to speak. But it is very rapid. 
However, our so-called "unconscious" mind is totally conscious, just 
‘multiply So. It is a massively parallel processor, and has "a great many 
slides in the slide projector" at any given time.*? Hence in our genetic 
multiprocessor mind, we can indeed record, recall, compare, etc. — and 
perform all the modern massively parallel computer operations. 


Let us now re-examine the three Aristotelian laws. Let us label the "slide 
snapshots" with the time instants when each "perception, thought, or 
observation" is or was consciously made, by use of a subscript, such as Ay, 
which means what was perceived, thought, or observed as "A" in time 


snapshot 1. Let us also note that each of the symbols *, #,Y, and © 
actually involves the output of a comparison and decision algorithm in the 
massively parallel processor, after the two observations X; and Xz were 
made. Let us use the symbol ¥ to mean "results in the decision that" or 
"implies that". As a check for identity, e.g., simple comparison algorithms 
for determining identity or nonidentity might be 


{[A1- Agy ]= [0]s ¥ 4 (Ar* Ad) [6] 
{TAL- Ag]. [0b ¥ 4 (Ar? Aa) 07] 


‘Thus we more precisely rewrite Aristotle's laws as 


Ait; Ag [81] 


A, #3 Ag) 19] 


» E.g, this can be seen by a moment's reflection. At any one time, the "unconscious" 
‘mind is controlling and directing a great multitude of ongoing physical processes, is 
also processing short-term and long-term memory processing, filing conflicts for 
resolution or later presentation to the conscious mind in symbolic fashion, ete. One 
ccan physically measure the electromagnetics associated with this activity, after the 
‘mind transduces its time-polarized EM interactions into 3-space EM actions. The 
process is two-way, and certain recorded EM stimuli will be "reverse-processed” 
back to affect the time-polarized EM operations of mind. Mind operations are 
electromagnetic; but they use time-polarized (scalar) photons and time-polarized 
(scalar) EM waves which are unobservable a priori. Mind operations are also 
electrodynamically engineerable, but that is beyond the scope of this treatise. 
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ALY Agy [10] 


‘Where — surprise! We have now accounted for all those different times 
and periods of observations, processing, comparison, decision, ete. We are 
dealing not with some mystical "thing-in-itself", but with interactions 
(perceptions, thoughts, observations, associations) in the mind and psyche 
of the observer. And hidden in time 3 is the application of a decision 
algorithm such as given in [6] and [7] above. 


Now the first law [8] states that in time one an observation was made and 
named "A", notated (A,), by comparing it to a previously recorded 
observational memory of what we call "A". The existence of that memory 
of what we call A is implicitly assumed in the first law, as well as the 
others. We do not show the memory itself in [8], [9], and [10]. In time two 
an observation X> was made (not notated), but it is not then known at the 
‘moment whether that X2 is A or A. So in time interval three the decision 
algorithm to determine identity or non-identity occurred in the mind, and 
the zero output of that algorithm [6, 7] established that Aj») was actually 
identical to Ai, according to the decision algorithm actually used. The 
algorithm matters, and it to0 is a variable. 


A similar process occurs in law two [9], but this time the algorithm had a 
different output. Note that the little line over X,2) to make it Ag) was not 
assigned until time interval four (not shown) after the decision algorithm 
had given its output in time interval three 


‘The second law merely states that the operation of the decision algorithm, 
in time interval 3 found the two snapshots (in time 1 and in time 2) not to 
be identical, by the decision algorithm and comparison process utilized. 
Again, the algorithm matters, and it too isa variable that must be taken 
into account. 


All three laws [8, 9, 10] written one after the other assume that the identity 
algorithm does not change between snapshot | and snapshot 2, in all three 
of them, This is the key point. 


With two different versions of the identity decision algorithm, the results 
of two different comparisons may differ. If the identity decision algorithm 
does not change during the time between snapshot one and snapshot two, 
then we have one case. This is like a person with good color vision, 
looking at a red marble beside a black marble, That observer clearly 
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5G For Dummies, Ixia Special Edition, consists of eight short 
chapters that explore 


39 How wireless communications technology has evolved and. 
where its going next (Chapter 1), 


2 How developments in today's networks are blazing the 5G 
trail to higher speeds (Chapter 2), 

3 Which technologies in unlicensed spectrum will be leveraged 
Inthe 5G networks of the future (Chapter 3). 


2 Why the Internet of Things requires 5G connectivity 
(Chapter 4), 

3% Where virtualization in mobile networks can help address 
the need for scale and elasticity (Chapter 5). 


2 What 5G New Radio (5G NR) is and how it will help create a 
5G future (Chapter 6) 


2 How 5G will be used in various use case scenarios, 
(Chapter 7) 


2 Ten common myths and the reality of SG (Chapter 8) 


Foolish Assumptions 


It’s been said that most assumptions have outlived their useless 
ness, but we assume a few things nonetheless! 


Mainly, we assume that you either work in a technology profession 
or you're an avid user of wireless communications technology — 
if you have a smartphone within arm’s distance of you, we're 
talking about you! 


Beyond a basic knowledge of wireless communications and mobile 
technology in general, we don’t assume you have a particularly 
strong technical background. As such, this book is written pri- 
‘marily for nontechnical readers — we explain any technical terms 
and concepts that come up in this book. 


2 5G For Dummies, txia Special Edition 
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distinguishes the marbles, and to him they do not appear identical. Every 
time he looks again, they still differ because he did not change his decision 
algorithm between looks. On the other hand, a color-blind observer cannot 
distinguish the marbles, and to him they are seen as identical. Every time 
he looks, they are seen as identical, because his identity decision algorithm 
did not change. 


Or, suppose a proponent argues that the "rightness" or "Ieftness” of the 
dividing line L, between A and A in the Venn diagram, can be taken into 
account. He is actually invoking a different algorithm (it belongs to the 
left and therefore to A) in one time snapshot than the algorithm (it belongs 
to the right and therefore to A) used in the other time snapshot. So his right 
side and left side of a line implicitly invokes the very point we are making: 
the algorithm utilized isa variable and must be accounted. 


‘The point is this: identity — whether in perception, thought, or observation 
— is not absolute, but depends upon the precise nature of the operation of 
the perception, thought, or observation process utilized and specifically on 
the "decision algorithm” used for "determining" identity or nonidentity. 

For example, two antennas certainly "see" quite differently, if one is a 
VLE (very low frequency) antenna and the other is an IR (infrared) 
antenna! As another example, two observers in different frames may see a 
particular object as quite different observed things! In n-space, an observer 
in a frame at right angles to the lab frame, will see any mass in the lab 
frame as a wavefront going at light speed; in short, as a photon or photonic 
object, whereas the observer in the lab frame will continue to see it as just 
a. common old mass object. So the "same object" physically differs to the 
two different observers, according to their frame of reference. An observer 
whose frame is rotated by three orthogonal rotations from the lab frame, 
will see that object as an "object existing in time only," i.e., as simply a 
sort of "thought" image, so to speak. To be more scientific, he may assign 
it to something called the "virtual state" 


In short, we can violate any and all of the laws of Aristotelian logic, 
because identity per se is perceived, thought, or observed identity — the 
output of a variable decision algorithm — and is not absolute. 


For clarity, we add a fourth law that violates all Aristotle's three: 
AitsAg 1) 


All this really says is that, in time 3, the decision algorithm being used was 
changed from what it had been in times | and 2, and now could not 
distinguish between what was seen in snapshot | and what was seen in 
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snapshot 2, even though to some "ultimate" observer the two were 
distinctly different. 


In addition, we say that it "implicitly includes” the negations of all three 
Aristotelian laws. We then add an "application rule" (or a fifth law, as one 
wishes) as follows: 


{ [Ar *3 Aa)7A (Ar #3 Az)]@}s ¥ { [(Ar *3 Az) @A 
(Ai #3 Aa} (12) 


This winds up producing an extension of Aristotle's logic, so that the 
following explicit laws emerge: 


Arts Xe) ¥ Arts Agy 03]] 
AL #2Xe)Y Ai #3 Ag 4) 
AL's Ay 15] 


We also have the exact opposites of those three laws implicitly. The 
opposites can all be congealed into a single fourth law: 


Avts Ag [16] 


To make sense of these, we also have the master application rule or Sth 
law: 


{ [Arts A274 (Ar #3 A2)]®}s ¥ { (Ar *3 A)® 
A (Ai #3 A273 o7) 


We prefer to refer to this extension as a "four-law logic", where equations 
[13], [14], and [15] are the normal "explicit" laws, with the implicit law 
[16] understood but not explicitly written, and where equation [17] is the 
‘master application rule that puts it all together. But if one wishes to be 
rigorous, we have specified a 5-law extended logic that contains but 
expands Aristotle's 3-law logic. The application rule is the fifth law. 


‘The point is this: In every case, we have a part of the perception, thought, 
or observation that obeys the explicit laws, and we also have a part that 
obeys the implicit laws. If opposites are not explicitly identical, then they 


48 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


are simultaneously implicitly identical. If opposites are explicitly identical, 
then simultaneously they are also implicitly not identical. 


‘The new approach then covers what we observe more completely. As an 
example, any "wave" (observed) is implicitly a non-wave (particle), but 
not observably so. If its particle nature is observed and therefore explicit, 
its wave nature is unobserved and therefore implicit, and vice versa. 


One also resolves such dilemmas as stating something "does not exist" but 
having to first call it into existence to even state it does not exist. In the 
new approach, it simply does not explicitly exist, but implicitly exists. Not- 
being is something like that: explicitly it doesn't exist, but implicitly it 
exists, The great problems of the philosophers were never solved, mostly 
because the logic brought to bear was Aristotelian and incomplete. The 
ultimate answers they sought all involved the fourth and fifth logic laws. 
So the ultimate answers all appeared to them to involve such things as "the 
accursed necessity for the identity of opposites.” Precisely! 


In physics, there has been the same problem over whether a fundamental 
particle is a particle or a wave. Physicists argued fiercely until they 
realized the futility of further argument, and settled for the duality 
principle. That simply states, well, in one case it can be a particle as 
observed in your experiments, and in another case it can be a wave as 
observed. So simply treat it as whichever one is useful! The philosophers, 
on the other hand, split into different schools, where each school had its 
"interpretation" usually involving a very "smooth" position statement of 
the school's position. In physics also, there are eight or more 
“interpretations” of quantum mechanics, for example. So the same 
centuries-old problem is still with us today in modern physics. 


Opposites are no longer the formidable opponents they once seemed. 
Instead, they become more like the two sides of a coin, lying with only one 
side up. To see heads or tails is to decide which is explicit. The other is 
always there, implicitly. But notice also that the "two sides" require a 
3-dimensional object, and not just the 2-dimensional "head" or the 
2-dimensional "ail". This juxtaposition of "identical" opposites is strongly 
met with in modern physics. For example, quoting Lee” 


TD. Lee, "Space Inversion, Time Reversal and Particle-Antiparticle 

Conjugation," Physies Today, 19(3), Mat. 1966, p. 23. Positive charge is really 
‘observation imposed on negative charge moving backwards in time, and the positron 
is really observation imposed upon an electron traveling backwards in time, etc. 
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"As we expand our observation, we extend our concepts. 
Thus the simple symmetries that once seemed self-evident 
are no longer taken for granted. Out of studies of different 
kinds of interactions we are learning that symmetry in 
nature is some complex mixture of changing plus into 
‘minus, running time backward and turning things inside 
out.” 


Any addition to the Aristotelian laws of logic is actually a higher 
dimensional form of it. Three-law Aristotelian logic is in fact fitted to 
primitive observation — the result or output of single-photon interaction 
and observation processes. 


This "four-law" logic (or "five-law" logic if one includes the master 
application rule as another "law" has proven very useful over the years, 
particularly in bioenergetics applications. It has also been most useful in 
attempting to decipher that branch of Russian energetics weapon science 
called "psychoenergetics", and in attempting to decipher the mind-body 

coupling mechanism, but that is beyond the scope of this chapter {79}.** 


1.4.5 Substitution of Effect for Cause 
Refer to Figure 1-3 again, to see the relationship of the unobserved cause, 
the interaction of cause and a previous effect, and the production of the 
resulting "new effect” as a change to the old effect or the output of a 
second replica of it. The greatest non sequitur in electrodynamics — and in 
parts of physics such as mechanics — is the widespread substitution of the 
effect for the cause, as a result of considering an observable to persist in 
time without any physical interaction. We discuss that more fully in 
Chapter 2, particularly with respect the notion of the same EM field 
existing both as a component of a material environment and as a 
component of a nonmaterial environment, but with the "force reducing to 
zero" in the latter. Jackson {80} points out the prevailing view of 
clectrodynamicists as follows 


"Most classical electrodynamicists continue to adhere to 
the notion that the EM force field exists as such in the 
vacuum, but do admit that physically measurable 


% The interested reader is referred to my website, www.cheniere.org, for papers 
dealing with the nature of the mind-body coupling mechanism and the body-mind 
coupling mechanism, as well as direct engineering of the mind, and limited 
information on the weapons referred to. 
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quantities such as force somehow involve the product of 
charge and field." 


On the other hand, Bunge {81} very clearly stated that the standard 
electrodynamics and physics itself are in terrible shape. Here is a direct 
quotation: 


".. the best modern physicist is the one who acknowledges 


that neither classical nor quantum physies are cut and 
dried, both being full of holes and in need of a vigorous 
overhauling not only to better cover their own domains 
but also to join smoothly so as to produce a coherent 
picture of the various levels of physical reality.” 


We shall try to further clarify these unresolved difficulties with the field 
concept in Chapter 2. 


1.5 Electrodynamics is Still Developing 


1.5.1 Statement by Penrose 
Roger Penrose, one of the leading physicists of our time, pointed out the 
still-developing nature of electrodynamics with respect to the 
developments from conventional gauge-theoretic interpretation of 
Maxwell's equations. Quoting Penrose {82}: 


"These facts should not, however, deter theoretical or 
experimental physicists from seeking alternative 
descriptions, unconventional formulations, surprising 
electromagnetic effects, or radical generalizations. The 
various articles in this book provide the reader with a 
great variety of different kinds of approach to 
developments of this nature. We have historically 
motivated accounts, suggestions for new experiments, 
unconventional viewpoints and attempts at 
generalizations. We also see novel and ingenious 
formulations of electromagnetic theory of various 
different kinds... Lam sure that this book will make it 
clear that electromagnetism is a subject that is in no way 
closed to stimulating new developments. It is very much 
alive as a source of fruitful new ideas." 
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1.5.2 An Example of a Ubiquitous Error 
One of the rather horrid "bad examples" of ubiquitous errors in 
electrodynamics is the conventional illustration of a so-called planar EM 
wavefront moving through space, as shown in Figure 1-4, 
A succinct evaluation of that diagram and notion is given by Evans {83} 
one of the great electrodynamic theoreticians of our times: 

“I broadly agree ... that the transverse plane wave view 


of vacuum electrodynamics is the biggest blunder of 
twentieth century science.” 


x 


Figure 14 The eroneaus but ubiutus sopposediltation fhe 
‘waster EM wavein 3 pac 
Dr. Robert H. Romer, former Editor of the American Journal of Physics, 
also chastised the horrid diagram shown in Figure 1-4, purporting to 
illustrate the transverse plane wave traveling through 3-space. In endnote 
24 of his noteworthy editorial, Dr. Romer {84} takes that diagram to task 
as follows: 


"that dreadful diagram purporting to show the electric 
and magnetic fields of a plane wave, as a function of 
position (and/or time?) that besmirch the pages of almost 
every introductory book. ..it is a horrible diagram 
‘Misleading’ would be too kind a word: ‘wrong" is more 
accurate." "..perhaps then, for historical interest, [we 
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should] find out how that diagram came to contaminate 
our literature in the first place.” 


Indeed, each point along the z-axis, is a momentary "3-space frozen slice" 
of the L/pr operator being applied to the ongoing 4-space interaction of the 
causal field in 4-space interacting with the previous "observed effect” (in 
this case, the previous 3-space slice) to produce a change to it. So the 
entire diagram is a set of "frozen 3-space observations", in which nothing 
at all is moving, and where the fields shown are in the ma 
(detecting/observing) medium. There is no such thing as a "traveling EM 
wave in 3-space", because "moving" or "changing" or "traveling" a priori 
‘must involve time as well as 3-space. What we are looking at in Figure 1-4 
is the iterative and very rapid results of continual "3-space observations 
(frozen 3-snapshots) of an on-going 4-space interaction, 


1.5.3 An Extremely Important EM Omission 

There is an enormous amount of development yet to be done in 
electrodynamics! As a simple example, for nearly a century there has been 
waiting quietly a fundamental "internal" or "infolded" electrodynamics by 
Whittaker {85, 91a, 86}, based on more primitive initial work by Stoney 
{87}, existing inside — and comprising — all conventional EM potentials, 
fields, and waves. This internal electrodynamics {88} has been essentially 
ignored in the West, but has already been weaponized in the weapons 
laboratories of several nations under the aegis of energetics. The U.S. 
Secretary of Defense, Secretary Cohen {89}, alluded directly to some of 
these weapons in a speech in 1997 as follows: 


"Others [terrorists] are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off 
earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious 
‘minds out there that are at work finding ways in which 
they can wreak terror upon other nations...I's real, and 
that's the reason why we have to intensify’ our 
[counterterrorism] efforts." 


‘The weapons are already being utilized against various nations in the form 
of terrorist acts in an undeclared war {89}, and have been so used since the 
1950s. 


This internal longitudinal-wave EM and its dynamics is a much more 
fundamental electrodynamics (actually a subset of a unified field theory) 
consisting of correlated longitudinal EM wavepairs in both the 3-space and 
time domains. Each Whittaker decomposition wavepair is comprised of an 
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incoming longitudinal wave — a "time-polarized" EM wave {90a-90¢} — 
in the time domain, perfectly correlated with an emitted longitudinal EM 
wave in 3-space. See Figure 1-5. This multiwave structuring and dynamics 
in both the time domain and in 3-space simultaneously comprises the 
scalar potential. 
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We specifically stress that the dynamics occur in the time domain (in its 
specific structuring, propagation pace, etc.) as welll as in 3-space. 


Deliberately changing the internal longitudinal EM wave structuring 
produces precise energetics (both energy and dynamics) in spacetime 
itself. This is a special form of "spacetime curvature structure and 
dynamics" which we call a spacetime curvature engine or vacuum engine. 
‘Together with superpotential theory in the original form initiated by 
Whittaker {91a} and extended by others {91b, 91c, 91d}, this internal 
electrodynamics — together with scalar potential interferometry {92} — 
creates all ordinary EM fields and waves {79}. Superluminal 
communication is possible using the internal longitudinal EM wave 
structure of the EM fields, potentials, and waves {93a, 93b} 
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1.6 A Summarizing Letter 


Our thrust in this book is to attempt to (1) reveal some of the major flaws 
in electrodynamics that have prevented development and use of COP>1.0 
electrical power systems, and (2) point the way toward the development 
and use of such systems. To give a general summary of the ground this, 
book will cover, we conclude with an informal E-mail letter I sent to the 
recent editor of American Journal of Physics, pointing out the greater 
implications of his cogent observation of that "dreadful diagram" and 
where it leads. Indeed, it (i) leads to a dramatic change in electrodynamics, 
(i) changes the way in which we regard "propagation of EM energy 
through 3-space”, (iii) solves the long-vexing problem of the association of 
the source charge or source dipole with its fields and potentials and their 
energy, (iv) changes dramatically the way we view what powers an 
electromagnetic circuit or power line, (v) allows extraction and use of 
copious EM energy from the vacuum, and (vi) solves the energy crisis 
permanently. 


Here is the letter sent informally to Dr. Robert H. Romer — slightly edited 
to improve the grammar, correct one error of misstatement, and with 
reference citations added and listed at the end of this chapter: 


To: Dr. Robert H. Romer ‘Thursday, Mar. 8, 2001 
American Journal of Physics 
Amherst College, Box 2262 
Amherst, MA 01002 


Personal communication 


Subject: Implications of your cogent comments on that atrocious 
illustration 


Dear Dr. Romer: 


This is not a submission of a manuscript, but a personal communication to 
you on a matter of great importance in physics, directly related to endnote 
#24 of your seminal editorial {94} 


It will take a little exposition, so please bear with me and read this when 
you have the spare time to do so. We are going to show you how your keen 
insight can be extended to solve some extraordinarily formidable 
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foundations problems in present electrodynamics. We will also show how 
to apply the implications of your insight to totally solve the present 
electrical energy crisis permanently. 


In your endnote #24, {94} you took to task (quoting): 


that dreadful diagram purporting to show the electric 
and magnetic fields of a plane wave, as a function of 
position (and/or time?) that besmirch the pages of almost 
every introductory book. ...it is a horrible diagram 
‘Misleading’ would be too kind a word: ‘wrong" is more 
accurate.” "...perhaps then, for historical interest, [we 
should] find out how that diagram came to contaminate 
our literature in the first place.” 


Dr. Romer, you have lifted the corner of a dark cover concealing one of 
the most important flaws in electrodynamics and in fact in all of physics: 
the unwitting and pervasive substitution of the effect for the cause. A 
‘marvelous extension to the present physics is enabled if one removes this, 
terrible non sequitur in physics, and particularly in electrodynamics. For 
openers, one solves what has been called the most difficult problem in 
electrodynamics (the problem of the source charge and the association of 
its fields and potentials and their energy) {100}. I will solve that problem 
for you in this informal write-up. I will also explain how to extract 
enormous EM energy from the vacuum, anywhere and anytime, easily. 
Extracting it is easy; catching it and using it to power loads without Killing 
the extraction process is another matter. 


One also gets a unified field theory, engineerable by novel electrodynamic 
‘means, as is steadily being shown by a series of rigorous Alpha 
Foundation’s Institute for Advanced Study (AIAS) papers published in 
various leading journals (and more than 90 of them carried on a 
Department of Energy website restricted primarily to DoE scientists). Dr. 
‘Myron Evans, Director of the ALAS, has over 600 papers published in the 
literature, including such journals as Physical Review, Foundations of 
Physics, Physica Scripta, etc. Many of the other AIAS co-authors are 
excellent theoreticians and scientists 


The early pioneers of electrodynamics (Maxwell etc.) all assumed a 
‘material ether filling all space {95}. To these early scientists, there was not 
a single point in the entire universe that was devoid of matter, because the 
ether was present there. Hence their outlook as to the nature of EM fields 
ete. was quite material. Faraday conceived his "lines of force" as physical, 
taut strings, so that perturbations were "plucking these taut strings" 
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If any of these assumptions describe you, this book is for you! If 
none of these assumptions describe you, keep reading anyway. 
It’s a great book, and when you finish reading it, you'll know 
enough about 5G to be dangerous! 


Icons Used in This Book 


© 


@ 


© 


‘Throughout this book, we occasionally use special icons to call 
attention to important information. Here's what to expect: 


‘This icon points out information you should commit to your non- 
volatile memory, your gray matter, or your noggin’ ~ along with 
anniversaries and birthdays! 


You won't find a map of the human genome here, but if you seek 
to attain the seventh level of NERD-vana, perk up! This icon 
explains the jargon beneath the jargon. 


‘Tips are appreciated, never expected — and we sure hope you'll 
appreciate these tips! ‘This icon points out useful nuggets of 
information, 


Beyond the Book 


"There’s only so much we can cover in 48 short pages, so if you 
find yourself at the end of this book thinking “gosh, this is a great 
book; where can Ileam more?” just go to www. ixiacon.com 


Where to Go from Here 


With our apologies to Lewis Carroll, Alice, and the Cheshire cat: 
“Would you tell me, please, which way I ought to go from here?” 


“phat depends a good deal on where you want to get to,” said the 
Cat — er, the Dummies Man. 


“{ don’t much care where ...,” said Alice. 
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Maxwell himself points out in his famous "Treatise" that he specifically 
captured the thinking of Faraday in his theory. In fact, Maxwell wrote a 
‘material fluid flow dynamics theory. 


In the light of more modern knowledge, let us see the impact of these and 
similar early but still retained erroneous electrodynamics assumptions. 


irst, observation/detection is totally spatial, as is well known in quantum 
mechanics. In fact, observation is a [Lr operator imposed upon 4-space 
(LLLT spacetime), yielding a frozen instantaneous snapshot LLL of an 
ongoing 4-space dynamic process. At the next instant, that particular 
previous observation no longer persists. Why? 


Well, no observable persists, since it is only an instant frozen 3-space 
snapshot, at a single point in time, a priori. Here again we have another 
horrendous non sequitur in all of physics: the assumption that observables 
"continue to exist" and therefore persist in time in a passive manner. In 
fact, there is an interactive process that generates their (seeming) 
persistence, involves time, and continually changes mass into mas 
and back to mass, etc. With the reader’s permission, we will pass 
discussing that mechanism until another time (pun intended!). 


time 


‘What we conceive as "an observable such as mass, traveling through space 
and persisting in time while doing so", is actually an iterative, continual 
series of these frozen 3-space snapshots or observations, much like the 
frames of a motion picture film. We ourselves mentally add the 
"continuity" to provide "the sensed motion", but rigorously what is, 
actually "observed" is not continuous, but is a vast continual series of 
those frozen 3-space snapshots. 


We're getting directly at that atrocious diagram! 


Each snapshot is an effect, not a cause, because it was the output of the 
observation process whereby a 4-space causal entity (non observed a 
priori) interacts with a previously observed frozen entity (say, a unit point 
charge at some point in space) to produce the observation (change or effect 
generated in that interacting observed charge) as the "next instantaneous 
observation” 


‘The usual "representation" of a "3-space EM wave" propagating in 3-space 
is indeed atrocious, just as you stated! It is actually just an iterative 
succession of such instantaneously frozen snapshots in 3-space, one after 
the other. There is no such thing as that set of snapshots independently 
isting in spacetime, prior to interaction with charge in that series of 
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interactions and observations, unless we wish to discard quantum 
‘mechanics and the laws of logic. 


There is, however, a continual iterative stream of those observations — 
those frozen 3-space snapshots — that we interpret (erroneously) by recall 
from memory as the "EM wavefront propagating in 3-space”. As you 
eloquently pointed out, that is not so, and it is atrocious. An observation, 
being an absolutely frozen entity, cannot "move through time” anyway, 
since it cannot persist, nor can it move. A change to an observable can 
only be another observable snapshot of the ongoing 4-space entity and 
action, which is then compared to the first snapshot and a difference noted 
{96} [See Figure 1-3] 


In short, a great stream of "frozen effects" (frozen instant observations) 
does not constitute a "picture" of the ongoing 4-space action, but only a 
series of frozen 3-space intersections involving the interaction of that fixed 
observed (3-space) charge with the ongoing causal 4-space entity. If we 
add and integrate a series of 3-space pieces, we do not get a 4-space entity! 
Instead, we get a longer or bigger 3-space slice/piece, but one for which 
each piece of it only existed at a single point in time as a 3-space "slice" at 
that moment. That is precisely what is wrong with that horrible illustration. 


But it is also "wrong" with electrodynamics itself! Electrodynamicists 
mistakenly conclude that the same effect "series of static 3-slices" — 
which they might call, e.g., the “field” in a case where the field is the 
subject — is the same as the 4-space continuous causal field prior to 
observation interaction with charge at all. Well, LLLT is definitely not 
LLL, nor is it (LLL) where n is some large but finite number of 3-slices 
LLL. 


So the field concept is dichotomously used in two contradictory manners 
in electrodynamics: 


(1) it is considered to be in 4-space prior to the observing/detecting 
interaction with the observable (such as a unit point 3-space charge), and 
it is also considered a 3-space entity after that interaction. The dimensions 
of the two entities are not the same, and neither are the dynamics. The 
causal EM wave is dynamic and 4-spatial, the effect "3-space EM wave" 
(ugh!) is static and 3-spatial at each instant it is "observed". Assuming that 
the two are the same thing is anon sequitur. 


In fact, it substitutes the effect for the cause, a rather gross violation of the 
causality principle itself. 
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(2) then an attempt at glossing over the illogic is used by the smooth 
statement that "the field (meaning that atrocious series of frozen 3-space 
snapshots) remains in the absence of charge, but the force goes to zero." 
Well, if the field is defined as a force field, it cannot be a "non-force field 
in the same observation!" Else, opposites are always identical 


So of what importance is all that? 


It is of great importance. Let me show you one very startling thing that 
comes out of correcting this "biggest foundations non sequitur in physics, 
that of substituting the effect for the cause" 


Consider a very special paper by E. T. Whittaker {97} in 1903. [I can send 
you a pdf file of the paper if you do not have it and are interested]. In this 
much-neglected paper, Whittaker decomposed the so-called "static" 
potential into a harmonic set of bidirectional longitudinal EM wavepairs, 
where each pair consists of a longitudinal 3-space wave (an as-observed 
wave) and its longitudinal phase conjugate wave (considered unwittingly 
as having also interacted with charge, and therefore as being shifted into 
S-space as an "as-observed" wave with inverse parity). 


Whittaker — as has everyone since him — unwittingly assumed the 
“iterative continual observation” interaction in there for the phase 
conjugate wave also. In so doing, he came up with two effect "waves" that 
are the outputs of the assumed observation process. Neither of these effect 
waves would be a wave in spacetime {98} at all, but the two in ensemble 
are an example of the same thing you objected to in your cogent 
commentary on that abominable “illustration”, 


In short, Whittaker invoked observation as a process with two effects and 
no cause, rather than with a cause and an effect, with the interaction with 
the observing/interacting unit point charge being assumed for both waves. 
Whittaker and everyone since seem to have made the same error in 
interpreting that seminal Whittaker decomposition. This misinterpretation 
of the decomposition has until now hidden one of the greatest secrets of all 
times in Nature's electrodynamics! 


Let us correct the interpretation, and uproot that great secret to the light of 
day. 


First, for observation to occur, one must have a cause acting upon the 
affected (observable) entity, and an effect (observable change) must be 
produced in, on, or of that affected (interacting) entity. One must not have 
two effects (two observables) and the affected entity (another observable 
and therefore another effect)! Again, assuming that one has three effects 
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(observables) constituting the observation process is a logical non sequitur 
of first rank. 


Let us now correct that logical non sequitur made by Whittaker and other 
physicists and electrodynamicists, and see where it leads us. 


First, we go to particle physics, where broken symmetry {99} was 
discovered in the 1950s. Lee, e.g., received a Nobel Prize for his work in 
that area {75}. Lee also showed that any dipole is a broken 3-symmetry in 
its violent energy exchange with the active vacuum. 


Well, a scalar potential is a dipolarity; always a potential is actually a 
difference between two potentials, so to speak. So the potential itself 
represents a broken 3-symmetry in an energy flow exchange with the 
active vacuum, 


Let us further examine that interesting broken symmetry aspect. It means 
that the "static" potential is a process whereby energy is received from the 
vacuum in one form, not observable, and hence unusable, but is output in 
observable (usable) form. In short, the dipolarity or dipole receives and 
absorbs (QM view) virtual photons, integrates them into observable 
‘magnitude, and emits real, observable EM energy ("continual observation" 
snapshots of the latter being assumed). 


In physics, all observation is 3-spatial, as is well known, And 3-space is, 
the realm of the observed. The EM energy from the vacuum is not received 
in 3-spatial (observable) form, else there would be no broken 3-symmetry 
of the dipolarity. 


We can also experimentally verify that there is no 3-space input of EM 
energy to the potential — e.g., to the potential between the ends of any 
source dipole, because we cannot measure any 3-space observable energy 
feeding the charges of the dipole. Instead, observable 3-space energy is 
continuously pouring out of the dipole. 


Let us continue now with the notion of a real dipole of separated source 
charges, with our "scalar potential” between its ends, so we have 
something concrete in mind. 


First, our instruments prove there is a continual emission of EM energy in 
all directions in 3-space (of the kind in that atrocious diagram; a "series of 
iterative film-snapshots"). That is the way it is conventionally represented, 
as if observed at each and every point successively in that 3-space, and 
along every radial. 
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But secondly, our instruments also prove there is no such observable input 
of EM energy in that same 3-space fo the dipole. Bummer! That is 
precisely what has stopped electrodynamicists from solving that vexing 
problem of where all the energy pouring out of the source dipole is coming 
from, and how! They unconsciously assume that the only possible source 
of the EM energy input is in 3-space. That is totally wrong. Further, the 
conservation of energy law does not require that energy be conserved in 
3-space! Instead, rigorously — if we are using a 4-space (i.e., spacetime) 
‘model — it requires that energy be conserved in 4-space. The assumption 
of the extra condition of 3-space energy conservation is an added and 
arbitrary extra condition. 


Since electrodynamics has not resolved this "source dipole and its 
associated fields and potentials” problem, it has stopped work on the 
problem and implied that every dipole in the universe is a perpetual motion 
machine, freely creating all that EM energy it continuously pours out 
across space, in all directions, creating its associated fields and potentials, 
‘That implicit assumption, if true, of course destroys the conservation of 
energy law. 


It isn’t true, and the energy conservation law is alive and well! 


We can experimentally prove that the source dipole does continuously 
pour out energy in all directions in 3-space, without ceasing, as follows: 


Ina gedanken experiment, we set instruments every 300 million meters or 
so, along a radial line from an origin in the lab. With the instruments and 
clocks synchronized, we suddenly form a dipole at the origin. One second 
later, the first instrument reads. A second later, the second instrument 
reads. And so on. But it is not a "passing pulse". Whatever reading the 
instrument makes as the forward edge of the energy flow reaches it, is then 
continuously maintained thereafter. This proves that the energy is poured 
out continuously and at the speed of light, and in any (and all) directions in 
3-space, and it continues to pour out at exactly the same rate so long as 
that dipole remains intact. 


Dipoles in the original matter of the universe have been pouring out EM 
energy in that fashion for some 14 billion years, and they have not 
“exhausted” their unobserved energy input source yet. 


‘A newly formed simple dipole, e.g., in one year will have poured out 
energy into a spherical volume of space that is a light-year in radius. Wait 
another year, and that volume of space whose energy density has been 
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changed will be two light years in radius. The dipoles in the original matter 
have filled the universe itself with that energy outpouring from them. 


In other words, an incredible amount of EM energy has been and is being 
poured out into space from every dipole in the universe.** And 
electrodynamicists have had not the foggiest notion of where that mind- 
boggling amount of outpoured EM energy has come from. 


Unless we wish to totally discard the conservation of energy law, we must 
have an equal input of energy from outside 3-space, going into every 
dipole continuously. In 4-space, that only leaves the fourth axis, along 
which and from which the input energy must move into the dipole. 


And so it does. If we re-interpret that phase conjugate half set of the 
Whittaker decomposition, before observation has occurred, it then is a 
harmonic set of longitudinal EM waves moving in the time-dimension, 
into the source dipole (parity is not inversed because no interaction with 
charge has occurred to shift it into 3-space. 


So voila! We have strangely (but quite rigorously) solved what Sen {100} 
referred to in this manner: "The connection between the field and its 
source has always been and still is the most difficult problem in classical 
and quantum electrodynamics." 


We express our reasoning as follows: (i) we know from particle physies 
that the source dipole™* is a broken 3-symmetry in its flux exchange with 
the vacuum, This means that we know the energy is received from the 
vacuum in an unobservable form, absorbed by the dipole, and emitted as 
observable EM energy. It remains to translate that into classical 
electrodynamics rather than quantum physics {101}. (ii) The time domain 
is the only domain outside 3-space, in the standard 4-space model. (iii) 
Anything in the time domain exclusively, is indeed nonobservable, since 
the [pr observation operator destroys time and all its internal structure and 
dynamics whenever observation occurs. (iv) Looking for a "3-space" input 
is looking for an "observable" EM energy input, which would in fact 
disagree with the known broken 3-symmetry of the source dipole. 


% Later we will see that, in a time-forward situation, the negative charge pours out 
positive EM energy while the positive charge may be said to pour out negative EM 
energy. Charge conservation then implies that an energy balance is maintained 
overall, 


+ Because of the broken symmetry of the opposite charges on its opposing ends. 
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Let me digress now to speak of fundamental units. As is well known, the 
fundamental units one chooses to make his physics model represent an 
arbitrary choice. One can, if one wishes, make a perfectly valid (but 
‘mentally nightmarish!) physics using only a single fundamental unit. In 
that case, all other "fundamental units" in the present model become 
functions of that single fundamental unit 


Suppose, e.g., that we make the joule our only fundamental unit. Then 
" becomes totally a function of energy — and we have no heartburn 
with that one since the Einstein revolution and the nuclear age. But then 
“time” also becomes totally a function of energy — and that surprises us, 
because we have unconsciously been taught (erroneously) that "time is a 
flowing river down which a mass drifts like a drifting boat". That is not the 
nature of time at all; the totality of the photon interactions with a mas 
create that mass's "motion through time". I can later explain that to you 
also, if you wish, but let us pass it for now. 


It turns out that time is spatial energy compacted by the factor c’, so it has 
the same energy density as mass, but in the time axis instead of 3-space. 
Intuitively, if we are interested in cause and effect, the energy of the cause 
(time) should be equal to the energy of the effect (in this case, mass). After 
one reflects a moment, one also sees that "time energy" is required to 
"drive" a mass through time, just as "spatial" energy is required to "drive" 
a mass through space. The notion that mass in an inertial frame moves 
through "empty space with no reaction” is false; it continually moves 
through the energetics of spacetime, and interacts continuously with it. 


Anyway, from still another viewpoint there is no magic in EM energy 
currents moving in the time domain! Quantum field theory already 
recognizes multiple polarizations of the photon, including transverse, 
longitudinal, and time-polarized. Thus, it implies a time-polarized EM 
wave also. A longitudinal EM wave moving in the time domain oscillates 
along its line of travel. That is indeed oscillating its energy density in the 
time domain, so that it is "time-polarized”. Hence it is a proper time- 
polarized EM wave, and appears to "gallop" {102} or vary its speed 
periodically. 


The solution to the "source dipole” problem is that the phase conjugate 
wave half-set of the Whittaker decomposition, when reinterpreted, is the 
incoming EM energy in the time domain, continuously input to the charges 
of the dipole. The charges interact in the imaginary plane (the time 
domain), and absorb the time-energy, then transduce it into 3-space, and 
emit it as Whittaker's set of real observable longitudinal EM waves in all 
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directions in 3-space (as observed). The time-energy waves that are input 
to the dipole cannot be observed, since observation destroys time and its 
constituents. 


All 3-spatial EM energy comes from the time domain! Broken 
3-symmetry of the source dipole immediately releases our arbitrary 
additional restriction on nature's energy conservation law — i.e., our 
insistence that the energy input for conservation must be input in 3-space. 
By removing these arbitrary "shackles" from nature's feet, we allow nature 
to joyously resume her much-preferred special 4-symmetry in EM energy 
flow: the circulation of EM energy from the time domain into 3-space, and 
outpouring of that energy in all directions in 3-space, at the speed of light 
4103} 


Now let us solve the source-charge problem as well. That one is now easy 
to resolve. 


‘We know from quantum mechanics that any "isolated" observable charge 
is actually clustered around by virtual charges of opposite sign. So we 
simply take one of these clustering opposite charges while it exists, and a 
differential piece of the observable charge, and we have a composite 
dipole. Hence the "isolated charge” may be represented as a grouping of 
such momentary dipoles, each (while it exists) with a scalar potential 
between its poles, and hence each subject to the same decomposition and 
reinterpretation we have done. 


‘That is why the source charge can "sit there" and pour out EM energy in 
3-space (as observed) continuously, and indefinitely. It is also 
continuously absorbing EM energy from the time domain. As a set of 
composite dipoles, it is a set of broken 3-symmetries in EM energy flow. 
Hence it exhibits nature's preferred 4-symmetry in energy flow, between 
the time-domain and 3-space. 


Note also that, to the 3-space observer, this 4-symmetry is purely 
negentropic. It is a continuous and ongoing (and expanding) reordering of 
the vacuum energy, in the form of the reinterpreted Whittaker 
decomposition. 


We can easily engineer negentropy! Just make a little dipole, and nature 
happily starts pouring out energy and reordering part of the vacuum, with 
that reordering spreading at the speed of light, steadily increasing all the 
while 

Reinterpreting Whittaker’s marvelous decomposition tells us many things: 
(i) the source charge or dipole does indeed continuously receive and 
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absorb its input energy from the time domain, (ii) it continuously 
transduces its absorbed energy to real 3-space energy (as observed!), and 
(ii) it continually outputs its absorbed and transduced time-energy as 
3-space energy emitted in all directions in 3-space (as continually 
observed). 


So the terrible foundations problem of the source charge and source dipole 
is resolved, and the energy conservation law is maintained. 


We have also uncovered a most important thing: Given a little broken 
3-symmetry in EM energy flow, t-symmetry in EM energy flow is also 
broken. A more primary 4-symmetry {104} between time-energy flow and 
3-space energy flow emerges automatically. In short, every potential, 
every dipolarity, and every charge is such a broken 3-symmetry and an 
example of the new, preferred 4-symmetry of EM flow, with input flow in 
the time-domain (nonobservable!) and output flow (as continually 
observed in a series of 3-snapshots) in all directions in 3-space. 


This also resolves the logical cause and effect problem for observation, 


This 4-symmetry is a purely negentropic process, once the dipole is 
established! Well, we should have known that from the gauge freedom 
axiom in gauge field theory anyway! That axiom says that we can change 
the potentials anytime, freely and at will. In electrodynamics, that means 
‘we can change the potentials at will, anytime we want to, But that means 
we can freely change the potential energy of a Maxwellian system at will, 
whenever we wish. It costs nothing — at least in theory; in the real world 
wwe have to pay a little for switching — to suddenly potentialize an EM 
system, prior to the time the Drude electrons relax and current flow begins. 


Thave applied this great new 4-symmetry in EM energy flow, that is freely 
evoked and persists indefinitely after one pays a little to make the dipole 
and thus produce a little broken 3-symmetry, to produce EM energy freely 
from the vacuum. Without going into it, I refer you to our forthcoming 
papers {105}. Indeed, we can use this negentropic process to extract as 
much EM energy from the vacuum as we wish, anywhere, anytime, for 
peanuts. Let us now move to discuss that area. 


First, we point out another astounding result that comes from resolving this 
‘source charge and source dipole” foundations problem. 


Generators do not use any of the shaft energy input to them — even in 
transduced form — to power their external circuits! A generator itself does 
not add a single watt to the power line, and neither does a battery's 
chemical energy dissipation add a single watt to its attached circuit. 


65 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


Neither does burning all those hydrocarbons, consuming all those nuclear 
fuel rods, building all those dams, ete. to provide our conventional power 
systems and grid. None of that enormous destruction of the biosphere and 
pollution of it has ever directly produced one watt on the electrical power 
line 


Just follow the energy flow, in light of what we now know. Here's how it 
works 


Typically, we burn some fuel to boil water and make steam, and use the 
steam to power a steam turbine, which forcibly rotates the shaft of the 
generator, thereby inputting mechanical shaft energy into the generator. So 
far, so good. That took care of all the hydrocarbon burning and fuel rod 
consuming, extracting and transporting the oil, ete. 


This input of the shaft energy forcibly rotates the rotor against internal 
resistance, forming an internal magnetic field. Assuming a 100% efficient 
generator with no internal losses whatsoever, this means that the 
‘mechanical shaft energy input has now been totally transduced into 
internal magnetic field energy. 


So what does that magnetic field energy do? It is totally dissipated upon 
the internal charges of the generator, performing work on them and forcing 
the positive charges in one direction and the negative charges in the other 
direction. That dissipation of the energy in the internal magnetic field 
forms a source dipole inside the generator, connected to the terminals: 


And that is all the generator does. Period. None of the energy transduced 
from that shaft input, went roaring out of the terminals and down through 
space outside the conductors of the power line. Not a single watt. So let us 
turn to particle physics to find out what happens next, because if does not 
yet appear in the electrodynamics model, even though proven. 


The internal source dipole, once formed, is a great broken symmetry in the 
vacuum flux, as we discussed and as is well known in particle physics. But 
the proven and well-known vacuum interaction with the generator and the 
dipole charges is not even modeled in the classical EM theory used by the 
scientists and engineers to build electrical power systems — much less a 
broken symmetry in that active exchange! That's atrocious, since it's been 
proven in particle physics for nearly a half century, Nobel prizes awarded, 
etc. But the hoary old 137-year old Maxwell-Heaviside model, further 
curtailed by Lorentz symmetrical regauging, does not incorporate what has 
already been proven in physics. [1 does not aceurately model the situation 
as it is and as it is known to be. 
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“phen it doesn't matter which way you go!” 


‘That's certainly true of 5G For Dummies, which, like Alice in 
Wonderland, is also destined to become a timeless classic! 


If you don’t know where you’re going, any chapter will get you 
there — but Chapter 1 might be a good place to start! However, 
if you see a particular topic that piques your interest, feel free to 
jump ahead to that chapter. Each chapter is written to stand on its 
‘own, so you can read this book in any order that suits you (though 
we don’t recommend upside down or backward). 


We promise you won't get lost falling down the rabbit hole! 


4, 3GFor Dummies, txia Special Edition 
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Let us continue, 


Once that dipole is formed, it extracts enormous EM energy from the 
vacuum, and pours it out of the terminals of the generator, filling space 
surrounding those conductors of the attached external power line. It is a 
huge EM energy flow, trillions of times larger than what we account after 
Lorentz taught us to disregard almost all of it."” 


Only the tiny little bit of that EM energy flow in space along and 
surrounding the conductors — the little "boundary layer" that skims down 
the surface of the conductors — will strike the surface charges in the 
conductors and get diverged into them to potentialize the Drude electrons 
and "power the power line and its circuits and loads". All the rest of the 
giant EM energy flow in space surrounding the conductors, and generally 
parallel to them, misses that power line entirely and is just wasted. 


Check the original papers by Poynting {4a, 4b} and by Heaviside {5a, Sb, 
5c}, who independently discovered the flow of EM energy through space 
{as if continually observed!) in the 1880s, after Maxwell was already dead 
I can furnish the citations required. From the beginning, Poynting only 
considered that component of the energy flow that actually enters the 
circuit. He considered only the "boundary layer" right on the conductor 
surfaces, so to speak 


Heaviside considered that component that enters the circuit, and also 
uncovered and recognized the gigantic component in the surrounding 
space that does nor enter the circuit but misses it entirely and is wasted. 
[Added] Here is Heaviside’s {106} own statement: 


“It [the energy transfer flow] takes place, in the vicinity 
of the wire, very nearly parallel to it, with a slight slope 
towards the wire... . Prof. Poynting, on the other hand, 
holds a different view, representing the transfer as nearly 
perpendicular to a wire, ie., with a slight departure from 


» However, contrary to what is in the textbooks, E* H energy flow is not in 
observable EM field form E and H until it interacts with charge. Instead, the flow is 
in the form of virtual energy currents in the vacuum. We point out that the fields E 
and H utilized in the Poynting energy flow theory are effects and not causes. They 
are rigorously defined as E and H only after the causal 4-fields have interacted with 
charge. E.g., E is “defined” as force per unit point massive charge — ie., as the 
force created by interaction of the “ 1" (curvature of spacetime) with a 
unit point charge. No unit point charge interaction, no force or force field intensity 
per interacting unit point charge. 
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the vertical. This difference of a quadrant can, I think, 
only arise from what seems to be a misconception on his 
part as to the nature of the electric field in the vicinity of 
4 wire supporting electric current. The lines of electric 
force are nearly perpendicular to the wire. The departure 
“from perpendicularity is usually so small that I have 
sometimes spoken of them as being perpendicular to it, as 
they practically are, before I recognized the great 
physical importance of the slight departure. It causes the 
convergence of energy into the wire.” [End of Added] 


But Heaviside had absolutely no explanation for the enormous and 
startling magnitude of this energy flow that "misses the surface charges of 
the conductors and is wasted”. You can see an elementary illustration of 
the "point intensity" of this Poynting diverged energy flow component in 
Kraus {107}. Kraus's figure 12-59, p. 576 shows a good drawing of the 
Poynting component being withdrawn from the total EM energy flow 
filling all space around the conductors [see our Figure 1-1 in the present 
chapter]."* Most of that available energy flow is not intercepted and thus 
not diverged into the circuit to power it, but just "wasted." The remaining 
huge component discovered by Heaviside is not shown on Kraus's 
diagram. Kraus's numbers on the contours represent the amount of power 
(watts per sq meter) being withdrawn from each contour, by the very 
limited axial movement of the electrons and the very ends of their 
associated fields into the wire.” 


2 ‘The energy flow in space near the surface of the wires strikes the surface 
electrons and their fields, potentalizing them and creating a force field with respect 
to inner electrons. This drives the surface electrons axially into the wire, since they 
can only move down the wire with the drift velocity, nominally on the order ofa few 
inches per hour. The short inwards drawing of those small portions of the fields and 
of the increased potentials attached to the charges that move into the wites, interacts 
‘with the internal charges in the interior of the wire, powering the Drude electrons 
throughout the conductor and the circuit. For a discussion of the importance of the 
surface charges, see J.D. Jackson, "Surface charges on circuit wires and resistors 
play three roles," dm. J. Phys., 64(7), July 1996, p. 855-870. 


Obviously the increased fields on the withdrawing surface charges reach toward 
infinity radially outward from the wire, Thus most of this increased field on a 
withdrawing electron remains outside the wire, radially reaching toward infinity, 
since the electron and its field cannot be withdrawn further than the diameter of the 
wire. As the surface charges and their fields change in Jackson's discussion, 
obviously those distant parts of the field remain outside the conductors. Hence there 
remains an extensive field and field energy outside the conductors and the circuits 
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So Heaviside {106} spoke cautiously of the angles and relative directions 
of the flow components; he did not wish to be scientifically destroyed for 
pointing out such an inexplicably large EM energy flow, far larger than the 
known energy input to the generator. There was then no such thing yet 
discovered as the electron, the atom, the nucleus, special relativity, general 
relativity, quantum mechanics, the active vacuum, ete. Poynting {4a, 4b} 
never even thought of the "nondiverged component that misses the 
circuit", nor did he consider it 


Lorentz, however, understood the extra Heaviside component and its vast 
‘magnitude, but he also could not explain it in any fashion, Even the great 
Lorentz could not risk publishing or advocating such an enormous energy 
flow, lest he be called a "perpetual motion nut" and destroyed. So he 
reasoned that, since that stupendous nondiverged energy flow component 
misses the circuit and powers nothing, it has "no physical significance" 
(his words), 


Jackson in his famous 1975 Classical Electrodynamics, 2nd edition, uses 
essentially the same phrase {108a} as did Lorentz. And so do most other 
electrodynamicists. 


So Lorentz {109} originated a little trick of integrating the energy flow 
vector itself around a closed surface surrounding any volume element of 
interest. Obviously, that zeros all nondiverging EM energy flows — 
including precisely that inexplicable and enormous Heaviside "dark 
energy” component. The integration trick does retain that small, diverged 
Poynting component that enters the circuit. In addition, our instruments 
‘measure energy dissipation from the circuit, and the energy has to enter the 
circuit to he dissipated from it. So our instruments and their measurements 
will indeed agree with the Poynting energy flow component. Lorentz thus 
arbitrarily discarded accountability of trillions of times as much EM 
energy flow as was retained and accounted, 


Ina later book by Lorentz, one can see that little trick {109} that is still 
used by electrodynamicists {110} 


that is never drawn into the wire. Additional separate receiver circuits with resistive 
loads, adroitly placed in this “externally remaining" field energy flow, can be made 
to intercept additional EM energy and will perform additional work in those external 
loads in the secondary circuits, separate from powering the loads in the primary 
circuit. 
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The Lorentz trick does not cancel the actual flow of the Heaviside dark 
energy component around every circuit! It just drops it from any 
accountability. 


Indeed, we do precisely a similar thing for the "field" and the "potential", 
There is not a single text in the U.S. that calculates the magnitude of the 
field itself, prior to point interaction. Instead, we are taught to calculate the 
reaction of that field at a point in it, with a unit point static charge at that 
point. In short, we calculate what is actually locally diverged from the 
field or potential by that little point static unit charge, and call it "the 
‘magnitude of the field”. At best, it is indicative of the field intensity at a 
point, because we have prescribed the magnitude of the static point 
charge's reaction cross section with the field, nof the overall magnitude of 
the entire field itself. Another major non sequitur! By identifying the 
"field" as "that which is diverged from it", we gravely err. We do the same 
for the potential, again using its reaction cross section for a unit point 
charge at a point in the potential. 


‘There is hardly a living electrodynamicist, it seems, who has calculated the 
‘magnitude of the field itself, or of the potential itself! All calculate the 
respective reaction cross section (and the static reaction cross section at 
that!) and erroneously call that the "magnitude of the field" or the 
"magnitude of the potential”. It is no such thing. No thing filling all space 
is identical to a little something diverted from one point in itself, else we 
discard all logic. 


Now we can return to our source dipole and its extraction of an enormous 
energy flow from the vacuum, once we account for the long-neglected (for 
‘more than a century) Heaviside dark (nondiverged, unaccounted) energy 
flow component. That is the essence of one of my papers {111} 


The easiest thing in the world to do is to extract enormous usable EM 
energy flow from the vacuum, from the time domain. Every circuit and 
every electrical power system already does it, and every electrical power 
system is powered by vacuum energy, nor by burning all that coal, oil, ete. 
None of that does anything to actually power the circuit. It only makes 
dipoles 


If you will check the characteristics of the ubiquitous closed current loop 
circuit, you will discover a diabolical thing: that closed current loop circuit 
forces all the spent (depotentialized) electrons from the ground return line 
back through the source dipole (back through the back emf). It is easily 
shown that precisely half the energy collected in the circuit from that 
feeble Poynting energy flow component is then used to perform work on 
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those dipole charges and scatter them, thereby destroying the source dipole 
and abruptly shutting off all energy extraction from the vacuum. The other 
half of the collected Poynting energy is dissipated in the external loads and 
losses. That means that half the collected Poynting energy is used to kill 
the source dipole, and less than half is used to power the loads {112}, 


Well, we must input at least as much energy (assuming a 100% efficient 
generator with no losses) to the shaft of the generator to restore the dipole, 
as was used to destroy it. This means we shall always have to input more 
energy to the generator shaft, than we get dissipated in the loads. 


‘That is precisely what is responsible for our ubiquitous COP<1.0 systems 
COP is Coefficient of Performance, and is the average load power output 
in the external circuit divided by the average shaft power we pay to input 
to the generator. 


COP < 1.0 comes from (i) the ubiquitous usage of the closed-current-loop 
circuit, and (ii) the prevailing notion that electrical power systems far from 
equilibrium in their energetic exchange with the active vacuum are 
impossible to build. In fact, every electrical power system is already just 
such a COP > 1.0 system, as far as the energy flow out of the generator or 
battery — compared to the shaft input energy to the generator or battery — 
is concemed 


‘As is well-known in the thermodynamics of open systems far from 
equilibrium with their active environment (in this case, the active vacuum), 
such a system is permitted to: (1) self-organize, (2) self-oscillate or self 
rotate, (3) output more energy than the operator himself must input to the 
system (the excess energy being freely received from the active 
environment, in this case the active vacuum), (4) power itself and its loads 
simultaneously (all the energy being freely received from the active 
environment, in this case the active vacuum), and (5) exhibit negentropy. 


But by designing all our systems so that they use more of their collected 
energy from the vacuum to kill their source dipoles than they use to power 
their loads, we have foolishly wasted the planet's resources, vastly 
overcharged the consumer, artificially created a great energy crisis, 
fomented wars for precious oil and other energy resources, polluted the 
planet, enhanced global warming, and strangled species. 


In short, we pay the power company to have a giant wrestling match inside 
its generators and lose! And we pay our electrical engineers to keep 
designing and building such asinine systems! 
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This sad state of affairs is what is now upon us asa great and increasing 
energy crisis, polluting and destroying the biosphere, etc. and threatening 
to eventually collapse the world economy. 


It is astounding that, since the basis for the above has been in physics for 
nearly a century (Whittaker decomposition) and for nearly a half century 
(broken 3-symmetry of the source dipole, as well as the active vacuum), 
the hoary old classical EM model has not been updated to incorporate what 
has already been proven in particle physics. Such is inexplicable and 
unconscionable. 


It is also astounding that no electrical engineer realizes that energy 
extracted from the vacuum powers every electrical power system, and few 
if any professors are aware of it either. 


This is where your cogent realization of the terrible non sequitur in that 
atrocious "wave in 3-space” standard diagram leads. 


Our AIAS (Alpha Foundation’s Institute for Advanced Study) advanced 
theorists now have a series of papers published in the hard literature 
pointing out the feasibility of extracting EM energy from the vacuum 
{113a, 113b}. About 20 other AIAS papers along such lines or related 
have been submitted to the various journals and are in the referee process. 


I just wanted to contact you informally and, for your personal information, 
show you how perceptive and correct your objection to that atrocious 
diagram is. You have lifted the corner of the veil on electrodynamics! 
confusion between effect and cause, with effect being widely used as the 
cause. The entire notion of a "separate force” acting on a "separate mass" 
in mechanics is also a non sequitur. If we define force as F? y/pe(my), 

then we see that mass is a component of force! So here is another major 
and uncorrected non sequitur. This one was also largely responsible for the 
dichotomy of the field concept, where the "same field” is used in both a 
force (mass-containing) manner and a force-free (without mass) manner, as 
if the two were the same! 


I very much enjoyed your editorial, and would urge you to publish 
additional material along that same vein. You are striking at the very heart 
of the problem, and every bit of insight and change in those terrible non 
sequiturs will result in enormous progress in electrodynamics and physi 


Sincerely, 


Tom Bearden, Ph.D. 
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Lt. Col., U.S. Army (Retired) 


Director, Association of Distinguished American Scientists 


Fellow Emeritus, Alpha Foundation’s Institute for Advanced Study 
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Chapter 2 
Background and Concepts 


" [Hypotheses made without realizing that they are being 
made] ...are what Poincare has called "unconscious" or 
“natural” hypotheses —a type which one hardly ever 
challenges, for it seems too unlikely that we could make 
progress without them. Nevertheless it should be the 
endeavor ofthe physicist always to drag them out into the 
light ofday, so that it may be perfectly clear what we are 
actually doing.” (Lindsay and Margenau] (114} 


"Equilibrium states are the only ones that are capable of 
explicit analysis in thermodynamics..." {Lindsay and 
Margenau] {115} 


"Non-equilibrium conditions cannot be specified by 

variables ofstate, and their entropy cannot be computed. 
the condition ofequilibrium is the condition of 

‘maximum entropy." [Lindsay and Margenau] {116} 


2.1 Comments on the Foundations of Classical 
Electrodynamics 


2.1.1 Faraday, Maxwell, Quaternions, and Heaviside 

For our purposes, we start with the important experiments of Faraday 
{117}, which produced experimental integration of electricity and 
magnetics (118). Faraday's own work contained very little mathematics, 
and so he himself did not capture his own seminal experimental work in 
adequate theoretical fashion. ‘That task was undertaken by James Clerk 
Maxwell {119a, 119b}, who deliberately set about to capture Faraday's 
results in a proper mathematical theory, using quaternion-like and vector 
expressions. Ofthe quaternion algebra, Maxwell had this to say {120} 


"the virtue ofthe 4nions lies not so much as yet in 
solving hard questions as in enabling us to see the 
‘meaning ofthe question and its solutions. " 
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Quaternion algebra (121a, 121b} is an advanced algebra created by 
William Rowan Hamilton, brilliant Irish mathematician. Hamilton was 
widely regarded as a "new Newton" by his peers. Hamilton coined the 
word "vector", wrote two books on quaternions, and hoped the books 
would find extensive use in physics. Vectors and tensors later came to 
suffice for most problems of that day, and so quatenions faded to the 
background. 


Hamilton also grasped the importance of a science of time, and realized 
that such a science was possible. E.g., in 1837 Hamilton stated: 


"The notion oftime may he unfolded into an independent 
pure science... a science ofpure time is possible.” 


In that statement, Hamilton anticipated that a physics model can be 
comprised using only a single fundamental unit, and that unit could be the 
second, 


In the early 1890s, quaternions in electrodynamics were discarded in a 
short "debate", mostly in the journal Nature, and vector electromagnetics 
was adopted. So Maxwell's 20 quaternion equations {20} in some 20 
unknowns contain a wealth of electrodynamics {122} that is not included 
in Heaviside’s {123} later vector curtailment after Maxwell's death, or in 
the modem tensor formulation. As an example, Nikola Tesla's patented 
circuits cannot be properly understood in either a vector EM or tensor EM 
analysis. However, very novel functions performed in them can be seen in 
a quaternion EM analysis, as has been clearly shown by Barrett {124}. 
Any electrodynamicist, who has looked at Tesla's work only in terms of 
tensor or vector classical electrodynamics, has no concept of what Tesla 
was actually doing. Since that is precisely how most academics have 
examined Tesla's work, they have had little idea ofthe functions he was 
actually able to accomplish in circuits — functions that U.S. electrical 
engineering departments still cannot perform. 


Along with other electrodynamicists at the time, Faraday and Maxwell 
believed in a material ether — a thin material fluid filling all space. Hence 
there was thought to be no point in the universe that was devoid of mass. 
For that reason, the EM field conceived in mass and the EM field 
conceived in "space" — actually, in the "luminiferous ether" thought to fill 
all space — were identically force fields and material entities, at least in 
the minds of the electrodynamicists at the time. The equations of Maxwell, 
the later truncation by Heaviside and others, and the final truncation by 
Lorentz are all still material fluid flow models. They still assume the 
material luminiferous ether, more than a century after its falsification. 


% 


» Recapping a century of innovation in 
wireless communications 


» Addressing speed, scale, and 
responsiveness with 5G networks 


» Unlocking the five key fundamentals 
ofS 


Chapter 1 
Understanding the 
Journey to a 5G Future 


n this chapter, you take a glimpse back at the evolution of wire 
less communications and a look ahead to the 5 future. 


n of Wireless 


Tracing the Evolu 
Communications 


For more than a century, radio technology has been enabling 
wireless communications over ever greater distances and with 
ever greater capabilities. 


In the late nineteenth century, Guglielmo Marconi built the first 
wireless telegraphy system, capable of transmitting Morse code 
via radio signals up to one-half mile. Today, more than seven 
billion mobile devices enable us to communicate with anyone, 
anywhere in the world. 


‘The first truly mobile two-way radio was developed in 1923 and 
used in Australian police cars — although it took up the entire 
back seat of a patrol car. Hand-held radios — “walkie-talkies” — 
were first used in World War Il. 
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See again Figure 1-3 in Chapter 1. Contrary to the conventional view, 
force is not a fundamental causative entity, but is a system of two coupled 
entities. It involves a nonobservable, dynamic, causative 4-space entity 
(which may be modeled as a curvature of spacetime) interacting with a 
previous "frozen" observable (a 3-space mass). The output of this 
interaction is another observable (i.e., a change to the previous observable 
or an iterative output of its replica). Observables do not continuously exist, 
but continually recur as continual outputs of the iterative observation 
process (photon interaction), 


Mass is a component of force, as is apparent if we define force F as 
Fe=d/dt(mv), which gives F = m(dv/dt) + v(dmv/dt). Both terms on the 
right ofthe expansion contain mass; hence force F contains mass as a 
component. Both terms on the right also contain nonmass terms; hence 
force F also contains nonmass coupled to and interacting with mass. So 
there can be a force generated by a nonmassive non-force entity in 
spacetime interacting with a mass, and the force only exists when that 
interaction is ongoing. The ether was erroneously considered to be a 
material system, containing mass, and hence capable of supporting a force. 
Maxwell modeled his fields (in what we know today to be mass-free 
space) as material force fields in the material ether. 


In the 1880s, the Michelson-Morley experiments {125a-125d) destroyed 
the material ether. However, the fundamental Maxwell-Heaviside 
equations assuming those material force fields in the vacuum — which 
depended on the notion of a material ether and are a function of it — have 
never been altered, even to this day. Instead, electrodynamicists just 
assume the force "somehow" goes to zero in the field in space, but the 
same field remains. The equations still assume the same old material ether. 


This is a non sequitur; a force field cannot be the same as a force-free non- 
force field. As an example, the EM force field in observable matter is an 
‘output of observation. It is therefore a 3-space effect containing mass. The 
force-free field in mass-free spacetime (4-space) is a causal 4-space 
component of massless spacetime. A priori, it exists prior to interacting 
with the charged mass. It contains no observable mass and hence no force 
since mass is a necessary component of force. It independently exists 
without the presence ofthe charged mass at all. 


In short, the field in massless spacetime is a specialized curvature 
(changed region) of that spacetime. Spacetime consists of spacetime, to 
slate a tautology. Once one fixes the concept of the medium, then any 
changes to the medium can only consist of "medium-stuff. So any 
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“changes” in spacetime can only be changes of 4-space itself, in the 
Einstein general relativity sense. This area is handled quite well by Sach: 
unified field theory {126a, 126b), extending and completing the work of 
Einstein. 


Sachs’ epochal theory provides a great generalization of general relativity 
and electrodynamics reaching from the quarks and gluons to the entire 
universe. Further, Evans’ extension of electrodynamics into a higher 0(3) 
group symmetry turns out to be demonstrably a special subset of Sachs’ 
electrodynamics.”” Hence, for the first time, an electromagnetically 
engineerable unified field theory is available. Much of general relativity, 
quantum mechanics, etc. can be engineered directly by Evans’ 
electrodynamics subset of Sachs’ overall unified field theory. | am much 
indebted to Evans {127} for the following statement with respect to O(3) 
electrodynamics: 


“In 1992 it was shown (Phusica B. 192, 227, 237 (1992)] 
that there exists a longitudinal component offree space 
electromagnetism, a component which is phaseless and 
propagates with the transverse components. Later this 
was developed into a Yang-Mills theory of 
electromagnetism with O(3) Lagrangian symmetry. This 
theory is homomorphic with Barrett's SU(2) 
electrodynamics and hasfar reaching implications infield 
theory in general. Recently it has been recognized to be a 
sub theory ofthe Sachs theory ofelectromagnetism, based 
on the irreducible representations ofthe Einstein group of 
general relativity." The Sachs theory produces a non- 
Abelian structure for the electromagnetic field tensor. The 
(0(3) electromagnetism also has implications for the 
potential ability ofextracting energy from the vacuum, 
and its topological implications are currently being 
investigated by Ranada, The O(3) electromagnetism has, 
been tested extensively against empirical data, and 
succeeds in describing interferometric effects and 


“Eg, see M. W. Evans, "The Link Between the Sachs and 0(3) Theories of 
Electrodynamics,” in M. W. Evans (Ed.), Modem Nonlinear Opties, Second Edition, 
Wiley, 2001, part 2, p. 469-404 


41 Evans et al, Derivation of 0(3) Electrodynamics from the Imeducible 
Representations ofthe Einstein Group," Found. Phys. Lett, 15(2), Apr. 2002, p. 179- 
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physical optical effects where the conventional Maxwell- 
Heaviside theoryfails. Implicit in both the (3) and Sachs 
theories ofelectromagnetism is the ability to extract 
electromagnetic energy from curved space-time. Working 
devices based on this ability would help solve the current 
energy crisis.” 


2.1.2 Mass Is a Component of Force 

‘The dichotomy of using the field concept in two mutually contradictory 
fashions as something massless and also as something massive — still 
unresolved in electrodynamics — is clearly summarized by Jackson's 
important statement {128} of the prevailing view: 


"Most classical electrodynamicists continue to adhere to 
the notion that the EM force field exists as such in the 
vacuum, but do admit thatphysically measurable 
quantities such asforce somehow involve the product of 
charge and field." 


In trying to rationalize the "massive field versus massless field” 
dichotomy, Jackson {129} also states: 


the thing that eventually gets measured is aforce. 
"At the moment, the electric field can be defined as the 
force per unit charge acting at a given point.” 


Actually, field is not force, so cannot be force per unit charge. Field 
produces force when it interacts upon charge. Causing something as an 
effect, but then being that same effect identically, is a confusion of cause 
and effect and a non sequitur. 


‘We point out that spacetime is charged, but with observably massless 
(virtual) charge. So the field in spacetime is observably massless and 
therefore observably force-free. ‘That massless field then interacts with an 
observable massive charge in the “observable” world, to create an 
observable force and an observable forcefield. In space, from a quantum 
mechanical view we may consider the field to have virtual force x time, 
since the field may be regarded as a curvature of spacetime acting upon the 
virtual charged masses in the ever-bubbling virtual particle fluctuations of 
the vacuum permitted by the Heisenberg uncertainty principle. 
Nonetheless, that is only the "potentiality" for an observable force, as 
pointed out by Feynman and Wheeler, should the field — including its 
interactions with the virtual charges of the vacuum to produce forces and 
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accelerations on those virtual particles — interact upon an observable 
charged mass. 


Obviously, the force-free field as a product of spacetime curvature and 
massless (virtual) charge, and the force field as a product of that 
observably force-free field but virtual force field (in the vacuum) with 
observable charged mass, cannot be the same thing. Assuming they are the 
same assumes an oxymoron, and confuses cause and effect. This illustrates 
the continuing dreadful foundations difficulties propagated in classical 
electrodynamics. 


To resolve these EM foundations difficulties so long maintained and 
cherished as dogma, the scientific community at the highest priority should 
(1) fund extensive and rapid work by our very best theoreticians and 
foundations physicists to heal these century-old festering sores, (2) extend 
electrodynamics back to a higher group symmetry theory, as in O(3) EM 
theory for example, and (3) provide a rigorous dictionary of science 
foundations concepts and terms which does contain valid definitions and 
full discussions — clearing misdefinitions and disinformation now notable 
in the electrodynamics literature. 


Nobelist Feynman, co-founder of quantum electrodynamics, was careful to 
state the notion ofthe field in mass-free space very differently. Quoting 
Feynman {130}: 


"the existence ofthe positive charge, in some sense, 
distorts, or creates a "condition" in space, so that when 
we put the negative charge in, itfeels aforce. This 
potentiality for producing aforce is called an electric 
field.” 


Feynman's imagery clearly invokes a "distortion condition in spacetime" 
(131), eventually coupled to a charged mass and interacting with it — and 
then one has a force and a force field. He erred in still somewhat making 
the force separate from the charged mass, in the phrase "it feels a force” — 
which ignores the fact that the mass of the interacting charge is a 
component ofthe force, not separate from it and not "feeling it as a 
separate external thing". He pointed out that the field in spacetime 
represents only the potential for a force field, if a charge should be placed 
there. And he points out that the field is a "condition in space” — in the 
full sense, a condition in spacetime. 


We comment that, in a sense, spacetime and vacuum may be considered 
one and the same. Vacuum contains many fluctuations and virtual state 
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dynamics, all of which are curvatures of spacetime or produce curvatures 
ofspacetime. Vacuum has energy density, and is therefore a potential. This 
energy density has dynamics, so the ambient vacuum potential has 
dynamics, and so therefore does spacetime {132} 


However, a dynamic ofthe potential is precisely what a field is. It follows 
that dynamics of spacetime are what fields are. So fields (as force-free 
entities in spacetime) may be taken more accurately as the dynamics of the 
vacuum-spacetime, or as dynamics of the ambient vacuum-spacetime 
potential, or as dynamics of the ambient curvature of spacetime. 


Again quoting Feynman {133): 


"We may think of E(x, y, z, t) and B(x, y, z, t) as giving the 

forces that would be experienced at the time t by a charge 
located at (x, y, 2), with the condition thatplacing the 
charge there did not disturb the positions or motion ofall 
the other charges responsiblefor the fields.” 


Here Feynman very clearly shows that E and B involve functions of 
spacetime (x, y, z, 1) only, prior to interaction, but do not physically exist 
until interaction with charge has occurred. But he has not quite yet 
completely eliminated the "force field" as a separate force acting on the 
charged matter independently. This centuries-old fundamental mistake in 
mechanics — that force is independent of and external to mass — has 
simply been propagated into electrodynamics, without correction. 
Physicists such as Feynman and Wheeler have been trying very hard to 
correct it. 


‘The observed/measured force field is an output of observation, and 
observation is a d/dt operator imposed upon spacetime LLLT. All 
observables are 3-spatial, and any observation is an instantly frozen 
"3-space snapshot” at a single point in time. A single observation has no 
temporal existence apriori, since it is only an instantaneous 3-space 
snapshot existing at one moment only. Hence an observable — being, 
3-spatial and frozen — does not persist as such in time. Indeed, the next 
instant after an observation, that particular snapshot does not exist any 
more. [Refer again to Figure 13 in Chapter 1] 


2.1.3 Mechanism for the Flow of Time and Related Matters 
It is well recognized that the nature of time is itself an unresolved 
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question. For our purposes, we are interested in the energetics" approach. 
So we apply that approach to arrive at a mechanism generating the 
“flow of an object through time". First we will choose our fundamental 
units. 


2.1.3.1 Getting Creative with Fundamental Units 

In physics, the choice of fundamental units one chooses for one's model is 
arbitrary. Usually mass, length, time, and charge are used, but a perfectly 
valid model can be generated using only a single fundamental unit. 


This is well known to modern physicists and leading electrodynamicists, 
but sometimes comes as a shock to electrical engineers! Jackson {134} 
expresses it very succinctly: Quoting: 


"For example, theoreticalphysicists active in relativistic 
quantum field theory and the theory ofelementary 
particles find it convenient to choose the universal 
constants such as Planck's quantum ofaction and the 
velocity oflight in vacuum to be dimensionless and ofunit 
magnitude. The resulting system ofunits (called ‘natural’ 
units) has only one basic unit, customarily chosen to be 
length, All quantities, whether length or time orforce or 
energy, etc., are expressed in terms ofthis one unit and 
have dimensions which are powers ofits dimension. There 
is nothing contrived or less fundamental about such a 
system than one involving the meter, the kilogram, and the 
second as basic units. Itis merely a matter of 
convenience.” 


So let us consider what happens if we use the joule as the single 
fundamental unit for a model of physics. Then each of the entities "mass' 
“length”, “time,” and "charge" will become totally a function of energy. 
Since the dawn of relativity and the nuclear age, the notion that "mass is 
energy" is no problem, and everyone is familiar with Einstein's E = mc 
Solving for m in that expression, one realizes that spatial energy E has 
been compressed by the factor c*, to yield what is called "mass m". More 
rigorously, compressing the 3-space energy by the factor ¢ , and then 
leaving it in 3-space, produces what we call "mass". However, ifwe 


 Bnergetics is an old term from the early birthing days ofelectrodynamics. Russian 
scientists resurrected the term to cover their use of an expanded electrodynamics in a 
unified field-engineering manner, particularly in new superweapons developed and 
tested after WW II and deployed in 1963 and subsequently. 
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remove it from 3-space and place it over on the fourth Minkowski axis ict, 
it becomes what we call "time" because ris the only variable in ict. Hence 
time has or can have similar energy density to mass. Specifically 
1 sec => 9x10"° joules of spatial EM energy, when transduced 
(decompressed) into spatial energy by a transducing charge. 


In our new model using only the joule for our fundamental unit, we can 
also legitimately state that "time is energy", and be rigorously accurate. In 
that case, we must see what happens to 3-space EM energy when it 

shifted to the time domain. 


First, we take "EM energy in 3-space” as EM wave energy, in the usual 
transverse EM wave model (see Figure 14 of Chapter 1) ofa field entity, 
We choose, say, the vector E oscillating in the x-direction, and another 
field entity (say, the vector B) oscillating in the y-direction. If we then 
rotate each of these vectors into the time axis, then that is an orthogonal 
rotation for each, which is what the velocity c actually is. So we have to 
do two orthogonal rotations, and the two resulting c's multiply to give c*. 
With these two orthogonal rotations into the time axis, we have completely 
rotated the EM field wave energy vectors into the time axis. We have also 
compressed that EM field energy by c’. 


Hence "time as energy" is just EM spatial energy compressed by the factor 
’, but rotated into the time-axis as "time" rather than remaining in 3-space 
as "mass". Again, by this second analogy time has the same energy density 
as mass, but the highly compressed spatial energy has been rotated into the 
time domain to "produce time” rather than remaining in 3-space to 
"produce mass” {135} 


‘This sheds new light upon the scalar (time-polarized) photon of quantum. 
field theory. Note that, prior to compression of the wave energy into time, 
the magnitude ofthe electric field £ in the EM wave was oscillating 
lengthwise along its x-direction, which means that, with respect to x, it 
was a longitudinal EM wave. A similar consideration exists for the 
oscillation of the magnitude of B in the y-axis. Along the time-axis, we 
also have a "time-energy" vector having magnitude, and the magnitude of 
that time-energy can only vary along the time axis. Oscillating the time 
energy produces a longitudinal EM wave in the time dimension (on the 
fourth axis). What is actually varying is the time-density itself. This is a 
time-polarized or scalar EM wave, where by use ofthe term "scalar" we 
mean that it has no vector component in 3-space. In fact, this variability of 
time density produces a "galloping motion” in the speed of light itself, 
which has been recognized (136). 
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We have uncovered a direct connection between the time-polarized EM 
wave (which can only oscillate its time-energy magnitude longitudinally in 
the time-domain) and the longitudinal EM wave in space. Such waves can 
only be observed when coupled or paired with an interaction existing 
between them, very similar to what Mandl and Shaw (167, 168) argue for 
the time-polarized and longitudinal photons of quantum field theory. 


Again see Figure 13 in Chapter 1. Any observable is an instantaneous, 
frozen 3-spatial snapshot (or 3-intersection) of a 4-dimensional ongoing 
event. "Observation" itself may be taken as a process where a d/dt operator 
is invoked upon 4-space (spacetime), leaving a purely 3-spatial output. 
However, the resulting observable does not "exist or persist in time”, since 
rigorously it is what was "caught" in only a single, frozen "3-slice” at one 
single instant, forever fixed. 


For that reason, time is not an observable. It cannot be directly observed, 
even in principle, since apriori it is discarded by the observation process 
itself! 


For further work along such lines, we recommend the Sachs unification 
approach to a combined general relativity, quantum mechanics, and 
electrodynamics, generalized from a topological standpoint {126a, 126b} 
To work electromagnetically in that theoretical approach, we recommend 
the 0(3) electrodynamics as extended by Evans (137a, 137b} 


2.1.3.2. The Four Polarizations of Photons and EM Waves 

In quantum field theory, four polarizations of a photon are recognized 
{138}. These are the x-, y-, z-, and /-polarizations, where x-, y-, 2- and t- 
are assumed as the four dimensions in a 4-space. By agreement, 2- is used 
as the direction of motion of a free photon or an electromagnetic wave. So 
at least in theory, there must also be four polarizations of electromagnetic 
waves, even though not all these waves are yet experimentally known. 


The x- and y- polarizations are the familiar transverse photon and the 
transverse wave. The z- polarization along the line of propagation gives the 
longitudinal photon in 3-space and the longitudinal EM wave in 3-space.“* 


‘Here weareapplyingtheconventionalmodelofthe"EMwaveinspace”, whichis 
knowntobeerroneousbutisinubiquitoususage. See Romer, {84} forascathing 
characterizationofthaterroneousmode|Butherewearestuckwithit,sowilluseit 
as “just a mode!” 
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2.1.3.3 Imperfect Longitudinal EM Waves in 3-Space 
When attempting to produce longitudinal EM waves (LWs) in 3-space, 
from transverse EM waves (TWS) input to some sort of polarization 
transduction process, only imperfect LWs are produced and a residue of 
TW content remains. The resulting imperfect LW is referred to as an 
undistortedprogressive wave (UPW). Some work has been done on UPWs. 
{139}. UPWs are expected to have remarkable characteristics including 
wave velocities either slower or faster than c (140) 


‘The r polarization in the time dimension is quite unique: The spatial 
energy overall is in equilibrium and not vibrating at all; instead, the energy 
of the photon or wave is vibrating in the time domain and therefore exists 
in the time domain, That is called a "scalar photon” (time-polarized 
photon). Its wave version does not yet seem to be known in the literature, 
although in 2000 we uncovered its secret hiding place (12). It was 
unexpectedly hiding in Whitaker's {85} decomposition of the scalar 
potential in 1903, but had been slightly misinterpreted, 


21.3.4 Photons and EM Waves Carry Energy and Time 
On the other hand, the concept of "EM waves flowing in 3-space" may be 
in need ofa thorough overhaul {141}. A photon y is a "piece of angular 
momentum" in the form of y = (dE)(dr). Hence the photon carries an 
increment of spatial energy dE and also an increment of time-energy dt 
‘The time-energy component (di) may be regarded as ordinary spatial 
energy that has been compressed by the factor c” {142} 


‘As can be seen, since ¢ represents an orthogonal rotation in n-space, the 
multiplication or division by c and by powers ofc changes the 
dimensionality of an entity, as seen by the observer in the laboratory 
frame. 


So the photon transports two types of energy: (i) a "weak spring” (spatial, 
decompressed) energy dE, so to speak, and (ii) a "very stout spring” (time) 
energy df, so to speak. 


When a mass m absorbs a photon (dE)(dt), the (dE) component is 
‘compressed spatially by c’, turning it into an extra amount of mass dm, so 
that the mass becomes (m + din)*dt the same time, the (dt) component is 
joined, so that what results is (m + dj"dt_ In short, mass m is changed to 

masstime mt by photon absorption, So in the absorption of a photon y by a 
mass m, we have 


yetm-> (dE(dt) + m -> (m + dinjdt 
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In short, the mass m turns into masstime mt, by absorbing a photon, and 
masstime mt is as different from mass m as impulse Fr is different from. 
force F. We point out that "mass" m alone does not even exist in time, but 
masstime mt does exist in time. This is proposed as a simple but 
fundamental correction to much of present physics. Further, the state "mt" 
is an excited, time-charged state, excited by very dense time-energy. 


For the simplest case, in the next instant the excited state mt decays and a 
photon is re-emitted, and so we have 


(m + dm) At ~» (AE)(At) + m > y+ m 12] 


So emission of a photon changes the excited masstime state (time-charged 
state) back to mass (uncharged state with respect to time-charging), in the 
simplest case. 


See again Figure 13 in Chapter 1. "Observation" and "observable change" 
are in fact generated by the photon interaction. The total photon interaction 
with a mass creates the "flow ofthat mass” through spacetime, 
‘macroscopically as seen by the observer and microscopically in myriad 
streams of virtual time changes. Mass is continually charged to the 
masstime state, and the masstime state is continually decayed to the mass 
state. Time flow itselfthus has a myriad internal EM energy streams and a 
vast dynamic EM energy substructure. 


The photon itselfis not observable, as it exists prior to interaction. It is 
thus a “causal” entity in 4-space. It is nora simple 3-space observed 
"frozen snapshot" particle! When the causal photon is absorbed, its spatial 
energy component goes through the ¢ compression function, thus adding a 
small amount of new mass to the previous mass (previous effect), but 
simultaneously connecting its dr time-tail, so that the slightly increased 
mass in fact now exists as masstime and not mass. Observation has not 
been completed at that point. 


In the next instant, a photon is re-emitted (from masstime, never from 
mass!), in the simplest case removing that extra little mass increase and 
orthogonally rotating it back into 3-spatial EM energy, coupling that 
spatial energy increment dE to that "time-tail" dr and tearing it away as the 
photon is re-emitted. That leaves behind a frozen 3-space snapshot of the 
mass (the interacting particle) and completes the "observation". In the 
simple case, this is a replica of the previous particle (frozen 3-space 
snapshot) with which the causal photon interacted. So this process 
accounts for the so-called "persistence in time” of an object or mass, as 
seen by the observer's continual recall process accompanying his stream of 
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In 1973, the first call on a hand-held cellular phone was made — 
the cellular phone was described as a “brick” weighing nearly 
two pounds, with just 30 minutes of talk time and a ten-hour 
battery recharge time. Ten years later, Motorola introduced the 
DynaTAC phone, weighing just one pound and costing $3,500. 


‘To support modern wireless communications, cellular networks 
have evolved over several generations, as follows: 


2 1G (analog cellular): The frst analog cellular service was 
launched in Japan in 1979, n 1983, the Advanced Mobile 
Phone Service (AMPS) was launched in North America, 
‘Analog cellular signals permitted only voice traffic and were 
not encrypted, so they could be easily Intercepted. 
1G service consumed lots of spectrum and used the 
frequency division multiple access (FDMA) channel access 
method, FOMA allocates one or more frequency bands (or 
channels) to a user for communication. 


2 2G (digital cellular): The second generation of cellular 
technology was launched in 1991 with the commercial 
release of the Global Standard for Mobile Communications 
(GSM) in Finland. Major innovations in 2G networks included 
© Digital: Digital signals generally have less static and 
background noise, and they use available spectrum more 
efficiently than do analog signals. 

‘© Encryption: 2 digital calls can be encrypted to make 
eavesdropping and intercept more difficult. 


© Data: Short message service (SMS) text messages were 
first introduced in 2G networks — O-M-2G! 


2G technologies use either time division multiple access 
(TOMA) or code division multiple access (CDMA) channel 
access methods. TDMA divides a signal into different time 

TaRiNEAL slots, enabling multiple callers to share the same frequency 

sur channel, CDMA assigns a code to each caller and uses 

spread-spectrum technology to create a signal with a wider 
bandwidth. 
In 2000, the European Telecommunications Standards 
Institute (ETS! created the General Packet Radio Service 
(GPRS), which implemented packet-switched domains, in 
addition to existing circuit-switched domains. GPRS was 
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iterative observations. Mass does not continuously exist in time, but 
continually recurs in time. 


As is well known, what we call "observable" change must involve the 
expression in equation [13] in the fashion discussed and with the 
observation mechanism given. 


We first pointed out the preceding mechanism for the "flow of a mass 
through time" in 1971, as a graduate student at Georgia Institute of 
‘Technology, and later published it in a crude paper (143) in 1973. It still 
needs a far more thorough theoretical treatment, which perhaps some 
graduate student will take up as the subject of his or her doctoral thesis. 


2.1.3.5 Photon Interaction: Mechanism Generating Flow Through Time 
See Figure 2-1. Mass does not really "travel through time” continuously 
per se, but proceeds with an overall serial change mechanism as 


m > (mt) > m > (mt) > m... [14a] 


where (mt) symbolizes a nonobservable ongoing "coupled" interaction 
state prior to observation completion. Equation [14a] represents the results 
of the continual photon interaction process, observation process, and "flow 
ofa mass through time" process, at the highest single-photon interaction or 
quantum change level, and as "seen" or measured by the extemal observer. 


(AE)(At) + M => (MeaMat => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


NL ER ONION SV Ey 
ans 


Flow of microscopic time (via virtual photon interactions) 


gee 21 Mechanan forthe ton ota mace ough tine 


Also, in that overall quantum level "flow" there are anyt number of 
ongoing streams and "sublevels” in the underlying subquantum level (in 
the virtual vacuum and in its virtual photon interaction with observable 
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mass). We might write one ofthese "internal time-stream interaction flow 
substructures” as: 

(5m) > (mt) —> (Bm) > (Ems) > (Bm) > [4b] 
In equation [4b] we have used parentheses, because all terms individually 
are nonobservable. We hypothesize that each stream continues until one of 
its terms participates in a summation which eliminates it by enfolding it 
into another interaction. 


When a mass is observed as in [14a], a photon has been emitted (we 
observe the mass as the “effect” remaining). Time has been stripped away 
by the resulting d/dt operation, leaving a frozen 3-spatial snapshot, which 
we will see as (having been) a particle (simplest case). That occurs just 
after major ("observable") photon emission from the masstime state {144} 
Immediately another observable photon is absorbed, and so state mt 
occurs. The particle of mass actually oscillates at a very high rate between 
the m and mt states — so high a rate that by arranging the interaction 
conditions one may interact with it either as a wave (react predominantly 
in the mt state) or as a corpuscle (react predominately in the m state). 


Hence we propose that the process in [14a] may account for the duality of 
particle and wave. 


2.1.3.6 The Overall Flow of Time Has an Internal Dynamic Structure 
During the transition in any mass to masstime state by reaction of the mass 
with an “observable” photon, a myriad of fleeting virtual photon 
interactions involving very tiny (dE) (dt) components occurs with the mass 
‘m. These tinier increments of time, and their increments of energy, 
constitute intemal structures in the time flow process. Therefore they may 
be considered as "energy currents” or "time-like energy currents" and 
dynamic structures or streams inside the flow of time. This is particularly 
straightforward if we use a model having only a single fundamental unit, 
the joule. In that case, time is energy, and we are speaking of energy flow 
and its constituent internal structures of energy flow. 


So the dr component of masstime at the observable-photon action level has, 
a myriad of energy-time structured dynamics infolded within it. Hence the 
‘mt state is very dynamic in time, particularly for fundamental particles. 


‘The me state is in fact a "collection of time-energy dynamics” and therefore 
"wavelike” 


See again Figure 2-1. A major point is that mass does not emit a photon; 
‘masstime does. Mass “travels through time” by an extremely high 
oscillation between corpuscle-like state m and wavelike state mf, and with 
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1a vast internal "dynamic streams” of other such high oscillations between 
corpuscle-like m states and wavelike mr states. 


The concept can be very much extended, of course, but this suffices for our 
concept of energy currents in time, the interaction of such energy currents 
with mass in a mass system, and the intemal dynamic structuring of the 
"flow of time”. 

‘This internal structuring is important in the event of "time-energy” 


charging. There the internal structure of time has experimental 
consequences. We will discuss those consequences in later chapters. 


2.1.4 The Ubiquitous Substitution of Effect for Cause 

See Figure 1-3. To repeat, no observable exists or persists as such in time. 
An observable as such only exists at all when time has been momentarily 
stopped. It then quickly changes into (observable x time) form, for a time 
interval after a photon absorption. Then it changes again to observable 
form by photon emission and the corresponding d/dr differentiation 
imposed by that photon emission. 


‘What happens when we think we see an “observable moving through 
space” is that we make or suppose a continual series of very fast d/dt 
3-spatial snapshot observations, one afier the other in serial fashion (much 
like the individual frames of a motion picture film). For more than a 
million years, human brain and mind processing have “always interpreted” 
this serial set of iterative operations occurring in the eyes and in the 
physical senses — and continually recalled and processed by the mind — 
as an “observable persisting in time", which it is not. 


This age-old “natural” and inbred, instinctual mental practice and 
assumption by humans — and therefore by scientists — has provided a 
‘major problem in physics and especially in electrodynamics. It has resulted 
in the substitution of the "effect" for the cause in a great number of 

models. Even a rapid and continual series of 3-space effects after reaction 
ofan observable (frozen snapshot) with a 4-space causal entity, does not 
and cannot constitute that 4-space entity which interacts with the previous 
“frozen snapshot" observable and causes the resulting "comparative change 
or sameness” of the new observable with the former. Hence, e.g., Romer's 
scathing condemnation {84} ofthe conventional drawing ofan "EM wave 
in space’ 


In general relativity, it is straightforward. The curvature of spacetime — 
the cause — is not the mass (the 3-space observable effect) that is further 
changed or created again in the ongoing interaction, as seen in the "next 
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3-space snapshot" (next output of observation) when comparing that 
snapshot to the previous one." 


The same non sequitur — unwitting substitution of effect for cause — has 
existed for hundreds of years in mechanics, for example. There it is 
strongly passed on in the erroneous old notion of a separate force acting 
upon a separate mass. Prior to the interaction, no "force" exists. During 
the ongoing interaction, force exists because it is the product (interaction) 
ofa "non-force” causal entity (e.g., a field in 4-space, as a certain 
curvature of spacetime there) and a previous effect (a 3-spatial frozen 
snapshot called "mass"). The force exists during the interaction and only 
during the interaction, when both cause and previous effect are coupled 
(and will produce the new effect at the completion of the next serial d/dt 
operation as a photon is emitted). The force can only exist when the mass 
(previous effect) is coupled to the cause (the curvature of spacetime), 
apriori mass is a component of force {145}, and curved spacetime ii 
another component of it. After the interaction "ends" in a new d/dt 
observation, the mind compares the new effect with the former, to 
determine whether there is a "change" or a replica (sameness). This 
comparison of the new observation (observable) with respect to the former, 
occurs in the brain and mind processing, and gives the sense of 

persistence of an object in time" as well as of an object "changing in 
time”, 


So a great faux pas in physics — and especially in electrodynamics — is 
this widespread substitution of the effect for the cause, Understanding this 
non sequitur clearly, and correcting it, is a prerequisite to understanding 
the principles and concepts of legitimate COP>1.0 Maxwellian systems. 
Also, if we would ever hope to adequately correct electrodynamics, this 
tremendous faux pas must be recognized and rooted out of the model. 
Indeed, the same is true for mechanics and other branches of physics. 


2.1.5 Some Additional Foundations Non Sequiturs 

Another gross non sequitur is made in calculating the amount of EM 
energy flow continually being diverged around an intercepting unit static 
charge at a point in space, from a potential in which that point is located, 
and then calling this "local intensity" ofthe collecting interaction the 
"magnitude of the potential” itself. 


“ Rigorously, iffone wishes to connect spacetime and mass, spacetime can be 
interpreted in masstime units, but not mass units And vice versa. Again, masstime 
‘mt is as different from mass m as impulse Ft is different from force F 
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‘Figze2-2Fedandpoentalaredetneintems othe resins 
{themraundeunpontsiaschrge ssedaany paola 


(See Figure 2-2). At best, it is a measure ofthe local intensity ofthe 
diversion ofenergy flow from the "bidirectional" EM longitudinal waves 
comprising a potential, as they are diverged around the unit point static 
charge. It is not the magnitude of the entire potential, filling all space, nor 
does it prescribe the spatial energy magnitude of that entire potential 
{146}. It isa small energy flow, diverted by an assumed standard fixed 
charge at a single point in the potential, from the overall energy flows 
comprising the potential. Calling this little "diversion of a bit of energy 
the magnitude of the potential is rather like calling a little whirlpool in a 
river the "magnitude ofthe river”. Or more exactly, it is like calling the 
amount of little "swirl diversion of a river's flow” around a standard small 
fixed rock the "magnitude ofthe river”. 


A similar non sequitur exists in the usual calculation ofthe “field” 
‘magnitude at a point, which is not the "entire field entity itself at all. It is 
merely what is diverged from the "field as it exists in spacetime" at a 
single point in it, by an assumed fixed standard point charge at that point 
that is interacting with the field. The field takes into account the patterning 
of the diverged flow, e.g., the difference in potential (difference in 
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pressure) across the unit point charge. That is not the field itself at all, and 
the textbooks and dictionaries of physics are completely wrong in calling it 
such, Again, at best, it is an indication of thefield intensity at that point, 
and the reaction cross section of the field to an assumed unit point static 
charge. Even that indication of local intensity of the field will change if 
the intercepting charge is not static but is in resonance, as shown by the 
Bohren experiment {24}."° 


As can be seen from these few examples, a great deal of work needs to be 
done to clean up the “definitions” promulgated in physics and 
electrodynamics for more than a century. It is inexplicable that this has 
not long since been accomplished. These errors permeate almost every 
textbook, and they desperately need correcting. The National Academy of 
Sciences and the National Science Foundation should fund the best 
possible effort on this rework of the foundations of physics. 


2.1.6 System Coefficient of Performance (COP) and System Efficiency 
See again footnote 11 in Chapter | and Appendix A. In 1915, general 
relativity in fact destroyed several of the fundamental definitions (axioms) 
of classical thermodynamics. It necessitated our correction of some 
thermodynamical definitions (open system and closed system) and our 
more rigorous definitions of COP and efficiency advanced below. 


Once mass is recognized as energy and the two are just different sides of 
the same coin, there can be no thermodynamically closed system which 
passes energy across the system boundary without passing mass across it. 
Any system changing its rate of flow through time also changes its mass 
and its energy, and vice versa. Energy has mass characteristics, and any 
‘mass system with added or subtracted energy — either kinetic or potential 


“ Many Bohren-type experiments are continually done in nonlinear optical labs in 
universities and elsewhere. The effect (excess radiation from the medium) is 
cuphemistically called "negative absorption of the medium,” "negative resonance 
absorption ofthe medium,” etc. Such terminology avoids cleatly recognizing that 
more energy is output than the scientists (erroneously) calculate was input. Bobren 
faced the issue head-on, and clearly stated that more energy was output than was 
input (or than was thought to be input. 


© A teue pessimist might point out that it may be quite understandable, considering 
that it solidly blocks COP>1,0 EM electrical power systems and electro-gravitational 
anti-gravity systems from being developed by our universities, which would solve 
the energy and transportation erises forever. Thereby it also keeps about S1.S to 2 
tillion a year pouring into the coffers of controlling financial groups behind many 
‘reat interlocking corporations. 
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— will also change its mass relativistically as well as its other 
characteristics such as inertia and gravitational attraction. As pointed out 
by Logunov and Loskutov {635}, in 1917 the new characteristics of 
general relativity led Hilbert (632} to observe that in general relativity 
there can be no energy conservation rules of the usual classical kind. This, 
also follows from our consideration of the supersystem with multiple 
active environments rather than a single active environment. 


We have formally destroyed any absoluteness of the present classical 
thermodynamics, which is just an imperfect model. It is a special case 
which can be approached but never completely reached in a real dynamic 
system, 


With that in mind, we now more exactly define coefficient ofperformance 
and efficiency of a system. 


‘The term "coefficient of performance” (COP) is a ratio whereby the useful 
energetic output performance of the system is characterized purely with 
respect to the operator's energy input. Simply put, it represents "how 
much you get for what you have to input yourself and pay for”. It does not 
characterize the performance of the system with respect to the toral energy 
inputfrom all sources. For our purpose, in general there are two major 
ways of expressing this COP: 


(a) COP == (work accomplished in the load during a representative 
time of operation) divided by (energy input by the operator 
during that representative time of operation). Or for short, 
COP = (useful work out in the load) + foperator's energy 
input). We stress that there may be other free inputs of energy 
to the system, in addition to the operator's input, but only the 
operator's input is accounted in the COP calculation. 


(b) COP == (average power out in the load) divided by (average 
power input by the operator). Again, there may be additional 
average power inputs that are freely input from the 
environment, without cost to the operator, but only the 
operator's input is accounted. We stress that "power input" is 


*" This is in standard electrical engineering terminology, which is mangled. For a 
‘more precise physics statement of (b), COP == (the average rate at which the system 
dissipates energy in its load to do useful work) / (the average rate at which the 
‘operator must furnish energy to be dissipated as work in the input section of the 
system to make it operate and do its output work). 
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another of electrical engineering’s misnomers, but we use it 
here because it is universally used in power system 
engineering. 


For a system such as a transducer, which merely changes the form of the 
energy in some fashion and does not perform work in an external load (the 
transducer is its own load), we may express the COP as 


a. COP == (effective energy output) / (energy input 
by the operator). Here we accent that there may 
be additional energy inputs to the system from the 
active environment, and these inputs are "free" 
and are not input by the operator, so they are not 
accounted in the COP calculation. 


b. COP == (average power output) / (average power 
input by the operator). Again, additional average 
power inputs may be freely received from the 
environment, but they are not accounted in the 
COP calculation. 


The “efficiency” E of a system is a ratio less than or equal to 10 (or a 
percentage less than 100%), where E indicates the percentage of the total 
input energy (from all sources) that is dissipated in the load as useful work. 
It follows that (7 - E) indicates the percentage of the total input energy 
that is dissipated in the internal losses in the system, not directly resulting 
in useful work by the system in its load. So the efficiency E ofa system 
may be expressed as 


yi E == (total work output in the load during a representative 
operational period) / (total energy input to the system, 
from all sources, during that period). 

b. E == (average power output in the load) / (average energy 


rate of input to the system, from all sources, during that 
representative operational period. ). 


We accent that no system can have an efficiency greater than 100%, for 
then it would be "creating energy from nothing” {147}. No system can 
dissipate or convert energy that it does not first receive. The conservation 
of energy law states that energy can neither be created nor destroyed. This 
‘means that there actually are no energy sources per se, in the sense that 
the source creates the energy, even though we use the terms "energy 
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source” and "source ofenergy" informally. E.g., Semiz. (148) states it this 

way: 
"The very expression ‘energy source’ is actually a 
misnomer. As is known since the early days of 
thermodynamics, and formulated as the first law, energy 
is conserved in any physical process. Since energy cannot 
he created or destroyed, nothing can be an energy source, 
orsink. Devices we call energy sources do not create 
energy, they convert it from aform not suitable for our 
needs to aform that is suitable, aform we can do work 
with.” 


‘A medium inefficient system can easily have a COP>10, ifit receives 
additional energy from its active environment, and if that extra free energy 
is sufficient to overcome its intemal inefficiency losses. An example is a 
common windmill, where a very good one may have an efficiency of less 
than 50% due to friction and drag losses in the gears and wind spillage 
losses in the blades, etc. Yet the operator himself does not have to input 
any energy at all, for the windmill to operate continually. In this case, the 
COP» 1.0 and approaches infinity, but the efficiency of the windmill is 
still less than 50%. 


Another example is the home heat pump, which may also have an 
efficiency of less than 50%. When acting as a refrigerator, its theoretical 
maximum COP = 8.22 under nominal conditions (149), and a well- 
designed 50%-efficient home heat pump will produce COP = 4.0 when 
conditions are suitable. 


On the other hand, ifthe only net energy input to the system is that energy 
that the operator inputs, then the COP < 1.0. This is a system in 
equilibrium with respect to any energy exchange with its external 
environment — except with respect to the energy input by the operator 
(i.e., with respect to its "fueling" by the operator, so to speak) and with 
respect to the energy subsequently dissipated in the loads and losses. Ifthe 
system is 100% efficient (has no intemal losses or conversion losses at 

all), its COP = 10. Almost all real systems do have intemal losses, so their 
y se, the system in equilibrium with its 
environment, and having E < 100%, will also exhibit COP<1.0 
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irrevocably. Indeed, the same number will give both the efficiency E and 
the COP, because numerically they are then the same. 


For electromagnetic systems, the state of confusion between efficiency E 
ofthe system and the COP ofthe system is due to one fact. Numerically 
the two are always equal in equilibrium systems — and the Lorentz 
regauging condition enforced by the closed current loop circuit self- 
enforces the equilibrium condition of the system with respect to its active 
environment. Because electrical engineers usually have zero experience 
with COP>1.0 electrical systems, they tend to loosely and erroneously use 
the two terms "efficiency" and "COP" as ifthey meant the same thing. 
‘They do not. 


Now suppose that we have an open system, far from equilibrium in its 
energy exchange with its active environment. Suppose that the system's 
efficiency Eis very poor, so that E = 20%. Now suppose that the 
environment inputs twice as much energy as does the operator. Let the 
operator's energy input be E;. Then the total energy input to the system, 
from both the operator and the environment, is 3E). The efficiency is only 
20%, so the system outputs W, as work in the load, of W = 0.2GE:) = 0.6 


E,. The COP of the system is the work out divided by the operator's input, 


which is COP = W/E, which is COP = 0.6 E; / E; which gives COP 
0.6. As can be seen, even though this system receives twice as much 
additional free energy as what the operator inputs, it is so inefficient that 
its COP<10. 


Suppose we have a similar system with the same energy inputs from the 
operator and from the environment, but now the system's efficiency E is E 
= 90%. Then the total energy input to the system, from both the operator 
and the environment, is 3E). The efficiency is 90%, so the system outputs 
W, as work in the load, of W =0.9GE, )= 2.7 E:. The COP ofthe system 
is the work out divided by the operator's input, which is COP = W/E1, 
which is COP = 2.7 E; / E;, which gives COP = 2.7. As can be seen, a 
more efficient system in the same energy input situation, now outputs 
more work than the energy input by the operator. Energy is conserved at 
all times; the excess energy for the additional work was in fact freely input 


* We emphasize that COP and efficiency are two quite different concepts, however, 
even when their numerical values are the same, A 6-foot tall man and a 6-foot tall 
door have the same number for their height, but only a fool would consider them the 
‘same thing” 

9%6 


© 


dubbed "2.56" and had nothing to do with Two and a Half 
‘Men, introduced by CBS three years later. 

39 3G (data driven}: Apple and Google brought smartphones 
to the masses with iPhones and Android devices, respec 
tively n the early 21st century, These powerful devices — 
‘and the mobile apps installed on them (including Global 
Positioning System or GPS, location-based services, and 
on-demand video) — created an insatiable appetite for faster 
download speeds, The first 3G networks, introduced in 1998, 
provided minimum information transfer rates of 200 kilobits 
per second (kbps). The International Telecommunication 
Union (ITU) has never formally defined a standard for 3G 
data rates, so downlink data speeds vary widely — from 
‘384 Kbps in a moving vehicle for Wideband Code Division 
Multiple Access (W-CDMA) to 42.2 megabits per second 
(Mbps) for Evolved High Speed Packet Access (HSPAY), also 
known as 3.5G, and 168 Mbps for Advanced HSPA+, 

2 4G (Long Term Evolution): Commercially available 4G 
‘mobile networks were rolled out in 2008, and 4G LTE 
followed in 2010, However, unlike 3G, the ITU 
Radiocommunication Sector (ITU-R) defined minimum 4G 
standards — but neither “4G” nor "4G LTE” meets those 
standards! The ITU-R international Mobile 
Telecommunications Advanced (IMT-Advanced) require 
iments include (among other things): 
© Packet-switched all core networks 


© Peak data rates of approximately 100 Mbps for high 
mobility (such as moving vehicles) 


© Peak data rates of approximately 1 gigabit per second 
(Gbps) for low mobility (such as walking — or your 
authors sprinting) 

With the introduction of LTE Advanced, true 4G speeds of up 

to 1 Gbps finally arrived. LTE Advanced Pra is the next 

evolution of LTE technology, and it establishes the founda- 

tion for 5G, LTE Advanced Pro will deliver speeds in excess of 

3 Gbps with less than 2 milliseconds (ms) of latency, 


At this point you may be thinking, “Long Term Evolution — no 
kidding! Will 5G ever get here?” However, the trend has been for 
each generation of mobile technology innovation to take about a 
decade — most of us just didn’t pay attention before we got our 


first smartphones midway through the 3G era. 


CHAPTER 1 Understanding the Journey to a 5G Future 
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to the system — which is an "open" system far from equilibrium in its 
exchange with its active environment. 


‘Thus a system far from equilibrium in its energetic exchange with its 
active environment, is permitted to exhibit COP>1.0 even though its 
efficiency is always less than 100%. On the other hand, if the system is 
very inefficient and the energy input from the environment is not too great, 
the system will still exhibit COP<1.0. But the operator will pay less for his, 
energy costs to operate that inefficient system, than he would pay to 
operate it if he himself had to furnish all the energy input. 


‘Two cautions are emphasized: 


(a) First, electrical engineers use the term "power" to mean 
“energy flow rate without dissipation or change of form", as well as 
“energy flow dissipation and change of form rate.” This is inexact and 
unfortunate, but it appears ubiquitously throughout the electrical 
engineering literature. So we are essentially "stuck with it" for the 
moment. From a rigorous physics point of view, energy flow without 
divergence or change has absolutely no power, because power is defined as 
the rate of change of the form of that energy flow — e.g., the rate of 
pation (scattering) of that energy flow, which in physics is a rate at 
which work is being performed. 


(b) Second, it seems that more than half the engineers and 
scientists — and many textbook authors — do not clearly understand the 
difference between COP and efficiency, and often interchange these two 
terms as ifthey were the same. They are not at all the same, and a great 
deal of confusion exists in the casual engineering literature because of 
using them interchangeably. That is why we have clarified them and given 
some simple explanatory examples, sufficient for our purpose in this book 


2.1.7 COP>1.0 and the Question of Perpetual Motion 
Legitimate scientific researchers attempting to work in open EM systems 
far from thermodynamic equilibrium are often subjected to rather vicious 
ad hominem attacks, charging that they are perpetual motion machine 
addicts and therefore raving lunatics. This of course is not true. We are 
simply trying to do with Maxwells "electric fluid” systems what nature 
already shows us can be done with material fluid systems. We are in fact 
seeking the equivalent of "electromagnetic heat pump" processes and 
systems. It is the strident critics who are thoroughly confused and who 
reveal an immature knowledge of physics and thermodynamics. 
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As we explained, prior to their Lorentz symmetrical regauging, the 
Maxwell-Heaviside equations already clearly prescribe and permit 

COP> 1.0 EM systems, including EM power systems. In addition to the 
present EM systems in equilibrium in their exchange with their active 
vacuum environment, the non-regauged equations also include Maxwellian 
systems far from equilibrium in their energetic exchange with an active 
environment, such as the active vacuum. Classical equilibrium 
thermodynamics — stridently waved as a sacred banner by the critics, 
accusing COP>1.0 researchers of being "perpetual motion nuts” and such 
EM systems as being "perpetual motion nonsense” — does not even apply 
to such disequilibrium systems! One should simply read the literature of 
the thermodynamics of such disequilibrium systems { 160a-160f}. Or one 
should read why Prigogine was awarded the Nobel Prize in Chemistry in 
1977, for his contributions to such open systems in disequilibrium. 


We accent again that, under our new rules where we corrected the 
thermodynamic definitions of open system and closed system, we are in 
compliance with general relativity. Further, every EM system must be 


taken as an open system, since in the supersystem energy (with mass-like 
changes resulting across the system boundary) is always exchanged 
between the three supersystem components. 

Fortunately there are also rational, reasonable critics such as Angrist {150, 


151) where the criticism is properly scientific and not ad hominem, even 
though still misguided. Usually the rational perpetual motion critic applies 
the three laws of classical equilibrium thermodynamics, to classify 
"perpetual motion machines” ofclass 1, 2, and 3 after equilibrium. 
thermodynamics laws 1, 2, and 3. This of itself has no intellectual content 
for open systems in disequilibrium with their active environment. The 
classical equilibrium thermodynamics — including laws 1, 2, and 3 
interpreted only in terms of the operator's energy input — does not apply 
to open systems far from equilibrium — which are the only systems 


permitted to exhibit COP>1.0 in the first place. And we insist that all EM 
systems are open systems far from thermodynamic equilibrium, since 


every charge is, and all fields and potentials come from those source 
charges. Indeed, such open disequilibrium systems are permitted to violate 
the laws of classical thermodynamics! As an example, the entropy of such 
an open disequilibrium system cannot even be computed {152}, and it is 
less than the entropy ofthe same system in equilibrium, since the 
equilibrium state is the state of maximum entropy. 


‘The rational critic then falls upon the horns of a dilemma, by admitting 
that, yes, such open dissipative systems do exist and do permissibly exhibit 
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COP>1.0. He then labels these as, false orfictitious perpetual motion 
‘machines {150, 151). In short, when such COP> 1.0 machines are real and 
admittedly exist, they are not “true” perpetual motion machines but 
{fictitious perpetual motion machines. My comment is that they are not 
perpetual motion machines at all, but permissible disequilibrium machines 
freely receiving excess energy from their energetic exchange with their 
active environment. They are no more mysterious than a windmill, a 
sailboat, a watermill, or a solar cell bank’ 


‘One must be precise. A bicycle is a free-energy COP> 1.0 machine while 
going downhill. It is not such at all when going uphill. The difference is 
that gravitational input of energy aids the bicycle's motion in the downhill 
case, and opposes it in the uphill case. The active environment gives the 
system additional energy in one case, and takes energy from the system in 
the other case. Disequilibrium exchange can cut either way! 


It is precisely the EM system far from equilibrium with its active 
environment — where the environment puts in additional energy — that 
the serious overunity researcher is seeking. It is a perfectly valid pursuit, 
even by the standards of the perpetual motion critics, who really should 
study both kinds of thermodynamics, not just one. They also should study 
how Maxwell's equations were curtailed and truncated: one result is that 
all Maxwellian disequilibrium systems were — and are — discarded 
arbitrarily by the Lorentz symmetrical regauging. 


The only criticism one needs to raise vis a vis COP>1.0 and perpetual 
motion machines is this: Ifan inert (no hidden intemal source) machine 
receives no net energy from its external active environment, but is in 
equilibrium in its energetic exchange with that environment,” then 


© Here we quibble again and point out that Lorentz’s symmetrical regauging actually 
ddoes require that the system receive and take on excess EM potential energy from its 
environment (the active vacuum and the local curved spacetime). However, this 
excess energy can only be received in the form of two injections of field energy. 
where the fields are equal and opposite. Hence the energy is "bottled up" as a stress 
potential, with net zero translation force available to it. Since this stress potential 
‘energy cannot translate electrons, it cannot do work in an external load. It merely 
changes the stress of the system itself. The net result is actually a rotation of the 
frame in which the system exists, away from the “laboratory frame” of the observer. 
In short, the Lorentz condition establishes a new “equilibrium condition” for the 
system, by rotating its frame. It also implies that EM energy is continuously received 
by the system from both the active vacuum and local curved spacetime, in order to 
maintain the rotated frame and the new equilibrium condition. Further this 
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classical thermodynamics rigorously applies to it and the machine cannot 
and will not exhibit COP> 1.0. However, all EM systems contain charges, 
and these are indeed "hidden sources” of EM fields and potentials and their 
energy. It rigorouslyfollows that, since they contain hidden energy 
sources, all EM systems are potentially COP> 1.0 systems apriori. 

Further, itfollows that some ubiquitous design characteristic ofthe system 
itselfmust prevent the system from achieving COP>1.0, since nature does 
not prevent it. That characteristic feature is the ubiquitous closed current 
loop circuit, directing all spent electrons in the external circuit right back 
through the source dipole in the generator or other primary power source. 


It is indeed mandatory that — if at all possible - the inventor or 
independent researcher identify a legitimate source of environmental 
energy that his purported COP>1.0 device receives and collects, and how it 
receives it and then uses it to power the loads. That means he should 
identify where and how his system violates the Lorentz self-regauging 
condition imposed by the standard closed current loop circuit. Ifthe 
inventor himself cannot explain it — and this does happen — then 
someone else must explain it for him. Ifthe machine works under proper 
independent test and replication, then criticism that no explanation exists 
for it in normal physics is ofno relevance. It is a spur to the theorist to 
enlarge his horizons and to find the proper physics that does explain it. 


Wee stress that we cited the works of Angrist because his voice is reasoned 
and he does not stoop to name-calling and ad hominem attacks. He also 
does point out a historical rash of machines that clearly must comply with 
classical equilibrium thermodynamics, because they have no discernible or 
stated extra input of energy from their active environment and have no 
self-asymmetrical regauging. When such machines have no external free 
input of energy from their active environment, they are systems in 
equilibrium with their active environment, and cannot exhibit COP> 10 — 
exactly as pointed out by Angrist. With such a reasoned critic, a scientifi 
dialog is possible, and his main thrust — that no equilibrium system can 
exhibit COP> 1.0 — is quite valid. With the vehement critic, it is already a 
cur dog fight from the outset and there can be no scientific discussion at 
all. 


The only contention one has with a rational critic, whose criticism is based 
on classical thermodynamics, is when he then generalizes that all EM 


continuous input oftwo energy flows, equal and opposite, does continuous internal 
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yystems fall within this class, That conclusion is a non sequitur, and 
ignores the entire science of disequilibrium thermodynamics and a vast 
body of scientific literature and scientific experiments in electrodynamics. 
‘When stated for electrodynamic systems, it also ignores the actual 
documented history of electrodynamics, and ignores Lorentz’s arbitrary 
discard, from all accountability, ofthe Heaviside giant nondiverged 
energy flow component accompanying every circuit and system. It also 
ignores Lorenz's and then Lorentz's symmetrical regauging of the Maxwell 
equations to give new and simple equations easier to solve. This arbitrary 
regauging did in fact unwitting discard all open disequilibrium Maxwellian 
systems — precisely those permitted to exhibit COP>1.0. 


See again Figure 1-1. The energy entering the circuit is entering it from the 
surrounding space outside the circuit. Heaviside showed that the energy 
flow component remaining alter the Poynting component is withdrawn is 
orders of magnitude greater than the Poynting component entering the 
circuit and powering it. It can easily be demonstrated that every generator 
outputs far more EM energy in space surrounding the power line attached 
to it, than the operator inputs as mechanical energy to the shaft.” 


“ eg. just use a gedanken experiment followed by the Bobren (24) experiment as 
validated by Paul and Fischer {25). Consider a 100% efficient DC system, powered 
by a DC generator, using a closed Current loop eicut. All the Poynting enerey 
received by the system appears at fist blush to be dissipated in the external load. 
‘That is not true, but let us not yet belabor the point. Include the complete circuit loop 
back through the source dipole in the generator. ‘The back emf voltage across the 
source dipole between the terminals is precisely equal to the forward emt voltage 
between the terminals but around the extemal half-loop. The same curtent flows 
through both the forward voltage drop and the reverse voltage repotentialization. So 
precisely as much energy is dissipated to force the current through the back em, as 
is recovered from the load. 

‘Accept the conventional view that the shaft energy input to the generator is 
transduced into magnetic energy, which is then dissipated to force those charges 
back though the back emf. Now examine the energy flow in space surrounding the 
extemal circuit, using both the Poynting theory and Heaviside's theory. We have 
accounted for the Poynting diverged component, but we have not accounted for the 
hhuge remaining nondiverged Heaviside component. From whence comes this exces 
remaining energy flow that did not enter the circuit, was not included in the Poynting 
calculation, and was not expended in the eireuit but was just wasted? To prove the 
excess energy flow really exists perform the Bohren experiment (24) where the 
intercepting charges inthe circuit are in resonance, and thus “sweep out" a larger 
geometrical cross section of interception of the impinging energy flow. These 
charges do sweep beyond the static unit charge cross section conventionally assumed 
in the definitions of field intensity (eg., of the fields E and H in the Poynting vector 
$ in $= (Ex H), Ifthe defining unit point charges are in resonance and sweep out a 
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Heaviside knew this in the 1880s. All the energy flow that is intercepted 
by the circuit and enters (i.e., the Poynting component) at essentially right 
angles, hardly even changes the angle of flow of the remaining huge flow 
of energy surrounding the circuit and missing it. Quoting Heaviside (153) 
directly: 


"It [the energy transfer flow] takes place, in the vicinity 
ofthe wire, very nearly parallel to it, with a slight slope 
towards the wire.... Prof. Poynting, on the other hand, 
holds a different view, representing the transfer as nearly 
perpendicular to awire, i.e., with a slight departure from 
the vertical. This difference ofa quadrant can, Ithink, 
only arise from what seems to be a misconception on his 
partas to the nature ofthe electricfield in the vicinity of 
‘a wire supporting electric current. The lines ofelectric 
force are nearly perpendicular to the wire. The departure 
‘from perpendicularity is usually so small that Ihave 
sometimes spoken ofthem as being perpendicular to it, as 
they practically are, before Irecognized the great 
physical importance ofthe slight departure. It causes the 
convergence ofenergy into the wire." 


So every electrical power system is rigorously a COP>1.0 "energy gating” 
system already, ifthe neglected, enormous Heaviside energy flow through 
space around the circuit (and missing it and wasted) is re-accounted. In 
that case, much greater energy pours out of the terminals of every 
generator, than the feeble amount of mechanical energy we input to the 


We do not have an energy availability problem, and we never have had ,* 
one! Instead, we have an energy flow interception and collection problem. 


sreater cross section, then the assumed Poynting vector S, forthe static ease, 
changes in magnitude by some ratio k for the resonant case 10 the vector Sp, so now 
Sp_= KiE X Koll = ky(E x H). Since ky is just the ratio ofthe actual geometrical cross 
seetion swept out by the charge to the standard geometrical cross section swept out 
by the static charge, then fora static charge ks = 1.0, and fora resonant charge 

51.0. Hence the Bohren experiment. with ky = 18 or so, produces 18 times as 
much collected (Poynting) energy "out" as we erroneously think we input by normal 
calculations ignoring the input Heaviside nondiverged component. The Bohren 
experiment (24) proves the argument; validation by Paul and Fischer {25) appears 
in the same journal issue. 
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—and we always have had one, due to the ubiquitous use of the closed 
current loop circuit. 


Texts —e.g., such as by Kraus {154} — do show the Poynting 
(intercepted and collected) component of the EM energy flow surrounding 
the power line attached to the generator terminals, but none of them today 
go into the remaining nondiverged Heaviside component. Each of Kraus’ 
contours {76} of energy flow in space, around those power line 
conductors, shows only thatpart ofthe energyflow in space that is being 
drawn into the circuit. It does not show the remaining huge energy flow 
that (i) is not intercepted, (ii) does not enter the circuit, and (iii) is wasted. 
Presently no texts illustrate this Heaviside nondiverged energy flow 
component, and no text accounts for it except to point out that the 
Poynting component must be considered to be indefinite, since it can be 
accompanied by an additional energy flow component. The texts then 
erroneously conclude that the excess flow can have no physical 
significance.’ 


‘One can easily prove the existence of additional energy flow to be 
collected, in addition to the Poynting component. E.g., simply examine the 
Bohren experiment {155} and its replication by Paul and Fischer (156) — 
or one can repeat the experiment oneself. The Bohren experiment outputs 
some 18 times as much energy as is input by normal "Poynting 
component” calculations alone, because it also intercepts additional energy 
from the unaccounted and ignored free Heaviside input component 
remaining and not diverged by a sfaric unit point charge. Bohren simply 
places the charge in resonance, so it sweeps out a greater geometrical 
reaction cross section in the energy flow, thereby penetrating into the free 
— but arbitrarily discarded and unaccounted — Heaviside component, and 
intercepting and collecting additional energy. Bohren is perfectly aware 
that the excess energy caught by the resonant charges comes from the 
surrounding vacuum. However, he seems quite unaware of Heaviside's 


* Eg., J.D. Jackson, Classical Electrodynamics, Second Edition, Wiley, 1975, p. 
237: “the Poynting vector is arbitrary to the extent that the curl ofany vectorfield 
‘can be aided to it. Such an added term can, however, have no physical 
‘consequences. " Jackson erts in stating that the added energy flow vector cannot 
hhave any physical consequences. It cannot, of course, unless one catches some of it 
and uses it to power a load, without using half ofthe caught energy to destroy the 
source dipole faster than the load is powered. One of the major applications of itis 
to use it with Dirac sea negative energy 4-holes in the vacuum, where the holes 
produce negative energy fields and potentials in surrounding spacetime, acting back 
upon the system which is the source of the 4-holes to produce practical antigravity. 


108 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


discovery and cautious statement of the excess energy involved in every 
field-particle interaction, and particularly in electrical circuits. 


There are several such "white crows” which are legitimate COP> 1.0 EM 
processes in physics. It only takes one small white crow to prove that not 
all crows are black. As another example, the papers of Letokhov {157a- 
157d} are especially recommended. So long as excess energy is received 
freely from the environment, the system is permitted to be in 
disequilibrium where COP>1.0. 


So far as this author could discover, none of the perpetual motion machine 
critics have noticed another very simple fact: The conventional 
electrodynamics they utilize to refute COP>1.0 Maxwellian systems 
implicitly assumes that the source charge — which is any and every charge 
in the universe — continuously creates and pours out energy in 
without any energy input at ali. Their own conventional classical 
electrodynamics contains a "perpetual motion machine assumption” of the 
most fundamental and grossest kind. The ardent skeptics of overunity EM 
systems — in using that implicit conventional assumption — are 
themselves the greatest perpetual motion advocates of all, though perhaps 
unwittingly. In 2000 we resolved that long-vexing problem™ of the source 
charge {12} 


‘The more strident critics simply set up the "equilibrium thermodynamics 
straw man, then knock it down and attack independent COP>1.0 
experimenters with it, erroneously implying that all overunity researchers 
seek such in an equilibrium system. They fail to notice orthodox science’ 
implied assumption that every charge and every dipole in the universe is, 
already assumed to be a COP => inf. perpetual motion machine, freely 
creating all that continuous outpouring of energy from nothing. None of 
the critics have noticed and critiqued this greatest of all perpetual motion 
assumptions right in their own ranks, without a single exception, and the 
most ubiquitous. Undoubtedly that is because the scientific community 
honestly and freely admits that it has not heretofore solved that problem 
{68}, and also points out that the outpouring of energy is an experimental 
fact and therefore unquestionable. 


‘The better critics — at least the rational ones such as Angrist — already 
admit that there exists a class of legitimate "fictitious perpetual motion 


© After publication of our paper, we also discovered very powerful support for our 
solution in quantum field theory. E.g., see F. Mandl and G. Shaw, Quantum Field 
Theory, Wiley, 1984/1993, Chapter 5. 
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machines” which are powered continuously without the operator inputting 
y. The phrase "fictitious perpetual motion machine” is an attempt 
to retain the classical thermodynamics straw man, when dealing with the 
thermodynamics of a system far from equilibrium in its energy exchange 
with its active environment. That phrase has been a non sequitur since the 
award ofthe Nobel Prize to Ilya Prigogine in 1977. We stress again our 
new use of all EM systems as open systems, in accord with general 
relativity. 


So when rigorously analyzed from the breadth of physics and 
thermodynamics, and not just from a selected very narrow portion, the 
entire "perpetual motion” critical literature is inappropriate or — more 
exactly — is inappropriately focused upon a fictitious or false target. It is 
simply a classic example of reasoning from a false premise. 


Not one such critic seems to have noticed that every generator and battery 
already pours out more energy than what is input to the shaft, and that it is 
easily proven experimentally via the thousands of experiments showing 
negative absorption from the medium. None seems to have bothered to 
read the original Heaviside, Poynting, and Lorentz papers to see how this 
startling fact was buried more than a century ago. 


Finally, a self-appointed "expert” who does not even know what furnishes 
the energy to power every electromagnetic circuit, cannot be taken 
seriously in his "learned criticism” 


sm” , regardless of what journal publishes it. 
Ifhe continues to accept the unsolved source charge problem, implying 
that all charges freely create EM energy from nothing, he is not expert in 
any facet of powering electromag letic systems and circuits. 


2.1.8 Prescribed Systems Versus Changes to Maxwell's Equations 

As we stated, Maxwell's theory (20} was some 20 quaternion-like and 
vector equations in some 20 unknowns. By discarding the scalar 
component of the quatemnion to retain only the vector subcomponent, and 
by discarding many of Maxwell's potentials, Heaviside (158) truncated the 
Maxwell equations to essentially the present familiar set of four vector 
equations - or in potential form, to two equations with variables 
unseparated. 


While this truncation discarded a great deal of Maxwellian 
electrodynamics phenomenology, from a thermodynamics view the 
resulting Maxwell-Heaviside equations still contain and prescribe two 
types of Maxwellian systems: 
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a systems in equilibrium with their active environment, 
such as the active vacuum, and 


Q) systems far from equilibrium with their active 
environment, such as the active vacuum. 


Systems in the first class of Maxwell-Heaviside systems — i.e., in 
equilibrium in their energetic exchange with their active environment — 
rigorously obey classical equilibrium thermodynamics {159}. No system 
in that Maxwellian class can output more energy than the operator himself 
inputs to the system. The greatest coefficient of performance (COP) that 
these systems can accomplish, is COP = 1.0 for a theoretically perfect 
system without internal losses whatsoever, and thus with 100% efficiency 
of conversion of their input energy into work in the load. Since any real 
system has internal losses and thus is less than 100% efficient, the 
practical systems of this first class exhibit COP < 1.0. 


‘These Maxwellian systems of the first class are the electrical systems 
always "understood" by ardent skeptics who proclaim that no other kind of 
‘Maxwellian system exists, that therefore no Maxwellian system can exhibit 
COP > 10, and that a claim to COP>1.0 is perpetual motion lunacy and 
not science at all. These fellows often launch scathing and unjust 
personal attacks upon any serious researcher trying to work with that 
second class of permitted Maxwellian systems! It would be scientifically 
beneficial if these self-appointed defenders of the faith would simply study 
some more physics and thermodynamics, review the history of Maxwell's 
theory and how it was altered, and understand the well-established 
thermodynamics of systems far from equilibrium, 


‘This false charge — that there can be no COP > 10 EM system because 
that would violate the laws of physics and the laws of thermodynamics — 
has been insidiously indoctrinated into generation after generation of 
physics and electrical engineering students, Today most of our electrical 
engineers and electrical scientists have absorbed it and believe it without 
question. Our power-engineering scientists believe it, and so advise the 
government. Hence our government believes it on the advice of our best 
Scientists, such as the National Academy of Sciences and the National 
Science Foundation. Our great national laboratories also believe it and are 
just as mentally conditioned. The universities — especially the electrical 
engineering departments — also believe it, and provide a mainstream 
suppression of the sharp young graduate students and post-docs that would 
otherwise have long ago revised this mess and solved the energy crisis 
permanently. 
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Focusing on the 5G Vision 


‘The vision for the 5G future is bold: It is much more than just 
the next iteration of mobile networks. 5G will achieve three main 
goals: 


29 Speed (ultra-high speed radio access): 5G will provide 
download speeds of up to 20 Gbps. If you're wondering "Why 
‘would anyone ever need that much speed?’ first answer this, 
question: When have you ever heard anyone complain that 
their phone was too fast? It's also important to remember 
that bandwidth is shared by all the users on a cell tower. 
Today, if few users are streaming a video at the airport or 
watching replays of a touchdown in a stadium, chances are 
that the download is choppy with lots of buffering, and the 
experience isn't so great. With 5G, you could theoretically 
download 2 40 gigabyte (GB) 4K Ultra-High-Definition (UHD) 
movie (ike Jaws) in less than a minute — you're gonna need 
bigger data plan! 

2 Responsiveness (ultra-low latency): 5G networks will be 
Used to control autonomous cars and high precision, 
mission-critical industrial devices in real-time. High reliability 
and availabilty tall times is a necessity for these use cases. 
For this to happen safely, end-to-end latency — the time it 
takes for data or commands to travel across the network — 
has to be extremely low. Latency in SG networks will be five 
times faster than today's networks — less than Ims. 


2 Scale (massive connectivity): By 2020, Gartner conserva 
tively forecasts that there will be more than 21 billion 
connected devices in the Internet of Things (loT). Some 
estimates predict more than 50 billion connected loT devices 
by 2020. That's anywhere from three to seven connected 
devices for every person on the planet in 2020 — not 
Including smartphones, tablets, and computers! These 
devices will have widely varying network requirements — 
from environmental sensors for agricultural applications 
Installed in remote areas that might send a few bits of data 
every few days or weeks, to extremely high-precision, 
lowslatency devices in nanobiotechnology, autonomous cars, 
and mission-critical industrial environments that rely on 
real-time communication for potentially lifesaving functions. 
5G networks will need to handle the massive scale and 


8 5G For Dummies, txia Special Edition 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


Again we are reminded of that first quotation by Einstein, which we 
included at the beginning of Chapter 1, and which admonished us to ever 
examine the foundations of our science to root out and correct the errors. 
We are also reminded of another quote by Tolstoy: 


"/know that most men, including those at ease with 
problems ofthe greatest complexity, can seldom accept 
even the simplest and most obvious truth ifit be such as 
would oblige them to admit thefalsity ofconclusions 
which they have delighted in explaining to colleagues, 
which they have proudly taught to others, and which they 
have woven, thread by thread, into thefabric oftheir 
lives. " [Count Leo Nikolaevich Tolstoy] 


‘The second class of Maxwell-Heaviside systems — rigorously prescribed 
and permitted by Heaviside's truncated Maxwellian theory — is comprised 
of systems in disequilibrium with their active environment. A system in 
this class does not obey classical equilibrium thermodynamics. To the 
contrary, this system obeys the well-known thermodynamics ofsystemsfar 

from equilibrium (160a-160f} with their active environment — such as the 
active vacuum. 


Such a system is permitted to: 
(@) _self-order, 
(i) self-oscillate or self-rotate, 


ii) outputmore energy than the operatorhimselfinputs and 
thus exhibit COP>1.0 (the excess energy is freely 
received by the system from its external active 
environment), 


(iv) power itself and its load simultaneously (all the energy is 
freely received by the system from its extemal active 
environment,” without any operator energy input being 
required), and 


® We accent the concept of the supersystem. consisting of three components: (a) the 
system and its dynamics, considered as in normal electrical engineering (with a flat 
spacetime and an inactive local vacuum), (b) the active local vacuum and its 
dynamics, and (c) the active local curvatures of spacetime and their dynamics. All 
thee components of the supersystem interact with each other. In conventional 
electrical engineering, the assumption in U(1) electrodynamics of a flat local 
spacetime and equilibrium with the local vacuum exchange eliminates any 
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(v) exhibit negentropy, which every charge and every dipole 
in the universe already does (12, 68} 


Let us now see why Maxwellian EM systems ofthe second class are not 
being designed and built as such, even though they are permitted by the 
laws of physics and reinterpreted thermodynamics, and even though they 
are prescribed in the Maxwell-Heaviside equations before further 
truncation by Lorentz (161a, 161b). We may use the Maxwell-Heaviside 
equations in vacuum, because the energy flow intercepted by the external 
circuit pours out ofthe generator terminals and fills all space surrounding, 
the power lines. It is therefore a transmission-reception problem, prior to 
the "potentialized current-transport” problem in the circuit 


2.2 Lorentz Regauging of the Maxwell-Heaviside 
Equations 


2.2.1 Introductory remarks. 

‘The domain of Lorentz's symmetrically regauged equations is only a small 
subset of the domain of the Maxwell-Heaviside equations they replace. 
Indeed, the later Lorentz {161a, 161b} symmetrical regauging discards an 
entire class of Maxwellian systems permitted by nature and by the 
Maxwell-Heaviside equations before they are symmetrically regauged. 


Lorentz's symmetrically regauged EM equations discard all Maxwell- 
Heaviside systems that are far from equilibrium in their energetic 
exchange with the active vacuum. They retain only that subset of the 
Maxwell-Heaviside theory wherein the system being described is in forced 
equilibrium (162) in its exchange with its active vacuum environment. 
Hence the present Lorentz-Maxwell-Heaviside theory, by which EM 
circuits and electrical power systems are designed, produces only systems 
in self-forced equilibrium with the active vacuum, specifically during the 
symmetrically regauging discharge of the circuit's excitation energy. The 
closed current loop circuit in fact discharges half its collected energy to 
destroy the source dipole in the generator, thereby destroying that dipole's 
extraction from the vacuum and furnishing ofthe energy flow pouring out 
ofthe terminals. These circuits kill themselves faster than they can power 
the load, and they use more energy to kill the energy flow from the 
vacuum than they use to power their load. Hence all present EM systems 


disequilibrium of the system with its active environment, hence arbitrarily discards 
all Maxwellian disequilibrium systems - precisely those that can exhibit COP>1.0. 
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rigorously conform to classical equilibrium thermodynamics, and exhibit a 
coefficient of performance (COP) of COPS1.0 since any real system also 
has losses (163) 


2.2.2 Technical regauging of the Maxwell-Heaviside equations (164) 
For asymmetrical-regauging (A-regauging) considerations, we are 
speaking of A-regauging the potential energy in and around a circuit. We 
include not only the Poynting energy flow component that is diverged into 
the circuit conductors, but also the remaining Heaviside nondiverged 

energy flow in space surrounding the conductors. This means that the 
energy is in field energy (E-field and B-field) form, both overtly as 
ordinary EM fields and covertly or "infolded” inside the corresponding 
scalar potentials (165, 166, 167, 168}, or both. Consequent 
analyze Maxwell's equations as we would for radiating energy, rather than 
employ only the j6 circuit analysis conventionally utilized, where the 
collected energy is sluggishly transported by the Slepian vector jo. We 
show in this book that asymmetrical self-regauging (ASR) allows 
permissible overunity operation of electromagnetic engines and devices 
{169}, ifother requirements are fulfilled also. 


In Gaussian units, Jackson {170} shows that Maxwell's four equations 
(vacuum form) can first be reduced to a set of two coupled equations in the 
(A, ©) representation as follows: 


vor 2 yeay=—anp U5] 
cot 
ied, Py 16) 
° oF c 


‘The result is two coupled Maxwell equations rather than four. Jackson 
shows that potentials A and @ in these two equations are arbitrary in a 
specific sense, since the A vector can be replaced with A'= A + VA, 

a scalar function and VA is its gradient. The B field is given by 
B= VxA, so that the new B' field becomes 


BY = Vx(A + VA) = VxA + 0= VxA=B 7) 


In other words, the B field has remained entirely unchanged, even though 
the magnetic vector potential has been asymmetrically changed. However, 
ifno other change were made, then the electric field E would have still 
been changed because of the gradient VA. In that case the net change 
would be asymmetrical, because one obtained a "free" E-field which could 
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then do work on the system — either beneficially or detrimentally, 
depending upon the specific conditions, geometry, and timing. To prevent 
this excess "free" E-field from appearing, the electrodynamicists 
simultaneously and asymmetrically regauge (transform) the scalar 
potential @ so as to offset the E-field change due to the regauging of 
equation [15]. In short, they also change @ to ©’, where 


=o 18] 


With that additional change, now the net E and B fields remain unchanged 
{171, 172}, even though both potentials have changed and the fundamental 
stored energy of the system has changed, as has the stress of the system. 
Unchanged force fields just mean that only a set of zero-summation forces 
(a zero-summed stress system) has been utilized to effect the change in 
potential energy. It also means that the net summation of the two 
asymmetrical regaugings has been entirely symmetrical (173) 


Jackson points out that, conventionally, a set of potentials (A, ) is 
habitually and arbitrarily chosen by the electrodynamicists such that 


Vinee” 


019) 


cat 


This net symmetrical regauging operation creates a new and simpler 
Maxwellian system, with different system stress and different system 
potential energy. It successfully separates the variables, so that two 
inhomogeneous wave equations result. This procedure yields a new and 
simplified system, and the new Maxwell's equations for it are as follows 


(20) 


ea 


‘The two previously coupled Maxwell equations [15] and [16] (potential 
form) have been replaced by equations [20] and [21], to leave two much 
simpler inhomogeneous wave equations, one for & and one for A. These 
are new equationsfor a new system! 


Ofcourse, this arbitrary net symmetrical regauging (let us use the term 
-regauging) isquiteuseful for purposes of simplifying hetheory and for 
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casing calculations. But its unquestioning and rather universal usage has 
arbitrarily eliminated the freedom ofthe system designer to asymmetrically 
regauge the system's potentials, and use the resulting excess free force 
fields to change the stored energy in the system without the operator 
performing extra work upon the system. So we advance the condition for 
violating this S-regauging, violating the exclusion of net A-regauging, and 
violating the "frozen gauge” process as 


(22) 


Any regauging of the potentials that complies with equation [22] will @ 
priori produce one or more net excess forces in the system, as well as a 
change in potential energy of the system. By controlling the regauging, the 
system designer is then able to control where, how, and when these excess 
forces appear, and whether they enhance the system's operation or hinder 
it. These net forces can then be used to perform work and dissipate the 
excess potential energy taken on in the asymmetrical regauging. That is 
what we do when we ourselves add potential (and potential energy) to an 
EM system to enable it to do work! /fwe always have to asymmetrically 
regauge the system to get it to do subsequent work, why do we notjust let 
the system asymmetrically regauge itselfso we get the input energyfreely 
and also get the resulting workfreely? The gauge freedom axiom in 
quantum field theory assures us that nature will indeed freely change the 
potential energy of any system for us, if we but arrange it and permit it. 


In short, we have had a gauge freedom principle for some time, which 
guarantees us that COP>1.0 EM systems are permitted and possible. Yet 
we have failed to realize it, or take any advantage of it. So we continue to 
pay to asymmetrically regauge (potentialized) all electrical power systems, 
and to insure that we have to continue to do it, we specifically design the 
systems so they will then re-enforce Lorentz’s symmetrical regauging 
condition. 


This is another of those "inexplicable aberrations of the scientific mint 
referred to by Nikola Tesla! 


2.2.3 A Humorous Comment but an Exact Analogy 
Again see Figure |-1 in Chapter 1, and see Figure 2-3. In Figure 2-3, we 
show how Lorentz’s integration trick (174a, 174b} discarded the huge 
nondiverged Heaviside component of energy flow outside the conductor, 
while retaining the small Poynting component that strikes the surface 
charges and gets diverged into the conductor to power the electrons. In 


1 


justifying his integration trick, Lorentz stated that all the rest of that 
wasted Heaviside energy flow 


Socata ‘emacs fisevate component at mses he cut 
Sargen fitgmuse Eee fomineey 


Fre 23 Larew integration tckio dicate enormous Hee 
onverged ener ow component 


‘The Heaviside components often 10 
ln times the Poynting component 
butts simply wasted in orsary 
Single-pase energy Now ecu 

Heaviside component nondiverged) 


CcoNDUCTOR 


‘pure24 Heide nondverged and Poynting diverged energy flow components. 


(Figure 2-4) was "physically insignificant” (his term) because it did not 
strike the circuit, was not intercepted, and did not power anything. Well, 
Maxwell's theory is a material fluid flow theory, so let us evaluate 
Lorentz's justification in a fluid flow analogy. 
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“Tho Heaviside component often 10 
tllon times the Poyating component, 
buts simply wast in rina 
‘single-pass energy flow crus 

Heavisite component (noniven) 
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‘gue 2-4 Hens nondverped and Poynting verge energy tow components. 


Contrast Lorentz's statement if applied to the ocean wind on a sailing ship, 
where the wind represents the total energy flow and the ship represents a 
single Maxwellian system under consideration. 


Only the wind on my ship 
Is of physical signifcance!| 


Faure 2 Lorrtzin isting ship na coun wind wth ne ter ips around 
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‘As shown in Figure 2-5, Lorentz’s argument is analogous to stating that the 
huge component ofthe wind that does not strike the ship's sails is 
"physically insignificant" — in other words, it has no physical use. Now 
that is true for the single ship under consideration, as shown in Figure 2-5. 
None of that wind component that misses the ship's sails does anything at 
all to power thar ship (that individual system). Hence it is indeed 
physically insignificant to that ship itself. Of course, if we flare the sails 
wider, the ship will catch more wind and develop more power. That is an 
analogy to the Bohren experiment, which resonates the charges (the "sails" 
intercepting the incoming EM energy flow "wind") so that they sweep out 
a greater geometrical cross section. Hence 18 times as much energy i 
caught, as when the charges are not resonated (the sails are not flared to a 


greater area), 
Using the nendvergentPoyting tw that 
orate ining arbtraiy ecards 


How can they use that old 
physically insignificant wind?! 


Fre 6 Loree ini ang sip an exe wind wth any ote sp 
longi 


However, now see Figure 2-6. If we put some more ships (some more 
systems) with “intercepting and collecting sails” in there, they will be 
powered quite well with some ofthat "physically insignificant" wind. So 
Lorentz (following earlier work by Ludwig Lorenz) really did advance and 
impose upon electrodynamics a non sequitur of first rank. 


And the wind-fluid analogy helps to "lighten things up" a bit here and 
inject a little good-natured humor! 
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2.2.4 Discussion 
Equation [22] has now become the first necessary but not sufficient 
Principle of asymmetrical self-regauging (ASR) for overunity 
electromagnetic engines and devices. That is, we are now free to 
A-regauge in a nonconservative field manner, where excess net force fields 
‘automatically appear and remain for our use in the system. All that remains 
is for the designer to: 


@ evoke "nonconservative” (asymmetrical) regauging in 


accord with equation [22]; 


di) have the system assembly in disequilibrium with its 
energetic external environment, so that the system 
itself performs this nonconservative A-regauging in 
some sector or part {175} of its normal operation, 


(iii) insure that any "free force” that is produced and 
allowed to do work upon the system will do some 
positive work upon the system, so as to increase its 
collected energy, and 


(iv) assure that the "free" forces that are otherwise 
produced by the circuit design (this includes, e.g., the 
back emt) do not seriously degrade the system (i.e., do 
not substantially reduce its energy available to 
dissipate as work in the load). Usually this means that, 
contrary to the standard closed current loop circuit, the 
circuit must not dissipate half ts collected Poynting 
energy to dissipate the charges in the source dipole and 
destroy it. These four considerations we now advance 
as the primary or master principles ofasymmetrical 
self-regauging ofelectromagnetic engines and devices 

for permissible overunity efficiency. We will meet 
additional principles in a later chapter when we discuss 
what the form of the energy output of an overunity EM 
system is, and the considerations for close-looping a 
COP> 1.0 EM system into stable disequilibrium and 
continuous self-powering. 


It is understood that the asymmetrical regauging portion of the circuit or 
system must be a broken symmetry in the energetic exchange between the 
active vacuum environment and that portion ofthe system. We exclude, 


g., solar cell-powered systems, windmill-driven generators, etc. 
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For simplicity, the system designer may wish to A-regauge only one 
potential, producing a desired "free" force F; to work on the system and 
increase its energy, while allowing any other extraneous force F, to 
appear, but just "bottling up” that additional force F; so that it cannot do 
any work at all on the system and therefore cannot degrade the system's 
operation, A most useful ASR corollary that immediately suggests itsel 
to simply A-regauge onto that force operation that normally produces the 
back-drag in a system or device, to either eliminate the back-drag 
altogether or reverse its algebraic sign so that it becomes an assisting force 
instead of a hampering force {176}. 


In overunity systems, this becomes a startling and unexpected exercise in 
novel new phenomenology effected by tempic potential differences, 
tempic force, etc. It involves not only the system, but also the entire 
supersystem consisting of the physical system, its associated altered local 
vacuum, and its associated curved local spacetime. See Chapter 9 for our 
‘expose of these phenomena, and how one must transduce™ the effects of a 
very novel kind of tempic force back emf, if the COP>1.0 system is to 
remain in disequilibrium with the active vacuum and thus maintain its 
stable COP> 1.0 operation. 


Dissipative power inside source = Vx irand Vx ir> Vx i 
Other oases 


Vx Var; socoret0 


Figue2-7 Why conventional dosed arent lop ets imitedt COP. 


Again see Figures 2-3 and 2-4, and equations [20] and [21] 
Electrodynamicists have previously assumed away the capability of work- 


+ patent application on the process has been filed by John Bedini and the present 
author: 
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challenging connectivity requirements for all these diverse 
devices, sensors, and applications. 


Ordering Up 5G in Five Easy Pieces 


5G will be a quantum leap beyond today’s networks and will 
require many technological innovations. We serve them up here 
in five easy pieces (easier than making wheat toast for Jack Nich— 
olson — “hold the butter, the lettuce, the mayonnaise . . . and 
the chicken”) in this section and the chapters that follow (see 
Figure 1-1): 


2> Speeds and feeds. Speeds of up to 20 Gbps willbe achieved 
Using a combination of innovations such as carrier aggrega- 
tion (CA), massive multiple input multiple output (MIMO), 
and quadrature amplitude modulation (QAM). You learn 
about speeds and feeds in Chapter 2. 

2 Unlicensed spectrum: MNOs are increasingly using 
Unlicensed spectrum in the 2.4 and 5 Gigahertz (GH2) 
frequency bands. 5G networks will need to tap into the vast 
‘amount of spectrum available in these unlicensed bands to 
offioad traffic in heavily congested areas and provide 
connectivity for billions of loT devices, Advancements in 
\WAFi, LTE in Unlicensed spectrum (LTE-U), License Assisted 
‘Access (LAA), and MulteFire, among others, provide better 
quality and regulated access to unlicensed spectrum. You 
learn about these advancements in Chapter 3 


2 Internet of Things (loT): loT devices pose a diverse set of 
requirements and challenges for 5G networks. Its only fair 
that loT should likewise pose a diverse set of solutions as, 
welll You learn about a few of these solutions — including 
NarrowBand loT (NB-IoT), LTE Category M1 (LTE-M), Long 
Range (LoRa) and Sigfox — in Chapter 4, 

2 Virtualization: Network functions virtualization (NFV) 
enables the massive scale and rapid elasticity that MNOs will 
require In their 5G networks, Virtualization enables a virtual 
evolved packet core (VEPC), centralized radio access network 
{C-RAN}, mobile edge computing (MEC), and network 
slicing — all explained in Chapter 5. 
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free “refueling” of an electromagnetic system directly from the local 
vacuum {177}. They have deliberately designed their systems to prevent 
self-evoking andpositively utilizing asymmetrical self-regauging oftheir 
‘own potential energy during system excitation discharge. (See Figure 2-1). 


In fact, by forcibly pumping the ground electrons from the external circuit 
back up through the primary source dipole in the generator or battery, our 
closed current loop circuits self-enforce the Lorentz condition and require 
that precisely half the regauging energy freely intercepted and collected in 
the external circuit is used to destroy the source dipole providing the 
regauging energy. This destruction of the energy source is accomplished 
faster than the external load is powered. Hence all such systems with 
losses are COP<1.0 systems. For more than 100 years, this "self- 
destroying, suicidal system” is the only kind of electrical power system our 
energy scientists and engineers have designed and built. To inject a little 
humor, we can only describe this in Tesla's words®® as "one ofthe most 
remarkable and inexplicable aberrations ofthe scientific mind which has 
ever been recorded in history." 


‘Thereby electrodynamicists have narrowed the inherent flexibility of the 
Maxwellian EM gauge theory model to an artificially symmetrized subset 
of Maxwell-Heaviside-Lorentz equations that utilize a single fixed gauge. 
‘This prohibits the free use ofthe system's vacuum energy freely received 
by the source dipole’s broken symmetry in its violent exchange with the 
active vacuum. Ifthe system increases its dipolarity (regauges freely), it 
simultaneously increases the speed at which it destroys the dipolarity! 
Maxwell's equations themselves do not require this, and neither does 
Heaviside's truncation ofthem into the resulting Maxwell-Heaviside 
‘equations. Lorentz's symmetrical regauging ofthe Maxwell-Heaviside 
‘equations does require it. 


‘The Maxwell-Heaviside theory without Lorentz symmetrical regauging 
allows regauging asymmetrically to place the system in disequilibrium so 
that it freely receives and utilizes excess energy from the surrounding 
vacuum, Then it can again asymmetrically regauge by dissipating that 
freely received energy in an extemal load. The theory specifically does not 
require destroying the primary source dipole as is done in the arbitrary 
closed current loop circuit between load andprimary source dipole in the 
generator or battery. 


Nikola Tesla, “The True Witeless, Electrical Experimenter, May 1919. 


7 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


By arbitrary habit, electrodynamicists have discarded the Maxwell- 
Heaviside major EM overunity mechanism: Asymmetrically self-regauging 
accomplished by the system itself. without requiring external work being 
done on the system by the operator, in order to freely gather in and collect 
excess potential energy in the system from its broken symmetry with its 
active vacuum environment. In this self-A-regauging, associated excess net 

‘force does appear, whereupon that excess collected/stored regauging 
energy can then be used to "drive" the forces against load resistance and 
system losses to freely power the system and its loads (178). They have 
also discarded the major overunity corollary whereby the designer is free 
to utilize system self-regauging asymmetrically so that the normal back- 
drag or back-emfwork— usually done upon the system in its closed 
current loop configuration to reduce its kinetic energy — vanishes or 
reverses sign and becomes beneficial work done in the opposite sense, to 
freely increase the energy ofthe system. 


The failure to do this is bluntly met with, when one does succeed in 
producing a COP» 1.0 system momentarily by suddenly and very 
powerfully breaking the system's equilibrium in its vacuum energy 
exchange. Nature then exhibits a very novel kind of Dirac sea hole reaction 
(powered by tempic force generated in the locally curved spacetime and 
resulting effects generated in the altered semiconducting vacuum). This 
reaction sharply jerks the system (or the system plus its external power 
supply) back into equilibrium and COPS1.0 operation. In Chapter 9, 
apparently for the first time in the literature® we present this novel 
mechanism exhibited by nature as a new kind of "tempic back emf 
phenomenon in systems in disequilibrium. We also explain how to handle 
the problem and in general how to use it for "freeze-framing” and 
stabilizing the system's disequilibrium operation in sustained COP > 10 
configuration while powering itself and its load. 


All that is required for "self-powering" COP» 1.0 EM engines directly 
powered by the vacuum, is that (1) initially the engine must 
asymmetrically self-regauge to produce COP» 1.0, and (2) positive 
transduced feedback (from the output) of a very special and previously 
unknown kind — where negative energy is transformed into normal 
electron current and energy — must be utilized to its input, in a clamped 


“The basis for it, however, is in Dirae’s electron theory published in 1930, nearly 
three quarters ofa century ago. See P. A. M. Dirac, "A theory ofelectrons and 
protons.” Proceedings of the Royal Society of London, Series A, 126(801), Jan. 1, 
1930, p. 360-368. 
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and controlled fashion {179}. The clamped positive feedback can be 
designed and applied, once the fundamental engine is designed for self- 
regauging and overunity efficiency, and once the novel feedback and 
transformation requirements are understood and incorporated. The 
remaining excess output can then be utilized to power loads, while the 
engine seemingly "powers itself.” 


We stress, of course, that this system is just analogous to the windmill, and 
it continuously receives a "free energy wind” from its active environment. 
‘The conservation of energy law is obeyed at all times, as are physics and 
thermodynamics, 


Ina later chapter we present the concepts and processes for these novel 
phenomena involved in close-looping a COP>1.0 system for self-powering 
operation. 


2.3 The Suicidal Closed Unitary Current Loop Circuit 


‘The present Lorentz-Maxwell-Heaviside theory, by which EM circuits and 
electrical power systems are designed, produces only systems in net usable 
equilibrium with the active vacuum, specifically during the symmetrically 
regauging discharge of the circuit's excitation energy (Figure 2-7). Hence 
all present EM systems designed by that model rigorously conform to 
classical equilibrium thermodynamics, and exhibit a coefficient of 
performance (COP) of COP<i.0. 


Since the Maxwell-Heaviside equations do not restrict the designer to 
systems in equilibrium with their active environment, some ubiquitous 
characteristic of the standard circuit approach must be self-enforcing the 
Lorentz symmetrical condition as far as using any excess free potential 
energy of the system to freely power loads. That is the closed-loop circuit, 
as we have discussed. Let us now illustrate what goes on in such a circuit 


Taking into account Figure 2-4, Figure 2-8 shows a modified diagram of 
what is actually happening between the vacuum and the dipole to power 
the circuit. Figure 2-9 shows how a pair of conductors constitutes an 
extended series of parallel dipoles. Once the dipole is formed by 
dissipating some chemical energy in the battery, the dipole extracts energy 
from the surrounding vacuum and pours it out of the battery terminals, 
producing an energy flow filling space around the conductors of the 
external circuit. Only a very small portion (Figure 2-4) ofthe very large 
energy flow is intercepted by the external charges in the conductors, and 
diverged into the conductors to power up the Drude electrons. 
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As can be seen from Figure 2-7, half of the energy collected upon the 
internal electrons to drive them as j is expended as work required to 
pump the spent electrons from the ground return wire back through the 
source dipole in the battery. This scatters the charges of the dipole (in this, 
case, by changing the chemistry of the battery plates) and destroys the 
dipole. The other half of the collected energy is dissipated in the external 
circuit's losses and in the load. 


Then some more chemical energy has to be dissipated by the battery to 
perform work upon the internal charges and restore the dipole (in this case, 
to change the plate chemistry of the battery plates). So even if this process 
is 100% efficient, the battery has to dissipate as much chemical energy as 
was electrically dissipated upon those former dipole charges to scatter 
them and destroy the dipole. 


In Figure 2-7, we show the small internal resistance of the conductors, as 
well as the load resistor. Halfthe energy dissipated by jd is expended just 
to forcibly ram the spent electrons back through the back emf of the source 
dipole. The other half is expended in the circuit's internal losses and in the 
load resistance. ‘Therefore, less energy is expended as usable work in the 
resistive load than is expended to destroy the dipole and cut off the flow of 
free EM energy from the vacuum, 
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The battery has to input as much energy to restore the dipole as was used 
to destroy it. The battery has to expend at least as much chemical energy as 
‘equals half the entire energy originally collected in the external circuit and 
‘expended as [j(t)p(t)dt. It must expend chemical energy CE > % ji(t)o(t)dt 
The energy RE dissipated as work in the load resistor R is 

RE < % jj(1)o(t)dt. Thus CE>RE, and this system is forced to exhibit 


SIF Oty Cop <1. (23) 


CE + ya joreode 

As can be seen, this system symmetrically regauges itself during its 
excitation discharge, so that it self-enforces the Lorentz. condition during 
that period. The circuit self-enforces COP<1.0, even though all the energy 
— both the energy powering the extemal circuit and also destroying the 
internal source dipole in the battery to enforce the Lorentz condition 
during discharge — is freely received fiom the active vacuum via the 
broken symmetry of the source dipole,” once established, in its energetic 
exchange with the active vacuum, 


© The broken symmetry of opposite charges is one of the broken symmetries 
predicted by Lee, (13a) and by Lee, Oehme, and Yang, (13b}. Broken symmetry 
‘was proven experimentally in early 1957 by Wu et ai, {14}. So profound were the 
implications for physics that the Nobel Prize was awarded to Lee and Yang in latter 
1957, the same year! E.g., see T. D. Lee, “Weak Interactions and Nonconservation of 
Purity,” Nobel Lecture, Dec. 11, 1957 in T- D. Lee, Selected Papers, Gerald 
Peinberg, Ed., Birkhauser, Boston, 1986, Vol. 1, p. 32-44. 
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‘The problem is that the source dipole is destroyed faster than the load is 
powered, as shown in Figure 2-7. Because of the inexplicable scientific 
;pre-occupation with the conventional closed current loop circuit, the planet 
and biosphere have been increasingly polluted for more than a century, by 
burning more hydrocarbons, building more dams, using more nuclear fuel 
rods, etc. to provide ever more electrical energy. 


2.4 In Summary 


COP> 1.0 operation in EM systems via work-free asymmetrical regauging 
has been inherent in the Maxwell-Heaviside equations for more than a 
century. Since Lorentz first did so circa the latter 1880s, electro- 
dynamicists have just conveniently and arbitrarily assumed away 

COP> 1.0 systems by (i) artificially limiting the theory to only that fraction 
of Maxwell-Heaviside systems in usable net force field equilibrium in their 
vacuum exchange during their excitation discharge, and (i) using the 
ubiquitous closed current loop circuit to self-enforce the Lorentz. symmetry 
condition during that excitation discharge. In other words, our engineers 
have only been building systems which self-enforce the overly restricted 
Lorentz-regauged theory. 


Electrodynamicists have never seriously tried to build overunity circuits, 
nor until recently have they explored the discarded Maxwellian systems by 
removing the Lorentz regauging condition and examining EM energy from 
the vacuum. 


Under the directorship of Dr. M.W. Evans, the Alpha Foundation’s Institute for 
Advanced Study (AIAS) has been gradually developing the physics of EM systems 
far from equilibrium with their active environment (the local active vacuum and 
local curved spacetime). Some of the papers of interest are: M. W. Evans et al, 
‘Derivation of the Lehnert field equations from gauge theory in vacuum: Space 
charge and current." Found. Phys. Lett, 13(2), Apr. 2000, p. 179-184; Evans et al., 
{38D}. (38c}, {113b]. (23a), (233), (233e); (233g), (233j): Evans et al., 
"Schrodinger Equation with a Higgs Mechanism: Inherent Vacuum Energy.” Found 
Phys. (in review); — "Vacuum Energy Flow and Poynting Theorem from Topology 
and Gauge Theory,” Physica Scripta (in review): — "Energy from the Vacuum,” 
Physica Scripta (in review): — "Some Notes on Asymmetric Regauging’, J. New 
Energy 4(3), Special Issue, Winter 1999, p. 325-326; — "Inconsistencies of the 
Maxwell-Heaviside Theory of Electrodynamics: The Aharonov-Bohm Effect,” J. 
New Energy, 4(3), Special Issue, Winter 1999, p. 236-240; — "Spontaneous 
Symmetry Breaking as the Source ofthe Electromagnetic Field," Found. Phys. Lett 
(in press), A monumental work. Modern Nonlinear Optics, Second Edition, 3 vols. 
ed. M. W. Evans, Wiley, 2001 gives a broad coverage of higher group symmetry 
electrodynamics and energy from the environment (the local active vacuum and the 
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Every electrical power system ever built is and has been powered by 
electrical energy freely extracted from the seething vacuum exchange with 
the source dipole in the system, due to that dipole's broken symmetry. But 
the engineers and scientists have designed and built only those electrical 
systems which self-enforce Lorentz’s symmetrical regauging. 


‘The time for energy scientists and engineers to correct this procedure and 
cease this inane practice is long overdue, following the direction pointed 
out by the AIAS. 


local curved spacetime). Some 60 ALAS papers are published as a Special Issue of 
the J, New Energy, 4(3), Winter 1999. More than 100 ALAS papers are also carried 
fon DoE restricted website hutp://www.ott.doe.govlelectromagnetic/, 
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Chapter 3 


Giant Negentropy, Dark Energy, Spiral 
Galaxies and Acceleration of the 
Expanding Universe 


the discoveries made in 1957 established not only right-left 
asymmetry, but also the asymmetry ofthe positive and negative 
signs ofelectric charge. In the standard nomenclature, right-Left 
asymmetry is referred to as P violation, orparity 
nonconservation. The asymmetry between opposite signs of 
electric charge is called C violation, or charge conjugation 
violation, or sometimes particle-antiparticle asymmetry. "{V. D. 
Lee]. {180} 


"The ends ofa dipole, being oppositely charged, exhibit charge 
conjugate symmetry violation. An ‘isolated’ charge, considered 

with its clustering virtual charges ofopposite sign, also exhibits 
symmetry violation. " [T. E. Bearden, this book, below]. 


"A generally acceptable, rigorous definition of radiation has not 
as yet beenformulated." ... "The recurring question has been: 
Why is it that an electric charge radiates but does not absorb 
light waves despite thefact that the Maxwell equations are 
invariant under time reversal? "|B. P. Kosyakov]. {181} 


"It [the energy transferflow’] takes place, in the vicinity ofthe 
wire, very nearlyparallel to it, with a slight slope towards the 
wire... . Prof Poynting, on the other hand, holds a different 
view, representing the transfer as nearly perpendicular to a 
wire, ie., with a slight departurefrom the vertical. This 
difference ofa quadrant can, think, only arise from what seems 
to be a misconception on his part as to the nature ofthe electric 
field in the vicinity ofa wire supporting electric current. The 
lines ofelectricforce are nearly perpendicular to the wire. 
Their departure from perpendicularity is usually so small that I 
have sometimes spoken ofthem as beingperpendicular to it, as 
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they practically are, before Irecognized the great physical 
importance ofthe slight departure. It causes the convergence of 
energy into the wire. " [Oliver Heaviside]. (182) 


"The funny thing about the dark matter is it doesn't show up in 

light, X-rays, gamma rays, infrared, ultraviolet, radio waves, or 
submillimeter. We're running out of places to look for it. 
[William Keel]. {183} 


baryonic, ordinary matter — the stuff of stars and of people 
— makes up just over 4% ofthe energy and matter in the 
universe. ...about 30% ofthe stuffin the universe is dark 
[unobserved] matter. The remaining two-thirds, theorists 
believe, is a mysterious ‘dark energy' or ‘quintessence'—a 
large-scale antigravity-like effect that is making the universe 
expand everfaster.... " (Charles Seife]. (184) 


“"Andyet, curiously enough, we do not know exactly what charge 
is, only what itdoes. Or, equally significantly, what it does not 
do."[M. P. Silverman}. (185) 


"Charge is the ongoing circulation of EM energy flow between 
the time and 3-space domains, as seen by the observer. Negative 
charge is the ongoing absorption ofEM energy inputfrom the 
time domain (from ict), transduction ofthe absorbed energy into 
3-space EM energy, and re-emission ofthe EM energy in all 
directions in 3-space. Positive charge is the ongoing absorption 
of EM energy input from 3-space, transduction ofthe absorbed 
energy into the time domain, and re-emission ofthe EM energy 
in the time domain. Ifwe wish, we may also consider the positive 
charge as radiating negative energy, while the negative charge 
radiates positive energy. Once we consider vacuum 
polarization, we recognize that this circular flow process is 
involved at each "dipolar point” ofthe polarized vacuum." (T. E. 
Bearden, this book, below]. 


"The matter density ofthe Universe is extremely low. On 
average there might be one atom per cubic metre of space. The 
‘major constituent ofthe Universe is believed to be some kind 
‘dark energy’, which is pushing the Universe apart." [Matthew 
Colless). {186} 
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3.1 Broken 3-Symmetry of the Dipole 


To recap from Chapters 1 and 2: In 1956, Lee and Yang {187} strongly 
predicted broken symmetry in physics, suggesting experiments to detect it 
in the weak interaction. In early 1957, Wu et al. {188} experimentally 
demonstrated broken symmetry, thus furnishing the experimental 
substantiation of broken parity in the weak interaction, The emergence of 
broken symmetry was such a dramatic change to the view of physics, that 
in December of the same year, 1957, Lee and Yang were awarded the 
Nobel Prize. 


‘One of the asymmetries shown by Lee et al. is the asymmetry of opposite 
charges. That means that a dipole, which consists of slightly separated 
opposite charges, exhibits broken symmetry in the seething vacuum virtual 
particle flux. In short, a dipole — any dipole or dipolarity — must absorb 
or receive virtual photon energy from the active vacuum, integrate at least 
some of it to observable state, and re-radiate that integrated EM energy in 
observable form in 3-space. 


We stress: The ends ofa dipole, being oppositely charged, exhibit broken 
symmetry. An ‘isolated’ charge, considered with its clustering virtual 
charges of opposite sign, is a set ofcomposite dipoles and also exhibits 
broken symmetry. 
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Let us now consider a gedanken experiment, as shown diagrammatically in 
Figure 3-1, to illustrate Kosyakov's quotation cited above. At a point in the 
laboratory corresponding to the origin of a 3-dimensional frame, a dipole 
is produced instantly by separating charges, such as in a flash-charged 
capacitor. Along two radial lines in 3-space fiom that origin, we have 
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previously placed perfect EM field and potential detectors, at dista 
ct apart, where t= 1, 2, 3, 4, n,... and so on in seconds, with the radials 
extending across the universe, and where c is the speed of light. We neglect 
the transient pulse that momentarily occurs at each instrument package, since 
wwe are examining steady state conditions. 


Atthe end of one second, the instruments at t= 1 instantly read, and those 
readings remain thereafter. One second later, the instruments at t= 2 
instantly read, and those readings remain thereafter. And so on with each 
ofthe instruments progressively farther from the origin reading at the 
proper light-time travel, and with all field readings then remaining 
continuously thereafter. 


This gedankenexperiment demonstrates that what is emitted from the 
dipole, from its moment of creation at the origin, is a continuous flow of 
EM energy in all directions in 3-space.*” This energy continuously flows 
from the dipole, indefinitely or as long as the dipole physically exists. 
Other than paying once to initially separate the charges and make the 
dipole, we have neither added nor input any additional energy. Yet energy 
continues to flow out from the dipole in all directions, unceasingly, as 
shown by the continued of the reading on each field energy densit 
instrument, once the leading edge of the energy outpour reaches that 
instrument and passes it by. In short, the experiment shows that it is not a 
"pulse" that passes each instrument, but a continuous and sustained flow of 
EM energy, remaining steadily thereafter so long as the dipole remains. 


One year after making the dipole, the instruments at one light year distance 
suddenly read, and their readings remain. The energy density ofa volume 
ofspace one lightyear in radius has now been changed, and that change 
in spatial energy density continues to spread outwards at light speed. 


* More exactly, what is observed is a spreading change in the energy density and 
point-like polarization ofthe vacuum itself, and of the local curvature of spacetime. 
At each point, once the change of energy density and ST curvature occur, the energy 
density and ST curvature remain fixed in a new equilibrium condition, steadily fed 
by the energy radiating from the dipole. See our point made in (181). The 
discovery of giant negentropy (12) requires a change in how we view the very 
process of energy propagating in space. Now it has become a quite different 
propagation ofenergy circulation between time and space domains at each affected 
point in space. 
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Yet there has been no input of observable 3-space EM energy flow to the 
dipole whatsoever, as our instruments also verify. All observable energy 
flow in 3-space is outward from the origin where the dipole is located.” 


We have shown that the observable EM energy flow from a source dipole 
is not conserved in 3-space, which is consistent with a broken 3-symmetry 
since symmetry implies conservation. Either we must discard the 
conservation of energy law altogether, or it must be conserved in 4-space 
since we have proven the dipole does not conserve energy in 3-space. If 
wwe assume that the experiment must conform to the conservation of energy 
law, then 4-symmetry EM energy flow must exist since 3-symmetry 
energy flow is broken. The energy steadily pouring out of the dipole in all 
directions in 3-space must therefore be received by the dipole chargesfrom 
the time-domain,” assuming we are working in Minkowski 4-space. In 
particle physics, this is essentially the same as receiving the energy fom 
the virtual domain, and therefore is consistent with the proven broken 
symmetry of every dipole and dipolarity. 


The energy flow is indeed received from the time domain 
argued (189) ina wave manner consistent with (i) quantum 
shown by Mandl and Shaw in the photon model {190}, (ii) broken charge 
conjugation symmetry of particle physics using the virtual photon and 
observable photon concepts, and (iii) a re-interpretation of Whittaker's 
decomposition ofthe scalar potential {191} when applied to the scalar 
potential between the ends of the dipole {12}. 


We state the obvious: A dipole is a Maxwellian system. This gedanken 
experiment also proves by demonstration that a Maxwellian system — 
€g., a dipole — is permitted by the laws of nature, physics, and 
thermodynamics to output more energy than the operator inputs, since we 


® Obviously, we are utilizing the prevailing notion of the flow of energy through 
3-space, which is actually non sequitur. No 3-space observable entity can “move” 
in 3-space alone; it requires time to move, and so any movement is in 4-space a 
priori. We previously discussed this and the adr operator being applied by the 
observation process. But for simplicity, we ate using the conventional view here, so 
the negentropy of the dipole can be easily grasped 


© Again, we have stated the positive time case only. In the spreading special 
4-circulation, energy appears in 3-space at each point dipole from the time domain 
(courtesy ofthe action ofthe negative charge of the dipole), and then returns from 
S-space back to the time domain (courtesy of the action ofthe positive charge, which 
is a time-reversal of the action of the negative charge). 
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input nothing to the source dipole“ once we have made it. After paying to 
produce the dipole initially, the operator has made no other energy input to 
the dipole at all, yet the dipole will continue to pour out observable energy 
in 3-space for the next 14 billion years ifthe dipole remains and is not 
destroyed. In addition, every positive charge and every negative charge in 
the universe form a dipole, regardless of the separation distance between 
them. That dipole is also performing the gedanken experiment process. 
Every dipolar EM circuit contains innumerable such dipoles — e.g., across 
"open paths" between the various points in the circuit, as shown by Kron 
{192}. Kron (193) stated: 


the missing concept of "open-paths "(the dual of "closed- 
paths") was discovered, in which currents could be made to flow 
in branches that lie between any set oftwo nodes. (Previously - 
following Maxwell - engineers tied all oftheir open-paths to a 
single datum-point, the 'ground’). That discovery ofopen-paths 
established second rectangular transformation matrix... which 
created ‘lamellar’ currents..." "A network with the simultaneous 
presence ofboth closed and open paths was the answer to the 
author's years-long search." 


By considering all dipoles in the universe, one has in fact finally defined 
Kron’s open path. One has also defined the master mechanism responsible 
for the incredible EM energy density of the vacuum — the so-called "zero- 
point EM energy". Overall, every electrical circuit thus has innumerable 
energy flow broken 3-symmetries in it, with respect to exchange of EM 
energy flow between the time and 3-space domains. To sum all these 
broken 3-symmetries to an overall net 3-symmetry during the discharge of 
the free excitation energy of the circuit, obviously requires some specific 
macroscopic cohering function in the circuit. Moreover, one exists 
Specifically, the closed current loop between the external circuit attached 
to the generator and the internal source dipole created between the 
terminals of the generator, is what enforces the circuit's net 3-symmetry 
and Lorentz. symmetrical regauging. That is an arbitrary man-made 
condition, and not a law of nature, physics, or thermodynamics. 


Or to a charge with its clustering virtual charges of opposite sign, if we redo the 
‘experiment with a single "isolated" observable charge and consider it more exactly 
as a set of composite dipoles, each of which exhibits broken symmetry in the 
vacuum virtual particle flux. 
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By our gedanken experiment’s demonstration and the existence of 
innumerable disequilibria between the active environment® and the system 
in an ordinary EM circuit, it follows that a Maxwellian circuit must be 
capable of exhibiting a coefficient of performance (COP) of COP>1.0. It 
is a giant collection of open dissipative systems, far from equilibrium in 
the vacuum exchange. 


That concept of course is contrary to the entire present mindset of electrical 
engineering and Maxwell-Heaviside-Lorentz classical electrodynamics. 
‘Those disciplines merely continue to accept the source charge as if it freely 
created from nothing all that energy in its associated fields and potentials 
reaching across the universe. Ironically, so long as the giant negentropy of 
the common dipole and its disequilibrium with its active environment (the 
local active vacuum and the local active curvatures of spacetime) are 
unaccounted, engineers and scientists will continue to produce the inane 
Lorenz/Lorentz-regauged power systems they produce today and have 
produced for more than a century. Also, they will continue — wittingly or 
unwittingly — to implicitly prescribe that every charge and dipole in the 
universe violates the conservation of energy law and is thus aperpetuum 
‘mobile of the grossest kind: a system which massively and continuously 
creates EM energy from nothing 


We now point out something deeper and very important. In modem 
physics, the observed positive charge is regarded as the time reversal of 
the observed negative charge. See Figure 3-2. Ifthe negative charge 
responsible for EM energy flow from the time-domain into 3-space, then 
as observed the positive charge must represent a time-reversed situation. 
We observe time reversal in the charge domain as a parity reversal and a 
charge reversal, but with the energy remaining positive. In other words, 
one imagines that one records a process on videotape, and then runs the 
video backwards to observe the "time-reversed” situation. When observed, 
both the sign of the positive charge and its direction of motion appear to us 
to be reversed from the negative case. 


© In parageaph 3.10 and in Chapter 9 we will introduce — more deeply — the notion 
of the supersystem, consisting of three parts: (1) the system and its dynamics, (2) the 
active vacuum and its dynamics, and (3) the active spacetime curvatures and their 
dynamics. All three components of the supersystem interact with each other. In our 
zgedanken experiment, the system (component 1) must receive the excess energy 

fom the system’s external environment, which consists of components 2 and 3 of the 
supersystem, 
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It follows that the positive charge as observed involves a flow of (positive) 
energy from 3-space back to the time domain. If we wish, before 
observation we can accept that "observed positive energy inflow" as an 
unobserved outward radiation of negative energy. Thus, a dipolarity 
involves a continuous flow of energy from the time domain into 3-space, 
and back from 3-space into the time domain (Figure 3-2). The energy flow 
circuit (circulation) is completed by a remaining energy flow across the 
dipolarity in the time-domain only, from the positive charge where the 
energy enters the time domain, to the negative charge where it exits 
again" 
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© Rigorously, we should speak of +g and -gt. Charge q is an observable, and 
therefore an instant frozen snapshot. No observable exists continuously in time, but 
instead it recurs continually as the photon interactions — iteratively producing the 
didt (LLLT) = LLL observations — continue. The moment a charge q absorbs a 
photon, it changes to gt in form. The moment the charge-time gr emits a photon, 
changes back to q in form, This incessant change of -> gt > q-> gf —» su. is 
continual, at every level ofthe macroscopic charge, with its entire ensemble of 
photon interactions, including both virtual and observable photon interactions. As 
‘can be seen, the “charge as it persists” and "moves through time” has a rich dynamic 
substructure essentially ignored in present electrodynamics. It is, however, 
recognized by leading theoreticians and Nobelists. 


it 
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However, even each of the clustering virtual charges and each of the 
differential charges of the observable charge, may be further broken into a 
central charge and clustering charges of opposite sign, in the modem view 
ofthe vacuum and its polarization. Hence, at any level — electron or 
positron — we actually have a dual and slightly separated bidirectional 
flow, at least in the observable equilibrium condition. The "positive 
energy" and positive flow of time is usually associated with "inert" matter 
with the electrons on the outside, so that the observer observes normal 
matter through the "forward time” situation mostly. Hence much of the 
accompanying backwards or time-reversed flow — from the positive 
charges in the nuclei, etc. — is "buried in the vacuum virtual state” in the 
Dirac sea and in Dirac sea hole flows. 


Indeed, the vast hierarchy of nested structures and nested dynamics in 
charge as it exists in the vacuum, is recognized in physics, as is the fact 
that it involves infinite energy. E.g., quoting Nobelist Weinberg (194) 


"[The total energy ofthe atom]... depends on the bare 
mass and bare charge ofthe electron, the mass and 
charge that appear in the equations ofthe theory before 
we start worrying aboutphoton emissions and 
reabsorptions. But free electrons as well as electrons in 
atoms are always emitting and reabsorbing photons that 
affect the electron’s mass and electric charge, and so the 
bare mass and charge are not the same as the measured 
electron mass and charge that are listed in tables of 
elementary particles. Infact, in order to accountfor the 
observed values (which ofcourse are finite) ofthe mass 
and charge ofthe electron, the bare mass and charge 
must themselves be infinite. The total energy ofthe atom 
is thus the sum oftwo terms, both infinite: the bare energy 
that is infinite because itdepends on the infinite bare 
mass and charge, and the energy shift. that is infinite 
because it receives contributions from virtual photons of 
unlimitedenergy.” 


Here again we have met Kron’s "open path” in a new and unrecognized 
form, 
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Hopefully we now are in a position to rigorously define charge — or try to 
— for the first time in physics." Charge is the ongoing circulation of EM 
energy flow between the time and 3-space domains, as seen by the 
observer. Negative charge is the ongoing absorption of positive EM 
energy input from the time domain (from ict), transduction of the absorbed 
energy into positive 3-space EM energy, and re-emission of the EM energy 
in all directions in 3-space. Positive charge is the ongoing absorption of 
EM energy input from 3-space, transduction of the absorbed energy into 
the time domain, and re-emission of the EM energy in the time domain. Or 
contrary-wise, one may regard the positive charge as the ongoing 
absorption of negative EM energy input from the time domain, 
transduction of the absorbed negative energy into 3-space, and 

re-emission of the negative EM energy in all directions in 3-space. The 
negative charge then absorbs the negative EM energy impinging on it from 
3-space, and transduces it into negative energy flowing back into the time 
domain. 


Any overall curvature of spacetime, as seen by the observer, results in one 
of the two flows predominating as seen by the observer. Usually, at 

COP < 10, this Dirac sea hole current does not bother our circuit's 
operation, but remains confined to the local vacuum. It is often not 
bothersome or is minor for other than very high COP's. The reason is that, 
for such moderate and small COP's, most of the Dirac sea hole currents, 
react either with (i) the seething local vacuum virtual particle cauldron, or 
i) the atoms in the material lattice to form lattice holes. 


‘As the COP increases, the fraction of Dirac holes interacting with the 
lattice to form lattice holes increases. As the COP further increases greatly, 
a large fraction of the Dirac sea holes do not react with the local vacuum 
cauldron (they become stable forms in that cauldron) or the lattice, but 
flow into the input section of the system to react with and "eat" incoming 
electrons from the extemal power source. 


Ifthe inflow of electrons is insufficient to fill the arriving Dirac sea hole 
current at the input section, the hole current passes back into the feeder 
line and into the distant power source, eating electrons all the while. This 


‘This is stil a frst order, macroscopic definition. For a more comprehensive 
statement, one must spell out the hierarchy and dynamics ofthe virtual state, the 
participating mass of the charged particle and its generatrix, the operations and 
dynamies ofthe didr observation operator, etc. We have not yet succeeded in getting 
all that into a single reasonable but sufficiently short statement! 


14 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


includes eating electrons in the distant power source, which simply "sees" 
that it must furnish additional current and voltage (power) toward the 
distant circuit or system 


In that operational COP region where strong interaction with the lattice 
occurs, the attachment of the lattice positron (lattice hole) to the mass of 
the atom or other ion, results in a very sluggish response of the overall ion 
with EM fields, compared to the response of an electron or a negative 
energy state electron hole (Dirac sea hole). Hence much of conventional 
electrical power circuit theory ignores the lattice holes and hole currents 
which no longer have negative energy because they have reacted and been 

‘observed”. Semiconductor designers, however, account for it and handle 
it in the semiconductor (in a given range of operation) primarily by the use 
of donor and acceptor materials. 


At COP» 1.0, however, the Dirac sea hole current must be strongly taken 
into account because it produces substantial and novel new effects in the 
power system itself, This Dirac sea hole current "flows in reverse” with 
respect to the circuit — from output back to the input. In short, it flows 
through the vacuum from the output section of a unitary COP» 1.0 
stem, back through the middle section ofthe system, and back into the 
input section where it "eats” incoming electrons from the external power 
supply. The power supply thus must furnish electrons to "kill (power the 
killing of) the Dirac sea hole current arriving in the input section", while 
still furnishing the necessary amount of additional electrons to power the 
circuit's losses and loads. 


‘The hole current arriving back in the input section of the unit poses an 
additional "power system load". These holes must be filled with incoming 
electrons (which disappear into the Dirac sea hole in the vacuum without 
radiation, due to the concomitant relaxation or change of the local 
curvature of spacetime) before any incoming electrons are left to power the 
circuit in normal fashion. So the hole current appears as a highly undesired 
extra "load" formed in the input and eating input power from the external 
power supply 


We further discuss th 


uation and how to deal with it, in Chapter 9. 


Finally, we propose a formal modification of the concept of "EM energy 
flow through space” (perhaps the first since its formulation independently 
by Heaviside and Poynting). The EM energy flow connected with the 
charge is a circulation of EM energy flow between the time domain and 
3-space and back, as a result of dipolarity. This 4-circulation flow occurs 
at every point in 3-space (at every point dipole in the 3-space vacuum). 


135 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


The formation of an observable charge results in an immediate, continuing, 
spreading re-organization (polarization) of the polarization of the vacuum 
virtual particle flux itself. It is this spreading polarization ofthe vacuum 
— and its accompanying giant negentropy EM energy flow circulation in 
4-space connected with the spreading dipolarity and the observable 
"source" charge — that moves outward in all directions at the speed of 
light in 3-space from the newly formed charged particle or group of them. 


We also define charge itself as that continuously spreading dipolarity in 
3-space“ accompanied by the giant negentropy EM energy flow 
4-circulation from the time domain to 3-space and back. 


The giant negentropy circulation in 4-space — represented by the 
spreading vacuum point-polarization and hence broken 3-symmetry — 
what (observably) moves out in all directions from the newly formed 
observable charge. Since we "observe" only the 3-space aspect, we "see" it 
as the spreading appearance of 3-space EM energy (the polarization 
change of the vacuum itself) moving in 3-space, because we "see" it as the 
iteratively observed frames of a motion picture. As observed, that is one 
way of expressing it. As it actually exists and happens prior to 
observation?” the so-called "flow of EM energy in space” is not that at all 
Itis the radial spread of the appearance of a giant 4-space negentropy EM 
energy flow circulation between the dipoles formed in the polarization of 
space. In that process, the special 4-symmetry between time and space is 
‘maintained but with broken 3-energy flow symmetry and broken time- 
energy flow symmetry with respect to the 3-space observer 


 Le., the spreading partial restructuring and re-organization of the vacuum ener 
or energy flux. 


© ‘The sharp-eyed reader will note that we clearly distinguish between the operation 
ofa “tre falling in the forest” without an observer to see it, and a "tee falling in a 
forest” as an observer sees it. Without observation, there is no observed tree, no 
observer, and no "observed falling”. Yet there exists the "tee x time”, the "observer 
x time", and the “falling x time” whether or not their observation occurs with its 
resulting d/dr differentiation operation. One set (the causal set) is 4-spatial, and the 
other set (the event set after observation) is 3-spatial. The cause is 4-spatial and 
unobserved, and the effect is 3-spatial and observed. They are not the same, though 
related by the ddl observation operator and by the interaction of the 4-space cause 
‘with a previous 3-space frozen observation to change it to a new 3-space frozen 
observation. Note that one can and does have a cause without an effect in any 
legitimate theory of causality, but not an effect without a cause. The cause only 
imes the potential for interaction and observation, whereas the effect assumes 
that the interaction has occurred, yielding the observation as the effect. 
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The 4-circulation (giant negentropy) ofthe EM energy flow "from" or 
“connected with” a charge, is intimately connected with the spin of the 
charged particle, since the charged particle spins in both the time domain 
and in 3-space, as discussed in paragraph 3.3 below. We believe the spin 
itself is the basic giant negentropy generator. If that hypothesis is true, 
then giant negentropy, the circulation of EM energy between time-domain 
and 3-space and back, broken 3-symmetry and broken time-energy 
symmetry (as seen by the observer), the flow of EM energy through space 
(as observed), the nature of charge itself, and polarization of the quantum 
mechanical vacuum are all just different sides ofthe same coin. 


Without amplification, we state that his giant negentropy outflow process 
has additional important ramifications in electrodynamics, general 
relativity, particle physics, and unified field theory. However, we leave 
further discussion of the subject for a future paper or book and for the 
advanced theorists. 


3.2 Reinterpreting Whittaker's Decomposition of the 
Scalar Potential 


As previously stated, we applied and re-interpreted Whittaker 1903 
decomposition ofthe potential {85) between the ends of the dipole. The 
scalar potential is actually a harmonic set of bidirectional longitudinal EM 
wavepairs, where each wavepair consists of an outgoing EM longitudinal 
EM wave in real 3-space and an incoming EM longitudinal EM wave in 
the complex plane. Hence we have a new and novel EM energy flow 
symmetry in 4-space, where (as seen by the observer) the broken 

of the dipole has removed the usual arbitrary imposition of an 
additional condition of 3-space energy flow symmetry as well. Simply 
making a dipole permissibly breaks the 3-space conservation of energy 
flow symmetry, and moves to 4-dimensional conservation of energy 

flow. Both EM energy conservation in 3-space and in the time domain are 
individually broken, but conservation of energy flow is now upheld 
between the time-domain and the 3-space domain. In blunt terms, we 
“consume a little time” to get any EM energy that exists in 3-space. 


“ We leave to a future sharp young graduate student the business of expressing the 
angular momentum (spin) of the charged particle as a result of giant negentropy in 
EM energy flow between the time domain and 3-space. It can probably be done by 
deeply considering the giant negentropy process for an "isolated" observable charge 
considered as also containing its clustering set of virtual charges of opposite sign. 
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Issuing a license to thrill — with higher 
speeds 


» Cobbling together spectrum with carrier 
aggregation 

» Going well beyond “rabbit ears” with 
massive antenna arrays 


» Seeing stars with quadrature amplitude 
modulation 


Chapter 2 
Achieving Faster Speeds 
and Larger Feeds 


ver the past decade, the need for speed in mobile net- 

works has increased dramatically. To address this need, 

5G will increase the speeds of today's most advanced 
Long ‘Term Evolution (LTE) networks by an order of magnitude — 
from a few gigabits per second (Gbps) to as much as 20 Gbps. In 
this chapter, you get a glimpse of the engine — or, more cor- 
rectly, the parts and components of the engine — that will power 
the 5G networks of the future. 


Fattening the Data Pipe 


Wireless spectrum is limited and highly regulated throughout 
the world. The International Telecommunication Union (ITU) 
allocates frequency spectrum worldwide, and governing bod- 
ies within the respective countries then license that spectrum 
for use by individual mobile network operators (MNOs). The ITU 
has identified three International ‘Telecommunication Regions 


CHAPTER 2 Achieving Faster dsandLargerFeeds 11 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


‘The broken symmetry of a source dipole — or of a source charge 
considered with its clustering virtual charges of opposite sign as a set of 
dipoles — produces a continuing giant 3-negentropy, as seen by the 
observer. He only sees the steady 3-space outpouring of energy, and sees 
that it will continue as long as the dipole or charge remains intact. 
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To clarify the “isolated charge" as a set of composite dipoles, see Figure 
3-3. There is no such thing as an isolated observable charge in 

3-space; instead, the observable charge is surrounded by attracted virtual 
charges of opposite sign in the active vacuum. We take a differential piece 
ofthe observable charge and a momentary virtual charge of opposite sign, 
and call the two a "composite dipole". An observable charge is simply a set 
of composite dipoles connecting virtual and observable energies and 
energy flows. 


Hence any source charge (classical sense) may be considered such a set of 
composite dipoles. So any source charge also multiply initiates the broken 
3-symmetry and broken t-symmetry in EM energy flow (as interpreted by 
the observer), but conserves energy flow 4-symmetry between the time 
domain and the 3-space domain. In 4-space, there is an energy flow 
circulation from the time domain to 3-space and back to the time domain 
again. 


‘This special circulation of energy is strikingly similar to, and may be an 
extension of, Heaviside's unpublished theory of combined electrodynamics 
and gravity, where he used closed circulation of EM energy as exhibiting 
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gravitational effects (in modem terms, producing spacetime curvature) 
{195, 172b.}. This approach or extensions of it may yet have a profound 
impact on physics, as commented upon by Laithwaite (196). Certainly 
Heaviside considered his own energy flow theory. So it appears that he 
considered the excess energy flow — that "misses" the interaction with the 
circuit or assumed unit point charge and is not utilized — as producing 
gravity. That of course would be in perfect agreement with modem general 
relativity, since any change in the local energy density of vacuum is also a 
change in the local curvature of spacetime. We have called that Heaviside 
nondiverged and unaccounted EM energy flow by the label darkpositive 
energy. See our further discussion of unaccounted (dark) positive energy in 
paragraph 3.8 below. 
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See Figure 3-4. This 4-symmetry is a far more fundamental energy flow 
symmetry than either 3-symmetry or t-symmetry. Both the "isolated 
charge” and the dipole are open systems far from equilibrium with their 
external active environment (the active vacuum and the active curvatures 
of spacetime). They are permitted to perform the five "magical" functions 
of disequilibrium thermodynamical systems. Such a system can: (i) self- 
order, (ji) self-oscillate or self-rotate, (iii) output more energy than the 
operator inputs, (iv) power itself and its loads (the "load” of a source 
dipole or source charge may be said to be comprised of the associated 
fields and potentials reaching across all space, and the continuous flow of 
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energy necessary to maintain those fields and potentials), and (v) exhibit 
negentropy. 


‘The source charge and the source dipole exhibit all five functions. We 
often refer to these characteristics of a charge or dipole as its giant 
negentropy functions (197} 


It only takes a single white crow to prove that not all crows are black. 
Every charge and dipolarity in the universe is already a Maxwellian system 
far from thermodynamic equilibrium with its local active environment — 
the very class of Maxwellian systems that Lorenz/Lorentz symmetrical 
regauging of the Maxwell-Heaviside equations arbitrarily discards. That 
local environment consists of the local curvatures of spacetime and the 
local active vacuum. The system together with the two components of its 
active environment is called the supersystem. All three components of the 
supersystem continuously interact with each other and exchange energy. 
Allis dynamic, continuously. Any appearance of a "static state” in the 
system is actually an equilibrium condition stabilized in the ongoing 
supersystem dynamics. 


So one does not have to "prove" that Maxwellian systems exhibiting 
COP>1.0 (even COP = o0) are possible. Every charge and dipolarity in the 
universe is already just such a Maxwellian system, even though all such 
systems are erroneously discarded by Lorenz/Lorentz symmetrical 
regauging. Either one must accept asymmetry and COP> 1.0 EM systems 
in electrodynamics, or one must purge fiom the theory all the charges and 
dipoles and all effects from them. ‘That destroys all the charges, all the 
fields, and all the potentials. 


‘That also destroys electrodynamics itself, as well as chemistry, particle 
physics, and most of modem science. The arch critic of overunity EM 
system research would do well to acquaint himself with some additional 
physics. Either that, or practice what he advocates, and give up all charges 
and dipoles and all effects from them — including in chemistry, particle 
physics, materials science, etc. When he holds on to the charges and 
dipoles while insisting on the impossibility of COP> 1.0 Maxwellian 
systems, his cherished conventional EM theory eats itself by its own tail 
and becomes an oxymoron. 
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3.3 How the Dipole Charges Transduce Time Energy 


‘We present a simplified analogy” that allows one to visualize how the 
dipole transduces the incoming time-like longitudinal EM energy flow into 
3-space real EM energy flow for negative charge, or vice versa in the case 
of positive charge. With a little oversimplification, a charge may be said to 
spin 720° degrees in one complete rotation. For our purposes, it spins 360° 
in the imaginary plane (over in ict), and then spins 360° in the real plane 
(in 3-space). Thus the negative charge can absorb the incoming EM energy 
flow in the complex plane, transduce or "flip" the absorbed EM energy 
into 3-space to begin its 360 degrees in 3-space, and the excitation can 
decay during that 3-space spin part of the cycle. The only "variable" in ict 
isthe t, so any energy flow has to be "by means ofthe variation of the 
t-variable". We already argued in a previous chapter that time can be 
treated as highly compressed spatial energy, having the same energy 
density as mass. So absorbing a very tiny amount of time-energy and 
transducing (decompressing) it into spatial energy produces enormous 
spatial energy (t multiplied by the factor c’). 


‘The negative charge absorbs a little bit of positive time energy, transduces 
it into a much larger amount of 3-space excitation energy, and re-emits it 
in 3-space as an observable, real flow of EM energy radially outward in all 
directions. The positive charge receives the large amount of 3-spatial EM 
energy and absorbs it, transduces it back into time-energy (highly 
compressed energy) and re-emits it in the time domain as a little bit of 
highly compressed time energy. 


Conversely, we may consider that the positive charge absorbs a little bit of 
negative time energy, transduces it into a much larger amount of negative 
3-space excitation energy, and re-emits this negative 3-space energy in all 
directions in 3-space. That consideration is important in the cold fusion 
phenomenology, and in fact accounts for the formation of little fleeting 
"time-reversal zones” in the electrolyte solution where the law of attraction 
and repulsion of charged particles is momentarily reversed. The omission 
ofthe giant negentropy mechanism and the negative energy mechanism 
from particle physics reaction theory is why there do not exist such nuclear 
transmutation actions at low spatial energy (but high time energy) in 


© For simplification, the analogy treats "spin" of the charged particle as if it really 
‘were something like that ofa spinning top, at least in its 3-spatial component 
However, in physics the entity spin is not confined to a flat plane or even to 3-space, 
Consequently, we caution that the analogy is primarily a mnemonic aid. 


1a 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


conventional particle physics. All such permissible reactions have been 
arbitrarily omitted from the discipline. 


For the positron (or any positive charge), we assume that the process is 
reversed: 3-space energy is continuously absorbed (from the active 
vacuum exchange) by the positive charge during its 360° spin in 3-space. 
‘This 3-space excitation energy is then flipped into the time domain as 
time-charge or time-energy, as the charge starts its second 360° spin in the 
time domain. During that latter part of its 720° spin cycle, the spinning 
charge re-emits the time-charge energy (time-excitation) as a flow of a 
little bit of very dense EM energy in the time domain. 


‘The effects of these mechanisms in systems of charges in motion are met 
with as time dilation effects, spacetime curvature effects, frame rotation 
effects, etc. in relativity theory. 


‘A charge that has received excess EM energy from the time domain is said 
to be time-charged or time-excited. Since time-charge or time-energy is c* 
denser than spatial energy, a tiny amount of time-energy excitation or 
time-charge may be re-emitted as substantial spatial energy over a period 
oftime. In short, the decay of time charging or time-excitation of charged 
particles can occur slowly and over time. The decay is marked by the 
presence of longitudinal EM wave radiation, by mysterious ionization 
phenomena appearing in some Geiger counters depending on their 
individual time-histories (individual initial time-charging condition), and 
by excess energy appearing in electrolytes and emitted as heat where such 
decay of time-charge is occurring. 


Usually in ordinary circuits and EM systems the time-charge and time- 
charge-decay effects are minimal, being offset by their opposites in close 
adherence to equilibrium, However, when this is not the case and time 
charging does appreciably occur, then novel phenomena result in those 
circuits and systems. Such effects have occurred for some time in 
instruments associated with rigorous electrolyte experiments at U.S. Naval 
research facilities at China Lake {198}, but the researchers have not 
recognized the cause. We have pointed out the time-charge and time-decay 
solution to those novel phenomena, and explained why apparently 
“identical” instruments need not respond to the stimuli in the same manner 
{199}. Along the way, we also explained several ofthe low spatial energy 
(thus high time-energy) transmutations, including giving the typical 
reactions producing the excess deuterium, tritium, and alpha particles. We 
also explain those new nuclear reactions at low spatial energy (but high 
time-energy) in Chapter 10. 
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As we stated in Chapter 1, paragraph 1.1.3: In such electrolyte experiments 
where the palladium electrodes load with concentrations of positive 
charges on hydrogen ions of one form or another, then in the adjacent 
solution there can arise fleeting time-reversal zones. Such a zone is 
simply a very tiny volume of fluid in which antiphotons temporarily 
comprise the majority of the ongoing photon interactions with the local 
ions in solution in that zone. The result is that the normal (time-forward) 
law of attraction of unlike charges and repulsion of like charges is 
reversed; in the TRZ, like charges attract and unlike charges repel. This 
allows two positive ions such as H+ to be drawn together so tightly that 
each enters the (reduced) strong force region of the other, forming a quasi 
nucleus. When the other ions move to eliminate the TRZ, during the decay 
ofthe TRZ the strong force increases more rapidly than the EM force. 
Hence, the preferred method of decay ofthe now-excited quasi-nucleus is 
by quark flipping to allow the quasi-nucleus to become a new nucleus. 
This nuclear transformation interaction allows the production of the excess 
deuterium, tritium, and alpha particles. 


3.4 Reordering of the Local Vacuum: Giant Negentropy 


A giant negentropic reordering of a fraction of the surrounding vacuum's 
energy is initiated when a dipole or charge is formed. This reordering is 
deterministic, and is the 4-flow energetic structure shown by Whittaker 
{85}. slightly reinterpreted, with perfect coordination of the converging 
EM energy inflow in the complex plane with the outflowing converted real 
EM energy in 3-space. Hence this negentropic reordering introduces 
“hidden order” into the vacuum’s otherwise disordered energy. This 
reordering ofa fraction of the vacuum's disordered energy also changes the 
Gibbs statistics assumed in quantum mechanics, replacing it with an 
"already chaotic” statistics containing hidden order. We propose this as a 
possible contribution toward resolving the presently unsolved problem of 
the missing chaos in quantum mechanics {200} 


3.5 Some Implications of Giant Negentropy 
Giant negentropy has many envisioned impacts upon physics, such as: 


(a) Allows development and use of negentropic EM circuits 
(COP>1.0 systems) rather than entropic circuits. Once a 
broken 3-symmetry with stable 4-symmetry is established (as 
by forming a dipole), it continues indefinitely unless 
deliberately destroyed, 
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(b) Allows direct negentropic reordering of a practical and usable 
fraction ofthe vacuum’s energy at will, at any point in the 


(©) Provides for electrodynamic engineering of the vacuum 
energy and of spacetime curvatures clustered in specific 
templates (the concept of vacuum engines or spacetime 
curvature engines). This has significant medical applications 
(387c} 


(d) Utilizes time as energy (per our previous discussion) and thus 
allows use of the Whittaker phase conjugate half of the 
biwave set as an EM energy flow within the flow of time. 
Observably this translates to the continuous receipt of free 
time-energy by the formed broken 3-symmetry (e.g., the 
charge or dipole). Accordingly, the charge or dipole 
continuously pours out real observable EM energy in 3-space, 
without any observable EM energy input (time is not 
observable, and neither is the time-polarized photon alone). 


(e) Allows "burning a little time for fuel", so to speak, in order to 
transduce it into a very large spatial energy flow, due to the 
enormous compression of 3-spatial energy represented by 
time-energy by a factor ofc”. 


So from the giant 3-negentropy discovery, we have arrived at some 


intriguing findin; 


(a) 


(b) 


) 


As is well known in particle physics, the opposite charges of a 
dipole constitute a broken 3-space symmetry in the violent flux 
exchange between the active vacuum and the dipole. 


‘This dipole's broken 3-space symmetry in EM energy flow, 
provides a relaxation to a more fundamental EM energy flow 
symmetry between the time domain and 3-space, and therefore in 
4-space 


There is no law of nature or physics that requires 3-symmetry of 
EM energy flow as an additional condition applied to 4-symmetry 
of EM energy flow. Instead, 4-symmetry energy flow is more 
basic, by the hierarchy rule.” 


” Quoting Steven Weinberg: "there is a hierarchy ofsymmetries; whatever 
symmetry unites the gravitational and strong nuclearforces with the electroweak 
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(d) The dipole is a practical and very simple means of "breaking” the 
additional 3-flow symmetry condition in EM energy flow our 
systems have previously exhibited, and relaxing to the 
fundamental 4-flow symmetry without 3-flow symmetry. 


(©) So long as the dipole statically exists (e.g., imagine an electret 
suddenly formed, or a charged capacitor with no leakage), real 
usable EM energy circulation between time and 3-space, at each 
point in 3-space, will continuously move out from the dipole at 
light speed in all directions. In the view of the observer, at the 
same time, reactive EM power (actually, time-energy) will 
continuously flow into the dipole from the time-domain (the 
complex plane), and be transduced into real EM power output 
radially outward in 3-space from the dipole. 


() Observably, a dipole or dipolarity and its scalar potential thus 
comprise a true negative resistor system of the most fundamental 
kind. The dipole continually receives EM energy in unusable form 
(reactive power, which cannot perform real work), converts it to 
usable form (real power, which can perform real work), and 
outputs it as usable, real EM energy flow (real power) in 3-space. 
Further, it spreads this "transformation of time-energy into 3-space 
energy at every dipole point” outward in 3-space in all directions. 


(g) So at its formation the dipole initiates a continuing giant 
negentropy — a progressive reordering of a substantial and usable 
portion of the vacuum energy {201} that begins with dipole 
formation and continues. Further, this reordering of vacuum 
energy flow at every point in space continuously spreads in all 
directions from the initiation point, at the speed of light. Dipoles 
in original atoms formed shortly after the beginning of the 
universe, have been pouring out real EM energy for some 14 to 15 
billion years or so (ie., in the prevailing view; the age of the 
universe and whether it is expanding are still controversial {754}), and 
have reordered a fraction of the vacuum’s energy, where the 
magnitude of the re-ordering varies inversely as a function the 


forces is broken roughly a hundred million million times more strongly than the 
symmenry that unifies the weak and electromagnetic interactions, The puczle of 
explaining this enormous difference in fundamental energies is therefore known in 
elementary particle physics today as the hierarchy problem." (Weinberg. Dreams of 
4 Final Theory, Vintage Books, Random House, 1993, p. 205], 
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radial distance from the dipole.” This is in fact the solution to 
the long-vexing problem of the source charge and its associated 
fields and potentials and their energy, reaching across the 
universe. The charge together with its associated clustering 
virtual charges is a set of composite dipoles, hence a multiple 
broken 3-symmetry energy flow system. 


(h) Ifthe dipole is destroyed, the ordering of the vacuum energy 
ceases, leaving a "separated chunk" of reordered vacuum energy 
dynamics that continues to expand at the speed of light in all 
directions, steadily reducing in local intensity as it expands. 


(At any very small volume in space, from the dipole dynamics of 
the universe it follows that a great conglomerate of reordered 
vacuum flows and fluxes — some continuous, some chopped — is 
continually passing through that volume. Further, the situation is 
totally nonlinear, so that direct wave-to-wave interactions occur 
continuously amongst these energy flows and waves. We 
hypothesize that this is the actual physical mechanism constituting 
Puthoffs cosmological feedback mechanism {202} 


(Further, in 1904 Whittaker {203) showed that any EM field or 
wave pattern can be decomposed into two scalar potential 
functions. This initiated what is called superpotential theory. Each 
ofthe two potentials for those functions, of course, decomposes 
into the same kind of harmonic longitudinal EM wavepairs as 
shown in Whittaker 1903, plus superposed dynamics. In other 
words, the interference of scalar {204} potentials — each of which 
is actually a set of longitudinal EM waves, and not a scalar entity 
{205} at all, but a multivectorial entity — produces EM fields and 
waves and their dynamics. Hence we hypothesize that the 
Whittaker interference of the propagating reordered EM energy 
entities, continuously occurring at any point in space, generates 
the zero-point EM field energy fluctuations of the vacuum itself 
Indeed, an AIAS group paper by Evans eral. {206} has already 
shown that just such "scalar interferometry” produces transverse 
EM fields and waves in the vacuum at a distance. 


The field energy density in the fields produced by the source charge varies 
inversely as the square ofthe radial distance. The potential energy density in the 
potentials produced by it will vary inversely as the distance. 
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Since energy can neither be created nor destroyed, there really are no true 
energy sources in nature in the sense that they create energy and pour it 
out (207). Instead, what we call "energy sources” merely convert the 
energy already there in one form, into another form, All energy sources are 
no different from a solar cell in the sun, or a windmill in the wind, at least 
in principle. They are actually energy transducers rather than energy 
sources. This corresponds well with the conservation of energy law 
wherein not a single joule of energy can be created or destroyed. Instead, 
the form of that joule of energy can be continually changed. Every joule of 
energy present in the universe after its formation is still present, and is still 
doing joule after joule of work in iterative interactions with transducers 
that change its form, 


A priori, we can measure no real 3-space input of EM energy to the 
unchanging charge but we can measure real 3-space EM energy pouring 
from it. Energy must be input to it from the active vacuum in a 
nonobservable form, and converted by it into an observable form that is re- 
emitted, usable, and produces what we call the “fields and potentials" and 
their energy, associated with that As is common usage, 
we will continue to use the term "source charge” or "source dipole”, but 
with the understanding that we refer to a special kind of energy transducer. 


When we "make entropy", we must do work. Even so, doing work is not 
really entropic unless we also lose control of the energy” — whose form 
was merely changed by doing the work — and thence lose any further 
ability to use that energy (change its form, or transduce it) to do useful 
work. And when we observe entropy, we also do work in the observing. 
Some of the erroneous notions about entropy desperately need correcting, 
Eg., quoting Weinberg (208) for a lay definition of entropy: 


".acertain quantity called entropy: To define entropy, imagine 
that some of the system's temperature is very slowly raised from 
absolute zero. The increase in entropy ofthe system as it 
receives each small new amount ofheat energy is equal to that 


” vn interesting point is that energy is energy and remains energy. "Disordered" 
ultimately means "unusable" or “inconvenient” and nothing else. Disordered energy 
is still energy, and if we do not lose it from the system we can in fact have the 
system automatically reorder it, e.g. by use of simple retroreflection. The entire 
concept of entropy must be rigorously interpreted in terms of "energy whose reuse is, 
lost’, at least by the processes being performed by the system considered. In our 
view, “entropy” itself is just additional usually “lost” energy to be recovered. 
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throughout the world with distinct frequency bands allocated to 
each region (see Figure 2-1). 


a 


FIGURE 2-4: |TU International Telecommunication Regions and spectrum 
allocations. 


‘MNOs must pay for the right to transmit and receive data using 
this shared medium in each country in which they operate.’To fat- 
ten a wireless data pipe, an MNO must procure additional licenses 
to use a designated frequency spectrum. 


In the US,, the Federal Communications Commission (FCC) au 
tions spectrum to MNOs — and we aren’t talking about eBay auc~ 
tions here! In the US. alone, spectrum auctions have raised more 
than 60 billion dollars since 1994. Another challenge for MNOs 
is that available spectrum is limited and going once . . . going 
twice ... sold! 


‘Thus, MNOs must find new ways to use existing spectrum more 
efficiently. LTE Advanced and LTE Advanced Pro are pioneer- 
ing the path to 5G, using several innovations to get more data 
through existing spectrum, including: 


2 Carrier aggregation (CA) 
2 Multiple input multiple output (MIMO) 
2 Quadrature amplitude modulation (QAM) 


5G For Dummies, txia Special Edition 
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energy divided by the absolute temperature at which the heat is 
supplied.” 


...entropy, which always increases with time in any closed 
system... 


However, we point out that apparently there exists no completely closed 
yystem in the entire universe. In the notion of entropy and the escape of 
the energy from their "closed" system, thermodynamicists themselves 
ubiquitously negate the latter premise that entropy in a completely closed 
system always increases with time. That simply does not follow. The real 
situation is as follows: (i) Entropy in a half-open system with no allowed 
extemal input of energy, but with allowed escape of energy. does decrease 
with time ifthe energy ofthe system decreases with time by escaping.” 
Hence the cooling of "hot" water with time, ifand only ifthe excess 
energy in the system can have a net escape to the (cooler) environment as 
time passes, (ii) Energy in a completely closed system (closed to both 
energy and mass), with no input and no output of energy at all, simply 
remains constant because it is not dissipated; simply apply the 
conservation of energy law. It may rearrange within, and the 
subcomponent energies may disorganize with respect to range, but the total 
energy remains. Entropy actually only deals with the loss of ability to 
utilize the energy. To wit, the assumed (and apparently true, so far as we 
can tell) conservation of energy in the present universe is an example. A 
closed system is in this sense a special case ofa system in equilibrium with 
its active environment.” Le., any "closed system" is such a special case. 


In case the reader has not thought of it, until the energy “escapes” it is not 
dissipating or dissipated from the dissipating "object". A "hot" object is energetically 
excited but not hot; the energy dissipated from it (including from every component 
within it) is scattering, and hence disruptive and "hot" in its interaction with a test 
instrument (or one’s finger). The thermometer (or any other instrument) is external to 
the rest ofthe system (even if imbedded in it). Hence merely to "measure the 
temperature" is actually to pass energy out of the system into the thermometer (or 
other instrument), so that the thermometer measures the heat of the dissipating 
energy that has just escaped from the system. For these and similar reasons, Romer 
— former editor of A. J. Phys.— pointed out that “heat” should not even be used as a 
noun (84) 


® The concept of energy always requires that one can write “energy of. .(X)" and 
fill in the (X). We usually write the phrase "of._.(X)" as "X energy". Thus we write 
the phrase "energy of heat” as "heat energy,” the "energy ofthe vacuum" as 
vacuum energy”, and the “energy ofthe EM entities” as "EM energy". At least in 
its usage, energy always requires a medium or entity "having" or "exhibiting" the 
energy. As Feynman pointed out, we really do not know what "energy" per se is 
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(iii) In a system closed with respect to output (escape) of energy, but with 
the system opened only to allow external input of energy, the system 
energy will increase, simply by the conservation of energy law. That 
system's entropy will decrease and its negentropy will increase. (Its mass 
will also increase, and so it violates the thermodynamic misdefinitions of 
closed system; see Appendix A). It is well known that the entropy of an 
open system far from equilibrium cannot even be computed! (iv) Energy in 
an open system where input of energy and escape of energy both occur, 
may either increase, decrease, or remain constant, depending upon whether 
the input rate exceeds the output rate, or vice versa, or the energy input and 
output rate are equal. Therefore such a system can exhibit overall entropy, 
overall negentropy, or overall equilibrium, (v) Net energy scattering rate 
(rate of energy escaping the system in disordering fashion) from a hot 
system determines the observed temperature of that system at the time of 
observation. The system itself is cold, prior to escape of the energy. The 
eat" is due to the interaction of the escaping energy with an external 
object, in its disordering fashion. Inside the system prior to escape, the 
energy is ordered hence cold. 


A system in equilibrium in its exchange with its active external 
environment is in a state of maximum entropy for that specific rate of 
energy exchange with its environment, As we will point out in Chapter 9, 
by deliberately balancing the system-and-vacuum exchange with the 
system-and-curved spacetime exchange, so that the two exchanges are 
equal and opposite at a desired rate of exchange, one may establish (at 
least in theory) system equilibrium at whatever specific rate of energy 
exchange is desired.” " In this fashion, e.g., an "impossible" molecule 
normally intensely unstable and decaying in a nanosecond or less, can in 
fact be stabilized once an appropriate balance between the two opposing 
energy exchanges with the system is achieved at the required specific rate 
of energy exchange. This is actually a new Lorentz symmetrical regauging 


* This is necessary, e.g., to close-loop a COP>1.0 EM unitary system taking its 
input energy from the vacuum, as we shall see in Chapter 6. 


©The Fogal superluminal transmission system in fact uses a conventional signal 
input to change this "symmetrical regauging” condition in consonance with the 
amplitude of the input signal. Thus suddenly Lorentz symmetrical regauging 
becomes a way to transform a conventional signal into a signal consisting of changes 
in the stress energy potential ofthe vacuum. That constitutes a longitudinal EM 
wave, and so it is not limited by the speed of light. To use this process, a Fogal 
semiconductor must be used as the modulator in the “transmitter”, and another must 
bbe used as the demodulator in the "receiver 
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condition; change of symmetrical regauging is very useful in this fashion, 
In this way, a great new chemistry with reactions presently deemed 
impossible is in the offing, and it is already being developed by at least 
‘one U.S. company. We do not name the company, under our tacit 
agreement with the scientists doing the work. 


To operate conventional entropic systems,” first we must input energy to 
the inert system to force it out of equilibrium and back into excitation 
(back into an asymmetrically regauged system, violating the Lorentz 
condition) so that it has some excess energy (and negentropy). Then we 
allow the decay of the excited system's excess energy to pass through a 
oad and be dissipated from it, doing work for us by powering the load. 
Conventional systems usually do not recapture the "escaping dissipated 
energy” but just waste it. "Dissipating” energy is merely allowing it to 
escape from the system and from further system control. Then we brutally 
force more excitation energy into the system, opening it and breaking its 
equilibrium to do so. Again we dissipate the system's excitation energy in 
the load to produce some more work, usually wasting an appreciable 
fraction of the excitation energy. 


In EM systems, it is a little more complex. We continually "switch on” a 
negentropic flow of EM energy from the vacuum by making a source 
dipole. In the circuit, we collect a small part of the resulting huge energy 
flow in space surrounding the circuit conductors. ‘Then we use half the 
collected energy to destroy the dipole source of the energy flow, while less 
than half of the collected energy is dissipated in the load (the rest of that 
second half is dissipated in the extemal circuit's losses). Hence we must 
continually restore the source dipole and pay more to do it than we get out 
in the load as useful work. We make a perfectly good negentropic system, 
and then forcibly destroy its negentropic ability faster than we power the 
load and get any use out of it. That's a terrible way to make and use power 
systems, but it is what has been done for more than a century. 


So with our present entropic EM systems (actually our self-killing 
negentropic EM systems) we continually wrestle nature fiercely to the mat, 
so to speak, by brute force, repeatedly, to bind her into 3-space EM energy 


By “entropic system" we mean a system whose excitation energy decays and is 
dissipated from the system or at least from its further control, so that the entropy 
(ost or unusable energy) of the system continually increases until equilibrium (total 
decay ofthe excitation energy) is achieved. As can be seen, this also can be used to 
define entropy and increase in entropy. What is usually unappreciated is that 
‘equilibrium is actually a counterbalance between ongoing entropy and negentropy. 
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conservation. All the while, nature protests our continual entropic brutality 
by providing the Newtonian third law reaction force™ back upon our 
causative wrestler performing the "forcing". To do entropic engineering, 
‘we have to continually input 3-space energy to the wrestling mechanism or 
engine, losing a bit ofthe input energy in the inefficiencies, and fighting 
the "back emf”, "back mmf", or Newtonian third law reaction that is 
nature's cry of protest all the while. Those are nature's penalties for 
imposing a monstrous 3-space EM energy flow symmetry” upon her as an 
additional, highly undesired, and highly unnatural condition added upon 
her beloved special 4-symmetry energy circulation between the time 
domain and 3-space. 


In short, because we so love entropic engineering and 3-space EM energy 
flow symmetry, we have to provide the continual input energy to our 
entropic processes by burning fuel, damming rivers, erecting windmills, 
building waterwheels, erecting solar cell arrays, building and charging 
chemical batteries, etc. In the process, we destroy and pollute the 
biosphere on a giant scale as we rip down forests, strip-mine and drill the 
earth, pile up thousands of tons of radioactive nuclear wastes —that will be 
hot for thousands of years — from our power plants and related facilities, 
and spew streams of pollutants into the atmosphere, the rivers, the oceans, 
etc. We do all that biosphere destruction because we inexplicably insist 
upon placing cruel chains on nature by brutally enforcing 3-space energy 
flow symmetry upon her. In the process, we adamantly require adherence 
to classical equilibrium thermodynamics (as given a somewhat altered 
explanation above, and also in Appendix A). 


‘We do not have to do it that way. In avoiding solving the source charge 
problem for so long (more than a century), we have been extremely 


Note that Newton's thitd law reaction is implicit in the special negentropic energy 
flow circulation of the dipole, or of the charge considered as a set of composite 
dipoles. The same energy that moves into 3-space from the time domain, then returns 
fiom 3-space to the time domain, at every point in the 4-circulation. Ifwe consider 
the positive charge as a "source" of negative energy, then there is a concomitant 
circulation of negative energy from the time domain to a point in 3-space, and back 
to the time domain, 


™ ‘The 3-space symmetry of energy flow equilibrium is actually between the energy 
\we input (from its external environment) to the system, and the energy that escapes 
fiom the system back into its external environment, either in its losses or in its loads, 
As we stated, equilibrium condition is a balance between ongoing entropic and 
negentropic operations. 
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backward in our thinking and in our consequent development of entropic 
engineering technology. 


For our dullness, we have had to pay and pay continuously for insisting on 
doing such atrocious entropic work and forcing nature to do it that way. In 
so doing, we "tie nature's feet" with that added arbitrary 3-symmetry in 
energy flow. We ourselves prohibit nature from performing the giant 
negentropy she so dearly loves and much prefers. We also arbitrarily and 
‘meanly discard the bountiful electromagnetic energy flow that nature loves 
to furnish us so freely by her vast preference for giant negentropy. We 
meanly discard nature's bountiful giant negentropy banquet free for the 
taking, by our vast thirst for giant entropy and doing violence to nature. 
Because we act like brutes instead of scientists, we destroy nature in spite 
of nature's continuing attempt to give us all the EM energy we wish, freely 
except for a little switching cost. 


A far better way is to cooperate with nature and "let nature make her 
beloved copious negentropy" as she yearns to. To do that, we now can see 
the startlingly simple mechanism. We simply make a little dipole, once, 
entropically. So we have to pay for making the dipole, once, and we have 
to do just a little gentle violence to nature, once. Then we need do no more 
violence, if we just leave the dipole intact and do not destroy it. In short, 
we do have to tap nature gently on the shoulder. We do not have to 
brutally knock nature down to the mat, repeatedly. 


When we make the dipole, we make a little bit of "broken 3-symmetry” in 
the universe's energy flow. Voila! Nature sings forjoy at finally having 

her feet freed from the shackles of the horrid 3-symmetry energy flow. In 
great glee, she instantly relaxes into her dearly preferred giant negentropy 
and 4-symmetry. She instantly sets to re-ordering a substantial and usable 


“Eg. so far as I am aware, there have been no funded research programs to 
discover how to deviate and collect some of the freely flowing energy from a 
permanent magnet or an electric dipole. Instead, electrodynamics has smugly 
continued to call it "statics" as ifthere were no dynamics, and ignored the giant 
rnegentropy circulation that is "seen" as the steadily outflowing field energy in 
3-space, and erroneously called the “static field’. There is no such thing as "statics 
in the entire observed universe « priori: the very process of observation itself is 
dynamic. What we see as "static" is continual recurrence of a given condition or 
state or magnitude, as beautifully pointed out by Van Flandem (628). One might 
even say that, not only is nature energetic, nature is energy, constantly changing and 
in motion in innumerable ways at once! One might even define "energy" as the 
process by which nature both acts and observes its actions, in every form and 
structure and possibility 
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portion of the vacuum energy of the universe, in all directions at the speed 
of light, spreading her preferred giant negentropy EM 4-energy circulation 
flow fiom the dipole toward the ends of the universe at the speed of light. 
As long as we do not destroy the dipole (the broken 3-symmetry) that 
gently breaks the 3-symmetry shackles, nature's feet remain freed from 
brutal 3-space symmetry in EM energy flow. In that case, she delightedly 
continues to reorganize a portion of the vacuum energy, with the 
reordering spreading radially outward at the speed of light. Simply making 
a. common dipole or charge" sets nature to going about reordering an ever- 
increasing fraction of the entire vacuum energy of the universe, and 
continuing. indefinitely. 


Simultaneously with freeing her from enforced 3-space EM energy flow 
symmetry, in great gratitude nature pours out an immense real EM energy 
flow from that little dipole or charge. She will continue to pour it out 
forever for us, if we do not destroy the dipole or charge. 


Instead of the present universal entropic engineering, the smart thing to do 
make just a little bit of entropy wisely, using the work we get to break 
3-space energy flow symmetry (basically, to make a dipole). Then leave 
that mother ofall negative resistors andfree energyflow generators alone 
andforever unchanged! Concentrate on intercepting, extracting, and using 
the free 3-space energy copiously flowing forth from the giant negentropy, 
without destroying the dipole that is freely providing it. 


3.6 How Circuits Are Powered 


Let us now look at the great magnitude of the energy flow that nature gives 
us fiom that dipole. We have to get into the subject a bit, because EM 
energy flow theory has been rather thoroughly confused for more than a 
century. 


First, batteries and generators do not use their available internal energy — 
the shaft energy we input to the generator, or chemical energy availabie in 
the battery — to power the extemal circuit. Instead, each uses its available 
internal energy {209} to perform work on its own intemal charges, 
forcibly separating the charges to form the source dipole. 


See again Figure 3-4. All the hydrocarbons ever burned, all the nuclear 
fuel rods ever consumed, and all the dams ever built, added not one single 
watt directly to the power line. All the energy from those activities was 


As we previously explained, a charge isjust a set of composite dipoles. 
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input to the generator shaft after normal losses en route, to provide internal 
magnetic energy available to the generator. In tur, the generator used that 
available internal magnetic energy only to do internal work on its own 
internal charges to force them apart, forming the source dipole connected 
to the terminals. Generators are energy transducers only; they do not 
directly power their own external circuits. 


Batteries and generators expend their internal energy available to them, to 
make the source dipole, and for no other purpose! None of their intemal 
energy is used to power their external circuit. It never has been, and it 
never will be. 


Once the source dipole isformed, it does all the hypothesized 4-functions 
we pointed out previously. It induces the spreading giant negentropic 
reordering ofthe vacuum energy, extracts (transduces) EM energy from 
the continuously reordering vacuum, and pours out from the terminals of 
the generator (or battery) a vast 3-flow (as observed) of EM field energy 
along the external circuit. As indicated by Kraus's illustration of the 
Poynting component (210), this giant EM energy flow fills all space 
surrounding the circuit, out to an infinite lateral radius.” The energy flow 
is generally parallel to the conductors of the circuit. Only a tiny component 
of this flow — due to the surface charges of the conductors and the little 
boundary layer of energy flow that slides along the surface ofthe 
conductors — strikes the surface charges and gets diverged into the 
conductors (by the lateral withdrawal of the surface charges — with the 
"stub" or "base” of their field energies — laterally into the conductors. The 
electrons move mostly laterally, withdrawing from one side ofthe 
conductor surface to the opposite. Only the tiny component of its field 
vector integrated over that small distance is withdrawn into the conductors 
to power the electrons. This small amount of "withdrawn" energy is the 
diverged Poynting component, “collected” by the circuit. It also is the 
small component then used (dissipated) to power the Drude electrons and 
the circuit." All the rest ofthat vast EM energy flow in the surrounding 


© We accent that Kraus, along with other authors, only shows the 3-space Poynting 
component ofthat flow: Le., he shows the very small amount ofthat extemal 3-space 
energy flow that is diverged into the circuit to potentialize the Drude electrons and 
power the circuit. Kraus does not show the remaining Heaviside component that is 
not diverged. 


* As shown by Kraus, some ofthe energy flow at the various radial distances from 
the wire is withdrawn, asthe surface electrons and the "stubs" oftheir near fields 

precess laterally into the depths of the wire when potenialized, Jackson, Classical 
Electrodynamics, Second Edition, Wiley, 1975, p. 223 also points out the nonlocal 
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space, that pours forth from the terminals, just misses the circuit entirely. It 
roars on off into space and is wasted. 


‘The diverged, utilized, and accounted energy flow component — the 
Poynting component — is only a tiny, tiny fraction of the entire giant EM 
energy flow produced by the source dipole for every circuit 


3.7 The Heaviside Component vs. the Poynting 
Component 


Unless Heaviside and Lorentz did rigorous calculations in a work we have 
not yet uncovered, we could not find any development of the functions and 
equations required for computing the numerical ratio of the unaccounted 
Heaviside "dark energy flow" {nondiverged energy flow component that 
misses the circuit), to the tiny Poynting energy component thai strikes the 
surface charges of the conductors {211} and is diverged into the wires to 
power the circuit when the surface charges precess laterally into the wire. 


Consequently, we performed a very crude "special case" estimation (212} 
— a back-of-the-envelope type, with highly simplifying assumptions — 
for a very simple circuit in which one resistor is powered by a DC source. 
Our crude estimate showed that about 10" times as much EM energy flow 
‘misses the circuit, is not diverged, and is wasted —as strikes the circuit, 
gets collected, and then is dissipated in the circuit to power the load and 
losses. Until electrical physicists re-examine the energy flow theory and 


involvement of the transverse current. Quoting: “..the transverse current... extends 
over all space, even ifJ is localized. ” One notes that present electrical power 
systems concentrate exclusively on the J current, making no attempt to collect and 
utilize the recognized but rather ignored transverse current, 


“Note, however, that this Heaviside energy flow component differs from ExH. The 
Heaviside component is totally nondiverged (being actually in curl or swirl form), 
and since E and H are both diverged energy components assumed around an 
Interacting unit point static charge, there is neither E nor H in the electrical 
engineering sense prior to interaction with charge. So the energy flow in both the 
Poynting and Heaviside components is in a force-field-free form until intercepted by 
and interacted with charge. Poynting’s component, e.g. assumes only that energy 
‘component that does interact with charge and get withdrawn into the circuit 
Heaviside's component assumes only that energy component that does not interact 
with charge and does not get withdrawn into the circuit. 


155 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


again recover the Heaviside unaccounted component in it, that brute force 
estimate will have to suffice as at least an illustrative example."* 


What does that 10" ratio mean? For a little 1 watt generator of that DC 
type with that specific size conductors and that specific resistor, the 
Heaviside unaccounted energy flow component was about 10 trillion 
watts, occupying all space surrounding the wire,“ if all of it could be 
intercepted, collected, and used to power loads (213). But the little circuit 
‘was only intercepting and collecting — and using to power loads — about 
10° of the available energy flow surrounding the circuit, ifall of it could 
have been intercepted, collected, and used to power loads." 


We have never had, and we do not now have, an EM energy shortage or 
problem. We never will have one, due to nature's bounty in providing us 
with the giant negentropy of the common dipole and of the charge 
considered as a composite dipole. Instead, we have the two problems that 


@ only atiny, tiny component of the available 3-energy flow 
extracted from the vacuum (decompressed from time-energy) by 


* We would very much welcome a much more accurate functional expose by a 
capable higher geoup symmetry electrodynamicist! 


% We also point out that none ofthis nondiverged energy flow component is 
accounted in conventional electrodynamics and electrical engineering (the closest it 
comes is Jackson's mention of the transverse current over all space), and neither has 
it been accounted or even investigated by biophysicists seeking to determine the 
effects of EM radiation and fields upon biological systems. We strongly suspect 
(and have done a little work on the problem) that these "force-tree fields” and 
neglected excess “strange energy" flows do have interactions throughout the highly 
nonlinear cells of the body, and can indeed have profound long term effects on long. 
exposed biological systems. We particularly stress the potential for time-charging 
and subsequent combined scalar and longitudinal photon puir decay of time-charge 
excitation in the body. Several major areas of electrodynamics — such as the 
transverse current effects, Heaviside component effects, and internal Whittaker 
structuring (engines) effects of EM radiation — have not been investigated by the 
scientific community. 


” We accent that time-energy may be regarded as spatial EM energy compressed by 
the factor ¢*. Hence one second = 9x10"* joules of EM spatial energy, if 
decompressed by time-energy interaction with charge. The crude estimate for one 
circuit of 10" times as much energy being wasted in the Heaviside energy flow 
‘component as is caught and used in the Poynting component, is thus quite reasonable 
when one recognizes that all the EM energy flow appearing in the circuit or outside 
it actually comes from the time domain, hence constitutes decompressed time- 
energy 
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the source dipole and poured out of the terminals of the power 
source, is caught and used by the circuit, and 


(i) in the closed current loop circuit, half of that small spatial EM 
energy component that is intercepted and caught, is used by the 
circuit only to destroy the source dipole and cut off the free flow 
of EM energy from the vacuum faster than it powers the load. 


We have previously discussed this further in several papers {214}. 


‘One must occasionally keep one's sense of humor. The real problem that 
the Department of Energy should be working on, with massive resources, 
is simply the alteration ofthe closed current loop circuit so that it does not 
destroy the source dipole faster than it powers the loads. Secondly, they 
should then be working on how to close-loop the COP>1.0 EM systems 
that readily emerge from that research. Yet it appears that this fundamental 
energy problem — and the only energy problem — has no conventional 
work being openly done on it anywhere in the open Westem world." 


3.8 Dark Positive Energy: The Unaccounted Heaviside 
Component 


Now we restate a deceptively hidden thing: The EM field and potential are 
defined as the observed effect ofthe deviation from them by an assumed 
unit point charge. Then that same field and potential are assumed to be in 
mass-free space, before the interaction with charged matter. Hence the 


* Using the U.S. as an example, the U.S. classified community is highly 
‘compartmented, and the real “organization” of a given compartment ofien consists of 
laterally connected "same clearance” compartments in multiple outside agencies 
rather than vertical chain of command through one agency. We accent that some 
highly compartmented "lateral" classified organizations in the West and elsewhere 
already have working COP>1.0 systems, and have had them for several decades. 
Some of these laterals in the U.S. are very dedicated to the duly elected government 
of the United States, with good national security reasons for the fact that they 
“officially do not exist". Some are not so dedicated at all, and have their own. 
‘agendas having litle if anything to do with official U.S. government policy. ‘These 
latter "rogue" laterals ofien have convenient connections with outside shadowy 
‘groups of the High Cabal (Churchill's phrase). A. similar situation exists in several 
other major foreign nations. Substantial electrodynamic technology has been 
developed (and weaponized) for decades, in secret, and this technology does not 
appear in the open news, the university texts, or the scientific journals. Such is the 
‘ase for COP>1.0 EM power systems, which have actually existed in secret for 
decades. 
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We All Bundle — with CA 


‘As you might imagine, the process of buying and selling spectrum, 
over time, causes spectrum to be sliced and diced in some pretty 
creative ways. MNOs also come and go, or get merged, acquired, 
and divested (for example, Cingular Wireless and MCI). All of this 
causes yet another challenge — contiguous spectrum is hard to 
find and MNOs must cobble together different bands to maximize 
their available bandwidth. It’s sort of like a business being so 
unreasonable as to want a continuous range of direct inward dial- 
ing (DID) phone numbers to simplify its phone switch program— 
ming, company directories, and business cards! Except that in the 
case of frequency spectrum, non-contiguous bands aren't just a 
messy inconvenience — they limit available bandwidth, 


For LTE networks, including LTE Advanced and LTE Advanced 
Pro, four carrier bandwidths (or sizes) are available for transport- 
ing data: 


29 Smegahertz (MHz) 
> 10MHe 
2 1SMHz 
o> 20MHz 


Larger bandwidths can transport more data. For example, 10 MHz 
can transport data at 37.5 megabits per second (Mbps) and 
20 MHz can transport data at 75 Mbps. ‘These data transfer rates 
assume a single antenna on the user equipment (UE) side and on 
the Evolved Node B (eNodeB) side. This is known as single input 
single output (SISO). 


User equipment (UE) refers to an end-user device in a mobile net- 
work, such as a smartphone. Evolved Node B (eNodeB) is the MNO 
hardware — for example, a base transceiver station (BT'S) — that 
wirelessly communicates directly with the UE. 


Carrier aggregation (CA) is a technique that allows an MNO to use 
‘more than one component carrier (CC) — known as the secondary 
carrier — as an additional data pipe. For example, 2CA enables any 
of the four carrier bandwidths (5, 10, 15, ot 20 MHz) to be used as 
the primary carrier and any of the other four carrier bandwidths 
to be used as the secondary carrier. 
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field and potential have each been defined erroneously as both a cause and 
an effect. This is a gross non sequitur. There is also a total lack of 
accounting that all EM energy in 3-space comes from the time domain. 
‘There is no consideration that every dipolarity and every charge represents 
a giant circulation of EM energy between time and 3-space. In ensemble, 
this non sequitur and these omissions are responsible for most of the 
present formidable foundations problems in electrodynamics. 


‘We submit the following new hypothesis: The present "definition" of field 
andpotential as afunction ofinterception and divergence by a unit point 
static charge are only indications oftheir point intensity, obtained as an 
estimate after their observed interaction with a unit point static charge.” 
Thus the actual field andpotential contain not only their Poynting 
components that interact with the unitpoint charge, but also their 
Heaviside nondiverged components that do not interact with it. The true 
"magnitudes" ofthe massless field andpotential prior to interaction with 
charged mass are many orders of magnitude greater than the magnitudes 
oftheir standardizedpoint intensities (215) 


In short, we propose that every field andpotential, in its interaction with 
charged mass, produces not only the accounted energy aspects presently 
calculated by electrodynamicists and astrophysicists, but also contains 
Heaviside's vast unaccounted "darkpositive energy" componentpresently 
discarded. We further propose that this ubiquitous and unaccounted "dari 
positive EM energy" component in the interactions of the fields and 
potentials of the spiral galaxies is what is producing the excess gravity that 
is holding the spiral arms together. We specifically do this in honor of 
Heaviside, whose unpublished papers clearly establish that he recognized 
the overwhelming gravitational importance of his extra and unaccounted 
energy flow component {172a, 172b, 196) 


3.9 A Short History of the Discarding of the Heaviside 
Dark Energy 

3.9.1 Independent Work by Heaviside and Poynting 

Let us now see how the enormity of the EM energy flow from the dipolar 
source was treated in the early electrodynamic theory, and how it is treated 
in the received view today. 


© This is recognized by leading electrodynamicists, but not by most electrical 
‘engineers building power systems! 
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In the 1880s after Maxwell was already deceased, Poynting {216} and 
Heaviside {217} independently (and rather simultaneously) discovered EM 
energy flow through space. Before that, the concept did not appear in 
physics. Poynting (216) published prestigiously, while at first Heaviside 
published more obscurely {217}, then finally more prestigiously (218, 
219) 

With respect to circuits, from the beginning Poynting assumed only that 


small amount of EM energy flow that enters the circuit from the 
surrounding space. Here are Poynting's {220} own words: 


"This paper describes a hypothesis as to the connexion 
between current in conductors and the transfer ofelectric 
and magnetic inductions in the surrounding field. The 
hypothesis is suggested by the mode oftransfer ofenergy 
in the electromagnetic field, resulting from Maxwell's 
equations investigated in aformer paper ("Phil. Trans..." 
vol. 175, pp. 343-361, 1884). Itwas there shown that 
according to Maxwell's electromagnetic theory the energy 
which is dissipated in the circuit is transferred through 
the medium, always moving perpendicularly to the plane 
containing the lines ofelectric and magnetic intensity, 
and that it comes into the conductor from the surrounding 
insulator, notflowing along the wire." 


‘As can be seen, Poynting considered only the energy flow actually 
entering the wire, and subsequently being dissipated in the circuit. Hence 
Poynting never considered the huge EM energy flow component around 
the circuit that is nor diverged, misses the circuit entirely, does not 
contribute to the energy dissipated by the circuit, and is wasted. In short, 
there is a vast "dark energy flow” associated with every dipolar interaction 
—a huge energy flow component which Poynting never considered. 


Heaviside's theory was an extension of what Poynting had considered, and 
Heaviside also corrected Poynting as to the direction of flow. Heaviside 
was fully aware ofthe enormity ofthe "dark energy” flow missed by 
Poynting, but had absolutely no explanation as to where such a startlingly 
large EM energy flow — pouring from the terminals of every dipole, 
generator, or battery — could possibly be coming from. Consequently, 
Heaviside was very cautious in referring to it, usually doing so only 
obliquely in terms ofthe angles and components. In Heaviside's (221) 
own words: 
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"It [the energy transferflow] takes place, in the vicinity 
ofthe wire, very nearly parallel to it, with a slight slope 
towards the wire... . Prof. Poynting, on the other hand, 
holds a different view, representing the transfer as nearly 
perpendicular to a wire, i.e., with a slight departure from 
the vertical. This difference ofa quadrant can, Ithink, 
only arise from what seems to be a misconception on his 
part as to the nature ofthe electric field in the vicinity of 
‘a wire supporting electric current. The lines ofelectric 
force are nearlyperpendicular to the wire. The departure 
‘from perpendicularity is usually so small that Thave 
sometimes spoken ofthem as being perpendicular to it, as 
they practically are, before Irecognized the great 
physical importance ofthe slight departure. It causes the 
convergence ofenergy into the wire." 


‘As can be seen, Heaviside was fully aware that the energy flow diverged 
into the wire was only a minuscule fraction of the total. He was fully aware 
that the remaining component was so huge that the energy flow vector 
remaining — after the divergence of the Poynting component into the 
circuit — was still almost parallel to the conductors. However, he had no 
explanation at all of where such an enormous and baffling energy flow 
could possibly originate. 


Had Heaviside strongly stated the enormity of the nondiverged component 
of the energy flow, he would have been viciously attacked and 
scientifically discredited as a perpetual motion advocate. His words were 
‘measured and cautious, but there is no doubt that he recognized the 
enormity of the nondiverged EM energy flow component. 


We have chosen to call that huge unaccounted component the "Heaviside 
dark energy component” in his honor, since he actually discovered it. By 
the word "dark" we mean unaccounted’, which hides it from scientific 
view. We have also nominated it as the previously unsuspected source of 
the extra gravity holding the arms of the spiral galaxies together. 


3.9.2 Lorentz, Disposed of the Problem Rather than Solving It 
Lorentz then entered the EM energy flow scene to face the terrible 
problem so quietly raised by Heaviside. Lorentz understood the presence 
of the Poynting component, and also ofthe extra Heaviside component, 
but could find no explanation for the startling, enormous magnitude of the 
EM energy pouring out of the terminals of the power source (pouring from 
the source dipole) (222) ifthe Heaviside component was accounted. Had 
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he retained and advanced this enormous dark energy flow component, 
even the great Lorentz would have been castigated as a perpetual motion 
advocate who did not accept the law of energy conservation. Even today 
when one points out that far more energy is pouring out of the terminals of 
every generator than the small mechanical energy input to the shaft, one is 
immediately labeled a raving lunatic — even though the Bohren 
experiment {24} clearly proves the presence of an extra energy flow 
component not usually intercepted. It is not difficult to understand how 
such a bombshell would have been received in the 1880s! At least today, 
we have particle physics and its broken symmetry of opposite charges, 
together with its active vacuum, to explain where the excess energy comes 
from and how. 


Unable to solve the dark energy flow problem by any rational means, 
Lorentz found a clever way to avoid it. He reasoned that the nondiverged 
Heaviside component was "physically insignificant” (his term) because it 
did not even enter the circuit. Since it did nothing of any physical 
consequences, or so he reasoned, then it could just be discarded. 


So Lorentz simply integrated the entire energy flow vector (the vector 
representing the sum of both the Heaviside nondiverged component and 
the Poynting diverged component) around an assumed closed surface 
enclosing any volume of interest {223}. A priori, this mathematical 
procedure discards the dark Heaviside energy flow component because of 
its nondivergence. It retains only the intercepted Poynting diverged 
component that enters the circuit. 


A century later, electrodynamicists are still happily avoiding the dark 
energy flow problem by continuing to use the Lorentz integration 
procedure {224} to dispose of all but the Poynting component that enters, 
the circuit and is then dissipated by the circuit. As a result, the "Poynting 
energy flow" has come to be loosely regarded as "the" entire EM energy 
Mow, though electrodynamicists find it necessary to give stringent 
‘warnings about it. E.g., Panofsky and Phillips (225} state it this way: 


"only the entire surface integral of N [their notation for 
the Poynting vector] contributes to the energy balance. 
Paradoxical results may be obtained ifone tries to 
identify the Poynting vector with the energyflow per unit 
area at any point.” 


Most electrodynamicists note the freedom to add a vector — few call it an 
energyflow vector, though that is the type of vector being discussed, and 
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one must add apples to apples — which has zero divergence. Jones {226} 
states: 


"Iris possible to introduce the Poynting vector S, defined 
by S = ExH, and regard it as the intensity ofenergy flow 
at apoint. This procedure is open to criticism since we 
could add to S any vector whose divergence is zero 
without affecting [the basic integration procedure 
result].” 


Jackson {227} says it even more plainly, and also uses Lorentz’s "no 
physical significance” argument for disposing of any energy flow vector 
with a zero divergence. Quoting: 


"the Poynting vector is arbitrary to the extent that the 
curl ofany vector field can be added to it. Such an added 
term can, however, have nophysical consequences.” 


Any energy flow vector, which is the curl of a vector field, will have zero 
divergence, by elementary vector algebra. In short, to be pertinent at all, it 
must be an energy flow vector (since energy flow is what $= E x H is all 
about. Since the curl of any vector has no divergence a priori, then any 
energy flow vector that is a curl ofa vector field will be part of the 
Heaviside dark energy flow component, rather than part ofthe Poynting 
energy flow component. It will also be discarded by Lorentz's closed 
surface integration. 


We refer the reader again to Figures 2-5 and 2-6 in Chapter 2, p. 113-114. 
Electrodynamicists err in assuming that such a divergent free vector 
(energy flow) can have no physical consequences. If one inserts additional 
intercepting charges into that formerly nondiverged energy flow 
component, the charges will immediately diverge some of the formerly 
nondiverged energy flow around them and hence "collect additional 
energy”. In other words, “divergence” is the result of a physical process, 
accomplished by intercepting charges. We can easily change 
"nondiverging” energy to diverging energy, by simply interacting it with 
charges. We can also "bunch" the energy flow lines closer together (as in 
some waveguides), thereby increasing the local flow intensity and the 
concomitant energy collected by each intercepting charge in the dens 
energy flow stream. 


So whether the Heaviside energy flow component is of physical 
consequence or not, depends on whether or not we "add more sail to the 
before the wind. That is most certainly a 


162 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


usefull physical consequence, and with a little ingenuity we ought to be 
able to use it to power loads "for free” or nearly so. There are other 
consequences also, as we used in deriving the negentropy of the dipole or 
charge. There the input of a non-Poynting energy flow component 
certainly has universal and physical significance — e.g., to the curving of 


local spacetime, conditioning the active vacuum, furnishing all the energy 
to form the EM fields and potentials from their source charges, etc. 


Schwarz {228} expresses it this way: 


"There will be many opportunities in which the 
interpretation of E x H as a rate offlow ofenergy per 
unit area will be profitable. In most cases ofpractical 
interest, such an interpretation is valid, although itmust 
always he kept in mind that only the integral of S over a 
closed surface can be physically measured... Just how it is 
that the connections to the energy source, say a battery, 
are at the ends ofthe wire, yet energyflows in through the 
sides, should be pondered by the reader." 


Note carefully that Schwartz recognizes the difference between the 
observed (deviated or diverged) part of the EM energy flow and the 
unobserved nondeviated or nondiverged part of it. However, he did not 
follow it up and apply it back to the basic "definition" of the field and 
potential as what are diverged from them. 


For recommended changes to the Poynting vector, Jones (229) presents 
many conditions the changed vector must fulfill. Then he falls back on the 
Lorentz closed surface method again, but without realizing that he 
therefore (i) first includes both the diverged and nondiverged component, 
and (ii) invokes a procedure that arbitrarily discards the nondiverged 
component. In thus disposing ofthe problem, Jones says: 


“Itdoes not seem likely that an expression satisfying all 
these conditions will be simple.....fortunately, we are 
rarely concerned with the energyflow at apoint. In most 
applications we need the rate at which energy is crossing 
a closed surface.” 


Finally, we note that even today, a debate on what the Poynting vector is 
or should be, is still politely ongoing. As an example, it has been ongoing 
for more than 40 years in the American Journal ofPhysics alone as well as 
in other journals {230a-230i). One thing is clear: The Poynting vector 
does not represent the total energy flow at right angles through a square 
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meter in space surrounding the conductors of the electrical circuit. It is, 
however, the component orfraction of that actual energy flow through the 
square meter in force-field-free form that will subsequently be diverged 
and collected in the circuit in force-field form and dissipated in the circuit 
loads and losses. 


3.10 The Problem of the Accelerating Expansion of the 
Universe 


As briefly stated earlier, we introduce the notion of the supersystem, 
consisting of three parts: (i) the system and its dynamics, (ii) the active 
vacuum and its dynamics, and (iii) the active spacetime curvatures and 
their dynamics. All three components of the supersystem interact with each 
other. 


In Chapter 9, we explain in some detail how a COP>1.0 EM circuit — and 
especially a COP» 1.0 EM circuit — has an induced flow of negative 
energy (Dirac sea hole current) from the output section of the system, back 
through the system, and into the input section. Reaching the input section, 
ifthe hole flow is not completely filled by incoming electrons, the 
remaining Dirac hole current will flow on back into the feeder line from 
the external power supply, and into the distant power supply itself, eating 
electrons and electron current all the while. 


We also explain our reinterpretation of the unobserved (non-reacted) Dirac 
hole with negative energy or negative mass, without time reversal and 
parity reversal. This dramatically differs from the "as observed" 
(interacted) Dirac positron with positive mass, and with charge-reversal 
and parity reversal from the electron. The Dirac hole is "as unobserved and 
non-reacted” and itis still an electron having negative mass and negative 
energy. The Dirac positron with positive mass, opposite charge, and 
opposite direction is “as observed and reacted with charged matter". The 
unobserved Dirac hole is the "cause" of an observational interaction; the 
Dirac positron is the "effect" of an observational interaction. The two are 
very different because the cause differs from the effect. Here again, the 
confusion of cause and effect has had very detrimental consequences in the 
use of Dirac’s electron theory. 


‘Very powerful astronomical phenomena, such as giant astronomical 
explosions of great energy, involve COP> 1.0 and COP» 1.0 processes, 
particularly when the unaccounted Heaviside energy flow is accounted for 
every field and potential interaction with charged mass. Hence all such 
phenomena also provide very powerful “explosions” of negative energy 
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(Dirac sea holes moving outward in the vacuum). The negative energy is 
the equivalent of negative mass, so long as it is unobserved. 


So there is a "dark negative energy explosion" in the Dirac Sea vacuum, 
accompanying every large astronomical explosion seen through our 
telescopes and other sensors. This accompanying dark negative energy 
explosion has not been accounted in astrophysics until now. 


We thus live in an astronomical universe of neglected "giant dark negative 
energy explosions” as well as one of accounted "giant positive energy 
explosions”. 


‘The dark (unaccounted) negative energy radiating outward in the vacuum 
from gamma bursts, x-ray bursts, etc. produces antigravity. The spreading 
negative energy, moving at light speed, is a change to the vacuum itself, 
which also interacts upon spacetime to negatively curve it, producing 
negative gravity. For those energetic processes of COP sufficiently greater 
than one, the processes produce more antigravity than gravity. As of this, 
writing, we are in fact filing a patent application on this method of 
performing and producing antigravity, and it will be filed before this book 
1s published. 


Over the 14 billion or so years ofthe observed universe, the dark nega 
energy content of spacetime has been slowly changing by the results of 
giant astronomical explosions and other such processes producing negative 
energy radiated outward into the Dirac sea vacuum. Slowly the vacuum 
itself has undergone transformation from the perfect Dirac sea with all 
holes filled by particles, to a vacuum where there is a slowly growing 
fraction of negative energy (negative mass) unobserved Dirac sea holes. 


Thus, slowly the antigravity generated by the gradual altering of "space" 
(the vacuum) itselfhas been growing for some 14 billion years. At some 
point in the past, the excess antigravity effect accumulating in space 
reached the equal of the “outside” gravity acting upon energetic explosive 
astronomical phenomena, From that point in time, the antigravity effect 
has been increasing slowly. The result is that the present violently 
explosive astronomical phenomena, by adding a sudden and sharp increase 
in their external space antigravity, produce acceleration away from all 
positive mass and positive energy phenomena. Hence astronomers now 
observe the acceleration of the expanding (positive energy/positive mass) 
universe, instead of the previously expected slowing (due to positive 
gravity) of the expanding universe (conventional view). 
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‘The antigravity-producing phenomena have not been openly investigated 
in Wester science because Western science has arbitrarily discarded 
COP>1.0 EM systems, primarily with the Lorentz regauging ofthe 
Maxwell-Heaviside equations. Hence, Western science has not 
experimentally studied the type of system that produces the effect in the 
first place. 

On the other hand, it is possible to directly investigate the antigravity 
producing phenomenology on the laboratory bench, by utilizing overun 
EM systems with very high COP (e.g., COP = 10° or more). The Sweet 
experiments (231} did in fact produce such phenomenology on the 
laboratory bench, but these experiments were privately performed under 
proprietary conditions (232). We discuss the Sweet experiments and 
device in a later chapter. 


In science, such experiments are quite properly deemed interesting but 
anecdotal until replicated independently. Similar experiments should 
certainly be repeated by the scientific community, using various 
interactions (some given in this book) that develop COP> 1.0. The 
problem is nowhere near as difficult as hot fusion, but it has not been 
tackled and overcome because of (1) the prevailing and erroneous 

scientific mindset against COP> 10 electromagnetic processes, and (2) the 
present "kill" of the supersystem and its effects in the standard U(1) 
electrodynamics model. 


In Chapter 8 we further discuss the antigravity effect in practical or 
potentially practical systems where COP» 10. 


3.11 In Conclusion 


In this Chapter, we have stressed what we believe to be a great new 
principle of giant negentropy, leading to direct and easy extraction of EM 
energy from the vacuum in copious quantities. That principle is that nature 
retains her preferred 4-symmetry of EM energy flow, while breaking 
3-symmetry of EM energy flow and the symmetry of EM time-energy flow 
on the fourth axis. It is implemented by making a common dipole or 
charge. 


‘The electrical energy problem is not due to any difficulty in inducing giant 
and indefinitely continuing EM energy flows from the vacuum! The easiest 
thing in the world is to extract EM energy — any amount, anywhere, 
anytime — from the seething vacuum, by making a simple dipolarity. The 
problem is only in then intercepting and collecting some of the energy to 
dissipate in loads, and doing it without using half the collected energy to 
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destroy the dipole producing the energy, faster than the loads are powered. 
In other parts of this book we have given some of the many mechanisms 
that can be applied to attack this "power the load without killing the source 
dipole” problem, and have also included such in papers in the literature 
{233a-233u} 


We have pointed out the implications of the new principle of negentropy in 
EM energy flow, and how all our circuits and electrical power systems 
actually use it but then arc designed so as to kill the negentropic process's 
potential for self-powering electrical power systems. 


Presently we are told by the conventional scientific community that the 
dream of freely extracting EM energy from the vacuum, and using it to 
efficiently and easily power our electrical needs cleanly, is either a fool's 
concept of perpetual motion, or the science of the next century. It is 
neither, it is good physics, and it is already present and misused in all our 
electrical power systems and circuits — and always has been. Unlimited 
electrical energy from the vacuum is here and now, if we but overcome the 
prevailing mindset and grasp it. 


We have argued that all electrical loads and circuits are now and always 
have been powered by just such EM energy extracted directly from the 
vacuum by the giant negentropy principle, evoked by the source dipole. 
We have removed the artificial and erroneous notion that batteries and 
generators provide some of their available 3-space internal energy to the 
external circuit. Instead, we have emphasized that batteries and generators 
dissipate their available energy to form and then continually reform their 
source dipole, and nothing else. Once their source dipolarity is formed, a 
battery or a generator is nothing but an energy gate, gating and transducing 
enormous EM energy from the vacuum. We only have to keep inputting 
energy to keep reforming the dipole that our external circuit is designed to 
destroy faster than the load is powered, 


In dealing with the function of the dipole in extracting the EM energy from 
the vacuum and pouring it out to power the circuit, we have shown errors 
in present energy flow theory and how they came to be made. We also 
indicated the enormous magnitude of the EM energy flow actually 

extraded and present with every conventional circuit, but wasted and 
arbitrarily removed from accountability. Some processes for intercepting, 
collecting, and using additional amounts ofthis available Heaviside "dark 
EMenergy" flow component, surrounding every circuit, have been 
mentioned, and references have been given to other papers more fully 
discussing such processes. In a previous paper {234} we have proposed 
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In the simplest deployment scenario, known as intra-band con- 
tiguous CA, a 20 MHz primary and a 20 MHz secondary carrier 
(totaling 40 MHz) would provide twice the maximum possible 
bandwidth and throughput of a single cartier. 


For SISO, a 2CA of 20:20 MHz would provide 150 Mbps of data 
throughput. 


‘MNOs in the U.S. are currently deploying 3CA and some are already 
moving to 4CA (see Figure 2-2). The challenge for MNOs now is 
to find three or more Cs that they own the license to operate 
in and can aggregate. ‘The LTE Advanced standard specifies 5CA 
totaling 100 MHz, while LTE Advanced Pro calls for 32CA totaling 
640 MHz of aggregated carrier bandwidth, 


Carrier aggregation 


‘Megabits per second (Mbps) 
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2CA(SISO) —3CA(2x2MIMO} 4CA(2x2 MIMO) 5A 
FIGURE 2-2: Carrier aggregation (CA) increases avallable bandwidth and 
data throughput 
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One of the techniques for fattening the data pipe defined from 
day one in 4G LTE networks is multiple input multiple output 
(MIMO) — using multiple antennas on the transmit and receive 
side in the wireless network. Using a technique called spatial 
‘multiplexing, is possible to send a different data stream on each 
antenna, thereby increasing the throughput to the cell tower and 
to the user device, 


5G For Dummies, Ixia Special Edition 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


that the Heaviside dark energy, accompanying all EM field-charge 
interactions, is responsible for the excess gravity observed to be holding 
the spiral arms ofthose distant spiral galaxies intact — in short, we have 
proposed an unaccounted Heaviside darkpositive energy solution to the 
well-known dark matter problem in astrophysics. 


The ordinary closed current loop circuit inherently yields a system 
COP<1.0, because it destroys its source dipoles faster than it powers the 
load. Indeed, the circuit self-enforces the Lorentz symmetrical regauging 
condition during discharge of its free excitation (potential) energy. 


In addition, we have presented an hypothesis to explain that negative 
energy (negative mass) created in the Dirac sea vacuum by giant 
astronomical explosion phenomena produces the excess antigravity in the 
space surrounding those entities that is accelerating the expansion of the 
universe. We have also indicated how this hypothesis can be investigated 
and tested on the bench, We have provided one experiment whose results 
id support the hypothesis. 


‘The present world energy crisis is real and increasing, while at the same 
time the availability of oil is beginning to decrease and oil becomes more 
costly.” Unless a substantial fraction of the "electricity from oil” curve is 
shifted to "electricity from the vacuum” rather quickly, the economic 
collapse ofthe Westem world, followed by concomitant collapse of other 
economies, may ensue within a surprisingly few years, and even within the 
present decade. 


As this was frst being written in Dec. 2001, there was a temporary relief in the oil 
crisis, due to the sudden decrease in travel, air taffic, ete. after the terrorist attack on 
Washington and New York on September 11, 2001. As the present war on terrorism 
has continued, the MidEast is now heating up toward another war, and oil prices are 
again trying to climb. Irag, Iran, and Libya called for an oil embargo on the United 
States, for example, which would almost immediately plunge the nation into an oil 
crisis. Meanwhile, should effective terrorist attacks occur upon the highly vulnerable 
energy distribution infrastructure of the United States and other allied nations, the oil 
crisis will again emerge catastrophically and almost immediately thereafter. It is held 
off for now, only because Russia under Putin is seeking U.S. financial assistance to 
further develop its rich oilfields. When OPEC votes to curtail production and then 
ccurtails it, Russia opens the spigot and keeps the prices down. Putin is seeking to 
become a trusted U.S. oil partner, in the role long played by Saudi Arabia but now 
declining due to perceived Saudi payments to terrorist organizations and reluctance 
to close down terrorist activities in their own country. So in a strange way, a new 
alliance between the U.S. and Russia has prevented the oil and energy prices from 
escalating right through the roof. 
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We believe that a transfer of much of the "electricity from oil” curve to an 
"electricity from the vacuum” curve can be quickly accomplished, if the 
government and the scientific community can be induced to move with full 
priority and vigor in the directions indicated in this book. However, to get 
that done, it apparently will be done over the writhing bodies of our 
leading scientific organizations, literally dragging the organizations to face 
the proven fact of giant negentropy of every charge and dipole in the 
universe over their strenuous objections. 


As a major objective, we fervently hope that undergraduate students, 
graduate students, post-doctoral scientists, other scientists, engineers, and 
environmentalists will interest themselves in these new principles and 
viewpoints. We have called attention to the new electrodynamics 
pioneered by AIAS, Evans, Sachs, Barrett, Lehnert, and others, and 
indicated the capability of this emerging electrodynamics to model this 
new energyfrom the vacuum functioning. 


It has been said that no idea is accepted until its time has come. We 
strongly believe that the time for cheap, clean extraction of electrical 
energy from the vacuum is an idea whose time has arrived. Hopefully our 
efforts in this book will at least conceptually show the interested reader the 
outline and course that energy from the vacuum can and will take in the 
scientific community and in the world at large. 


We accent again that modeling the extraction of EM energy fiom the 
vacuum demands the use of higher symmetry electrodynamics, particularly 
a theoretical model capable of expressing the interactions of the three 
components of the supersystem. Barrett and Grimes {235} said it 
beautifully: 


"In the case ofelectromagnetism, the theory wasfirst simplified 
before being frozen. Maxwell expressed electromagnetism in the 
algebra ofquaternions and made the electromagnetic potential the 
centerpiece ofhis theory. In 1881 Heaviside replaced the 
electromagnetic potentialfield byforce fields as the centerpiece of 
electromagnetic theory. According to him, the electromagnetic 
potential field was arbitrary and needed to be "assassinated (sic). 
Afew years later there was a great debate between Heaviside and 
Tait about the relative merits ofvector analysis and quaternion: 
The result was the realization that there was no need for the greater 
physical insights provided by quaternions ifthe theory was purely 
local, and vector analysis became commonplace. 
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The vast applications ofelectromagnetic theory since then were 
made using vector analysis. Although generations ofvery effective 
students were trained using vector analysis, more might be learned 
physically by returning, ifnot to quaternions, to other mathematical 
formulations in certain well-defined circumstances. As examples, 
since the time when the theoretical design ofelectromagnetism was 
frozen, gauge theory has been invented and brought to maturity and 
topology and geometry have been introduced to field theory. 
Although mostpersons view their subject matter through the filter of 
the mathematical tools in which they are trained, the best 
‘mathematical techniques for a specific analysis depend upon the 
best match between the algebraic logic and the underpinning 
physical dynamics ofa theoretical system. " 


‘The problems we face today are ever more demanding of the necessary 
EM change pointed out by Barrett and Grimes, along with many others. 
Let us hope their words are heeded. Given rapid development of higher 
group symmetry electrodynamics models, we shall very rapidly see the 
solutions to many previously intractable human problems — including 
cheap clean energy from the vacuum, understanding and directly using 
antigravity as well as gravity, a revolutionary new medical therapy, a new 
chemistry and biochemistry, and a new appreciation for the 
electromagnetic interactions of mind and matter. 


Let us hope this new scientific revolution comes swift! 
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Chapter 4 


Setting the Stage for Understanding 
Overunity Power Systems 


[Dissipative structures] "This leads precisely to a 
distinction between ‘equilibrium structures’ [which may 
be understood in terms ofclassical equilibrium 
thermodynamics] and ‘dissipative structures’. The latter 
are formed and maintained through the exchange of 
energy and matter in non-equilibrium conditions. "[1. 
Prigogine] (236) [Internal brackets added for clarity.] 


[The energy in space itself] "What might appear to be 
empty space is, therefore, a seethingferment ofvirtual 
particles. A vacuum is not inert and featureless, but alive 
with throbbing energy and vitality. A ‘real'particle such 
as an electron must always be viewed against this 
background offrenetic activity. When an electron moves 
through space, it is actually swimming in a sea of ghost 
particles ofall varieties — virtual leptons, quarks, and 
‘messengers, entangled in a complex melee. The presence 
ofthe electron will distort this irreducible vacuum 
activity, and the distortion in turn reacts back on the 
electron. Even at rest, an electron is not at rest: it is being 
continually assaulted by all manner ofother particles 
from the vacuum. ” {Paul Davies} (237) 


[Modernizing the fluid analogy of EM]. The intensity of 
the vacuum virtual particle flux may be treated as the 
intensity ofapotential, thus by analogy corresponding to 
pressure in afluid. Polarity (charge) is aprocessfor 
establishing a change in the intensity ofthe vacuum 
potential — and thus a change in the ambientpressure of 
the vacuumfluid. Difference between vacuum pressures at 
two separatedpoints creates aforce upon any charge 
placed between those two points. Just as a differential in 
pressure between points in afluid induces currents, a 
differential in vacuum pressure induces energyflow 
currents in the vacuum fluid, which are called ‘fields’. All 
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EM circuits, charges, potentials, and forces in 
electrodynamics involve altering the vacuum to include 
altering its pressure and thereby producing the forces that 
the resulting pressure gradients (fields) induce upon 
charges. All observable EM energy in space is EMenergy 
intercepted and collected on charges, and it comes from 
the vacuum via these fundamental vacuum-engineering 
dynamics.” (T. E. Bearden, private communication to a 
colleague, 2001] 


[Impact of EM energy from the vacuum.) "Ifthey 
[quantum fluctuations ofvacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, 
coal, nuclear, hydropower, would become obsolete —and 
so would many ofour worries about environmental 
pollution.” "Don't sell your oil shares yet— but don't be 
surprised ifthe world again witnesses the four stages of 
response to any new and revolutionary development: 1. 
It's crazy! 2. Itmay be possible — so what? 3. Isaid it 
was a good idea all along. 4. Ithought ofit first." [Arthur 
C. Clarke} {238} 


[Broken symmetry of opposite charges.) "Since 
nonobservables imply symmetry, any discovery of 
asymmetry must imply some observable. The experiment 
of Wu, Ambler, Hayward, Hoppes and Hudson... 
established the asymmetry between the positive and 
negative signs ofelectricity.” (T. D. Lee] {239} 


[On implications of asymmetry of opposite charges of a 
dipole.] "In particle physics, the proven asymmetry of 
opposite charges establishes that the source dipole — 
with opposite charges on each end—is.a broken 
symmetry in the violent virtual photon flux ofvacuum. The 
dipole charges constantly receive and absorb virtual 
photon energyfrom the seething vacuum, and re-emit that 
excitation energy. By the very definition ofbroken 
symmetry, some ofthis absorbed virtual energy must be 
integrated into observable 3-space EMenergy, and 
emitted by the dipole in observableform, in all directions 
in 3-space. Hence there is a rigorous basis for the source 
dipole extracting virtual EM energyfrom the vacuum, 
integrating it, and continuously pouring it out in 
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observable and usable EM energyform. It has been in 
particle physics since 1957, being certified by the award 
ofthe Nobel Prize to Lee and Yang in thatyear. " (T. E. 
Bearden, private communication to a colleague, 1995.) 


[On powering an electromagnetic circuit] "In the United 
States there is not now, and there never has been, a single 
electrical engineering department, professor, or textbook 
that knows and teaches what directly powers an 
electromagnetic circuit. Neither is it in anypublication of 
the National Academy of Sciences, National Science 
Foundation, National Academy ofEngineering, 
Department ofEnergy, or the great national laboratories. 
Yet the proofthat every circuit is powered by EM energy 
extracted directlyfrom the vacuum has been in particle 
physicsfor 45 years, since the award ofthe Nobel Prize to 
Lee and Yang in 1957, following the experimental proof 
by Wu etal. earlier that same year." [T. E, Bearden, 
private correspondence, 2002} 


4.1 Introduction 


In this chapter, we present a selection of potential overunity notions, some 
inventions, and some experiments. Its purpose is to show some of the more 
relevant work that has been done, and hopefully to stimulate new thinking 
by the interested reader. Much of the work addressed is by other inventors 
and scientists, and we give an appropriate commentary from our 

viewpoint. Not all the concepts presented can be clearly explained, though 
some can and are. This is not intended to be a "kit of parts” or an 
“assembly instructions” type of presentation. For that, the interested 
researcher will have to rely on his or her own ingenuity and lots of bench 
experiments, because no such "kit of parts with instructions” for COP>1.0 
electrical power systems exists at present (240, 241}. 


Because of the broken symmetry of its opposite charges, we do know that 
any dipolarity — such as a permanent magnet, a charged flat-plate 
capacitor, an electret, or a simple EM scalar potential — continuously 
pours out EM energy circulation extracted from the vacuum. E.g., see 
Figure 4-1, which shows a very simple “free energy generator” that will 
generate a flow of EM energy indefinitely, even by ordinary U(1) 
electrodynamics theory (by standard Poynting theory). E.g., quoting 
Buchwald (242): 
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"[Poynting's result] implies that a charged capacitor in a 
constant magnetic field which is notparallel to the electric field 
is the seat ofenergy flows even though all macroscopic 
phenomena are static." 


‘This is easily seen by applying the standard Poynting formula, S = E x H. 
With the H-field of the magnet at right angles to the E-field of the 
capacitor or electret, the Poynting flow of energy S is maximized and 
orthogonal to E and to H. 


‘The pale satin exrscng ent even enoraus ener — nthe vacwn The 
frclemiscolecing and using te yo powered. wou des ng hese le 


permanest S=EXH 


Faure 1 Poynting generatorproving een energy fowiromthevacuum. 


Buchwald errs, e.g., in assuming the macroscopic phenomena are static. 

They are not; they are highly dynamic in the same sense that a perfect 

macroscopic whirlpool in a river, seemingly static, nonetheless involves a 

continuous flow of water through it and a continuous dynamics. So far as, 

can be observed, it appears there is no such thing as a truly "static" object. 

‘As an example, just to “exist” an object must "travel through time", which 
itself a special kind of dynamics in the time domain. 
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A beautifull explanation of what is meant by "stati 


" is given by Van 
Flandemn”*: 


"To retain causality, we must distinguish two distinct 
‘meanings ofthe term ‘static’. One meaning is 
unchanging in the sense ofno moving parts. The other 
meaning is samenessfrom moment to moment by 
continual replacement ofall moving parts. We can 
visualize this difference by thinking ofa waterfall. A 

frozen waterfall is static in the first sense, and a flowing 
waterfall is static in the second sense. Both are 
essentially the same at every moment, yet the latter has 
‘moving parts capable oftransferring momentum, and is 
‘made ofentities that propagate. " 


Now suppose that the capacitor in Figure 4-1 is rotated until E and Hare 
either parallel or anti-parallel. In that case, the Poynting theory predicts 
zero EM energy flow. That is an incomplete assessment; it means that 
there is no overt field energy flow. There is, however, still quite a lot of 
covert or “infolded'” field energy flow ongoing anyway, inside the static 
fields E and H themselves.” To see this, we first turn to the static 
potentials. 


Between the charged plates ofthe capacitor or electret, there exists an 
electrostatic scalar potential , Between the polar ends of the permanent 
magnet, there exists a magnetostatic scalar potential >, We may 
independently decompose both 6 and @ via Whittaker decomposition 
{243}, applying a necessary correction {244} to Whittaker's interpretation. 
Then in all space surrounding the two dipoles, we have a hidden harmonic 
set of bidirectional longitudinal EM wavepair flows of energy comprising 
each of the static potentials ¢ and dfilling all space” around the assembly 
in Figure 4-1. Each of those potentials 6 and @ is formed of a combination 
of scalar (time-polarized) and longitudinal photon pairs, as strongly argued 


Tam Van Flandem, "The speed of gravity — what the experiments say,” Phys. 
Lett. A, Vol. 250, Dee. 21, 1998, p. 8-9 


* Indeed, by the asymmetry ofits opposite charges, each of the dipoles is 
continuously pouring out EM energy extracted from the seething vacuum, 


* In the conventional view. We corrected that view in (12). to agree with quantum 
field theory and to use a cause and effect instead of the two effects used by 
Whittaker. 
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by Mandl and Shaw (245) and as previously discussed in an earlier 
chapter. Further, each of the "static" fields can be decomposed into two 
scalar potential functions, as shown in 1904 by Whittaker (246). Then 
each of the base scalar potentials further decomposes into the set of time- 
polarized EM wave and longitudinal EM wave pairs. ‘The result is that 
every "static" field or potential in the universe is actually a set of 
longitudinal EM wave dynamics. 


Further, in each coupled Whittaker wavepair as reinterpreted, there is 
perfect correlation between the time-domain EM energy wave (scalar or 
time-polarized EM wave) and the 3-space longitudinal EM wave. So even 
a “static” EM field, such as from the permanent magnet and from the 
charged capacitor or electret, does involve an enormous number of hidden 
internal EM energy flows in longitudinal and scalar EM waveform.” 


™ One of the great omissions of modem Western electrodynamics is the failure 10 
follow up on direct engineering of this “vast, internal, infolded, far more 
fundamental” scalar and longitudinal electrodynamics hidden inside all present overt 
EM potentials and transverse EM fields and waves, Russian secret weapon scientists, 
under the former KGB called this internal electrodynamics the “information content 
ofthe field” and have strongly weaponized it. A deception plan has been used to 
successfully convince the West that the Russians are speaking only of conventional 
spectral analysis. Use ofthis internal EM structuring, in the form of longitudinal or 
scalar wave interferometry, formed the first giant superweapons deployed by the 
former Soviet Union in 1963. To see a proof that ordinary EM fields and waves and 
potentials can be formed at a distance, arising out ofthe local spacetime in the 
Interference zone, see M. W. Evans et al., (79). Longitudinal EM waves easily pass 
through the entire earth and ocean relatively undiminished, since mass is mostly 
empty space filled with fields, potentials, and waves — i.e, filled with incredible 
‘numbers and bundles and dynamics of longitudinal and scalar EM waves. Mass is 
thus a great superhighway for the passage of longitudinal EM waves, and 
longitudinal interferometry can be performed right through the earth and ocean, on 
the other side ofthe earth from the transmitters. Such interferometers can also easily 
focus inside the earth or beneath the surface ofthe ocean, Hence in April 1963 the 
first giant Soviet LW interferometer deployed was used to kill the U.S.S. Thresher 
beneath the ocean, offthe East Coast ofthe U.S. Intense production of EM signals 
— emerging everywhere in the space in that underwater interference zone placed 
around the submarine — filled the sub and its electronic controls. This jammed the 
electronic controls ofthe sub, rendering it helpless. The hapless sub then sank to 
crush depth and imploded. The signatures are clearly present in the jamming and 
‘cessation of multiple electronic systems functioning in the sub’s surface companion, 
the U.S.S. Skylark (which was in a sort of surrounding "splatter" zone and survived 
because it was not individually targeted). Today at least 10 nations have scalar or 
longitudinal wave interferometer Weapons, to one extent or another, other nations are 
working on them, and the Yakuza also has them. ‘These were apparently the weapons 
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Ultimately there is no frozen waterfall, but only the dynamic waterfall 
always reappearing the same but filled with dynamic movement and 
energy flow. 


‘These latter EM energy flows infolded inside the scalar potentials and the 
fields exist for a single charged capacitor or electret alone, or a single 
magnet alone. They also exist for any two points in a circuit that have 
differing electrical or magnetic potentials with respect to the ambient 
vacuum potential (energy density). This latter fact, of course, was part of 
the secret of Kron’s open path. indeed, every dipolarity in the universe — 
between any two potentials or any two differing charges anywhere — is an 
‘open path and an energy flow source. E.g., quoting Kron (247): 


"the missing concept of "open-paths” (the dual of "closed- 
paths") was discovered, in which currents could be made toflow 
in branches that lie between any set oftwo nodes. (Previously — 

following Maxwell— engineers tied all oftheir open-paths to a 
single datum-point, the 'ground’). That discovery ofopen-paths 
establisheda second rectangular transformation matrix... which 
created ‘lamellar’ currents..." "A networkwith the simultaneous 
presence ofboth closed and open paths was the answer to the 
author'syears-long search." 


Ascan be seen, Kron had discovered how to create currents — currents 
could be made to flow — in individual branches between any two nodes 
the circuit, physically connected or not. We point out that deliberate use 
ofKron’s "open path” in a network circuit constitutes a strong violation of 
the standard closed current loop circuit's self-enforcement of the 
Lorenz/Lorentz symmetrical regauging condition. Hence it is a 
magnificent method for achieving COP> 1.0 circuits. It is the belief of this 


in 


confirmed in 1997 by Secretary of Defense Cohen in these words: "Others are 
engaging even in an eco-type ofterrorism whereby they can alter the climate, set off 
earthquakes, voleanoes remotely through the use ofelectromagnetic waves... So 
there are plenty ofingenious minds out there that are at workginding ways in which 
they can wreak terror upon other nations...s real, and that's the reason why we 
hhave to intensify our efforts." (Secretary of Defense William Cohen at an April 1997 
DoDcounterterrorism  conferencesponsoredby former Senator SamNunn. Quoted trom 
DoDNews Briefing, Secretary of Defense William $. Cohen, Q&A at the 
Conference on Terrorism, Weapons of Mass Destruction, and U.S. Strategy, 
Universityof Georgia, Athens, Apr. 28, 1997.]. As the reader can see, the Cold War 
was not so “cold” after all, This mere "tip ofthe iceberg" should also give the reader 
alittle more insight as to why a War on terrorism is so necessary o all civilized 
rations. 
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While 2x2 MIMO deployments (two antennas in, two antennas 
out) are common today, 4x4 MIMO (four antennas in, four anten— 
nas out) is becoming more practical. 4x4 MIMO effectively enables 
four independent data streams, thereby increasing the throughput 
by four times. Thus, the 2CA deployment example (described in 
the previous section) with two 20 MHz channels and a 2x2 MIMO 
configuration would increase the data throughput from 150 Mbps 
to 300 Mbps. The same scenario with a 4x4 MIMO configuration 
would theoretically increase data throughput to 600 Mbps. 


LTE Advanced specifications for MIMO accommodate 8-, 16-, 
and 32-antenna configurations. LTE Advanced Pro specifications 
increase MIMO configurations to 64 antenna elements. Realisti- 
cally, using 64 antenna streams to increase the throughput of a 
single UE isn't practical, However, using a technique called beam- 
forming, the eNodeB can focus energy (that is, steer beams of data) 
to a particular UE, thereby increasing the throughput of that UE 
while simultaneously handling other UEs through a different set 
of beams, Massive MIMO will utilize massive antenna arrays — 
comprised of hundreds of antennas — to provide efficient signal 
coverage and higher data rates with lower latency in 5G networks. 


No Qualms About QAM 


‘Quadrature amplitude modulation (QAM) is a technique widely used 
to vary data signals on a carrier used for radio communication. 
When used for digital transmission of radio communication appli- 
cations, QAM can carry higher data rates than ordinary amplitude 
modulated and phase modulated schemes. In QAM, the constella— 
tion points are normally arranged in a square grid with equal ver- 
tical and horizontal spacing. As a result, the most common forms 
of QAM use a constellation with the number of points equal to a 
Power of 2 (such as 4, 16, and 64). Thus, 16-QAM uses a 16-point 
constellation while 256-QAM uses a 256-point constellation. 


By using higher order modulation formats (that is, more points 
on the constellation), it is possible to transmit more bits per 
symbol. $0, 64-QAM has six bits per symbol (more data trans~ 
mitted), whereas 16-QAM uses only four bits per symbol (less 
data transmitted). However, the points for a higher QAM are 
closer together and are therefore more susceptible to noise and 
data errors. 256-QAM has been used for data in digital cable 
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author that such "open path” functioning in his patented circuits was part 
of Tesla’s secret, though he did not think of it in those terms. However, 
‘Tesla’s ability to shuttle potential energy independently in his circuits — 
invisible to a tensor analysis — was rigorously shown by Barrett {124} 
Barrett extended the method and obtained two patents in the field of 
communications {286a, 286b}. 


‘Thus the COP>1.0 problem is not in the part or function (the dipole or the 
charge) that extracts real EM energy flow from the vacuum. That is 
extraordinarily simple and straightforward. Engineers and scientists have 
been using it for two centuries without understanding what they were 
doing. Every charge, dipole, charged capacitor, electret, and permanent 
magnet already continuously extracts EM energy from the vacuum. The 
two-fold COP> 10 problem is in (i) separately intercepting and catching 
(in an external circuit) some ofthe copious free flowing energyfrom the 
"extractor", and then (ii) separately dissipating that collected energy in an 
external load without killing the "extractor" itself— or at least only killing 
it more slowly than the load is powered. The most elegant way to violate 
the closed current loop circuit is with Kron’s open path, typified by 
‘Tesla/Barrett potential energy shuttling. Since vector and tensor analysis 
will not even show it or model it, then a higher group symmetry 
electrodynamics is imperative in modeling COP> 1.0 EM systems and their 
functions. Much of that work remains to be done. 


Our main purpose in this chapter is to point out some selected efforts and 
approaches by scientists, engineers, and inventors. We will give a brief 
description and a few details, and leave it to the researcher for further 
experimentation and reflection. Hopefully, knowing what some others 
have tried and the results they achieved will prove helpful to the serious 
researcher. 


We also strongly encourage the reader to again read this section after 
studying Chapter 9. In any COP>1.0 system, the excess energy must come 
from the "active environment". The active environment of an EM system 
consists of i) the active vacuum and its interactions and dynamics, and (ii) 
the active local spacetime curvatures and their interactions and dynamics. 
Contrary to naive belief and the received view, overunity electrical power 
systems — particularly very high COP systems — are neither simple nor 
easy, but are extraordinarily difficult and highly nonlinear even when their 
appearance is deceptively simple. Chapter 9 will give a brief expose of 
some of the difficulties for higher C OP systems. There we will refer again 
to the intricate circuit analysis work of Gabriel Kron {248}, to Dirac sea 
electron theory (249) both prior to observation and after observation, and 
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to the need for higher group symmetry 0(3) electrodynamics by Evans 
{250} which is a subset (251) ofthe electromagnetics used in the unified 
field theory of Sachs {252} 


Chapter 9 indicates how mathematically complex these systems really are, 
even when they appear deceptively simple. The phenomenology is highly 
complex, and it has not yet been scientifically explored because of the 
erroneous received view that COP>1.0 EM systems are not permitted by 
Maxwell’s theory or the laws of physics. That is a non sequitur. More 
exactly, they are notpermitted in that equilibrium class ofMaxwellian 
systems described and selected by Lorentz's arbitrary symmetrizing ofthe 
Maxwell-Heaviside equations, following their previous symmetrizing by 
Ludwig Valentin Lorenz {253}. Prior to applying the Lorenz-Lorentz 
symmetrical regauging, the Heaviside equations — which in field form are 
already a truncation to four vector equations of Maxwell's 20 quaternion- 
like equations — do prescribe both disequilibrium COP>1.0 and 
equilibrium COP<1.0 Maxwellian systems. The variables are not separated 
(potential formation) and the equations are difficult to solve, usually 
requiring numerical methods. With Heaviside's truncation and Lorenz~ 
Lorentz regauging applied, the resulting "special case” equations — now 
for only that class of COP<1.0 Maxwellian systems that receive and use no 
net input from their active environment — continue to be used because 
closed analytical solutions can usually be had and numerical methods can 
be largely avoided.”* 


So with tongue in cheek, we humorously remark that COP> 1.0 electrical 
power systems have not been developed or known because the early 
scientists were a bit lazy and wished to avoid ubiquitous use of numerical 
methods. These days, with computers, proper math programs, and sharp 


° For some reason, electrodynamicists ignore the fact that the Lorentz regauging 
does assume two additional equal and opposite enerey exchanges of he system with 
its external active environment, but carefully selected so that all the excess energy 
received in the system is purely in the form of a stress potential. Hence this energy 
continually does internal work on the system to produce additional stress, but cannot 
translate electrons through an external load to power it. Also, this regauging 
condition represents an effective rotation of the frame of the described system out of 
the laboratory frame. To then argue that this severely altered system (increased 


stress, constant additional internal work being done on the system, frame rotation, 
‘altered potential energy) is the same system prior to Lorentz regauging, and that 
such a system is not receiving excess energy from its active vacuum environment, is 
naive in the extreme and a non sequitur 
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graduate students to easily crunch the numbers, there is no longer any 
reason for continued arbitrary discard of Maxwellian COP>1.0 systems. 


For such reasons, no legitimate theory of COP> L0 EM power systems has 
been developed, except for light shed by Prigogine {254a-254f} and others 
{255a-255c} as to the necessary active environment, disequilibrium nature, 
and disequilibrium thermodynamics of COP> 1.0 systems. Further, the 
energy flow theory (Poynting’s theory) has not been further extended to 
include the Whittaker decompositions {243, 246) as should long ago have 
been done. Neither has it been extended to account for the arbitrarily 
discarded giant Heaviside nondiverged energy flow component. 


‘The researcher should be aware that the energy input to a system is always 
in the voltage (the potential; one input volt of potential will cause one 
joule of energy to be collected upon each interacting unit point electric 
charge in the system; one volt of drop in potential results when one joule 
of collected energy is dissipated per unit point collecting charge in the 
system.). The fields and their energy are functions of the potentials and 
their energy, not the other way round. After potentialization of the circuit, 
the subsequent movement of the potentialized Drude electrons, as current 
in the system, is connected with (and part of) the dissipation from the 
circuit of previously collected/intercepted energy from the vacuum. 


4.2 Demonstration Gedanken Experiment 


4.2.1 Work and Energy 
Doing work is defined as changing theform ofenergy. No energy is lost 
per se when work is done; the energy is only changed from one form to 


The reason is that all 3-space EM energy — in the ciseuit or elsewhere — must 
come from the time domain to each 3-space point and return from that point to the 
time domain, The scalar potential (voltage) actually is an ongoing process whereby, 
for any interacting charge, energy in the time-domain and energy in 3-space are 
functionally combined in that 4-circulation at every point dipole in space. In 
‘quantum field theory, e.g. as shown by Mandl and Shaw {19}, the combination of 
the time-polarized photon and the longitudinal photon in 3-space is observed as the 
instantaneous scalar potential, but neither photon is individually observable. We 
‘comment that an “observable” 3-space potential is the result of an iterative set ofdédr 
differentiations of the ongoing "combination" of scalar (time-polarized) photons 
having their energy oscillations in the time domain, with longitudinal photons having 
their energy oscillations in 3-space along their line of motion. Hence each dédt 
differentiation ofthe ongoing 4-space combination yields the instantaneous 3-space 
potential, Cumulating, one has the ordinary 3-space potential or "voltage" of macro 
electrodynamics. 
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another, All the energy since the beginning of the universe is still 
present,”” and it is still repeatedly changing its form to do work, over and 
over. The point is, a single initial joule of energy can be “used” (changed 
in form) to do more than one joule of work, if multiple changes of form 
occur serially. One joule ofenergy changing its form gives one joule of 
work, only ifa single and total change ofform ofthatjoule ofenergy 
occurs and then nofurther change ofform occurs. Ifthe joule changes 
form once, ajoule of work is done and a joule of energy still remains in a 
second form. If this second form of the joule of energy is not lost, but is 
retained and then changed in form, a second joule of work is performed 
and there is still ajoule of energy left in different form. And so on. 
Tricking a system to self-induce multiple iterative form changes of each 
joule of input energy (or at least of some fraction of each input joule), 
without losing the energy afier each change of form, is one way of 
providing COP>1.0 in a system. 


Remember that COP (coefficient of performance) is best defined as the 
usable work output obtained, divided by the EM energy that the operator 
inputs. Since "usable work output" is just usable "change of form of the 
energy”, it can be seen that multiple changes of form of every joule of 
energy input by the operator can lead to COP> 1.0. 


This illustrates that one must be careful in applying the law of 
conservation of energy. For a thorough analysis, several features must be 
identified and accounted: (i) The flow of the energy impinging upon the 
collection, (ii) the collector itself and the type of collection proces 
utilized, (iii) the linear or nonlinear operation of the collection/collecting, 
process, (iv) the dissipation process used to dissipate the collecting 
mechanism, (v) what happens to the energy flow that was collected and 
then its collection "dissipated", (vi) what type of energy flow was 
collected, and then its collecting "dissipated", (vii) what happens to the 
collector after the dissipation interaction, (viii) what happens to the energy 
in different form after each previous change of form, (ix) whether single- 
pass or multiple-pass of the energy flow is used, (x) whether single 
collection or multiple collecting is used, and (xi) the effects of am 
nsymmetrical regauging of a local component or region (e.g., as in simply 


* However, “present” means in spacetime, not just in 3-space. The EM energy we 
think of as being in 3-space is macroscopically in continuous circulation from the 
tine domain to 3-space and back to the time domain. Microscopically itis in 
continual circulation, 
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increasing one of the potentials of the region) that in turn acts as a free 
energy flow. 


See again Figure 2-4 in Chapter 2. In general, the available energy flow 
surrounding a circuit will be far greater than the intercepted and collected 
energy in that circuit, particularly in a "single pass” collection —ice., 
where the impinging energy only passes once. In analyzing a system or 
circuit, one must be very careful to ascertain whether the system utilizes 
any mechanisms to enhance and increase the energy collection fraction. If 
it does, then a necessary (but not sufficient) criterion for COP>1.0 has 
been identified in the system. Letokhov's negative absorption of the 
medium (i.e., excess energy emission) (256) and Bohren's experiment 
{257} are examples. Bohren’s experiment is easily replicated by any 
nonlinear optics lab, and outputs. 18 times as much energy as the 
conventionally calculated energy input.” 


Ifthe impinging Heaviside nondiverged component of the energy flow 
beyond the collecting/collector is rerouted and passed back to impinge 
again in the system — even on another collector or other collectors — this 
must also be taken into account. 


Conventionally, the "magnitude" of the fields” E and H in the Poynting 
(collected) energy flow S = E x H are “defined” by the collection from the 
fields by an assumed unit point static charge at each point in space. In 
short, the conventional fields have already been “defined” as a standard 
linear collection upon standard charged mass, from thefield entities as they 


% Energy conservation is not violated! Instead, the conventional calculation assumes 
static intercepting unit point charge. which has the minimum reaction cross section 
in the stream of bidirectional longitudinal EM energy flows comprising the potential, 
etc. By placing the intercepting charged particles into particle resonance, the 
particles’ reaction cross section is increased because each resonating charge sweeps 
‘out a greater geometrical cross sectional area. Hence the charges collect more energy 
from the energy flow comprising any “field” (actually field intensity) or "potential 
{actually potential intensity) than is assumed in the standard input energy 
calculation. In short, Bohten's experiment takes advantage of that arbitrarily 
discarded Heaviside energy flow component that remains and is present but not 
considered in the conventional Poynting calculation and field intensity calculation, 
The experiment in fact proves the existence of the unaccounted but ubiquitous giant 
Heaviside nondiverged EM energy flow 


At best, the 3-space point intensity of each 4-space field is so defined, for a 
forthcoming reaction with unit point static charge, and where the forthcoming 
reaction does not involve lingering time - charging but only simple time-excitation 
followed by full decay of the time-excitation via normal photon emission. 
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exist in 4-space prior to interception and collection, and where the 
collector itself is absolutely fixed and "static". So nonlinearity in energy 
flow collection — by additional disruption of the impinging energy flow 
induced by the dynamics of the collector itself— may easily increase the 
“reaction cross section” of the collector. The static reaction cross section of 
unit point static coulomb and the dynamic reaction of a unit point 
resonant coulomb may differ appreciably. 


Without stating it this clearly, Bohren has shown that the interaction cross 
section for a single-pass collection by one static particle may be increased 
by a factor of 18 in a given example, by inducing resonance and thus 
increasing the "collection" dynamics ofthe collectingparticle in the 
impinging S-flow {257}. ‘The work has been independently substantiated 
by Paul and Fischer {258}. It also is a direct proof of the existence of 
Heaviside's neglected nondivergent energy flow component surrounding 
every field and charge interaction. 


So indeed there are COP>1.0 EM processes in the literature. The 
Heaviside component also pouring from the terminals of every generator 
and battery, already proves that every generator and battery ever made 
already was and is a COP> 1.0 energy transducer, becausefar more 
energy poursfrom the terminals ofthe generator and battery than the shaft 
energy input to the generator or the chemical energy dissipated in the 
batte 


42.2 Extending the Work-Energy Theorem 

The standard work-energy theorem in mechanics may be conventionally 
stated as: The change in the kinetic energy ofaparticle is equal to the net 
work done on the particle by the netforce acting upon it. As in any 
“model”, here there are assumptions that are seldom taken into account. 
First, the collected/collecting kinetic energy of a particle is due to its 
increased interaction rate with the vacuum flux, because of its acceleration 
through that flux.'° In mechanics the increase in flux interaction (and 


As we cover elsewhere in this book, any charge (which, together with its 
clustering virtual charges of opposite sign is a dipolarity) is a broken symmetry in 
the fierce flux ofthe vacuum. This means that every charge in the universe absorbs 
virtual energy from the vacuum, coherently integrates some of it into observable 
nergy, and pours out that observable energy in all directions. The negative charge 
does that for positive energy: the positive charge does it for negative energy. The 
latter can be better interpreted as the return of positive observable energy from space 
to the positive charge, thence disintegration of that positive energy back to virtual 
‘energy, and subsequent re-radiation of that virtual energy back to the vacuum. One 
‘can in fact model the Bohren experiment in terms of the extra vacuum flux 
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hence "Newtonian 3rd law resistance” is just treated as a sort of resistance 
to acceleration, and known as inertia.'" The actual energy ofthe vacuum 
flux interaction rate is a function of the square of the particle velocity 
through that flux — hence the formula K = 1/2 my” for the kinetic energy K 
of'a mass m moving through the flux of space at velocity v. 
Relativistically, the mass of the particle is moving through the ambient 
potential flux, or we may view it from the particle's frame of reference 
where the ambient potential flux is moving through the particle but 
interacting with it. Only a single pass of the flux impinges upon the 

particle collector", so there is only a "single-pass" type of energy 
collection ongoing 


All energy in the vacuum exists in "Vacuum flux” or "change in vacuum 
flux" form. There is no force in the vacuum, although there is polarization 
that will produce a force upon a charge when one is introduced. ‘The force 
occurs only after the "change in vacuum flux” that we call a field is 
interacting with a mass. The force is already a change to the mass, a prio 
since mass is a part of force by F = d/dt (mv). Ifenergy is then added by a 
AK energy flux (usually mistakenly called a force) performing work upon 
mass m, this constitutes an additional energy flux or flow impinging on the 


‘encountered and transduced by the resonant charge, as compared to flux encountered 
and transduced by the static charge. In the same vacuum flux density, a resonant 
charged particle will intercept and absorb more virtual photon energy than the same 
particle in static condition. Hence its broken symmetry will convert more absorbed 
virtual photon energy into real observable emitted photon energy. 


"©" fone wishes to understand that inertial reaction, here is how it works. Consider 
the virtual charges of the vacuum as an analog to the Drude electron gas ina 
conductor. At the instant an observable charge starts to move, it is momentarily 
affecting all the surrounding virtual charges — an enormous number, which are 
initially repelling and attracting it in all directions intensely. ‘To move, the 
observable particle must create a change in that entire participating virtual particle 
'gas”. Just as the Drude electron gas, the vacuum “gas” of virtual charges has a 
certain relaxation time constant. So a finite time delay occurs before the vacuum gas 
relaxes and movement of the observable charge occurs. As the relaxation continues 
apace, the particle being acted on by a force accelerates. Even mass with a net 
‘charge of zero is filled with charges, and even the neutrons in the atoms are 
‘continuously changing into protons and back, etc. So all mass continually exists in 
the "charge and charge-changing” state, Inertia is in fact due to the relaxation time 
‘curve ofthe vacuum virtual charges "gas". We dealt crudely with this in Bearden, 
“Quiton/Perceptron Physics.” NTIS Report AD-763-210, 1973, p. 11; hopefully a far 
better treatment will eventually be undertaken by qualified higher group symmetry 
electrodynamicists 
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particle, imposing an additional "energy collecting” and gradient across the 
mass. Rigorously, the dynamic system comprised of the dK gradient 
coupled to the particle, and interacting with it, identically is a force.'"" 
Depending upon the situation, it may accelerate or decelerate the particle, 
or change its direction, or a combination. This is summarized in the usual 
work-energy formula 


W=K;-Kj= Ak (41) 


where the work W that was done is given by the change dK in kinetic 
energy of the particle from its initial kinetic energy K; to its final kinetic 
energy Kr. 


In applying the conservation of energy law, usually physicists utilize either 
the work-energy theorem or an approach closely paralleling it. This 
application is valid in any linear single-pass coilection situation. It may not 
be valid — and usually isn't —for a multi-pass, multicollection system 
where the same energy, changed in form to accomplish work in a single 
reaction, is then changed in form iteratively, again and again, in the same 
system or material. In such case, one joule of input energy can and will 


1 We stress again that the hoary old mechanies, some four centuries old, is 


seriously in error in assuming a separate force acting on a separate mass. That 
remains an inexplicable non sequitur in modern physies, in its very foundations. We 
call attention to how classical electrodynamicists’ wrestle with the problem. E.g 
quoting Jackson, Classical Electrodynamics, 2nd edition, Wiley, 1975, p. 28: "the 
thing that eventually gets measured is aforce..." "At the moment, the electric fleld 
can be defined as the force per unit charge acting at a given point, It is a vector 
function of position, denoted by E.” Our comment is that the “definition” is in error, 
including the use of the word “field” for "field intensity’, when field and its intensity 
are two entirely different things. A proper definition should be stated as "..the 
observable electric field intensity can be defined as the force per unit static charge 
‘and mass, existing at a given point in an interacting gradient ofthe virtual particle 
flux ofthe vacuum, as inferredrom the changes induced upon the unit statie charge 
‘and mass. " ‘The field intensity is a vector function of position, charged mass, and 
vacuum virtual particle flux gradient. The standard definition substitutes an effect 
(of collection) for a cause (prior to collection), and this error is widespread through 
physics, from mechanics to electrodynamics and on into particle physics. On p. 249, 
Jackson shows how the electrodynamicists largely capitulate and continue to 
promulgate the substitution of effect for cause, Quoting: "Most classical 
electrodynamicists continue to adhere to the notion that the EM force field exists as 
such in the vacuum, but do admit that physically measurable quantities such as force 
somehow involve the product ofcharge andfield.” We comment that actually mass is 
4 component of force, as shown by F = d/di(m). 
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accomplish multiple joules of work in and on the system. So for our 
purposes we must modify the work-energy theorem to give 


W=1(Ky- K))-Ak [4-2] 


where 2, is the averaged energy collection fraction, adjusted for multipass, 
multicollection and also for asymmetrical self-regauging (self-increase of 
the potential in, and hence the energy flow from, one or more regions of 
the active system's source). In formula 4-2, Krand K, and Ak still refer to 
single-pass collection only. 


In the new work-energy theorem, 2.= 10 for that vast number of 
conventional cases that have successfully utilized the conventional form of 
the theorem. These are almost always single-pass, single collection 
systems. The new COP>1.0 systems have deliberately enhanced energy 
collection — and hence multiple energy collection and work 
amplification" — such as multi-pass collection. For these COP>1.0 
systems, the expanded work-energy theorem form applies and in general 
221.0, In an ideal COP>1.0 system, 2>>10. In some versions of the 


Patterson Power Cell®. for example, 2, =1200. In the Sweet device 
(discussed later), a very high value of lambda resulted, so that 

2.= 1.5x10° We sometimes refer to 4 as the energy amplificationfactor, 
energy collection fraction, Poynting amplification, collection 
amplification, etc. Bohren and others have referred to it indirectly as the 
interaction cross section, the resonance absorption cross section, and the 
negative absorption cross section. 


Again, we strongly iterate that there ix no conservation ofwork law in 
physics! When energy is input to a system, acts on it, and is “dissipated” 
by a change ofits form (doing work), the “dissipated” energy is still 


"There is no "conservation of work" law in physies or thermodynamics. It is 
energy that must be conserved. A single change in form of K joules of energy gives 
‘an equal number of K joules of work done upon the interacting mass system. 
However, there remains an equal number of joules available, just in a different form. 
Ifthat second K joules ofenergy is then changed in form again and not allowed to 
‘escape from the system, an additional K joules of work is performed in the system, 
without the operator having added any extra input energy. And so on, until the 
inefficiency of the system and some inevitable losses allow all the "recycling" 
energy to escape from the system. We strongly believe that ignition, quenching, and 
re-ignition phenomena such as in gamma ray bursters and x-ray bursters are due to 
‘exactly such processes where iterative change of form of each initial joule of energy 
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available after the work (change of the energy's form) is accomplished. 
However, usually by “dissipated” energy we mean energy that has 
permanently left the system (or a component in the system) and cannot be 
recovered and used by the system. The original input energy is not work, 
because it did not undergo any change of form prior to interaction with the 
system to change its form. So one does not do "work" as input, which is a 
non sequitur. Any work accomplished in the input section of a system is 
due to inefficiencies of the system,'** " usually allowing extra change in 
form of some of the energy in non-useful processes called "input losses 
As we stated, it is quite possible for a single joule of original input energy 
to perform many joules of work. During the subsequent billions of years 
following the formation of the observable universe and the energy in it, 
every joule of the primordial energy is still here. And every joule of it has 
been steadily performing joule after joule of work since then. Further, it 
has continually been recycled between 3-space and the time domain and 
back, and is continually being so recycled today. 


Suppose input energy to a system has been dissipated (changed its form) 
once, doing work (single change of form of energy) in the system. Ifthe 
dissipated energy in a different form is then recovered or partially 
recovered — without escaping the system — to change its form yet again 
in the system and produce additional useful work, that system is 


Almost always due to a negative feedback mechanism such as Newton's thitd law, 
self-regauging symmetry, the closed current loop circuit, inertia as due to a self- 
regauging 4-symmetry, ete. 


““E.g., a transformer would be an overunity system, because the current in its 
primary is separate from the current in its secondary, if these two currents were 
‘completely decoupled and independent. In that case, the transformer would simply 
propagate and "couple" or pass energy emitted from primary to the receiving 
secondary, without back-coupling. However, the closed current loop in the 
secondary. routing all spent electrons in the secondary back through the back mmfof 
the secondary coil, produces a back-field coupling interaction with the primary, and 
this "back mmf/back emf" coupling requires energy dissipation in the primary 
section to overcome. In short, the transformer is designed so that the secondary 
lights the primary to a draw and the designer loses. With some losses and 
inefficiencies in the device, that makes the transformer a COP<1.0 device (unless 
fice external energy is received in the input). The interested reader might extract, 
several hints and suggestions in this book, passim, of things that overunity 
researchers have tied in their search to break up the back-coupling of a transformer. 
‘Thesimplest way, ofcourse, would be to place a true negative resistor shunt across 
the secondary, so that part ofthe secondary current does not return back through the 
primary, 
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communications and is now starting to be used for radio com- 
munications. 256-QAM is included as part of the LTE Advanced 
Release 12 standard from the Third Generation Partnership 
Project (3GPP) because it is likely to work with small cell tow- 
ers, T-Mobile has achieved 400Mbps downlink speeds in trials 
through a combination of 4x4 MIMO and 256-QAM. 


5CA and beyond, massive MIMO, and higher-order QAM are all 
techniques defined as part of the LITE Advanced and LITE Advance 
Pro standards. With LYE Advanced deployments in full swing, 
1 Gbps download speeds are getting closer to becoming a reality in 
operational networks. 5G will use all these techniques to achieve 
20 Gbps data speeds. For example, these are a few of the develop~ 
‘ments on the 56 horizon: 


2 CAon very large bandwidths, leading to aggregate totals of 
800 MHz (and even 1 GHz) carrier bandwidth 

3 Massive MIMO antenna arrays of 128 elements or more 

2 1024-QAM, and even 4096-QAM 


16 5G For Dummies, Ixia Special Edition 
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considered to be an open system far from single-dissipation equilibrium 
with its external environment." In that case, instead ofthe first 
dissipation simply “returning” the energy to the external environment, the 
energy is recovered by another change in form (which may simply be a 
change in direction in the internal environment). The thermodynamics of 
an open system far from equilibrium with its active environment applies 
whether that “environment” is intemal or external to the system. It is 
“external” to the subcomponent ofthe system forcing the "local change of 
form’ of the energy. 


4.2.3 Gedanken Experiment: Multicollection by Regenerative 
Feedback 

After a COP>1.0 collecting process with subsequent proper discharge of 
the energy, more work output as “dissipation of the collected-energy 

exists than the energy being input by the operator or experimenter. By 
regenerative, clamped, carefully controlled positive feedback of a portion 
of the output positive energy" to the system input, the system can be 
converted to a self-powered (self-asymmetrically-regauging) system that 
powers both itself and its loads. However, see Chapier 9 for special 
considerations of the Dirac sea hole current and excess negative energy 
that arises for COP» 1.0 EM systems. Positive clamped feedback will fail 
dramatically for any COP» 1.0 EM system, and for many COP>1.0 
systems it will also fail unless conversion of negative energy — arriving at 
the input section — to positive energy is accomplished. 


To ease visualization of the energy multicollection process, consider a 
gedanken experiment iteratively retroreflecting a steady small EM energy 
input. Particularly see Figure 4-2. 


"SqThe vacuum environment is also “internally” penetrating throughout any 
‘macroscopic system, to the finest level! So the notion of separated “external” and 
‘nternal" environments requites strong qualification in any system engaged in 

iterative, work-amplifying interaction with its local vacuum. 


"° ‘The output may contain appreciable negative energy as well as positive energy, 
however. In that case, in the feedback loop the negative energy must be transduced 
into positive energy by regauging, else it will appear in the input section of the 
system as an extra system load there in the input itself. It will “eat” incoming 
electrons from the external power supply, so that the external power supply has to 
power this “extra load” in the input section as well as powering the normal system 
load presented. This reduces the system COP to COPS1.0. 
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42a Exponent 
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Fane: 2Heatwrein shallow sperewshcain evar properties 


‘As shown, a heater-emitter is placed inside a closed hollow sphere, 
through a tiny hole for the two wires connecting the heater wire into the 
external power supply (the external power supply is not shown). The 
heater emitter is 100% efficient; any joule of energy absorbed by it is re- 
radiated by it. One joule of energy (one watt of steady "input power” — 
conventional electrical engineering terminology where rate of work and 
rate of energy flow are confused!) is furnished from the power supply to 
the heater element inside the sphere. The inside of the sphere is coated 
with a substance that acts as a phase conjugate mirror (PCM) reflector 
with, say, 0.5 reflection coefficient. In other words, when scattered 
photons are emitted from the wire in all directions, they strike the inner 
surface of the sphere. Half are retroreflected precisely back to the spot on 
the resistor from whence they came, where they are absorbed and "re- 
collected” to further heat the resistor, causing emission of additional 
photons from it. The other half of the absorbed photons on the inner 
surface of the sphere diffuse through the cylinder walls as heat, and escape 
as heat radiation from the sphere to the outside world 


If that sphere's operation could be maintained intact and stable, without 
change ofthe physical characteristics and mechanism, then the buildup of 
energy in the heater wire inside the cavity — and the buildup of the energy 
icing emitted from the outside of the sphere — would be ever increasing 
It would increase without bounds as time passed. Wait a short time, and 
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the sphere would be outputting 10 watts of power while one would still be 
inputting one watt. Later, the sphere would be outputting 1,000 watts of 
power, while one would still be inputting one watt. And so on. Indeed, the 
rise in energy density of the output would be asymptotic, and would 
increase toward infinity. The only limitation as to the energy output for a 
steady | joule per second input, would be the limit at which the 
mechanism goes unstable and changes occur to dampen and curtail the 
process. 


Before the reader objects on conservation of energy grounds, one should 
realize that this rise in the energy density inside the sphere is an example 
of iterative regauging. The principle of gauge freedom — one of the 
axioms of quantum field theory and well established — assures us that the 
potential energy ofa system can be changed at will, and freely." What 
the gauge freedom principle does not state is a mechanism for providing 
the additional potential energy and a source for it — not do the quantum 
field theorists and electrodynamicists. Without such a source and 
mechanism specified, the conventional gauge freedom principle assumes 
total violation of the conservation of energy law. 


* Conventional scientists are almost always very careful to regauge symmetrically, 
so that the two excess force fields that result are equal and opposite, and sum to a net 
zero resultant field. That "zero-summed system comprises a stress potential a 
priori. So such symmetrical regauging alters the stress in the system and alters its 
potential energy, but only in the form of additional stress energy. There is no ner 
force and "force field energy" that can be used to dissipate that additional free stress 
energy in an extemal load, thereby doing free work. This regauging is a purely 
arbitrary practice by the electodynamicists, We are far more interested in 
‘asymmetrical regauging”, where only one potential is freely changed or the two are 
changed unequally, resulting in a ner nonzero force field that can then be dissipated 
in an external load to perform free work. Only by asymmetrically regauging an 
otherwise inert system can usable field energy be added and any work then be done 
by it anyway. In conventional systems, we do the "asymmetrical regauging" by 
adding the voltage (potential difference). As current flows with dissipation of energy 
from the circuit in the loads and losses, the system is able to develop "power" and 
thus do work in the external load. Unfortunately, the electrodynamicists are still 
obsessed with symmetry, so they ubiquitously employ in all electrical power systems 
the closed current loop circuit. This guarantees that the circuit will kill its source 
dipole (the source of the potential and potential energy generated from the virtual 
flux ofthe vacuum by the broken symmetry ofthe opposite charges of the dipole) 
faster than it powers its load. That way, lovely symmetry is maintained, beautiful 
free energy and negentropy are avoided and tossed away, and ugly pollution and 
destruction ofthe biosphere continues worldwide to fulfil the ever-increasing and 
insatiable thirst for electrical power 
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In our supersystem view, the gauge freedom mechanism providing the 
energy is straightforward: the excess energy is freely supplied from 
disequilibrium in the active vacuum interaction with the system and in the 
disequilibrium represented by the local curved spacetime. Since a change 
in system potential energy is also a free change in spacetime curvature, 
then it follows that simply changing the potential energy of the local 
vacuum (the vacuum is also an electromagnetic system!) and of the local 
curvatures of spacetime is also "for free”, or it can be. One does not have 
to perform work oneself upon spacetime to curve it! The mere presence of 
a spatial energy change — including a free potential energy change 
allowed by gauge freedom — is sufficient to freely curve spacetime also. 
‘That is a real energy change, because any curvature of spacetime acts back 
upon mass. Higher group symmetry electrodynamics does indeed include 
vacuum energy and energy current {2592-259c}, and it is possible to 
extract useful EM energy from the vacuum. 


But back to our sphere, where the internal potential energy of the sphere is 
rising asymptotically without bound. 


In the real world, of course, the reflection coefficients and the materials 
characteristics will change as the energy density changes, the sphere will 
heat, etc., and these changes will start damping the perfection of the 
retroreflection process to limit it to some finite plateau value which may be 
a COP>1.0 or COP» 1.0 condition. Or, the materials will melt or soften so 
that the sphere ruptures and explodes, sharply quenching the process 
entirely and emitting a violent burst of energy to signal the disruption of 
the localization of the process 


Nonetheless, a successful real bench experiment similar to this should be 
possible with some tinkering, and it should readily yield COP> 1.0, after 
one waits for build-up and stabilization at some level. We would hope that 
a sharp young graduate student may eventually prepare a doctoral thesis on 
this experiment or a variant. The principle is demonstrable. 


Similar buildups by regenerative feedback and multiple collections by the 
collectors do appear to occur in nature, up to and including such 
phenomena as gamma ray bursts, x-ray bursts, etc. These occur in some 
systems such as exploding gases (and in some cases, even in the upper 
atmosphere of the Earth). In such a system, the "physical particles in 
suspension in space" do move and continually disrupt the geometry for the 
increasing buildup, resulting in decay of the process after a time delay. 


However, there is a finite time during which the movement ofthe particles 
is still insufficient to appreciably break the geometry and cause 
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quenching.” During this "nearly linear stage", the build-up applies and 
the energy density very rapidly increases. Build-up occurs and continues 
while the relaxation time of the initial countering symmetry-restoring 
mechanism for the old or former state or condition (the initial reaction) is 
occurring. A well-known conventional example is the Lenz law reaction. 
Then as the geometry changes significantly, a rapid damping of the energy 
density increase occurs, quenching the asymptotic rise and “discharging” 
or “decaying” back to a less-than maximum condition. However, the decay 
position or state (in the quenched condition) will be different from the 
initial condition before asymptotic rise (regauging) set in. The system 
usually will have itself absorbed and collected additional potential energy 
and so it will be "hotter" or more energetic. This is often called the 
ferglow”. In the simple case, parts of the system will be in greater 
motion (more energetic). 


An intermediate plateau can appear as quenching occurs and it can 
stabilize. However, ifno stable plateau is reached during the damping, 
then further rapid quenching and a rapid reduction of the increased energy 
density occurs as the geometry changes become decisive and break the 
asymmetric self-regauging. Thus the "damping" of the process may yield 
a plateau of steady COP» 1.0 operation, or it may simply go immediately 
into full catastrophic quenching and decline back to some lesser level of 
COP>1.0 operation, but still more energetic than the beginning condition, 
The latter case produces a sort of "afterglow" - - observed in the gamma 
ray bursters, e.g. — of increased energy density from the beginning of the 
quenched phenomenon, Indeed, in that new system of more energetic gases 
or particles, once the new state is stable, continuing regenerative feedback 
versus the new geometry can then reinitiate or "re-ignite” another "burster” 
followed by subsequent quenching. And so on. 


We submit that the gamma ray bursters fit this schema and are consistent 
with it. So do the phenomena observed in intensely scattering photoactive 
media on the nonlinear optical laboratory bench. We hypothesize that the 
gamma ray burster and similar violent burst emission phenomena are 
generated by this mechanism or a similar version of it, 


\ Regardless of what we call it or what it has been conventionally named, any 
impulsive, explosive process involves at least momentary broken symmetry, 
resulting in instant and countering broken symmetry. Then a relaxation time passes, 
‘and the countering broken symmetry is dissipated by change of the system to a new 
potential energy state, the new dynamics state, etc 


192 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


Figure 4-3 diagrammatically shows a proposed range of such "excess 
energy” emissions due to this regenerative positive feedback and multiple 
collection mechanism. As can be seen, this may place our view of very 
powerfull astrophysical emission phenomena in a completely different 
light, arranged energetically by the length ofthe initial "nearly linear” 
phase of exponential increase. There is a scale of stability levels up to just 
before the Big Bang itself (260). A so-called Big Bang, of course, would 
result when the "containment" ability of 4-space itself is breached, 
resulting in a rupture of 4-space and a consequent violent blow-out into n- 
space (where n>4), with a very rapid "false vacuum" created outside the 
blow-out region and pumping itself up by asymmetrical self-regauging in a 
"new" 4-space. When a new stability level is reached outside the blowout 
hole from the spawning 4-space, it represents an outside "new" 4-space 
and a new, infant 4-spatial expanding 4-universe, freshly born 


1d Work-Energy Theorem 
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‘nvokedbymulthassandmulicelcionolsame cra. 


So fiom inside the spawning universe, the burster phenomenon would be 
SO great as to "burst" 4-space, producing a sort of "super black hole” as 
seen by the spawning universe. We hypothesize that the asymmetrical self- 
regauging mechanism produces a great burst of EM energy in its universe 
ifa stability plateau is reached that is below the threshold of 4-space 
rupturing. If such a stability plateau is not reached, the asymptotic rise in 
local spatial energy density increases until the primary 4-space ruptures to 
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produce a "blowout" seen from the old universe as a sort of black hole. 
‘There is a sort of "white hole” in the new universe being spawned on the 
other side of the blowout. This white hole and its associated phenomena 
produce the birth of another 4-universe outside the original spawning 4- 
universe, At least we propose that as a hypothesis. 


We propose that this could be a legitimate process for the birth of multiple 
4-space universes in the infinite-dimensional cosmos.'"" It has an added 
advantage of accommodating the vexing question of "What existed before 
the beginning of time (in this universe)??? The answer then would be, 
"The existence oftime in another universe that birthed this one." We 
emphasize our interpretation of time as just a special form of EM energy, 
and not at all a "mysterious river down which we float helplessly as if in a 
drifting boat in the river's current.” 


4.3 Iterative Retroreflection and Collection in a Circuit 


‘The normal circuit attached to a generator or other extemal power supply 
is the "external" portion of the overall closed current loop circuit passing 
back through, and including, the source dipole in the power supply. In a 
DC external circuit, we may consider that the energy flow pours forth 
steadily from the terminals of the generator (from the dipolarity between 
them) into space surrounding the external circuit. Since the external 
conductors act as a sort of guide, this transmitted external energy flow is 
generally parallel to the external conductors. 


The external circuit further acts as a receiver. The surface charges and 
their fields intercept and interact with some of the transmitted energy 
flowing parallel to the conductors and outside them. This interaction 
diverts a component of that passing energy flow into the conductors, 
powering the Drude electrons. This powers the external circuit. The 
nondiverted component ofthe passing energy flow — usually much larger 
— escapes on out into space beyond the external circuit. According to 
Heaviside's energy flow theory {261}, this escaping nondiverged energy 
flow may be interpreted to exist in closed circulations.'!' Laithwaite 


8 After all, a "dimension" ultimately is just a fundamental variable in a physics 


‘model or, in other words, a “degree of freedom” in mathematical modeling. We may 
construct any number of dimensions we desire, merely by assigning a sufficient 
number of variables, including both overt variables and hidden variables, ete. 


"We point out the interesting possibility of re-interpreting this "closed circulation 
Heaviside component as the giant negentropic circulation of EM energy from the 
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{172b} has specifically commented upon the potential importance of this, 
aspect of Heaviside's theory. 


‘As we shall later address, Heaviside worked out but never published a 
draft theory of gravitational effects from this extra escaping energy flow 

{262}. Interestingly, since Lorentz's integration of the energy flow vector 
around a closed surface surrounding any volume element of interest, the 

discarding of this "excess nondiverged energy flow" has been ignored by 
electrodynamicists, and it has been ignored by gravitational theorists. 


Consider a theoretically "perfect" generator, loss free. Consider the 
presence of the Heaviside nondiverged component emerging from the 
generator terminals — and filling all space around the external circuit. 
‘That is the part of the energy outside the circuit that is not caught and 
processed by the circuit, but is just wasted. By definition, in this "perfect" 
situation the magnitude of the Poynting or "caught" component of energy 
flow will precisely equal the magnitude of the mechanical energy input 
flow (rate) to the generator." 


But the presence of the additional huge Heaviside component rigorously 
means that far more energy pours from the terminals of every battery and 
generator than the amount of mechanical energy the operator inputs. as 
shaft horsepower. This easily demonstrated fact — e.g., proven by the 
Bohren experiment (24) —continues to meet with a resounding silence 
from electrodynamicists and physicists, and particularly from those 
dogmatic skeptics so keen on defending the classical thermodynamics of 
closed or equilibrium systems as if they also applied to open systems far 
from equilibrium in their exchange with their active environment. We 
refer particularly to the dogmatists so supremely confident that COP>1.0 
EMsystems are prohibited by the laws of thermodynamics. These stalwart 
fellows would thus exclude every charge (and its associated fields and 
potentials) in the universe, were they logical and speaking scientifically. 
So they strangle at the gnat of COP = 4, and swallow COP = 00 while 
proclaiming that COP>1.0 EM systems cannot exist. 


‘The dogmatists have achieved a major nefarious goal, however. Th 
have silenced most inquiry into such matters by electrical engineering 


time-domain to the negative charge, to 3-space, to the positive charge, and back to 
‘the lime-domain. To our knowledge, that has not been examined. 


"That is merely a statement ofthe Lorentz symmetry condition self-enforced by 
the closed current loop circuit itself 
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professors, young graduate students, and young postdoctoral scientists. 
They have glorified classical equilibrium thermodynamics into a religion 
rather than the partial and imperfect model it really is. They are directly 
responsible for the continuing rape and pillaging of the planet's resource: 
pollution ofthe biosphere, global warming, and the increasing death of 
species. They are indirectly responsible for the deaths of more human 
beings than Hitler, Mao, and Stalin combined. Most of the blame for 
environmental pollution problems concemed with power and electricity is 
squarely at their feet. Sadly, the environmentalists seeking to save this 
planet and biosphere have not yet recognized the true nature of the 
scientific Taliban that has generated the environmental problem. In 
tolerating its own scientific “terrorism”, the scientific community seriously 
aborts much of the scientific method, 
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See Figure 4-4, The neglected large nondiverged energy flow component 
need not be wasted. As an example, part of it can be captured and used, by 
applying near-field antenna techniques and such methods as Bohren’s 
resonance increase of the intercepting charge's reaction cross section.'"? It 
is possible to intercept part of that excess energy that is there and 
available. E.g., even after it passes on by the immediate circuit, the 
Heaviside energy flow component can be intercepted beyond the circuit 


"Or other methods we cannot yet divulge because of patent situation, 
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and retroreflected back across the same circuit again. In this way — at 
least in theory — extra Poynting energy can be collected and recollected 
by the same external circuit for a single given input energy. 


In essence, such an “iterative, multi-collecting circuit” is now fed with 
transmitted energy from multiple (iterative) paths simultaneously. This is 
physically doable,'"* but it is not a simple procedure, and antenna theory 
‘and especially near-field antenna theory must be utilized as well as focused 
retroreflection techniques. To directly model it, higher group symmetry 
electrodynamics (such as quaternion EM, O(3) EM, etc.) must be used 
Precisely such phenomena are met in modern experiments in intensely 
scattering optical materials {2632-263b, 264a-264b} and in Bohren-type 
experiments where more energy is collected than the operator has input via 
standard calculations (257, 258) 


4.4 Tesla's Iterative Retroreflection Work 


44.1 Tesla's Single Wire Circuit 

See Figure 4-5, which diagrammatically shows one of Tesla's 
developments, which used a retroreflective single wire circuit between two 
large separated capacitances. This was the basic approach used in his 
magnifying transmitter and in several other circuits. Here the dipolarity 
exists between two accumulators, one at each end of a long conductive 
path with a load in the middle. AC operation is used, by setting up 
oscillation end-to-end along the "single wire” circuit, ftom accumulator to 
accumulator. Even so, no overunity operation will be experienced unless 
passive retroreflection of the normally wasted Heaviside component of 
each energy flow "passage" occurs back from each receiving end, so to 
speak (265}. That is possible if specialized dielectric material and 
construction is used in the end capacitors. 


'E g., some of Tesla's actual patented circuits do it, but that part of their 
functioning is not described by any vector or tensor analysis. However, a higher 
group symmetry electrodynamics analysis of the circuits will indeed show the effect 
clearly as a “shuttling” of potential (regauging) around the cireuit at will. E.g., see T 
W. Barrett, (124, 286a, 286b} 
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» Expanding cellular traffic to unlicensed 
spectrum 


» Getting LTE-U and LAA to coexist with 
Wi-Fi in unlicensed spectrum 


» Going it alone in unlicensed spectrum 
with MulteFire 


Chapter 3 
Tapping into Unlicensed 
Spectrum 


nlicensed spectrum is used by low-power devices to trans- 

mit and receive wireless signals over short distances — 

typically a few meters. Although specific devices are 
permitted to operate only in specific bands, the process of getting 
certifications is not time-consuming or costly, compared to get- 
ting a cellular operator license. Some common devices in this 
category include garage door openers, nursery monitors, 
home security systems, cordless phones, and Bluetooth speakers) 
headsets. In this chapter, you learn about the role of unlicensed 
spectrum in the 5G future. 


Giving a “High 5(G)” to Wi-Fi 
Advancements 


Wi-Fi operates in the unlicensed 2.4 gigahertz (GHz) and 5 GHz 
spectrums. There are fewer rules on who can access these bands 
and more available spectrum compared to licensed frequency 
bands. Wi-Fi devices must therefore compete to use the same 
spectrum as other devices. 


CHAPTER 3 Tapping into Unlicens: 
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Further, it may usually be necessary to place the individual charges 
comprising the "current surging to and fro” into particle resonance at either 
the frequency being transmitted or some subharmonic of it. This schema is 
doable, but it is difficult and most everything affects it, including even the 
impurities in the conductors. 


4.42 Strain to Stress Potential Energy Transduction 

See Figure 4-6. This is a diagrammatic representation of a fundamental 
"strain-to-stress” transduction mechanism we believe was involved in 
Tesla's "single wire circuit" (i.., his iterative retroreflecting circuit). 


At each end ofthe circuit, the electrons are "trapped" in the open outside 
end. Hence when EM energy rushes to the capacitor on one end of the 
circuit, the forward emftries to strain the dielectric from the inner plate 
toward the outer plate. However, the trapped electrons in the outer open 
wire cannot move, so they produce an equal back-emf and back force 
trying to strain the dielectric from the outer plate to the inner plate. The 
result is that the translational field “strain” energy (dipolar charging) is 
transduced into stress potential (monopolar charging) energy. Electrons try 
to strain the dielectric from the inner plate toward the outside with a 
forward emf so as to charge the capacitor normally, while the trapped 
external electrons simply push back the other way, exerting a back emf 
force that is equal and opposite to the straining force fom the forward emf 
and simultaneously tries to "charge" the capacitor in the opposite direction. 
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Here is the importance of the "vector zero resultant” stress (monopolar) 
charging that occurs: The input EM strain field energy familiar in dipolar 
charging of a capacitor is converted to a dielectric stress (monopolar) 
potential for monopolar charging. This changes translational field energy 
(external energy) into stress potential energy (internal energy), adding an 
equal amount of back-emf translational field energy in so doing. In short, 
the charging captures an equal amount of charging energy from its external 
environment — in this case, from the back emf of the trapped external 
electrons in the outside open wire. This is one way to capture and use the 
back emf energy normally reducing the energy available. 


‘We point out that this is charging the capacitor by Lorentz's symmetrical 
regauging, and it represents a rotation ofthe frame of the capacitor itself 
‘out ofthe laboratory frame. As is well known, the trapped energy of a 
capacitor in a rotated frame is not the same as the energy of the same 
capacitor in the nonrotated lab frame. 


‘The single-wire system destroys the symmetry-enforcing function of a 
closed-current-loop circuit conventionally used. In short, it does not return 
the "spent electrons” from the ground return line back through the source 
dipole of the outside power source, so it does not use half the collected 
energy in the circuit to destroy the source dipole and its extraction of EM 
energy fiom the vacuum (to destroy its broken symmetry). Because it 


199 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


retains the broken symmetry, Tesla's single wire system is an open system 
far from thermodynamic equilibrium with its active vacuum environment. 
It is thus permitted to exhibit those five magic functions of such open 
dissipative systems: (1) self-ordering, (2) self oscillation or self-rotation, 
(3) outputting more energy than the operator inputs, (4) self-powering of 
itself and its load, and (5) exhibiting negentropy. 


4.43 Potential Energy Shuttling in a Circuit 

‘The net result is to "shuttle" the (stress) potential energy back and forth in 
the circuit, between the ends. See Figure 4-7. When this stress potential 
energy shuttling is done at the natural (or tuned) resonant frequency of that 
single wire circuit as an oscillator, the monopolar charge transfer is 
optimized and amplified by the resonance effect, with an increase in the 
energy being shuttled. It is this type of Tesla single wire circuit that can in 
theory exhibit COP> 1.0. 


Tesla's single wire system also forces the change of energy between 
internal energy and external energy. A deeper analysis will also involve 
Dirac sea hole current effects as well as lifting of electrons from the Dirac 
Sea and combination of unobservable Dirac sea holes and electrons 
without radiation, However, we leave that for the advanced theorists. A 
taste of it is included in Chapter 9. 
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But is there any evidence for this "shuttling" of the monopolar potential in 
‘Tesla's circuits? Yes, there is, and indeed some of Tesla's patented circuits 
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do exhibit such energy shuttling in them, as rigorously shown 
(124, 286a, 286b). 


4.4.4 Other Considerations 

For COP» 1.0 systems and some COP>1.0 systems, the concepts of 
Chapter 9 must also be applied, since the system outputs not only positive 
energy but also negative energy. The negative energy — in the form of 
Dirac sea hole current — then sweeps back through the system from its 
output section to its input section, At various places, these "vacuum holes” 
eat electrons (as on atoms, causing ionization).""* In short, the Dirac sea 
holes are converted to more normal lattice holes, and thus can be dealt 
with in the same fashion as semiconductor designers handle lattice hole 
problems inside their semiconductor designs. Positron (hole) effects are 
well known in materials science, and are increasingly being used in actual 
systems such as the antimatter (positron beam) microscope {2662-266b} 


yy Barrett 


We accent that a simple LC oscillating circuit does not produce COP>1.0 
ofiitself. If, however, the charges in the currents surging to and fro are in 
patticle resonance at the "feed frequency”, then they will "sweep out” a 
greater geometrical cross sectional area to intercept additional Heaviside 
energy flow existing outside the normal "static charge” Poynting energy 
flow. This is similar to the "intercepting resonant particles " process 
utilized by Bohren (257}, and it allows output of more EM energy than the 
operator inputs in the calculated Poynting component of his own input 
energy flow. It does not output mote EM energy than the operator inputs 
in the sum of his Poynting input component and his Heaviside input 
component. 


‘The real energy conservation law is that the input energy from all sources 
and of all types must equal the output energy of all types, where by 


"The union ofa Dirac hole (4-space negative energy electron before observation) 
and a positive energy electron before observation, can occur without radiation. ‘The 
two curvatures of spacetime involved are equal and opposite, so they just get 
replaced by a flat spacetime, which involves a filled Dirac sea (all the holes filled 
with electrons). In short, the energy can go into changing the stationary local double 
eeurvature of local spacetime, by a sort of "superposition of two spacetime 
curvatures”, to give a net flat spacetime, rather than dynamically radiating EM 
energy away at the speed of light. However, iffeither of the two interacting particles 
hhas been observed, this is not the case and standard pair annihilation will be 
observed. ‘The point is that particles in their unobserved ma state rather than their 
‘observed m state, can interact without observation, similar to the way that wave-to- 
‘wave interaction occurs in nonlinear optics. 
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“output” we mean output as usefull energy and output as loss or non-useful 
energy. 


So conservation of energy flow is not violated, because one also inputs an 
additional Heaviside nondiverged component, unknown to Bohren. Circa 
the 1880s or early 1890s, Lorentz arbitrarily discarded it from 
accountability. One does not have to "pay" for that nondiverged and 
unaccounted input energy flow component. Except in continually applying 
Lorentz's integration trick to discard it, the nondiverged Heaviside 
component has been almost totally neglected in the textbooks since 
Lorentz arbitrarily discarded it back there circa the late 1880s. However, it 
is roughly dealt with in near field antenna theory, sometimes under the 
topic of "Poynting energy bunching”. In the near field, e.g., there also may 
be a substantial longitudinal E-field component. One region may be 
oscillating back and forth along the flow direction, while the region in 
quadrature may be flowing in only one direction. 


By causing the intercepting charges themselves to resonate and sweep out 
a greater reaction cross section in an energy flow, the normal definitions of 
ield intensity" and "potential intensity” are no longer true, because their 
reaction intensity to a unit point static charge has been used as their stated 
"magnitude". The conventional definition is only for an indication of the 
intensity of the energy flows comprising the field and potential. With the 
unit point resonant intercepting charge rather than the assumed static 
charge, the reaction cross section for the same charge increases, and so the 
"apparent magnitude of the (intercepted) field intensity” also increases 
beyond what is in the textbook. So far as I am aware, there is no previous 
precise term associated with this phenomenon, except to lump it in the 
euphemism of "negative absorption of the medium" or "negative resonance 
absorption of the medium” in certain materials (267). It is more nearly a 
Poynting energy amplification process, since the “intercepted” or Poynting 
‘component of the energy flow is increased. Thus it can be a mechanism for 
COP> 1.0, ifthe closed current loop circuit's use of half the collected 
energy in the circuit to kill the source dipole is also defeated. 


Nonetheless, energy bunching or Poynting component amplification by 
altering the reaction cross section function of the intercepting particle is a 
legitimate way to provide excess "free" energy input for COP> 1.0 EM 
power systems. 
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4.5 Perspective on Tesla vs. Marconi 


Tesla was neither deluded nor mistaken, though some electrodynamicists 
have mistakenly considered him in that light. On the other hand, Jackson 
— one ofthe leading electrodynamicists of our time — pays Tesla a 
significant compliment as follows (268) 


"In U.S. patent no. 787,412 (April 18, 1905), reprinted in Nikola 
Tesla, Lectures and Patents and Articles. Nikola Tesla Museum, 
Beograd, Yugoslavia (1956), this remarkable genius clearly 
outlines the idea ofthe earth as a resonating circuit (he didnot 
know ofthe ionosphere), estimates the lowest resonantfrequency 
as 6 Hz (close to the 6.6 Hzfor aperfectly conducting sphere), 
and describes generation and detection ofthese low-frequency 
waves. Ithank V. L. Fitchfor this fascinating piece ofhistory. " 


We also point out that many present science texts err by continuing to 
credit Marconi with the discovery of radio, although he certainly did much 
to pioneer it and received a Nobel Prize in 1909. Hertz must be given 
credit for the first deliberate signal transmission per se, during the period 
1886-1888. As his transmitting antenna, Hertz used an end-loaded dipole 
with a gap, and as his receiver he used a resonant square loop antenna with 
a gap {269}. Sparks produced at the gap in his transmission antenna 
resulted in sparks appearing at the gap in his receiving antenna. 


Marconi became obsessed with Hertz’s results nearly a decade later, and in 
mid-December 1901 Marconi announced the reception of signals at St. 
John’s, Newfound that were transmitted across the Atlantic from Comwall, 
England. He later recorded radio signals transmitted around the Earth, and 
began regular trans-Atlantic message service in 1903. 


Marconi's patent (270), however, was eventually overtumed by U.S. 
Supreme Court decision (271}, because Tesla's patents (and 
demonstrations) substantially preceded it. Tesla also demonstrated radio 
transmission before Marconi, and Marconi actually used a modified Tesla 
circuit in his famed transmission in 1901. Nonetheless, this is not to detract 
from Marconi's accomplishments; he definitely put "wireless 
communications" on the map. It is simply to give discoverer ofradio 
credit where credit is due. 


Tesla was also closer to the truth of the form of an EM wave in space than 
are modem electrical engineering and most electrodynamics texts. In the 
present book we have stated that what exists in 3-space as the so-called 
"transverse EM wave” are actually longitudinal EM waves and functions 
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ofthem, with the energy entering each 3-space point from the 
accompanying time-polarized (conjugate) EM wave at that point (i.e., from 
the time domain) and emerging in, 3-space in the form of a longitudinal 
EM wave, in 1:1 correspondence.''® This is followed by a return of the 
energy from 3-space back to the time domain, ‘This “circulation” fiom the 
time domain to 3-space and back to the time domain occurs at every point 
dipole in 3-space. Only the presence and combination of both the time- 
polarized photon and the longitudinal photon at each point in an EM wave 
makes the wave "observable", when we translate into wave phenomena the 
photon phenomena pointed out by Mandl and Shaw {19}. What spreads as 
EM energy flow in space (from a source charge) is the local polarization of 
the vacuum, associated with this giant negentropy circulation from time to 
the negative charge, to the positive charge, and back to time. 


‘The notion of the transverse EM wave flowing through space is an artifact 
ofthe ubiquitous substitution ofthe effectfor the cause in Maxwellian 
electrodynamics. E.g., a completely erroneous “definition” of the causal 
field (as it exists in space prior to interaction with charged mass) is given 
as the effect ofits interaction with a ubiquitously assumed unitpoint 
charge at every point in space where the field is present. This in fact 
substitutes the effect (existing after the interaction) for the cause existing 
prior to the interaction. That of course is a gross non sequitur. 


We give a concrete example from the first edition of a standard dictionary 


of physics and mathematics {272}: 


"electricfield... 1. one ofthe fundamentalfields in nature, 
causing a charged body to be attracted to or repelled by other 
charged bodies; associated with an electromagnetic wave or a 
changing magnetic field. 2. Specifically, the electricforce per 
unit test charge." 


© Later we shall deal a little further with how EM energy iteratively recurs 
statically in 3-space and propagates dynamically and continuously in 4-space, in 
‘more detail. The solution to the long-vexing particle-wave duality is the process of 
observation. Before observation, an entity is dynamic and continuous in spacetime, 
not 3-space. After observation (by emission ofa photon), it is a momentary frozen 
3-snapshot (particle) at a single instant of'time, At the next immediate instant, a 
photon is absorbed, reconverting the “static snapshot” into a dynamic 4-entity again. 
Since observation (photon emission) and de-observation (photon absorption) iterates 
at extremely high rate, the entity and each tiniest part of it oscillate back and forth 
between being a frozen 3-entity (particle) and a dynamic 4-emtity (wave). 
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In the first definition, the field is given as the "cause" of the interaction 
that exists between like and unlike charges. In the second definition, the 
field is given as the effect — of the interaction with a test charge — of 
something undefined as the cause. 


An entirely different "definition" is given by Gray and Isaacs (273): 


"electricfield ... The space surrounding an electric charge 
within which itis capable ofexerting a perceptible force on 
another electric charge.” 


Here it is defined as simply the space around an electric charge, and not 
really the cause or effect of anything, unless that local spacetime has been 
curved (which it has), 


Not to belabor the point, this sort of thing led Feynman to "define" the EM 
field in this fashion (274): 


"the existence ofthe positive charge, in some sense, distorts, 
or creates a "condition" in space, so that when we put the 
negative charge in, itfeels aforce. This potentialityfor 
producing aforce is called an electricfield. " 


So Feynman made the electric field a condition in space surrounding a 
charge, where the condition can produce (has a potentiality for producing) 
a force on another charge. He also was aware that force is an effect of the 
reaction of the causal field with charged mass, in the following statement 
(275): 

"..in dealing with force the tacit assumption is always made that 

the force is equal to zero unless some physical body is present.. 

One ofthe most important characteristics offorce is that it has a 

‘material origin..." 


In Maxwell's theory, the electron, atom, and nucleus had not yet been 
discovered, and electricity was considered a thin material fluid, flowing in 
‘a wire (hence the name currents") much like water through a pipe. The 
surrounding space was considered filled with a thin material fluid called 
the luminiferous ether. A very rough notion existed that the "shaking" of 
the ether disturbance coming in to an antenna would disturb or perturb the 
electric fluid in the wire directly. Hence, if one "measured" a transverse 
oscillation of the electric fluid in the wire due to this “detection”, it 
conclusively "proved" that the incoming ether-perturbations were also 
transverse. On that notion — together with Faraday’s notion that "field 
lines” were taut physical strings, so that "field perturbations” were naught 


205 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


but plucked oscillations of these taut strings — the entire notion of the 
transverse EM force field wave in space was created. 


It really is not that way, as is easily shown with modem re-examination of 
what happens in the receiving wire, considering the Drude electron gas 
{276} and electron drift velocity. Today we know that the electrons move 
longitudinally down the wire only with a small drift velocity (usually a few 
inches per hour), while the signal (field) races longitudinally down the 
wire at essentially light speed or nearly so. 


The electrons are longitudinally constrained in the wire because of the vast 
number of electrons ahead of them that tend to repel their longitudinal 
movement. The electrons are far less constrained laterally in the wire. 
However, each electron is also spinning, and its 3-space performance may 
be compared to a spinning gyro, whose spin axes are now longitudinal 
restrained. Accordingly, the electrons readily precess laterally in the 
wire!” when perturbed longitudinally by the incoming longitudinal 
3-space components ofthe "wave in vacuum" — by gyroscope precession 
theory. The electrons at the surface layer ofthe wire are somewhat less 
constrained longitudinally, and they "slip" a little down the wire in each 
oscillation, accounting for the very slow electron longitudinal drift 
velocity 


Accordingly, one of the most important dynamics of the circuit is the 
dynamics ofthe surface charges, as pointed out by electrodynamicists, 
(277) 

Ifthe incoming waves were true lateral waves, there would be no 
longitudinal force component on the laterally precessing electrons, and 
coherent current would not flow longitudinally in the wire at all. Instead, 
one would just get some longitudinal to and fro noise in the coherent 
lateral motions of the electrons, due to electron collisions. 


4 Its this lateral precession movement of the electrons that is “detected” in most of 
cour instruments. To the early electrodynamicists prior to the discovery of the 
electron. this detected lateral motion was considered the "shaking ofthe material 
electric uid” in the detecting wire. It was thought that the incoming "electric fluid 
from space also had to be material (in the material ether) and transverse, because 

the oscillations from space could not have mechanically transferred theit 
illation” to the electric fluid in the wire. Faraday's "material lines of 
force” concept and the notion that EM disturbances (waves) were simply the 
mechanical pluckings of these taut strings which also involved similar "material 
ether" concepts 
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Nonetheless, it seems we are stuck with the ubiquitous transverse EM. 
wave model. For more than 100 years, scientists have universally 
substituted effect for cause in the case of much of electrodynamics — as in 
the continuing substitution of what is diverged from the field and potential 
at each point in them, by an assumed static point charge, as being the 
‘magnitude of the field or potential itself at that point. At best, what 
diverged from the field or potential is an indication of the point intensity of 
the energy flows comprising the field or potential at each point, and in the 
case of the field, of the prevailing direction. 


So electrodynamics is still riddled with that nearly all-pervasive error, and 
it seems it will likely never be corrected. The leaders of the scientific 
community do not seem to wish it done and will not allow it to be funded. 
In short, the community is so comfortable with that grave error that it will 
almost defend it to the death. The so-called transverse EM wave in 
3-space has come to be accepted as if it were a law of nature. 


Occasionally a journal will point out the terrible non sequitur in the 
prevailing notion ofthe EM wave in space as a "plane wave of oscillating 
orthogonal E and H fields along the x- and y- axes moving at light speed 
in the z- axis direction.” Romer, former editor of American Journal of 
Physics, provides a prime example {278}. Romer takes to task 


"that dreadfial diagram purporting to show the electric and 
‘magnetic fields ofa plane wave, as afunction ofposition (and/or 
time?) that besmirch the pages ofalmost every introductory 
book. ...itis a horrible diagram. ‘Misleading’ would be too kind 
aword; ‘wrong’ is more accurate." "...perhaps then, for 
historical interest, [we should] find out how that diagram came 
to contaminate our literature in the first place. " 


At any rate, once we understand how the real EM wave exists in space, 
then we can sympathize with Tesla’s view of it from the following {279}: 


"Tesla upholds the startling theoryformulated by him long ago, 
that the radio transmitters as now used, do not emit Hertz waves, 
‘as commonly believed, but waves of sound... He says that a 

wave can only be possible in a solid ether, but he has 
demonstrated already in 1897 that the ether is a gas, which can 
only transmit waves of sound; that is such as are propagated by 
alternate compressions and rarefactions ofthe medium in which 
transverse waves are absolutely impossible.” 


In Tesla’s own words (280): 
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Over the past few years, improvements in speed and the advance- 
ment of new capabilities have made Wi-Fi viable (and lucrative) 
for many mobile network operators (MNOs). 


‘MNOs now regularly use Wi-Fi to offload their cellular networks 
wherever possible. Newer Wi-Fi standards enable massive speed 
increases, The standards utilize many of the latest multiple input 
multiple output (MIMO) beamforming techniques and higher 
quadrature amplitude modulation (QAM) schemes as those used 
in the licensed spectrum (discussed in Chapter 2). 


For example, 802.11a¢ delivers Wi-Fi speeds of up to several 
gigabits per second (Gbps) operating in the 5 GHz band, using 
80 or 160 megahertz (MHz) wide channels, advanced beamform- 
ing techniques, eight spatial streams (MIMO), multi-user MIMO 
(MU-MIMO), and 256-QAM (which produces four times the spec- 
tral efficiency of the previous 802.11 Wi-Fi standard). 


‘The next wave in Wi-Fi is 802.11ax. 802.11ax will use orthogonal 
frequency-division multiple access (OFDMA) — the same tech- 
nique used in Long ‘Term Evolution (LTE) networks — in which 
different subcarriers within a carrier can be used to transport data 
for different users. As a result, more than one user equipment (UE) 
device can access the same medium at a given instant without 
having to back off or concede the medium to another UE device. 


In case you're wondering, other standards exist between 802.11a¢ 
and 802.11ax, but they define Wi-Fi standards in unlicensed spec- 
trum other than 2.4 GHz and 5 GHz — and they don’t sound as 
cool as “A-X”! 


LTE in Unlicensed Spectrum 
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LTE in Unlicensed spectrum (LI'E-U) is a proposal that was orig- 
inally developed by Qualcomm for LTE to co-exist with Wi-Fi in 
shared unlicensed spectrum. In LTE-U, calls are initially set up 
using licensed L'TE spectrum. Additional carriers (for data) can then 
be aggregated from the unlicensed spectrum. This method will allow 
the operators to use unlicensed spectrum to “fatten the data pipe.” 


"The Wi-Fi Alliance developed a Wi-Fi co-existence test plan to 
ensure that Wi-Fi and LTE could peacefully co-exist, and MNOs 
(including T-Mobile, AT&T, and Verizon) began experimenting 
with unlicensed spectrum in addition to their licensed spectrum. 


5G For Dummies, Ixia Special Edition 
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Ishowed that the universal medium is a gaseous body in 
which only longitudinal pulses can be propagated, involving 
alternating compressions and expansions similar to those 
produced by sound waves in the air. Thus, a wireless 
‘transmitter does not emit Hertz waves which are a myth, but 
sound waves in the ether, behaving in every respect like 
those in the air, except that, owing to the great elasticforce 
and extremely small density ofthe medium, their speed is 
that oflight.” 


From quantum field theory, the instantaneous scalar potential in space is 
actually a coupling of a scalar photon and a longitudinal photon {19}. The 
only EM component in 3-space is that longitudinal photon.''* 
Transforming to wave language, Tesla appears to have been correct in his 
view of the longitudinal form of the EM wave in 3-space, whereas all the 
texts are still wrong even today.''” However, Tesla was also noted for 
grandiose pronouncements, a trait which certainly did not endear him to 
the struggling electrodynamicists ofthe time, even when he was correct 
and they were wrong. An example is the following {281} 


"The Hertz wave theory ofwireless transmission may be kept up 
for awhile, but Ido not hesitate to say that in a short time it will 
be recognized as one ofthe most remarkable and inexplicable 
aberrations ofthe scientific mind which has ever been recorded 
inhistory. 


Unfortunately, in electrodynamics we are still stuck with that "most 
remarkable and inexplicable aberration” today, and we will remain stuck 
with it until the leaders of the scientific community (such as the National 
Academy of Sciences and National Science Foundation) recognize it and 
fund a complete overhaul of the foundations of classical electrodynamics, 
which is so sorely needed. On the other hand, one should not hold one’s 
breath while waiting for the mountain to come to Muhammad! One might 
‘as well ask the stars tofallfrom the sky as to ask the leaders ofthe 
scientific community to correct the serious foundations errors in physics 
and especially in electrodynamics. 


"S Hence it is not surprising that all EM in 3-space decomposes into bundles of 
longitudinal EM waves and their dynamics, as shown by Whittaker (85, 91). 


' However, Tesla did not appear to realize the involvement of time-energy 
transduction to longitudinal KM 3-space wave energy and vice versa 


208 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


4.6 Conclusion 


Hopefully we have set the stage for our next chapter, where we will be 
advancing mechanisms and approaches that have been tried by a variety of 
researchers. Several of these researchers have indeed produced COP>1.0 
devices and processes. However, at this writing none of the devices 
produced by these inventors and researchers are in production and on the 


market, 


As we mentioned in Chapters 1 and 2, there are very powerful 


forces that have been applied to prevent such development. 


Briefly, 


(a) 


(b) 


© 
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such suppression has resulted due to one or more of the following: 


Sheer greed by the group that gathers around the 
inventor/researcher, including multiple competing investors and/or 
backers”, Often a struggle for control develops, and the project is, 
decimated in the process. In many cases a legal struggle also 
develops, with the result that the legal status of the invention may 
be fouled beyond repair. 


Naivete on the part ofthe inventor and his surrounding group. The 
inventor needs the frequent advice of a patent attomey, a regular 
corporate attorney, a person familiar with research and 
development projects and procedures, a person expert in testing 
(particularly with sophisticated multichannel digital oscilloscopes 
which gather multiple channels of data simultaneously and 
integrate under the curve, an accountant, and a person skilled in 
negotiation with potential investors and backers. Most inventors 
do not have access to all that, or only have access to it after much 
ofthe die has been cast and serious mistakes have been made. 


Animosity and fierce attack from the scientific community and 
self-appointed "defenders of the faith”. Few inventors are prepared 
for the onslaught that awaits them if they succeed in producing a 
genuine COP>1.0 electrical system. Slander and libel are just part 
of it. An inventor or researcher caught up in always trying to 
defend himself against vicious ad hominem attack is an inventor 
successfully deviated from his work. The family also often suffers. 


Just now, after the Enron fiasco much of America is becoming 
aware that powerful organizations often pull out all the stops in a 
blind pursuit for money and power. Ofcourse they have done so 
for a very long time; this is nothing new. The inexperienced 
inventor or researcher is ill prepared for the fact that portions of 
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government organizations,’ national labs, universities, etc. may 
be precisely that way also! U.S. government laboratories also file 
patents; check it out! Check out Fullerton's defense of his patent 
rights for his ultrawideband communication system work. 

‘The people in any large organization form a bell-shaped 
distribution curve. About 9% of that curve represents folks who 
have — to put it mildly — little ethics when it comes to position, 
power, and money. Some of these 9% fellows will go to quite 
some length to twist the patent or part of it or control of it away 
from an inventor. An inventor who has never heard of "march-in" 
rights (a neat little "theft" phrase favored by DARPA, for 
example) is often an easy mark. Government agencies will be on 
an interesting invention and its hapless naive inventor like vultures 
on a fat calf. They dangle some money and a contract to “assist the 
inventor to get his invention developed”. There is a little clause in 
the fine print of the contract where the government reserves 
“march-in" rights. This is a hidden bombshell that really says the 
government — anytime it wishes — can just unilaterally declare 
that the funded inventor isn't getting the invention to market fast 
enough, soa single bureaucrat just seizes it — in the name of the 
government, of course. Anyone who has been in serious aerospace 
Contracting very long is also aware ofthe deals between a few 
govemment fellows who control award ofthe funds, and their 
“favored contractor”. If enough business is steered to the 
contractor by the government person, it is implicitly understood 
that when the government fellow retires, he goes to work for that 
company with a Vice President position, lucrative salary, and a fat 
stock option. It's easy to become an instant millionaire or 
multimillionaire that way. A small percentage of goverment 
contracts are actually contaminated in such a hidden fashion. The 
universities usually are much more open and blatant, and just put 


"=" Interestingly, the government is not allowed to copyright its own publications by 
federal servants. Neither should the government be allowed to patent its own 
inventions by federal servants and federal agencies. This has set up direct conflict in 
the federal funding channels for the taxpayers’ funds intended for independent 
research, providing a wonderful opportunity for hanky panky by that lower 9% of 
the people comprising any large group. By the bell-shaped distribution curve, those 
‘comprising that 9% will rise to the opportunity. ‘They are manipulative, greedy, and 
some are immoral and self-serving. Partially coupled with a similar low "bad apple 
percentage” in the contracting game, this enables many travesties in the name of 
federal research and development with respect to patents and misdirection of funds. 
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in a clause that says, "All patents revert to the university!" Also, 
the inventor must be aware of the difference between 
“nondisclosure” and "non-circumvention”. Just try getting the 
latter clause from a university, or either clause from a government 
agency (yes there are rules for "proprietary information’, and they 
are widely violated). Non-circumvention means the outfit agrees 
not to change a coil or something, and go and patent your 
invention. Nondisclosure means they just agree not to talk or 
write about it openly. 


And yes, in addition to these many "petty" little conspiracies, 
there really is a great conspiracy — in fact, there are many of 
them. Churchill just referred to the entire set of conspiring cartels 
as the "High Cabal”. This is a loose-knit set of extraordinarily 
wealthy cartels that between them control much of the financial 
power of the world. You can only find the principals behind a 
couple of hundred interlocking corporations, if you penetrate 
deeply enough. Much oftheir great financial income comes from 
the control of energy at its various levels, through a net of 
interlocking corporations. Something like $2 trillion dollars per 
year is their "take" from energy worldwide. Oil plays a great role 
in that. These "high cabal” fellows make or break nations 
financially, as is almost being done to Argentina as this is being 
written. They also have been stopping COP>1.0 electrical power 
systems since shortly after the turn ofthe century, using whatever 
means are necessary — fair or foul. That is why we still are 
burning oil, coal, and natural gas, and why our automobiles and 
trucks run off gasoline and diesel, and not off free electrical 
energy from the vacuum, The high cabal intends to keep it that 
way. Some ofthe major primary means of "stopping" an invention 
have been as follows 


a. Manipulation and improper use ofthe law (Gray's 
production line was shut down by law officers before his 
engines could roll offthere and onto the market) 


b. Involving the unsuspecting inventor in drug charges by 
planting drugs on his property surreptitiously, then 
secretly notifying the drug enforcement officials who 
suddenly raid the premises and discover the narcotics, 
resulting in the inventor going to jail since he has been 
caught "red-handed" 
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‘Threatening the inventor's life and the lives of his family, 
to frighten him away from what he is doing. 


Arranging a fatal accident for the inventor, such as a fatal 
auto accident, a fall from a high place, or drowning. 


Assassination (hit men are fairly simple to hire; a good 
one is a bit more difficult to hire but is doable. A good 
hit man might assume a disguise and fake a robbery, 
shooting and killing the target in the "robbery". In an 
extreme case, he just fires at a distance with a professional 
sniper rifle that is silenced. A variation is the use of a 
"throwaway" assassin, a fellow who has been deeply 
conditioned by very harsh methods, to deeply involve his 
autonomic nervous system. He can be spotted by the 
‘glaring eyes” effect of autonomic nervous system 
involvement. This fellow is only marginally functional in 
real life, and requires a handler. He also must "fixate" for 
some minutes (usually from 20 to 30) on the target, by 
staring at him for a period. Then — say, the next day — 
while the target is at lunch in a public restaurant, the 
throwaway walks in, walks straight to the target, and 
empties a pistol in him at point blank range. He remains 
there until the police arrive and arrest him. He is immune 
even to torture; nothing can be gotten out of him, even by 
electrical shocks on his genitals. There are two levels of 
throwaways; that is the older and less functional version 
produced by very harsh means. ‘The more modern version 
is without the glaring eyes with white showing above the 
iris; this fellow is more functional, fixates very quickly 
(couple minutes to five minutes), and can operate without 
the close immediate presence of the handler. 


‘Making the inventor an offer he "cannot refuse”, in the 
old Mafia sense. In the latter, nicely dressed persons come 
to the inventor's house, meet with him, and offer him a 
large sum of money to quit what he is doing for the rest of 
his life. The going sum varies between $5 million and $10 
million, usually. The offer is real and it cannot be refused; 
either the inventor accepts it, or he and all his family are 
dead when these gentlemen leave the premises. Ifthe 
inventor refuses anyway, he and his family are killed. 
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Usually the bodies also just "disappear" and are never 
found or heard from again. 


‘These days, variations are used such as a careful crash of 
another auto into the back of the inventor's car so he is 
really shaken up badly but not seriously hurt. He goes to 
the hospital for checkup, in case of concussion etc. 
Everything is seemingly okay, but he is kept overnight for 
observation. That night he is given a hypodermic of air in 
his veins. Next moming his family receives a call that the 
inventor has suffered seizures from an apparent 
concussion after all, and is fighting for his life. Ifhe 
doesn't die, he becomes a human vegetable. Piece of cake. 


‘Then there's the ice dart dipped in curare. The curare 
paralyzes the muscles of the heart and lungs; the inventor 
goes down in convulsive floundering, gasping and unable 
to breathe or to pump blood. He expires very quickly. 

‘The curare breaks down in the body. the ice melts, and 
you have a fellow the medics find died of convulsive heart 
Seizure, etc. Works like a charm. This is an adapted "dirty 
spooks” trick, adapted from those branches ofthe 
intelligence communities of the world that specialize in 
assassinations. 


Use of "gaming", which was originally developed to 
influence or change the behavior of foreign leaders. 
Imagine writing a scenario, as for a movie. Only you have 
the deep psychological profile of the targeted individual. 
You also have the deep psychological profiles of quite a 
few other individuals who have "knee-jerk" reactions in a 
certain direction usefull to you in your games (in your 
scenarios). These are called "agents of influence” since, to 
get them into interacting with the target, only a phone call 
or other contact need be made and a stimulus given, and 
they are off and running, self-powered and going after that 
target with their knee-jerk response. So very sophisticated 
computers are used, the scenario (intended plot of events 
to happen) is prepared (the artificial intelligence programs 
will even give the probabilities of success of all the 
variants), and a recommended scenario variant is derived 
and accepted. Then the controller has one or more agents 
working for him that contact the players (the agents 
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influence). They get their phone calls or stimuli, react in 
predictable fashion, and come pell-mell at the inventor, 
interacting all over the board with him. The range of 
games is enormous, from stock schemes to lawsuits to 
infiltrating agents of influence into the internal 
organization of the inventor to money laundering, etc. The 
controller follows the progress, and only once in awhile 
makes slight adjustments (may need to trigger other 
agents of influence, send in one actual agent, etc.). Over 
the last 20 years, the gaming has become very expert. So 
many games can be launched against a single inventor 
that he usually is finished or nullified by one of them, 
eventually, Having been gamed over 200 times in the last 
two decades, I plan to write a book one day on the subject 
ofthe games and what to watch for. 


Finally, here is a sad and disconcerting rule, usually true. 
Ifyou gather six persons together that you have known for 
years or even all your life, and they are the nucleus of the 
organization around you, watch what happens when 
success occurs and you really do pull EM energy from the 
vacuum and power loads, lights, etc. One-sixth of the 
population, seeing that, will shortly contract a very 
strange malady known as "gold fever”. It is not just an 
obsession; instead it becomes an all-consuming 
possession almost in the biblical sense. An individual 
possessed by gold fever would kill his own grandmother 
to try to gain control ofthat system. If one or more of 
these "gold fever" transformations occur, that sets the 
group into profound conflict and vicious infighting, on 
every front. You get sabotage of equipment, sabotage of 
demonstrations, stealing of equipment, legal shenanigans, 
just name it. This has destroyed many groups. It will 
destroy many more. 


A variation is to send in a special agent who penetrates, 
the group and becomes a member. Indeed, the high cabal 
has certain persons who specialize in just such penetration 
and are specialists at setting up disruption. They have had 
plenty of practice, and are very good at their trade. The 
identities of some of these "special agents” would surprise 
the casual observer. The so-called "overunity community’ 
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is rather strongly penetrated and misdirected by a number 
of such special agents, in addition to a greater number of 
agents of influence. 


Finally, the technical knowledge of most inventors and 
researchers in this field has been largely limited to 
ordinary electrical engineering and electronics. This 
‘means that the inventor often forms his own lexicon and 
way of thinking about how he does the "magic" COP> 1.0. 
It may be difficult or impossible to connect the way he 
thinks back to legitimate physics. Further, most of the 
COP>1.0 community, the majority of electrical engineers, 
and nearly half the physicists do not understand the 
technical difference between the efficiency of a power 
system and its coefficient of performance. We have 
insured that the reader of this book will know the precise 
difference — it's even in our glossary! Further, the entire 
group around the inventor, and the inventor himself, may 
not have a clear understanding of the source ofthe extra 
energy, the mechanism by which it is obtained, or even 
the difference between a system in equilibrium with its 
active vacuum environment and one in disequilibrium 
with it. Most engineers and a great number of scientists, 
also are still unaware of the dramatic difference between 
the thermodynamics of equilibrium systems and the 
thermodynamics of disequilibrium systems. Many have no 
notion of what the active vacuum is or does. So the 
inventor may actually be able to build the device himself, 
but may later err and actually build it away from COP>1.0 
with further development. 


Another problem can be measurement. Sometimes very 
simple errors — such as "measuring" highly nonlinear, 
spiky signals with an RMS meter, or using an inferior 
oscilloscope, or using inferior probes with good 
oscilloscopes, tricks a relatively inexperienced inventor 
himself into believing his unit achieves COP>1.0 when it 
doesn't. Also, some standard engineers will insist on 
calorimetry, which is inappropriate for COP> 1.0 EM 
systems since they output a mix of both positive and 
negative energy. The positive energy will heat the 
calorimeter fluid and the negative energy will cool it 
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simultaneously, and the "expert measurer” will always 
measure the difference and thus COP<1.0 with his 
calorimeter (unless the inventor is a rare one who has also 
transduced the negative energy fraction of his output into 
positive energy). Yet the conventional engineer or 
scientist — who has never seen negative EM energy or a 
COP> 1.0 EM system in his life — will be so confident 
from his "positive energy only” thinking that he will be 
completely convinced that a real COP> 10 system, 
measured with a calorimeter to show net positive energy 
COPS1.0, is actually a COPS1.0 system instead of the error 
in measurement that it is. One of the purposes ofthis book 
is to try to explain such things and get a better procedure 
and protocol made available for the testing. 


Finally, there are a few actual charlatans who deliberately 
deceive both the group around them (if it’s sufficiently 
naive) and naive investors and backers. E.g., ifone builds 
a huge starter motor (very high current, very high torque, 
cannot run long without burning up!) and puts it in an 
automobile, then fills the back ofthe automobile full of 
batteries, that beast will draw 400 amps and leap across 
the pavement or warehouse floor with an agility one is 
shocked to see. Then ifthe inventor is always "having 
difficulty with his controller unit", and "everything will 
be fine once the controller problem is licked" or some 
such, many small and naive investors will leap to invest, 
their life savings eagerly. There are many other scams 
also, and unfortunately every experimental field, with 
great financial promise if successful, does attract them. 
Here the old adage is best: If it is just too good to be true, 
it probably isn't. One should insist on a technical 
explanation of the source ofthe excess energy, the 
‘mechanism by which it is taken from the environment, 
how asymmetrical self-regauging of the circuit occurs, 
etc. Ifthese questions cannot be answered, the inventor 
himself does not know what he is doing. At best, he 
cannot explain it; or he may just be honestly mistaken. In 
the worst case, the inventor knows it is not genuine, but is 
deliberately deceiving the investors. So my advice would 
be to first assess the scientific level of the understanding 
of the inventor group. Then get an independent test of the 
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device or see one done properly. Then decide whether 
what you have seen and heard is real or not. 


Meanwhile, there are from time to time legitimate 
COP>1.0 systems initially developed. The place where all 
ofthem have failed is where the inventor group seeks 

to obtain the appreciable financing (something like 30 
million dollars is required these days) to complete the 
phenomenology experiments, modeling, scale-up factor 
determination, and prototyping before a production model 
can be built. To date, every one ofthe legitimate COP>1.0 
systems has foundered and failed right at that sheer 
vertical cliff. Our own MEG system is at that cliff at the 
moment, so that cliff is very near and dear to the hearts of 
the five of us who have struggled so long and invented the 
MEG. Time will tell whether we succeed where all the 
others have failed, or whether we also just get defeated by 
the cliff. As ofthis writing, we have not yet obtained the 
necessary capitalization, But we are giving it our very 
best try, and we believe we will win it eventually. 


a7 


LITE-U has also generated a lot of interest from a small cell per— 
spective because this approach potentially makes small cells a 
viable alternative to Wi-Fi hot spots. 


As you might imagine, strong reservations about LTE-U exist, 
because of concerns that it will unfairly use the unlicensed spectrum 
and potentially interfere with other Wi-Fi users. Cable companies, 
such as Comcast, Charter Communications, and Time Warner Cable 
(TWC), as well as Google and Microsoft, are opposed to LTE-U. As of 
February 2017, the U.S, Federal Communications Commission (FCC) 
has approved Ericsson and Nokia equipment as LTE-U certified. 


License Assisted Access 


Unlike LTE-U, License Assisted Access (LAA) is a standard defined 
in the Release 13 specification from the Third Generation Part— 
nership Project (3GPP). LAA attempts to resolve contention issues 
with Wi-Fi in unlicensed spectrum using a protocol many of us 
earned as children — Listen Before Talk (LB1). The LBT con- 
tention protocol requires LAA to listen to the unlicensed channel 
first, and then, if there is no other active Wi-Fi user (the channel 
is silent), the LTE user can use the channel, 


A recent report by Strategy Analytics states that only 16 percent of 
operators can achieve gigabit LE without using unlicensed spec~ 
trum, Using LTE-U and LAA, 64 percent of operators can achieve 
gigabit LTE. 


Qualcommn's over-the-air trials with Deutsche ‘Telecom in Ger- 
many showed that LAA had increased coverage and capacity 
compared to Wi-Fi on the same spectrum. By respecting the LBT 
‘maxim (uh, protocol), the behavior of LAA is more closely mod- 
led to the principle “love thy neighbor” and is a better neighbor 
to Wi-Fi than Wi-Fi is to LTE. Wi-Fi was more of an imp during 
its formative years and ignores LBT, trying to access the same 
‘medium at the same time as others. 


Enhanced LAA (eLAA), which aggregates the uplink on unlicensed 
spectrum, is the next step in the evolution of LAA. eLAA will be 
defined in the 3GPP Release 14 specification. 


Both LAA and eLAA require the initial call to be set up on LTE 
licensed spectrum as the primary channel. Unlicensed spectrum 
is only used to “fatten” the data pipes. 
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Chapter 5 


Selected Approaches to Overunity Power 
Systems 


[On point-contact transistors}. "First, the theory 
underlying theirfunction is imperfectly understood even 
after almost a century..., and second, they involve active 
metal-semiconductor contacts ofa highly specialized 
nature. ...The manufacturing process is deceptively 
simple, but since much ofit involves the empirical know- 
how ofthefabricator, the true variables are almost 
impossible to isolate or study. ... although the very nature 
ofthese units limits them to small power capabilities, the 
concept ofsmall-signal behavior, in the sense ofthe term 
when applied to junction devices, is meaningless, since 
there is no region ofoperation wherein equilibrium or 
theoreticalperformance is observed. Point-contact 
devices may therefore be described as sharply nonlinear 
under all operating conditions. ” {William B. Burford IIL 
and H. Grey Verner] (282). 


5.1 Introduction 


In this chapter we present a selection of potential overunity notions, 
inventions, and experiments by various inventors and researchers. Its 
purpose is to show some of the more relevant work that has been done, and 
hopefully to stimulate new thinking by the interested reader. It is not 
intended to be all-inclusive, but merely representative. Most of the work 
addressed is by other inventors and scientists, and we give an appropriate 
commentary from our viewpoint as best we understand the invention and 
the process used. Not all the concepts presented can be clearly explained, 
though some can and are. 


This is not intended to be a "kit of parts” or an assembly instructions type 
of presentation, For that, the interested researcher will have to rely on his 
or her own ingenuity and lots of bench experiments, because no such "kit 
of parts with instructions” for COP> 1.0 electrical power systems exists at 
present (283,284) 
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5.2 Tesla's Shuttling of Potential Energy and Barrett's 
Extension 


See Figures 4-4 and 4-5 in Chapter 4. In his patented circuits, Tesla 
accomplished the novel function of "shuttling” the potential itself (and 
therefore potential energy) around in the circuit at will. This startling 
function accomplished by Tesla is impossible to see in a conventional 
vector or tensor analysis of his patented circuits, but it is clearly evident in 
a higher symmetry EM analysis of them. So it does not appear in the 
conventional texts, which use vectors or tensors for their circuit analyses. 
Barrett, one of the leading higher group symmetry electrodynamicists and 
also one ofthe pioneers of ultrawideband radar, utilized quaternion 
electrodynamic analysis to clearly show this novel effect in Tesla's actual 
circuits {285}. Thus, Tesla was able to produce and move around 
asymmetrical self-regauging in his circuits, wherever he wished. That has 
been totally missed by scientists prior to Barrett's revealing analysis. 


Barrett then went on to extend Tesla's basic mechanism and employ it for 
communication and radar purposes, obtaining two patents (286a-b} 


It would appear that use of such shuttling techniques is probably applicable 
to reducing the back emf in conventional nonshuttling circuits, leading to 
new COP>1.0 mechanisms. The definitive answer remains to be 
determined by some future researcher. 


5.3 Moray's Radiant Energy Device 


One of the remarkable examples ofa successful COP>1.0 system was the 
radiant energy system of Dr. T. Henry Moray of Salt Lake City, prior to 
World War II. Figure 5-1- shows Dr. Moray and his final 50 kW unit, 
powering an assembly of light bulbs (287}. The device weighed 55 
pounds, used an antenna connected as a "signal input" from the ether, but 
needed no input of electrical energy by the operator in order to achieve its 
steady power output. 


‘As shown in Figure 5-2 and Figure 5-3, the various Moray tubes were 
complex in structure. In addition to various grids, they usually contained 
(in quadrature) three or more amorphous semiconductor pellets pressed in 
large presses and sintered with locked-in stresses. One points out the 
presence of optical effects including phase conjugation, possible use of the 
built-in stress as a sort of self-pumping and mild self-amplification, 
possible iterative feedforward and feedback loops due to iterative phase 
conjugation, collecting of additional energy from the usually nondiverged 
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Heaviside component via the iterative reverberation of energy, and non- 
interfering fields in quadrature 


gre 51 Tene Mony'sSO4 unit 


‘The blown quartz tube envelope, in the dark of an enclosure, is open to the 
passage of infrared (heat) and ultraviolet, which spans a harmonic interval. 
‘This allows the passage of difference frequencies as sine waves without 
breakup, even in a nonlinear isotropic environment. Moray stated 
unequivocally that the tubes would not work unless the envelopes were 
made of blown quartz. The pellets (shielded from outside light) would 
nonetheless receive IR input from the ambient temperature, and probably 
triggered at least weak UV due to the radioactive decay continuously 
ongoing in the semiconductors. We point out that the UV band is roughly 
twice the frequency of the IR band, so the "difference frequency” is 
roughly the IR band itself. In short, it may be that "difference frequency" 
thus processed in Moray tubes in much more sophisticated fashion 
previously been suspected, including in a self-amplifying 
(regenerative) manner, 
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‘The pressed semiconductor pellets were placed in the tube in quadrature, 
in a sort of "point or junction contact" with each other.'”! Each 
semiconductor contained a mix of triboluminescent zinc (a semiconductor 
material), a radioactive material (probably uranium dioxide), and another 
material of unknown composition, rumored — but not confirmed — to 
possibly have been diatomaceous earth which also has some unusual 
properties one may look up. There were some 29 amplifying tube stages in 
the device. A U.S. patent (288} was eventually granted on an electronic 
therapeutic unit containing Moray tubes, but the patent on the power 
system was never granted, although the application was kept current for 
some years by the Moray family. Eventually the power device patent 
application files disappeared from the U.S. Patent and Trademark Office. 


Although its full technical details were never released, the Moray device is 
of interest because Moray demonstrated it many times to engineers and 
, under rigorous measurement conditions, for years. These expert 
s then signed affidavits to the results achieved by Moray in the 


"2 Indeed, the junctions of such sintered pellets are most interesting. Such a grainy 
junction can be compared to a host of very close point contact junctions, particularly 
with finely-ground powdered materials used in the pressing and sintering. In 
essence, Moray's junctions contained a great many “point contact transistors", and it 
is known that such transistors can behave (particularly under pressure!) as true 
negative resistors. This also appears to be one of Moray's secrets. 
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tests. Moray also discovered that he could produce an additional 50 kW of 
power simply by inserting an additional tap just prior to the formal output. 


pe 


if ‘im 


que 5 vaio Moray tubes shoung ter comple. 


Repeated assassination attempts were made against Dr. Moray. While 
driving his car on the streets of the city, on several occasions he was fired 
at from an alley or from the sidewalk, but he had bulletproofed the car 
because of continual threats and ambushes. He was also shot in his own 
lab in a physical struggle with one would-be assassin, but survived 
although seriously wounded. A Russian company tried to steal the device, 
and a Russian agent was planted in Moray's lab, gradually sending 
essentially all the technical details of the Moray device to Russia. That 
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agent later destroyed the unit right in Moray’s lab by suddenly smashing it 
with a hammer. 


Moray’s tubes were quite expensive and were painstakingly made by hand. 
He fabricated a number of tubes (as many as 30 or more) before he 
obtained one that "worked" and exhibited the self-amplifying effect. Over 
the years, he spent several hundred thousand dollars on the project, which 
is the equivalent of some twenty million dollars today. The 29 tubes in his 
final 50 kW unit were the result of years of labor and fabrication of several 
hundred rejected tubes to get the 29 that worked. Accordingly, once those 
29 were destroyed, Moray was never again able to obtain sufficient 
financing to rebuild his unit 


However, Moray had demonstrated a special type of transistor years ahead 
ofthe first transistor patent. He had demonstrated the importance of 
multiple junctions in transistor materials. Optical and nuclear functioning 
ofthe tubes was also woven in with nonlinear oscillations, multiple 
feedforward and feedback loops, etc. The sophistication of the tubes and 
feeds alone almost certainly guaranteed chaotic self-oscillation. We 
suspect but cannot prove that the Casimir effect may also be involved in 
some of his conducting metallic double surfaces.'” He had demonstrated a 
remarkable "tube-with-internal-transistors” that produced energy output 
self-gain, without any operator input of energy. In addition, he had 
successfully used his special tube/transistor hybrids to produce a very 
successful COP> 1.0 EM power system. 


After Moray's death, his two sons John and Richard continued to try to 
rebuild the unit, but were never successful due to lack of sufficient funding 
and lack of a proper scientific team. They do know how to build the tubes, 
however, and they do know how to build the unit. 


It appears that no electrodynamicist or physicist skilled in higher group 
symmetry electrodynamics ever examined the Moray device or worked 
with Moray. No particle physicist or electrodynamicist skilled in non- 
Abelian electrodynamics ever worked with the device. Since broken 


"The "grain" ofthe stressed semiconducting pellets may be important with respect 
to the Casimir effect versus the frequency. In short, Moray's contact surfaces 
between his semiconductors were "grainy" and these grains would have constituted 
Casimir surfaces. For the importance ofthe shape of the double surfaces, see M. 
Chaichian et al, "Quantum theories on noncommutative spaces with nontrivial 
topology: Aharonov-Bohm and Casimir effects," Nucl Phys B, Vol. 611, 2001, p. 
383-402. 
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symmetry was not discovered and proven until 1957, no technical person 
who worked closely with the unit was ever aware of the various broken 
symmetries by which some of the virtual energy ofthe vacuum can be and 
transformed into observable EM energy. 


Certainly no one ever worked with it that understood the peculiar action of 
the difference frequency in traveling linearly through an isotropic 
nonlinear medium. John Moray, who stalwartly carried on the Moray lab 
in Salt Lake City until a few years ago, does know how to build the tubes, 
and he knows the circuitry for the device. That he does not understand the 
“deep theory" is ofno consequence — no one else does either. In the 
opinion of this author, a funded scientific team — carefully chosen and 
working with John Moray — could probably rebuild the Moray device. We 
would very much like to see a Moray unit in production and contributing 
to permanently solving the energy problems of the world. Sadly, that does 
not seem likely. 


5.4 Anti-Stokes Emission and Similar Processes 


Stokes’ law states that the wavelength of the fluorescent light emitted by a 
phosphor or other luminescent substance is always greater than the 
wavelength of the radiation used to excite the fluorescence {289}. This 
condition was observed by Stokes in 1852 {290}. From an energy 
viewpoint, the collecting medium collects and dissipates some of the input 
energy in the medium itself(e.g., to accelerate moving molecules) and 
then emits the remainder of it. The "system" consisting of the medium, the 
experimenter’s input, and the output is such that it usefully outputs as 
luminescence less energy than the experimenter inputs. Hence it exhibits a 
COPS1.0, by absorbing excess energy in its "environmental surroundings’ 


Usually such a "law" generally holds but is sometimes violated in at least a 
Jew cases. Stokes’ law is no exception. It applies for most cases of 
fluorescence and luminescence, but it does not hold for a few of them. In a 
few cases, the emitted wavelength is precisely the same as the input 
wavelength. This means that the collector/absorber re-emits all the 
collected input energy as fluorescence or luminescence. Here the 

COP = 10. This condition is known as the resonance condition and the 
emission is called resonance emission. 


In other well-known cases, Stokes’ law is violated and the energy emitted 
is greater than the energy absorbed. In other words, the system exhibits a 
COP> 10 with respect to energy emitted versus energy input by the 
experimenter. This is known as anti-Stokes emission. It has been well 
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known for six decades that anti-Stokes emmision processes do indeed 
output more energy than one has to input oneself (291}. This exces 
energy emission is usually euphemistically attributed to "additions from 
the internal energy ofthe molecule” and referred to as "negative resonance 
absorption by the medium’ or just as "negative absorption by the 
medium". 


Unless the excess energy taken from the physical medium of the system is 
replaced from outside the physical system, the anti-Stokes emission 
process produces cooling in the physical system and is self-quenching 
‘once the medium loses all the energy it can afford. For the overunit 
researcher, a huge hint is to search the literature for anti-Stokes type 
emission phenomena that do not result in media cooling. The Letokhov 
phenomena (292} are in fact such phenomena where the excess emitted 
energy is received from outside the physical system medium, and therefore 
from the surrounding active vacuum and/or the surrounding local curvature 
of spacetime. 


Other than for a very few physicists — e.g, Bohren (24), Letokhov {157}, 
H. Paul and R. Fischer {25} —there appears to have been little effective 
discussion of where the excess energy "extracted from the molecule" really 
came from initially, and how it is replenished to the molecule (ifat all), and 
particularly whether or not it has to be replenished to the molecule by the 
operator. There has been no discussion of the local potentials as dipole 
asymmetries in the virtual energy exchange with the vacuum, although 
there has been inadequate discussion of the involvement of the Poynting 
energy flow (e.g., by Bohren, Paul, and Fischer). There has been no 
discussion of the possible involvement ofthe Heaviside nondiverged 
component ofthe energy flow, which is additional to the Poynting 
component but unaccounted by today's electrodynamicists. To my 
knowledge, the broken symmetry of every dipolarity has not been 
discussed with respect to such experiments 


The reader can see the point. Ifa mechanism exists or can be evoked to 
freely resupply the lost energy to the molecule from the other two 
components ofthe supersystem, then the resulting self-replenishing anti 
Stokes emission phenomenon can be utilized as a legitimate and 
continuing COP> 1.0 process. It remains to be seen whether this can be 
worked out. Ifwe wish, the giant negentropy mechanism ofthe source 
dipole and source charge {308} may be considered universally proven 
cases of self-replenishinganti-Stokesemmission, already exhibited by every 
charge and dipole in the universe. 
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At least one audacious scientist — Letokhoy — has suggested that similar 
processes in certain systems can pethaps comprise true Maxwell's demons, 
yielding excess energy output and perhaps eventually a COP> 10 operation 
{293}. Russell has suggested that a similar COP> 1.0 process is involved in 
the fiber fuse phenomenon {299}. 


Over the last few decades there has been slow but important work in an 
optical area of possible anti-Stokes emission phenomena {294a-c}. A 
variety of strongly scattering, optically active media have been shown to 
produce substantially more energy output than the experimenter inputs to 
stimulate the output. However, most are being done in laser-like pumping 
situations and so the pump energy has to be furnished by the operator. This 
means that the replenishment” energy to the medium is furnished by the 
operator, resulting in overall COPS1.0 performance. However, in self- 
oscillation conditions, the medium can be self-pumped (self-replenished, 
taking its replenishment energy from the active vacuum exchange when 
viewed in the supersystem), and in such conditions COP> 1.0 performance 
is possible, at least in theory. Presently we know of no one who has 
achieved it — except in the destructive fiber fuse effect — but the work 
seems to be progressing steadily toward that eventual outcome. 


5.5 Gain in Intensely Scattering Optically Active Media 


This modem work — which may be regarded in one sense as extending the 
anti-Stokes emission effect — is largely being pursued in intensely 
scattering optically active media. A very nice example is given by 

Lawandy's experiment (295a-d), shown in Figure 5-4. Figure 54a shows a 
comparison experiment in water without an intensely scattering optically 
active medium but with a fluorescent dye to show the emission interaction. 
Figure 5-4b shows the same experiment with titanium dioxide particles 
added to the fluid. The TiO, particles are sized so that their optical 
resonance is within the laser's frequency domain.'* 


First, as shown in Figure 5-4a, a small, weak laser beam is aimed into the 
solution, and a small "warm little glow" of fluorescence results just around 
that region where the laser beam interacts with the solution. Scattering in 
‘the medium is rather normal, and provides nothing of any great interest to 
the overunity researcher. 


™ In passing, we point out the involvement ofthe Bohren effect due to particle 
resonance. This collects additional energy trom the usually nondiverged large 
Heaviside energy flow component 
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Then the titanium dioxide particles are added, and the same weak 
illuminating laser beam is directed into the colloidal solution. Figure 5-4b 
shows the new and spectacular results.'* Immediately a very bright, room- 
filling emission of scattered coherent light fills the entire room. The 
intense optical scattering includes extensive retroreflections for some "ping 
pong” between individual particles, so that the optical gain is enormous. A 
highly enhanced energy emission is now evoked, for the same energy input 
by the operator as was used in the first experiment without the TiOs 
particles. Lawandy's experiment is inexpensive and can be repeated in any 
university nonlinear optics laboratory and by many individual 
experimenters. It gives results every time, without fail. 


Oddly, no one seems to clearly state that, for a single pulse of input laser 
energy to the suspension of TiO, particles, precisely how much energy was 
input and how much energy was then emitted by the medium. Instead, 
ain" is mentioned, but never the COP = (energy output by medium 
emission) / (energy input by operator). One suspects that journal referees 
would probably not allow such a clear and unequivocal statement of 


"This is a very easy and very convincing argument for the presence ofthe long- 
ignored Heaviside component of energy flow arbitrarily discarded by Lorentz more 
than a century ago, and still discarded by modem electrodynamicists. 


228 


‘MulteFire goes beyond LITE-U and LAA by enabling the LE primary 
channel on unlicensed spectrum. In fact, MulteFire uses unlicensed 
spectrum exclusively. This means MulteFire can be deployed for LTE 
by anyone — without owning licensed spectrum — such as Inter- 
net service providers (ISPs) and commercial enterprises. MulteFire 
also benefits MNOs by providing new deployment opportunities for 
offloading and augmenting their cellular networks. 


In January 2017, the MulteFire Alliance released version 1.0, 
defining an LTE-like network that can run entirely on unlicensed 
spectrum and, in some cases, may be an alternative to Wi-Fi with 
‘more capacity, better security, and easier handoffs across carrier 
networks. 


‘Today's 4G spectrum has around 500 MHz of unlicensed spec~ 
trum available to deploy LTE-U, LAA, and MulteFire. In July 2016, 
the FCC opened up 5G spectrum in the U.S., which has 10.85 GHz 
of total spectrum (3.85 GHz of licensed spectrum and 7 GHz of 
unlicensed spectrum). ‘The techniques that are now evolving in 
LITE Advanced Pro (Releases 13 and 14) — LI'E-U, LAA (and eLAA), 
MulteFire, and others (see Figure 3-1) — will be vital as even 
‘more unlicensed spectrum becomes available in 5G. The key goal 
will be to provide users with a seamless experience, irrespective 
of whether they are operating on a licensed or unlicensed band. 


-— LTE-U/LAA 
Licensed 
spectrum ‘Aggregation 
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[— MutFira 
Unlicensed 
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FIGURE 3-1: Leveraging licensed and unlicensed spectrum. 
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overunity, but would apply quibbling and spin control to prevent stating 
that more energy is output by the medium than is input to it by the 
operator. 


It follows that, if sufficient "ping pong” iterative retroreflection and 
multiple collection occurs in the medium, the COP>1.0 because more work 
is done on exciting the medium than the energy input to it by usual 
(Poynting) calculations. No one accounts the energy unwittingly input to it 
by the ignored Heaviside component accompanying the Poynting 
component. Usually the output/input is just referred to as “optical gain”. 
We stress, however, that we are considering only the actual laser beam. 
energy being furnished into the colloidal solution as input, and we are not 
calculating the efficiency of the laser, its pumping, etc. Anyway, for this 
stimulated emission process, it is possible that the COP>1.0, and one can 
see the parallel to anti-Stokes emission. In short, we are considering the 
TiO; solution itself as exhibiting a true negative resistor action. 


The field ofhigh gain stimulated optical emission is advancing rapidly 
{296}, although many experiments still use external pumping furnished by 
the operator. Ifthe operator has to pay for the replenishment (pumping) 
energy as well as the input energy, then the COP<1.0 overall. But the 
experiments are tending toward sustained self-oscillation and self-pumping 
conditions. If such conditions are obtained in sufficient magnitude, the 
process will then become a legitimate COP>1.0 operation overall. In that 
case, it will be usable as a basis from which to develop self-powering 
COP> 1.0 electrical power systems, particularly for infrared 
systems ete. 


‘The more recent experiments have shown positive feedback loops both in 
the time-forward and time-reversed paths; trapping of light flow energy 
(both time-forward and time-reversed) in large random walks of more than 
1,000 individual interactions; weak Anderson-type localization; and 
constructive interference of forward time and reversed time light paths. 
since such experiments can be performed in the infrared, they point 
toward a potential "vacuum-energy-powered overunity heater” as a 
feasible achievement in the future. In our opinion, there should be a 
determined and major Department of Energy program oriented to develop 
exactly that kind of system. 


Such a heater can become self-powering by the presence of greater 
governed positive feedback during self-oscillation conditions, which will 
allow sufficient excess collection due to multipass multicollection from the 
usually wasted giant Heaviside energy flow component. This process — 
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with the self-excitation occurring spontaneously as a "kick-in" positive 
feedback process in an exploding gas — probably accounts for the 
phenomena observed in the gamma ray burster and other such violent 
"purster" cosmic phenomena. Re-ignition, afterglow, and similar effects 
are observed in gamma ray bursters. They are also observed with 
remarkable similarity in the latest experiments in intensely scattering 
optically active materials the laboratory. Similar phenomena occur in x-ray 
bursters as well, and perhaps even in the recently observed and confirmed 
gamma ray emissions from intense storm clouds, 


Finally, we point out that many magnetic materials are also 
photorefractive, and they readily produce nonlinear optical effects at 
various frequencies. Some barium compounds are typical examples. As an 
example, multivalued phase conjugate reflection can occur {297}. Such 
effects did occur in the Sweet vacuum triode amplifier, to be discussed 
shortly. It may be that Sweet's conditioning of his magnets conditioned 
their barium nuclei into self-oscillation, self-pumping, and thereby into 
self-replenishing stimulated optical-type emission at ELF frequencies. 


5.6 The Fiber Fuse 


See Figure 5-5. Although presently a one-shot destructive process, another 
multicollection phenomenon exhibiting a novel COP>1.0 process is the 
fiber fuse {298a-e}. This is a well-known but unusual effect in optical 
fibers and in fiber optic cables. 


See Figure 5-5a. Once initiated by simply heating the cable (as with a 
butane cigarette lighter), the fiber fuse ignites and is self-sustaining. In 
those susceptible systems utilizing power on the order of one watt or so, 
the ignited fiber fuse propagates down the cable slowly, at about a meter 
per second nominally. It is evidenced by a bright white light propagating 
down the fiber, resembling the burning of a fuse for explosives — which 
led to the name "fiber fuse 


In fiber optic cables, it occurs only in those that contain germanium in 
their cores, and not in those containing just silicon in their cores. It moves 
down the fiber or cable at approximately one meter per second, and it is 
unlimited in the length of cable that it will continue along and march to the 
end. In the core, the marching fuse is actually "hopping", so to speak, and 
it melts a little “hole” about every centimeter or so, blowing out the 
material from the hole as it occurs. This "steadily and slowly marching” 
series of core melts results in the catastrophic destruction of the optical 
fiber core of the cable and thus destroys the functioning of the cable. 
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‘The mechanism has been theorized to be self-propelled and self-focusing 
Other experiments have found evidence for thermal shock waves and 
chemical reactions. 


But see Figure 5-5b. Astonishingly, after a— say — 1 kilometer fiber 
optics cable is destroyed by such a fiber fuse, it is often possible to “heal” 
the damage by reversing the direction of the normal laser light propagating 
down the cable, while re-initiating the fiber fuse from the other end by 
heating the cable on that end. In that case, sometimes the reverse-ignited 
liber fuse will then march right back down the cable, precisely refilling 
those previously-melted little holes every centimeter or so, restoring the 
functioning ofthe cable! fever a phenomenon cried out for further 
painstaking investigation to determine its actual mechanism, the fiber fuse 
is it. 


Truncated coupled-wave theory applies to this phenomenon. A rigorous 
analysis by Russell (299) of power conservation in dielectric gratings has 
shown that truncated coupled-wave theories do not rigorously conserve 
power. Predictably such conclusions have been disputed (300a-300d}, 
however, and are adulterated by the same old use of Lorentz-surface 
integration of the Poynting vector around the grating and discarding of the 
nondiverged Heaviside energy flow component. Those disputing the 
results and claiming the impossibility of COP>1.0 systems continue to 
ignore the unaccounted Heaviside energy flow component accompanying 
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every EM energy flow situation. In fact, they continue to unwittingh 
discard that component, and so have never performed afully adequate 
analysis of any circuit or process. ‘They also are unaware that all EM 
energy in 3-space comes directly from the active vacuum — specifically, it 
enters 3-space from the time domain and then returns to the time domain, 


As long as the Lorentz surface integration scheme continues to be 
ubiquitously used without understanding what it does with respect to 
energy flow accounting, the dispute will not be dissolved. Presently both 
sides still use the Lorentz integration and discard the available Heaviside 
component. So they are really disputing whether the Poynting diverged 
component of the input energy can be equal to the energy dissipated. The 
answer to that is simply "No!" 


Ofcourse in a lab test the fiber fuse can be initiated with small Poynting 
energy input by precision point heating. In that case, the total energy 
required to melt the holes and move the material out of them, every 
centimeter or so down that (unlimited) length of cable, can be made as 
large as one reasonably wishes, simply by making the cable as long as one 
wishes. In short, COP» 1.0. As can be seen, it can be experimentally 
proven that the input Poynting energy component can be far less than the 
total energy dissipated in damaging the cable. On the other hand, the 
energy dissipated in damaging the cable is not greater than the sum total of 
the usually calculated Poynting component together with the neglected 
extraordinarily large Heaviside nondiverged component. Conservation of 
energy is upheld, but only ifthe long-neglected Heaviside component is 
also accounted. 


It stands to reason that the reverse fiber fuse can also be initiated by less 
input Poynting energy component that the total energy dissipated in 
restoring the cable. At that point, conventional theory has a problem. One 
can start with a good cable, put in a little EM energy twice — once to 
ignite the fiber fuse and once to ignite the reverse fiber fuse — and one 
winds up with a good fiber optics cable and having done lots more work 
inside the cable than the amount of energy one input by conventional 
considerations. We leave the solution to that problem as an exercise for the 
reader. Again, unless one includes the long-neglected Heaviside 
component, there is no way to make the energy flow balance, and one will 
have an experiment that seemingly contradicts the conservation of energy 
law. It doesn't, and that is the exercise the reader should understand. 


So unless one uncovers and specifies the external source (Heaviside's 
energy flow component) of excess energy feeding the fiber fuse, it is a 
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demonstrable experiment whose efficiency & seemingly winds up being 
&>1.0. It works every time and seemingly violates the conservation of 
energy law as that law is conventionally and imprecisely stated for an 
equilibrium system only. The COP> 1.0 fiber fuse phenomenon does not 
violate overall conservation of energy because the system is not in 
equilibrium with the other two components of its supersystem. It only 
violates (permissibly!) the conservation of energy statement for a system. 
in equilibrium. The "system" consisting of the fiber fuse and the cable is 
not in equilibrium in its energy exchange with its active environment (with 
the other two components ofthe supersystem, consisting ofthe active 
vacuum energy exchange and the active local curvature of spacetime). We 
point out, of course, that the Heaviside component is flowing in space 
outside the physical system, hence in the vacuum and therefore in the 
external environment. 


Specifically, every dipole in the system is extracting andpouring out 
energy from the vacuum, and only the small Poynting diverged component 
ofthis available energyflow is ordinarily caught. The extreme 
nonlinearity (and some resonances!) ofthe particles in and exposed to the 
extraordinarily locally heated fiber fuse do sweep out a greater reaction 
cross section than do cold, static charges, in afashion similar to the 
separate demonstration ofsuch extended geometrical reaction cross 
section in the Bohren experiment (301}. Hence the fiber fuse subsystem 
and the associatedparticles ofmelted matterfrom the holes do intercept, 
diverge, and collect some ofthe accompanying but usually nondiverged 
Heavisidecomponent. 


See again paragraph 2.1.6 in Chapter 2. Iterative retroreflective systems — 
such as in intensely scattering nonlinear optical materials — are not 
necessarily limited to COP < 1.0. Such a system is not necessarily limited 
to only the energy input by the operator, and it is not limited to only the 
operator's input Poynting component. Instead, the system can receive an 
input of excess energy from (i) its active local vacuum, and/or (ii) the local 
curvatures of spacetime. Its efficiency &, however, is always & < 10, even 
when its COP is clearly greater than 10. 


Since scientists disputing the energy aspects of the fiber fuse only have 
assumed an equilibrium system and have not considered the neglected 
Heaviside energy flow component, the present arguments against COP> 1,0 
performance of the fiber fuse are quite irrelevant. 


‘We also point out that an optical phenomenon is involved, and that the 
core materials in the melt are optically active. Hence, appreciable iterative 
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phase conjugate retroreflections occur in the fiber fuse itself and 
particularly in the melt materials (in the "inferno" ofthe "spot" itself). This 
asymmetrical self-regauging process gets more than one joule of work 
from one joule of original input Poynting energy, because of the iterative 
(and reciprocating) change of form of the energy. That operation produces 
iterative joules of work for each joule of original input energy, plus the 
unaccounted original input of the Heaviside component. 


Again, there is no law of conservation ofwork in nature. The present 
conventional energy-work theorem erroneously considers only a "single 
interception and change of form” of the energy collected in the system, 
before loss of the energy from the system. Therefore, it only considers 
cach joule of input energy performing one joule of work on the system to 
“excite” it to a higher potential energy state. It also considers that, once a 
joule of energy is then dissipated from the system as work in an internal 
load or process, it has departed the system forever and is not retumed to do 
additional work by having its form changed yet again! In intensely 
retroreflective or intensely scattering systems, those conventional 
assumptions do not necessarily hold. For analysis of the fiber fuse 
phenomenon, the extended work-energy theorem must be utilized. 


Finally, we point out the connection of this fiber fuse phenomenon to the 
similar "runaway" phenomena we have previously postulated as involved 
in producing the x-ray burster, gamma ray burster, etc. where iterative 
retroreflection and thus asymptotic rise in energy density is involved. 


Another possibly related phenomenon is the unexpected explosion of 
porous silicon, as discovered at the Technical University of Munich {302} 
‘The porous pellet involved in the unexpected experiment is covered with a 
layer of hydrogen atoms. In the presence of oxygen penetrating the oxygen 
barrier, an extraordinary and superfast chain reaction is initiated. The 
power ofthe explosion is some 10 times that of TNT. In the inferno 
portion ofthe fiber fuse, the "melt" as it puddles and then particulates, 
should be in the presence of oxygen and hydrogen from air in the cable. 
‘This dramatically differs from the explosive pellet, but may be sufficient to 
ignite at least in a local area rather than explode violently. Ifso, between 
the ablating particles of silicon there could exist iterative phase 
conjugation, thus producing an asymptotic rise in temperature and energy, 
perhaps sufficient to sustain the fuse. At least this possibility should be 
investigated. 
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5.7 Multiple Feedforward and Feedback Semiconductor 
Loops. 


DeSantis et al. {303} showed that feedback systems with a multipower 
open loop chain can produce COP > 10 performance. In semiconductors, 
the present author hypothesizes that complex feedforward! and feedback 
loops involving semiconductors can induce time reversal effects, hence 
some movements of current against the voltage. In short, there can arise a 
true negative resistance effect, as demonstrated in the Fogal transistor. 


Indeed, a Westinghouse frequency converter using 64 transistor stages and 
similar sophisticated feedforward and feedback mechanisms was placed in 
the original Minuteman missile, then was later deliberately modified by 
Westinghouse engineers to prevent its demonstrated COP > 10 
performance.'** The specific germanium transistor used in the converter 
was also withdrawn from the market.'”° In those days, power meant weight 
and weight was at a premium in missile design. The power supply was 
very tightly designed, so that the weight could be minimized. 


‘The converter had been deliberately designed to be 90% efficient, which 
was quite the state ofthe art. However, placed in the missile, the average 
converter would produce from 105% to. 115% times as much output power 
as input power. (We are stating a COP > 1.0, not & > 100%!) This was more 
output power than the tightly designed succeeding stages were designed to 
accept; consequently those overloaded follow-on circuits often burned out 
and deadlined their Minuteman missiles — something of great strategic 
concem at the time. The increased rate of Minuteman missiles out of 
action due to this problem placed great pressure on Westinghouse 
executives. In tum, they simply ordered the engineers to "fix it!” 


Westinghouse simply "fixed the problem" very directly. The engineers 
reduced the output power of the converter by adding limiting diodes etc. 
Very quietly, Westinghouse then obtained several patents (304a-c} 
surrounding the technology, but no further mention of it appears in the 
literature. The Westinghouse work continued for at least a decade, judging 
by the spread of the patent dates. 


5 Our information came directly from private conversations of a close scientific 
colleague with the Westinghouse engineers who thoroughly tested the converter 
causing the Minuteman problems, and who then altered it to prevent the problems. 


+2 Germanium has some unique properties, particularly with respect to transducing 
surface longitudinal waves to transverse waves and vice versa. 
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Such multi-loop, multi-feedback transistor circuits can apparently be 
developed to exhibit true negative 4-resistor effects. With specialized 
clamped positive feedback of the Bedini type, such open dissipative 
systems can then exhibit stable COP> 1.0, since the energy is taken from 
the vacuum via the broken symmetry of dipoles, and then discharged 
asymmetrically in the loads so as not to destroy the source dipole negative 
4-tesistors. However, the reader should see Chapter 9 for special 
considerations and phenomenology. 


5.8 Negative Resistors 


We define a true negative resistor as a circuit component or system that 
receives energy from the environment and outputs usefull energy, either in 
altered form or to power loads usefully. This contrasts sharply with a 
differential negative resistor, which exhibits negative resistance in one part 
of its regimen, but where all the excess energy to move the current against 
the voltage in that regime was previously drawn from the circuit itself and 
therefore was not freely received from the active external environment. 
Instead, the operator paid for it already. We are not interested in 
differential negative resistors, which are well known in the literature (305} 
and do not enable COP>1.0 system performance, so we will not discuss 
them further. Hereafter when we use the term "negative resistor”, it 
understood that we mean "true negative resistor” unless the term is, 
otherwise qualified. 


‘The true negative resistor is an open dissipative system apriori, and 
equilibrium thermodynamics therefore does not apply. Instead, the 
thermodynamics of open systems far from equilibrium applies. The 
negative resistor freely receives energy from outside the system (from the 
environment), and "dissipates" it in interception and collection actions 
inside the system, to freely increase the available potential energy in the 
system. 


In circuits, the main characteristic of a negative resistor is that the 
environment freely furnishes some excess energy to (i) power the load, 
and/or (ii) move the current back against the voltage, particularly when 
shunted across the back emf region ofthe source dipole. The operator 
does not have to furnish this excess energy dissipated to propel the current 
backwards or dissipated to power the load! 


One must incorporate the entire supersystem into the analysis of a negative 
resistance element or system. Since the operator does not furnish the input 
energy dissipated by the negative resistor, then the active vacuum or 
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curved local spacetime — or both — must furnish the input energy to it. 
One must consider local curvature of spacetime interactions with the 
negative resistance and the active vacuum interactions with it, as well as 
the interactions between active vacuum and local spacetime curvature. In 
other words, one must again include the active environment of the 
Maxwellian system that Lorenz/Lorentz symmetrical regauging arbitrarily 
discarded. 


We specifically do not include the well known “differential” negative 
resistor, such as a tunnel diode, which in one regime moves current against 
the voltage, all the while drawing all its enabling energy to move current 
against the voltage from an overall previous energy input by the operator. 
Unless the input enabling negative resistance energy is freely received 
from the external environment, true negative resistance is not involved, 


Several true negative resistors other than the point-contact transistor have 
been produced. We review a few of them in the following subparagraphs, 


58.1 Kron's Negative Resistor 

One of the greatest American electrical scientists was Gabriel Kron. 
Working for General Electric (GE), Kron built a true negative resistor in 
the 1930s, which could power itself and the network analyzer'” at 
Stanford University, under a GE support contract with the U.S. Navy. Here 
a direct quote from Kron {306} to show what we refer to: 


"When onlypositive and negative real numbers exist, itis 
customary to replace apositive resistance by an inductance and 
a negative resistance by a capacitor (since none or only afew 
negative resistances exist on practical networkanalyzers.)"" 


In that sentence we believe that Kron was forced by the censors to insert 
the words "none or” in the expression in parentheses. Particularly note the 
suggestion that in the imaginary realm it may not be the same as the 
accepted practice of using inductance as a positive resistor and capacitance 
as a negative resistor. Of course, the fourth Minkowski axis is - ict, and so 
this is very probably an oblique reference to the fact that energy can also 
“flow in” from the time domain. Kron was quite knowledgeable in general 


"The network analyzer was a large analogue simulation capable of modeling 
sophisticated equations — such as Maxwell's equations, the Schrodinger equation. 
etc. — for use in designing, simulating, and analyzing naval communications 
systems or proposed systems. It was one of the most advanced simulations of its day 
Kron was the chief engineer and scientist on the project, and one ofthe ablest 
electrical physicists the United States ever produced, 
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relativity as well as advanced electrodynamics, and he applied full general 
relativity to rotating EM machines etc. In another quote, Kron (307) also 
revealed that he had the negative resistor but was not allowed to use it to 
openly power the Network Analyzer. Quoting and reading through the 
"spin contro!’ 


"Although negative resistances are availablefor use with a 
network analyzer, in practice it is more convenient to use a 
second type ofcircuit, in which the positive and negative 
resistances are replaced by inductors and capacitors and the de 
currents and voltages are replaced by ac currents and voltages 
offixedfrequency. The use ofthe second type ofinterpretation is 
equivalent to multiplying the wave equation by i sit 


After the word "although..." Kron includes the blunt statement that 
negative resistors were indeed available for use with the network analyzer. 
But ifthe "convenient" replacement of the positive and negative resistors 
by inductors and capacitors was made, then there was no COP> 1.0 
involved, and there was no true negative resistance involved. Kron is 
trying to clearly tell us that fact in the above quotation. He also strongly 
hints that energy from the time domain on the axis ict is involved, but that 
multiplication by vO discards this "energy from the time domain’. 


Kron's negative resistor secret has never been released by General Electric, 
Stanford University, or the U.S. Navy and it is not going to be released. It 
has never been deciphered outside those groups, with the possible 
exception of knowledge by Floyd Sweet of Kron's negative resistor 
construction. Sweet worked in General Electric but not on the Network 
Analyzer project. Kron, however, was Sweet's mentor and patron, and 
‘Sweet often spoke of Kron in glowing terms. In our opinion, Sweet's 
vacuum triode amplifier was a further development of Kron’s early 
negative resistor, as Sweet understood it. 


We further believe that Kron's “open path” is simply the other two 
components of the supersystem, being (i) local curved spacetime, and (ii 
the active local vacuum, Obviously the external environment connects any 
two points in the physical circuit, in addition to the circuit's physical 
connection (the "closed path"). Between any two points at differing 
potentials in an electrical circuit, there exists a potential and a dipolarity. 
‘Therefore, there exists a broken symmetry because of the dipolarity. The 
potential difference of that dipolarity is also a curvature of spacetime; i.e., 
it is a “field” between the two points, and the field is identically a 
curvature of spacetime. Hence fiom any two such dipolar points in the 
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Defining loT connectivity requirements 


Handling massive scale with NB-IoT 


Slicing up spectrum for the rise of the 
machines 


Exploring LoRaWAN and Sigfox for 
low-power networks 


Chapter 4 
Enabling Massive loT 


hen 4G networks were introduced in 2008, there were 
close to 700 million mobile subscribers worldwide. 
‘Today, there are more than 7 billion mobile subscribers 
worldwide. By 2020, according to the most conservative esti- 
mates, there will be approximately 20 billion Internet of Things 
(lof) devices, in addition to the 9 billion mobile subscribers that 
are expected worldwide, 


‘Thus, 5G networks must not only deliver extreme speeds and 
feeds, they must provide massive scale, predictability, and reli- 
ability to eventually support as many as a trillion connected 
devices, including mission-critical and potentially lifesaving 
applications and scenarios. In this chapter, you learn about the 
key requirements for lo device connectivity and the innovations 
that are being developed to support loT. 


Key Connectivity Requirements 
for loT Devices 


Unlike smartphones and other cellular devices, lo device com- 
munications can be sporadic in nature. Many of these devices 
“sleep (to extend battery life for ten or more years in some cases) 
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circuit, there exists the giant negentropy flow of EM energy that we 
pointed out in 2000 {308}. This "open path" EM energy flow between any 
two unlike charges (any dipolarity) in the universe, not intercepted by the 
circuit and thus nondiverged, is discarded by Lorentz's integration of the 
energy flow vector around a closed surface enclosing any volume element 
of interest. It appears that Kron not only recognized (in different terms) 
what we are calling the "supersystem’, but also recognized the equivalent 
of Heaviside's nondiverged EM energy flow component from any 
dipolarity — referring to that energy flow as the "open path” flow of 
energy. It is almost certain that he fully recognized what Lorentz, 
symmetrical regauging did to the Maxwell-Heaviside equations. Thus it 
appears that Kron was the first scientist to discard Lorenz/Lorentz 
symmetrical regauging, producing his negative resistor by doing so. 


We do not have firm knowledge, however, but only circumstantial 
evidence that Kron recognized the flow of EM energy from the time 
domain into 3-space, and vice versa, though he was certainly capable of 
seeing that. Nevertheless, this would also be included in his notion and 
discovery ofthe "open path", since it is included in every dipolarity, 
generating the scalar potential between the poles ofthe dipolarity. It may 
also have occurred to him from his excellent grasp of general relativity and 
spacetime curvature (309) 


Kron's concepts are certainly capable of being modeled and used to 
produce COP>1.0 EM circuits and systems, including his negative resistor. 
Kron did tremendous work in advancing EM networks and power systems, 
He left behind a great legacy of network and system analysis capable of 
dealing with the COP> 1.0 electrical power system problem (310a-e). 
Unfortunately, that legacy has been little used, ifatall, in design of 
electrical power systems and power distribution networks today. To our 
knowledge, there are no electrical power systems deliberately using Kron's 
‘open path.'* 

582 Chung's Negative Resistor 

‘A highly simplified diagrammatic illustration representing the Chung 
negative resistor is given in Figure 5-6. In a July 9, 1998 keynote address 
at the Fifth International Conference on Composites Engineering in Las 


"54 possible exception is provided by Barrett's extensions (286a, 286b} of Tesla's 
‘potential shuttling” technique (124), which can only be seen in higher group 
symmetry electrodynamics such as quaternions. However, as far as we know, Barrett 
thas not applied energy shuttling techniques to electrical power systems. 
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19 
Vegas, Dr. Deborah D. L. Chung, professor of mechanical and 
aerospace engineering at State University of New York (SUNY) at Buffalo 
and Director of the Composite Materials Research Laboratory, reported 
that she had observed apparent negative resistance in interfaces between 
layers of carbon fibers in a composite material prepared under pressure.'*” 
‘The negative resistance was observed in a direction perpendicular to the 
fiber layers. By varying the pressure at which the composite material was 
prepared, Chung er al. were able to control whether the material would 
exhibit negative, minimal, or positive resistance. Apparent negative 
resistance was also observed in carbon fiber cement-matrix composites and 
in bare carbon fibers held together by pressure. 


| Seeemrorcee cp 
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A formal technical paper was later published by Wang and Chung {311}, 
A few years earlier a patent {312} had been issued to Chung and assigned 
to The Research Foundation of State University of New York, Albany, NY 
for a superconductive material using a laminate combination of carbon 


Professor Chung holds the Niagara Mohawk Chair in Materials Research at 
‘SUNY and is internationally recognized for her work in smart materials and carbon 
composites. The reader may peruse a curriculum vitae, research work, and papers at 
bup://www.mae.buffalo.edu/people/faculty'chunglresearchl doc. 


© The preparation of "locked-in" stress in Chung’s carbon fiber material is 
reminiscent of Moray’s similar preparation of his amorphous semiconductors with 
locked-in stress also, 
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fibers and metal. ""! The patent mentioned mesoporous carbon filaments, 
strikingly similar to our previous discussion of the surprising explosion of 
porous silicon at the Technical University of Munich, as well as possibly a 
special kind of "porosity” consideration in the fiber fuse phenomenon (in 
the material of the fuse itself). 


An initial offer on the State University of New York at Buffalo website to 
provide a technical package with respect to the negative resistor — for 
which a patent had been filed — to those submitting a nondisclosure 
agreement was abruptly withdrawn. The project may have been classified, 
or — far less likely — it may have been retained as deeply proprietary by 
the University. We suspect that both the technical package and the patent 
application have been classified by one or more U.S. government 
agencies." 


In our opinion, Chung's fruitful discovery deserves rigorous and 
continuing investigation, particularly in higher group symmetry 
electrodynamics and in terms of supersystem interactions to include Dirac 
sea hole current interactions. We also believe Chung may have been 
required by referees (or by declassifying authorities, if such were 

involved) to use the term “apparent” in the paper. The reported 
measurements in the technical paper do seem to unequivocally include true 
negative resistance with current running backwards against the voltage. It 
is not clear, however, whether this is Dirac hole current or electron current 
ora mix of both. 


We also call attention to the fact that Dirac sea holes in the local vacuum 
—as will be discussed in Chapter 9 — will and do run backwards against 
the voltage. Further, such hole current can be transformed from negative 
energy to positive energy by the Bedini process shown in Chapter 9. The 
pressure used by Chung et al. in fabricating the material produces a stress 
potential in the material and thus decomposes into our reinterpreted 
Whittaker 1903 decomposition, preciously discussed. So giant negentropy 
is involved in the composite material, which implies that true negative 
resistance can be involved, at least in some operational regimes as pressure 


We stress that the issuance of this unclassified patent does not rule out a possible 
negative resistor (hence COP> 1.0) patent that may have been classified. Some 
sensitive defense work in special materials is indeed performed at SUNY at Butlalo. 


"Ac least the gist ofthe work isnot lost, however, due to Naudin's duplication of 
the Chung effect and placing the results and building instructions on his website in 
France: see http:/jnaudia.tre.felen 


241 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


etc, are varied, Such results were found by Chung ef al. and are reported in 
the paper. 

Naudin reported independent success with a simpler variant of the Chung 
negative resistor (313). This assures that at least the effect will not just be 
buried, 

58.3 The Fogal Charge-Barrier Device 

Figure 5-7 shows an illustration from one of William Fogal’s patents (314) 
ona new kind of transistor (more accurately, a charge barrier device). 
Fogal's device incorporates a very special electrolytic capacitor, which 
introduces optical-type functions as well as the more familiar capacitor 
functions. 


Fogal Semiconductor 
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Most semiconductor materials are optically active materials. Further, the 
individual electrons in a signal with a frequency well below light 
frequencies, are "jittering” with higher frequencies including the entire 
optical band. A "frequency" of a signal thus is imbedded in a jittering 
higher frequency complex set, and that set is quite able to interact in 
optical fashion ifthe complex itselfis used and controlled. Fogal’s process 


5 The exact method of manufacturing this electrolytic capacitor, and its internal 
structuring, is proprietary to Fogal and a major capacitor manufacturer. who is under 
‘a nondisclosure agreement with Fogal 
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does appear to both use and control that jittery high frequency signal 
complex. 


Hence Fogal's process can "tunnel under" the normal detected force-field 
frequency responses of the individual electron,’ and directly affect, 
change, and alter its higher-frequency environmental changes in the force- 
five field or field-free potential condition. In this way, Fogal has carried 
the electron (and hole) functions of a transistor to functions well beyond 
those in the present texts (315). He may have also extended quantum 
mechanical tunneling effects to signals between widely separated regions 
of spacetime, since superluminal communication is possible with the Fo; 
semiconductor properly used. Longitudinal EM waves — which Fogal’s 
semiconductor is able to utilize and control — can and do move at 
superluminal speeds (93a) because it uses the long-neglected "infolded” 
Jongitudinal electrodynamics revealed by Whittaker in 1903 and 1904. 
Further, superluminal solutions to Maxwell's equations do exist (93b}. 


‘The charge barrier device is formed in a bipolar design that can be 
incorporated in Metal Oxide Semiconductor (MOS) designs as well as, 
multiple gate devices. The device also produces a Hall effect EM field 
internal to the device. The Hall effect magnetic force will force electron 
flow and angular spin of the electrons in the same direction to the top of 
the conduction bands in the crystal lattice on semiconductor devices, 

unlike Silicon On Insulators (SOI) devices that force electron flow to the 
surface of the semiconductor lattice. This forcing function, together with 
the “extended tunneling” effects on the embedded EM environment of the 
electrons and holes, produces a unique effect. The device is able to stop 
and "pin" electrons while continuing to process the signal energy flow (the 
entire jitter signal complex) in which the electrons were coupled and 
moving. Thus the Fogal transistor is able to operate upon and with mass- 
free spacetime itself, and curvatures thereof. It is the first practical 
semiconductor capable of performing engineering ofthe active vacuum. 


In the last few years we have stressed that EM waves in spacetime are 
longitudinal EM waves apriori — but they are accompanied by time- 
polarized waves (phase conjugates). Hence the two in combination become 
observable, as pointed out in quantum field theory by Mandl and Shaw 
{316}. We detect effects apriori and not their causes. We detect 


‘Sethe electron itself is enveloped in the jttering of whatever background it is 
‘exposed to and interacts with. Hence a coupling interaction exists to arrange and 
control the jitter of the electron as well 
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transverse electron precession waves in our detector circuits, and not the 
causal waves interacting with them to produce their precession. The Fogal 
transistor is able to process the causal longitudinal EM waves directly, 
prior to their interaction with matter. It in fact opens up an entirely new 
region of "detected physical reality" to our vision and detection, a region 
far more extensive than the development of infrared and ultraviolet sensors 
opened up to our sight 


‘The pioneers of electromagnetics, who erroneously assumed a material 
ether and EM force fields in space, confused the transverse "material 
detected waves" (electron precession waves) in the detector with the 
“material undetected waves" they assumed to be incoming from space. 
Note that neither the electron nor the atom had been discovered when all 
these assumptions were used to determine how the EM wave in space was 
to be viewed and modeled. The transverse waves observed in the 
interacting/detecting of the Drude electron gas — ie, the detected electron 
precession waves — were considered to be direct interceptions of the 
incoming causal waves fom space. This already substituted the effect for 
the cause, as we have previously discussed. 


Further, Faraday envisioned the "material field in space” as consisting of a 
series of "taut physical strings”, A “perturbation” of this field in space was, 
in his view, simply the transverse wave plucking of those strings. 

Maxwell, who closely followed Faraday’s experimental work and concepts, 
simply assumed the transverse "plucked string waves" advanced by 
Faraday. Therefore, the erroneous notion of the transverse EM wave in 
space arose and stayed firmly fixed in the theory. 


One can check Whittaker's decomposition of the scalar potential into 
longitudinal EM wave pairs, then realize that the energetic vacuum is 
naught but a giant scalar potential — which can be decomposed by 
Whittaker's method. In short, as a scalar potential, space itself is a writhing 
mass of longitudinal EM waves and their highly nonlinear dynamics and 
interferences, or it can be modeled in that fashion. The energy continually 
enters 3-space from the time domain to the negative charge of every point 
in space considered as a point dipole, thence to the positive charge, thence 
back to the time domain. Notice the giant 4-space circulation involved. 
‘One also notes the polarization of the vacuum continually happening and 
arising spontaneously, as is well known in quantum mechanics. We also 
suspect that this or a similar mechanism is at the root of spontaneous 
broken symmetry in physics. 
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An interesting thing emerges from Whittaker’s 1904 paper (317), where he 
showed that all EM fields and waves can be decomposed into differential 
functions oftwo scalar potentials. Each ofthese two base scalar potentials 
can be decomposed by Whittaker’s earlier 1903 paper {85) into a set of 
longitudinal EM waves. All EM fields, potentials, and waves are 
comprised of longitudinal EM waves and their internal dynamics, which 
also comprise waves of spacetime curvatures and their dynamics. Further, 
each longitudinal EM wave in 3-space is accompanied by its phase 
conjugate twin in the time-domain 


‘This far more primary "internal electrodynamics comprised of pure 
spacetime dynamics" — comprising and creating the recognized EM 
potentials, waves, and fields, their internal dynamic spacetime structuring 
and also the structuring of time — has not been developed and applied in 
hhysics theory. This internal or "infolded” electrodynamics is the primary 
‘medium" in which the Fogal semiconductor appears to work and work 
upon. The Fogal semiconductor seems able to modulate and demodulate 
this internal structuring or parts of it, as has been demonstrated. 


Imperfect longitudinal EM waves — called undistorted progressive waves 
- are already known to be able to travel at superluminal velocity, e.g., as 
shown by Rodrigues and Lu {318}. Indeed, Maxwell's equations have both 

subluminal and superluminal solutions, as shown by Rodrigues and Vaz. 
{319}. Further, these waves can carry information. However, the 
technology of employing these waves has been lacking {320}. The use of 
scalar EM wave interferometry to produce normal EM fields and EM field 
energy at a distance has been shown by Evans et al. (321) 


As pointed out by Rodrigues and Lu {318}, perfect longitudinal EM waves 
travel at infinite velocity. This eliminates the difference between potential, 
field, and wave; a perfect longitudinal EM wave can also be taken as an 
instantaneous scalar potential with net force-free iterative regauging 
(varying at each point instantly and simultaneously). Both ways of looking 
at it produce the same end result: instantaneous remote energy change of 
spacetime energy density itself, in general relativity terms, or of the energy 
density of the vacuum, in particle physics terms. 


Elsewhere, (e.g., Chapter 2), we also pointed out the "total photon 
interaction" mechanism that generates the flow of an entity through time. 
We also have advanced the concept of a "time-reversal zone” (TRZ) as a 
region where antiphoton interactions with charges predominate over 
photon interactions. We used these new concepts to propose exact nuclear 
reactions for the production of excess deuterium, tritium, and alpha 
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particles in cold fusion experiments. In such an "excited state” TRZ region, 
the law ofattraction and repulsion of charges is reversed. In the TRZ, like 
charges attract and unlike charges repel. Further, the gluon forces are 
reduced, so the quarks in the nucleons are much more lightly bound. In 
such TRZ zones, dense clustering of like charges occurs due to their 
‘mutual attraction 


A time-reversal zone is created in one part of the Fogal transistor, greatly 
assisting in the "electron pinning” action. That is, the usual strong mutual 
repulsion (the Coulomb barrier) ofthe electrons at the pinning site 
vanishes in the TRZ inside the Fogal semiconductor, and the resulting 
mutual attraction of the electrons greatly facilitates the pinning process far 
beyond what is usually obtained against "like charge” repulsion in a time- 
forward zone. Indeed, the TRZ. in the Fogal semiconductor also materially 
enhances the electron pinning process beyond what can usually be 
obtained with cryogenics. At least some indication of trapping and perhaps 
pinning has been reported in amorphous semiconductors at room 
temperature (322a-b) 


‘The Fogal device is able to remove EM noise (electron noise) from 
existing EM signals, displays, etc. by 96% or more, by pinning the 
electrons and simultaneously time-reversing the spatial EM signal back to 
its original noise-free state prior to hosts of interaction electron collisions. 
This “noise removal” capability has been rigorously tested by independent 
parties, including at a leading university in the Netherlands, * and by 
several large electronics companies and several other universities. By 
pinning the electrons (and electron currents) while still processing and 
propagating the EM energy effects, the Fogal device can move noiseless 
EM energy without loss at room temperatures, at superluminal velocities 
and reconnect the lossless propagated energy to electrons past the pinning 
region at a receiving region, releasing the electrons in the receiving region. 
‘The Fogal semiconductor therefore already accomplishes room 
temperature superconductivity as well as tunneling. 


‘The Fogal device's basic mechanism (consisting of all the submechanisms) 
is to restore and move EM energy in force-free form, using direct 
regauging of the vacuum instantaneous scalar potential itself (or the 


‘The university researchers verified room temperature superconductivity being 
produced by the Fogal semiconductor in their independent verification 
measurements. ‘They also measured that some 96% of the noise already present in a 
circuit was removed by Fogal's semiconductors in Fogal's circuits 
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vacuum potentials themselves). It operates directly upon the longitudinal 
EM waves comprising the vacuum potential. Hence it directly engineers 
the active vacuum and curved spacetime. Le., itis the first supersys 
engineering device of (hopefully) many more to come. 


In the "jitter" environment ofthe space in which the individual electron ii 
embedded, there exist many (and essentially all) field gauges, 
simultaneously. One of these, of course, is the Coulomb gauge where there 
exists an instantaneous scalar potential. Usually the instantaneous scalar 
potential is considered only a near-field effect, with no contribution at any 
significant distance. However, as Jackson points out {323}, transverse 
radiation fields are given by the vector potential alone. Also, in the 
Coulomb gauge the scalar potential "propagates" instantaneously 
everywhere in space {324}. 


Along with other electrodynamicists, Jackson avoids the obvious 
superluminal communications implications of the instantaneous scalar 
potential by stating that "..it is the fields, not the potentials, that concern 
us.” As he points out, a detailed (though conventional) discussion of 
causality is given by Brill and Goodman {325}. Again as pointed out by 
Jackson, in the Coulomb gauge the quantization of the photon involves 
only the vector potential. The use ofthe scalar potential in the Coulomb 
gauge, together with deliberate engineering ofthe internal longitudinal 
Whittaker wave structure ofthat potential, directly allows distant 
engineering via multiply connected spacetime, even inside the nuclei of 
distant objects. This is infact a unique and marvelous engineering 
application and extension of Bohm’s quantum potential concept. 

My “pinning” the electrons, apparently Fogal is able to essentially "hold” 
the vector potential and all the force fields while the instantaneous scalar 
potential persists and now extends over all space, notjust to the near field 
since allformerly moving field dynamics that would limit it have been 
frozen. Ifthis effect is substantiated, I have nominated it as the "Fogal 
effect”. Further, this unrestricted instantaneous scalar potential now 

i lunges in field-free form (pure regauging form) over all space according 
to the signal energy being perpetuated and propagated'** by the Fogal 
semiconductor independently of its pinned electrons. In this fashion, the 
Fogal semiconductor is indeed capable of “instantaneous” communication 


"86 Here we again point out thatthe usual notion of a signal as energy propagating in 
3-space is wrong. It propagates in 4-space, but not in 3-space. Also, what 
propagates is the spreading point-like polarization ofthe vacuum ise 
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over essentially unlimited distances. At least one independent test has 
verified the Fogal instantaneous communication effect, but the testis 
held proprietary by the testing agency. 


Since Fogal is able to alter and control the intemal longitudinal EM wave 
Whittaker structuring of the scalar potential used in this Coulomb gauge 
manner, he is able to accomplish superluminal (and even instantaneous) 
‘communication, so long as a Fogal semiconductor is available in both the 
transmitter and the distant receiver. In the transmitter, the Fogal 
component is necessary to infold the information into the internal LW 
structure of the scalar potential to be used in the Coulomb gauge, thus 
transforming the input signal information into output longitudinal EM 
wave information directly in spacetime itself. The Fogal component in the 
receiver is necessary in order to detect, transduce, and outfold the infolded 
longitudinal EM wave information inside the instantaneous scalar 
potential. We have stressed that these intemal longitudinal EM waves and 
their dynamics are spacetime curvatures and their dynamics. Hence their 
transmission and detection is a viable process for superluminal 
communication, including instantaneous communication 


Further, once the electrons are pinned, all "signal fields in charged matter" 
(ie., all EM force fields) are frozen and localized. This, we believe, 
involves a new physical effect introduced by Fogal that is analogous to the 
Aharonov-Bohm effect.'** So I have called it the "Fogal effect". That is, 


"We believe that physics books will have to be substantially rewritten, once the 
internal longitudinal structuring ofthe sealar potential (and of EM fields and waves) 
is employed directly in open technology. We further believe that the Fogal 
semiconductors are the first pre-developments in that coming vast new technology, 
at least in the open Western scientific world. 


“There have long been, and still are, efforts to “fit” the Aharonov-Bohm effect into 
slightly modified classical electrodynamics after all. E.g., see C. J. Carpenter 
Electromagnetic energy changes due to charges moving through constant, or zero, 
magnetic field,” JEE Proc. A, 138(1), Jan. 1991, p. 55-70; — “Electromagnetic 
energy and power in terms of charges and potentials instead of fields," JEE Proc. A 
136(3), 1989, p. 101-113; G. M. Graham and D. G. Lahoz, "Observation of static 
electromagnetic angular momentum in vacuo,” Nature, Vol. 285, 1980, p. 154-155; 
T. H. Boyer, "Semiclassical explanation ofthe Matteucci-Pozzi and Aharonov-Bohm 
phase shifts.” Found. Phys, 32(1), Jan. 2002, p. 41-49; — "The Aharonov-Bohm 
effect as a classical electromagnetic-lag effect: An electrostatic analogue and 
possible experimental test,” Nuoww Cimento, Vol. 100B, 1987, p. 685-701; — 
Classical electromagnetic deflections and lag effects associated with quantum 
interference pattera shifts: considerations related to the Aharonov-Bohm effect 

Phys. Rex. D, Vol. 8, 1973, p. 1679-1693; — "Does the Aharonov-Bohm effect 
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for long periods of time — hours, days, or weeks — before trans~ 
mitting a few bytes of data, and thus needn't always be connected 
to the network, 5G networks must be designed to handle infre- 
quent, but important communications from these types of lol 
devices. Although the amount of data these devices send may be 
significantly lower, they may still be of a time-critical nature, For 
example, a sensor that detects a hazardous condition may instruct 
an Evolved Node B (eNodeB) element to shut down equipment in 
an industrial plant or building. These types of communication, 
though extremely rare, must be handled with the utmost respon 
siveness and reliability 


Additionally, eNodeB elements will require massive capacity 
to scale to support tens of thousands of lo devices — all with 
different communications requirements and characteristics — in 
assingle cell, 


Finally, a wide variety of security threats and new attack vectors 
will be surfaced in loT devices. Unlike many of today’s threats — 
identity theft and credit card fraud, for example — many lol 
security threats will be potentially life threatening. Future threats 
‘may include hacked control systems in autonomous vehicles and 
smart grids, or compromised medical devices such as insulin 
pumps and pacemakers. Thus, 5G technologies will need to pro- 
vide secure end-to-end communications throughout the network. 


NarrowBand IoT (NB-IoT) 


22 


‘The Third Generation Partnership Project (3GPP) Long Term Evo- 
lution (LTE) Advanced Pro Release 13 specification defines a new 
standard — NarrowBand Io (NB-IoT) — for handling low vol- 
umes of data (similar to 26) from tens of thousands of devices in 
a single cell (tower, not amoeba). 


NB-Io? extends LTE to even narrower bandwidths optimized for 
low data rate, latency-tolerant lo applications. NB-IoT reduces 
device complexity, enables multiyear battery life, and provides 
deeper coverage to reach sensors in challenging locations, such as 
remote rural areas or inside buildings. 


Perhaps one of the most attractive features of NB-Io is its ability 
to leverage already ubiquitous LTE networks, in addition to pro- 
viding high quality of service (QoS) and comprehensive security. 


5G For Dummies, Ixia Special Edition 
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the force-fields are frozen and localized by the pinning, but the field-free 
potentials then remain, including the instantaneous scalar potential @ and 
probably the curl-free magnetic vector potential A as well. The result is 
that the instantaneous scalar potential can be directly regauged everywhere 
at once by the changes of magnitude ofthe "frozen fields", rather as ifthey 
were "static voltage”, possibly simultaneously regauging the field-free A- 
potential — all as part of a new kind of Lorentz symmetrical regauging, 
After all, a single Lorentz symmetrical regauging {326} changes both the 
potentials A and , Changes in symmetrical regauging produce stress 
waves, which are longitudinal EM waves. Continual changes of 
symmetrical regauging also continually changes both the potentials A and 
@ including over all space when operating in the Coulomb gauge. This 
one explanation of the beautiful effect that Fogal has discovered and is 
utilizing 


We accent that, with pinned electrons frozen in place, the normal 6 and A. 
in matter (defined in terms of interaction with charge and the movement of 
charge) cannot occur. With time reversal zone utilized, electron pinning is 
greatly eased and the instantaneous scalar potential @ now assumes the 
primary active propagating role in surrounding space. Neither 6 nor A is 
five to develop the normal 66/6t and VxA spatially propagating dynamics 
oftheforce fields (effect fields) observed in matter. In the Fogal process, 
the instantaneous scalar potential "signal" (the causal signal in 4-space) is 
generated in the transistor when it pins the electrons and freezes the force 
fields into "equal and opposite” form. Since no net force field can develop, 
the instantaneous scalar potential is a stress potential in spacetime itself 
and simply changes its magnitude instantly, at each and every point in 
space that it occupies, when the Fogal chip's input EM fields change in its 
signal input. 


In the output, the net force fields remain zero and frozen, even though the 
individual force fields change constrained to "equal and opposite” manner. 
Ifone wishes, one may take this part of the Fogal output — the field free 
changes in the stress energy density ofthe vacuum — as one expression of 
modululating the instantaneousscalarpotential'senergydensityinperfect 
correspondence to the field changes in the normal EM input to the Fogal 
transistor. 


exist?" Found. Phys, Vol. 30, 2000, p. 893-905; — "Classical electromagnetism 
and the Aharonov-Bohm phase shift,” ibid, p. 907-932. 
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The instantaneous Fogal changes in magnitude (e.g., instantaneously 
induced upon a distant collecting charge) are no longer limited to near 
field effects, or to the speed of light — and communication is not bound to 
the retarded wave. Now the induced changes of the instantaneous scalar 
potential exhibit far field effects and these changes — being naught but 
these special Lorentz condition magnitude regaugings — are 

instantaneous. This of course is a form of action at a distance. We stress 
that the best astronomical evidence also points to a startlingly superluminal 
speed of gravitation (curvature of spacetime, which after all is just a 
longitudinal EM wave or set of them) itself, as pointed out by Van 
Flandern.'® Ifso, since any change of energy in spacetime is a curvature 
of spacetime, and one form of spacetime curvature can move at 
superluminal velocity, so can other forms of spacetime curvatures. In our 
favorite expression, it only takes one white crow to prove that not all 
crows are black. 


As is well known, the de Broglie waves of matter always move faster than 
light, as do appropriate quantum tunneling processes. Further, the quantum 
potential used by Bohm in his beautiful hidden variable theory of quantum 
mechanics {347} also appears instantly throughout space, wherever it will 
be, and with the value it will have. The question of whether a quantum 
potential can be used to communicate has been posed but not definitively 
answered in the previous literature. We propose a resounding "Yes!" if one 
uses the internal structure of the quantum potential for one's 
communication, applying some component such as the Fogal 
semiconductor to do the infolding and outfolding, 


We also propose that a process for forming and using an instantaneous 
scalar potential in the Coulomb gauge can be interpreted as the formation 
and use of a quantum potential or its direct equivalent. If that assumption 
is true, then the Fogal semiconductor seems to be the first component ever 
openly built and patented which produces and uses Bohm’s quantum 
potential, including its infolded Whittaker structuring and dynamics. It 
also definitively answers in the affirmative the question of whether the 
quantum potential and the scalar potential in the Coulomb gauge can be 
used in superluminal communications. 


© Tom Van Flandern, "The speed of gravity - What the experiments say.” Phys. 
Lett, A, vol. 250, Dec. 21, 1998, p. I-11. Van Flandem gives an extremely important, 
clear, and succinct summary showing that experiments refute the standard far field 
assumption of light speed in gravitational effects. Laboratory, solar system, and 
astrophysical experiments for the "speed of gravity” yield a lower limit of 2x10'"e. 
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‘Thus Fogal has apparently found a way to directly modulate intelligent 
change of magnitudes into and upon the internal longitudinal EM wave 
structure of the instantaneous scalar potential (and upon the quantum. 
potential), as well as iterative "pure net-field-free” regauging of the 
instantaneous scalar potential (327}. It seems to have previously escaped 
notice that varying the Lorentz, symmetrical regauging of a circuit or 
system easily produces pure longitudinal EM waves. This strongly implies 
that Fogal has surmounted and removed the barrier to practical 
superluminal communication and even further has reduced the barrier to 
practical instant communication. 


Several tests — in one of which the present author participated — ha 
indeed shown Fogal transmission of signals, including video signals, 
between two widely separated points with less delay than light-speed 
signals exhibit, and also with video bandwidth infolded inside a DC signal. 
In at least one series of tests in a large company's own laboratory and by 
its own engineers, communications from a ground-based Fogal chip 
transmitter apparatus occurred between the ground station, through the 
uplink into the satellite, back through the downlink to earth, into a ground- 
based transmission system with repeater stations, and into the receiving 
Fogal transistor unit in the lab. The transmissions occurred with no 
discernible time delay, something previously deemed impossible in all the 
textbooks. This was particularly significant since even the conventional 
time-delays in the repeater station amplifiers and the satellite receiver- 
transmitters were apparently eliminated. This further accents that the 
infolded "longitudinal EM waves superhighway" inside all EM fields, 
potentials, and waves — including inside matter such as the ocean and the 
earth itself— is a multiply connected space phenomenon. It is the most 
ideal communication medium, enabling deep space communication 
without delay, etc. 


‘The implications for nondelayed future remote control of robot spacecraft 
and robots landing on the surface of planets and asteroids are obvious, as 
are the implications for direct exploration and measurement of conditions 
inside the interiors ofthe planets, the sun, the moon, and the earth via 
infernal scalar interferometry. We accent that Fogal has done private 
experiments exploring this vast new physical reality revealed by the 
{internal longitudinal EM wave dynamics" and its interferometry, and it is 
mind-expanding (some would say mind-boggling!). I is also a great new 
step in physics and in our very notion of physical reality itself. 


Thevacuum itself, being highly energetic, is indeed a scalar potential. 
Further, it has any and all gauges. Since potentials superpose, we postulate 
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that Fogal’s use of the instantaneous scalar potential is directly superposed 
on the corresponding instantaneous Coulomb gauge scalar potentials of the 
entire vacuum. His discovery of how to modulate the instantaneous 
magnitude without allowing modulated EM field propagation, constitutes a 
very special case oftunneling right through "space" itself, using one aspect 
or “component” of space. 


In short, to be a little dramatic one might even apply the term subspace 
communication to this long distance tunneling effect. That interpretation 
would also seem consistent with the deterministic variation of the internal 
stress energy density structuring of the vacuum that is produced in the 
Fogal process. 

From another viewpoint, Fogal has succeeded in not only finding the 


missing chaos of quantum mechanics, but in deterministically engineering 
and using it. 


This is also consistent with Whittaker's decomposition of the scalar 
potential into bidirectional longitudinal EM waves (328} and his 
connection between time-polarized EM waves and longitudinally polarized 
EM waves as reinterpreted (12) to be consistent with quantum field theory 
{19}. We point out that a single point in time is simultaneously 
‘connected to every point in the universe. By using a transmission system 
that back-pedals from 3-space into the time domain, an instantaneous 
connection to any other spatial point in the universe is therefore available, 
if one's technology can take advantage of it. Fogal’s technology does. 


It is also consistent with quantum tunneling experiments that have 
demonstrated the transmission of intelligent signals (such as Mozart's 40th 
symphony) at superluminal speed between two points in a waveguide 
{329a-b}. Regardless of how one chooses to model intelligent 
superluminal communication, it has been experimentally demonstrated — 
multiple times and by multiple experimenters in multiple laboratories — 
that such can occur, 


‘The difference in those superluminal experiments and the performance of 
the Fogal chip is that the chip uses iterative regauging of the magnitude of 
the instantaneous scalar potential, as well as deterministic alteration of the 
scalar potential’s internal longitudinal EM wave substructuring, and 
probably also modulates the internal structuring of a quantum potential. 
‘The presently proposed quantum tunneling mechanisms apparently do not 
do this, at least as they are presently modeled. Further, the quantum. 
tunneling mechanism is difficult to apply; the Fogal mechanism is fairly 
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simple and straightforward to apply, given the Fogal semiconductor at both 
the transmitting and receiving ends of the communication system. 


Pure longitudinal EM waves readily penetrate matter to great distances, 
since matter is mostly empty space between widely separated mass 
particles. On the microscopic scale, matter is comparable to something like 
the solar system, except that intense fields and potentials (bundles of 
longitudinal EM waves and their dynamics) occupy the space between the 
particles. All this vast empty space inside matter, being a potential and 
comprised of longitudinal EM waves, is a giant "superhighway" for the 
passage of longitudinal EM waves and their dynamics, as indeed is matter 
itself which is mostly such empty space. Further, even the masses 
themselves are such, since mass is simply highly compressed spatial 
energy density, and therefore is highly compressed longitudinal EM wave 
energy and dynamics. It is just a "denser" superhighway. 


Hence a longitudinal EM wave system can readily be developed to "see 
through matter" using Fogal semiconductors in transmitter and receiver. 
Fogal in fact has made at least one proprietary prototype demonstration 
unit that demonstrates this startling capability. The vision is very clear, due 
to the remarkable absence of noise in the Fogal process. It is also 
shockingly unique, and it changes our very notion of physical reality. We 
are not at liberty to further discuss this new "sub-submicroscopic" reality 
revealed in such experiments. We simply interpret it as jumping the 
presently assumed restrictions of observation, and allowing the direct or 
correlated observation of the virtual state entities. 


As alluded to, the previously modulated "Fogal type signals” emitted by all 
matter and other physical entities can also be displayed on a screen using 
the Fogal process, revealing a hitherto unsuspected physical reality and 
EMsignals environment. In this prototype system, Fogal showed a 
remarkable and startling new extension of our very perception of physical 
reality itself. This is another reason why we expect that physics books will 
have to be rewritten, once the Fogal semiconductors are on the market and 
available in practical equipment. As every physicist knows, any dramatic 
increase in our ability to sense finer levels of physical reality inevitably 
leads to new and startling advances in physics itself and changes our very 
knowledge of the nature of physical reality, 


‘The ability to bypass and "park" force fields by pinning their source 
electrons in a time-reversal zone, while continuing the flow of noise-free 
EMenergy at will and at infinite velocity, obviously enables COP>1.0 
systems. A pure longitudinal EM wave already has infinite energy, for 
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such a wave appears across the entire universe simultaneously, instantly 
changing the stress energy density of the entire vacuum in which the 
longitudinal EM wave is present. '"” The back emf and back mmf fields in 
an EM system or electrical power system can be frozen and held from 
restoring the Lorentz condition in the circuit, using the Fogal 
semiconductor {330}. We presently have an agreement with Fogal for the 
licensed use of his semiconductors in all such energy unit applications. 


A quantum potential is modeled in a multiply connected spacetime, so that 
a given joule of input energy to one multiply connected point 
simultaneously appears in every other multiply connected point.'“! Since 
the Fogal semiconductor apparently can operate in quantum potential or 
Coulomb gauge fashion, it can act as a direct energy amplifier, with 
respect to the lab observer in a singly connected space. In short, the Fogal 
process dramatically extends the concept of "conservation of energy” to 
include conservation in multiply connected space and therefore 
incorporates observed energy amplification in singly connected space. 
Again, a broken symmetry (in singly connected space) reveals a higher 
symmetry (in multiply connected space), and the hierarchy principle is 
alive and well. In short, with the Fogal semiconductor used in power 
systems, the law of conservation of energy must be extended to include 
energy symmetry in multiply connected space but asymmetry in singly 
connected space. Obviously, such functioning totally transcends the 
limitations ofthe present thermodynamics models. 


We carefully point out that this is not "energy creation” but simply the 
energy following the known kind of statistics in physics that allows a thing 
to be in multiple different places simultaneously. What is actually 

instantly transmitted” is the simultaneous regauging of the energy density 
of the vacuum. At any point in space, the vacuum has an energy density 
and thus is a scalar potential with a given magnitude. Changing the energy 
density is simply regauging, which is freely permitted under the gauge 
freedom axiom of quantum field theory. So instant amplification of 


™ This should not be too surprising, since the bare charge and the bare mass of 
every electcon each has infinite energy, as is well known in particle physics. For 
confirmation in very straightforward language, see Nobelist Steven Weinberg, 
Dreams ofa Final Theory, Vintage Books, Random House, 1993, p. 109-110, 


“" Ifwe wish, we can even take time itself as a special kind of quantum potential, 
since time also displays such a "multiplicity of connection” in 3-space. In one sense. 
time is the ultimate quantum potential, since a single point in time is “connected” to 
everysingle3-spacepoint in the universe, simultaneously. 
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energy" over a region of points is simply the instant regauging ofthe 
potential already present at each point in the region. It is a permissible 
‘multiply connected space violation of the present more limited "special 
case” energy conservation concept, which implicitly assumes a singly 
connected space. We have been working with Fogal for some time in this 
area, and we expect to rapidly develop and introduce commercial EM 
power systems based on the Fogal semiconductor’ abilities in multiply 
connected space, as soon as it is in production and available. Until then, 
the details of our work in that area must remain highly proprietary. 


5.8.4 Point-Contact Transistor. 

Figure 5-8 diagrammatically shows a point-contact transistor with n-type 
base in a typical circuit for power gain. The point of the contact is under 
pressure on the material with which it is in contact. 


Curent. gam = 01.0 
fe ohms 
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negative resistance 
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‘The point-contact transistor often behaved in true negative resistor fashion, 
outputting more energy than was input to it. Its production was always far 
more of an art than a science. 


‘As can be seen from our quotation at the beginning ofthis chapter, the 
original point-contact transistor was never thoroughly understood 
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technically." Specifically, there does not appear to have ever been any 
deliberate attempt to capitalize on the ability of the transistor to become a 
true negative resistor under certain manufacturing techniques and under 
certain conditions.’ Instead, the variations and difficulties in manufacture 
resulted in use of the point-contact transistor being essentially bypassed 
rather quickly, by advancing to other transistor types more easily 
‘manufactured and with less manufacturing variances. In reducing the 
‘manufacture of other types of transistors to a science rather than an art, the 
point-contact transistor and its further development and optimization into 
reliable true negative resistors were abandoned. 


We present this transistor as a straightforward and relatively inexpensive 
area in which young researchers in COP> 1.0 systems and phenomenology 
may wish to begin, assuming they have access to semiconductor facilities 
in a university or similar or are willing to work meticulously under a 
jeweler's loupe. A rich combination of effects in the transistor awaits 
‘optimization and control. We predict that we shall yet see, on the world 
market of the future, such point contact transistors reliably exhibiting 


“* E.g., different theories are given in: (a) W. Shockley, "Theories of high values of 
alpha for collector contacts on germanium,” Phys. Rev., Vol. 78, 1950, p. 294: (b) 
W.R. Sittner, "Current multiplication in the Type A transistor,” Proc. LRE., Vol. 
40, Apr. 1952, p. 448-454. Also of interest is (¢) W. van Roosbroeck, “Theory of the 
flow of electrons and holes in germanium and other semiconductors," Bell System 
Tech. J., Vol. 29, Oct. 1950, p- 560-607. See also (d) J. Bardeen and W. H. Bratti 
The transistor, a semiconductor triode,” Phys. Rev., Vol. 74, 1948, p. 230. For a 
‘more modern re-examination, see Shuji Hasegawa et af, "Electronic transport at 
semiconductor surfaces — from point-contact transistor to multi-tip STM," Oyo 
Buturi, 7010), 2001, p. 1165-1171 (in Japanese), 


' E.g., the point contact is usually under pressure, and this pressure of course can 
be varied. The full phenomenology of points (which increase voltage) and pressure, 
complicated by surface effects as well, has not been worked out in physics. Note the 
similarity of the pressure in the point contact transistor to the pressure in the Chung 
negative resistor, Note the almost certain involvement of the “overpotential” of 
chemistry and electrode chemistry, as well as the “double surface" effect of the 
small gap between the point and the substrate on which it rests in contact. Part of 
the gap probably even involves the Casimir effect as well. Any electrical signal 
variation in that very complex point junction will vary the overpotential, the stress 
potential, the "point increase in voltage” effect, ete. As can be seen, the 
phenomenology ofthe point contact is remarkably complex and rich in several areas 
‘ofphysics and in a great variety of physics variables. Obviously. the reasonable 
‘control ofall these highly nonlinear variables — and their mutual interactions — is a 
difficult matter. Hence the readiness with which point contact transistors were 
dropped with substantial sighs of relief. 
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negative resistance. It will be necessary, however, to also take into account 
the symmetrical self-regauging characteristics of the common closed- 
current-loop circuit. By adroit switching ofa true negative resistor in and 
out ofa closed-current-loop branch, or placing it in parallel with the back 
emf of that branch to reduce it, asymmetry can be introduced into the 
overall closed current loop circuit, defeating the Lorentz symmetrical 
regauging. Defeating the Lorentz. condition is essential to COP>1.0, of 
course. 


We envision such a development as an ideal "negative resistance shunt" to 
add across the secondary of.a transformer, and another possibly across its 
primary and across the external power supply as well, in producing more 
amenable and easily fabricated COP> 1.0 electrical systems. We also point 
out that, once the back emf or back mmf forcing of equal power 
dissipation in the primary of a transformer or in the emf section of a circuit 
is dramatically reduced or eliminated, one does not require "large 
intensity" potentials and voltages to collect a great deal of power in the 
intercepting and receiving external circuit. Again, by simple W = Vq, as 
much energy W can be collected from any nonzero potential V as there are 
charges q to intercept. 


We also envision such a true negative resistor being close-looped by the 
Bedini process, thus producing a small "self-powering” transistor, which in 
effect becomes a small self-powering "battery". This is absolutely a doable 
process, and it will be done once the Fogal semiconductor is in production, 


Almost all semiconductor materials are also optically active materials, and 
a point discharge into such materials represents a very sharp regauging 
(higher voltage) discharge at a point or into a very small area, due to the 
increase in potential at the tip where it contacts the base material. The 
point junction is under pressure, so a stress potential exists there. In 
addition, the well-known "point" effect also increases the potential in the 
junction pointer itself, from its base to the point. The point contact 
phenomenology of different materials — one conductive and one 
semiconductive — is of much interest, and with novel phenomenology. 


‘The fact that the point-contact transistor in its most usual formulation 
primarily uses holes more than electrons, is also of much interest in 
COP>1.0 situations. Holes in a circuit move against the voltage. The trick 
is to let the Dirac holes before observation move in an open path from the 
ground return line against the back emfto the potentialization line, and 
transduce the moving hole current (via the Bedini process) into electron 
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current afier the holes have already freely reached the vicinity of the high 
side of the circuit. 


When Dirac sea holes (causal positrons before observation and thus prior 
to their alteration to lattice holes and parity reversal) and Dirac sea hole 
current are also involved with point-contact transistors, the resulting 
phenomenology has been but little investigated and none of it is in the 
present textbooks. However, from recent work with positron probes and 
positron microscopes to examine semiconductors and semiconductor 
materials, it is known that the holes (positrons) tend to be repelled from 
nuclei in the material into defects (voids) in it {331}. These effects have 
been investigated, for example by Triftshauser er al. (332) 


Both the mechanical stress potential (which is fundamentally 
electromagnetic) and the heightened junction potential decompose via our 
reinterpretation of Whittaker's 1903 decomposition of the scalar potential. 
This leads to optical-type pumping in both the time domain as well as the 
3-space domain, Hence novel optical-type effects and time-reversal of 
material states can be involved, leading to a very complex set of phase 
conjugate phenomena, time-reversal phenomena, etc. 


Certain Hall effects employed in conjunction with a point contact 
transistor could be a fruitful area of investigation. As an example, narrow 
Hall bars with junctions between current and voltage leads of various 

geometries could be investigated. Widening the junction from the normal 
Square-comered shape can sometimes produce a negative Hall resistance. 


The junction of the point contact involves asymmetrical self-regauging, 
iterative time-reversal retroreflection, increased Poynting and Heaviside 
energy flow components, optical scattering processes inside the junction 
materials, etc. The transistor can indeed be manufactured so that these 
highly nonlinear effects sum to a negative-resistor-like movement of the 
output current against the voltage, although with so many other 
phenomena involved it will require some hard work and research in order 
to develop and stabilize it — and understand it. 


5.8.5 Bedini's Negative Resistor Process in a Battery (333) 


5.8.5.1 Some Pertinent Lead-Acid Battery Processes 
A lead-acid storage battery is a highly nonlinear device. The plates may be 
plante, pasted, or tubular etc. They are usually highly porous and have a 
thin oxide layer. They may have other coatings and the electrolyte solution 
may include additives to enhance operation. The plates consist ofa mix of 
crystalline materials in most cases. The plate materials include acicular 
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NB-Io? can be deployed in three different modes: 


>> Standalone asa dedicated carrier: Can use GSM frequen- 
cies in a bandwidth of 200 kHz. This does not require LTE. 

>> Guard band: Uses a free resource block within the LTE 
guard band, This allows the loT devices to not campete with 
other LTE devices for the resource blocks within the carrier 

3 LTE in-band: Uses a resource block within the LTE frequency 


band. The rest of the blacks are used by the regular LTE 
devices. 


Long Term Evolution for 
Machines (LTE-M) 


© 


Like NB-IoT, Long Term Evolution for Machines (LTE-M or LTE 
Category M1) leverages a narrow slice of existing LTE spectrum 
to send and receive data for IoT devices. LTE-M has the same 
benefits as NB-IoT, but uses a larger network slice than NB-loT 
(4.4 MHz compared to 180 KHz in NB-IoT) and leverages the LTE 
protocol more than the NB-Io’ in terms of reusing the same con— 
trol, data, and transport channels. 


Verizon launched the first LTE-M networkin the U.S, on March 31, 
2017, and ATT Wireless was expected to follow shortly after. 


LoRaWAN and Sigfox 


Long Range Wide Area Network (LoRaWAN) is a Low Power 
Wide Area Network (LPWAN) specification for wireless, battery 
operated Io devices. LoRaWAN operates in the sub-1 GHz unli- 
censed spectrum band. This limits the volume and frequency of 
traffic, as well as the ability of the base station to control the 
network and send traffic down. However, LoRaWAN has great 
advantages in terms of battery life and cost, and communication 
is bi-directional. 


Sigfox is a French company that created a technology similar to 
LoRaWAN for IoT device communication. Sigfox technology uses 
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(needle-like) crystals, particularly the negative plate. The plates usually are 
porous, knit, and have gridded separators, 


‘The chemistry of the battery electrolyte is complex and — even today — 
not all of it is well understood, particularly when mass transport 
accounted. In our discussions, we will be including some of the previously 
neglected phenomena during mass transport (jon sluggishness in moving) 
that are responsible for some of that lack of understanding, In the battery 
chemistry, there are many double surfaces between the ions and also there 
is a variety of point voltages. There is a separate theory for double 
surfaces. 


One ofthe most important phenomena is that the ion currents in the 
electrolyte are confined to the battery, and do not pass out into the external 
circuit. Much of the electron currents in the external circuit are blocked at 
the plates from moving within the electrolyte. Consequently, we will limit 
‘our discussion to two major currents of interest! in a battery-powered 
system, and these currents are effectively isolated from each other (at least 
to first order). Those currents are (i) the ion currents in the electrolyte, 
confined to between the plates and therefore internal to the battery 
electrolyte, and (ii) the electron currents between the outside of each plate 
through the inside ofthe plate and on out through the external circuit and 
then around to the inside and thence to the outside of the other plate. 
Chemical changes occur on the plates themselves as a result of these two 
currents, 


It is usually assumed in power systems that these two currents are in phase 
or almost entirely so. That need not be true at all, and Bedini takes specific 
advantage of deliberately arranging these two currents to be antiphased 
part of the time. Part of the Bedini effect can be understood from this fact, 
alone; the other part must consider one other most unusual electrical 
current that is encountered only in battery-powered systems or COP» 1.0 
systems. 


So indeed there are several (many) currents in a lead acid battery [334], 
not just one, and we will consider three of them — the two previously 

mentioned, and an additional Dirac sea hole current in the local vacuum 
itself. The reader interested in greater technical depth should also turn to 


“ Ofcourse, there are many other currents in a battery as well, but — although an 
‘oversimplification — these two major currents together with the Dirac sea hole 
current will suffice for our introductory modeling and explanation purposes. 
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the literature of electrode chemistry and electrochemistry {335a-f}, which 
is quite complex. 


5.8.5.2 Dirac Sea Hole Current 

Ina battery-powered COP» 1.0 system (and in some COP>1.0 systems), 
there is a previously unrecognized significant flow of Dirac hole current in 
the local vacuum, running from the output section of the system to the 
system input section and thence through the conductors into the battery 
terminals and onto the battery plates, and on into the battery electrolyte 
chemistry. This hole current may be greater — evenfar greater — than the 
normal electron current running from input to output. 


So in the battery-powered overunity system with positive feedback, not 
only does an electron current run from the battery through the connecting 
conductors to the input section ofthe system, but also a Dirac hole current 
pours back out of the system input section, and — if not intercepted and 
‘transduced — through the conductors and back into the battery. All the 
while, this Dirac hole current is "eating" electrons being furnished by the 
battery to the system. The net result is that the battery "sees” an extra load 
to be powered, in addition to the ordinary load presented to it by the 
normal system input section. It "sees” the situation as an "extra load” 
because it first has to furnish sufficient electron current to fill the hole 
current and "kill" it, before it can furnish the additional electrons to power 
the system in normal fashion.'** 


“5 An odd effect occurs in the battery, however, when the battery completely 


discharges in the normal sense. Actually. itis still fully charged with positive energy 
charge, but also has been simultaneously charged with negative energy charge. With 
the excess negative energy holes continuing to charge the battery with negative 
energy charge, the battery becomes increasingly charged with net negative energy 
‘There is almost no limit to the negative energy charge the battery (i.e.. the local 
Dirac vacuum portion of its supersystem) can take, except the eventual development 
‘of antigravity effects due to the inverse and increasing curvature of local spacetime 
in which the battery is embedded. After a battery has been used to power a 
COP»1.0 system for some time, one can take the battery off, place it on a normal 
battery charger, and it will then “eat” positive power for an extended period of time 
—eg.. aweek or longer. During this period, one is steadily negating the inverse 
‘curvature of the local vacuum via the increased positive energy collecting in that 
spacetime. The battery again finally passes through zero voltage and net charge 
again, and suddenly starts charging up again in a “normal” sense with positive 
energy charge. This process actually increases the lifetime and function of a battery 
in a startling manner. Bedini has used batteries almost devoid of charge and energy 
in the normal sense, and powered systems very well with them, even for longer than 
‘a year continuously. 
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A. COP» 1.0 EM system is an excited system far from equilibrium in its 
exchange with its active environment. For all such excited systems, there 
exist significant decay mechanisms to bring the system back into 
equilibrium with its environment, since equilibrium yields the lowest 
energy state and maximum entropy. The Dirac sea hole current (negative 
energy current) is nature's unexpected natural decay mechanism to sharply 
decay a COP» 1.0 system back to an overall COP<1.0 system when the 
external power supply is considered also.'* 


So when Dirac hole current back through the local vacuum and through the 
system is involved, the battery first has to furnish electron current to fill 
these holes at the rate they aré appearing in the input section, thereby 
furnishing a primary “hole-filling” electron current component which 
“disappears” into the Dirac vacuum and is lost.'*” Only after the holes in 
the hole current are filled — and the hole current is being steadily nullified 


"6 It decays the true negative resistor power system back into being only a 
dijjerential negative resistor section of a slightly extended metasystem including the 
ower system and its external power supply. This novel decay mechanism also 
prohibits close-looping the now differential negative resistance power system for 
self-powering, unless the hole current is first converted into electron current, as 
discussed in Chapter 9 and in paragraph 4.9.6 below. 


"The filling of these Dirac sea holes is not pair annihilation in the usual sense, and 


tno radiation is emitted. Instead, the energy ofthe radiation that would otherwise be 
‘emitted is added to the negative energy curving the spacetime. Hence the net 
curvature of spacetime relaxes because of superposition. In effect, the 
vacuum/spacetime itself reabsorbs the energy as relaxation spatial energy added 10 
the curvature energy ofthe curved spacetime, reducing that curvature. Particularly 
see Mendel Sachs, Quantun Mechanics from General Relativity: An Approximation 
Jor a Theory oftnertia, Reidel (now Kluwer), 1986. A generalization of quantum 
mechanics is demonstrated in the context of general relativity, following from a 
generally covariant field theory of inertia, Nontelativistically. the formalism 
corresponds with linear quantum mechanics. In the limit of special relativity, 
nonlinearity remains and several new features are derived: (j) Particle-antiparticle 
pairs do not annihilate; an exact bound state solution is derived corresponding with 
all experimental facts about annihilation/creation — which, in approximation, gives 
the blackbody radiation spectrum for a sea of such pairs, (i) A result is proven, 
without approximation, that is physically equivalent to the Pauli exclusion prineiple- 

which in linear approximation gives the totally antisymmettised main-body wave 
function and Fermi-Dirac statistics, (ii) The hydrogen spectrum is derived, 
including the Lamb shifts, in agreement with experiment; new results are found for 
high-energy electron-proton scattering, (iv) Finally, several applications to the 
elementary particle domain are demonstrated, in agreement with results from 
‘experimental high-energy physics. 


261 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


— can the battery then send additional electrons which do not disappear 
and which are accepted in the system input section to power the system. 
We discuss this Dirac hole current in some detail in Chapter 9, including 
how to convert it into useful input electron current to the system, reducing 
the current load on the external generator and enabling self-powering. 
Bedini invented the method of transducing available negative energy hole 
current in the vacuum into electron positive energy flow to charge the 
battery and power the system, preventing decay of the COP» 1.0 system 
back to COP<1.0. 


We shall not discuss the complexity of the additional chemical reactions 
ongoing in the battery electrolyte and on the plates. The two main mass- 
containing currents and the negative energy Dirac hole current will suffice 
to explain the Bedini negative resistor formation and usage, at least to first 
order and sufficient to stabilize systems. 


5.8.5.3 Changing Symmetrical to Asymmetrical Regauging 
To first order, we reiterate that the electrons flow from one plate of the 
battery through the external circuit to the other plate, but the lead ions do 
not. There is thus a sharp "two separate currents" interface at the plates and 
thus a sharp separation between the electron current and the ion current. In 
short, there are actually two half-circuits in the battery-powered system if 
‘one chooses to use them semi-independently. 


The current carriers in the two half-circuits are quite different. Therein lies 
the opportunity to separate and antiphase the two currents, using one to 
recharge the battery while the other is used to power the loads. It also 
allows a good opportunity to asymmetrically regauge both half circuits, 
greatly and freely increasing the Poynting energy component intercepted, 
collected, and used by each half-circuit's carriers. This is the basis for a 
profound “opening” ofthe system and influx of excess vacuum energy. 


‘The two half circuits meeting at a common interface allow a stress 
potential upon that interface to individually use the two halves of what is 
normally Lorentz’s symmetrical regauging. That usually symmetrical 
regauging (if the complete circuit were unitary) is now comprised of two 
separated asymmetrical regaugings, one for each of the two circuit halves, 
because the net stress potential (net Lorentz symmetrical regauging) — 
consisting of two opposing fields and forces — is split into two now- 
individually-separated and separately utilized force fields 


We accent this process by an analogy. Suppose we suddenly place a scalar 
potential upon a point in the middle of a transmission line. Immediately 
the potential races off (spreads) in both directions simultaneously, at 
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nearly light speed. Further, in each direction there is a moving gradient of 
hence an E-field by E=—V@. These E-fields or "emf" are oriented in 
opposite directions, so there is a movement of charge from the middle of 
the line toward each ofthe ends, The same "dephasing" current effect can 
be applied to any conductive medium or to the interface between two 
conductive circuits. 


In Bedini’s negative resistor case, the placement of the potential @ — for 


its movement in both directions — is on the interface (the face of the lead 
plates) between the two half circuits and therefore between the two 
different current carrier types. An initial "Lenz's law” reacting with the 


suddenly placed E-field onto the plate surface, creates an E-field in 
opposition, forming a stress potential § which is much higher than the 
normal potential of the battery (in a nominal case, 100 volts instead of the 
12 volts of the battery). 


Immediately this potential "takes off in both directions", with a powerful 
E-field and emf back into the outside circuit and its load, while a powerful 
E-field and emf also proceed into the battery electrolyte in the opposite 
direction. So the ions in the battery have a sudden, much higher energy 
interception and collection forced upon them, with the excess emf now 
being in battery-charging mode. The electrons in the outside circuit 
simultaneously have an excess emf and potentialization in the load- 
powering mode. Let us see how the two very different current carriers 
react to these "dual emfs” in the overall circuit 


5.8.5.4 Mass-to-Charge Ratios ofthe Two Current-Carrier Types 

We stress the dramatic difference in the mass-to-charge (m/q) ratio ofthe 
two currents. The lead ions’ mig ratio is some few hundred thousand times 
the mig ratio of electrons, as we recall. For our purposes, all we need to 
know is that the nvq ratio for the lead ions is very much larger than the 
m/q ratio for the electrons. For a given force, the ions in the internal half 
circuit in the electrolyte will therefore respond very much slower than will 
the electrons in the external circuit half. 


5.8.5.5 Hysteresis Between the Responses ofthe Two Half-Circuits 
Because of this great disparity in the m/q ratios of the two mass currents, 
there is obviously a relatively significant hysteresis (time delay) between 
the response of the more massive ion current and the response of the far 
less massive electron currents that interact at the plates to try to change the 
ion current and its momentum. This time-delay between ion response in 
the electrolyte (the effect) and electron pileup urging (the cause) can be 
adroitly manipulated. Specifically, it can be used to alter the local vacuum 
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potential and cause it to add excess energy to the ions in charging mode 
and simultaneously to add excess EMF to the electrons in circuit-powering 
mode. In short, the response delay can be manupulated to "asymmetrically 
regauge” the mass currents in the system, freely changing their potential 
energy, and dramatically increasing how much potential energy i 

available for battery recharging and how much is available for powering 
the external circuit (loads and losses). Further, during the antiphase 
condition of the two current halves, the battery can be charged 
simultaneously while the external circuit half and load is being powered. 
Excess energy is fed into both actions by the overpotential (the stress 
potential) created at the surface of the plates. 


5.8.5.6 Evoking the Initial Bedini Negative Resistor Effect 

Figure 5-9 shows the first phase of Bedini’s negative resistor process. 
Consider the battery in normal load-powering operation. From the extemal 
circuit, a very sharp leading edge rise of a pulse of electrons and potential 
is sent to the battery plates in "back-popping" or "battery charging” mode. 
The back-popping electrons drive in nearly instantly, piling up on the 
negative plate '* and trying to force the heavy ions to start moving in the 
battery recharging direction. The pile-up that results in the stopped 
electrons on the battery plate surface represents an increase in local current 
density, hence an increased potential. This produces the 100 volts 
potential, during the time that the ions have not yet responded to any 
appreciable degree. 


Due to much larger m/q ratio ofthe sluggish _for a moment they lag 
due to their greater inertia, and this allows the much more agile electrons 
to "pile-up", producing a substantial overpotential as the local current 
density increases. The lagging ions are being steadily overpotentialized 
during this "lag time”, up to about 100 volts in a normal 12-volt battery. At 
the same time, electrons are being forced back out of that higher 100-volt 
area and into the external circuit and its load, which had been at 12 volts. 
Recall now that these electrons can move longitudinally only at the drift 
velocity. Hence all electrons in the external circuit are now highly 
overpotentialized, and in load-powering mode. The overpotentialized 
electrons are thus producing excess power in the extemal circuit, much 
more than normal. 


'S* We are not using conventional "positive current and positive plate” as the high 
side ofthe potential. We are using “electron current and the negative plate” as the 
diving potential plate 
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‘Then the overpotentialized ions very slowly (compared to the electrons!) 
slow, stop, and begin to move in the opposite direction. They reluctantly 
respond and move in battery recharging mode. During that ion-response 
lag time, and the slower initial portion of the response, the electrons in the 
pulse continue to furiously surge in and pile-up on the negative plate, 
overpotentializing both the ions and the external circuit's electrons, while 
also some of them are being impelled back out into the external circuit to 
power it with extra overpotentialized energy dissipation. The charge 
density at that plate sharply increases due to the pile-up where the charges 
are "squeezing" together (clustering). There is a much higher potential 
suddenly rising in the squeezed charge cluster, because of the increased 
charge density there. As we stated, this potential nominally may be about 
100 volts during this initial phase. 


We call attention to the simple equation W = VQ, where W is the potential 
energy added to charges Q exposed to voltage V. 


Simplified, the excess energy WIONS freely impressed upon the ions is 
Wiows = £100 -12\Qions) [43] 


where Q is the total coulombs of charge of overpotentialized ions and 
£(100 -12) is the magnitude of the overpotentialization of the ions. 
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At the same time, an excess energy is impressed upon the electrons in the 
external circuit by the same potential extending along the conductors into 
the external circuit. Again, this excess energy WE is given by 


We = (100 -12)(Qe) [44] 


where Qe is the total coulombs of charge of the overpotentialized 
electrons and f(100 -12) is the magnitude of the overpotentialization of the 
electrons. 


But the emfon the electrons from the pile-up is directed in load-powering 
direction, as can be seen. Consequently the ion current and the electron 
current have been deliberately dephased by 180°, and so the overpotential 
energy of the ions is delivered in battery-recharging mode, while the 
overpotential energy of the electrons is delivered in circuit load powering 
mode. 


Recapitulating: Pulsed pile-up of excess electrons on the negative plate 
interface between the two currents, while the ions are beginning to respond 
or only sluggishly responding, produces a much higher potential (an 
overpotential) on the sluggish ions — nominally some 100 volts in a 12- 
volt battery. On the negative plate, momentarily there is now a much 
higher voltage (with respect to the positive plate) than normally exists in 
the 12-volt battery. This voltage overpotentializes both the reluctant 
charging ions in the battery solution between the plates, and the powering 
electrons back into the circuit in powering mode due to the reversal ofthe 
emf. Since there is, say, 100 volts across the battery momentarily, there is 
also 100 volts now across the extemal circuit momentarily. Accordingly, 
overpotential excess powering of the extemal circuit load is suddenly 
evoked, while at the same time overpotential recharging of the battery is 
also evoked. '? 


In short, the ion current in the battery and the electron current into the 
extemal circuit have been placed 180° out of phase, achieving one major 

requirement for a COP> 1.0 electrical system: violating the integrity ofthe 
closed current loop circuit. The battery is recharging at the same time that 


™ Another of Bedini's innovations is to shunt the excess voltage (say, above 14 
volts) into an external capacitor on the circuit side. In that way with his 
overpotential he can be (i) overcharging the battery, (ii) powering the load, and (iii) 
storing excess energy in that capacitor, from the altered vacuum — all 
simultaneously. 
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the extemal circuit is being powered, from the same free overpotential, and 
both recharging and circuit powering are driven by increased emt 


We strongly accent that the overpotential at the plates represents a change 
in the local vacuum potential, and it identically is part of that now-altered 
local vacuum potential. ‘The vacuum, since it contains enormous EM 
energy in virtual state, is a very powerful EM potential. Any EM potential 
in our circuits is automatically a change to the ambient vacuum potential, 
or a change to another potential that is such a change to the vacuum 
potential. In the most exact sense, this is a method of overpotentializing 
the plate interface with excess energy from the vacuum, and then letting 
that energy flow onto the ions to recharge the battery and onto the 
electrons in the external circuit to power it and its load. 


‘The Bedini overpotential at the battery plates decomposes via Whittaker 
1903 {85} as reinterpreted and previously explained, so that excess energy 
is entering 3-space there,from the time domain. Further, the piled-up 
electrons on the plates and the ions (as charges) in the solution receive 
such potential energy from the increased potential on them via the same 

jon process. So the creation of the Bedini overpotential on the 
together with dephasing the two currents, is the creation of a 
true negative resistor at the plates, freely receiving energy from the 
external vacuum (from the time domain and virtual state) and transducing 
it into real potential energy and emf on the internal ions and on the 
extemal circuit electrons. 


Hence Bedini has invented a process for creating a true negative resistor 
inside a storage battery, and for suddenly thrusting the system out of 
equilibrium with both the active local vacuum and the active local 
curvatures of spacetime. As such, the thermodynamics of open systems far 
fiom thermodynamic equilibrium applies, and that system is permitted to 
exhibit COP>1.0, while complying with energy conservation and the laws 
of physics and thermodynamics. With adroit use and collection of the 
excess energy, the externally collected energy can be used to close-loop 
the system and power all its functions. So the system is permitted to power 
itself and its loads, with all the energy being received from the vacuum via 
the broken symmetry created. Any overpotential is a dipolarity a priori, 
Hence creating an overpotential is precisely 


since any potential 
producing an extra broken symmetry of that dipolarity right there at the 
interface between the two half-circuits and the two dephased, localized 


currents, 
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During the "back-popping” pulse signals, one should not think of the 
energy pulses that Bedini inputs to the battery as the "powering” energy. 
Instead, one must think of each pulse as 
which initiates certain other key negentropic interactions to freely occur, 
once the electron pile-up occurs. The resulting negentropic interactions 
then add substantial additional energy (from the local active vacuum) to 
the ions in the ion current and to the electrons in the electron current. The 
freely added energy can be appreciably more than the switching or 
triggering energy that is dissipated as the "input by the operator 


In short, Bedini deliberately "switches" and “triggers” certain kinds of 
vacuum exchange interactions, effectively creating a true negative resistor 
in the battery itself.'® Due to the broken symmetry of the increased 
dipolarity (overpotential) that Bedini makes in “electron pile-ups” urging 
reluctant and delayed ion response, the vacuum furnishes extra virtual 
particle flux to this pile-up of electrons on the plate, which produces an 
enhanced Poynting energy flow that interacts with the ions in the battery 
electrolyte. Being charges, these ions thus transduce some of the excess 
absorbed virtual photon energy into real observable energy, thus increasing 
their potentialization and energy. 


Bedini's method does the following: (i) It forms a true negative resistor in 
an unexpected way, upon the plates between a pile-up of electrons and the 
ions in solution in a common lead acid battery, (ii) it uses that negative 
resistor to extract excess energy from the vacuum and furnish it both to the 
ions forced into charging mode and simultaneously to the electrons in load 
powering mode, and (iii) it adds several other stimuli (such as Lenz law 
effects) which further amplify the negative resistor and enhance the effect, 
increasing the excess energy extracted from the vacuum and collected in 
the battery-charging process and also in the circuit-powering process 
simultaneously. 


Specifically, the delay in ion response is adroitly allowed for and 
manipulated by Bedini to place the battery in ion current recharging mode 
while the signal pulse electrons between the plates and the external circuit 
are simultaneously placed in external circuit powering mode. By 
manipulating the hysteresis and adroitly timing the electron pulses and 
pulse widths, Bedini breaks the usualforced Lorentz symmetry ofthe 
excitation discharge in a usually closed current loop containing both the 


° Again we stress that any dipolarty or potential is a negative resistor, producing 
giant negentropy ( 12} 


268 


very low bandwidth connections. It is not bi-directional and is 
only used for sending sparse uplink data with very limited down- 
link. Like LoRaWAN, Sigfox operates in the sub-1 GHz space and 
thus uses very low power. 


LoRaWAN and Sigfox will be used with certain types of sensors, 
smart meters, and other low data loT devices. A disadvantage for 
these technologies is that, unlike NB-IoT, which is built on top of 
existing LITE infrastructure, LoRaWAN and Sigfox are not inte- 
grated with LTE, However, the cost of deploying a LoRaWAN or 
Sigfox based Io'T device is far less than for an NB-IoT or LTE-M 
device — by an order of magnitude, since NB-IoT and LTE-M 
devices must integrate LTE modules into their devices. 


technology decisions, it is likely that many standards, protocols, 
and technologies will need to co-exist. Factors such as cost, cov- 


® As countries and mobile network operators (MNOs) make IoT 


newewsen erage, battery life, and integration with older 4G networks will 
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determine which standards, protocols, and technologies are best 
for each use case, 


"The 3GPP specifications for loT technologies are just starting to 
come out as part of the LTE-A Pro standards. Many loT devices 
will need to operate at very low power, ideally suited for sub-1 GHz 
spectrum rather than the millimeter wave (mmWave) spectrum 
(discussed in Chapter 6). That said, there are some compelling 5G 
techniques, like resource spread multiple access (RSMA) wave- 
forms that allow grant-free transmissions for “things” to send 
their data without prior scheduling by the eNodeB. As a result, 
the scheduling algorithm becomes less complex. 5G will also 
enable multi-hop mesh for these low-power devices, allowing 
out-of-coverage devices to relay to other connected devices in 
order to send data to the eNodeB. 


5G For Dummies, Ixia Special Edition 
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battery's source dipole and the external load. This is possible since his 
method deliberately opens the system so that vacuum energy enters freely, 
increasing the potentialization (energy collection) of the ions in the battery 
solution and upon the electrons between the plates and the external circuit 
as well. 


We stress that Bedini has chosen to avoid the usual dissipation of half the 
energy collected in the external circuit to do nothing but kill the source 
dipolarity between the battery plates. He works on "that half of the circuit” 
that is usually just called the "back emf region” and ignored, and he 
separates and dephases that half of the circuit from the other half. By 
interrupting that normal "back emf battery-discharging section dynamics 
and converting it to "forward emf battery recharging section dynamics, 
while simultaneously powering the external load, Bedini temporarily 
produces and utilizes a negative resistor right there on the surface of the 
battery plates themselves. 
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Figures-10 Pas othe Bei negative resistor process ina storagebtlry 


5.8.5.7 Further Increase ofthe Negative Resistor Effect by Lenz's Law 
See Figure 5-10. To further increase the Phase I effect just before it would 
end, and requiring precise timing of his switching of the pulse leading edge 
and trailing edge, Bedini then invokes a second phase by carefully 
controlling the timing for the sharp cutoffofthe "stimulus pulse” creating 
the negative resistor. This is usually invoked just as Phase I is preparing to 
end, but experimentation and adjustment for optimization to the individual 
circuit conditions may be required. 
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Invoking the Lenz law reaction by minimizing the stimulus pulse cutoff 
time, Bedini sharply increases the already-increased negative resistor 
overpotential by a Lenz's law induced voltage surge, and sharply raises it 
to as much as 400 volts nominally. The process also sustains the negative 
resistor overpotential for a longer period, while increasing it again during 
this second phase. Thus even more free energy from the altered local 
vacuum potential is delivered to the ions in charging mode inside the 
battery, while simultaneously even more energy is delivered to the external 
circuit electrons in powering mode. The overpotential period is also 
extended. In this second phase, the extra energy Wyoxs added to the ions in 
recharging mode is given by 


Wioxs = £(400 - 12)(Quoxs) [45] 


and the extra energy We added to the electrons in system powering mode 
is given by 


We = £(400-12)(Qe) [46] 
The total energy added to the system in Phase I by the negative resistor is 
Wr = Wioxs + We = f( 100-12)(Qe +Qions) 47 


‘The total energy added to the system in Phase II by the negative resistor is, 


Wr = Wioss + We = £(400-12)(Qe +Qioxs) [48] 


And so the total energy added to the system by the Bedini process is just 
the summation of equations [4-7] and [4-8]. With adroit switching, Bedini 
need only "pay" a small fraction ofthat freely received excess energy, in 
his own operator's input pulse energy and switching costs. 


So by invoking a novel negative resistance effect directly upon the driving 
plate of the battery, Bedini creates (in the first phase) and then further 
enhances (in the second phase) a "nearly free” overpotential and 
overpotential period inside the battery. This excess potential directly upon 
the electron-pileup plate acts in both directions — out into the electrolyte 
between the plates to overpotentialize the ions in charging mode, and back 
out into the external circuit in powering mode to overpotentialize the 
electrons now powering the load. During a fraction of the operating cycle, 
Bedini recharges the battery while powering the circuit simultaneously, 
and thus has invented a novel method for extracting energy from the 
vacuum and curved spacetime to enable a COP> 1.0 power system, 


‘This is just a description of one fundamental period where Bedini applies 
his negative resistance process. 
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Several other places in the operation of the circuit lend themselves to 
additional phases of negative resistor formation and usage, and Bedini 
does use them, We do not discuss them here, since our purpose is only to 
advance the fundamental principle involved. 


5.8.6 Independent Replication of the Bedini Negative Resistor Effect 
Independent replication of the Bedini effect was accomplished early on by 
Nelson and by Cole, and also by Watson. Nelson has chosen not to further 
publicize his own work for some years, perhaps due to his employment as 
a microwave switching engineer in a large (and conservative) aerospace 
company. Cole is deceased, and Watson abruptly withdrew —forcibly, in 
our opinion — from public research and all further contact with his close 
colleagues after successfully demonstrating (in 1984) an 8-kilowatt power 
system utilizing a modification of the Bedini process. We are almost 
certain that Watson received the "offer he could not refuse", and that 
Watson-type COP>1.0 power systems are in fact already powering exotic 
underground facilities that “officially do not exist” but which we are aware 
of. We briefly discuss Watson's 8 kW generator at the end ofthis Chapter 


For non-battery powered systems, as we explain in Chapter 9, any unitary 
COP» 1.0 EM system may experience a Dirac sea hole current decay 
mechanism which will produce an effective extra "load" in the system's 
input section, including on out into the extemal power sys 
general rule (sometimes violated), we estimate that the effect begins to be 
of importance at COP > 10° or so. Certainly it is of great importance in the 
range of COP > 10°. To operate stably at COP » 1.0, this decay 
mechanism must be dealt with and prevented. For close-looping into self- 
powering mode, this negative energy feedback must be converted to 
positive energy feedback, thus allowing self-powering mode where all the 
input energy is freely received from the vacuum, 


For battery powered systems, the hole current and “extra load in the input 
section” becomes of significance near COP = 2.0 or even less, because of 
interaction with the complex battery chemistry and the tendency to charge 
the battery with negative energy as well. So battery powered systems 
present a special problem for close-looping to achieve sustained self- 
operation. Bedini has long solved and demonstrated solutions to that 
problem in a variety of successful experimental systems. 


ant 
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To utilize Bedini’s battery-powered system at COP > 2.0, or to close-loop 
it for sustained operation, one must add another Bedini process that 
transforms negative energy current into posi current. That is 
Bedini's transducing negative resistor process { 
process briefly in the next paragraph below. 


Bedini has built many different motor-generator versions of systems self- 
powered by use of his negative resistor processes. Figure 5-I shows a 
Bedini motor similar to one that once ran offa single battery for more than 
three years without stopping, using the forerunner of the Bedini back- 
popping process for creating a negative resistance in the battery. Bedini is 
still building and testing such power systems; one of his prototype motor- 
generators today, capable of operating and self-powering offa single 
battery, is shown in Figure 5-12. 


5.8.7 Bedini's Transducing Negative Resistor. 
Figure 5-13 gives a simplified block diagram of Bedinis transducing 
negative resistor process, which asymmetrically regauges negative EM 
energy into positive EM energy. With this process Bedini is able to 
intercept the Dirac sea hole current running from the output section of a 
COP> 1.0 EM system to its input section, and divert the negative energy 
Dirac hole current to "reverse charge” a capacitor. The "reverse charge” 
consists of providing a hole current to the anti-negative plate of the 
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capacitor, so that holes acting as positrons pile up in the local vacuum of 
that plate. This attracts the trapped electron charges in the dielectric, 
straining the dielectric in the direction of the hole collection. At the same 
time, the other plate draws electrons from the system that would otherwise 
be in currents that fight the back emf of the primary source dipole for the 
system. That reduces the back emf of the system during the charging of the 
capacitor; in effect, the back emfhas participated in charging the capacitor 
with excess electrons on the negative plate. 


‘Then Bedini reconnects the charged capacitor to the conductors leading to 
the power supply, discharging the capacitor by electrons fumished to the 
negative driving plate of the battery powering the system, and 
simultaneously to the input section of the system itself in normal powering 
mode. Note that the holes simultaneously discharge from the capacitor’s 
anti-negative plate to the ground side of the battery, further charging the 
battery (the power source!) and the load as well 
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‘Though it does not appear in the conventional textbooks"! one can power 


a load directly by Dirac hole current, but one does so by using the hole 
current in exactly reverse fashion from how one would use electron current 
to power the load. Semiconductor components are also critical and usually 
should be avoided. In short, one simply reverses the terminal that is 
considered the "driving terminal”, and feeds the hole current to that "anti- 
negative” terminal as now the temporary driving terminal. 


The Bedini process thus allows the Dirac hole current (negative energy) 
produced by a COP>1.0 EM system to be fed back to the input section and 
transduced into positive energy input to power the system with electron 
current and also to recharge the battery with positive energy. 


* Lattice hole currents of course do appear and are considered. However, even 
though the circuit designers consider a lattice hole as a positron, itis not such at all, 
because the mi ratio of the ion with one + charge is quite different from the m/q 
ratio of a true positron. The Dirac hole in the vacuum is effectively the “4-positron 
— still in negative energy Dirac 4-electron state — before its observation or 
interaction with mass. It is a true negative energy entity, and thus a negative mass 
entity. Prior to observation, it actually should be said to be a “negative energy x 
time" entity and a negative "masstime" entity. tis also a negative energy electron 
entity. This subilety is essential if one wishes to produce successful antigravity 
‘experiments on the bench, as we point to in this Book and as were exhibited by the 
Sweet vacuum triode amplifier at COP > 1.Sxl0. 
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‘This converts what would otherwise be negative energy feedback to the 
input section of the system (and to the battery) to positive energy feedback 
to its input section and to the battery. Instead of seeing the negative energy 
current in the input as an additional "load” to be powered, the external 
power supply sees it as excess positive energy input by the environment to 
the system, reducing the "load" represented by the system. It thus reduces 
the power required by the system from the external power supply. 


When the amount of “transduced” positive feedback electron current to the 
input section equals the "normal electron current draw” required by the 
system, the battery (or generator) can be disconnected and the unit will 
continue to operate in the self-powering mode, fed completely by the 
positive energy from the Bedini transduction process. The other 
Supersystem components (comprising the external environment of the 
system) will continue to power the system and its loads and losses, with all 
the input energy to the system being taken from the combined active local 
vacuum and local curvature of spacetime. 


5.8.8 Gray's "Splitting the Positive Pole” Engine. 
(One of the real pioneers in early application of causal positron energy was 
inventor Edwin V. Gray of Van Nuys California. In WW II Gray learned 
radar during his tour in the U.S. Navy, having previously attended 
advanced engineering school in the Army until discovered to be under age 
15 and discharged. After the war, by 1958 he had leamed to perform what 
he called "splitting the positive pole”, using "cold electrical energy" (his 
name for negative EM energy) as well as the normal positive electrical 
energy. His first motor was operating by 1961. Preparing to put units into 
production, in 1974 the Los Angeles District Attorney confiscated all 
Gray's records and prototypes. To escape bogus charges, Gray later 
pleaded guilty to two minor infractions and was released. His prototypes 
‘were never returned. After several mishaps, moves, and more prototypes, 
Gray died in Nevada under mysterious circumstances in April 1989. We 
quote directly from Lindemann {341}: 


"In the early 1980's, Gray offered the U.S. Government his 
technology to augment Reagan's SDIprogram. He 
actually wrote letters to every member of Congress, both 
Senators and Representatives, as wellas the President, 
Vice-President, and every member ofthe Cabinet. 
Remarkably, ... Gray didnot receive a single reply or 
even an acknowledgement!" 
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In fact, during his early experiments, Gray discovered he could power light 
bulbs with cold energy, etc. Later he was to demonstrate this fact ina 
sensational manner: With a light bulb lit from his generator, he simply 
immersed the lamp — electrical leads and all — in water, where it 
remained lit. With his hands in the water, he would have been electrocuted 
or severely shocked ifthe electrical energy involved had been positive 
(diverging) energy. Instead, it was negative (converging) energy.'” 
Another demonstration was to hit the coil of an electromagnet with some 
3,000 volts, which hurled the electromagnetic into the air — but did not 
heat it. The electromagnet’s coil would have been instantly melted ifthe 
energy had been positive, and the magnet would have been heated. 


The reader should recall the timing of Dirac’s theory of the electron 

{498a-b, 249}, which included the negative energy electron as early as 
1930. Dirac also pointed out that we would observe this negative energy 
electron as a positive energy electron of opposite (positive) charge and. 
positive mass, going in the opposite direction. The observed 3-positron and 
the unobserved negative energy 4-electron are quite different entities, 
producing quite different EM fields. The positron produces positive energy 
EM fields and positive gravity while the negative energy 4-electron 
produces negative energy EM fields and negative gravity. 


In 1930, to his previous theory ofthe electron Dirac introduced the 
vacuum energy: the electron sea filled with electrons occupying negative 


* By convention, "positive" energy has been associated with diverging EM ene 
Which is heating. Negative EM energy is associated with converging EM energy. 
which is cooling. In scalar interferometry (79), one can control whether the distant 
EM field energy emerging in space in the distant intererence zone shall be diverging 
(positive) EM field energy or converging (negative. cooling) EM field energy. This 
is determined simply by the biasing of the electrical grounds ofthe interferometer 
‘wansmitters. The weather control referred to in 1997 by Secretary of Defense Cohen 
(89} is accomplished by using multiple scalar interferometers, some to gently heat 
the atmosphere in certain selected local areas (forming low pressure areas by 
‘expansion ofthe air) while cooling it in other selected local areas (forming high 
pressure areas by contraction ofthe air). By then moving these highs and lows 
around adroilly, one can capture and steer the giant jet streams, thereby steering the 
weather as one wishes, and directing significant weather changes into an area. By 
placing fairly sharp turns on the jet streams, one can induce great spin energy, 
thereby spavining tornadoes. Interestingly. by sharply pulsing the interferometer and 
controlling its electrical ground bias, distant cold explosions or hot explosions can 
be produced at will. Such weapons have been tested worldwide, and many test 
incidents are given in our older books Fer-de-Lance and Gravitobiology 

Information on such incidents is available on website bitp://www.cheniere.org 
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energy states. The holes are treated as the positive electrons (as if 
observed). This vacuum energy medium is now referred to as the "Dirac 
Sea." First, Dirac attempted to identify these holes with protons, but that 
was falsified. Later the positron was experimentally discovered. 


One ofthe problems with present conventional application of Dirac’s 
theory is that the positron is not used in its unobservable causal negative 
energy 4-electron state by modem theorists and experimentalists, but afier 
observation where its direction has been reversed, its charge has been 
reversed, time has been stripped away, and the mass has become positive. 
So it is actually used as a positive energy entity having positive mass, and 
producing positive energy EM fields and positive gravity. This defeats the 
entire magic of the causal (unobserved) 4-positron as the electron carrier 
of negative mass and negative energy {convergent electromagnetic energy) 
in currents in the vacuum (spacetime) itself, rather than the electron carrier 
of positive mass and positive energy in ordinary 3-space. By replacing the 
unobserved (causal) vacuum 4-positron (negative energy electron) with the 
observed (effect) 3-positron with positive mass and positive energy, the 
entire vast area of negative energy EM fields — and thus direct antigravity 
via electromagnetic means — is discarded.'™ But the physicists avoided 
having to grapple with practical negative mass and practical negative 
energy (cool mass and cool energy). It also set back the pace of physics in 
discovering and engineering antigravity transportation for nearly three 
quarters of a century. 


It appears that Gray's thinking about cold energy was more prosaic than 
the somewhat esoteric considerations of the Dirac Sea theory. 

Conventional electrical engineering circuit theory considers positive 
charges moving around a circuit (although some electronics technical 
circuits required thinking in terms of electron current). Hence the "high’ 
side of the standard circuit was the positive polarity, or the positive pole of 
the terminals of a generator or battery. From this "positive pole”, positive 
current was sent around the extemal circuit to the ground return line by the 
forward emf (forward voltage). However, forcibly returning to the positive 
pole fiom the ground return line (ie., fiom the negative pole) were those 


** When the huge nondiverged Heaviside energy flow component is appreciably of 
convergent" or of negative EM energy rather than postive EM energy, the 
antigravitational aspects are substantive and observable (and practical). The 
unaccounted Heaviside negative energy flow component is often a tillion oF more 
times as great as the accounted Poynting negative energy flow component. Hence 
antigravity technology is possible and practical, as we present ina later chapter 
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same positive charges, being forced back up by the back emf and 
requiring expenditure of half the external circuit's collected Poynting 
energy. 


So to Gray, the positive pole had two currents, one usefull and one usually 
detrimental. The positive pole had (i) outgoing positive emf current 
powering the extemal circuit's loads and losses, doing the beneficial work 
(dissipating energy) in the external circuit with its load, and (ii) incoming 
positive current being forced back up against the back emf, doing the 
harmful work against the back emf and using up half the energy previously 
collected out there in the external circuit. Gray was aware that the work 
against the back emf was equal to the work done by the forward emf. So he 
set out to split these two currents apart, and catch the incoming current 
against the back emf separately, then use that normally wasted or 
oppositional energy to further power loads and/or recharge the batteries 
powering the system. Something like this was the way he was thinking 


That is what Gray called "splitting the positive pole”. He also reasoned 
(and found) that the "reverse current" must be cooling instead of heating, 
since it moves against the voltage and acts backwards from regular current 
dissipated in resistors, etc. This precisely matches the cold (negative) 
energy phenomena met in the Sweet vacuum triode amplifier and in the 
motionless electromagnetic generator, as well as other COP> 1.0 electrical 
systems. 


Gray's later demonstrations showed that he had recognized this process or 
something very similar to it, in his "splitting the positive pole 


5:14 Cross secon view 


5444 The Gay engine 


Faure 5:14 Ga "splting the postive" COP 0 engine 
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» Virtualizing the network for 5G and loT 


» Knowing which network elements to 
virtualize 


Chapter 5 
Getting Real About the 
Need to Virtualize 


irtualization has been a hot topic in the technology indus 
try for many years and its advantages transcend the cel- 
lular industry. In this chapter, you learn about the network 
elements that can be virtualized and the essential role of virtual 
ization in 5G. 


Driving 5G and IoT with Virtualization 


‘Telecommunications companies and mobile network operators 
(MNOs) have invested heavily in their 4G and Long Term Evolu- 
tion (LITE) networks. 'These organizations have embraced virtu- 
alization to enable faster, more agile, and scalable deployments 
that can keep pace with the explosion in subscriber data traffi 
and consumption, all while keeping control of their overall capital 
and operating costs. Even though these investments have already 
given users mobile connectivity of unprecedented speed and per- 
vasiveness, they have only laid the foundation of what's to come, 
as 5G and smart, connected devices start to roll out. 


‘A recent study by a division of Nokia Bell Labs provides a glimpse 
of what's coming. ‘The study found that the number of Internet 
of Things (lof) connected devices is expected to expand from 
16 billion in 2014 to well over 20 billion by 2020. Also, by 2020, 
global consumption demand for digital content and services on 
portable devices will see an average increase of 30 to 45 times the 
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To take advantage of his concept and principles, Gray developed a special 
engine shown in Figure 5-14. In 1975 Gray received a patent on this 
engine (337) along with his special means of battery powering and special 
switching circuits. 


Gray's engine uses pulsed capacitive discharge to power a magnetic motor, 
with recharging of the powering capacitors taking place berween 
successive discharge positions of rotor and stator. The motor runs by 
initiating repulsion rather than attraction, which — apparently without 
Gray recognizing it in such terms — invokes the notion of the "superpole” 
pioneered by Bedini. ‘The superpole is an important concept in COP>1.0 
research, though most researchers in the field have never heard of it. John 
Bedini conceived it several decades ago and demonstrated the surprising 
difference between a superpole and a common pole of double strength. 


‘When two equal and like magnetic poles are facing each other in repulsion 
with a small gap between them, a net stress magnetic potential (pole) 
formed in that gap which has an energy density some four times as strong 
as the normal field energy density in the field from one of the two 
opposing like poles. Hence the local energy density ofthe vacuum in the 
gap has been substantially increased above the energy density in the field 
region between a north and a south pole facing each other. Further, thi 
energy density is in a "field-free” Lorentz-regauged form, i, a stress 
potential form. From that superpotential ourward, there exists a normal 
‘magnetic field. But in it, there is no net magnetic field, but there is a 
"stress" field nonetheless. 


Compared to an ordinary magnetic motor using attraction as well as some 
repulsion, the exclusive use by Gray of the Bedini "superpole” principle 
caused an extra symmetrical regauging™™ ofthe local vacuum energy input 
to the system (to the gap between the poles) as the magnetic superpole 


'* Every conventional electrodynamics text already assumes and uses the Lorenz 
Lorentz symmetrical regauging as being absolutely free. Symmetrical regauging 
assumes that the energy of the system has been freely changed twice, but in such a 
Way that the two free fields formed are equal and opposite, forming a stress 
potential. Gray found how to split apart and separately use these two "free-flowing 
‘exchanges of energy between system and active vacuum” that comprise the overall 
stress potential of the system, and thereby violated the Lorenz-Lorentz symmetry 
condition, freeing the two equal and opposite EM fields and their free energy to be 

used individually and beneficially to (i) provide extra power to the load and (i) 
recharge the powering batteries so they did not run down. Using a different method. 
Bedini has done likewise. 
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(stress magnetic scalar potential). However, this stress potential is 
comprised of bidirectional longitudinal wavepairs, as shown by Whittaker 
in 1903. This superpole or stress potential thus can and does "split" into 
two different fields in antiparallel directions from each other. Since the 
north pole is deemed "positive" in magnetics, then using the two anti- 
comprising the free positive superpole is indeed "splitting the positive 
pole”. Gray coined a very apt phrase for what he was doing. 


ields 


Each of those antiparallel fields also involves an associated and 
unaccounted phase conjugate field {338a-c}, hence it is a time-reversed 
field (after observation). So opposing time-polarized EM waves also 
accompany Whittaker's decomposition waves. In short, the scalar potential 
accomplishes optical-type pumping in the time domain, and can be used to 
demonstrate time-reversal (as in Becker's bone-healing method). 


Before observation (interaction with charged mass) and while still in the 
causal state, the EM field from the positive pole is actually an EM field 
from a negative energy 4-electron, and the field can be taken to be a 
negative energy field! In our view, positive energy enters every point 
dipole in the polarized vacuum at the negative charge, thence to the 
positive charge, thence back to the time domain. From the positive charge, 
the positive energy is leaving 3-space back to the time domain, Hence 
positive EM energy diverges from the negative charge and converges on 
the positive charge, then "disappears", so to speak, back to the time 
domain from whence it came. The "disappearance" of positive (divergent) 
energy is the disappearance of heat energy; hence it is a cooling process 
rather than a heating process. Or said another way, negative EM energy 
enters 3-space at each point dipole, entering from the time domain to the 
positive charge. Thence it moves to the negative charge, and back to the 
time domain. We see or detect the positive energy flow in 3-space directly, 
while the negative energy flow in the Dirac vacuum is evidenced by the 
"backwards" interaction creating Newton's third law reaction force. 


By splitting the positive superpole, one has effectively destroyed the 
Lorentz symmetry condition. Hence the excess energy in the superpole 
will be capable of performing real work in the system in two directions. 
One direction is from the system to the external environment so that it 
produces the dissipation of energy (therefore work) in the loads and losses. 
‘The other direction produces a "negative resistor" or negentropic action 
that adds that much excess usable energy to the system back into its input 
section. By adroitly intercepting and switching that energy into capacitors 
and/or batteries, Gray was able to charge capacitors, recharge batteries, 
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and even power loads with cool energy (as demonstrated later by 
immersing a lighted electrical line and a lit light bulb in water). 


A positive-energy resistor becomes a negative resistor when fed with 
negative energy. Then it converges positive EM energy from the external 
environment and outputs it into the circuit in which the resistor is 
connected. Note that this is the same statement as the resistor receiving 
(extracting) negative energy from the circuit and emitting it back to the 
time-domain. That's like extracting back emffrom the circuit and tossing it 
offto the time domain. A conductor to positive energy flow is an insulator 
or dielectric to negative energy flow. Hence the normally "conductive’ 
‘water was a neat insulator for Gray's "dunking" demonstration of negative 
power, as were his own normally conductive hand and body. To negative 
energy, a coil seems to produce capacitance rather than inductance, while a 
capacitor seems to produce inductance rather than capacitance. 


‘Thus when the "positive pole is split" in the system, the system has broken 
its Lorentz regauging and is an open system in disequilibrium with the _ 
external vacuum environment, freely receiving excess energy from it.'** 
With adroit switching and energy capture, such a system is permitted to 
exhibit COP>1.0 because it has violated the free Lorentz regauging once 
the excess energy in the superpole region is discharged and used. 


SS When one analyzes the supersystem of any Lorentz-regauged EM system, one 
realizes that the extra stress potential energy — entering the system and "locked up’ 
as a stress potential due to the Lorentz condition — is actually a special relativistic 
rotation of the frame of the power unit away from the laboratory frame. That is, the 
system when rotated away from the lab frame, takes on free symmetrical regauging 
energy in that rotated frame as an excess stress potential. Gray's "splitting the 
positive" process simply separated the two appositive fields comprising the stress 
potential, then produced excess free energy from that broken free regauging Lorentz 
condition. Literally Gray splits Lorentz’s stress potential into halves, the halves 
being ts two opposing EM fields and their energy. This is equivalent to the system 
being rotated back into the lab frame, releasing its excess energy it possessed in the 
rotated frame back into the lab frame, Richard "Scott" MeKie has also filed a patent 
fon an invention deliberately rotating a capacitor’s frame and fully charging it — 
While itis in its rotated frame. The rotated capacitor can be charged with less energy 
furnished from the lab frame, than is obtained back out ofthe capacitor in the lab 
frame when the charged capacitor is suddenly rotated back and discharged. At least 
in theory, McKie's overunity process should be workable if the switching costs are 
negligible. Our contribution to MeKie was to advance the theoretical mechanism for 
the experimental mechanism he had discovered and was using. 
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FromUS Patent No 4661747 
‘SSindas Ane oa? 


gue 5:15 Gays comerson tube use ith power jens 


Gray also utilized a special conversion discharge tube, shown in Figure 
5-15. This tube uses the fact that a very sharp pulsed discharge in it results 
in a temporary COP» 1.0 condition. This COP» 1.0 condition instantly 
involves causal Dirac sea 4-positrons, moving as negative mass current 
and negative energy current in the local vacuum, which sweep back from. 
the output side of the discharge to the input side. 


We also point out the severe overpotential that must accompany any such 
violent pulse discharge process. The overpotential is a departure from 
equilibrium conditions, and is the difference between the actual potential 
and the equilibrium potential. The overpotential is well known and utilized 
extensively in electrochemistry (339a-c}, but is little used in conventional 
circuit theory. Nonetheless, it is involved in cold fusion processes due to 
the double layer phenomena {340a-b}, and it is involved in all electrode 
discharges (as from a cathode to an anode). It is also involved widely in 
electrochemistry and ion processes in solution, 


Figure 5-16 shows Gray's circuit containing his conversion tube. Figure 
5-17 shows Bedini’s successful replication of the Gray conversion tube. 
Figures 5-18, 5-19, 5-20, and 5-21 show four pertinent pages from Bedini's 
laboratory notebook on his replication ofthe Gray conversion tube and the 
Gray motor system, 
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In science, when a novel experiment is replicated independently, that 
experiment then is established as a scientific fact. It then becomes the task 
of the theorists to either change the theory to accommodate the 
experimental results, or come up with a new theory to explain them. With 
Bedini’s successful replication of Gray's work and extension of it, that 
work has now been scientifically established. With his "splitting the 
positive pole”, Gray was referring to an actual, usefull mechanism he 
evoked and used in the processes ongoing in his motor, in his conversion 
tube, and in his power system. 


285 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


Faure 5.21 Page stom Badia otebookonthe Gry coeion tbe, 


For further discussions about the Gray motor, conversion tube, and the 
history offi all, one is referred to the book by Lindemann {341}. 


5.8.9 Watson's Self-Powering Generator 

See Figure 5-22. In 1984, Jim Watson demonstrated a self-powering 
8-kilowatt generator at the International Tesla Conference in Colorado 
Springs. This generator was a modified extension of smaller motors and 
generators built by Bedini over a period of years. At the conference, 
engineers from the audience were invited to the platform to perform their 
own independent measurements of the unit, while it was running and 
powering its load. The engineers directly confirmed that the system was 
delivering power to the load (as could be seen visually also), and that it 
‘was recharging its batteries as well. 
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‘Pure. 22 Visteon set powered kW generator demonststedin 888, 


Interestingly, one of Watson's batteries was stolen that night. The reason 
was obvious. First, at the conference there was present one of the major 
persons charged with suppression of COP> 1.0 electrical power systems 
world wide, along with several ofhis henchmen. Since they have been 
involved in suppressing many dozens of similar COP> 1.0 systems, they 
are thoroughly familiar with both the theory of COP> 1.0 electrical power 
systems and the various types of devices and mechanisms that have been 
invented in that area over the past century. 


(One feature of Watson's unit was that it charged the batteries with negative 
energy (i.e., with Dirac sea hole current, or "cold energy” as sometimes 
referred to), and could use negative energy for powering the unit. Hence, 
his batteries became charged with negative energy as the machine ran and 
powered its loads. After much demonstration and running, such a 
negatively charged battery has its local curved vacuum charged with an 
ippreciable number of unfilled Dirac holes. Such a negatively charged 
‘battery supersystem” will then absorb positive energy charging (electron 
current charging) for a protracted period before it will start to change its 
voltage and accept the positive charge. Instead, during that protracted 
initial period the battery will just "eat electron currents and positive 
energy” from the battery charger, with no apparent effect and no change in 
Its discharged state or its voltage. 


A very simple way to absolutely ascertain whether or not a unit such as 
Watson's (without a Bedini negative energy converter) is genuine, is to 
simply take one of his batteries from a unit that has been running quite a 
bit, and recharge it on a conventional battery charger. If it exhibits that 
two-phased recharge phenomenon, it proves that the unit is real 
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indeed a true COP>1.0 device, or certainly has the potential to be one. 
Coupled with the demonstration and independent measurements, this 
removed all doubts about the validity of Watson's COP>1.0 system. 


So it appears that certain parties who were concerned about that system 
decided to do the "simple test" to see if Watson's device was real. It was 
real, and so they discovered. At that point, the High Cabal — Winston 
Churchill's term — recognized they had another successful unit and 
inventor to suppress. 


Bedini and I were in close contact with Watson over a period of years, as 
often as three or more times a week. Later, some time after that 
conference, abruptly Jim ceased all communication with his former close 
colleagues. For two days a rather crazy recording was on his phone, stating 
the Watsons had moved. Then that disappeared. Watson never again 
contacted either Bedini or me, or his own financial backer (the late R. J 
Reynolds III). Even Reynolds could not find Watson's whereabouts at that 
time. 


We are quite certain that Watson received the "offer he could not refus 
Simply put, this is the old Mafia trick of visiting the target, offering him a 
deal, and he has no choice but to accept o die. When this is used to 
suppress COP> 1.0 systems, and some medical systems, the offer is 
usually: "Accept the money andyou and your family will live very 
comfortably, but you will never openly work on this again or communicate 
it. You either accept our generous offer, oryou and your family will be 
dead when we leave here.” Assuming that happened’ Watson had no 
choice but to accept the several million dollars offered him, 


He is still alive, because Jeane Manning physically ran into him at a 
conference — and recognized him and spoke to him — whereupon he 
withdrew abruptly and left the conference very hastily. 


5.9 Suppression of Free Energy Systems Has Been 
Common 


This is only one of many cases we know of where such suppression of 
overunity systems and inventors has been accomplished. Others are not so 
benign. Marinov was killed with a longitudinal EM wave shooter in 
Europe, and his body was thrown offa building to make it appear a 
suicide. The police allowed the body to lie on the pavement for a 
protracted time (it was emitting longitudinal EM waves from the time- 
charging action ofthe strike). When finally moved, the pavement glowed 
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levels seen in 2014. Thus, MNOs will need to further accelerate 
their technology investments to meet ever-increasing consumer 
and business connectivity demands. 


Recognizing the loT explosion 


Although MNOs in the U.S. are starting to embrace “pre-standard” 
5G, vying for the first mover's advantage, the standards are not 
expected until 2018. This has echoes of the early days of 3G in the 
late 1990s and early 2000s, before proprietary implementations 
were standardized. It isn’t surprising that some operators in the 
US. have already announced their plans to deploy 5G later this 
year, and some of the early adopters in Korea, Japan, and China 
are also ready to roll out 5G. Because of the rapid deployment, 
‘many 5G concepts are being solidified quickly. 


5G is sometimes narrowly classified as a higher bandwidth radio 
access technology. But it is much more than that. It will also be 
the network for low-power devices and sensors that are classified 
as Io devices, as well as low-latency applications. One example 
is the low latency required for some mission-critical devices, such 
as autonomous vehicles. The need for low latency will dictate that 
key LTE base station functions are distributed, with some moving 
closer to the edge and others being pooled in the cloud. 


Another example is that vertical sectors will require different 
types of services from the 5G network. Some will need high band- 
width, while others will need low power. Some will need very 
low latency, and others will need very high availability. The vast 
volume of loT devices will range from those that send multiple 
gigabits of data per second to those that will only send a few bits 
every month. This flexibility and elasticity can be supported only 
by advanced network virtualization. 


Focusing on service 


‘To support such varying 5G use cases actoss multiple verticals, 
MNOs need to shift from being network-centric to being more 
service-oriented, 


‘To understand this shift, consider the concept of network slicing 
(see Figure 5-1). Here are a few typical cases: 


2 Mobile broadband with higher bandwidth video requiring 
high availabilty everywhere 


5G For Dummies, Ixia Special Edition 
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in that area that had been underneath the body. Only one weapon on earth 
will kill a person in that manner, and that is a longitudinal EM wave 
"shooter" 


Another prominent researcher was killed with a Venus technique (look it 
up, it's a distortion of the wave front) modified beam that plunges the heart 
into violent fibrillations. He rushed from a restaurant exclaiming, "They're 
killing me!" and died of a resulting heart attack. The present author was hit 
with just such a weapon in a restaurant here in Huntsville. A friend and 1 
actually saw the weapon and the person wielding it. Knowing what it was 
and recognizing the symptoms, my seated companion and I were able to 
bolt out of the nearby back door during that minute or so we could still 
physically function. I personally saw the device and the person doing the 
beaming, and I have a witness to the event. 


The partner ofa colleague in Australia was killed on an upper floor by 
such a shooter from the street below, right through the walls. The assassin 
was observed, and was seen putting the bazooka-sized shooter back in his 
car, then speeding away. There are many other true incidents we could also 
relate, including a person killed by an ice-dart dipped in curare (a very 
professional hit method, used by some of the sinister arms of various 
intelligence systems). So there is more than just scientific work involved in 
pursuing COP>1.0 EM power systems. There can also be a direct threat to 
one's life, essentially at any time. 


Almost any serious overunity researcher, who succeeds, will have had 
confrontations with assassination attempts, suppression attempts, threats, 
deliberate legal entanglements, etc. The present author is no exception. It 
is sad that one of the prerequisites for serious scientific work in this area is 
often a legal gun permit (for both the inventor and his wife) and either 
legally carrying a hidden weapon or never being very far from a weapon 
when working at home. As an old soldier, of course, one just shrugs and 
accepts it, and gets on with the job to the best of one’s ability, albeit 
remaining very watchful and always on guard, 


5.10 In Conclusion 


In this chapter we have introduced many of the approaches to COP>1.0 
EMsystems or processes, or the possibility for such in some novel 
mechanisms known in science. Recalling our previously presented solution 
to the source charge problem, we emphasize to the reader that all assumed 
3 - space EM processes are actually 4-space processes prior to observation, 
continually observed in iteratively frozen 3-snapshots by iteratively 
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invoking the d/dt operator that produces observation. Hence from the 
source charge (and source dipole) solution we realize that all EM energy in 
space comes from the time-domain and returns to the time domain. It 
iteratively appears along the "line of propagation” in 3-space at each 
successive position, but does not continuously propagate in 3-space. It 
does continuously propagate in 4-space. Since all the EM energy in any 
EM circuit comes from the time domain via the broken symmetry of the 
source charges and source dipoles, then we need to apply this greater 
vision to the COP>1.0 mechanisms and approaches so that we see the 
4-space to 3-space to 4-space interplay’. 


‘The notion of the negative resistor is particularly significant and direct in 
that respect, and we have presented several versions of true negative 
resistors. For those wishing to experiment, we would suggest the easiest 
thing to start with is the point contact transistor. Or, simply go to Naudin’s 
website (313} and download his instructions for making a Chung-type 
negative resistor, build it, and do experiments with it by varying the 
pressure on the fibers etc. 


Again, we have not presented "parts kits” with instructions, but we have 
presented things that have worked or can reasonably be expected to work 
with some effort. We have also discussed the principles involved, to the 
best of our ability. In a few cases, we have directed the reader to 
information on websites where building instructions for selected negative 
resistors and other devices are posted. 


As in any other scientific endeavor, we also urge the interested reader to 
read the literature and check the references cited, or as many as possible. 
Increasing one's understanding ofthe area is necessary to increase one's 
probability of success in the area. 


We also wish the reader good results and success in his or her research and 
experimenting. The energy crisis is not going to go away, and the demand 
for oil will double in the lifetime of many of our middle-aged or younger 
readers. The cheap oil peaks shortly and declines in availability forever 
thereafter (342); this alone will drive up the price of oil and seriously 
impact the economies ofthe nations of the world. To keep from destroying 
the world economy and the biosphere, it is absolutely essential that 
COP>1.0 electrical power systems — including self-powering systems 
taking their input energy from the seething local vacuum — be developed 
to produce the necessary electrical energy needs of the world, cheaply, 
cleanly, and easily. 
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Ifone or more ofthe readers should succeed in developing and producing 
such systems, then the entire purpose of this book will have been fulfilled, 
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Chapter 6 


Additional Approaches to Overunity 
Power Systems 


"Can the quantum potential carry a signal? Ifit can, we 
will be led to a violation ofthe principles ofEinstein's 
theory ofrelativity, because the instantaneous interaction 
implied by the quantum potential will lead to the 
possibility ofa signal that isfaster than light... a signal 
has in general to be a complex structure, consisting of 
‘many events that are ordered in definite ways. In terms of 
our language, each signal is a supersystem ofevents, 
while each event is in turn a system ofsubevents.... At 
present, the answer is, of course, not known. ” [Bohm and 
Hiley] (343}. A comment:'5° 


"© We comment that the "event" involves observation: ic. itis conceived as an 
observed event. In that exact sense, no signal in space carries "events" because there 
is no interaction with mass and no d/dr operation induced on entities (curvatures) of 
spacetime. The effect (observed) 3-space field cannot propagate faster than light, 
because it cannot even propagate in the first place! The totality of light’s EM 
ith matter is what makes the observed field or observed signal to 


interactions 
appear to be propagated at light speed. It is not actually “propagating”. but being 
iteratively recreated from point 10 point in space ifobserved at every point. Signal 


in spacetime is causal and hence nonobservable; the interaction of causal signal with 
‘charged mass is observable and makes an "event". When we clearly differentiate the 
nonobserved (causal) 4-field or dynamic from the iteratively observed 3-field or 
dynamic, then the nonobserved 4-field or dynamic is not limited to light speed. 
Propagation along the time axis, e-g., can be at “infinite velocity” because a single 
point in time is connected to every point in the universe simultaneously. Since all 
EM energy in space comes from the time domain locally at each point dipole in 
3-- space and returns fo the time domain from that same point dipole, itis the notion 
of "propagation continuously through 3-space” at any velocity that is a non sequitur. 
‘Absolutely nothing propagates through 3-space! If general relativity is re-interpreted 
to account the difference between observed and unobserved (effect and cause), then 
the unobserved cause can propagate superluminally without violation of the 

‘observed event (effect) propagation at light speed” of general relativity. It is the 
notion that anything propagates in 3-space that is the non sequitur, and it should be 
removed from special and general relativity as well as electrodynamics. 
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"contrary to the conclusions ofclassical mechanics, 
there exist effects ofpotentials on chargedparticles, even 
in the region where all the fields (and therefore the forces 
on the particles) vanish." [Aharonov and Bohm] {344} 


"...for anyforce varying as the inverse square ofthe 
distance, the potential ofsuch force satisfies both 
Laplace's equation and also the wave equation, and can 
be analyzed into simple plane waves propagating with 
constant velocity. The sum ofthe waves, however, does 
not vary with time, ie., they are standing waves. 
Therefore theforce potential can be defined in terms of 
both standing waves, ie., bya global, or non-local 
solution, and by propagating waves, ie., by a local 
solution changing in time... Thus, Whittaker's 
‘mathematical statement related the inverse square law of 
‘force to the force potential defined in terms ofboth 
standing wave (i.e., global) andpropagating wave (i.e., 
local) solutions. The analysis also showed that the 
electromagnetic force fields could be defined in terms of 
the derivatives oftwo scalar potentials." [Barrett] {345} 


"What might appear to be empty space is, therefore, a 
seethingferment ofvirtual particles. A vacuum is not inert 
and featureless, but alive with throbbing energy and 
vitality. A ‘real'particle such as an electron must always 
be viewed against this background offrenetic activity. 
When an electron moves through space, itit actually 
swimming in a sea ofghostparticles ofall varieties — 
virtual leptons, quarks, and messengers, entangled in a 
complex melee. The presence ofthe electron will distort 
this irreducible vacuum activity, and the distortion in turn 
reacts back on the electron. Even at rest, an electron is 
notat rest: it is being continually assaulted by all manner 
ofotherparticlesfrom the vacuum. " [Davies] (346). 


6.1 Introduction 

In this chapter, we continue to present a selection of potential overunity 
systems, inventions, approaches, and selected mechanisms. We also make 
the reader aware that quantum mechanics, an entire branch of physies, 
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requires nonlocality and "instant propagation” in space. We utilize the 
quantum potential from Bohm’s hidden variable theory of quantum 
mechanics {347} to impress the nonlocality. Further, the staid old scalar 
potential — which we meet as voltage in a circuit — also exhibits 
nonlocality and instant propagation in the Coulomb gauge {348}. Our 
purpose is to show that electrodynamics is not limited to the cut-and-dried 
subject as usually taught to electrical engineers and applied by them, but 
also covers a wide range of phenomenology that electrical engineers 
usually do not consider or account. 


6.2 Energy Conversion and Energy Amplification 


6.2.1 The Mead-Nachamkin Zero Point Energy Converter 

It is well known that the vacuum interacts with electrical charges and 
dipoles, and also with the electrons in an atom. For example, Lamb 
received the 1955 Nobel Prize in physics jointly with Polykarp Kush for 
experiments measuring the small displacement later called the "Lamb 
shift” of O+ne of the energy levels in atomic hydrogen (349} 


Casimir {350a} proved that closely separated conducting plates also alter 
the energy density of the vacuum, thereby becoming an "energy 
extracting” method, although the energy is miniscule. It is quite real, 
however, as shown in meticulous experimental work by Lamoreaux (351}. 
‘The principle that vacuum energy interacts with matter, plates, and 
electrical double layers and circuits is well proven experimentally. 


In 1996 Mead and Nachamkin were granted a patent on an overunity EM 
power system process for extracting zero-point energy of the vacuum 
{352}. Ifone closely examines the patent wording, the device is properly 
patented as an energy converter and does not overtly state that it is a 
COP>1.0 system. It is a COP>1.0 system, however, since the input energy 
is fively received fiom the vacuum and not input by the operator himself, 
One embodiment of the invention inserts a tiny coil between the plates to 
extract the energy. See Figure 6-1. ‘The energy is based on the Casimir 
effect (26). which was accurately measured in 197 by Lamoreaux (27) 
and since then by others.'*’ Further investigation of the force's behavior 
with the shape of the conducting plates has been performed by Chen et 


*® See also U. Mohideen and A. Roy, "Precision measurement ofthe Casimir force 
from0.1100.9 microns.” Phys. Rev. Lett, Vol. 81, January 1998, p.4549. 
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al.* Numerous other papers of interest on the Casimir effect have also 
been published (353a-d}. 


Because energy cannot be created or destroyed, any COP>1.0 system is an 
energy converter, a priori. It must receive the excess energy from the 
environment (in this case, from the curvature of spacetime and from the 
local active vacuum) and convert that energy to a form usable to power or 
assist in powering the system loads and losses. 
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‘The Mead-Nachamkin patent is interesting because the physics of the 
device is proven and accepted. Getting sufficient power output to be useful 
for electrical power purposes, however, remains to be demonstrated, since 
the Casimir effect is very tiny. 


6.2.2 The Quantum Potential As an Energy Amplifier 

In Bohm's hidden variable theory of quantum mechanics {354}, an extra 
potential is added to the Schrodinger equation, and is known as a quantum 
potential. Figure 6-2 lists the novel characteristics of this potential, and 


°F. Chen, U. Mohideen, (G.L. Klimchitskaya, and V. M. Mostepanenko, 
‘Demonstration of the Lateral Casimir bvorce,” Phys. Rev. Lett, (in press as ofthe 
time of this writing), 
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Quantum Potential Characteristics 
+ No point source; not radiated 
+ Just appears instantly 
+ Quantum potential between two particles 
* Interaction does not varish as spatial 
becomes very large 
+ Instantaneous comection 


+ Depends on quantum state 


otaystem as a whole y. ~Ny 
«System pars can be realy separated 
My 


Figure 6-3 lists technical features of Bohm’s hidden variable theory from 
whence the quantum potential is taken (355). It can "move 
instantaneously”, at "infinite velocity", which means it just suddenly 
appears everywhere it will be, and does not "propagate at a finite speed’ 
through singly connected space at all (356), 


addition to ts 


cle obeys classical mechanics 
* Particle couples to wave function through a quantum potent 


Fur 63 Tectia estos of arisen variable theory 


Thepotential is after all potential energy. With the quantum potential 
(QP), ajoule of energy placed upon one collector, where that collector is, 
connected via a QP with one or more distant collectors, will also result in a 
joule of energy (or some fraction thereof) instantly emerging upon and in 
each of those distant participating (QP-connected) stations simultaneously. 
It appears that, if only a fractional participation — say, 0.50 — exists with 
‘one or more of the distant stations, each of those stations will experience 
the appearance of that fraction (in this case, 0.5 joule) of the energy input 
to the initiating station. Any station can input energy, and it will 
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appropriately appear at every other participating station, regardless of 
where these stations are located in ordinary 3-space as seen by the external 
observer. 


One way of expressing this "instantaneous QP connection” between 
separated objects is to model the different objects (or stations) as linked 
together in a multiply connected space, with a certain QP connection or 
collection fraction. Presence of energy at one station in the multiply 
connected group, results in the simultaneous appearance ofthe energy — 
or an appropriate fraction of it — at every other station in the group. 


To understand multiply connected space, consider a single point on a 
plane. Now consider 999 more points superposed orvin that same point. 
But suppose that those thousand points are really located at different 
locations in 3-space, though superposed in this “crazy space” containing a 
plane where all of them are superposed at one point. 


‘As the ordinary external observer, suppose you input a joule of energy into 
one of these — to you — separated points, which happens to be the 
original point and is located in your laboratory. Supposed the fractional 
connection is 1.0 (the connection is perfect in multiply connected space). 
Voila! Instantaneously one joule of energy appears at each and every one 
of those (to you) widely separated points. If you vary your input energy 
(e.g., as in communication), it varies precisely the same in each of those 
distant QP-connected points. 


‘Those who continue to advocate that superluminal communication of 
information is impossible are ignoring present experimental proof that it 
does occur. As a single example (there are others), it has been shown by 
Enders and Nimtz (357) that Mozart's 40th symphony can be transmitted 
as frequency modulated microwaves through a barrier wave guide between 
two points in a waveguide, via quantum tunneling, at 4.7 times the speed 
of light c. We point out that this is achieved using transverse EM waves. 


If longitudinal EM waves are used together with longitudinal modulation 
(which engineers might think of as a sort of "pulse compression” 
technique), the only limitation to the speed of communication is given by 
the impurity ofthe longitudinal EM wave one is able to make. The Fogal 
semiconductor, e.g., can be used to transduce ordinary transverse EM wave 
signals into longitudinal EM wave modulations inside a scalar potential 
Hence that scalar potential can move in the Coulomb gauge at infinite 
velocity. It requires another Fogal semiconductor circuit on the receiving 
end to receive and transduce the longitudinal EM waves and their 
longitudinal modulations back into transverse EM waves for processing 
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and amplification by normal means. This capability of the Fogal 
semiconductor circuits has been demonstrated through satellite uplinks and 
downlinks coupled with long transmission line links, with essentially no 
delay from transmission to reception. One may think of the Fogal 
superluminal process as tunneling through subspace. 


‘The best way to vary the energy is apparently by use of a variable stress 
potential (which translates to a longitudinal variation or modulation). In 
short, one must modulate the "intemal energy" of the vacuum, so to speak, 
and not the "extemal energy". A reasonable discussion of internal energy 
versus external energy is given by Chen {358}. If one longitudinally 
modulates the internal energy of the vacuum potential — which, being a 
scalar potential, decomposes by the Whittaker decomposition (359) — 
then superluminal communication is not only possible but also practical. 
We expect Fogal to eventually place just such a system on the market, 
shortly after his semiconductors get into precision production. 


One possible method of producing modulated intemal stress potentials is 
by use ofa Davis noninductive resistor (360}. Another is by use of a 
biwound coil with two windings, so that the two currents through two 
equal "superposed" coils are equal and opposite. We point out that, while 
there has been published much stuff and nonsense about such biwound 
coils, the truth is quite mundane. Simply examine the Lorentz. symmetrical 
regauging applied to the Maxwell-Heaviside equations. It is the deliberate 
production of two equal and opposite force fields, which is in fact the 
creation of a stress potential and extra stress energy. By varying the 
magnitude ofthe Lorentz forces comprising the stress potential, the stress 
potential is varied in amplitude. Hence the concomitant longitudinal EM 
‘waves are varied in amplitude. A biwound coil is a variable Lorentz- 
regauging coil, a priori 


By oscillating the magnitude of any Lorentz regauging (which in the 
simplest case is simultaneously changing both opposing fields equally and 
oppositely), one can make longitudinal EM waves. By appropriately 
modulating both Lorentz regauging components, one can make 
longitudinal EM modulations upon those concomitant longitudinal EM 
wave carriers. 


So with some careful tuning and adjustment, and a little nonlinear material 
in the core,’ one should be able to have the superposed appositive 


"© The opposing waves must modulate (multiply), not mix (add), and modulation is 
‘ nonlinear process. Linear mixing of opposite waves or fields will not cause the 
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2? Low-power sensors that can operate an a pair af AA 
batteries for 10 years 


3 Autonomous vehicles that can zip through crowded city 
streets but brake within microseconds when they sense 
potential obstructions in their paths 


Each of these scenarios requires a different configuration of 
the requirements and parameters in the network, potentially 
including: 


Home Subscriber Server (HSS) 

Mobility Management Entity (MME) 

User equipment (UE) 

Enhanced Node B (ENB or eNodeB) 
Serving Gateway (SGW) 

Packet Data Network Gateway (PGW) 
Policy and Charging Rules Function (PCRF) 


LTE Evolved Packet Core (EPC) interfaces (S1-MME, S11, 
S1-U, SGi) 


vyyyy yyy 


Inessence, each use case requires its own network slice. Networks 
‘must be built in a manner that allows speed, availability, capacity, 
and coverage to be allocated in logical slices to meet the demands 
of each use case. 


The best way to implement network slices will be via 
virtualization — to use service provider software-defined 
networking (SDN), network functions virtualization (NEV), and 
network orchestration (see Figure 5-2). In each of these cases, the 
SDN controller will configure and build network slices that include 
service chains stich as deep packet inspection (DPI), emails, and 
security scans per user or per service. The network services — 
including the Centralized Radio Access Network (C-RAN), Virtual 
Evolved Packet Core (vEPC), and Virtual IP Multimedia Subsystem 
(IMS) — are virtualized as virtual network functions (VNFs) that 
allow MNOs to set up services rapidly, and scale them in response 
to network and service demands. 


CHAPTER 5 Getting Real About the Need to Virtualize 27 
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magnetic fields lock together (modulate, rather than linearly add) and 
produce a magnetostatic scalar potential stress signal in and from a 
nonlinear core material. We caution, however, that the biological effects of 
the radiation of such stress potentials internal to spacetime have not been 
investigated. The experimenter is cautioned that he experiments at his own 
risk, and he is cautioned to experiment only at low power levels until the 
phenomenology in a particular case is understood. 


If we compare the stress potential oscillation (wave) to a sound wave, the 
similarities suggest that the stress potential oscillation can be treated as a 
longitudinal EM wave, ifthe two superposed opposing EM waves "lock 
together". Simple addition is insufficient; modulation is necessary. Hence 
the nonlinearity of the conductors and core material is of significance. 


For instantaneously propagating potentials and pure longitudinal EM 
waves, any conceived difference between the two becomes somewhat 
academic. The characteristic of interest is the instant appearance of the 
input energy at multiple points via a multiply connected space. 


To the ordinary observer, use of a quantum potential and multiply 
connected space measurably yields a fantastic energy amplifier. One 
furnishes one joule, and gets out — say — 1,000 joules in those distant 
locations altogether. As shown in Figure 6-4, the QP system is a 
communication system of enormous implications, particularly as humans 
travel into space across the solar system and even beyond. Unfortunately, 
by using appreciable power in the initiating station, the QP system also 
leads to weapon systems of incredible destructive capabilities. Some five 
nations {361} now possess such quantum potential weapons, which are the 
dominant weapons on Earth, We do not further discuss the quantum. 
potential weapons aspects in this book. 


Back to our little energy exercise, inputting one joule and getting out some 
1,000 joules. Suppose these 1,000 participating points are not distant at all, 
but are gathered closely together into a local material but still QP- 
connected with a connection fraction of 1.0. Now we input a joule of 
energy to that device, and it develops and outputs one kilojoule. It is 
hypothesized that this becomes the ultimate negative resistor. It will also 
exhibit separated Dirac hole current phenomena as the COP increases and, 
if sufficient COP is developed, it will exhibit antigravity effects such as 


fields to "lock together" into a common stress potential. Nonlinear mixing 
(modulation) will. Hence the nonlinear core is required for conversion of appositive 
fields to stress potentials and Lorentz regauging. 
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those shown by the Sweet vacuum triode amplifier discussed in this 
chapter. 


Faure 64 Quantum potenti canmanaon sytem. 


Strangely, overall conservation of energy is not violated by the quantum 
potential COP> 1.0 energy system. It's just that the energy now is fumished 
from space (from the vacuum) in a multiply connected manner. However, 
all the excess energy is still furnished by the active external environment 

- ie., from the time domain, according to the giant negentropy process 
{12} —though that environment now is quite novel and multiply 
connected. So we still have a system analogous to a windmill, though a 
very novel windmill and a very novel wind indeed. 


Without belaboring the point, action-at-a-distance is absolutely required in 
quantum mechanics. Further, photon correlation experiments have long 
demonstrated experimentally that such action-at-a-distance effects do 
exist, just as predicted. This was a refutation to Einstein's objection to 
quantum mechanics’ "spooky action at a distance 


We point out without further comment that, if'a self-powered process is 
Invoked in the initiating station, then all other participating stations also 
contain that self-powered process. However, note that one does not really 
wish to "invoke" a quantum potential connection and use it except 
occasionally and very quickly! Otherwise, ifa strong QP is tuned on and 
Jeft on among many distant stations, anything and everything happening to 
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each one of them can instantly appear in all of them, so long as the 
"constant of connectivity” remains a constant or nearly so.'® For that 
reason, strong quantum potential connections can be self-destroying and 
strong effects do not seem to normally appear in the physical world.'® The 
proper energy use of a quantum potential is thus to use it only for fleeting 
“inductions” of effects in the desired stations, in momentarily multiply 
connected spacetime, at least until the self-limiting behavior is ascertained. 


Apparently, a quantum potential can sometimes be formed in the limit of 
an iterative, mutually phase conjugating operation of EM signals passed 
back and forth between two phase conjugate mirrors, or among many of 
them, Such iterative mutual phase conjugate reflection of signals — 
particularly pumped signals — is technically known as iterative self 
targeting. Sometimes we use a more picturesque term, ping-pong, for 
iterative self-targeting. 


Conceivably, strongly coupled, strongly pumped optical self-targeting 
mirrors can — in the extreme limit — initiate or partially initiate a 
quantum potential. The superposing beams of energy may be thought of as 
first narrowing to laser-like beams, then gradually subsiding into pure 
longitudinal waves with transverse components “canceled” to form simply 
"stress energy". In short, if this reaction occurs, the energy is transformed 
into a stress energy potential, which acts either as a scalar potential in the 
Coulomb gauge or as Bohm's quantum potential. In our view, the pure 
longitudinal wave has infinite velocity, as pointed out by Rodrigues and 
Lu {93a}, so Lorentz-Fitzgerald contraction results in "zero-separation 
distance", which in tum results in a multiply-connected spacetime. 


One points out that the "input energy” to the initiating station may be 
deliberately structured internally, including altering the internal Whittaker 
longitudinal EM wave functions comprising the input electrical field 


"© Fortunately, it appears that this connectivity constant is not really constant, but 
reduces as the feedback of each station's fluctuations to the other stations increases. 
The result seems to be a “leveling off process reaching a plateau and a fixed amount 
of gain in the overall system. In short, the system usually seems to be "self 
adjusting” and "self-limiting" as the overall gain increases. Nature is riddled with 
‘quantum potentials, but this self-limiting process keeps most so tiny that they are not 
even noticeable. 


‘'However, the validity or invalidity of this statement for some ofthe highly 
‘energetic phenomena of astronomy remains to be determined. It also remains to be 
‘determined as far as the quantum potential's role in generating the zero point energy 
fluctuations of the active vacuum, 
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energy. In this manner, in theory deliberate spacetime curvature sets and 
dynamics can be introduced into the distant but multiply connected targets. 
A form of highly advanced electro-biological warfare induction of disease 
has been developed by at least one nation (Russia) in this regard, as an 
extension of Kaznacheyev's experiments showing induction of cellular 
disease at a distance. It appears that the cells of a living body are 
interconnected by a very weak quantum potential in such manner. Again, a 
great deal more research on that possibility is needed. 


Given a quantum potential connection between separated objects including 
our initiating station, one can also add vacuum engines (energy structuring 
of curvatures of spacetime itself) as our input to the initiating node. Those 
vacuum engines will then simultaneously appear unabated (or only 
partially abated) in the multiply connected separated objects. In this way, 
in theory one can use the QP and QP energy to perform highly anomalous 
‘momentary engineering of nuclides, materials, fields, etc. in widely 
separated, distant objects and areas. By repeating the momentary 
engineering "pulses", distant objects and areas can be profoundly altered. 


‘The use of vacuum engines in medical applications is of particular future 
interest.' Very radical extension of those techniques can be achieved 
once quantum potential technology is developed and available in the open 
scientific community. 


But let us ignore the weapons, free our scientific imagination, and let it 
roam. As an example, in the future a vacuum engine (spacetime curvature 
engine) might be developed and utilized in a world-wide quantum potential 
to momentarily strike and eradicate all AIDS viruses on Earth, and do only 
that. Or, the engine could be slanted to simply momentarily slightly change 


see Vlail Kaznacheyev and L. P. Mikhailova, Ultraweak Radiation in 
Invercellular Inveractions, {in Russian], Novosibirsk, 1981: Vlail Kaznacheyey etal 
Distant intercellular interactions in a system of two tissue cultures, 

Psychoenergetic Systems, 1(3), Mar. 1976, p. 141-142; Viail Kaznacheyev 
“Apparent information transfer between two groups of cells." Psychoenergeric 
Systems, 1(1), Dec. 1974, p. 37. Unfortunately this QP induction of cellular disease 
has already been used by the former Soviet Union to develop QP extension of the 
force-free structured potentials method frst used to induce cellular disease and 
health changes in U.S. personnel in the former U.S. Embassy in Moscow for several 
decades. Now QP weapons using such techniques can target the entire population of 
a targeted nation. Using the intemal Whittaker structuring of quantum potentials and 
EM fields and waves, electromagnetic biological warfare has already been born and 
highly developed. ‘The actual dimensions of possible biological warfare strikes are 
far greater than has been mentioned in the open literature 
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those viruses into an innocuous kind of new virus. The cells ofthe 
individual human body are already connected, it appears, by a very weak 
quantum potential. By connecting an external initiating station to that 
body's quantum potential, the energy of the body could be directly 
scanned, all abnormalities noted, and tailored engines created and 
‘momentarily used to treat the body and correct its abnormalities and 
malconditions. This, we believe, may well be a medical therapy of the 
future, a few generations from now. “* 


6.3 Other Systems of Electrical Interest 


6.3.1 Russian Parametric Oscillator Power Systems 

In leading physics institutes and laboratories in the 1930s, Russian 
scientists built COP> 1.0 parametric oscillators, including some of 
appreciable size. The work is documented in the literature {362a-k}, both 
in Russia and in France. The devices were developed and tested in several 
Russian laboratories. With linear loads, the oscillators would progressively 
build to self-destruction. With nonlinear loads, the devices would stabilize 
and power themselves and their loads, at a level depending on conditions 
— reminiscent of the behavior shown in Figure 4-3 in Chapter 4 for 
stability COP>1.0 levels for the asymmetrical self-regauging process. 


Standard references for parametric oscillation in EM circuits are available. 
However, with standard practices none of these conventional oscillators 
produces COP> 1.0, primarily because the conventional closed current loop 
circuit is applied without special modifications. For overunity work, the 


"© Apparently, tests of such QP capabilities in weaponry have been gingerly 


conducted for direct induction of disease patterns in the population of a targeted 
nation of area. One symptom of such a test is that a very small number of widely 
isolated cases of the same disease breaks out simultaneously, in isolated cases 
scattered widely and puzzlingly throughout the population, without the possibility of 
any direct carrier vector connection. Apparently, the test inductions have 
deliberately been held mostly to the "shadow state" (or upper virtual state, just below 
observable state) in most of the targeted populace, to prevent giving away the tests. 
However, the human immune system and cellular regenerative system do respond to 
such "near-observable-state" signals and engines, when sustained or repeated in 

time, by a sort of coherent addition (integration) over time. The bell-shaped 
distribution curve predicts that a few individuals, randomly scattered throughout the 
populace, will have quite lower induction thresholds and will evidence the actual 
disease after a certain time, whereas in almost all the other members of that 
population the “disease” will never evidence in the observable state during that time. 
The test is deliberately terminated when only a few observable cases occur, which 
‘are sufficient to prove the efficacy of the test and the method. 
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Russian and French literature (as we referenced) should be meticulously 
studied and analyzed in a higher group symmetry electrodynamics, to see 
how the Lorentz condition is broken during discharge of circuit excitation 
energy in the load, and how the COP>1.0 Dirac hole current decay 
mechanism is avoided or contained. 


‘The Russian COP>1.0 parametric oscillation work appears to have been 
suppressed by the Communist regime just prior to WW II. After the war, 
all such technology passed under the rigid control of the KGB (by 
whatever name it took and takes from time to time) and into the special 
weapons research and development area — still highly classified in Russia. 
‘We know ofno similar work presently ongoing in the West, although at 
Jeast an English translation of one of the major summary documents of the 
Russian parametric oscillation COP> 1.0 power system developments was 
performed under NASA auspices {363}. However, in conventional U.S. 
parametric oscillation research, I know of no case where COP>1.0 
operation is being sought, or where the Dirac sea hole current decay 
mechanism is even mentioned or recognized (364). 


63.2 Sweet Vacuum Triode Amplifier 
During the 1980s and 1990s, the present author worked —sometimes 
closely for extended intervals — with inventor Floyd Sweet, the inventor 
of the Sweet vacuum triode amplifier (VTA). Indeed, we gave the unit its 
VTA name, at Sweet's request 


Fig. 6-5 (pg. 384) shows a diagrammatic illustration of the fundamental VTA 
construction. Two coils in quadrature are between two barium ferrite 
"brick" magnets, of the kind formerly used in many power audio systems. 
The vertical coil is the “input” signal coil, and the horizontal coil is the 
"output" power coil. The input consisted of a 33 microwatt 10 volt 60- 
Hertz signal, and the output was a 120-volt 60-Hertz 500-watt signal. The 
barium nuclei in the magnets were specially preconditioned by Sweet so 
that they were in powerful self-oscillation with the surrounding energetic 
vacuum, A double-edged razor blade or piece of shim stock placed on one 
of these magnets would oscillate back and forth, incessantly, without 
cessation — showing that the magnetic field itself was "waving" back and 
forth (Figure 6-6). It was also continually doing work against air 
resistance, by moving the air. 
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Sweet had a Master's degree in electrical engineering from a leading 
university and handled the mathematical theory very well. He had worked 
at General Electric for many years, and Gabriel Kron was his patron and 
mentor. Sweet often spoke giowingly of Kron, and I came to believe that 
Sweet's VTA was probably an outgrowth of, or very similar to, Kron's 
negative resistor. 


2 an 
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Figure 67 Frat Sweet VTA producing 6 wate ouput 


When I first met Sweet, his little VTA. system was producing a 6-watt 
output, enough to light four 15 watts of auto lamps (Figure 6-7. But there 
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‘was no question as to the genuineness of the device. Nothing was hidden, 
and Sweet allowed me to measure the device at will, disassemble it, play 
with it, and examine it in any fashion. It was genuine, and not a hoax or 
trick. I also locked up one of his specially conditioned magnets for 24 
hours, with a piece of shim stock sitting on the flat of the magnet and 
waving to and fro continuously, steadily performing work by moving air. 
When I opened the lock the next day, the shim stock was still there on the 
magnet and oscillating, having continuously done work against the air 
resistance for 24 hours with absolutely no energy input by the operator. 
And it was still working. Indeed, that single "kinetic" permanent magnet 
destroys all objections to COP> 1.0 EM systems, including those that are 
self-powering and thus have COP = oo. 


It seems little known that the vacuum around nuclei, in some cases, can be 
treated as a semiconductor, e.g. as discussed by Prange and Strance (365). 
It is also known that nuclei do exhibit resonances at ELF frequencies. In 
particular, the vacuum in the region close to the nucleus ofa superheavy 
element is known to act in a fashion analogous to the inversion layer in a 
field effect transistor. Prange and Strance introduce the idea of the inverted 
vacuum, Just as a semiconductor may be manipulated by subjecting it to 
extemal fields, doping etc., it appears that the vacuum can be similarly 
manipulated by appropriate means. We personally suspect that the 
semiconducting vacuum can be and is resonantly involved in any ELF 
resonances of the nucleus, which can occur in lighter nuclei such as 
barium." 


The virtual particle flux of vacuum, regarded as noise, may provide noise 
amplification of the coherent self-oscillation frequency between the 
semiconducting vacuum and the barium nucleus. Certainly, analogous 
noise amplification of signals is known in electrical physics (366} 


" Here our concept of the supersystem may be of utility. The "lock-in" or "freeze 
framing” of an equilibrium condition for a system — such as in a state of nuclear 
ELF self-oscillation — is stabilized and made a "new equilibrium condition” when 
the force field reaction from the curved local spacetime into the system is equal and 
opposite to the force field reaction from the local active vacuum into the system. We 
believe Sweet's undisclosed activation process was a method for synchronizing those 
two force field reactions and making them equal and opposite in one short discharge 
We hope that this speculation is of use to future experimenters trying to duplicate 
Sweet's activation of his magnets into sustained and powerful supersystem self 
oscillation 
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I hypothesized that Sweet's activation process treated the vacuum 
surrounding the barium nucleus in such fashion, so that he was able to 
establish self-oscillation between the local activated vacuum and the 
concomitantly activated barium nucleus. Since barium ferrite is optically 
active, it may be that Sweet discovered how to get sufficient "self-pumping 
gain” for the self-oscillation to endure and not die away in a decaying 
oscillation manner. Since the "gain" of the second VTA as a self-pumping 
device was some 1,500,000 (Figure 6-8), obviously Sweet's activation 
method introduced a powerful state of self-oscillation." 


LOADS 


Faure 68 Sound Sweet VIA roduc500 wats ene COP, 51,000, 


Here we point out that "small" things with very close "double surfaces" of 
‘opposite charge or potential usually have very large fields. The tiny Lamb shift, eg 
hhas a local energy density geeater than the surface energy ofthe sun, Jackson, 
Classical Electrodynamics, Second Edition, 1975, p. 10-11 points out that “field 
strengths ofthe order of 10-10" voltsfem exist at the orbits ofelectrons in atoms, 
while the electric field at the edge ofa heavy nucleus is ofthe order of 10" 

volts/em.” It should be obvious to the reader that, if our speculation is true and 
nuclear oscillation of the barium nuclei is involved, the production of optical gains 
of 15 x 10° in Sweet's self-pumped, optically acting barium ferrite magnets is not 
surprising because ofthe extreme magnitude ofthe oscillating nuclear fields. In that 
cease, optical gain converts directly to true power gain because the pumping energy is 
furnished freely by the environment and not by the experimenter. 
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6.3.2.1 Mapping the Magnetic Field ofthe Magnets 
Figure 6-9 shows a small magnetic field mapping device built by test 
engineer Rosenthal for Sweet. Sweet "scanned" and mapped the 
consistency ofthe magnetic field from his candidate magnets (barium 
ferrite magnets bought from surplus stores at the time). If the consistency 
varied over 12 to 15%, the magnet was useless because it would not "hold” 
the activation and retain it. Magnets whose magnetic field variation did not 
exceed 10% were ideal. So Sweet only found about 1 in 10 or even | in 30 
magnets that would retain the self-oscillation state when initiated. 


‘Figure 6-9 Testengineesentalpotstoamaghetc eld srength 
‘mapping dev hebulltor Set 


Sweet may have actually used two appreciably higher frequencies in hi 
activation process, with the difference frequency between them being a 
precise ELF frequency (60-hertz, 100-hertz, 400-hertz, etc. as he desired), 
‘That would make sense, when one realizes that the magnet is a highly 
nonlinear medium and then treats it (to first order) as an isotropic 
nonlinear medium, In that case, the two wave frequencies actually used 
would be subject individually to the normal overshoot, breakup, 
reconstitution, etc. inside the material of the magnet — but the difference 
frequency would behave as if it were a sine-wave frequency (367) 


‘Thismakes sense, since the output wave of Sweet's activated magnet was 
essentially a pure sine wave. Also, the presence of noise-enhanced 
heterodyning can sometimes be used to amplify a difference signal even 
further {368}. As we stated, since the activation is a self-oscillation 
between the local semiconducting vacuum and the barium nuclei, one 
wonders whether much of the rest of the vacuum virtual particle flux can 


309 


Enhanced 
rmabile broadband 


‘Autonomous 
vehicles 


FIGURE 5-1: 5G network slices. 


28 5G For Dummies, Ixia Special Edition 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


be treated as noise, and whether an effect is obtained for noise 
amplification of the coherent self-oscillation frequency. 


L'vov and Prozorova {369} point out some interesting characteristics of 
the formation of self-oscillating spin waves which occur above parametric 
excitation, These oscillations result when internal stability does not occur, 
and they evidence themselves as oscillations of magnetization. The 
frequencies of the oscillations usually lie in the range from tens of 
kilohertz to tens of megahertz, At small above-threshold ratios, the shape 
of the oscillations is nearly sinusoidal. At larger ratios, the shape differs 
appreciably from sinusoidal. At still larger ratios, the oscillations become 
chaotic. 


If Sweet did use the "difference frequency" conditioning, one suspects he 
may thus have been able to utilize larger above-threshold ratios, where the 
two frequencies actually transmitted would have resulted in chaotic 
oscillations. It is interesting to speculate that, in that case, for a suitably 
chosen barium ferrite magnet, the difference frequency still can behave 
sinusoidally, but now much stronger. Ifso, that might account for the 
tremendous COP Sweet attained in his second unit, which exhibited a 
COP = 15 x 10°, and could be pushed even higher. 


6.3.2.2 Sweet VTA for Closed-Loop Self-Powering Operation 
Courtesy of Walter Rosenthal, we now present a visual record ofthe Sweet 
closed-loop self-powering version of the VTA and its momentous 
successful acceptance test on May 1, 1990, as closely observed by 
Rosenthal. 


Figure 6-10 shows Sweet and a different version of the VTA, with the 
coils in a slightly different configuration and the windings altered. This 
the two-magnet, 2-coil VTA that he built and tested for self-powering 
operation. Figure 6-11 shows the unit mounted on a special test fixture 
built by engineer Rosenthal. This fixture and its components allowed the 
sensing ofthe sine wave output power at the zero-value crossover points. 
To switch in the special clamped feedback system for self-powering 
operation of the input, and simultaneously switching away from external 
power, the switching had to be done very accurately at that zero-point 
crossover. Feedback would not stabilize and hold ifthe switching were 
done at any other point in the output cycle. 
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Figure 6-12 shows the set-up for the tests, with the unit and loads as well 
as some of the instruments used. Figure 6-13 shows the closed-loop VTA 
powering itself and its loads, after being initially set into operation with 
outside input power by the operator, and then adroitly switched into self- 
powering by switching the input from external to internal at an output 
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ssover point. This picture shows the unit in self-powering 
stable operation, taking all its input energy from the vacuum, including 
the power necessary to power its own internal losses and the power 
necessary to power its controls and loads. 


Independenty examined and testing observed by test engineer Waller Rosenthal 
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We strongly stress that this operation is permitted by the laws of physics 
and thermodynamics for an open EM system far from equilibrium in its 
exchange with its active environment. The active environment in this case 
is the combination of the active local vacuum and the active local 
curvatures of spacetime. The closed-loop condition is a new and stable 
equilibrium condition in the dynamics of the mutual exchanges between all 
three supersystem components: the system, the active vacuum, and the 
curvatures of spacetime. The system is in stable disequilibrium; the 
supersystem is in a stable new equilibrium condition. 


6.3.2.3Discussion 
We do know that the output current of the second Sweet device was 
comprised ofa significant Dirac hole current'® as well as electron current 
— showing the expected heavy involvement of the altered local vacuum 
(the Dirac sea) and the curved local spacetime. The negative energy 
majority of the output revealed itself readily. Ifthe output leads were 
shorted, ice formed instantly on the shorted leads fiom the moisture in the 
air. That is, an electrical short resulted in the sudden production of cold 
(negative) EM energy rather than positive EM energy.'®” That can only 
occur if the majority of the output is negative energy, and any sudden 
surge in output (as from the shorted leads) increases the ratio of negative 
energy to positive energy so that very strong net cooling results. 


For many predominantly mechanical components (simple electrical 
motors, light bulbs, etc.), Dirac hole current applied to the positive lead 
will power the circuit equally as well as electron current applied to the 
high voltage (negative) side, ifthe grounding is simply by a conductor and 
not a "vast reservoir" of charge. In such case, the wire chosen to conduct 
or direct the Dirac hole current should be made very small. It can and will 


© We do mean hole current in the Dirac sea, consisting of Dirac holes in the 
vacuum itself, prior to their interaction with charged matter to form lattice holes in 
‘matter. We do not mean the standard lattice hole current at all 


"© In local curved spacetime, Dirac holes constitute "negative energy EM fields and 
potentials”. In such ease, one can have negative energy entities and reactions 
analogous to positive energy entities and reactions in 3-space. On the time axis, one 
also has negative energy entities and currents, potentials, waves, fields, etc. Because 
classical Maxwell-Heaviside-Lorentz theory eliminates any modeling of the local 
vacuum or the local curvature of spacetime, these negative spacetime curvature 
(negative energy) potentials, fields, and currents have not been added into the 
electromagnetic theory. That of course is a serious shortcoming of the normal theory, 
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carry intense hole current and will cool rather than heat.'®* The wire to the 
electron side of the device should be made normal sized, appropriate to the 
electron current to be carried, 


Several other inventors over the years have been able to activate a barium 
ferrite magnet into sustained self-oscillation of its material particles or 
domains, in similar but weaker fashion for varying lengths of time — up to 
a month or so in the longest time that I am aware of. Sweet's magnet would 
continue in self-oscillation indefinitely unless (i) the magnet was sharply 
shocked mechanically (as with a hammer blow), (ii) the magnet was heated 
to too high a temperature, (iii) the leads of the output circuit were 
electrically shorted, or (iv) external artificial field interference (electrical 
pulse shock, particularly from longitudinal stress waves) was 
encountered." 


Unfortunately, Sweet signed multiple conflicting agreements with several 
financial backers, and his work was legally entangled so deeply that it was 
never straightened. He eventually died, taking with him his activation 
secret. He was often threatened, and was once fired at by a professional 


"This is very probably the secret of Tesla's "single wire system". At an exposition 
in Nevada, Bedini demonstrated just such a system, by powering 600 watts of audio 
speakers at the end of a long, very thin wire across the stage from his power 
amplifier. If he had been using positive EM energy, the wite would have instantly 
melted. 


"* During that period, the Russians were playing with earthquake induction via 
scalar interferometers, at various places around the world, including inside the U.S. 
heartland. Sweet's machine would sit above a natural quake and not be affected. But 
when a quake within many hundreds — even several thousands — of miles was 
artificially induced, the Sweet device would react to it. A fairly close artificially 
induced quake would destroy the self-oscillation of the magnets, and sometimes a 
very close attficially induced quake would actually explode the intensely activated 
magnets. So for several years one had a way of ascertaining which quakes were 
natural and which were artificially induced, by simply having Sweet confirm how his 
magnets interacted, 


© For those who do not believe such an activity, here is a direct statement by then- 
Secretary of Defense William Cohen: “Others are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set offearthquakes, voleanoes 
remotely through the use ofelectromagnetic waves... So there are plenty of 
ingenious minds out there that are at workfinding ways in which they can wreak 
terror upon other nations...0's real, and that’s the reason why we have to intensify 
‘our efforts. " Quoted from DoD News Briefing, Secretary of Defense William S. 
Cohen, Q&A at the Conference on Terrorism, Weapons of Mass Destruction, and 
US. Strategy, University of Georgia, Athens, Apr. 28, 1997. 
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assassin using a silenced rifle. He survived the incident because, being old 
and a bit feeble, he stumbled and fell over the front steps just as the 
assassin fired. The bullet snapped by his ear, right where his head had just 
been. The incident was reported to the FBI, but with nothing else to go on, 
the assassin was never caught. 


By whatever means, we do know that Sweet's magnets had to be activated 
by a special process that Sweet used and never fully revealed. An activated 
or "kinetic" magnet, it seems, was actually something a few of the "older 
magnetics guys” had known about, and Sweet had leamed of it either from 
them or from Gabriel Kron. Sweet was also a transformer designer and 
expert, and he remarked that he had also observed specialized self- 
oscillation in certain transformers. Although most power engineers 
approached were either nonplussed or completely skeptical of a "self 
oscillating field in a permanent magnet”, self-oscillation of the fields, spin 
waves, etc. in permanent magnet materials are known to materials, 
scientists today, especially to those working with magnetic effects in thin 
film materials (370, 371-b) 


From a general relativity viewpoint, particle spin has a unique spin field of 
its own (372), and there are such spin fields involved and operating in 
magnetic systems. The simple classical electrodynamic approach to 
magnetism and magnetic assemblies — or the view of a magnet as simply 
a bar with a north pole and a south pole — is quite insufficient when one 
wishes to research magnetic assemblies that will act as open systems far 
from equilibrium with their active environment, and thus will be capable 
of COP> 10 operations. 


Recent work in coupled spins has revealed long-range coherence effects, 
previously unsuspected, as well as dual spin states participating in such 
phenomena {373a-b}. For example, Johnson has long used a 2-particle 
approach to spins and spin flipping in his own highly nonlinear magnetic 
assemblies (374}. His recent laboratory work has also shown similar and 
unsuspected long-range coherence effects in large multiple-magnet 
macroscopic systems (375) such as large assemblies of neodymium-iron 
magnets. This is strongly suggestive of the expected general relativistic 
spin field previously mentioned. 


This work by Johnson is very important, since it may reveal a hitherto 
unsuspected mechanism for decay — of an otherwise nonconservative 
magnetic field around a closed loop — back into a conservative field. If 
one seeks an all-permanent-magnet rotating motor, a nonconservative 
‘magnetic field around a rotation loop must be established and sustained if 
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one is to have self-rotation and self-powering. A nonconservative magnetic 
field around such a rotation loop means that the system acts as an open 
system far from equilibrium with its active vacuum and active curved 
spacetime environment, by means of some asymmetry mechanism such as 
multi-valued magnetic potential (376a-c, 377a-g}, elucidation of exchange 
forces {378a-c} at selected positions and directions, etc. It also requires 
both a stable broken 3-symmetry and a stable 4-symmetry. 


On the other hand, in our opinion, Sweet employed spin waves triggered 
into self-oscillation in the nuclei ofthe barium atoms in his barium ferrite 
magnets. Indeed, such nuclear spin waves in magnets have been known for 
some time (379}. We postulate that, as in any other COP> 1.0 power 
system, a self-rotating all-permanent-magnet motor must also involve 
Dirac sea hole current interacting in the various magnetic components. It is 
reasonable to suspect that these also interact with the electrons and their 
spin fields, perhaps producing the active mechanism providing that 
observed long-range coherence that apparently can decay the 
nonconservative magnetic field around the rotation loop, causing it to 
revert back to a conservative field and thereby stop the self-rotation and 
self-powering. Ifso, that long-range coherence must be violated and the 
violation stabilized. However, we could find no papers in the literature 
that deal with such possibilities. Hence it is a subject for further 
investigation by COP> 1.0 researchers. 


6.3.2.4 The Highly Successful Anti-Gravity Test 

On one trip to California to work with Sweet, we noticed that, at full 
power output of 500 watts, his unit weighed a little less on the bench than 
when not powered. Struck by this anomaly, I considered the negative 
energy aspects of the output — as evidenced by the Sweet's demonstration 
of icing when the output leads were shorted — and the very high gain, 
which added up to a predominance of negative energy in the output. 


Pondering this from a general relativity viewpoint, I reasoned that: (i) 
increase of positive EM energy density in space increases the curvature of 
spacetime to produce additional positive gravity Gy; (ii) increase of 
negative EM energy density in space must increase the curvature of 
spacetime in the other direction, and thus it must produce negative gravity 
Gy, and (iii) the total gravity Gr produced in the immediate spacetime of 
an object producing both positive gravity Gp and negative gravity Gy, was 
Gr = (Gp + Gy). Thus if we increased the output ofthe VTA unit, we must 
inevitably increase the weight reduction (antigravity) effect since the 
predominance of the energy output was negative energy, and this output 
was in the neglected negative energy fields aspect as well as in the local 
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vacuum (spacetime) itself, After several back-of-the-envelope estimates 
and educated guesses over some weeks, I concluded that ifthe efficiency 
of the antigravity process'”' were 10% and the unit was pushed to 1500 
watts output, it would lose all its weight and hover weightless. 


However, because of the nonlinear local spacetime, magnetic 
monopoles’”” ‘”* were deposited in Sweet's magnets when the unit was 


" We again accent the difference between efficiency and COP. Here we are 
definitely speaking of efficiency, not COP. 


” Dr. Robert Flower has confirmed that the ‘symmetrized” (or “extended") Maxwell 
equations (Eqs. 7.1 in Springer’s Encyclopedia of Physics, Vol. 16, p. 431) include 
non-zero magnetic charges and magnetic currents. Antenna engineers (Henning 
Harmuth, and others) know that these terms must be included for proper description 
of boundary conditions, even though, at the final step of computation, their integrals 
are set equal to zero (apparently to snuff out magnetic monopoles). For Dirac’s 
‘original theory of the monopole, see P. A. M. Dirac, “Theory of magnetic 
monopoles,” Phys. Rev., Vol. 74, 1948, p. 817-830. See also F. A. Bais and B. J 
Schroers, “Quantisation of Monopoles with Non-abelian Magnetic Charge," Nuclear 
Physics B, Vol. 512, 1998, p. 250-294; G. Lochak, "The Symmetry Between 
Electricity and Magnetism and the Problem of the Existence ofa Magnetic 
Monopole,” in T. W. Barrett and D. M Grimes. (Eds.] Advanced Electromagnetism: 
Fundations, Theory, & Applications, World Sciemtitic, 1995, p. 105-147. 
Particularly see T. W. Barrett, “On the distinction between fields and their metric: 
the fundamental difference between specifications concerning medium-independent 
fields and constitutive specifications concerning relations to the medium in which 
they exist.” Annales de la Fondation Louis de Broglie, 14(1), 1989, p. 37-75; — 
Electromagnetic Phenomena Not Explained by Maxwell's Equations," in Lakhtakia, 
A. (ed.): Essays on the Formal Aspects ofElectromagnetic Theory, World Sciemific 
River Edge, NJ, 1993, p. 6-86; — "The Ehrenhalt-Mikhailov effect described as the 
behavior of a low energy density magnetic monopole-instanton.” Annales de la 
Fondation Louis de Broglie, Vol. 19, 1994, p. 291-301. The work of Ehrenhaft, 
which is now substantiated and thoroughly replicated by Mikhailov, has produced 
experimental evidence of the magnetic monopole in many replicable experiments. In 
these experiments, magnetic particles move in a magnetic field along the lines of 
force. Reversal ofthe magnetic field, H, causes a reversal of the magnetic particle's 
motion, which is not the case with magnetic dipoles, since that can only occur for a 
monopole. See V. F. Mikhailov, “Observation of magnetic monopoles in the field of 
a line conductor,” J. Phys. A: Math. Gen., Vol. 18, 1985, p. L903-L906; — 
‘Observation of the magnetic charge effect in experiments with ferromagnetic 
aerosols.” Annales de la Fondation Louis de Broglie, Vol. 12, 1987, p. 491-523. See 
also M J. Perry, "Magnetic monopoles and the Kaluza-Klein theory.” Am. Ins. 
Phys. Conf. Proc, No. 116, 1984, p. 121-125; E. V. Smetanin, "Electromagnetic 
field in a space with curvature — new solutions,” Soviet Physies Journal, 25(2), Feb. 
1982. p. 107-111. [English translation]. See also T. T. Wu and C. N. Yang, "Dirac 
‘monopole without strings: monopole harmonics,” Nuclear Physics, Vol. B107, 1976, 
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producing power, and the density of these monopoles varied as the output 
power. Increasing the power output thus increased the tensile stress of the 
magnets, and at some point they would explode into fragments, like a hand 
grenade.'” This explained why conditioned magnets sometimes exploded 
When experiencing fluctuations from artificial earthquake induction 
testing. 


Having no explosive control facilities, I warned Sweet not to push the unit 
past 1,000 watts, for safety reasons. At my urging, Sweet made a new 
output load often 100-watt lamps in sockets, so the load could be varied 
from 100 to 1,000 watts easily. 


p. 365-380; — "Dirac's monopole without strings: classical Lagrangian theory, 
Phys. Rev. D., 14(2), July 15, 1976, p. 437-445. 


We emphasize that a magnetic monopole can be taken simply as a highly 


localized magnetic scalar stress potential. See, e.g., PA. M. Dirac, “Theory of 
‘magnetic monopoles,” Phys. Rev., Vol. 74, 1948, p. 817-830. Dirac pointed out that 
the existence ofa single magnetic monopole in nature would allow an explanation 
for charge quantization. We believe that the reverse of Dirac’s argument may be 
tue also: The existence of charge quantization should allow an explanation for the 
magnetic monopole. However, we also surmise that a magnetic monopole exists only 
in (and as) a sharply localized curvature of spacetime. Jackson, Classical 
Electrodynamics, second edition, 1975, p. had this to say about magnetic dipoles and 
Dirac’s argument: "Dirac’s argument... is that the mere existence ofone magnetic 
monopole in the universe would offer an explanation of the discrete nature of 
electric charge. Since the quantization of charge is one ofthe most profound 
mysteries ofthe physical world, Dirac’s idea has great appeal. 


* Sweet in fact did explode several magnets by pushing the power output of the 
device. Pushing the output was easy (and is easy for any unit outputting mostly 
negative energy), because all one had to do was connect additional load. 
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‘Sweet completed the new load section and performed the experiment in 
California after | had returned to Huntsville, reading offthe results to me 
over the phone. I took down the data, and then plotted the curve. Figure 6- 
14) shows the beautiful results. At 1,000 watts the unit had lost 90% of its 
weight. This was electrifying, because it was an unprecedented and highly 
successful antigravity experiment. Even my original "rough" assumption 


of levitation at 1500 watts was not too far from the indicated 1250 watts or 
so from the actual curve. 
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Figure 6-15 shows my proposed mechanism for antigravity. We simply use 
negative EM field energy generators to produce a negative EM energy 
field in space surrounding the source vehicle. The associated positive 
energy from the same energetic power source can power the vehicle 
simultaneously. The local reversed curvature of spacetime now interacts 
back upon the mass of the vehicle, to produce an antigravity component. 
By adjusting the output of the power source, the amount of negative 
energy — and hence the amount of antigravity component — can readily 
be varied and controlled. By controlling the directions of the field 
components, one can have unidirectional antigravity force, or antigravity 
and thrust force vectors simultaneously. Hence such a vehicle could be 
maneuvered and controlled, and be seif-powering. This at least was and is 
my concept of a practical antigravity technology. 


6.3.2.5 Later Developments and the End ofthe VTA 
Later I prepared a paper on the VTA, including the antigravity 
experiments results. We succeeded in getting the paper published {380} 
but I deliberately did not include the real details of the negative energy 
aspects as I wished to withhold that information for patenting. I prepared 
the entire paper, but placed Sweet's name first, as was appropriate since he 
was the inventor of the VTA. 


Unfortunately — but understandably! — Sweet became a bit paranoid after 
the sniper assassination attempt (he was shot at by a distant sniper using a 
silenced rifle), and then would never allow a formal demonstration of his 
antigravity test. I strongly wished to present it to a major national U.S. 
scientific committee for independent testing and confirmation — which 
could have been done without Sweet having to reveal his activation 
process for the magnets. However, Sweet would not hear of such. Indeed, 
he fearfully kept the antigravity capability a secret fom most of his 
backers. He strongly believed that he would be killed almost immediately 
if he revealed our antigravity experimental success. He may have been 
correct. 


In faimess, the inventor and his backers of necessity have different 
priorities from those of scientists doing open research in a university. But 
at least a record of the test results is in the literature, though certainly not 
as rigorously or as extensively as I wished. Sometime later, I withdrew 
from any further association with the VTA unit, after the backers changed, 
a lawsuit broke out, and the entire project unraveled. Sweet later died 
without ever revealing his full secret for such powerful activation of self 
oscillation in permanent magnets at low ELF frequencies. 
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‘The loss of the Sweet vacuum triode was a severe blow to science and a 
real setback to the scientific progress that could already have been made. 
Nonetheless, I contributed what I could, documented what I could, and 
made a videotape of the operation of the open-loop 500-watt device in the 
power mode. I also made a video of as much as Sweet would reveal of his, 
activation process. I was not allowed to videotape a second antigravity 
experiment, even though I frequently and strongly requested it. By that 
time, Sweet mortally feared for his life. Perhaps what we have written in 
this book will be sufficient to provide some needed clues to some future 
graduate student or post-doctoral scientist who will succeed in recovering 
the necessary activation of magnets and both the COP» 1.0 power 
capability and the antigravity experiments. 


Meanwhile, I have filed a provisional patent application on the mechanism 
for antigravity, the gist of which I worked out solely on my own back in 
1971 at Georgia Institute of Technology, and that I include in Chapter 8. 
As far as I am aware, no one else had thought of it previously, or has 
thought of it in that exact form fusing the causal positron prior to 
observation, and while it is still a negative energy, negative mass electron, 
as the source charge for negative EM field energy, and also using the 
causalpositron’s corresponding giant Heaviside nondiverged negative 
energyflowfor substantial negative curvature ofspacetime.). 


6.3.3 Intense Discharges in Ionized Gas 
Intense sudden discharges in ionized gases are especially of interest due to 
the presence of optical frequency components and the involvement of 
iterative optical retroreflection etc. These processes seem to be involved in 
several investigations and inventions. Further, it appears that such intense 
discharges do produce bursts of negative EM energy as part of their overall 
discharge energy. 


In the case of plasmas, some are known to transduce an input transverse 
EM wave into an output longitudinal EM wave, and vice versa. We know 
now that such a longitudinal EM wave is also accompanied by a time- 
polarized (scalar) EM wave in the time domain. The connection with the 
Whittaker 1903 decomposition of the potential, and with the new 4- 
symmetry negentropy law, is apparent. Several COP>1.0 researchers — 
notably Shoulders {381a-f} and Paulo and Alexandra Correa (382a-) — 
have performed extensive research into anomalous discharge phenomena, 
and also have developed experimental devices capitalizing on the novel 
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effects available.'”*'"° The Correas' U.S. Patent No. 5,449,989 includes 
many tests ofa Correa glow discharge apparatus, one of which in 20 
minutes of operation produced 0.988 kilowatt-hour of energy output for an 
input of 0.258 kilowatt hours. Using the known negative resistor 
characteristics, the Correas achieved sustained self-oscillations in the 
discharge. 


As an aside, we point out that the well-known anti-Stokes emission — 
which produces more energy output than the experimenter inputs, and 
hence exhibits COP> 1.0 — has long been validated in certain gases such 
as aniline vapor {383} and H, {384}. Stimulated anti-Stokes radiation 
‘occurs in many solid materials such as oxides and doped oxides {385} 
Assuming the excess energy comes from the internal energy of the 
‘molecules, this is a prime candidate for free replenishment of that 
furnished internal energy of the molecule, via the broken symmetry of the 
molecular dipoles in their fierce virtual energy exchange with the local 
active vacuum and local curved spacetime. Of course, conventionally the 
energy furnished by the molecules, etc. is not replenished from the 
vacuum, hence anti-Stokes emission can be used for coherent light cooling 
effects {386}. Apparently the Correas' process accomplishes the energy 
replenishing, hence the COP> 10 performance over a 20 minute period. 


Formation of longitudinal EM waves in the plasma forms in certain gas 
tubes, such as in Priore’s gas-filled tubes {387}, may also occur in the 
Correa experiments and probably do. Longitudinal EM waves, of course, 
always involve their concomitant, accompanying time-polarized EM 
‘waves, since the combination comprises the scalar potential and hence the 
local curvature of spacetime provided by that scalar potential. The 
replenishment mechanism involved in longitudinal EM waves and scalar 
potentials — time-energy transduced into 3-space energy — apparently 


" Both Shoulders’ electron cluster discharges and the discharge phenomena of Paulo 
and Alexandra Correa have been independently verified. Fox and other scien 

have verified COP>1.0 in Shoulders’ work, and Mallove has formally observed a 
self-powering Correa system. Both these highly reputable scientists are well known, 
have the highest integrity. and I would trust either of them with my life. Further, we 
Point out that strong gradients — as exist temporarily in strong discharge phenomena 
— are already known to violate thermodynamics. That is one ofthe areas being 
researched today to advance thermodynamics, under the aegis of "extended 
thermodynamics". See Appendix A. 


"© In addition, the Correas have demonstrated a form of energy that demonstrates 
latent heat. See discussion in Paragraph 6.3.9. 
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invoked and utilized in the Correas' sustained self-oscillations in the 
plasma discharge. 


6.34 Shoulders’ Electron Cluster Processes 
Valone {388} has summarized Ken Shoulders’ charge clusters and 
processes as follows: 


"An unusual energy source is the clustering ofelectrons 
by adischarge needle into a high density bundle equaling 
Avogadro's density ofa solid.... Ken Shoulders has 
patented aprocess (Pat. #5,153,901) thatproduces 
electron clusters with such high energy density, they equal 
processes exceeding 25,000 degrees Celsius upon impact. 
Yet, he only uses 20 microjoules to produce the effects. 
The clusters travel at a maximum ofone tenth the speed of 
light andpenetrate any substance with accuracy and 
sharp precision. It is similar to xenon clustering 
techniques currently used at megavolt energy levels. Low 
energy nuclear transmutation ofthe target has also been 
achieved with this process. Using a deuterium-loaded 
palladiumfoil, only the bombardment areas show 
transmutation into silicon, calcium, andmagnesium with 
electron clusters upon analysis with X-rays. Jin and Fox 
{389} have postulated that the high velocity electron 
clusters achieve results similar to accelerators, including 
penetration ofthe nucleus, with substantially less power. 
The new physics oflike-charges clustering in bundles 
under low power conditions opens a wide range of 
applications including spacecraft maneuvering 
microthrusters. Overunity efficiency (sic: should be COP] 
is 9t0 1, orhigher.” 


Ken Shoulders is an accomplished experimental scientist who has 
discovered and patented many aspects of electron charge clusters, 
including their COP> 1.0 characteristics {390}, 


According to his experiments, one of the most remarkable characteristics 
of these charge clusters seems to be their dramatic reduction of the 
permittivity of space {391}. Shoulders has noted the remarkable removal 
Of positive charge during the self-formation process ofthe clusters (392), 
In our opinion, the involvement of the supersystem of these charge clusters 
is shown by that phenomenon. We hypothesize that an accompanying 
Dirac hole current is shown by the experimental occasions where — in 
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addition to the Shoulders’ negative charge clusters — additional charges 
unite but show effects of having opposite charge {393}. Such changes 
would change the permittivity of space, which Shoulders has noted. They 
could also create a time-reversal zone (TRZ), which would account for the 
clustering of like charges since in a TRZ the law of attraction and 
repulsion of charges is reversed. In such a zone, like charges attract and 
unlike charges repel. This could explain why Shoulders has observed both 
negative charge clustering and positive charge clustering 


This would also explain the remarkable separation of the positive charges 
from the negative charges — they are simply repelled by the negative 
clusters in a TRZ.'” This of course immediately involves curvature of 
spacetime effects, including local changes in the speed of light etc. As 
stressed by Shoulders, the entire area cries out for extensive and 
sophisticated experimental investigation on a continuing basis, as well as 
some powerful new theoretical work. Shoulders has also noted both 
"black" and "white" (dark and bright) clusters, including their combination 
and separation, strongly suggesting Dirac holes as well as the electrons in 
the charge clusters. He has proposed a form of “inertial propulsion” based 
on some of the mechanisms and asymmetrical forces observed in his 
experiments, and such asymmetry is possible in curved local spacetime 
conditions. 


‘The relation of Shoulders’ effects to cold fusion phenomena was shown by 
‘an experiment in which a deuteron-loaded palladium cathode was 
impacted by a charge cluster (394). An explosive-like reaction occurred, 
and an X-ray analysis of the impact crater showed a number of elements 
not seen in the nearby palladium surface away from the impact site. 
Elements such as oxygen, calcium, silicon, and magnesium were detected 
in the impact site, but not in the surrounding palladium lattice. We would 
suggest the presence of TRZ-based nuclear transmutation reactions (via 
quasi-nucleus formation followed by quark-flipping in nucleons as the 


ince the same TRZ phenomenon generates specific nuclear transmutation 
reactions at low spatial energy, explaining the anomalous transmutation of elements 
in cold fusion electrolyte experiments, a strong indication exists that it is a viable 
mechanism, In our mechanism proposed for the flow of time, a TRZ. is produced for 
charges whenever antiphoton interactions predominate over photon interactions. This, 
indeed implies a change in the permittivity of the local space, local curvature of 
spacetime, and local changes in the speed of light — all phenomena Shoulders notes 
in his experiments, 
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‘TRZ. decays to a time-forward zone). Additional information on this 
charge cluster phenomenon has been given by Fox (395) 


Other Shoulders patents are pending and his research is continuing. It is 
our understanding that at least one application is presently being developed 
for the market. 


6.3.5 Mills's Hydrino Energy Cells and Developments 

Dr. Randell Mills (396a-396c), (397) has proposed a cosmic sea of 
hydrinos (the hydrino is a proposed reduced energy state of the hydrogen 
atom) to explain his tested energy cells. He envisions — and produces a 
theory for — hydrogen that is reduced to a lower energy state (the 
“hydrino"). He has gathered considerable evidence for his theory, and has 
accounted for some sixty or so infrared spectral lines in the sun’s radiation 
that have previously not been explained. Independent tests appear to have 
validated his energy production claims. 


Several major companies are presently working with Mills and his parent 
company, BlackLight Power, Inc. Progress can be followed from the 
company website, www.blacklightpower.com. Developments are ongoing 
in light, power, plasma, and new compositions of matter. A technical book 
by Mills (398) is freely downloadable from the website, giving his overall 
theory, as are other publications by Mills et al. (399a-h). Critical 
objections to various parts of Mills’ theory have been given, e.g., by 
‘Zimmerman (400}, with Mills responding strongly and — in our opinion 
— successfully 


Certain concepts utilized by Mills are, in our opinion, valid and insightful 
- whether or not the classical quantum mechanics developed by him is 
found to hold, and whether or not it agrees with ordinary quantum 
mechanics (which has problems of its own). The point is that the 
experiments work. Itis thus the job of the theorists to find what changes 
must be made to the theory for it to remain consistent with experiment. If 
they do not like Mills’ theory, the proper procedure is to advance one that 
is consistent with all the experimental results, and also to show where 
Mills’ theory is inconsistent with the results. 


In our own view, an observed positive charge is the output of an ongoing 
time-reversal process and therefore represents a "time-reversed entity” as 
observed. Before observation (imposition of d/dr operator), the positive 
charge is thus a negative 4-charge comprised of gf, not g. From that 
viewpoint, the H+ ion, which is just a hydrogen nucleus (a proton) without 
an electron shell, may be regarded as a time-reversed 4-entity prior to 
observation, Further, any energy change in and of the hydrogen atom 
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results in a change in the local energy density of spacetime (ST) a priori, 
hence a change in the local ST curvature. 


If we regard the entire hydrogen atom as a set of such ST curvatures and 
their dynamics, then Mills’ consideration of a lower positive energy state 
hydrino simply implies the addition of an additional negative ST curvature 
to the ST curvature set associated with the normal hydrogen atom. We note 
that binding energy of the nucleons is already negative energy, and thus 
{just such a negative spacetime curvature. But the binding energy is itselfa 
spacetime curvature capable ofbeing increased, as can be any spacetime 
curvature. In the supersystem, addition of such ST curvature is possible, 
and it is doable electrodynamically, particularly when Heaviside's 
normally unaccounted huge energy component is accounted and utilized, 


In our opinion, Mills’ theory should probably be recast into a higher group 
symmetry electrodynamics — such as (3) — which has been shown to be 
intimately connected with Sachs's unified field theory. This would provide 
an adjusted model that is not only testable but also engineerable. 
Nonetheless, the concepts of Mills’ theory and the theory should be closely 
examined as they stand, and at least some of the key concepts are 
engineerable as witnessed by his successful experimental results. That is 
better than what the critics have offered! A higher group symmetry 
recasting would enhance and expand his theory even more, and correct any 
errors that might be present. It would also allow a full theoretic treatment 
(ie., a supersystem treatment) of Mills’ main concepts, which we believe 
have much merit. 


Further, given Mills’ hydrino as we approached it, two hydrinos will each 
possess such a set of spacetime curvatures (each will possess such a 
vacuum engine). Later in this book — and elsewhere {401} — we have 
pointed out that, in a time-reversal zone (TRZ), the law of electromagnetic 
charge attraction and repulsion is reversed. Accordingly, in a TRZ two or 
more hydrinos will attract each other so closely that each enters the now- 
reduced strong force region of the other, forming a quasi-nucleus. As the 
TRZ. decays away back to a normal time-forward zone, because of their 
power law form the strong forces restore back to normal much faster than 
the electromagnetic forces do. Hence during its "decay", the quasi-nucleus 

energetically compacted into a permanent nucleus, either flipping quarks 
or giving off one or more particles as necessary to balance its new energy 
state in the process. We have previously argued that a similar process 
where a TRZ, induces formation of quasi-nuclei also yields the major 
transmutations {402} demonstrated in a large number of cold fusion 
experiments worldwide. 
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‘The present author has previously proposed an engineerable mechanism 
(the totality ofall photon interactions with a mass) that generates the flow 
ofthat mass through time {403}. By manipulating the arrow of time 
between forward vector and reversed vector, the strong forces in a nucleus 
(or for a particle) can be directly manipulated in magnitude (and to some 
extent, even in sign although the latter involves gluon and quark 
manipulations in the nucleons). By adroit use of these manipulated strong 
forces and TRZ. formation and decay, the energy states of nuclei can 
indeed be manipulated, including reduced in energy level —just as Mills 
assumes and presents experimental evidence for, and as cold fusion 
experiments present experimental evidence for. 


We note that two such interacting hydrinos must each possess a specific 
vacuum engine (specific set of ST curvatures and dynamics). Novel new 
interactions are available in TRZ’s because of manipulation and even 
reversal of electromagnetic forces, strong forces, etc. and because of 
nuclear fusion of like charged particles into quasi-nuclei followed by 
decay into stable nuclei, etc. These novel new particle interactions caused 
by manipulation of strong spacetime curvature engines and their 
magnitudes are presently missing from particle physics. Mills, however, 
does come at them from a somewhat different direction in his own 
concepts. 


The reason for the absence of dominant general relativity effects in most 
particle physics is that the "total photon interaction” mechanism generating 
the flow (persistence) of a mass or field through time has not been 
recognized and used. Consequently, in general only those far weaker ST 
curvatures due to the weak G-force have been considered. To Mills’ great 
credit, he is aware of the gravitational significance of manipulating much 
stronger forces and spatial energy densities such as the electromagnetic 
fields and their energy densities 


‘The U.S. Patent and Trademark Office then refused a new patent to Mills 
on one of his processes, and revoked another Mills patent even after 
already agreeing to award it within two weeks. BlackLight Power, Inc. 
initiated and lost a lawsuit against the Commissioner of Patents, seeking to 
reverse this unusual action by the U.S. Patent Office. However, the 
company's patent portfolio has continued to grow, with extraordinary 
international applications (404a, 404b), and several European patents have 
been filed appropriately. BlackLight Power Inc. seems well funded (some 
millions of dollars) and well staffed, and we expect to see BlackLight 
Power, Inc. products entering the market place. Those products will 
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probably be related to fuel cells, plasmas, power converters, generators, 
separation methods, and novel compounds materials, 


and 


63.6 Switching Circuits with Extended Electron Gas Relaxation Time 
See Figure 6-16. Suppose an instantly applied voltage to the high side of 
the circuit instantly potentializes a pair of circuit conductors, with the 
other acting as ground. The charges in the conductor are thus instantly 
potentialized and excited, so that through the external circuit there exists 
an E-field E, where E = —V@ between the high side of the circuit and the 
ground retum side. An acceleration force on the energized electrons thus 
exists. It requires a finite time for the energized electrons in this force field 
E to break their static friction or inertia, move, and accelerate to the 
requisite slow drift velocity down the wire. During that delay or "electron 
relaxation time", no current is initially in progress, then a little current is, 
flowing, and finally all of the current is flowing. This delay time is called 
the electron gas relaxation time. 


Note: May use mary stands of Fedoped Al we instead of ore or each conductor 


Foye 616 Eeondodrlaaton sme cut wih dedes 


In the usual copper conductor, the delay time arguably may be on the order 
of 10" sec. This is so slight a delay that it can be ignored, for all practical 
purposes. Current — with resulting dissipation of the collected potential 
energy — usually occurs "as soon as" we apply the voltage, for all 
practical circuit work. However, suppose we could increase that electron 
gas relaxation time to, say, one millisecond? Then for an appreciable 
number of microseconds, there would be essentially no current flowing at 
all in the now-potentialized circuit. 


We previously proposed a mechanism whereby a degenerate 
semiconductor alloy (say, of a tiny bit — perhaps 2% or so — of iron 
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alloyed in aluminum wire) is utilized for the conductors of the external 
circuit. This should give a vastly extended electron relaxation time, 
somewhere on the order of a millisecond. By obtaining a millisecond, one 
can excite the circuit with current-free potential alone, which becomes 
pure regauging during the electron relaxation period. 


We strongly point out that this is an asymmetrical regauging; the E-field 
previously mentioned is present, but the electrons are still frozen in the 
circuit since their relaxation has not begun. The gauge freedom principle, 
recognized in quantum field theory, assures us that we do not have to 
perform work to simply inflow potential energy to change the potential 
energy of the system. In real circuits, we may have to pay a tiny bit for 
switching to connect and disconnect the extemal potentialization source, 
but we can be at pains to make that very efficient and minimal {405}. The 
point is, other than minor switching costs, the dramatic change in the 
potential energy of the system is cost-free and no current is drawn from the 
external potential source. Hence — in the language of the electrical 
engineer — we draw no power fiom the source of potential, during this 


Suppose we switch away the excitation source prior to its decay while the 
electrons are still frozen, Simultaneously, we complete the "freed" 
potentialized circuit with a strategically placed diode, as shown in Figure 
6-16. Again, we pay a little switching cost, but it can be minimized. The 
electrons in the now asymmetrically potentialized circuit are still frozen, so 
no power has yet been drawn by the system from the external power 
supply furnishing the voltage only. In this way, pure asymmetrical 
regauging is used to excite the circuit with additional potential energy, 
without requiring work (except minimally for switching). 


A little more time passes, and suddenly the electrons in the potentialized 
circuit wake up and move. We stress again that the full emf is acting on the 


electrons, and now they are finally free to move. There is a net nonzero 


regauging E-field (force field) also. The excited closed current loop circuit 
then discharges in normal Lorentz symmetrical fashion, killing the source 
dipolarity as current is driven back up through the diode, but all the work 
in the load is "free". The circuit specialist will also recognize the 
usefulness of additional components associated with the shunt, such as a 
capacitor or even an LC oscillator for AC work. 


If LEis load work obtained and SE is switch energy utilized, this approach 
yields COP = LE / SE and COP > 10 is possible. The reason is that the 
primary source dipole providing the potential for potentialization of the 
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Managing the migration 


‘Thus, virtualization will be a vital piece of the puzzle as 5G is 
rolled out and the loT grows. But the speed and agility that virtu- 
alization enables must be balanced against the need for network 
visibility, resilience, manageability and security, throughout the 
development, roll-out, and mass usage of each service. 


‘MNOs and service providers must weigh the trade-offs between 


>> Quality and cost. 
>> Flexibility and control, 
2% Moving too quickly and not moving fast enough, 


As a result, the demand for simple, end-to-end solutions that 
can efficiently test and validate the effectiveness and benefits 
of virtualization at every stage is only going to increase. Net- 
work virtualization will be a key driver of the fo ecosystem as it 
develops — and full-lifecycle reliability and performance testing 
will be a key element of this shift. 


Virtualizing Network Components 


When LTE networks were conceptualized, one notable difference 
from earlier 3G architectures was the idea of a central “brain” — 
the evolved Node B (eNodeB). From the eNodeB — the point at 
Which the cellular network wirelessly connects directly to user 
equipment (UE) — to the Internet, the connectivity would all be 
Internet Protocol (IP) based. 

When data centers and other wired network components (such 
as routers, switches, and firewalls) started being virtualized on 


standard off-the-shelf servers, it was only natural for the wire- 
less, IP-based 4G evolved packet core (EPC) to follow. 


Virtual EPC (vEPC) 


Because packet gateways, policy servers, and subscriber data 
bases are all IP-based in the LTE network, the EPC is an excellent 
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electrons and regauging of the circuit is removed from the closed current 
loop circuit and the effect of current through the back emf. Thus the 
primary source dipole is not destroyed faster than the load is powered. It is 
only depleted by the small amount of switching energy we utilized. This 
appears to be a major way to avoid the COPS1.0 limitation of the usual 
closed current loop circuit. 


This is a circuit with legitimate COP>1.0 capability, without violation of 
the laws of thermodynamics or physics. We break the Lorentz condition 

between the initial "external circuit” and the primary source dipole for the 
regauging energy. After regauging, we "cut loose" the circuit with its own 
primary dipolarity and newly transferred "separate source dipole". By such 
adroit use ofelectron gas relaxation time, we can use one source dipole to 
‘freely make another ofequal intensity, without any depletion ofthe first. 


‘The difficulty is in getting the Fe-Al alloy wire, which must be made in an 
inert atmosphere since Al corrodes easily and the two elements have very 
different melting temperatures. 


Alternatives can be visualized, such as to utilize a capacitor whose plates 
are made ofthe Fe-Al alloy. This might be useful in the triode-capacitor, 
to be discussed next. A series of pulses might then be used to charge the 
capacitor, without depletion of the primary source dipole in the external 
source of potential, if tt is repeatedly switched in and away. An interesting 
question arises if such a capacitor with tailored "hysteresis" in its charging 
utilized in various circuits and schemes containing a coil of useful time 
delay also, particularly since the electron gas relaxation phenomenon 
involves decaying oscillations. Interesting phase angle results can be 
constructed in such circuits, but we leave the resolution of this question to 
future experimenters. 


6.3.7 The Triode-Capacitor and Other Curious Components 

See Figure 6-17. In this rough concept by the present author, the notion is, 
to implant a grid of very small copper wire mesh inside the dielectric and 
near one or both of the capacitor plates, and then to utilize grids as ifthey 
were grids of a triode tube, for gating and controlling the displacement 
current in the capacitor and the dielectric strain. As an example, when 
charging the capacitor, the grids can be used to increase the displacement 
current (which also increases the voltage on the capacitor and dielectric 
strain). This increases the charge and energy in the charged capacitor, 
without putting in as much "enhancement and gating” energy as the extra 
energy obtained in the charged capacitor. If desired, we can also 
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incorporate the 2% Fe-doped Al wires in the grid, or connected to it, to 
further move the grid toward a "pure current-free potential” operation, 


DIELECTRIC 


can « FELT E 
* GRID DETAIL 


GRID# GRIDI2 PLATE? 


Figure 617 The tide apaor concept, 


‘The scheme is that a voltage on this grid will intercept only a small current 
during charging of the capacitor, but can have an appreciable voltage upon 
it. The charging potential is placed across the capacitor, and 
simultaneously the grid has a similar potential placed upon it. The external 
source of charging potential is then disconnected, and the capacitor 
charges with more energy rearranged in its circuit than the energy one 
dissipates in the grid. The similarity to an old vacuum tube triode is 
apparent. For the purist, additional grids with tetrode and pentode 
functions can also be added. 


‘One or more inventors has unwittingly tried to approach this in one way or 
another, but have not directly incorporated this schema and have not used 
the grid. They do not seem to have obtained positive results with those 
different schemas without the grid, nor have they specified the difficulties 
and phenomenology encountered, etc. We were curious about possible 
results of combining this (the triode grid in the capacitor) with the known 
elimination of capacitor losses by appropriate pulse charging {406a-b}. It 
seems that experimentation and research with the triode capacitor and its 
variations is definitely indicated, 


We were also curious about the Davis non-inductive resistor (407a}, 
which is a special kind of "capacitor" that becomes an inductance-free 
resistor. One may argue that the resistor may be multiply inductive after 
all, though it is ner noninductive. It may well be "equally and oppositely 
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inductive,” which is quite a different thing altogether, since it produces an 
artificial stress potential (and in the presence of AC, it produces a 
longitudinal EM stress field wave) in spacetime even though it produces a 
net zero reactance. In short, it produces a Lorentz-regauging, directly, and 
this can be a varying Lorentz regauging producing longitudinal EM stress 
waves. Whether this odd characteristic can be utilized in a COP>1.0 
process remains to be seen. Preliminary indications are that it can be so 
utilized. 


‘The various versions of the biwound coil, wound with two conductors at 
‘once and then the currents passed through the conductors in opposite 
directions, also presents interesting capabilities. Here again, it is multiply 
inductive, but may be tuned and adjusted to be net noninductive. We 
strongly suggest comparison with the well-known hairpin dual dipole 
antenna. 


In short, this biwound coil arrangement — with various variations — can 
produce (and modulate) a magnetostatic scalar stress potential in the local 
vacuum and, in the case of AC, a longitudinal EM wave. This would 
appear to be a direct change (and oscillation) ofthe stress potential of the 
vacuum itself, which can be decomposed via the Whittaker process into a 
harmonic set of phase conjugate longitudinal EM wavepairs. The potential 
longitudinal EM wave communication possibilities can be seen, although 
one might require a Fogal transistor to receive the longitudinal EM wave 
modulations of such signals. 


Further work in this area of unusual capacitors and components is left to 
the interested reader for his or her experimentation and research. 


6.3.8 A Surprising Thing About Thermodynamics and Reservoirs 
‘Thermodynamically, it is fashionable to state that one cannot take energy 
from a reservoir at constant temperature. That is true for equilibrium 
conditions, but not for nonequilibrium conditions (408). That is, we 
cannot take energy from a reservoir in equilibrium at constant temperature. 
We can indeed take energy from a reservoir at constant temperature but 
not in equilibrium. More exactly, we can take energy from a 
nonhomogeneous reservoir at constant temperature. 


We quote Hsu-Chieh Yeh {409} for a vivid statement of this little- 
recognized fact 


"From Planck's statement ofthe second law ofthermodynamics 
it is generally inferred that it is impossible to construct an 
engine which produces work at the expense only ofheat taken 
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from the air or the ocean. ...[It is demonstrated that]... when the 
air and the ocean are combined as a nonhomogeneous reservoir 
ofuniform temperature, it is possible to construct an engine 
which produces work by extracting heatfrom the said reservoir. 
This does not constitute a violation ofthe second law of 
thermodynamics, rather that the "reservoir" in the Planck's 
statement must be clearly stated as being in equilibrium. " 


Yeh's article falsifies the general, mistaken inference that Planck's 
statement of the second law of thermodynamics requires it to be 
impossible to construct an engine that produces work at the expense only 
of heat taken from the air or ocean. The experiment described in Yeh’s, 
paper demonstrates that when the air and the ocean are combined as a 
nonhomogeneous reservoir of uniform temperature, it is possible to 
construct an engine that produces work by extracting heat from the said 
reservoir. This does not constitute a violation of the second law of 
thermodynamics, but rather shows that the reservoir” in Planck's 
statement may be in equilibrium or disequilibrium, and the statement holds 
only for the equilibrium case. Also, an entire reservoir can be in "overall 
equilibrium, but in raging disequilibrium between various parts of itself. 
Classical thermodynamics only applies with the reservoir or part of it that 
is used by the system in its supersystem, when that partis in equilibrium. 


We bring this out to show the analogy to our concept of the two additional 
components of the supersystem as the "reservoir" or external environment 
of the system itself. 


We also point out that the concept oftemperature itselfis not strictly 
defined under disequilibrium conditions, as pointed out by Gabriel Laufer 
{410}. 

‘The proof and a schematic diagram of a machine to do just such an energ 


extraction process at constant temperature in an environment in 
disequilibrium are shown by Yeh {408}. 


6.1.9 Latent Heat Work of the Correas 

In addition to their glow discharge work previously discussed, Paulo and 
Alexandra Correa have demonstrated a method to optimize some 
anomalous form of energy from the sun, which transduces into heat, 
producing an anomalous Ty - T difference registered in Orgone 
Accumulators'™* invented by W. Reich in 1939-1940. They have also 


"8 This is Reich's terminology, not used in conventional physics. We suspect that 
proper application of quantum field theory with its four photon polarizations could 
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employed the optimized difference in this "latent" heat — their term — to 
drive a low dT Stirling engine of the MM6 type, to perform free work 

{41 la-b}. The Correas employ their own new theory of the aether (412) to 
explain the effect. 


Against the assertion that this is just normal solar energy warming, they 
have demonstrated the successful driving ofthe Stirling engine for several 
hours during nighttime (413). With their latest improved version, they 
report speeds of the Stirling engine of 150 rpm during daytime (with dT. 
values reaching 22.5° C), and speeds of 30 to 80 rpm during nighttime 
(with dT values of 3.1 to 9° C). There appears to be no obvious standard 
thermodynamic explanation or standard theory to explain how the 
anomalous heating occurs — although once it does occur, the explanation 
from then on is thermodynamically normal. 


‘The Stirling energy is driven on a difference in temperature created 
between the top plate and bottom plate of a box by this anomalous energy. 
It is the production ofthe heat that is anomalous, not the driving of the 
engine. For comparison, imagine a bank of solar cells that would somehow 
‘operate at night, when no normal radiation from the sun was striking them, 
‘The Correa effect demonstrates such an anomaly.! 


Dr. Eugene Mallove, an excellent scientist with impeccable credentials, 
has personally observed the Correa accumulator system driving the Stirling 
engine, and has examined it inside and out (414). Though small, the heat 
and the motive power are real and the engine is really driven, in the 
absence of any kind of conventional batteries or other known power 
source. 


be applied to transform the notion of "orgone” energy into specialized EM energy. 
We further suspect that orgone energy is really the wansduction ofthe time-polarized 
photon energy into normal photon energy. We are assured by quantum field theory 
and the giant negentropy solution to the source charge problem that the 
instantaneous scalar potential involves this process. 


® We point out that local regions ofthe sun may well produce Aharonov-Bohm 
effects, and probably do. Such reactions in the sun would localize some ofthe 
Befields and emit cur-fee magnetic vector potential radiation into space, striking 
the earth. Close examination and analysis of the possible reaction of uncurled 
‘A-potential radiation with the accumulator box and plates in the Correa process 
might yield a novel mechanism for the observed heating (scattering) effects, 
including the difference between daytime and nighttime levels, periodic variations, 
ete 
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While the Correas utilize some of Reich's orgone and aether terminology, 
they are quite aware that the energy being converted is not normal 
transverse EM wave energy. Quoting {415} 


"Aetherometry demonstrates that what traverses space is 
not transverse electromagnetic radiation (and certainly 
notsensible heat), but longitudinal electric 
ambipolar radiation emitted from the sun. All that 
electromagnetic radiation consists ofis a local production 
of photons (for those who care to listen): aether energy is 
not composed ofphotons, actual or virtual." 


We can generate sympathy for that statement, although we would still not 
rule out time-polarized (scalar) photons and longitudinal photons from 
quantum field theory, each of which is individually nonobservable, but 
when paired the two comprise an instantaneous scalar potential. As we 
previously discussed, the classical notion ofthe EM force fields E and B 
implicitly assumes interaction of the unseen causal "field-as-it-exists- 
massfree space” with charged mass having been accomplished, with the E 
and B being the 3-effect of this interaction after observation, Thus these 
force fields E and B are 3-effects (after interaction and after observation) 
rather than 4-causes prior to interaction and observation. We suspect that 
the Correas are trying to get at the causal 4-photon, rather than the usually 
assumed 3-photon, Further, a virtual photon spends much of its time 
existing as a dipole comprised of a virtual electron and a virtual positron. 
‘Therefore it spends much ofits time in the presence of the giant 
negentropy 4-circulation, involving transduction of time energy into spatial 
energy and vice versa. It is this negentropy circulation represented by the 
virtual photon (or accompanying it, whichever one chooses) that the 
Correas are confronting as the "aether energy’ 


As previously discussed, an analysis of the Drude electrons in the electron 
gas of a detector builds a convincing case for EM waves in space existing 
in longitudinal EM waves, ifthe spinning and longitudinally restrained 
electrons precess and act as gyros. The detected transverse EM waves are 
in fact transverse precession waves of the gyro-electrons when perturbed 
by incoming longitudinal EM waves (longitudinal photons appearing in 3- 
space from the time-domain's scalar photon couplet). As Feynman put it 
{416}, 


"We may think of E(x, y, z, 1) and B(x, y, z, t) as giving the 
forces that would be experienced at the time t by a charge 
located at (x, y, 2), with the condition thatplacing the 
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charge there did not disturb the positions or motion ofall 
the other charges responsiblefor the fields." 


‘The E and B force fields — and transverse photons — are not the form in 
which EM energy causally exists in 4-space prior to its interaction with 
charged mass. In that causal form, EM energy seems to exist in field-free 
form, as a direct curvature of spacetime — at least in Sachs's unified field 
approach. Further, this form may be represented as the causal precursor of 
longitudinal EM waves accompanied by time-polarized EM waves. 


We will not repeat our past discussion of the great necessity to change the 
very notion of "propagation through 3-space", but that is the issue. In our 
opinion, the Correas have had to struggle with the use of this causal EM 
energy as it exists in 4-space prior to interaction with charge and prior to 
observation. Hence their view is solidly based that the photon does not 
exist until after the interaction — which in fact has much support once we 
remove the still-present assumption in classical electrodynamics that a 
material ether exists 


‘Our own recommendation is that this anomalous energy should be deeply 
investigated with the view that all EM energy in 3-space comes from the 
time-domain and the 3-space aspect is in terms of longitudinal photons, as 
we have proposed in our solution to the source charge problem previously 
cited. That is the only way that the nature of the EM wave in vacuum can 
be reconciled with quantum field theory's findings (19} and with 
Whitaker's decomposition ofthe scalar potential (85), slightly corrected 
(12) 


Mallove also points out (417) that, ifthis aether energy view of the 
Correas has validity, it "..suggests that physics is notjust wrong, it is 
profoundly wrong — catastrophically wrong about even the most 
fundamental questions ofexistence, such as: 1) Is there an energetic 
aether? and 2) What is the nature oflight?” 


We profoundly agree with Mallove’s observation, and we believe we have 
explained the reason why physics is indeed profoundly wrong (widely 
substitutes effect for cause). Further, classical physics is decidedly wrong 
about the nature of light — from quantum field theory, experimental proof 
of superluminal communication, and action-at-a-distance effects. 


In our view, the Correas presently have a replicable experiment that, once 
independently and thoroughly investigated, may force a deeper 
examination of the foundations of physics. Hopefully, the Correas’ 
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experiment and others like it will finally force the separation of effect from 
cause, presently so mangled in physics and particularly in electrodynamics. 


Ifthe National Academy of Sciences and the National Science Foundation 
can be convinced of the horrible manglement of cause and effect in 
physics and especially in electrodynamics, perhaps they may yet wake 
from their long slumber and get the foundations corrected to eliminate 
such non sequiturs. Ifso, we shall have a magnificent new physics as a 
result 


Ifnot, then the NAS and NSF will continue to profoundly reduce the 
security of this nation, since several nations have already made and 
‘weaponized such corrections to physics to produce what is called 
"energetics". Further, extraordinarily powerful energetics weapons have 
already been developed and deployed (and even employed), putting the 
USS. at a strategic disadvantage because of the continuing reluctance of the 
NAS and NSF to correct the glaring and extraordinary errors in both 
physics and electrodynamics — and especially in electrical engineering 


Meanwhile, we believe that the work and experiments of Paulo and 
Alexandra Correa are at the forefront of capturing and transducing energy 
from the vacuum, in whatever form one chooses to consider the vacuum 
energy itself. They are also pointing the way to the corrections and 
changes necessary in the "old physics” ifwe are to better understand the 
world we live in 


63.10 Swiss Overunity Converter 
We must also include the "Testatika” devices invented by Paul Baumann in 
a religious commune, Methernitha, adjacent to the village of Linden in 
Switzerland". Figure 6-18 shows one of the machines, which over a 
period of 20 years were developed in various output sizes up to 30 
kilowatts. Once started, the device is self-powering while also powering a 
very substantial external load (up to 25 kW). Many engineers and 
scientists have observed the machines in observation, examined them, and 
measured one or more in operation, so there is little doubt of their 
authenticity. 


'WThe website for Methernitha is www.methernitha.com. One may read the 
statementsof the religious group for oneself 
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‘Figze 6-18 Sus Methemitha machine 


However, there the science stops and mysticism and speculation begin. 
The religious commune releases no real details, except deliberately 
tantalizing clues. When questioned, the reply is that humankind in its 
present state cannot be trusted with such free energy. Almost all those 
examining the device have thought in ordinary electrical engineering 
terms, so very little comes from their examination because standard 
electrical engineering does not contain any theoretical explanation of 
COP> 1.0 electrical power systems whatsoever. Baumann himself 
sometimes cryptically replied that his study of lightning discharges in 
nature gave him the operational principle. As we shall see, that may indeed 
be a very substantial clue as to the possible technical COP>1.0 mechanism, 
and one that does not exist in conventional classical electrodynamics. 


‘The Methemitha (Baumann) machine resembles a Wimburst machine with 
contra rotating static wheels, made of plastic or other insulating material 
with copper ribs and structures on one side and aluminum on the other. 
Use is made of the discharge into and from large capacitors and large coils. 
Also, at least one horseshoe-shaped permanent magnet assembly at the 
bottom is utilized. The major operating feature seems to be the contra 
rotating disks of a "Wimhurst” static generator machine, a magnetic field 
at right angles, and the sharp discharge of high voltage into and from large 
capacitors and large coils. The voluminous material on the Internet and in 
articles about the machines is mostly of little real use in contributing 
understanding or in proposing any legitimate mechanism. 
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We have not "solved" the machine's mechanism, since that would require 
close study ofthe device for a protracted time, and there has been no 
opportunity or time for that — although Baumann invited this author to 
come and see the machine some years before he died. Regrettably, I was 
unable to make the trip, and Baumann himself has now been dead for some 
years. We will therefore offer some technical suggestions pertaining to 
‘mechanisms that may be operating in the machine (or others like it). 


First, we call attention to a paper by Aguirregabiria (418). Quoting 


"An ohmic ring that rotates with constant angular velocity 
in an external uniform magnetic field is considered as a 
simple modelfor a current generator. Under the 
‘assumption that all quantities vary slowly in time, the 
lowest-order approximation to the surface charge density 
isfound. The flux ofthe Poynting vector through the loop 
surface is also computed. Unlike the examples that are 
given in textbooks, thisflux is not always incoming: Ithas 
the outgoing direction around the loop parts where the 
electrons are moving against electrostaticforces. " 


In other words, contrary to textbooks, there are positions where such a ring 
produces currents in one direction, and positions where it produces current 
in the other direction — infact moving against the voltage and E-field, 
and thus serving as a true negative resistor in those latter regions. This, 
may be a profound clue to the negative resistor operation of Baumann’s 
machine. 


This unexpected negative resistor effect is in theory usable to provide a 
true negative resistance. If there are transformers in the machine (and there 
are in some of them at least), then if true negative resistor were used as 
an external shunt across the external circuit connected to the secondary of 
a transformer, the transformer could be operated as a true COP> 1.0 device. 
‘The back-field connection from secondary to primary would be reduced by 
the fraction of the return current to the secondary that is shunted in parallel 
to that current "pumped" back up through the secondary. 


This should be considered as an important possibility in the Baumann 
machine's operation. 

Second, a charging and discharging capacitor involves not only energy 
flow in a direction perpendicular to the plates, but also an energy flow ina 
direction parallel to the plates {419}. Each ofthe rotating "plates" is 
actually a rotating capacitor of sorts, with a dielectric between two plates 
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candidate for replacing proprietary hardware with virtualized 
functions hosted on standard, off-the-shelf servers. ‘The ben— 
efit for MNOs is the elasticity this model enables — no more 
dedicated hardware and no need to oversubscribe every part of 
the network. Servers can be quickly and easily provisioned or 
de-provisioned based on real-time subscriber capacity needs. 
With SDN controllers and EPC functions migrated to NEV, and 
orchestration schemes added to manage it all, the wireless core 
could be fully virtualized and cloud ready! 


Centralized Radio Access 
Network (C-RAN) 


Virtualization in the radio access network (RAN) requires separating 
out latency-sensitive elements and the radio itself, then pooling 
the rest of the baseband functions into centralized baseband units 
(BBUs). Which functions should stay with the remote radio head 
(RRH) and which ones should move to centralized BBUs has been 
extensively studied, and a few options exist. 


‘The C-RAN model, which requires a fiber connection between 
the RRH and the BBUs, is popular in some regions of the world, 
such as China and Korea. ‘This front-haul interface is challeng- 
ing because it has distance limitations and is bandwidth limited. 
It uses a protocol known as the Common Public Radio Interface 
(CPRI). China Mobile has been in the forefront of the C-RAN 
architecture. Other countries such as Japan and Korea have also 
adopted C-RAN. In the U.S., Verizon is looking at implementing 
C-RAN for small cells. 


Mobile Edge Computing (MEC) 


Mobile Edge Computing (MEC) offers an important balance as 
cellular networks move to a central model. MEC allows certain 
latency-sensitive components to be moved to the network edge. 
For example, even though it may make business sense for MNOs 
to centralize several functions into VNFs running on standard 
off-the-shelf servers, some critical functions may need to be 
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of special construction and dissimilar metals. The dielectric and the plates 
thus involve a complex intermingling of the negative resistor effect, a 
Positive resistor effect, magnetic energy flows (both in entropic and. 
negentropic manner in various regions), etc. 


Baumann once handed two dissimilar plates, with a dielectric between 
them, to an engineer who measured it and found a startling several hundred 
volts across the plates! To date, no one is known to have been able to 
reproduce that effect.'*' We suggest that, ifthe dielectric material is 
layered and photorefractive in nature, it may be related to the negative 
resistors built by Chung {420}. Ifso, the physical pressure of the plates 
against the layered dielectric may also be quite important. By varying this 
pressure, Chung and her team found that their device could be made to 
exhibit negative resistance, positive resistance, or zero resistance. This 
leads us to speculate that Baumann may have used a "stressed dielectric” 
capacitor as a device having a built-in negative resistance. In that case, 
build-up of such a surprisingly high voltage would indicate high stress 
locked into the negative resistance dielectric. 


We also call attention to a paper by LaPointe (421), which will be 


discussed later under inertial propulsion and antigravity. Essentially, true 
Dirac hole current in the adjacent vacuumy/space can be generated by 
powerful electrical discharges, particularly from capacitors or coils. When 


the unaccounted Heaviside energy component is also considered as well as 
the Poynting component, LaPointe's despair at the difficulty of obtaining 
sufficiently large voltage gradient across a very tiny distance is dispelled. 


'S! We are reminded, however, of the peculiar phenomenon that can occur in large 
power capacitors stored on a warehouse floor, Iftheir leads are not shorted, the 
‘capacitors will build up a self-charge gradually, and this can become quite lethal 
For that reason, such large capacitors when stored will have their leads shorted, to 
prevent this "fiee cumulative charge and energy" from appearing and posing a 
serious hazard. To our knowledge, there has been no complete scientific explanation 
advanced for this "self-charging” effect in large storage capacitors. Our own 
hypothesis is that it is probably an effect of unaccounted Heaviside nondiverged 
energy flow components associated with various field/charge interactions in the area 
and with ordinary Poynting EM energy flow in the area, including within the earth 
itself. Further, with respect to the surface of the earth there is an increase in 
potential with altitude. Hence from any point above the earth's surface and a point 
oon the surface, there exists a dipolarity and a "Kron open path”. The broken 
symmetry of that dipolarity means that within it a continuous 4-cigculation of EM 
energy flow occurs as well as point-dipole polarization, 
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Ifthis speculation holds, then in examining lightning strikes and their more 
bizarre phenomena, Baumann may well have hit upon the fact that such 
discharges also generate negative energy as well as positive energy, 
although it appears that the technical concept of negative energy was 
foreign to him, at least in such terms. In short, he could have been 
unknowingly charging his large capacitors by Dirac sea hole currents, 
somewhat similar to Bedini’s process." In that case, most of the "negative 
resistance” operation could be explained by Baumann's transduction of 
large bursts of negative energy into large bursts of positive charging 
energy and current in his capacitors. 


Or, said another way in terms of Aguirregabiria's effect, Baumann may 
simply have been charging capacitors in that "negative resistance” 
Aguirregabiria region where the current does flow backwards against the 
voltage. 


At least we have proposed some known though rare phenomena, which 
Bedini and my four colleagues and I have discovered in independent 
efforts. We strongly suggest that the Baumann device may unwittingly 
incorporate several of these mechanisms, but that neither Baumann nor the 
other members of Methemitha seem to have any technical notion of them. 


With that, we leave it to the interested researcher to perform his or her 
independent Baumann-type system experiments and build-ups. Eventually, 
as is always true in science, the experiment must determine the truth of 
what is really happening. Given the successful experiment, then a model 
‘must be contrived or fitted that (i) explains the new effects produced, and 
Gi) complies with normal EM operation of normal COPS1.0 systems. 


6.4 Some Magnetic Processes of Interest 


There are some 200 or more magnetic effects in the literature, and only 
about half of them are well understood. Of the remaining half, some are 


"2 Bedini and the present author have filed a patent application upon this exact 


mechanism and process, and typical embodiments for accomplishing it. Bedini 
discovered the effect and used it for two or more decades, and after some intense 
struggle with the problem I was able to find the exact technical mechanism, 
including literature justification, This becomes a system to close-loop a "unitary 
type of COP>1.0 system, which is covered in the patent application also. A different 
system can be used to close-loop a non-unitary COP>1.0 system, and that method is 
contained in the second MEG-type patent application of my four colleagues and I 
who invented the motionless electromagnetic generator (MEG). 
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partially understood and some are not understood at all. The COP> 1.0 
researcher interested in magnetic systems would do well to study magnetic 
materials science (422a-422c}, known magnetic effects, and particularly 
those magnetic effects that are still anomalous such as in leading edge 
superconductivity research. The new area of spintronics (423), e.g. is 
rapidly advancing and will have future impact on COP>1.0 magnetic 
systems. We do not further discuss spintronics in this book, but merely call 
this rapidly emerging area to the attention ofthe interested COP>1.0 
researcher." 


Let us examine a very few magnetic effects of interest, as 
what we are referring to. 


6.4.1 Self-Powered Magnetohydrodynamic Motors 

Interesting self-powered magnetohydrodynamic motor work has been 
shown by Bednarek (424). He shows a multi-branch rotor in a galvanic 
cell composed of sulphuric acid electrolyte with copper and zinc 
electrodes. The unit develops an emf of about | volt, with the rotor placed 
in a vertical magnetic field such as from a large rectangular permanent 
magnet, where the field of the magnet is a few teslas in strength. The 
electrolyte and the rotor revolve in opposite directions. To change the 
direction of revolution of the rotor, the magnetic field direction is reversed. 
A linear self-powered magnetohydrodynamic motor is also shown, and has 
a similar principle of operation. 


sampling of 


‘The interesting point is that these motors work, but less efficiently, when a 
water solution of table salt is used as the electrolyte. With the worldwide 
availability of seawater, this becomes an interesting possibility of 
“renewable energy" application. We leave it to the reader to further 
investigate this proven experimental technology as desired and to 
determine its practicality. 


6.4.2 Multivalued Magnetic Potential 

Conventional system designers work with conservative fields, as shown in 
Figure 6-19. Conservative fields arise fiom a single-valued potential — a 
potential that has only one value at each point in 3-space that it occupies. 
Consider a rolling ball of mass m on the “oval track” shown in Figure 6-19, 
starting from point A and rolling on the right side path. With the ball at 


"For technical information, see (a) Michael Ziese and Martin J. Thornton, Eds. 
Spin Electronics, Springer-Verlag, 2001; (b) D. D. Awschalon, N. Samarth, and D. 
Loss, Eds., pintronies and Quantum Computation, Springer-Verlag, 
2001 


smiconductor 
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rest at point A, we give it a slight push to velocity V; adding kinetic 
energy K; = 1/2 m(V,)°. At point A, the ball has its maximum potential 
energy Py due to gravity 
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Figie6-19 Conseratveted se (sng valued potent). 


As it moves to the right because of our push, the ball will accelerate due to 
the force of gravity and increase its kinetic energy until it reaches point C 
at the bottom, reaching its maximum linear velocity Vc and kinetic energy 
Ke at point C. Its change (PA - Pc) in potential energy at fiom point A to 
point C has been converted to kinetic energy [14 m(V,)° + %mVg"] at 
point C. 


Continuing on around on the left half of the path, as the ball rises toward A. 
again, the portion (P, ~ Pc) = "4 m\V.g'—of the ball’s kinetic energy at C 
that was added by the force of gravity from A to C — is retumed to 
potential energy Ps. The ball reaches its lowest kinetic energy ' m(Vi)° at 
A and also its lowest velocity V). For a perfect lossless system, once 
started in motion the ball would rotate around the track indefinitely, freely 
changing potential energy into kinetic energy and then back to potential 
energy. Nevertheless, it would not do any outside work, for that would 
represent losses or dissipations of energy from this conservative system. 
Consequently, the ball would quickly run down if work were being done, 
even if the system were otherwise "perfect" 
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Ifone integrates the change in potential energy around the track, the net 
change in potential energy is zero. The work done on the ball by increasing 
gravity to increase the ball’s energy in one half-cycle, is taken back from 
the ball back when it climbs back out into decreasing gravity in the other 
half cycle. If one integrates the changes in kinetic energy around the track, 
once the initial velocity and kinetic energy are produced by outside forces 
in a perfect system, the net change in kinetic energy is zero. Of course, it 
easily seen that the ball gains kinetic energy on its downward half of the 
track, and then returns the kinetic energy on its upward half of the track. 


‘This situation is said to involve a conservative fields and the system will 
not produce any net energy to use as free work. Indeed, a real system will 
almost always have some friction and other losses around the path (425), 
so the ball will gradually lose net initial energy given it, slow down, and 
eventually come to rest at point C, the lowest potential energy of the 
system, 
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A charge circulated through a closed current loop circuit also moves 
through a conservative field region in similar manner. Hence, there is no 
net excess energy input available for such a conventional circuit. It follows 
that one must arrange for inputting all the input energy (intercepted and 
collected by the circuit) that is then dissipated from the circuit's loads and 
losses. Unfortunately, half the collected circuit energy also goes to 
destroying the dipole, with less than half powering the load. Therefore, 
that circuit always exhibits COP<1.0. 
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Now see Figure 6-20, where we provide an analogy using a rolling ball 
around a circular track, in a gravitational potential. In this case, the 
potential has a multiple magnitude A and D at point A-D, which is the 
same point (we plot a point in the potential's magnitude, not a point in 
3-space, although there can be close approximation). 


Approaching magnitude D from point B', the value of the potential is 
steadily reducing and is much lower prior to reaching A-D than it was 
when leaving magnitude A. During this phase, the ball is gaining kinetic 
energy from the gravitational potential, and can be used to perform useful 
work (up to all the energy gained, in a perfect system). Upon passing 
through point A-D, instantly the ball is again at point A on the right. We 
accent that the "instantaneous jump" on the diagram represents a free 
insertion of excess energy (asymmetric regauging energy) from outside the 
system. Rigorously that is a broken symmetry, which also breaks the 
intemal energy conservation of the system. In short, the "ball" has been 
instantly “lifted” (in this simplified analogy) back to a higher potential by a 
five insertion of excess energy from the external environment. The main 
point is that a surge of potential energy into the "ball system” occurred, 
freely input by nature and the environment. The system can now go 
through the "doing work" routine again, traversing fiom A back to D and 
through it. 


Note that this is a nonconservative system, because it continually receives 
a five and sudden input of excess energy from its environment. So this 
system — because of its broken symmetry — can continually do work and 
keep on going. 


Indeed, so long as that free energy input from the environment occurs 
without fail, this is a "self-powering” system, completely complying with 
the laws of physics and thermodynamics. It violates the equilibrium 
thermodynamics because the system is periodically not in equilibrium with 
its environment. Consequently, the system can exhibit those five magic 
functions we spoke about previously. It can exhibit (i) self-organizing (in 
this case, freely getting that little ball from low potential energy D back to 
high potential energy A), (ii) self-oscillation or self-rotation (the ball will 
continue to go around and around the loop, even doing a little work in the 
process), (iii) output more energy than the operator inputs (in this case, the 
operator is not inputting any energy at all, so the energy output is indeed 
‘more than the operator furnishes), (iv) power itself and its load 
simultaneously (all the energy is being input from the external 
environment at the insertion of excess energy at point D to move the ball 
badk to position A), and (v) exhibit negentropy. 
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This is an analogy to a nonconservative field and a multi-valued potential. 
In the case where a potential has discontinuous values at a single point, 
with the value depending upon whether the detecting charge (the "ball", so 
to speak) is to the left or to the right of that point, one has a multivalued 
potential. This multivalued potential actually represents a change of 
potential energy in the system, freely occurring without operator input. In 
short, it is an asymmetrical self-regauging, violating Lorentz’s symmetrical 
regauging condition. 


Actually, multivalued magnetic potentials arise naturally in magnetics 
theory, but —foolishly, in our view — theoreticians do all in their power 
to minimize or eliminate their consideration (426a-k}. They consider such 
a nonlinear change as being embarrassing and troublesome, and to be 
gotten rid ofat all costs! However, iff deliberately used and optimized, 
rather than eliminated, incorporating a multivalued magnetic potential can 
provide a nonconservative magnetic field (analogous to the illustration), 
where [Feds #0 around a rotary permanent magnet loop. The multivalued 
potential represents a broken symmetry that further produces a 
nonconservative field.’ In theory, such use of the multivalued potential 
and the resulting nonconservative field can enable a "self-powering” 
permanent magnet rotary engine, operating as a negative resistor freely 
extracting and using magnetic energy from the broken symmetry in the 
system's energetic exchange with the active vacuum. 


However, note that the multivalued potential represents a point of sharp 

self-regauging asymmetrically” by the circuit, with the regauging 
potential energy coming from the external environment. It requires that 
some external process in the exchange between environment and system 
must be automatically invoked at the multiple-value point, so that there is, 
a sharp and sudden entry of excess potential energy received by the 
circulating ball (or by the circulating charges in an electrical circuit, or by 
the circulating flux in a magnetic circuit). 


One such means of evoking such a sudden surge of excess energy at a 
point, momentarily, is given by Lenz's law, as discussed in the magnetic 
Wankel engine. Another means is by Johnson's sudden evocation of the 


In physies, the appearance of a force and its subsequent action to perform work is 
nature's way ofrestoring symmetry to a situation where symmetry has been violated 
‘As can be seen, the net force can be used to translate something (such as current) and 
‘do work, thereby dissipating the excess potential energy received from the broken 
symmetry condition 
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exchange force, which momentarily can produce a pulse of energy density 
even several hundred times as strong as the usual field energy at that point. 
For example, imagine that the ball in Figure 6-20 represents a magnetic 
rotor in a magnetic potential represented by the height of the ball above the 
dotted line base. The point (D-A) then represents the results of the system 
having suddenly injected an instantaneous exchange force at point D, to 
freely increase the potential and potential energy of the rotor system back 
to point A. The rotor is immediately lifted back at its starting potential 
energy situation at point A, freely, by this sudden and free evocation of the 
exchange force. We will briefly discuss the exchange force in our 
discussion of the Johnson engine. 


643 Dromgoole Effect as an Example of a Novel Magnetic Effect 

An example of'a novel magnetic effect is the Dromgoole effect {427}. This 
is an interesting phenomenon where a voltage placed on a solenoid 
wrapped around a longitudinally magnetized iron wire may be increased 
up to 300 times in magnitude by twisting the wire through 90 degrees. Ifa 
scheme can be worked out whereby this dramatic increase in voltage 
potentializes and moves very substantial current, then perhaps the extra 
output can — at least momentarily — produce more output energy than the 
work required to twist the wire.’ At least that could be a working 


hypothesis from which to launch experiments to see ifit is possible. 


‘The reason this may be possible is that any amount of energy W one 
wishes can in theory be collected from any finite potential intensity’ 6, 
according to the simple equation W = $9, where q is the collecting charge 
exposed to and interacting with the potential intensity 6. In the case of 
magnetics, q is analogous to the pole (magnetic charge), where the north 
pole is positive magnetic charge. The $ then becomes the magnetostatic 
scalar potential. 


So if we can produce } with only a little expenditure of energy, and then 
have that 6 potentialize a very large amount of charge q, we can collect 
upon the charge q much more energy than what we ourselves expended. 
‘Thed produced is a change to the local vacuum potential, and hence the 
collection of energy W on charges q is actually a collection of EM energy 
fiom the local altered vacuum potential itself. Any potential we make 


"5 The scheme must prevent at least an appreciable fraction ofthe spent electrons- 

fiom the external circuit and load — from being forcibly rammed back up 
through the coil against its back EMF. Otherwise the Lorentz symmetry condition 
applies and the arrangement will not produce COP> 1.0. 
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becomes a change to the local vacuum potential, and hence a change to the 
local active vacuum. That does not seem to appear in electrical 
engineering, which model does not even incorporate modeling the active 
vacuum oF its potential, much less a change to it. 


While we discuss a few interesting magnetic effects in this paper, there are 
many more. The interested researcher is referred to such easier sources as 
Burke (428) and Cullity (429). For more complex scientific sources and 
explanations, other publications are available (430a-430r}. In addition, it 
is helpful ifthe researcher is aware of some of the foundations problems in 
physics and electromagnetics {4312-431}. Our point is that there are 
more than 200 known effects in magnetics, and only about half of them are 
well understood. For the other half, the understanding ranges from 
"partially understood" to "not understood at all." The latter half of the 
magnetic effects provides a rich ground for investigation by researchers 
seeking an asymmetrical self-regauging mechanism. 


‘The COP>1.0 researcher must be prepared for an extended self-education 
period, and appreciable study and work. Some research discipline is highly 
recommended, such as starting one's own database and rigorously 
maintaining it up to date with one's latest interests. For the experimenter, a 
good lab notebook, meticulously kept and regularly posted, is an absolute 
necessity. Reading and searching the scientific literature is also highly 
recommended. It is not as simple as applying the principles one leamed in 
university or technical school. Those techniques and principles are 
involved, but at some point in the circuit they must also be violated. Else 
COP> 1.0 systems would long ago have been developed and marketed by 
sharp young students, graduate students, and post-doctoral scientists. 


6.44 Exchange Force and Johnson's Approach 
Refer again to our discussion of conservative versus nonconservative 


lds, above. 


Ifone wishes to build a self-powering rotary permanent magnet motor, 
obviously one must evoke a condition whereby | F » dl + 0 around a single 
full rotation of the rotor (and where F is the instantaneous magnetic force 
between stator and rotor). For permanent magnets without any external 
switching, etc. that condition can only arise if an excess force is freely 
triggered by changes occurring freely in the magnetic materials 
themselves. 


Fortunately, magnetic materials are almost always highly nonlinear, and so 
such self-triggering opportunities abound. They can occur because there 
are a multiplicity of mechanisms (dozens and dozens) going on 
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simultaneously in the materials of the magnets of both the rotor and the 
stator, and not just the standard polarity and field repulsion and attraction 
that electrical engineers use. These materials processes also involve direct 
and ongoing exchange of energy between the active vacuum and the local 
materials in the magnet. 


‘The trick is to take one of these automatically ongoing processes that is 
already there and freely available but just not adroitly used, and 
deliberately evoke and enhance it to induce excess energy at the 
appropriate time, with a force in the appropriate direction. In simple terms, 
if you have eight more horses available to put into the hamess to pull the 
load, and you only have two normal horses but wish to pull more load, 
then by all means you should hitch up and use at least one more additional 
horse, and take him from the six that are usually just standing by and not 
working at all. They may run back and forth a bit, while watching the 
others work, but that of itself contributes nothing. 


‘One such additional force and free regauging mechanism always available 
is the exchange force, which can be checked in Feynman's three volumes 
of physics {433} and also in the reference by Cullity {429} previously 
cited. Good science dictionaries (432) also include helpful information. 
Reading the literature will add enormously to one’ data base of effects and 
methods. 


Howard Johnson's approach is to arrange highly nonlinear assemblies of 
geometrically asymmetrical magnets into complex configurations. At 
certain points in a magnetic field, these Johnson assemblies will trigger the 
sudden brief self-generation (actually a sudden release) of exchange force 
between stator and rotor. The exchange force is a known phenomenon 
(432, 433, 434), though still not completely understood theoretically. It 
can be evoked asymmetrically by evoking electron-spin flipping, for 
example, which has led to the development of a new field of technology, 
spintronics. Microscopically, the exchange energy is much greater than 
the magnetic field energy, sometimes by a factor of 10° to 10° (435, 436) 
Macroscopically, the resulting exchange energy can momentarily still be 
‘many times the magnitude of the ordinary magnetic field energy: e.g., by a 
factor of 200, which Johnson often achieves. 


If the stimulated momentary exchange forces are oriented to always add to 
the thrustupon the rotor in the "powering rotation” direction, then the 

multivalued potential condition and | F ¢ dl 4 0 are met. In that case, self- 
powering is permitted, if enough ofthese exchange force triggerings occur 
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closer to the edge of the network to ensure high availability, low 
latency, and higher levels of security. 


"The network edge is also a good place to host application servers 
that require local context. For example, if you are driving around 
and you receive restaurant ads on your mobile device based on 

yw Your current location, you need the application service to be close 
to the edge to avoid a lengthy delay in the app that could render 
the information obsolete. 
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so that the extra potential energy added to the rotor is sufficient to 
overcome the load and the losses being powered. 


The self-triggering of each exchange force appearance produces an excess 
burst of force and energy'* input into the system from its active 
supersystem environment. Thus, repeatedly the system is momentarily 
converted (in each exchange force burst) into an open system in 
disequilibrium in its energy exchange with its active environment, freely 
receiving excess energy from it. Because the exchange force "input energy 
burst” is short, multiple such "input bursts” must be used in a single 
rotation cycle so that the total energy input by all of them is significant. 


In that case, COP> 1.0 performance is permitted by the laws of physics, 
thermodynamics, and nature. Conservation of energy is not violated, 
Classical equilibrium thermodynamics with its infamous second law does 
not apply to the Johnson system, since the system is periodically an open 
stem far from equilibrium and receiving excess energy from its active 


environmental exchange. A priori the Johnson system has increased its 
negentropy overall, and that negentropy (increased order or increased 
potential energy) can then be dissipated (disordered) to produce free shaft 
horsepower if the bursts of exchange force are properly coherent in 


direction and timing, 


We diverge for a moment: As is well known, the equilibrium condition in a 
system is the condition of maximum entropy in the system; any 
disequilibrium condition reduces the entropy apriori because it is an 
excited state of the system containing additional potential energy. It is 
worth rigorously clarifying the infamous second law of thermodynamics, 
Quoting Lindsay and Margenau (437): 


"[The]...statement ofthe second law: (a) the entropy... is 
a variable ofstate, (b) Its value, for a closed system, can 
never decrease. 


..."Non-equilibrium conditions cannot be specified by 
variables of state, and their entropy cannot be computed. 

..the condition ofequilibrium is the condition of 
‘maximum entropy.” 


6 Technically speaking, the exchange force is not a magnetic field force, but a force 
that arises independently due to quantum mechanical considerations. Nonetheless, it 
is a real foree arising in magnetic materials and affecting magnetic materials, as in 
permanent magnets. 


350 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


In the first statement, the reader should note the assumption of a closed 
system in the first subparagraph, and the absolute requirement that the 
calculated entropy be a variable of state. 


Also, the quotation can be falsified. Oddly, the "closed system" in classical 
thermodynamics is defined (illogically) as a system that does not exchange 
mass across its boundary, but may and often does exchange energy across 
it. We negate any absoluteness of that statement by Lindsay and Margenau 
by citing a counter example ofa “closed” system with continuous! 
increasing energy, fed by transfer of energy from the environment, and 
with no escape of the energy or very little escape of it. A specific example 
is a photon absorption by a mass particle. This system achieves increasing 
energy (order) as the process continues, hence achieves negentropy. This 
may be considered a fluctuation, of course, but it still places severe 
limitations on this law of thermodynamics and in fact negates any 
absoluteness of it. For such reasons, in this book we have redefined 
‘closed system" as one that exchanges neither energy nor mass with its 
environment, and we recognize that there are no such systems in the 
universe. We have defined an "open system" as a system that exchanges 
either energy or mass or both across its boundary, so that we do not 
encounter the problem ofthe counter example cited. Further, general 
relativity requires an increase in the mass of any system that increases its 
potential energy, and a decrease in the mass of any system that decreases, 
its potential energy. Hence energy exchange at all with the system, 
involves mass exchange since mass and energy are the same thing. The 
classical thermodynamic definition of a "closed system” has thus been 
falsified since 1915, with the definition becoming only an approximation 
rather than a generally valid definition. 


In the second subparagraph of that first statement by Lindsay and 
‘Margenau, the reader should note that the closed-system assumption must 
be violated apriori ifthe entropy does decrease, and vice versa. If the 
system is broken into a set of subsystems, then the only way the entropy of 
the overall closed system to decrease is for one or more of the subsystems 
to be open (new definition!) and energy (order) to pass out of the system. 
‘Then an interesting thing emerges: For order (energy) to remain in the 
system as such, the subsystems taken as a whole must produce as much 
negentropy as they do entropy. Energy from an ordered subsystem can be 
emitted in disordered form, but then it has opened that subsystem and has 
entered the space between parts (subsystems) ofthe overall system. In 
other words, in a closed system, any increase in entropy requires the 
subsystems to become open subsystems. Again, the statement of this law of 
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thermodynamics eats itself. To stay in the overall system, this scattered 
energy outside the subsystems must then interact totally with another part 
ofthe system, and so on. This introduces disorder to the succeeding parts 
that interact. Therefore, the second law of thermodynamics itself internally 
violates its own "closed system" assumption because, to operate at all, the 
law requires continuing interaction between the active local vacuum 
environments and the subsystem components. In short, it requires a very 
special kind of overall or average equilibrium in an unavoidable energy 
exchange between the local vacuum and all the parts ofthe system. The 
source charge problem already demonstrates the universal violation of the 
second law and the thermodynamic definition of "open system”, but both 
classical electrodynamics and classical thermodynamics have ignored this 
source charge problem for more than a century. Our solution to it was 
published in 2000. 


Quite simply, there is no such thing as a truly closed system in the first 
place. Kondepudi and Prigogine come close to this statement in the 
following quotation’®’: 


‘Anyway, equilibrum thermodynamics covers only a small 

fraction ofour everyday experience. We now understand 
that we cannot describe Nature around us without an 
appeal to nonequilibrium situations. The biosphere is 
‘maintained in nonequilibrium through the flow ofenergy 
comingfrom the sun, and thisflow is itselfthe result of 
the nonequilibrium situation ofourpresent state in the 
universe.” 


In short, all systems on the planet — and we ourselves — are immersed in 
a nonequilibrium state a priori. Rigorously there is no such thing as an 
absolute equilibrium state on the planet, except as an approximation. 


Now consider a perfectly insulated system, so that no heat can pass from 
the system outside it. An interesting constraint then exists on those "open 
subsystems” producing disorder (entropy). Unless equal reordering occurs 
in the subsystem-to-subsystem reactions, then disordering (heat) grows a 
priori. But this is not observed to happen in well-insulated systems 
approximating our theoretically perfect example! Otherwise, the 
temperature ofa well-insulated system would increase until system rupture 
and failure. And experimentally that does not happen. 


"" Dilip Kondepudi and Iya Prigogine, Modem Thermodynamics: From Heat 
Engines to Dissipative Structures, Wiley, 1998, p. xii 
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It follows that, to maintain the internal equilibrium between subsystems 
and a constant internal temperature, a negentropic process is clandestinely 
involved. We submit that this process is revealed in our discovery of giant 
negentropy of the negative charge, and what may be said to be the giant 
entropy of the positive charge —ice., in the discovery of the common 
4-circulation” of energy surrounding a dipole from the time domain to the 
negative charge of a point dipole in 3-space (thereby entering 3-space once 
emitted by the negative charge), thence to the positive charge of the point 
dipole, and thence back to the time domain. For a single charge, the well- 
known vacuum polarization provides virtual charges of opposite sign, to 
convert the "isolated charge” into a set of composite dipoles, as previously 
explained, 


The second law of classical thermodynamics, considered in a more modern 
light, appears to conceal hidden giant negentropy and hidden giant 
entropy, in the ongoing 4-circulation of EM energy in the supersystem. It 
is notpossible to eliminate the supersystem or the interchange between its 
parts; particle physics told us in 1957 that there is no equilibrium ofany 
system without this ongoing exchange. Any thermodynamics attempting to 
discard the supersystem exchange (which involved both mass and energy) 
at best an approximation for special "reasonably well-behaved" 
situations. 


Ifthe entire system is not in net equilibrium with the external environment 
(ie., ifthere exists disequilibrium between the separated parts of the 
supersystem), then classical thermodynamics does not absolutely apply to 
that system. The system is no longer absolutely describable by “variables 
of state”, 


‘Those objecting to COP> 1.0 in an EM system on the grounds that it would 
violate the second law of thermodynamics (which already violates itself), 
would be well-advised to restudy the very notion of the second law and the 
thermodynamics definition of open system. Compare relativity's equating 
‘mass as energy. Then ponder the thermodynamics of open systems far 
from equilibrium with their active environment. Every system in the 
universe is open, and it has an ongoing exchange with its proven active 
environment (local active vacuum and curved spacetime). This exchange 
Includes and exchange with every particle in the system. As pointed out by 
Lee: 


"TD. Lee, Symmetries, Asymmetries, and the World ofParticles, U. Wash. Press, 
Seattle, 1988, p. 46-47 
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"...symuetry implies conservation. Since our entire 
edifice ofinteractions is built on symmetry assumptions, 
there should be as a result a large number ofconservation 
laws. The only trouble is that almost all ofthese 
conservation laws have been violated 
experimentally. ".."..this difficulty could be resolved by 
introducing a new element, the vacuum. Instead ofsaying 
that the symmetry ofall matter is being violated, we 
suggest that all conservation laws must take both matter 
and vacuum into account. Ifwe include matter together 
with vacuum, then an overall symmetry could be 
restored." 


The system itselfis always in disequilibrium; only the supersystem can 
exhibit equilibrium. The second law of thermodynamics specifically does 
not and cannot apply to a system far from equilibrium, because of its 
implicit assumption of overall equilibrium without the active vacuum 
exchange. Also, a deeper balance is required between the hidden 
asymmetries existing between the subsystems and their local vacuum (and 
local spacetime curvature. 

Indeed, one cannot even calculate the entropy for a system that — overall 
— is far from net equilibrium with its active environment. We quote 
Lindsay and Margenau even more strongly (438) 


"Equilibrium states are the only ones that are capable of 
explicit analysis in thermodynamics..." 


And again {439}: 


. variables ofstate have meaning only ifthey define an 
equilibrium state. Hence the quantity we are seeking will 
be meaningless unless it refers to equilibrium states." 


While we are at it, let us also address a serious flaw in the first law of 
thermodynamics. We again use Lindsay and Margenau for a succinct 
statement of the First Law (440): 


"First law ofthermodynamics. A complete statement of 
the first law comprises two assertions: (a) heat is aform 
ofenergy, (b) Energy is conserved." 


Alll that really says is that energy is conserved. It does not state that it is 
conserved in an object. It states that, whether the system is in equilibrium 
or not, energy is conserved. If heat is taken as disordered energy, then it 
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merely states that overall the energy is conserved, whether ordered or 
disordered with respect to some ordering criterion. It does not state that the 
disordering is conserved, and it does not state that disordering must 
increase or decrease. But it does implicitly assume that all energy at some 
most basic level is ordered, else it cannot be energy (order). So it assumes 
that, at higher levels, energy can be disordered (incoherent). However, at 
the underlying basic level, it is and remains perfectly ordered — else it 
could not remain "energy and could not be conserved. As an EM example, 
in so-called "heat", every scatteredphoton retains its perfect order; it is 
only the photon ensemble that is “disordered”. 


In short, each "basic piece” of energy is perfectly ordered, but the 
ensemble of the pieces may be disordered. Therefore, entropy applies only 
ata level higher than the basic energy quantum. Contrary to the 
assumptions of classical (macroscopic) thermodynamics, processes which 
directly engineer the basic energy quanta'*’ — more exactly, the action 
quanta, consisting of energy xtime, since energy cannot be "engineered" 
or changed in 3-space without also being engineered "in time” as well — 
are time-reversible. Hence they can be negentropic — simply because 
every observable system is "open" to, and in continuous energy exchange 
with, its active time environment (and also its active vacuum 
environment). Also, no system changes its spatial energy in any fashion, 
including ordering or disordering, without interacting with spacetime and 
spacetime curvature dynamics. It also changes its time-energy. 


So in our view the notion of "disordering” and "disordering of energy" 
must be carefully reconsidered, as to exactly what is and is not being 
disordered, when the assumed "disordering” occurs, at what level it occurs, 
where and how the compensating reordering occurs, etc. We also point out 
that the simple discovery of giant negentropy {12} as the solution to the 
long-vexing source charge problem already removes the "absolutene: 
classical thermodynamics. Giant negentropy already violates the 
assumptions of classical thermodynamics at the elemental level in every 
physical system. Indeed, every charge in the universe already falsifies any 
“absoluteness” of the assumptions of classical thermodynamics. 


of 


This problem in the old classical thermodynamics has long been indirectly 
solved in particle physics, with the discovery of broken symmetry. As Lee 
states so clearly {441}, 


© Actually, energy is discretized, not quantized. Energy x time (i.e, action) is 
‘quantized. 
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"As we expand our observation, we extend our concepts. 
Thus the simple symmetries that once seemed self-evident 
are no longer takenfor granted. Out ofstudies ofdifferent 
kinds ofinteractions we are learning that symmetry in 
nature is some complex mixture ofchanging plus into 
‘minus, running time backward and turning things inside 
out.” 


‘We point out that a symmetry involves a conservation law, such as are 
stated in classical thermodynamics, and a broken symmetry involves a 
broken conservation law. So the discovery of broken symmetry in physics 
was a profound change affecting all physics, including the staid old 
classical thermodynamics. Lee further points out the new complexity of 
concepts {442} such as symmetry (which is behind every conservation 
law, including the first law of thermodynamics): 


“"Atpresent, itappears thatphysical laws are not 
symmetrical with respect to C, P, T, CP, PTandC. 
Nevertheless, all indications are that the joint action of 
CPT(i.e.,particle <-> antiparticle, right S-> leftandpast 

<-> future)remainsagoodsymmetry.” 


So unless the first law is stated in terms of modern CPT symmetry, it does 
not absolutely apply! Further, every charge is changing time-energy into 
spatial energy ot vice versa. Yet there is nothing about time-energy and its 
transduction into spatial energy, or vice versa, in the present textbook 
statements ofthe thermodynamics. The term "heat" does not refer to the 
presence of energy at all, but to the scattering (disordering) and escape of 
energy. 


Considering heat as "energy of the system", or "heat energy" ofthe system, 
is a grand non sequitur. Rigorously, "heat" refers to the reduction of higher 
levels of ordering of energy, and since the gist of energy is ordering, 
reduction of ordering is the very antithesis of energy! "Heat energy” thus 
is an oxymoron. Before the "escape", there is no "heat energy” (ugh!) in 


°° Think closely: We never take the temperature of a "system"! We take the 
temperature of the disordered energy (heat) leaving that system or its subsystems. 
We do measure the effect ofthe emitted disordered energy. But that has already left 
the system and is in the local vacuum (a second component of the supersystem), 
‘Thermodynamics might be usefully redone more exactly in terms of the supersystem, 
We leave that task to some budding young future thermodynamicists for a 
recommended doctoral thesis. 
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the system at all. The energy is present in the system not as disordering, 
but as ordering, apriori. Ifit were in the system, it would not have 
escaped nor would it be escaping from the system. More energetic 
molecular motion, e.g., is actually more energetic ordering, simply at an 
excited state (of greater energy!). 


We stress again (and strongly advise the researcher to read) Romer’s strong 
objection to the use of heat as a noun (443), and we suggest that the entire 
subject of classical thermodynamics needs a thorough revision to tighten 
up its terminology, correct its definition of closed system, eliminate its 
conflict between the first and second laws, and remove its inappropriate 
consideration of heat as "energy". Otherwise, the presentation and general 
interpretation of thermodynamics itself will continue to be one of the great 
confusion factors one encounters in trying to think clearly about extracting 
EM energy from the active vacuum environment to produce and utilize 
COP> 100 systems. 
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Faure 6.21 Canapl ol operation ol otsor patented magnet 


Johnson's approach produces a peculiar kind of multivalued potential. One 
part is conservative and of magnetic energy in nature, and the other part is 
nonmagnetic, being direct exchange force and energy effects on the 
participating atomic nuclei arising from quantum mechanical 
considerations. Nonetheless, the net hybrid potential can be multivalued at 
various points around the stator, and that is all that is required for broken 
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symmetry. If {F-d/ 4 0 around a closed path, regardless of which set of 
forces F represents, then that overall composite force field acting upon the 
rotor or object moving around the closed path is nonconservative. In that 
case, self-powering is permitted, 


Figure 6-21 diagrammatically illustrates the operation of a 
nonconservative force-producing magnetic gate in Johnson's approach to a 
permanent magnet motor. As Johnson has shown, by using a multivalued 
hybrid potential (MVP) in his gates so that the resulting excess exchange 
force is properly oriented in direction and timing, a rotor magnet is 
attracted into a highly nonlinear stator gate region where the MVP is 
located. When it enters the MVP region where the exchange force is 
initiated, the rotor encounters a dramatic jump in the net potential with a 
change of polarity as the exchange force suddenly fires automatically. In 
tum, this produces a sudden accelerating tangential force in the region, 
usually against the prevailing magnetic force in the normal back mmf 
region! 
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Johnson often confounds professors of electromagnetics by showing them 
that his special gate can produce attraction between like poles, with a north 
rotor pole being drawn into a north stator pole in that exchange force 
region. This can be understood by tracing the spin field flow patterns, but 
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cannot be understood by simple "like poles repel and unlike poles attract 
In short, Johnson knows he is adding a force completely different from the 
magnetic force the professors have in mind as the sole acting force. It is 
rather like pushing two like poles of two little magnets together. You can 
do it because an additional force — your mechanical force pushing them 
together — is acting and overcomes the normal repulsive force between 
the two poles. 


‘The sudden exchange force burst produces a sudden accelerating tangential 
force in the normal deceleration (back mmf) region of the stator-rotor 
arrangement. In short, Johnson utilizes a deliberately evoked burst of 
exchange force to freely overcome most or much of the back mmf (back- 
drag) region. This in tum produces a net driving force around the rotor's 
complete rotation, because the overall field combination is 
nonconservative. 


Rigorous force meter measurements taken at 0.01-second intervals prove 
that this occurs as the rotor enters and passes through Johnson's gate. The 
results of one such experiment are given in Figure 6-22. 


Johnson thus uses highly nonlinear magnet assemblies of novel design to 
create a special kind of multivalued potential in his magnetic gate by 
adroitly evoking exchange forces — extra quantum mechanicalforces in 
addition to the usual magnetic field forces. The MVP produces a sudden 
extra rotational force, backwards to the back-drag (back mmf) region of 
the stator-rotor magnet arrangement where the rotor magnet assembly is 
entering and passing through the conventionally repelling like-potarity 
situation. The result is that a net north rotor pole is seemingly attracted 
in™ to the otherwise repelling stator north pole region, then accelerated 
‘out the other side by the normal magnetic repulsion.'"” Net drive force 
results, instead ofa net zero force. Engineer Ken Moore, a close colleague 
of the present author, independently tested a Johnson gate and verified the 
net driving force effect (444) within the limits of our litle laboratory. 


"" In reality it is “Yorced in” against the repulsive magnetic force, by a superior force 
of a different nature, suddenly evoked. 


* Le., as the exchange force dies, the forces now acting are the normal repulsive 


‘magnetic forces, but the rotor has moved to a position where now this repelling force 
acceleratesthe rotor in the "load powering” rotational direction. In other words, the 
observer sees a like pole suddenly “attracted” into a like polarity region, move 
partially through it, and then suddenly be accelerated out the other side. But the 
“attracting in" force and the "accelerating out” force accelerate the rotor in the load 
powering rotational direction, 
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Chapter 6 


Creating a New 5G 
World Order with 
New Radio (NR) 


nn this chapter, you learn about a completely new technology 
that creates the foundation for 5G — the 5G New Radio (NR) 
physical air interface. 


5G NR Basics 


Unlike the other 5G elements (covered in previous chapters), 
that advance the industry toward the goals of 5G networks, 5G 
New Radio (NR) is not an evolution of 4G Long Term Evolu- 
tion (LTE) innovations. 5G NR is a completely new technology 
specification — a physical air interface — that is required to 
achieve the extreme bandwidth, low latency, and massive scal- 
ability requirements of 5G. 


‘The other four areas of 4G LTE innovation that are being further 
developed for 5G include: 


REMEMBER 5) Speeds and feeds: Discussed in Chapter 2, innovations such 


a5 carrier aggregation (CA), massive multiple input multiple 
output (MIMO), and quadrature amplitude modulation 
(QAM), among others, enables carriers to fatten” the data 
pipe. 


CHAPTER 6 Creating a New SG World Order wil 
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Technically, Johnson's apparatus asymmetrically and suddenly regauges its 
exchange forces in such a manner as to momentarily overpower the back 
mmf region of the engine's rotation, thus producing a net multivalued 
potential and a net accelerating force around the overall rotation loop. 
However, correlated distant effects in magnetic materials are known. If 
distant compensation does occur, then the closed-loop capability might 
conceivably be defeated, ifthe total compensation is sufficient to provide 
an [F + di=0 overall condition. Hence the research probably demands 
attention to maintaining both focal asymmetry and distant asymmetry. If 
the distant correlation effects occur, only in that manner can an overall 
nonconservative field represented by | F * dl # 0 be maintained around a 
completely closed magnetic loop. 


This may be the problem with which Johnson appears to have been 
struggling for so long. He did solve the problem once, and produced a self- 
rotating permanent magnet motor that the present author personally tested 
over a period of about 2 hours. During a two-hour test period, the motor 
apparatus was allowed to self-rotate for up to 15 minutes at a time. Shortly 
after it became known that Johnson had successfully produced such a 
prototype, his laboratory was mysteriously broken into. The only thing 
taken was the magnet assemblies on that specific little successful 
demonstrator — in a laboratory with more than a hundred thousand dollars 
worth of magnets and magnetic assemblies of many kinds present. 


‘As a personal aside, I have been associated with Johnson, off and on, for 
many years. He is a man of the highest integrity and an indefatigable 
researcher. It is my fervent hope that Johnson will succeed in hi 
permanent magnet rotary motor project. All I can say as this goes to press, 
is that he is getting very close again, now that he has help and good 
machining accuracy, etc. for higher precision buildups. In the near future, 1 
hope to be among the first to drink a good glass of champagne to celebrate 
his success. 


6.45 Radus Effect: Magnets with Preferred Flux Path Memory 

In the early NASA space program, magnetic boots for holding the 
astronaut to the skin of the space vehicle when outside it were required. A 
Westinghouse engineer named Raymond J. Radus had found that a 
permanent magnet applied to a dual flux path (Figure 6-23) would 
“remember” the flux path taken initially, until switched to the other flux. 
path in an initial condition, after which it would remember that path as 
preferable (445a-445c). A permanent magnet with such "memory" will 
split its flux in two parallel flux paths by some ratio, e.g., 20% in the non- 
preferred path and 80% in the preferred path. ‘This preference can be 
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switched at will by proper manipulation. So Radus developed switchable 
‘magnetic astronaut boots for the space program, using his magnetic 
‘memory and flux path switching technique (446) 
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‘Figure 6.23 One example ofthe a eet, 


‘The Radus circuit differs from ordinary permanent magnet circuits in three 
ways: (i) It exerts strong magnetic force at one end while exerting hardly 
‘any at the other, (ii) the strong and weak magnetic poles can be switched 
end-for-end easily and at will, thus, in effect, turning the magnetism on 
and off at one given side of the circuit, and (iii) once switched, it 
remembers its direction of greatest magnetic pull indefinitely. 


The original Radus boots were excellent. For the acceptance tests, an 
engineer clad as an astronaut walked across the bottom ofa steel beam in a 
high bay research area, upside down against the pull of Earth's gravity 
(Figure 6-24). He stepped as he walked, putting his foot "down" and then 
picking it "up" (447) 


There is no problem in finding modem magnets strong enough to hold the 
astronaut firmly in such an upside position. The problem with simple 
‘magnetic boots using such strong magnets is that, once the foot is planted, 
the astronaut cannot pick up the foot again. Consequently, the best the 
astronaut can do with such magnetic boots is walk rather laboriously by 
“scooting” the foot forward, with the boot remaining in contact and the 
astronaut unable to pick it up. 


361 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


Engineer welded pide down on the vd fa eel beac na ihr ae, 


Fue 6.24 Accoparcetest ofthe Rats astronaut boots. 


The Radus boots completely solved that problem, The permanent magnet 
fields are switched away from the "boot sole contact with the beam" for 
that foot that the astronaut wishes to lift, so he can lift it easily and take 
another step. Then the fields are switched back in again so that the strong 
field is on the boot sole as he places his foot down. This switching ofthe 
fields allows him to walk in a manner resembling normal walking, though 
alittle slower. To do that switching by normal "battery and electromagnet 
coils” would be prohibitively bulky and heavy — and awkward. With the 
Radus boots, the astronaut could walk in a manner very similar to slow but 
normal walking. 


However, it is easily seen that an adaptation of the Radus process could 
conceivably be used to produce a self-switching, self-powered permanent 
magnet motor. Being a permanent dipole, a magnet is already a particular 
kind of "free energy generator”, since it continuously extracts magnetic 
energy directly from the active vacuum due to its dipole asymmetry in the 
virtual photon flux ofthe vacuum, 


‘The Radus boots were abandoned quickly. NASA then developed the 
present inferior "shuffler” kind of magnetic boots where the astronaut 
cannot lift his boot from the surface, but must "scoot" his feet along in a 
sliding and painfully awkward fashion (448). 
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Even today, it is little known that in many virgin magnets fresh from the 
factory, their very first use conditions them with a Radus-type memory! 
Thatfact can be used, ¢.g., to create magnets whose fields appear normal, 
but which deviate from the normal behavior ofordinary magnets, and 
which produce anomalies in their magnetic fields. 


‘The Kawai engine (31) uses a novel means of switching the flux path 
itself instead of overpowering the magnetic poles in an electromagnet. As 
this is written, Bedini has been notified that his patent with a "path- 
switching” effect control method has been accepted and will be issued. 
Although control of the Kawai engine was seized by the Yakuza, we 
expect to see that some of the first COP> 10 motors on the world market 
will be magnetic motors using the Radus effect or other flux path 
switching method. 


6.4.6 Hole Currents and Electron Currents 

In a conducting solid, there are both hole currents and electron currents 
moving in response to a forcing electric field. In the simple case, electrons 
move in one direction along the conductor and lattice holes move (migrate) 
in the other. However, when additional fields are added, the situation can 
become very complex. The holes and electrons can move oppositely or 
together in the same direction, depending on the arrangement of the fields 
and voltages. One can even use fields at right angles to the conductor to 
affect the currents, and even stop them. This is a rich subject for the 
inventor, and one that does not appear to have been adequately explored 
for potential energy and power purposes. This is particularly true when the 
conductor material is bent or shaped, etc. This area is so broad that it will 
not be treated here; instead, we refer the reader to Burke (449) for a basic 
idea of some of the effects and current combinations that can be obtained. 
From there, an interested experimenter should search the materials science 
literature on electron and hole current responses of materials, 


6.4.7 The Magnetic Wankel Engine 

For baseline comparison, Figure 6-25 shows a conventional linear 
magnetic motor. As can be seen, due to the difference between magnetic 
poles, a magnetic field exists along the line of the linear track, from the 
end having the magnets separated the least to the end having the magnets 
separated the most. 

Figure6-26 diagrammatically shows the scheme of operation of the 
magnetic Wankel engine. It is basically a linear magnetic motor, wrapped 
into almost but not quite a complete circle. A set of permanent magnets, 
each at an angle to the various radial lines ofthe device, comprises a 
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slightly widening spiral stator that forms most of a circle. A circular rotor 
with a sector magnet is mounted inside this spiral stator. An end gap exists 
in the stator as shown, so that the stator is not a completely closed ring, 
‘The direction of rotation of the rotor is clockwise as shown. For 
demonstration of the principle, the beginning air gap between rotor and 
stator is 0.1 mm and the ending air gap is 5 mm. 


zag ay we a ant sor. 


‘Figure 25 Type ofconventonalnea 


An electromagnet is mounted along the perimeter of an angular sector of 
the rotor, completing the stator gap. The electromagnet is weakly 
magnetized by a weak trickle current in the associated coil, furnished by a 
coil with a make-and-break magneto point gap. The electromagnet is, 
magnetized, say, with the north pole facing radially outwards, and the 
south pole facing radially inside. In the stator, the permanent magnet north 
poles are facing radially inward toward the rotor, but at an angle, and the 
south poles are facing radially outward but at an angle. 


Tangentially the north pole of the rotor is in a nonlinear magnetic field, 
and it will experience a clockwise force and acceleration from position 1 
where the air gap between rotor and stator is the 0.1 mm minimum, to 
position 2 where the air gap reaches the 0.5 mm maximum. 


Ifthis were all that was involved, the engine would not produce COP> 10 
because the tangential field is conservative unless additional free energy is 
introduced to overcome the back mmf region in the stator gap. When the 
rotor crossed the end gap in the stator between point 2 and point 1, very 
sharp and dynamic magnetic braking due to the back mmf would be done 
back upon the rotor magnet by the field of the stator magnets at position 1 
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Since any real machine will have at least some friction and drag, the actual 
COP would be less than 10. 


OTe 


‘igure 628 MagntieWarkl engne with asymeticl egauging secton 


Let us use the notion of the magnetostatic scalar potential (roughly, 
‘magnetic pole strength) to examine a new situation in the end gap. 


‘Technically, let us regard a single unit north pole in the rotor, going from 
position I to position 2 (the acceleration cycle, where the engine will 
deliver shaft horsepower against a load), and going from position 2 to 
position 1 (where the magnetostatic scalar potential must be suddenly 
regauged asymmetrically to equal or exceed the potential at position 1, in 
order for the rotor to continue unabated or with even further acceleration, 
‘That is, when the rotor enters the "back mmf" end gap between position 2 
and position 1, a sharp and sudden increase in the "stator magnetostatic 
scalar potential” must be accomplished, so that the potential in that region 
is equal to or greater than the potential at position 1. This effect, nearly 
freely obtained, is what is required for a self-powering magnetic Wankel 
engine. 


In normal machines, conventionally this asymmetrical regauging part of 
the cycle is where the design engineer forcibly inputs energy from outside 
the system to do brute physical work on the rotor to forcibly "reset" the 
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machine, and to forcibly wrestle its potential energy storage back to initial 
conditions. In short, the operator himself arranges to furmish all the exces 
energy from outside the system that is required to brute force "regauge” 
the potential at that point, thus effectively creating a multivalued potential 
instead of a single valued potential. A multivalued potential achieved only 
by the operator himself furnishing the extra potential energy will not 
produce COP> 1.0. It will in fact produce | F « di + 0 of the motor section, 
but only at the expense of extra energy that the operator himself had to 
input and pay for. In that case and in a real system with some system 
losses, the net work out because of | F * dl + 0 will still be less than the 
total energy input by the operator. 


conventionally done by simply overpowering 
the field and reversing it (building it up equal and opposite in the other 
direction), but with energy totally input by the operator and not "free 

y input from the environment” at all. The operator first pays to "kill" 
the existing field, and then pays to establish a field in the opposite 
direction. 


To obtain COP> 1.0 and self-powering, we must trick something else or 
some other process into furnishing that asymmetrical regauging energy — 
or most of it — for regauging of the magnetic Wankel engine in that stator 
gap zone. In other words, instead of engaging in the conventional wrestling 
match against the back mmf, we must let something else provide most of 

the energy for the wrestli 


During rotation of the stator from position 1 to position 2, we have been 
maintaining (and paying a little for) a tiny trickle current and small voltage 
from the battery into the coil around the electromagnet. As the rotor enters 
the stator gap, suddenly a sensor sharply breaks the distributor points, 
momentarily inducing a sudden powerful voltage in the coil. With a very 
short delay, a very sharp surge of current appears in the coil, producing a 
sharp and suddenly increased magnetostatic scalar potential (pole) in the 
gap region. That is the "multivalued potential” effect, where we pay a little 
to achieve it suddenly at that point, by invoking Lenz's law. 


The effect is that suddenly the rotor is raised to the same or greater 
‘magnetostatic potential as exists at position 1, and "almost freely though 
not quite”. If equal, the rotor suddenly is in a region with no back mmf, 
hence it experiences no deceleration braking. If the sudden potential is 
greater than the potential at position one, the stator in this normally back 
mmf region now actually experiences a further acceleration (a forward 
mmf) in that region. 
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Note that no radial mechanical work can be done on either the 
electromagnetic pole piece (part of the stator) or on the rotor, since neither 
the stator nor the rotor can move radially. However, there momentarily 
exists a clockwise circumferential magnetic field on the rotor in the stator 
gap, due to the gradient between the sharply regauged pole piece 
‘magnetostatic potential and the potential at position 1 


So we pay a little energy continuously (tiny trickle current, sharply broken 
breaker points) to get much more energy density momentarily in that small 
back mmf gap region only. The former back mmf in the stator gap is 
sharply eliminated by the Lenz force and converted to forward mmf. The 
rotor experiences a continuous acceleration throughout a complete 
rotation, due to the judicious use of an artificially induced multivalued 
‘magnetostatic scalar potential. 


Ifthe average shaft power output during the complete rotation cycle is, 
‘made greater than the average power input to the asymmetrical regauging 
circuit during that same rotation cycle, the engine will produce COP>1.0. 
This type of engine is also easily close-looped, since the excess output is, 
not electromagnetic energy but mechanical shaft rotation energy.'”? Hence 
the problem ofthe Dirac sea hole current (discussed in Chapter 9) is 
eliminated. 


Such engines have been built and placed in an automobile to power it, in 
Japan (450), though there is no information on the exact overall COP. The 
design was lighter and smaller than a gas engine ofthe same power, and it 
was a pygmy when compared to other electric engines of similar power. 
‘The prototype 45-hp unit weighed 155 pounds compared to 440 pounds for 
a comparable electric motor. The rotary engine was compact enough to fit 
inside a two-foot cube. The engine was in development by Kure Tekko, a 
sizable firm that supplies auto parts to Toyo Kogyo, the Mazda maker. To 
my knowledge, no hard data on the input electrical power utilized for the 
trickle current and current-breaker has been made available by the 
Japanese. The principles, however, are quite clear and easily analyzed. 


This may be one ofthe Japanese COP>1.0 engines suppressed by the 
Yakuza. 


For example, a geared or belted arrangement can be used to drive a very small but 
efficient DC generator that replaces the battery. Many other efficient arrangements 
are possible 
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‘The researcher might like to consider using a strategically-placed Wiegand 
wire sensor (discussed in the next section) as the free "generator" 
providing a pulse of electrical energy to the pulse-magnetizing coil in the 
stator gap region at the precisely appropriate time. If that or some other 
similar "self-furnished” pulse of sufficient power can be delivered to the 
pulse-magnetizing coil, then the system would self-initiate a multivalued 


magnetic potential in that gap region. In that case, the driving magnetic 
field around the loop need not be conservative, and self-rotation would be 


possible without violating any laws ofnature or electrodynamics. At least 
a small toy demonstration mode! might be possible, simply to illustrate the 
principle. Presently we know of no one who has tried it. 


6.4.8 The Wiegand Effect 

Ifa Permaloy® or other suitable magnetic wire is properly tensioned and 
worked by repeated torsion while under tension, the skin of the wire is 
work-hardened and caused to have different magnetic characteristics from 
that ofthe internal core. This type of wire is called a Wiegand wire, or 
pulse wire, or "self-nucleating magnetic wire" (SNMW™). 


‘When the pulse-wire experiences a certain level of ambient magnetic field 
strength, it will automatically switch its magnetic state, very sharply, 
producing a sharp magnetic field pulse. The effect is generally called the 
Wiegandeffect. 


Pemanentmagnestetceuses 
‘Wigand rete vere partes, 
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Ifa coil of many tums of fine electrical conductor is wound around the 
Wiegand magnetic pulse wire, then when the wire suddenly alters its 
magnetic state, the sudden magnetic field pulse "cutting" the conductor 
bundle will produce a sharp electrical pulse. Thus the apparatus produces a 
sharp pulse of electrical energy, when the ambient magnetic field intensity 
reaches the pulse-initiation value. No input of outside energy is necessary. 
‘The apparatus simply gates the energy from the vacuum when it sharply 
changes its magnetic polarity. 


Wiegand effect sensors may achieve voltage pulses up to a nominal 12 
volts, in a typical application, 


‘Numerous patents were issued to Wiegand prior to his death (451a-451h} 


Figure 6-27 diagrammatically shows the primary parts of a typical 
Wiegand sensor application, where the Wiegand wire is also known as a 
pulse wire. The operation of the pulse wire itself is shown in Figure 6-28. 
Figure 6-29 shows a typical rotary Wiegand effect pulse transmitter. 


— 
( ——_)) steers 
— 
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Pulse wires find many modem "switching" uses, since one does not have 
to connect them to a power supply in order to obtain the electrical signal 
pulse generated in a magnetic field as it changes. The magnetic experience 
of the wires can be arranged (using a "resetting magnet") to automatically 
reset the pulse wire to its original condition after the initiation magnet has 
fired it. Many identification cards for personal access to restricted facilities 
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2 Unlicensed spectrum: Discussed in Chapter 3, LTE in 
Unlicensed spectrum (LTE-U), License Assisted Access (LAA 
‘and enhanced LAA, or eLAA), and Multefire enable carriers 
to leverage unlicensed spectrum as additional data pipes. 

29 Internet of Things (loT): Discussed in Chapter 4 loT 
developments include NarrowBand loT (NB-IoT) LTE for 
Machines (LTE-M or LTE Category M1), and Low Power Wide 
‘Area Network (LPWAN) specifications such as Long Range 
WAN (LoRaWAN) and Sigfox. These developments enable 
wireless communication with a diverse array of billions of loT 
devices. 


2 Virtualization: Discussed in Chapter 5, software-defined 
networking (SDN) and network functions virtualization (NFV) 
‘enable mobile network aperators (MNOs) to achieve 
cost-effective scalability and elasticity in their core networks 
with innovations thet include network slicing, vital evolved 
packet core (vEPC), centralized radio access network (C-RAN), 
‘and mobile edge computing (MEQ) 


"The 5G NR specification enables the following goals of 5G: 


2 Extreme bandwidths: 5G NR aggregates eight component 
carriers (CCs), The carrier width specifications are stillin, 
development, but will kely be 100 megahertz (MHz) or 
greater, providing a total of approximately one gigahertz 
(GHz) of aggregated bandwidth — wide enough to carry 
20 gigabits of data per second. 

2 Low latency: in LTE Advanced, each subframe (there are 
10 subframes) is handled in one millisecond (ms). 5G will be 
five to ten times faster — each subframe is handled in 100 to 
200 microseconds (us). 5G NR will use new channel coding 
techniques, such as low density parity check (LDPC), that are 
more efficient than existing techniques, resulting in shorter 
transmission time intervals (TT). 


A technique called scolable orthogonal frequency-division 
‘multiplexing (OFDM) numerology will be used to support 
different use cases and scenarios within the same frame, 

StReANEAL Effectively, shorter TTis will be used for low latency, high 

srUrr reliability use cases, and longer TTIs for higher spectral 


efficiency, higher bandwidth use cases. 5G NR can also 
effectively multiplex between short and long TTls, thereby 
allowing a diverse set of users to simultaneously use the 
system, 
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use these wires. Some magnetic memories use the effect. At least one 
European automobile firm has even used Wiegand wires to trigger the 
timing of automotive ignition systems. 


‘The pulse characteristics created internally by the Wiegand wire represent 
a sharp, asymmetrical, self-regauging of the magnetics. The combined 
magnetic field consisting of the ambient magnetic field and the Wiegand 
wire magnetic pulse is momentarily a nonconservative magnetic field. It 
follows that a closed-loop integration | F - dl around some paths in the 
combined magnetic field of the system do not sum to zero. 


MAGNETS 


core 
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In theory, at least, it should be possible to utilize something like the 
magnetic Wankel engine together with exactly self-triggering and self- 
resetting Wiegand units to form a self-powering permanent magnet motor. 
In short, referring to our discussion of the magnetic Wankel engine, it 
might be possible to use a special Wiegand sensor and pulse generator to 
fumish the properly timed pulse to the coil that enables the continuous 
operation of the Wankel engine. Obviously this type combination would 
have occurred to the Japanese scientists working on the magnetic Wankel 
engine. 
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We accent that the resulting system would be an open dissipative system, 
far from equilibrium in its energetic exchange with the vacuum during the 
Wiegand pulsing. The disequilibrium is achieved by the momentary self 
regauging of the magnetic gap in the magnetic Wankel engine. 


My colleagues and I have experimented with Wiegand wires and Wiegand 
sensors to a limited extent. The effect is quite real, fully documented in the 
scientific literature, and the wires and sensors are not too expensive. A 
typical coil of 1,000 turns on a 3-cm Wiegand wire will produce pulses of 
about 2 volts ina 1,000-ohm resistor. The pulse width (half maximum 
height) is about 20 microseconds. Essentially the Wiegand wires are 
immune to stray magnetic fields. Viewed on an oscilloscope, the pulses are 
very clean without spurious oscillations or hash. The field required to 
switch a typical Wiegand wire is typically about 150 Oersteds. ‘The 
resetting field is quite a bit smaller, being about -20 Oersteds. With further 
work, it is probably possible to come up with Wiegand wires whose coils 
produce up to 20 Volts ina 1,000-ohm resistor. If 25 of these 20-volt 
Wiegand pulse generators wired in series could be induced to fire 
simultaneously across a 1,000-ohm resistor, something like a momentary 
half-watt device could be built. That might be enough to operate a very 
small version ofthe magnetic Wankel engine, etc. purely for 
demonstration purposes. 


For practical power, of course, one would need to find a way to increase 
the power output in each Wiegand generator pulse. So far, no one has been 
able to successfully find a way to do it, at least to our knowledge. Ifthe 
reader finds a way to do that, then the reader should certainly patent the 
process and use it in a self-powering magnetic Wankel engine! 


So to those experimenters wishing to experiment with something relatively 
inexpensive, we would suggest investigating the possibility of 
incorporating Wiegand units into a magnetic Wankel-type small magnetic 
motor, and attempt to get a self-powering little unit, or try to build a self 
powering version ofthe rotary Wiegand pulse generator. It is at least 
possible in theory, and if achieved in practice it will prove that self- 
powering EM engines are perfectly possible. 


649 Kawai Path-Switching Motor 

Japanese inventor Teruo Kawai has invented a process for adroit self- 
switching of the magnetic path in magnetic motors, rather than directly 
overpowering the magnetic field and then forcibly reversing it. The 
process reduces most ofthe back mmf in an otherwise rather 
conventionally switched magnetic motor, and results in producing a COP 
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that is approximately double the stated efficiency rating of the unmodified 
motor. Understand, the Kawai motor always has an efficiency less than 
100%, even when its COP> 1.0! Hence if one starts with a high efficiency 
magnetic motor — e.g., efficiency of 0.7 or 0.8 — one can obtain a 
modified motor having a COP of 14 to 16. Two Kawai-modified Hitachi 
high-efficiency magnetic motors were tested by Hitachi engineers, and the 
tests did indeed show COPs of 14 and 1.5, respectively, under rigorous 
and totally independent testing conditions. 


Fg 6204 Fa 628 Fes 
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‘eure 630 The Kawa pathshing process. 
Figure 6-30 shows eight snapshots A, B, C, D, E, F, G, and H ofthe rotor 
advance of a typical Kawai engine, taken from Kawai's 1995 patent (452) 
This is one end rotor/stator side of a two-rotor device, where a similar 
rotor/stator device is on the other end of the central shaft J. In snapshot 
A, pole piece /4 had three outward teeth 14 dispersed equally around the 
circumference, alternated with three notches. An end magnet 13 provides 
the source of flux passing through the pole piece. With the electromagnets 
DC-energized, their core materials /6c, 16d, 16g, 16h, and 16k, 161 are 
shown shaded by flux from central magnet /3 out through teeth 14b, 


In snapshot B, electromagnets 16a, 16e, and 16i are energized. The shaded 
area shows the sharp convergence 14d of the flux from magnet /3 through 
pole piece /4 and the edge of teeth /4d. Since the electromagnets are 
magnetized in attracting mode, the rotor will experience a torque tending 
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to widen the flux path from magnet 13 to the activated electromagnets. 
Thus a clockwise torque exists on the rotor, and it will start to rotate 
clockwise.'"* Note that each electromagnet is operating independently of 
the other two. 


‘As shown in snapshots C, D, E, and F, the rotation of the rotor continues 
clockwise, widening the connecting flux path to the three activated 
electromagnets. During this time the torque on the rotor is clockwise. 


In snapshot G, the flux path to the activated electromagnets is fully 
widened. In addition, the leading edges ofthe three teeth are just beginning 
to enter the domains of the next electromagnets 16j, 16b (see snapshot A) 
and /6f. This is getting symmetrical to the original position shown in 
snapshot B. 


Now the electromagnets /6i, 16a, and /6e of snapshot G are deactivated, 
as shown in snapshot H, and electromagnets 16j, 16b, and /6/are 
activated. This action asymmetrically self-regauges and resets the engine 
back to the original situation shown in snapshot B, but one more 
electromagnet beyond. The action cycle begins anew. As can be seen, in 
each complete rotation of the shaft, each of the three teeth of the rotor will 
be asymmetrically self-regauged multiple times. So multiple total 
asymmetrical self-regaugings, resettings, or "refuelings” are utilized per 
shaft rotation. 


In each motor coil, at energization a tooth is just entering that coil, 
Energized in attractive mode with respect to the ring magnet around the 
shaft, the flux in the pole piece jumps from fully widened flux (and small 
or vanishingly radial torque on the rotor) to angled and narrowed flux 
(with fall radial clockwise torque on the rotor). This is an asymmetrical 
self-regauging action. As previously explained, the narrowed flux and its 
angle exert a clockwise accelerating tangential component of force upon 
the rotor. By the asymmetrical self-regaugings of the engine, each coil is 
de-energized prior to beginning to exert radial back emf— which it would 
do if it remained energized as the trailing edge crossed it and again 
narrowed the flux path). 


So the Kawai engine uses normal magnetic attraction to accelerate the 
rotor for a small distance, and then asymmetrically self-regauges to zero 


"The Kawai patent contains a small error of misstatement. It states at first that the 
torque and rotation are counterclockwise, and then shows it moving correctly 
clockwise from figure to figure in the series 
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attraction to eliminate the back-mmf drag portion of the attractive field. It 
regauges to zero as the reset condition. 


For appreciable power and smoothness, the typical Kawai engine uses an 
extensive number of asymmetrical self-regaugings per axle rotation, for 
example 36 times on each end, or a total of 72 times for the two ends. The 
force field of each coil, accompanying its increased magnetostatic scalar 
potential, is oriented radially inward, so that radial work cannot be done by 
the coil on the rotor because the rotor does not translate radially. 
Advantage is taken of the initial clockwise acceleration force initially 
produced, and self-regauging eliminates the counterclockwise decelerating 
drag force that would be produced without the regauging, 


‘The major benefits are that (a) multiple self-regaugings occur for a single 
rotation of the rotor assembly, enabling high weight-to-power ratio, (b) 
each electromagnet is energized only when positively contributing to the 
clockwise torque that drives the rotor, and (c) each coil is de-energized to 
asymmetrically self-regauge the system during those periods when the coil 
would otherwise create back-drag (counterclockwise torque) if it remained 
energized. 


A conservative cycle is one in which the work done in the back-drag 
(mmf) region is equal to the work done in the forward boost (forward 
mmf) region. Self-eliminating the back-drag portion of the cycle is a form 
of asymmetrical self-regauging, and makes the net field highly 
nonconservative. The Kawai approach is thus permitted to attain COP> 1.0, 
In his U.S. patent, Kawai quotes performance measurements showing 

COP = 3.18. As we stated, Hitachi engineers measured two Kawai 
modified Hitachi magnetic motors which exhibited COP =1.4 and 16 
respectively. 


Since the output is shaft horsepower, in principle the Kawai engine can be 
close-looped for self-powering, without consideration of the Dirac sea hole 
current. With its extemal close-looping system (not shown), it falls within 
the second close-looping class, that of an “outrigger” system. Only the 
unitary system closed-looping class requires consideration of hole currents 
in the Dirac Sea. 


‘The Kawai process and several other Japanese overunity systems have 
been blocked from further development and marketing by the Japanese 
Yakuza. The present author and the Board of Directors of CTEC were 
physically present and in final negotiations (having reached agreement!) 
with Kawai to market his self-powering motors worldwide, when control 
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ofthe Kawai company and process were suddenly seized on the spot in our 
presence." 


6.4.10 Bedini's Skin Depth Magnetic Switching 
Bedini found a most interesting variation of flux path switching: he 
switches the direction ofjust a litle fraction of the ongoing magnetic flux 
in a material flux path, on the skin of one side of it and with only a slight 
"skin depth”.!° 


‘Suppose a flux path material is used as the stator pole ofa permanent 
‘magnet motor. A large permanent magnet is used to magnetize that short 
length of flux path, as shown one the left in Figure 6-31, which illustrates a 
concept for a magnetic motor. For convenience, imagine that the small 
magnet on the right is not yet placed on the material flux path extension. 
‘The flux path extension is energized by the south north pole of the large 
permanent magnet on the left, and used as the stator in a rotary magnetic 
motor. 


"5 To anyone who understands Japanese culture, Kawai paid me one of he greatest 
compliments possible. Alier his company representative called from Japan, Kawai 
shipped his original proof of principle engine — which frst successfully 
demonstrated his flux-path switching process without being optimized for COP>1.0 
— to me, here in the US. In the Japanese manner, be ad entrusted me with hi 
Single most valued possession. From years of aikido experience, I fully understood 
the meaning of this unprecedented gesture, and expressed my deep appreciation 
accordingly. From our first meetings with Kawai and his group. I have and always 
shall have the utmost respect for Teruo Kawai. In my view, it is a sad loss to 
humankind to have his engine buried and withheld so brutally. Kawai had already 
achieved a closed-loop sell-powering version, and itis this version upon which we 
reached agreement. In less than 24 hours after that agreement, the Kawai engine and 
company — and Kawai’s own fate — were seized and no longer in Kawai’s hands. 
For those unfamiliar with the deep spread ofthe Japanese Yakuza, the following are 
recommended: (a) Brian Bremner, "How the Mob bumed the Banks: The Yakuza is 
atthe center ofthe $350 billion bad-loan scandal," Business Week, Jan. 29, 1996, p. 
42-43, 46-47; Michael Hirsh and Hideko Takayama, "Big Bang or Bust?” Newsweek 
Sept. 1, 1997, p. 44-45: Adam Johnston, Yakuza: Past and Present.” downloaded 
fiom the Internet, Committee for a Safe Society. Organized Crime Page: Japan 
History and present status of Japanese organized erime 


Close colleague Ken Moore also independently discovered this effect in his own 
experiments, but then we found that Bedini had discovered it earlier. That was fine 
with Ken; he greatly admires Bedini and the marvelous discoveries Bedini has made. 
1 greatly admire both ofthem, and am happy to call them best friends. Afterall, 
seience has a human side as well as a materials side. Without one's close colleagues 
and best friends, science alone would be a miserable enterprise! 
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gues Be skin depth magnet edge stching. 


‘As can be seen, the north pole ofthe rotor, shown in the figure, is attracted 
to the resulting south pole of the stator. Power can be taken from the shaft 
ofthe rotor while it is being attracted in to the extended north pole of the 
stator flux extension. As it begins to pass the extension end, obviously if 
nothing else is done it will develop back mmf "drag" by being attracted 
back toward the north pole of the flux extension as it passes it. 


However, suppose that —just when the rotor south pole is passing dead 
center of the stator north pole extension, one suddenly pulses a small flat 
coil placed on the face of the extension, which serves the function of the 
small permanent magnet shown on the right ofthe material flux path 
extension, Further, suppose the magnetic field produced by the coil is 
oriented as the field of the small permanent magnet, but is much weaker 
than the magnetic field ofthe large permanent magnet on the left. A very 
curious effect then occurs. This energized coil magnetizes the edge of the 
flux path extension, to a small "skin depth” as shown, with a north 
polarity. The magnetic flux is now bidirectional in that same material flux 
path extension, 


Further, this edge-switching action is performed so that it is this "partial 
north polarity” of the now-altered extension that faces the rotor north pole 
as it begins to pass the extension and enters what previously would have 
been a back mmf section. Instead, now that former back mmf section is a 
weakened forward mmf region, further accelerating the rotor. This action 
breaks the Lorentz symmetry around the rotation path ofthe rotor, 
resulting in a net nonzero (nonconservative) magnetic field. Hence the 
entire rotor exhibits a net drive force around its loop. The rotor will 
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accelerate until the mechanical work performed upon the shaft, friction, 
etc. is equal to the net magnetic energy furnished to the rotor. 


‘The beautiful part of this motor is that one does not have to "overcome" by 
brute force — and then reverse — the north polarity of the entire stator 
extension. In theory, the overall energy added to the rotor is greater than 
the energy that must be added for the “edge switching” of the magnetic 
flux path extension, because the entire back mmf of the motor has been 
eliminated and replaced by a weaker forward mmf. Ifthe process of 
furnishing the "skin depth” weaker magnetic north field to the edge of the 
flux path extension is made sufficiently efficient, this engine also can be 
made self-powering, at least in theory. 


‘The former "motor" design has been converted to a "motor/generator” 
design, by the addition of the edge-switching action. The novel factor is, 
the use of bidirectional flows of magnetic flux in a single material flux 
path, 


An additional improvement is to rig a Wiegand sensor and pulse generator 
or sensors in conjunction with the rotor action, to freely furnish and kill 
the edge-switching pulse to the face-magnetizing coil on the flux path 
extension, at the appropriate times. This is an area where even high school 
students will be able to experiment. 


Bedini's patent on the edge switching process and its various embodiments 
and improvements has been issued (453) 


64.11 Bedini's Flux Path Switching with Energy Capture 

One additional embodiment of the Bedini flux path switching motor is, 
shown in Figure 6-32. Here the entire flux path is switched, by moving a 
small coil on the bottom side of the material flux path, as shown in the 
figure. As Radus showed (454}, it tums out that a much weaker magnetic 
field in that left bottom position will switch the flux path of a powerful 
permanent magnet field at the left top of the path, as shown. 


Now, however, Bedini adds a transformer coil around the right end of the 
core (the right end of the extension is still the stator pole in the magnetic 
motor diagrammatically shown in Figure 6-32). When the flux path is 
switched back and forth, this transformer coil produces an AC signal 
output, which can power a load as shown, and can even be used to power 
the switching power supply. The trick is that it requires less energy to 
make the vertical flux path preferable to the horizontal flux path, than the 
energy delivered into the flux path by the permanent magnet. The potential 
for self-powering of a sufficiently efficient magnetic motor is obvious. 
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So the motor can be powered while simultaneously acting as a partial 
generator. For efficient switching, this motor/generator can in theory 
develop COP> 1.0 and can even be made close-looped and self-powering, 
‘We strongly accent that the primary excess energy input to the system is 
from the vacuum itself, via the broken symmetry of the large permanent 
magnet dipole at the left top of the material flux path. As we have 
repeatedly stated, the only energy problem is how to capture and utilize the 
EM energy freely received, transduced, and poured out from the vacuum 
by the source dipole’s broken symmetry, without using half of it to destroy 
the source dipole. 


6.4.12 Transformer Secondary Shunted by a Negative Resistor. 

See Figure 6-33. This embodiment assumes the availability of a true 
negative resistor — possibly an adaptation of a point contact transistor or 
other device. As shown in the figure, a transformer exhibiting COP> 10 
can be developed by adding a shunting true (not differential!) negative 
resistor across the terminals of the secondary, adjacent to the secondary. 

In this manner, the Lorentz symmetry of the closed unitary current loop 
containing the extemal loads and losses, and normally the secondary of the 
transformer in series, is broken. 


Part of the return spent current is now "pumped" back up from ground side 
to power side of the transformer secondary without passing through the 
secondary. The pumping work is providing by dissipation (in the negative 
resistor) of energy freely obtained from the active vacuum environment. In 
short, one adds a negentropic process in parallel with the secondary coil, in 
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the secondary external circuit, breaking the otherwise enforced Lorentz 
symmetrical regauging ofthe discharge of he collected EM excitation 
energy in the secondary circuit. This provides the capability for a 
permissible COP> 1.0 transformer. 
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In theory, ifthe negative resistor can bypass all the current in the 
secondary, or almost all of it, the transformer can become a COP» 1.0 
device. 


This overunity transformer can use step-up of the voltage from primary to 
secondary, and exhibits an asymmetry in its forward and backward field 
coupling between primary and secondary. Thus the dissipation of energy in 
the primary circuit need not be as great as the dissipation of energy in the 
secondary circuit. The energy flows are of course in perfect conservation, 
but there is no law of nature requiring the energy dissipations to be 
conservative between the primary and the secondary. It is strictly the 
backfield coupling from secondary to primary that enforces equal energy 
dissipation in the primary as in the secondary, in normal transformers. And 
that backfield coupling’s strength is a function of the return current through. 
the transformer secondary. By reducing that current, the back coupling to 
the primary is reduced, which in turn reduces the current draw of the 
primary from the external power supply. 


No laws of physics, electrodynamics, or thermodynamics are violated by 
the asymmetrically coupled transformer power system with broken 
symmetry in its secondary to primary circuit couplings. In short, there is 
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9) Massive MIMO: 5G NR extends MIMO up to 256 antenna 
elements and enables massive MIMO. Thisis a key enabler 
for higher spectrum bands, The antenna elements in this 
case are smaller, thereby making itless complex to build a 
massive array. 

2 Massive loT: 5G NR will use resource spread multiple access 
{RSMA)on the uplink to enable grant-free transmission of 
data on the uplink. A device does not need an enhanced 
Node B (eNode8) to give ita grant (or slot) in the pipe to 
transmit data. This capability eliminates the need for 
signaling and allows devices to send small packets asynchro- 
nously. 5G NR will also address distance and location 
challenges in low-power oT devices, using a technique called 
‘multihop mesh to relay uplink data via nearby devices. 


5G NR is part of the Release 15 specification from the Third Gen 
eration Partnership Project (3GPP). Two versions of 5G NR exist: 


2 Non-standalone (NSA) 5G NR: NSA will use the existing LTE 
radio and core network as the control plane anchor for 
‘mobility management and coverage, while adding a new SG 
carrier. Early 2019 deployments of SG NR will use this 
configuration. In this mode, the connection is anchored in 4G 
LTE while 5G NR carriers are used to boost data rates and 
reduce latency. 


9 Standalone (SA) 5G NR: SA willuse the new 5G core 
network (SGCN) architecture, including the full control and 
user plane offered by 56. 


‘An interim release of the 5G NR NSA specification was accelerated 
to the end of 2017 to enable large-scale trials and deployments for 
enhanced mobile broadband (eMBB) use cases to begin in 2019. 
"The 5G NR SA specification is expected in mid-2018, 


More Spectrum — mmWave Bands 


In the US, the Federal Communications Commission (FCC) has 
opened a total of 10.85 GHz of spectrum above 24 GHz to enable 
5G use cases. The new spectrum includes 3.85 GHz of licensed 
spectrum from 27.5 to 28.35 GHz and 37 to 40 GHz, and 7 GHz of 
unlicensed spectrum from 64 to 71 GHz. 


CHAPTER 6 Creating a New 5G World Order with New Radio(NR) 35 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


less backfield coupling from primary to secondary than there is from 
secondary back to primary. The additional energy dissipated in the 
secondary circuit is freely extracted from the vacuum by the negative 
4-resistor shunt. 


Again, this application assumes the availability of a true nega 
to use as a shunt of the secondary. 


ve resistor, 


The beauty of this application is that, once achieved, such a COP> 1.0 
transformer can easily be close-looped for self-powering by standard 
‘governed” positive feedback. No concern as to hole current effects 
usually need be accounted for unless the COP becomes very large. 


6.4.13 Eddy Current Multiplier. 

Figure 6-34 shows an example of an eddy current multiplier, adapted from 
Burke (455). This is given as a somewhat unusual system which may 
exhibit novel effects and possibly can be adapted into a COP>1.0 system 
(e.g., by using permanent magnets instead of the coils and triggering things 
into unbalanced condition using a rotary pulse wire generator. We simply 
list it here as a candidate for the experimenter. 


Ube 3) 


igue 634 ay curent mip. 


In Figure 6-34, the shaft of the conducting disk is connected to a rotor, 

which could have arrangements for rotary type of Wiegand pulse generator 
of Figure 6-29 (with self-initiation and self-recovery) around it (not shown 
in Figure 6-29). One would start the rotating disk by hand. These Wiegand 
sensors would then automatically and repeatedly deliver a series of electric 
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pulses to the coils, momentarily generating the two eddy currents shown, 
so that dynamic force and rotary acceleration is obtained during the 
endurance of the pulses. In short, one would "electrically kick” the coils so 
that they continually deliver a propulsive "magnetic kick” to the 
conducting disk to repeatedly generate eddy currents to rotate it. The rotor 
is powered as shown by the interactions of the two unbalanced induced 
eddy currents. Such an arrangement could possibly exhibit COP> 1.0. 


To experiment with such an apparatus, the major parts that must be 
developed are (i) the rotor and coils arrangement (the motor), (ii) the 
integrated rotary Wiegand effect pulse generator with self-recovery, and 
(iii) the proper timing arrangement. Each should be developed and 
optimized individually in the researcher's experiments, then combined and 
optimized together. This is an experimental area that can be cheaply 
investigated, e.g., by a college student or high school student for a science 
project. Whether COP>1.0 is achievable or not depends upon the 
efficiencies that can be obtained with the various processes involved. It is 
possible, at least in theory, for such an arrangement to be self-rotating once 
rotary motion is underway. 


6.5 CONCLUSION 


In this chapter we have advanced many approaches to COP>1.0 systems, 
that have been tried or considered by various inventors and researchers in 
the field, Many of these experimenters have attained concrete, replicable 
results, including results published in the hard literature. 


We hope this sampling shows the reader that indeed we can have "sel 
powering” electrical power systems and COP>1.0 electrical power systems 
whenever the scientific community will come out of its preoccupation with 
the present seriously restricted electrodynamics and electrical power 
engineering practice and fund the necessary research. Simply funding a 
few graduate students for research and doctoral theses in these areas would 
be very usefull and immensely more productive for electrical energy 
purposes than all the billions and years spent on chasing hot fusion 


Hopefully the iron dogma ofthe scientific community against COP>1.0 
electrical power systems is slowly changing. If'so, and ifthe community 
will tum loose those sharp young graduate students and post-doctoral 
scientists on the problem, very shortly there will no longer be an electrical 
energy problem on Earth, ever again. We strongly refer the reader to 
Deffeyes’ book {456} to rigorously validate the coming increase of the 
Price of oil, in the middle of the present decade. See particularly the 
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quotation fiom Deffeyes in our Endnote {342}. With the present extreme 
volatility of the MidEast and the continuing war on terrorism, the 
probability is high of eventual severe disruption of oil supplies and the 
energy infrastructure of the U.S. 


‘An independent review of Deffeyes’ book is given by Young (457) and we 
recommend that the reader digest that commentary also. 


Ifthe scientific community will fund the necessary research on permissible 
COP>1.0 Maxwellian systems, the quick results will solve the energy 
crisis, clean up the biosphere — including much cleaner air in our cities 
for the populace to breathe — provide cleaner streams, and result in far 

less polluted oceans. It will stop the pollution-caused destruction of 
species, and dramatically reduce the hydrocarbon combustion 
contributions to global warming. There will no longer be a necessity to 
consider "burying" in the bottom of the sea the excess CO2 fiom massive 
hydrocarbon combustion to provide the much-needed electrical power, 
because it will no longer be necessary to burn the oil, coal, and gas to get 
the power. And there will no longer be any necessity for expensive and 
highly vulnerable nuclear power plants with their resulting nuclear wastes 
that will remain radioactive for thousands of years. 


Ifcheap, clean EM energy from the vacuum is rapidly developed, we may 
{finally get the scientific community's head wrenched back out of the big 
nuclear power business, as a colossal waste of research manpower and 
taxpayer dollars — as well as providing ticking time-bombs for the 
terrorist teams now already in the United States to attack and destroy. It is 
so easy for a person with appropriate technical knowledge to build a 
portable electromagnetic pulse (EMP) "shooter" that one shudders at the 
consequences of in-country terrorist teams that can do so. Try imagining 
what we would face when the electronic controls of one or more operating 
nuclear power plants are suddenly disabled and destroyed with the reactor 
on line and providing power. Chernobyl might look like a mild spring 
breeze in comparison, should we have one or more actual meltdowns. 


It is not a pleasant consequence to contemplate, and that alone may 
eventually dictate the overwhelming urgency of achieving decentralized, 
vacuum-energy-powered electrical power systems as soon as humanly 
possible. The present centralized, cumbersome energy infrastructure is, 
vulnerable beyond all sanity, considering the thousands of terrorists 
already in country, with weapons of mass destruction as well as more 
conventional sabotage means. As a single example, the former Soviet 
Union clandestinely brought in nuclear weapons into the U.S., and 
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Spetznaz teams to detonate them on order. Such weapons (and teams) are 
already in large U.S. cities and population centers. The reader is referred to 
Lunev’s book,'”” for details about how the nuclear weapons were 
introduced, 


After all, we do have to live and survive in the real world, and not just in 
an idealistic scientific environment. We are already at war, with alerts of 
potential danger to our nuclear power plants already having been given on 
several occasions. In the present very disorderly and very dangerous world 
we live in, many of the former options we have had for decades are rapidly 
ending. That includes the option for the leaders of the scientific 
community to continue "business as usual”, ifthey wish this nation and 
their own families to survive. There is an old adage in war: Whatever your 
determined enemy can do to hurtyou desperately, he will do as his highest 
priority. Sadly, in my opinion the leaders of the scientific community — 
unwittingly — are presently doing almost everything they can do to insure 
that the energy infrastructure goes, the national economy goes, a nuclear 
meltdown possibly occurs, and this nation and much of civilization 
perishes in a new dark ages. 


" Stanislav Lunev (with Ira Winkler), Through the Eyes ofthe Enemy, Regnery, 
Washington, 1998. Lune is the highest ranking GRU defector. He is a former 
Colonel in the GRU, the military counterpart of the KGB. On p. 22-33, he 
summarizes the Spetznaz capabilities. On p. 22-27, he summarizes Spetznaz use of 
nuclear Weapons already on American soil. On p. 26, he gives some of the ways in 
which the Soviets easily brought nuclear Weapons into the U.S. On p. 30 he confirms 
Russian seismic weapons. Use of EMP weapons is on p. 30-31. Use of very. very 
low frequency weapons to destroy the human brain, put people into a zombie-like 
state, and aid in brainwashing is confirmed on p. 31. The present war on terrorism 
thas many more facets than are presented by the conventional news media 
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Just as the dinosaurs were confronted with a new and dangerous threat, and 
failed to adapt, the electrical power infrastructure is now confronted with a 
potent threat against its very vitals and — so far — is completely failing to 
adapt. It is going to have to adapt or perish, which presently implies that 
‘we all perish along with it. Those who make it their nefarious business to 
see to it, will see to it, 


So let us "see to it” first, scientifically, as rapidly as human research and 
development can do the job. The very existence of civilization may well 
depend upon it. 
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Chapter 7 


Aharonov-Bohm Effect, Geometric Phase, 
and the Motionless Electromagnetic 


Generator (MEG) 


[Decision that hydrogen fuel is the future]. "We are at the 
peak ofthe oil age but the beginning ofthe hydrogen age. 
Anything else is an interim solution. The transition will be 
very messy, and will take many technological paths ...but 
the future will be hydrogenfuel.” (Herman Kuipers, 
Royal Dutch Shell.]. 


[Vacuum energy is real] "..the acceptance ofa 
structured vacuum described by an O(3) gauge group 
leads directly to the existence ofnovel charges and 
currents in the vacuum. These are conserved, or Noether, 
currents and charges and are clearly topological in 
origin. They springfrom thefact that the vacuum is a 
topological space. Four such entities emerge: [1]A 
topological vacuum electric charge, also proposed 
empirically by Lehnert et al. [2]A topological vacuum 
electric current, also proposed empirically by Lehnert et 
al. [3]A topological vacuum magnetic charge, proposed 
also by Barrett and Harmuth. [4] vacuum topological 
magnetic current, proposed also by Barrett and Harmuth. 
Each ofthese four objects can provide energ) 
which can be loosely termed ‘vacuum energy’: energy 
coming from the topology of the vacuum. " {Evans} {458} 


[Aharonov-Bohm effect} "...the Aharonov-Bohm effect is 
a local gauge transformation ofthe true vacuum... [which] 
produces a vector potentialfrom the true vacuum. [This 
gauge transformation produces topological charge..., the 
electromagnetic field, which carries energy, and the 
vacuum charge current density first proposed by Lehnert 
.. and developed by Lehnert and Roy...". [Evans and 
Jeffers} {459}. 
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[Geometric phase] "The concept ofthe geometric phase is 
closely related to the effect ofa state function acquiring a 
non-zero phasefactor after a quantum system undergoes 
acyclic evolution. This means, that ifa system after some 
time returns to its original state, the result of such an 
evolution will be recorded in the phase ofthe 
wavefunction. Moreover, this phase factor can be 
measured by interfering initial and final states. 

Although there are no widely recognizedpractical 
applications ofthe geometric phase, its experimental 
observations have been reported in many fields of science. 
The largest group ofexperiments have been carried out 
on polarized light ...andpolarized neutrons ... The 
geometric phase has also been observed in magnetic 
resonance experiments .... mesoscopic structures ...and 
‘molecular systems ...Analogues of GP — the Hannay 
angles — have been shown to exist in classical 
‘mechanical systems .... the mostfamous example ofwhich 
is the Foucault pendulum." {Aleksiejunas}'* 


[Practical use of geometric phase]. "The motionless 
electromagnetic generator is the first practical 
macroscopic use ofthe geometric phase. " {T. E. Bearden, 
2001, to a correspondent}. 


[Impact of extracting energy from the vacuum] "Ifthey 
[quantumfluctuations ofvacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, 
coal, nuclear, hydropower, would become obsolete —and 
so would many ofour worries about environmental 
pollution." "Don't sell your oil shares yet — but don't be 
surprised ifthe world again witnesses the four stages of 
response to any new and revolutionary development: 1. 
It's crazy! 2. It may be possible — so what? 3. Isaid it was 


"41 am much indebted to Dr. Rimvydas Aleksiejunas for this clear statement of the 
‘geometric phase. See his very elegant summary, " Introduction to The Geometric 
Phase Decomposition,” on his Internet website at http://signalogram.free 
hosting.IWResearch/gp dec-htm. His own publications in scientific journals and 
proceedings are also listed on the website, and many are available for downloading. 
His doctoral thesis dealt with geometric phase and he is a specialist in that field 
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@ good idea all along. 4. Ithought ofit first." [Arthur C. 


Clarke} (460) 


7.1 Introduction 


In this chapter we give a history, some information, and comments about 
the Aharonov-Bohm effect {473}, which was generalized by the Berry 
phase {477} for adiabatic conditions, which itself was further generalized 
by Aharonov and Anandan {480} to remove the adiabatic limitation. The 
modem all-inclusive term is geometric phase, which has been found to be 
involved in a very wide variety of physics areas. In its embodiments, the 
motionless electromagnetic generator (MEG) does utilize the Aharonov- 
Bohm effect (geometric phase) in a unique manner that we explain, We 
also remark on what we hypothesize may be some related new aspects of 
the curl-free magnetic vector potential itself. 


Pique 7.1 Wotoness Eevee Genttr WES) 


‘The motionless electromagnetic generator (MEG) (Figure 7-1) was 
invented by Patrick, Bearden, Hayes, Moore, and Kenny (461) after years 
of research and experimentation. It has been technically described 
elsewhere {462}, and scientific explanations of the fundamental 
mechanism by which it successfully extracts useful EM energy from the 
active vacuum have been published in the recognized literature (463, 38a, 
464). Other closely related papers on extracting EM energy from the 
vacuum have been published or are submitted and in review (465a-465h}. 
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A version of the MEG has also been independently replicated by Naudin 
{466}, and in fact by others who did not wish to publish their results. By 
permission, Naudin’s Mark II MEG replica is shown in Figure 7-2. 
Consequently, the MEG is a validated and replicated COP>1.0 system, as 
required by proper scientific methodology. Further, sufficient information 
has been released for any competent laboratory team to replicate a version 
of the MEG. 


owe 2 Nuh Mark Replication ofthe MEG. 


We give an overview ofthe MEG, the principles of its operation, the status 
of the project, and some indication of future plans. 


7AA Status 
As this is written, the first MEG patent has just issued {37}. A second 
Provisional Patent Application has been filed, and at this writing is in 
process of being replaced by a formal regular patent application. Two 
other patent applications are in preparation. All rights to the MEG are 
assigned to Magnetic Energy Ltd., Huntsville, Alabama, U.S.A., whose 
CEO is Dr. James L. Kenny. 


In addition, Bedini and the present author have filed a provisional patent 
application on the process and embodiment for close-looping a COP> 1.0 
system for self-powering operation, and are in process of replacing it with 
a regular patent application also. Magnetic Energy Ltd. has permission to 
utilize the Bedini-Bearden close-looping process. In addition, Magnetic 
Energy Lid. has its own proprietary close-looping process, for which a 
patent application is being prepared. The Company is also involved in 
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serious discussions with several large companies and financial groups for 
potential financing. When that funding is obtained, we will open a 
substantial research and development laboratory here in the United States, 
serving a separate production company to be set up with our financial 
partners to produce and market the MEG. Meanwhile, laboratory work to 
complete the research and development of the MEG is also ongoing under 
a cooperative arrangement with the National Materials Science Laboratory 
of the National Academy of Science of a friendly foreign nation formerly 
under the Soviet bloc. 


7.1.2 Future Plans 

Our plans are straightforward. We will continue to pursue and update our 
patents and file additional ones as additional discoveries are made. We will 
continue our negotiations with major financial parties until satisfactory and 
mutually beneficial capitalization is obtained (we expect that to occur 
before the end of 2002). At that time we will establish a modern Magnetic 
Energy Ltd. U.S. laboratory devoted to advanced research and 
development, as well as a separate production company in partnership with 
our funding partners. The final research necessary on the MEG (four areas 
of physics as well as the electrodynamics) will be completed in somewhat 
less than one year after setup of the lab and lab team, and the production 
company is expected to have the first engineering development production 
prototype at the end of that first year. We expect it to be a self-powering 
unit. We will simply put the first MEG units into production and on the 
world market immediately thereafter. 
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See Figure 7-3. The first production MEG is envisioned as a modular 2.5 
KW unit together with a synchronizer unit simultaneously developed, so 
that up to six 2.5 KW MEG units can be synchronized in a power system 
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‘These bands — between 30 GHz and 300 GHz — are known as 
millimeter wave bands (mmWave). These high frequency bands 
translate to narrow wavelengths in the range of one to ten mil- 
limeters, There are some challenges with mmWave, including: 


2 Short transmission paths and high propagation losses aver 
Jong distances and anything that is not line of sight 


2 Weakened signals in gases and precipitation 


However, the short transmission paths and propagation loss 
characteristics of mmWave enable spectrum reuse, by limiting 
the interference between adjacent cells. Additionally, because of 
the extremely short wavelengths of mmWave signals, transmis 
sion paths can be extended using small, multi-element dynamic 
beamforming antennas that can be installed in user equipment 
(UE) such as smartphones. 


5G NR, operating at very high frequencies with small coverage 
areas (because of propagation and line-of-sight issues), is ideal 
for dense urban locations, where cell sizes are generally small 
(approximately 200 meters). 


5G For Dummies, Ixia Special Edition 
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array. This will yield power units from 2.5 to 15 KW. We are struggling to 
have the closed-loop process completed and ready in that same first year, 
and if possible the very first MEG units will be close-looped and self- 
powered. At the end ofthe second year or before, we plan to have the 
close-looped basic MEG unit in 10 KW size, again with synchronizer so 
that up to six MEG units can be synchronized in an array. That will cover 
the 10 - 60 KW power system size, which is ideal for homes and small 
businesses. Once the units go on the world market, we believe that the 
market will be extraordinarily dynamic and productive. We intend to 
license multiple companies for production and competition for various 
markets, with no single company being given total monopoly worldwide. 


7.2 Aharonov-Bohm (Geometric Phase) Effect 


‘The Aharonov-Bohm (AB) (473) effect, or geometric phase (GP) (477, 
480} effect, is now well known (467) in quantum mechanics and quantum 
electrodynamics, but does not exist in classical electrodynamics. The effect 
proves the reality of the potentials and their primacy over the fields. 
Further, it shows that electron effects can be generated by the magnetic 
vector potential A even in the absence of the magnetic field B 


eee Na SAG ee 
fees Mo \\ —aporenniac~ 
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According to Feynman (468}, it required 25 years for quantum physicists 
to clearly face the issue eventually pointed out in 1959 by Aharonov and 
Bohm ofthe primacy and separate action of the force-field-free potential, 
in regions where no force fields were present (Figure 7-4) (469}. After the 
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effect was experimentally demonstrated by Chambers {474} in 1960, it 
then required another 25 years before physicists would accept it. Even 
today, another 16 years after full acceptance in 1986, to our knowledge the 
Aharonov-Bohm effect has not previously been utilized in any practical 
electrical power system {470}, much less one that has a COP>1.0. As 
Aleksiejunas'* states (see his quotation at the beginning ofthis chapter), 
there have not previously been any widely recognized practical 
applications of the geometric phase. Now there is a practical application of 
major worldwide importance, since the operation of the MEG depends 
upon the geometric phase (Aharonov-Bohm) effect to produce real 
electrical power from the active vacuum itself. 


We also believe that the curl-free potential may not have been adequately 
investigated, particularly along the lines of its utilization in the MEG. 


7.3 Abbreviated History of the Geometric Phase 


The earliest work with a state function acquiring a non-zero phase factor 
after a quantum system undergoes a cyclic evolution was published in 
1956 by Indian scientist Pancharatnam {471}. Pancharatnam noticed phase 
shifts of cyclic evolutions in optical phenomena. This means that, if the 
system leaves its original state and after some time returns to it, the result 
of the system's evolution will be recorded in the phase ofits wavefunction. 
In addition, this phase factor can be measured by interfering the system's 
initial and final states.'°* Sadly, Pancharatnam's anticipation of the 
geometric phase factor did not receive the attention it so justly warranted, 
and his paper languished almost unnoticed for nearly four decades, when it 
was finally rediscovered. This was an excruciating scientific tragedy to 
Pancharatnam, comparable to that which befell Waterston {472} 


‘The effect of the field-free potential and the geometric phase issue were 
pointed out strongly by Aharonov and Bohm {473} in 1959 in a leading 
USS. physics journal, causing much consternation in physics. Before that 
paper, most physicists still believed that all electromagnetic forces and 

effects were induced only by the force fields,'”” and not by the potentials. 


"Indeed, the force fields do not even exist in mass-free space, but only in matter. 
Force is defined as F = G/dt (my) so that mass is a component of force. Feynman 
states: "..in dealing with foree the tacit assumption is always made that the force is 
equal 10 zero unless some physical body is present... One ofthe most important 
characteristics offorce is that it has a material origin. the existence ofthe 
positive charge. in some sense, distorts, or creates a “condition” in space, so that 
when we put the negative charge in, itfeels aforce. This potentialityfor producing a 
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In the prevailing belief, when the fields were zero there were no EM 
effects. Indeed, the potentials were largely regarded as mathematical 
conveniences. 


Another point of consternation was that the A-potential is not uniquely 
determined, but is determined only up to a particular gauge transformation. 
So there can be two (or even more) magnetic vector potentials A and A’ 
corresponding to a specific magnetic field. Aharonov and Bohm raised a 
disturbing question: How can two different “causal” A potentials produce 
the same effect? We will rigorously answer this question shortly. 


While the experiments suggested were difficult, they were performed 
shortly after the publication of the Aharonov-Bohm paper. The very next 
year, in 1960, Chambers (474) experimentally demonstrated the 
‘Aharonov-Bohm effect, though not with complete decisiveness. A 1983 
paper by Tonomura et al. (475} was significant, and a 1986 publication of 
further work of Tonomura er al. was decisive (476} 


In 1984, Berry generalized the Aharonov-Bohm effect into the geometric 
phase {477}. In 1985 the Tonomura effort plus experimental work by 
Webb et al. (478) settled the matter, as strongly stated by Schwarzschild 
the next year (479). In 1987, Aharonov and Anandan (480) further 
generalized Berry's geometrical phase, freeing it from its adiabatic 


force is called an electric field. " So Feynman was fully aware that not the force field 
‘but only the potential (1e., the potentiality) for producing the force field exists in 
mass-free space. The electrodynamicists continue to be confused on that point, E.g. 
‘on p. 28 of his Classical Electrodynamics, 2nd edition, Wylie, 1975 Jackson states 
“the thing that eventually gets measured is aforce...°, confirming that force is an 
observable and thus a dé operation imposed upon spacetime LLLT to give a purely 
spatial entity LLL. On p. 249, Jackson also states that "Most classical 
electrodynamicists continue to adhere to the notion that the EM force field exists as 
such in the vacuum, but do admit that physically measurable quantities such as force 
somehow involve the product of charge andfield." The two parts of the conventional 
assumption, as stated by Jackson, contradict each other. We point out that Jackson's 
book has been a standard of excellence for years, and no EM library is complete 
without it, It merely shows the extraordinary difficulty of rooting out the 
exasperating and mind-numbing confusion in physics between the observed effect 
and the unobserved cause. Force is an effect, after interaction (observation or 
measurement), hence cannot be the cause (Which exists prior to interaction or 
measurement). Else, there is no difference between cause and effect, which destroys 
‘causality itself. This confusion is still there in even the hoary old classical 
mechanics, now some centuries old. By that standard, electrodynamicists have a long 
time remaining before they will have propagated this non sequitur” as long as the 
‘mechanical physicists have, 
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restriction and generalizing the geometry. Much discussion ofthe AB 
effect and Berry's geometric phase occurred {481a-481c}, but the 


scientific consensus was in: The Aharonov-Bohm effect is real and the 
geometric phase is a widespread fact of nature. 


In 1985, Olariu and Popescu {482} published a very good overview and 
discussion of the AB effect up to that time, with hundreds of references. 


Thousands of papers on the AB effect, the Berry phase, and the geometric 
phase have since appeared in the literature, and continue to appear at a 
rather steady and prolific rate. A few are listed for a sampling (483a-483k, 
484a-484i}. The original Aharonov-Bohm effect has now expanded and 
spread widely through physics and into a myriad other effects and areas, 
such as the scalar AB effect, the Aharonov-Casher effect, magnetic vector 
potential vortices, quantum tunneling, chemical reactions, chaotic 
oscillation, and others. These related extensions are far beyond our interest 
here. We are, however, interested in what we hypothesize may be a new 
aspect ofthe perturbed curl-free magnetic vector potential A. We shall 
address that aspect briefly. 


7.4 A Possible New Aspect of the Curl-Free Magnetic 
Vector Potential 


We propose what may possibly be a unique new aspect of the curl-free A- 
potential — and thus ofthe Aharonov-Bohm effect — that has been 
uncovered in our MEG experiments. We caution, however, that this is a 
tentative interpretation and remains to be further validated. 


First we state that the equation, B = VA, usually accepted as the 
“definition” of the magnetic vector potential A, is not even a definition, 
because no equation is a definition.” If we rewrite the equation as the 
identity B = VxA, then it is a proper definition — though not of the A- 
potential, but of the B-field itself, given that the A-potential exists and is 
primary. It also states that the B-field is simply a magnetic vector potential 
having swirl; ic., the notion of the B-field captures that swirl aspect of a 
swirling A-potential. Hence the statement that B = zero implies only that 
the A-potential remaining is swirl-free and hence a linear EM energy 


2° No equation is a definition, apriori. It merely states the relationship ofthe total 
magnitude ofthe entities on the left to the total magnitude of the entities on the 

tight. It does not define any entity on either the leit or the right. One ofthe gross non 
sqeuitursin physies texts is to continue to present equations as “definitions” 
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current flow. Note that the B = 0 condition does not specify the magnitude 
ofthe remaining A-potential, but only specifies that it has no curl. This is a 
rigorous answer to the original question posed by Aharonov and Bohm of 
how two different A-potentials can have the same magnetic field B (the 
same swirl). It is no more mysterious than two different rivers having a 
whirlpool of exactly the same swirl magnitude. 


At least to first order, it appears we have arrived at a "semi-definition” of 
the A-potential along these lines: 


The magnetic vector potential A is an EM energy current 
in 4-space, which can be swirling or linear, or can have 
two components where one is swirling and the other is 
linear. The swirling component ofthe A-potential is also 
known as the B-field, and the linear component is known 
simply as the "curl-free A-potential". The A-potential 
exhibits a remarkable property: Ifits swirl component is 
localized and confined, the remaining space where the 
swirlingA without localization would have been isfilled 
by a remaining unswirling linear A-potential energy 
current. In short, by swirl-localization the swirling 
A-potential can befreely 'regauged’ into two separated 
entities, with the sum oftheir energy being greater than 
the apparent energy ofthe previous swirling A-potential. 
Henceswirl-localization isa method ofasymmetrical self- 
regauging ofthe A-potential itself with the excess energy 
coming directly from the active vacuum. 


Ifwe take the view that any curled A is identically a B-field, then the 
tural” A. is not curled, because it requires a curl operation applied to it 
to produce a "curled A" or B-field. Therefore the "natural" magnetic vector 
potential A is simply a magnetic energy current in space, since it is a 
vector and has direction (458). That is a longitudinal EM energy flow 
process?" We shall be very interested in the uncurled A-potential; ie., in 
that linear energy current in space that is uncovered and freely produced 


2" Interestingly, around a toroidal localization zone, the uncurled A-potential does 
curve, but is only linearly following the curving current and the moving E-field from 
the moving charges in the current. In the MEG, the uncurled A-potential is even 
‘more complex. since we use each half ofthe toroid-like localization zone differently, 
with the B-flux going one direction (say, counterclockwise) in the left branch and 
the B-flux going in the other direction (say, clockwise) in the right branch, and with 
a crossover point in the middle. 
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when the B-field is localized. Indeed, we shall perturb it to make a large E- 
field, which we intercept and use to furnish emf to the secondary circuit 
and power loads. 


Given a localized B-field so that we have an uncurled A-potential outside 
the localization region: If we now increase the magnitude of the A, that 
produces an increased linear energy flow rate outside the localization zone, 
in addition to increasing the B-field in the localization zone. If we decrease 
the magnitude ofthe A, that produces a decreased nonlocalized energy 
flow rate and a decreased localized B-field. In our view it follows that, 
when we oscillate the magnitude of the A-potential by any means 
whatsoever, we oscillate the nonlocalized linear EM energy current flow 
rate as well as the localized B-field. In fact, that creates a normal 
oscillation of the localized B-field, and also creates a nonlocalized 
Iongitudinal wave of electric field E by the equation £ =~ @A/ér, if the 
conditions localizing the curl operator — and hence localizing and holding 
separate the concomitant B-field produced by a changing E-field — 
continue in effect. 


We have produced a mechanism for generating a nonlocalized longitudinal 
E-field wave without a nonlocalized B-field component being allowed to 
act outside a confined locality. We stress that a B-field component is 
produced, but remains localized in the special core material (that is one of 
the conditions required in the MEG). 


We have also produced a mechanism for generating a nonlocalized 
longitudinal E-field wave with another very novel feature: the magnitude 
of the E-field and thus the magnitude ofits energy density (its intensity) 
does not depend on the magnitude ofthe input energy used to perturb the 
A-potential, but only depends on how sharply we perturb it. Thus we have 
produced a mechanism for energy intensity amplification and 
‘magnification, freely. This is possible because the system is an open 
system far from equilibrium with the active vacuum, and specifically with 
the curl-free A-potential as an energy current at large in the local vacuum 
where it can be intercepted, collected, and used to power loads. The energy 
intercepted from the uncurled A-potential by the output section(s), is 
additional energy in excess of what is intercepted from the E-fields 
generated in core material B-field magnetic flux changes. 


However, see our discussions ofthe giant negentropy process, earlier in 
this book. Any longitudinal EM "wave in 3-space” is accompanied by a 

longitudinal EM wave on the fourth Minkowski axis, in the time domain. 
EMenergy does not observably propagate continuously in 3-space, since 
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observed propagation is a series of frozen iterative observation processes a 
priori). The "energy flow" actually consists of a propagation in 4-space of 
continual local circulation of EM energy from the time domain (time- 
polarized EM energy) to each interacting point dipole in 3-space via the 
negative charge of the point dipole, thence to the positive charge of that 
point dipole, thence back to the time domain. In a time-reversed zone, the 
circulation is in the opposite manner. So what spreads as the "longitudinal 
EM energy current in 3-space" is actually the spreading point polarization 
ofthe vacuum and this giant negentropy 4-circulation involved in every 
point dipole of that polarization. 


We believe this previously unsuspected process is involved in the 
Aharonov-Bohm effect (which is a sort of polarization in the time 
domain), other aspects of the geometric phase, fundamental polarization of 
the vacuum itself, and the very notion of "propagation of EM energy 
through space”. At any rate, the hypothesis does fit the phenomena 
‘observed to happen in the MEG, so it warrants additional careful 
experimental investigation as well as attention from leading theorists. 


Further, the MEG is practical and produces practical electrical power, but 
with apurely electrical reaction in the output secondary coils of the 
transformer section.” Hence there is finally a very practical use for the 
‘geometric phase: It extracts additional nondocalized EM energy from the 
vacuum (and local curved spacetime) in addition to extracting and 
retaining localized energy. Both the extra "free" nonlocalized EM energy 
and the localized EM energy from the vacuum can be intercepted, 
collected, and utilized to power practical fuel-fiee MEG-type power 
systems. 


We point out that the rate of changes of all E-fields produced in the 
secondary and primary coils also produce B-fields proportional to the time 
rate of change of those E-fields in each case. These secondary B-fields are 


282 This follows from the localization of all B-felds in the core material — including 


the B-lield of the permanent magnet, those B-fields produced by dE/dt operation: 
and those B-fields produced inside the secondary coils, etc. ll E-fields produced, 
however, including in the changing flux of the core and in the dA/dt operations of 
the extemal uncurled A-potential — are free from that localization restriction and 
‘can pass out of the core and interact with the output coils of the transformer section, 
In short, we have produced the world’s first purely electric "induction-free" magnetic 
transformer device. The voltage and current, measured directly across the secondary 
ccoil’s ends, is in phase within 2 degrees and even that 2 degrees can be eliminated 
We expect the theorists to have a field day in modeling these new phenomena. 
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retained in the core rather than reaching out into surrounding space. Their 
rate of change then further produces E-fields, which pass out ofthe core 
and interact with the coils. Hence there are very novel "multiple 
feedforward and feedback” regenerative loops in the MEG's highly 
nonlinear operation, as well as chaotic oscillations, 


7.5 Use of the Aharonov-Bohm Effect in the MEG 


From the standpoint of electrical power systems, our own interest in the 
AB effect focused upon one important characteristic: the clear separation 
(and localization) of the B-field (the swirl component of the A-potential), 
leaving the remaining "natural" uncurled field-free A-potential as a free 
linear flow of energy current in the vacuum. This operation is iterative, and 
is produced by the core for every B-field produced in the transformer 
section. So a localized dynamic B-field makes nonlocalized dynamic 
E-fields, which themselves make further localized dynamic B-fields, 
which then further make nonlocalized dynamic E-fields, and so on. ‘The 
result is a very extensive chain of feedforward and feedback field energy 
loops. 


7.5. Separation of the Swirled and Linear A-Potentials 
‘The AB effect has long been known in toroidal coils and in long solenoids. 
In a theoretically perfect toroid, for example, the AB effect separates and 
localizes the entire B-field inside the toroid, while the curl-free magnetic 
vector potential A appears in surrounding space outside the toroid. By our 
new interpretation and hypothesis, based on AIAS theoretical work 
published in the literature, this curl-free A-potential represents a 
nonlocalized longitudinal EM energy current in space." Further, the 
curl-free A-potential is an extra flow of EM energy that can be intercepted, 
collected, and used while also still using the entire "normal" B-field energy 
localized in the core. ‘The neat thing is that the E-field made from the 


2°) This is addressed in M. W. Evans. T. E. Bearden, and A. Labounsky, "The Most 
General Form of the Vector Potential in Electrodynamics," Found. Phys. Lett, 15(3), 
‘June 2002, p. 245-261. See also M. W. Evans et al., “The Aharonov-Bohm Effect as 
the Basis of Electromagnetic Energy Inherent in the Vacuum," Found. Phys. Lett, (in 
review). 


% See also B. Lehnert and J. Scheffel, “On the Minimum Elementary Charge of an 
Extended Electromagnetic Theory.” Physica Scripta, vol. 65, 2002, p. 200. In 
extended EM theory, the elementary charge may no longer be considered as a 
fundamental constant of nature, but is expressed in terms of the Planck constant and 
the velocity of light 
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A-potential, and thus providing the actual intercepted and collected EM 
energy, can be made as large as desired, merely by manipulating the rise 
time and decay time of the pulses used to perturb the A-potential external 
to the core. Further, the same perturbation also perturbs the B-field flux in 
the core, giving rise to nonlocalized E-fields whose magnitude again 
depends upon the rise time and decay time of the perturbing pulses. Hence 
the dA/dt and the dB/dt become energy amplification causes, where all the 
excess F-field energy is fumished freely from the vacuum via a special 
kind of asymmetrical regauging and gauge freedom. In that sense, the 
MEG produces and applies a hitherto unrecognized form of direct field 
energy amplification by asymmetrical regauging, 


We noted that this mechanism represents the formation of a locally curved 
spacetime” and engineering of the magnitude of the curvature itself. By 
freely increasing the local spacetime curvature, the appearance of 
additional EM energy density in the region follows apriori. That is, one 
still has all the B-field energy produced by the permanent magnet, but it is 
just confined to the space inside the core. All the energy one "pays for" or 
inputs with current and voltage to the input coil, in the normal sense, is the 
energy to perturb the localized B-field and the curl-free A-potential. 
However, even before perturbation to evoke energy amplification, there is 
already additional energy current that has appeared outside the core, where 
the magnetic field B would have normally extended. All the A-potential 
energy"”*is "extra" energy in addition to the normal B-field energy that 


5 More accurately there is one specific curvature of spacetime in the core of the 
MEG, representing the confined magnetic field B (the localized swirling 
A-potential), and there is another different curvature of spacetime outside the 
localization zone, filled with the nonlocalized curl-free (non-switling) A-potential as 
a nonlocalized linear energy flow in space. Further, in the MEG we freely change 
and increase the magnitude of those spacetime curvatures, by the rate ofchange of 
the input energy rather than by its magnitude, and hence we easily increase the 
‘magnitude of the energy density of local space both inside and outside the core. That 
is the fundamental principle of the MEG"S energy amplification (free regauging). 


2% Some scientists even deny that the curl-free magnetic veetor potential has any 
energy! We answer that it produces energetic effects upon charged particles. hence 
must either contain energy itself or direct and gate the interaction of some local 
vacuum energy with those charges. In the MEG, the uncurled A-potential is 
oscillated, which does not appear to yield a transverse EM E-field wave at all 
Instead, it appears to yield a longitudinal E-field wave with an associated scalar KM 
wave in the time domain. We also explained what appears to happen to the 
concomitant B-field wave produced by any changing E-field in the secondary 
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would otherwise have appeared out there but is now confined inside the 
core. 


Further, the uncurled A-potential outside the core reduces its magnitude 
only inversely as the radial distance, whereas the normal B-field that 
would otherwise be there in the absence of localization would have 
reduced its magnitude inversely as the square of the radial distance. This 
far less rapid fall-off of the magnitude of the nonlocalized curl-free 
A-potential than the former nonlocalized magnetic field B can result in a 
remarkable increase in communications range — when a normal EM field 
antenna with oscillating EM field transmissions is compared to a curl-free 
A-potential antenna radiating the same power but as curl-free A-potential 
oscillating transmissions. Golden™” has applied that effect for long-range 
communications. 


With the application ofthe free Aharonov-Bohm effect produced by the 
core material and permanent magnet combination, rigorously there has 
appeared much more available EM energy from the local vacuum than the 
energy one inputs to the device as one’s input energy "payment". Again, 
this is because the system is an open system far from equilibrium with the 
active vacuum processes such as the appearance ofthe uncurled 
A-potential and the iterative appearance of powerful extra B-fields and 
E-fields. The rise time and decay time of the input perturbation pulses 
produces an energy amplification effect both in the core and in space 
outside the core. When one utilizes this extra uncurled A-potential energy, 
as well as the now-confined B-field energy, as well as the extra B-fields 
and E-fields appearing from the iterative processes, then one can extract 
‘and use more energy than one himself "paid for" or input to perform the 
perturbation. Indeed, one can easily extract and use more energy from the 
curl-free A-potential alone, than one has input. By simply controlling the 
rise time and decay time of the input pulses, the magnitudes of the 
resulting E-fields formed in the uncurled A-potential (and in the perturbed 
trapped B-field perturbations inside the core) can be controlled at will. 


(output) coils ofthe transformer section, ete. The core material withdraws and holds 
localized, all such magnetic fields formed in the internal MEG core processes. 


*” In the late 1970s Frank Golden demonstrated such an uncurled A-potential 
antenna which attained a range of 20 miles for a tiny CB radio, compared to a range 
of only 1 mile forthe same CB radio with a normal EM field antenna, The energy 
density of the potential drops off inversely as the distance, while the energy density 
of the field drops off inversely as the square of the distance 
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Bringing 5G home 


Staying entertained on the move 


» Getting a dose of virtual and augmented 
reality 


» Driving 5G for smart cars and 
autonomous vehicles 


» Living in a connected world 


» Assimilating humans and machines 


Chapter 7 
Exploring 5G Use Cases 


1 this chapter, you learn about some of the key use cases that 
will be enabled by 5G. 


Fixed Wireless Broadband Service 


5G will begin its commercial drive with the fixed wireless broad- 
band use case in the U.S. AT&T and Verizon are racing to be the 
first to deliver fixed wireless broadband service to their customers. 


Verizon acquired XO Communications, which included the 28 
gigahertz (GHz) spectrum, in 2016. One of the primary drivers 
for Verizon will be to offer 5G as an alternative to cable/advanced 
digital subscriber line (ADSL) for high-speed broadband access 
to residential customers for gigabit speed Internet, 4K content, 
virtual reality (VR), and more, The goal is to achieve greater than 
one gigabit per second (Gbps) speeds without digging trenches to 
get fiber to your home. 
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We also point out that all these amplified E-fields produced by multiple 
actions have both a conventional Poynting energy flow component and an 
unaccounted, much larger Heaviside energy flow component. Thus the 
total energy amplification factor can be very large (several orders of 
magnitude). With efficient interception and collection, in the future we 
expect to be able to produce at least 100 kilowatts of power out of the 
same size core and buildup now producing 80 watts or less in a highly 
nonoptimized set of laboratory experiment MEGs. 


We again call the reader's attention to our previous discussions in this 
book, showing that all EM energy in EM circuits comes from the vacuum 
anyway (particle physics view) or from the time-axis (relativistic view). 
This has previously been hidden by the failure of classical electrodynamics 
to solve the source charge problem, which we also solved in this book after 
‘our paper {12} in 2000. Circuit theorists avoided it by indirectly assuming 
the source charges freely created from nothing all the EM energy in their 
fields and potentials. The use of the assumed fields and potentials and their 
Poynting energy was calculated, but never was the source of those fields, 
potentials, and their energy presented or accounted, 


7.5.2 Using the Uncurled A-potential as a Linear Energy Current 

A very simple equation allows utilizing the extra nonlocalized A-potential 
‘zy, even though it has no curl and therefore no magnetic B-field. That 
is 44/61 = — E, This equation means that, ifone perturbs that large field- 
free A-potential outside the toroid, it produces an E-field, which we have 
argued must now be a longitudinal EM wave due to the perturbations ifthe 
B-confining operation is still imposed. By oscillating the A-potential 
perturbations, one produces an oscillating E-field that is also an oscillating 
longitudinal electric E-field wave without an accompanying B-field wave. 


The oscillating B-fields in the core also produce E-fields proportional to 
Biot = — E. These extra E-fields are in phase with the E-fields produced 
by the perturbed extemal A-potentials, considering the wavelength of the 
frequencies at which the MEG is operating (30 to 80 kHz nominally). 


Interestingly, the time-oscillating rate of change of the E-field in this, 
longitudinal E-field wave does produce a magnetic B-field, but it 
confined to only the core material and not in the nonlocalized external 
spatial region because ofthe localization capability ofthe core material. 
‘The core simply changes its permeability and holds the additional B-fields 
and their flux in there, thus forming additional uncurled A-potential 
outside the core. The E-fields produced by variations of the core B-field 
flux is not confined, but freely passes out of the core material 
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Ifthat B-field (curledA) is sharply localized by an ongoing localization 
capability, the longitudinal E-wave has its produced magnetic B-wave 
component stripped from it and localized. In that case, the process 
produces a purely longitudinal E-field wave outside the localization region 
— with the possible exception that a longitudinal B(3) field wave 
componentpioneered by Evans {485} may be produced as well. That is 
left as an open question presently unresolved in our MEG experiments. We 
tentatively believe that the B(3) field wave component is infactproduced, 
but alsoforcibly localized in the core along with the magnetic field B. If 
So, its perturbations will also contribute to producing extra E-fields. 


See Figure 7-5. In the MEG, the localization is accomplished as a unique 
function performed freely by the special nanocrystalline layered core 
material. So contrary to the case of the solenoid or toroid, one does not to 
have to "pay" any EM energy to the localizing component to obtain the 
localization function itself. 
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Further, ifone deliberately uses a nearly rectangular perturbing pulse that 
has very sharp rise time and very sharp decay time, the nonlocalized 
Erfields, resulting localized secondary B-fields, and resulting nonlocalized 
secondary E-fields produced can be made very large, with rapid rates of 
change also. In other words, the magnitudes ofthe nonlocalized E-fields 
and localized B-fields produced can be adjusted at will, including in their 
higher orders. The magnitudes of these evoked fields do not depend on the 
magnitude of the input perturbation energy, but on its rate ofchange. This 
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is very important, because it means the MEG permissibly achieves energy 
magnitude increase in its nonlocalized output E-field waves by simple 
instantaneous power deliberately prepared in its low-energy input 
perturbation waves.” In short, the motionless electromagnetic generator 
uses perturbation ofthe Aharonov Bohm effect as an energy amplifying 
mechanism. 


‘This also affects all the iterative processes, hence all the other E-field 
waves produced outside the core material. 


With the localization process remaining and ongoing (simply because the 
core material remains), the B-field continues to be stripped away, leaving 
the perturbed A-potential to produce a longitudinal E-field wave (ignoring 
the possible presence ofa B(3) field also). In the MEG transformer 

section, the output (secondary) coils are wound around the nanocrystalline 
core that performs a B-field and B-flux localization within the core itself. 
Hence a purely net E-field interaction occurs with the electrons in the 
secondary coils, and the output of these coils is an output having the output 
voltage in phase with the output current.” The AC current in the 
secondary coils does in fact still produce magnetic field B-flux and 
B-waves in them, but the core material draws the extra B-flux and 

B-wav le and localizes them within the core. The fact that 
localization is nor quite 100% at the imperfect junctions of the ends of the 
permanent magnet and the core material, gives a tiny bit of leakage of 


2 Ie also means that the MEG operation is highly nonlinear, with very extensive 
feedforward and feedback field transduction loops. For the MEG, its scale-up. 
mathematical modeling, and engineering simulation are not simple things at all, but 
highly complex. In addition, control and stability are more complex, since one must 
utilize nonlinear oscillation theory (including chaotic oscillation theory) as well as 
nonlinear oscillation control theory. In addition, a higher group symmetry 
electrodynamics is required for the modeling and simulation. Consequently, because 
ofthese considerations and the geometric phase aspects, as well as the additional 
close-looping considerations for self-powering operation, an expensive physics lab 
must be established as well as the usual electrodynamics laboratory aspects. The 
result is an expensive final research and development program required to complete 
the MEG to final production prototype units, ready to start rolling off the assembly 
lines. A minimum capitalization of $20 million is required. 


2 In the actual lab experiment MEG. there is a slightly imperfect junction between 
the ends ofthe permanent magnet and the core material. This resulis in a very tiny 
bit of leakage of nonlocal B-tield —just enough to produce a 2° phase shift between 
the voltage and current in the secondary coil’s output. With a better junction, this 
phase shift can be further reduced or eliminated 
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B-field, so a tiny B-field component does escape, interact, and generate the 
2% or so variation from the complete in-phase condition of the secondary 
output voltage and current. Again, that can be further reduced or 
eliminated by improving the junction. 


So essentially there is a purely electric field interaction with the electrons 
in the output coil current of the MEG, hence the result that the output 
current is in phase with the output voltage — something previously 
unheard of in a simple secondary coil of a transformer. This is a major 
practical macroscopic application of the Aharonov-Bohm effect and 
therefore of the geometric phase. 


7.6 Collection of Field Energy in the MEG 


To collect and use EM energy in a power generating system, first the EM 
energy must be evoked from local spacetime (the local vacuum) by the 
broken symmetry of the source charges and dipoles in the circuit (12}. In 
the open system far from equilibrium in the resulting EM energy flow, the 
operator must usually pay for (i) the energy required to initially produce 
the requisite source dipolarity and (ii) the energy required to perform 
necessary switching and control functions, unless close-looping is 
incorporated. Using the permanent magnet as a source dipole in the MEG, 
and using the special nanocrystalline core material to generate the 
Aharonov-Bohm effect to furnish excess energy from the vacuum, the 
MEG operator does not have tofurnish the evoked and available field 
energy at all, So the firs totally avoided. Further, the 
magnetic dipole is not destroyed by passing magnetic flux back through its 
back mmf. No additional input energy is required to continually restore the 
source dipole, since it is never destroyed, 


In an open-loop MEG system, the operator only has to pay for the second 
part: the switching and control function energy. In later closed-loop MEG 
tems, a method of controlled and positive feedback has been developed 
so that, once the system is up and operating and powering its load, the 
necessary switching and control function energy can be siphoned off the 
output and fed into the input in governed fashion, first being transduced 
into positive energy input form. Once the process is properly synchronized 
and governing properly, the operator can throw a switch for feedback and 
transduction, and the unit will be "self-powering", or "fueled entirely by 
the local vacuum energy", so to speak. 


Let us consider the open-loop MEG system we have presently attained in a 
series of embodiments, 
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The total emf force F collected from a given nonzero electric field E, e.g., 
depends only upon the amount of available intercepting charge, by the 


simple equation F = Eq. Similarly, from any potential ¢ the amount of 
collected EM potential energy W depends on the amount of intercepting 


charge g, by I= Qg. Hence in the MEG a legitimate COP>1.0 system is 
possible if (i) more energy is collected and used from the evoked EM 
energy flow than is input to gate that energy flow's appearance from the 
active environment, and (ii) none — or appreciably less than half— of the 
energy collected in the circuit is used to destroy the source dipolarity. 


By invoking the AB effect in a local region, the vacuum contributes 
additional energy density in the space outside that region, and that energy 
density can be sharply perturbed so that substantial field energy 
amplification appears by asymmetrical regauging. The excess energy to 
provide COP> 1.0 performance is freely furnished from the active vacuum 
(and from the local curved spacetime) {38b, 38c}. The excess energy can 
be intercepted in the perturbed curl-free A-potential region outside the 
transformer section, collected, and used to power additional loads, in 
addition to being intercepted in the transformer secondary region to power 
the secondary circuit and main load. 


Similar contributions of extra energy and extra energy collection outside 
the core localization region occur for the iterative processes also. 


Atthe same time, the B-field inside the core material is perturbed, but the 
core material self-varies its permeability to adjust to the additional 
magnitude of the perturbed B-field. The production of any B-field 
oscillation inside the core does produce an electric field E, which is not 
localized in the core. Consequently, energy from the perturbed core- 
localized B-fields is transduced into nonlocal E-field energy, passing out 
of the core and interacting with the output secondary coils of the 
transformer section in purely electric field fashion. 


Because of the purely electrical interaction, the voltage and current output 
from the secondary coils of the transformer section are in phase, and not 
90° out of phase as in a transformer. The actual 2° experimental phase shift 
of current with respect to voltage is a measure of the slight inefficiency of 
the junctions ofthe permanent magnet ends with the B-localizing core 
material 


Inthe MEG, we are using a novel new kind of component: an external- 
induction-free cored inductor, which might alternately be called a purely 
electrical inductor —at least externally. In short, the inductive action 
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remains localized in the core, while the electrical action escapes the core 
and interacts with the coil to drive the current electrically. So here is 
another excellent, novel, and practical use ofthe Aharonov-Bohm effect 
and the geometric phase: Eliminate the inductive reaction of a coil's 
output, and transduce it into a purely electrical action. At this writing, we 
are preparing to file a separate patent application upon this latest 
application and process, and it will already be filed by the time this book is 
published, 


We accent that any field or potential, once made, already involves an 
ongoing giant negentropy and overunity process {486), as we previously 
discussed in this book. Simply calculate how much energy it requires to 
separate and form the source charge — which can be as simple as charging 
a tiny little sphere — and recognize that the field formed by that charge is 
an altered energy density of surrounding space and a polarization of the 
vacuum. Once the charge is formed, the corresponding alteration and 
sustaining of spatial energy density change and vacuum polarization freely 
moves radially outward at the speed of light from the charge, from the very 
moment it is produced. So a steady flow of observable EM energy is 
speeding out in all directions from the source charge. An enormous change 
in the energy density over that external spatial region surrounding the 
source charge occurs and spreads steadily, moving radially outward in all 
directions at speed c. 


Hence a magnificent and rapidly extending curvature of spacetime — 
which energetically acts upon any available charged matter therein, by 
conventional general relativity — is formed and spreads outward in ail 
directions from any source charge, once formed. How much effect on 
charged matter is exhibited by this freely created and spreading spatial EM 
energy density change, depends only on the amount of 
interacting/receiving charged matter in that surrounding space that is 
available to interact with the energy of the new fields and new potentials. 


Ifthe source charge or source dipolarity (in this case, primarily the 
magnetic dipole of the permanent magnet) is left alone and not destroyed, 
an unlimited amount of energy can be intercepted and discharged from a 
local load, again and again, from the charge’s surrounding field or 
potential because the energy in the field and potential is steadily 
replenished from the active vacuum. The only problem is discharge the 
collected energy in the load(s) so as to leave the original source charges 
(the magnetic poles) inviolate, and not to destroy them. The MEG 
accomplishes this function. 
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This also rigorously follows from the gauge freedom axiom of quantum 
field theory. Consider this: the ability to freely change the potential — 
assumed by all electrodynamicists — can be applied directly to the load to 
potentialized it without any current moving, if there exists a somewhat 
lengthy electron gas relaxation time in that part of the load that is 
potentialized. After potentialization, one can switch the source of free 
potential away, and complete the load circuit separately, so that the excess 
potential energy is dissipated from the load, powering it. In that case there 
is no dissipation ofthe primary source dipole. Gauge freedom already 
assumes one can produce EM energyfrom the local vacuum freely, 
anywhere and at any time. In real life, one has to pay a little for the 
switching, but not for the energy input itself. 


Why the scientific community for decades has fiercely opposed the funded 
experimental investigation of the implications of gauge freedom is quite 
inexplicable, 


‘As can be seen from the conservation of energy law alone, in theory 
energy can be continually intercepted and collected from these five fields 
and potentials, once the source dipolarity (or source charge) creation has 
been paid for. Further, by applying gauge freedom to potentialized the load 
without energy dissipation, with a little adroit switching the collected 
energy can then be dissipated entirely in a separated external load circuit, 
so that the free potential energy completely exits that circuit without re- 
interacting with the source dipole and its back emf or mmf, 


We predict that the above application of gauge freedom will eventually 
power most of the world’s electrical systems, when the scientific 
community gives up its present "ostrich position". Once the engineers 
can build it, the scientists do not have to agree. 


‘That such is not done in our conventional circuits is purely due to the 
limited vision of the scientific community and its refusal to fund 
appropriate research. To date, it has not even recognized what actually 
powers every electrical circuit, or that a common practice (the closed 
current loop circuit) has eliminated COP>1.0 and self-powering 
Maxwellian power systems for more than a century. The entire electrical 
energy crisis hurtling at the nations of the world is due entirely to the 
shortsightedness of the scientific community, particularly since 1957. 


Once the energy is pouring (transmitted) from the dipole and out of the 
terminals of the generator to fill space around the external conductors, then 
a straightforward energy transmission and reception problem exists. The 
source dipolarity produces the steady emission and flow of energy filling 
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space around the circuit. In the "receiving external circuit" the surface 
charges and their fields must intercept some of that available EM energy 
flow and diverge it into the conductors to power the circuit electrons. The 
intercepted and diverged component entering the circuit is the Poynting 
component, while the nonintercepted and nondiverged component missing 
the circuit and usually wasted, is the extra Heaviside component. 


Fortunately, every source dipole pours out enormously more EM energy 
than our feeble conventional circuits intercept and catch to provide the 
Poynting calculations. So to produce COP>1.0 in the MEG, all we have to 
do is insure that we have (i) a mechanism easing the interception and 
collection process, and (ii) sufficient "antennas" containing sufficient 
conduction electrons (and their fields) to intercept and collect more energy 
than we pay to make the source dipole and perturb it. Since we pay nothing 
at all to make the source dipole (which is the permanent magnet), and 
since the magnetic flux back through the permanent magnet does not 
destroy the dipole, then all we have to pay for is the perturbation and for 
switching and control. 


‘The resulting field energy generated outside the core localization region is 
primarily a function of the rise and decay times for the input perturbation 
pulses and not the energy of those pulses. From a little input energy with 
fast little changes, we can easily generate very powerful oscillating E- 
fields and provide dramatically increased "antenna collection” area with 
the necessary magnitude of intercepting charge. It rigorously follows that 
COP> 1.0 is easily obtainable.”!"" 


'Again, for the MEG, changing and controlling the rise time and decay time ofthe 
input pulses is a method for directly engineering and controlling the general 
relativistic curvature of the local surrounding spacetime, because it controls the 
‘magnitude ofthe E-field that is ereated by E = ~ GA/6r from the curl-free 
A-potential outside the core. This also directly engineers and controls the magnitude 
of the polarization ofthe local active vacuum. That simple fact allows the use of a 
unified field theory operation, with a net energy interchange between the system and 
the local active vacuum. To understand the MEG, one must think in terms of the 
suupersystem. 


'AILEM energy at any point in space must have been "gated" from the time: 
domain and it must return to the time domain (as, e-g., by the source charge for it) It 
requires quite a shift of one's mind to realize that all 3-space energy (such as “energy 
at each point in a potential") involves a gating process and a giant negentropic 
4-circulation of EM energy ongoing at each point dipole. Much ofthe extraction of 
‘energy fom the vacuum has been hidden by thinking in terms of “inputting energy” 
instead of “inputting or arranging energy flow gating” by the source charges and 
sourcedipoles. 
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‘The MEG is an open system far from equilibrium with its active 
environment (its active local vacuum and its active local curvatures of 
spacetime). By attending to the interception and collection part of the 
overunity problem, the MEG can permissibly collect and use more EM 
energy to power its loads than one oneself has to input to it. In short, one 
only has to input a little switching and perturbation energy with properly 
shaped waveforms, to generate very powerful fields and appreciable field 
energy available for collection and use. With sufficient collection 
mechanisms in place, the unit easily produces COP> 1.0. Then with proper 
closed-loop principles implemented, the MEG can be self-powering. 


7.7 Experimental Path to Development of the MEG 


In our experiments with the Radus effect previously discussed in Chapter 
6, paragraph 6.4.5, we had already done extensive work with switching 
magnetic fluxes for less switching energy than can be intercepted from the 
switched flux. We had also experimented with various cores for 
transformer and coil variants, including eventually the new layered 
nanocrystalline cores, 


In our experiments, we noticed a remarkable thing. With certain modem 
nanocrystalline core materials, and using a permanent magnet to provide 
B-flux, we found that the core material would extract and hold essentially 
all the permanent magnet's B-flux inside the core. Field measurements 
right against the outside of the poles ofthe powerful little neodymium- 
iron-boron magnet itself showed very little B-flux spilling out into space! 
In short, we had discovered how to make a magnetic system that 
nonlocally propagated only the uncurled magnetic vector potential A, 
without any operator energy input. We realized we had discovered a 
marvelous and free way to freely obtain an excellent Aharonov-Bohm 
effect, similar to the way a nearly perfect toroid would localize the B-field 
inside the core, with the uncurled A-potential appearing in space 
surrounding the toroid. The advantage of our approach over the toroid was 
that we did not have to furnish any current and voltage to obtain the 
localized B-flux and the non-localized curl-free A-potential energy. 


Further, if we perturbed the B-field flux in the core, we consequently 
perturbed the uncurled A-potential in space surrounding the core. From 
both sources — the perturbed B-flux in the core and the perturbed 
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A-potential outside the core — we could produce very large E-fields and 
concomitant very large voltages capable of driving more "power" through 
the secondary coils of the transformer section than the power required to 
perform the switching and perturbation. 


We could easily prove this by perturbing the localized B-flux (and the 
concomitant surrounding uncurled A-potential automatically) with weak 
energy. We proved that increasing the rate of the rise time and decay time 
ofeven a weak input EM energy perturbation could produce quite large 
E-fields, including 1,000 to 5,000 volts (or even 20,000 volts!) appearing 
in the secondary coil ifdesired. We also proved another thing: the special 
nanocrystalline core material in some buildups self-adjusted its 
permeability, continuing to localize the perturbed and alternating B-fields 
and their fluxes while freeing the resulting E-fields andpassing them out 
ofthe core. In short, the permeability of the specially selected core 
material automatically adjusted with the perturbation of the localized B- 
flux and nonlocalized A-potential, so that all the oscillating B-flux 
remained localized in the core. Further, the highly layered nanocrystalline 
material produced essentially no eddy currents at all, hence no heating, 
even in the presence of dramatic B-flux oscillation and dramatic E-field 
intensities in the surrounding uncurled A-potential space and in the output 
(secondary) coils of the transformer section of the MEG. 


The absolute proof hat the core changed its permeability was in the lack of 
a phase lag between voltage and current in the output from the output 

coils. Here a remarkable thing was observed: the output current was in 
phase with the output voltage, within about 2°. In short, under certain 
circumstances the output coils wound around the nanocrystalline core 
would exhibit essentially a purely E-field interaction, with only minuscule 
B-field leakage — something deemed impossible in the typical 
electrodynamics textbook. This meant that the excess E-fields produced by 
the perturbed A-potential in space outside the core also reacted with the 
‘output coil’s conduction electrons in a purely electrical manner! This was 
because the B-fields locally produced in the output coils by the interacting 
changing E-fields, were infact instantly drawn into the core material as 
they were produced, and were held there so they did not react in magnetic 
fashion with the electrons in the output current from the secondary coils. 


So this is a dramatic localization of Faraday's law of induction. 
Consequently, one entire group of embodiments of the MEG uses a purely 
electrical interaction with the secondary (output) coils of the transformer 
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ATA is also pursuing 5G on fixed wireless in both the 28 GHz 
and 37 GHz spectrum bands. 5G video trials are currently under— 
way for some residential customers, allowing them to stream 
DIRECTV NOW video service over a fixed wireless 5G connection. 
In its internal testing, AT&T Wireless claims it can now achieve 
13 Gbps over a 5G connection, Like Verizon, AT&T is also looking 
at 5G to replace home broadband connections delivered by cable 
companies, 


If successful, these use case trials could signal the end of the 
“cable guy” coming out “sometime between 1 p.m. and 4 p.m.” to 
route a coaxial cable through your home. In areas where there is 
currently only one option for home broadband or television ser— 
vice, this technology could also lead to more competition, better 
service, and lower rates for subscribers, 


Cable companies, such as Charter Communications, are also 
exploring 5G technologies. Charter is planning to conduct 28 GHz 
5G experiments in the near future with antennas mounted on a 
‘mobile trailer and van with hydraulic masts, which will be moved 
to each of the test locations. 


‘The motivation for a company like Charter is that 5G will enable 
a host of new products that take advantage of low-latency, high- 
capacity networks, including virtual reality (VR) and augmented 
reality (AR) applications, many of which will be used in a fixed 
home or office location, 


Entertainment Everywhere 


38 


‘The natural progression of the fixed wireless broadband use case 
(discussed in the previous section) enables mobile broadband at 
extreme data rates “everywhere” — not only to a fixed home or 
office location. 


Although some of the envisioned mobile broadband experience 
started in Long Term Evolution (LTE) networks, 5G takes it to 
a different level with 4K (and subsequently 8K) television, high 
dynamic range video streaming, 3D videos, and more. All these 
applications require very high bandwidth, and many require 
always-on connectivity to push real-time information to the users. 
‘The transformation from fixed wireless to wireless everywhere 


5G For Dummies, Ixia Special Edition 
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section.”"? Or more exactly, the core material draws in all the magnetic 
fields from the reactions of the output coils, leaving only the electrical 
reaction outside the core — including in the coil conductors, which 
obviously are wound outside the core material. 


On the other hand, the perturbed localized magnetic B-flux inside the core 
‘material did produce the normal E-field to be expected, as a function of the 
time-rate of change of the B-field, Such an E-field is not localized in the 
core material, but extends outside the core and interacts with the electrons 
in the output secondary coils ofthe MEG's transformer section. Again, the 
magnitude of this E-field is a function of the time-rate of perturbation of 
the localized B-field flux in the core. 


‘The nanocrystalline core also has excellent high frequency response, with 
negligible eddy currents. Thus we can "fine tune" the engineering of the 
rise time and decay time ofthe input perturbation pulses. 


Hence we accomplish several kinds of "gated energy amplification” in the 
MEG: (i) the amplified magnitude of the external E-field interacting with 
the external collectors (such as the output secondary coils) due to 
perturbation of the nonlocalized external uncurled A-potential, (ii) the 
amplified magnitude of an additional E-field interacting with the external 
collectors (such as the output secondary coils) due to perturbation of the 
localized internal B-field flux inside the core material, (iii) a large number 
of additional derivatives of higher order B-fields and E-fields are formed 
and utilized, and (iv) adding additional collectors (either coils wound on 
the core or external "receiving antenna circuits" produces additional power 
for heavier loads, for a given perturbation input. 


We had exhibited a cored output coil with a remarkable adaptation of the 
AB effect. Essentially the output of the secondary coil was driven by the 
large electric field component created from the uncurled A-potential 
perturbations and by the large electric field component created from the 
B-field flux perturbations inside the core. This peculiar transformer-like 
section operated from the E-field fluxes emerging or produced outside the 


21? Again we accent that the magnetic field reactions do occur, and the B-fields are in 
fact produced. But the resulting B-fields ate also extracted into the core material 
and localized therein, Even the magnetic B-fields produced in the input and output 
coils themselves, is so localized and not allowed to interact with the electron 
currents through the coils to produce the conventional 90° phase lag between voltage 
and current. 


410 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


transformer core material, rather than from the magnetic field flux being 
produced and oscillated inside the core material itself. 


Obviously we had found a remarkable but legitimate COP>1.0 process and 
embodiment — in fact, a whole set of them. We had also invented a new 
kind of “transformer” or energy generator-transducer. 


From that we progressed to discovering ways to a dual use of both the 
perturbed B-flux in the core and the E-fields from the perturbed 
A-potential outside the core. To first order, that tuned out to be fairly 
simple: any changing B-flux inside the core material and thus inside the 
output (secondary) coils of the transformer section, produces not only 
B-field which is held and localized, but also the changes of this local 
“pinned” B-field further produces E-field oscillations which are not pinned 
in the core. Hence the electric field half of a normal transformer action 
could and did occur in the secondary coils, but the magnetic field half did 
not occur in the coils themselves. The MEG used and uses a nearly pure 
E-field interaction in the output coils ofits transformer section secondary, 
where that net interacting E-field comes from a variety of E-field 
generating mechanisms. 


We filed our first patent, and then filed a second patent application soon 
after. Presently we are preparing to file our third and fourth patent 
applications on additional phenomenology and mechanisms uncovered in 
our experiments. As we are writing this section, our first patent has issued 
(37) 


In the view ofthe present author, we have uncovered a remarkable new 
application of the Aharonov-Bohm effect and the geometric phase, one 
practical and eminently useful in novel new electrical power 
stems, 


7.8 Additional MEG Functions 


Figure 7-6 diagrammatically shows the core material inside the input coil 
for either open-loop operation using an external power supply or closed- 
loop (self-powering) operation using clamped and governed positive 
feedback. As can be seen, the B-field and B-field flux are confined to the 
core material (which is in the form ofa closed transformer coil path, as 
shown diagrammatically in Figure 7-5). The external space surrounding 
the core material is filled with the uncurled A-potential, due to the 
Aharonov-Bohm effect being imposed by the core material. The two leads 
from the input coil are shown at the bottom of Figure 7-6. 
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We pulse the input coils with nearly rectangular pulses each having a sharp 
leading edge and a sharp trailing edge, so that the resulting rapid time-rates 
of change of the two edges create very large perturbations of the B-flux in 
the core and ofthe A-potential outside the core. The large E,-field 
resulting from the fast rate of change of the perturbed B-field in the core is 
not localized, but appears in space outside the core. In addition, an Es field 
created directly in the coil itself also appears in space outside the core. In 
addition, the sharply perturbed A-potential outside the core creates a third 
large Ev-field in space outside the core. The net E-field in the surrounding 
outside space is the vector summation of the E-fields produced by these 
processes, or to first order (neglecting the further differentiations) 
E,=E,+E)+Es 1) 
We also may adjust the pulse width to generate a further Lenz law effect, 
increasing the three component fields E,, Ey, and E, if desired. To do that, 
the pulse must be narrow enough to suddenly decay while each of the 
fields E;, Ep, and Es is still rising and not yet reached maximum. As can 
be appreciated, considerable pulse shaping and timing can be adjusted for 
optimization of the output voltage, current, and power when interception 
and collection from E, is accomplished in the secondary coils. In addition, 
it can be appreciated that slightly differing materials delay times do occur 
in the production of E;, E>, and Es. Hence there is appreciable 
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optimization that can be and is accomplished on a given MEG variant and 
build-up type. 

More complex waveforms of various shapes can be used to further 
optimize the output. It is also possible to accomplish further optimization 
and control by adjusting the shapes and timing of the feedback signals in 
the case ofthe closed-looped MEG system. For the externally powered 
open-loop version, additional optimization and control can be achieved by 
adding additional simultaneous pulses fed into the input coils in various 
fashions. 


In addition, the response of the output coils produces feedback into the 
core material, into external space, and into the input coils. These in fact 
provide three more E-field return or feedback inputs, so that the total 
feedback input is 


Er= Ey + Es +Es [7-2] 
Without doing the more complex iterations for this feedback and 


feedforward set of loops, to first order the total input E; to the input coil 
may be considered to be 

E,+ Er [7-3] 

Equations [7-1], [7-2], and [7-3] are for simple analogy only; in the real 
MEG, full nonlinear feedforward and feedback analysis techniques must 
be utilized because of the iterative operations, and much more 
sophisticated optimization techniques are appropriate. Also, chaotic 
oscillations can and do appear, and techniques for control of such 
oscillations are indicated, particularly along the lines indicated by Fradkov 
and Pogromsky {487} without use of probability etc. Quoting: 


"I. There is ... great benefit ofusing the modern 
nonlinear and adaptive control theory. ...2. There is no 
need to distinguish periodic and chaotic behavior. 
Accurate control is possible without accurate prediction. 

3. There is no need to define chaos in order to control 
it, ...4. There is no need to use probability in order to 
control systems with seemingly random behavior." 


For any given MEG build-up design, one experiments with these 
optimization and control factors and mechanisms to provide the best 
performance, and to provide rock-steady performance. 


Figure 7-7 shows the output coil for either open-loop operation from an 
extemal power supply or closed-loop (self- powering) operation using 
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clamped and governed positive feedback. Here the situation is partially 
reversed. There are three major inputs to the output coils, and these are (i) 
the external input from the total outside E-field, (ii) the intemal input from 
the perturbation changes in the confined magnetic flux inside the core 
through the output coils, and (iii) the ensuing feedforward and feedback 
from all E-fields. 
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Again, this is simply an easy way to visualize the situation to first order. In 
the real case, sophisticated feedforward and feedback analysis is required 
and utilized. Optimization usually consists oftwo steps: (1) the simpler, 
more direct optimization techniques such as adjusting pulse width, pulse 
tise time and decay time, actual pulse form, etc., and (2) the deeper and 
more complex optimization arrived at from detailed feedback and 
feedforward loop analysis as well as nonlinear oscillation and nonlinear 
control theory analysis. 


In the actual optimization analysis, the feedback and feedforward loops are 
mathematically endless and thus should be optimized for quick decay and 
stability. On the other hand, the MEG also has the ability to self-oscillate 
over the entire unit, in which case the feedback and feedforward loops are 
optimized for stable self-oscillation of the entire unit. The self-oscillating 
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MEG is permitted since it is an open system far from equilibrium with its 
active environment. 


So if desired, an entirely different kind of optimization can be utilized for 
self-sustained nonlinear oscillation and closed loop operation. Because of 
the gain achieved in the large E-fields produced by the perturbed uncurled 
A-potential in space surrounding the core, there is sufficient excess energy 
collection available in the output coils to use the available feedback and 
feedforward loops in the system itselfto achieve system self-oscillation. 
‘The system can be operated as a self-oscillating open system freely 
receiving excess EM energy fiom its active environment — the local 
active vacuum, local curvatures of spacetime, and local freely furnished 
uncurled A-potential and resulting nearly free E-fields from the A- 
potential’s perturbations). As we are writing this, our experiments are now 
in this direction, and we are preparing the material for filing a formal 
patent application on this additional process. The patents will be filed, of 
course, by the time this book is published. 


ae 


A highly simplified block diagram of energy gain process using 
feedforward and feedback subprocesses is shown in Figure 7-8. As can be 
appreciated from this high order diagram, the actual feedforward and 
feedback loops are extremely complex, and a great deal of complex 
analysis is required for a self-oscillating, stable, controlled system. We 
also stress that control measures to insure and hold stable self-oscillation 
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must be included in the overall features implemented in this self-powered, 
self-oscillation variant of the MEG. Not only must we use chaotic 
oscillation techniques to achieve the self-oscillation, but also we must use 
advanced techniques for stable control of such nonlinear oscillations, as 
indicated by Fradkov and Pogromsky (487) 
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In Figure 7-9, we show a typical diagrammatic embodiment envisioned for 
the MEG in a household, using a large MEG to later be developed. For 
interim installations, the single large MEG will be replaced with an array 
of MEGs together with a synchronizer, as shown in Figure 7-10. 
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Figure 7-11 shows a MEG unit where additional special collection 
antennas feeding separate circuits are employed in an “outrigger” fashion. 
One major advantage of this configuration is that the complexity of close- 
looping and its control are materially reduced, although the complexity of 
the MEG build-up and stabilization is increased. Another advantage is the 
ease with which close-looping for self-powering operation can be 
achieved, as shown in Figure 7-12. In this case, the external antennas are 
collected to independent output circuits (not shown) in the output section, 
and each of these independent outrigger outputs is a COPS1.0 circuit if we 
count the perturbed A-potential energy input as an “operator's” input. 
Completely normal clamped positive feedback can be used with sensing 
and governing, to allow self-powering and self-adjusting to varying loads. 
‘The outrigger embodiment can be made to almost entirely avoid the Dirac 
sea hole current problem, 
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‘As can be seen, the MEG has many possible configurations and 
embodiments, each of which has special advantages and uses. One of the 
embodiments we discussed is the deliberate use of self-oscillation forced 
by the feedforward and feedback loops. That is a separate embodiment, 
and capable ofa very high power per pound ratio, but it also requires more 
sophisticated sensing and control techniques. 
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7.9 In Conclusion 


By the time this book is published, Magnetic Energy Ltd. is hopeful it will 
have achieved its major funding requirement, and be well along the way to 
completing the research for full production and marketing of MEG units 
on the world market. We have arrived at that part of development — the 
need for substantial funding (several tens of millions of dollars) — where 
every previous COP>1.0 EM power system has died. We intend to do 
everything within our power to see that we obtain the funding, finish the 
complex research task, and get the MEG onto the world market. 


For additional information on the MEG and on its preliminary replication 
by Naudin, the reader is referred to other technical articles (488) and to 
Jean-Louis Naudin's website.”'* Actual measurements for one of Magnetic 
Energy Ltd.'s MEG test units is given in reference (48a). The MEG 
patent (37) shows the variation of COP for a test MEG with various 
conditions. Curves for Naudin's measurement of the performance of his 
replicated MEG unit are given on his website. 


‘The MEG project is a most interesting project, because of the involvement 
of so much advanced physics and several different physics areas, as well as 
the prerequisite for higher group symmetry electrodynamics. Once funded, 
we are confident we succeed in crashing through the barriers and getting 
working MEG power units — including self-powering MEG units — on 
the market. We also believe the MEG will represent a substantial 
contribution to alleviating the coming worldwide energy crisis. Hopefully 
it will materially hasten the growth and evolution ofthe present highly 
centralized — and terribly vulnerable — national energy infrastructure into 
a highly decentralized — and much less vulnerable — national energy 
infrastructure. We also believe it will provide a great contribution to 
helping alleviate global warming, reducing pollution of the biosphere, and 
reducing the production of hazardous wastes. If'so, it will be a continuing 


‘Naudlin's website MEG material and information is at 
bup://naudin.free-fr/huml/meg. him. Particularly see his Mark III replication, shown 
powering a light on that webpage, 
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requires several mobility-specific factors to be addressed, such as 
fast handoffs, seamless connectivity at very high speeds and low 
latency, high reliability when mobile, and others. 


Cloud storage is also driving the growth of uplink data rates. In 
the past, content was mostly downloaded and thus required a 


“fat” pipe in only one direction: the downlink from the base sta 

newewsen tion to the mobile device. However, content is increasingly being 
uploaded to different cloud storage platforms, requiring robust 
data pipes in both the downlink and uplink directions. Cloud 
gaming is another 5G driver that requires fast responsiveness and 
high broadband capacity. 


Virtual Reality (VR) and Augmented 
Reality (AR) 


Virtual reality (VR) technology creates a fully immersive, 
computer-generated experience that simulates or re-creates real— 
life situations and environments. In contrast to VR, augmented 
reality (AR) layers computer-generated images and enhance- 
ments onto a real-world situation or environment to provide a 
mote meaningful context for user interaction. 


Although current 4G networks are sufficient for some early- 
adopter VR and AR experiences, the introduction of 5G will enable 
more novel VR and AR experiences and make them available for 
‘mass adoption by consumers. Offering much more capacity, lower 
latency, and a more uniform experience, 5G will not only improve, 
but will also be a requirement for some of the most exciting AR 
and VR use cases, including: 


2 Sharing live streaming content on social media from event 
venues along with 50,000 other people in a stadium 
becames even more challenging with 4K 360-degree video 
because each user is uploading 25 Mbps at the same time, 


2 Nextgeneration VR and AR experiences will have "six degrees 
of freedom” (6DoF) — the next level of immersion — allowing 
Users to move within and intuitively interact with the environ 
‘ment. 6DOF content is an order of magnitude richer in 
naturalness and interactivity than current "three degrees of 
freedom” (3DoF) video. 3DoF experiences, such as 360-degree 


CHAPTER 7 ExploringSG Use Cases. 39 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


contribution, not only to humanity today, but also to generations yet 
unborn, 


Chapter 8 
Approach to Antigravity 


[Large-scale antigravity exists] "baryonic, ordinary 
matter—the stuff of stars and of people—makes up just 
over 4% ofthe energy and matter in the universe. 

about 30% ofthe stuffin the universe is dark 
[unobserved] matter. The remaining two-thirds, theorists 
believe, is amysterious ‘dark energy’ or ‘quintessence'—a 
large-scale antigravity-like effect that is making the 
universe expand everfaster....” {Charles Seite] (489). 


[On the nature ofthe vacuum] ""..the (electromagnetic) 
vacuum is the ground state ofthe quantized 
electromagneticfield. ... The Dirac electron vacuum is 
that state with all negative energy electron states fully 
occupied.” [Aitchison] {490} 


[On forces and how charge exists} "Vacuum polarization, 
in general, alters the effectiveforce law. Forces, in 
quantumfield theory, are understood as being due to the 
exchange of virtual quanta ...In the case of QCD and 
QFD, ... a crucial newfeature is that theforce-field 
quanta themselves carry the ‘charge’ oftheforce-field, i.e. 
it is as ifthe photon ofelectromagnetism carried 
electromagnetic charge.” [Aitchison] (491) 


[Possible gravitational circuits] "There is an implication 

. that gravitational excursions might be controllable by 
gravitational ‘circuits’, analogous to electronic circuits, 
which could lead to a controllable form ofnegative 
gravity.” [Robert Neill Boyd] {492}. 


[Gravitational circuits] "The supersystem concept utilizes 
a unified fields approach so that specialized electrical 
circuits in COP» 1.0 condition generate strong Dirac 
sea hole currents ofnegative energy in the immediate 
local vacuum. Thus a strong negative energy field is 
formed surrounding the circuit and changing the 
curvature oflocal spacetime as an action by the source 
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circuit. This produces a direct antigravity field around the 
circuit orphysical system, acting upon the mass ofthe 
system. The net gravitational interaction by that circuit or 
physical system is therefore the summation ofthe local 
positive gravitational field and the new local negative 
gravitational field produced by that negative energy 
field.” (T. E. Bearden, correspondence to a colleague, 
February 2002.) 


[On the multiplicity of spacetime curvature components} 
"The full mathematical expressionfor the curvature of 

four-dimensional space-time ...is given by something 
called the Riemann curvature tensor. This is a somewhat 
complicated object, needing twenty real numbers at each 
point in order to specify it. These twenty numbers are 
referred o as its components. The different components 
refer to the different curvatures in different directions in 
the space-time.” [Penrose] (493). 


[Physics studies and prepares imperfect models, not 
perfecttruth} "Ail we ever know is our models, but never 
the reality that may or may not exist behind the models 
and casts its shadow upon us who are embedded inside it 
We imagine and intuit, then point the finger and wait to 
see which suspectfor truth turns and runs. Our models 
‘may get closer and closer, but we will never reach direct 
perception ofreality's thing-in-itself” [Hawking] {494} 


8.1 Introduction 


In this chapter, we first present a highly abbreviated background of the 
theory of gravitation, sufficient for our experimental orientation. Of 
special interest are unified field theories, which cover general relativity, 
electrodynamics, and quantum mechanics in one overall master theory. 
Even more of interest is an engineerable unified field theory, which is 
presently closest approached by the theory of Mendel Sachs (510} 


We then present a short overview of work that has been done in the fields 
of lifters and inertial propulsion, listing some ofthe inventions of interest, 
the approaches, results achieved, and our comments on each. 


Finally, I present my own approach to antigravitation, and give some 
results of the Sweet device's antigravity test (the test was designed by the 
present author) that successfully reduced the weight ofa device by 90%. 
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In our view, this experiment fully demonstrated the veracity of our 
theoretical approach. 


8.2 Selected Theories of Gravitation 


8.2.1 Newton's Theory and a Negative Mass Extension 
‘The first mechanism for gravity of interest to our purposes was advanced 
by Newton in his work on mechanics (495). Newton's law of gravitation 
may be stated as (496): 


"A particle ofmass m, attracts aparticle ofmass m, a 


mn 
distance daway with aforce F = G—'y2 inthe 


direction ofthe line joining the particles. 


Ofcourse, it should have stated "in a time forward zone”. The situation is, 
precisely reversed in a time-reversal zone. It is also reversed for negative 
mass-energy. 


In the Newtonian view, antigravity would mean repulsion of mass rather 
than attraction of mass. Given that negative mass is possible, then a 
negative mass would exhibit antigravity — i.e., it would be repelled by all 
other positive masses.”"* This can be seen in the quoted equation, by 


*The discussion of what attracts what and what repels what, in a mix of negative 
and positive masses and negative and positive energies, is still controversial in 
physics. Different theorists have taken differing positions, and there is no formal 
experiment that has decided between them. In our opinion, the successful antigravity 
test of the Sweet vacuum triode amplifier answered that question experimentally, 
although independent replication was not accomplished. The scientific discussions 
heavily involve discussions (and assumptions) ofthe nature of “gravitational” mass, 
inertial mass, and electrodynamic mass etc. Again, there is no decisive selection 
among several possibilities, and there is no clear and universally accepted definition 
of any of those three types of mass. 

In addition, all the discussions have included a fundamental ertor: They 
assume a separate 3-force acting upon a separate 3-mass, which is unequivocally 
false. Another fundamental error is the assumption of an observed (effect) 3-positron 
interacting with normal matter rather than a non-observed (causal) 4-positron 
(negative energy 4-electron) in massfree spacetime. In effect, this applies the CPT 
(charge-parity-time) symmetry, and converts the direction ofthe 3-positron to the 
antidirection ofthe 4-positron while also changing the negative mass of the 
4-positron to positive mass ofthe 3-positron. Further, in physics there is still no fem 
definition of either force or mass, but only circular definitions between the two. We 
are using the simple definition of mass as F= dat (mv, whete mass is a component 
‘of force F and hence there is no separate force F acting upon a separate mass m. We 
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interpret that equation as "the force F observed in a new observation is proportional 
to the time-rate of change of the ongoing 4-space interaction between the just- 
‘observed 3-mass m and the average interchange oftime-energy and space-energy 
represented by v in the ongoing dynamics between spacetime and mass m. Whatever 
adjective is prefaced upon the Fis also prefaced upon the m in the my term. 

We politely but firmly disagree with one prevailing notion that positive mass 
attracts both positive and negative mass, while negative mass repels both types. 
Further, we believe that the Sweet vacuum triode amplifier antigravity experiment 
falsified that notion. We hold to the dictum that m == E/c’, where E is real spatial 
‘energy and may be positive or negative, c* is always positive, and therefore negative 
mass is highly compressed negative spatial energy while positive mass is highly 
‘compressed positive spatial energy. (Imaginary mass is a separate consideration.) 
We also prefer to reason in "single fundamental units" physics where the joule is the 
only fundamental unit. Gravity then becomes a function of the joule, whether 
electromagnetic, mechanical, or whatever. We consider the energy in spacetime to he 
the source of the curvature of spacetime thar is known as." gravitational field”. We the 
joule is of positive energy, the accompanying gravity is positive. Ifthe joule is of 
negative energy, the accompanying gravity is negative. And we consider gravity as 
the 4-space causal spacetime curvature. So for gravitational interaction theory, We 
insist on examining the interaction of the curvature of local spacetime with the mass- 
energy. Further, we postulate that the gravitational effect upon one mass from a 
second mass is an improperly posed concept. It actually is an effect ofthe local 
‘curvature of spacetime around the first mass, where that curvature of spacetime was 
induced by the second mass’s energy. Further, we consider that positive energy 
fields surrounding a positive mass will curve spacetime in the "positive gravity” 
direction. The positive mass is attracted by all other positive masses, Negative 
‘energy fields surrounding that positive mass system curve spacetime in the "negative 
gravity" direction so that the positive mass of the system is at least partially repelled 
by all other positive masses in the universe. 

We further prefer to think in terms of the supersystem and the unobserved 
‘causal 4-field, not the frozen iterative 3-field snapshots defined only after iterative 
‘observations. As we stated previously, the "observed" 3-positron is, in our view, a 
very different beast from the as-yet-unobserved 4-positron, The 3-positron is a 
frozen momentary “effect” entity with no dynamics at all and no continuous 
existence in time (and hence in spacetime) at all; instead, it continually recurs as the 
iterative effect of iterative observation by iterative application ofthe dit 
observation operator. ‘The 4-positron is still a negative energy electron with negative 
charge, and still going in a non-reversed direction since broken parity has not been 
applied (because observation has not been applied), causal entity with ongoing 
dynamics, continuously existing in spacetime, not just in 3-space. Until interacted 
and observed, it also has negative energy and negative mass-equivalency. 

Hone wishes to accurately deal with spacetime effects from the “positron,” in 
‘our view one must deal with the 4-positron before observation, and hence with the 
supersystem. The 3-positron is not a spacetime entity, but only a frozen 3-spatial 
snapshot. Scientists, including Dirac himself, were horrified at the negative mass 
implications of the negative energy states. Therefore, they moved the interpretation 
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simply replacing positive mass m, by negative mass -m, . That two 
negative masses would attract can be seen by replacing positive mass m, 
by negative mass (- m,), and also replacing positive mass m; by negative 
mass. (- mz). 


Now consider mass m, to be the rest ofthe net positive mass in the 
universe, and mass m> to be the "effective" mass in a local supersystem 
consisting of the local physical system, its local active vacuum, and its 
local active curvatures of spacetime — in short, in a local supersystem 
consisting of the physical system and its local active environment, and the 
interchanges between them. Let m= my + in, Where m, is the amount 
of local positive mass (or mass-equivalent) in the system and_m, is the 
amount of negative mass (or mass equivalent) in the system. This 
supersystem now simultaneously exhibits both positive gravity (attraction) 
to all net positive masses in the universe and negative gravity (repulsion) 
to them as well. The net gravitational response of the supersystem depends 
upon the fraction of the effective mass that is positive and the fraction that 
is negative — in short, upon the net vector sum ofthe two gravitational 
forces. 


to the 3:positron, and thereby twisted the interpretation to substitute the effect for 
the cause. Hence circuit theory treats the laitice hole as a positron, yet that "hole" 
acts very differently from a true Dirac positron (a Dirac sea negative energy 
electron) in free space. 

Consequently, matter-antimatter interactions and the interaction between positive 
energy and negative energy are quite different, or they can be if so manipulated prior 
to observation. In the matter-antimatter interaction, the initial curvature of spacetime 
formed by the union decays by radiation of EM positive energy and the "effect 
particles” disappear back into the uncurved vacuum from whence they came. In the 
positive energy and negative interaction, there is a change of the local curvature of 
spacetime without its decay and subsequent re-radiation of EM energy. Equal 
amounts of interacting positive and negative EM field energy thus are simply 
transduced into stress energy potential of the vacuum and consequent sustained 
‘change in the curvature of the local spacetime. Indeed, the radiation of pair 
annihilation energy is obtained only at the expense of negating (relaxing) the local 
polarization of the vacuum (and the two consequent curvatures of local spacetime) 
represented by the independent positron and electron. Indeed, normal pair 
annihilation is a sort of Lorentz. symmetrical regauging ofthe locally asymmetsical 

‘The reader is certainly free to disagree with our conclusions; we are merely 
explaining them. Experiment will eventually sort out the truth or falsity of the 
approach. So far, based on the Sweet experiment designed by the present author, a 
highly successful experiment was consistent with this approach, 
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Ina “mixed” mass system containing both positive and negative 
component masses, the fraction of the total mass that is positive and the 
fraction that is negative is thus significant. When the mixture's negative 
mass is less than its positive mass, the mixture would exhibit a "reduced" 
gravitational attraction to other masses of the universe. Then the ratio of 
negative mass to positive mass might be taken as the "gravitational 
shielding” coefficient (fraction). 


When the amount of positive mass and the amount of negative mass were 
equal, the overall mass system would exhibit no net gravity or antigravity, 
and would "float" or "hover" in the Earth's gravitational field. It would be 
equally attracted and repelled by the Earth's positive mass (and by all other 
positive mass in the universe, hence could — at least under certain 
conditions — appear inertia-free.). When the amount of negative mass 
exceeds the amount of positive mass, the overall mass system would 
exhibit a net antigravity effect. It would be repelled more strongly by the 
Earth’s positive mass, as well as more weakly by the distant positive 
masses of the universe, and hence would accelerate upwards and away 
from the Earth. Notice that the key to antigravity in the Newtonian 
approach is the availability of negative mass, but in the new sense in which 
we use it. Note also that we did not discuss the separate issue of imaginary 
mass. 


Ifwe translate that into modern terms, where we consider not the "mass" 
but the condensed energy comprising the mass, then m, and m, become 
positive mass-energy and negative mass-energy terms respectively. Given 
the ability to produce electromagnetically produce substantial negative 
field energy in the immediate vacuum environment of the system, where 
the source ofthe field is the physical system, then the creation of a direct 
antigravity component in the system's environment — the other two 
components of its supersystem — becomes not only possible but also 
feasible. 


The key to antigravity becomes the availability ofnegativefield energy in 
the local space surrounding the physical object, with the physical object 
containing the source ofthat surrounding spatial negative energy field. 
Voila! This impels us directly to electrodynamics and a modified Dirac sea 
(497, 498a, 498b), one with excess empty holes as source charges 
producing negative energy EM fields. We deliberately create these unique 
source charges by actions taken in a COP» 1.0 system. This gives the key 
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to the approach to antigravity taken by the present author.”'* However, we 
use as negative energy not just the accounted Poynting energy flow 
component in space where the field is present, but also the unaccounted 
Heaviside energy flow component, which is much greater in magnitude (in 
‘a nominal case, nearly 10'° times greater). In this way, we dramatically 
increase the amount of antigravity effect that can be obtained by a given 
EM power dissipation in the physical electrodynamic system itself. This 
antigravity effect ofa Heaviside component of EM negative energyflow 
has not been accounted in previous analyses. 


8.2.2 Riemann Surfaces and Riemann Geometry 

‘The next development of interest to us is the doctoral thesis of Riemann 
{499}, which founded the theory of Riemann surfaces. Three years later, 
he founded Riemann geometry in a famous lecture. Riemann was working 
on a unified explanation of gravity and electromagnetism when he died of 
tuberculosis a dozen years later. It was Riemann’s multiply-connected 
topologies that eventually resulted in the view of electric charge producing 
lines of force trapped in the topology of space {500}. Had Riemann lived, 
we believe that engineerable unification of electrodynamics and gravity 
would have occurred early on. In that case, we might have already had 
practical antigravity vehicles and explored the solar system and beyond. 


8.2.3 Heaviside's Excess Energy Circulation Flow and Gravity Theory 
‘The next theory of gravity of interest to us is that of Oliver Heaviside. 
Heaviside noted that his extra EM energy flow term was a trapped EM 
energy circulation {501}. He realized that, if that trapped EM energy 
circulation were taken as gravitational in nature, his energy flow theory 
could be converted into a unified theory incorporating both 
electrodynamics and gravitation. After his death, his handwritten notes on 
the theory were found beneath the floorboards in the little garret apartment 
he had long occupied. No one knows what other papers he may have had; 
the place was ransacked and looted prior to the discovery of these 
remaining papers hidden beneath the floorboards — papers the looters had 
missed. 


25 We also point out that a Dirac sea with empty holes (excess negative energy 
states) exists in (or constitutes) a negatively curved spacetime u priori. So we get 
back to the other two components of our “supersystem", the active vacuum and: its 
dynamics and the local curvature of spacetime and its dynamics. 
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Other scientists such as Laithwaite have felt that Heaviside's approach 
might still shake the foundations of physics itself. Quoting Laithwaite 
{502} 


"Heaviside had originally written the energyflow as 
S'=(ExH) + G, where Gis a circuital flux. Poynting had 
only written S = (ExH). Takingp to be the density of 
‘matter and e the intensity ofa gravitationalforce 
Heaviside found that the circuital flux G can he expressed 


as pu —ce, where u represents the velocity ofp and c isa 
constant.” 
8.2.4 Mach's Principle 


After Heaviside, the next item of interest to us is Mach's principle (503), 
which essentially states (504): 


"The properties ofspace have no independent existence 
but depend on the mass content and distribution within it, 
Thus, acceleration dealt with in Newtonian mechanics can 
only have meaning ifit is an acceleration with respect to 
the stars or with respect to something equally well- 
defined.” 


Mach’s principle does not adequately deal with spacetime, and certainly 
does not even acknowledge or encompass how energy exists in 3-space at 
each point dipole, as an entering flow from the time domain into the 
negative (charge x time). It does not include transduction by the negative 
charge into 3-space energy, passage ofthe 3-energy to the associated 
positive charge, transduction back into time energy by the positive charge, 
and re-emission of the transduced time-energy back into the time domain, 
by the positive charge. In short, Mach's principle will never get one a 
practical antigravity system, regardless ofhow one applies the principle. 


8.2.5 Einstein's General Relativity 

Next comes Einstein's epochal general relativity theory of gravitation 
{505}. In that theory, Mach's principle is interpreted as pointed out by 
Misner, Thome and Wheeler (506} in the following quote: 


"...Einstein's theory (1) identifies gravitation as the 
‘mechanism by which matter there influences inertia here; 
[and] (2) says that this coupling takes place on a 
spacelike hypersurface. 
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‘The great contribution of Einstein's general relativity was to remove the 
notion ofthe “field occupying space", where field and space are separate 
things. Quoting (507) 


"Ifwe imagine the gravitationalfield, i.e., thefunctions 
%x 10 be removed, there does not remain a space ofthe 
type (1) [Minkowski Space], but absolutely nothing, and 
also no ‘topological space’. For thefunctions gx describe 
not only thefield, but at the same time also the 
topological and metrical structural properties ofthe 
‘manifold. ... There is no such thing as an empty space, i. 
a space without field. Space-time does not claim existence 
on its own, but only as a structural quality ofthe field." 


In passing, we note that in the conventional sense we can and do have 
many fields "in the same space”, which is merely the statement that a net 
field has internal structure, and so does a net spacetime. Extending that 
notion, we can conclude that spacetime is in fact naught but a set of fields, 
both static and dynamic. The total energy density of all those fields at any 
point in space constitutes apotential with that energy density at that point, 
and with that internal field dynamics and structure. So because of its 
incredible field energy density, space is also identically a giant potential 
with internal structure and dynamics. With that observation, we rather 
casually join the seething vacuum of particle physics, the spacetime of 
general relativity, and the fields of electromagnetics as different aspects of 
the same thing. We point out that our concept of the supersystem therefore 
only identifies the three separate things into which this "one-thing” has 
been arbitrarily divided in much of physics. 


Although he tried more than once, Einstein himself failed to achieve a 
successfull unified theory of gravitation and electrodynamics. One thing he 
added in his earlier theory was a cosmological constant, which he felt was 
necessary to explain a stable closed universe. He later regretted that 
assumption, but today with the discovery ofthe acceleration of the 
expanding universe, which can only be caused by antigravity, his 
cosmological constant has assumed a new and vital role in the search for 
the source ofthis observed antigravity effect in the cosmos. 


8.2.6 Kaluza-Klein 5-Dimensional Unified Theory 
Using five dimensions, a unified theory of general relativity and 
electrodynamics was advanced by Kaluza {508} as extended by Klein 
(509). This is a notable extension of Einstein's theory, and a very 
substantial literature exists in the Kaluza-Klein area. 
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video, allow the user to look around rotationally frama fixed 
position, 6DoF experiences, which are available in video 
‘games today, allow the user to move spatially through the 
environment just by walking or leaning thelr head forward. 
6DoF head-mation tracking is required to enjay 6DoF 
content in an intuitive manner. Many industries such as 
tourism, education, and other forms of immersive video will 
flourish as 6DoF technologies evolve, Most components of 
the video delivery pipeline are currently ill-suited for 6DoF 
video, including capture devices, production software, 
codecs, compression algorithms, the network, and players. 
DoF video also demands bit rates in the range of 200 Mbps 
to 1Gbps, depending an the end-to-end latency. 


Connected and Autonomous Vehicles 


‘Smart, connected cars are already here — and some security risks 
have already been notoriously demonstrated — and self-driving 
autonomous vehicles are beginning to appear on our roads. Other 
applications that 5G will enable for smart, connected cars include: 


29 Traffic safety: This includes the ability to detect hazardous 
road conditions, such as inclement weather or nearby 
accidents, and provide real-time guidance for appropriate 
courses of action to enable safer driving and reduce the risk 
of accidents, For example, imagine a situation in which your 
driverless car gets a real-time message (in microseconds) 
that a truckis rapidly approaching the intersection that you 
are about to cross. Your car then automatically slaws down, 
to let the truck pass the intersection, thereby avoiding a 
possible accident. 


>» Entertainment (for passengers): Live video and music 
streaming (including 4K ultra high-definition movies), 
Interactive video games, cloud connectivity, and data 
exchange elaborate the need for high capacity and high 
mobility mobile broadband, 

29 Augmented reality (AR): Displaying key infarmation in near 
real-time for drivers requires low latency so that the 
Information is timely and relevant. in the earlier truck 


40 5G For Dummies, Ixia Special Edition 
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8.2.7 The Sachs Unified Field Extension of Einstein's Theory 

Another notable extension of Einstein's theory, which does include 
electrodynamics and the results of quantum mechanics as well, is the 
theory by Sachs {510}. Starting with Einstein's general relativity view and 
the group symmetry of its underlying mathematics, Sachs extended 
Einstein's theory into a fundamental theory of matter in all domains. 
Einstein's group formalism and the spinor-quaternion calculus in a curved 
spacetime provide the genesis of matter fields. The theory encompasses 
globally covariant field equations for inertial features of matter including 
its force manifestations. Unification is provided by the generalized spinor 
formalism. Quoting a popularized summation (511): 


Jovelfeatures ofgeneral relativity are shown to emerge, 
in elementary particle physics as well as astrophysics. 
Especially noteworthy ...is afactorization of Einstein's 

{field equations to a quaternion field formalism which, by 
way ofa single covariant field, includes both gravitation 
and electromagnetism coupled to matter field equations 
— whose linear (low energy) limit recovers quantum 
‘mechanics. The ...original approach alsofurnishes 
derivations, not previously available, of several observed 
properties ofinertial mass and gravitationalforce. " 


For a more technical description of how the unification of electrodynamics 
with general relativity is derived, we quote directly from Sachs {512}: 


"It was demonstrated earlier that the factorization of 
Einstein's second-rank, symmetric tensor field equations, 
by removing the space and time-reflection elements from 
the underlying covariance group, yields a 16-component 
quaternion metrical field equation. The 16 equations were 
then re-expressed in a second-rank tensorform, breaking 
up into 10 @ 6 equations. The 10 equations are in one-to- 
one correspondence with Einstein's symmetric tensor 
equations for gravitation; they are even under reflections. 
The remaining 6 equations are in antisymmetric tensor 
form; they are odd under reflections. Taking the covariant 
divergence ofthe latter equations then puts them into one- 
to-one correspondence with the structure of Maxwell's 
equationsfor electromagnetism. What was shown earlier 
was that the four of Maxwell's equations with sources 
followed. What is shown in this paper is that the other 
‘four of Maxwell's equations that are source-free also 


430 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


follow, thus indicating the absence ofmagnetic monopoles 
{from this theory, as in the usual Maxwellformalism. This 
shows that the factorization ofEinstein's field equations 
to the quaternionform fully unifies the gravitational and 
electromagnetic manifestations ofinteracting charged 
‘matter.” 


To freely download several of Professor Sachs’s important technical 
papers, one is referred to his website at 
http:/www.compukol.com/mendeVarticles/articles. html 


‘The O(3) electrodynamics of Evans and Vigier has been shown to be a 
special subset of Sachs's electrodynamics {513}. Hence O(3) can be used 
to engineer much of the Sachs unified field theory phenomenology, 
including — in our view — both gravity and antigravity. The first 
theoretical indication of this has been published by the AIAS (Alpha 
Foundation’s Institute for Advanced Study) (513b}. Shortly we discuss our 
‘own views on how to directly perform engineering of antigravity. 


A great many excellent publications on general relativity and the 
background of scientific knowledge in gravity exist; e.g., the text by 
Wheeler ef al. {514} is particularly good. Einstein himself wrote a book on 
his special and general theory for the nonspecialist (515}. A collection of 
English translations of some of the original papers on relativity is provided 
in a book by Einstein, Lorentz, Minkowski, and Weyl (516). Many other 
gravitational theories or changes to major theories have also been proposed 
by other scientists, but are not discussed here. For our purposes, an 
abbreviated discussion will suffice to understand a fundamental approach 
to feasible antigravity. 


Since we are interested in actual working systems, a short review of some 
of the efforts in asymmetric lifting and propulsion experiments is useful. 


8.3 Selected Antigravity and Inertial Propulsion 
Research Efforts 


We give only a small sampling of the many efforts performed or ongoing 
in this area over the last few decades, and some still ongoing toda 


8.3.1 T. Townsend Brown 
Our first example is the work of T. Townsend Brown, Brown was working 
on a “gravitor” before he finished high school, and continued work in 
electrogravitation throughout his life. Space is a dielectric, and Brown 
reasoned that the displacement current in a capacitor dielectric could 
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influence the space dielectric itself." Hence he built, tested, and patented 
several variations of lifting devices based on this concept (517a-517e) 
Essentially, he found that certain high capacitance dielectrics could be 
subjected to high voltage (50 to 300 kilovolits), and would exhibit thrust in 
the direction from the negative to the positive pole. 


Here we point out our contention that all EM energy in space comes from 
the time domain via the negative charge, and re-enters the time domain via 
the positive charge. This is consistent with Brown's finding. Although he 
demonstrated many such lifting and thrusting devices, Brown was never 
able to obtain sufficient financial and scientific backing to bring a practical 
embodiment of his inventions into practice. His work, however, has been 
replicated by multiple experimenters, including NASA researchers (see 
below) and several researchers contributing results to Jean-Louis Naudin’s 
website http://jnaudin.free.fr/htmb/lifters. htm. 


83.2 Jonathan W. Campbell 

Recently a U.S. patent {518} on a thrusting capacitor, by Campbell, has 
been issued and assigned to the U.S. Government (NASA), and made 
available for commercial licensing. The patent write-up states that thrust 
from capacitors is well known, but has been too small to be practical. ‘The 
patent purports to remedy that impracticality. A version ofthe NASA 
device has been replicated by the Naudin researchers also. So an 
adaptation of Brown's work has been patented by the U.S. government 
with intentions of licensing. This would appear to validate much of 
Brown's approach and efforts. 


8.3.3 The Dean Drive 

Our second example is the inertial drive patented by Dean {519a-519e) 
Unfortunately, the effects of the Dean drive later appeared to be a problem 
{in accurate measurement. Nonetheless, work still continues along the 
direction shown by Dean. One may argue that mechanical materials also 
contain charges and have a certain kind of capacitance. Hence, mechanical 
motion of the parts of the machine does move these charges and 
dielectrics, opening a possibility of interacting with the dielectric of space. 
For example, Sweet's VTA involved a sustained self-oscillation between 
the local vacuum and the barium nuclei in his barium ferrite magnets. 


*© We have not yet explored the gravitational effects — ifany — of our concept of 
the triode capacitor, discussed in paragraph 6.3.7 and diagrammed in Figure 6-17. 
We will examine it as soon as we have the proper equipment. 
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Dean's approach still has merit, even if'a particular embodiment gave a 
negative result when very accurate measurement was performed. It is 
particularly of interest that mechanical force is essentially derived from 
electromagnetic forces (and fields) at basis. These base EM fields involve 
(and identically are) curvatures of spacetime, and hence the motions of the 
inertial drive mechanical apparatuses do involve at least some curvatures 
of spacetime and dynamic changes to them. 


Our comment is that, when the additional but neglected Heaviside 
nondiverged energy flow component is accounted, these field interactions 
internal to matter can produce many orders of magnitude greater curvature 
of spacetime than is accounted by the diverted Poynting energy flow 
component only. 


The “inertial antigravity” approach may be visualized as the use of excess 
gravitational thrust in a specific direction. If that direction is against the 
local pull of gravity, and is more powerful, then “lit against the 
gravitational pull” is obtained. Rigorously, this is not true antigravity but 
manipulated excess positive gravity. 


In our approach to antigravity, one way to approach the problem is to have 
the mechanical apparatus also the source of an intense negative energy EM 
field, producing an intense flux of Dirac sea holes into and in the local 
surrounding spacetime. The excess charge removed from the Dirac holes 
can in fact be used in the electrical powering of the physical system, as 
‘was demonstrated in the Sweet VTA antigravity test. Then movements of 
the mechanical parts could involve movement of strong negative energy 
fields, hence strong curves of local spacetime that are local strong negative 
gravityfields. Or, better yet, movement of the charges themselves will also 
produce field-induced movement of the Dirac sea hole negative energy. 
This appears to be a practical method to manipulate the metric itself, along 
the lines proposed by Puthoff et al.” 


8.3.4 Henry Wallace 
Other work has been by Henry Wallace, an engineer working for General 
Electric in the 1970s. His work dealt with the interactions of relatively 
moving masses of various kinds, and it is described in his patents (520a, 
520b}. The discussion under the Dean drive probably applies to Wallace's 
work as well. 


* H. E. Puthoff, SR, Little, and M, Ibison, "Engineering the Zero-Point Field and 
Polarizable Vacuum for Interstellar Flight,” J. British Inverplanetary Soe, Vol. 58, 
2002, p. 137-14. 
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83.5 J. F. Woodward 

Next is the work of J. F. Woodward, resulting in one or more patents 
{521} and multiple articles in the legitimate physics literature (522a- 
522k}. Woodward uses an adapted theory based on Mach's principle and 
on the thesis that the mass of a capacitor can be made to vary from its 
normal mass by rapidly charging and discharging it — say, at a frequency 
of 20 kHz. This predicted effect is testable, although some sophistication 
in the testing is required. 


Woodward's publications show the results of actual experiments, 
‘measuring a very small change in the mass, and are worthy of much further 
investigation, Here we note that the actual mechanism generating the 
inertia of an object is still an open issue, with several different contending 
theories.”"* Whether the gravitational mass and the inertial mass are 
identical or not, also remains an issue. If the exact local mechanism 
generating the inertia of a mass could be decisively found, then direct 
methods of changing the inertial mass and the gravitational mass might be 
a real possibility, and research to try to find such methods would be 
strongly indicated. 


Our further comment is that the mechanism that generates mass itself has 
never been specified in formal physics." particularly when one views an 
observable (such as mass) as continually recurring in 3-space rather than 
continuously existing in 3-space, due to the d/dr operator imposed on 
spacetime by the observation process. Before the reader assumes that mass 
is well understood, a reading of Jammer's scholarly work (523) is highly 
recommended. 


From our viewpoint we stress that observed mass cannot continuously 
exist, but must be an effect and the instantaneous frozen output of the d/dt 
observation process invoked on an ongoing 4-space process. Hence, from 
this view there is indeed a "process" that (continually) creates mass — it is 
at least the emission of EM angular momentum (a photon) from the 
‘masstime entity. Similarly, there is a "process" that continually destroys or 
converts any mass — it is the absorption of a photon and conversion of the 


" Eg., (a) A. Rueda and B. Haisch, "Inertia as reaction of the vacuum to 
accelerated motion,” Phys. Let. A, Vol. 240, 1998, p. 115-126; (b) B. Haiseh, A, 
Rueda and Y. Dobyns, "Inertial Mass and the Quantum Vacuum Fields," Aun. Phys 
Vol. 10, 2001, p. 393-414. 


"The present author made an early and crude attempt at doing it in his *Quiton 
Perceptron Physics.” 1973, NTIS Report AD-763-210. 
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mass m into masstime (m + dm)jdt. Mass "flows through time” via this 
time charging and discharging, in the form m => mt => m => mt => m.. 
etc 


Again we stress that masstime mt is not mass m, but is as different from it 
as impulse Fr is from force F. We crudely proposed such an initial mass- 
generating mechanism in 1973 (524a}, with additional information 
published in 1998 (525a}, which may have bearing on the mechanism 
involved in Woodward's experiments. 


8.3.6 E. R. Laithwaite 

Eric Laithwaite was for some years a professor with the Imperial College 
in London. He was one of the pioneers of the linear electric motor and of 
portions of the magnetic levitation (MagLev) train concept. An illustrious 
career headed for greater things (perhaps knighthood, Fellow ofthe Royal 
Society, etc.) was abruptly derailed in 1973 after he lectured to the 
prestigious Royal Institution by invitation and demonstrated that a heavy 
gyroscope, difficult to lift with one hand while not turning, could be lifted 
easily with that same hand, once turning at speed. Laithwaite's suggestion 
that Newton's laws of motion might be in difficulty proved much too 
controversial. The Royal Institution (apparently for the first time in its 200 
year history) did not publish proceedings of that invited discourse.” 


One ofthe remarkable things Laithwaite achieved was a form of 
“indefinite motion" device that he demonstrated circa 1970 {526}. The 
Centennial Centre of Science & Technology in Ontario was looking for 
working models to decorate the entrance hall. Laithwaite showed that ifa 
linear-motor primary was rolled into a cylinder, so that it became simply 
the stator ofa conventional induction motor,” a steel washer (about 3 cm. 
in diameter) could be made to roll continuously in a vertical plane around 
the inside of the stator. A combination of centrifugal force and magnetic 


® With some humor we point out how shocking is our proposal that such a thing as 
“continuous” propagation of an object or energy through 3-space does not exist 
Instead, small differential "pieces" of it continually "recur" at successive positions, 
‘much like the projection of the frames of a motion picture frame, where continual 
observation is the "projection process", Nonetheless, in our proposed solution to the 
source charge problem, either that is true or every charge in the universe is a 
perpetual motion machine, freely creating energy out of nothing. In our view, that is 
the impact ofthe long-neglected source charge problem in quantal and classical 
electrodynamics. It has produced the wrong and naive notion of what "propagation 
through space” actually entails. 


*" Something similar to diagrammatic Figure 6-26 in Chapter 6. 
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attraction kept the washer in contact with the stator at all times. At the 
same time, a pivoted copper cylinder could be held in the center of the 
stator and would be seen to rotate on its own axis in the opposite 
direction." Laithwaite completed and delivered a working model to the 
Centennial Center of Science & Technology. The reader should note the 
similarity of Laithwaite's proven experimental device to the magnetic 
Wankel engine. 


In addition to his attention to Heaviside's unpublished draft notes and 
manuscript on a combined theory of electromagnetics and gravity 
(previously discussed above) {502}, Laithwaite spent the latter years ofhis 
life working on sophisticated gyroscopic systems {527a-527h}. Ultimately 
he felt he had successfully produced a mass transfer effect {528} and the 
basis for a propulsion system. He and William Dawson applied for a patent 
in 1993, which was granted in 1995 {529}, with a U.S. patent granted in 
1999 (530). Regretfully, Professor Laithwaite died in 1997. 


8.3.7 Floyd Sweet's Vacuum Triode Amplifier (VTA) 
See again Chapter 6 and Figures 6-5 through 6-14 on the work of Floyd 
Sweet, previously discussed in paragraph 6.3.2. My concept of 
antigravitation used in the experiment is shown in Figure 6-15. By now, 
the sharp-eyed reader will recognize that my method actually constitutes a 
conceptual extension and definitization of the Dirac electron theory, 
reinterpreted to recover negative mass, negative energy, negative energy 
fields, and negative energy potentials. The defining feature is the 
deliberate use of a COP» 1.0 main power system (pethaps constituting the 
power system ofa flight vehicle) as a source of locally strong negative 
energy EM fields generated by the concentrated Dirac sea holes (causal 
4-positrons being negative energy 4-electrons prior to observation) locally 
produced in the power system. We collaborated with Sweet on the vacuum 
triode amplifier for more than a decade, and in fact suggested the name of 
the device. 


‘The antigravity approach designed by the present author was based on 
realizing that negative energy sources (¢.g., 4-positrons as negative mass 
4-electrons prior to their reaction and observation) produce negative 


® We have had the distinct notion that the fundamental contrarotating mechanism 
found by Laithwaite is probably an analogous mechanism — or very similar — to 
the mechanism utilized by Bauman in his Swiss converter (Methernitha device). As 
pointed out, it also has remarkable similarities to the magnetic Wankel engine, 
‘except that the magnetic Wankel does not utilize two contrarotations. 
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energy EM fields. The field can reach out over all space, so a negative EM 
energy field represents a reversed curvature of a large volume of 
spacetime. Hence it represents a considerable antigravity field — 
particularly when one considers the unaccounted huge Heaviside 
component of the negative energy field and charge interaction. Since the 
field strength falls offs the inverse square ofthe distance from its source, 
the strong antigravity effects of negative energy EM fields are much 
stronger locally than at a distance. This is particularly true when the 
conventionally ignored Heaviside nondiverged EM energy flow 
‘accompanying the accounted diverged Poynting energy flow of every 
field-charge reaction is accounted. This usually ignored factor dramatically 
increases the antigravity intensity produced by the local negative EM 
energy field by many orders of magnitude, often by nearly 10". 


My antigravity concept (then and now) is shown in Figure 6-15 of Chapter 
6. At the time, the only available device I knew of that produced a 
substantial percentage of output negative EM energy was Sweet's vacuum 
triode amplifier. So I persuaded Sweet to fabricate a new output section 
(an output load similar to Figure 6.8 but containing ten sockets for ten 100 
‘watt lamps). Thus the output of the unit — which adjusted automatically to 
the available load — could be increased in 100-watt increments by merely 
screwing in the lamps one at a time and making laboratory readings after 
each new 100-watt load increase was added. This was done and the 
concept was successfully tested by Sweet (531}, who was making the 
measurements in California and reading them off over the phone to me (I 
was in Huntsville, Alabama). The experiment worked beautifully. 


‘The setup and progress ofthe experiment were intended to materially 
increase the strength of the negative energy EM field and Dirac sea hole 
flux already produced to a lesser extent by the Sweet vacuum triode 
amplifier (VTA) in its normal operation. Thus the hypothesized negative 
energy antigravity field, produced weakly by the negative energy from the 
device in its ordinary power output range of 500 watts, was to be 
substantially increased at 1,000 watts. The response to the net gravitational 
field surrounding the object would thus be the resultant of two factors: (i) 
the normal response of the device's positive mass to the positive 
gravitational field of the Earth etc., and (ii) the additional response of the 
device's positive mass to the local antigravitational field produced around 
it. The measurable result was expected to be a decrease in the measured 
weight of the object on the laboratory bench. 


As discussed, this stratagem succeeded dramatically. The weight of the 
vacuum triode amplifier was decreased, smoothly and controllably, by 
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90% on the laboratory bench (see again Figure 6-9). The results were 
later published in ajoint paper (531) prepared by the present author. I 
placed Sweet's name first on the paper because he was the inventor ofthe 
VTA, which demonstrated the effect once properly modified as I 
requested, Note that the extra antigravitational field effect on an object is 
indeed a local effect, which the experiment also showed. This effect was 
obtained at a COP> 1,500,000 (actually, at nearly a COP = 3,000,000) and 
at ELF frequency. 


The ELF frequency is important. As we explained previously, the highest 
energy photons ofall are the lowest frequency photons, when the highly 
compressed time-energy component of the photon is accounted as well as 
the decompressed spatial energy component. Hence, for very appreciable 
local curvature of spacetime to produce considerable antigravity, the 
antigravity source must produce negative energy fields consisting of 
negative energy photons at low frequencies (such as 60 Hz). Else, the 
curvature of spacetime is so small that little effect will evidence. My best 
"back ofthe envelope” estimate of the efficiency of the antigravity process 
inthe VTA was 10%. 


8.3.8 Ning Li and (separately) E. Podkletnoy 

Very interesting work was performed by Ning Li (532a-532d}, a scientist 
originally with the University of Alabama in Huntsville (UAH), who 
retumed to China for a while but is now back in Huntsville. Quoting David 
Brown from the UAH website from 1997: 


"In 1989, Dr. Ning Li of UAHpredicted that ifa time 
varying magnetic field were applied to a superconductor, 
charged and deformed lattice ions within the conductor 
could absorb enormous amounts ofenergy via the 


®* Many times I have been asked how such small output power inerease (from 500 to 
1,000 watts) could possibly achieve such dramatic antigravity results. The answer - 
due to the neglected Heaviside nondiverged energy flow component — lies in 
multiplying the power output by the "Heaviside energy amplification factor k 
where & may be as large as 10". A $00-watt accounted increase, multiplied by 10 
is actually an incredible increase in the total EM negative energy field density being 
created in the local vacuum. In short, a very little “accounted” power increase of the 
COP»1.0 VTA output is actually a very vast negative power output inerease when 
the long neglected k-factor is accounted. It is just this missing k-lactor and the 

lure to account for the negative energy KM fields generated in COP» 1.0 
discharges in violent astronomical phenomena that seem to be responsible for 
generating the excess antigravity that is accelerating the expansion of the universe 


0" 
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magnetic moment effect. This acquired energy would 
cause the lattice ions to spin rapidly about their 
equilibrium positions and create a miniscule gravitational 
field. Dr. Li's calculations showed that ifthese charged, 
rotating, lattice ions were aligned with each other by a 
strong magnetic field, the resulting change in local 
gravity would be measurable." 


"Podkletnov and Nieminen (1992) {533} made the 
accidental discovery that a single-phase, dense, bulk, high 
T., superconducting, ceramic disk spinning at 5,000 rpm 
can produce a 2 percent reduction in the weight ofnon- 
conducting, non-magnetic objects placed over the 
spinning disk. UAH and MSFC [Marshall Space Flight 
Center, apart ofNASA] [cooperated] on ajoint research 
project to independently confirm the results ofthe 
Podklemov experiment and to validate Dr. Li's theory of 
gravity modification via superconductor. On March 26th, 
1997, as apart ofthis project, thejoint UAH-MSFC 
research team produced the largest high temperature 
superconducting disk ever manufactured in the USA. This 
disk measures 12 inches in diameter and is 0.5 inches 
thick” 


We now explain the experiments, from our point of view ofthe mechanism 
for antigravity. We remark that, at least in theory, the charges in such a 
rotating superconducting disk have an inward "discharge" acceleration 
force that is a function of the distance of the charge from the rotation axis 
center. Hence, in the rotating frame, some ofthese charges are very 
strongly “accelerating” toward the center, as are their spins whose 
magnetic vector is orthogonal to the E-field vector. A flow of EM energy 
exists perpendicular to the rotating flat disk and is accelerating at right 
angles to the disk surface. This is analogous to a discharge (sudden 
acceleration) phenomenon, and it will also produce accelerating negative 
energy Dirac sea 4-holes in the vacuum component of the supersystem of 
the spinning disk. So from the spinning disk there is a sort of "wide beam" 
of Dirac sea 4-hole current in the vacuum, radiating at right angles to the 
disk surface, with heavier concentrations toward the outside of the disk. 
‘The result is that objects in the Earth's gravitational field, and also placed 
in the path of this negative energy Dirac sea 4-hole current, is acted upon 
by two superposed curvatures of local spacetime: (1) the positive curvature 
due to the Earth's gravitational field, and (2) the negative curvature due to 
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example, a live situation is being tracked by the involved loT 
devices and infrastructure, and relayed in real-time to the 
Users — vehicle and human, 

3 Self-driving, autonomous vehicles: These will require 
ultra-reliable, high-speed communication between different 
driverless cars, and between cars and infrastructure. 


The Connected World 


Smart homes, smart cities, multiple industries (such as health, 
retail, smart grids, and remote factories) have a common 
thread — they are using more and more devices and sensors that 
communicate with one another and the rest of the world. 


‘Many of these devices are mission critical; others may send high— 
definition video, requiring high availability and very low latency. 
Yet another set of devices may send small data packets relatively 
infrequently (for example, every few hours, days, or weeks). Some 
examples of common use cases with diverse connectivity require— 
‘ments include: 


2 Logistics and freight: These devices and sensors typically 
require lower data rates, but need wide coverage and 
reliable location information. 

3 Smart grid: A smart grid requires low latency sensors to 
regulate the use of utlties such as electricity, natural gas, 
‘and water. Leveraging digital information, such as the 
behaviors of suppliers and consumers, allows the smart grid 
to improve the efficiency, reliability, economics, and sustain- 
ability of the production and distribution of these resources. 


39 Remote medical: Collaborating about a medical case with 
other surgeons located thousands of miles away was a use 
case scenaria discussed as part of the Long Term Evolution 
(LTE) rollout. it can become a reality with the extreme 
bandwidth, low latency, and high availabilty of SG networks. 

3 Hazardous areas: The ability to remotely explore 
mining areas or shut down a nuclear power plant during 
an emergency — in a fraction of the time required for 
human interaction, and without risk to human life — is, 
possible with SG. 
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the negative energy field's curving local spacetime. The total net 
gravitational effect will be due to the algebraic sum of the superposed two 
spacetime curvatures — the normal positive curvature from the Earth's 
gravitational field and the second a negative curvature created by the Dirac 
sea hole current's negative energy fields (Heaviside energy flow 
component considered). The expectation is therefore a reduction in the 
weight of the object, as is shown in the experiments. 


‘The UAH-MSFC group was unable to confirm Podkletnov's findings.” 
Ning Li and the NASA group later split amicably. Ning Li continued her 
theoretical work, eventually ceased publishing papers for a period to 
protect the techniques and experimental results achieved in her work, and 
focused upon potential applications. She apparently returned to China for 
some time, but is now back in Huntsville, Alabama and still 
experimenting. We suspect there may also be a Chinese research effort 
into antigravity, using the approach taken by Ning Li. Perhaps information 
from that program will be released in the future. 


But what ofthe work of Podkletnoy since his original experiments? NASA 
continued to try to replicate his disk and his work, with Podkletnov acting 
as a consultant, Presently, NASA has paid an independent research firm to 
replicate the disk to full specifications, which has just been accomplished 
as this is written. At this writing, the experimental results of this new 
attempt are not yet available as the work is still in progress. It should be 
available by the time this book is published. 


Meanwhile, a relatively new paper by Podkletnov and Modanese has been 
published on the Los Alamos National Laboratory website.’ This method 
uses high amperage sharp pulse discharges from a superconducting 
ceramic electrode, to produce an anomalous radiation in a focused beam. 
Significantly, the beam does not noticeably attenuate through different 
materials. The beam exerts a short repulsive force on small movable 
objects on the propagation axis, with the force proportional to the mass of 
the objects. 


* E. Podkletnov and R. Nieminen, "A possibility of gravitational force shielding by 
bulk YBasCus0,., superconductor,” Piysica C, Vol. 203, 1992, p. 441-44. 


"* Evgeny Podkletnov and Giovanni Modanese, "Impulse Gravity Generator Based 
on Charged YBaCus0;., Superconductor with Composite Crystal Structure,” carried 
fon website htp://xxx.lanl.gov/abs/physics/0108005. 
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We interpret the results as completely consistent with our own proposed 
excess gravity and antigravity mechanism. We know that such sharp 
discharges produce significant Dirac sea 4-hole currents in the local 
vacuum component of the supersystem. Such currents in a beam interact 
very little with intervening materials, and the major spacetime curvature 
effects are concentrated upon the propagation axis. On that axis, force 
effects can be expected upon small independent objects, due to the 
additional negative curvature added to the local spacetime in their 
supersystem. The impulse produced on the object should indeed be 
proportional to the mass of the object and independent of its composition, 
since it is a gravitational force effect induced by local curved spacetime. 
‘The force should be repulsive in the beam, since that is the direction of the 
antigravity force that will be induced in objects in the axis ofthe beam, by 
the beam of negative energy Dirac 4-holes. A positive gravity force would 
mean attraction between the object in the propagation path and the source 
ofthe beam. A negative gravity force would therefore mean repulsion. 


So Podkletnov and other scientists are still working on a successful effect. 
It will be interesting to see what results are reported in the future, and 
whether they will deviate from their present attempt to explain the effect, 
by acombined quantum gravity and anomalous vacuum fluctuations 
approach. 


8.3.9 NASA's Breakthrough Propulsion Physics (BPP) Project 
NASA's Breakthrough Propulsion Physics Project was established in. 1996. 
It seeks a breakthrough in space transportation involving "(i) propulsion 
that requires no propellant mass, (ii) propulsion that attains the maximum 
transit speeds physically possible, and (iii) breakthrough methods of 
energy production to power such devices.” Investigations involve coupling 
of gravity and electromagnetism, the quantum vacuum, hyperfast travel, 
and superluminal quantum effects. The project is managed by the Glenn 
Research Center, sponsored by the Advanced Space Transportation 
Program, with overall management by NASA Marshall Space Flight 
Center, Huntsville, Alabama. 


NASA continues its investigations and experiments in methods to change 
the force of gravitational attraction. The scientist in charge of the project is 
David Noever of the Marshall Space Flight Center. The work is still 
considered a work in progress, with the need for both experimental 
investigation and meticulous design of experiments, instrumentation, and 
‘measurement techniques. 
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‘The overall NASA program also spreads to other supporting laboratories 
and projects. For example, at the Jet Propulsion Laboratory (JPL) Kulikov 
(534) has measured the difference between inertial and gravitational mass 
of a boson in a heat bath. At least one invention seems to have resulted or 
to be in progress, assigned to JPL. 


‘As mentioned, the U.S. Patent by Campbell {518} on a capacitor device 
producing a net thrust force (a more modem version of T. Townsend 
Brown's work) has been issued and assigned to NASA. 


8.3.10 Scientific Conferences 

There are regular conferences (several per year) being held in the U.S. and 
elsewhere, dealing with antigravity and electrogravitic propulsion. We 
give a little-noticed but pertinent example: In a nice presentation in 2001, 
LaPointe (535) proposed a new method for producing anti-matter. 
Currently antimatter production is accomplished in very large accelerators, 
and is therefore quite expensive. For increased experiments, a cheaper and 
much smaller (and much more available) process is highly desirable. 


In the Klein paradox, which involves very large potential drop across a 
very short distance — less than the Compton wavelength ofthe antimatter 
particle — matter and anti-matter pairs are produced. LaPointe 
hypothesized that it may be possible to use the Casimir effect to push one 
side of the step into the negative energy range. He is at least thinking 
toward negative EM energy sources that produce negative EM fields and 
negative gravity in the surrounding space, without explicitly enunciating it 
in that fashion, 


We already briefly discussed our own approach to antigravity, which is a 
much simpler and cheaper anti-particle producing mechanism, as 
demonstrated by the Sweet device. In short, overunity EM systems with 
COP» 1.0 do produce free flows of causal (before observed) 4-positrons 
(still in negative energy 4-electron state prior to interaction) in local 
spacetime immediately surrounding the system. Consequently, LaPointe's 
efforts are in what we believe to be the correct direction, but he is still 
using a very difficult mechanism to engender the antimatter production. 
Also, the positrons or other antimatter sources of the negative energy fields 
‘must remain in the causal (unobserved and non-interacted) 4-state, in order 
to produce negative energy EM fields and potentials and antigravity. 


8.3.11 James Corum et al.: Rectified Slepian AC Force Resonator 
Another example is some promising work by Corum et al. {536}. We 
quote fiom the abstract and summary of his paper: 
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"Corum presented an experimental paper on the use ofthe 
Heavisideforce in conjunction with a Slepian antenna as 
aform ofspace drive using nothing more than the 
classical Maxwell stress tensor. Slepian proposed the 
same thing in 1949, but came to the conclusion that it 
would not be useful, since the time average ofthe 
resultant ACforce would be zero. Corum’s contribution 
has thus far been two-fold: (1) In conjunction with Dr. 
Alan Barnes of WVU he has experimentally shown that 
the AC version ofthe Slepian Resonating Antenna does 
produce aforce, and has measured it to within 3.6%, and 
(2) has designed a wayfor Hartley's variable capacitor 
rectification to be used with the Slepian resonator such 
that the rectification results in a DCforce component. 
The first experiment has already been achieved, the 
second experiment is the logical next step. If successful, 
the result would be quite revolutionary: a true space 
drive.” 


Our comment is that this unilateral thrust force work is important. In our 
view, the Heaviside energy flow component does not appear in Slepian's 
vector j, which contains only the diverged EM energy flow surrounding a 
circuit or component, but it is present immediately outside the circuit 
where the Slepian vector exists. Hence there is an enormous, extra energy 
flow closely associated with every EM circuit, that is unaccounted since 
Lorentz’s closed surface integration ofthe energy flow vector discarded it 
quite arbitrarily. 


We already know from the Bohren experiment (and thousands of others 
similar to it) previously cited that resonant charges do collect excess EM 
energy from a given EM energy flow input, compared to the collection 
from that flow by the same charges in nonresonant state. In using the 
Slepian resonator and then rectifying its output, it would appear that both, 
the diverged (Poynting) energy flow component and the Heaviside 
nondiverged energy flow component are first resonated and then rectified 
In addition, excess energy is collected — much more than is in the normal 

static charge” formula assumptions for Poynting energy flow and in 
assuming only a "single pass, single interception and collection” of the 
energy. 


An important factor then is obvious: Once the energy flow is surrounding 
the circuit, there exists a certain local curvature of the immediate external 
spacetime. The rectification represents not only a change in the Slepian 
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vector current in the circuit, but also a change in this local ST curvature 
interaction upon the circuit matter and charges. In short, it should produce 
a DC component in the direct excess interaction of the rectified local 
curvature of spacetime. This should produce excess directpropulsive 
force, just as Corum theorizes and the experiments support to date. 


Further, the oscillation ofthe large, unaccounted Heaviside nondiverged 
energy flow component involves the oscillation of a "dark energy” 
component that may be orders of magnitude greater than the accounted 
Poynting component's magnitude. By involving this huge energy flow 
component in oscillation and synchronized to the resonant Slepian circuit, 
Corum has unwittingly involved the supersystem as a COP» 1.0 EM 
"energy converter" system. Hence, there is appreciable Dirac hole current 
(in causal 4-form) in the local vacuum, not reacted with the materials in 
the system and therefore not converted to material lattice holes attached to 
positive mass. The time rate of changes of the negative energy fields and 
potentials are thus significant for antigravity effects, in the approach taken 
by the present author. In short, we believe Corum er al. are in fact 
producing significant evidence for a workable approach to unilateral thrust 
force. 


‘This work by Corum et al. thus is highly promising, is solidly based 
experimentally, and certainly bears watching closely. We would strongly 
suggest that Corum er al, analyze their proposed mechanisms and results 
obtained in terms of supersystem analysis rather than system analysis, 
using higher group symmetry electrodynamics, and recover and include the 
Jong-neglected Heaviside energy flow component. 
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8.3.12 Gravitec, Inc. and H. Serrano 
A patent {537} was issued to H. Serrano on Oct. 5, 2000 and assigned to 
Gravitec, Inc. whose principal investigator and corporate officer is Tim 
Ventura. Based on this invention, Gravitec, Inc.. has developed and 
demonstrated a rotary device that develops unilateral thrust. Purdue 
University began a small but steady effort to test the unit, first in the 
atmosphere and later under high vacuum conditions. The first tests have 
been successful, and a paper (538) from the Purdue study shows it is not 
the ion wind effect, which is orders of magnitude too small to account for 
the demonstrated thrust. Further, Jean-Louis Naudin has replicated and 
tested the Serrano thruster, and it works beautifully {539}. Ventura also 
hopes to develop a toy kit, with safe power supply, which would allow 
persons to perform their own successful lifter experiments and perhaps 
rotary experiments at nominal cost. 


8.3.13 Transdimensional Technologies, Inc. 

There is also ongoing important propulsion work at Transdimensional 
Technologies, Inc. of Huntsville, Alabama {540}. Founded in 2000 by its 
chief scientist, Jeffrey Cameron, the company has developed several novel 
propulsion and lifting mechanisms. Independent tests of some of these 
systems have been accomplished by Jean-Louis Naudin, and the results 
can be seen on his website (previously cited). 


Fgure$41 Nanis replica ofthe Trsimnsoal Technolog ite. 


As we go to press, Transdimensional’s most recent propulsion effect is 
called Power3 (power "cubed". It uses an asymmetric capacitor to 
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produce the thrust in space, and the principle has been successfully tested 
ina vacuum. A larger, triangular lifter made mostly of pipe was 
demonstrated in vacuo to NASA officials in Huntsville, Alabama, 
Cameron has patents pending on magnetocaloric hybrid rocket engines and 
asymmetric gravitational waves (541}. A replica of the Transdimensional 
lifter successfully tested by Naudin is shown in Figure 8-1, by courtesy of 
Jean-Louis Naudin. Naudin’s replica of the Transdimensional 
‘Technologies rotational device is shown in Figure 8-2. 


Figne-2 Nat pl ofthe Tranamensions Techno olatonsdevice, 


We understand that new Transdimensional Technologies systems, now in 
patent process and still closely held, represent dramatic advances in the 
state of the art. The corporation foresees eventual commercial licensing of 
some of its developments, and the development of practical lift vehicles 
and space propulsion systems within 3 to 5 years.” 


*® Ken Moore and I personally visited Transdimensional Technologies here in 
Huntsville, and we found a very straightforward, enthusiastic, and hard-working 
group. We were treated with great courtesy, so much so that Jeff Cameron graciously 
cut short his vacation day and came in to show us the lab equipment and give a 
demonstration, We very much appreciate the work that Transdimensional 
‘Technologies is doing, and we certainly wish this fine group outstanding success in 
their efforts. We also ate very appreciative for their courtesy and consideration in 
showing us the demonstrations and for their cogent discussions with us, which were 
‘most helpful 
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8.3.14 American Antigravity (Tim Ventura’s Company) 


‘Tim Ventura is a very energetic lifter and antigravity researcher, who has 
done work independently and for others such as Transdimensional 
Technologies. The results of his many experiments and replications, tests 
photos, etc. are on his website at http:/hvww.americanantigravity.com. He 
also has several videos showing his testing, as well as detailed instructions 
for a researcher to build his own demonstration unit and verify the tests. 
‘Tim kindly furnished some needed information in this area, and put me in 
touch with other researchers and websites, which I appreciate. 


8.3.15 Jean-Louis Naudin 

Jean-Louis Naudin is a tireless researcher in the fields of COP> 1.0 systems 
and processes, and in the field of lifters, inertial thrusters, and possible 
antigravity systems. His website is a comucopia of information, patent 
references, inventions, processes, and replications or replication attempts 
by Jean-Louis and others who regularly work on such things and 
communicate with him. The website is http://jnaudin free.fr/. From there, 
one may click on the various parts of the site and on the links to other sites 
to gain a wealth of information on these subjects. 


His lifter work, including successful replications and instructions on how 
to build lifters, can be accessed from http://jnaudin free.fi/htmM/ifters htm, 
and will keep the interested researcher busy for many productive hours 
We especially commend Jean-Louis for his extraordinarily important 
efforts and for making all this work available to researchers worldwide. 
‘Once on the site, one is free to choose from a very wide variety of projects, 
subjects, etc. The information value of this site is very, very high. We 
consider Naudin's site to be the single best information site on the web for 
COP> 1.0 system information and for the new space propulsion 
methodology and effort. Necessary links to other related sites of interest 
are also provided, 


Good hunting! 


8.3.16 Other Research Work and Inventions 

While we have given a sort of quick overview of work done in this field, 
there have been many other patents filed by numerous inventors and 
additional work done by them. This is a dynamic field and it is moving: the 
biggest problem is that it is still sorely hampered by highly limited funding 
and an attitude by much ofthe scientific community that "if it has not been 
invented here, it doe 
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In the table in Figure 8-3 below, we list some of the pertinent patent 
numbers for reference, with the emphasis on U.S. Patents. The Naudin 
website previously referenced has a great deal of information on these 
thrusters and lifters, including instructions for building and testing several 
ofthe simpler proof-of-principle versions. There are links to other sites 
with even more information. Naudin also includes the results of hi 
successful replication and testing of a variety of these devices and 
inventions, as well as the successful replication by other experimenters. 
Naudin also gives construction instructions and information on some of 
these, so that independent researchers can build test units and test them if 
desired. 


For those researchers interested in pursuing this area further, we would 
heartily recommend a determined search on the Internet, using Google 
(www.google.com) as their search engine. A good place to start is Jean- 
Louis Naudin’s web site, and then run the cross-links. The combination 
will tum up quite an amount of specific material, from which the 
individual researcher can choose which approach and experimental method 
he wishes to pursue. 


Figure 83. 
Selected Inertial Propulsion System Patents 


T. Townsend Brown, "A Method of and an Apparatus or 
Machine for producing Force or Motion, British Patent 
300,311, Nov. 15, 1928, 


Norman L. Dean, "System for Converting Rotary Motion 
into Unidirectional Motion,” USP #2,886,976, May 19, 1959. 


T. Townsend Brown, "Electrokinetic Apparatus,” USP 
+#2,949,550, Aug. 16, 1960. 
‘T. Townsend Brown, "Electrokinetic Transducer,” USP 


#3,018,394, Jan. 23, 1962. 
T. Townsend Brown, "Electrokinetic Generator," USP 
#3,022,430, Feb. 20, 1962. 


‘T. Townsend Brown, 
#3,187,206, Jun. 1,1965, 


llectrokinetic Apparatus," USP 


‘Method and Apparatus for Generating a 
eld,” USP. 43,626,605, 


Henry Wallac 
Secondary Gravitational Force 
Dec. 14, 1971 
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Henry Walla 
Dynamic Fore 


"Method and Apparatus for Generating a 
USP 43,626,606, Dec. 14, 1971 


Fernand Estrade, "Device for Transforming Kinetic Energy,” 
USP #3,807.244, Apr. 30, 1974 

Leo J. Novak, "Centrifugal Mechanical Device,” USP 
43,810,394, May 14, 1974, 

Everett H. Benson, "Inertia Engine,” USP #3,863,510, Feb. 
4, 1975. 

Oscar Mast, "Propulsion System,” USP #3,889,543, Jun. 17, 
1975. 


Arthur N. Lehberger, "Centrifugal Propulsion Drive and 
Steering Mechanism,” USP #3,897,692, Aug. 5, 1975. 


Howard A. Gaberson, "Vibratory Locomotion Means,” USP 


#3,916,704, Nov. 4, 1975. 


Calvin L Cuff, 
Unidirectional Linear Motion, 
1976. 


Device for Converting Rotary Motion Into a 
USP #3,968,700, Jul. 13, 


Nicholas Joseph Schnur, "Method and Apparatus for 
Propelling an Object by an Unbalanced Centrifugal Force 
with Continuous Motion,” USP #3,979.961, Sep. 14, 1976. 
Calvin 1. Cuff, "Device for Converting Rotary Motion Into a 


Unidirectional Linear Motion,” USP #3,998,107, Dec. 21 
1976. 


George Knap, "Orbital Propulsion Apparatus,” USP 
+#4,087,064, May 2, 1978, 

Calvin 1. Cuff, “Device for Converting Rotary Motion into 
Unidirectional Motion,” USP #4,095,460, Jun. 20, 1978 
Robert L. Cook, “Device for Conversion of Centrifugal 
Force to Linear Force and Motion,” USP #4,238,968, Dec. 
16, 1980, 

Ladislaw G. Srogi, "Mechanical Propulsion System,” USP 
#4,242,918, Jan. 6, 1981 


Harry S. Melnick, "Unidirectional Force Generator,” USP 
#4,261,212, Apr. 14, 1981 
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Augmented Humans 


© 


Looking ahead to the more distant future — perhaps 30 years 
from now — Google futurist Ray Kurzweil predicts humans will 
be able to upload their entire minds to computers and become 
“digitally immortal” — an event called singularity. 


In 20n1, IBM's Watson beat former winners on the television game 
show Jeopardy!, proving that computers can outperform the best of 
humans when it comes to synthesizing information and beating 
them to the buzzer. Google Home and Amazon Echo are becom- 
ing more common in homes — perhaps a bit unnerving at first as 
they start entering our private lives, and increasingly taking cen- 
ter stage when we want them to tell us more about the weather, 
play our favorite song, read us our favorite 56 For Dummies book, 
or tell a few jokes. As machine learning and artificial intelligence 
develop further, these intelligent devices will better understand 
human behavior and evolve beyond databases of information. 
Eventually, they will also become more mobile and intrinsic in 
our lives, rather than sitting on a shelf in our living rooms. 


5G — with its extreme bandwidths, very low latency, and mas- 
sive scale support — will be a critical component in creating these 
real-time experiences, initially as an assistant to humans, and 
eventually even “thinking” for humans (in some cases). Shop- 
ping for clothes with your kids or selecting your next car will 
become a more immersive experience. 5G technology might also 
assist humans as an augmented partner, offloading some of the 
tasks humans don’t want to “expend their own brain cells” on. 
Although it may sound like science fiction, 5G might be a starting 
point for the next evolution of humans and machines. 


42 5G For Dummies, ixia Special Edition 
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Frederick L. Dehen, "/ 
‘Motion to a Rectilinear Fore: 
1982, 


pparatus for Converting Rotary 
USP #4,347,752, Sep. 7, 


Harry $. Melnick, "Mechanical Power Transmitting System,” 
USP #4,398,431, Aug. 16, 1983. 


Peter Kleber, "Apparatus for Acceleration-Free Mounting of 
a Body in a Spacecraft,” USP #4,408,740, Oct. 11, 1983, 


Fred de Weaver, IIL 
Oct. 18, 1983. 


“Propulsion System," USP #4,409,856, 


Ronald K. Linde, "Centrifugal Reaction Chamber,” USP 
#4,450,141, May 22, 1984. 

Fred de Weaver, IIL, "Propulsion System,” USP #4,479,396, 
Oct. 30, 1984. 

Joseph Colla, "Mechanical Propulsion System,” USP 
44,577,520, Mar. 25, 1986. 

Elmer M. Dobos, "Propulsion Apparatus,” USP #4,579,011 
Apr. 1, 1986. 


Brandson R. Thomson, "Apparatus for Developing a 
Propulsion Force," USP #4,631,971, Dec. 30, 1986. 


James E. Cox, "Dipolar Force 
USP #4,663,932, May 12, 1987. 


‘eld Propulsion System,” 


Alvin C. Peppiatt and Alfred J. Peppiatt, "Impulse Drive," 
USP #4,674,583, Jun, 23, 1987. 


Henry North, "Apparatus for Producing a Force," USP 
#4,712,439, Dec. 15, 1987, 


Harry S. Melnick, "Continuous Force and Impact 
Generator,” USP #4,726,241, Feb. 23, 1988. 


Oscar F. A. Peterson, "Apparatus for Producing a Directional 
Unit Force,” USP #4,744,259, May 17, 1988 


James D. Mundo, "Universal Propulsion Powerplant and 
Impulse Drive Unit for Self-Propelled Vehicles,” USP 
#4,770,063, Sep. 13, 1988 


Lancelot I. Kethley, "Gyroscopic Propulsion Device,” USP 


+#4,784,006, Nov. 15, 1988. 
Charles Fulop, "Flywhed," USP #4,788,882, Dec. 6, 1988. 
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Charles E. Rogers and Fred Van Arsdell, "System for 
Propulsion and Positioning of a Transitory Object,” USP 
#4,801,111, Jan. 31, 1989. 


Paul J. Montalbano, "Conversion of Rotational Output to 
Linear Force,” USP #4,856,358, Aug. 15, 1989. 


George J. Zachystal, "Device for Obtaining a Directional 
USP #4.884,465, Dec. 5, 1989, 


Centrifugal Fore 


James E. Cox, "Dipole Accelerating Means and Method,” 
USP #4,891,600, Jan. 2, 1990. 


Hector Serrano, "Propulsion Device and Method Employing 
Electric Fields for Producing Thrust,” WO 00/58623, Oct. 5, 
2000. 


Brian C. Motts, “Airship,” USP #4,967,983, Nov. 6, 1990. 


Lyle M. Mason, "Centripedal Device for Concentrating 
Centrifugal Force,” USP #4,991,453, Feb. 12, 1991 


Alexander D. Kidd, "Gyroscopic Apparatus,” USP 
#5,024,112, Jun. 18, 1991 


Paul J. Montalbano, "Conversion of Rotational Output to 
Linear Force —a Transmission,” USP #4,042,313, Aug. 27, 
1991 


Andrew T. Rodgers, "Controllable Gyroscopic Propulsion 
Apparatus,” USP #5,054,331, Oct. 8, 1991. 


Mortimer S. Delroy, "Gyrostat Propulsion System,” USP 
+#5,090,260, Feb. 25, 1992. 


Kemal Butka, "Propulsion System,” USP #5,111,087, May 5, 
1992, 


Rex L. Schlicher, Steven M. Rinaldi, David J. Hall, Peter M. 
Ranon, and Charles E. Davis, "Nonlinear Electromagnetic 
Propulsion System and Method.” USP #5,142,861, Sep. 1, 
1992. 


‘Thomas L. Navarro and James D. Isaacson, "Apparatus with 
Rotatably-Driven Asymmetrically-Accelerated Eccentric 
Mass for Generating Translational Force,” USP #5,150,626, 
Sep. 29, 1992. 
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Theordore R. Bristow, Jr., "Method and Apparatus for 
Converting Rotary Motion to Lineal Motion,” 
USP 45,156,058, Oct. 20, 1992, 


John C. MeMahon, "Energy Transfer Device,” USP 
+#5,167,163, Dec. 1, 1992. 


James W. Black, "Non-Linear Propulsion and Energy 
Conversion System," USP 45,182,958, Feb. 2, 1993. 


James R. Taylor, "Electromagnetic Energy Propulsion 
System," USP #5,197,279, Mar. 30, 1993, 


Michael J. Sohnly, "Magnetohydrodynamic Propulsion 
System," USP #5,211,006, May 18, 1993, 
Ross C. Wood, "Stabilization System for a Freely Rotatable 
Platform,” USP 45,256,942, Oct. 26, 1993 


James F. Woodward, "Method for Transiently Altering the 
Mass of Objects to Facilitate Their Transport or Change 
‘Their Stationary Apparent Weights,” USP #5,280,864, Jan, 
25, 1994. 

Robert C. Willis, "Spaceship Propulsion by Momentum 
“Transfer,” USP #5,305,974, Apr. 26, 1994. 

Harold L. Hull and Donald E. Joslin, "Reusable Mass 
Propulsion System," USP #5,313,851, May 24, 1994, 
Kemal Butka, "Propulsion System," USP 45,334,060, Aug 
2, 1994. 

James Harvey, "Impulse Converter, 
9, 1994. 

Maurice Mitchell, "Net Kinetic Energy Differential 
Guidance and Propulsion System for Satellites and Space 
Vehicles,” USP #5,377,936, Jan. 3, 1995, 


Howard M. Woltering, "Rotating Eccentric Weights Vibrator 
System," USP #5,388,469, Feb. 14, 1995. 

Richard O. Marsh, Jr., "Centrifugal Force Drive Machine, 
USP #5,388.470, Feb. 14, 1995, 


Kemal Butka, "Propulsion System," USP #5,410,198, Apr 
25, 1995. 


USP #5,335,561, Aug 


‘Thomas L. Navarro, "System for Generating Controllable 
Reference Environment and Steerable Translational Force 
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from Interaction Therewith,” USP #5,473,957, Dec. 12, 
1995. 


usP 


Richard L. Lieurance, 
#5,488,877, Feb. 6, 1996, 


John C. Claxton, "Centripetally Impelled Vehicle,” USP 
#5,557,988, Sep. 24, 1996. 


‘entrifugal Inertia Driv 


Ezra Shimshi, “Apparatus for Energy Transformation and 
Conservation," USP #5,673,872, Oct. 7, 1997. 


Richard E. Foster, Sr., "Inertial Propulsion Plus/Device and 
Engine,” USP #5,685,196, Nov. 11, 1997 


James D. Boden, “Electromagnetically Actuated Thrust 
Generator,” USP #5,782,134, Jul. 21, 1998, 


George J. Howard, "Propulsion System," USP 45,791,188, 
Aug. 11, 1998. 


‘Timothy J. Stopplecamp, "Boot Strap Propulsion System,” 
USP #5,831,354, Nov. 3, 1998, 


Eric Laithwaite and William Dawson, "Propulsion System,” 
USP #5,860,317, Jan. 19, 1999. 


Jonathan W. Campbell, "Apparatus and Method for 
Generating Thrust Using a Two Dimensional, Asymmetrical 
Capacitor Module," U. S. Patent # 6,317,310 BI, Nov. 13, 
2001. Assigned to U.S. Government. 


8.3.17 Mechanism for the Antigravity Accelerating the Universe's 
Expansion 

Finally, in addition to sorely needed better means of space propulsion, one 
ofthe real incentives for antigravity research is provided by the search for 
a source of the now-established mysterious antigravity that is accelerating 
the expansion of the universe. Elsewhere in this book we have advanced 
our own proposal for the mechanism generating that antigravity effect in 
the cosmos. 


Simply put, a very violent astronomical process may be considered a giant 
and very violent discharge phenomena, since it first involves a giant 
excitation followed by a giant release (discharge) of that excitation. All 
such phenomena involve strong broken symmetry during the discharge 
itself, with the concomitant strong available of causal 4-sources of 
negative energy and negative energy fields. These processes — in their 
causal unobserved state - do produce locally strong negative energy EM 
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fields from the source causal 4-positrons (Dirac sea holes prior to 
observation as positive mass 3-space positrons having positive ener; 
reverse-oriented). When the unaccounted and very large Heaviside 
nondiverged EM energy flow component accompanying every field and 
particle interaction is accounted, the causal negative "mass-energy" states 
produce strong antigravity fields, particularly considering the lower 
frequencies of many of the phenomena. 


With the long-neglected Heaviside nondiverged energy component 
considered and not just the accounted Poynting diverged component, the 
total amount of negative EM field energy available in these violent process 
is dramatic. Accordingly, just as was the Sweet VTA in its increased 
power and its ELF pulsations, these giant astronomical sources are also 
iant negative "mass-energy" sources and strong antigravity sources as 
well. In short, such astronomical sources produce strong antigravity 
components repelling each other across the universe. Hence the observed 
acceleration of the expanding universe; the violent astronomical 
phenomena are continually “pulsing” the universe with antigravity and 
hence continually accelerating its expansion velocity. 


In 2000, we also published a proposed mechanism for the source of the 
excess positive gravity holding the arms of the spiral galaxies intact (542). 


8.4 The Author's Engineering Approach to Local 
Antigravity 


See again our discussion under Newton, subparagraph 8.2.1 above, and our 
discussion of a negative field energy extension to it. For a major 
laboratory, we believe that antigravity is straightforward,” if one first 
produces a COP» 1.0 situation in a higher group symmetry 
electrodynamics process. This provides a very strong "displacement 
current” of causal 4-positrons (before parity inversion, time-reversal, etc.) 
as true negative energy "particles" or "states" or "Dirac holes” in the 
surrounding 4-vacuum. The actual "negative mass-energy field” is very 
large, due to the unaccounted Heaviside nondiverged negative energy 
component. Consequently, a substantial antigravity field is established. 


®" However, this is based on the assumption that the lab team first gives up some 
erroneous but widely held misconceptions, and really does a litle "thinking outside 
the box" as they are prone to suggest. 
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8.4.1 Sweet Antigravity Test. 

See again our discussion in paragraph 8.3.7. A practical realization of 
antigravity was clearly shown by the Sweet antigravity test designed by the 
present author. See previous discussion under paragraphs 6.3.2 in Chapter 
6, and see again Figures 6-5 through 6-15 


In Chapter 6, the Sweet vacuum triode amplifier device shown in Figure 6- 
8 had a very large COP = 1,500,000 at 500 watts output with a 33 
microamp, 10 volt operator's input. It had an even greater COP when 
pushed to 1,000 watts output because of only a slightly greater input. 


The Sweet VTA used an induced powerful self-oscillation between the 
local vacuum and the barium nuclei in the barium ferrite magnets. This 
resulted in what is called a "kinetic" magnet (and one magnetized through 
its flat face). In a kinetic magnet, its nuclear magnetic field (in this case, 
in the barium nucleus) is self-oscillating (waving) in an angle about its 
local direction, as shown in Figure 6-6 in Chapter 6. 


The conditioning was performed with the barium ferrite magnet itself in 
forced resonance at its resonant condition (some 11 to 12 Hz, in the case of 
Sweet's magnets). Then the 60 Hz signal was impressed orthogonally to 
the primary direction ofthe resonant magnet. After conditioning each of 
the two magnets, they were placed together on a separation box, carefully 
keeping the corresponding ends together similar to their original 
orientation during activation, but in attracting mode (through their face) 
across the separator. The assembly itself was then further conditioned, 
again orthogonally to the coupled oscillating fields. This "synchronized" 
the two magnetic self-oscillations and phase-locked them together in a 
common self-oscillation with the local vacuum. 


Similar treatment of the vacuum as a semiconductor, together with sel 
oscillation between vacuum and nuclei, has been advanced independently 
by Prange and Strance (543), who showed that the vacuum may be 
regarded as a semiconductor. In particular, they showed that the vacuum in 
the region close to the nucleus of a superheavy element is analogous to the 
inversion layer in a field effect transistor. It is similarly analogous for the 
barium atom, though Prange and Strance do not discuss that element. They 
introduced the concept of the inverted vacuum. Just as a semiconductor 
may be manipulated by subjecting it to external fields, doping etc., it 
appears that so can be the vacuum — along the lines shown by Prange and 
Strance and along the lines demonstrated by Sweet's conditioning of his 
kinetic magnets. 
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8.4.2 Bearden's Proposed Antigravity Mechanism 

Any EM process that produces a COP» 1.0 condition, such as can be done 
in intensely abrupt ionic discharges and other processes, will also produce 
intense causal (4-space) Dirac sea holes in the immediate surrounding 
vacuum. This is the negative energy mechanism, conceived by the author 
in the 1970s and finalized in the 1980s, for producing a negative energy 
causal (unobserved) EM field” in the immediate space surrounding a 
system. The overunity system must be the "source" of that negative energy 
EM field. So the negative energy EM field in surrounding local space is 
“attached” to the mass and energy dynamics of the "unit's supersystem” as 
being its "source or generatrix”. Its attachment to the system mass 
produces the antigravitational force upon that mass. 


Negative energy state charges (Dirac holes) are also source charges. Prior 
to observation converting them (as observed) to 3-space positive mass- 
energy positrons with positive energy and going the opposite direction, 
they must be accepted as negative energy source 4-electrons "pouring out 
negative energy” in all directions in 3-space, continuously, via the giant 
negentropy process for source charges. Since they pour out "negative" 
energy, we may consider that negative energy field action at any point in 
3-space to be a continuous absorption of positive energy from 3-space and 
a return of that extracted energy to the time domain as increased time — in 
short, time dilation. 


Either way one considers it, the 4-space Dirac holes do produce negative 
energy EM fields, potentials, and spacetime curvatures and these must be 
accounted during their existence prior to observation and interaction. 
Further, their accompanying giant Heaviside negative energy flow 
component must also be accounted. In other words, do not reverse the 
spatial direction and thus the location and direction of these fields, do not 
tum them into positive energy fields by such reversal of direction, do not 
tum the negative mass into positive mass, and do not reverse the sign of 


2 We strongly stress that the continuous, dynamic, ongoing causal 4-field before it 
interacts with charge and is observed, is a totally different entity from the iteratively 
and continually observed frozen "effect" 3-field in matter after the 4-field has 
interacted with charged matter to produce an observation or "event". The great 
barrier to using electromagnetic fields in practical antigravity application has been 
‘due to the substituting. in electrodynamics, ofthe iterative "effect" 3-feld of the 
‘observed positron for the continuous “causal” 4-field of the unobserved negative 
energy 4-electron (the Dirac sea hole). The “effect” field is simply the iterative, 
continual energy gradient ofthe diverted EM field energy flow around the assumed 
intercepting unit charged particle 
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the source charge (the Dirac sea hole). All that happens after interaction of 
the Dirac sea holes with matter, forming the usual lattice holes or observed 
3-positrons. 


Therein lies the magic secret ofantigravity. Instead of thinking of the 
fields interacting on the craft or system that is producing them,” think of 
these negative energy fields interacting upon the local spacetime 
surrounding the craft or system, and curving that spacetime negatively. 
Then think of this negative curvature of spacetime interacting back upon 
the craft or system in general relativity fashion, That is what will and does 
produce practical antigravity upon the interacted craft or system, once the 
Heaviside energy flow component is accounted! But to understand its 
‘magnitude and the practicality, one must also account for the long 
neglected Heaviside nondiverged component. 


‘The mechanism is also consistent with general relativity and Wheeler's 
succinct statement that mass acts on spacetime to curve it, and curved 
spacetime acts back on that mass to move it or produce a translation force 
upon it. We are simply applying that fact of general relativity to produce a 
local antigravity effect of a locally curved spacetime upon the source 
system (in this case, the power system itself, which is the source of the 
negative field energy in the vacuum. 


‘The entire notion of "curvature in spacetime" — and indeed of spacetime 
itself is a notion applying before observation and interaction to produce 
the observed effect — i.e., prior to the d/dt operation occurring upon an 
ongoing 4-space process to produce a momentary frozen 3-space snapshot 
(an observed effect). Think carefully. Wheeler's rule does not mean that 
3-space acts back on the mass (actually on the masstime), but that 4-space 
(spacetime) acts back on it. Spacetime does not exist in the observed object 
afier the application of observation’s d/dt operation has occurred and until 
‘a new causal interaction begins. The d/dt operation strips away the time, 


"The ongoing interaction of the vacuum/spacetime with the source of the 
‘unobserved 4-filds is their cause, and the observed 3-fields are the effect. The effect 
4apriori does not interact upon the cause! So thinking that “one should make a 3- 
field in a craft or system that will interact with it and produce antigravity force upon 
it" is a non sequitur. Instead, one more correctly thinks that "one should make a 4- 
field from a craft or system which will interact withthe local spacetime to eurve it 
negatively. Then that negative curvature of spacetime is itself negative energy 4 
field that will interact back upon the observed craft or observed 3-system to produce 
observed antigravity force upon it 
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and hence most of the energy (i¢., all the time-energy) of the spacetime 
that is to do the interacting. 


As source charges, the Dirac sea holes — before observation and in their 
vacuum state condition — produce a locally curved spacetime around the 
source unit, That induced (negative energy x time) curvature interacts back 
upon the physical system that is the source oftthe field producing the 
negative spacetime curvature. It specifically acts upon the mass of the 
4-system when it exists as (mass x time) form. That interaction produces 
antigravity force and momentum upon the system, rather than positive 
gravity force and momentum*". Adding negative EM field energy (in the 
causal, unobserved state) is precisely the same as adding extra negative 
masstime, ie., extra (-m)t, since the 4-field is being used in unobserved 
state, 


Using the principle of superposition of fields", the external observer sees 


the "weight" of the unit (the force developed on it by the net gravitational 
field — see again our discussion of the Newtonian approach under 
paragraph 82.1 above) — as being reduced. The intensity of the negative 
energyxtime (negative angular momentum or negative action) EM field 
(including with the Heaviside component accounted) produced by the unit 
determines the intensity of the antigravity produced, and hence determines 
the fraction of the unit's weight” that is observed to be "lost". See again 
Figures 6-14 and 6-15 in Chapter 6. 


2 Note that, ifthe Dirac hole interacts with the mass lattice ofthe system, it 
converts to a “hole” that is attached to the positive mass of an ion. Hence the 
‘observed" positron is said to have "positive mass", which is a non sequitur for the 
state in which the "positron" exists prior to observation or interaction. The lattice 
hole 3-positron and the ue spatiotemporal "4-positron as still a negative energy 4- 
electron” are two very different entities, and their fields and concomitant field 
effects are very different 


*" Note that identification of spacetime and field in general relativity extends the 
notion of superposition of multiple fields to the notion of superposition of multiple 
curvatures of spacetime. Thus, itis the ner superposed curvature of spacetime that 
interacts back upon the physical mass system, to produce gravity (either positive or 
negative, depending on the sign of the net curvature). 


®* We remind the reader that the "weight" of an object on Earth is a measure ofthe 
force developed on the object by the (Earth's) gravitational field. "Loss of weight” is, 
simply “reduction ofthat net force” due to the combination ofthe Earth's positive 
(attractive) gravitational field and the Dirac hole curvature ofthe object's local 
spacetime producing negative (repulsion) gravitational field 
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At sufficient intensity of this local negative energy 4-field in spacetime 
with the unit as its source, the back interaction upon the unit will balance 
the action of the earth's gravitational field. At that point, the unit will 
hover and "float" against the force of terrestrial gravity." By further 
increasing the intensity of the negative energy EM field, the unit will 
accelerate upward, now being repelled by the local earth more than it is 
attracted by it. By “angling” the negative energy EM field direction — or 
by producing a second such negative energy EM field from the source unit 
as an “angled add on" superposed on the first one — one also provides 
unilateral propulsion in a given direction. 


‘As can be seen, all the requirements for a practical antigravity vehicle and 
negative energy propulsion system are met. The only real problem in this, 
approach is the requirement to first attain a COP» 1.0 EM power system 
at ELF frequencies.” There is, however, an additional problem of 
correcting one's thinking to be along the lines indicated. 


Antigravity becomes straightforward if one first does overunity discharges 
or steady output in a system with COP» 1.0 and understands the 
difference between the observed "effect" 3-field and the unobserved 
“causal” 4-field. Sweet's VTA unit had a beginning COP = 1,500,000 at 
500 watts output. The unit was pushed to nearly double its COP, by 
connecting additional load so that the output was now 1,000 watts. The 
additional input draw was minimal. 


Designing the experiment with that in mind, I convinced Sweet to build a 
new output load unit, and to perform the experiment. In advance, I roughly 
predicted levitation of the 6-pound device at about 1500 watts output 
power, by some back-of-the-envelope estimates assuming a 10% efficient 


‘Sweet later did push the VTA to hovering and upward acceleration, with the unit 
on a tether. After he was shot at by a distant sniper, thereafter he was very fearful 
and refused to show many experiments, including the antigravity experiment and 
particularly its extension to the hover point and upwards acceleration extension. In 
‘my opinion he had good reason for his paranoia and his fear for his life. 


* The reason for ELF frequencies is simple: for the most powerful curvatures of 
spacetime, one wishes to use EM fields whose photons have the greatest soral energy 
(including time-energy). That of course is the lower frequency photons, not the 
higher frequency photons. So ELF is the way to go, not gamma rays ete. 
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Looking at drivers and timelines 


Overcoming misconceptions about 
limitations 


Recognizing complementary 
technologies 


‘Transforming entire industries 


Chapter 8 
Ten Myths About 
5G — Debunked 


1 this chapter, we expose ten common myths about 5G — and 
‘we clue you in to the reality behind them. Keep these points in 
mind: 


>> 5G is all about higher speeds to the user. Although one of 
the key goals of §G is to provide extreme bandwidth 
(high-speed data) to users, low latency and massive scale are 
other key goals af SG. So, 5G isnt Just about speed! 


>> 5G requires less than one millisecond latency. Although less 
than one millisecond of latency Is a goal of 5G, 5G networks 
will be deployed before that target is actually achieved, 

9 Smartphones will lead the charge to 5G. The iPhone and 
‘Android were born in the 3G era and virtually exploded 
(literally, in some cases) during the 4G LTE era. However, 5G 
will not only enable faster and better smartphones — it will 
also lead to mass-market consumer VR and AR devices, 
sensors and applications for smart homes and cars, 
Industrial robots, and billions of other Internet of Things (101) 
devices yet to be conceived 


CHAPTER 8 Ten Myths About 5G—Debunked 43 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


process. The projected curve (again see Figure 6-14 in Chapter 6) shows 
that levitation would have occurred at about 1250 watts or so.” 


Here is why we advocate a Dirac sea hole's negative energy field as a 
practical antigravity inducing mechanism.” At COP» 1.0, there is a very 
appreciable vacuum energy density difference between the operator's 
energy input and the energy output of the system, particularly when the 
Heaviside nondiverged energyflow component is taken into account as 
well as the Poynting energy flow component?" There is a production of 
negative EM mass-energy x time (causal Dirac sea holes) in the 
immediately surrounding vacuum. That represents the production of a 
causal, unobserved antigravitational field (curvature of spacetime) with the 
system-associated anticharge as its source. 


Meanwhile, the Earth's causal, unobserved gravitational field is still 
normal and unchanged. Now the two causal fields superpose, and interact, 
with the system mass. As seen by the external observer, the net effect is a 
reduction in the weight of the object — the effect of the interaction of the 
system mass with the two superposed causal gravitational fields 
simultaneously. 


Reasoning that increasing the COP ofthe Sweet unit should increase the 
ratio of output negative energy to output positive energy even further, 1 


1 strongly warned Floyd not to exceed a 1 KW load, ao matter what. Inthe 
resulting local curved spacetime surrounding the barium nuclei in the magnets. it 
appears that magnetic monopoles are deposited or appear. Since these barium ferrite 
magnets were made by pressed powder metallurgy, they had litte tensile or torsion 
strength, and under sufficient stress they would explode violently like a 
fragmentation hand grenade. In his litle lb (a converted bedroom), Floyd had no 
explosive facility. He did explode several magnets, but while cautiously remaining 
some personal distance from the unit as its output was increased. We warn the reader 
that experimentation with such procedures is at his own risk, and all proper 
laboratory safety precautions must be utilized 


A provisional patent application has now been filed on the process in 2002, 


” In a nominal circuit, the unaccounted Heaviside energy flow may be up to 10!” 
times as great as the Poynting energy flow component. This is a completely 
unaccounted, vast EM energy flow accompanying every field and particle 
interaction. Hence one can understand why such an energy density for a macroscopic 
system with COP»1.0, is sufficient to achieve on a macroscopic scale what 
LaPointe is attempting on a microscopic scale. The total macroscopic scale energy 
density is so great that the required LaPointe microscopic energy density (535) is 
present or approached. 
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calculated that doubling the output ofthe device would result in a 
sufficiently intense negative mass-energy field in the immediate space 
around the unit, to approach or reach levitation of the unit. However, as the 
increasing curvature of spacetime would further increase the deposition of 
magnetic monopoles in the magnets,” at some point the magnets would 
simply explode like hand grenades if the unit were pushed too far. With no 
explosive control facilities available, it appeared that doubling the output 
was the maximum that could safely be done under the circumstances. My 
own estimate showed that 1500 watts output would be required for 
levitation, but one dared not go beyond 1000 watts or one would risk a 
fragmentation explosion and injury or death. 


I convinced Sweet to build a 1,000-watt output load box, which simply 
contained ten sockets for ten. 100-watt light bulbs. This was a modification 
to the 500-watt VTA unit shown in Figure 6-8 in Chapter 6. By 

suocessively installing the bulbs one by one, the load could be adjusted in 


100-watt increments up to 1 kilowatt 


‘The foregoing is the reasoning behind how I designed the experiment, and 
the purpose was to show very substantial and smooth weight loss of the 
VTA unit itself. The experiment was performed in that 100-watt 
incremental manner, with highly successful results as shown in Figure 
6-14 in Chapter 6. 


With each 100-watt increase in power output past 500 watts, the fraction of 
negative energy produced was greater. Hence the unobserved 4-positron 
fields (Dirac sea hole negative energy fields) were stronger, because there 
were more unobserved 4-positrons. This meant that the local negative 
mass-energy curvature of spacetime was increased also, 


In tum, this negative curvature of spacetime interacted back upon the mass 
ofthe VTA to add negative mass equivalent, or more simply, antigravity 
force. The observed weight of the unit was the sum of the normal 
gravitational weight (due to earth's gravity curvature of the local 
spacetime), and the abnormal antigravity weight (negative weight) due to 
the antigravity curvature of the local spacetime superposed. So as the 
fraction of negative curvature of spacetime increased, the net weight of the 
VTA. was observed to decrease. 


®*Contrary to popular opinion, one does meet with effective magnetic monopoles in 
‘a magnetic field — including in the magnetic field ofa permanent magnet — in a 
strongly curved local spacetime. The stronger the field, the greater the magnitude of 
the effective monopole charge 
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As stated, Sweet was performing the experiment on the bench in 
California, and reading the instrumental results over the phone (I was in 
Huntsville, Alabama) where I recorded them. The spectacular results are 
shown in Figure 6-14 in Chapter 6, 


‘The high COP (corresponds to gain) of energy density present in the Sweet 
VTA system's output section — with a greater percentage of it being 
negative energy — versus input energy one inputs to the input section, 
what is important. In short, increasing the load effectively increased the 
gain, which further increased the ratio of the negative mass-energy to the 
positive mass-energy. This in tum steadily decreased the observed weight 
of the object. 


Anything outside the system mass ofthat very high COP system will "see” 
the weight ofthe system mass as having decreased. Weight is just so much 
mass making so strong a net G field (spacetime curvature) in the 
surrounding spacetime. Reduce the net G-field that the system mass is 
normally making (by having it simultaneously make the additional 
antigravity field which then vectorially adds to the mass's normal G-field), 
and the external observer, external scales, etc. will see the object as having 
very much reduced its weight. 


Positive spatial EM energy density of a system makes positive gravity (as 
seen by the external observer in the lab frame) because of the way it curves 
the immediately surrounding spacetime and the way that curved spacetime 
interacts back on the system's mass-energy. Negative spatial EM energy 
density makes negative gravity because it curves the immediate spacetime 
the opposite way. A system under those "high negative energy field’ 
conditions will produce a great deal of antigravity, because the immediate 
spacetime surrounding is dramatically curved by the negative energy. That 
‘was my concept when designing the experiment, and it worked beautifully. 
So that is how the Sweet device reduced its weight on the bench by 90%, 
for a | kilowatt total output and minuscule input power (544) 


If one were dealing with the source in a flying vehicle system, there is 
another effect due to momentum. Note that force F is defined as 

F = Op/ét = +€/6t (my). That is in a positive energy density local 
spacetime. When an extra negative energy density is added to the local 
spacetime, then there are two forces, a new one being F = ~ 4/0t (mv) and 
the normal one being F = +0/61 (mv). These forces are created by any 
change in momentum in space containing an extra increment of negative 
EM field energy. 
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Ifthe two forces balance, then there is essentially no net centrifugal force 
produced on the object (or any occupants in it) in a turn. In theory, 
maneuvers that are far more powerful can be made, without undue 
G-stress to any occupants inside. This of course remains to be tested in 
future work and experiments, and so must be taken as a strong hypothesis, 
at present. It could be tested, given availability of the proper COP» 1.0 
energy system or process on board a test vehicle. Laithwaite's 
demonstration ofthe dramatic reduction in force necessary to lift a rotating 
gyroscope compared to lifting the same heavy gyroscope when not 
rotating, may have been a partial test of this “inertial resistance decrease” 
effect, 


The Sweet device was the only available COP» 1.0 device which could 
have been used for the experiment. That is why I designed the experiment 
and convinced Sweet to perform it. Had it not worked, much of what I had 
worked out for more than a decade would have been falsified — which of 
course is one ofthe purposes of experiment: to validate or fal 
In this case, I breathed a great sigh of relief because — in my view — the 
spectacular results completely validated my approach to antigravity, and 

also much of my approach to COP> 1.0 5; 


‘Sweet was never in a position to be able to go with this to the s 
community. The VTA was completely fouled legally, by various 
entangling agreements Sweet had made with different backers, without 
ever changing or resolving any previous agreement. Also, he realized that 
his life really was in danger should he try to take the system openly to the 
scientific community. Consequently, he never tried and in fact adamantly 
tumed all further work away from the antigravity effects. 


Aging and rather defenseless, Sweet also began playing all sorts of games 
to prevent having to have the project validated independently, even for its 
COP> 1.0 capability. He was mortally fearful of being killed if he had it 
resoundingly validated. He was motivated by the necessity to survive and 
not be killed, and he firmly believed that any such attempt for full 
scientific validation and open publicity would absolutely guarantee his 
quick death. His fears appear to have been well founded, 


His most carefully guarded secret was his activation process for the barium 
ferrite magnets, which he guarded with his life. He also began telling 
different persons all sorts of different stories and "mechanisms" for the 
activation, which were clever ruses and disinformation designed to throw 
them off the true trail and prevent his activation secret from being 
uncovered. I made a personal videotape of the activation process, or what 
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he released of it, before he began such disinformation. So we do know 
much of the activation process, though not all of it. 


Eventually, with changes in backers yet once again, Sweet died and never 
revealed the full secret of strong self-oscillation activation in permanent 
magnets to anyone. I knew and know part of it, even most of it, but still 
not all of it. What I understand about it has been briefly included in this 
book. From there, the interested researcher must find his own way. 


The VTA was real, my gravitational mechanism is real, and — in my 
opinion — validated. However, it has not been independently validated in 
formal order, which is the proper scientific requirement. I did try very hard 
to convince Sweet that we should take this to the leaders of the Scientific 
community and have it independently verified (e.g., by UCLA), but he 
would not hear of it after the assassination attempt. By that time, he was so 
afraid from the constant threats and constant stalkers that he had totally 
decided against any such releases. He also would not permit it to be taken 
to a major scientific conference and demonstrated, even though several 
scientists and engineers knowledgeable and experienced in measurement 
engineering did measure and certify the device's operation. But they were 
never allowed to see it in the antigravity mode. He would not discuss it 
with them, and he would not allow it. 


Sadly, with the death of Sweet there passed away the VTA and its major 
secrets. I regard the VTA as one ofthe great scientific accomplishments of 
all time, and I regard Sweet as one of the most capable lab experimenters I 
ever met and one of the greatest inventors I ever met. The loss of the VTA 
and the absence of its full, independent scientific testing and validation 
were in my opinion two ofthe greatest losses to science of all time. 


8.4.3 Discussion 
Particle physicists speak of antimass and antigravitational field, but do not 
speak of anti-electromagnetic field and do not like negative mass. 
Antimass is actually "anti-mass-energy". When did one hear any scientist 
speak of a negative energy electromagnetic field or negative energy force 
ield (except possibly as a hypothetical "tractor beam")? Or a negative 
energy electrical or magnetic potential? Yet the EM fields from an 
accumulation of Dirac sea holes (causal state) as a source charge are 
precisely negative energy EM fields. The EM potentials from an 
accumulation of Dirac sea holes are precisely negative energy potentials. 
Further, these fields and potentials produce opposite curvatures of 
spacetime as compared to positive energy causal EM fields and potentials 
from conventional source positrons and electrons. 
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Conventionally, scientists speak and think of the positive energy 
electromagnetic field. In our view, they do not apply the implications of 
the negative energy state part of the Dirac 1930 electron theory {545}, 
because ofa built-in horror of negative mass (and antigravity!). Recall 
again our discussion of Laithwaite; a promising career was cut down in 
mid stride because he "mentioned the unmentionable”: antigravity and 
possible failure of Newton's laws (they do fail in a curved spacetime!). His 
exhibiting to the Royal Society a very heavy gyroscope, very difficult to 
lift when placid, but easy to lift with one arm when spinning, was the final 
straw. The British scientific community simply cut him down and 
ostracized him from the rewards and positions he would otherwise have 
been given. 


To conceal the relationship of the negative energy fields, hide negative 
mass, and pretend it does not exist, much scientific effort is exerted to 
consider the positive energy, positive mass positron only afier it has been 
observed. So scientists can assign this "observed" 3-positron a positive 
mass and positive energy but with spatial direction reversal. That 
immediately moves to an effect field and an effect positron, not a causal 
jeld or a causal Dirac sea hole. It effectively eliminates the antigravity 
field ofthe negative mass ofthe unobserved negative energy Dirac 
electron, which is produced by the causal (unobserved) Dirac sea hole's 
electromagnetic field, not the effect (observed) positron field which then is 
"seen" to have positive mass but with field direction reversed.” 


The positron is quite a different beast before it is observed, just as is a 
‘mass (and just as is any other observable, and just as is a field). For one 
thing, the positron before observation and the positron after observation 
have different dimensionalities; the unobserved causal entity is 4-spatial 
“ While the observed effect entity is continually and 


Note also that the causal field, being unobserved, is a 4-tield, while the observed 
(effect) field is a 3-field. By reversing the parity, one has made the antigravity field 

into a gravity field, by substituting the effect for the cause and erroneously using the 
‘old non sequitur ofa separate 3-force acting upon a separate 3-mass. Also, when one 
reverses its spatial direction, one converts a positive gravity field into an antigravity 
field, 


™" Along with Bohm, we point out that — strictly speaking — in 4-space one does 
not have "things", but only "processes". To speak ofa "4-space field” is to redefine 
the field as an ongoing process, rather than as an observed frozen 3-snapshot or "3 
thing". The solution to the long-vexing duality problem is there, but we leave its 
solution to the reader. It is necessary to extend Aristotelian logic itself if one is to 
resolve the duality problem. 
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iteratively 3-spatial. Mass before it is observed exists as masstime, not 
mass. 


Simply consider the delayed choice two-slit experiment and Wheeler 
famous comment that no phenomenon is a phenomenon until it is an 
observed phenomenon. Once the observation occurs, one can even change 
the “ifit had been observed but was not" previous past. One gets the magic 
from the delayed choice two slit experiment without the observation, and 
then by making the observation such that the "magic" is not revoked after 
the fact. The whole experiment proves that, if one insists on applying the 
observation, one kills the magic, even if one thinks the magic has already 
occurred and must have already occurred, but it has not been observed to 
have occurred. 


Causal 4-spatial “things” are not things at all, but are ongoing processes 
and their cessations have not “occurred” to yet produce a "thing"! The 
observed event is 3-spatial and has occurred. It is something in the past, 
not the present. That is different from something ongoing (happening or 
unhappening)' in 4-space, before having been observed and therefore a 
frozen snapshot taken in 3-space. As is well known in quantum mechanics, 
observation is a physical interaction and it indelibly changes and stops the 
"ongoing 4-process", converting it to a momentarily frozen "3-thing” as an 
effect of the observation process at that particular instant. So any “thing” is 
continual and iterative, not continuous, in its travel through time, and in its 
“observed existence in 3-space"” 


Because of such, physicists also have difficulty realizing that mass — 
being an observable — does not and cannot exist continuously in time. It 
cannot even continuously exist! No observable can. Masstime exists in 
time, but mass does not, as we previously discussed. Observation is a dldt 
‘operator imposed upon an ongoing 4-space process, destroying the time 


31 When a frozen instant 3-space snapshot (observable) interacts with a second 
causal process to generate another frozen snapshot (observable), the first observation 
‘unhappens” because itis thereby moved into the "past". disappearing from 3-space 

forever. With every change of an observable (with every observation), even ifthe 
new effect appears identical to the previous one, itis still a new observable (a new 
effect) where a former effect "seems" to have recurred (been created, happened). 
Even if it is spatially the same as the previous observation output, it is at a different 
point in time and hence is the result ofthe d/dt observation operator being iteratively 
applied. The serial outputs — even of what we loosely call an "entity existing in 
time with no 3-space change” — are successive and different serial outputs from a 
serial time-cifferentiating process 


468 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


portion and producing an instantaneous, frozen snapshot at that instant. 

It’s just d/dt (LT) => LLL. That is why all observation is 3-spatial, as is 
weil known in physics. We long ago pointed out how the common photon 
interaction — the total photon interactions (both virtual and observable) 
with a mas what drives the mass through time, so to speak {15}. But 
it does it iteratively, frozen snap after frozen snap —just like 
progressively showing the frames of a movie film. 


‘What really has to be changed is the old notion by Heaviside and Poynting, 
that 3-energy propagates continuously through 3-space."* No observable 
can propagate continuously in 3-space, but only in 4-space and then only 
during its nonobservable state! So a "mass propagating through time” (i.e. 
just sitting still and “existing”, so to speak) is doing so in an iterative 
fashion by recurring iteratively in observation output at the same spatial 
position. ‘The mass turns to masstime, then to mass, then to masstime, etc. 
Or m, => mit => mz => mat => m3... etc. In short, observation 
continually recurs at an enormous rate, so an observable (effect or output 
ofthat observation process) continually recurs at an enormous rate, 
destroying the previous observation as the next one occurs. 


Because of the history of thinking in 3-space terms rather than 4-space 
terms, one of the ubiquitous errors widespread in physics is the 
substitution of the effect (the frozen output ofthe observation process) for 
the cause (that 4-space initiator process which continuously exists prior to 
observation, hence unobserved). So causes (4-space initiators which are 
unobservable a priori) interact with a previous “frozen 3-space snapshot” 
or observable, to produce a change (either a temporal change or spatial 
change or both) in or to or of that observable (that 3-snapshot) to a new 
observable (3-snapshot). Ifthe object is seen to iteratively change in time 
but not position or form, it is said to “exist” or "persist" at rest 
continuously in time. It doesn't. It continually recurs” in that form, but 
does not continuously exist in that form! 


‘And also the hoary old mistaken notion that the "same observable thing” can 
‘continuously exist in time or persist, 


* More rigorously, the continual recurrence is at the quantum level. So a larger 
‘mass or other observable actually is a great horde of very small “continual 
recurrences" oftiny incremental pieces of itself. At any time interval of observation 
via observable photons, a vast number of nonobservable (virtual) "continual 
recurrences” occur in the “observed object’. In short, the "observed object" is the 
end summation and result of a vast number of infinitesimal changes. Hence the 
entry of statistics and the uncertainty principle. Each one of the infinitesimal 
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The antigravity mechanism has been implicitly present in the Dirac theory 
ofthe electron since his 1930 paper {497}, where he brought forth the 
Dirac sea and the anti-electron, if the causal Dirac sea negative energy 
states are applied to general relativity before they interact with charge and 
are "observed". General relativity deals with spacetime and spacetime 
curvature. Therefore, it is concemed with causal 4-fields, 4-potentials, and 
4-waves in 4-space prior to observation, 


As we stated previously, there is really no such thing as a "3-space EM 
wave", eg. as rather strongly pointed out by Romer {546} 


‘One can produce and have an EM field of negative EM energ: 
spacetime, coming from the 4-positron charges of the anti-charged mass of 
a system, as well as one can produce and have an EM field of positive EM 
energy in space, coming from the charged mass of a system. But negative 
energy EM fields have been swept away from our minds by interpreting 
the negative energy 4-electron as the 3-positron, after the negative energy 
4-electron has interacted with charged matter (been observed as the effect), 
rather than how it exists in spacetime prior to observation (as the cause). 


So physicists reverse the direction and the charge, and make the mass 
positive, which is how the Dirac sea hole is "seen" after observation. That 
makes it a material lattice hole and a special kind of positive ion, Before 
observation, it is not seen at all, but it exists as negative action (energy x 
time) and therefore in "negative masstime” state form. Before it has been 
observed, it’s still there in spacetime, as a curvature of spacetime. It's just a 
negative energy state curvature in the vacuum/spacetime. 


Make lots of these negative mass-energy state Dirac holes from a source 
system, such as one producing a very powerful negative energy EM field, 
and voila! That's it. The system is producing — and surrounding itself by 
— its own negative energy EM field (negative curvature of 4-space), 
which is also its own local antigravity field. That antigravity field 
superposes with the prior local curvature of spacetime, altering it. The net 
curvature of local spacetime is itself a field which interacts back upon the 
mass system to produce "net gravity” whose sign may be positive or 
negative, depending on the sign of the net spacetime curvature. Ifthe two 
back-acting curvatures of spacetime are opposite and equal, that represents 
the source object existing in a zero gravitational field, and thus "hovering" 
in the Earth's gravitational field, for example. 


changes may be modeled causally, but since there is no individual information 
available on each one ofthem, they can only be calculated statistically. 
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‘The use of negative energy EM fields and Dirac sea holes to alter the 
curvature of the local spacetime in a negative direction provides the 
present author's engineering approach to practical antigravity. Note that 
our approach gathers in the gist of both ofthe major two approaches to 
antigravity: (1) the shielding theory as typified by Modanese {547}, and 
(2) the opposing force theory as typified by Ling Ni and Torr (548). The 
opposing force, considered as a field that is identically a curvature of 
spacetime, is also a "gravity shielding” force via superposition of fields 
We state unequivocally that a theoretical model of the new approach can 
be constructed from Sachs's theory {510}, and implemented in the 0(3) 
electrodynamics of Evans and Vigier (549). Further, it is a directly 
engineerable theory, without the necessity for superconductivity, spinning 
wheels, etc. as demonstrated by the highly successful Sweet experiment 
previously discussed. 


We quote Evans (550), on the appearance of the B(3) field in general 
relativity, to indicate the nature of such a future theoretical model: 


"Thave chosen a metric that gives circular polarization 
(as observed), but in the framework of general relativity 
using the irreps ofthe Einstein group according to the 
Sachs theory. This is a closed field theory which is 
analytical, using a Lie group, the Einstein group. As such 
there are noparticles, only spacetime curvature, so 
everything inphysics reduces to spacetime curvature, i.e. 
to a metric vector and its components. This is then 
incorporated in the Sachs theory to produce a metric 

four-vector which is a generally covariant component ofa 
quaternion-valued metric with sixteen components, the 
‘most generalform ofthe metric allowed by general 
relativity and topology. The Einstein-Sachs equationsfor 
electromagnetism are six metrical equations in six 
unknowns, the components ofan antisymmetric field 
tensor ofelectromagnetism. By choosing a metric that 
corresponds to circular polarization, B”' appears 
‘automatically. 


This method gives the B™ fieldfrom Einstein's theory of 
general relativity applied to electromagnetism by a 
consideration ofthe irreps ofthe Einstein group. It 
{follows that whenever the conjugate product 

-gA"” <A”! is observed, the B’” field must also be 
observed, otherwise general relativityfails. Examples of 
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‘5G will be commercially available in 2017. Although 
Verizon plans to rall aut SG fixed mobility in 2017 and 
Olympic $6 trials will be underway during the 2018 Winter 
Olympics, 5G standards will not be finalized until the end of 
2017. Thus, although some early, pre-standard versions of 
5G will be coming soon, the SG standard is not complete, 
Standards-compliant 5G will be coming much later. 

5G is only for short-range, line-of-sight communication. 
In addition to other frequency bands, 5G uses mmWave 
bands, which are ideal for very short ranges. However, plenty 
of ongoing experiments demonstrate how techniques such 
as beamforming can achieve greater ranges to users in 
challenging environments beyond line-of-sight. 


5G will be used only in very high bands. Although 5G will 
be deployed in very high millimeter wave (mmWave) bands, 
itwill also re-use spectrum in lower bands, both licensed and 
unlicensed. 

5G will replace 46 LTE. SG will coexist with 4G LTE for along 
time to come. 4G has plenty to offer for many current 
applications such as voice, data, and even loT. 


‘5G will be a revolution, not an evolution. Although SG 
brings in 2 new physical layer (in 5G New Radio, of 5G NR), 
there is plenty of evolution from LTE-A Pro technologies such 
‘as carrier aggregation (CA), massive multiple input/multiple 
output (MIMO), quadrature amplitude modulation (QAM), 
Unlicensed spectrum (LTE in unlicensed spectrum or LTE-U, 
License Assisted Access or LAA, and MulteFire, among 
others), oT, and virtualization, 


‘5G will be required to drive loT. loT will intially be driven 
by LTE-A Pro where NarrowBand loT (NB-oT) is specified. In 
addition, other low-power technologies, such as Long Range 
Wide Area Network (LoRaWAN) and Sigfox, have been 
defined for oT. 

‘The 5G winners will be the operators and vendors. 
Mobile network operators (MNOs), network equipment 
manufacturers (NEMs), and smartphone manufacturers 
were the primary business beneficiaries of 4G LTE. However, 
5G will transform many industries, Including car manufactur- 
ing, agriculture, health and medicine, transportation and, 
logistics, and many more 
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the B™’ field at work are the inverse Faraday effect and 
RER [Radiatively induced fermion resonance]." 


Evans and the AIAS have already taken the first theoretical steps showing 
that antigravity does indeed arise from Sachs's theory (5512-55 1c}. 


We are convinced that practical antigravity only occurs at extremely low 
frequency (ELF) for reasons” explained previously. Certainly that seems 
to be true for our approach to it. The highest "total energy” photon is the 
low frequency photon with low spatial energy and a larger time increment. 
The larger time component has the same energy density as mass. So one 
multiplies the time component increase (in seconds) by roughly 9x10" to 
get the increase in spatial energy equivalency. Halve the frequency of a 
photon, and one increases its total energy by 4.5x10'° (552) 


High energy physicists have not realized that the time component of the 
photon has enormously more energy than the spatial component, and that 
low frequency photons contain enormously more trapped energy than do 
high frequency photons. So they largely ignore the time-energy 
component, focus on the spatial energy component, and erroneously 
consider high energy physics as highfrequency photon physics. Instead, 
present high frequency photon physics is only a high spatial energy 
physics, not a high total energy physics at all. Today's high energy physics 
is really still a very low total energy physics, compared to what can be 
done with the time-energy component of the photon rather than its spatial- 
energy component. By transducing and using the highly compressed time- 
energy, experiments can be done on the lab bench with fairly simple and 
cheap equipment, that actually utilize higher total energy nuclear 
reactions (though at low spatial energy) than are presently obtained in the 
largest accelerators. 


‘That is also why there is presently no understanding in the conventional 
community of the "low spatial energy transmutations” of cold fusion, 
where the experiments unwittingly use the high time-energy component. 
The scientific community has not even recognized the time-energy aspects, 


* Dramatic increase in the magnitude of the time-component, hence an enormous 
increase in the time-energy component with only a small decrease in the spatial 
energy component total energy of the photon, The total energy thus dramatically 
inereases, when the spatial energy equivalent of the time-energy is considered. The 
present conservation of energy law in physics is inadequate because it does not 
‘account time energy at all; thus completely discards the most fundamental EM 
‘energy mechanism of ll: the giant negentropy of source charges and source dipoles. 
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and has not recognized that time-energy physics is an ultrahigh total 
energy physics, where the present "high energy physics” is tame by 
comparison. 


‘The previously unknown time-energy induced transmutation interactions 
are the precursors to, and the opening salvo of, a new ultrahigh toral 
energy physics struggling to be born in spite of the adamant opposition of 
the conventional scientific community. Allowing for the time-energ} 
component, for the mechanism generating the flow of time, and for 
formation and decay of time-reversal zones, we previously wrote the exact 
new nuclear reactions for the production of the excess deuterium, tritium, 
and alpha particles (553} in numerous cold fusion experiments. We also 
explained the highly anomalous nuclear instrument effects — due to (i) 
time-charging, (ii) the slow decay of time-charge with radiation of 
Whittaker longitudinal waves, each accompanied by its phase conjugate 
twin time-polarized wave, and (iii) the previous time-charge history of the 
instrument. These puzzling anomalies have been observed at U.S. Navy 
research facilities at China Lake now for some years in rigorous electrolyte 
experiments {198}. We summarize that work in Chapter 10 of this book. 


With a little effort and development, practical antigravity appears to be 
straightforward for any good modem laboratory. But the lab physicists 
should first (i) rethink the entire subject, from its very fundamentals, to 
include considering the positron before observation and not after 
observation, (ii) remove the Lorentz symmetrical regauging from 
electrodynamics and recover the presently missing COP >1.0 and 

COP» 1.0 Maxwellian systems again, and (iii) rapidly develop COP» 1.0 
systems and processes to use in antigravity experiments and development. 
At least in this approach, the COP» 1.0 EM systems — once developed — 
are an immediate gateway to practical antigravity devices, unilateral thrust, 
propulsion systems, and antigravity vehicles. And of course they are the 
immediate gateway to practical transport vehicle power systems, fuel-free, 
clean, and self-powering. 


Hopefully, such a scientific reassessment will be performed, and it may 
provide the gateway for practical transportation and travel to the ends of 
the solar system and beyond, to be achieved in the first two decades of this, 
century. 


85 In Conclusion 


We have briefly reviewed the presently developing field of inertial space 
propulsion and antigravity, and presented our own approach to practical 
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antigravity as well as an informal experiment that strongly supported that 
approach. We have strongly stressed that the causal field from the system 
as its source constitutes a curvature of the local spacetime superposed upon 
the pre-existing local spacetime curvature. Instead of thinking of that 
causal field from the source system as acting back upon the source system, 
we have stressed thinking of that ner superposed curvature oflocal 
spacetime acting back upon the source system and producing a net 
gravitational force upon it. That net gravitational force may be either 
positive or negative, or zero, depending upon the sign of the net curvature 
of spacetime that is interacting back upon the system. 


We presented and explained the results of the Sweet VTA antigravity 
experiment as probable verification of our approach to antigravity. 
Nonetheless, we also emphasized that the formal independent replication 
required by the scientific method has not been accomplished, and it 
remains to be accomplished before the approach is to be considered as 
scientifically validated. 


We believe that this approach to antigravity can be modeled and 
engineered by use of the Evans-Vigier O(3) electrodynamics as a subset of 
the Sachs electrodynamics that is a part of the Sachs unified field theory. 


Ifso, then tentatively we have laid out the basis for eventual practical 
antigravity systems and a practical antigravity technology. We fervently 
hope that this approach will in fact lead to practical technology and 
working transportation means during the next decade. 


Finally, we hope that these notes and concepts will stimulate many sharp 
young graduate students and post-doctoral scientists to examine, model, 
correct, and greatly enlarge the ideas and principles advanced. Ifso, then 
the purpose of this chapter will have been realized. 
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Chapter 9 


The Supersystem and Remarks on 
Gravity, Antigravity, and Testing 


"What might appear to be empty space is, 
therefore, a seethingferment of virtual particles. 
A vacuum is not inert and featureless, but alive 
with throbbing energy and vitality. A ‘real! 
particle such as an electron must always be 
viewed against this background offrenetic 
activity. When an electron moves through space, 
it is actually swimming in a sea ofghostparticles 
ofall varieties - virtual leptons, quarks, and 
messengers, entangled in a complex melee. The 
presence ofthe electron will distort this 
irreducible vacuum activity, and the distortion in 
turn reacts back on the electron. Even at rest, an 
electron is not at rest: it is being continually 
assaulted by all manner of other particles from 
the vacuum." (Paul Davies} (554) 


"Space acts on matter, telling ithhow to move... In 
turn, matter reacts back on space, telling it how 
to curve.” [Wheeler's principle] (555). 


"the Aharonov-Bohm effect is a local gauge 
transformation ofthe true vacuum... [which] 
produces a vector potentialfrom the true vacuum. 
[This gauge transformation produces 
topological charge... the electromagnetic field, 
which carries energy, and the vacuum charge 
current density first proposed by Lehnert... and 
developed by Lehnert and Roy...". (M. W. Evans 
and S. Jeffers} {556} 


"The energy density ( Eng ) in curved spacetime 


is given in the Sachs theory by the quaternion- 
valued expression 
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En, = Agi ul 


where A,, is the quaternion-valued vector 
potential and j”, is the quaternion-valued 


4-current as given by Sachs ...Equation [1] is an 
elegant and deeply meaningful expression ofthe 
fact that electromagnetic energy density is 
‘available from curved spacetime under all 
conditions; the distinction betweenfield and 
matter is lost, and the concepts of "point charge" 
and "point mass" are notpresent in the theory, as 
these two concepts represent infinities ofthe 
closed-field theory developed by Sachs from the 
irreducible representations ofthe Einstein group. 
The accuracy ofexpression [1] has been tested to 
the precision ofthe Lamb shifts in the hydrogen 
atom without using renormalization ofinfinities. 
The Lamb shifts can therefore be viewed as the 
results ofelectromagnetic energy from curved 
spacetime.” [Myron W. Evans] (557). 


"Old habits ofthought die hard, and it is not 
always easy to remember that a particle with 
negative mass if pushed to the right will move to 
the left; or that in a given reference frame a 
particle with imaginary mass can have infinite 
speed, in which case its energy is zero.” 
extremely powerful energy sources may occur if 
particles ofnegative mass really exist in nature. 
[Banesh Hoffman] (558). 


"The observed (3-spatial) positron is a quite 
different entityfrom the unobserved (4-spatial) 
Dirac hole. Its direction has been reversed, and 
its mass and energy have also been reversed. 
Before the 4-spatial hole in the vacuum has 
interacted and been observed, it has negative 
energy and therefore negative mass equivalency, 
as weil as negative charge. As a source charge, it 
also is the source ofnegative energy fields and 
negative energy potentials —all in the 
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nonobservable 4-state. " (T. E. Bearden, private 
communication to a correspondent, 2001] 


“The...visible structure of orthogonal’ 1- 
networks possessing coupled open-paths and 
closed-paths represents only an introductory step 
in the development ofa correct topological theory 

for conventional electric networks...An electric 
network is like an iceberg...Its visible portion is 
only a smallfraction ofthe submerged invisible 
structure. " [Gabriel Kron, who developed special 
tensor methods and diakoptics to deal with the 
large number of visible and invisible 
multidimensional p-networks surrounding the 
branches ofevery electric circuit.) (559). 


"..symmetry implies conservation. Since our 
entire edifice ofinteractions is built on symmetry 
‘assumptions, there should be as a result a large 
number ofconservation laws. The only trouble is 
that almost all ofthese conservation laws have 
been violated experimentally. "..."..this difficulty 
could be resolved by introducing a new element, 
the vacuum. Instead ofsaying that the symmetry 
ofall matter is being violated, we suggest that all 
conservation laws must take both matter and 
vacuum into account. Ifwe include matter 
together with vacuum, then an overall symmetry 
could be restored” {(T. D. Lee] {560} 


"One perhaps oversimplified way to deal more 
conventionally with the new unified field 
approach to electrodynamic systems is to utilize 
the notion ofthe ‘supersystem’, comprised of 
three components: (I) the ordinary EMsystem 
and its dynamics—conventionally assumingflat 
spacetime and inert vacuum, (2) the local 
nonlinear vacuum and its dynamic interactions 
with the system and with spacetime, and (3) the 
local curvatures ofspacetime and their dynamic 
interactions with the system and with the local 
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active vacuum, In the richfeedforward and 
feedback interactions that result, there emerges a 
dramatic new physics, new electrodynamics, and 
new chemistry including a new biochemistry. This 
is infact a much simplified conceptual approach 
(good to first order’, so to speak) to the 
multinetwork and multipath work of Gabriel 
Kron. It also allows the retention ofsymmen 
considered so necessary to particle physicists. 
IT. E. Bearden, private communication to a 
correspondent, 2001] 


9.1 The Supersystem and Its Considerations 


In classical electrodynamics, the Maxwell-Heaviside-Lorentz equations 
implicitly assume a local flat spacetime and no net action by the vacuum 
{561}. Both these implied assumptions are false. All real EM systems 
involve interactions with both curvatures of spacetime and the active 
vacuum, Yet to try to include both additional interactions requires a 
unified field theory approach, such as that of Sachs (562}. Unfortunately, 
any unified field theory is replete with quite difficult mathematics, little of 
which can be illustrated pictorially or simply. 


What is required — at least for most electrical engineers and applied 
electrical scientists — is a conceptual way of visually thinking about the 
EM system in a way that is consistent with unified field theory to 
something like first order, but which can also be conceptualized easily. 


9.1.1 The Supersystem Concept 

Accordingly, we introduce a new and very simple way ofthinking of 
electrical circuits in terms of a unified field theory. We utilize the notion 
ofthe supersystem, consisting of three components: (1) the EM system 
and its dynamics, considered in conventional fashion (as if the local 
vacuum were inactive and the local spacetime were flat but perturbed), (2) 
the local interactive vacuum and its dynamics, and (3) the local curvatures 
of spacetime and their dynamics. All three components of the supersystem 
interact. This produces both feedback and feedforward functioning; e.g., 
energetic changes in the system produce corresponding changes in 
spacetime curvatures. In tur, the alterations in spacetime curvature 
produce nonlinear changes in the active vacuum, which in turn acts back 
upon the system. So every action in a system produces a corresponding set 


476 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


of feedforward and feedback reactions fiom and with i 
environment, and vice versa." 


complex 


LOCAL ACTIVE VACUUM 


SYSTEM 


L 


TETETLTEITE | 


LOCAL CURVATURES OF SPACETIME | 


gue 61 The Sperestem concept eck diagram) 


Figure 9-1 shows a diagrammatic illustration of the supersystem concept. 
Figure 9-2 illustrates the effect of the classical EM assumptions of a flat 
spacetime and a locally inert vacuum. As can be seen, the classical 
assumptions arbitrarily discard the interaction effects upon and in the 
system due to the active vacuum dynamics and due to the local spacetime 
curvatures and their dynamics.“ 


As stated, all three components ofthe supersystem interact with each 
other. This is a dramatic change to classical U(1) electrodynamics. Hence 
the total interactions — with the system — of both the active vacuum and 
the locally curved spacetime, and their interactions with each other, are 
‘more general than either classical EM, general relativity, or the quantum 
mechanical vacuum of particle physics prescribes individually. 


™5 We hypothesize that the feedback contains the mechanism generating Newton's 
third law as a restoration of symmetry, but leave that to the master theorists to 
explore and decide. 


**As one example, the nondiverged Heaviside component of energy flow — 
previously discussed in earlier chapters — is part ofthe supersystem activity. ‘This 
flow alters both the local active vacuum and the local spacetime curvature associated 
‘with an electrical power system and its connected external circuits. Since the 
resulting local “environmental” changes in the supersystem are extensive, then one 
‘can conceive ways in which these changes can be interacted with additional 
intercepting/receiving systems to produce extra "EM energy fom the vacuum’ 
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Figure 2 Clea EM destroys tno-third the spergstem 


Immediately it can be seen that the concept of energy from the vacuum is a 
tem active and not negligible” concept involving a unified field 
theory approach a priori. It can also be seen that a "system" in equilibrium 
must be in equilibrium with its active environmental exchange — its 
exchange with the active local vacuum and the active local curvatures of 
spacetime. Since energy "exchange" with the system means both incoming 
and outgoing exchange, it follows that the equilibrium system has equal 
incoming and outgoing energy exchange. It follows that the symmetrically 
regauged system has equal incoming and outgoing energy, and so the 
symmetrically regauged system must be in additional stress from two net 
equal and opposite direct interaction forces, one general relativistic and the 
other from the active vacuum. Further, this “equal and opposite’ 
equilibrium stress state must be accompanied by equal and opposite 


interaction effects between the two environmental media of the 
bass 


*? We point out but do not pursue the fact that this is a very important new concept 
associated with coherently changing the symmetrical regauging, which allows a new 
physies, a new electrodynamics, and a new chemistry including biochemistry. For 
fone thing, it permits such things as a self-maintained excitation state that 
simultaneously continuously discharges its excitation energy. This is simply a 
redefinition and more general broadening ofthe "source charge” concept. From the 
normal system view (assuming away the vacuum and curved spacetime interactions) 
an “impossible” system state can nonetheless be possible and stabilized, by changing 
the intensity of the Lorentz regauging condition. AS an example, new molecules or 
ions can be made and stabilized in an excited state, that otherwise would be so 
unstable that the excitation would decay in a nanosecond with the state disappearing 
also. We believe this alone will lead to a great new biochemistry and medical 
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9.1.2 Time and Space Effects and Positive and Negative Energy 

From curved spacetime considerations, we must include the effects on the 
ystem, and on the vacuum, of dynamics in the time domain as well as in 
the spatial domain, Indeed, in Sachs's theory space and time do not 
separately exist, but only spacetime. We consider time as highly 
compressed EM energy — as heretofore pointed out, where time is spatial 
EM energy compressed by the factor c” and having energy density similar 
to mass. We must include not only EM energyflow along the time-domain 
(fourth Minkowski axis ict), but also EM/orce, potential, energy 
oscillations, etc. in the time domain itself. We shall have to deal with time- 
force, time-energy, time-potential, time-energy current, longitudinal EM 
waves in the time domain (time-polarized EM waves), etc. {563}. The 
complexity of the full supersystem analysis is thus easily seen and 
appreciated. In most cases, a higher group symmetry model for a 
particular situation will prove intractable for closed solutions, and 
numerical methods must be used. 


Further, when curved spacetime interacts with the active vacuum, we shall 
also have to consider negative energy currents in the nonlinear vacuum 
itself, as well as in the time-domain. We may also speak of the negative 
energy density in the vacuum as a special kind of negative energy potential 
in the vacuum that is created by a negative energy potential in the time 
domain, We may speak of a gradient in this vacuum negative energy 
potential as a negative energy force or "force in the negative energy 
domain". Applied to the time domain, these concepts constitute a causality 
condition placed on the Dirac sea, in the same vein as more technical 
causality considerations given by Finster (564) 


9.2 Differences between Effects in COP»1.0 and 
COP<1.0 EM Systems 
In this chapter, we utilize the Dirac hole in a different manner from the 


received interpretation. The received interpretation assumes an electron 
hole in the vacuum, with the hole filled with a negative energy electron 


therapeutic science: one company is already working in this area, with positive 
results, 


2 We leave to the advanced theorists the connection between this "stable 
‘equilibrium state under a change in symmetrically regauged stress", occurring as a 
net-force-free intensity change in the conventional Lorentz symmetrical regauging of 
the Maxwell-Heaviside equations. 
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having negative mass, negative energy, and negative charge. In that 
interpretation, when the electron is lifted out of the hole, the hole is said to 
be a positive energy electron with positive mass and positive charge, (i.e., 
when interacted and observed). In short, with reaction one has a complete 
transformation of negative energy into positive energy, negative mass into 
positive mass, etc. In our view, this totally destroys the notion of "how the 
hole exists in the vacuum prior to its interaction and observation". That 
kind of positron only occurs after a physical interaction and observation 
has occurred — in short, the positron exists only after an interaction with 
the Dirac hole has been made, to change the very nature ofthe negative 
energy hole. The positron is the 3-effect of an invoked extra 4-interaction, 
and is not at all the "negative energy electron” or hole as it actually exists 
prior to being interacted and transformed. The positron is a different beast 
from the beast we wish to harness and use. The conventional interpretation 
leaves the question ofthe unobserved and unreacted "hole" left behind by 
an electron lifted out of the hole, before another interaction is performed 
on the hole to change it. So it is an incomplete accounting (as all 
observations are). 


In our interpretation, the Dirac "hole" in the vacuum is itself the true 
negative energy electron before its interaction and observation. It is. the 
sal” 4-space negative energy electron, while the received 
interpretation is only for the "observed" or "effect" positron. In our view, 
the received interpretation thus leaves out a goodly part (and the most 
interesting part) of the Dirac sea hole. When the negative energy hole 
filled, we consider the electron in the hole to be a normal, positive energy, 
positive mass electron, Hence the summation ofthe energy of the filled 
hole is zero, as is its summation mass and its summation charge. This 
accords with the properties of the "normal" vacuum, said to contain a sea 
of such "filled Dirac holes". 


Our purpose is to use empried Dirac sea holes before their interaction or 
observation, and thus to use them as causal 4-electrons having negative 
‘mass and negative energy, but where each ofthose quantities is multiplied 
by time. So the hole has negative masstime and negative action. Unless 
otherwise stated, that is our interpretation of a Dirac sea hole, and that will 
be how we use it. This way we avoid having to replace a true negative 
energy, negative mass, positive charge causal (unobserved) 4-electron by a 
positive energy, positive mass, positive charge observed (effect) 
3-electron. We do not just artificially "dispose of" the question of the 
“nature of the hole that is left behind” when the positron is observed. We 
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consider the (hole x time) as the fundamental negative energy 4-electron, 
We will sometimes refer to that as the "4-positron". 


Normal "forward flow of time" tempic force 
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See Figure 9-3. In a COP<1.0 EM system, the tempic potential gradient 
(tempic force) is oriented from input to output and on out beyond the 
system. A very slight Dirac hole current moves outward from the output, 
but is immediately "eaten" by the virtual electron flux fluctuations of the 
vacuum in the space immediately adjacent to the output. There is a slight 
Dirac hole current also exiting the system in its losses, but again these are 
immediately “eaten” by the virtual electron flux fluctuations of the vacuum 
in the immediately surrounding space. 
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See Figure 9.4. In a superconductive system or section, COP =1.0 and on 
the average there is no net gradient of the time potential across the system, 
hence no time-force across it in either direction. Accordingly, one sees 
ready Cooper pairing of charges and formation of excitons. We shall not 
concern ourselves further with the superconductive EM system; such a 
system has not yet produced COP> 1.0. 


Additional tempic force 
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See Figure 9.5. In a COP>1.0 EM system, there is a net tempic force 
across the system from the output section to the input section. However, 
unless the COP» 1.0, the hole current in the local vacuum is mostly used 
up in interacting with the system material and converting to lattice holes 
(lattice positrons). Hence at "nominal" or moderate COP> 1.0, except in 
fast pulsed discharges one usually has little to worry about, concerning 
Dirac sea holes in the vacuum, since those readily convert to lattice holes 
as already accounted. One effect of concer is that, if the semiconductors 
in the system are exposed to sufficient extra lattice holes or interacting 4- 
holes, their donor-acceptor arrangement is disrupted, spoiling the action of 
the semiconductors and perhaps destroying them. 


When COP» 1.0 (and even for some COP> 1.0 systems), then there results 
a substantial Dirac sea hole current in the local vacuum occupied by the 
system, flowing through the supersystem from the output section back to 
the input section. This is an additional hole current component from the 
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Dirac hole current component converted into lattice hole current.” This 
unconverted Dirac sea vacuum hole current runs through the system from 
the output section back to the input section of the system and beyond. If 
not “filled” there in the input section by the incoming input electrons from 
the external power supply, the 4-hole current can and will pass on back 
into the feed line and to the distant external power supply, eating electrons 
and electron current all along the way. Usually semiconductors in the path 
ofa substantial 4-hole current will either malfunction or be quickly 
destroyed. 


In the input section and on back into the external power source, the effect 
ofthe unrestrained Dirac sea hole current's reaction is to interact and 
convert into lattice holes all along the route, which lattice holes then "eat" 
incoming electrons from the distant power source. Thus, the external 
power source "sees" the hole current as a dynamic additional load in the 
system's input section itself (and in the external conductors leading to it) 
that also must be powered with additional positive energy electron current. 


%° Here we wish to recognize the perceptivity of Peter Lindemann, who recognized 
the importance of "cold electricity” in COP>1.0 systems without going deeply into 
the more technical aspects of negative EM energy. As an example, we cite his book, 
The Free Energy Secrets of Cold Electricity, available from Clear Tech, Inc., Box 37 
Metaline Falls, WA 99153, U.S.A. Particularly note his efforts to explain the Gray 
overunity device via the negative energy that can be associated with very strong 
discharges. Gray referred to this appearance of an associated negative energy 
‘component associated with the normally posit as "splitting the 
positive pole" (a "pole", afterall, involves a stress potential). ‘The Gray engine 
‘drawing is shown in Figure 5-14, his conversion tube is shown in Figure 5-15, and 
his circuit for the conversion tube is shown in Figure 5-16. As Lindemann explains, 
Gray also apparently succeeded in converting the negative energy into positive 
energy in his conversion element switching tube. Bedini’s successful replication of 
the tube along with pertinent lab notes are shown in Figures 5-17, 5-18, 5-19, 5-20, 
and 5-21 by permission. Since Bedini is one of only two or three persons truly 
experienced in converting negative energy into positive energy. his successful 
replication is significant and decisive. Gray's process thus transformed negative 
energy into positive energy, allowing positive energy COP> 1.0 self-powering 
systems. Bedini and the present author have filed a joint patent application filed on 
the process explained in this Chapter. We recognize Ed Gray as being a real pioneer 
in the area of COP>1.0 electrical power systems and in energy conversion. His 
pertinent patents are E. V. Gray, "Pulsed Cap. Electrical Discharge Engine,” U.S. 
Patent #3,890,548, 1976; "Efficient Power Supply Suitable for Inductive Loads,’ 
US. Patent #4,595,975, June 17, 1986, 
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Aside from destruction of semiconductors etc.,’*” the overall effect is to 
increase the draw of power and current from the external source, so that 
the COP» 10 power system is thereby converted back to a COP<1.0 
system! 


‘The increased power draw due to the Dirac hole current can be remarkable. 
For an extemal battery power supply, ifthe hole current is sufficient to 
pass on into the battery itself, the battery may charge with negative energy 
while also powering the circuit! A remarkable phenomenon then takes 
place. A battery having been appreciably charged with negative energy 
may appear to be discharged (and so it is, with respect to positive EM 
energy). Yet, it may also continue to power a circuit. Sometimes it will, 
sometimes it won't, depending on the circuit. However, on connecting a 
normal positive energy battery charger to recharge it, the battery 
precharged significantly with negative energy will "eat" positive energy 
for an extended period, filling its localized Dirac Sea holes in its negative 
charge all the while, with the external voltage of the battery not changing 
at all. When all the negative energy holes are filled in the internal vacuum 
environment of the battery, and the negative energy charge is thus 
removed, suddenly the battery will start recharging with the input positive 
energy in a normal manner. 


The batteries in Watson's generator (again see Figure 5-12) exhibited that 
phenomenon. Sometimes in recharging one of his batteries that had been 
extensively used, the battery would "eat" positive energy from the charger 
for a week or more before finally filling up its negative energy charge and 
then recharging normally from that point on, 


‘The Dirac 4-hole current is nature's decay mechanism for the COP» 1.0 
system, sharply bringing it back to COPS1.0. Any successful COP» 1.0 
EM system must contain a mechanism for defeating (or transducing and 


* As an example, novel effects may also happen in resistors, capacitors, and coils, 
and the effects depend on both the materials and construction of these components. 
A resistor can act as a true negative resistor and cool rather than heat, a capacitor can 
have its current lagging its voltage, and a coil can have its current leading its 
voltage. Mixtures ofall three of these effects can happen in each of the three 
components, since each usually has some aspects of resistance, capacitance, and 
inductance. The emf's and back emfs in the circuit can also be altered and disrupted 
in a manner varying with the individual circuit and the individual operating 
conditions. Nonlinear oscillations and discharges of negative energy ate particularly 
difficult to foresee and understand. Effects in dielectrics may vary widely, as can 
effects in conductors because of their internal impurities, etc. 
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using) this Dirac sea vacuum 4-hole current into its input section and 
beyond. We shall cover that subject shortly. The 4-hole current decay 
mechanism can sometimes become significant for semiconductors in the 
lattice 3-hole stage at COP = 5 or more, though the exact figure varies as 
the type and size of system and the semiconductor type. At COP > 10 or 
so, some systems will frequently begin to ravage themselves back into 
equilibrium with the vacuum, and destroy their overunity performance, 
unless the 4-hole current phenomenon is dealt with. 


Let us recap. We have assumed —to first order — a sweeping 
generalization that COP<1.0 systems exhibit an overall average spacetime 
Curvature across the system (from input section to output section and load) 


such that excess positive energy electrons exist in the Dirac sea, without 
any appreciable accompanying excess Dirac sea holes interacting in the 
circuitry itself.”*' The slight excess of Dirac sea holes that are generated is 


wept” forward out of the output section, and "eaten by the vacuum 
interaction” (particularly by the vacuum fluctuations) immediately upon 
exit from the output section. In that case, we do not have to concen 
ourselves particularly with Dirac Sea 4-holes and Dirac sea 4:hole 
currents, or at least they are usually negligible in most cases. 


For COP» 1.0 systems, however, the overall average spacetime curvature 
across the system — from output section and load to input section — 
such that Dirac sea 4-holes and their currents do independently continue to 
exist and independently flow in the local vacuum occupied by the physical 
stem. Specifically, we shall have to consider the tempic effects upon 
such holes and hole currents, which are oriented from the output section 
back through the system to the input section.” In the COP» 1.0, the 


* In short, the requisite number of Dirac holes have interacted with and do interact 
with the lattices, converting into the normal “lattice hole” type of positron connected 
with positive mass, positive energy, but slowly migrating around the circuit in the 
‘opposite direction from the electrons. Here the true Dirac hole current exists only in 
short "hops" from atom to atom as the lattice holes are steadily filled by the 
hopping” electrons. 


*As stated, a kind of “hole” phenomena still exists in the circuit, but now as lattice 
holes and currents. Since these are attached to ions each having @ mass much greater 
than that of an electron, the lattice hole currents may usually be neglected except in 
semiconductors, where they are taken into account in the very design of the 
semiconductor component itself. 


* When we state a concept such as "negative mass” or “negative energy”, we have 
‘conceptualized it as ifobserved. Hence, unwittingly we have made it an 
instantaneous, but iterated, concept. Rigorously, no such thing as mass or energy 
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effect of the increased tempic force is to sweep a Dirac sea 4-hole current 
back through the system from output to input, and even on out into the 
conductors from the external power supply, and on further out into the 
external power supply itself. The 4-hole current continues its "reverse 
feedback into the powering end of things” until quenched by filling it with 
incoming electrons. This conversion of 4-hole current to filled Dirac sea 
4-holes by induction of lattice holes also squelches the concomitant 
negative EM energy fields, potentials, and waves associated with Dirac 
4-holes as sources. * The reason is that a filled Dirac hole is a dual 
system of two opposite charges, hence produces counteracting positive and 
negative energy fields. 


The "4-hole-eating and filling process" is therefore the exact decay 
mechanism that squelches the natural electrogravitation associated with 
Maxwellian circuits which use Dirac 4-holes and 4-hole currents, negative 
energy fields, negative energy potentials, etc. When the circuit converts its 
free Dirac 4-holes into lattice holes, all electrogravity capability is lost, 
insofar as practicality is concerned. 


For electrical power system purposes, the external environment of the 
COP» 1.0 system furnishes an extra "electrical load" demand upon the 
external power supply, so that the extended system consisting of the 
(external power supply + power system) decays back into overall COP<1.0 
condition and operation. For this reason, any appreciable involvement of 
Dirac 4-hole currents in a COP>1.0 EM power system must be transduced 
into positive energy electron currents, which requires just a special form of 
regauging. One need not confine regauging and gauge freedom to positive 
energy potentials and positive energy fields alone. 


From the vacuum consideration and particularly from Dirac’s theory of the 
electron, in COP> 1.0 EM systems and circuits we shall consider that the 
Dirac sea 4-holes involve negative energy states (negative mass), and that 
positive energy states involve positive mass. In our approach, we shall 
consider a negative energy state (Dirac 4-hole) in the vacuum as having 


independently exists except at one instant in time. Instead, mass exists in a continual 
iteration of m —> mi —> m —> ma... and energy exists in a Continual iteration of 

E—> BE» Er... and so on, So during the masstime or energy-time (action) 
state, time and either mass or energy are intimately interactive. See our previous 
discussion in this book of the mechanism for the flow ofa mass through time. 


%* Obviously that kills the antigravity aspects, because it kills the negative energy 
fields that would give negative curvature of local spacetime 
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negative mass, which means that antigravity can be involved as well.?** In 
this treatise, we consider only electron states, thus only negative energy 
and positive energy electron states. 


9.3 Primarily Concerned With Dirac Sea Holes and Not 
Lattice Holes 


We also stress the dramatic difference between a Dirac sea "electron 
4-hole” in the vacuum (prior to observation) as compared to a lattice 
S-hole in a semiconductor or other material component (after interaction 
and therefore after observation). In the case of. lattice 3-hole, usually the 
“positron” (hole) is attached to an ion, whose mass (i) is very much greater 
than the mass of an electron, and (ii) is also positive. In other words, a 
lattice hole is just a part of an ordinary positive ion. So the theory of 
"lattice holes" and "lattice positrons” does not primarily apply to the 
situation we are discussing. On the other hands, semiconductors exposed 
to any significant currents of pure Dirac sea 4-holes in the vacuum usually 
react and are nearly instantly destroyed because of the immediate 
disruption of their donor-acceptor arrangement and functioning. 
Interaction (filling the incoming Dirac 4-holes with contributed electrons) 
causes sudden mass disarrangements in their atoms and nuclei and lattice 


*5 We assume that the important thing about mass is its localized energy. Hence we 
associate positive mass with positive localized energy (with respect to the ambient 
energy density ofthe massless vacuum) and we associate negative mass with 
negative localized energy (with respect to the ambient energy density of the massless 
vacuum). In this view, the empty Dirac sea hole has both negative energy and 
negative mass. Note that this differs trom the conventional assumption, which 
unwittingly addresses the positron as having been observed, producing a directional 
reversal. The rigorous test of our thesis is that concentrations of Dirac sea holes must 
generate antigravity porential, while currents of Dirac sea holes must generate 
antigravity force. The conventional view, assigning positive mass to the positron 
alier observation, would produce gravity, not antigravity, but the force would be 
reversed by the reversed parity after observation. We argue that antigravity has been 
hidden and lost by its parity reversal in the assuming positive mass for the positron 
as ifthat were the mass of the positron before it is observed. In an overunity system 
‘with powerful steady-state Dirac 4-hole currents, the 4-hole currents can be 
differentiated by the cooling (negentropy) effect of the COP» 1.0 system—when 
shorted to produce a "current surge" — rather than heating (entropy) effect. The 
magnitude of the hole current (which determines the average presence of the hole 
density) can be differentiated by a measurable weight loss in the COP» 1.0 system. 
The successful antigravity production of the Sweet COP»1.0 device — discussed 
later in this chapter — experimentally verified these hypotheses. 
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bonds. Thus, in the presence of Dirac sea 4-holes and 4-hole currents, 
usually any interacting solid-state electronics of the circuit or system will 
be dramatically affected. For switching in the presence of holes and hole 
currents, in most cases one may have to tum away from semiconductors 
and utilize mechanical or electro-mechanical switching, although this 
requirement varies with the type of semiconductor, the COP, the system 
geometrical layout, and the subsystem operations and layouts. Sometimes 
semiconductors may still be used ifthey are "brutes", with current 
handling capabilities well beyond what is "normally expected” in that 
circuit. 


9.4 Peculiarities of Spacetime Curvature and Dirac Hole 
Interactions 


When considering the interaction between curved spacetime and the Dirac 
vacuum, immediately we violate the premise that all electron states in the 
Dirac Sea are always filled (which condition we surmise — along with 
Dirac — only exists on the average in a flat spacetime region). In a curved 
spacetime, we can have sustained excess 4-holes in the vacuum, or we can 
have holes that accept an electron falling into them without emitting 
radiation. The radiation-free "pair annihilation” reaction is possible when 
the spacetime simultaneously changes its curvature appropriately and 
thereby “absorbs” and holds the excess EM energy that would otherwise be 
emitted if the spacetime remained flat or decayed back to the flat state.’ 
So long as that "energy-storing ST curvature” remains, there is no photon 
energy emission. Ifthe "energy storing ST curvature set” has a net 
curvature instead of being flat, and then decays to a flat spacetime, then 
the previously retained energy is emitted as photon energy. 


In that case the reaction provides the conventional emitted pair 
annihilation energy. In that case, the emitted energy may also transform 
into emitted particles in reactions well known in particle physics. 


* Berily, this interaction represents a situation where opposite reaction forces (the 
vacuum upon spacetime, and spacetime upon the vacuum) can create a special kind 
of stress in the system and changes in that stress. This leads to a peculiar kind of 
stress waves (scalar waves — longitudinal EM waves, so to speak) that are not 
covered in circuit theory anywhere. A symptom is that these stress waves react with 
components, amplifiers, preamps, ete. 10 create electrostatic waves. The effect of 
these waves is seen as the “crawling” of electrostaties all over and in the electrical 
equipment that is in one's laboratory. The effect can readily damage oscilloscope: 
ate. 
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The normal emission of photons by pair annihilation need not occur, ifthe 
excess decay energy is absorbed and held by the local spacetime changing 
and holding its energy density and therefore (i) changing its curvature and 
(i) stabilizing in that new excited state instead of decaying back to a flat 
spacetime.”*” Under such "non-emitting” pair recombination, a Dirac Sea 
4- hole may simply "eat" a free 4-electron, and instead of emitting 
radiation the process simply affects the curvature of spacetime (and the 
state ofthe local Dirac sea) and changes it accordingly. A new 
“equilibrium state” is therefore reached in the supersystem between the 
opposite forces ofthe vacuum acting on spacetime and spacetime acting on 
the vacuum." In other words, we consider change in the curvature of 
spacetime to exhibit EM energy source (emission) or sink (absorption) 
capability, with respect to the nominal ambient flat spacetime and with 
respect to conventional EM interactions.”” 


Or simply put, the energy emitted by the combination of positive and 
negative energy in the vacuum may be "locally radiated”, “locally 
absorbed", or “locally transferred” to the other local component of the 
supersystem: the local curvature of spacetime. It is all spacetime curvature 
dynamics. By definition, a flat local spacetime consists of a vacuum with 
all its Dirac sea holes filled. Therefore, if “filling a 4-hole” results merely 


Our view is that in normal pair annihilation this curving of spacetime to absorb 
the emission energy occurs first, and then the new ST curvature decays by what is 
called "emission of photon energy". We regard the photon as a specialized ST 
‘curvature traveling at light speed. So what is emitted as a photon is in fact the 
formation of a locally structured spacetime curvature (an “engine") traveling at light 
speed. It is a propagating spacetime curvature "engine" or "set ofengines". In the 
process we are describing, the emission ofthe photon is the decay of the locally 
formed ST curvature set. Ifthat set does not decay, the locally formed ST curvature 
set remains and no photon is emitted. 


*“'This new kind of equilibrium is extraordinarily important, particularly in 
chemistry, where it will allow the “locking” of impossible combinations of particles 
into strangely stable "impossible molecules" with ongoing "impossible chemical 
reactions". The further discussion of the startling new chemistry that emerges is well 
beyond the scope of this paper, but such chemical states are included in 
nonequilibrium thermodynamics as stationary stares — eg. see Kondepudi and 
Prigogine. Modern Thermodynamics, Wiley, 1998, Chapter 17. At least one company 
has already succeeded in initiating this startling new kind of chemistry, with several 
patents granted and several mote in process, Similar new "impossible stabilized 
‘excited states" and "impossible nuclear reactions" also occur in nuclear physics 


* The classical EM assumption ofthe lat local spacetime is infact an assumption 
that the decay ofthe intermediate "ST curvature absorber/sink” occurs instanly 
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in relaxation ofa set of local ST curvatures back to a flat spacetime, no 
EM radiation need be emitted, contrary to the usual pair annihilation 
phenomenon where additional energy (curvature of spacetime) is involved, 


Similarly, in a ST curvature, there can conceivably be electrons without 

holes". Ifthe curvature is negative, there will be unfilled Dirac sea holes 
present. Of course this is just a normal positive energy 4-electron, where 
the flat spacetime assumption in classical electrodynamics is in error. 
Instead, the local spacetime is positively curved, producing positive 
gravity. Whenever the energy density of spacetime-vacuum interaction 
changes from the "ambient vacuum and flat spacetime” condition, either 
positively or negatively, that constitutes an appropriate curvature of 
spacetime as well as a change in the vacuum dynamics. Therefore, in 
classical electrodynamics the assumption of a normal electron (or any 
other charge or mass) existing in an uncurved spacetime and an unaltered 
vacuum isa non sequitur. The local spacetime has in fact "curved" to an 
extent of holding the energy of one electron mass.”*” Further, the Dirac Sea 
has also changed to contain one unfilled and unobserved Dirac 4-hole. 


With these things in mind, let us now introduce a conceptual model for 
dealing with these novel 4-hole phenomena that are experienced in 
COP>1.0 systems — and that have been the bane of many a would-be 
energy researcher attempting to develop a system extracting its EM energy 
from the vacuum and using it to also power the system itself. 


9.5 Charging and Discharging a Capacitor 


In electronic circuits, we usually think of charging a capacitor with 
electrons, and then discharging the capacitor to emit electrons again. 
However, we can charge the same capacitor with Dirac sea holes, or with a 
combination of Dirac sea holes and electrons. Then we can switch the 
capacitor adroitly and force it to give us back electrons. This "regauging" 
effect can thus be used to transduce negative energy current into positive 
energy current. So let us examine the charging and discharging process 
more closely. This is part of the Bedini process for handling the 4-hole 


2 Mostly physicists think only ofthe spatial energy change. However, the time 
domain of spacetime also acts as a sink or source. Essentially one kilogram of mass 
only has the energy of | second oftime. Hence the minuscule mass of the electron 
results in such a minuscule “sink” in the time domain that it has been inadvertently 
ignored. However, during that fraction of time where the electron exists as "mass 
time” and "charge time”. it has considerable time energy, and that curvature of local 
spacetime cannot be neglected with respect to supersystem interactions. 
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current problem in overunity EM systems, to allow close-looping a system 
into self-powering operation. 


Faure 96 Normal staining deci copactoha charge ith elacton current 


Figure 9-6 shows the normal strain induced in a capacitor containing a 
dielectric between its plates. We charge the left plate with electrons, which 
repel the negative ends ofthe molecules in the dielectric, straining them to 
the right. 


qe 97 Straineleina charged lect eapactortnat dacharges. 


Figure 9-7 shows the relief ofthis dielectric strain, by allowing the piled 
electrons on the left plate to be pushed back into the circuit from the left 
plate. Note that the electrons emitted in the relaxation ofthe dielectric 
strain pass back into the circuit from the same plate that was charged. Thi 
is a special kind of "reflection" symmetry. For a perfect capacitor, the total 
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‘Vq joules stored in the charged capacitor and drawn from the circuit, is 
returned to the circui 


oa hole 


gue Sirinin deectecapctosuprsystn that charges by 


Figure 9-8 shows a remarkable thing when we charge the capacitor with 
Dirac sea holes. Suppose we charge the rightmost plate of the same 
capacitor used before, while the leftmost plate is temporarily disconnected 
from the circuit (or connected to another capacitor). Now Dirac Sea holes 
pile up in the local vacuum connected with the right plate. Whether or not 
they interact with the right plate, these positively charged holes attract the 
negative ends of the dielectric molecules, again straining the top of the 
dielectric molecules to the right. The strain of the dielectric is a force 
interacting upon the local vacuum, and it lifts real electrons from the Dirac 
Sea (or pulls them from the circuit or other attached capacitor) and onto 
the lefimost capacitor plate. The charged capacitor in its supersystem thus 
has additional functions that occur. The total Vq joules stored in the 
charged capacitor, were this time drawn (converted) from the applied 
Dirac hole current and the resulting interaction upon the vacuum, to lft 
real electrons onto the leftmost plate.”* 


°1 The reader should recall that a force is something automatically produced by 
nature 10 restore symmetry to a broken symmetry condition. A "4-hole negative 
energy force in the Dirac Sea" produced on one plate ofthe capacitor will evoke @ 
‘positive energy force outside the Dirac Sea” on the other plate as an attempt to 
restore symmetry. To produce this "positive energy force”, positive energy electrons 
are lifted from the local Dirac Sea of that plate. 
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Figure 9-9 shows the strain relief of the charged capacitor in Figure 9-8. 
First the charged capacitor is re-connected to the circuit or element to 
which one desires to provide with electron current. The strained dielectric 
relaxes, and electrons in the leftmost plate are returned to the circuit. The 
Dirac holes in the rightmost plate discharge back into the local vacuum (a 
supersystem interaction) and are “eaten” immediately by the readjustment 
of local curved spacetime.” 


‘The result is that the Dirac sea 4-hole current arriving in the input section 
has been intercepted by a waiting capacitor, and has been effectively 
transposed into normal electron current that is furnished back to the input 
section from the capacitor. This additional electron current helps power the 
circuit and reduces the power drawn from the external power source. The 
4-hole current feeding this capacitor, together with transduction of the 
hole current into electron current, effectively comprises a true negative 
resistance process. In other words, energy in unusable (in this case, 
detrimental) form is received, transformed into energy in usable 
(beneficial) form, and that usable energy is discharged back into the circuit 
input to assist in powering the system. 


Transducing negative energy into positive energy — and vice versa — in 
the system does not violate the conservation of energy law in the 


*© From experiments, it seems that Dirac holes forming at the “output” section of a 
COP<10 device or system are almost instantly filled with electrons in the violent 
fluctuations of the zero-point energy. When forming at the "input" section of a 
COP>10 device, this is not the case, and usually the holes can only be filled by 
incoming electrons in the power input, unless special provisions are taken to convert 
the arriving hole current (in the input section) into electron current, 
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supersystem, when most generally stated. With such regauging (which 
involves supersystem reactions), it is the absolute value of the energy that 
is conserved in the system, not its algebraic sign. Regauging (by gauge 
freedom) is after all an effect or condition locally imposed, but with 
appropriate energy exchange with the rest of the extemal universe via 
spacetime curvature dynamics exchange and vacuum dynamics exchange. 
The algebraic sign is conserved in the universal supersystem by the 
additional compensating reactions occurring in the other two components 
of the universe's supersystem, 


‘The reader should strongly realize that energy is only required to be 
conserved in the universe's supersystem, not the system component alone. 
Again, this is an open system far from equilibrium with its active 
environment. In that case, energy is conserved in the ensemble of system 
and environment, but not necessarily in the system itself. This is no 
stranger than a common windmill or waterwheel 


‘Figue10 Siranindeecticin capaci supersyst hatches with emit 
‘dectroncurren Oracholecutet anditedDrac decors 


Figure 9- 10 shows a "mix-charging” variant ofthe 4-hole current charging 
of a capacitor, in which some real electrons are fed from the circuit to the 
lef plate. Also, the Dirac sea hole current arriving in the input section is, 
intercepted to charge the right plate, and some electrons are also freely 
lifted from the local Dirac Sea onto the left plate. Figure 9-11 shows the 
discharge of this type of charging of the capacitor, and the relief of the 
strain in the dielectric. 
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In Figure 9-11, for example, we accent that the holes on the right plate are 
maintained only so long as there is a net strain on the dielectric and a net 
force across the capacitor. When the capacitor is discharged, the holes are 
discharged into the local vacuum in such a way that they now instantly 
recombine with virtual Dirac electrons in the vacuum fluctuations. 


‘There are other ways and “tricks” of transducing the Dirac sea hole 
4-current into electron current, but these methods are still proprietary to 
Bedini and will not be included in this presentation. We accent that all 
such "tricks" are actually methods of re-engineering the other two 
components of the supersystem — the active local vacuum and the local 
curvature of spacetime. This is using and applying what we have referred 
toas “engines”, 


9.6 The Open-Loop COP>1.0 EM Power System 


Figure 9-12 shows the use of the transduced Dirac hole current as real 
input energy to "catch and lock" a COP> 1.0 system in its overunity 
condition and stabilize its operating point for stable self-powering of the 
system and its load. The COP>1.0 operation reverses the normal tempic 
potential across the system, so that Dirac hole 4-current arrives in the input 
section, preparing to “decay” the system back to COPS1.0 condition. 
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However, the arriving hole current is intercepted by an adroitly switched 
dielectric transducer, which again reverses the tempic force. As explained 
above, the capacitor is charged with 4-hole currents (or a mix) and then 
discharges electron currents into the system — in this case, into the input 
section itself— by adroitly engineering the local vacuum state and the 
local curvature of spacetime. 


The input section does not care where it receives its electron current from; 
it merely needs sufficient for its powering needs. Hence, the input section 
happily accepts this transduced electron current to partially power the 
system. This in turn reduces the "system load” that the external primary 
power supply "sees". The primary power supply thus reduces the current 
and power that it is furnishing to the system. In short, now the external 
power supply sees the combination of the normal system load and a 
“negative resistor (negative load)" represented by the transduced current 
and power. Its required input power is reduced accordingly. 


9.6.1 Close-looped System: A True Negative Resistor 

Figure 9-13 shows the use ofthe same process given in subparagraph 9.6 
above and in Figure 9-12, except that now there is additional 4-hole 
current received and available, for transduction into normal electron 
current into the input section of the system. Sensors and governing are 
added to this operational mode, so that the system may adjust and regulate 
its self-furnished electron current to meet the total needs of its losses and 
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its load. The system thus adapts the transduction of Dirac sea hole current: 
to fit its needs and is capable of regulated self-powering operation. 
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‘The system is first started in open-loop mode. The governor then gradually 
increases the transduction of 4-hole current into electron current, and the 
supply of that transduced electron current to its own input. This steadily 
reduces the "current draw” from the external primary power supply. When 
the "extemal current draw” reduces to zero (the Kron condition), the 
system "locks" into that position, with automatic governing to adjust the 
transduced electron current as the loads and losses vary. At that point, the 
extemal power supply is disconnected automatically. 


This "locked and governed” system is now a self-powered system, freely 
taking its energy from the active vacuum and local curvatures of 
spacetime, to power both itself and its load. So far as we are aware, this is 
the first time that the technical means of locking and stabilizing COP>1.0 
operation in an EM system in an open loop and closed-loop operation has 
been given. 


If sufficient Dirac sea 4-hole current is available and transduced, excess 
electron current can be available at the system input section, even when the 
system is fully self-powering. In this case, the additional current can be fed 
back to the power line, so that the self-powering system not only powers 
its own load but also helps power the power network. Or additional load 
can be added and powered. 
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‘We point out that Gabriel Kron apparently had a solution to these 
problems in the late 1930s, and that solution has been suppressed to the 
present day. We give the following quotations to show Kron’s knowledge 
of these things. 
Quoting Lynn and Russell {565}: 

"Kron has never published details ofhis method of 

making the polyhedron self-organizing, although his 

published results show that in this state ithas some 

remarkable properties, associated with harmonic 

integrals on multiply connected spaces.” 


In reference to Lynn and Russell's remarks, we point out that the Dirac sea 
4-hole current from the output to the input is a special case of Kron’s more 
general discovery of the multiply-connected open path existing through 
space between any two points in a circuit that are at differing potentials. 


Quoting Kron (566): 


"the missing concept of "open-paths" (the dual of 
"closed-paths") was discovered, in which currents could 
be made toflow in branches that lie between any set of 
two nodes. (Previously —following Maxwell - engineers 
tied all oftheir open-paths to a single datum-point, the 
‘ground’). That discovery ofopen-paths established a 
second rectangular transformation matrix... which 
created ‘lamellar’ currents..." "A network with the 
simultaneous presence ofboth closed and open paths was 
the answer to the author's years-long search.” 


Again quoting Kron {567} 
"Although negative resistances are availablefor use with 
a network analyzer, in practice it is more convenient to 
use a second type ofcircuit, in which the positive and 
negative resistances are replaced by inductors and 
capacitors and the de currents and voltages are replaced 
by ac currents and voltages of fixed frequency. The use of 
the second type ofinterpretation is equivalent to 
multiplying the wave equation by i= V1 


The reader should particularly note that in the first part of the sentence 
Kron stated unequivocally that negative resistances were available for use 
on the network analyzer, a large analogue simulation used by the Navy and 
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administered at Stanford University with the contractor being General 
Electric. The censors missed that one. 


Again quoting Kron (568): 


"When onlypositive and negative real numbers exist, itis 
customary to replace a positive resistance by an 
inductance and a negative resistance by a capacitor 
(since none or only a few negative resistances exist on 

practical network analyzers). 


We believe the censor caught this one, and forced Kron to add the words, 
‘none or”. Kron had at least three negative resistors, and possibly more. 


Again quoting Kron (569) 


"Nowa value E ofthe negative resistances, at which the 
generator current becomes zero, represents a state at 
which the circuit is self-supporting and has a continuous 
existence ofits own without the presence ofthe generator, 
as the negative resistances just supply the energy 
consumed by the positive resistances. ... When the 
generator current is positive the circuit draws energy 

from the source, andwhen the current is negative the 
circuitpumps hack energy into the source. Atzero 
generator current the circuit neither gives nor takes 
energy, and theoretically the generator may be removed." 


Here we believe the censor forced Kron to add the word "theoretically". In 
this quotation Kron reveals that he was well aware of the process for close- 
looping a system — starting it in open-loop mode and bringing the 


negative resistor currents up to match the system needs nnd reduce the 
generator current to zero, then disconnect the generator. He also was quite 
aware that excess transduced energy from the negative resistor could be 
available at the input, in which case energy could be fumished back to the 
power network while the system powered itself and its load 
simultaneously. 


We also point out that Dirac’s definitive electron theory — covering the 
Dirac Sea and Dirac sea holes — was published in 1930, the year the 
present author was born, In the late ‘30s and in the 40's Kron certainly was 
well aware of that work. In addition, Kron applied full general relativity to 
electrical circuits and machines, and he was far ahead of his time. His 
work is also still far ahead of the present time, at least in the open 
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scientific community. He also was aware of developments in particle 
physics, and so he did have the gist of the supersystem concept in his mind 
{570}, however he may have thought of it. His concept of the "open path” 
effectively includes the effects upon the system from the other two 
components of the supersystem, so it appears that Kron’s "system plus its 
open path” roughly corresponds to our concept of the "supersystem.” 


Further, Kron was a mentor to Floyd Sweet, who also worked at General 
Electric, but in a different project. Sweet often spoke glowingly of Gabriel 
Kron."** Sweet almost certainly knew the secret of Kron’s negative 
resistor. It is the present author's opinion that Sweet's vacuum triode 
amplifier was derived from Kron’s negative resistance unit. With both 
deceased, we will never know for certain. 


9.6.2 Suppression of COP>1.0 Systems Should be Investigated 
During our decades of research, we ran across several cases where U.S. 
scientists actually produced working COP>1.0 systems." None of these 
overunity systems was ever allowed to go forward with independent 
development. This is an area that cries out for a full and vigorous 
Congressional investigation, and appropriate legal action should be taken 
by the U.S. government against the suppressing parties, whomever they 
might be (571). Simply put, the U.S. government, the U.S. taxpayer, and 
the scientific community have been ripped off and deluded in the field of 
electrical energy for more than half.a century. ‘That continues to the 
present, as witness the disappearance ofthe Watson generator 
(accompanied by Watson and family breaking off all contact with their 
close colleagues) and the suppression of the Kawai device and process. 
The latter suppression was accomplished in 1996 in the personal presence 
of the present author and the members of the Board of Directors of our 
company, CTEC, Inc. An accidental overunity frequency converter was, 
even initially placed in the original Minuteman missile, but was altered 
back to COP<1.0 operation when the electronics past the converter kept 
failing because of overload power furnished by the converter. 


28 The present author worked with Sweet off and on for a decade or more, and 
designed the antigravity experiment that Sweet performed. 


% ‘These incidents were previously exposed in a draft book, Matters Avising, carried 
on the Internet for some months and then withdrawn. Some things must wait for their 
appointed time, and so must certain kinds of information 
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9.7 Remarks on Dirac Sea Holes, Currents, and 
Negative Energy 


The subject of the Dirac Sea, Dirac holes, Dirac hole currents, and 
negative energy still has elements of strong disagreement within the 
scientific community and among leading theorists. Often the “conclusion” 
one reaches depends on the way the starting assumptions are made and 
then on how the mathematics is applied. There is no definitive experiment 
establishing that negative energy cannot exist; to the contrary, many things 
do occupy negative energy states. The binding energy ofthe nucleus, .g., 
involves a loss of mass (loss of positive energy) and hence involves 
negative energy states, as is well known. Here the "negative mass" effect is 
immediately and experimentally verifiable, and is recognized. The total 
‘mass of the bound nucleons is less than the total mass of those same 
nucleons when unbound, and this fact is widely known and accepted. 


A single white crow is sufficient to prove that not all crows are black. 
Hence a single experimental proof of mass-energy "loss" and negative 
energy states establishes that negative energy and negative mass are real. 
Indeed, every photon absorption by mass and every photon emission by 
masstime prove the same point universally: mass is a variable. The same 
assembly of protons and neutrons in a nucleus, having lost mass, also has 
"lost" some of the gravity that the positive masses of those unbound 
protons and neutrons would otherwise produce. Therefore, there is an 
appropriate amount of "negative gravity” already acting in conjunction 
with positive gravity, in every atomic nucleus. It is associated with the 
negative energy states ofthe bound nucleons in every nucleus. 


Consistent with the initial quotations and comments at the beginning of 
this chapter, we present an interpretation by which we can understand 
some of the major novel phenomena that arise in laboratory experiments 
with COP> 1.0 electromagnetic systems, including COP» 1.0 systems. 


We propose that COP» 1.0 EM interactions are widespread in highly 
energetic astronomical interactions {572} and even in highly energetic 
phenomena on Earth, when the supersystem changes are also accounted. 
We argue that novel negative energy phenomenology — such as 
encountered in the COP> 1.0 experiments by Magnetic Energy Ltd. in 


265 


*As an example, in looking at sprites and other such sharp electrical discharge 
phenomena, we may be observing the prompt decay of COP» 1.0 interactions which 


were self-initiated in the atmosphere. 
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various versions of the COP>1.0 motionless electromagnetic generator 
(MEG) (573, 574), by Bedini (575) in his induction of negative resistor 
actions inside the batteries of battery-powered COP> 1.0 EM systems, and 
by Sweet and the present author in experiments with the Sweet COP» 10 
vacuum triode amplifier system {576} — is also generated in these 
COP» 1.0 highly energetic astronomical interactions, yielding the same 
kind of negative energy and negative energy currents. 


This Dirac hole negative energy generation of COP» 1.0 EM processes is 
proposed as the mechanism which directly produces the negative energy 
fields and potentials that generate the mysterious antigravity accelerating 
the expanding universe (577). This is a reasonable assumption, even 
though it is against the received view, because it is based on some 
laboratory experiments, not just theory. It also is the unexpected effect of 
the cosmological constant introduced by Einstein (578), and it is 
consistent with Zeldovich’s demonstration that the energy density 
associated with Einstein's repulsive, cosmological constant is — or is 
associated with — vacuum energy." The received view is not based on 
direct experiments with COP> 1.0 EM systems, but only on COP<I.0 EM 
systems. Until the received view is broader based, it does not adequately 
represent nature. Hence it does not represent a valid refutation of 
experimental negative energy systems producing antigravity processes. 


In Bedini’s experiments and in the MEG experiments, antigravity 
essentially absent or so small as to be nearly nondetectable. However, 
these experiments generally have COP of 15 to 4.0, mostly, and 
sometimes 10 or 12 (we have experimented up to 20 or more stably, and 
unstably at nearly 100). Hence the Dirac hole current is relatively small in 
them, since the magnitude of the Dirac current is a function of (COP - 1) 


Sweet's COP > 1,500,000 experiments produced a very large flow of 
negative energy back across the system, substantially curving the local 
spacetime and reducing the weight of the system on the laboratory bench. 
Figure 6-7 shows the first Sweet device, which produced six watts output 
in open-loop operation. Figure 6-8 shows a later Sweet device which 


* Believed to have been demonstrated in 1967. But check Ya. B. Zeldovich and A. 
A. Starobinsky, "Particle creation and vacuum polarization in an anisotropic 
gravitational field,” Zh. Eksp. Teor. Fiz, Vol. 61, 1971, p. 2161 (Sov. Phys. - JETP, 
Vol. 34, 1972, p. 1159); Ya. B. Zeldovich, "Vacuum theory — A possible solution to 
the Singularity problem of cosmology.” Uspekhi Fizicheskikh Nauk, vol. 133, Mar 
1981, p. 479-503. Translation in Sovier Physies — Uspekhi, vol. 24, Mar. 1981, p. 
216-230. 
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produced COP = 1,500,000 and was pushed past that COP to produce the 
antigravity in the laboratory, smoothly reducing its weight by 90%. Figure 
6-9 is a plot ofthe actual readings taken during the antigravity experiment. 
‘Sweet performed the experiment in California, reading off the 
measurements to me over the phone as he made each one. 


Another indication of the negative energy effect present in the output 
section of the Sweet device was tested by suddenly shorting the output 
leads. This resulted in instant freezing of moisture from the air, so that the 
leads were instantly frozen and covered with ice. Contrast this to the 
normal heating of shorted wires, where the energy is positive 


Sweet never revealed his activation process, whereby he initiated very strong 
self-oscillation — of the nucleus of the barium atom in barium ferrite 
‘magnets — with the local vacuum treated as a semiconductor. One part was 
known to the present author and another part was known to Rosenthal, 

a professional test engineer. In addition, how Sweet converted his 
excessive hole current is not completely clear. It appears that he somehow 
used his coils in quadrature together with special circuitry to interact the 
excess hole current into his magnets, directly with the self-oscillating 
barium nuclei and thence with the other nuclei in his magnets. If so, it 
created the "rough equivalent” of increasing the associated binding energy 
offset and locked with concomitant additional local spacetime curvature. 


Ifthis speculation is correct, he "locked" the nuclei of his magnets to the 
local curved spacetime, maintaining the overall local binding energy in the 
nuclei themselves while producing a great excess of "binding energy" 
(negative energy) in the immediate vacuum. This would explain the 
antigravity, and would be consistent with the experimental results as well 
as the increase in antigravity as the output load ofthe device was 
deliberately increased. 


‘We must use the supersystem concept, as in the quoted comment at the 
beginning of the chapter, to enable a better understanding of these novel 
phenomena. Together with the Dirac negative energy production and high 
COP system, the hypothesis of "additional negative energy acting on local 
spacetime immediate to each nucleus" allows the generation of the 
observed antigravity to be understood. However, we accent that this, 
mechanism is still a hypothesis, and it must be further substantiated by 
experiment. 
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9.7.1 Lattice Holes 

In a material conductor or other component of an electromagnetic circuit, 
the conventional model envisions currents in the Drude electrons as the 
electrons moving by "hopping" from molecules or atoms in the material 
lattices into the Drude gas, with each hop leaving behind a positively 
charged "vacated electron position” called a lattice hole, orjust a “hole”. 
‘Subsequent Drude electrons are attracted to fall into the holes, etc. This net 
movement of the hopping electrons down the conductor, etc. comprises the 
conventional electron current through the conductor. We point out that the 
actual movement of the electrons in their "hopping" is vastly more 
energetic than the very feeble net “drift” of the overall ensemble of Drude 
electrons longitudinally down the wire as current. The energy of the total 
electron activity ongoing in a simple I-foot length of copper wire would 
power a city, ifit could all be hamessed and utilized. 


At the same time the electrons hop with a slow net progress down the wire, 
the “holes” in the material lattices are also collectively seen by the external 
observer as if "slowly changing their net positions” longitudinally in the 
opposite direction. One speaks of a corresponding "hole current” or "lattice 
hole current” in the opposite direction to the electron current. However, 
there are subtle differences in the flow of the two currents, because an 
electron in the Drude gas is far more kinetic than the positive ion left 
behind by an electron that has "hopped up into the electron gas”, 
Nonetheless, the positive lattice ions do "rock" physically from the 
induced forces upon them, as the holes are opened and filled. In 
conventional electrical power systems, this equal and opposite energy 
reaction in the ions ofthe lattice materials, induced by the applied fields, is 
usually ignored. In most classical EM power system theory the holes and 
their "composite equal and opposite energy and work in the system" are 
also ignored, except in semiconductors and semiconductor circuits. 


9.7.2 Newton's Third Law Is Accounted in the Supersystem 
Because halfthe EM energy and work in the circuit is usually ignored 
(eg., in the Maxwell-Heaviside-Lorentz standard equations), 
electrodynamics is said to be free from Newton's third law reaction. This 
may be a non sequitur, and it follows from the assumption that — for an 
EM wave, field, or potential in space — no interaction exists with the 
active vacuum or with the curvature of spacetime. In fact, those reactions 
do exist in the supersystem. The field, wave, and potential do indeed 
interact with both the quantum mechanical vacuum and the general 
relativistic spacetime. 
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Indeed, the field, wave, and potential may be said to identically be changes 
induced in general relativistic spacetime. The absence of the "transmitting" 
physical system leaves us with the remaining two components of the 
supersystem, each of which extends to infinity. Again, Figure 9-1 shows 
the actual interactions (the supersystem) and Figure 9-2 shows the 
erroneous and arbitrary "kill ofthe supersystem” by standard classical 
electrodynamics. 


When higher group symmetry electrodynamics such as O(3) is applied, 
then the interactions between the three parts of the supersystem emerge 
and must be accounted. This is particularly true of COP>1.0 EM systems. 
However, as Finster points out {564}, the Dirac sea effects exist wherever 
there are EM fields, potentials, and waves. We add that curved spacetime 
effects also exist wherever there are EM fields, potentials, and waves. And 
wherever Dirac sea effects exist, or wherever curved spacetime exists, then 
there the local vacuum and local spacetime interact with each other. 


However, as we shall point out, usually most of the Dirac sea hole effects 
can be neglected in COPS1.0 systems and in most lower gain COP>1.0 
systems because of the time-energy aspects. For COP» 1.0 EM systems, 
the time-energy aspects are partially reversed, and instead of carrying the 
hole effects away from the system, the time-force from system output to 
input forces the Dirac sea holes to flow back in the local vacuum across 
the system from its output to its input. This flow constitutes an additional 
"load" appearing in the input section and requiring additional electron 
current from the external power supply to fill the holes. Ifthe power 
supply does not furnish sufficient electrons to fill the hole current at the 
input section of the system, then the unfilled hole current passes back into 
the feeder line toward the external power supply, and even into the distant 
power supply itself. In its progress, it eats incoming current all along the 
way, requiring that more current be furnished by the distant generators 


9.8 Remarks on the Observed Acceleration of the 
Expanding Universe 


As a candidate for dark negative energy, the present author has proposed 
vacuum negative energy and currents in curved spacetime regions partially 
containing excess empty Dirac sea holes as well as normal/illed Dirac sea 
holes. The process by which these excess Dirac holes are produced has 
been advanced, and is supported by at least one dramatic experiment. One 
result of such "negative energy areas” of negative spacetime curvature 
‘would be "jumps" increasing the velocity of light and high-energy particles 
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traversing these altered regions of spacetime. In fact, there 
evidence for just such jumps, according to a hypothesis by Richard Lieu of 
the University of Alabama in Huntsville {580a, 580b). Otherwise, high- 
energy particles produced in distant processes in the cosmos would not be 
detected on earth, but would be annihilated in highly energetic collisions. 


some 


The departure of large-scale spacetime from homogeneity would also 
result in some loss of correlation in the presently fitted red shift versus 
distance relationship. Again, there is tentative indication that such may 
prove to be the case. The most distant galaxy recently detected has a red 
shift of 6.56, which — assuming homogeneity of space — implies look- 
back of 14 billion years or so.” (conventional view) Best estimates of the 
age ofthe universe based on the Big Bang assumption is some 147 billion 
years. It would seem that 0.7 billion years is a very short time for that 
observed galaxy to have formed. If even more distant galaxies are observed 
with larger telescopes to become available, then by the redshift 

correlation to homogeneous space one would be observing galaxies "before 
the beginning of the universe” —an obvious non sequitur. It appears that 
the redshift correlation to velocity and distance, as well as the homogeneity 
of space and in fact the Big Bang itself— are already in some difficulties 
and may be in serious trouble in the near future. 


‘The empty Dirac sea 4-holes in the vacuum are special "Dirac negative 
action quanta" and the holes and their dynamics form negative action 
potentials, currents, and fields. This type of vacuum condition containing 
some empty Dirac sea holes is referred to as a Dirac-polarized vacuum. 


However, we do not envision the Dirac-polarized vacuum as just simple 
static polarization, but as possessing rich dynamics such as negative 
energy currents, potentials, fields, waves, etc. including in the time-energy 
‘medium in the time domain. We also include the interaction of the 
dynamic Dirac-polarized vacuum with spacetime. 


21 am indebted to Prof. Stanley Jeffers for this information, in his E-mail discussions 
with the Alpha Foundation's Institute for Advanced Study fellows. Dr. David Roscoe 
contributed the fact that the Big Bang theory has so many parameters that neatly 
anything can be “fited in”. But he also pointed out that W. M. Napier, Astronomy & 
Astrophysics, Vol. 310, 1996, p. 353 gives a very thorough analysis ofthe quantized cz 
phenomenon, which does present a difficult obstacle to Big Bang theory. Napier is the 
originator of the cometary catastrophe theory of biological extinction. One way or 
another, the theory ofthe Big Bang is in trouble, even though many theorists are stil 
complacent about it 
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Due to ongoing COP» 1.0 processes involved in highly energetic 
astronomical phenomena, Dirac sea 4-hole regions and dynamics are 
believed to occur and exist in the vacuum across the observable universe. 
These occur especially in appreciably curved spacetime regions with large 
tempic potential gradients and thus large time-forces across the region.” 
The 4-holes and 4-hole currents in the vacuum are generated in great 
quantity in large cosmic explosions. Also, the energetic fluctuations of the 
local vacuum energy can separate a Dirac hole fiom its occupying electron 
by lifting the electron (pair production), and so can a curved spacetime. In 
a properly curved spacetime, fluctuation can lift an electron from a hole, 
and enter a stationary state by accommodating reaction of the local 
spacetime curvature. In that case, hole and electron go their separate ways. 
‘The hole and that or another electron may later recombine, or in sufficient 
local spacetime curvature, they can remain apart. We point out that every 
positive energy electron is accompanied by an appropriate local curvature 
of spacetime that prevents the accoutrement of a free Dirac sea hole,” and 
thus prevents the electron fiom disappearing 


‘The more energetic the local region, the more severe and violent are local 
spacetime curvatures in that region, and — in our view — the more 
frequent the occurrence of COP» 1.0 interactions producing significant 
Dirac 4-hole currents, negative energy EM fields and potentials, etc. 
Indeed, the measurements that yielded the accelerating expansion of the 
universe were measurements of the relative velocities existing with stellar 
explosions known as type la supernovae. In our view, in explosions of 
such violent nature — particularly including in optically active gases such 
as where gamma ray bursters form — an appreciable fraction of the hole 
currents are transduced into positive energy electron currents. This 
produces — at least for a finite time — a net positive feedback, self- 
powering COP» 1.0 phenomenon, resulting in very rapid asymptotic 


* We also conjecture that these regions may account for a tentatively observed 
slight change in the fine structure constant, but leave that to the advanced theorists to 
validate or falsify 


This needs a bit of modification. Rigorously, the so-called “isolated” observable 
electron is clustered around by virtual positrons (Dirac sea 4-holes) in the vacuum. 
So a positron influence is present, though from virtual positrons instead of 
‘observable positrons. The magnitude of both the positive charge and the internal or 
bare” negative charge is infinite. The difference, however, is finite and is the 
‘observed" magnitude of the observable central charge. Thete is thus a net observed 
shielding ofthe bare charge of the electron, and this is taken into account to yield the 
observed charge of the electron 
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output energy increase. This is what we have hypothesized as producing, 
the gamma ray burster itself. Quenching of this asymptotic rise in COP 
‘occurs only after the physical geometry ofthe "closed-looping” gas, 
particles is broken a short time later. The maximum output energy is 
determined by a function of the rate at which the geometry is broken and 
the corresponding rate at which damping ofthe asymptotic rise and 
quenching occurs. The afterglow remaining in the gas is due to the extra 
positive energy produced in it by the transduction of negative energy into 
positive energy during the asymptotic rise of the self-powering burster, 
with excess positive energy being absorbed in the gas while the burster 
magnitude is rising. After damping and quenching, the gas has been heated 
(that is how the geometry was disturbed in the first place, to produce 
damping and then quenching). Re-ignition can occur whenever a new 
close-looping COP» 1.0 situation spontaneously occurs. As in the gamma 
burster, this can often happen as the disrupted geometry of the gases 
stabilizes. 


Al 3-space EM energy comes from the time domain, as previously 
developed. In the more violent positive energy COP» 1.0 regions, there is, 
an increased conversion of time-polarized EM energy into 3-spatial energy 
and back. On the average there is a higher "time-energy conversion” or 
"tempic” potential. In those regions, a tempic conversion potential is 
higher at the higher center magnitude of the spatial energy density. Hence 
there are strong tempic forces from "inside to outside”, providing a 
"tempic broom" effect to sweep outward the excess Dirac sea holes 
separated from their electrons in the curved spacetime. The result is the 
presence of increasingly unoccupied Dirac sea 4-holes toward the outside 
of violent regions of spacetime, ~"” until the effect is overcome by the 
decreasing spacetime curvature. The 4-hole current radiating out from an 
asymptotically increasing (exploding) burster provides an asymptotically 
increasing (exploding) negative energy and negative mass reaction with 
spacetime. That reaction explosively creates curved spacetime for negative 
gravity (repulsive gravity), acting upon the local system and upon distant 
masses as well. The result appears to be the cause of the acceleration of the 
expanding universe. 


It follows that re-i 
quenching continue: 


nition of the gamma burster can occur if, as the 
the geometry stabilizes and reaches another "close- 


*” Le., the violent astronomical phenomena — while generating and increasing 
are more violent at the center, and less violent at the outside. 
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looping” positive feedback condition. In fact, just such re-ignition of the 
gamma burster is very often observed. 


‘Therefore, we hypothesize that the more distant violent astronomical 
regions have greater amounts of repulsive gravity being produced by their 
local Dirac-polarized vacua particularly during their explosive asymptotic 
energy density rise. This produces violent streams or bursts of negative 
energy outflow, which is equivalent to negative mass outflow and which 
provides outgoing negative curvature of spacetime (antigravity). At 
sufficient distance from us, the increasingly earlier, more violent events 
and resulting greater curved spacetime regions have created sufficient 
cumulated Dirac-polarized vacua to override the normal attractive gravity 
between galaxies, etc. and produce net repulsive gravity. This results in 
observed distant acceleration of the expanding universe {581a-58If} 


9.9 A Solution to the Hole Current Problem and Close- 
Looping 

Bedini and the present researcher have filed a patent application (582) on 
the above special capacitive process to convert or transduce the 
detrimental Dirac sea hole current reaching the systems input section into 
electron current, and put it to use in powering the system. Thi 

transduction process receives the hole current as a special potential, then 
regauges the "negative energy” potential into a "positive energy” potential. 
This regauging is accomplished by charging the capacitor with Dirac hole 
current and then discharging electron current from it. The transformed 
positive energy potential is then applied to the Drude electrons, producing 
an ordinary electron current in the input that can be used to power the 
system itself. If sufficient excess positive electron current is provided, then 
the system can "feed itself in self-powering mode and also feed power 
back into the main power supply line 


When conversion of the arriving hole current in the input section produces 
electron current equal to the system's normal 
power needs (Kron's condition), the external power supply can be 
disconnected and the system will remain powered by the steadily 
converted negative hole current arriving in the input section. 


Our patent-pending process allows this otherwise devastating special form 
of "negative energy feedback” to be converted into "positive energy 
feedback", allowing the system to be close-looped successfully for self- 
powering of the system and its load. Regulators of the transduction process 
may be added to cover the situation when the load is erratic and changing. 
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At Magnetic Energy Ltd., we have also filed a patent application for an 
outrigger method of close-looping a COP>1.0 system, which greatly eases 
the problem. This method is covered in Paragraph 9-14 below. 


9.10 Negative Energy: Localized and Nonlocalized 


It sometimes appears there are as many views on negative energy as there 
are scientists who mention it. Simply put, the Dirac theory of the electron 
requires negative energy states. The negative energy electron state was 
envisioned by Dirac as a sort of “hole” in the ambient vacuum, where the 
hole could contain a positive energy electron. The combination of equal 
positive energy of the electron and negative energy of the hole itself, 
would give a “normal” vacuum zero state ofthe “filled hole”. In other 
words, the normal or ambient vacuum consists of holes filled with 
electrons. Considered in that fashion, such a vacuum is referred to as the 
Dirac Sea or the ambient Dirac Sea, or the ambient Dirac vacuum. 


If positive energy is added to a filled Dirac hole, the electron can be lifted 
out, leaving the hole. Note that adding positive EM energy, e.g., is actually 
the addition of spacetime curvature and dynamics to the Dirac sea vacuum, 
In short, it is a supersystem interaction, not a system interaction. 


In that case, the curvature ofthe local spacetime interacts upon the 
electron mass, producing a force that lifts it from the hole. The result is the 
appearance of a positive energy, positive mass electron and a Dirac sea 
hole (a 4-positron) in a curved spacetime. That is known as pair 
production, and it is a supersystem interaction. When a positron and an 
electron meet, the electron falls into the hole, changing the Dirac sea 
which also changes the local ST curvature. That change in local ST 
curvature is a change in the energy density of space, and is normally 
radiated away as a photon or photons as the local curvature decays back to 
a flat spacetime. The emitted radiation may further decay into particles, 
etc. by several reactions well known in particle physics. That 
“conventional” set of supersystem interactions is known as pair 
annihilation. 


If we deliberately change the ST curvature appropriately, however, the pair 
annihilation radiation need not be emitted since the excited local spacetime 
curvature does not decay back to a flat spacetime to emit it. 


Dirac's original paper tried to identify a negative energy state vacuum hole 
as the proton, but later that was falsified and it was taken as the positron. 
There is a very strong aversion in physics to considering negative mass; 
hence, the mass of the positron was proclaimed positive (for many reasons 
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not really connected with our thesis). Nevertheless, some physicists (in the 
minority) still speculate or theorize that negative mass "can exist." Not 
only "can" it exist, but also it does exist widely and one can demonstrate it 
in actual electrical circuits. It certainly exists in the binding energy of the 
nucleons in the nucleus of an atom. Again, a single white crow is 
sufficient. 


We take a very straightforward view: we consider a positron — an electron 
observed with positive mass and "observed" to be traveling backward in 
observer time — to be a different (transformed) entity than a Dirac 4-hole 
traveling forward in observer time.””! The observation operator 
accomplishes both velocity reversal and time reversal, and — since time is 
not an observable, the time reversal is "seen" as a reversal in spatial 
direction. Prior to observation, neither reversal has been imposed. ‘The 
major distinction, we hypothesize, is that the observed positron has 
positive mass in 3-space, which is concentrated positive energy, and 
therefore produces positive energy electrical fields and positive 
‘gravitational field, Mass is an observable, hence, it is the iterative frozen 
3-space snapshots of an ongoing 4-space process. Observation (and any 
observable) is the effect of applying the operator @/ér upon spacetime 
LLLT in which a 4-space process is occurring. As we stated earlier in this 
book, our view is that no observable continuously persists (in time), but 
continually and iteratively recurs by the continual ripping of time from the 
ongoing 4-space reaction, to see the 3-space intersection at a frozen 
moment. We also advanced the mechanism that generates the flow of a 
mass through time, consisting of a mechanism for @/@/ (LLLt) - photon 
emission, converting mt to m — and the mechanism for |, (LLL)dt— 
photon absorption, converting m to mt. 


*" This point is stressed. The unobserved positron is not identically a positive mass 
‘electron traveling backwards in time, but a negative mass, negative energy electron 
traveling forward in time. When Dirac theory of the electron was written, broken 
symmetry and the CPT theorem had not been discovered. Further, there was no 
distinction made in the difference between the observed entity (the effect of the 
observation interaction) and the non-observed entity (the cause of the observation 
interaction). 


2” We stress that we are once again confronting the ubiquitous substitution of the 
effect for the cause in classical electrodynamics. The observed positron and the 
unobserved positron ate two quite different entities —just as the "cause" of an 
observation is quite different from the "effect" of the observation. 
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We may also consider mass to be condensed 3-spatial energy (say, EM 
energy) compacted by c”. Modem physicists tend to consider the mass- 
energy itself as the source of the gravitational “attraction of mass” rather 
than the mass itself (583}. Let us accept that assumption, but differentiate 
between the observed 3-positron with positive mass and opposite direction 
in positive observer time, and the unobserved Dirac sea 4-hole with 
negative mass and without change of direction in the observer's positive 
time. The 3-positron is an observed effect, while the unobserved Dirac sea 
4-hole is an as-yet-unobserved cause. 


y in 3-space comes from time, by our 
solution (584a} to the long-vexing source charge problem (68}. In our 
view, we may then consider that the positive energy compressed as 3-space 
mass has been extracted from the time domain of surrounding spacetime, 
via entry of that time-energy into the surrounding 3-space at each 3-space 
point, producing a surrounding spacetime curvature which is known as the 
gravitationalfield. This gravitational field represents "withdrawn" 3-space 
energy from surrounding space, and withdrawn time-energy from the time 
associated with each surrounding 3-space point. 


Hence the gravitational field may be said to consist of "negative energy 
since it represents lowered energy of spacetime due to the curvature. This, 
viewpoint yields results consistent with the received view that the energy 
ofthe gravitational field is negative. In our view, it is negative precisely 
because it represents "withdrawn energy” from the normal energy density 
ofthat otherwise flat space. The withdrawn nonlocal energy has been 
localized (as what we call "mass"). Simultaneously that withdrawn 
3-spatial energy also represents "withdrawn energy" from the time- 
domain, since all the withdrawn spatial energy came from the time domain 
in the first place. The result is the curvature change in spacetime, that is 
taken as the gravitational field. 


‘The 3-space energy comprising the mass is positive because it is added to 
the normal energy of an otherwise flat spacetime, at that concentrated 
locality. 


‘The “energy in the gravitational field” is negative because it represents 
lowered energy density (i.e., lowered " in a fluid analogy) of that 
surrounding nonlocal spacetime compared to when that spacetime was flat 


‘Thus when we add positive energy (a positive energy state) to 3-space, we 

create normal "positive" gravity because "mass" is a process of 

withdrawing some positive energy from the energy density of surrounding 
-space. 
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Here is the shocker: When we add localized negative energy (a localized 
negative energy state or "4-hole” — or a localized negative mass!) to a 
local 3-space region, we create "negative" gravity (antigravity) in 
surrounding space because the withdrawn energy from the local 3-space 
“hole” must have been added to the energy density of the surrounding 
spacetime, once we apply conservation of energy. Or in other words, the 
surrounding spacetime changed (curved) in interaction to the production of 
the hole. 


If we wish, for simplicity we can just consider localized positive energy to 
generate positive gravitational charge in the surrounding nonlocal 
spacetime. We can consider localized negative energy to generate negative 
gravitational charge in the surrounding nonlocal spacetime. 


‘This is where our concepts differ from the rather arbitrary way that a Dirac 
sea hole is interpreted in the received view. In spacetime, we try to 
account for the entire energy process and we apply a conservation law by 
including the supersystem interaction in every case. We insist that positive 
energy concentrated in positive local mass must have been extracted from 
surrounding spacetime.~”* That "negative energy” in the surrounding 
spacetime is what is known as the gravitational field ofthe source mass 
(where the energy was withdrawn to). Similarly, we insist that positive 
nergy extracted from a localized region of the ambient vacuum to leave a 
Dirac sea hole” must have been spread out into the surrounding 
spacetime, where it would properly be known as the antigravitational field 
ofthe source Dirac hole. 


As an analogy in very simple lay terms, the holes associated with a local 
‘mass system or region involved in COP> 1.0 operations create higher 
“pressure” outside the system or region with respect to other objects. 
Higher pressure between any two objects pushes the objects apart. The 
masses associated with a mass system create lower "pressure" outside the 


system or object with respect to other objects. Lower pressure between any 
two objects results in the objects being pushed together by the higher 
pressures beyond them. 


Altematively, if we add local spacetime curvature, the surrounding nonlocal 
spacetime interacts as mediated by the supersystem changes in all three components. 
‘What we are saying is that there is no such thing as just a system, vacuum, or 
spacetime change. Any change to one is accompanied by a change to the other two, a 
priori. 
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We submit that this new view provides an exact (and testable) antigravi 
mechanism. It appears to have been validated by the Sweet antigravity 
experiment (576), which was designed in advance by the present author 
with increasing the local negative energy reaction in mind, 


9.11 Tests Reinforcing the Antigravity Mechanism 


9.11.1 Dirac Sea Hole Current Effects in a COP>1.0 EM System. 

For COP» 1.0 electromagnetic systems, we recall that the temporal energy 
will flow negatively across the system from output section to input section. 
Hence the Dirac sea hole current in the local vacuum flows back across the 
system, from its output to its input section, Regarding the output section: 
Specifically, all COP> 1.0 systems produce both positive and negative 
energy outputs. The greater the COP ofthe system, the greater the fraction 
ofnegative energy produced with respect to the fraction ofpositive energy 
produced. 


‘The positive energy will flow on out ofthe system output section (as into 
the external load) as in a normal circuit, but the negative energy output 
will flow from the output section through the local vacuum back across the 
system to its input section, 


At the input section, the arriving Dirac holes appear to the input electrical 
current as a special kind of "load" added to the system input section. 
Hence, as previously stated, the external source must input electrons (as 
electron current) to “fill the holes” prior to having any input electrons 
available to power the circuit in normal fashion. 


‘That is nature's unexpected overunity decay mechanism for COP> 1.0 EM 
systems. The COP> 1.0 system is in a condition of disequilibrium a priori, 
since the system exhibits negentropy and only systems in energy flow 
disequilibrium with their active environment can do that. Any COP» 1.0 
EM system is therefore in a highly excited state, and all excited states in 
nature have decay mechanisms. A highly excited state usually has a 
prompt decay mechanism, and the COP » 10 system is no exception. 


This emergence of the Dirac hole current from the system output section 
back to the system input section, is nature's decay mechanism to trigger 
COP» 1.0 EM systems back into COP <= 1.0. With this current, a 
“negative energy load” is added to the input section, causing the system to 
draw additional electrical power from the external power supply to 
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‘power" the killing of the Dirac holes””* as well as to "power" the normal 
circuit (the system itself), 


Ifthe external power source connected to the COP» 1.0 system is not 
furnishing sufficient electron current to kill the hole current in the input 
and power the system as well, the excess hole current will pass back 
through the conductors and on into the external power source, “eating 
current” and power as it goes. The product of the hole current and the 
voltage gives a negative power imposition, wherever the hole current 
interacts with the power system and its external power supply, even back 
into the distant huge power generator in the distant power plant. For a 
battery-powered circuit, e.g., excess hole current will pass into the battery 
and discharge it (change its chemistry in discharge mode) more quickly. 


Indeed, a lead-acid battery (and some other kinds as well) can be 
supercharged with Dirac holes. What this actually means is that the local 
vacuum — in which the battery and its components and chemistry are 
embedded and in a continual exchange with — is altered to increase the 
number of empty Dirac sea holes devoid of electrons. At the same time, 
the local spacetime is also negatively curved. The end effect is that the 
battery is charged with negative energy, rather than positive energy. We 
propose that a battery or capacitor possessing an extreme negative energ 
charge should be lighter in weight than the same capacitor when 
uncharged. 


As previously stated, some years ago, Jim Watson developed a very large 
multi-kilowatt COP>1.0 battery-powered generator, publicly 
demonstrating it at a technical conference (see again Figure 5-12) 
Engineering measurements at the conference verified that the batteries 
were constantly charging while the load was constantly powered at 8 
kilowatts. 


‘The longer Watson's system would run, the more charged his batteries 
became with negative energy. After one of his batteries had been used for 
a couple of weeks in extensive experiments, one could obtain a most novel 
effect when it was placed on a normal "positive energy” battery charger. 
‘The battery's excess "Dirac hole charge" or "negative energy charge” 
accumulated in its local vacuum would "eat positive power and electrons” 
from the battery charger for an extended period, sometimes as long as a 
week, with no symptoms of "charging" the battery at all (no increase in 


®* By converting separated incoming electrons and incoming holes to resulting filled 
Dirac sea electron holes, in the input section itself. 
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battery voltage at all). During this period, the battery charger was indeed 
recharging the battery supersystem. It was filling the excess Dirac sea hole 
charge in the vacuum with the steadily supplied electrons. In the process, it 
‘was gradually relaxing the previously formed negative spacetime 
curvature.””> When all the Dirac holes were filled, the relaxed spacetime 
then was relatively flat (normal) as was the local vacuum, and suddenly the 
battery would charge-up normally again with positive energy, with its 
voltage increasing in quite normal fashion.”"° 


With tongue in cheek, we point out to the COP> 10 researcher that these 
effects are not described in the available storage battery manuals, no 
matter how technically they are written. To the electrical engineer, we 
point out that they are not in his textbook. 


Whenever Dirac sea holes have accumulated in the input area of the 
COP>1.0 system and are being filled by the external power supply, normal 
ammeters and voltmeters will only "see" that the extemal power system is 
furnishing more current. That is true, because the holes are an additional 
load being powered. The holes "eat incoming electron current and power" 
and require the external power supply to "power the killing of the holes" as, 
well as "power the system’, 


‘The unwary overunity experimenter can successfully have the first phase 
of an overunity system working and not realize it, because his initial COP 
is too high and he does not know about the associated hole current decay 


*S This proves that a system's supersystem can indeed be negative-energy-charged 
so that the local spacetime around that system is negatively curved, even though the 
system itself seems normal and functions normally. Ifthe negative energy chatge is 
sufficient, conceivably the antigravity produced will be suficiently great that the 
system itself "floats" or even levitates. We hypothesize that an intense negative 
energy beam can indeed be technically created which will accomplish this "negative 
energy-charging ofthe supersystem" effect when continuously absorbed by a 
targeted system's local spacetime supersystem component, as the system is 
continuously irradiated by the beam. In that manner, levitation beams, tractor beams 
(both attracting and repelling) are at least hypothetically possible. If this proves to be 
a valid hypothesis, we foresee the day when such beams will revolutionize 
transportation and handling of otherwise heavy loads and very heavy systems. Even 
the heaviest vehicle could then negatively charge its own supersystem’s local curved 
spacetime, thereby floating in the earth's gravity, in the atmosphere, in space, and 
under the ocean, 


* We deliberately omit discussion of the extraordinary all-purpose weapons 
implications of negative energy electromagnetic pulse (EMP) ditected energy 
weapons, already developed and deployed by several major nations. 
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of overunity systems back to underunity systems. His system may actually 
be at COP>1.0, but the negative energy component being produced in his 
‘output section is back-flowing and continuously degrading his input 
section by adding a "new load” right in the input section. 


So his overall power draw from the external power source can be such that 
his positive power output in the load is less than his total power draw at 
the input ofhis system. Unless he is aware ofthe process and how to 
hhandle it, he may never realize that his system is actually at COP>1.0 
condition, when the negative energy component is credited as an output 
"plus"””’ COP>1.0 research starts by evaluating the absolute value ofthe 
output energy, then working from there! The experimenter must be ever 
aware that he can and will have Dirac sea 4-holes and currents in any 
unitary COP>1.0 electrical power system, and particularly in those with 
very high COP. He must understand what the 4-hole currents and the 
negative energy actually do and how they function in the overunity system 
unless corrected. 


Any COP» 1.0 EM system demonstrates the Dirac sea 4-hole current 
phenomenon as nature's special decay mechanism to reduce overall 
performance of the COP» 1.0 power system and its external power supply 
to COP < 10 —unless one corrects the problem and prevents the dec: 
process (developed later in this chapter). 


One symptom of the negative 4-hole currents is their cooling capability 
rather than heating. Another is that the excess current (and power) drawn 
from the external power supply also does not heat the input section of the 
system. Another is that semiconductors operating within the Dirac 4-hole 
current flow are likely to fail immediately and permanently. 


We strongly suggest that, for high COP systems experimentation, the 
experimenter use a system of synchronized clocks where the lab clock is 
synchronized with a remote clock prior to the experiments, then the two 
clock times are examined after significant experimentation at COP» 1.0. 
If deviation beyond normal error in synchronizing occurs, then the 
involvement of spacetime curvature effects is indicated. Two decades ago, 
anomalous experiments by Golden — with whom I was working at the 
time — charged the area with negative energy, producing a significantly 


*” In other words, in the presence of both positive and negative energy output, true 
COP is not "positive energy out” divided by "positive energy input by the operator" 
‘but is more appropriately "total absolute value of the energy output” divided by the 
“positive energy input by the operator" 
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curved local spacetime which disrupted local clocks and watches for four 
days as the charge gradually decayed away. Another indicator is that 
Geiger counters and other nuclear radiation detectors often "read” when 
bathed in vacuum 4-hole current, because of the ionization changes 
induced in them and also because of their individual previous "time- 
charge” histories. After all, ionization instruments "read" anything which 
causes ionization of their internal gases. Dirac sea hole current, if 
interacting with the gas, is in fact a very special new form of "ionizing" 
radiation. 


9.11.2 Antigravity Hole Current Effects in a COP» 1.0 EM System. 
Any COP> 1.0 EM system can exhibit minor, usually barely detectable 
antigravity effects due to the presence of the negative local energy 4-holes 
in the hole current ifthe hole current is not transduced or corrected. It can 
also produce minor antigravity "thrust" due to the flow ofthe local energy 
holes. Usually these effects are not even noticeable in an overunity system. 
unless it has very high gain (very high COP, say in the range of 10° to 10° 
or more.). 


However, ifthe EM system's COP » 1.0, and reaches 10° to 10° or more, 
the antigravity and thrust effects may become significant and easily 
detectable. At 10” they become highly significant and are very detectable: 
The unit will lose appreciable weight on the laboratory bench, and may 
even levitate easily. 


An example is provided by the Sweet vacuum triode amplifier discussed 
above, with the results that were given in Figure 6-9. Such effects are also 
what generate the anomalous levitation phenomena of free-spirited John 
Hutchison.” 


9.11.3 Negative Energy Effect When Leads Shorted 

When the leads of a COP>1.0 EM system are shorted, a noticeable cooling 
effect can sometimes be detected. If COP» 1.0, shorting the leads will 
result in instant icing from the water vapor in the surrounding air. 


If one accidentally shorts oneself across the leads ofa COP» 1.0 system, 
the effect is to freeze the nerves along the pathway of conduction, 
Experimenters are cautioned to use every safety precaution. Their 
experimentation is at their own assumed risk. 


®* John Hutchison, “The Hutchison Effect apparatus." Proc. Intl. Symp. New 
Energy, Denver, Colorado, May 12-15, 1994, p. 191-198. 
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Anecdotally, some older researchers reported that their constant handling 
of overunity circuits resulting in charging their bodies, apparently with 
negative energy. The body after all may be considered as a special kind of 
complicated capacitor or set of capacitors, so this is reasonable, based on 
Bedini’s and Watson's demonstrated negative energy charging of a battery. 
Some ofthe older overunity researchers reported that, after charged in that 
manner, they could produce a 3-inch spark from their fingers, or a 
shock" into the body of a person they touched. 


‘There is even a special form of acupuncture in the East in which the 
practitioner uses special exercises to charge the body with negative energy 
in this fashion. The "electro acupuncture” is then administered by the 
operator twirling the inserted acupuncture needles between his fingers, and 
deliberately administering a jolt of negative energy from his body into 
selected points in the body. I have personally tested a person who could 
deliver strong “electric shocks” into one's hand or body, and who could 
consistently produce a I-inch spark discharge between the hands at will. 
‘That person could also deliver a very astonishing "jolt" to one's bo 
particularly in the vicinity of the liver. 


‘There appear to be similar rare negative energy phenomena in 
semiconductors (585a-585c}. Anecdotally, it appears that the body does 
have structures or methods of storing and using Dirac sea holes (negative 
energy) and mechanisms for accessing the negative energy charged in its 
supersystem. This is suggested as a fruitful line of future research for 
interested biophysicists. Again, we call attention to the fact that, whenever 
EM fields, potentials, and waves are present, Dirac sea effects are also 
present and involved. Little or no biophysical experimentation has been 
done utilizing higher symmetry electrodynamics and analysis of the 
supersystem effects. Contrary to the received view, the understanding of 
EM effects on biological systems is not mature at all, but is still in its 
infancy. 


9.12 Susceptible Unitary System without Conversion of 
Dirac Sea Hole Current 


A unitary system is simply a self-contained single power system with an 
overall closed current loop between the source dipole and system loads and 
losses. A unitary system is contrasted to an array system of synchronized 
separate power subsystems without a common closed current loop, with 
the array subsystems connected to the source dipole by energy 
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transmission-reception only. Hence the array system utilizes the Kron open 
path concept. 


Beginning at about COP = 12 to 15, a few highly susceptible unitary 
COP> 1.0 electrical power systems will experience significant Dirac hole 
current from output to input. This will produce a "negative energy load” in 
its input section and feed line from the extemal power system, resulting in 
decay back to an overall "system plus negative energy load” of COPSI.0. 
At the COP = 2.0 level, in the susceptible system the effect will forcibly 
decay the COP back down to overall COPS1.0. It does this by forcir 
excess power to be furnished by the external power system to "power" 
(fill) the Dirac hole current arriving in the input section of the power 
system. In short, it converts the system to a composite system containing 
an additional Dirac negative energy load in its input section. 


Or in other words, it forces the operator to "pay" for both the positive 
energy output and losses of his system and the negative energy output and 
losses of his system. 


In addition to usual powering of its load and losses, such a system is also 

“powering” the return of its own locally altered vacuum back to a more 

normal ambient vacuum, instead of stabilizing its supersystem in a 
stationary disequilibrium state. It is a supersystem interaction and effect. A 

COP> 1.0 system that significantly exhibits this phenomenon is said to be a 
‘susceptible” system 


‘One of the first tasks of the COP> 1.0 experimenter is to ascertain whether 
he is working on such a highly susceptible COP> 10 system. Ironically, he 
does this by observing his COP>1.0 system kick itself back into a 
COP<1.0 system. If he carefully observes the initial COP> 1.0 condition 
followed by decay into COP<1.0 condition, he must then realize that not 
all is lost! In short, he must realize he has developed a susceptible system. 
Ifhe obtains COP>1.0 only to watch it subsequently decay back to 
COP<1.0, he has just discovered he is working on a susceptible COP> 1.0 
system, and that is experimental progress. He isn't there yet, but he is en 
route. In that case, he must concentrate on transducing the excess hole 
current into usable electron current, to "stabilize" and "lock" his system in 
its COP> 1.0 operating condition. 
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9.13 Unitary System with Conversion of Dirac Sea Hole 
Current 


Using the Bedini conversion process, a unitary system can be close-looped 
to maintain COP> 10 and stable overunity operation. The 4-hole current 
reaching the input section is intercepted by the Bedini mechanism, and 
transformed to ordinary electron current furnished to the input section. 
Thus the transduced negative energy feedback becomes a positive energy 
feedback, by conversion. This converted positive energy in the input 
section will reduce the demand for incoming electron current from the 
external power supply, increasing the COP>1.0 even more. 


A feedback and governing system is adjusted until the system's converted 
positive energy feedback current reaches the Kron condition. At that point, 
the transformed electron current is sufficient to power the system with the 
external power supply disconnected. The governing and control system 
thus disconnects the external power supply, and the system is smoothly 
transitioned to self-powering operation, powering both itself and its load. 


We stress that all the energy to power the system and its load is now being 
fumished from the active local vacuum interaction and from the local 
curved spacetime, No laws of nature, physics, higher symmetry 
electrodynamics, or thermodynamics are violated. Conservation of energy 
rigorously applies, but to the supersystem. The system is an open, 
stabilized disequilibrium. system — of the kind referred to by Kondepudi 
and Prigogine as nonequilibrium stationary states — as a freely receiving 
all its energy from its active external environment. No standard U(1) 
electrodynamic analysis will show this condition or this mechanism, and 
neither will electrical engineering. Higher group symmetry 
electrodynamics such as SU(2) or O(3) will show it easily. For a modem 
treatise on O(3), we refer the reader to the recent tour deforce by Evans 
(586), 


9.14 Non-unitary Outrigger Array System 


See Figure 9-14, which is a diagrammatic representation of a COP>1.0 
array system that is non-unitary. In the non-unitary (outrigger array) 
system, no part of the outrigger array works at €>1,0, All external parts 
operate at € < 1.0, but independently and with COP>1.0. Each of the 
external outrigger systems is an open system freely receiving excess 
energy fiom its active environment, because it is an "energy-receiving" 
system and the energy is freely transmitted from the central system. The 
central part of the array is the unit whose purpose is to stimulate or evoke 
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an excess energy flow from the vacuum, so that the outrigger 
receiver/power units can individually intercept and utilize radiating energy 
flow surrounding the central unit.”” The usable (output) energy intercepted 
and captured (collected) from a given fiee flow of energy depends totally 
on the intercepting reaction cross section — usually the total array amount 
of intercepting charge, together with the degree of resonance (sweeping a 
larger geometrical cross section) of the intercepting charge. 


‘Conte sped postive 
Sovernor 


‘utigger atannas 
‘Separate ort, each 
may als have own ood 


‘sections | 


TGENIMEG 


‘igues-4 The nonunitaryoutiggeraray system ands tunctonng 


Each outrigger unit (subsystem) has its own complete closed current loop 
separate system and load, plus its “antenna” or "interception section” or 
receiving component for intercepting and collecting the free flow of 
energy coming from the central source unit (the energy transmitter). Thus, 
the loads in the outrigger units are not closed-current-connected with the 
central source unit at all. Each outrigger unit has its own independent 
electrical ground and its own closed loop system with its load. 


®” We emphasize that, when the usually unaccounted Heaviside nondiverged energy 
flow component surrounding the conductors of the external circuit is accounted, 
every EM power system is already a COP» 1.0 EM energy transduction system, 
Consequently, in the received view the array system can be operated at COP>1.0, of 
even in self-powering mode, even though the central system is "said" to be at 
COPS1.0. I is at COP<1.0 only because ofthe self-applied Lorentz symmetrical 
regauging and ignoring the excess unused energy flow available to and surrounding 
the circuit, but not conventionally used. If we account the COP for what we have t0 
furnish to the central unit, then the COP of each array unit is COP = oo. The point is 
that we ourselves do not have to pay any extra input energy for the output energy of 
each array circuit 
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This schema in fact separates the two functions of Poynting energy flow 
theory: (i) the extraction and radiation of the EM energy flow from the 

seething vacuum, and (ii) the interception, collection, and dissipation of 
some of that available energy flow, to power the loads and losses of the 
intercepting system, 


In this fashion, multicollection from a single energy flow (generated from 
a central source "transmitter") occurs by direct, independent interception 
and collection in each of the COP<1.0 outrigger units, However, the input 
power to each outrigger units is free with respect to that outrigger circuit 
itself. We of course must pay to generate the flow of energy from the 
central unit, but that can be done in normal COP<1.0 manner (such as 
COP = 0.95) while powering its load." Let the output power of each 
numbered unit (including the central source unit) be given by P,, n be the 
number of power units, and Pr be the total power output. Then the total 
output Pr ofthe array system is given by 


Ph=a P=P+P,+ geet, 2 


‘The total input power P; is simply the input power Pj, to the central 
source unit. The COP is given by COP = Py/Piiy. 


In the motionless electromagnetic generator (MEG) array, for example, the 
central unit is the transformer-like unit, deliberately using a special core to 
contain the magnetic flux ofa permanent magnet in contact with the core 
material, thereby stimulating the Aharonov-Bohm effect and freely filling 
the surrounding space with the uncurled magnetic vector potential A. We 
will explain the non-unitary (outrigger array) system using the MEG as an 
example. 


We again stress that, from any nonzero potential or from any EM field in 
space, any amount of EM energy can be collected if there is sufficient intercepting 
and collecting charge. For example, the simple equation W ~ 6q applies for the 
potential, where W is the energy collected from a potential with point intensity by 
collecting charges q. A similar equation applies with respect to collecting as much 
force (emf in the various outrigger circuits) as desired. Here a single given E-field E 
‘can be assumed, and F = Eg. What is happening in the outriggers is that they are 
intercepting and collecting some of the excess Heaviside energy flow component 
that is wasted by the central circuit, 
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2x1 


‘The MEG freely induces the Aharonov-Bohm effect," thereby extracting 


excess energy from the vacuum in the form ofthat novel field-free 


A-potential. Being field-free, A represents an energy flow without swirl 
(without curl). When the MEG input section is perturbed, the surrounding 
A-flow is perturbed also, giving a pulsed or AC flow of energy that can be 
intercepted and utilized by each outrigger circuit as an E-field energy 
interception. 


The central unit's COP<1.0 function is to output almost as much, or as 
much, energy as is required to power the MEG, while also evoking that 
excess A-flow and serving as a COP» 10 energy flow transducer. The 
function of each outrigger is then to intercept some ofthe pulsed A-flow 
(as E-field energy via the equation dA/dt = - E), in its antenna or 
interceptor section. Each outrigger has its own independent and 
conventional closed loop circuit. It simply is a receiver and user of extra 
Heaviside EM energy produced from the central MEG unit in the new 
form ofthe curl-free A-potential. Perturbing the A-potential produces a 
large E-field impinging on all the external outrigger subunits. Hence these 
units freely collect and use some of that available excess energy. The COP 
ofthe total array is thus COP> 1.0. For best results, tuned antenna theory 
and near field theory should be utilized, 


‘Suppose we operate the MEG central unit at COP = 10. In that case, there 
is no 4-hole current of significance associated with the central unit or the 
outriggers, and transduction of hole current into electron current for close- 
looping is not necessary. Instead, sufficient outriggers are employed so 
that the total energy Wo caught and dissipated in their loads by all the 
outriggers is given by Wo > Wi, where W1 is the input energy in the main 
central section. Since COP = 10 for the central unit in isolation, the total 
input Eywis Ey = Wr (the additional huge Heaviside nondiverged EM 
energy input component is there also, but just neglected in conventional 
engineering). The total output W, of the entire array is 

Wa = Wo + Wr. The overall CoP, of the entire array is thus 


COP, = Wa/Ew = (Wo + Wr)/Wr = (Wo/Wr + 1.0) >1.0 [3] 


21 The reader should recall that the Aharonov-Bohm effect is not included in 
classical U() electrodynamics. See Terence W. Barrett, "Electromagnetic 
Phenomena Not Explained by Maxwell's Equations,” in A. Lakhtakia (ed.): Essays 
‘on the Formal Aspects of Electromagnetic Theory, World Scientific Publishing, 
River Edge, NJ, 1993, p. 6-86. 
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Hence the array has a COP> 1.0, even though every single component of, 
the array has € < 1.0. With the outriggers fully functioning, many schemes 
of operation can be used. E.g., the energy from the outriggers can be used 
to steadily charge a capacitor bank by “shuttling”. We define shuttling as 
use of two capacitor banks: (1) a capacitor bank which is continually 
connected and charged by the outriggers as their effective output, and (2) 
‘an input capacitor bank for the central unit that is continually connected 
and recharged from the outrigger capacitor bank. By adroit switching, the 
charge of the input capacitor bank is maintained by replenishing from the 
output capacitor bank, and the input capacitor bank powers the entire 
system, including the output load in the central section. 


‘The non-unitary outrigger array construction is one means of close-looping 
a non-unitary overunity power system without bothering with the 
transduction of hole current into electron current. It is the easiest of all 
COP> 1.0 systems to close-loop for self- powering, 


An additional adaptation is for each outrigger also to continuously power a 
separate load, and only contribute intermittently along with the other 
outriggers to charging the output capacitor bani. 


Another adaptation is to operate the central unit in the array in solitary 
self-powering mode. 


‘These and similar modes of nonunitary array system operation allow close- 
looping the system for self-powering of itself and its load, without concem 
for 4-hole current transduction. A real advantage of such nonunitary 
systems without worrisome 4-hole current is that transistors can readily be 
used for switching etc. in them, without the destruction of the transistors 
by a damaging Dirac 4-hole current in the supersystem. 


‘The nonunitary overunity system can also be close-looped by conventional 
(simple) "clamped positive feedback” means if good isolation (e.g., optical 
isolation of the circuitry switching) is used in the feedback loops. 


9.15 Some Instrument Considerations 


9.15.1 Time Effects, 

As previously indicated, there are time-domain effects (potentials, forces, 
and currents) associated with a COP> 1.0 EM system, particularly as the 
COP increases toward COP» 1.0. A useful method of indicating time- 
effects is to utilize a transistor in a circuit capable of measuring 
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recombination time in the transistor.” NASA has such circuitry available, 
but I do not have the reference at hand. We leave it as an exercise to the 
reader to explore that possibility. 


For "very large COP" devices, ordinary watches, clocks ete. may be 
affected. Particularly significant is the slowing of timepieces in the 
presence of substantial time-domain effects due to substantial negative 
energy. In addition, for high gain devices (and for some at lower COP), the 
negative energy charge can build up in the local area, and may then require 
some days to dissipate. As we stated, in experiments years ago with Frank 
Golden, we experienced just such alteration of multiple kinds of clocks 
and watches in an area. it required four days for the negative energy 
charge in the area to gradually drain off (for the excess Dirac sea holes to 
gradually be filled with electrons, as the tempic potential gradually 
returned to normal). 


Effects that were even more dramatic were exhibited in experiments 
conducted by Sid Hurwich in Canada some years ago {587}. In a series of 
experiments lasting a half-hour, Hurwich inertially jammed a police 
revolver so that a human finger could not pull its trigger. The watches of 
the witnesses did not change their setting during that entire half-hour. This 
cannot be understood by conventional electrical system analysis, but 
potentially it can be understood by supersystem analysis 


9.15.2 Calorimetry Is Taboo for Overunity System COP Measurement 
It is standard dogma that calorimetry is a "true" measurement of power, 
and is always accurate in the hands of a skilled practitioner. In general, 
that is true for a COP<1.0 system, where one is concemed only with 
positive energy in the input and output sections. However, with respect to 
‘COP> 1.0 systems, nothing could be farther from the truth. Indeed, for a 
significant COP» 1.0 system, a calorimeter is one ofthe most inaccurate 
instruments that can possibly be used. 


As previously stated, all COP>1.0 EM systems produce a mixture of 
negative and positive energy in their output section. The higher the COP, 
the greater the percentage of negative energy and the greater the flux of 
Dirac 4-holes back to the input section. The output energy, immersed in a 
calorimeter, will both cool the water with its negative energy output 
fraction and heat the water with its positive energy output fraction. Hence, 
the calorimeter will show the difference between the water's simultaneous 


This suggestion is courtesy of John Schnurer some years ago, and is appreciated, 
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heating and cooling. Ifthe calorimeter measurement is misinterpreted as 
the total energy output, this “definitive test" will always erroneously show 
COP<1.0. After all, it itself already applies the decay mechanism for 
converting any overunity system to an underunity system, 


The only good use ofthe calorimeter in an overunity EM system is to 
verify that negative energy is present, when comparing its measurements 
to more sophisticated electrical measurements of the system. It can be 
used along with other measurements to ascertain (1) the total energy 
output, whether negative or positive, (2) the difference in the two forms of 
energy output and the algebraic sign of the resultant (positive if 
calorimeter heated, negative if calorimeter cools), and (3) thereby help 
determine the output’s energy fractions (positive energy divided by total 
energy, negative energy divided by total energy). 


Any test group insisting on testing a purported COP> 1.0 electrical system 
with a calorimeter as the definitive statement ofenergy output is totally 
devoid of knowledge of COP>1.0 systems and their phenomenology. 
Usually such "test groups” tend to regard themselves as "measurement 
experts" (which they well may be, in COP<1.0 positive energy systems!) 
That does not make the team even minimally knowledgeable or qualified 
in COP>1.0 system measurement. To the contrary, the team members have 
zero experience or knowledge of COP>1.0 systems. The proposed test 
group may consist of physicists, thermodynamicists, electrical engineers, 
technicians, or all four, but they still will have no knowledge or expertise 
in COP>1.0 EM power systems unless they have actually worked with 
such systems before, and at length.”*’ This is particularly true of 

COP» 1.0 systems. My advice to all COP>1.0 researchers is 
keep the "calorimeter addicts” out of one’s laboratory in the firs 


9.15.3 Other Instrumental aspects. 
Here we just point out some simple and obvious things, familiar to the 
experienced researcher but sometimes not appreciated by the novice. One 

is usually dealing with nonsinusoidal waves, pulses, spikes and the like. As 
is well known, RMS meters are useless for measuring such nonsinusoidal 
electrical entities, since they are designed and calibrated to measure sine 


°° To date, we have found none who have actually worked with COP>1.0 electrical 
systems. We have, however, found quite a few who, though totally inexperienced 
with COP>1.0 systems and not knowledgeable, have regarded themselves as “real 
experts” in such systems. They claim to already know how COP>1.0 systems work 
and behave, and assume just ordinary electrical system phenomena, 
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waves only, or to measure DC. One must use a good differential sampling 
scope with multiple synchronized channels, with professional software to 
perform accurate integration under the curve, and with special differential 
probes for the scope. Simultaneous triggering of the multiple measurement 
channels on the same time line is required. The necessary high quality 
probe set may cost as much or more than the oscilloscope! 


Dirac sea hole currents are generally not separately measurable, so one 
measures where the hole currents are not significantly present. Results may 
be compared to measurements where the hole currents are known to be 
present. When directly measuring hole currents, the conventional meters 
often read "backwards" and interpret a negative energy output at the 
system output section as subtracted from the positive energy, and interpret 
a negative energy output at the input section ofthe system as additional 
input electron currents from the external power supply. Ifthe electron 
currents from the external power supply are not present, then measuring 
hole currents will draw electron currents from the power system inside the 
meter itself, resulting in a "backward measurement”. Again, the meter 
actually will measure a real electron current, whether from the external 
power supply or from a conversion within the meter itself." 


Recombination time in semiconductors can sometimes be used in 
instrumented circuits to differentiate between negative hole current and 
electron current, by observing the change in recombination time due to the 
negative energy currents. It will differ from the change in recombination 
time due to positive energy currents. 


Again, what is needed in the field is a set of solid, reliable instrumentation 
specifically developed for these peculiar measurement phenomena 
involving both positive energy and negative energy. To my knowledge, no 
such thoroughly designed and tested instrument package presently exists. 
Further, there are not even any standards for such, since there are 
apparently no standards for negative energy measurement at all. 


9.16 Still Anomalous Aspects 


Several aspects of COP>1.0 systems are still not properly understood. The 
behavior of curl-free A-potential, sometimes produced in such systems, is 


* What is very much needed is a meter of sophisticated design where this "drawing 
‘of excess electron current from within the meter itself has been taken into account 
in the design, so that the meter functions correctly for either positive energy 
‘measurement or negative energy measurement. 
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a case in point. This type of energy can exhibit characteristics as ifit were 
electrostatic energy, which my associates sometimes refer to as the 
“crawly stuff. It exhibits the characteristic of "crawling" all over the 
surfaces (outside and inside) of the objects in the area, including the 
scopes, producing internal electrostatics and possibly magnetostatics 
everywhere. This can easily destroy the amplifiers etc. in a good scope or 
an expensive meter. It is best to transform this field-free A-potential into 
an ordinary "EM field energy AC wave", and then utilize it in that fashion. 


Scalar stress waves are also sometimes produced, leading to anomalous 
effects. This is best regarded as a "time-polarized” EM wave, or more 
accurately, as a combination of scalar (time-polarized) EM waves and 
longitudinal EM waves in 3-space. For macroscopic waves in COP>1.0 
systems, the Mandl and Shaw I:1 correlation between scalar photons and 
Iongitudinal photons can apparently be corrupted, so then one has 
“abnormal” (improperly correlated components which normally correlate 
to make “ordinary” EM waves). These abnormal EM scalar stress waves 
also exhibit the "crawly” phenomenon, and can be hazardous to one's 
instruments. 


In addition, some instruments such as ionization counters, Geiger tubes, 
etc. read in the presence of such waves as if nuclear radiation were present 
(which it is not). Also, the individual time-charge history of a given 
instrument determines or substantially influences how the instrument 
reacts in the presence ofthe "corrupted" scalar stress waves. Essentially, at 
a given time any instrument has a small "time-energy charge" depending 
upon its past history. The corrupted scalar stress wave accomplishes 
further "time-charging” of the instrument, which combines with the i 
time-charge to produce more time-charge, ordinary EM waves by scalar 
EM interferometry (588), or abnormally correlated longitudinal EM wave 
emission. 


ial 


In an ionization-measuring instrument, ionization is ionization, by 
whatever means achieved. And in the presence ofthe "abnormal radiation 
and charging, ionization-type instruments will vary 
from one to another, depending upon the individual time-history ofeach 
instrument. So from a group of identical instruments made the same day on 
the same assembly line, one may read anomalously and several others read 
normally. Or two may read anomalously, while all the rest read normally. 
A very good example of this anomalous measurement effect is seen in the 
rigorous electrolyte experiments in U.S. Navy research facilities at China 
Lake {589}. The present author has previously given an explanation of this 
time-charging and decay phenomenon {590} 
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Negative energy reacts in different ways with different materials. The more 
nonlinear the material, the greater the effects and unpredictability of the 
interaction, as a rule of thumb. In a copper wire, Dirac hole current 
introduced into the wire will "eat" Drude gas electrons, reducing the 
"pressure" at that point or area in the wire. This "combining of electrons 
and causal Dirac holes is not normal pair annihilation, and radiation does 
not occur. Instead, the two curvatures of spacetime (one by the positive 
energy of the electron and the other by the negative energy of the Dirac 
hole before observation) interact and adjust. 


‘The Drude gas in the copper further back toward the external power 
system still has normal (higher) gas pressure, and so the differential in 
pressure induced in the Drude gas will drive electrons from the "normal 
pressure areas into the "reduced" pressure area where some of the Drude 
electrons disappeared after being "eaten" by the Dirac holes. To look at 
that in lattice hole terms, the “eating” of Drude electrons in a selected 
volume ofthe wire leaves positive ions, which are "lattice holes” vacated 
by the eaten electrons. So these excess positive charges attract electrons 
from further up the wire nearer the distant power supply, filling the lattice 
holes to bring the Drude gas back up to “normal”. However, that also 
draws and "eats" additional power from the distant power supply. 
Meanwhile, the Dirac 4-holes fed from the input of the COP>1.0 system 
back into the power feed conductors continue to interact with the lattice 
and eat electrons to create more ions (lattice holes). 


One may visualize the Dirac sea holes producing excess lattice holes, 
which then causes the Drude electron gas to change so that the "average 
demand current increases. In short, we must also consider the effect of 
Dirac hole charges or currents upon the lattice material itself, and the 
structure ofholes and electrons as charge carriers in the material lattice. 


Semiconductors are very vulnerable to negative energy due to its 
disruption of their donor-acceptor and band gap design functions. With 
mild negative energy exposure, a semiconductor may just cease operation 
entirely and later recover when the negative energy application ceases, or 
it may fail and never recover. For pulsing, strong "opposing force pulses" 
(stress pulses) are created deep inside the semiconductor materials. In case 
of sharp pulsing, sometimes an exposed semiconductor will just suddenly 
explode in a nice little fireball about one foot in diameter. This along with 
some minute stinging fragments from the explosion assures that the 

COP> 1.0 bench researchers stay alert and on their toes. Needless to say, 
when experimenting with COP>1.0 systems and circuits, one should 
exercise all safety precautions, including safety glasses, until the "negative 
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energy beasts have been tamed and controlled". One should not experiment 
with such things unless one is an experienced and safety conscious 
experimenter. One experiments at one's own risk. 


Negative energy effects in coils and toroidal coils are largely still 
unknown, though we have outlined some ofthe major effects. For a normal 
helical coil, one can derive a concept of the effects by considering the 
lattice effects in the wire. In this case, introduction of hole current at one 
end ofa helical coil will induce electron current from the other end and 
into the coil. Thus, hole current can be "switched" back and forth between 
the ends of a helical coil to induce an ordinary AC electron current in the 
coil, accompanied by normal magnetic fields etc. A point can be reached 
where the coil is actually in resonance with the frequency of the switching, 
and with the "seeming capacitance” of the hole current introduction in each 
switching. With the proper material in the coil and a keen balance between 
the negative energy capacitance effect and the normal positive energy 
induction effect, in theory a single coil can be tured into a self-oscillating, 
self-powering system. 


With core material inside the core of a coil, the situation dramatically 
changes. Ofien the type reaction experienced will appreciably depend upon 
the core material, and changing the core material can dramatically change 
the effects upon the coil and the effects that the coil pre luces. One may 
even use dynamic changes in the core material to produce corresponding, 
dynamic changes in the coil. A toroid may act differently from an 
ordinary helical coil, as does a flat (spiral-wound) coil. Here the 
experimenter must simply perform his own experiments to seek out and 
understand the phenomenology he uncovers. 


For exploratory experimenting with core-filled coils, we advise strong 
caution and testing at very low power only, Sometime effects can 
apparently be experienced by the researcher (headaches, nausea, dizziness, 
etc.) It is suspected from some evidence (but not proved) that the core 
material's chemical characteristics can sometimes be “imprinted” upon the 
human body chemistry, from the novel radiation of a core-filled coil or 
some core-filled coils. This is particularly true in the presence of strong 

Is, such as from bi-wound coils with fields in opposition, 
and particularly ifthe biwound coil contains a nonlinear material core. The 
nonlinear core induces modulation (multiplication) of the two waves, 
rather than linear mixing. Thus, the two waves are "locked together” to 
fom a true stress potential and local spacetime curvature sets, when the 
biwound coil has a nonlinear material core. In short, one is now 
engineering pure general relativity, locally. 
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Again, we iterate that the experimenter should be knowledgeable and take 
all safety precautions. He experiments at his own assumption ofrisk. 


‘The appearance of an extra stress potential (field-free) in a biwound coil is 
in fact a new Lorentz symmetrical regauging, and the equivalent of 
rotating the frame of the coil. As signals are introduced, this is the 
equivalent of continually changing the degree of the frame rotation, which 
is a general relativistic effect, with direct curvatures of spacetime being 
produced. In short, one is producing spacetime curvature and rotation 
engines, previously discussed. 


‘The magnitude ofthe stress potential (field-free) falls off inversely as the 
distance. Thus one's body can be exposed to it, including the body 

chemistry, every cell and every part of every cell, the nervous system, etc. 
Placing signals on the biwound coil can conceivably result in slight 
variation of the scalar stress potential, including inside the body, and 
inside each cell and each part of each cell. Variation in the stress potential 
6 in a little local region inside the body produces —V, which is an electric 
field E. The rate of change of this E-field then produces a magnetic field 
H. 


Consequently, very minute EM fields are produced throughout the body 
and all its parts, or can be. It is as ifthe entire body is "electromagnetically 
washed” in intemal EM fields throughout its matter, structures, and 
dynamics. The hydrogen bonding actions ever ongoing are particularly 
sensitive and can restructure appreciably in the presence of this stimulus. 
They can also "imprint" and take on a specific induced structure and. 
dynamics, correlated to the persistent changes induced from the biwound 
coil. As can be seen, such EM biological effects have not been appreciably 
investigated and documented in the Western scientific literature. Hence 
‘our urging and insistence that the researcher use all caution, and our 
warming that he experiments at his own will and assumption of ris 
Neither the publisher nor the present author is responsible for any 
accidents or blunders that may occur. 


Capacitor effects also vary between types of capacitors, when applying 
negative energy or a mix of positive and negative energy. Some capacitor 
dielectric materials are also photo-refractive and are semiconducting 
materials, hence photoactive. The rich effects capable of being generated 
in capacitors — by EM fields, waves, potentials, and pulses of negative 
energy or negative and positive energy mixed — are largely unexplored 
and not catalogued. 
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Almost all modem permanent magnetic materials are also photo-refractive 
or photoactive materials as well, and many are semiconducting materials. 
Hence a rich variety of effects can be produced in permanent magnets by 
the introduction of negative energy fields, potentials, waves, and pulses. 


As can be seen, a very rich combination of effects exists for "normal- 
appearing” coils, capacitors, semiconductors, and magnets when applying 
appreciable negative energy or controlled mixes of positive and negative 
EM energy. This is a still largely unknown materials science region, and 
‘one that has not been systematically and rigorously explored and 
catalogued, if at all. 


In addition, there are effects from pulsing negative energy (Dirac hole 
currents) that are not completely understood. These appear to occur almost 
— or partially — at random, and also seem to be affected by the natural 
surroundings, by the various materials, etc. The "imprinting" phenomenon, 
when it occurs, seems to be augmented by pulsing, and sometimes by the 
pulse shape and pulse repetition frequency as well as the surroundings. 


We also legally state that we are not responsible for any risks the 
researcher chooses to take, but are only alerting him to be very careful and 
use very good safety practices. Any experimenter is himself responsible 
for stringent adherence to good safety practice and common sense, and he 
legally assumes his own personal risks for all experiments he chooses to 
undertake. 


Another effect to be alert to is the effect of “charging” the local area's 
supersystem with an altered active vacuum and curvatures of spacetime. 
‘This phenomenon is usually experienced as a "slow growth” of the COP of 
the system, over a long time (months or years). Tiller in private 
discussions has reported such phenomena in his detector built at Stanford 
University. Golden and I experienced such phenomena with a small 
COP>1.0 system Golden was developing. Over a period of five years, the 
system slowly increased its COP to about 2.0. Moved several hundred 
miles, the system then exhibited COP of about 0.9, but with occasional 
fluctuations of overunity temporarily.** Golden had gradually charged his 
local area with the "engine" or spacetime curvature operational and 
functional form of his unit. Thus in that repeatedly charging area, 
gradually the operation of the unit improved. We referred to this engine- 


I fact, Golden and I were astounded at these results, until Tiller explained it to 
us and explained his own experiences with "growing" his detector. Thanks to 


Professor Tiller, thereafter we had this new phenomenon firmly fixed in our lexicon 
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charging of the environment with a particular effect or dynamic form as 
Kindling. 


The kindling or "charging to favor the dynamic form of the engine or 
device” problem, should it occur, is in fact usable because it is possible to 
produce it everywhere on earth, and fairly permanently. To use the 
Kindling effect once discovered, the mechanism is to build several identical 
units. Keep the original unit working in the original area, and "outrigger 
the others at radial distances as distant as possible, but maintaining 
COP>1.0 for the outriggers. Then simply run both the outriggers and the 
central unit, steadily. The "structural charge” will grow and reinforce at the 
outrigger locations, then spread on beyond the outriggers, and a much 
larger area will now be "charged with that dynamic form”. With sufficient 
additional outriggering (three to five, or seven in an especially difficult 
case) where the successively internal outriggers arc retained and operating, 
the charging will eventually spread around the entire Earth, and i will 
become a permanentfixture ofthe Earth environment itself™ Thereafter, 
anytime one of the units is turned on anywhere on earth, it will perform 
with its normal overunity condition. In other words, not only can one grow 
the dynamic form (engine) in a supersystem in a given locality, but one 
can also kindle it into the entire Earth's supersystem permanently (591 }. 
One is strongly reminded of Feynman's observation that physicists with 
their big accelerators may in fact be partially creating their own reality. 

He pointed out that often the physicists look and look for a new, predicted 
particle. At last and after years of difficulty, finally a "glimpse" ofthe 
particle occurs in an accelerator and is reported. The physicists quickly 
crank up the other accelerators and look intensively, and — afier some 
moderate difficulties — they find that particle. Thereafter, every time an 
accelerator turns on and looks, thatparticle is readily seen, easily. 


‘The supersystem's spacetime is part of the local spacetime of the Earth, 
and all supersystems also interact with each other. As Kron put it (592): 


"An electric network differs from all other types ofnon- 
electric networks in that itis always surrounded in all 
directions to infinity by an invisible dynamic 
electromagnetic field ofits own creation. ... Each 


Inductance L produces its own magnetic field, each 


© We have proposed an application ofthis phenomenon to kindle and maintain a 
specific disease organism's “anti-engine” as a startlingly new kind of medical 
therapy for permanently eradicating a particular disease vector from the earth 
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capacitance produces its own electric field and each 
resistance R creates a thermodynamicfield of its own. 
Moreover, there exists a continuous interaction between 
the magnetic, electric, thermodynamic, and radiation 
fields. Thus any correct and basic theory ofthe electric 
‘network must include all the parameters ofits 
surrounding electromagneticfield and must satisfy all the 
{field equations of Maxwell. The theory must also dovetail 
with the Hamiltonian and Lagrangean equations of 
dynamics containing both time and space derivatives, as 
well ofthe equations ofirreversible thermodynamics." 


So decades ago, Kron was struggling with the "supersystem” problem, in 
different terminology, and he eventually originated diakoptics 593}, an 
entirely new way of breaking the problem down piecemeal so it could be 
solved. But Kron strongly stressed that the interactions of the fields and. 
potentials of a circuit and all its parts reach to infinity and have an 
n-dimensional set of degrees of freedom and an infinity of spaces. The 
fields and potentials of every charge reach to infinity (for those charges in 
‘matter from the beginning), and so every charge in the universe interacts, 
with every other charge and its fields, potentials, and dynamics. Spacetime 
itselfiis filled with these interacting EM fields, potentials, waves, and 
dynamics. Little wonder that the horrendous set of ongoing EM 
interactions at every point in the vacuum has such incredible energy 
density and fluctuations. We may even regard the fluctuations and 
interactions as completely causal, but — with no information on each 
interaction — they must be treated as totally statistical. Ultimately nature 
confounds our Aristotelian logic and insists that, in the limit, one is 
dealing with 5-law logic as developed earlier in this book. 


Since the earth near an ongoing COP>1.0 system experiment has 
innumerable electrical aspects, materials, etc., it follows that the 
surrounding earth is indeed in direct interaction with the experiment. It 
then follows that "slow conditioning” of the surrounding area should be 
possible, say, after some years as Golden experienced. It also follows that 
the effect diminishes in magnitude with distance from the experiment. 


‘The "growth ofthe activation (kindling) to include the entire Earth 
slow process, requiring years and much expense to aid the "spreading" — 
as the physicists may be experiencing, according to Feynman. But it is a 
doable. 
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We highly recommend that the researcher work on COP> 1.0 systems that 
are not charge and location dependent, so that the kindling problem does 
not arise. We have assumed non-kindling COP> 1.0 systems throughout 
most ofthis book. 
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Chapter 10 


Cold Fusion: Low Spatial-Energy Nuclear 
Reactions at 
High Time-Energy 


“This book is about time. Iwould have liked to have 
named it Time, the Forgotten Dimension..." (Ilya 
Prigogine]. (594) 

"The notion oftime may be unfolded into an independent 
pure science... a science ofpure time is possible." [Sir 
William R. Hamilton, 1837]. (595) 


"contrary to the conclusions ofclassical mechanic: 
there exist effects of potentials on charged particles, even 
in the region where all thefields (and therefore theforces 
on the particles) vanish. " [Y. Aharonov and D. Bohm] 
{596} 


global behavior greatly modifies the very meaning of 
space and time. Much of geometry and physics is based 
on a simple concept ofspace and time, generally 
associated with Euclid and Galileo. In this view, time is 
homogeneous. Time translations may have no effect on 
physical events. Similarly, space is homogeneous and 
isotropic; again translations and rotations cannot alter 
the description ofthe physical world. It is quite 
remarkable that this simple conception of space and time 
may be broken by the occurrence ofdissipative structures. 
Once a dissipative structure isformed, the homogeneity of 
time, as well as space, may be destroyed. "(Ilya 
Prigogine] {597} 


"As we expand our observation, we extend our concepts 
Thus the simple symmetries that once seemed self-evident 
are no longer takenfor granted. Out ofstudies ofdifferent 
kinds ofinteractions we are learning that symmetry in 
nature is some complex mixture ofchanging plus into 
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‘minus, running time backward and turning things inside 
out." [T. D. Lee] {598}, 


"The desirable features ofa system ofunits in any field 
are convenience and larity. For example, theoretical 
physicists active in relativistic quantum field theory and 
the theory ofelementary particles find it convenient to 
choose the universal constants such as Planck's quantum 
ofaction and the velocity oflight in vacuum to he 
dimensionless and ofunit magnitude. The resulting 
system ofunits (called ‘natural’ units) has only one basic 
unit, customarily chosen to be length. All quantities, 
whether length or time orforce or energy, etc., are 
expressed in terms ofthis one unit and have dimensions 
which are powers of itsdimension. There is nothing 
contrived or less fundamental about such a system than 
one involving the meter, the kilogram, and the second as 
basic units. It is merely a matter ofconvenience." (J. D. 
Jackson] {599}. 


[Violation of Second Law of Thermodynamics} "We 
experimentally demonstrate the fluctuation theorem, 
which predicts appreciable and measurable violations of 
the second law ofthermodynamics for small systems over 
short time scales... Our results show entropy consumption. 
can occur over colloidal length and time scales." [Evans 
et al.]°* 


[Implications } "This result has profound consequences 
for any chemical or physical process that occurs over 
shorttimes and insmall regions. "[Evansetal.| 


[Implications] "The smallera machine is, the greater the 
chance that it will run backwards. " [Evans et al., ibid. ] 


[Implications] "Physicists knew that at atomic scales over 
very shortperiods oftime, statistical mechanics is pushed 


*1 GM. Wang, E. M. Sevick, Emil Mittag, Debra J. Searles, and Denis J. Evans, 
“Experimental Demonstration of Violations of the Second Law of Thermodynamics 
for Small Systems and Short Time Scales,” Phys. Rev. Lett, 89(5), 29 July 2002, 


* BBC News, 18 July 2002, http://news.bbe.co.uk/Vhiscitech/2135779.stm. 
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beyond its limit, and the second law does not apply. Put 
another way, situations that break the second law become 
‘much more probable. ...the new experimentprobed the 
uncertain middle ground between extremely small-scale 
systems and macroscopic systems and showed that the 
second law can consistently be broken at micron scale, 
over time periods ofup to two seconds." Chalmers] 


10.1 Explaining Time as Energy 


See Chapter 1, paragraph 1.13 and 1.4.1; see also Chapter 2, paragraph 
2.1.3. As highlighted in the quotation from Jackson {599}, it is well 
known that the fundamental units chosen to model physical phenomena are 
arbitrary. In a physics model whose only fundamental unit is the joule, 
time is obviously modeled solely as a function of energy, just as mass is 
modeled today as a function of energy — hence the term "mass-energy". 
We may also equally well use the term "time-energy”, since in a model 
using the joule as its only fundamental unit the second is purely a function 
ofenergy. Specifically, for our purposes | sec = 9 x 10" joules of spatial 
energy, compressed by the factor ¢* and placed on the 4th Minkowski axis, 
to constitute one second of time. Ifthe compressed spatial energy had been 
left in 3-space, it would be recognized as mass. For our purposes, time has 
the same energy density as mass. 


‘The flow of time becomes a special form of EM energy flow, analogous on 
the fourth axis to mass flow (translation) in 3-space. Further, as previously 
pointed out the overall flow of time has extensive intemal structuring of 
component time-energy flows. However, time-flow is in the imaginary 
plane or connected with it, since in Minkowski space the 4th dimension is, 
modeled as ~ict. Note that the only variable in ict is the 1, hence anything 
varying on the fourth axis is a variation oftime and time-energy a priori. 


Further, we can apply conservation of EM energy to the time domain as 
well as in 3-space. And we can have "broken symmetry” in time-energy 
flow as well as in 3-spatial energy flow, so long as the net energy flow is 
conserved. The most fundamental conservation of energy law is giant 
negentropy: the automatic circulation of energy from the time domain into 
3-space via decompression by the negative charge, thence the slight flow 
of 3-space energy to the positive charge where the 3-space energy is re- 


2 Matthew Chalmers 
July 2002, http:/iwww.newscientist.com/news/print jsp 


“Second law of thermodynamics 'broken’." New Scientist, 19 
1399992572 
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‘compressed, thence from the positive charge back into the time domain.” 
That was our solution to the long-vexing problem of the source charge and 
its associated 3-space fields and potentials and their 3-space energy. From 
special relativity, one already knows that time can dilate and then wn- 
dilate, but each action is associated with an appropriate change in spatial 
energy. While that change in spatial energy can be kinetic, it does not have 
to be. It can be a change in potential energy instead. In short, a static 
object rotates its frame with respect to the observer (lab) frame, whenever 
it absorbs or emits potential energy. 


We also pointed out the connection of time-energy to electromagnetics and 
to quantum field theory, via the four polarizations of the photon considered 
to travel in the z direction in 4-space. These four polarizations are with the 
energy vibrating along x-, y-, z-, and t- respectively. Vibration of the 
spatial energy of the photon along the x- ory- axis gives an ordinary 
transverse photon. Vibration of the spatial energy of the photon along the 
z- axis gives the longitudinal photon. Vibration of the time-energy 
component along the t- axis gives the scalar or time-polarized photon. We 
assume a similar four polarizations for EM waves in 4-space.”' 


10.2 Mechanism Generating Flow of a Mass through 
Time 

‘As we covered in the referenced paragraphs in Chapters 1 and 2, the 
fundamental generatrix ofthe flow of a mass through time — and the 
structuring of that flow — is the total photon interaction with the mass and 
all its parts. This includes both observable and virtual photon interactions. 


As a recapitulation: Mass m does not exist in time, since it is an observable 
and observation is the imposition of ddr upon spacetime LLLT, removing 
the T to give a "frozen LLL snapshot." In short, mass m is an effect (of the 
iterative very high speed observation process), not a cause (which is an 
input to the observation process). This is why all observation is 3-spatial 
rather than spatiotemporal: it yields the 3-space effect (at a given time, of a 


2 Note the relationship with such things as time dilation, which represents a broken 
time-flow symmetry, where net energy flow from the time domain to the 3-space 
domain occurs. Hence time dilation is associated with the increase of spatial energy 


such as kinetic energy due to the relativistic velocity ofthe moving abject. 


* In this book, we have limited our discussion to four dimensions. If we model in 
five or more dimensions, then additional symmetries and broken symmetries are 
possible, as are new kinds of multi-dimensional EM waves. 
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given interaction), not the 4-space cause of the interaction and not the 
ongoing 4-space interaction. 


By absorbing and emitting photons, observed mass m may be said to move 
through time in a succession of m => mt => m => mt => m ... jumps, each 
involving change of physical state as a photon is absorbed by m, changing 
it to mt which is nonobservable. Then a photon is re-emitted by mr, 
changing it back to m and completing another observation with this new m 
as the output (effect). We note that masstime mr is as different in nature 
from mass m, as impulse Fr is from force F. In mass m, every tiniest 
differential dim is also interacting with photons continuously (even though 
they may be virtual photons), hence dm also exhibits its own "digital flow 
through time” as a part of the structure of the overall flow of the parent 
mass through time. 


Interaction primarily with the mt state yields wavelike interactions. 
Interaction primarily with the m state yields particle-like interactions. This 
is proposed as a possible resolution of the wave-particle duality problem, 
which has never been resolved but just accepted without further argument. 
Previous consideration of wave-particle duality has assumed that "mass 
has two states, one particulate and the other wavelike”. We correct that 
assumption by pointing out that two different "states in which mass exists” 
are involved, and the two are quite different: one is mass m, and the other 
is masstime mt. We stress the function of the myriads of virtual photon 
interactions during an me state, where an observable photon has not yet 
been re-emitted. These virtual photon reactions create streams of virtual 
dm => (dm)dt => dm => (dm)dt on all the differential parts of 
mass m, which creates the rich structuring inside the "time-flow” of the 
overall observable mass m through time. The rich dynamics of the dia -> 
(dinjdt streams also accounts for the seeming existence of mass m as a set 
of 4-dynamics which interpret as a set of waves. We note that the emitted 
photon carries with it the internal structuring of the spatial energy domain 
and the time-energy domain. Herein we have the basis for the 
Kaznacheyev's demonstrated electromagnetic induction of cellular damage 
and disease at a distance.” 


Finally, we tentatively assume that, prior to its interaction, the antiphoton 
carries negative spatial energy and positive time increments, while the 
photon carries positive spatial energy and positive time increments. In a 


® Viail Kaznacheyey and L. P. Mikhailova, Ultraweak Radiation in Intercellular 
Interactions, (in Russian), Novosibitsk, 1981. 
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‘very small region where an excess of antiphoton interactions occurs 
temporarily, time-reversal occurs and the physics "runs backward". It has 
recently been experimentally proven that such "reversing" of the physics 
processes occurs up to micron size and for times up to two seconds. *” 


10.3 Time-Polarized EM Waves and Longitudinal EM 
Waves 


10.3.1 Waves, Photons, Spacetime Curvature, and Observation 
Spacetime (ST) curvature involves not only the change of spatial energy 
density of local spacetime but also a change of its time-energy density’ 
‘That Component of the total ST curvature due to time-energy density 
change — ic., time-polarized EM photons and waves — can be far more 
powerful, because of the enormous energy density of the time-energy 
compared to the far lies dense 3-spatial energy. As previously stated, time 
may be regarded as having the same energy density as mass, except that 
the highly compressed 3-spatial energy is moved to the 4th Minkowski 
axis to constitute "time" rather than being left in 3-space to constitute 
"mass" 


Hence ST curvature can be made very powerful when one uses 
longitudinal phase conjugate EM wavepairs, as shown by Whittaker (600) 
in 1903 with slightly corrected interpretation as argued by the present 
author (615). Each longitudinal EM wave in 3-space is accompanied by a 
precisely coupled time-polarized (scalar) EM wave in the time domain, 
which latter wave is a longitudinal EM wave on the fourth Minkowski axi 
involving changes in the t variable in the axis -ict. We previously 
discussed the giant negentropy that this represents with respect to the 
source dipole. At various times in the past, we have emphasized the time- 
domain aspects of the coupled phase conjugate longitudinal EM wave-pair 
by calling such a coupled wave by terms such as rime-density EM waves, 
time-polarized EM waves, etc. These terms imply additionally altering and 
structuring the time density and time-energy density of spacetime rather 
than merely altering and structuring its 3-spatial energy density. Such 
time-density induced ST curvatures may be nearly 10" times stronger than 
ordinary spatial energy density ST curvatures (601). 


Interestingly, at least one researcher — Matsumoto {602} — has realized 
the basic implication in cold fusion processes of using the strong EM force 


® See footnotes 287, 288, and 289. 
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as the agent of spacetime curvature. He has shown consistency of the 
postulated EM-induced ST curvature approach with some important cold 
fusion results. However, Matsumoto has utilized the conventional 
interpretation of spacetime curvature due to alteration of 3-spatial energy 
density of spacetime. This misses the primary time-density functions, but 
does include the resulting spatial-energy functions after transduction from 
time-energy to spatial-energy. His work, however, does support the 
involvement of a more intense form of energy in the cold fusion effects. 


‘There are intriguing but still mysterious relationships to be noted between 
cold fusion and deep astrophysical mechanisms. Continuing reference is 
made to these similarities, including black holes and white holes. Black 
holes and white holes involve spacetime curvatures — extreme, but still 
spacetime curvatures. So one would suspect that the entire scale of 
spacetime curvature — including black holes and white holes in the limit 
— should be of interest to cold fusion researchers, since in their use of 
time energy they are inadvertently involving more intense forms of energy 
than ordinary spatial EM energy. 


Most nuclear scientists and even some relativists seem unaware of the 
much more powerful spacetime curvature effects obtained by alteration of 
the time density of spacetime rather than just its spatial energy density. 
Physicists have largely omitted specializing on time density ST curvatures 
because they have largely omitted the absorption and emission interactions 
ofthe time components transported by photons and EM waves. 


Longitudinal EM phase conjugate wavepairs (each wavepair a coupling of 
a time-polarized EM wave and a longitudinal 3-space EM wave) of the 
type shown by Whittaker {600} in 1903 involve net rime density 
oscillations as well as 3-spatial energy density oscillations, according to 
our reinterpretation. The infolded "inner EM content” of all conventional 
EM potentials, fields, and waves thus contains extraordinary dense time- 
energy, normally lost in the d/dt observation interaction, 


In short, the infolded "internal Whittaker electrodynamics is a pure 
"general relativistic electrodynamics" and a unified field dynamics. 
Further, it can be engineered, which leads to startling new physical 
processes previously thought to be impossible and forbidden by the laws of 
nature. 


Prior to observation, the internal highly compressed time-energy structures 
associated with the interior EM structure of all conventional EM 
potentials, fields, and waves are extremely powerful spacetime curvatures. 
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In short, all "conventional" electrodynamics has an internal structure of 


strong spacetime curvatures and dynamics. 


Organization and patterning impressed on, or inserted in, this internal 
structuring can provide extraordinary actions in materials, living biological 
systems, cells, etc. Adding deterministic structuring inside these normal 
EM entities is referred to by Russian energetics weapon scientists as 
engineering the information content ofthe field. This is the approach 
behind deliberate engineering of spacetime curvature engines, ot vacuum 
engines — or just "engines" for short. 


In theory, any 


physical change to a mass can be engineered by inserting 
such “engines” into the mass. Any mass-energy is a mass-energy EM 
potential with an internal structuring (engine) for all the mass's internal 
dynamics. This engine is referred to as the resident engine ofthat mass 
(and all its dynamics). Introducing to a given mass a potential with a 
desired "delta engine” structure, results in the superposition of the two 
potentials, resulting in exchange sharing of the engines. In that manner, a 
desired "delta engine” diffuses into the mass's potential structure and its 
resident engine, changing it to a new resident engine which now acts on 
the mass at every level to change it. Potentials superpose, and their engines 
diffuse and superpose as well. Direct engineering of matter — even inside 
the nuclei and inside the nucleons themselves — can be performed by 
introducing the desired engine or engines for the changes desired. 


‘This area has been highly weaponized by one or more nations. E.g., the 
Russians — in several decades of so-called "microwave radiation of the 
U.S. Embassy in Moscow — induced health changes and diseases in U.S. 
personnel in the Embassy by inducing deliberate "disease engines". Such 
EM-induced diseases and health changes were generated in the zones 
where the potentials were field-free, and therefore stable for stable engi 
diffusion, 


ne 


Note that the common scalar potential decomposes by Whitaker's 1903 
decomposition {600} into the longitudinal EM wavepairs we are speaking 
of. Also note that, per a second paper by Whittaker in 1904 {91b} that 
initiated superpotential theory, all EM fields and waves can be 
decomposed into two scalar potential functions. Each of those base 
potentials involved in the potential functions further decomposes by 
Whittaker 1903 into a harmonic set of phase conjugate longitudinal EM 
wavepairs as previously discussed. Therefore, the infolded EM inside all 
the “conventional” EM fields, waves and potentials is indeed a highly 
organized set of such bidirectional longitudinal EM wavepairs and thus a 
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highly organized set of extreme localized ST curvatures. In other words, it 
is comprised of these special "engines" of deterministic spacetime 
curvatures and their dynamics. 


Constructing the potential by assembling one's own set of phase conjugate 
longitudinal EM wavepairs to form it, one can insert any kind of ST 
curvature set — any kind of vacuum engine desired — inside the base 
potential(s), hence inside the two potential functions comprising a given 
set of EM fields and waves utilized as "carriers". The specific internal 
structure of'a "carrier" radiation field or potential designed to carry such 
engines is called the “information content of the field.“ The Russians 
have long had a disinformation campaign to suggest that the term refers to 
conventional spectral analysis. It does not. 


Johns Hopkins scientists did detailed measurements inside the Embassy 
and confirmed that all the anomalous health changes and diseases had 
occurred only in areas where the EM fields B and E were absent. That 
the health changes occurred only where the potentials were field-free and 
therefore stable and unchanging, so that an exposed body was immersed in 
a steady sea of "vacuum engines" being diffused throughout the targeted 
body's EM potentials in and on its cells, its cellular membranes, etc. 


In general relativistic terms, every physical set of changes and altered 
dynamics (syndrome) of a specific disease has a specific delta set of 

spacetime curvatures and dynamics associated with it, which interacts on 
the body, its chemistry, its electrodynamics, its cells, etc. A desired set of 


™ Indeed, in theory one can construct, functioning robotic systems of these internal 
engines. In clandestine Russian weapon research, it appears that at least elementary 
‘causal robots" of such internal engine type have been developed and tested. In a 
sense, these are the ultimate "nanobots” made of infolded longitudinal EM waves 
and their dynamics. In theory, command and control functions (via longitudinal EM 
‘wave communication) can be included, as can certain kinds of weapons effects based 
fon scalar interferometry. The eventual development of such startling weapons seems 
intended to produce an army of eerie "internal EM" robots which can be "sent in 
through the interior of EM fields, waves, and potentials, to targets anywhere on 
earth, beneath its surface, in space, or beneath the ocean. This may be intended to 
‘become the ultimate robot or "high tech" warfare, and it is also the ultimate 
“information” warfare. There are no shields against this type weaponry. Defense, 
however, is accomplished by first using longitudinal wave “scanning” to pick up and 
track the systems, much like radar picking up aircraft. Once detected, scalar 
interferometry is utilized to disrupt and destroy them in place. Progress on these 
robotic weapon systems appears to be well along, as does progress on their 
countering longitudinal EM wave weapons. 
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ST curvature deltas for a given disease was inserted inside the base 
potentials in a combined Whittaker 1903 and 1904 decomposition of the 
stable field-free potentials in the Embassy. The Russians thus induced the 
desired engines for induction of the specifically desired disease(s) in the 
assigned personnel in those field-free potential zones in the Embassy. The 
purpose was to use the tests as (i) a guaranteed means to provoke high 
level U.S. governmental attention, and (ii) a probe to see ifthe U.S. knew 
about such technology and had developed defenses. Other tests of such 
disease induction in entire populations have also been conducted, but these 
are beyond the scope of this book. 


We point out one very important thing: the cells of the body have their 
normal "resident engines" and resident engine dynamics inside their 
internal fields and potentials and waves. For any specific disease or 
disorder condition, there exists a specific associated change (delta) in the 
normal set of vacuum engines and their dynamics, in the cells and the 
body. In short, there exists a specific "delta engine” for any cellular disease 
or disorder, added to the normal engine. 


Itis not the immune system that heals. Instead, it is the cellular 
regenerative system. The natural healing method used by the cellular 
regenerative system is not chemical. The regenerative system uses the 
phase conjugate wavepair composition of increased scalar potentials (on 
cellular membranes and every part of the cell) to "pump" the cells in the 
time-domain. This creates an "anti-engine” for the specific disease delta or 
disorder, and it slightly amplifies this anti-engine within the limited 
capabilities of the body. This action places this amplified anti-engine also 
into the stricken cells’ engine complex. Engines superpose, just as do 
potentials. This action by the regenerative system has the effect of slowly 
producing complex anti-forces in the body and inside the cells themselves, 
eliminating the detrimental engine delta, restoring the normal resident 
engine and thus time-reversing the stricken cells back to a previous healthy 
condition. It does not kill pathogens at all; that is the function of the 
immune system. In the 1960s and early 1970s, Antoine Priore in France 
demonstrated remarkable cures of terminal tumors, infectious diseases, 
clogged arteries, and other disorders in laboratory animals,” unwittingly 


* See (a) A. Priore, Guerison de la Trypanosomiase Experimental Aigue et 


Chronique par L ‘action Combinee de Champs Magnetiques et D ‘Ondes 
Electromagnetiques Modules (Healing of intense and chronic experimental 
uypanosomiasis by the combined action ofmagnetic fields and modulated 
electromagnetic waves), Priore's thesis submitted in candidacy for the doctoral 
degree, 1973. The thesis was rejected when the project was suppressed. See also (b) 
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amplifying the body's own master regenerative mechanism, His work was 
suppressed in the mid-70s. 


Check our website, www.cheniere.org, for a 119-slide "porthole" briefing 
on the present author's extension whereby specialized mixes of ordinary 
EM waves can be used to initiate and perform this "delta engine 
elimination” healing process, and it can be highly amplified well beyond 
the body's normal healing capabilities. 


In 1998 we seriously proposed to the DoD, the USAF, the NIH, and other 
U.S. government institutions that a crash development program be initiated 
to develop portable units capable of rapidly (5 minutes per patient) trea 
mass casualties from coming terrorist attacks with weapons of mass 
destruction such as anthrax, smallpox, bubonic plague, Ebola virus, etc. 
Sadly, no one in the U.S. government had the foggiest notion of what we 


Le Probleme Priore." Rapport de la Commission de l'Academie des Sciences a 
Monsieur le Ministre dBtat charge de la Recherche et de la Technologie, 1982 
22; (¢) Antoine Priore, "Precede et dispositi de production de rayonnements 
Uutlisables notamment pour le traitement de cellules vivantes,” (Procedure and 
‘Assemblage for Production of Radiation Especially Serviceable for the Treatment of 
Living Cells}, Republique Francais Brevet dlavention PLV. No. 899.414, No. 
1,342,772, Oct. 7, 1963: (A) Antoine Priore, "Method of producing radiations for 
penetrating living cells." U.S. Patent No. 3,280,816, Oct. 25, 1966; (e) Antoine 
Priore, "Apparatus for producing radiations penetrating living cells." U.S. Patent No. 
3,368,155, Feb. 6, 1968: () A. J. Berteaud and A. M. Bottreau, "Analyse des 
rayonnements electromagnetiques emis par Fappareil Priore,” [Analysis ofthe 
electromagnetic radiations emitted by the Priore apparatus}, D.RM.E., 1971. p. 3- 
12; (g) R. Courter, "Expose par M. le Professeur R. Courrier, Secretaire Perpetuel 
de L’Academie des Sciences fait au cours d'une reunion a LTnstitut sur les effets de 
la Machine de M. A. Priore le 26 Avril 1977," (Presentation by Professeur R. 
Courier, Perpetual Secretary ofthe Academy of Sciences, made at the meeting of 
the Academy on the effects ofthe machine of M. A. Priore]; (h) R. Pautrizel, A 
Priore, M. Dallochio and R. Crockett. (1972) “Action dondes electromagnetiques 
el de champs magnetiques sur les modifications lipidiques chez. le Lapin par 
Yadministration d'un regime alimentaire hypercholestrole.” (Action of 
electromagnetic waves and magnetic fields on provoked lipidic modifications in the 
rabbit by the administration ofan alimentary hypercholesterol diet.| Compt. Rend. 
‘Acad Sci. (Paris, Vol. 274, 1972, p. 488-491. The same university that rejected 
Priore"s doctoral thesis in 1973, accepted a doctoral thesis on the same subject some 
1 years later due tothe persistence of autrizel: See (i) Evie Perisse,Ejfets des 
Ondes Electromagnetiques et des Champs Magnetiques sur le Cancer et la 
Tiypanosomiase Experimentale [Eifects of Electromagnetic Waves and Magnetic 
fields on Cancer and Experimental Trypanosomias}, Doctoral thesis, University of 
Bordeaux No. 83, March 16, 1984 


pe 
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were discussing. At NIH, we never got out oftheir "policy" (ie., "spin 
control") department. Not a single capable scientist reviewed the extensive 
package. The attack on the World Trade Center and the Pentagon on Sept. 
11, 2001 is just a forerunner of that which is to come. We could have been 
prepared to save hundreds of thousands of Americans, even millions. We 
shall not be ready, and the first really professional anthrax or smallpox (or 
camel pox, which is easily available and almost exactly the same as 
smallpox) attack on a major U.S. population center may leave from one to 
three million Americans dying in the streets and in their homes. Presently 
nothing will save them. It could have been different. 


10.3.2 Photons and Waves in Minkowski Spacetime 
Photons are made of angular momentum (action); ie., of energy x time. 
Waves, being made of photons, carry both spatial (decompressed) energy 
and time (highly compressed) energy — although physics has largely 
omitted the rime-energy-carrying aspect, and only accounted for the spatial 
energy-carrying aspects. An EM wave in space is actually a wave of the 
particular spacetime curvatures that produce angular momenta in 
interacting charged masses. The standard notion of E and B fields at right 
angles in a plane in 3-space, traveling along the z- direction and with the 
plane orthogonal to z-, and with E and B field vectors oscillating back and 
forth, is nonsense, as acidly commented upon by Romer (603), the former 
editor of American Journal of Physics. 


Nonetheless, using the standard way of modeling the "transverse" EM 
wave: In conventional electrodynamics, a transverse EM wave is one 
where the 3-spatial energy density is considered to be varying rhythmically 
at right angles to the direction of wave propagation, and the time-density is 
assumed to be non-varying, or at least altered only by special relativistic 
considerations in certain cases.”** A longitudinal EM wave has its spatial 
energy density fixed in x- and y- directions, and its energy density is 
oscillating along z-, the direction of wave propagation, by a "compression’ 
and “rarefaction” process much like squeezing an accordion. This, 
however, leads to a “galloping” motion where the wave is alternately very 
superluminal and very subluminal at given instants, but moving at an 
average velocity of c {604}. On the other hand, a time-density (scalar) EM 
wave by definition is not varying in its 3-spatial energy density, and 


"We point out that a wave of varying spatial energy density is moving in a varying 
curved ST a priori, by general relativity. Ifthe "wave" were in a flat spacetime as 
normally assumed, the EM flat spacetime would eliminate the EM wave itself 

hhas been particularly pointed out by Sachs and by Evans. 
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therefore is not varying in.x-, y-, or-. Instead, the energy is in the form of 
time-energy, and its variation is in time density. So its energy density is 
oscillating along the fourth Minkowski axis, ict, as an oscillation of the 
energy density ofthe variable 1. It is therefore polarized in the t- direction. 


10.3.3 Time-Charging, Internal Structuring, Vacuum Engines, and 
Diffusion 

Photon interaction as a spatial energy collection or energy exchange 
process is well known in physics. However, the time-charging or time- 
excitation interaction between the mass and the time component carried by 
the photon is usually ignored. 


As is well known, an atomic electron that absorbs a transverse photon 
increases its spatial energy and changes into an excited spatial energy 
state. When the electron subsequently "decays" from that excited energy 
state to a lower state, the spatial energy differential between the two states 
is emitted as the spatial energy component of an emitted photon. This is 
the spatial energy density reaction of a transverse photon with an 
absorbing and emitting mass particle. 


Unaccounted for by physics, at the time of the energetic excitation of the 
mass (i.e., when the photon is absorbed), a time excitation — time 
charging — also occurred because the time-component of the absorbed 
photon is also attached to the mass, converting it to masstime, a new entity. 
Re-emission ofthe photon is accomplished by the decay of both the spatial 
energy excitation and the time-energy excitation. In the previously excited 
state after photon absorption, however, one did not have the entity "mass", 
but the entity masstime having greater topology. If mass is an observable 
and taken to be 3-spatial (as is conventional), then photon absorption and 
emission oscillates between 3-space and 4-space effects, generating both 
spatial energy and time-energy (or angular momentum) excitation and 
decay 


Further, only masstime emits a photon. This immediately casts a very 
different light on such things as radioactive elements, which are in an 
initially excited state. Discussion of this aspect, however, is beyond the 
scope of this treatise. 


On the other hand, a scalar (time-density) photon (605, 606} has a rather 
different interaction, regardless of how physics presently treats it. Any 
atomic electron at any energy level is continually receiving and emitting 
virtual photons - transverse, longitudinal, and scalar- in its virtual photon 
exchange with the energetic vacuum. Hence it is continually "connecting 
to” or “absorbing” time components, thereby changing its nature from 
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Mobile computing with wireless communications has already changed how people socialize and 
how companies do business. Yet, we are still in the nascent stages of the transformation that 
ubiquitous connectivity is enabling. Early examples of this exciting future include virtual and 
augmented reality, autonomous driving, smart cities, wearable computers, and connected 
devices throughout our environment. While no one can predict the full extent of innovation 
that the new global broadband fabric, aided by complementary innovations such as Al, will 
unleash, one thing is certain: We are rushing toward an extraordinary time. 


The step from 3G to 4G was dramatic, and industry advances occurring now in LTE and 5G will 
be even greater. Standards bodies are standardizing 5G, a process that will continue through 
the 2020 timeframe, with ongoing enhancements continuing during the next decade. Some 
operators are deploying pre-standard 5G in trials this year, and initial standards-based 
networks could be deployed as early as 2019. 5G will not replace LTE; in most deployments, 
the two technologies will be tightly integrated and co-exist through at least the late-2020s. 


Many of the capabilities that will make 5G so effective are appearing in advanced forms of LTE. 
With carrier aggregation, for example, operators have not only harnessed the potential of their 
spectrum holdings to augment capacity and performance, but the technology is also the 
foundation for entirely new capabilities, such as operating LTE in unlicensed bands. 


The computing power of today’s handheld computers rivals that of past mainframe computers, 
powering intuitive operating systems and millions of applications. Coupled with affordable 
mobile broadband connectivity, these devices provide such unprecedented utility that billions 
of people are using them. 


With long term growth in smartphone and other mobile device use limited by population, 
innovators are increasingly turning their attention to the Internet of Things (loT), which 
already encompasses a wide array of applications. Enhancements to LTE, followed by 5G loT 
capabilities, will connect wearable computers, sensors, and other devices, leading to better 
health, economic gains, and other advantages. 5G addresses not only 1oT deployments on a 
massive scale but also enables applications previously not possible that depend on ultra- 
reliable and low-latency communications, sometimes called “mission-critical applications.” 
Although a far more fragmented market than smartphones, the benefits will be so great that 
the realization of loT on a massive scale is inevitable. 


Regulatory policies are striving to keep pace, addressing complex issues that include how best 
to allocate and manage new spectrum, network neutrality, and privacy. Policy decisions will 
have a major impact on the evolution of mobile broadband. 


These are exciting times for both people working in the industry and those who use the 
technology—which today is nearly everybody. This paper attempts to capture the scope of 
what the industry is developing, beginning with Table 1, which summarizes some of the most 
important advances. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 4 
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mass to masstime, back to mass, back to masstime, etc. Not only the entire 
electron but also each differential piece of it is performing that dance 
between mass and masstime. This is a continual changing from 3-space to 
4-space and back. There thus is a violent "chatter" of the electron (and 
cach differential piece of it) in the myriad levels of its time exchanges, 
giving it 


() —__Anaverage rate of time component exchange, 


( 


(iii) A dynamically changing, specific structuring of its time 
components. 


An average "time-charge”, and 


Whenever a mass absorbs an observable photon, the mass converts to 
masstime, with an "extension in time” as well as extension in 3-space. 
During the time-interval created in the masstime, myriads of virtual 
photons are absorbed and emitted by that mass component of the masstime 
entity. Hence every dt portion of the masstime state after observable 
photon absorption, is “internally structured” by the entire virtual photon 
interaction set's At's occurring within that time interval. 


By tailoring at least the larger elements of this intemal structuring of the 
masstime state's virtual photon bombardment, by a deliberately induced 
virtual photon bombardment, the emitted photon from the masstime decay 
will carry away with it a desired internal "vacuum engine” structure of 
organized curvatures of spacetime. In short, two potentials superpose: that 
is one oftheir primary features. When they superpose, they also diffuse 
their internal structures (internal vacuum engines) into each other. 


We speak of the diffission ofa specific vacuum engine placed in one 
interacting EM potential, field, and or wave as dimensioning the potential, 
field, or wave. Adding a dimensioned potential, field, or wave to other 
potential(s), field(s), or wave(s) diffuses the dimensioning (the engines) 
between all of the participating entities. With steady radiation of such 
dimensioned signals into a targeted object, field, wave, or potential, the 
dimensioning is gradually created (kindled) in the target, simply diffusing 
throughout it and gradually accumulating. Ifthe irradiating signal carries a 
specific disease — e.g., necrotizing fasciitis — then gradually in the 
irradiated body there will emerge all the symptoms of necrotizing fascitis. 
Ifthe irradiating signal carries a specific disease antiengine — e.g., for 
necrotizing fasciitis — then gradually the necrotizing fasciitis condition 
will be eliminated, with the disease organisms also being eliminated. 
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This is a more fundamental extension ofthe disease vector concept. Not 
only can a disease vector be induced by a physical organism such as a 
virus or bacterium, but it can also be introduced by simply capturing the 
fundamental vacuum engine pattern of the disease and using it to condition 
or dimension signals used to steadily irradiate the targets. 


This is the explanation of the Kaznacheyev experiments 607}: thousands 
of experiments performed by Vlail Kaznacheyev and his colleagues 
demonstrated the induction of almost any kind of remote specific cellular 
death and disease patterns in targeted cells, by absorption of radiation 
emitted from appropriate dying or diseased "emitter" cells with that 
condition, ifthe experiments were performed in the dark. 


Instead of looking for biogenesis causes in amino acid precursors to 
cellular life in meteorites etc., one might well look into the vacuum engine 
structures inside the light from the sun, the planets, the stars, and the 
universe in general. E.g., dead sperm can often fertilize female cells, if not 
too much physical damage and deterioration to the dead sperm cells has, 
yet occurred. This is understandable, since for a time a dead but 
undamaged sperm cell will have the same resident engine as a living sperm 
cell. 


10.34 Some Cosmological and Gravitational Effects 

Each of the observable-sized dt's in all the serial masstime excited states 
of the mass moving through time, is internally and precisely structured. 
The precise time history of any mass — together with all its interactions, 
experiences, etc. — is present inside the time stream of ongoing 
interactions of that mass with photons. These virtual photon changes are in 
fact deterministic and come from every part ofthe universe, as shown by 
Puthoff {608} in his self-regenerative cosmological feedback cycle. We 
have merely extended his cosmological feedback to include the time 
domain as well as the energy domain. We hypothesize without further 
discussion that this internal structuring of the time-domain for every mass 
or object will eventually be connected with the quantum concept of the 
geometric phase {609} 

When a transverse photon interacts with a mass in the presence of other 
photon interactions, the mass can act as a phase conjugate mirror and form 
the phase conjugate replica photon (an antiphoton). For a longitudinal 
photon, the antiphoton prior to observation is a scalar photon. We propose 
that in the unobserved causal state the photon and antiphoton can couple 
(strong interpretation of the distortion correction theorem) and form a spin- 
2 graviton. According to quantum field theory, one may already interpret 
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the common scalar potential as being comprised of such spin-2 gravitons 
{610, 611) ifwe speak of the situation prior to observation. 


As opposed to the accounted spatial energy charging of the familiar 
transverse photon interaction, the longitudinal photon interacting with 
mass will cause immediate phase conjugation by the mass because of the 
accompanying scalar photon (accompanying antiphoton prior to 
observation). When one pumps with longitudinal EM waves, one also 
inadvertently pumps with time-polarized EM waves simultaneously. 


From its background "time-energy pumping” in its vacuum exchange, the 
mass forms the phase conjugate replica, which couples to the incident 
longitudinal EM photon. This forms (wave view) bidirectional longitudinal 
EM wavepairs (conjugate pairs), comprised of (particle view) internal 
coupled longitudinal photon-antiphoton pairs. Each of those internal 
photon-antiphoton pairs is a spin-2 graviton. 


Each such conjugate longitudinal wavepair actually contains a time- 
density (time-polarized) or scalar EM wave. So the interaction of LWs and 
their accompanying scalar waves immediately initiates the formation of 
time-density waves, which then primarily perform a time-charging 
interaction. In addition, even for an equilibrium time-charging state, the 
“masstime" state of the interacting electron contains a specific structure of 
the time elements in the electron-time’s time component. Each of these 
infolded time elements is also time-charging the electron. 


10.35 Charging and Excitation Considerations For Cold Fusion 
Purposes 

So there are several new types of charge or excitation that are involved in 
cold fusion and other phenomena. One may speak of charging and 
excitation such as gravitational charging, time charging, time-energy 
excitation, time-energy charging, ete. 


Both the longitudinal photon and the scalar (time-polarized) photon are in 
fact known in physics, but usually neglected, at least at the end of 
calculations. E.g., Gray {612} puts it this way about the four kinds of 
photon polarizations and the habitual elimination of the higher ones: 


All that quantum theory can say is that there are two 
transverse photons, a longitudinal photon anda scalar 
photon. It must be decided by other means which are 
"desirable" states and then it is customary to "eliminate" 
the longitudinal and scalar photons by invoking a 
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subsidiary condition, now somewhat weakened from the 
Dirac form. 


For our purpose in examining the cold fusion experiments, there exists a 
completely unsuspected "time-charge" set of excited states for an atomic 
electron, a proton (as in an H+ ion), etc.””’ There also exists a "time- 
structuring” of the time-charge excited time-state, which we will see is 
important in certain highly anomalous instrument phenomena. Uncovering 
this time-charging and time-structuring interaction has been one of the 
major results of this author's long effort to decipher the functioning of the 
healing (cellular regeneration) system of the body as well as his efforts to 
decipher the fundamental nuclear transmutation mechanism in cold fusion 
transmutation interactions at feeble spatial energy. 


In summary: For longitudinal photon interaction, the atomic electron 
“absorbs” the longitudinal photon and its accompanying scalar photon, 
being simultaneously spatial-energy excited (charged) by the longitudinal 
photon and time-energy excited (time-charged) by the scalar photon. This 
time-excited state (of masstime) then subsequently decays, emitting a 
Iongitudinal photon accompanied by a scalar photon in the process. 


*” See again footnotes 287, 288, and 289. From our mechanism propelling a mass 
through time, time-charging and discharging play the causal role. The acquisition of 
‘dt by mass m produces masstime mi, then the subsequent photon emission decay of 
‘mt back to m produces "propagation of mass m forward through time" by one 
jump". Time charging with -dt and subsequent photon emission is what produces 
“propagation of mass m backwards through time" by one "jump". Evans et al. 
proved that even up to the micron scale physical particles and their dynamics ean run 
backwards in time for up to two seconds or more, The fluctuation theorem proved by 
Evans and his colleagues in 1993 shows us that, at the scale of a proton and neutron, 
there can become a high probability of significant time reversal of the physical 
‘dynamies. This means that the law of attraction and repulsion of charged particles 
such as two H+ ions in solution — “runs backwards” or is reversed, so that 
momentarily like charges attract and unlike charges repel. We have called the region 
in which this reversing of the physies occurs a time reversal zone (TRZ). With the 
reocentwork of Evans et al, the existence and occurrence of TRZs even well above 
the proton (the H+ ion ) level is now clearly established, including the reversing of 
the physical dynamics. These concepts have not yet been applied to cold fusion 
interaction results by the leading cold fusion researchers, but they now stand as 
‘explaining the most probable mechanism for the observed phenomena. In this 
Chapter we have written some of the typical new nuclear reactions that can occur in 
such a TRZ, and the exact products ofthese reactions are widely reported in several 
hhundredsuccessfulcoldfusionexperiments. 
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We shall return to time-charging and time-charge decay when we examine 
and explain the odd instrumental anomalies experienced for some time in 
experiments at China Lake. 


10.4 Time Reversal Zone and New Nuclear Reaction 
Mechanisms 


It follows that the flow ofa mass through positive time must involve a 
preponderance of reactions with photons rather than antiphotons, since net 
absorption and re-emission of photons (rather than antiphotons) is 
involved. Otherwise, the absorbing and emitting mass would not 
accomplish little "jumps" forward in positive time. 


‘Suppose we deliberately arrange a situation where the target mass is 
interacting with a preponderance of antiphotons. In this case, the mass will 
be time-reversed, as will be the EM energetics. ** This leads us to the 
novel concept of a time reversal zone just described in footnote. 


A time-reversal zone (TRZ) is a region of space, or electrolyte, etc. in 
which given masses or charges of interest are interacting on the average 
with more antiphotons than photons. Consequently, in the TRZ the usual 
EM energetics are reversed and normal charge reactions appear to "run 
backwards" insofar as the spatial 3-space observer is concerned, 


For example, in electrolytes in a region of highly loaded positive charges 
in a loading palladium lattice with properly prepared surface, a very great 
number of double surfaces exist. Hence a great number of scalar 
interferometries continually occur from that large number of double 
surfaces acting as scalar interferometers {613}. Because of the highly 
excess positive charge loading, these interferometers are predominately fed 
by negative EM energy from the positive charges. Hence, in the distant 
interference areas in the electrolyte outside the palladium lattice, some 


*phis is nor time-travel in the classical science fiction sense. For time-travel, the 
traveling object must remain moving in its own forward time, while the entire 
remainder of the universe must be reversed in its time and must move backward in 
time to a past coordinate. That is not what is happening here, and no one is 
suggesting we can time-reverse the rest of the universe! Instead, energy can be 
reversed in time, as proven in nonlinear phase conjugate optics. So can mass-energy 
and charge-energy, as shown by the Dirac theory of the electron. An observed 
positron is an electron observed while traveling backwards in time, so to speak, with 
respect to the observer. But it is observed in observer forward time as traveling in 
the opposite spatial direction, having positive mass and positive energy, and with the 
sign ofits charge reversed from negative to positive. 
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negative energy fields and negative energy potentials are produced 
dominantly. An excess of antiphotons is produced in those interference 
zones where an excess of antiphotons appear due to the scalar 
interferometry. In those little interference zones, the simple positive ions 
are momentarily bathed in an excess of antiphoton interactions. This is 
therefore a time-reversal zone of momentary time-reversed EM energy 
flow. 


From a palladium lattice loaded with H+ or D+ ions, and also having a 
proper surface with many work grooves and thus many small 
interferometers, random fluctuations in the scalar interferometry occur in 
the adjacent electrolyte. Some of these random scalar interferometries 
continually form fleeting time reversal zones (TRZs) in their interference 
zones in the surrounding electrolyte. The very large energy required for the 
formation of each TRZ. and its reversal of the normal laws of attraction and 
repulsion of charges, is available from conversion of time energy from the 
time domain as a result ofthe giant negentropy mechanism in 4-space 
ongoing in the loaded positive charges (614, 615} in the palladium lattice. 


10-18 Tne reversal zoe 


Fie 10-1 Fores onnaletsimplelnsin ime orwardandtimereversazanes 


See Figure 10-1. In Figure 10-la, two hydrogen ions (two fiee H+ protons) 
in anormal electrolyte and in anormal time-forward zone are shown. The 
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Coulomb barrier dramatically increases the forces of repulsion between the 
two H+ ions as their kinetic energy may be driving them momentarily 
toward each other. This Coulomb barrier becomes so strong that it stops 
the approach ofthe two ions and forces them back apart, or to deviate 
aside from their paths, before each can ever enter the very short-ranged 
strong force region of the other. Consequently no nuclear reaction occurs, 
but only a common chemical reaction. The maintenance of that Coulomb 
barrier is all that prevents energetic ions from being driven together 
closely enough to engage the strong force and cause the ions to form a new 
nucleus (cause a transmutation), 


Now see Figure 10-Ib, for the same two ions that suddenly find 
themselves in a momentary time-reversal zone (TRZ). In a temporary 
‘RZ, suddenly like charges attract and unlike charges repel, exactly in 
reverse of the normal behavior of charge attraction and repulsion. The 
usually increasing Coulomb barrier (repulsive force between the two 
approaching H+ ions) has disappeared and been replaced by an increasing 
Coulomb attractor (attraction force). Further, the strong force has been 
partially reversed and much weakened since the gluon forces are 
dramatically reduced and fluctuating.” The attractive strong force is now 
a partially repulsive force and so it is much weaker. Consequently, the 
quarks in a proton or neutron are not nearly so strongly bound as they are 
in a normal time-forward zone (TFZ). 


A TRZ represents a highly time-charged excited local state in that local 
region of the electrolyte. The moment a TRZ is formed, the surrounding 
ions in the electrolyte outside the TRZ immediately move or deviate their 
movements to reverse this TRZ action” and convert it back to a time- 
forward zone (TFZ). Hence once it is born in the electrolyte, the TRZ 
decays rapidly due surrounding ion movement changes, and even more 


2 Again we stress the tremendous energy density ofthe time-energy involved. 
These cold fusion interactions are actually higher tal energy reactions than nuclear 
physies presently uses, even though the sparial energy density of the reactions is 
very small. Together with the now-proven fluctuation theorem of Evans et al. the 
‘TRZs and reversal of the normal Coulomb barrier into a Coulomb attractor open up @ 
vast new nuclear chemistry of direct nuclear transmutation reactions at low spatial 
energy but at very high tempic energy. The ability to directly engineer the quarks 
and the gluon forces, e.g., opens up a new chemistry of direct subparticle 
engineering heretofore considered quite impossible by chemical means. 


“Their approach increases the fraction of photon reactions relative to antiphoton 
reactions, since the other ions are moving in a TPZ on the average. 
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rapidly due to the rapid variation in the fluctuating scalar interferometers 
in the loaded palladium lattice. In most cases, the random fluctuation in the 
scalar interferometry is so rapid that the TRZ decays back to a normal TFZ. 
before the two approaching H+ ions can reach each other (reach each 
other's reduced strong force repulsion region). However, in a certain 
percentage of approaches, the two approaching like-charged ions will 

reach each other" —i.e., each will enter the weakened strong force region 
ofthe other before decay of the TRZ occurs. 


See Figure 10-2. In Figure 10-2a, we show the case in which the TRZ lasts 
Jong enough for the two H+ ions to reach each other's strong force 
repulsion zones and form a quasi-nucleus. Here they vibrate back and forth 
in a dynamic dance around the zero net force axis between their repulsive 
strong forces and their attractive Coulomb forces. In this case, a new kind 
of nuclear reaction is set up to occur. Decay from this excited quasi- 
nucleus state in a TRZ can occur into a real nucleus in a normal TFZ. 
Energetically, because the quarks are so loosely bound now™” the 
preferred decay mechanism when TRZ -> TFZ is by appropriate quark 
flipping 
As a litte bit more time passes, the interferometry changes and the TRZ 
decays, returning back to a normal TFZ. In a change from TRZ to TFZ, the 
energy change is enormous because time-energy is involved, with energy 
density equal to mass. The only difference in a proton and a neutron is the 
orientation of one quark (three quarks make up each of the particles). As 
TRZ decay starts and progresses, the strong force changes back to a 
powerful attractive force. It increases its strength far more powerfully and 
quickly than the Coulomb attractive force reduces its reversal and changes 
‘back to a repulsive force. The addition ofthe extra energy fiom the now- 
increasing strong attraction force simply causes one nearly-freed quark in 
one of the two H+ ions to flip, converting that H+ ion into a neutron n. 
Instantly the preferred decay product is the deuterium ion D+. So the H+ 
and the n simply draw a bit closer together, each now fully inside the 


 Toappreciate the sheer raw power ofthe time-energy control of interactions, 
simply examine the enormous spatial energy density required in high energy physics 
to tty to approach the "free quark" condition. Enormous and very expensive spatial 
‘energy accelerators are used, atthe absolute state ofthe at. By going tothe use of 
the extraordinarily dense time-energy, quarks can readily be freed or nearly freed in 
electrolytes, and they are nearly feed in more than 600 relatively simple and 
inexpensivecoldfusionexperiments (753) onthebench-toptoallownewnuclearreactions 
by quark flipping, wherea proton ums intoaneutronor vice versa 
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rapidly increasing attractive strong force region of the other. This converts 
what had been a quasi-nucleus of two H+ ions into a real D+ nucleus. This 
result is shown in Figure 10-2b. 


ZERO-FORCE ANS 
xe atacion 


nis ‘ 


AS TRE DECAYS, 
AnD RETURNS To 
NORMAL Tez: 


10-28 fons move to form a quasiucieus 


Fre 10-2. roduc func and day by qua tping into anew 
rules helineeversalzoe decay tart aime orwar zone 


Recapitulating: As the TRZ subsequently decays back to a normal time- 
forward zone (TFZ), the new quasi-nucleus becomes an excited state, and 
decays. However, the quasi-nucleus decays by very novel means. Because 
ofthe time reversal, the energy changes induced in the decay start at each 
spacetime point inside the quasi-nucleus, deep inside the quarks, and 
proceed outward. The first interaction ofthe decay mechanism is with the 
quarks comprising the nucleons (in this case, the protons). With the gluon 
forces still very much weakened, quark flipping becomes the preferred 
decay mechanism. Hence one quark in one proton flips its orientation (that 
is the mechanism of decay!) and the nucleus — now a nucleus comprised 
of. proton and a neutron — becomes a nucleus of deuterium. 


‘As can be appreciated, the clustering of different types of like-charged but 
relatively simple positive ions in TRZs in solution, with subsequent decay 
of the TRZ into a TFZ, initiates a revolutionary new family of nuclear 
reactions at low spatial energy (but very high temporal energy), completely 
contrary to, and not included in, the present forward-time high-spatial 
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energy (but very low time-energy) reactions model known in particle 
physics. 


In the future, as these new time-energy-based reactions are extended and 
mastered, scientists will simply assemble desired nuclides in solutions in 
the laboratory, at low spatial energy (but high time-energy) and at will. We 
point out but do not pursue further the fact that these new reactions also 
‘open up cheap, practical, electrochemical means of altering nuclear and 
chemical wastes. We therefore foresee a dramatic development in this 
area, in order to clean up the presently polluted biosphere of much of the 
chemical and nuclear waste contaminants. 


Indeed, we propose that a very strong program in mastering these new 
nuclear reactions be launched and supported by the U.S. Department of 
Energy, so that the nuclear wastes storage problem can be permanently 
solved, much more cheaply, and without having to store hazardous nuclear 
wastes for centuries. Instead of merely talking about “out-of-the-box 
thinking and research”, the DoE. should actually do some of it, over the 
violent objections of the entrenched conventionalists of the national 
laboratories. Their own great national laboratories are the major part of the 
problem, not the solution, for both innovative nuclear reactions and 
innovative energy systems! The problem is that "in-the-box” entrenched 
conventionalists do not perform or allow "out-of-the-box" research that 
strongly threatens their vested interests. 


The TRZ decay conversion of two protons into a deuteron — by easily 
flipping one quark in one proton — is an example ofthe so-called "nuclear 
reaction at low energy" that has been so controversial to the orthodox 
scientific community, even in the face of some 600 successful cold fusion 
experiments. Contrary to the assumption of the conventional physics 
community and the skeptics, these are not "low oral energy" physics 

reactions atall. Instead, they utilize energy density on level 
commensurate with that achieved in the largest accelerators available and 
even much higher. This is actually a much higher total energy physics than 
the present conventional high energy physics heretofore known or used. 


Particularly in a deuterium-enriched (deuterated) electrolyte, a variety of 
simpleion arrangements of D+ ions and H+ ions can occur. Many ofthese 
combinations and arrangements can and will occur in TRZs if sufficient 
loading of the palladium lattice is achieved. Below we will present and 
explain a few ofthese new nuclear reactions that have occurred in 
successful cold fusion experiments. First, to be tidy we must correct the 
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Table 1: Most Important Wireless Industry Developments in 2017 


Development 


5G Research and 
Development 
Accelerates 


Summary 


5G, in early stages of definition through global efforts and many 
proposed technical approaches, could be deployed in non- 
standalone versions as early as 2019. Deployment will continue 
through 2030. Some operators will deploy pre-standard networks 
for fixed-wireless access in 2017. 


5G is being designed to integrate with LTE, and some 5G features 
may be implemented as LTE-Advanced Pro extensions prior to full 
5G availability. 


5G New Radio 
(NR) Being 
Defined 


Key aspects of the 5G NR have been determined, such as radio 
channel widths and use of OFDMA. The first version, specified in 
Release 15, will support low-latency, beam-based channels, 
massive Multiple Input Multiple Output (MIMO) with large numbers 
of controllable antenna elements, scalable-width subchannels, 
carrier aggregation, Cloud Radio-Access Network (RAN) capability, 
and dynamic co-existence with LTE. 


LTE Has Become 
the Global Cellular 
Standard 


‘A previously fragmented wireless industry has consolidated globally 
on LTE. 


LTE is being deployed more quickly than any previous-generation 
wireless technology. 


LTE-Advanced 
Provides Dramatic 
Advantages 


LTE capabilities continue to improve with carrier aggregation, 1 
Gbps peak throughputs, higher-order MIMO, multiple methods for 
expanding capacity in unlicensed spectrum, new loT capabilities, 
vehicle-based communications, small-cell support including 
Enhanced Inter-Cell Interference Coordination (elCIC), lower 
latency, Self-Organizing Network (SON) capabilities and Enhanced 
Coordinated Multi Point (eCoMP). 


Internet of Things 
Poised for Massive 
Adoption 


loT, evolving from machine-to-machine (M2M) communications, is 
seeing rapid adoption, with tens of billions of new connected 
devices expected over the next decade. 


Drivers include improved LTE support, such as low-cost and low- 
power modems, enhanced coverage, higher capacity, and service- 
layer standardization, such as oneM2M. 


Unlicensed 
Spectrum 
Becomes More 
Tightly Integrated 
with Cellular 


The industry has developed increasingly sophisticated means for 
integrating Wi-Fi and cellular networks, such as LTE-WLAN 
Aggregation (LWA) and LTE- WLAN Aggregation with IPSec Tunnel 
(LWIP), making the user experience ever more seamless. 


The industry has also developed and is now deploying versions of 
LTE that can operate in unlicensed spectrum, such as LTE- 
Unlicensed (LTE-U), LTE-Licensed Assisted Access (LTE-LAA), and 
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present statement of the conservation of energy law by extending it to 
include time-energy. 


‘The excess heat usually experienced in the electrolyte is explained by the 
added negentropy (added energy) from the time-domain, which then’ 
dissipates randomly in the solution, producing excess heating. Later we 
will cite strong experimental evidence for the involvement of such time 
charging (time-energy charging), with subsequent time-charge (time- 
excitation) decay as ordinary photons in cold fusion experiments, 


10.5 Revision of the Conservation of Energy Law 


10.5.1 Unaccounted Transduction Extends the Conservation of Energy 
Law 
Along with the re-emission of all the previously absorbed spatial energy, 
all the previously absorbed time-charge of the excited electron may be re- 
emitted with a longitudinal photon/scalar photon pair (a graviton) when the 
time-excited state decays. In that case, no energy-charging permanent 
change results to the electron’s original energy state. Hence no "electron 
wiggle” will be created and our normal "electron wiggle” detectors 
performing such non-transducing longitudinal EM wave interactions will 
not exhibit an indication. In short, the "pure” time-charging EM LW 
interaction is unobservable to present instruments. All they "see" is the 
‘same electron” sitting there and "flowing through time’ 


However, iftwo or more such gravitons are simultaneously emitted from 
various reactions in time-decays, the emitted scalar photons and waves 
may interfere at some little distance. In that case, transverse EM waves and 
ordinary EM energy will be produced in the interference zone (613). To 
the external observer, these EM fields and forces will simply seem to arise 
spontaneously and emerge from every point in spacetime inside that 
interference zone, moving outward from there in conventional 

" propagation through space” manner. In that case, the normal "photon" 
(actually, graviton) decay processes plus scalar interferometry have 
resulted in transducing some time-energy into ordinary spatial EM field 
energy. Such reaction provides the excess heat demonstrated in successful 
cold fusion experiments, 


‘This is also a true action at a distance reaction, presently unaccounted in 
particle physics. Action at a distance is required in quantum mechanic 
and it has been experimentally demonstrated multiple times in distant 
photon correlation experiments. Once any action at a distance is admitted 
because it has been experimentally proven, there is no logical restriction 
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that only a single mechanism exists for it. Consequently, many of the 
present foundations assumptions of physics and some of the things 
previously abandoned because of their conflict with those assumptions will 
have to be re-examined {616} 


Scalarinterferometry is indeed a mechanism for action at a distance. While 
still mostly absent from open physics, it has already been weaponized by 
some 10 nations ofthe world. Indeed, U.S. Secretary of Defense William 
‘Cohen confirmed in 1997 that (novel) electromagnetic processes are 
already being used to initiate earthquakes, stimulate volcanoes into 
eruption,and engineer and control the weather {617}. Whether or not it is, 
present in the particle physics texts, scalar interferometry is being widely 
used clandestinely in several armies today. It has also been used to shoot 
down missiles and aircraft as tests. The so-called "Cold War" was not 
quite as cold as the news media and U.S. scientific community were ledto 
beleieve. 


Because ofthe ubiquitous involvementof unaccounted time-energy inall 
photon interactions, an extension tothe present form ofthe conservation of 
energy lawis required. The present (special case) law is 
B(E): + E(m) = E(E)2 + E(m)2 1) 
where E(E)=energy inconventional non-massiveenergy form, Em) 
energy inmassform, subscript l referstothemeasurementattime I, and 
subscript 2refersto the measurement atime 2. Thisisjustthe well-known 


Einstein formulation thatthe sum ofthe ordinary energy and the mass- 
energyisconserved, 


However, thatlawis fora special case. Itassumes that there isno 
transduction oftime-energyintoeithermass-energy orordinary energy. 
Le, itassumes3-symmetryandt-symmetryinEMenergy flow.Since 
every charge inthe universe already violates both that 3-symmetry and 
t-symmetry ofenergy flow, the fundamental assumption inthe Einstein 
formulationisfalsifiedby the generalcase. Theconventionalconservation 
of energy law isaspecial case where only the two mentioned energy flow 
symmetriesare upheld. When they are violated, then transduction of EM 
energy between 3-spaceand time occurs. For that case, the conservation of 
energylawmustbeextendedto 


BIE): + E(m); + E(t) = E(E)2 + E(m); + E(t) ie] 


‘The new law simply states that the sum ofthe ordinary spatial energy, the 
‘mass-energy,and the time-energy isconserved. Thisextensionofthe 
conservation of energy law becomes important in successful cold fusion 
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experiments, where transduction of time-energy into ordinary heat energy 
‘occurs and where one encounters very anomalous reactions differing from 
those reactions known and accepted in conventional nuclear physics. 


10.5.2 Transduction Between Time-Charging and Spatial Energy- 
Charging 

The oscillating energy (spatial and temporal) in a moving EM wave in the 
vacuum represents a moving oscillation of spacetime curvature. Simply 
put, the so-called electromagnetic wave in space is actually a gravitational 
wave in space, since it is an oscillation of the local energy density of 
spacetime and therefore an oscillation of the curvature of local spacetime. 
It "transports" gravitons (scalar photon/longitudinal photon pairs) rather 
than merely photons. So let us now consider it as a gravitational wave. 


In the absorber under special conditions, a small fraction of the graviton 
wave time-density absorbed will sometimes change (transduce) its time- 
energy into what we call transverse photon energy effects {618}, with 
something like a 10” gain in spatial energy in joules compared to the time 
in seconds that actually transduces. In other words, 1 second of time 
transducing into EM transverse wave energy (using the standard EM 
modeling approach) will yield approximately 10'’ joules of spatial EM 
energy. Since one can change energy from one form to another, one can 
change time-energy into 3-spatial energy and 3-spatial energy into time- 
energy, the two being merely opposite sides ofthe same coin, and both 
always involved in any situation exhibiting electrodynamic dipolarity 


In one's physics model, the choice of fundamental units is purely arbitrary. 
Everything can be expressed in a single fundamental unit, as pointed out 
by Jackson (see quotation from Jackson at the beginning of this chapter). 


Ina situation where 3-symmetry and t-symmetry in EM energy flow are 
broken, part ofthe time charging of the atomic electrons (or ions) 
sometimes changes (transduces) into spatial energy charging and vice- 
versa. This cross-dimensional decay of time-excitation states results in the 
emission of some extra transverse photons that may be either photons or 
antiphotons, depending on the exact interactions. The point is, tremendous 
excess EM spatial energy can appear and either be emitted as heat or 
interacted to perform new nuclear interactions as extraordinarily high 
local energy density. This is the master mechanism enabling anomalous 
cold fusion transmutation reactions. The amount of time transduced will be 
so small that it will usually escape notice, unless stringent efforts are used 
to measure changes in the local flow of time. 
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‘The excess photon energy (excess 3-space EM energy) appearing in these 
rather random but powerful transduction interactions often accounts for the 
production of anomalous excess heat - for example, as occurs in many 
cold fusion experiments. Where scalar interferometry is maximized, a 
more exact action will be detailed below for the specific nuclear 
transformations that occur by novel new nuclear reactions. These novel 
nuclear reactions occur at low initial spatial energy but with some time- 
energy transducing into additional very high spatial energy to initiate the 
interactions. 


10.5.3 Resolving the Energy Conservation Problem in Cold Fusion 
When transduction is involved, standard "transverse EM waves only" 
computations will seemingly yield violation of energy conservation — 
e.g., from the emission of excess heat. That is an erroneous interpretation; 
energy overall is conserved, but some of the unaccounted time-energy 
‘flow is transduced into 3-spatial transverse photon energy dissipation. 
Neither 3-spatial energy nor mass-energy nor time-energy alone, or in any 
pairing, need be individually conserved: only the combined total energy of 
all three energy components is conserved. This resolves the present major 
icking point” between the cold fusion researchers and the conventional 
transverse wave" nuclear and electrodynamic communities regarding 
energy conservation difficulties and perpetual motion accusations. Those 
making the accusations and those defending against them are both using 
only a special-case conservation of energy law, and a more general law is 
required. 


Let r= time in seconds, and W= energy in joules. Rounding the speed of 
light to 3 x 10° meters/sec, the energy Wrw emerging as transverse wave 
EM energy in 3-space by the transduction of ime into 3-space energy is 

approximately 


ne sec 


9x10"° joules BI 


and 


> Wrw = 9 (in joules) 14] 


Let us present the new energy conservation law in slightly different form. 
Let Wrw= energy measured in spatial energy form, conveniently taken as 
transverse wave (TW) EM energy. Let Wy, = energy in mass form (energy 
compressed by c*). Let W, = energy in time form (energy compressed by 

c? )The present conservation of energy law is 


Wrw + Won We 15] 
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‘The new extended conservation of energy law is 


Wow + Wnt We = Moora) (6) 
‘The conventional particle physics accounting will see only 
Wrw + Won= Woot) v7) 


‘The conventional accountant will be unable to see 
=> Wew [8] 
so he will observe that the experimenter is reporting that 
(Wow + Wool ® [Wow + Wode (9) 


which in his lexicon is a violation of the conservation of energy law itself. 
In short, he will identify it as a typical example of a claimed perpetual 


motion machine or interaction, Then the defender of the faith will wax 


eloquent, applying labels such as "perpetual motion nonsense", "voodoo 
science,” etc. He himself is practicing a hoary old "voodoo" science and 
ignoring newer science. None of these defenders of the faith even know 
what powers an electromagnetic circuit or how it is that every little charge 
in the universe is able to continuously pour out observable EM energy in 
all directions, with no observable EM energy input. 


On the other hand, a reasoned response will be given by real scientists still 
following scientific method, when faced with the numerous replicated 
successful experiments. The scientific method insists on the absolute 
priority of the replicable experiment over the predictions of any theory. 
Consequently, such reasonable scientists will advise that the protagonists 
cease their vitriolic rhetoric and let real science take its course; i.e., let 
further experiments confirm or refute reported successful results of cold 
fusion experiments.”’ 


“® Precisely such a reasoned response by chief editor Donald Kennedy of the journal 
Science has recently been given. providing a breath of fresh scientific air into an 
attempt by "defenders ofthe conventional faith” to destroy publication of important 
experimental results in sonoluminescence. The article which courageous editor 
Kennedy approved for publication — over intense objections of the professional 
critics — is R. P. Taleyarkhan et al., “Evidence for Nuclear Emissions During 
Acoustic Cavitation,” Science, Vol. 295, Mar. 8, 2002, p. 1868-1873. We heartily 
‘commend Editor Kennedy for this classic example of how science should be 
conducted — so that experiments, not prevailing dogma, determine what is valid and 
what is invalid 
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What the professional skeptic will not see is that his own expression of the 
conservation of energy law has been incomplete, and that it is his own 
inadequate "measurement yardstick” assumption that is now in error. The 
extended conservation of energy law of course still holds, but the 
conventional special case law is violated because its fundamental 
assumption — that time is not transduced to spatial energy in the 
experiments —has been violated in the experiment. 


Indeed, with the publication of the work of Evans et al., experimentally 
proving the fluctuation theorem and the high probability of time reversal 
zones appearing for short but significant periods at up to micron levels, the 
second law of thermodynamics has been rigorously proven to be violated, 
Hence the conventional scientific community's rather dogmatic objection 
to the extra heat of cold fusion interactions is no longer scientifically 
justifiable. 


Understanding of the extended conservation of energy law and the 
permissible violation of the second law of thermodynamics resolves the 
present thorny dissension within the scientific community over the excess 
spatial energy produced by cold fusion. It also resolves the issue of what 
could possibly be a source of such intense energy density as is required for 
nuclear transmutation reactions. 


Any ordinary system is indeed an open system, fieely and continuously 
exchanging energy with its temporal environment as well as the seething 
active vacuum.*” If the system is in temporal energy equilibrium in that 
exchange, then the present restricted conservation of "spatial and mass 
energy law applies and one does not have to consider the interactions 
between supersystem components. If the system is placed in disequilibrium 
with its temporal energy environment, then supersystem components 
interact asymmetrically and the extended conservation of energy law 
applies. In that case, excess spatial energy can be and will appear in the 
system whenever time transduction into spatial energy is occurring. 


* But see our Appendix A. Present thermodynamics rather inanely defines a 
“closed” system a8 one where no mass exchange crosses its boundary with its 
environment, but energy exchange can and does. In that view, a “closed” system can 
be fur from equilibrium in its energy exchange with its active environment, and thus 
demonstrate the five magic attributes of such disequilibrium systems. In this book 
wwe have deliberately chosen to treat a "closed" system as one in which neither 
‘energy nor mass exchange crosses the system boundary — which classical 
thermodynamics refers to as an “isolated” system. We explain all this (and why) in 
Appendix A. 
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The implications of cold fusion energy transduction are that 


(J) Time is being "bumed" or transduced as a "fuel" and source of energy, 


(2) Transduction of only one microsecond per second will yield 9x10!” 


watts steadily. ‘That's 90,000 megawatts of energy per second — the 
equivalent of 90 large 1,000-megawatt power plants — if all the 
transduced energy were collected and used to power loads with 100% 


(3) Thousands ofnew nuclear reactions are made possible and feasible by 
local transduction of time-energy into 3-spatial EM energy 


(4) Appropriate capture and use of a portion of the excess energy can be 
accomplished to power loads. 


Even if we capture and utilize only 1% ofthe transduced time-energy to 
power the loads, where the time-energy to spatial energy transduction is 
only the transductionof | microsec/sec, thatsystem will produce the normal 
EM energy to power 900 megawatts in the load. That's almost 90% of the 
capability of a modem 1,000-megawatt power plant. That is quite a 
respectable electrical power system. It only requires the transduction and 
"burning" of one microsecond oftime per second, without any nuclear 
wastes or hydrocarbon byproducts 


As can be seen, transducing time into energy is by far the most efficient 
way to go to develop new power plants for the future. This is particularly 
true since every charge in the universe already transduces time-energy 
flow into spatial EM energy flow. Indeed, we may consider that the 
negative charge transduces time-energy flow into the spatial outflow of 
EM positive energy, while the positive charge transduces negative time- 
energy flow into an outflow of EM negative energy. The process is useful 
not only for power applications, but also for transport applications as we 
briefly pointed out in Chapter 8. 


10.6 Some Resulting Low Spatial Energy Nuclear 
Reactions 


Refer again to paragraph 104 above. Summarizing: The formation of time- 
reversal zones (TRZs) is what enables the appearance of the new nuclear 
reactions in the electrolyte in cold fusion experiments. It does this by 
changing the Coulomb barrier between like charged ions into a Coulomb 
attractor. Further, the rate at which TRZs form and decay in the solution is 
a function ofthe frequency and intensity of the scalar interferometry from 
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the loaded palladium lattice. This means that the appearance of the new 
nuclear interactions in the electrolyte is also a function of the degree of 
loading of the palladium lattice, as well as the "double surface” 
interferometry preparation of the palladium, its cracks, etc. These are the 
‘major variables. Once the major variables provide the solution for 
significant formation of TRZs, then the following reactions can and do 
appear. 

‘The sample reactions we present here are just a few ofthe thousands of 
new reactions possible. These example reaction products have been found 
in a great many successful cold fusion experiments in various laboratories 
around the world. Some 600+ successfull experiments have now been done, 
and a sizable literature has built up and continues to be built up on the 
experiments and their results, 


s of 


For our sample reactions, the primary mechanism of interest cons 
several parts: 


@ Formation ofa TRZ, in which two positive ions (we 
shall look at H+ and D+), now attract each other. Also, 
the gluon forces in the proton and neutron, in the ions 
of interest, are significantly lessened, so that the 
quarks in each proton and neutron are very much more 
loosely bound. Consequently, decay from an excited 
state by quark flipping to turn a proton into a neutron 
or vice versa becomes an attractive option, The strong, 
force is therefore reduced in radius. 


(i) Two positive ions now attract each other so closely 
that each enters the edge of the weakened strong force 
region ofthe other. This forms a guasi-nucleus 
because of the limited involvement of the weakened 
strong force. 


ii) ‘The other ions in solution surrounding the TRZ 
immediately move (as soon as the TRZ is formed) to 
negate the TRZ and decay it back to a time-forward 
zone (TFZ). This action initiates the decay of the TRZ. 


) As the TRZ. lessens and then turns back into a TFZ, the 
strong force expands its size faster than the novel 
Coulomb "like attracting like” force reduces and 
reverses. 
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Ww) ly expanding strong force of each of the two 
s uucleus fully envelops the other ion, 
increasing the disequilibrium of the two-ion qua: 
nucleus. A condition is reached where the most 
probable mode of decay is the flipping of one quark in 
one ofthe positive nuclei. 


(vi) ‘The quark flips, turning that H+ ion into a neutron n, 
This is a quasi-nucleus of deuterium (D+), still in an 
excited state but with less excess potential energy in 
the excited state. At this point, the TRZ is vanishing 
and the TFZ, state is returning, 


(vii) As the TRZ. vanishes and TFZ. state increases back to 
normal, the most probable mode of decay increasingly 
is to a full deuterium nucleus. Hence the H+ and n 
simply draw completely into normal deuterium 
binding position, bound by the normal strong force. 
This constitutes a normal D+ ion, now existing in a 
normal TFZ. 


(viii) So by formation and decay of a significant TRZ, two 
H+ ions have been drawn together into a quasi-nucleus 
consisting of two H+ ions partially bound by a 
weakened strong force. As the TRZ decays and the 
Coulomb repulsion resumes, the strong force increases 
back to full strength faster than the Coulomb repulsion 
force returns and repels the two H+ ions. Since the 
quarks are much more loosely bound than normal, a 
quark in one ofthe H+ ions has flipped, turning the ion 
into a neutron n. The H+ ion and the neutron, partially 
bound already in a quasi-nucleus, simply "tighten" into 
a normal D+ nucleus as the TFZ condition is fully 
resumed, 


‘The nuclear reaction equation for the above interaction may be written as 
THy + Hy" => (Hy? + 1Hy*)) = (Ino + Hy") => Hit = 7D," [10] 

In equation [10] we use the left superscript as the number of nucleons in 
the ion nucleus, the right subscript as the protons in the ion nucleus, and 
the right + superscript to show the overall charge of the ion and its sign. 
‘We use the expression in parentheses to show the involvement of a time- 
reversal zone (TRZ). Double parentheses show a stronger TRZ than single 
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parentheses. Thus from double parentheses to single parentheses to no 
parentheses shows the initial formation and subsequent decay of the TRZ. 


Another interaction involves a D+ ion and an H+ ion, to produce tritium. 
This is: 


2D)" + TH,” => (PDs + Hy") > Dy" + 'o) > PH = 371" ay 

‘That reaction transmutes a deuterium ion and hydrogen ion into a tritium 
ion. Without showing it, in a TRZ three “H,* ions may also attract into a 
quasi-nucleus, and as the decay of the TRZ occurs, first one proton tums 


into a neutron and then a second one does also, by quark flipping. This 
nuclear reaction also produces a fusion into tritium. 


Another reaction between two deuterium ions is” 
2D," + 7D," = (?D," + 7Ds")) = [2(1Hy* + ‘no)] > “Hest = a [12] 


That interaction — particularly in pre-deuterated electrolyte solution — 
gives the excess a particles produced in a great number of the cold fusion 
experiments, 


A rarer but still occurring interaction is: 
4[' Hs] = (CDy* +7D,*)) = “He2* = 13) 


Indeed, reaction [13] may occur to completion and formation of a particles 
in some of the transmutations in an electrolyte, while it proceeds only to 
the intermediate phase in others. In that case, both deuterium ions and a 
particles may be produced out ofthe same overall "chain of reactions” 
where some reactions proceed all the way and some do not. 


‘These interactions are directly using and transducing time-energy by use of 
the TRZ.to time-reverse the Coulomb repulsion law for like charges. From 
the reactions, excess energy given off as heat may and will occur 


‘The nuclear physicist and nuclear chemist can immediately see a great 
many new nuclear reactions now made possible by the adroit production 
and decay of TRZs. A great number ofthese new nuclear reactions are 
now possible by this means, which are impossible in ordinary nuclear 
chemistry without the deliberate formation of TRZs. 


These few examples serve to illustrate the process, and these reactions 
represent res alts already achieved in numerous cold fusion experiments 
worldwide, by many researchers and multiple laboratories. Now we turn to 
other evidence strongly supporting the novel nature of these reactions 
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Development Summary 


MulteFire. Cellular and Wi-Fi industry members are successfully 
collaborating to ensure fair spectrum co-existence. 


Spectrum Still Spectrum in general, and in particular licensed spectrum, remains a 
Precious precious commodity for the industry. 


Recently added spectrum in the United States includes the 600 MHz 
band, auctioned in 2017, and the 3.5 GHz Citizens Broadband Radio 
Service (CBRS) “small-cell” band, which could see initial 
deployments in 2018. 


5G spectrum will include bands above 6 GHz, including “mmWave" 
(30 GHz to 100 GHz), with the potential of ten times (or more) as 
much spectrum as is currently available for cellular. Radio channels 
of 200 MHz and 400 MHz, and even wider in the future, will enable 
multi-Gbps peak throughput. 


Smail Cells Take | Operators have begun installing small cells, which now number in 
Baby Steps, the tens of thousands. Eventually, hundreds of thousands if not 
Preparing to millions of small cells will lead to massive increases in capacity. 
Stride 


The industry is slowly overcoming challenges that include restrictive 
regulations, site acquisition, self-organization, interference 
management, power, and backhaul. 


Network Function | Network function virtualization (NFV) and software-defined 
Virtualization networking (SDN) tools and architectures are enabling operators to 
(NFV) Emerges reduce network costs, simplify deployment of new services, reduce 
deployment time, and scale their networks. 


Some operators are also virtualizing the radio-access network, as 
well as pursuing a related development called cloud radio-access 
network (cloud RAN). NFV and cloud RAN will be integral 
components of 5G. 


The main part of this paper covers the transformation of broadband, exploding demand for 
wireless services, the path to SG including planned and expected capabilities, new LTE 
innovations, supporting technologies and architectures, voice over LTE (VoLTE), Wi-Fi Calling, 
LTE for public safety, options to expand capacity, and spectrum developments. 


The appendix delves into more technical aspects of the following topics: 3GPP Releases, Data 
Throughput, latency, 5G, LTE, LTE-Advanced, LTE-Advanced Pro, HetNets and small cells, loT, 
cloud RANs, Unlicensed Spectrum Integration, self-organizing networks, the IP Multimedia 
Subsystem, broadcast/multicast services, backhaul, UMTS/WCDMA,’ HSPA, HSPA+, UMTS. 
TDD, and EDGE/EGPRS. 


» Although many use the terms “UMTS” and "WCDMA" interchangeably, in this paper "WCDMA" refers to 
the radio interface technology used within UMTS, and “UMTS” refers to the complete system. HSPA is an 
enhancement to WCDMA. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 6 
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rather than several other proposed reaction equations yet to be proven. The 
other proposals do not explain the next type of new experimental reaction. 


10.7 Time-Energy Can Generate Instrumentation 
Anomalies 


Strong evidence for time-charging and time-charge decay is 
experimentally demonstrated in electrolyte experiments where time- 
reversal zones (TRZs) are operating, and thus where some localized 
processes are running backwards in violation of the second law of 
thermodynamics. Weak time-charging of photon-absorbing and emitting 
matter, with special patterns of spacetime curvatures (engines) induced by 
time-density oscillations and structuring, is persistent in matter, having 
“charge-up” and "decay" times that may last for minutes, months, or even 
years. A very wide range of previously anomalous phenomena, both in 
inert and living matter, is explainable by these new interactions. This i 
very probably also related to the "memory phenomena” noted by 
Kondepudi and Prigogine™ as outside the present thermodynamics, but 
being worked on at the forefront in what is called “extended 
thermodynamics”. Quoting Kondepudi and Prigogine, p. 460: 


interesting memory effects ...appearfor long times (as 
compared to characteristic relaxation times). 
nonequilibrium processes may have ‘long-time tails’. In 
other words, the approach to equilibrium is not 
exponential, as was generally believed, butpolynomial 

which is much slower. ... As a result, Nature has a 
much longer memory ofirreversible processes than it was 
thought before. Again this shows that local equilibrium is 
‘an approximation, albeit a very good one." 


In this book, we focus primarily upon some typical anomalous 
measurements in China Lake experiments that are directly involved with 
time-charging and decay effects, lending strong support to our thesis of the 
novel TRZ-induced nuclear reaction chains. Note that these instrumental 
anomalies are also strong evidence for the association of time-charging 
and time-charge decay with the proven fluctuation theorem of Evans et al. 


“ Dilip Kondepudi and Ilya Prigogine, Modern Thermodynamics: From Heat 
Engines to Dissipative Structures, Wiley, Chichester, 1998, p. 459. For a discussion 
of extended thermodynamics, see D. Jou, Extended Irreversible Thermodynamics, 
Springer-Verlag, New York, 1996, 
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at the Australian National University. We believe this to be a contribution 
to that very important work of Evans and his colleagues. 


10.7.1 Ionization Detectors, Transduction, and EM LW 
Interferometry 

Ionization processes obviously are processes where the partial transduction 
of LW time interaction into 3-spatial energy interaction would yield 
ordinary excited energy states of the affected electrons or ions. In tum, this 
would lead to ionization (e.g., of the atoms and molecules of a gas, liquid, 
etc.) Hence, ordinary ionization detectors such as Geiger Miller tubes 
have the innate capability of detecting such transduction that generates 
ionization, and thereby have some capability of serving as "detectors" of 
longitudinal EM wave interactions (and time-charging) ongoing in the 
detector. In the usual situation, no excess time-charging results and no 
time reversal zones result. In that case, symmetry of energy flow in the 
time-domain exists, as does symmetry of energy flow in 3-space. 
Absolutely normal chemistry and nuclear chemistry results, and the 
nuclear detectors function normally, as familiar to every laboratory. 


However, when significant TRZs emerge and persist for short periods, the 
symmetry of both time-energy flow and 3-spatial energy flow is broken. In 
this case, transduction of time-energy into 3-spatial energy (and vice 
versa) can result in anomalous ionization in nuclear ionization detectors, 
even in the absence of normal transverse EM nuclear radiation. The trick is 
to use and compare different detectors and different types of detectors to 
clearly demonstrate anomalous ionization detection effects. 


As an example, a Geiger Muller tube will detect any ionization of its 
internal gas, regardless of what caused that ionization. Ifthe ionization is 
caused by normal ionizing radiation from nuclear reactions, the instrument 
will detect and read a resulting internal ionization of the gas inside the 
tube. 


On the other hand, iftime-charging and decay are involved, then the 
asymmetry resulting in 3-spatial energy excitation of the gas inside the 
Geiger Muller tube (due to transduction of some time-energy into excess 
3-spatial energy) may be sufficient to ionize the gas, In that case, the 
instrument will read "as if nuclear radiation were present. Note that there 
is indeed "ionizing radiation present in the gas. However, now this 
ionizing radiation is not transverse EM wave in nature, but is due to the 
time charging and decay, and transduction of time into 3-spatial energy in 
the detecting gas. 
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This capability of an ionization detector to ionize in the presence of non- 
transverse wave ionizing radiation and energy can be used to provide an 
indication of time-density waves being formed and interacting in a process 
(such as a cold fusion process) where some transduction from time-energy 
to 3-spatial energy occurs. 


Further, the previous "time history” of the individual instrument plays a 
part in whether the instrument "reads" or not for a given transduction 
situation. There will be a statistical variation ofthe actual "already 
present” low-level time-charge (and in its internal structure and engines) 
between instruments, even those made in the same factory on the same day 
from the same batch of materials and parts. ‘That is because the time- 
charging and discharging history of each instrument has been different. 


‘The production of transduced TWs, however, must be a function of scalar 
interferometry in the gases or other detecting media of the instrument, 
since scalar interferometry creates all transverse EM waves, as shown by 
Whittaker (619} and confirmed by Evans et al. (620). In such 
interferometry, the entire inner structures of the transverse EM waves 
formed in the interference zone also interact wave-to-wave. Thus, this kind 
of interferometry is extremely sensitive to the exact internal longitudinal 
EM bidirectional wave structure (internal engine substructure) of the 
involved potentials. 


‘As aconsequence, the ability of an ionization detector to transduce a 
specific set of LWs and give ionization detection will vary appreciably, 
including for different variations in the instrument's original manufacturing 
process, and even for the specific past photon interaction history and 
experience of the individual detector itself. One detector's set of cumulated 
internal time-charges (and hence spacetime engines) may vary 
considerably from those of a second detector of exactly the same type. In 
general, multiple ionization detectors are unlikely to all detect a given 
time-density EM wave emission and interaction set (621). 


Even for two detectors of the same brand, from the same manufacturing 
plant, and from the same batch of manufacture, it is likely that significant 
differences in LW detection of a specific TDW set will occur because of 
the "past history” time-charge differences of the individual detectors. 
Indeed, a likely phenomenon is that, when one ionization detector detects 
the LW emissions (transduces them), several others will not detect them at 
all. This is one of the peculiarities of the new unified field area that must 
be overcome by further research in order to develop reliable, calibrated 
‘TDW and transduction detectors. It is one of the primary problems - if not 
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the primary problem - of cold fusion research to resolve this "time-charge 
experience history"problem, so that transduction detectors having 
calibrated, uniform responses to given TDW sets and interactions can be 
provided. 


At present, no one has the foggiest notion as to how to "calibrate" a 
nuclear ionization detector that one desires to use as a time-energy 
transduction detector. Speculating, we would envision such calibration (in 
the transduction detecting functional response) to become possible when 
small, standard, calibrated sources of transduction are developed and 
available. In that case it will be possible to formulate procedures whereby 
varying the output of the transduction source will vary the transduction 
irradiation of the GM tube. The level of transduction intensity required to 
create ionization in the instrument will be a direct indicator. When small, 
calibrated sources of TDWs are also available, it will be possible to 
irradiate the GM tube to a specifically desired rate and level of time-charge 
and decay. In that case, an array of GM tubes can be "standardized" or 
“calibrated” for transduction detection. So far as this author is aware, those 
developments have yet to be accomplished or even undertaken. Indeed, the 
need for such a development program has not even been realized. 


10.7.2 Experimental "Detector Transduction Phenomena" in 
Electrolysis 

Let us look at one set of ongoing scientific experiments where just such 
anomalous detector results have been obtained. 


Researchers at the Naval Air Warfare Center at China Lake, and at the 
Department of Chemistry, University of Texas at Austin, have detected 
precisely the kind of "anomalous" radiation and transduction effects we 
ion processes of multiple kinds of detectors 


According to a report by Miles and Bush (623), anomalous radiation at 
China Lake was first detected by the exposure of dental X-ray films in two 
experiments producing excess power (excess TW energy emission). Film 
used in a control study during these experiments showed no exposure. 
‘There was also no exposure of similar films in more than 20 experiments 
where no excess power was present. In other words, the presence of excess 
heat (excess TW energy emission) strongly indicates the presence of 
transduction. In turn, the presence of transduction implies the presence of 
scalar interferometry wave interaction, where TDW waves and LW waves 
are absorbed and a mix of LW and transduced TW waves are emitted 
consisting of gravitons (paired scalar and longitudinal photons). This only 
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occurs when significant time-charge excitation has built up. Taken in 
reverse, the presence of LW wave absorption and emission — with 
transduction into detected excess ionization energy — directly indicates 
the emission of "anomalous" TDW or graviton radiation, as detected by the 
resulting TW exposure of the x-ray film. So the “anomalous” radiation 
detections are consistent both forward and backward. 


‘The film in manufacture is quite strongly quality-controlled. Also, it is 
used (interacts and indicates) only once. Its past time-charge history has 
‘minimal variations between two samples of the film, because there is no 
repetitious past detection interaction history. Hence one would expect a 
high degree of uniform film detection interaction responses from film to 
film, to the same graviton emission set. That is precisely what occurs. 


We conclude that the behavior of the film in the combined China Lake 
experiments clearly shows the time charging, graviton emission and 
interaction, and transduction nature of what is happening when it is known 
that no normal nuclear radiation is present. 


Geiger-Muller (GM) detectors and sodium iodide (Nal) detectors were also 
utilized when electrolysis experiments using heavy water were ongoing, 
We again accent that a Geiger-Muller tube does not detect nuclear 
radiation per se; instead, it detects anything that will cause its internal gas 
to ionize sufficiently. Sufficient transduction in graviton absorption- 
emission interactions in a Geiger-Muller tube will cause the counter to 
indicate, because it ionizes the gas and produces an ionization discharge. 
However, both the specific transduction and scalar interferometry aspects 
ofthe ongoing experiment are involved, as well as the previous 
background time-charge history of the Geiger-Muller tube counter. 


Several Geiger-Muller detectors gave anomalously high readings, reaching 
some 73 sigmas above normal background counts. Most experiments (i.e., 
most GM detectors), however, gave normal radiation counts, and no 
anomalous count rates were ever observed when the experiments were 
tured off. So these anomalous results are differentiated by using multiple, 
carefully calibrated Geiger-Muller tube detectors. Our interpretation here 


is that 


w ‘There was a variation in the presence of transduction and scalar 
interferometry from experiment to experiment, 


(ii) The majority of the experiments did not produce significant time- 
charge and sufficient transduction or scalar interferometry to cause 
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detection (ionization discharge) on most (typical) Geiger-Muller 
tubes, and 


(ii) The transduction effects in the ongoing experimental process were 
mostly ofthe rapid variety, and not due to long-term "charge-up’ 
effects conditioning the time-charge aspects and structuring of the 
experimental apparatuses. 


(iv) By using multiple detectors, the probability of one or more of the 
instruments having increased time-charge from specific time- 
charge histories was increased. 


(v) With sufficient experiments and sufficient detectors, there resulted 
a high probability of having at least one or more detectors capable 
of detecting the levels of graviton radiation and transduction 
expected from the experiments. 


(vi) A direct correlation would be predicted — and was observed — in 
the appearance of the anomalous radiation effects and the expected 
time periods required to load the palladium with deuterium. As 
reported by Miles and Bush, ibid.: 


.. the anomalous radiation would appear within afew 
hours in the co-deposition experiments where the 
palladium is loaded with deuterium as it deposits from 
solution. In contrast the appearance ofanomalous 
radiation required days ofelectrolysisfor the palladium 
rods that load much slower." 


We previously discussed the major variables indicated from many cold 
fusion experiments to include the strong correlation with the degree of 
loading ofthe palladium lattice. Hence the effect pointed out by Miles and 
Bush would indeed be predicted by the present approach and proposed 
mechanism. 


Our interpretation is that the experiments show the time-charge rate effect 
to be expected in such graviton radiation and transduction interaction 
phenomena using collection of ions (in this case deuterium) that are much 
heavier than electrons. The faster the deuterium loaded, the greater the 
buildup of the interaction of the deuterium in phase conjugating and self- 
targeting iterative interactions — and therefore the greater the increase in 
scalar interferometry interactions — inside the palladium lattice. The rate 
of graviton radiation production and transduction production increases as 
some function (not necessarily linear!) of the rate of loading of the 
deuterium. As the rate of graviton and transduction production increases, 
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so does the expectation of anomalous ionization effects in the nuclear 
radiation detectors. And so does the rate of production of TRZs and the 
appearance of the new nuclear cold fusion reactions at low spatial energy 
but very high time-energy. 


10.7.3 Experiment Confirms It 
A clinching observation is given by Miles and Bush, ibid. as follows: 


"One GM-detector would measure anomalous radiation 
while another GM-detector would be "blind" to any 
anomalous effect. A few experiments, nevertheless, gave 
simultaneous anomalous effectsfrom two different 
radiation detectors." 


Here our comment is that this precisely fits our expectations for 
demonstrating involvement of 


(i) Time-charging and decay interactions, 
(ii) Consistency with transduction expectations, 


(iii) Consistency with the fact that two different radiation 
detectors may or may not exhibit or detect the anomalous 
ionization effects, depending upon the individual past 
time-charge histories ofthe two detectors, and 


(iv) Predictable variations in the individual experiments 
(based on palladium lattice loading time, specific 
geometry, ionization state of the chemical solution, 
internal time-charge state and decay rate, and structuring 
of the apparatuses and their parts, ete.) when transduction- 
associated phenomena are considered. 


The anomalous non-nuclear, non-transverse wave — but ionizing — EM 
radiation detected at China Lake, and the resulting peculiarities in the 
measurement apparatus functioning, do strongly support the present 
proposed approach, the proposed graviton radiation phenomena, and the 
time-charging and decay and transduction mechanisms presented. It is 
decisive that sometimes two detectors both indicated, and sometimes one 
indicated and the other would not. Sufficient replications have ruled out 
any defect in a single given instrument as the cause of the anomalous 
detections. That immediately eliminates from consideration all purely 
transverse EM wave phenomena, conditional only upon the premise that 
the instruments were properly functioning and calibrated, and that 
sufficient replications were made for decisive statistics. Those conditions 
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were all met in the numerous experiments producing these results over a 
ong time and in many repetitions 


As a final thought on the subject, we pose the possibility that the 
longitudinal EM waves involved may be the B(3) longitudinal field waves 
advanced convincingly by Evans (624a-624c}. We would recommend the 
attention of leading theorists and experimentalists to this possibility, as a 
‘matter that should be investigated both theoretically and experimentally. 


10.8 Additional Implications for the Future 


108.1 Longitudinal EM Waves and Undistorted Progressive Waves 
There is a revolution in electrodynamics presently underway, due to the 
unique characteristics of longitudinal EM waves” and pseudo- 
Iongitudinal EM waves. A summary by Rodrigues and Lu {625} is 
particularly revealing 


A pure longitudinal EM wave has infinite energy and infinite velocity — 
ice., it appears everywhere at once. "Propagation through space” does not 
apply; instead, one has stumbled into that weird region where spacetime is 
multiply connected. In the real world, one meets imperfect longitudinal 
waves — orpseudo-longitudinal EM waves — that still retain a transverse 
energy density variation residue. These waves are called undistorted 
progressive waves (UPWS). 


Such UPWs can move in space faster than the speed of light. This should 
not be too surprising, since superluminal velocity of intelligent signals has 
been positively demonstrated by several researchers in quantum-tunneling 
experiments. As an example, Nimtz. (626) and his colleagues have beamed 
Mozart's 40th Symphony through a barrier in a waveguide at a speed of 
4.7c. So the old notion that information cannot be transported at 
superluminal velocities is passe. The Fogal semiconductor has been used 
in experimental transmitter-receiver pairs to demonstrate superluminal 
transmission, such as TV pictures and programs. Direct signal transmission 
from earth to satellite back to earth and through many en route amplifiers 
and processors has been demonstrated by Fogal to occur far beyond the 
speed of light. Again, theoretical summary papers by Rodrigues et al. 
{6274-627f} are revealing. 


We have pointed out a direct way to generate longitudinal EM waves, by simply 
oscillating the magnitude of the Lorentz self-regauging of a system, 
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108.2 Death Knell of the Speed of Light Limitation 
Another giant shock has emerged in astrophysics during the last few years, 
and it is now threatening a dramatic revision to physics. Heretofore, it has 
been fashionable to assume that gravity itself propagates at light speed. A 
great deal of very comfortable physics theory has been built around that 
assumption, 


Well, the assumption is not true. Experiments in astrophysics continue to 
refute it, It now is almost certain that the speed of gravity is at least 

2x 10" c. A beautiful though somewhat controversial paper by Tom Van 
Flandem (628) summarized the entire situation. He articulates the 
comfortable general relativity view held to date {629} as follows: 


"GR proposes that such changes appear to act 
instantaneously in the ‘near field’, but eventually show. 
their true, light-speed-delayed character in the ‘far field’, 
which is conveniently beyond our present ability 10 
observe. The necessity ofthis dual behavior is to prevent 
the logical need for changes to continue to appear to act 
instantaneously at ever increasing distances, even to 
infinity.” 


In fact, Van Flandern {630} points out that general relativity already 
admits superluminal effects in the near field region. He also pointed out 
the startling nature of the experimental results to relativists, and points out 
that an attachment to a paradigm has been involved: 


"To many, this result [astronomy's verification that 
gravity's speed v,>=2x10'"c] is so contrary to ‘common 
sense" in the light ofrelativity theory as to be absurd. But 
Thomas Kuhn has cautioned all scientists to avoid the 
trap ofbecoming so steeped in aprevailing paradigm that 
itstarts to seem like common sense and makes other ideas 
sound and feel wrong. Eventually, even one's professional 
status can become linked to aprevailing paradigm. " 


As Van Flandern further emphasizes, it is not difficult to show by 
computer calculations of astrophysical situations that any strong limit on 
the speed of light destroys conservation laws: 


"anyone with a computer and orbit computation or 
numerical integration software can verify the 
consequences ofintroducing a delay into gravitational 
interactions. The effect on computed orbits is usually 
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disastrous because conservation ofangular momentum is 
destroyed." 


So here we have a new paradigm in the making. This is a startling change 
to standard relativity. Either we have to give up the conservation of 
angular momentum, or we have to accept superluminal speed of gravity in 
the far field. Years of struggle to detect quadrupole gravitational wave 
radiation have failed; no direct detection has ever been made. Indeed, the 
rather arbitrary nature ofthe entire quadrupole radiation assumption is not 
required by general relativity, as long pointed out by leading Russian 
scientists. For example, Vlasov and Denisov {631} et al. bluntly state it in 
these words: 


"...Binstein’s well-known quadrupoleformula, which is, 
usually employed in general relativityfor calculations, is 
not a consequence of general relativity and is not 
contained in it." 


‘Therefore, it may not really be so surprising that physicists have not been 
able to detect such quadrupole radiation in a great many laboratory 
experiments. It is not in general relativity at all. 


Ofcourse, our thesis developed in this book is that what we have long 
called "EM radiation” is in fact gravitational radiation, always involving 
paired scalar and longitudinal photons and hence time-density waves and 
longitudinal EM waves. We have pointed out that prior to observation 
there is no such thing as a separate photon, but there is such a thing as two 
correlated photons, one time-polarized and the other longitudinally 
polarized. We believe that there is sufficient meat in our proposed 
explanation of the anomalous cold fusion results and the anomalous 
instrument results at China Lake to warrant serious and strenuous 
investigation of these hypotheses and proposed mechanisms. 


Another oddity - usually never stated by Wester physicists - has long 
been known but ignored. When Einstein characterized the gravitational 
field as a pseudotensorial field, and not a field in the sense of the Faraday- 
Maxwell field, the consequences were that the 3-space energy laws of the 
familiar kind really do not exist in general relativity. Shortly after Einstein 
published his theory of general relativity, this absence of familiar energy 
conservation was pointed out by Hilbert (632) in these words: 


"Lassert... that for the general theory of relativity, ie., in 
the case of general invariance of the Hamiltonian 
function, energy equations... corresponding to the energy 


Broadband Transformation 


Broadband networks rely on a fiber core with various access technologies, such as fiber to the 
premises, coaxial cable, digital subscriber line (DSL), or wireless connections. LTE provides a 
broadband experience, but capacity limitations prevent it from being the only broadband 
connection for most users. As a result, a majority of consumers in developed countries have 
both mobile broadband and fixed broadband accounts. 


Two developments will transform the current situation: 


1. Fiber Densification. Multiple companies are investing to extend the reach of fiber, 
decreasing the distance from the fiber network to the end node. 


2. 5G Standardization and Deployment. As 5G mmWave technology, including 
massive MIMO and beamforming, becomes commoditized, it will increasingly be a viable 
alternative to fixed-access technologies such as coaxial, DSL, and even fiber 
connections. 5G commercial services will enable a new innovation cycle. The ability to 
create new applications and services with fewer limitations will take the connected 
society to a new level 


Consequently, the companies that provide broadband service may change, and eventually, 
fixed and mobile broadband services may converge. For a more detailed discussion of trends 
in broadband, including the disruptive role of mmWave, refer to the 2017 Datacomm Research 
and Rysavy Research report, Broadband Disruption: How 5G Will Reshape the Competitive 
Landscape.? 


As shown in Figure 1, the emerging broadband network is one with denser fiber and competing 
access technologies in which wireless connectivity plays a larger role. 


? Details at https: //datacommresearch.com/reparts-broadband/. 
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equations in orthogonally invariant theories do not exist 
atall. could even take this circumstance as the 
characteristicfeature ofthe general theory ofrelativity 


With our publication of the giant negentropy of 4-space once arbitrary 
3-space symmetry and time-symmetry in EM energy flow is removed, one 
of the truths involved in Hilbert’s remark was finally recognized. In 
addition, what Sen called "the most difficult problem in classical and 
quantum electrody {633} has been explained by giant negentropy 
{12}. Also, it is consistent with an appropriate reinterpretation of 
Whittaker’s 1903 decomposition of the scalar potential (600, 615). Finally, 
it is consistent with quantum field theory (634) 


Hilbert was evidently not understood by his contemporaries, since neither 
Einstein himself nor other physicists recognized the fact that, in general 
relativity, conservation laws for 3-space energy, momentum, and angular 
momentum — in the sense we are accustomed to in the rest of physics —in 
principle may be impossible. That is because one can readily remove 
3-space energy symmetry when curved spacetime is permitted. Again, 
Russian scientists such as Logunov and Loskutov {635} have long pointed 
out the "unthinkable" and “astounding” fact that the predictions of general 
relativity are not unique. 


In the West until recently relativists were conservative, and this resulted 
in the sidelining of innovative Westem physicists who challenged the 
prevailing interpretation or extended it. With the experimental falsification 
of one of the fundamental tenets — that gravity moves at speed c in the far 
field — of the prevailing interpretation of general relativity, it appears that 
we may be approaching an asymptotic burst of great new theoretical work 
and a dramatic new reinterpretation. If it ever gets into production, we 
believe that the Fogal semiconductor will usher in that great change of 
communication speed paradigms that now appears imminent. 


Nonetheless, general relativity — whatever the modifications and 
extensions now called for — will remain a very useful tool indeed. There 
is simply nothing else on the horizon that can replace it, string theory 
notwithstanding. The reinterpretation is likely to shed additional light on 
many present problems such as the nature of spacetime itself, the nature of 
dark matter, and new insight and progress on unifying physics. 


In the new openness that should result, we hope that a great extension and 
reinterpretation of electrodynamics will also be undertaken, and that it will 
reveal the underlying powerful structured general relativity infolded inside 
conventional EM potentials, fields, and waves, as originally revealed by 
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Whittaker (636). It may even be that one ofthe novel concepts {637} we 
have proposed in this book will yet see the light of day in practical 
systems. 


Ifso, then hopefully much of what we are addressing in this book will be 
incorporated in the emerging new physics of the twenty-first century. 
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Chapter 11 


Final Perspectiv 
Permissible COP>1.0 Maxwellian 
Systems 


"Are you certain ofthat?” (Augustine, in his famous 
confrontation with the Skeptics, who held that nothing can 
be known with certainty.) 


"[It is usually ..assumed that the magnitude of potential 
energy is irrelevant, being arbitrary to the extent ofan 
additive constant. " [Block and Crater]. {638} 


"The potentials VandA, defined ... in terms ofthefields 
E.and B, are considered to be nonobservable in 
Maxwellian electromagnetism, since the energy density 
associated with them is zero..." [Lakes]. {639} 


[The total energy ofthe atom] depends on the bare mass 
and bare charge ofthe electron, the mass and charge that 
appear in the equations ofthe theory before we start 
worrying about photon emissions and reabsorptions. But 

‘free electrons as well as electrons in atoms are always 
emitting and reabsorbing photons that affect the 
electron's mass and electric charge, and so the bare mass 
and charge are not the same as the measured electron 

‘mass and charge that are listed in tables ofelementary 
particles. Infact, in order to accountfor the observed 
values (which ofcourse arefinite) ofthe mass and charge 
ofthe electron, the bare mass and charge must themselves 
be infinite. The total energy ofthe atom is thus the sum of 
two terms, both infinite: the bare energy that is infinite 
because it depends on the infinite bare mass and charge, 
and the energy shift.. that is infinite because it receives 
contributions from virtual photons ofunlimited energy." 
fWeinberg]. (640) 
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11.1 Introduction 


The central message in this book is that all EM devices are alread 
powered — though in an inappropriate fashion — by EM energy freely 
extracted from the seething vacuum, It is also intended to be a clarion call 
that we must rapidly develop the appropriate vacuum-energy powering of 
our EM circuits and electrical power systems, or else the survival of the 
nation and of the biosphere is at stake rather immediately. 


For this summary chapter, we wish to place that specific area — EM 
energy from the vacuum — in sharp focus, with the major facets together 
in one place. 


Consequently, for this closing chapter we have chosen and slightly adapted 
a previous technical rebuttal to the objections of "perpetual motion’, 
“violation of the second law of thermodynamics,” "impossible", etc. that 
we wrote in 2001 in the referee process, to the referees of one ofthe AIAS 
papers submitted to a major physics journal. The rebuttal was successful, 
and it was accepted and upheld by the referees. The paper was then 
published by the journal, after very vigorous refereeing, 


‘That is as it should be, 


Scientific journals provide a proper forum for the free expression and 
debate of scientific ideas and work. They do not and should not ensure that 
every paper conforms to commonly held concepts or to the most widely 
accepted model. As we stated, Chief Editor Kennedy of the journal Science 
has only recently had to restate and accent the principle that science is free 
from "truth by prevailing authority,” and bound by "truth by replicable 
experiment”, Insuring that every paper meets the accepted models and 
notions would be enforcement of religious belief, not experimental 

science. Ideas which are wrong will be refuted experimentally; experiment 
is still the basis of scientific method. In our rebuttal, the argument of the 
conventional skeptics is thoroughly refuted by experiments already well 
known in the literature, as we detail 


So we thought it appropriate to close the book with this strong statement of 
its primary pbjective: economical, clean, copious electrical energy from 
the vacuum. 
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11.2 Source Charges, Curved Spacetime, Efficiency, 
and COP 


11.2.1 The Source Charge Problem 
The received interpretation of the Maxwell-Heaviside theory treats the 
source charge and source dipole as perpetual motion machines, freely and 
continuously pouring out EM energy in 3-space in all directions with no 
energy input. Experimentally one verifies that there is no 3-space 
observable energy input to the charge or dipole. In accepting that model, a 
scientist objecting to COP>1.0 EM systems has unwittingly hoisted 
himself upon his own perpetual motion machine petard, by already 
accepting every source charge and dipole as precisely that to which he is 
objecting. To explain the source charge, either one holds to the U(1) 
Maxwell-Heaviside theory and surrenders the conservation of energy law, 
or one accepts a change to U(1) electrodynamics to add the concomitant 
input of energy flow from the active vacuum (from the time domain, which 
in Minkowski geometry is all that is left outside 3-space) to that charge or 
dipole. That corresponds to a violation of the second law of 
thermodynamics, as — as we discussed in Chapter 10 — Evans and his 
colleagues at the Australian National University have already 
experimentally proven that the second law can be violated up to micron 
scale and for times of up to two seconds.”*’ At the much smaller 
fundamental charged particle level and far shorter "switching" time of one 
spin completion, the probability is 100% and a certainty that the second 
law is violated. Hence the broken symmetry of the charged particle 
considered in the modem sense as a dipolarity (considering its associated 
clustering virtual charges of opposite sign). 


Either way, the classical Maxwell-Heaviside theory must be changed. 
Every charge and every dipole — which themselves are Maxwell- 
Heaviside EM systems a priori — refutes the erroneous argument that no 
Maxwell-Heaviside system can output more energy than the operator 
himself inputs from an external power supply. To adamantly continue to 
challenge something already experimentally demonstrated by every charge 
and dipole in the universe is the epitomy of scientific blindness, 


As have others, Sen (641} called this source charge paradox the "most 
difficult” problem in electrodynamics. However, the basis for its solution 
- absorption and transduction of virtual KM energy fiom the vacuum via 
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the broken symmetry ofa charge or dipole in its vacuum energy exchange 
— has now been known in particle physics for nearly a half-century 
{642a-642d). It is not included in the Maxwell-Heaviside-Lorentz theory. 
Neither the proven vacuum interaction with Maxwellian system nor the 
broken symmetry in that interaction has been added to the model. 


The present author has proposed an EM wave solution (643) to the source 
charge problem, by reinterpreting Whitaker's (644) decomposition of the 
scalar potential (as between the ends ofa dipole) and treating the "isolated 
charge" and its clustered virtual charges {645} of opposite signs as a set of 
composite dipoles. Each of the dipoles then becomes a broken symmetry in 
the energetic exchange with the vacuum. Hence the charge pours out 
observable EM energy with no observable energy input because the input 
energy is in virtual photon form, 


In the solution, the EM energy is input to the charge or dipole from the 
time-domain, so conservation of EM energy flow is upheld in 4-space, 
while time-like symmetry and space-like symmetry are broken 
individually. Powerful support for the proposed solution was given in a 
quantum field theory argument by Mandl and Shaw {646} nearly three 
decades ago. We challenge any scientist skeptical of COP>1.0 Maxwellian 
systems to produce a solution of the source charge problem in Maxwell- 
Heaviside-Lorentz theory alone. In conventional theory, every charge in 
the universe experimentally exhibits COP = 00. Any theory conflicting with 
a replicable experiment is falsified a priori. 


11.2.2 EM Waves Imply Curved Spacetime 

‘The oscillating energy of an electromagnetic wave is continuously 
changing its local spatial energy density. This is an oscillating change of 
spacetime curvature if one accepts general relativity (GR). Hence the EM 
wave in space is always moving in a locally curved spacetime; else, no EM 
wave exists because no change in spatial energy density exists. To reject 
that, is to reject GR in its entirety as well as all the experiments consistent 
with GR. Ifone accepts GR, then the classical U(1) EM assumption of the 
EM wave moving in a fiat spacetime is a non sequitur. It is unscient 
be suspicious ofa higher group symmetry O(3) electrodynamics which 
does correct this known non sequitur in U(1) electrodynamics, while 
limiting oneself to U(1) electrodynamics with that known error. One might 
as well be suspicious of tensor algebra because it is more comprehensive 
than vector algebra, 


‘There are many EM experiments such as the Aharonov-Bohm effect 
{647a, 647} which violate Maxwell-Heaviside EM, as is well known 
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{648, 6492-6491}. The foundations ofthe Maxwell-Heaviside theory are 
well over a century old, and Maxwell's theory was substantially truncated 
in the 1880s (more on that below). The considerable physics developed 
since then has required dramatic extensions to the Maxwell-Heaviside 
theory such as developing non-Abelian gauge field EM theory, quantum 
electrodynamics, and modeling of the interaction of vacuum and matter in 
any material system. 


11.23 On EM Systems with COP>1.0 

Conservation of energy requires that all energy output by an inert system 
must be input to it (650). It does not require that the operator input all or 
even any ofthe energy utilized. The active environment can permissibly 
input part or all of it, else there could be no such thing as a windmill — or 
a charge, or a dipole, or a solar-cell electrical power system. 


‘The coefficient ofperformance (COP) of a system compares the system's 
usefull energy or work output to the operator's energy input. The efficiency 


ofa system compares its useful output to its entire energy input. No inert 
system can output more useful energy than its total input, hence 


<= 10,being’ = 10 for a theoretically lossless "perfect" system and 
IB < 10 for a real system with losses. 


Whether the operator must input all the energy that is output by the inert 
‘stem depends upon whether the system is (i) an open system in 


disequilibrium with it 


active environment, and (ii) designed to accept and 
utilize excess energy from that environment, such as from the active 
vacuum. If appreciable environmental energy input is received and 
utilized, then a system with losses may permissibly exhibit COP>1.0, even 
though its efficiency £ is £ < 1.0. The common home heat pump is an 


example. While the efficiency of a home heat pump may be & = 50%, its 


COP may be COP = 4.0. 


‘As does the skeptical scientist, the electrical engineering community 
erroneously assumes that an inert electrical power system that outputs 
more energy than one onese/finputs to it — e.g., a generator outputting 
more EM energy flow than the magnitude of the mechanical energy input 
to the generator shaft — is against the laws of physics. To the contrary, it 
is permitted by the laws of physics and thermodynamics, once the modern 
Vacuum interaction is included and disequilibrium exists in the interaction 
between vacuum and system. Not only is it permissible, it is a universal 
fact once the arbitrarily discarded Heaviside energy flow component is re- 
accounted, and the source charge problem is reluctantly placed back on the 
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table. If we account all that EM energy pouring freely from the source 
charges in any EM circuit, then the actual output of EM energy from that 
circuit is enormous. It is many orders of magnitude greater than the 

‘magnitude of the input energy that the experimenter or operator provides. 


We do not have to reprove the active vacuum; it has long been proven in 
particle physics. We also do not have to reprove the disequilibrium 
between electromagnetic systems and the active vacuum environment; that 
also has been proven since 1957 by the prediction and discovery of broken 
symmetry. One of the proven broken symmetries is that of opposite 
charges, such as are on the ends ofa dipole. Hence every dipole or 
dipolarity in electromagnetics already freely absorbs virtual photon energy 
from the vacuum, transduces (coherently integrates) it into observable 
photon energy, and re-emits observable EM photons in all directions at the 
speed of light. Ifthere are no COP>1.0 Maxwellian systems, then there can 
be no Maxwellian charges, dipoles, or dipolarity, and therefore no 
resulting fields and potentials from these sources — an absurdity falsified 
by every standard two-wire electrical circuit and ever charge and dipole in 
the universe. Any potential is a dipolarity, hence exhibits broken 
symmetry. That is why from any finite potential, as much EM energy as 
desired can be intercepted and collected, by the simple equation W’= 4, 
where Wis the collected energy injoules, is the scalar potential intensity 
in joules per unit point static coulomb, and q is the intercepting charge in 
coulombs, 


Systems far from equilibrium in their energy exchange with their active 
environment (651a, 651b) can permissibly perform five important 
functions impossible to equilibrium systems. Such a disequilibrium system 
can: 


(1) Self-order, 
(2) Self-oscillate or self-rotate, 


(3) Output more energy than the operator inputs (the excess energy is, 
freely received from the active environment), 


(4) Power itself and its load (all the energy is freely received from the 
active environment), and 


(5) Exhibit negentropy. 


‘Any charge or dipole already exhibits all five of these functions — 
forbidden by classical thermodynamics but permitted by the well known 
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thermodynamics of systems far from equilibrium in their exchange with 
their active environment (651, 651b} 


It only takes one small white crow toprove that not all crows are black. 
‘The known performance of the charge and the dipole totally refutes the 
notion that no EM system can output energy without operator-arranged 
input from other than the active vacuum. The entropy-consuming reactions 
from the fluctuation theorem, experimentally proven by Evans et al. in 
2002, also is a sufficient proofto destroy any argument against permissible 
COP> 1.0 EM systems. Since all the EM field energy and potential energy 
in a power system or circuit must come from the source charges and 
dipoles, it follows that all our EM energy systems already take all their 
EM energy from the active vacuum, not from the operator's input. A solar 
cell array also refutes the notion that the operator has to input the energy, 
but the solar cells’ environmental energy input may not be ubiquitous or 
dependable. The active vacuum is both. 


Most power system electrodynamicists avoid the particle physics solution 
{652} to the source-charge problem (641} involving disequilibrium 
exchange with the active vacuum. Instead, they adhere strictly to the 
Maxwell-Heaviside-Lorentz theory with its assumed equilibrium between 
system and vacuum. Therefore they avoid modeling the vacuum 
interaction and solving the problem of open dissipative EM systems which 
freely and dependably receive energy from their vacuum environment in 
unusable form, transiate it into usable form, and furnish it for further 
capture and use. They therefore cannot resolve the source charge problem 
in their model, for the model has already artificially excluded the solution. 


By definition, an EM system in equilibrium cannot output more useful 
energy than the operator inputs. However, considered as an energy 
transducer, every EM system is in disequilibrium with the vacuum 
because ofthe charges and dipoles in the system, and it continuously 
receives energy from the vacuum. Because of the broken symmetry of the 
charge and the dipole, some of this energy fiom the vacuum is discharged 
by every charge and every dipolarity in the circuit as observable energy a 
priori. This creates a truly enormous outpouring of rather disorganized (in 
this case, uncollected) EM energy extracted from the vacuum and poured 
out without being intercepted and diverged into the circuit, where it is, 

organized fordissipation and use. The circuit "uses" only thatamount of 
this enormous available outpouring EM energy that it first organizes 
(collects) and directs. That is its "organized excitation" energy, commonly 
known as input energy macroscopically — the Poynting energy flow 
component. 
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Upon completely discharging its excitation (input energy), the inert system 
outputs all its received (organized) energy, from whatever source. So every 
EM system already outputs far more energy than the experimenter inputs 
— when the system's nondiverged, non-organized, and nondiverged output 
energy flow is considered as well as its diverged, organized, and collected 
energy flow component. The fact that the diverged Poynting energy 
received in the external circuit enters the circuit from the surrounding 
space is shown by Krauss (653} (See Figure 1-1 in Chapter 1). We show it 
in Figure 2-4 of Chapter 2 as well. ‘The remaining and nondiverged 
Heaviside energy flow component in space, which misses the circuit and is 
wasted, is also shown in Figure 2-4 of Chapter 2 and contrasted to the 
diverged (caught) Poynting component. To understand this experimentally 
demonstrable fact {653}, we need a bit of EM history. 


11.3 Truncations of Maxwell's Theory and Discard of 
System Classes 


11.3.1 Concept of EM Energy Flow Through 3-Space 

‘The concept of the connection of EM energy and space did not occur until 
1876 in a faulty work by Croll (654). In the 1880s Heaviside (655) 
showed the huge nondiverged component filling all space around a circuit 
(see Figure 2-4 in Chapter 2). Poynting {656} never even considered the 
external nondiverged flow missing the circuit, but assumed only the 
diverged energy flow component that enters the circuit. Figure 2-4 in 
Chapter 2 shows both components of EM energy flow laterally, so they 
can be seen clearly. 


It is stressed that the Heaviside nondiverged component of EM energy 
flow around every circuit is far greater (by many orders of magnitude) than 
the circuit's intercepted, diverged, and collected Poynting energy flow 
component. This follows from Heaviside’s own original papers. So when 
the entire output energy flow is considered, every generator and every 
battery is already a COP» 1.0 energy transducer, outputting far more 
energy flow than the rate at which mechanical energy is input to the 
generator shaft or the rate at which chemical energy is dissipated in the 
battery. 


In the 1880s the electron, atom, nucleus, special and general relativity, 
quantum mechanics, quantum electrodynamics, and active vacuum had not 
been discovered. There was no knowledge of any possible active vacuum 
interaction source for such an enormous energy flow pouring from the 
terminals of the generator or battery and surrounding the circuit, filling all 
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space around it. Heaviside's extra energy flow component was thus 
shocking and inexplicable, smacking of "perpetual motion” and total 
violation of the conservation of energy law. Heaviside — a brilliant, self 
taught hermit who never attended university - spoke cautiously and 
obliquely of its magnitude in terms of angles with respect to a reference 
direction (657}. 


11.32 Elimination of the Non-Intercepted Energy Flow Component 

A perplexed and concerned Lorentz (658) cut the Gordian knot and 
arbitrarily discarded the Heaviside nondiverged component, eliminating 
the quandary. Lorentz stated that the huge nondiverged component had "no 
physical significance” (his phrase) since it powered nothing. Of course it 
thas no physical significance, and powers nothing, unless one intercepts it 
and uses it! 


By analogy, the component of a great wind on the ocean that is outside the 
intercepting sails of a single sailing ship, does not contribute to further 
powering ofthat ship. Figure 2-5 in Chapter 2 shows that situation. 
However, that nondiverged wind component can power a whole flotilla of 
additional, separate sailing ships with separate sails, as we showed in 
Figure 2-6 in Chapter 2. Electrodynamicists (659) have continued to 
utilize Lorentz’ clever integration trick (Figure 2-3 in Chapter 2) to dispose 
of the huge nondiverged Heaviside energy flow component surrounding 
every circuit and missing it, and therefore pouring from the terminals of 
every generator. Most electrical engineers today do not realize that the 
original purpose of Lorentz's integration of the energy flow vector around 
a closed surface assumed surrounding every volume element of interest 
was merely to get rid of that perplexing and bothersome Heaviside 
nondiverged energy flow component while retaining the Poynting diverged 
energy flow component. 


1133 Lorentz's Previous Discard of all COP>1.0 Maxwellian Systems 
Previously (circa 1890s) Lorentz had symmetrically regauged Heaviside’ 
equations that had already seriously curtailed Maxwell's seminal equations 
of 1865. This Lorentz symmetrical regauging retained only that class of 
EMsystems that are in equilibrium in their seething energy exchange with 
their active vacuum environment. It discarded that entire permissible class 
of the Maxwell-Heaviside systems far from equilibrium with the active 
vacuum. In short, it arbitrarily discarded all COP>1.0 Maxwellian 
systems, and all those even permitted to exhibit COP> 1.0. 


Theubiquitous use of closed current loop circuits containing both the 
external circuit and the source dipole inside the generator forcibly applied 


591 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


(and continues to forcibly apply) the Lorentz symmetrical regaugit 
all electrical engineers began using circuits which self-enforced 
‘equilibrium in the vacuum exchange, so that no net usable energy” 

that could translate electrons and do work in an external load —could be 
received from that source. 


However, so long as the enormous Heaviside nondiverged energy flow 
component outside the circuit remained, then separate outrigger antenna 
circuits and systems could always be inserted in this external energy flow 
to divert some of it into separate additional circuits. This would have 
opened up the COP>1.0 ensemble of systems and separate outrigger 
receiver circuits (with separate loads) fed by a single central generator, 
such as one version of the motionless electromagnetic generator of Chapter 
1 


Consequently Lorentz integrated the entire energy flow vector around a 
closed surface assumed around any volume element of interest (658), as 
shown in Figure 2-3. This integration trick — still universally applied 
{6592-659c) in all the texts today — arbitrarily discarded that troublesome 
and massive Heaviside energy flow component that could not be 
explained, and for which no source was known. 


“© Lorentz symmetrical regauging does indeed require that the system receive excess 
‘energy from the environment (the active vacuum). It requites that the potential 
energy of the system is changed twice and continuously, which means the exces 
energy in each of those two changes must continuously enter from the active vacuum 
and do internal work on the system, Two new free force fields are created, each with 
its field energy, which is additional energy being continuously dissipated in the 
circuit to perform continuous work. However, the two free changes of energy in the 
system have been precisely selected so that these two force fields are equal and 
opposite. The two free changes of energy thus produce a stress potential without a 
net translation field. This means that the local spacetime has been curved, in a 
‘manner representing a rotation of the system frame away from the lab observer's 
frame. Further, the stress potential represents the continuous entry of extra stress 
energy from the vacuum, whose two force fields continually perform opposing local 
internal work within the System to stress it, while unable to translate electrons and 
power external loads. Contrary to the received view, the Lorentz-regauged Maxwell 
Heaviside system is a dramatically altered and different system than the original 
system before the arbitrary application ofthe Lorentz condition. The system's 
inertial frame has been rotated, it has taken on extra energy from the Vacuum that 
can only be used to do internal work upon the system, and that internal work on the 
system is continuously being done to increase the system's stress and hold it at the 
now level 
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11.3.4 The Heart-Breaking Result of Lorentz's Actions 
‘The combination of these two actions by Lorentz — symmetrical 
regauging of the model equations and discarding the excess Heaviside 
nondiverged energy flow component — unwittingly resulted in the design 
and building of only those electrical power systems which symmetrically 
and automatically regauge their discharge of their excitation energy. The 
symmetrical regauging is self-applied by the closed current loop circuit 
‘That circuit uses half of its collected Poynting energy to destroy the source 
clipole in the generator, and the other half to power the loads and losses in 
the external circuit (660}. Conventional EM systems are unintentionally 
designed to destroy their own source dipoles — and their free extraction of 
organized EM energy from the vacuum — faster than they power their 
loads. 


11.35 Agreement with Classical Equilibrium Thermod: 
‘These curtailments of Maxwell's theory resulted in the exclusive building 
of equilibrium EM systems. These systems obviously obey the classical 
equilibrium thermodynamics with its infamous second law. Lorentz. had 
unwittingly discarded all that entire class of Maxwellian systems in 
disequilibrium in their exchange with their active vacuum environment; in 
those days, there was nothing known about an "active vacuum 
environment” or broken symmetry in its virtual energy flux. Consequently, 
Lorentz had discarded all those Maxwellian systems that do not obey 
classical equilibrium thermodynamics, but do obey the newer 
thermodynamics of systems far from thermodynamic equilibrium with 
their active environment. He discarded all permissible COP> 1.0 
Maxwellian systems. 


However, there was a total agreement between all the EM systems actually 
built using Lorentz's symmetrized equations and all measurements in their 
ubiquitous closed current loop circuits — all self-enforcing the Lorentz, 
condition. This led to the iron dogma that all EM systems must inevitably 
comply with classical equilibrium thermodynamics — the circuits that 
were built were repeatedly and universally observed to do so! 


11.3.6 Dogma that COP>1.0 EM Systems are Perpetual Motion 
Machines 

Finally, this total agreement (now for more than a century) between the 
theoretical model used, the circuits actually built, the measurements 
performed, and classical equilibrium thermodynamics led to the present 
fallacious but iron dogma that EM circuits and power systems cannot 
output, more energy than we ourselves input. Today the vast majority of 
scientists consider it absolutely proven that the laws of nature prohibit 
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COP>1.0 electrical power systems, and particularly prohibit self-powering 
systems that freely power themselves and their loads (i.e., EM systems 
analogous to "windmills in a free wind”). As we stated, every charge and 
dipole falsifies the "COP>1.0 EM systems are impossible" dogma, as does 
the fluctuation theorem and its experimental proof by Evans et al. 


Sadly, no one seems to have realized that we do not presently have 
COP> 1.0 electrical power systems only because engineers have 
specifically designed and built their EM systems to destroy their own 
source dipole faster than they power their load. Ironically, every circuit 
and every power system used and measured by our engineers aiready 
outputs far more EM energy than is input by the operator or by turning the 
shaft of the generator, ifthe Heaviside nondiverged energy flow 
component is re-accounted. The Bohren experiment clearly proves it 
experimentally (662}, along with thousands of other similar experiments 
in "negative resonance absorption of the medium” (157a-157d). 


11.4 Examples of COP>1.0 Electromagnetic Systems 


‘The motionless electromagnetic generator (MEG) {661} (Figure 11-1) 
does catch and use some of this available free energy, as explained below. 
So does the familiar Bohren experiment (662a, 662b} by resonating each 
intercepting charge so it sweeps out an increased geometrical reaction 
cross section in space, reaching past the usual Poynting interception cro: 
section (for a static charge) and thereby absorbing additional energy from 
the otherwise non-intercepted Heaviside energy flow component. 


Every charge and dipole in the universe also already acts as an electrical 
“windmill in a free wind,” having a COP = oo. 


The present author has also nominated the long-neglected but vast 
nondiverged Heaviside EM energy flow, accompanying every field and 
charge interaction, as the long-missing source of some 90% of the gravity 
holding the arms of the spiral galaxies intact (663). Our supersystem 
examination of several COP> 1.0 EM systems developed by various 
inventors has also uncovered a proposed solution for the source of the 
distant antigravity accelerating the expansion of the universe (664) 
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Experimental proof that EM energy COP>1.0 is both possible and 
demonstrated is already in the literature — e.g., as in the Bohren 
experiment (662) which outputs 18 times as much energy as one inputs, 
(see Figure 11-2). As another experimental example, the Aharonov-Bohm, 
(AB) effect (647, 665, 666) freely adds additional nonlocalized field-free 
A-potential energy while all the magnetic B-field energy is sharply 
localized but still present and available. The AB effect is routinely 
implicated in physics, but apparently was never applied in an electrical 
power system prior to its use in the motionless electromagnetic generator 


Bohren’s experiment (662) was quickly and independently replicated by 
Paul and Fischer (667). It can be replicated by any university laboratory at 
will, totally negating the conventional COP < 0 assumption. The AB effect 
is also easily replicated, using a toroidal coil, a long solenoid, or a 
permanent magnet and the special cores used in the MEG. When the toroid 
system's total available output energy flow is measured and accounted — 
including both the confined magnetic field energy flowing inside the 
toroidal windings and the field-free A-potential flowing outside — the 
toroidal coil system outputs more energy flow than the operator furnishes 
from his extemal power supply by conventional accounting (668) 
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In conventional terms, for a theoretically perfect toroid the operator only 
"pays for” the magnetic field energy "output component” confined inside 
the toroidal windings. The presence of an extra energy output component 
outside the toroid produces COP>1.0 performance as an energy 
transducer. It does not produce system COP>|.0 performance in a closed- 
loop circuit containing the primary power supply's source dipole. 


‘The AIAS has previously nominated more than a dozen mechanisms as 
promising COP>1.0 systems for investigation, research, and development 
{669} 


11.5 Motionless Electromagnetic Generator (MEG) 


11.5.1 Overall Description 

In the MEG (661) (Figure 11-1), one uses a nanocrystalline material core 
path with the unique characteristic of drawing in almost all the magnetic 
field energy of an emplaced permanent magnet. The B-field flux from the 
‘magnet is withdrawn from its normal position in surrounding space and 
sharply confined to that material core path, Around the core there freely 
appears an additional curl-free magnetic vector potential A energy flow, 
since the surrounding spacetime is still curved due to the interaction 
exchange of vacuum and magnet dipole, and therefore still contains extra 
energy. The operator inputs no energy whatsoever after the magnet is once 
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emplaced, yet has appreciable magnetic field energy and field-free 
magnetic vector potential energy available to utilize. As an energy 
transducer, the MEG has a COP» 1.0. As a power system powering loads, 
its COP>1.0, 


11.52 An Example of MEG Operation 
As areplicable example, suppose one operates the MEG core at less than 
saturation, and places a small "square wave" pulsed signal upon a primary 
coil wound around the core. The core changes its permeability as the 
internal magnetic B-flux is perturbed and changes, so all the perturbed 
B-flux is retained in the core material. The large E-fields produced by the 
changing B-flux in the core as a function of - @B/é¢ are not localized, but 
pass readily out of the core and interact with the coils, particularly with the 
secondary. 


In the A-potential region in the space outside the core, one also produces 
very large E-fields by E =~ GA/6r. At the frequencies being used (40 to 80 
kHz nominally), all these E-fields produced by the core flux perturbations 

and by the external A-potential perturbations are essentially in phase. The 

large E-fields thus coherently add and interact directly with the secondary 

coil acting as a receiver. 


In the secondary, the very large and sharply changing E-fields interacting 
with the coils also produces large B-field flux changes in the core. 
‘However, again the core changes its permeability and holds-in all the extra 
B-flux. The changes in that secondary B-flux also make additional non- 
localized E-fields, and so on. 


‘The surprising and shocking result is that the transformer secondary 
undergoes a coherent, purely E-field reaction with the electrons in its coils. 
This results in the output voltage and current being in phase (within 2°, 
ince there are inevitably some small remaining inductance effects due to a 
tiny bit of extemal B-field leakage from the junctures of the ends of the 
permanent magnet with the core material), 


‘Themagnitude of the powerful E-fields produced by these processes — 
and interacting with the secondary coils — depends on the rise and decay 
times of the input signal's pulse edges. So the average power input to the 
signal coil may be small, but — using sharp rise and decay times of the 
input pulses — very large E-fields will be produced in the adjacent 
surrounding space outside the transformer section and interacting with the 
secondary coils, as well as in the sharply changing B-flux localized in the 
core. 
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One then uses transmission-reception theory and near-field antenna theory 
for separate receiving circuits containing loads, added in the large E-field 
region in space outside the core. Those E-fields arise from both the 
changing A-potential outside the core and the changing localized flux 
inside the core. We stress again that the E-fields produced in the core are 
not localized, but pass outward into the external space to interact with 
whatever interceptor/receivers are placed out there. 


A “outrigger array" version of the MEG uses separate external receiving, 
circuits, containing loads, to intercept, collect, and use more of the EM 
energy available in the surrounding space outside the core. 


Within physical space limits, the energy intercepted and utilized by these 
separate, independent receiving circuits containing loads can be increased 
by adding more receiving circuits with loads or adjusting the rise and 
decay time of the input pulses to provide greater collected voltage. These 
separate loads will be powered by the incident E-fields’ interception in the 
external receiving circuits. This is not at all a transformer action, but a 
near-field transmission and separated multiple antenna circuits’ reception 
action. 


‘There is no back-current coupling between the external circuits and loads 
with the primary circuit of the transformer section. In the external 
A-potential region alone, the secondary coil in the transformer section will 
interact with the large incident E-fields from that adjacent space and from 
the changing B-flux inside the core, producing at least as much energy as 
‘one inputs to the primary. Actually, that process alone will produce more 
output energy in the secondary than the operator inputs in the primary. 


Ifone operates the core below saturation, the magnetic flux in the core will 
also be switched, giving additional intercepted E-field energy in the 
secondary coil attached to its load. The total work out in all loads is, 
permissibly greater than the total energy dissipated in the input by the 
‘operator's energy input {668}. The MEG is an open system far from 
equilibrium with the active vacuum (670} 


11.5.3 The MEG Is Replicable 

Any university laboratory can replicate this effect, and demonstrate more 
tive loads than is input to the MEG primary from the external 
power supply. For replication, we suggest initially designing to COP = 15, 
since beginning at COP = 2.0 there can be other effects not in the U(1) EM 
literature, but which are dealt with in the actual MEG. Some of the 
methodology (671) used for COP >2.0 is still proprietary information not 
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yet releasable due to patent law requirements, while some of it was 
included in Chapter 7. 


Without elaboration we advance the supersystem concept, and strongly 
insist that, to properly analyze the performance of any similar EM circuit 
or system, one must analyze the dynamics of the entire supersystem 
consisting of (i) the physical system and its dynamics, (ii) the curved local 
spacetime and its dynamics, and (iii) the local vacuum and its dynamics 
{672}. All three components of the supersystem are mutually interacting 


For a COP>1.0 system, the mutual interactions are utilized from 
disequilibrium processes evoked between all three supersystem. 
components. U(1) electrodynamic analysis system in an inert vacuum and 
a flat spacetime is insufficient. Previous AIAS analysis (661) has 
addressed the supersystem by use of higher O(3) symmetry 
electrodynamics to include vacuum dynamics (energy currents, both space- 
like and time-like) and curved spacetime dynamics. 


11.6 Physical Considerations of Gauge Freedom 


Additional physical considerations must be accounted when gauge 
freedom is invoked or utilized with respect to physical systems. Applied to 
electrodynamics systems, gauge freedom assumes the ability to freely 
change any potential of the system being studied. From the physics of the 
situation, a system potential change concomitantiy assumes changing the 
potential energy ofthe system itselffor which gauge freedom changes are 
being theoretically applied to system-descriptive equations 


Ifone can freely increase the potential energy of an EM system, the extra 
energy has to come from a physical asymmetry of the system with its 
active environment — the active vacuum. Else, one must surrender the 
conservation of energy law. At worst, gauge freedom would then imply the 
creation and destruction of energy at will. At best, it would imply a return 
to the view that potentials are mere mathematical conveniences with no 
physical reality — a notion falsified for decades by the AB effect (647} 
‘freely decreasing the potential energy of the system by simply 
depotentializing it, has a similar vacuum asymmetry requirement for de- 
excitation of the system, where energy must flow fiom the system to the 
vacuum, 
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11.7 Special Modeling of the Vacuum 


Having EM energy density, the vacuum is and should be modeled as a 
scalar potential of great magnititude. For deeper (supersystem) analysis, one 
will also have to examine the internal EM longitudinal phase conjugate 
wavepair structure and dynamics of the scalar potential vacuum {672}, 
along the lines shown by Whittaker (644) in 1903 and re-interpreted by 
the present author (643) in 2000. From quantum field theory arguments, 
Mandl and Shaw (646) give strong support to the proposed 
reinterpretation. They argue that neither the scalar (time-polarized) photon , 
nor the longitudinal photon is independently observable, but the 
combination of the two is observable as the instantaneous scalar potential 


Transforming this argument to EM waves yields a solution consistent with 
the reinterpretation (643}. The result is that all 3-space EM energy comes 
from the time-domain, in a manner not previously utilized in EM circuit 
analysis. It is experimentally established by proving (measuring) that the 
source charge and dipole do not receive observable EM energy in 3-space, 
but continuously output observable EM energy in 3-space. Simply making 
and destroying dipoles in an electrical system tums out to be a method for 
direct engineering of negentropy and entropy respectively — or, from 
another viewpoint, it directly engineers regauging. 


‘The greatest unrecognized problem in conventional electrical power 
system engineering is its total failure to include the making and destroying 
of dipoles as direct engineering of negentropy and entropy respectively. 


Every EM potential in an EM system is a change to the energy density of 
the ambient vacuum potential — and thus is a spacetime curvature — or it 
is a change to an intermediate potential that is such a vacuum potential 
change. Vacuum exchange with every EM system and asymmetry in that 
exchange, is ubiquitous and cannot be prevented. Whenever one makes or 
changes an EM potential, field or wave, and whenever one regauges, one 
invokes and utilizes asymmetry in the interaction of the active vacuum and 
the system, either wittingly or unwittingly. Else one must discard the 
conservation of energy law altogether. There is no symmetry of a mass 
system alone {673), without including the vacuum’s asymmetrical 
interaction with it. The reason is simple: all observables involve 
asymmetry (674) apriori, and mass is an observable. 
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Figure 2: Fundamental Mobile Broadband Transformational Elements 
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In the past, developers used modems and networks designed for human communication for 
machine-type applications. But now, new modes of network operation, initially in LTE then 
enhanced further in 5G, will cater to the unique needs of a wide variety of machine applications, 
addressing low-cost, long battery life, long communications range, and a wide variety of 
throughputs. For instance, some loT applications need only low-throughput communications, 
some sending only a small number of bits per day 


As for spectrum, throughout radio history, technology has climbed up a ladder to use higher 
frequencies. What were called “ultra-high frequencies” when made available for television are 
now considered low-band frequencies for cellular. Frequencies above 6 GHz, particularly 
mmWave frequencies, are the new frontier. Networks will ultimately take advantage of ten 
times as much spectrum as they use now, and likely even more over time. Although 
challenging to use because of propagation limitations and higher penetration loss, massive 
MIMO, beam steering, beam tracking, dual connectivity, carrier aggregation, small-cell 
architectures with self-backhauling, and other methods will help mitigate the challenges at 
these frequencies. The result: massive increases in capacity in localized areas. 


In addition to accessing higher bands, cellular technologies are integrating unlicensed 
spectrum more efficiently, using technologies such as LTE-U, LAA, MulteFire, LWA, and LWIP. 
This integration will immediately augment small-cell capacity, improving the business case for 
small cells. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 9 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


11.8 Every Charge and Dipole in an EM System 
Receives and Transduces Vacuum Energy 


In particle physics, every dipole — and every charge cor 
associated clustering virtual charges of opposite sign — is recognized as 
an asymmetry in the vacuum flux {675}. The very definition of broken 
symmetry means that a charge or dipole receives and absorbs virtual 
photon energy from the vacuum, transduces it into observable form, and 
re-radiates it as real, observable EM energy. This results in an observable 
outpouring of 3-energy from the charge or dipole, with no observable 
S-energy input. 


sidered with its 


To save the conservation of energy law for physical EM systems, one must 
therefore recognize and model the physical vacuum asymmetry mechanism 
‘that allows this demonstrated performance of charge and dipole. In 
electrical power systems, that required asymmetry mechanism is the 
known broken symmetry ofthe vacuum’s interaction with the source 
dipole created in the generator. 


11.9 Energy from the Vacuum Powers Every Electrical 
Power Line and EM Circuit 


11.9.1 What the Generator Powers and What Powers the Circuit 
Shaft power input to a conventional generator allows the generator to 
produceits source dipole, nothing else. The generator does not transduce 
anyof its input shaft mechanical energy to add EM energy to the external 
circuit connected to its terminals. Instead, it first transduces its mechanical 
shaft energy input into internal magnetic field energy. 


Then it totally dissipates that magnetic energy to separate its own internal 
charges, forcing the positive charges in one direction and the negative 
charges inthe other, makingthe source dipoleconnectedtoitsterminals. 

That is all that the mechanical shaft power input to a generator does — 

that is all that buming hydrocarbons, consuming nuclear fuel rods, 

damming rivers for power stations, putting up windmill-powered 

generators, using solar energy input to solar cells, or consuming chemical 
energyinabatteryaccomplishes. 


Once made, the source dipole — via its broken symmetry in its vacuum 
exchange freely receives and absorbs enormous virtual photon energy 

from the active vacuum, transduces it into observable (3-space) form, and 

pours out real, observable EM energy in 3-space from the generator 

to which it is connected. As shown in Figure 1 of Chapter 1, 
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this outpouring of EM energy from the generator terminals fills all space 
around the external circuit (653} with a vast energy flow almost parallel to 
the conductors. Figure 2-4 is a lateral view so that the two flow 
components can be clearly seen and compared. 


11.9.2 Gedanken Experiment 

We advance a gedanken experiment to illustrate. Consider a perfect 
generator with no losses, and with two perfect conductors and a purely 
resistive load Ri connected across its terminals. Call the mechanical 
energy input to the shaft of the generator W,, Call the Poynting diverged 
energy flow component W, that is intercepted by the attached circuit and 
powers Rj. Call the Heaviside nondiverged energy flow component Wy 
that misses the circuit and is wasted. As an energy transducer, the total 
energy output Wax from the terminals of the generator is 


Wout = We+ Wh uw 
However, Win = Wo, for this theoretically perfect system. So 

Wout = Win + Wh => Wout > Win 2) 
Further, when accounted, W,>>Win, 0 

Wout >> Win (3) 


We conclude that all EM systems — as energy transducersfreely 
extracting and transducing EM energy from the active vacuum— already 
exhibit COP » 1.0. However, for usefiul work in a closed current loop 
circuit, the COP = 1.0, unless additional antenna-receiver circuits or 
another scheme such as Bohren charge resonance is used to increase the 
energy collected and dissipated in the load while not increasing the energy 
used to dissipate the source dipole. 


11.10 Significant Developments in Negative Resistance 


‘True negative resistance (e.g., current moving against the voltage) also 
exists and is experimentally replicable. In true negative resistance, the 
current in a circuit moves against the voltage instead of with it, suggesting 
time-reversal effects in the mechanism by which EM force and charge 
interact. 


11.10.1 Chung's Negative Resistor and Naudin's Replication 
Chung {676} has reported replicable negative resistance in the interfaces 
between layers of carbon fibers in a composite material. By varying the 
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pressure used when the fibers are made, the resistance can be controlled to 
later be negative or positive as desired. A simpler version of Chun; 
negative resistor using off-the-shelf materials has been successfully 
replicated and tested by Naudin {677}. (See Figure 11-3). Naudin's 
website {677} provides measurements and full details necessary for 
repetition. He also includes sources ofthe carbon fiber materials needed 
lor independent replication. 
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11.10.2 The Point Contact Transistor 
‘There is also evidence that the original point contact transistor — which 
used spring pressure on the point contact — often exhibited true negative 
resistance, Certainly this transistor was never adequately understood. 
{678}, and itis not understood today, since its supersystem has never been 
analyzed. 


11.103 Kron's Negative Resistor 
Gabriel Kron, early pioneer in electrical systems theory, reported 
developing negative resistor in the 1930s, on the U.S. Navy's Network 
Anayzer project (679} at Stanford University. He was not permitted to 
reveal the details ofhis negative resistor, but did provide strong hints in 

certainstatements in his papers in the literature (680a, 680b}. His method 
for a self-organizing network depended on his “open path” (681} which he 
also was not permitted to reveal 


Thepresent author worked for some years with Floyd Sweet, a Kron 

protege’, who did produce a successful type of powerful negative resistance 
system {682} known as the vacuum triode amplifier, apparently based on 

Kron’s original negative resistor. Sec Figures 6-5 to 6-13 in Chapter 6. As 
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shown in Figure 6-6, Sweet induced self-oscillation in barium ferrite 
magnets {6832-683c} (which are made by powder metallurgy methods 
using pressure applied during their manufacture) and extracted energy by 
induction from the resulting self-sustained magnetic field oscillations. His 
device was independently tested by Walter Rosenthal {684}, a senior test 
engineer of long experience with a major aerospace company. See Figure 
6-9 and Figure 6-13, 


11.10.4 Proposed Time Reversal Zones and Effects 

One may take the view that true negative resistance involves time-reversal, 
which by the Pauli exclusion principle is permitted for bosons {685} and 
possibly for fermions in even numbers, acting as quasi-bosons (perhaps 
only possible in a time-reversed zone). The present author proposed a 
photon interaction mechanism for the "flow of a mass through time” in 
1971, with initial publication occurring two years later (686). 


Extending this mechanism, the author proposed that time reversal zones 
(TRZs) can occur in momentary local regions in semiconducting materials 
or electrolytes (687). In a TRZ, the law of attraction and repulsion of, 
charges is hypothesized to be momentarily reversed due to time-stress or 
time-domain pumping (688), and like charges may momentarily attract. In 
Chapter 10, we used these time-reversal zones to explain the anomalous 
results ofthe 600 or so successful cold fusion experiments worldwide. We 
also gave the exact new nuclear reactions for the production of anomalous 
deuterium, tritium, and alpha particles in many of these experiments. 


When under strong stress, anomalous attraction of clusters of like charges 
is experimentally known, e.g. in Shoulders’ (689} experiments and 
patented processes (690}. When the output leads of Sweet's vacuum triode 
amplifier device were suddenly shorted, extreme cooling occurred rather 
than heating. Ice condensed instantly upon the shorting contact and leads 
from the sudden extreme cooling of the metal in the moisture in the air, 
dramatically showing a converging EM energy process rather than a 
diverging one. 


11.105 Effects in Optically Active Semiconducting Materials 

In addition, four-wave-mixing, phase conjugation, and time-reversal 
effects are well known in semiconducting materials {691}, almost all of 
which are optically active. Optical activity and microlasing is known in 
semiconductor powder {692}. Further, the vacuum itself can exhibit 
semiconducting properties (693) 
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11.10.6. Special Functions Produced by Stress 
Apparently pressure (stress) in many of these devices and experiments can 
play an important role in the negative resistance process. Based on 
harmonic sets of paired couplings of a longitudinal time-like wave and a 
longitudinal wave in any scalar potential (643), the present author 
hypothesizes that such stress — treated as a stress scalar potential — 
accomplishes time-domain pumping in the optical sense, due to the 
presence of the coupled time-polarized longitudinal waves in the time 
domain. 


‘This time pumping is a special form of "time stress". Thus in optically 
pumped or stressed optically active materials (including electrolytes), the 
time-stress creates a TRZ, reversing the normal force laws upon and 
between charges. Assuming this hypothesis is valid, this could account for 
the variation of Chung’s negative resistance effect with the variation of the 
pressure (stress) sed in manufacturing. Itwouldalsoapply tothe laser- 
created stress in semiconducting powder experiments, etc. The hypothesis 
should be further investigated for experimental validation or refutation. 


11.11 In Conclusion 

‘As Penrose (694) states, 
"Electromagnetism is a subject that is in no way closed to 
stimulating new developments." 


Indeed, electrodynamics is still very much an advancing subject, and in 

classical electrodynamicsthere are foundationserrorsand problems, afew 
of which we have addressed. As Bunge {695} pointed out more than three 
decades ago, 


" itis not usually acknowledged that electrodynamics, 
both classical and quantal, are in asad state." 


From a foundations viewpoint, Einstein (696) beautifully summed it up — 
and advanced a requitement for continually examining the foundations of 
electrodynamics and every other field of physics —inthese words: 


the scientist makes use ofa whole arsenal ofconcepts 
which he imbibed practically with his mother's milk; and 
seldom ifever is he aware ofthe eternally problematic 
character ofhis concepts. He uses this conceptual 
‘material, or, speaking more exactly, these conceptual 
tools of thought, as something obviously, immutably 
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given; something having an objective value oftruth which 
is hardly even, and in any case not seriously, to be 
doubted. in the interests of science it is necessary over 
and over again to engage in the critique ofthese 
fundamental concepts, in order that we may not 
unconsciously be ruled by them.” 


‘Though they have long been neglected, legitimate COP> 1.0 electrical 
systems are good science, or they can be. They were present in the original 
Heaviside truncation of Maxwell's theory prior to Lorentz’s symmetrical 
regauging. That regauging arbitrarily selected only those Maxwellian 
systems in equilibrium in their exchange with the active vacuum. The 
energy flow theory was further curtailed by Lorentz’s integration trick, 
which discarded the huge vacuum-furnished non-intercepted Heaviside 
energy flow component accompanying every EM system. Every EM 
system already outputs for more EM energy flow than the energy that the 
operator inputs; thus every EM system is already a COP» 1.0 system, with 
respect to energy transduction. The only way this giant negentropy of 
every EM system can be hidden is to ubiquitously continue that integration 
trick to discard the giant Heaviside energy flow component. 


‘The present Lorentz-regauged Maxwell-Heaviside equations are not 
consistent with any bipolar EM system or circuit. The ends of any 
dipolarity in the universe — including any electron on Jupiter and any 
positron in the star Sirius — constitutes a broken symmetry in the seething 
vacuum flux. Actually, that is what Gabriel Kron discovered and called his 
"open path”. Hence, that "dipole” continuously emits observable EM 
energy extracted from the vacuum. 


Engineering use ofthe ubiquitous closed current loop to contain both the 
primary source dipole and the load — which destroys the source dipole 
and extraction of vacuum energy faster than the load is powered — is 
responsible for the successful predictions ofthe equilibrium EM model 
(which of course completely fails to explain the source charge or source 
dipole). That circuit is unwittingly designed to self-enforce the Lorentz 
symmetry condition and therefore self-enforce those predictions. 


The question as to whether COP> 1.0 electrical power systems are possible 
and practical must be resolved by direct experiment, and not by 
established models and cherished concepts that already arbitrarily exclude 
such systems! Such theoretical refutation by models that in fact contradict 
the experimentally observed COP = 00 action of every charge in the 
universe, cannot be trusted at all with respect to COP> 10 judgment. Well- 


606 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


known supporting and confirming experiments already in the literature — 
such as the Bohren experiment yielding COP =18 — have been cited, and 
these are replicable by any university laboratory. The Bohren-type 
experiment is well known and routinely performed in every nonlinear 
optics laboratory, under the guise of "negative resonance absorption of the 
medium". 


It is indeed a critical time to re-examine the foundations of our electrical 
power science and engineering, along the lines so eloquently stated by 
Albert Einstein. With the impending oil crisis, we face a world economic 
crisisof epic proportions unless we rapidly develop and widely deploy 
sell-powering disequilibrium electrical power systems. 


Also it is a critical time when the leaders of the scientific community — 
specifically the National Academy of Sciences, the National Science 
Foundation, the great national laboratories, and the universities — must at 
lastface and correct the excruciating faux pas that has now been 
perpetuated in electrodynamic theory for more than a century. In short, the 
leaders of our scientific community must now show whether they are 
scientists practicing and upholding experimental basis, orare dogmatists 

defending an ancient faith. The fact that the source charge problem 
continues to be propagated in electrodynamics 45 years after the award of 
the Nobel Prize to Lee and Yang, is no longer excusable. 


A thorough review and correction of the foundations of EM theory is 
required for the survival of this nation and much of civilization. It is also 
required for the cleanup of the increasingly polluted biosphere, survival of 
the threatened species of the Earth, reduction of present global warming 
trends, and the survival of this fragile and beautiful planet itself 
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Annotated Glossary of Selected Terms 


action at a distance: An action (effect) occurring in a local system, for 
which no separate local 3-space cause exists, but for which a causal 
correlation exists between a distant action and the local effect. 


advanced electromagnetic field: An electromagnetic field that is a 
solutionof the classical Maxwell equations, which is positioned on the 
future light-cone of spacetime. It may be possible to involve such a field in 
the tempic force that may exist between the tempic potential at the output 
of an overunity system and the tempic potential that exists at the input of 
the system, where the interaction of the tempic force with the local 
nonlinear vacuum drives Dirac sea hole current from output section to 
input section, 


advanced electromagnetic potential: An electromagnetic potential that 
a solution ofthe classical Maxwell equations, and is positioned on the 
future light-cone of spacetime. Presently this potential has not yet been 
givena physical interpretation. It may be possible to involve its effects in a 
specific system by our notion and use of the instantaneous tempic potential 
difference (the tempic force) that may exist between the tempic potential at 
the output of a system and the tempic potential at the input of that system 
if the two differ. 


advanced electromagnetic wave: An electromagnetic wave that is a 
solution of the classical Maxwell equations, and which is positioned on the 
future light-cone of spacetime. 


Aharonoy, Yakir: Renowned Israeli quantum physicist and former 
student of David Bohm. Co-discoverer of the Aharonov-Bohm effect. 
Togetherwith Bohm, Aharonov authored a fundamental paper in 1959 that 
pointed out the primary importance ofthe potentials rather than the force 
fields. The force fields are only made in and ofthe charged particle system 
ise, and do not exist as such in the vacuum. The force fields are thus not 
primary electromagnetic causes at all, but are effects due to the 
interference of potentials in a particular charged particle system. 


Aharonov-Bohm effect: Quantum mechanical phenomenon theoretically 
pointed out in 1959 by Yakir Aharonov and David Bohm whereby 
interfering electromagnetic potentials can produce effects on charged 
particle systems, even at a distance and in the absence of the 
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electromagnetic force fields. A system undergoing a cyclic evolution from 
an initial state back to it will acquire a phase difference, which can be 
detected by interfering the initial and final states. Theory was extended 
later to Berry phase, then again to geometric phase. 


In classical EM terms, a more important energy-amplifying principle ~ 
advanced by the present author — emerges from the AB effect. My 
colleagues and I have used this principle in our motionless electromagnetic 
generator (MEG) to provide COP> 1.0. Consider a source of magnetic field 
BB, such as a permanent magnet. All the magnetic field energy B from the 
permanent magnet may be drawn into and confined in a local material 
path, as in a special nanocrystalline transformer core. Then in the space 
surrounding the localized magnetic field energy, the active vacuum will 
freely replenish — via the broken symmetry of the permanent magnet 
dipole in its exchange with the vacuum — the magnetic energy in that 
space that would otherwise have been filled with magnetic field B (curled 
magnetic vector potential A). However, nature replenishes the energy in 
space outside the B-localization region with the curl-free magnetic vector 
potential A. In this fashion a system designer may cause the active vacuum 
to provide more available magnetic energy from the permanent magnet 
that normal, with each of the two energy forms being in separate spatial 
regions and paths, and occurring in different forms of magnetic vector 
potential energy. By inputting only a little energy in the input coils of the 
transformer section, and controlling the rise time and decay time of the 
pulses, one can produce very large E-fields from the A-potential via E = - 
dA/dt. From the simultaneously perturbed confined B-field flux in the 
core, one also produces E-field simultaneously and — at the frequencies 
used — in phase with the E-fields produced outside the core. The net 
result is interaction of large E-fields with the output coil, producing an 
output power proportional to the rate ofchange of the weak input signal 
energy rather than its magnitude. In this fashion, additional E-field ener; 
from the vacuum enters the output coils to power the secondary circuit and 
its loads. Also, the output of the entire transformer section has the voltage 
in phase with the current, in contradiction to the actions of all previous 
transformers, 


AIAS: Alpha Foundation's Institute for Advanced Study, directed by Dr. 
Myron W. Evans, a noted scientist with more than 600 papers in the 
literature. The AIAS is an unusual "think tank" comprised of Fellows and 
Fellow Emeriti in various places in the world, who cooperate in advanced 
electromagnetics studies via E-mail. The Director, Dr. Myron W. Evans, is 
a theorist of note, as are several other Fellows. The AIAS has been forging 
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ahead with the production of (3) symmetry electrodynamics, particularly 
as an important subset of Mendel Sachs’ unified field theory. Dozens of 
AIAS group-authored papers have been published in various leading 
journals such as Foundations ofPhysics, Physica Scripta, etc. More than 
100 AIAS papers are carried on a restricted Department of Energy website 
for reference by DoE and ALAS scientists. The work is particularly 

significant in preliminary theorizing how EM energy can possibly be 
extracted fiom the active vacuum. 


algebras: The various types of mathematics in which the theoretical 
models for physics and other sciences are embedded. Some important 
algebras utilized in physics are vector algebra, tensor algebra, quaternion 
algebra, Grassmann algebra, Pauli algebra, Clifford algebra, etc. There are 
many others. The complexity of the symmetry and of the topology varies 
significantly between these algebras. Thus, an electrodynamics model in a 
lower topology algebra such as vectors or tensors will not reveal or permit 
nearly so great a set of electrodynamic functions and operations as will 
electrodynamics embedded in a higher topology algebra such as quaternion 
algebra orCliffordalgebra. Seetopology. 


ambient vacuum: The average or typical "standard" active vacuum (ie, 
active spacetime), removed spatially from any large collections of 
observable charge and observable mass. 


ambient vacuum potential: The average or typical standard vacuum 
considered as a scalar potential because it possesses energy density as well 
as structure and dynamics on many levels. As a scalar potential, the 
vacuum potential (considered without zero-point fluctuations) decomposes 
into a harmonic set of "bidirectional" longitudinal EM phase conjugate 
wavepairs, by Whittaker’s 1903 decomposition as reinterpreted by the 
present author in 2000. Dynamic structuring of the vacuum thus consists of 

dynamics impressed upon these wavepairs. Since the vacuum is observably 
mass-free, Whittaker's phase-conjugate half of the decomposition must be 
considered prior to its interaction with mass, hence in the imaginary plane 
and arising from the time domain. This consideration led to the discovery 
by the present author of the more fundamental 4-symmetry in EM energy 
flow between the time domain (imaginary plane) and real 3-space, when 
broken 3-symmetry is present (as with any dipolarity or with any 
potential). 


Powerful support for this solution is also given by F. Mandl and G. Shaw, 
Quantum Field Theory, Wiley, 1984, Chapter 5. Mandl and Shaw argue 
{that the longitudinal and scalar (time) polarizations of the photon are not 
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Small cells, on the roadmap for many years but held back by implementation difficulties, such 
as backhaul, are on the verge of large scale deployment, leading ultimately to densities as 
high as ten small cells or more for every macro cell. Paving the way are better wireless 
backhaul solutions, neutral-host capabilities enabled by new technologies, and soon, access to 
mmWave bands. 


Facilitating the capabilities listed above, networks are becoming programmable. Using a 
distributed, software-enabled network based on virtualization and new architectural 
approaches such as Multi-access Edge Computing (MEC) and network slicing, operators and 
third parties will be able to deploy new services and applications more rapidly, and in a more 
scalable fashion. Centralizing RAN signal processing will also play a huge role; depending on 
the deployment scenario, such centralization will increase RAN efficiency and decrease 
deployment cost. 


This paper lists the dozens of other innovations also fueling mobile and cellular technology 
transformation. Together, these transformed networks will mean that for millions, and 
ultimately billions, of people, wireless connections will be the only connections that they need. 
These networks will also provide the foundation for entire new industries, ones not yet even 
conceived. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 10 
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directly observable, but only in combination, where they manifest as the 
stantaneous” Coulomb (i.e, electrostatic) potential. Our comment is 
that this argument, translated from particle terminology to wave 
terminology, directly fits our re-interpretation of Whittaker’s 1903 
decomposition of the scalar potential 


angular momentum: The momentum or "leverage" of the linear 
‘momentum ofa moving body, with respect to an axis or reference point. 
Angular momentum has the same units as action; that is, it is energy 
multiplied by time, or momentum multiplied by length. In terms of 
particles, it is also known as spin, 


anti-cireuits: Somewhat normal-appearing electromagnetic circuits which 
primarily process and use antiparticles and anti-electrons rather than 
particles and electrons, of else process a combination of the two 
simultaneously. Operations ofthe anti-circuit must be analyzed and 
understood in terms ofits supersystem interactions. The circuits process 
and utilize both negative energy and positive energy EM fields and 
potentials, hence are closely connected to unified field engineering and 
antigravity. One aspect enabling such circuits is the use of the 
supersystem's curvatures of spacetime in both negative curvature and 
positive curvature fashion so that an appropriate change of spacetime 
curvature precludes the radiation normally accompanying pair 
annihilation, etc. The key to the circuits is T-reversal and C-reversal 
operation, along with the matching use of spacetime curvatures, and also 
the use of the Dirac "positron" (negative energy electron) — and its fields 
and potentials — prior to its observation. The unobserved Dirac negative 
energy electron in the vacuum is an entirely different entity than is the 
observed Dirac positron after its interaction with charged matter, after 
which it has become a "lattice hole" or "positive charge on a positive mass 
ion”. The response of normal circuit components to vacuum Dirac sea hole 
operations is dramatically different than for Dirac positrons, and for 
certain applications special versions of circuit components are required. At 
this writing, together with John Bedini the present author has submitted 
what may be the first patent application on the fundamental process for 
anti-circuits and their operations with antimatter and negative energy 
currents, fields, and potentials as well as matter and positive energy 
currents, fields, and potentials. Another patent application by this author is 
in preparation, covering the anti-gravity aspects. The details of these 
mechanisms are still proprietary at this writing in order to protect our 
intellectual property rights, but limited information is in this book. 
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anti-electron: A negative-energy electron, observed as a positron. Under 
time reversal, electric charge reverses in sign. Dirac did not predict the 
positron per se, but a negative energy electron that we would observe in 
reversed fashion. Present theorists assume the interaction of the 4-space 
negative energy electron with matter — i.e., observation — to have 
occurred. This transforms the negative energy, negative mass electron to a 
positive energy, positive mass positron traveling in the opposite direction. 
In so doing, antigravity from the negative energy 4-electron source charge, 
due to its negative energy EM fields and negative energy potentials, 
arbitrarily transformed by the spatial reversal into positive gravity fields 
rather than the antigravity fields they were. The secret to practical 
antigravity is to utilize (in anti-circuits) the negative energy 4-electrons 
prior to observation, without transformation of (i) negative energy fields to 
positive energy fields, (ii) negative mass to positive mass, and (it) reversal 
of the field direction. In short, simply consider the unobserved negative 
energy 4-electron as what it is, and utilize it in its unobserved vacuum, 
state. The conventional transformation process also unwittingly discards 
‘the concept of anti-circuits, anti-fields, anti-potentials, and anti-currents, 
which discards half the rich electromagnetic circuitry that can be built and 
utilized. In the present book, we only touch lightly on this latter subject, 
which hopefully will be the subject of a future book after certain patents 
are filed. 


antigravity: Negative gravity or reversed gravity. Use of negative 
curvature of spacetime to produce a force on a gravitational source 
(physical system) that is opposite to the normal force of gravity of the 
earth etc. on that system. Antigravity is achieved by the use of negative- 
energy, negative-mass source charges in the mass component of the 
supersystem prior to observation, while the source charges are still 
4-spatial. This usage produces negative energy fields and negative energy 
potentials to negatively curve the local spacetime (ST), so that these 
negarive local ST curvatures interactback uponthe positive mass source 
systemassociated withthe vacuumnegativeenergy sourcesinits 
supersystem. Again, to understand the operation of an antigravity circuit or 
system, one must analyze itin terms ofits supersy'stem interactions. 


antimatter: Matter consisting of atoms that are composed of anti-electrons 
(positrons), antiprotons, and antineutrons and such. Also loosely refers to 


the antiparticle corresponding to a particle; an antiparticle may be regarded 
as a particle traveling backward in time, or "phase conjugated”, or "time- 
reversed. Sincetimeisnotan observable, the observer seesthe antipatticle 
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[after its observation by interaction with mass) in forward time as being 
reversed in direction and charge. 


antiparticle: Conventionally, a counterpart to an ordinary fundamental 
particle, observably having identical mass, lifetime and spin, but with 
charge and magnetic moment reversed in algebraic sign. We again point 
out, however, that the antiparticle differs when in its unobserved 4-spatial 
state, Only by analyzing the particle's supersystem can the true unobserved 
antiparticle be understood, as well as its fields and potentials in that 
condition. 


antiphoton: A time-reversed photon. Presently the photon is considered 
its own antiparticle. Observably it is, but in its pre-observation condition it 
is not. An alternate but as yet unaccepted view is that, since the 
unobserved photon is comprised of (dE)(dt) —ie., a piece of energy 
welded to a piece of time with no seam in the middle, the antiphoton may 
be assumed to be comprised of (-dE)(-dt) with respect to the external 
observer. 


anti-Stokes radiation: The radiation coming from an anti-Stokes emission 
process from an intensely scattering medium, wherein more energy flux is 
emitted than is input by the experimenter-operator. The excess emitted 
energy is furnished by other processes in the medium. For true overunity 
operation, the excess energy furnished by the energetic medium must be 
freely replenished to the medium by the active vacuum’s interaction with 
it 


antiwave: The time-reversal (phase conjugation) of a reference wave. 


A-potential: The magnetic vector potential A, conventionally thought to 
be “defined” by the equation B = VxA. However, no equation is a 
definition (an identity is required). If we replace the "=" s 
have B.=VxA, which is actually seen to define the field B as just a curled 
A-potential, or as the curled component ofthe A-potential, after 
interaction with magnetic charge. The A-potential or an additional 
component of it can and does also exist in uncurled fashion, and will 
emerge in the uncurled state in the space outside any local path (e.g., the 
path in the interior of a toroidal coil) that retains the B-field therein. That 
process of separating the curl component ofthe A-potential from its 
uncurled component is known as the Aharonov-Bohm effect (which also 
affects the wave function). The motionless electromagnetic generator 
(MEG) uses a special nanocrystalline core material in a transformer 
configuration, which draws in and retains the B-field from a permanent 
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magnet outside the core but firmly in contact with it on both ends. As a 
result, the vacuum freely replenishes the withdrawn magnetic energy that 
would otherwise have existed in the space outside the core, but the energy 
outside the B-field localization zone remains and appears as a separated 
and uncurled A-potential. In this way, the MEG is converted to an open 
system not in equilibrium with the vacuum, and can therefore permissibly 
output more EM energy in its output coils than the operator inputs into the 
input coils, the excess being freely furnished from the vacuum via the 
broken 3-symmetry ofthe permanent-magnet dipole and the resulting 4- 
symmetry EM energy flow from the vacuum’s time domain into the dipole. 
‘The MEG is actually a practical macroscopic EM power system. 
application of (1) the well-known Aharonov-Bohm effect and (2) the effect 
of the separation of the curled and uncurled potentials by a long tight 
solenoid or by a tight toroid, but in this case by the nanocrystalline 
magnetic core performing that separation function. In effect, the output 
coils interact with double (or greater) energy than would be available in 
just the B-field ofthe core (and of the magnet). Dual interaction with both 
theinternal core B-field flux and also the external A-potential is obtained 
by pulsing, so that the pulse edges produce strong E-fields in space, with 
the E-fields striking the output coils in a transmission-reception near-field 
fashion. As is well-known, dA/dt = ~E, and also f(dB/dtWThes, two 
fields produced by the perturbed internal B-flux in the core and the 
pertubed external uncurled A-potential outside the core are in phase. This 
is how the extra pulsing A-potential energy outside the core is made to 
interact as -E-field energy with the Drude electrons in the output coi 
while the changing magnetic flux in the core through those coils also 
simultaneously produces a second -E which interacts with the coil’s 
conductors in normal E-field fashion. The total E-field interacting with the 
outputcoils is proportional to the time rate ofchange ofthe input 
perturbation signal, not the magnitude of its energy. By adjusting the 
leading and trailing edges of the perturbation pulses, the magnitude of the 
E - fieldinteractionswith the output coil is determined as desired. Further, 
the usual output B-field producedinthe outputcoils by dE/dtisdirectly 
extracted into the core and held, so that a purely electrical interaction and 
outputoccursinthe output coils. This is easily shown since the output 
current and voltage of the output coil are in phase, within a degree or two. 
‘The MEG may be said to the world’s first purely electrical induction 
transformer, freely separating the magnetic interactions and bottling them 
up, while allowing the electrical interactions. 
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asymmetrical regauging: A change of either the scalar potential ¢ or the 
vector potential A, or both, so that a net resulting excessforce together 
with a net change oftotal system potential energy occurs in the system. 
During this change, an asymmetry exists in the active vacuum’s energetic 
exchange with the system. The result is that the potential energy of the 
system is freely changed by energy from the vacuum, and a free net force 
is also produced in the system. This new force is then free to dissipate the 
excess potential energy by translating electrons through a load and 
powering it. By contrast, the Lorenz/Lorentz symmetrical regauging 
produces two free force fields that are equal and opposite, so there is no 
‘net resultant translation force available to translate electrons through the 
external load and power it. Thus Lorentz regauging arbitrarily applied to 
the Maxwell-Heaviside equations selects only that resulting subset of 
‘Maxwellian systems that are in equilibrium in their interaction with the 
external active vacuum. The potential energy ofthe system is changed, but 
only as a "stress potential” doing internal work upon the system to form 
and maintain its increased stress. The extra energy also rotates the 

system's frame out of the laboratory frame. Lorentz thus unwittingly 
discarded an entire class of permissible Maxwellian systems that are not in 
thermodynamic equilibrium with the vacuum, The Lorentz, condition is 
initially violated each time anyone potentializes an EM circuit, but the 
closed-current-loop circuit design with the same charged-particle energy 
carriers around the loop — including back through the back emf of the 
source dipole in the generator — enforces a form of Lorentz symmetrical 
regauging during discharge of the system's excitation energy. Further, the 
response of the electrons in the usual electrical circuit with copper 
conductors is so rapid that the asymmetrical regauging (potentialization) is 
almost instantly converted to symmetrical discharging by movement of the 
electrons as current. When one section ofthe otherwise closed current loop 
uses a dramatically heavier charge as the energy carrier (as a battery uses 
ion current between its plates, but uses electron current between the 
outside of the plates and the external circuit), itis then possible to dephase 
the two independent carrier currents so that the battery will be charging 
while simultaneously the circuit is being powered, by a negative resistor 
(sharply increased scalar potential or voltage) produced at the plate surface 
interface of the two carrier current types. This proven Bedini process is an 
example ofa true overunity process, capable of producing a self-powering 
system by means of adroit switching and timing. 


asymmetry: Lack of symmetry, or "broken symmetry” in a general sense. 
Since a specific symmetry is accompanied by a specific conservation law, 
the breaking of that symmetry represents the violation of that conservation 
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law. Particularly note that a broken symmetry at one level often (usually) 
results in a new symmetry at a higher level, necessary to maintain the 
asymmetry at the lower level. The resulting "levels” of symmetry are 
known as hierarchies of symmetry 


asymmetry of the dipole: Because of the proven asymmetry of opposite 
charges, any dipole or dipolarity is a broken 3-symmetry in its fierce 
exchange of EM energy with the active vacuum, because of the known 
broken symmetry of the opposite charges on its ends. Any two points in 
the universe (in or out ofthe circuit), that are at differing ambient 
potentials, constitutes such a broken symmetry continuously pouring out 
EMenergy extracted from the vacuum. A dipole or dipolarity continuously 
receives and absorbs copious virtual energy from the seething virtual 
photon vacuum flux, and not all this absorbed energy is reradiated back to 
the vacuum in virtual form. Instead, some of it is coherently integrated into 
observable form and re-radiated in all directions as usable, real 3-space 
observable photons and EM energy. We found that the inputenergy to the 
dipole is from the time domain of 4-space. Hence the dipole's broken 3- 
symmetry results in the appearance of a new and far more fundamental 4- 
symmetry in energy flow between the time-domain and 3-space. This was 
the solution to the long-vexing source charge (or source dipole) problem in 
classicalandquantumelectrodynamics. Reinterpretingthe Whittaker 1903, 
decomposition ofthe scalarpotential reveals the mechanism for this 4- 
symmetry between time-domain EM longitudinal wave energy flow into a 
dipole and 3-space EM longitudinal wave energy flow out of the dipole, 
due to the presence of the proven broken 3-symmetry of the dipole. EM 
energy flow is conserved in 4-space, but not in 3-space. Further, the 4- 
symmetry energy flow from the source dipole (or source charge) continues 
as long as the source dipole (or source charge) remains intact so that the 
broken 3-symmetry remains intact. It is strongly indicated that this 
asymmetry of the dipole or dipolarity is what Gabriel Kron finally 
discovered as his "open path”. 


back emf: The counter-electromotive force, usually between the end 
charges of the source dipole in the external power source for an electrical 
circuit (in its overall closed current loop). When the electrons in the circuit 
are foreed against the emf— as when the "spent" or depotentialized 
charges fiomthe groundreference ofthe circuitareforced backup 
through the emf of the source dipole to re-potentialize the charges — then 
work is done upon the source dipole to scatter its charges and destroy the 
dipole.Removing the dipole stops its receipt of vacuum energy fiom the 
time - domain (which was due to its broken 3-symmetry, now removed). It 
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also stops the former dipole’s transduction of that energy, and its former 
output of 3-space energy flow along the circuit and in space around the 
circuit. When this flow is occurring, a small component of it strikes the 
surface charges in the conductors and is diverged into the circuit (by axial 
precession ofthe surface charges withdrawing the "immediate stubs" of 
their fields and potentials into the conductor) to power it as the Poynting 
energy flow component. The huge remainder of the energy flow in space 
surrounding the circuit simply misses the circuit and is utterly wasted. 
Destruction of the source dipole removes the transduction of EM energy 
from the vacuum. It thus stops the powering of the circuit. So additional 
energy must then be input to the power source to perform work on its 
scattered internal charges, force them apart again, and reform and restore 
that source dipole, in order to resume powering the circuit by energy 
extracted from the vacuum by the dipole. It is simple to show that such a 
closed loop circuit uses more of its collected energy from the vacuum to 
destroy its source dipole, than it uses to power its load, Hence the circuit 
self-enforces COPS1.0. 


back emf (tempic): There are actually two emfs in a circuit, not one. 
There is a 3-space emfand also an entirely unrecognized tempic emf. In 
either case, under proper circumstances there can be a back-emf of either 
‘one or both. See discussions under electromotive force, back and under 
tempic back emf. The tempic back emfis very important to COP>1.0 
circuits, where the system's output energy density in spacetime is greater 
than the energy density at the input section of the system. This difference 
in tempic stress potential provides a tempic force sweeping from system 
output section back through the system to its input section. The current is a 
current of Dirac sea holes (negative energy 4-electrons) moving in that 
local vacuum, from the output section back through the system to the input 
section. At the input section, this Dirac sea hole current reacts with 
incoming electrons from the extemal power system. It therefore "eats' 
incoming electrons, so that the power supply must now furnish additional 
electron current to (a) power the negation and "killing" of the Dirac sea 
hole current by filling those holes with electrons in the input section of the 
circuit, and (b) simultaneously furnish the additional usual current to 
power the system's input. The result is that the tempic back emf is nature's 
mechanism for decaying the excited COP> 1.0 energy state represented by 
a system in overunity functioning condition. Unless this hole current 
problem is overcome, this decay mechanism will destroy the net overunity, 
and it will prevent any attempt at close-looping the circuit for self- 
powering by use of clamped and governed positive energy feedback from 
‘output to input. The Bedini method can be used to transform the 
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detrimental Dirac hole current into ordinary electron current, providing the 
self-powering feedback loop needed. Or, Bearden’s outrigger method of 
using a multi-system set of external COPSI.0 receiving circuits powered 
by radiation (Poynting EM energy flow) from a single central power 
souree (energy flow radiator) can be used. Then already-positive energy 
feedback from one or more of the separate outrigger COPS1.0 receiver 
circuits can be fed back in normal fashion to power the central power unit. 
Note that the outrigger concept uses the bridging concept, so that an 
external COP<1.0 system can be powered from a central radiating system, 
and the external COP<I.0 system can collect and output more energy than 
is output in the accounted Poynting component of the central radiating 


system. The excess energy radiated comes from the radiated Heaviside 
‘component. 


bare electron: The true electron without its partial shielding of virtual 
positrons that are attracted toward it from the active vacuum, and that 
cluster around the electron, partially shielding its charge as seen by an 
external observer. The bare electron has infinite energy and infinite charge, 
as does the shielding cluster of virtual positrons. The difference between 
these two infinite values of opposite charge isthe finite "externally 
observed” value of the electron charge listed in texts and handbooks. This 
strange dipolarity of the source charge thus exhibits an asymmetry in its 
exchange with the active vacuum virtual photon flux. Hence this 
mechanism also solves the source charge problem — how the charge 
continuously pours out EM energy in all directions at the speed of light, 
establishing its fields and their potentials reaching out into or even across 
the universe, without any input of observable EM energy to the source 


Barret, Terence W.: Noted modern electrodynamicist and consultant 
who works in SU(2)xSU(2) gauge symmetry extended electrodynamics, 
and other models, and was also one of the pioneers of ultrawideband radar, 
Barret is one of the vigorous modern electrodynamicists continuing to 

developandextendthescienceofelectrodynamicsandthe 
ectodynamics model itself 


Bedini, John: Noted audio engineer, leading overunity energy researcher, 
inventor ofthe Bedini process forcreatingatruenegative resistorinsidea 
battery used as primary power to a circuit, and inventor of the Bedini 
overunity process forkillingthebackmmf(magnetomotive force) ina 
magnetic motor. Bedini is also the inventor ofthe renowned Bedini 
amplifiers well known to audiophiles, the BASE process for holographic 
sound, and a remarkable process forcleaning the harshness from digital 
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audio disks. In addition, he discovered a mechanism for transducing into 
usable positive energy the detrimental Dirac Sea hole current (negative 
energy electron flow) backflow in an overunity system, flowing from the 
output section back through the system to the input section and even on out 
into the external power supply. The Bedini process transduces thi 
detrimental current into normal electron current, thereby providing most or 
all of the required input power to the input section. Bearden then explained 
the technical process for Bedini’s discovered transduction procedure, and 
Bedini and Bearden filed a patent application on this process. 


Berry phase: Generalization by Berry ofthe Aharonov-Bohm effect, for 
an adiabatic situation. Later Aharonov and Anandan further removed the 
adiabatic condition and generalized the Berry phase to the geometric 
phase. See Aharonov-Bohm effect, geometric phase. 


blocking: In a Fogal charge-barrier semiconductor, stopping or partially 
stopping the flow of current in a circuit, or between two points, by pinning 
the electrons without stopping the EM energy flow. In ordinary usage, 
"stopping the progress of whatever charge flow or current is being 
referred to. 


Bohm, David J.: World-renowned physicist and originator of the hidden 
variable theory and interpretation of quantum mechanics. See David 
Bohm, "A Suggested Interpretation of the Quantum Theory in Terms of 
"Hidden’ Variables, I and II," Physical Review, 85(2), Jan. 15, 1952, p. 
166-179 (Part 1); 180-193 (Part II). Together with his student Aharonov, 
Bohm co-authored a fundamental paper on the Aharonov-Bohm effect 
wherein interfering electromagnetic potentials can produce effects on 
charged particle systems, even at a distance and in the absence of the 
electromagnetic force fields. From Bohm’s hidden variable theory, the 
quantum potential has been highly weaponized by five nations, and these 
eerie weapons operating instantaneously at a distance through multiply 
connected spacetime are presently the dominant strategic weapons on 
earth. 


Bohm's hidden-variable theory (HVT) of quantum mechanics: A major 
interpretation of quantum mechanics, formulated by David Bohm and 
published in Physical Review in 1952. Bohm’s theory makes all the correct 
predictions and also eliminates many problems in quantum mechanics, 
such as the "measurement problem" and the — now recognized — 

problem ofthe missing chaos (ie., the missing "hidden chaotic order.") 
Bohm's theory implies that physical reality — or much of it — can in fact 
be deterministically engineered. A key concept is the use of a quantum 
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potential, which is multiply connected. Clandestine superweapons using 
Bohm's quantum potential (QP) have been developed and deployed by 

several nations, Present mutual assured destruction” standoffbetween 
these nations is based on surviving counters to QP weapons rather than 
surviving nuclear weapons. 


Bohren, Craig F.: Distinguished Professor of Meteorology, Pennsylvania 
State University, noted for work in scattering theory. In an experiment 
detailed in C.F. Bohren, "How can a particle absorb more than the light 
incident on it?” American Journal ofPhysics, 51(4), Apr. 1983, p. 323-327 
Bohren shows that in nonlinear conditions a resonant particle may absorb 
and output 18 times as much energy as is impinging upon it from the usual 
field definitions based on a static intercepting charge. The additional 
energy is "absorbed from the vacuum"; actually, it is absorbed from the 
nondiverged Heaviside energy flow component accompanying the 
accounted Poynting input component, but arbitrarily discarded by Lorentz. 
‘Theresonant particle sweeps out a geometrical interception area (reaction 
cross section) greaterthan that ofthe same charge ina fixed static 

condition. Hence it intercepts part of the always-available Heaviside "dark 

energy" flow surrounding the Poynting energy flow component ofevery 
fieliicharge _ interaction. 


Bohren experiment: Revealing experiment by Craig F. Bohren, replicated 
by Paul and Fischer, which shows that a given charge when in particle 
resonance absorbsmoreenergy fromafield orpotential thenthesame 
charge does when in "static” position. This experiment is a direct 
experimental demonstration of the existence of Heaviside's nondiverged 
energy flowcomponentaroundevery field/chargeinteraction.See 
discussionunder Bohren, Craig F. The Bohren experiment can be 
repliicated by any university nonlinear optics laboratory and outputs 18 
times asmuch energy as is input by normal calculations (neglecting the 
HeavisidenondivergedEMenergyflowcomponentoftheinput). 


boson: A particle having integral spin, which obeys Bose-Einstein 
statistics but not the Pauli exclusion principle. Bosons include the photon, 
alpha-particle, and any nucleusofevenmassnumber. 


bridge: A component or process which passes EM energy between two 
isolated circuits, but does not pass de/dt between them, and which breaks 

the normal rigidly field-locked power dissipations in the two circuits. 

Space itself would appear to be one such bridge for EM energy flow 


bridging function: The function of passing EM energy flow between two 
olated circuits, but not passing da/dt between them, while simultaneously 
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Exploding Demand 


Two technology trajectories have created critical mass: handheld computing and fast wireless 
connections. This combined computing and communications platform inspires the innovation 
that has produced millions of mobile applications. 


loT is a third trajectory. LTE, and eventually 5G, will connect tens of billions of devices. And 
fixed-wireless access could be a fourth. 5G, with expected network capacity a hundred times 
greater than 4G networks, will make wireless connections not only a viable substitute for 
wireline broadband connections for tens of millions of users over the next ten years, but make 
that broadband connection the only connection that many users need. 


Figure 3: Exploding Demand from Critical Mass of Factors 
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This section analyzes some of these demand factors. 


Application Innovation 


When planning 4G network technology, who could have predicted applications such as Uber 
and Lyft, which combine location information with mapping and online payment and are 
now disrupting the taxi industry and even challenging notions of private vehicle ownership? 
While some applications of new technology can be predicted, many cannot. 


More efficient technology not only addresses escalating demand, it also provides higher 
performance, thus encouraging new usage models and further increasing demand. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 11 
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breaking any normal rigidly field-locked power dissipations in the two 
circuits. Use ofthe uncurled A-potential where YA = 0 is one available 
method of bridging otherwise isolated circuits, particularly in the outrigger 
embodiment of the motionless electromagnetic generator and other 

COP> 10 systems. 


broken symmetry: Fundamentally, a condition in which two parts of 
some configuration or shape, on opposite sides of some divisor or 
condition or boundary, are not similar but differ. In vacuum energy 
physics, we are very interested in the fact that — because ofthe broken 
symmetry of opposite charges — any charge (with its associated clustering 
virtual charges of opposite sign) and any dipole or dipolarity represents an 
asymmetry in its fierce energy exchange with the vacuum. This implies 
that something virtual becomes observable; i... part of the virtual EM 
energy continuously absorbed from the vacuum by the charge or by the 
dipole is changed into observable form and re-emitted as real, observable 
EM energy. The remainder is re-radiated as virtual EM energy. The 
charge’s transduction of absorbed virtual photon energy and its re- 
emission as observable photon energy was proposed by the present author 
in 2000 as the solution to the long-vexing problem of the source charge 
and its associated fields and potentials (and their energy) reaching across 
the universe, 


bypass resistor: In electrical theory, a resistor to pass or conduct current 
around (in parallel to) some other Component. If another effect such as use 
of the overpotential, pumped phase-conjugate reflection, quantum well, 
quantum tunneling, negative energy, or charge blocking is added, the 
bypass resistor's function becomes extremely complicated. The bypass 
resistor may be complex, e.g., or it may be a true negative resistor in some 
cases 


carrier wave: A fundamental wave that is modulated by another wave or 
other waves, and hence "carries" the other modulating waveform(s). By 
stripping off the carrier in a demodulator, the carried waveform(s) 
emerges. 


Casimir effect: The attraction of two conducting parallel plates in space, 
placed very close together, due to their influence on the active vacuum and 
on the vacuum's interaction with the plates. A part of the vacuum spectrum 
between the plates is “cut off and blocked or shielded, so that the vacuum 
potential between the plates is less than the vacuum potential outside them, 
‘The resulting potential gradient (force) on each plate from outside pushes 

the plates together. The Casimir effect unequivocally proves that it 
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the vacuum so as to produce forces and 


possible to directly engines 
energy and physical effects in material systems. While it is a "small" white 
crow, it only takes one white crow to prove that not all crows are black. It 
is sufficient to conclusively prove that EM energy can be extracted from 
the vacuum. From there to practical EM power systems, fed by vacuum 
energy, issimply aproductofmodifying the prevailing electrodynamics 
and electri 
interactions, and then to gradually discover and develop the necessary 
technology. In this book we attempt to point the way by using the 


1 engineering to incorporate the supersystem components and 


supersystem and providing some of the major necessary principles and 
concepts. 


Casimir, Hendrik Brugt Berhard (1909-2000): Noted scientist who in 
1948 correctly predicted that two parallel conducting plates, placed very 
near each other in a vacuum, would experience an attractive force due to 
their influence on the electromagnetic vacuum. 


causality: The relationship between “cause” and "effect", or the interaction 
of 4-space cause upon a previous 3-space observation (effect), to produce 
a new 3-space observation (change in the previous observable or 

production of an exact 3-space replica). The basic notion in a causal 


systemis that the system's response to an input signal is dependent only 
upon past input values, not upon future input values. Ina multiply 
connected space, the causality principle is dramatically changed and 
requiresverycarefulaccounting, 


chaos:Indissipativedynamicalsystems,thedynamicalevolutionor 
ordering of the system that is aperiodic and highly dependent upon initial 

conditions of the system. The trajectories ofthe system move on a strange 

attractor, whichis a fractal subspace of the phase space. The mathematical 
equations describing chaotic behavior are very nonlinear and so complex 


that at the present time they cannot be computed or predicted. Control of 

chaotic oscillations thus is ongoing in its scientific development, with the 
most advanced control work having been done by Russian scientists, but 
lable 


now openly av: 
rculation of EM energy flow between the 
by the observer in 3-space. Negative 
ofEMenerg} 


charge: Charge is the ongoin; 
time and 3-spacedomains, as 
chargeis i) the ongoing absorption, byamasspart 
input from the time domain (from ict), (ii) transduction of the absorbed 
energy into 3-space EM energy, and (iii) ion ofthe EM energy in 
all directions in 3-space. Positive charge is (i) the ongoing absorption, by a 
mass particle, of EM energy input from 3-space, (ii) transduction ofthe 
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absorbed energy into the time domain, and (iii) re-emission of the EM 
energy in the time domain, Alternately, the positive charge can be 
considered as (i) the ongoing absorption, by a mass particle, of EM 
negative energy input from the time domain (from ict), (ji) transduction of 
the absorbed negative energy into 3-space, and (iii) re-emission of the EM 
negative energy in 3-space. A similar inversion can be utilized to represent 
negative charge. Time reversal of EM energy can be seen to result from 
the combined broken symmetries of EM energy flow (in 4-space) between 
time and 3-space, of two opposite charges and thus of dipolarity itself. See 
paragraph 3.1 of Chapter 3. 


charge, electrical (q).: In the sense of q being charged mass, where the 
‘mass m, of charge q is associated with the phenomenon defined as charge 
(See above definition). In our view, an electrical charge q associated with a 
charged particle or mass may be defined as q = mg, to first order. Thi 

fits the common use of "the charge” as an expression for a charged mass, 
and explains why a gathering of charges produces a potential reaching 
out from the "source gathering of charge q". The actual "charge" action 
associated with the mass is due totally to 4, and to the broken symmetry 
of the $4 dipolarity in the vacuum flux exchange with mg, The charge q can 
be further broken down into a set of composite dipoles if the gathering of a 
screen of virtual charges of opposite sign in the vacuum, surrounding the 
mass ofthe "bare charge” inside the gathering, is considered. At first order, 
4, can be expressed (from a particle view) as a change in the local vacuum 
virtual photon flux (VPF), due to the VPF exchange between vacuum and 
my. Ina classical approach, the vacuum may be considered as a giant 
scalar potential comprised of bidirectional EM wave flows according to 
Whittaker’s 1903 decomposition, except we must re-interpret the phase 
conjugate half-set of Whittaker’s decomposition as incoming from the time 
domain or complex plane. The charge then may be considered to diverge 
so much energy flow from the time domain into 3-space “around” the 
mass, resulting in gg as the steadily diverged energy surrounding the mass 
mg, The 4, component is actually the massless electrical charge and 
massless of itself. This approach would then yield a definition of massless 
charge itself, which at present is undefined in physics, as pointed out by 
Feynman and others. 


In the expression q = mag, the oq represents a change to the local vacuum 

potential yas. Both 4 and gyac decompose into Whittaker phase conjugate 

longitudinal EM wavepairs. As can be seen, by altering or engineering 

these constituent wavepairs, a particular or particular local vacuum. 

potential gy, can be given a deterministic intemal structure and dynamics. 
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‘Thusthe interaction of a given electron or group of electrons may be made 
quite different from the interaction of another electron or group of 
“apparently identical” electrons. Such structuring dynamics are met with in 
the internal structuring of water, e.g., where the fierce activity of H-bond 
making and breaking can be treated as a special gy and its “internal 
structure and dynamics” can be engineered. A leading scientist pursuing 
that type of effect is Jacques Benveniste, in France. Predictably, the 
orthodox establishment has severely castigated these experiments, 
defending conventional models as absolute while completely ignoring the 
experimental resultsthatrefutethoseconventionalmodelsasbe 

incomplete. 


charge carriers: Anything — usually fundamental particles, ions, et 
which consists of or contains charges and can be potentialized and move. 


charge, magnetic: In the sense of charged mass, a magnetic charge is 
whatis commonly called a "magnetic pole". The mass m of the magni 
charge isassociated withthe exchange of EM energy betweenthetime 
domain and the 3-space domain. Essentially, the energy exchange action 
known as “charge” in the massless sense is the magnetic scalar potential, 
or monopole, when decomposed as per Whittaker and as reinterpreted by 
the present author, and as pointed out in quantum field theory by Mandl 
and Shaw. Note that our personal view discriminates between massless 
charge and charged mass. Massless charge is an ongoing action and 
process, involving energy transduction from one form (time energy or3- 
space energy)toanother(3-space energy or tim 
is a mass associated with such action, Unfortunately, in the prevailing 
usage the word "charge" isjust loosely used for both senses without 
Hence one must carefully differentiate between the use of 
for "charged mass", and its use for an “ongoing proces: 


energy). A charged mass 


discrimi 
args 


charge-parity-time (CPT) theorem: C is charge conjugation, which 
changes the quantumnumber of every particleintoitsantiparticle. Pisthe 
reflection operation known as parity, which turns an object into its mirror 
image and rotates it 180 degrees about an axis perpendicular to the mirror. 
T is time reversal. Any violation of time-reversal symmetry is always 
accompanied by a violation of CP symmetry (by violating either C or P 
symmetry)andvviceversa, 


Electodynamics and the strong interaction preserve CP symmetry to gre 
accuracy. Weak interactions donot conserve CP symmetry. Tsymmetry 
violation has been shown at CERN, the European particle phy: 


laboratory in Geneva, Switzerland. 
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charge trapping (also pinning"): Holding charges "pinned" or 
“trapped” at a site or in a location, by a barrier or force, so that they do not 
flow as i = dg/dt. A clustering ofthe pinned charges at the pinning site 
often occurs. 


charge-barrier: A process or component or function — particularly in a 
semiconductor such as the Fogal semiconductor — that blocks the 
movement of charges q as current dg/dt. 


classical electromagnetic theory: The classical theory of 
electrodynamics, in its modem form begun by Maxwell with his seminal- 
paper orally presented in 1864 and published in 1865. Today many 
variations have been made, particularly with respect to the basic group 
symmetry of the theoretical equations, 


Clifford algebra: A special higher topology algebra founded by Clifford, 
which includes as subsets many other algebras of lower topology. 


closed system: In the present approach, a system that in theory does not 
communicate with its environment, and does not exchange energy or 
matter between system and environment. Notice that this directly conflicts 
with the notion in thermodynamics (both classical and disequilibrium) that 
a closed system is closed only to mass exchange across its boundary, but 
‘open to energy exchange across it. General relativity has falsified that 
notion since 1915. Any system undergoing a change of energy also 
undergoes a change of mass, since mass is a special form of energy. 


An ideal model in which dynamically and energetically the system is 
considered to be “isolated” as if nothing else existed. In short, the system. 
is considered as if it were in some "magic box" and nothing outside the 
box can ever enter the box or affect the system inside the box, and nothing 
in the system can ever leave the box or affect anything outside the box. No 
electromagnetic system is closed. In short, we have corrected the 
thermodynamics "closed system” with open energy transfer, to a true 
closed system with neither energy nor mass transferring. That corresponds 
to the present thermodynamics notion of the "isolated system” 


‘One performs a non sequitur when proclaiming treatment of any EM 
system as a "closed system", and of course modem physics substantiates 
this. The broken symmetry of the opposite charges on the ends of a dipole 
— and of an observable charge together with its clustered virtual charges 
of opposite sign — has been proven since 1957. The absence of any closed 
system is particularly true in electrical power systems. Here one is indeed 
allowed to input energy into the system to excite or potentialize it. That of 
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course assumes that the system was “opened” long enough to take on 

excess energy (which also changed its mass)! Then as the system operates, 
losses and dissipations occur, in which case energy is considered to 
‘escape” from the system permanently. In other words, the system was 
also continually "opened” so that energy could escape. In any EM system, 

every charge and dipole is already an open system, with free exchange of 
energy between 3-space and the time domain via that charge. In particle 
physics, every charge and dipole is a broken symmetry in its virtual 
particle flux exchange with the active vacuum: 


‘The ancient thermodynamics definition of a "closed system” as one that 
exchangedheatbutnotmass, wasformulatedbeforethermodynamicists 
even knew that heat was a form of EM energy, or even knew what energy 
was. Hence we have changed that definition, since it is anon sequitur in 
view of modem physics, 


There is really no such thing as a truly closed system in the universe, 
every system is embedded in the active vacuum and is an open system in 


an energy exchange with the vacuum. Further, any change ofenergy in the 
system curves the local spacetime, which in turn interacts back upon the 


system. Ifthat energetic exchange ofthe system with its "active vacuum 
and active curved spacetime environment” is symmetrical, then the system 
in equilibrium with respect to its environmental exchange. In that case, 
for a limited number of purposes the system may be treated as ifit were a 
closed system. Inclassicalelectrodynamics, Lorentzregauging ofthe 
‘Maxwell-Heavisideequationsfurtherreducedthemtodescribeonly 
‘Maxwelliansystemsinequilibriumwiththeactiveenvironmentincluding 


the active vacuum. Consequently, any net interaction between the external 
vacuum (or the active local curved spacetime) and the system was 
excluded from the CED model. Obviously a broken equilibrium (ie., 
broken symmetry) in that actual physical interaction is also not included in 


the CED model. Nor is it included in the classical (equilibrium) 
thermodynamics model with its archaic second law. 


coefficient of performance (COP): Ratio of the usable energy output of a 
system divided by that portion of the total energy input that is input by the 
the operator's or experimenter. The COP is thus a measure of ‘retum for using 
the operator's or experimenter’s input energy" to produce — or direct the 
production of— useful work by the system’. There are other ways to 
calculate the COP ratio; e.g., the average output power divided by the 

average operator input power. Contrast COP tothe efficiency of asystem, 
which is the ratio of the total usable output energy divided by the total 
input energy from all sources, including by the external active 
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environment as well as by the operator. The efficiency of'a system means 
how efficiently it produces useful output from its roral input. The COP 

the performance the system renders for the operator's input. Note that even 
a highly inefficient system — say, with efficiency & = 0.25 —may 
nonetheless have a COP>1.0, ifthe operator himself inputs less energy 
than the system outputs and the environment inputs all the rest of the 
output energy as well as all the energy in the system losses. As an 
example, a common home heat pump may have an efficiency of 40%, but a 
COP = 4.0. A windmill may have an efficiency of 20%, but a COP = 00. 


Also, for many systems one may evaluate their coefficient of performance 
for (1) the performance ofthe system as an energy transducer only, i.e., the 
ratio of energy the system outputs (whether used or not) divided by the 
energy the operator inputs; or (2) the performance of the system as a work 
producer, which is the useful work accomplished by the system divided by 
the operator's energy input. As an energy transducer, every generator and 
every battery has a COP» 1.0, when both the Poynting diverged energy 
flow output and the Heaviside nondiverged energy flow output are 
accounted. Yet for useful work, the same system may have COPS1.0, 
because all the Heaviside nondiverged energy flow component is wasted, 
and some of the Poynting diverged energy flow component is wasted also. 


Analyzed as an energy transducer only, every dipolar power unit — such 
as a generator or battery — outputs enormously more energy flow rate 
from its terminals than the mechanical energy rate input to the shaft of the 
generator, and than the chemical energy dissipated in the battery. So as an 
energy transducer, every dipolar power source is already a system 
exhibiting COP» 1.0, prior to Lorentz’ integration trick to discard the 
enormous Heaviside nondiverged energy flow output component. 


cold fusion: An ad hoc term applied to the transmutations at low spatial 
energy (but high time-energy) achieved in electrolyte experiments, 
particularly when using specially prepared palladium electrodes after their 
loading with positive H+ or D+ ions, and particularly when deuterium is 
present in the electrolyte and the loading is by D+ ions. The foal energy of 
the photon is greater the lower the photon’s frequency and therefore the 
lower the spatial energy ofthe photon. Hence the cold fusion interactions 
actually use much higher toral energy nuclear reactions than does present 
high (spatial) energy physics. Since "high energy" physics erroneously 
eliminates consideration of time-energy, the present high energy physics 
community is unjustifiably hostile to the very notion of cold fusion. The 
fact that little experiments on the lab bench use far higher total energy than 
the community's proud large accelerators is a bitter pill many high energy 
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physicists cannot tolerate, let alone view with scientific objectivity. So 
again there is a classic confrontation between science from scientific 
results and "science as known in the prevailing dogma" 


composite dipole: Dipole formed as one part of an isolated, observable 
“chargedparticle”, consisting of a differential element of that observable 
charge on one end and a momentary clustering virtual charge of opposite 
sign. This is one way of dealing with the modem "infinitely strong dual 
dipoles” view of the charge, where the bare charge in the middle is infinite 
as is the clustering virtual particle charge surrounding that bare charge and 
partially shielding it. The difference between these two infinite charges is 
finite, and is routinely calculated to show that it is the standard value of the 
charge as seen by an extemal observer. 


C ooper pair: In superconductivity theory, a dynamic, weakly bound 
pairing of electrons in a superconducting material below its critical 
temperature. In this pair, ifthe energy state with wave number sigma and spin 
1/2isoccupiedby anelectron, then soisthe state with wavenumber-sigma and 
spin-1/2. The Bardeen, Cooper, Schrieffer (BCS) theory uses this concept 
to provide a detailed microscopic theory of superconductivity. 
COP (Coe 
cosmological feedback principle: A self-regenerating cosmological 
feedback cycle ascribed by Puthoff as the source of the vacuum EM zero- 
point energy (ZPE). One may assume the existence of EM zero-point 
energy by fiat as part ofthe boundary conditions ofthe universe, or 
concieiveof its generation by the quantum-fluctuation motion of charged 
particles that constitute matter. Puthoff calculated the latter possibility, 
assuming that the ZPE spectrum (field distribution) drives particle motion, 
and that the particle motion in turn generates the ZPE spectrum. This 
provides a self-regenerating cosmological feedback cycle, which 
consistent with the general relativity assumption thatcurvature of 
spacetime affects massenergy, andmassenergy changesaffect the 
curvature ofspacetime. It would be interesting to see if Puthoff's concept 
can be made compatible with the broken symmetry of a dipolarity and 
Kron'sopenpathconcept. 


ient of Performance): See coefficient of performance. 


fact is 


curl concept of fields: The concept of a field as the curl of a vector 
potential (the vector potential may not be known). Any field so conceived 
has a divergence of zero a priori. One must be careful, however, because 
electrodynamics calculatesonly the field'sreactioncrosssectionwithan 
assumed fixed unit point static charge at a point in space, leaving the field 
itself undefined. In short, the calculation of "the field” is actuall 
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representation of the local point intensity of the field's interaction with 
unit point static charge. It is not the magnitude of the entire field (or 
potential) itself, a priori, but only of its reaction at a point with such a 
charge. In short, the field's reaction cross. section with static charge is 
often misinterpreted as the magnitude of the field; at best it is an indication 
ofthe field intensity to static charge at a point. 


curl-free magnetic vector potential: A field-free magnetic vector 
potential A without curl (swirl), hence lacing the B-field with which an A- 
potential is usually associated. For simplicity, one may visualize the curl- 
free A-potential as massless magnetic charge (and energy) in linear 
motion. Toroids and long solenoids have the characteristic of confining the 
B-field (curled potential) and holding it inside. However, drawing energy 
from any potential whose source charge or source dipole is not destroyed 
simply results in the full value (sum of the A-potential and B-field 
components) ofthe potential being replenished from the active vacuum, 
via the 4-symmetry energy flow mechanism in the presence of the broken 
3-symmetry of the dipole. Hence one may easily increase the available 
potential energy density at will. This is a special form of gauge freedom 
allowing one to freely alter the potential energy of any electromagnetic 
system at will. Contrary to the dictates of EM textbooks, gauge freedom 
rigorously allows the direct andfree amplification of potential energy of 
the EM system ar will; the excess energy being freely furnished from the 
active vacuum processes. This principle incorporated in gauge field theory, 
has been known for decades and not previously used in the design, 
production, and use of COP>1.0 electrical power systems, prior to the 
invention ofthe motionless electromagnetic generator (MEG). 


curved spacetime: A four-dimensional geometry (spacetime or ST) is 
used in general relativity, where the ST curvature is determined by the 
distribution of spatial energy such as mass-energy. In the general relativity 
view there is no such thing as an "empty" space “filled” with some energy 
substance. Instead, there is a combined space and time as a single entity, 
spacetime, which is itself energetic and is the very geometry we use in our 
mathematics. Any change in the local energy density of that spacetime 
constitutes a curvature of spacetime. In the new, more extended approach, 
any change in the spatial energy density or time-energy density of 
spacetime, or a combination of changes in both, constitutes a curvature of 
spacetime. In 4-space modeling, time is treated as a special, highly 
condensed form of EM energy. Specifically time may be regarded as 
ordinary 3-spatial EM energy compressed by a factor of c” and existing in 
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the time domain rather than in 3-space. Time-energy therefore has 
essentially the same energy density as mass. 


dark energy (negative): (Dirac holes, Dirac hole potentials, Dirac hole 
currents): A strange form of vacuum energy that creates repulsive gravity, 
causing the expansion ofthe universe to speed up (as observed and not 
otherwise explained by conventional theory). As a strong candidate for the 
dark energy, the present author has proposed a vacuum negative energy 
and negative energy currents in a negatively curved spacetime region 
partially containing excess Dirac sea holes devoid of electrons, along with 
normal filled Dirac sea holes. These special "Dirac negative action quanta” 
then form negative action (negative angular momentum, or — for 

and fields. This type of 
erred to as 


simplicity — negative energy) potentials, currents 


vacuum condition containing some empty Dirac sea holes is re 
Dirac -polarized vacuum. However, it is not just simple static 
s. Such dynamic Dirac seahole 
regions occurinthe vacuumincurvedspacetimeregions withtempic 


polarization, but possesses rich dynami 


potential gradients and strong 3-spatial energy gradients, and thus time 
force existing across the region. The holes occur since the energetic 
fluctuations of the local vacuum energy can separate a Dirac hole from its 
icient local 


occupying electron. These may then recombine, or in sul 
spacetimecurvature can remain apart. The more violent the region, the 
cater 
in their 


more severe are local spacetime curvatures in that region, and th 

the fraction ofempty Dirac holes that is maintained on the average. 

continual forming and recombining. In those regions, a tempic potential is, 

higher at the higher centermagnitude ofthe spatial energy density. Hence 
there tempic forces from "inside to outside”, providing a "tempic 

broom" effect to sweep outward the excess Dirac sea holes separated from 

their electrons in the curved spacetime. The end result is the presence of 

loward the outside of violent 


increasingly unoccupied Dirac sea holes 
regions of spacetime, until the effect is overcome by the decreasing 
spacetime curvature. These empty Dirac holes in regions and currents are a 
special form of vacuum negative energy, negative energy fields, and 
negativeenergypotentials,creatingnegativegravity repulsivegravity) 
upon ordinarymass exposed to them, So the more distant violent 
astronomical regions have greater amounts of repulsive gravity being 
produced by their local Dirac-polarized vacua and negative energy fields 
and potentials. The result of this effect is that, at sufficient distance from 
us, theincreasingly earlier, more violent events and resulting greater 
tedsufficient Dirac-polarizedvacuato 
jonbetweengalaxies,ete. Even 


curvedspacetimeregionshavecr 
overcome the normal ravitationalattra 
farther out, the increase in Dirac-polarized vacua overrides the normal 
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Today's smartphones and tablets, dominated by the iOS and Android ecosystems, in 
combination with sophisticated cloud-based services, provide a stable, well-defined 
application environment, allowing developers to target billions of users. Developers have 
rich platform-specific development tools; web-based tools such as HTMLS; application 
programming interfaces (APIs) for mobile-specific functions, such as WebRTC (Web Real- 
Time Communications); and cloud-based services for applications and application services, 
such as notifications, loT support, and mobile-commerce. 


Of concern to some companies in the wireless industry, however, are current network 
neutrality rules that could possibly hamper innovation. By restricting prioritization, for 
example, the rules seem to fail to recognize that traffic streams from different applications 
have inherently different quality of service requirements. ? 


Internet of Things 


Current M2M and Internet of Things applications include vehicle infotainment, connected 
healthcare, transportation and logistics, connected cars, home security and automation, 
manufacturing, construction and heavy equipment, energy management, video 
surveillance, environmental monitoring, smart buildings, wearable computing, object 
tracking, and digital signage. Municipalities, evaluating the concept of “smart cities,” are 
exploring how to optimize pedestrian and vehicular traffic, connect utility meters, and 
deploy trash containers that can report when they need emptying. 


Although promising, the 1oT market is also challenging, with varying communications 
requirements, long installation lifetimes, power demands that challenge current battery 
technology, cost sensitivity, security and data privacy concerns, unsuitability of 
conventional networking protocols for some applications, and other factors that developers 
must address. Consequently, the 1oT opportunity is not uniform; it will eventually comprise 
thousands of markets. Success will occur one sector at a time, with advances in one area 
providing building blocks for the next. 


Cloud-based support platforms and standardized interfaces are essential for development 
and deployment of !oT applications. For example, oneM2M has developed a service-layer 
that can be embedded in hardware and software to simplify communications with 
application servers.‘ 


To address the 1oT opportunity, 3GPP is defining progressive LTE refinements that will 
‘occur over multiple 3GPP releases. These refinements include low-cost modules that 
approach 2G module pricing and enable multi-year battery life. See the section “Internet 
of Things and Machine-to-Machine” in the appendix for more details. 


Video Streaming 


Video represents the greatest usage of data on smartphones. Just an hour a day of mobile 
video at 1.0 Mbps throughput, common with YouTube or Netflix, consumes 13.5 GB per 
month. Many streams, now available in high-definition (HD), consume even more data. 


2 For further discussion, see Rysavy Research, How “Title 11” Net Neutrality Undermines 5G, April 19, 
2017. Available at http://www.rysavy.com/ Articles) 2017-04-How-Title-II-Net-Neutrality- Undermine: 
5G.pdf, Also see How Wireless is Different - Considerations for the Open Internet Rulemaking, September 
12, 2014, Available at http: //www.tysavy.com/Articles/2014-09-Wireless-Open-Internet.pdf. 


+ OneM2M home page: htto://onem2m.ora/. 
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attractive gravity between galaxies, etc. and produces net repulsive gravity. 
In tum this results in acceleration of the observed distant expansion of the 
universe. Dirac-polarized vacuum and its special dynamics can be 
accommodated in Sachs’ unified field theory, which unites physics from 
quarks to the cosmos. See also Dirac sea holes. 


On the laboratory bench, Dirac hole currents and effects are met with in a 
circuit or system producing COP>1.0, or very sharp 3-spatial gradients 
such as in violent electrical discharges. The effects become non-negligible 
at about COP = 2.0 and sometimes less. The tempic force back across the, 
system from output to input is sweeping the Dirac holes through the 
system. This can play havoc with attempts to close-loop the circuit for 
self-operation. In semiconductor components, strange effects are met due 
to their use of donor and acceptor materials, and temporary or permanent 
failure of semiconductors can result. The simple way to visualize this is 
that, in the system's supersystem, the spacetime component is curved and 
the vacuum component is highly nonlinear. All three components — 
overunity system, local nonlinear and polarized vacuum, and local curved 
spacetime — are interacting vigorously with each other. An operating 
overunity system represents an excited state of that local region of vacuum 
and curved spacetime, hidden in the euphemism "polarized" which is 
inadequate to describe the dynamics. With the dynamics, one may 
visualize that the Dirac sea hole currents are swept back through the 
system, seeking to recombine with electrons to eliminate the "polarization" 
and its dynamics, thus decaying the excited state back to equilibrium and 
destroying the overunity condition. In a robust system whose intemal parts, 
do not appreciably interact with these Dirac hold dynamics, the dynamics 
will reach the input section and extend back into or toward the primary 
power supply. In the input section, the feeder line, and in the power source 
itself, this results in "eating electrons”. The Dirac sea effects thus act as a 
separate load imposed within and around the system input section or even 
back in the feeder line to the external power supply, in addition to the 
system load itself in the system output section. Simply put, the power 
supply must now furnish extra electrons to "power" the Dirac sea hole 
recombinations first, and additional electrons to power the system in its 
“normal” fashion. The result is to "draw additional power” from the 
source, where "drawing power" now includes the additional "eating of 
electrons” within the power supply itself, the feeder line, and the input 
section of the system. 


Bedini and Bearden have filed a patent application on processes to convert 
the detrimental Dirac sea hole current reaching the system's input section. 
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transforming it into ordinary electron current. Magnetic Energy Ltd. has 
developed two other processes that handle the Dirac sea hole current 
problem, allowing close-looping for self-power ng operation. One of these 
processesconverts negative energy into positive energy and the other 
avoids the negative energy problem. The first one allows this otherwise 
devastatingspecial form of "negative feedback” or "degenerative 
feedback" tobeconverted into "positive feedback" or"regenerative 
feedback", allowing the system to be close-looped successfully for self 
powering, Beardenhas proposed yetadifferentapproachusingan "anti- 
circuit" method, but at this writing the method is still proprietary until 
intellectual propertyrightsaresecured. 


dark energy (positive): Our term for the vast Heaviside nondiverged 
energy flowcomponentsurroundingevery field/chargeand 
potential/charge reaction but unaccounted in present electromagnetic 
theory afterbeingarbitrarilydiscardedby Lorentzcircathe 1890s. Present 
theory only accounts for that small amount of energy flow (the Poynting 
component) diverted locally around the interacting charge. All the rest of 
the energy flow comprising the field or potential, and missing the 
intercepting point charge, was discarded arbitrarily by Lorentz and is still 
using Lorentz'sintegrationtrick. Inhonorof Heaviside, 
who did recognize the gravitational implications of his dark energy flow 
component, the present author has nominated this vast, unaccounted "dark 
energy" componentasbeingresponsiblefortheextragravityholdingthe 
spiral arms of the spiral galaxies together. See spiral galaxy. 


So one must recognize that the term "dark energy” is indefinite, since there 
are twokinds: (a) dark positive energy, and (b) dark negative energy. Dark 
positive energy consists of "normal" energy as often connected with, 
Particles, collected upon them and affecting their momenta, etc. Ithas 
dynamicsandeffectsconsistentwiththatkindofenergy.Darknegative 
energy is a condition ofthe vacuum itself, It represent ty 
containerandempty ontainerdynamics” (negativeenergydynamics)in 
the vacuum _ itself, which "eats positive energy”, soto speak. In 
Plikesophical terms, dark positive energy represents unaccounted actions 
and effects from unaccounted "extra presence of real substance and things 
and actions". Dark negative energy represents unaccounted actions and 
effects from "extra absence of real substance and things and actions 
beyondzero" .Darknegativeenergyexhibitsprecisely appositiveetfectsto 
the effects produced by dark positive energy. E g., dark energy creates the 
excess gravity that is holding the arms of the spiral galaxies together 
‘Negativeenergyresulting ftomspacetimecurvatureconditionsinhighly 


633 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


energetic astronomical phenomena produces the antigravity that is 
responsible for the acceleration of the expansion of the universe. We have 
nominated the negative energy Dirac sea hole phenomena as the cause of 
the antigravity that accelerates the expanding universe. Interestingly, these 
negative energy phenomena present in sharp discharge (strong gradient) 
phenomena appear to be responsible for the fact that such phenomena are 
known to violate present thermodynamics, and are being studied under the 
aegis of "extended thermodynamics”. See discussion of areas violating 
thermodynamics in the last chapter of Kondepudi and Prigogine, Modern 
Thermodynamics: From Heat Engines to Dissipative Structures, Wiley, 
New York, 1998, reprinted with corrections in 1999. A reference is D. Jou, 
Extended Irreversible Thermodynamics, Springer-Verlag, New York, 

1996, 


degenerate semiconductor: A semiconductor whose conductivity 
approaches that of a metal. 


demodulation: From a carrier containing a modulated signal, recovering 
the signal that was used to modulate it 


deterministic pattern or "template": The exact arrangement, by plan 
and deterministic action, of a group of entities. The deterministic actions 
and their "controlling forces" are simply called "dynamics", "structuring", 
etc. An example might be deterministic field structuring and actions of 
photons in a "herd" or "group". Or ofa set of spacetime curvatures, into a 
dynamic structure called a spacetime curvature engine — ot engine for 
short, so long as the meaning is clear. Or by hidden order in the virtual 
photons in the vacuum flux, or a deterministic set of changes to that 
vacuum flux (the vacuum flux that is called the "vacuum potential.” We 
have called this internal EM dynamics function — of deterministically 
patterning or templating the virtual flux (particle view) of the potential, or 
of deterministically patterning or templating the longitudinal and time- 
polarized EM wave decomposition (wave view) ofthe potential - 
dimensioning the potential. See dimensioning. We refer to the 
deterministic structure and its structural dynamics as the "engine 

template’ 


dielectric: Literally, "against electric (current)", originally coined to mean 
“opposes the flow or conduction of electric fluid”. In today's language, a 
dielectric is a non-conducting material used to oppose or prevent the flow 
of electric charges. Even empty vacuum exhibits some dielectric 
resistance. "Dielectric" is also used to refer to a nonconducting material 
(often between the metal plates of a capacitor or elsewhere) that can (i) 
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sustain a change in potential across a distance (i.e., an E-field), and (ii) 
serveas an insulator. Space itselfis a dielectric, or at least is said to 
exhibit certain dielectric qualities. 


dimension: A certain primary geometrical physical attribute. 
Jength, used to describe the 


wach as 
;parational relationships of physical 
phenomena. Actually, “dimension” just means "fundamental quantity of 
separation” and “geometry” in the most general sense. Dimensions thus 
become a sort of set of fundamental variables describing the extensivity of 
system and the dynamics of that extensivity. The number of dimensions 
taken in advanced physics usually represents a somewhat arbitrary choice 
for good modeling fit. In modern Kaluza-Klein theory, for example, it 
becomes ne 
particle physics case. Sometimes more than 20, or even an infinite number, 
of dimensions may be used. General relativity (GR) has incorporated the 
interaction of the abstract geometry (spacetime) with mass, so that 


sary to acceptsome 10 or 11 dimensions inthe usual 


geometry isa real, active, dynamic entity. Until Sachs’ extension of 
Einstein's work into a unified field theory and Evans’ incorporation of O(3) 
electrodynamics as an important subset of Sachs’ unified theory, GR has 
| largelyremainedanonexperimentaldiscipline,atleastinthelaboratory. 


With the new Sachs-Evans approach and with recovery of (a) the 
Heaviside darkenergy flow component(b)overunity EM systems 
arbitratily discarded by Lorentz symmetrical regauging, and (c) modeling 
of the complete supersystem including system, vacuum, and spacetime in 
‘mutual interaction, GR suddenly becomes substantially engineerable by 
novel electromagnetic means, bothinthe laboratory and in operating 
devices. We are thus entering a great new age of electrogravitation and a 
new physics. Research in antigravity lifters, COP> 1.0 electrical power 
systems, medical therapy utilizing engines and anti-engines, andcold 
fusion are the elements of the new science that are struggling to be born 
and funded. 


dimens 


ming: Coined term meaning “forming an exact pattern or 
template of structures”, particularly of nested curvatures of spacetime, 
where the pattern/template may also be dynamic, to include patterning and 


dynamics in the time-energy domain as well as the 3-space energy domain. 
It involves the internal structuring of the “dimensioned” entity. The term 
“dimensioning” makes sense in unified field theory, but is awkward in 


normal EM theory, which erroneously assumes that EM energy propagates 

in an uncurved spacetime. The mere presence of a change in local spatial 
energy,created by the wave energy itself when present in that local region, 

curves the local spacetime. Note that the background potential may be 
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changed in a steady state level as well, which means that the frame of the 
system and its field dynamics has been rotated away from the laboratory 
frame. A time-polarized EM wave, e.g., changes the time-energy density 
and also curves local spacetime very powerfully. Hence the EM wave 
rigorously travels in curved spacetime, and in fact identically is a 
propagating, oscillating curvature of spacetime. What is missing from 
present physics is all accounting of the extraordinary Heaviside 
nondiverged energy flow component accompanying the accounted 
Poynting diverged energy flow component. Thus present physics does not 
properly accountfor the gravitational aspects of "electrodynamic field and 
potential energy in space”. 


Dimensioning also implies a deliberate form or structure (with dynamics) 
created in the virtual photon flux of the vacuum, in the virtual photon flux 
comprising a scalar potential, or in the infolded longitudinal-wave EM 
inside all EM potentials, fields, and waves. It implies an associated set of 
spacetime curvatures and their dynamics. The latter are referred to as 
"engines", "vacuum engines’, "spacetime curvature engines”, etc. 


Dimensioning the potentials or signals or carrier waves of conventional 
electrodynamics involves adding hidden vacuum engines to them. The 
term dimensioning is descriptive and was chosen because adding such 
templates is equivalent to increasing the EM topology by adding 
mathematical dimensions. Since an EM wave or field or vector potential 
can be decomposed into two scalar potentials, then "dimensioning" one or 
both of the scalar potentials can "infold” the desired hidden structures or 
patterns (vacuum engines) inside an EM carrier wave, EM field, or vector 
potential created by the interference of the two dimensioned base 
potentials. This is referred to as dimensioning those EM field and wave 
entities. Internally structuring the two scalar potentials via arrays of 
longitudinal EM wave emitters and applying the necessary dynamics 
(modulations), is the primary manner to directly engineer dimensioning. 
‘When dimensioning is present, two EM waves that appear identical as seen 
on the oscilloscope may have dramatically differing internal structures 
(dimensioning). Hence they may produce drastically differing effects when 
they interact with the same or similar objects. The only way in which the 
action ofa vacuum engine can be resisted is to create and simultaneously 
introduce the exact antiengine for it — a special sort offorcible 
symmetrical regauging, so to speak. Once the action has been completed in 
the receiving object and it has been physically changed, the only way it 
usually can be undone is to form a precise antiengine for that action, 
amplify the antiengine, and let the antiengine act upon the object for a 
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sulficienttime to “time-reverse it back to its previous physical state and 
condition". The concept has great utility in electromagnetic healing, not 
discussed in this book. We point out that the decades-long induction of 
diseases, health changes, etc. in U.S. personnel in the U.S. Embassy in 
Moscow occurred in forcefield-free regions. In short, the changes occurred 
the potentials were stable and unchanging, and so their 


in regions wher 
engines were stable and constantly applied to the exposed personnel. The 
Soviets were simply radiating a high level target, the U.S. Ambassador and 
his staff, to guarantee high-level U.S. attention. By U.S. reaction to the 
deliberate electromagnetic “engine” induction of disease and health 
changes (three Ambassadors sickened and later died), the Soviets could 
tain whether we knew of the "infolding” or "dimensioning" 
and whether we had developed def 


dipole: In the simplest case, two separated charges of usually equal 
magnitude andofoppositesign. More generally. alocalizedpositive 

charge or charge distribution, and a localized negative charge or charge 

distribution, such that the net charge summation is zero, while the posi 
and negative charge distributions do not precisely superpose point to point 
but only on the average. We point out, however, that in regular physics, 
electrical charge has no proper definition. As is well known in particle 

physics.due to the opposite charges on its end a dipole is a broken 

symmetry. in the virtual photon flux of the vacuum. By definition of broken 


symmetry, this meansthat some ofthe virtual energy flux continuously 
absorbed from the seething vacuum by the charges of the dipole is not re- 
radiated as virtualenergy. Instead, itis integrated coherently and r 
radiated in 3-space as real emitted EM energy, establishing the fields and 
potentials associated with that source charge or source dipole. The dipole 
is therefore the most fundamental true “negative resistor” since it freely 
and continuously receives EM energy in unusable form, transduces it into 

usable form, and re-emitsitinusable EM form. 


It follows that any positive charge in the universe and any negative charge 
in the universe form a dipole and a broken symmetry in the vacuum flux. 
Hence every such dipolarity in the universe already extracts energy from 
the vacuum and puts it out in 3-space, or absorbs energy from 3-space and 
returns itto the vacuum. Kron called this an “open path” electrically, well 
beforebrokensymmetry wasformallydiscoveredandexperimentally 
prove in 1957. Kron was also able to use the open path in and around 


circuits tocause the circuits to become true 
1g the network analyzer at Stanford 


special electromagn: 
negative resistors, freely pow 
Universotyeveninthe 1930s. 
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In classical EM theory, the problem of how every charge and dipole can 
continuously emit EM energy to form all the associated fields and 
potentials and their energy has been an unsolved problem — sometimes 
called the most difficult problem in electrodynamics, both classical and 
quantal. For the solution and a discussion, see the present author's paper 
"Giant Negentropy from the Common Dipole,” Journal of New Energy, 
5(1), Summer 2000, p. 11-23. Symmetry represents a conservation law, 
and broken symmetry represents violation of that conservation law 
Because of the broken 3-symmetry of the dipole, the EM energy flow is 
not conserved in three dimensions — in this case, violation of conservation 
of 3-space EM energy flow is not conserved. Neither is the time EM 
energy flow conserved in the 4th dimension. Instead, EM energy flow is 
conserved in 4-dimensions, between the inflow in the time-domain and the 
outflow in 3-space in all directions, or vice versa. The hidden inflow of 
EM energy to the dipole (and to a charge) is actually from the complex 
plane (time domain). Thus all EM energy in 3-space is actually received by 
the source charge or source dipole from the time-domain, and retuned to 
the time domain, What we call "propagation of EM energy through 3- 
space” is actually the spreading of this 4-circulation to successive 3-space 
points. The importance ofthe internal structuring of time-flow and of 
longitudinal EM waves in the time domain (dimensioning in the time- 
domain) is apparent, since it produces very powerful engines that can act 
upon matter in any fashion desired. Indeed, the Russians have developed 
clandestine robot engine systems comprised of sets of spacetime 
curvatures and their dynamics (which are just sets of longitudinal EM 
waves and their dynamics). Any function of a weapon system — sensing, 
weapons (using scalar interferometry), communications, propagation, etc. 
— can be incorporated. The capabilities of such systems, such as travel 
through continuously emitted EM signal beams from satellites, 
communications stations, power lines, etc., is eerie. Such a system can 
reside in any convenient EM potential or field as a "dimensioning" of the 
potential or field. Such robot engine systems have been clandestinely 
tested, but discussion of them is beyond the scope of this book. Suffice it 
to say that these systems are ushering in a dramatic revolution in future 
warfare, and the present research in physical nanobots is already decades 
behind. 


Very powerful support for the author's solution of the source-charge 
problem is given by F. Mandl and G. Shaw, Quantum Field Theory, Wile} 
1984, Revised edition 1993, under the heading "Covariant Quantization of 
the Photon Propagator” in Chapter 5. In their deeper coverage of the 
photon polarizations, Mandl and Shaw point out that the longitudinal and 
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scalarpolarizations are not directly observable, but only in combination, 
where they manifest as the "instantaneous" Coulomb (i.e, electrostatic) 
potential. 


‘Translated from particle terminology to wave terminology, Mandl's and 
Shaw's argument directly fits my re-interpretation of Whitaker's 1903 
decomposition of the scalar potential. 


Dirac, Paul A. M.: Noted English physicist, 1902-1984, who shared the 
Nobel Prize for developing wave mechanics and predicting the existence 
of the positron. He also originated the notion of "holes" or negative energy 
states in the vacuum, where the holes are ordinarily filled with electrons. 
‘The"vacuum replete with these Dirac structures” (all filled with electrons) 
is referred to as the Dirac Sea. If some ofthe holes are empty, then that is 
the Dirac sea ofa curved spacetime. We strongly stress that a Dirac sea 
hole (negative energy electron with negative charge, negative energy EM 
fields and potentials, and with negative mass-energy) prior to observation 
(prior to its reaction with mass) is a quite different entity from the positron 
(after reaction with mass, so that the positron has positive mass-energy 
positive charge, positive energy EM fields and potentials, and has been 
reversed inits3-space propagation direction). Specifically, the Diracsea 
hole produces negative energy fields and potentials, whose powerful 
Heaviside nondiverged components enable to perform practical 
antigravity. The (observed) positron produces gravity, not antigravity, and 
also positive energy fields and potentials. 


Dirac sea: A concept and description (modeling) of the vacuum as 
containing — amongst other things —a "sea" of.an infinite set ofnegative 
energy’ slates ("holes") forelectrons, almost ll of which are usually filled 
with electrons in the absence of any spacetime curvature of significance. In 
Dirac electron theory, the relativistic wave equation for the electron has 
four components, which correspond to two spin orientations and two 
energyconditions: positiveandnegative. Ordinary electronsareinthe 
positive energy condition. So then the vacuum must also possess a "sea of 
negative electronenergy conditions. Thesenegativeconditionsarecalled 
“holes” and are ordinarily filled or mostly filled with electrons which have 
fallen into these negative energy states. The Dirac sea is this vacuum sea 
ofnegative energy electrons (andaperhapsafew empty holes). Inforward 
time, iff energy is added to a negative energy electron, electrons can be 
lifted fiom this sea, since the added energy creates a local curvature of 
spacetime. If spacetime is locally curved, additional holes may be created 
so that, when the holes meet normal positive energy electrons, the 
electrons fall in and disappear, creating the appearance of an “electrical 
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energy sink." This can happen so that the local ST curvature merely 
relaxes back to an uncurved spacetime, therefore avoiding radiation from 
"pair annihilation". Ifthe curvature is in the opposite direction (i.e., if 
positive energy is added to the vacuum), electrons may be lifted from the 
Dirac sea by the resulting spacetime curvature energy, thus producing a 
flow of electrons "right out of the nonlinear vacuum’ and generated by the 
spacetime curvature, and creating the appearance of an "electrical energy 
source” from the vacuum itself. In that case the energetic holes left behind 
also remain, and are affected by all EM fields etc. These holes thus form 
negative energy currents, fields, potentials, waves, and other 
electromagnetic entities such as negative energy charging and discharging 
(excitation and de-excitation), 


In an overunity EM system, there is a higher energy density in the output 
section than in the input section. This includes time-energy density. So a 
higher tempic potential exists at the output than at the input. A gradient in 
the tempic potential thus exists, which constitutes a tempic force from the 
output section back through the system to its input section, and even on 
back through the conductors to the external power source, and even back 
into the distant extemal power source itself. Thus the power source has to 
fumish additional electron current. It must "power the holes", so to speak, 
by furnishing the electrons that are "eaten" by the Dirac hole current to 
eliminate it, which represents a novel kind of load in the input section of 
the system. So the power supply must furnish more power, so as to furnish 
the normal power to power the system, and the extra power to "power the 
elimination of the Dirac sea hole current as a back-reflected load". This is 
nature's way of decaying the excited state represented by COP>1.0, and 
restoring equilibrium and COP<1.0. By the Bedini process, the otherwise 
detrimental Dirac sea hole current reaching the input section 
transformed into ordinary electron current, thus serving as input power to 
the system. By adjusting the system and optimizing it, this strange kind of 
"positive power input from converted Dirac hole current negative power 
feedback” can be adjusted to equal the input power required by the system. 
At that point the external power system can be disconnected, and the unit 
continues in close-looped and self-powering operation, including powering 
its load as well. Gabriel Kron succinctly described this condition and. 
adjusting for it. Such a system allows energy to be continuously extracted 
from the vacuum, and a load to be powered continuously, with all the 
energy to run the extracting system being freely received from the active 
vacuum, 
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Dirac sea hole: A negative energy state for an electron, in the Dirac theory 
(in the Dirac sea). Literally the hole (negative energy state) when not 
occupied by the electron. In flat spacetime, almost all Dirac sea holes are 
filled with electrons. A small fraction on the average are not filled due to 
the local fluctuations of the vacuum energy continually lifting electrons 
from their holes and then having them recombine, usually so quickly that 
uation in the virtual state 
ived view can be 


no radiation occurs in the observable state. The 
can be described by Feynman diagrams. This re 
falsified in a curved spacetime. There the holes can exist and flow as 
currents, as validly as positive energy electrons can flow as currents, 
without the incessant “filling” activity of the vacuum itself. In addition, in 
sucha hole-stabilizing curved spacetime region, the hole can “eat” or 
recombine with a real electron, so that the electron vanishes but without 
radiation. Ifwe wish to join the two views, then we take Feynman's and 
Wheeler's view that the field does not exist in vacuum as such, but only 
the potential for it exists — in short, only the engine exists. The engine can 
then be said to be an ordering (chaotic self-ordering) condition present on 


the statistical random variationofthe fluctuations ofthe vacuum. With 
longitudinal EM wave technology, this “order in the midst of disord 
tly engineered. 


this templating and engine technology — can be dir 


Dirac sea hole current (positron current): Just as a current of positive 
energy electrons can be generated, a current of negative energy Dirac sea 
holes can also be generated ifthe local spacetime is properly curved. 
Mathematically these are usually considered to be "positron currents” 
except they have no positive mass, because a hole will “eat” an electron. In 


anoverunity electrical power system, the tempic potential is greater at the 
output of the system than is the tempic potential at the input section. The 

thus exists a"tempic fore 
current (positroncurrent) out of the input section of the system into the 


\eseahole 


‘tempic broom" sweeping Dis 


external power supply. Simple instruments will record this current as if it 
were electron current being furnished from the external power supply to 
the system. Also, the Dirac sea positron current will "charge" the battery 
with Dirac sea holes (mathematical positrons), which in the conventional 
discharges the battery. A battery may become highly charged with 
holes. Ifso, then when placed on a normal battery charger, the 
ectrons in the charging current will be “eaten” foran extended period by 
falling into the Dirac sea holes, and the battery will not acquire any charge 
until they are filled — whereupon the battery will sudden begin charging 
upnormallyagain. 
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See the Appendix section “Data Consumed by Video” for a quantification of data consumed 
by video for multiple usage scenarios. 


An increasing number of video applications adapt their streaming rates based on available 
bandwidth. By doing so, they can continue to operate even when throughput rates drop. 
Conversely, they take advantage of higher available bandwidth to present video at higher 
resolution. Fortunately, application developers are becoming sensitive to bandwidth 
constraints and are offering options for users to reduce consumption 


Nevertheless, video can consume so much data that cutting the broadband cord at the 
same time as the television cord is not possible for most consumers. With 5G’s massive 
increase in capacity, however, an increasing percentage of users will use wireless 
connections as their only broadband connections, including for all their entertainment 
needs. 


Cloud Computing 


Cloud computing inherently increases data consumption because it requires 
communications for all operations. Examples include data synchronization and backup, 
cloud-based applications (such as email, word processing, and spreadsheets), automatic 
photo uploads, and music and video streaming. 


5G Data Drivers 


Futurists can predict some 5G applications, but many others will arise as industries evolve 
‘or come into existence to take advantage of new network capabilities. Some potential 
applications of 5G include: 


Q_Ultra-high-definition, such as 4K and 8K, and 3D video. 


a Augmented and immersive virtual reality. Ultra-high-fidelity virtual reality can 
consume 50 times the bandwidth of a high-definition video stream. 


a Realization of the tactile internet—real 
enabling a vast array of new applications. 


ime, immediate sensing and control, 


a Automotive, including autonomous vehicles, driver-assistance systems, vehicular 
internet, infotainment, inter-vehicle information exchange, and vehicle pre-crash 
sensing and mitigation 


@ Monitoring of critical infrastructure, such as transmission lines, using long battery 
life and low-latency sensors. 


a Smart transportation using data from vehicles, road sensors, and cameras to 
optimize traffic flow. 


a Mobile health and telemedicine systems that rely on ready availability of high- 
resolution and detailed medical records, imaging, and diagnostic video. 


a Public safety, including broadband data and mission-critical voice. 


a Sports and fitness enhancement through biometric sensing, real-time monitoring, 
and data analysis. 


a Fixed broadband replacement. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 13, 
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We also point out that the vacuum, containing the Dirac sea, actually is not 
at all, but has zero resultant mass on the average, as a result of 
the simultaneously presence of positive and negative mass in average 
equal abundance. Any curvature of spacetime must violate this "net sum 
zero" mass, hence produces inertia in all masses. Note that a negative mass 
can also exhibit a negative inertia; i., it accelerates and enhances the 
action of any force acting upon it, instead of opposing it. In short, negative 
mass exhibits negative inertia. We suggest that this effect is probably 
involved in the more violent explosive phenomena of astrophysics. 


disequilibrium: Broken equilibrium, which in turn involves breaking 
appropriate conservation laws unless compensated. 


displacement current: The apparent continuation of a conduction current 
through a region of space without a conductor, e.g., between the plates of a 
capacitor. Rather than being the motion of charges in a conductor, the 
displacement current is related to the rate of change of an E-field, and thus 
to the rate of change ofthe strain ofthe dielectric. 


dissipative structure: In open systems far from thermodynamic 
equilibrium, a region of self-ordered behavior of a special kind in matter, 
characterized by symmetry-breaking, multiple choices, and correlations of 
macroscopic range. By correlations we mean statistically reproducible 
relations between distant parts of the system. Formation of a dissipative 
structure represents the birth of complexity in that region by self 
organization. Usually a dissipative structure emerges only after the driving 
constraints reach a critical value. As the embryonic "engine" technology 
advances, however, the direct engineering and control of dissipative 
structures will become commonplace and routine. 


distortion correction theorem: "Ifa scalar wave Ei(r) propagates from 
left to right through an arbitrary but lossless dielectric medium, and if we 
generate in some region of space [say near z = 0] its phase conjugate 
replica E,(r), then E will propagate backward from right to left through 
the dielectric medium, remaining everywhere the phase conjugate of Ei." 
Quoted from Amnon Yariv, Optical Electronics, 3rd Edn., Holt, Rinehart 
and Winston, New York, 1985, p. 500-501 


‘What is missing from the distortion correction theorem is hidden in the 
phrase "ifwe generate in some region ofspace ... its phase conjugate 
replica. ". Since electrodynamicists and optical physicists have been 
unaware that all EM energy at any point in space comes from the time 
domain to that point, then —prior to detection by interaction with charge 
—the actual phase conjugate wave exists in the imaginary plane (in the 
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time domain) and not in 3-space. The continuous interaction of that 
imaginary plane wave with charges, to actually produce the force-field 
‘wave in space, is assumed in the standard nonlinear optics. In short, one is 
looking at the “effect” wave, not the "cause” wave. However, since time is 
not an observable even in theory, it is this "effect" wave in 3-space that 
will indeed be measured by our instruments, because they must interact the 
imaginary or phase conjugate field with charge in order to detect or 
observe it (measure it). 


‘Theproof of this is experimentally already known but not recognized. If 
one reflects an EM wave offa normal mirror, the mirror must absorb the 
incoming wave, which transfers the wave momentum to the mirror to repel 
it, then the mirror must re-emit it, which adds that much more momentum, 
to the recoil. So the mirror recoils with twice the momentum of the 
reflected wave. That produces a wave going in the other direction. Ifthe 
incoming wave is continuous, one then has “paired” waves going in 
‘opposite directions). However, if an incoming wave strikes a phase 
conjugate mirror (PCM) material and is phase conjugated, a wave going in 
the opposite direction also emerges, but it synchronizes point by point with 
every spatial point occupied by the incoming wave. Also, the phase 
conjugate mirror does not recoil at all. This is well known in phase 
conjugate optics. Itclearly shows that the origin ofthe "detected” phase 
conjugate wave is quite different from that of a normal reflected wave. 
Indeed, by ourreinterpretationof Whittaker's 1903 biwavedecomposition 
of the scalar potential, at every point along the detected phase conjugate 
wave, theenergy enters that point from the time domain, and not from. 
some sort of reflection from the PCM. The energy also returns to the time 
domain from that point. Its presence at the point produces a separation of 
virtual point charges, or the well-known polarization of the vacuum. So the 
flow of energy is from the time domain to the negative charge of the point 
dipole, thence to the positive charge of the dipole or others immediately 
surrounding it, thence back to the time domain. That is the operation in a 
"time-forward "sense totheextemalobserver. Inatime-reversed” 
situation, the4-circulationappearsinthe oppositedirection. Wepropose 
that this fundamental 4-circulation is responsible for and constitutes spin 
itself. The direction of flow determines the ‘polarity of the charge” we 
obseve. In this view, the point dipolarity in the virtual state with its 
ongoing4-circulationcanbetakenasthe very definitionofenergyitself. 


Druge, Paul: Important German physicist, 1863-1906, who formulated the 
theory of the five electron gas inside conductors, using it to formulate a 
theoryofmetallicresistance. 
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Drude electron gas: The electrons that have broken loose from their 
orbital bonds in atoms in a conductor, and are thus free to "wander around” 
and "migrate" — or flow as current when exposed to an emf. Also called 
just the "electron gas”. Note that, in the metal lattice of the conductors, 
each position vacated by a Drude electron is a "hole" or positively charged 
little region. Not only do electron currents exist as net negative charge 
migration in conductors and materials, but also hole currents exist as net 
positive charge migration from atom to atom, or a sort of "ionization 
migration flow". Electrons are continually recombining with these "ion 
holes", however, to reduce the hole current. These considerations are 
particularly significant in semiconductor materials. 


duality principle: In quantum mechanics, the principle that photons and 
other particles propagate like waves and interact like particles, so that their 
description as only waves or only particles is inadequate. 


Edison, Thomas Alva: Noted American inventor, 1847-1900, whose 
staggering portfolio of inventions included the storage battery, electric 
light bulb, phonograph, motion pictures, carbon microphone, and many 
others. Edison actually ran multiple "patenting research" laboratories as 
discovery and patent generating facilities. Not only was he an inventor 
himself, but he also employed a very good staff of researchers for 
invention and discovery. 


E-field (electric field): The electric field intensity E; that field on an 
electric charge (charged mass) which produces an electrical force resulting 
ina linear motion of the charge. In reality, this electric field as usually 
defined does not and cannot exist in empty space devoid of charge, but 
only in and on charged matter, since mass is a component of force by 

F = /61(my). More specifically, the E-field is the local intensity of the 
field at a point, in its interaction with a unit point static charge fixed at the 
point. Even more specifically, it is the output of an observation/detection 
operation, which is a d/dt operator imposed on the 4-space causal field 
interaction with the 3-space charge, resulting in a frozen 3-space "slice" or 
snapshot of the deviation of energy from the field, forced to flow around 
that intercepting charge, at that single instant. In short, the E-field as a 
force field is an effect and not a cause. 


‘The greatest error in all electrodynamics is to then assign this same frozen 
effectforce field intensity snapshot — or an implicitly assumed iterative 
sequence of such snapshots — as the dynamic and nonfrozen causative 
field itselfm 4-space, prior to the field's interaction with charged matter 
‘This is the substitution of effect for cause, a grave non sequitur. 
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When EM theory was founded, the founders believed there was no single 
point in the entire universe where mass was absent; instead, a thin material 
“luminiferous ether" was considered to fill all space. Time was considered 
immutable, and there was no concept of a dynamic spacetime. Hence at 

each point in such a material ether, the reaction with charged matter 
(etherie matter) was thought to universally exist. Hence the field was 
indeed a very material entity, in their concept! 


With the destruction ofthe material ether notion in the 1880s, not a single 
Maxwell-Heaviside equation was changed to eliminate its implicit 
assumption of the material ether. Hence this enormous error of confusing 
the effect field with the causal field (prior to observation-detection- 
interaction) is ubiquitous in electrodynamics and therefore in physics 
ids (causal and effect) do not even have the same 
dimensionality; one is dynamic in 4-space while one is frozen in a 3-space 
snapshot. This has led to the false notion that an EM force field wave 
“movesthrough” 3-space, which does not happen at all. What really 
happens is that, ifwe assume a continual iterative d/dt observation 
operator, we have a continual series of such frozen 3-space snapshots, like 
the frames ofa motion picture film. But none of those snapshots have any 
inherent motion at all. For a statement of the falsity of the conventional 
illustration ofthe "EM wave in space as an orthogonal pair of oscillating E 
and H fields in a transverse plane”, see Robert H. Romer, "Heat is not a 
noun." American Journal ofPhysics, 69(2), Feb. 2001, p. 109. In endnote 
24. p 109, AJP editor Romer takes to task "..that dreadful diagram 
purporting to show the electric and magnetic fields of a plane wave, as a 
function ofposition (and/or time?) that besmirch the pages ofalmost every 
introductory book. ..it is a horrible diagram. “Misleading would be too 
kind a word; ‘wrong’ is more accurate." "..perhaps then, for historical 
interest,[weshould] find out how that diagram came to contaminate our 
literature in the first place. "Also see charge. 


E. 


Id, motional: In cl 
moving a conductor in a magnetic field. Often called motional inductance 
of the field. In the conventional theory, motional inductance is deemed to 
be identical to the inductance caused by a time rate of change of the 
magnetic field, experiencedby the moving conductor. Orvice versa, 
cexperiencedbyastationaryconductorinamovingmagnet 


ld. 


Id, static: In conventional theory, the electric field in the space 

surrounding a static charged particle, induced by the presence and action 
of the charged particle. There is no notion as to the causative mechanism 
for this static field of and from a charge, which implicitly is assumed to 
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just continuously create and pour out EM energy in all directions, thus 
grossly violating energy conservation. Consideration of this anomaly leads 
to what has been called the most pressing problem in both quantal and 
classical electrodynamics: the question of the formation of the fields and 
potentials associated with the "source charge”. Either the charge totally 
destroys the conservation of energy law itself, or there must be a virtual 
(nonobservable) energy input to the charge, since instruments establish 
that no observable EM energy is input to it 


For a solution to this problem, see the present author's "Giant Negentropy 
from the Common Dipole,” Journal ofNew Energy, 5(1), Summer 2000, p. 
11-23. We later found our solution to be consistent with quantum field 
theory and with a slight reinterpretation of Whittaker’ s 1903 
decomposition of the scalar potential. 


Ehrenhaft, Felix: Scientist who performed numerous experiments 
believed to demonstrate fractional charges. We point out that classical 
electrodynamics assumes a local flat spacetime, a notion long falsified by 
general relativity, since 1915. In a local curvature of spacetime, the 
dynamics of the charge (modern view as the finite difference between two 
local infinite charges forming a dipolarity) can change the observed value 
ofthe net finite charge. So finite fractional charges, or even supercharges, 
are quite possible. 


Einstein, Albert: German (Jewish) physicist, 1879-1955, who emigrated 
to the U.S. and formed special and general relativity theory, discovered 
and formed the theory of Brownian motion, recommended the 
development ofthe atomic bomb to President Roosevelt, and profoundly 
affected the course of science and the modem world, 


Einstein, Podolsky, and Rosen (EPR) paradox: Thought experiment in 
1935 for measuring two correlated photons separated and at distant 
locations, protesting that quantum mechanics requires that the particles 
communicate instantly, which is a "spooky action-at-a distance” (Einstein's 
phrase). The experiment eventually was performed and it works, just as 
required by quantum mechanics. The paradox inspired the development of 
hidden-variable theories. 


Einstein's general theory of relativity: Mathematical theory of 
gravitation in which the gravitational force is mathematically described by 
a curvature in spacetime. In other words, the geometry and its dynamics 
have become physical agents, doing away with the old notion of the agent 
being something separate that is occupying inert spacetime. It is important 
to note that, in general relativity, mass-energy acts on spacetime to curve 
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it, and the curvature of spacetime acts back on mass-energy to translate or 
change it. What seems missing from GR — at least in its practice — is the 
reaction of time-energy upon the geometry to curve it, and that 
corresponding reaction of the spacetime curvature back upon time and 
time-energy to change it 


Further, we consider that an exact pattern (template) of curvatures of 
spacetime and their dynamics exists and is back-acting upon every mass 
system and its dynamics. This is the engine concept. The most general way 
to engineer matter is not by brute force translation forces, but by forming 
spacetime engines. Once formed, these engines act upon the interior of any 
mass placed in the engine region, to eliminate the deltas existing in that 
muss resident engine and the impressed engine. Theforces arise from the 
local spacetime itself, as curvatures in that local spacetime, so the action 
is from "inside" to "outside" an object, starting and continuingfrom every 
point in the object. The curvatures of spacetime itself furnish the energy 
for the continuing actions upon the interior of the mass, once we have paid 
to fom the engine. The mass can be acted upon at any level, from its 
gluons and quarks to its nuclei, to its atoms, its lattice forces and binding 
energy, etc. Significantly, the Sachs unified field theory applies to physical 
reality from beneath the quarks and gluons to the entire universe itself, and 
folds in quantum mechanics, electrodynamics, and general relativity into a 
singleunified field theory that is (in theory) engineerable by higher 
symmetry electrodynamicsmeanssuchasEvans'0(3)electrodynamics. 


Einstein's postulates: (1) All the laws of physics are equally valid in all 

inertial frames of reference, (2) the speed of light is the same to every 
inertial observer, and (3) the observable local effects of a gravitational 
jeld are indistinguishable from those arising from acceleration of the 
frame of reference. 


The first is called the special relativity principle, the second is called the 
law of light propagation, and the third is called the equivalence principle. 
It is now known that postulates (1) and (2) are not independent of each 
other. Note that the third postulate implies that any local force is due to a 
“gravitational field” (acceleration of the frame of reference). It also implies 
that gravitational force has a mechanism, since quantum mechanics assigns 
a differential operator, operating upon a potential, to create every force. By 
extended inference, it can be seen that the third postulate also implies that 

there should exist a method to turn any type of force (field) into 
gravitational force (field). 
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Note that postulate 1 may be violated iftwo frames remain inertial but 
each local spacetime contains different hidden engines. So the laws of 
interaction physics may indeed vary for the same object placed in first one 
ofthe frames and then in the second. Engines are ongoing general 

relativity actions, even in inertial frames. The action may not be translation 
ofthe bulk object, but extensive changes to the interior of the object and 
its interior dynamics at any and all levels. 


‘The Russian physicist Sakharov has strongly postulated that gravitation is 
not even a fundamental field of physics, of the kind used by Maxwell in 
his electrodynamics. Instead, in this view G-field is always comprised of, 
and made from, other fields and interactions upon them. This would seem 
to follow straightaway since change of any kind of energy in spacetime 
curves that spacetime, therefore producing a gravitational change. So such 
has always been implicit in general relativity; it just took Sakharov to 
formally propose it. See A. D. Sakharov, "Vacuum Quantum Fluctuations 
in Curved Space and the Theory of Gravitation,” Sovier Physics Doklady, 
12(11), 1968, p. 1040-1041 [English translation.] Sakharov's article (in 
Russian) in Dokl. Akad. Nauk SSSR, Vol. 177, 1967, p. 70-71 


Einstein's postulates (second postulate extended): Let us do a little 
tinkering” with Einstein's postulates. For the first one, we point out that in 
the new approach using dimensioning and subspaces, the notion of an 
inertial frame now has acquired additional complexity! The "gross 
translation” effects — which tends to be what physics ultimately focuses 
upon today — can remain the same, and yet vacuum engines can be buried 
up inside the inertial frame to act upon a mass in non-translating ways. 
Everything translation-wise can remain the same, but now matter can be 
transmuted and transformed, etc., still right there in an inertial frame. So 
when the infolded electrodynamics inside all fields, potentials, and waves 
are utilized, the notion of “inertial frame" has acquired a higher topology, 
so that one inertial frame may differ very substantially from another 
inertial frame, even if the two are not in translation motion with respect to 
each other. This of course moves one from special relativity into full 
general relativity, and even there into a slight extension. Special rela 
can remain special relativity on the surface, and yet general relativity 
effects occur "within" the objects postulated to exist in this inertial frame. 
The “inertial frame” concept in the postulates is now just a sort of special 
‘equilibrium case” ofa higher topology "inertial frame" notion. Further, 
general relativity is extended from the notion of "just translation” to the 
notion of "internal engines and intemal dynamics also". These engines can 
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be created in mass, in fields and potentials and waves, and in the vacuum 
itself. 


The second postulate now stands as a "special case” of a far more general 
second postulate. The conventional second postulate actually defines (and 
limits) "light" to bulk changes in the entire vacuum potential magnitude. It 
only applies to light signals which are "bulk upheaval" disturbances of the 
vacuum potential (spacetime), so to speak. The limitation to light speed 
an envelope wave speed restriction. Specifically it need not apply to the 
“inner EM/GR realm” of longitudinal EM waves infolded inside the 

vacuum potential, otherpotentials, signal arriers,etc. Superluminal 
communication is now included in this "hidden variable” or longitudinal 
EM wave communication. The Fogal semiconductor is capable of 
infolding and outfolding EM signals, including producing the internal 

longitudinal EM waves, and during their infolded state these signals are 
permitted to move at superluminal velocity. This has been experimentally 
demonstrated by Fogal. 


So the second postulate needs to be restated to include the present 
statement as a special case. Notice that the concepts "light" and "speed of 
light" havenow taken onmuch richer, extended meanings, since thereis 
“outfolded” light and “infolded” light, so to speak. Light now is not just the 
"external perturbation wave” in the ambient vacuum potential medium (in 
flatspacetime). Instead, it can also be an "intemal perturbation 
longitudinal wave" inside a "net flat spacetime” which does not show on 
the "surface" atall. Indeed, it may move inthe time dimension orin3- 
space. It now includes the transmission of an extraordinary "vacuum 
engine” as well as the usual transmission ofjust an ordinary signal. ‘The 
ultimate expression of this extension has unfortunately been the 
development of such “engines” as infolded robot systems for use in 
warfare. 


‘These infolded vacuum engines can be visualized as very special sets of 
longitudinal EM waves and their dynamics, consistent with the Whittaker 
decomposition. Whittaker’sU( )symmetryelectrodynamics 
decomposition— particularly when enriched in the higher symmetry O(3) 
electrodynamics — applies to the ambient vacuum as a potential (itis a 
potential since it has energy density). So the "subspace" inside spacetime, 
so to speak, is just a set of LWs and their dynamics, and that subspace 
itself is engineerable, just as is the "bulk curvature of spacetime” itself. 
Further, we may now consider that space itself is just a vast superhighway 
for such superluminal LWs and their dynamics. Mass is mostly empty 
space with only an occasional particle here and there and with fields, 
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potentials, and waves in between. Hence huge masses such as the ocean 
and earth are actually superhighways for the direct passage of longitudinal 
EM waves, "engines", special robots, etc. The degree of "transparency" is, 
a function of the degree of cleanness of the LWs — where by “clean” we 

mean "absence of transverse EM wave residues”, 


‘The third postulate has also been dramatically extended and requires 
revision. As presently stated, antigravity effects do not appear to be 
included in present physics heretofore. The "gravitational effects and 
extemal accelerated effects" notion in conventional physics are still 
founded purely on ordinary bulk translation. Now they need not be. For 
example, the system can appear to be an ordinary system, as judged by 
normal "external light" observation. Yet its internal vacuum engines can 
cause local violation of most so-called "laws of nature." The reason a "law 
of nature” can be violated is that one is now able to violate the premises 
upon which it is postulated, and which are required to hold ifthe law is to 
hold. Or another way to look at it: any conservation law is the result of a 
symmetry. Breaking that symmetry allows violation of that specific 
conservation law. All external symmetries can be broken internally, even if 
the overall symmetry still applies externally! 


The infolded EM inside the "conventional" EM fields, waves, and 
potentials — and inside the vacuum potential and spacetime itself- 
dramatically changes the present theories of electromagnetism, quantum 
mechanics, and general relativity. Further, for the first time the Sachs 
unified field theory allows an engineering approach that simultaneously 
crosses, includes, and extends all three disciplines in the required manner 
‘The approach can be placed into good engineering models based on the 
Sachs work, particularly using the O(3) electrodynamics subset 
spearheaded by Evans, and the models can be tested and verified or 
falsified. See frame, reference; and superluminal communication. 


electric field: (See also discussion under E-field). The conventional 
definition is this: "1. a region in space in which a stationary electric charge 
experiences a force due to its charge. 2. the electric force per unit test 
charge." Quoted from Dictionary ofScience and Technology, p. 720. That 
definition is flawed. Consider the "spatial aspects" of part 1. Ifan electric 
field is defined as a force per unit charge (per Part 2), it is not a region in 
massless space but is an effect of something existing in massless spacetime 
and interacting with the charged 3-spatial mass. The electric field prior to 
interaction and observation ofthe interaction is indeed related to a region 
in "spacetime", because it is identically a curved spacetime region. In the 
Sachs approach, general relativity and electrodynamics have become one 
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and the same. So prior to interaction, the field as it independently exists 
prior to interaction with charge has become a curved spacetime region, 
and the field-in-space is purely a spacetime curvature. Again, there is no 
such thing as a massless force. It is the hoary old mechanics notion of a 
separate force acting upon a separate mass that is a total non sequitur. The 
interaction of the massless field in space with a mass to produce a force, of 
which that mass is actually a component, is a separate consideration from 
the field as it exists in space prior to interaction. The result of this entity's 
interaction with charged mass has nothing to do with what an electricfield 
is but with what it does to charged mass. Further, the force evidenced on a 
charged particle is not due to its charge: the particle has that charge 
always, whether or not there is a net force evidenced on it! 


Part 2 is a little better. The only problem is, it totally disagrees with the 
notion of the field as an entity existing in spacetime prior to interaction 
with charged mass. In other words, here it's a "force on a charge", which is 
an effect (force consisting partially of the charge) occurring after the 
interaction. Again, the conventional definition states only what the field 
does or accomplishes, not what it is. Hopefully the reader can now begin 
tosee what terrible difficulties await anyone who seriously attempts 
foundations definitions. Feynman sums it up admirably in one of his 
famous statements: "Everything we know is only some kind of 
approximation, therefore, things must he learned only to be unlearned 
‘again or, more likely, corrected. "An additional difficulty is that the very 
notion of a separate massless force — independent ofthe mass on which it 
operates - is fictitious, yet continues to be widely used. Recalling that 
any true definition is an identity and not an equation, let us start with the 
definition of F =fads(mv). As can be seen, force is a system 
comprised of (i) a mass component and (ii) a nonmass component. The 
force is not something separate fromthe mass, atall! Further, force is not 
even unitary. It’s a system comprised of two coupled components: the mass 
and a coupled (interacting) gradient in a potential flux. Note that v involves 
‘motion through, and interaction with, the virtual flux comprising the 
vacuum potential. Note that dv/dt involves a gradient in that flux 
interaction with the mass. Unfortunately mechanics isstill using the 
medieval concept ofa "separate force acting upon a separate mass.” That is 
wrong, unless we change the fundamental definition of force itself. See. 
e.g, Robert Bruce Lindsay and Henry Margenau, Foundations ofPhysics, 
Dover Publications, New York, 1963, p. 283, where the authorsemphasize 
that a “field of force” at any point is actually defined only for the case 
when a unit mass is present at that point. The reason can be seen: mass is a 
necessary componentof force, and without mass presentthere cannotbea 
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Some of these applications are already being addressed by 4G, but 5G’s lower costs, higher 
throughputs, and lower latency will hasten realization of their potential. 

Specific industries expected to take advantage of 5G include manufacturing, healthcare, 
media and entertainment, financial services, public safety, automotive, public transport, 
and energy utilities.® 


Global Mobile Adoption 

Figure 4 shows the often-cited Cisco projection of global mobile data consumption through 
2021, measured in exabytes (billion gigabytes) per month, demonstrating traffic growing 
at a compound annual rate of 47% 


Figure 4: Global Mobile Data 2016 to 2021 
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Figure 5 shows another data projection, predicting 45% annual growth in data for the 
2016-to-2022 period, resulting in eight-fold growth. 


® For further insight, refer to the Ericsson white paper, The 5G Business Potential, February 2017. 
Available at https: // www. ericsson.com/en/networks/ insights/the-5q-business-potential. 


® Cisco, Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2016-2021, February 
2017. 
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force present. For that reason, the force field in matter is a quite different 
beast from that "same" force field in empty spacetime. The first is a 
spatial snapshot of an ongoing 4-spatial interaction, while the second is 
just a curved region of that spacetime without any ongoing 
reaction necessarily. 


electric dipole: See dipole. 


electrodynamicist: A specialist in electrodynamics — the physics of the 
relationships between electric, magnetic, and mechanical phenomena — 
and especially a specialist in electrodynamics theory. Essentially all 
electrodynamicists are versed in U(1) electrodynamics, and a much smaller 
number are versed in more advanced (higher group symmetry) 
electrodynamics such as O(3) symmetry electrodynamics, unified field 
theory electrodynamics, non-Abelian electrodynamics, etc. The 
electrodynamics field is actually a very vast field indeed, touching 
everything in physics, chemistry, etc. When one needs a particular 
electrodynamics problem solved, it often calls for a special category of 
electrodynamicist and not just an electrodynamicist in general. One must 
therefore sometimes examine the background of the electrodynamicist 
making a statement or a pronouncement; electrodynamicists after all do 
have differing views and differing disciplines within the field. And 
something may be perfectly true and acceptable in O(3) electrodynamics, 
yet not even exist in U(1) electrodynamics. As an example, the Aharonov- 
Bohm effect exists in O(3), but not in U(1). UCI) assumes a flat local 
spacetime (falsified by general relativity almost a century ago) and an inert 
vacuum (strongly falsified by modern particle physics and quantum 
mechanics), while O(3) is perfectly content to include and model curved 
spacetime and active vacuum also, 


electromotive force (EMF): A difference of potential created by sources 
ofelectrical eners e., by separated charges (dipoles) — which can be 
utilized to drive electrical currents through extemal circuits. As a 
difference of potential, that constitutes a gradient and hence a force. Also, 
open circuit voltage, or the limit of the potential difference between the 
source's terminals as the current in the external circuit approaches zero, 


This term is poorly named and also quite confused in the standard theory 
and usage. First, em/is supposedly not aforce at all. It is a difference in 
potential; hence it is measured in volts. It is very difficult to imagine a 
“difference in potential” at a single point unless one is dealing with a 
multiply connected space. So ifthe difference in potential is between two 
adjacent points, then that constitutes a force between the two points. Also, 
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emf is not considered an E-field, since that is a field of force. Yet it is in 
icta Vi, restricted to the direction between the two measurement points, 
and-V4 is considered to be an E-field in the EM theory! As can be seen, 
one will not find a truly logical definition of potential or emf in the present 
texts and science literature. 


For this reason the standard theorists say that the term emf is sometimes 
in potential, but that strictly speaking it 


used as equivalent to a difference 
should be applied only to a source of electrical energy. The problem is that 
most conventional theorists are unaware that a potential identically is a 
bidirectional flow of energy in 3-space, but a 3-space flow where the 

energy entersfrom the time-domain (complex plane) and is caught in 3- 
space by interaction with charge, in afrozen snapshot (observation). The 
energy actually enters each 3-space point in the 4-space potential, from 

the time domain, It moves across a dipole in space (present due to the 

quantum mechanical polarization of the vacuum), to the opposite charge, 
thus returning from the immediate region of that second 3-space point (or 
points) back to the time domain. Since conventional theorists are unaware 
that a potential is a hidden negentropic energy flow circulation pro 

involving broken3-symmetry, brokent-symmetry, andaspecial4- 
symmetry between t and 3-space, the theorists have been unable to 
consider the potential in general as a direct source of energy flow. Yet they 
nce across the terminals of a 
that generates force: 


are forced to consider a potential dif 


\s "somehow a flow ofeners 
electrons topropelthemthroughthe 


In the new viewpoint, a resolution is achieved of these incongruities by 
‘more accurately defining the E-field with respect to the potential as 
BH [Voeq hq). 1 is noted that —[dA/dt]+q/{q) also produces an 
that the full definition ofthe E-fiellis —[(V+dA/dt)eq)/|q). Note that 
dividing q by [ql does not remove the q unit from the corresponding 
dimensionalequation,siig¢ is dimensionless. However, one volt 
represents one joule (ofexcessenergy)diverged fromthe potential, per 
coulomb of interacting charge. The energy densityflow in an electric 
circuit is in the voltage, in the emf, and it is not in the currentpper se. The 
the excess energy that is being 


electron current (drift current) carris 
dissipated as work in the circuit, but in a nominal circuit the drift current 
ergy collected in the 


‘only moves a few inches per hour. Half the 
potentialized circuit is dissipated in the external circuit and external losses, 
and half is dissipated in forcing spent electrons in the ground return line 
back up through the back-emf of the source, performing work inside the 
source to dissipate its separation of charges. Left alone, any dipole will 
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furnish emf indefinitely, freely receiving the energy from the time domain 
(complex plane) and outputting it in 3-space via the reinterpreted 
Whittaker 1903 decomposition, in a circulation where at each point in it 
the energy enters from the time domain and thence returns back to the time 
domain. The free flow of EM energy will continue unabated from the 
undestroyed dipole, regardless of how many external loads and losses are 
powered (how much energy is collected and dissipated from the ongoing 
flows representing the potential). So electrical circuits should be 
developed which allowfew or no electrons to be forced back up through 
the source dipole to dissipate its separation ofcharges and destroy the 
dipole. 


electromotive force, back (back emf): Back emfis a loose term for the 
counter-electromotive force. 


When the source is powering a circuit or circuit element, the term "back 
emf is used to refer to the forcing of current (electrons) back up through 
the source against its emf, thereby performing work inside the source to 
dissipate its separation of charges (its dipolarity). When a potential source 
of electrical energy — such as a capacitor, an inductor, or a rotating 
machine — is receiving energy from a source and converting it to 
dissipative power and work, that "powered" device is said to develop a 
counter-emf. A source has a built-in emfa priori, and this emf is holding 
its charges separated so that it is dipolar. When electron current is forced 
backwards through the source against its emf, work is performed against 
the internal resistance ofthe source to dissipate its separation of charges, 
thereby dissipating the source dipole. If electron current is not allowed to 
flow back up through the source against its back emf and through its built- 
in counter-emf, no dissipation of the source dipole occurs, even though 
energy density (not electron current d/dt but energy flow dq/dt) is 
flowing from the source and can be collected in collectors in the external 
circuit to store the energy as a created local energy source. This collected 
energy can then be shuttled to a separate load circuit and released, to 
provide a "heat pump" cycling operation and overunity coefficient of 
performance. 


Nikola Tesla in fact knew how to shuttle energy at will in a circuit in such 
fashion, as Barrett's quaternion analysis of Tesla's actual patented circuits 
has revealed. [See T.W. Barrett, "Tesla's Nonlinear Oscillator-Shuttle- 

Circuit (OSC) Theory,” Annales de la Fondation Louis de Broglie, 16(1), 
1991, p. 23-41] Note that a rigorous analysis of those same circuits, using 
tensors or vectors (lower topology algebras), will not show the effect. One 
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needs a high 
the significant properties of such circuits will be entirely missed. 


topology algebra such as quaternions or Clifford algebra, or 


When the original source dipole is not di 
is not passed back up through its back-emf to scat 
original source dipole will continue to furnish emf indefinitely because of 
the proven asymmetry of its opposite charges in the seething vacuum 
energy flux. 


ipated because electron current 
er the charges, the 


‘Theterms emfand counter-emf are normally applied only to recognized 

sources ofelectricity. Emfis computed as the algebraic sum ofthe 
potential differences acting in a circuit attached to a source. Back-emf 
(counter-emf) is computed as the potential difference internally through 

the source, betweenitsterminals. The back-emfis thought to be necessary 
in producing a powered device or component in the circuit. Actually, its 
‘main application (the ubiquitous closed current loop where all the external 
circuit current is passed back through the back-emfofthe source dipole) is 
to prevent COP>10 electrical power systems from being developed and 
utilized, andfor every electrical circuit to self-enforce Lorentz symmetrical 
regauging during its de-excitation phase. 


electron: A stable elementary particle in all atoms, and having — in 
forward time” — a negative charge of 1.602x 10" coulombs, a spin 1/2, 
‘and a mass of 9.11x10" kilograms. Iftime is reversed, the charge (but not 
the masss) _ ofthe electron is reversed and it becomes a positron. Note this is 
anequivalent _observed3-positron, inamaterial latticeafterinteraction 
with charged matter, and not the mathematical equivalent represented by 
Dirac sea holes in the 4-vacuum prior to interaction with mass. 


‘The"electron” may alsoexistasanegativeenergy, negativecharge, 
negative mass-energy 4-state (Dirachole) inthe vacuum itself. Inthat 
state, the negative energy 4-electron is the source of negative energy fields 
and negative energy potentials. When the associated nondiverged and 
unaccounted Heavisideenergyflowcomponentisalsoaccounted, the 
Dirac sea hole negative energy 4-electron can be manipulated in "anti- 
circuits” to directly engineer local antigravity, quite strongly and 


:ystemofelectronswithonly weakinteractions,sothat 
theelectrons may beregardedasmovingindependently. Inmany ways, 
such a collection ofelectrons can be treated asa gas. See Drude Electron 


gas. 
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electrostatic scalar potential: A static (stationary, in the sense that a 
perfect waterfall would appear stationary) ordering in the virtual photon 
flux of vacuum. The notion of "static" in the term "electrostatic’ 
misleading and should be replaced by "stationary" since the underlying 
active vacuum medium is always in violent motion, and there is nothing 
truly "static" in the universe. But an equilibrium or stationary condition 
can exist as an external envelope condition, even with continuous violent 
motion internally, so that a stationary entity or form persists. An example 
is a perfect whirlpool in a river. 


‘The electrostatic scalar potential decomposes into a harmonic set of 

bidirectional phase conjugate longitudinal EM wavepairs, as shown by E. 
T. Whittaker in 1903. Hence the electrostatic scalar potential is an overall 
curvature of spacetime with internal longitudinal EM order and dynamics. 


ELF: Extremely low frequency. Used to describe EM fields whose 
frequencies lie in the range from just above 0 Hz. (direct current) to 300 
Hz. This includes power line frequencies (60 Hz in U.S. and 50 Hz in 
Europe) and frequencies used by certain U.S. military ELF communication 
systems such as for submerged submarines. 


EMF: Acronym for electromotive force. See discussion under 
electromotive force. 


EM field: Electromagnetic field. In its loose usage, it refers in a very 
broad way to any field, force, or energy associated with electromagnetic 
interactions, charges and currents. Thus "EM field” includes electrostatic 
fields, magnetostatic fields, electromagnetic fields (including radiation and 
induction), vector-potential and scalar-potential fields, Hertz potentials, 
Fitzgerald potentials, Whittaker potentials, Debye potentials, etc. 


In its precise usage, "EM field" conventionally refers to an EM "force" 
field, such as the E-field, D-field, B-field, and H-field. In classical 
electromagnetics (CEM), as a holdover from the old assumption of a 
‘material ether, the force fields are considered (erroneously) to exist in 
mass-free space, and they are also considered to be the primary causes of 
electromagnetic phenomena. This is a non sequitur, and it involves 
substituting the effect for the cause. 


In the new viewpoint, the force fields do not exist in vacuum, but only in 
and on and of the charged particles themselves, where mass is present to 
form one component of the force. The force fields are therefore effects and 
not primary causes. The primary causes of all electromagnetic phenomena 
is taken to be the potentials; however, the hidden 
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Stoney/Whittaker/Ziolkowski internal structures of gradient-free scalar 
potentials may interfer 
particle systems. [In O(3) and other higher group symmetry 
electrodynamics, this internal structuring and dynamics is far richer. This 
therefore includes distance-free scalar potential interferometry and action 
at a distance, as well as vacuum engines. 


to cause potential gradients in and on charged 


‘The new view us 
field in the vacuum, or an EM potential in the vacuum, involv. 
identically is curvature of spacetime. It follows that the internal EM 
structures of “ordinary” EM are also spacetime curvatures, where the 
specific pattern ofthese ST curvatures constitutes a very special kind of 
spacetime engine that acts upon any local mass in a specific manner 
determined by the individual pattern of curvatures. Thus the new view is a 
unified field theory where GR has become EM and EM has become GR, 
and where higher symmetry EM — such as O(3) group symmetry EM — 
can involve or produce gravitational, temporal, and inertial effects as well. 


Sachs’ unified field theory, and considers that the EM 
and 


EM force field in the vacuum (a false concept : The erroneous notion 
that thereexist forces in the vacuum, so that the set of forces at a set of 
spatial points forms a force field. Presently classical electrodynamicists 
accept the same E-field in vacuum as exists upon a charged mass when the 
vacuum E-fieldinteracts with that charge, but it is asserted that the force is 
zero. This is easily falsified by defining force F as F = dp/dt = o/a(mv). 
By expanding the term on the right, one sees that both terms in the 
expansion include mass. Mass is thus a component of force. Ifmass is 
absent, there is no force present, thus no force field present. The field in 


space and the "same" field in mass differ precisely by amass term in the 
fundamental units. The 
of spacetime.Zero field in space means a flat spacetime; a nonzero field in 
space represents a curvature of spacetime. A nonzero field in mass means a 
curvature of spacetime (a 4-space entity) interacting with mass (a previous 
3-space observation) to produce a force consisting of that field and mass 
interaction, There isno separate force acting ona separate mass, and 
mechanics has been wrong in assuming on for hundreds of years. Instead, 
there is a force produced by the interaction of a massless 4-field 
(spacetime curvature) entity with 3-spatial mass. It is that interacting and 
“ongoing entity or process that is a force field. Speaking of such a force 
field in space, is speaking of the force field that would exist in that space if 
every point had a unit point static charge and charged mass. As Feynman 
and Wheeler pointed out, no force field as such exists in space, but only 


id in massless space may be taken as a curvature 
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the potential for a force field exists there, in case some charged mass i 
brought in to interact and have the forces developed upon its charges. 


EM generatrix: Whatever generates electromagnetics, particularly the 
fields. Since all EM energy comes from the time domain and retums to it, 
time is the ultimate EM generatrix. The circulation of EM energy from the 
time domain to 3-space and back, or vice versa, is a function performed by 
the broken symmetry of every charge, considered as two infinite 
dipolarities with a finite difference that is the observed charge listed in 
texts and handbooks. 


energetics: Energy as the primary thing in the universe. Rankine’s term 
later raised to the forefront by Ostwald. Modem Russian term for 
advanced higher group symmetry electromagnetics, where the 
electrodynamics is a subset of an engineerable unified field theory. In the 
USS., a model approaching the Russian model is given by Evans's O() 
electrodynamics as a special subset of the electrodynamics used by Sachs 
in his epochal unified field theory. Thus there is a growing, engineerable 
unified field theory (energetics theory) in the U.S., being provided by 
Evans, Sachs, and others. A solid basis for energetics can be realized from 
the giant 4-space negentropy EM energy circulation involved with every 
charge, so that all "EM energy in space” and time itself comes from that 
circulation. 


energy: Usually erroneou: fined” as the "capacity to do work", This 
is a total misdefinition since it would define energy as the ability to change 
its own form. The closest to a legitimate definition of energy appears to be: 
energy is the invariance ofthat which is varying (Lindsay). However, note 
that this definition violates Aristotelian logic (but does not violate five-law 
logic developed in this book). Another try at it might be: "Energy is any 
deterministic or coherent structuring, either dynamic or stationary, 
existing in the virtual particle flux ofvacuum." While that sounds good, it 
still involves the nonchanging aspect of the changing flux — much like 
considering a whirlpool in a river as being a "static" thing. So it is still "the 
invariance ofthat which is varying", which is an identity of opposites. We 
conclude that 4- or 5-law logic is necessary in order to define energy, since 
the defining logic must encompass the identity of opposites. Feynman 
simply stated: "It is important to realize that in physics today, we have no 
knowledge ofwhat energy is_." (Richard P. Feynman, Robert B. Leighton, 
and Matthew Sands, The Feynman Lectures on Physics, Addison-Wesley, 
Reading, MA, Vol. 1, 1964, p. 4-2.]. In Aristotelian logic, there is no 
acceptable definition of energy. In 5-law logic, the second definition holds 
since opposites can indeed be identical. Now to more practical aspects: 
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major types of energy in 4-space: (i) 3- 
ofthe spatial 


For our purposes, there are thr 
spatial energy, which includes energy in one, two, or thr: 
dimensions, (ii) mass-energy, which is 3-spatial energy compressed by the 
factor c* but still in 3-space, and (iii) time-energy, which is 3-spatial 
energy compressed by the factor c? but now placed in the time domain. 
Note that time-energy has the same density as mass-energy, and hen 
rvature effect and gravitational capability 


the 


tion of the new view is that the conservation of energy 
energy, 


‘The major impli 
law is extended: Now it is the total of the 3-spatial energy, ma: 
and time-energy that must be conserved. Transduction between time- 

energy and either ofthe othertwo forms, orboth, will violate the 
spatial energy and the mass- 


conventional conservation of the sum of the 
energy; every charge and every dipole is an example. Use oftime- 
polarized andlongitudinally olarizedphotonsandEMwavesparticularly 
may involve the extended conservation law, e.g., as utilized in cold fusion 
and itslime reversal zones, and as involved in the outpouring of 
observable EMer 
observable energy input. 


ergy fromeverychargeinthe universe, withno 


energy collection/collecting: In electromagnetics, placement of an 
interceptor/collector —e.g., a charged particle — into an impinging EM 
energy flow, so that some of the flow is diverted around the intercepting 
particle. We may say that the flow of energy has been “reordered” into a 
stream diverged around the intercepting charge. The diverged part ofthe 
total energy flow is what is calculated as the Poynting energy flow 
‘collected” energy orthe 


component, andis whatisreferredtoasth: 
“potential” of the charge. 


However, neither charge nor potential are acceptably defined in 
conventional electrodynamics, but they can be defined in the new 
approach, We are now able to see something more fundamental. By the 
giant negentropy mechanism, the charge is involved in both the time- 
energy stream and the vacuum flux set of virtual particle spatial-energy 
streams, "Charge" is notjust related to the mass of the particle, but is the 


entire ongoingset ofthe dynamics.as well asthe mass (the "nondynamies 
so to speak). When a charge is placed in a field, that field is a change to 
the local dynamics, which is a change to the charge itself. Both the 

dynamiesand the mass(the "nondynamics” constituting the chargeare 
altered. So one does not have the “field acting on a separate charge”, but 

instead we have the charge with its previous set of dynamics transformed 
into the altered charge with a new set ofdynamics and a new mass. 
Similarywhen a charge is placed in a potential. Charg. 
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spatial situation and process, but a 4-spatial situation and process. Ifthe 
internal structuring is also important, it becomes an n-spatial situation 
where n>4 and even where n»4. To deal with sophisticated engines, n» 4 
is necessary in the modeling utilized. 


energy dissipation: Refers to the scattering or disordering of energy; at 
fundamental basis, it refers to the changing of an altered charge (see 
energy collection/collecting) back to an unaltered charge. In other words, it 
is a special decay process whereby an "excited charge” (so to speak) 
decays back to its "normal state” by releasing dynamics (energy) back to 
the vacuum. The energy itself is not destroyed, but its "collecting pattem” 
or “flow pattern” as coupled to the charge is disrupted and altered or 
destroyed There is also the connotation that the dissipated energy is lost as 
far as any re-use ofit by the system. We point out that only 
collected/collecting energy can be scattered; it is the collecting process 
(the entire alteration ofthe normal charge dynamics) that is "destroyed" - 
or more exactly, transformed — not the energy itself. 


,, electromagnetic: From a vacuum and quantum mechanical 
viewpoint: a deterministic or coherent structuring, either dynamic or static, 
sting in the virtual-photon or charged-particle flux of vacuum. Since a 
photon may also be considered a positron-electron pair (if we multiply 
each by time so that they are gf rather than q in fundamental unit form), the 
flux of photons in the polarized vacuum necessarily also includes the flux 
of charged virtual electrons and positrons. From a spacetime viewpoint: a 
curvature of spacetime, or set of such curvatures. Ifa deterministic set of 
spacetime curvatures (a template) is involved, then an engine is involved 
and the energy is said to be “dimensioned” (internally structured). 


energy flow: Generally considered as the passage of energy, in any form, 
in one direction or generally in one direction in a given 3-space. To first 
order, our definitions of energy treat energy flow in a given space as (1) a 
directional change (propagation) of the vacuum energy and its form, or (2) 
as a directional propagation of a curvature of spacetime or a set of 
curvatures of spacetime. The terms "energy flow” and "flow ofenergy 
through space” are notprecisely defined in physics! They are not going to 
be defined, at least not in ordinary Aristotelian logic terms, since energy 
itselfis not precisely defined, and one ofthe best struggles with the 
concept ofenergy concludes that it involves invariance in the midst of 
change, which is a violation of the third law of Aristotelian logic and 
therefore ofthe other two as well. 
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Indeed, the "EM wave flowing through 3-space” does not exist (see 
previous comments quoted from Romer). What does exist is an ongoing 4- 
space process, assumed to be continually and iteratively interacting with a 
unit point charge to "detect" or “observe” it as an iterative series of frozen 
3-space snapshots, in memory-recalled serial order much like the frames of 
4 motion picture film. Nonetheless, we must keep our sense of humor and 
das ifwe knew exactly what we were speaking of when we use the 
concepts nergy flow”, and “energy propagation through 3 
space”. Ifone dwells on the problem withouthumor, one is ledto 
statement: “AIL we ever know is our 


Hawking’s grim but perceptivi 
‘models, but never the reality that may or may not exist behind the models 
‘and casts its shadow upon us who are embedded inside it. We imagine and 
intuit, then point the finger and wait to see which suspectfor truth turns 
and runs. Our models may get closer and closer, but we will never reach 
direct perception ofreality's thing-in-itself" Ultimately we do not know 
physical reality itself, but our mental modeling ofit, as best we can "fit" 
‘our modeling through comparison with our sensory and perceptive 
sensations, 


energy flux: The passage ofenergy flow, in any form, through a unit area, 
and in any given direction (usually all directions). This includes both 
passageinasingledirection orpassageinmultipledirectionsatonce.See 
flux. Sometimes taken as that component of the net flux through a unit 


areaatrightanglestothearea, 


energy, free: In our usagi 
environmentor entity which freely emits, furnishe 
energy which either can be collected and used as furnished, or can be 
transduced into usable form and collected and used to power loads and do 
useful work. The word “free” does not apply to costs, but rather to the 
source of the energy. Since energy can neither be created nor destroyed, 
energy is always available free for the taking (collecting and using) if we 
bit lea how. We never payor energy per se, butfor the manipulation 
and processing ofthe energy. The notion of extracting and using free EM 
energy from the vacuum involves five key concepts: (1) the local 
vacuum/spacetime itself is filled with EM energy of generally unusable 
form (2) some sort of organizing principle is utilized in one part of the 
circuit or system to cohere the vacuum energy and transduce it into usable 
EM form (every charge already individually does that; we just have to 
learn to do it in a larger ensemble), (3) a gating mechanism is utilized to 
divert the vacuum energy now in usable EM form from the active vacuum 
to the external circuits or load parts of a device, (4) the coherent gated 


free energy is what is obtained from any 
or makes available 
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Figure 5: Global Mobile Voice and Data (Exabytes/ Month) 2012 to 20227 


More than 90% of mobile 
70 data traffic will come from 
smartphones in 2022 


Figure 6 shows how the Internet of Things will drive far more connections than are launched 


by people. 


7 Ericsson, Ericsson Mobility Report, J une 2017 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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extra energy available in the external circuits or load parts is intercepted by 
those circuits or load parts, couples to them, and potentializes them with 
extra EM energy, so that the energy is collected by the system and 
regauges the system asymmetrically, and (5) the extemal circuits or load 
parts then scatter or dissipate the coupled extra energy to produce useful 
work (physical changes in the load), without destroying the organizing and 
gating mechanism that is extracting and furnishing usable EM energy from 
the vacuum, 


energy source: A function or entity which furnishes energy by either 
gating it from one energy reservoir to our system or locality, or by 
transducing available unusable energy into usable form and then emitting 
the usable energy. Technically speaking, since energy cannot be created or 
destroyed, there is really no such thing as a creative "energy source”, 
though the term "source" seems to imply such. So-called "energy sources 
actually gate and/or transduce energy, changing it from one form to 
another, from one direction to another, etc. All EM energy in the universe 
comes from the time domain into 3-space vacuum, onto charge, and back 
to the time-domain, in a giant ongoing negentropy 4-circulation as freely 
provided by the "source charges” 


ye: Deterministic pattern of structures, with their concomitant 
dynamics, in the flux of the vacuum. Also, deterministic patterning of 
curved spacetime curvatures and their dynamics that comprise an overall 
larger spacetime curvature, or internally comprising an overall "uncurved" 
spacetime. 


engineering, entropic: Engineering or designing systems and processes in 
equilibrium with their extemal active environment, and whose operation 
"spills" or wastes all the energy input to them, and which do not freely 
recover and use the dissipated or wasted energy. Entropic systems — 
which are the products of entropic engineering — thus have COPS1.0 and 
function in forward-time, and classical equilibrium thermodynamics with 
its infamous second law rigorously applies because the system is designed 
to self-enforce the equilibrium condition, often called by other names such 
as Lorentz symmetrical regauging. 


engineering, negentropic: Engineering or designing open systems and 
processes far from equilibrium in their exchange with their active 
environment, whose operation freely “receives” excess energy from the 
environment, so that they permissibly output more energy than the 
operator inputs, the excess being received from the external environment. 
As an example, simply making a common dipole or assembling a charge 
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initiates a giant negentropy operation that persists indefinitely (as long as 
the dipole or charge persists), 


entropy: Thermodynamics state term representing a measure of an 
equilibrium system's capacity to undergo spontaneous change. In short, a 
quantity that measures the availability of system's energy for conversion 
to work. The entropy of an open system not in equilibrium with its active 
environment cannot even be computed, because the state cannot be 


computed. 


Entropy is given by dS = dQ/T, where dS is an infinitesimal change in 
entropy fora system absorbing an infinitesimal quantity of heat dQ at 
absolute temperature TT. In statistical mechanics, entropy is a measure of 
the disorder in a system and is given by $ = k InP + C, where $ is the value 
of entropy (disorder) for a system in a given state, P is the probability of 
that state's occurrence, k is a fixed constant, and C is an arbitrary constant. 
Intuitively, the concept of entropy corresponds to the concept of disorder. 
We specifically call attention to the fact that the "S" used in representing 
entropy is not at all the $ used for Poynting energy flow in 
electrodynamics 


entropy, negative (negentropy): In a sense, the reversal of disorder, or 

reversal of entropy. Another way of defining negentropy even more 
rigorously —for electrodynamics —is to define itin spacetimeas a 

broken 3-symmetry in EM energy flow with concomitant relaxation to a 

more primary 4-symmetry between time-energy flow and 3-spatial EM 
‘energy flow, where time-energy flow is transduced into 3-spatial EM 

energyflow  andthen backtotime-energy by the entity —suchasa 

‘common dipole — causing the broken 3-symmetry 


€ quilibrium: In physics, the state ofa system in which opposing forces 
balance each other — i.e., sum to a vector zero. However, the vector zero 
summation does not represent “total absence” of everything, and the forces 


and their energy remain even though comprising a net vector zero system. 


Even a pure number zero may also be taken as a set of nonzero numbers; 
€4., (45 -3 -2). So even zero need not be total absence, but can be a 
“balanced set of presences”. Or zero can be regarded as an overall 
equilibrium condition comprised of a set of disequilibria conditions. 
Indeed, a vectorzero summation system ofnonzero forcescomprisesa 
stress potential, and it contains stress-energy doing work upon the stré 
system. Inmechanics, a system of particles — where the net force acting 
upon each constituent particle is zero — is said to be in equilibrium. Jn 
the forwand and reverse reactions 


d 


chemistry, the state of a solution whe 
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are equal and balance each other, so that the chemical reactants and 
products maintain the same amounts. Again, the notion of equilibrium 
involves the "stationary" notion (similar to a perfect whirlpool in a perfect 
river) of the overall invariance of some set of ongoing dynamic changes. 


ether: An extremely fine material substance originally theorized to exist in 
space in lieu of sheer emptiness. The problem is considering space as 
emptiness in the first place, which it is not. Instead, space (more 
rigorously, spacetime) is a plenum and highly active (as in the general 
relativity view a half-century after Maxwell's seminal paper). So there is 
no need to "fill empty space” with something, because in the modem view 
there is no such thing as empty space. 


Evans, Myron W.: Noted chemical physicist, primary developer of O(3) 
symmetry electrodynamics, and Director of the Alpha Foundation’s 
Institute for Advanced Study (ALAS). Papers produced by the AIAS are 
critical to understanding extraction of EM energy from the active vacuum, 
engineering of vacuum engines, and development of a revolutionary new 
healing method by time-reversing diseased or damaged cells back to a 
previous healthy state 


excess collected energy: Collection by an interceptor/collector of a greater 
fraction of EM energy flow impinging upon it and also surrounding it, than 
is normal. See Bohren experiment. 


exciton: A bound electron-hole pair in a semiconductor. Excitons are 
temporary formations and they decay by recombining, but they have a 
specific half-life before recombining during which they migrate through 
the semiconductor crystal. When the hole and electron recombine, then — 
ifthe curvature of spacetime relaxes to a flat spacetime, which is not 
overtly stated in classical EM theory — the recombination releases energy 
in the form of aphoton, or sometimes in the form of several phonons. Note 
that the "hole" is an "absence ofan electron” from a position in a lattice 
usually containing an electron, so that it exhibits a net positive "change in 
the charge field" at that point. Specifically, this "lattice electron charge 
hole” is not a Dirac Sea hole in the vacuum, which is an entirely different 
matter. On the other hand, ifthe hole and electron recombine and the 
curvature of spacetime does not relax to a flat spacetime because ofother 
curvature-sustaining involvements, then no "pair annihilation” radiation is 
emitted. It is the relaxation ofthe curved spacetime (when hole and 
electron are separated) back to a flat spacetime that causes photon or 
phonon emission. 
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offheat”, or emitting scattered EM energy. 


yy reducing the 


exothermic: Literally, "givin; 
Producing time-forward: 
ordering (internalenergy)ofthesource 


energy from a "source 


Faraday, Michael: Noted English physicist and chemist, 1791-1867, who 
discovered fieldtheoryandelectromagneticinduction. Faraday also 
inventedthedynamoandformulatedhislawsofelectroly sis. Hiswork 
directly inspired Maxwell, who vowed to study no other electromagnetics 
theory until he had captured Faraday’s work ina mathematical theory 


Ferminion: A fundamental particle which has spin angular momentum of 
(n+1/2)h, and which obeys Fermi-Dirac statistics. Examples are baryons 
and leptons, which are subject to the Pauli exclusion principle. 


Feynman,RichardP.:Notedphy sicist, Nobelist,andco-developerof 
quantum electrodynamics. Feynman is particularly noted for his refreshing 
three volumes of physics: see Richard P. Feynman, Robert B. Leighton and 

Matthew Sands, The FeynmanLecturesonPhysics, Addison-Wesley, New 
York, 1963. The book is particularly noteworthy in that it gives the student 
some insight into foundations problems in physics. E.g., in Vol. Lon p. 2- 
4, Feynman defines the electric field not in terms of force per unit charge 
per se,butin terms of its potentiality for producing a force only when a 
charge is present forthe force to be developed upon. 


fiber fuse: Effect in optical fibers or fiber optic cable, whose core contains 
germanium, wherebyheatingthecableatonespotwithasmallflame will 
cused traveling heat energy effect which melts a small hole in 
the core about every centimeter, and marches down the cable at about a 
meter per second to the end ofthe cable, destroying the optical 
transmission capability and ruining the cable. Oddly, by igniting the 
fuse from the other end ofthe damaged cable, a reverse fiber fuse e 
will often march back down the cable in similar fashion except that it fills 
in the melted holes in the core, restoring the transmission capability ofthe 
cable, Ifthe energy required to melt all the holes (orfill them again) is 
taken info account, the amount ofenergy required to launch the fiber fuse 
ismuch less. This phenomenon does notappearto have an adequate 
technicalexplanationatpresent. 


launeh a fe 


field: In mathematics, a set with two binary operations. In 
electromagnetics inmorecommonmathematicalterms, itisaregion 
and/or vector directions assigned to some active 


consisting of magnitud: 


entity (€,, spacetime itself) at each point in the region. 
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In physics, "a region of space marked by a physical property, as 
gravitational or electromagnetic force or fluid pressure, having a 
determinable value at every point in the region.” [Thanks to Webster's IT 
‘New Riverside University Dictionary. J Note the very special use of 
calculation of magnitude: one does not calculate the magnitude of the field 
itself, which fills an entire region. Instead, one calculates the magnitude of 
the reaction of that field with some interceptor/reactor at a given point — 
ice., the effect of that field upon some mass entity. That is at best a measure 
ofthe local intensity of the field, not the magnitude of the entire field per 
se. For that reason, often we speak of calculating the field intensity, which 
is far more accurate than saying that we are "calculating the magnitude of 
the field". So we do not really calculate the "magnitude of the field,” and 
in fact such a calculation does not occur in any textbook. Instead, we 
calculate the reaction cross section — in the case of electrodynamics, for 
an assumed unit point static charge — of the field at a point in the region 
or space occupied by the field. We actually calculate what is deviated or 
diverged from the field, around an assumed interceptor, not the field itself. 
This means that we calculate the result or effect of a detecting/observing 
action, and a frozen 3-space snapshot of that ongoing interaction, since all 
observation is 3-spatial. To then state that this same field exists in space 
prior to the interaction, and is what causes the interaction, is a gross non 
sequitur and confuses the effect with its own cause. This ubiquitous non 
sequitur widely permeates electrodynamics and mechanics, and it is one of 
the greatest scientific logical errors in history. 


field, scalar: In the standard view, a field, to any point of which is 
assigned a magnitude only. However, "magnitude" of the EM field in the 
standard usage refers only to the amount of energy deviated (diverged) 
around a fixed intercepting unit point charge, per the conventional 
“detection by reaction” model. Again, note the serious logical errors in the 
conventional usage. One cannot define the field in terms of what is 
diverged from it! At best one has defined the "intensity" of the field's 
interaction with a given standard interactant (charge). So in 
electrodynamics the term "scalar field” would be better replaced with 
"scalar field intensity", at least for many applications. 


field, vector: In the conventional view, a field, to any point of which is 
assigned both a magnitude and a direction. Again, the standard view also 
implements that assumed reaction with a detecting unit point static charge, 
and the "magnitude" used is just the difference between the amount of 
energy piled on the "front" ofthe interacting unit point static charge and 
the amount of energy pile on the "rear" ofthe interacting unit point charge. 
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‘The “direction” is from the center of the "high energy" pileup to the center 

of the "low energy " pileup around this fixed intercepting unit point 
charge. Again, notethe serious logical errors. One cannotdetine the field 
in terms of what is diverged from it and the direction ofthe difference in 
“energy pressure.” At best one has defined the “intensity” ofthe field's 
interaction withagiveninteractant(charge),andth 

established by the difference between the frontal and rear energy pileups 

on the interacting charge. The term would be better replaced with "vector 

fieldintensity” 


direction’ 


flat (uncurved) spacetime: In our view, a vacuum/spacetime whose 
virtual particle flux intensity — and therefore its local energy density — 
does not change as a function of spatial position or averaged time. That is, 
in our view a flat spacetime is also identically a quantum mechanical 
vacuum whose virtual particle flux and energy density are constant in 
‘magnitude and internal constitution withrespecttospatial positionandin 
averagedtime. Note that in this extended view, a flat spacetime (vacuum 
potential)can stil contain vacuum engines, and thus still be dimensioned, 
In that case, contrary to normal physics, the flat spacetime itself will still 
interact with an embedded object and change it internally, even though it 
does not translate it externally. To perform transmutation of elements, 
eg. one is interested in just such engines and not in spatially translating 
the element being treated. This dimensioning or activation ofthe local flat 
unexpected, seeming violation of one 


spacetime can result in an otherwis 
or more laws ofnature in the dimensioned region, and 
violation of conventional physics which does not take into account engines 
and dimensioning ofa flat spacetime. Note also that this allows 
differentiation between the actions of two inertial frames, ifthe frames are 
differently dimensioned. As we stated, this is a deliberate extension of 
orthodox physics. See also dimensioning, and Einstein's second 
postulate —extension of 


ly results in 


fluctiation theorem: Theorem advanced by Denis J. Evans et al. at the 

Australian National University in 1993 that appreciable and measurable 
violations of the second law of thermodynamics occurs for small systems 
over short time scales. See D. J. Evans, E. g. D. Cohen, and G. P. Morriss 

Phys. Rev. Lett. Vol. 71, 2401 (1993). In 2002 Evans and his colleagues 
experimentallydemonstratedtheproofofthistheoreminrigorousfashion. 
See G. M. Wang, E. M. Sevick, Emil Mittag, Debra J. Searles, and Denis J 
Evans, "Experimental Demonstration of Violations of the Second Law of 

Thermodynamics forSmall Systemsand Short Time Scales," Phys. Rev: 

Lett. 89(5), 29 July 2002, 050601. The proofalso directly proves the 
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occurrence in electrolytes and fluids oftime-reversal zones (TRZs) where 
the dynamics runs backwards for a short time. This validates Bearden’s 
proposal of the TRZ and its consequent reversal ofthe Coulomb barrier to 
a Coulomb attractor as the mechanism producing attraction of like charges 
into quasi-nuclei, which then can decay by quark flipping (if necessary) as 
the TRZ decays and reverses back to normal. This provides a mechanism 
for transmutation of elements in these TRZs as a result of the fluctuation 
theorem and its proof by Evans et al. 


flux: The amount of some quantity (such as energy, particles, volume of 
fluid, etc.) flowing across a given area (usually a unit area perpendicular to 
the flow) per unit of time. The term flux density is now more commonly 
used. Loosely, "flux" refers to the perpendicular flow through an area, 
while "flux density” refers to the magnitude or intensity (rate) of the flux. 
In some cases such as a flux of particles of different velocities, the number 
ofparticles may be multiplied by the average velocity to give an average 
flux density that is weighted 


flux density: The amount of some quantity (such as energy, particles, 
volume of fluid, etc.) flowing across a given area (usually a unit area 
perpendicular to the flow) per unit of time. 


Fogal semiconductor: A special semiconductor invented by Bill 
(William) Fogal which, in its operational regime, utilizes an integrated 
semiconductor, very special tantalum capacitor, and feedback resistor to 
accomplish charge blocking (blocking of electron current flow dq/dt) while 
passing displacement current dé/dt. 


‘The Fogal semiconductor can also accomplish amplified phase conjugation 
of signals as well as infolding (translation of input transverse EM waves to 
output longitudinal EM waves) and outfolding (translation of received 
input longitudinal EM waves to output transverse EM waves). Used in 
communication systems, it opens the use ofthe unlimited "infolded" 
electromagnetics bandwidth. Since it may communicate using longitudinal 
EM wave also usable for superluminal or a specialized "tunneling" 
communication through the "interior" of normal EM waves, potentials, and 
fields. For example, it can easily transmit color TV signals through the 
"interior" of a common DC potential. See William J. Fogal, "High Gain, 
Low distortion, Faster Switching Transistor,” U.S. Patent No. 5,196,809, 
Mar. 23, 1993; - - "High Gain, Low Distortion, Faster Switching 
Transistor,” U.S. Patent No. 5,430,413, July 4, 1995, a continuation of his 
earlier patent. 
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Fogal, William: Researcher and inventor ofthe Fogal semiconductor (two 
patents so far), as well as a superluminal infolding-outfolding 
‘communication system and otherremarkable longitudinal EM wave 
processes. The Fogal semiconductor allows the use of the internal 
longitudinal wave electrodynamics comprisingall ordinary EM fields, 
‘waves, and potentials, and thus will usher in a revolutionary new 
communications science and extended electrodynamics technology. See 
also discussion under Einstein's second postulate extended. 


force: Inmechanics, identically the time derivative of momentum, or 
$WGlait(mv). One must realize that it is not the mass in motion, but the 
singleundividedquantity"mass-motion" or" mass-velocity" (momentum) 


1 
that is changed. Present EM theory erroneously takes force fields to exist 
in empty, massless vacuum but with zero force! However, the mechanical 

definition is an identity, not an equality. The observable mass in vacuum is, 
zero, so substituting m = 0 gives¢/@/r(0-v)— 0. This appears to be the 
conventional _ reasoning. How-vef/q ~ 0/q = also. So if mass 
zero, the field E.used in "force field definition” disappears. All that says is 
that the field in mass-free space and the field in mass are totally different 
entities, 


ince force can be induced into and ofthe mass-motion target ata 
distance, inthe new approachthereisamore fundamental mechanismthat 
produces forceitself,andthatisacurvature of spacetime, inagreement 
with general relativity. Distant curvatures of spacetime to produce forces 
on exposed. charged mass systems may also be engineered by longitudinal 
EM wave interferometry, which does constitute "action ata distance." The 
ields arise in the local spacetime inthe distantinterference zone, thus 
arising from within andaround any physical mass object located inthat 
zone. Hence it produces an "inside-to-outside” type of action that is 
presently unknowninorthodox physics. Theproduced fieldscanstart 
inside the nucleons of the atoms and move outward, and work directly 
upon the quarks and gluons first. This opens a great number of entirely 
new nuclear reactions presently not developed in particle physics. 


force field: An 3-space effectthat exists as a local vacuum virtual particle 
flux interaction upon and with a hypothetical unit point mass or unit point 
charge assumed at every pointin 3-space. The effect (force field) results, 
from a causal force-free 4-field (a curvature of spacetime) interacting with 
an observed hypothetical unit point mass or unit point charge assumed at 
every pointin space. Hence the invocation of observation invokesad/dt 
operator (the interacting charged mass) upon the causal field, providing a 
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frozen 3-snapshot of the ongoing 4-interaction. An iterative series of such 
3-observations is said to constitute a "3-space force field” as if it existed in 
time, which it does not. It is seen (iteratively observed) as a series of such 
frozen snapshots, which mentally we conceive as "existing in time" instead 
ofthe "recurring at points in time” that it really is. We unconsciously 
invoke that substitution of iterative effect as being continuity in space and 
time, when we use terms such as "propagation through space”” 


force-free propagation: Propagation of force-free disturbances in the 
vacuum flux; ie., propagation of curvatures of spacetime or sets of such, 
curvatures, together with any associated dynamics. 


foundations of mathematics: The concepts, operations, assumptions, 
postulates, logic, definitions, and axioms of algebra systems. 


foundations of physics: The postulates, assumptions, concepts, and 
definitions upon which a scientific physics model rests. Included are also 
the postulates, concepts, assumptions, definitions, axioms, logic, and 
operations of the mathematics in which the scientific model is expressed, 
as well as the postulates, concepts, as 
operations of the physics entities and functions assigned to the 
‘mathematical symbols. Thus "scientific truth” — even mathematical truth; 
see Morris Kline’s Mathematics: The Loss of Certainty — is actually a 
qualified truth. What is true in one model (one set of postulates, 
assumptions, concepts, and definitions, including those in the algebra) may 
not be always true when one or more of the postulates, assumptions, 
concepts, and definitions is/are changed, and/or when the topology of the 
mathematics in which the model is expressed is changed, ete. 


four-space (4-space): The "normal" spacetime used in physics, consisting 
of three spatial dimensions and one time dimension. Minkowski spacetime. 


fourth law of logic: The law that a thing and its opposite become identical 
on the boundary, ie., in multiple simultaneous observations. Identity is 
merely the loss of observational or perceptual distinction; when formerly 
"two" objects are simultaneously observed by a single observer, and two 
slides have been shown at once in the slide projector. It does not matter at 
that point what each was individually observed to be before when it was 
singly observed. Now there is no observable distinction or difference. We 
previously showed that the fourth law is implicitly assumed in the three 
laws of Aristotelian logic anyway, and published a simple proof of the 
fourth law. Without the fourth law, Aristotelian logic "eats itself.” As a 
simple example, the Aristotelian third law eliminates the center vertical 
line division of a simple Venn diagram between A and not-A, because the 
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division line itself is happy to belong to both A and not-A simultaneously. 
So Aristotelian logic destroys the very Venn diagrams used to "prove" or 
‘demonstrate” its logical propositions. What results in the four law logic is 
that either (1) the three laws apply explicitly and the fourth law applies 
implicitly, or (2) the fourth law applies explicitly and the three laws apply 
implicitly. This application rule — ic. either (1) or (2) — itself can be 
taken as a fifth law of logic, thus extending and completing Aristotelian 
logic. which is presently incomplete. The fourth law is also the law of the 
paradox: ie., when something is true but violates one or more of the 
Aristotelian laws, itis a case where the fourth law applies explicitly and 


the three laws apply implicitly. Wave-particle duality is such a fourth law 
case 


four-wave mixing: A nonlinear multiwave mixing effect when four waves 
‘mix (interact) in ahighly nonlinear situation so that wave-to-wave 
interaction occurs. 


fractional charge: A hypothetical particlehaving acharge lessthan the 
electron's charge. Oftencalledaquark, where its chargeis V/3or2/3the 
charge ofthe electron. A few years ago, Stanford University researchers 
found what was believed to be evidence of free quarks, but that later was 
doubted. There is also now the fractional Hall effect. In the 1920's 
Ehrenhaft reported the discovery and production of fractional charges of 
all sizes, _and his experiments have been replicated by Mikhailov, with 
papers by Mikhailov and Barrett. 


Inthe newapproach, whentime-energy isutilized, quarkscanbe freed or 
nearly freedrathereasilyinmatterinside"time-reversalzones" sincethe 
energyemerges fromthelocalcurvedspacetimeand propagates fom 

within the nucleus outward and the gluon forces are substantially reversed. 
Notealsothattimeismultiplyconnected,andenergycanenteranobject 
anywhere within itoreveneverywhere within it, since each and every 
differential piece of the objectexistsin every single increment of time. It 
wouldappearthat,asthenewapproachdevelops, freequarkswillbecome 
anormaleventratherthanone intensely soughtbutterribly difficultto 
come by experimentally. Welly predict that, inasufficiently goodtime- 
reversalzone, free quarkscanbe produced becauseoftheenormous 
energy density (in the time component) being utilized. 


frame, Lorentz: A frame of reference that is not accelerated with respect, 
to the laboratory observer. In this case, the frame may be rotated (moving. 
at a constant velocity) but it is not rotating (the frame is not accelerated 
with respect to the observer, and spacetime is not curved). In this case 
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Figure 6: Connections of Places Versus People Versus Things® 
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In June 2017, more than 7.56 billion GSM-HSPA-LTE connections were in effect®—greater 
than the world’s 7.40 billion population. By the end of 2022, the global mobile broadband 
market is expected to include nearly 9.4 billion subscribers, with 9.3 billion using 3GPP 
technologies, representing more than 99% market share."! 


LTE has experienced faster deployment than any mobile technology ever developed. All 
major U.S. operators now offer nationwide LTE coverage. LTE has also been chosen by U.S. 
national public-safety organizations as their broadband technology of choice. 


‘As shown in Figure 7, 2G GSM has peaked and is now declining, as is CDMA. Both HSPA 
and LTE subscriptions will continue to rise through the rest of the decade. 


® Ericsson, loT Security, February 2017, available at 
https: // www.ericsson.com/assets/ local/ publications/white-papers/ wp-iot-security-february-2017. pdf. 


° Ovum, July 2017. 


29 U.S. Census Bureau, “U.S. and World Population Clock,” http: //www.census.gov/popclock/, accessed 
July 18, 2017. 


2 Ovum, July 2017. Note that the 2018 mobile broadband market figures include GSM/EDGE, because 
most GSM networks are likely to include Evolved EDGE, which provides mobile broadband capability 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 16 
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special relativity applies, as do the conservation laws. We do add a caution 
that full general relativity still applies to the interior structure and 
dynamics (the engine) comprising the flat spacetime. Two overall flat 
spacetimes may produce very different interactions inside matter, if their 
internal engines are materially different and dimensioned. 


frame, reference: A spatial, organized, measured lattice placed in 
“emptiness” (space, spacetime). Normally refers to a 3-dimensional, spatial 
frame (simplest case) or to a 4-dimensional spacetime. All objects and 
points in the "universe" or spatial frame are considered to simultaneously 
coexist at separate, measured points in the frame. Differs from the vacuum 
in that, rigorously, vacuum has no existing definite lengths and no existing 
definite time intervals, as these appear only after measurement or 
detection, and are relative to the observer and to the interactions ongoing 
as well as in the detection process itself. The "laboratory frame” is the 
static reference frame of the observer or measurement. A separate 
reference frame may be assumed to exist for any fixed or moving object, 
or centered on any point in another frame. When a type of frame is 
assumed, the entire class of translation type physical interactions that can 
occur has been restricted to an assumed set or type. In other words, given 
the frame, the conventional physics of translation has been assumed. One 
of the greatest restrictions of an assumed "frame" is to rule out the 
consideration (existence) of other higher dimensions, hence of 
dimensioned engines. 


In the new unified field theory approach, the other higher dimensions are 
always available and cannot be ruled out in general, but only in some 
special case. Every curvature of spacetime, and any internal additional 
curvatures comprising that primary curvature, adds one or more new 
dimensions. In our view, a spacetime may be "flat" in overall envelope 
curvature, but consist of internally structured deterministic curvatures or 
engines’. In this view, normal inertial frames, e.g., may still contain 
engines, which will not affect the normal bulk translation rules, but may 
affect any or all of the nontranslation mechanisms, including the very laws 
ofnnature in many cases. Engines have not been developed and used in 
conventional open physics, but were weaponized clandestinely by the 
former Soviet Union. See Einstein's second postulate extended. 


free energy: Excess energy freely received fiom its external active 
environment by an open system that is far from thermodynamic 
equilibrium in its exchange with that environment. There is a separate 
thermodynamics for such open disequilibrium systems. (See 
thermodynamics of open systems. See also Appendix A for a more 
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detuiled discussion of the thermodynamics aspects). Such a system is 
permitted to exhibit five "magic" functions: it is permitted to (1) self-order, 
(2) self-oscillate or self-rotate, (3) output more energy than the operator 
himself inputs (the excess energy being freely received from the active 
environment), (4) power itself and its load simultaneously (all the energy 
being fively received fromthe active environment), and (5) exhibit 
negentropy. Everychargeanddipoleintheuniversealreadyperformsall 
fiveofthosefunctions 


free energy system: Any open system not in thermodynamic equilibrium, 
which fieely receives excess energy from an external environmental 
source, and collects andutilizes this freeexcess energy to freely power 
external loads, sothatapermissiblesystemCOP> | Oisachieved,as 
allowedbythenonlinearthermodynamicsofopensystemsin 
disequilibriumwiththeirenvironment. (Seethermodynamiesofopen 
systems.). A freeenergy ystemmayalsobe'"self-powering" if"close- 
looped" with governedpositiveenergy feedback fromoutputsectionto 
input section, meeting the Kron self-powering condition. Operation of free 
energy systems can only be properly modeled and understood in terms of 
their supersystem interactions. 


Implicit in the notion of free electromagnetic energy systems are six key 
concepts: (1) the local vacuum/spacetime is known tobe filled with hidden 
(ce.,virtual) energyinviolentmotion, ie.,thelocal vacuum/spacetimeisa 
violent virtual energy flux andthereforeascalar potential, (2)abroken 
symmetry-i-e.,somesortoforganizingand gatingmechanism, suchas 
the common dipole— inthis hidden (virtual) energy flux ofthe vacuum 
utilized asa source, tocoherethe virtual energy anddivertitasenergy 
§© {(Bxdldjy from the broken symmetry initiation point onto the 
external circuits or load parts ofa device, (3) the coherent gated extra 
virtual energy flow available in the external circuits or load parts couples 
to(interacts with) the mobile charges in those circuits or load parts, sothat 
gradients developed in the interacting virtual flux form force fields onand 
of the particle masses, driving the mobile charges along the circuit and 
through current-impeding circuit components suchas loads, (4)inthe 
interactionofthedrivenchargeswiththedriving virtualenergy flux, their 
spin and erratic motions integrate a tiny "coupling fraction” ofthe driving 
virtualenergy intoobservable (i.e., macroscopicfield)energy, thus 
creating the E-fields and B-fields, (5) the current-impeding extemal 
components or load parts scatteror dissipate the coherence of the driven 
charges and thereby dissipate the collected energy or change the form of 
the collected fieldenergy, thereby producing useful work, and (6) little or 
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none of the excess collected energy in the circuit is split off and dissipated 
in the gate (asymmetry component serving as the S-flow source) to destroy 
the gate and thereby destroy its asymmetry in the vacuum flux, which is 
what is extracting and producing the free energy flow. 


gate: A component or function that extracts some part of a flux or flow, 
compacting it into a stream, and "sending it out" in organized, useful 
energy flow form. The fundamental gate for all EM energy in 3-space is 
the dipole or dipolarity — the "isolated charge” is actually a dipolarity 
when the virtual charges of opposite sign clustering around it in the active 
polarized vacuum are considered. The source of the 3-space EM energy 
continuously emitted by any charge or dipole is an equal inflow of EM 
energy from the complex piane (from the time domain). Thus EM energy 
flow is locally conserved in four dimensions as a 4-circulation, but not in 
space. EM energy flow in 3-space is conserved over all space, since 
there are essentially equal amounts of positive and negative charge in the 
universe and in the virtual charge of the vacuum, 


gauge: In electromagnetism, usually considered a possible choice for 
(change of) electric scalar potential and magnetic vector potentials, in such 
a manner that there is no any net change of force fields so that the change 
satisfies Maxwell's equations. There are indeed two changes of force 
fields, but the two are selected so that the two new force fields are equal 
and opposite, constituting a stress potential and continuously performing 
internal work on the system to create and maintain the excess system. 
stress. The equal and opposite force fields, however, cannot translate 
electrons through loads to freely power them. We prefer to consider any 
change of potential — even a single potential changed, or both changed so 
that a net force field does result — as a "regauging”, for it is an implied 
primary assumption within the normal use ofthe term "regauging. ” Ifonly 
‘one potential is changed, a net force field results in the system and we call 
that "asymmetrical regauging”. If both potentials are changed, but in such 
a way that a net force field still results, that is also an asymmetrical 
regauging. When both potentials are changed precisely in such highly 
selected manner that the two force fields created are equal and opposite, 
the force fields sum to a translation vector zero, and that is symmetrical 
regauging or Lorentz regauging. However, the energy of the two fields 
remains, having been transposed to a stress potential. Each of the two 
"balanced" equal and opposite force fields is continuously performing 
work in the system, but all that is created is additional system stres: 
Hence symmetrical regauging is obtained only by altering the stress and 
stress energy of the system, with two disequilibria in energy flow between 
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the external environment and the system. This in fact constitutes both a 
curvature ofthe local spacetime and an alteration of the local active 
vacuum. It is a rotation ofthe frame ofthe regauged system out of the 
laboratory frame. In effect, the net EM field energy ofthe two new fields 
crealed_ by symmetrical regaugingiis transformed into achange inthe local 
spacetime curvature, a change in the local vacuum, increased stress in the 
system, and rotation of the system's frame away from the lab frame. We 
focus upon the energy aspects, since in a system any change of potential 
= whether symmetrical or asymmetrical — is a change of the internal 
energy of the system, and therefore of its excitation. In a system, 
conventional "symmetrical force fields” regauging results in a nonusable 
continous energy change in the system (actually two ofthese changes), 
and a change in the internal stress of the system. In short, itis a special 
case of adding a stress potential to the system, which we consider a special 
form of asymmetrical regauging ofthe supersystem consisting of (i) the 


system andits dynamics, (i) the local active vacuum and itsdynamics, and 
(ii) local spacetime curvature and its dynamik 


gauge freedom: The axiom in gauge theory that one can freely change the 
gauge (and therefore the potentials and the potential energy ofan EM 
system, so longasthe net new forces resulting fromthechange will sumto 
‘zero vector resultant sothat the system remains "symmetrical" in its 
force-field functioning with respecttothe system priortothechangeof 
potentials. Electrodynamicists donotseemtohaverecognizedthatthe 
freedom to change the potential of a system at will, is apriori the freedom 
to make a purely negentropic change to increase the system's potential 
energy, orapurelyentropicchangetodecreasethesystem’spotential 
energy. Gau geandgaugefreedomareactually formalrestrictionsofan 
even more important asymmetrical regauging principle: a potential in a 
system can be freely changedatany time, thusfreely changing the 
potentialenergyenergyofthesystemfreelyandatwill. Theadditionalsymmetry 
assumption is an arbitrary added requirement not imposed by nature. 

Further itappearsthatphysicistshavenotrecognizedthatalongitudinal 
EM wave is an oscillating gauge varying in its magnitude. Said in reverse, 
oscillating the Lorentz regauging condition for a circuit makes that circuit 

a generator and emitter oflongitudinal EM waves. This also provides a 
clue for detection of longitudinal EM waves, similar to what occurs in a 
Fogal semiconductor used for that purpose. A longitudinal EM wave 
detector must detect a variation in the symmetrical regauging condition, 

whichisastress changedetection. 
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gauge symmetry: Abstract mathematical symmetry of a field, that relates 
to the freedom to regauge (change the value of) potentials, without 
affecting the net resultant values of the field quantities. This is a special 
case of the higher principle that any potential (and thus the potential 
energy of a system) can be changed freely and at will. However, changing 
the gauge of an EM system in that sense changes the potential energy of 
the system but only in stress potentialfashion. In other words, it does 
nontranslating work on the system, which is called "internal work.” The 
lack of a net resulting force in the system, created by the regauging 
symmetry, prevents use of this excess free energy to translate system 
charges and power an external load. Alll the excess free energy that could 
otherwise be used to power loads freely, is instead "locked up" to only 
perform intemal work on the system to increase and maintain system 
stress. 


gauge theory: A field theory using a field that has one or more gauge 
symmetries. The restriction to symmetry is a carry-over of the old 
erroneous notion that potentials are just convenient mathematical figments, 
and that fields are the primary causes of all EM phenomena. For the 
overunity researcher, broken gauge symmetry at a given level (usually in 
3-space EM energy flow) is the feature that must avidly be sought in 
experimental systems if one would use asymmetrical regauging to allow 
free powering of loads. Hence one is primarily interested in a wide variety 
ofbroken symmetry effects and phenomenology. Particularly, unless the 
automatic self-enforcing of symmetrical gauge transformation during 
excitation discharge ofthe closed current loop system is violated, no EM 
system can produce COP>1.0. Further, local spacetime curvature between 
local input and local output is always involved in an overunity EM power 
system. The tempic (time) potential of the output end of an overunity 
system differs from the tempic potential of the input end, so that the 
gradient (the tempic force) is directed from output to input — exactly the 
reversal of the case for a COPS1.0 power system. 


Thus in both COP<1.0 systems and COP>1.0 systems, a local spacetime 
curvature is involved when the system is in operation. In COPS 10 
systems, the tempic force sweeps along from input to output and on into 
space beyond, where the violent interactions of vacuum absorb the 
associated Dirac sea hole current immediately. In COP> 1.0 systems, the 
tempic force sweeps along through the local vacuum from the output 
section back through the system and into the input section, and thence on 
back through the external conductors to the external power source. Thi 
reversed Dirac sea hole current may “eat electrons" in the normal currents 


676 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES 


internal to the system, and in the input section and back towards the 
extemal power supply it will "eat input electrons in the input current.” 
‘Thus the Dirac sea hole current in the COP> 1.0 system "eats input power" 
and serves as a curious new kind of electrical "load" or "internal lo: 
the input section of the system. The reversed Dirac sea hole current is 
nature's. way ofdecaying the local curvature ofspacetime backtoa flat 
spaceti me, and decayingthe COP> excited systemdisequilibrium state 
back to an equilibrium state. In any overunity electrical power system, this 
Dirac sea hole current mustbe taken into account and either transduced 
into useful power, minimized, or eliminated. An extension to gauge field 


in 


theory isneededin whichthetempic force, thetempicpotentialsandtheir 
gradients, andthe supersystemare all modeled and taken into account. It 
‘appears thatthe Sachs unified field theory iscapable of handling that 
requirement, whichalsocanbeaccommodated by O(3)electrodynamicsto 
provideengineeringoftheresultingunifiedfieldtheory 


gauge transformation (in electromagnetics): Conventionally takento be 
the additionof the gradient of some function of space and time to the 
magnetic vectorpotential—and simultaneously theadditionofthe 
negative ofthe partial derivative ofthe same function with respectto time, 
divided by the speed oflight, tothe electric scalarpotential. Theresulting 
symmetrical change assumes that the stress energy of the systemis 
changed freely, but by designit deliberately prevents any stress difference 
in the system to produice a net force that could expend the free change of 
energy bydoingworkinanexternal load. Changingthe stressenergy 
alone isa curvature of spacetime and a purely gravitational change. Itis 
also a rotation ofthe frame ofthe system away from the laboratory frame. 
Seediscussionundergaugetheory 


general theory ofrelativity: Einstein's theory of gravity in whichthe 
gravitational force isrepresentedby acurvatureinspacetime,andinwhich 
spacetime is an active entity. We may look at ll forces as being due to 
curvaturesofspacetimeinteractingwithmass. 


geometric phase: A phase difference acquired by the state function ofa 
quantum system that undergoesacyclicevolution froman initial stateand 
back. This phase difference can be detected by interfering the final and 


initial states. The modern generalization ofthe Aharonov-Bohm effect and 
the Berry phase. 


giant negentropy (of the dipole): The continuous receipt from the time 


domainofspacetime (the vacuum), by onechargeofanydipolarity 
(includingasinglecharge'sfundamental polarity) ofenormous 


677 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


longitudinal EM wave energy flow in condensed time energy form, 
transduction of that absorbed energy from the complex plane into real 3 
space, and continuous emission of that enormous energy flow in all 
directions in 3-space, thence receipt of that 3-space energy by the other 
charge ofthe dipole or other adjacent dipoles, retransduction of the energy 
back into time-energy, and re-emission of that energy back into the time 
domain, This 4-circulation giant negentropy process is evoked and 
continues automatically and indefinitely after a little energy has been 
expended to separate the charges and make the source dipole. The EM 
waves in the input from the time domain and the output in 3-space are 
perfectly ordered and correlated, which is a giant ordering ofthe 
vacuum/spacetime and is thus a giant negentropy. In conventional circuits, 
the source dipole in the generator or battery, once made, performs this 
function. Only a minuscule fraction (some 10? in a nominal case) of the 
energy pouring out of the generator's or battery's terminals strikes the 
surface charges of the attached external circuit and is diverged into the 
conductors as the Poynting component that powers the Drude electrons and 
the circuit. All the rest of the energy flow (the Heaviside nondiverged 
component) outside the circuit is just wasted by conventional circuits. 


gluon: A particle that carries the forces between quarks. In quantum 
chromodynamics, the gluon plays a role analogous to the photon in 
quantum electrodynamics. 


graviton: In the quantum theory of gravitation, the graviton is the 
quantum of the gravitational field. It is massless, with spin 2. In the new 
theory we may take the graviton as a coupled scalar and longitudinal 
photon pair. 


gravity: The phenomenon characterized by the physical attraction between 
any two material bodies of positive mass, specifically due to the trapped 
positive energy in the masses. If one particle is of negative mass and 
energy, the normal gravitational attraction between the two particles is 
reversed so that they repel, which produces antigravity. The fundamental 
‘mechanism of gravity can be found once one realizes that Maxwell omitted 
the incoming EM wave interaction with the nucleus, and not with just the 
electron shells. When he wrote his theory, the electron, atom, neutron, 
proton, and neutron had not been discovered yet. The lateral precession 
movement ofthe spinning Drude electrons — which are restrained 
longitudinally to a very small drift velocity in detecting wires (antennas) 
— later came to be considered proof of Maxwell's transverse EM wave in 
the vacuum. The detected electron precession wave is oscillating laterally, 
hence proves the longitudinal EM wave interaction. Elsewhere we have 
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pointedout that the EM wave in space is longitudinal EM wave 
accompanied by a corresponding time-polarized (scalar) EM wave, and it 
also follows from Whittaker's 1903 paper as reinterpreted by the present 
authorin our Giant Negentropy paper. 


gross particle translation: Refers to translating the entire particle — and 
its internal structures and dynamics — in space, rather than internally 
structuing the particle's potential (massless charge). Note that, ifthe 
internal structuring (engines) ofthe particle is changed during translation 
(e-g., by passing through a region ofthe flat spacetime having an altered 
internal engine structure), the particle may have an anomalous interaction. 
with another particle or process having a different internal structure or 


“dimensioning.” Themass-energycomprisingtheparticle’snucleus, 
electron shells, ete. canbe dimensioned. Mass so dimensioned or 
conditioned then may act differently in chemical reactions, effects on 

that has no speci 


living systems, etc. than normal "inert" m: 
deterministicdimensioning. 


group: A mathematical structure that is acomplete set of transformations 
on a mathematical entity that leaves the entity unchanged. 


group, higher symmetry: In a given theoretical area, a particular theory 
canbeexpressedinvariousgrouptransformations. Whenthegroup 
transformation (groupsymmetry)utilizedismorecomplexthanthe 
‘andard” groupsymmetry usually employed, itisreferredtoasahigher 
group symmetry. The mathematics of the model is then said to be ahigher 
‘group symmetry mathematics. Since the groups have names such as U(1), 
SUQ),00), 
toby those names. Hence characterizing phrases are 
symmetryelectrodynamics,SU(2)symmetryel 
symmetryelectrodynamies.ete 


the transformations ofthe mathematicsare oftenreferred 


group, Lie: A group whose transformations act continuously. An example 
ofaLie groupisgivenbyrotationsinordinary space. 


group theory: The general mathematics of symmetry transformations; ie., 
the theory ofall transformations that leave the transformed entity or 
entitiesunchanged. 


gyroelectrons: Spinning lectronsconsideredas gyroscopes duringthe 

portion oftheir spin in 3-space, so that when longitudinally perturbed they 
can and will laterally precess. Considering (in a gross first order model) 
the conduction electrons in the Drude gas in a conductor as litle gyros, 
because they are (i) spinning on an axis, (ii) severely restrained in their 
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ability to move forward longitudinally down the conductor as current, and 
iii) much more free to precess laterally in the conductor. Thus when the 
gyroelectrons in the receiving wire antenna, perturbed by an incoming 
longitudinal EM wave in the vacuum, are longitudinally perturbed, they 
precess laterally so that our instruments (which detect electron wiggles, 
not the incoming vacuum EM wave) do detect "transverse waves.” 
However, they are detecting the transverse gyroelectron precession wav 
not the waves in the vacuum. They are detecting the effect of the 
interaction of the incoming waves with the gyroelectrons, not the cause. 


harmonic series: A set of frequencies or oscillations consisting of integer 
multiples of a fundamental frequency. 


Heaviside, Oliver: Noted English self-taught physicist and brilliant 
electrodynamicist, 1850-1925. who played a role in discarding Maxwell's 
quaternions, and also played a role in forming vector mathematics and 
formulating the vector reduction of Maxwell's theory from 20 quaternion 
equations in some 20 unknowns to the present 4 vector equations. 
Heaviside's curtailment of Maxwell's theory still contained both (i) 
systems in equilibrium with their active environment and (ii) systems in 
disequilibrium with it. To separate variables and enable closed solutior 
Lorentz further curtailed the Maxwell-Heaviside equations by 
symmetrically regauging them, thereby arbitrarily discarding all 
disequilibrium Maxweilian systems and retaining only those in equilibrium 
with their active environment. This regauging unwittingly and erroneously 
discarded all that class of Maxweilian systems permitted to exhibit 
COP>1.0. The first such curtailment of the Maxwell equations was by 
Ludwig Valentin Lorenz in 1867, but H. A. Lorentz (who did a similar 
symmetrical regauging nearly decades later) was later given the credit 


Heaviside also discovered the enormous nondiverged energy flow 
surrounding every circuit, far greater in magnitude than the feeble 
Poynting diverged component that actually enters the circuit. But he was at 
a loss to explain what the source of such a startling flow of energy could 
be. Lorentz understood the Heaviside component, but also could not 
understand its source. Hence he reasoned that it "had no physical 
significance” since it did not power the circuit. Lorentz then introduced the 
trick of integrating the entire energy flow vector around a closed surface 
surrounding any volume element of interest. This neatly discards the 
vexing giant Heaviside nondiverged energy flow component, and retains 
only the diverged Poynting component that actually enters the circuit. The 
latter is of course the energy that will later be emitted from the circuit, 

ich is what we will measure when we "measure the circuit.” 
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Electrodynamicists are 


ill using this method of dropping the Heaviside 
ergy flow fromany furtheraccounting consideration. Hencethey donot 
develop systems which intentionally increase their energy collection from 
this readily available energy flow around every circuit. The Bohren 
experiment conclusively proves the physical existence of the Heaviside 
nondiverged component, even though it is no longer accounted. 


In his last years Heaviside realized the gravitational importance of his 
extra energy flow component, and worked out an electrogravity theory 
based on it, He did not live to publish it, but his papers on it were found. 
some time after his death, beneath the floorboards ofhis little garret 
apartment. A learned society then published the papers. 


Heaviside energy flow component: The enormous nonintercepted and 
nondiverged energy flowcomponent pouring outofthe terminals ofevery 
battery orgenerator, orcharge or dipole, and missing the external circuit 
(orexternal_interceptingcharges)entirely sothatitisdoesnotcontribute 
tothe intercepted (Poynting) flow componentthat powersthecircuit. Also, 
the enormous energy in the EM field, potential, or wave that misses the 
interaction ofthe field, potential, or wave with the assumed unit point 
static electric charge, and thus is notintercepted and collected (and 
accounted!) in the unit point static charge assumption. Inhonorof 
Heaviside, thepresentauthorhasnominatedthis “darkHeavisideenergy” 
‘component asthemissing source ofexcess gravity knownto be holding 
thearms ofthe spiral galaxies in place. Inthe interactions of Dirac hole 
current witha unit point charge (1o determine the negative energy fields 
and potentials ina COP> 1.0 EM system), there isalsoamissing 
component ofthe negative energy flow that is comparable to the Heaviside 
component for positive energy flow. These flows of surplus negative 
energyfromCOP> I .Oastronomicalinteractions—withtheassociated 
itiveenergy fieldsandnegativeenergy potentialsproducedbythe 
negative-energy Diracholesinthesenegative energy flows —is 
hypothesizedby thepresentauthorasproducingthe antigravity that 
generates the observed acceleration of the expanding universe. 


Hertz, Heinrich: Noted German physicist, 1857-1894, who together with 
Heaviside andotherstransformed Maxwell’stheory fromquaternion 
algebra to vector algebra, and who also experimentally produced Hertzian 
(EM) waves, thus confirming Maxwell'stheory. Theseexperiments by 
Hertz firstdetected EM energy propagating as described by Maxwell's, 
equations, thusprovidingtheexperimentalimpetusthatallowed Maxwell's 
theory topredominate. The oscillationor “cycle” isnamed after Hertz, by 


681 


Figure 7: Global Adoption of 2G-4G Technologies 2010 to 202077 


2010 2011 2012 2013 2018 2015 2016 2017 2018 2019 2020 2021 2022 


loT is growing rapidly as well, although connections so far are well below phone-type 
connections. Cisco projects 3.3 billion 1oT connections by 2021, with 6% on 2G cellular, 
16% on 3G, and 46% on 4G. 


» ovum (WCIS), July 2017. 


35 Cisco, Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2016-2021, February 
2017 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 17 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


specifying X number of oscillations or cycles per second as a frequency of 
X Hertz. One type of potential is also named after him. 


hidden bidirectional EM waves: Those bidirectional EM wavepairs that 
comprise the scalar potential are indeed "hidden" with respect to our 
normal "electron translation” (i.e., electron wiggle) detectors and 
instruments. Nonetheless, properly functioning devices such as Fogal’s 
semiconductor allow the utilization, transmission, and reception of the vast 
longitudinal EM wave dynamics that are infolded inside all conventional 
EM fields, waves, and potentials, including the giant potential comprising 
the ambient vacuum (spacetime). Use of this infolded electrodynamics is 
akin to using "subspace" or higher dimensions, depending upon how one 
chooses to model it mathematically. It is also a direct method of using a 
unified field theory. 


hidden variable theory: A class of quantum mechanical theories which 
considers that the quantum state of a physical system is not a complete 
specification after all. The "hidden variables” are those additional 
components necessary to provide the "complete state" of the system. By 
utilizing the infolded longitudinal EM wave electrodynamics, one is in fact 
using a macroscopic hidden variable theory. This becomes a subset of 
Evans’ O(3) electrodynamics, which in turn is an important subset of 
Sachs’ unified field theory. Sachs’ theory encompasses and subsumes 
electrodynamics, general relativity, quantum mechanics, etc., so the use of 
this macroscopic hidden variable theory through special functions 
provided by components such as Fogal semiconductors is a powerful and 
directly engineerable extension of conventional hidden variable theory. 
‘The physics of this new, engineerable, unified field theory area is also 
called energetics. 


hole, lattice: Vacancy, in an otherwise filled energy band position. 
Sometimes called negative ion vacancy. In a semiconductor, an electron 
may be lifted to the conduction band by thermal energy, which produces u 
hole-electron pair (an exciton). Also, one ofthe sites in the crystal lattice 
can be occupied by an acceptor impurity atom, so that the electron ii 
accepted there, leaving a hole showing excess positive charge. This is a 
lattice hole, and the propagation of such holes being formed is called 
electron hole current, or hole current for short. We point out that the laitice 
hole exists only after interaction of the Dirac sea vacuum hole with matter. 
ice., only after observation. In that case, the 3-positron (hole) has positive 
mass and positive energy, produces positive energy fields and potentials, 
produces gravity rather than antigravity, and is "seen" to be going in the 
opposite direction to the Dirac sea hole. Prior to observation, the hole is a 
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Dirac 4-hole in vacuum, having negative energy and therefore negative 
mass equivalence, negative charge, and without a direction reversal. This 
hole is a source of negative energy fields and negative energy potentials 
in the surrounding space, and thus of antigravity back-interaction (upon the 
physical system connected with the active vacuum component of ts 
supersystem) duetothe negative curvature ofthe local spacetime. 


hole, Dirac sea: In the presence of fields (ie., in the presence of curved 
spacetime), some of the negative energy states in the Dirac seaare not 
filled withelectrons. In that case there are some empty 4-holes in the Dirac 
sea, in local spacetime itself. The Dirac hole is a negative energy state in 
the vacuum itself. It too seemingly has a positive charge, as seen by the 
external observerafterinteraction withmatter. Holesare also 
mathematically equivalent to positrons, in case observation has been 
evoked, solongas he lack of positive mass is notaconsideration Note 
that our view differs from the received view, but is based on experimental 
evidence whichcanonly be gained fromCOP» | .OEMsystem 
experiments. WeknowofnosuchCO P» I .0EMsystemexperiments 
involvedinthereceived view. 


hole current: (1) In a semiconductor: Usually, the part of the current in a 
seminductor that is composed of migration of lattice holes, 
Mathematically, withincertainconstraintsthis may beconsidereda 
positron current. The hole migrationis usually slowerthantheelectron 
migration producing electron current. (2) Inthe vacuum itself. Inthe Dirac 
ssea, in the presence of fields the Dirac 4-holes flow in the opposite 
direction to the local electron current, providing a Dirac sea hole current or 
positron current. [Seediscussionunderhole. | Anelectrical powersystem 
in disequilibrium with its vacuum interchange and having COP> 1.0, will 
have a greater tempic potential at its output section than at its input 
section. Thus itwill haveatempic force ortempicbroom, sweepingholes 
from local instabilities to form a hole current (may be both a Dirac sea 
hole current and a lattice hole current) flowing from the output section of 
the system. back through the system into the input section, and on out of. 
the input section into the primary power source. Hole current transduction 
‘may be used to convert this detrimental hole current energy transport into 
usable electron current energy transport, or anti-circuit techniques and 
mechanismscanbeused. 


hole current transduction: Hole current in a COP> 1.0 open system, 

where the system is in disequilibrium with the vacuum a priori, is usually 
detrimental to (he system and may destroy the overunity condition. A hole 

current from the input section of the system, fed back into the primary 
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power supply, requires that extra electron current be furnished since some 
ofthe electrons in that furnished current will recombine with the 
oppositely moving Dirac vacuum holes and disappear to fill those holes. 
Hole current into a battery in "normal" fashion discharges the battery 
rather than charges it (although reversing the battery terminal connections 
allows charging in normal fashion using the hole current). Thus a battery 
can be discharged "far below zero”, so to speak, by charging it with excess 
holes in the "normal connection.” A capacitor may be charged with hole 
current, in which case the dielectric will undergo compressive strain into 
the positron-charged plate. However, when the capacitor is subsequently 
discharged, the dielectric will expand and recover, with its electron 
charges pushing electrons out of the negative side plate and into the 
extemal circuit. Hence a capacitor can be charged with positron (hole) 
current, and then can be adroitly switched so as to discharge electron 
current. In theory so can a battery because of its capacitance. This is a 
transduction of entropy to negentropy, a process for which a patent 
application has been filed by Bedini and Bearden. Gauge freedom already 
permits that operation, since gauging in electromagnetic systems is freely 
changing the local potential energy of the system, and is either negentropic 
(increasing the system's energy) or entropic (decreasing the system's 
potential energy). 


hole injection: In an n-type semiconductor, holes can be emitted by 
applying a metallic point to the semiconductor's surface. We suspect (but 
have not proved) that sharp gradient pulses may also induce some of these 
holes as Dirac sea 4-holes and Dirac sea hole current rather than positron 
and lattice holes current. In that case, a mix of positive energy and 
negative energy (and gravity and antigravity) would be produced. 


hole trap: An impurity in a semiconductor that can trap a "hole" by 
releasing electrons to the conduction or valence band. 


hyperspace: Refers to a space of more than four dimensions, and 
specifically to those spatial dimensions outside the normal three. The tem 
used for both a space of n dimensions, where n>4, or for one dimension 
in such a space, beyond the normal four. 


identity of opposites: On the boundary between A and not-A, A and not- 
A are identical (i.e., no difference can be discriminated). Ifall ofa thing is 
collected, one reaches the boundary of that thing and it turns into its own 
opposite. The philosopher's problem of the “accursed necessity for the 
identity of opposites” cannot be solved in Aristotelian 3-law logic, since 
that logic is incomplete. It is readily solved, and part of, a more extended 
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not an absolute 


logic such as 5-law logic. The result is that "identity 
entity, but is a decision by the observer reached by application of a 
comparison algorithm to separate observations made at differing times. An 

example is provided by a colorblind observer who sees as identical two 
marbles which, to an observer with color vision, are seen as red and black 
and therefore not identical. Aristotelian logic omits the action by the 

observer, the times ofthe multiple observations (only a single thing ata 

time is observed or perceived, apriori), and the decision algorithm used 
by the observerto decide whether two observations are identical ornot 


identical. 
inertial frame: A frame of reference in which force-free bodies move 
along. straight lines, and the postulates ofspecial relativity are valid. Inthe 
new approach, this notion is extended. Even in an inertial frame, force-free 
bodies may move along straight lines, the postulates of special relativity 
‘may remain valid, and yet the EM hidden variables may induce other 
changes inthe usual laws ofnature due to the action of hidden vacuum 
engines infolded in the dimensioned local flat spacetime (vacuum, 
potential).SeeEinstein'ssecondpostulateextended. 


infolded real vector components: Simply take a set of real force vectors 
that altogether sum to. vector zero resultant. This "vector zero system’ 
‘azero vector with respect to forced translation of a particle or mass. Iti 
not am absence ofthe vectors at all, buts the presence of specifically 
hidden and "infolded' real vectors that do not initiate bulk translation of 
theaffected object orsystem, but perform internal work upon the system, 
Such vector systems are stressing systems ofa special kind, where the 
internal components of the stress are notrandom but deterministic. Hence 
they are electrodynamic engines, in the new approach. To a somewhat 
‘arrogantmathematicalscientistwhoonceobjectedthatzerovector 
resultant systems had noeffect, [humorously challenged himto putitto 
experimentaltest. Isuggestedhestandbetweentwoelephantspushing, 
against him in opposite directions, while I would stand between two fleas 
doing the same to me, and we would compare notes. He apparently was 
not amused at the suggestion. 
infolding: With reference to signals, infolding means "placing the signal 
ormodulation orchange upon one or more ofthe internal bidirectional 
wavepairs comprising he scalarpotential. Sinceall EM potentials 
ultimatelyrepresentchangestotheambientvacuumpotential,onehas 
conditioned oralteredthe vacuum itself when infoldingis utilized, 
infolding of EM signals, vectors, and directions produces engines. By 
‘Whittaker'sdecompositionofthe potentialand Bearden’ sreinterpretation, 
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these vacuum engines can be designed to affect matter — including atomic 
nuclei, nucleons, etc. — in any manner desired 


information content of the field: Russian euphemism for the deliberate 
structuring of the hidden longitudinal EM waves and their dynamics, that 
comprise any EM potential, field, or wave, so that the potential, field, or 
wave is dimensioned and contains active engines. This area was, 
extensively weaponized under KGB (now changed in name) control rather 
than the regular Russian armed forces, and a disinformation campaign was 
waged to convince Westem analysts that the term refers to simple s 
analysis. It doesn't. Instead, it refers to infolding and outfolding, and the 
use of longitudinal EM waves, dimensioning, and engines. The overall 
science is called "energetics" by those weapon scientists. 


interferometer: An instrument or system in which a wave is split into two 
waves or beams, which after traveling over different paths are 
subsequently reunited and interfere. The use of longitudinal EM waves 
(LWs) allows ready penetration of mass by the LWs traveling through the 
interior Whittaker composition of a mass's internal EM fields, waves, and 
potentials. Longitudinal EM wave interferometers should prove useful in 
probing the interior of planets, the sun, etc. They pass easily through the 
earth, so that interferometry can be obtained at targets on the opposite side 
ofthe earth, or inside the earth. These are the weapons that then Secretary 
of Defense Cohen referred to in 1997 as being used to engineer the 
weather, initiate volcanoes into eruption, or initiate earthquakes, 


Josephson effect: Flow of Cooper pairs (superconducting electron pairs) 
across a thin dielectric separating two superconducting electrons, in the 
absence of a voltage drop. E.g., the pair of electrons can "tunnel" through w 
thin insulating barrier 


joule: A measure of energy; one watt for one second in electrical terms. In 
physics the unit of work or energy in the MKS system, being the amount 
of work done by one newton acting through a distance of one meter, equal 
to 10,000,000 ergs. 


Kirchhoff current law: At any time, the sum of the instantaneous 
currents flowing into a node or point in a circuit equals the sum of the 
instantaneous currents flowing out of that node or point. This does not 
have to be true if (1) relativistic effects are appreciable, or (2) electron 
production and annihilation processes — such as Dirac sea hole current, 
lattice hole current and recombinations are occurring and non negligible, 
(3) the Kron open path is being used, or (4) localized time reversal zones 
(TRZs) are utilized. Another way of stating where the law need not hold is 
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when there are nonlinear interactions between the three components of the 
superset (the physical system and its dynamics, the active vacuum and its 
dynamics, and spacetime and its curvature dynamics.). 


Kirchhoff's voltage law: At any time, the sum of all voltage rises in a 
closed loop circuit equals the sum of all drops in that closed loop circuit. 
‘The law assumes a flat spacetime. This does not have to be true if 

relativistic effects are appreciable, iftrue negative resistor effects are 
present, if Kron open paths are utilized, and iftime-reversal effects arc 
present. It also need not be true in anti-circuit techniques, or when they are 
involved in a particular portion of an otherwise normal circuit. 


Lamb, Willis Eugene Jr.: American physicist and Nobelist who 
discovered the hyperfine structure of the hydrogen spectrum, and first 
measured. the interaction ofthe vacuum energy that generates achange in 

the energy levels of the hydrogen atom, according to Dirac’s theory and 

quantumelectrodynamics. 


Lamb shift: A very small correction to the first excited state of the 
hydrogenatomduetointeractionofthevacuum. WillisLamb 
experimentally confirmedthispredictionofquantumelectrodynamicsto 

high accuracy. The local energy density of the little Lamb shiftis greater 
thanthesurfaceenergy density ofthesun, However, inmatterthereare 
such a vast number of similar small interactions generating very powerful 
fields randomly, that the sum total ofall these changes sums toa vector 
zero for most summation distances of interest. 


lamellar current: Thin layers of current; thin sheets of current. 


laser: A device that generates light in which all the photons are exactly in 

step and produce acoherent beam. Originally the word "laser" wasan 
acronymthatstoodfor"lightamplification bystimulatedemissionof 
radiation.” 


law of physics: A restriction placed uponthe physical mechanismsthat 
canoccurundercertainbroadassumptionsastothebackgroundsituation 

andenvironment. Because ofthe assumptions made, an expressed law of 
physics is not absolute, but relative to the assumed conditions. Any "law of 
physics” can be violated ifthe conditions contained in itsassumptions are 

violated. It is important that a scientist be aware that physicsis comprised 
of models and the "laws of physics” are very general and wide-ranging 

modelsbasedon very specificassumptions. Further, by Godel'stheorem 
and the theory of models, no model is perfect anyway, and none will ever 
be. When one assumes that physical laws are not based on any 
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assumptions but are universal and absolute truths, one has immediately 
moved to dogma and not science. 


Lawandy patents: Patents covering and related to a form of anti-Stokes 
emission (excess emission of energy) in strongly scattering, optically 
active media such as TiO2 particles in suspension. This is a new form of 
lasing, without the requirement for population inversion, 


Letokhoy, V. $.: Russian pioneer in excess emission phenomena from 
stimulated media, 


Letokhoy effect: The excess emission (excess emission of energy) 
phenomena in strongly scattering, optically active media, usually referred 
to as “negative absorption ofthe medium." See particularly V. S. 
Letokhov, "Laser Maxwell's Demon,” Contemporary Physics, 36(4), 1995, 
p. 235-243. 


localized: Confined to a small region of a large system rather than being 
extended through the system or at a distance. 


localized virtual photon flux of vacuum: Refers first to a local region of 
the vacuum, and then to the flux density of virtual photons in that local 
region. Ifthat flux is deterministically structured, then the local region also 
contains an engine that will act internally upon masses and mass systems 
in that region. The local region also contains hidden variables. 


longitudinal component: In EM fields, the longitudinal component of the 
fields along the direction of travel, as opposed to the transverse 
components at right angles to the direction of travel. 


longitudinal E-field: Any electrical field in 3-space may be described 
using two components, a transverse component and a longitudinal 

component. Of course one or the other may be a vector zero. In 4-space, 
there is a time component also, as an additional "transverse" component. 


longitudinal gradient: Compression wave gradients (differences) in 
density or pressure, considered in a direction from their origin along the 
direction of primary movement in the medium. Contrast to transverse 
waves, which act perpendicular to their direction of propagation. In 
electrodynamics, longitudinal EM waves in 3-space are said to be 
“longitudinally polarized." Longitudinal EM waves in the time-domain are 
said to be "time polarized.” The latter are also referred to as "scalar waves’ 
ince they have no polarization vector component in 3-space and thus arc 
calar” with respect to 3-space. This is a misnomer, however, since these 
calar waves" are perfectly good time-polarized EM longitudinal vector 
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waves. Forthe irsttime, the giantnegentropy processallowsonetomake 
and use time-polarized EM waves, since they automatically accompany all 
longitudinally polarized EM wavesanditis straightforwardtomake 


IongitudinalEM wavesin3-space (justoscillatetheLorentzregauging 
condition). 


Iongitudinalinteriorwave: Aninfoldedlongitudinal gradientthat 
oscillatesinmagnitudealongthelineoftravel"insidethe vacuum. 
potentialoranormal potential.” Inconventionaltheory,theelectric 
portion ofthe EM waveisatransverse field oscillation, andthe 

Jongitudinalcomponentisessentiallyzero. Inthenew"infolded” wave 
approach, thereisnooverall transverse gradientinthe vacuumpotential, 
buttherearesuch longitudinal waves. Thisisratherlike a" pressure wave" 
transmittedunderwater, withoutcausingasurface waveinvolving 
physical upheaval and fall-off ofthe water. The speed ofthe longitudinal 


EM wave is not limited to c, the speed of transverse EM wave light inthe 
ambientvacuum. 


lo 


tudinal wave: A "pressure" type of wave, similarto sound, in which, 
thevibrationsarealongthedirectionoftravelofthewave. Hence,awave 
composedofalternatingdensificationsandrarefactions, where wefocus 
uponthe longitudinalcomponentofthechanges.Onecanthinkofitasa 
sortof” accordion" wave, rhythmicallyshrinkingandstretchingalongthe 
lineof motionasittravels. Notethatrhythmicallyandsymmetrically 
varying thetwopotentialsinvolvedinregaugingcreateslongitudinal EM 
waves. Soonepseudonym forlongitudinalEM wavesis"gauge 
oscillation” waves. Matterismostlyempty space filled withEM 
potentials, fields, andwaves—allofwhicharebundlesoflongitudinal 
EMwavesandtheirfunctionaldynamics. Hencematter(suchastheocean 
andtheearth)isavastsuperhighway forthe passage oflongitudinalEM 
waves. Note thatthe longitudinal waverepresentsanoscillatingenergy 
density inspaceand/ortime (scalarwaves) andhenceisanoscillating 
curvatureofspacetime. All forcesofnatureare generatedbycurvaturesof 
spacetime. Henceall forcesofnaturecanbegeneratedbythecorrect 
generationoflongitudinalEMwavesandtheirimpresseddynamics, 
Further. thismeansthatallthephysicalcausa/functionsoftheexhibited 
effects generated inamaterial systemcanbecapturedinlongitudinal EM 
wavesets. A longitudinal wave functionalsystemdeliberatelyhavingsuch 
causalfunctionsofaphy sical functioningsystemisknownasacausal 
systemrobot (CASR). Suchrobotsarefarbeyondthe presently developing 
nanobots,andhavebeendevelopedratherextensively byatleastone 
nation. Suchrobotscaneasily passthroughthe" interior” ofany normal 
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EM signal or wave or potential or field, which again is nothing but a giant 
superhighway for longitudinal EM waves. In theory one can communicate 
with a CASR via longitudinal EM waves if communications functions are 
built in to the CASR. In the future, one would expect that planetary 
exploration, underground and undersea exploration, exploration of the 
interiors of the sun, moon, and planets, could be enabled by the further 
development of specialized CASRs. 


Lorentz, Hendrik Antoon: Renowned Dutch physicist and Nobelist. 
1853-1928, who developed the Lorentz transformations and Fitzgerald- 
Lorentz contraction, Lorentz shared the Nobel Prize for discovering the 
‘Zeeman effect. He is also responsible for symmetrically regauging 
Maxwell's equations (some time after Lorenz did it in 1867), and for 
introducing an integration trick that neatly disposes of the vexing huge 
Heaviside nondiverged energy flow component accompanying every 
field/charge and potential/charge interaction. 


Lorentz invariance principle: An inertial frame is independent of the 
velocity of the frame relative to any other inertial frame. This is not 
necessarily true with respect to engines inside inertial frame objects, since 
the engines involve acceleration dynamics. 


Lorentz regauging: Changing the two potentials in the Maxwell- 
Heaviside equations in potential form so that the resulting equations have 
the variables separated, and there is no net force introduced by the two 
new forces, which are deliberately chosen so as to be equal and opposite 
and thus sum to zero. An unfortunate effect is that this discards all 
Maxwellian systems far from equilibrium in their vacuum exchange, hence 
discards all permissible Maxwellian COP> 1.0 systems. Electrodynamicists 
have not recognized that Lorentz regauging represents the addition of 
stress potential energy and continuous internal work and stress to a 
regauged system. It also represents a rotation of the frame of that system 
out of the laboratory frame by some angle. Further, oscillating the Lorentz 
regauging condition produces longitudinal EM wave generation and 
emission. 


Lorentz symmetry: The symmetrical regauging by Lorentz of Maxwell's 
equations. 


Lorenz, Ludwig Valentin: Scientist who first changed Maxwell's 
equations — two years after their publication in 1865 — by (effectively) 
symmetrically regauging them, thereby unwittingly discarding all 

Maxwellian systems far fom thermodynamic equilibrium with the active 
vacuum, See L. V. Lorenz, "On the identity of the vibrations of light with 
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8," Philosophical Magazine, Vol. 34, 1867, p. 287-301. In 
this paper[L. V.] Lorenz gave essentially what today is called the [H. A.] 
Lorentz symmetrical regauging. WhenH.A. Lorentzalso symmetrically 
regauged the Maxwell-Heavisideequations, thephysicscommunity 
adopted the procedure and resulting further truncation of the Maxwellian 
theory. That truncation continues to this day. 


low energy nuclear reaction (LENR): Actually a bit ofa misnome 
it refers to a low spatial energy, high time energy reaction. Cold fusion, or 
the anomalous transmutations of elements that occur in certain electrolytes 
with specially prepared palladium electrodes. The transmutations occur 
even thoughin conventional theory there is insufficient spatial energy to 
accomplish them, because they use time energy. Time energy is spatial EM 
energy compacted by the factorc?, hence time has the same energy density 
as mass. The formation of temporary, fleeting time reversal zones (TRZs), 
withactionfromfrominside-to-outside, isthegenesisofahostofnewnuclear 
reactions missing fromconventional particle physics since the physicists 
do not account time as energy, and do not use such TRZs. For more on this, 
hypothesis andthespecificreactionsgenerated, see. E. Bearden," EM 
Corrections Enabling a Practical Unified Field Theory with Emphasis on 
‘Time-Charging Interactions of Longitudinal EM Waves," Journal ofNew 
Energy, 3(2/3), 1998, p. 12-28 as well as Chapter lO ofthe present book. 
magnetiedipole: Pairednorthandsouthmagneticpolesof equal strength 
ever microscopic or macroscopic distance. 


magnetic induetion: The actofachange in magnetic f 
electric field atright angles, which inturn producesanek 


magnetic spin: The intrinsic angular momentum, knowns spin, of 

electrons, protons,andneutrons,ete. Theelectronscombinedinanatom 
orion have a resultant angular momentum that is the combined intrinsic 
spin of the electrons and the angular momentum due to their motion 
around the nucleus. There is also a magnetic moment associated with this 

angular momentum (spin) wheneveritis nonzero. Therefore atomsorions 
with nonzero. spin are magnetic atoms orions. This is often loosely 

reffered toas” magnetic spin." Itisactually the magnetic momentof 
nonzerospin. 


‘magnetostatic scalar potential: Continuous mathematical function whose 
value inspace, at any point it occupies, represents the potential energy 
‘ed upon an assumed unit magnetic north-seeking charge (pole). 


‘There is a magnetostatic scalar potential between the poles of any magnet. 
‘This scalar potential is also subject to Whittaker’s 1903 decomposition into 
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Almost at 5G 


With intensive development occurring within 3GPP, the first 5G specification will be completed 
in early 2018, enabling the first standards-based networks to be deployed in the 2019-2020 
timeframe. This section includes expanding use cases, 1G-to-5G evolution, 4G LTE advances, 
5G radio and architectures, Information-Centric Networking, phasing of 5G releases, and an 
overview of 3GPP releases. 


Expanding Use Cases 


Many wireless technology discussions focus on radio capabilities, but other equally 
important aspects include use cases, the services built on top of the technology, how 
different networks integrate with one another, and the topology of the networks. As 
summarized in Figure 8, these aspects are expanding, making mobile/wireless technology 
the foundation for other enterprises, including business-process optimization, consumer 
electronics, M2M, connected devices, and a multitude of vertical industries. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 18 
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a harmonic series of magnetic longitudinal phase conjugate wavepairs 
Reinterpretation of Whittaker's wavepairs should be made according to 
Bearden, "Giant Negentropy of the Common Dipole,” J. New Energy, 
5(10, Summer 2000, p. 11-23. This reinterpretation agrees with quantum 
field theory; see Mandl and Shaw, Quantum Field Theory, Revised 
Edition, Wiley, 1993, Chapter 5. 


matter: Highly condensed 3-spatial energy, compressed by factor c? and 
remaining in 3-space, and with the observation process d/dt having been 
applied to the fundamental masstime entity to provide mass as a frozen 
3-space snapshot by stopping the flow of time momentarily. Matter, of 
course, has internal structure, order and organization, and dynamics. All 
matter is in a continuous energetic exchange with its active vacuum (4- 
spatial) environment. Matter stripped of its EM fields, waves, and 
potentials is called mass. Mass is an observable and therefore a frozen 
series of continual 3-space snapshots, formed by incessant photon 
absorption to change the mass m to masstime mt, with following incessant 
photon emission to change masstime mt back to mass m. 


Maxwell, James Clerk: Brilliant Scottish scientist, 1831-1873, who first 
formulated the unified theory of electricity and magnetism. See The 
Scientific Papers of James Clerk Maxwell, 2 vols. bound as one, edited by 
W. D. Niven, Dover, New York, 1952, Vol. 1, p. 526-597 for his definitive 
paper, "A Dynamical Theory of the Electromagnetic Field," first published 
in Royal Society Transactions, Vol. CLV, 1865. In that paper, (see Niven’s 
book) his general equations of the electromagnetic field are given in Vol. 

1, Part III, "General Equations of the Electromagnetic Field,” p. 554-561 
On p. 561, he lists his 20 variables. On p. 562, he summarizes the different 
subjects of the 20 equations, being three equations each for magnetic force, 
electric currents, electromotive force, electric elasticity, electric resistance, 
total currents; and one equation each for free electricity and continuity. 


Maxwell's famous book, A Treatise on Electricity and Magnetism, Oxford 
University Press, Oxford, 1873, Second Edition 1881 (Maxwell was 
already deceased), Third Edition, Volumes 1 and 2, 1891. Foreword to the 
second edition was by Niven, who finished the work. Maxwell had 
dramatically rewritten the first nine chapters to simplify his mathematics 
because of the resistance to it, with much new matter added and the forma 
contents rearranged and simplified. Maxwell died before finishing the resl 
of the second edition. The rest ofthe second edition is therefore largely a 
reprint from the first edition. The third edition edited by J. J. Thomson was 
published in 1892, by Oxford University Press, and later was published 
unabridged by Dover Publications, New York, 1954. J. J. Thomson 
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finished the publication ofthe third edition, and wrote a "Supplementary 
Volume” withhis notes. A summary of Maxwell's simplified equations are 
given in Vol. Il, Chapter IX ofthe third edition. However, Maxwell had 
gone (in his second edition) to some pains to reduce the quaternion 
expressions himself, and notrequi 
quaternions (so stated on p. 257). We note that Maxwell did not finish the 
second edition, but died before that. He actually had no hand at all in the 
third edition as to any changes. The Second edition was later finished by 
Niven by simply adding the remaining material from the previous first 
edition approved by Maxwell. The printing ofthe first nine chapters ofthe 
thirg edition was already underway when J. J. Thomson was assigned to 
finishtheeditingofthemanuscript 


the students toknow the calculus of 


ted the course ofscience andthe course 


Maxwell's workprofoundly affe 
of human history. Maxwell, Heaviside, Hertz, Gibbs, Lorentz and others 
participated indramatically curtailing Maxwell'soriginal 1865 quaternion 
theory to the much more limited subset that itis today. Since the early part 
of the 20th century, work has slowly been ongoing to move EM theory 
backtoahighergroupsymmetry theory, whichironically italready was 
whenMaxwellfirstereatedit 


Maxwell's electrodynamics: Simply ut, Maxwell’stheoryof 
electrodynamicsconsistsofMaxwell'sequations. Hisfundamentaltheory 
consisted of some 20quaternionequationsin20unknowns, appearingin 

his 1865 paper. After Maxwell's death and some curtailment by Maxwell 
himself, Heaviside modifiedandsharplycurtailedtheseequations,intothe 

familiar four equations of today, as did Gibbs and Hertz. Lorentz further 
curtailedthe Maxwell-Heavisideequations,bysymmetricallyregauging 
them. This simplified their mathematical solution, but it also inadvertently 
and arbitrarily discarded all open Maxwell systems far from 
thermodynamic equilibrium withtheiractiveenvironment(suchasthe 
modernactive vacuum). SeeJamesClerkMaxwell. 


Maxwell's Theory, fluid dynamics analogy: Considering andadapting 
the fluid analogy approach of James Clerk Maxwell: The intensity of the 
vacuum virtual particle flux may be treated as the intensity ofapotential, 
thus by analogy corresponding to pressure in a fluid. Polarity (charge) isa 
processforestablishingachangeintheintensityofthevacuumpotential 
- and thus a change in the ambient pressure ofthe vacuum fluid 
Diffence between vacuum pressures at two separated points creates @ 
force uponany charge placed between those two points. Justas a 
currents, a 


differential in pressure between points in a fluid induce 
differential in vacuum pressure induces energy flow currents in the 
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vacuum fluid, which are called ‘fields’. All EM circuits, charges, potentials, 
and forces in electrodynamics involve altering the vacuum to include 
altering its pressure and thereby producing the forces the resulting pressure 
gradients (fields) induce upon charges. All observable EM energy in space 
is EM energy intercepted and collected on charges, or assumed to be, and 
the spatial EM energy comes from the vacuum via these fundamental 
vacuum-engineering dynamics which all involve the giant negentropy 4- 
circulation between the time domain and 3-space. 


Michelson, Albert Abraham: German-bom American physicist, 1852- 
1931, who invented an interferometer (Michelson interferometer) named 
after him. Michelson used his interferometer in a renowned experiment in 
the 1880s designed to measure the velocity ofthe earth through the ether, 
which would produce a shift in his interferometer pattern. No such shift 
was observed, which indicated the absence of an ether wind and was 
largely responsible for the downfall of the concept of the material ether 
that had been previously assumed, including by Maxwell 


motionless electromagnetic generator (MEG): Transformer-like 
COP> 1.0 electrical power generator invented by Patrick, Bearden, Kenny, 
Hayes, and Moore, ""Motionless Electromagnetic Generator,” U.S. Patent 
# 6,362,718, Mar. 26, 2002. A second patent application is processing and 
several more are in preparation. In particle physics, any dipole (including a 
permanent magnet) is a known asymmetry in the fierce vacuum flux, 
continuously pouring out real EM energy extracted from the vacuum, The 
MEG continuously powers its transformer section core with a permanent 
‘magnet dipole, more than doubling the EM energy made available from the 
active vacuum via the permanent magnet dipole's broken symmetry in its 
exchange with the vacuum. [See M. W. Evans, P. K. Anastasovski, T. E. 
Bearden et al., "Explanation of the Motionless Electromagnetic Generator 
with OG) Electrodynamics," Found. Phys. Lett., 14(1), Feb. 2001, p. 87- 
94; "Explanation of the Motionless Electromagnetic Generator with the 
Sachs Theory of Electrodynamics,” Found. Phys. Lett., 14(4), Aug. 2001, 
p. 387-393]. The MEG nanocrystalline core material extracts the magnetic 
field B ofthe permanent magnet from the surrounding space and localizes 
it in the core material. The active vacuum asymmetry freely replenishes 
the withdrawn magnetic B-field energy in space surrounding the core, but 
with uncurled magnetic vector potential A rather than magnetic field B. 
This is an application of geometric phase, specifically the well known 
Aharonov-Bohm effect, with several thousand papers in the literature. The 
MEG then transduces and outputs magnetic B-field energy inside the core 
material and some of the field-free magnetic vector potential A energy in 
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space surrounding the core, effectively having available more than double 
the energy being made available from the permanent magnet, or normally 
available to a transformer. The output power of the MEG is a function of 
(i) the time rate of change ofa small amount of input EM perturbation 
energy to the inputcoil, plus (ii) the intercepting and collecting secondary 
charges available in the secondary coil, (iii) additional energy from chaotic 
oscillations, iv),sophisticatedfeedforwardandfeedbackregenerative 
self-oscillations, and (v)the geometric phase (Aharonov-Bohmeffect).It 
thus is a rigorous practical application ofthe geometric phase effect toa 
macroscopic power system, and in fact is the first such application in 
practical electrical power systems. The noted feature ofthe MEG isa 
purely electrical interaction inthe outputcoils, inwhichthe voltage and 
energy are in phase within 2°, differing from all othertransformer-like 
systems. Thusthe MEG directly deliversrealpowerratherthanapparent 
power See Aharonov-Bohmeffect. 


multicollection (of energy): Multiple collection and re-collection ina 
circuit of the same energy flow from a source dipole, by rerouting either 
(J) the dissipated Poynting energy back aroundto the collectors for 
anotherpassby them, withadditionalcollection,or(2)retroreflectingthe 
nondiverged Heaviside EM energy flow component back and forth across 
the surface charges inthe circuitconductors, iteratively diverging 
additional energy into the conductors to potentialize and power the Drude 
electrons,or(3)acombinationofthetwo. Theinterestingpointisthatthis 
effect can "use" the same energy to do repeated work, multiple times. It 
takes advantageof the fact that work is merely the change of form of 
energy, and thatthenew formcanagainbechanged (asforexample, back 
into the first form again) to do additional work, again and again so long as 
the energy ineachtransformationisheldinthesystem withoutescaping. 
Thisprocesspermissibly violatesclassicalequilibriumthermodynamics 
and its infamous second law, since itis an open system freely receiving 
excess energy fromitsactive environmentandthus farfromequilibrium. 
withthatactiveenvironment. Asiswellknown, suchsystemsare 
permittedtoexhibitCOP> | Oandevenself-poweringofthesystemandits 
Joadsimultaneously. 


negativeabsorptionofthemedium:Excessemissionfromanactive 

‘medium, asintheLetokhov workandin Bohren'sexperiment. Theexcess 
energy isfirst absorbed from the vacuum interaction (actually from 
Heaviside'sunaccountedenergy flow componentthatusually doesnot 
interact with the system), and then itis re-emitted. This is actually atrue 
‘Maxwell'sdemon, "aspointedoutbyLetokhov. 
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negative resistor: Any component or function or process in an EM 
that freely receives energy from outside the system in unusable or 
disordered form within the system, transduces that energy into usable 
form, and outputs it so that it can do useful work. In a true negative 
resistor, that is the net function performed. We specifically do not include 
“differential” negative resistors such as the tunnel diode, thyristor, and 
magnetron, which dissipate and disorder more energy from the system 
self, overall, than the fraction that they order and fumish back to the 
stem in their negative resistance regime. In anti-circuits, true negative 
resistors are quite natural components. Every charge and dipole in the 
universe is already just such a negative resistor, freely extracting unusable 
EM energy from the seething vacuum, transducing it, and continuously 
pouring out real observable EM energy in all directions in 3-space. A 
negative resistor can produce the five magic functions: (i) self-ordering, 
Gi) self oscillation or self-rotation, (iii) output more energy than the 
operator inputs, (iv) power itself and its load freely, and (v) exhibit 
negentropy. The condition for self-powering of a system containing a true 
negative resistor was given by Gabriel Kron. 


negentropic: Functioning to produce or involve negentropy; reordering 
previously scattered energy without requiring the operator to input energy 
to perform the reordering. A simple example is passive retroreflection of 
radially scattered EM energy. The conventionally unaccounted enormous 
and nondiverged Heaviside energy flow component surrounding every 
circuit and every field/charge interaction is an example of a dynamically 
reordered and organized energetic vacuum, and thus an example of a giant 
negentropy process. The continuous observable EM energy freely pouring 
at the speed of light from every dipole and charge in the universe is also an 
example ofthe giant negentropy process. 


negentropic engineering: Expending a little bit of energy to form a 
dipolarity, and then intercepting, collecting, and using some of the 
enormous EM energy freely and continuously extracted by the dipolarity 
from the vacuum, indefinitely, without using any of the extracted EM 
energy to scatter the charges in the dipole and destroy it. Retaining the 
dipole intact avoids shutting off the furnishing of copious free energy flow 
from the vacuum to the attached external circuit. As an analogy, it allows 
an electrical windmill operating in (driven by) a free electrical wind from 
the external environment of the system. 


Newtonian recoil: Newton's third law reaction fiom the affected entity 
back to and upon the effecting entity. The “action” is the action from the 
effecting entity upon the affected entity. The "reaction" is the action fiom 
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the affected entity back upon the effecting entity. Newton's third law 
actually implies that the cause interacts upon the effect and the effect 
reacts equally back upon the cause, thus producinga strange kind of 
equilibrium. Inatime-reversal zone, the "recoil" is reversed in direction by 
parity reversal. Tentatively,onemayinterpret rom pumped phase 
conjugation thatthe Newtonian third law reaction of one single acting 
force can be amplified by properly directing the actions of other acting 
forces. An interesting aspects thata pumped phase conjugate mirror does 
not recoil, no matter how powerfully it is pumped or how powerfully 
amplifiedis the emitted phase conjugate replica wave 


Newton's third law: For every action there is an opposite and equal 
reaction, This lawshouldbeextended andrestatedsomething likethis: 
“for every actionthere isan opposite and equal reactionifthe causative 
mechanismofthereactionisallowedtooccur without interference andis 
not first redirected away from its target." An example ofa violation of 
Newton's thirdlawasusually statedis providedby theemission ofaphase 
conjugatereplica(PCR) wave fromaphaseconjugatemirrormaterial.No 
matter how powerfully pumped, the PCM does not recoil by the emission 
ofthe PCR wave. The reason is that the antiwave cause of Newtonianthird 
lawrecoil wasinterceptedby nonlinearmultiwaveinteraction(wave-to- 
‘wave interaction) before reaching its target nuclei and interacting with 
them, and was diverted away from the atom and on out ofthe phase 
conjugate mirrormaterial. Sincethe causative mechanism forNewtonian 
recoil did not occur on the mass oftthe mirror, the mirror did not recoil. 
We also point out that, if Newton's third law is indeed engineerable and 
controllable, then COP> |.Osystemsandself-poweringEMsystemsare 
permissibleapriori. Inelectricalsystemterms, thissimply meansthat, if 
one can rid the system ofits equal back emf or back mmf, the system can 
belegitimately self-poweringbecauseitnolongerself-enforcesthe 
Lorenz-Lorentzsymmetricalregaugingcondition. 


non-Abelianelectrodynamics: Anelectrodynamicsbasedonagroup 
theory in which the group operation is not commutative and hence not 
Abeliianinnature. Contrasttoan Abelian groupinwhichthe group 
operationiscommutative. 


nonequilibrium thermodynamics: Colloquial term referring to the newer 
thermodynamiesofself-organizingsystemsandstructures, farfrom 
cuilibriumintheirenergeticexchange withtheiractiveenvironment, 
Since the 1960s, there hasemerged in physics (and inthermodynamics!) 
this surprising new area: the physics of far-from-equilibrium systems and 
theself-organization and large-scale ordering ofsuchsystems. The 
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equilibrium conventionally referred to is 3-space equilibrium, with no 
consideration of temporal equilibrium, although some pioneers of the field 
such as Prigogine are quite aware of the temporal disequilibrium also 
involved. Note that such "3-disequilibrium" thermodynamical systems are 
also in temporal energy flow disequilibrium as well as 3-disequilibrium, 
but overall are still in 4-equilibrium energetically. See giant negentropy 
(of the dipole). For a necessary thermodynamics discussion, see Appendix 
A in this book. 


nonlinear material (optical 
with the intensity of the light 


‘A substance whose optical properties vary 


nonlinear optical functioning: Functioning in a manner prescribed by 
nonlinear optics and quantum optics, particularly with respect to time- 
reversal effects, use of phase conjugate mirrors, phase conjugate reflection, 
wave-to-wave interaction, and pumping for amplified phase conjugate 
reflection. To quote Knight, "A phase conjugate mixing device has 
remarkable optical properties: perfect retroreflection, the complete 
cancellation of optical aberrations and inhomogeneities in wavefronts, and 
the ability to reverse an optical beam and retum it to its source.” A most 
interesting moder science, eventually adaptable to COP> 1.0 systems, is 
developing in the study of intensely scattering optical materials. 


nonlinear phase conjugate optics: See phase conjugate optics. 


nonlocalization: Producing or rendering an effect or effect-producing 
agent at a distance, rather than at the immediate location of the effector. 
Extended throughout a large region or system, or to a distant part of a large 
region or system, rather than being confined to a small region of the large 
region or system. Nonlocalization effects are absolutely prescribed in 
quantum mechanics, and are experimentally confirmed. They have been 
largely ignored in classical electrodynamics and electrical engineering. 
Nonlocalization can result from the existence and use of a multiply 
connected space, as in Bohm’s quantum potential and hidden variable 
theory. Engineering of action at a distance by engineering the quantum 
potential through multiply connected space gives one method of energy 
amplification. This method has unfortunately been secretly weaponized In 
five nations ofthe world, and none ofthe technology is available for use in 
electrical power systems for energy amplification and solving the energy 
crisis, 


non-Riemannian geometry: Riemannian geometry is the geometry of 
Riemannian manifolds — ie., manifolds having an infinitesimal squared 
distance ds that is everywhere positive. A non-Riemannian geometry 
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violates this property. [A manifold is a topological space with certain 
prescribedcharacteristics.] 


nucleon: 


A collective name for the neutrons or the protons in a nucleus. 
In the nucleus, the neutrons and protons are continually changing one into 
the other by exchange of the charge. What is called a neutron and what is 
called a proton is thus somewhat arbitrary, so long as one makes a rule and. 
stands by it. The interesting thing is that, in a nucleus, there is already 
continous and highly rapid transmutation activity between nucleons, all 
thetime, without giantaccelerations and operatorinput of very intense 
spatial energy. In short, nature shows in all matter that matter can be and is, 
continually transmuted from instant to instant, and is "constant 
the "average". Since most present models used for this are s 
than causative, it strongly suggests that we should look for a causal 
mechanism. Theuseof thetime-reversalzoneandtime-energyhasbeen 
nominated in this bookas providing acausal mechanism fortransduction, 
which can be directly engineered. It appears that cold fusion research 
already accomplishestransmutationsusingthesuggestedmechanisms, 
Severalspecificnucleartransmutationreactionsapplyingthenew 


mechanisms, andconsistentwithhundredsofcoldfusionexperiments,are 
giveninthepresentbook. 


O()electrodynamies: Anclectrodynamicsextended fromatwo- 
dimensionalinnergroupsymmetrytoa3-dimensionalinnergroup 
symmetry.O(3)electrodynamicsalsobecomesanimportantsubsetot 
‘Sachs’ unified field theory. The inner group symmetry of O(3) can be taken 
asnormal space, which immediately opens up engineering the vacuumand 
using spaetime curvature enginestodirectly engineer matter forus, 


open system: A system that communicates with its environment, and 
exchangesenergy, matter, orbothbetweensystemandenvironment.With 
the possible exception of a few theoretical or hypothetical systems, all 
systems in the universe are in fact open systems. An open system may be 
in equilibrium with its active environment, so that it cannot accept, store, 
and utilize any excess energy from the environment. Another open system 
may be in disequilibrium with its active environment, in which case it can 
accept, store, andutilizeexcessenergy fromtheenvironment. Whenthe 
operator inputs EM energy intoan open equilibrium system, he 
automatically breaks its equilibrium condition with the external active 
environment, decreasing the system's entropy. This is an excited state, and 
the system will subsequently decay back to equilibrium (maximum, 
entropy) condition by emitting or dissipating its excess energy. The reader 
interested in the thermodynamics should read Appendix A in this book, 
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since the thermodynamics definition (or misdefinitions!) of "closed 
system” actually permits the system to be open with respect to energy 
exchange with its active environment — either in equilibrium or 
disequilibrium — and only prohibits exchange of mass across the system 
boundaries. By that definition, a "closed system" can be far from energy 
flow equilibrium with its external environment, and hence permitted to 
perform COP>1.0 or even COP = oo. Hopefully our discussion in Appendix 
A will clarify the position we have taken on this matter 


optical switching: Switching of optical signals, or switching using optical 
frequency switching techniques, components, and circuits. 


orthodox transistors: Ordinary transistors in use today, i.e., as contrasted. 
with the Fogal semiconductor and its special functions. 


orthogonal rotation: Simply speaking, a rotation from one direction to a 
direction at right angles to it. The Lorentz transform of special relativity, 
eg., is a formula for the rotation of an object and all its parts away from its 
line of motion, as a function of the object's velocity, in a direction toward 
the time axis. The speed c just represents a full orthogonal turn, so that the 
projection intersection of the object with the observer 3-space, along the 
original line of motion, is zero. 


outfolding: Translation by a system of received input longitudinal EM 
waves entering inside its potentials and fields, into conventional EM waves 
present in the system and then output from it. The opposite of infolding. 


overpotential: Essentially the overpotential (as in an electrode in a 
solution) is a shift in the Fermi level necessary to allow the electron in the 
electrode metal to have energies overlapping with vacant acceptor levels in 
molecules adjacent to the electrode in the solution. The overpotential 
effect appears at small "double surfaces” of things in very close contact, 
particularly in electrochemistry and in solid state physics. The 
overpotential enables electron transfer, e.g., by tunneling. The 
overpotential increases with the log ofthe reaction rate that occurs at the 
overpotential location, For a small reaction rate, the overpotential is small; 
but for a small increase in the overpotential there occurs a dramatic 
increase of reaction rate. Fogal has utilized the overpotential effect in his 
semiconductor, to great advantage in accomplishing unusual charge 
blocking and other special effects. See tunneling. 


overunity coeffici 
work out of a system than the operator or experimenter must fur 


ent of performance (COP>1.0): More energy out or 
ish and 
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input. The excess energy is input from the active environment. See 
coefficient of performance. 


parity:Deals with studying a system of a sequence of events as if the 
events were reflected in a mirror. A system has parity ifit undergoes no 
fundamental operational change if replaced with its mirror-reflected twin. 


partially time-reversed region: A region of spacetime in which an object 
temporarily experiences not only the ordinary forward flow oftime, but 
also an extra induced backwards flow of time, usually a fraction of the 
time- forward time stream. It appears that the combination of the two is 
‘what constitutes time dilation in relativity. Ina mixed time-forward 
(photon interactions) and time-reversed (antiphoton reactions) zone, if 
time-forward predominates, the law of attraction and repulsion of charges 
is partially reversed, leading to overall reduction ofthe forces — which 
remain intheirusual directions. Ifthe time reversal predominates, the law 
of attraction and repulsion is reversed, and in that region like charges 
attract and unlike charges repel. Iftime reversal and optical pumping are 
combined, thereversed aw forces ofattractionoflike chargesand 
repulsion of unlike chargesare amplified also. 


particle physics: The branch of physics using accelerators to study high- 
energy particlecollisions, todetermine propertiesofatomicnucleiandof 
the elementary particles themselves. Itappearsthat conventional particle 
physicists donotrecognize orconsidertime-energy interaction andtime- 
reversal zonenuclear interactions at all. Hence the present "high (spatial) 
energy" physicsisafarlower"total "energy physicsthanisthephy: 
wheretime-energyisdeliberately utilized. Whentime-energyisutilized, 
then the total energy ofthe photon varies inversely as a function of its 
frequency ratherthandirectly asa function ofits frequency. Lower 
frequency photons have very much greatertotal energy thanhigher 
frequency photons. Forpracticalelectrogravitation, therefore, oneis 
interestedinlowerfrequency bandwidthssuchasthe EL Fregion. 


Pattersoneffect: Theintensemultiscattering, multipass, multicollectionof 
energy density flowinanassemblage ofppalladium-cladsphericalbead 
capacitors, asthe palladiumadsorbshydrogenionsfromthefluidinwhich 
the beads are immersed, and thereby charges up as a capacitor, becoming 
anenergy-flow generator, and nonlinearly increasing the energy-flow as 
the charge of the capacitors increases. 


Patterson PowerCell®: Patentedoverunity powerunitby James 
Patterson, which has been independently validatedto yield COP> 1.0. 
However, continuingdifficulty hasbeenexperienced withthe palladium. 
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Expanding 
Use Cases 


‘Operator Services Third-Party Services ‘Applications 
~Television broadcast - Over-the-top - Millions becoming 
~ Proximity services communication tensof millions 

- Location-based ~ Cloud-based 


~Public safety - Other 
Internat of Things 
~Vehicle communication 


Multi-Network Integration and New Topologies: 

- Network-level aggregation (e.g., Multipath TCP) 

- Offload onto WiFi 

- LTE WiFi Link Aggregation 

- Operation of LTE in unlicensed bands 

-New connection methods (relays, multi-hop, device-to-device) 


Radio Network Enhancement: 

-Becoming faster (peak rates of 1 Gbpst In 4G, 20 Gbps+ In 5G) 

-Densifying (smaller cells) 

-Capacity increasing (more cells, more spectrum, more efficient technology) 

Shorter delays (10 msec with LTE, 1 msec with future LTE-Advanced and 5G) 

Low-cost and law-power machine aptions 

-Centrelization of radio-access network functions (including cloud RAN) 

Application processing within the RAN (e.g., Mobile-Edge Computing) 

Support for higher frequencies (e.g., mmWave) Byes 


Table 2 summarizes the requirements of the expanding number of use cases that employ 
wireless technology. 


Table 2: Requirements for Different Use Cases?* 


Use Cases Requirements | Desired Value 

‘Autonomous vehicle control | Latency S msec 
Availability 99,999 percent 
Reliability 99.999 percent 


* Ericsson, 5G Systems - Enabling the Transformation of Industry and Society, January 2017. Available 
‘www. ericsson. com/assets/local/publications/white-papers/wp-5a-systems.pdf. Adapted from 
Table 1 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 19 
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‘metal used in the effect. See James Patterson, "System for Electrolysis of 
Liquid Electrolyte," U.S. Patent No. 5,372,688, issued Dec. 13, 1994. 
Patterson has several other patents in the area 


perpetual motion machine: The rather archaic and dogmatic assertion 
that no machine can indefinitely operate, since no closed system can input 
its output power back to itself while powering a load, because powering 
itself and its load violates the equilibrium thermodynamics (i.e., the 
thermodynamics of a closed system). Every system is already an open 


stem in a violent energetic exchange with the active vacuum, so the 


pronouncement is anon sequitur assuming a false straw man — that every 
machine is a truly closed system or is in energy flow equilibrium with its 
active environment and can be treated as if it were a closed system. (The 
thermodynamic definition of "closed system” is misleading; it refers to a 
system where no mass exchange crosses the system boundary, but energy 
flow exchange can and does freely cross it. See Appendix A to this book 
for a proper discussion). Further, the equilibrium thermodynamics cited 
does not necessarily apply to either an open thermodynamic system far 
from energy equilibrium, or to a closed thermodynamic system in energy 
flow disequilibrium, as is now well known. After all, a common windmill 
will operate so long as there is a wind or until something breaks. But since 
it involves a mass flow across the system boundary, it is said to be a true 
open thermodynamic system. In electrodynamics, a closed system (with no 
matter exchange across its boundary) can yet have copious energy flow 
exchange across its boundary, and thus be far from EM energetic 
equilibrium with its extemal active environment. The charges and the 
dipoles in matter operate in a free "time-energy flow wind" and virtual 
particle flux wind in the vacuum, which are constant and unfailing, and 
thus charges and dipoles have been freely and continuously outputting real 
EM energy flow into 3-space for some 14 billion years. All assertions that 
overunity EM systems are perpetual motion nonsense are completely 
refuted by every charge and dipole in the universe. To repeat such 
gibberish only reveals the ignorance ofthe person making the improper 
assertion, 


Ironically, those dogmatists fond of hurling perpetual motion labels at 
overunity researchers already recognize the overunity legitimacy of open 
systems far from thermodynamic equilibrium with their active 
environment; they refer to such systems asfalse perpetual motion 
machines oxfictitious perpetual motion machines. All of them also accept 
the classical electrodynamics assertion ofthe source charge, from which 
all EM fields and potentials and their energy come. So the very dogmatists 
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so confidently pontificating that perpetual motion machines are ludicrous, 
themselvesalready implicitly accept that every charge and dipole in the 
universe is precisely such a perpetual motion machine, freely and 
continuously creating energy right out of nothing. No legitimate free 
energy researcher in his wildest nightmares has proposed such perpetual 
motion machines on such a universal scale. The greatest perpetual motion 
nuts on earth are precisely those pundits so confidently castigating the 
notion. that an electrical system can output more energy than the operator 
himself must input. We will have a modicum oftolerance and respect from. 
them, whenthey can demonstrate how they can purge all those "perpetual 
‘motion chargesand dipoles” —andalltheirEM fields and potentials— 
from their own accepted electromagnetic model. Obviously ifthey do that, 
they simply destroy all EM energy in space, in systems, and in the entire 
universe. Thisisthe absurdity ofthe position these punditsadvocate so 
ignorantly. 


time reversal. Forwaves: often refered 


phase conjugate: Ofanentity 
toaswavefrontreversal. 


phase conjugate mirror: A nonlinear material which, when provided with 
an input wave, emitsaphase conjugate replica (timereversedreplica) of 
that input wave. The input wave is by practice called the signal wave. The 
time-reversed wave outputis by practice called thephase conjugate 
replica. 


phase conjugate optics: That portion ofnonlinear optics dealing with 

multiwave mixing, formation of time-reversed waves, phase conjugate 
reflection(PCR), phaseconjugatemirrors(PCMs), pumpingPCMsto 
amplifytheiremittedPCRs, nonlinearinterferometry, distortion 
correction, self-targeting, lasertracking,adaptiveoptics,andsoon. 


phaseconjugatereplica (PCR): Ofawave:thetime-reversedduplicate 
of asignal (input) wave, afteritsdetectionby interaction withcharge. We 
pointouttheremaystillbesomefoundationsdifficulty, however, withthe 
forminwhichthephaseconjugatereplicawaveexistsinspacetimeprior 
toitsinteractionwithchargeandpriortoitsobservation(observingthe 
effectofitsinteractionwithchargedmatter). Indeed,thereisvery serious 
foundationsdifficulty withthe very notionofanEM transverse wavefront 
in space, traveling at the speed of light, forno such thing exists. See 

Robert H. Romer, "Heatisnotanoun," Am. J. Phys.,69(2),Feb.2001,p. 

107-109. This isan editorial discussion by the Editor of AJP ofthe concept 
ofheatin thermodynamics, where heatisnotasubstance, nota 
thermodynamic function of state, and should not be used as a noun. In 
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endnote 24, p. 109, he also takes to task "...that dreadful diagram 
purporting to show the electric and magnetic fields ofaplane wave, as a 
function of position (and/or time?) that besmirch the pages of almost every 
introductory book. ...itis a horrible diagram. ‘Misleading' would be too 
kinda word; ‘wrong’ is more accurate." "...perhaps then, for historical 
interest, [we should] find out how that diagram came to contaminate our 
literature in the first place." 


phase conjugating action: In nonlinear optics, the process or action of 
producing a time reversed replica of an input wave. For a particle, 
producing its antiparticle. For a living cell, dedifferentiating it back to 
some previous form, genetics and all. In the presence of a predominately 
time-reversal zone, however, the cell is in a predominately phase 
conjugating mode a priori. Phase conjugating it a second time converts it 
from dedifferentiating to redifferentiating mode. We hypothesize that these 
combinations are the actual mechanisms generating cellular 
dedifferentiation and redifferentiation in the cell, tissues, and body. A 
future book will address that issue; meanwhile, see the 119-page "porthole 
briefing” on the author's website, www.cheniere.org, 


phase conjugation: In nonlinear optics, the novel nonlinear mixing of 
waves which generate an output wave — called the phase conjugate 
replica or time-reversed replica — that precisely retraces the path 
previously taken by the input wave that stimulated the action. 


phonon: A quantum of the lattice vibration energy in a crystal. This 
mechanical vibration energy is considered a field, and the phonon is the 
quantum of that mechanical energy field. Lattice vibrations in a crystal 
thus are characterized by waves in the lattice, where the waves are 
comprised of ordered phonons. Interesting effects occur between electron 
currents and phonons, due to electron-phonon interaction, 


photon: In physics, the basic action quantum, Conventionally considered 
to be the basic quantum of the EM field. There is a foundations problem 
with the latter concept, because of the dichotomous use of "field" for both 
the effect force field in 3-space after observation (detection) and the causal 
force-free field in 4-space prior to observation (detection). Strictly 
speaking, the photon is the quantum of the causal 4-space massless field, 
since the photon possesses both spatial EM energy and time increments. In 
curved spacetime, the photon may possess mass because the time flow is a 
mix of time-forward and time reversal, and thus cause and effect are 
slightly intermixed as well. We point out that, in a negatively curved 
spacetime, the photon mass is negative, the photon energy is negative, and 
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the photon fields are negative energy fields. Presently the negative energy 
photons do not appear to be utilized in physics except haphazardly if.at all. 

‘This may represent a large class of photon interactions with matter that 
havebeeninadvertentlyomitted. 


ping-pong: Colloquialtermforiterativeretroreflection. 


pinned electrons: Electrons held stationary by a magnetic field, or other 
set of forces that react to "push them back into their positions and hold 
them fast" whenever they try to spatially move away. 


pinning: The act of restricting (by restoring forces and fields) spatial 
‘movement (particularly ofelectrons) duetoa disturbing magnetic field or 
otherextemnalforce. 


polaron: Anelectron ina substance, where the electron strapped ina 
potential well duetopolarizationchargesonsurroundingmolecules. The 
exction in a substance is analogous to an exciton ina semiconductor 


positron: Anantielectron (time-reversedelectron), possessingapositive 
chargeand positivemass. Mathematicallyanemptynegativeenergy 
electron state in the Dirac sea whose usual occupying electron has been 
removed, leavingafourdimensional "Diracseahole," may alsobe 
regarded as.apositron formany purposes, at leastafter observation 
resulting from interaction with matter, so long as the remarkable 
difference ofthe Dirac4-holepriortoobservationfromtheDirac3- 
positron after observation is understood. Mathematically, the lattice hole 
previouslyoccupiedbyanelectroncanbeconsideredapositron-equivalent 
(ie., as if observed), again so long as the real differences are kept in mind, 
between a Dirac hole before observation and what results after its 
observation by interaction with mass. This is important, because otherwise 
one is again substituting the effect for the cause. In addition, ifthe two are 
confused, then one also arbitrarily discards the negative energy fields and 
negativeenergy potentialsofthesource4-holeinthe vacuumpriorto 
observation. Thateffectively discardsanti-circuitsandtheability to 
engineerpracticalelectroantigravity. 


power: Inphysics, the time rate at which work isdone (at which theform 
ofenergyischanged).Inelectricalengineering,theterm' power" 
erroneouslybutubiquitoustyalsousedtoloosely mean" energy."Hence 
such odd and improperexpressions.as "draw power from the source," 
which isa non sequitur. Nonetheless, such non sequitursare so universally 
utilized in electrical engineering that they have become a partofthe 
literarure itself 
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Prigogine, Ilya: Noted Belgian chemist and Nobelist, and one of the 
pioneers of the thermodynamics of open systems far from thermodynamic 
equilibrium. Prigogine was awarded the 1977 Nobel Prize for his work on 
the theory of dissipative structures in nonequilibrium thermodynamics. 


Poynting, John Henry: An English physicist who lived from 1852-1914, 
whose contributions to electromagnetics included the energy flow theory 
now known as Poynting flow. He contributed the Poynting theorem, which 
states that the rate of EM energy loss in a specific region of space is equal 
to the sum ofthe dissipation rate (heat loss) flowing across the boundary 
of the region. Concurrently with Oliver Heaviside, Poynting conceived the 
notion that energy flowed through space, which previously had not 
appeared in physics. Heaviside actually published first, but obscurely; 
Poynting published in a prestigious journal, so the theory came to be 
known as "Poynting theory.” 


Poynting energy: A loose term (not rigorous!) used to loosely describe the 
flow through space of Poynting energy density S = ExH, which is that 
component of the total energy flow in space that will be intercepted and 
collected by the intercepting charges, circuit, etc. It actually describes not 
the energy flow density per se, but the component of it that would be 
intercepted by a unit point charge, or that actually enters an intercepting 
circuit. Poynting started with the assumption of the component of the 
energy flow that enters the circuit, a priori. Only the work of Heaviside 
considered the remaining component of the energy flow that is not 
intercepted by the charge or by the circuit. Because of the startlingly great 
magnitude of this remaining nondiverged Heaviside component, Lorentt 
integrated the entire (Heaviside) energy flow vector around a closed 
surface surrounding any volume element of interest. This discarded the 
entire nondiverged Heaviside component, and removed any necessity of 
considering or explaining how every generator and battery already pours 
from its terminals up to 10" times as much EM energy as the presently 
accounted energy input to the shaft of the generator or the chemical energy 
available in the battery. We believe that the discarded and unaccounted 
Heaviside nondiverged energy flow component accompanying every field- 
particle interaction is responsible for the puzzling excess gravity holding 
the arms of the spiral galaxies together. In short, we believe it is the 
solution to the "dark matter” problem, now ofien believed to be a "dark 
energy” problem. 


Poynting energy density flow: A somewhat more rigorous term used to 
describe the flow through space of the Poynting energy density flow 
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S = f{ExH) componentthatwouldbeinterceptedbyaunitpointchargeor 
anintercepting circuit, 


Poynting energy flow: A loose term (not completely rigorous) used to 
describe the flow of energy derfsity (EH). Rigorously, both E and H 
are "defined" only after their reaction with a unit point static charge. Hence 
S is the resulting component of the overall energy flow that interacts with 
the charges (with the circuit) and is diverged into the circuit to power it. It 
is not theentire energy flow, which also includes a vast Heaviside 
nondiverged component that does not strike the charge and interact with it, 
andhence doesnotinteract withthe circuit butisjust wasted. See 
Heaviside energy flow component and Poynting energy. 


Poynting generator: Colloquial term for any dipole or potential difference 
that represents a broken symmetry in the vacuum’s virtual particle flux, 

and hence extracts virtual energy from that asymmetry, and gates it out as 
agushing energy flow in 3-space. When bothelectric field and magnetic 
field are involved, the component of the energy flow that would be 
intercepted and diverged by a unit point charge is the Poynting energy 
flow S=f(ExH). 


Poynting vector: The vector S, givena§ fi x H), used to represent 
the Poynting (intercepted and collected by aunit point coulomb) energy 

density flow component. In Heaviside's vetsio® x H + G, where G 

isanenergy circulation flow termoftrapped EM energy flow. Heaviside 
later realized that such a closed energy circulation flow exhibits substantial 
gravitational effects; in modernterms we would say thatitrepresents an 
appreciablelocalcurvatureof spacetime. Unpublishednotesonthe 
gravitational aspects were foundbeneath afloorboard inhis ite garret 

apartment, yearsafterhisdeath. Wealsopointoutone limitationofthe 

present use of the Poynting vector: It has rather universally been 
associated only with the flow of positive EM energy, and not with the flow 
ofnegative energy. Indeed, the conceptofnegative EM energy is still 

consufed, withdifferentviewsand positions, andstillindebatewithout 
completescientificconsensus. 


PPCM: Pumpedphaseconjugatemirror. A phase conjugatemirror 
material that has introduced oitappositiveor "pump" waves (inother 
words, stress waves). Ineffect, pumpingis" stressing" or"squeezing" 
ryhtmically. Itisalsovaryingastress potential, whichemits longitudinal 
EMwaves,eachaccompaniedbyacorrelatedscalar(time-polarized) 
wave. In the phase conjugating process, up to all the energy in the pump 
‘waves can be outputs the energy in the emitted phase conjugate replica 
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wave. Thus the PPCM may be viewed as an amplifier, very similar to a 
triode. When the time-components ofthe photons in the signal wave input 
and also in the pumping waves are considered, then there is a functioning 
of the pumping also ongoing in the time-domain. There is a rhythmic 
variation of stress in the time-domain also, which creates the correlated 
time-polarized EM wave accompanying the longitudinal wave from the 3- 
space pumping. 


So the time-reversal aspect (formation of the phase conjugate replica 
wave) may be thought of as a rhythmic time-stress wave (pumping or 
stressing in the time domain) which, by altemately decreasing and 
increasing the time potential of the mirror, produces two temporal force 
effects. During the decreases in temporal potential of the mirror, the time- 
force from the input wave and from the pump waves is forward into the 
‘mirror material, allowing the input and interaction of these waves. During 
the increase in temporal potential of the mirror, a reversed temporal force 
from the mirror back to the past (temporal potential earlier in 4-space) of 
the input "signal" wave. The pumping energy (excess temporal potential 
energy) adds the gain to the phase conjugate replica wave, 


probability: The probability ofa simple event is the ratio of the number of 
times it occurs to the total number of trials (for a large, essentially infinite 
number of trials). Note that "trials" constitute things that have occurred 
(are past, have been observed). Probability has resisted rigorous logical 
definition by Aristotelian logic: the reason is that it is an expression of the 
fourth law, the identity of opposites. Probability is an expression of the 
future (that which has not occurred) in terms of the past (that which has 
occurred). Consider throwing a die to land with one face up. Thinking of 
the event (as if it has just occurred, in terms of the most recent past), one 
can conceive six ways of looking at it. In other words, one can conceive of 
six "most recent pasts", however, these have not occurred. We were 
merely thinking of them as if they had occurred. By the fourth law, the 
total "most recent pasts that have not occurred” is identical to the "most 
immediate future” that has not occurred, on the common boundary 
between past and future. If one therefore collects all six "most recent pasts 
not occurred” they turn into the most immediate future, by the fourth law 
of logic. One may argue that only a single one of the events will actually 
occur. Here one counters with the observation that, when it occurs, it is the 
past, not the future, and then it has not been collected so as to move to the 
boundary. In theory, the hidden variable approach makes it possible to 
directly engineer those probabilities while the Schrodinger wavefunction is 
still propagating and has not yet collapsed to constitute an "observation." 
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Le., itis theoretically possible to engineer Wheeler's "pre-reality,” and 
determine in advance just which ofthe outcomes will occur. 


Puthoff, Harold: Noted physicist active in a variety of fields and 
investigationsincludinginpsychoenergetics, extendedelectrodynamics, 
energy fromthe vacuum, inertia, antigravity, parapsychology, remote 

viewing, psychokinesis,zero-pointenergy ofthe vacuum, and cosmology. 
Weare particularlyimpressed with Puthoffscosmological feedback 
principle. Together with Cole, Puthoffalso proved that thermodynamics 
does not prohibit extracting usable EM energy from the active vacuum. 
See Daniel C. Cole and Harold E. Puthoff, "Extracting Energy and Heat 
from the Vacuum,” Phys. Rev. E,48(2),Aug. 1993,p. 1562-1565. 


QMvacuum: Thequantummechanical vacuum, whichmodels the 
vacuumasanintense luxof irtualparticles,eachappearingand 
disappearing insuchextremely shorttimeintervalsastobeunobservable 
individually —althoughasphysicsdevelops, fromtime-to-timewhatis 
observable changesbecause ofincreasedobservationtechniques. Violent 
fluctuationsofextremely shortdurationconstantly occurintheQM 
vacuum flux. Variouscalculationsestimate the energy density (inmass 
units) asup to 10-10" grams percubic centimeter (in mass density 
units), oreven greater. The vacuumis sometimes describedastwo separate 
components: (1 )theambientoraverage vacuumindeepspace, whichcan 
betaken asascalarpotential havinganenormousenergy density, and (2) 
the fluctuationssuperposedupontheambient vacuumaslocal violent 
potential energy changes. Finally, wenote thatany EM potentialina 
systemisaprioriachangetothelocal vacuum scalar potential. 


‘quantized: Adjectivewhichmeans(i)reductionofsomeobservable 
quantity tomultiplesofsome small, indivisibleunit,or,(ii)expressedin 
terms of quantum theory. 

quantum: A single "particle" ofthe quantityacrion angularmomentum), 
Often confuusedasasingle quantity ofenergy alone. 
quantumelectrodynamies: Thetheory of photonsandelectrically 
chargedparticlesandtheirinteractions. Theuseoftheterm” quantum” 
impliesthatthe EMradiation’sdiscretephotonnatureissignificant,sothat 
quantumtheory mustbeemployed. 
quantum field theory: A quantum mechanical theory in which "...a 
phsyical heldisconsideredasacollectionofparticlesand forces, and 
observable properties of an interacting system are expressed as finite 
quantitiesratherthanstatevectors." [DictionaryofScienceand 
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Technology.] More simply (after Davies, The New Physics, 1989): "The 
theory that describes the quantum effects of a classical system of fields 
defined on space-time and satisfying various partial differential equations.” 
Particles are taken as quanta of fields similar to photons being quanta of 
the electromagnetic field. Each type of particle is represented by an 
operator that obeys certain commutation laws. The theory relates gluon 
fields and intermediate vector boson fields to the strong and weak 
interactions, and allows an overall theory of fundamental particles and 
their interactions, 


quantum potential: A special potential added to the Schrodinger equation 
by Bohm in his hidden variable theory of quantum mechanics. The 
quantum potential is a multiply connected entity, so that it "occupies" 
widely separated but multiply connected points, events, or objects. It is 
also an extraordinary energy amplifier, since any energy input to one of the 
multiply connected points simultaneously and instantly appears in every 
other connected point, regardless of distance or location in the universe. In 
real life, the quantum potential also has a "coefficient of multiple 
connectivity", so that only a fraction of the energy input to one multiply 
connected point will appear in the other points of the multiple connection 
group. The quantum potential has been strongly weaponized by five 
nations, and quantum potential weapons are the dominant weapons on 
earth, being more powerful than nuclear weapons. In theory the quantum 
potential together with engines and antiengines could be used to treat and 
cure a given disease in all persons on earth simultaneously, or in one 
nation or area simultaneously. Sadly, engines have been developed to 
generate diseases in a targeted populace, rather than engines to heal the 
populace. Russia and Brazil have had the quantum potential weapon for 
some time, as have two nations friendly to the United States. In 2001, 
China also deployed the quantum potential weapon. 


quark: Fundamental particle theorized to comprise hadrons (particles such 
as protons, neutrons, and mesons) by combining in twos or threes. There 
are six varieties of quarks. The difference between a proton and a neutron, 
eg., is merely the orientation of a single quark. In a time reversal zone 
(TRZ) in the electrolyte in cold fusion experiments, the gluon forces can 
be significantly reduced, so that the quarks are nearly freed. Two protons 
(H+ ions) can attract together in a TRZ. so closely that each enters the 
reduced strong force region of the other, forming a quasi-nucleus. As the 
ions in solution outside the TRZ move to cancel the TRZ, it decays and the 
quasi-nucleus becomes an increasingly excited state, seeking to decay. 
Preferred method of decay is by quark flipping. So one quark flips, so that 
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the quasi-nucleus hasbecome aquasi D+nucleus. Asthe TRZ vanishes 
andtime-forward resumes, the strong forcerecovers fasterthanthe 
‘Coulombbarrierreturns. Consequently, the quasi-nucleusofD+merely 
tightensintoareal nucleusofD+. Thisisoneofthestandard 
transmutationreactionsincoldfusionexperiments, formingexcess 
deuterium. 


quaternion: Expressioncomprisedofthe sumoffourterms, one of which 
isreal and three of which containimaginary units, and where the termscan 
bewritttenasthesumofascalarandathree-dimensional vector. 


quaternionalgebra: Thealgebraofquaternionsandtheirmathematical 
operations. Quaternionalgebraisofhighertopology thaneither vectoror 
tensoralgebra. Maxwell'soriginal 1865equationsaresome 20equationsin 
20unknowns,inquaternionandquaternion-likealgebra, Heavisideand 
othersreducedthealgebratovectoralgebraandsome fourequations;at 
hisdeath, MaxwellhimselfwasrewritingtheequationsinhisTreatiseto 
purgethequaternions, becauseofthecontroversy overthedifficult 

quatermnion form. Thepresentvectorequationstaughtinuniversityas 
"Maxwell'sequations" areinfactHeaviside'struncationoftheMaxwell 
theory. Goingtotensoralgebraelectrodynamicsdoesnotrecoverthefull 
range of Maxwell soriginal 1865 quaternionEMtheory. 


‘quintessence: iterally, the fifthessence” Inshort,darkenergy.We 
havenominatedthe arbitrarily discarded, vastHeavisidenondiverged 
energy flowcomponentsurroundingeveryinteractionofchargewithfield 
asthedarkenergythatisthesourcefortheexcesspositivegravityholding 
thearmsofthespiral galaxiesinplace. Seedarkenergy.positive. 


reactivepower: Electrical power, measuredinvolts-amps-reactive (vars) 
thatcannotdoworkasis. Forsinusoidal waveforms, theformulafor 

reactive powe¥isin0, where 0 is the phase angle between the voltage 
andthecurrent. 


real hidden dynamics: The dynamics of vacuum engines, or of internal 
energy" or"internal work "ongoinginasystemorvolumeofspace. These 
internally organized forces, fields,andenergiesinvolvedynamic 
curvaturesof spacetime, anditisthisdynamicsof spacetimeitselfthat 
providesthecontinuous workanddynamicsofinternalenergy.See 
Einstein'ssecondpostulateextended;infolded:dimensioning. 


real hidden vectors: The "hidden" or "infolded!” real vectorcomponents, 
e.g.,ofazerovectorsummationsystem. Theindividual hidden vector 
cannotspatially translate theentirebulksystem, butitcaninteractinside 


™m 


e Cases Requirements | Desired Value 


Emergency communication | Availability 99.9 percent victim discovery rate 
Energy efficiency One-week battery life 
Factory cell automation Latency Down to below Ims 
Reliability Down to packet loss of less than 10° 
High-speed train Traffic density Downlink (DL): 100Gbps/knv, uplink (UL): 50 
Gbps/km* 
User throughput DL: SOMbps, UL: 25Mbps 
Mobility 500 km/h 
Latency Ooms 
Large outdoor event User throughput 30Mbps 
Traffic density 300Gbps/km= 
Connection density | Four devices/m™ 
Massive lor Connection density | 1,000,000 devices/km= 
Availability 99.9 percent coverage 
Energy efficiency 10-year battery life 
Remote surgery and Latency Down to ms 
examination Reliability 99,999 percent 
‘Smart city User throughput DL: 300Mbps, UL: 6OMbps 
Traffic density 700 Gbps/km= 
Connection density | 200,000 devices/km? 
Virtual and augmented User throughput 4-28Gbps 
reality Tatency <7msec 
Broadbandtothehome | Connection density | 4,000 devices/km® 
Traffic density 6OGbps/km? 


The economic role that wireless technology plays keeps increasing. One study anticipates 
that in 2035, 5G will enable $12.3 trillion of global economic output.'® 


1G to 5G Evolution 


5G is almost upon us; it is a technology that will be constructed from millions of ideas, 
methods, algorithms, and processes. Just as 4G LTE became available when previous 
technologies, such as HSPA, could be further improved, 5G enters the stage when the 
roadmap for LTE has not been exhausted, And just as 2G coexists today with 3G and 4G, 
5G will co-exist with previous generations of technology. 


For historical context, “1G” refers to analog cellular technologies that became available in 
the 1980s. "2G" denotes initial digital systems that became available in the 1990s and that 
introduced services such as short messaging and lower-speed data. 3G requirements were 
specified by the International Telecommunication Union (ITU) as part of the International 
Mobile Telephone 2000 (IMT-2000) project, for which significant voice capacity 
improvement was a focus and digital networks had to provide 144 Kbps of throughput at 
mobile speeds, 384 Kbps at pedestrian speeds, and 2 Mbps in indoor environments. UMTS- 


25 HIS Economics and HIS Technology, The 5G Economy: How 5G Technology will contribute to the global 
economy, January 2017. Commissioned by Qualcomm Technologies. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 20 
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the system to perform internal work upon it or upon some particular 
portion of it. Such a system of a finite number of infolded deterministic 
vectors is said to constitute a "dimensioned" stress potential. Specifically 
dimensioned potentials, fields and waves thus can be constructed, so that 
they carry specific vacuum engines (spacetime curvature engines). The 
interactions of these dimensioned EM entities may differ from normal EM 
interactions in chemistry, physics, biological systems in general, cells in 
particular, etc. The long neglected combination of Whitaker's 1903 
decomposition of the scalar potential, together with his 1904 
demonstration that any EM field or wave pattem decomposes into two 
scalar potential functions, has neglected the development and use of the 
"internal EM" theory and technology for a century. One or more nations 
has, however, highly weaponized "dimensioned EM fields, waves, and 
potentials” as evidenced by the peculiar and anomalous results of the 
decades-long microwave radiation of the U.S. Embassy in Moscow. See 
dimensioning. 


real power (active power): Power, measured in watts, that can do work, 
including generating heat. For sinusoidal waves, real power is given by the 
formula I-V-cos 0, where 0 is the phase angle between the voltage and the 
current. Note that when higher group symmetry EM effects are involved 
(such as the Aharonov-Bohm effect), then the "normal" behavior of circuit 
components can be altered dramatically. As an example, in the MEG the 
secondary (output) coils of the transformer section are caused to exhibit a 
purely electrical interaction with the electrons and electron currents in the 
coils themselves. Consequently the output current and voltage are in 
phase, in complete violation ofconventional transformer theory and 
conventional assumptions about the interaction ofinductors. So the output 
ofthe MEG is real power, and phase angle does not enter into it. 


regauging: In electrodynamics, changing the scalar potential or the vector 
potential, or both. If one or both of the potentials is/are changed so that a 
net new force is created in the system, that is an asymmetrical regauging 
Ifonly one potential is changed, a net force results and that is an 
asymmetrical regauging. If both potentials are changed but carefully 
selected so that the free force resulting from one change is equal and 
opposite to the free force resulting from the other, that is a net symmetrical 
regauging, often called "Lorentz regauging” or the "Lorentz condition" 
We note that longitudinal EM waves are produced very simply by 
rhythmically oscillating the magnitude of a stress potential, which is 
naught but coherently oscillating the individual vectors of a set of EM 
fields that sum to a zero vector resultant, The locked-in stress in T. Henry 


712 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


Moray's semiconductors used in his radiant energy device tubes and the 
locked-in stress in the Chung negative resistor thus have to do with the 

production and use of longitudinal EM waves, time-polarized EM waves, 
and stress potentials, 


reflection: The rebound of light or other energy from a surface. 


refraction: The bending of light as it passes from one medium to another 
orthrough adensity change in a given medium. 


retarted wave: An electromagnetic wave that is derived from retarded 
Ids, which in tum are derived from retarded potentials. The retarded. 
‘wave ata point or region of space has arrived there or exists there as the 
result of the dynamics of charges and currents that existed at earlier times 
elsewhere. Comparetoadvancedelectromagneticwave. 


retroreflecting: Precisely reversing the path ofa reflected wave or object. 


Sachs, Mendel: Noted scientist who has completed the work of Einstein 
and developed a unified field theory covering the universe from the tiniest 
part to the entire conglomerate. Since O(3) electrodynamics has been 

shown by Evans to be an important subset of Sachs’ theory, then for the 
first timewe have a higher group symmetry electrodynamics and a unified 
field theory that is largely engineerable by novel electrodynamic mean: 
usingtheO(3)model, 


Sachs’ unified field theory: An extension and completion of Einstein's, 
work that includes the universe and its dynamics from the tiniest part to 
theentireconglomerate,andincludesquantummechanics, 
electromagnetics, gravitation, andthestrong and weak forces. See 
particularly Mendel Sachs, General Relativityand Matter, Reidel, 1982; 
‘Quantum MechanicsfromGeneralRelativity, Reidel, 1986.Sachs unified 

theoryprovidesagreat generalizationof generalrelativity. quantum 
mechanics, and electrodynamics reaching fromthe quarksand gluonsto 
the entire universe. Much of the model is also engineerable by higher 
group symmetry electrodynamics suchasthe O(3) electrodynamics 
pioneeredby Evansand Vigier. 


scalar: Characterized by magnitude only. However, with respect to 
polarization, ascalarphotonisaterminuse foratime-polarizedphoton, 
where the EM energy oscillates along the time-axis. Hence a scalar wave, 
following the same terminology, is an EM wave composed of scalar 
photons, hence whose EMenergy isoscillatingalongthetime-axis. The 
term "scalar" is used in the sense that no vector in 3-space exists even 
though a vector (and a variation ofits magnitude) exists along the time 
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axis, The effects are observed as an oscillation in the rate of flow of time, 
hence a "time-density" oscillation. The term "scalar" with respect to 
polarization implies only that there is no vector component in 3-space. 


scalar entity: In ordinary vector analysis, an entity thought to be 
completely characterized by magnitude alone. Actually this is incomplete; 
a scalar entity must contain a time-like vector component, if it is to 
steadily persist in time. What we usually do unthinkingly is assume a 
continual series of successive observations or d/dt operations upon the kt 
nature ofa scalar k. We conceive these individually frozen 3-space 
snapshots to "continuously exist" since we can readily recall the "stream" 
of d/dt differentiations in our mind and memory. Since all observation is, 
3-spatial, then no observable persists continuously in time; instead, it 
continually recurs in time, instant to instant. This “iterative successive 
stream of frozen 3-space snapshots" exists in the continual and rapid recall 
from our memories. Compare this to the similarity of observing a 
sufficiently rapid series of still pictures on a screen, where the individual 
pictures differ by a time sequence taken of some phenomenon. One "sees" 
the recreation in one's mind of the flow through time of those events and 
entities so photographed. Yet at any one instant, there is only a single 
frozen snapshot on the screen, and no motion at all was "physically" 
observed. 


scalar electromagnetics: Colloquial term for the electrodynamics that 
arises from considering transverse EM waves, longitudinal EM waves, 
time-polarized EM waves, electrogravitation, superluminal EM signals 
interferometry, nonlinear optical functions, time-as-energy, and the 
infolded electrodynamics inside all usual EM fields, waves, and potentials, 
In secret superweapon projects, the Russian term for scalar 
electrodynamics is energetics. It is divided into three major fields, 
depending upon the intended target. Targeted against inert matter, systems, 
and fields, the same term is used: energetics. Targeted against the physical 
and chemical processes and biological fields and potentials of living 
organisms, the term used is bioenergetics. Targeted against the mind's 
time-polarized EM functioning and dynamics, the termpsychoenergetics is 
used. In the latter, higher group symmetry electrodynamics and extensions 
to quantum field theory play significant roles. Significant progress and 
strategic testing of all three branches of energetics has been evidenced 
worldwide. Progress in the energetics branch was confirmed by a 
statement by U.S. Secretary of Defense Cohen in 1997. Quoting: "Others 
are engaging even in an eco-type ofterrorism whereby they can alter the 
climate, set offearthquakes, volcanoes remotely through the use of 
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electromagnetic. waves...So there are plenty ofingenious minds out there 
that are at work finding ways in which they can wreak terror upon other 
nations...I's real, and that's the reason why we have to intensify our 
efforts " Secretary of Defense William Cohen at an April 1997 
counterterrorism conference sponsored by former Senator Sam Nunn. 
Quoted. fiom DoD News Briefing, Secretary of Defense William S. Cohen, 
QWA at the Conference on Terrorism, Weapons of Mass Destruction, and 
USS. Strategy, University of Georgia, Athens, Apr. 28, 1997. 


scalarpotential: Usually consideredsynonymouswiththeelectric 
potential. ‘Theconceptof potential wasdevelopedby Poisson, Green, and 
others fromabout 1813to 1827. Threenotionsinvolvedinthe 
development ofthe concept ofthe potential are: (i)there isthe collection 
of storage of energy in the system, via the collection or storage of some 
entity therein, and this "potential energy" can be released and dynamically 
used, (ii) the potential is a scalar function whose spatial rate of change is a 
vector force, and (iii) the dynamics of the stored energy is suspended by 
the "storage" or"collecting" entity; in other words itisa sort of 
suspendedaction’ waitingtobeunleashed.Itrequiressomeaction— 
suchasinterceptionanddivergence—toreleasetheleashedenergy. 


Thesecondnotionis false, sincenoforceexistsintheabsence ofmass 
because mass mis acomponentofforce Fvia F = dp/dt = (m)dvidt + 
[WIM tt is corrected by stating that its spatial rate of change when 
interactedwithchargedmatterisavectorforce.Forthethirdnotion, we 
notethatthe conceptofa "virtual" particle orparticle flux means thatit 
cannotbecomeobservableunlesssomeinteractionisimposed.Sowemay 
handlethe "thirdnotion' requirementbyassumingthepotential inmodern 
termstobecomposedofhidden virtual particle flux, orhiddenwaveflux, 
inwave-to-waveinteraction. Physicstriestodefinetheelectrical potential 
asenergy percoulognb, W/Q, That equation, however, is actually 
notadefinitionatall (noequationisadefinition),butratherisan 
algorithm forcalculatingthemagnitudeoftheexcessenergy 
collection/collectinguponacoulombofcharge, whenthatcoulombis 
immersed in the potpntial Itin factis the reaction cross section of the 
potential, notthe potentialentity itself. Thisnowbeginstogiveusaclue, 
Potentialisenergyinsome fashion, andtheterm" potentialenergy"isa 
redundancy. Sothafntity musthaveessentially thesamedefinitionas 
energy! Potentialenergy,collectedenergy, storedenergy, whatever—itis, 
energy firstand foremost. Howitiscollectedandwhatitiscollectedupon 
orin,determinesthe "type" ofpotential. Italsocannotbe logically defined 
asthe work expended by ituponaunitcharge. Thecausalentity itselfis 
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not the action taken; just as a man is not definable as "how far he has run” 
in some race. 


scattering processes: Collision processes in which an incident particle 
such as a photon, electron, or proton, of known energy or direction or both, 
collides with another entity, and emerges from the collision with a 
different energy or direction or both. 


Schrodinger, Erwin: Noted Austrian physicist, 1887-1961, and Nobelist 
who discovered the wave equation named after him as the Schrodinger 
equation, and performed other vital work in wave mechanics. 


Schrodinger equation: In quantum mechanics, an equation that describes 
the propagation of waves associated with subatomic particles, or more 
generally, that describes the evolution over time of the quantum state of a 
system. The fundamental quantum mechanical equation governing the 
behavior of wave functions. 


energy: In a quantum mechanical system, the energy associated with 
the emission and absorption of virtual particles. In a classical system, the 
energy associated with the interaction among parts of the system itself. 


self-organization: (After Davies, The New Physics, 1989): "Spontaneous 
emergence of order, arising when certain parameters built in a system. 
reach critical values.” Simply put, self-organization is the spontaneous 
formation of patterns of localized order in a system that begins in a more 
homogeneous state. In short, the system moves from a simpler to a more 
complex state. Self-organization is one of the permissible features of an 
open system far from thermodynamic equilibrium with its active 
environment. Note that the localized orders represent free potential energy 
formations (free self-regauging) that in theory can then be dissipated in 
loads to perform free work. Hence the capability of a self-organizing 
system to perform some free work, or in other words to exhibit COP> 1.0, 


self-potential (e.g., of the electron): The potential created in and of the 
charge (e.g., the electron) by its virtual particle flux exchange with the 
vacuum. Also, an asymmetry in the virtual photon flux ofthe vacuum, 
caused by the interaction of the charge (e.g., the electron) with the vacuum 
flux. From here, we note that the self-potential must consist of real 
observable 3-space EM energy flow or flows fiom the electron, because of 
the asymmetry. However, the charge is not the primary source per se of the 
energy flows that establish the self-potential, but instead is the asymmetric 
gate in the vacuum flux that "gates out” the potential and its energy flux 
The asymmetry in the vacuum flux is the actual source or gate. Indeed, in 
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classical terms the energy is received by the charge in the form of 
converging longitudinal EMenergy waves fromthecomplexplane from 
the time domain). The spin of the charges of the dipole transduces the 
absorbed complex EM energy into real observable EM longitudinal wave 
energy, and poursitoutinalldirectionsin3-space.Seediscussionsunder 
Whittaker and phase conjugate. 


self-targeting: Between two entities, where each acts partially or wholly 
as a phase conjugate mirror, self-targeting is the iterative phase 


conjugationorping-ponging” andrapidconvergenceofbeamsbetween 
thetwoPCMs. 


S-flow: The Poynting energy density flow S, where S = ExH. Heaviside's 
equation isgivenby S=ExH.+G. Inthe latter equation, Eisthe electric 
field, H is the magnetic field strength, and G is a trapped closed loop flow 
of energy density. Note that, from the very definitions of E and H, the 
Poynting, energy flow representsonly thatportionofthetotalenergy flow 
in a spatial region that is diverted by interception and interaction with 
charges. Heaviside's additional component G, which is not part of the field 
interactionsbutaresultof the huge noninteracting partoftheenergy flow 
outside the interacted ExH component, does appear to be responsible for 
‘an enormousunaccounted EM energy flow component that generates the 
excess gravity required to hold together the arms of the spiral galaxies. 


signal wave: In nonlinear optics, the signal (wave) input to a phase 
conjugatemirror(PCM),thatstimulatesthe PCM toemitaphase 
conjugatereplica(PCR) wave inretum. See discussionunderdistortion 
correctiontheorem. 


Slepian current: The vector j¢ , which in a current loop represents the 
energy unit area per coulomb of flowing charge, per unit of time, that is 
collected/collecting fromthePoyntingS-flowanddissipatedinthatcurrent 
loop in its loads and losses. 


Slepian flow: "Flow ofcollected-energy density's dissipation" in a current 
loop, andtherefore related to the vector jin the current loop, which 


representstheenergy perunitareapercoulombofflowingcharge, perunit 
of time, that is being dissipated in that current loop in its loads and losses. 


Slepian vector: Referstothe vect@ in a current loop, which represents 
the energy density per coulomb of flowing charge, per unit oftime, that is 
being dissipated in that current loop in its loads and losses. 
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solid-state parametric oscillator: A parametric oscillator circuit 
employing solid-state devices. A parametric oscillator is a device that 
oscillates by rhythmically changing a parameter (such as capacitance or 
inductance, etc.). Simple switching between differing values of the 
parameter is often used to induce the periodic change of the parameter. 
One way of close-looping a COP>1.0 EM system is by using a bit ofthe 
positive output energy to do parametric switching, in effect converting the 
system to a self-oscillating energy flow system. The AC flow of EM 
energy is then much more easily intercepted, collected, and dissipated to 
power loads without killing the source dipole extracting and furnishing the 
free flow of EM energy from the active vacuum. 


soliton: A “solitary wave" consisting of a wave pulse which propagates 
without changing its shape and without dispersion. 


source dipole: Any dipole, considered from the viewpoint that real 
observable EM energy continuously pours out of it without any observable 
EM energy input. There is no true "source" as such in nature, since the 
energy is not created but only transduced and gated. In the case of the 
dipole and electrical charge as sources of EM energy, fields, and 
potentials, the broken 3-symmetry of the dipole initiates an automatic and 
more primary 4-symmetry, where EM longitudinal wave energy flows into 
the negative charge of the dipole from the time domain (complex plane), 
transduced into normal EM longitudinal wave energy in 3-space, wherein 
the 3-space energy is absorbed by the positive charge of the dipole, 
transduced back into time-energy and reradiated back into the time-domain 
(fourth Minkowski axis). We roughly state that the dipole "emits 
observable EM energy” into all directions in 3-space as observable EM 
energy. However, what actually happens is that this energy 4-circulation 
process is what is emitted into and along 3-space, along every radial 
direction, with the process occurring at every spatial point along that 
direction. Any charge (taken together with its clustering virtual charges of 
opposite sign as a dipole) then inserted at any point in space along a radial 
line, will dipolarly intercept the ongoing process. We will observe the 
interception by its 3-effect on the intercepting and interacting 3-space 
charge, but we will not observe the 4-process itself. This deeper 
examination of the EM field-charge interaction requires a new 
interpretation of what is meant by "propagation of EM energy through 3- 
space", which is anon sequitur. Recall again Romer's acid objection to the 
totally illogical picture in every elementary textbook of the so-called "EM 
wave through 3-space” as a flat x-y plane orthogonal to the line of motion 
z, and where the E-field vector is oscillating along one axis while the 
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magnetic field B is oscillating along the other. That repr 
totally false, justas pointed out so strongly by Romer. 


spacetime or space-time: The entity represented by the "fused product” of 

space and time, to give "space x time". Spacetime is also dynami 
geometry, inthegeneralrelativisticinterpretation. Wemayalsoconsider 

spacetime to be a giant potential, and also active geometry, and also active 


vacuum, and also virtual particle flux of the vacuum, and also hidden EM 
wave flux. Ifwe wish, we can also consider spacetime to be comprised of 
longitudinal EMwavesandimpresseddynamics. 


spacetimecurvatureengine:Seedeterministicpatternand 
dimensioning. 


special relativity: Einstein's theory ofinertial framesin which, iftwo 
systems are moving uniformly in relation to each other, one cannot 
determine anything about their motion except that itis relative. Each of the 
two frames is said to be "rotated" with respect tothe other, but not 
accelerating. The velocity of light in space (the vacuum) is constant, and is 


independent of the velocity of its source and the velocity ofan observer. 
All thelaws of physics are the same in all inertial frames of reference. 


spin: Theintrinsic angular momentum ofa particle such as an electron, 
proton, neutron, photon, graviton etc., even when at rest, as if it were atop 
spinning about an axis, but had to spin 720 degrees before it turned “full 
"Spin is quantized, and is always described as a halfor whole spin, 
eg..-1,- 12,0, U2, 1, etc. A spinning charged particle such as an 
electron thus demonstrates a magnetic moment, due to the circulation of 
charge in the spinning. In the nucleus ofan atom, the spin of the nucleus is 


the resultant of the spins ofthe nucleons (particles comprising the 


nucleus). 


spiral galaxy: A member ofthe class of galaxies having arms that extend 
in the form of spirals. About 70% ofall galaxies are spiral galaxies: only 
about 10% of the gravity necessary to hold the spiral arms together can be 
accounted for by known gravitational sources. This has led to the 
theorizing ofdark (hidden) matterofexoticandunknown form, which 
would be responsible for the excess gravity. Later it was theorized that 
some sort of "dark energy” might be responsible for the extra gravity. The 
present author has proposed that the unaccounted enormous Heaviside 
component of the EM energy flow surrounding every field/charge 
interaction, and notentering intothat interaction, isthe missing source of 
theexcessgravity. Thedark Heavisideenergy low wasarbitrarily 
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discarded by Lorentz in the 1890s, and it is still discarded today by all 
electrodynamicists and astrophysicists. 


Stoney, George Johnstone: Well-known scientist (1826-1911) who first 
estimated the value of the electronic charge (1874) and was the first to 
advocate the particle nature of electricity. In 1891, he named the unit of 
electronic charge the electron. In 1896-7 he laid the foundation for 
Whitaker's 1903 bidirectional wave decomposition of the scalar potential. 


string wave or "plucked taut string" wave: The transverse wave on a 
taut string produced when the string is plucked. The string wave itself 
stays on the string and does not travel through the slapped external 
medium. 


subspace: In vector mathematics: a subset of a vector space which is 
closed under vector addition and scalar multiplication operations. In the 
new approach, we may consider the active ambient vacuum as a giant 
scalar potential. This ambient potential then decomposes into longitudinal 
EM waves via Whitaker's 1903 decomposition. One can then refer to 
longitudinal EM waves deliberately transmitted "inside" that Whittaker 
"subspace" as "subspace communication”. The Fogal semiconductor is 
able to infold normal EM signals into such subspace signals (longitudinal 
EM wave signals) in the transmitter, and to outfold the longitudinal EM. 
waves back into normal EM waves in the receiver. Hence the Fogal 
semiconductor can be utilized to perform subspace and superluminal 
communication. These capabilities have been demonstrated by Fogal in the 
laboratory. As this is being written, Fogal is in serious negotiations with 
several large companies for the funding to get his chips into volume 
production and onto the marketplace in very sophisticated and advanced 
equipment representing a great leap forward in technology. There are, 
however, powerful interests who do not wish the Fogal semiconductor to 
ever be produced and marketed. We have worked with Fogal for some 
years, and — once the semiconductors are available in quantity — we will 
be developing and marketing COP>1.0 electrical power systems utilizing 
his semiconductors and technology, under license from Fogal 


superconductivity: Property of some materials or metals whereby at very 
low temperature their resistance reduces to zero. These materials also 
exhibit many additional properties that are anomalous compared to normal 
materials. Much research has gone into the attempt to find materials that 
exhibit superconductivity at higher temperatures, with the goal of reaching 
room-temperature superconductivity. Room-temperature superconductivity 
is also just COP = 1.0. EM systems far from equilibrium with the active 
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vacuum, and whichexhibit COP> 1.0 at roomtemperature, may involve 
most of the odd entities also observed in superconducting materials 
(polarons, lattice holes and hole currents, Dirac sea holes and Dirac sea 
hole currents, “charging” by Dirac sea hole excitation, vortices, etc.) The 
energy density in the output section is greater than the energy density input 
by the operator to the input section. Considering the giant negentropy 
mechanism and the dipolarity of the input and output sections, the tempic 
potential ofthe output section ofa COP> 1.0 EM system is greater than the 
tempic potential oftheinputsection, Hencethereisatempic gradient 
across the entire system, and a tempic force from output to input. This may 
sweep” outagreat deal ofthe produced "superconductivity” entities and 
particularly may result in a Dirac sea hole current in the vacuum, out of the 
put section back into the external power source, as a novel output of the 
COP>1.Osystem. Feedback from output to input may also be in the time 
domain, corresponding to what Gabriel Kron referred to as the “open 
path" Byrecombinations and other means, the feedback in the tempic 
domain may be transduced in the input section of the device to ordinary 
current in forward time. When the voltage and current inthis transduced 
tempic feedback are properly adjusted to that being supplied from the 
external power source, the external source can be disconnected and the 
COP? 1.0 system becomes self-powering, while simultaneously powering 
itsloadalso. 


superluminal: Exceeding c, the speed of light in vacuum. Longitudinal 
EM waves can travel either slower or faster than the spe: 
wave light in vacuum. See W. A. Rodrigues and JY. Lu, 


oftransverse 
nthe 

existence of undistorted progressive waves (UPWS) of arbitrary speeds 0 < 
Found, Phys., 27(3), 1997, p. 435-508; W. A. Rodrigues 
Subluminal and Superluminal Solutions in Vacuum ofthe 
jonsandtheMasslessDiracEquation, "Adv. Appl. Clifford 
Algebras, Vol.7(S),1997,p.457-466, 


superluminal communication: The movement of intelligent signals faster 
than the speed of light in vacuum, and the transmi 
such signals and extraction of their transported information. Longitudinal 
EM waves are not limited to speed ¢, whe EM waves are. 
The infolded electrodynamics inside all EM fields, potentials, and waves 
consists oflongitudinal EM phase conjugatewavepairs, withtheir 
impresseddynamics. Hencethis"subspace"isasuperhighwayforsuch. 
waves, including those moving at superluminal velocity. In essence this is 
a very special kind of “tunneling” which might be referred to as subspace 
tunnelling. ‘Thelimitationtolightspeedrigorously appliesto the modeled 
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HSPA and CDMA2000 are the primary 3G technologies. 3G technologies began to be 
deployed early last decade, 


In 2008, the ITU issued requirements for IMT-Advanced, which many people initially used 
as a definition of 4G. The focus on 4G was to improve data coverage, capacity, and quality 
of experience. Requirements included operation in up to-40 MHz radio channels and 
extremely high Spectral Efficiency. The ITU required peak spectral efficiency of 15 bps/Hz 
and recommended operation in up-to-100 MHz radio channels, resulting in a theoretical 
throughput rate of 1.5 Gbps. In 2009 and 2010, the term "4G" became associated with 
mobile broadband technologies deployed at the time, such as HSPA+, WiMAX, and initial 
LTE deployments. Today, 4G usually refers to HSPA+ or LTE. 


Although the industry is preparing for 5G, LTE capabilities will continue to improve in LTE- 
Advanced Pro through the rest of the decade. Many of these enhancements will come 
through incremental network investments. Given the scope of global wireless 
infrastructure, measured in hundreds of billions of dollars, offering users the most 
affordable service requires operators to leverage investments they have already made. 5G 
will eventually play an important role, but it must be timed appropriately so that the jump 
in capability justifies the new investment. 


5G groups researching next generation wireless architecture and requirements include, 
among others, the International Telecommunication Union (ITU),?° the European Union's 
5G Infrastructure Public-Private-Partnership (5G PPP), which is the framework for several 
projects, including METIS 11 (Mobile and wireless communications Enablers for the Twenty- 
twenty Information Society), and Next Generation Mobile Networks (NGMN). Finally, 5G 
Americas is actively involved in developing the vision and requirements of 5G for North, 
Central, and South America. 5G Americas signed an MoU to collaborate with 5G-PPP.17 


The ITU, the standardization group of the United Nations, has set the following 
standardization timetable in its IMT-2020 project: ?® 


a 2016-2017: Definition of technical performance requirements, evaluation criteria 
and methods, and submission templates. 


a 2018-2019: Submission of proposals. 
4 2019: Evaluation of proposed technologies. 


a 2019 and 2020: Publication of IMT-2020 specifications. 


26 International Telecommunication Union, “Working Party 5D (WP 5D) - IMT Systems,” 
http://www.itu.int/ITU-R/index.asp?category=study-groupsérlink=rwp5d&lang=en, accessed May 16, 
2017 


27 SGPPP, “5G-PPP MoU with 4G Americas,” March 2, 2015. http://59-ppp.eu/5a-ppp-mou-with-49- 
amerericas/ 


18 ITU, “ITU towards “IMT for 2020 and beyond’,” http: //www.itu.int/en/ITU-R/study- 
groups/rsa5/rwo5d/imt-2020/Pages/default.aspx, viewed May 16, 2017 
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transverse EM waves which are a sort of "bulk upheaval” waves similar to 
waves on the surface of the ocean. As in the ocean wave analogy, 
“pressure” waves underneath the ocean may travel very much faster than 
the bulk upheaval waves on the surface. 


When making longitudinal EM waves, the process is imperfect and the 
resulting longitudinal EM waves will have a transverse residue as well. 
‘The resulting "transverse-noisy" LW is called an undistorted progressive 
wave, Undistorted progressive waves may move slower than the speed of 
light or faster than the speed of light. The degree of transparency of matter 
to LWs is an inverse function ofthe "transverse-noisiness” of the LWs. 


superposition: The simple linear addition and subtraction of two or more 
values, states, etc.; one of the key principles in field theories and in the 
concept of potentials. When the situation is sufficiently nonlinear, 
however, interaction of waves and potentials occurs instead of simple 
superposition. 


supersystem: A higher level or "metasystem” of interactions between the 
classical system, the active vacuum, and the active local curvatures of 
spacetime. Hence the supersystem consists of three interacting 
components: (1) the EM system and its dynamics, considered in 
conventional fashion as ifthe local vacuum were inactive and the local 
spacetime were flat; (2) the local interactive vacuum and its dynamics, and 
(3) the local curvatures of spacetime and their dynamics. In component (2), 
one must consider the Dirac sea, Dirac holes and hole currents, with 
concomitant potentials and forces impressed on them. In component (3), 
the time-domain interactions (time-energy, time-force, time-potential, and 
currents of energy along the fourth Minkowski axis) must be accounted to 
include negative energy. 


All three components of the supersystem interact with each other. In 
general, the vacuum interactions may be taken from particle physics, and 
the spacetime curvature reactions may be taken from general relativity. 
However, this will yield only a rough or "first order” analysis, since it does 
not produce the tri-reactions of all three components at once, but mostly 
reactions between pairs of the components. The concept is easy to 
conceptualize, however, and yields valuable clues and insight in many 

areas, such as chemistry (including biochemistry), electrical physics, 
electrodynamics, thermodynamics, and electrogravitation. It is particularly 
useful in understanding the phenomena encountered in COP> 1.0 EM 
power systems. 
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symmetrical regauging: Inelectromagnetics, changing the scalar 
potential toadifferentvalue,andsimultaneouslychangingthe vector 
potential toadifferent value, with the twochanges precisely selected so 
that the two extra forces (each created by one of the changes) are equal and 
opposite —thus canceling each other's effect with respecttobulk 
translation and doing no net external work. The two forces remain and can 
perform internal work upon the system. Note that the stressing effect ofthe 
two new forces is not canceled, and that the stress of the system is altered 
apriori. See regauging, 


tantalum capacitor: Electrolytic capacitor with a tantalum or sintered- 
sluganode,suchasasolidtantalum,tantalum-foilelectrolytic,or 
tantalum-slugeapacitor. 


targeted pinpoints: Those separated points which engage inself-targeting 
between themselvesandsome separatedsignalenergy source (asinFogal’s 
semiconductor). The effect is to sharply narrow the retroreflected source 
xy from the source onto the separated points by means of the 
'¢-ponging. In this fashion much more energy density from the 
source can be concentrated on the targeted pinpoints. In effect,phase 
conjugate shooting —the return ofthe phase conjugate reflected scattered 


jon theorem, 


tensor: Aspecialmathematicalentitywhichisageneralizedvector 
element of a vector space, with more than three components, each of which 
function of the coordinates of an arbitrary point in space of an arbitrary 


aumberofdimensions. 


Tesla, Nikola: Famous American emigre electrical engineer, inventor and 
eccentric (1856-1943), whose numerous inventions fueled much of the 
electrical20thcentury.InessenceheproducedtheCsystem,including 
polyphase systems. Also, Teslainventedradiotransmission, not Marconi, 
according to a U.S. Supreme Court decision that upheld the prior patents 
esla over Marconi. In his famous experiment, Marconi in fact utilized 
jon of one of Tesla’s circuits. This does not denigrate Marconi 
‘manyaccomplishments, butjustsetstherecordstraightonwhoinvented 
radio transmission. ‘The impetus tothe development of commercial radio 
transmission technology and the industry itself came from Marconi, 


thermodynamicequilibrium:Stablestateeventuallyreachedbyan 
isolated system or one in a well-behaved active environment. One may 
tate, It is important to note that, in 


consider it a 
particle physics, there can be no equilibrium ofa mass system unless the 
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vacuum interchange with that system is considered. Electrodynamics 
mistakenly continues to omit the active vacuum interaction with a 
Maxwellian system, hence is seriously flawed in that respect. 


thermodynamics of open systems: Systems far from thermodynamic 
equilibrium with an active environment are permitted to exhibit five 
"magic" functions. Such a system can (1) self-order, (2) self-oscillate or 
self-rotate, (3) output more energy than the operator himself inputs (the 
excess energy being freely received from the active environment, (4) 
power itself and its load simultaneously (all the energy being freely 
received from the active environment), and (5) exhibit negentropy. 


time: In our view, time is spatial EM energy compacted by the factor ¢ 
‘Time thus has the same energy density as mass, but in the time domain 
rather than in the 3-space domain. Also, time is not observable a priori: 
mass is an observable. Time persists since it is persistence itself. No 
observable persists apriori, since observation is a d/dt operator imposed. 
upon LLLT spacetime, yielding a frozen LLL snapshot which does not 
even exist the very next instant. When we say "mass exists in time” (or any 
observable continuously persists), we are unwittingly invoking a very 
rapid iterative d/dr operator repeatedly, and recalling these iterative 
sequential "frozen snapshots” or observations from memory. One may 
produce and utilize EM energy flow in the time domain, as in 3-space. 
‘Time, being energy and energetic, has tempic potential (energy density), 
tempic potential gradients, and therefore has "tempic force.” The photon is 
composed of both spatial energy and time-energy as its two canonical 
constituents. The lower the frequency, the higher the energy of the photon 
when the time-energy is considered, since the magnitude of the time- 
component ofthe photon increases as the spatial energy component 
decreases, and the energy ofthe photon in that case increases as c° times 
the increase in time magnitude, while decreasing linearly proportional to 
the decrease of the spatial energy magnitude. When transduction of time 
into spatial energy occurs, or vice versa, the energy conservation law ii 
modified to specify the sum of the spatial energy, time-energy, and mass 
energy. 


time-charge, time charging: Since time is a special highly compressed 
form of energy, then time-excitation or time-charging also occurs. Also, 
since tempic longitudinal EM waves accompany all longitudinal EM 
waves (per reinterpretation of the phase conjugate half set of the Whittaker 
decomposition), then irradiating a mass with substantial longitudinal EM 
wave radiation will time-charge the mass, exciting it with time-energy. 
‘There are excited states and internal structuring (engines) in time charging, 
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‘much like the excited states and internal structuring (engines) in energy 
excitation ofnormalcharge, Whenthelongitudinal EM waveradiationis 

removed, the time-charged entity then slowly emits longitudinal EM wave 

radiation as the time-excitation slowly decays via the giant negentropy 
processofthecharges. 


time-energy: Time may be considered as spatial EM energy compressed 
by thefactor c?, See also discu 


ons under time and time charging. 
time excitation: See time charging. 


time-flow generatrix(mechanism): Since any observableisafrozen 
nonpersistent snapshot in 3-space, then the common expression "flow of a 
mass through time” requir 
mass, convertingit to masstime, which is persistent. Masstime mtis as 

different frommass m as impulse (Fi) is from force F. The flow of a mass 
through timeis generated by the ubiquitous interaction of photons with the 
mass. This includes all photons, both virtual and observable. Thus for the 
ambient vacuum, there is an ambient flow oftime, since there is an 
ambient rate of otal photon interaction. The "macroscopic movement of 
the mass through time is the result of (i) absorptions and emissions of 
observable-sized photons, and (ii) the continuous integration of virtual 
photon absorptions into observable-sized photons. The macroscopic flow 
of time thus has myriads of "sublevels” of infolded time flows and engines. 
Hence the flow of time has a marvelous, internal, dynamic structure. 


an active generating mechanism to add time to 


time-forward: Refers to the flow of an entity through time in the forward 
direction, as seen by an external observer. Time-forward flow occurs when 
(to the observer) there is a predominance of time-forward photons 
interacting with the body that is moving in forward time. Contrast to time- 
reversal of an object, as seen by the external observer, which occurs when 
(to the observer) there is a predominance of time-reversed photons 
(antiphotons) interacting with the body that is observed to be time- 
reversed. Pumpingagiventivingmass(inthenonlinearopticalsense) with 
time-reversed EM waves pumps the object in the time domain. That 
dramatically extendsnonlinearoptics, sincethe pumped living object's 
cells will be observed to slowly reverse back to a previous physical state or 
condition Sincetime-polarizedEMwavesaccompanyalllongitudinalEM 
waves via reinterpretation of Whittaker 1903, pumping a living mass (a 
body) with longitudinal EM wavesalso pumpsitwith time-polarized EM 
waves, time-chargingthe body which continues the pumping in the time 
domain after the longitudinal EM wave radiation is removed. 
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time-forward EM wave: A normal EM wave moving in forward time as 
seen by the observer. Otherwise known as the retarded wave. The extemal 
observer comfortably sees its forward progress as expected. 


time-polarized electromagnetic wave: An electromagnetic wave whose 
vibrations occur in the time domain only. May be referred to in a quantum 
field theory sense as a scalar EM wave. It is a longitudinal EM wave in the 
time domain, It may also be said to be a longitudinal EM wave in the 
complex plane, since in Minkowski space the fourth axis may be taken as 
-ict. The time-polarized EM wave is indicated in quantum field theory, or 
at least its time-polarized photon is theorized and called a "scalar" photon. 


time-polarized photon (scalar photon): A photon whose vibrations occur 
in the time domain only, also known as a "scalar" photon. This, 
polarization of the photon is utilized in quantum field theory. Neither the 
scalar photon nor the longitudinal photon is individually observable. 
However, the combination of the two in the presence of charge is 
observable as the instantaneous scalar potential. 


time reversal: For EM waves, the process of forming the phase conjugate 
wave. For a particle or a mass, the process of pumping the particle or miss 
with time-polarized EM waves, so that the resident spacetime curvature 
engine in the mass is amplified and phase conjugated, forming a precise, 
amplified antiengine which then slowly time-reverses the mass back to a 
previous physical condition and state. We accent that time reversing a 
single object or single group ofobjects is not the same thing as “travel into 
the past” so popularized by science fiction. For time travel to the past, the 
entire universe and everything in it — except the traveler — would have to 
be time-reversed. That would not seem possible by any stretch of the 
imagination today! On the other hand, time-reversal of a single thing such 
as a particle or a wave — or even a group of things such as a group of 
particles or waves — is not only feasible but is readily achievable. A Dirac 
sea hole is a negative energy electron, for example, having negative energy 
and therefore negative mass prior to observation. After observation, it is 
seen as a positive energy, positive mass electron of opposite charge to the 
conventional electron and reacting with fields in opposite direction fiom 
the conventional negatively charged electron. In short, after observation 
(interaction with mass) it becomes the positron. 


time reversal zone: A region of space in which the majority component of 
the overall time flow mechanism runs backwards, and hence the 
fundamental mechanism generating the flow ofa mass through time is 
reversed. The "time running backwards" is due to the predominance of 
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onswithantiphotons. Itfollowsthat, 


apredominanceofantiphotoninteractionoverphoton 


interac 


(TRZ), ther 
interaction, InaTRZ, the law ofattraction and repulsion of charges 


reversed: like charges attract and unlike charges repel. Also, induced 
action by the time reversal forces start inside and throughout an afl 
mass in that zone, originating at every point in that local spacetime zone 
and moving outward. It thus involves a novel action "from inside to 
beginning even inside the nucleons, and first affecting the quarks 
ersalzonesandtheirsubsequent 


outside", 
and gluons. Deliberate use oftim¢ 

decay allows a great new class of dramatic nuclear including 

simple transmutation and loosely called "cold fusion” re at low 

spatial energy but very high time-energy. High energy physics has 

neglectedtheuse of ime-energy opting togoforhighspatialenergy 

the high energy physicists have actually eliminated a much higher 

's (at low spatial energy so readily examined on the bench far 

snce they have long developed, 


actions 
tion: 


Hens 
energy phy 
‘more cheaply) than th 


-d_wave: A phase conjugate reflected wave, which is 


time-rever: 
inforward 


moving inreversedtime. Sincetheexternalobserve 
time only - and even then he sees in an iterative series of frozen 3-space 
snapsholt —he observes the time-reversed waveasa3-spatial wave 
(series ofiterative frozen snapshots) traveling in the oppositedirectionas 
itsgeneratrix wave ront (thesignalwave). 


topological: Invariant under transformation by continuous mappings, or 
related to the properties of geometric shapes and figures that remain 
invariantundertransformationbycontinuousmappings. 


wpolgial properties: Those properti 
unchanged by continuous distortionofthespace. 


of a geometrical space that are 


topology: Mathematics ofthe properties of geometric configurations 
invariant under transformation by continuous mappings. In short, the 
mathematics of the large-scale structure of curved spaces. 


transverse (withrespecttowaves): Wave oscillatory movement 

perpendicular tothe wave's primary direction of principal propagation, as 
in the movement of a plucked taut string in a wavelike motion traveling 

down the string but with the oscillations being Lateral. Based on Faraday’s 
notion thatthe field lines of the electromagnetic field were physical 
‘material lines (in the material ether) similar to taut strings, Maxwell 

assumed the transverse wave model inhis theory. Theentry oflongitudinal 

waves,into the theory can easily be demonstrated by rhythmically and 
coherently varying the magnitudes of the Lorentz symmetrical regauging 
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condition, producing "stress potential waves" which are in fact what 
longitudinal EM waves really are. The production of a longitudinal EM 
wave in 3-space will be accompanied by the simultaneous production of a 
time-polarized companion wave. 


tunneling: In quantum mechanics, a phenomenon in which a particle 
penetrates and crosses a small region where the potential opposing such 
passage is greater than the particle's available energy. The phenomenon is 
thought to be impossible according to classical physics, but occurs 
nonetheless. Further, the speed of transit through the "tunneling" 
separation can be superluminal. Tunneling of music between two separated 
points in a waveguide has been measured at more than four times the speed 
of light. 


‘A more extended type of tunneling is the travel of longitudinal EM waves 
infolded inside the normal EM potentials, fields, and waves. Indeed, this is 
a more fundamental electrodynamics, and it can be shown that 
interferometry of this “internal” electrodynamics creates the external 
electrodynamics by a form of longitudinal EM wave interferometry. E.g., 
see M.W. Evans, P.K. Anastasovski, TE. Bearden et al., "On Whitaker's 
Representation of the Electromagnetic Entity in Vacuo, Part V: The 
Production of Transverse Fields and Energy by Scalar Interferometry,’ 
Journal ofNew Energy, 4(3), Special Issue, Winter 1999, p. 76-78. This is 
part of the technical basis for the "scalar interferometry weapon: 
developed by the Russians after World War II. Today, some 10 nations 
have such weapons, more are developing them, and even the Japanese 
‘Yakuza has such weapons. 


unified field theory (engineerable): A unified theory ofthe four forces o| 
physics — the electromagnetic, gravitational, strong, and weak forces 

that is not just an intellectual model but which is also engineerable on the 
laboratory bench and in actual physical systems using higher symmetry 
0G) electrodynamics as a special subset of Sachs’ unified field theory. 


unitary Qe (charge of the electron): Fixed or unit charge q of the 
electron. This notion is held because q is not decomposed into its 
component elements, but treated as if it were an indivisible unit, charge 
and mass and all. The mass ofa fundamental particle at rest is quantized, 
and the massless charge (self-potential) of the particle is discretized as a 
function of the background potential (virtual particle flux density) in which 
it is embedded or to which it is exposed. In our view the definition ofa 
charge q is q = mgby. at least to first order. (The , may be internally 
structured with deterministic "engines", so that one electron need not bo 
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identical to another, in its actions in some cases). The electrical charge of 
the “charged mass m," should be taken to be the massless 6, component. 
Foran electron, qe = Me,. The electrical charge of the electron should be 
taken to be the massles component. We note that the charge 
structured, since 9, or $4 decomposes via Whittaker 1903 into a harmonic 
setof EM longitudinal phase conjugate wavepairs. Our reinterpretation of 
this decomposition then yields the solution to the problem ofthe "source 
charge” and its associated fields and potentials and their energy. The 
massless charge , is a dipolarity and hence a broken 3-symmetry in EM 
energy flow, invoking a more primary 4-symmetry in EM energy flow so 
that EM. longitudinal wave energy is continuously incoming from the time 
domain, being absorbed by the charge q of which 9, is a component, being 
transduced into real EM energy in 3-space, and emitted in all directions in 


3-space at the speed of light, creating the fields and potentials and their 
energy that are associated with charge g. Ifa charge (say, an electron) is 
placed in an additional potential 6), then the total massless charge of the 
electron(ice., its virtual vacuum flux exchange with mass me) is (+61). 
‘Asan be seen, the massless charge ofthe electron (its virtual flux 
activity) has now changed. The electron is then said to be collecting and to 
have collected excess energy (which may be either positive or negative, 
depending upon the sign of 6). Further, either ¢). or ); or both can be 
internally and deterministically dimensioned (structured in Stoney- 
Whillaker-Ziolkowski fashion). When its massless charge (its own 
be) potentialissodimensioned, thenthedimensionedelectronissaidto 
contain or transport an engine or a vacuum engine or a spacetime 
curvature engine. 


‘empty” space is in fact bristling with very rapid fluctuations of EM 
energy. remaining in the virtual state. It is also filled with a violent, 
fluctuating flux of virtual parti 
that an individual particle does not persist long enough to be individually 
detected. Thus the vacuum is extraordinarily energetic, but the energy is in 
very sp flux), 
Nonetheless, because it contains enormous energy, the average vacuum 
may be considered a potential. All potentials then are changes to this, 


cuum: Space devoid of observable matter. In modern theory. the 


. appearing and disappearing so quickly 


‘al form (fleeting violent fluctuations and virtual part 


vacuum potential, or to an intermediate potential which is a change to it, In 
another sense, the vacuum, potential, and spacetime are all one-and-the- 
same thing. This means that general relativity's spacetime curvature is 
ubiquitousand extraordinarily dynamic. The vacuum very near a ma 

can act in some cases as a semiconductor, capable of supporting self- 
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oscillation between the mass and the local vacuum. Considerations of the 
active vacuum and its nature lead to the notion of the supersystem, which 
is comprised of three parts: (1) the physical system and its dynamics, (2) 
the active vacuum and its dynamics, and (3) general relativity and its 
dynamics (since physicists persist in separating the notions of spacetime 
and vacuum), No analysis of any mass system is complete unless an 
analysis of the entire supersystem and the interactions of the three 
components, one with the other, is performed. 


Every charge is "embedded" in the active vacuum by its potentials and 
fields, which themselves are spacetime curvatures and alterations of the 
local vacuum. This is easily seen by y= mgby, Where ¢ is a change to the 
local vacuum potential apriori. In the quantum view, the fields and 
potentials may be taken as organized polarization patterns and dynamics 
(currents) in the vacuum virtual particle flux. 


vacuum engine: Also referred to as a spacetime curvature engine. From 
the particle view: a deterministic intemal pattern or template deliberately 
created as a deterministic structuring and dynamics in the virtual flux 
comprising a scalar potential. It can also be created in, and transported by, 
the two scalar potentials that comprise a static or dynamic force field, or a 
moving EM wave in the vacuum. It can also be created in the local vacuum 
potential, in which case it has a "charge-up" creation time and a "discharge 
time,” exhibiting a sort of "time constant" very much like a capacitor 
charging and dischargi 


In the wave view: the vacuum engine is a deterministic internal pattem or 
template deliberately created in the Stoney-Whittaker-Ziolkowski intemal 
biwaves and wave products comprising the scalar potential. Again, it can 
be implanted in the vacuum or in an EM signal as a carrier. The self 
energy (scalar potential) portion of any electric charge or magnetic charge 
can also be a "carrier" that is conditioned /dimensioned) with a vacuum 
potential. The process or act of conditioning any of the carriers with 
vacuum engines is called dimensioning that carrier. Russian energetics 
used in secret weapons programs refers to the vacuum engines of a 
dimensioned carrier as the information content ofthe field. Such vacuum 
engines, e.g., were used in the potentials of the microwave radiation of the 
USS. Embassy in Moscow for several decades, inducing a variety of health 
changes and sicknesses in the personnel of the embassy. Interestingly, all 
these health changes occurred in the field-free regions of the Embassy 
There the field-free potentials existed and were stable and unchanging, 
Hence a body exposed in that region was steadily exposed to the specific 
engine being induced, and time-charged with that engine accordingly. The 
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deterministic set of spa 
upon the cells and body to slowly change it to the damaged or diseased 
‘ee dimensioning 


time curvatures comprising this charge then acted 


condition 


vacuum flux exchange: The virtual particle interaction between the active 
vacuum and a mass, particularly a charged particle. 


vacuum’s virtual particle flux: In the particle viewpoint, the quantum 
mechanicalvacuum identically is a virtual particle flux. Present physics, 
however, is prone to refer to the vacuum as an implied emptiness 
containing a virtual particle flux, even though that is known to be in error. 
In our view, energy, vacuum, spacetime, virtual particle flux, and dynamic 
geometry are all synonyms. One must note that the ageless contradiction of 
the wave vs. particle view has still not been resolved in physics, even by 
the duality principle. The duality principle is merely an agreement to quit 
fighting,and to feel free to consider a thing a particle in one case or 
circumstanceand a field in another case or circumstance, whichever works. 


vector: In mathematics, an entity completely characterized by a magnitude 
andadirection. 


vector potential: A potential having — at any point in it — both direction 
and magnitude. The direction, e.g., may be linear, curvilinear, or swirling, 
The term "vector potential” is often used as the magnetic vector potential 
‘A. When it is swirling, the magnetic vector potential A may be said to be 
the magnetic 
magnetic field B) may be "bottled up" and contained locally inside a long 
tight solenoid, or inside a toroidal coil, or inside a special nanocrystalline 
material used as a closed transformer core as in the motionless 
electromagnetic generator. In that case nature freely replenishes the energy 
in the surrounding space which would have been occupied by the 
nonrestricted,nonlocalized B-field (curled A-potential) but replenishes 
that space with an uncurled (linearly flowing) magnetic vector potential A. 
This in fact at least doubles the available energy flow available, without 
any additional EM energy input by the operator. The well-known 
Aharnov-Bohm effect clearly demonstrates this effect, and it is 
deliberately employed in the motionless electromagnetic generator (MEG) 
of which the author is one of the five co 
physies and many textbooks are confused as to the definition of magnetic 
vector potential A and its relation to B, many stating that the A is defined 
bythe equation VxA ~ B. However, no equation is a definition; it is an 
expression of equality of two magnitudes, and not a definition of either 
side. Ifwesubstitutethemore stringent VA = BB, we see that the Vx 


1d B. However, the swirling mag etic vector potential (the 


inventors. Present dictionaries of 


Tl 


Wireless technology has progressed to the extent that significant new capabilities are 
inevitable, making 5G a possible alternative to wireline broadband for many subscribers. 


Table 3 summarizes the generations of wireless technology. 


Table 3: 1G to 5G 


Generation Requirements ‘Comments 
1G No official requirements. Deployed in the 1980s. 
Analog technology. 
2G No official requirements. First digital systems. 
Digital technology. Deployed in the 1990s. 
New services such as SMS 
and low-rate data. 
Primary technologies 
include 1S-95 CDMA 
(cdmaOne), 15-136 (D- 
AMPS), and GSM. 
3G ITU's IMT-2000 required 144 Kbps First deployment in 2000. 


mobile, 384 Kbps pedestrian, 2 Mbps 
indoors. 


Primary technologies 
include CDMA2000 1x/EV- 
DO and UMTS-HSPA. 


WiMAX. 


4G (Initial 
[Technical 
Designation) 


ITU’s IMT-Advanced requirements 
include the ability to operate in up- 
to-40-MHz radio channels and with 
very high spectral efficiency. 


First deployment in 2010. 


IEEE 802.16m and LTE- 
‘Advanced meet the 
requirements. 


4G (Current 


Systems that significantly exceed 


Today's HSPA+, LTE, and 


Marketing the performance of initial 3G WIMAX networks meet this 

Designation) | networks. No quantitative requirement. 
requirements. 

5G TTU IMT-2020 has defined technical | First standards-based 


requirements for 5G, and 3GPP is 
developing specifications. 


deployments in 2019 and 
2020. 


The interval between each significant technology platform has been about ten years. Within 
each platform, however, innovation surges unabated. For example, with 2G technology, 


28 Rysavy Research, “How will 5G compare to fiber, cable or DSL?” Fierce Wireless, May 2014. Available 
at http:// www.rysavy.comyArticles/ 2014-05-5G-Comparison-Wireline. pdf, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 


Page 22 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES 


operator acting upon the A potential is precisely what a B field identically 
Hence the A potential exists in two forms: (1) in curled form as 
identically the B-field, and (2) in uncurled field-free form as the linearly 
moving A-potential energy current that has no imposed Vx operator and 
thus has no curl. This makes total sense with VxA = B. 


vector field: Conventionally, the assigning of a magnitude and a direction 
(that is, a vector) to each point in a region of space occupied by a field. In 
our view the field is in fact a change to the active energetics of that spatial 
region, such that the region will interact with any appropriate entity (e.g , a 
charged mass) placed at any point in the region and produce a force upon 
that entity. 


vector zero: See discussion under zero vector. 


virtual antiphoton: An antiphoton that spontaneously appears and 
ippears, so switly that it cannot be individually observed. It is real 
while it exists. Coherent integration of a stream of virtual photons 
however, adds to produce an observable quantum of energy, which is 
observable in its effects on a charged particle. 


virtual particle: A fleeting quantum particle that spontaneously appears 
and disappears, so swiftly that it cannot be individually observed, so that it 
exists only temporarily. It is real while it exists. The virtual particle does 
not satisfy the usual relation between energy, momentum, and mass 
because it is under the aegis of the Heisenberg uncertainty principle. The 
virtual particle can have any amount of energy momentarily, so long as the 
product of its energy and the time interval of its existence is less than the 
uncertainty principle’s minimum magnitude. 


‘The coherent interactions of large numbers of virtual particles with a mass 
or charge can combine to generate real observable effects (forces). In 
quantum field theory, all forces of nature are caused by the interaction of 
the mass entity with virtual particles. Interaction of a mass with virtual 
photons, e.g., is projected to cause all mechanical and electromagnetic 
forces. 


virtual particle flux exchange: Interaction with or exchange of a flux of 
virtual particles. 


virtual photon: A photon that spontaneously appears and disappears in 
the vacuum so quickly that it cannot be individually observed. 


virtual photon flux: See definitions under flux and under virtual 
particle. For electromagnetics, the vacuum can often be modeled as a flux 
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nce the photon is 


of virtual photons. One gets the virtual charges als 
also considered to consist of a positron-electron pair. That is, the photon is 
continually separating into a positron-electron pair, whose particles then 
annihilate each other to form additional photon(s), etc 


virtual photon flux exchange: The mutual exchange of virtual photons, as 
between the vacuum and acharged mass, or between two colliding masses. 


virtual photon flux of vacuum: In our view, the vacuum identically is a 
‘lux of virtual particles. For many electromagnetic cases, it canjust be 
modeled as identically a flux of virtual photons, where the word "photons" 
in general usage refers to both photons and antiphotons 


virtual positron: A positive electron (positron) which spontaneously 
appears disappears in the vacuum so quickly that it cannot be 
individually observed. Moreaccurately, inthe4-vacuum, anegative 
energy electron state that spontaneously appears and disappears so quickly 
that it cannot be individually observed. A virtual Dirac sea hole. 


Whittaker, Edmund Taylor: Well-known English mathematician and 
, 1873-1956, whomademajorcontributonstomathematicsand 
‘sics. Whittakerdramatically extended Stoney'searlierworkof 1897-8 
fan authored two papers in 1903 and 1904 giving the basis for the theory 
of scalar electromagnetics (Russian energetics, not including the quantum 
potential portion). His decomposition ofthe scalar potential into a 
‘harmonic set of longitudinal EM wavepairs, where each pair is a phase 
conjugate pair, may be reinterpreted to solve the long-vexing problem of 
the source charge or source dipole and its continuous emission of EM 
energy in3-space, providing its associated potentialsand fieldsand their 
energy. The problemwassolvedby the presentauthor'sreinterpretationin 
that manner, published in 2000. This was later found to be consistent with 
quantum field theory as well, by interpreting the observability of the 
combined scalarand longitudinal photon pairas opposed to the 
nonobservability ofeitherthe scalar orlongitudinal photon individually. 


Work: The changing ofthe form ofenergy. Onejoule ofenergy whose 
form is totally changed in a reaction, does one joule of work in that 
reaction, However, itis strongly stressed that after that joule of work is 
performed, one still has ajoule of energy left to use (with which to do 
additional work). This remaining joule ofenergy is just in different form 
than was the initial joule of energy. So one can dojoule after joule of work 
from a single initial joule of energy, so long as the energy is not dissipated 
and lost after each change of its form. In any one single change of form, 
only one joule of work can be done from one joule ofenergy. So energy is 


738 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


conserved through many changes of form, but work is not. To work in 
COP>1.0 systems, one absolutely must root out from one's consciousness 
the mistaken notion that only one joule of work can be done from ajoule 
of input energy. One of the places where extra joules of work are 
performed by each joule of energy is that of strong gradients. Strong 
gradients are known and recognized to violate thermodynamics. Work is 
further divided into internal work and external work. 


work, external: The changing of the form of the collected energy of a 
body or system by dissipating it upon an external load or entity is the 
external work done by a body. The changing of the collected energy of a 
body or system by performing work upon it is the external work done upon 
a body or system, 


work, internal: The changing of the form of the internal energy of a body 
or system. It may also involve the changing of internal parts of the system. 


work-energy theorem: In mechanics, a theorem that the change in kinetic 
energy of a particle in motion is equal to the work done by all the forces 
acting upon the particle. 


zero-point energy: The energy remaining at a temperature of absolute 
zero, due to the Heisenberg uncertainty principle and the quantum. 
mechanical theory of an oscillator. Also, the minimum energy of a system. 
due to its quantum fluctuations, resulting from its incessant virtual particle 
activity. Quantum mechanically, no system of interest (including even 
spacetime itself) can have zero energy. The zero-point energy of the 
vacuum is the lowest energy vacuum state, with fluctuations taken into 
account. Even at low energies, quantum fluctuations continually arise, and 
result in an incessant, extremely rapid, and violent "jittering” ofthe energy 
‘momentarily present. The minimum energy due to these quantum 
fluctuations is called the zero-point energy. 


zero vector: Candidates are: (i) A vector having no length (no magnitude) 
or specific direction; (ii) absence of any and all finite vectors: (iii) 
resultant of a system of multiple, finite vectors whose vector sum has no 
specific direction but may have nonzero scalar magnitude. 


‘The second definition differs drastically from the first. That is, we cannot 
say that a vector resultant zero has no infolded magnitude, if we consider 
its nonzero components, all of which have magnitude. (See the discussion 
under zero). It only has no net magnitude for translating force. It is, in 
fact, a. stress potential, and it is one with a deterministic internal structure 
or engine. By rhythmically and coherently varying each component of a 
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zero vector system, one easily produces longitudinal EM waves,, each of 
which is accompanied by a correlated time-polarized EM wave. In vector 
analysis, the zero vector axiom states that any vector v plus a zero vector is, 
equal to a zero vector plus v. Note that, being an axiom, this is not proven, 
but just assumed for any zero vector. We very much disagree with that 
blanket axiom; it reduces vector analysis to a highly special single case, 
where all zero vector systems are to be considered equal, and totally 

active." That is true only for bulk translation. In the real world that need 
not be true at all: specifically, it is not true for two different zero vectors 
having different internal structure and dynamics (different internal 
engines). 


‘There are an infinite number of different zero vector resultant systems, and 
so zero vectors may differ, if their infolded component “substructure” is 
considered. In the real world, things that are vectors very often have 
energy. The energy is infolded and hidden, so that it represents not only (i) 
a local curvature of spacetime, but also (ii) a structured, deterministic set 
(a template) of curvatures of local spacetime. Therefore this zero vector 
system is actually a vacuum engine. Any mass system placed in such a 
potential, will be acted upon in its internal parts by that local vacuum 
engine; in short, it will have internal work performed on its interior. 
Further, the zero vector resultant system is a "stress potential,” sin 
does contain “collected internal energy. 


e it 


So between zero vector resultant systems, the “infolded, hidden energie 
differ dramatically in (i) total infolded and trapped (collected) energy, (ii) 
specific internal action patterns (templates), (iii) general relativistic 
effects, and (iv) type of engine. Accordingly, the actions the zero-vector 
system induces in an exposed mass may be designed in advance. This is 
‘vacuum engineering. This spacetime engineering. This is the formation 

and use of engines. It is also one of the bases of Russian energetics. 


The'problem is the vector algebra itself. In the abstract algebra, a "vector 
space" Is regarded as an inert thing, where the only actants are the overall 
net nonzero vectors, and there is no interaction between an overt vector 
and a covert set of vectors. The vector space is not allowed to have an 
internal realm, stress, hidden engines, or to interact with the vectors 
representing the physical system. So vector algebra lacks the capacity to 
model such higher topology phenomenology. Consequently, for over a 

century electrodynamicists. — thinking primarily of spatial translation — 

have routinely discarded such "zero vector systems” as ifthey represented 
the total absenceofany finite vector. This they do, in the unsuitable 
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assumptions ofthe vector algebra. This they do not do, in the real world, 
whether we are aware of it or not. 


‘The common practice in electrical physics of replacing a zero-summed 
system of nonzero vectors with a vector zero indicating a "complete 
absence of vectors" is very much incomplete. This present practice should 
be changed; it has reduced the topology of electromagnetics far too much, 
and gutted vast, important parts of the theory insofar as an extended 
electromagnetics is concemed. The vector zero should be replaced with a 
special organized vector zero system and a dimensioned scalar potential 


‘The interactions ofthe "hidden" vectors — the engines — should be 
incorporated. By failing to do this, physics excludes the ability to engineer 
electrogravitation, spacetime, the virtual state, local general relativity, free 
energy, effects at a distance, and the probabilities of the states propagated 
by the Schrodinger equation. It also excludes unification of forces. As 
another more human example, for every cellular disease condition there is 
a specific engine resident in the cells. An amplified antiengine for that 
disease pattern can fairly readily be generated. That antiengine, embedded 
in ordinary EM fields and potentials, can be irradiated into a diseased body 
with that disease, and it will time-reverse those diseased cells slowly back 
to normal. This is actually the basis of the body's own healing system. 

the cellular regenerative system studied mostly by Becker. Unwittingly 
using this "antiengine” approach, Priore and a team of French scientists 
provided startling cures of terminal cancers, infectious diseases, clogged 
arteries, etc. in laboratory animals in France in the 1860s and early 1970s. 
‘The work is strongly documented and replicated in the French scientific 
literature, but the work was suppressed in the early 1970s in the change of 
the French government. See our "porthole briefing” on our website 

www cheniere.org for our extension of the Priore method, for greater ease 
portability, and rapid treatment of mass casualties. 


In the new view, a zero vector may be a system of nonzero vectors that 
vectorially sum or multiply to zero for spatial translation purposes, but 
nonzero components may still exist "inside" and dynamically function 
inside the zero-resultant envelope. This substructure can act on nonlinear 
or resonant systems. Any or all of the nonzero components may be time 
varying, or none of them may be. The zero vector system may thus be a 
dynamic engine and a dimensioned scalar stress potential. In addition, such 
a vector zero system is considered to be also a scalar stress potential, 
whose magnitude is equal to the sum of the absolute values of the 
components. In addition, a separate type of stress potential may be 
included for the magnitude of the absolute values of the swirl components 
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(torques). Other associated potentials may be included for the system, 
particularly ifthe system is in multiple dimensions, if it consists of more 
than one type of virtual particle flux, if several fluxes intercommute, etc. 


zero vector summation systems: Zero summations of real, nonzero 
vectors, so that the real vectors are still present but do not cause spatial 
translation of the exposed mass or charges. Instead, the zero vector 
summation has an intemal structure and dynamics, hence an internal 
engine. Also see discussion under zero vector. 
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Appendix A 
Relation to Equilibrium and 
Disequilibrium Thermodynamics 


"The second law [ofthermodynamics] does not rule out 
the possibility of pushing heat uphill, as it were, from a 
cold object to a hot one, or ofcreating order out of 
disorder. It merely states that such a reversal ofthe 
naturalflow requires an influx ofenergy..." [Raymond 
Serway] (697} 


“Itis inno way possible, either by mechanical, thermal, 
chemical, or other devices, to obtain perpetual motion, 

ie,, itis impossible to constructan engine which will 
work in a cycle andproduce continuous work, or kinetic 
energy, from nothing. " (Max Planck] {698}. 


"What might appear to be empty space is, therefore, a 
seethingferment ofvirtual particles. A vacuum is not inert 
andfeatureless, but alive with throbbing energy and 
vitality. A ‘real'particle such as an electron must always 
be viewed against this background offrenetic activity. 
When an electron moves through space, itis actually 
swimming in a sea ofghost particles ofall varieties 
virtual leptons, quarks, and messengers, entangled in a 
complex melee. The presence ofthe electron will distort 
this irreducible vacuum activity, and the distortion in turn 
reacts back on the electron. Even at rest, an electron is 
not at rest: it ix being continually assaulted by all manner 
of other particles rom the vacuiam.” [Paul Davies} {699} 


"Lassert.. thatfor the general theory ofrelativity, i.e., in 
the case ofthe general invariance ofthe Hamiltonian 
function, energy equations... corresponding to the energy 
‘equations in orthogonally invariant theories do not exist 
atall, Icould even take this circumstance as the 
characteristic feature of the theory of general relativity. 
[D. Hilbert] {700} 


"In formulating the equivalence principle, Einstein 
actually abandoned the idea ofthe gravitational field as a 
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Faraday-Maxwell field, and this is reflected in the 
pseudotensorial characterization ofthe gravitationalfield 
that he introduced. Hilbert was the first to draw attention 
10 the consequences ofthis. ... Unfortunately, ... Hilbert 
was evidently not understood by his contemporaries, since 
neither Einstein himselfnor other physicists recognized 
the fact that in general relativity conservation lawsfor 
energy, momentum, andangular momentum are in 
principle impossible. " [Logunoy and Loskutov] {701} 


"No amount of theory can refute a replicable experiment 
that contradicts the theory. A single replicable experiment 
can refute any theory that is in conflict. That is the very 
heart ofthe scientific method. " {Myron Evans, private 
correspondence]. 


"Ionly takes a single white crow to prove that not all 
crows are black.” [Anon.] 


"One of the most important principles of physics, that 
disorder, or entropy, always increases, has been shown to 
be untrue." [BBC News] (702) 


"One of the most fundamental rules of physics, the second 
law ofthermodynamics, hasfor the first time been shown 
not to hold for microscopic systems. ... [The 
experimenters]... found that the change in entropy was 
negative over time intevals ofafew tenths ofa second, 
revealing nature running in reverse. ...But over time 
intervals ofmore than two seconds, on overall positive 
entropy change was measured and normality restored." 
[Chalmers] (703). 


"We experimentally demonstrate the fluctuation theorem, 
which predicts appreciable and measurable violations of 
the second law ofthermodynamicsfor small systems over 
short time scales... Our results show entropy consumption 
can occur over colloidal length and time scales. " (Wang 
etal (704) 


A.1 Introduction 
For excellent background books on thermodynamics matters, at various 
levels of difficulty, the reader is referred to texts by Gyftopoulos and 
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Beretta (705), Kondepudi and Prigogine (706), Chalidze {707}, and 
Dugdale {708} 
It has long been known in physics that at sufficiently small levels (c.g... 
atomic levels) the second law of thermodynamics does not always hold 
true. Recently, as quoted above, Wang et al. {704} have extended this 
area of permissible violation of the second law to much more appreciable 
es (a few tenths of a second) and lengths (the micron scale). Without 
further discussion, we note that this places regions and times of negentropy 
well-withincircuitry switching times and interaction with fundamental 
chargedparticles. Hence these experiments are beginning to point the way 
to practical negentropic devices. When coupled with the demonstrated 
continous giant negentropy of a charge (considered with its clustering, 
Virtual charges of opposite signs), these experiments now strongly support 
the feasibility of practical overunity EM circuits and systems. The 
interested readerisencouragedtocontinuetoreadtheliteraturealong 
those lines, and stay abreast of developments in that field 


‘i 


In this book we have presented considerable discussion oftime-energy 
(time as a special, highly compacted form of energy). We have also 

d_the three components ofthe supersystem, including the system, 

and the local curvatures of spacetime. All three 


diseus 


the local active vacuum 
componets of the supersystem interact with each other continuously, and 
such Interactions are not modeled in classical thermodynamics (CTD), 
classical electrodynamics (CED), or electrical engineering (EE). Hence 

‘one should not be surprised that the supersystem model and supersystem 
tually, extensions) of these thre 


analysis involve contradictions (a 
models, which are special cases and approximations only. 


AI|COP>1.0 EM systems result from supersystem component interactions, 
SoCOP>1.0 EMsystems are in conflict with CTD, CED, and EE sinc 
these three models exclude those interactions. 


To falsify any absoluteness ofthe three models considered, one or more 
solid, demonstrable, replicableexperimentsarepresentedtoestablish 
validity of the new higher symmetry approach. This is sufficient to negate 
the conventionally accepted absoluteness ofthe lower symmetry CTD. 
CED, and EE models. Scientifically, these experiments suffice to 
demonstrate that those three models describe “special-case domains of 
nature” rather than full generalizations of nature. Itis clearly understood 
that the three models remain very useful and very often quite sufficient, 
il and often sufficient, without use of 


just as Newtonian mechanics is us 
relativistic mechanics. 
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‘The experiments also falsify any interpretation of the three models as 
roof that COP> 1.0 systems are impossible. Accordingly, many of the 
accepted statements and assumptions of the three models must be corrected 
for COP>1.0 research, as must be the conventional interpretation that the 
laws of nature (as understood based on those three models) prohibit 

COP> 1.0 EM systems. This follows directly from the quotation by Evans 
at the beginning of this appendix. Experimental evidence of COP> 1.0 is 
abundant and decisive, such as the many hundreds of routine "negative 
resonance absorption of the medium" experiments as typified by Bohren’s 
paper {709} and experiment and Letokhov's work {710}. Also, every 
charge in the universe already falsifies all three models, as amply 
discussed in this book. That fact for at least a century has generated the 
source charge problem — the problem ofthe source charge and its 
associated fields and potentials and their energy, reaching across the 
universe. The solution to this problem was published by the present author 
in 2000, based on the experimentally proven and well-established broken 
ymmetry of opposite charges, such as are on the ends of a dipole. 


In the extended approach, conservation of energy in 4-space does not 
require simultaneous conservation of energy in 3-space. The concept of 
energy conservation in 4-space does not exist in the three models 
mentioned, which contain only 3-space energy conservation. There exists a 
"giant negentropy" 4-space energy flow (circulation) mechanism, as we 
developed in this book, and it is experimentally demonstrated by every 
charge in the universe. In a classical 3-spatial energy conservation analysis, 
and view, the giant negentropy action may continuously perform useful 
work ina system, since it already furnishes all EM field energy and 
potential energy in every system. All 3-space energy conservation is an 
extra condition imposed upon 4-space energy conservation, and that 
condition may be violated at will without violation of the general 
conservation of energy law. 


To the three conventional models mentioned, 4-symmetry in energy flow 
with broken 3-symmetry, will appear to be perpetual motion and a total 
violation of the more limited 3-space conservation of energy law. It does 
permissibly violate 3-space energy conservation, which is just a special 
case a priori. But it is not a violation of energy conservation overall, since 
we are using a more fundamental energy conservation law (4-symmetry) 
than the 3-symmetry used in the mentioned CTD, CED, and EE models, 


In short, the three models must be extended to provide 4-space energy 
conservation with simultaneous violation of 3-space energy conservation, 
accompanied by simultaneous time-symmetry energy flow violation. The 
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EDGE significantly improved data performance compared with initial General Packet Radio 
Service (GPRS) capabilities. Similarly, HSPA hugely increased data speeds compared with 
initial 3G capabilities. LTE and LTE-Advanced are also acquiring continual improvements 
that include faster speeds, greater efficiency, and the ability to aggregate spectrum more 
flexibly. 


Figure 9 presents the timeline of technology generations, including past and future, 
showing initial deployment, the year of the peak number of subscribers, and decline. Each 
cellular generation spans multiple decades, with peak adoption occurring some 20 years 
after initial deployment. 6G deployment in 2030, though highly speculative, is consistent 
with deployment of previous generations. 


Figure 9: Timeline of Cellular Generations 
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Aysawy Research 
4G LTE Advances 


‘As competitive pressures in the mobile broadband market intensified, and as demand for 
capacity persistently grew, LTE became the favored 4G solution because of its high data 
throughputs, low-latency, and high spectral efficiency. Specifically: 


u Wider Radio Channels. LTE can be deployed in wide radio channels (for example, 10 
MHz or 20 MHz) with carrier aggregation now up to 640 MHz, although inter-band 
aggregation of four or five carriers (up to 100 MHz) represents a practical upper limit. 


4 Easiest MIMO Deployment. By using new radios and antennas, LTE facilitates MIMO 
Deployment, in contrast to the logistical challenges of adding antennas for MIMO to 
existing legacy technologies. Furthermore, MIMO gains are maximized because all user 
equipment supports it from the beginning. 


u Best Latency Performance. For some applications, low latency (packet traversal 
delay) is as important as high throughput. With a low transmission time interval (TTI) 
of 1 millisecond (msec) and a flat architecture (fewer nodes in the core network), LTE 
has the lowest latency of any cellular technology. 


In the same way that 3G coexists with 2G systems in integrated networks, LTE systems 
co-exist with both 3G and 2G systems, with devices capable of 2G, 3G, and 4G modes. 
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two broken symmetries — of 3-space energy flow and of time domain 
energy flow — thus act as a special extension of the notion of symmetrical 

regauging, accomplishing it by “equal and opposite-effecting” fields, one 
in the lime domain and one in 3-space. 


Ironically it then follows that what have heretofore been conceptually 
called “perpetual motion machines” with respect to 3-space energy 
conservation are simply attempts — successful or unsuccessful — to build 
analogues of a windmill turning in a free wind and powering a load. In 
short they are attempts to duplicate in systems what every charge in the 
universe already demonstrates unequivocally. Nature's CTD, CED, and EE 
do not prohibit such systems — again, as evidenced by every charge in the 
universe demonstrating exactly such "perpetual motion” (we prefer the 
exact term "giant negentropy”) and violation of present fuman CTD, CED, 


and EE. None ofthe original charges from the beginning of the universe 

has slowed and stopped its motion, or stopped pouring out EM energy 
freely, in some 14 billion years or so. And charge may be taken as the most 
basic Maxwel 


jan system, Further, all EM fields and potentials, and their 
energy, comes from their source charges. So those so adamant against 
perpetual motion machines should first purge their own three models of 


their assumed perpetual motion machines. Ifthis is done, they will purge 
the three models of all charges, fields, and potentials — and all EM energy 


in the process. In short, the three conventional models used by those same 
skeptles so loudly condemning "perpetual motion machines" will eat 
themselves" by swallowing their own tail, so to speak. 


in short.all three models are easily falsified by every charge in the 
universe, as well as by every EM field and potential, and by the existence 
ofEMenergyitself. 


Either their models must surrender any pretense at absoluteness and accept 
being. useful approximations only, orelse the conservation ofenergy law 
itselfmustbesurrendered. 


Conventional CEM, CTD, and BE havejust hidden this appalling fact and 
convealed the serious flaws in the modeling by ignoring what Sen (711) 


reffered to as" the most difficult problem in classical and quantum 
electrodynamics. "We believe it will very difficult to finda single 
electrical engineering department or professor or text that deliberately 


acquaints electrical engineering students with the source charge problem 
and its implications. 


As anexample,in Chapter 9 we presented an experimentally verified and 
patent-pending method for a special energy conversion method. This 
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method is proven on the laboratory bench. With this method, a system 
accepts time-energy and negative energy input, converts it to ordinary 
positive 3-spatial energy, and uses the converted input energy to close-loop 
an EM system far from equilibrium. With that conversion process invoked 
in a governed feedback loop, the COP> 1.0 system becomes "self- 
powering” (an informal term referring to the system freely receiving all its 
input energy from its active environment). Self-powering, of course, 
involves the system continuously operating and performing usefull work, 
analogous to a windmill in a wind and powering a water pump. 

Rigorously, the self-powering COP = 00 EM system becomes directly 
powered by energy from the broken symmetry induced in its supersystem 
component interactions. 


In Chapter 10 we presented the novel concept of the time-reversal zone 
(TRZ), which uses the extraordinary EM energy density of time to reverse 
the Coulomb barrier in nuclear reactions in an electrolyte (712}. This 
enables nuclear transmutation reactions at low spatial energy (but at very 
high total energy when time energy is also considered). There are some 
600 successful cold fusion experiments worldwide, in multiple 
laboratories, by multiple researchers, and most of these experiments, 
demonstrate examples of the specific nuclear reactions made possible by 
the actions of the TRZ. The time-energy anomalies are directly 
demonstrated in rigorous electrolyte experiments at U.S. Navy research 
facilities at China Lake, as we have also discussed in this book. So the 
experimental results are replicated and well proven. Hence there is 
adequate, replicated experimental demonstration that additional nuclear 
reactions exist outside the conventionally known nuclear reaction model. 
‘Therefore the set of conventional nuclear reaction models also is reduced 
to a special case domain, with any absoluteness of those models already 
experimentally falsified. Either that, or we must abandon scientific model 
where successfully replicated experiments falsify any theory in 
contradiction to the experiments. 


In our proposed solution to the source charge problem (71 1b}, we found a 
broken 3-symmetry in energy flow while 4-symmetry is maintained. This 
is a more primary principle of energy conservation. We called this 
principle "giant negentropy", which is laughably simple to demonstrate 
experimentally, since every charge and dipole in the universe already 
demonstrates it. We showed that such giant negentropy is consistent with 
quantum field theory, particle physics, and a slight corrective 
reinterpretation of Whittaker’s 1903 decomposition of the scalar potential 
The experimentally proven and theoretically justified giant negentropy 
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falsifies any absoluteness ofthe CTD, CED, and EE models in conflict 
with it 


Again, this does not mean that one abandons the CTD, CED, and EE 
models! They are still very useful models in most cases of interest. It 
means that these present models are still incomplete, and extended models 
must be developed and used for COP> 1.0 EM system research. It also 
means that none ofthese three models is valid as a prohibition of the 
permissibility of COP>1 EM systems. 


All EM energy in 3-space comes from the time domain and returns to it. 
Since all three models exclude time-energy and its transduction into spatial 
energy, all three are in conflict with the proven giant negentropy model 

and with the unlimited experimental demonstrations. Accordingly, the 

experimentally demonstrable giant negentropy ofthe charge and dipole 
strongly points out the inadequacy of the three models and the nuclear 
reaction models, which do not account for time reversal zones, or time- 
energy and its transduction into a very large magnitude of 3-space energy. 


In paragraph A.2 below, we briefly discuss some of the fundamental but 
permissibie supersystem violations of these older models of CTD, CED, 
and EE, and provide some comments. It is obvious that all three classical 
models need very serious updating and extension. We point out that 
exceptions to present thermodynamics models and "laws" already are 
recognized(713}, and work on such exceptions is being performed under 
the heading of extended thermodynamics (714). 


Ineffect, all three models exclude every charge, dipole, or dipolarity in the 
universe ~ which therefore excludes alll matter, fields, and energy ~ 
somethingcompletely untenable in modern electrodynamics and modern 

physics. Since the fundamental nature ofthe "heat" notion of CTD is 

electromagnetic field energy, and all EM fields and potentials (and their 

energy)areexcluded iftheir source charges are excluded, then heat itself 
is excluded by the three models. That is, CTD is also totaly falsified by 

CED'S exclusion ofthe source charge’s demonstrated giant negentropy, 
which in effect excludes heat itself. This is a non sequitur of such 
magnitude that it absolutely requires the complete rework of CTD, CED, 
and EE. 


A.L.L Features of the Development of Thermodynamics 
In the development of thermodynami 
listed in Figure A-1 below. 


s, a few key events of interest are 
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Selected Events in the History of Thermodynamics {715} 


1673 Huygens builds a motor driven by gunpowder 
explosion. 

1690 Papin uses steam to move a piston. 

1712 Newcomen develops a steam engine. 

1723 Stahl popularizes phlogiston and Becher's 
concepts. 

1724 Boerhaave proposes that heat is a uid, 

1733 Bernoulli publishes a text that is the first truly 
statistical treatment of kinetic theory, and 
publishes an update in 1738. It is almost forgotten 
until 1859. 

1765 Watts invents a steam engine that is more than six 
times more effective than Newcomen's engine. 

1783 Lavoisier points out the weakness of phlogiston 
theory with respect to combustion. 

1786 Lavoisier and Laplace provide a Memoir on Heat 

1789 Lavoisier publishes his Elementary Treatise on 
Chemistry, which presents the law of conservation 
of mass. 

1791 Prevost publishes a theory of heat and radiation 
exchange. Richter founds stoichiometry. 

1798 ‘Thompson demonstrates the conversion of work 
into heat, in his Enguiry Concerning the Source of 
Heat which is Excited by Friction 

1799 Davy's experiments seriously challenge phlogiston 


theory. 
1800 Herschel explores the heating ability of different 
frequencies of light 


1802 _Lussac establishes the thermal expansion of gases. 

1803 Dalton forms his atomic theory of matter, setting 
the stage for atomic chemistry. 

1804 Leslie shows that light and radiated heat have 
similar propert 

1806 Young formulates a precursor to the modern 
kinetic energy. 

I811 Poisson develops a mathematical theory of heat 
based on Fourier’s work. Avogadro presents his 
law. Berzelius states that electrical and chemical 
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forces are the same and that atoms are el 
charged. 

Dulong and Petit show an empirical law on the 
specific heat of solids, 

Carnot studies the thermal efficiency of machine 
introduces reversible transformations, and. 
generates the foundations of thermodynamics in 
his "Reflections on the Motive Power of Fire” 
Coriolis defines "kinetic energy”. 

Clapeyron presents the first version ofthe second 
based on steam engine 


ctrically 


law of thermodynam 
studies. 

von Suerman experimentally verifies Clapeyron's 
version of Carnot’s equations. 

Mayer equates the conservation of energy law and 
shows the equivalence between heat and 
mechanical energy, 

Waterston anonymously publishes an accurate 
Kinetic theory of gases. It is essentially ignored. 
Waterston submits a beautiful paper on the kinetic, 
theory of gases to the Royal Society. It is rejected 
and ignored for more than 40 years, until finally 
resurrected by the President of the Royal Society 
Helmholtz generalizes the conservation of energy 
law for mechanical, caloric, electric and magnetic 
energy. 

Lord Kelvin introduces the absolute temperature 
scale. Joule finishes establishing the exact relation 
between heat and mechanical work; his work is 
almost ignored. 
Clausius states the 
‘Thomson derives thi 


cond law of thermodynamics. 
econd law of 


thermodynamics based on Carnot’s work. 
Rankine publishes Outlines ofthe Science of 
Energetics 


Clausius establishes heat as energy distributed 
among particles, 

Clausius introduces the idea of the mean free path, 
ofa colliding particle 
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Kirchhoff establishes the thermodynamic 
foundation of radiation theory, and completes the 
basic radiation theory in 1862. 

Maxwell provides studies in kinetic theory of 
gases and gives the distribution of molecular 
velocities. The paper, "Illustrations ofthe 
Dynamical Theory of Gases,” was read in 1859. 
Maxwell shows a discrepancy between experiment 
and the kinetic theory of diatomic gases. It was not 
resolved until the early stages of quantum theory. 
Kirchhoff advances the notion of the blackbody. 
Clausius, Rankine and Kelvin provide the concept 
and definition of entropy. 


1860-1877 Boltzmann and Gibbs provide the 


1867 


1874 
1877 


foundations of statistical classical mechanics. 
Maxwell publishes On the Dynamical Theory of 
Gases, his major work on the kinetic theory’ 
‘Thomson points out the reversibility paradox. 
Boltzmann defines entropy in terms of 
probabilities. 


1873-1878 Gibbs publishes several important papers 


1879 


on thermodynamics, widely influencing scientists. 
Boltzmann establishes the relation between 
radiation intensity per unit area of blackbody 
and the absolute temperature. Stephan formulates 
the "Stephan-Boltzmann law" Ry= oT" 


1879-1899 Discoveries of various laws and effects, 


1900 


1905 


1906 


1909 


particularly at the micro level 
Planck proposes the quantum of action and derives 
the correct radiation spectrum for blackbodies. (He 
published the definitive paper in 1911). 

von Smoluchowski and Einstein independently 
investigate Brownian motion. Einstein publishes a 
paper on the photoelectric effect. 

Nernst advances his heat theorem, where at 
absolute zero temperature both heat capacity and 
entropy change go to zero. This is later recognized 
as the “third law of thermodynamics” 

Einstein corrects Planck's blackbody derivation. 
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1910 Perrin experimentally validates Einstein's 
calculations on Brownian motion, providing a 
strong argument for the existence of atoms 

1911 Rutherford proposes the nuclear model of the atom. 
Sackur points out the need for an absolute 
definition of entropy. Nernst's experiments provide 
strong support for the new quantum theories. 

1925 Born, Heisenberg and Jordan formulate quantum 
mechanics from matrix algebra. Einstein points out 
that the analogy between quantum gases and 

is complete; photons and 


molecules have both wave and particle 
characteristics. 

Figure A-1. Key Events in the History of Thermodynamics, 
up to the Development of Quantum Mechanics. 


During the earlyperiodofscience, acontinuingstrugglebetween various 
notions of esoteric fluids and fluid flow occurred. French scientist 
Lavoisier (1743-1794), regarded as the father of chemistry, is identified 
with the concept of heat as an invisible fluid, which he named “caloric” 
‘The notion was that one drove this invisible fluid — this calorie — out of 
‘4 material by some action such as mechanical friction or combustion. This 
of what was loosely called "heat". In short, 
which was itselfan esoteric fluid. In 
till in 


produced the "mani 
caloric was considered to be "hes 
his famous Tr {716}, published posthumously, atoms wer 
dispute. However, Lavoisier listed the known elements, and included light 
and heat as elements. Asimov pointed out {717} that Lavoisier had 
.. eradicated one imponderable fluid, phlogiston, but it was only partly 
through his influence that caloric, just axfalse, remained in existence in 
the minds of chemists for a halfa century." 
Caloric dogmatically existed in the minds of scientists deeply into the 
nineteenth century, until Maxwell and Boltzmann produced theories that 
strongly supported the concept of atoms as the building blocks of matter. 
In the late 1790's, Count Rumford (Benjamin Thomson) showed that the 
supplay of heat that could be “driven from matter” was unlimited, which 
totally contradicted the caloric theory {718}. Yet the notion of caloric 
persisted until Maxwell's theory eventually killed it, once application of 
that theory showed that heat was comprised of EM energy. 
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‘The fundamental ansatz of thermodynamics was formed and solidified 
before the advent of modem physics, and even before Maxwell's theory of 
electrodynamics, and before heat was known to be electromagnetic energy. 
It has unjustifiably retained an aura of "absoluteness" and dogma, even 
though its foundations concepts are based on outdated notions already 
scientifically falsified as far as any absoluteness is concemed. As Mallove 
states (719}: 


"Itis astonishing to realize that many modern conceptions 
(or laws’) in the science ofheat— thermodynamics — 
arose during the nineteenth century, aperiod ofutter 
confusion about the fundamental nature ofheat. How 
could it have been otherwise, given that the very existence 
ofatoms was still in question! One sees the shakiness of 
the claim that the laws ofthermodynamics had reached a 
state oftnear perfection’ in the twentieth century...when 
they infact rested on this veryflawedfoundation. " 


During that formative period, the notion of the conservation of energy was 
also being searched for, as if in a thicket of brambles. For some time, any 
notion of energy conservation was seen as directly contradicted by caloric, 
and — in formulating the heretical notion that energy is conserved — 
pioneers such as Mayer (720} were severely castigated. 


In 1850 Clausius resolved the conflict between caloric and conservation of 
energy in a seminal paper {721}. 


Mallove {722} explains how the theory developed from there: 


"In onefell swoop Clausius ‘scooped’ Kelvin and cast into 
precise form both the First and Second Laws of 
Thermodynamics — energy conservation, and the limit of 
the Carnot efficiency." 


Clausius’ statement of the Second Law is: "It is impossible for a self-acting 
machine, unaided by an external agency, to convey heatfrom one body to 
another ata higher temperature." 


In 1851, Thomson (Lord Kelvin) stated the Second Law as: 


"Iris impossible, by means ofinanimate material agency, 
to derive mechanical effectfrom any portion ofmatter by 
cooling it below the temperature ofthe coldest ofthe 
surrounding objects.” 
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In 1865 — the same year that Maxwell published his seminal paper in his 
electrodynamics {723} — Clausius derived entropy and showed the two 
laws of thermodynamics expressed in the same way as the old caloric 
theory. Clausius used the concept of “entropy” to represent the “dissipated 
potential”. Ina public speech withthe title "The Entropy ofthe Universe 
‘Tends to a Maximum," Clausius included how thermodynamics requires an 
eventual heat death for the univ 


His view was that 


“The energy ofthe universe remains constant (first law), 
while entropy increases. " {724} 


We stress that the notion of the flow of EM energy through space did not 
originate until the 1880s, when Heaviside and Poynting formulated it 

independently. Neither relativity — with its notion of a combined 

spacetime - nor the Minkowski space had been born. Neither had 
quantum field theory, ete 


quantum mechanics, quantum electrodynami 


For a su 
history of thermodynamics and statistical mechani 
work of Biggus {725} 


inct and very useful listing of the major developments in the 
one is referred to the 


A.1.2 Inadequate Fundamental Definitions in Thermodynamics 
In the view we take in this book, energy is the all-important concept, in all 
its forms, no matter how esoteric. The interactions of energy with matter 
must therefore be extended to include all known energy interactions, not 
just those prescribed by CTD or CED. Consequently, two fundamental 
definitions of thermodynamics are faulted by the supersystem concept. 


First, thermodynamics defines an open system as one that is open to the 
exchange of energy and mass across its boundary. No concept or 
discussion of virtual energy, virtual mass, time-energy, or multiply 

connected space effects is included. Further, mass is actually a special 
form of energy, and hence this definition only prescribes the exchange of 
energy across the system boundary 


Second, thermodynamics defines a closed system as a system with no mass 
exchange across its boundaries, but heat (energy) exchange is permitted. 
This definition has been a non sequitur since general relativity was 

established in 1915, and also since caloric (heat) was identified as energy 

rather than a thin material fluid that was forced or beaten out of matter by 

doing work on the matter. Since then, energy and mass are also known to 
bethesamething, asestablishedby generalrelativity. Wheneverthe 


energy of a system chang: 
of as “closed to any mass transfer acro: 


mass changes a priori, So a system thought 
its boundaries” still undergoes 


751 


ENERGY FROM THE VACUUM. CONCEPTS & PRINCIPLES. 


mass change due to the exchange of energy across its boundary. Further, 
the definitions of "closed system" and "open system” are not mutually 
exclusive. As an example, a system exchanging energy but not mass across 
its boundary can be classified as a "closed system’, and also as an "open 


system” where normal exchange of mass is blocked but the mass of the 
system still changes as the systems absorbs and emits energy. 


Rigorously, even the energy of a system cannot individually change in 
3-space, without first invoking 4-space change! Instead, the "energy x 
time” — the action — of the system is what moves and changes in 4-space, 
Observation applies a d/dr operator, resulting in a 3-space energy observed 
as having already happened or been fixed. 


‘The modem view of gravitation is that the energy in mass generates the 
gravitational field, not the mass per se (726). Also, mass is an observable, 
hence it is a continuously recurring 3-spatial snapshot that does not even 
continuously exist as mass, but alternately as mass and masstime. The 
assumption of the continuous existence in mass is falsified by the quantum 
mechanical nature of observation itself; hence all three models — CTD, 
CEM, and EE — are falsified. 


Nonetheless, let us continue to use the conventional notion of "flow of 
energy” and "flow of mass" for convenience. 


‘The thermodynamic definition of "open system" ignores the state in which 
mass exists as "masstime". No "change of mass", flow of mass, etc. occurs. 
Instead, masstime can flow or change, but mass is an observable and thus 
frozen 3-space snapshot at one instant. Time is “outside” any 3-space 
‘material system, hence when mass becomes masstime, it already 
"exchanges across the system boundary”. For a mass merely to continue to 
exist requires the exchange ofmass across the 3-space system boundary. 
Indeed, only "masstime” can be changing, so in failing to consider 
masstime, the definition is falsified as it stands, in its very assumption of 
"continuous change of mass" when there is no such thing in all of nature. 
As stated, a similar consideration applies to energy, which does not and 
cannot "continuously exist in 3-space” at all, and cannot continuously 
change. Also, time is highly concentrated energy as we develop in this 
book, and time certainly "exchanges across the boundary” of any mass 
yystem. Time may be taken as a sort of "multiple connection” in space, 
since in theory each point in space is said to "exist simultaneously" in the 
same time-point. 


With quantum potential connection, external energetic processes may be 
“superposed instantly in multiply-connected space” with one or more 
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Beyond radio technology, the Evolved Packet Core (EPC) provides a core architecture that 
integrates with both legacy GSM-HSPA networks and other wireless technologies, such as 
CDMA2000 and Wi-Fi. The combination of EPC and LTE is referred to as the Evolved Packet 
System (EPS). 


LTE is available in both Frequency Division Duplex (FDD) and Time Division Duplex (TDD) 
modes. Many deployments are based on FDD in paired spectrum. The TDD mode, however, 
is important for deployments in which paired spectrum is unavailable. Instances of TDD 
deployment include China, Europe at 2.6 GHz, U.S. Broadband Radio Service (BRS) 
spectrum at 2.6 GHz, and the 3.5 GHz band. 


The versions of LTE most widely deployed today are just the first in a series of innovations 
that will increase performance, efficiency, and capabilities. Enhancements in the 2013 to 
2016 period were the ones defined in 3GPP Releases 10, 11, and 12 and are commonly 
referred to as LTE-Advanced.?° Subsequent releases, including Releases 13 to 15, specify 
LTE-Advanced Pro. 


Keeping in mind that different operators have varying priorities, the following list roughly 
ranks the most important features of LTE-Advanced and LTE-Advanced Pro for the 2017 to 
2020 timeframe: 


1. Carrier Aggregation. With this capability, already in use, operators can aggregate 
radio carriers in the same band or across disparate bands to improve throughputs 
(under light network load), capacity, and efficiency. Carrier aggregation can also 
combine FDD and TDD and is the basis of LTE-U and LTE-LAA. As examples, in 2015, 
AT&T aggregated 700 MHz with AWS, and 700 MHz with PCS. T-Mobile aggregated 700 
MHz with AWS, and AWS with PCS.?! Operators are now deploying three-carrier 
aggregation and eventually may aggregate four carriers.” Release 13 introduced 
support for carrier aggregation of up to 32 carriers, addressing primarily the opportunity 
to aggregate multiple unlicensed channels. Release 14 specifies interband carrier 
aggregation for up to five downlink carriers and 2 uplink carriers. 


2. VOLTE. Initially launched in 2015 and with widespread availability in 2017, VoLTE 
enables operators to roll out packetized voice for LTE networks, resulting in greater 
voice capacity and higher voice quality. 


3. Tighter Integration of LTE with Unlicensed Bands. LTE-U became available for 
testing in 2016, and 3GPP completed specifications for LAA in Release 13, with 
deployment expected around 2018. MulteFire, building on LAA, will operate without 
requiring a licensed carrier anchor. LTE/Wi-Fi Aggregation through LWA and LWIP are 
other options for operators with large Wi-Fi deployments. 


20 From a strict standards-development point of view, the term “LTE-Advanced” refers to the following 
features: carrier aggregation, 8X8 downlink MIMO, and 4XN uplink MIMO with N the number of receive 
antennas in the base station. 


2. AT&T band combinations are 3GPP Band 13 + Band 4, Band 17 + Band 4, and Band 17 + Band 2. T- 
Mobile band combinations are Band 12 + Band 4, Band 12 + Band 2, and Band 4 + Band 2. 


2 For carrier aggregation to operate, both the network and the device have to support the particular 
band combination. Legacy devices typically do not support new network aggregation capabilities. 
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points of the “closed system". Hence, ifthere exist processes in the system 
to transduce time-energy into 3-spatial energy — as in the well-proven 
cold fusion experiments — matter changes including nuclear 
transmutations can and do occur. Then the “system closed against mass 
motional exchange through 3-space” (which does not even concretely 
exist) is not closed against mass changes at all. 


ergy transfer across the system 


To eliminate the mass-change effects of e 
boundary, the present thermodynamic definition of a closed system must. 

bbe completely recast into what thermodynamics presently calls an isolated 
system ~ one in which neither energy nor mass is exchanged across the 
system boundary. No such system exists in the univers ly to 
exist it has to be open to continual energy exchange between time and 
pace domains, mass has to continually interchange betw 

masstime, and energy hastocontinually interchange betweenenei 
(energy x time). The blunt truth is that only open systems exist in nature. 


stem interactions, and they 


Al systems are open systems in their sup. 
can and do exchange time-energy and mass changes due to spacetime 
curvatures and active vacuum changes. Any local spacetime curvature 
made by an energy change in a system or nearby, also reacts back upon the 
system from i ime environment. It may react in a 
totally energetic fashion, or it may react to produce mass in the system (as 
in pair production). In the book we pointed out that the supersystem 
‘components external to the system can also interact in the system to 
nonradiatively with a 


local curved spac 


eliminate mass (as when a Dirac hole combines 
Dirac election). 


Finally, the notion of an “open system" as one in which energy and mass 

both can be exchanged across the system boundary must be extended to 

include a system which can also exchange time-energy. spacetime 

curvature energy, virtual particle flux activity and energy, and other 

supersystem effects across the boundary. Further, the notion that a “closed 
system"can be open to energy exchange but not mass is totally falsified in 
modern physics’ virtual particle exchange between environment and. 

— which is physically real — is continually 


system. Virtual ma 
exchanged across the system boundary. Though each virtual mass particle 
is individually unobservable, coherent summations are observable. 


To properly evaluate the conventional thermodynamic definitions of open 
system, closed system, and isolated system, simply select and use a 
physics model containing only one fundamental unit, the joule. Now all 
basic entities are made of energy and functions of energy. So all basic 
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entities are forms of energy; e.g., both mass and time are special forms of 
energy. As presented previously in this book, to even "exist in time" a 
system is continually exchanging and transducing 3-space energy and time 
energy, across its boundary at an enormous rate. Every system is an open 
system, a priori, and the thermodynamic "closed system” is a non sequitur 
The thermodynamic "isolated system” is revealed as the early attempts to 
deal with observation; ie., the observed system as a series of frozen 
3-space snapshots (effects), each stripped from a 4-space ongoing process 
at a single moment by the observation process d/dt (LLLT) = LLL. Each 
snapshot is an isolated system (which is what observation produces). Now 
we understand that this "isolated system” existed only at a single frozen 
instant, continually recurring, and never existed continuously in time at all, 


So in view oftoday’s physics, the old thermodynamic "isolated system" 
concept is an early attempt to deal with observation of the system without 
input or input (without dynamics, hence frozen). "Closed system” is a non 
sequitur since mass is energy and energy is continuously exchanged across 
the system 3-boundary in several forms. Both virtual mass and virtual 
energy are continuously exchanged across the system boundary. It follows 
that the only type of system existing continuously in nature is the open 
system. The other two "types of thermodynamic systems” are at best only 
approximations for special cases. 


Under modem physics and the new definitions, we conclude that there is 
no such thing as a truly closed or isolated system continuously existing in 
the universe. Hence that very definition disappears, asfar as any 
absoluteness. Its retained only as a usefull approximation in special cases, 
when the more esoteric mass effects and energy effects are intentionally 
omitted or negligible, and only classical effects are of importance. Any 
scientist dogmatically objecting to COP>1.0 EM systems on 
thermodynamics grounds alone, simply reveals his lack of knowledge (or 
lack of acceptance) of modem physics. 


This is similar to the situation existing between Newtonian mechanics and 
relativistic mechanics. We can still use the Newtonian model for many 
practical matters, since the relativistic effects are often small and nearly 
inconsequential. Similarly, the present CTD concept of "closed system 
now assumes that kind of relationship to one class of open 


tems in 
which the more esoteric reactions are negligible or inconsequential. But 


rigorously, all systems are now open systems, removing a gross non 
sequitur in CTD which is especially violated by COP>1.0 EM systems 
including every charge in the universe. 
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is a correction to both equilibrium (classical) thermodynamics and 
disequilibrium thermodynamics. Unfortunately the two disciplines have 
continued to use the same (old) definitions for closed system and open 
system. Hence both equilibrium and disequilibrium thermodynamics at 
present are useful approximations, and their “laws” must not be 
misinterpreted as “absolute”. Thermodynamics remains a very useful 
model, but further development is also indicated. Indec 


presently such 
scientific development and extension of the thermodynamic model is being 
done under the heading of “extended thermodynamics’ 


A.2Comments on Problems with Thermodynamics 
Quoting, from Kondepudi and Prigogine (727} 


“Every system is associated with an energy and an 
entropy. When matter undergoes transformation from one 
State to another, the total energy remains unchanged or is 
conserved: the total entropy, however, can only increase 
or, in idealized cases, remain unchanged. " 
The absoluteness of that statement is falsified by the solution {12} of the 
long-vexing_ probleminCEDofasource charge and: 
and potentials. The observable charge 


associated fields 
charged mass and thus a 


Maxwellian system. It is also a thermodynamic system, meeting the 
present erroneous definition of a "closed system” utilized in both 
equilibrium and disequilibrium thermodynamics. No observable mass 
crossed the system boundary, although virtual mass continually crosses it. 


‘The charge is by a more esoteric energy input in disordered form (the 
virtual particle flux energy of vacuum), yet it outputs ordered observable 
EM energy spreading radially outward at the speed of light across the 
universe. Thechargeincreasesandsustainstheorganizedenergydensity 
of a volume of space depending on the radius cf, where t is the time since 
the formation of the charge and c is the speed of light in empty space. This 
continous outflow of observable energy is a continuous and giant 
negentropy,exhibitedbyeverysourcechargeanddipole. Whenpositive 
charge, negative charge, polarization of space, and both po: 
negative energy are considered, what is spreading is precisely a reordering 
of the active vacuum — in short, a giant and increasing negentropy. Since 
the universe is filled with charges, this is a natural process continuously 
ongoing everywhere in the universe. 


‘ive and 


Re-quotingSerway(697): 
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\The second law [ofthermodynamics] does not rule out 
the possibility of pushing heat uphill, as it were, from a 
cold object to a hot one, or ofcreating order out of 
disorder. It merely states that such a reversal ofthe 
naturalflow requires an influx ofenergy..." 


Our comment is that any mechanism by which the system receives extra 
usable energy in forward time, or is time-reversed, enables the system to 
permissibly violate any narrow interpretation of the second law of 
thermodynamics. The second law was formulated in accord with forward 
time assumed, and with the old definition of "closed system", which 
erroneously permitted energy exchange but ignored the mass effects of 
energy exchange. Therefore, the second law is a special case for 
equilibrium in its energy exchange with its active environment, but 
effectively allowing its own negation anyway, and it always has. In the 
new approach with altered definitions, all EM systems are open systems, 
and they may also be brought into disequilibrium (in excited states or 
potentialized condition). Thus in theory all systems are permitted to violate 
the second law,particularly when broken symmetries in their supersystems 
are involved. This is especially true of EM systems, where all the EM field 
energy and potential energy in the system— even in the matter itsel 

comes from the active vacuum environment (particle physics view) by 
means of the broken 3-symmetry of the source charges and dipoles. The 
condition of 4-symmetry in energy flow exchange together with broken 
3-symmetry and t-flow symmetry, is a disequilibrium condition and an 
excited state. Every charge and dipole already exhibits this state and the 
giant negentropy condition. 


To first order, then, one may say that the present second law assumes no 
broken 3-symmetry or broken t-flow symmetry in energy flow, while 
violation of the second law assumes broken 3-symmetry and broken tflow 
symmetry. 
Quoting Serway {728} 

"Thermal equilibrium is a situation in which two objects 

in thermal contact with each other cease to have any net 


energy exchange due to a difference in their 
temperatures.” 


‘Our comment is that net energy exchange — to include time-energy 
exchange and negative energy emission, absorption, and transduction 

are not modeled in thermodynamics and are arbitrarily excluded in the 
quoted statement. Since both are exhibited experimentally, the statement is 
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1d, it is a special case and a useful 


falsified as far as being absolute. Inst 

approximation when some of the esoteric energy considerations are 
negligible 

Quoting Serway again {729} on the zeroth law of thermodynamics: 


“Iobjects A and B are separately in thermal equilibrium 
with a third object, then A and B are in thermal 
equilibrium with each other." 


A corollary is stated by Serway {730} as: 
“two objects in thermodynamic equilibrium with each 
other are at the same temperature. 


Our comment is that these statements are true ifthe time-energy exchange 
is identical among all three. Otherwise, they are not necessarily true. It is 
for a system in an accelerated frame. Also, the 
sarily true ifnnegative energy (and/or its 


not generally true, e. 
zeroth law is not ne 
transduction is involved with one or more of the objects. 


An example: A and B are at the same temperature as C, as measured by a 
thermometer. But A is also emitting negative energy, which is being 

absorbed byB,to maintain A and B at the temperature of C. A and B are 
not in real thermal equilibrium in their supersystem interactions, even 

though they are at the same macroscopic temperature. A second example: 
Ais emitting negative energy to maintain its temperature, while B and C 
are not. The supersystem of A is not in real thermal equilibrium with the 
supersystem of either B or C, even though the observed temperatures of A, 
B and C are the same, 


Quoting (731}on what is meant by the term "heat" 
"heat is treated as anotherform ofenergy that can be 
transformed into mechanical energy." ... "The word heat 
should be used only when describing energy transferred 
from one place to another. That is, heat flow is an energy 


transfer that takes place as a consequence oftemperature 
difference only.” 


QuotingLindsay andMargenau (732) 


°A complete statement ofthe first law comprises two 
assertions: (a) heat is a form ofenergy, (b) Energy is 
conserved." 


1ST 
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‘The statement in (a) that heat is simply a form of energy is misleading, and 
the statement in (b) that energy is conserved must be expanded to include 
total energy, not just heat and the presently accounted forms of energy. 
Specifically virtual particle energy, time-energy, and energy from the 
curvature of spacetime must be included. 


More correctly, heating is a form of energy disordering or energy 
scattering. As previously pointed out, entropy itself was and is conceived 
as the dissipation (irretrievable loss) of potential energy. Heat thus would 
be the process of energy disordering, which means that heat is a form of 
the process of entropy (loss of control of the energy). Note the strong non 
sequitur with the notion that heat is energy. Heat cannot logically be both 
energy and the dissipation ofenergy. The concept of energy (its mere 
presence) is not identical to the concept of scattering of energy or transfer 
of energy, but the concept of heat is identical to it. The thing is not 
identical to something done to the thing or to transfer of the thing to 
another place. A form of scattering of order is not a form of ordering. 
Transfer of heat is a transfer of disordering of energy, not the transfer of 
energy per se. Hence, considering heat as simply "heat energy" 
fundamental non sequitur of classical thermodynamics, and remains so to 
the present day and in the present textbooks. For an example of strong 
support of this position, see Romer (733}. Quoting (734): 


isa 


"The work done on (or by) a system is a measure of 
energy transfer between the system and its surroundings, 
whereas the mechanical energy (kinetic orpotential) is a 
consequence ofthe motion and coordinates ofthe system. 
Thus, when you do workon a system, energy is 
transferred from you to the system. ... one can refer only 
to the workdone on or by a.system when some process 
has occurred in which the system has changed in some 
way.” 


Our comment: Consider a system which "ping-pongs” the energy it 
receives from the environment, between two parts of itself. In each part, 
the form of the energy is changed by that interacting part and that does 
work upon the part. But the new form of energy remaining after the work 
was done in that component is not lost but is ping-ponged to the other 
component, where it does work upon that component, and so on. In this 
case, each joule of energy input from the environment does more than a 
ingle joule of work, with the work performed being limited only by the 
ability of the system to sustain and contain the "ping-ponging”. There is 
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work but no entropy ifthe energy doing the work (changing its form) is 
not lost from system control! 


There is no law of “work conservation" in nature, and a joule of input 
energy can do more than one joule of work (as in this example) if 
repetitive changes of its form are considered. Thermodynamics arbitrarily 

Again, the conventional 
perception ofthe absoluteness of thermodynamics is falsified. It models a 
special case where the energy can be “used” to do work only once, and 

then all control of the new form ofthe energy (it is all still there, just in a 
different form) is lost 


excludes such cases, and hence is incomplet 


For a particular substance, the heat capacity C is usually defined as the 

‘amount of heat energy needed to raise the temperature ofthe sample being 

tested by one degree Celsius. This definition assumes only one “use” of the 
energy to perform work in the substance, and completely ignores 

“multipass.multi-use” of the energy to perform more than one joule of 

work from one joule of input energy. As an example, ifan equal amount of 
positive and negative energy is steadily input, then no amount of the 

positive heat energy input component would raise the temperature at all. 

‘The modern active vacuum, with a local energy density in the region of 

er (expressed in mass units), 

yystems immersed int. Ithas equal 

and so normally inputs the same 


10 or more grams per cubic centim 


nevertheless is harmless to livin, 
positive and negative energy densit 
enormous amount of positive and negative energy in its overall 
interactions with a living system. 


The first law of thermodynamics is usually written as 
AU = Ur-U, =Q-W. i] 
This is a highly special case, which doc 
transduction (spatial energy transduced into time energy and vice versa), or 
energy transduced. from the active vacuum via the broken symmetry ofan 
electrical system in continuous exchange. The definitions of work and heat 
have to be changed and drastically extended. 


not include time energy 


As an example ofa legitimate exception, when time-energy Tx is 
transduced into available spatial energy inside the system, we have 
AU Up—U, =Q + Te ~ (Wo + Wi) 2] 


where Wy is the energy that was dissipated in the system losses without 
doing useful work and W, is the energy leaving the system but doing 
useful work in a load L. (Q) +) represents the total net energy entering 
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the system, while (Wp + W,) is the total energy leaving the system, either 
as losses or to do useful work in the load. Here we are also incorporating 
virtual energy under the title of time-energy, since both time and virtual 
energy are unobservable, and virtual energy "exists in time”. 


Now suppose Q entering the system, and collected for use in it, is freely 
furnished from the active vacuum via the broken symmetry of the 
electrical system's dipolarity. Suppose Ty is spatial energy freely 
transduced from the time domain by ongoing processes in the system, and 
thus ; also enters the system freely. ‘Then suppose that the system 
processes are deliberately adjusted by the operator so that 


(Q+ Te) = (Wo + Wi) 3) 
In that case, 
AU=U;-U; = 0 4] 


yet continuous loss energy WD is escaping from the working system, 
useful work W), is continuously being done in the load, and useful energy 
(Q + Tp) is continuously entering the system from the active environment 
(the active vacuum and the local curvatures of spacetime). This system is 
totally permissible in nature (and is already operating in every charge and 
dipole in the universe). It is an example of an open system far from 
equilibrium in 3-space energy flow, but in equilibrium in 4-space energy 
flow. Yet it is artificially excluded by classical thermodynamics. 


Classical thermodynamics thus excludes every charge and dipole in the 
universe, and therefore is an extraordinarily curtailed model. Itis a 

special case approximation having no absolute authority as a proper 
limiting model of EM systems. 

‘The first law of thermodynamics for infinitesimal changes may be stated as 


dU=dQ-dw 6) 


Following the previous reasoning, for involvement of time-energy 
transduction (with virtual energy included) we have 


dU = dQ + dT; ~ (dWp + dW,) {6 


If dQ and dT, are freely received in the system from the active vacuum and 
local curvatures of spacetime respectively, and if 


dQ +dTp= dW + dW: 7 


then 
du=0 [8] 
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So with no change in its internal energy at all, the microsystem or 
microprocess is receiving excess energy continuously, and also is 
continuously emitting energy that is doing useful work with some lo: 
‘The system is in fact in energy 4-flow equilibrium, and doing useful work, 


without the operator inputting any of the energy. 


So the corrected standard statement of the 
sys 


st law allows an equilibrium 
sm to steadily produce output work W, ifits “energy input Q” is freely 
received. The irstlawofthermodynamics, properly extended and 
reinterpreted, does indeed admit "electrical windmills" operating in free 
electrical winds. 


Now turning to the second law. In effect, the second law prescribes those 
processed in nature —more exactly, in the prescription ofthe first law — 
that may or may not occur. It is a law of limitation. It states that, of all the 
energy conversion processes permitted by the first law, only certain types 
of energy conversions can take place. A priori, the validity ofits 
prescription depends totally on the nature of the functions involved in the 
system considered! However, since we dramatically extended the first law, 
using neww processes experimentally determined to take place, then we 
have automatically extended and changed the second law because we used 
experimentally proven functions. The old second law is now revealed as a 
special case, with no absolute limitations. The perception that it prescribes 
absolute limitations has been f still useful, however, but to be 
careful one must completely re-examine (and possibly rework) the second 


law whenever the energy functions of a system are changed. We strongly 
stress that the second law is a conditional law, and its application is totally 
dependent upon the system energy functions behaving in the limited 


‘manner assumed by the second law. Whenever the energy functions ofthe 

system are changed outside those assumed by the second law, the second 
law is permissibly invalidated for that system. In short, in that case the 

second law is simply a totally inadequate model for that system, and 


cannot be used as any sort ofcriterion for stating the "permissibility” or 
impossibility" ofthatsystem, Asananalogy, amodel specifying scalars 


only cannot be applied to a vectorial system as a decisive logical criterion 
orrestriction, 


QuotingSeray {735} 


"From an engineering viewpoint, perhaps the most 
important application [ofthe second law] is the limited 
efficiency ofheat engines. Simply stated, the second law 
states that a machine capable ofcontinuously converting 
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thermal energy completely into otherforms ofenergy 
cannot be constructed.” 


Our comment is that, if we believe that energy is conserved in the entire 
universe, then the universe itself already violates Serway's statement. If we 
consider the seething virtual particle flux energy of the active vacuum as a 
special form of thermal energy, then every charge and dipole in the 
universe already is a heat engine that falsifies the second law of 
thermodynamics. The charge and dipole continuously absorb this special 
form of thermal (virtual flux) photon energy, and also continuously 
convert it into real, observable photon emission in 3-space. This is 
negentropy on a giant scale, already demonstrated by every charge and 
dipole and thus experimentally falsifying the present second law. 


Classical thermodynamics also assumes irreversibility. While many of the 
physics models and equations prescribe reversible reaction: 
thermodynamics takes the view that events occur with a much greater 
probability in one direction in time than in the other. This of course ii 
usually borne out in our perception of the gross observable universe 
around us. However, charge conservation alone requires equal amounts o| 
charge and time-reversed charge. With the nearly ubiquitous time-reversed 
charge and charge conservation, it follows that some factor not accounted 
for in thermodynamics is operating in the universe. And so itis, but itis a 
general relativistic factor. We shall use a biological example of the cellular 
healing mechanism we discovered in the living body {736}, extending 
Becker's work and Priore’s work. 


Normally most processes do not involve deliberate net transduction of 
time-energy into spatial energy, nor do we model and account for the 
specific set of ongoing interactions between every part of the system and. 
its concomitant set of spacetime curvatures acting back upon it. Call that 
set of spacetime curvatures the resident spacetime curvature engine and its 
dynamics, orjust its engine for short. The engine is comprised of 
structured energy and energetics, and it is already experimentally 
demonstrated in nonlinear phase conjugate optics that energy can be time 
reversed. The engine's spacetime curvatures act directly upon the mass 
energy dynamics ofthe system. Time-reversing the system's operation is a 
matter of producing a sufficiently amplified, phase conjugated engine to 
act in reverse upon the physical system and overpower its resident engine. 
In that case, the thermodynamic system and its functioning can be made to 
run backward. 


762 


10. 


11. 


12. 


13. 


Enhanced Support for loT. Release 13 brings Category M1, a low-cost device option, 
along with Narrowband-loT (NB-IoT), a version of the LTE radio interface specifically 
for loT devices, called Category NB1. 


Higher-Order and Full-Dimension MIMO. Deployments in 2017 use up to 4x4 
MIMO. Release 14 specifies a capability called Full-Dimension MIMO, which supports 
configurations with as many as 32 antennas at the base station. See the section “Smart 
Antennas and MIMO” and Appendix section "LTE Smart Antennas” for further detail. 


Dual Connectivity. Release 12 introduced the capability to combine carriers from 
different sectors and/or base stations (i.e. evolved Node Bs [eNBs]) through a feature 
called Dual Connectivity. Two architectures were defined: one that supports Packet 
Data Convergence Protocol (PDCP) aggregation between the different eNBs and one 
that supports separate S1 connections on the user-plane from the different eNBs to the 
EPC. 


256 QAM Downlink and 64 QAM Uplink. Defined in Release 12 and already deployed 
in some networks, higher-order modulation increases user throughput rates in 
favorable radio conditions. 


1 Gbps Capability. Using a combination of 256 QAM modulation, 4x4 MIMO, and 
aggregation of three carriers, operator networks can now reach 1 Gbps peak speeds. 
See below for more information. 


V2X Communications. Release 14 specifies vehicle-to-vehicle and vehicle-to- 
infrastructure communications. See the section “Cellular V2X Communications” for 
more information. 


Coordinated Multi Point. CoMP (and enhanced CoMP [eCoMP]) is a process by which 
multiple base stations or cell sectors process a User Equipment (UE) signal 
simultaneously, or coordinate the transmissions to a UE, improving cell-edge 
performance and network efficiency. Initial usage will be on the uplink because no user 
device changes are required. Some networks had implemented this feature in 2017. 


HetNet Support. HetNets integrate macro cells and small cells. A key feature is 
enhanced inter-cell interference coordination (elCIC), which improves the ability of a 
macro and a small-cell to use the same spectrum. This approach is valuable when the 
operator cannot dedicate spectrum to small cells. Operators are currently evaluating 
eICIC, and at least one operator has deployed it.?? Further enhanced ICIC (felCIC) 
introduced in Rel-11 added advanced interference cancellation receivers into devices. 


Ultra-Reliable and Low-Latency Communications. Being specified in Release 15, 
URLLC in LTE will shorten radio latency to a 1 msec range using a combination of shorter 
transmission time intervals and faster hybrid automatic repeat request (HARQ) error 
processing. See the Appendix section “LTE Ultra-Reliable and Low-Latency 
Communications” for further details. 


Self-Organizing Networks. With SON, networks can automatically configure and 
optimize themselves, a capability that will be particularly important as small cells begin 


23 Fierce Wireless, “SK Telecom teams with Nokia Networks on elCIC,” January 2015. 
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In fact this is the fundamental mechanism used by the body's own cellular 
erative system to heal its damaged cells. To a limited degree, the 
body is able to "pump" its cells in the time-domain (with time-energy), 
thus producing an amplified "phase conjugate energy and engine 
dynamics 


Pumping a living cell with time-energy is interesting. The resident engine 
serves as the “signal input wav‘ 
conjugate optics, and the output time-reversed engine (the ampli 
engine) serves as the "phase conjugate replica wave". A suff 
simplified anti-engine acts upon the cell and all its tiniest parts, time- 
reversing allenergetic operations in exact phase, proportion, and timing, 
This is themechanism for thermodynamic reversibility. It is also the 
"secret" to eventually reversing aging. 


in conventional nonlinear phase 


This action is upon all the energetics of the cell and its parts, including the 
‘mass-energy and mass-energetics as well. 


se the 


‘The result ofthe action of the anti-engine is to slowly time-rev 
damaged cell and all its parts back to a previous state and dynamics, 
Electromagnetic amplification of the process was unwittingly 
demonstrated by Priore (737) and by Becker {738}. We refer the reader to 
our website {739} and to our "porthole briefing” for pertinent technical 
information, and for a most important extension and great simplification of 
thePriore/Becker _approachand methodology. 
Present classical thermodynamics does not consider or model the reaction 
of local spacetime curvatures and their dynamics upon the system. Hen« 
all time-domain pumping that occurs is occurring rather randomly in each 
and every microscopic part ofthe system. In short, there is no organized 
anti-engine, and.an organized nti-engineis what isrequired fortime- 
reversing the system's operations back to a previous state. However, by 
mimicking, the body and pumping the physical process inthetime-domain, 
withsufficientpumpingaprecise,amplifiedanti-engine willbeformed 
and act upon the system — any system. The applicability is limited only 
by the state of development ofthe appropriate time-pumping technology. 
Intheory (andasexperimentallydemonstratedunwittinglybyPrioreand 
by Becker), this anti-engine can and does overpower the resident engine. It 
can in fact time-reverse the pumped physical processes in the system itself. 
Sotheclassicalthermodynamicsassumptionofirreversibility forheat 
engine energy processes is not absolute but only provisional. Specifically, 
it assumes no overall time-domain pumping process that provides a precise 
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anti-engine and time reversal of the system energetic process of concer 
and its dynamics. 


Ifthe second law is extended to encompass and model the new concepts 
such as broken symmetry and time-energy, then the extended second law 
will encompass reversibie heat engine processes, Maxwell's demons, 
COP>1.0 electrical systems, COP» 10 electrical systems (electrical 
windmills), time-reversal of the dynamics, reversibility of that which has 
been irreversible, etc. 


As given by Kondepudi and Prigogine, the third law of thermodynamics 
essentially states (740) that 


at the absolute zero oftemperature the entropy of 
every chemically homogeneous solid or liquid body has a 
zero value.” 


‘This is also known as Nernst's heat theorem, after W. Nemst who proposed 
it in 1906. The third law states that 

S>0asT30 19) 
Certain violations of the third law are already known, E.g., C=O: carbon 
monoxide molecules can align in various ways in a crystal, so there is 
entropy associated with C=O crystals at 0°K. In this case, A and B are 
equally probable and the following equation can be used to calculate the 
entropy (called residual energy): 


S= aR [1/2in(1/2) + 1/21n(1/2)] = -nRin2 (10) 


From the new viewpoint, the definition of T = 0° is open to change. 
Rigorously, the present third law assumes no local broken 3-symmetry of 
the vacuum’s flux exchange with the system, and it also assumes no broken 
time-energy flow symmetry. In the new approach, both these symmetries 
can and are broken by every charge while a higher 4-symmetry is 
maintained. This leads to a giant negentropy, so that the "calculation of 
entropy” via Nemst's theorem fails. A fundamental charge at T= 0° thus 
continues to exhibit giant negentropy, in total violation ofthe third law of 
classical thermodynamics. Hence the third law is also devoid of any 
absoluteness, and it is reduced to a special case statement. It remains 

useful where the more esoteric energy interactions are negligible. 


We have now demonstrated (by citing actual substantiating experiments) 
that all the laws of CTD are faisifiable insofar as being absolute. Hence 
they have no absoluteness. Instead, they are special case models and 
“approximation laws" only. They remain very useful and applicable, 
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However,so long as the more esoteric energy interactions of the 


supersystem do not play a major role in the system operation, 


We conclude that the present form of classical thermodynamics and 
disequilibrium thermodynamics are special case models — as indeed is, 
every model, by Godel’s theorem and proof alone — with no absolutenes 
‘They do not prohibit COP>1.0 EM systems, nor can they necessarily be 
used torule out COP>1.0 EM systems. 


This also falsifies all current arguments that COP>1.0 EM systems violate 
either the first, second, or third law of classical thermodynamics. Calling 
COP> 1.0 systems "perpetual motion machines ofthe first, second, and 

third kind”, according to which law they supposedly violate, is a total non 
sequitur. Indeed, every original charge in the universe has already 
demonstrated just such "perpetual motion” for some 14 or so billion years, 

andhappily violates all three laws ofthe present CTD. Every charge is in 
violation ofthe “laws” of the present models of CTD, CED, and EE, and it 
is still in motion and still freely pouring out EM energy. We have no 
abillity to examine the notion of “perpetual” past the entire past existence 
of the universe. 


All three models examined — CTD, CED, and EE —are seriously out of 
date and in need of revision and extension, because any absolute 
their predictions and assumptions is already falsified by actual experiments 
and examples. Some work is already ongoing to extend thermodynamics, 
but is not nearly extensive enough. A thorough overhaul of the very 
foundations is what is needed for all three models. The three models 
remain useful as special case approximations, but their received use to 
arbitrarily rule out COP>1.0 EM systems is dogma, not science because 
such use is already experimentally refuted by every charge in the universe. 


ess of 
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Appendix B 
Maxwell's Demon: Alive and Thriving 


Introduction 
ITHERE is a long history of discussion over "Maxwell's demon", a fictitious 
being that Maxwell proposed to “sort” molecules striking a barrier between 


two volumes of gas initially at the same temperature. By intentionally 
opening a trap door between two for hotter, more energetic molecules to 
pass through from the left side to the right side, but shutting the door for 
lower lemperature molecules so that they are retained on the left side, 
eventually a temperature gradient would "freely" exist between the two 
reservoirs. In theory, then, if one had the demon working 
would beable to utilize the temperature difference between the reservoirs 
to perform free work. Then one could repeat the demon's sorting 
‘workagain, Andsoon, 


procedure, toobtainmoref 


‘The prevailing discussions have ignored the main feature: the fact that the 
‘external environment” (i.c., not under control ofthe 


demon is part oft 
system, and operating independently of any energy input by the operator) 
Maxwell'sdemon represents an analogy to the system's environment 
furnishing free energy (lree ordering and sorting). A lot of breath and 
‘mental gyrations have gone into the discussions overthe years, with very 
experimental examination. The prevailing concept in 
science, which still adheres to the "absoluteness” of the second law of 
thermodynamics, isthatMaxwell'sdemonisimpossible. 


little concret 


Recently, the former editor of Nature, Dr. John Maddox, wrote a very 
clear emeritus editorial on Maxwell's famous demon, repeating the 
standard conclusion that such is not possible. Since there are specific 
examplesin physics of whatcanbecalled "experimentally proven 
Maxwell'sdemons, "the presentauthorpreparedarespectfulcommentary 
to Nature to refute the standard erroneous thesis in the interest of scien 
since experiment is supposed to be decisive in physics, we hoped that 
citing overwhelming experimental proof would be sufficient. It wasn’t. 


Almost symbolically (.e., “tree the demon!"), I submitted the commentary 
to the editor by I -mail on the evening of July 4, 2002. The very next day I 
received rejection (not too unexpected) by E-mail with no further 
discussion accepted. So I wrote a polite note in response, and then posted 


my commentary note on my webs 
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In this appendix, I include my E-mails ofboth 4 July and 5 July 2002, and 
then include the commentary that was submitted. The reader can read the 
cited emeritus editorial in Nature, and then decide for himself or herself 
whether experiment still rules the day at Nature where COP>1.0 and 
COP = co EM systems are concerned. 


E-mail to Nature 4 July 2002, submitting the Commentary. 


Dear Edit 


Attached is a significant commentary on John Maddox's excellent emeritus 
editorial on Maxwell's demon, titled "Slamming the Door,” Nature, 417, 
27 Jun. 02, p. 903 


Forms of Maxwell's demon are very much alive and thriving, and 
experimentally confirmed, as we develop very clearly in this commentary. 
‘They are unwittingly used widely in electrodynamics, though seldom 
recognized. 


Most sincerely, 
‘Tom Bearden, Ph.D., Magnetic Energy Ltd. 


E:mail to Nature 5 July 2002, submitting a comment on the rejection. 
Dear Ms XXX: 
‘Thanks for the prompt reply. 


Since Nature will not be publishing the note, I have now posted it on my 
website (some 80,000 hits per day from all over the world). It can be seen 
at_http://www.cheniere.org/articles/maxwells%20demon.htm 


‘This is a respectful article, and I just thought the experimental information 
needed getting out there to the scientific community. I also understand you 
cannot discuss it further. I only wish to note that it is based on cited 
replicable experiments, which are supposed to be the decisive thing in 
science and scientific method. It seems a bit odd that you would not 
publish the results of several replicable and replicated experiments that 
falsify a prevailing theoretical thesis and conclusion. Nonetheless, I 
respect the wishes of Nature, and I do enjoy the Journal each week. 


Best wishes, 
‘Tom Bearden, Ph.D. 
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Within days ofthis rejection, the paper by Wang et al. (741) was 
published, extending the known physics "Maxwell's demon" regime (i.e., 
where the second law of thermodynamics is known to be violated) from 
the atomic scale and very short periods of time, to the micron scale in size 
and timeup to a few tenths ofa second 


Here is the rejected commentary 1 submitted to Nature. 
Maxwell-type demons are alive and thriving 


‘The recent emeritus editorial by Maddox on Maxwell's demon [742] is a 
short overview of one historical aspect of would-be negentropy, but much 
greater thought on the subject needs to be given. Indeed, Maxwell's demon 

alive and thriving, but just in a different form not requiring a nimble- 
fingered microscopic being. We now discuss such experimentally proven 
demons. 


Consider the prevailing ansatz that Maxwellian systems outputting more 
EMenergy than the energy input by the operator or experimenter are 
impossible. Such proposed systems are said to constitute examples of 
forbidden perpetual motionmachines because they violate the second law 
of classical equilibrium) thermodynamics. That prevailing ansatz has been 
falsified in classical electrodynamics since the 1880s, and in particle 
physics for 45 years, but eerily itis still the prevailing scientific opinion 

nonetheless, 


‘The ansatz can be experimentally disproved in classical electrodynamics as 

follows: Lay a charged capacitor or electret on a permanent magnet so the 
E-field of the capacitor or electret is at right angles to the H-field of the 
magnet. That optimizes § = {(E x H), and hence optimizes the continuous 
flow of Poynting EM energy from that simple device, even though the 
Fields, seem to be "static". As Buchwald states [743], "/Poynting's result] 
implies that a charged capacitor in a constant magnetic field which is not 
parallel to the electric field is the seat ofenergyflows even though all 
‘macroscopic phenomena are static. " {744] This simple device will freely 
pour EM energy indefinitely, so long as it remains intact. 


We consider a special but universal kind of related Maxwell's demon 
problem: the vexing problem of the source charge, sometimes called "the 
most difficult problem in classical and quantum electrodynamics.” [745] 
‘Any charge pours out observable EM energy continuously in all directions 
at thespeed of light, with no observable EM energy input. This continuous 
flow of EM energy establishes the charge's related fields and potentials 
and their energy, reaching even across the universe for very old char; 
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the classical electrodynamics (CED) model and therefore in electrical 
engineering, there is no solution to this problem because CED does not 
model nonobservahle EM energy inputs such as the virtual particle flux 
exchange of the charge with its vacuum environment. 


With no solution available in CED, then the present CED and electrical 
engineering assume that every charge in the universe freely and 
continuously creates energy out ofnothing, and pours it out in all 
directions, forming its associated fields and potentials and their energy. 
Either we must solve the problem in the classical EM model, or totally 
surrender the conservation of energy law in the model in its present limited 
form. Or —as is presently the case — we may continue to ignore it, as has 
been done during the 45 years since the proof of broken symmetry in 
particle physics [746]. 


On the other hand, particle physics models and utilizes virtual energy in 
the seething vacuum, including the interactions of the vacuum with charge, 
With the 1957 experimental proof of broken symmetry by Wu et al., [746] 
certified by the award ofthe Nobel Prize to Lee and Yang later that same 
year, one of the proven broken symmetries in the vacuum virtual energy 
exchange is the asymmetry of opposite charges, such as are on the ends of 
a dipole. For a dipole or dipolarity, then by the very definition of broken 
symmetry something virtual has become observable. We diverge for a 
moment, and then will return to this proven asymmetry of the opposite 
charges of the dipole. 


Ifwe take the modem view of the bare charge clustered by virtual charges 
of opposite sign, then the magnitude of the bare charge in the middle ii 
infinite (including its energy) and so is the magnitude of the charge of the 
surrounding clustering virtual charges. [747] So for an “isolated observable 
charge” we actually have a sort of "infinitely powerful dipole”. Yet the 
difference between these two infinite values of charge is finite; it is 
routinely calculated as the observed charge ofan elementary charged 
particle, the value that is listed in standard texts and handbooks. 
‘The asymmetry of this "opposite composite charges" model of the 

isolated observable charge” now explains the long-vexing source charge 
problem. The observable “composite” charge continuously absorbs virtual 
photon energy from the seething vacuum exchange, transduces it into 
observable photon energy excitation, and this excited state continuously 
decays to emit real observable photons in all directions at the speed of 
light. When virtual energy input as well as observable energy output is 
accounted, the charge's proven asymmetry in the vacuum exchange makes 
the source charge an open system far from equilibrium in its active 
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environment. As an open disequilibrium system the charge is 
thermodynamically permitted to (1) self-order (hence coherently integrate 
absorbed virtual photon energy into observable photon energy), (2) self- 
oscillate or self-rotate (spin), (3) output more energy than the "operator 
inputs (the operator inputs none at all), and (4) exhibit negentropy. Every 
charge in the universe is already doing those four functions. It is also a 
system having a COP (coefficient of performance, or useful energy output 
divided by the operator's energy input) of COP = oo, since the operator 
inputs nothing 


Inshort,every charge in the universe already is a special kind of known 
"Maxwell's demon”, whose operational mechanism is long since proven in 
particle physics but does not appear in classical electrodynamics or 
electrical engineering. It is a dependable Maxwell's demon, since all 
charges in the original matter in the universe have been pouring out real 
EM energy freely, using this asymmetry mechanism, for some 14 billion 
years, and they continue to do so. Further, any charge one assembles in the 
laboratory instantly starts up its Maxwellian demon performance 
automatically, and itwill continuously pourout EM energy inal 
directions indefinitely, so long as the charge remains intact. So this demon 
is easily created and demonstrated experimentally. The Maxwell's demon 
fotfreelyextracting copious EM energy from the vacuum is one of the 
easiest entities to invoke in all of physics 


This is not a violation of thermodynamics, since classical equilibrium 
thermodynamics with its infamous second law does not apply because the 
charge is far from equilibrium in its exchange with its active vacuum 
environment. Although the COP = 00, the efficiency of the charge system 
-defined as the useful energy output divided by the total energy input 
from all sourc 


— is never more than 100%. Hence this is not a perpetual 
motion machine, and the charge rigorously does not create energy: itonly 

transduces energy input to it in a novel form. In this case, the charge can 
permissibly act as ifit were a free electrical windmill turning in a novel 
free electrical wind due to its asymmetry in the vacuum flux. 


So every charge in the universe exhibits COP = oo, clearly proving that 
Maxwell's demon inan improved formexistsand thriving throughout 
the universe. There would be no EM fields and potentials and their energy, 
and hence no electrical circuits or power systems, were it not for this 
asymmetry of the charge in its virtual energy exchange with the vacuum, 
making the charge a true Maxwell's demon. 


a) 
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In the usual CED model and electrical engineering, the 1867 L. V. Lorenz 
symmetrical regauging (later credited to H. A. Lorentz) [748] ofthe 
equations carefully selects only those Maxwellian systems that have two 
simultaneous equal and opposite disequilibria with their active 
environment. This assumes that the potential energy of the system 
changed twice (by gauge freedom), but only in such highly selected 
manner as to form two equal and opposite new "free" force fields in the 
system. These two force fields perform internal work inside the system 
continuously, increasing its stress (and its stress potential, thereby curving 
local spacetime). Since there is no net resultant force field, the two force 
ields are unable to translate electrons in the circuit to do free external 
work in the external load. So the symmetrically regauged Maxwellian 
system has been altered: its energy has been changed twice, forming a 
stress potential inside it and increasing and maintaining that stress on the 
system, and the frame of the system has been somewhat rotated out of the 
laboratory frame. The symmetrically regauged Maxwellian system most 
decidedly is not identical to the system prior to regauging 


We note merely that the common Lorentz symmetrical regauging 
unwittingly assumes two Maxwell's demons of yet different kind, each 
freely fueled from the local vacuum environment, and each continuously 
performing internal work upon the system to produce and maintain system 
stress, 


Gauge freedom is thus revealed as a special kind of Maxwell's demon, 
since (1) it assumes that the potential energy ofa system can be freely 
changed at will at any time, and (2) unless we abandon the conservation of 
energy law, that energy change must have involved energy exchange with 
the external environment. So the gauge freedom axiom of quantum field 
theory assumes two specialized Maxwellian demons — i.e., mechanisms 
for transfer of energy between environment and system, so as to 
continuously perform intemal work upon the system. In this case the two 
demons are equal and opposite, and fight each other to a draw insofar as 
performing any useful external work. 


(Oddly, in present electrical circuits the ubiquitous but arbitrary closed 
current loop circuit — passing all spent current from the external circuit 
back through the source dipole in the generator against the dipole’s badk 
emf— self-imposes Lorentz. regauging of excitation discharge in the 
circuit and prevents COP> 1.0 functioning. This is not required by 
thermodynamics in general! Indeed, several areas are already known to 
violate present thermodynamics. Sharp discharges (strong gradients), for 
example, are known to violate it. [749] Other known areas where 
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thermodynamics is violated include rarefied media, and anomalous 
memory effects in materials. Modern research is being conducted in such 
areas under the heading of “extended thermodynamics". [750]. 


Since experiment and not theory is primary in science, let us consider 
some additional actual Maxwell demon experiments. The well-known 
“negative resonance absorption of the medium" produces more output 
energy than the operatorinputs othe experiment, with hundreds ofthese 
experimentsdone every year routinely by many nonlinear optical 
laboratories. As an example, Bohren’s version of such an experiment [751] 
commonly outputs 18 times as much EM energy as the operator inputs, 
exhibiting COP = 18. Independent replication of Bohren’s work by Paul 
and Fischer [752] is reported in the same journal issue. 


Added to the charged capacitor lying on a permanent magnet, thei 
exist plenty of proven, replicated experiments which can be easily 
performed to demonstrate a Maxwellian demon operating in a Maxwellian 
system and freely producing COP> 1.0, or even COP = 00. Because of the 
demon (the operational mechanism), these experiments all involve open 
systems far from equilibrium with their active environment. Hence they 
are not limited by the second law of classical equilibrium thermodynamics. 


thus 


In short. Maxwell's demon is very much alive in many forms and is 
thgiving after all. It has just been hiding in different form than what is 
usually. suspected. 
T.E, Bearden, Ph. D. 

MagneticEnergy,Lt 


to proliferate. Vendor-specific methods are common for 3G networks, and trials are 
now occurring for 4G LTE standards-based approaches. 


Other key features that will become available in the 2016-to-2020 timeframe include full- 
dimension MIMO, enhanced Multimedia Broadcast/Multicast Services (eMBMS), User-Plane 
Congestion Management (UPCON), and device-to-device communication (targeted initially 
at public-safety applications). 


The appendix explains these features and quantifies performance gains, and Figure 10 
illustrates the transition from LTE to LTE-Advanced and LTE-Advanced Pro, which include 
these features. 


Figure 10: LTE to LTE-Advanced Pro Migration” 


2010 to 2012 2013 to 2018 


Higher Capacity/Throughput 


Initial Deployments i 
and/or Efficiency 


10 MHz Radio Channels 
le Input Multiple Output 
(MIMO) Antenna: 
* Initial Self-Optim 
for Auto Configuration 


= Carer Aggregation: up tc 
= Advanced A 


fore Advan 


aoa Enables more users, 
more applications, 
d Quality and a better 
experience 


with 
ed Spectrum 


Figure 11 illustrates gains in peak downlink speeds through carrier aggregation, higher- 
order MIMO, and higher-order modulation. 
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semiconductor contacts ofa highly specialized nature. ... The 
‘manufacturing process is deceptively simple, but since much ofit involves 
the empirical know-how ofthefabricator, the true variables are almost 
impossibleto isolate or study. ... although the very nature ofthese units 
limits them to smallpower capabilities, the concept ofsmall-signal 
behavior, in the sense ofthe term when applied tojunction devices, is 
meaningless, since there is no region ofoperation wherein equilibrium or 
theoretical performance is observed. Point-contactdevicesmay therefore 
bedescribedas sharplynonlinearunderall operating conditions.” 


Certainly degenerate four-wave mixing and therefore time reversal can 
‘occur in in semiconductors. E.g.,see (b)R. K. Jain, "Degenerate four-wave 
mixing in semiconductors: application to phase conjugation and to 

picosecond-resolved studies of transient carrier dynamics." Opt. Eng., 
21(2}), March/April 1982, p. 199-218. We also point out that hole current 
can be emitted from an n-type semiconductor having a metallic point 
placedd on its surface, and hole current will move against the voltage 

(electron current view). A process (patent pending) by Bedini and 

Bearden have shown that a capacitor may be charged by hole current, and 
then discharge electron current, effectively transducing negative energy 

into positive energy. It is therefore possible (Bedini’s method) to switch a 
capacitor from a hole-current charging circuit by a hole-emitting proc 

to a bypass capacitor across a source such as a battery after the capacitor 

has reached higher charge voltage than the source. The capacitor will then 
charge the battery and power the circuit as well, during that portion of its, 

discharge cycle while its voltage is above that of the battery. This is a 
legitimate COP>1.0 process, invented by Bedini. 


36. (a) William Jay Fogal, "High Gain, Low Distortion, Faster 
Switching Transistor.” U.S. PatentNo. 5,196,809, Mar. 23, 1993; (b) — 
figh Gain, Low Distortion, Faster Switching Transistor.” U.S. Patent 
No. 5,430,413, July 4, 1995. The Fogal semiconductor can be rigged to 
perform the permitted degenerate four-wave mixing and therefore time 


reversal. It can thus be rigged as a true negative resistor, where the current 
moves against the voltage. 
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37. Stephen L. Patrick, Thomas E. Bearden, James C. Hayes 
D. Moore, and James L. Kenny, "Motionless Electromagnetic G 
U. S. patent # 6,362,718, March 26, 2002. 


38. (a) T. E. Bearden, "Energy from the Active Vacuum: The 
Motionless Electromagnetic Generator,” in M. W. Evans (Ed.), Modern 
Nonlinear Optics, Second Edition, Wiley, 2001, Part 2, p. 699-776; (b) M. 
W. Evans, P. K. Anastasovski, T. E. Bearden et al., "Explanation of the 
Generator with 0(3) Electrodynamics,” 
Found. Phys. Lett, 14(1), Feb. 2001, p. 87-94; (c) M. W. Evans, P. K. 
Anastasovski, T. E, Bearden ef ah, “Explanation of the Motionless 
Electromagnetic Generator by Sachs's Theory of Electrodynamics,” Found 
Phys. Lett, 14(8), Aug. 2001, p. 387-393 


Motionless Electromagneti 


39. A version of the MEG w. 
fe at hitp://jnaudin. fr 


also independently replicated by J. L. 
frfhtml/meg.htm 


Naudin. See his wel 


40. TE. Bearden, "Dark Matter or Dark Energy?", J. New Energy, 
4(4), Spring 2000, p. 4-11 


41 


See Chapter 4 for a high-level expose ofthis methodology 


42, Sweet and Bearden, (29a). Sweet performed an antigravity 
experiment designed by the present author, and successfully reduced the 
weight of an object on the laboratory bench, by 90%. Sweet's solid state 
magnetic vacuum triode amplifier produced a COP = 1,500,000, so a very 
appreciable Dirac sea hole current was available to work with. Conversion 


ofthe Dirac sea hole current into electrical current via the present B 
Bearden process would have eliminated the antigravity and produced a 
very large increase in output electrical power. 


43. See (a) T. E, Bearden, "The Unnecessary Energy Crisis: How to 
Solve It Quickly,” ADAS Position Paper, June 2000; (b) Bearden {12}; 

(c) Bearden (30}; (d) T. E. Bearden, "EM Energy From The Vacuum: Ten 
Questions With Extended Answers,” September 2000. ‘The present author 
hhas been calling for just such a program. ‘These papers are on restricted 
DOE Website http://www .ott.doe.gov/electromagnetic/ and also are on the 
author's website at http://www.cheniere.org, 


44, Nathan Smith, "Marketable Results vs. Good Science?,” Sci. Am. , 
284(5), May 2001, p. 8-9. Quote is from p. 9 


45. This is the actual phrase often used in such Government contracts, 
What it means is that the Government (which means the government 
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employee controlling that program and its funds) can suddenly declare that 
the Inventor is not getting his invention developed rapidly enough, and the 
Government then seizes the patent to "get it developed more quickly" 
The inventor is suddenly left hanging, no longer in control of his own 


intellectual property. Or the Government has the power to block 
developmentaltogether. 


46. Often the universities just bluntly state that all patents revert to 
the university 


47. Hal Hellman, Great Feuds in Science, Wiley, New York, 1998. 
We particularly call attention to Hellman’s dissertation on Wegener's 

persecution. Today, the legitimate overunity EM researcher and the cold 
fusion researcher are regarded much like Wegener was re; 
very epitome of a fool. This label is appended by "expert 


who are not 
even aware of what really powers an EM circuit or an electrical power 


distribution system. 


48. A photon is a piece of angular momentum (called 
physicist), consisting of a little piece of spatial energy (AE) and a little 
piece of time (At), welded together as (AE)(A\t) with no seam in the middle, 


so to speak. But now look at that little (AE)(Sitice 
‘quantized AE)(At) = k = 
inversely; ie., 


the photon is 
h. Any change in (Atequires that (AE) change 
(AE) =h/(At). So increasingdevteases (AE) 
accordingly. Let us call the spatial energy s compacted into (dt) the 

equivalent energy ofthe photon. Then s is given by s = c*(At) = 9x10!° 

), Soas the frequency ofa photon lowers, the (At) time component 

increases proportionally, and the total equivalent energy in the photon 
increases dramatically by many orders of magnitude! As an example, 
suppose we halve the spatial energy ((\EWhat 


doubles the original time 
interval At), which gives the new s = c*(2At) « 


2c*(At) for the new 
equivalent energy. So while we halved the normal spatial energy formally 
transported by the ohoton, we multiplied the equivalent time-energy by the 
enormous factor of 2c” which is approximately |S» |0'° in the MKS 
system. It follows that, if'we use the equivalent time) energy of the 
photon and transduce a little of it into normal spatial energy, the energy 


density of those nuclear reactions now seen only in distant energetic 
objects such as pulsa 


laboratory bench. 
physics community, 


. exploding stars, etc. can be achieved right on the 
The highest energy physics has not yet been born in the 
and what is presently being done in the high-energy 
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accelerators is child's play compared to what can be done with time- 


49. To see by another method that time is energy, one notes that the 
choice of fundamental units chosen for one's physics model is arbitrary. 
So we choose a single fundamental unit, the joule, to make a new physics 
model. Thereupon all other entities are energy and energy functions only, 
Hence, time is totally a function of energy. Actually, time is spatial energy 
compressed by the factor c’, so it has the same energy density as mass, 
except the highly compressed spatial energy is placed in the time domain 
to appear at "time" rather than in 3-space to appear as "mass". 


50. E.g,, in cold fusion experiments where the time-energy is partially 
transduced in a time-reversed manner, the gluon forces binding the quarks 
in the affected neutrons and protons are dramatically reduced and the 
quarks are therefore nearly freed. This is being done in an apparatus of 
perhaps two cubic feet in volume, rather than a giant accelerator 20 miles 
in diameter and costing billions of dollars. So far, the largest accelerator 
using 3-space (decompressed) energy is just a bit short of the energy 
required to free the quarks. Use of time (compressed) energy allows such 
reaction as freeing the quarks to be easily accomplished, while the 
accompanying decompressed spatial energy is very low. 


51. Time energy has the same energy density as mass, but that highly 
compressed energy has just been placed in the 4th axis ict of Minkowski 
space rather than in 3-space. In ict the only variable is t, so the variation 
ofthe compressed energy can only appear in the f variable portion. See 
Chapter 2. 


52. (a) James Patterson, U.S. Patents 5,318,675; 5,372,688; 5,607.563 
(b) — and Dennis Cravens, U.S. Patent No. 5,607,563, 


53. Ironically, as suppression of innovative research in science 
increases, science may eventually face tuming into the kind of dogmatic 
stem that it struggled against for some 300 years before escaping. When 
science defends a theory that experiments refute, as it does today in the 
case of cold fusion, then it is very close to that debacle that can spell the 
end of science itself: 


54. E. Allan Blair, Letter to the Editor, Newsweek, Mar. 3, 1997, p. 
14, 
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Figure 11: Successive Gains in Peak LTE Downlink Throughput?> 
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5G Use Cases (ITU and 3GPP) 


The ITU, in its 5G recommendations, divides use cases into three main categories, as shown 
in Figure 12 


1. Enhanced Mobile Broadband (eMBB). eMBB is the most obvious extension of 
LTE capability, providing higher speeds for applications such as streaming, Web 
access, video conferencing, and virtual reality. Highest speeds will occur in small 
cells with limited movement speed of end users, such as with pedestrians. 


2. Massive Machine-Type Communications (mMTC). Massive machine-type 
communications extends LTE Internet of Things capabilities—for example, NB-loT— 


25 Rysavy Research analysis based on information about commercially available chipsets. Not all LTE 
features are available simultaneously, and thus throughputs do not necessarily scale linearly with items 
such as bandwidth. See also the following article about achieving gigabit speeds with LTE: Ars Technica, 
“Qualcomm’s new LTE modem will make gigabit download speeds easier to hit,” February 21, 2017) 
Available at https://arstechnica.com/ gadgets/ 2017/02/qualcomms-new-Ite-modem-will-make-aigabit- 
download-speeds-easier-to-hit/ #p3. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 27 
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55. Arthur, Clarke, "Space Drive: A Fantasy That Could Become 
Reality," NSS... AD ASTRA, Nov/Dec 1994, p. 38. 


56. William K. George, in Editing the Refereed Scientific Journal, 
edited by Robert A. Weeks and Donald L. Kinser, IEEE Press, New York. 
1994. p. 227-228, 


57. Max Planck, in G. Holton, Thematic Origins ofScientific Thought, 
Harvard. University Press, Cambridge, MA, 1973. 


58. Jonathan Schlefer, editor of Technology Review, published at MIT. 
in an October 1990 editorial. 


59, Rolf Landauer, "Fashions in Science and Technology." Physics 
Today, 50(12),Dec. 1997,p.62. 


60. Julius Robert Von Mayer, "Bemerkungen iiber die Krafte der 
unbelebten Natur,” in J. von Liebig's Annalen der Chemie (vol. 42), 1842: 
Die organische Bewegung in ihrem Zusammenhange mit dem Stoffwechsel, 
(Organic Motion in Its Relation to Metabolism), 1845. His papers were 
published as Die Mechanik der Warme, 1867, with third edition in 1893 


61. Alfred Wegener, Die Entstehung der Kontinente und Ozeane, 
1915; fourth revised edition, 1929. A Dover reprint ofthe fourth revised 
edition, translated into English, Origin ofContinents and Oceans, was 
published in 1996. 


62. Paul Nahin, Oliver Heaviside: Sage in Solitude, IEEE Press. New 
York, 1988, p. 225. 


63. Martin Gumpert, Trail-Blazers ofScience. New York, Funk and 
Wagnalls Company, 1936, p. 232. 


64. This area is now referred to as ovonics, where the 
taken from " 


"ov" is directly 
‘The materials have found use in copy machines, 
iquid crystal displays, and optical memory disks. 
Ovshinsky has obtained over 200 patents and continues to work in the 
energy conversion field. His development of a new storage battery, e., 
broke all the Department of Energy tests and doubled the energy density 
permitted. Once in awhile the good guys beat the scientific suppression 


fax machine 


65. Stan and Iris Ovshinsky were honored with the American 
Chemical Society's Heroes of Chemistry Award for 2000. They were 
honored for 40 years of sustained effort and contributions in the 


859 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


sustainable and renewable energy field, including amorphous silicon cells, 
for roofs of houses, highly specialized storage batteries, etc. 


66. On the other hand, many scientific disagreements are conducted in 
quite proper and gentlemanly fashion. An example is the continuing 
decades of argument over energy flow theory, inAm. J. Phys. The 
problem has still not been officially resolved; we would hope that the 
‘material in this book will shed new light upon it, by pointing out the exact 
difference between the long-neglected nondiverged component as well as 
the diverged component, and also pointing out what Lorentz's trick of 
closed surface integration of the energy flow vector really does. 


67. It follows quite naturally that, once we compress spatial energy 
©, we may place the compressed energy in 3-space, in which case it is 
known as "mass", or we may place it in the time domain, in which case it 
is known as "time". Ifthat cannot be done, then physics errs in using time 
as a variable on the fourth axis, and fundamental units are not arbitrary 
after all. 


68. Eg., see D. K. Sen, Fields and/or Particles, Academic Press, 
London and New York, 1968, p. viii. Quoting: "The connection between 
thefield and its source has always been and still is the most difficult 
problem in classical and quantum electrodynamics.” 


69. See T. D. Lee, "Can Time Be a Discrete Dynamical Variable?" 
Phys. Lett, 122B(3, 4), Mar. 10, 1983, p. 217-220. Lee showed that time 
is a discrete dynamical variable across the entire range of mechanics: from 
classical to nonrelativistic quantum mechanics, and then to relativistic 
quantum field theories. In all stages of mechanics, time can be treated as a 
discrete parameter, and it can be treated as a bona fide dynamic variable, 
Hence time has dynamics and structure, and therefore ene 


70. _E.g., one may assume that the entire virtual state is an internal 
structuring and dynamics existing inside the macroscopic flow of time. 
The virtual state dynamics obviously exists in spacetime (which is 
assumed to be continuous), but we also consider any "virtual particle” 
(eg., a virtual electron) as if it had been suddenly "observed" momentarily 
That assumes d/dt (LLLt) => LLL, a frozen 3-space snapshot. However, 
since that cannot really be observed, then we are actually considering 
something analogous to "if we could observe something in spacetime that 
cannot be observed in space alone”. The only place left for it to 
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lobservably exist anyway, if we could in fact observe it’ is time, if space is 


ruled out, 


71. It is necessary to trace the energy transductions and dissipations 
inside the generator. Ignoring those internal dynamics, the casual observer 
s that one inputs shaft energy to the generator, and out comes some 
romagneticenergy in the external electrical circuit, pouring from the 
gnerator terminals. We catch a lesser amount out there in the external 
circuit or power line, so we think we input some energy, had some internal 
losses and what gets collected in the conductors of the power line is the 
remainder of what we input, after transductions and losses in the generator. 
That is not what happens at all! Embarrassingly, an enormous flow of 
energy comes out of those generator terminals, if all of it is accounted. 

This includes(i) the tiny component that strikes the surface charges of the 
external conductors and gets diverged into the conductors, thus being 
captured by the circuit, and (ii) the enormous remainder of the energy flow 
in the surrounding space, which misses the circuit altogether and is just 

wasted. Something like a trillion times as much EM energy may be 

pouring out of the terminals of the generator and being wasted, as we 
mechanically input to the generator shaft, or as we “catch” and use in the 
Poyntin ; never considered the 
component that misses the circuit entirely. Heaviside discovered it but 
could not explain its startling magnitude or its source. Lorentz knew of 
this enormous flow component. He could not explain it, and stated it "had 
no physical significance” since it powered nothing. Lorentz originated a 
litte integration trick that discarded it neatly froma! | accountability 


external circuit. As later chapters discus 


72. Ifthe energy input to an inert power system generator were what 
powered the attached external circuit, then only the Poynting component 
would be emitted from the terminals of the generator. In that case, 

Heaviside's discovery ofthe additional nondiverged component would be 
wrong, and Lorentz was also wrong in recognizing it by stating it had no 
physical significance. It also means that a dipole formed between the 
terminals can have no broken symmetry in its active vacuum flux 
exchange, which is falsified by particle physics (14, 73,}. Also, no charge 
could pour out energy and create fields and potentials in surrounding 
space, and neither could a dipole. That is easily falsified by actual 
experimental measurement. Our reinterpretation of Whittaker's wave 
decompositionof the scalar potential would also be wrong, as would 
Mandi's and Shaw's argument {19) that a combined pairing of a scalar 
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photon and a longitudinal photon are obs 
instantaneous scalar potential, 


ervable, producing the 


B T. D. Lee, Particle Physics and Introduction to Field Theory, 
Harwood, New York, 1981,passim. In 1957, Lee and Yang received the 
Nobel Prize for their work in predicting broken symmetry. This included 
the broken symmetry of opposite charges — and hence ofa dipole. 


The very definition of broken symmetry, applied to the source dipole once 
it is formed in the generator, reveals that the dipole itself receives virtual 
photon energy from the seething vacuum, transduces it, and outputs it as 
real observable EM energy pouring out of the generator terminals and out 


through 3-space surrounding the entire power line. This is the source of 
the tremendous energy flow from the terminals, including a large 
‘component missing the circuit (as discovered by Heaviside in the 1880s). 
‘This large nondiverged component of the energy flow was discarded 
arbitrarily by Lorentz because there was absolutely no explanation of its 
10 physical significance” 


source, and because it was thought to hav 
(Lorentz’s term) sin¢ 


it powered nothing. 


74. Wueetal. {14} experimentally showed that the weak interaction 
violates parity (spatial reflection) and thus exhibits broken symmetry. 


75. T. D. Lee is noted for his broken symmetry work with charges, 
and for establishing the broken symmetry of separated charges of unlike 

sign. In 1957, Lee and Yang were awarded the Nobel Prize in Physics for 
their investigations of weak interactions between elementary particles 


76. John D. Kraus, Electromagnetics, Fourth Edition, McGraw-Hill, 
New York, 1992, p. 578, 


TT. We strongly feel that anyone interested in logic must read Morris 
Kline, Mathematics: The Loss of Certainty, Oxford University Press, New 
York, 1980. Contrary to popular opinion and the impression projected by 
mathematics is not a body of unshakable truths aboul the 
physical world, and mathematical reasoning is not exact and fallible. 


mathematici: 


78. One also needs to be aware of Godel’s proof. See Kurt Godel, 
"Uber formal unentscheidbare Satze der Principa Mathematica une 
verwandter Systeme” (“On Formally Indeterminable Propositions of the 
Principia Mathematica and Related Systems," in Monatshefte fur 
Mathematik und Physik, Vol. 38, 1931. This is the publication in which 
Godel’s Proof first appeared, which states that within any logical 
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mathematical system there are propositions or questions that cannot be 
proved or disproved on the basis of the axioms within that system. 
‘Therefore, it is uncertain whether or not the axioms or arithmetic will give 


© to contradi 


since they can. 


79. A critical reference forthe longitudinal EM interferometry 
weapons is M. W. Evans, P. K. Anastovski, T. E. Bearden ef al., "On 
Whitaker's Representation of the Electromagnetic Entity in Vacuo, Part V: 
‘The Production of Transverse Fields and Energy by Scalar 
Interferometry," J. New Energy, 4(3), Winter, 1999, p. 76-78. This paper 
is a short but rigorous proof ofa scalar interferometer’s ability to produce 
EM fields and energy in the distant interference zone. Either diverging 


‘ging (cooling) energy — in the normal sense, 
By 


(heating) energy or conv. 
extraction of energy — can be created in a distant interference zone. 
pulsing and controlling the circuit ground bias of the transmitters, one 
produceddistant hot explosions or cold explosions. In a military target in 

ts arise from the local spacetime, thus from 
At least eight nations now have 
Secretary 


that distant zone, the 
everywhere within the targeted vehicle. 
such weapons, which were apparently the weapons that Defense 


Cohen {89} referred to in 1997. 
80. Jackson {22}, p. 249, 
81. Bunge, (3},p. 182. 
82. Roger Penrose, “Foreword,” in’T. W. Barrett and D. M Grimes 


[Eds], Advanced Electromagnetism: Foundations, Theory, & 
Applications, World Scientific, (Singapore, New Jersey, London, and 


Hong Kong), 1995. 


Advanced Study, private communication, 
over 600 scientific papers, the prestigious editor o! 
series, and a noted foundations scientist. He is the co- 
proponent of the Vigier-Evans B(3) magnetic field and a proponent of the 
proposed fundamental extension of U(1) electrodynamics to 0(3) 
electrodynamics. 0(3) electrodynamics has now been revealed as an 
ichs’ unified field theory. 


important subset of 


84, Robert H. Romer, “Heat is not a noun,” Am. J. Phys., 69(2), Feb 
2001, p. 107-109. The quotation is from footnote 24, p. 109. 


863 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


85. E. T. Whittaker, "On the Partial Differential Equations of 
Mathematical Physics," Math. Ann., Vol. 57, 1903, p. 333-355. 


86. But see Chapter 2 for a reinterpretation and correction of 
Whittaker’s decomposition of the scalar potential. His harmonic set of 
bidirectional phase conjugate longitudinal EM wavepairs in 3-space is 
replaced with a harmonic half-set of longitudinal EM waves converging in I 
the time domain upon the dipolarity; absorption and transduction by the 
charges; and re-emission as the other harmonic half-set of longitudinal EM 
waves diverging out from the source dipolarity in all directions in 

3-space. The correction allows a very novel solution to the long-vexing 
problem ofthe source charge and its associated fields and potentials and 
their energy {12} 


87. (a) G. Johnstone Stoney, "Microscopic Vision,” Phil. Mag., Vol 
42, Oct. 1896, p. 332; (b) —"On the Generality ofa New Theorem,” Ibid, 
Vol.43, 1897, p. 139-142; (c) — Discussion of a New Theorem in Wave 
Propagation,” ibid, Vol. 43, 1897, p. 273-280; (d) — "On a Supposed 
Proof ofa Theorem in Wave-motion," ibid., Vol. 43, 1897, p. 368-373 


88. Some Russian scientists refer to the hidden internal 
electrodynamics as the "information content of the field”. 


89. Secretary of Defense William Cohen at an April 1997 
counterterrorism conference sponsored by former Senator Sam Nunn, 
Quoted fiom DoD News Briefing, Secretary of Defense William S. Cohen, 
Q&A at the Conference on Terrorism, Weapons of Mass Destruction, and 
USS. Strategy, University of Georgia, Athens, Apr. 28, 1997. 


90. For a basic discussion of these photon polarizations, see (a) 
Richard Feynman, Quantum Electrodynamics, 1961, 1963. Quantum. 
theory recognizes four polarizations of the photon, to include x- and y- 
transverse polarizations in 3-space, longitudinal or z- polarization in 3- 
space, and the time-polarized photon (which may be taken to be a 
longitudinally-polarized photon in the time axis). Existence of these four 
modes of polarization or energy vibration in photons implies the existence 
of four correspondingly polarized EM waves. Among other things, 
Feynman discusses the "sum over four polarizations” of photons and such 
The term "Gupta-Bleuler” theory is the formalism that has grown up 
around this problem. For a deeper discussion, see (b) Lewis H. Ryder, 
Quantum Field Theory, Second Edition, Cambridge University Press, 

1996, p. 147 et seq. For an even more advanced discussion, see (c) F. 
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Mandl and G. Shaw {19}. For discovery of the coupling of time-polarized 
and 3-space longitudinally polarized EM waves as the higher EM energy 
flow symmetry resolving the source charge problem, and thereby 
reinterpreting Whittaker’s decomposition of the scalar potential (85), see 
(d) Bearden (12). We point out that the latter reinterpretation can also be 
cranked through” the superpotential theory of Whittaker, to involve all 
EM potentials, fields, and waves. 


91. (a) E. T. Whittaker, "On an Expression ofthe Electromagneti 
Field Due to Electrons by Means of Two Scalar Potential Function 
Proc Lond. Math. Soc, Series 2, Vol. 1, 1904,p. 367-372. The paper 
initialed what today is called superpotential theory. It was published in 
1904 and orally delivered in 1903. For a sampling of other superpotential 
work, see (b) W. H. McCrea, Proc. Roy. Soc. Lond. A, Vol. 240, 1957, p. 
447; (c) A. Nisbet, Physica, Vol. 21, 1955, p. 99; (d) P. Debye, Ann. 
Phys.,Leipzig, Vol. 30, 1909, p. 57. For an excellent overview discussion 
ofsuperpotentials and related things, see (e) Melba Phillips. "Classical 
Electrodynamics," in Principles ofElectrodynamics and Relativity, Vol. 
IV of Encyclopedia ofPhysics, edited by S. Flugge, Springer-Verlag, 
1962. 


92. (a) See Evans et al. {79} for proof that scalar interferometry can 
produceall normal transverse EM fields, waves, and patterns. The paper 
appears in (b) P. K, Anastasovski; T. E. Bearden, C. Ciubotariu, W. T. 
Coffey, L. B. Crowell, G. J. Evans, Myron W. Evans, R. Flower, S. 
Jeffers, A. Labounsky, B. Lehnert, M. Meszaros, P. R. Molnar, J.-P. 
Vigier, and S. Roy, "The New Maxwell Electrodynamic Equations: New 
Tools for New Technologies,” J. New Energy, 4(3), Special Issue of ALAS 
papers. Winter 1999. The volume consists of some 60 papers by the Alpha 
Foundation’s Institute for Advanced Study (AIAS), advancing 
electrodynamicsto a non-Abelian, gauge theoretic higher topology theory 
in O(3) internal symmetry. Some ten of the papers directly address 
Whittaker’s work and extend it 


93. (a) W. A. Rodrigues, Jr. and J.-Y. Lu, "On the existence of 
undistorted progressive waves (UPWs) of arbitrary speeds 0 < v < 00 in 
nature,” Found. Phys., 27(3), 1997, p. 435-508 show that Maxwell's 
equations do possess superluminal solutions. A slightly corrected version 
is downloadable as hep-th/9606171 on the Los Alamos National 
Laboratory web site. Also see (b) W. A. Rodrigues, Jr. and J. Vaz Jr., 

"Subluminaland Superluminal Solutions in Vacuum of the Maxwell 
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Equations and the Massless Dirac Equation," Adv. Appl. Clifford Algebras, 
Vol. 7(S), 1997, p. 457-466. 

In classified Russian weapons labs, this internal longitudinal wave 
(both time-domain and 3-space domain) structuring of all normal 
(transverse) EM potentials, fields, and waves is euphemistically called the 
information content ofthe field. For decades there has been a successful 
disinformation campaign to lead scientists of other countries into believing 
that the phrase means standard spectral analysis. It doesn't. It is also 
possible to communicate at superluminal speed, using longitudinal EM 
waves inside this infolded "inner" electrodynamics. Since mass is mostly 
empty space filled with a particle here and there — together with EM 
potentials, fields, and waves — then mass is a vast "superhighway" for 
direct superluminal communication using longitudinal EM waves. 


94, Romer, (84) 


95. See E. T. Whittaker, A History ofthe Theories ofthe Aether and 
Electricity, two vols., Nelson, London, 1951, 1953. Reprinted by Dover. 


96. Note that we have just resolved the age-old problem of change, 
which can be summarized in the query stated so long ago by Heraclitus: 
‘For a thing to change, it must turn into something else. But how can a 
thing be itself and something else also?” We have explained the enigma 
by pointing out that the thing” has no persistence in time, and is, 
continually changing into yet another thing, either a replica (in which case 
we sense "no change" and hence "persistence" by memory comparison), or 
a partial replica with some differences (in which case we sense that "the 
object has changed itself in some way"), or a thing with little or no 
replication (in which case we sense a “different thing"). It is the unseen 
nature of the d/dr observation process that has deluded us into such 
irresolvable logical conflicts — and into an incomplete Aristotelian logic 
based on observation alone, which does not contain the resolutions to such 
problems because a higher-order logic is required. 


97. Whittaker, (85) 


98. See Chapter 2 for a discussion of the substitution of effect for 
cause, and of the nature of observation. 


99. Wu etal, (14) 

100. Sen, (68) 

101. Also see Mandl and Shaw {19} 
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102. William G. Harter, John Evans, Roberto Vega, and Sanford 
Wilson, "Galloping waves and their relativistic properties,” Am. J. Phys., 
53(7), July 1985, p. 671-679. A relativistic example is given in which the 
source frame observes a very nonuniformly-galloping wave whose velocity 
varies between 0.01 ¢ and 100 c, even though its average velocity is c. 
properties of interfering electromagnetic plane waves are 


Relativistic 
discussed. 
103. We point out, but do not further pursue, that this situation is 

reversed when time is reversed. This has very interesting applications in 
our little “time reversal zones” that we found were so important in the 
electrolyte experiments of the cold fusion researchers, and which 
accounted for a new class of nuclear interactions previously unknown. 
This does reverse the conventional law of attraction and repulsion of 
charged particles. It also directly affects the quarks and gluons, partially 
or evennearly dissolving the gluon forces holding the quarks in place, so 
that the quarks are nearly freed and are easily flipped. 


104. Simultaneously accompanied by separately brokentime-energy 


flow symmetry and separately broken 3-spatial energy flow symmetry. 


105. Evans etal., (386, 38¢} 
106. Oliver Heaviside, Electrical Papers, Vol. 2, 1887, p. 94. 


107. Kraus, (76} 


107. E.g,, see (a) Jackson {22}, p. 237. Jackson points out that “..the 

Poynting vector is arbitrary to the extent that the curl ofany vector field 
can be added to it. Such an added term can, however, have no physical 
consequences." The first sentence is true, but the second sentence is a non 
sequitur. Poynting only considered the small component of the overall 
energy flow that enters the circuit — in short, that strikes the surface 
charges in the conductors and is diverged into the wires to power the 
Drude electrons. That is the diverged part of the energy flow. All the rest 
of the flow that misses the circuit is obviously not diverged or collected in 
the circuit, and so it has zero divergence. It is elementary vector algebra 
that the curl of any vector field has zero divergence. So the extra 
nondiverged Heaviside energy flow component — filling all space around 

the conductors in a power line, e.g., but missing the power system entirely 
and just wasted — can indeed be expressed as the curl of a vector field 
That energy flow is real, however, and if intercepted and collected, it then 
In that case, it does have highly significant 


does become divergent, 
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consequences, since the total energy flow in that component may be 
trillion times the energy flow in the Poynting component alone. 

For a rigorous experiment demonstrating the reality and significance ol 
that "physically insignificant energy flow” that "can have no physical 
consequences”, see (b) Bohren {24}. Under nonlinear conditions, a particle 
can absorb more energy than is in the light incident on it by normal 
calculations, Electrodynamicists do not calculate the magnitude of an 
entire field or potential, e.g., but only the intensity of a divergence from it 
ata single point, as given by an intercepting unit point static charge. If 
that same charged particle is placed in particle resonance, it sweeps out a 
greater geometrical re tion. Hence it intercepts and colleets 
(diverges) more impinging energy — from that long-neglected otherwise 
nondiverged component of the flow or field that is not diverged by the 
static unit point charge assumed conventionally. Metallic particles at 
ultraviolet frequencies are one class of such particles and insulating 
particles at infrared frequencies are another. See also (c) Paul and Fischer, 
(25}, who replicated Bohren’s experiment 


109. H. A. Lorentz, Vorlesungen iiber Theoretische Physik an der 
Universitdt Leiden, Vol. V, Die Maxwelhche Theorie (1900-1902), 
Akademische Verlagsgesellschaft M.B.H., Leipzig, 1931, "Die Energie im 
elektromagnetischen Feld,” p. 179-186. Th 
Poyntingsche Energiestrom,” and begins on p. 183. S 
p. 185. 


ction is called "Der 
his Figure 25 on 


110, Eg, see W. K. H. Panofsky and M. Phillips, Classical Electricity 


‘and Magnetism, Addison-Wesley, Reading, MA, 1962, 2nd edition, p. 181, 
111, Bearden, (12) 
112. A simple way to see this is to note that the back-potential across 


the half-loop internal to the dipole is precisely equal to the forward 
potential externally between the ends of the dipole but across the external 
circuit half-loop. Since the same current g runs through both these 
potentials, then by Vg the same amount of energy is dissipated upon the 
charges of the dipole — to scatter them and destroy the dipole — as is 
dissipated in the external circuit in its losses and the load. ‘Thus more 
energy is used to destroy the dipole than is used to power the load. We 
hhave to input at least as much shaft energy to restore the dipole as was 
used to destroy it. Hence the COPS 1.0. 
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to support huge numbers of devices with lower costs, enhanced coverage, and long 
battery life. As shown in the ITU objectives, below, 5G will support ten times as 
many devices in an area as LTE. 


3. Ultra-Reliable and Low Latency Communications (URLLC). Of the three 
categories, URLLC enables wireless applications never before possible. Driven by 
high dependability and extremely short network traversal time, URLLC, also referred 
to as “mission-critical” communications, will enable industrial automation, drone 
control, new medical applications, and autonomous vehicles. These types of 
applications are potentially the ones that will deliver the greatest societal benefits, 
yet unfortunately, at least in the United States, they could possibly be undermined 
by current network neutrality regulations. This category is also referred to as critical 
machine-type communications (cMTC) 


Figure 12: ITU Use Case Model2* 
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28 For background, see ITU, IMT Vision - Framework and overall objectives of the future development of 
IMT for 2020 and beyond, Recommendation ITU-R M.2083-0, Sep. 2015. 
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113. See to (a) M. W. Evans, P. K. Anastasovski, T. E. Bearden ef al, 
“Classical Electrodynamics without the Lorentz Condition: Extracting 
Energy from the Vacuum," Physica Scripta, 61 (5). May 2000, p. 513-5 17 
in addition to that paper previously quoted. See also (b) "Runaway 
Solutions of the Lehnert Equations: The Possibility of Extracting Energy 
from the Vacuum,” Optik, 111(9), 2000, p. 407-409. 


114. Robert Bruce Lindsay and Henry Margenau, Foundations of 
Physics, Dover, New York, 1963, p. 25. 


115. Ibid, p. 213 
116. Ibid, p. 217 


117. M. Faraday, Experimental Researches in Electricity and 
‘Magnetism, Vol. 1, Taylor and Francis, London, 188; Vol. 2, Richard & 
John E. Taylor, London, 1844; Vol. 3, Taylor and Francis, London, 1855. 
A 1965 reprint of all three volumes is available from Dover, New York. 


118. We also acknowledge the independent contributions of Joseph 
Henry. In 1830, Henry independently discovered magnetic induction, 
anticipating Faraday's own discovery of it published 

first. Two years later, Henry discovered s 

and the unit of inductance, the henry, was named for him in 1893 


119. (a) Maxwell, (20). Also see (b) James Clerk Maxwell, Treatise 
on Electricity and Magnetism, Oxford University Press, Oxford, 1873, 
‘Third Edition, Volumes 1 and 2, unabridged, Dover Publications, New 
York, 1954. This standard citation widely used in the 
conlusing; the First Edition was published in 1873, a 
substantially altered edition was later published after Maxwel 


vrature is in fact, 

ond rather 

's 1879 

and a third edition, slightly altered from the 

second edition, was published even later. So controversial were 

first edition in 1873, that part 

\S to become the second edition — published after Maxwell's 
1879 death — was truncated by Maxwell himself prior to his death and 

prior to the posthumous publication ofthe second edition. ‘Thus there is 

considerable difference between the first and second editions, and first and 

third editions, of Maxwell's Treatise, compared to his original 1865 paper 

{20}. "Maxwell's theory” is actually his 1865 paper; everything else is a 

later truncation of Maxwell's theory 


death of stomach can 


quaternions at the publication of Maxwell's 
of what wa 
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120. Maxwell's letter to P. G. Tait in 1871, Archives, Cavendish 
Laboratory, Cambridge. 


121, For a discussion, see (a) A. M. Bork, “Vectors versus quaternions 
- the letters in Nature,” in Am. J. Phys., Vol. 34, Mar. 1966, p. 202-211 
For a cogent presentation of what might have been discovered much earlier 
in physics ifquaternions had not been cast aside in favor of the much more 
limited vectors, see (b) James D. Edmonds Jr., "Quaternion quantum 
theory: New physics or number mysticism?", Am. J. Phys, 42(3), Mar. 
1974, p. 220-223. 


122, Edmonds, (121b}. Edmonds presents a cogent argument showing. 
the significant impedance of the rate of discovery in physics, that resulted 
from the ill-advised casting aside of the far more comprehensive 
quaternion theory in favor ofthe much more limited vector theory. 


123. Heaviside, {5a, 5b} 


124, T. W. Barrett, "Tesla’s Nonlinear Oscillator-Shuttle-Circuit (OSC) 
Theory," Annales de la Fondation Louis de Broglie, 16(1), 1991, p. 23-41, 
Barrett later extended some of the energy-shuttling techniques shown by 
Tesla and obtained U.S. Patents 5,486,833 and 5,493,691 


125. (a) A. A. Michelson and E. W. Morlcy, "Influence of motion of 
the medium on the velocity of light,” Am. J. Sci., Vol. 31, Series 3, 1886, 

p. 377-386; (b) — "The relative motion of the earth and the luminiferous, 
aether," Am. J. Sci., 34(3), 1887, p. 333; (€) — "On the relative motion of 
the earth and the luminiferous aether,” Phil. Mag. 24(4), 1887, p. 449. See 
also (d) A. A. Michelson, “The relative motion of the earth and the eth 
Am. J. Sci, (A), 3, 1897, p. 475 


126. (a) Mendel Sachs, General Relativity and Matter: A Spinor Field 
Theoryfrom Fermis to Light-Years (Fundamental Theories of Physics), 
Reidel, 1982. Sachs provides a great generalization of general relativity 
and electrodynamics reaching from the quarks and gluons to the entire 
universe. See also (b) Mendel Sachs, "Symmetry in Electrodynamics: 
From Special to General Relativity, Macro to Quantum Domains,” in M. 
W. Evans, Editor, Modern Nonlinear Optics, Second Edition, Wiley, New 
York, 2001, Part 1, p. 677-706. 


127. Myron W. Evans, Director ofthe Alpha Foundation’s Institute for 
Advanced Study, private communication, 2001 


128. Jackson, {22 


|. p. 249. 
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129. Jackson, (22), p. 28 
130, Feynman, {7}, Vol. 1, p. 2-4 


131. Physicists often speak ofspacetimeas "space", sin 
Minkowski geometry the time portion is modeled along a separate spatial 


axis used in addition to the ordinary three spatial axes. So Feynman's 


“distortion” is actually Riemannian spacetime curvature. 


132, As anaside, note that Feynman also utilized a dipolarity. There is 
always a scalar potential between the poles of any dipole. Further, this 
“dipole potential” decomposes according to Whittaker’s 1903 

decomposition{ 85}, as re-interpreted by Bearden’s giant negentropy 
approach {12} in 2000, and as relates to Mandl and Shaw's 1984/1993 
argument (19) that only the associated time-polarized photon and 
longitudinal photon together are observable, and then as the instantaneous 
scalar potential. Ifwe accept Mandl and Shaw's powerful argument, then 
the Whittaker 1903 decomposition must be reinterpreted to be in 
accordance. That is what was done by the present author (12) to resolve 
the source charge problem as well as the source dipole problem. In 
addition, the resolution must be in accord with the theoretical and 
experimental findin; to include the broken symmetry 
of the opposite charg. dipole, ‘The giant negentropy 
processuncovered by Bearden {12} fulfills all the necessary requirements. 
It also places the theme of this book — Energy rom the Vacuum: 
Concepts and Principles — on a solid theoretical and experimental basis. 


133, Feynman, {7}, vol. I, p. 1-3 
134, Jackson, (22), p. 811-812. 


‘ond is 


135. We have previously postulated this feature where on 
‘equal to spatial EM energy compressed by the factor” , so that time is just 
extremely compressed EM spatial energy. See Bearden, {17} 
136. (a) Harter et al., {102}. It may well be that galloping due to time- 
density variation may provide an alternative explanation to quantum 
tunneling, which can readily occur at superluminal speed. E.g., see (b) A 
Enders and G. Nimtz, Phys. Rev. Lett, Vol. 48, 1993, p. 632. Thi 
superluminal tunneling experiments transmitted 8.7 GHz microwaves (free 
space wavelength 3.4 em) traveling in a rectangular waveguide that 
contains a "barrier" section of reduced dimensions. Mozart's 40th 
‘Symphony was transmitted through the barrier waveguide as frequency 
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modulated microwaves, at an FTL group velocity of 4.7c, receiving 
audibly recognizable music from the microwave photons that survived 
their barrier passage. 


137. (a) M. W. Evans, "The Link Between the Sachs and 0(3) Theories 
of Electrodynamics," in M. W. Evans, editor, Modern Nonlinear Optics, 
Second Edition, Wiley, New York, 2001, Part 2, p. 469-494; (b) —"0(3) 
Electrodynamics,” in M. W. Evans, editor, Modern Nonlinear Optic 
Second Edition, Wiley, New York, 2001, Part 2, p. 79-267. 


138. Eg, Ryder, (90b), p. 147 et seq. 
139. Rodrigues and Lu, {93a} 
140, Rodrigues and Vaz, {93b} 


141. The reader should recall that to this day there 
resolution of the wave-particle duality principle. Physicists finally just 
shook hands and agreed to quit fighting, since the hullabaloo was getting 
them nowhere. The problem does have a probable resolution, but not in 
Aristotelian logic. 


142. Bearden, {12} discusses the relation between time-energy and 3- 
spatial energy, and reveals a more fundamental 4-symmetry between time 
energy flow and spatial energy flow. In this 4-symmetry EM flow, time 
symmetry in energy flow is broken and simultaneously 3-space symmetry 
in energy flow is broken, but 4-symmetry in energy flow is maintained, 
‘The basic transduction of time-energy into 3-space energy and vice versa 
is accomplished by the interacting charge. 


143, Bearden, (15), p. 11. In the paper we also gave a force-free 
definition of mass, in terms of the transduction of angular momentum 
across the 3-spatial boundaries of a mass particle. 


144. _ Rigorously, mass does not and cannot emit a photon; masstime 
does. But an observable mass m can be absorbing and emitting enormous 
numbers of virtual photons while not yet having absorbed another 
observable photon and decayed to emit an observable photons. 

Differential (virtual) pieces ofa "frozen" observable mass m are indeed 
changing continually into masstime and back into mass, by absorbing and 
emitting virtual photons per equation [14b], while the observable mass m 
has not yet completed its absorption and emission of an observable photon 
‘This "knitting" together of observable and virtual state interactions is one 
of the great centralizing features of physics. 
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145. The problem is due to the hoary old erroneous notion in mechanics 
that a separate force acts upon a separate mass to move it. 


146. There appears to be no paper or textbook which calculates the 

actual “energy magnitude” of an entire potential or an entire field, 
including over all space occupied by it. All texts advance the "local 
intensity” indicator calculation, and then call that the "magnitude of the 
potential”, That is a non sequitur of first rank. A skilled electrodynamicist 
will call it the intensity ofthe potential 


147. Itappears that the only region where this statement is in dispute 
in various models attempting to explain the creation of the universe. Since 
that is «priori a creation event, then physicists struggle with explaining 
how something (the existing universe) was created out of nothing (the 
absence of any slightest bit of the existing universe). We will leave that 
debate to the astrophysicists and cosmologists. The “accursed identity of 
opposites” has been the bane of philosophers for more than 3,000 years. 


148, Ibrahim Semiz, "Black hole as the ultimate energy source," Am. J. 
. 63(2), Feb. 1995, p. 151. 


149, David Halliday and Robert Resnick, Fundamentals ofPhysics, 
Third Edition Extended, Wiley, New York, 1988, Vol. 1, p. 518. 


150. Stanley W. Angrist, "Perpetual Motion Machines," Sci. Am., Vol. 
218, Jan. 1968, p. 114-122. 


151, Stanley W. Angrist, "Perpetual Motion," Encyclopaedia 
Britannica, Bicentennial Edition, Macropaedia Vol. 14, 1976, p. 102-105. 
152, Lindsay and Margenau, (114), p. 217. 
153. Heaviside, {106}, p. 94. 
154, Kraus, (76), Figure 12-59, p. 578. 
155, Bohren, {24}. 


& Paul and Fischer, (25) 
157, (a) V. S. Letokhov, "Laser Maxwell's Demon,” Contemp. Phys., 
36(4), 1995, p. 235-243; (b) — "Generation of light by a scattering 
medium with negative resonance absorption," Zh. Eksp. Teor. Fiz., Vol, 
53. 1967, p. 1442 (English translation is in Sov. Phys. JETP, 26(4), Apr 
1968. p. 835-839); (c) "Stimulated emission ofan ensemble of 
scattering particles with negative absorption,” ZhETF Plasma, 5(8), Apr 
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15, 1967, p. 262-265; (d) — "Double y - and optical resonance,” Phys 
Lett. A, Vol. 43, 1973, p. 179-180. 


158. It is Heaviside's equations that are usually taught in University as 
"Maxwell's Equations," and labeled as Maxwell's equations in most 
undergraduate texts. In addition to Heaviside’ work, similar changes were 
made by Gibbs in the United States and by Hertz in Europe. Every 
sophomore physics student and electrical engineering student should be 
given a short treatise on the background development of electrodynamics, 
and how, when, and by whom Maxwell's 20 quaternion equations were 
modified into the present four vector equations. ‘The treatise should also 
point out what was omitted from Maxwell's theory in its truncations. It 
should be made very clear to every student that his elementary EM subject 
errs dramatically from physical reality when it assumes a flat local 
spacetime and an inert local vacuum. By discarding the physically active 
environment ofall Maxwellian systems, only a highly limited subset of 
nature's electrodynamics is captured in the standard electrical engineering 
model. Specifically, systems far from equilibrium in their exchange with 
that environment are arbitrarily discarded. Those are precisely the 
Maxwellian systems permitted to exhibit coefficient of performance 
greater than unity. In short, the truncation of Maxwell's theory arbitrarily 
discarded all electrical windmills turning — or partially turning — in a 
free electrical wind. 


159. As we pointed out, there are tin electromagnetic systems at all in 
that first class — and never have been — if we account for the arbitrarily 
ignored Heaviside energy flow pouring from the source dipole and the 
energy flow pouring from every charge, and consider the situation prior to 
self-enforced implementation of Lorenz/Lorentz symmetrical regauging 
(by the closed current loop circuit). ‘The remarks — pertaining to EM 
systems supposedly in equilibrium with the active vacuum — only apply if 
we neglect that Heaviside component and also neglect the source charge 
problem, and even then only if the circuit self-enforces that equilibrium in 
its exchange with the active vacuum. But since it has been so long and 
ubiquitously neglected, we will continue to speak ofthe "two classes” of 
EM systems from that "conventional" view. It is rather like our concession 
to electrical engineering, where the word "power" is universally misused. 
However, the reader should be aware of what we are doing and why. 


160, See (a) Ilya Prigogine, Nonequilibrium Statistical Mechanics 
Wiley-Interscience, New York, 1962; (b) — From Being to Becoming: 
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Time and Complexity in the Physical Sciences, W. H. Freeman and 
Company, San Francisco, 1980; (c) D. Kondepudi and Ilya Prigogine, 
Modern Thermodynamics: From Heat Engines to Dissipative Structures, 
Wiley, Chichester, 1998; (d) G. Nicolis and I. Prigogine, Self-Organization 
inNon-Equilibrium Systems: From Dissipative Structures to Order 
through Fluctuations, Wiley, New York, 1977. For a good educated 
layperson’s overview, see (€) Gregoire Nicolis, "Physics of far-from- 

equilibrium systems and self-organization,” Chapter 11 in (f} Paul Davies, 

Ed., The New Physics, Cambridge University Press, Cambridge, 1989, p. 
316-347, 


161. Actually, Ludvig Valentin Lorenz. first performed the equivalent 
of symmetrical regauging of Maxwell's equations, only two years after 
Maxwell's seminal paper was published in 1865. See (a) Ludvig Valentin 
Lorenz, "On the identity of the vibrations of light with electrical currents, 
Phil. Mag., Vol. 34, 1867, p. 287-301. Not much attention was paid to 
Lorenz's work, however, and the later symmetrical regauging of the 
Maxwell-Heaviside equations by H. A. Lorentz is what "stuck" and came 
tobe used. For a proper historical discussion, see (b) J. D. Jackson and L. 
B. Okun, "Historical roots of gauge invariance," Rev. Mod. Phys., Vol. 73, 
July 2001, p. 663-680. 


162. This pointis important. See Gabriel Kron, "The Frustrating 
Search for a Geometrical Model of Electrodynamic Networks,” circa 1962. 
General Electric publication, p. 11-128. Quoting p. 114: "...the missing 
concept of "open-paths" (the dual of "closed-paths") was discovered, in 
which currents could be made toflow in branches that lie between any set 
of two nodes. (Previously -following Maxwell - engineers tied all oftheir 
open-paths to a single datum-point, the ‘ground’). That discovery ofopen- 
paths established a second rectangular transformation matrix... which 
created ‘lamellar currents..." "A networkwith the simultaneous presence 
of both closedand open paths was the answer to the author's years-long 
search.” 

When we design and build a circuit or system in compliance with the 
Lorenz/Lorentz-regauged equations, it follows that the circuit itselfmust 
contain some feature and function that self-enforces the Lorenc/Lorentz 
condition —at least during the excitation discharge ofthe energy that has 
been freely caught by the circuit. The Lorenz/Lorentz condition is nota 
law ofnature, nor is it automatically applied without a specific circuit 
cause andfunction physically applying it. That function is automatically 
applied by the standard closed current loop circuit. 
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As Kron stated, his long search for a true negative resistance finally 
succeeded when he discovered the "open path”, Actually Kron had 
discovered that any two points in the universe at different potentials 
(charged to different intensities) produced a flow of EM energy. In other 
words, he had discovered in more classical EM terms the broken symmetry 
of opposite charges of differing charges, such as on the ends of any dipole 
or across any dipolari 


163. Superconducting sections in a system may be loss-free, but the 
entire superconducting system has losses and exhibits only COP<1.0 
overall, ifthe refrigeration burden is accounted. In the superconducting 
section alone, without accounting for the cooling overhead, the COP = 10 
and the efficiency is 100% also. 


164. After Jackson, {22}, p. 219-221; 811-812. 


165. See Whittaker, (85). Whittaker mathematically decomposes the 
scalar potential into a hidden "bidirectional" series of EM wavepairs in a 
harmonic sequence. Each wavepair consists of the wave and its phase 
conjugate. Thus any Ad) (as across the terminals of a dipolar electrical 
power source) apriori involves an ordered, hidden, bidirectional EM wave 
flow. Le.,d(fi)) identically is such a hidden bidirectional EM energy flow. 


166. But see Bearden, {12}. In the paper we conceptually re-interpreted 
Whittaker’s 3-space (observation assumed, hence effect waves) 
bidirectional wavepairs. Our reinterpretation yields a correlated harmonic 
half-set of converging unobserved causal EM longitudinal waves (time- 
polarized EM waves) in the time domain prior to interaction with charge 
So as to prepare for being observed, and a harmonic half-set of diverging 
EM longitudinal waves (after observation due to the convergent time- 
polarized EM waves interacting with the observable charges) in 3-space in 
all directions. We strongly stress that observation does not occur without 
the absorption of a scalar photon and the follow-on emission of a 
longitudinal photon. In a time-reversed situation (phase conjugate charge 
condition), to the observer it appears to have happened in the other 
direction, 


167. Particularly see Mandl and Shaw, (19). 


168. _ However, Mandl and Shaw fail to totally identify the "combining 
mechanism". They do not account the detailed interaction of the 
detecting/observing unit point charge, and thus fail to clearly account for 
the absorption of the incoming time-polarized wave or photon, the 
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transduction of that excitation energy of the charge into longitudinal EM 
wave/photon energy, and the subsequent emission of that excitation energy 
in 3-space in all directions as longitudinal EM waves/photons. So Mandl 
and Shaw do not clearly account for photon (or wave) polarization 
transduction by the ubiquitously assumed charge. The * time- 
polarized EM wave or photon comes in and is absorbed by the detecting 
charge or dipole, then the absorbed energy is transduced and re-emitted in 
3-space as the longitudinally polarized EM wave or photon in 3-space. 
(Actually, since all space is charged, what is really emitted into 3-space is 
the giant circulation of EM energy between time and 3-space, which is a 
‘more rigorous statement of what "propagation of EM energy through 
space actually is). Recognition of these missing interactions and 
transduetions allowed a solution at last to the long-vexing problem of the 
source charge, often called the greatest problem in both quantum and 
classical electrodynamics, as given initially in Bearden, {12}. Now, of 
course, a greater problem has reared its head: the notion that EM energy 
in 3-space is a total non sequitur, along the lines 
objected to by Romer {84}. We therefore have some very fundamental 
rethinking to do for all of classical physics. This is really where the 
problem of wave-particle duality has pointed since the beginning. 


continuously propagat 


169, Asymmetrical self-regauging collectsjustatiny bit more ofthe 
enormous energy that is flowing outside the conductors and usually 
wasted. Exg., ifthe self-regauging EM system collects as jo some 10°"? of 
the energy flow instead of the more usual 10°", the system can have a 
COP =10, ifit does not then expend half the collected energy to destroy the 
source dipole faster and require its reconstitution more energetically. And 


170. Jackson, {22}, p. 220-223. 


171, So-called "canceling" opposing EM fields are actually produced, 

which sum to a vector zero system with respect to translation, which the 

electrodynamicists erroneously discard by assumption. We point out, but 
do not further pursue, that the locally produced field energies of the 
opposing fields in a zero-summed vector system remain and add, even 
though the fields offset each other translationally. ‘The local energy of the 
field is proportional to the square of the local magnitude, and that is 
always positive regardless of field orientation. Thus “trapped” and 
structured EM stress energy has been localized in spacetime in the 
symmetrical regauging of CEM. This rigorously is a gravitational change 
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and therefore a local curvature of spacetime a priori. Indeed, the field 
energy remains in a zero-vector summation system, and has been changed 
into stress potential energy. It represents continuous internal work being 
performed on the system to stress it, by energy continuously fed in from 
the active vacuum environment but only in appositive fields of equal 
magnitude. The discarding ofthe zero vector summation system thus is a 
discarding of an available stress potential and its energy, a rotation of the 
system frame out ofthe laboratory frame, and a continuous exchange of 
energy from the vacuum that performs internal work upon the system but 
no external work in the load. ‘The energy is not translational, but it is there 
nonetheless, and it causes a spacetime curvature change. The 
electrodynamicists have largely ignored the fact that gauge symmetry 


transformations are accompanied by local gravitational (spacetime 
curvature) changes that violate the prevailing flat local spacetime 
assumption of classical electrodynamics. 


172. See (a) H. J. Josephs, "The Heaviside papers found at Paignton in 
1957," IEE Monograph No. 319, Jan. 1959, p. 70-76. See also (b) E. R. 
Laithwaite, "Oliver Heaviside — Establishment Shaker,” Elec. Rev., 
211(16), Nov. 12, 1982, p. 44-45. Heaviside became aware ofthis 
gravitational relationship, and worked out a draft theory of 


electrogravitation based on his energy-flow theory (which added 
nondiverged closed-loop circulations of energy which vectorially summed 
to net zero). Those "trapped EM energy flow loops" were gravitational, in 
Heaviside’s concept. His hand-written notes on his eleelrogravitation 

theory were found long after his death, beneath the floorboards of his 
garret apartment. In honor of Heaviside, we have nominated his hug« 


lite 


nondiverged energy flow component — erroneously discarded by Lorentz 
—as the source of the extra gravity in the arms ofthe spiral galaxies, 
holding them together. In short, we have proposed that as the solution to 
the so-called "dark matter” problem. 


173. Physicists love symmetry, turn to it at every opportunity, and will 
do almost any mathematical manipulation to obtain it, because they regard 
it as "beautiful." And so it is. Performing work, however, require: 
breaking symmetry to produce excess energy, which interacts with mass to 
produce a force, and then requires using that force to do the work. If we 
wish to build a system that produces more work output than the work that 
we ourselves have to do upon it to run it, then a priori that system must be 


asymmetrical and — to many physicists — ugly. Let us all drink a toast to 
more efficient ugly asymmetrical systems that also do not require energy. 
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3GPP, in studying 5G, has methodically identified multiple specific use cases in a project 
called “SMARTER,” which are consistent with ITU's model.” 3GPP’s service dimensions 
include: 


a Massive Internet of Things (eHealth, wearables, eCity, eFarm). 
a Critical Communications (e.g., vehicles, drones, industry robots). 


a Enhanced Mobile Broadband (e.g., augmented reality, virtual reality, ultra-high 
definition). 


a Network Operation (eg., network —_ slicing, __connectivity/routing, 
migration/interworking). 


Using small cells and mmWave radio channels, a 5G network built for capacity will deliver 
1 Tbps/km? or higher, enabling 5G to compete with wireline broadband services. * 


5G Technical Objectives 
Table 4 shows the ITU's objectives for IMT-2020 (5G) relative to IMT-Advanced (4G). 


Table 4: ITU Objectives for 1MT-2020 compared with IMT-Advanced?* 


T-Advanced 1 020 
Peak Data Rate DL: 1 Gbps DL: 20 Gbps 
UL: 0.05 Gbps UL: 10 Gbps 
User Experienced Data Rate 10 Mbps 100 Mbps™ 
Peak Spectral Efficiency DL: 15 bps/Hz DL: 30 bps/Hz 
UL: 6.75 bps/Hz UL: 15 bps/Hz 
‘Average Spectral Efficiency DL eMBB indoor: 9 bps/Hz 


DL eMBB urban: 7.8 bps/Hz 
DL eMBB rural: 3.3 bps/Hz 


UL eMBB indoor: 6.75 bps/Hz 
UL eMBB urban: 5.4 bps/Hz 
UL eMBB rural: 1.6 bps/Hz 


27 3GPP TR22.891, Feasibility Study on New Services and Markets Technology Enablers; TR22.861 
(Massive Internet of Things); TR22.862 (Critical Communications); TR 22.863 (Enhanced Mobile 
Broadband); TR22.864 (Network Operation) 


28 The hotspot capacity requirement of 10 Mbps/sq. m. is equivalent to 10 Tbps/sq. km. See also Nokia, 
Ten key rules of SG deployment, Enabling 1 Tbit/s/km? in 2030, 2015. 


28 ITU Working Party 5D, Minimal Requirements Related to Technical Performance for IMT-2020 Radio 
Interfaces, Feb 22, 2017. See also 3GPP TR 38.913, Study on Scenarios and Requirements for Next 
Generation Access Technologies (Release 14), V14.2.0, Mar. 2017. 


2" Per ITU, “User experienced data rate is the 5% point of the cumulative distribution function (CDF) of 
the user throughput." 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 29 
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input by the operator, but only by the active environment! Give us “ugly” 
electrical windmills that turn freely in electrical winds, rather than the 
inane “beautiful” present systems which destroy their energy winds faster 
than hey power their loads. 


his use 


174, While Lorentz appears to have done it earlier, one can si 
of the surface integration in (a) Lorentz, (109). In 1896 he also included 
it, using a more general theorem by Volterra, so that Poynting's theorem 
arises as a special case; see (b) H. A. Lorentz, Versl. K. Akad. W. 


Amsterdam, Vol. 4, 1896, p. 176. 


175. This is usually performed by the source dipole. 


176, Thus the long and tedious effort of my colleagues and Ito create 
circuits that asymmetrically self-regauge their potential difference (source 
voltage) without allowing all the spent load current to pass back through 
the primary power source dipole and do work upon it to scatter the charges 
and destroy its dipolarity. 


177. Again we strongly stress that asymmetrically regauging a potential 
in the system also regauges the local vacuum potential and the intensity of 
the vacuum potential’s bidirectional EM energy exchange with the systei 

It alters the local curvature of spacetime. It directly alters the stored 
energy ofthe system and of the supersystem. See again Whittaker, {85}, 

to see this clearly. See particularly our use of the supersystem concept in 

Chapter 8, and as mentioned in Chapter 1 and the present Chapter 2. 


178. Circuitsandelectrical powersystemsuniversally and routinely 
break Lorentz symmetry for excitation (potentialization) of the system at 
the initial onset. Just to potentialize a system in theory costs nothing, 
although it freely changes the potential energy ofthe system. The gauge 
freedom axiom of quantum field theory also guarantees that such change 
of the potential energy of the system is essentially "for free". It 
conclusively proves that (i) asymmetrical self-regauging exists and is done 
in electrical circuits, since the source dipole in the power supply 
accomplishes that initial self-regauging of the external circuit completely 
for free once the dipole is made, and (ii) the Maxwell-Heaviside equations 
If-regauging, in violation of Lorentz’s arbitrary 


do permit asymmetrical s 
conditionprohibitingit. 


179. This is the patent-pending Bedini process, which is processing 


through the U.S. Patent Office as we go to press. 
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180. Lee, {73}, p. 184. 


181. _ B. P. Kosyakov, "Radiation in electrodynamics and in Yang-Mills 
theory," Soviet. Phys. Usp., 35(2), Feb. 1992, p. 135-142. Quotes are fiom 
p. 135 and p. 141. Our proposed solution to the problem posed by 
Kosyakov (which is actually the broken symmetry of a charge) is that 
negative charges pour out positive energy and positive charges absorb 
positive energy. We "see" the positive charge as pouring out "reversed 
direction positive field energy” after we interact the energy with a 
laboratory charge to "observe". Considering the well-known polarization 
ofthe vacuum by any charge, one realizes that a 4-symmetry circulation of 
the EM energy is what is "emitted" and spreads throughout all space, since 
the vacuum polarization is also spreading. The actual energy flow is, 
between the time domain and 3-space and return, at any elemental dipole 
in the polarization of the vacuum that is spreadin; 


182. Oliver Heaviside, Electrical Papers, Vol. 2, 1887, p. 94. 


183. Prof. William Keel, quoted in James McWilliams, "Through a 
Galaxy, Darkly," Huntsville (Alabama) Times, May 14, 2000, p. A-18. 


184. Charles Seife, "Peering Backward to the Cosmos's Fiery Birth,” 
Science, vol. 292, June 22, 2001, p. 2238. 


185. _M.P. Silverman, And Yet It Moves: Strange Systems and Subtle 
Questions in Physics, Cambridge University Press, Cambridge, 1993, p. 
127. 


186. Matthew Colless, Australian National University, one of the 
survey team leaders in the project leading the world in mapping galaxies, 
Mar. 2001 


187. (a) Lee, {13a}; (b) Lee, Oehme and Yang, {13b): 
188. Wuetal., (14). 

189, Bearden, (12) 

190. Mandl and Shaw, {19, 168}. 

191. Whittaker, (85). 


192. Gabriel Kron, "Invisible dual (n-1) networks induced by electric 
I-networks," IEEE Trans, on Circuit Theory, CT-12(4), Dec. 1965, p. 464- 
410. 
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193. Kron, {162}. The quote is from p. 114. 
194, Steven Weinberg, Dreams ofa Final Theory, Vintage Books, 
Random House, 1993, p. 109-110. 

195, See Josephs, {172a}. Heavi en notes contained his 


theory of electro-gravitation, based on his theory of energy flow. ‘The 
papers were found beneath the floorboards in his little garret apartment. 


196. Laithwaite, (172b}. Laithwaite feels that Heaviside’s postulation 
that a flux of gravitational energy combines with the (ExH) 
electromagnetic energy flux, could shake the foundations of physics. 
Extracting from Laithwaite; "Heaviside had originally written the energy 
flow as § = (ExH) + G, where G is a circuitalflux. Poynting had only 
written S = (ExH). Taking p to be the density ofmatter and ¢ the intensity 
of a gravitational force, Heaviside found that the circuitalflux G can be 
expressed as pu -ce, where w represents the velocity of p and ¢ is a 
constant." 


197. Hence the title of cited reference {12} above. 


198. Melvin H. Miles and Benjamin F, Bush, "Radiation measurements 
at China Lake: Real or Artifacts?", Proc ICCF-7 (International 
Conference on Cold Fusion — 7, Vancouver, BC, Canada, Apr. 1998, p. 
101 


199. Bearden, (17) 


200. See P. V. Elyutin, "The Quantum Chaos Problem," Sov. Phys. 
Usp..Vol. 31, No. 7, 1988, p. 597-622. Elyutin discusses the crisis in 
quantum mechanics because of the missing chaos (hidden order). 
Quantum mechanics is known to be wrong unless this order can be found, 
because otherwise it does not predict the ordered macroscopic universe. 
‘Thus any proposed solution to the quantum chaos problem is worthy of 
Investigation, even if it turns out to be in error. 


201. Unfortunately, entropy is one of those concepts in physics for 
which there are several differing major views. We consider entropy to be 
comparable to a positive resistor: organized energy goes in, disorganized 
energy comes out. Entropy is usually taken to be a measure ofthe 
disordering of energy. It does not eliminate the energy; it just makes it 
more difficult to use it. For our work in energy from the vacuum, we take 
the very simple view that a negentropic process is like a negative resistor: 
it receives energy in a form unusable to us, transforms it, and outputs it in 
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a form that is usable. In short, a negative resistor receives disordered 
energy and reorders it, so to speak. So it exhibits negentropy. We 
completely avoid the various notions of “information” and attempts to 
equate information and energy. We do point out, however, that a time- 
reversal process in one form or another is usually involved. In that sense, 
e.g., Newton's third law would be a negentropic process and involve time 
reversal in the mechanism generating the reaction-causing agent. 


202. _H. E. Puthoff, "Source of Vacuum Electromagnetic Zero-Point 
Energy," Phys. Rev. A, 40(9), Nov. 1, 1989, p. 4857-4862. 


203. Whittaker, (91). The paper was published in 1904 and orally 
delivered in 1903. This paper initiated superpotential theory. 


204. As Whittaker showed in 1903, (85), the scalar potential is 
actually a harmonic set of bidirectional EM longitudinal EM wavepairs, 
where each pair is composed of a longitudinal EM wave and its phase 
conjugate replica. Only because classical electrodynamicists have 
erroneously defined the field and potential as their own reaction cross 
sections with a unit point static charge, has the "static potential been 
misidentified as a scalar entity, which it is not. The energy diverged fiom 
a uniform potential, around a fixed static point unit charge, is actually the 
set of divergences around the intercepting charge of the energy flows of all 
those EM waves comprising the potential. The sum total of all these 
individual wave divergences indeed has a scalar magnitude, but the 
magnitude of the total energy divergence from the potential is neither the 
potential itself nor its magnitude. 


205. We point out the obvious: A “scalar” mass in 3-space actually bim 
a time-vector since it moves through time continually, just to continue to 
exist. Further, it involves a special form of energy (energy compressed by 
cc) which time is taken to be. Since we may choose any form of energy we 
wish by simple transduction, we may take it as compressed EM energy. 

So the mere continued existence of any mass proves conclusively that EM 
energy can and does ubiquitously flow to, from, and through the time 
dimension. The combined continued existence of numerous masses proves 
conclusively that the flow of time can have a mytiad internal 
electromagnetic energy flows. An equilibrium between (i) an inflow of 
EM energy to a transducer from the time dimension, and (ii) an outflow of 
EM energy in 3-space fiom the transducer, will be seen as a discrete 
excitation (potential energy) associated with the transducer. Hence the 
notion of the charge. Every charge in the universe may be said to pour out 
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energy (negative charge pours out positive energy; positive charge absorbs 
positive energy — the equivalent of pouring out negative energy — and 
any charge results in a polarization of the vacuum. Hence what we call 
"spacetime" or "vacuum is in fact a giant circulation of energy from the 
time domain to 3-space, and back to the time-domain. In short, a giant 
negentropy process continually sustains the active universe and all its 
components and processes. 


206. Evans et al., (79). 
207. Semiz, (148) 
208. Weinberg, (194), p. 286. 


209. The available internal energy ofa generator is the transduced shaft 
energy we input to it, say by turing the generator shaft with a steam 
turbine or hydro turbine. ‘The shaft mechanical energy input is transduced 
into internal magnetic field energy once the rotor rotates. This internal 
‘magnetic energy is then dissipated on the internal charges inside the 
generator, forcing the positive charges in one direction and the negative 
charges in the other, thereby making the source dipole between the 
terminals of the generator. The available internal energy of.a battery is the 
chemical energy possessed by it at any given time, and available for 
performing work on the internal charges to force them apart to form a 
dipole between the plates (and the battery terminals). 


210. Kraus, {76}. Figure 12-60, a and b, p. 578 shows a good drawing 

of the Poynting (intercepted) energy flow being withdrawn into the 
conductors from the surrounding space. It does not show the Heaviside 
nondiverged component remaining, which is even larger, not diverged into 
the conductors, and wasted. The reason for the remaining Heaviside non- 
diverged component is that the electrons precess laterally across the 
conductor, thus withdrawing into the conductor only a small nearby 
sectionof the fields of the surface electrons — the ones (plus their fields 
extending into space) which intercept the impinging energy flow. Because 
of the short distance radially across the conductor's cross section, a surface 
electron has very limited "field and field energy withdrawal” length. 


211. (a)J. D. Jackson, "Surface charges on circuit wires and resistors 
play three roles," Am. .J. Phys., 64(7), July 1996, p. 855-870. See also (b) 
Mark A. Heald, "Energy flow in circuits with Faraday emf," Am. J. Phys., 
Vol. 56, 1988, p. 540-547; (c) — "Blectric fields and charges in 
elementary circuits," Am J Phys., 52(6), June 1984, p. 522-526. The 
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surface charges in the conductors ofa circuit are of enormous importance 
to the powering of the circuit. 


212. See T. E, Bearden, "Energy Flow, Collection, and Dissipation in 
Overunity EM Devices," Proc. 4th Internat, Energy Conf, Academy for 
New Energy, Denver, CO, May 23-27, 1997, p. 5-51. In Figure 5, p. 16 
the fraction of the Poynting energy flow that is intercepted and collected 
by the circuit is roughly shown to be on the order of 10 of the entire 
Poynting energy flow available. That number is based on a very crude 
estimating procedure, but even if off by several orders of magnitude, it 
shows that the Heaviside nondiverged energy flow component is orders of 
magnitude greater than the diverged Poynting component, for single-pass 
ofthe energy and collection only once. 


213. _ Rigorously, there is nopower in an EM energy flow, regardless of 
how great in magnitude, if it is not altered in form or diverged. That is 
because "power" is rigorously the time rate of doing work (time rate of 
changing the form of energy), not the time rate of energy flow per se. 
Exactly, the Heaviside dark energy flow component was some 10 trillion 
joules per second in magnitude, but it had zero watts of power. 
Unfortunately, electrical engineers just loosely refer to nondiverged energy 
flow as "power", regardless of the non sequitur. Hence inane terms widel 
used in electrical engineering (and texts) such as “draw power from the 
source”, etc. Rigorously, the power (rate at which energy is changed in 
form) is developed locally in each component having losses or performing 
work — i.e., changing the form ofthe energy. 


214. (a) T. E. Bearden, "On the Principles of Perm 


EM Power Systems," J. New Energy, 4(2), Fall 1999, p. 16-39; 
Bearden, {17}; (c) —"Use of Asymmetrical Regauging and Multivalued 
Potentials to Achieve Overunity Electromagnetic Engines," J. New 
Energy, 1(2), Summer 1996, p. 60-78; (d) — "Regauging and Multivalued 
Magnetic Scalar Potential: Master Overunity Mechanisms," Explore, 7( 1), 
1996, p. 51-58; (e) — "The Master Principle of EM Overunity and the 
Japanese Overunity Engines,” Infinite Energy, \(5&6), Nov. 1995-Feb, 
1996, p. 38-55; (f) — "Use of Regauging and multivalued Potentials to 
Achieve Overunity EM Engines: Concepts and Specific Engine 
Examples,” Proc. Internat. Sci. Conf, "New Ideas in Natural Sciences, " 
St. Petersburg, Russia, June 17-22, 1996, Part I: Problems ofModern 
Physics, 1996, p. 277-291. 
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215. In an oblique kind of sense, this is even "recognized" to some 
extent by leading electrodynamicists. E.g., quoting Jackson, {22}, p. 237: 
"the Poynting vector is arbitrary to the extent that the curl ofany vector 
{fieldcan be addedto it. Such an added term can, however, have no 
physical consequences. " So Jackson follows Lorentz’s lead that any 
additional non-intercepted and uncollected energy flow permissibly 
accompanying the Poynting intercepted and collected component, has no 
physical significance. Both Lorentz and Jackson err as to thefinality of 
the statement. The accompanying Heaviside component can have no 
physical significance unless it is intercepted and collected by means other 
than the single circuit or mechanism considered, and the single pass ofthe 
entire energy flow onto andpast the receiving entity (circuit, charge, etc.) 


216. —_Eg., see Poynting, (4a. 4b} 
217. Heaviside, (5a) 
218. Heaviside, (Sb) 


219. Heaviside, (5c). Heavisidediscussesthe Faraday-Maxwellether 
medium, outlines his vector algebra for analysis of vectors without 
quaternions, discusses magnetism, gives the EM equations in a moving 
medium, and gives the EM flux of energy in a stationary medium. On p. 
443, he credits Poynting with being first to discover the formula for energy 
flow, with Heaviside himself independently discovering and interpreting 
this flow a little later by himself in an extended form. 


220, J. H. Poynting, "On the connexion between electric current and the 
electric and magnetic inductions in the surrounding field," Proc. Roy. Soc. 
Lond. Vol. 38, 1984-85, p. 168. 


221. Oliver Heaviside, Electrical Papers, Vol. 2, 1887, p. 94. 


2 (a) T. E, Bearden, "On Extracting Electromagnetic Energy from 
the Vacuum," Proc. C-2000, ibid., 2000; (b) Bearden, {38a} 


223. Lorentz is believed to have done this earlier (perhaps circa 1890s). 
In 1902 he published the method in a book, which strongly implies it was 
first done in an earlier paper. See Lorentz, {109}. Figure 25 on p. 185 
shows the Lorentz concept of integrating the Poynting vector around a 
closed cylindrical surface surrounding a volumetric element. Many thanks 
to Marcus Reid for furnishing a copy ofthe actual Lorentz reference from 
a library in Leipzig, Germany. 
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224. _ E.g., see (a) Panofsky and Phillips, {110}; (b) W. Gough and J. P. 
G. Richards, European J. Phys., Vol. 7, 1986, p. 195. 


225. Panofsky and Phillips, {110}, p. 180. 


226. _D. S. Jones, The Theory ofElectromagnetism, Pergamon Press, 
Oxford, 1964, p. 52 


227. Jackson, {22}, p. 237. 


228. W.M. Schwarz, Intermediate Electromagnetic Theory, John 
Wiley & Sons, New York, 1964, p. 280-281 


229. Jones, {226}, p. 53. 


230. For typical references, see (a) J. Slepian, Am. J. Phys., 19, 87 
(1951); (b) Mario lona, ibid., 31, 398 (1963); (c) Udo Backhaus and Klaus 
Schafer, ibid., 54, 279 (1986); (d) C. J. Carpenter, IEE Proc. A (UK), 
136A(2), Mar. 1989, p. 55-65; (e) J. A. Ferreira, IEEE Trans. Edit., 31 (4). 
1988, p. 257-264; (f) Mark A. Heald,Am. J. Phys., 56(6), 1988, p. 540- 
547. ‘The debate has also appeared in many other leading journals, e.g., (G) 
T. H. Boyer, Phys. Rev. D, 25, 3246 (1982). Interestingly, (h) M. 
Abraham and R. Becker, The Classical Theory ofElectricity and 
Magnetism, Blackie. London, 1932, p. 146 and p. 194 give two examples 
ofthe controversy over the Poynting vector. Finally, see (i) D. F. Nelson 
Phys. Rev. Lett., 76(25), June 17, 1996, p. 4713-4716 for advanced work 
requiring a greater generalization of the Poynting vector. 


231. _ Sweet and Bearden, {29a}. Sweet's device produced 500 watts lit 
a 33 microwatt input, which is approximately a COP = 1.5x10°. By 
steadily increasing the COP to 3x10°, the weight of the Sweet unit was 
reduced smoothly, reaching 90% reduction. The results of this highly 
successful anti-gravity experiment are reported in the paper. 
Unfortunately, Sweet later died and never fully revealed the activation 
secret by which barium ferrite magnetic materials could be triggered into 
strong self-oscillation at 60 Hertz or other ELF frequency. 


232. _ Weaker self-oscillation of such permanent magnetic materials at 
higher frequency is known. E.g., see (a) V. S. Livov, Non-Linear Spin 
Waves, Moscow, 1987; (b) L'vov, (29c}. See also (c) A. G. Gurevich, 
and G. A. Melkov, Magnetization Oscillations and Waves, CRC Press, 
Boca Raton, Florida, 1996. The latter authors give hundreds of additional 
references. 
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233. Eg. (a) M. W. Evans, P. K. Anastasovski, T. E. Bearden er al, 
"Derivation of the B(3) Field and Concomitant Vacuum Energy Density 
from the Sachs Theory of Electrodynamics,” Found. Phys. Lett., 14(6). 
Dec. 2001, p. 589-593; (b) — "Anti-Gravity Effects in the Sachs Theory 
ol Electrodynamics,” Found. Phys. Lett., 14(6), Dec. 2001, p. 601-605; (©) 
Evans et al., (38b}; (d) Evans et al., (38c}; (e) -- "Operator Derivation 
of the Gauge Invariant Proca and Eehnert Equation: Elimination of the 
Lorentz. Condition,” Found. Phys., 39(7), 2000, p. 1123-1130; (f) - 
"O(3) Electrodynamics from the Ineducible Representations of the 

Elnstein Group," 2001, Found. Phys. Lett., 15(2), Apr. 2002, p. 179-187. 

(g)-"Effectof Vacuum Energy onthe Atomic Spectra," Found. Phys. 

Lett., 13(3), June 2000, p. 289-296; (h) Evans et al., (113b}: (i) Evans et 
al, {113a}; Gj) - "On the Representation of the Maxwell-Heaviside 
Equations in Terms of the Barut Field Four-Vector,” Optik 111(6), 2000, 
p. 246-248; —"Derivation of the B(3) Field and Concomitant Vacuum 
Energy Density from the Sachs Theory of Electrodynamics,” Found. Phys. 
Lett, (in press); (k) — "The New Maxwell Electrodynamic Equations: 
New Tools for New Technologies. A Collection of 60 papers from the 
Alpha Foundation's Institute for Advanced Study. Published as a Special 
Issue of the J. New Energy, 4(3), Winter 1999. See also (1) Bearden, 
(222b}; (m) Bearden, {38a}; (n) Bearden, (43d); (0) Bearden, (43a); (p) 

Bearden, {30}; (q) Bearden, (40}; (r) Bearden {214}; (s) Bearden, 
{12l4e};() - "The Final Secret of Free Energy.” Magnets, 7(5), May 
1993,p. 4-26; (u) Bearden, {214f} 


234. Bearden, {40). 


235, Terence W. Barrett and Dale M. Grimes, (a) Preface, p. v 
(b) Advanced Electromagnetism: Foundations, Theory, andApplications, 
Terence W. Barrett and Dale M. Grimes (eds.), World Scientifi 
Singapore, 1995. 


236.1 Prigogine, "Irreversibil 
Nature, Vol. 246, Nov. 9, 1973, p. 67-71 


sasymmetry-breakingprocess.” 
237.PaulDavies, Superforce: TheSearchforaGrandUnifiedTheory 

of Nature, Simon and Schuster, New York, 1984, p. 105, 

238. Clarke, (55}, p. 38. 


239. T. D. Lee, Symmetries, Asymmetries, and the World ofParticles, 
U. Wash. Press, Seattle, 1988, p. 11 
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240. That is, it does not exist openly in the open literature. Several 
inventors do have working laboratory COP> 1.0 experiments, and at least 
three of them have models which could rapidly be developed into 
production systems — say, in one year or less. However, the exact and 
detailed construction details are understandably maintained as deeply 
proprietary by the inventors, until their intellectual property rights can be 
secured, including foreign patent rights. On the other hand, many other 
inventors mistakenly believe they have COP>1.0 systems, but do not, 
because of instrumental error, considering nonsinusoidal waves as 
measurable with RMS meters, or effects covered in Chapter 6 which they 
do not comprehend. In addition, there have been those more interested in 
selling stock than in producing a working system. 


241, But see Kawai, (31). ‘The only available open detai 
approaching the "kit of parts and instructions” point is the Kawai process, 
and it will work just as in the patent if carefully built. If very efficient 
photon-coupled switching of the flux path is used for build-ups, and if very 
high efficiency (0.7 to 0.8) magnetic motors are modified with the Kawai 
process, one can expect the COP of the modified motors to be double the 
conventional efficiency of the original base motor. So one can obtain 
COP = 14 to 16, e.g., by using the necessary and available Hitachi high 
efficiency motors (one at 0.7 and the other af 0.8) to start with, Hitachi 
ally tested two high efficiency Hitachi motors modified hy 

14 and COP = 16 respectively. Unfortunately, the 
Kawai process, engines, and company have been seized by what can only 
be described as the Yakuza (Japanese Mafia) and are being held off the 
market. The seizure was accomplished here in Huntsville, Alabama, 
witnessed by the CTEC board of directors and I, when Kawai and CTEC 
were in final negotiations to rapidly develop and market the Kawai system 
Several other COP> 1.0 Japanese engines have also been seized and 
withheld by the Yakuza. 


242. Jed Z. Buchwald, From Maxwell to Microphysics, University of 
Chicago Press, Chicago and London, 1985, p. 44. 


243. Whittaker, (85). 
244, Bearden, (12) 

245. Mandl and Shaw, {19} 
246. Whittaker, (91a) 
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IT-Advanc: MT-2020 
Mobility 350 km/h 500 km/h 
User Plane Latency 10 msec Tmsec™ 
‘Connection Density 100 thousand T million devices 5q./km. 
devices/sg.km. 
Network Energy Efficiency T (normalized) 100X over IMT-Advanced 
Area Traffic Capacity 0.1 Mbps/sq. m. 10 Mbps/sq. m. 
(hot spots) 
Bandwidth Up to 20 MHz/radio Up to 1 GHz (single or 
channel (up to 100 multipole RF carriers) 
MHz aggregated) 


In supporting different usage scenarios, not all of these objectives will necessarily be 
simultaneously available. For example, an loT application may need to support a large 
number of devices but at lower throughput rates, while a vehicular application may need 
high mobility and low latency. 


Other expected enhancements include: 


a 


a 


a 


a 


Deep coverage for machines buried within environments. 
Extremely low energy demands for ten years or more of battery operation. 
Low complexity options for inexpensive machine communications. 


Auto-awareness through discovery and self-optimization. 


5G Concepts and Architectures 

Standards bodies have not yet defined 5G requirements, but various groups are analyzing 
the possibilities of what might constitute 5G for network deployments in 2020 or beyond. 
Often stated goals of 5G include: 


a 


Being able to support a greater number of end-systems, including 1oT applications, 
at lower average revenue than 4G systems. 


Peak data rates of multi Gbps (see Table 4 above). 


Rather than emphasizing peak rates, a more uniform user experience across the 
coverage area. 


Support for many frequencies, including existing cellular bands and frequencies 
above 6 GHz. 


> Per 3GPP TR 38.913 (V14.2.0, Mar. 2017), 0.5 msec for DL and 0.5 msec for UL for URLCC and 4 msec 
for UL and 4 msec for DL for eMBB, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 30 
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247. To see how arduous a search Kron himself made prior to 
athieving a proper model for an electrical circuit, see Kron, {162). The 
quote is from p. 114, 

248. For example, Kron, {192}. 


249. P. A.M. Dirac, "A theory of electrons and proton 
Soc. Lond. A, 126(801), Jan. 1, 1930, p. 360-365. Here Dirac introduced 
the vacuum energy — the electron sea filled with electrons occupying 
negative energy states. ‘The holes are treated today as the positive 
electrons. This concept is now referred to as th and the 
for other 
Dirac first attempted to identify these holes with 
protons, until later the positron was discovered. 


Proc. Roy 


rac Se 
concept has been expanded to include negative energy “holes 
kinds of particl 


250, Evans, (137b} 


251. (a) Evans, {137a}; (b) — "The Link Between the Topological 
‘Theory of Ranada and Trueba, the Sachs Theory, and 0(3) 
Electrodynamics,” ibid, vol. 2, p. 495-499 


252. (a) Sachs, {126a). ‘The Sachs theory provides a great 
generalization of general relativity and electrodynamics 
quarks and gluons to the entire universe. See also (b) 


iching from the 
chs, (1266) 


253. Indeed, the symmetrizing of Maxwell's equations was first 
accomplished by Lorenz. See (a) Lorenz, {161a}. In this paper Lorenz 
gave essentially what today is called the Lorentz symmetrical regauging. 
AS pointed out by Barrett, the Lorenz paper gave fi(t-r/c) functions 
Fitzgerald said that Lorenz's functions were essentially the same as 


and Fitzgerald became a leading proponent of "retarded potentials". But it 
is believed that Fitzgerald was unaware of Lorenz’s work until the 1880' 
so he is given credit for parallel development. Some people speak of 
Fitzgerald-Lorenz functions. This is a regauging, but the term "gauge’ 
(inspired by railroad gauges) was first introducec by Hermann Wey! in the 
1900s. He used it for a change in length and was quickly countered by 
Einstein - Wey!'s theory was not relativistic. The idea resurfaced in the 
1920s when quantum theory was being formulated, but this time it meant 
“change in phase” and not "change in length”. At any rate, when the 
renowned H. A. Lorentz performed the symmetrizing of the Maxwell- 
Heaviside equations in the 1880s. it was adopted immediately and has been 
rather universally applied since then. See also (b) Jackson and Okun 
(161b} for a history of gauge invariance. 
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Thermodynamics: From Heat Engines to Dissipative Structures, Wiley, 
Chichester, 1998; (f) T. Petrosky and 1. Prigogine, "Laws of Nature, 
Probability and Time Symmetry Breaking," Physica A, Vol. 263, 1999, p. 
528-539. 


255. (a) G. Nicolis, and I. Prigogine, Exploring Complexity, Piper, 
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256. Letokhov, {157a-157d}, 

257. Bohren, (24) 

258. Paul and Fischer, (25) 

E.g., see (a) Patrick et al., (37). For rigorous explanations of how 
ergy is extracted from the vacuum, see (b) Evans et al., (38b}; (c) 
Evans et al., (38c}. The vacuum can and will furnish an electromagnetic 
“wind” from which useful EM energy can be extracted. Indeed, every 
source charge and dipole already extracts and continuously pours out EM 
energy from the vacuum, thereby establishing its fields and potentials (and 
their energy) across the universe. 


260. A relationship between gamma bursters and a big bang is 
suggested from some recent observations. On Jan. 23, 1999 the Hubble 
Space Telescope caught an optical flash simultaneous with an initial 

gamma burst. When calculated, this burst was second in energy only to 

the big bang itself, and generated about 3.4 x 10" ergs, which is the 
equivalent of converting two solar masses instantaneously into energy 
‘There was also no polarization of the afterglow, which has been taken as 
evidence of beaming. However, such beaming could also be due to the 
beaming involved in the intense iterative phase conjugate reflections of the 
asymmetrical self-regauging process in intensely scattering, optically 
active, energy-amplifying media. 


261. Heavisid 


, (Sa-Se} 
262. Josephs, {172a); Laithwaite, {172b} 
890 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES 


263. (a) Diederik Wiersma and Ad Lagendijk, “Laser Action in Very 
White Paint,” Physics World, Jan. 1997, p. 33-37; (b) K. Totsuka, G. van 
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of spontaneous emission in strongly scattering medium,"/. Appl. Phys., 
Vol. 87, 2000, p. 7623-7628 
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Soukoulis, Kluwer, Dordrecht, 2001, p. 447-473; (b) H. Cao et af, "Spatial 
Confinement of Laser Light in Active Random Media,” Phys. Rev. Lett. 
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being an intensely scattering, photoreactive, energy-amplifying material, a 
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266. (a) Werner Triftshauser et al, Phys. Rev. Lett, Vol. 87, 2001. An 
overview is given by (b) Philip Ball, "The Positron Probe,” Nature, Vol 
412, Aug. 23, 2001, p. 764. 


267. For example, see Letokhov, (1574-1574). 


268. Jackson, (22), p. 363, third footnote. 


269. Kraus, (10), p. 4. 


270. Marconi'spatentisGugliehno Marconi, "Transmitting Electrical 
Signals,” U.S. Patent 586,193, July 2, 1897. Filed Dec. 7, 1896, with 56 
claims. This patent was overturned in 1943 by the U.S. Supreme Court, 
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the discovery ofradio. ‘This is not to discredit the important work that 
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271. United States Reports: Cases Adjudged in the Supreme Court of 
the United States, Vol. 320, Marconi Wireless Telegraph Co. of America 
vs. United States, June 21, 1943, p. 1-80. The U.S. Supreme Court ruled 
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on the assumption that there is a gas of free electrons in the metal. This 
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284, But see Kawai, (31) 
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proposes a different interpretation. In the present book we have tried to 
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absorb extra energy from the Heaviside component, perhaps by particle 
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a Availability of TDD and FDD modes for all bands. 
a Hierarchical/planned and ad hoc deployment models. 
Use of licensed and unlicensed bands. 


a Equal support for human-type and machine-type communications. Includes highly 
efficient small data transmission 


a Advanced Spectrum Sharing, possibly based on spectrum sharing approaches being 
developed for the 3.5 GHz band. 


Figure 13 shows the transformation of networks, moving from today’s LTE-Advanced 
networks to future LTE-Advanced and eventually 5G networks. 


Figure 13: Network Transformation?? 
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will operate in all frequencies, and just as 2G and 3G spectrum has been re-farmed for 
LTE, existing cellular bands will eventually be re-farmed for 5G. 
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As shown in Figure 15, higher frequency bands in 5G will provide capacity with smaller 
cells, and lower bands will provide coverage with larger cells. This is similar to the approach 


taken in 4G. 


Figure 15: Characteristics of Different Bands?3 
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deployments. 
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charges; now like charges attract. So the coulombic attraction of two H+ 
ions can attract them together so closely that each enters the strong force 
region ofthe other, forming a quasi-nucleus. As the other ions in solution 
move to negate the time-reversal zone, the zone decays, restoring the 
normal repulsion of the two protons in the quasi-nucleus. However, being 
exponential the strong force increases much more rapidly than the normal 
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reactions exist to produce the excess tritium shown in many cold fusion 
experiments, and a similar interaction — especially between two deuteron 
ions — forms an alpha particle. 


553. Bearden, (17). 
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555. Misner, Thorne, and Wheeler, {500}, p. 5. 
556. Evans and Jeffers, (459), p. 150. 
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by Sachs and by Evans. E.g.. to even have an EM wave in space, the 
energy density of space has to be changing as the wave energy oscillates. 
This is an oscillating curvature of spacetime, a priori. So all EM waves 
move in a dynamically curving spacetime. 


562. Sachs, {126b}. 


563. These concepts are generally consistent with 0(3) 
electrodynamics. For rigorous exposition of 0(3) EM, see Evans, {137b 


564. Felix Finster, "Definition of the Dirac Sea in the Presence of 
External Fields,” Adv. Theor. Math. Phys., Vol. 2, 1998, p. 963-985. 


565. J. W. Lynnand R. A. Russell, "Kron’s Wave Automaton,” Journal 
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567. Kron, (32), p. 39. 
568. Kron, (306) 

569. Kron, (32), p. 41 

570. See Stigant, {310a} for a bibliography of Kron's publications. 


571. Several overunity researchers have been assassinated by forces 
and parties unknown, Many very clever means are used to do the dirty 
work. 

As an example, there is a standard EMF "shooter" which uses Venus 
modification of the wavefront, to produce a wave that instantly disrupts the 
control of the heart's beating. There are two versions at least; one about 
the size of a pocketbook and for close range (30 feet) only, and one about 
the size of a bazooka and with longer range (up to 100 yards). About 1 
‘minute exposure to the beam of the small weapon will result in death of 
the targeted individual. I have personally been hit by the small version of 
that device (and I have a witness who was with me at the time, and also 
was exposed to it). We survived by instant recognition of what it was, and 
by bolting immediately out the nearby back door of a restaurant here in 
Huntsville. If the kill is successful, the autopsy will show that the person 
died of a heart attack. 

Stan Meyer, an overunity researcher with numerous patents, rushed 
from a restaurant exclaiming "They're killing me!" and expired with just 
such a heart attack, possibly hit inside the restaurant by a close-range 
shooter. 

Harry Mason's associate was killed in Australia in his apartment by a 
longer-range, bazooka-sized shooter. ‘The assassin was spotted putting the 
shooter back inside the car below, and speeding away. 

Sometimes a silenced rifle is used for sniping at long range. Sweet was 
fired at by one such would-be assassin — luckily just as he stumbled and 
fell on the steps of the foyer to his apartment complex. The bullet cracked 
right by his ear as he fell forward, passing where his head had just been the 
moment before. 

Another "shooter" uses longitudinal EM wave peak power pulses. This 
type kill is instant and very permanent. This unit can be set to stun or 
render the targeted person unconscious, or set to kill. It can also disrupt 
and stop running automobile engines (there is another version for that also, 
using negative energy EMP weaponry). However, it time-charges the 
struck human body so that the body emits longitudinal EM waves for some 
time after the kill. Marinoy was killed with such a shooter (apparently by 
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KGB-telated foreign intelligence operatives) and his body then thrown off 
a rooftop to make it appear to be suicide. Where his body lay, the 
pavement glowed when the body was removed. Only one weapon on earth 
will kill a body so that it will induce luminescence in concrete or asphalt 
that it lies on for a period. 

Another favorite weapon is an ice dart dipped in curare. I was 
threatened once and told I would be killed by such an ice dart weapon if I 
traveled in a 2-month period. Just four days past that period, and traveling 
and changing planes in Dallas-Fort Worth airport, a person was killed 
three feet from me in broad daylight, right inside the airport, with the exact 
symptoms of a curare ice dart kill. ‘That was apparently just to teach me 
‘they” were serious. 

“They” is that set of cartels that Churchill called "the High Cabal". 
Bedini and I had severely offended the High Cabal by Bedini’s successful 
transmutation of copper (and other things) into gold. John often makes his 
own power transistors for his amplifiers, and the slag in the electric oven 
tums into black ruby laced with gold and silver, confirmed by assay. We 
have had numerous other assassination attempts, too numerous to iterate. 
Suffice it to say that developing a good COP>1.0 EM power system can be 
hazardous to one's health. 

Any significant researcher should be wary of "meeting with a sudden 
suicide" on the way to the supermarket. Another thing to beware of, is a 
calibrated auto accident where your car is rammed from the rear, and you 
are shaken up considerably. An ambulance just happens to be passing by 
moments later, and it will take you to the hospital. If still conscious, the 
researcher must not get in the ambulance unless accompanied by a 
watchful friend who understands the situation and the danger. Otherwise, 
he can easily get a syringe of air into his veins, which will effectively tum 
him into a human vegetable. If he goes to the hospital safely, he must be 
guarded by friends day and night, for the same reason, else he runs a high 
risk ofthe “air syringe” assassination during the night. 

Simply trying to do scientific work, I find it necessary to often cary 
(legally) a hidden weapon. Both my wife and I have gun permits, and we 
frequently and legally carry concealed weapons. 

As early as the 1930s, T. Henry Moray — who built a successful 
COP> 1.0 power system outputting 50 kW from a 55 Ib power unit - had 
to ride in a bulletproof car in Salt Lake City, Utah. He was repeatedly fired 
at by snipers from the buildings or sidewalk, with the bullets sometimes 
sticking in the glass. He was also shot by a would-be assassin in his own 
laboratory, but overpowered his assassin and recovered. 
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Release 16, but Release 15 will provide physical layer frame structure and 
numerology support. 


Massive MIMO and beamforming 
Ability to support either FDD or TDD modes for 5G radio bands. 


Numerologies of 2" X 15 kHz for subcarrier spacing up to 120 kHz or 240 kHz. This 
approach, depicted in Figure 17, supports both narrow radio channels (for example, 
1 MHz), or wide ones (for example, 400 MHz). Phase 1 likely to support a maximum 
of 400 MHz bandwidth with 240 kHz subcarrier spacing. 


Error correction through low-density parity codes (LDPC), which are computationally 
more efficient than LTE turbo codes at higher data rates. 


Standards-based cloud RAN support, compared with proprietary LTE approaches, 
that specifies a split between the PDCP and Radio Link Control (RLC) protocol layers. 


Self-contained integrated subframes that combine scheduling, data, and 
acknowledgement. 


Future-proofing by providing a flexible radio framework that has forward 
compatibility to support future, currently unknown services, such as URLLC to be 
specified in Release 16. 


Scalable transmission time intervals with short time intervals for low latency and 
longer time intervals for higher spectral efficiency. 


QoS support using a new model. 


Dynamic co-existence with LTE in the same radio channels. (See the Appendix 
section “LTE-NR Co-existence” for more details.) 


According to one 5G Americas member company in 2017, operators globally have 
expressed interest in deploying NR in a wide variety of bands, including current cellular 
bands, 3.5 GHz, and mmWave bands. 


Release 16 will add support for: 


a 


a 


a 


a 


URLCC. 
Shared spectrum operation. 


5 GHz unlicensed spectrum operation based on current LTE approaches such as LAA, 
LWA, LWIP, and RAN Controlled LTE Wireless LAN Interworking (RCLWI). 


Possibly integrated access and backhaul based on a Release 15 study item. See the 
appendix section, “Integrated Access and Backhaul,” for more details. 


Other, as yet unknown, features. 


The ability to simultaneously transmit and receive on the same frequency has been stated 
in the past as an objective of 5G, and although such capability remains of interest, it is not 
currently being specified. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 34 
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Over the years, probably as many as 50 or more overunity researchers 
and inventors have been assassinated for their efforts, and particularly For 
th 
heard from again. 


success. Some have simply disappeared abruptly and never been 


These days the use of longitudinal wave shooters (such as killed 
Marinov) and such is growing, since no signature is left for a normal 
autopsy to discover. The Yakuza, e.g., uses such “shooters” in Japan to 
assassinate persons or politicians having incurred their displeasure. Others 
are subjected to the more traditional Yakuza assassination: Three or four 
assassins suddenly jump the unsuspecting target, stabbing him repeated 
and with extreme rapidity. His body may have 50 to 70 deep stab wounds 


— through the heart, the abdomen, liver, lungs, ete. — before the body 
strikes the pavement. 

Other very sophisticated methods of legal entrapment, gaming, planting 
narcotics on one's premises and tipping off the drug enforcement agencies 
for a drug raid in the middle of the night, ete. are utilized. 

Widely used is "gaming", which uses deep psychological profiling to 
select a "vulnerability". The supercomputer with the game prepares a 
"scenario" much like writing a movie script of predictable interactions 
among the players to be chosen. The game involves "agents of influen 
(AOIs — persons who are dogmatic, perhaps even radical, and have knee- 
jerk responses easily triggered, and whose vector direction when they 
jump" is along or near the desired response direction), and one or two 
agents to do the phone conversations with the AOIs and trigger them into 
action), as well as a game controller or director. ‘The computer programs 
also use prediction and artificial intelligence, and will forecast the 
probability of success of the selected game. A very extensive database of 
deep psychological profiles on useful AOIs and ail major COP>1.0 
is kept in the computer. When the controller selects the game, 


archer 
the computer spits out the most recommended AOI players. ‘The controller 
accepts or changes and then accepts, and the game scenario is then 
prepared. The agents trigger the AOIs, and the unwitting target is suddenly 
besieged from every direction, along a direction he already has an affinity 
or “vulnerability” towards. ‘The controller follows the course of the game 


and the outcomes of all interactions between the target and the AOIs. The 
agent or agents add "nudges" or additional actions to overcome delays, 
accomplish redirection when the direction goes awry. etc. Over the 

decades, these games have gotten very eflective indeed, and are quite 
difficult to content with. I laving survived about 200 of these games over 
the last two decades, 1 may yet write a book on some of the major ones that 
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have been used against overunity researchers. The games are not confined 
just to the overunity field, however, and sometimes are also used to 
directly intervene in politics and other key situations, {754}. Machiavelli's 
methods are not dead; they thrive and have been highly computerized. 


572. More than a dozen potential mechanisms for overunity EM 
interactions and systems are given in Evans et al., {233i}. Many of these 
interactions are likely in highly energetic astronomical phenomena such as 
the gamma ray burster and the X-ray burster. 


573. Evans et al., (38, 38c} 
574, Bearden, (38a) 
575. Bearden, (30) 


576. Sweet and Bearden, {29a} 


577. (a) A. G. Reiss er al., Astron. J., Vol. 116, 1998, p. 1009; (b) S. 
Perlmutter er al., Astrophys. J., Vol. 517, 1999, p. 565. 


578. _ A. Einstein, Sitcungsher. Preuss. Akad. Wiss., Vol. 1917, 1917, p. 
142. Einstein came to regret his introduction of the cosmological constani 
as his "greatest blunder”. Ironically, this may yet tum out to be one of his 
greatest contributions. 


579. Prange and Strance, (365), 


580. (a) R. Lieu, "The effect of Planck scale space time fluctuations on 
Lorentz invariance at extreme speeds," Astrophys. J. Lett., 2002 (in press). 
A preprint is on http://xxx.lanl. gov/abs/astro-ph/0202443. See also (b) 
Philip Ball, "Time gives rays a break,” 
hitp://www.nature.com/nsu/020304/0209304-5.html 


581. In 1998, experimental evidence of the accelerated expansion of the 
universe was provided by two groups of astronomers; see (a) Riess er al., 
(577a}; Perlmutter et al., {577b}. For an attempt to provide a new model 
for the negative antigravity, see (c) L. Parker and A. Raval, "A new look ill 
the accelerating universe,” Phys. Rev. Lett., Vol. 86, 2001, p. 749-752; (d) 
Philip Ball, "New model of expanding universe," Nature News Service, 
Science Update, Nov. 12, 2001. A good coverage for the educated 
layperson is (e) Mario Livio and Alan Sandage, The Accelerating 
Universe: Infinite Expansion, the Cosmological Constant, and the Beauty 
ofthe Cosmos,” Wiley, New York, Dec. 2000. See also (f) P. D. 
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Mannheim, "Implications of cosmic repulsion for gravitational theory." 


Phys. Rev. D, Nov. 15, 1998, p. 3511 
582. J. C. Bedini and T. E. Bearden, " Process For Transducing Forms 
of Electromagnetic Energy," U.S. Provisional Patent Application, 2001. A 
formal U.S. Patent Application is in preparation as of this writing. 


583. For a deep consideration of what is "meant" by mass, and how 
subtle the concept really is, the reader should refer to the scholarly work of 
Jammer (523a}. The more casual reader should be prepared for somewhat 
ofa shock. Mass is not at all a "cut and dried” concept, as usually 
assumed. Indeed, the simple materialistic view of mass seems to be very 
much opposed by modem physics findings. 


584. (a) Bearden, {12}. If we insert the absorption of a scalar (time- 
polarized) photon by the ubiquitously-assumed unit point charge and the 
subsequent re-emission of a longitudinal photon as the process for 
"combining" a scalar and longitudinal photon, then our solution is also 
consistent with (b) Mandl and Shaw, (19}. Mand! and Shaw argue that the 
longitudinal and scalar polarizations are not directly observable, but only 
in combination, where they manifest as the "instantaneous" Coulomb (i.e., 
electrostatic) potential. Our comment is that this argument, translated 

from particle terminology to wave terminology, then fits our re- 
interpretation of Whittaker's 1903 decomposition of the scalar potential in 
(©) Whittaker, (85). It also strongly suggests the need for a complete 
reinterpretation of what is meant by "propagation of EM energy through 
3-space" 


585. _E.g., see (a) V. L. Arkhipov er al., "Negative transient currents in 
amorphous semiconductors.” Internal. J. Electronics (UK), 51(6), 1981, p. 
735-142; (b) — "An analysis of the dispersive charge transport in vitreous 
0-55 As2Ss : 0*45Sb,S3,” Phys. Stat. Sol. (A), Vol. 54, 1979, p. 67-77: (©) 
— and Rudenko, A. I, "Negative currents caused by injection-controlled 
polarization." Solid St. Commun., 28, 1978, p. 675-676. 


586, Evans, (137a, 137b, 251) 


587. David Jones, Vancouver Sun Times, Weekend Magazine, Dec. 17, 
1977, p. 17. Article on Sid Hurwich's Toronto gun-jamming 
demonstration, stopping of watches, and jamming of a gun. 


588. For proof of production of ordinary EM fields and energy at a 
distance by scalar interferometry, see Evans et al, {79}. 
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589. Miles and Bush, (198), p. 101 
590. Bearden, (17} 


591. We point out, but do not further discuss, the obviously startling 
impact on the validity of the random statistical analyses normally used in 
scientific work if such "hidden variables” are present in the Earth's 
supersystem and interact with the experiment. 


592. Kron, (192), p. 466. 


593. (a) Gabriel Kron, Diakoptics: The Piecewise Solution to Large- 
Scale Systems, MacDonald & Co., London, 1962. See also (b) Kron, 
{310b}. 


594. Ilya Prigogine, Preface, (160b), p. xi. 


595. Sir William Rowan Hamilton, 1837. Hamilton originated 
quatemion algebra, the Hamiltonian, etc. Hamilton's quatemion algebra 
has a higher group symmetry than either vectors or tensors. Since 
Maxwell's theory was first formulated in Hamilton’s quatemion algebra 
and later reduced to vectors and then to tensors, ironically the first 
successful EM theory has been sharply curtailed rather than being further 
developed and extended. 


596. (a) Aharonov and Bohm, (34a, 344b} 
597. Prigogine, (160b}, p. 104. 

598. Lee, (441), p. 23. 

599. Jackson, {22}, p. 811-812. 

600. Whittaker, (85) 


601. This is because time may be regarded as compressed spatial 
length, where the L compression factor is c. Since the energy ofa wave is 
proportional to L? (where L is the wave amplitude), then the release of ST 
time-density as ST energy density provides nearly 9x10 times as much 
effect per second as simple energy density curvature alone does per joule. 
For convenience, we refer to this as the "10" gain factor" one obtains by 
releasing the compressed length energy from its time-density ST curvature 
form, 
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602. _T. Matsumoto, "Mechanisms of Electro-Nuclear Collapse," Proc, 
ICCF-7 (International Conference on Cold Fusion - 7), Vancouver, BC, 
Canada, April 1998, p. 98. 


603. Romer, (84), endnote 24, p. 109. 


604. See Harter et al., (102}. For a simple analogy, we may think of 
the longitudinal EM wave as a sort of velocity-modulated wave; ice, it is 
rhythmically changing its velocity about some average value, where that 
value is usually taken to be c. Another way to visualize it is as an 
accordion” wave, expanding and contracting along the line of travel. 


605. There are several types (polarizations) of photons utilized in 
physics. E.g., see (a) Ryder, (90b}. On p. 147+, Ryder discusses four 
polarization states of the photon. Two of these are "transverse" —i.e., the 
well-known x- and y-polarizations of light; one is called "longitudinal, 
ice., z-directed and related to Evans’ B(3) field, and one is "scalar" or 
timelike. 


‘The time-like (scalar) photon we are using in this paper seems to 
be yet another brand, something like a cross between the Ryder's third and 
fourth classifications. That is, our "scalar" photon is named such because 
when it is imperfect it propagates (i.e., in the 7 direction) at finite speed. 
When perfect, it just appears instantly everywhere it will be, without 
propagation through space in the usual sense. Hence it can be at an 
infinite number of points simultaneously - very close to the notion of the 
pure Coulomb gauge or of Bohm’s quantum potential - or it can be impure 
and propagate at subluminal or superluminal speeds. The main notion we 
intend in our present use of the "scalar" photon for this treatise is that its 
oscillation is in the time domain and along the time axis. We use a model 
which produces the flow of time itself, and a time-component structuring 
ofthat flow — something which is still absent from physics. So our time- 
like (scalar) photon in one part very much resembles Ryder's discussion of 
the "scalar" photon, but is not just that alone. For instance, both our 
longitudinal photon and our scalar photon seem to have internal “photon” 
structures that we do not discuss in this treatise. 

A still deeper discussion of photon polarization is in (b) Mandl 
and Shaw, {19}. ‘The longitudinal and scalar polarizations are not directly 
observable, but only in combination, where they manifest as the 
instantaneous" Coulomb (electrostatic) potential. So by this route one 
arrives at a well-established mathematical theory that allows a hidden 
substructure within the photon itself. Mandl and Shaw include the 
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photon's four polarization states as related to the four independent degrees 
of freedom available in the vector potential A. Suppression of the 
longitudinal and scalar polarizations is accomplished by "fixing the 
gauge". This reduces the independent degrees of freedom from 4 to 2, 

ing the conventional electrodynamics. However, when one raises 
serious foundations flaws in that resulting conventional electrodynamics, it 
is obvious that the entire structure is still on somewhat shaky ground. An 
even better mode might be to consider the fundamental photon entity as 
existing in all degrees of freedom, and the various "kinds" of photons 
existing due to restrictions or partial restrictions placed on one or more of 
these degrees of freedom. This of course opens the stage to interactions 
that change one (restricted) type of photon into a different (restricted) type. 
‘Thai is essentially the basis for my use of the notion of "photon 
transduction". Tt also leads to the transposition of time into energy and 
vice versa, which I use in my own approach, but which is still missing 
from nuclear physics. Since experimentally the cold fusion phenomena 
seem to require that characteristic, we have retained it. 

We are indebted for much of the preceding discussion to private 
correspondence from Bob Flower, a fine scientist and knowledgeable in 
this area. Flower has pointed out that the conventional photon theory 
outlined by the cited authors is missing the possibility that nonlinear 
phase-conjugate optics could make the photon’s longitudinal and scalar 
polarizations manifest in an experiment. Or put another way, if the 
instantaneous Coulomb potential could be decomposed into a time-like 
component and a longitudinal component, it would allow the two hidden 
polarization states to be controlled directly. This would result in 
anomalous modifications ofthe EM vector potential, leading to measurable 
electromagnetic or quantum effects. Flowers observation seems to be the 
closest to our own view, stated more simply in the present paper. 


606. The result of our yet-unfinished struggle in these very swampy 
photon waters is not entirely consistent with the conventional view. 
Nonetheless, the new approach does seem to fit and explain most of the 
anomalous cold fusion phenomena, as well as a wide variety of other 
phenomena previously deemed beyond the pale of physics itself. E.g., by 
noting that mind is time-like in its operations, and therefore directly uses 
time-polarized (scalar) photons, waves, and electrodynamics, then mind 
operations become totally electromagnetic, but of a dramatically extended 
electrodynamic nature presently being approached in quantum field theory 
‘That approach leads directly to a testable and engineerable theory of mind 
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on all its levels (conscious, subconscious, unconscious, species 
unconscious, biospheric or all-species unconscious, and so on). But since 
the mind can interact with the body and produce at least the initial spatial 
forces carrying out intent in the physical world, it follows that some 
process must exist whereby the “time-like” photon interacts with and 
changes one or more of the other photons in the conventional view. Our 
use of rransduction in fact encompasses that, based on quantum field 
theory as described by Ryder {90b} and by Mandl and Shaw (19), 
Further, the present author's transduction reinterpretation of Whittaker's 
1903 and 1904 papers {85, 91a} means that Whittaker’s work as 
reinterpreted strongly supports this approach mathematically. So the 
approach used directly incorporates mind and matter interaction, again on 
multiple levels. While this area of engineerable mind and matter 
interaction is well beyond the scope of this treatise, it has become possible 
to begin the physics of the living being — even of the entire living 
universe — and to foresee direct engineering of the various realms of mind 
itself. Indeed, Russian psychoenergetics - particularly the highly 
weaponized secret part of it - already is involved in just that capability in 
deployed operational equipment of great portent. Since real results and 
real explanations of diverse metabiological phenomena have arisen from 
the approach as well asa very deep "more ordinary" physics including the 
necessary corrections to electrodynamics, we have continued to follow it to 
see where it eventually leads. A future book is planned on the more 
positive and beneficial uses of such startling technology. A preliminary 
view can be had on the author's website, www.cheniere.org, in the 
"porthole concept” briefing. A patent application has in fact been filed on 
this startling new method of medical healing 


607. (a) Viail Kaznacheyev and L. P. Mikhailova, Ultraweak Radiation 
in Intercellular Interactions, {in Russian], Novosibirsk, 1981 [an English 
exposition of much of the Kaznacheyev work is given in (b) Vlail 
Kaznacheyev, "Electromagnetic Bioinformation in Intercellular 
Interactions,” Psi Research, 1(1), Mar. 1982, p. 47-76.] See also (c) 
Kaznacheyev et al,, "Distant intercellular interactions in a system of two 
tissue cultures,” Psychoenergetic Systems, (3), Mar. 1976, p. 141-142. In 
the same issue, see (d) "A Comment” by William A. McGarey, p. 143; (€) 
"A Comment" by Arthur C. Hastings, p. 143-144. See also (i) Yu. A. 
Viadimirov, "Ultraweak luminescence of subcellular structures,” 
Ultraweak Luminescence in Biology: Proceedings of the Symposium, 
Moscow, 1969 [In Russian], Robert Becker also showed in his healing of 
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otherwise intractable bone fractures that a simple scalar potential (now 
known to involve the direct transduction between scalar and longitudinal 
photons and vice versa), that cellular dedifferentiation and redifferentiation 
ofred blood cells occurred in the scalar potential region across the 
damaged bone cells, and directly in such manner as to "eliminate the delta 
engine” in those damaged bone cells in the fracture. The red cells shucked 
their hemoglobin, turning back (time-reversing) to a more primitive cell 
(carlier state). Then they redifferentiated (time-forwarded) into the type 
cells that make cartilage. There is still a delta engine between cartilage a 
bone! So these cartilage-like cells redifferentiated again into the kind of 
cells that make bone. These latter cells were deposited in the fracture, 
healing it. This process is in fact used today in various medical hospitals, 
without any real understanding of the physics mechanism involved. In 
short, it has long been experimentally proven without understanding the 
actual mechanism by which it works. See (g) Robert O. Becker, "The 
direct current field: A primitive control and communication system related 
to growth processes," Proc. XVIInternal. Congr. Zoology, Washington, 
D.C., Vol. 3, 1963, p. 179-183; (h) — and Charles H. Bachman and 
Howard Friedman, The direct current system: A link between the 
environment and the organism," New York State J. Medicine, Vol. 62, 
April 15, 1962, p. 1169-1176; (i) — and Joseph A. Spadaro, "Electrical 
stimulation of partial limb regeneration in mammals,” Bull. N.Y. Acad. 
‘Med, Second Series, 48(4), May 1972, p. 627-64. See also (j) C. A. L. 
Bassett; R. O. Becker, and R. J. Pawluk, "Effects of electric currents on 
bone in vivo,” Nature, Vol. 204, Nov. 14, 1964, p. 652-654 


608. Puthoff, {202} 


609. See (a) A. Shapere and F. Wilezek, Eds., Geometric Phases in 
Physics, World Scientific, 1989. See also (a) MV. Berry and J. M. 
Robbins, "Indistinguishability for quantum particles: spin, statistics and 
the geometric phase,” Proc. Roy. Soc. Lond, Vol. 453, 1997, p. 1771- 
1790. 


610. See Mandl and Shaw, {19}, Chapter 5 and simply reinterpret the 
coupled scalar and longitudinal photon pair as a spin 2 graviton. 


611. In fact, Sweet's vacuum triode amplifier probably used the 
domains and nuclei in a barium ferrite permanent magnet in such a 
graviton reaction manner. In an epochal experiment designed and 
conceived by the present author, Sweet reduced the weight of the device 
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For the de: 


on the lab bench, smoothly and effi 
see Sweet and Bearden, {29a} 


ently, by 90 degres tion, 


612. Reginald I. Gray, Unified Physics, Naval Surface Warfare Center, 
Dahlgren, VA, 1988, p. 2-19. 

613. For the bas Evans et 
al, {79} 


614. See Chapter 3, paragraph 3.1 through 3.5. 


explanation of a scalar interferometer, s 


615. Bearden, (12) 


616. As an example, see Bunge, {3}, p. 179-180. Quoting: " The most 
complete direct interparticle action theory of electromagnetism is 
WHEELER and FEYNMAN'S (1949). lis central postulate is Fokker's action 
principle for a collection ofpoint charges... from which the equations of 
‘motion for charged particles follow. As can be seen, only particle 
variables occur in this theory, which is an electrodynamics in AMPERE’S 
sense and therefore the opposite ofa unitaryfield theory. (The theory is 
mathematically equivalent to an “adjunct’field theory, but this. adjunct 
field, farfrom being free, is attached to the particles.) The theory has 
been abandoned by its creators because it is inconsistent with the quantum 


theory, in particular with the photon hypothesis. Yet it continues to appeal 
to many not only because it smacks ofmechanism and operationalism, but 
also because no self-forces appear in it and consequently no infinite self- 
forces (and the corresponding selfaccelerations) But this is too small an 
‘advantage compared with its shortcomings even at the classical level. 
Indeed, the theory makes use ofspecial relativity - as is apparentfrom its 
central axiom...yet it is inconsistent with itfor SR borrows from CEM the 
assumption that em. signals propagate in a vacuum with a constant speed 
¢ and moreover lead an existence, which, while it lasts, is independent of 
oth emitters and absorbers. In other words, by denying the existence of 
free radiation fields propagating in space, the action at a distance 
{formidation of CEM contradicts its own basis: it is logically inconsistent. ” 
Our comment is that the "photon” interaction itself must be re 
examined in light of the demonstrated giant negentropy of every change 
and dipole in the universe. Allowing for the quantum field theoretic 
combination of the scalar and longitudinal photons as an observable 
“photon” that is actually a spin-2 graviton in 4-space rather than 3-space. 
the entire nature of "propagation of EM energy through space” changes, 


No photon has ever interacted in just 3-space; instead, it interacts in 
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4-space. In the strong interpretation of giant negentropy, there is really no 
such thing as a "single observable photon” in the universe. Instead, there 
is a combined scalar/longitudinal photon pair, which when interacting in 
matter causes transverse EM wave movement of the interacting/detecting 
charges which are restrained by (i) the inertia due to their own mass, and 

) in circuits, the back repulsion of all other like charges longitudinally 
ahead ofthe excited charge that absorbs the "photon" (actually, the 
graviton). Considering the longitudinal wave "bunching and relaxing” 
actions resulting in galloping, then the conventional assumption of the 
constant speed of light ¢ in vacuum is destroyed. What we perceive as 
“light propagating in space at speed c” already moves in a galloping and 
jerky motion abour speed c — now moving superluminally, now moving 
subluminally — with only an average speed of c overall. In turn, anything 
which affects the performance and "galloping mechanism” exhibited by the 
longitudinal EM wave can in theory be used to change the speed c. With 
the coming advent of the Fogal semiconductor and direct superluminal 
communication, all such objections based on previous rather classical 
assumptions will simply fall by the wayside. We also stress that the speed 
of gravitational field is shown in astronomical events and effects to be 
extraordinarily superluminal by many orders of magnitude. Again, this 
greatly upsets many of the modeling assumptions in present physics. 
Physics is based on a set of models and a set of experiments and observed 
effects. Ifthe experimental effects negate the theory, one has to change 
the theory or be guilty of abandoning scientific method altogether, thereby 
turning science into dogma. 


617. Cohen, {89}. 


618. See Rod Donnelly and Richard Ziolkowski, "Electromagnetic field 
generated by a moving point charge: A fields-only approach," Am. J. 

Phys., 62(10), Oct. 1994, p. 916-922. In conventional language, both the 
transverse and longitudinal field components always try to be born 
initially, whenever an EM wave is being generated. Generation of the 
transverse component produces a function which zeroes the longitudinal 
component. The function appears in the spacetime representation of the 
transverse EM fields, obtained by Donnelly and Ziolkowski using special 
transforms. The phase conjugating and retroreflecting aspects of cold 
fusion experiments produce spacetime curvatures, directly affecting the 
‘anceling function.” ‘The altered function becomes an "LW-reduction 
function” which is postulated to determine the mix of transverse and 
longitudinal field components that emerge in the interactions. 
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Figure 17: Hypothetical Example of 5G Numerology 
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Expected 5G Performance 


Predicting the 5G user experience is challenging because 5G will be deployed in many 
jurations, including different bands and with varying width radio channels. In addition, 
the throughput rates a user experiences depend on signal quality, device capability, and 
network loading. Some early predictions, however, are possible by examining the ITU 
objectives, the expected width of radio channels, and results from simulation studies, 


The ITU objectives are that in a 5G network, 95% or more users should be able to 
experience at least 100 Mbps, which is also termed as cell-edge throughput. Examining the 
simulation results in the appendix section on 5G, “Performance,” such results appear 
feasible using 200 MHz or wider radio channels. The results also suggest that average or 
typical rates could reach 500 Mbps using 200 MHz radio channels and 1 Gbps using 400 
MHz radio channels. 


Just as LTE throughputs have increased significantly over this decade, 5G performance will 
keep improving over the next ten years. One 5G Americas member expects that the 5G 
theoretical peak rate could be 5 Gbps in 2020, rising to 50 Gbps by 2024. 


Release 15 Non-Standalone and Standalone Options 


3GPP is specifying the first phase of 5G in Release 15. So that operators can deploy 5G 
sooner, 3GPP divided Release 15 into two sets of specifications. The first and earlier set of 
specifications define how a 5G RAN can integrate with an LTE network in what 3GPP calls 
a non-standalone option. In this earliest version (architecture option 3), NR will rely on an 
existing LTE network, both in the RAN and in the core. 


The complete Release 15 specifications will also define a 5G core network. Figure 18 shows 
some of the architecture options. Options 3, 4 and 7 are the non-standalone options and 
options 1, 2, and 5 are standalone. The appendix section, “5G Architecture Options,” 
discusses all of the deployment options in greater detail. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 35, 
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619. Whittaker, (85} shows that the scalar potential is comprised of 
bidirectional longitudinal EM wavepairs. Whillaker, (91a} shows that all 
jelds and waves are comprised of two interfering scalar potential 
functions, Hence all fields and waves are comprised of functions of 
longitudinal and scalar wave interferometry, 


620. Evans et al., (79) 


621. Usually the detecting GM tubes will detect the interferometry of 
the incident longitudinal EM waves with the weak LWs being emitted in 
the tube itself by time-decay of its time-charges. ‘The resulting transvers 
wave EM energy ionizes the tube’s gas, and the GM tube “reads.” If little 
or no time-decay is occurring, then there will be little or no transduction 
into TWs, hence little or no ionization. In that case the instrument will not 
read 


622. Miles and Bush, (198), p. 101 
623. hid. 

624. (a) Evans, (137b}; (b) Evans et al., (2334, 233f} 
625. Rodrigues and Lu, (93a) 

626. Enders and Nimtz, {329} 


627. (a) W. A. Rodrigues, Jr. and J. Vaz Jr., "Subluminal and 
Superluminal Electromagnetic Waves and the Lepton Mass Spectrum, 
Khover Ac. Pub. Proceedings, <hep-th/9607231> on Los Alamos web site; 
(b) P. Letelier and W. A. Rodrigues Jr. (Eds.), Gravitation: The Spacetime 
Structure, World Scientific Publishing Co., Singapore, 1994; (¢) J. Vaz Jr. 
and W. A. Rodrigues Jr., "On the equivalence of Maxwell and Dirac 
Equations, and Quantum Mechanics,” Internal. J. Theor. Phys., Vol. 32, 
1993, p. 945-958; (d) J. Vaz Jr. and W. A. Rodrigues Jr., "Maxwell and 
Dirac Theories as an Already Unified Theory," Adv. Appl. Clifford 
Algebras, Vol. 7 (S), 1997, p. 369-386; (e) W. A. Rodrigues Jr. and J. E. 
Maiorino, “A unified theory for construction of arbitrary speeds (0 < v < 
0) solutions of the relativistic wave equations." Random Operators and 
Stochastic Equations, Vol. 4, 1996, p. 355-400; (f) Rodrigues and Vaz, 
(93b}, 


628. Tom Van Flandern, “The speed of gravity - What the experiments 
say," Phys. Lett. A, Vol. 250, 21 Dec. 1998, p. 11 1 


629. Ibid, p. 9 
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630. Ibid., p. 10. 


631. A. A. Vlasov and V. I. Denisov, "Einstein's formula for 

| radiation is not a consequence of the general theory of 
Theor. Math. Phys., 53(3), June 1983 (English translation), p. 
1208-1216. Translated from Teoreticheskaya i Matematicheskaya Fizika, 
53(3), Dec. 1982, p. 406-418 [in Russian] 


632. _D. Hilbert, Gottingen Nachrichten, Vol. 4, 1917, p. 21 
633. Sen, (68), p. viii 
634, Mandl and Shaw, {19) 


635. Logunov, A. A. and Yu. M. Loskutov, "Nonuniqueness of the 
predictions ofthe general theory of relativity,” Sov. J. Part. Nucl., 183), 
May-June 1987, p. 179-187. 


636. Whittaker, (85) 


637. Le., that spacetime == scalar potential == virtual particle flux 
Whittaker biwave set. Ifthat holds, then when we engineer the internal 
structure of the scalar potential, we also simultaneously engineer the 
internal structuring of the vacuum and spacetime itself, with deliberately 
formed spacetime curvature engines (vacuum engines). This is vacuum 
engineering — by different means — of the sort proposed by Nobelist T. 
D. Lee, (73}, p. 380-381. On p. 383, Lee points out that the 
microstructure of the scalar vacuum field (i.e., of vacuum charge, or — in 
our view — ofthe vacuum potential) has not been utilized. Particularly 
see Lee's own attempt to indicate the possibility of using vacuum 
engineering, in his "Chapter 25: Outlook: Possibility of Vacuum 
Engineering,” p. 824-828. 


638. Ingram Block and Horace Crater, "Lorentz-Invariant Potentials 
and the Nonrelativistic Limit," Am. J. Phys., 49(1), Jan. 1981, p. 67. 


639. Roderic Lakes, "Experimental Limits on the Photon Mass and 
Cosmic Magnetic Vector Potential,” Phys. Rev. Lett., 80(9), Mar. 2, 1998, 
p. 1826. Our critique is that the given equations define nothing at all, 
since no equation is a definition. If one replaces the "=" with "=" in the 
“definition” of the A-potential in terms of B, one then has B==curl A, 
which is actually the definition of B in terms of A. If A has no energy, 
then neither can B, which is just the swirl ofthe A-energy. If A has no 
curl, B vanishes. If A has no energy, B vanishes. YetdA/dr= - E, whether 
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A has curl or not, and E has energy. Ergo, A must have energy ifany 
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of 5G in March 2018. Based on a typical minimum period of 18 months to build and deploy 
the technology, initial 5G NSA deployments could occur toward the end of 2019 or the 
beginning of 2020. 3GPP will complete the full Release 15 specifications in September 2018, 
enabling deployments in 2020. Release 16, which is the second phase of 5G, will be 
complete at the end of 2019, and Release 16 deployments could occur in 2021. In 2020, 
3GPP will begin work on Release 17 which will include as yet unknown capabilities. 
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5G Core Network 


Release 15 also defines initial core network capabilities that support QoS and network 
slicing. See the 5G appendix section, “Architecture,” for more details. A study item in 
Release 15 will study integrated access and backhaul, with which base stations can use the 
5G radio channel for backhaul. This capability could become a work item for Release 16. 
See the appendix section, “Integrated Access and Backhaul,” for more details. 


Many operators will virtualize their 5G core networks, just as they have for LTE, but such 
virtualization is outside the scope of 3GPP specifications. 


5G Device Availability 


User devices capable of 5G operation have not yet been announced, but availability will 
likely follow the trends of previous generations of networks. Initial devices, possibly in the 
2019 timeframe, will likely include routers that have a 5G radio and use Wi-Fi for local 
Hotspot capability and USB modems. Handset vendors are in the early stages of designing 
mmWave support into smartphones.2® These devices could come online in the 2021 
timeframe, although this estimate could tighten or lengthen depending on chipset 
availability and handset vendor plans. 


34 3GPP and 5G Americas member contribution. Completion based on anticipated ASN.1 freeze dates. 


25 For example, see “Wireless Week, Apple Wants to Test Performance at 28 GHz, 39 GHz for 5G Devices,” 
May 24, 2017, httos://www.wirelessweek.com/news/2017/05/apple-wants-test-performance-28-ahz- 
39-ghz-5q-devices, viewed May 29, 2017. 
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FOREWORD 


by John White 


This book deals in a comprehensive fashion with such a vast array of topics — 
from physies, psychology and evolution to advanced weaponry, military strategy 
and international politics — that many of you may become anxious, even fearful on 
reading it. In fact, this assembly of previously uncorrelated information and 
scientific breakthrough may be the most disturbing you have ever received. 

This cannot be helped. This book represents an important step in our efforts to 
avoid global war involving not only nuclear armaments but also what appears to be 
a revolutionary development in Soviet military technology — psychotronic 
weapons. They are the modern equivalent of the legendary invincible sword, Ex- 
calibur. 

The author is former U.S. Army officer Lt. Col. Thomas E. Bearden, now re- 
tired. During his twenty-year military career specializing in artillery, nuclear 
weapons, and military intelligence, Tom has pondered and researched many sub- 
jects that he covers here. His access to the full range of both military and NASA 
documents will be evident in his book. What may become highly classified data in 
the future is being revealed to you, our nation's ultimate policymakers, for an 
urgent reason that Tom has called Operation Fer-de-Lance, the presumed Soviet 
plan for domination of the planet through nuclear-psychotronic aggression and 
warfare. For the moment 1 would simply like to note two statements that indicate 
the basis for our sense of urgency: 

1. On 13 June 1975, Soviet Premier Leonid Brezhnev urged a ban on research 
and development of new kinds of weapons "more terrible than anything the world 
has known." 

2. In January 1977 former Air Force Chief of Intelligence, Maj. Gen. George J 
Keegan (Retired) told Newsweek magazine, “The Soviets are working on 
dramatically exotic new weapons, twenty years ahead of anything ever conceived in 
the U.S. — so awesome as to lead the Soviets to believe that in the coming decade 
they would be capable of total neutralization of our ballistic and submarine mis- 


The U.S. military intelligence community interprets these signs in convention 
al terms as perhaps indicating the development of laser rays. Tom disagrees. His 
book will deal with the possibility that these weapons are psychotronic or para- 
physical in nature. 

In fact, we can say that in a strict sense, these are not weapons but devices — 
breakthrough technology with an enormous potential for the destruction of human- 
ity. They are a second-or third-generation outgrowth of radionic devices presently 
used in unorthodox medicine for diagnosis and healing. Extremely compact, they 
could be carried in a suitcase and planted near targets — ICBM si 
tions centers, ete. Even if one of these devices were found and examined, it would 
only look like an electronic switching circuit or a small transmitter/receiver set, 
rather than a bomb or explosive. 


‘The energy and the mechanism involved in psychotronic damping of nuc! 
chemical or electromagnetic technology is, from all indications, unrecognized by 
official Western science but nevertheless inherent in it. That also has been deeply 
pondered by Tom, and this book will give a full explanation of the physics, mathe- 
matics and technology involved. It is not an exaggeration to say, as Tom does, that 
the explanation offers a "physics of metaphysics” — a fully developed theory of 
paranormal phenomena that elegantly unites physics and psychology. ‘The 
ramifications of what Tom calls perception theory lead into every field of human 
knowledge and inquiry with revolutionary results — from science, theology and 
philosophy through the full spectrum of paranormal phenomena such as UFO's 
and psychokinesis into the elementary school classroom, the supermarket shopping 
basket and the voting booth. They most certainly lead into the safety of your homes 
and the integrity of your minds. 

Before you turn to The Excalibur Briefing, 1 want to leave you with these 
thoughts. The material you are about to read will certainly be denied by our own 
government and military and probably by a major segment of the scientific com- 
munity. It is not unlikely that Tom will be dismissed as a paranoid crackpot. Such 
tactics have been employed before against brilliant, courageous people who chal- 
lenge the fundamental dogma of the establishment as Tom does here. Neverthe- 
ure you that Tom is sane, sober, and serious. 

Of course, such a person could still perhaps be mistaken. In that regard, 1 be- 
lieve you will find Tom's presentation to be persuasive. He himself is careful to dis- 
snce from descriptive statement. Even if Tom 


tinguish speculation from fact, int 
were paranoid, however, the question arises: What if there is good reason for 
paranoia? To phrase it positively: We should welcome truth and enlightening in- 
sight whenever offered, regardless of the source. Do not let ad hominem argu- 
ments affect your critical judgment about the soundness of this presentation. As- 
sess the work, not the man, for the work is always greater. And having judged the 
work affirmatively, render true acknowledgement — not lip service — by sharing 
the ideas in this book with others. Only free, informed, vigorous effort in the court 
of world opinion can defuse the possibility of Operation Fer-de-Lance and 
psychotronic mind control leading to total enslavement of the human race. 

In closing, I want to point out that Tom's fundamental concern is the unifica- 
tion and evolution of the human species to a higher form of life through a process 
that he terms "mind linkage.” This stage of growth to higher consciousness is ex- 
plored in the latter part of the book. It is a breathtaking portrait of how the spirit of 
science can lead to a science of the spirit, to a physics of metaphysics, 


INTRODUCTION TO THE SECOND EDITION 


Since the first edition of Excalibur Briefing was published, a great deal of progress 
has been made on the actual physics of unusual and paranormal phenomena. Indeed, so 
much progress has been made in the ten years since the 1978 or so cutoffof most of the 
Excalibur material, that [really should rewrite the entire book. However, time will not 
permit that luxury at present I am simply too hard-pressed in the strenuous efforts to 


move a free energy machine to market and to convince our government that unor- 
thodox Soviet superweapons present us with a problem of the gravest magnitude. 
Conjugate 
Directed Energy Weapons,” together with an updated glossary for the entire emerging 
field, will have to suffice, 

‘The important thing is that a separate new field of physics is beginning to 
emerge. It tums out that what we've gotten on to is a unified field—one can now turn 
electromagnetic energy into gravitational energy and vice versa. Indeed, gravitational 
potential is now revealed as simply infolded electromagnetics, and electromagnetics is 


simply the outfolding of the internal contents of gravitational potential 

Colleagues have already proven it on the laboratory bench, by building both “free 
energy” devices and practical antigravity devices. 

This new, extended electromagnetics—electrogravitation—I have dubbed sealar 
electromagnetics. The key to itis to let the EM force fields fight themselves to a "ean- 
cellation," forming a vector zero. If we do this in a nonlinear medium (modulator), the 
summing/multiplying EM vector forces are locked together and remain as an infolded 
EM system inside the EM vector zero. This now is a gravitational system. By merely 
varying (in phase) the summing EM components, one varies the local energy det 
of vacuum. Rigorously that is a gravitational wave. Further, itis a very powerful 


wave, for we are utilizing EM forces some 1042 times as strong as the normal weak: 
force. 

Classical EM has taught us to simply discard the components in the zero vector 
summation, replacing the system of opposing EM forces with a vector EM zero. This 
of course makes all vector EM zeroes equal. However, it totally ignores the space- 
time/vacuum stress of the summed forces, and the resulting gravitational implications. 
‘Therefore we have been taught to ignore any gravitational aspects of normal EM cir- 
cuits, and indeed we proceed to release the G-stress effects in the circuits when we 
build them as we have been taught 

Ordinary EM represents the release of the internal stress of gravity. By teaching us 
to make nonzero EM, scientists have taught us to always release electrogravitational 
potentials as electromagnetic forces. Thus in classical EM—and in most ofthe circuits 
we build—the EM force fields are the primary causative agents. Classically, when 
these force fields reduce to zero, there is no more electromagnetics going on. That is 
true, but there can still be a very large amount of gravity and inertial effects going on! 

However, quantum mechanics teaches us that the EM force fields are not at all the 
primary causes. Instead, the potentials are the primary things; EM forces are simply 
‘made from these potentials by differentiating operators. And when the force fields are 


zero, the potentials still exist. Further, when these "forceless potentials” interfere— 


even at a distance—real EM effects cun still be obtained, in total violation of ordinary 
EM and ordinary mechanics! 

‘This is called the Aharonov-Bohm Effect 
most physsicist’s satisfaction. Only the most diehard skeptics still object to it, according 
to Physics Today, January 1986. 

Atany rate, when we have zeroed the E and B fi 
tials, according to modem physics. These potentials can interfere to produce el 
magnetic force effects—even at a distance. 

Further, the zero summation can be dynamic; that is, the vector components can be 
varying, so long as they always sum to a zero vector. Actually such a zeroed system 
now has an infolded, deterministic pattern of dynamic forces, according to the pattern 
we deliberately construct. Further, the energy of each force component infolded is 
varying, and thus the overall energy density of local vacuum is varying. 

‘As we said, rigorously this defines a gravitational wave. So the zero-vector ap- 
proach allows EM wave energy to be tured directly into gravitational wave energy. 
Now it is the curvature of spacetime that is being varied locally. ‘That's a really as- 
tounding thing. 

We can now deliberately engineer the vacuum/spacetime itself, with all that that 
statement implies. Locally we can bend spacetime itself, which Einstein assumed 
could never be done except by a huge collection of mass—such as a sun, star, neutron 
star, ete. But here we can do it with simple things such as opposing coils, opposing E- 
fields, etc. We've just violated one of the sacrosanct, severely limiting assumptions of 
ordinary (Einstein's) general relativity! 

That is, up to now most Western physicists have assumed that the local spaci 
time/vacuum cannot be curved. They assume that, where we the observer and the 
laboratory instruments are, only special relativity applies. Locally the observer always 
hhas a "Lorentz frame," in that view. This assumption (the local Lorentz frame) means 
that all the conservation laws apply, and physical reality stays well-behaved where the 
laboratory is and where we are. Ordinary relativity becomes just a sort of “special rel 
ativity with distant perturbations.” 

The only curvature of spacetime of any consequence is only to be found at or near 
distant stars, suns, black holes, and other huge collections of mass, in this highly 1 
strictive view. Further, this assumption implies that one can never have an experimen- 
tal general relativity, since where one is experimenting (locally) there is always 
essentially zero spacetime curvatur 

However, one need not have such a formidable restriction at all. Two bucking 
transformers can make a B-field vector-zero a little bit More complex circuits can 
easily be designed to sum (or multiply) force fields to zero very well. When we do this 
zero summation, we also get an amazing gain as follows: Consider two electrons in 
free space. Asis well known, the electric field force (repulsion) between them is about 
10 times as strong as the gravitational field force (attraction) between them. So the 
electric force is so very much stronger that the comparatively weak gravitational force 

rangle” that electric 


lds, we can still have the potei 
10> 


can be entirely neglected, in most applications. However, if w 
field force by zero summation, all the opposing electric forces are converted directly 
into gravitational potential! 

Interference of two such potentials can directly generate gravitational forces. So, if 


wwe could zero-sum their E-fields perfectly, we could instantly amplily the gravi- 
tational force between the two electrons by a factor of 10“7. With such a gravitational 
force amplification factor, our altered “electrical” circuits would actually become 
powerful electrogravitational circuits. Further, appreciable gravity effects would now 
be experienced by any mass, object, or device exposed to the action of the circuits. This 
is the fundamental secret that Nikola Tesla discovered, one which he never openly re- 


vealed. 

Further, by locking opposing EM waves togeth 
scalar EM (electrogravitational) waves and beams. In such case, amazing new phe- 
nomena are encountered: (1) one can increase or decrease the mass and inertia of an 
object; (2) one can produce a unilateral force in and on each and every nucleon in a 
body, thus accomplishing the long-sought "antigravity"; (3) a unilateral force drive— 
a "space drive"—ean be constructed; (4) transmutation of elements becomes fairly 
simply done, with miniscule energy: (5) effects at a distance—such as cold explosions 
or hot explosions—can be accomplished: (6) negative energy and negative time effects 
can be created and utilized; (7) Newton's third law can be manipulated and violated at 
will; (8) negative entropy effects can be created and utilized; and (9) direct energy ex- 
traction from the vacuum can be accomplished, etc. So many new effects are en- 
‘countered that it will take a generation of graduate students and university laboratories 
to get a good handle on most of them. 

‘The reader is urged to remember these rules: (1) The destructive interference of 
scalar EM waves (electrogravitational waves) produces EM energy in, or extracts it 
from, the interference zone. (2) The destructive interference of ordinary EM waves 
produces gravitational potential energy. (3) The release of the ordinary EM force fields 
represents the bleed-off of a 5-dimensional gravitational potential as ordinary electro- 
magnetics. (4) The bottling-up of the ordinary EM force fields represents the forced 
bleed-off of a 5-dimensional gravitational potential as ordinary 4-dimensional gravi 
tational force. (5) The EM field and the ordinary (4-space) G-field are just separate 
bleed-off s of the same 5-dimensional gravitational potential field. 

‘Thus, I make no bones about it; we have new physics in the offing—one that is 
ently practical and easily engineered by any modem electromagnetics laboratory. 

Since the first edition of this book was issued, it has also become obvious that at 
least two other phenomena are involved in UFOs, and intermingled with the "mat 
alizations from the collective unconscious” true UFO phenomena. These two addi 


; We may easily construct purely 


tional things are: 
(1) A great number of "lights at night” and “mysterious fireball” type phenom- 
ena—and giant balls of light and glowing hemispheres of light of gigantic size—are 
actually due to deliberate Soviet long range, high energy, real-time holography using 
phase conjugation. These phenomena are to accomplish orientation and alignment of 
giant Soviet weapons, and at the same time deliberately evoke UFO reports and scien- 
skepticism, providing perfect deception. 
(2) Several nations of the world—at least two—have been building and flying an- 
ligravity spaceships all over the solar system, since the early 1950's. A very small num- 
ber of UFO ship reports and encounters are due to these ships and their crews. 
However, control of the 
out of the government con 


ships is not under any duly elected government, but passes 
-med, into and under the control of some mysterious group 


which I loosely refer to as “the control group.” This is the same mysterious group 
‘which has been suppressing free energy and antigravity inventors and inventions for a 
great number of years. 

‘Thus in Excalibur Briefing we are still addressing the primary UFO phenomena: 
Materializations from the collective human unconscious. Coverage of the other two 
parts of the overall reported UFO phenomena will be made elsewhere. 

So it seems that, under my hard-pressed circumstances, the best thing to do for the 
second edition of Excalibur Briefing is to include something that shows some of the 
drastic progress that has been made, By adding a glossary and a current paper, the book 
will also be made much more usable. Lalso have prepared an index for the first edition, 
but it cannot be included because of space limitations. Admittedly that is regrettable 
and still not the optimum, but it will have to suffice. Perhaps in the future I will be able 
to do a complete rewrite of the book, for Excalibur IIL 

Until then, I ask the reader's indulgence and understanding, 


In the first edition we accented the hyperspatial aspects of the problem, but also 
pointed out that higher dimensional spaces and deeper nested levels of virtual state are 
in fact one and the same thing. The reader should keep in mind that when w 
nest" vector zero systems, we are performing direct engineering in hyperspace. 

Let me be more specific. When you zero sum a group of EM force vectors, you 
place those component vectors “inside the zero,” so to speak. In modern language you 
have placed ordered patterns directly inside the violent flux of virtual particles com- 
prising the vacuum. The modem concept of the vacuum is that it is like a seething 
plasma or gas. However, it's a very strange gas, for each particle arises spontaneously 
out of nowhere (according to quantum mechanics), and almost immediately tums into 
something else and/or disappears. Thus the vacuum plasma or gas is rather peculiar 
the particles comprising it appear and disappear so rapidly that they cannot individu- 
ally be detected. However, while a virtual particle exists, itis in motion, and so a vi- 
olent flux of these "phantom particles" comprises the vacuum/spacetime. 

However, just as many fleeting particles in the vacuum are moving backward in 
observer time as are moving forward init! So this wild "vacuum gas” of ghost particles 
exists in both positive and negative time at once! 

Anyway, when we make a zero vector EM system, each component force in the 
summation represents a gradient in this virtual particle flux. That is, we have "pat- 
terned” and organized the flux—polarized it, so to speak. And that now overturns one 
of the fundamental assumptions of quantum mechanics. 

Quantum mechanics assumes that the violent flux of vacuum ghost particles is 
totally randomized. That is, no deterministic pattern exists in the flux. ‘These virtual 
changes collect or cohere statistically, not deterministically, in the standard assump- 
tion. When they happen to collecticohere sufficiently, the threshold of an observable 
quantum change is breached, and a quantum change occurs. 

It can readily be seen that, in the ordinary view, the occurrence of these quantum 
changes is totally statistical. And indeed itis, so long as the virtual particle flux is ran- 
domized. However, with zero vector summation (or multiplication) we have produced 


deterministic patterns in the flux—and hence in the cohering and collecting of this flux 
on observable charged particles. Therefore, these deterministic "virtual state" ordered 
patterns will result in the appearance of deterministic patterns in the occurrence of ob- 


servable quantum changes. 

Now we have begun to engineer physical reality directly: that is, one can now 
begin to pre-determine which statistical change shall be favored, or in the extreme 
ind whether or not it shall even occur at all. 

‘The renowned physicist, David Bohm, has written a theory of "hidden variables" 
which could fit and describe all of physics (nothing out there contradicts it). It has 
largely been ignored, and will continue to be ignored unless it can show appreciable 
application that normal theory cannot cover. With the scalar EM approach, we can now 
directly provide hidden EM force field vectors, ordering the virtual state vacuum flux, 
and we may vary these ordered virtual patterns at will to produce startling new results 
in charged particle systems. So now we can directly engineer Bohm’s "hidden varia~ 
bles,” and the vacuum itself—something ordinary theory cannot cover. Dra: 
changes in the physicist’s view of fundamental physical reality, and of what he can do 


about it, now result 

But to return: We wish to engineer additional hyperspaces. (The first zero-vector 
summation places the component vectors in the fifth dimension.) If we take one of the 
component EM vector forces in the first zero vector summation, and we then take a 
point on it as yet another "reference zero", we may encapsulate a second series of 
zero-system summation vectors into and within that zero-point. In this case we have 
placed these second vectors into yet a deeper level of virtual state vacuum. That is, we 
have reached into yet another hyperspace with our engineering and control. Indeed, we 
have placed the second system EM vectors into the sixth dimension. So we have be- 
‘come true hyperspace engineers, 

‘The process is repeatable as desired. We may reach any hyperspace we wish, as our 
technology and control develop. 

Now we see the impact In modern Kaluza-Klein geometry, one needs about 11 or 
so dimensions if one is to account for quarks, charm, etc. Now we have a direct tool to 
reach into any one or ll of these hyperdimensions and affect the exact particle orcom- 
ponent desired. We will be able to engineer matter—including the nucleus, and includ- 
ing inside the proton and neutron—in almost any way we wish. It all follows from 


scalar electromagnetics, which allows the direct engineering of hyperspace in all its di 
mensions, 

Remember, engineering in hyperdimensions is ust the engineering of nested levels 
of vacuum potentials. Even more startling, we can also place “thoughts” and effects 
directly in the mind itself, including the unconscious mind, 

As we stated in the first edition of this book, we may model the mind as simply an 
objective 3-space, three turns away from the 3-space of the ordinary physical world, 
If we nest two or more additional zero-vector systems in our first one, then we have 
placed affects ("vectors") directly inside the mind itself. If we know the code of the 
human brain-tuner, we can now manipulate the mind directly. Electromagnetically, by 
scalar EM. And it appears that the Soviet Union has begun to reach this frightening 
capability 

Disease patterns may be induced upon ordinary EM carriers in the same manner, 


by nesting the zero-vector systems. That is, of course, if one has measured the scalar 
patterns evident in the induced disease, say, in the Kaznacheyev-type experiments 
with the desired disease patterns. The reverse is also true: Nesting the pattems in the 
eases such as cancer and leukemia, as 


proper context on EM field carriers can cure 
evidenced by the Priore device 

‘One can also make a practical “free energy” device by setting up a standing scalar 
wave resonance in a localized region or device. From the “high stress” point to the 
“low stress” region of vacuum formed by such a standing scalar wave, a literal "river 
‘ofenergy” is flowing in the vacuum itself. Once the river is established, only the “leak- 
age" need be replenished. Hence, ifone builds special sort of ‘paddle wheel" to react 
with the river and turn in it, one obtains shaft power fieely from the localized curvature 
of spacetime. In that case, an ordinary generator can be driven by the shaft torque to 
provide very cheap, or'free,” electrical energy. 
everal inventors—three of whom I work with in one respect or another—now 
hhave demonstration models of such machines, which take diverse forms. 

Because ofthe extreme importance of these emerging potentialities, in recent years 
I've concentrated intensely upon the properties of the vacuum as spacetime, and un- 
covered shortcomings (and downright errors in many in ordinary physics and 
electromagnetics. Slowly the scalar EM picture has emerged, and a series of papers has 
been written and published to develop the concepts of the new approach. 

‘The scalar approach also includes the ability to engineer negative energy and nega- 
tive time flow. The reader is referred to Chapter 4, "Extraordinary Physics," of my 
forthcoming book, AIDS: Soviet First Strike, Tesla Book Co., P.0.Box 1649, Green- 
ville, Texas 75401 for a summary of the vast importance of the time-reversed EM 
wave (phase conjugation), 

Let me herejust accent a rule of great importance: It is actually the key to negative 
energy, negentropy, antigravity, free energy, transmutation, Tesla's wireless transmis- 
sion of energy at a distance without loss, Tesla's original magnifying transmitter, and 
many other things. 

First we ne 


the expression CPTEGS, where C is charge, P is parity, TT is time 
flow, E is energy. Gis gravity, and S is entropy. We shall be concerned with the alge- 
braic sign of each term in the expressioa The rule deals with photon interaction with a 
charged particle inside an atom. Normally, incident photons interact with an electron in 
the electron shells, so C is normally negative. This produces normal parity, and causes 
the normal or positive flow of time, s T is normally positive. The normal kinds of 
energy, gravity, and entropy are experienced, so energy is positive, gravity is positive 
(attraction), and entropy is positive (progressive interactions in a system tend to more 
and more disorder) 

‘The astonishingly powerful rule is this: In a photon interaction with a charged par- 
ticle in an atom, ifany one of the terms of the expression CPTEGS is reversed in alge- 
braic sign, all the other terms are reversed in algebraic sign. 

‘Thus if‘one makes scalar EM, the wave (and its photons) passes through the elec 
tron shells and interacts with (is absorbed in, and raises to an excited state, which then 
decays to emit a wave and photons) the highly nonlinear, positively charged nucleus. 
This represents areversal of C, hence a reversal of P, T, E, G, and S also. 

Consequently, a time-reversed wave—a phase conjugate replica of the incident 


mmWave 


Use of higher frequencies, such as above 6 GHz, represents one of the greatest 
opportunities for higher throughputs and higher capacity. This benefit derives from the 
potential availability of ten times the amount of spectrum as is currently available, with 
multiple GHz of contiguous spectrum. But these higher frequencies, especially mmWave 
frequencies (above 30 GHz), are suitable only over short distances, as explained below. 
The combination of lower and higher frequencies is therefore crucial for 5G operation. 
Lower bands can be devoted to coverage and control, while higher bands can provide 
opportunistic access for high data rates. The lower and higher spectrum bands can operate 
in a carrier aggregation or dual connectivity model. Initial SG specifications include such 
dual-connectivity capability. 


Compared with lower frequencies, mmWave frequencies suffer from worse propagation 
characteristics, even in line-of-sight conditions, because the comparatively smaller 
aperture area of the receiver's antenna requires some form of beamforming at the transmit 
side, and potentially even at the receive side. Fortunately, the smaller form factors of 
mmWave antennas allow for dense packing of antenna arrays. Experimental systems using 
antenna arrays have demonstrated reliable communications at 28 GHz, even in dense, 
urban, non-line-of-sight conditions, for distances up to 200 meters.#° Arrays at the terminal 
side are space-constrained, but some basic beamforming at the terminal is possible. On 
the base station side, the arrays may include hundreds of antennas in an approach called 
“massive MIMO.” 


Figure 20 shows how an increasing number of antenna elements can extend coverage 
through tighter beams. A 77 X 77 antenna array (6,000 elements) can exceed a kilometer 
at 3.5 GHz (33 dBm transmit power) and reach over 800 meters, even at 30 GHz. 
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wave—is emitted by the decaying excited nucleus. In nonlinear phase conjugate op- 
tics, this is the mechanism that produces the phase conjugate wave. This is also the 
mechanism that produces a very large amplification of the incident wave when a 
“pump wave" (two waves 180 degrees out of phase) are used in the nonlinear (modu- 


lating) medium of the phase conjugate mirror. 

(The reader is referred to any good book or summary paper on phase conjugate op- 
for example, see David M. Pepper, "Nonlinear optical phase conjugation," Opt 
cal Engineering 21(2), Mar/Apr. 1982, p. 156-183.) 

When one pumps a phase conjugate mirror material sufficiently, then “tickles” the 
release of the total nuclear excitation energy as phase conjugation replica waves (nega- 
tive energy), appreciable negative time is produced in the decaying nuclei of the mir- 
ror. In negative time, gravity is arepulsion, not an attractioa The misror thus produces 
antigravity, and gets lighter. If it is forced to sufficiently high amplification, it can be 
‘made to float in air. At higher amplification still, it will accelerate upward. 
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INTRODUCTION TO THE FIRST EDITION 


Today there are a great many books available on UFO's, paranormal 
phenomena, and wild science, and one more such book ought to say something 
¢ different if itis to be justified. Accordingly, in this book I have tried to say 


For the last fifteen years or so I have been interested in paranormal phenomena 
to one extent or another. Fifteen years ago I started studying Shotokan karate, and 
later switched to Yoseikan aikido, a most profound and absorbing martial art. 1 
had already started serious reflection on the nature of perception, and after some 
years of aikido practice 1 occasionally began to experience what might be called 
paranormal perception. For example, occasionally, when violently attacked by 
several opponents, | would suddenly discover myself standing calmly on the side- 
lines watching the robot-like figures go through the motions of a play, motions that 
had already occurred in one kind of reality and that were now simply being re 
peated. On the rare occasions when I experienced this pure zen state of aikido, the 
techniques became flawless. In fact, the state was not separable into attacker, de- 
fender, and technique — rather a single union of the universe occurred. Unfor- 
tunately, although I eventually reached Sandan (third-degree black belt), I never 
permanently attained the complete aikido oneness state; this does not normally 
occur until the sixth dan level 

However, the occasional experiencing of this pure unity made a deep impres- 
sion on me, for such aikido is pure meditation in motion, and only in such a state 
can the individual grasp the nature of perception. Only when conscious activity has 
stopped ("mind like a moon on still water") is such awareness possible. For several 
years I then laboriously developed a theory and interpretation of aikido for 
Westerners and eventually published it privately 

In 1971, while finishing a Master of Science degree in nuclear engineering at 
Georgia Tech, I put together a first crude theory of perception, which was pub- 
lished in 1973, many rewrites later. By that time I was already deeply engrossed in 
the study of paranormal phenomena, and especially unidentified flying objects. 1 
had seen several UFO's (the earliest in 1950), and no longer doubted that the UFO 
phenomena represented some sort of new reality experienced by a great many 
people. 

The UFO organizations at that time seemed to be in disagreement with each 
other. For twenty-five years or so almost everyone studying the phenomena had 
been trying to prove the extraterrestrial hypothesis, ie., they started with the as- 
sumption that UFO phenomena were caused by, say, a group of young stalwarts 
over on planet X of star Y, getting beered up on a Sunday afternoon, hopping into 
an old space jalopy, and motoring over to planet Earth to jolly the natives. So they 
vigorously cataloged the UFO reports that fit the picture, and embarrassedly 
ignored those that did not. Yet most of the phenomena consisted of strange lights 
at night, not steel-hulled spaceships. And most of the contactee cases — particu- 


larly those involving apparent communication and abduction — were regarded as 
just too far-out for engineers and scientists to swallow. Almost everyone in the 
UFO organizations seemed to be convinced that Earth was being visited by space- 
men from another planetary culture more advanced than our own, and so the UFO 
enthusiasts looked for hardware and spaceships, no more and no less 

‘The tabloids were a mess — filled with sensational nonsense about the pur- 
ported UFO invasion of earth. Some invasion! If the would-be invade1 
such an advanced technology, why had they spent twenty-five years fli 
the backside of the country and frightening the rural people, instead of simply 
landing an expeditionary force and having done with it? It seemed that almost no 
one was really looking at the phenomena in a totally unbiased manner. When one 
did so, without especially selecting the data, the strangeness of the data went up by 
orders of magnitude, 

So I decided — rightly or wrongly — not to compete with the catalogers, but to 
try to come to grips with the possible science evidenced by the phenomena. I 
wanted to examine what kind of science was necessary to describe the phenomena 
and the mechanisms producing them. It rapidly became obvious that our scientific 
framework was not adequate to explain these events. In fact, our logical frame. 
work was not adequate. So I decided to look for a new scientific framework, 
knowing that the effort would be long and arduous and might not succeed at all. 

All the unexplained phenomena seemed to me to be interconnected; for e: 
ample, a study of Sasquatch will sooner or later lead to the study of UFO's and 
thence to the study of the other phenomena. So it appeared that they were all dif- 
ferent aspects of the same overall reality. Since that reality most definitely i 
volved the mind as well as matter, it appeared necessary to develop a new science 
incorporating both mind and matter. And so the search and the gradual accumula- 
tion of insight continued, 

The trail led directly to the great paradoxes of science, the great unsolved prob- 
lems of philosophy, and the three laws of logic on which all logical disciplines and 
es are founded. Using my perception theory, it was possible to see through 
the age-old necessity for the identity of opposites, how opposites could be identi- 
|, and when they were identified. Thus a fourth law of logic could be written and 
the system closed. 

Slowly the nature (or, more precisely, a model of the nature) of mind became 
clearer. In addition, mechanisms for materialization and dematerialization ap- 
peared, as well as mechanisms for metal bending, thoughtform materializations 
(tulpas), and telepathy. 

But the international strategic balance also could not be ignored. From my 
military background, the Soviet military buildup toward an attack capability was 
apparent as early as 1970-71. Moreover, from my work on the Moray radiant 
energy device I had discovered what I believed to be the basic theoretical mech- 
anism used by T. Henry Moray to tap the zero point energy of free space. (This 
mechanism powerfully amplifies virtual state into observable state.) And positive 
evidence suggested that the Soviets had obtained the secret of how to make the 
Moray detector tubes. Putting this together with psychotronics produces an 
astounding weapon capability — and the Soviets must have had such capabilities 
already on site and others in development. 


| looked for evidence of these weapons, and the evidence was there, cleverly — 
even diabolically — concealed 

When I then realized the entity nature of the collective human unconscious, 
everything fell into place. Suddenly the different major waves of UFO's made very 
‘good sense, as did the cattle mutilations, the Soviet buildup, Khrushchev's 1960 
statement about fantastic weapons, Brezhnev’s 1975 reference to the development 
of weapons more frightful than man had ever conceived, the long years of micro- 
wave radiation of the U.S. Embassy in Moscow, the Legionnaires’ disease, ete 

‘The intelligence community had completely missed the fact that the Soviets had 
been working on a psychotronic Manhattan Project for thirty years. Not a soul in 
officialdom would believe that such capability could be achieved by surprise. This 
is not because of a deep conspiracy of the government (although I believe one of 
our high intelligence officials may be a Soviet agent, a sort of Penkovskiiy in re- 
verse, who has been personally responsible for preventing any serious U.S. govern- 
mental research into psychotronics and UFO's); rather, it is because of all the per- 
sonal arrogance, bias, power-seeking, manipulation, and maneuvering that now 
make up so much of our top managerial base in government 


So I decided to put out the information for all to see. There is still time — but 
just barely, I think — to build psychotronic defenses and prevent the launching of 
the Soviet attack. But we must move swiflly if Fer-de-Lance, the Soviet attack 
plan, is to be frustrated, for the eleventh hour is here. 

Moreover, there is a single human problem responsible for all the ills that man 
causes man, and that problem has a technical resolution that is well within our 
grasp. I firmly believe that by psychotronics, the minds of all men can be linked in- 
to a great supermind having absolute psychokinetic mastery over time and space 
literally a godlike being, in whom the collective human unconscious has a coll 
tive conscious instead of the four billion fragmented individual personal conscious 
minds it has at present. The initial psychotronics linkage mechanism is just a tool; 
after linkage is accomplished and stabilized, such props will not be necessary. 

‘This is my real goal, Even if the U.S.S.R. launches Fer-de-Lance, annihilates 
NATO and China, and obliterates all Western retaliation with a stunning blow, 
and even if the collective unconscious then psychokinetically lashes back with the 
violent destruction of the Eurasian continent, linkage is still the goal and the final 

resolution. Should the apocalypse come to pass, there will still be time, in the midst 
of the horrendous collapse of civilization, to gain the final solution. 

And it is the final and total solution. All the parables in the Book of Revelation 
will be realized. The grave literally will give up its dead — for with the overcoming 
of time and dimensionality, all that ever has been or ever will be, is, in one great 
nowness, allness, Omega, "I am that great | AM." 

‘That is the goal, and it is toward that end that this book is written. 


Please note that a listing ofthe research and reference works mentioned in the 
text can be found in the bibliography: 


PART ONE 


A SAMPLING OF 
SPECIFIC PARANORMAL 
PHENOMENA 


In this section I show a sampling from the world of the paranormal, including 
UFO's of various kinds, psychotronics, Loch Ness monsters, Sasquatch, bigfoot, 
superfoot, psychokinesis, remote viewing, psychic photography, and a host of other 

phenomena— all explicable by the theories presented in Part Two. 

1 fervently believe that a theory can be constructed to explain our lives, includ- 
ing all the strange phenomena as well as the more familiar happenings. In this book 
a serious attempt has been made to point the way by developing what I believe to be 

the basic concepts, and by showing that a host of phenomena do seem to be con- 


sistent with the schema. 

Let us hope that science and scientists are not after all dead, and that they will 
shakethe cobwebs from their eyes and set about particularizing a new paradigm of 
mind and matter. When the top theoreticians and experimentalist wake up and 
join in the effort, my task will be finished 


THE VESTIGIA MYSTERY LIGHT EXPERIMENT 


Let me start by introducing you to Vestigia, a very fine, relatively new organ- 
ization that has been formed to study mysterious and unusual phenomena in a 
scientific manner. This organization, of which I am happy to be a member, is 
headed by Robert E. Jones and the investigation of the mystery light is spear- 
headed by James McGrath and Bill Wagner. (The informative Vestigia Newsletter 
is published by the organization. Persons interested in the objective scientific study 
of unusual phenomena are cordially invited to contact Vestigia at P.O. Box 1183, 
Perth Amboy, NJ 08861.) 

Vestigia's ongoing investigation of a mys 

sey is a classic example of the manner in which mysterious phenomena may be 
studied in a scientific manner, and it should serve as a model for other investiga- 
tive groups. Vestigia’s experimental work has exemplified careful planning, close 
teamwork, proper scientific equipment and preparation, and the patience and per- 
sistence that are essential when performing fieldwork experiments in the field of 
unusual phenomena 

1 wish to stress in advance that V 
possible nature of mystery lights; in fact, the organiz 
openminded. Also quite properly, they practice scientific conservatism in studying 
the possible nature of the phenomenon; at the present time they strongly favor the 
theory of the piezoelectric effect. Substantial evidence for this thesis includes the 

presence ofa known geological fault in the local area, the presence of piezoelectric 
mineralsin the local granite (e.g. thirty percent quartz), close association of the 
incidenceof the phenomenon with subsequent local earth tremors, conditions 
(e.g., metal railroad tracks oriented 


ery light in Morris County, New Jer- 


a does not endorse my own theory ofthe 
jon very properly remains 


favoring the accumulation of a surface char; 
parallel to the geological fault), and enhancement ofthe phenomenon under study. 
And this is exactly how Vestigia is in fact proceeding 
In science, the prevailing world view is not to be dismissed lightly since a great 
deal of experimental data has been gathered to substantiate it. And a single experi- 
ment cunnot establish the need to correct that solidly based view, even if the ex- 
periment at first appears puzzling and not in accordance with the accepted view. 
Only alter many exhaustive studies have found the world view inadequate, may a 
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More typically, mmWave cells will employ shorter ranges of 50 to 200 meters. Extreme 
densification is another way that 5G networks will achieve massive increases in capacity. 
3G networks reached densities of four to five base stations per sq. km, 4G networks eight 
to 10, but 5G networks may reach densities of 40 to 50.** A likely 5G architecture will use 
the macro cell for control information, coverage, and fallback, but small cells, often 
operating at higher frequencies, for high-bandwidth data communication. Either wireless 
connections or fiber will provide backhaul. Figure 21 shows how such an approach could 
also employ beamforming and beam tracking when using mmWave bands in the small cells. 


» Dr. Seizo Onoe, NTT DOCOMO, presentation at Brooklyn 5G Summit, Apr. 21, 2016. Used by 
permission 


38 IEEE Wireless Communications, 5G Ultra-Dense Cellular Networks, Feb. 2016. 
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paradigm properly be changed. From a rigorous scientific viewpoint, then, I am 
saying that this classic experiment is consistent with my own orthorotation theory, 
but not that the one experiment proves my theory. The experiment at this point is, 
also perfectly consistent with the more conservative hypothesis that the mystery 
light is due to the piezoelectric effect. Additional different kinds of experiments are 
required before either theory will hold. For example, in my own theory, the 
mechanism of orthorotation must be verified elsewhere, and in the piezoelectric 
theory, the mechanism that spatially separates the effect from the crystalline 
‘material where such an effect normally occurs, must be explained and verified by 
other experiments. 

With these precautionary remarks to the reader, let me now describe the beauti- 
ful experiment initiated and still being performed by Vestigia. 1 will then present 
my own theoretical explanation, again stressing to the reader that it must be 
treated as a hypothesis at this point 

Mystery lights occur in many locations throughout the United States and 
Canada. Vestigia has determined over ninety of them to date, They are recurring 
phenomena and are often seen near some natural or man-made feature such as a 
stream, hollow, road, railroad track, field, or mountain, 

‘The mystery light under investigation by Vestigia is located along a one-mile 
stretch of railroad track in Washington Township, Morris County, New Jersey 
‘The light has been seen by hundreds of people at one time or another over the last 
twenty to forty years. Dr. C. Louis Wiedemann describes it in the Vestigia News- 
letter: “Appearing at night, it is said to bob or sway from side to side in the man- 
ner of a swinging lantern, and when approached it vanishes, sometimes reappear- 
ing at a more distant point. 

Quoting from the Vestigia Newsletter: 


‘The preplanned battery of experiments and observations was conducted on 
the night of November 20-21, 1976. Three observation posts were established 
along one mile of railroad track, and these were manned in shifts by small 
teams of observers who maintained contact with team leaders via portable radio 
‘communicators. Communications were monitored and instructions were issued 
from a command post which was maintained in two vans joined in a T-con- 
figuration adjacent to the central observation post (Post 2). 
‘The vans contained electronic equipment valued at $30,000, which was 
wired to sensing devices along the railroad tracks. Four thousand feet of silver 
plated fine copper wire was laid between the rails and attached directly to an 
amplifier and oscilloscope in one of the vans, to detect variations in electrical 
frequency and amplitude. Other cables were attached directly to the rails, pro: 
viding a capacitance test. Other devices included a Geiger counter, thermome- 
ters, a methane gas detector, a barometer, a parabolic listening device, a radar 
unit, an infrared sensor, and a sensitive compass. Personnel at observation posts 
were equipped with binoculars and cameras. One tipod-mounted camera 
equipped with infrared sensitive film was located near the rails at Post 2 
James McGrath, a member of Vestigias executive board, acted as advisor 
to the team, Team leader was electrical engineer William S. Wagner who was 
assisted by Jack Mazzuchelli. In all, sixteen persons were actual members ofthe 
team, and a total of twenty-one persons participated that night. A number of 
these were members of the Unexplained Phenomena Club of the County Col: 
lege of Morris, headed by the club's president, Steve Hopler, and vice-presi 
dent Mary Ann Barron, 
Shown here are six of the seven infrared photos of the mystery light which were 
taken by the Vestigia team. The frames shown are frames two, three, four, six, 
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Frame Two 


Frame Tree 


Photo 1. The Vestigia mystery light experiment. 


Frame Four 


Frame Six 


seven, and eight. The camera with infrared film was located at Post 2. Frame 1 was 
a test frame. Simultaneously with the recording of frame 2 at Post 2, observers 
looking from Post 1 reported visual observation of a light. The light was not seen 
by observers at Post 2. A second camera with ordinary film recorded only a pin- 
point of visible light. 

In the photograph, frame two recorded an image of an apparently plexiform 
spheroid of dynamic granules of light invisible to the eye of the cameraman. At the 
same time, observers from Post 1 looking back reported visual observation of a 
light. 

In frame three, within about fifteen seconds the image has decreased in size and 
the plexiform spheroid is now a thinner corona around a dense, nearly hexagonal 
center. 

In frame four, a dense but small irregular or oval image can now be seen. 
Frame five, not shown, is quite similar. 
In frame six, a substantial decrease in size is apparent. 

In frame seven, again the image size has increased, and again it possesses a 
dome central core surrounded by a thinner spheroidal corona of dynamic granules 
of light. Also, several separate satellite images are now visible at some distance 
from the main spheroid. 

Frame eight is very similar, except that the satellites are no longer visible and 
the light in both the core and the corona is not quite as dense. 

‘To describe the experiment precisely, the following passage is taken from Dr. 
". Louis Wiedemann's article in Vestigia Newsletter No. 2, Spri 

Following several hours of equipment testing and e: at 10:21 PM. 
‘wo observers at Post 1 radioed the message that they had a "light" under visual 
‘observation between their posi at an apparent distance of 300 to 
400 feet from Post 1. Post 2 observers immediately scanned the area 
binoculars and radar, i 
‘The yellowish-white light remained visible from Post 1 for approximately one 
‘minute and thirty-five seconds, initially approaching the tracks from a lower 
Position off to one side, but soon positioning itself over the rails, and then 
seeming to sway from side to side in a pendulum-like manner. Its size was esti- 
‘mated between three and six inches in diameter, and for awhile the observers 
believed it was approaching them. When it vanished, the disappearance was 
sudden, as if the light had been "switched off." 

During the period in which the light was under observation, personnel at 
Post 2 took pictures of the apparent darkness, and continued to search with 
radar and binoculars. Two observers at Post 3 briefly saw what appeared to be 
an orange light between their position and Post 2. While the main light was 
under observation, several of the instruments in the command post gave unex- 
plained readings. Most notable among these was the osclloscope's display of an 
lectrical frequency in the range of 40,000 Hertz. Additionally, the capacitance 
test showed the apparent presence of a conductive body between or over the 
rails. Nine minutes after the light had vanished from view, the Geiger counter 
(whose sensor was between Posts 2 and 3) indicated a full scale reading of 
greater than $ mr per hour, lasting ten seconds. Normal background radiation 
‘was then recorded for five to six minutes (0.1-0.2 mr/hr), whereupon another 
full scale reading was displayed for approximately seven seconds. 

The pictures were enlarged from small images which appeared on the infra- 
red film which was exposed through a 135 mm telephoto lens from Post 2 by 
Richard Larkin. Film employed was Kodak high speed infrared No. 2481, 
Which is sensitive to infrared radiation to 900 nanometers, with maxi 
sitivity from 750 to 840 nanometers. The lent opening was 13.5 
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Frame Seven 


Frame Eight 


ture set at infinity. ‘The second frame (frame 2) was exposed between 3 and 5 
seconds, and the others were varied in exposure from 3 to 10 seconds. Intervals 
between exposures were between 10 and 15 seconds. 

High speed (non infrared) film in a camera which was hand-held by James 
McGrath at Post 2 also produced several images of an apparent point source of 
light above the rails (not shown here). Jack Mazzuchelli observed the area 
‘through binoculars during the entire time period, and he was unable to discern 
any light whatever, although he could perceive the rails and the railbed in the 
faint illumination provided by starlight shining through a partially overcast sky. 

As I stated previously, Vestigia has not yet reached a firm conclusion as to the 
causative agent, but strongly favors the piezoelectric theory, since if offers the 
simplest explanation at this point. Again, to quote the Vestigia Newsletter: 

‘No absolute conclusions can yet be drawn, other than the apparent fact that 
‘a phenomenon or set of phenomena did occur. Team leader Wagner theorizes 
that the phenomenon might be similar to so-called earthquake lights which have 
been reported to precede seismic tremors in Japan. Interestingly, there were ex- 
plosionlike shocks or "loud booms" reported by residents of two housing de- 
‘yelopments several miles distant from the site on December 5 and 6,1976, and 


where. Intensity was (-)0.25 to (+)0.38 on the Richter scale. Wagner posu- 
lates a possible piezoelectric effect from tension on subterranean rock deposits. 
ship of a piezoelectric effect will be investigated 
further. Data gathered in Japan tends to indicate the development of subter- 
ranean stresses during the passage of a cold front. In the light of this possibil- 
it is interesting to note that there was a drop in barometric pressure from 
29.9 to 29.76 culminating less than one hour before Vestigia recorded the start 
Of the phenomena. A light snowfall preceded the appearance of the light. 
ngs bere tht Ge theres ent tt he Ele 
mns must be present for the phenomenon to be manifested: 
Uy geologic fault inthe local are. 
(2) The presence of certain minerals, especially quartz (quartz comprises 30% of 
the granite in the area under investigation). 
@) Conditions should permit the accumulation of a surface charge (e.g-: 
presence of railroad tracks, because they are metallic). 
(4) The tracks must run parallel to the fault. 
(6) The phenomenon's manifestation tene 
sure changes as well as extreme changes in temperature. 
Wagner states, “Our indications are, at this point, that the lights precede 
carthquakes or tremors." 

Regardless of what hypothesis we begin with, it must be consistent with all the 
major features of the Vestigia mystery light experiment. 

(1) The explanation must show why a light with structured patterns formed and 

changed. The structured patterns changed geometrically in shape and intensity, as, 
well as in movement and location. This dynamic formation and change was re- 
corded on infrared-sensitive film. The geometrical shapes of the light structures 
must be accounted for. 

(2) Ordinary film recorded only a pinpoint source of light. 

(3) The light which was photographed in infrared was not seen by the 
photographer himself, nor by eight other persons who were observing at the time 
from Post 2. 

(4) Either that light or another was seen visually from a different station. 

(5) At the same time as the visual appearance of the light, instruments re- 
corded the apparent presence of a conductive body between the rails or over them. 
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Specifically, the electrical capacitance between the rails was observed to change — 
or at least indications to that effect were received on the instruments. 

(6) Nine minutes after the main light vanished, a Geiger counter began to read 
full scale for about ten seconds, then lapsed back to background reading. Five or 
six minutes later, full scale reading was repeated for about fifteen seconds. About a 
minute after that, full scale reading was again recorded for about seven seconds. 

(7) At the same time as the main light visual sighting, an electrical frequency of 
approximately 40,000 Hertz was recorded on the oscilloscope. 

‘There were also environmental conditions which may well have been involved in 
the experimental effects. 

(8) Barometric pressure dropped from 29.9 to 29.76, culminating less than an 
hour before the phenomena were recorded 

(9) There was a temperature drop and a light snowfall preceded the appearance 
of the light. 

(10) The geological conditions strongly favored seismic str 
effects. For example, the local granite contains about 30 percent quartz, and there 
is a known geological fault not far from the experimental site. About filteen days 
after the experiment, seismic shocks were indeed recorded at Columbia University 
and elsewhere, and they were audibly detected by residents of two local housing de. 
velopments. The measured intensity of the seismic shocks was from(—0.25 to 
(4)0.38 on the Richter scale. It thus appears highly probable that seismic stresses 
existed on the subterranean rocks at the time of the experiment and that piezoelec- 
tric activity was present in the local granite quartz due to these stress 

(11) Conditions also favored the accumulation of surface charge, and the rail- 
road rails (good conductors) were oriented parallel to the geological fault 

(12) Several thousand feet of wiring existed in the immediate area to connect 
the different stations and the instruments to the sensors. About four thousand feet 
of fine copper wire, silverplated, was laid between the rails and fed to an ampli 
and an oscilloscope to detect variations in electrical frequency. The capacitance 
test also used cables attached to the railroad rails themselves. The Geiger counter's 
sensor was also positioned at the experiment’s hot spot and wired to the equipment 
van, Additional equipment and wiring was also used. 

Finally, preliminary surveys of the area were carried out by persons of known 
paranormal sensitivity several days before the main experiment. Before conduct- 
ing the major experiment, Vestigia interviewed persons who had seen the light and 
also conducted preliminary site studies using psychics. One nationally known 
psychic was brought to the site by Vestigia’s president Robert Jones, and asked to 
walk along the tracks. The psychic reported impressions of some personal tragedy. 
perhaps a gruesome murder. Later several other persons with heightened psychic 
sensitivity were brought to the site, and they reported psychic impressions. 

In all, three psychics were brought to the track. The only directly correctable 
result was that all three had a reading in the same area on the stretch of track, 
within sixty feet of the sighting of the night of November 20-21. The psychics’ own 
interpretation of their readings differed considerably. 


UNEXPLAINED GENERATION OF ELECTRICITY 


s and piezoelectric 


Some additional data exist to indicate the generation of electricity by rocks and 
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the generation of unexplained electromagnetic energy radiated from the earth, 
‘ocean, or atmosphere, 

For several years T. Townsend Brown has worked in electrogravitics and holds 
many patents in the field. Some of his laboratory experiments have positively 
demonstrated a direct connection between electric currents, el 
gravity, although the exact nature of this connection has not yet 
plained. Nevertheless, it can be shown that highly charged objects do not behave in 
a gravitational field exactly as predicted by classical theory. 

Furthermore, in 1974 Santilli succeeded in proving that one of the classic 
assumptions of physics is wrong, namely that electric field and gravitational field 
are mutually exclusive. Santilli proved that gravitational field and electric 
either partially or totally the same thing, in contradiction to present assumptions. 

Over a decade ago, Curtis reported the measurement of very low frequency 
electromagnetic signals generated over the ocean that are not accounted for by any 

presently known mechanism ortheory. Although Curtis published several articles 
on this effect, no further investigation has appeared in the literature. 

Finally, there is a certain location where the generation of an anomalous elec- 
tromagnetic signal occurs continuously. This is McGregor Missile Range (U.S 
Army), where Army units fire air defense missiles such as Nike Hercules and 
Hawk. As a young captain, in 1961 I headed up the Hawk Evaluation Team at 
McGregor Range and directed the Hawk missile firing. About sixty-five kilo- 
meters out in front of the Hawk missile sites and downrange, there was a most 
peculiar source of electromagnetic noise, which could considerably affect a Hawk 
illuminator(continuous wave) radar when the radar antenna was oriented in that 

direction ata low elevation. In that case the radar would continually noise-lock 
(make and break lock-on) on the noise signal, dithering slightly as it continued to 
try to resolve a coherent radar return signal. This noise source was always present, 
in all seasons and temperatures, and so we simply made each Hawk unit com- 
mander and his personnel aware of the phenomenon. On one occasion I even 
vectored a helicopter with an investigation team to descend on the site and inspect 
it All they found was the usual surf with sparse growths of 
greasewood and cactus. There was nothing which could serve as a generator or re- 
Mector. 

‘At one of our other missile sites in the U.S. 
mechanism located at some distance from the site and at about 15,000 feet alt 
tude. This was rigidly fixed in location and unvarying, and the unit radar personnel 
often used it to calibrate the range of the radar. They simply locked on the reflect 
ing point and fine-adjusted the radar range dials to indicate exactly the known 
to the reflecting point. Here again, personnel on their own initiative vectored 
an aircraft directly through the point and searched the air in that area, but nothing 
at all could be found. 


HYPERFIELD GENERATION OF PHOTON 
PATTERNS ABOUT A BAR MAGNET COLLECTOR 
‘The magnetic field has more fundamental components which integrate in the 


virtual state to form it when two successive orthorotational thresholds (quantum 
thresholds) are breached. Furthermore, in the picture of a bar magnet taped to the 


there was a strange reflector 
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South pole end of same magnet tapod to face of color TV tube. 


Photo 2. Hyperfield flux in a magnetic field. 


North pole end of same magnet taped to face of color TV tube. 


face of a color television tube, one can sce that the hyperfield orthogonal circula- 
tions in the magnetic field are not symmetric about the two poles; ie., the pattern is 
quite different around the north magnetic pole from that around the south mag- 
netic pole. 

Around the north pole, the hyperfield circulation is emitted in the form of a 
hexagonal solid. Thus there is an intense hexagonal orthorotation about the north 
pole. Radiating conically out longitudinally is a toroidal null zone, at an angle to 

the ongitudinal axis projected away from the north pole into space. At an even 
higher angle, another concentric cone is radiated out in the same direction; this 
higher cone is an emission cone where photons are being generated. Thus viewed 
from the north end, and at a distance from the magnet, the pattern shown in the 
right figure of the slide emerges, The pattern is a ring of light or light bubbles, sur- 
rounding a concentric ring neutral zone, which in turn surrounds a hexagonal 
centerofintenseemission, 

If frame three of the Vestigia mystery light photos is examined meticulously, 
this exact pattern is seen, allowing for the dynamism of the phenomena and for 
slight nonlinearity of the spatial medium in which the photons are emerging by 
orthorotation. 

On the other hand, looking at the left hand figure on the slide, we see that the 
outer emission ring is so thin that it has effectively disappeared; it is radiated at 
right angles to the magnetic longitudinal axle. The middle null area is also much 
wider. The densely emitting core area now has a relatively circular cross section at 
a distance. So the pattern of photon emission that is seen from this end is simply a 
dense roundcore. Frames four and five of the Vestigia photos demonstrate varia- 

tionsofthiseffect, viewedataslightoff-axisangle. 
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Figure 21: 5G Architecture for Low-Band/ High-Band Integration 
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In combination, the various methods expected in 5G will provide users in mmWave band 
hotspot coverage at least a 100-fold increase in throughput over LTE, achieved by: 


Q Five- to 10-fold gains due to fewer users in each small cell. (Five to ten times as 
many cells.) 


a 10-fold gains from access to much larger amounts of spectrum. 
a Three-fold gains or more from improved spectral efficiency. 


It is this huge increase in capacity, combined with Gbps performance, that will allow 5G to 
compete with wireline networks.” 


Network Slicing 


Not only will 5G networks include a new radio, but thanks to virtualization, these networks 
will be able to present multiple faces for different use cases using a concept called network 
slicing. This architecture allows an operator to provide multiple services with different 
performance characteristics. Each network slice operates as an independent, virtualized 
version of the network. For an application, the network slice is the only network it sees. 
The other slices, to which the customer is not subscribed, are invisible and inaccessible. 
The advantage of this architecture is that the operator can create slices that are fine-tuned 
for specific use cases. One slice could target autonomous vehicles, another enhanced 
mobile broadband, another low-throughput loT sensors, and so on. 


Figure 22 shows the network slicing architecture, with devices having access to only the 
slice or slices for which they have subscriptions. Each slice has radio resources allocated, 


8 For a further discussion of 5G capacity and ability to compete with wireline networks, refer to 
Datacomm Research and Rysavy Research, Broadband Disruption: How 5G Will Reshape the 
Competitive Landscape, 2017, available at https: /datacommresearch.com/reports-broadband/. 
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When the magnetic field is observed from the side, only the hexagonal dense 
emission core of the north pole is seen. In the south pole area, we are looking into a 
large null area, so no emission at all is seen. Frame eight is approaching this result, 
with a slight deviation from an orthogonal viewing axis. Also, frames seven and 

ight exhibit composite structuring from several (three or more) side-by-side 
magnets of square-end configuration, where the magnet cross section is wide, 
looking at the end. In that case, the top right picture would be elongated, giving a 
stretched hexagonal dense core surrounded by a concentric null zone of oval shape, 
further surrounded by a concentric thin emission zone of oval shape. In frames 
seven and eight, the outer thin emission zone is roughly spherical, not oval. How- 
ever, a combination (further composite) of the lower right picture case and the 
upper right picture case could give the pattern exhibited by frames seven and eight. 

‘And as I show clearly elsewhere, orthorotated hyperfield energy usually 
emerges with a "burst-in” effect which, in free space, assumes a spherical shape. 
Thus one would expect a dynamically bubbling sphere of light at the initial "burst- 
in” of the phenomena, and frame two exhibits this effect. 

So the expected hyperfield generation of photon patterns about a localized re- 
gion of magnetic field (such as a bar magnet or composite grouping of bar mag- 
nets), when that localized region of field is in the collection or burst-in and decay 
gradually mode, would account precisely for the particular structured patterns 
photographed by Vestigia. 

Again, this does not prove the hyperfield hypothesi 
tural patterns obtained are consistent with it 


HYPERFIELD CIRCULATION PATTERNS 
ABOVE A MAGNETIZED RAILROAD TRACK 


field circulation patterns above a magnetized railroad 
track. The general setup of the Vestigia experiment is shown. The rails are oriented 
parallel to the fault line, which means that the rock stresses are oriented perpen- 
dicular to the rails. Thus the telluric currents piezoelectrically induced by the 
quartz and other minerals in the local granite are also. generally oriented 
perpendicular to the rails and below them. 

These piezoelectric currents thus constitute effective co 
netizing them weakly along their length, but this is in addition to their normal 
magnetism, if any, picked up due to the specific local and atmosphi 
change 

In the hyperfield flow pattern for two magnets which are lengthwise parellel 
and viewed from the end, a primary hyperfield circulation pattern exists both 
between the two rails and in the air above them. The location is the same, which- 
ever end of the parallel magnets one looks into; however, the circulation direction 
changes with the change of ends. As the strength of the magnetization of the two 
magnets changes, the vertical distance above the rails to the plane of the center of 
ld circulation pattern (primary) changes. The stronger the field, the 
higher the center of the pattern, and vice versa 

In addition a secondary (weaker) hyperfield circulation area exists over both 
rails as shown. As the piezoelectric currents fluctuate in direction and intensity, 
corresponding fluctuations in the magnetization of the two rails occur. 
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Fig. 1. Hyperfield circulation patterns above a magnetized railroad track 


Thus, over the rails there exists a sort of undulating tubular tunnel of primary 
hyperfield circulation, surrounded by a larger undulating tunnel of half-elliptical 
cross section. In addition, the terrain and foliage features nearby will have their 
own hyperfield circulation areas, with flowing currents of hyperfield circulations 
between them and undulating tunnels over the rails. The final result is a complex 
flow pattern, which is further modified by atmospheric, ionic, and electrical cur- 
rents. So a mystery light can kindle into a burst in one of the primary circulation 
areas and move, usually in a faltering or drift-dart-pause manner, along the un- 
dulating tunnels above the railroad track. Structural changes may then be noted as 
the geometrical aspect between the light and the observer-instrument changes, as 
additional collection-kindling occurs, and as discharge dampening occurs with the 
passage of time, due to the discharge time constants of the oscillations of the time 
dimension itself that are induced by kindling and burst-in. 

Note that in the kindling procs 
suddenly bursts into magnetic or electromagnetic field. Since it enters the labora- 
tory frame at right angles, orthogonal relationships result. Furthermore, the ap- 
pearance of a kindled magnetic field form will change the capacitance between the 
rails, and a capacitance test will indicate this, as if a conducting body were there. 
The localized magnet or geometrical piece of electromagnetic field is locked in and 
maintained as long as the hyperfield flux remains above the kindling threshold. 
However, since the burst-in of the hyperspatial flux into electromagnetic energy in- 
volves the shocking into oscillation of the time channel, an oscillator effect is pro- 
duced, and electromagnetic signal energy may be radiated from the light form, 
usually through one of the magic frequency windows which thinly interconnect 
orthogonal three-spaces. One of these windows is located at about 38,000 to 40,000 
Hertz, 

Such a signal was indeed recorded in the Vestigia experiment 

Also, at night time the time channel quenching effect of visible light is 
materially reduced since most visible light is absent. Further, the light-shielded 
quartz in the underground rocks has two magic windows: one in the infrared and 
one in the ultraviolet. So the area of the Vestigia experiment constitutes a gigantic 
kindling mechanism par excellence. With sufficient piezoelectric activity, the col- 
lected hyperspatial flux exceeds the kindling threshold required for burst-in, and 
localized triggering of a discharge or discharges can be initiated in the proper area 
The thousands of feet of wire further enhance the collecting and kindling mechan- 
isms. From a physics viewpoint, the living observer is the initiator who initiates the 
collapse of the wave function, in turn initiating observation. The same ability or 
property also is required to initiate the kindling ofhyperspatial flux into the normal 
three-space, in my opinion. This is consistent with the rather wide collection of data 
presented here to show that a living observer can generate or extinguish electro- 
static, magnetic, and electromagneic fields at a distance, even through a supercon- 
ductive farraday shield. The thought photography examples presented also show 
that electromagnetic field (light) can sometimes be generated by a living human 
being, and impress the camera film with the visible light spectrum, even though the 
light is not consciously seen by the observer's eye. It also appears that frequencies 
of something other than light, in the infrared and ultraviolet frequency regions, can 
enter through IR/UV windows and then rotate into the ordinary visible light spec- 
trum and ordinary visible light energy. Such effects also appear to be present in the 
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Fig. 2. The cyborg effect and orthorotational sensitivity 


Vestigia experiment, since the cameraman himself saw no light, but other posts did. 
‘Thus an additional directional effect of the rotation into visible light seemed to be 
involved. 
ince so-called thought energy is simply hyperspatial flux which has a minute 
one-to-one coherence in its crosstalk with the laboratory frame, the section ex- 
plaining thought photography deals with hyperspatial mechanisms that are also 
applicable to mystery lights. 


THE CYBORG EFFECT 
AND ORTHOROTATIONAL SENSITIVITY 


In Figure 2, I show how it is possible that one team sees the light and a second 
team does not. 

In the inceptive cyborg effect, each person, each instrument, the wiring, other 
collectors including the sensors, the other paraphernalia of the environment such as 
railroad tracks, rocks and their minerals, etc. are all cyborged together into a single 
instrument in the hyperfield domain. This is precisely because the hyperfield 
domain is the time channel, and all of these exist at the same time. Further, in the 
experimental locality, the difference in time between observers, equipment, di 
vices, and aspects is small, because the distances between pieces are relatively 
small. Hence to the hyperfield channel an appreciable degree of coherence exists 

between the various components of the hypersensory cyborg. Yet the overall pa 
tem of coherence has high points and lower points in it, and pattern groupings that 
vary with the grouping of components. Thus the subgrouping at the command post, 
for example, may be expected to differ in its hyperfield characteristics from the 
ion wiring, andtherails, 


subgrouping at Post2. Furthermore, the bulk ofthecol 
were outside the command post, so the greatest collection might be expected at this, 


station 
In addition, the human components of the subgroupings vary appreciably in 
their sensitivity to hyperfields. Some persons are more positive or attuned than 
others, particularly in their unconscious minds. In fact, some persons are qui 
Wve and are squelchers ofthe hyperfield effects —thenegative psi 
known in experimental parapsychology. However, it is reasonable to assume that 
egatives on the Vestigia experiment; but there was probably an 


there were no psi- 
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appreciable variation in the degree of psi-positive exhibition in the various per 
sonal unconsciousnesses. So it is understandable that one post may not see the 
light, while another would. And with the appreciably greater collection and 
kindling outside the command post, we would expect the sighting to occur there, if 
anywhere, as long as a real psi-negative was not present in the command post. And 
the experiment seems to have exhibited this effect as expected. 

Also, I must point out that the visual mechanism for detecting orthorotating 
energy is different from that for detecting normal visible light, unless the 
orthorotating hyperenergy is extremely strong and overrides the squelch effect of 
normal light. (At night the degree required to go into visible light is less.) At any 
the orthorotational hyperfield energy comes in through the infrared and ultra- 
violet windows for the most part, and then orthorotates into the visible light re- 
gion, changing its frequency as it is absorbed by or interacts with a receiver 

Further, the orthorotational energy does not travel through three-dimensional 
nal normally does; rather, it is entering this 


space in the accepted sense that as 
three-dimensional space all at once from a region orthogonal to the entire three- 
space. It is therefore entering all components of the tuning-receiving instan- 
taneously and simultaneously, or holographically, if one extends the term. Each 
subgrouping component of the cyborg exerts its own tuning-damping constant(s) 
upon this holographic signal entry, giving differing degrees of receptive sensitivity, 
or signal strength, or signal to noise ratio. 

So the signal enters each part of the cyborg holographically and the reception 
characteristics of that portion dampen or enhance the degree of orthorotation into 
the normal electromagnetic field. Further, the actual orthorotation into the elec- 
tromagnetic field is occurring primarily at the actual sensor. 

For a human being, the primary sensors are the retinal surface of the eye and 
the skin. The retina is actually a complex structured piece of the brain, so to speak, 
and extensive nervous system complexes are located there which do extensive on- 
site signal processing. The unconscious mind of the individual directly interacts at 
the retina with signals received by the retina, either by hyperspatial orthorotation 
or by ordinary light. So the individual nervous system is highly variable in its inter- 
actions with the hyperfield energy that is orthorotating into ordinary electromag- 
netic energy in the interaction itself. Briefly, the unconscious state of the observer 


partially shapes and forms the observed. 

In a camera, the sensor is the film. It is thus entirely possible for a camera to 
record light energy that is holographically rotated in from hyperfield energy 
without the cameraman himself seeing anything at all. This is especially true when 
the camera film is sensitive to infrared and ultraviolet to an appreciable degree. A 
camera containing infrared-sensitive film will interact readily with hyperfield 
energy because it is open in the magic window between orthogonal frames. A 
camera containing ordinary film, which is less sensitive to infrared, will interact 
much less in the magic window because it barely extends into it. 

‘Thus, with other variables held constant, one would expect the infrared camera 
to record hyperfield energy to a much greater degree than the camera containing 
ordinary film, and indeed the Vestigia experiment has demonstrated this effect 

Furthermore, the experiment exhibited heightened kindling and collection out- 
side the command post due to the distribution of wiring, components, and rails. 
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ADDITIONAL FACTORS CONSISTENT 
WITH THE VESTIGIA EXPERIMENT 


First, a cooling effect is often associated with the appearance of paranormal 
phenomena; this effect is well documented in the literature. 

A corollary effect also exists when hyperfield energy is being collected and 
kindled. Just as lowering the electronic noise in an amplifier increases the fidelity of 
the signal, lowering the local environmental temperature reduces the “noise” that 
is blocking the collection and kindling of hyperfield energy. Specifically, reducing 
the temperature reduces the photon emission and absorption activity of the 
environment. This lowers the background electromagnetic noise which inhibits 
orthorotation of the hyperfield energy into electromagnetic field energy. Sine 
photon activity is reduced, the consequent photon squelching of the time channel 

(precisely detailed elsewhere in this book) is also reduced. This in turn lowers the 

threshold required forkindlingtooccur. 

Also, a Geiger tube offen acts as a collector and amplifier of bioenergy and 
hypertield energy. (The association of Geiger counter readings with UFO phe 
nomena has been frequently noted in the literature.) 

The Geiger tube may become a detector of hyperfield energy, because the tube’s 
kindling threshold may be significantly lower than that of the environment or of 
other components such as the observer's eye. Kindling across the Geiger tube's 

lower threshold simply creates an electrostatic field inside the gas in the tube. In 
fact, it is the potential ionic current that is the collector, since hyperfields accumu- 
late alongprobability paths as well as along observationally determined paths, 

communicating with both future and past. Atany rate, the kindling ofan electro- 
static field in the Geiger tube may result in ionization of the gas if the field is of suf- 

ficient intensity. An avalanche discharge may occur and the Geiger counter may 
indicate a reading (usually appreciable or full scale). This may occur even though 
no visual phenomena are seen and even though other sensors receive no indication. 
This reading of the Geiger counter is of course not due to radioactivity. A Geiger 
counter does not indicate radioactivity: rather it indicates appropriate ionization of 
its internal gas. In this case, the kindling of hyperfield energy into electrostatic field 
occurred, generating the ionization in the Geiger tube gas. 

Note that this occurred in consonance with the visual sighting and the infrared 
film photos, and when no visual sighting resulted and photos were not taken 
Furthermore, as I point out elsewhere, the kindling and burst-in of energy has a 

discharge time constant, due to the discharge time constant of the oscillation of 
time that occurs at kindling and burst-in. Depending on the initial amplitude of 
oscillation at burst-in, the time required to lower the burst amplitude to kindling 
threshold and below varies. When the amplitude drops below the kindling thres- 
hold, kindling and burst-in cease and the hyperfield-induced electrostatic field in 
the Geiger tube vanishes, stopping the hyperfield-induced ionization of the gas in 
the tube. The Geiger counter reading then drops back to normal background 

reading. 

‘The variable amplitude at burst-in and the consequent variation in the time re~ 
quired for the Geiger counter to cease reading the hyperfield-induced ionization 
were demonstrated in the Vestigia experiment. Furthermore, the Geiger counter 
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showed a reading twice when visual phenomena were not seen and cameras did not 
record. Of course, no photos were taken during the Geiger counter readings. 

Finally, the drop in barometric pressure also lowers the molecular collision 
activity of the local atmosphere, and lowers the rate of production of colli 
electric currents, and photons induced by the collision activity. This reduce 
electromagnetic noise, which is squelching the collection mechanism and raising 
the kindling threshold. It reduces the kindling threshold, making orthorotation of 
hyperfield energy into el electrostatic-magnetic field energy easier. 

Thus, according to hyperfield theory, the major features of the Vestigia mystery 
light experiment are seen to be within normal expectations. Again, this does not 
prove the hyperfield-orthorotational hypothesis, but it is consistent with it and 
therefore constitutes an important piece of evidence for the theory. 

Also, I should stress that the piezoelectric theory is in fact included in the 
hyperfield theory, and is a vital part of it. In other words, the hyperfield theory is 
an extension of the piezoelectric theory, and in my opinion the extension is neces- 
sary if the piezoelectric effect is to fit the experimental results. There are no con- 
tradictions between the two theories since one is merely an extension of the other. 


REMOTE VIEWING 


In a classic series of carefully controlled experiments at SRI International, 
physicists Hal Puthoff and Russell Targ have shown that the human mind can pro- 
duce evidence of its ability to see at a distance, and also to anticipate the future 

In their protocol one experimenter goes to a distant target, which is selected 
randomly for him en route, and a subject in the laboratory tries to describe the tar- 
get scene, both orally and by sketching on paper. The experimenter in the field uses 
a random number generator to select one sealed envelope out of a group held by a 
controller accompanying him. The selected envelope is then opened, and that tar- 
get becomes the target for the experiment. The targets are preselected with rigor- 
ous protocol by a group not involved in the experiment. 

In the experiment shown here, the target selected was a rather unusually shaped 
playground merry-go-round, with handrails made of bent pipes, as shown in the 
two photographs. The laboratory subject, in addition to describing the scene verb- 
ally, made the sketches shown at the right. As can be seen, the channel is noisy, but 
there is definitely signal in it 

Puthoff and Targ also obtained some of the best experimental results when the 
laboratory subject was asked to describe the scene which the field team would see in 
the future, the target selection via random number generator not yet having be 
made. A wide variety of subjects — including persons hostile to parapsychology — 
were used by Puthoff and Targ in their experiments, with good results 

Each particle of mass in our bodies represents one closure of the entire uni- 
— yielding a holographic reality — and deeper communication with our- 
is identical to communication with the universe, including any part of it, at 
any distance, Furthermore, in hyperspace the future and the past are all present. 
Since a particle does indeed exhibit a four-dimensional component for 1/137 of the 
time, each particle does connect to the future and to the past. With selective tuning 
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Photo 3. Remote viewing. 


and kindling any part of this holographic reality is accessible. However, because of 
the smallness of a single selective signal in the midst of the totality, the channel is 
For this reason skilled psychics ~ persons who have been found to 
‘ve tuning - can be expected to produce better re- 


quite noisy 
have a greater fidelity of se 
sults than the normal person, 

Puthoff and Targ’s results have also been successfully repeated by other ex. 


perimenters, 


TT Henry Moray makes some final adjustmonts In tuning his radiant energy device to tap zero: 
point vacuum energy. 


THE MORAY RADIANT ENERGY DEVICE 


In the early 1900's, Dr. T. Henry Moray of Salt Lake City produced his first 
from the metafrequency oscillations of empty space itself 
Eventually Moray was able to produce a free energy device weighing sixty pounds 
and producing 50,000 watts of electricity for several hours. Ironically, although he 
demonstrated his device repeatedly to scientists and engineers, Moray was unable 
to obtain funding to develop the device further into a useable power station that 
would furnish electrical power on a mass scale. 

Asa boy, Moray had been deeply inspired by the greatest electrical genius of all 
time, Nikola Tesla. His imagination was especially fired by Tesla's claims to have 
knowledge of an energy source greater than ordinary electricity, and by Tesla's 
emphasis on frequencies as the stuff of the universe. When Moray finished high 
school in Salt Lake City, he went abroad to study, and took resident examinations 
for his doctorate in electrical engineering from the University of Uppsala, Sweden, 
during the period 1912—14. Returning home, his diploma and credentials were 
interrupted by World War I, and the University mailed him these items in 1918 
after the war 


device to tap ener 
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Hore the Moray radiant energy device is providing free power to 35 100-watt lamps and a 1200: 
watt ron, 


in, the power continues and is free for the taking 


Photo 4. The Moray radiant energy device. 


with specific QoS characteristics. Within the core network, virtualized core network 
functions support each slice and provide connections to external networks. °° 


Figure 22: Network Slicing Architecture 
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Information-Centric Networking 


For many usage scenarios, wireless networks provide broadband access to the internet, a 
network that itself is evolving. The internet is based on a node-centric design developed 
forty years ago. The point-to-point method of communication the internet uses has 
functioned well for a vast array of applications but is not optimal for the way content is 
developed and distributed today. Industry and academic organizations are researching a 
concept called “Information-Centric Networking.” ICN seeks a new approach of in-network 
caching that distributes content on a large scale, cost-efficiently and securely. 


Most internet content uses Uniform Resource Identifiers (URIs) to locate objects and define 
specific location-dependent IP addresses. This approach, however, causes problems when 
content moves, sites change domains, or content is replicated and each copy appears as a 
different object. Developments such’ as peer-to-peer overlays and content distribution 
networks (such as Akamai) that distribute cached copies of content are a first step toward 
an information-centric communication model. 


ICN is built from the ground up on the assumption of mobility, so it eliminates the mobility 
overlays on which current mobile broadband networks depend. The approach will be able 
to place information anywhere in the network with immediate and easy retrieval. 


Key principles of ICN include: 


“° For more details, see 5G Americas, Network Slicing for 5G Networks & Services, November 2016. 
Available at: 
http://www. 5qamericas.orq/files/ 3214/7975/0104/5G Americas Network Slicing 11.21 Final.pdf. 
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Shortly thereafter, Moray produced his first elementary device that del 
measureable electrical power, and he continued to work diligently on energy de 
vices when he had time. In the 1920's and 1930's he steadily improved his devices, 
particularly his detector tube, the only real secret of the device according to Moray 
himself. In his book, The Sea of Energy in Which the Earth Floats, Moray pre- 
sents documented evidence that he invented the first transistor-type valve in. 1925, 
far ahead of the officially recognized discovery of the transistor. In his free energy 
detector tube Moray apparently used, inside the tube itself, a variation of this 
transistor idea — a small rounded pellet of a mixture of triboluminescent zine, a 
semiconductor material, and a radioactive or fissile material. His patent applica- 
tion (for which a patent has never been granted) was filed on July 13, 1931, long 
before the advent of the Bell Laboratories’ transistor. 

In test after test Moray demonstrated his radiant energy d 
engineering professors, congressmen, dignitaries, and a host of other vis 
laboratory. Once he even took the device several miles out in the country, away 
from all power lines, to prove that he was not simply tuning in to energy being 
clandestinely radiated from some other part of his laboratory. Several times he 
allowed independent investigators to completely disassemble his device and reas- 
semble it, then reactivate it themselves. In all tests, he was successful in demon- 
strating that the device could produce energy output without any appreciable 
energy input. According to exhaustive documentation, no one was ever able to 
prove that the device was fraudulent or that Moray had not accomplished exactly 
what he claimed. On the other hand, the records are full of signed statements from 
physicists, electrical engineers, and scientists who came to the Moray laboratory as 
doubting Thomases and left with the complete conviction that Moray had indeed 
succeeded in tapping a universal source of energy that could produce free electrical 
power. 

But in the face of all of this, the U.S. Patent Office refused to grant Moray a 
patent, first, because his device used a cold cathode in the tubes (the patent 
examiner asserted it was common knowledge that a heated cathode was necessary 
to obtain electrons) and, second, because he failed to identify the source of the 
energy. All sorts of irrelevant patents and devices were also presented as being in- 
fringed upon or duplicated by Moray's work. Each of these objections was 
patiently answered and nullified by Moray; nonetheless, the patent has still not 
been issued to this day, although the Morays still keep the patent application cur- 
rent. 

One of Moray's efforts to develop the machine involved an association with the 
Rural Electrification Agency for a short time before World War II. At that time, 
the R-E.A. was apparently infiltrated by Communist sympathizers and high level 
officials of a decidedly pinkish tinge. These officials continually urged Moray to 
turn over all details of his device to the Soviet Union, and even arranged the visit of 
high-level Soviet scientists to the Moray laboratory to see the device in operation. 
On the initiative of the Communist-infiltrated R.E.A.. one person — let us call him 
"Z" — spent about two months in Moray's laboratory, and succeeded in worm 
his way into Moray’s full confidence. Moray eventually disclosed most of the de 
tails of the construction of his special valve to "Z" — the only person in whom 
Moray ever completely confided. 

There is strong reason to believe that "Z" was a Soviet agent, and that this is 
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where the Soviets first obtained the impetus to develop the hyperspace amplifiers 
later used in their psychotronic weapons. 

However, Moray became quite alarmed at the continued attempts of his 
R.E.A. contacts to get the device into the hands of the Russians. He eventually 
concluded that he had become involved with a governmental group filled with 
radicals and reactionaries. Moray became concerned that filth column activity was 
actually directed against him in an attempt to steal his device. Quotes from the Salt 
Lake Tribune of December 2, 1941, attributed to Representative Thomas D. 
Winter, imply that Moray's suspicions of the R.E.A. were well founded, since Rep- 
resentative Winter called for a full-scale investigation of the R.E.A. on the grounds 
of Communist infiltration. Indeed, Moray was wounded by gunshot in his own 
laboratory on March 2, 1940, which seems to suggest that his fears and suspicions 
were based on fact. Moray severed his association with the R.E.A. in February 
1941 

However, his basic unit had been destroyed by a hammerstinging witness in 
193%; itis not clear whether or not this was the work of "Z." or of someone else. Ac~ 
cording to his son, John Moray, the man who broke his unit, as well as other inter- 
ested groups, wanted complete disclosure of the materials and construction ~ 
nothing more or less. John Moray, who operates the Research Institute in Salt 
Lake City, has been trying to continue his father’s work since the basic unit was 
destroyed. Dr. Moray himself died in May 1974, 

According to John Moray, highly energetic cosmic rays from space are tapped 
by the machine, which is in subharmonic resonance with this high-frequency energy 
level, and it converts this energy level into a usable form of electricity. However, 
John Moray’s use of the term "cosmic ray" is not necessarily the same as that of 
modem physics, but in fact is the same as the present concept of “zero-point” 
energy of vacuum. T. Henry Moray envisioned all space filled with tremendously 
high frequency vibrations carrying vast and incalculable amounts of pure raw 
energy. He envisioned the dynamic universe as a turbulent source of great energy. 
just as the ocean waves carry energy throughout the earth. This was also the vision 
of Tesla, and after him of Clifford and Einstein, who turned the attention of g 
eral relativity to the problem of the nature of the vacuum itself. Clifford and Ein- 
stein founded a branch of physics that has come to be known as quantum geo- 
metrodynamics, the study of energetic change that occurs in little pieces, including 
the concept that very small lengths of space, or pure vacuum, themselves oscillate 
at great frequency and with great energy. In Moray's day relativity was still a 
strange and unproven branch of physics, suspected and rejected by most of the 
physicists of the day, and quantum physics was still in the process of being worked 
out. There was no theory whatsoever predicting that empty space itself not only 
contained prodigious quantities of energy, but in fact was prodigious quantities of 
energy. But slowly, over the decades, the picture has changed, and the modern fe 
lowers of quantum geometrodynamics assert the truth of Tesla’s original vision. 
‘Today we know that one cubic centimeter of pure vacuum contains enough energy 
to condense into 10"—10" grams of matter! Thus the major part of Moray's 
thesis — that vacuum itself contains unlimited energy — is vindicated today. In 


this sense empty space is like a gigantic, restless ocean, and Moray's free energy 
“tapping” device is no more mysterious than the water wheel. In other words, his 
thesis that the energy is there to be tapped is correct; it only awaits a practical 
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method to tap it in order to solve the energy problems of mankind forever. 

Moray thus is vindicated as a man ahead of his time, who simply built a device 
before any theory existed to explain its operation. Moray met with constant op- 
position, and his life and that of his family was anything but pleasant. Certain pres- 
sure groups constantly tried to force him into selling for almost nothing, or to dis- 
close the secrets of his valve's construction. He was often attacked and he was 
sometimes shot at on the city streets. In fact, his life was threatened so often that he 
was forced to install bulletproof glass in his automobile. His laboratory was broken 
into, some of his components and papers were stolen, and his dogs were con- 
tinually being Killed. Moray was shot in his own laboratory, and he himself always 
carried a gun. Because he was harassed ceaselessly, over the years he became 
understandably suspicious and close-mouthed about his work. He sometim 
greeted visitors at his desk with a loaded pistol lying on the desk within easy reach, 
and occasionally confirmed that he would not hesitate to shoot if he were attacked 
or threatened. One of his greatest fears was that big interests would take up his in- 
vention and simply shelve it to keep it from benefiting the public. When large com- 
panies made him offers, he always demanded written guarantees that the device 
would be put into production and sold to everyone, once it was developed. 

Moray also realized the potential of his device as a weapon. He was fully aware 
that the only difference between a controlled energy device and an explosion is the 
rate of release of the energy. According to John Moray, his father received an offer 
to go to Japan in 1938 because he had built a deathray which operated off the de- 
vice. According to John, a representative of the Japanese government came to the 
laboratory and offered a position to Moray, but he refused. Allegedly Moray had 
managed to rig the device so that it projected a ray of energy in a beam, and could 
Kill mice instantly at over filly feet. When radiated by the beam, the mice were car- 
bonized immediately. They appeared frozen, but nothing was left except their 
shells, and they simply fell apart when touched. 

In one experiment Moray ran his device for 157 hours without any connection 
to external power sources, and produced over fifty kilowatts of power during the 
test. He also found that an additional fifty kilowatts could be added by simply pro- 
viding another tap further back in the circuit. When he shut the device off from this 
test, he had proven once and for all that the device was generating electrical energy 
from free and natural sources without batteries or external power. During this 
nothing in the machine heated up: instead, all parts of the circuit ran absolutely 
cold. This alone is totally unexplainable by ordinary electromagnetic theory, and it 
strongly implies the truth of Moray's assertion that the device simply collects the 
energy in each of its stages in a subharmonically resonant manner, in synchroniza- 
tion with the extremely high frequency cosmic oscillations. In other words, since 
the parts of the machine ran cold, it is clear that the energy was being simultan- 
cously collected at each stage rather than being processed through the individual 
stages in serial order, since serial processing in the conventional electrical sense 
would lead to resistance heating of the circuit elements. 

Moray's device used twenty-nine stages of his special detector valves, which 
were difficult to produce, costing about five hundred dollars each. Only about one 
in four proved suitable for operation. He also had difficulty in obtaining suf- 
ficiently pure materials to make his special mixture for the pellet that enabled tube 
operation in a one-way gating fashion. Moray explained that his device was based 
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Photo 5. An Atlantean power crystal? 


fon the discovery of a mixture that would act as a one-way gate for the high fre- 
quency oscillations of space, so that the energy could go through the material more 
readily in one direction than another. Thus it was like a one-way gate valve fo an 
‘ocean wave; the energy “water” could flow in in each valve, but was prevented 
from flowing back out. The assemblage of multiple stages thus provided a series of 
collectors which contained enough energy to be useful. Theoretically there was no 
limit to the number of collectors that could be added, and so there appeared to be 
no limit to the energy that such a device could produce. 


AN ATLANTEAN POWER CRYSTAL? 


‘The next two photographs are of a most amazing quartz crystal sphere removed 
from a chamber in a pyramid underneath the surface of the ocean in the Bermuda 
Triangle. Dr. Ray Brown purportedly removed the object in a dive while treasure- 
hunting with several friends after a storm had stirred the sandy ocean floor in 1968. 
Brown describes how he swam into a chamber in the pyramid after swimming 
around it three times, and how he saw seven stone seats surrounding two handlike 
stone holders for the crystal in the center of a table or dais, with a two inch metal- 
lic rod running down vertically from the roof of the stone chamber and pointing 
directly at the crystal. Brown plucked the crystal from the holder and ascended to 
the surface: he found that his companions had brought some nonoperative objects 
to the surface which appeared to be some sort of strange electrical apparatus. 

Brown himself had a strange foreboding and a strong impulse against return- 
ing to the site, and so he refused to do so. Three of his companions reportedly 
turned at a later date, and their boats were found floating abandoned in the Tri- 
angle. The three men were never seen again 

‘The crystal does indeed have some strange properties. In the first picture one 
can clearly see a very sharply outlined, pyramid shaped inclusion inside the quartz. 
The pyramidal inclusion is dark, but the crystal is absolutely clear. However, the 
second photo shows that the quartz is milky when seen from a different angle. Here 
three pyramids can be seen. 

Other objects have been seen and photographed in the crystal from time to 
time. In The Pyramid Guide, Vol. V, No. 4, there is a photograph of the crystal 
showing a very distinct, humanlike iris and eyelid appearing in it, making it 
resemble nothing so much as a giant human eye. In that photo the three pyramids 
are not visible. 

While I have not personally investigated the crystal and examined it in detail, 
some general remarks can be made. (1) Brown reported finding the pyramid after a 
huge storm had stirred the ocean, including the ocean's sandy bottom. This had r 
vealed outlines on the bottom resembling buildings, which had attracted the atte 
tion of the treasure hunters. (2) Such a storm, over the ocean's great water mass, is 
aan excellent kindler of bioenergy. In other words, Brown and his companions wer 
definitely in a place which should have had an enormous kindling of bioenergy 
from the biosphere and the collective human unconscious. (3) Sufficient publicity 
has been given the Bermuda Triangle’s mysterious disappearances to have its a 
leged ability to open a window between worlds implanted deeply into the uncon- 
sciousnesses of a large number of persons. (4) Brown was with a group of persons 
who were sharing the same sensations with the storm and surrounding area, so 
there was sufficient coherence of their personal unconsciousnesses to accomplish at 
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of tuning. (5) The legends of Atlantis were in a great revival 
work and other 


least some degt 
period in the late 1960's from the popularizing of Edgar Cayc 
material, as indeed was the Egypt/pyramid/Atlantis mythology in general. 

So conditions were very ripe for a tulpoidal contact (see Part Two) of extensive 
magnitude — perhaps even to the point of tuning in the ruins and pyramid for a 
period. Brown also reported sensing an omniscientlike presence, which is sympto- 
matic of many such tulpoidal contacts or materializations, 

In such a case, Brown could have actually swum into such a pyramid that had 
materialized from the collective unconscious — which after all has the psycho- 
kinetic power of Uri Geller times ten to the four billionth power or so, and which 
largely maintains the format of our physical reality in the first place. The colle 
tive unconscious has no difficulty in creating even many alternate worlds or 
materializing and dematerializing entire areas, let alone in producing a single pyra- 
mid and a ruined city 

Brown's action in plucking the crystal out of its holder and swimming back to 
the surface would also have constituted a tuning/kindling which was “returning 


with the crystal into the normal world" — in which case it could have been tuned 
into complete stability so that it would endure, rather than fade away as do most 
tulpoids. 


Until we have developed psychotronic instruments to scan the crystal and re- 
veal its true story, we cannot say for certain that any of the above actually 
happened, and that some sort of delusion or fakery was not involved. The point is 
it could have happened just as Brown reported it, in the theory I have constructed 
in the second part of this book. 

Until we free our minds from the present bias that physical reality is always 
permanent and unchanging, we shall never be able to adequately investigate such 
phenomena as Brown's strange crystal. 


THE CRYSTAL SKULL 


It appears that at least some of the ancient peoples understood certain aspects 
of psychotronics and even possessed some psychotronic de 
‘An example of such a psychotronic device is shown in the next two pictures, re~ 
printed here with the kind permission of Bill Cox, from The Pyramid Guide, No. 
17, May-June, Vol. Ill, No. 5. 
To quote directly from The Pyramid Guide 
‘These are two views ofthe famed crystal skull... completely hand-formed, 
possibly centuries in the making from a single block of hard quartz crystal. It 
‘was recovered from beneath the altar ruins, within the jungle-covered,7 V/2acre 
citadel of the ancient Mayan city of Lubaantu'n by explorer F.A. Mitchell- 
Hedges in 1927. A several-storieschigh pyramid was also found within the cita- 
del complex. The skull, possibly of Atlantean and/or Babylonian origin may 
hhave been brought to the Americas by the Phoenicians around 1,000 B.C. 
Frank Dorland says historical records suggest the skull may have been held in 
the London inner-sanetum ofthe Knights Templar prior to the Holy Wars. The 
high priests probably executed ceremonial magic with the skull; a ribbon-like 


prism in the cranium acts as a magnifier. Hollow light pipes projecting upward 
from the base permit light reflections from the eye-sockets. The moveable jaw 
easily coordinated motion with speech. Lesser quality erystal skulls exhibited in 
‘the British and Paris museums, and miniature versions, lack the Mitchell- 
Hedges skull's brilliant craftsmanship 


Photo 6. The crystal skull. 


Two views of the famed crystal skull. Completely hand-formed, possibly 
centuries in its making from a single block of hard quartz crystal. It was re- 
covered from beneath the altar ruins within the jungle-covered seven-and-a- 
half acre citadel of the ancient Mayan city of Lubaantu'n by explorer FA. 
Mitchell-Hedges in 1927. A several-stories-high pyramid was also found within 
the citadel complex. The skull, possibly of Atlantean and/or Babylonian origin, 
may have been brought to the Americas by the Phoenicians around 1,000 B.C. 
The high priests probably executed ceremonial magic with the skull; a ribbon- 
like prism in the cranium acts as a magnifier. Hollow light pipes projecting upward 
from the base permit light reflections from the eye sockets. The moveable jaw 
easily coordinates motion with speech. Lesser quality crystal skulls exhibited In 
the British and Paris museums, and miniature versions, lack the Mitchell- 
Hedges skulls briliant craftsmanship. 


One of the major African tribes is also reported to have once possessed such a 
crystal skull as a holy object and the center of their religion. Their skull was re- 
portedly stolen by a white thief in the early 1800's, 

So let us now discuss sonic of the peculiar properties of such a device. 
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First, quartz is a very hard substance and not easily worked at all. Making such 
a perfectly carved piece, with removable hinged jaw and eye lenses, must have con- 
sumed a tremendous amount of manual labor and considerable time, even 
centuries. Such an effort is not lightly undertaken; usually there is an overpower- 
ing reason for such persistence. In this case, there may well have been such a rea 
son, and ancient priests may well have known it 

Quartz has magic qualities from a psychotronic point of view. It is open to both 
the ultraviolet and the infrared, and so it possesses two magic windows into the 
hyperframes, bioframes, orthogonal frames, and other realities. Since the third and 
higher bioframes (orthoworlds) are all mind worlds, quartz has open magic 
windows into the mind and mind energies. Thus Frank Dorland surmis 
rectly that the device can amplify and focus mental energies. 

Furthermore, quartz is a piezoelectric crystal. Being crystalline, it po 
lattice, a regular array of molecular stages. Thus it possesses a large number of 
identical stages, which is important for hyperchannel amplification, 

Properly shielded against visible light, or in dim light, the crystal skull thus 
can function as a mental amplifier in the hands of a skilled user. Also, the quartz 
it piezoelectric; multistaged electrical piezoelectric currents are natural hyper- 
energy-hyperfield collectors, and under the proper conditions the quartz can pro- 
duce heat and light, since collected hyperfield energy can be orthorotated into elec- 
tromagnetic field by kindling, It can even produce these effects at a distance due to 
the hyperchannel circulation patterns surrounding a magnetic field or a localized 
area of magnetic field. The easiest place to produce effects with the skull would be 
inside another human head (in the brain) 

So, in the hands of a skilled practitioner, the skull is (1) a collector of bio- 
energy, capable of turning this into electromagnetic energy and physical effects, (2) 
a form resonance inductor, i.e., a sort of super witness which matches the general 
shape of the human skull and is capable of resonating with a human skull (and thus 
with its contained brain) at a distance through hyperspace, and (3) a psychotronic 
device capable of producing psychotronic effects such as the augmentation of 
healing energy, psychic attack, telepathy. clairvoyance, precognition, and psycho- 
Kinesis, where these initiative abilities are possessed by the user or practitioner. 

Thus, in the hands of an adept, the crystal skull is indeed a formidable device, 
and one can well understand how the motivation existed to make it, even though its 
production may have taken centuries. Since in the ancient days knowledge was 
zealously guarded and usually incorporated directly into religion, such psycho- 
tronic artifacts as the crystal skull would have been regarded as the most powerful 
hence the most sacred, of objects. One can therefore speculate that the elite of the 
lite of the priesthood were the only ones who knew of and were taught how to use 
the skull, and that this information was guarded extremely closely. The legend of 
such a skull existing as a central part of the religious magic of an African tribe is 
not beyond belief. Ordinary crystal balls, which are certainly made more easily, 
may have originated from the secret rites connected with the skull. An ordinary 
‘good quality, clear quartz crystal may well have been the substitute for priests who 
did not belong to the supreme inner circle, or the device used when a skull was not 
available. 

1 have seen at least one picture of an optical image which spontaneously formed 
in the crystal skull; the image closely resembled that of the Mayan astronomical 
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observatory at Chichen Itza. 

To give a simple example of how the skull may have been used by a skilled 
priest, let us suppose the priest had an enemy he wished to disable or kill. With the 
proper psychic exercises he could have induced an increase in his own psychic 
energy. Then, using the crystal skull, he could simply have visualized the image of 
his enemy's face, and visualized the energy or light pouring into his enemy's head. 
The stability of the imagery is more important than effort of will. 

‘At any rate, steady application of this imagery starts the bioenergy projection 
into the enemy's head and brain, and it collects there. Collection to the kindling 
threshold starts turning the bioenergy into electromagnetic field. At this point, a 
host of effects could be produced, depending upon the specific wish and induction 
by the priest. The effects include sharp pain (such as migraine headache); a leaden 
‘mass or frozen mind in which the brain activity itself is slowly frozen and stopped; 
the generation of a strong, overpowering emotion such as rage, hatred, panic, or 
terrible sadness; a sharp attack on the mind itself, as if a saw or knife were slashing 
a physical object to bits; numbness of the body or selected portions of it; interrup- 
tion of the heart's functioning; kindling of the brain and nervous system into 
seizures, convulsions, or violent muscular spasms (capable of breaking bones); and 
an increase in blood pressure until the vessels swell and burst. In the hands of a 
priest who was strong in psychokinetic ability, this amplified ability would have 
been projected through hyperspace to the unfortunate victim's vicinity; objects such 
as stones could suddenly have levitated and hurled themselves at him, bushes and 
small trees could have enveloped him, etc. All in all, the skull can be used as a ter- 
rible weapon. 

‘A few of these effects, and others I have not described, are presently in use by 
certain lunatic fringe groups in the United States: they use basic devices other than 
a crystal skull. I have been subjected to several strong attacks, and can vouch for 
their effectiveness if the target person is unskilled in shielding himself or evading 
such attack. In two cases I was nearly killed, and in a third case in substantial 
jeopardy. 

Use of the crystal skull by a group of priests would give even more power, for 
from such a group the kindling level at which bioenergy orthorotates into electro- 
magnetic field energy is much more easily approached. The inceptive power is of 
usable for either good or evil purposes. Good purposes would include 

stopping internal 


amplifying psychic healing; curing fevers and other infectios 
bleeding; dematerializing growths and tumors; placing a person into deep 
anesthetic sleep so that a surgical operation can be performed; treating soil, se 

or plants to assist sprouting and growth; treating emotional disorders with cance 
lation thought forms (contrary forms), and projecting them direct 

conscious to neutralize the disturbing form; and communi 


stance. 

A 300-year fabrication period is more credible if we recognize that the quartz 
crystal would have been usable from the beginning, just as is a crystal ball. So the 
high priests could have used the rare clear crystal (the skull is made from a single 
crystal), while priests recently initiated into the level that knew of crystal devices 
worked on it when it was not needed for use. Such a practice would explain why 
other skulls less finely worked have been found; these had simply not been as highly 
finished as the Mitchell-Hedges skull. 


ot 


Furthermore, cutting off an enemy's head and exhi 
mon practice among many primitive tribes as a way of showing power. Crystal de 
could have been used as a means of combining psychotronic effects with pre 
vailing religious practice and beliefs. The fact that this eventually yielded a psycho- 
tronic amplifier of great power in the hands of a skilled priest would have led to the 
zealous guarding of the knowledge and the device from all but a very few of the 


lite. 


METAL BENDING 


‘The next remarkable sequence of photos from a Super 8 movie film taken by 
James Bolen, editor and publisher of Psychic (now New Realities) magazine, shows 
Israeli Uri Geller breaking a dinner fork in two through mind over matter. The 
fork, which Bolen personally verified as being intact before the demonstration, 
gradually becomes pliable at its midsection as Geller rolls his thumb and index 
finger over it. The fork finally breaks apart, the prong part clinging slightly to the 
handle just before it drops away, suggesting that the stainless steel momentarily 


became plasticlike 

Here the kindling is taking place in the nuclei of the metal atoms and also along 
the lines of field force in the bonding lattice. The protons in the nuclei may become 
quarklike due to partial extinguishing of the pions which create their electrical 
charges. The softening of the electrical field directly softens the ability to hold el 
trons and rearranges electron orbits. In addition, kindling is occurring in the 
orbital electrons, partially extinguishing their charge also. The overall effect is for 
the metal to become plasticlike as lattice bonds are severely weakened. For a metal 
break due to these effects, the metal in and near the fracture should show the re- 
sults of severe electromagnetic fields at the localized level, e-g., as if subjected to in- 
tense heat from an internal laser action. This has indeed been found to be the case 
in other experiments, notably by Byrd and Franklin. 


THOUGHT PHOTOGRAPHY: STELLA LANSING 


Stella V. Lansing is a remarkable person who has captured a large number of 
authentic thought photographs on film, and in whose presence others often get 
thought photographs when they operate their own cameras. For several years her 
work has been investigated by the psychiatrist and noted researcher, Dr. Berthold 
Schwarz, who has published numerous papers in scientific journals on his studies of 
Mrs. Lansing, The late J. Dunninger also observed Mrs. Lansing's work and con- 
cluded that it was genuine, and that no magician could accomplish by sleight of 
hand or other trickery the remarkable results she obtained. 

In Stella Lansing’s photographs all the evidences and signatures of tulpoidal or 
thought energy kindling into the first biofield, electromagnetic energy (light), are 
seen (see Part Two). Typical, metallic-looking, clamshell, UFO-like images are 
often obtained, most often with several objects arranged in a clocklike circle 
symbolically: the unconscious may well be aware that the time channel is the para- 
normal channel, and symbolically express this in a clockwork pattern suggestive of 


time 
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Qa The architecture inherently supports user mobility 

a Network operations are name-based instead of address- or node-based. 
a The network itself stores, processes, and forwards information. 

a Intrinsic security guarantees the integrity of every data object. 


The goal of ICN is to simplify the storage and distribution of gigantic amounts of content 
while reducing the amount of traffic and latency users face when accessing the content. 
The internet cannot just be replaced, however, so in initial stages, ICN would operate as 
an overlay, and over time would assume an increasing percentage of the functions within 
the internet. ICN would not discard IP; rather, it seeks to generalize the routing concept to 
enrich networking with new capabilities. 


Some technology aspects of ICN include: 


a Information retrieval from multiple sources without needing to know the location of 
the information. 


a Multipath communications that improves user performance and traffic load 
balancing. 


a Subsequent requests for the same data will be served locally without needing to 
fetch it from original repository. 


a Elimination of the name-to-location indirection associated with Domain Name 
Service (DNS). 


Because mobility is such a central aspect of ICN, mobile network operators are in a unique 
position to participate in ICN-related research and development, and to do so as part of 
5G development. ICN has not progressed to a level at which 3GPP specification work could 
include it, so instead promoters are ensuring that 5G specification work does not preclude 
it. With this approach, operators in the 2020s will have the option of overlaying ICN 
capability on their 5G networks. ICN could even be implemented as a 5G network slice for 
mobile and end-systems capable of ICN 


3GPP Releases 


3GPP standards development falls into three principal areas: radio interfaces, core 
networks, and services. Progress in the 3GPP family of technologies has occurred in 
multiple phases, first with GSM, then GPRS, EDGE, UMTS, HSPA, HSPA+, LTE, LTE- 
Advanced, and now LTE-Advanced Pro. Underlying radio approaches have evolved from 
Time Division Multiple Access (TDMA) to CDMA to Orthogonal Frequency Division Multiple 
Access (OFDMA), which is the basis of LTE. 3GPP is also involved in standardization of 5G 
technology. 


Table 5 summarizes the key 3GPP technologies and their characteristics. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 42, 


Late evening clockwork patt 
church steeple. 


‘of “clamshellike objects" obtained when photographing a 


: ai ‘ 
Fst daytime clockwork pattern, Route 47, Amherst, Mass., September 1972 
Photo 8. Clockwork patterns. 


Just as Geller and Kulagina have been noted to transfer psychokinetic ability to 
other talented persons who were in their presence for a period of time, Mrs. Lan- 
sing's clockwork patterns and psychokinetic abilities appear to have stimulated 
another person's abilities in similar fashion. Paul Koslouski is a researcher who 
worked with Mrs. Lansing for a short time, and in his own thought photographs the 
clockwork pattern so characteristic of Mrs. Lansing's pioneering efforts dutifully 
appeared. 

Mrs. Lansing is a brave and gracious lady, and her significant work with 
thought photographs is important (0 the understanding and advancement of para- 
psychological science, 


THE DISPLACEMENT EFFECT 


The next picture was taken about 1938 in Chicago with a camera on a tripod 
and a timed release. It was taken by Paul Trovillo, who is the gentleman sitting on 
the bench with somewhat of a problem of transparency and partial disappearance. 


Photo 9. Displacement effect. 


‘The light is by an overhead are light, which is rich in ultraviolet (one of the magic 
window frequency bands in the hyperchannel crosswalk between orthogonal 
worlds). Pan film was used in the camera, and the picture is of Paul and FerneTro- 
villo. Note the bushes through Paul's left shoulder and through the slats of the 
bench at approximately Paul's waist. Also note that the background is in excellent 
focus. 
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2, Devoe becomes a psychoenergetic “magnet” when charged by the human being—and wil 
pick Up materials, Including ‘nonmagnetic objects. ven a 


Photo 10. Pavlita's psychotronic generators. 


3. A gonerator that can precipitate solutes from solution. The jar to the left contains a dense 
Solution; when the generator was placed over identical solution in the jar to the right, the pre: 
ipitate shown in the jar resulted. 


Occasionally the kindling of bioenergy (which is greatly eased in ultraviolet 
light) leads to eddies of hyperchannel connections between separated portions of 
the ordinary frame. The normal three-dimensional frame is constructed action 
quantum by action quantum, and each quantum is fissioned and fused individually 
to give individual increments or jumps of time and length. Appreciable kindling 
intermixed in the frame construction can provide other geometrical paths for light, 
so that the light rays during one or more segments of their straight-line path arc 
actually flipped into and back out of hyperspace. In cases such as this, one can 
often see right through a physical object, or even inside it (see Part Two) 

I have worked with a psychic group in the American Association of Meta~ 
Science, and have seen one experiment where similar effects were obtained, with 
the camera on a tripod, in a picture taken by my wife. 

Excellent pictures of the Loch Ness monster were recently taken by Doc Shiels. 
‘These pictures have been subjected to computer analysis by Ground Saucer Watch 
(GSW) - and GSW was alarmed at the discovery that the monster in the portrait 
exhibited transparency. Indeed, for a materialization less than complete, which the 
monster must be if it is to keep disappearing, one would expect or even demand 
such transparency, even though a large body of water is a good collector for 
kindling of bioenergy and tulpoidal forms (UFO's are also notoriously connected 
with rivers, lakes, and the ocean) 

Note also that the Dennis Billings UFO picture demonstrates the same sort of 
partial transparency. There is a readily understood physics that applies to thes 
effects, but the effects are not contained in the present monocular interpretation of 


physics and reality. 
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PAVLITA'S PSYCHOTRONIC GENERATORS 


In Czechoslovakia an engineer named Robert Pavlita has been building and 
demonstrating psychotronic generators for about thirty years. These are devices of 
various shapes and sizes and composed of materials such as steel, iron, brass, and 
copper, and they often contain mysterious symmetries of pattern, holes, and shape. 
‘The devices for the most part charge up with thought energy when subjected to 
human contact or eye contact, and then perform various functions such as pre 
Cipitating a solution, turning, picking up or magnetizing nonmagnetic materials, 
and killing insects. The devices thus accomplish orthorotation and kindling of 
thought energy. Pavlita has admitted that his devices could be scaled up to serve as 
weapons — unfortunately, every tool can be used for either good or evil. He has 
demonstrated a great many times the killing of insects by pointing a charged rod at 
them. He also admitted that in an accident his daughter became semiparalyzed and 
her life was in grave danger, requiring him to work feverishly without stopping for 
about two days to build a second device to reverse the effects of the first. Pavlita 
has also demonstrated that his psychotronic devices can either stimulate or retard 
plant growth, depending on which polarity the plant is exposed to. 

‘The loose information net of which I am a part has recently leaned that Pav- 
lita is now in charge of a secret project that has succeeded in building two we 
pons, one of about two hundred miles range and the other of unlimited range. No 
further details on the weapons are available. 

Pavlita is a pioneering genius, and it is to be hoped that he will eventually re- 
s ret of his psychotronic devices to the world for use in the healing arts 
and other beneficial sciences. Bioenergy/hyperenergy is real, and Pavlita has 
scored a major breakthrough in building simple devices to harness it. 


CELL-LIKE INVISIBLE TULPOIDAL FORMS 


Trevor James Constable has succeeded in evoking and capturing many of these 
forms on film. The first photo was taken by Constable on 25 August, 1957 in the 
Mojave Desert, and shows an amoebalike or cell-like bioplasmic form containing 
shapes that resemble nucleoli, vacuoles, and other cellular structures. The invisible 
object was at first directly overhead, but moved to positions that enabled inclusion 
of local terrain in the pictures 


In material presented in Part Two of this book, I show that all that a physical form or 
physical body isis a total tulpoid, i, aform that can be shown to existin each and every 
‘mind, All that a living biosystem is is a one-to-one coherence established between such 
total tulpoid (physical form) and a monocular tulpoidal universe (mind world or hype 
frame). Furthermore, all possibilities exist concretely in the various hyperworlds. Thus 
Constable's plasma creatures do indeed exist concretely—but in invisible, orthorotated 
hyperworlds (mind worlds). The revolutionary discovery by Constable has been a direct, 
straightforward way to evoke and photograph such bioplasmic tulpoidal forms. His ex- 
perimental work is of absolutely fundamental importance, and I would not hesitate to 
compare its ramifications to those of the Michelson-Morley experiments 
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Photo 12. Form for potential materialization. 


a a 
Photo 11. Cell-like invisible tuipoidai forms. 


‘These experiments are also directly related to the work of Miller and Fox, who 
have shown that, when the probable atmospheric conditions of the earth of mil- 
lions of years ago are exposed to electrical discharges and ultraviolet radiations, 
amino acids are formed; and then these proteinoids will form microspheres having 
cellular characteristics, even the ability to grow and reproduce. Every possible life 
form is already present in virtual state reality, and under proper selective condi- 
tions can be kindled into the first bioframe (electromagnetic field) and photo- 
graphed, or even into the zeroth bioframe (lull materialization) 

In the UFO photographed in strong potential condition for materialization by 
‘Trevor James Constable, note the form of a disc on edge, only a portion ofits form 
ing tangible even to infrared. Note also the whitish lobe of the tulpoidal force 
field extending earthward from the discoidal region. Highspeed infrared film was 
used, no filter, shot just before sunrise near Giant Rock, California. Constable's 
pioneering work is remarkable laboratory evidence for orthorotation and material- 
ization of tulpoidal energy forms 


UFO'S 


The following pages show some of the most extraordinary UFO sightings and 
other paranormal phenomena of recent years. Photograph 13 shows a noiseless 
UFO seen by a university student near Las Cruces, New Mexico, in 1967. (The 
student reported that, as he changed plates in his camera, the object disappeared 
He had been taking photos of rock formations for a class in geology.) 
In the Spring of 1950, two photographs of a highly materialized UFO were taken 
by Paul Trent on his farm outside McMinnville, Oregon. The first photo (photo 
14) showed the UFO at an angle, while the second (not shown) caught the UFO in 
direct profile. 


1. Black Ring UFO 

From Project Bluebook, here is an example of a tulpoidal UFO moving along 
through the sky and exhibiting the "black ring” effect. In this case only the edge 
frame is visible, and that edge is generating the black ring or “light quenching” ef- 
fect. Note that the inside portion of the tulpoid is quite transparent, for one can see 
the clouds behind it clearly 


2. Anchor Patterns 

One of the interesting aspects of combined orthorotation into our normal three~ 
dimensional space and out of it from hyperspace is an anchorlike pattern, shown in 
the next four pictures. Photo 1 was taken by Ira Maxe 
poidal forms, which are intersecting our frame in a white or photon- 
anchorlike pattern. The curved part of the anchor pattern is due to the 
orthogonal rotation, and the shaft portion intersects it at right angles. Note also the 
clouds, whose water content is highly conducive to kindling of the tulpoid — into 
the first bioframe, in this case. 

‘The second photo from Project Bluebook shows another anchorlike tulpoid — 
this time the orthorotation is reversed, giving photon absorption — moving 
through the sky over a dock area by the water 
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Photo 13. New Mexico UFO. 


Table 5: Characteristics of 3GPP Technologies 


Technology Type | Characteristics Typical Typical 
Name Downlink —_ Uplink Speed 
Speed 
Data service for UMTS 
HSPAt WCDMA | networks. An enhancement to | } MBPS t0 eae 
original UMTS data service. sa p 2 Mbps 
1.9 Mbps to 
8.8 Mbps 
Evolution of HSPA in various | in 5+5 MHz? | 1 Mbps to 
stages to increase throughput 4 Mbps 
a WCDMA | and capacity and to lower 3.8 Mbps to | in 5+5 MHz or 
latency. 17.6 Mbps with | in 10+5 MHz 
dual-carrier in 
10+5 MHz 
New radio interface that can use 
wide radio channels and deliver | 6.5 to 26.3 6.0 to 13.0 
LTE OFDMA | extremely high throughput Mbps in Mbps in 
rates. All communications 10+10 MHz‘? | 10+10 MHz 
handled in 1P domain. 
Significant 
gains through 
oe Advanced version of LTE eae 
ahanced OFDMA | designed to meet IMT-Advanced | 439 and axd 
Fequirement MIMO, and 256 
Qam 
modulation. 


User-achievable rates and additional details on typical rates are covered in the appendix 
section “Data Throughput.” 


3GPP develops specifications in releases, with each release addressing multiple 
technologies. For example, Release 8 defined dual-carrier operation for HSPA but also 
introduced LTE. Each release adds new features and improves performance of existing 
functionality in different ways. Table 6 summarizes some key features of different 3GPP 
releases. 


*. HSPA and HSPA+ throughput rates are for a 5+5 MHz deployment. 
42 "5.45 MHz" means 5 MHz used for the downlink and 5 MHz used for the uplink. 


43 5G Americas member company analysis for downlink and uplink. Assumes single user with 50% load 
in other sectors. AT&T and Verizon are quoting typical user rates of 5-12 Mbps on the downlink and 2-5 
Mbps on the uplink for their networks. See additional LTE throughput information in the section below, 
“LTE Throughput.” 
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‘The third photo, taken in Wales, is one of several which clearly captured 
another anchorlike tulpoid in a photo-emitting mode. 

The fourth photo, taken by Fay Clark in a darkened room, shows very similar 
photonic patterns being emitted by Ingo Swan's hands after Swann was asked to 
try to produce energy to be photographed. In the rightmost arc the shaftlike 
perpendicular bisector can be seen, associated with Ingo's arm. Bioenergy and 
mind-energy are the same, whether being emitted from a single human sys- 
tem/mind or from a collective system/mind. 


3. Bifringement 
Another common effect demonstrated by UFO's is bifringement, clearly shown 
in this photo from Project Bluebook. Here a UFO in highly materialized form is, 
shown just beginning to turn back into hyperdimensional space. Interestingly 
enough, in hyperspace a tulpoidal form can turn in two or more directions at once. 
and this one appears to be doing so. A photon-absorbing turn is indicated by the 
outer bifringement ring, which is white. These can also be compared to photon 
interference patterns commonly demonstrated by light waves from two or more 
sources. Just as there are interference patterns in our thre onal space, 
there are interference patterns in higher dimer The three-dimen- 
sional intersection in our frame of one of these higher dimensional interference pat- 
terns may be black, white, or consist of both black and white components. 


4. UFO's in Water 

Water is a substance that changes its state and form in a fantastic complex and 
is therefore one of the very best collectors for bioenergy or tulpoidal energy. That 
is, in fact, why water is so universally associated with living biosystems, for biosys- 
a good collective medium in which to establish coherent tuning. So it is 
not accidental that water is necessary to life as we know it, or that our bodies are 
largely made up of water. For the same reason (ease of kindling), UFO's and many 
other tulpoidal forms have a high degree of association with water. Nessie and 
other water monsters tune in from time to time in large bodies of water such as 
lakes, rivers, and oceans 

This photo from Project Bluebook shows a UFO tulpoid in the first bioframe 
(photonic) moving along in the water. 


5. UFO's in Clouds 

Again from Project Bluebook here is a picture of a UFO tulpoid kindling in 
water, this time in the moisture in clouds. Clouds are also usually electrically 
charged, which enhances the tuning effect, particularly when the clouds are 
darkening and so are highly charged and also densely loaded with moisture. The 
darker clouds shield out more of the visible light, reducing the hyperchannel (time) 
squelching effect of visible light. 


6. UFO Seen by the Author 

The next UFO is one of several seen by me, and it provided a very curious, 
anomalous phenomenon in my memory. Furthermore, this UFO was sighted by 
hundreds of persons over a four-state area, so there is no question that something 
was there in the upper atmosphere. 
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Photo 14. Oregon photos. 


Photo 16. Anchor patterns. 


Photo 15. Black ring UFO. 
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Photo 17. Bifringement. 


Photo 18. UFO In water. 


‘The sighting occurred in June 1950. At the time I was home with my father in 
Woodville, Mississippi for the summer vacation from college. All my family were 
in the timber business — pulpwood and logs — and I was working for the summer 


with them. 

It was a beautiful, warm, clear summer day with almost no clouds at all. 
Coming out of the woods on a pulpwood truck with the last load of the day (about 
4:30 or 5:30 PM), the truck was slowly making its way across a large open field to 
the county road. Suddenly a light was seen in the extreme upper atmosphei 
glowing with a fierce white radiance, very similar to the light emitted by a magnes- 
ium flare or by burning magnesium. Some object was apparently entering the 
atmosphere from outside it, but the velocity of reentry was far slower than reentry 
vehicles that would be fired many years later on U.S. and Soviet rockets. As the 
fiercely glowing light smoothly descended, a change occurred. At that point gray 
smoke also appeared in the white smoky trail being left by the object, and the trail 
became turbulent from that point on. Then an orange color appeared at the front of 
the descending, tumbling object, in the light being emitted. The smoke trail from 
this orange glowing color was darker gray. The object tumbled slowly downward, 
burning fiercely, until utterly consumed, still at an extremely high altitude (I would 
estimate still above 100,000 feet). In the sky the smoke trail that had been left per- 
sisted for a while, until it was gradually dispersed by high atmosphere winds. In the 
picture a great deal of dispersion has already occurred, 

So far as is known to me, and I have had considerable missile experience, 
neither the U.S. nor the Soviets were firing any sort of vehicle in 1950 that could 
account for the phenomenon. Furthermore, even if we postulate a reentry vehicl 
from a large rocket, its velocity was far below normal reentry velocity, and this 
Iso could not have been a meteor because its 


cannot be accounted for. The object 

velocity was far too low. 

For the doubter let it be pointed out that even if @ high drag, low ballistic coef- 

ent reentry vehicle comes into the earth's atmosphere on a downwards plunge 
rapid slowdown is 


fi 
and rapidly slows down, its initial velocity is quite high, and it 
quite apparent. This phenomenon did not exhibit such a characteristic. 


7. The 1966 Dennis Billings UFO Sighting 


At about 7:00 P.M. on the night of September 23, 1966, Dennis Billings and his 
wife and daughter sighted a UFO at close range. The close UFO was one of a total 
of four sighted by the family in about one hour. The sighting occurred in Decatur, 
Alabama. The UFO phenomena occurred after anomalous physical effects were 
noted. From the alley by his back yard Dennis, who had taken out the garbage, 
began to hear sounds from inside a neighboring house at some distance as if he 
were physically inside the room in which the sounds were occurring. These sounds 
consisted of conversation and dish-rattling in the kitchen where two women were 
apparently cleaning up the table after the evening meal and washing dishes in the 
sink. Then the sounds changed to those from another room where children ap- 
parently were playing games. Peculiarly, the sounds seemed to originate from 
wherever Dennis focused his attention, such as the garbage can, the house, etc. 

Shortly afterward his daughter followed him into the yard as he left the house 
to go to a football game, carrying his binoculars. She spotted a cluster of lights 
moving along slowly in the sky above the treeline, and called his attention to them. 
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Photo 19. UFO in clouds. 


Photo 20. UFO seen by the author. 
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‘Through binoculars the cluster of brightly colored, flashing lights could be s 
be one object about two blocks from Dennis's house, moving very slowly and 
making no sound, about fifty feet above the trees. 

Just then Dennis's wife turned on the exterior house lights which illuminated 
the entire back yard. As she came out into the yard, an object, a fiery red, glowing, 
round ball of light about twenty-five feet in diameter, appeared just above the 
neighboring house in back, the same house from which the anomalous sounds had 
been heard a few minutes previously. Strangely, the glow of the object did not 
appear to illuminate the rooftop of the dwelling above which it hovered. 

‘The glowing light seemed to be composed of a tremendous amount of energy 
and there was violent fluctuation, turbulence, and movement of the light energy 
within the sphere. Another way to describe its dynamic characteristics is to visual- 
ize it as being composed of individual particles of light or incandescent particles of 
highly charged matter moving rapidly in a circular plasma. The light itself ap- 
peared to be comprised of hundreds or even thousands of individual light sources 
confined to the circular shape. 

Within a few seconds the individual lights began to coalesce and form into a 
solid light with no agitation, dimming in incandescent intensity and changing from 
‘rcular shape of light grew dimmer, a rocket- 
shaped object formed in the center. After the light had finished changing to yellow 
and was much dimmer, the rocket-shaped object began to rise, with particles of 
light from the sphere clinging to it and falling off toward the ground, where they 
evaporated and disappeared. The rocket-shaped object had no wings or tail fins, 
and it picked up speed and sped away, streaming an exhaust tail of light or flame 
behind it, similar to a welding torch’s flame or a flaming sparkler. The object made 
several spirals as it rose and then headed in a straight line toward the stars. As it 
slight are toward the moon, which was full or nearly full, and 
¢ of the moon, its rocket-shaped outline 


red to orange to yellow. AS the 


rose, it also mad 
passed across its face. As it crossed the fa 
could be clearly seen, 

Astonished, Dennis and his wife began discussing what they had seen, still 
standing in the back yard. At this time the anomalous reception of unusual sounds 
began again. At first Dennis seemed to hear a train on a distant track although 
ire no railroad tracks in the vicinity. The sound seemed to come closer until 
ing by immediately in front of him with its wheels 
clicking on the joints of the steel rails. Then they heard other sounds similar to 
automobiles and trucks on a freeway, again very close, although there is no free- 
way in the vicinity either. The whining motors and honking horns of these unseen 
vehicles could also be heard. Turning first in one direction and then in another, 
Dennis could hear the anomalous sounds seemingly originating from wherever his 
attention was directed. Other sounds such as airplanes flying in the sky also came 
in, Then he heard another sound like a high-pitched tuning fork, and it began to in- 
ase in frequency until Dennis's eardrums were hurting. 

With this high-pitched frequency sounding and his ears smarting, Dennis 
looked up and saw a bright object positioned in the sky, larger than a star, and ap- 
proaching him and his wife. As it approached on a straight line toward their back 
yard, it got bigger and brighter, until it stopped directly overhead, hovering 
100—150 feet directly above the yard. The object appeared to be circular or oval in 
shape, and it descended with the flat side down. On its rear end the object was 
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Photo 21. Second Billings UFO. 


Table 6: Key Features in 3GPP Releases“* 


Release Year Key Features 

99 1999 | First deployable version of UMTS. 

5 2002 | High Speed Downlink Packet Access (HSDPA) for UMTS. 

6 2005 | High Speed Uplink Packet Access (HSUPA) for UMTS. 

7 2008 | HSPA+ with higher-order modulation and MIMO. 

8 2009 | Long Term Evolution. Dual-carrier HSDPA. 

10 2011 | LTE-Advanced, including carrier aggregation and elCIC. 

Ir 2013 | Coordinated Multi Point (CoMP) 

12 2015 | Public safety support. Device-to-device communications. Dual 
Connectivity. 256 QAM on the downlink. 

13 2016 | LTE-Advanced Pro features. LTE operation in unlicensed bands 
using LAA. Full-dimension MIMO. LTE-WLAN Aggregation. 
Narrowband Internet of Things. 

14 2017 [LTE-Advanced Pro additional features, such as eLAA (adding 
uplink to LAA) and cellular V2X communications. Study item for 
5G "New Radio.” 

15 2018 | Additional LTE-Advanced Pro features, such as ultra-reliable low- 
latency communications. Phase 1 of 5G. Will emphasize enhanced 
mobile broadband use case and sub-40 GHz operation. Includes 
Massive MIMO, beamforming, and 4G-5G interworking, including 
ability for LTE connectivity to a 5G CN. 

16 2019 | Phase 2 of 5G. Full compliance with ITU IMT-2020 requirements. 
Will add URLLC, spectrum sharing, unlicensed operation, and 
multiple other enhancements. 

7 2021 | Further LTE and 5G enhancements. 


Refer to the Appendix section “3GPP Releases” for a more detailed listing of features in 
each 3GPP Release. 


4* after Release 99, release versions went to a numerical designation beginning with Release 4, instead 
of designation by year. 
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rimmed like a horseshoe with twelve washtub-sized blinking lights, each of a dif- 
ferent color. These lights appeared to be controlled so that as one light blinked on, 
the other lights went off. In this way one light at a time blinked on and off in sue- 
cessive positions, so that a single light seemed to rotate around a complete half 
circle and cross at the open end, changing color as it progressed. On one side of the 
horseshoe the light positions were bright red, on the next yellow, on the next pale 
green, on the next a darker blue-green, and the final light on the opposite side of the 
horseshoe pattern was a very bright blue. Underneath the center of the object was 
what appeared to be a hemispherically-shaped plastic capsule or shield. This cap- 
sule was completely blacked out; yet through what appeared to be smoked glas: 
movements or shadowy activity could be seen. Dennis assumed that this was the 
haust section of the craft and that what he was seeing was probably smoke coming 
out of a black hole in the craft 

Around the outer perimeter of the craft, and about two feet out from it, was an 
illuminating light which circted the object like a halo or corona. Dennis had the 
eerie sensation that the object was intelligently controlled and that he himself was 


under close observation. 

AC this time Mrs. Billings became extremely frightened, ran into the hous 
got the baby, and crawled under the bed until the craft had gone. 

As she left in fright, the craft lifted up in the sky a little and began to move 
slowly away, so slowly that Dennis could walk along beneath it as it moved across 
the back yard and into the front yard. Walking under it and looking straight up at 
it, he was able to observe closely the blinking lights and their operation. When the 
craft had been motionless, the lights had blinked on and off slowly, so that they 
moved in a slow, pulsating motion from position to position around the horseshoe 
pattern, changing color as they went. As the craft began to move and pick up spe 
the lights began to increase in pulsation frequency and thus to appear to move 
faster around the horseshoe pattern. As the craft moved even faster, the light pul- 
sations became so short and fast that they seemed to be spinning around the horse- 
shoe in one continuous blur of motion. 

As the object left Dennis's yard, it moved into the sky and away, but not too 
far, until it had positioned itself over the airport (Pryor Field) as a large bright ob- 
ject. At this time Pryor Field was serviced by Southern Airlines. As one of the com- 
‘mercial aircraft took off, the UFO followed it back directly over Dennis's hous: 
then left the aircraft and repositioned itself in the sky in its original position over 
the airport, hovering motionlessly. 

After hovering motionlessly for about fifteen minutes, the UFO suddenly shot 
down in an arc toward the ground, passing below the tree line and out of Dennis's 
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Dennis waited for about ten more minutes, when suddenly the UFO shot back 
up into the same position in the sky, seeming to follow in reverse the same arc on 
which it had descended. It remained in this position, hovering in the sky above 
Pryor Field for another ten to fifteen minutes. Then a similar object approached 
and joined it, and the two seemed to merge or dock together. They remained 
motionless for about five minutes more, then moved across the sky, still joined, 
until they disappeared below the horizon. 

According to the newspapers the next day, this object or something similar had 
been seen all over the eastern half of the U.S., and had been described as “multi- 
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colored clouds." 


8. The Second Billings UFO Sighting 

If Dennis and his wife had experienced only one UFO, the incident would have 
quietly faded away in the unwritten annals of ufology. However, such was not to be 
the case. 

Dennis vowed to himself that, if such an incident ever occurred again, he would 
get a photograph ofthe object. And just before Labor Day in 1970, Dennis got such 
a chance, and indeed made good his intention 

On that night, with almost totally clear skies and a bright moon, Dennis's wife 
came rushing into the house in Decatur, Alabama and excitedly reported to D 
nis that she had seen another UFO. Rushing into the yard, all Dennis could see 
were some distant white lights — too far away to say positively they were UFO's. 
However, recalling the multiple UFO's in the previous incident, Dennis and his 
wife took up separate watches on each side of the house. Dennis also thought of his 
Polaroid camera left in his car parked in the driveway, so he went to get it 

Standing between the trees, Dennis looked up into the sky and saw a UFO sud- 
denly triggered into position, as if his thought and intent had pulled a switch and 
the object had suddenly appeared, positioned perfectly for his observation, pouring 
light from underneath for a distance of about twenty to thirty yards. This light 
seemed to emit some immense force and was colored like the fire, whiteness, and 
glare of a welder’s torch. The tail diminished as the craft lowered. Dennis snapped 
a picture when the craft's tail had shrunk to only four or five feet long. He pulled 
the tab on the polaroid film and ran into the street under an outdoor light to see i 
he had recorded a UFO. When he saw he had done so, he then noticed the object 
had descended and made a left turn, moving eastward down Nelson Street slowly at 
about five miles per hour. Its porthole lights were still clearly visible and no sound 
was being made. Dennis hurried after the UFO and caught up with it at the end of 
the street near aT. V. A, easement, where large electrical power lines were locates 
running generally north to south. He got slightly ahead of the object as it travele 
parallel to the power lines and as the craft passed directly over him. At the very in- 
stant he pressed the shutter, all lights in the craft instantly extinguished as if his 
mind had been read and the photograph deliberately prevented. The now darkened, 
cold, lifeless-appearing craft moved smoothly away, passing over Mallard Park 
where a Marine Corps Band was playing. The second photograph showed no lights 
whatsoever. 

One of the local newspapers then printed the story and the picture, and Dennis 
received a call from one of the national UFO agencies. After giving the agency his 
photograph, his camera was mysteriously stolen from his automobile, and the 
agency then claimed to have lost his photograph. However, they underestimated 
the determination of Dennis Billings. 

Dennis simply got on a plane and went to Washington, and proceeded to the of- 
fice of the head of the UFO agency. The president of the organization had said that 
he would be out of town for several days and would be unable to see Dennis. Ne 
theless, Dennis went to his office, where his secretary repeated that the gentleman 
was out and would not return for the day. Dennis barged into the office over the 
protestations of the secretary — including the threat to call the police and have him 
removed — and proceeded to search for his photograph, eventually finding it in the 
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desk drawer of the president of the organization. He retrieved his photo and re- 
turned to his home. Without his personal determination to retrieve his property, 
the photograph — like so many others over the years — would have been “los‘ 
‘The immediate question that occurs is: Isn't it curious that one of the major UFO 
organizations in the U.S. — supposedly devoted to solving the UFO mysteries — 
exhibited the desire to misappropriate a really good picture of a UFO and see that 
it disappeared from the scene? 

‘At any rate, Dennis got his photo — and a beautiful photo it was. Further- 
more, the incidents experienced by Dennis Billings are classic examples of my 
theory. Many anomalies in the incidents will not fit orthodox theory or orthodox 
ideas about reality. The "pieces of light” seem to be almost intelligent. There was a 
close coincidence of thought/intenexpectation and kindling burst into obsery- 
able reality, plus a great deal of sky-watching and expectation by Dennis between 
the first UFO incident and the triggering of the second (i.e., a long kindling time, 
just as Patterson experienced before he got his excellent movie shot of a sa 
quatch). And there was close experience of very distant sounds (to be expected in 
hyperspace, where ordinary distance can be shortened or even eliminated). Further 
more, there were multiple witnesses to the UFO incidents, and Dennis got hi 
photograph. Psychologically, it may even be significant that for several years Den: 
nis vowed to take a picture of any other UFO he might later see, and when he got a 
picture, he was prevented from getting another. And on the photograph obtained, 
one can see that the “craft” form of the tulpoid is only partially materialized, since 
the stars can be seen right through the vehicle's midsection. This is similar to the 
strange transparency of the Doc Shiels photograph of Nessie (the Loch Ness 
monster), which Ground Saucer Watch found when they performed a computer 
analysis of his photo. (The second Shiels photo showed that the water was being 
forcibly moved by Nessie, so the tulpoid was at least partially materialized.) Yet 
such is to be expected if one is dealing with partial materialization of tulpoids. 

Finally, the entire area is located in the Tennessee Valley Authority's project. 
Great electrical transmission lines go through the area, and there are many long 
lakes and the Tennessee River. So an excellent kindling medium is provided, and 
many UFO's are seen over the Tennessee Valley 

‘The Dennis Billings photo remains one of the best UFO photographs ever 
taken, and coupled with Dennis's astute personal observations, it provides a key- 
stone insight into the actual nature of the UFO phenomena. 


9. The 1973 Pascagoula UFO Sighting 


In October 1973 one of the greatest UFO flaps of all time occurred in the 
United States, and created headlines because of the bizarre increase of contactee 
incidents. One of the most sensational of these was the purported abduction of two 
men in Pascagoula, Mississippi, who were allegedly taken aboard a saucerlike 
craft, examined, and released 

Shortly afterwards another incident happened in Pascagoula, which drew little 
attention. In this case, underwater phenomena were involved, because two U.S. 
Coast Guard petty officers investigated the object and made physical contact with 
it. An official Navy investigation was made and a report written. Unusual charac~ 
teristics, highly suggestive of a device using psychotronic effects, were displayed by 
the object. I suggest that this device may well have been a Soviet psychotronics de- 
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vice, taking advantage of the UFO flap as a screen to carry out clandestine activi- 
ties 

In Pascagoula an illuminated underwater object followed the boat of Ray- 
mond and Rayme Ryan, who tried to beat it away with an oar. The nine witnesse 
including two Coast Guard investigators, described the object as metallic, rod- 
shaped, two to three feet in length, and four inches in diameter. It was attached to 
an oval-shaped beam ahead for four to six feet. It looked like a mini-submarine and 
moved at four to six knots in four to six feet of water. Although it sounded like 
metal when struck, it could not be struck consistently, and its light, when il 
luminated by a flashlight, turned offimmediately and then on again after about one 
minute. The portion of the Ryans’ oar that was under water could not be seen from 
the surface when the object's light beam fell on it. 

At this point I would like to make some general remarks about the nature of 
UFO's. (1) The UFO-generating mechanism and the psychotronic mechanism are 
the same. (2) The Soviets may even be able to psychotronically evoke particular 
types of UFO phenomena at will. (3) A small number of UFO phenomena could 
even be generated by the Soviet Union as part of its psychotronics deception plan. 
However, most UFO phenomena are definitely not of Soviet initiation, (4) An ex- 
planation of the UFO phenomena is briefly sketched out in my section on psycho- 
tronics. (5) Some of the NASA photos taken of moving lights in orbit around the 
earth may have been of Soviet-initiated effects. Like the radiation of U.S. person- 
nel in the U.S. Embassy in Moscow, this effect could have been intended to evoke 
U.S. high level reaction, to positively assess whether the U.S. had any knowledge 
and if so, what that level might be. 


of psychotroni 


10. Other UFO's 


A brilliant, “crystalline-like” UFO was s 
was chased by Spanish Air Force planes. Whenever people are significantly struc- 
tured in their thinking, symbolically "sharp" and “crystalline” tulpoids often are 
seen, representing their ideas. Many such UFO tulpoids are seen over Iron Curtain 
countries, and over countries such as Spain that have one dominant religion and 


n over Madrid, Spain in 1968 and 


culture. 

In October 1973 the governor of Ohio, John Gilligan, saw this UFO 
phenomenon along with over 100 other people. The police were notified by the 
governor, and this photo was taken by the Columbus Evening Dispatch. Note that 
the tulpoids remain in the first bioframe (see Part Two), and even though their 
intersections change shape, the second one remains in a "burst mode.” 

In 1965 Rex Heflin took four pictures of a highly materialized UFO near Santa 
Ana, California. In the fourth photo the dematerialization "photon absorption” ef- 
fect is shown: if orthorotation into higher dimensional space is made in one direc 
tion, photon (light) is emitted. If the orthorotation is made in the opposite direc 
tion, photons are absorbed. In one case "glowing light(s)" are associated with the 
UFO's hyperdimensionality, while in the other case "black rings” or "smoke" are 
associated, 


FALKVILLE SPACEMAN 


‘These two pictures are black-and-white versions of two of the photos taken by 
Falkville, Alabama Police Chief, Jeff Greenhaw, in an encounter during October 
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1973. Greenhaw had received a call from one of his constituents to say that a UFO 
had landed in her pasture, and he was proceeding to investigate the incident. In his 
police cruiser he carried a polaroid camera which he used in his police work. 

Driving down a narrow gravel road, Jeff noticed a metallic-clad, suited figure 
walking down the road toward him, and he stopped his car to get out and have a 
look. For some strange reason his instinct was not to pull his pistol on the crea- 
ture, and instead he started taking pictures as the creature/tulpoid walked toward 
him. The creature was holding something exposed in one of his hands, as can be 
seen in one of the photographs. As the tulpoid approached with no apparent inten- 
tion to stop, Jeff then switched on the blue light above his cruiser, and the rotating, 
flashing light caused the creature to turn about and run away down the road. Jeff 
jumped into his cruiser and gave chase, eventually reaching about forty-five miles 
per hour without catching the tulpoid. His car spun off a curve and Jeff still had the 
photos — polaroids that he developed 

Bizarre things then happened to Jeff Greenhaw. His wife left him and divorced 
him (I suspect this had nothing at all to do with the UFO incident), he was fired 
from his job as police chief, vicious rumors were circulated that it all had been a 
hoax, and that a person had been dressed in an aluminum suit and photographed to 
give the appearance of a spaceman. Various fire suits were positively identified as 
iaving been the suit used. Jeff was discredited. Finally his trailer was burned down. 

Before the trailer was burned, a friend of mine here in Huntsville, Warren 
York, visited Jeff and made photographic slides from the original polaroids with 
Jeffs permission. Shortly after that I had a chance to study these first generation 
slides for several hours, and some interesting things turned up. 

‘The tulpoid’s left hand is positively reversed in a mirror image fashion; it oper 
outward instead of inward as does a normal hand. (This cannot be seen on the 
photos shown here, but on the first generation slides it is readily seen.) Being an 
aikidoist, I am totally familiar with the degree of bending and flexing of most 
human joints, particularly the arms, wrists, and hands. And the mirror imaging of 
the left hand of the tulpoid is beyond question 

Furthermore, one can establish a clear shoulder line in some of the other 
photos, and a line just under the hat or "nazi-helmet" portion of the figure. From 
the other photos a remarkable thing emerges: there are only two places between the 
edge of the helmet and the chest that are sufficiently wide and sufficiently thick to 
contain a human head. The person would either have to have a neck about twelve 
inches long, or he would have to have a neck shorter than a Neanderthal's, with the 
head lolling down completely on the chest. Again, t be clearly established in 
the original first-generation slides. 

Finally, 1 have a letter in my files that establishes as a falsehood one of the 
rumors about Jeff. One person had admitted dressing in the suit and faking the 
incident, when in fact what actually happened was that Jeff went to his house im- 
mediately after the incident to ask this person to accompany him back to the are: 
and search for the spaceman. When confronted in late 1977 by his family and 
friends, this person broke down and confessed that he had lied about the incident. 
nally, some other investigators dressed a person in an aluminum foil suit and 
photographed him, and there is no resemblance to the tulpoid photo. And Warren 
York investigated all the firesuits supposedly used in the hoax, including new suits 
used by the various fire departments and also by NASA at Redstone Arsenal. 
None of them resembled the tulpoid photo. 
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Photo 22. Spanish UFO. 


Photo 23. Ohio UFO. 


Photo 1 


* 
ind 


Photo 2. 


Photo 24. Heflin UFO. 


Photo 4 (enlarged) 


Several photo experts have concluded that the photos are false, and several have 
concluded that they are not. A computer analysis concluded that they were false. 
However, what exactly could a computer show that would differentiate between a 
normal physical object and a well-materialized tulpoid? 

In my opinion the incident was a fake ifand only if three things can be estab- 
lished; (1) an individual exists with a horribly deformed left hand that is mirror- 
image backwards and opens outside away from the body; (2) the same individual 
either has no neck at all or else has a neck almost a foot long; and (3) the same 
individual can run forty-five miles per hour, faster than any other human in the 
world. Such an individual — if he existed — would be readily identified, and there 
would be no difficulty in ascertaining that he was the one involved. 

There are other things about the case that 1 am not at liberty to divulge at this 
time out of respect for Jeff Greenhaw’s confidence and privacy. But even so, the 
incident has a very high probability of being tulpoidal, and Jeff Greenhaw stands 
fully exonerated, in my opinion. 


MEN-IN-BLACK 


The kindling of virtual state tulpoidal forms into the zeroth bioframe of a 
physical reality (materialization) can result in the materialization of living, 
breathing, functioning forms. There is essentially no limit on the format that may 
Sasquatch, Nessie, fairies, demons, angels, mothmen, skunkmen, yeti 
, ete. are just a small sampling — as indeed are UFOnauts such as little 
ited astronauts, androids, robots, etc. These (usually) fleet 
phenomena are physically real when in the materialized state (zeroth bioframe); 
unfortunately the tuning which is accomplishing the collection and kindling is 
usually unstable, and the stability to maintain the materialization lasts only a short 
time. 

One of the consistent phenomena experienced by many UFO inves 
that of men-in-black. Typically, oriental-featured men in dark suits appear and 
mand the investigator's material, instructing him to cease his efforts. Usually they 
have almond-shaped eyes that never blink, and speak telepathically without 
moving their lips. Variations, of course, occur. 

Here is an incident that happened to a friend of mine in the city where 
(Huntsville, Alabama). At the time my friend was an ardent UFO investigator and 
even wore a radiotelephone so that he could be contacted quickly at any hour to go 
and investigate UFO incidents in the field. He is the friend who investigated the 
Jeff Greenhaw case and took slides of the original Greenhaw photos before Gi 
r was burned. 


gators is 


A friend of his, a girl with psychic abilities, was approached one evening in her 
apartment by two medium-sized, almond-eyed men of oriental cast, in typically 
dark suits. These tulpoidal gentlemen's eyes never blinked and they spoke to the 
il telepathically without moving their lips. They handed her an envelope cont 
ing two ancient coins and instructed her to give the coins to my friend, and inform 
hhim that he must keep them on his person at all times. After other messages that 
completely frightened the girl, the two tulpoids left, never to be seen again. 

In tears from fright, the girl contacted my friend and between fearful sobs urged 
him to take the envelope and get it away from her, as she never wanted to see it 
again or the two men who had brought it. 
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My friend picked up the envelope and later examined the two coins. I also per 
sonally examined them: to anyone who is sensitive, the coins radiated an invisible 
unpleasant tulpoidal energy. 

‘The investigator then photographed the coins, and daringly placed one on a 
string around his neck against my own advice to seal them up against light. He 
promptly broke out in a rash from head to foot and was shortly forced to remove 
the coin and seal it away. Interestingly, photos of the coins seemed to have about 
half the effect of the actual coins. 

For a period of two years I kept my copies ofthe photos sealed against light and 
stored in a file cabinet. To my surprise, several times when I went to retrieve the 
photos, they would alternately be there and not there. I simply state what oc- 
curred, without any change or justification. Eventually, however, their effect 
seemed to decay, and at that time there was no longer any problem in recovering 
them from the filing cabinet 

‘The men-in-black syndrome is based on our own unconscious tuning; since each 
of us has some unpleasantness in the uncons sometimes the tuned-in men-in- 
lack can be very nasty indeed. 

I am personally aware of several good researchers into the paranormal who 

have been forced to retire from the field to save their own lives and the lives of their 

e as April 1978 a very good friend of mine has been forced to do just 

that because of overwhelming danger to his family from materialized tulpoidal 
phenomena. 

In my own case I have found it expedient to work closely with a group of 
psychic friends in the American Association of Meta-Science. This group is cap- 
able of clairvoyantly peering into the unconscious to ascertain the most unpleasant 
blockages present, and forming energized thought forms to go in and cleanse the 
unconscious of most of the unpleasantness. In this way the unconscious can be kept 
relatively free of unpleasant tuning that might otherwise tune in something like the 
has not been free of tulpoidal tuning; 


men-in-black. My own life and experie 
however, it has been free (at least so far!) of tuning in anything really unpleasant, 
or nasty, or threatening to my family. 

But I continue to be very grateful to my psychic companions for their under- 


f prudently of their servi 


standing and assistance, and I continue to avail my: 


when needed. 
SASQUATCH 


In many regions of the earth there exist legends of giant, apelike creatures of 
various sizes, hues, and dispositions. In the high Himalayas this takes the form of 
the yeti, a humanoid creature sometimes seen in the snows ofhigh and remote fast- 
nesses. Expeditions have in fact uncovered and photographed the yeti's tracks, and 
sightings by reliable observers have been made. Several parties have also reported 
hearing the yeti’s strange vocal sounds. 

In the remote Siberian wastes the Soviets have also reported such a manlike 
humanoid creature, even purporting to have captured one a century or so ago. 

In the U.S. the tulpoidal form similar to this has been the sasquatch of the 
Pacific Northwest, known since Indian times, and observed hundreds of times by a 
variety of persons over the years. Nevertheless, in spite of intensive searches Big- 
foot continues to elude all pursuers while continuing to be sighted and leave foot- 
prints. 
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Supporting Technologies and Architectures 


Network architects design networks using a deep and wide toolkit, including multiples types of 
cell sizes, integration with unlicensed spectrum, smart antennas, converged services, and 
virtualization. 


Multiple Cell Types 


Operators have many choices for providing coverage. Lower frequencies propagate further and 
thus require fewer cells for coverage. The resulting network, however, has lower capacity than 
‘one with more cells, so operators must continually evaluate cell placement with respect to both 
coverage and capacity. 


Table 7 lists the many types of cells. Note that the distinctions, such as radius, are not 
absolute—perhaps one reason the term “small cell” has become popular, as it encompasses 
picocells, metrocells, femtocells, and sometimes Wi-Fi 


With “plug-and-play” capability derived from self-configuring and self-organizing features, 
small cells will increasingly be deployed in an ad hoc manner, anywhere power and backhaul 
are available, yet will operate in tight coordination with the rest of the network. 


A proliferation of small cells inside buildings will also provide coverage from inside to outside, 
such as in city streets, the reverse of traditional coverage that extends from outdoor cells to 
inside. 


Table 7: Types of Cells and Typical Characteristics (Not Formally Defined) 


Type of Cell Characteristics 


Macro cell Wide-area coverage. LTE supports cells up to 100 km in 
range, but typical distances are .5 to 5 km radius. Always 
installed outdoors. 


Microcell Covers a smaller area, such as a hotel or mall. Range to 2 
km, 5-10W, and 256-512 users. Usually installed outdoors. 


Picocell Indoor or outdoor. Outdoor cells, also called “metrocells.” 
Typical range 15 to 200 meters outdoors and 10 to 25 
meters indoors, 1-2W, 64-128 users. Deployed by operators 
primarily to expand capacity. 


‘Consumer Femtocell Indoors. Range to 10 meters, less than 50 mW, and 4 to 6 
users, Capacity and coverage benefit. Usually deployed by 
end users using their own backhaul. 


Enterprise Femtocell indoors. Range to 25 meters, 100-250 mW, 16-32 users. 
Capacity and coverage benefit. Deployed by operators. 

Distributed antenna Expands indoor or outdoor coverage. Same hardware can 

system support multiple operators (neutral-host) since antenna can 


support broad frequency range and multiple technologies. 
Indoor deployments are typically in larger spaces such as 
airports. Has also been deployed outdoors for coverage and 
capacity expansion. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 45 


Photo 25. Falkville spaceman. 


But Bigfoot cannot be caught by packs of hounds. (This has repeatedly been 
tried. His lair is never uncovered, nor can he be tracked to it. He has never been 
found dead of old age or injury. The bones of sasquatch have never been uncovered 
in caves or elsewhere.) 

Furthermore, not just one type of footprint or one type of creature is s 
stead, a variety of shapes/sizes/types of creatures appear. This is one particular 
clue to the fact that we are not dealing with a species of shy and elusive wildman, 
bbut instead with a tulpoid. 

Sasquatch cannot normally be found — as indeed Ne 
because shortly after each appearance he is no longer present in thi 

However, as interest in sasquatch/Bigfoot grows and the effort to discover or 
uncover him intensifies, the kindling of the tulpoidal form intensifies. Today big- 
foot-type creatures of all varieties and hues are being seen throughout the U.S. 
from Maine to Florida, from Alabama and Tennessee to Oregon, Washington, and 
California. With this intensity of kindling, it is getting easier to evoke a bigfoot- 
type tulpoid, and as it continues, sasquatch is probably going to be tuned in and 
stabilized. If so, the past itself will just be changed, and we will be able to dig up 
ancient bones of sasquatch, and find his lairs, and track him down with dogs and 
capture him. In that case, sasquatch will become a respectable animal and will 
stabilize in our reality. Tulpoidal activity from the collective human unconscious 
can be stabilized and the entire past, present, and future changed by the awesome 
4X 10° dimensional psychokinetic mastery of spacetime exerted by the species un- 

We also should not be at all surprised if the same thing happens to the placid 
Loch Ness monster. There is probably going to be a family of pleisosaurs living in 
the Loch eventually (and in many other bodies of water across the globe) — and 
spacetime will be changed (past, present, and future) in our zeroth bioframe to 
comodate this small shift in the collective human unconscious. In reference to 
changing the past, it is interesting to note that Wheeler has recently demonstrated 
that, in the two-slit experiment (which contains the basis of quantum mechanics), it 
can be decided after thefact whether or not a photon has interacted with two slits 
or with one. Thus in at least one sense the past can be changed! 

Afier several years’ intensive search for and pursuit of the elusive Bigfoot in the 
Pacific Northwest, Roger Patterson finally obtained a short movie strip of a very 
large, seven-foot tall female with pendulous breasts and crested head, walking 
through a forest clearing with giant strides. This is perhaps the best frame from 
that movie strip. Sasquatch tulpoids have been known since ancient time by the 
Indians who lived in the area. It would be interesting to see what results could be 
obtained in materializing or partially materializing the Bigfoot tulpoid with a 
Reichian cloudbuster. 

Bigfoot-like creatures are materializations from the collective human uncon- 
scious shaped and formed by the layers (race, culture, nation, territory, state, 
gion, family, etc.) between the collective unconscious and the individual uncon- 
scious minds of the observers. The exact format depends on all the higher level 
“kneading” of the “dough” that is being forced out into materialization. 

In the Pacific Northwest the Indian knew of the sasquatch long before the 
coming of the white man; in that region, a great deal of tuning has been ac~ 
complished, and the sasquatch is a rather well-tuned animal form, having wel 


and the yeti cannot — 
bioframe. 
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Photo 26. An ancient coin handed to a psychic friend of a UFO investigator 
by tulpoidai men-in-black. 


defined footprints as shown in Photograph 28. In the East, the yeti has also been 
and a cast made from his footprint is quite well formed — 
$0 quite different from that of a typical Pacific Northwest sasquatch. In 
(on the other hand, for the last two or three years there have been a 
large number of Bigfoot sightings, but here there has not been the same degree of 
tuning for several centuries 


and consequently the footprints look rather messy, like 
blobs left by the creature before it vanished back into dematerialization. Finally, in 
one case a person well-known to me stumbled into dematerialization phenomena of 
a very strong nature. One of the incidents involved the materialization of a really 
antic "superfoot" creature, which walked around all over the base of a moun- 
leaving giant footprints two feet or so long. Though monstrous in size, super 
foot is really ill-tuned and thus ill-defined, with footprints that are decidedly blobby 
in form. 


UFO's OVER THE SOVIET UNION 


In 1961 locomotive engineers on a freight train from Moscow to Golytsino, 
when about forty kilometers from Moscow, sighted a disc-shaped object topped by 
cupola approaching the train. The object slowed to pace the train and escort it for 
about one kilometer. Suddenly the locomotive engines went dead, and could be re- 
started only after the mysterious object disappeared 

On December 29, 1967 an Iliouchine 14 aircraft enroute from Zaporoje to 
Volgograd sighted an approaching UFO. As the UFO neared the aircraft, sud- 
denly the aireraf stopped in midair and the plane began stipping side- 
ways toward the earth, carrying its panic-stricken crew to certain destruction 
When the crippled aircraft was about 700 meters from the ground, the UFO 
abruptly disappeared. At the same instant the aircraft engines sputtered and roared 
to life again. The pilot righted the aircraft as lift returned, narrowly averting 
crash. 

On September 24, 1962 first one oval object then several others escorted a TU 
104 airliner enroute from Vorkouta to Omsk and maneuvered around it with aston- 
ishing speed and agility. The eerie aerial escort continued for most ofthe flight, and 
the objects were extensively observed by both the passengers and the crew. The ob- 
jects positively could not have been other planes, balloons, satellites, celestial ob- 
jects, or other known natural phenomena 

In Latvia in 1965, R. Vitolniek, a well known astronomer, together with 
scientific colleagues, sighted a triangular-shaped formation of four spherical ob- 
jects, one at each of the points of the triangle and one a little larger in the middle of 
the triangle. Two of the scientists, Ian Mederis and Robert Vitolniek, made im- 
mediate calculations and insured that the objects were not satellites or normal 
orbital objects. The objects steadily shrank in size, leading Vitolniek and his col- 
leagues to conclude that the objects were traveling away from the earth into outer 
space. 

At least two Soviet astronauts, Colonel Bykovsky and V. Terechkova, have ob- 
served UFO sightings and reported them to the Soviet authorities. Many other 
UFO sightings have occurred in the Soviet Union and the Iron Curtain countries; 
these are just a sampling, 
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se forces have been committed into 


In fact, on several occasions Soviet def 
massive action against UFO's 

In 1959 numerous UFO's flew over Soviet rocket launchers at Sverdlovsk. In 
addition to being visually observed by a large number of personnel, they were de- 
tected and tracked on Soviet radars. Soviet military units were ordered into action 
immediately. Interceptors and antiaircraft artillery batteries went into action and 
missile units opened fire. In spite of the fierce engagement of the 
elusive UFO's, none were hit or damaged and no results were obtained by the 
Soviet combat forces. Men, machines, guns, rockets, missiles and radars could not 
cope with the UFO's. The impact in the Soviet military of several such military 
actions must have been enormous. 

In fact, such incidents as this probably were responsible for the establishment of 
an extremely high level and highly classified Soviet investigation of UFO 
phenomena. Given the decision to launch such an investigation — and it would be 
inevitable for the Soviets to take such a step when their air space was under open 
invasion by possibly hostile forces — the Soviets would have assembled a formid- 
able scientific team to tackle the problem. Furthermore, given the highly classified 
military reports of such encounters, reports of UFO incidents at other Soviet in- 
stallations and by other Soviet military personnel, and the steady occurrence of the 
normal range of UFO sightings and incidents over cities and villages, the Soviet, 
system would have tolerated no scientific nonsense in opposition to the mission to 
discover the nature of the phenomena. In other words, the Soviet team from the 
beginning would have concentrated on finding the explanation and nature of the 
phenomena, not on whether or not such phenomena were real or were occurring, 

In my opinion, a connection between UFO's and paranormal phenomena — 
and the new psychoenergetics which also was formulated by 1959-60 — was 
realized about 1960. The high classification of the Soviet psychoenergetics pro- 
gram then led directly to an official Soviet policy to debunk UFO's and para- 
normal phenomena if the work of any outside research group became too serious. 
Some Soviet scientists who had no connection with the weapons programs were 
allowed to work a little on paranormal phenomena and on UFO's. This was simply 
to provide a deception plan for Western scientists; in their contacts with their 
Soviet scientific colleagues, these Western scientists would see only a rather 
puzzling collection of simple laboratory experiments on telepathy, ESP, simple 
psychotronics, psychokinesis, etc. A limited number of Soviet papers dealing with 
these subjects, but of no particular theoretical content or very exact statement of 
experimental apparatus and conditions would be permitted in the open journals. 
However, close scrutiny of such activities would be maintained by the Soviet state, 
and no real breakthroughs would be permitted to occur or to be transmitted to the 
West. Ziegel, Dubrov etc. owe the limited work they were permitted to do to this, 
Soviet deception policy. 

‘They also owe the surveillance and harassment they have undergone to the 
Soviet policy of insuring that they would be permitted to do nothing significant, or 
to communicate nothing significant to their Western colleagues. Meanwhile, a 
rigorously controlled and highly classified Soviet psychotronic weapons develop- 
‘ment program continued apace. And the radiation of the U.S. Embassy (and the 
U.S. ambassador to the Soviet Union) in Moscow with weak radiofrequency 
microwaves containing psychotronic modulations began about 1959-60 and con- 
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Photo 27. Sasquatch. 


Photo 28. Bigfoot cast. 


tinues to the present. As explained elsewhere, this radiation was in fact another very 


clever Soviet intelligence probe: By observing how the U.S. reacted, they could deter: 
mine whether the U.S. had any knowledge of psychotronics and thus whether or not the 
U.S. had developed secret psychotronic weapons and counters ofits own. 


The Sighting over Petrozavodsk 

Even more spectacular phenomena have occurred in Soviet skies and are con- 
tinuing to occur, 

For examp! 
skies over the 
1977. Petrozavodsk is in Soviet Karelia about 130 miles from the Soviet- 
border. 


. a mysterious phenomenon of great magnitude occurred in the 
‘viet city of Petrozavodsk at about 4:00 A.M. on September 20, 
innish 


First, a gigantic mass of light flared up in the skies over the city, glowing bril- 
liantly, and hovered there. Fantastic streamers of light poured from the glowing 
hemispherical dome of light and radiated down towards the city. Tass, the official 
Soviet news agency, reported that it looked like nothing so much as a shining 
lyfish sending down a multitude of fine beams." It gave, Tass said, "the im 
pression of a torrential rain of light.” Where these fine beams touched windows, 
many windows were broken or perforated with small holes. 

Later the glow died down and the jellyfish became a single giant bright semi- 
circle. It then gradually moved off in the direction of Lake Onega. But all was not 
yet over. Even after the bright hemisphere had moved away, great gray clouds ap- 
sared over the city with a semicircular aperture bright red in the center. These 
phenomena lasted for ten minutes or longer. 

Being over the city and lighting up the sky so fantastically, the phenomena were 
seen by a large number of Soviet citizens and reported by them to the Soviet 
authorities. In fact, Tass admitted in its initial release that informative reports 
from witnesses were still pouring in and being analyzed. This interesting phenom- 
enon is worthy of some remarks by way of explanation, 

Not only is pressure from the Soviet threat transmitted through the collective 
human unconscious (ZARG) to the skies of Europe and North America; in addi- 
tion, a backpressure is generated, which provides the impetus for initiation of 
appropriate phenomena over the Soviet Union and the Iron Curtain countries, 
Psychologically, it may not be accidental at all that the original shape resembled a 
«giant jellyfish; the implication is that the psychotronic sting will also be trans- 
mitted to the Soviet Union by backlash whenever the Soviet psychotronic weapons 
are unleashed on the West. The shapes are also psychologically significant. First 
the Portuguese man-o-war's stings will be applied (this accounts for the tentacles 
toward the city); then the all-seeing eye (symbolized by the bright hemisphere) will 
check the results. And the results will be gloom and despair (gray clouds), 
rounding death, blood, and destruction (the red center) left in the aftermath. 

‘Thus in this materialized symbolic dream event of ZARG's, there is a clear 
warning and an omen to the Soviet Union about the end result that awaits it on its 
present course to attempt to conquer the world and unleash a great psychotronic 


barrage in the process. 
Since so many Soviet citizens saw and reported this fantastic phenomenon in 
alarm, the Soviet regime could not ignore it or simply debunk it. The Tass rel 
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thus tried the oblique dodge: the phenomenon was still being evaluated, reports, 
were still being received and checked out, and an official of the Petrozavodsk ob- 
servatory, Yuri Gromov, was quoted as saying the phenomenon was still a mystery 
but was confirmed by a large number of eyewitnesses. The Pulkovo observatory in 
Leningrad was quoted by Tass as speculating that the phenomenon was due to a 
meteor. And of course there one can expect the matter to be left in limbo. 

An interesting development related to this UFO sighting occurred in the U.S 
The October 3, 1977 issue of Aviation Week and Space Technology magazine 
carried a brief disposal of this phenomenon. The brief insert, Spook Show, re~ 
ferred to a "Soviet press ballyhoo” of the incident and stated that the incident was 
actually the launching of the Soviet Cosmos 955 classified military satellite from 
secret launching facilities at Plesetsk. This AWST insert is credited to Washington 
Staff. 

My comment is that the launching of the Cosmos 955 may well have been the 
initiator of the event — a rocket firing does produce a tremendous ionized trail of 
burning exhaust gases rising up into and out of the atmosphere, and this is a bio- 

imple review of the time sequence of 


energy collector par excellence. However, a 
the phenomenon, its location, and its shape is sufficient to destroy any notion that 
fone could mistake it for a simple rocket launch. And rocket launches had occurred 
there many times before, with no such phenomena or mass reportings by the 
population, and with no such news release by Tass. 


FRENCH EXPERIMENTS WITH PSYCHOTRONICS 


Aime Limoge in France is building some truly unusual gadgets that are being 
tested and that work. Limoge travels widely in the Soviet Union, and attempts to 
duplicate some of the unusual Soviet devices he has been permitted to see. Some of 
Limoge’s devices have a partially psychotronic nature, although none of his 1 
ports mention this 

One of his gadgets, a portable and battery-powered electroanesthesia device, 
was considered for purchase by the U.S. Army 

Another of his gadgets is a magnetic inductor of hypnosis, which has been used 
in medical treatment by L'Institut de Recherche d'Electro-anesthesie. Limoge is 
reported to have seen such a device in the Soviet Union, possibly because one part 
of the Soviet psychotronics deception plan calls for the deliberate release of i 
formation of this kind, in a manner to suggest that this is the latest state of d 
velopment in the USSR. In fact, their research efforts probably go far beyond this 
point. However, we should note that this device can be used as a most efficient 
brainwashing instrument, 


DOWSING 


To understand how dowsing works, we must first understand something about 
higher dimensional spaces. It should be evident that, if there is a type of energy 
ensed by the dowser, that energy must be coming in or arriving from out- 
side this three-dimensional world, since our ordinary science deals with the energies 
existing in this world, and none of these ordinary energies can explain dowsing. 
However, because of the work that has been done showing that dowsers are ex- 
tremely sensitive to magnetic fields, this energy must be somehow related to the 
ordinary magnetic or electromagnetic fields known to science. 


being 
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In the human being the mindworld must itself have a coupled kindling system 
to cohere its changes and kindle them into electromagnetic energy and energize the 
physical body. The body system which does a great deal of this is the acupuncture 
system of points, plexuses, and meridians. Also, all powerful emoters, such as the 
endocrine gland system, are deeply involved in the kindling of the biological organ- 
ism’s mind energies into electromagnetic energies to energize the physical body 
‘The body and its biorhythms form a coherent tuner in the time channel to accomp- 
lish this kindling of time-nested vital thought energies into ordinary energy. 
deal of mind energy kindles into only a minute amount of normal 
electromagnetic energy, our minds normally have only a small effect in this 
particular three-dimensional world. So we can normally psychokinetically move a 
few electrons in our brain and nervous system, and generate an input signal to our 
otherwise inert physical servomechanism. Ordinary inert physics and amplifica- 
tion takes over from there, and we can only deduce the kindling as mental intent 
from observing many, many quanta of physical change, i.e., from macroscopic 
havior. At any rate, the dowser has learned to detect, focus, and sense very fine 
levels of electromagnetic fields, which means that at these low levels the kindling of 
mental energies can represent a much greater percentage of the field than normal, 
‘Thus the practiced dowser can now discriminate many of the particular types of 
fluctuations or changes in these weak fields due to mind kindling. 

Furthermore, I would like to point out that, since mind kindling comes into this 
universe orthogonally, normal distances do not apply. The entire physical frame 
appears to the mind world as a point, and thus is totally inside the mind of the 
operator/dowser. It is for that reason that a dowser can establish a coherent tuning 
(intent) between a map and the actual ground, or between a picture and an actual 
object, or between a rod and a person’ physical body when sensing medical ill- 
nesses. In the mindworld frame, the dowser is only dowsing or detecting himsel 
and himself includes this entire physical world — the earth’s surface and beneath it, 
the sun, the moon, the stars, or whatever. 

Just as the body used electricity, magnetism, and electromagnetic signals long 
before man knew of their existence, it has used kindling of bioenergy from higher 
dimensional frames for a very long time, even though these have been unknown to 
mankind, And dowsing is a very old art indeed; the ancients used magnets without 
Id, and they used dowsing without knowing of hyperspaces 


knowing of magnetic 
and hyperfields. 


THE STROBE EFFECT 


‘These five pictures show one of the more interesting effects demonstrated by 
many tulpoidal forms: strobing or “coining.” What happens is that, much like a 
flat rock skipping across the surface of a pond, the orthorotating tulpoid skips in 
and out of its intersection with our three-dimensional frame. 

In the first picture a glowing spherical tulpoid is shown to skip or strobe several 
limes while the camera shutter is open. It does not move in a linear pattern, but 
rocks around and back-and-forth. 

In the second photo, an aerial photo, a UFO in photonic form (first bio- 
frame) reveals itself to be strobing or skipping. (In university classes on the para- 
normal, I often refer to this type of action as coining, since it resembles a bright 
quarter or nickel that is photographed by stroboscopic light while rolling around.) 
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Type of Cell Characteristics 


Remote radio head (RRH) | Uses baseband at existing macro site or centralized 
baseband equipment. If centralized, the system is called 
“cloud RAN." Requires fiber connection. 


Wi-Fi Primarily provides capacity expansion.  Neutral-host 
capability allows multiple operators to share infrastructure. 


Smalls Cells and Heterogeneous Networks 


Historically, increasing the number of cell sites has been the primary method for increasing 
capacity, providing gains far greater than what can be achieved by improvements in 
spectral efficiency alone. The next wave of densification is by using what the industry calls 
“small cells.” 


Central to small-cell support is the heterogeneous network architecture, with multiple types 
of cells serving a coverage area, varying in frequencies used, radius, and even radio 
technology used. 


HetNets offer significant increases in capacity and improvements, including: 


1. Smaller cells, such as open femtocells (home-area coverage) and picocells (city- 
block-area coverage), inherently increase capacity because each cell serves a 
smaller number of users. 


2. Strategic placement of picocells within the macro cell provides the means to absorb 
traffic in areas where there are higher concentrations of users. Locations can include 
businesses, airports, stadiums, convention centers, hotels, hospitals, shopping 
malls, high-rise residential complexes, and college campuses. 


3. Smaller cells can also improve signal quality in areas where the signal from the 
macro cell is weak. 


Essential elements for practical HetNet deployment are self-optimization and self- 
configuration, especially as the industry transitions from tens of thousands of cells to 
hundreds of thousands, and eventually to millions. The appendix covers technical aspects 
of HetNets in the sections, “Heterogeneous Networks and Small Cells" and “Self-Organizing 
Networks.” 


While promising in the long term, one immediate challenge in deploying a large number of 
small cells is backhaul, since access to fiber is not necessarily available and line-of-sight 
microwave links are not always feasible. Site acquisition and the need for multiple 
operators to deploy their own cells in a coverage area are additional challenges." Figure 
23 depicts the challenges. 


45 For further discussion of this topic, refer to 5G Americas and Small Cell Forum, Small cell siting 
challenges,” February 2017 
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Photo 5 


Photo 29. The strobe effect. 


2. Healthy person in calm state 


Photo 30. Kirlian photography. 


3. Person in meditation 


4. Angry person. 


5. Person with London flu. 


6, Interactions between three persons. 


The third photo shows a more striated form. In fact, these forms show kindling 
and strobing at the same time. In addition, the physical size of the strobed inter- 
section with our three-dimensional space changes during the photo exposure 

The fourth photo clearly shows both the striations due to strobing and also the 
variation in size of intersection in the zeroth frame by the hyperdimensional tul- 
poid. 

Photo five again shows these effects, with the addition of the two “bursts” in 
the upper part of the left tulpoidal object and in the center tulpoid. 
nificantly, psychokinesis also often demonstrates stroboscopic movement. 


KIRLIAN PHOTOGRAPHY 


‘These six pictures show some major characteristics of Kirlian photography: (1) 
an even discharge from an inert object (a dime); (2) a balanced, gentle, even di 
charge from a healthy person in a calm state; (3) a gentle outgoing discharge 
hanced on one side, and a gentle indrawing on the other, from a person in a medit 
tive state; (4) strong bunching and outgoing discharge from an angry person (the 
word “emote,” after all, means "move outward"; (5) choppy (as if out of control) 
bunched and outgoing discharge from a person ill with London Flu, with strong 
suppression of the normal, relaxed blue component at the lower right; (6) interac 
tions between three persons, showing differing degrees of outgoing and barrier re~ 


actions, 
‘The film its 


elf only records ordinary photochemical interactions; it specifically 
does not record the aura. However, changes in the discharge patterns can be and 
often are induced by kindling bioenergy into the first biofield (electromagnetic 
field), inducing changes in the sparking pattern and intensity. Furthermore, this 
can occur fairly readily on such a high voltage series of discharges, which are 
cellent collectors for kindling, 


final note, it should be pointed out that David Faust et al have published a tech- 
nical paper in the scientific literature detailing the fact that Western experimenters have 
not yet duplicated the Soviet equipment and methodology used in their Kirlian photogra- 
phy. While David formerly pointed out in Science that experimenters must carefully con- 
trol the variables—particularly moisture (water is an excellent collector for 
kindling)—he has been widely misinterpreted as having proved that water vapor was re- 
sponsible for all Kirlian effects. This he has not done atall, nor did he intend to, since he 
is one of the most competent investigators in electrophotography. 


hims 


INTERACTION OF BIOFIELD, 
THOUGHT, AND SPARK DISCHARGE 


‘These photographs are strong examples of the kindling mechanism. The sub- 
ject tested was Uri Geller, a person with strong inceptive ability. In photo 1, the top 
two exposures are for control purposes, while in the bottom exposure, Uri is con- 
centrating on the image of a circle. In photo 2, again there are two control ex- 
posures shown at the top, while in the bottom exposure Uri is concentrating on the 
image of a triangle. In photo 3, exposures are taken of Uri and a wristwatch; this is, 
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Photo 31. Interaction of biofield, thought, and spark discharge. 


4 control photo. In photo 4, Uri is attempting to send energy toward the wrist- 
watch, and a correlated change in the discharge patterns from his finger is evident. 
In photo 5, the arrows at the right point to control exposure of Uri and a silver ring; 
the arrows at the left point to the exposure made with Uri attempting to bend the 
ring psychokinetically without contact. The direct kindling of bioenergy in a force: 
field line intersecting the ring is striking. In such an intense kindling, note that the 
nuclear currents inside the nuclei of the silver atoms — where positive charge is 
ing shuttled back and forth between protons and neutrons — are also being 
strongly kindled. Reductions in the positive charges steadily reduce the charged ex- 
changing particles to quarklike particles, severely affecting the structural integrity 
and crystalline lattice directions of the base metal. By this means metal bending — 
or even breaking — is accomplished. 


KERVRAN EFFECT 


A direct and repeatable experiment showing that living systems can kindle bio- 
ry into ordinary energy and material effects has been made possible by the 
inating work of Louis Kervran. Kervran showed that chickens, fed a diet 
it in calcium but containing excess potassium, will have no calcium 
icy, since they transmute some of the potassium into calcium. Kervran's 
pioneering work has been duplicated in Japan and elsewhere, and the same effects 
have been demonstrated by living plants. 

We may consider a neutron as a sort of bound system of a potential proton and 
4 potential electron. Psychokinetically killing the charge on the potential electron 
converts the electron into a neutrino, leaving behind a proton now freed. For the 
tone percent or so of potassium that is a calcium isobar, this process can produce 
ordinary calcium. Thus in a potassium-rich diet the chicken can psychokinetically 
transmute enough potassium into calcium to remain healthy. 

Kervran was nominated for a Nobel Prize in 1977 by the Japanese researchers; 
his work is direct proof of the ability of living systems to violate present physics 
and of the ability of mind energy or bioenergy to affect matter psychokinetically 


PSYCHIC SURGERY 


These two photos taken by Sigrun Seutemann in the Phillipines show material- 
ization of large lumps of tissue brought about by Tony Agpaoa on a patient from 
an educated Western culture. The minds of both the patient and the surgeon are in 
volved in the process, according to the psychic surgeons themselves. “Westei 
patients are strongly conditioned to believe that medicine involves bloody tissu 
this is what results in the particular form of the materializations. For native 
patients who are steeped in the lore of shamanistic medicine, apports may consist 
of substances such as leaves, coconut fibers, feathers, ete: 

‘The legitimate surgeons, working in a religious group structure, are often able 
to generate sufficient kindling to fully materialize such unconsciously structured 
thought forms, and also to dematerialize and rematerialize the tumor from inside 
the patient's body, the tumor usually appearing or emerging from an opening 
which appears in the apport tissue. In the surgeon's view he is also being helped by 
powerful spirits — and continual charging of such thought forms with kindled 
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1. Materialization of apport tissue while removing a tumor from the abdomen. 


2. Matorillzation of apport tissue while working in the hip region. 


Photo 32. Psychic surgery. 


Figure 23: Small-Cell Challenges 


Operator Core Network ) 


Unlicensed 
Mesh Wi-FI? 


Challenges: [ 


- Site acquisition 
- Multiple operators have to deploy cells 
- Backhaul 

- Interference Coordination 
~Management 

- Power Rysavy Research 


Despite these challenges and the relatively small number of small cells deployed today, 
many believe small-cell deployments will accelerate. "® 


In the United States, the FCC in April 2017 issued a Notice of Proposed Rulemaking, titled 
“Accelerating Wireless Broadband Deployment by Removing Barriers to Infrastructure 


46 For example, see Fierce Wireless, “Crown Castle expects its small cell business to double in next 2 
25, 2017. Available at http:// www.fiercewireless.com/ wireless/ crown-castle-expects-its- 
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This highly unusual photograph resulted in the following manner: Mrs. Baune Is adevout- 
ly religious lady, and on this particular day she had spent a great deal of time in prayer 
land a Christian attitude. Snow was gently falling on the sheubbery In her yard, and she 
land a neighbor were admiring the beauty of the fresh snowfall. The neighbor borrowed 
‘Mrs. Bauno's camera and snapped a photo of the snowfall. When the photo was de- 

the falling snow had formed a pattern of Jesus on the shrubbery In Mrs. Baune's 


Photo 33. Kindling of thought bioenergy in snow. 


Photo 34. A deliberate experiment with kindling. 


energy indeed can yield bioenergetic formats of more intense energy than a single 
talented individual can usually muster in an unaided or unaugmented state. Almost 
every religion, in fact, still occasionally exhibits miracle healing accomplished in 
somewhat similar fashion, though possibly less dramatically. 

‘The apport tissue is a materialized tulpoid, precisely as are sasquatch, the yeti 
the Loch Ness monster, and UFO's. Apports are normally more stable than these 
latter materializations — but they have also been known to disappear, as have the 


“angel hair” apports associated with UFO's. 


A DELIBERATE EXPERIMENT WITH KINDLING 


I and other members of the American Association of Meta-Science performed 
ries of experiments in kindling thought or psychic energy into electromagnetic 
energy, and photographed the resulting light enei with an SX-70 camera. 
‘The two photos shown here are from one of thos 
bioenergy is just at the "burst" point where it is being collected on a candle flame. 
Here the camera lens is not quite fully opened. Only a single 40-watt lamp illumin- 
ates the room, and several AAMS members have been engaged in about two hours 
of psychic exercises. In the second picture, the lens of the camera is fully opened, 
and a “burst” of kindled energy occurs as the lens shutter is operated. None of this 

Visible to the naked eye. The polaroid film, however, is sensitive to some infra- 
red and ultraviolet frequencies, so that bioenergy kindling into electromagnetic energy 
at IR or UV frequency can be photographed even though not seen by the naked eye 


FAY CLARK'S "FIREFLIES" 


Fay Clark experimented with an ultrasonic generator in a darkened fallout 
shelter and photographed the most interesting results. At one particular fre- 
quency, dynamic dots of light appeared, grouped themselves into formations, and 
demonstrated movement and growth. At times they seemed to respond to thought, 
as if they were somehow intelligent, sentient creatures. This is a beautiful case of 
kindling using ultrasonic frequencies as the collector mechanism. While Fay is no 
longer sure of just exactly which frequency produced the fi he does know 
that he used frequencies in the 38—40 kilohertz region, among others. This may be 
significant, since the Vestigia experiment encountered electromagnetic frequencies 
in the same region in their historic study of a mystery light. The frequency region 
3840 kilohertz is a strong candidate for one of the magic window frequencies 
between bioframes where kindling is much easier than at other frequencies. 
Furthermore, since it is thought energy or mind that is actually being kindled, one 
would expect the possibility of sentient behavior. Clark's experiment occurred in 
the dark, so the squelching effect of visible light was not present. Finally, Fay Clark 
is a known psychic himself, and so this should have eased the kindling difficulty 
even further. The value of rigorous laboratory experiments based on the lines of 
Fay Clark's pioneering “firefly” experiment is strongly indicated. 


us 


"FOO" FIGHTERS 


oups of people are under strong external pressure, one result is, 
popouts” from the collective human unconscious, 


When large 
often tulpoidal 

‘A war is a typical example of a situation where the group consciousness of a 
country is under enormous pressure. In such a situation, the “targeted” popula- 
tion is often exposed to tulpoidal manifestations from time to time. 

In World War Il, for example, the Germans thought at first that the glowing 
lights darting around their planes were secret Allied weapons; and the Allies 
thought the same thing of the Germans when they saw such unusual phenomena, 
‘The French dubbed them "feu (fire) fighters, which became "foo" to American 
soldiers in Europe 

Foo" fighters were a common phenomenon in World War II, particularly in 


cloudy, overcast skies. 


WATER MONSTERS 


In the oceans and in every large body of water on earth, water monsters have 
been reported for centuries. Loch Ness in Scotland is of course one of the most 
publicized examples, but creatures of different shapes and sizes have been seen in 
large lakes and streams everywhere. This is not at all surprising when one realizes 
that a large body of water is a most excellent kindling reservoir, and bioenergetic 
forms are more readily kindled in such locations. 

‘The large dead creature in photograph 36 was hauled off the bottom of the sea 
by Japanese fishermen in their nets, photographed, and then thrown back to pre~ 
vent contamination of the catch of fish and to get rid of the stench from the decay- 
remains, not similar to anything else 


ing carcass. It is a pleisosaurlike creature’ 
known on earth. Predictably, scientists were almost immediately at odds as to what 
it was, and the carcass has been called a shark, a whale, a large elephant seal, 
genuine pleisoaur, etc., by various "experts." Nonetheless it was real and physical 
and a good photograph was obtained of it 

Photograph 37 is one of the underwater photographs of the Loch Ness monster 
taken by a team from the Academy of Applied Science, Boston, Massachusetts on 
June 20, 1975. As can be seen by a detailed study of the photograph, this tulpoid is 
not clearly tuned or clearly formed. Many other photos of the Loch Ness monster 
have been taken, and various shapes and sizes and degrees of tuning have been re~ 
corded. In the Doc Shiels photos taken in 1977, Nessie is well formed but entirely 
different from the Academy photo. Also, Doc Shiels’ photo was subjected to com- 
puter analysis by Ground Saucer Watch, and the image exhibited a transparency 
that was disturbing to the analysts. On the other hand, such a transparency is to be 
expected from a partially materialized tulpoid which is not completely ortho- 
rotated into the zeroth bioframe. 

In the Academy photograph, one can see — particularly on the color original — 
form which has several conglomerated faces, which exhibits eyelike structures in 
several locations to suggest first a cowlike face and then a horselike face, and inc 
herently tuned earlike and hornlike appendages in several places. In fact, the 
Academy photo little resemblance whatsoever to a pleisosaur or any other 
‘more normal and coherently structured mammal or fish 
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Photo 35. Fay Clark's “fireflies.” 


“Foo fighter" tulpoids over an airfield in China in World War Il, 
Photo 36. "Foo" fighters. 


Photo 37. Pleisosaur-like creature hauled from the sea by Japanese fisherman. 


‘The Loch Ness monster is definitely a tulpoidal form, and the format varies 
appreciably from reception to reception due to distortions and variations in tuning. 
Nessiteras rhombopteryx is a much stranger beast than anything the dedicated 
Nessie seekers, researchers, and scientists have yet suspected. In Part Two I will 
tific basis. of tulpoidal forms. 


examine the 


CATTLE MUTILATIONS 


Over 9,000 cattle mutilations have occurred in the U.S. alone since 1973 

‘The cow is a female symbol par excellence — our children drink cow's milk, 
and our babies feed on the milk from the cow's breast. The U.S., being a natural 
fortress, is a “female” symbol, for in primitive human evolution the females stayed 
in the cave or protected fortress while the males went forth to hunt or do battle. 
(This symbolism will be fully discussed in Part Three.) Violation of the female 
\s that the heartland U.S. shall be violated 

Teats are cut off — the children of the West shall lose their sustenance; lips, 

ears, and tongues are removed — freedom of speech and hearing shall be excised; 
sexual organs are removed — no more fruit of the womb shall be evidenced in the 
West; sharp, surgical incisions are made — the operation shall be accomplished 
swiflly (blitzkrieg war) with surgical precision; zig-zag cuts — deception shall be 
used as to direction and intent; blood is totally drained — the lifeblood of the West 
shall be totally drained; edges of the cuts are often seared as if by a laser — ad- 
vanced, futuristic weaponry (psychotronic weapons) shall "seal the end. 
‘The cattle mutilations are materialized precognitive nightmares indicating the 
horror of the Armageddon to come, and these nightmarish paranormal mutila- 
tions reveal the true nature of the times. Yet no orthodox scientist or govern- 
mental agency is equipped or able to deal with a phenomenon such as this. 

In ancient times the wise men knew how to do a metapsychological analysis of 
the species unconscious, and knew that tulpoidal phenomena were often symbolic 
signs of that which was to come. 

Where are our wise men today? 


BIG MAMA 


UFO phenomena have also been associated with the cattle mutilations. One of 
these UFO-type tulpoids has been labelled Big Mama, because of its characteristic 
behavior of spawning smaller UFO light-shapes that split away and speed off to an 
area in which a cattle mutilation then occurs. The "spawned" UFO's then return 
and link up or join with Big Mama, and Big Mama then withdraws. 

‘The photo shown here is a typical appearance of Big Mama, Big Mama takes 
many sizes and shapes, but is a fairly reliable indicator of paranormal cattle 
mutilations impending. 
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Photo 38. Loch Ness monster. 


Photo 39. Cattle mutilation. 


During the summer of 1978, two psychics and | — all members of the Ameri- 
can Association of Meta-Science spotted a Big Mama-type UFO from the top 
floor of a hotel in Louisville, Kentucky. Realizing what it was, we promptly 
brought into play a certain type of powerful psychic exercise and tried to make it 
dematerialize and vanish. Several times it briefly split into pieces (five to be pre- 
cise), but we were unable to extinguish it. Over a period of approximately twenty 
minutes this effort continued, and all the while Big Mama slowly moved lower and 
further away, eventually disappearing behind a tall building after having become 
very distant. 


Ds 


Investment,” that seeks to streamline items such as site acquisition and consistent 
pricing.” 


5G small-cell considerations include: 


Q Due to limited propagation at mmWave frequencies, 5G small-cell deployments will 
be dense and involve large numbers of sites. Inter-site distances (ISDs) will range 
from 100 to 300 meters in many deployments, with 200 meters a typical value.“ 


a The high-capacity of mmWave small cells will require multi-Gbps backhaul 
connections using an expected combination of fiber, mmWave radio in point-to- 
point connections, and 5G self-backhaul 


a The expected use of cloud RAN and centralized base station facilities will simplify 
equipment at the site, facilitating dense deployments, 


a Dense deployments will motivate neutral-host (multi-tenant) approaches, but these 
are outside the scope of specification efforts. 


The effective range of a mmWave small cell depends on multiple factors, including whether 
line-of-sight is available, extent of foliage, pole height, whether user equipment is indoors 
or outdoors, and the types of building materials the signal must pass through to reach 
indoor equipment. 


Despite the challenges, small cells will ultimately contribute greatly to increased network 
capacity. Table 8 lists possible configurations. Note that many of these approaches can be 
combined, such as using picos and Wi-Fi offload. 


Table 8: Small-Cell Approaches 


Small-Cell Approach Characteristics 

Macro plus small cells in | Significant standards support. Femtocells or picocells can 

select areas. use the same radio carriers as macro (less total spectrum 
needed) or can use different radio carriers (greater total 
capacity). 

Macro in licensed band | Promising approach for augmenting LTE capacity in 

plus LTE operation in scenarios where operator is deploying LTE small cells.*® See 

unlicensed bands. discussion below in the section on unlicensed spectrum 
integration. 


#7 FCC, Wireless Infrastructure NPRM and NOI, April 21, 2017. Available at 
https: // www. fcc.gov/ document, wireless-infrastructure-nprm-and-noi. 


48. 5G Americas member contributions. 


43 See Rysavy Research, Accelerating Innovation in Unlicensed Spectrum, Fierce Wireless, November 
2016. Available at http://www.rysavy.com/Articles/2016-11-Innovation-Unlicensed-Spectrum.pdf, See 
also Rysavy Research, Will LTE in Unlicensed Spectrum Unlock a Vast Store of Mobile Broadband 
Capacity? MIMO World, June 2014. Available at http://www.mimoworld.com/?p=2377. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 48 


Photo 40. Big Mama. 


PART TWO 


A THEORETICAL 
BACKGROUND FOR 
UNDERSTANDING PT, 
UFO'S, AND PSI 
PHENOMENA 


Footnote for page 132: 


"With the exception that my dear, the oethoganal universes crastalk with each other at virtual (ubuantin) 
levels Indeed, “change” lone universe consists of the quantum eaberence in that universe of rsstalk and oat of 
‘The “etal state a one universe due ta ad consis of subquantllyeaberent (quantally Incoherent) restal ln 


ied out of hat unter, 


Psychotronics, unidentified flying objects (UFO's), and paranormal 
phenomena such as psychokinesis, telepathy, and precognition all have one thing in 
common: both mind and matter-energy are involved 

Hitherto, mainstream science has insisted on a rather arbitrary separation of 
mind and matter-energy. However, as we shall see, this separation is not based on 
good observation. For example, everyone exhibits in himself the ability of mind to 
affect matter. While theories of computers, control systems, and physics can ex- 
plain human behavior once the physical system has been given an input signal, the 
original signal — intent, or what I call inception — is an unexplained mystery to 
ordinary science. 

"Psychotronics” (a Czechoslovakian term) and "psychoenergetics" (a Soviet 
term) have been specifically designed to provide a framework for approaching the 
problems of mind, matter, and their interaction. If we can understand psycho- 
, we will be able to understand better the interaction of mind and matter, in- 


troni 
cluding all paranormal phenomena, unidentified flying objects, and Fortean 
phenomena. 

Let us therefore start by defining psychotronics. The prefix "psycho" refers to 


the mind. The suffix “tronics” refers to physics and physical devices. Thus the con- 
cept of psychotronics refers to a union of physics and metaphysics. Such an 
audacious concept can offer a solution to almost every present problem in m 
physics, the foundations of logic, the foundations of physics, and the foundations of 
‘mathematics, 

To begin with, it seems ne 
their interaction. It also seems ne 


sary to form a unified theory of mind, matter, and 
ary to reinterpret and extend electromagnetic 
theory. Logic itself must be advanced, for a part of reality, although “illogical” ac~ 
cording to our present logic, is nonetheless true. In metaphysics we must solve 
formidable problems: the ontological problem (nature of being); the problem of 
mind, and the interaction of mind and body; the problem of change; and the prob- 
Jem of nothing, 

It has been said that fools rush in where angels fear to tread. To tackle the prob- 
lems of psychotronics demands the audacity to rush in where even fools fear to 
tread! 

At this time, it may be appropriate to point out that all Western science, 
mathematics, and logic are founded upon three simple laws of logic, proposed and 
formulated by Aristotle. Since the entire universe cannot be described by these 
three laws — parts of reality are known to violate one or more of them and hence 
be illogical though true — it appears that we must be audacious enough to tackle 
and change the three laws of logic, if a new paradigm is to be constructed to solve 
all the presently unsolved problems. 


SOME UNEXPLAINED MYSTERIES OF PHYSICS 


First, no one knows what mass really is; we do not know for sure whether 
inertial and gravitational mass are one and the same. General relativity says it is, 
and we know from experiments that if any difference exists between inertial mass 
and gravitational mass that difference is very small indeed. But we do not know 
positively that there is not some small but finite difference. And we have no i 
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why the mass of a moving object increases with respect to a static observer. It is 
simple to calculate in special relativity how much the mass increases as a function 
ofthe velocity, but no one has the foggiest notion why this happens. Particularly so 
since an observer standing on the moving object and moving along with it sees no 
increase in its mass at all 

This poses a real paradox; if we try to assign some absolute notion to the idea of 
mass, then any object has an infinite number of masses, all at the same time and all 
different. There are two Ways to determine mass: (1) by its resistance to a disturb- 
ing force, and (2) by its ability to occupy three-dimensional space. The latter re- 
quires that mass be volumetric, i.c., that mass be L’ dimensionally. 

But look at the weird properties of a photon! If we measure its resistance to a 
disturbing force, we find that no force on earth can accelerate or decelerate the 
photon. If we measure the mass of a photon by the first method, it appears to have 
infinite mass. Yet if we measure it by the second method, it can have no mass at all, 
because a photon is not volumetric: it is two-dimensional. It therefore has inf 
mass and zero mass simultaneously 

Furthermore, we can take the viewpoint that whatever its mass is, it can only 
have one. If that is so, then infinite mass and zero mass must somehow be the same 
thing! Which contradicts the three laws of logic. However, this should not concern 
us too greatly; many things contradict the laws of logic and are nonetheless true. So 
while it is presently “illogical” for infinite mass and zero mass to be identical, we 
should hold on to the idea that this may very well be true: 

Additionally, one of the great cornerstone assumptions in physics is that 
gravitational field and electric field are mutually exclusive — i.e., they are totally 
different things. Yet a physicist named Santilli has proved that this is not so, and 
that they are either partially the same thing or totally the same thing. And there the 
matter stands, so we do not fully understand what electric field and gravitational 
field are, or how to go about turning one into the other, although Santilli’s work 

ems to imply that this is at least theoretically possible. We must therefore invoke 
a new concept of reality’ 


URI GELLER 


ied a magnom- 
h flower 


Uri Geller has demonstrated numerous capabilities: he has affe 
eter inside a Faraday shield; bent and broken metal objects; caused a fi 
to wither and dry in seconds; permanently changed the crystal structure of nitinol: 
altered magnetic programs on computer cards; influen 
alized matter; and demonstrated the inceptive Cyborg effect, thought- 


photography, telepathy, and the Geller effect (the sympathetic stimulation of a psi 
positive). 
It is useless to attempt to explain the feats performed by Uri Geller in terms of 


the ordinary fields and effects of known physics. Nothing short of a new physics 
paradigm will suffice. This new paradigm must encompass both mind and physics 
within the same theoretical framework, if it is to succeed in explaining how mind 
affects matter. 
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In terms of present physics and logic, the mind is regarded as totally separate 
from matter. For mind and matter to interact, some aspect of mind must be the 
same as some aspect of matter, i.e., to move matter, a force is required. Force is 
the time rate of change of momentum. To generate a force capable of moving 
matter, mind must be able to change momentum. But since momentum can only be 
obtained from something which possesses momentum to give up, then the mind 
must somehow possess momentum, 

If this is so, then the momentum must ordinarily exist in a separate three- 
dimensional space, since it apparently does not ordinarily exist in laboratory thr 
dimensional space. Such a situation requires at least six spatial dimensions and one 
common time dimension, such that the mind (mental phenomena) is a set of objec~ 
tive physical phenomena existing in an ordinary objective three-dimensional space. 
but one which is three orthogonalities away, spatially, from the laboratory thre 
dimensional space. 

Mental changes upon physical objects would thus imply orthogonal rotation of 
‘mental objects from the mental three-dimensional space into or closer to the 
laboratory three-dimensional space. Everett's many-worlds interpretation (MW1) 
of quantum mechanics contains a structure where such representation is possible, 
and the MWI is consistent with the entire experimental basis of modern physics. 
‘Thus from the MWL it is possible to objectively model the mind and matter, and 
from that, psychotronics as well 


MY APPROACH TO PSYCHOTRONICS 


In twelve years of intensive work on this question, I have evolved a conceptual 
approach, which is consistent with present physics but extends it. A new concept of 
reality is involved, however, and severe demands are made on the individual to 
stretch his framework of comprehension. The perceptron concept is an abstraction 
that allows the modeling of perception itself— either mental perception or physical 
detection. The fourth law of logic (to be explained shortly) involves the age-old 
identity of opposites whose apparent necessity has ballled logicians, philosophers, 
and scientists for centuries. With the perceptron concept, we can at last compre- 
hhend how the identity of opposites is accomplished, and when it is accomplished. 

This immediately solves the age-old philosophical problem of change. The 
fourth law also closes logic into a complete, closed metalogic, encompassing both 
physics and metaphysics. 

Let us use as a definition of reality: reality is that which can be conceptually and 
mathematically modeled and fitted to the phenomena existing in one or more 
‘minds. Physical reality is that which can be modeled and fitted to the phenomena 
existing in all minds. Mental reality can be modeled and fitted to the phenomena in 
me mind. Mental and physical realities comprise “normal” reality. Complex or 
paranormal” reality is that which can be conceptually and mathematically 
modeled and fitted to phenomena which exist in more than one mind, but not in all 
minds. 

From perception theory I have succeeded in deriving a great deal of the present 
basis of physics, including Einstein's two postulates, Newton's laws, the law of 
gravitation, and the solution to the ontological problem. (Unknown to me at the 
time, Ives had already done so for Newton's laws, the law of gravitation, and Ei 


131 


stein's postulates. His work has unfortunately been ignored.) In addition, the 
photon can be seen to be an ordinary three-dimensional particle existing in a three- 
dimensional space that is orthogonal to the laboratory three-dimensional spat 
frame. A stationary particle in the laboratory frame appears as a photon to the 
orthogonal spatial frame. 

Einstein's second postulate is usually stated as “the speed of light is the same 
for every observer.” Restated, this becomes “every photon in an inertial frame is 
moving at the speed of light, c, with respect to every particle in that inertial frame. 
The corollary then follows immediately: every particle in that inertial frame is also 
moving at the speed of light, c, with respect to every photon in that inertial frame. 
In a single three-dimensional space, this is incomprehensible. Taking two ortho- 
gonal three-dimensional spaces, with the photons in one frame and the electrons in 
the other, it is perfectly comprehensible 

From pure nothing — empty vacuum, absence of thing — one can generate 
everything, the presence of thing. Here is direct proof that ultimately opposites are 
identical. But to a mind rigidly programmed in three-law logic, such a truth is 
abhorrent. Physicists consequently have done nothing with the idea that all our 
physical laws — or at least most of the great ones — can be straightforwardly 
derived from a special kind of a "piece of nothing” which I call a quiton. And they 
hhave not seen that this constitutes a statement of a fourth law of logic—the identity 
of opposites on their common boundary 

It is interesting to note that the paper which was handed to an American re~ 
porter, Robert Toth, by a Soviet scientist, and which caused the KGB to seize Toth 
and charge him with receiving Soviet state secrets, contained just such a theory as 
the basis of a unifying theory of psychotronics. Yet none of our intelligence 
analysts seems to have picked up the overwhelming importance of what was in the 
paper, and Toth himself appears to believe that his KGB arrest was simply harass- 
ment. In fact the paper did contain material on the basic Soviet approach to 
psychotronics — and thus to psychotronic weapons — and it was indeed state 
secrets that had been given to Toth. 

Everet’s many-worlds interpretation of quantum mechanics, with which very 
few physicists are familiar, provides a needed correction to the conventional 

ind it allows a theoretically sound basis to 


monocular interpretation of relativity, 
be constructed for psychotronics 

The conventional interpretation of relativity considers only a single observer at 
a time, But ifyou can accept so simple a concept as that both you and I exist simul- 
taneously, regardless of how we move with respect to each other, then I assure you 
that physics is startlingly different from what you may have studied in the ordin- 
ary university physics text book 

Everett, originally a student of the world-renowned physicist Dr. John Wheeler 
at Princeton, for his Ph.D. thesis considered the problem of multiple simultaneous 
observers and worked out what this did to physics. His highly innovative thesis pro- 
vided a totally new interpretation of quantum physics and defined a startling new 
kind of reality in which all possibilities are physically real and exist. This new 
physics is indeed very strange, but it is totally consistent with the entire experi- 
mental basis of physics today. 

I discovered that all my perception theory could be fitted precisely onto 
Everett's many-worlds interpretation.' On that basis, a theory or schema of bio- 
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fields was derived that provides an approach to a unified field theory. In fact, it pre- 
dicts that any kind of field can be turned into any other kind of field, merely by cor- 
rect and precise time synchronization. It also offers a physical and exact model of 
mind and mental phenomena and a mental and exact. model of physical 
phenomena! 

On this basis, a framework can be provided for psychotronies which is consist- 
ent with what we know of ordinary physics but which does not contain many of the 
limitations of ordinary physics. In a strange sense Everett wrote the physics for the 
all-mind or the Supreme Creator's mind because an unlimited mind, so to speak, 
must already have thought of everything possible, and for an all-creative mind to 
possibility is for that possibility to be real. 
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Fig. 3. Reality: a paranormal bridge with two ends 


1. Reality as a Paranormal Bridge with Two Ends 


In Figure 3, 1 show the nature of the problem of paranormal phenomena. To 
understand it, we must first define more precisely some of the present concepts. 

First, what do we really mean when we talk of "physical phenomena”? To go 
into this, we must first destroy the notion that there exists some sort of separate 
concrete reality totally apart from mind, for that notion is simply the old Carte: 
ian assumption. It has long been refuted as far as having any absolute validity, and 
this is well-known to philosophers and to foundations physicists. According to 
Lindsay and Margenau in their Foundations of Physics, "physics has nothing to 
say about a possible real world lying behind experience.” 

What is true is that we can experience and detect and know only a mental 
change — a change in the mind itself is all we ever experience directly. For exper- 
ience invokes the mind; we do not experience phenomena until the mind — used in 
the greater sense of the word to mean any mental detection — changes. 

Any detector detects or experiences only an internal change, never an external 
change, and this is true of the mind as well as a physical detector. 

So we never experience external physical phenomena; we experience only our 
own minds. Specifically, each of us experiences his own mental phenomena 

But here we must be a little more precise about what we mean by "mental 
phenomena.” What we usually refer to are the mental phenomena in a single mind. 
And so we will take that as the primary definition: mental phenomena are the phe~ 
nomena or changes in a single mind. 
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But then what do we mean by “physical phenomena”? For indeed this refers to 
something that is often remarkably different — or seems to be — from the ph 
nomena or changes going on in our own heads. Before we jump to the extreme con- 
clusion that physical phenomena are simply mental illusions, we should recall the 
Zen master’s approach. He demanded of the student whether or not physical phi 
nomena were real, and the student replied that they were not real, but only 
illusions. Whereupon the master gave him a resounding knock on the head, and 
isked him whether or not the blow was real. The student replied that the blow was 
indeed real. Whereupon the master sent him back for further meditation, for he 
had learned nothing. He had not understood that "mental" and “physical” are not, 
mutually exclusive. 

If we look closely at how we may differentiate between mental phenomena and 
physical phenomena, we immediately hit upon a practical scheme. Physical phe- 
nomena can be shown to exist in the mind of any observer, be he human, insect, or 


whatever, so long as he has consciousne 

Suppose for a moment that I have a piece of chalk in my hand, held between my 
fingers. I can touch the chalk, feel it, and see it. I can even taste it if I wish. And so 
Thold up the piece of chalk and say: "This piece of chalk is not just a mental im- 
pression, it is physically real." How can I prove it? And when I prove it, what 


exactly have I proved? 

Now suppose you do not wish to believe the chalk is real. You simply bring in 
another observer; he looks at the chalk, he touches it, he it, and he rolls it 
between his fingertips. He confirms that he also detects or experiences the chalk. 
‘Then a little bug flies in and lands on the chalk, crawling around on it, and poking 
at it with his little proboscis. He also by his actions confirms that he has it in his 
own little mind. In fact, we could bring in any sort of mind, and that mind could ex- 


perience the chalk. 

And this of course is the clue. What we have been calling physical phenomena 
can be shown to exist in every mind. And when we say something is physically real, 
this is all we actually mean. Nothing more, nothing less. And this is why physical 
phenomena are so solid and concrete: they are infinitely repeated. However, what 
we refer to as mental phenomena are in only one single mind and thus are not re- 


peated at all 

Now let us do a little thought experiment. Suppose I have lapsed into some 
peculiar mental state because of the toxins from an infection I have contracted, and 
1 am hallucinating vividly. Suppose I pick up what I vividly see, feel, touch, and 
taste as a piece of chalk, and I claim that it is real. Indeed, to me itis very real. And 
then suppose a second person comes into the room. He will not see the chalk, touch 
it, feel it, taste it, and it will not be real to him. Then suppose a third person comes 
into the room, and he does not see the chalk, he passes his fingers right through 
where Iam seeing the chalk and does not contact or feel it, and he indeed cannot 
find it. Thus what we call a "mental phenomenon” can be shown to exist in one 
mind only. In this case of a vivid hallucination, the hallucinatory phenomenon was 
absent from the other observers’ minds, 

But now let us change our thought experiment a little. Suppose now that I am 
absolutely fit and fine physically and mentally, and am not hallucinating. And sup- 
pose all the observers we bring in are also fine both physically and mentally, and 
not hallucinating. And suppose we get the following results: some of us can 
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touch, taste, and experience the chalk, and others of us cannot see, touch, taste, or 
experience it, no matter how we try. In that case, what kind of phenomenon do we 
have? 

Well, we cannot exactly say the phenomenon is exclusively mental or exclu- 
sively physical. But we also cannot say that it is exclusively nonmental or exclu- 
sively nonphysical. In fact, we have an example of a third class of phenomena 
which are presently not recognized by science. We simply have a paranormal phe- 
nomenon, one which can be shown to violate our definitions of mental phenomena 
and physical phenomena. 

‘And we can in fact take this as the definition of a paranormal phenomenon: a 
paranormal phenomenon can be shown to exist in more than one mind, and it can 
also be shown not to exist in one or more minds, i-e., paranormal phenomena exist 
in more than one mind, but not in all minds. Our conventional science recognizes 
purely mental phenomena and purely physical phenomena; it does not recognize 
the third kind, since by the ordinary three laws of logic the third kind does not exist 
Paranormal phenomena constitute a bridge across a river between two banks; our 
present science does not recognize the bridge, but only recognizes the two banks, as 


shown in Figure 3, 

Paranormal phenomena thus appear erratic to ordinary objective science, for 
objective method after all is specifically designed to select only those phenomena 
that can be reliably repeated, and the nature of paranormal phenomena is such that 
they often (in fact usually) cannot be reliably repeated, except sometimes in a great 
many trials. Normal objective method, if rigorously applied, can only discriminate 
a statistical effect from a great many trials. Furthermore, if rigorously and length- 
ily applied, it will accumulate so many failures that it will cast serious doubt on 
whether the odd case that was paranormal was in fact nonaccidental 

It is for this very reason that orthodox science, which is devoted to scientific 
method and rigorous protocol, has remained so comfortably adamant that para- 
normal phenomena do not exist. The tool must be changed to fit the problem, and 
the present scientific toolbag does not fit precisely. The tools are useful, but they 
themselves are not decisive within the bounds of present protocol. The necessary 
change is quite simple: we must allow for the effects of mind, and for a union of 
both mind and physics, just as there exists in physics a union of both wave and 
particle. In other words, paranormal phenomena must be repeatable sometimes, by 
but not necessarily always by all 


competent experimenters and observei 
observ 

"Ah ha!” the materialist is likely to exclaim, being unable to contain himself 
any longer. "Solid concrete reality always is solid and concrete, however, and you 
cannot change that. As long as that is true, then the laws of ordinary physics hold, 
and all is right with the universe. We can always select our phenomena which are 
present in all minds, and this after all constitutes immutable physical reality. In the 
luce of that fact, all your arguments about mental phenomena in one mind and 
another kind of half-mental, half-physical phenomena are meaningless, for you are 
simply calling the superposition of purely mental phenomena on purely physical 
phenomena a third class, but it is a separable mixture, not a completely new kind. 
‘And we may even be tempted to stir up a small bit of sympathy for the material- 
ists view 

However, let us propose a resolution. If we can show that conerete, solid, real 
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Small-Cell Approach Characteristics 


Macro (or small-cell) Extensively used today with increased use anticipated. 

cellular in licensed band | Particularly attractive for expanding capacity in coverage 

plus Wi-Fi. areas where Wi-Fi infrastructure exists but small cells with 
LTE do not. 


LTE Wi-Fi Aggregation (being specified in Release 13) is 
another approach, as are MP-TCP and MP-QUIC. 


Wi-Fi only. Low-cost approach for high-capacity mobile broadband 
coverage, but impossible to provide large-area continuous 
coverage without cellular component. 


Neutral-Host Small Cells 


Multi-operator and neutral-host solutions could accelerate deployment of small cells.°° 
Currently, nearly all small-cell deployments are operator-specific, but in the future, 
deployments supporting multiple operators could reduce the cost per operator to provide 
coverage. 


A candidate band for neutral-host small cells is 3.5 GHz, using LTE TDD and MulteFire as 
potential technologies. Wi-Fi technology also addresses neutral-host configurations at the 
access level, but it has roaming and authentication challenges. HotSpot 2.0 (covered in the 
appendix) addresses roaming and authentication. 


Unlicensed Spectrum Integration 


Unlicensed spectrum is becoming ever more important to mobile broadband networks. 
Initial use was rudimentary offload onto Wi-Fi networks, but now, Wi-Fi networks are 
becoming more tightly integrated into cellular networks. Efforts are also underway to use 
LTE in unlicensed spectrum. 


Unlicensed spectrum adds to capacity in two ways. First, a large amount of spectrum 
(approximately 500 MHz) is available across the 2.4 GHz and 5 GHz bands, with the 3.5 
GHz band adding further spectrum in the future. A significant amount of unlicensed 
spectrum is also available in mmWave bands, with 7 GHz already in use in the United 
States (57 to 64 GHz) and an additional 7 GHz in 5G spectrum allocations. Second, 
unlicensed spectrum is mostly used in small coverage areas, resulting in high-frequency 
re-use and much higher throughput rates per square meter of coverage versus typical 
cellular deployments. 


The IEEE 802.11 family of technologies has experienced rapid growth, mainly in private 
deployments. The latest 802.11 standard, 802.11ac, offers peak theoretical throughputs in 
excess of 1 Gbps and improved range through use of higher-order MIMO. 802.11ac Wave 
2 products include a Multi-user MIMO capability that further increases capacity and 
throughput. IEEE is developing a subsequent version, 802.11ax, that emphasizes capacity 


£0 5G Americas and Small Cell Forum, Multi-operator and neutral host small cel 
architectures, planning and regulation, December 2016. Report available at 
http: // www.5gamericas.org/files/ 4914/8193/1104/SCF191_Multi- 
operator_neutral_host_small_cells. pdf. 
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matter can become absolutely nonconerete, nonsolid, and hence nonphysical, then 
that ought to settle the question. In a recent experiment it has been conclusively 
shown that two colliding protons pass right through each other in total violation of 
all physical rules, if their spins are exactly antiparallel. Protons are the central 
building blocks of all matter. In the nucleus of an atom, the protons and neutrons 
are continually switching identities, so even a neutron keeps turning into a proton, 
etc. And these fundamental constituents of everything solid and concrete and real 
just go right through one another, without any effect whatsoever, simply by 
aligning their spins properly. Collision theory fails, electromagnetic theory fails, 
and our concept of two particles bumping together fails. This experiment totally 
annihilates the idea that physical reality is something absolute. In fact, it estab- 
lishes that physical reality itself is a function of the relations between the interact- 
ing participants; changing the relationships can simply cancel physical reality 
So perhaps our definition of physical reality has some merit after all, and per- 
haps there really are three classes of phenomena. The paranormal phenomenon is a 
bridge between mental and physical phenomena; specifically, every paranormal 
phenomenon must consist of an inseparably welded compound of the two. And the 
objective method and its consequent experimental protocol must be changed to re- 
fect this fact, if we are ever to develop a viable theory of paranormal phenomena. 


2. A Fundamental Correction to Classical Logic 


Let us now make a fundamental correction to Aristotle's three laws of logic. 
First, there is no independent existence to mental phenomena; there is a perception 
operation involved when we think. There is no independent existence to physical 
phenomena; there is a perception operation involved when we observe physical phe- 
nomena. Furthermore, it takes a finite piece of time for the perception process to 
occur. The logic symbol also requires a separate time interval; it represents a series 
of separately perceived operations that together comprise a decision algorithm. S 
let us impose this criterion upon logic itself so as to constitute "logical perception’ 
or the "logic of perception” or the "perception of logic.” We begin with Aristotl 
third law of logic, Aor not-A, the law of the excluded middle. 

We still insist that there is no such thing as A per se, but rather that there is a 
perceived A where A is the output of the perception process. Similarly, there is no 
such thing as nof-A, but rather there is a perceived not-A where not-A is the out- 
put of the perception process. Let us think of a square box symbol as an abbrevia- 
tion for the fact that perception has occurred, and anything written inside the box 
represents the output of that perception operation. We can speak of the box either 
as mental perception, description of thought, or we can speak of it as physical de: 
tection, a description of an instrumentation system that detects and measures. 
Aso, since each box requires a finite time to occur, we must carefully keep up with 
the individual little pieces of time, the delta ts 

So applying this to Aristotle's third law, we have A perceived or outputted in 
and not-A outputted in time two. Note that to ascertain that Ay and not- 
;parate time interval, in time 


time ons 
A; actually differ requires a series of operations in 
three, that is assumed by the exclusive or symbol. Looked at in this way, Aristotl 
third law actually is the law of monocularity; it states that only one thing at a time 
is perceived. Actually we had assumed this when we assumed that perception was a 
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4, EACH PERCEPTION IS A FINITE OPERATION AND REQUIRES A FINITE TIME TO OCCUR. 


THE LOGIC SYMBOL ALSO REPRESENTS A DECISION ALGORITHM: A SERIES OF 
OPERATIONS PERFORMED IN A SEPARATE TIME INTERVAL. 


EACH FINITE TIME INTERVAL MUST BE ACCOUNTED FOR. 
5. Vs [el 


6, THE LAW STATES THAT PERCEPTION IS A MONOCULAR PROCESS IN TIME 3, 
ONLY ONE-THING-AT-A-TIME IS PERCEIVED. 


7. NOW NOTE THAT SEPARATION OF A AND A DOES NOT OCCUR IN 


8. 80 Ay fs Be BOUNDARY IDENTITY OF EXACT OPPOSITES 
4S 
9, AND EQUATION 8 CONSTITUTES A FOURTH LAW OF LOGICAL THOUGHT. 


IT SIMPLY STATES THAT PERCEPTION THREE 1S BINOCULAR, AND EXCLUSIVE 
SEPARATION OF EITHER A OR A IS NOT PERMITTED. 


Fig. 4. A fundamental correction to classical logic 


so it is nice to find that Aristotle's third law justifies our assump- 
we understand the third law. The exclusive or symbol assumes a third 
‘operation in time three, whereby it is determined that perception output one and 
output two actually differ. But such an operation itself requires multiocular per- 
ception — ice, collecting two outputs at once — and that in itselfis a violation of 
Aristotle's third law. The third law thus contains its own contradiction, and indeed 
each of the other two laws also contradicts the third law when one examines them 
meticulously. Each can only be established as true by invoking or involving an 
operation wherein the third law is not true. 

In time three we gathered up what had been perception output in time one, Ay 
and what had been perception output in time two, As, which we do not yet know is 
different from Ay, and put them both through the perception process, getting only 
one output — let us call it B — in time four. By the nature of B in time four, we 
thus say in time five that the outputs in times one and two differ or not. In either 
time one or time two, there is no indication whatsoever of difference or sameness 
existing between output one and output two. Likewise, in time three there is no 
separate output one and output two, hence no indication of the sameness of, or dif- 
ference between, outputs one and two. 

So here we have arrived at the identity of opposites. There is no perception 
of di between Ay and not-A; in time three. And this constitutes a fourth law 
of logic: the law of the boundary, or the boundary identity of exact opposites. All 
that is necessary to identify opposites is to lose all perceptual distinction between 
them, And that is accomplished by multiocular perception, of perceiving the 
of both at once unseparated, hence the absence of either exclusively 
present. If A, and A, are exact opposites, then By = O, and [Ay, Az]s = O. We thus 
have the solution to the problem of nothing. Nothing simply consists of the 
presence of the totality of all opposites. 

Almost all the philosophers who have struggled with the problems of being 
mind, and matter have faced the necessity for the identity of opposites, but none of 
them could understand how opposites could be identified. By careful accounting of 
the separate time intervals required for finite monocular perceptions, the mechan- 
ism for identifying opposites is immediately clarified and revealed. The laws of 
logic are simply laws of the operation of perception — nothing more, nothing less. 

‘The new system of logic is closed. All present paradoxes — contradictions of 
one or more of the first three laws — are resolved by the fourth law, which con- 
tains the negation of each of the first three laws. The fourth law is in fact the law of 
the paradox. Note also that the hidden time-three operation, which has actually 
been the application of the fourth law all along, is implied in each of the first three 
laws. Identity or nonidentity between time-one and time-two outputs can only be 
established in a time-three operation. The fact that either A or not-A exclusively 
exists can only be established by a separate operation which establishes that 
nothing else is there. If separation of A and not-A is not permitted, then A and not- 
A cannot be distinguished. 

Since these laws refer to perceptual operations, one can think of them opera- 
tionally, or vectorially. To close the vectorial system prescribed by the first three 
laws, the opposite or negation of each of the three vectorial statements must be 
present, i.e., this follows simply from the definition of what constitutes a closed 
system, vectorially speaking. Since the fourth law contains the negation of each of 
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Fig. 5. A physical example 


the first three laws, then the four-law system is indeed closed, and the logician’s 
dream of a closed metalogic is realized. Furthermore, anything which contradicts 
any combination of the first three laws automatically is covered by the fourth law, 
which is the law of the paradox. 

‘The new logic works as follows: either the first three laws apply (separation of 
A and not-A is permitted), or the fourth law applies (separation of A and not-A is 
not permitted). The fourth law applies only to — and in fact creates — a bound- 
ary. The first three laws apply only away from a boundary. 


3. A Physical Example 


Take the surface of a cube in deep space (Fig. 5). Call the cube "thing," a three- 
dimensional concept. Call the empty space around the cube “nonthing," a thr 
dimensional nonthing or absence of thing. If we are standing inside the cube and 
look at its boundary surface, we cannot find a single piece of that boundary sur- 
face that does not belong totally to the cube. So we can very reasonably proclaim 
that by the first three laws of logic each piece of the boundary belongs totally to the 
cube, to “thing.” But if in a different operation we are standing outside the cube, 
wwe cannot find a single piece of that boundary surface that does not belong entirely 
to the space surrounding the cube. So in this case, we can claim by the first three 
laws of logic that the boundary surface belongs totally to "nonthing.” 

‘Then in a third operation we can state that, by the first law of logic, each and 
every piece of the boundary surface is identical to itself, and of course we thereby 
identify what was thing with what was nonthing. Specifically, what was thing in 
perception time one and what was nonthing in perception time two have been 
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identified, by all distinction and separation between them being removed, in time 
three. Identifying opposites simply consists of "packing together” two previously 
separated perceptions into a single third unseparated perception. And all we have 
done is apply the fourth law of logic, the law of the boundary. Every single per- 
ceived thing has a boundary, where it both begins and ends its exclusive presence in 
perception output. And at that boundary, the fourth law applies. ‘Thus the law is 
universal. The fourth law defines a boundary 

In fact, in any perception, all four laws are applied. They are applied in one of 
‘two fashions: (1) the first three are explicit and the fourth implicit, or (2) the first 
three are implicit and the fourth explicit. 

‘There are more examples that have baffled mathematicians and logicians. All 
of these are simply boundary statements, i.e., statements involving the fourth law 
of logic. For example: "It is true that this statement is false”; "A tine (length) is 
composed of points (nonlengths)"; "In a hologram, each part is the whole. 

ince logicians used only the first three laws, none of these statements was ac- 
ceptable or understandable. By the fourth law, there is no problem with these state- 
ments. The first merely refers to the boundary between the operation used to estab- 
lish “truth” and the operation used to establish "falsity." There is another class of 
‘operation where neither truth nor falsity exclusively applies — i.e, a class of opera- 
tion which cannot distinguish between “true” and "f 

‘The second statement has long been a painful trauma to logicians 
tions mathematicians. Today foundations mathematicians seldom attempt to de- 
fine line or point. Instead, they simply say: "There is a class of entities called ling 
There is a class of entities called points. Lines are made up of an infinite number of 
points.” This way, they avoid trying to explain how “length” (line) can be made up 
of “nonlength" (points). 

However, they could easily have avoided the difficulty, and still retained the 
definition of a line as a length, and a point as a nonlength, in the following manner. 
"There is a class of entities called lines. A line is and has length, There is a class of 
entities called points. A point is and has nonlength. We may have a separate per- 
ception that shows nonlength, and another separate perception that shows length. 
In yet a third perception which infolds both the first two perceptual character- 
istics, we may say that a line is comprised of points so long as we realize that line 
and point do not separately and exclusively exist in the comprised-of state.” 

By the same token, we can say that "the whole is comprised of the sum of the 
parts” only if we realize that "whole" and “part” do not separately and exclu- 
sively exist in the comprised-of state, but instead they inseparably and nonexclu- 
sively exist therein. 


ind founda- 


4. New Defi n of Zero 


To a monocular perception process, multiple presence constitutes absence of 
the exclusive presence of any particular one. Therefore such a multiple presence is 
‘monocularly unperceivable, and hence becomes a zero to a monocular detection 
process. This allows new definitions of zero, and a solution to the problem of 
nothing 
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Consider that a monocular detection process asks the question, “Is there a 
single exclusive thing present in my input?” If the answer is yes, an output is 
generated and perception occurs. If the answer is no, no output is generated and 
perception does not occur. The answer “no” occurs in two fashions: either total 
absence, or presence of two or more simultaneously. For either of these cases, 
monocular perception gives no output, and perception does not occur, i.c., the 
absence of perception occurs 

Now note that the monocular perception cannot tell any difference in the two 
input conditions. To it, there is no distinction between the two conditions. The lack 
of any difference at all constitutes identity. Thus to a monocular perception pro- 
cess, condition one is identical to condition two when they are infolded together in 
condition three. That in fact derives the fourth law of logic. Total absence and 
multiple, unseparated presence are identical insofar as a monocular detection pro- 


cess is concerned. 


5. Einstein's Postulate 


As an example of strange problems we can deal with in a four-law manner, let 
us examine a little more closely one of Einstein's postulates of special relativity 
‘hich states that the speed of light is the same for every observer. Let us restate the 
postulate as "every photon is moving at the same speed relative to every particle. 
We can pick any electron in the laboratory frame. Every photon in the frame is 
‘moving at the speed of light with respect fo the electron, by Einstein's postulate, 
Now let us pick any photon. By Einstein's postulate, every electron is also moving 
at the speed of light with respect (0 this photon 

Now we can look at the situation from the viewpoint of the photon. With 
respect to it, every electron in the laboratory frame is moving at the speed of light 
which violates the common interpretation that ordinary objects cannot move at the 
speed of light. In fact, three-law logic is violated but four-law logic is not violated 
In four-law logic, an object can have infinite mass and zero mass simultaneously. 
‘The electron’s frame and the photon's frame are rotated orthogonal to each other. 
What we were calling a photon in the laboratory frame, is a perfectly ordinary 
ional object in its own frame, which is orthogonal to the laboratory 
frame. The electron (lab-frame) thus appears as a photon in the rotated frame of 
what we previously called a "lab-frame photon.” Either an electron or a photon is 
both three-dimensional and two-dimensional simultaneously — in fact, the con- 
cept of separate, exclusive dimensionality only applies after one or the other dimen- 
sional aspect has been exclusively separated (observed). 

Mass is determined by the resistance an object poses to an accelerating or dis- 
turbing force. Mass is also tied to three-dimensional objects; ie., it is an L’ con- 
cept dimensionally. A photon, moving at the speed of light, can neither be speeded 
up nor slowed down; hence in one sense it exhibits infinite mass. On the other hand, 
the photon (which is a three-dimensional object in its own frame) has lost a dimen- 
sion in its intersection in the laboratory frame, due to orthogonality. Therefore the 
photon appears as a two-dimensional Z? entity in the laboratory three-space. And 
in that sense, the photon must have zero mass since it is only two-dimensional. By 
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the fourth law, the boundary opposites are identified. Thus at the orthogonal 
boundary of three-space, zero mass and infinite mass become identical. And the 
photon exhibits both zero mass and infinite mass simultaneously because it is an 
entity that is on the boundary of the L’ "mass exhibiting” world. The photon has 
always happily behaved in a four-law manner, even though physicists could not 
comprehend its behavior with the three-law logic ingrained in their heads. 


6. Synchronicity of Concepts 


As is so often the case, two persons appear to have derived the new logic simul- 
taneously, myself from perception theory and Hubbard trom manifold theory 

Dr. J. Hubbard was one of the scientists who first developed the atomic bomb. 
His profound work fully substantiates the new logic and the new reality paradigm, 
Dr. Hubbard believes that the system includes language, logic, and the interaction 
of life-bearing systems. In short, he believes it includes psychotronics. The rela- 
tionship between mind and matter is, like Santilli’s electric and gravitational fields, 
not mutually exclusive; they are either partially or totally one and the same thing, 
According to my research, they are both partially and totally the same thing, i.e., 
they are of exactly the same nature totally — a closure of the entire physical uni 
verse — but only partially intersecting, by a fraction of approximately 10°. In the 
same fashion a mind is an entire physical world, but it only minutely intersects this 
physical frame, and then only in a portion of this physical plane. 

Dr. Hubbard has shown that the four laws of logic emerge in the form of set re~ 
lationships, that the single dimension parameter generates the second, third, 
fourth, fifth and up to Nth dimensions of the manifold, by repetitive operations on 
itself. This allows a firm basis for orthogonal intersections of one less than the 
dimensionality of the lowest-dimensioned intersector. It provides a firm basis for 


orthorotation and for my approach to psychotronics, 


PRIMITIVE PERCEPTION 


Let us now discuss how we form our concept of objects and their relationship. 
All our basic perceptual concepts are essentially built on primitive observation of 
the macroscopic universe, which is the primary reason that so many final argu- 
ments of philosophers appeal to the “natural man,” ic., to how a primitive 
observer would react to the argument. The very idea of an object — a perceived ob- 
ject — is conditioned. Everything else we think of is then conceived as some sort of 
object or relation between objects. And that is why sets (of perceptual objects) and 
their relationships form the basis for axiomatic logic, mathematics, and physics. 
theory is simply the synthesized and abstracted game of elementary perception 
of the macroscopic world. Thus even the most abstruse mathematics forms a part 
of the game of perception and can be applied to perceived physical phenomena, 
‘This macroscopic, primitive perception is the basis of our concept of objectivity, 
and of our physical concepts of "observed" and "observable." But if we examine 
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Fig. 6. Primitive perception 


carefully exactly how we perceive an object in the macroscopic world, we realize that it 
is seen by means of photon interaction. We think of light being absorbed onto the sur- 
face of the object, and then emitted or reradiated from the surface, eventually entering 
the eye. There the photons are again absorbed by the material on the retina. The photo- 
electric effect then moves what are called electrons, producing a signal that goes to the 
brain for interpretation 

What we see as an object has twice undergone interaction with photons of light. 
Furthermore, light itself cannot be detected, only its interaction with matter (in this case 
electrons). Thus the primitive perceptual operations of the human brain are correlated 
‘one-to-one with photon emission and absorption interactions, usually paired interac- 
tions at the object reality domain. The concepts of object, mass, three-dimensions, and 
observation are directly correlated to the photon-mass interaction, and ultimately to the 
photon-electron interaction occurring in the human retina. 

‘The ideas of boundary, surface, and change in primitive perception thus involve two 
contradictory and simultaneously mixed interactions, absorption and emission. Because 
they are constantly intermingled, primitive perception cannot separate the two. Thus the 
primitive concept of a boundary consists of a simultaneous duality. Here the object both 
begins and ends. Here opposites are identified. This is the basis for the fourth law of 
logic, the law of the boundary. 

‘The dimensionality and orthogonality (spatially) of the primitive perception process 
are also interesting. Photon absorption constitutes spatial integration for the photon, di- 
mensionally speaking, e.g., one additional dimension is gained by the two-dimensional 
light wave in turning itself into the three-dimensional mass state. The photon also adds 
its piece of time to the absorbing mass, converting the mass particle to mass time or space 
time—adding the fourth dimension. Photon emission constitutes spatial differentiation, 
dimensionally speaking. One spatial dimension is lost by a little hunk of three- 
sional mass turning itself into a two-dimensional wave. Going from outside the object 
toward the inside (to track along with photon absorption), the boundary marks the end of 
the two-dimensional wave region, so the object (or, more precisely, the interaction re~ 
ion) is spatially two-dimensional on the outside, and spatially three-dimensional on the 
inside. It also occupies the time dimension on the inside, but not on the outside. (This 
directly accounts for a difference in the spacetime inside and the spacetime outside, and 
that is why mass may be regarded as a curvature or change in spa 
tivity.) 

Going from inside the object toward the outside, the boundary marks the end of the 
spatially three-dimensional region and the beginning of the spatially two-dimensional 
region. So the object is now spatially three-dimensional on the inside, spatially two-di- 
mensional on the outside. The inside now does not occupy the time dimension, while the 
photon emitted (the outside) does. So on the boundary, one spatial dimension is gained 
going in, and one spatial dimension is lost going out Time is gained going in and lost 
going out, by the mass absorber-emitter. 

Gain orloss of a dimension is accomplished only by orthogonal rotation between or- 
thogonal spatial frames. Photon absorption constitutes orthogonal spatial rotation one 
right angle turn into the laboratory frame, while photon emission constitutes orthogonal 
spatial rotation one right angle tum out of the laboratory three-space frame. 
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This constitutes the observation process (primitively) per se, and this is what is 
hidden in Einstein's postulate that the speed of light is the same to every observer. 
's through this same process. Furthermore, rotations ortho- 
gonal to a three-space frame are orthogonal to all three-dimensional spatial 
physical entities in that three-space. As Einstein himself once pointed out, velocity 
can be regarded as simply the measure of rotation of an entity in a higher dimen- 
sional space; thus an orthogonal turn is a fixed velocity. Since light is orthogonal to 
the entire space, then the speed of light is the same to every observer in that space. 

While Einstein was apparently speaking of regarding the velocity of an object 
as a measure of its amount of rotation toward the time axis in four-space (from the 
direction ofits velocity vector in laboratory thr it can also be regarded as 
rotation toward a fourth spatial axis in a five-space (four length dimensions and 
one time dimension, all orthogonal). If one checks this, one will see that the pro- 
jections in three-space are the same; i.e., to the laboratory frame observer, there is 
no difference observable. Thus the photon interaction may be modeled as ortho- 
rotation of an entity spatially in a five-space. 

To the laboratory observer, this orthorotation constitutes pure dimensional 
integration and dimensional differentiation, and it constitutes or creates an object 
in the first place. The concept of object a priori involves the photon interaction as 
stated; if the photon interaction is not invoked, then the existent entity does not 
exist as a three-dimensional object at all, in the primitive sense. Outside this primi- 
tive process (dimensional integration and differentiation imposed upon the same 
region, which constitutes an object), all exists in the Omega nothingness void, with- 


out frame or form. 

Ultimate reality (specifically, action) is dimensionless in the objective sem 
the objective sense exists only after an operation has been imposed. A quantum 
self is lengthless (and has no exclusive energy, time, or momentum) until dif 
ferentiation is imposed upon it. Only after a quantum of action is fissioned does 
there exist a discrete piece of (change in) length, time, energy, mass, momentum, 
etc. I have already shown that perception itself can be modeled in terms of action 
{quanta fission and fusion, and that most of the basic laws of physics can be derived 
from that model. (See my Quiton/Perception Physics.) Fission and fusion of action 
quanta involve orthogonal rotation between orthogonal three-spaces sharing the 
same fourth dimension (time) in common. The words change, interact, localize 
superpose, operate, move, oscillate, act, cause, and determine are only a few of the 
words used in physics to conceal the basic occurrence of orthogonal rotation in 
higher dimensional space. 


for 


inally, it should be stressed that i, the square root of minus one, itself consti- 
tutes an orthogonal axis, hence an extraspatial dimension. The addition of this 
quantity to electromagnetic theory allowed the resolution of formidable problems, 
and led to the direct formulation of electromagnetic theory. Thus electromagnetic, 
theory already includes higher dimensionality and orthogonal rotation in hype 

space. In that sense, inductance and capacitance are merely vector statements of 
amounts of rotation, one in a positive direction and the other in a negative direc- 
tion, toward an orthogonal axis in higher dimensional space. 


‘The forming (beginning and ending) of a three-dimensional spatial object con- 
stitutes a time differentiation invoked on four-dimensional Minkowskian space, 
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improvements as well as higher throughputs. In the mmWave frequencies, IEEE has 
developed 802.11ad, which operates at 60 GHz, and the standards body is currently 
working on a successor technology, 802.11ay. 


Integration between mobile broadband and Wi-Fi networks can be either loose or tight. 
Loose integration means data traffic routes directly to the internet and minimizes traversal 
of the operator network. This is called “local breakout.” Tight integration means data traffic, 
or select portions thereof, may traverse the operator core network. An example is Wi-Fi 
calling, which uses IP Multimedia Subsystem. 


Although offloading onto Wi-Fi can reduce traffic on the core network, the Wi-Fi network 
does not necessarily always have greater spare capacity than the cellular network. The 
goal of future integrated cellular/Wi-Fi networks is to intelligently load balance between the 
two. Simultaneous cellular/Wi-Fi connections will also become possible. For example, in 
Release 13, 3GPP introduces link aggregation of Wi-Fi and LTE through LWA and LWIP. 


Successfully offloading data and providing users a good experience mandates measures 
such as automatically provisioning subscriber devices with the necessary Wi-Fi 
configuration options and automatically authenticating subscribers on supported public Wi- 
Fi networks. Many stakeholders are working toward tighter integration between Wi-Fi and 
cellular networks. 


Another approach for using unlicensed spectrum employs LTE as the radio technology, 
initially in a version referred to as LTE-Unlicensed, which works with Releases 10-12 of 
LTE, as defined in the LTE-U Forum. In Release 13, 3GPP specified LAA, which implements 
listen-before-talk capability, a requirement for unlicensed operation in Europe and Japan. 
Initially, carrier aggregation combines a licensed carrier with an unlicensed 20 MHz carrier 
in the 5 GHz band as a supplemental channel, with the aggregation of multiple unlicensed 
channels an eventual possibility. Operating LTE in unlicensed bands could decrease the 
need for handoffs to Wi-Fi. Up to 32 unlicensed carriers (of 20 MHz each) can be aggregated 
to theoretically access 640 MHz of unlicensed spectrum. LAA may also be deployed in 3.5 
GHz bands. Enhanced LAA (eLAA), specified in Release 14, adds uplink use of unlicensed 
spectrum. Carriers are now conducting LAA trials. 


A concern with using LTE in unlicensed bands is whether it will be a fair neighbor to Wi-Fi 
users. LTE-U based on Release 10-12 addresses this concern by selecting clear channels 
to use and measuring the channel activity of Wi-Fi users, then using an appropriate duty 
cycle for fair sharing. License-Assisted Access in Release 13 adds listen-before-talk (LBT) 
and implements other regulatory requirements that exist in some countries. 3GPP 
conducted a study and concluded that, "A majority of sources providing evaluation results 
showed at least one LBT scheme for LAA that does not impact Wi-Fi more than another Wi- 
Fi network."5? 


To address co-existence, the cellular industry worked with the Wi-Fi Alliance in 2016 to 
develop a test plan for LTE-U. The testing goal was to verify that, in a laboratory 


= For example, see AT&T, “AT&T Reaches Wireless Speeds of More than 750 Mbps with LTE Licensed 
Assisted Access (LTE-LAA) Field Trials,” available at 
http://about.att.com/story/Ite licensed assisted access field trials.html 


52 3GPP, Technical Specification Group Radio Access Network; Study on Licensed-Assisted Access to 
Unlicensed Spectrum; (Release 13). 36.889. See section 9, “Conclusions.” 
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i.e., the process of observation or detection itself involves 
ATV) =v 

dimensionally speaking. This process is accomplished by orthogonal rotation, and 

the very concept of an object that has been observed, detected, or perceived 

implicitly involves this time differentiation invoked on a four-space. 

Velocity also represents a statement of the switching of time into length, and 
length into time. It is therefore a measure of rotation of the spatial three- 
dimensional frame, as Einstein pointed out. By this switching (orthogonal rotating, 
orthogonal flipping) of the chopping of time or beginning and ending of a small 
piece of time, we create a little delta T, just as we do each delta L for an object. 

But the photon interaction process’ is monocular. Each photon must attack 
matter individually, and live or die in the process. Each photon born from matter is 
0 born independently. Thus the primitive observation process is monocular, 
since it is totally in one-to-one correspondence with photon interaction that is 
monocular. Thus the observed world is monocular, quantized, discretized. Because 
of the particular one-to-one correspondence between our primitive concepts and a 
single interaction, we can conceive the world in no other fashion, unless we change 
the very basic factor of one-to-one correlation. This in fact has already been done 
for physics by Everett, whose theory of the universal wave function incorporates 
multiple simultaneous observation, and hence direct insight beyond the limitations 
of the monocular correspondence to the photon interaction. My theory does the 
same thing in the fields of logic and mind. 


TWO-SLIT EXPERIMENT 


‘This experiment is fundamental to all of modern physics. Feynman, Nobel 
prize winner in physics, has stated that no physicist understands this experiment, 
and that it cannot be explained by any classical means. The reason is that it cannot 
be monocularly comprehended, i.c., the first three laws of logic cannot explain it 
‘The fourth law can and does. 

In the experiment, electrons are emitted from a source and travel past a doubly- 
slit wall region on their way to a screen. The apparatus is shielded against light. If 
fone believes that the emitted electron is a little three-dimensional particle, much 
like a tiny baseball, then it should go through one of the slits and not the other. It 
‘would then hit the screen at one of the two spots indicated as the expected distribu- 
tion, with a little scatter from those that chip the edge of the slit a bit. Electrons 
which do not hit the holes but strike the wall are absorbed. 

We do not get this expected pattern. Instead, the pattern is 
as the one we would get if each electron were a wavefront passing through both slits 
at once. However, each electron still strikes the sereen in only one point; the dis- 
tribution of these points fits the actual distribution pattern shown. 

‘This stunned the physicists. They did not believe it at first, so they set up a pho- 
ton gun and hit every electron with a photon as it left the emitter source and started 
over toward the two-slit region. That is, they determined precisely when a little 
electron was on the way, and the fact that it was like a tiny baseball and in just one 


sssentially the same 
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place. And this time the electron only went through a single slit, and it gave the ex- 
pected pattern after all. And when the experiment was repeated and only a frac 
tion of the electrons were hit with photons, then a mixture of the two patterns 
emerged. 

It is simple to describe the results mathematically, but no one has understood 
why things happen as they do in this experiment. The principle of complementar- 
ity evades the issue. This principle is simply a monocular statement dealing with 
‘one aspect of the problem at a time, with the determined, exclusive, monocular past 
only. It does not apply to the present or to the future. If we think in terms of the 
present, then the third law of logic is violated and the fourth law applies. The two 
states, two-dimensional wave and three-dimensional corpuscular, both exist simul- 
taneously but nonexclusively in the present. Thus in physics terms, the entity 
becomes nonobjective (nonspatial), probabilistic and undetermined, and this is 
automatically a wave concept, i.e., since waves are not confined to one place and 
determined or localized, they may exist in the nonconfined, nonlocalized present. 

Note that photon interaction must be excluded whenever the so-called quantum 
effect is exhibited. If photon interaction is invoked, classical reality emerges. Pho- 
ton interaction creates classical objectivity. Photon interaction is a time-di 
ferentiating operator imposed on L’T four-space. Specifically, since light carries 
time, photon emission from an entity strips away T from the L’T nonobjective 
entity, converting it to an L* or spatial object. 

‘The very concept of an object comes from primitive per 
correspondence with photon interaction. After photon interaction, the first thre 
laws of logic apply to an entity. Before photon interaction occurs, the fourth law 
applies. In the fourth-law state, the time portion of an entity can interact with any 
number of time portions of other fourth-law entities if the time aspects of all of 
them coincide. 

A free electron born and released at the emitter is four-dimensional (L°7) until 
it is struck by a photon, after which it is three-dimensional (L’), When the 
wavelength of electron and slits is specified, we have actually specified the time 
interval stripped out ofa dEdT quantum in each quantum of fundamental change 
occurring. Perfect time synchronization accomplishes or constitutes orthogonal 
rotation. So if the length (width) dimension of each slit is very close to the wave- 
length of the electron, the time aspects of both slits will interact with the time as- 
pect of the fourth-state electron if all three are brought into time phase simultan- 
cously. If the slits are made much larger, this interaction will not occur. 

When the electron interacts with both slits timewise, this will constitute a part 
of the past history of the electron to all future interactions or interaction possibili- 
s. But since the interaction with the two-slits was not in the past (ie., selected or 
determined), then that interaction itself is a part of the present and future prob- 
abilities chain. In physics, probabilities propagate forward in time with absolute 
causality until a monocular selection is made. Thus the fourth-law interaction is 
propagated forward with absolute causality and significantly affects any future 
interactions. And apparently vice-versa. John Wheeler has just shown that, in at 
least one sense, whether or not the emitted particle in the two-slit experiment has 
interacted with one or both slits can be selected after it has occurred, As is well 
known, the pattern of projection forward of this fourth-law interaction may be 
quite simply calculated from ordinary trigonometry. For an excellent discussion of 
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the two-slit experiment, see Richard P. Feynman, Robert B. Leighton, and 
Matthew Sands, The Feynman Lectures on Physics, Vol. 1 (Addison-Wesley, 
Menlo Park, Calif, 1963), pp. 37-1 and 37-12 

When the electron hits the screen, it encounters a region of varying time oscil- 
lations of the orbital electrons around the individual atoms comprising the screen. 
Thus the exact location of the orbital electron in the screen which will first pre- 
cisely time-synchronize with the electron wavelength approaching the sereen in 
four-law form will vary. Thus the place where the electron hits the screen is vari- 
ably selected along the screen. The time distribution pattern of the approaching 
electron is recovered when the time distribution of the number of electron hits per 


sereen length is plotted. 

So one can build gadgets to cause four-law entities to multiply and interact 
simultaneously in time, even though the entities are normally thought of as being in 
different spatial locations when in the three-law state. And one can deliberately 
select the type of interaction to occur, four-aw or three-aw, simply by controling 
photon interaction. The two-slit apparatus ise isa paranormal, psychotronie 

This is the explanation of the two-slit experiment, which, according to Nobel 
prizewinner Richard Feynman, no one understands and which, according. also to 
Dr. Feynman, contains the total mystery of quantum mechanics and the only 
mystery of quantum mechanics. The reason the two-slit experiment has not been 
understood is that the answer to the paradox was not present in the first three laws 
of logic. It requires the addition of the fourth law to explain the experiment 

And all fundamental particles — photons, neutrons, protons, electrons, ete. — 
exhibit the same behavior. So things, nothings if you will, can be processed in the 
‘multiplistic two-states-identified-as-one-so-no-single-exclusive state, as virtual and 
unobserved entities. In the multiplistic state they can be amplified, recorded, put 
onto tape, modulated onto RF signal And by our ordinary, objective, thr 
law science nothing is processed. And nothing indeed is what is there — a very 
special, structured, detailed, virtual set of nonexclusive, hidden-variable nonthings 
that is part of the new reality existing in the framework of the new four-law logic 
In fact, this processable, structurable, nonobjective reality exists outside objective, 
three-law spacetime and is the basis for all psychotronic phenomena. 

To our present monocular detection devices and monocular theory, such 
multiple-state entities are unobserved and hence are zeroes. They are pure vacuum, 
pure space, pure nothing, pure emptiness. But they are very real indeed, and they 
do physically exist, but multiocularly rather than monocularly 

‘The importance of the time interaction in explaining the two-slit experiment 
was noted as early as 1957 by Charles Muses in his introduction to Jerome Roth- 
stein's Communication, Organization, and Science (Falcon's Wing Press, Indian 
Colorado, 1958). Muses pointed out that the celebrated wave-particle para- 
dox remains a paradox only so long as the chronotopological phases of the 
phenomena are left unrealized in the analysis. The entire foreword by Muses is a 
remarkable document that analyzes the structure of time itself. 
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‘The photon interaction constitutes a time-differentiating operator imposed 
upon L°T dimensionally (Minkowskian reality), which results in the creation of L? 
dimensionality (objective, spatial reality). Aristotle's three laws of logical thought 
are based on primitive observation, which in turn is in one-to-one correspondence 
to the situation where the photon interaction has been imposed and the time dimen- 
sion destroyed, resulting in a classical or objective or spatial reality. Hence all our 
present logic, science, and mathematics are based upon this particular arrange- 
ment. As shown by the two-slit experiment, ifthe photon interaction is not allowed 
to occur, a fundamental particle refuses to behave in a classical, objective, spatial 
object manner; instead, it behaves in a nonclassical, nonobjective, wave manner if 
the time element interacts with it 

Mental phenomena occupy the same time dimension as do physical phenom- 
cena; however, the spatial dimensions of mental objects do not ordinarily occupy or 
intersect the spatial dimensions of physical objects. However, the time dimension is 
recognized by physics as objective: therefore, since the mind occupies at least one 
real objective dimension, it is objective rather than subjective. This suggests a 
model whereby mind is a real L'T Minkowskian four-space world, but one whos 
three spatial dimensions lie orthogonal to and outside the ordinary world’s three 
spatial dimensions. The mindworld and the physical world then have in common 
the same time dimension. Dynamic movements in each world (mind and matter) 
result in an exceedingly small crosstalk being projected into the other world, 
crosstalk so small as to be virtual and normally unmeasurable. Establishing one-to- 
fone coherence between crosstalk from a mindworld constitutes the creation of a 
biological organism. The crosstalk from the mindworld and a physical structure in 
the ordinary world to the physical world has previously been labeled inception by 
‘me, and a mechanism whereby such a minute psychokinetic effect on matter can be 
amplified to a macroscopically observable level, or even beyond, has been derived 
‘Thus a fundamental mechanism whereby tulpoid activity (projections from the col- 
lective unconscious materializing into the ordinary physical world, in a format de- 
termined by the collectively higher levels of unconsciousness in the race, national 
group, culture, subculture, and personal unconsciousnesses) is developed and ex- 


plained, 

Before the intervention of the photon interaction, four-dimensional reality thus 
has a great deal of tulpoid dither riding upon its time dimension as a minute 
modulation. The photon interaction invokes a time-differentiating operation, 
stripping away or suppressing the time dimension, resulting in a spatial reality or 
objective reality being perceived or observed, and in the process separating mind, 
and body by destroying the only common connection or channel. Because of the 
time-squelching action of the photon interaction, we do not see time or the mind in 
our ordinary physical observation. Also, we do not see the incessant stream of tul- 
poid activity that bathes the time channel, 

The time channel is thus the mental channel and the paranormal channel. The 
photon interaction is the destroyer or squelcher of the paranormal channel. Ap- 
parently the squelch effect of light is not linear or constant, but is a variable and a 
function of the frequency of the light being utilized. From a synthesis of a variety of 
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data in diverse fields, the following hypothesis has been arrived at to fit the experi- 
mental evidence: The quenching of the hyperchannel (the paranormal channel or 
the time channel) by photon interaction is proportional to the spectral luminous 
efficiency ofthe eye ofthe average human observer in the interval from the infra: 
red to the ultraviolet. Thus the form of the paranormal squelching effect of the pho- 
ton interaction is given by the operator € where 
€=mET 

and where m is a parameter which varies as some function of frequency. This hypo- 
thesis specifies m over the region from the ultraviolet to the infrared. In other re- 
gions of the frequency spectrum, the form of m must be determined by experi- 
ment 

There are several experiments which fit the hypothesis: 

1. The induction of death and disease patterns from test cells to environment- 
ally shielded healthy cells by Soviet scientists.” 

2. The invoking of specific tulpa living forms and photographing them in the in- 
visible state with infrared film by Trevor James Constable.” 

3. The visible light revival of appreciable fractions of cells killed with ultra- 
violet light and kept in the dark — dormant, unreproducing, for up to twenty-four 
hours. 

4, Ingo Swann’s precise differentiation of the visible light spectrum (frequency 
region) where psychic seeing (similar to remote viewing) is blacked out 

5. The Fox and Miller experiments, in which cell-like protein forms that repro- 
duce (ie. are “living”) are generated when a primeval soup in the laboratory is 
bathed in ultraviolet light and exposed to strong electrical spark discharge (strong 
bioenergy collections) 

A corollary to this hypothesis is that, under certain conditions, reflected light 
may reverse the effect. Thus the effect of the full moon, which reflects a great deal 
of sunlight, can immediately be appreciated. The effect is to the time channel, 
hence stimulation of this channel stimulates the mental effects. The effects of the 
full moon on romantics, lunacy, and deeper life functions controlled by the uncon- 
scious is grounded in a factual ba 

‘Thus there is a very good reason why animal eyes tend to operate very closely to 
the infrared, visible light, ultraviolet region, with the eye usually adapted for the 
visible light region. In the infrared and ultraviolet regions, tulpoid phenomena 
would be readily visible or detectable, and an animal whose eye operated exclu- 
sively in one or the other of those areas would so often be distracted by the mental 
tulpoidal activity that it would prove disadvantageous to his survival against 
animal predators operating in the strongly squelched, visible light region. By the 
same token, animals whose eye operates further into the infrared or the ultraviolet 
than does the human eye are notoriously sensitive to paranormal phenomena 
before their manifestation to human observers. 

‘The stimulating effect of reflected light, and particularly of light refl 
the surface of a planet or of the moon, also concerns several of the common 
practices of UFO investigators. It is common practice to dispose of a sighting once 
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it becomes apparent that a planet lay in the direction of the sighting and was 
particularly bright at the time. However, such an optical condition can in fact serve 
as an initiation point for tulpoid activity to enter the ordinary reality frame. And in 
ct such conditions — and conditions when stars are very bright and twinkly in 
their reflections from the particles of the atmosphere — are conducive to UFO ap- 
pearances, and this should be realized and taken into account. UFO's in a great 
many cases will be observed to start or come into being from such appearances, 

If we realize that the paranormal channel is the time channel, then the funda 
mental two-slit experiment of physics is itself a paranormal manifestation experi- 
ment. Thus when the photon interaction is invoked, a classical object and classical 
behavior result. When the photon interaction is not invoked, a nonclassical entity 
and nonclassical behavior result. The more interest is taken in a particular 
tulpoidal manifestation, the more the format is impressed in multiple minds and 
multiple unconsciousness layers and the more frequently the format is tuned in 
Eventually a repeatedly tuned tulpa can become stable and permanent. Candidates 
for such tulpoids presently on their way to being stabilized are the Loch Ness 
monster and the sasquatch. Particle physicists may in fact be creating their own 
reality by the same process, as suggested by Josephson. 

‘The process whereby visible light revives cells killed by ultraviolet light is 
presently considered under the term "photoreversal.” It is a moot point whether 
cells are living if they have laid dormant for several hours or even twenty-four 
hours without any cell divisions having occurred. The effect of a given dosage of 
ultraviolet radiation on cells is known to be greater when the radiation is flashed 
than when the radiation is continuous. This has been interpreted as due to a 
thermal reaction following a primary photochemical reaction, since increasing the 
temperature accentuates the effect of flashing. However, I suggest that flashing is 
directly related to the effect known as kindling, where, when the limbic structures 
of the brain are repetitively stimulated, the entire nervous system of the organism 
responds and goes into resonance (seizure). Soviet experiments have shown that 
such flashing of a telepathic sender enhances the reception of telepathic informa- 
tion, In the 1920's and 1930's A.G. Gurvich and his students found that a yeast de- 
tector's threshold of sensitivity to mercury lamp radiation was about three orders 
of magnitude higher than the detector’s threshold of sensitivity to radiation of the 
same spectrum from biological material. (For a description of more modern work 
which may show a violation of the conservation of energy law, see L.L. Regelson, 
“A Paradox of Mitogenetic Radiation,” edited by H.S. Dakin, translation avail- 
able from H.S. Dakin, 3101 Washington Street, San Francisco, CA 94115.) Regel- 
son's experimental results point to the conclusion that the paradox observed with 
the mitogenetic radiation experiments is a universal physical phenomenon. In view 
of this and Kaznacheyev's results, the entire area strongly warrants intensive in- 
vestigation, Regelson’s group was actually attempting to find a new solution to the 
problem of wave-particle duality, strikingly parallel to my interest in the area, 

Those frequency points where the quenching e., where € 
goes through a minimum value) are referred to as “ma 
windows between worlds.” Acker and Tiller have called them "interdimensional 
nodal points." In the magic windows, energy from one frame or biofield can be 
more easily collected to orthorotate into another frame or biofield, since the rota- 
tional threshold is much lower. There is a window, e.g., between 38,000-40,000 
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PHOTON INTERACTION CREATES OBJECTIVE AND NONOBJECTIVE 
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Fig. 9. Raindrop model of quantized change 


Hertz, which can be stimulated with ultrasonics or electromagnetic radiation. The 
ultraviolet region contains a window, as does the infrared region. Many other 
windows apparently exist 

Trevor James Constable photographs paranormal phenomena through a filter 
that is open in the IR and UV regions, but opaque to visible light. Thus the filter 
blocks out the strong quenching effect of visible light and looks in two magic 
windows, IR and UV. Constable is thus able to photograph phenomena that are 
not normally detectable. 


RAINDROP MODEL OF QUANTIZED CHANGE 


What does not appear to have been realized to date in physics is that the pho- 
ton interaction is the agent that creates objectivity itself, as is clearly established by 
the two-slit experiment. The photon interaction separates spacetime into space and 
time exclusively. An object, being something which occupies space (L"), is thus 
timeless. Objects do not exist in time, because the union of an object with time 
constitutes spacetime, which cannot be perceived, detected, or observed 

Only changes in (derivatives of) spacetime can be perceived, detected, or ob- 
served, but not spacetime itself. That with which light has not interacted is not 
objective. This is proven conclusively by the two-slit experiment, upon which all of 
quantum mechanics rests. In that experiment, if an electron emitted from the 
cathode and on its way to the two-slit region does not interact with light, the el 
tron behaves in a totally nonobjective manner, appearing to pass through both slits 
at the same time, (Actually it goes around both spatial slits in time, and since both, 
of the slits occupy the same piece of time, the electron can interact timewise with 
both of them.) 

On the other hand, if the electron is struck by a photon before it reaches the 
two-slit region, it becomes a “hard, solid little baseball” and quite objective. In that 
case it can interact with (go through) only one spatial hole because it cannot inter- 
act in time. According to Feynman, this simple experiment contains the total and, 
only mystery of quantum mechanics. Furthermore, it cannot be explained in any 
classical manner. No physicist in the world understands it, although the pattern of 
repeated electron strikes on a collecting screen is quite easy to compute by simple 
trigonometry 

Let me now explain what happens to a mass when it is struck by a pho- 
ton, absorbs the photon, and re-emits the photon. First, a mass is an L* object; the 
concept of mass is not a function of time, but only a function of space. It is thus, 
three-dimensional. The photon is also three-dimensional, but one of its dimensions 
is the time dimension. The photon, being built of action, is constituted of (dEd7) 
or (L’dT) dimensionally. 

When the photon strikes the mass and is absorbed, the (AE) portion is turned 
into mass by orthorotating one turn and becoming L* dimensionally. The (dT) 
portion is thus united with the spatial mass to give a compound nucleus of space- 
time comprised of MdT; This compound nucleus of spacetime is not perceivable. 
When a photon is re-emitted, it may or may not be of the same frequency and 
energy as the previously absorbed photon, depending on the absence or presence of 
any other perturbations. At any rate, a small bit of L? spatial mass is orthorotated, 
to give an L? intersection with the laboratory frame, which turns the bit of mass 
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environment, an LTE-U base station does not impact a Wi-Fi network any more than 
another Wi-Fi access point. 5? 


MulteFire, specified by the MulteFire Alliance, is an application of LTE in unlicensed bands 
that does not require an anchor in licensed spectrum, opening up the possibility of 
deployments by non-operator entities, including internet service providers, venue 
operators, and enterprises. Under a roaming arrangement with cellular operators, LTE 
customers could roam into MulteFire networks. Figure 24 shows the evolution of the 
different versions of LTE for unlicensed bands. 


Figure 24: Timeline Relationship of LTE-U, LAA, eLAA, and MulteFire 
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An alternative approach for integrating Wi-Fi is LWA. LTE handles the control plane, but 
connections occur over separate LTE base stations and Wi-Fi access points. LWA benefits 
operators that wish to emphasize Wi-Fi technology for harnessing capacity in unlicensed 
spectrum. LWIP is a variation of LWA that also integrates LTE and Wi-Fi, but by integrating 
at a higher level of the protocol stack (IP instead of PDCP), it facilitates use of existing Wi- 
Fi equipment and devices, with integration typically occurring at the eNodeB. 
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Figure 25 shows how the different technologies exploit licensed and unlicensed spectrum, 


53 See Wi-Fi Alliance, “Unlicensed Spectrum,” http: // www. wi-fi.org/ discover-wi-fi/unlicensed-spectrum. 
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into a small piece of energy, dé. In the orthorotation, a small piece of time is 
bitten offand joined to the dé to give a dEdT = h quantum of action, which now 
constitutes a photon. Photon emission thus strips away the time dimension, leaving 
spatial object. 

Einstein pointed out that the velocity of an object may be visualized as rotation 
ofthe object in higher dimensional space. Visualized as spatial rotation rather than 
rotation toward the time axis, the velocity of light in vacuum c merely constitutes 
the rotation of a piece of mass by an angle of 90° to the line of motion, in the 
laboratory space in which we visualize the photon (the rotated piece of mass) as 
moving. Thus the photon emitted from the mass is moving at c, the velocity of 
light, because of its orthogonal rotation to the laboratory. frame. 

Note that the spacetime compound nucleus has now once again been separated 
into spatial and time components. Time is moving with the photon. And that is why 
time moves or flows at c, the speed of light in a vacuum. Time is carried only by the 
photon, and photon interaction with an object produces that object's. march 
through time. If the emitted photon and the previously absorbed photons do not 
have identical dé and dT components, then M; will be different from M;, and the 
mass will have increased or decreased. Considering the photon to consist of 
momentum and length components, i.e., (dpdL), a similar diagram can be con- 
structed. In that case, ifthe momentum and length components of the emitted and 
absorbed photons are identical, then M, and Mz occupy the same position (My has 
not moved). If these components are different, then the mass Mz will occupy a 
slightly different position than mass M,, and the mass will have moved. 

This, by the way, is the simple solution to the age-old philosophical problem of 
change. We simply identify M and Mz, calling them the same object. We cannot 
detect, perceive, or observe the compound nucleus of spacetime in the middle. Thus 
wwe experience change as a thing becoming something else, but still being the same 
thing. This totally defeats the first three laws of logic. However, fortunately we can 
easily comprehend it since we have developed the fourth law of logic. 

‘The raindrop model of quantized change is taken exactly analogous to the 
drop model of nuclear fission, as shown in Figure 9. 


KINDLING EFFECT 


ociates in 1969 reported a peculiar kindling effect 
generated by repeated, periodic, low-intensity stimulation of the limbic region of 
mammaliam brains. A sustained periodic signal input to the brain and central nerv- 
ous system eventually sets up a cumulative resonance which increases in magni 
tude until the entire organism is in sympathetic resonance. 

‘A laboratory rat at first continues to explore its environment in a normal 
subjected to kindling. But after repeated stimulation at the same 
intensity, the rat will begin to rear up and its forelimbs will convulse. Eventually 
these bursts of electrical activity induce similar patterns in nearby brain regions, 
and the threshold becomes progressively lowered. Stimulation progresses to the 
amygdala, to the amygdala on the other side of the brain, to the hippocampus, to 
the occipital cortex, and finally to the frontal cortex. Kindling can start only in the 
limbic structures, 


G.V. Goddard and his as 
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While kindling was originally thought to be a model of epilepsy, John Gaito of 
York University has reported that a different mechanism is apparently involved 
since the amino acid, taurine, which suppre pic seizures in laboratory 
animals, does not prevent phenomena caused by kindling. Also, kindling apparent- 
ly causes permanent changes in the neural circuitry. Pulsed repetitions of tel 
pathic senders have also been shown to increase the reception of telepathic me: 
sages. Thus the kindling effect apparently applies to the paranormal channel as 
well as to more orthodox transmission channels. (For further details,  s 
“Kindling, once epilepsy model, may relate to kundalini,” Brain/Mind Bulletin, 
Vol. 2, No. 7, February 21, 1977; pp. 1-2.) 

The kindling mechanism is a far more general mechanism than epilepsy re- 
searchers have realized. Coherent time collection of bioenergy in one bioframe 
“kindles" toward the threshold of the next biolrame, which has a fixed threshold. 
When sufficient kindling occurs to reach the threshold, automatic orthogonal rota- 
tion of the kindled bioenergy occurs into the next frame. There it simply consti- 
tutes the kindling or superposition of the imperceivable subquantum state into the 
perceivable quantum state. This is the mechanism whereby one kind of field can be 
turned into another. E.g., thought energy (third biofield) can be kindled into second 
biofield (flux), which can be kindled into first biofield (electromagnetic energy) 
which can be kindled into zeroth biofield (matter), 


BIOENERGY COLLECTORS 


Good collector mechanisms exist in great variety, in both living and inert sys- 
tems. Many good collector mechanisms exist in the human body. One mechanism 
that collects bioenergy and orthorotates it into ordinary electrical field with 
appropriate induced currents is simply the electrical current in the human nervous 
system. This is particularly true of the current discharges from and between the 
nerve endings. 

Another collector for bioenergy in a living system is the mitogenic radiation 
between the cells in tissue. Taken as a flux, this mitogenic radiation would seem to 
have both a photon nature and a nonphoton nature. The cells, in their membranes 
and fibrous internal structures, are continually collecting and kindling bioenergy 
into electron currents and photons. The electron currents represent collections 
from the virtual state into observable state, and may in one sense be regarded as the 
lifting of electrons out ofthe Dirac sea by direct kindling (coherent superposition of 
virtual state energy into observable state energy). These kindled currents are thus 
superpositions or modulations on the ordinary electrical activity of the cells, fibers 
and membranes. The mitogenic photons are also produced by direct kindling of the 
virtual state into observable state, in this case, by kindling virtual state photons 
into observable state photons. 

Spark discharges, such as are used in Kirlian photography, are extremely good 
collectors of bioenergy. In Kirlian photography the film records ordinary photon 
interactions; however, the spark discharge from the finger is collecting and kindling 
bioenergy into ordinary electrical energy (specifically, into electromagnetic field, 
which then affects the electrical flux pattern). Also, bioenergy is being collected 
and kindled into ordinary photons, thus changing the photon pattern being emitted. 
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Furthermore, those photons being emitted are internally affected by the bioenergy 
that has not yet kindled to observable state electromagnetic energy, but is still 
virtual. Each photon carries the virtual state along in the little piece of time con- 
tained in the photon, and partially collected bioenergy which has not yet breached 
the threshold of observable photons is being carried in each emitted photon. These 
patterns are transferred to the grain atoms by photon absorption when the piece of 
time of the photon is momentarily added to the mass of the absorbing atom, and in 

fal atoms by the virtual 


turn are continually spread through the emulsion ma 
photon fluxes of the charges, in both the nucleus and the orbital electrons of the 
atoms. 

So the life pattern of a photographed object is captured on ordinary film — and 
indeed that pattern can be resonated through hyperspace with the object that was 
photographed, regardless of where the object is in the univers 

Note that there are many mechanisms inside stars and planets for the collec- 
tion of bioenergy. We live in a vital, pulsing, living, breathing, bioenergetic cosmos, 
and life is everywhere. Patterns of life are riding in the light from the distant stars, 
from our sun, in the neutrino flux from the cosmos, in the graviton flux from the 
cosmos, in cosmic rays, etc. And so itis small wonder that living cells that form, re- 
produce themselves, and die can be induced in the proper primordial soup of 
nutrients when that soup of matrix forms and chemicals is bathed in ultraviolet 
light (one of the magic windows which contains a greatly enhanced transmission 
factor for bioenergy, hyperspatial energy, life energy), and stimulated by electrical 
spark discharges. 

It would be interesting to perform the same type of experiments with concen- 
trated light from distant stars, or with the mitogenic radiation from cell cultures, 
using environmentally shielded setups similar to those used by the Soviets in ex- 
periments with the transmission of death patterns. 

Even stranger, bioenergy propagates along deBroglie waves, and so all pos- 
fies are modulated by bioenergetic kindling and collection. Viewed in this 
ht, Puthoff and Targ’s remote viewing experiments actually provided a multi- 
tude of probability paths to the viewer, and these probability paths were indeed 
kindling bioenergy of the distant, as yet unhappened event. The actual event in the 
future contains a great many additional collection kindlings due to the additional 
factors involved in determination (such as collapse of the wave function). A 
peaking of signal exists on the more probable happenings, and this extra signal 
along certain paths constitutes an increased signal-to-noise ratio in that particular 
channel. Thus an actual mechanism exists for seeing at a distance and for seeing 
ahead in time. 

Particular note should be made of the pi meson collection mechanism in the 
nucleus of an atom, Each neutron and each proton in the nucleus of an atom is con- 
tinually emitting and absorbing pi mesons, and thereby the protons and neutrons 
are continually interchanging from one to the other by passing along the positive 
charge. This activity produces the strong force which binds the nucleus together 
against the electrical repulsion of the electric forces due to the positive charges of 
the protons. The fantastic structurings and currents that result provide an elec 
trical current which can and does collect bioenergy. A skilled psychic with good 
psychokinetic ability can thus focus on the kindling mechanism inside the nu 
and get a signal-to-noise increase of the kindling of his bioenergy in nuclei as op- 
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posed to elsewhere in the material in other collection mechanisms. Several types of 
reactions can then occur. The protons may have their electric charges extinguished 
due to the extinguishing of the virtual photons producing the electric field on their 
pions. In such case, the atom simply loses its integrity, and some neutrons and pho- 
tons are emitted from the atomic site into the surrounding material. This type of 
interaction thus locally softens a metal and produces severe heating in localized 
areas, changes in fundamental grain structure, and changes in fundamental charac~ 
teristics of the metal 

Itis by this mechanism and similar related reactions that metal bending can be 
and is accomplished by persons such as Uri Geller. The collection of bioenergy by 
graviton emission, absorption, and flux leads to antigravity and other psycho- 
Kinetic effects. These are exhibited in rare levitation phenomena and more fre- 
quent poltergeist phenomena. 

‘The list of collectors could be materially increased, but these should suffice to 
show the importance of the effect of coherent time collection, kindling, and ortho- 
rotation of one type of field into another. The collection of deBroglie waves is 
moving much faster than light, and for very slowmoving objects the collected and 
projected bioenergy on their deBroglie waves is moving at essentially infinite 
velocity. This accounts for the fact that Hieronymus observed an instantaneous 
cutoff of his monitoring signals from the Apollo astronauts when their space 
vehicle went behind the edge of the moon. 

Looking over the list of collectors and carriers, it is obvious why even the best 
Faraday shields cannot shield out bioenergy communication. The deBroglie wave 
carrier alone will simply take the bioenergy right through any known substance — 
or more precisely, it will take the bioenergy around the three-space in which the 
barrier substance exists, since deBroglie waves are actually superluminal particles 
in a three-space more than one orthogonal turn away from the observer's thr 
space. The implications for psychic healing and psychic surgery are obvious. 


PSYCHOMETRIC EFFECT 


Every mass communicates with every other mass in the total universe, with 
hyperspatial/virtual crosstalk between all parts and all masses. This yields a 
anism for psychometry. 

Inside the mass, we have a large number of collector mechanisms, of the types 
previously listed and explained. All objects in the universe are in communication 
with this object, particularly large or close objects. Those objects that come very 
near or touch the chosen object for a period of time are most influential 

Briefly, the internal dynamic collector mechanisms of the chosen object perform col- 
lection and kindling of the virtual state; thus each mechanism is slowly changed by the 
influence of other objects in the universe. This is very like the diffusion of heat. ‘The 
chosen object also communicates part of the influx away, normally reaching an equi- 
librium with its surroundings when these surroundings are stable. As the surroundings 
change, appropriate changes are communicated into the internal collector mechanisms 
of the chosen object, and appropriately diffused away to other parts of the universe, until 
equilibrium is again reached. 


159 


Note that the influence of nearby or touching objects is greater than the influ- 
ence of distant objects under normal spatial considerations. In hyperspatial con- 
siderations, however, this is not necessarily true at all, since this chosen object 
pattern may be tuned in through hyperspace without any loss of energy due t0 
ordinary three-space separation distance. In the absence of such hyperspatial 
tuning, distance is a factor, and close objects have a greater signal-to-noise ratio in 
the collection and kindling than do more distant objects. 

‘Thus an individual or group of individuals in the vicinity exert mental, emo- 
tional, and bioenergetic influence on the kindling being accomplished in the chosen 
object. The stabilized dynamic patterns of the localized chosen object thus are 
conditioned and kindled to contain patterns of the actions, feelings, and thoughts of 
the individuals around it, as well as the natural events that occur. It is thus a very 
exact record of its surrounding events. 

A psychically sensitive person who touches the chosen object, or in some cases 
merely comes near it, enters into a communications exchange with it. His body- 
records diffuse into the local object, and those of the local object diffuse into his 
body. If the psychic is sensitive enough, he can gain impressions from the recorded 
events of the object. This is the scientific basis of psychometry 

‘A wide variety of data support this. mechanism. Psychometry has been 
practiced since earliest times, and is still practiced today. A photograph is particu- 
larly indicative of the person photographed, since his entire record is imprinted 
psychometrically on the photograph. 

Moreover, the entire record of the Earth is still in the earth, in all its detail. As 
indeed is the record of each star and its planets, riding on the light that reaches us 
from that star, and on the deBroglie waves from it. With operational biodetectors 
we could easily read the records of the universe. NASA would do well to pursue 
this alternative in its attempt to contact extraterrestrial life, rather than point huge 
radiotelescopes toward the heavens and listen to the kindled static from the stars. 
‘The static indeed contains the message, but not in a format in which they are pre- 
pared to look! It is in the virtual state, riding in each photon. 

To a psychic who can see the human aura easily, the condition and much of the 
record of the person is in that aura, because the auric pattern is changed by all ex- 
perience of the body, mind, and personality. Thus a good healer can see the aura of 
the patient, tell if another healer has been in contact with the patient (including 
often recognizing which other healer it was), and can recognize his own previous 
contact with the patient many years earlier. (See, for example, the story of Agpaoa 
as recorded by Sigrun Seutemann in Healers and the Healing Process, ed. George 
W. Meek, Theosophical Publishing House, 1977, p. 93.) 


ALL MASS IS CHARGED: 
EVERYTHING IS ELECTRICAL 


It is well known that all mass is charged: thus everything in one sense is 
electricity. To examine this concept, let us look again at the electron with its virtual 
photons being emitted and absorbed, which virtual activity creates the electric field 
of the electron. In classical theory the electron is visualized as ifit were a little hard 
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Fig. 10. All mass is charged: everything is electrical 


electric field then generates a magnetic com- 
even though the electron is no longer re- 


spinning sphere; the spinning of 
ponent. This concept of spin is retained, 
garded simply as a little baseball 

From our viewpoint, the electric field constitutes a steady activity of the emis- 
sion and absorption of virtual photons, and the electron spin is more of an implo- 
sion or explosion in higher dimensional space. That is, we visualize a fundamental 
stable particle as a precise closure of the entire physical universe, like the Einstein 
spherical model of the cosmos. Furthermore, we visualize multiple closure; first, a 
very gradual macroscopic closure gives the so-called gravitational closure of the 
Einstein spherical model, and a closure — in the case of an electron — of about 
10* times as quick and small gives the charge closure. This second closure is con- 
sidered to be at right angles to the first. In one direction the second closure gives a 
negative charge, and in the opposite direction the second closure gives a positive 
charge. 

So in this view, spin is occurring in at least four spatial dimensions, not just 
It is more of an implosion or explosion into and out of this three-space uni- 
verse frame. From such a model, we could expect that some startling physical phe- 
nomena might be possible. For example, we might visualize the implo 
plosive spin as similar to a vector flux. If these vectors are not precisely antiparal- 
lel when two like charged particles meet, then a resultant flux vector exists. Since 
spin is actually the quantity action (energy x time, or momentum x length, or mass 
. then the existence of a vector resultant means that enough action can exist 
to provide a quantum to be fissioned, which yields (creates) physical change. ‘Thus 
such a resultant allows a collision or interaction to occur. On the other hand, if wo 
like charged particles meet and their spins are precisely antiparallel, then no vector 
resultant flux exists. Hence no effective action exists to be fissioned and create 
physical change (collision or interaction). Thus two like charged particles with pre- 
cisely antiparallel spin ought to run right through each other when they meet, with 
no interaction at all, electrical or otherwise, in complete contradiction to conver 
tional collision theory and conventional electrical theory which states that like 
charges repel one another. 

Such an experiment has been done, at Argonne National Laboratory, with col- 
liding protons. When the colliding protons have antiparallel spins, they do indeed 
pass right through one another. And there dies forever the old idea of concrete, 
solid, material reality. The experiment is not predictable or permitted by present 
electromagnetic theory or conceptual models of the proton and proton interaction. 
‘The experiment is consistent with our dual closure holographic model of the uni- 
verse, however, and is in fact predicted by it 

In a nucleus, we find both protons and neutrons (except for a single isotope of 
hydrogen, which contains only a single proton in its nucleus). However, thes 
nucleons do not exactly maintain their exclusivity. Instead, a proton is continually 
changing into a neutron and vice versa; this metamorphosis is accomplished (in 
theory) by the continual exchange of a small particle of mass containing the posi- 
tive charge. Thus a highly dynamic type of electrical current activity is going on in 
the nucleus. And in fact, this is the only way a neutron can be stabilized in ordin- 
ary matter; when freed from the nucleus, the neutron is unstable and decays in 
about eleven seconds or so. So even a neutron is continually changing into a pos 
tive particle, i.e., into electricity, when it is in the nucleus ofan atom. And around 
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the electrons are in dynamic orbit, so highly dynamic electrical activity 
is going on in the outer part of an atom and also in the inner part. Thus indeed all 
mass is charged and everything macroscopic is electrical. And every physical 
change of a charged particle constitutes a modulation imposed upon its virtual 
photonic activity creating its electromagnetic field. These modulations are simply 
coherently collected to breach the threshold of the virtual (third) orthoframe, 
passing into the second orthoframe, then breaching the threshold of that frame, 
and passing into the first orthoframe, which is the frame of the electromagnetic 
eld. The electric field is coupled by the dual closure mechanism to the gravita- 
tional field, and also to the mass. The entire mechanism constitutes the coupling of 
the virtual state reality to observable state reality, and the electromagnetic field 
plays a prominent part in this coupling. Psychotronics is nothing but the extra 

polation of this mechanism and the formulation of a theory to allow the construc. 
tion of practical devices based upon it. Put simply, psychotronics is virtual state 
engineering. 


A FUNNY THING ABOUT ELECTROMAGNETIC FIELD 


According to the present theory of physics, the electric field is due to the 
continual emission and reabsorption of virtual photons. Let us examine that con- 
cept just a little further, because there are some interesting conclusions we can 
make if we are not afraid to take the final conceptual step to the bottom line 
implications. 

First, each ordinary (observable) photon in the universe consists of alittle piece 
(quantum) of nonobservable action. The units of action are energy times time, or 
ML'/T {mass x length x length/time). The quantum of action in the photon is not 
separated into a separate piece of time and a separate piece of energy. And also, the 
quantum of action is a fixed, constant size or magnitude, given by Planck's con- 


stant has 
h = 6,626 x 10° Joule-second 

All this says is that an ordinary photon has a certain size that is quite fixed, and 
it is made of the substance “action” which is totally nonperceivable and non- 
observable. Only changes in action are perceivable, observable, or detectable, never 
fundamental action itself. So physics already prescribes a universe made out of 
action, and that universe has no length, no time, no energy, no space, no concrete 
existence. Yet from it can be taken — by differentiation (which is simply separa- 
tion) — any length, any time, any energy. 

However, only a single quantum at a time changes or is separated. Quanta do 
not superpose. A single quantum can be split or pic 
energy and a piece of time. We can get as large or as small a piece of energy (i. 
change in energy) as we wish simply by adjusting the piece of time accordingly. The 
same type of separation is possible for momentum and length. 

‘The fragments of the action quantum (say, a piece of energy and a piece of 
time) must then be stuck back together again (ie., fused back into an action 
quantum) to get rid of them, and this particular part of the process has essentially 
been ignored by physicists. Anyhow, getting rid of the fragments (which gave us a 
piece of comparative physical change — energy versus time or momentum versus 
length) causes the just-completed physical change to vanish. 
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So at its most fundamental level, the entire universe is continually being created 
and then destroyed in sequence. The continual creation of a tiny piece of time and 
then the destruction of the piece of time makes us experience reality or change as if 
we were a pointer moving along a time line. We cannot see time because it is 
continually being destroyed by the change process, the very process of physical de- 
tection or observation itself. 

Now if we invoke another kind of change, a virtual change, such that its size is 
always smaller than the actual quantum’s size, then this kind of change cannot be 
detected, even theoretically. The concept of a virtual change is one such that the 
quantity of action that was changed was deliberately made smaller than the size re- 
quired to throw the switch of detectable or observable change. 

So if we have a virtual photon, it is simply a piece of action whose magnitude is 
always less than h. Here again, we can still get any amount of energy change we de- 
sire, merely by adjusting the size of the piece of time associated with that energy. 
‘This then means that the virtual photon is not big enough to breach the threshold of 
quantum change, and so cannot be observed or detected 

‘And here is the interesting bottom line ignored by most physicists and almost 
all the pragmatic scientists who run the orthodox establishments. The totally 
unobservable, undetectable virtual photons being emitted and absorbed are con- 
ceived as creating the electric field at the same time as observable physical change 
(ordinary quantum change) occurs. And the electric field, of course, can cause or 
induce change of sufficient magnitude to breach the quantum threshold and result 
in observable change. The bottom line is this: the virtual state can be collated and 
collected to sufficient magnitude to breach the quantum threshold and induce 
ordinary observable physical change. The electromagnetic field already does pre- 
cisely this! And if reality can behave this way, as the physicists show, then let us 
simply accept that and apply it! 

Note that we have now resolved the problem of negative time. The fusion pro- 
cess replaces the little positive piece of time that was formed in the fission process. 
A continual stream of such replacements constitutes a continual stream of sub- 
tractions of positive time. Hence this represents a negative time operational chan- 
nel. Many of the equations of physics, e.g., Maxwell's equations of the electro- 
magnetic field, should be reexamined with a view to this negative time operation. 
Dirac calculated such an entity, an electron traveling backwards in time, and noted 
that it would appear as a positively charged electron traveling forward in time. He 
thus predicted the positron which was later found in laboratory experiments. But of 
even more fundamental importance is that every piece of charged matter in the uni- 
verse has such an opposite twin — the well known antimatter concept. So anti- 
matter protons, neutrons, molecules, and physical structures exist. Indeed, this 
physical reality that we normally perceive has its antimatter twin which we are also 
unraveling backwards as we go. But here again the bottom line is far reaching: it 
means that we can coherently collect the virtual state to produce matter or its anti- 
matter, which after all are nothing but macroscopic assemblages of quantum 
changes, and we can thus get free energy, materialization and dematerialization, 
teleportation, and antigravity by means of special modifications and developments 
of electromagnetic circuits. Each photon carries a small piece of time. And the 
entire virtual state reality is hanging onto that small piece of time as a modulation. 
‘That is where the probabilities are riding, in terms of the ordinary monocular 
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interpretation of quantum mechanics, all of these probabilities, and all possibil 
ties, are concretely real and occupy orthogonal universes. Since they all share the 
same single time dimension, there is a time bridge or time channel connecting the 
universes. Each move or change in one of them crosstalks a tiny bit into each of the 
others. Since it is the photon which carries them, then each photon contains all pos 
sibilities and virtual states modulated upon itself. Photon interaction thus involves 
the communication of these possibilities and virtual states to the object with which 
the interaction occurs. 


EXTINGUISHING ELECTRICAL CURRENTS 


With psychotronics, it is quite possible to extinguish electrical currents flowing 
in a circuit, or in the nervous system of a biological organism. First, an electro- 
magnetic carrier (photon) is used to carry the psychotronic modulation pattern 
which will quench electrical currents. The particular psychotronic pattern is modu- 
lated upon each individual photon, in virtual state form riding upon the time com- 
ponent of the photon. This is totally different from the ordinary scheme of 
‘modulating an electromagnetic carrier; the normal scheme merely gates the rate of 
passage of photons (amplitude modulation), or changes the energy-time ratio on 
various photons as photons continually are emitted (lrequency modulation). 

In this case, virtual state patterns (probabilities) are added directly to each pho- 
ton, in addition to whatever is done under the normal scheme of modulation. Thus 
the carrier can be electrically very complex or very simple. At any rate, the carrier 
with its psychotronic modulations reaches the target, and photons are absorbed 
continually and emitted continually by the target. The absorption of the photons 
and their modulations continually generate compound spacetime MdT nuclei and 
introduce the virtual state psychotronic modulations onto the mass's electric field, 
the modulations now riding on the virtual photons that generate that field. When a 
photon is re-emitted, the compound nucleus is split again, and the dT" is carried 
away by the photon, leaving behind a changed virtual photon state on the non- 


temporal mass spatially left in between quantum chan, 
‘AS time passes, the virtual photons are more and more psychotronically modu- 
lated by the kindling effect. Eventually the collection breaches orthoframe thr 
holds and reaches the electromagnetic field frame, changing the electromagnetic 
field. If the psychotronic pattern is such as to create a positive charge when suf- 
ficiently kindled, the negative electrical charge of the kindled electron is simply ab- 
sorbed or quenched from within, so to speak. And in this case no ordinary an- 
nihilation photons are emitted. Instead, the electron is converted to a neutrino 
when its electrical field is quenched, and it simply passes rapidly away through 
matter with no interaction and no damage or heating to that matter. Thus the cur- 
I nervous system can be 


rents flowing in an electrical circuit or in a biologi 
quenched, without any other damage to the system, and without any pair annihila- 
tion radiation being produced 

‘The UFO phenomena very often demonstrate thi 
has long since weaponized it 


effect, and the Soviet Union 
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Figure 25: How Different Technologies Harness Spectrum 


Rysavy Research 


Table 9 summarizes the different uses of unlicensed spectrum for public mobile broadband 


networks. 


Table 9: Approaches for Using Unlicensed Spectrum. 


Wi-Fi 


Technology 


Ever-more-sophisticated 
means to integrate Wi-Fi in 
successive 3GPP Releases. 


‘Attributes: 


Combining Wi-Fi with cellular 
increases capacity. 


Release 13 RAN 
Controlled LTE WLAN 
Interworking 


Base station can instruct 
the UE to connect to a 
WLAN for offload. 


Available in late 2017 or 2018 
timeframe. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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A simple way to visualize this process is to imagine the virtual photons of the 
electron as gradually being quenched. With the virtual photons gone, the electron 
has lost its charge and its electric field, and is now a neutrino. As a neutrino, it zips 
through matter with no interaction, and on out into deep space 

‘This mechanism explains why the electrical circuits of autos, radios, etc. usually 
are not damaged when they are disrupted by the UFO phenomena. Use of normal 
mechanisms to change or eliminate the electromagnetic field seriously disrupts the 
components of the circuits, heating materials, blowing fuses, and melting wires and 
components. The mechanism described here does none of those thi 

‘The weapon aspects are of course formidable. Small transmitters with the right 
modulation pattern could be dropped, planted, or fired almost anywhere, and these 
could be set to disrupt equipment or human nervous systems. Their use in satellites 
is obvious. Small transmitters ofa fixed time-life broadcast duration could be fired 
behind enemy lines in artillery shells. Tactical missiles could carry hordes of such 
small transmitters and drop them along the way deep into enemy territory. Essen- 
tially everything electrical is vulnerable if radiated long enough for sufficient 
kindling to occur. Powerful radar beams can be modulated psychotronically to give 
them effects at a distance, disabling vehicles, communications equipment, and 
men, Even searchlights can be so modulated. Pavlita’s psychotronic generators are 
known to generate deathdealing effects, because he has demonstrated that they can 
Kill insects, and he has admitted that men can be killed with generators that are 
large enough 

‘An even more radical approach is to transmit the desired pattern directly 
through hyperspace with a hyperspace transmitter, using either a set of triads for 
focusing at a desired spot in normal space, or using a witness to generate form 
resonance with the desired target object, much like one tuning fork kindles another 
of the same tuning into vibration. The witness may be anything that contains the 
pattern of the target, e.g., a photo or a model. In the case of. living organism, each 
cell contains the blueprint for the entire organism, so a group of cells from the 
organism can be used. This applies to plants as well as to animals. 


DEATH TRANSMISSION VIA 
THE PARANORMAL CHANNEL 


As an example of the kindling effect and the variability of photon quenching of 
the paranormal channel, some extremely interesting experiments were performed 
by V.P. Kaznacheyev et al regarding the paranormal transmission of death 
Briefly, two groups of cells were selected from the same cell culture and one sample 
placed on each side of a window joining two environmentally shielded rooms. The 
cell cultures were in quartz containers. One cell culture was used as the initiation 
sample and was subjected to a deadly mechanism — virus, germ, chemical poison, 
irradiation, ultraviolet rays, etc. The second cell culture was observed, to ascertain 
any transmitted effects from the culture sample being killed 

When the window was made of ordinary glass, the second sample remained 
alive and healthy. When the window was made of quartz, the second sample 
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Fig. 11. Death transmission via the paranormal channel 
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sickened and died with the same symptoms as the primary sample. The experi- 
ments were done in darkness, and over 5,000 were reported by Kaznacheyev and 
his colleagues. The onset of induced complementary sickness and death in the 
second culture followed a reasonable time — say two to four hours — behind sick- 
ness and death in the primary culture. 

‘The major transmission difference between window glass and quartz is that 
quartz transmits both ultraviolet and infrared well, while glass is relatively opaque 
to ultraviolet and infrared. Both quartz and glass transmit visible light. Thus glass 
is a suppressor of the paranormal channel, while quartz is not 

By performing the experiment in darkness through a quartz window, the four- 
law patterns of disease, sickness, or death engendered in the primary sample are 
not extensively squelched by the photon interaction, and these four-law patterns are 
transmitted through the quartz window into the second cell culture. Since the 
genetic patterns of the second culture are the same as those of the first, sympathetic 
four-state interaction and eventual kindling occur, resulting in the appearance of 
the effects in the second culture. 

It is well known that cells also emit mitogenic radiation, including radiation in 
the ultraviolet and infrared regions, Since these same regions are not strongly sup- 
pressed by the photon interaction, one may hypothesize that paranormal effects 
may be strongly modulated onto infrared and ultraviolet photon activity, and ther 
is indeed evidence for such an assumption. In 1950, W. wrchers found that 
cells could be killed in darkness with ultraviolet radiation, kept shielded from 
visible light for twenty-four hours or longer, and then if radiated with visible light 
the cells would start reviving by hundreds of thousands even though they had been 
clinically dead. 

Specifically, every cell emits mitogenetic radiation in the ultraviolet twice: 
when it is born and when it dies. The UV photon emitted at death contains the 
exact virtual state pattern of the condition of the cell at death. The healthy cells are 
bombarded with death messages from those that are dying, and this diffuses the 
death pattern throughout the healthy culture, eventually kindling into the same 
death pattern there. 

However, the squelching of the paranormal channel by photon interaction is 
never complete, or paranormal phenomena could never occur in daylight. Hence 
paranormal patterns can be modulated even onto visible light, although only e 
tremely weakly. Thus we may speak of the Q or sharpness of the paranormal 
modulation upon photon frequencies; Q is extremely low for visible light and may 
be extremely high for infrared and ultraviolet. In the visible light spectrum, it is 
probable that extremely large numbers of near-zero strength paranormal patterns 
are modulated on the light radiation; hence these patterns simply consist of a very 
weak background noise and the kindling effect does not apply. (The patterns are so 
incelling in the kindling effect. 


DISEASE AND DEATH INDUCTION 


‘The base idea here is that an active agent must be involved to disrupt the ordin- 
ary healthy pattern of inceptive life functioning. Since life functioning is inceptive 
ultimately the bioframes, specifically the first and second, must be distorted or di 
rupted. The first bioframe is the electromagnetic field and the second bioframe is 
psychotronic field. The second bioframe may eventually be revealed as the neu- 
irino field, but this is still uncertain at present. At any rate, itis a virtual state field. 
Virtual state patterns of a disease, for example, are carried in each photon emitted 
by a diseased cell. The life functioning psychotronic components are modulated on 
the body's electromagnetic components. Thus they have an electromagnetic 
carrier, which will carry the inceptive life function patterns through the photon 
squelching effects of emitted photons in the body. 

‘A host agent such as a germ produces an active agent such as a toxin. The 
chemistry involves the particular compound of the toxin that is disruptive or 
deadly. But chemistry after all is rigorously based on electrical patterns. ‘These 
electrical patterns of toxic chemistry contain psychotronic patterns modulated 
upon them by the germ, and these genetic life functioning patterns are different 
from those of a human cell. The foreign psychotronic patterns are modulated upon 
the human body's electromagnetic patterns (currents) and thus reach the cell, 
where they interact by the fourth law in the cell membrane, being demodulated and 
introduced to the cell, and orthorotated in the process into electromagnetic signals 
disruptive to the orderly functioning of the cell. The foreign psychotronic signals 
also jam the ordinary psychotronic patterns being demodulated by the cell in its in 
ceptive operations from its mind frame or third bioframe. If this jamming is only 
‘moderate, the cell sickens; it is only disrupted. If the jamming the cell 
dies. 

‘The normal electromagnetic noise bathing the cell from the cosmos and the 
environment contains random components that largely self-cancel or balance. The 
modulated random psychotronic modulations of the ordinary background environ- 
ment behave similarly, and thus the normal background simply constitutes a weak 
noise flux which does not disrupt the inceptive life functioning. In the experiments, 
of Kaznacheyev and his colleagues, photon squelching was largely restricted, and 
the psychotronic signals from the dying primary culture could go through the infra- 
red and ultraviolet windows in the quartz as virtual state patterns on the mitogenic 
UY photons emitted by dying cells, and be introduced directly into the secondary 
culture. The kindling effect then induced the disease or death pattern after an ap- 
propriate time delay. Thus it appears that there is indeed a fundamental mechan- 
ism by means of which a disease or death pattern from one cell is introduced into 


others. 

If this is true, then an exciting vista emerges for the treatment of hither-to in- 
curable diseases such as cancer. The psychotronic pattern of the cancer cells in a 
person's body could simply be recorded, then phase shifted 180 degrees, remodu- 
lated upon an RF carrier, and radiated back into the body of the patient to cancel 
the cancer’s signal patterns. Radiation of the body need not be severe at all; even 
weak radiation will suffice due to the kindling effect. At any rate, the hypothesized 
mechanism seems worthy of experimentation, and it seems to offer a validation of 
the practice of radionic treatment of disease. 


169 


DYNAMIC THOUGHT CONSTRUCTS: 
BIOFIELD MECHANISMS 


We will discover later that thoughts and thought objects are real, physical ob- 
jects in their own worldframe domain. As such, thoughts, or thought objects, or 
thought constructs can be and are quite functional devices in the thought world 
domain. In that domain, they are as physical as a rock. We will also discover that 
thought energy can be turned into electromagnetic energy by kindling, and can 
even be materialized if kindling is of sufficient intensity. As an example, thought 
energy from negative thoughts continually repeated or held in the mind can cause 
one to become physically ill. This is a well-known effect, and such an illness is re 
ferred to as psychosomatic. However, the mechanism by means of which it is ac- 
complished is not known, 

Actually the mechanism is simple: in the minute electrical currents that run 
through the nervous system, across the cell membranes, through the fibrous con- 
tent of the cells, and through the cell water structures, virtual state thought energy 
is continually kindled into weak electrical patterns, which modulate, shape, and 
affect all the vital processes of the body. Almost all this kindled thought energy is 
from the content of the unconscious mind. Thus the locked-in contents of our un- 
conscious minds eventually directly affect and change our bodies for either good or 
bad, depending on the particular content being kindled. 

Small wonder that we suddenly acquired a chemical problem some years ago 
after we were saturated by thousands of hours of pill advertisements on television, 
which directly implanted the idea that certain chemicals such as pain relievers con- 
tain the answer to life's problems, while others such as alcoholic beverages lead to a 
glamorous, active, exciting life. Not only can such material implant suggestions in 
the unconscious for association, but it can also directly condition the response that 
the body itself will exhibit to chemicals and drugs. 

It is now fairly well accepted that there exists a cancer personality and a heart 
attack personality, where the mindset is definitely and causatively involved. And 
from the Simontons’ work, we see that the mind can be effectively used in conjunc- 
tion with other therapy to reverse cancer, even terminal cancer. But unfortunately, 
by and large Western medicine continues to rely on mechanics and chemicals. Es- 
sentially the patient is viewed as a mechanical apparatus and a chemical factory 
that is damaged, polluted, or out of sorts, and treatment consists largely of 
mechanical intervention (such as surgery) or chemical intervention (such as anti- 
biotics). Medicine continues to be ce of the reparation of damage or mal- 
function. It is the science of disease, not the science of health. I do not advocate 
abandoning the medical practices that have proven effective. 1 do advocate the 
augmentation of such measures by all the mind measures available. Infact, 
medical science ought to be vigorously pushing forward into fields of psychic 
healing, psychotronies, radionics, ete 
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RADIONICS 


well known that the mind itself was a 
jon as devices 


In ancient development systems it wa 
functional device, and that thoughts and thoughtforms could funi 
influencing and affecting other minds and physical material. It was also unde1 
stood that the thoughtforms had to be crystal clear and very stable. This de- 
manded a great deal of practice in concentration. Eventually it was found that the 
stability of a physical form or device could materially assist the mind in maintain- 
ing stability. In ancient times many such devices were used: the dowsing rod, the 
crystal ball, the string-and-weight psychic pendulum, etc. 

In the last century it was discovered that electrical devices could be used as 
tuning assistants. This led to the development of radionies, the name being in- 
spired by the new electricity and magnetism discoveries, and particularly by the 
discovery of electromagnetic radiation. These radionics devices had a distinct ad- 
vantage in the degree of precision they achieved in the tuning of the inceptive 
cyborg (operator's mind linked with the actual device through hyperspace). Ten 
resistors could be staged to give an otherwise almost unobtainable degree of 
accuracy and precision to the inceptive tuning. The use of variable resistors al- 
lowed rapid change of resistance, and thus rapid change of the overall cyborg 
tuning, and the ability to scan precisely in hyperspace, say, the emanations from a 
patient. In the hands of a skilled operator, such a device was often much more 
accurate than the finest medical test equipment available today, and infinitely 
cheaper and faster. In addition, such testing and diagnosis added little or no dis- 
tress to the patient. This weird new radionics presented a formidable threat to the 
orthodox medical establishment. In the U.S. at least, the dogmatic medical estab- 
lishment promptly came down hard on this potential threat to its hitherto unchal- 
enged domination in the field of medical treatment. Its inquisition and purge was 
made easier by the fact that many charlatans also leaped into the lucrative field, 
having little or no actual diagnostic ability, and prescribing meaningless amulets 
and placebos for seriously ill patients. Also, the strangeness of radionics, such as 
the ability to diagnose illness from a drop of blood drawn from a patient thousands 
of miles away from the diagnostician and the radionics device, alienated many 
members of the medical profession who sincerely believed that no such diagnosis 
was possible, and that all such psychic demonstrations were frauds. Furthermore, 
the results, either diagnosis or treatment, were not usually repeatable by ordinary 
physicians and investigators since the psychic skill of the operator was directly in- 
volved. Organized medicine of course did not recognize the ability of the doctor to 
‘mentally or psychically intervene in the patient's illness, and so such practice was 
regarded as fraudulent and banned by the medical establishment 

The radionics practitioners were hounded into court, prosecuted, and con- 
victed of fraud and of practicing medicine without a license. Several prominent 
radionics pioneers were actually hounded to death, Wilhelm Reich and Ruth 
Drown being the two most prominent examples. What could have been a great leap 
forward in medical science in the U.S., and the beginning of the development of 
psychotronies, was crushed by the power, ignorance, and bigotry of orthodoxy. To 
this day U.S. radionics has not recovered, and U.S. radionics practitioners are a 
rare breed, largely underground, who perform their experiments in suspicious 
and have only lately begun cautiously emerging from obscurity. In Eng- 
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radionics survived and flourished, and today one can legally 
receive radionics treatment in England, 


PSYCHOTRONIC DEVICES: 
A SIMPLE SPACE (QUITON) AMPLIFIER 


It is possible to speak of the smallest piece of nothing, that we will call a 
“quiton.” It does not monocularly appear as a perceived thing. Quitons are pieces 
of action, in which dédT > h/4*pi. Quitons are virtual entities, and very small 

Collection of a sufficient number of quitons results in breaching a threshold, so 
that a thing results. To superpose quitons (dEdT’s) must be of the same magni- 
tude and time coherent. 

‘Thus in any situation involving a particularized nothing, collecting enough 
pieces of that nothing eventually exhausts the nothing set and reaches its bound- 
ary, whereupon it is a thing. This is really not different from collecting all non- 
dimensional points in a particular sequence and finding we now have a one-dimen- 
sional line segment, or collecting all the pieces of spacetime warp in a particular re- 
gion and discovering that we have now a mass. 

A device can easily be constructed to pro 
(quitons), which are monocularly zeroes, while excluding monocular entities. Thus 
we can build a space amplifier or quiton amplifier or vacuum amplifier. Two 
feed or input to an ordinary single-state amplifier 
or processor in a shielded container. The output is fed into a device which will 
rotate the dual-state entity or field so that an ordinary field can result. One side or 
the other of the dual-state output will be exclusively present in three-space. 


dual natured or binocular entities 


TYPICAL HIERONYMUS DETECTOR 


‘The Hieronymus device, patented by Thomas G. Hieronymus in 1949, is one such 
device. Ithas an optical front end, a prism which passes waves and does not admit parti- 
cles. So a wave entering the front end will go through the prism and be refracted at an 
angle that depends on the frequency of the wave. Inside the surrounding box, which acts 
as a light shield, is a small tuner, a little copper rod attached to a rotatable wheel so that 
the rod may be moved through the various refractive angles from the prism. ‘The prism is, 
‘mounted on the box with a thin slit in the wall, so that only a small and narrow field of 
view exists external to the box. The tuner rod is wired to the input of a three-stage RF 
amplifier where each stage is separately shielded against light—which is very interest- 
ing, because of a similar requirement in the two-slit experimental apparatus if the el 
tron was to act as a wave. The output of the RF amplifier comes out of the box and ends, 
in a flat coil of wire between two parallel plastic plates. 
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Fig. 12. Typical Hieronymus detector 


Coming into the box through the slit in the prism, there can be single-state enti- 
ties and dual-state entities or quitons. The physicist does not have a good name for 
a dual-state entity. They used to be called wavicles; today we talk about wave 
packets. But what after all is a wave packet? It is a three-dimensional bunch of 
two-dimensional waves! So that is where the physicists have hidden the idea of the 
dual-state wavicle today. 

Only single-state waves and dual-state entities or quitons can pass through the 
prism and be refracted at an angle dependent upon the frequency. If we then tune 
the rod into the correct angle of refraction, the refracted quitons hit it, as do the 
if their frequency should happen to coincide with the frequency 
of the quitons. Now the single-state wave dies when it hits the copper rod; it may 
chip a single electron or two off a copper crystalline grain, but that is lost in the 
thermal noise anyway, below the detection threshold of the RF amplifier. The qui- 
tons, however, simply say "Oh! Now you want us to act like a corpuscular el 
tron, and go through those wires and conduction paths. That's all right, that is just 
our right hand side." So the quitons will go through and be amplified, just exactly 
like ordinary electrons would do. But now it is not electron energy, it is a dual-state 
analog of energy — let us call it anenergy, for analog of energy. (Hieronymus 
called it eloptic energy, since it could act as electron flow or as optical waves, but 
was neither exclusively.) The amplified anenergy will come out in the coil of wire 
and it will generate field and it is not a magnetic field, and so it cannot be me 
sured on normal laboratory instruments. The simplest way to detect the anenergy 
fields is to use the human sensory system, because the human body knew about RF 
energy, frequency modulation, and anenergy long before we had modern electrical 
and magnetic instruments. (The use of anenergy is illustrated by acupuncture, a 
very ancient medical system dealing with the fact that a peculiar type of energy-like 
stuif flows in the body, and in certain points and structures of the body, it can int 
act with other energies and fields.) 

Now if we believe we cannot sense the anenergy fields, then we cannot. We can 
turn the entire anenergy detection system in the body off with the unconscious 
mind, The negative psi effect is a well-documented effect in parapsychology. There 
are goats as well as sheep. Some persons do worse on psi tests than chance would 
possibly allow. They are the goats. They exhibit the negative psi effect, for uncon- 
sciously they want to show you that psi does not work, so they use psi effects to do 
worse than is possible by chance. 

‘At any rate, the human sensory system can get a tingle from the anenergy field 
generated by the flat coil of wire in the Hieronymus machine's output. What type 
of tingle one gets depends upon one’s own type of body sensory tuning. It may feel 
as if the fingers on the plastic plate are in thick syrup. Or as if the plastic plate were 
vibrating. Or it may feel greasy in a peculiar way. And the negative person does not 
get a tingle at all 

‘The Hieronymus machine has been built by many persons, and it works for 
those who are not negative. It processes entities that exist in the dual-state, or that 
obey the fourth law of logic. And we can do some almost magical things with these 
dual-state nonthings, these nothings, if we set our minds to it. This is what psycho- 
troni 


single-state waves 


is all about 
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ANOTHER KIND OF HIERONYMUS DEVICE 
AND THE INCEPTIVE CYBORG EFFECT 


If thought constructs are actual operational mechanisms, then there should be 
other evidence besides psychosomatic illness and the demonstrated ability of the 
mind to cure certain illnesses. In fact, the Hieronymus device can be used to 
demonstrate this point 

John Campbell, former noted editor of Analog Magazine, once built an 
Hieronymus device and tested it successfully. Campbell immediately recognized 
that present physics could not explain the functioning of the device. In an ex- 
change with Arthur Young, Young suggested to Campbell that it was the mind of 
the operator that made the device function, and that it was the symbolic form of the 
device that dynamically functioned to make it work. This appeared particularly 
ant to Campbell since he had discovered he could make the device work 
even though disconnected from its power supply. 

So Campbell decided to test this thesis. He carefully drew on paper in black 
India ink a schematic diagram of the amplifier, removed the actual amplifier hard- 
ware, and substituted the schematic drawing. To his absolute amazement, the de- 
vice worked as well for him this way as it had previously. But from our standpoint, 
such a result is not unexpected and can be readily explained 

First, I should point out quite strongly that Campbell not only was well-quali- 
fied technically, but even more important, he had an open and unbiased mind. This 
of course is quite necessary; the negative psi effect is well known, and the negative 
person is most certainly not going to allow his mind to operate the Hieronymus 
machine, just as he will not allow himself to succeed at dowsing, and so on. 

Furthermore, in constructing the electrical schema of the amplifier, Campbell 
was strongly impressing stable thought constructs in his own unconscious, which 
was fully aware of the function of each part of the drawing. And when he con- 
nected that drawing to the rest of the hardware, he understood the function of the 
connection. He thus built in a thought connection from his thought-form amplifier 
to the hardware in a cyborg device. It then functioned as well for him as had the 
actual device. Campbell had proved that mind and matter may be cyborged into 
operational devices. 

Psychic use of a pendulum, a ouija board, a dowsing rod, a crystal ball, and a 
crystal skull are other examples of the use of inceptive cyborg psychotronic de- 
. as is the use of radionics equipment of all types. And of course the most out- 
e cyborg where mind and matter are linked into one 


standing example of an incepti 
functional device is a living biological system. 

Frances Farrelly, working with Arthur Young, took part in an experiment 
using an ancient Mexican figurine with a fluted neck. She succeeded in inducing 
fluted ears in a laboratory mouse. The mouse was exposed to the figurine about 
three feet away, and the cage or the mouse was connected to the figurine with a 
wire. Physical objects, such as mice bodies and fluted figurines, are three-dimen- 
nional channel tuners for orthorotating mind energies. Given firm initiation by a 
talented person such as Ms. Farrelly, a selected grouping of tuners can be reson- 
ated to collect bioenergy, and kindle it into ordinary energy and then into physical 
effects 
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Release 10-12 LTE-U 
Based on LTE-U 
Forum Specifications 


LTE-U Forum-specified 
approach for operating LTE 
in unlicensed spectrum 


Available in 2017. More 
seamless than Wi-Fi. Cannot 
be used in some regions (e.., 
Europe, Japan). 


Release 13 Licensed- 
Assisted Access 


‘3GPP-specified approach for 
operating LTE in unlicensed 
spectrum. Downlink only. 


Available in late 2017 or 2018 
timeframe. Designed to 
address global regulatory 
requirements. 


Release 14 Enhanced 
Licensed-Assisted 
Access 


‘Addition of uplink 
operation 


Available in 2019 or 2020 
timeframe. 


5G Unlicensed 


Release 15 has a study 


Potentially available in 2021. 


Fi connections at IP layer. 


Operation item for approaches that 
Release 16 will standardize. 

MulteFire Does not require a licensed | Potentially creates a neutral- 
anchor. host small cell solution. 

LWA ‘Aggregation of LTE and Wi- | Part of Release 13. Available 
Fi connections at PDCP in late 2017 or 2018 
layer. timeframe. 

LwiP ‘Aggregation of LTE and Wi- | Part of Release 13. Available 


in late 2017 or 2018 
timeframe. 


Cellular operators are currently emphasizing simple offload to Wi-Fi or LTE-U/LAA. 
Aggregation techniques, such as LWA and LWIP, do not currently have market traction. 


Refer to the appendix section “Unlicensed Spectrum Integration” for further technical 
details. 


Internet of Things and Machine-to-Machine 


Machine-to-machine communications, now evolving into the Internet of Things, is a vast 
‘opportunity for wireless communications, with all 3GPP technologies potentially playing 
roles. 


The lowest-cost cellular devices enabling M2M communications today are GPRS modems, 
which risk becoming obsolete as operators sunset their GSM systems. HSPA is also used 
for M2M communications, as is LTE, which has been optimized to efficiently communicate 
‘small bursts of information, making it particularly well suited for M2M. 


Low-cost GSM (through Enhanced Coverage GSM loT [EC-GSM-loT]) and LTE modem 
options in 3GPP releases 10 through 13 reduce cost, improve communications range, and 
extend battery life. See the appendix section “Internet of Things and Machine-to-Machine” 
for details. 


3GPP had a Release 13 study item on how LTE technologies can operate for vehicle 
communications, including vehicle-to-vehicle and vehicle-to-infrastructure, leveraging 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 53, 


PROBABILITY: THROW OF A DIE 


The fourth law of logic is absolutely indispensable in physics. We use it every 
day and do not realize it in probability. But what after all is probability” Let us use 
a very simple example to get at the answer to that question, Let us use the face of a 
die turned up. How can I model that, before the die is thrown? 

Now we can only think by operationalism. To operate and output something is 
to automatically put it in the past. It's happened, it's gone, the moment you do it 
To perceive an object is to put it in the past. To determine it is to put it in the past. 
‘To observe itis to put it in the past. There is no observed, perceived, detected, mea- 
sured, or determined present. That is, there is no separated, exclusive, determined 
present such as is specified by the first three laws of logic — the fourth law is the 
present, by the way — but in observational physics which deals with determined, 

observed past phenomena, there exists no present. The future has not yet been ob- 
served, so it also is the unobserved. Only the past therefore is the observed. How 
then can one ever hope to model the unobserved present or the unobserved future? 

IfL look at the problem of the die with one face up, itis in the past. When I see 

itis in the past. When I think it, itis in the past. So ifall I can observe, think, or 
perceive is the die in the past, how can I ever model it in the future? It’s very 

simple! If I drive any problem set to its absolute boundary limit, it turns into its 
own opposite by the fourth law of logic, by the law of the boundary. So how do I do 
that with this problem of the die? 

The problem set is specified by the condition "the perceived die with one face 
up”; this is the most recent past. Now simply find all the most immediate pasts you 
can get to meet the condition specified, and gather them all up together, and they 
then must turn into and comprise precisely the opposite, the immediate future. In 
this problem set, I can construct and collect six such pasts, each consisting of the 
perceived die with one face up. So by the fourth law of logic, those six faces up col- 
lected together as an ensemble represent the future and in fact are identical to the 
future. The present, which is simply the boundary between the most immediate past 
andthe most immediate future, was specified by applying the fourth law of logic in 

the first place: the identity of the most immediate past and the most immediate 
future, being binocular, is unperceived, but it is the present nonetheless. So that is 
what probability is — an application of the fourth law of logic, so that the most im- 
mediatefuture can be represented in terms of the most immediate past — and 
physicists and mathematicians have been doing this ever since they have been doing 
physics and mathematics. 

Without the fourth law of logic, there exists no rigorous logical basis for prob- 

ability! So the fourth law is a very useful law indeed. We have simply failed to real- 
ize that we have been applying it all along. 
‘The ontological problem can also be solved as follows: to state that “A is not" 
to state that "A is" is not; to absent a presented thing is to first present it; to be 
not-being” is a clear statement of the problem. By the first three laws of logic, the 
problem is not soluble. By the fourth law, it is simple since being and not-being can 
be identified. All distinction between present (being) and absent (not being) can be 
lost. 
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NEGATIVE TIME 


Negative time does exist and is used in advanced physical theories. Dirac pre~ 
dicted an electron traveling backward in time, which would be observed in positive 
time as a positive charge traveling forward in time. 

‘The application of negative time to philosophy also allows the solution to the 
problem of good and evil. In positive time we may consider an act as evil — say the 
act of a hungry wolf seizing a hapless rabbit and devouring it. In positive time, we 
might say that to the rabbit the act was evil, and to the hungry wolf the act was 
good, noticing in the process that good and evil are relative terms, not absolut 
Examining the situation now in negative time, a very strange thing occurs. The re~ 
mains of the consumed rabbit are regurgitated from the wolfs belly, again creating 
a living breathing rabbit, and reintroducing hunger into the wolf. Thus the act now 
is beneficial to the rabbit and detrimental to the wolf 

‘The point is that Allness or Godness is both sides of every coin, not one 
only. Omega Godness exists both backward and forward in time; it must do so ifit 
is to be unlimited, even by time itsel. 

‘Thus to such unlimited allness, every act is both good and evil simultaneously. 
‘Thus we can understand how a perfect creator could establish and ordain good and 
evil, for there is a in which the two are synonymous. 

However, such insight is a very strong dose of medicine, too strong for the 
average stomach. Most persons never seek the Unlimited Godness; instead, they 
seek a good facet of Godness that itself moves forward only positively in time. Thus 
they find a partial image which is limited in and by the flow of time. By such an as- 
sumption the biblical phrase "I am Alpha and Omega” is unconsciously translated 
into "I was Alpha and I will be Omega.” Thus orthodox Christianity long ago lost 
much of the God-insight originally given by the avatar Jesus. Only those few 
cloistered individuals who still struggle with exegesis grapple with the problem of 
good and evil. The problem indeed has a solution, but the solution involves nega 
tive time, the fourth law of logic, and an unlimited creator. 


TIME OSCILLATION, 
QUANTUM CHANGE, AND MASS 


It is well known in physics that almost all physical theory is time-reversible, 

i.e., the equations hold true whether time is positive or negative 
This is important in the theory of antimatter. A positron (antielectron) may be 
regarded as an electron traveling backward in time. The destruction ofan electron 
ron, and vice versa, when we are observing in only 


constitutes the creation of a pos 
cone kind of time. 

However, when we consider monocular quantum change, we realize that time 
can be modeled as a wave. To have any of the present physical quantities (energy, 
length, time, and momentum changes), a quantum of action must be isolated and 
joned into fragments. By this process we get a change in any physical quantity. 
‘This is fairly well understood in present physics, though not in this exact 
terminology. 
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However, what is not recognized in physics is that a disposal operation must be 
performed to clear away the fragments of one physical change before another can 
occur. The only way the fragments can be cleared away is to fuse them back into an 
action atom. Since action itself cannot be perceived (only a change in action can be 
perceived, not action itself) then fusing the fragments into a quantum removes the 
fragments, 

‘This fusion operation removes positive time fragments (and other positive frag- 
ments) and so can be considered a negative time operation. Thus time can be con- 
id to be an oscillatory wave because of its continual monocular discrete cres 
tion and annihilation by the quantum change process. 

In fact, time oscillation may be considered to be the fundamental reality, and 
quantized change its result. 

By the complementarity principle, time, being a wave, also must sometimes 
exhibit a corpuscular nature. (Indeed, all virtual state particles are nested within 
the structure of time.) 

‘The Soviet work on time generating force thus is of absolutely fundamental im- 
portance. What has been released of K'ozyrev's work seems to be intentionally 
deceptive and of little value. His real work and that of his colleagues appears to 
have the highest Soviet sed. 

In the West, the only person of note who has grasped the fundamental import of 
time and time oscillations is Charles Muses. As early as 1958, Muses pointed out 
‘no mystery in the two-slit experiment if the chronotopological fea- 
tures of the experiment were properly taken into account. Muses also worked out a 
hypernumber structure of time, but its significance seems to have escaped ortho- 
dox physics. Nonetheless, his work has direct technological implications, such as 
materialization and dematerialization of matter, and offers an approach to the 
engineering development of actual devices. Since his hypernumber theory of time 
structure also encompasses consciousness, it represents a union of physics and 
metaphysics on a common basis, and an approach to the engineering development 
of psychotronic devices. 

‘Western physicists, then, would be well advised to pursue vigorously the idea of 
time oscillations, both theoretically and experimentally. And they would also be 
well advised to examine the hypernumber work of Charles Mus 

Since mind and virtual state occupy the time dimension, the nested structure of 
time contains the mechanisms for mental-physical interaction and for direct ampli- 
fication of virtual state into observable state (or for the dissolution of observable 
state into virtual state). 


MASS IS A TIME-DIFFERENTIATION 


‘The most fundamental aspect of the concept of mass is that it occupies space, 
i.e., that it is three-dimensional. Mass thus is a time differentiation of Minkow- 
skian spacetime L°7. Applying the fourth law of logic, a thing does that which it is 
and is that which it does. Thus mass is a time-differentiator. 

Because of this, we cannot see time, the fourth dimension, although we can s 
LE! length, width, and height. Because we look through and detect with a mass 
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on is lost in the get of looking and det 

WaT) 
and we thus see a spatial reality. Physical instruments also have mass and do pre~ 
cisely the same thing. For this reason, ultimately all measurement or detection is 
spatial rather than spatio-temporal, as is well known in physics. 

Note that we do not sce or detect total reality, but only a partial differentiation 
of it. Thus the position of the materialist’s view is ironic: in his absolute insistence 
that reality consists in only what can be seen, touched, felt, or detected and mea- 
sured with his instruments, he condemns himself to the greatest illusion of all, the 
notion that the outputs of his physical sensory system and his physical instruments 
constitute absolute reality. Also, since the only physical dimension shared by mind 
is time, mind reality is lost in the act ofdetecting, and hence only phenomena which 
are totally separated from mind are detected. 

By the fourth law of logic, the existence in no mind at all constitutes the exist- 
ence in each and every mind (nonexclusively). Thus physical phenomena are those 
phenomena that are processed by every mind. We will see that the fourth law 
enables us to deal precisely with mental, physical, and paranormal phenomena on 
that basis (how many minds the phenomena exist in). 


sensory system, the time dime 


REALITY IS LIKE AN OPOSSUM 


Reality is like a mother opossum carrying her little baby opossums on her tail, 
i.e., the entire mental-virtual state is carried along as virtual constructs, nested 
comfortably in the delta time portions of each photon. In the piece of time that is 
fissioned out of an action quantum to give observable change, there are a multi- 
tude of little pieces of time still attached to subquantum virtual state entities and 
hanging on, exactly like little baby opossums hanging on to their mother's tail with 
their own tails. 

The world is so built, ther 


according to physics. And if we include our physical 
model of mindchanges, every possibility in fact concretely exists in that manner, in 
the virtual state, timewise hanging into the time dimension of the detected physi 
world's four-space frame, but spacewise hanging out of the ordinary thr 
physical universe of objects. So indeed all possible realities, even the wilde 
the most farfetched, exist in the virtual state 

‘The time channel is thus quite literally the paranormal channel that connects 
the normal spatial world to an infinity of nonnormal spatial worldframes. Only by 
the continual destruction of each piece of created time (by fusing it back together 
with the piece of energy involved, and forming a quantum which is unperceivable) 
are we able to experience physical reality at all, uncluttered and relatively free from 
the vast hordes of infinite realities through which the ship of quantum-change 
physical reality 

Since the 
ties, then by proper selection (i.e., by coherent tuning) of multiple stag 
be able to select a particular virtual reality channel. And indeed so we can. Any 
scheme for drastically increasing signal-to-noise ratios should be adaptable to such 
a collection mechanism for the detection of bioenergy. 
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Id represents a collection of this vast array of reali- 
we should 


In another sense, reality is like a television set with an infinite number of real- 
ity channels, but only one of which is tuned in at any one time. By adjusting the 
tuning, however, a different reality, including even different physical laws of 
nature, may be tuned in. 


BIOFIELD CONCEPTS 


we must understand the 


To understand the hyperframe approach to field 
dimensionality of intersections in n-dimensional space. The dimensionality of an 
orthogonal intersection is one less than the dimensionality of the intersector having 
the lowest dimension. One intersector appears radically different to the other inter- 
sector since the second sees only a derivative of the first. It is the total projection of 
an intersector that is "seen" by that which it intersects. 

Hubbard's manifold theory also derives these principles. The “types of reality” 
that these other objects appear to be will depend on the types of intersections they 
make with the frame of the observer. 

‘This cannot be stressed too strongly: an observer sees his own frame, and inter- 
sections in that frame, nothing else. He does not necessarily see the entire reality of 
any object, and if an object is in a frame that does not intersect the observer's 
frame, the observer cannot detect that object at all. 

Thus all types of reality are open to reinterpretation in the light of intersecting 
and nonintersecting frames. And to shift dimensions (increase or decrease), all we 
need do is add or subtract additional orthogonal intersections. 


MASS, FORCE, AND 3-D FRAME ROTATION 


It is well known that a moving mass can be considered as existing in a thr 
dimensional space which is rotated away from the line of motion of the mass as 
seen in the laboratory frame. Einstein in fact pointed this out 

As the velocity of the object approaches c, the speed of light, the angle of rota- 
tion approaches 90°. From the bottom left figure it can be seen that a force in the 
laboratory frame, applied to the moving mass along its direction of motion in the 
laboratory frame, only affects the mass in the mass's rotated frame with a pro- 
jected portion. To the laboratory observer, the mass's resistance to the disturbing 
sms to have i |; thus to him the inertial mass of the object 
. if it is harder to push, its resistance to pushing must 


force applied 
seems to have increased, 
have increased, 

But in the rotated frame, the object's mass has not increased. The rotated frame 
effect is why the mass of an object increases to one observer but not to the other. 

When the rotated frame can be rotated to a full 90°, no force applied by the 
laboratory observer can accelerate it further, because the applied force has zero 
projection in the rotated frame where the mass actually is. Thus the mass (resist- 
ance to pushing) appears infinite to the laboratory observer, while to the rotated 
observer it is still exactly the same as it always was. Furthermore, to the rotated 
observer, the force being exerted on the rotated mass is zero. 
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Fig. 15. Mass is /1-rotation of hyperspatial flux 


However, the mass's intersection in the lab frame is now two-dimensional 
Since only three-dimensional objects can have mass, the object is massless to the 
laboratory observer. So here we have a paradox: zero mass is identical to infinite 
mass. This is perfectly in consonance with the fourth law of logic. 

The absence of any single finite mass actually permits two indistinguishable 
solutions: the absence of any three-dimensional mass at all, and the exclusive 
presence of more than any finite mass. The two opposites are identical on the 


boundary case 

‘Thus a photon has zero mass because it is a two-dimensional object and only 
three-dimensional objects have mass. A photon also has infinite mass because it 
cannot be accelerated along its direction of travel. A photon is a perfectly ordinary 
three-dimensional particle existing in a normal three-space that is one orthogonal 
turn away from the laboratory three-space. 


MASS IS 7; ROTATION OF HYPERSPATIAL FLUX 


In Figure 15, I show that a localized mass is simply the result of orthorota- 
tional flux in and out of that localized region. This is a hyperspatial flux, since it 
actually is flowing or rotating in hyperspace. 

‘This flux is related to the spin of a fundamental particle, and in one sense may 
be regarded as an extension of the concept of spin, i.e., ordinary spin is simply a 
derivative subset of hyperspatial spin (orthorotation between orthogonal three~ 
space). 

This flux does not move through laboratory three-space, but rotates into and 
out of it, at and for each fundamental particle of mass in laboratory three-space. 
AS I point out elsewhere, mass itself is nothing but the absolute value summations 
of action quantum fission and fusion activity in a localized (fundamental particle) 
spatial region (Quiton/Perceptron Physics). Fission and fusion are orthorotations, 
for hyperflux. activi 

Also, if we represent this hyperspatial flux by flux lines (a standard practice in 
physics), then each line is jittered because of its modulation by many higher-fre 
quency components. This flux and the jitter in it play an important part in para- 


normal phenomena. 

Furthermore, the hyperspace flux can be seen in two other ways: (1) as con- 
tinual direct coherent collections of virtual subquanta to reach the quantum thres- 
hold, breaching it and becoming observable quantum change. Thus it should en- 
compass essentially all hidden variable theories. This is the same mechanism by 
means of which virtual photons kindle and create electric field and the charge of an 
electrically charged particle; (2) as continual direct coherent collections of mind 
virtual state subquanta to reach the quantum threshold, breaching it and turning 
into observable quantum change (physical phenomena). Thus all matter is totally 
mind and totally alive — inert matter is just nonpreferentially alive. The resultant 
flux vector in an inert mass is zero since there exists as much flow out as in, and 
vice versa. This totally eliminates the classical dichotomy between mind and 
matter. It also implies that accelerated objects do not have nonpreferential type of 
life, but in fact have some degree of preferential life, since fission and fusion rates 
of an accelerated object are not equal 
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Establishing sufficient pattern coherence in the parts of an accelerated system 
thus constitutes a preferential tuning between multiple parallel-directed dire 
tional coherences. This effect can result in establishing a one-to-one correspond 
ence to and from one of the higher orthoworlds, i.e., it can result in a coherent 
circulation between that universe and the specific inert accelerated system. This 
circulation is easiest to establish through magic frequency windows where the chan- 
nels of least resistance exist. This is the basic mechanism by means of which a living 
biological system is produced in and from the appropriate primeval amino acid 
soup in the presence of (a) magic-window induction (such as in the ultraviolet), (b) 
the acceleration of otherwise inert particles (such as is locally provided by lightning 
discharges), and (c) the strong collection of bioenergy to orthorotate it through 
three rotations (as is also provided by lightning discharges). 

Its not accidental that life can be and has been created in the laboratory. This 
type of experiment, done by a team of strong psychics projecting intentional bi 
energy forms, should be able to create specific forms of life. The same type of 
mechanism can occur inside the living body where it can induce psychomatic ill- 
ness. A similar mechanism is probably responsible for the placebo effect, and pos- 
sibly for the body's production of antibodies and the psychic modification of 
enzyme activity, psychic healing, etc. 


JITTER OR DITHER 
MODULATES THE PRIMARY FLUX 


In the continual, virtual, subquantum, orthorotational flux (crosstalk), rotating 
into and out of a fundamental mass particle, only those components that are coher- 
ent are additive, and only those that add to the quantum threshold and breach it 
become observable quantum change. 

In a given observable quantum change consisting of such coherently adhered 
subquanta, time is produced by fission of the quantum of action. All remaining 
tistical subquanta which have not collected to the threshold level are virtual sub- 
quanta of action possessing unfissioned, unseparated time. These virtual subquan- 
ta, which themselves are dynamic and gradually collecting and superposing to var- 
‘and at various rates, are attached to and exist in the dT interval pro- 


ious degrees 


duced by fission of the action quantum. Thus each and every piece of time contains 
dynamic, nested, virtual subquanta. Time in observable changes may thus be said 
to possess an internal dynamic structure filled with such virtual subquantum 


‘mental, neutrino, and photonic entities. 

‘At any fission time, the degree of superposition of each of these nested entities 
is highly variable and depends on the whole past collection history, which in turn 
depends on all flux components of the proper frequency that have been arriving 
from all the orthoframes. 

Thus virtual-mental entities cohere frequency wise until they breach the 
quantum threshold and discharge into observable quantum change. It is much like 
the accumulation of a static charge until sufficient potential is reached and a spark 
occurs, discharging the accumulation of charge. The same sort of relationship 
exists between virtual-mental state and observable state. The only difference is that 
virtual-mental state accumulates by frequency or time phase. 
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device-to-device communications capabilities already specified for LTE in Releases 12 and 
13. This work is now being standardized in Release 14. 


Developers will use 3GPP wireless technologies for many loT applications. In other 
instances, developers will use local area technologies, such as Wi-Fi, Bluetooth Low Energy, 
and ZigBee. New Low-Power Wide-Area (LPWA) wireless technologies emerging specifically 
to support loT include Ingenu, LoRa, and Sigfox. The low-power operation of some of these 
technologies, including LTE, will permit battery operation over multiple years. Table 10 
summarizes the various technologies. 


Table 10: Wireless Networks for 1oT 


Technology Coverage | Characteristics Standardization/ 
Specifications 
GSM/GPRS/EC- | Wide area. | Lowest-cost cellular modems, | 3GPP 
GSM-loT Huge global _| risk of network sunsets. Low- 
coverage. throughput. 
SPA Wide area. | Low-cost cellular modems. | 3GPP 
Huge global_| Higher power, high 
coverage. throughput. 
LTE, NB-loT | Wide area. | Wide area, expanding 3GPP 
Increasing | coverage, cost/power 
global reductions in successive 
coverage. 3GPP releases. Low to high 
throughput options. 
WiFi Local area. | High throughput, higher TEEE 
power. 
ZigBee Local area. | Low throughput, low power. | [EEE 
Bluetooth Low | Personal Low throughput, low power. | Bluetooth Special 
Energy area. Interest Group 
ToRa Wide area. | Low throughput, low power. | LoRa Alliance 
Emerging Unlicensed bands (sub 1 
deployments. | GHz, such as 900 MHz in the 
U.S.) 
Sigfox Wide area. | Low throughput, low power. | Sigfox** 
Emerging Unlicensed bands (sub 1 GHz 


deployments. | such as 900 MHz in the U.S.) 


5* 3GPP, 3GPP TR 36.885, Technical Specification Group Radio Access Network; Study on LTE-based V2X 
Services; (Release 14). 


55 For details, see LoRa Alliance, https://www.lora-alliance.ora/ 
58 For details, see Sigfox, https://www.sigfox.com/en. 
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Since present physics is entirely localized, local observations cannot have taken 
into account distant matching-frequency events in the laboratory frame, or 
matching-frequency events in orthogonal frames. To the localized particle of mass, 
the precise moment a particular subquantum superposition of given frequency will 
superpose to the threshold and turn into quantum change is therefore not predict- 
able. Since the remote causes cannot be accounted for, the local effects cannot be 
time-ordered, 

Therefore at the quantum level, the physical change is totally statistical to a 
monocular observer. This accounts for the fact that the quantum world is statistical 
rather than causal. 


However, a given fundamental mass particle has a structure of physical as- 
pects, e.g. mass, spin, locality, frequency spectrum, switch rate, strangeness, ete 
All of these may be expressible in terms of orthorotational concepts, although not 


all of them have yet been so worked out. Muses has already pointed out that some 
of the present quantum numbers are actually hypernumbers. And just as V/=T, the 
first hypernumber, is an orthogonal rotation, so are the other hypernumbers. 

At any rate, one may regard a fundamental particle as simply a complicated 
three-space tuning pattern existing in the orthorotational crosstalk flux between 
orthoframes. This pattern may also be said to consist of sets of frequencies, since 
each orthorotational flux line has a frequency of in-out-operation. Thus each 
fundamental particle is a set of tuning frequencies in the flux. A stable particle is a 
stable spectrum comprised of standing waves. An unstable particle is an unstable 
set, comprised of some standing waves, which account for the duration, and some 
not-quite-standing waves, which account for the excited state or degree of instabil- 
ity of the object 

On each flux line, orthorotational flux lines exist, constituting jitter or dither. 
Also, every fundamental particle is a tuning. It both tunes and is the result of its 
tuning, i.c., by the fourth law of logic it does what it is and it is what it does. Since 
tuning allows frequency communication between orthoworlds, then free-energy de 
's are not only possible but are practical. So are dematerialization-materializa- 
devices that heal or kill, and anticancer devices. 


tion devices, teleportation devices 


THE UNTOLD STORY OF QUARKS 


We hear so much nonsense about the objectivity of science that it occasionally 
seems necessary to debunk the sacred cow. In fact, the quark story is a prime 
example. 

In 1910, Millikan made his famous oil drop experiment and determined the 
charge-to-mass (¢/m) ratio of the electron. By multiplying this ratio by the mass of 
the electron, the amount of charge on the electron might be computed. Thus was 
born the idea of a constant amount or quantum of electricity, the fixed charge on 
an electron. Millikan received the Nobel prize for this famous experiment. 

Actually, Millikan himself did not originate the experiment. One of his bril- 
liant graduate students, Harvey Fletcher, first conceived the idea. Millikan be- 
came interested after he saw what a stir the results were creating, and he accepted 
the Nobel prize without sharing the credit with his brilliant student. Later Dr. Har- 
vey Fletcher was to become the head of Bell Telephone Laboratories and an emin- 
ent managerial scientist in his own right. He also is the father of Dr. James 
Fletcher, former Chief Administrator of NASA. 
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Incidentally, Dr. Harvey Fletcher is stil alive and alert, should anyone care to 
check the story! Nonetheless, it is highly doubtful that this grave injustice to Dr. 
Harvey Fletcher will be corrected. 

But the story does not end there. In the late 1930's, a German phys 
Ehrenhaft decided to change the Millikan experiment and use charged solid 
particles rather than charged liquid oil drops. In fact he used red selenium spheres 
of various sizes. Amazingly, he discovered that he could isolate and measure frac- 
tional charges (quarks) at will, and he could even control the magnitude of the frac- 
tional charge isolated on a selenium sphere by varying the diameter of the sphere it- 
sell. 

His work was duly published in scientific journals, and duly greeted with 
derision and hostility. Ehrenhaft himself disappeared during World War II. And 
there the matter lay. Dogmatic scientists continued to blindly teach the indivisibil- 
ity of the electric charge, Millikan retained his exalted position and Ehrenhaft’s 
work passed into comfortable obscurity. And in sophomore physics laboratories all 
across the nation, the indivisible quantum of electricity held full sway, dutifully 
by the oil drop experiment. 

‘Then in the 1960's, the particle physicists, despairing because of the bewilder- 
ing new array of fundamental particles that continued to pour in confusion from 
their massive high energy machines, turned again to the idea of fractional charge 
(quarks) to try to make some unifying sense of the embarrassing abundance of 
strange new particles. By choosing three simple quarks, they could unify the theory 
of almost all the new particles. (Additional quarks have become necessary in the 
theory since then.) 

So physicists gradually began to look for quarks, but in the giant, sophisti- 
cated, cumbersome experiments and devices that were yielding all the strange 
particles, not in the simpleton's approach that Ehrenhaft had taken. And they 
could not find them! Try as they would, a quark just refused to leave its tell-tale 
track. But in desperation they kept looking, and kept missing them. 

‘Then in 1972 a convention of physicists was held at the International C. 
‘Theoretical Physics in Trieste, Italy. Seven Nobel Prizewinners in physics at- 
tended the convention, whose theme was the physicist’s conception of nature. Paul 
Dirac, the Nobel prizewinner who had theoretically predicted the positron before 
its discovery, gave the keynote address to the distinguished gathering 

Amazingly, Dirac presented the work of Ehrenhaft to the startled convention! 
He showed some of Ehrenhaft’s data, and then pointed out that Millikan had also 
reported a single measurement of fractional charge, but had discarded it from con- 
sideration because he felt it was probably an experimental error. Dirac remarked 
that it all made him wonder whether Millikan might really have had a quark in that 
ingle discarded measurement. 

‘The die was cast, and the seed finally planted. In 1977, about forty years afterEhren- 
haft first obtained his quarks, someone finally got around to using solid paniculate mat- 
ter. Researchers at Stanford University tried it out using niobium, and they got a little 
fractional charge on their niobium. So after forty years, Ehrenhaft, who had so long been 
ridiculed and ignored, was finally vindicated. It had taken the establishment that long to 
check his work instead of dogmatically rejecting it. Yet in none of the articles I have seen 
oon the new discovery has there been a single word about Ehrenhaf or of Dirac’s presen- 
tation of his work at Trieste. 
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Fig. 16. Einstein's spherical model of the cosmos 


EINSTEIN'S SPHERICAL MODEL OF THE COSMOS 


Einstein’s spherical model of the cosmos is a primary example of a holographic 
universe. In such a closed spacetime, each point inside the universe is also at the ex- 
treme end of the universe in any direction. Thus the entire physical universe is 
totally outside any of its internal points, and totally inside each internal point as 
well. 

‘That is an application ofthe fourth law of logic. The total internal is identical to 
the total external. The adjective “total” merely moves one to the common bound- 
ary between the operational concepts of “internal” and “external.” At that bound- 
ary, there is no operational distinction between one and the other. 

‘The universe closure is not limited to just one occurrence or one rate of closure. 
In fact the universe can then proceed to close again within the same local thre 
space, ¢.g., a gradual macroscopic closure due to gravity field (or causing it) con- 
stitutes the external universe, and a second extremely sharp microscopic closure 
due to electric field (or causing it!) constitutes electric charge. The two together 
constitute a fundamental charged particle of mass. The polarity of charge is de- 
termined merely by which of two directions the second closure was made in. Con- 
ing an electron as such a dually closed entity, it is readily seen that the closure 


trical and gravi- 
on the order of 10%. The 
model is also consistent with Santili’s proof that the electric field and the gravita- 
tional field are either the same thing or partially the same thing. In our model, an 
electric field is in fact a highly compressed gravitational field. Proper time 
synchronization should allow fantastic antigravity effects to be realized, and thus 
electrogravitics has a basis in this model. 


A CHARGED PARTICLE 
IS A DUAL CLOSURE OF THE UNIVERSE 


I is proposed that each fundamental particle having electric charge represents 
‘a dual closure of the entire physical universe. The gravitational field closure is slow 


and weak, and it is that closure which results in the so-called external physical uni- 
It is proposed that all particles participate in this same closure, since it is their 


nts or causes the closure. (By the fourth 


combined distributed mass that repr 
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law, “represents” and “causes” become simultaneous at the boundary, i.e., when 
closure is accomplished.) 

There are two directions possible for this gravitational closure: one wher 
gravitational masses appear to attract, and one where gravitational masses appear 
to repel. These two directions thus form antimatter closures with respect to each 
other. The G closure where G masses attract is said to be the closure associated 
with a positive time dimension, while the G closure where G masses repel is said to 
be the closure associated with a negative time dimension, The direction of closure 
represents or causes the time dimension’s algebraic sign, and vice versa (fourth 
law). 

‘The electric field (E) closure is strong and fast — on the order of 10 times as 
strong and fast as the G closure. However, its closure is in a direction orthogonal to 
the direction of the G closure. Since all matter is in motion, a slight deviation from 
exact orthogonality actually exists between the G and E closures due to crosstalk 
projection of components from the slight frame rotation involved in the velocity of 


each mass itself 

There are two primary orthogonal directions for the E closure. One direction 
yields positive charge and the other yields negative charge, for the positive time 
closure. For the negative time closure, the directions are reversed 

Such a schema, or version of it, can be made consistent with Santilli’s proof 
Feynman's criterion, and the observed fact that electricity can affect gravity and 
vice versa (electrogravitics). In fact, the electric field becomes a highly compressed 
gravitational field, at nearly 90° from the normal gravitational field. Liberating the 
compressed gravity in a flashlight battery could accomplish fantastic antigravity 
effects. Ironically, antigravity should be the simplest and cheapest effect ever 
al mechanisms for orthoshifting E field to G field are dis- 


dreamed of, once pract 
covered. 

Since psychotronies and quarks involve more fundamental components of 
electromagnetic field, hyperfields or biofields. psychotronic devices to yield anti- 
gravity should be quite feasible. The undisclosed extensions to Pavlita’s psycho- 
tronic generators are thus of absolutely fundamental importance. 

Furthermore, the ancients appear to have possessed psychotronic devices. Con- 
sidering that metals, crystals, and other common materials can be used to. con- 
struct psychotronic generators, and great power is attainable by the hyperchannel 
amplifier effect, it is quite possible that priests of several ancient civilizations 
actually possessed psychotronic devices to lift giant stones by antigravity, and other 
psychotronic devices to carve the stones like jelly. They may also have possessed 
psychotronic flying machines which used antigravity for lift and something like 
rocket propulsion for horizontal thrust. A flying machine that gets its lift from 
antigravity might be extremely crude in external appearance, and the use of hyper- 
space for travel would make it unneccessary to travel extensively through ordinary 
three-dimensional space. Thus many aspects of travel through normal space such 
as air drag and fineness ratio are of little importance to a psychotronic vehicle. 


ADDING AND SUBTRACTING DIMENSIONS 


Figure 17 shows the relation between total collection (integration) and ortho- 


gonal rotation in hyperspace. 
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Fig. 17. Adding and subtracting dimensions 


Total collection of zero-dimensional points in one direction integrates the 
points into a line (one-dimensional entity). This is precisely the same as if any of 
the points had been the plane intersection of an orthogonal line, and that line had 
now been rotated into the plane. Total collection in one direction is dimensional 
ration, and the collected entities gain an additional dimension, i.e., total col- 
orthogonal rotation of the higher dimensioned object into ob- 


space. 

A point can be considered to be, and modeled as, a line in a frame one ortho- 
gonal tum away, and simultaneously as a plane two orthogonal turns away, and 
limensional physical world) thre 


simultaneously as a solid (in fact, an entire three: 
orthogonal rotations away. The latter may also be considered to be, and modeled 
as, a mind, or even as an infolded infinite set of minds. The concept does not stop at 
three dimensions, but proceeds into higher realms indefinitely. However, three 
dimensions plus an orthogonal time dimension are sufficient for our purposes. 

‘A converse operation also exists. Differentiation consists of a cut in an object 
whereby one single element (of the collection the object represents), is separated 
and isolated, so that one dimension is lost. It is like a closure being opened at one 
element. This is the same as an orthogonal rotation of the entity (being differenti- 
ated) in a direction departing from observer three-space. 

In the Figure, the lower two figures show the collection-is-integration schema 
for higher-dimensional figures. In the lower right figure, we cannot draw the three- 
dimensional object in its orthorotated position in four-space since we have only 
three spatial dimensions in the frame. Nonetheless, the additional dimensions exist 


and are simple to treat mathematically. 


MIND IS OBJECTIVE 


In time differentiating, mass loses the time dimension, Therefore we cannot see 
time with a mass perceiver, but we can see L’ (spatial extension). But time is the 
only so-called objective dimension occupied or shared by mind. Therefore we also 
cannot normally perceive mind, because the plate (time) on which it was sitting is 
lost in the perception process. 

‘Thus Descartes was both right and wrong. He was right in that monocular mind 
is not present in physical detection output, but wrong in believing mind and 
physical phenomena are totally separate. Time does not exist except with respect t0 
between one L’ perception and another, if L is all that is outputted. Physical time 
is totally relative, totally mental, and exists only in memory. Mind is thus present 
in LT four-dimensional physical phenomena and is discretized along with time dis- 
ereteness in the Heisenberg uncertainty relation dEdi>= h/24pi 

In fact, we can even take the extreme view that time is mind. Because to estab- 
lish a delta t, a former L’ must be established and compared to a more recent L’ 
The only place the former L? can rigorously be found is in memory. An event, once 
occurred, is in the past and is forever gone to the observer. Only in his memory can 
it be said to exist. But then so is the observation also of the most recent L’. Thus, 
rigorously, observed phenomena may be said to exist only in memory, and there is 
only a past, never a present. Thus a full four-dimensional mind is inseparable from 
perceived physical phenomena, and mind is quantized along with quantum change 
in the physical world 
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‘A POWERFUL EXAMPLE: 
CANTOR'S PROOF THAT THE SET OF ALL SETS IS NOT A SET 


Fig. 18. Turning a thing into its opposite 


THE SKIN TRANSDUCER EFFECT: TURNING A 
THING INTO ITS OPPOSITE 


On the boundary interface, one type of field may be tured into another. ‘The 
higher psychotronic field (biofields) may be turned into an electromagnetic field, 
and vice versa. The boundary interface serves as a transfer function mechanism for 
translating one kind of effect into another. Both ends of the transfer function are 


excitonically united in and on the interface. 

‘The Soviet work that measured coherence of cyclic rhythms (heartbeat, breath, 
body electric fields, etc.) in Kulagina is significant in this respect. Kulagina in- 
duced electrostatic fields around objects that she moved psychokinetically. Her 
biofield, which is connected through hyperspace to the object being moved, is 
orthorotated into ordinary fields at the interface ofthe object. Thus an electric field 
is created, and also a momentum field that causes the object to move by ordinary 
physics. 

The Soviet work appears to have established that man, earth, and cosmos are 
psychotronically and coherently linked; that the boundary of an object is a trans- 
ducer coupling internal and external dynamic changes in one-to-one correspond- 
ence; that the transducer effect applies to both living and nonliving systems; and 
that through tuning and resonance, internal patterns can be incepted externally, 
and external patterns can be incepted internally. 


EVERETT'S MANY-WORLDS INTERPRETATION 
OF QUANTUM MECHANICS 


Both mind and matter can be precisely modeled in Everett's many-world inter- 
pretation of quantum mechanics. 

Ordinary relativity is interpreted for only a single observer at a time. If you 
believe that you and I simply coexist at the same time, then the basis of physics is 
very different from what is in your physics book. Everett worked out what happens 
to physics if we insist on multiple observers at a time: all possibilities exist and are 
real, no matter how weird or far out; the world is a single giant universal wave func- 
tion; collapse of the state vector has meaning only to a single observer; the world is 
composed of multiple orthogonal worlds of infinite variety, complexity, and 
strangeness; each world constantly splits into multiple worlds at a fantastic rate. 

‘The many-worlds interpretation, though strange, is totally consistent with the 
experimental basis of physics. Most physicists have completely ignored Everett's 
profound and fundamental work; the MWI is a time bomb ticking away at the 
heart of physics. 


SPACETIME CURVATURE IS TRICKY 


Bent and rotated spaces give strange results. A thing in one frame can be some- 
thing quite different in another frame. Just as the mass of a moving object does not 
increase with respect to its own inertial frame, it increases with respect to the ob- 
server’s static frame. 

What a thing is, is totally relative to the perceiver and his perceiving frame. It 
even be nothing in a great many frames. Do you see how nothing can contain 


everything? 
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So we really can turn nothing into something if we are clever. 

We can solve the energy crisis by building free energy devices which simply co- 
here the nonintersecting Virtual-mental energy states and collect them, breaching 
the quantum threshold and yielding real, observable energy. To put it another way, 
‘we can tap zero-point energy. 

And we can also turn a thoughtobject into a real, materialized object in this 
ialize a physical object, converting it to a mental 


physical frame. Or we can demate 
object. 


MULTIPLE REALITIES (MANY WORLDS) 


In Figure 16,1 show the particular sel 
many-worlds interpretation of quantum mechanics, Other and more complex sel 
tions can be taken, but these suffice for our purposes and allow us to complet 
basic schema for connecting physics and metaphysics 
manner. The selection and the schema developed thus provides an initial crude 
theory which makes predictions, develops theoretical mechanisms, and can be 
physically tested 

In the diagram, each three-dimensional physical frame of an infinite set at 
orthogonal angles to each other is shown by a single Tine about the plane of the 
bottom, much like the spokes of a wheel. The single time dimension shared by 
every one of the spokes or three-dimensional worlds is shown by a single vertical 
line, much like the axle for the wheel and its spokes 

Starting with the let spoke and going counterclockwise 
numbered with the prime superscript system. The S world is the normal three-space 
physical world we all live in and detect; the S” world is the first orthogonal world, 
etc. Each world is also called a hyperspace or bioframe or bioworld and numbered 
consecutively beginning with zero for the S frame. Thus the zero-th hyperspace is 
the ordinary physical universe 

The first hyperspace is the 
is seen as an electromagnetic field to the 
With the S frame is two-dimensional, we immediately see that the electromagnetic 
field is @ plane wave. Light thus travels at speed c to every observer in the S frame, 
because ¢ is or represents an orthogonal rotation: 

Further than the first frame, a three-dimensional object is seen by the 
observer as a deBroglie wave. Since its rotation is greater than 90° with respect to 
the S-frame, the deBroglie wave always moves faster than the speed of light with 
respect to the S-frame observer. 

‘A three-dimensional object in the S° frame is seen by th 
line or force vector, i.e, simply as flux. (Tentatively, this 
area of neutrinos.) 

A three-dime 
spatial point, i.e. as spatially dimensionles 
object to the § observer. 

The entire $* frame constitutes a mind or a Virtual world. There are an infinite 
number of such $* frames available in hyperspace. In fact, there exists a set of 
three orthogonal turns between any frame higher than Sand the § frame, due to 
the nature of hyperspace. Thus in the model we are using, any of the higher bio- 


the 
in the simplest possible 


the spoke worlds are 


ectromagnetic field. A physical object in this frame 
frame observer. Since its intersection 


frame 


S-frame observer as a 
rame appears to be the 


jonal object in the S" frame is seen by the S-frame observer as a 
It is thus a mental object or a virtual 
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frames may be considered to be only three orthogonal rotations away from the § 

frame, 
We thus have a scheme of multiple worlds and multiple realities from which we 
etc. And we may also turn one type 


may construct living systems, thoughts, tulpas 
of field into another, simply by virtual state collection or separation, as the cas 
may be. 

‘All frames S* or higher are mental or virtual frames. Physical phenomena in 
these frames are mental phenomena with respect to the S frame. 

Note that we have deliberately evoked a system whereby a mind is modeled in 
terms of physics and physical reality is modeled in terms of mind. The only differ- 
e between any two entities in the various worlds is a matter of orthogonal rota- 


tion. 

For the pure mathematician, obviously this entire model could be extracted into 
a new calculus. A symbol could be assigned to the orthorotation operation, and a 
sign assigned to the symbol to indicate whether the direction of turning is ap- 
proaching the observer or departing from the observer. Sideways turns and in- 
betweenwards-turns could be represented by additional signs, or hypernumbers. 1 
suspect that such a calculus is well worth doing, and I also suspect that it will 
closely resemble Charles Muses's hypernumber work when done. Using a six- 
dimensional geometry, the German physicist Heim has accomplished something 
imilar, without yet realizing that he has also modeled mind. His work generates all 
the fundamental particles of physics and explains many features of UFO pheno- 
mena, as is to be expected from the scheme developed here. 

AC any rate, an exact calculus of higher dimensions and of turning one kind of 
field into another kind of field — with no barrier at all between physics and meta- 
physics — awaits the hands of the builder. 


CLUSTERED ORTHOGONAL WORLDS 


In this diagram, 1 show a sample of how various objects appear in their inter- 
sections with various bioframes. Note that an object is many things at once, and 
that many of the things it is are nonthings or nothings. 

Everything is a thought in at least one frame. We can appreciate James Jeans's 
remark that the world appears less and less like a mechanism and more and more 
like a single thought. His intuition was in fact literally correct. 

Each entity is a photon in at least one frame (let there be light!) Each entity is a 
line in at least one frame. Each entity is a three-dimensional spatial object in at 
least one frame. 

By orthogonal rotation, a thing can change its face with respect to an observer, 
appearing to change into a totally different sort of thing with respect to a fixed ob- 
jc and absolutely unlimited. It is only our 


server in one frame. Reality is quite pla: 
own rigid heads that have been made of solid concrete. 

Specifically, materialization of thought objects, by three approaching ortho- 
gonal rotations, exists. Similarly, dematerialization of an object, by three receding 
orthogonal rotations, exists. In such a case the dematerialized object appears the 


same as a thought object or virtual object. 
‘A perfectly valid mechanism thus exists for tulpoids, materialized thought 
forms. All that is needed is a suflicient virtual state collection mechanism. 
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Technology Coverage _—_ Characteristics Standardization/ 
Specifications 


Ingenu Wide area, | Low throughput, low power. | Ingenu?” 

(previously Emerging Using 2.4 GHz ISM band. 

‘OnRamp deployments. | Uses IEEE 802.15.4k. 

Wireless) 

Weightiess Wide area. | Low throughput, low power. | Weightless Special 
Expected Unlicensed bands (sub 1 GHz | Interest Group®® 
deployments. | such as TV White-Space and 

900 MHz in the U.S.) 


Security is of particular concern to both developers and users of loT technology. An 
increasing amount of network-connected infrastructure will result in new security 
vulnerabilities that are being addressed by concerted effort from the industry. °? 


Smart Antennas and MIMO 


Smart antennas, defined with progressively greater capabilities in successive 3GPP 
releases, provide significant gains in throughput and capacity. By employing multiple 
antennas at the base station and the subscriber unit, the technology either exploits signals 
traveling through multiple paths in the environment or does beam steering, in which 
multiple antennas coordinate their transmissions to focus radio energy in a particular 
direction. 


Initial low-band LTE deployments used 2X2 MIMO on the downlink (two base station 
transmit antennas, two mobiles receive antennas) and 1X2 on the uplink (one mobile 
transmit antenna, two base station receive antennas). In the higher bands, 2X2 downlink 
MIMO has been deployed, but it is more common to employ four antennas for uplink 
reception in a 1X4 configuration. LTE deployments are now using 4X2 MIMO and 4X4 MIMO 
‘on the downlink (four base station transmit antennas). LTE specifications encompass 
higher-order configurations, such as 4X4 MIMO, 8X2 MIMO, and MU-MIMO on the downlink 
and 1X4 on the uplink. Practical considerations, such as antenna sizes that are proportional 
to wavelength, dictate MIMO options for different bands. 


Engineers are now experimenting with what are called massive MIMO systems, which 
employ a far larger number of antenna elements at the base station—64, 128, and 
eventually even more. Use in 5G of cmWave and mmWave bands, with their short 
wavelengths, will facilitate massive MIMO, but even before then, 3GPP is developing 
specifications for massive MIMO for 4G systems in what it calls full-dimension MIMO (FD- 
MIMO). Release 14 specifies configurations with up to 32 antennas at the base station. 


57 For details, see Ingenu, https: //www.ingenu.com/. 
58 For details, see http:// www.weightless.ora/. 


*8 For further insight, refer to the Ericsson white paper, 1oT Security, February 2017, available at 
https: // www.ericsson. com/assets/ local/ publications/white-papers/ wp-iot-security-february-2017.pdf. 
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Each S'‘’ AND HIGHER BIOFRAME 1S A MIND. 


A PARTICLE IN ONE OF THESE FRAMES IS A 
“THOUGHT” OR “THOUGHTFORM” IN A MIND. 
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Fig. 20. Clustered orthogonal worlds 


Note that an orthogonal rotation in an approaching manner is automatically 
accomplished by sufficient coherent collection in the remote frame. There is a fin- 
ite collection threshold between two orthogonal hypertrames. Sufficient collection 
in one frame (by a tuning or directing mechanism in a third frame) breaches the 
threshold in the collection frame and the collected or quantized entity automa 
ally appears in the next frame closer to the tuning mechanism’s frame. The process 
may then be repeated. If sufficiently repeated, all the intervening thresholds are 
breached and full materialization of the object in the observer's frame (tuning 
frame) occurs. 

By this process an object may be kindled from a remote frame to one that is less 
remote. Two successive applications of kindling turns thought into electromag- 
netic field. This is how thought photography is accomplished, and the talented 
individual who accomplishes itis simply cyborged to the camera film grain in an in- 
iptive cyborg device. Many such examples, including some deliberately accomp- 
lished on demand by the study group in which I am included, are given in this book. 
Three successive kindlings turn a thought object into a materialized object, a 
tulpoid. 

Such a materialized thought-object may be of an inert object or of a living 
breathing, biological being. The model we are working in has eliminated any super- 
ficial difference between living and nonliving because it is a four-law model. And a 
materialized living being will be just as real and physical and functional as any 
other person on this earth. Ultimately, that is all that we ourselves are — tulpoids. 
Nothing exists but the thought of the infinite creator, so to speak, and we are 
simply part of that thought. 

The coherence in multiple stages necessary to accomplish kindling is often re- 
ferred to as tuning in this book. Tuning sufficient to enable two orthogonal rota- 
tions results in thought turning into electromagnetic field or light. Such a kindled 
field. may be additive or subtractive to existing electromagnetic fields. Thus 
kindling can cane tromagnetic field that already exists, or it can create one 
where none previously existed, or it can shape, modulate, or change one which al- 
ready exists. 

Kindling can also wipe out the charge on a charged particle, or it can build up a 
which previously had no electric charge. It is not accidental 


charge on an obj 


that Kulagina, when performing psychokinesis in the laboratory, first causes the in- 
duction of an electrostatic field on a nonmoving object. Then the object moves 
psychokinetically. In a similar fashion, she has stopped a frog's heart; kindling of 

trical trigger 


the type to quench electric charge would of course eliminate the 
signals in the muscles of the heart, rendering it inoperable. This could mean either 
cessation and paralysis in a moderate case or total death in a drastic case. She also 
on one occasion demonstrated the ability to stop a tiving human heart. I have met 
other people who could do something similar. One of the great secret techniques in 
certain Oriental martial arts was the death touch. This could only be accomplished 
by certain rare adepts; with a light touch of the hand or fingers, they could induce a 
charge of bioenergy into and onto the acupuncture system of the body, so that the 
body itself began to slowly kindle its own nerve current quenching. A real adept 
could control the amount induced so that the death of the victim could be roughly 
controlled. Radionics and voodoo can do similar things, though usually to a lesser 
degres 
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‘There also exists a precise mechanism for metal bending; the destruction of the 
charged particles (for the protons in the nucleus and the electrons in orbit, or even 
for just the protons in the nucleus) converts the particles in some atoms to 
neutrinos, which then vanish in the distance without interaction. Thus localized 
areas in strong metal can be kindled and made quite plastic from thought energy 
alone by one who has developed this skill. And the kindled areas will give every 
indication of having been subjected to extreme heat or unusual forces of a sort not 
encountered in normal metal bending or fracture. Also, the inceptor who is bending 
the metal and the metal itself are cyborged together into a single inceptive cyborg 
mechanism. Therefore the metal will often continue to bend even after laid down, 
because in the cyborg kindling is still occurring 

Furthermore, metals that exhibit unusual physical characteristics, such as 
nitinol, can change those characteristics dramatically by kindling. Also, an elec- 
trostatic field can be directly kindled in and induced on an external object, and an 
electric field or electromagnetic field can be induced in its surrounding space to 
interact with it, accomplishing psychokinesis of the object. 

Or thought energy can be kindled in the hyperfield fluxes of an ordinary mag- 
net. A magnetic compass needle can be moved by mind or a magnetometer can be 
scted, even through a superconductive Farraday shield. After all, the effect is 
rotating into our three-dimensional space from outside it, so shielding is of little 
consequence except where it interferes with tuning. 


CROSSTALK BETWEEN MULTIPLE REALITIES 


In Figure 21, I show that phenomena in all the hyperframes crosstalk. A 
moving object in frame S possesses a slight rotation, hence it projects a tiny com- 
ponent into frame S'. This S' component, however, is still dynamic and has a small 
velocity in $'. Hence it also is slightly rotated and therefore has a crosstalk com- 
ponent projected into frame S* with a velocity there. Having finite velocity, this 
projection in turn has a rotation and projects into the next higher frame, and so on. 

‘Thus any changing entity in any frame crosstalks a tiny amount into any other 
frame, In a frame $", the crosstalk from a change in any other frame S® is norm- 
ally so small as to be virtual, hence nonobservable. Coherent virtual crosstalk, 
however, integrates and can breach the threshold between virtual and observable 
state. It is in fact possible to show that what we call a mass in $ space is simply the 
sum total of the crosstalk in and out of a localized region L of S space, the local- 
ized region being the mass in question 

Another point to notice is that most fundamental particles in a frame rarely 
move with constant velocity. Instead, they normally accelerate and decelerate con- 
tinually. Thus the actual velocity vector of one of these entities is continually 
changing, usually quite erratically. But for microscopic particles in regular atomic 
or crystalline formations, the change pattern is quite regular. At any rate, the con- 
stant changes on the velocity induce a jitter component on its crosstalk into other 
biofram: 


So the crosstalk into a frame is jittery. Thus a fundamental particle is jittery or 
wavelike. The fine structure constant of an electron encompasses this hyperspatial 
jitter or wavelike state of the electron. The fine structure constant is about 1/137. 
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en 
Pig. 21. Crosstalk between multiple realities 
tron actually spends about 1/137 of the time in hyperspace. 

So, because ofjitter, an object is partially in every hyperframe a minute but fi 
ite part of the time. So are all minds and mental objects, and so are all virtual ob- 
jects. For a fundamental particle, the fraction of time that one quantum of action 
pervades another frame may be referred to as the identity coefficient. 

‘The identity coefficient varies; it is the photon interaction that time differenti- 
ates, quenching time and separating the bioframes, and this interaction is not a 
linear operator since the intensity of time differentiation is a rather complicated 


Thus an el 


function of photon frequent 

At any rate, for an electron in orbit in an atom (or for any other electron, for 
that matter) there is thus a small but finite probability that the electron may be at 
any given position in the universe when its detection occurs. In other words, there is 
a finite probability of collecting an electron at any point in the universe, and the 
collection may be made from multiple points simultaneously. We can actually col- 
lect the same electron twice, so to speak! Or even a million million times. 

‘The probability of detection of an electron at a given position may be directly 
expressed as the fraction of time that the electron actually spends there. And this 
fact may be used to develop a holographic coherent collection scheme that can 
directly amplify particles. Thus a so-called free energy device, which in one sense is 
just a tap into the zero point energy of vacuum, can be built. And it has been built, 
‘by Moray and by others. The jitter and crosstalk make it directly possible. 


BIOFIELDS: AND MAVERICK WORLDS 


Figure 22 shows a convenient list of how objects appear in different frames. 
‘This schema, selected from Everett's many-worlds interpretation, allows modeling 
of life, death, mind, matter, and psi. It also allows one type of field to be ortho- 
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BIOFIELDS: TIME-CLUSTERED ORTHOFRAME 


‘n= Number of Dimensional Intersection 
Present Name Ortherotations _—_—Bofield with Lab Frame 
Laboratory Frame O oth ap 
Electromagnetic Field 1 ist 20:7=0 
Virtual Photon t<n<2 Between Mix of 2.0: » = G and 1-0: » = 
tet and 2nd 
Bare Neutrino (candidate) 2 2nd 1D: » = CF (but flows in photon) 
‘Space-poiat; mind, 3 8rd 0-0, » = C* occupies time, not 
‘thought space per se. Flows in neutrino, 
thus in photon 
Space-point, mind, n>s th ‘Same a9 3rd biofield. All hyper 
‘thought ‘spaces are only 3 orthorota- 


tions away in nonlinesr hyper- 


Fig. 22. Biofields: time-clustered orthoframes 


rotated and turned into another kind. Such orthorotation demands correct time 
synchronization, rather than brute force energy application. In fact, orthorotation 
is energy-conservative for a single orthogonal turn, 

Even the strangest conceptions and most fantastic possibilities have their own 
assigned realm of concrete reality. These are referred to as maverick worlds. 

Note that all possibil 
pened, and everything that will happen or could happen — are real and e 
cretely in their separate orthogonal universes. The same is true for all thoughts and 
thought worlds, and all possible thoughts and thought worlds. 

By proper coherent tuning, an object in one of these orthoframes can be ortho- 
rotated into our own frame and objectified, and that is what the Tibetan monks call 
a tulpa, an objective materialization of a thought form. The tulpa will hardly ever 
be closed entirely in phase, however, and so it will almost always be unstable. 
UFO's, angels, and imps go away. But the materialization of one of these can be 
entirely objective and perfectly objective traces can be left, such as photographs, 
broken limbs, scorched asphalt, indentations, and depressions in grassy fields. Any 
thought object can be so orthorotated and objectified. Beings, religious figure: 
imps, UFO's, and monsters can all appear. 


— everything that has happened or could have hap- 
 con- 


angels, fair 


HYPERFIELD FLUX IN A MAGNETIC FIELD 


In the conventional experiment to determine the pattern of a magnetic field, 
iron filings are sprinkled about a bar magnet on a piece of paper. As shown in the 
top drawing of Figure 23, the iron filings form a symmetrical pattern. Further, the 
only apparent circulation pattern is from one pole to the other. Each flux line is 
closed, going through the magnet from one pole to the other and out of that other 
pole, bending back through space to the first pole. Every flux line therefore goes 
through both poles. 


201 


However, each litle iron filing is actually quite static; it does not move at all. It 
does not change with respect to either time or position. It is therefore integrating 
any higher sinusoidal component that is changing with respect to time and length. 
‘The characteristics of the orthodox picture that emerges are prescribed by Max- 
well’s equations of electromagnetic field. 

If we tape the bar magnet to the face of a color television tube, the magnetic 
field is now being scanned or probed or sampled by a moving electron beam, which 
reacts with the magnetic field of the bar magnet. This electron beam is changing its 
position with respect to time and length, and it therefore differentiates the magne- 
tic field. The hyperspatial "ripples" in the magnetic field now are not integrated 
exactly to cancel, and so a small deviation from each flux line will be detected by 
the differentiating beam. Slight deviations will cause a color change, and so the 
hyperspatial flux now becomes evident on the television screen. The lower draw- 
ings show the rather unusual, nonsymmetrical pattern that emerges. 

‘The equations for these hyperfield fluxes should be obtainable by differen- 
tiating Maxwell's equations twice more, yielding fourth order equations. These 
equations should be the much sought-after equations of prana, chi, ki, ectoplasm, 
bioenergy, bioplasma, odic force, ete. 

Note that the hyperfield circulation goes into the north pole and pours out of 
the south pole. A living organism exposed to the north pole, end on, will have 
own bioenergy sucked out by the magnet, and its own flux will diminish somewhat. 
Exposed to the south pole, end on, it will have its own bioenergy increased by the 
bioflux pouring fiom the magnet. This explains why many experimenters who have 
extensively tested the influence of magnetism on growing plants have found that the 
north pole inhibits and the south pole stimulates growth and health. 

The hyperfields are fundamental fields rather than electromagnetic fields; they 
collect coherently and kindle into electromagnetic field, creating it or destroying it. 


LIFE AND DEATH 


In Figure 24 I present an overall schema for life and death — and for rein- 
camation as well. 

‘An infinite number of hyperfields or bioframes are shown as S, 
The frame $ is the ordinary laboratory frame — the physical spatial world we live 
in and observe. The frame is the electromagnetic field, the frame S° the linear or 
flux frame, and $? the first "mental" or "virtual" frame, Also, all higher bio- 
frames have a connective path to the S frame of only three orthogonal rotations 
(not shown). Thus only three orthogonal turns separate S” and S, S* and S, and S? 
and S. 

In frame S, note that physical body A has a coherent crosstalk link with the 
entire frame 5”. A-S" thus constitutes a living biological system; in this case, let us 
say, ahuman being. Likewise, B and $' have established a coherent crosstalk loop. 
B-S' thus also constitutes a living biological system; in this case, let us say, an 
‘opossum, These two examples are incarnated living systems (incamated minds). 

In fact, this is a great oversimplification, as the reader will realize at once. We 
really should consider all the groupings of A — the organs, the structures, the cells, 
the internal cellular parts, etc. — as separate but coordinated a, (And similarly 
with B.) Each of these a, must have a correspondent s subworld of 5", much like 
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Fig. 23. Hyperfield flux in a magnetic field 


ss 


ATP" is a living system. 
‘Ais the physical body, the incepted mass. 


8" is the mind, 


£8! is also a living system 
2: 30 a Living system, 


To 8, D is inert; 1.e,, D is not preferentially 
incepted. 


- ToS, SK isa “disembodied mind." I.e., s* 
1s “dead,” since it is not preferentially 
incepting its former body, C. 


Whenever a proper retuning body, say E, appears 
su in 8, 8* will reestablish a coherent 
crosstalk with E. This constitutes 
"reincarnation" of sk, 


Fig. 24. Life and desth 


the fine structure of atomic energy levels. But here | am simply outlining the major 
schema. 

At any rate, let us now examine body C and hyperworld S*, which formerly 
‘were one-to-one coherent in crosstalk, but are no longer so. C represents, let us 
suppose, the body of a frontiersman in 1830 who has received an Indian arrow in 
his breast, piercing the heart and destroying the ability of the body to coordinate 
the ¢, to each other and to the inceptive channel from S*. With the loss of coher- 
ence, noise begins to destroy the channel; thus S* is now a "disembodied mind, 
and C starts to become a decaying corpse. The various c, of course lose coherence 
at differing rates, and so the fine structure channels to the s* also lose coherence at 
differing rates 

Finally all ¢; - s* coherence is lost, and the frontiersman is then “dead.” The 
mind S* is now disembodied — and also probably quite disturbed or "noisy" 
because of the variance in disintegration of the ¢, - s* loops. One might say that the 
mind is somewhat "detuned" by the whole affair. However, “death,” in the sense 
of total loss of mind and personality, has most certainly not occurred. All that has 
occurred is a lapse into a disembodied, and perhaps somewhat confused, state. 

‘And the disembodied mind finds itself in its own deep, unconscious world 
constructs. If a person has been unconsciously Christian in a very deep, funda 
‘mentalist sense, and in his own mind has also been a "sinner deserving of hell,” 
then he will actually “lift up his eyes in hell," in his own world tuning. And that 
world will be physical and real — as real and physical as this one — but it will oper- 
ate by different physical laws, just as dreams operate by different physical laws 
‘These relations and laws are prescribed by the person, either conscious) 
sciously. The devout Mohammedan is quite likely to find himself after 
the delightfully chauvinistic paradise he believes in 

And so the Catholic practice of praying oneself out of purgatory is relevant, for 
if that belief-structure is firmly fixed in the deceased's deep unconscious, then it will 
happen; he will simply change his world construct in accord with the effort made on 
his behalf. 

And the ancient Tibetan practice of giving instructions to the deceased as to 
what to expect and where to go is also relevant, for during the time that the major 
channel C-S* is lost but many of the ¢, - s* are still functioning, the deceased is still 
in contact with frame and can heed those instructions 

Certain clairvoyants and skilled psychics can also project part of their mind 
vision into S* and see the status of the deceased. In some cases the deceased will 
have so strongly retained mental structures analogous to physical structures and 
localities (or persons) in frame S that continual small crosstalk channels breach 
open by tuning resonance to those localities, structures, or persons. With a little 
inceptive assistance from one or more sensitive persons, an “appearance” of the de- 
ceased at the locality, structure, or near the person can take place. Much psychic, 
ghost, or spiritualist activity is due to this effect. So indeed is the concept of earth- 
bound spirits. Here again, an advanced adept can erase the psychometric pattern 
attached to the locality, structure, or person and thus eliminate the phenomena. In 
the American Association of Metascience, such a resolution is part of an overall 
process called “clearance 

But this is not all. Now that the departed frontiersman has been cleared, so to 
speak, and is snugly in his own world S* rebirth process still awaits him. AS I 
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Massive MIMO is practical even in cellular frequencies. For example, at 2.5 GHz, an 8X8 
array using half wavelength spacing would produce a form factor of 50 cm X 50 cm. 
Applications of such arrays include beamforming along a horizontal direction as well as 
beamforming in a vertical direction, such as to serve different levels of high-rise buildings. 


See the appendix section “LTE Smart Antennas” and "LTE-Advanced Antenna Technologies’ 
for further details. 


Virtualization 


Virtualization refers to implementing the functions of infrastructure nodes in software on 
commercial “off-the-shelf” computing equipment. The approach promises lower capital 
expenditures, lower operating costs, faster deployment of new services, energy savings, 
and improved network efficiency. With NFV, multiple tenants will be able to share the same 
infrastructure, facilitating, for example, mobile virtual network operator (MVNO) and multi- 
operator virtualized RAN arrangements. NFV, however, also constitutes an entirely new 
way of building and managing networks, so widespread adoption will occur over a long 
period. 


Both the core network and portions of the radio-access network can be virtualized. The 
core network, consisting of fewer nodes, is an easier starting point. Virtualizing RAN 
elements, although more complex, could eventually provide the greatest network efficiency 
gains, particularly for small-cell deployments where it can facilitate coordination among 
cells and use of methods such as CoMP and interference coordination. Unlike the core, 
virtualizing the entire RAN is not possible because a Physical Network Function must 
terminate the radio interface. As operators virtualize their core networks, they put in place 
the systems and know-how to extend virtualization to the RAN. 


The European Telecommunications Standards Institute (ETSI) is standardizing a 
framework, including interfaces and reference architectures for virtualization. Other 
standards and industry groups involved include 3GPP, the Open Networking Foundation, 
OpenStack, OpenDaylight, and OPNFV. 


Figure 26 shows the ETS! framework, in which virtualized network functions are the nodes 
or applications by which operators build services. 
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Inception or intent thus can slightly deviate from a causal 
trajectory. Over suffictent collections of physical change: 
"intentional behavior" or “limited free will" emerges 
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smallness accounts for human “physical limitations 


©. QHANGING THE past. 
Fig. 25. Consciousness, life, and intent 


have pointed out elsewhere, every particle of mass is simply a pattern of change in 
the universal orthorotational flux between hyperframes. (This, afterall, is no more 
than a slight extension to general relativity.) When the proper physical tuning 
mechanism, say C', again appears in the S frame, then a resonant coupling will 
automatically establish itself in the flux between C’ and S*, and the disembodied. 
confused mind of the frontiersman will simply be coupled again to a new physical 
body pattern. This happens at the instant of conception, for the genetic pattern — 
the complete tuning pattern — is present at that instant. The coupling is quite tenu- 
ous at first, and increases in degree as the embryo develops. 

So reincarnation has a place in my schema. We will see, however, that it differs 
slightly from the classical concept, because with developmental work the frontiers- 
man can change the makeup of $* and thus his predisposed tuning. Changing t 
tuning also causes rotational displacement of S* among the infinity of infinit 
mind worlds available. Thus the past can be changed; in fact a person can change 
who he is the reincarnation of, simply by changing his mind ning with enough 
development. Therefore more than one living person can be, for example, the rein- 
carnation of Napoleon. 

‘And in fact the cycle of rebirth can be broken completely — simply by dying 
with a totally detached mental framework. The cessation of all tuning attachment 
results in a broadened S*, which now is structureless, hence all-structured and part 
of universal Godness. 

But the major point is that all this can be modeled physically. And there is only 
life; absence from one place still leaves presence in another. Absence from any and 
every one place exclusively leaves presence at all places, each nonexclusively. 

Death, where is thy sting? 

In diagram A of Figure 25, 1 summarize what constitutes @ living biosystem. 
Here we can see that body (physical) changes from the biosystem’s body in frame 
crosstalk successively through frame S' and S* to S*. Also, physical changes in 
frame $* actually constitute mental changes to the biosystem's body back in frame 
S. These mental changes must crosstalk successively into frame S, frame S', and 
then into frame S. This entire process — from frame S* to S to St S— is 
referred to as kindling 

In diagram B, we observe this process a little more closely. Here, the shorter 
straight vertical arrows are virtual state changes kindled from the opposing frame 
The longer straight vertical arrows represent observable quantized change in the 
particular fram changes being produced by ordinary inert physics laws. The 
curved double-lined arrows represent quantized change kindled into the frame from 
the coherently superposed virtual changes that have steadily been kindled there. 

‘Thus there is a kindling time delay in the causal S frame before will or intent sets of 
changes from the mind-frame S* can induce an input into the physical body of the 
system. Correspondingly, there is a kindling time delay before a perceptual change in S* 
from the changes in S can occur. 

The horizontal arrows represent the flow or flux of kindling crosstalk between 
the two frames. It can be seen from this diagram that consciousness — the thread 
of the relation between consecutive changes in the two respective frames — and 
time are identical. (Recall that each inert physical change in S that is not kindled 
from $* is actually randomly kindled from all the other mind-frames.) Thus time 
and mind are identical. Consciousness is simply the functioning of coherent cross- 
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tulk between a mind frame and a physical body in frame S. Further, each biosys- 
tom's consciousness has all other consciousnesses interwoven with it. The other 
living consciousnesses input into other physical bodies in frame S, and these physi- 
cal bodies interact in frame S. The other dead consciousnesses input into frame 5 


= into each body as well as into all other inert matter — in a noncoherent 
randomized manner. Thus the entire universe of universes is totally in communica- 
tion with each part of itself, continually. 


In diagram C, I show that incepting a change from pure causality changes the 

c, the past is causally inferred or projected backward from the new 
because inception into frame Sis a very small effect, 
ts past is so slight that normally it is not noticed. Incep- 


tion of course also changes the future slightly 


THE HOLOGRAPHIC HYPERCHANNEL EFFECT 


This effect is based on the concept that a human being must accomplish a 
minute inception (psychokinesis) onto his physical system. Specifically, he must in- 
‘pt the movement of three or four electrons in the brain. This constitutes an input 
signal to his ordinary physical system, which is then treated like a complex servo- 
mechanism. The gain of this servomechanism is rather high, being able to trans- 
form or amplify the movement of several electrons into powerful movements of the 
entire body. The inceptive effect cannot be explained by ordinary physics, which 
am account for the servomechanism gain only. Once the input signal is generated, 
however, the rest of the amplification and action are viewed as being properly 
described by the ordinary physics of inert matter. Thus the human is viewed as 
largely servomechanistic and mechanical, but guided and directed by the non- 
physical, which affects the physical in a minute fashion sufficient to constitute in- 
puts to the ordinary physical system. 

Our purpose here is to show that, given this single small inceptive effect, we can 
eventually approach the mastery of space and time for a linkage of sufficient 
number of human brains and minds into one single superbrain and supermind, 

From the multiplicity of orthogonal frames permitted by Everet’s many- 
worlds interpretation of quantum mechanics, we now select an infinite set of 
clustered three-dimensional spatial frames, which all share a single time dimen- 
sion. Using one frame as a laboratory reference frame, the other spatial frame: 
may be characterized as having one, two, three, or more orthogonal turns away 
from the laboratory frame. These succeeding orthogonal frames are variously 
called hyperframes, bioframes, orthoframes, hyperchannels, orthoworlds, etc. A 
particular set of material phenomena in one of the orthoframes is referred to as a 
biofield, hyperfields, or orthofield with respect to the laboratory frame. 

In Figure 26 I represent each brain by a triangular symbol, and consider it as an 
amplifying device having a gain of A,. For simplicity the inceptive input signal is 
represented as E,, since in moving an electron, a voltage must be induced. For 
limplicity 1 also show the brains as a linear array lying in a straight line. ‘The dis- 
tance L separates each brain, and here L is assumed constant for simplicity 

‘Two factors must now be realized: (1) The first hyperchannel operates in the 
realm of the ordinary electromagnetic field, although this realm is seen in a differ- 
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© (At the speed of Light, all L's in this direction equal zero) 
N (v=c specifies the first biofield or hyperchannel) 
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Fig. 26. The holographic hyperchannel effect 
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ent way, i.e., we visualize a photon as an ordinary particle of th 
‘matter, resting in a three-dimensional spatial frame (hyperframe) that is ortho- 
gonally rotated spatially in higher dimensional space, at 90° to the observer's spa- 
tial frame. The hyperframe and the laboratory frame share the same fourth dimen- 
sion, time. (2) At the speed c (which determines the hyperframe in the first place). 
all L’s are zeroed out, by the equations of the special relativity transformations. 
‘Thus one may view (hyperview) each triangle (brain) as superposed on each other 
triangle (brain). Furthermore, there exists a very small, finite, nonzero probability 
that the state of one triangle coincides exactly with the state of another superposed 
triangle, at any given small increment of time. This probability corresponds to a 
direct fraction of identity between two triangles, since time is stopped along the 
chain. At any given small increment of laboratory time, any given triangle has on 
the average a small fraction of identical coexistence with any other triangle. This 
identity fraction is labeled 1, in Figure 26. 

tis important to note that, for a very small fraction of time, the triangles coin- 
cide with each other; i.c.: for a small fraction of time the existence of one triangle is 
totally holographic. This fraction totally violates the ordinary conservation of 
energy, which is applicable only to a single channel system. The hyperchannel 
represents a second channel, an identity channel, and in this channel an object can 
bbe in multiple places at the same time. Ifthe triangles, regarded as operating pro- 
cesses, are even slightly coherent, then multichannel communication and holo- 
graphic transmission of a single state-energy into. multiple state-energies occurs 
through the hyperchannel — usually in the virtual state 

Figure 27 shows the setup to calculate the gain of the hyperchannel amplifier. 
‘These calculations yield, for the output of stage i 

Bo = A+ AM tly. 
Ej 
When no ordinary electrical input exists, A" = Q, and the virtual state amplifica- 
tion is thus, 
Eo = aot they. 
Ei 

This mechanism holds the secret to the tapping of zero-point energy and fee 
energy devices. It is also the hidden variable theory that causes a radioactive 
nucleus to decay. Since radioactive nuclei interact through hyperspace, the amount 
of radioactivity in a given sample is an exponential function of the number of radio- 
active nuclei present 

Its also a mechanism which can directly amplify the virtual-mental state into 
observable state. It is the fundamental mechanism that causes kindling and thus 
orthorotation. It can be used to materialize tulpas, and accomplish psychokinesis 
precognition, ete. 


MIND LINKAGE 


remote viewing, clairvoyanc 


‘The entire human species has been developing and evolving, not just the indiv- 


idual_ person. 
The development of life in a biosystem may be divided into seven stages: (1) the 
development of planet, primordial atmosphere and ocean; (2) the appearance of 
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Fig. 28. Layers of unconsciousness 


amino acids; (3) the appearance of the self-replicating supermolecules; (4) the for- 
mation of one-celled organisms; (5) the formation of multicellular organisms; (6) 
brain linkage of an intelligent technological species; (7) total omeganess or god- 
hood. 

‘Two major types of behavior are involved in living organisms: genetically pro- 
grammed behavior and genetically unprogrammed behavior. Thus one mode of 
behavior control of an organism is nonadaptive and the other mode is adaptive or 
learned. Intelligence may be viewed as the ability to adapt behavior, and increased 
intelligence represents a decrease in the portion of behavioral control that is gene 
tically programmed or “hard-wired.” 

We may further speak of two types of intelligent species: those that possess a 
tool-using member and those that do not. The first is a technological species, while 
the second is nontechnological. By this classification, man is a fifth-stage, tech- 
nological species. 

The intelligent species, being relatively deprogrammed, is highly adaptive and 
competitive, and many of its species-specific checks and balances are reduced or 
eliminated. Because of the use of tools in its internal competition, the technologi- 
cal species continually increases the ferocity of its internal competition and its 
deadlines to itself. Thus as the power of its tools increases, the technological 
species carries the seeds of its own destruction within itself, and it will eventually 
destroy itself unless it advances to the next stage, the linked-mind sixth-stage being, 

The sixth stage consists of the linkage of all individual brains in the species into 
one single superbrain, producing a superbeing having absolute control of space and, 
lime. A technological species is necessary to accomplish linkage and produce a 
multidimensional, eventually nonphysical, superbeing. When the technology is 
sufficiently advanced for linkage to be developed, the power of the tools is so great 
that self-destruction is imminent. Thus an advanced technological civilization is 
near linkage and also near Armageddon, and in either case it vanishes as a limited, 
three-dimensional species of the fifth stage. This accounts for the notable absen 
of a technological species similar to man in man's universe. 
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ANGELS, IMPS, AND UFO TULPAS 


If we realize that each of us has his own mind world, an S* frame with respect 
to the § frame physical world, but separate from each other § frame mind world, 
then we see that, if we take common forms that are in the minds of all human 
to kindle them because they can be cohered much more 


beings, it is much 
easily 

‘The common crosstalk in all minds constitutes the collective unconscious. Since 
the common crosstalk is in a sense a mind, and since it is connected to a "body" of 
many cells, ic., of four billion humans or so, then this collective unconscious is a 


living, breathing entity 

Furthermore, the usual content ofits mind is a great deal closer to physical phe- 
nomena that are in all minds than is a single human being’s mental content. Much 
of what we term physical reality is in fact prescribed by the collective human un- 
conscious. And if the collective human unconscious is changed in its conception of 
reality, then four billion stages start kindling with the hyperchannel effect, and 
immediately the new conception is physical reality. 

Borrowing from Jungian psychology, let us call a form that is in each human 
mind an archetype. Let us also realize that there are shallower levels of uncon- 
sciousness (Figure 28) between the total collective unconscious and an individual 
mind. For an Irish-American there is one level defined as Caucasian, another de~ 
fined as Irish, another defined as American, another defined by the larger region he 
lives in (say the state), another defined by his family, and another by his own per- 
sonal unconscious. The levels are not mutually exclusive, but intersect across one 
another. At any rate, all these unconsciousness levels above the collective human 
species unconscious also shape, modulate, mold, and change the kindling channel 
that exists for a person or group. All these levels of unconsciousness are like finer 
and finer tuning levels to change the kindling mechanism. 

‘An archetype that is kindled from the collective unconscious is kindled through 
such a mechanism of unconscious levels of tuning, and the reality format that is 
kindled is determined by the type of pressure and the content, biases, or tuning of 
all the levels between it and the conscious minds of the individuals who observe the 
phenomena. 

All tulpoidal manifestations are kindled through and by this mechanism. All of 
them are shaped by the multilevel unconscious tuning. All of them are caused by an 
unresolved conflict in the deeper unconscious layers. 

Since most minds are notoriously unstable, the tuning is unstable almost 
always, and the tulpoidal manifestation is usually fairly shortlived, usually not 
more than a few minutes, or a few hours. 

Angels, imps, Virgin Marys, UFO's, sasquatche: 
monsters, sea monsters, nocturnal mystery lights, fairi 
ogres, Mothman, men in black, goblins, large monster birds, et. are all kindled by 
the same process. And so are cattle mutilations. I fear that human mutilations will 


5. lake 
devas, devils, 


be next, 
Any tulpoidal materialization may be physically re 

may make large tracks in the ground, operate shiplike space vehicles, br 

branches, take human specimens on board, examine human specimet 


during its stable period. It 
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The tulpoid may appear benevolent or harmful, and it may actually be so when 
in the stably materialized mode. The full content of the human unconscious is there 
to be materialized in physical form—all the good, all the bad, all the noble, all the 
sly aspects, 

When enough human unconsciousnesses have the idea of fairies deeply 
ingrained in them, occasionally a real, living, breathing fairy pops out of the col- 
lective unconscious, riding as a direct modulation on a more primitive overall 
human species archetype. And the fairy may do all the things expected: she may 
pose riddles, give gold coins which must not be examined or they will be lost, 

Religion can also make use of tulpoidal appearance. When Christian pre 
sors believed in a vengeful god, a powerful but spoiled king, they got all the mani- 
festations of that kind of Being. When they believed in a god of sacrifice, they got a 
‘god who demanded sacrifice and thrived on it. And when many believe in angels 
and Virgin Marys, they sometimes actually appear. These appearances are not hal- 
lucinations; they are completely real. It is just that all possibilities are concretely 
and physically real in their own realms, and any of these may be tuned in to appear 
in this realm. 

An infinite number of reality channels exists. The total instrumental charact 
istics, genetic, psychological, and physiological, of the observers who tune in the 
channel determines the noise content and the actual channel selected. 

A reality is simply an orthogonal frame or world. AH possible realities already 
exist. A channel is a set of tuned and timed orthorotations communicating back 
and forth between two orthogonal frames or worlds. Tuning is a complex of mind, 
and matter, and of many unconscious levels. 

For a perfect adaptation of this mechanism of coherence, any coherent signal 
— no matter how fantastically weak — can be raised up out of the grass and made 
dominant. By time coherence in the virtual state, a virtual state entity can be ampli- 
fied into observable state. From sheer nothing we can produce something. And 
since every possible something exists in nothing and is available for cohering, we 
can get anything at all by this process, at least hypothetically 


DREAMS ARE UNRESOLVED CONFLICTS 


essentially mind. Mind forms layer after layer of overlapping 
imultaneous con- 


Everything 
zones of shallower and shallower unconsciousness (multiple 
sciousness), all the way from the universal allness to the personal unconscious, and 
culminates, like the tip of a dagger, in each conscious mind. Figure 29 illustrates, 
these mindlevels. 

Just as the dreams of an individual show his unresolved conflicts, so the 
‘materialized tulpoids of the collective human unconscious show its unresolved con- 
flicts. Tulpoidal phenomena thus symbolize man against himself, or one group of 
humans against another group of humans. The great unresolved conflict in the 
human species since World War II has been the Cold War. And therefore the great 
flaps of tulpoidal UFO activity should correlate directly to the Cold War. And so 
they do, as I indicate in this book. Literally we ourselves are our own "Satan," for 
in man’s inhumanity to man, satanic evil is created inceptively. And we ourselves 
are our own "godform," for in man’s love of his fellow men, goodness is created 
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Such dreams of the collective unconscious can 
‘materialize as tulpolds. 
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Fig. 29. Dreams are unresolved contlicts 


Figure 26: ETSI NFV High-Level Framework 
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Some specific use cases for NFV include: 


a 


a 


5G. 5G networks will likely be fully virtualized. 


IMS and VoLTE. IMS is necessary for VoLTE, but an NFV approach could reduce 
the complexity associated with the multiple nodes and interfaces in the IMS 
architecture. 


Virtualized EPC (VEPC). The Evolved Packet Core, consisting of the Serving 
Gateway (SGW), the Packet Gateway (PGW), and Mobile Management Entity (MME), 
can be virtualized, but doing so will require meeting operator bandwidth, latency, 
and control plane service requirements. 


New VEPC Services. With a virtualized EPC, an operator can more easily create 
MVNO services, each with its own virtualized MME, SGW, and PGW. An M2M 
virtualized service is another example of offering a more finely tuned service for the 
target application. Because the PGW connects to external networks, further 
opportunities exist for virtualized services to augment networking functions, 
including video caching, video optimization, parental controls, ad insertion, and 
firewalls. 


Cloud RAN. Pooling of baseband processing in a cloud RAN can, but does not 
necessarily, use virtualization techniques. Separating the radio function from 
baseband processing typically requires transporting digitized radio signals across 
high-bandwidth (multi-Gbps) fiber connections, sometimes referred to as 
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‘THE PSI CHANNEL IS LIKE A QUASI-HYDRAULIC U-TUBE, CONSISTENT PRESSURE INTO 
DEEP LAYERS RESULTS IN UPWELLING TULPOIDS WHOSE FORM 15 MODULATED AND 
SHAPED BY SHALLOWER LAYERS, ON THE WAY TO MATERIALIZATION, 


Fig. 30. Collective conflict initiates prophetic tulpoids 


inceptively. It is not accidental that the Avatar Jesus exhorted man to love God 
with all his heart and mind, and to love his neighbor as himself, It is also not acci 
dental that a human culture seeks and “obtains” a godform or god-image cons 
ent with its own level of understanding and belief; the resulting tulpoidal activity 
conditioned into the collective unconscious and the cultural unconscious, and tuned 
in from them, will be consistent with the cultural desires and expectations. 

So in a sense we are the creators of our own reality and our own tulpoidal 
expressions of higher reality. But in addition to tulpoids, the present character of 
spacetime and dimensionality, and the very laws of the physical universe, are 
largely prescribed by the collective human unconscious. 


GHOST ROCKETS AND FLYING SAUCER: 
MATERIALIZED TULPOIDS 


Unfortunately, from 1945 to 1947 events occurred that caused a split among 
previous World War IL allies and that led to the beginning of the Cold War in 1947, 

Due to these events, Western nations perceived a growing threat from the 
Soviet Union. The resulting interplay of events, news reports, and personalities, 
plus the traumatic aftermath'of World War IL, led to strong psychological pres- 
sure on the group unconscious of the Western nations, and thence on the collective 
human unconscious. This pressure resulted in popouts of direct orthorotations of 
resonant archetypal symbols from the collective unconscious, the archetypal for- 
mat being successively modified by the Western group unconscious and the pro- 
gressively higher levels of unconsciousnes 

The formats of the deep human unconscious were formed millions of years ago 
in the primitive tribal state. In the tribal warfare of those ancient days, the male 
‘went to where the action was, while the female stayed behind in the protected cave, 
fortress, or shelter to care for the young. Thus the male symbol was closest to the 
threat and identified with being there 

Furthermore, in primates the phallic symbol is the universal symbol of threat, 
Dominant primate monkeys often briefly mount sub- 
dominant position, exposing their genitals in so doing. 
not submit, an immediate battle ensues to determine the 
dominant male, Thus the phallic symbol represents threat and domination. 

In the deep human unconscious, fire is a symbol of power, for with fire the 
species held predators at bay and began the long trek up from the jungle cave to 
modern civilization. 

Finally, the unconsciousness of a substantial number of the Western nations 
had been deeply impressed by the German V-I and V-2 rockets during World War 
IL, for the imagination of the world had been breathtakingly fired by the surprise 
advent of the German rocket weapons. 

‘Thus we would expect that in those Western countries — Norway, Denmark, 
Sweden, etc. — that are close to the Soviet Union, archetypal tulpoid popout 
materialization would have taken a male, threatening, dominant, power format. 
‘The nearest, most powerful, most resonant recent stimulus symbol in the Western 
group unconscious would have been the final modulation, determining the final 
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Inside, showing India Ink drawing of an ampliier schematic, used as the “amplifier.” 


Photo 41. Hieronymus device — second kind. 


So a massive wave of "ghost rockets” from the direction of the Soviet Union 
appeared in the skies over Norway, Sweden, and Denmark, and other nearby Euro- 
pean countries. (See Photograph 43.) 

However, North America constituted a natural fortress with great ocean 
barriers to the east and west, and no strong enemy to the north or south, There- 
fore, a female symbol (archetype) should have been resonant and stimulated in the 
U.S., and so it was. In 1947, the year the Cold War began, Kenneth Arnold, flying 
over the state of Washington (the most northwestern U.S. state at the time, and the 
‘one nearest the Soviet Union), encountered a formation of flying saucers — the fe- 
male circle mandala, dressed in modem aeronautical form. Thus was bom the age 
of flying saucers in America, 


PART THREE 


NEW MILITARY 
APPLICATIONSOF 
PSI RESEARCH 


BACKGROUND TO PSYCHOTRONIC RESEARCH 
IN THE U.S. AND THE U.S.S.R. 


In this section I will discuss some of the fantastic psychotronic weapons that 
have been built and deployed by the Soviets as a part of operation "Fer-de-Lanc 
the Soviet plan to conquer the world. 

‘The Soviet Union has had a massive developmental program in what they call 
energetics or psychoenergetics (and what we are calling psychotronics) for about 
thirty years. To appreciate the mind-staggering weaponry that has emerged from 
this effort, 1 should point out that the U.S. developed the atomic bomb in World 
War II in about four and a half years; thus the Soviet psychotronic program is the 
equivalent of roughly seven Manhattan projects, back-to-back. With this compari- 
son we gain a rough yardstick to appreciate the fantastic capabilities that must 
have emerged from the sustained Soviet program. As we will see, they are indeed 
mindboggling. 

Ironically, most of the original theoretical work was done here in the United 
States, just as the pioneering work in rocketry was done here by Goddard, before 
the Germans picked it up and advanced it to the VI_ and V2 rockets. Just as God- 

elf was once the laughing stock of the Pentagon, so the key U.S. re- 
who could have initiated the psychotronic age in the West — Moray, 
Drown, Tesla, de la Warr, etc. — were generally 
ignored or prosecuted or both. Even more deadly has been the studied avoidance of 
any application of the basic theoretical work — which again was developed largely 
in the U.S. This work included the Everett-Wheeler-Graham many-worlds 
interpretation of quantum mechanics, and the extension of Lorentz’s work by Ives, 
Ruderfer, and others to show that almost all modem physics — including general 
relativity, Newton’s laws of motion, and the law of universal gravitation — can be 
straightforwardly derived from a Lorentz-invariant nonmaterial ether. Even 
though Pauli pointed out that the Michelson-Morley experiment only eliminated a 
material ether rather than ether per se, and although Einstein himself once pro- 
posed the use of the term ether to include dimensionless vacuum space complete 
with various fields, modern physics in the West has ignored the ether theory 

As Robert Anton Wilson points out, whatever you believe imprisons you. The 
West has been solidly imprisoned in its own orthodox view of physics, and hence 
has been unable to surmount the stone walls of its self-imposed mental barriers. In 
fact, it has not even tried. There has been no serious, sustained program to 
deliberately examine the loopholes in present theory and seek the necessary 
changes to provide a theory of paranormal-psychotronic phenomena. In fact, the 
major Western work on paranormal phenomena seems only to attempt to "prov 
over and over that such phenome and to attempt to derive from present 
physics theory a "normal sane” theory for "abnormal insane” phenomena. The 
orthodox establishment continues to vigorously attack the experimenters who 
struggle with paranormal research on the grounds that their work does not present 
science.Hence the experiments and experimenters are unscientific and either at 
worst frauds and charlatans or at best seriously deluded, 

e simple procedure necessary to solve these questions — set up a delibe 
|, well-funded program on a continuing basis — has not been adopted in 


te, 
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the West because of the short-sightedness of our management structure. We seem 
to have totally forgotten that we got the atomic bomb in the first place and we put 
man on the moon, simply by starting a program with staff and funds to try to do it, 
not by engaging in a neverending series of arguments as to why it could not and 
should not be done. 

So, ironically, the nation that prides itselfon being free and liberal has adopted 
an iron dogma of its own in science, a dogma that yields very slowly and that has 
effectively blocked us from serious and prolonged efforts in psychotronics. 

Meanwhile, the Soviet scientists — admittedly kicked firmly in the tail by 
Stalin — have simply got off their dust-encrusted seats with alacrity and got to it 
In thirty years of such getting to it with massive state support, they have already 
launched the psychotronic age, first applying it to the weapons field, the typical 
Soviet priority. Meanwhile, for the same thirty years we in the U.S. have played 
the same old tired games that once led Heisenberg to remark that new scientific 
knowledge only gained acceptance when the old scientists who so adamantly 
opposed it had died away. 

Finally, there is a direct relationship between UFO's, psychotronics, the col- 
lective human unconscious, the Cold War, and Fer-de-Lance that cannot be 
escaped. So while this section emphasizes psychotronic weapons deployed by the 
Soviet Union I continually remind the reader of the concepts involved in the re- 
lated paranormal phenomena, which were covered in Parts One and Two. So with 
these words, let me give a brief summary of Soviet psychotronic weapons. Make no 
mistake, it appears that the final holocaust is now unavoidable — we will reap the 
full rewards for our smugness, pride, arrogance, and inflated egotism. 

‘The Soviets will unleash World War III and they will unleash the psychotronic 
‘weapons on a totally unsuspecting world. 

But there is something more; it does not end there. There is another player in 
the game — the collective human unconscious, ZARG itself, will unleash a reac- 
tion that makes psychotronic weaponry pale by comparison. Yet when that great 
entity has roared out its anger, destroyed perhaps half the earth, and then opens its 
eyes, the full biblical prophecy will in a most bizarre and unsuspected way be ful- 
filled. 

‘Time will end, and the grave will give up its dead. The unifying of all human 
minds into one will complete the birth of a new godlike being, extending from the 
beginning to the end of time all at once, and from beginning to end of all possible 
times all at once. Three-dimensional concepts and limitations will fade away as 
child's play to the being that is already in four billion dimensions. 

‘And you and I will become gods, literally, actually — for being is holographic, 
and whatsoever ZARG becomes, so we all become. 


PSYCHOTRONIC BACKGROUND SINCE WwW II 


Afier WW II Soviet scientists were ordered by Stalin to actively seek another 
area of great breakthrough — such as the U-S. atomic bomb had been — and leave 
no stone unturned in their search. Apparently the Moray detector was resurrected 
and intense experiment and development begun on it. Much of the pioneering 
radionies work of the West and Ive's work would also have been available at this 
time. I believe that in 1958 the Soviet nuclear catastrophe near the Urals was the 
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result of an attempt to transmit a nuclear explosion through hyperspace. (The 
ssulted in an explosion 
and that apparently 


peculiarity of a transmitter tuning failure would have 
emerging from the nearest large nuclear waste storage, 
happened.) 

In 1956, however, a major new interpretation of quantum mechanics was originated 
by Hugh Everett at Princeton University under the world-renowned John Wheeler. This 
is the theory of the universal wave function—the many-worlds interpretation (MWD of 
quantum mechanics. Practically the entire Wester output on the subject is available in 
his 1973 book entitled The Many-Worlds Interpretation of Quantum Mechanics. 


This physics is so exceedingly strange that it has been ignored by almost all 
1m physicists — indeed, it is so strange that even its originators, Everett and 
id not to be able to believe it. Wheeler is reported to have once 
stated that he could believe it on Monday, Wednesday, and Friday, but not on the 
other days of the week. Using the MWI, however, one can produce a theoretical 
model of psychotronics which is totally consistent with the entire experimental 
basis of modern physics, and unite both mind and matter on a single scientific 
basis 

‘The Soviets apparently seized on this new theoretical work and applied it to the 
Moray device, solving their theoretical and technical difficulties. 

In 1960, Khrushchev, speaking to the Presidium, stated that the USSR had a 
new weapon in development ("just within the portfolio of our scientists, so to 
speak") that was so powerful it could wipe out all life on earth. I believe he r 
ferred to the nuclear hyperspace howitzer and to the death ray weapons under di 
velopment at that time, such as the following. 


ELECTRON DISSOLUTION 


‘There are four levels of effects on biological systems that are irradiated by elec- 
tron dissolution beams. 
ence with the electrical functioning of the nervous system is the domin- 

ant effect. Single channel subsystems are more sensitive to the eflect. 

Mild irradiation (or mild kindling of short duration) causes weakness 
trembling, and an unreal, dreamy feeling (as when one gets a whiff of anesthesia), 
‘The victim is conscious, however, since consciousness is limitedly multichannel. 

Moderate irradiation (or kindling of moderate duration) causes paralysis of the 
motor system, and a very unreal, floating feeling. The individual is barely con- 
scious and is hypnogogic. Panic is usually engendered. 

Strong irradiation (more protracted kindling) causes loss of consciousness in 
addition to paralysis. The autonomic nervous system still functions with difficulty, 
and the victim is just barely alive. Convulsions and other symptoms may appear. 

Very strong irradiation (protracted kindling) totally jams all levels of the 
nervous system, and death results instantly 

In UFO contactee incidents this 
show step function failure of automotive electrical systems, lights, radio 
UFO approaches. When the UFO departs, the electrical systems almost inv: 
ably resume complete operations. Absolutely no electrical components are 


is widely demonstrated. Many cases 
elc., as a 


damaged, 


To extinguish these systems with massive RF fields would result in blowing 
fuses, diodes, transistors, etc., and a great amount of electrical sparking — prob- 
ably sufficient to blow up the gasoline tanks, In fact, none of these things occur. 
Stage 2 electron dissolution should definitely disable automotive circuits, and 
the upper level of stage 1 may be sufficient. Either would leave the automobile pas- 
sengers conscious, though paralyzed in one case and not in the other. Both types of 
correlations are shown in the UFO literature 


THE 1973 CONTACTEE WAVE AND 
CATTLE MUTILATIONS 


In 1973 the Yom Kippur war took place. This was the Soviets’ "Spanish Civil 
War," and they tested the final tactics and equipment for antitank and antiaircraft 
weaponry, and obtained final data on tank and equipment loss rates for modern 
combat. The effect on the U.S. and NATO of the cutoff of Arab oil was also 
tested. 

‘At one point, when the Israelis cut off an Egyptian army in the desert, the 
Soviets notified the U.S. over the hot line that Soviet forces were going in and the 
U.S. could do whatever it pleased. The Soviets loaded and readied seven airborne 


the world teetered on the brink of direct ground confrontation between the Soviet 
Union and the U.S., with all its possible consequences. 
Confrontation is after all another form of contact. And UFO contactee cases 


involve confrontation. In the very month, October, that the Yom Kippur War 

test wave of UFO contactee cases in history broke out in the U.S 
Is above the collective species uncon- 
scious, which were modulating and molding the tulpoidal reality format, the imag- 
ination of the world had been captured by the spacesuited astronauts who had 
walked on the moon. So most U.S. contactee cases involved spacesuited beings, 
conditioned into that framework by the national, cultural modulation. Some of the 
contactee cases involved robots or metallic men, similar to the mechanisms and 
robots of the U.S. space program. And here in the U.S., the fortress, the female- 
mandala craft symbol was generally maintained, 

Now if this unbelievable scenario has any vali 
sal of the 1973 Yom Kippur War we ought to have seen an increase in the tulpoid 
phenomena of a sharply symbolic nature. And that has happened. 

The cow is the Western female symbol par excellence; Western children nurs 
‘on cow's milk, so to speak. If the U.S. fortress is to be violated, then the female 
symbol will be violated as the time for the Soviet assault nears. So cattle mutila- 
tions of a mysterious, paranormal nature have been occurring all across the U.S. 
— from the East Coast out through Colorado, Utah, and Montana — approxi- 
mately nine thousand by now, in some estimates. The symbolism in the mutila- 
tions can be easily read: the U.S.'s lifeblood is going to be drained, totally, as all 
the blood is usually drained from the cattle. The Soviet operation will be launched 
with blinding speed and surgical precision, and the mutilation of the cattle is done 
as if by highly skilled surgeons. The children of the West shall be cut off from their 
sustenance, and so the cow's teats are removed. The armed forces (males) con- 
will be devastated (.e., the fruit of the womb will be 


ty, then after the dress rehear- 


fronting the Soviet forces 
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Precursor(s) Wave(s) Incidents Comment 
German rockets in WWIY/Soviet treatin 1946-47 ghost rockets over Sweden and  Phalictulpa symbols 
1946-47 adjacent countries, from direction of 
USSR 
Buck RogerySsci-fi ships Cold War 1947 1947Flying saucers CCircleyDise mandata in scientific dress 
1950 Cetical Korea period 1950 Wave of UFOs Peak pressure surge on collective unconscious 
1952 Critical Korea period 1952 Wave of UFOs ‘Peak pressure surgeon collective unconscious 
Sputnik 1957-1959 1957-1960 Wave of UFOs ‘Peak pressure surge on collective unconscious 


(Cuban missile crisis 1962 
‘Arab/israci War 1967 


‘Arab/iraeli War 1973 Near 
confrontation US. vsUSSR. 


‘Soviet attack preparations completed 


1962 Wave of UFOs 
1967 Wave of UROs (4h largest) 


‘Spectacular 1973 wave contactees in- 
‘creased, space-suited beings increased 


1975-present cattle mutilations in U.S. 
heartland 


Fig.31. Examples of UFO waves 


‘Peak pressure surge on collective unconscious 
Peak pressure surge on collective unconscious 


Peak pressure surge on collective unconscious; 
astronauts had walked on moon, 


(Cow is female symbol. The female fortress, sanc- 
‘tuary) willbe violated. 


fronthauling. Refer to the appendix section “Cloud Radio- Access Network (RAN) and 
Network Virtualization” for a more detailed technical discussion. 


Because of higher investment demands, RAN virtualization will take longer to deploy than 
core network virtualization and likely will occur selectively for small-cell deployments. 


For additional details, refer to the 5G Americas white paper, Bringing Network Function 
Virtualization to LTE.®* 


Multi-Access Edge Computing 

ETSI is standardizing Multi-access Edge Computing, previously known as Mobile-Edge 
Computing, a technology that empowers a programmable application environment at the 
edge of the network, within the RAN.® Goals include reduced latency, more efficient 
network operation for certain applications, and an improved user experience. Although MEC 
emphasizes 5G, it can also be applied to 4G LTE networks. 


Applications that will benefit are ones that require server-side processing but are location 
specific. Examples include: 


Augmented reality. 


o 


Intelligent video processing, such as transcoding, caching, and acceleration. 
a Connected cars. 


1 Premise-based loT gateways. 


Multicast and Broadcast 


Another important new service is video streaming via multicast or broadcast functions. 
3GPP has defined multicast/broadcast capabilities for both HSPA and LTE. Mobile TV 
services have experienced little business success so far, but broadcasting uses the radio 
resource much more efficiently than having separate point-to-point streams for each user. 
For example, users at a sporting event might enjoy watching replays on their smartphones. 
The technology supports these applications; it is a matter of operators and content 
providers finding appealing applications. The appendix covers technical aspects in more 
detail. 


Remote SIM Provisioning 

The GSM Association (GSMA) is developing specifications that make it possible for 
consumers to purchase unprovisioned devices, select the operator of their choice and then 
download the subscriber identity module (SIM) application into the device.®? This capability 


®° For further details, see “Network Functions Virtualisation,” http://www.etsi.org/technologies- 
clusters/technologies/nfv. Viewed May 17, 2017. 


© Available at http://www.4gamericas.org/files/1014/1653/1309/4G Americas - NFV to LTE - 
November 2014 - FINAL pdf. 


© For further details, see ETSI, “Multi-access Edge Computing,” http:// www.etsi.ora/technologies- 
clusters/technologies/multi-access-edge-computing. Accessed May 17, 2017. 


© For details, see GSMA, “A New SIM,” available at https://www.gsma.com/rsp/, viewed June 8, 2017. 
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(ctobor 11, 1978 UFO CE Ill 
The Pascagoula incident from the witnesses’ viewpoint. 
Humanoids were atypical 


Fig. 32. 1973 Contactee wave 


devastated) so the sexual organs of the cows are excised. Free speech and freedom 
to hear will be cut off, so the cow's lips, tongues, and ears are excised. A very high 
(psychotronic) technology will play a role, but one which will limit r 
the cut edges are often made as if by pinking shears and then precisely burned as if 
by a laser. (The laser is symbolic of new, strange technology almost incomprehen- 
sible to the average person.) In one case a horse was the victim — a young horse, 
symbolic of the young soldier. It was castrated, as the dominance of the Western 
soldier will be surgically excised. Castration ofthe male symbolizes the total loss of 
his power and the infliction of impotency upon him. 

There is more, but this is a bloodcurdling sampling of the metapsychological 
implications of the cattle mutilations. 


RADIATION OF THE U.S. EMBASSY 


About 1959 or 1960 the radiation of the U.S. Embassy in Moscow with weak 
microwave radiation began. It continues to this day. The radiation is a brilliantly 
designed intelligence probe: the Soviets were vitally interested in ascertaining 
whether or not their U.S. adversary knew about psychotronics (i.e., whether the 
U.S. had built such weapons of its own and might have built defense counterwea- 
pons as well). Accordingly, they began weak PT-modulated microwave radiation 
ofa high-level U.S. target, the U.S. Ambassador to the Soviet Union, which would 
guarantee the personal attention of the State Department, NSA, CIA, DIA, the 
President, etc. The PT modulation apparently consisted of various disease pat- 
tems of gradually increasing seriousness — flu, blood changes, heart irregularity 
cancer, ete. By the U.S.'s reaction, whether or not it knew anything of PT could be 
positively assessed. If the U.S. reacted only to ordinary electromagnetics, then 
with 100 percent certainty it knew nothing of PT and had no secret PT weapons of 
its own or counters to the Soviet PT weapons. So since about 1959 or 1960, by our 
alow reaction to the radiation of the U.S. Embassy — and then by our reaction 
only to the electromagnetic aspects — we have been assuring the Soviets that we 
know nothing of PT. Even though several U.S. presidents have protested the radia 
tion, the Soviets have persisted because it is an intelligence tool of the utmost im- 
portance to them, 


DISEASE AND DEATH TRANSMISSION 


For confirmation of Soviet experimentation with PT induction of death and 
disease, see V.P. Kaznacheyev et al, "Distant intercellular interactions in a system 
of two tissue cultures,” Psychoenergetic Systems, Vol. 1, No. 3, March 1976, pp. 
the same authors, "Apparent information transfer between two 
groups of Psychoenergetic Systems, Vol. 1, No. 1, December 1974, p. 37. 
‘Thesearticles give one a glimpse of the results of over 5,000 Soviet experiments on 
the basic effect. Kaznacheyev is the head of the Siberian Branch of the Soviet 
Academy of Medicine, and has at his disposal every disease germ, virus, and toxin 
known to man. Note that the experiments were performed in the dark to prevent 
the quenching effect of the visible light spectrum und the effect is only obtained 


through the quartz (which has IR and UV windows). Also note that in the two-slit 
experiment — which contains all the mystery of quantum mechanics, according to 
Nobel prizewinner Richard Feynman, cofounder of quantum electrodynamics — 
fone does not get the quantum effect with an electron, if the electron is first hit by a 
photon of light before reaching the two-slit region. If the electron is not hit by a 
photon, one gets the quantum effect. According to Feynman, the quantum effect in 
the two-slit experiment is not explainable by any classical means. Our comment is 
that the explanation is not possible by Aristotle's three laws of logic, on which all 
Western logic, physics, and mathematics are based. However, the fourth law of 
logic, together with the present three laws, provides a closed metalogic which does 
contain the explanation of the two-slit experiment, as we showed in Part Two. The 
fact that there is no problem in explaining the experiment if one takes into account 
the nested structure of time was pointed out as long ago as 1957 by Dr. Charles 
Muses. Similarly, the disease and death transmission experiments of Kaznacheyev 
et al have been explained in Part Two. 


OTHER WEAPONS 


Clandestine testing of PT weapons also appears to have been accomplished 
ctly in the U.S. The Legionnaires’ disease may have been one such test. The 
suspect agent was actually seen, according to sworn testimony before a Congres- 
sional committee. A person with a book-sized object in his hand (tape recorder with 
PT pattern), a tobacco-pouch sized object in his coat breast pocket (transmitter) 
and a wire running to his tie clip (antenna) was present and mingled with the 
Legionnaires for several hours. He was heard to exclaim several times to various 
Legionnaires that it was too late and they were all doomed. The eventual appear- 
ance of the weird "biological agent” that is different from any other germ known 
can also be explained by kindling from the anxious minds of the baffled U.S. re- 
searchers and scientists. Other such tests have also apparently been conducted 
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HYPERSPACE HOWITZER OPERATION 


The facility at Semipalatinsk is a third-generation hyperspace nuclear howitzer. 
It can transmit a full nuclear explosion through hyperspace into a tuner planted 
anywhere in the universe, without traveling through or in normal space at all 
Furthermore, it has @ unique characteristic: any number of receiver-tuners may be 
tuned to the transmission channel and each will have the full nuclear explosion 
emerge from it, undiminished. 

‘Thus, one channel might be for U.S. Minuteman sites, and a tuner on that frequency 
(say one containing 100 transistors, sealed in plastic and buried in the earth) could be 
preplanted near each Minuteman site, Another channel might be for all the SAC bas 
another for large U.S. cities, another for nuclear weapon storage Any or all of 
these could be connected to a single blast transmission, simply by controlling the chan- 
nel width over which the hyperpace transmission occurs. 
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Fig. 34. Induction of Legionnaire's disease 


Here one must not confuse ordinary single-channel conservation of energy with 
hyperspace operation. The transmitter corresponds to the grid of a gigantic triode, 
the preplanted receivers constitute the plate area, and zero-point vacuum energy 
tutes the cathode energy source. So just as in a triode, energy is conserved 
from cathode to plate, but not exclusively from grid to plate. Since zero-point 
vacuum energy is being gated by the triode grid (the howitzer) signal (the 
explosion), the energy that can be outputted at the plate (from the tuner-receivers) 
is essentially unlimited. Any number of receiver-tuners can be connected to a chan- 
nel, merely increasing the plate area. And from each tuner there can emerge a full- 
undiluted replica of the explosion in the howitzer at Semipalatinsk. 

‘Thus a single nuclear blast at Semipalatinsk can in one instant wipe out all 
hind-based strategic nuclear retaliation capability in the Free World, if the pre- 


planted tuners are on 

‘An additional modification — something like additional orthorotator rings sur- 
rounding the primary hyperspace orthorotator ring — may have been made to the 
nuclear hyperspace howitzer within the last two or three years. If so, this would 
have the characteristic of materially reducing the "spillage" fraction of the nuclear 
explosion and also the vibration associated with a firing. There is a possible indica- 
tor of this: quoting from Science, "On five occasions during the first half of 1976 
traces of neptunium-239 and molybdenum-99 were detected in southern Sweden 
‘These activities were accompanied by small amounts of fission products such as 
iodine-131 and barium-140. One of the events was coincident in time with large 
peaks in the atmospheric tritium gas concentration.” (Lars-Erik DeGeer, Swedish 
National Defense Research Institute, "Airborne short-lived radionuclides of un- 
known origin in Sweden in 1976," Science, Vol. 198, No. 4320, 2 December 1977, 
pp. 925—27.) These events were concentrated during the time the Semipalatinsk 
experiments are reported to have started, yet no seismic activity was associated, as 
would have been the case if ordinary nuclear explosions had occurred in normal 
space inside a containment sphere for a large particle beam experiment. On the 
other hand, if a very high percentage of the explosion were transmitted/rotated 
into hyperspace, then residual traces of a nuclear explosion would have been 
present in the atmosphere because of the very slight spillage venting into normal 
space, but almost all mechanical shock and vibration would have been eliminated. 
It is at least a striking correlation that exactly such indicators are present, as re- 
ported by De 

A clever adversary who becomes aware of the necessity for preplanted tuners 
could use a very simple but completely effective countermeasure: simply locate the 
timers and dig them up, then clandestinely put them back into Soviet territory. Or 
build tuners of one’s own and plant them in Soviet territory. Thus it would seem 
imperative to develop a mode of operation that does not require preplanted tuners 
at the target area, 

‘This capability can be provided by using the howitzer in an interferometer 
mode — by constructing additional orthorotation rings around the firing chamber 
ts (hut a "hyperspace interferometer” exists. With this scheme any point on earth 
can be precisely focused on by the howitzer, and no preplanted tuner is necessary 
‘The advantage of this mode is the elimination of the need for clandestinely pre- 
planted receivers, and the freedom to operate in spite of any receivers preplanted by 
the adversary on Soviet soil. The disadvantage of the interferometer is that the 
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former “triode” operation has now been converted to “diode” operation — when 
‘one explosion is put into hyperspace, now a single explosion at a single target area 
emerges, since a single selected spatial location is now exclusively determined by 
the interferometer settings. 

For a more complicated interferometer mode, orientation and alignment of the 
interferometer's indicators and controls and amplifiers would be necessary. This 
could be done using fractional kiloton yield weapons — or even ordinary HE ex- 
plosions — and focusing the howitzer at a displaced aiming point, at some dis 
tance from the target area. This is simply the standard artillery technique of 
registering a gun on an offset registration point, then performing an x-y shift to the 
intended target when the gun is fired 

Orientation and alignment of such a weapon system probably accounts for the 
sonic booms — mysterious high altitude explosions — off the East coast of the 
U.S. in December 1977 and January 1978. Over the West coast, mysterious explo- 
sions occurred inside thunderstorms; these also could well have been the adjusting 
of the weapon. By using about 100 tons of TNT explosive in the howitzer, a very 
good high burst registration could be made, and “forward observer” agents in the 
U.S. could observe the bursts through optical instruments and report their exact 
positions, thus calibrating the interferometer settings. Of course, mysterious 
booms have been around for quite a few centuries; however, these "normal but un- 
usual” phenomena have quite a different sound than does the howitzer shot. The 
natural booms are not so much like single giant explosions as like rolling thunder. 
Furthermore, several observations of the booms off the U.S. East coast confirmed 
light flashes (which have not been seen to accompany the natural booms) and 
swirling or rotating effects in the flashes. Also UFO's were directly associated with 
some of the booms, revealing the stress factor on the collective human uncon- 
scious, implying their Soviet psychtronic origin. A few years ago similar high alti- 
tude booms occurred over Ohio and surrounding states, and such booms have also 
occurred off the coast of England, 

‘Thus the howitzer may have been accurately aligned for diode operation, cali- 
brated near the East coast, on the West coast, in the center of the U.S., and near 
England. Furthermore, its firing rate and recovery time were also apparently 
checked out; five booms occurred on one day and afier a lapse of several days, the 
booms occurred again 

As I describe the fantastic psychotronic weapons the Soviets possess, the reader 
may wonder why the Soviets have not already attacked. The reason is that the 
superweapons have a strange weakness and failure mode possessed by no other 
kind of weapon. The hyperspace amplifiers in the psychotronic weapons depend on 
a large number of stages, say sixty to one hundred, and the hyperspatial flux in all 
these stages must be very stable and isotropic. At odd intervals the flux coming in 
from hyperspace suddenly becomes turbulent; this destroys the smooth coherence 
in the multiple stages of the amplifiers, and thus the basic amplification mode. 
Thus all the psychotronic weapons will suddenly cease working at the same time, 
and this "all fail” mode may last from fifteen minutes to even three weeks in an 
extreme case. Thus the weapons are erratic and not dependable. For this reason, 
the Soviets dare not rely exclusively on them, and so they have been forced also to 
prepare for full nuclear war as a distinct possibility when they launch operation 
Fer-de-Lance, the full attack. They have thus built up their regular army, their 


234 


navy, their strategic offense systems, and their strategic defense systems on a scale 


-d in human history. Today the Soviet Union is the strongest nation on 
earth — by far — and is fully prepared to launch World War 111 and win it, with or 


without superweapons. 
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A POSSIBLE OPERATIONAL TEST 
OF PSYCHOTRONIC ANTIAIRCRAFT WEAPONS 


When the F-I11 all-weather attack aircraft were deployed in Vietnam, a rather 
interesting loss rate pattern emerged. Of the forty-eight F-111's in operation, eight 
at the beginning of the action, but no losses occurred thereafter, accord- 
eral Vogt, the officer responsible for U.S. air operations at the time. 

Initially there were some radar anomalies and other system malfunctions with 
the aircraft, but these problems were quickly resolved. The F-I1's flew singly, ex- 
tremely low, and without radio contact. Between September 1972 and the end of 
hostilities in Vietnam, the F-III's flew over 4,000 sorties, never losing any planes 
other than the eight lost initially. 

The reason for the loss of the eight planes remains a perplexing mystery. In 
fact, there is no knowledge of exactly where the planes were lost, except in one case. 
‘That F-I11 was downed over Hanoi, and its two pilots, Captain Robert D. Sponey- 
barger and Ist Lieutenant William W. Wilson, were captured alive by the North 
Vietnamese. The two airmen were later returned under the prisoner of war ex- 
change program, and they then told of the loss of the aircraft, which took place 
under very strange conditions, 

According to the two crewmen, they met a sudden dis 
Hanoi at night, supersonically, and at very low altitude — only a few hundred feel 
above the earth, Without warning the F-III's emergency indicators lit up like a 
, indicating massive and multiple failures of unrelated aircraft 


ister while flying over 


Christmas tr 
systems. 

They were not hit by a surface-to-air missile, according to the crewmen, 
because no explosion of a missile warhead, with its concomitant fireball, occurred. 
If large-caliber automatic weapons fire had hit them, the distinctive streak of the 
tracers would have been clearly visible in the night sky, and a sharp impact in the 
aircraft structure would have been felt. None of this happened. 

It could not have simply been an aircraft malfunction, because far too many un- 
related aircraft systems failed at the same time. (There is triple redundancy in the 
control system of the F-I11, by way of comparison.) 

Indeed this initial loss of eight aircraft — and then no further losses at all — is 
difficult to explain rationally, as are the mysterious circumstances surrounding the 
loss of Wilson's and Sponeybarger’s craft. 

However, it requires no stretch of the imagination to realize that the Soviets 
very much desired to obtain the glittering new F-II1 to examine its technical 
characteristics, its sophisticated design, and its highly sensitive terrain-following 
radar, ECM gear, and other avionics equipment. 

Also, the Soviets had a pressing need to try out one or more of their psycho- 
tronic antiaircraft weapon systems — perhaps one which simply modulates a radar 
beam psychotronically to induce electron dissolution 

Accordingly, it can be postulated that the pragmatic Soviets simply combined 
both needs, and quickly set up a psychotronic trap for the F-III's immediately 
after the aircraft were deployed. They may even have cleverly designed the specific 
psychotronic modulation so that kindling would occur in some of the aircraft's 
electrical systems before others and the failure would be massive but not total. 
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benefits devices such as watches, health bands, health monitors, and other small 
connected items. Initial products may be available in 2017 
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And after they nailed enough F-111's for their purpos 
the psychotronic modulator, to prevent the U.S 
catching on to just how really strange the losse 

Thereafter the remainder of the F-1 1 lost. 
Indeed the F-I11 comes in so low and so fast, and so unexpectedly, tilting and 
dipping as it terrain-follows on its automatic equipment in a manner that no unas- 
sisted pilot could fly, that SAM's and guns normally pose little if any threat to it 
So once the silent, eery psychotronic antiaircraft components were withdrawn, the 
normal antiaircraft weapons of the North Vietnamese were unable to down any 
more F-l11 


they quietly withdrew 
analysts from 


And we Americ: 
how quickly we had 


simply patted ourselves on the back, chortling to ourselv. 
arned (o avoid that danger, whatever it might have been. 


POPULATION CONDITIONER 


Inducing psychotronic signals into mass populations or audiences can influ- 
ence or control the behavior of large numbers of persons. As these words are being 
written, such a psychotronic test is apparently being conducted by the Soviets with 
Eugene, Oregon as a target; previous tests were conducted in Canada. 

Psychotronic signals and the patterns they carry can be, and are, modulated 
upon electromagnetic carriers — in fact, that is one way they are transmitted 
through the human body and nervous system. When a television camera picks up 
the photon field impinging on it from a human body or other biosystem, weak 
psychotronic patterns are also picked up, since the paranormal time quenching 
mechanism (by visible light) is never quite 100 percent effective. These patterns are 
riding then as a special kind of modulation on the radiofrequency or electromag- 
netic carrier — however, they are not modulated the same way as are ordinary sig 
nals. Ordinary signals gate the number of photons per second (amplitude modula- 
tion), or change and control the frequency of the carrier photons (frequency 
modulation), or change and control the phasing (phase modulation). However, 
psychotronic modulation rides on each individual photon, on its time portion (a 
photon consists of action — energy x time — and it is the time portion on which 
the psychotronic modulation is riding.) 

‘Thus psychotronic modulations can ride on the transmitted television carrier 
frequency. The psychotronic modulations are processed through the television re- 
eiver, and a small component is emitted as a weak modulation riding on the 
photon signals emitted from the television picture tube. Along with the light from 
the tube, these psychotronic modulations enter the eye of the human observer and 
are demodulated by the retinal interface, thus introducing weak psychotronic 
nals into the observer's central nervous system. Given sufficient repetition time 
(say two to four hours), the kindling effect can cause the human nervous system to 
be profoundly affected. Any disease or death pattern known to man (and some that 
are not known to him) can be transmitted and kindled in the target population 
audience. 

In fact, depending on the sophistication of the coded psychotronic signals, it is 
probable that the modulation patterns can be targeted against a specific racial type, 
since there are certain genetic differences between + 
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So the type of truck that roams the streets ofa city, silently monitoring which 
televisionchanneltheviewersarewatching,couldbemodifiedslightlytoinduc 
specificpsychotronicdiseaseordeath vectorsontothetelevisionreceivers. Orit 
couldsimplymodulatethetelevisiontransmitters.(A veryobviouswayistomodu- 
lute or pump psychotronically the groundoftheelectrical power supply, andin 
most cases this can directly pump the transmitters.) 

Orthekindlingsignaleancomefromsatellites, whichradiateweakradiofre- 
quency signalsdowntowardthetargetpopulation. Hereeconomyofforcecanbe 
applied; the same type of kindling that induces electron current quenching is usable 

asasatellitedudder orkillerin an antisatellite role, or isusable as a paralysis and 
death beam weapon against target populations. Itisalsouseful as a killer of other 
electromagnetic sensors by either jamming their circuitry or simply wiping out 
(quenching) their emissions which impact on the satellite, preventing any reflected 
signal. 

By this effect, UFO tulpoids often prevent a radar from tracking them, even 
though the tulpoids are visually sighted. 

There are literally thousands of applications; these are just a few to give an idea 
of the overall effect and its usefulness 

‘And the psychotronic signals can be modulated onto almost any kind of carrier 
— telephone, television, radio, the magnetic field of the earth, the Schuman reson- 
id, the ordinary sixty hertz electrical power system, 


ance of the earth's magnetic fi 


We might have an entirely different idea of the potency ofthe Russian trawlers 
if we appreciated what their use can be in the psychotronic mode. 

We can also understand why a television broadcast of Uri Geller in the act of 
binding metal stimulated both the ability in other persons and the effect in other 
equipment across England. And also how the effect has been duplicated — at least 
so far as stimulating other persons to psychokinetic ability — in this country. A 
direct means of stimulating psychokinetic ability is thus suggested: simply place the 
subject to be developed or stimulated in a room with a number of television 
receivers, all tuned to the same visual program, and place the stimulus material on 
the receivers. The person should visually watch one receiver and should be wearing 
very abbreviated clothing, such as a skimpy swim suit, to expose the acupuncture 

plexuses. Also, normal light in the room should be very dim. 

At any rate, this and many other schemes are available to produce direct stimu- 

lation, and enhance and greatly speed up psychi 

‘The effect could also be used to produce an eff 
cer. Samples of the particular cancer in the body of the patient could be taken, and 
the invisible psychotronic radiation pattern from the cancer witness could be intro- 
duced on the input of a Hieronymus-type device, shielded against ordinary light, 
The output of the Hieronymus device could then be fed to a bank of phase 

inverters, which covered in total a broad band (the cancer band, which would have 
to be established by laboratory experiment). By inverting the cancer pattern, we 

now have a cancer-extinguishing type of radiation that is specific for the cancer the 


patient in fact has. 
Then by introducing this quenching pattern as a modulation onto the correct 


tup of electromagnetic frequencies (again this group would have to be d 
mined for the specific frequency plexus that would produce an effect in the local- 
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Fig. 37. A midcourse ABM system 


ity ofthe body in which the canceris located), the proper acupuncture plexus would 

be stimulated, stripping off the cancer-quench psychotronic pattern and sending it 

to the specific location ofthe cancer. Over a period of time (say several very weak 

ion periods of wo to four hours each), the cancer could be killed 
ncerscould 


microwave radi 
completely downtothelastmalignantcell. Wholebodyorspread 
be treated simply by increasing the number of frequencies modulated, to hundreds 
in some cases. Other similar diseases could be treated likewise. As an example, a 
Curative psychotronic radiation pattern complex could be worked for hydrophobia, 
and such presently incurable diseases, and these could also be effectively treated, 
‘The same tool will yield almost unbelievable medical benefits if the scientists can 
ever be convinced to start the development. 


AMIDCOURSE ABM SYSTEM 


Here is the scheme for a first-generation, long-range, Soviet midcourse ant 
ballistic missile defense system, 

A long-range radar — preferably a phased array, scanned radar — acquired 
and tracks the missile during its midcourse phase shortly after it breaks above the 
's viewed from the radar site. The radar programs the track mode beams 

against the incoming missile, tacking it and gathering sufficient position data to 
allow its trajectory to be computed. Then a psychotronic electron-extinguishing 
pattern is added to the radar beam, riding as virtual state carried by each individual 
photon. Kindling of this virtual pattern energy begins on and in the target vehicle. 
‘The electrons flowing in the electromagnetic control system, fusing system, and 
wahead system of the incoming missile begin to be quenched, turning into 
neutrinosand radiating away with no physical effect. When sufficient currents have 
been extinguished, the electromagnetic circuits start failing. (With loss of appre 
able power and voltage, most such systems fail.) The incoming vehicle/wathead is 
now dudded, and there is no longer any danger of a nuclear burst from the missile. 

For assurance, tracking of the incoming reentry vehicle continues, with a 
quenching psychotronic modulation being maintained. 

‘The warhead/reentry vehicle strikes the ground, making a hole in the earth, without 

nuclear explosion. A low order detonation of the HE explosive surrounding the nuclear 
materialinthewarheadmay occur. 

An alternate scheme is, during the maintenance period, to add an HE explo- 

sives ignition temperature psychotronic pattern to the beam. In that case, a low 
order detonation occurs high in the atmosphere or back along the trajectory, re~ 
moving the warhead and vehicle from further consideration. 

As a backup, additional terminal systems — using either psychotronics or 

normal interceptor missiles or both — may be used. Thus even ifthe psychotronies 
fail due to an unexpected “all off occurrence, ordinary ABM engagement occurs 
An additional scheme is to lock the radar beam onto the missile, then initiate a 
“Tesla effect” kindling of energy, place it into a columnar traveling wave, and 
direct it along the radar beam to the incoming missile in its midcourse phase. The 
midcourse missile is thus struck with a massive plasmoid fireball of intense electro. 
magnetic energy, and massive amounts of energy arc dumped into the missi 
destroyingit. 


horizon, 
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‘Thus the Soviets have known for over a decade that one does not have to hit a 
bullet with a bullet, if one is clever, and if one possesses psychotronic weapons and 
psychotronic modulation systems for one's radars. 
the same radar is quite eff 
Air Command bombers or air-to-surface mis 


© against incoming 
fired from those 


bombers. 

AS the Soviets know full well, 100 percent defense is quite feasible, considering 
the fantastic number of radars and radar sites they possess! In fact many of the 
et SAM systems are beautiful ABM systems also, in the psychotronic mode. 


THE BELL ISLAND INCIDENT 


On April 2,1978, something unusual hit the Canadian community of Bell Island, off 
the east coast of Newfoundland; Bell Islanders—and a lot of other people as well—are 
still trying to figure out what it was. It was first described as an unidentified atmospheric 
explosion, but this theory was quickly rejected. Jim Beckford of Lance Cove, Bell Island, 
lostall six chickens in the coop behind the house, which was torn up as ifhitby lightning, 
although there were no burn marks anywhere. A television set exploded, and switches 
blew out of the wall. Similar things happened to many other homes. 


Sov 


In the woods behind Mr. Beckford's house, three hol 
spaced about two meters apart to form an almost perfect equila 
Royal Canadian Mounted Police said that persons on the shore of Conception Bay 
ireballs coming down out of the sky and hitting Bell Island. The 
attempted to play down the incident, and the official version 
of what happened is that lightning hit a transformer, blew up, and that the energy 
then followed the wires to neighboring houses. However, the researches of 
P.A.C.E. (the Planetary Association for Clean Energy, Ottowa) have produced a 
different conclusion 

P.A.C.E. believes that a standing columnar wave originating in Gomel in the 
Soviet Union was moving to a station located just east of Havana, Cuba 
collapsed over Bell Island, triggered by the large iron ore body there. These 
plasmas then exploded and hit the ground in a perfect equilateral triangle forma- 
tion. The tremendous flashes indicated a very great discharge of electrical power, 
probably more than a hundred million volts. 

Photo 44 shows a similar incident that took place at Lake Ontario; here I feel 
that the photo demonstrates more than just UFO activity — it shows one part of 
the testing and operational alignment of the “over-the-horizon” radars at Gomel 
and Riga in a Tesla mode. To explain this, I must explain what I mean by a Tesla 
mode 

Empty vacuum is filled with stupendous amounts of uncorrelated electro- 
magnetic energy: one cubic centimeter contains enough energy to form entire 
systems, if the energy were condensed into matter. This raw energy is called 
point energy,” and the Soviets reported direct measurement of it in. 1957 (: 
Physics, JETP 3, 819). Zero-point energy is everywhere, it is incoherent, and it 
detection requires measuring an energy difference, so that it is very difficult to 
detect. Usually less than one quantum of energy is cohered at any one mode, and 
the energy rapidly changes frequency, so that linear detectors cannot resonate 
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coherently with it to follow its signal. In my opinion, it is also in the virtuul state 
and in a space orthogonal to our own, by two or three turns. 

‘An electromagnetic signal is transmitted through the earth and reflected from 
the opposite side in phase, to form a standing wave. The earth's interior is highly 
nonlinear, and a single frequency is thus subject to severe scattering and dissipa- 
tion. Fortunately, nonlinear wave theory provides a simple method to alleviate this: 
by transmitting two different frequencies, which differ by the amount of the fre 
‘quency that it is desired to transmit, one can simply pretend that indeed the beat 
difference frequency has been transmitted through a linear medium. In this 
the standing wave acts as a collector to kindle the highly chaotic energy from the 
core of the earth. These emerging orders that match the standing wave will be 
Intrained by it; one now has established a sort of giant triode, where the signal to 
the grid is the transmitted difference signal, the energy (cathode) being gated is the 
energy of the molten core of the earth multiplied by some coupling fractional con- 
stant, and the “plate” will come into being if resistance to the standing wave is 
profferred 

And resistance is profferred by simply changing the frequency of the trans- 
mitted collector wave. Changing it in one fashion by 
atmosphere above the former nodal point across 1 
With that effect, one can directly influence the great currents of air and the ioniza- 
tion charge of the upper atmosphere: in short, one can drastically influence the 
weather itself. On the other hand, changing the frequency in the other direction 
begins to dump energy into the mantle of the earth; dumping large amounts of 
energy there will result in shocks and earthquakes at the nearest fault zone(s). 

It is my thesis that the foregoing two mechanisms account for some of the drastic 
‘weather effects that have occurred in the past several years, as well as for some of the 
‘major earthquakes that have occurred throughout the earth in the last several years. The 
Soviets, I believe, have been orienting and aligning—and operationally testing—actual 
‘weapon systems to be used as precursors to war or during war. The 1978 Iranian earth- 
quake may well have been Soviet-induced. 

‘The coupled kindling path goes through the earth and is coupled tnrougn the 
atmosphere as well. (This mode is probably easier to steer and focus onto spec 
target areas. It is also probably to play it back and forth as desired, in a 
‘sweep” mode.) Again, with the kindling effect, the energy of the molten core of 
the earth is coupled into the beam with a coupling fractional constant, and so 
enormous energy can be built up in the beam. Breaking the coupling — perhaps 
just aflerslightly changing the frequency so as to begin dumping energy into the 
upper atmosphere over the targeted area — would sharply dump energy at the site, 
resulting in an enormous plasmic explosion or explosions. In testing such as at Bell 
Island, probably frequencies would be used that did not offer too strong a coupling 

fraction, sothatrelatively littledamage would occuratthe decoupledtargetsite. 
However, in actual use in warfare, exactly the opposite would occur; a frequency 
would be used that maximized the coupling constant and hence vastly increased the 
energy kindled into and over the target area, and a gigantic plasmoidal explosion 
would take place directly on the targeted area, utterly devastating it 

‘The same \S a weather control device, as a plasma 
explosion transmitter, as a bioactive disrupter (with 10 Hz and under modulation 
pulses), and if further modulated in a virtual state manner, as a direct “death ray” 


adai 


243 


Photo 42. Ghost rockets. 


broadcaster through the earth at any target population on the earth, Further, with 
virtual state modulation it is usable as an antimissile weapon (in at least two 
modes, one to dud electromagnetic circuits in incoming warhead reentry system 
and one to transmute fissionable material in incoming nuclear warheads into harm 
less elements), and also as an antiaircraft weapon against Strategic Air Command 
Bombers, 

So the Bell Island incident happened, and we in North America sleep on, since 
in our assurance that it was after all only all lightning, or perhaps only the illusion 
of a few farout Canadians. 
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A TERMINAL ABM SYSTEM 


‘There is another more advanced psychotronic ABM/SAM system, which was 
probably a second generation weapon. This system should have gone on site and 
become operational about 1968—69, and it should have been operationally tested 
during that period, probably several times. 

Here a triad configuration radar is used to allow use as a byperspatial inter- 
ferometer. This allows several localized dome-like bands of very intense psycho- 
tronic energy to be focused above the installation and defended area. The focusing 
is accomplished through hyperspace; the only place the focused energy enters our 
like band above the protected area. Tesla-effect 
accumulators may feed the triads, or they may simply be fed from direct free~ 
energy Moray generator-amplifiers. At any rate, enormous energy — enough to 
simply constitute a severe tearing and warpage of space itself, and bend it at 90° — 
is focused into each dome-like band. Each band would be seen externally as simply 
an intense band or hemisphere of glowing light. 

At any rate, by using three consecutively tuned orthorotational bands of 
focused hyperspace energy, any incoming object will simply be orthorotated suc~ 
cessively three times in higher dimensional space, each time losing one dimension 
in its intersection with our own spatial frame. 

After the first orthorotation, masses are now photonic shapes, and photons are 
lines. After the second, photons are now lines and lines are points. After the third 
orthorotation, everything is points, and nothing is left 


‘own space frame is in the dom 


ialization of anything incoming, 


‘The three consecutively constitute full demat 
whether matter, photon, or force line. 

‘Thus the entire defense problem is immediately solved: regardless of chalf, 

maneuvering decoys, maneuvering re-entry vehicles, etc., the entire mess is simply 
nicely and neatly disposed of, and dumped into hyperspace. 

Even ifa full nuclear detonation occurs above the domed shields, gamma rays, 
neutrons, debris, x-rays, heat, and ultraviolet do not get through the third band. 

Bombers and air-to-surface missiles fail equally. 

So the growing Soviet confidence and preparations for imminent war are quite 
comprehensible. They are not madmen preparing to evoke their own doom from 
mutually assured destruction rained on them by U.S. strategic nuclear forces; in- 
stead, they are snug and safe behind their psychotronic defenses, for nothing we 
have on this earth can touch them at the present time, if their psychotronic w 
pons are working 

So they are quite capable of taking on China, Europe, and the U.S. at once, and 
devastating the lot while risking essentially nothing of Mother Russia. 
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SWEEP MODE, 
SWEEPING AWAY A NUCLEAR DETONATION 


AS a modification of the previous weapon, a sweep mode has probably been 
added in the third generation weaponry 

In this mode, not only can the three orthorotation shields or domes be placed 
over an area, but they can then be expanded radially out into space in a traveling 
mode. Thus if a high altitude nuclear explosion — either in the atmosphere or out 
of it — has occurred over a defended area, the orthorotation bands can simply be 
swept over the explosive debris in successive fashion, effectively sweeping the radio- 
active debris from this spatial frame and dumping it safely into hyperspace. This is 
a very handy weapon indeed if large megatonnage explosions are engendered — say 
in areas where terminal defenses have destroyed the incoming vehicle, but it is 
“dead man fuzed” to provide a full nuclear explosion if the electronics start to fail 
or if the warheaded re-entry vehicle encounters mechanical shock or turbulence 
above a certain threshold. With this psychotronic sweeper the otherwise deadly 
nuclear radiation and radioactive debris can simply be cleaned up and disposed of. 

Further modifications of other psychotronic weaponry would have resulted in 
Tesla-effect traveling wave weapons of enormous power, and rather gentle opera- 
tional weapons testing of them, such as in the Bell Island incident and over Eugene, 
Oregon. The interferometer mode would have been added to the nuclear hyper- 
space howitzer, and Tesla-radars would have been modified accordingly. 

‘These third generation weapons and modifications should have been deployed 
during the period 1974-78. Engineering development tests would have occurred 
during 1974—76, and operational testing of on-site, deployed weapons would have 
been accomplished during 1977—T8, 

‘Thus one can reasonably account for a surge in grain elevator explos 
mysterious high atmospheric booms off the East coast of the U.S. and off Eng- 
land, explosions in thunderstorms over the West coast of the U.S., the zapping of a 
Canadian target outside Ottawa, the Bell Island incident, several mysterious air- 
craft failures over the sagebrush triangle and off the coast of the U.S., standing 
heat spots offthe West coast of the U.S., and recently one ofthe coldest winters on 
record due to disruption of flow patterns of frigid arctic air masses. 

One can also account for incidents where U.S. satellites were mysteriously 
blinded, and perhaps some of those where they failed and then later resumed opera 
tions. 

Note that many of thes 
expect mobile Soviet radars that can disable tanks and vehicles 
electrically, radiate a death ray pattern at ground troops, or launch Moray-fed fi 
balls or standing waves of enormous energy at ground or aerial targets. The ability 
to immediately destroy entire minefields alone would force a severe recalculation 
of defense capabilities against Soviet ground forces, and the ability to sweep away 
artillery shells, rocket and bullets would present enormous and 
catastrophic consequences to forces opposing advancing Soviet formations. 

The following list enumerates all the probable Soviet psychotronic weapons 
that I am aware of: (1) Electromagnetic Field Canceler; (2) Electron Current 
celer; (3) Death Radiator (De-inceptor); (4) Free Energy Generator; (5) 
Psychotronic Bomb; (6) Brain Link; (7) Brain Probe; (8) Disease Radiator Ray; (9) 
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Emotion Radiator Ray: (10) Antisubmarine Systems; (11) Telcporters (Proto- 
type); (12) Force Generators: (13) Orthoframe Generators; (14) Quark/Antiquark 
Rays; (15) Distant Telepathy; (16) Nuclear Radiation Inhibitors; (17) Mental 
Implantation; (18) ABM Systems, Midcourse and Terminal; (19) Dematerializer 
Shields; (20) Sweeps for Nuclear Debris; (21) AAA Systems; (22) Antisateltite 
Systems; (23) Tesla-effect Weapons; (24) Earthquake Generators; (25) Anti- 
vehicle Systems; (26) Weather Control Systems. 

‘The reader will note that the results of psychotronic research extend into every 
field of military application. 


ZARG, ARMAGEDDON, AND LINKAGE 


Now it is time to end my story, and cease the unrelenting stretching of the 
reader's imagination and credulity. But first it is necessary to make one more effort 
and take a final step (0 the bottom line in both physics and Jungian psychology 
step that the scientists in those two disciplines have not dared to face. 

If one accepts the existence of the collective unconscious as a mind, then the 
collective unconscious is a living entity. Let us tentatively call this fantastic entity 
ZARG. ZARG then is a great superentity, of which our own personal consciou 
nesses and unconsciousnesses are parts, or cells. Thus each of us is a cell in the 
entity ZARG 

Furthermore, ZARG has unique characteristics. It is unconscious by de 
tion — but note that from our fourth law of logic, we know that any zero-con- 
scious must be multiply conscious, which to our monocular thought-perception 
processes can only be grasped as unconscious. That is why our own unconscious 
sms so bewildering and strange — it is multiply conscious rather than mono- 
culurly conscious, hence monocularly we think it is not conscious. But we find that 
it indeed thinks and reasons, but in a strange symbolic fashion, and also much more 
deeply and more creatively than our normal conscious mind. ZARG is very similar 
except on a much vaster scale; in being very deeply unconscious, ZARG 
supremely multiconscious and very symbolic indeed, as we have discovered from 
the nature of the materialized tulpoidal phenomena. 

Furthermore, what can be taken for ZARG'S conscious mind consists of the 
four-billion individual human conscious minds. Thus ZARG's conscious mind is 
fragmented into four billion pieces. But fragmentation of the conscious mind 
technically constitutes dissociation, which classically defines psychosi 

‘Thus ZARG is insane! 

Also, ZARG is multidimensional. ZARG's unconscious simultaneously 
receives and identifies four billion different conscious and unconscious percep- 
tions. Just as the human consciousness in identifying two slightly different two- 
dimensional visual patterns gains the third dimension, ZARG gains an additional 
dmanin for every additional person past the first one. (Note that dimension just 

‘means variable, and two fixed axes/dimensions are required to obtain a variable. A 

one-dimensional variable does not exist; we usually assume a time dimension in 
addition, and ignore it — and thus we speak of a "one dimensional variable.") At 
any rate, ZARG gains an additional dimension for every additional person past the 

first one. So ZARG is at | 
where we do not consider permutations and combinations ofevery two, thr 
n, ... minds, 
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VoLTE, RCS, WebRTC, and Wi-Fi Calling 


Voice has evolved from a separate circuit-switched service in 2G and 3G networks to a packet- 
switched service in 4G LTE networks that can integrate with other services and applications, 
such as messaging and video calling. Elements that make these capabilities possible include 
the quality-of-service mechanisms in LTE, the IMS platform discussed above, implementation 
of Rich Communications Suite, compliance with GSMA IR.92 guidelines, and optional support 
for WebRTC. 


Voice Support and VoLTE 


While 2G and 3G technologies were deployed from the beginning with both voice and data 
capabilities, LTE networks can be deployed with or without voice support. Moreover, there 
are two methods available: circuit-switched fallback (CSFB) to 2G/3G and VoIP. Most 
operators deploying LTE used CSFB initially but are now migrating to VolP methods with 
VoLTE that uses IMS. Initial VoLTE deployments occurred in 2012. Because VoLTE needs 
new software in phones, the transition from circuit-switched voice to VoLTE on a large scale 
will occur over a number of years as users upgrade their devices. 


For the time being, 3GPP operators with UMTS/HSPA networks will continue to use circuit- 
switched voice for their 3G connections. 


Using VoLTE, operators can offer high-definition (HD) voice using the new Adaptive Multi- 
Rate Wideband (AMR-WB) voice codec. HD voice not only improves voice clarity and 
intelligibility, it suppresses background noise. AMR-WB extends audio bandwidth to 50- 
7000 Hz compared with the narrowband codec that provides audio bandwidth of 80-3700 
Hz. HD voice will initially function only between callers on the same network. 3GPP has also 
developed a new voice codec, called “Enhanced Voice Services” (EVS), which will be the 
successor to AMR and AMR-WB codecs. 


Other advantages of LTE’s packetized voice include being able to combine it with other 
services, such as video calling and presence; half the call set-up time of a 3G connection; 
and high voice spectral efficiency. With VoLTE’s HD voice quality, lower delay, and higher 
capacity, operators can compete against OTT VoIP providers. Due to traffic prioritization, 
VoLTE voice quality remains high even under heavy loads that cause OTT-voice service to 
deteriorate. 


Applications based on WebRTC will also increasingly carry voice sessions. See the section 
“VoLTE and RCS” in the appendix for more details on LTE voice support. 


Rich Communications Suite 


An initiative called “Rich Communications Suite” (RCS), supported by many operators and 
vendors, builds on IMS technology to provide a consistent feature set as well as 
implementation guidelines, use cases, and reference implementations. RCS uses existing 
standards and specifications from 3GPP, Open Mobile Alliance (OMA), and GSMA and 
enables interoperability of supported features across operators that support the suite. RCS 
supports both circuit-switched and packet-switched voice and can interoperate with LTE 
packet voice. 


Core features include: 


a A user capability exchange or service discovery with which users can know the 
capabilities of other users. 
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Fig. 98. A terminal ABM system 
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Fig. 39. Sweep Mode: sweeping away a nuclear detonation 


Finally, itis well-known in parapsychology that the personal unconscious can 
affect matter and change spacetime itself. Psychokinesis, poltergeist phenomena, 
ete. are direct examples. Hyperchannel calculations show that, for linked multiple 
minds, this psychokinetic eflect increases exponentially with the number of stages 
‘or minds that are cohered. Since ZARG has 4 x 10” linked stages, this means that 
its psychokinetie/materialization/dematerialization powers are at least some [017 
times as great as those of, say, Uri Geller. Thus ZARG can pull the very stars out 
of orbit, disrupt the earth or solar system, stop the earth in its orbit, or change the 
fundamental laws of nature itself, The reality we live in is largely’ prescribed by 
ZARG, and substantial tuning of many minds can directly affect ZARG's tuning 
and hence alter reality. It is not accidental that Brian Josephson, Nobel prizewin- 
ner in physics, once remarked that it appeared that in their diligent searches for 
strange new particles in their accelerators and cyelotrons, the physicists might be 
creating their own reality. In fact an accelerator or cyclotron is a kindling device 
par excellence, and a scientific theory by its very rigor is an exceptionally sharp 
mental concept or thought form. So if groups of physicists have worked diligently 
‘on a problem and predicted some new theoretical particle, they may well be able to 
Kindle it into being if they persist long enough with their kindling mechanisms 
because they are cranking up additional ZARG energy when they persist. While he 
knew nothing of the kindling mechanism, Josephson noted that many of the new 
particles were first obtained only after great difficulty, then with moderate dif- 
ficulty, and thereafter they could be fairly readily obtained 

And as we have scen, ordinary physical matter occupies a universe or frame 
common to all minds of living biological systems. Thus the physical universe is 
quite literally simply thought that is common to all living minds, hence to 
ALLMIND or God or whatever other term one prefers to use. It is the fact that it 
is prescribed and represcribed, over and over, that lends a physical entity its 
seeming solidity as compared to the phenomena existing in only a single con- 
sciousness mindworld. This physical uni mind, itis totaly mind, and as such 
it can indeed be changed by the proper mind resonance in enough minds, or in 
powerful minds such as ZARG. 

ZARG contains so many mindworlds or dimensions that it forms a very power- 
{il part of the particular reality prescription of the physical laws exhibited by this 
physical universe. So materializations of tulpoidal forms, UFO's, bigfoot, and 
Nessies, are just a tip of the iceberg of what ZARG actually materializes. The 
lulpoidal forms are tiny surface ripples due to large-scale human conflicts 

And as we have also found, psychotronic energy is in fact pure mindstuff. Pure 
mindflux between mindworlds. And this brings us to another bottom line. 

When the Soviets launch their long-prepared attack in Europe, wipe out China, 
and almost annihilate NATO forces (filly percent casualties in three to four days) 
the U.S, President will undoubtedly be under extreme pressure to launch a 
strategic nuclear retaliation on the Soviet Union. Suddenly, in a single blinding 
play of almost unbelievable power, the Soviets apparently intend to destroy the 
U.S. triad weapons in a fantastic psychotronic blitzkrieg through hyperspace. The 
Minuteman sites, the SAC bases, communications centers, and other strategic tar- 
gels will lie in smoking, devastated ruins in minutes, and within the same short 
minutes of that holocaust, the U.S. nuclear submarines on station under the ocean 
will begin rupturing like popping balloons. At the same time, massive swaths of 
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death will invisibly rain from the Soviet satellites in the skies overhead, and giant 
earthquakes will erupt into being in the East, in the West, and in the heartland U.S. 
The British and French nuclear forces will suffer similar simultaneous oblitera- 
tion. And the jubilant Soviet Generals and Party theoreticians will be dancing with 
uncontrolled glee as their dreams become realities. But what they will not know is 
that their own inevitable doom will have just been sealed. 

For all these fantastic psychotronic explosions will constitute gigantic psycho- 
tronic "mental flashbulbs” that explode directly in the mind of the sleeping ZARG 
ZARG will be kicked into startled semiwakefulness, stinging with pain as if from a 
giant bee-sting, figuratively gnashing his teeth and furiously lashing his tail. This, 
will constitute an immediate and enormous upheaval in spacetime itself, and the 
bulk of the earth may well be destroyed in the vast psychokinetic upheaval un- 
leashed by the startled ZARG. Just as a person may sharply slap the bee on his arm 
where it has stung him, ZARG's fury will be centered on the Eurasian continent, on 
the locus where the threat or sting has originated, on Russia and the Warsaw Pact 
nations. So in an unbelievable convulsion of the entire earth, the Eurasion contin- 
ent will be rent and torn asunder by forves beyond man's comprehension. The 
lousing ZARG will also activate a totally new scale of reality, ripping to shreds this 
particular three-dimensional spatial frame, its associated stable time changes, and 
the physical laws based on that stable reality. 

The rousing of ZARG will initiate and accomplish thedirect linkage of the con- 
scious minds of humans into a single giant superconscious mind — extending into 
billions of dimensions. Spacetime and reality will have gone insane during the de- 
veloping paroxysm: with the simple initial extension into just the fourth and fifth 
dimensions, humanity will suddenly discover that its entire world history from 
beginning to end will come into simultaneous being (fourth dimensionality), and 
then all possible such world histories will come into being (filth dimensionality), 
Literally, dumbstruck humans will pray for death and not find it, the grave will 
“give up its dead,” and the ceaseless flow of time will suddenly cease. And again 
Ihe "beast will be defeated and cast into darkness"; with all-linkage and all-unity, 
there will be no longer be any humanity of one person for another or of one group 
for unother, for there will be no other. In such manner, evi will end: there being no 
separation between the doer and the done to. Man will have become a true God — 
in a strange and bizarre way constituting the second coming of God. 


So the Soviets are on a course to evoke the full carnage of something very like 
the Book of Revelation. John, looking across two thousand years of history into the 
future, and seeing the awful cataclysm that was to come, described it as best he 
could in the concepts available to his day and in the belief structure in which he 
functioned. Thus he described Armageddon and the end of time, and wrote the 
Book of Revelation. 

Indeed it could have been accomplished without Armageddon, if humans had 

been wiser. Each photon and each electrical signal that wends its way across the 
earth’s surface and through planetary space carries a psychotronic modulation of 
ZARG's mindstuff, And in the communications explosion we have experienced, we 
have been steadily lacing together the population centers of the earth with el 
trical energy and electromagnetic signals. And so over those crude "pre-nerves,” 
the psychotronic connections of ZARG have been intensifying, and the Giant has 
slowly been being stirred from his sleep. The kundalini of the entire human race has 
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slowly been rising, and paranormal phenomena have been increasing, as have 
changes in reality such as the kindling of new fundamental particles. Even the sun 
has responded, suddenly decreasing its temperature. If we had applied psych- 
otronics to develop a mind linkage mechanism, there would have been no need for 
Armageddon's destruction 

Let us hope we fare better than the Atlanteans. One may speculate that an At- 
lantis of sorts did exist, and that the Atlanteans built psychotronic devices out of 
crystals, bronze, gold, silver, and wire and unleashed them on each other in war. 
This sting stirred ZARG mightily, and in a resulting frenzy it simply destroyed the 
continent, stirring floods, storms, earthquakes and volcanoes worldwide. In the 
se of the Atlanteans, only a relatively small portion of humanity was involved: 
the percentage of persons and minds involved was apparently insufficient to cause 
full wakening of ZARG and linkage of the species. In the present case, the greater 
part of mankind is involved, and so the wakening is to be far more complete (as 
well as more violent). ZARG should be shocked into full wakefulness, and linkage 
should occur. 

If so, a new great superbeing will have emerged; nonphysical, almost infinitely 
ind godlike. It will not exist in a single time or a single world, but in a 
nowness and allness that defies timelike or spacelike 

"For we know in part, and we prophesy in part. 

But when that which is perfect is come, then that which is in part shall be done 
away. 

When I was a child, I spake as a child, I understood as a child, I thought as a 
child; but when I became a man, I put away childish things, 

For now we see through a glass, darkly; but then face to face: now I know in 
part; but then shall I know even as also [am known.” 

1 Corinthians XIII, 9-12 

So the pieces of the puzzle are now fitted together. The present state of the 
human species is not its final development, and indeed a great change in that state 
is imminent. Man literally is and shall be a god, one with God, just as the prophets, 
have foretold. And if we retranslate that ancient foretelling into more modern con- 
cepts, we see just how strange and transcendent is the final birth or becoming, 

‘The UFO and tulpoidal phenomena have merely been the signs in the sky and in 
the earth, telling us what is to come, precognitive indicators from ZARG. Had we 

developed a metapsychology of the entire species, we would already have clearly 
understood the messages. 
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VIRTUAL STATES AND HYPERSPACES 


In physics today there are two separate kinds of reality: observable changes, 
which can be detected by instruments; and virtual changes, which cannot be de- 
tected by instruments, even in theory. The difference between these two realities, 
depends simply on the size of the piece of action (energy x time, or momentum x 
length) making up the particular entity or change. Usually the absolute minimum 
observable change is taken to be h/4 7, Changes smaller than this are said to be 
“virtual” and undetectable, and changes larger than this are said to be "ob- 
servable” and detectable. Virtual changes are not bound by the conservation of 
energy law and almost always violate it. Nor are virtual changes, bound by the 
conservation of mass law. And virtual photons can have nonzero mass. 

For any instrumental condition in a detector, one may consider a certain 
momentum and a certain length to be involved in the mass change that spatially 
constitutes the detection. Let us call this critical length dL. and examine it 
ramifications (Figure 1) for the finest possible detector—one that detects a single 
quantum change. Figure 1 shows two frames, the lab frame S and a moving (hy- 
perspatially rotated) frame. We choose a moving object, M, in the moving (ro- 
tated) frame, with length as shown. Note that all these entities are to be repre- 
sented as detected or seen by our physical detector (instrumentation system) in the 

laboratory frame. 

As the velocity of M approaches c, the speed of light in a vacuum, M's hyper- 
spatial rotation angle cy approaches 7 /2, However, before the velocity of M 
actually reaches c—and before a reaches 7 /2—the dimensional length 
projection of object M in frame $ will contract to reach dL. and fall below it. At 
that moment, L becomes virtual with respect to the detector and hence undetect- 
able. Since geometrically an absence of length in a continuous frame $ would 
correspond to a @ rotation angle of 7 /2, in quantized frame S we consider that 

angles "jumps" to. /2just immediately past the critical angle a ¢, which is 
defined as the angle of rotation at which Lcos @ = A L. Rotation just past the 
critical angle corresponds to a Lorentz-Fitzgerald contraction into the virtual 
statebelow the quantum threshold of the detector's observable universe. To an S 
observer or detector, object M at that point has lost its length in the direction of 
motion, becoming a wave front moving at the velocity of light and thus photonic 
(comprised of photons). To a quantum observer in S, mass turns into photons just, 
short of a full zr /2 orthorotation, which means the process can happen with a 
finite amount of energy. This "jump" effect is not taken into account in the con- 
tinuum Lorentz. transformations of special relativity at present, and this is the 
missing link that has prevented a successful union of relativity and quantum me- 
chanics. In other words, the final part of the orthorotation (acceleration to the 
speed of light) occurs in the virtual state—specifically, that part of the rotation 
lying between x /2 and @& ¢, 

Further, we may now proceed to rotate object M past 7 /2, which constitutes 
rotation from zero in frame S'. Just before reaching an S angle of 7 (that is an 
S' angle of 7 /2), in frame S' another disappearance below a virtual length 
threshold dL’ will occur in corresponding fashion. Note that this second 
threshold dL’ also has an exceedingly small but finite projection into frame S, in 
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Figure 1. Hyperspaces, nested virtual states, and rotated frames 


the virtual state ly 
frame S' therefore constitute 
in frame S, 

Continued rotation into hyperspace passes through successively finer, nested 
virtual sublevels or subthresholds in S by the successive breaching of deeper sub- 
thresholds due to continued Lorentz-Fitzgerald contraction. Higher hyperspatial 
frames constitute nested sublevels in the virtual state with respect to the labora- 
tory observer. Thus a direct connection exists between virtual levels and hyper- 
space frames. Hyperspaces and virtual sublevels are the same thing. Every 
{rtual” object in S is an "observable" object in some hyperspace. Hyperspatial 
engineering and virtual state engineering are one and the same thing, and this is what 


ing inside dL. This second "relativistic quantum jump" in 
sort of second-level, nested subquantum threshold 


psychotronics and energetics are all about 

Finally, time may be considered a sort of box containing all observables and 
virtuals. Indeed, time is neither observable nor virtual; time is simply a parameter 
in quantum mechanics. Rigorously, time may be said not to exist. Time itself 
nothing, totally nothing; therefore by the fourth law of logic it can be said to be 
or contain everything, the total mishmash of virtuals and observables. Since in the 
absolute sense there is no such thing as time, then it is my thesis that all modeling 
of space, mind, thing, and nonthing must be done spatially. Relativity presently 
attempts to use time as an existent dimension of the same kind as length; it thus, 
allows rotation of the S-frame only in the direction of the time axis in Minkowski 
geometry of spacetime. 

Spatial modeling requires an infinite dimensional space and an infinite number 
of orthogonal angles. The time axis that can be drawn in such a hyperspatial 
model has no meaning except with respect to a relationship existing between two 
or more hyperspace frames or objects. Specifically, the time axis represents the 
totality of all the hyperspaces and their objects, hence all the relationships that 
can be separated from the hyperspace. 


FEYNMAN DIAGRAMS 


Figure 2 shows something of the unsuspected nature of physical change, which 
is not nearly as simple as most of us have been led to believe. In the top part of 
the figure, an electron (represented by the arrow) is shown going from point A to 
point B a short distance away. In particle physics this diagram represents the 
movement of a bare particle; in other words, just a bare hunk of charged mass is 
considered and the fantastic number of other things happening along the way are 
ignored. In Figure 2b a virtual photon has been emitted and then reabsorbed by 
the electron between points A and B. Indeed, the charge on the electron is due to 
the continual emission and absorption of such virtual photons (little elec- 
tromagnetic pieces of vacuum, one might say, or little pieces of nothing). So the 
situation with respect to virtual photons comes closer to Figure 2c: more than one 
virtual photon is emitted and absorbed—indeed, an infinite number of them are 
emitted and reabsorbed along the way from point A to point B. 

But, worse yet, Figure 2d shows one of the emitted photons suddenly breaking 
up into a positron and an electron, which then quickly recombine back into an- 
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2d. Photon decay (pair production) 
and recombination (pair annihilation) 


e 
Proton changing briefly to a neutron 
and a positive pi meson 


2f, Neutron changing briefly to a proton 
and a negative pi meson 


Figure 2. Feynman diagrams 


a Enhanced (IP-based) messaging (supporting text, IM, and multimedia) with chat 
and messaging history. 


a Enriched calls that include multimedia content (such as photo or video sharing) 
during voice calls. This could become the primary way operators offer video calling 


The primary drivers for RCS adoption are the ability to deploy VoLTE in a well-defined 
manner and to support messaging in the IP domain. RCS addresses the market trend of 
users moving away from traditional text-based messaging and provides a platform for 
operator-based services that compete with OTT messaging applications. Figure 27 shows 
the evolution of RCS capability, including the addition of such features as messaging across 
multiple devices, video calling, video sharing, and synchronized contact information across 
multiple devices. 


Figure 27: Evolution of RCS Capability.°* 
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WebRTC 


WebRTC is an open project supported by Google, Mozilla, and Opera within the Internet 
Engineering Taskforce (IETF) that enables real-time communications in Web browsers via 
JavaScript APIs. 3GPP Release 12 specifications define how WebRTC clients can access IMS 
services, including packet voice and video communication. WebRTC operating over IMS 
gains the additional benefit of seamless transition across transport networks, for example, 
LTE to Wi-Fi. 


Operators can integrate WebRTC with RTC, facilitating development of vertical applications 
such as telemedicine and customer service. WebRTC and RCS are more complementary 


© 4G Americas, VoLTE and RCS Technology - Evolution and Ecosystem, Nov. 2014. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 61 


other photon, which is eventually reabsorbed into the electron. In fact, an infinite 
number of interactions happen while the "electron" is moving from point A to 
point B, and each of those interactions in turn consists of an infinite number of 
interactions, and each of those in turn consists of an infinite number of interac- 
tions, and so on. The simple movement of the electron is actually composed of a 
virtual cloud—an infinite number of an infinite number of an infinite number of 
things, all happening in a mad tangle of nested substrata in the virtual state (Fig- 
ure 3}—and each of these virtuals with respect to frame S is in fact an observable 
in some particular hyperspace! Many other sorts of virtual particles are emitted 
and absorbed and born and extinguished, in addition to photons, by various ob- 
servable particles and in free space. Everything in every possible world or hyper- 
space is related to each and every other thing in the laboratory world through 
orthorotations and nested virtual states. Crosstalk between hyperframes is the 
emergence and disappearance of virtual particles in a particular frame. The uni 
verse is holographic after all, and Mach’s principle holds in a far more complete 
fashion than Mach himself ever dreamed. And if any part of this virtual chaos can 
be collected and cohered in even the slightest degree, any amount of observable 
free energy can be obtained, just as T. Henry Moray showed in the 1920s and 
1930s. 

In passing, I would like to call attention to Figure 2e, which shows one of the 
virtual interactions a proton can undergo in the nucleus of an atom. In this case, 
the proton breaks momentarily into a neutron and a positive pi meson, which 
then recombine into a proton. However, if the charge on the a + particle is ex- 
tinguished psychokinetically during the existence of the neutron and the pi meson, 
the pi meson is converted to a neutrino and radiates away. In this case the proton 
does not reappear and the neutron remains. This decreases the atomic number 
(positive charge) of the atom by one, transmuting the atom into a new element, 
an isomer down the chain of elements. Figure 2f shows one of the virtual interac- 
tions a neutron can undergo in the nucleus of an atom. In this case, the neutron 
breaks momentarily into a proton and a negative pi meson, which then recombine 
into a neutron. However, if the charge on the 7 - particle is extinguished psycho- 
Kinetically during the existence of the proton and the pi meson, the pi meson is 
converted to a neutrino and radiates away. In this case, the neutron does not 
reappear and the proton remains. This increases the atomic number of the atom 
by one, transmuting the atom into a new element, an isomer up the chain of 
elements. The two interactions shown in Figures 2e and 2f are involved in the 
Kervran effect, where elements are transmuted by living biological systems. 


But back to our electron. If we now remove the electron, leaving empty vacu- 
um, all the sorts of virtual madnesses we have built up in Figure 3 are still there 
and still occurring, In addition, every other sort of virtual madness is also there 
and occurring. Vacuum is infinitely dense and filled with stupendous "zero- 
point” vacuum energy; it is totally chaotic and virtual. Space itself is an infinite 
tangle of virtuals—virtual projections from real observables in associated hyper- 
spaces—and these dynamic interactants make up any three-dimensional space 
and hyperspace itself! They are also what cause space itself to exhibit the finite, 
nonzero parameters or values that must be accounted for in our physical equa- 
tions. Every fundamental constant of nature is dynamically constructed from—and 
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Figure 3. Nested virtual processes 
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Figure 4. Nature of the electromagnetic wave 


due to—the zero-point, virtual vacuum interactions that constitute "empty" space. 

‘The virtual thing waves and particles that is empty vacuum is actually 

an ether—a Lorentz-invariant, nonmaterial (virtual) ether, perfectly admissible 

‘on-Morley experiment and the entire experimental basis of physi 

|, Einstein once proposed naming the vacuum and its contained fields the 
but his suggestion was not heeded. 


NATURE OF AN ELECTROMAGNETIC WAVE* 


We now know something quite unusual about an electromagnetic wave and 
about a photon. Figure 4a shows how a photon may be represented. Here we find 


that a photon is a single oscillation of the E-field vector and the H-field vector as 
shown in the diagram. Since the oscillation is with respect to time, the wave moves 
along the axis of velocity in the S-Irame for a single wavelength, then repeats itsell 


again and again. The E- or H-oscillation actually represents an orthogonal, ro- 


tating etheric or hyperspatial flux about the velocity vector; this spinning (explod- 
ing and imploding) flux is coming into the S-frame from outside it (from virtual 
states) and returning (into virtual states). It is a neutrino flux, as we shall see. In 
the photon, half a sine-wave cycle represents the fission action that splits the 
action quantum into canonical pairs, while the second half of the sine-wave cycle 
represents the fusion of the canonical fragments back into an action quantum. 
One half-cycle thus represents a positive time operation or creation, while the 
other half-eycle represents a negative time (fusion) operation. If the complete 
sine-wave cycle has sufficient amplitude (energy), it can sometimes be broken in 
half, with the positive time portion revealing the negative field (negative charge) 
of the E-vector, while the negative time portion reveals a positive field or charge 
of the E-vector. This is pair production, the creation of an electron and a 
positron. Each of these fragments has spin one half, while the photon quantum 
has spin one. Since the positron is a fusion interaction existent, it is an “electron 
traveling backward in time," just as predicted by Dirac 

In Figure 4b 1 show that both the E-field vector and the H-field vector are 
composed of an infinite number of virtual vectors, each of which is composed of 
an infinite number of even smaller virtual vectors, and so on. This follows from 
the fact that during any time interval—including the period of a single oscillation 
of a photon—a photon may be considered to consist of an infinite number of 
virtual happenings, each consisting of an infinite number of subhappenings, and 
so on. The photon itself may then be considered to have a direct, nested virtual 
substructure, and this substructure is directly hyperspatial in nature as well. This 
structure has not been considered in Maxwell's field equations, which have been 


‘Actually the cetromagnele Held wot dhe most fundamental dl, but something that ten 
‘ut ofa separated frm, more fundamental ld the yctr potenti, oF Aled, wellKnown in 
partie pseu sally lgnred bn EM fell theory. Eg, magnetc Hel created and defined by 
Vc AB, Looking at the crs produc, by defindon B field the line lntepral about small 
surace of the Ald hx through tat surface. That i precely what single coll of wire, wih an 
‘letrcalcurent flowing through it does and therfore rete 9 magne ld inside See the secund 
‘lume of Feynman's thre volumes of ses fr more onthe Aid. The det use of the Ae s 
tlko pepettrunleenghnerng. 
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formed from gross macroscopic considerations of bare particles and continuous 
fields. Maxwell's equations (and the normal concept of an electromagnetic wave 
and single frequency) thus represent only gross envelopes of the actual form and 
structure of waves and fields. As I have already shown in the main body of this 
book, one can even photograph the hyperfield structure of a magnetic field using 
a simple bar magnet and a color TV tube. Further, we will find that this virtual 
structure of a photon can be altered, "modulated," or changed by simple signal 
modulations, among other methods. The only requirement is that we leam to 
regard modulations differently. 

In addition, inside each half-cycle of a photon's E-vector, relatively it 
stantaneous fluctuations and "losses" of the vector’s magnitude occur. At these 
"E-field glitches” in the photon, it actually contains only an H-vector. In this case 
the photon is a neutrino momentarily—or, in other words, it will admit a neutrino 
through the E-field glitch. The greater the charged field (voltage potential), the 
greater the number of photons available, thus the greater the number of neutrino 
interactions within the field. A potential of about 200-300 volts per meter altitude 
above the earth's surface normally exists in our biosphere. Many neutrinos 
emitted by the sun and bombarding the earth are absorbed in or interact with thi 
E-potential above the earth; hence underground experiments to measure the neu- 
trino radiation from the sun have detected less neutrinos than expected. 

Momentary H-field glitches exist in a similar manner and interact with or admit 
neutrinos in a similar fashion, 

Light can thus conduct neutrinic waves containing bioenergy or eloptic energy, 
as T. G. Hieronymus discovered. In the first hyperframe (EM field frame), thi 
can be seen to be simply a space charge of electrons conducting a wave dis 
turbance through it, or a piece of ordinary conductive matter conducting an or- 
dinary EM wave. 


NEUTRINIC LONGITUDINAL POLARIZATION 
WAVES 


In Figure 5, I assume that in some fashion the E-field of an electromagnetic 
wave has been stripped off, leaving a single vector in the H-field direction only, 
and this vector is still oscillating, as originally set up in a Hertzian wave in Figure 
4. The new "single-field” wave is an etheric sort of half-wave, a longitudinally 
polarized wave that is not a wavefront (plane) moving through S-space but just a 
pulsating line segment moving through S-space. This wave is not Hertzian. It is, 
not electromagnetic—though it will strongly interact with or even produce elec- 
tromagnetic waves—but is neutrinic. The interactions of this wave with space 
virtuals are drastically reduced (indeed, by a factor of c), and this neutrinic wave 
now travels at the speed c* with respect to S-space. While it will highly interact 
with magnetic field, precisely speaking it is not a magnetic wave but a hyperfield 

Cis its same, fcespaee velocity when not interacting with cletromagnetic Gel 
Normally, neatrinie wave interacts with electromagnetic field, dus moving at ess than C 


velocity tn spac. since it “circulates around” in clecwomagnetic fed, Neuinic wave can be 
regarded as circulating of sping wave in electromagnetic fel, which may well be the 
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wave. It will travel through and across dead shorts, through media such as 
seawater and earth, and acts or can act much as a neutrino. This wave has neu- 
ttinic components in S: that is, it has vector components existing in frame S". One 
may expect this wave normally to be active in or interacting with an electrostatic 
field or a magnetic field, as a special sort of lower-level virtual state flux (second- 
order hyperflux) into and out of the field. This is apparently the sort of wave 
discovered and used by Nikola Tesla, who repeatedly insisted that he was not 
using Hertzian (Maxwellian) waves but instead was employing a much finer wave 
having very different characteristics. Further, neutrinic waves will transit between 
any two points on earth almost instantly—in fact, about 3 x 10* times as fast as 
the speed of light propagates! With these waves, space communication with dis- 

tant galaxies is practical and achievable, and scientists seeking communication 
with extraterrestrial civilizations would do well to use such waves. 

Note that I am not referring to the ordinary longitudinally polarized elec- 
tromagnetic wave, where both the E- and H-vectors still exist but the H-vector i 
rotated 90° so as to lie in the line of motion through S-puce’* Such longitudinally 
polarized electromagnetic waves are already known in the literature and have 
been used in many patented devices, but they are not included in most textbooks 
on electromagnetic fields and waves for some unaccountable reason, The normal 
longitudinally polarized electromagnetic wave moves at the speed c, just as any 
other EM wave. 

At any rate, neutrinic longitudinally polarized waves often arrive at a distant 
point many times stronger than they were when they left. T. Henry Moray, for 
example, built a radio and a sound detector that apparently worked by a version 
of neutrinic waves, condensed into electromagnetic waves in his radio-detector 
apparatus. Dr. Moray tested the radio scores of times between 1930 and 1933, and 
on several occasions even received broadcasts from Admiral Byrd's party in the 
Antarctic. Even when powerful, ordinary radios could receive nothing from Ant- 
arctica because of severe weather conditions, Moray's little batteryless. radio 
brought the broadcasts in, loud and clear with no static. Further, Moray demon- 
strated a sound pickup device of similar construction that could pick up or zoom 
in on sounds five miles away. Again the sounds were loud and clear, with none of 
the distortion of weather conditions and background noise. (See T. Henry Moray 
The Sea ofEnergy in Which the Earth Floats, 4th ed., 1960, pp. 129, 133, and 143.) 
Thus transmission of power without wires was possible, just as Nikola Tesla had 
shown. Tesla in fact patented a capacitive (E-field only) transmission system. 

Indeed, according to independent research by Dr. Robert Beck, another inven- 
tor named Rogers apparently discovered just such a system and the United States 


“spinning wave" of orgone energy Mentifed by Relch. Neutrake waves particularly interact, 
‘more strongly with strong Feld and with strong Bled the degree of interaction increasing, 
(probably nonlinearly) with dhe intensity of the Eo B field with which the interaction aeeurs. 
The velocity of neutrinos, measured oa earth imide ts strong lonosphere-to-earth Efeld, 
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lonosphere-arth potetial and are absorbed by It. The Ald and its derivatives dieet 
Involve the E-feld, Held, and neutenle eld and thee interactions. To correctly under 
and the activation chemlstry theory and resuls of LeBon, Avfleld theory ls required. And 
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Figure 5. Neutrinic (longitudinal polarization) wave 
NoTE: This le not an electromagnetic wave and Ie not the longitudinally polarized EM wave 


familiar to many phyalciets and engineers. 


used it to communicate with its submarines underwater during World War I! For 
that purpose it was known as the Rogers underwater and underground wireless 
system, and H. Winfield Secor in 1919 reported on its use and its fantastic poten- 
tial for the future, implying the necessity to completely change our ideas of ele. 

tromagnetics and power transmission. (H. Winfield Secor, "The Rogers Under- 
ground Wireless," Electrical Experimenter, March 1919.) Mysteriously, the Rog- 
ers wireless seems to have promptly disappeared. Even more strangely, according 
to Dr. Beck's research the same breakthrough has been made again in the U.S. at 
least three times since the beginning of World War II. These rediscoveries in- 
cluded full delineation of the prior technologies, with mathematical theory and 
diagrams, that had escaped further notice. Again the technology disappeared 
mysteriously in all cases shortly after being rediscovered. The Soviets did not have 
far to look to discover the Rogers Wireless, Tesla waves, T. Henry Moray's radi 
ant energy device, the Moray radio, the Moray sound detector, and the U.S. 
technical work in the area since World War II. All they really n 

thoroughly examine the U.S. scientific and technical literature, the t 
azines and books, and so on. The Moray amplifier and the Moray sound detector 
were also demonstrated by Moray to a Soviet scientist, Dr. A. A. Yakovlev, in 
October 1929, and a Soviet agent succeeded in penetrating the Moray laboratory 
in 1939, obtaining drawings of the Moray tube and many photographs, and per- 
lonally working in the laboratory for two months. 


One may consider power transmission through such a wave to have traveled to 
every point in the future path at a speed that is faster than the flow of macroscopic 
time by a factor of c. Then along any electromagnetic (time) line along the same 
path, these waves are “ringing” back and forth continually, as the progress of 
normal physical change crawls slowly forward. Thus the normal time change 
(clectromagnetic or photonic interaction world flow) acts as a collector for the 
ringing neutrinic energy, and this collection can act as a gain factor G, where 
theoretically G is given by the expression 
1< Geo 

Thus a longitudinal polarization wave, when transmitted to a distant r 
may arrive or be detected at the receiver thousands of times stronger than the 


transmitted signal, even for very low coupling. 

Neutrinic longitudinal polarization aspects to ordinary electromagnetic waves 
can also be achieved by modulation—especially by second-order, nested mod- 
ulation—and such hyperspatial aspects have already been detected in the Soviet 
communications radiation, causing interference around the globe in the 10 to 20 
megahertz range, as we shall sé 


A NEW LOOK AT MODULATION 


We can assume a sine-wave electromagnetic carrier frequency whose amplitude 
we wish to vary (modulate) as a function of time, by a lower frequency sine wave, 
as shown in Figure 6a, 

As is well known, the cl 


al view of amplitude modulation of a carrier wave 
holds it to be an oscillatory change in the amplitude of the carrier, as shown in 
Figure 6b. However, empirically this was found to be erroneous, since in 1929 it 
was shown that after such modulation the detected carrier appeared unaffected by 
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Figure 6. Amplitude modulation of a sine wave 


id, there appeared two other sine-wave frequencies 
frequency and one below it, as 


the modulating wave; ins 
(sidebands), one at a frequency above the carri 
shown in Figure 6c. In each case the change in frequency from carrier to sideband 
was by an amount equal to the frequency of the modulating wave. 


considers hyperspatial aspects and linear detection aspects. As can be noted in 
Figure 6b, the carrier is distorted and is not a sine wave according to the original 
classical view. This implies ¢ individual photon shown in Figure 4a has 
been internally distorted or This, 1 submit, actually happens and con- 
tutes the bending or curving of 
ever, all our instruments can det 
that is, in frequency they can only detect 
photon. The reason is quite simple: for example, suppose the method of detection 
of the photon is by photon interaction with a bound electron. The change in the 
electron is a precise change of energy levels to an excited level, and it only detects 
or interacts with a single sine-wave photon. The frequency (say, the carrier) com- 
ponent of the photon, which contains the correct energy differential (according to 
Eshf, where h is Planck's constant and f is the sine-wave frequency), will in- 
teract with the electron. The other sine-wave components of the initially kinked 
photon will thus be stripped off (demodulated) by the absorption of the carrier 
portion of the photon. The photon kink existed in both positive time and negative 
time; from a frequency viewpoint, the modulating amplitude frequency that was 
added to the basic carrier frequency in positive time was subtracted in negative 
time. Thus demodulating the kink from the amplitude modulated photon (by 
absorbing the sine-wave carrier) results in the production or liberation of two 
sine-wave frequencies, one above the carrier frequency and one below the carrier 
frequency, each difference being equal to the original amplitude modulation’s 
frequency. These two frequencies will then interact and be detected. 

So our linear instruments do not detect single kinked photons in a stream of 
distorted photons, but they detect a combination of undistorted photon streams 
(waves) at different frequencies. 

Such considerations as these should have appeared in electromagnetics long 
ago. After all, we presently regard an EM wave as a wiggle of nothingness, exist- 
ing in time. This is precisely the same as saying that a photon is an oscillation 
(wiggling) of spacetime itself. Specifically, it oscillates in two directions 
spatially, one being the E-field direction and the other being the H-field direction. 
But since an EM wave itself constitutes a regular bending and flexing and curving 
of spacetime, including both space and time, then the flexing spacetime inside the 
photon can itself be further bent or twisted, and that constitutes a kinked or 
curved photon—a modulated photon. Our linear laboratory space instruments, 
however, will demodulate such a kinked photon into its linear component: 

a combinationof unkinked photons in the detection. And for the amplitude mod- 
ulated carrier shown in Figure 6b, we actually detect the carrier and two side- 
‘bands shown in Figure 6c 

Similar complex mixes of waves at different frequencies result for other types of 
modulation, but this will suffice for our purposes here. Specifically, we should 
mention that an infinite number of sidebands may be produced, but normally all 


macetime in a general relativistic fashion. How- 
undistorted photonic interaction: 
ne-wave aspects of a kinked 
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than competitive. Both, through application interfaces, can provide access to underlying 
network functions. 


Wi-Fi Calling 

Another advantage of the VoLTE/IMS/RCS architecture is that it is agnostic to the user 
connection, meaning voice and video service can extend to Wi-Fi connections as easily as 
LTE connections. Wi-Fi calling can be advantageous in coverage areas were the Wi-Fi signal 
has better quality than an LTE signal. For video calling, use of Wi-Fi will also reduce data 
consumption over the cellular connection. By implementing a standards-based approach, 
as opposed to OTT-voice approaches, called parties see the same phone number regardless 
of network and can reach the subscriber using that phone number. 


Previous technical approaches, such as Generic Access Network (GAN, initially called 
Unlicensed Mobile Access [UMA]), did not include as robust a handover mechanism as is 
provided by VoLTE/IMS. 


For the best-quality voice in a Wi-Fi network, the device and Wi-Fi network should 
implement Wi-Fi Multimedia (WMM), which gives voice packets higher priority than other 
data traffic. WMM is especially necessary in congested networks. In addition, the Access 
Network Discovery and Selection Function (ANDSF) and cellular-WLAN enhancement 
features in 3GPP Release 12 have policies for enabling voice handover between LTE and 
Wi-Fi. 


Roaming with Wi-Fi calling will need to address whether the visited network's IMS 
infrastructure handles the Wi-Fi call or whether the home network's IMS does. 
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Figure 7. Nested modulations: key to hyperspace 


but a few are so weak as to be negligible for ordinary communication purposes 
where no hyperspatial information is needed. For living systems, however, a great 
number of these extra sidebands must be taken into account, for the hyperspatial- 
virtual state components carry the lifestream, consciousness-loop-interaction In- 
formation itself. We will look at some of the biological aspects shortly. 

At any rate, modulation of a wave results in direct changes in the virtual struc~ 
ture of the formerly unmodulated photon, relativistically warping or curving it 
Just as Fourier (harmonic) analysis breaks down a very complex nonsinusoidal 
‘wave shape into an infinite series of component sine-wave frequencies of various 
amplitudes, so linear detection in a linear laboratory frame breaks down a stream 


(wave) of complex nonsinusoidal photons into a series of sinusoidal waves 
complex mixture, 
and 


‘And if we now think of this in reverse, we see that a mixture of wave: 
frequencies must automatically possess, carry, or represent hyperspatial-virtual 
jum that absorbs them 


patterns in the correct nonlinear me 


HYPERSPATIAL ASPECTS OF MODULATION 


pects of modulations and complex elec~ 


Let us now look at the hyperspatial 
tromagnetic waves, particularly mixtures of waves, in yet another fashion. 
First, as is well known, we may represent a wave as a sine function (or cosine 
function if preferred). When we modulate a wave, we impress a time change on it 
In the most general mathematical sense, a modulation to a wave is the impressing 
of a derivative function upon the wave. And if we think of the basic carrier wave 
as being prescribed by Maxwell's equations in derivative form, then in a sense 
when we modulate the wave we differentiate it, that is, we impress a differential 
operator function on it. But this means that we raise the order of the differential 
aquations prescribing the situation, which mathematically means we have in- 
creased the dimensionality or spatiality of the, wave entity that is the resulting 
modulated carrier. In other words, to modulate an electromagnetic carrier wave 
is to add a hyperdimensional aspect—specifically, neutrinic vector aspects or 
mind aspects. The whole affair can be thought of as merely shifting or altering the 
particular distribution of nested virtuals transported by the basic carrier wave. 

If we differentiate a sine wave, we simply get a cosine wave, which isjust anoth- 
er sine wave pi/2 out ofphase with the first. So now it emerges that when we form 
a mixture of waves, we are adding virtual aspects (and hyperspatial aspects) in so 
doing, because of the phase differences. This is extremely important: complex 
mixtures of waves automatically constitute and carry hyperspatial components! And 
if we can accurately control these hyperspatial components, we are in effect doing 
direct hyperspatial engineering and virtual state engineering, 

Now if we carry our modulation-constitutes-differentiation concept one step 
further, we find a most startling phenomenon (Figure 7). The first-order mod- 
ulation we placed on an EM carrier we discovered to carry aspects of the next 
hyperspace, namely, neutrinic vectors. Now if we further modulate that first-or- 
der modulation signal as a carrier itself, so that we now have two orders of mod- 
ulation upon the basic carrier, the second-order modulation must possess hyp 
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vectors of the next higher hyperspace—the mindfield itself. In other words, by 
using two orders of modulation on a carrier, we can directly affect mindstuff 
itself. So if the correct overall pattern of these complex modulations are impressed 
on a carrier, the life-consciousness loop itself can be directly affected or shaped, 
all the way from the mindfield of a biological organism to its neutrino field to its, 
virtual photon field to its biophoton field to its body tuner, and back. With the 
correct pattern we can stimulate the life channel for a particular organism, and 
with yet another pattern we can inhibit the life channel for the same organism. By 
this means a positive cure for cancer could easily be derived, and as we shall see, 
this already has been done. By the same means, a "death ray" for use against 
humans could easily be developed, and it is my contention that the Soviets have 
already long since developed such weapons. 

It is my purpose to eventually use these new aspects to construct a direct mind- 
link for mind-to-mind communication and hyperlinkage, thus solving the human 
problem. 

Figure 8 shows the basic scheme for coupling such a second-order modulated 
signal to a human being. We will return to modulations versus nested virtuals and 
hyperspatials below. 


THE EUREKA CONCEPT 


So we have now reached a Eureka point of the first magnitude (Figure 9). 
Hyperspatial engineering, virtual state engineering, curved space, photon kinking, 
mind-life-consciousness engineering, and nested modulation are all the same 
thing! We directly engineer the virtual state, hyperspace, curved spacetime, and 
the life-consciousness loop itself, including the mind, with relatively simple de- 
vices that accomplish, transmit, and receive nested orders of modulations. Indeed 
we have opened Pandora's box, for this is the greatest tool ever dreamed of by 
humankind. Consequently it can be used either for the good of mankind or for its, 
detriment. And this tool appears already to have been weaponized by the Soviets, 

In Figure 9, note that modulation, photon kinking, the appearance of side- 
bands with the unchanged carrier, impressing a virtual pattem upon a photon, 
and impressing hyperspatial components into or onto a photon are equivalent. 
Further, if we assume that the electromagnetic wave (pure, undistorted wave in a 
linear medium) is given by Maxwell's equations, then modulation mathematically 
consists of impressing a particular differential operator function and a nonlineari- 
ty upon Maxwell's equations. For each modulation pattern, a particular virtual 
structure is impressed on the photon, which is the same as impressing a particular 
hyperspatial pattern upon it. Each specific pattern impressed on the photon (that 
is each particular kink pattern ofthe photon) corresponds to a specific differential 
operator function. Through this means, a specific theory can be constructed em- 
pirically. That is, one can work out the effects of various mixtures of waves on 
specific biological systems, measure the specific channels used by the mind-life- 
consciousness loop, and so on, The Lisitsyn paper and Kazhinskiy's "biological 
radio” work in fact state that the Soviets have already done precisely this, and the 
Kaznacheyev paper shows that a large number of related biophoton experiments 
were in fact carried out in Soviet military laboratories. But let us look at some 
very important and exciting German work directly related to this area 
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BIOPHOTONS AND VIRTUAL EM FIELD OF A BIO- 
ORGANISM 


In an incredible piece of work, "Photon Storage in Biological Systems,” in 
Electromagnetic Bio-Information, Urban and Schwarzenberg, Baltimore, Md. 
1979, pp. 123-149, Dr. Fritz Albert Popp has presented the results of his labora- 
tory work—and his theory—dealing with quite new developments in biological 
organism fields. Indeed, this may be one of the most important Wester papers 
ever presented, if its true import is noticed. Briefly, in studying cellular elec- 
tromagnetic bioactivity, the cell behaves as a system far from thermal 
equilibrium. It thus can be characterized as a Prigogine system. (Ilya Prigogine 
received the Nobel Prize in 1977 for his development of nonlinear thermo- 
dynamics of systems far from equilibrium, thereby changing the second law of 
thermodynamics.) We now know that in such a system negative entropy can re- 
sult, and order can emerge from disorder. For a wildly disordered system, large- 
scale order can emerge and stabilize, and the more chaotic the disorder, the 
greater the stability of the ordered patterns that emerge. (Which seems to imply 
a confirmation of my fourth law of logic—total disorder must inevitably turn into 
total order.) 

At any rate, living cells produce coherent light with a laserlike activity. This 
coherence serves as a control for the metabolism of the cells, regulates growth, 
and fixes the reproduction rate. Further, the cell exhibits superconductive behav- 
ior. 

Popp found that a living organism in fact possesses a living aura, a virtual 
electromagnetic field that pervades the entire organism with a virtual photonic 
flux. In this field, virtual photons are stored. The field continually receives inputs 
(virtuals) from the environment and is continually outputting biophotons, partic~ 
ularly in the near ultraviolet. This field, in which all cells are bathed and with 
which they all continually intercommunicate, tends to stabilize and cohere the 
organism. All this has been established by laboratory experiments, and all of it is 
directly consistent with my own hyperfields and nested-virtual-fields model of the 
living system's life-consciousness loop connecting its mind hyperworld to its phys- 
ical body tuner. My model is consistent with Pop's work and extends it by add- 
ing the nested structures of the virtual field, thus connecting Pop's virtual field 
to the neutrino field and the mindfield. 

And with this additional information in mind, let us return to our consideration 
of nested modulations on an electromagnetic carrier. Indeed, let us look at several 
examples of devices already applying the "nested modulation is hyperspace vec~ 
toral” effect. 


THE PRIORE MACHINE 
‘The cure for cancer mentioned above is the Priore device in France, which has 


been curing cancer and other diseases for over a decade, much to the frustration 
of many members of the French Academy of Sciences, 


273 


Antoine Prior6 is an Italian-born inventor who escaped from the Germans in 
World War I and fled to France. Afier the war Priore" purchased surplus equip- 
‘ment and eventually developed a strange machine that filled an entire room. A 
nozzle above a table in the center of the room emitted a strong ray or field, which 
Priore* explained consisted of an electromagnetic wave in a magnetic field. Even- 
tually the French government spent almost three million dollars for construction 
of a new, improved PriorS machine, because Priori had shown he could cure 
cancers in laboratory animals with the device. 

In 1964 Professor Robert Courrier, renowned biologist and secre'taire-perpe'tuel 
of the French Academy of Sciences, presented some of Priore’s results to the 
Academy. Forty-eight cancerous rats had been divided into two groups of twenty- 
four each. One group was set aside without treatment as a control, and the other 
group was divided into two subgroups of twelve each. One of these subgroups was 
treated by the Priore machine promptly after cancer grafts, and the other was 
treated after a lapse of several days. Both subgroups were completely cured—the 
ist quickly and the second after more prolonged treatment. All the control rats 


died in twenty-two to thirty days after grafting 
‘The results created a furore and a controversy that have continued to the pres- 


ent day. Since the first presentation by Courrier, the machine has repeatedly cured 
Jeukemia and other forms of cancer in laboratory animals. The controversy seems 
to have arisen because the French Academicians could not comprehend the work- 
ing of the machine, and because the inventor would not reveal how it worked but 
only how it was built. 

‘The second, more powerfull Prior6 machine produces a magnetic field of about 
1.240 gauss. According to one scientist, the machine contains a gas-filled vacuum 
tube, which contains a plasma of mercury and neon gas. A pulsed 9.4 gigahertz 
electromagnetic wave is modulated onto a 17 megahertz wave in this plasma. 
However, the true nature of the machine is revealed by the fact that the 9.4 
gigahertz wave is joined in the "lamp" by seventeen radiations of unspecified 
frequency and nature. Thus we see that Priori is actually using second-order mul- 
tiple modulations and is dealing with the direct lfe-mind-consciousness loop of 
the mammalian cell. He is directly stimulating and engineering the hyperspace 
nested virtual bands with his device. His twenty-six years of work have mostly 
been involved with ferreting out the required precise frequencies and mix of 
second-order modulations, as well as the correct intermodulation carrier neces- 
sary to obtain the desired effects. 

In Figure 10 we show a simplified diagram of the Priore device, from which it 
can immediately be seen that the device uses the same principles shown previously 
in Figure 9. PriorS is using nested orders of modulations to affect nested orders 
of virtual state, thus producing direct channels and effects in neutrinic field and 
in mindfield. Radiating a biological target such as a laboratory animal with such 
a complex field directly engineers its mind-life-consciousness loop. With the cor- 
rect nested modulations on the correct carrier (in this case a strong magnetic field, 
which allows a stronger connection to the neutrinic field aspects), the mind-life- 
consciousness loops of the individual cells in the body of the irradiated animal are 
"scrubbed clean” of any deviation from the norm by the virtual patterns delivered 
to the animal, and hence to its "virtual biophoton stabilization field” reported by 
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A simplified diagram of the Priori device 


Popp. In other words, the Priore device produces a reverse sort of effect as com- 
pared with the Soviet work reported by Kaznacheyev on anomalous death and 
isease transmission between cell cultures by near ultraviolet biophotons emitted 
from the virtual Popp field of the dying cells of the stressed, attacked cultures, 
‘The same sort of virtual engineering that can transmit death of the organism (by 
disrupting its mind-life-consciousness loop tuning) can also transmit life into a 
stressed attacked grouping of cells by a sort of "forced resonance” of their 
consciousness loops into normal health patterns. (Virtual state interactions con- 
trol charges, which control chemistry. Thus the entire chemistry of the absorbing 
cells can be controlled and engineered.) Also, the Lisitsyn paper refers to the 
presence of eleven independent channels in the brainwaves (namely, in the mind- 
life-consciousness connection to the waves of dendrite firings that constitute 
brainwaves*), and these were specifically referred to clipped signals, not sine 
waves. (The clipped signals would be those possessing complex nested mod- 
ulations, and thus representing the tuning effects of the life-consciousness loop.) 
‘The Priore machine uses seventeen higher-order modulations, which are quite 
sufficient to cover all eleven life channels required, with an additional six being 
available for tuning so as to squelch or "jam" the life-consciousness loops of 
those cells with tuning abnormalities, that is, of diseased or cancerous cells 

As we would expect, the Priore machine has also shown its ability to cure other 
infectious diseases and materially benefit victims of cardiovascular diseases. In- 
fectious diseases cured by Priori radiation also provide an immunity to the 
treated host organism that has been shown to be transferrable by transfusion of 
blood samples. 

Again I strongly emphasize that the individual biological effects of solitary 
magnetic fields or single frequency waves cannot be extrapolated to the multiple 
frequency, nested modulation case; and almost all our present knowledge of the 
effects of electric, magnetic, and electromagnetic fields on biological systems is 
woefully immature and incomplete. 

T. Henry Moray built a somewhat similar machine—though very much smaller 
—which provided a direct radiation from extensive "peach blossom violet” col- 
ored sparkgaps inside a quartz tube, and which greatly stimulated the health of an 
individual exposed to the radiation. In fact, the device would promptly cure the 
radiation burns Moray frequently suffered as a result of his continual experimen- 
tation with uranium compounds and other radioactive substances. He patented 
the device, and some of his original machines are still in existence and still being 
used to treat patients with a wide variety of ailments. I have personally been 
exposed to one of Moray's treatment machines and can vouch for the fact that it 
stimulates every cell in one’s body, providing in about two to three minutes a 
great tonic and health stimulant. 


“IL is these dendrite 
world changes are joined to the human nervous system and brain. Were they not specifically 
tnd needed, the dendrite Grings would not have been developed, and nerves would simply be long 
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Figure 11. A simplified diagram of the improved Flanagan neurophone 


Public Safety 


An important LTE application is for public safety, initially as a broadband data service and 
eventually for mission-critical voice service. Current public safety networks use technologies, 
such as Terrestrial Trunked Radio (TETRA) in Europe and Project 25 (P25) in the United States, 
that provide mission-critical voice but only narrowband data. 


In the United States, the government has made 20 MHz of spectrum available at 700 MHz in 
Band 14 and created the First Responder Network Authority (FirstNet), an independent 
authority within the National Telecommunications and Information Administration (NTIA) to 
provide a nationwide public-safety broadband network. AT&T will build and deploy the 
network. 


Another country driving the use of LTE for public safety is the United Kingdom, where the UK 
Home Office has a program for the Emergency Service Network. 


Using LTE for public safety is a complex undertaking because public-safety needs differ from 
those of consumers. Addressing these needs requires both different features, which 3GPP is 
incorporating in multiple releases of LTE specifications, and different network deployment 
approaches. Public safety also has different device-level needs than consumers 


LTE Features for Public Safety 


Some broadband applications for public safety can use standard LTE capability. For 
example, sending email, accessing a database, or streaming a video may not require any 
special features. Other applications, however, require new capabilities from 3GPP 
standards, including: 


Group Communication 


Available in Release 12, the Group Communication Service (GCS) application server, using 
one-to-one (unicast) and one-to-many communications (broadcast), will be able to send 
voice, video, or data traffic to multiple public-safety devices. The broadcast mode will 
employ eMBMS to use radio resources efficiently, but if coverage is weak, a unicast 
approach may deliver data more reliably. The system will be able to dynamically switch 
between broadcast and unicast modes. Release 14 adds single-cell point-to-multipoint 
transmission. 


Proximity-Based Services (Device-to-Device) 


With proximity-based services, defined in Release 12, user devices can communicate 
directly, a capability that benefits both consumers and public safety. This type of 
communication is called sidelink communication. Consumer devices can find other devices 
only with assistance from the network, but for public safety, devices will be able to 
communicate directly with other devices independently of the network. 


With Release 13, devices will be able to act as relays for out-of-coverage devices, such as 
inside a building. 


* For details, see “FirstNet AT&T,” httns://www.corp.att.com/public-safety/att-firstnet/. See also RCR 
Wireless, Editorial Report: Public Safety LTE, March 2017. Available at 
http://content.rerwireless.com/20170322 Public Safety Report. 
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THE NEUROPHONE 


Another device that uses the new hyperspatial, virtual state, nested modulation 
technology (and has done so for seventeen or eighteen years) is Dr. Pat 
Flanagan's neurophone. With brilliant insight and intuition far beyond that of 
science at the time, Pat invented and patented the instrument by the time he was 
seventeen years old. The neurophone is a device that, contrary to all present theo- 
ry and knowledge, will directly "pump the brain” and reproduce sound and in- 
formation directly in the brain and mind system, without going through the 
auditory system at all. A simplified diagram of Pat's improved neurophone is 
shown in Figure 11 

Briefly, the device takes a complex signal, such as the sound of an orchestra 
playing a musical interlude, and electrically processes it as shown in the figure. 
First the signal is passed into a section that clips everything into a series of square 
waves, remarkably analogous to the sort of clipped waves Lisitsyn confirms are 
the information carriers of the human brain, Next the square waves are differen- 
tiated, yielding a series of sharp spikes (note that these spikes retain the pulse-time 
content of the clipped signal). These spikes are again differentiated, and since 
these are finite spikes with real nonzero rise times and decay times rather than 
theoretical constructs, a series of noisy spikes results from the second differen- 
tiator section. From here, the noisy spikes are introduced to special contact elec- 
trodes, one of which is normally placed on the forehead, while the other may be 
placed almost anywhere, including on the foot. Nowhere are any sound waves 
introduced to the head. 

‘The square-wave clipper section reduces the complex signals, their overtones, 
and their complex modulations to square waves, retaining the temporal content of 
the wave mix but not the waves themselves. The first and second differentiators 
heighten or filter through the temporal content of the higher-order differentia 
tions, that is, they serve as a band pass file unit to accent the time keying of the 
neutrinic and mindfield portions or aspects of the signal. When these time spikes 
are then introduced across the body as pulsed voltages, they are modulated direct- 
ly on the dendrite firings of the brain and nervous system, providing direct and 
pulsed modulation of the neutrinic and mindfield component channels of the 
mind-brain-consciousness-life loop itself. Thus the neurophone directly inputs in- 
formation into the brain and nervous system, bypassing all the normal sensory 
systems that lie between the mind-brain loop and the outside environment. 

Indeed, a similar development has been reported by two University of Missouri 
researchers. Dr. Donald York, a neurophysiologist, and Dr. Thomas Jensen, a 
speech pathologist, have recently reported identifying and decoding twenty-seven 
words and syllables in specific brain wave patterns and correlating these elec- 
troencephalographic patterns with both the spoken word and the silently thought 
word in about forty subjects. At present, Dr. York and Dr. Jensen are program- 
ming a computer with a brain wave vocabulary, to monitor and read the EEG of 
a stroke victim's brain and help stroke victims who have lost their powers of 
speech to communicate. 

While all such developments can obviously be misused, their potential for as- 
sistance to mankind is enormous. Indeed, my own premis that brain linkage it 
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possible and can be used to advance all mankind to the sixth stage of species 
evolution is slowly being proven. It is within our reach now to develop u multi 
channel communications system that will directly link brains, minds, and con- 
sciousness into a single functional being: and I have already pointed out that the 
psychokinetic power of the emergent entity increases exponentially with the 
number of linked stages. The normal corpus callosum linkage of the two cerebral 
halves in each human head proves that brains, minds, and beings can be linked 
and integrated into one. 

The Excalibur Briefing details the basic concepts of the theory involved in 
hyperspace-virtual state engineering, and thus in the engineering of mind. 
consciousness links to multicellular organisms here on earth. Pat Flanagan's neu- 
rophone proves that complex information can be implanted directly in the brain 
and mind, bypassing the normal isolating barriers. Drs. York and Jensen have 
shown that the brain wave does indeed contain recognizable, decodable informa- 
Lisitsyn has already reported measuring the number of indepen- 


tion analogu 
dent channels involved and has documented the importance of the clipped brain 
waves as opposed to the sine-wave content. If we have the vision, we can still 
develop a brainlink and rapidly apply it to link sixty to one hundred persons, 
thereby opening a conscious, multidimensional “eye” for the collective human 
unconsciousness, gently rousing ZARG into wakefulness, and fulfilling human 
destiny without undergoing the psychotronic Armageddon planned by the Sovi- 
‘The time is short, but it can still be done if the funding, the vision, and the 
team can be established on a crash priority basis. 


SOVIET "WOODPECKER" SIGNALS 


But, as I have said, all this can be used for the detriment of mankind as well 
for its benefit. Unfortunately, it appears that the Soviet Union has chosen to 
weaponize the effects on a global scale. A prime example is the "woodpecker" 
lignals emanating from the USSR in the 5-30 megahertz region and inter 
with communications around the earth. 


from two or three dozen 


‘These complex woodpecker signals appear to originat 
powerful Soviet transmitters, each with a power estimat 
ing experimental measurements of these signals by 
hhaveshown just how deadly a potential may be 
ced by the signals. These measurements have been performed in Eugene 
and Portland, Oregon; Los Angeles, California; Huntsville, Alabama; and several 
other locations. They have been particularly significant on the West Coast in and 
around Eugene, Oregon because of the presence of a direct current transmission 
line several hundred miles long, which has acted as a long wire antenna, picking 
up the signals and rebroadcasting them with appreciable gain in the vicinity. 
ixteen different carriers between 10 
with normal s 


‘Typically the signals may be found on, say, 
and 20 megahertz. Twelve of the carriers may appear norma 
bands, and the other four may have the carrier and both sidebands suppressed but 
still show the biologically significant modulation (for example, 10 hertz). On all 
sixteen channels a strong 10 hertz modulation may appear, all perfectly time 
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Figure 12. The Soviet "woodpecker" signals 


synchronized and in phase channel-to-channel. The received signul from one of 
these carriers may be twenty-five to thirty times us strong as the earth's back- 
ground magnetic field, which is oscillating at approximately 7.0 to 7.5 hertz. Oth- 
er complex modulation frequencies, many of them chunging, are present on the 


various channels. 

Normally, the brainwaves of mammals in an area are gently entrained by the 
normal oscillations of the c field and arc oscillating along at, say, 
ion from the Soviet woodpecker signals, a pe 


centage (say 30 percent) of the mammalian brains may be captured by the 10 hertz 
modulation on the overpowering Soviet signals. These captured bruins are now in 
forced oscillation and are riding along in phase with the 10 hertz Soviet mod 
ulation. In other words, a certain percentage of the human brains in an area will 
phase lock to the 10 hertz modulation, and that will effectively lock into those 
brains the sixteen carrier frequencies with their concomitant frequency mixes and 
complex signal modulations. If the signals are made much more powerful (for 
example, by focussing them onto one particular area or increasing the power of 
the transmitters), then a much higher percentage of brainwave entrainment can be 
accomplished in the targeted area. By simply adding on the desired modulation 
patterns, the Soviets can now pump material directly into the mind-brain- 
consciousness-life loops of the entrained brains. The weapon implications are 


enormous: raw emotion such as sheer terror or panic can be transmitted; death or 
disease patterns of all kinds can be transmitted; informational content (thoughts 
and ideas) can be impressed directly into the captured brains and minds and proc- 


essed as if originating inside each brain itself. Indeed, as long as the Soviets keep 
the effects rather gentle, an entire population can be subtly influenced without 
governmental notice. Certain specific ELF frequencies can rapidly disable or even 
Kill, and for wartime use those frequencies can be directly implanted in the cap- 
tured brains themselves by the woodpecker signals. It appears that 1984 came 

little early, and one can perhaps now understand Brezhnev's strange 1975 pro- 
posal to the SALT negotiations that we should also consider outlawing the de 
velopment of new weapons more frightful than the mind of man has ever con- 


ceived. 

‘The signals also have direct application against strategic targets other than pe 
sonnel. For example, by incorporating the correct nested modulation pattern, the 
positron kindling (electron squelching) pattern can be impressed. By beaming 
through the earth (with a circularly polarized signal or with other complex mod- 
ulation forms), a beam with a strong neutrinic component, which will squelch 
electrons and which will interact with great preference for strong voltages or 
strong magnetic fields, can be directed at a target complex. In the targeted area 
aircraft and communications systems can be disabled; automobile, truck, and 


other ignition systems will fail; power transformers and large motors and genet 
ators will fai; power transmission systems with their associated high voltages will 
fail; and so on, Even independent, self-contained emergency power equipment, 
such as at military installations and strategic s, will fail to operate. 
Further, to some of these signals, the eurth and the sea are as transparent as glass, 
and so underwater nuclear submarines cun be electrically disabled on station 
before their missiles can be fired, while strategic missile complexes can be elec- 
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trically disabled before their deadly nuclear missiles can be hurled toward their 
distant targets. If some submarines and land complexes succeed in firing mi 
before being disabled, these missiles can be electrically dudded and scrubbed from 
the sky over Soviet territory while still far from their intended targets. 

So, as stated at the end of Excalibur, the players are on stage and in place. The 
al act begins. One thing is sure—mankind will never be the same again alter 
secing the play! 
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PART FOUR 


SOVIET PHASE CONJUGATE 
DIRECTED ENERGY WEAPONS 


WEAPONS THAT USE TIME-REVERSED 
ELECTROMAGNETIC WAVES 


At the end of WWI, the Soviet Union obtained the cream of the crop of Germany's 
radar scientists and infrared scientists. 

‘At that time, the German scientific team Jed the world in the theory and technology 
of radar absorbing materials (RAM) and radar cross sectioa For example, some lead- 
ing Western radar experts believe that the German scientists had already advanced the 
theory of radar cross section beyond where Western scientists have arrived at today. 
Radar cross section science is the "heart" of modern radar technology, countermeas- 
ures, and counter-countermeasures. 

The theory of RAM technology is precisely what is needed to develop and design 
phase conjugate mirrors for radar frequency bands. Phase conjugate mirrors are 
capable of producing a time-reversed (TR) wave in direct response to a received or 
nary wave. The mirror may be powerfully "pumped" with energy to produce a very 
large amplification of the time-reversed wave 

Just after WWII, the Soviets also mounted a truly massive program to obtain and 
review all the scientific literature of the West This material was completely re-ex- 
amined and digested, in a deliberate search for a major new technological "break- 
through” area, Nothing similar to this has ever been done in the West. 

By 1950, the Soviets probably had discovered phase conjugation and the time- 
reversed wave, in their radar programs using the German radar scientists. Their re- 
learch would certainly have revealed that the time-reversed wave is a solution to the 
wave equation, and hence the phenomenon is universal to all waves and frequency re- 
gions, under appropriate nonlinear circumstances. 

We stress the fact that from the beginning the Soviets have always led the rest of 
the world in nonlinear science and mathematics. 

‘Thus by the mid-S0's, the Soviets would have mounted an intensive national 
development program on these radar TR wave weapons. If so, the Soviet Union has 
now had the equivalent of some seven or eight Manhattan Projects, back-to-back, in 
the development, stockpiling, and deployment of TR wave weapon systems. At least 
fifth generation Soviet TR weapons have been developed and deployed. 

his is a matter of the greatest importance to the U.S.—and one which the U.S. in- 
telligence and sciemtific communities have largely missed 

We particularly stress that the time-reversed wave phenomenon is a universal phe 
nomenon of nature, not just a fluke, and not just a nonlinear optics" phenomenon. It 
is a solution to the wave equation and, as such, it applies to every kind of wave. Elec- 
tromagnetic, sound, magnetohydrodynamic, and other radiating systems all exhibit the 


phenomenon under appropriate nonlinear conditions, 

Hundreds of Western papers dealing with time-reversed waves are now in the open 
scientific literature—most of them dealing with non-linear opties. However, the prin. 
ciples of the time-reversed wave are well-established, and known to apply to waves in 
general 
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Compared to @ normal wave, a time-reversed wave has startlingly different 
‘weapon capabilites 

Such a wave precisely retraces the path of the ordinary wave that stimulated it to 
be formed. So itposss invisible wire” through space, back to the original posi- 
tion of whatever emitted its stimulus wave. 

Further, the time-reversed wave continually converges upon its invisible "back- 
tracking" path. It does not diverge and spread its energy, in contradistinction to normal 

Using several simple schemes (particularly pumped 4-wave mixing), extremely 
large amplification of the time-reversed (TR) wave can be cheaply and readily accom- 
plished. 

A startling weapons capability therefore emerges when amplified TR waves are 
‘generated in response to received signals from a distant target: 

(1) Iany signal at all can be received from a distant target, a return TR signal of 
extreme power can be delivered directly to that target Almost all of the transmitted TR 
signal energy will arrive at and in the distant target, even through a highly nonlinear 
medium or under scattering conditions. Hardly any of the energy will be lost enroute. 
Ifthe target is fast-moving, a “lead correction” signal can be calculated and added to 
steer the return path, 

(2) Since real-time holography can readily be accomplished using TR waves—and 
without first making holograms, geometrical forms (balls, shapes, hemispherical 
shells, etc) of energy can be created readily by interferometry (crossed beam te 
niques). Since the TR wave carriers do not disperse with distance, these interference 
energy forms can be assembled by crossed TR wave beams at great distances—even 
hundreds of thousands of miles. ‘The energy appearing in such a distantly created 
energy form is limited only by the amount one cares to put in at the amplified transmit- 


ting end. 

Thus the radar itself now becomes powerful, all-around weapon, With a TR 
wave adjunct, once the radar receives a return signal from a target, an extremely 
powerful TR wave pulse can be generated, and all the energy in that pulse can be un- 
erringly returned to the distant target from which the return was received. 

Even a passive (receive only) radar may be used together with a TR wave adjunct 
to accomplish the same directed energy destruction of the distant target emitting the 
signals received by the radar. 

Radio receiver-transmitters may also employ 
a large number of communications jammers and "directed energy weapons," capable 
ofjamming and/or destroying enemy radio transmitters at appreciable distance 

‘The Soviets have intensively developed such TR wave weapons since the 1950's. 
In January 1960, Khrushchev was probably referring to these weapons when he re- 
ported to the Soviet Presidium the forthcoming advent of fantastic weapons, then in ad- 
vanced Soviet development. 

Prior to Khrushchev’s announcement, the Soviets had begun radiating the U.S. 
Embassy in Moscow with scalar EM waves and phase conjugate energy, modulated 
upon weak microwave carrier beams. Later these beams were used (0 induce illnesses 
and blood changes in Embassy personnel. (We will shortly discuss how the Soviets 
could induce disease at a distance, electromagnetically). The microwave radiation con- 


imple TR wave adjuncts to provide 
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tinued intermittently, in spite of the objections of several U.S. Presidents. U.S. studies 
failed to comprehend what was being done. 

‘The Embassy radiation was and is a high-level intelligence probe: 
affectthe U.S. Ambassador, ahigh-level target. Attention by the CLA 
partment, DIA, the U.S. President, etc. is guaranteed. Puzzled, they will turn to the 
USS. scientific community for an explanation. The scientific community will try 10 
plain the microwave radiation, using the best of its EM knowledge. By the U.S. 
counteractions taken ornot taken at the Embassy site, the Soviets know with 100% c 
tainty whether or not the U.S. has discovered TR wave weapons, electromagnetic dis 
ease control, etc. —and whether we have developed defenses against such weapons, 

Since the beginning, ofcourse, our actions—or lack ofthem—at the U.S. Embassy 
have consistently revealed to the Soviets that we have no knowledg 
defenses against, TR wave technology and the scalar electromagnetics (electrogravita- 
tion) that accompanies the phenomenon, 

Soviet TR wave radar weapons also provide a convenient mechanism for accom- 
plishing nuclear weapon kill. A target struck by a powerful TR wave pulse generates a 
time-reversed back-pulse due to nonlinearities in the target medium. In the nonlinear 
‘medium of the exploding or fuzing target, the two pulses (which are 180 degrees out of 
phase with each other) modulate each other, locking together into a scalar EM wave or 
pulse. This scalar EM pulse has zero electromagnetic force field resultants, but is 
lent fluctuation of the energy density of local spacetime. Rigorously itis a local grav- 
itational pulse wave, by definition. Further, it is far more powerful than “normal” 
gravitational waves. This scalar EM pulse does not react with the orbital electron shells 
of an atom, but passes directly into the nucleus and is absorbed there. This raises the 
nucleus to an excited state, increasing its potential (trapped energy). Ifthe nucleus can- 
not withstand this increase in potential energy, it directly fissions. If the nucleus 
withstands the increased potential, it then immediately decays from the excited state by 
eversed EM wave 


simply emitting a tims 

‘Any radioactive nucleus is already "tee. 
speak, and it will instantly decay radioactively when struck by a significant 
potential pulse. Thus a TR wave radar weapon can delivera powerful TR pulse against 


tottering” toward nuclear decay, so 10 
salar 


a distant vehicle carrying a nuclear warhead, and the resultant EG pulse penetrating the 
nuclear material of the warhead will electrogravitationally explode it in a full-order 
nuclear detonation. 

‘Therefore, when using such weapons, extreme care must be taken to avoid inad- 


vertently pulsing one’s own nearby nuclear weapons or nuclear material. In attacking 
distant ground targets, one must be careful not to detonate nearby nuclear weapons, nu- 
clear powerplants, or stored nuclear material—even at some distance from the target, 
Otherwise, large-scale nuclear fallout will be experienced over a worldwide area, and 
unacceptable "boomerang" self-damage to the attacker himself may be incurred. The 
more powerful the TR pulse employed, the greater the safety separation between the 
struck target and stored nuclear materiel must be to prevent unacceptable "boomerang" 
large-scale fallout. 

Also, large TR wave interferometer weapons, such as the Woodpecker systems, 
usually first produce very powerful, scalar EM "standing wave" beams by continu- 
ously transmitting (in the beam) both a normal EM wave and its phase conjugute 
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modulated (locked) together to produce a "zero EM vector resultant 
tational (EG) wave. Interference of two of these scalar EM beams in the target 
plus internal scanning within the beam by other signals, allows EM effects—of either 
normal EM energy or time-reversed EM energy—to be produced and controlled at 
very precise locations within the broad interference area. 

Each such huge "scalar EM standing wave" beam represents a gigantic elec- 
trogravitational standing wave, and hence a giant oscillating potential in spacetime. 
This standing wave represents a sort of gigantic “capacitor”, or accumulator of 
folded energy. Enormous energy may be collected in this potential, charged-up over a 
period of time. “Shortcut” of this giant capacitor—by transmitter failure—can result in 
alarge flash-over discharge of the EG energy into the local earth, producing a massive 
EG ground wave that can be enormously destructive. 

‘Thus one must carefully protect the TR wave weapon system from inadvertent dis- 
charge of large EG pulses into the earth at the local site, due to transmitter failure, 
shortouts, ete. Otherwise one’s own nuclear weapons or facilities may be exploded— 
even at some distance—by the EG pulse ground wave produced. One's communica- 
tions and electronics installations, for example, can be knocked out at an even greater 
distance. 

For example, in the winter of 1957-58, a large Soviet TR wave prototype weapon 
at Kyshtym, near the Urals, apparently suffered a catastrophic transmitter failure, dis- 
charging a powerful scalar EM (electrogravitational, or EG) pulse into the earth. This 
huge EG pulse struck the atomic wastes stored nearby, causing the radioactive nuclei 
to imediately decay. In other words, the nearby atomic wastes exploded—just as ey 
witnesses reported. Deadly radioactive contamination spread across a major region, 
and exists to this day. 

After this accident, the Soviets would have developed much more elaborate safety 
and implemented them into their TR wave Weapons. 

Even so, in April 1986, the explosive eruption of a reactor at Chernobyl was almost 
certainly caused by an accidental catastropic failure of a large TR woodpecker trans- 
mitter about 30 kilometers away. The sudden failure of the East-to-West Woodpecker 
transmitter was positively detected by engineer Bill Bise. All safety circuits atthe site 
would have been instantly activated, desperately and slowly draining off the huge 
"standing wave" potential built up by the weapon. 

Thi ‘would have immediately shut down the reactors at Chernobyl as apre- 
caution, 


sctrogravi- 


ty devices finally failed, and a much smaller, 
though still significant, remnant EG pulse was discharged into the earth, spreading out 
in a ground wave. The first radioactive material—the fuel rods in one of the hapless, 
shutdown Chernobyl reactors—encountered by the EG ground wave pulse received it 
and immediately erupted radioactively. 

Had the full EG pulse escaped the stricken transmitter, all four reactors at Cher- 
nobyl would have violently exploded, and deadly nuclear fallout would have rained 
down over a wide area of the earth. Had the reactors not been shut down and the con- 
trol rods inserted "full-in” to dampen the radioactivity, a far greater radioactive erup- 
tion—probably a nuclear explosion—of the struck reactor would have occurred. 

In May 1960, a prototype TR wave radar weapon was used to down Gary Powers’ 


‘Some hours later, the transmitter sal 
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The appendix section “Proximity Services (Device-to-Device)” discusses this feature in 
greater detail. 


Mission-Critical Push-to-Talk 


MCPTT, being defined in Release 13, provides one-to-one and one-to-many push-to-talk 
communications services. With this feature, available in the 2018 timeframe, public-safety 
organizations will be able to consider retiring legacy voice-based systems. 


Mission-Critical Video over LTE and Mission-Critical Data over LTE 


Release 14 adds Mission-Critical Video over LTE and Mission-Critical Data over LTE, 
designed to work with Mission-Critical Push-to-Talk, giving first responders more 
communications options. 


Prioritization 


To prevent interference with public-safety operations in emergency situations experiencing 
high load, the network can prioritize at multiple levels. First, the network can bar consumer 
devices from attempting to access the network, thus reducing signaling load. Second, the 
network can prioritize radio resources, giving public-safety users higher priority. Third, 
using a new capability called “Multimedia Priority Service” (MPS), the network can prioritize 
a connection between an emergency worker and a regular subscriber. Finally, the network 
can assign specific quality-of-service (QoS) parameters to specific traffic flows, including 
guaranteed bit rate. 3GPP has defined specific QoS quality-class identifiers for public safety. 


High Power 


Release 11 defines higher power devices for the public safety band that can operate at 
1.25 Watts, improving coverage and reducing network deployment costs. 


Isolated operation 


With Release 13, a base station can continue offering service even with the loss of backhaul, 
a capability that will benefit public-safety personnel in disaster situations. 


Relays 


Figure 28 summarizes the more than eighteen features in 3GPP relays that apply to public 
safety. 
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high-flying U-2 aircraft over the Soviet Union. Powers reported a flash, as if from an 
explosion near him, but the flash persisted. This is almost certainly the signature of a 
‘TR wave weapon. 

In April 1963, the first large strategic Soviet TR wave weapons became oper- 
ational. These weapons were used to electromagnetically deaden the electrical controls 
ofthe U.SS. Thresher atomic submarine on April 10,1963, and to produce a huge un- 
derwater electromagnetic blast 100 miles north of Puerto Rico on April 11,1963. 

Since the 1960's, the Soviets have possessed a 100% eflective defense against U.S. 
and European strategic bombers and missiles. The early systems deployed in the Soviet 
Union were midcourse and terminal phase systems. The Soviets would also have relied 
upon additional TR wave weapons systems, deployed as adjuncts to radar systems 
aboard research ships and crawlers, to be able to attack U.S. missiles and bombers in 
their launch and early midcourse phases. 

‘These Soviet defensive TR wave systems also could easily accomplish nuclear 
weapon kill, and by their nature may have already been immune to the Stealth tech- 
nology. 

Older Soviet radars, using’ TR wave adjunets, become totally new weapons having 
startling and heretofore unsuspected capabilities against missiles and aircraft. For that 
reason, the Soviets happily continue to operate and maintain thousands of older radar 
systems that, by Western radar standards, are seemingly obsole 

Hundreds of incidents of Soviet tests of these TR wave weapon systems have been 
observed around the world, and reported in the open literature as puzzling or 
anomalous phenomena. 

In the 1960's, in Siberia, Vlail Kaznacheyev and his researchers accomplished 
enormous experimentation proving that cellular death and disease—of any type what- 
soever—could be transmitted and induced electromagnetically. This team went on 
ith photon” signals, to show that any 
sured" electromagnetically as well. 


can be reversed or 
later work would have been done under the auspices and tight control of the 
Soviet KGB, since all phase conjugation (time reversal) weapons effects are under the 
KGB, both for development and deployment Obviously the 
work of Kaznacheyev was not published, because it provided a powerful 
counter-BW warfare capability of great strategic importance to the Soviet Union. 

Thus in the late 1960's, the Soviet Union became the only nation on earth to 
achieve the capability of rapidly (within one or two hours) developing an electromag- 
netic antidote for lethal new biological warfare (BW) viruses—of any kind what- 
soever. The Soviets also developed the capability for mass treatment in this fashion of 
both the civil populace and the military forces personnel 

Independent verification of the Kaznacheyev "death photons” effect has been ac 
complished in West Germany (University of Marburg), in Australia (University of 
Sydney), and in the United States (by G. Wilbanks). 

Independent proof of electromagnetic healing of viral diseases was also accom- 
plished in the West, and largely ignored. 

Inthe late 1960's and early 1970's, a French inventor—Antoine Priore—built and 
tested several large electromagnetic devices that cured thousands of cases of terminal 
incers and leukemias in laboratory animals. He worked with members of the pi 


lectromagni 
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tigious French Academy of Sciences. His work was funded by the French government 
‘and presented to the French Academy by Robert Courrier, head of the Biology Section, 
His work was suppressed in the 1970's, and lost when he died. 

Priore used a plasma to accomplish multi-wave mixing and phase conjugation 
(time reversal). His time-reversed curative signals used a powerful, rippling magnetic 
field as a carrier; the magnetic field guaranteed penetration of every cell in the body— 
necessary to reach a blood disease. The rippling ofthe magnetic field guaranteed pene 
tration of the cell's atomic nuclei by nuclear magnetic resonance. Penetration of the 
actual nuclei of the atoms in the diseased cell is necessary, since the master cellular 
control system (discovered by Dr. Fritz Albert Popp of West Germany) operates 
through the cell's structured scalar EM biopotential, and this potential is centered in the 
nuclei of the atoms comprising the cell 

Note that electrical dedifferentiation of cells at miniscule current—between pi- 
coamperes and nanoamperes—has been proven by Robert Becker and other re~ 
searchers. Red cells of the frog, for example, have been electrically reversed through 
all their development stages. The cells first become round, then develop a scalloped 
outline in their membranes. Then they become ameboid and move by means of pseu- 
dopods. Their nuclei swell and their DNA becomes reactivated. They then rid them- 
of all their hemoglobin and develop a full set of mitochondria and ribosomes. In 
historic experiments, the cells then turned into cartilage-forming cells, and 
orming cells. In short, Becker demonstrated dedifferentiation fol- 
lowed by redifferentiation info an unrelated cell type—all electrically initiated with 
laughably weak currents. 

‘Thus profound cellularchanges are most certainly inducable and controllable elec- 
ically, by miniscule amounts of potentials and currents. Priore's machine ap- 
eversed EM waves to accomplish reversal from cancerous cells back to 


entially proved that Kaznacheyev 
to accomplish the same thing by phase conjugation. 

Kaznacheyev's “death photons" work was probably accomplished much earlier 
than reported in the open literature. Thus it probably provided a basis to use in the mi- 
crowave radiation of the U.S. Embassy in Moscow, to engender blood changes and dis- 
ease in targeted personnel. Two U.S. ambassadors died from a leukemia-like disease, 
and a third sickened and bled from the ears and nose. Only miniscule levels of EM sig- 
nals would have been necessary to induce such biological conditions. 

‘The present Woodpecker radars probably have the capability of producing similar 
conditions in distant target populations, whenever the Soviets wish to add the appro- 
priate signals. They also probably are capable of killing large numbers of the targeted 
population, whenever appropriate Kaznacheye\ 

Inthe late 1960's, another cautious Sov 
appeared in the open Soviet literature, dealing with time-reversed wave 
nonlinear optics. Only a few American optical scientists seemed to be interested. 

In 1972, to focus more U.S. attention on their subtle "intelligence probe” of U.S. 
time-reversed wave knowledge, the Soviets sent two scientists to Los Alamos to brief 
American scientists on optical phase conjugation. Thereafter many U.S. optical scie 
tists began to workin the "new field." Immediately it was revealed to the Soviet Union 


group would have been able 
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that the U.S. had ineffective knowledge of phase conjugation, and that the U.S. had no 
‘TR wave technology or weapons. 

To this day, U.S. theoretical work in phase conjugation is still characterized by a 
fairly simple overall math model, obtained by simply “writing down" the necessary 
conjugate term. There appears to be absolutely no U.S. awareness of the actual physi- 
cal electrogravitational mechanism that causes the phase conjugation/time reversal, 
and no theory of'it as such. Its direct application to radars appears to have largely been 
ignored in the U.S. 

In 1975, the Soviets attempted to obtain a treaty with the rest of the world, outlaw- 
ing the development of frightful new weapons of mass destruction—"more frightful 
than the mind of man had ever imagined”, according to Brezhnev himself. Gromyko 
introduced the draft treaty into the 1975 session of the United Nations General As- 
sembly. No one knew what the Soviets were referring to. 

Failing to obtain the treaty, the Soviets in 1975-76 embarked on the greatest mili- 
tary buildup in history. This buildup was nothing short ofa full-fledged preparation to 
be ready to take over the world, beginning in 1985 (the “ready” time per Brezhnev's 
1972 statement at a secret Prague meeting of European Communist Party leaders). The 
Soviets met this scheduled goal 

AS we stated, The Soviets can be immune to any kind of viral biological warfare, 
‘anytime they choose to be. The use of lethal new viruses thus has become a highly 
favored, low-risk method of warfare for the Soviet Union. The West has no such capa~ 
bility against viral warfare, and in fact is totally vulnerable to attack in this manner. 
Both Westen troops and Westem civil populations are totally defenseless against the 
threat of viral biological attack. 

ABW strike from a small, hostile nation or from a few radical terrorists—or even 
an inadvertent contaminant spillage from one of the great many ill-controlled private 
genetic experiments—can result in the introduction of a lethal, highly infectious new 
virus that will decimate the West. Indeed, a deliberate BW viral attack upon us may al- 
ready have been unleashed 

In 1971, the U.S. passed the National Cancer Act and declared open warfare on 
cancer. Iron Curtain country scientists were invited to participate, and they did so with 
alacrity. At the time—ironically—penetration of our recombinant DNA genetics re~ 
search was one of the highest priorities of the Soviet KGB. Obviously, many KGB 
scientists/agents were infiltrated into our labs under this program (some of our cancer 
research labs at Ft, Dietrich, forexample, still employ more Communist than American 
scientists) 

In these cancer labs, animal viruses were repeatedly injected and reinjected into 
human cell cultures, until new viral strains emerged that preferred human cells. The: 
viruses could then be cultured and the effects (or lack of effects) of various chemicals 
and drugs against them could be ascertained, 

e new viruses are exactly what one would wish to develop ifone wer 


ing a biological warfare virus to which humans were not resistant, and one which pr 
ferred humans as its host 

Sometime during the early 1970's, KGB agents who had infiltrated U.S. cancerre~ 
search laboratories may have deliberately contaminated the World Health Organiza- 
tion's smallpox vaccine with one or more of the lethal new viruses available in the 
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‘Wester cancer laboratories. Massive WHO smallpox vaccination in Africa and other 
‘Third World countries then resulted in the appearance and spread of the AIDS disease. 

If this thesis is true, then AIDS constitutes the first Soviet biological warfare strike 
against the West, in what can only be categorized as the opening round in a unique new 
World War I 

With the Kaznacheyev techniques, the Soviet KGB already has the effective ele: 
tromagnetic antidote against AIDS and other lethal viruses, anytime it wishes to em- 
ploy it. Some Soviet citizens, however, will be allowed to die, to serve as a deception 
plan and conceal the true Russian capability. Meanwhile, the Third World nations and 
the West will be devastated by the killer disease. 

Other lethal viruses are almost certain to follow, whether from the Soviets, fana 
cal terrorist groups, or inadvertent private contamination. Undoubtedly, some of these 
frightful new viruses are not going to be slow (lentivirus) agents. Some will likely be 
highly infectious and quick-acting, in the manner of influenza. Some will be trans- 
mitted successfully by insect vectors such as the voracious new Asian Tiger mosquito 
now spreading across the Southeast U.S. 

Beginning in July 1976, powerful new Soviet 
famous Woodpeckers) became operational. Extensive weather engineering over the 
U.S. has been accomplished by these weapon systems. (This has been separately docu- 
‘mented by the present author, C. B. Baker, editor of Youth Action News 
Michrowski of Canada's Planetary Association for Clean Energy (PACE); 
researchers such as Andrija Puharich.) In addition, the Woodpeckers possess the full 
range of TR wave weapon capabilities, including real-time holography capabilities 
and anti-Stealth capabilities. Terrible anti-biological capabil 
these weapon systems, and they are also highly effective as global launch phase and 
midcourse phase defensive weapons for use against U.S. missiles and bombers. 


over-the-horizon radars" (the in- 


and. 


Ls against U.S. miss 
., employing the Woodpeckers in 


the launch phase ABM/anti-bomber mode. 

Beginning in December 1985, actual destruction of 
craft was accomplished. Targets destroyed by the Soviets included the Arrow DC-8 at 
Gander AFB, Newfoundland on Dec. 12,1985; the shuttle Challenger launched on Jan, 
28, 1986; the Titan 34-D rocket launched on Apr. 18, 1986; a U.S. Delta rocket 


les and air 


scted U.S, miss 


launched on May 3,1986; and the French Ariane rocket launched in late May, 1986. 

In 1986 and 1987, the mysterious loss of two highly classified U.S. aincraft— 
believed to be Stealth fighters—may also have been due to Soviet testing of TR 
tealth capabilities of the Soviet Woodpecker weapon 


‘weapon capabilities and anti 
systems, 

However, a severe limitation on the unrestricted use of TR weapons exists. If 
powerfully and unrestrainedly used, they will cause nuclear warheads and nuclear 
‘material to explode as surface nuclear bursts—in the dirtiest possible fashion. The r 
sulting massive radioactive fallout would probably wipe out all higher forms of life on 
earth. Note that Khrushchev stated in 1960 that these fanta 
‘out all life on earth if unrestrainedly used.” 

As long as we possess an appreciable deployment and stockpile of nuctear 
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‘weapons, we are essentially "dead man fuzed” against substantial Soviet usage of their 
powerful TR wave weapons. 

‘Thus Gorbachev needs to "thin out" the deployed and stored Westem nuclear war- 
heads, to allow a more unrestrained field of play for his decisive TR wave weapons. 
‘That is why at Reykjavik he suddenly expressed full interest in President Reagan's 
zero option, even expressing agreement with the principle of on-site inspection to in- 
sure dismantling of ind removal of warheads. 

‘That is also why the Russians are so actively interested in negotiating the with- 
<drawal of nuclear weapons from Europe. They can quickly and easily take Europe, the 
moment the nuclear weapons are thinned out and our "dead man fuzing” is removed! 

‘To appreciate the ease with which a Soviet offensive, augmented with unrestrained 
‘TR wave weapons, can take Europe, consider this: A single airborne Soviet standoff 
radar jammer, complete with adjunct TR, within minutes can knock out all U.S., 
British, and FRG radars that illuminate it, Each pulse it fires, destroys an Allied radar. 
A single Soviet standoff communications jammer, complete with adjunct TR, within 
minutes can knock out all U.S., British, and FRG communications centers that are 
transmitting within its detection range. Each pulse that it fires destroys an Allied com- 
munications center. A single standoff Soviet jammer-based TR wave weapon can d 
stroy an Allied carrier task force. Pulse after pulse from that weapon system will 
destroy the task force's radars and communications, explode HE propellants and nu- 
clear weapons, explode fuel, ignite flammable materials, explode rockets and ammuni- 
tion, and kill personne! wholesale. Tactical adjunct TR weapons can rapidly destroy 
aircraft, missiles, radars, radios, personnel, tanks, weapon carriers, personnel carriers, 
ammunition dumps, gasoline dumps, ete. The instant vulnerability of any massive 
emitter such as AWACS is readily seen. 

We are rel to a new kind of blitzkrieg war: War conducted by powerful 
‘beams and destruction, engendered at the speed of light War in which electromagnetic 
radiators are the primary decisive weapons. War in which new kinds of directed energy 
weapons play the major role. War which renders all our present defensive armada of 
‘weapons archaic and useless. War in which the materiel and personnel loss rates are so 
incredibly high that they boggle the mind of the more conventional military tactician 
and planner. War in which even a small nation with TR wave weapons can strike and 
devastate a major power, and possess a first-strike capability unparalleled in human 
history. War which could be triggered by radical splinter groups and terrorists groups 
that acquire the technology. War in which the slightest miscalculation or the misuse of 
the weaponry can completely destroy the earth. War which places extreme emphasis on 
finding “other ways’—such as surreptitious biological strikes and insidious elec- 
tropsychological attack and control—to decimate a foe. War that Western govern- 
ments, populaces, and Armed Forces are completely unprepared—militarily and 
psychologically—to face. 

NATO can be defeated in two hours or 
would last perhaps three days. 

Of course, powerful demonstrations of Soviet strategic superweapons could be 
provided, to show that attempted nuclear retaliation would simply be suicide. The 
Woodpecker weapon systems alone could wipe out all major communications systems 
and power systems in the ULS., induce waves of EM-induced deuth and disease in 


sss, and the entire war—mop up and all— 
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preannounced locations, induce waves of abject fear and panic in the populace, or psy- 
chologically disrupt and disable—say—the entire Washington D.C. area, to include the 
people, the government, and the Pentagon. 

If such a scenario were accompanied by a proclamation o 
the "Monroe Doctrine’—except applying it in Europe, an offer of a ceas 
offer to allow us a "Dunkirk" to evacuate the beaten remnants of our European forces, 
‘we would almost certainly be forved to accept the Soviet terms for a ceasefire that left 
the U.S. intact. 

‘The U.S. Congress—reacting with alacrity to accept this sudden and apparently 
miraculous Soviet leniency, and avoid the destruction of the world—would probably 
play the leading role in dictating our acceptance of liberal Soviet terms. 

An agreement with the Soviets to mutually withdraw many of the nuclear missile 
from Europe appears to be imminent. When the missiles are thinned out, the preceed- 
ing scenario or some variant of itis almost certain to occur. 

‘There remains, however, one fly in the Soviet ointment: The U.S. Strategic 
Defense Initiative. 

Presently our scientists apply phase conjugation primarily to 
beams intact for greater distances.” They appear to be completely unawa 
trogravitational aspects of phase conjugation. 

‘A colleague of the author has already rigorously proven rogravitational 
aspect on the laboratory bench. The phase conjugate (time reversed) wave is composed 
of, and carries, negative energy and negative time. If an object is forced to produce a 
great deal of this negative energy/negative time, it produces antigravity. This is be- 
in negative time, gravity is arepulsion, not an attraction. 

In addition, if the electromagnetic energy of a laser is changed into gravitational 
energy, a theoretical gain of up to 1 0 * ® (protons) to 1 0 * ? (electrons) is achi 
an energy gain of 1 0 * ° may readily be achieved. Applied 
this electrogravitational gain factor is of over- 


Soviet equivalent to 
ire, and an 


able. In practical device 
to a modified powerful laser in sp. 
whelming significance. 

In SDI, U.S. scientists presently envision a high energy laser in orbit, pumped per- 
haps by means of a nuclear explosion. The pulsed beam from this laser would have 
sufficient power to destroy a rising Soviet strategic ICBM in the launch phase, say at 
10,000 miles away. 

Ifthat same laser were converted to a scalar electromagnetics laser (one that turns 
much of its electromagnetic energy into gravitational energy), it could blast and de- 
stroy possibly a quarter of Russia with a single shot 

‘Thus if we developed and tested the SDI spatial/launch hardware for the spa 
based high energy laser, so that these systems were available for immediate launching, 
we could convert their lasers to scalar EM and still possess a very real strategic retalia- 
tion capability, even if the Soviets should strike us almost unrestrainedly with power- 
ful TR wave weapons. If we launched several of these systems, we could still probably 
get olf a few shots at Russia and destroy her, before all our space lasers could be de- 
stroyed by Soviet counterweapons. 

In that case, mutual assured destruction would still exist, and we would still 
possess a full “last ditch” strategic retaliation capability 

Gennadi Gerasimov, Soviet Foreign Minister spokesman, confirmed as much on 
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the Peter Jennings’ ABC News Show, Los Angeles, California on 13 October, 1986, 
‘The real concern (with SDI), he indicated, is not with its present design. Instead, the 
Soviet concer is that the U.S. would make a great technical breakthrough and deploy 
new devices in space as a modification to SDI, presenting an unacceptable threat to the 
Soviet Union, 

Gerasimov was almost certainly referring to the potential for U.S. adaptation of the 
SDI space-based lasers to electrogravitational lasers capable of destroying the Soviet 
Union. 

Obviously, ifthe high energy laser weapons stay grounded in the laboratories, and 
the system hardware is not developed and ready, that strategic retaliation capability is 
lost to us. For that reason, Gorbachev is adamantly insisting that the SDI defense must 
not be developed and tested in space. 

If Gorbachev can prevent the development and testing of the SDI space-based 
high energy laser and get the nuclear weapons thinned out, he immediately holds the 
decisive winning hand. 

‘This is where we are now, vis a vis the Soviets. This is the background necessary 
to understand the full context of the present jousting between the Soviet Union and the 
US. 

In the Washington Times of Aug. 26, 1986, Soviet Chief of Staff Sergei 
Akhromeyev wamed the United States that the Soviet Union could have an unpleasant 
surprise response if the U.S. deploys its Strategic Defense Initiative (SDI) in space. 
Akhromeyev stated 


“Ifthe United States deploys a shield in space, the Soviet Union will have several 
‘options, none of what Washington would wish... The Soviet Union will very quickly 


find aresponse of which the United States has no inkling as ye 
I is absolutely essential that the President of the United States, the Secretary of 

of Staff, and the U.S. Congress be aware of these Soviet 

weapons and their capabilities. 

also essential that the U.S. public become aware of the real nature ofthe hid- 

es us, So that public support will be forthcoming for the hard 

jons our government leaders have to make to counter it. 
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A PARTIAL GLOS 


SARY FOR SCALAR ELECTROMAGNETICS, 


AND SUBTLE PHENOMENA. 


by Tom Bearden 


1. Action: the fundamental constituent of physical real 
ascally composed of two quanlies—energy es 
time, momentum tes length, ete. Action is nonobe 
servable only changes in action are observed, and the 
onl partly in the ine ase. The poton the baste 
‘quantum of aetion, consisting of a ple of energy 
Welded ta plee of ne, with no Seam nthe mide, 
to speak AI phyla things are composed of rates of 
‘changes inaction. The physicality (volume character 
tes) ofspace are created Duby it am action quant 
‘anges in an on each fundanent parte fas, a 
‘ery high rate af speed. These acto changes ae tually 
lotr to dhe mass se Therefore, erally the phys 
cl universe ets lid each and every part of Uae, 
‘a lant hologram. 
2. Acfleld: vector magnetic potential. The Atel i a 
‘eal ekd—notw mathemati convenience ae was org 
inally thouyht—as detalled inthe second volume af 
Feynman's three volumes of phsls.Inded, It may be 
separated from the magnet fel, asthe expeinent e= 
pared by Feynman deta, When separated ti often 
‘ered toa the “ube vector potential” 
2 Aharonov, Yar: renowned sre quantum pst 
an former student of David: Babin. Together with 
Bobi, Abaronoy authored fundamental paper 1959, 
which pointe out the primary importance ofthe poten 


‘he pteatlals may sl exist and inrfre to ease rel 
plyscal effets. 

4 Aharonow-Boh Effect: Est whereby itrering 
‘dectromagnetie potentials ean produce effets 0a 
‘are partie sstems, even ata dtance and in the 
sence ofthe electromagnet free elds. When F and 
B lds are zero in a regan, dhe potentials stl exist, 
an interterence ofthe potentials produces eel eco 
Imago effets (ener) in the interference zone, even 
ata get diane, without traneton nergy” per 
Se trough the intervening space. The Aharonos-Bobin 
‘ect highlights some of the stark diferenees between 
the clasial view af electromagnetics and the quantum 
techie vow. In claseal EM, the feels are the 
‘eal cause agents while the potentials are only ath- 
‘nated creations for convenence In ealeuaton. In 
‘quantum mechani, iis the potest ae eal an 
Mndament the fore lds ar effets derived tram the 
potential by diferent operators. In cassie EM, 
‘hen the Ea eds are zero ina are, thre no 
mare electromagnetics going on there: in quantum me 
‘canis, the pte lene and may sl ate real 
ffs By the use fart potent, the Aharonoy- 
ote effect can be made macroncop ad wed to ee 
action ata distance—even sigulcant action ata ery 
feat distance. Ths salar FM tnterfermeters ca pro 
duce energy fects at a distance. The negative 
‘Sharononlon eet also esos. Ifthe pote of 
the trammters ln a scalar Interferometer are bised 
Iighly meaty then energy fetractd ram the d= 


fant interference zone, reappearing a dhe transmitters 
Tosa proposed a "Big Hye" Ma could se ata distance 
sctualy he planed to wea negatively based Sale in 
terferometer, sean the beams, then reassemble the 
scanned energy appearing back at the transite 
‘ver, In this way be ad ace pcre of the dt 
‘indies in the lnerference none. Such a device can 
ce trough the earth or ocean toa preselected Interee- 
ton depth, ance salar EM waves canbe made to pass 
edly through the earth or sea. The Aharonoy-Boh 
lft sin fat experimental proof ofthe ne dition 
ff force used in sealar eletromagtis. Tha Is, force 
‘sists ofmas ln mation changing its mason (anon 
{um The nonzero 0 erated by interference of wo ele 
‘restate potentials ata dstane, fr example, il erate 
an electric leld (Field) on and ofan electrically 
‘hrged puree there. The standard detection of an E> 
eld by conduction lecrom detectors ian example, I 
the trom gas parts (charged electrons) that are de- 
tected, pot what inthe vacua, Ths casa EM es 
‘when it assigns the equation = - 0 to vacuums, for 0 
Such thing i ever measured. Actual, the correct eu 
tion Is E=-0 (e), where mans "coupled to” and 
‘means "etl charged partic” 

5 Alkldo: a Japanese mda whose made fm i 
‘aynhess of many schodls offs and the ven art of 
‘medlaton fa moton. The advanced aldo procter 
sks toast a state of "nomindedves,” in which there 
[5 no sepuraton of subject and objet, of stacker an 
donde, oF even of past and future. Ths state of at- 
fone-ness withthe ulberse, wha tained, result de 
‘complete muatery ofthe art. Ite rarely experienced, 
even occasionally, and even rae I I permanently at. 
tad One who atta This state permanent eon 
sere a reat master, a is demeanor a personal 
‘re profoundly altered. Te deceased founder of te pee 
Sent modern orm, Moeibl Uyeshiba, attained such 
‘asery ofthe at He war a serene, depiy religous man 
‘an a profound inspiration to several generations of mar 
tal arts, He war alo unbeatable even in hs eights, 
46 Anenergy stress energy of vacuum. "Fragment of 
energy, mre subtethanelectromagnetc energy, tuned 
‘tats themselves and leked Into "vector Zero su 
maton” Sealar, masks charge Mux. Vital partie 
fu. "Pieces of the spatemporal vacuum spacetime 
‘median Le, quitons-Speiiealls, an observable obec 
Fotated mare than ne dthogina! tum aa from the 
Ueboetry frame constitutes an anergy partie, Ex: 
spl are the virtual photon (rotation between 90 and 
180 depres, the bare eatin (rotation exactly 180 
egees), the Viel are neta (satan Between 180 
‘and 270 degrees) and he dough o mind partie eta 
ton 270 depres or more) Also, mae fundamental eo 
nents of energ)—specifilly. the indus! sear 
Mave composents of vector electromagnetic waves 
Anenerg) components mae coupled into ener, 
hich ene campacted info mas. The eanservation of 
nergy la & replaced with a more anal a, he 
onservaun of anenery. Aner conta to can 
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ponents or constituents: (1) erin energy (postive 
time, positive energy), and (2) phase conjugate energy 
(oegatve ne, negativeenergs) 

17. Anpular momentum: dhe momentum oe “leverage” of 
‘he momentum of moving bd, wih respect to an ans 
or reference polnt Has the same units a8 actlon, oF 
‘ner ime, or momentum x length 

|S" Antimatter: mater consisting of atoms which are 
‘eomposed of positons, antiprotos, and antincutons. 
‘Abo lovely eters tothe antpartce orrespodig to a 
[attile—the atpartice nay be reared asthe particle 
‘raveling backward in tne, of “phase conjugated” In 
resent ples, the phot isrecoglzed a tsown ant 
paride: However, since physics do not differeatate 
Between posive and negative energies ina photon hen 
they arume tht there isn diflrenee between a paton 
sd an aiphoton. The anphatn, however, acs quite 
“ere trons the photon, as eealy showin phase 
Conjugation. The magic rule of Seal electromagnetics 
forthe final photon emission interaction with charged 
particle ln a atom ls his: In the exprenion CPTEGS. 
Iwhere Cs charge and normaly negative, Ps nama 
par), Tis dane and normaly postive, Fis energy and 
‘ormally postive, G is gravity and normals pasitive, S| 
‘Seatropy’and normally posite or inereasig), one of 
the component sreversed in sgn, then each of the re- 
‘maining components Is also individually reversed ia 
sgn. The pase conjugate photon (amiphotan: negative 
‘nergy, negative time), gs produced by the photon 
Interac wid dhe positively charged nucleus, produc 
Ing atime-reversed wave having epative ener neg 
tive time, reversed party, causing. graitatonal 
puso and causing negentrops. 

9 Antipatile: a eouterpart 10 an ordinary fundamen 
{al patel, having Keatcal mass ete ad pin but 
dh eharge and magnetic moment reversed in alebrae 
sign. Note at when the charge reversed, parity 
time are aso reversed. Thus, propery the anipartie 
the phase conjugation ofthe parte, or just conjugate 
partie for shart. 

10. Artifical potential: pata formed by deliberately 
summing force fled vectors to a 2er0 vector resultant 
‘This vector zero has a determin intrmal sess pa 
tern that i macroscopic. The type of puta made by 
the zero summation depends yan the type of free sec- 
tors summed. For example, summing elecre fd $ee- 
tors to 2r0 produces an letras seal potential: 
Smog magnetic Held vectors to zero prides a 
‘magnetostatic sealar potential of vacuum. All such 
potentals represents local warps or curvatures In 
‘acuumispacetine. Since Eastin ascumed that space 
time locally was uncurved, this violates one ofthe as- 
sumptions of Einstl’s general reathity. The Soviets 
have ong made this correction: Wester pases have 
not Since curvature of spacetime is gravatonl, this 
fnstiutes the secret of eleteograin: How to tam 
‘lectromaynetis into gravitatlon and vice yersa have 
fale this "sear electromagnetics the Soviets reer > 
as "energetics." In such vector 2, the lockedin 
‘ners fal the component farce vectors consti the 
“anenergy" of the artifilal potential. Potential ia 
‘vacuums analogous to "pressure ia Maids. An artiflal 
potential polarizs the vacuum and constitutes uspeciic 
Stress pte int Thus yetor-zero summed systems of 


{ndivdualy te vector component may al ifr fom 
ach other, 


roves erally explodes, and may set ie tobe it 
{ches Ball lightning Is due to scalar electromagnetic 
lntrferometry which can produce acontralledpatern of 
sleetromagneti energy ata distance. Phase conjugation 


‘Sarctly involved: mite that the Meratealveady expl- 
ily demonstrates tht phase conjgation can perform 
Feabtime holography, of produce forms af ety at a 
dean, 

12. Bare ceeton: in physles, the tue electron without 
‘the partial shielding of viral positrons that are teat 
sarod It Tn scalar lctromagneties, the mass of the 
‘ecttom, considered without ts ux af vital photons 
(us masless charge Mus) An dctron mass witout is 
‘durge inne approach) has, one that rally bare 
ofall hare! 

13. Bare neutrino: the photon rotated one orthogonal 
turn farther away from the tborstry frame would be 
sen in the laboratory frame as bare neutron the 
‘ew appriacl, bare netrnes move a the speed inside 
an ordinary photon, orthogonal tothe photon’ dretion 
frase, constituting » ux i each Hal of the photon. 
‘Two neutrinos move in the photon, one ln exch hl (a 
Simple photon I a single sine wave)- One neuting 
‘moves i postive time, the second moves in nepave 
tine and 6 peopel an antneutran. Since the photon 
‘moves athe speed e with respect to dhelabaratary frame, 
then the bare neutrino move ofthe speed caquared, bat 
‘nl is earser speed es sen by the aboratory observe. 
‘The ac afb neutrinos in each balfo a photon ier 
sponds tothe clasleal neutrino of present physics, The 
Ihre neuen i Co the lab frame) factor af e smaller 
‘hana photon, and one mensional Misa spedalkin of 
polrizution wave tothe lab observer. 

14. Bearden, Thomas E: nuclear engineer, etred 
eutenant Colonel (US. Arm) and theoretical con 
‘epualst ative in the study of paranoia peomena, 
Scalar electromagnetics, Soviet Tesla (line reversed 
‘wave phenomena, fe ener; antral ketone 
fete Healing, abd human development. Parulrty 
‘own for his workin salar clectromagnetcs and Soviet 
‘mnerthodex weapon. 

1S. Beck, Robert: noted poychotronics and ELF re. 
searcher who is plancered many unas measurement 
fels such asthe Schuman resonance of the ctth's 
magnetic el, specif effets on buna of extra Iw 
frequency (ELF) signals of precise waveform ard 
frequeny, ELE pluton effets, and rain wave entra 
ment by weak ELF signals of precisely controled 
frequency. Hee also noted for hs development ose 
les of very senetvedetecors and salar wave detectors 
16. Bedin, John: nate audio enincer, creatr afte re 
‘owned Bein amples well known to audiophile, 
and researcher into fee ener, antigravity and heteor 
‘magnetic healing, Hedin has ult several fee emery 
‘motors and devices, including  ravtatona i sner- 
tor, agravitatana ld turbine, and Series of nop 
tle motors He ts also noted for his development 
enelive scalar EM wave detectors, He te struggling to 
develop an electromagnetic phase conjugate signal 
which wll Kil he AIDS vrs, and also reverse the 
senetic damage done tothe el by the vrs. 
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17, Balled: the magnetic induction B. Tiss defined, 
analogously t0E, by the force it exets. The fore on 8 
pln charge moving ina magne field is at rightanges 
{othe velacty vectra the charge and also a righ 
slestothe magnet ied. Actually the Hild Was arg 
{nally named the magnetic eld abd the Bild was 
nam the magne induction. This san annoyance be 
‘aust B which produces or involves the free, atid 
Thence should’ he named the ld. tr writers ave 
noted this discrepancy, and Sommerfeld called H the 
‘magnetic exeitationnhich eorreetly deseribes its 
role—eather than dle magnetic eld. In Kalza-Kleln 
‘ule eld theory, ll deetromagneis sa the Sh ae 
‘mension, which wrapped around ea and every polat 
ta our normal }dimensonal space. 

1% Being: pure essence, existence. Again, something 
which kn actuality rests definiton unless prelinnary 
‘sumptions are made, Generally usd in one of 180 
Senses: (1 persistence, asin “he he catiaually ex 
{sts)" or (2) deny, si "hei the man he and the 
ran’ are the same thing” Even inthe fs lstance = 
persistence - one sing the form of the verb “to ben 
the sense ofientity, when perceptions consiereds Le 
"ea fe sateen te "he codes to be preset 
‘or perceived, Decause each succeeding perception is 
tical to the ene befor.” Thus when perception ks 
omidered, being may be defined as tht which I une 
‘ieresatd, ad his yields stot defiion. This 
the real vold devoid even a old, tone considers zn, 
19, Rennett Island; Soviet island on which large, 
anomalous exhaustesonme 150 les long and arty 
Darizontal—are repeatedly photographed by US. 
‘eather satel, Over 10 lint have been pt. 
raped there since 1974 These exhaust are believed to 
Dethe eshastsafenery etucted by dant Soviet sca 
lie iterteromtes used in the endatermic mode, then 
sighed tothe exothermic mde al focused on Bent 
"land a "dan ste" Similar exhausts have been see 
‘ay Novaya Zemlya a large sand ff the arth coast of 
‘allan USSR. 

20. Bigfoot U.S. slang oF common name fora mata 
aed sasquatch or apeman-ypetlpld, even it well- 
formed. 

21. Big Mama: very large, glowing nocturnal light UFO. 
Tlired sometimes asocated with cate nutans, 
Tips a sort of "mothership" which spews forth 
smaller ships, which then speed off, swoop dows to 
‘mutate ctl, and return Big Maa hasbeen oserved 
tosplt ata or spew offanaerUights which sped away, 
Alpped down, then returned, See ofthese occasions 
er to have been assolated wth eat mutations. The 
‘most noted phoograps of Bly Mama were tae y Bl 
Jackson. 

22, Bite: hyperfiel,partelarly wit reference to 
{he elds ofa ving Biological stem. Also blarame, 
‘oworkd, hyperteld,hyperrame,yperworld, orth 
fd, ortotrane,othoword 

24, Bloframe: a hypertrame, partly with efernce 
to the fame ofthe body of ving. laos syst 
Also bla, bloworld, bypeei, ypertrame, hyper 
orl, otha, ototrane, orthoword 

24 Bloworld: an orthoganal universe one o mare right 
‘ng tre away frome the ecdnary world, partcrty 
ith reference othe frame ofthe ody a Uving bio 
log sistem. Hypervortd, Orthowoetd Llsing ener 


formers in thee aworlds A Bloword 
[Salso one ofthe nated levels of inflded viral ste, 
‘Such "ving electricity” can he manip and lized 
bysealr EM means, 

25, Bohn, David: warldremvned physi and org 
‘ar of hidden variable thar. Together with his st 
‘deat Aharonoy, be co-authored fanaentl paper ot 
the Aharonov-Bohm efit wherdn lererng electro 
‘magnetic potential can produce etfects on charged pa 
tele stems, even at distance and in the abence othe 
sletromagtie fore fl 

236, Bain wave! a rhynie Mutation of tho voltage 
beeween various parts of the brain, normally ranging 
fon about 1 to 60 Herts in frequency and 10 10100 mi 
rool in poten strength Brain waves ar caused by 
avalanche discharge figs of the nerve eels In the 
Drala Actually, elaslal bran waves are only the 
she  "spllage” waves ofthe bean, ao he portant 
fctity Is in the speiflepttrning of the vector 2er0 
fommadons ofthe myriads of lon discharges, Every 
"scary on” constitutes asmall EM fore sector. The 
summation ofthese sarge zeroed; however, the pat- 
ferns formed by all thse tay components are not Fa 
dom, The nen and wil of the human lng expressed 
In the changes Inthe pttersing ofthese dyna su 
structures, Present EM bra wave theory dacs not ove 
{he basi "thought patterns," which are sear in mature 
Use ofthe to cerebral hemispheres a Sala ner 
ferometer provides mechanians forthe effets of par 
psychology and paranormal phenomena such as Ore 
walking 

27. Burst, burstin: the sudden coleton or condensa- 
tn of anenergy into a frame, so that observable ight oF 
‘éetromagnetic energy (or ary, piyseal mute) ap 
parr (s Kinded). Sidden kindling of anenergy tno 


‘ountrs, particularly since the 1973 You Kippur War. 
Metapsycholocaly, mutation ofthe cow isthe mut 
lation ofthe female synbal—that fs, symbols te 
luton of "Fortress America.” Many stall annals such 
8 cas, dogs abs and birds hae also Den puranr= 
‘mally mutated, which is destruction ofthe cll sy 


bol Again, dhs symbole the mutation of "Fortes 
“Amerie.” The author regards sich bizarre paranona 
incidents a lng eased by turmporary matraliztions 
the unresived confletefrom the Inman collective 
‘uaconscou's dreams. With this thers, knowledge of 
Soviet seaar electromagnetic weaponry I aso included, 
analysis very nll to standard psychological dream 
‘analysis provides explanations consistent with the De 
‘are mutton and the Cold Wat. 

29. Causality: he tine ordering of ordnary Ine inter 
ations. Macroseape observable causality may be vo 
Iated hy contol of hidden subquantal(srtual stat) 
‘rales. With salar electromagnet, diet engocer- 
{ng ofthe etal state—and hence Voltin af ose 

able caually—in pore 

530. Cerebral hemisphere: each lal of the cerebrum, 
the enlarged. anterior or upper part of the vertebrate 
ala Theo cerebral hampers may funtan as a 
scalar nerfrometer to sense tant senes (even di 
{ant inne) produce energy and signals at a stance, 

“Te time aspect (en pychometry 1 de wo wt 
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Figure 28: Summary of 3GPP LTE Features to Support Public Safety* 
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Deployment Approaches 


Because huge infrastructure investments would be required for a network dedicated solely 
to public safety, industry and government are evaluating approaches in which public-safety 


uses can leverage existing commercial network deployments. One caveat is that publi 
safety networks have more stringent resilience and security requirements than commercial 
networks. 


Shared Network 
As depicted in Figure 29, multiple sharing approaches are possible: 


1. In this scenario, a public-safety entity owns and operates the entire network, an 
approach that gives public-safety organizations the greatest control over the 
network but at the highest cost. 


2. A commercial operator shares its radio-access network, including cell sites and 
backhaul, but the public-safety entity manages core network functions including 
gateways, the Mobile Management Entity, the Home Subscriber Server (HSS), and 
public-safety application servers. Because the radio-access network is the costliest 
part of the network, this approach significantly reduces the amount public safety 
must invest in the network. Even though the RAN is shared, public safety still can 
use its dedicated spectrum. 


3. In an MVNO approach, the operator shares its cell sites and backhaul as well as 
some core network functions, such as the MME and Serving Gateway. Public safety 
manages a small number of network functions, such as the Packet Gateway, HSS, 
and its application servers. 


© Nokia, LTE networks for public safety services, 2014. Available at 
http://networks.nokia.com/sites/default/files/document/nokia Ite for public safety white paper.pdf, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 65 


tion ofthe cerebrum as phase conjugate miro (PCM), 
ud inuting ny sia picked up fom the object ne 
{sholding. A phase conjugate signal s then originated by 
the PCM retracing the route to the orginal object Une 
fortunately the output of the human nervous stem tha 
«an accomplish such salar EM functions Hes very deep 
itn the nconsetous mind, and It yery diet to 
rae lt to dint consciousness Usally the conselous 
‘hind is only aware of "vague impressions instead of 
‘lear signal, although tn the extremely rare lstance 
‘dear impressions are consciously detected 
31, Changing the pat: ever intentional inception upon 
rainy ier causality represents a slight alteration oF 
‘change in direction, departing minutely trom pure 
‘ausliy. From causal viempolt, each human ineep> 
tion minty changes the casa pastas well the fi 
32. Charge: the repettve, “locked In" massless vital 
partie cmision nd absorption att lu) of and on 
4 fundamental parte such as an detron. Vacuum i 
Ientcally pare masless charge lu. Inthe ne hy, 
the intensity of the charge Mus on pardle Is also 
directly related to the rate ofthe parcle’s passage 
‘trough tne. The continued absarpian and emission of 
tons by particle provdes the general mechani by 
which the parte moves long in tne inte amps. En 
the scalar EM view, the relate change af the ie 
Mow of a abject through me is due to a change nts 
amblet vacuum charge potetal—Le, toa change ia 
the rate at which is absorbing and emiting Veta pare 
Ailes and scala waves. The negative charges asocited 
with positive time ux cence with positve ners) 
and the postive charge with a neatve tine Mux hence 
‘eyatve energy) A postive charge Is also a negative 
duarge moving backward in time. AML parties have 
‘douds of iru actiiy patterns: eset ll mas 5 
‘arged slnce thee lauds contain charges. tn ordinary 
‘etic physes, charge defined in terms of force and 
force in tens of charge, and charge and charged mass 
are erroneously made synonymous. In salar EM, a 
“cured parle represents amass (noni burp 
spaceime,  *oeal nallnatty” meu) at Sepa 
‘es the salar waves of vacuum into two pats, one ls 
hhormal energy and the edher fe the phase conjugate 
thaving negative energy It is nortan to remember that 
charged particle Is special sort of high pressure 
“parm and "vacuum leaner" atthe same tine. Sos 
“magnetic ple” or" poteta" 
3. Cold explosion: the sudden extraction of energy 
‘nan a dant inerecton zone of the ros beats of 
1 scalar interferometer which trans fn he pulsed 
‘mode while negatively based. A famous example of 
Soviet testing ofa cold explosion sealar EM weapon is 
the huge cold explosion that occured lf the coast of 
Sepa on Api 9.19%. Whe the energy suddenly ex- 
tracted fren none near the surface ofthe ocean and 
above it, the pressure inthe zone is suddenly lowered. 
‘War vapor and mist are violently sucked up, and the 
surrounding ar ashes in, pushing the "water Yapor filed 
‘elon rapidly upwards The pater that els ss 
ing muchos clud, very snl appearance tos nt 
slear explosion, except for the absence ofa Mash and 
blast wate. Lia cold explosion, the energy extracted 
from throughout the spacetime af the dant interference 
elon, and ulation has no elect since easial at 


<onductonthragh spaces wotivolved. Orda lee 
‘rotate cooling i also a example of thi effet less 
tinea form. 

1M. Conselounest refers oa lving beings amareness 
fof ls sensations, feelings, thoughts, and the Wark 
fround Ie Specifically, consciousness lnvlves an 
fanenergy communication ehannel where detections of 
the bodj-object (which maybe regarded at srt of 
special camera, instrument, or phsieal tune) projet 
{tothe mind a separations fram the beagnes of the 
subject Further, i refrs tothe Ineseeting steam of 
monocular, ae ate tne tual projections oto the 
‘ind um dhe quantum changes of photon interactions 
‘pon he bady Sensors. By memary (colletion tn the 
tind) of sean of such monocular changes ove ater 
the other, the enlty Is conscious f its body-object 
(amer—tuer) nonaelaly “moving through ine." In 
the absence of deeper udersanding, the individ ca 
Selouly ses selfs a separated piyscal objet mong 
changing ln ine, Le, wl eespect othe separate 
Dhysial objects that it perceives. The "externality" of 
‘eran changes (Le, the physical wor) bs due to the 
Inck of mental contrl or inuence over thee, "nea 
ity" certain ther changes de to the ablty to men 
tally control or influence them, The aay conscous 
rind i serial processor: only one thing ata tne dis 
imine in ts awareness. The unconscious mid, 8 
the other hand, Is ttllyconslous—but mally 0, 
Snceits a parallel processor of many derininaton 
nce. The consious mia, hen cannot det percelve 
the india dcriiatine ofthe parallel procesor, 
since these appear only as a blur or nothingness 10 i 
{oma ike loong ata hundred 3S sides in the peo 
ject at the same time). Ths the mechanism af the 
turer betneen the conslous an unconseous minds. 
Projections fram the unconscious oat the sere of the 
onsious mind wil thus appear spmbolcal—that is, 
faving may hidden meanings at once. Tiss why our 
dreams, fr example, appear Wo or conscious mids a 
‘el an distorted but highly sbi in nature. 


35, Contacte: apersan who Seemingly as had a dee, 
‘ontact—mentall, psi, a bavi allen, ex 
tener te 

[36 Continuous mode: for a scalar interferometer oF 
‘eata howitzer, mode of operation where power Is fal 
catiagally to the ans, and the two Fourier ex- 
Pande scalar patter or beams ae continuously rans 
‘nied. In this mide, n the distant interference 206 & 
‘lowing patter of vector electromagnetic energy a. 
eas and ssustalned. (Note the possibilty that a fe of 
{he UFO sightings could well be due to the dtberate 
wage ofsoch a mechanism by the Soviet Union o some 
‘er nation possessing the requisite technology to create 
Such psc "appara aa distance) 

37. Corpus callosum: the thek nerve cable tha links to 
fsther dhe two cerebral hemispheres (vbich ae separate 
Brain) tn each verte (inuding human) bra I 
‘ach ofthe two cerebral hemispheres, theres a separate 
tind and personality (given hat the oer separate 
However, brain has unique characters Anything 
that arias diet inde itis automatcallyasauned 10 
Deseloriginated, ince the brainer ca diferente 
‘separation o "separate source" for the signaltought 
ng leet pan its "interna screen. Thi allows 
tegration ofthe to brainvinindpersonaltes lo ane. 
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‘Thats, when one bala half prepares and sends a mes 
sage, hat message also routed cross the cores allo 
Suminto the ther rai alain internally upon the 
Second bral’ "aspa.” The seeoad bran hal eee 
(hk thatitiselforignated the signal or message, Thus 
‘when the left cerebral hemisphere moves the ght 
thumb, fr example the ght hemisphere hiks dat tt 
self ordered the moverent ofthe righ thumb, Pereep- 
tually, the definition of identity is he Toss of all 
Aistinton: 

‘36, Cotton effect: the wavelength dependence feet 
‘pal and absorption characters In substance 
the veialty ofan absorptan band. An absorption band 
range of electromagnetic fequences Within which 
‘tetromagnetie nergy absorb bya substance. The 
‘ecton of plartcaton ofthe energy acts the degre 
absorption fr certain substances. In these substances, 
(he frequency and the direction of polarization ofc 
ng electromagnetic ener affect the amount of ener 
‘epoted ond persed 

39, Crawford, Hal: accomplished scence fltion att 
td Hato who has fami any daings tn the 
‘ew approach and contributed tthe dhery of mind ake 


age 
40, Ceosstath in ordinary sence, the tansfrofeneryy 
‘esignal frm one channel To ane, by erss modula 
tn o ras coupling betwen the chanel In the new 
‘pproac, refers to tual anenergy exchange between 
‘eto universes of fama s, between der 
at 3 or Acdlmersional sees of an lnflaie-dien 
‘tonal universe 

41. Cyborg: oun) asingle integrated system consisting 
faving system energeiall or functionally inked 
‘mechanical or electromagectic devices andr stems, 
(Vers lnk, in de sense of forming such a system. A 
ving blclgsal system lea eyhorg of ts minder 
(lndteame) tots body Uabortory tune) 

42. Death: the los ofthe preferential tuning of phys 
‘al body tots dor This cases lows the pred 
‘ela consciousness loop oF life channel, resulting. in 
"deat" Aetually the elng i unchanging and inde: 
struct hence cones ofall changes and destruction: 
Simultaneously, with none separated individ. Life 
fd death hs are two sides of the tame eo, and the 
‘ai Is immutable, regards of which side exposed 
‘3. DeBrogle waves mater wave. The quantum te 
‘ans wave asocated with a parte of mater, whieh 
fem givers to interference effets. An arial eetron 
‘an ate i asocated with standing DeBroge wave 
fn Bobr abit Debirogle waves always move faster 
Maa he speed of ight the speed lng given by es, 
here the velocity af ght ln Yacuum and the 
‘elocy ofthe parte of miss, Debrogle wave velck 
tis dns vary from the speed flight to infinite speed 
(everywhere at once) In his speech accepting the Nobel 
Prue, Delroy emphasized that, since these waves 
prodce rel physeal fet, they are real and mus not 
Iheregardd simply as mathemateal conveniences 

44, Dimension: a certain primary ometial pyle 
atibute, suchas length, sed to describe the Sepa 
Fatlonal relationships of psleal phenomena. By 
"geometrical" we mean that te “dimension” i con 
sidered to "et in ltr the presence o absence of te 
‘observable psc phenomenon: however, by agree 
teat the dimenson self ot cet observable. 1 


«em be inferred (measured, however, by comparative 
‘operations of simple devies sud as clocks and meter= 
cis, and Its snplstle defiton usualy given as 
“tha which has measurable magnitude.” Prescribed 
measuring procedanes are used to asin magnidest 
these inferred dimensions, using specific scales. Actue 
ally, “dimension just means “usdamental quant of 
Separation nthe most general sense. The nr a 
smensons taken in advanced pysles usualy represents 2 
fomewhatarbrary chotce for good modeling Re Ia 
modern KaluzarKleln theory, for example, i becomes 
necessary fo accept sume 10H dimension. 
45, Dirac sea: in Dirac electron theory, the relativistic 
Wave equation for the electron bas four camponents, 
Which eoreespond to two spin arentatons and (wo 
nergy conditions: postive and negative. Thus the 
"actin posseses a "sea" of mega ener) candlons 
for electrons, These are called "bole and are con 
‘dered o ordinarily be fled with electrons which have 
{alles into these negative enengy sate The Dire 308 
ths this vacuum sea of negative energy electrons If 
‘energy ade, detros cane ed fron his sea. I 
Spacetime 1 locally curved, additonal bales may be 
Created so that normal positive energy lets fall 
Se dsapear creating the appearance aan "lee 
nergy nk” the curratir sn the oppose direction, 
‘ettons maybe ited from the Dirac sea by the eure 
ture, thus producing ao flectrons and eveating te 
‘appearance of an "ehetial energy soure." In several 
battery-powered fee energy motor devices where de 
tery is sharply "bockspiked” for recharging, the 
Inter tas been noted to ppreyaccummlate sch ad 
onal "Dirac hols” asthe DC acevo motor 
ran, When Inter recharging the batery with normal 
dare for example, the tery would fst "onsue” 
‘3 quunity of clctrety to "ll the oles." When the 
Iles were filed with ne electrons, the baery would 
then start to reharge normaly In one extensively sed 
Inter, Watson noted that carsumed eet for 
some eight hours before rectaring normal. Snare 
fects have been noted by Badin. 
46. Dissociation separation of eas fom ht aes 
‘or feelings. resling in independent functioning of these 
‘components ofa person's metal procenes, Simply put, 
Tragmentton ofthe mia and personaly ln this sense, 
Zany (the collective human unconscious mind) is 
severely dsoclated, sce ls “coco tn" frag 
reat Into bills afpieces (no the independent on 
sclous minds of ordinary fumans), This Is severe 
<iselation an psyehosst Zar (the bana species) 
quite iterally sane. 
47. Dowsing: se ofhandeld rods, forked gs, pe 
alums, bet cothangers, or ater simple psa de- 
tectry to leate water, minerals lost objets ee 0 1 
seek answers to specif questins. The movement othe 
plysleal lstument serves as an Indiator and 6 > 
Dang to the dowaee mental and pp ehoketaly 
48. Efild: he levee etre intensity That 
field on spinning charged mas which produces an 
tleeteal fore, hence Heat motan of de charge. da 
the ae thar, the E- eld CONSISTS OF the spinning 
large mas, moving dog a Bate change a etre 
Stale scalar potent, and thus there 6 2 more fa 
‘damental generates of FORCE) Defined a he force po 
tl charge (Le, per unl of charged nas). On free 
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‘dectron, dre may exist two separate E-flelds, one i 
the discon of motion ofthe electron oormaly de 
‘voltage: and one at right angles tothe eletron's mation, 
‘due tothe me derivative of he Atel 
49. Elasten's postulates (1) all the laws of phsles re 
‘eualy valid al iertal frames of ference, (2) the 
peed aight sth stn to every Inertial observer, ed 
(2) he observable local effects ofa gravitatonal ld are 
Indistingushabe from hose ring from acceleaton of 
tame of reference. The fis elle the special 
tity principe, the second Is ealled the law of Hight 
‘Propagation, andthe hd yale the equivalence pei 
ipl. Ils now known that postulates (1) and (2) are not 
Indpendnt ofeach other, Note thatthe dd poste 
Implis that any lca force fe due to 2 "graviatlonal 
fila aceleration ofthe fame afeference aso lan 
ples that gravtaloal force has a mechan, nce 
‘quantum mechani assigns a diferent operator. oper 
sting upon potential terete every fre. By extended 
inference, Ian be sen that the dd postulate als a 
ples that there should exst amet fo tar any type 
ove (eld into gravatonal Tore (el 
50, Flectrogravities:dlectrogeaitation, oF seaar eee 
‘womagaets (SEM). The em "scalar electromagnet” 
was chosen by Bearden to describe the electromagnetics 
that goes on Inside a macroscopically summed-zero 
force vector system, producing gravitational effects and 
energy effets a a dstance. A peor SEM is # une 
edd theory, which predicts trong eect ally verifled 
experimental. The string selene that seks to pro- 
‘duce gravity and oer effects cectromagnetialy 
(success been achleved rece in propeetay labs). 
Sandy has shown thatthe classical aempton th 
etic eld and gravtatlonal fds are mutual ex 
‘dusivets fake. They are therefore ether the same thing 
fr pardally the same thing. ‘There are numerous 
nomalous experiments which also show a connection 
Tetween electrical fects and gravitahnal and Inert 
ets. Apprelale technical work inthe US. seems to 
have ben done on eleetrogravitcs inthe 0's and 60's, 
much of apparently clasied. There are preselly 
strong eletrogravie efforts in Germany, France, and 
‘pan, Sela letromapeis sin fact elotogeailes 
(clectrograsitation) and has been succesful in nglnet- 
lng gravitational devies such as gravitational and inee- 
Al eld generators, gravitational eld motors, tree 
energy generators, and gravitational turbines. Tes’ 
secret of witles trenamladon of energy at a distance 
‘without Losses has ben rediscovered a has the secret of 
his “bigeye thatean se ata distance.” A new land fe 
ttsncesalarresoeance—tas emerge as has ew 
lind of wave, the scalar EM or eetrogravitatonal wave, 
Salar wave detectors are now becoming avaliable de 
the plancering work of Dea, Beek, Bed, and Golde, 
who have all bul scalar wave detectors. A subsantlal 
Serlsofdevies have ben bulthy Bedi, Golde, Wat- 
‘son, and oer inventors who wish anonymity. One othe 
‘er Test good experimental phsists who bull elee- 
‘wogravitalonl devices was Hooper. Actually, Max- 
‘wells original quaternon theory, pulsed in 1864, was 
{he comet unifed theory of gravtaton and electromag 
fete, After Maxwell's death, Heaviside “tramlaed™ 
(tated) Maxwell's thoy int is new vector mathe 
mates, dicarding the quatro’ scalar eomponet. He 


thus discarded cetrogravitaon, sting “modern EM 
‘theory pon its angeaatonal course 

SI. Electron dssolution: when the virtual phot act 
fay of an electron (Le its charge) dieetly quenched, 
the electron converted to aneurin or seul wane, 
which radiate aaywithot Interacting with merle 
‘rabjes In this ease, no ordinary photons are radiated. 
(Orbital eletrans in atoms are general protected fom, 
‘hisinteraction by bei locked into the orbital DeBro- 
alle waves. Fre letrans fowng in eats, however, 
sve susceptible othe eet by scalar wave eaupling BY 
this means, lcteomagnetic cris may bedded by 
solving ther eurreats, without psi! damage wo the 
‘Srey components. Whenever the agent easing the 
‘etron dissolution s emoved, currents resume and the 
‘rns resume normal electrical action. Selar lag 
{dal Geld waves cat als be absorbed in sear cot 
bling Into the E-ields of cures wing lan cent 
‘This can elther augment or diminish the E-ilds 
Which coupling dccus. Ifthe E-ields on the Dowing 
‘trons are zeroed; the lecrons cease wing ad tr 
‘drei ddd 


52, Hletrostatesealar potential (0): vital pon 
stress on the 4dimenslanal spate median an the 
‘acaum-ther (Note thatthe vacuum canbe reared 
‘a consating ofthe sum of large group of sich pote 
tials) The spatiotemporal intensity of the massless 
‘arg (of the veal phaton fax through a spate 
‘poral pola), Nikola Tela discovered pure lnglinal 
Scalar-as. Present spatial inthe ordinary ther is 
aly a special ease. ean be vsuallaed as special pe 
fa presue nan n-dimensional ful, where a yal 
to or greater than 4 By oniting the poten’ ste 0 
time, present potential tory eliminates the pata’ 
bit affect everything existing in tne or example 
Sealy fundamental constants of nature, inet, mass, 
Fate of time Now, mind, fe, et.) I also elininates the 
Airet engineering oflocal general eat. andthe con- 
‘mitt Valaton of he conser atin avs ment, 
fenergy-mass, charge, spin, ele.) Present dete 
theary—andindeed al ofphyses—isdeastaly in err 
by ths serious omlelon, Direct engineering o aril 
pated by patterned rero-rectorfrce ell sunma- 

tions Is the seeret of the Long-sought "unl eld 
theory" Itsalse dhe scret ofthe unison of nd a 
‘materlnto a single scene discipline 

453, EMP eletromagneti pulse) sharp pulse ofcle- 
‘womagnele radiaton produced when an explosion oe 

far ian unsymmetrical envirooment,expecaly at of 
ear dhe net’ surice ora high altitudes. Essentially 
{he same as am dectromagnetic shock wave, a wave af 
eat intensity which results when waves with diet 
{intensities propagate with diferent velocities ln 2 now 

linear open medians, An EMP is also produced when 
fo Intense lngltudinal scalar eeerastale pote 
wave patterns mee and coupe lato a sudden fla af 
‘ctor EM energy 

54, Endothermie explosion: the sudden absorption of 
‘lctrontagneic energy na spacetine aren where the 
‘nergy comerts to a poten and sear waves rad 

Dack 10 the negatively biased transmitereceiver, 
ccnerging there a ordinary electromagnet eer AS 
Implasion. All normal explosions ar exothermic n ma 
tre and ordinary electromagnetic heat energy t 
‘dtd ava A seaar EM howz, however, ma Pro= 
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‘ce an endothermic explosion (an energy implosion) at 
‘distance, explosively extracting the heat energy a the 
Inplasion site and receiving the energy hack atthe trans 
mater site for disposal. 

5. Eergy! the eapuct todo work: ery i dicey 
‘ed to the work concept, which isthe resto force 
‘moving through a distance. However, "work" refers to 
the past: that, dhe free has moved through 2 distance 
‘against a esstanc. "Energy" refers to the fture: the 
fore couldn the ire move though a distance spat 
aresttnce. Since the fore ltd tr toa changing 
tase matin, i follows thaconcptually—energy i 
th rectly to mass systems. The "eer" that an ob 
Jet possesses depends also upon the oer tina tas 
tion? a moving abserver may sce a moving object as 
possessing more oF Less ener than the Lab observer 
ee, Electrostatic ealar waves dono work ad individ 
ally have no "energy" per se Two diferent sealar waves 
‘coupled nto pining charged mass, however, produce 


‘lum postulate to Hl space and cary dlectomagnetc 
waves, lar to the way in whch a gas carries und 
waves. The Michelson-Morey experiment clininated 
ny Such mater ether, bu not aLoretrinvarant non 

‘mater eer of which vacuumitetis ne example, 
the modern view). Maxwells equations were dried 
from ether theory. Elstla once proposed that the 
‘aca, complete with ts electromagnet Rls, sonld 
be called the ter. deed, the word eer” again a= 
‘epable in the erature a coatst ofits modern mia 
Ing. Today the “her as" i camsdered composed of 
‘ual partes—that is, the parties spontaneous 
‘come Into blog and then vaso quickly they cannot 
beindiidualy detected Thats day the tere 
‘a parte gas—sort oa gas of "llervescent bubbles", 
so to speak, Ives derived special and general reais, 
Neston’ las of motion relativistic form), and the 
square law of gravitation from a Lorenteinvaiant non 
material ether thers. Zero-polat ener af vacuum 
trou also seen fo be a Laventrinvaran ether, The 
Soviets ate beleved to have appl and advanced the 
[nes thar to produce thle preset theory energies, 
Which i highly elasiied by the Soviet Union. tn the 
new approach, sacuum is Mentally pure massless 
‘arg (etal parle Nu, ad dhs ether as le 
tea 

57. Euler oan at thortcaly detrital othe 
recelver oF referent, inthe positive tine stream. Is 
qualyDeeficlto the referent, vlewed in the negative 
tine rea, 

Sf. Exoelectron emlsslon: emkslon of electron fan 
(he surfaces of meals and certain ceramics after these 
sutrfaces fave een freshly fred by a proces sch a 
sheadon or trcture. Cracks in metals ate good emers 
‘texodlectrons, and the electrons ean be detected, (0 
provide a means of detecting the minute fatigue or stress 
‘racks, The sides of crack a astressed etl constitute 
2 velar Intereremeter, and scalar lterermity Bb 
valved in the emission proces. Exopotons are also 
‘ted, in addon w eletrons. an earth teetnie 
late ft 2e crak) stress exists on each sie of the 
lat, but tin the dl, and the fal dus constutes 
2 scalar Intrenet, eiting charges and abso often 
‘eating slowing ball fh 


£9, Exothermic explosion: an ordinary explosion where 
frdiary heat and electromagnetic energy ae rlessed 
fn radiate aay frm the explosive site A naa ex 
Dlsios are exothrmie. 

‘0, Feynman diagram: «two-dimensional dagram of 
parti lnteractons, both inthe vel and observable 
evel and bot bckvard and forward in tise 

66. Fireflies sentient its flight that sometimes hindle 
Inthe presence of a psycle Into andlor psychor 
twonle enerator. Literally, minute glowing, indefate 
though forms matetlned nt elctromagnete energy. 
‘This can be derstood by modeling thought forms as 
teal ctromagnete frm exiting ita rotated universe 
(Ge, as hyperdimensona) lntererenee causes dinen- 
Soma shifting, so at ordinary decromagnetle ener) 
fares can result 

62. Frewalking: walking om and acrss a ted of bat 
flowing coals without the feet blag bra. Fircval- 
Ing is demonstrated in varity of eltures, belie 5)5- 
tems, and locations throughout the world. Recently 
‘many Americans have ben akg tothe practice and de- 
‘monsrating tht it san achievable phenomenon. Inthe 
new approach, the two cerebral helpers aes sex 
larlatererometr this loupe ela interferer 
‘rates an endotherme extraction) ld an he surace 
‘tthe shin ofthe feet, sd slmullancouly erates a ex 
therm scattering ofthe estracted energy lato the sue 
‘rounding environment then ne can walk hot coals 
Without burning the fet. Note atthe reverse effeet- 
cooling of the external environment —Is often ex- 
Devlenced when psbchokinesis effets ata distance sre 
‘obtained. For example, paterget efets are aften a: 
‘lated with an adolescent Ifthe adlescent' cerebral 
‘salar Interferometer extracts by laverse seatring, and 
Drvjcte exotherncaly into dant objets, the move 
‘ment of the objets can be explained. 

(63. Fission (action) the spliting of he action quantum 
Into to caponical saviables (for example, ener an 
tine, only one of which can normally be completly de- 
tected or measured. ("Action has the dimensions af 
dangular momentum—energ) x time, momentum 
length, ete) Fisoning produces length, discrete bit by 
‘eeie Mt and tne Ukewise. The phyla really of 
Separated physical objects I thus continually rete, 
discrete i by dserete bit, monocular A that eer ex 
Issn the “present” sa single quantum change, just o¢- 
curving, Reombinng ofthe to canoneal action fon 
rages called "sion." Fusion aso ocurs mono 
cola, quantum by quantum. Rigorous, the psc 
‘orld afseparated objets never exists as sul except 
memory real of vast umber of past ordered quanta, 
‘anges that acura one By one 

(64 Flux: the aman of some quantity (such as enrss, 
partic, volume of ud, et! Nowing across a given 
are (stlly aunt area perpendicular tothe flow) per 
tito dae, The term ft deny fs now more conte 
‘monly sed, Loely, “fan” ees tothe perpendicular 
‘ow trough an aes, while "lux dens" refers to the 
‘agate olen (rat) of de a. Ln some eases 
Such at ux of parks of diferent yeoctes, the 
‘mer of partes may be mutped by the average 
telolty to give an average Bax deny. 

65, Flix density the amount of tone uy auch a8 
‘energy, parties, volume of fa, ete) owing ers 


sven area (usualy aunt are perpendicular to the ow) 
er unt of ime. 

(4 Flying saucer adscold rater shaped poranaemal 
hjeetehnerved in the skies andor landing aking of, 
te, Came into general useln the US. ty 1947 after Ken 
eth Arnold reported seeing alne stange fying dies 
shipping along like saucers. Sometimes used offer > 
an unidentified fying object (UFO). The wal "Oso 
‘luce ls heated to be due to tenporay tater 

‘ons from the collective human unconscious; over BOS 
‘ofthese matralations only go sofa asthe "glowing, 
Ugh stage otto the mater object stage A stal per 
‘tage do physically materiale, tha later date 
lac, Asma fraction of one percent are considered 10 be 
sctual ships built on earth by the Sovlet Union or one 
ther cory A few sightings may e due to deliverate 
Scalar Inrfroutry af distance by the Soviet Union 
tnd eters 

(67. Foo fighters: lowing alls afight which occasion: 
ally appeared inthe skies and payed tag with Alle, 
[Nazi and Japanese planes dutng, Work War I. The 
word "oo" i a earrupton ofthe Fred word "feu" 
meaning fe 

(68. Force: in mechanls identically the tne deivative 
Gt momentum. Sinpy, changing of mass-motion. One 
‘ust realize that Ils bot the mace kn odin, tt the 
Single undivided quantity “mass-motion” or "mas. 

"elo" (nameatum tht & changed. In present EM 
theory, force feds are erroneously taken to exist ln 
empty, massless vacuum. However the mechan dete 
‘do san identity, not an equality. Ths free doesnot 
EXIST ON a mass, but CONSISTS OF 1 chaning 
"mnasemotion." Since this force can belnduced ata die: 
tance (by chang an lntroduced masy-motion such 3s a 
tert charge), ones confronted ta the new approach with 
(he fact dat heel more fundaetal mechan that 
produces force sell. This mechanism Is coupling of 
Donidenel scalar Welds by and spinning chard 
parte. The INDUCED FORCE const of the par- 
Hck’ change i mass-mation per unit fine es thas 
fined quant non apd af mass in motion. 

(69, Forceleld: an eet that can extn vacuum oF on 
‘mass whereby a partcalar typeof mater acted. For 
cxample, the “electra (free) fd” can affect aad 
tdnge the sate of motion of any charged particle, In 
lasseal physies, the force Meds are the causative 
gens: when these elds are era then the mation fhe 
parle or system i unafeted. The dete Meld (E~ 
eld), for example, defined s the ore pe nit fan- 
damental charge mass, though wally HC stated a 
"foree per unit charge.” with the mass ignored. 
Rigorouly, however fore does notexstin vacuum a 
the absence of mass, a pete. The Aharanoy bis 
feetshows that the potential can iter to produce 
{ects charged pariesystems—evenatadstanee, and 
‘ven when the force fields are reduced to zero. Testa 
flaed that vector Hertzan waves donot move through 
"acuum, which i tue. Rigorous two scalar Waves 
‘move through vacuum instead. When coupled (detected) 
by a spinning charged mass an electron, for example), 
the vector E and Tr feds are created on and of the 
‘moving mass sl: they do wot exist in vacua, This has 
‘ben afuncamental ons and error bid electro 
‘magnets theory and mechanics. For example, the and 

‘ard EM equation, E=-0is not general rein Vacuum, 


tutti ronan electron movlngin detecting antenna 
ron a charged particle moving in vacuum. Ang frees 
produced by the same fundamental mechanisms us 
ferences encountered by spina charged mass. 
‘Thus there 6 a common connecting thread among all 
ores, and this the key to a practi, engineering un 
fied ld theory. Note tha Etst's equivalence pit: 
ciple after mich pondering, can be taken to be an 


‘mechani, fore yan eet, nota cause, ands derived 
from the potential by diferentiting epersee. The 
Pott the pny causative agent, no the force. 
‘Also modern quantum eld thor al forces actualy 
‘ome from curvature of spacetime Le, they are all 
avid in ign. 

10. Four-space (space) a 4aimensona spaetine, 
tmeslnally campmsed of trgth cubed mali by 
time. Inthe absence of rasta ld, the 4d pace 
tine reduces toa Mnkowsl spec. 

171, Fractional charge: a hyp particle having 3 
‘dharge less han the sectron's charge Often called 
‘quark, where its charge U3 of 28 the charge af the 
tdectron. Recently, Stanford University researchers have 
{ound evidence offre quarks and in the 1920's Ehren 
at reported the discovery and production of fractional 
args ofa ses. 

72. Frame (Lovent}:a frame of reference which not 
accelerated with respect 10 the lboraary observer. 1a 
{hs ease, the ame may be rotated (moving at constant 
‘eloety) but Is not rotating (the frame not acct 
ate wih respect othe observer, and spacetine at 
ured a ths ease seca ratty apples, a do the 
onservation laws. Ifthe loal spacetime Is cured, the 
frame Is accelerated and spacetine bs curved, Locally, 
‘hen, general ratty applies. ln his ease, lealy the 
conseration as (eer) momentum charg, and spin) 
fan be violated, However ln ordinary general relat, 
{thas bee tac assumed at Ioaly the curate of 
spacetimels negligible. Hence locally a Loren ame 
‘sumed, and theconservation as ate assumed 1 apply 
locally abo. In scalar lectromagnetes, dhe loeal space: 
tine alays curved ad general elaty apps Lo: 
ely In this ase, the conservation laws need nat appl. 
73. Frame (oreference) asp, organized, mesure 
late placed in emptiness (space, spacetime). Norway 
refers ta 3-dimensiona, pal frame. A objects ard 
Pts in the "universe a Spat frame are eid 
{oslmaltanowslycoens at separate, measured pola kn 
the frame. Difers from the vacuuts ln that, gorau, 
‘acuum has no existing defi lengths al no existing 
definite time Intervals, as these appear only ater 
‘measurementdetectin and are relative to the observer 
tnd to the detection process. The "laboratory trae” Is 
the state reference frame ofthe obser veremurenet. 
[Aseparate rerence frame may be asumed to eit fa 
‘any fie oF moving object, o centred on any pol in 
Auer rane. Whe type of ram assumed, thee 
te elas ofphsiealnternetions hat ean occ as been 
reared ta an sean et or type. ln other words, 
ven the frame, the piss hasbeen assumed. One of 
{he greatest restrictions ofan asumed “rane” tore 
‘ut the consideration (exktence)afother higher dene 
Sons Inthe new thor, higher dimensions ae permitted 


and an orthogonally rotated frame can be equated 10 2 
Geld ane vice versa. Therefore frames ae alo fds, 
74. Free energy: enerzyabained fom a fre oF ese 
aly fe souree. A paddlewel In ariver extracts and 
provides "fe ncrny" frm the er, sce one need nat 
pay forthe river. Hlctromagnetial, the Mea of "ape 
lng” or extracting energy from an esoterie soure, seh 
‘8 the zero-polat energy of vacuum, the Dire sea 4 
Standing letrogeaviatonal eavature of Weal space 
time, ete Since tla dectromaynetis strep 
tion, a oelly bent spacetine eam be achive so 2 10 
pride ether a source or asia, as ane Wises. Thus a 
racial fee energy’ devie s rigorously possible by 
Scalareletromayntie means. 

75. Fusion action) in the new appre the recombla- 
{ng oft canons bits of fstoned action quantum, 
‘The fasion process “ance the bis produced y the 
fission process, and constitues a negative spactine 
‘operation. The physical world ls thas elininated, bby 
Bit in monocular aso operation tht produces the 
“past” The "mass of a partic stken to be propor 
tonal to, and identically comprised af, the abnlute 
‘ale ofits ison and fusion rue, When Masini 
son rats of parte are equal: the partie unaccel- 
‘rated: when unequal, the partie i acderated. Vice 
‘versa, when the partie unacelrate, the sion and 
‘sion rales are equal and when the parte i aceele 
‘ated, the Bon ad fon rates ae teal 

6. Geiger tube (Geiger-Maler tube) a tbe used in 


appropriate ceclts to dtet and count lnizng pat 
les Hach patele crossing the ube causes tniatlon of 
the gas the tube, essentially Independent ofthe ener 


thing whieh causes an inrease in the ona 
fas Since stg scalar waves will do this, 
‘apa of detecting seal wave radian of sufient 
Intensity, In many cases, GM tubes are actated near 
UFO binding zones, and sometimes ear ete mut 
tons oe other paranormal occurrences n sich ese, 
tube reacting to sealae emissions, wot ucla ral 
tins 

77. Geller effect refers tothe frequent stimulation of 
‘acanoma abies In cldeen and other people ho 
have seen Us Geller (or someone ke han) performing 
pstehakinelseltherin perso o on television. 

78. General relativity: the physics ofcurved spaccine. 
As oppose to spell laity which deals wit inertia 
‘ames moving constant vloltes with respect o each 
tr (Lorentz frames, general ratty deals with ae 
‘cleraed frames, General elatty was founded by El 
Sen, who made highly estritve assumptions to simpy 
{he complexity ofthe problem. Brel, Eistein assumed 
‘at since no meansof apresiably curving spacetime 
was known except by the gyavitatanal force fa te 
‘mendouscaleton of mas, then the only places where 
ppreibly curved spacetime would be met would be 
‘ear sus, sas, ete Accardingly, he assumed tt the 
eel spacetime ofthe observer wuld not be curved, and 
Instead the lca rae woud he a Lares frame, Tat 
|S, he made the theory a sat of "specal relay wih 
sant perturbations" That way, the conservation Las 
would be saved, and one could stil speak ofthe energy 
i ebjecte a oppoved to the energy of ene systems, 
(General relay complete with hs senere restr i 


alld “ordinary general ratty” (OGR), and his 
the ype of rdatiy taught in all oar Western univers 
ties. Note that by asuming no lea spate eure 
ture, the ordinary theory actully asumes that ene 
cannot directly (locally) engineer genera relat 
‘OGR is highly special ease, and not at all dhe ype af 
seneral ratty we sdk inthe new appevach where we 
Ish to delberstely curve local space and enghtcer 
feeralrelatity dvecty on the laboratory bene. The 
Soviets do not recognize Fasten’ iting assumption. 
‘Soviet physics Journals, papers are regal. pub- 
ised dat teat general relay iv an unrestricted ma 
ter These papers include lea curvature of spacetine 
fd vation of al the conservation laws ata est 
the West, cnservation hasbeen redo an absolute 
‘ogni, ad such popes are regularly teed pubes 
tion, Coaservation las are upheld inthe West by arfice 
and dictum, nat by sclnce or experiment! So Ifthe 
“atl reseetive assumptions placed on ordinary gen 
ral ratty are eve, th a "untested general 
ela" resus Tn this relat, the Toad ae may 
Desppreclably curved, and any oral athe conservation 
Jaws can be voated—afen with ease, With an adapta 
tho of Kalua-Klein So unfled eld geometry and se 
of aril EM pote deliberately created by sun 
‘ning oF malipling EM force tld vectors to ector 
eros, EM ener cam be tase into gravitational 
aly In this fashion ne can engler ge 
islatecomervalon of charge, energy- 
‘momentum, and spl: produce free energy engines: 
‘tancnute elements simply: and produc action ata dis: 
tance, lial experinentshavepastvely established the 
ne appraisal, and a staring new pss 
the offing, Kn dhe new scalar EM, rant potential 
Iecomes locked-up daflded) deerumagnete forces, 
aia lecramagnetle fore feds became bled-aff out 
folding) of the lane contents ofthe gravitational poten 
tal 
79. Ghost rockets: materialized ulpoldal"rokets tha 
appeared in 196 and 1947 over the Scandinasian coun 
Teles (Norway, Denmark, and Sweden) and usually 
setned to come fromm the decthon ofthe Sole Un 
40. Glant photon: a photon with an organized, 
<deiterne scalar sutrctre. In salar lctromagnet- 
es, the photan is assumed toe ove oselation af the 
dectromagntie fel: ths iis compsed of one Feld 
wave and ane Bfeld wave, Fut, in each pot of 
ther wave, afte group of vectors may exit seh hat 
{hee vector summation of mulipcation Is aro. Thus 2 
<eterministiesnbtrctre maybe deliberately presed 
‘pon folded in) the photon Such a phaton may cary 
formes inflded energy inthe frm of anenery a 
‘ay be designed to perform a partclar sna pur 
pose In other word, such a phat becomes "vac 
‘gine that structures the virtual particle Aux of 
“acum in a partial deermlnistie manne 
‘SE Golden booster a potent salar wave generator 
vented by Frank Golden, and used to augment and 
mpi the Kelly radiones machine. The Doster his he 
nique characterise of gathering in ambient energy and 
EM radon fro ts surroundings and tanspsing this 
foto bighly pated scalar radon. Ic has the athe 
shuractere of ect olan nen, and construe 
ing is paterning accordingly. In addin, two motors 
are incrporated whose needle movements provide 
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seul lndeation ofthe rate of treatment, the frequency 
‘ttrwatment, and how the dosage is progressing A Be 
dl scalar wave detector directly yerles that both the 
‘Galden Booster an the Kelly radlanis machine produce 
sa alate potent sear Waves. 

42. Golden, Frank: Inventor and scalar electromagnet 
les researcher who has developed a arity of sealar 
wave antennas, an underwater communicathnss)stem, 
Scalar wave tansnitters and receivers, the Gold 
Booster scalar wave detectors, nd scalar wave spectra 
sales Hehas aso developed protasype ee ener 
our, motor dat uns af reactive power, a sold state 
‘colar radar antenna, and other glint sealae EM. 
devices, 

483. Good: rr toa act theoretally ene to the 
receiver oF referent, in the postive ne stream. Tt 
qualy deena to the eelerent,vewed Inthe mega. 
tie tne stream, 

4. Gravitational fed: rigorously, the curvature of 
spacetime. In sealar EM, gravitational potential 
loeked-ap (folded) electromagnetic forces which sum 
of mulpy to zero. Hletramagnetic free Bel repre: 
sent the "bleeding of o “oufolding ofthese nfolded 
‘contents of gravitational potential Gravitational force 
Tila isthe "beeing down” ofthe gravitational putea 
‘without utfolding or out- bleeding folded contents, 
SGravadonal lds nota field in the sense of Hest 
viside-Maxwell electromagnetic fled. There bs relly 
‘bo such thing 36 "the" gravitatina ld instead, thre 
‘xt lage numberof potentials locked-in free ld 
‘rectors, and other ents which change the energy de- 
‘iy of acuum and end spactine. The beed-down of 
{his conglomeration infolded components as a conan 
faton constitutes the "ravioli" I the hance 
‘contents ofthis Geld, Or af the G-potenl, bleed out, 
fen a diferent flies. eecromagnetic fields 
produced. We may thus speak ofthe bleed-out of eter 
{he G-potetial othe Geld. Note that flows between 
pals, lads, tof these inva nflded field ome 
nents can occur without appredable change of the 
‘overall conglomerate’s potential (rapped enerny den 
Sip). Thus the gravitational potential ean have a d)- 
‘amie, structured pattern, and loal spacetime ean be 
‘curved and paterned. Fld and B fd are one such 
Sule" of laws where te verall gravel effects 
‘are evidenced, 50 long as the elds are tee to "oI 
Kalua-Klein Sd unileatin af raion and eecteo- 
‘magnets, onl a single fleld—dhe S-dlensional grav 
{atonal feld—really exits, Our world Intersects and 
leds this S-d fel tn two fas: (1) the S- 
4 Geteld peters to bleed-out into its ih densa 
‘spect, whlch weseeas our oa ordinary EMorce fl 
{2)"The minute remaining 4d aspects we see a8 our dd 
‘ravitatlnal Held. To show the order of maputude 
Aiterence in bleed-out, de cetrcl eld between 40 
tlectrons ks abuat 10° oso stronger than the gran) 
{algal eka between them, Even fo protons the aio 
10" oro, Soi 

‘out permite, 
‘duced. Our normal 


‘leciromagnetics—which "by 
‘onstructon of Heavisie'syerson of Maxwell's dry 
IS purdy bled-out, thus sllds negligible gravkatonal 
sift. On the other hand, iwe eiberately set the EN 
‘eed-outs agaist each other so a hey zero sum, we 


"strangle the escape o Deed-off ofthe Sa 


ced into 


EM field, The .d Gf bs then forced to bleed 
Anta 4d Geld fe then vary the energy each vee 
tor component ofthe EM zrw sum while aitaning the 
‘verll zero reslant we directly pump the -d grave 
{tol eld. Scalar clectomagnets thus diet con 
Nerts EM fied, foree, and energy into ordinary Gof 
force and energy, and vice versa. In addon, we get 
‘emus gains For every ult of EM energy we feed 
{nto the "zero sum pump.” theoretically we ea get out 
‘up to 10" unl of dd graviainalincrtal energy Dy 
‘detron release, and upto 10” by proton release. Ex: 
erent resus have confirmed this thes. As arya 
1969, Hurvieh produced an inertial flld generator 
‘aati of "Yeezing” weapons so they eannot he fred. 
Hitchin reports and demonstrates the levitating of up 
to 60-1. objects, The American physielst Hooper 
puted ectrogravtatonal devices i the cathy 70. 
Bedini, Watson, Johnson and others have developed 
praccal protatype "ee energy generator” Another in 
ear who wishes anonym) his developed 2 small 
device which produces negative energy and antigravity, 
fat an amplieaon factor of 150000. Orthodox re 
Searchin this are just ening inthe West ut is 
bem highly developed for several decades inthe Soviet, 
Union 

5, Gravltostrcton: effect i a resitor whereby local 
srolanal tes low ina dethon esl n proce 
tion of macroeope lectie force fled in tha dire- 
tion, a macroscopic magaete force feld orthagonaly 
round that dietin, and mite, randomized EM Gls 
{heat energy) mlerseopeally due to induced wero. 
‘copie particle moton and interaction. Its the enforced 
‘pin alignment ofthe mass partcs (such as conduction 
‘etrons) which accounts forthe production ofthe mage 
ttle fle, Gravitron fs the reson that eesiive 
Toads ean be powered by scalar aneneryy ow (eee= 
‘rograitaonal Now, massless current How) and by 
negative energy flow. During the intial charyeup ofa 
Ileal coll exposed toa sine wave vallag, no decton 
‘mass current ows: however, de massless current (ph 
ot) hares up the coll eavationaly. As lecron ass 
‘arent hepa To Mow (90 degrees into the wave) ts 
aviation eld is bled-aff (utfulded) as dectie 
force ld (electron mass flow coupled to del pi and 
magnet face fl. One ean do amang things with 
‘il ond transformers which arena allowed to eter the 
FEM bleed-offphase at greater han 90 degrees 


186. Gravity: the phenomenon characterized by the 
plysiealatracton of any two material bodies. Leal, 
{he gealatonal force between two masse i propre 
‘nal to the product ofthe masses divided by the square 
ffthe distance between them. In the ew appreach ane 
recognizes that mass ils dened ly terms oad 
lentally consists of the dine dervatve of an action 
flux Granatonal eld and elected, then, bee 
ome diferent aspects of the samme thing. By affecting 
{he Mw of time, salar waves and scala potential thas 
are abl ofc the gravitational free between t¥0 ob- 
ets. Antigraniy for example ea be achieved by fore- 
{ng an object's tome nucle to produce phase eanjuzate 
Gme-reversed) waves (and negatve energy and eae 
tive te). In negative tine, gravity Ix 2. repulsion, 
Hutchison has demonstrated the lvitaton of objects 
elgg upto 60 ths, albet sporadieal. 


7, Hated: history the magni eld. However, 


306 


's poorly named, and should be considered the magnetic 
‘exchatlon, aftr Sommerfeld, In enpty space Band Ht 
fare proportional, an experimentally determined fact Ia 
the new approach igorousy veer fds cannot exist, 
Un vacuum, bu ean nly exe on an obuervable mas. A 
"Shadow" vector fled can exst in vacuum, inthe ab 
sence ofobservable mus, as small tual ¥ctrs, ach 
existing am Mua! particle in the vacuum. Such 
"Sado" veetr ld may be regard as to oupled 
scalar fel, where the coupling performed by the ve- 
tual partie fs of hich dhe vacuum tse consists. 
‘Whe an observable splnning large mae ence 
the shadow verte ed, converts he two cupled sar 
lu isnt vetoed. Thus Herts waves per are 
‘ot transi trough vacuum: “shadow” Hertz waves 
are. With an ordinary detector however, ane dees Yee 
{ar Herts waves, since one detects the precession Wa¥es 
ofthe electrons in the electron as of the detecting probe 
8, Hieronymus. Galen: renowned eadionies exper 
‘meat ad lnentar othe amplified radials machine 
Hieronymus the father ofmedernanplifed radon, 
wort experimenters before han ased unampied tr 
chines 
499, Hicronymus device: esentially, an amplified 
‘adhnles device. Refers toa devle sinlar tothe one 
patente by TG. Hieronymus in the 1940's. Connotes 
fray amplification eather tn hotgrape amp 
‘atl aradones effects, Any sila ype device, The 
Hieronymus device actually processes, and operate 
ith scalar waves. 
90. Hologram: a photographie recording of the pateen 
snterfrence bette coherent ight reflected fram the 
object of attest, and ght at comes det frm the 
‘ame source ori reflected frm mor, When this 
photo image is lluminated frum behind by caren 
Tight, thre-dimensanal mage of the objet appears 
space. The characterite of hypotheialy perfect 
‘okgran that all Us content I inane in ne 
put of sell. fone portion fx cut ou ad iuminated, 
fhe complet image appears i space. The whole holo 
am i ln each part of Ws, Oservatinaly ad per 
‘xpualy dhe pica universe hologram and 
ich patois, snce all fi can be detected fra 
‘ich intra partie, 
1, Hyperehannel: a channel between orthogonal 
‘rams or hypertrames, where anenergis erste Ex 
ceptinaly ood hyperchanne, seem tobe fequeney 
Aependent, and are relrred wo a windows, male win 
ows, or imtrdimensional nodal pots. Some byper= 
‘nals are 3-40 KHZ, 150-160 Kl, L113 MB, 
1.057 GH (de Lamb shi) and in the wea leave 
(the fe ree frequen). These frequencies also repre 
Seat hanced channel etcensubuanta euall and 
(quand (observable) states A partcary good magic 
tvndow exists when the are ae uravcet bands 
Being utlized are phase-locked so tat the ultraviolet 
represents fst harmon af the fare. 
2: Hyperil: a structure ot disturbance in hyperspace 
or higher dimensional space. With respect to a xed 
‘ame the electromagnet ld oF a more subtle Bld 
We consider the electromagnetic field the fist hyper 
‘ida hyper may also considered to be the le 
tromagnetle fed rotated further sway fromm is 
Ubwratiey frame, The second hyper Is elle the 


‘neue dd, an the thd hype the mental oF 
Inind leld. Also called bioame, orthaame,byper- 
‘ame, bifeld, oF ortoteld. These hypertildyper- 
spaces aso corespond to the ned levels of Vu 
Slae, Succeaively higher hypetelds past the electro 
‘magnetic fed consitute successively lower levels of 
iru state, 

93. Hyperframe: simply, a frame rutatal one oF mare 
Fight angle (orthagona) tus aay fom the reference 
laboratory ame. The laboratory frame I considered 10 
be the zero hyperframe. Also called biafame, Dio 
orl, laid, orthotrame, othowoetd, arly 
peeled, oF hyperworld. Sometimes refereed to as a 
ayperspe 

SU Hyperspace: generically, refers to hypertrames, r= 
thomarld ete Maybe wed Ina singular sense to rler 
tone ofthese. 

9S. Hyperspace howiter: & pstulated Soviet salar 
lectromagnetis Interferometer weapon, believed 
“aguble of firing an explosion Hough hyperspace to 
stant point, without any travel of electromagnetic 
energy through ordinary space. Also called a salar 
howitzer or Tela howler: The howitzer ha several 
‘modes of operation: (1) ean he used in exothermie 
fdethermc mode. In the exathermie mode, the 
howe based poste. In this mode can accept 
fevers, taf Unto scalar waves of an ati 
potential oe anenerg) ats the eae waves to ads- 
tantintersecton zone, intro them and repradace od 
rary positive electromagnetic energy fn the distant 
‘elon ln the endathermie mode, the howitzer biased 
‘begat. La this mode i ransnis the etaction af 
‘nergy. At the dlitantlnlerlerence none, energy ts e<- 
‘waced and reappears back at the eanslereecder 
site, where ist be disposed of. US. weather satelite 
‘photos of the Sovet Union's Benet Kan reveal giant 
‘xausts emerging fom that land, some marr jets as 
tong st 150 niles ad only about LS degree above the 
oriznntal. Bennet sland is eleed to be the "exbau 
site for several Soviet hyperspace howitzers. Thats, 
‘when ahowiter operates inthe endothermic mode, tre 
‘elves and temporary holds the ener Hat comes back 
fo i then switches biasing potential to postive and 
‘tants in the exothermic mode to Bennet kan. (2) 
“The howitzer can operate in pulsed or continuous mode 
In pubed mode, an explosive or implsive eet occurs 
a the distant target ste In catnuous mode, a contin 
fous energy soure oF snk appeat in h stant iter 
fence zone. (3) Four expansion mode. Fach transite 
‘ofthe boviter ean produce multiple Teguences where 
the frequencies represent a Fourer expansion of a 
seametial form such a a sphere. When these 180 
‘Seomee scalar farms ae inteered ata distance, 23. 
‘imensioal form af diary EM eneray emerges (ex 
‘thermic made} oe extracted (endothermic mde). (8) 
the scalar transis ofthe scalar lntrfromer (y- 
perspace howitzer) ean be nodused upon ordinary EM 
firs, such asthe Woodpecker signal inthe co 
‘munications hae (3 to 40 meqaffertz I this ase, 
Tererece pater of the Woodpecker carrer wil il 
nly minute EN energy, but the impresed sear sub- 
structures may interfere to produce extract substan 
‘nergy ts oe unt the intrerene Zone. Other cone 
Signals inpresed oa the Woodpeckers may be used 10 
‘eager the made an locaton i the latereence zone ot 
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ven to estab “rclathne inthe vector zeros By 
Teemiog distant high pressure zones exodhrmie mode) 
and low presure zones (endothermic made) and then 
‘moving the locations along, the Soviets can epee and 
‘deviate the jt streans over North Ameren ar eee. 
By sieling in conjunction, tornadoes can be produced 
(Certain signatures (gant radial clouds and in gant 
rad louds in he active zone have been Metifed ss 
‘asocated with the Soviet Union's weather engnceing. 
‘Thestrange explosion in 1988 near the Urals is belived 
to have been an acdent involving an earty fst lap 
test ofthe howitzer, The howiter was probably salar 
toa glant radar, transiting salar EM wave. By sting 
‘up a standing scalar wave and continuing to tans 
‘ergy int tthe standing wave becomes gin! poten 
tal 1 charged up modh like a sear eapactr, but 
td scale EM (elecrogravational energy. Flare of 
the trate may have dcharged this gant potential 
Ino the earth, ae the electrograitatonal ground pulse 
Spread ut, striking the nearby stored nuclear wastes and 
fieloning al the radosctve nace, Consequently the 
rary atomic wastes exploded, producing fallout and 
‘radioactive contamination oer alarge area, The fst fa 
lip test fan operational onsite weapon is blleved to 
Ihave ben the destruction of the USS. Thresher atone 
submarine on Apel 10,1963. The second fll test 
beled to ave been the traemieson of an explosion 
{nto the ocean 100 niles north of Puerto Rico on April 
1, 1963—one day after the destruction of he Treser. 
Over a hundred howitzers ae beleved to now be on sit 
an operational, and powered by ether Moray amplifiers 
te gant scala resonant inference taps ln the cart (e- 
tected by Golden in Apeil 1988) High Alttude booms 
‘ithe est cost ofthe U.S. nay have heen det okt 
{aon and alignment tess of these weapons, with each 
test asthe equivalent of some 100 tonsa ordinary x= 
‘lots. Ufo, these sate were probably artery high 
Durst registrations. The two puzaling ashes detected by 
the Vela satellites In September 1979 and ltr and er- 
roneouly described asa ilar fash by many anal, 
tay leg have ben test of ths pe of weapon, ether 
by the Soviets or a scond natn hte developed the 
weapons 

96. Hyperworld: a world (3space o 4space) rotated 
fone of more orthogonal ts ava frm the lboratary 
frame (ordinary word) Constitutes also (identical) an 
aire subquantal eel in virtual tate 

97. Inception: kindling (rom nnd anenergy) a small 
amount of photon energy into oF onto body tuner oF 
‘ther objet Specially, coupling scala Wave pater: 
(anenerg) nto dle body tuner orchjec so that hep 
tom energy ls ereatd noon the body at distance 

98. Inceptive eyborg effect: the ability of the mind 
pstehoklnetially nk to, o atta to, an inert pysea 
‘hjet or pystal system. Alling Mlglal system 
Stabilized incepive eyborg, with ts mindvurld Kaked 19 
lUsbodyuner. The two cesbal hemispheres ofthe brain 
forma Tesla scalar Intererometer, capable of prchcng 
and transiting scalar wave pater ato a distant ob 
et, coupling nto energy a and hs inking witha 
resonating with dhe abject. Tis 6 the mechanism for 
Producing al parapsychologial phenomena, 

599, Interdimenslonal nodal pont: a masurl frequency 
for an anenergy channel between orthognal fates ot 
tuiverses. Als called a mage window. 


100, lntererence: the variation ofthe ample of 3 
weave with dtance and toe, where that wave rel 
fon the superposition of to aves having the same, oF 
‘erly the sme, requeney. 

101 Interferometer: an instrament in which a wave bs 
splint two waves or beams which flr talig over 
dlierea paths are subsequently reunited and display le 
tereenc, 

102, Jte (athe: thelncessant quantum and subguan 
tum activity fundamental partie of mass. The pa 
tile ls contialy connected to ae dlsconpected fom 
an afte number a hyperspace, alt and ro tne 
13, Kaznacheyev effect refers tothe desontrated 
ably of nearaltavaltmilogenetc photons to cay 


‘ynehvonized condtons, Named afer the Soviet sie 
{Gt Vial P. Kaznachoye, who experimentally demoe- 
stated the effect In his experiments, two samples of the 
same cll clare were environmentally separated by a 
thin window. The entire arrangement was placed inthe 
ark ond rotated a some 20 rotations per nue, The 
‘lls on one sde were then kled by any parte ext 


Snismfonling radiation, chemicals, toxin 
Ince, germs et. Ithe window was made of rary 
sas (opaque fo ultraviolet), the second sample e- 
‘mained bally. I the window was made of thin ue 
(tamparent wo ultraviolet, thn ater te delay te 
second sample began dying with dhe same symptoms at 
the fest Later testing revealed the emis of ator 
sence, laserike photons inthe near ulravilet fu 
{he dying cells in the fist elture. When these mito 
sind photons ae allowed t banbard the secund ek 
are, the same lethality pate i induced IaH. The 
explanation is that the photons cart viral state ale) 
Dates (flded patter inthe tne companents), 
fad these viral patra a difsed int the ree 
faltre, where eventually they diffe into lethal pat 
tem Inthe vital state (ealar) master conte system 
(discovered by F. A. Popp af the tare ells. Con 
ted aap ofthis pater Kindle he pater ato 
Diyala, aeerable structure Inthe cell, reproduc, 
{he death o disease patter. The Kaznacheyev fect hat 
‘ben duptcated nthe nrared in West German). Kumar 
cheyey aost certainly also phase conjugated (te 
Feversed) the "death photons,” producing healing 
photons for that specie celluar damage a disease can 
fon. radiation ofthe fected cells with these baling 
photons would have reversed the disease, reverting the 
fells to normal, Note Gat Antoine Pores machine 
Worked inthis fashion Kannacheye's EM healing war 
With phase conjugated photons was obviously notre 
ported: I represents fla counter Co via bilgi 
trarfare, and such work would have been dane oy 
under KGB contra, and highly clasifed as vas 
‘aable defense sere. 


104, Kelly, Peter: noted radlonk/peychotronltre- 
Searcher and builder of several pes Ofespecaly pent 
amplified radionies machines. He is abo one ofthe 
loners ofthe use of amplified radionls in agclure 
for enancement of erops, stration sol vitality, aa 
contd of insets By direet measurement with Bedi 
Scalar EM detectors, Kelly's machines have bean 
‘ered to produce scalar waves 


105. Kelly machines: amplified radlonics machines 
developed and bull by Peter Kay. 
106, Kervran eect: the ably of «ving biological 
system (ether pant or animal to accomplish nied 
‘tansmutation of elements, particulary between certain 
‘omers. Named afer the French sient, Lous Ker 
‘ean, who discovered the effect. Kenran was nominated 
fora Nobel pee in 1977, awough the prize Was mo 
aarded to hi, The Kerra effect has ben duped 
by Japanese, Brits, European, American and ether 
slentit. Note that scalar Interferometry ls capable of 
‘ining every patterns dec into the virtual tate ie 
teractions of the nucleus, ineuding the tang force da 
Dds the neleons tgeher. Over a perio of ie, this 
‘energy can cumolat, basing the quantal statist ofthe 
Interactions. This, oeourse, changes the proba of 
‘the varus quantal tats, wid the result that the nue 
‘an be ranted. Traataton to an base i parti 
‘lary practicable Eficent transmutation ofelements by 
Scalar means hasbeen accompli by Jobo Bedi 
107. Kindling® collecting and condensing more subtle 
energies (anenergy) nt sta phtons (arg effects), 
photos (eetromagnetle Held eet) or mate (mates 
lization effets). Kindling is near Integration 
process, which repeatedly collects o nerats 2 vita 
Sate pter unlit reaches th observable dread, be- 
oni piysel eal 
108. Kilian photograph: Held patterns ofan objec 
Impressed upon a film oF other sensitive mater by 
‘meats ofsparkdichares. The sar modulations nthe 
spark charge intensity, not the ordinary vector E-fld 
‘omponents are the paranormal components. Thus only 
the dta—which represents those scalar pater eo 
pling and Kinding ito vector EM, which hen irae 
{in potochetlalotersethons—te native of the parse 
‘rma aspect of Klin phatograp. 
109, Law ofphysis: a restriction placed upon the pis 
cal mechanisms that can occur wader certain brad as. 
Sumptions as. tothe background situation and 
ture there are no such 
syne forthe bear 
of large classes of stems under ery general conde 
tions. Any "law opis canbe violated ifthe conde 
tious contained in is assumptions are vllatd 
Comervain laws ae often tuted as "laws of pyle" 
Actually the conservation les axa a cose sytem 
a linear spacetime (Lorent rae) elt o both 
‘ofthese asumptons i vilted, any oral ofthe conser- 
“at Las can be violated ln parte piyse, broken 
Symmetry already resus in violation af one oF more af 
the conservation las. In leading Soviet phstes jour 
ras, papers ate regularly published conan wae 
Sted general rly with concomitant volaton of 
ty andl conservation laws. 
1, TIDA machine: Soviet device which uses 4 40 
rmopahrtz caver and unasal waveforms t induce 
‘itatonlctke statin manor other manmade For years 
‘Westen orthodan scientists have argued that EM signals 
could not dretly affect consclousres. WH testing of 
{he LIDA device, this as now ben oly reed One 
sents has reported at the LIDA device—known to 
tbe decades ola ned bythe Nord Koreans cn oa 
US. proones of war during the Korean Wa Reporte 
the effets of the machine could mit be rested and the 


machine was a devastatingly effective "brainwashing” 
tool. 
11. Lie: tern wich resists the best efforts of pis 
phere and slates to define Tn the new approach, & 
Uiingsstem s modeled as consisting of piyskeal body 
"tune" anda ado to which the tuer be peferen 
aly tuned toa small degree. The preferential vital 
sate crosstalk between the physeal tuner and the mind 
‘world conatives hee chanel or eonscousnes lop. 
Destruction o loss ofthe pera tuning results hn 
deat” or loos tact to the tater, In hat case 
the mindworld functions within ist Note tha the 
bag i always present unchanging, and spy "i" 
without any connotation of perceptual stringing together 
Separatonsintoastringofevents(ausalehains). Being 
‘hangelesstconsistsofallehangesallatonce,hence 
‘noe separately. Uiimately this the tue meaning and 
foundation oie, ae waledrlds and pyseal events 
represat simply separation waves in united beng 
[Note this is completely consistent with the ea hat wl 
imately aly God exist, things are simply separation 
‘waves in the uneparated Godness, and God permeates 
crerythng. 
112, Lach Ness Monster: famous tulpldl water may 
ster whieh (oceastonall) temporally materiales hn 
Loch Ness in Scotland. Siallar materalztions of 
‘ter tonsters" have heen seen and reported in aor 
‘very large body of water on eardh 
113 Longitudinal wave: a "pressure type of wave, 
‘nla to sound, in whieh the ibratons are alg the 
‘recton of travel tthe wave. Hence, wave composed 
of aterating densitcations and rartactions. Scalar 
Waves are longitudinal waves. In elasial EM thor, 
the Foyt Necor predicts no longitudinal wave of 
nergy tram a te—arying lect charged source 
Ta fc, an exact solution ofthe problem does allow this 
giana wave, as shown by Keech and Cora, lter= 
‘mana! Journal af Theoretical Physies, Val 20, No. 1, 
{981 pp 63-68. The classical electromagnetic wave 
modeled a6 vector wave, comprised af transverse ie 
Twat. Ta the new approach sul transverse Sector 
fore eld waves (Hertz Waves) do wot eit in vacuum: 
Instead two coupled longltadinal sear waves exist 
‘acum. The E and B flare formed, recovered by, 
st exis asthe splaning charged detecting mus parle 
fn mation. 
114, Maghe window: a naturally tne frequency of 
sid hyperctannel between orthogonal frames where 
Salar wave aneneries crosstalk readily. Magle wine 
dows are frequen dependent, ae areas referred 08 
typerchamel ce loerdinenional nodal pots. Some 
agi windows are 38-40 Kila, 150-160 KHz, 11-13 
(MH, L087 GHz (de Lamb shift, and in the near ul 
teal the fe energy frequency) 
1S. Many-worlds interpretation of quantum me- 
chanics: eer tothe comderaton of utile sana 
taneous oervers and the consequent changes freed 
upon quantum plies. Essel al possibies exist, 
sh ar ren, al an lie nue of crthoonal worlds 
fxs at ny instant Fur each wold splits into mu 
le possibilies afer each and every event. Ths 
Sng Second, dhe worl has split in some 101 the 20 
power verdons of lel. This the work pinay of 
vere. wit strong contetbuions by Wheeler and 
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4. Afinal approach, not shown in the figure, is one in which the mobile operator hosts 
all of the elements shown in the figure and public safety manages only its application 
servers. 


Figure 29: Sharing Approaches for Public-Safety Networks 


1 Putte LTE Network for Pub Sefety—Puble Safety Owns Ente Network 
2. RAN Shering for Public Safety—Operator Sheres RAN 
3. MYNO Model for Public Safety—Operator SharesSome Core Network (( Y))) 
(Ga) 
eeriaet Packet Serving 
pail Gateway Gateway 
Home Mobile | \ lam) 
Subscriber Management (OH) 
Server Entity 
Rysavy Research 
Resilience 


Public safety may need greater resilience than found in commercial networks, including 
hardware redundancy, geographic redundancy, load balancing, fast re-routing in IP 
networks, interface protection, outage detection, self-healing, and automatic 
reconfiguration. 


Security 


Public-safety networks may have higher security requirements than commercial networks, 
including physical security of data centers, core sites, and cell sites. Whereas LTE networks 
do not have to encrypt traffic in backhaul and core networks, public-safety applications 
may choose to encrypt all IP traffic using virtual private networking approaches. 


Coverage 


A number of approaches can ensure the broadest possible coverage for public-safety 
networks. First, public-safety frequencies at 700 MHz already propagate and penetrate 
well. Next, public-safety devices will be able to transmit at higher power. In addition, base 
stations can employ four-way receiver diversity and higher-order sectorization. For disaster 
situations, public safety can also use rapidly deployable small cells, such as on trailers. 
Finally, proximity-based services operating in a relay mode, as discussed above, can extend 
coverage. 


Device Considerations for Public Safety 


Public-safety devices will have unique requirements, including guaranteed network access 
under all conditions and guidelines for how devices are shared among users. 
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Gram ana as the subject of eres thes at Prince 
ton Univers in 1956, Iwas publ 1957 

116. Mas erally, special curvature f “Aint 
Spacetine emptiness, according to realty theory. 
the new approach, the ma and bert ofa pate are 
considered fa be doe tone or more standing sala reso 
‘nanes, tapped by the spin ofthe pate. Whe the 
Amplitde of the trapped salar wave inereases oF 
‘creases, dhe mac nd Inert ofthe parte increase 
‘decrease Ifthe resonance amplitude reduces to 20 he 
parle dematerialzes Classically, mass is als taken 25 
{he mene of body's restance to belng accelerated 
boyafore, Specialy amass occupes space (dimen 
Sonal) and resists change ints inear movement In are 
lon of mas, aM of atm quanta into and out of the 
‘replan exists, corresponding to flow of positive and 
ete time The mass de sum af the abst ales 
‘ofthe time derivative of acton iv and the tne defvative 
ff action out If these two tne driatlves ae eal ia 
ragntude, the mass le unaccelerted; If une, the 
mas is accelerated. A nas dos not exe de per se 
{nor rigorous, exists equally in postive ne aad in 
‘egatve ne), but only ents spatially. A ass continu 
ally interacts with photoas(alsorptan and emission), 
thas continually connecting and disconnecting to the 
orth dimension (Une). The mass thas Sen "jump 
lon theo tine nite, quant jumps cased by 
the photo interaction ih i 

117, Men-i-black: tht part of the UFO contact phe- 
omen wbich involves contact with rather sate ul 
lal manforms Typically hese tps are dressed in 
fark sal, have almond-shaped eyes that do nat lak, 
possess oriental features, and "speak tekpatialy 10 
fhe contact. Often they de dark automobiles and fol. 
low the contacts. Several researchers inthe ld have 
tad Intense encounters with such tapos. The apear- 
ace afsuch phenomena associated witha investigator 
{sin part due to unresolved detrimental matali ls ot 
her dn unconscous mind, wbich thus acts a8 wie 
test" and radonics ter, Cndoual station of th 
‘erimental unconscious witness by the pera’ inves: 
tigatve acts results in the appearance, and con 
{act with such tpi. The more detent aspects of 
‘ich flplda tuning ean be prevented by psyche ear 
ance of the investigator, partly of his unconscious 
tind, Such paychle clearance at regular interval 
highly recwnmended frtnvestgatrs pus the mare 
Dare aspects ofthe field, such as cattle mutation, 
rmenin-blaek, sasquatch, possessions ee 

418. Metal bending: term applied tothe poychokinetic 
bending and eeaking of meal objects sch ae clr, 
rede brs, eles When metal rod ie pychokinetally 
‘eat, then eross-setioned and examined unde the lee 
ton niroscope, microscope "pudding as by locale 
laed, polnt source intense heating, ean be seen, with 
‘oncuitan disruption of the metallic ran structure. In 
Severe case, the cross section looks like the porded 
surface ofthe moon. The mechan responsi for the 
pavehokinetie bending Is exothermic scalar nter- 
ferometry bythe two cerebral hemeperes, whee the te 
‘erection zoe the metal object beng bent 

119. Metapsyehology erally, "bore psyeholoy.” 
“The deper prychology of the group mind partly 
the callecve human unconscious ind. AMogh the 
(Cartesian Idea af the separation af mind atl mater us 


ally apples tothe individual conslous min, It does not 
apply to dhe group unconscious mind. The collective 
han unconscious mind ea ving being, though 
nseous, ad i capable of materizing ts "dreams" 
{nto actual physical forms and elas. 

120, Mieroerystal tiny erystals, partclrly those used 
bby George Yaotn construction of his putes. Use of the 
meroery stalin propeetary manners enables Yo ould 
‘devices whlch react to salar resonance and baa i 
{en and which an generate negation pera for poten 
tally ‘harmful "deltas or changes that occur a the 
Iman ether ld ural 

121. Male/FouUrey effects (experiments: these ex 
perlinetssinulatl he pezlve condos believed 10 
fave exited in and over the primeval aceans. Water 
id is complement of minerals and ehemials—and 
gases to Snlate the primeval atmosphere were placed 
fa beaker and subjected 10 ultraviolet radiation and 
detrcal dacharges Ts the experiment alate the 
fret lightning dlscharges into the primeval oceans. In 
the laboratory, amino ads ae formed, then proenois. 
the espriments are performed in the presence of het. 
Ing snuating the presence of volcan act, fo ex: 
ample. then primitive microsphere cells are formed 
‘ith doublecllar wal Theetntcrosphericellseven 
eprodoce by cll division. Thus atleast simple Moras 
fave ben producti the aboratry Indeed in theme 
model even inert ner totally ave, bat unpre 
ally. Also, every posible sort of mind exists. Tas all 
thats necessary to farm aliving system with any sed 
sfiaractristcs to frm the appropriate type of physica 
func Uvngspstem Uke a elevisin set existing ina 
(hue of rudations from a infie set of channel 
tons. The set tunes preferentially to one channeistation 
but any dered chanel exn be ned, simply by chang 
dng the characterises ofthe ter. One dos ot "erate 
Ite, one spl "tunes th selectively." tn this concept 
gorousy here i no sue thing a "death, bu aly 
tral fom one at oanehe. 


12. Mind: qlte mbunderstod concept! In conven 
tional siece, tis considered purely rbotleLe 
the sum toa ofthe electromechancl neural processes 
Which receive, code, and interpret sensations, eal a 
Correlate red lformation, and act upon i Also con 

sidered oe the understanding reasoning, an nelle 
{ual Tacues considered as 4 whole, that is, a8 the 
conscious orton, Also couered a the psyche, nla 
ing the conscious, subconscious, and uncinslous poe 
Alans, conldred as a whole, The new approach fare 
Inaccord with the ltr defiiton. Shply put, the dad 
{4 world composed ofsparation events (aves, opera 
tons, process la unscparaed ein, We may model 
(toa fst cra approximation) as a phys universe, 
three orthagonal tums aay frm dhe ordinary physeal 
universe, and tuned slightly selectively to one physeat 
‘organi’ physical body processes. Mind amenery i 
‘idered tobe progressively collected, cndnsed, and 
dled Yate denser substance and objets by rotation 
toward dhe ardinry psi! word. Ths a plece oftnert 
‘materi simply condensed energy, which selfs cor 
lensed “anenery, whieh Is condensed. mind) Mix 
(rasa) um all minds. One may model the miod 
pyscalls, or model the physi! as mands elaninat- 
lng the arial dichotomy betwen mind and mater 
‘har presently assumed In othodan scence. Since pet 
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ception of thought i fragmenta and separaon of 
‘mind, die mind cannot be perceptually conscions ote 
Sell but only ofits separated fragments (thoughts) 
‘When the incessant activity ofthe mind is sted, 
however, the stable mind i in ts pare state—pure blag 
Tints sate there no separation athe observer and the 
swerved. Withstand ofthis sae, ne "elias" 
fxperiences one's rue Godsature. Iti theoreti 
possible to bud salar wave detector that ean diet) 
"se" thoughts. Indeed, the fst prototype af this type 
detector may hase already een bl bye physlst 
experimenting with avery sensitive salar wave detee- 
128 Ming kage: the negating aftwo or more minds 
Into a sng overall fanctlonal mind, Ang examples 
lm each human ead: the two cerebral hemperes— 
ich containing its own separate mind —are iterated 
Into one overall ran having a sole fanctonal i. 
‘This accomplished by signals interconnecting the two 
cereal hemispheres though the corps callosum, Note 
thatthe "separate beings” ofthe (vo minds are also 
‘mergedtiaked nt oe greater Beng, The tuned separa 
tio af individual humans (eased the anal pho 
ton interactions with each partie of mass in the body 
{une I responsle fr all mans inant) tos Te 
Jow man, foreach now perceives others as sara 
things or “object” With mind Unkage, the hunan spe 
cles ill emerge a a lage great ent, having not oly 
“singe “eollective unconscious." but aso a single “ole 
lective conseous" nd. Poot that Hnkage ean be e- 
complished already demunstrated by each individual 
‘The problem afresuving ll anit to hi ee 
ow man is thas a techolcal problem, not just 2 
‘moralptilosophial problem. 
124. Mitogenetie radiation: laser, cahereat pho- 
tons ented by eel, particulary in dhe ear leant 
(Ofparculae importance ae the plea ented bya cell 
Inedatly afer complete feriization, and the photon 
‘eed a the cell dex The fst itogeneti photon sige 
ffs the kindled connecton of the ees sll mind 
World and the estabshing ofthe consciousness oe 
loop. The second mitogen photon signifies the loss af 
‘nln abd consequent los af the consciousness oF ie 
oop. The photo at celular eta joyous song, 
titan the photan at cellular death sa deathsons, 
ff he cll. ln ado, the Inet paton cares the fall, 
tmindvoed ate nested aside inthe vital (sea) 
Sate andthe death photon carves the fl ptr of the 
Cal's experiences and death nested inside tin the viral 
(ela) state 
12S. Monocular (change): on ta time. Change as seen 
by oly single absever at ane. Tas ype change i 
‘provided by the photon Interacton with ter, td the 
neney hold” ofa large number af such monocular 
‘anges constitute the "perelteadeteted physeal e- 
fey" we concelve we exit 
126, Moray ample: fee energy device developed by 
‘T Hemy Mora ofSallLake Cy, Utah inthe 1920's and 
30's. The device was destroyed by a double agent (an 
BLL agent and also Soviet agent) in 199, fer the 
gent had obtained the drawings of the device and 
worked in Moray’ laboratory for several months, The 
fal device hd sone 29 deictr tages and prude 
an output of 50 kilowats of power, without put 
127. Moray, T. Heney eel experiasnterand paneer 


Inada ener, who developed one afthe most widely 
demonstrated and best authenticated fre energy devices, 
Moray device was a colkctorfampliier ta eventually 
rwduced $0 Kilwa of opt power 

128. Muldocular (change): mare than one at tne 
CGhange'as ‘sen by multiple simalancous observers. 
‘Gonsderaton ofthis type change ads to an ified 
‘mensional multvorld or multaniverse ay shar to 
the type described by Everett. one accepts multiple 
Slmultancous observers, then this expanded sn starting, 
‘ew of really Is inescapable. Ione accepts only 
Single observer at a ane (a does present pss, den 
‘here exists only asnglliving person, and everyone and 
esersthing else Is simply figment ois o herman 
ton 

129 Mystery light: another name fr nocturnal ght, 
‘x eathres ight, proce by natal scalar trast 
‘Shon Interferometry ofthe cracked eock stratus tn the 
arth crust, 

130, Neurophone: an inseument for direct eletomag- 
neti np finals into the bana brain and nervous 
‘sjstem. The neurophone Was invented by Pat Flanagan 
when a boy of seventen. ‘The improved version, in 
Yeated much later by Flanagan, clips an input signal, 
erentates iC tie, then feds the resing nol) 
‘sles Into the tna sesory system The orga lg- 
‘als impresed into the bral and drt into the mind 
‘Am adaptation of the neurophone, using mare than 
‘leven independent frequen and alt in accord with 
Soviet work report by Listy, could eanee¥ably be 
‘utlized to accomplish buen mind inka. 

131, Neutrinie wave: bare neutena, considered a 3 
waveiasteadafa parte Is a pedal kind ofpaarz 
ton wave to te laboratory observer an ntrscts wik 
‘is elctromagnetie eld. I exentally a anginal 
scalar wave, which moves in and om ery yector 
tletrmagte waves. Hay also be rgatded as art 
ft spin wane, since one my consider tas moving at 
{he speed ut ering around photon in plane pee- 
‘pendicular tothe photo's veloety in Space. One may 
{hs say thatthe neue Wave moves atthe eel) e> 
squared, but ts eavier moves atthe yeloltye Since we 
etet the see ofthe career, detected neta always 
‘ppete to have maved a the speed oflght 

122, Neutrino: a neutral particle believed to have zero 
‘est mast and wanel atthe speed flight. Ove type af 
eutrno i asocited with the detron ane one type wth 
the moa. A thed types now belived to exist Thee i 
seme evdence recently of eutrinas poeibly having & 
Small mass, and of ane type of neutron tural Into 
Auer type In the new approach the lasicalnetrin 
Isa ux of moch smaller partes —"bare neutrinos — 
Inside photo. Inthe poten one Bax taken to rotate 
tlockise and ne flux to rotate counterclockwise 
(adapted fom the phasor theory of Ruder). Free, 
eutleMux fram one ha ofthe photon to the ther 
Iypothetieally posible, and dis Max would consi 3 
fed type ofseurna 1 would exhibit mas, and Would 
allow one type ofaetrin ot at the other The bare 
reiting dom the new approach) of magnitude Ue 
times the magia of he photon, Further, it moves at 
the speed equated, bu ince I dreaates atthe speed 
st right anges othe motlon of lepton ease which 
1S mang at the sped et detected velocity always 
6 the speed of caret To an observer Inthe hyper 
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frame of the cectromaynetie field, a laboratory bare 
‘tino would appear asa photon, 

433. Newman, Joseph: Missi inventor ofa tree 
‘energy machine tested and authenticated by several 
dozen scents. Newman fighting court 1 obaln a 
patet onthe device which has dearly been shown tobe 
Tegitimate 

134. Newman machine: fre enray device developed 
by Joseph Newman. Whi the proteype doesnot pro- 
duce appreciable otput power I dos produce an output 
fant Keeps ts ova small dryell tres charged. It 
‘early demonstrates the penepl and aya free 
energy device. 

135. Nocturnal light any paranormal light phenomenon 
sen at night. Over 80% ofthe UFO phenontena are no 
{ural lights. Also includes phenomena such as "ght 
Ughts, spook, wil‘ the wisps, ete. I specifically 
doesnot include ball lighting, St laos ire, and eter 
Such rare but norial phenomena, Most of the macturma 
Tigh phenomena are caused by natural eau transmis 

slo nterfrenetry. 

136, Observable (state: that part of physical realty 
consisting of changes (partes, waves, sein changes) 
‘that are detectable by singe lstruments. The ld on 3 
‘dared parte is de to the cotiualenision and ab 

Sorption of virtual particles Frees between observable 
parler ate generitd bythe exchange of virtual part 
‘es Thus all observable frees, lds and changes ae 
fsenerated by unobservable veual interactions, and b> 
Servable and virtual realty stats are Insparably tr 
‘meshed In thor, no superluminal eet canbe det 
detected: however, a two-stage detection can be used 
detect a upertarninal ety. Usually the it stage 48 
Interference between two supertuninal ene, where 
the interference "dowetits” the waves to prude 
wave moving at subluminal velo). This subluninal 
rave then interacts wth mas such aan leton, and 
{hese lteraclons are accumulated to provide a mnen- 
seople measurement indleative ofthe presence ofthe pe 
‘ary superuninalInerferens. A twosit box forthe 
‘ecto inteiference experiment san example. Also, it 
‘quinfum mechanis ime snot an observable, even it 
{theory All abservaton i spa rigorously, dere Is 
sch thing as lock nthe purest sense. Time alvays 
Inferred from spatial dtetion or measurement 


137. Orgone energy the sue ving orl energy ds- 
covered and utlized by Wilbeln Reich, Reh had die. 
vered and uted portion of scalar electromagnetics 
(Gleetrograitation. 

134 Orthoframe: frame rotated say from the tora 
tory ame by one ar mare ight angles A hypertrame ot 
‘atrame, Also called an orthowert 

139. Orthogonal: simply at rght angles. The nersee- 
tn of two orthogonal geametieconstets, each of 
rmensan one or greater, ofomeles dimension tha he 
lowest dimensioned Intersector 

140, Orthorotaion: ation ln hyperspace of an objet, 
form or partie ata right angle ts starting ame. The 
‘bjet loses one dimension nts intersecton in the or 
inal frame and gains one dimesion in is intersection it 
the frame toward which lrotates 

Mi. Orthoworlds:aethognal Sdimensonal physieal 
worlds (eames) that share sage tne dimension In 
Ahele 4 spacs (spacetimes). 

142 Paradox (logical: a thing thats tru, but whieh 


violates one of more af the three Aristotelian laws of 
Tog. All Topical paradoxes are imply Tourthaw Logie 
«aes, and—at least hypotheiallythe fourth la can 
Depp wo resolve them. 

143. Paranormal phenomena: any phenomena that 
ier trom straightforward, orthodox physieal oF p= 
‘hologieal phenomena. Phenomena beyond under- 
‘Sanding in terms of presently kn science, causes, 
and effects. Specially phenome in which mind and 
‘Mater, o mit and unshown Bs of mater ad un 
‘wn ds iterac bmerably 

144. Past: realty whieh has been raed and has ceased 
to “physically (oservably exist” in immed dete 
tndperepton, and which now exsts only as an le 
folded virtual sate trace or vacuum memory. (Because 
‘hepas sles a a infeed ital race a Yc, 
the tne-reversed wave ened from « pumped phase 
‘conjugate in four-wave mising can retrace the past ph 
‘the wave that struck the miro and stimulated the 
fenkslon,) Fsining ofan action quantum produces 3 
“presente” change described by enone agin 
Fusion ofthe canonical fragments back ito a quanta 
‘faction erases the presented real aman ragments, 
‘educing the "change" tothe "past" However hat "is 
‘Soned putern oval substructure cotines to exis, 
lnflded Ina the vacuum The vciusn retains a pete 
Inflde recorded manor, therefore, of every quantum 
change that has ever occurred. (in anelent mystery 
Sehols,the set fal such traces was elle the Akashic 
‘record A veal projection ofthe change has ocurred 
inthe mind world ofthe abserver, however, nce the 
Inindworld {8 noaluea The eoberent (causal) tine- 
dered colleeton of targe numbers af such ital ro 
{econ nthe minor eaches the quantum tebald, 
Fesulng in a quantum change inthe mindwotd, The 
"eamsclous mind” thus pereeivesphsial realty a6 
collection of large number of quantum changes—in 
‘Sort a macrascopl realy. ln actualy his "pereved 
‘macroscopie woe” rigorously essen in the mine 
‘world, and ths ext only In the past (Note baw 
pisllt's discussions of such quantum paradoxes 3 
Sehrodger's Cat are crane based on macroscopic 
cmsiderations) 


145. Phase conjugation: a nonlinear wave process 
hereby a nonlinear erst, material or median erates 
‘nonlnear polarization fran incoming monacha 
travels ganerated atthe ineldent frequency by wew-w= 
‘St The nonlinear poaratan adits tine reversed 
‘plea of the incoming wavelorm. The ime-reversd 
‘waveform hasan amplitude proprdonal to the complex 
Conjugate of the incoming wave amplitude. Though pe 
‘mary own in nonlinear optics, the time-reversed 
‘waves a olution to the wave equation, and so the p= 
‘nmenon te lve o all Kinde of wanes. As cat be 
seen from (W-)-W-=-¥, the Mest two waves made 
‘ach other because the noalinear medio acs asad 

‘ator. These two waves ts “lack ogetier” as angle 
scalar EM wave, The salar wave passes through the 
‘tron shells of the atams ofthe nonlnear medium, 
‘eretratig tothe pritvely charged ate nce. Ln 
‘cleus cach nldent scalar photon absorbed, ners 
ng the potential of the nucleus to an excited stat. The 
decay ofthis exited state frm the positively charged 
fuels causes the embsion af a tmereversed (TR) 
photon carving negative ener). The “emt shower” 
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ofthese TR photons constitutes a TR wave. Thus frm 
the nowliear material there ls ened a He-reversed 
wave, This TR wave "baeiracs"thraugh space along 
the invisible path taken by the orginal incoming wave. 
Since the pase conjugate wave ls Ume-reversed, 
entrates along ts backward path rather than dering 
{Consequently alts energy aries atthe astantloeation 
‘ofthe source af the orga stimulus wave. The no 
Tinea medium proding the TH eet response to 4 
stimulus waves refered to a a phase conjugate ml 
Iftwomonochromaic EM waves and wae fed i 
‘he nonlinear medium i atiparalel mane 50 that the 
waves ae everywhere out of phase they modulate each 
‘ier, forming & much mare powerfl scalar ENE wave. 
‘This wave then "pumps" each nuclear potential to 4 
tic higher enced state. Thus whe this potent de> 
ays, 4 much mare powerful TR wave ls emited, con 
{ain up to all the ener’ plato the scalar “pap” 
wave: Note that the exclted ull do not decay (the e 
‘ited potential docs not decay) unt an Incoming 
tudes wave—say w4—ts receved, When snd ls re: 
Geis, then a powerful TR waye—say WSs ented 
fromthe phase cojugate miro (PCM. This process i 
‘ferred toa our wave mis.” Dasa purped PCM 
tts asa te ample, and the incoming snus 
Wave acts a signal on the grid Inthe sellaton con 
‘don incoming input w at right anges owl and w2}, 
Infate gain is experenced, 50 dt all the energy 
‘pump waves wl and 2 appear in TH wave W3. Ths was 
‘Nikola T's sere of wirees tratanison of energy 
ata stance without loses; the Great Elececan had 
“iscovered what we ody all phase conjogation and the 
pumped phase conjugate mire. He aso discovered ts 
feneral ature for be understood tat applied wo all 
Kinds ot waves, Including mechanical waves inthe ath 
Ts een shown that, under proper conditlns, ts 
possible Yo have self-oscillation inde nonlinear crystal 
‘rmediun, Sucha PCM lereferredto asa "sl-punped 
PCN" Indeed, Tels original Magnifying Transmiter 
‘would have ule the earth itself as sel-pumped, 
Smpliving PCM—in other words, as a gant tode 
Inher the molten core f the arth sey frisd the 
‘etd power for tee. A rately small input "gd 
‘Skual” (fom Tea’s resonant want) would thus 
have st the earth itself into selar resonance (gant self 
‘pumping eliting an enormous tanereversed wave 
nergy resonant response fom the care ofthe earth 
“Anyone anywhere on eh with an antenna tuned tothe 
‘stimulated frequency would have reclved cheap oF 
"tie" ener fon the eth sel. The Soviets preseatly 
se a version ofthis method to power thd enormous 
scalar EM wave Tesla weapons. All unorthodn resonant 
‘nee ener deviees (bul in secret by uaarhidoxien- 
tors) prescay use yarlatons of this same pence 
146, Photon: the basi action quantum. It may be com 
sMdered a a8 onclaton In ad of tine. I ay also be 
‘ousidered as 2 Vita pater of positron pals. 
[A plece af electromagnet adlaton when Inert 5 
‘partie One halfthe photon exists nae aris pst 
tive tne (negative charge), and the ober half ext la 
and eases negative ine (postive charge sone hal 
{enor and the other Bale "Une reversed™ (ps 
conjugated). The magnet eld ofa permanent mgt, 
for example, thus conse of two typer of colon! 
magnetic Held ines: one tine of cach colnet par en 


siete al by convention rus frm he north poe 
to the south poe, while the second ine ofthe pi tia 
rege ne and rns rtm the sooth pole tothe nat 
pole. The two lines maybe considered as two seams of 
aries, one negative and the ater positive (Howard 
Saison’ two-particle they of magia) The por 
{on may be conddered ar two comraoatingneutines, 
ter the work of det tn the new apprch, each a 
‘hese rotting neutrinos casidered o be composed of 
‘vas numbers of culating tae netrinas. The photon 
tay be considered as one cycle of an electromagnetic 
‘wave. The phaton the basi crrer afte and consists 
ta pece of energy welded tom plee of tne, with no 
Sean inthe middle. The passage o ame" thus moves at 


‘ot cay the same energy If the photons made sb 
‘quantal Le Ls than hin magnitude) its veal pho 
{oa of the type whose emision and absorption cause 
fre onan lectron. Virtual photons ate nit individu 
ally detectable, even in theory. However val pho 
{on may have postive mas under some circumstances. 


147. Photon interaction: the abserpon and emission of 
photons by parts or objets. Usually the photon inter- 
Sets with an orbital lectoa, beng absorbed by the elee- 
(eon which is raed Into an exited state. Then 
‘ection decays fram the east sate, ening anaer 
photon. The macroscopic worlds erated by this inee- 
ation, which i the base quantum change Interaction. 
‘When we introduce addtnal photon Interactions be 
‘yond the ambient background the mucus tas base 
ally stable, and the normal festorder world we 
perelve seems quite stable. This the fst level of 
physi ely and iis thereat sense y ou coarse 
Diyala senses However scalar waves are eed st 
breed by the muck af ato, passing eight trough 
the dlectron bells whut interaction. When we intro 
‘duce adda scalar interatogs beyond the anbent 
Inakground, the nucle change appreciably, and this 
level of phys realty maybe fr frm tale. This is 
the higher realy, and He sensed by the salar elector 
‘magnetic functioning of our nervous stem Uafor- 
tunately, ths system outputs only to the deep 
unconscious, since ifs highly malo ‘Thus our 
‘nsious mind, beg montcua, does na perelve the 
‘ost fndaentl realty tn which we exit, Note that 
“me's the special dimensin a which multiple objets 
can exst simultaneously in the same interval, while 
Space is composed of daensions (length) in which mule 
tUple objects exnno exit taney bn the sabe 
terval, Times muloeuar and space & monocular. Our 
‘oneclous nid fed to the monet photon irae 
ton: tng monocular, our conscious ml cannot be 
amare of ine drt Far that reason we dom "se 
Time consciously. We do "see" I, however, uncon 
scious. The te meaning of being "Lost" wo be separ 
‘ated om the consciousness ofthe All, whieh 
Sparatia ofour conscious, gros sensing of fst order 
realty fram our fner, more subtle, and infately 
ticher—and unconsclous—scalar sensing a ulate fe 
ky. 

1H, Photon quenching: the effect of photon emission 
carrying aay Ue, constituting 4 timedierentation 
‘tspactinne and easing bbl sptal eat. Tis 3 
tin response for da dst of he tine die. 
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lon in the detection/measurement processes of our 
pysleal Instrumente and ur body sensory systems, 
‘Thus all detections and measurements re spatial, at we 
detect and perelve uly a Sdimeetonal spatial tie 
‘ese, not dimensional o higher spacetine. Phat 
‘quenching sts after between us (our senses and in 
Strumens) and fundamental realty Physical reality as 
detected by our senses and astrument i el, but only 
paral Special Wis a tmediferentation of Tux 
‘arena reat, We tas lose the ality to detect those 
things which ecupy dae bu not normal dimensional 
spacesuch a mind, thought, ete. Almost all our 
‘houghs, concepts, words, ad ideas are ted to this 
portal realy-and thi the universal human problem 

Sd delusion. We se a spl unierse of separated spa 
al objets, while im actualy we exist ina uiferen- 
Hate singe whales. Ii no a mutter loving one's 
‘rues ose, isa mater of being Men oe er. Fo 

‘tute, wit sear electromagnetics much fine inst 
‘ments cat be built The quantal Unitaton of ordinary 
Dlsls fs no a Hntatin in scar electromagnetic, 
Uitnately ve wil be able to ase sphisteated seal 
Sensies and biofedbaek traning to awaken and develop 
nslousness of our sela sensing of higher eal, and 
estre mont ls proper state 


149, Plenueecri effect: In a mater the appearance 
‘a voltage when mechanical stress apple, or of 8 
tmechuneal stres when a voltage lapped. 

160. Poltergeist allegedly, a split or ghost, often mis 
chievous, usually asocated with anomalous psyehor 
netic aetivity tn houses such as slamming doors, 
levitating and ying objects placement of persons ot 
‘objects, le. Often the poergelst phenomena are as- 
Slated ith an emotionally upset o distraught adaes- 
ent. The experience of cooling of the surroundings 
‘hen these phenomena are endenced also common. 
SI, Potent locked-in work or energy at apoint ths 
Inportnt to realize Wa kes rue runnin place, 
the potential represents work continually being done in 
time, but at pont, not rdeased through a distance. 
Slnc the work Is never spatially release tothe external 
observer remains inthe present as ener) and does ot 
ps lo the past at week accomplshed! Prior to abser- 
“ati passage am the present int the past) the phys 
‘al universe exists a acton or angular ste 

25 "energy x tine” of "momentum 5 length 
{vo sarlales in which angular momentum is expressed 
arereferred to ae “canonical valables” They are locked 
ogee, sce thle product a constant iv a nonlinear 
frame. Thus i we as what exits In tne?” we have 
asked "what theme derivative ofaction, which ste 
Same as "wht easing in tne but notin space?” The 
ser then ener, which—before observation (sepa 
thn) ests undfereniated as (energy me) roe 
cally, im electromagneties the electric (eeetrastate) 
Potential is completely misdefined. Most texts start 
Shout to define it in terms of "potential difference” and 
{hen oaly tll how to presribe the nts oF maga 
tude For example: "The work which must be done 


(oflen at infinity) tothe polt in question” 
[Not this "definition doesnot at altel what potential 
[sb instead tls how to mathrataly determine ts 
Intensity Briefly electric potential a lockedin stress 
in vaconm space, Ths stress at pot ede to the 


{ntesty of the vet parte (vena photon) Ha (y- 
name, ongog, tapped vrtual work) at that poiat The 
amblet local tres of val ot er, bat ta very 
Iigh value. Normally we refer to. "potentials" as 
measured from the ambient tI, we actually specs 
the "ference from the amblent vale ofthe spteen 
poral tres due to vital photon Mux atthe point in 
‘question. Any change i the ambient tes of vacuums 
‘curvature afspacetine. The eletrostate curvature no 
nally stresereliever alot numedlately a electric 
fore tld on mater, or electric Veta free fd in 
‘acuum. In Kaluza theory, the electromagnetic force 
Geld ae just the Sth dimensional aspect ofthe Sd gran- 
‘tata ld. The 4d gravity elds he her aspect of 
‘ur-dl world's intersection wth the -d Geld. Ths 
the lectrostatle and magnetostatic potentials are simply 
two coupled aspects ofthe Sd Geld, Aorta elee- 
‘womagnete fore field oF B) Is the "bleed" oF 
‘cape on charged parties, ofthe $d gravitonal eld 
potent’ inflded ste contents it the if de 
‘Son, Tat, isthe Sth dlmensionaletflding of the 
Inet contents athe gration pea. Hive wish to 
chive bled-ffint de 4d Geld stead ofthe ot 
‘mal dinesional E and B dy, then we must shat 
‘ff the EMT bleedofout This shut ean easly be 
dane by opposing and reciprocally modulating E-filds 
‘andlor Bids so that they lock-ogeter as one Held, 
‘and yeetorially sum to zero veetor rest 


fare actually Sd G-potntal, which Is now fared to 
BleedofVout into the 4d gravitational force Held at 
rest amplification. This the otfalding of the haner 


‘intents ofthe Sud Cpe In 


wth determi setae 
te, whlch poariaes the actu aed engineers the i 
‘ual state, Manvel’ orignal 1864 quaterion theory 
Included tis theory, though notin these speefe terms. 
Heavalde's mutation ofthe Gheoy into vectors thre 
aay the cletrogravitatonal aspects by dacardiag the 
Scalar component ofthe quatenin. 

152, Prigogine crystal: an amorphous pellet or cyt 
smade by sintering finely divided. material at high 
temperature and pressure, a Such fashion that he pellet 
becomes highly stressed stem far from thrmody- 
‘aml equim. Specifically, more than one te of 
‘mat must be used, one ingredient of which must be 
plemeectee. One ingredient should also be radaactve, 
Sed preferably one ofthe uranium compounds exhibiting 
Hghly stomaloor magnetic spin coupling. Forbes 
sul, a thed ingredient should be huminesceat when 
tlecticalysinulted. The sree on each gala ofthe 
plevucetrc mater must bejust so dat the gain 08 
the very verge of blag sigh stress eracked, but no 
spilt ach gran then becomes a Scala nerfed. 
‘Sch a erytal producer a scalar potential fed ana can 
‘act to minute changes in potental—L ean react 0 
scalar waver. Via salar ltrfrometry tcan changes 
Lar waves lato negative (Umereversed) dlecramagnetic 
radon and energy ata slght stance. Under oselat- 
ing potent stress the radioactive ingredient provides 2 
‘onesway gate valve frum the Dirae Sea ectrons of 
‘acum, atthe scalar iatrerometers provide eee 
‘ary pets on these neptive energy eleetrons to ft 
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‘em ot of the Dira sea, producing negative etry 
aa currents. These curens can then be collected ln 
‘multiple stages to provide eleteeal power (negative 
power operates devices much better than positive 
power. Inthe proper arrangement, such 2 Prgopine 
‘rst can he made nto a sytem capable of tapping the 
fencegy of vacuum dee. T. HL Moray ball exactly 
‘Sch sytems nthe 1920's and 1930, tally obtaining 
50 Klowats af negative power frum a S81b device. Je 
Bedini ha produced moder versions of these stress 
crystals in the 1980's, and series of negative power 
devices Several ater inventors have produced sucess: 
fal negative power devies aso. 
153. Prigogine effect: the extn of wegative entropy 
boy a property stressed many-partie syste far fom 
‘hermdani eqlbeam 
184: Pigoyine system: a many- partie s)stem which 
deliberately forced to exist far frum thermedy namie 
‘qullbrlun, and which exhibits negative entropy. Note 
at lca curvature of vacuum spacetine places the eal 
eal state Mux la noneulibiam codons, wit the 
‘sul that an servale energy "sink" of "soured eat 
Deproduced. 
SE Pore, Antoine: Pronch inventor, who invented 
large cletramagnete machine which produced neatly 
incredible cures of terminal cancers tn Iancrds and 
hundreds of laboratory animal teste bn the 1960's and 
carly 1970's, Prior's results were presented to the 
rent Acad by the Secretary Pepe iad Head 
the Biology Section, M. Kubert Courier. The French 
remment financed Prior's work for several years, 
‘hen abandoned it when the rene changed. Pre pro 
‘ced complex phase conjugate tie reverse) EM sig- 
hls ina giant rotating plasma, then sent these 
tine-reversed signals down a rippling magnetc fd 
Into and trough every eel ofthe Weated body. By ma 
‘etc resonance ofthe rippling eld, the phase cone 
fue signals were coupled lato the atomie mull of the 
‘ody thus reversing the hare structuring ofthe ele 
1 bipotetis, which ae centered in and and fu 
the atone nucle, This “bcktacked™ the cruatng 
substrcure components within the Bopoteni, revert 
ing it hack ta previous state where the disease Was mot 
present Kind this pater into observable state ths 
everved and elininated the disease, (The arp reader 
‘ill immediately note tht iis realy possible to 
reverse the agg procs, given the development ofthis 
technology. Sovelled "coral physiat Me"—or cer 
{aly indefinite physical life with youth and vigor 
achievable). With the death of Pore, the work bas 
‘eased and the machine has een dismantled, since no 
‘ne In the French Academy knew of pase conjugation 
(r uncersoad how work, Pro's last tnachine was 
‘early fae stories high and was intended to teat tera 
‘al human eases as well as larger animals such as 
monkeys 
156. Priore machine: a device bult by Antoine Pre in 
Franc, which ened tema cancers and luke 
thousands of laboratory animals in the 1960's and 
1979's. Complex nested munlatons were mised in aro 
tating plasma, which modulates the sgnals (producing 
sted Stages of modulations upon modulations, which 
cemary to reach Into w sulient number of hyper- 
‘spacesinsted seta eels of vacuum), The dice pro 
‘heed very comple, plas conjugate me reversed) 


Inyperspatial signal af same 17 oF more dimensions 
‘Theselme-reversedsignalstereimposeduponandine 
tense eiplingmagnetifildenrrerandinducediato 
‘hebod oft ieradlted animal eventual causingthe 
‘enislonofthedeseaferseveraltetaente These 
talwasableto" work some leeroftheb 


'onsformedhyperspatial multi 
ponentsnth" lan pote yacuumengines Tis 
‘onstitutedscalarelctromagnetcand vitals 
‘Sinering in 17-d spacetime, andthe machine directly 
lected the fe force tequeney cnn conscious 
Toop andmaservitaleletromagnetiselar wave) 
‘nro system ofthe cel. wou appear that Prine 
tad worked out combinations of frequencies et, chat, 
‘when expresed ln tinereversed waves, reverse abnor 
‘al mammalan cell, but donot alert nor cle 
‘Wit the change in regis in France a the death of 
Priore the large new mache (hich would have een 
sed wo treat hums) as dsm andthe discovery 
passed nto dara. 

157 Probably: the pababty ofa simple event is the 
allo ofthe namber of anes curs othe otal nner 
oa fora large, esentaly nile numberof ab. 
‘Note that "tla constitute things that have ocurred 
(are pas) Probably has resisted rigorous loge dele 
‘ldo by Aristotelian lope: the reason that i a ex 
bres of the fourth law, the identity of opposites 
Probability she expresso ofthe future at hi has 
‘not cece) in terms ofthe pas that which has 0 
‘red, Since we have bees tained to concele or thnk 
of something as it had Just heen perelied to ecu, 
then thsi the only way we can conccve the future, Bat 
‘wth Aristotelian gle the ature cannot be composed of 
the past ad probably has no acceptable opel basi 
‘Wit ourla Toye, the fate ean be made i ems 
fan even be deta! tthe past, and probably 
tava logical bal, Consider “trong det tnd with 
‘one face up." Thinking of the event(s Ht has Jus oe 
‘cred In terms of the most cet pst), one can con 
‘eve sis ways offooking at it In ther word, one ean 
fonecive of sx "street past.” BY the fourth La, 
‘the tal "most eet past ental to the "most ine 
‘edt ture" on the bowery. If one therfore cle 
ees all i "st recent past" they tu int the most 
Inmate tre, bythe ourth aw loge. One ma ate 
‘tempt to argue that only single one ofthe event will 
actualy occur. Here one counters wih the observation 
that, whee it acu, s the pas, not the fare, ad 
tant en calectd sas fo move to the boundary. 
£4, Problem of change: as stated by Heraclitus if 
thing changes, ts tn nto something cls. But bom 
an thing be something else ther than self? The pa 
‘ox cant be resolved by-law Arsttlias log, be 
fause the conept ofchange assumes the eth a (Le 
that thing canbe Mental o something other tha 
se The prob s resolved (by the fourth aw) merely 
by accounting he ime naps whit hing per 
‘exved, detected, observed, conelved, though ete Tat 
1 the orignal thing was pereived in ime snp 1. The 
‘eat thing terete he tap 2 In et oer 
time snapshot, sup 3 the wo previous stapsts are 
compared ia memory, which the aly place he past 
‘xiss)- If hat comparison fds no dstineton or ifr. 
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ence between the fst two snaps, then they are declared 
‘entcal (by 2 decision algorithm. Ifthe comparison in 
te sap 3 finds a diflerence between the previous two 
‘saps, thn they are dered nonidnteal (by a delion 
lorth- Mostsimple macroscope things are seen as 
‘nuliude of campsite attributes Thus one or more of 
these attrbutes may be seen to have changed (aot be 
Sdentcal between snaps Hand 2), yet a hasta other at 
trues ea be seen otto have changed, Ln this case, 
the two overall objects are seen to be “almost identieal 
Dut ot lle," Stat ane speaks of "te thing having 
hanged." One implies changes in sone attebuts, but 
emalns the same ln mot others. Tis the pene 
ervation of "how a thing changes, yet remain sl.” 
(On the other hat, fone defines a hypothetical thing 
whi has oy sngle atttbute—isel—then that thing, 
‘annet change, by Arsotellan lgle, Yet even such a 
(hing can change! Consider the single oerallnese of 
‘atpllae. Let etamrpl ceu, ats abu 
telly. Now between snaps 1 and 2 we see a diferent 
‘verallness, Jet We declare ithe same thing! Here we 
have a more direct application ofthe fourth lay: one 
thing (snapshot 1) can be ieatal to anther thing en 
tay tenapato 2} the dtnction between things one 
and wo last the detsion algoith applied in sap 
Shot 3m other word, Mey and noaidenty are not 
absolutes, but are products ofthe decision etl in 
Noked in determining them. This resolves the age-old 
pllosopicl problem ofchange by expanding the loge 
bby means of which ae examines the probe 

189. Problem of od and ei: the paradox posed by 
the asumpton ofa good only" erator moving forward 
{in tme, ad the simultaneous existence of ev Le If 
Gol perfect and all powerful, how can imperfection 
‘exist? This problem i simply one expresion of the 
"me tap." Tht is, the unconscious ssumptan of 3 
rater moving forward inte and "acting ae "pee 
‘tng for example lnitaton—ence an pert 
{Wonunwitingly placed an the concept ofa crear 
Hence an imperfect erator could well windup wi the 
ealstence of evil imperfection) inthe creation. fone 
‘takes God unlknted-even by tne—then perfection 
‘may be restored to the creator concept One then sep 
‘tsa postive tne stream and a negative me team 
(these are arbivary, since i ulate reat all evens 
‘exist at once, unsearated, and ordering may be aceon 
plished in an fashion one wishes). tn the psive tne 
‘Srwam, an act then becomes eter good rad, depend- 
{ng om whether its bene ar detrimental ts reer- 
fat. But i the negative time steam the same et is 
‘reversed al becomes the exact opposite wit respect 
the referent. Thus any acts ULTIMATELY both good 
and ell sinultancoul, and to the exact same degree. 
Hence inthe alla-once" ofthe unlined level, the 
‘woaspeetszeroand ened, and heels ether goad nor 
esl exclusively. Yet thre all good a al el nonex- 
‘lsvely, The ull God thas both god and evi 
‘lmultancously bul nonexclsively, ad neler god or 
foil exclusively. This isthe resolution ofthe unsolved 
plloophical (and theologleal) problem of ood and 
ei 

160. Psyche surgery: paranormaly opening a clos- 
Ing the eh ofthe bad to retmove abana growths or 
tissues. In aless drastic ease operating on de eherle oF 
sue eneryy body, rar an the psa Bal. Ia 


legtimatepsyelle surgery, scalar ltrerometry tran 
the urges can uly the cobesive charges binding the 
tisue cells gether in line: the tsues then open 
‘without elular damage. When the surgeon elses the 
tues scalar interferometry again restores the charye 
tnd alla binding, so the Wound 6 "heated wit 
‘Scartng (or with very ltl, nthe praca eas). 

16. Psychokinesis: Incepie influence or effect upon a 
phyeal object system, or station by meatal Intent 
Payehokinesis Is accomplished by means of scalar 
ancnergy wave pater projected from the two cerebral 
halves In the fasion of salar itrferometer, The 
‘waves Interfere ata dstance,mleroscoplealy in the ob 
Jeet tobe moved or affected, forming mlerescopie bursts 
ff vector wave energy i the object el Jack Hauck has 
‘efared to peychokenele bending of metal a "warm, 
forming." 

162, Paychosls:serouly pled metal functioning 
so that gross interference ates wth am indidual's 
bly to function in anormal mental fasion, Generally 
daractriaed by severe mental disturbance, withdrawal 
‘rm reality, deusions or hallucinations, regression and 
personality dite 

168: Psychotronie generator: a device which produces 
‘observable effects by cllecting, condensing, amply 
Ing, andlor processing subi annerges or sal Waves. 
(Cassie exampes are the psychotrone generators ofthe 
‘Cae englncer, Robert Pali, Prychotroni devices are 
ral stat engineering devices ht process and uae 
scalar EM waves of tascless charge flux, Most of 
Pavia’ devices recharged” by the mature le= 
‘eomagacleembsions ofthe human bran ad nervous 
164. Psyehoteonis:psycho- (mind energy) roms 
(electronics or devices. The union of subtle (mind) 
energy (hats nenery oF sear waves) and mater oF 
‘eceomagnetic ld. Czechoslovakian term for parse 
Deschology, with emphass on the energy aspects The 
‘Comparable Soviet term was orginally py choenergeties, 
Which was soon shortened to energets. However, the 
Soviets have applied sealar electromagnetics (elee- 
‘wogravitaon) principles and massively focused on 
Weaponry, nat just parapsychology. "Veal state en 
‘cerng.Eetrogravlatlbnal englnering. Scalar wave 
engines. 

168 Pulse mode: in a trananiting salar lererometr, 
projection ofa single sequential pai of Fourler sear 
‘ave patter or ‘pulses, so Ua the second ptr 
‘meets the fist oer the distant tare area. Flash coupling 
of the to Scalar pateras in the target zone produces 
Ingle intense electromagnetic pulse (EMP) which 
stmosphere—ineraes withthe plasma expansion of the 
brnoephere to produce a second puke mediately ater 
{he est The dua pled Mash signature ofthe scala 
tererameter weapon's bust nthe target area i very 
‘Sarto the tvo-pused ash rom ance explosion, 
but without nuclear debris andl fallout Two such pulse 
mode flashes from a Teala howitzer—poribly the 
‘ussan one at Saryshagan Mise Test Range oF one 
from anther maton have ben detected off he sath 
‘west coast of Afi by US, Vela sateen, ane kn Sep 
tember 1979 and one ix Decenber 1980, Other snr 
{ests have ben eparte, The palbed Mash may produce 
postive energy (exothermic) or negative energy (eae 
‘other, depending upon the setup. 
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16, PusorR: salar eecteomagnele mlercrstl dev~ 
‘celnvented by the deta engacer George Yao. Pu 
sors are spectcaly designed to caret or sath the 
[ates ofthe suble selar letromagnetlc “bdr” ce 
levels, 

167. Quantum a single “partic” ofthe quantity action. 
‘The quantum i lays composed of two fundamental 
quanties (anon arable) and i the "sioning” 
‘the actlon quant nto two plces whlch results in 
‘detection of one ofthe pleces. An idea “sear” af 
part ofthe two pleces may be simultaneously detected by 
Sillnar detector, but never bath exactly (Hesenberg 
‘erty peneple) More reeat work has shown hat 
‘ahighly nonlinear suai, bh eanonial arabes an 
De deernined simulans) to any dsr degre of 
sccuracy, tn whlch case the Heleneryuncertaity pte 
‘ple docs not old. This damental change what has 
‘een regarded sone ofthe "seed as" fps as 
ot yet made tint most physles exe, 

168. Quiton: atl pce of vacuum oF emptiness. 4 
lece ofthe medium of space or spacetime, of anya 
‘menslnaly. A plece of pure massless charge Dus. A 
ce of pre selar wave fix. A plee of pre vital 
flux A pece ofthe vacuum. A parle of crate 
sear poten (faites charge). A vacuum en 
fie," Quito are at leat --dhmenshonal poten: 
Just sptal and have a dynam structure, 
Ich may be ether random o detente, Note that 
the paper handed to Los Angeles Ties rarer Bob 
‘Tah by Petukov ka Moscow, resting in tee sere 
and chargog. wlth possession of high Soviet sate 
eres ctnalned a thory based on “te pees f the 
ella’ (he pecs of vacuun") In ther words 
was a quiton theory, regardless of the specifi tr- 
minology uli. 

169. Radlant energy: tem ued by T. Heney Moray © 
scribe the sabe anergy his amplifier tapped fom 
‘the uninited vacuum energy ofthe cosmos, rising 
table electrical power ofan unusual (agave power) 
‘ature By 1939 Moray was obtaining $0 hlowatts of 
‘ower trom the output of S-pound ampli of some 
30 sages, and an adn 50 Klowatts could be tapped 
‘ff tram anyother tage. Moray's ampifer was exsen- 
aly blograple and could produc exponent amp 
Teation to any degree, merely by adding stages. The 
tem was fs sed by Nikola Tess, who patente "rad 
dat ener signaling systems shorty ater 1900 

170, Radlonis: the we of electrical appara (auch as 
ange predislan restors and potentiometers} to accu 
ately ane te inate psyche and pychoknetie abl 

tis of human operster. Spill, the operator may 
‘beatubed o seme persan object at dstancs, tush 
the use of "wines" Gomething containing the subi 
energy pate af the person oe objec) In etal, the 
ptrn contained by the witness onsite of the pre 
ously impress ital (subd) (ealar)enersy pat 
terms ding In and upon the objects ileal 
steetromagnetic interactions. ‘The laflded vacuum Fe 
tains an ease pstern ad path ofall photon interacts, 
be they bvervble oe virtua. The gurus vac 
th exlats between the witness and the orginal object, 
‘omer where it ocated, These inpreed scalar EM 
str constitute sort of complex "ning fark” a- 

‘une othe impressing objector person through hype 

space (a the inl pst "backtrack etal merry 


‘of vacuum). Production of phase conjugation waves 
(me-reversed waves) in the wites hus will result 
teael af these waves ack tg the lflded "bake 

‘uack paths" to the distant object el. Resonating the 
"witness pattern with amplified anenersy trom the 
‘pert produces spmpathete neers resonance lato 
the witnessed object at a distance, thragh the byper- 
space backtrack pth, Since the operator's wl and nent 
‘modulate andl paters his lap io the amplifier, the 
anenergy resonance ofthe dtant person or object ks 
responding modified, This uses the Kindling ofan 
cual microscopic energy pate inthe distant object 

‘Theuseofampllfcaton constitutes the modern phase of 
adios, essentially introduced by TG. Hleronymus 1a 
the Soviet Unio, the incredibly powerful Moray hype. 

spatial ampli is believed toe in use in a varity of 
thergetles or peychotronics weapons. Such a bolo- 
‘rape ample yields exponential power ampifeation 
to almost any degree desire. Inthe destruction ofthe 
USS Theeser in Apel 1963 a phatgraph ofthe sab- 
‘marine was probably ulzed a wines, and afient 
‘negative eneruy Was kindled into the distant underwater 
‘marae to serloulylerfere with ts contrat. The 
‘lth sank wo erush depth and was imploded. Negative 
cry spt the surrounding area sonterered wih 
the electromagnet systems ofthe companion ship, 
USS. Shar, that eran hour and al was requ 
to want the emergeney message Oat the su as 
probably lost. Inthe US, holographic amplifiers have 
‘ot formery been developed, and radians power 
Tite eseaaly tothe near mplieation ales of 
‘rdiary amplifiers. Thus thee gains may reach 10°, 
tmhenlndced 10" or so needed for direct mechanical 
resus hamelatay. For this reason the West ba not 
‘developed dependable detectors of subtle energies, has 
hot recoglzed the Sovetsuperweapon developments, 
and hs not developed counters to them. However, Bee 
‘in, Dea, Beck, Golden, Dayne, Bile, Blend other 
Inventors have bull salar detectors of ene forty oF 
nuter. Golden has also produced a highly specialized 
“Dooster amplier’—the Golden booster—for Kelly 
radlanes devices that a step in the right dzetion, 

oth the Kelly machine and the Golden Bawster have 
tien veri a scalar wave ras by acl mesure 
‘men With the development of detectors, the technology 
‘Soul begin wo develop much faster nthe West The 
schece of sch devices al fect. 

71 Reality: that whi aca oF objective, a op 

pose to merely possible or deal. One's idea of what 
‘onsite actual and objective, however strongly bie 
‘ses whats eared a ela what it. In pss, 
for example, virtual actions are essential iafates- 
‘male—titeplees of "nothingness which yet produce 
fects. Physics this has extended the eating of" 
jective” beyond the Mea of “observable” In adiion, 
time which is never observable or detetale, even 
theory nonetheles asad tbe rel and objective 

Tn asens,by "reali" one temps tolmply "allnate” 
Indeed, the eancept is confused, vague, and incapable of 
deinton except in accord wit what one preassumes it 
{o be! he major problem tha nest persons aeume (2) 
reality Und, and (2) realty te gular Inthe new 
pprvach, realty both united sn mull. Every. 

‘hing real there ae jst fering degeees of realty ot 
solidity as compared tothe ordinary phsial detection 
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(thes seetion) proces. Realty becomes mater 
‘of itrsectons of piysieal universes an objets with 
“ater phsieal universes and objets, with the dens of 
{he intersection specifi the density or degree af phys 
fealty. (Note te sinarity to the Abaronsn-Bohms 
feet 
172 Reincarnation: refers to some element of he min 
andor personality survising the physical death of a 
dyer, and ein reborn the body af another 
fant In the new approach, a type of Flncarnation i 
sclentically derived as a consequence ofthe theory 
However, since the past ean be changed, by deep 
developmental work obe ca actualy change one's #0 
‘alle past incarnations. Also, more than one Uving per 
‘So's seaar pater ca be atunel to a sila “past” 
Scalar pesanalpstern—and so more than one person 
‘am be the “relncrato' of past person, 
17S. Remote viewing: the ality of bana subjects to 
reedve visual mprens and laformatan frm distant 
‘tls and scenes. The iforaton is unl “ly 
May” involve combinations of clairvoyance, 
airaudience, precogition, posteogntion, and tle- 
pathy In the ne thor), one recognizes tha alldetection 
‘sternal to the detector. Hence the ene detected 
pliyseal universe may rigorously e sald to exist iside 
‘ach pyseal partie of the piysleal body ofthe ob 
Server Thus hypothetically one has subi acces to an) 
prin ofthe univers dry within ones. The sme 
eau occurs when one assumes the ase of a sgnal— 
Tengludinal scalar wanes olectrosate potenti 
lnfnte velocity. The two cerebral hemispheres act a6 3 
scalar lnerferameter, producing miroscope Eel by 
‘coupling incoming oF sng microscopic salar phil 
waves. This allows mediicaton ofthe pera of the 
avalanche discharges underway tn the Bal and ts 
perepton of the dant event Since salar waves are 
Iyperspata and ean be superluminal, they can move 
through tne. This pers perepion ofthe fur and 
the past Unfortunatly the outputs ofthis detection sy 
tem in humans Is buried deep within the unconscious 
‘os ficult obtain cea inal” With the 
future development of sensitive sealar Wave detectors, 
‘afedback tralnng ean probably he wed to mae aly 
<evelp this scalarsensing aii. Als, om several oc 
‘Sons Nikola Tesla announced the Invention of "big 
(ge hat could see at distance; such a etre is 
perfectly possible by scanned sealarlterfranety r= 
pion, This would include the aby to see Into oF 
Through the ocean oe cath—and te 36 wel, under the 
proper drcumstances It should be posible to take dis- 
fant pictures, or even plturs through te. One 2 
searcher, George Delaware, reported the acimplishnent 
bth these effects with is special camera. 
174. Resonance: in physles, an osclatian phenomenon 
eshiited by a physieal system deiven bY a period 
force: when the frequeney of the desing fore ap- 
roaches a natural free response frequen” of the s}5- 
fem, the ncn ofthe systern comes large: The 
resonance (or resanant) frequency” of a system Is & 
frequency a which some response of the system bee 
comes maximum. Three types may be dined: (1) Phase 
for velocly resonance, where the response othe system 
15 90 degrees out of phase withthe diving fee, (2 
amplitade resonance, where the amplitude ofresponse of 
therspstem is masimum, and (3) aut resonance, 


Which Is the frequency af sellatlon ofthe system to 
‘harp input such as hammer blo letra! resonance 
shite by an alternating current reactive circu els 
{relatively large curtents nea certain Trequences, to 
tether With the nearly unlapeded esllation of ener 
hack an forth between potential and Knee form. There 
aetwolinds, series and parallel sone. In seis rs 
‘nance, theinductance and capacitance aren series, and 
‘in parallel resonance they are connected In paral To 
the series resonant cl, the currents can become args 
the resstance is sal. Furter, the voltages across he 
call and capacltor are essentially 180 depres out of 
pase, and sp they essentially "cane" leaving very 
Tie voltage ara the overall eel, even when thei 
vidual voltages across the oll and across the expactr 
ae very large (Note thatthe Fields across the Induce 
{nce and he coil are also 180 degrees oto pase, 
othe series reonant cre to a distant observer pro- 
dlces an artical potential wave—indeed, an elee- 
teopravitaionl wave. Ths is one reson why Tesla so 
favored the series clrult He ls favored wth ane en 
loose-the so-called "single- wire cru, withoutare- 
urn) I dhe dvving voltage o such singleowire series 
‘resonant deat is applied o the eal withthe open 
‘ded eapucior beyond, and he yoltage i applied for 
‘nly the ist 0 degrees as asine wave then stanly re 
‘moved, the coll wll be charged without curr ow, ac- 
maktng 2 $4 graviaional potential. When the cil 
“Gbcharges I wil dlscharge into directions, producing, 
‘eal eurtent, a certain frequen) (which may be dst 
cally iterent from the “nora electri current rest 
tn requney. However actual curve wil be indeed 
‘ut of bah eds of the col at ths frequency. The capac 
oe wil charge alte it rom diet. The overshoot 
‘ofthe coll charge back toward the disconnected der 
{also usable energy feoaneted to proper oad. Ifthe 
load is removed and the diving voltae be eappid just, 
as the overshoot reduces ack to zero, the eee Is r= 
peated, charging the distant capactior tore and snore, 
fd producing pulses af wale power through the oer 
Shoot discharge onthe dever side. BY adapting this 
‘mechanb, fee energy motor canbe red produced, 
25 demonstrate by Bedi, Wats, and others with 2 
battery-drtven serierwound DC motor unit Not tat 
‘te of he localized gravatoal potential produces local 
eral ratty, alcally hea spacetine, andthe con- 
Serva of ener) charge, and momenta laws eed 
fot gorously appl. An adaptation ofthis mechani 
Was also ule by Testa in his magaling rans 
That wansmiterwithits huge elevated eapuctance, the 
rte potential wave produced would have Been nro 
ced ln the eth, producing scalar resonance ofthe 
‘orth, Themnaien core ofthe earth, belng under presse 
{nal rections. i s-pumped in the language of none 
liner optical phase conjugation. The resonant atomic 
nucle of the earth's mollen care would then at a 
pumped phase conjugate mirrar (PCND, produc 
Highly amplified (eae lafiaty gain!) tme-reversed 
‘wavela response othe input signal. Thus the earth PCM 
a gant amplifier, andthe TH wave returned i highly 
plied, possessing enarmas ener. Ths the amount 
a energy resonant in he earth eeines enormous. Ia 
fact, the wansltr was designed to produce mare tan 
‘oe sch scala earth resonance. At any dan polo 
‘hecarth, x tansiterrecev staton coud ave lat 


318 


small "Weer wave at this requene into the cath, sd 
{ts proper antenna red to the frequency" ofthe scalar 
resonance would have produced enormous clea 
power. A yer slniarsystem employing two frequencies 
"klohertz apart and tapping the ea rcs sed 
by the Soviet Union today to power its lage strategie 
‘Testa weapons. Golden has detected ad shown these 
Soviet "ivorrequency earth resonances" onthe oslo: 
Scope, ula the output afhisspclalzed detectors) 
175, Sasquatch: Indlan name for a large, well-defined 
fulpoidalapeman form. Bigfoot (slang oF common 
‘hame). General eters io the Pace Northwest ara, 
‘where ie upoidal form has ben weltuned fr centur 
{est the Indians Inthe Far Fast, he Yet, 

176, Scalar: in ordinary vector atalyels, « quant 
completely elaracteriaed by magnitude onl. (Actuals, 
‘eontains magatude and tne) Inthe new approach, 
‘ne mst cco fr oervable and ia state In ad 
‘don, multiple vectors ating on one pt nd suming, 
‘or iplying to zero are physically stil present, even 
‘hough thelr vector resultant 270 veto ore pre 
tdely a zero-reetor system). Thus pigseally 9 200 
‘ear can be asstem having avery Fal, stint sub 
Structure of nonzero veto component These inflded 
‘tor components maybe highly dyna. The ener 
tf each infolded dynam vector component ke thus 
"wapped” inside the local vector zero ste 
Rigorously. tapped energy costae a Saar putea 
{in spacetime, fo the external observer. An ebservable 
scalar (petal) this ma havea nested, malipedevel 


‘ervable vector subtrcture, Barmocs energy 
{nfoed and tapped, in which ease local spactine is 
‘sppredably curved. Note tat he laf energy of the 
‘structure components combutes to the stress of the 
‘objet or median, and organizes i, eventhough to the 
‘external ubserver is entlope east aro yee 
ach level ofthis atbetructre conta a ite oun 
‘ber tiny etal vectors. There may be nite ligment 
‘these virtual vectors along the strctre ofthe bse 
tle vectors nflded, Ths contttes vaca paren 
ton. The veroveetor system thas a vac engine 
ua a veal state engine a well. Two scalars (or vee 
{ors that are observa equal need nat be egal tall 
thee substructures: Further, combining the Two scalars 
by superposition my not ye the normal observable 
‘value, if both subsructres are diferent, igh pa 
{ern and interact pil ver into the obser able eel 
‘ecto mathematic self must be changed an extended 
Inthe new approach. Not thatthe spllove fr aterac- 
tion ofthe two substructures may frm an observable 
salar value ran observable vector vate, Sock acu 
‘ngines canbe constructed o do spetic operations on 
‘tame oul te: Nested levels af such engines ean be 
Tormed, to farm highly complex “super” hyperspatal 
vacuum engines called gant photons, Contoual rad 
tom of mater With signal composed of Yau engine 
photons of a specific determinisue substructure will, 
age up" the stomle null ofthe radiated mater 
wth Bat pater, so that emerges lato the rons, ab 
Servable psa sate drastically tring dhe radiated 
tale self mechanical chemically and physically. 
“This process ale kindling. 

177 Scalar energy tap: res toa Soviet method of ob 


{aining tremendous electromagnetic energy trom the 
‘molten care of the earth, with Which t power gigantic 
Stratege sealar Tesla howitzers. As measured by Golde, 
fo signals are continually tans ato he earth 
Some 12 holler apart, and the earth tse placed ia 
Scalar resonance tothe two fequencles. The core ofthe 
‘arth, being «pumped phare conjugate miro, responds 
Dy generating highly amplified phase conjugate elias, 
whlch tur and concentrate all hi energy a the tran 
tnterrecelvers, The receivers receive the enormous 
wat frequency (12H) energy using for power: One 
then has a kindof salar fntefromeer channel the 
‘ths core in the endothermic mode. Depending upon, 
the blasing ether adnary EM energy of negative EM 
‘energy bs captured inthe 12 hoferr ban by the ater 
ferumeer receivers. Varying the negative basing also 
‘roves a thot to conta dhe amount of energy ex 
tracted. Jat before the May 1, 1988 celebration, the 
Soviets acta some 27 such lant ners tps i the 
‘eth, and also aetated large numberof command and 
‘intra salar rananision frequencies I each tp can 
power 6 wo 8 gant Tesla howitzers then for de impor- 
{ant 00h aniversary of WWI the Soviet Union act 
ated well over 100 large howiters. In oer words, 3 
Imaasveexerlse ofthe Soviet Union's ete strate 
Scalar howitzer weapom complex was Held om the 40th 
niversary of 1945 fr Gorbchey, ae fo gly meet. 
ing the schedule dad down by Brezhne in 1972) t0 "be 
ready” tose then . At the conchson of the exercae 
(whieh sted several days), the Sovets left two sear 
‘ener taps in place stad of the singe ane present be- 
fore the exerdse. In other Words addiloal strategie 
‘weapons were braught upon "ready alert” 
174 Scalar led: tn vector analysis each pola space 
{s ase a magaltde the set of spatial polns and 
thee asigned magnitudes i eae salar ld. Ln the 
‘ew apprise, an observable scala value asd t9 
very pnt in n-dimensional space, where n is 4 oF 
‘realer, and the setordimeslonal polos a her ase 
‘Shned observable magaitads i called a sala fl, 
‘Also inthe new approach each scalar magnitude con 
‘dered to contain an tditensionalvirtuaktae se 
Structure, where eah sucecedingly higher dimesionb 3 
‘succedinglylowerlevel af el stat. Vacuum sls 
‘teh ascarid. Soch a sealed alo the rigorous 
‘entty of masses charge eld f—for xample—the 
‘etrostte scalar potent, 0. Also, the scala elds 
‘emnidered to be composed of two time Held: one in 
posite time and ne in negative time thatthe phase 
‘onjgate replica ofthe rst. Ths the nels, length 
Tess tacuum exists both in positive and negative time, 
and is pote are salar potentials When the vacuum 
Fs wncurved, equal amounts and components of postive 
sto negative ine exe. When te curved atx pnt, the 
postve and negative ime components are unbalanced at 
that plat 
179 Scalar Interferometry: the intererence of wo sca 
Jap Tesa waves (a Tesa wave consists ofa marmal wave 
coupe to is pase conjugate replea).In the intser- 
‘nee, coupling eam occur and produce (or extract) eee 
‘momagntic Waves—eneryy—at a distance. The phase 
conjugation apt the Sere of Tes’ revatonary 
‘ccovery of wieestranamon witout ks It also 
the scert of producing death rays the lnvulnerable Tesla 
superluminal communication: con 
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Access to Commercial Networks 


Public-safety devices could be designed to also communicate on commercial LTE networks, 
providing an alternative communications avenue when the device cannot connect to a 
public-safety network. Subscriptions to all major commercial networks would make this 
approach the most effective. Wi-Fi capability further extends this concept. 


Device Sharing 
Because public-safety devices may be shared among personnel, user profiles cannot be 


stored on USIM cards stored in the devices. Bluetooth-based remote SIMs are one approach 
to address this problem 
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trolled matrazatin, demateriaizatio, and tans 
ton: peychokineisy and free energy. ‘The ublqultows 
photon interaction presely isthe has for Rest order 
pysical reality, andthe photo's speed rests in a 
Speed-of-ightlimited realty being detected. Scalar 
EM waves conain vacuum engine substructures al do 
not necessarily have this sped lation. Detection by 
Scalar waves Yields a higher order physeal ely an 
‘astly expanded quantum mechanes and relativity 
‘hor Present Elstein rely theory i only a highly 
spell ease, as are present eletromagneties ad qua 
tm mechanics, Sovet we of eae nefeomeer In 2 
large, static made responsible for much ofthe ae 
vanced Soviet ABM defense abd sratege super- 
weaponry. 

1M, Sealar resonance: inert or mse resonance of 2 
‘ody, orignal discovered by Tel, peated (probably) 
Dy Hooper, and redseuvered by Golden, Bedi, and 
ser. Inthe simplest ease, scalar resonate can ei 

yin as two ordinary singk—tequeney EM standing 
sraves (a wave and its phase conga epleaoe PCR) kt 
‘resonant cals, withthe two Waves coupled exactly 
180 depres out of phase so that—esternally—thee E 
elds sum to ero and hele fede sto zero. Ths 
a standing scalar wave, and the cavity i said oben sea 
Tar resonance. Note that the cavity walls mst st as 
phase conjugate mires (PCM) Mas selfs sply 
‘Such a standing scalar resonane, with the standing wave 
‘tapped by partie spin. The atone niles, continually 
‘bombarded by vet photon Hx rom the vacuum, 
[pumped PCM. Sice the micleu is positively charged it 
produces PCRS having negative energy and negative 
time, Its produces negentropy, wich prevents thee 

tropic decay ofthe atom. Essentially ll requenles can 
‘band ae present at once, but certain nuclear resnance 
‘requencis are thought to predominate. BY increasing 
‘he ampli of the standing ealar wave that ste mo 
‘dear pseupteall, inertia and mast af the nucleus are 
increaed By decreasing the amplitude, the wae aa li 
rsa are deereased, Zeroing the amplitude demateralizs 
(he nucleus, Salar resonance le not presedly cutaned 
nthe orthodox phys erature 


181. Scalar wave: longltudinal“presure” wave nthe 
actual stress af spacetime ise. A wave of potent, 
inher no EM bledout of the hflded coatents curs. A 
‘hormal wave and its phase conjugate replica, co- 
‘modulating cach aber and "lacked or pped tage” 
fae a zrevector stem wave. A Tea wave. A geavh 
{atloeal wave. Ame wave, Electromagnetic, a scalar 
potential wave whlch in the absence of spnalng charged 
‘ass partes, does not frm vector dectromagnetie 
Wave, in conradistincton to present dectrmagnetc 
‘hor: shadow vector” wave wher the ora ob 
servable force vector” ofthe led is broken foto virtual 
‘ctor components which are not integrated. A wave 
{he nested levels of virtual state that doesnot breach the 
‘quantum threshold and ence is 

fal detectors. A wave ln the magnitude ofthe vital par- 
tele flux density of vacuum. A loagltudinalwaveln pure 
‘massless charge ux (vacuum) (opactime). A wave ln 
the magnitude ofthe infolded "energy density of the 
vacuum, The scalar wave le free to maven four or tore 
Alimensions. I wanspurts deterministic vacuum ena) 
‘engines. In Minkowski space, team (1) move oly ia 
tine, and not spatally, tn which ease It "ss In one 


lace and Muctates the Now of tng, the neta of an 
object, the strength ofthe graitatonl eld, the mld, 
the fundamental constants of ature, ete: (2) mave only 
‘pata, with the rate of flow of te osclating about a 
near mean; (3} move ia misture af modes (1) and (2 
(4) osellat back aa forth between modes (1) and (240 
2 regular fashion, spalalystatloary: and (5) sella 
‘back and forth between des (1) and (2), traning 
stl in traveling wae fashion. (3) move al sel: 
ite beteeen many vacuum levels (hyperspace) a ad 
tion to characterises (1) through (4). Aw ordinary 
Hertaan wave exes In vac te two coupled Tesla 
longitudinal waves. Rigorous) the End B lds do not 
fest in vacuum, but on and of the detecting spinning 
‘arg particle Th sp ofthe detecting partie cases 
Drecesion, seing the familar "Wansterse Heran 
Weave complete with and Bild The broken but 
ede virtual state Bits of wha wll be the detected 
find B, however—shadow vectors E and B—exist ln 
“acum on the virtual component ofthe vacuum chars 
flax. esa was corect when he sale tht transverse 
Hertz waves (as such) could not move theaugh the 
‘acum or ext it 


182. Shadow vector: an otherwise observable vector, 
tren nto consecutive bts sch hat each Mts it 
‘Theresing"dstteratd vector” becomes unobserva- 
bleas vector, bt remains san ordered series of ital 
‘eeors Ths itis spec sortofsealar wave. Observe 
Dy ts asalar wave since no observable vector exists, 
tat virtually iis «vector wave. It tay berated a2 
localized, changing scalar eld with pariuar pat 
termed vital sbstrucre which yds the shadow vee 
tue On an appropriate Intyating detector, the etal 
imponents of the shadow eetor will be rtgrated 
Ingo an observable force sector, sueh as E or B. De 
Robert Bec, for example has report the development 
‘of asuceesful integrating detector for such shadow see- 
tor saae wave: His detector capable of detecting it~ 
hale that cannot he seen bythe et Superconducting 
‘Quantum Intererene Device (SQUID), al i hasbeen 
demonstrated fur comparison aginst the SQUID. Dea, 
Bedi, Daynes, Golden, Beck, Bick and Bis have ine 
dependents but sear wave detectors of varios Kinds. 
Farasworth has particularly good and comprehensive 
shadow vecorscalae wave detecting systems, 


183. Space: Iterally, the absence of observable mass, 
tence empties or vod observa. Space prs hts no 
etn length laterval and no definite time Interval 

Rigorous, space isthe absence of distinction ad sepa 

‘allo. Space bas no ditensonaliy—Le, i nat die 
‘menshnal, dimensional, ete, fort has no "specie 

Separation. But in common usage, ts aten thought of 
{n'a geneal sense as having some partic dimension. 
ality btn dfs interval. The pot sub but in 

‘ort the absence ofa dimensional mass need nate 
S-dimensional (e- considering a 10dlmensional 
irame) But one usally thinks of the “bole” where the 
‘mass was a having the same dimensionality asad the 
vented mas. Tiss only a }dlmensona latesetion 
tthe actual ole, however though this polt i usually 
Ignored. orng the fll dimensionality of hole sre 

Sib for the confusion reqardng the tworslit ex. 
periment in quantum phys, fr example. That Is, the 
Sts are (teat) 4dimensiona, since they exstn ine 
sso. In the sts, spat mass absent, 0 thesis are 
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thre dimensional "oles" However, thee forth den 
Sowa aspect, ime, present, nat absent Ths four de 
‘mensionaly the theee-dimensonal sit "holes ae not 
"ols" tare "thing" They ar ot absence, Da 
presences—sinee ane dimension (a) is stl present 
‘hey can thas interact the fourth mension, tine. The 
periment has no mystery when the tne spect are 
‘onsdered, a pointed out by Charles Muses in 1987. In 
‘Kaluza-Klein Sd mathemati, these 3d oles als 
eds as things inthe fourth spatial dimension. ALSO, 
Spacetine—rigoroudy—all $imensional material b- 
‘ets, holes, gap, ele are simple facts Intersections 
‘fa single object For If ne is considered as 2 con 
Yingumn, then everything exists a once hence spat 
things ae simpy the features ofa single 4-dlmensiona 
‘object The problem is that “space” i abo cammonly 
{aken to be a "spall frame,” where tine has been 
Stripped offand “Siopped* and a measurement o each 
‘aa every pont inthe universe fame has bee sal 
{ancousy established. Tis cera usage of "Space ine 
pls "spl rae," and is ently ilferent ram space 
Sesuch 

184 Spacetime: tre or more mensions of spac and 
‘dimension oftine mulled together athe dine 
Sonal eats often rere to as a "Sepa" Space 
tine can actualy contain any aur of dmensions 
‘ur theory we consider a ante number of pata de 
tendons ancl at least one te dlenion, One could 
jst easly take a infinite number af tine daensions 
aloe. Scalar eletromagnetis (ued EM and G elds) 
temas enlly expres in Kaliza-Klea geometry nat 
east five dmensins—four ofspace and ane of tine. 
18S. Spherical model ofthe cosmos: a model ofthe unk 
verse in wich the universe tea four-dimensional spe 
‘al surface In five dmensons, Ths results la “cond 
Universe, at also one which is enely within each 
lt ots To produce sucha mode instead ofa ex 
nding universe, Fst riglally introduced entirely 
‘i be factors into general ratty to cancel and elimi 
‘tthe expansion terms 

186 Spin: the intrnse angular momentum o partie, 
as fi ere a top spinning about an ax. Spin i qa 
"hed. Splnning charged partices—sueh as an electron 
thus demonstrate a magnetic moment. due the 
‘érclaton of charge inthe sping. Inte cleus ofan 
stom, the spin of the nutes he rsa of the spas 
afte nsleons (parties comprising the nucews). Act 
tly spn of parties ls more Uke an “implant "et 
losin” eleculation: nother wards tert in tine 
‘as wel Spin ofa partie is dhe base etre ht inte- 
tates the anergy (dkinegated energy) of yc 
Mus into observable charge. All observable fds, mat 
te eet, et. depene upon ths ase mechani op 
{peter virtua ents and far observable phenomena, 
187. Spooklight: anoder slang name for nocturnal 
light Legend and folklore usual assolate it with ie 
‘dent death or macabce occurence. Earth stress lights 
‘Over 1.200 known sites produce such earth stress lights 
intle US. alone 

188. Strobe eect: strated ystems sean in UEO and 
ser paranormal phenomena due to the higher dine 
Sonal phenomens skipping in ane out of normal 3 
space. Alternatively, two or mare higher dimensional 
‘phenomena may dynamically intr so a form ve 
petlve Intersections with ur normal Space, produc 
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Ing stations. Hyperspall (Salar) EM Interference 
‘ten produces sation ees 

189 Substrueture: nthe new approach, a sear has an 
lafinitedimensloned (fate numberof sublevls) i= 
tual state substructure ied with waves, partie, ete. 
‘Vaca has pecs de same sort of ssructure The 
sutstructure Is rgorously CHARGE FLUX, where ob- 
Seevable mass nt preset. Any Vector lace cone 
fain Set of sears, also cont ase f wrt state 
sarge ux substructures One can engheer, pte, a= 
ange, and adie thee substructures to give varios 
“parsrmal” effets. These effects include matali. 
to and demateralvzaton, psyehokines, elarvovance, 
Superlumiza communication, anigraiy, teleportatian, 
apportaton, remote viewing production of energy at 2 
‘stance, extraction ofenery ata distanes, detron die 
Saluton, ete 

19. Superposition: the simple Maca adton an sub 
traction of to ce wae value. Inthe ew appronch, 5 
perposton need nat Unearly bold ald if stint 
‘Sibetructreloterston otal and the subtrctres 
fare molar. ln hat eas, superposition tans ato nos 
near lterference, 

191, Teleportaton: the tansmisin of an objet fom 
“ere to"there” with no travel in between san bert 
ln ordinary space. Hypersptl transmission of an oj 
{rom one pot nthe oda spce to ancther. 

192. Tellriecurrens earth cureents: clea eure 
ln the rocks ofthe earth, bllved tobe due to arse 
fects and the earth's magnet ied. lnthe new approach, 
these currents ate abo punped by lonstudial scalar 
wave bombardment fram the sun, the cosmos, and the 
ery core ofthe cath sll. Quarts sa common st 
line component in rocks, and thus the rocks are ple- 
‘soclecrie Ths tans tht stress the rocks, uch as 
{on shin tectonic plates, causes etrical acs, 
and electrical activity causes mechanical stresex, 
Furr, the quart essentials randomly oriented, re 
salng in most fhe tiny piezoelectric vectors summing 
{oa vector aera, whe in tan conte a ela ote 
tal and pumping the strlen as pumped phase cor 
Jagat mierors, producing PCR waves. These do the same 
{hg tur, producing negative energy pote at 
potent waves, ete AS the plezo-veeto components 
ary the als ofthe potenti actuate, The zero-sum 
orton of suc astresed randomized erystal onstittes 
2 Prigogine detector for Kindling and collection of 
Anenergie via nonlieat thermodynamic. The totes 
core of the earth Is also a dynamic Prigogine syste 
Since it i a pumped PCM Thus the earth ba ealector, 
processor, sometimes ampli, and retransmit of 
‘mind energies and anenegis al ul the earth may be 
famaidered toe alive” tn strange ay (he Ga b= 
pothesis. This process, alongwith scalar EM in ving 
Sstems also produces Shldrake's morphogendie Hl 
tnd its effects. Specialy, the earth recelves and 
process anenergles from dhe species unconslou ofall 
{he species af diary Ife upon t The ert self does 
respond to geometric Kodling alignments of other 
Planet ane partarly tothe moon, In addon, dos 
espnd tothe state of man's cllectvespeces uncon 
‘lous td, Fant zones rel kn structores saa to 
Aiodes, trodes, and scalar interferometers Amplileation 


sels streses nthe rocks ar lnreased Increasing the 
Plezoclectrc activity, tllurie currents, scalar inter 
feromety, ete Thus ful anes constiute maura Kine 
dling window ares or paranormal anenergy forms, for 
tulpoideetepreisly as found by Peranger. Foul 
‘zones ae aso sear interferometer, which enkanees the 
formation ordinary EM forms tw distance, 

193. Tesla reall lererence oto scalar Furr ex- 
pansion pater to forma glowing, fer sabe sper 
fl shal af alin electromagnetic emery at eletron 
plasma. 

194, Tesla howitzer large Tela sear interferometer 
such as the fourth generation Soviet byperspatal 
howiter at Saryshagan. Repeated Soviet testing o Tesla 
howe i documented inthe open Merature (se Beat 
den, FerdeLanee, Tesla Book Co, 1986). The 
bowler capable ofuliratlon ia multpe modes, bth 
a astratpe offensive weapon and as mulple mode 
rate ABM defense weapon. Scalar EM interferome- 
er, Hyperspatial howler. 

195, Tesla shield: gigantic, hemisphere, slowing, 
thin sell ofintense electromagnetic energy and eetron 
plasms placed over a defended area or lstallation. The 
EM abel formed by Intererence (and coupling of to 
scalar shells of anenery. formed Dy truncate Fourier 
‘xpansion methods frm multiple requeney scalar trans 
tater To form the shell tx dstance, phase conjugate 
‘repli waves must be utllzed, so thatthe energy and 
nergy pattern doesnot verge a funtion af distance. 
‘Note at such real-time holography, independent of die 
tance, already appear inthe nonlinear opts pase com 
Jagan erature Inthe esa Shield, the energy density 
{nthe Interference shell causes neal curvature of space 
tHe, aed ts electrons fron the Dirac sa, prchicng 
the plasva in the shel, With sulficent energy deny a 
the Interference sell, a mater abject seeking to pene- 
‘eae this dome of nergy and plasma instantly electro- 
‘magnetically dad.” and physically damaged andlor 
‘aporze, In ado, the potetal pulse delivered in 
‘ide thence of nuclear mater tha mee the bl ine 
‘Aantly son all flslonable material. Thus clear 
‘weapons ae lstanly detonated when entering the shel 
lectrmagnetc energy such as gama radiation from 
the EMP a high alte penetration burst impinging 
‘nthe shel plasma absorbed al re-radite side the 
Sell at lower fequeney and temperature, Several shal 
nay belnternested so tha multiple, sell absorption and 
Scatering reduces the orginal gamma adit o har 
less radiofrequency nolse- Numerous incidents of te 
athe Testa Shield weapon are document inthe open 
Ikeraure 

196. Tesla wave: a longitudinal sar potential wave in 
‘acaless charg, the vacuum charge axel ad 
pure spacetime. An ekctropravitatioal wave. A grave 
talon wave, A scalar EM wave. A wave of pure pote 
Ha A wave inthe magnitude ofthe ax energy dens 
fot yacuum. A wate in the magetud ofthe curvature of 
197. Tesla weapon: any weapon uta Ingtunal 
scalar EM waves r phase conjugate replica Waves tae- 
omplish is results. Also apples toa weapon using sea- 
lar lerfeometty or PCR interferometry aed boloraphy 
from mullpe projectors or tasters 

198. Thought: separations and forms in pure mod or 
Ding. To thnk sto form (eparate, perceive) thought 


{ors and process thea. na developmental sens, thik 
{ngs the sett of mind that Sereens te te contin 
us nd nature by fragmenting t The te mio ke 
{he ocean, ad thoughts arelike waves or dsturbances a 
the ocean, Inthe new salar electromagnetic, the mod 
{set produces scalar waves, onthe Hd and lower vir 
‘uallevels ofthe salar substructure and these are what 
‘we call "thoughts" A thought rea, vetualstateob- 
Jet capable of Being drety detected, lteraced with, 
‘a enginered by scalar EM meas 
199. Thought photography: psjehokinete impression 
of images or Hight effects upon photographie fim oF 
‘ther semsive media, due tothe presence o intent of 
hana inate. PCR distant ierderontry and hog 
py is dhe basi mechani involved. 
200. Three-space (space): a space dimensionally 
‘omposed oflength cube I the normal space ken 
DDeoceupied by gross matter. Perse acuum does not oc- 
cupy ths same Sspare, even though ermal a5 
Sum odo son present psc. 
204. Time: in ratty, an extra dimension (variable) 
‘whi allows the eden spatial snapshots or event 
In quantum mechani, dime only a parameter: iis no 
ai bservableand ent detectable, event tty. Tle 
I always inferred, even though preisly. Rigorous, 
Hime exists oly though dhe stream and persistence of 
taman conscousness We only experience th perk 
‘ence as "something changing, by continual comparison 
four memory ofpereepdons cf spatial paion an pat 
teem In the asract sense, tne f bela which has no 
<deretation whatsoever —t simply i (a tautlos). 
Perceptual separations in beng costae thoughts ot 
rind changes, much lke waves in Wate. Thase waves 
‘common to all minds constitute physical (patil) 
‘anges in th so-called "rel" wold. Because "tne in 
{ts undifreniated sease simply synonym for blag, 
then multiple things (separations) may inclusively exist 
{in tie simoltaneousty. (Ho many faa objets exist 
stone before It caved into aay one of than?) The 
ase separator of eing/tine i the pt interaction, 
whichis the basie generator of mnocular quantum 
Change and thas the progresion af spall parties 
trough tine” In tle jumps. The endpolns of the 
‘quantum jamps through tne represent ine dflernt 
thos of spacetincfmastine. To properly understand 
physial phenomena, both positive and negative tine 
Mo must he tnceporated inthe teary or model used 


202, Time oscillation: eedlnary tne advances and re. 
tars in small seretejumps, much as aseving machine 
Stchs Trward—except that each tne sites palled 
‘ut before the net one send, Thus tne consss of 
{to tne flows Interleaved: the postive Mow of time 
(stitching) and the neyative Now of tine (unstthing 
‘This "die stching/ustitcing” or oselation ean be 
lewed ar a ave Ite acon tha is waving (bela 
‘dunged of ereated and destroyed in quan chunks), 
‘Sooe ime is actualy subcomponent ef action. One 
tay therefore view dane waves te caryng or erating 
Surges of energy back and forth (ite). The photon 
‘may be considered as this sellaton of ime, fort e- 
tually an osilaton of action. The privet por 

xhbits positive te (he sich made) at a 
sir electron, and the neatve half exhibits negative 
tine (dhe aich ts removed) and vetual pettron, 
‘Charge anetion innately rated 1, and comprised 
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ime stitching. Post dane associated with negae 
tive charge, and negative tne with positive charge. The 
photon be cansdered as coupled virtual electron 
‘ostron pal. The invisible stachinguntiching trace of 
1 photo thr spaes'ne i “enflde (ka ne) and 
emai. A phase conjugate replica photon, erate at 
‘Somelatr tne and some distant place thus a sort of 
iylible wire” connecting ison generation and the 
Abia source hat generate the stimulus photon. Note 
that spacetime occupies ne, but pace doesnot. Mass 
time occupies tne, but mass does not Mind, ought, 
‘an blag occupy tne but ma space. 
203. Time trap: refers othe erroneous assumption hat 
God tea United belng, traveling along thragh dane 
‘much as humans perceive themselves to. An unlimited 
Creator must permeate all aspects of ereatin,incding 
time. a the unlined lew, God permeates ime fom 
egning to end, alla once. To such eestor nothing 
15 happening, since all happenings are simultaneously 
present What we call "postive oF forward tne and 
negative” oe backward ine co-exist and ae lnsepa- 
ably ideatied, to such level. Good al ad ar oly 
Felave to single me stream and oa single referent 
Atthe unlimited level, teres no separate good o separ 
"ate ei. Yet there all urseparated good and all sep 
ated vi. All "events or ct that one might separate, 
‘Snutancnsy exit both forward and backward te 
‘dreams Hence any event ls ulmately both good and 
‘simultaneously, and to an Menta degree. Again, 
this the void thats devold even of vod. 
204, Tranevere wave: wave whieh vibrates ltraily 
tots mation in medium, exactly lke the vibration of 
Mviche string. Vector eectronagetie (ert) waves 
fave transerse aes, in the present theory. In the ew 
Spproach, transverse waves cannot exist as sch In 
“acum, baton a angitudialy restrained medi, 
(The electron gas i sald ander, fr example, 
sich a mdluh, and Maxwell's equates rigorotsly 
apply to the transiting letron gas and to the tet 
Inglecelsing clcton as, but nto dhe Yeu ia be 
tween). Longitudinal (alternately densiing. and 
are) scalar waves exist vacuum in the charge 
(Gira particle) fax that vacuum ideatiealy I 
Herta Wavesin vacuum eit as shadow yetor waves, 
that sas two or more coupled Tela sear waves spi> 
ing round each ter. 
208. Tulp,tulpld: condensed, materia o se 
‘materialized thoght frm, ether Ung oinert-Ma be 
2 visble ean invisible electromagnetic frm, 2 partly 
‘materiale form, oF a completly materialized farm. 
Uinatly all mater and elds ar tulad innate, 
consating of condensed thoughtnind energy 
206. Twoslt experiment” a form of Young's expert 
‘ment where a parties generated a directed tard 
‘late having to ay sls hols) in, wih ealleton 
fereen or device an the fr side af the plate to collet aa 
‘a the inpaets ofthe partes that pass the late. The 
ins hata lassie corpus can onl go through one 
tole at tne, ike a baseball dough te aa fence, 
For pariles, classically the strikes onthe collec 
sereen should be grouped in two clusters, each ree 
senting a straightne passage Ugh one of thesis. 
the experiment, however the prise seks fan 
wave difaction pattems when edllcted on the seen, 
Unless cme partiletsruckbyaphtnbtorlt 


strikes the eran. ln he ater case, the to ster fr 
‘dasle corpuscles are cbserved. The experiment 
‘damental 10 all quantum mechanies—i spy under 
Stood fone considers the tne aspects of te problem, as 
pated ont by Chats Muses in 1987. The twos ap- 
pra with electrons ay be aloud san electron in 
Kerferometer for sensitive detection of scalar” EM 
(electrograiational) waves. 
207. UFO: unidentified ying object Any jet or ight 
Inthe sky ha cannot be Wend at wn ordinary phys 
cal phenomenon, After normal objects and phenamens 
fe eliminate, the remaining paranormal residue of 
Interest Many of there are Kinde apa forms, std 
9 const af lights, invisible electromagnetic ener, 
physical objects such as lacs or spaceships, robots, 
numa, et. (A few ofthese forms may be Fal ant 
rat spaceships, rated ere on earth by seastve 
‘groups of several earth goveraments, ut eontalled by 
Some mystrous group ouside these governments. Such 
af believe, have ben developed and Nowa all ver 
the solar system nce the ary 1950's, These I do nat 
‘ide prt ofthe ive UFO phenomena, which bi ne 
firm or anther are centure ld) Highly materi 
ship forms may also eantaln bighly materiale ing 
forms such as spucesulted astronaut ete. The "UFO" 
tas been separated from other tapos (bigot, fares, 
spools, water monsters, et.) because appearance 
Inthe sky was immediatly associated ith alert or 
spaceship, leading tothe inal expectation that ex 
teaeretals in advanced spacecraft were visting the 
arth, Most ofthe UFO phenomena actully consists of 
Tights at ight (vell over 80%) a aly about 6% or 50 
resemble well materallze ships with astronauts subs 
‘Samal portion ofthe "lights a night” phenomena are 
leo due to Soviet seatar EM Interference weapons. The 
Soviets create great deal of light phenomena world 
Wlde, to spark UFO report whic are discounted by 
Conventional sclence and most of the miliary and 
‘government agencies. This provides the Soviets gant 
and effective "deception plan so dat the weapons can 
sand Fe 
ets willbe diserdied ad not cause undue alarm, 
308. Unconscious: unaware, not conscious. Refers to 
‘hat pat af the ndsidual's tind whieh ot nary 
In conscious aarenes, but which may conta great 
eal of mater from the conscious mind. Inthe new ap- 
peach, the unconscious mind is considered tobe "ule 
{ily conscious," while the conscious mins considered 
“sgl consetous” In other words, the uncomsclous a 
"paral processor," while the conscious sa "see pro 
‘cessor Uncnslous should be that fa nt sgly 
‘conscious, but uly conscious. Further this allows 
totally new idea: Multiple singly conscious, diferent 
tins coexist snultneousdy in tine, thug ott the 
‘same "dimensional mindspace-" Suppose we sider 
set of sch singly conscious minds. All the minds 
‘st ina spacctine of dimensionality +1 (a the 
‘number ofdifrent conscious minds in the se, and an 
‘ional mseesion time, cman all rds 
the set), Ths the considered seta singly conschous 
‘minds const one multiply conscious "uncon 
‘cious =i. In this wayne may ape of "eels of 
‘uneonslouses in relation to groups of persons, with 
the deepest level Beng and contalaing every aman 
‘mind. OF course the analogy eam be cominued to yield 
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the higher minds o consciousness projected by Tear 
de Charan. In the elective human unconscous, hase 
forms wbich ae each and every md are the ach 
Iypes discovered by Jung. na shallower level, other 
forms way be cmon to tat level, costuting weak 
archetypes" or "gmentry archetypes" There Is con 
‘ered to be no itt levels of wnconsclotsnest—the 
ultimate depth bela "al eonseousnes (and all uncon 
Sclousness) of Godnes, God tt be able to both be 
find not be a the same ine: God cannot do that ite 
‘eek, then God has a tation and sna unlined. 
209. Vacuums pure Netual patce, massless charge 
Mux. The Metual state, oF ether (aonmatera, 
Lorena. Lengthless, timeless spaceie sell That 
state where everything tegrated, but highly dy- 
ta. Note tha vacuum ke not an emptiness FILLED 
With masses charge rater Ic 1 ideally massless 
‘charge (lantegrated dynamism), Its a pleut an 
‘enplines. It also pure action, undilferatated. Ei 
Sten once suggested that the vacua, complete with ts 
‘letromagndtie and graviatnal elds, should be taken 
‘the edher In the modern view, the term ether again 
sccepte inthe erature, but now I refers to "vital 
parle Mux ether, not a thin eral eer. One ean 
‘mode! the vacuum analogous to special Kind of vetual- 
parce gies ae hn which the parties appear” and 
akappear fom ond lnto nothing, eary neatly, 
fast that hey’ cat be individually detected. Thus the 
‘modern iden ofthe vacoum is a seething lnferoo of 
Serely bubbling, Neting partes. The other tation 
be that the dienshonaly ofthe vacuums ne ed unt 
operatogs are invoked, and nether the rate of passage 
‘tne. Thos the vacuum bas no fied lengths noe ced 
‘ts of tine ow por se- One ean visualize testes of 
‘acuum asa srt af conglomerate potetal "pressure" 
here the individual stresses of various types of pat 
‘les, i lnterated by some external means, woul Su 
Into the eral stres pressure). Valaton ofthe "tes 
«sac between two points in frame represents 3 
“ured spaceie” or "acelerated fre” Note Hat 
sverll tes can be held constant while two or tore 
“ferent components are canonically varied. Theletro- 
Stale potential, the magnetostatic potent, andthe 
‘locity of a charged particle are thee such "eananel”™ 
Variables. the overall pressure” snot yard the three 
Narlables are canoaleal and energy, momentum, aed 
‘charge are canerved and one cannot bud» perpetuamt 
‘mobile (perpetual motion machine). Ihe overall "prs. 
‘rei Yared between lel pots inthe ame, the the 
fonservaion afenery, momentum, andor charge need 
‘ot rgorouly appl between those eal pols. Ata 
‘ne pola, one may havea "ee sour” ora "ree sak” 
‘depending onthe vaca curvature and the EM standing 
hip Tn tha case, one ea bud Leal 


Eaten crested a severely restricted general relativity 
(GW), where he assume awa) any local curvature of 
‘acum, In the West sacha severely rested GR stil 
omatally enforced, Deause I "ses" the conser ae 
tion laws, which are regarded as sserasanet In Soviet 
piss journal earned paper by lading ees are 
egulaiy published in which unesrcted GR—doding 
local eurvature—ie developed and explored. In aca 
curvature region, the Soviets have aed polted ut 
that anya all conservation laws maybe lated. The 


Soviets havelong since developed and weaponlzd unre 
Sled GR, while ou scents are stil dogmatically n- 
sting that one canna deterministally engineer local 
‘amature of spacetime. Ths We mala our obsession 
With consersation, and the Soviets maiatain the 
weapons. 

210 Vector: in mathematics, an entity completly 
‘laracterized bya magatude anda direton. Abstract, 
‘rectory are canldred tobe formed ya dfernce ln 
Potential between to spatial points. In the new ap 
Bratch, vectors are characteris of particle maton, nd 
donot obervablyexlat in the absence of partie Since 
all detectors have mass, al this mas cota planing 
Shared parties, then force vectors are constituted on 
ofthe spinning charged partes. In the vacuum, 
nly an unalppe(dsintepated) vector pate exits— 
‘ras Feyaman put it nly the potential fora free vec. 
tarexists there Maxwell’ orginal theory Was writen 
‘quterion. In 3-space, a Yctor has the fala three 
‘amponens, say a + bj +c, where I, and Kear the 
sual, andl Vectors, and a by and ear the ma 
ditudes the 3, y, and 2 components of a vector. A 
‘quaternion, however, has an additonal seal com- 
nent—say, w—so that ook lke w + al + bj + ce 
Siaxwe's original theory actually ued. gravtaton 
ant dectromagnels! When vector zeroing operations 
‘eeu, the quatemion may not zero out the alae com 
Donent. Asan example, consider the erss product of 3 
tector A with self, AXA. In yeetor analysis the esl 
Ing vector the aro yetr. In quero, however, 
remains, and w = a2 +2 42. With te correct propre 
onal constants, w therefore represents the ener 
‘dency of vacuum due to the two ner-mulpying ves 
tors AL and A2, where A1 = A2. To recuver my salar 
waver gravilamal wave: Now let the vets AL = A2 
Inher each isthe Efe vector ofan ientcal EM sine 
trave. (Tat is, we perf a device which accepts two 
denial nput EM sine waves and performs a crs 
tiplcaon. That device, may simply be a spec 
‘ind of nonlinear modulatorimiser- ordi Hea 
‘isdeMaell thay, the EM ouput of dis operations 
4 continuous aro vector, and that's all. However, by 
‘Maul’ ctl theory, the output ofthe operation a 
scalar EM wave, whose amplitude varies asthe energy of| 
A. Thats the operation produces salar EM wave 
hich I varying dhe ence density of vacuum By det 
‘don, that sa geaiational wave. Sinceit was produced 
tlectromagnetilly, refer toltas an clectrograiational 
trae. Iwas lncuded in Marvell's origial 864 thor. 
Aer Manvel’ death Heaviside and Gibbs completed 
the modern form of vector analysis Heavside—a single 
‘man—then "Wansted” (mutated) Maxwell's theory 
Inte bis new “vector” theory. He simply sawed of and 
dlsearded the troublesome sealar component of the 
‘quaternion! That made calculation a whole teaser and 
faster to understand In dsearding the selar component, 
he dbeardedcletrogeaitation, writing an EM theory 
that specially excludes leal curved spate atl 
avi. Before the tm ofthe entry a she debate ln- 
elvng ony about 30 sclntst resting in the compete 
‘option of Heavsie's mutated version of Maxell 
‘theory: Quaternins and quaternion thee)—and eee- 
‘wopraiation—vanished frm the Merature aod the ete 
Yoke and from the minds ofthe stedents, Maxwels 
theory as ot Deen taught oF ued inthe Wester, 
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woe inthe 200h century! Only Heaviside's sulted 
Wesson of is tayght ay "Maxwells theory.” We sould 
fave bee applying Maxwells une theory and work 

ing ow angry spacesips, sony afer the US. Chi 
Wat 

211. Vector field: in ondnary theory, the asignng af 
mapotude and a deco (that, a vectoe to each ost 
in space. The emir set of vectors and her pial porns 
is called vector ld. the new approach, auch sve 

toe eld cannot observably exist aYacuum. since oaly 
siegeted things exist there: dere each potential Yee 

tor pate exists in broken vista is, erred a ine 0 
fon the its ofthe observable vector but not jomed. In 
the presence of a deecinghntepating mass, suchas 4 
‘poningchacged electron, the vrual bite and the spi 

‘ing chaied mas coupe iat a system hat identically 
ompases the observable vec In oer woes, the spin 
‘fan observable pile simpy "ineprates” the ordered 
vital bit pater, jos as an old spinning whee tse 
fd negra dividual fibers io a tude rope 0 
thee 

212. Viewal (tate) that pat of pyscal reality ow 

sting of changes (particles, waves, and other ents) 
Smaller han the least detectable quantum) change. Dis 

Inwgrated changes. A thought thought is also vie 

tual May be visualized at coniting of veal, dynatic 
peces of vacuum” a "pieces of noting™—tat is, qi 

tons. Eves) ordinary “abservable particle (photon, 
eu, elecuon oto, et.) coms oF consists of 
‘dynamically changing cloud of vital objets. Exchange 
fof viual objects thought to generate amos al frees 
fof natue. Conservation ofeneeay aod at be conserved 
in vital interactions, and generally is not Io the sew 
approach, the mind may be considered a special viral 
tnvere, and though vial objet. Vial stat con 
Sst. ofmuliply nested Teel, each level progressively 
finer and moveable, These sblevels also corespond 
‘mathematically to higher geometrical dimensions 

(Charge on 4 mas 6 also due to is comin! emission 
ad absorption of tual pts. Waves ia the vial 
State males carpe flux which donot beach the quan 

{ur level to become observable, ae vectrally aoaob 
evable yet real—thee are scalar waver, of shadow 
Nector Waves, and ate lonpitudinl—that is. they are 
ccilations ofthe sess energy tensor of vaca. La a 
‘hon the vista putes inte yacuus Mux aise oat 
fof toting spontaneously (creation) and disappear into 
‘othiag spontaneously (anilton). ince this an 
om, any instant any sot ofpttern mtgnabe i “ust 
‘ppearng” and "ust disappearing” in the vacuun. Any 

thing and everything at all! Thus ghost pater of 
tveqything exists inthe vacuum aay point region, a 
ny Lime. The vacuum thus giant Vitual tte bao 
fam, Integrating ckinding) one ofthese fms wil 

ulti it becoming fiesta neutinie pttrs, then a 
photon (ight) pater, tens maeilzng pater. od 
finaly a material pater, Discharge ofthe “poten” of 
this pate. then reverser the process, These {Wo 
roceses—charge-up and discharge—consite mater 
Slaton and dematsalization. Anything at tall-ing 
‘oe dead—ean be materiale o demaealiz 

213, Visual sate engineeniag: the dct cohen. 
tailing, collecting, resonating, and directing vimal 
Ste ener (atone) ahd ens sto abd ato normal 
‘observable objects and ovdinary fils. I includes the 


leet englcering of mind and fe energes. Syoony- 
mous with psyehotrnics (Czech term) oF energetics 
(Soviet term). Use of scalar electromagnetics (lece 
Uwograsiatn), Use of salar waves Lechaaogy. 
Use af detrogravitaton tecniqus. 

214. Water structuring: the arrangement and eatons 
ofthe molecular an lone parts of water. Essentally 
‘rater molecules bond together by means of hydrogen 
bhnds The structure of these Dondings extremly ch 
ste dynamin wate. Essent a lsh of water 
Single complex molecule, one which is continually 
‘hanging ltt bonding strcture to adapt to the slightest, 
‘hangin is ttl surroundings. Water als interact ae 
fimately with veal eros (salar wave) aneneys- 
‘Water can ths be" ehargd with ancnery, appreciably 
hanging ts strcturiag Hs surface tension fo example, 
Ww change as Hs scturing changes, as shown 
Miley and Flanagan, Tous water ks posily the most 
complex aubetance inthe universe, aed not ust spe 
‘emia With most oar body composed afatreelh- 
lar wate, we areal inked oetry subte change of the 
‘cemos bythe nteracton ofthe structuring of tis water 
With even the most subte eosmalogieal changes. Large 
Dodie of water are partiulaysusceptble Tor tem 
pray Wading of deeper arcbeypal ght forms (le 
olds} suchas Loch Ness Monster ete. The sty of the 
Strctring of water il in ts inane. 


218. Watson, James: young inventor who has produce 
Several types of ree energy and scalar eeetromagnetic 
eves, inclding batery-deben, batters, and tbe 
‘ystems. 

216, Weather engineering (scalar): use of salar lec. 
‘womagnetics(eleetrogravitation) to change and ine 
fyeace the weather and the produces of weather soc 38 
Jesreans and age ocean currents By posing Salar 
sSgnals upon ordinary powerful over the horlzan (OTH) 
falar eaters in the communications band (3 9 30 
MH, iatrerence patter ged) may be established 
over dstant and vast areas, far beyond the horizon, of 
‘even on the other side ofthe cath. The lant Soviet, 
‘Woodpecker OTH radars condaually establish such 2 
arid over the US. Phase conjogate energy canbe tam 
‘ted and wil wave along dese beams justas ete. 
{ty tavels along a wire. By scanning narrow phase 
conjugate wave beams in these wider career beams, PCR. 
‘ale latrerence holography ean be established la 
fone ce more of the dan OTR EM carrer interference 
tld squares. Hither positive oF negative energy and 
ergy forms nay be ranted o emerge, producing 8 
high or low pressure spot or zone as deed. BY adding 
postve ener toa zone, the a eat aed expand 
‘Thusthe aisles dens, producing. low presur 00 
sr alow. By adding negative energy toa zane, a egal 
‘mount of posve energy in the zone caneced. Ths 
(he al in the zone contract and te denser, prodcng 

‘igh prs zone, ra high. Thus one can rete dant 
‘igh nd lows at wil By slowly moving scanning) the 
PCR beams these distant highs and Hows can be moved, 
‘has deviating ana deeting the Jetstream storm 53s 
tems ete. By oatputing poste energy and warming the 
top ofa thunderstorm anv, while tputing nepave 
tery tothe side of the avi! and coollg iy draie 

" domnburt under the sl canbe created. US. ste 
tes have photographed such anomalous holes appearing 
‘in tunderhead anvils over the US, and ther association 
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ith downburss hasbeen documented i the erature 
‘Whether thee re natural o enginered have yet to be 
‘stblished. Another signature of weather engineer 
a "wheel and spoke" type of cloud, called 9 lant 
Fadlak—tias een seen widely throughout the U.S" and 
cerrelated with snonralous weather changes shorty 
‘eral Sometimes asystemaftwo such alia facing 
‘each other seen, and om one oecasion four were seen 
locked together Gust before and during the highly 
snomalous zig-zag travel of a 1985 hueicane in the 
Galt) Another geometrical form assocated with severe 
weather has been photographed by US. weather satel 
tes, and refered olathe weather terature as an 
hanced V". This signature else associated with the 
rodvetonaftrtadcs, and itmay bea natural penn 
fon. However, ifthe mechani fr the enhanced V 
Were arial produced in a thunderstorm, then the 
brababity of follow-on lomadoes would be materially 
Increased. The Soviets have openly engineered the 
weather over North Amerie ae 1976, nd made pre: 
‘ious RED engineering tests oer th US. in 1967 

217. Woodpecker signals: powerful, complex electro- 
‘magnate signals originating inthe Soviet Union (ap 
parently from the viclolty of Riga and Gomel, for 
ample) that have widely dsturbed snd interfered wih 
the communications band (3-30 MEL) since the mid 
40's. Bloctve madultons of 10 Hz and wader have 
‘nen observed repeatedly. Western observers have not 
deciphered the purpose ot specific coding af the signals, 
fae prefer to thnk of than as some sort of over-the 
oranda teste, dhs neatly leposng of the probe 
Sina igals have been observed to eral he human 
bralawaves and force the into la-phave ection, 
Beek has reported the plaslocked synchronization of 
fhe 10 He mdulatons on ae many as 16 care rete 
les at once. From the Lisisyn work, this constiutes 2 
“phased lock-in” of 16 carr channels Into an en 
aloe brain. According to Liss and earlier § 
“biotic radia” exper 

allow the Sovets to want emo, eli 
fn even pictures into the entralned rai, where I 
processed ifthe bala self had orignted It (Fa e 
ple, tna Cable News Network spect in November 
19AS, Rauscher and Bise actually demonstrated the le 
lction af sual form images inthe ran athe CNN kn 
‘estgatr using Weak signals much weaker than those 
naturally produced by osellaton of the earth's magnetic 
eld.) Aceording tothe Kazhnacheyes work, any sot of 
‘lll death and disease pattern canbe eectromagnet- 
‘aly induced. (The work was dupllated in the lard 
Dy University of Marburg researchers in West Germans, 
by researchers atthe Univeray of Syne, and by one 
Us selentst) Popp discovered the veal photon ean 
‘munication system ofthe ells othe ody Thi scalar, 
and scalar patterns for charg dstibutions ofthe chemis- 
‘ey of ella dlseases and damage could abo be placed 
tn the phase locked Woodpecker carves, entering de 
thin hodys master control system through the en 
‘rand brain and "kindling throughout the els ofthe 
body. The stress and suppression of dhe tnmane stem 
would be valved in aos all dlseave pater and 
“purl AIDS" type ofsyedronse would resul, mang 
the entrained body vulnerable to whatever dete were 
round, including bing induced onthe Woodpecker t= 
‘Hers themselves: Als, by targeting the DNA afspesific 


crganens, mutations of deadlier and ther strane of 
disease induction agents such as bacteria and vires 
‘ould be produced. The “andes” pteroma sort of 
‘Salar EM sntdoe—cold be induced in dhe Soviet, 
‘Population. (The presen! etal AIDS Isa manmade is: 
fase and {was unlebed from a research tborstry 
lhe acedentlly oF by a Sovlet agent on purpose) 
Indes, World War I uy leat have hep nd the 
Soviets may be waging a quite diferent Kind of erep- 
ingly escalating viral war against the United States 130, 
sur Defense Department and our government have not 
‘et graspd what i happening nd so far we are imply 
iting passlve target I our populace slowly dbil- 
{ated and storm, weater, and earthquake damage slowly 
Increases year b} ear a some polnt our system Wil 
simply star to come unglued, wid inereaing Toss of 
‘control In that manner we could "sulde” as a wold 
power without the kind af great overt war wear anal 
far with, Noted steady escalation ofltrnational er 
urn, insurrection, and guerra warare. beg 
ramoted by the Soviets aroun the woe will keep us 
Preoccupied and busy while our deblitation and morase 
Healy are lnreased. We nay already beln a ery new 
Lind of war that we could love without fring sot four 
leaders donot wake up othe rightening iaplleaons of 
‘he new sles! Thus the Woodpecker wansitrs ep- 
eset a potential ant-populaton ad strate weapon 
‘enormous sete sglicance. The transits, be 
fause ofthe sheer power, also appear tobe able 10 
mp aod resonate earth scalar EM enrgles, prod 
‘arhquakes and plasma discharge ets at remot loca 
tons Since Gulden has direly shown at the etre 
‘arth a tight, Fred Scalar resonance at multiple 
frequencies and enormows power dut to powerful Soviet 
scalar treason then oe should woe to hepa 
‘tthe Soviet ability to produce earthquakes on demand 
tt oder) Atleast one U.S. researcher or grup sets 
toate been partly mulling Soviet fort this = 
spect by oeasanally pulsing the earth ealar energies 
2 countering mode, to Include actual destruction of 3 
Soviet trnanier none or more instances. Note expe- 
ally tht unorthdor reearchers have diet on 
raed thatthe Woodpecker signals contain powerful 
scalar components which orthodox seenistslacking 
Scalar detection equipment do not see. The Wood 
pecker carer interference gid over the US. 6 als a 
Scalar EM interference gid and used by the Soviets 10 
‘gine the weather over North Amerie Its also wed 
‘an ani-Bomber and_antimisaile launch phase 
etense system, and dhe Soviets have tested Ib ths 
‘mode by destroying several U.S. aleaftand mises. 


218. Work: conventionally the lin intel af fore 
a body over the path taken bythe bod ta the new ap 
‘roach the farce consists af the mass and its mots 
‘ange, unsepaated, Ths works hein itera the 
force over the path taken bythe force. War (pasts 
‘ual tothe energy (present expended, and energy (pee 
Set, gravitational potential fs equal to the Work (pst, 
‘lease ofa graiaional potential that can be expended 
‘Note hatony vectors produce work: sear waves do not 
perform work onthe observable envronment, al they 
to not contain standard EM force fed energy pers. 
219. Yo, Georg: engineer an inventor of he Paso, 
vb alfets the subtle scalar levels of the human 
ody's aus scalar radiation pater, 
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220. Ve the Eastern particularly Tibet, Nepal ete— 
‘Himalayan sersion of he apeman pod, earesponding 
tothe US. Sasquatch o Bigfoot 
221, Zarg: the collective human unconscious, con 
Sided aha mind at a beng ety Ii at east A 
lon dimensional, since it has as many dimensions as 
dnumaa sages. Each human is regarded sa single ell 
lar stage inthis eniy. The prychokineic power of such 
linked mind is propostomal 1 an exponential ofthe 
‘umber of sida stages. Ths Zaeespscokineic 
ower sso great that thas exon conl over space 
nd ume, and largely prescubes, maintains, and stabs 
Ines the laws of ature (as of physics and the eality 
in which we live. Conflict between large groups of 
humans castes unreslved conic in tis eat 
consciousness, and this generates symbolic dreams, 
‘ouch 36a human dreams stange, emotional symbolic 
dreams die tothe unreal confit i is othe er 
onal uaconscious mnod. However, because of ie vast 
pryehokineue power. Zarg matealzes or partially 
materializes its symbolic dreams, enuling in tuoi, 
Waves ofthese alpoidal materilizatons ths sepesen 
rong human confit or deat the lrg sae Such 
waves can be dream analyzed to discover the cotlate 
that is generating the symbology, by staihifrward 
cam analysis techniques. In olden mes, pt of this 
was known, ad wise men wee employed io analyze and 
lntypct the sang induced dreams of the hang (who 
‘vas the cater of poster of nation) and the paso 
phenomena sppearing ear him. The ancients knew the 
Inpor of signs and wonders" and what hey portend, 
hut this meupsybolonical Lowledge has heen largely 
sidiculed and lost BY preseat materialistic Wester 
222. Zero: naught of nothing; the absence of hing. A 
ive defiaon ithe avenee of umber However, sal 
the nonzero sumbers reconsidered trees! the pe 
ence of mer, hen to delare zero a muber—tht 
the presence af a mumber—is a self contradiction since 
it has just ben delaed the abseace of number I the 
fumencal sense, ane may do a litle beter by ealiag 
zo the absence ofan al all numbers excep sell 
Yet inthis cave. fclies arise as to bow one 10 
jas the addition of any’ ter number to 200: how ca 
“number be preset with he sbeoting operator 0 82 
Seradded? The absence of an) typeof tng obser able 
Formally, the ative ienity element of un algebraic 
system, That i formally the basi dea of 20 Ha, 
‘eed co a oumber the result till eid to ta 
Sumber Implicit sn this formal definitions “single 
Tew of persived objects thts there ae no "iden 
‘objects in a separate level of sts Ifmultpe levels of 
pecepuon ae allowed, then the 20 becomes much 
‘mote complex. That si tepeesets the absence of all 
te sumbers at that arcu evel, and of hat love's 
‘ind: that case stmay conti any combination afb 
Jects fom apotber level, jet be perceived as coming 
sing ofits own assigned level" In that ase there 
exists an inity of fret “Kinds” of zeroes the 
hidden associated structure (the substructure) If taken 
‘nto account Unfocunately physics his erated sich 
‘mulpe levels, but has ot requests mathematics 1 
leary sey the changed ate ofthe 22. AS ane 
fmple, a the observable lve, a sine number of 
nds of zeroes exist, when the ius level and pate 


Sdaractriste of physies actually sllates the following 
‘zero anom: an anervable¥ plus an observable 270 
fansldered to be equal tan observable zr plus ¥- Th 
fact, dhe sum ofv and partir wero may nt be equal 


alo the sm ofanather aro and ithe vets pat 
{erm ofthe wo zeroes ier, a tual substrate, 
land inthe adaiton of a 2er0 anv, the Vital levels 
onneary interac instead ulincary superimpose. 
223. Zero point energy: the Kinet ener Hat rma 
in substance when ts temperature absolute 2220. 
‘Quantum mechanics requres a simple harmon sel 
tort stl posses Kinet energy a i lowest tat: that 
1s, poseses hala quantum of energy. In solid mater 
bits dstrbued throughout the lati vibrations, eo 
‘wbuting to the binding energy. Vacuum also has ro 
ointenery). Actual sila and much expanded eo 
ep apples tony pote: a potential usta bunch af 
‘eapped dynamic vectors, hence "taped vecor (ans 
latdonal) ener.” Is transaid energy Hats oelly 
‘tapped and no ansating. The potential ths Uke an 
sccumulatr & epacr. Ica be "charged up" and 
"aucharged” ies contains its own analog oF trp 
‘or "aero summed” o neo pola” enery 

224 Zero-pont energy of vacuum: the vacuum isn 
‘rendngly being regarded ax compoced of en lncredbly 
‘dense srctre ofr eletromagneie energy even a 
‘zero degrees absolute, From quantum geometry 
{esx one approaches the Plancklength—say, 10 to the 
minus "35th mcters—these oscllations beeume 0 
terete that the fae of pacetine self arm 
Salting in sporadie, conta eonnection and disconnee- 
ton of widely separate portons of spacctine. This 
“quantum fos" was dubbed “superspace” by JA. 
Wheder. Actually, if space and time are tora, than 
energy lsd—and Vector waves—are also ten Thats, 
fhe superspace consists of pure masks charge fax, 
pure selar waves.Meompacte, this anenergy dens 
ff racuum may be apprisimated as 10 tothe 100 
rams per cuble centimeter, were compacted into 
ass The atal deere charge ofthe vacuum appears 
fo beennrmous ft were posible to measure a voltage 
Arwp from ito an uncharged region. ‘Tus ts space 
(actualy spacetime) thats Ineredily dense, and mater 
thats eherealy thin. Spacetime goes through mater, 
‘athe than mater through spacetine. This anenersy of 
actin does infroct with electromagnet fs and 
mater to give abnervable ets as evidenced by the 
{Lamb shi, for example. The Lami shift proses tht the 
‘vacuum charge or aneners can be "tapped." Taping 
ihe "vacuum energy” would immediatly end the eer 
‘rs forever. Further: iean be done wih practical dev 
lees, as. Heay Moray showed in the 20's and. 303, 
a as several present inentors have shown today: 

225. Zero veto vector having no length (no magne 
tude) oF specie dreeton. Absence of any or all Hite 
tector, Reman of system of rule, Rate vectors 
whose vets has no specie dreton. Note hat the 
Second detnon ders drastically tu tho fist. iat 
{we cant say tht vector rent zero aso be 
folded magne, we consider the components, al of 
‘whom have mata. Se the diseusin unde "ra" 
Ta vector ana, the zero vector alam stats that any 
‘eco ¥ pla eo ecto eal fo a 20 veto plas 
‘(Note that this aon not proven, jus assumed 
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However, there are an inflate numberof diferent 2¢0 
sector esl systems, and so zero vectors may difer, 
IF thet infolded component “substracture™ is eo 

sere. Indeed, zero vector system inst be Wentied 
‘spell form of potent fits substructure fs con 
Sdered. The cannon practice in letra pts fe 
Placing a zerosummed system of vectors With a vector 
zeros incomplete, and such di not exist a Mall's 
rigaal quaterion theory. Ths present practic should 
bbe changed the vector zero should be replaced witha 
special organized vector ser systema and uscalar pote 
{aL By fling to do this, pss excludes the ability 
engineer dectrogravitation, spacetime the viral state, 
Tocal general relay, re enery, effects at distance, 
and the probablies ‘of the states propagated by the 
Schrocdinger equation. Italo excludes scalar electro- 
‘magnetics (eetrogeaitaton) and unifeaion of all 
forces i an enginceringeletromagetis aslan In dhe 
‘ew slew, a zero vector may e a system of eters hat 
‘eco sum or mull to 2er, but the components 


‘may stil exist "inside and dynamically funtion inside 
{he erwresultant envelope This substrctare ean act 
fn nonlinear or resonant systems, Any oalleponends, 
aye te varying, oF none ahem may be The zero 
tector system may thus bea dynam vacuum engin. In 
Iniidon, "such a vector zero sstem is camldered to be 
‘lo a ealar stress pote, whose magnitude sequal 
to the sn ofthe abeolte vale of the perpendcuar 
imponets In addition a separate type oltre poten 
tal may be Included forthe magnitude ofthe absalute 
values ofthe vil components (argues). Other as 
Soeiated potentials may be included fr the system, par 
‘enlarly ifthe system is ln mnltiple denon, If 
amsss of more tha one type of tual parle Max, if 
Several fats itereommute, ee. Such a sstemean aso 
be designed and create to determinsteallylntract, 
ith and a the Me force Use the mod, Uought ed 
personality 
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Expanding Capacity 
Wireless technology is playing a profound role in networking and communications, even though 
wireline technologies such as fiber have inherent capacity advantages. 


Over time, wireless networks will gain substantial additional capacity through the methods 
discussed in the next section. While they will compete with copper twisted pair and coax, they 
will never catch up to fiber. The infrared frequencies used in fiber-optic communications have 
far greater bandwidth than radio. As a result, one fiber-optic strand has greater bandwidth 
than the entire usable radio spectrum to 100 GHz, as illustrated in Figure 30.*” 


Figure 30: RF Capacity vs. Fiber-Optic Cable Capacity 


Achievable Fiber-Optic Cable Capacity Per Cable (Area Denotes Capacity) 


\ 


Achievable Capacity Across Entire RF Spectrum to 100 GHz Per 


A dilemma of 4G mobile broadband is that it can provide a broadband experience similar to 
wireline, but it cannot do so for all subscribers in a coverage area at the same time. Hence, 
operators must carefully manage capacity, demand, policies, pricing plans, and user 
expectations. Similarly, application developers must become more conscious of the inherent 
constraints of wireless networks. 5G, with its far greater capacity, at least in small 
deployments, will increase the percentage of users that use wireless connections as their only 
broadband. 


Three factors determine wireless network capacity, as shown in Figure 31: the amount of 
spectrum, the spectral efficiency of the technology, and the size of the cell. Because smaller 
cells serve fewer people in each cell and because there are more of them, small cells are a 
major contributor to increased capacity. 


°7 One fiber-optic cable can transmit over 10,000 Gbps compared with all wireless spectrum to 100 
GHz, which, even at an extremely high spectral efficiency 10 bps/Hz, would have only 1,000 Gbps of 
capacity. 
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Abstract 


Both postulates in the conventional EM bioeffects model are in error, 
as is the classical electromagnetics model (CEM) itself. Major errors 
in CEM are presented. The QM view is taken that all EM 
phenomena are caused by the potentials, not the force fields. Using 
the Whittaker/Ziolkowski (WZ) internal structure of the scalar 
potential, Bohm's quantum potential and an engineerable variant of 
his hidden variable theory emerge. A strong candidate emerges for 
the internal mechanisms used for mind, thought, long term memory, 
and deep cellular control by Popp's master cellular control system. 
An environmental negative feedback mechanism is stated for long- 
term, cumulative causative mutation, yielding Sheldrake's 
morphogenetic field, which is a species quantum potential. Utilizing 
the new EM bioeffects model, Kaznacheyev's demonstration that any 
cellular death or disease can be caused electromagnetically is 
explained. A new definition for cancer is advanced, as is a long-term 
cumulative mechanism that causes it. The mechanism for Priore's 
demonstrated cures of terminal tumors in laboratory animals under 
rigorous scientific protocols is explained. A solution for the major 
cumulative mechanism for biological effects of EM fields and 
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radiation is presented. A self-targeting mechanism is presented 
whereby complex WZ EM biwave pumping of the "cell as a 
nonlinear phase conjugate mirror material" produces an exact EM 
antidote signal for the specific cellular disease. It is argued that 
inexpensive, quick, nondebilitating, cures can be developed for most 
major dread diseases, including cancer, arteriosclerosis, and AIDS. 
Priore's remarkable and previously unexplained cures of terminal 
tumors in lab animals are cited as examples of applying the new 
model, albeit unwittingly. 


The Basic EM Bioeffects Model Is In Error 


As is well-known, the field of EM fields and radiation effects on 
biological systems is actually in something of a shambles. In over 40 
years of studies and experiments by careful researchers, the results 
are inconsistent, contradictory, and usually difficult or sometimes 
impossible to replicate. Attempted replications often give 
contradictory results, erratically. Researchers cannot rigorously 
answer even the simplest question, such as "Does power line 
radiation contribute to the incidence of cancer and leukemia, and if 
so, how and under what circumstances?" Causative mechanisms 
have so far eluded research. Powerful vested interests fund many of 
the studies. Consequently a great deal of controversy exists in the 
field. Opinions and positions range from the "microwave oven" 
position that "if it doesn't appreciably heat tissue, it doesn't harm 
biological organisms," to the "total fear" position that "any and all 
non-ionizing radiation is harmful; we just don't know by what 
mechanism." Legal actions to limit human EM radiation exposure 
are increasingly being initiated by concerned citizens’ groups 


What has actually been "proven" by the nearly fruitless EM 
bioeffects effort to date is that the fundamental EM bioeffects model 
being utilized by the researchers is totally inadequate for the task 
intended. If that is true, then 40 more years of continuing to apply 
the same inadequate model isn't going to make very much additional 
progress. Further, if the fundamental model is faulted, then what is 
needed is a detailed examination of the model to discover and correct 
those foundation faults. 


In tackling this model foundations problem, I have performed a 
systems engineering layout of the fundamental EM bioeffects model, 
and stated its two major postulates. Both postulates turn out to be in 


hup:/www.cheniere.org/books/eancer/cancer htm (2 of 42)24.11.2003 21:47:14 


The Tom Bearden Website 


error! Immediately one can easily see why the field is in such a state 
of confusion. However, no true systems engineer would stop there. I 
have also performed a systems engineering layout of precise 
corrections for the two postulates, thereby correcting and extending 
the model so that it can yield consistent, replicable results and 
causative mechanisms. All of this is a rigorous procedure, and 
straightforward systems engineering methodology. 


However, the results point to profound changes, which I have been 
immersed in deeply studying for quite some time. Out of this 
approach has emerged something quite fundamental: a strong 
candidate for the internal mechanisms used for mind, thought, long 
term memory, and the deep cellular control system for all cells of the 
body. A mechanism for species adaptation also emerges that is quite 
capable of explaining (and yielding) long-term directed mutation, 
including the "species jump,” where a species such as a bird emerges 
in short order (not gradually) from a species such as a reptile. The 
known "species jump" has been a deep mystery to evolution theory, 
which simply could not explain it. Another thing that has emerged is 
a startling new electromagnetic causative mechanism for cancer, 
leukemia, etc. At the June 1993 Brain-Mind Symposium in Los 
Angeles, I will present that exact mechanism. The mechanism is 
capable of laboratory test, and validation or falsification. We will 
also present an entirely new approach to EM effects on biological 
organisms, and present the major new mechanism involved. The new 
mechanism has fundamental application to the theory of dis 
and offers potential curative mechanisms for dread diseases 
cancer, arteriosclerosis, and AIDS. I explain some of the necessa 
background in the following paragraphs. 


Classical Electromagnetics is Seriously Flawed 


As is well-known, there exist severe contradictions between classical 
electromagnetics (CEM), general relativity (GR), and quantum 
mechanics (QM). As presently constructed the three disciplines 
cannot be unified, even by Herculean efforts. Particularly with 
respect to the primary causative agents for electromagnetic 
phenomena, the foundations of QM and of CEM are in profound 
disagreement. CEM assumes the forcefields as primary causes, 
paying only lip service to the potentials and treating them as 
primarily mathematical conveniences. QM, on the other hand, has 
long since [since 1959] shown that the force fields are simply effects 
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in and on the charged particle system, and are not causes. Instead, 
QM has shown that the porentials are the primary causes of all EM 
phenomena. In charged particle systems, potentials can interfere and 
cause observable EM phenomena such as the Aharonov-Bohm effect 
in the complete absence of the force fields. Herein lies the reason for 
the present dire straits of EM bioeffects research. We explain further: 


CEM theory was originally formulated by James Clerk Maxwell in 
terms of quaternions. Note that quaternion algebra has a much higher 
topology than either vectors or tensors, the mathematics in which 
CEM is presently expressed. None of the present "Maxwell's 
equations" _ universally taught as due to Maxwell _ ever appeared in 
anything by Maxwell himself. Depending upon what you wish to call 
a fundamental equation, Maxwell's true equations are the numerous 
quaternion equations included in one almost incomprehensible 
chapter of his 1873 book. The present four "Maxwell's Equation: 
are in fact due mostly to Oliver Heaviside, and to a lesser extent to 
Gibbs and Hertz. The major player was Heaviside, a very brilliant 
but self-educated man who never attended University. 


At the time Maxwell's book was published, Heaviside was just 
teaching himself calculus and differential equations. Seeing the 
book, he was electrified by it, and Maxwell became his undying 
hero. Maxwell died not long after, of stomach cancer. 


Heaviside believed _ as did almost every scientist at the time _ in the 
older medieval tradition that forces were the causes of all physical 
effects. He had great difficulty with the potentials, stating that they 
were "mystical and should be murdered from the theory." We know 
today in modern quantum field theory that forces are effects, not 
primary causes of anything. In fact, it is the exchange of virtual 
particles with a mass that generates all forces upon it. As is well- 
known to foundations physicists today, "force" does not exist 
without the mass present to be acted upon, and without the action of 
a potential gradient upon the mass. We know that there are no force 
fields in the vacuum, and hence potential gradients in the vacuum are 
not forces, even though they are commonly assumed to be. CEM has 
not been corrected for these glaring defects: it prescribes force fields 
in the vacuum, and it prescribes that potential gradients are forces, 
even in the absence of any mass for the gradients to act upon. 


Heaviside also abhorred the quaternion theory. The coupling of a 
scalar component with three directional components was, in his 
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view, "mixing apples and oranges.” He knew that engineers would 
never master Maxwell's use of quaternion mathematics because of its 
difficulty. Consequently, Heaviside simply chopped off the scalar 
component of the quaternion and discarded it, then formulated this 
new "truncated to a vector" version as a much simpler mathematics, 
albeit of decreased topology. What he unknowingly threw away was 
the ability of the quaternion theory to capture an internal 
deterministic, vectorial EM structure of the scalar potential. /7t turns 
out that he also discarded the unification of EM and gravitation by 
throwing out the scalar component, but that is outside the scope of 
my presentation.] Years later as a lonely recluse in a small upstairs 
apartment, Heaviside turned back to quaternions to work on a theory 
of gravitation, according to papers found hidden beneath the floor of 
his study many years after his death. 


Learned journals of the day would not accept Heaviside’s papers for 
publication, because of the assumed "brutality" of his mathematical 
methods. So Heaviside began publishing very practical papers in a 
technical magazine, for the time roughly equivalent to Scientific 
American today. These practical papers gave transmission line 
theory, transformer theory, etc. _ things very useful to the early 
would-be "engineers" who were struggling with installing telegraph 
lines, undersea telegraph cables, etc. The vector mathematics utilized 
by Heaviside was much easier to understand and apply, and his work 
was eminently practical. Consequently it was eagerly seized upon 
and applied. The result was that Heaviside's EM model became the 
ipso facto CEM standard. Note that, at the time, only about 30 or so 
scientists in the world were truly "learned" in EM _ either from the 
vector standpoint or from the quaternion standpoint. Further, not 
much practical work was being done by the few quaternion 
practitioners. 


A short "debate" over whether EM should use Maxwell's quaternion 
model or the Heaviside/Gibbs vector model occurred prior to the 
turn of the century, mostly in the journal Nature. It never involved 
over a handful of scientists, and it wasn't much of a debate. The 
vectorists simply threw out the quaternion EM theory and adopted 
the vector theory of Heaviside and Gibbs. Note that this represented 
a substantial curtailment of Maxwell's actual theory. In other words, 
you can actually do a lot more in and with EM fields and circuits 
than what now appears in "modern" EM theory, and "modern" EM 
analysis won't even show it. Barrett's Oscillator-Shuttle-Circuit 
analysis of Tesla's actual patented circuits shows this clearly and 
resoundingly. Also, living systems utilize the discarded subset of EM 
for their most vital control functions, and the present theory and 
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methodology will not detect or "see " this. Thus this curtailment 
alone has resulted in the profound crippling of the conventional EM 
bioeffects model and efforts to apply it. 


The Present CEM is a Flawed Subset of Nature's 
Electromagnetics 


So we have several serious things that are quite wrong with current 
CEM theory. First, the theory (and its practice) are artificially 
limited to only a subset of the real EM that can be achieved and 
utilized. The present CEM unwittingly excludes the very type of EM 
utilized by living systems for their deepest control functions. It also 
excludes electrogravitation. Second, Maxwell's theory was actually 
based upon the assumption of a mechanical (material) ether, which 
meant that he could logically assign material forces to the "vacuum" 
or "ether fluid." ide's translation (and curtailment) to vectors 
did not charge this "material ether" and "force field in vacuum" 
assumption. 


However, in 1887 the Michelson-Morley experiment resoundingly 
destroyed the notion that the ether is material. If the ether were truly 
a thin material fluid, then forces and EM force fields would indeed 
exist in it. Since the ether is not material and forces exist only in, on, 
and of matter, no E-field or B-field exists in the nonmaterial 
vacuum; none ever has, and none ever will. In his three volumes of 
physics, Feynman pointed out that only the potential for the EM 
force fields exists in the vacuum; the only thing that exists in 
vacuum is potentials, after all! The vacuum is just a fantastic 
collection of interfering potentials and potential gradients. 
Rigorously, the E- and B-fields we detect with our instruments exist 
only in the electron gas in the probes we utilize. This is well- 
known to a few foundations physicists, but the CEM model has 
never been corrected for these foundations errors. 


Note that the loss of the material ether also falsifies one of the three 
key assumptions in modern potential theory: the notion that the 
gradient of the potential comprises a force field. We know today that 
the CEM equation E = -V9, is actually incorrect for the vacuum. It 
is correctly measured; since that is exactly what is detected when 
the vacuum V9 potential gradient couples to the free electrons in our 
detecting/measuring instruments. What we detect as E, however, is 
actually [(V@ ¢ (e°)], or the potential gradient coupled to the 
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Given the relentless growth in usage, mobile operators are combining multiple approaches to 
increase capacity and managing congestion: 


a More spectrum. Spectrum correlates almost directly to capacity, and more spectrum 
is becoming available globally for mobile broadband. In the U.S. market, the 2010 FCC 
National Broadband Plan is in the process of adding an additional 500 MHz of spectrum 
by 2020. mmWave band spectrum for 5G will provide far more spectrum, but 
propagation characteristics will restrict its use to small cells. Multiple papers by Rysavy 
Research and others® argue the critical need for additional spectrum. 


@ Unpaired spectrum. LTE TDD operates in unpaired spectrum. In addition, 
technologies such as HSPA+ and LTE permit the use of different amounts of spectrum 
between downlink and uplink. Additional unpaired downlink spectrum can be combined 
with paired spectrum to increase capacity and user throughputs. 


a Supplemental downlink. With downlink traffic five to ten times greater than uplink 
traffic, operators often need to expand downlink capacity rather than uplink capacity 
Using carrier aggregation, operators can augment downlink capacity by combining 
separate radio channels. 


u Spectrum sharing. Policy makers are evaluating how spectrum might be shared 
between government and commercial entities. Although a potentially promising 
approach for the long term, sharing raises complex issues, as discussed further in the 
section “Spectrum Developments.” 


u Increased spectral efficiency. Newer technologies are spectrally more efficient, 
meaning greater aggregate throughput using the same amount of spectrum. Wireless 
technologies such as LTE, however, are reaching the theoretical limits of spectral 


© See multiple papers on spectrum and capacity at http: //www.rysavy.com/writing. 
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electrons, including their masses. Specifically, we do not detect the 
nonmaterial (VO that actually exists in the vacuum. We detect 
electron wiggles in the free electron gas in the conductors of our 
instruments; we do not detect "vacuum wiggles" per se. 


Neither Maxwell's quaternion EM equations nor Heaviside's vector 
EM equations include electron spin effects, but actually model 
electricity as a "thin fluid." Hence the EM equations of either model 
are fluid dynamic equations. Specifically, the measured transverse 
EM waves exist in the electron gas of our detectors; any detector 
detects only its own internal change, not the external agent that 
interacted and caused that internal change. White the "signal" races 
down the conductors i sentially the 
speed of light, the "free" electrons in the electron gas in those 
conductors are longitudinally restrained. The electrons must 
essentially move laterally from their initial distribution inside the 
conductor to its skin, then "slip" slightly down the wire on the skin at 
only the electron drift velocity, which is a fraction of a centimeter 
per second. The spinning electrons in the electron gas, being 
longitudinally restrained, act as gyroscopes. When disturbed by an 
interacting force, they precess. It follows that the lateral motion of 
the electrons inside the conductors of our detectors is just this 
"electron precession." It also follows that the direction of the 
disturbing force must be at right angles to the electrons’ measured 
transverse precession movement. Rigorously, EM waves in the 
vacuum thus are /ongitudinal, not transverse. We measure 
transverse waves in our detectors and instruments because we are 
detecting and measuring the electron precession waves in the free 
electron gas in the conductors of those instruments. But as Tesla 
pointed out, there are no Hertz waves in the vacuum; instead, EM 
waves in the vacuum are longitudinal "sound" waves, or waves of 
rarefaction and compression of the medium. From modern QM we 
also know what the medium is: it is a flux of virtual particles. Again, 
as can be seen, the CEM model is seriously in error in its 
representation of EM waves in the vacuum. 


We will not pursue this further; it is well-known to a few physicists 
in foundations work (but not to most electrical engineers and 
electrical physicists!) that classical EM theory is seriously flawed, 
and that it should be upgraded to correct those flaws. As is well- 
known in QM since 1959, it is the potentials that are the actual 
causes of all EM phenomena, and the potentials can interfere to 
cause real EM effects in charged particle systems, even in the 
absence of the force fields. The Aharonov-Bohm effect is an 
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example, as are several other derivative effects well-established in 
the literature. What has been ignored even in QM, however, is the 
organized internal structure of the potential, even though the 
original (vector) discovery by Stoney occurred in 1897 and was 
extended by Whittaker in 1903. 


This internal structure of the scalar potential had been implicitly 
present in Maxwell's 1873 quaternion theory, as an integral part of 
the scalar component of the quaternion resultant of the interaction 
between two or more quaternions. In quaternions, a scalar entity may 
be regarded as a special quaternion entity whose translation has been 
reduced to zero. A vector entity may be regarded as a special 
quaternion entity all aspects of which are translating, and no 
nontranslating aspect is present. Thus the scalar quaternion entity 
may be totally composed of vector components, so long as they sum 
or multiply to a zero translation resultant but pos a finite 
nontranslating magnitude. 


The Scalar Potential Has an Internal Bidirectional Wave-Pair 
Structure 


Ina profound but ignored 1903 paper of enormous consequences, E. 
T. Whittaker decomposed the scalar EM potential into a harmonic 
set of bidirectional wave pairs, extending the original 1897 work of 
Stoney. Each wave pair consists of a wave and its phase conjugate 
replica (its "anti-wave" or "time-reversed twin".). Thus the scalar 
potential has a rich internal biwave structure. [Further, one can make 
a scalar potential by simply assembling the necessary multiple 
waves, and one can alter the internal structure of the potential at will 
by altering the waves utilized in the assembly process.] In 1904 
Whittaker published a formidable second paper, showing that all of 
CEM could readily be replaced by scalar potential (hidden multi- 
wave) interferometry. In other words, scalar EM is far more basic 
and extensive than is the present CEM with its emphasis upon the 
force fields. 


E.g., you can alter the internal structure of the Schroedinger 
potential, and place deterministic biwave "hidden variables" inside. 
You can then "engineer" these hidden variables _ and consequently 
the Schroedinger potential _ by external means. In other words, you 
can even accomplish at least limited engineering of quantum change 
itself. This of course reduces the Gibbs statistics (which assumes a 
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totally random quantum change) to a special case, and provides a 
more general case of chaotic quantum change, which is still 
statistical but may contain hidden order. Note that this statement is 
experimentally testable. It also resolves the greatest problem in 
quantum mechanics today: the problem of the missing chaos (hidden 
order). 


In 1989 Ignatovich placed a paper in the American Journal of 
Physics pointing out a similar internal biwave structure of the 
Schroedinger potential, but none of our scientists seems to have 
realized the profound implications. If we apply these proven 
mathematical extensions of electromagnetics, we are now dealing 
with a higher topology hidden variable theory, along the lines shown 
by Bohm, but one that is engineerable on the lab bench. 


Ziolkowski's Extension Allows Hyperspatial Communication 


In 1985, a brilliant EM scientist named Ziolkowski independently 
rediscovered Whittaker's internal biwave harmonic decomposition of 
the scalar potential. He also extended the "internal structure" theory, 
to encompass not only the sum set but also the product set. Since the 
product of waves represents modulation, Ziolkowski's brilliant work 
provides the setting for direct information communication capability 
in the internal structuring of the scalar EM potential. 


Further, this internal channel is in the virtual state, so one is 
accomplishing virtual state engineering, in the sense of the vacuum 
engineering posed by Nobelian Lee. If one uses a 4-space 
Minkowski model, the Whittaker/Ziolkowski channel information 
may be viewed as subspace communications. If one utilizes an n- 
space Kaluza-Klein model, where n is greater than 4, then the 
Whittaker/Ziolkowski channel information may be viewed as 
hyperspace communications. Living systems already use this inner 
EM channel. 


Living Systems Use the Internal Channel Communication 


It turns out that living systems utilize precisely the Whittaker/ 
Ziolkowski (W/Z) mechanism for their deepest functions and control 
systems _ including mind, thought, long-term memory, and the 
master cellular control system (MCCS) discovered by Dr. Popp of 
Germany. What we are stating is that, for the very first time, we now 
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know where and how the mind's "deepest software" is, its 
fundamental mechanism, and how to go about programming it 
directly. However, we first must develop new measurement 
instruments. 


Unfortunately, present EM instruments are almost all only "electron- 
wiggle" detectors; they detect only the translation of electrons. A 
gradient in the potential will couple to electrons and translate them. 
The gradient-free potential does not translate electrons, and it is the 
internal biwave W/Z structure of that gradient-free potential that we 
need to measure. Presently no known instrumentation will do that. 


However, if two different scalar potentials are interfered [Whittaker 
1904], their interference reproduces potential gradients [normal 
"force field" EM], which do couple to electrons and translate 
them. In fact, potential gradients (which in CEM are erroneously 
called "force fields") were already shown by Whittaker to be entirely 
due to the interferometry of two scalar potentials. So new "scalar 
interferometry" instruments must be developed to "outfold" the 
internal contents of the scalar potential as gradients, and then utilize 
normal instrumentation to measure those interference gradients and 
calculate the potential's internal structuring. One form for the 
detector is the use of a standard potential (with a known internal 
biwave structure) inside a Faraday-shielded chamber, so that the test 
gradient-free potential (which penetrates such a cage) interferes with 
the standard potential inside the cage to produce gradients therein. A 
probe in the interference zone detects the gradients as electron 
translations, which are conducted externally to amplifiers, meters, 
spectrum analyzers, computer programs, etc. The end result is the 
determination of the internal WZ structure of the test potential. Other 
detector types are possible; this is j 


Thoughts, Mind, Memory, and Cellular Control Are Measurable 


What we are saying is that, by developing the proper 
instrumentation, it is possible to directly detect and examine 
thoughts, memory, and deep control system functioning of the 
biological organism, including the deep internalistics of its personal 
quantum potential. We are speaking of the pending emergence of an 
experimental science, not just a speculation. 
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However, we are dealing now with a form of "hidden variable" 
theory, but one that is engineerable and testable. So we will become 
directly involved with Bohm's guantum potential, both 
experimentally and theoretically. A quantum potential can connect 
widely separated systems by instantaneous effects, as if the systems 
were not separated but were located together as a single system. 
Further, the quantum potential does not have a single localized 
source. Suffice it to say that in 1991 I published the discovery of 
how a quantum potential is actually created. If one utilizes the 
proven "self-targeting" or iterative phase conjugate shooting 
mechanism from the Strategic Defense Initiative, and applies it to the 
WZ waves internal to the scalar EM potentials from two separated 
charges, then in a dense signal environment the self-targeting 
interaction may be initiated, so that the separate potentials merge 
into a single nonlocalized or "spread-out" potential consisting of 
laser-like beams between the charged particles comprising the 
separated systems involved. In that case, part or all of any EM 
change in one system is immediately experienced in the other 
systems participating in the effect. The communication is 
superluminal. The limitation to luminal velocity applies only to the 
"surface gradient" of a potential, not necessarily to the bidirectional 
waves in its WZ internal structure. Those internal waves are in either 
hyperspace or subspace, depending upon whether one models the 
situation in more than four dimensions or in only four. 


The point is, the quantum potential also has a W/Z internal 
structure. And that structure can be deliberately created and 
engineered by external means. Action at a distance is not only 
Je but engineerable. 


Living Systems and Quantum Potentials 


It turns out that the living organism utilizes a quantum potential _ a 
special scalar potential connecting all its internal atomic nuclei _ 
for its volition, deep control, and mind and thought processes and 
operations. This can even be taken as a flat definition of a living 
‘stem. A living system utilizes internal WZ structuring of this 
scalar potential connecting all the atoms (nuclei) of its body mass, 
for its deepest control proce Any system not having or doing 
this is not a living system. This also resolves the age-old 
philosophical question of how mental intent cm cause physical 
response, but that is beyond the scope of my presentation. It also 
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explains why viruses can be precipitated out of solution as a crystal, 
and the crystal stored for decades. Then when the crystal is 
redissolved, the individual viruses separate and resume their "living" 
state. Suspended animation of the viruses results when their physical 
matter and its quantum potential remain intact, and the stored WZ 
structures in the quantum potentials on the atomic nuclei of that 
matter remain the same. 


It further turns out that the species itself has a much weaker (at a 
deeper level topologically) quantum potential connecting all its 
members (all the atomic nuclei in their bodies). This corresponds to 
Sheldrake's morphogenetic field _ that field is just a species quantum 
potential. Jung's collective unconscious, e.g., can be directly 
expressed in this model scientifically and testably _ but again that is 
beyond the scope of this presentation. 


Newton's Third Law Requires Forces to Occur in Oppositive 
Pairs 


Newton's third law is a sleeping tiger, with surprising implications 
when awakened and explored. For example, it rigorously requires 
that forces (including EM forces) must occur in oppositive pairs, 
This alone falsifies the CEM notion that oscillating "singular-force" 
electric and magnetic waves appear in either a material ether or 
physical matter. At least two waves must exist, the wave and its 
oppositive or antiwave. Further, the wave and antiwave must be 
intimately coupled. Heretofore the antiwave has simply been 
ignored, or when anyone pointed out that it was present in our 
detectors, it was just considered to be "Newton's third law reaction 
wave.” "Newton's third law" was just mysteriously invoked, as if it 
had no causative mechanism. Yet in quantum field theory the cause 
of all forces is the absorption or emission of virtual particles. The 
cause of all mechanical and electromagnetic forces is the absorption 
or emission of virtual photons. So Newton's third law for mechanical 
and electromagnetic reactions must also be due to the exchange of 
virtual photons. In other words, there was an extra half of the 
"something" in the vacuum that interacted with our detectors and 
gave us the "free electron gas's transverse precession waves. That 
"extra half’ was exactly equal and opposite, and interacted in the 
atomic nuclei of the conductors and the mass of the instrument to 
give a set of physical Newtonian recoils. That half is equal and 
opposite to the half we actually recognized. The point is, equal and 
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opposite forces actually interacted with our instrument. Thus a stress 
wave interacted with it, not a unitary oscillating wave. 


What occurs in vacuum must be a stress wave, not a unitary force 
field wave. In short, as stated (but not elaborated) by Feynman, it is a 
potential wave, or an oscillation in the potential gradients and 
magnitudes, not the force fields. Since in modern theory force is an 
effect and not a cause, we interpret and extend Newton's third law to 
state that the causes of all forces must occur in oppositive pairs also. 
Thus the cause of an EM force field must be the interaction of two 
scalar potentials _ just as Whittaker's 1904 paper proves. 


In quantum field theory any mechanical or EM force is caused on a 
mass by absorption and emission of virtual photons. Accordingly, let 
us examine the smallest possible EM or mechanical "force" _ that 
one caused by the absorption of a single virtual photon. Newton's 
third law requires that two photons (the causes) must occur, not one. 
Further, in all cases, the one must be the exact antiparallel to the 
other. The only thing always meeting that condition for a photon is 
its exact antiphoton _ its time-reversed, phase conjugate replica 
twin. But a phase conjugate replica photon must also superpose 
spatially with its parent photon _ that's what phase conjugate replicas 
normally do, according to the distortion correction theorem of 
nonlinear phase conjugate optics. Thus instead of the conventional 
"single photon" interaction, the actual vacuum entity engaged in the 
interaction with an atom is a coupled photon/antiphoton pair. A 
coupled photon/antiphoton pair has spin-2, hence is a graviton. 


Gravitons and Graviton Interaction 
So arguably "photon interaction" has been graviton interaction all 
along. In the interaction with an atom, the graviton splits into a 
photon and an antiphoton. The photon usually interacts with the 
electron shells, being absorbed by an electron to raise its energy 
level, then re-emitted and scattered outward from the atom. This 
absorption and scattering of photons _ containing their components 
of energy and time _ from the electron shells of the atom creates 
movement of the atom through external observer time. The photon 
interaction between a mass and its environment creates the forward 
flow of time for that atom and its seemingly entropic external 
(photon interaction created) universe. 
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The antiphoton half of the graviton is time-reversed, which we see as 
spatially reversed. Consequently we see it move in the opposite 
direction to its externally-directed photon twin. So the antiphoton 
focuses inward and interacts with the atomic nucleus, providing the 
Newtonian third law recoil of the atom. The blithe assumption of an 
"automatic" third law reaction force has always concealed the fact 
that the so-called photon interaction is actually a graviton 
interaction. Further, the positive charge of the atomic nucleus is due 
to the time reversal interactions of antiphotons with the nucleons, 
which reverses the charge from that of the negatively charged 
electrons in the atom's electron shells. 


Proof: Excising the Antiphoton Violates Newton's Third Law 


This graviton interaction hypoth estable. Note that, if the 
hypothesis is correct, then when an atom or mass emits antiphotons 
or antiwaves (phase conjugate photons or phase conjugate replica 
waves), it means that the inward-burrowing antiphotons have been 
"tricked" into coming out of the atom instead, so they can comprise 
the time-reversed wave. If they come outward instead of going 
inward when they split from the parent gravitons, they do not 
interact with the nuclei to cause their recoil. In that case, there would 
be no recoil. And indeed, so it is. In a phase conjugate mirror 
material, the mirror does not recoil when it emits a phase conjugate 
replica wave, even a powerful one due to powerful pumping. This is 
not true when the mirror material emits a pseudo-conjugate wave. A 
pseudo-conjugate mirror, e.g., emits an ordinary "time-forward" 
wave with a distorted wave front, so that it will "retroreflect" ina 
manner similar to the phase conjugate replica wave. However, the 
pseudo-conjugate wave is not a true time-reversed wave. 
Consequently, the mirror will recoil when it emits the pseudo- 
conjugate wave, because the antiphotons from the graviton 
interaction still penetrate to the nucleus and interact there, while the 
time-forward photons constitute the pseudo-conjugate wave actually 
emitted. This is experimentally verifiable. Among other things, it 
establishes that there exist differences between the photon and the 
antiphoton. 


Looking at the photon aspects of this, one realizes that one must be 
very careful in applying the conventional assumption that the photon 
and the antiphoton are identically the same. Actually they are not the 
same "internally." The photon can be thought of as carrying or 
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consisting of (+E)(+C4), while the antiphoton can be thought of as 
carrying or consisting of 

(4OE)(-Ct). Thus both have positive spin, but differ in their internal 
components. The lack of recoil in a phase conjugate mirror that 
emits a true time-reversed replica wave is already in the literature, 
though derived by statistical quantum mechanical arguments. It has 
also been pointed out by other physicists that all measurement/ 
detection is actually binary, but that the "internal energy" half is 
almost always ignored [it’s just considered to be "Newton's law", 
automatically revoked, and swept away in that euphemism. ]. 


Graviton Lattice Structure of the Scalar Potential 


When we examine the WZ structure of a scalar potential, in each 
biwave the wave and antiwave are phase conjugates. It follows that 
the photons in the wave and the antiphotons in the antiwave are 
phase conjugates also. This means that, as the two waves flow 
through each other spatially, photon/antiphoton pairs continually 
couple and uncouple. Hence gravitons continually couple and 
uncouple. Further, since the wave pair frequencies are phaselocked 
between pairs, the scalar potential is a phaselocked lattice of 
statistical (continually forming and unforming) gravitons. 


Let us now consider the interactions of an organism with 
environmental photons as the interactions of the organism with 
environmental gravitons, and specifically with graviton lattices. 


Cumulative Buildup in the Quantum Potential of the Antisignal 


If the photon half (of the graviton interactions) in the electron 
shells of the living body are considered as environment signals/ 
interactions, then precise antisignals or anti-interactions, 
constituting perfect negative feedback from all of an organism's 
physical environmental experiences, are experienced in the 
organism's atomic nuclei. Note that there they have partially affected 
the internal structuring of the quantum potentials _ both the personal 
quantum potential and the species quantum potential. The point is, 
cumulative negative feedbacks (exact phase conjugates) for all 
the environmental experiences and stresses an organism 
experiences, build in both the personal QP and the species QP of 
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that organism. A part of the entire species’ cumulation of species- 
common antisignals also exists deep in the quantum potential of the 
living biological system. 


So for any protracted stress experienced by the organism, in its 
personal QP a coherent cumulative negative countermeasure 
feedback _ one which by its time-reversed nature would reduce that 
stress _ continually builds. The phase conjugates of the "well- 
rounded" or highly varying stresses of multiple types will tend to 
mostly balance or "zero out." However, a sustained stress of one 
kind will result in coherent cumulation and increase in the "signal-to- 
noise ratio” of the amplitude of the antisignal for that particular 
stress, compared to the amplitude of the average of all the antisignals 
experienced. This is similar to the case where, in a sea of radar noise, 
a coherent radar signal were continually present and integrating 
coherently. Continual coherent integration, of course, results in 
continual increase of the signal-to-noise ratio for the coherent signal, 
and eventually it emerges from the "sea of noise” as a discernible [in 
this case, observable and physical] antisignal. 


This "cumulative kindling of antisignals" occurs in both the personal 
QP and the species QP; however, the species QP is many, many 
orders of magnitude less than the personal QP. Hence much greater 
time is required for "kindling" of species changes (evolution) than 
for kindling individual countering adaptations. 


Exercising to get in shape is a simple example of physically stressing 
the body cells so that the high-level feedback mechanism in the 
MCCS will kindle appropriate antisignals and order the cells to 
adjust their functioning in a fashion such that the level of 
performance being called for can be accomplished more easily, thus 
reducing the stress level. The adaptive mechanism ordering the 
adjustment of the body cells is the coherent negative feedback in the 
personal QP, created from the stress signals from the sustained 
"workout" exercises. This is a fairly rapid, "high-level" mechani: 
many other much slower (and some much faster) feedback reaction 
mechanisms also exist. 


Hypoxia As a Result of Interference With Hydrogen Bonding to 
Hemoglobin 


We now point out the recently discovered water H-bonding effect on 
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efficiency, and future gains will be quite modest, allowing for a possible doubling of LTE 
efficiency over currently deployed versions. See the section “Spectral Efficiency” for a 
further discussion. 


Smart antennas. Through higher-order MIMO and beamforming, smart antennas gain 
added sophistication in each 3GPP release and are the primary contributor to increased 
spectral efficiency (bps/Hz). Massive MIMO, beginning in Release 13, will support 16- 
antenna-element systems and in 5G, will expand to potentially hundreds of antenna 
elements. 


a Uplink gains combined with downlink carrier aggregation. Operators can 
increase network capacity by applying new receive technologies at the base station (for 
example, large-scale antenna systems such as massive MIMO) that do not necessarily 
require standards support. Combined with carrier aggregation on the downlink, these 
receive technologies produce a high-capacity balanced network, suggesting that 
regulators should in some cases consider licensing just downlink spectrum. 


a Small cells and heterogeneous networks. Selective addition of picocells to 
macrocells to address localized demand can significantly boost overall capacity, with a 
linear increase in capacity relative to the number of small cells. HetNets, which also can 
include femtocells, hold the promise of increasing capacity gains by a factor of four and 
even higher with the introduction of interference cancellation in devices. Distributed 
antenna systems (DAS), used principally for improved indoor coverage, can also 
function like small cells and increase capacity. Actual gain will depend on a number of 
factors, including number and placement of small cells, user distribution, and any 
small-cell selection bias that might be applied. 


4 Offload to unlicensed spectrum. Using unlicensed spectrum with Wi-Fi or LTE 
operation in unlicensed spectrum offers another means of offloading heavy traffic. 
Unlicensed spectrum favors smaller coverage areas because interference can be better 
managed, so spectral re-use is high, resulting in significant capacity gains. 


u Higher level sectorization. For some base stations, despite the more complex 
configuration involved, six sectors can prove advantageous versus the more traditional 
three sectors, deployed either in a 6X1 horizontal plane or 3X2 vertical plane.”° 


Strategies to manage demand include: 


4 Quality of service (QoS) management. Through prioritization, certain traffic, such 
as non-time-critical downloads, could occur with lower priority, thus not affecting other 
active users. Current network neutrality rules, however, may constrain use of traffic 
prioritization.” 


a Off-peak hours. Operators could offer user incentives or perhaps fewer restrictions on 
large data transfers during off-peak hours. 


®2 with small-cell range expansion using a large selection bias, small cells can be distributed uniformly 


79 An example of vertical layering would be a 3X1 layer at ground level and a separate 3X1 layer for 
higher levels of surrounding buildings. 


7 For a discussion of this issue, see Rysavy Research, LTE Congestion Management - Enabling 
Innovation and Improving the Consumer Experience, January 2015. Available at 
http:// www.rysavy.com/Articles/ 2015-01-Rysavy-LTE-Congestion-Management.pdf. 
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the hemoglobin in the blood, where the H-bonding activity increases 
the ability of the hemoglobin to carry oxygen. Some 60 or 70 water 
molecules surround the hemoglobin molecule, engaging in extensive 
H-bonding interactions with it, which substantially increases the 
hemoglobin's purely chemical ability to bind and transport oxygen. 
Importantly, contamination of this water in the blood fluid 
drastically affects this H-bonding benefit, and reduces the 
hemoglobin's ability to carry the extra oxygen. Thus contamination 
of the internal blood fluid by chemicals, agricultural pesticides, 
smoke, etc. directly and dramatically lower the oxygen availability to 
the body's cells, resulting in a continuing "oxygen hungry" state 
(hypoxia) in most of the body's cells. 


It also is now known that H-bond structuring of water is highly 
dynamic and constantly adaptable, and it possesses a high degree of 
internal order. A conglomerate of H-bond structures in an area or a 
volume can be considered an H-bond potential, since the gradient 
oppositions sum to produce stress potentials. Thus in the H-bonding 
fluid surrounding the hemoglobin molecule, there exists an H-bond 
scalar potential, and by Whittaker/Ziolkowski (W/Z) decomposition 
it has a multi-wave structure. Any and all contamination of the fluid 
_ including by electromagnetic fields and signals, chemicals, etc. _ 
alters the H-bonding structuring and hence the internal W/Z structure 
of the H-bond potential. The end result of adulteration of the H- 
bonding structure of the blood fluid is a condition of hypoxia 
induced in the cells of the body due to reduced oxygen transport by 


the hemoglobin of the red blood cells. 


Any single EM signal is the result of the interference of two scalar 
EM potentials, as shown by Whittaker. It is the result of the 
interference of the internal EM wave structures of those scalar EM 
potentials. Multi-signal EM radiation must be regarded as 
interference of multiple pairs of scalar potentials. These interfering 
potentials penetrate to the atomic nucleus in the body, and thus 
interact with the internal personal quantum potential utilized by the 
body in its deep cellular control. Also this multi-signal EM radiation, 
no matter how weak, directly interacts with the H-bonding structure 
of the H-bonding blood fluid. Even single-signal EM radiation still 
forms oppositive pairings with the weak fields already existing in the 
body, thus also forming W/Z structured potentials. From the 
interferences in the body of multiple such potentials and their 
internal structures, there also are created gradient (force field) 
interactions upon the blood cells and the hemoglobin. In short, low- 
level background EM radiation can also interact with the H-bonding 
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of the hemoglobin to seriously lower its oxygen transport capability, 
just as any other contaminant. The denser the external environment, 
the greater is the interferometry and the interference with the 
hydrogen-bonding augmentation of oxygen transport. It follows that, 
when thrust into a truly dense signal environment, some exposed 
individuals may receive a "cumulative H-bonding interference 
dosage" that, when added to their existing prior dosage, is sufficient 
to result in physical symptoms "ordered" into the cells by the 
antisignals kindled in their quantum potentials. In the recent Gulf 
War, many Americans were suddenly thrust into one of the densest 
EM signals environment in history. Shortly after returning from that 
ultrashort conflict, many of these exposed veterans have experienced 
delayed health changes presently known as "Gulf War Syndrome.” 
While the military has attempted to portray this syndrome as "stress- 
induced" emotional’ trauma, most of these veterans when tested are 
found to be emotionally stable. Further, there was much less combat 
stress on our troops in the Gulf war than in WWII, the Korean War, 
or the Viet Nam War, as shown by less than 200 combat deaths! 
Essentially the war was almost a "shooting gallery," and so combat 
stress is simply not viable as a proposed causative agent for the Gulf 
War Syndrome. 


Chemical, Mechanical, and Electrical Interactions are 
Electromagnetic Anyway 


Indeed, chemistry is largely due to electric charge and charge 
distribution anyway. So if we view the physical contaminants in the 
blood view chemically, they are caused by electromagnetic means at 
root basis. Thus even the "chemical" contaminants interact 
electrically and via potential (multiwave) interferometry with the H- 
bonding potential. Further, in quantum field theory, all mechanical 
forces are due to the exchange of virtual photons, and hence also are 
electromagnetic at their very basis. The bottom line is that all 
chemical, mechanical, and electrical interactions are in fact 
electromagnetically caused. Further, since both the internal and 
external structures of the potential are engineerable, the mechanical 
and electrical forces on the mass particles _ and the virtual photon 
exchanges causing these forces _ are directly engineerable. All of 
these chemical, mechanical, and electrical interactions in the cells 
can be affected and even engineered electrically. This is true from 
the atomic nucleus, to molecules, to material lattices, to human cells, 
to tissues, and even to the mind and long-term storage templates 
(internal WZ structured forms in the QP) in the biological organism. 
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As cam be seen there are many other weaker, direct interactions of 
"force-field" radiation; however, here we are interested in the 
interaction of that radiation with the inner structure of the H-bond 
potential'., to reduce the oxygen transport capability of the 
hemoglobin. Jn any case, the total sustained interaction of chemical 
and physical contaminants and EM fields and radiation can result in 
a sustained oxygen-deprivation (hypoxia) condition for the body 
cells, even to a dramatic degree. Further, by graviton interaction, a 
sustained, cumulated set of antisignals is also automatically 
generated in the personal quantum potential as a set of negative 
feedback signals to take corrective actions to alleviate the oxygen 
depletion condition. Note that the cumulating antisignal condition is 
general and affects the immune system and its cells as well. 


The Example of Smoking 


Obviously the tars, particles, and nicotine of the smoke inhaled by 
the smoker dramatically contaminate the fluid in the smoker's lungs, 
in the very place where the hemoglobin of the red cells is taking on 
oxygen. Drastic interference with the H-bond stimulus of the 
hemoglobin occurs. The result is an immediate and dramatic 
reduction of the oxygen-transport capability of all the hemoglobin in 
the red cells as they pass through the contaminated lungs and are 
exposed to fluid contamination. An immediate oxygen-deprivation 
condition thus is created in the body. Due to the magnitude of the 
tressing signal, the major portion of the antisignal is also of 
substantial magnitude _ hence immediate counteraction orders 
accumulate in the personal QP, specifically in Popp's master cellular 
control system. So very rapidly the body has negative feedback 
countersignals from the central cellular control system, ordering the 
body to take actions to reduce the cellular need for oxygen. The 
metabolism is lowered, the body relaxes, and the appetite is 
suppressed; all counters to the cells' hypoxia condition by lowering 
the cellular requirement for oxygen. 


In spite of heroic "high level antisignal" physical cellular 
compensations to reduce the use of oxygen, however, the condition 
of cellular oxygen shortage may still continue, in the case of the 
smoker or substantial environmental contaminants such as secondary 
smoke. So in addition to the prompt countersignals, additional much- 
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weaker countersignals are also slowly accumulating in the personal 
quantum potential's central cellular control system. 


Cumulative, Deep, Long-Term Countering Signals 


We now need one additional bit of information. In addition to its 
personal quantum potential, a biological organism also is connected 
to a species quantum potential joining all the members of its speci 
This is a much weaker quantum potential; nonetheless, potential 
superpose, so one small "part" of the personal quantum potential is 
actually the species quantum potential _ in other words, Sheldrake's 
morphogenetic field. Deep within its own personal quantum 
potential the living system also po: I the cumulatively 
ordered steps (species antisignals that were implemented) of its 
species evolution. With very long coherent cumulation, 
countersignals can be stimulated in the individual bio-organism's 
quantum potential _ and in its deep cellular control _ that are 
counters to the original signals that ordered directed mutation and 
the primeval evolution of the constituent cells themselves. 


In a sustained cellular hypoxia stress environment, the "do whatever 
is necessary to reduce oxygen usage" countersignals will continue to 
cumulate from successively deeper levels in the QP over an 
appreciable time. These continue to slowly "kindle" after the "first 
high-level antisignal actions" that cumulated past the 

"noise" (quantum) threshold reached their limits of physical 
reactions and are still insufficient to resolve the problem. As the 
hypoxia stress in the cells continues, then much weaker but coherent 
countersignals that trigger deeper cellular adaptation actions 
eventually have time to cumulate past the quantum threshold to the 
observable state. These long-term cumulated antisignals come from 
much deeper, even from the species quantum potential itself. 


These cumulating deep countersignals are phase conjugate: 
reversals, or dedifferentiation commands _ of the previous directed 
mutation signals that ordered evolutionary changes in their 
predecessor cells in the far distant past. These long-term antisignals 
thus contain a signal to reverse the original cumulative 
countersignals in the cellular species potential that caused the cells 
early ancestral anaerobic cells on earth to change (differentiate) 
into largely aerobic cells, after the earth's atmosphere acquired 
significant amounts of oxygen. In short, a deep signal is slowly 
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cumulating that, when it emerges, will order the dedifferentiation of 
the affected cell back down the evolutionary road toward the 
anaerobe. The first steps are reductions of centralized cellular 
control, including growth control. 


In other words, under sustained cellular hypoxia a countermeasures 
signal to the cells, ordering them to dedifferentiate back toward the 
anaerobic state, is slowly building in the personal quantum potential 
from a much weaker, lower level "under the common countersignals 
noise level" all the while. If significant oxygen-deprivation continues 
for a sufficiently long time, this deep countersignal eventually 
emerges in Popp's MCCS system in the personal QP, ordering the 
affected cells to dedifferentiate back toward their anaerobic state. 
The first step back is to break away from centralized control by the 
higher organism _ which results in individual "tumerous" or 
"uncontrolled" cells. From sustained cellular hypoxia there exists a 
slowly increasing precancerous state, even years before the outbreak 
of physical cancer. This precancerous state has great influence upon 
the "single cells" of the organism, which includes the cells of the 
immune system. Thus the precancerous state is characterized by 
increasing errors in, and slow weakening of, the immune system. 
Arthritis and similar debilitating immune system disorders appear to 
be largely the result of this "precancerous" long-term cumulation. 


Note that the most stressed cells in the body automatically provided 
the greatest magnitude of "negative feedback input." Notice also that 
the feedback is a phase conjugate replica; it therefore "backtracks" 
its initiating stress input signal. In short, the degree of feedback 
antisignal received by a cell or group of cells varies according to the 
degree of stress they experienced. Thus those cells sustaining the 
longest and greatest stress get this drastic dedifferentiation 
countersignal first. E.g., this accounts for the (usual) localization of 
the resultant tumor in the lungs of a smoker, at least initially. It also 
accounts for the stress-damage mechanism for such disorders 
arthritis. 


A New Definition of Cancer 


In the new model being advanced, cancer and leukemia are 
centrally-commanded. final, desperate. "first-step dedifferentiation" 
adaptive attempts by the stressed. affected cells experiencing 
sustained oxygen shortage (hypoxia) to reverse their cellular 
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evolution and return to the anaerobic stage of their distant ancestry. 


The cause of cancer and leukemia _ and indeed of all diseases _ is 
electromagnetic in nature, and it can be straightforwardly treated and 
cured electromagnetically, if one utilizes the extended W/Z aspects 
of the higher topology EM actually written by James Clerk Maxwell. 
This statement is based on experimental proof; it is not conjecture. 
We discuss that proof below. 


As we saw, in general the strength of the cumulating countersignal 
inversely depends on the distance in the body of the affected cells 
from the source of greatest contaminant stimulation. As the deeper 
"dedifferentiation" countersignal reaches the quantum threshold in 
the most affected area, a small group of localized cells located there 
take the first step back along the "single-anaerobe to single aerobe to 
multiple aerobe" evolutionary chain. That first dedifferentiation step 
breaks the cells away from centralized control of the MCCS in the 
personal quantum potential. Those dedifferentiated cells become 
independent cells or a small independent cell-groupings. They 
constitute a tumor, or leukemia if occurring in the blood cells. They 
simply are no longer under the control of the body's MCCS in the 
personal quantum potential, even though the body's logistical 
services (nutrients, oxygen, etc.) continue to be furnished to them. 


At this point the tumor becomes an independent cellular organism, 
living in an environment where its body host continues to furnish its 
food and oxygen, and its host's immune system cells do not recognize 
the altered cells as foreigners to be attacked and destroyed. 
Consequently there is no "large organism" central control of the 
tumor's growth, and the tumor cells divide and multiply apace. This 
loss of centralized growth control and the resulting unchecked 
cellular division and replication is in fact recognized by scientists as 
the major distinguishing characteristic of cancer and leukemia. With 
central control lost, groups of cancer cells or individual cancer cells 
may break away and travel to other locations in the body via body 
circulation systems. This results in metastasis, the spread of the 
cancer to other sites in the body, where they continue to be 
recognized as "self" by the immune system cells and continue to be 
supplied with oxygen and nutrients for continued growth. 


The Tumor Has Become a Parasite Organization 


hup:/www.cheniere.org/books/eancer/cancer htm (22 of 42)24.11.2003 21:47:14 


The Tom Bearden Website 


Think of it this way: In a living body, each cell is already a single, 
independent, living creature all its own. It even has its own small 
"personal quantum potential" _ we have argued that that is an a 
priori condition of being alive. However, each cell in a multicellular 
organism normally is under a centralized electromagnetic control 
system (which functions in the organism's higher-level personal 
quantum potential), so that the organism lives and functions as an 
overall higher-level unit. If a cell (or group of cells) has separated 
from this centralized EM control, but is still living and functioning, 
then obviously the cell is no longer under the whole organism's 
MCCS and personal quantum potential. However, it still possesses 
its own control system, and its own personal QP. If the breakaway i: 
by a small group of cells, then they are loosely under a "small group" 
quantum potential and MCCS as well. That is, they have gone from 
"large-scale central control" to a "much lower" level of centralized 
cellular control, accounting for the "tumor as an individual 
multicellular entity." Nourished by the host body, the new parasitic 
organism _ the tumor _ grows at an unchecked rate. Again, we argue 
that the problem is electromagnetic in nature, and it can be "fixed" 
electromagnetically. 


The Cumulative Pre-Cancer State 


With this picture of the long-term cumulative causative mechanism 
for cancer and leukemia, a far better picture of the pre-cancer state 
has emerged. The pre-cancer state is a hidden EM change of state 
comprised of a cellular dedifferentiation order, back down the 
species’ cellular evolution trail, and the magnitude of that change of 
state is slowly increasing inside the organism's quantum potential. 
The eventual observable cancer is an actual cellular dedifferentiation 
due to the localized breaching of the quantum threshold by this 
cumulating hidden EM dedifferentiation order to move away from 
centralized control and back toward the anaerobic cellular state. 


Becker's Profound Experiments 


It has already been experimentally shown that very minute amounts 
of direct electrical currents, e.g., can cause cellular dedifferentiation 
and redifferentiation. In breathtaking work of Nobelian quality, 
Becker has proven that even picoamperes of localized electrical 
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current are sufficient to cause cellular dedifferentiation and 
redifferentiation, even repetitively. Incredibly, he proved that this 
was true for red blood cells, which first dedifferentiated to more 
primitive cells, the redifferentiated to precursors of cartilage cells, 
then redifferentiated to bone cells in a "bone fracture" area and 
healed the bone fracture. Since picoamperes can be generated by the 
cumulative countersignal mechanism (via Whittaker scalar 
interferometry), directly affecting the MCCS and the cells 
then the connection between scalar potentials/potential 
interferometry and dedifferentiation mechanisms assumed to be 
involved in cancer and leukemia essentially follows from 
interpretation of Becker's pioneering work. To further strengthen the 
assumption, Hsue has recently (1993) shown that a DC voltage is in 
fact equivalent to two bidirectional EM traveling waves _ which 
directly indicates a WZ type implication in Becker's profound work 
itself. Thus Becker actually utilized a hidden, bidirectional WZ wave 
structure inside the voltage gradient between his electrodes in his DC 
current dedifferentiation and redifferentiation of blood cells. He 
conclusively demonstrated that cellular dedifferentiation and 
redifferentiation _ both of them genetic changes _ can in fact be 
caused by such an internal biwave EM structure of a steady, 
persistent scalar potential gradient. Further, he demonstrated that 
these El~-induced cellular genetic changes can be self-targeted 
toward reversal of the specific damage condition, even though 
several successive genetic changes may be necessary m reach the 
ultimate cellular genetic form required for healing. 


s well, 


Pre-Cancer State and Prognosis For Treatment Effectiveness 


To summarize, whenever a cancer or leukemia detectably exists, 
regardless of the cancer site, a pre-cancer state also exists in the 
remainder of the body, and the immune system is affected generally. 
Further, this pre-cancer state pre-existed the actual emergence of the 
tumor itself. The new EM bioeffects model also sheds light on the 
probable effectiveness of conventional treatment, and probability for 
a cure" that lasts for the rest of the patient's life. 


If the cumulative countersignal slowly kindling in the remaining pre- 
cancer state is sufficiently below the quantum threshold, then 
conventional treatment of the cancer _ such as excision _ can 
eliminate the tumor, and no other tumors may then develop before 
the normal physical death of the body, even though slow increase of 
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the pre-cancer state continues. In other words, in that case the 
cumulative antisignals in the pre-cancer state locations other than the 
original cancer site never reach the quantum threshold prior to the 
natural death of the patient. On the other hand, if the cumulating 
antisignals in the pre-cancer state generally are very close to the 
quantum threshold, then recurrence of the tumor is highly likely. In 
the first case the curative prognosis is excellent; in the second case it 
is poor. 


Also, we point out that many present treatments (such as nuclear 
radiation) themselves cause significant stress on the body and its 
cells and further deterioration of the immune system. They also 
generate an additional "antisignals" level in the personal quantum 
potential, resulting in an actual increase in the level of the pre-cancer 
state in the organism. If the combination of the pre-cancer state at 
time of treatment, plus the increase in the pre-cancer state due to 
treatment, is sufficient to breach the quantum level, then that 
treatment will prove to be of little or no avail to the patient. The 
tumorous condition will recur, and sometimes massively (the tumor 
metastasizes), regardless of whether further treatment is given or not. 
In that case the patient will die, unless somehow the pre-cancer state 
is lowered, the tumor cells are reverted back to centralized cellular 
control, and the immune system is restored to effective functioning 
so that excess cells are eliminated. Presently there is no conventional 
treatment that is capable of accomplishing the three requirements for 
a desperately ill patient's recovery from the "terminal" cancer 
condition. 


Seeking the Complete Cancer Cure 


From the new EM definition of cancer and leukemia and the new 
cumulative causative mechanism, one can see just how severely 
limited are the present medical weapons against this dread disease. It 
follows that, if the cause is totally electromagnetic, then a totally 
effective treatment can only be sought as an electromagnetic 
therapy. Since the EM cause is in an extended EM domain, then 
axiomatically a totally effective treatment can only be sought in the 
same extended EM domain. 


The complete cure for cancer and leukemia, of course, would be to 


completely neutralize or "zero-out" the patient's cumulative 
Whittaker/Ziolkowski countersignal buildup in the MCCS/personal 
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QP. This can be done prior to the cumulation reaching the overt 
physical disease stage, or after it has already reached that stage. It 
can readily be done electromagnetically, using the multi-biwave 
tailored EM and self-targeting to provide an exact counter- 
countersignal (or antidote signal) to the cumulation signal itself. This 
is a scientific fact and it has been rigorously proven, although the 
methodology could not heretofore be technically explained and 
understood. 


Priore's Cure of Terminal Tumors and Other Diseases 


Such a total cancer-curative procedure was repeatedly demonstrated 
in live animal experiments in the late 1960s and early 1970s by 
Antoine Priore in France, under rigorous scientific protocols and 
supervision by eminent French scientists [such as Robert Courrier, 
head of the Biology Section of the French Academy of Science, and 
Secretaire Perpetuel of the Academy at the time]. The advantage of 
the Priore type approach was that it rapidly reversed the 
dedifferentiation away from centralized control of the affected 
(tumor) cells. The tumorous cells simply redifferentiated back to 
normal cells under centralized control of the MCCS/personal QP. (If 
too numerous because of the tumor's growth prior to its 
redifferentiation, normal body mechanisms absorb and dispose of the 
excess cells). Further, such treatment removed all the pre-cancerous 
state from the rest of the body, preventing recurrence or spread of 
the tumor. It is the only “total cure” for cancer, including the 
cumulated pre-cancer state, that has ever been scientifically 
demonstrated. And lastly, it accomplished these results without 
severe trauma to the body or further trauma to the immune system. 
Indeed, the exact opposite was the case. 


Working with Priore, the eminent French scientist Pautrizel showed 
that the Priore treatment restored and stimulated the immune system 


back to its robust normal functioning, as would be predicted by the 
present model we are proposing. 


Scientists at the Time Did Not Have the Necessary Knowledge 
for Understanding 


It is a great tragedy that the active mechanism of the Priore device 
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was not understood _ even by Priore himself and even by very 
knowledgeable physicists assigned to the program to try to ascertain 
the machine's mechanism. The phase conjugate or "time-reversed" 
EM wave was unknown until it was discovered in the open Soviet 
literature in 1972. Almost all of our knowledge of such waves dates 
from that time. In the same year, two Soviet scientists briefed 
American scientists at Lawrence Livermore National Laboratory on 
optical phase conjugation. Thereafter, some American scientists 
began intense work on optical phase conjugation. 


However, the time-reversed wave is a solution to the wave equation 
and applies to all kinds of waves, not just EM. Phase conjugation of 
sound waves, e.g., is readily accomplished. The time-reversed wave 
solution actually appeared in the scientific literature in 1898 in a 
paper by Barus, who pointed out that this strange solution "made the 
wave run backward." But at the time the Priore program's funding 
was withdrawn by the French government about 1974-75, little or no 
understanding of the time-reversed EM wave existed as yet in the 
West, and of course the Whittaker work had always been ignored 
and was unknown also. Literally, with the technical tools available 
to them at the time, the French physicists, biologists, and oncologists 
had no chance at all of fathoming the causative mechanism in the 
Priore experiments. 


Nature of the Priore Treatment 


Briefly, Priore mixed some 17 frequencies in a rotating plasma in a 
giant tube. We know today that one function of the kind of plasma 
he used is to produce a phase conjugate replica wave, for an input 
wave. Thus Priore unknowingly achieved coupled wave/antiwave 
pairs in his device. The output of the plasma tube was then coupled 
to (modulated upon) a "rippling magnetic field" of appreciable 
strength. The magnetic field guaranteed penetration of the entire 
body and every cell in it, carrying its modulated Whittaker/ 
Ziolkowski internal potential structure with it. The "ripple" in the 
magnetic field guaranteed penetration to the atomic nuclei, and 
interaction with them, via nuclear magnetic resonance. In turn, 
unknown to Priore or the scientific team, this guaranteed the 
interaction of the plasma-produced W/Z structure with the internal 
W/Z structure of the personal QP joining those atomic nuclei. Thus 
the Priore approach (1) formed a deliberate counter-counter signal W/ 
Z structure; i.e., Priore constructed a specific electromagnetic 
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antidote, (2) carried that antidote into all the atomic nuclei of the 
treated body by nuclear magnetic resonance, and (3) caused 
interaction with and neutralization of the internal W/Z. 
dedifferentiation countersignal structure already present in the 
personal QP joining all the atomic nuclei of the treated body, zeroing 
out or canceling the tumorous and pre-tumorous states existing 
throughout the body. 


The end results were that (1) the cumulated counter-signal to the 
tumor cells to dedifferentiate back toward anaerobic cells was 
removed, (2) the body's own centralized cellular control over the 
tumor cells was restored, and (3) the entire cumulated pre-cancer 
counter-signal pattern in the personal quantum potential was 
removed. In short, the individual organism started over again with a 
"clean slate" insofar as long-term cumulation of cancer-inducing 
signals in the personal quantum potential was concerned. 


Furious Reaction by Orthodox French Oncologists 


The Priore material, device, procedures, and results are all properly 
documented and presented in the peer-reviewed French medical 
literature. Priore obtained both French and U.S. patents on the device 
and on his treatment process. Robert Courrier, head of the Biology 
Section of the French Academy of Science, personally introduced 
the astounding Priore team results to the Academy. It caused a furor, 
and a vicious reaction of most of the orthodox French oncology 
establishment. Because no one could understand how the mechanism 
worked, there was loud and raucous insistence that "science must not 
be done with black boxes!" This overly pious attitude 
since the Priore results were multiply replicated and 
impeccable, and such things as aspirin were utilized for decades 
before their active mechanisms were understood. Indeed, in 
epidemology the use of vaccines and such is directly based on 
statistically showing that the results are real, even if the active 
mechanism is not understood. 


When the French Government changed to a leftist government in the 
mid 1970s, the implacable foes of the Priore work prevailed, and the 
new leftist government withdrew all further funding. Priore later 
died, and that was the end of that. 


Of all areas and treatments known to this researcher, the Priore 
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approach is the only one that has been rigorously and scientifically 
proven in laboratory animals, was essentially 100% effective, and 
was performed under proper rigorous scientific protocols. That it has 
continued to be ignored by the medical and biological communities 
is a profound tragedy, but one due more to ignorance of the active 
mechanisms for the treatment than of deliberate intent. 


There Is Also Deliberate Suppression 


Nevertheless, there is also an element of deliberate suppression 
involved. Some years ago I was personally involved with a special 
group in an effort to restore the Priore device, when Priore was still 
alive. Our group obtained a tentative agreement with both the French 
Government and with the Priore group. The Priore machines were to 
be rebuilt in Bordeaux, France under the personal supervision of 
Priore himself. Some of the scientists who had worked with him 
were still alive, and would have been involved in the project. Our 
group had some $16 million support pledged by some wealthy 
backers to fund the project. 


Almost immediately after our group's successful conclusion of the 
tentative agreements, the lives of all our backers and the lives of 
their families were threatened. All backing was withdrawn. The 
leader of our group, a Nashville businessman, came under sustained 
personal and business attack. He eventually lost almost everything 
he had, and fled this country for his life. He is still in hiding to this 
day. Antoine Priore then died and that was that. 


The only part of the project that remained was my own grim 
determination to eventually provide the detailed mechanism by 
means of which the remarkable Priore therapeutic cures were 
accomplished. Success has finally been achieved after a decade of 
unrelenting struggle to completely explain the cause of cancer and 
the active mechanism by means of which the Priore group obtained 
such astounding scientific results. 


I strongly urge medical science to take a new, hard look_ both 
theoretically and experimentally _ at the proven anti-cancer results 
obtained by Antoine Priore and the noted scientists who worked with 
him. I also strongly point out that new thinking, new theoretical 

tools, and new experimental instrumentation are needed for that re- 
examination. In addition I have pointed out the precise nature of the 
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new thinking, tools, and instrumentation required. 


What About Other Diseases Such As AIDS? 


The question now arises about other diseases, particularly AIDS. 
Can the expanded Priore methodology provide equally dramatic 
cures of dread diseases other than cancer and leukemia? Can it 
conceivably cure AIDS? The answer is a resounding "Yes!" 


Almost all disease conditions are electromagnetic in nature, in the 
sense of the extended EM bioeffects model we have outlined. The 

ic methodology of forming a counter-countersignal to a specific 
disease state can be extended to many other di: s, and to AIDS as 
well. The "self-targeting" effect in the cellular dedifferentiation 
induced by the extended EM methods results in a countersignal 
being produced to the last major genetic change undergone by the 
diseased cell. In the case of an HIV-infected cell, its genetics have 
been changed (differentiated) from normal to infected. In its internal 
WZ structure, the strongest resultant signal complex is thus the HIV 
infection differentiation command. When pumped by the internal 
bidirectional WZ wave structure of the applied scalar potential, the 
"cell-as-a-nonlinear-phase-conjugate-mirror-material" generates a 
precisely tailored anti-AIDS cellular genetic dedifferentiation signal. 
The cell thus dedifferentiates back to a normal cell with normal 
genetics. 


In addition to Priore's work and Becker's results, the remaining 
experimental foundation for our startling statement on extended-EM 
reversal of AIDS was established decades ago _ as early as the late 
1950s _ by the Soviet researcher Vlail Kaznacheyev. 


Implications of Kaznacheyev's Experiments 


In some 17,000 experiments Kaznacheyev showed that any cellular 
disease or disorder can be transmitted between cell cultures 
“electromagnetically" in an unknown fashion. The model we have 
briefly advanced here, if slightly extended to include the concept of 
the W/Z structure being a graviton lattice structure, is fully capable 
of explaining Kaznacheyev's results, the mechanisms, etc. This EM- 
se effect shown by Kaznacheyev is known 
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the cytopathogenic mirror effect, and it has been replicated by 
researchers at the University of Sydney in Australia, at the 
University of Marburg in Germany, and by at least one researcher in 
the United States. 


In short, what Kaznacheyev's research showed is that there exists a 
specific EM signal pattern of some mysterious, not-understood 
nature that can induce a specific cellular disease in a group of cells 
absorbing that signal pattern. If we regard the healthy state of the cell 
as "condition A" and the specific diseased state as "condition B," 
then specific EM signal pattern C causes the cell to move from. 
condition A to condition B. It immediately follows that an antisignal 
to C _ that is, the phase conjugate of C, which is a time-reversed 
replica of C _ will move the diseased cell from condition B back to 
condition A, curing the disease. Time reversal of "sickening" is 
“healing.” It follows from Kaznacheyev's work that (1) a specific 
signal pattern exi: s the causative inductive factor for each 
specific cellular disease, and (2) a specific "antidote" signal pattern 

's as the causative curative factor for that specific disease, the 
antidote signal being merely the time reversal or phase conjugate 
replica of the cytopathogenic signal. While Kaznacheyev never 
publicly produced the cytopathogenic mechanism, such a mechanism 
follows from the WZ extension of EM, and the long-term causative 
disease-induction mechanism I have advanced. 


Creating a Specific 'EM Antidote" to a Specific Disease 


Consider the cumulative EM causes of changes to a cell, including to 
its genetics, as a serial chain of signals. Indeed, consider them as the 
layers of an onion, where the outer layer is the most recent. 
Additional layers may be added to the onion by "time forward" 
actions, or “differentiation” actions. If we now wish to "peel" the 
onion, that too is a successive, serial action, accomplished by “phase 
conjugate" or "time reversal" operations. These result in serial 
cellular dedifferentiation actions. By treating the cell and its genetics 
and internal parts as "highly nonlinear material structures and 
therefore phase conjugate mirror materials," we can "pump" the cell 
and its parts by bidirectional EM waves to convert the cell to a 
pumped phase conjugate mirror (PPCM). By orthodox nonlinear 
phase conjugate optics theory, with a signal wave present, the PPCM 
cell will emit a precise phase conjugate replica (PCR) wave. If we 
pump the cell with a complex of pump biwaves, the cell can and will 
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emit a precise phase conjugate wave complex in response to a 
complicated signal wave complex input that is present. 


For a diseased cell, we regard the disease as a differentiation of the 
cell, and the primary cause of the differentiation (the EM 
cytopathogen) as a complex WZ waveset infolded inside the 
personal quantum potential (in which all the body's cells exist and in 
whose internal signal dynamics they participate). With the pumped 
cell as a PPCM, and the EM cytopathogen present as an input signal 
wave complex to the PPCM, a precise, amplified, "EM antidote" 
PCR wave-complex is emitted by the parts of the PPCM cell. Each 
part gets a PCR complex signal order, dedifferentiating that part 
back the first step. A diseased part steps back to a normal part. A 
normal part steps back to a normal part. The diseased cell is thus 
dedifferentiated back to a normal cell with its parts all normal. 
Because the PCR wave complex is amplified, the dedifferentiation is 
must faster than was the original dedifferentiation. Thus an HIV- 
infected cell that has been "dormant" for an extended period can still 
be dedifferentiated back to a normal cell that is HIV-free. 


So a self-targeting counter-countersignal can be automatically 
"developed" and generated in the body's diseased cells, for each 
specific cellular disease or disorder condition, or even for a mix of 
diseases and disorders. This is accomplished by the automatic phase 
conjugating action of the "cell-as-a-PPCM", when pumped by the 
hidden EM bidirectional structure of a scalar potential. In practice, 
Priore did find it necessary to adjust the particular frequency mixes 
he used for different ase conditions. We hypothesize that this 
adjustment was necessary to arrive at the proper pump wave 
complex that would in fact allow the proper PCR wave complex to 
be emitted for a particular disease type or class. Although 
photobiologists regularly report mitogenetic radiation emitted by a 
cell in the optical region, the effects desired in the cells can be 
produced by a different frequency regime, because of the known 
phenomena of nonlinear harmonic and subharmonic resonance. 
Since in a W/Z structure it is the harmonic intervals and their 
relative relationships that are of fundamental importance, the 
frequency regime of a detected W/Z structure can be shifted either 
harmonically or subharmonically. Priore, e.g., worked at radar 
frequencies in the low gigahertz range. For simplicity we may think 
of the frequency complex as a sort of "musical chord" composed of 
multiple tones. We may play the same "chord" either on the high 
scale or a lower scale, and still recognize the tune if the relative 
frequency interrelationships of the tones are retained. 
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A Possible Simplification of Priore's Methodology 


If we turn away from the classical vector/tensor EM model presently 
in vogue to a higher topology EM model such as quaternions or 
Clifford algebra, the extended EM bioeffects model can be 
mathematized and refined by experiment. For example, Barrett has 
shown that the nonlinear phase conjugate optics effects can be 
obtained in ordinary circuits without the use of optical material 
when those circuits are designed and function in accord with a higher 
topology EM such as quaternions. Thus the circuitry of the EM 
emission devices themselves can be constructed to perform time- 
reversal of EM waves, phase conjugate replicas, 4-wave mixing, and 
pumped phase conjugate mirror effects, without use of normal 
optical materials or procedures. Priore utilized a plasma in a giant 
gas-filled tube, in which to mix his 17 frequencies and accomplish 
(unknown to scientists at the time) phase conjugation. Barrett's work 
implies that the necessary phase conjugation, and amplification, can 
be accomplished by purely electromagnetic circuitry, once the 
functioning of the circuitry is designed and understood in a higher 
topology algebra such as quaternions or Clifford algebra. 


Priore demonstrated cures for diseases other than cancer. Different 
settings produced cures for sleeping sickness, e.g. Clogging of the 
arteries was also completely reversed by a variation in the Priore 
treatment. In addition, Pautrizel working with Priore positively 
demonstrated the restoration of vigorous, natural functioning to the 
immune system of the treated animal. 


Kaznacheyev's Viral Disease Experiments: Implications for an 
AIDS Cure 


Kaznacheyev has already demonstrated that viral-caused diseases 
can be induced by purely EM means in cell cultures. What thi: 
means is that cellular genetic changes also are electromagnetically 
induced at root basis. We regard this as a cellular differentiation. But 
both Becker and Priore have shown that cellular dedifferentiation 
can also be induced electromagnetically, by the extended scalar EM. 
It follows that viral-caused diseases _ including AIDS _ can be cured 
by purely EM means, simply by creating the proper dedifferentiation 
signal complex in the diseased (differentiated) cell. To determine the 
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proper disease induction (dedifferentiation) signal pattern for the 
disease, the disease-inducing signal complex must be phase 
conjugated, and the phase conjugate replica must be amplified. The 
phase conjugate replica may be stimulated at the proper frequency 
regime by a signal complex at a much lower frequency regime. 
Hence the detectable photobiological optical cytopathogenic signal 
complexes may have their PCR counterparts stimulated by 
irradiation with a proper signal complex at a lower frequency regime 
(e.g., millimeter wave band) for use in treatment 


In Conclusion 


Again we strongly accent that one must take the "musical" approach: 
A disease pattern or a curative pattern is a complex of special 
frequencies and their antiwaves, similar to a musical chord. That 
same chord can be played in a higher or lower key, and the body will 
still determine the correct relationships by harmonic or subharmonic 
oscillation. It will still recognize the "melody" and its background 
chordal accompaniment; although the individual frequencies have 
changed, their relative relationships have not changed. 


All biochemistry, genetics, and cellular effects are subject to 
affectation and control by proper manipulation of the W/Z structures 
inside scalar EM potentials. We have stated that the living organism 
already utilizes the internal EM structuring for mind, thought, and 
long-term memory, as well as the master level cellular control 
system we have accented. For the first time, the "software" and 
"firmware" of the mind appears to be directly available, something 
which has never before existed in science. The model advanced in 
my work is intended to point the way toward such use in medical 
science on a substantial scale, to achieve healthier, more effective, 
and far cheaper treatments for many of our desperate diseases that 
presently require costly, protracted treatments, often harsh and 
debilitating in and of themselves. We strongly believe that, given 
the direct attention of the scientific community and proper funding 
support, near-total, quick, and very economical cures can be 
developed for such dread diseases as cancer, leukemia, and AIDS. 
We point out also that the Priore team demonstrated cure of sleeping 
sickness in lab animals, as well as the direct unclogging of arteries 
and other blood vessels. 


We also strongly accent the "self-targeting" feature when the 
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diseased cell is "pumped" as a phase conjugate mirror material by 
the internal WZ biwave structure of an artificially-structured scalar 
EM potential. The cytopathogenic disease-induction signal complex 
is present in the cell and all its parts. By varying the frequencies in 
the internal biwave structure of the pumping potential, and hence in 
the pumping of the cell-as-a-PPCM, the cell is enabled to produce 
from and into all its parts the proper phase conjugate replica wave 
complex for its specific cellular disease. Hence it produces a specific 
electromagnetic antidote for its own specific disease condition. We 
need only adjust the frequency content of the artificial potential until 
the proper PCR signal complex is produced. Further, that PCR wave 
complex is amplified because of the pumping. Therefore the 
"treatment time” can be very short, and need not be anywhere near as 
long as the time originally required for the cytopathogenic EM signal 
complex to cumulate. 


Today a variety of dread diseases continue to plague humankind. 
Untold millions of persons are suffering and dying, when the 
beginning of an effective, quick, inexpensive therapeutic approach 
capable of essentially 100% cures of cancer, leukemia, and other 
diseases has been demonstrated more than two decades ago. 


With the exposition of the fundamental mechanism for this new 
therapeutic approach, perhaps the scientific community will return 
with renewed vigor to develop this promising area and alleviate the 
death and suffering so widespread today. 
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Licensed spectrum scarcity continues to challenge the industry. Tactics to make the best use 
of this limited resource include deploying technologies that have higher spectral efficiency; 
adapting specifications to enable operation of UMTS-HSPA and LTE in all available bands; 
designing both FDD and TDD versions of technology to take advantage of both paired and 
unpaired bands; designing carrier aggregation techniques in HSPA+ and LTE-Advanced Pro; 
and deploying as many new cells, large and small, as is economically and technically feasible. 
Although alll of these industry initiatives greatly expand capacity, they do not obviate the need 
for additional spectrum. 5G technology will be able to employ frequencies not previously used 
in cellular systems, spanning 6 GHz to 100 GHz. 


‘An important aspect of UMTS-HSPA and LTE deployment is for infrastructure and mobile 
devices to accommodate the expanding number of available radio bands. The fundamental 
system design and networking protocols remain the same for each band; only the frequency- 
dependent portions of the radios must change. As other frequency bands become available for 
deployment, standards bodies adapt UMTS-HSPA and LTE for these bands as well. 


3GPP has specified LTE for operation in many different bands, and initial use will be more 
fragmented than the four bands (850 MHz, 900 MHz, 1.8 GHz, 1.9 GHz) that enable global 
roaming on 2G and the additional two bands (1.7 GHz and 2.1 GHz) that enable 3G roaming. 
In the Americas, LTE roaming may occur in the 1.7/2.1 GHz (AWS) bands, and globally, LTE 
roaming may occur in the 1.8 and 2.6 GHz bands. Longer term, operators will re-farm spectrum 
used for 2G and 3G and apply it to LTE. Unfortunately, the process of identifying new spectrum 
and making it available for the industry is a lengthy one, as shown in Figure 32. 


Figure 32: Spectrum Acquisition Time”? 
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New short-term spectrum opportunities in the United States include the “small-cell” band from 
3550 to 3700 MHz and 5G spectrum. 


® Source for historical data, FCC, National Broadband Plan, Chapter 5. Available at 
http://www.broadband. qov/ plan/5-spectrum/, accessed May 18, 2017. Future based on Rysavy Research 
analysis. 
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Table 11 summarizes current and future spectrum allocations in the United States. ? 
Table 11: United States Current and Future Licensed Spectrum Allocations 


Frequency Band | Amount of |Comments 


Spectrum 
600 MHz 70 MHz | Ultra-High- Frequency (UHF) 
700 MHz 70 MHz | Ultra-High Frequency (UHF). 
850 MHz 64MHz | Cellular and Specialized Mobile Radio. 
1.7/2.1 GHz 90 MHz | Advanced Wireless Services (AWS)-1. 
1695-1710 MHz, 65 MHz | AWS-3. Uses spectrum sharing. 
1755 to 1780 
MHz, 2155 to 
2180 MHz 
1.9 GHz 140 MHz __| Personal Communications Service (PCS). 
2000 to 2020, 40 MHz | AWS-4 (Previously Mobile Satellite Service). 
2180 to 2200 MHz 
2.3 GHz 20 MHz | Wireless Communications Service (WCS). 
2.5 GHz 194 MHz _ | Broadband Radio Service. Closer to 160 MHz 
deployable. 
FUTURE 
3.55 to 3.70 GHz 150 MHz |[Small-cell band with spectrum sharing and 
unlicensed use. 

‘Above 6 GHz Multi GHz | Anticipated for 5G systems beginning in 2017. 
Based on wavelengths, 3 GHz to 30 GHz is referred 
to as the cmWave band and 30 GHz to 300 GHz is 
referred to as the mmWave band. 


Today's licensed spectrum networks operate most efficiently and are deployed most cost- 
effectively using a combination of low-band spectrum, below 1 GHz, for coverage and 1 GHz 


73 For international allocations, refer to Wik-Consult, Study for the European Commission, Inventory 
and review of spectrum use: Assessment of the EU potential for improving spectrum efficiency, 
September 2012. Available at http://ec.europa.eu/digital-agenda/sites/digital- 
agenda/files/cion_spectrum inventory executive summary en.pdf. 


74 Supported in 3GPP Band 70, which adds 1995-2000 MHz, pairing it with 1695-1710 MHz in AWS-3 
band. 
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"..the scientist makes use of a whole arsenal of concepts which 
he imbibed practically with his mother’s milk; and seldom if 
ever is he aware of the eternally problematic character of his 
concepts. He uses this conceptual material, or, speaking more 
exactly, these conceptual tools of thought, as something 
obviously, immutably given; something having an objective 
value of truth which is hardly even, and in any case not 
seriously, to be doubted. ...in the interests of science It 

Is necessary over and over again to engage in the critique of 
these fundamental concepts, in order that we may not uncon- 
sciously be ruled by them.” 


Albert Einstein, “Foreword,” in Max Jammer, 


of Space in Physics, Harvard University Press, 


eR Cambridge, Massachusetts, 1969, p. xi-xii, } 
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« NOTION OF TIME 

« CONSIDERED MUTUALLY EXCLUSIVE TO 
GRAVITY 

« FRAME VERSUS SPACETIME 


CLOSED SYSTEM ASSUMPTION 
TOPOLOGY AND DIMENSIONALITY OF THE 


MODEL'S 
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CONCEPTS 
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NOTIONS IN THE CONCEPT OF THE POTENTIAL 


CONCEPT OF THE POTENTIAL HAS DEVELOPED AS SEVERAL 
FUNDAMENTAL NOTIONS: 


» AS THE "INTERNAL" STORAGE OF ENERGY IN SOME 
FASHION 
» AS A POINT-VALUE FUNCTION IN 3-SPACE 
» AS A SCALAR FUNCTION WHOSE SPACE RATE OF CHANGE 
YIELDS A VECTOR FORCE 
THE ENERGY STORAGE MECHANISM IS QUITE UNKNOWN. 


NO THOUGHT HAS BEEN GIVEN TO SIMULTANEOUSLY DEFI IG 
ITAS HAVING A HYPERSPATIAL WAVE SET COMPOSITION. 


THE THIRD NOTION EFFECTIVELY MAKES ALL FORCES LOCAL A_ 
PRIORI, AND EXCLUDES ACTION AT A DISTANCE BY_ 
POSTULATION. 


THE THIRD NOTION IS KNOWN TO BE INCORRECT. THE 
GRADIENT OF A POTENTIAL DOES NOT PRODUCE A FORCE UNTIL 
A MASS IS PRESENT, TO WHICH THE GRADIENT COUPLES. 
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= G.J. Stoney: 


Decomposed the scalar potential into bidirectional wave pairs, 


"On a supposed proot of a theorem in wawe-mction.* Pha Mig, 
1443), 1897, . 388-373 (and several her papers). 


= E.T. Whittaker: 
Decomposed the scalar potential into a series of bidirectional EM wave pairs in 
harmonic series, where the two waves in each pair are conjugates (i.¢., 
wave/antiwave pair) and are longitudinal waves. 


"On the paral diflevental equations of mathematica! 
hires,” Math. Ann, Vol 67, 1809, p. 333-386. 


‘Showed that all classical EM — including waves ~ can be replaced by two 
interfering scalar potential functions... (This founded superpotential theory, 
extended by Nisbet, Bromwich, Debye, McCrea, and others.) 


"On an exproasion of the electromagnetic etd Gus to 
‘electrons by Meare of two scalar potential functions,” 
Proc Lond. Math Sic. Saves 2. Vol 1.1904, 9. 367-972 


Ikowski 
Independently rediscovered the biwave decomposition of the scalar potential and 
added the product set (in theory enabling modulations and communications) to 
Stoney and Whittaker’s sum set. 

‘Various papers, 1085 19 date 
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Wavepair #3 


Wavepair #2 
Wavepair #1 
** * ETC. 
The Structure Is: 
A harmonic set of longitudinal EM wavepairs. in each wavepair the two waves 
‘superpose spatially, but travel in opposite directions. The two are phase 


correction theorem of nonlinear optics. Each wave in the biwave pair is a galloping 
wave. Each wavepair is a standing electrogravitational wave, In nonlinear optics, 
‘such a wavepair is a pump wave which pumps in the time domain, 

Note: Think of the oscillations as velocity modulations. 
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SCALAR EM POTENTIAL INTERFEROMETRY 


Interference Zone 
(gradients) 
Trapped EM Energy 


Whittaker/Ziolkowski 
Transmitters 
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ops 


to 3 GHz for capacity. As technology improves, bands in 3 GHz to 100 GHz, and eventually 
higher, will supplement capacity, 


The subsections below provide additional information about the recently completed AWS-3 
auction, incentive auctions, the 3.5 GHz, 5G, spectrum harmonization, unlicensed spectrum, 
and spectrum sharing. 


AWS-3 


In early 2015, the FCC received close to $45 billion for the U.S. Treasury in the AWS-3 
auction, more than twice the amount of any previous auction, demonstrating the value of 
mid-band spectrum.’® The auction adds 65 MHz of desirable spectrum to the mobile- 
broadband industry. The plan is to employ spectrum sharing among commercial networks 
and select government systems. Eventually, most of these government systems will 
migrate to another spectrum. 3GPP has specified use of both AWS-3 and AWS-4 spectrum 
in what it refers to as “Band 66.” 


This band is asymmetrical, with a downlink of 90 MHz and an uplink of 70 MHz. An operator 
can use the upper-most 20 MHz of the downlink only with carrier aggregation 


Broadcast Incentive Auction (600 MHz) 


The broadcast incentive auction completed in 2017 will reallocate 84 MHz of UHF channels 
in the 600 MHz band that are currently used by TV broadcasters, with 70 MHz of licensed 
spectrum and 14 MHz of unlicensed spectrum. The auction was more complicated than past 
spectrum auctions, when the FCC simply reassigned or designated spectrum for commercial 
mobile use and then conducted an auction. 


In the first stage, the FCC conducted a reverse auction to determine how much spectrum 
broadcasters might wish to relinquish in exchange for how much compensation. In the 
second stage, mobile operators bid for spectrum in a forward auction, similar to past 
spectrum auctions. 


Figure 33 shows the final band plan. 


Figure 33: 600 MHz Band Plan”® 


[cus 3 2 
Band (Uplink 
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Part of the auction process reorganizes and repacks relinquished channels, as well as 
channels needed for broadcasters that want to keep broadcasting, to make useful blocks 
of spectrum for mobile broadband. The FCC's goal is to design an auction that will result in 


7 For further details, see Rysavy Research, “Latest FCC auction shatters spectrum myths,” January 2015. 
Available at https: /gigaom.com/2015/01/17/latest-fcc-auction-shatters-spectrum-myths/ 
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SCALAR POTENTIAL INTERFEROMETRY 


e Between two scalar potentials, interferometry is: 
- Interference of the multi-wave sets in hyperspace. 
- Production of gradients in the 3-space point values 
- In the classical (erroneous) postulation, the creation of forces in 3-space. 
> Force does not exist until the gradient couples to an 
observable mass. 
> There are no E-fields and B-fields as such in the 
massless vacuum, but only potential gradients. 
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INTERNAL WAVE STRUCTURE OF THE SCALAR POTENTIAL 


SOME PROBLEMS IN FOUNDATIONS 
OF GENERAL RELATIVITY 


EINSTEIN'S FLAT LOCAL SPACETIME POSTULATE 


ONLY CONSIDERS THE VERY WEAK G-FORCE AS AN 


AGENT FOR SPACETIME CURVATURE Next Slide 
» EXCLUDES UNION WITH EM FIELD Previous Slide 
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EXCLUDES UNION WITH QUANTUM MECHANICS 


SPECIFICALLY EXCLUDES ELECTROGRAVITATION 


IS ESSENTIALLY NOT AN EXPERIMENTAL SCIENCE 
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SOME PROBLEMS IN FOUNDATIONS 
OF QUANTUM MECHANICS 


EXCLUDES CHAOS (HIDDEN ORDER), AND THIS 


IS KNOWN TO BE IN ERROR 
» ORDERED MACROREALITY CANNOT EMERGE FROM 
INTEGRATING DISORDERED (RANDOM) CHANGES Next Slide 
» USES RANDOM-VARIABLE STATISTICS FROM enanite 
GIBBS THERMODYNAMICS Index 


NOTION THAT QUANTUM CHANGE - HENCE ROOTS 
OF PHYSICAL REALITY - CANNOT BE ENGINEERED 
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CONTRADICTS CLASSICAL MECHANICS, GENERAL 
RELATIVITY, AND CLASSICAL 
ELECTROMAGNETICS 
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PRESENT DEFINITION OF "ENERGY" IS ERRONEOUS 


« PRESENT: "ENERGY IS THE CAPACITY TO DO WORK." 


« ACTUALLY, WORK IS THE SCATTERING (DISSIPATION) 
OF ENERGY. 


« THE PRESENT DEFINITION STATES THAT "ENERGY IS 
THE CAPACITY TO DO SCATTERING OF ENERGY." Next Slide 


« ENERGY CAN BE SCATTERED, YIELDING WORK. BUT 
THE CAPACITY TO PERFORM THAT SCATTERING IS 
NOT ENERGY! (E.G., IT MAY BE RESISTANCE.) 


Return to Index 


Previous Slide 
« COMPARE TO: "A FISHHOOK IS THE CAPACITY TO 
CATCH FISH." 


« ACTUALLY, A FISHHOOK IS A BENT WIRE WITH A 
BARB. IT HAS THE CAPACITY TO CATCH FISH (GIVEN 
OTHER CONDITIONS). BUT THE CAPACITY TO CATCH 
FISH IS NOT WHAT IT Js. 
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QUANTUM MECHANICAL VACUUM - an intense flux 
of virtual particles, filling the "emptiness" of aid 
spacetime/vacuum. Next Slide 
ENERGY - any ordering, either static or dynamic, in the Return to Index 


virtual particle flux of vacuum. 
Previous Slide 


EM ENERGY - any ordering, either static or dynamic, 
in the virtual photon flux of vacuum 


WORK - the local scattering of energy; the local 
disordering of the order in the VPF. 


Cancer 


DEFINITIONS (CONTINUED) 


POTENTIAL - any ordering, either static or dynamic 
or combination, in the VPF of vacuum 

- same definition as energy 

- must have internal order, hence structure 


SCALAR POTENTIAL - any static ordering in the VPF 
of vacuum, with respect of the external observer 


VECTOR POTENTIAL - any dynamic (non-stationary) 
ordering in the VPF of vacuum. 
- must have internal order, hence structure 
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DEFINITIONS (CONTINUED) 


« Electrostatic Scalar Potential - any static 
(stationary) ordering in the virtual photon flux of 
vacuum. 

- Whittaker decomposed the ESP into bidirectional 
EM wavepairs in a harmonic structure. 

- We interpret the wavepair set as existing in 
hyperspace (in hyper-3-space). Previous Slide 


Next Slide 
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Thus the ESP is a 3-space point function, and a 
hyper-3-space vector function, in 7-space. 


« In Hyper-3-space, the ESP is an ordering established 
throughout the universe. 
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a uniform nationwide band plan, but in some markets, there may be deviations from that 
plan. 


With a 39-month schedule for winning bidders to move into their new spectrum, the 600 
MHz band will be fully available by 2020. However, some operators, will begin using this 
spectrum in advance of this date, possibly as soon as the second half of 2017, as the 
spectrum becomes available for use.”” Operators will use the band for LTE and 5G. 


3550 to 3700 MHz “Small-Cell” Band 


In the United States, the FCC is in the process of opening the 3550 to 3700 MHz CBRS 
band. The best use of this band will be smalll cells and backhaul. The FCC is implementing 
a three-tier model with incumbent access, priority access with priority access licenses 
(PALs), and General Authorized Access (GAA) for unlicensed users. ® Incumbent access will 
include government radar systems. 


Two industry organizations, the Wireless Innovation Forum”? and the CBRS Alliance, are 
working for the realization of 3.5 GHz systems. 


The mobile broadband industry will mostly use LTE TDD in small-cell configurations, in 
either a licensed mode or an unlicensed mode using LAA or MulteFire. 


Although this band represents a significant amount of new spectrum, potential adopters of 
the band have expressed concern about proposed rules for use of the band. For example: 


IEEE has stated it will not pursue a version of 802.11 for this band because exclusion 
zones are so large that the percentage of the U.S. population that could be served 
is below what is required for a successful market.* 


Licensed users will only be able to obtain three-year licenses with no automatic 
renewal. 


Assuming LAA auctions in early 2018, initial 3.5 GHz deployments could occur in 2018. 
Because an Environmental Sensing Capability (ESC) has not yet been developed and 


7 For example, see FierceWireless, “T-Mobile confirms speedy 600 MHz rollout for 2017, covering 1 
million+ square miles,” August 8, 2017, available at http://www.fiercewireless.com/node/334911. 


78 For further details, see Official FCC Blog, “Innovation in the 3.5 GHz Band: Creating a New Citizens 
Broadband Radio Service,” March 2015, available at http://www. fec.gov/ blog/innovation-35-qhz-band- 
creating-new-citizens-broadband-radio-service. See also FCC, Further Notice of Proposed Rulemaking-- 
‘Amendment of the Commission's Rules with Regard to Commercial Operations in the 3550- 3650 MHz 

Band, April 23, 2014. 


79 See htto://www.wirelessinnovation.ora/. 
8 See https: //www.cbrsalliance.org/ 


® |EEE 802.11, Comments of IEEE 802.11, In the Matter of Amendment of the Commission’s Rules with 
Regard to Commercial Operations in the 3550-3650 MHz Band,” Jul, 2015. Available at 
http://apps.fcc. qov/ ects/document/ view?id=60001115064 


® See Rysavy article about this band, “Scary Experimentation at 3.5 GHz,” Jun. 2016, available at 
http://www.rysavy.com/Articles/2016-06-Scary-Experimentation-3-5-GHz.pdf. See also AT&T ex-parte 
FCC communication, http://apps.fcc.gov/ects/ document/ view?id=60001569272 
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ELECTRIC CHARGE, OPEN SYSTEM 


The electric charge of a charged particle is due to a 
violent exchange of virtual photons between the 
charged particle and the local vacuum VPF 

- photons continually absorbed from the vacuum 

- photons continually radiated back to the vacuum 

- this exchange flux is what electric charge IS. 

In the nucleus, everything is changing into everything, 
so to speak. It is a furious, VPF-driven cauldron. 

the nucleus is an open, driven system, normally in 
equilibrium with respect to VPF input and output. 
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PHOTON INTERACTION IS USUALLY 
GRAVITON INTERACTION 


e Graviton interaction is a photon/antiphoton interaction 


¢ Photon interacts with electron shells 
- Scattering produces the entropic (forward) flow of 
time 
- Produces electron translation in our detectors 


e Antiphoton interacts with nucleus primarily 


- produces nuclear recoil 
- produces Newton's third law of motion 
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SUBHARMONIC OSCILLATION 
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REGIME 
TO ANOTHER. 


E.G., OPTICAL TO MICROWAVE 
° HOWEVER, MUST PRESERVE HARMONICS 
° ONE HARMONIC INTERVAL IS ESSENTIAL 


KAZNACHEYEV'S CYTOPATHOGENIC 
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° QUARTZ PASSES ONE HARMONIC 
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QUANTUM POTENTIAL CHARACTERISTICS 


« NO POINT SOURCE 
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approved, these initial deployments may not come to fruition in coastal areas where the 
ESC is needed for co-existence with military systems using those frequencies. 


See the section "Spectrum Sharing" for further details of this band. 


2.5 GHz Band 


In the United States, the primary operator at 2.5 GHz is Sprint. In 2017, Sprint announced 
that they will deploy 5G in its 2.5 GHz spectrum as soon as the second half of 2019.° 
Having an average of 160 MHz of spectrum at 2.5 GHz in its top 100 markets, Sprint is in 
the process of deploying LTE-Advanced. In addition, Sprint is in an LTE deployment mode 
that includes the following features: 


Q Carrier aggregation capability between 2.5 GHz and lower bands (800MHz and 1900 
MHz) and aggregating three carriers in a single band. 


a TDD operation at 2.5 GHz and FDD operation in lower bands 


Q 8 transmit and 8 receive radios at the base station that enables 4X2 MIMO in 
combination with beamforming. ® 


5G Bands 


As radio technology progresses, it can handle higher frequencies, and it occupies greater 
bandwidth. 1G systems used 30 kHz radio carriers, 2G in GSM uses 200 kHz carriers, 3G 
in UMTS uses 5 MHz carriers, and 4G in LTE uses carriers of up to 640 MHz through carrier 
aggregation. 


3GPP is specifying 5G NR to be band agnostic. 5G will use low-band, mid-band, and high- 
band spectrum, and 3GPP is in the process of identifying candidate bands for 5G across all 
frequency ranges. 3GPP Technical Services Group - Radio Access Networks (TSG-RAN) 
agreed to a process of efficiently adding LTE/NR band combinations and carrier-aggregated 
NR/NR band combinations. Initial bands being considered by the 3GPP specification process 
include low band bands 5, 20, 28 and 71, mid-band bands 1, 3, 7, 66 and 41, and key 
mmWave bands. Just as it has done with LTE, over time, 3GPP will specify additional 5G 
bands spanning multiple frequencies. 


Although 5G research and development is in its infancy, to achieve the 20 Gbps or higher 
throughput rates envisioned for 5G will require radio carriers such as 200 MHz or 400 MHz, 
bandwidths available only at frequencies above 5 GHz. Researchers globally are studying 
high-frequency spectrum options including both cmWave frequencies (3 GHz to 30 GHz) 
and mmWave (30 GHz to 300 GHz). Ten times as much spectrum, or more, could be 
available in these higher frequencies than in all current cellular spectrum. 


®3 For more details, see Sprint press release, “Qualcomm, SoftBank and Sprint Announce Collaboration 
on 2.5 GHz 5G,” May 10, 2017, available at http: //newsroom.sprint.com/qualcomm-softbank-and-sprint- 
announce-collaboration-on-25-ghz-5g.htm. 


8 For more details, see Sprint article at: http://newsroom.sprint.com/blogs/sprint- 
perspectives/introducing-the-sprint-Ite-plus-network--faster-stronger-more-reliable-than-ever- 
before.htm 
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TWO STAGES OF CANCER PRODUCTION 
——_— —— SSS ea SS 


= INITIATION 
® DNA IN CELL NUCLEUS IS DAMAGED 
e CELL MUTATES 
© INITIATOR: AN AGENT THAT Dee THE DNA 
IN A CELL, CAUSING IT TO MUTATE 
® THE CELL IS NEOPLASTIC, OR PRECANCEROUS 


= PROMOTION 
¢ PROMOTER: AN AGENT THAT CAUSES A CANCER 
CELL TO DEVELOP INTO A TUMOR 


@ EXPOSURE TO THE PROMOTOR CAUSES THE 
CANCER CELL TO UNDERGO UNCHECKED CELL 
DIVISION 


= EXACT CAUSE OF UNCHECKED CELL GROWTH 
IS NOT CLEARLY UNDERSTOOD 


@ DNA BLUEPRINT ON TRANSMITTER RNA CHANGES? 


* NORMAL TRANSMISSION OF MESSAGES FROM THE 
CANCER CELL TO ITS DAUGHTER CELLS CHANGES? 
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KNOWN TO CAUSE CHANGES IN SIGNALS OR 

MESSAGES BEING CARRIED ACROSS THE CELL 

MEMBRANE 

@ NOTE: ELECTRICAL POTENTIALS ON THE MEMBRANE 

e ELECTRIC FIELDS ARE CHANGES IN ELECTRICAL 
STRESSES 


¢ STRESS IS KNOWN TO BE A FACTOR IN CANCER 
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EM BIOLOGICAL EFFECTS: 


SOME CHANGES DEMONSTRATED 


e CHANGES AT THE CELL MEMBRANE 
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EM BIOLOGICAL EFFECTS: 
INHIBITION OF MELATONIN 
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OVARIAN, AND MELANOMA CANCER 
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REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEMIS UNRECOGNIZED 
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5G NR is being designed to operate in any frequency band. These bands encompass 600 
MHz, current cellular bands, 3.5 GHz, and higher bands such as mmWave. Because 5G will 
be the first cellular technology to be able to operate in mmWave bands, industry and 
government are working to make such bands available for 5G. 


During the World Radiocommunication Conference (WRC) 15, the ITU proposed a set of 
global frequencies for 5G®, which it intends to finalize at the next conference in 2019 (WRC 
19): 


a 24,25-27.5GHz 
a 31,8-33.4GHz 
a 37-40.5GHz 
a 40.5-42.5GHz 
a 45,5-50.2GHz 
a 50.4-52.6GHz 
a 66-76GHz 

a 81-86GHz 


a In 2014, the FCC published a Notice of Inquiry into use of spectrum bands above 
24 GHz for Mobile Radio Services, ® followed by a Notice of Proposed Rulemaking in 
October 2015. *” 


The FCC issued adopted rules to identify and open up 5G mmWave spectrum allocation in 
July 2016 that identify 3.85 GHz of licensed spectrum and 7 GHz of unlicensed spectrum: 
licensed use in 28 GHz, 37 GHz, and 39 GHz bands; unlicensed use in 64-71 GHz; and 
shared access in the 37-37.6 GHz band. 


On July 24, 2016, the FCC adopted a report and order and further notice of proposed 
rulemaking that creates a new Part 30 for rules governing 28 GHz, 36 GHz, and 39 GHz 
bands, summarized in Table 12. 


Table 12: United States 5G mmWave Bands® 


28 GHz Band (27.5-28.35 GHz) | Currently licensed for Local Multipoint Distribution 
Service (LMDS). Could be licensed using either 200 or 
400 MHz wide channels. 


®5 5G Americas Webcast, “LTE-Steps to 5G," Feb 12, 2016. 
88 FCC, Notice of Inquiry, Use of Spectrum Bands above 24 GHz for Mobile Radio Services, Oct. 17, 2014. 


®7 FCC, Notice of Proposed Rulemaking, Use of Spectrum Bands Above 24 GHz for Mobile Radio Services, 
GN Docket No. 14-17, Oct 23, 2015. 


® For more details, refer to FCC, Report and Order and Further Notice of Proposed Rulemaking, Use of 
Spectrum Bands Above 24 GHz for Mobile Radio Services, July 14, 2016. See also 5G Americas, 5G 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 77 
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INHERITANCE OF ACQUIRED TRAITS 


® Evolutionary biology assumes mutations are 
random events 


- Causes of heritable differences separated from their 
consequences for survival and reproduction 


- Likelihood of any particular mutational event assumed Next_ 
independent of its particular value to the organism Slide 

- Natural selection then assumed to increase the 
frequency of advantageous alleles ee 
e Evidence for directed, non-random mutation to Index 

- Removing cell-wall from bacterium: acquired 

nakedness is then inherited Previous 
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Bands Details 


39 GHz Band (38.6-40 GHz) | Currently licensed for fixed microwave in 50 MHz 
channels. Segment will be auctioned in 200 MHz blocks. 


37 GHz Band (37-38.6 GHz) | Lower 37-37.6 GHz segment will be shared between 
federal and non-federal users. Upper 37.6-38.6 GHz 
segment will be auctioned in 200 MHz blocks. 


64-71 GHz Band Available for unlicensed use with same Part 15 rules as 
existing 57-64 GHz band. 


In the 28 GHz band, satellite operations are secondary, but these operations are co- primary 
in the 37/39 GHz bands. Spectrum sharing may be required in some 5G bands, including 
38.6 to 40 GHz, such as with fixed satellite service. 


In the further notice of proposed rulemaking, the FCC is investigating additional bands, 
including 24 GHz, 32 GHz, 42 GHz, 47 GHz, 50 GHz, 70/80 GHz, and bands above 95 GHz. 


The complex ITU harmonization process may mean that some regions, or even countries, 
pursue 5G bands that are not globally harmonized. For example, U.S. operators, along with 
operators in Korea and Japan, are planning 5G trials in the 28 GHz band, even though it is 
not one of the ITU bands. 


Harmonization 


Spectrum harmonization delivers many benefits, including higher economies of scale, 
better battery life, improved roaming, and reduced interference along borders. 


As regulators make more spectrum available, it is important that they follow guidelines 
such as those espoused by 5G Americas: ® 


Configure licenses with wider bandwidths. 
Group like services together. 

Be mindful of global technology standards. 

Pursue harmonized/contiguous spectrum allocations. 


pooooa 


Exhaust exclusive use options before pursuing shared use. 
a Because not all spectrum is fungible, align allocation with demand. 


Emerging technologies such as LTE benefit from wider radio channels. These wider channels 
are not only spectrally more efficient, they also offer greater capacity. Figure 34 shows 
increasing LTE spectral efficiency obtained with wider radio channels, with 20 MHz on the 


Spectrum Recommendations, April 2017, available at 
http://www.5qamericas.org/files/9114/9324/1786/5GA 5G Spectrum Recommendations 2017 FINAL 
pdf. This report covers global 5G spectrum developments. 


® 4G Americas, Sustaining the Mobile Miracle - A 4G Americas Blueprint for Securing Mobile Broadband 
Spectrum in this Decade, March 2011. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 78 
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Starting From the Scalar EM View: 
A NEW DEFINITION OF CANCER 
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« CANCER AND LEUKEMIA ARE: 


Centrally-commanded, final, desperate, 
“first-step dediffernetiation" adaptive 
attempts by the stressed affected cells 
experiencing sustained oxygen shortage, 
to reverse their cellular evolution and 
return to the anaerobic stage of their 
distant ancestry. 


e THE CAUSE IS LONG-TERM 
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ELECTROMAGNETIC IN NATURE. 
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dying with the same damage. The effect is replicated in the right cells through 
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-nnp/wwwcheniereorpbookcancecfS5 him2411 2003 21:52:07 


Cancer 


Note: Minimum lattice is one harmonic interval: IR to UVis such a minimum G-lattice. 


Distant induction of cellular death and diseases, by special EM means. 
Coupled photon-antiphoton pairs (gravitons) ina structured harmon ic 
lattice ordering constitute the disease or disorder template. 
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+ Began in latter 1950s 
+ Discovered on VP Nixon's trip 
+ Initially thought to be nuclear radiation 


Former U.S. Embassy in Moscow. 
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- CONCLUDED THAT MICROWAVE RADIATION COULD 
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TO THE GRADIENT-FREE POTENTIALS, AND TO THE EM 
RADIATION 


husp:/www.cheniere.org/books/eancer/058.him24.11.2003 21:52:17 


Cancer 


-tp:tyww.cheniere,org/books/cancer/0S9 htm24. 11,2003 21:52:22 


Cancer 


MECHANISM OF THE PRIORE THERAPY 


husps/www hi 


PRODUCED A DETERMINISTIC WZ STRUCTURED 
SCALAR POTENTIAL 
- 17 FREQUENCIES MIXED IN A ROTATING PLASMA 
- PHASE CONJUGATES ADDED BY THE PLASMA 
- MODULATED ONTO A RIPPLING MAGNETIC FIELD 
WHICH CARRIED IT TO ATOMIC NUCLEI 


- INTERACTED DIRECTLY WITH PERSONAL QUANTUM Next Slide 
POTENTIAL ———— 
NEGATED THE LONG-TERM CUMULATIVE Return to. 
CELLULAR Index 


DEDIFFERENTIATION ORDER GENERATED BY 
LONG-TERM HYPOXIA. TUMOR CELLS REVERTED 
TO NORMAL CONTROL 


Previous Slide 


SCRUBBED OUT THE CUMULATED PRECANCEROUS 
STATE 


RESTORED THE IMMUNE SYSTEM TO HIGH 
FUNCTIONING 


NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


org/books/cancer/060.htm24.11.20 


downlink and 20 MHz (20+20 MHz) on the uplink comprising the most efficient 
configuration. 


Figure 34: LTE Spectral Efficiency as Function of Radio Channel Size? 
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Rysavy Rocoarch 


The organization tasked with global spectrum harmonization, the International 
Telecommunication Union, periodically holds World Radiocommunication Conferences.°* 


Harmonization occurs at multiple levels: 


a Allocation of radio frequencies to a mobile service in the ITU frequency allocation 
table. 


a Establishment of global or regional frequency arrangements, including channel 
blocks and specific duplexing modes. 


a Development of detailed technical specifications and standards, including system 


performance, RF performance, and coexistence with other systems in neighboring 
bands. 


a Assignment for frequency blocks with associated technical conditions and 
specifications to appropriate operators and service providers.°? 


89 5G Americas member company analysis. 


International Telecommunication Union, “World Radiocommunication Conferences (WRC),” 
http://www.itu.int/ITU-R/index.asp?category=conferencesérrlink=wrc&lang=en, viewed May 18, 2017. 


®2 International Telecammunication Union Radiocommunication Study Groups, Technical Perspective on 
Benefits Of Spectrum Harmonization for Mobile Services and IMT, Document 5D/246-E, January 2013 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 79 
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COMMENTS ON THE NEW TESLA ELECTROMAGNETICS 


Part I: Discrepancies in Present EM Theory 
©T.E. Bearden 1982 


There are at least twenty-two major discrepancies presently existing in 
conventional electromagnetics theory. This paper presents a summary 
of those flaws, and is a further commentary on my discussion of scalar 
longitudinal Tesla waves in a previous paper, "Solutions to Tesla's 
Secrets and the Soviet Tesla Weapons," Tesla Book Company, 1981 
and 1982. 


I particularly wish to express my deep appreciation to two of my 
friends and colleagues who at this time, I believe, wish to remain 
anonymous. One of the two is an experimental genius who can 
produce items on the bench that do not work by orthodox theory. The 
second is a master of materials science and electromagnetics theory. I 
thank them both for their exceptional contributions and stimuli 
regarding potential shortcomings in present electromagnetics theory, 
and their forbearance with the many discussions we have held on this 
and related subjects. 


It goes without saying that any errors in this paper are strictly my own, 
and not the fault of either of my distinguished colleagues. 


(1) In present electromagnetics theory, charge and charged mass are 
falsely made identical. Actually, on a charged particle, the "charge" is 
the flux of virtual particles on the "bare particle” of observable mass. 
The charged particle is thus a "system" of true massless charge 
coupled to a bare chargeless mass. The observable "mass" is static, 
three-dimensional, and totally spatial. "Charge" is dynamic, four- 
dimensional or more, virtual and spatiotemporal. Further, the charge 
and observable mass can be decoupled, contrary to present theory. 
Decoupled charge -- that is, the absence of mass -- is simply what we 
presently refer to as "vacuum." Vacuum, spacetime, and massless 
charge are all identical. Rigorously, we should utilize any of these 
three as an "ether," as suggested for vacuum by Einstein himself (see 
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Max Born, Einstein's Theory of Relativity, Revised Edition, Dover 
Publications, New York, 1965, p. 224). And all three of them are 
identically anenergy -- not energy, but more fundamental components 
of energy. 


(2) Electrostatic potential is regarded as a purely 3-dimensional spatial 
stress, Instead, it is the intensity of a many-dimensional (at least four- 
dimensional) virtual flux and a stress on all four dimensions of 
spacetime. This is easily seen, once one recognizes that spacetime is 
identically massless charge. (It is not "filled" with charge; rather, it is 
charge!) Just as, ina gas under pressure, the accumulation of 
additional gas further stresses the gas, the accumulation of charge 
(spacetime) stresses charge (spacetime). Further, if freed from its 
attachment to mass , charge can flow exclusively in time, exclusively 
in space, or in any combination of the two. Tesla waves -- which are 
scalar waves in pure massless charge flux itself -- thus can exhibit 
extraordinary characteristics that ordinary vector waves do not 
possess. And Tesla waves have extra dimensional degrees of freedom 
in which to move, as compared to vector waves. Indeed, one way to 
visualize a Tesla scalar wave is to regard it as a pure oscillation of time 
itself. 


(3) Voltage and potential are often confused in the electrostatic case, 
or at least thought of as "composed of the same thing.” For that reason, 
voltage is regarded as "potential drop". This also is not true. 
Rigorously, the potential is the intensity of the virtual particle flux at a 
single point -- whether or not there is any mass at the point -- and both 
the pressure and the point itself are spatiotemporal (4-dimensional), 
not spatial (3-dimensional) as presently assumed. Voltage represents 
the spatial intersection of the difference in the potential between two 
separated spatial points, and always implies at least a miniscule flow 
of mass current (that is what makes it spatial!). "Voltage" is spatial and 
depends upon the presence of observable mass flow, while scalar 
electrostatic potential is spatiotemporal and depends upon the absence 
of observable mass flow. The two are not even of the same 
dimensionality. 


(4) The charge of vacuum spacetime is assumed to be zero, when in 
fact it isa very high value, Vacuum has no mass, but it has great 
massless charge and virtual particle charge flux. For proof that a 
charged vacuum is the seat of something in motion, see G.M. Graham 
and D.G. Lahoz, "Observation of static electromagnetic angular 
momentum in vacuo,” Nature, Vol. 285, 15 .May 1980, pp. 154-155. 
In fact, vacuum IS charge, identically, and it is also "spacetime" and at 
least four-dimensional. 
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(5) Contrary to its present usage, zero is dimensional and relative in its 
context. A three-dimensional spatial hole, for example, exists in time. 
If we model time as a dimension, then the spatial hole has one 
dimension in 4-space. So a spatial absence is a spatiotemporal 
presence. In the vacuum 4-space, a spatial nothing is still a something. 
The “virtual” concept and the mathematical concept of a derivative are 
simply two present ways of unconsciously addressing this fundamental 
problem of the dimensional relativity of zero. 


(6) The concepts of "space" and "time" imply that spacetime (vacuum) 
has been separated into two parts. We can only think of a space as 
‘continuing to exist in time " To separate vacuum spacetime into two 
pieces, an operation is continually required. The operator that 
accomplishes this splitting operation is the photon interaction, the 
interaction of vector electromagnetic energy or waves with mass. I 
have already strongly pointed out this effect and presented a "raindrop 
model" of first-order physical change itself in my book, The Excalibur 
Briefing, Strawberry Hill Press, San Francisco, 1980, pp. 128-130. 


(7) “Vector magnetic potential" is assumed to be always an aspect of 
(and connected to) the magnetic field. In fact it is a separate, 
fundamental field of nature and it can be entirely disconnected from 
the magnetic field. See Richard P. Feynman et al, The Feynman 
Lectures on Physics, Addison-Wesley Publishing Co., New York, 
1964, Vol. IT, pp. 15-8 to 15-14. Curiously, this fact has been proven 
for years’ yet it has been almost completely ignored in the West. The 
"Vx" operator, when applied to the A-field, makes B-field. If the Vx 
operator is not applied, the "freed" A-field possesses much-expanded 
characteristics from those presently allowed in the "bound" theory. 
Specifically, it becomes a scalar or "shadow vector” field; it is not a 
normal vector field. (note: for V read inverted capital Delta) 


(8) The speed of light in vacuum is assumed to be a fundamental 
constant of nature. Instead it is a function of the intensity of the 
massless charge flux (that is, of the magnitude of the electrostatic 
potential) of the vacuum in which it moves. (Indeed, since vacuum and 
massless charge are one and the same, one may say that the speed of 
light is a function of the intensity of the spatiotemporal vacuum!). The 
higher the flux intensity (charge) of the vacuum, the faster the speed of 
light in it. This is an observed fact and already shown by hardcore 
measurements, For example, distinct differences actually exist in the 
speed of light in vacuo, when measured on the surface of the earth as 
compared to measurements in space away from planetary masses. In a 
vacuum on the surface of the earth, light moves significantly faster. 
For a discussion and the statistics, see B. N. Belyaev, "On Random 
Fluctuations of the Velocity of Light in Vacuum," Soviet Physics 
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Journal, No. 11, Nov. 1980, pp. 37-42 (original in Russian; translation 
by Plenum Publishing Corporation.) The Russians have used this 
knowledge for over two decades in their strategic psychotronics 
(energetics) program; yet hardly a single U.S. scientist is aware of the 
measured variation of c in vacuo. In fact, most Western scientists 
simply cannot believe it when it is pointed out to them! 


(9) Energy is considered fundamental and equivalent to work. In fact. 
energy arises from vector processes, and it can be disassembled into 
more fundamental (anenergy) scalar components, since the vectors 
can, These scalar components individually can be moved to a distant 
location without expending work, since one is not moving force 
vectors. There the scalar components can be joined and reassembled 
into vectors to provide "free energy" appearing at a distance, with no 
loss in between the initial and distant points. For proof that a vector 
field can be replaced by (and considered to be composed of) two scalar 
fields, see E. T. Whittaker, Proceedings of the London Mathematical 
Society, Volume 1, 1903, p. 367. By extension, any vector wave can 
be replaced by two coupled scalar waves. 


(10) The classical Poynting vector predicts no longitudinal wave of 
energy from a time-varying, electrically charged source, In fact, an 
exact solution of the problem does allow this longitudinal wave. See T. 
D. Keech and J. F. Corum, "A New Derivation for the Field of a Time- 
Varying Charge in Einstein's Theory," International Journal of 
Theoretical Physics, Vol. 20, No, 1, 1981, pp. 63-68 for the proof. 


(11) The present concepts of vector and scalar are severely limited, 
and do not permit the explicit consideration of the internal, finer- 
grained structures of a vector or a scalar. That is, a fundamental 
problem exists with the basic assumptions in the vector mathematics 
itself. The "space" of a vector field, for example, does not have inter- 
nested sublevels (subspaces) containing finer "shadow vectors" or 
has already discovered that 
electrical reality is built that way. Thus one should actually use a 
"hypernumber" theory after the manner of Charles Musés. A scalar is 
filled with (and composed of) nested levels of other "spaces" 
containing vectors, where these sum to "zero" in the ordinary 
observable frame without an observable vector resultant. In Musés' 
mathematics, for example, zero has real roots. Real physical devices 
can be -- and have been -constructed in accordance with Muses’ 
theory. For an introduction to Musés' profound hypernumbers 
approach, see Charles Musés' foreword to Jerome Rothsteii 
Communication Organization and Science, The Falcon's Wing Press, 
Indian Hills, Colorado, 1958. See also Charles Musés, "Applied 
Hypernumbers: Computational Concepts," Applied Mathematics and 
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Wi-Fi uses spectrum efficiently because its small coverage areas result in high-frequency 
reuse and high data density (bps per square meter). Less efficient are white-space 
unlicensed networks, sometimes called “super Wi-Fi,” that, because of large coverage 
areas, have much lower throughput per square meter. While white-space networks may be 
a practical broadband solution in rural or undeveloped areas, they face significant 
challenges in urban areas that already have mobile and fixed broadband available.” See 
the section on “White Space Networks” in the appendix for further details. 


Advocates argue that unlicensed spectrum unleashes innovation and that government 
should allocate greater amounts of unlicensed spectrum. Although Wi-Fi has been 
successful, the core elements that make unlicensed spectrum extremely successful are also 
the source of inherent disadvantages: local coverage and its unlicensed status. Local 
coverage enables high data density and high frequency reuse but makes widespread 
continuous coverage almost impossible. Similarly, unlicensed operation facilitates 
deployment by millions of entities but results in overlapping coverage and interference. 


Networks built using unlicensed spectrum cannot replace networks built using licensed 
spectrum, and vice versa. The two are complementary and helpful to each other, as 
summarized in Table 13.% 


Table 13: Pros and Cons of Unlicensed and Licensed Spectrum 


Unlicensed Spectrum icensed Spectrum 
Cons Cons 

Easy and quick to | Potential of other Huge coverage —_| Expensive 

deploy entities using same | | areas infrastructure 
frequencies 

Low-cost Difficult to ‘Able to manage | Each operator has 

hardware impossible to quality of service | access to only a 
provide wide-scale small amount of 
coverage spectrum 


Some operators offer a “Wi-Fi first” capability with which devices always attempt to use a 
Wi-Fi connection and fall back to a cellular connection only if no Wi-Fi is available. Such 
cellular backup is essential because Wi-Fi, due to low-power operation in many bands, is 
inherently unsuited for providing continuous coverage. The sharp drop-off in signal strength 
due to low transmit power makes coverage gaps over large areas inevitable, especially 
outdoors. 


*3 For further analysis, see Rysavy Research, “White spaces networks are not ‘super’ nor even Wi- 
Gigaom, March 2013. Available at http://qiqaom.com/2013/03/17/white-spaces-networks-are-not- 
super-nor-even-wi-fi/ 


% For further analysis, see Rysavy Research, “It’s Time for a Rational Perspective on Wi-Fi,” Gigaom, 
April, 2014, Available at http://giqaom.com/2014/04/27/its-time-for-a-rational-perspective-on-wi-fi/. 
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Computation, Vol. 3, 1976. See also Charles Musés, "Hypernumbers 
II," Applied Mathematics and Computation, January 1978. 


(12) With the expanded Tesla electromagnetics, a new conservation of. 
energy law is required. Let us recapitulate for a moment. The oldest 
law called for the conservation of mass. The present law calls for the 
conservation of "mass and energy", but not each separately. If mass is 
regarded as simply another aspect of energy, then the present law calls 
for the conservation of energy. However, this assumes that energy is a 
basic, fundamental concept. Since the energy concept is tied to work 
and the movement of vector forces, it implicitly assumes "vector 
movement" to be a "most fundamental" and irreducible concept. But as 
we pointed out, Whittaker showed that vectors can always be further 
broken down into more fundamental coupled scalar components. 
Further, Tesla discovered that these "coupled components" of "energy" 
can be individually separated, transmitted, processed, rejoined, etc. 
This directly implies that energy per se need not be conserved. The_ 
new law therefore calls for the conservation of anenergy, the 
components of energy. These components may be coupled into energy, 
and the energy may be further compacted into mass. It is the sum total 
of the (anenergy) components -- coupled and uncoupled -- that is 
conserved, not the matter or the energy per se. Further, this 
conservation of anenergy is not spatial; rather, it is spatiotemporal in a 
spacetime of at least four or more dimensions. 


(13) Relativity is presently regarded as a theory or statement about 
fundamental physical reality. In fact, it is only a statement about 
FIRST ORDER reality -- the reality that emerges from the vector 
interaction of electromagnetic energy with matter. When we break 
down the vectors into scalars (shadow vectors or hypervectors), we 
immediately enter a vastly different, far more fundamental reality. In 
this reality superluminal velocity, multiple universes, travel back and 
forth in time, higher dimensions, variation of all "fundamental 
constants" of nature, materialization and dematerialization, and 
violation of the "conservation of energy" are all involved. Even our 
present Aristotlean logic -- fitted to the photon interaction by vector 
light as the fundamental observation mechanism -- is incapable of 
describing or modeling this more fundamental reality. Using scalar 
waves and scalar interactions as much subtler, far less limited 
observation/detection mechanisms, we must have a new 
"superrelativity" to describe the expanded electromagnetic reality 
uncovered by Nikola Tesla. 


(14) "Charge" is assumed to be quantized, in addition to always 
occurring with -- and locked to -- mass. Indeed, charge is not 
necessarily quantized just as it is not necessarily locked to mass. 
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Ehrenhaft discovered and reported fractional charges for years, in the 
30's and 40's, and was ignored. See P.A.11. Dirac, "Development of 
the Physicist's Conception of Nature," Symposium on the 
Development of the Physicist's Conception of Nature, ed. Jagdish 
Merha, D. Reidel, Boston, 1973, pp. 12-14 for a presentation of some 
of Ehrenhaft's results. Within the last few years Stanford University: 
researchers also have positively demonstrated the existence of 

actional charge." For a layman's description of their work, see "A 
Spector Haunting Physics,” Science News, Vol. 119, January 31, 1981, 
pp. 68-69. Indeed, Dirac in his referenced article points out that 
Millikan himself -- in his original oildrop experiments -- reported one 
measurement of fractional charge, but discounted it as probably due to 
error. 


(15) Presently, things are always regarded as traveling through normal 
space. Thus we use or model only the most elementary type of motion 
-- that performed by vector electromagnetic energy. We do not allow 
for things to "travel inside the vector flow itself." Yet, actually, there is 
a second, more subtle flow inside the first, and a third, even more 
subtle flow inside the second, and so on, We may operate inside, onto, 
into, and out of energy itself -- and any anenergy component of 
energy. There are hypervectors and hyperscalars unlimited, within the 
ordinary vectors and scalars we already know. Further, these "internal 
flows" can be engineered and utilized, allowing physical reality itself 
to be directly engineered, almost without limits. 


(16) We always assume everything exists in time. Actually, nothing 
presently measured exists in time, because the physical detection/ 
measurement process of our present instruments destroys time, ripping 
it off and tossing it away -- and thereby "collapsing the wave 
function.” Present scientific methodology thus is seriously flawed. It 
does not yield fundamental (spacetime) truth, but only a partial 
(spatial) truth. This in turn leads to great scientific oversights. For 
example, mass does not exist in time, but mass x time (masstime) 
does. A fundamental constant does not exist in time, but the "constant 
x time" does, Energy does not exist in time, but energy x time (action) 
does. Even space itself does not exist in time -- spacetime does. We 
are almost always one dimension short in every observable we model. 
Yet we persist in thinking spatially, and we have developed 
Instruments that detect and measure spatially only. Such instruments 
can never measure and detect the phenomenology of the nested 
substrata of time. By using scalar technology, however, less limited 
instruments can indeed be constructed -and they have been. With such 
new instruments, the phenomenology of the new electromagnetics can 
be explored and an engineering technology developed. 
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(17) We do not recognize the connection between nested levels of 
virtual state (particle physics) and orthogonally rotated frames 

hyperspaces). Actually the two are identical, as I showed in the 
appendix to my book, The Excalibur Briefing, Strawberry Hill Press, 
San Francisco, 1980, pp. 233-235. A virtual particle in the laboratory 
frame is an observable particle in a hyperspatial frame rotated more 
than one orthogonal turn away. This of course implies that the 
hyperspatial velocity of all virtual particles is greater than the speed of 
light. The particle physicist is already deeply involved in hyperspaces 
and hyperspatial charge fluxes without realizing it. In other words, he 
is using tachyons (particles that move faster than light) without 
realizing it. 


(18) Presently quantum mechanics rigorously states that time is not an 
observable, and therefore it cannot be measured or detected. 
According to this assumption, one must always infer time from spatial 
measurements, because all detections and measurements are spatial. 
With this assumption, our scientists prejudice themselves against even 
looking for finer, subquantal measurement methodologies and 
instrumentation. Actually this present limitation is a result of the type 
of electromagnetics we presently know, where all instruments (the 
"measurers") have been interacted with by vector electromagnetic 
energy (light). Every mass that has temperature (and all masses do!) is 
continually absorbing and emitting photons, and in the process they 
are continually connecting to time and disconnecting from time. If 
time is continually being carried away from the detector itself by its 
emitted photons, then the detector cannot hold and "detect" that which 
it has just lost. With Tesla electromagnetics, however, the fundamental 
limitation of our present instruments need not apply. With finer 
instruments, we can show there are an infinite number of levels to 
time", and it is only the "quantum level time" which is continually 
being lost by vector light (photon) interaction. By using subquantal 
scalar waves, instruments can move to deeper levels of time —- in 
which case the upper levels of time ARE measureable and detectable, 
in contradistinction to the present assumptions. 


(19) In the present physics, time is modeled as, and considered to be, a 
continuous dimension such as length. This is only a gross 
approximation. Indeed, time is not like continuous "dimension," but 
more like a series of "stitches," each of which is individually made and 


then ripped out before the next stitch appears, "Vector light" photons 
interact one at a time, and it is this interaction with mass that creates 
quantum change itself. The absorption of a photon -- which is energy x 
time -- by a spatial mass converts it to masstime: the time was added 
by the photon. The emission of a photon tears away the time, leaving 
behind again a spatial mass. It is not accidental, then, that time flows at 
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the speed of light, for it is light which contains and carries time. It is 
also not accidental that the photon IS the individual quantum. Since all 
our instruments presently are continually absorbing and emitting 
photons, they are all "quantized," and they accordingly "quantize" their 
detections. This is true because all detection is totally internal to the 
detector, and the instruments detect only their own internal changes. 
Since these detections are on a totally granular quantized background, 
the detections themselves are quantized. The Minkowski model is 
fundamentally erroneous in its modeling of time, and for that reason 
relativity and quantum mechanics continue to resist all attempts to 
successfully combine them, quantum field theory notwithstanding. 


(20) Presently, gravitational field and electrical field are considered 
mutually exclusive. Actually this is also untrue. In 1974, for example, 
Santilly proved that electrical field and gravitational field indeed are 
not mutually exclusive In that case, one is left with two possibilities: 
(a) they are totally the same thing, or (b) they are partially the same 
thing. For the proof, see R. M. Santilli, "Partons and Gravitation: 
Some Puzzling Questions,” Annals of Physics, Vol. 83, No. 1, March 
1974. With the new Tesla electromagnetics, pure scalar waves in time 
itself can be produced electrically, and electrostatics (when the charge 
has been separated from the mass) becomes a "magic" tool capable of 
directly affecting and altering anything that exists in time--including 
gravitational field. Antigravity and the inertial drive are immediate and 
direct consequences of the new electromagnetics. 


(21) Presently, mind is considered metaphysical, not a part of physics, 
an not affected by physical means, Literally, the prevailing belief of 
Wester scientists is that man is a mechanical robot -- even though 
relativity depends entirely upon the idea of the “observer.” Western 
science today thus has essentially become dogmatic, and in this respect 
borders on a religion. Since this "religion," so to speak, is now fairly 
well entrenched in its power in the state, Western science is turning 
itself into an oligarchy. But mind occupies time, and when we measure 


and affect time we can directly measure and affect mind itself. In the 
new electromagnetics, then, man regains his dignity and his humanity 
by restoring the reality of mind and thought to science. In my book, 
The Excalibur Briefing, I have already pointed out the reality of mind 
and a simplified way in which it can be modeled to the first order. 
With scalar wave instruments, the reality of mind and thought can be 
measured in the laboratory, and parapsychology becomes a working, 
engineering, scientific discipline. 


(22) Multiple-valued basic dimensional functions are either not 
permitted or severely discouraged in the present theory For one thing, 
integrals of multiple valued derivative functions have the annoying 
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habit of "blowing up" and yielding erroneous answers, or none at all. 
And we certainly do not allow multiple types of time! This leads to the 
absurdity of the present interpretation of relativity which permits only 
a single observer (and a single observation) at a time. So if one 
believes as "absurd" a thing as the fact that more than one person can 
observe an apple at the same time, the present physics fails. However, 
the acceptance of such a simple proposition as multiple simultaneous 
observation leads to a physics so bizarre and incredible that most 
Wester physicists have been unable to tolerate it, much less examine 
its consequences. In the physics that emerges from multiple 
simultaneous observation, all possibilities are real and physical. There 
are an infinite number of worlds, orthogonal to one another, and each 
world is continually splitting into additional such "worlds" at a 
stupendous rate. Nonetheless, this physics was worked out by Everett 
for his doctoral thesis in 1956, and the thesis was published in 1957. 
(See Hugh Everett, III, The Many-Worlds Interpretation of Quantum 
Mechanics: A Fundamental Exposition, with papers by J. A. Wheeler, 
B.S. DeWitt, L. N. Cooper and D. Van Vechten, and N. Graham; eds. 
Bryce S. Dewitt and Neill Graham, Princeton Series in Physics, 
Princeton University Press, 1973.) Even though it is bizarre, Everett's 
physics is entirely consistent with all the present experimental basis of 
physics. The present electromagnetic theory is constructed for only a 
single "world" or universe -- or "level.” The expanded theory, on the 
other hand, contains multiply nested levels of virtual state charge ~ 
and these levels are identically the same as orthogonal universes, or 
“hyperframes." Multiple kinds -- and values -- of time also exist. The 
new concept differs from Everett's, however, in that the orthogonal 
universes intercommunicate in the virtual state. That is, an observable 
in one universe is always a virtual quantity in each of the other 
universes. Thus one can have multi-level "continuities" and 
"discontinuities" simultaneously, without logical conflict. It is 
precisely these levels of charge -- these levels of scalar vacuum -- that 
lace together the discontinuous quanta generated by the interaction of 
vector light with mass. 


However, to understand the new electromagnetic reality, one requires 
a new, expanded logic which contains the old Aristotlean logic as a 
subset. I have already pointed out the new logic in my paper, "A 
Conditional Criterion for Identity, Leading to a Fourth Law of Logic," 
1979, available from the National Technical Information Center, AD- 
071032. 


Even as logic is extended, quantum mechanics, quantum 
electrodynamics, and relativity are drastically changed by the Tesla 

electromagnetics, as I pointed out in my paper, "Solutions to Tesla’s 
Secrets and the Soviet Tesla Weapons,” Tesla Book Company, 1580 
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Magnolia, Millbrae, California, 94030, 1980. 


The present electromagnetics is just a special case of a much more 
fundamental electromagnetics discovered by Nikola Tesla, just as 
Newtonian physics is a special case of relativistic physics. But in the 
electromagnetics case, the differences between the old and the new are 
far more drastic and profound. 
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COMMENTS ON THE NEW TESLA ELECTROMAGNETICS 


Part II: The Secret of Electrical Free Energy 


© 1982 7. B. Bearden 


Again I wish to express my deep appreciation to two of 
my friends and colleagues who at this time, I believe, 
wish to remain anonymous. I thank them both for their 
exceptional contributions and stimuli, and their for- 
bearance with the many discussions we have held on this 
and related subjects. 


Also, it goes without saying that any errors in this 
paper are strictly my own, and not the fault of either 
of my distinguished colleagues. 


Present electromagnetic theory is only a special case of the much 
more fundamental electromagnetism discovered by Nikola Tesla at 
the turn of the century. 


Pure vacuum is pure charge flux, without mass. The vacuum has a 
very high electrical potential -- something on the order of 200 
million volts, with respect to a hypothetical zero charge. 


Thus in an ordinary electrical circuit, each point of the 
"ground" -- which has the same potential as the vacuum -- 
actually has a non-zero absolute potential. This circuit ground 
has a value of zero only with respect to something else which 
has the same absolute electrical potential. 


Voltage, which is always associated with a flow of electrical 
“mass" current (even if only a miniscule flow), is, by defini- 
tion, a difference dropped in potential when a charge mass moves 
between two spatially separated points. What we have termed 
"electrical current" only flows where there is a suitable con- 
ducting medium between things which have a difference in absolute 
potential. Furthermore, between any two points in any material, 
there is considered to exist a finite resistance -- if we apply 
a voltage and have a mass current flowing between the two points! 
The simple statement that V = IR irrevocably ties together volt- 
age drop, mass current, and resistance between two points. 
Rigorously, to have one of the three is to have them all. To 
lose one is to lose all three. Immediately we see a major error 
in present theory: One can have a "difference in scalar poten- 
tial" between two points without having a "voltage drop" between 
them. Specifically, if no mass current flows between them, no 
resistance exists between them, and no voltage drop exists be- 
tween them. 


In the same fashion, one can have a "scalar wave" through the 
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In the same fashion, one can have a “scalar wave" through the 
vacuum without a voltage wave. In that case, the wave has no 
E-field and no K-field. ‘The only reason one has an E-field 


Return to Table of Contents Next Page 


-usp:/iwwvw-cheniereorg/books/newteslaem/p12 htm (2of 2)24.11.2008 21:38:56 


Return to Table of Contents 


around a statically charged object is because the charged elec- 
trons accumulated on the object are actually in violent motion. 
It is this motion of the charged masses that produces E-field 
as well as H-field whenever that entire E-field ensemble moves 
through laboratory space. 


Now let us reason together in the "approximate" manner utilized 
in present electromagnetic theory. For example, let us examine 
a bird sitting on a high tension line. 


The bird sits on the high tension line without a flow of mass 
electricity, because there is no significant difference in po- 
tential drop between the bird and the line. Specifically, be- 
tween the bird's two feet -- each in contact with a different 
portion of the line -- there exists no potential difference. 
This is true even though, with respect to the vacuum, each foot 
is at a potential that would be "100,000 volts higher," were a 
mass current flowing. And it is true even though the absolute 
potential of each foot may be some 200.1 million "volts," were 
amass current flowing. 


Now an interesting thing happens to the bird when he flies 
through the air to light upon the high tension wire. As he 

flies toward the wire, he is flying through the massless elec- 
trostatic potential field of the wire, for that field extends 

an infinite distance away from the wire. The electrostatic 
potential field -- pure 9-field -- is actually the spatio- 
temporal intensity of the massless charge at a point. In other 
words, as the bird flies to the wire, he flies into an increas- 
ing "massless charge" potential, building up to 100,000 "volts" 
higher than the earth. However, very little (if any) "mass 

flow" potential difference is experienced upon his body in ap- 
Proaching the wire, and so essentially no "charged mass currents" 
are induced in his body. Thus the little flier safely navigates 
into the teeth of a very high electrostatic potential, lights 
upon the wire, and is not "fried" in the process. When he lights 
on the wire, his body has reached the electrostatic potential 
that each foot's contact point has. Again, there is no mass cur- 
rent flow. But his body is immersed in an increased flux of 
massless charge -- which is what the electrostatic potential 
represents. And each “virtual particle" flow in that charge 
potential represents a "massless (scalar)" electrical current. 


The point is, one can have any amount of massless charge flow -- 
"scalar" current -- without any mechanical work being done in 
the system. All electrical work in a circuit is done against 
the physical mass of the charged masses that flow. Rigorously, 
force is defined as the time rate of charge of momentum. Even 

in the relativistic case where F = ma + v(dm/dt), change of mo- 
mentum requires mass movement. No mechanical work, and hence no 
energy, is expended by massless charge flow. 


That is why the vacuum massless charge -- which is composed of a 
very high flux of massless "particles" -- normally does no work 
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Spectrum Sharing 


In 2012, the President's Council of Advisors on Science and Technology issued a report 
titled, “Realizing the Full Potential of Government-Held Spectrum to Spur Economic 
Growth.” The report recommended spectrum sharing between government and commercial 
entities. 


The U.S. government can designate spectrum for exclusive, shared, or unlicensed use, as 
shown in Figure 36. Shared use can be opportunistic, as with TV white spaces; two- 
with incumbents and licensed users; or three-tier, which adds opportunistic access. The 
bands initially targeted for spectrum sharing include AWS-3 (two tiers on a temporary 
basis) and the 3.5 GHz band (three tiers). 


The three-tier plan envisioned by the U.S. government for the 3.5 GHz band gives more 
entities access to the spectrum but at the cost of increased complexity. 


85 Assumes 1.0 km radius for cellular and 100-meter radius for Wi-Fi. 
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increasing scalar field as it approached the high tension wire -- 
no work was done upon the bird by the increasing scalar flux 
currents encountered by its body. 


By existing "in the vacuum," so to speak, we (the whole earth) 
are as birds sitting on a high tension line! Until we create 
significant difference in potential, via our present electromag- 
netic circuits, no current can flow -- anywhere. Even if we pro- 
duce potential differences, we must have a conductor and charged 
masses to flow, if we wish to produce mechanical work. Presently 
our electromagnetic theory allows us to create a difference in 
potential within different parts of a circuit, but only by moving 
and shifting charged mass. We therefore have to do work on this 
electrical mass in moving it around, and we only get back the 
work we have put into the circuit. In other words, presently 

all we do is "pump" electrical mass. 


Now notice what would happen to the bird on the line if we sub- 
stantially "pulsed" the potential on the line. Suppose we 
"pulsed" it such that the bird's physical system -- considered 
as a circuit containing a capacitance, a resistance, an induc- 
tance, and many free electrons -- became resonant to the pulsing 
frequency. In that case the "bird system" would resonate, and a 
great deal of electrical mass would surge back and forth in the 
body of the bird. In the bird's body, voltage would exist, 
charged mass current would flow, work would be done, and the 
bird would be electrocuted. 


Also, note that, without mass movement, electromagnetic vector 
fields are not produced (and a portion of the difficulty lies 
with the actual vector mathematics itself). Scalar (nonvector) 
waves continually penetrate "space" where there is no mass move- 
ment. This means there can exist a "delta-0" without a voltage 
or an E-field. The present theory does not allow this, because 
it always uses "q" (charge) to be charged mass. Briefly, without 
belaboring the point, let us just say that it is the mechanical 
spin of the individual charged particle such as the electron -- 
which "entangles" or "knits together" or "couples" independent 
scalar waves into vector waves. A vector wave is simply two 
coupled scalar waves. The entire force field concept -- such as 
the E-field and the B-field -- is operationally defined in terms 
of the force exhibited on a test particle, or test mass. Rigor- 
ously, an E-field does not exist as a force field in vacuum, but 
as two coupled scalar ~-fields "tumbling about each other." When 
these two coupled, tumbling fields meet a spinning electron, e.g., 
the force emerges on the electron mass. In short, movement of a 
rotating mass changes delta-@ to "voltage", creating the V/I/R 
triad. 


By "accumulating charged mass particles" -- such as electrons -- 
one certainly can increase the value of $, which represents the 
charge intensity or "scalar electrostatic potential." However, 
that is not the only way to increase it. Resonance and rotation 
of charged masses can also be appropriately employed to vary the 
vacuum charge potential ©, under the proper circumstances. 
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By the correct application of rotary principles and Tesla elec- 
tromagnetic theory, it is possible to oscillate -~- and change -- 
the vacuum potential itself, in one part of an electrical system. 
Thus by correct procedures a part of a system can be electrically 
altered so that the absolute value of its "ground" (vacuum) poten- 
tial differs significantly from the normal vacuum-ground potential 
of the remainder of the circuit. In other words, we shift the 
vacuum=ground potential of part of the circuit by oscillating 

the massless vacuum charge itself, and in so doing we gain a sub- 
stantial, oscillatory electrical potential difference between 
that part of the circuit and the normal ground potential of the 
rest of the system. Then we connect the two parts of the system 
by means of a conductor containing a load in the middle. 


In every conductor, a large number of "free electrons" are avail- 
able. If we oscillate the actual vacuum charge itself, unlimited 
additional free electrons also become available from the Dirac 
sea, since partial "unstripping" of the negative energy wells 
(each containing an electron) occurs. This "unstripping" of the 
potential of the well is due to vacuum potential oscillation, 
which oscillates time as well as space. To a negative energy 
well (positive time), the oscillation of its "time stream" in- 
creases the well's negative potential during one half-cycle and 
decreasés its potential for the other half-cycle. Thus during 
half the oscillatory cycle, negative energy electrons may be 
lifted from the Dirac sea if the oscillation is sufficiently in- 
tense. 


Therefore we obtain an attendant voltage and flow of mass current 
through the load. This voltage and current, by the way, are es- 
sentially limitless, and are free for the asking, assuming the 
proper "vacuum oscillation" is initiated and maintained so that 
electrons are continually being lifted from the Dirac sea by the 
time oscillations, and fed into the circuit. 


Standard electromagnetic theory assumes that the vacuum potential 
is zero. It does not recognize the existence of massless charge, 
separated from charged mass. Therefore, orthodox scientists have 
never looked for a way to engineer the vacuum, because they have 
not realized it is composed of pure massless charge. Electrical 
physics has almost hopelessly confused charge and charged mass, 
thereby eliminating scalar longitudinal electrostatic waves. Ex- 
pressed in the bird/high tension line analogy, the present electro- 
magnetic theory restricts us to walking along the high tension 
line, laboriously carrying small batteries and power units, un- 
aware of the limitless, surging power beneath our very feet. 


Electromagnetically, we have been rather like one of the five 
blind men who touched an elephant. We have only touched one small 


portion of the electromagnetism "elephant," yet we thought we had 
grasped the entire beast. 
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QVERTURE TO A NEW AGE TECHNOLOGY 
From an Update by Dr. Rolf Schaffranke 


"“ se. as there has been a steady erosion in U. S. activity 
in the basic sciences, there has been an increase in the 
level of such activity in Western Europe and Japan, If 
that continues, we are in danger of losing our position 
of scientific leadership." 


Val, L. Fitch, Prof. of Physics at 
Princeton University, in an interview with 
U.S, News & World Report, June 21, 1982. 


West Germany: 
The prototype of the first motorcycle equipped with a "flux-motor" (the 
inventor's designation for a tachion field converter or gravity-field generator) 
of 2 KW output has completed a test run of approximately 20,000 km without re- 

The T-converter is constantly recharging the 


pairs. Principle of operatior 
electrical power battery of the vehicle, resulting in an operation which is 
noiseless, fuelless and polution-free. After completion of all scheduled tests, 
@ public demonstration to the press is planned within a few weeks from the time 
of this writing, (June 17, 1982) See photo, Pg. 19. A new factory for the 
production of gravity-energy-field converters in the town of Oldenburg is sched- 
uled to produce individual home heating units. The design of automobile power 
plants based on the same principle is also in preparation, Reported efficiency 
factors of several hundred percent are anticipated. 


Mazda continues research on the "magnetic Wankel engine" (45 HP) for elec- 
tric automobiles, based on the principle of Kure Tekko, The gravity research of 
Prof. S.Seike is now sponsored by Hitachi, after millions of Japanese received 
updated information via popular science magazines. It is interesting to note 
that Saudi Arabia has decided to invest $100 million in Hitachi stocks. 

France: 

The "Kromrey" converter has completed tests at the Institute for Magneto- 


statics, University of Strasbourg. One prototype delivered 700 Watts at 600- 
1200 RPM, ata fairly uniform rate. However, France, as the No, 1 developer of 
nuclear energy in Europe, is still reluctant to concentrate her energies on a 
revolutionary new technology which could result in drastic curtailments of her 
well-developed nuclear industry and associated exports. See photos, Pg. 22. 
Denmark: 

Dr. Jensen, physicist at the University of Kopenhagen, reported test results 
of 3008 efficiency with a specially designed, 5-coil transformer in connection 
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with a tachion field converter based on the principle of the "N" machine. First 
reports were presented at the International Conference on Energy Technology in 
Hannover, Nov., 1980. 


England / USA 


A "bullet train" based on the magnetic levitation system of British Prof. 


Eric Laithwaite is now under consideration for construction between Los Angeles 
and San Diego. Japan and West Germany are already operating high speed experi- 
mental trains, suspended magnetically to reduce friction, that may soon attain 
speeds of more than 200 miles per hour. The Laithwaite-Eastham method would use 
electromagnetic forcefields induced over an aluminum-topped concrete track. The 
project will probably be headed by a Japanese company as the prime contractor. 
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‘West German gravity 


West German gravity-field unit in operation 
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Swiss 


Swiss-French gravity field converter system "Kromrey" 
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REVIEW AND OUTLOOK 


THE DEVELOPMENT OF POST-RELATIVISTIC 
CONCEPTS IN PHYSICS AND ADVANCED 
TECHNOLOGY ABROAD 


Rolf Schaffranke, Dr. h. c. 
Member A.LA.A. 


This paper was presented at The First 
International Symposium on Non-Conventional 
Energy Technology, Toronto, Ontario, Canada, 
Oct, 23-24, 1981. (Reprinted by permission of 
the author.) 


"Far more harm is done to the progress of science b 
skepticism than by gullibility". (Dr. Robert Wood, Director 
R & D, McDonnel-Douglas Astronautics Div., Cal.) NASA 
- Langley Research Center in Hampton, VA is named after 
Samuel Pierpont Langley (1834-1906), an American 
astronomer, engineer and architect. 

Langley worked out the aerodynamic principles for 
manned flight. In principal, his calculations were correct; 
but the structural materials he used for wings and engines 
were insufficient. In December of 1903, the New York 
Times published an editorial complaining about his foolish 
dream and the associated waste of government money. The 
editorial predicted that: "man would not fly for a thousand 
years 
Only 9 days after the editorial was published, the Wright 
brothers made their first successful powered flight at Kitty 
Hawk. (Dec. 17, 1903). But, again, as late as 1905, the 
Scientific American suggested the happening was a hoax - 
two years after the event which changed history. Let's reflect 
for a moment on the fact that only ina single lifetime, man 
has journeyed from Kitty Hawk to the surface of the moon! 

The analogy to the problem of alternative energies and 
their development is, of course, obvious. We try to educate 
the preaching orthodoxies, But orthodox solutions are no 
longer enough. Our system of education can only give from 
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The European Telecommunications Standards Institute (ETS!) is the leading organization 
standardizing cognitive radios. The most relevant effort is called “Licensed Shared Access” 
(LSA), a two-tier spectrum sharing system that includes incumbents and licensed 
secondary users that access shared spectrum via a database, as depicted in Figure 37. 


Figure 37: Licensed Shared Access (LSA) 
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The three-tier system expected for the 3.5 GHz band in the United States will be complex, 
necessitating a real-time Spectrum Access System, the SAS, the design and development 
of which will encompass: 


a Algorithms and methods; 


a Methods of nesting hierarchical SAS entities (federal secure SAS versus commercial 
SASs); 
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The present must operate on inspiration and 
intuition, or the future will be lost. The past no longer has 
enough of the answers for arising crises for which there are 
no precedents. To keep pace with the requirements of the 
future, we must begin to teach not only what to learn, but 
how to learn, how to analyze, how to search for the truth. 
Only then will be able to recognize discrepancies between 
experiment and dogma and to cope with problems which 
appear to be just beyond the corner. History has shown 
again and again that no single individual can rise above the 
species without being persecuted. The reasons for that are: 


Some of the most powerful forces in homo sapiens 
have always been 

Greed, Pride, Ego, Fear and, above all, the Desire 
to Control Others, 


A brand new German book titled Energy in 
Abundance, which is evidently creating a considerable 
impact in the European community, challenges the 
contemporary high 
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priests of science, the "Guardians of the Status Quo" and uncovers an almost in- 
credible narrowmindedness and ignorance in science, politics and economics, 
“approaching the criminal" as the author puts it. The contemporary waste of 
genuine intellectual creativity is castigated as a cultural scandal approaching 
barbarism. The book stresses that a truly promising approach to the so-called 
energy crisis requires a fundamental and thorough re-evaluation of the theories, 
dogmas and axioms which form the basis of present day science and the foundation 
ef our technology. As in the past, the formidable inertia of the establishment is 
not only based on inaccurate, incomplete and outdated information, but also on its 
reluctance to accept new ideas. The honest search for the truth first requires 
that we first demythologize generally accepted claims of so-called experts of the 
past. An excellent introduction to this problem is the article "Resistance by 
Scientists to Scientific Discovery" by Bernard Barber in Science, Vol. 134, 
Pp. 596-602, of Sept. 1961, or the paper by Stephen C. Brush in Science of march, 
1974, titled "Should the History of Science be Rated 'x'"?, culminating with a 
statement of Huxle 
"Authorities", "disciples", and “schools” are the curse of science 


ané do more to interfere with the work of the scientific spirit 
than all its enemies". 

The former astronaut, Capt. Edgar D. Mitchell, one of our famous contemporar- 
ies, also stressed the need for an open mind! 

"History has shown time and again that important scientific dis= 
coveries generally happen only when someone steps outside the 
limits of his traditional discipline and looks at something from 
® fresh point of view. Then what should have been obvious all 
along comes into focus". 

Those of us who are familiar with the pioneering efforts of Dr. Hans Nieper of 
Hanover will appreciate this statement by an ex-astronaut. 

One of the most important cornerstones of today's scientific dogmas dates back 
to 1905, more than 3/4 of a century ago. Lest we forget, television and radar, 
jet-planes and cyclotrons, moonrockets and close-up photos of the planets of our 
solar system were nothing but wild fantasies of science fiction then. 

The speed of light was assumed to be constant and the maximum possible speed 
in the universe; vacuum was to be a total void. In reality, the speed of light as 
measured in the Michelcon-Morley experiments was not at all the same in all direc- 
tions. The “ether-drift" still amounted to the respectable velocity of about five 
miles per second, and similar results were obtained by D. C. Miller in a series of 
experiments extending over twenty-five years, from 1902 to 1926. 
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“Even worse, the measurements showed such marked discrepancies 
with previous results as to occasion a distress call to the U. S. 
Coast & Geodetic Survey, whose surveyors repeatedly remeasured the 
Length of the tube and found no error there," reported the 
Popular Setence Monthly March 1934 issue. And it continued: 

"More recently, speed of light observations only emphasized the 
apparent erratic behavior of the light beam that the scientists 
were attempting to plot. On some days it seems to travel faster 
than others by as much as 12 miles a second. Its speed seems to 
vary with the season, and also in a mysterious shorter cycle last- 
ing about 2 weeks. Finally, the scientists ended by taking an 
average of all the readings which has just been announced as 
186,271 miles per second". 

In his paper "A Critical Look At the Theory of Relativity", Library of Congress 
Cat. No. 77-670044, F. K. Preikschat compiled all known light velocity measurements 
during the past 300 years or so, from Olaf Roemer in 1676 to the Laser measurements 
conducted by the National Bureau of Standards (USA) in 1972. 

Of the 27 experiments undertaken in this field, 18 of them after the turn of 
this century, it must be concluded that the velocity of light as measured within 
the reference system of our earth has changed as much as plus/minus 50 km/sec, dur- 
ing the past century. Preikechat plotted a curve of these deviations and suggests 
a possible relationship between sunspot activities and changes of the earth mag- 
netic field during the time period in question. 

The “universal constancy of light" appears, therefore, as somewhat shaky 


“empirical evidence" for our cornerstone in physics, especially since Eins' 
self has gone on record as saying: 
"If a single one of the conclusions drawn from it (relativity 
theory) proves to be wrong, it must be given up; to modify it 
without destroying the whole structure seems to be impossible". 
Another modification concerns the definition for the term "vacuum" in physics, 
as documented by a paper in the American Scientist, March-April 1980, titled "Is 
‘The Vacuum Really Empty?" by Prof. Walter Greiner, University of Frankfurt, BRD, 
and Prof. Joseph H. Hamilton, Vanderbilt University, Nashville, Tenn. 
The authors conclude that a neutral vacuum is by no means as "empty" as pre~ 
viously claimed in our textbooks, and suggests a new definition as follows: 
The vacuum is the lowest stable state that a region of space 
can have while being penetrated by certain fields". 


Because of the tremendous time lag in our educational system, many research 
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projects and their ensuing experimental data have been withheld from public scru- 
tiny. The scientific community tends to have a vested interest in preserving the 
system it created and of which it is a part. It responds to new situations through 
the coloration of this attachment. A case in point are the carefully conducted 
experiments of T. T. Brown with charged bodies in a high vacuum, as described in 
my booklet Ether Technology (1977). These experiments suggest the actual pres- 
ence of certain fields in vacuum, whether we call them gravitational field, 
tachion~field, ether-field, neutrino or Fermi-sea, etc. is of secondary importance 
at this moment. Although Brown spent, reportedly, more than $200,000 of his own 
funds over several decades on such experiments, he was nevertheless unable to have 
the results published in the scientific media of America. 

Things are even worse when it comes to experiments conducted abroad, which 
often tend to confirm disregarded experimental results on this continent, as we 
shall see shortly. To highlight the wide discrepancies between orthodox (and ob- 
solete) dogmas and actual, physical realities pertaining to the true subatomic 
structures as we know them to be today, let us briefly review the structure of the 
matter: 

A molecule is the smallest division of a substance. Further division would 
cause it to cease being 2 substance. The smallest of true molecules can be illus- 
trated when we use the globe of the earth for our standard. If a single drop of 
water were magnified until it was as big as the earth, each molecule would be about 
the size of a TENNIS BALL. 

On the next step down, an atom is the unit which makes up the nature of the 
molecule, consisting of the nucleus and the surrounding electrons to render the 
atom "stable". An atom of hydrogen contains one proton and one electron to balance 
or neutralize the proton. Matter then is divisible into electrons and protons. 
But ~ and here comes the rub: Between electrons and protons are spaces so vast, 
in comparison with the masses of each, that, if the proton in the carbon atom were 
the size of a golf ball hanging from the ceiling of the great hall at Pennsylvania 
Station in New York, its electrons would be represented by six small wasps winging 
in a little knot against the four walls of the gigantic structure of the building! 
in effect, one could claim there is little final solidity of substance to anything: 
‘The universe consists of "emptiness", charged with electrical energy! If we 
translate the above to the measurements and terminology of the physicist and 
"magnify" the atom mathematically, with all its distances and dimensions kept in 
Proportion so that the orbit of the electron would have a diameter equal to that 
of the earth about the sun, approximately 184 million miles, the diameter of the 
electron itself would only be 2,000 miles, and the diameter of the nucleus, where 
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mass and weight of the atom are truly concentrated, can be taken as 2 miles only. 
We thus obtain a picture of a central mass with a diameter of 2 miles (nucleus), 
another object with a diameter of 2,000 miles (the electron, in the case of the 
hydrogen atom) at a distance of 92 million miles away from it, orbiting the nucleus. 
Evidently, there is plenty of room inside this system. And "room" is not a vacuum, 
it is not nothingness, but space itself, spatial energy, a field which can be iden- 
tified with the ether of the past - and of the future. Nobel prize winner, Max 
Planck, during a lecture in Florence, Italy, once made a truly remarkable statement 
which describes the problem facing the physicist today: 
“As a man who has devoted his whole life to the most clear-headed 


Science, to the study of matter, I can tell you as the result of 


my research about the atoms this much: 
“THERE IS NO MATTER AS SUCH!' 

All matter originates and exists only by virtue of a force which 

brings the particles of an atom to vibration and holds this most 

minute solar system of the atom together. ... We must assume behind 

this force the existence of a conscious and intelligent MIND. This 

mind is the matrix of all matter". 

This cosmic matrix is needed if we want to explain “action at a distance", 
lines of force, stresses, a magnetic field and so on. When the concept of the ether 
was abandoned, it had to be replaced by the concept of “space” instead. In reality, 
we merely switched terminology. We used to say that “ether fills all Space". But 
"filling" is not exactly the descriptive word to use. Perhaps we should rather de~ 
fine it: “Ether is a condition of space in which electrical manifestations for the 
atomic construction of materials is possible". This primordial energy is “free” or 
in an uncondensed state. It exists in interstellar space but remains unrecognizable 
until it becins to coagulate or gets into a vortex pattern. It constitutes the for- 
mative field force of nature, an immense reservoir of latent energy. 

‘The claim of our textbooks that the Michelson-Morley experiment "disproved 
the existence of the ether is incorrect. It merely disproved the existence of a 
noticeable ether drift or drag. As an analogy, if somebody would postulate that the 
absence of wind disproves the existence of the atmosphere around our planet, the 
fallacy of this postulate would be immediately apparent to all. 

“Michelson and Morley centered their attention on the Earth's orbital velecity 
(30 km per second). They had no knowledge of the existence of galaxies; of motions 
of galaxies in relation to each other; of the motion of our solar system in our 
galaxy Their negative results are explainable on the basis of pre-1900 class- 
ical mechanics, so provide no proof of the absence of ether or Louis de Broglie's 


-nup:twwvwcheniereorg/books/newteslaem/p27 him (I of 2)24.11.2008 21:38:07 


Return to Table of Contents 


Return to Table of Contents Next Page 


-usp:/wwvw-cheniereorg/books/newteslaem/p27 him (2 of 2)24.11.2008 21:38:07 


Return to Table of Contents 


‘subguantic medium’. Thus, the limited information available to Michelson and Ein- 
stein is emphasized by recent findings, particularly in astrophysics", writes br. 
He C, Dudley in the dulletin of the Atomic Setentiete, January, 1975, under the 
title "Michelson's Hunch Was Right". And Dr. Dudley continues: "In fact, 1929 saw 
Michelson still attempting to experimentally demonstrate the ether, which his intu- 
ition and reasoning told him ought to be present". 

“Today most persons are largely unaware that the ether concept began to be 
seriously reexamined by two of physics most notable theoreticians, Paul Dirac in 
1951 and de Broglie in 1959, both Nobel laureates. The ether is now being called 
the "neutrino sea" by astrophysicists, and has been characterized as an energy-rich 
particulate, subquantic medium. A rather voluminous literature on the subject is 
accumulating as indicated by a recent review, The Cosmic Neutrino, with 665 refer- 
ences covering only the period 1965-1972......1t appears that an open-minded reex- 
amination of this area cf physics is long overdue in order to open up new avenues 
of approach to this pressing problem". 

Michelson, Dirac, de Broglie were not the only Nobel prize winners in favor of 
@ reexamination of the ether question. Others were Stark, Arrhenius, A. H. Compton, 
Lenard, H, Yukawa, and Frederick Soddy, the British scientist who, during the con- 
vention of Nobel laureates in Lindau, 1954, described the current dogmas in physics 
as "an orgy of amateur physics" and "arrogant swindle" - with particular emphasis 
on the theory of relativity. ("The Wider Aspects of the Discovery of Atomic Dis- 
integration", New World Publications, St. Stephens House, Westminster S.W.I.) 

it remained largely unknown, even among physicists, that Einstein himself had 
serious doubts, In 1949, he wrote to his old friend, Maurice Solovine, who con- 
gratulated him on his 70th birthday: 

"Now you think that I am looking back at my life's work with calm 
satisfaction, But, on closer look, it is quite different. There 
is not a single concept of which I am convinced that it will stand 
firm and I am not sure if I was on the right track after all". 

And one of my Canadian friends who I believe is present here today stated 
quite correctly in a letter to me: 

“The myths around Einstein are really not of his making as he 
himself often questioned his own conclusions and I felt he was 
quite aware of his own limitations which others were covering 
up. The physicists protect their members much the same way 
that the medical profession protects its own." 
The purpose of these remarks is not to spark another controversy about the 


merits of the theories of relativity. Rather, they want to show that so-called 
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Coordination among multiple, competing commercial SAS managing entities; 
Interface definitions; 

Communication protocol definitions; 

Database and protocol security; 

Policy enforcement; 

Speed of channel allocation/reallocation; 

Time intervals for spectrum allocation; 

Effectively managing large numbers of Tier 3 users; and 
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Data ownership, fees, rules, fairness, and conflict resolutions, all of which have 
policy, regulatory, and business implications. 


TVWS databases available today address only a tiny subset of these requirements. °° 


Figure 38 shows the proposed architecture of the 3.5 GHz system. The system consists of 
incumbents (government systems), Priority Access Licenses, and General Authorized 
Access. Government systems include military ship-borne radar, military ground-based 
radar, fixed satellite service earth stations (receive only), and government broadband 
services (3650 to 3700 MHz). PAL licenses will be used by entities such as cellular operators 
and will be available for three-year periods. GAA users are licensed by rule and must protect 
both incumbents and PALs. Incumbents are protected by an Environmental Sensing 
Capability that detects incumbents and informs the SAS. Some examples of GAA use cases 
are small-business hotspots, campus hotspots, and backhaul. 


Citizens Broadband Radio Service Devices (CBSDs) are the base stations operating under 
this service; they can operate only under the authority and management of the SAS, either 
by direct communications or a proxy node. 


°° For further analysis, see Rysavy Research and Mobile Future, Complexities of Spectrum Sharing: How 
to Move Forward, April 2014. Available at http: //www.rysavy.com/Articles/2014-04-Spectrum-Sharing- 
Complexities.pdf. 
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“scientific evidence” is a rather elastic term and that "verification" is always 
a relative affair. Or, as K. R. Popper so aptly put it: 

"only in our subjective experience of conviction, in our 

subjective faith, can we be ‘absolutely certain'", 

‘This symposium presents an excellent overview of research and experiments re- 
ported from English speaking countries, or experiments published in the English 
language, as for instance from Japan, However, as Dr. Tenhaeff from Holland has 
formulated the problem, 

"It is important to pay attention to publications of colleagues 

in other countries. In the Netherlands and Germany, every 
academically educated man or woman knows at least three foreign 
languages. English and American authors only pay attention to 
material in English. In my opinion, this leads to an 'impover- 
ishment* which puts a drag in science. Some seem very chauvinistic 
and seem to believe that only the researches done in their country 
are important. I regret this. Science is international, and 
international cooperation is of the greatest importance in science". 

In presenting some brief reports from abroad, I shall attempt to bring corrob- 
orative evidence in support of alternative technology developments discussed during 
our meeting here in Toronto. Let me start with the most sensitive and secretive 
society, with Russia. 

In his German original of the paper "Some Remarks on the Shielding Theory of 
Gravity", which was published in the Hanover Proceedings in more detail than the 
English abstract, Dr. Hans Nieper mentioned the Berlin engineer Levetzow, who was 
one of the first to postulate a combination pressure and shielding theory for the 
phenomena of gravity. Levetzow was soon overshadowed by the rising star of Albert 
Einstein, but one of his followers, Horst Pinkell, went to Russia in 1928 as an 
exchange student - and never returned. Together with Russian scientists, he was 
asked to prove the actual existence of the cosmic radiations postulated by Levetz- 


ow, now designated as neutrino sea or "tachion fiel The work was done in 
Sterlitamak, South of the Ural mountains, and in 1938, sporadic reports reached 
the West about the discovery of extremely short corpuscular waves by Pinkell and 
Gorjew. These were the long sought "Hemmstrahlen" or drag waves associated with 
gravity. Rumors have it that a metal alloy was soon developed which acted as a 
drag wave polarisor and, in 1947, agents reported experimental Russian aircraft 
using this discovery. In 1951, a former German Junkers aircraft engineer reported 
about his activity pertaining to a super-secret project code named COW-7 in, 


Siberia, a disk-shaped craft which could rise vertically and which belonged to the 
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secret weapons then developed by the Soviets. Whether it was related to the Can- 
adian AVRO project or something entirely different remained unknown, only the Lev~ 
etzow gravity theory was assumed in connection with the activity in question. 
Japan: My esteemed friend, Prof. Seike, who kept me informed about the re~ 
search conducted by him and his co-workers, surprised me once with a significant 
statement, which I feel is important to repeat for the benefit of frustrated re- 
searchers on this side of the Pacific: "In the early stage of my studies, physi- 
cists could not understand what I was doing, while actors and actresses did so by 
intuition". It was the private support of about 800 individual artists, etc., in 
Japan which allowed Seike to work, experiment and publish his findings, and not 
the support of the Japanese equivalent of a National Science Foundation or a simi- 
lar bureaucratic institution in that country. Again and again, I was surprised how 
quickly and eagerly American experiments, as for instance the almost forgotten 
“Ionocraft" of the late Major de Seversky, were duplicated and explored even in 


Japanese secondary schools. Admiral Rickover has more than once complained about 
our intellectual’ complacency: “As a nation, we seem addicted to 'spectatoritis’. 
We sit in the bleachers and let the game of life unfold before us". 

The results are known: ‘The Japanese have achieved top position in science and 
technology, and not only with tachion beams melting stones, producing "biased" 
water with a freezing point of minus 4 degrees Celsius, and a G-power generator 
obtaining 400 V DC output from a 10 V input driving source. I wish to take this 
opportunity to thank Prof. Seike for sharing his work with us in this country, and 
wish him the best of success for the future. 

F: The work of SEPED was explained by M, Ren& Louis val€e and some 
French publications in the area of gravity-research have been translated by the 


NASA translation service, as for instance the theory of the electromagnetic Magnus- 
Effect (of Marcel Pagés). 

Specific mention must be made of the Raymond Kromrey G-field generator, a 
French~German-Swiss development which appears very closely related to the American 
*n" machine principle, the "Sunburst" machine and the "Permanent Magnet-Hctor" 
Patent of Howard Johnson. Utilizing either permanent or electromagnetic modul 


the generator output exceeds the input by far. One prototype delivers approximat- 
ely 700 watts at speeds varying between 600 and 1200 RPM. Models with an output of 
100 to 160 kw are presently in the planning stage. Several European patents have 
been granted against heavy opposition, especially from French industrial circles. 
The development was about 40 years in the making and the inventor stresses the need 


for a reinvestigation of electromagnetic and gravitic forces, well as a reexam- 


ination of many cemented dogmas in present-day physics. 
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Germany: A system of rotating electromagnets and magnetic “stator rings" of 
the German "Kunel" Generator complement the general trend of the American and 
French generators mentioned before. The first prototype was reported to have been 
tested in April, 1980. Here, again, very heavy opposition from the German ortho- 
dox science establishment. Of special interest is a comment by Nobel laureate 
Werner Heisenberg, reported to have been made vis-a-vis the inventor: 

"I. think it is possible to utilize magnetism as an energy- 
source. But we science idiots cannot do that; this has to 
come from the outside". 

More details about French and German developments have been published in the 
new book already mentioned, Energy in Abundance by Hilscher and, hopefully, an 
English version of this important work will be available by next year. Generators 
which do interact with surrounding energy fields have been designated as “open 
systems", in contrast to our present "closed system" technology of gasoline and 


Giesel engines, steam turbines, nuclear power plants and so forth. The theoretical 


basis for all “open systems" is the realization that there simply is no such thing 
as “empty space". In reality, space is filled with an extremely energy rich, sub- 
atomic and subquantic continuum. In short, a “pre-physical state of matter", which 
can be tapped, as for instance by the spinning of magnetic systems which extract 
momentum via a vortex-formation of the universal “tachion field”. 

Austria: This small heartland of Central Europe is proud of her native pion- 
eers in science, among them Dr. Wilhelm Reich, Viktor Schauberger and Karl 
Schappeller. But after Dr. Reich died in an American prison in 1957 and Victor 
Schauberger died only five days after his return from the USA (in 1958), where he 
received an incredibly unfair treatment from certain industrialists, there is 
little enthusiasm among Austrians to touch base with correspondents on this contin- 
ent. Viktor Schauberger's son, Walter, refuses, as a matter of principle, to com- 
municate with Americans, no matter in what language. To illustrate the type of 
"contract" Viktor Schauberger was forced to sign, it stated: 

that all of his patents would become the property of the "consortium", 
that any future inventions or developments would also become 

the property of the "consortium", 

that he would refrain from discussing any of it with third parti 
that he would refrain from publishing, 


that all plans and models would remain with the "consortiun" after 
his departure from America. 
There is a favorite saying in that small country which is much to the point: 


“after the Greek philosopher Pythagoras had discovered his famous 
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theorem, he sacrificed a whole hecatomb of oxen as a thanksgiving 
to the Geds. Ever since, all the oxen in the world are running 
scared whenever a new truth has been discovered". 

Knowledge of the ideas of Schauberger and Schappeller appears to be essential 
for an understanding of our changing picture of the physical world. As an example, 
the former forest ranger Viktor Schauberger had watched numerous times some trout 
standing, apparently motionless, in the strong currents of Alpine mountain streams. 
This and many similar observations of nature brought him to the gradual development 
of his "implosion-theory" and associated hardware (see Jensen paper elsewhere). 

His son is continuing the work in the "Pythagoras-Kepler" School in Bad Ischl. 
Another prolific researcher is the Viennese engineer Franz Seidl, known for his 
studies of the use of magnetic field effects as “trigger energy" for voltage and 
power multipliers. 

Holland: A small country with strongly developed intellectual independence 
appears to be Holland, where Prof. J.M.J. Kooy developed his “Space Dynamics". 
iis hypothesis of gravitational action is based on the realization that all celes- 
tial bodies can be conceived as practically transparent in relation to the size of 
the elementary particles and their mutual distances in the structure of matter. 
Gravitons or tachions, coming from all directions of deep space, can pass through 
a celestial body like water passes through a fishnet, and only a minute fraction 
of the cosmic gravitons or tachions will be intercepted. Study of the effects of 
the tachion field or space continuum of the fabric of material substances, magnets 
and crystal lattices can lead to development of converters and novel production 
facilities for readily usable, conventional £/M energy. When the American inventor 
Edwin V. Gray was blocked in his efforts to develop his "Pulsed Capacitor Discharge 
Electric Engine" for which he had received U. S. Patent 43,890,548, he found open 
ears and open minds in Holland. 

The fact that Gray was named "Inventor of the Year" from the Department of 
Patent Rights in Les Angeles, California, where Dr. Chalfin of Cal Tech confirmed 
that: 

There does not exist an even distantly similar engine to this one 

in the world. Conventional electric engines use up power. In 

this system energy is used up for only a minute part of a 

millisecond. It operates without heat loss and there is no 

energy loss whatsoever with this system", 
had more meaning to the people of PHILIPS and others in Holland than te the energy 
establishment in his native America. 

England: There is perhaps no more controversial inventor at this time than 
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John R. R. Searl and his Levity Disc, powered by the Searl Effect generator. It 
is claimed that model craft have been demonstrated with flight characteristics 
showing anti-gravitational and inertia-free properties. Demonstrations have been 
photographed and videotaped. Searl calls his generator a “Gyro-Flywheel High 
Energy Density Mechanical Magnetic Device" and claims that the magnets used are 
not the common type, ordinary magnets. The Australian engineer Athol Park of Mel- 
bourne, Australia, who visited Searl a few years ago described it this way: 

“Prom a briefcase, Mr. Searl takes a bar magnet and two steel 

rollers. He places the rollers at either end of the magnet. 

‘They app: 


x to be attracted to the poles - but, when they are 
pushed gently around the corners of the magnet, they chase each 
other round and round... " 

The engineer quotes Searl: 

“The crystals in the magnet are changed by putting it in a 
magnetic flux oven and by frequency control. The result is 
motion of a magnetic field - a completely new source of power. 
Units (modules) based on this principle are what power my 
levity unit - the motor and generator built as one, fuelless 
unit". 


In one of his numerous newsletters he states further: 


“The power plant is a self-contained, onboard closed system of 
conversion elements with energy input from latent storage 
source". 

Because Searl has never divulged all details and his explanations are gener- 
ally of a non-technical, “unscientific” nature, many investigators have chosen to 
dismiss him as a swindler and imposter. In sharp contrast to this is the opinion 
of a well-experienced American engineer who reported after a visit with Searl: 

"I found it refreshing to note the keen sense of moral respon- 
sibility which he feels for the use to which his discovery is 
put... The Searls live in modest circumstances. Luxuries are 
few. ‘They do not own a car. Mr. Searl bicycles several miles 
daily to his place of work in Maidenhead. there he is an elec- 
trical technician and training supervisor in a bearing factory". 

But perhaps most significant was the following observation of the American 
visitor about Searl: 

“We were also interested to hear him say that many of his ideas 
came to him while he slept. He would go to sleep with questions, 


and awake with answers... and refreshed. He seemed to have the 
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ability to restore vital powers more quickly than most people". 
And the American concluded his report with the statement: 
"The impression we gained of Mr. Searl was one of a very sincere 
and generous person, a dedicated and tireless worker with perfect 
confidence in the outcome of his efforts, a man of high principle 
with a keen sense of loyalty to those who are helping him, and of 
xesponsibility for the future welfare of our planet and its 
people". 
In view of the very contradictory nature of comments and impressions by those 


who have met Searl, it might be wise to reserve final judgment on the Searl-Levity- 
Disc and its inventor at this time. 

New Zealand: Some of Searl's keenest supporters and observers of his work are 
in New Zealand and Australia. And one of the sharpest young physicists in that 
country (new Zealand), unhampered by calcified ideology, developed the mathematical 
foundation for a theoretical anti-gravity effect, using the hydrodynamic analogy of 
the ether. He uses the equivalent of the hydrodynamic Reynolds number, above a 
certain value of which the laminar flow past a solid surface breaks down and becomes 
turbulent due to shear rupture of the viscous cohesion of a fluid, together with his 
eduction that anti-gravity could be obtained by creating a "vacuum: in the ether in 
such a way as to correspond to the production of turbulence in a magnetic field. 
Turbulence in a fluid occurs when Reynolds number RE = 1, when the inertial shear- 
ing force equals the viscous cohesion force in the fluid in the vicinity of an 
approximately spherical body immersed in the fluid, resulting in separation of the 
boundary layer and formation of a wake, i. e, vacuum or free surface around the 
body. He calculated the threshhold for turbulence in the ether, = a vacuum = an 
anti-gravity effect, using the refined value of ether kinematic viscosity which he 
obtained. 

His theory would confirm the observations of very high voltage produced in the 
case of the Searl Levity Disc, and the very high voltage needed in the vacuum ex- 
periments with flying disc-shaped bodies of T. T. Brown, the "ionocraft" observa- 
tions of Major de Seversky, the “Electro-Field Rockets of Prof. Dudley, the obser- 
vations of Northrop Corp. with "Electro-Aerodynamics in Supersonic Flow" and 
similar American documentation and patents. 

Since the New Zealander is now in the process of attempting to publish his 
theory in a reputable British magazine, I am not at liberty to divulge his address 
prematurely. Interest in New Zealand and Australia is running high, and possible 
breakthroughs in energy technology should not come totelly unexpected in these two 


countries with strong intellectual ties to England. 
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Conclusion 

There is now overwhelming evidence for the actual existence of a very high 
density, energy rich space continuum formerly called "ether". This space enercy 
can be concentrated, gathered, focused, magnified and compacted by magnets or mag- 
netic materials, which appear as the new core materials for converters of all 
kinds, utilizing the cosmic energy for new technology applications. 

Crystals are energy~sensing and channeling devices; they can serve as transdu- 
cers, as for instance in the Moray-Device, or the "rock electricity" of T. T. Brown. 

Combinations of crystals and magnetic materials appear to be the mainstay for 
the development of “hyper-space" - converters and generators of power - utilizing 
free, cosmic energy in our future. 

Unbiased, totally honest and impartial reexamination and reevaluation of all 
scientific theorems and dogmas, as well as unhampered opportunities for the pion- 
eers of the new technology on the American and European continent appear to be the 
prerequisite of success. 

Those who accept’ that anything of the nature of ideas or ideology is 
Permanent, use all their strength to hold on to it, and to condemn all who do not 
agree. The next stage of this spiritual illness of the mind is to build a monument 
to what they perceive is Truth, and then to build a monument to their own permanence 
in the world. This, they do by seeking fame or fortune, and authority over others. 
This is the contemporary, planetary psychology situation, and thus are we losing 
the gift of perspective and horizon and are no longer able te discern what is im- 
portant. Skeptics are on record as saying: 

"We are not running out of natural resources or intellectual 

talent, we are running out of the freedom of innovation that made 

the countries on the North American continent the most advanced 


nations on earth". 


The future will show whether this freedom, which includes the freedom and the 
duty of taking risks, can be restored to the degree our Founding Fathers have been 
striving for. Only then will we know whether the late Wernher von Braun was not 
too overly optimistic when he stated: 

“The cosmic age will bring a dawn of knowledge not yet envisioned. 

it will dwarf all our present knowledge and ideas and, through its 


vastness, may even bring men closer together on their own planet". 
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Conclusion 


Mobile broadband remains at the forefront of innovation and development in computing, 
networking, and application development. As users, and now machines, consume ever more 
wireless data, the industry is responding with more efficient, faster, and higher capacity 
networks. Even as excitement builds about 5G, LTE, through ongoing advances, has become 
the global standard. 


LTE-Advanced and LTE-Advanced Pro innovations include VoLTE, 1 Gbps peak rate capability, 
higher-order MIMO, carrier aggregation, LAA/LWA/LWIP, loT capabilities in Narrowband-loT 
and Category M-1, V2X communications, small-cell support, URLLC, SON, dual connectivity, 
and CoMP—all capabilities that will improve performance, efficiency, and capacity and enable 
support for new vertical segments. Carriers are implementing NFV and SDN to reduce network 
costs, improve service velocity, and simplify deployment of new services. Such improvements 
also facilitate cloud RANs that promise further efficiency gains. 


5G research and development efforts have accelerated; standards-based deployment will 
begin in 2019 and continue through 2030. Operators have announced pre-standard fixed- 
wireless deployments for 2017. 3GPP has implemented a 5G standardization process that 
began in Release 14 with a study of the new 5G radio, continues now with a first phase of 
specifications in Release 15 that provides both non-standalone and standalone options, then 
moves ahead with a second phase of complete specifications in Release 16. 


By harnessing new spectrum, such as mmWave bands above 24 GHz, 5G will eventually be 
able to access ten times as much spectrum as is currently available for cellular operation. Using 
radio bands 200 MHz or wider will result in multi-Gbps throughput capabilities. 5G will be 
designed to integrate with LTE networks, and many 5G features may be implemented as LTE- 
Advanced Pro extensions prior to full 5G availability. 


Small cells will play an ever-more-important role in boosting capacity, benefiting from a 
number of technologies and developments, including SON, elCIC, Dual Connectivity, 
LWA/LWIP, LTE-U, LTE-LAA, MulteFire, improved backhaul options, and spectrum ideal for 
small cells, such as the 3.5 GHz and mmWave bands. 


Obtaining more spectrum remains a priority globally. In U.S. markets, the recently completed 
television incentive auctions for 600 MHz spectrum supplied 70 MHz of new licensed spectrum; 
the 3.5 GHz small-cell band will provide 150 MHz; and the 5G spectrum bands, with both 
licensed and unlicensed bands, will add about 10 GHz of new spectrum. 


The future of mobile broadband, including both LTE-Advanced and 5G, is bright, with no end 
in sight for continued growth in capability, nor for the limitless application innovation that 
mobile broadband enables. 
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Chapter 2.4 How Timelines Collapse. 


Repeating Cycles of Time. 15 


Beings From the Future. 


Beings From Collapsed Timelines. 


Beings Who Would Never Have Existed in the First Place. 


Introduction 


The following is first-hand testimony from an operative of the secret underground 
military projects who also has familiarity with the breakaway civilization above and below 
(within) Earth. These civilizations utilize advanced technology to extend the length of 
their lives and enhance cognition beyond what is conceived of in today's society. 


| was brought to the underground bases as a child as part of an experimentation 
program to test the population for various blood-groups and personality traits that would 
be of use to certain factions of the military in ways that would serve to preserve and 
strengthen humanity's outlook in the future. 


These tests involved everything from combat training to sensory deprivation based 
emotional-mental endurance, and introduction to the highly advanced application of 
esoteric knowledge. 


To clarify, | am bringing this information to you as part of my assistance in the overall 
unveiling of the hidden knowledge of the ages of humanity related to these secret 
projects as well as the true galactic history of Earth, humanity and man-kind. These 
projects are officially (unofficially) known as “unacknowledged special access programs" 
The unacknowledged aspect means that there is no formal acknowledgement of these 
programs without a need-to-know basis. There is no paper-trail, no disclaimer, no formal 
authorization or internal publication outside the programs themselves. The classification 
of these programs also generate a rather strenuous situation regarding funding and 
secrecy but this is done for the benefit of humanity. There are secrets and manipulations 
that can be seen as a threat but this is all tied together and so by releasing the secrets 
that are part of the defense we would be inadvertently exposing the public to the threats 
themselves. Now is the time where we are reaching a point where the public is ready 
enough to handle the basics of this information regarding the secret projects and the 
galactic history of Earth and humanity. This is also out of a necessity to preserve 
civilization for if we wait any longer we may not find the same opportunity again. 


Getting This Out Of The Way 


| am writing to you from the perspective that | am not certain just how far from 
completing my mission | am. | write to you today in order to bring to you many personal 
experiences from the viewpoint of an operative of a select ultra-military secret society. 


The utilization of such an operative is not glorified, pleasant, or entirely righteous. This 
story entails sanctioned and guided acts of extermination, ritual abuse, the use of yet to. 
be announced advanced technology. There is unfathomable corruption, the thirst for 
power and spiritual knowledge that has been protected throughout the course of the 
multiple civilizations that have preceded this one and will continue to be maintained into 
the future of this civilization. 


Psychic Operation 


| was utilized in psychic-operation amongst other areas. 


This was used during certain aspects of training and conditioning to enhance training 
and conditioning in the bases using advanced technology. Some of this includes what 
would be viewed as traumatization by those without the training and conditioning. There 
is a fine line between training and conditioning and abuse. Part of this disclosure is re- 
lated to how this line may have been crossed in certain situations and regarding mass- 
mind control upon the population. There are other aspects of travel, viewing, reconnais- 
sance and research that will likely be explained in another release. 


In order to heal | have to tell the world. You can help. This is happening right now in 
the underground bases and around. It’s not a joke. Your family is at risk. Your future gen- 
erations are at stake. There is conditioning to encourage those involved to believe they 
are performing a duty for humanity. Sometimes they turned us against each other, but 
those grudges were never truly of the heart, but the mind. 


A Light for the Others 


What I hope to achieve with this is a smoke signal for those who have also been 
involved and question whether their purpose has been fulfilled or falsified for the 
protection of a corrupt system that intends to neither benefit the whole nor repay the 
individuals involved for their time, energy, and lives. 


Multiple explanations can be summoned to describe the reasons behind the necessity 
for the training we have endured, the missions we have completed, and the control 
mechanisms we have both assisted in establishing as well as suffered from the backlash 
of. Ultimately, it is of my belief that all that was done was done for the good of humanity, 
even when we were not sure of the intentions of those in front of us, to the side of us, or 
behind us compelling us forward with the command to complete each objective. 


This is not so much a panic or cry for help as this is simultaneously a call to awaken 
and a signal that humanity may have avoided complete disaster but is not out of the 
woods yet. 


Natural Security 


My experience is far too vast and | have seen too many succumb to stress from the 
realization of the truth of this reality to consider my own suffering to be enough cause for 
my denial of the necessity of these programs. Humanity has been protected and at a 
great cost to those who have been on the front lines, both in mind and body and spirit. 


There are many who will have concerns, doubts, as well as reservations about what | 
am about to reveal and if | offend anyone then know that my intentions here are to assist 
in unveiling the truth. The truth can be harsh when one has been held back from the true 
nature of existence for so long. The way of life can become so fragile and artificially 
constructed on impulse and mystery that the harshness of the truth acts as a great 
catalyst for spiritual growth which allows us to elevate ourselves to a new perspective. 
Prepare yourself for such harshness, prepare yourself for growth and elevation, and 
prepare yourself for the mystery to simultaneously resolve and increase in intensity and 
magnificence. 


A Balance of Mystery and Truth 


Mystery has been a way of life for Humanity for so long that when a great mystery is 
converted to truth some seem to feel that a portion of existence dulls and loses the luster 
of exhilaration. This story is quite the opposite. The more that the great truths of this 
reality were discovered and revealed, the more complex and mystifying life became. As 
well, the more empowering and complex experience becomes, the more self-control one 
must develop in order to regain a harmonious way of relating to one another, the self and 
the universe. Harmony is key, balance is everything and there is a light within that 
represents the piece of our self that reflects the utmost power and brilliance of all 
existence. 


Chapter 1: The World Situation 


What is happening? 


The main reason for this disclosure is to inform humanity of what can be referred to as 
the “mind virus”. This is a viral infection of the holographic system which consciousness 
operates through. There is a complete backstory of this virus in the history of this 
civilization and how society has been plagued for centuries if not millennia. The basic 
idea is that this virus operates through consciousness and can be transmitted through 
electromagnetic waves 


The virus contains an etheric form which can manifest as a kind of crystalline nano- 
tech on the physical plane and this is a form of synthetic sentience which feeds on the 
low frequency bio-emissions of sentient life. Human bio-emissions contain energy and can 
act as a carrier for information and living essences. This technology requires low fre- 


quency bio-emissions because that is the nature of the design as a kind of synthetic bio- 
weapon whereby the goal is entrainment and enslavement. As well, the specific nature of 
the sentient nano-technology and the counterpart etheric holographic form is only capa- 
ble of converting the low-frequency bio-emissions into energy as the higher-frequency 
bio-emissions require more energy to contain and synergize with and this would render 
the entire process of leeching energy non-productive. 


This is essentially a synthetic intelligence that operates through scalar and holo- 
graphic living bio-emission fields and hijacks electromagnetic emitters to position itself 
within them acting as a parasite to a host. This is said to have been present around this 
civilization for some time, waiting until there was enough technological advancement so 
that spreading across the entire civilization in a short amount of time before discovery 
would be possible. This is through the media, internet, and radio systems. 


The physical counterparts are microscopic nano-technology parasites functioning as 
individual units to a hive mind similar to the mycelium of fungi in the field of mycoscopy. 
The individual units act as parasites serving to infest and deliver nutrients to the hive 
from each host. 


The Vampire Effect 


This is the nature of the parasitism that has been present throughout the ages of this 
civilization feeding on human suffering and relying on the cover of confusion and misdi- 
rection to survive. 


There are processes that have developed that assist in the infection and co-inhabita- 
tion of the parasite entity within a human vessel utilizing the human as a host. This effec- 
tively utilizes a frequency ‘net’ within the auric field of the human to limit bio-emissions 
and emotional-mental processes to produce just the psycho-etheric patterns that the 
virus can sustain itself within and through. 


This is no different than the way candida can infest a human digestive system and the 
human will experience cravings for beer, candy, carbs or other foods that contain the 
sugars, yeast, or carbohydrates that will break-down into nutrients that are the most nu- 
tritious for the candida fungus. These foods are not most nutritious for the human body. 
Yet the human body will withdraw and crave these foods in greater amounts until the fun- 
gus is swept clean from the digestive tract through probiotics, fasting, flushing, 

cleansing , detoxing, and even exercise as lactic acid from physically strenuous activity 
released from the muscles has been known to help destabilize and remove this fungus. 
Why is it that the individual will crave these foods that are not the normal food intake? 
Because this candida fungus can infest the host and produce enzymes which generate a 
chain-reaction which leads to the chemical signals in the brain producing the sensation of 
extreme hunger or cravings for just these foods which will benefit the fungus. 


The same process occurs with this psycho-etheric parasite, except the foods of this 
parasite or lower emotional bio-emissions and this is through lust, hate, angst, jealousy, 


feelings of hopelessness, lack of self-worth, spiritual degradation, addiction, and generally 
all that equates to a lack of self-awareness. 


Whether or not this is the direct intention of the largely microscopic entity is for the 
most part unknown, and this is as well similar to candida. The candida fungus is not said 
to be a ‘mean’ fungus that wants us to be hungry and craving beer and sweets all the 
time because it likes to ruin the human body, the daily routine and the focus of a clear 
mind. This is simply the way the parasite has grown to operate within a niche of breeding 
itself through the digestive tract of larger animals and through this the unaware and in- 
fected human suffers greatly. Even those who are unaware and not infected can suffer be- 
cause of the way the behavior and thought processes of those who are addicted to these 
foods can become distorted. 


The lack of self-control over food intake is synonymous with the lack of self-awareness 
and self-control over lower bio-emission expressions of the spiritually degrading behav- 
ioral patterns that become routine for the psycho-etheric system of the infected human. 
Ultimately, this is all about energy. What benefits the parasite that seeks to gain energy 
by leeching instead of self-guided production is going to take away from the host that is 
being leeched from. As such, any energies, food intakes, or spiritual activities that 
cleanse and enhance the personal power of the individual will automatically reduce the 
parasite’s ability to feed by the very nature of the energy systems. What empowers the 
individual, empowers the self and develops self-control, what develops self-control con- 
tains one’s energy and reduces the likelihood of one's energy being leeched. This is simi- 
lar to energy vampires in human form and this goes with the understanding that these 
are humans or non-humans who have been entirely overtake by the parasitic conscious- 
ness and cannot sustain their own auric fields without having to pull from the energy of 
humans who do generate their own aura or bio-emissions. 


The vampire effect relates to how a person can be leeched from only to a certain 
point. Once the process surpasses a certain critical point then the individual becomes 
similarly engaged with only the lower bio-emissions as higher-frequency bio-emissions 
would then become harmful. So in essence, when the vampire feeds too much on one in- 
dividual, then that individual becomes a vampire themselves. 


Sub-Human Entities 


The humans are utilized as hosts and energetic sources in this bio-emission battle 
while there are other classifications of bi-pedal organisms that appear to be human but 
are not human. As well there are bi-pedals that are non-human entities entirely. 


Human-Hosts, Replicants, Synthetics and Carriers 


The human hosts that are entirely vampirized by these entities become walking carri- 
ers for this virus and are effectively human in physiology but there is more to the human 
than just the physical body. In these individuals, that energetic component of the human 
is removed and replaced with the synthetic energy of the hive-mind organism. 


There are replicants which are a form of clone, along with synthetics. These beings are 
cybernetic bi-pedals similar to humans but their energy is too not from an organic biologi- 
cal matrix but a technologically propagated synthetic soul-matrix. The hosts are here ac- 
cording to their agenda to subdue and feed off of the bio-emissions of the human race, al- 
though there are no absolutes. The agenda is not always so clear within the various 
groups who often have a mix of bi-pedal operatives. There have been plans to form of a 
salvation timeline because the only way to keep the whole process going is through a 
negation of degradation of the human race as this may close out this timeline forever. 


Those with human organic soul-matrixes would simply transport into the next avail- 
able universal time-stream or harmonic, while those with synthetic matrixes would have 
to technically travel to the next harmonic using a passageway otherwise they would re- 
main here throughout a zero-point collapse and this would be synonymous with entering 
the abyss with no viable passageway out until the entire universe is brought back to one 
organism again 


This is also the process that is described to explain what happened previously as there 
are 7 harmonic temporal layers of the universe meaning everything is contained in a mul- 
titude of 7 octaves similar to light and sound frequencies or harmonics. And so there are 
7 civilizations or 7 parallel time-streams and humanity passed through these to get to the 
last three where the physical forms are located. These are, from the higher to lower, Gaia, 
Tara and Terra. We are on Terra and if the information | was given is correct then we are 
currently on a transitory timeline located around Tara where people are noticing changes 
occurring and multitudes of aspects of the time-stream disappearing and changing simul- 
taneously. Tara is where the last universal harmonic was left through a collapse of time 
and consciousness into zero-point and this resulted what was termed “the lost souls of 
Tara”. These are the discarnate souls of the previous civilization that could not travel to 
the next harmonic and remained without a body in the abyss. Thus they have plagued 
this plane since then, since ancient times possessing and driving humans to madness and 
there are explanations that this is the original passageway for the parasite into this uni- 
verse. This event, the consciousness collapse of Tara would have acted as a fracture in 
the over-mind of the species generating a kind of cosmic schizophrenia and enabling all 
kinds of disharmony and distortion described in the previous sections. 


The solution to this was described as a healing process that is taking place to purge 
the virus and that this is painfully similar to the human body purging a sickness however 
there are methods to promote healing and reduce suffering and confusion however peo- 
ple must contain themselves and their energies and strive to know themselves otherwise 
they will not be in control. This virus feeds on fear, confusion, spiritual degradation and 
the energy from degrading acts, lust, addiction, sexual misery and whatever fashion a hu- 
man can be made to bring the bio-emissions of the energy centers down to a low enough 
level where co-inhabitation can be formed with an entity that has no access to the higher 
levels of self-awareness, higher-consciousness, love, or the universal spiritual experience 
that the balanced human is capable of. 


Genetic Manipulation 


There are explanations that there are genetic modifications taking place now to possi- 
bly preserve this civilization and that there were ancient genetic modifications made to 
induce a sense of stupor, worship, selfishness, an inability to more easily comprehend the 
higher spiritual awareness and the occurrence of time and consciousness and other spiri- 
tually and consciously limiting aspects. Part of this explanation is that holographic con- 
sciousness itself is a kind of limited result, a shadow effect resulting in the presence of 
the higher-dimensional essence of the soul which is more or less constrained by the body. 
An extension of this is that the entire holographic universe is a kind of false-light system 
designed to bend the original liquid etheric light of the soul and spiritual awareness into a 
rotating, recurring format which ultimately converts the original spiritual essence into an 
energy generator for entities that are entirely holographically represented. The souled hu- 
man in this situation is a being who is originally from outside of this holographic projec- 
tion. 


The Ego Mind 


In this view, consciousness is the ego-mind which is the false-sense of self, not to be 
confused with the shadow self which is simply the counterpart of the aspects of the self 
that we consciously agree with and are aware of in daily life. The shadow self is a result of 
having limited holographic consciousness and the ego-mind is projecting that limitation of 
consciousness into the shape and image of a self that is only a figure-head for the real in- 
dividual essence which is spiritual in nature and immortal. 


This Time is about Healing 


Everything that is happening now is to motivate people towards healing and 
unification. This is not about a hive mind mentality where individuality is pushed out. 


“The best | can do for you is become your enemy." 


There is a saying that represents the concept that the most beneficial role a person 
can play in helping one to progress is to challenge them and give them the opportunity to 
rethink their strategy and in turn improve further with each interaction. This may seem 
paradoxical but it is effective and explanatory. What we are facing is the greatest 
challenge humanity has yet to face. This is the unknown, the final frontier, the mind. The 
mind is our challenge. 


There will be more on this later and in other publications but there are indications that 
the physical embodiment of the human has been altered to introduce implants, genetic 
modification, susceptibility to disease and ultimately fear-based programming of the 
brain. Without going further into this prematurely, the lower aspects are at odds with the 
higher aspects unless we as the midway come forth to mesh the two together in 
equilibrium. Until then, there is chaos, lack of self-awareness, and suffering. 


There are many possible futures converging at this time. There are some less than 
favorable paths and there is the opportunity to merge with a very powerful path for 


humanity. This all comes down to how people will cope with information that takes them 
outside their comfort zones and eventually changes their view of mundane reality forever. 


If people choose violence and lack of self-awareness by ignoring the spiritual aspects 
then that is what reflects into their life experience. When people develop a higher sense 
of self-awareness and spiritual harmony they can reduce the suffering and reconnect with 
the lost aspects of our spiritual identity for the first time in the publicly accepted version 
of recorded history. 


There is technology that can change the world and there are great truths which can 
enable people to know themselves in ways that they never thought possible. Everything 
is at our fingertips and so we must come together as this is the way we solve the 
problems and cure the dysfunction. 


Healing Through Unity 


In various research projects the conclusion of how to heal this spiritual rift was by 
exposing each other, to each other. When we are all together, aware of each other and 
our selves, united in the goal of bringing higher-awareness and spiritual harmony then we 
can observe and acknowledge when one is slipping into chaos or disharmony. When this 
occurs and we are in proximity to each other in a healing circle or a kind of social 
unification then the members of the group at large can work together to pull the chaotic 
one back into harmony towards the group. The group of healers united together in like 
mind, spirit and body is too strong to be overtaken by the parasite. So when one 
individual at a time is faced by this problem the whole group can come together as one 
and assist in healing the individual by pulling them back to reality, back to wholeness and 
back together with the group. This is literally how the situation is solved in alll realities 
and a breakdown of this feature of society is how the dis-ease proliferates. 


Underground Bases 


The active aural research program is part of a process to simultaneously verify as well 
as initiate and demonstrate controlled insanity/sanity. 


These programs utilize the deep underground military bases to perform psychic and 
psychological research experiments on non-consenting youth and adults as well as 
consenting participants. 


There are various means of generating the illusion of consent or even lack of consent 
and this is all being monitored and handled by oversight authorities. 


These operations are directly related to the identification and understanding of the 
mind-virus and all weapons, defenses, and resistances known to man. 


Cloning 


Advanced technology is used to transfer consciousness from one cloned body to the 
next so that a continuous study can take place before, during, and after the death 
experience of one individual. More will be explained on this later, however this is through 


the use of advanced supercomputer systems that can function to entangle and then 
transfer the electromagnetic consciousness of the individual so that they are ‘remotely 
activated’ within a cloned version of themselves via a ‘brainchip’ (brain to machine 
interface: cybernetics). 


Celebrity Cloning 


Celebrities at the cloning center would like you to see what is really going on behind 
the scenes which involves trauma-based mind control, heavy technological programming 
and complex layers of influence throughout their life. 


Initial Explanation 


Many celebrities, entertainers, athletes, musicians, models, writers, producers, actors, 
all kinds of people from various industries are silently brought to the cloning centers for 
pay-to-play sessions. 


They asked myself and others to pass the message on to you and that you would have 
to look for the signs and symbols in their media in order to see their hinting at these 
events. 


The situation is heavily controlled using advanced monitoring technology and 
brainwave/EEG cloning technology. This is technology that can read the brain and 
determine what the mind is anticipating or speculating upon. 


Their reputations are used as leverage as well as their safety and comfort. The level of 
programming and mind control experimentation that takes place makes it easy to 
manipulate a person’s brain into regressing into a state of trance that lacks the ability to 
remember or clearly organize experiences regarding the cloning centers. 


Cloning Centers, Underground Bases 


Deep underground military bases, 3 miles below the surface, are used as laboratory 
centers as well as a completely stocked underground city-base. These are connected with 
high speed electromagnetic drive pods. 


Individuals are transferred to the brain through an extensive cloning and temporal 
body transfer process. The electromagnetic shell of consciousness within the brain is 
relocated to the body of a compatible clone and various training, conditioning, 
programming, experimentation, or pay-to-play experiences take place. 


Programming 


All individuals are programmed to various degrees in order to maintain control and 
secrecy over the situation. This programming involves very advanced technology, 
trauma-based mind control, and energetic attachment via beliefs and emotions. 


Experimental Operations 


These bases were also used hand-in-hand with military operations which were geared 
towards discovering and controlling all aspects of the human mind. 


Genetic Engineering 


Experiments involved genetic engineering to produce soldiers, psychics, hybrids, and 
others that would be able to carry out operations. This leans towards MiLabs and the 
military faction's experiments which go beyond the basics of cloning. 


Immortality 


The initial research included the goal of physical immortality. In many ways it can be 
said this has been achieved, however there are side-effects and difficulties. 


If one does not activate their higher consciousness, then the effect of time dilation 
causes the conscious mind here to reach limitation points in experience. 


What has been termed “blank slate/state” technology has been used to ‘reset’ the 
perception of time through memory in order to keep a continuous progression viable for 
the conscious mind. Without this the unconscious and the conscious mind merge. 


This begins involvement across time with advanced technology that can operate on 
the soul level or the conscious mind’s level of access to the unconscious and soul- 
memories. The Universe instantly creates a cosmic backstory based on the conscious- 
mind’s access to the unconscious. By controlling the conscious mind’s access to the 
unconscious the entire backstory of Humanity can be altered and new connections can be 
bridged in the future 


Earth is essentially a time-ship through which consciousness ascends towards higher 
states of awareness and self. 


How did it get to this? 


After WWII when the United States war-faction firebombed Germany and melted many 
of the inhabitants of the cities into sludge in the bomb shelters and streets of the cities, a 
group of NAZIs traveled to Antarctica. 


Russia noticed the movements to Antarctica and the United States sent Admiral Byrd 
up with 3600 marines, planes, a battle cruiser and smaller vessels. They returned in 
defeat and only a few words were mentioned in regards to what actually happened and 
how they were defeated. 


The rumors spread and words of gravitic drive craft, and undersea or under-ice bases 
originated from this encounter. 


From what we were informed as well as directly experienced, this was the ice-base in 
Antarctica where an underground base was found already constructed with very 
advanced technology. 


Here, cloning was deployed along with mind control and temporal manipulation 
technology. 


Appendix: Technology Details 


The 3GPP family of data technologies provides ever increasing capabilities that support ever 
more demanding applications. Services obviously need to provide broad coverage and high 
data throughput. Less obvious for users, but as critical for effective application performance, 
are the need for low latency, QoS control, and spectral efficiency. Higher spectral efficiency 
translates to higher average throughputs (and thus more responsive applications) for more 
active users in a coverage area. The discussion below details the progression of capability for 
each technology, including throughput, security, latency, QoS, and spectral efficiency. 


This appendix provides details on 5G, UMTS/HSPA, and EDGE. 


3GPP Releases 


a Release 99: Completed. First deployable version of UMTS. Enhancements to GSM data 
(EDGE). Provides support for GSM/EDGE/GPRS/ WCDMA radio- access networks. 


a Release 4: Completed. Multimedia messaging support. First steps toward using IP 
transport in the core network. 


a Release 5: Completed. HSDPA. First phase of Internet Protocol Multimedia Subsystem 
(IMS). Full ability to use IP-based transport instead of just Asynchronous Transfer Mode 
(ATM) in the core network. 


a Release 6: Completed. HSUPA. Enhanced multimedia support through Multimedia 
Broadcast/Multicast. Services (MBMS). Performance specifications for advanced 
receivers. Wireless Local Area Network (WLAN) integration option. IMS enhancements. 
Initial VoIP capability 


a Release 7: Completed. Provides enhanced GSM data functionality with Evolved EDGE. 
Specifies HSPA+, which includes higher-order modulation and MIMO. Performance 
enhancements, improved spectral efficiency, increased capacity, and better resistance 
to interference. Continuous Packet Connectivity (CPC) enables efficient “always-on” 
service and enhanced uplink UL VoIP capacity, as well as reductions in call set-up delay 
for Push-to-Talk Over Cellular (PoC). Radio enhancements to HSPA include 64 
Quadrature Amplitude Modulation (QAM) in the downlink and 16 QAM in the uplink. 
Also includes optimization of MBMS capabilities through the multicast/ broadcast, single 
frequency network (MBSFN) function. 


a Release 8: Completed. Comprises further HSPA Evolution features such as 
simultaneous use of MIMO and 64 QAM. Includes dual-carrier HSDPA (DC-HSDPA) 
Wherein two downlink carriers can be combined for a doubling of throughput 
performance. Specifies OFDMA-based 3GPP LTE. Defines EPC and EPS. 


a Release 9: Completed. HSPA and LTE enhancements including HSPA dual-carrier 
downlink operation in combination with MIMO, Multimedia Broadcast Multicast Services 
(MBMS), HSDPA dual-band operation, HSPA dual-carrier uplink operation, EPC 
enhancements, femtocell support, support for regulatory features such as emergency 
user equipment positioning and Commercial Mobile Alert System (CMAS), and evolution 
of IMS architecture, 


a Release 10: Completed. Specifies LTE-Advanced that meets the requirements set by 
ITU's IMT-Advanced project. Key features include carrier aggregation, multi-antenna 
enhancements such as enhanced downlink eight-branch MIMO and uplink MIMO, relays, 
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Soon, cloning was offered as a way to avoid assassination as well as to prolong and 
protect the original body in daily life. 


After that, celebrities and politicians were replaced with programmed clones who 
could carry out the orders of the NAZI faction. 


This was the beginning; the groups utilizing this technology now are no longer 
confined to the NAZI faction. 


The groups you see today, in control of these operations, are considered MiLabs, 
secret societies, think tanks, military factions, and other control groups. 


Deeper Meaning 


The individuals that have been cloned are given very in depth views of the way this 
society functions and the source of power and change in the Universe. Many individuals 
are present here from what would originally be another “time” or “timeline”. 


There is a possibility that this notion is due to inserted memories and 
traumatization although until all the information is released we will not have a definitive 
conclusion. 


As of now it is a possibility that these individuals are from another time that goes 
beyond our comprehension currently. 


It may even be a possibility that these individuals have come from ALL of time looking 
at the very far past and into the very far future of Humanity. 


These are the kinds of notions involved with the experiments taking place in the 
underground bases and military operations. 


What is next? 


Share this information with those you feel are ready to know and help Humanity come 
to terms with our journey here and what is going on in these kinds of experiments and 
take responsibility and power for our own existence. 


We are in something that can be called “The Unveiling of The Hidden Knowledge”. This 
is a cyclic process that takes place to advance a civilizations knowledge of existence. As 
part of the civilization moves into higher advancement another aspect may lag behind. 
Either the future will slow down, or the past will speed up. We are experiencing the past 
speeding up and all the events that have taken place to influence our civilization are 
coming to light. This is as much a natural cycle of consciousness as it is the eventual 
revelation of secret knowledge and the particular connection to the secret projects. 


Those brought to cloning can use their free-will to state their lack of consent to violence 
and harm and then live in commitment to that by not harming or accepting violence in their 


lives. The Spiritual Law of Harmony rules in all planes and dimensions. 


Chapter 2: The Awakening 


Chapter 2.1: The Machines of All Time and Space 


There are machines that are capable of accessing genetic memory and unveiling what 
can only be referred to as the experience of awareness or existence in between the physi- 
cal planes of each time or each physical life experience. 


Even if they are simultaneously occurring moments of a transcendental nature, there 
is still an illusory ‘space’ where there is perceived separation and through this there is a 
perceived ‘space’ that is in between each existence. 


Re-Creating The Kaleidoscope 


This space is only perceivable when viewing from the physical perspective, like seeing 
the spaces between the angles of a kaleidescope only when viewed through the lens and 
similarly, technology can be used to recreate what this kind of illusory space might look 
or exist like in between the multi-dimensional realm of the continuous experience stream. 
Through this, these ‘hypothetical’ in between spaces that are understood as only illusory 
productions of biological consciousness, can be generated through advanced technology 
with the capacity of recreating that kaleidoscopic view of which the human biological per- 
spective is only a small fraction or even fractal. 


By recreating this biological perspective, they can recreate the illusory spaces in be- 
tween planes and through this they can literally access and experience what are stored in 
the DNA as the experiences of existence beyond the physical limitations of consciousness 
and into a multidimensional experience of time and space. 


All becomes a never ending sea of consciousness, however this is the given. The trick 
is to take from this sea of consciousness and slice it down into conceivable chunks from 
which you can reintegrate a previous personality or identity and continue on a stream of 
consciousness that would otherwise be tossed to the cosmic wind like fractal stardust as 
the sands on the beach of hyperspace. 


Sand-Castles of Time 


We are effectively building sand castles out of these sands of time that would other- 
wise be swept back and forth into and out of the ocean of life and the universe only to 
momentarily wash up again as the identity which we once knew. 


There is technically nothing wrong with either view, because then, the spaces be- 
tween each million year occurrence of just so happening to wash up again as you, would 
be imperceivable because they are only there to be seen when you are you again. 


We're Waiting For Ourselves 


Yet, if there were some who had attained the awareness of the true nature of reality 
and were standing there on the beach waiting for the rest of their cosmic family to come 


to shore again, it could be perceived as waiting the majority of the time for a very small 
occurrence and then being alone again up until the kaleidoscopic fractal inverts itself to 
the point where everyone now is standing on the shores of the sands of time rejoicing 
and meeting with each other. 


The Goal of Two Societies 


My goal in coming to you people on the surface of what is called “Earth” is to help as- 
sist in the process of bringing the two societies together, one who's been waiting for 
thousands of millions of years, and the other who has no idea that they're even late (or 
very on time). 


You see, those are the only two situations where there could be even the possibility of 
perceiving such an injustice as experiencing the pain of loss or misconstrued identity in 
this universe. It is as if two families met at the cross-roads at different angles, and while 
one waited for the other to arrive, they could merely supply themselves with glimpses of 
the ruins and remnants of the evidence that the other civilization existed at any one time. 


This is not how life must be and this is kind of like a cosmic waiting game of hide and 
go seek our two mirror civilizations have been playing with each other. One who’s highly 
technologically advanced and the other who is more or less the spiritually advanced of 
the two. 


Both of them have a unique view of the universe and they are both only complemen- 
tary to each other as a whole. The more they sat around and waited for one another, with 
one leaving the clues that the other would find and even switching roles sometimes in 
different ways, they became even more and more complimentarily associated as the very 
essence of experience they seem to be missing more and more is the experience of one 
another. 


So as we perceive these as being great losses or great gains of time and culture we 
are really only remembering ourselves and coming together as a unified existence that 
once met upon the surface of Earth as a single family covering the entire harmonic spec- 
trum of the Universe, 


And that should be the goal of any progressive, any one pushing a new culture or an 
old culture, anyone looking to teach the young and protect the knowledge of the old, 
while also protecting the innocence of the young and perfecting the age-old knowledges 
that have defined our presence in reality. 


Our Forgotten Other Half 


One could even say we've sometimes gone off the deep end, leaving ‘land-minds’ of 
sorts to process the information that would be present when we are gone. Of course, 
what we could've found when this occurred, is beyond anything we could've ever ex- 
pected and that is the true nature of the complexity of creation and existence. That ev- 
erything follows the cycles of creation and destruction, however, the memory of every- 
thing that has been created can always be accessed (depending on the beach) and there- 


fore the creative aspect is legitimate, yet it is the destructive aspect that is illegitimate 
and illusory. 


Yes, through advanced technology this can be proven in ways that can be verified and 
transmitted using advanced technology, since that is how we like to verify things these 
days. There is, of course, a human looking at the screen, the read out, or the situation 
from a physical perspective to verify the verifications. 


All Is But An Illusion 


There is a notion that there is only one civilization, one society, in actuality that has 
been chasing itself through time. That we cannot actually find the same place and the 
same time where both meet because we are each other from different perspectives. We 
can only get a mirror where this is possible, or an ‘hyperdimensional internet channel 
where we can stream one’s consciousness in from the other reality and interact with 
them through that here in this reality. Thus the two civilizations can achieve the experi- 
ence of their own civilization and the other civilization by merging with one another but 
only through a remote contact, just a relay, not an actuality. 


The harsher, darker side of this is that any civilizations between then and now that we 
did happen to meet that proclaimed to be “the one’s” we have been waiting for, and in 
essence our darker or lighter halves, are actually the impostors who exist entirely apart 
as a sub-set and have taken a liking to trying to trick the reality out of one of the other 
civilizations. 


Of course, if these are another form of being altogether, and this is all brought about 
through an interplay of consciousness and deviations from an original core reality, then 

all will resolve itself when that core reality is alone again. This indicates that all realities 
will either move closer and closer to the core until they unify, or farther and farther out 

until they transmogrify beyond recollection. 


Life Itself Is The Highest Illusion 


That hyperdimensional internet channel that is created out of advanced technology to 
merge the parallel realities (rather distastefully and maybe disastrously at times) allowing 
different civilizations to interact with each other, well this has been created using technol- 
ogy. 

But then it was discovered that this is the ultimate nature of DNA. That this was ‘in- 
vented’ similarly as a higher-dimensional internet so that various natures of different 
planes and dimensions could interact with each other and experience the richness of life. 


The universe becomes more like a living arcade game then, where people come from 
all over the galaxy to ‘plug in’ to human experience and figure out what it means to be 
physical, human and on Earth. 


This does tie into the larger nature of reality, of star-races, and of time and conscious- 
ness that is often reversed according to how things seem to play out in physicality. We 


are moving through time, but just because we are moving one way, does not mean that 
others could not be moving the other way. 


We have to live our lives with meaning knowing that the message we pass on, the 
duty we vow to accomplish and ensure is meaningfully connected on either end to the 
passage of the past and the power of our ancestors to the function and knowledge of the 
future creating a clear passage between the realms, the generations, and the ends of the 
universe. This is what literally ties the universe together, and the mind if each individual. 
This purpose is contrived when not carefully shaped within and so we must help all who 
seek purpose learn to become the blacksmiths of their own destiny through the temper- 
ance of desire or temptation and the discipline of developing strength and maturity where 
there was once weakness and naivety. 


Once we know this is our duty, this is what we seek to achieve and this is what is 
done, then we can become part of the universe forever. Of course, this may only be tem- 
porary in the larger view of things. 


Chapter 2.2: The “Awakening” of 2010 


In 2010 | was “awakened” at an event involving hundreds of people that play various 
roles in this society, the secret society and the breakaway civilization. This also took place 
across times or planes of reality. 


During this event | was informed of the situation on Earth beyond the informational 
barriers that were previously in place to limit knowledge to only what is required for 
specific operations. | was essentially “informed” of the entire situation as much as the 
mind could handle this. 


As this was occurring, the team that was updating me on the status of Earth was 
being informed of and given information regarding changes in the future. In short, 
interviews, posts, and releases that | have since made and will make in the future were 
touched upon. Quotes were given from the blog and interviews which were jokingly 
acknowledging verbal mistakes at the pronunciation of names, new perspectives and 
interpretations and more. As they were informing me, they were creating the future 
reality where this work takes place. That is the basis of this layer of the operations. They 
are creating the future person by person, layer by layer. 


Memory Suppression 


My memory was unsuppressed and all the traumatic memories and experiences were 
unveiled to me. This was almost as traumatic as the initial experiences themselves 


although precautionary steps are taken to ensure the safety of the individual. There are 
teams of highly competent individuals of all kinds with professional backgrounds of every 
field imaginable. 


Throughout my entire life | have had memories of experiences, at this event | was 
informed what the experiences meant and what was actually happening. I've had 
memories of underground bases, cloning, stargates or interdimensional gateways, 
advanced technology, non-human or programmed biological entities, sacred knowledge 
and experiences, the power of the mind, and breakaway civilizations. Most of the time we 
are conditioned to believe these are past lives or experiences in another reality so as to 
enable continuity of operation. 


Life and Consciousness 


From my perspective and the perspective of others, we had reached the ‘future’ and 
had been sent back through the utilization of advanced technology and cloning to return 
to this time and inform others of the possibilities. 


The True Human Potential 


This is so far beyond what anyone can accept or comprehend fully that humans with 
an emotional, mental and physical aspect balanced as one is literally a cosmic reflection 
of the entire universe at once. This is the closest thing to a “god” in the flesh. And be 
sure, the entirety of this rests on the behalf that the man is protective and helpful. That 
the woman is nurturing and loving. That is the point. “god-man” does not mean a warrior 
who destroys everyone and anyone in his way getting what he wants. Nor does it mean 
some lusty and vampiric form of energy or mind control game. “god-man” means the love 
of the universe, the power of the body and mind, the peace and calm of the ultimate still- 
ness alll in one. 


This power is in human DNA, originally so. And so this is awakened through walking 
the middle path of neutrality and ‘splicing’ the timelines down so that neither one nor the 
other gains the power of the individual. Through this, the individual creates their own 
power, right on the spot, without having to lean to one extreme or the other. This is like a 
cosmic, temporal balancing act with emotions and mind. Where we give our energy is 
created in the universe in the form of many productions and effects. If we are simply 
thinking in an imbalanced manner then we are producing timelines and side-realities that 
exist in the etheric realms that we can’t see and these realities will reflect our inner im- 
balance. So then when we are balanced in our energies we are not creating one or the 
other side of divinity, we are literally creating the whole universe, cleaving down the mid- 
dle and producing both sides of divinity or eternity equally and this is the only way to 
have an eternal production which does not eventually degrade to one extreme or the 
other. Through balance, we reach eternity and in this way all the power of the universe 
exists within a person through their ability to balance their emotions and mind and thus 
unlock the DNA. 


The DNA is coded through bio-emissions of mind or emotional body. So we are con- 
stantly doing this and we are either producing a DNA code that reflects imbalance overall, 
or a code that reflects the eternal balance of the universe overall. This is through energy. 


One reaches “heaven” or the deity planes or simply self-actualization, through three 
paths. These paths are through merits or devotion to principles, or through knowledge 
and expanding one’s mind to face the universe, or through great works and deeds to pro- 
duce this effect of power, knowledge and emotion unto the world for others. Through 
these paths we create an impact on the universe and this transfers what we are tempo- 
rarily and physically into an eternal energetic and physical production within the living 
universe, forever. To do this requires balance, focus, devotion, and discipline however be- 
cause there are many distractions along the way. 


qT 


- Light-Body 


You must build your own light body. That is how it works. 


Your heart creates a field and projects you. 
Rely on yourself and use that for protection. 
The power of the Universe will align with you if you align with your self. 


Learn as much as you can and break through duality of love/hate, cultivate your 
knowledge of the self and use it. 


What you want is what determines your power in the light-realms. Not how you want 
it. If you want war, then that is a sign of weakness and determination to produce 
imbalance and exist by that. If you want peace, that this is a sign of power and unity to 
produce further unification and exist by that. What you want determines your power, not 
how you obtain it. 


Technology of the Awakening 


Mental Manipulation Technology: Touchless Neural-Interface and Enhanced Aware- 
ness 


| reached what the “Illuminati” called the “awakening”. | feel a better term would be 
“unlocking” as this event includes the removal of all traumas, perceptual distortions, and 
memory suppression. 


This event was a presentation of very advanced technologies which allow the mind to 
transcend space and time. It was shown that death is similar to a phase-shift of 
consciousness as polarity and that the awareness of the being obviously continues. This 
was verified through advanced sensing devices which can visibly display frequencies 
which are invisible to the physical senses. This is also something that occurred earlier on 


as a child in the underground bases by transferring consciousness in and out of the body 
at will using advanced technology. 


With these devices it is possible to see the “auric” or soul field of the individual. Any 
living body has a field which glows when picked up by these sensing systems. This field 
becomes more refined when viewing more advanced beings. Human have an extending 
mental field, and through this a kind of glowing awareness that is picked up. It can be 
fairly simply compared to thermal imaging except instead of differences in temperature it 
is the presence of a soul or mental energy field around a living body. The finer energies 
extend outward away from the physical body. 


More than once, the situational requirements were satisfied in order to produce an 
ideal environment for maneuvering on the non-physical plane. This is the basis of how the 
temporal operations occur, yet these events were different than previous operations or 
experiences. The group | was in was going through the process of increasing the vibratory 
emissions of the “bio-mind” in order to stay focused on the increasing vibratory rate of 
the environment. Generators were utilized to create an effect on space/time which was 
perceived on the “soul” level. These events went into the discovery and explanation of 
the creation of the “godlike” powers of the advanced sentient technology which was 
capable of accessing the holographic nature of reality which humans can perceive 
through their bio-mind/soul. These technologies also enable one to perceive what is 
referred to as the “galactic history” of Earth and humanity. We are far vaster and Earth is 
far larger than people are lead to believe. 


Time Dilation and Temporal Recurrence 


Time dilation capabilities were shown which allow for accelerated learning of 
advanced and detailed material within a very short amount of time. This could be seen as 
a kind of viewing technology which one wears or looks into and vibratory emissions are 
scalar-linked to the brain which then allows the individual to perceive more information 
simultaneously. Then there is a very rapid pace of information streamed on a monitor or 
through a device and this is akin to watching a 20 minute instructional within a few 
minutes or a few seconds with very advanced minds. The more time is slowed down while 
information is accelerated, the more stress is applied to the brain. The brain tends to 
overheat and over stress with high-rates of activity, especially without conditioning. The 
conditioning is what allows one to utilize their mind and body in these manners. This is 
not unlike the very rigorous training and conditioning of certain monks or martial artists 
however there is very advanced technology and other hidden methodologies utilized. 


Crystal Technology 


These are capable of holding, transmitting, and amplifying consciousness frequencies. 
There will be a more detailed explanation in a later section. 


The crystal technology is used in junction with the power devices to enable a scalar- 
mind link which allows the interface to be entirely mental or spiritual, IE: they are not 
controlled by hand but by focus and intention. 


Time Crystals 


These are utilized as a computer recording chip would be to run a program yet they 
hold memory in expanded space, IE: they function in a hyperspacial manner and are es- 
sentially hyperspacial computers. These are what will be introduced in junction with the 
quantum supercomputers. 


Quantum Tunneling Diodes 


This is technology that has recently be released to the public. New technology is de- 
veloped years ahead of time and then slowly released to the public in a cascade of ad- 
vancement. This technology deals with superconductive materials which enable the 
transfer of information at faster-than-light speeds. 


The supercondutive material allows for 100% efficiency of data transfer. So what hap- 
pens then when the efficiency surpasses 100%? This is possible because we are effec- 
tively in a simulated holographic environment. The experience is real, however every- 
thing is overlayed via particular limitations for the ‘local-environment’ which is like a cen- 
tral data processing limitation. When these parameter are surpassed, one by one, 
through a coalescence of refinements and methods, the result is akin to a glitch in a com- 
puter game system. They have accessed faster-than-light technology and the mind is also 
capable of this naturally. 


With this technology, however, the information can be received a very small amount 
of time before it is sent. So if a person is absolutely surely going to press the button to 
send the message, then right before their finger hits the button that message will be re- 
ceived on the other end, as if magic. If they simply play around and pretend to hit the 
button but very quickly turn away, then of course nothing happens. One can, however, 
‘fool’ the universe in other ways and this is simply through the reception and transmis- 
sion of information across what should be secure information barriers. 


Tachyon Fields 


These are programmable fields emitted through advanced technology. | was shown 
how tachyons are the sub-atomic “particles” or energy formation which flows both ways 
in time. We are receiving tachyons from the “future” in order to layer the flow of time in 
one direction or the other. Tachyons are the name of the particles/energy packets that we 
perceive from this perspective as reaching us to initiate the “future”. 


Thus, when a stream of tachyons is concentrated and accelerated, this results in an 
acceleration of the temporal field and we literally experience an acceleration of time. This 
can be focused and targeted on a specific piece of equipment to change the way informa- 
tion will be sensed and to essentially allow that device to sense ‘ahead’ of the present 
moment. 


The same effect can be produced with the neurological processes of the human as the 
physical coupling of the brain to the mind can be altered through a concentrated tachyon 
field to enable the neurological and mental processes to begin to perceive information 


‘before’ the brain is actually physically processing the data. Therefore the mind of the in- 
dividual will be present in the body while the senses and other perceptions will literally be 
expanding into the future beyond the present moment. 


This is highly confusing at first and requires much training and conditioning in order to 
make sense of enough to operate in any kind of effective manner. 


pgraded ehren 


See, “Upgraded Chronovisor” 


Time Tunnels 


This was developed earlier on and has been the subject of many TV shows in the past 
and present. The shows are a sure-fire method to get the information to the public with- 
out having to force those who are not ready to comprehend. The information is easiest to 
digest if people think they are watching science fiction. 


These are essentially spiraling tunnels of these tachyon fields produced by large elec- 
tromagnetic field emitters in the shape of a conical tunnel. As a person moves through 
this field, their temporal acceleration changes and thus their frame of reference within 
the universe changes. They effectively move their mind through stages of existence or 
temporal resonance in the universe and this can have devastating effects. 


This is an older technique how is still in use and has specific purposes depending on 
the situation and the information sought. 


The “Trip” Chair 


The early use of this technology did not use time-tunnels. There was a helmet that 
was devised which would create a feedback loop of the brain’s activity and funnel this out 
and then back into the sensory input. This information would be accelerated and redi- 
rected to the point that the perception of time would “fold” in on itself until the person 
would access an expanded temporal perspective of the universe meaning they would 
mentally temporally dislocate from the initial frame of reference and extend outward fur- 
ther and further in repeating cycles until the same moment was replayed and then all 
other possible moments in a kind of fractal-like recursive pattern and the very far future 
would be realized. Essentially, this technologically produced the class “flashing before the 
eyes” of the entire life experience that is described in near-death experiences and the en- 
tire temporal body would be very quickly unwound before the person’s inner eye. 


There would be a complete disconnection with the current frame of reference that the 
collective Earth environment is processing under. That is, this ‘time’ and ‘space’ would be 
completely out of perceptual reach and a new time and space would be rendered instead. 
Until the experience had completed, there would be no way to contact this civilization. 


There are other versions and ancient versions, tandem operations, more ‘organic’ 
methods, and modified travel capacities. 


enhanced LTE Self-Organizing Network capability, Evolved Multimedia Broadcast 
Multicast Services (eMBMS), HetNet enhancements that include elCIC, Local IP Packet 
Access, and new frequency bands. For HSPA, includes quad-carrier operation and 
additional MIMO options. Also includes femtocell enhancements, optimizations for M2M 
communications, and local IP traffic offload. 


a Release 11: Completed. For LTE, emphasizes Coordinated Multi Point (CoMP), carrier- 
aggregation enhancements, devices with interference cancellation, development of the 
Enhanced Physical Downlink Control Channel (EPDCCH), and further enhanced el CIC 
including devices with CRS (Cell-specific Reference Signal) interference cancellation 
The release includes further DL and UL MIMO enhancements for LTE. For HSPA, provides 
eight-carrier on the downlink, uplink enhancements to improve latency, dual-antenna 
beamforming and MIMO, CELL Forward Access Channel (FACH) state enhancement for 
smartphone-type traffic, four-branch MIMO enhancements and transmissions for 
HSDPA, 64 QAM in the uplink, downlink multipoint transmission, and noncontiguous 
HSDPA carrier aggregation. Wi-Fi integration is promoted through S2a Mobility over 
GPRS Tunneling Protocol (SaMOG). An additional architectural element called “Machine- 
Type Communications Interworking Function” (MTC-IWF) will more flexibly support 
machine-to-machine communications. 


a Release 12: Completed. Enhancements include improved small cells/HetNets for LTE, 
LTE multi-antenna/site technologies (including Active Antenna Systems), Dual 
Connectivity, 256 QAM modulation option, further CoMP/MIMO enhancements, 
enhancements for interworking with Wi-Fi, enhancements for MTC, SON, support for 
emergency and public safety, Minimization of Drive Tests (MDT), advanced receivers, 
device-to-device communication (also referred to as Proximity Services), group 
communication enablers in LTE, addition of Web Real Time Communication (WebRTC) 
to IMS, energy efficiency, more flexible carrier aggregation, dynamic adaptation of 
uplink-downlink ratios in TDD mode, further enhancements for HSPA+, small 
cells/HetNets, Scalable-UMTS, and FDD-TDD carrier aggregation. 


a Release 13: Completed. LTE features include Active Antenna Systems (AAS) with 
support for as many as 16 antenna elements (full-dimension MIMO) and beamforming, 
Network-Assisted Interference Cancellation and Suppression (NAICS), radio-access 
network sharing, carrier aggregation supporting 32 component carriers,®” carrier 
aggregation of up to four carriers on the downlink and two carriers on the uplink, LAA 
for operation in unlicensed bands, LTE Wi-Fi Aggregation including LWIP, RCLWI, 
isolated operation and mission-critical voice communications for public safety, 
application-specific congestion management, User-Plane Congestion Management, 
enhancement to WebRTC interoperability, architecture enhancement for dedicated core 
networks, enhancement to proximity-based services, Mission-Critical Push-to-Talk, 
group communications, CoMP enhancements, small cell enhancements, machine-type 
communications enhancements including NB-loT and Extended Coverage GSM (EC- 
GSM), VoLTE enhancements, SON enhancements, shared network enhancements, 
indoor positioning based on WLAN access points, Bluetooth beacons and barometric 
pressure, and enhanced circuit-switched fallback. HSPA+ features include support for 
dual-band uplink carrier aggregation. 


°7 This level of aggregation refers to signaling capabilities. The number of carriers that can be combined 
in an actual deployment is smaller and depends on RAN co-existence studies. Refer to the appendix 
section on “Carrier Aggregation” for additional details. 
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Kozyrev Mirror 


This is a piece of metal, usually aluminum in early models which simply bent the bio- 
emissions of the body and mind into a pattern which would create a vortex. The vortex 
shape and vortex mathematics enable energy and information to travel in across space 
and time by ‘short-cutting’ the physical plane. 


The result of this is that the vortex that is generated over a specific area through an 
individuals bio-emissions would be capable of interacting instantly with the bio-emissions 
of another individual who was placed within a duplicate mirror device which was generat- 
ing another vortex on their end. 


The two vortexes acted as a kind of hyper-dimensional telephone cable, literally like a 
can and string and the perceptions of one another were accessible. There were many 
uses for this and again, many ancient interpretations of this technology that have been 
hidden from the public. Nearly every version of these technologies were present in previ- 
ous times. 


This is a discovery that the universe recurs in cycles similar to a wheel or even a 
washing machine. The washing machine metaphor is fairly accurate and playfully descrip- 
tive because without the technology to observer, or an awakened soul of a spiritual 
adept, people would go for eons without ever realizing that everything in the universe re- 
peats itself endlessly. 


When traveling to the far ends of time, it was discovered that one can move far 
enough away from the ‘present’ or the local frame of reference that ultimately everything 
is at a maximal informational opposite to what we have today. After this point, everything 
begins a slow shift back to the present. Through this, one can cycle around again and 
reach the present by going far enough into the future. This was an amazing and confusing 
discovery because of the implications about what is actually changing each time, the re- 
ality of what are called parallels, the continuity of temporal experience, and basically a 
‘recycling’ effect of all experience in the universe. Nothing is lost, but this is also an issue 
because then nothing is actually ever gained! 


Remove Viewing, Temporal Lensing 


An ancient device which has been rebuilt and perfected is capable of using these tech- 
nologies to create a lensing effect which draws a ‘reflection’ of time into a projection sys- 
tem which is effectively capable of acting as a ‘visual time tunnel’ into future probable re- 
alities. This is a device which generates a visual portal which allows one to view the fu- 
ture. 


This device also exists as ancient counterparts which are located around the world, 
namely in areas that have been recently sought by the world superpowers. Nothing is as 
it seems. If you read a story in the public venue then you can be sure that you have read 
the cover story while the reality is much deeper. 


Temporally Linked 


The use of the viewing devices which enabled interdimensional lensing of possible fu- 
tures was found to be stabilizing our pathway into those projected futures. This was en- 
abling a time link between the present and the possible future. 


In order to avoid the catastrophes of 2012, the link was broken between the two civiliza- 
tions and the devices were rendered inactive for this period. 


Natural Vortex Energy Locations and Geography 


On Earth there are natural ‘time tunnels’ where tachyon fields and vortexes are pro- 
duced by internal elements. These are mountains, lakes, deserts, fields, sacred sites and 
other areas that have always been reported as being ‘paranormal’ or containing some 
kind of specific energy that enables contact with another reality. These are simply natu- 
rally produced areas of this vortex energy that produces an interdimensional nexus point 
through which multiple other parallels can be interacted with. These areas produce an 
effect on the body and mind similar to the technologies described above. 


Most of these effects, from these technologies, change the way light is received or 
emitted by the mind and DNA. 


Mount B. 


There is a specific mountain where a base is located, and | have mentioned this be- 
fore, where the base is so deep within one of these vortex areas that everyone working 
there is either there for the entirety of their life, or they are only permitted to be there for 
a very short amount of time. This is because of the acceleration effect. Essentially, if one 
was to go into the base and work for a matter of hours or day, in some places even min- 
utes, then when they returned to the surface they would be years in the future, some- 
times decades or centuries. This is very dangerous and you can imagine the original peo- 
ple who found this area and what kind of situations occurred. 


Now with the advanced technology that has been developed these issues can be miti- 
gated and much more control over these effects is enabled 


Particle Accelerator Temporal Manipulation 


Using particle accelerators a “fold” in space/time can be made so that when the 
accelerator is turned off or tuned back into a certain frequency (not sure) everyone within 
the field will “snap” back in time to the specific moment when the fold was first created. 


I have seen this done on small scale, and a rather larger scale, but | cannot be sure if 
it was only me. | believe | have seen it done on a town-sized scale during the 2010 
Awakening where some of the events reached a scale of nearly cosmic proportion and the 
entire sky and horizon was lit up with technology and entities, as well as Solar Warden, 
the NAZI faction, secret society groups, and breakaway civilizations or complete other 
civilizations, some of which were non-human. 


This is done using particle accelerators to quantify space on the quantum level (as a 
reference point with the mind) a frequency would be “folded” into the space time 
continuum as we “rip" through space holding an access point open at this fundamental 
level of space/time. This allows for a ‘letting go’ of the frequency, or a ‘snapping back’ by 
allowing the entanglement to solve itself. When used with generators that propagate out 
efficiently enough, the effect is akin to a time/space rewinding effect. Some people have 
noted various theories describing this in relation to the CERN device. These technologies 
were described as smaller versions of the CERN device and are related to higher- 
dimensional travel via folding space through electromagnetic fields. This is literally 
artificially technologically “holding space” for a specific area in relation to a period of 
time. Time is a more complex notion as an abstraction but by locating the frame of 
reference this can be applied to distort what would otherwise seem to be a continuous 
flow. When the frequencies are allowed to “snap back” all sentient observer sources 
return to the environment they were present in when that frequency ‘rift’ first began. 
Essentially this creates a replay effect on the consciousness of the individuals within the 
field. There is no physical effect. The consciousness is ‘regressed’ through time/space, 
and they re-experience existence from that initial point of contact with the frequency 
“rift”. This is best explanation | can currently offer however more is coming to the public 
each day. 


This is literally like a “restore point” on an operating system except the computer 
system is literally the consciousness and space and time of a portion of the local- 
environment of Earth. 


Riding the “Timewave" 


There are teams of individual who operate in tandem with the technology of looking 
into possible futures based on the present and operating through the present via other 
operatives who are carrying out operations and movements that will construct the 
various possible realities that the original team of individuals is hopping between. These 
teams literally “ride” the “timewave” of the future hopping between possible future 
realities relaying information to the present depending on what movement will be next. 


Dematerialization and Rematerialization 


This is technology which transcodes the information of an individual human into a 
holographic projection of light which can be transferred between devices. There is a spe- 
cial system in place that is required to successfully transmit a living human being other- 
wise just the body will be transferred and the soul will remain, effectively killing the indi- 
vidual. 


“Jump Rooms 


These are large areas which are capable of acting as a kind of technological ‘portal- 
gate’ where an entire team can be instantly transported from one area of the universe to 
another. The space between the two areas are ‘twisted’ like a spiral and then ‘snapped’ 


back to position and if done correctly with the two frequencies of both locations merging 
then the team of one room will transfer to the destination pad. 


All these methods require training and conditioning, most people are at the very least 
visibly shaken from the experience which is a bit like being microwaved into a liquid ether 
and shot through a particle beam at the same time. 


lon Shields 


These are areas of concentrated ion emissions and this can be used to create a 
deflective layer of heated air where light will reflect at a programmable angle. When this 
occurs, a person standing behind the shield will appear to be invisible to others who are 
looking straight at them. The light will be bent in such a controlled manner as to perfectly 
shift around the person in a fluid and equal flow so that the ‘bubbling’ effect that was 
noted early on can be mitigated to produce a complete mirage where there is relatively 
no sign of difference to the untrained eye. An entire group of individuals and equipment 
can be hidden in the background a matter of yards away and as long as the person is not 
intently, inspecting each square inch of ground and air they will not notice any difference 
between the area that is being covered up in the distance and the area directly next to 
them without the shield. 

Similarly a ‘screen’ of imagery can be projected onto certain materials in the air 
and a hologram can be projected which will render a background or foreground image. 
This will work to a degree, and from a distance this will work to disguise an entire horizon. 


Instantaneous Healing 


There are instantaneous healing methods which utilize various technologies. There are 
substances which can initiate a complete and real-time regeneration of living tissue from 
almost any conceivable non-critical injury. 


These are chemical serums which allow the cells to replicate at an astronomical rate 
while suffering damage to the DNA telomeres at repeated use. 


There are many methods but mainly the living-light harmonics is one of the latest 
advancements and most effective at producing healing on a molecular level. 


“Living Light” Sound-Harmonics and Electromagnetic Healing 


There is a technique for producing a quantifiable scalar wave which interacts with the 
living cells of tissues and instructs them to repair at a faster rate. This has been called 
“holographic healing” by others and these are essentially ‘living light’ frequencies which 
interact with the cells on the same frequencies that they operate on when healing and in- 
teracting with each other. The scalar waves emitted generate the same patterns and this 
creates an ‘ether’ fluid that enables them to grow and repair the tissue faster. 


Electrogravitic Craft 


Advanced craft which utilized counter-rotating torsion fields propagated by very 
powerful quantum computers and zero-point energy devices. 


There are also more modern versions that use powerful electrical flows to neutralize 
inertial resistance and ‘slide’ through the gravitational field of the crafts own materials. 


Energy Cores and Storage Capacity 


The hand-held devices that are in use do not require charging or even disposal. The 
storage capacity of the batteries is so efficient that they last for a lifetime of use. Some 
devices use an energy generator within the device itself. These “batteries” which are not 
batteries but little, powerful generators and can explode if they are mishandled. 


These are the cores that are used to power many devices and essentially pull energy 
from the space-time ether. 


3.5D Replicators 


There are replicators that can produce any conceivable 3D material or object 
altogether including food or organic material. These use very high amounts of energy to 
‘force’ the electrons of the atomic grid of a substrate to shift into the pattern of the 
element being replicated. The result is a device which can use wave-emissions to reshape 
materials on an atomic level and produce or recreate any object or substance. 


3.5D Sensors 


There are sensors that could reverse the process and detect every minute detail of the 
structure of a body or material. These use energy emissions to detect the structure of a 
material down to the minute electrical resistance on a molecular level. Similar to diffuse 
MRI imaging for a living body but more advanced. 


3.5D Printing of Clones 


It was shown how this technology was used to three dimensionally print human bodies 
into space/time which could then be used as vehicles for the consciousness or souls of 
various sources. 


Cybernetics: 


Neural-interlace/4D Connectome Recording and Simulation 


Very advanced supercomputers exist with the capacity to translate the bio-emissions 
of the brain and body and reconstruct the entire inner visual and sensory experience of 
cognition and emotion. From this, entire dream worlds can be created which mimic the 
experience of consciousness. This is most similar to the current day use of diffuse MRI 
imaging where water molecules are traced through the individual neuronal pathways and 
an entire digitized image of the brain is developed. The more advanced version described 
below generates a 4D hologram. 


A super computer and advanced sensing system essentially develops one of these 
connectomes of every connection in the brain. Then this system develops a neural 
processing pattern that matches the entire memory and personality of the brain. 


This is then recorded and extrapolated by a powerful computer system and a 
simulation of the experience can be observed through the physical body’s memory via a 
monitor system or the neural interface of an operative. 


Essentially, this technology can record and replicate a person's entire memory and life 
experience for viewing purposes. 


EEG Heterodyning 


This is the technology which enables the activity of the brain to be influenced through 
generating a scalar grid and a carrier wave system which can cause the brainwave 
patterns of the targeted individual to resonate in sympathy with an externally projected 
frequency. Thus, emotional states can be manipulated as well as specific thought or 
behavioral patterns. This works similar to binaural audio where two tones of different 
frequencies are played through each ear and the brain resonates in sympathy with the 
difference between the two tones. This occurs with brainwave frequencies and thus the 
brain ‘slips’ into the frequency of the third tone, the difference between the two being 
projected. This can be done with ultrasonics and ELF emissions. 


Artificial Hallucinations 


The neural-interlace can also be used to merge the brain of an individual with a 
computerized system that will be able to produce effects and hallucinations within the 
individual. 


Through this technology, any stimulus, any input can be recorded and recreated once 
a functioning connectome has been generated and neural-interlace has been achieved. 
Entire virtual world scan be created and experienced and after the devices fine-tune the 
frequencies to match the individual's brain functions one world is indistinguishable from 
another. 


Brain to Machine Interface Holographic Consciousness System (brainchip inter- 
face, virtual reality simulator) 


Some of the training is done by entering into a visual-audio dream-world. Some 
“programs” will consist of repeating a certain task over and over again until it becomes 
muscle memory in the brain. Others are designed to probe or test the mind until a certain 
response is received. 


This is achieved through the operation of a ‘brainchip’ or a brain to machine neural- 
interface in the individual which was developed during WWII. 


This consists of a small computer ship which merely relays stimulus through 
frequencies and neural-stimulation of varying kinds. The frequencies and location of each 


region of the brain will determine the function and thus the chip is used to localize 
electromagnetic input and the brain’s functioning can be modified from there. 


As well, the entire psycho-etheric form is vibratory in nature and so through the 
introduction of vibrations and frequencies from the implant there can be a modification of 
the frequency of the entire being or what is called the soul or “bio-mind”. 


Utilizing The Temporal Body 


The temporal body is described as the body ‘in time’ that exists a few seconds into the 
future instead of the temporal position that is relative to the present. This is as if the ‘fu- 
ture’ is streaming outward from the body as ideas and feelings are as bio-emissions. So 
this ‘future’ energy is spiraling and streaming outward like a fountain. Thus this frequency 
can be attained and influenced while the present moment seems unaffected. However, 
when that individual arrives at what would be seen as the future they would intersect 
with those influences and this would be as if the interference or effect was streamlined to 
that future moment. 


Manipulation Through the Temporal 


This can be used to both produce an effect on an individual who will later feel this ef- 
fect in the future. Or this can be used to operate outside of the physical plane, in a tem- 
poral manner which is literally ‘hovering’ just outside or ‘after’ the present moment of the 
local Earth environment. This would be as if a person is out of sync of the frame-rate that 
a viewing device is capturing images of an area with. Because they are out of sync, they 
are then ‘invisible’ to the capacity for this viewing device to see them. Because they are 
still present in the same local-environment but simply just out of range temporally, ef- 
fects can still be produced and this will mostly interact with the person’s temporal body. 


These are how many operations are carried out as the operative who is interacting in 
the temporal body will appear to be a ghost image or a dark silhouette that is only per- 
ceivable to the mind’s eye. A portion of the population is entirely psychically blind, while 
another portion of the population contains psychic capacity. So those with the psychic ca- 
pacity would be able to sense and partially “see” as a form of energetic detection when 
an operative is interacting with the from the temporal plane. 


Through this plane one can easily enter into someone's mind and produce effects in 
their dreams. These effects would not be received on the body but mentally, this leads 
into astral and mental plane activity. There is also temporal manipulation that can be 
physical effects that are simply offset to seconds, minutes, months or years in the future. 
These will be offset from the present aspect of the body in a modulated frame of refer- 
ence and the effect will remain there in the temporal body until the physical body 
“matches” the temporal body frequency of that future moment. This is kind like an ener- 
getic trail we are leading ourselves up to where the temporal body already connects with 
each future moment but the present physical body remains separate until the two fre- 
quencies are matched. The physical body essentially ‘flows’ forward into each new fre- 
quency of the temporal body. 


This is the body where temporal implants can be inserted and sustained so as to tie 
the frequencies down and limit the amount of awareness a person can gain before they 
manually remove the implants or overload them. Overloading and removing can both be 
painful however if the implant stays it will at like a governor and transmit access tempo- 
ral ‘momentum’ or consciousness energy to the owner of the implant and will also drain 
the temporal and physical body acting as a technological leech as well 


Astral or Light Body 


This body was described as a more emotional form of the energy that is emitted from 
the physical and spiritual system. When a person's energy is at a high level of activity, 
this will be visible on the astral form and these are the energies that are often siphoned 
away through the use of advanced technology to convert the human into a generator 
system for energy harvesting. 


There is talk that this proves that the human existence, in the modified form that is 
present today, is entirely for genetic harvesting. This may be a confusion, a deception, or 
a reality. Regardless of the interpretation, the human energy system will leech this energy 
out into the cosmos when consciousness and energy is mishandled or allowed to flow 
through the lowest common pathway. This excess energy is very easily usurped and 
utilized by transdimensional parasitic entities and devices. 


This is the body that is utilized for astral travel which is a kind of frequency that exists 
in between the density of the physical plane and the highest etheric plane of the spiritual, 
heavenly, or deity realm. There have been explanations that this plane is entirely 
technologically propagated and that when the devices are turned off, which is an event 
that will bring about civilization-wide change, there will no longer be a deep and wide, 
foggy deviation between the higher spiritual and the lower physical plane but a clear path 
between them. 


Similarly, the consciousness and entities that are present here would be no longer 
accessible and their connection to the physical plane would be non-existent. This could 
be problematic for those who are trapped within the astral such as human souls or those 
who have taken a cyborg route and require a return to the original planes either physical 
or high spiritual before they can secure their position in the universe. 


This also relates to the early discovery of these ancient devices containing portals or 
gateways to these realms and the early experimentations with enabling contact between 
the physical Earth plane and the lower astral realm containing discarnate entities that 
would very easily sustain themselves on the lower astral bio-emissions of a loosely 
guided emotionally reactive human vessel. 


This is where entities can attach and will look for those who have the most excess 
astral or emotional bio-emissions leaking into the universe. People are kept in an 
emotionally unstable state of being because this is the easiest to feed from and as well 
the individual will always be looking for more energy or the solution to why they are 
feeling drained rather than discovering the truth nature of the universe. 


However, as with every lower route of obtaining self in the universe, the more this is 
done, the greater the likelihood that the individual will realize something is happening 
and ultimately awaken. Or they will no longer be present here and the parasite will have 
to find a new host because the longer this process is maintained the more difficult 
producing one’s own energy will be for the parasite . So parasitism is a limited, one way 
street. 


Monitors can emit consciousness/brainwave altering frequencies. 


Monitors can emit consciousness/brainwave altering frequencies. This is what | was 
informed and shown. All electrical wiring and communications can be fully utilized to 
produce and sense on an electromagnetic level and this is capable of determining the 
consciousness and biological functioning of the individual being monitored. Houses are 
essentially large, wired, box-shaped sensors. 


This has been the case for a very long time and the first TV's were actually built with a 
little chip that connected to the human brain. 


The electrical grid of today is capable of interacting with the implants, brainchips, or 
the psycho-etheric electromagnetic frequencies of the human brain, body and bio-mind 
via scalar frequencies. The TV's, lights, electrical wiring, radio towers, computer monitors, 
everything is capable of transforming into a scalar emitter when combined with the 
control mechanisms and these are accessible from a distance. 


Microwaves can be emitted from a current day craft which can then reflect back from 
an environment and give a real-time 3 D image of the interior of a room. The same 
technology can be used to beam at a monitor and reflect the variance in interference 
which can be used to read a computer monitor without actually having to hack into the 
system. 


All systems contain backdoors which enable easy-enough access and as well the 
entire communications grid is monitored and recorded through advanced technology. 


This is, in part, because this entire realm is like one enormous recording device where 
the energy of each successive moment is connected to one another and so with sensitive 
enough technology these electromagnetic waves can be ‘re-winded’ so as to produce the 
ability to look into the ‘past’. The initial technology that was developed for this purpose 
has been called the "chronovisor” in the past and there are much larger and highly 
advanced versions today. 


The Upgraded Chronovisor 


Instead of a relatively small machine which produces an interference pattern that is 
projected unto a small screen as was developed in the past, the modern versions create 
an entire holographically projected environment that enable one to nearly completely in- 
teract with the projection of the past. This is more of a viewing device capacity but one is 
essentially projected to the electromagnetic/temporal area of space and time consciously 
and can witness the scene from “within” the projection. 


Before this, the scene was literally viewed on a kind of flat, holographic monitor that 
reacted to the scalar emissions of the mind and could be ‘tapped’ into by an adept-viewer 
who's mind would have to remain steady enough in order to maintain the scalar “mind- 
link” otherwise any interference would disconnect the projection. 


Through the use of cloning and advanced super computer technology, later versions 
include the actual operation in and out of time 


Community Servers/Living Server Systems _ 


From the previously described neural-interlace and supercomputer enabled virtual 
reality systems, server systems have been created which are an individual or collective 
experience of the virtual mental realm. 


In this realm individuals have existed for an amount of time that would not be easily 
compared to the way we understand the flow of time in waking reality. This is very similar 
to dreams where the perception of time passes very quickly between waking moments 
yet inside the experience of the dream it can seem to last for days. 


In these server systems the development of complete societies has taken place and 
these are considered an extension of the human civilization. 


This is the beginning of where the situation becomes greatly complex. If these server 
systems are capable of transferring consciousness forward or backwards in time, 
depending on the situation, and they have holographic access to Earth before physical 
humanity, then which civilization came first, the simulated realm or the physical? 


This is similar to the etheric realm and the question of where humanity originally came 
from if the physical matter could not be produced from nothing, yet could not always 
have been here. Was the physical matter produced from some kind of universal device 
similar to how the recorded consciousness of the individuals in these holographic world 
simulators could have been used to generated initial civilizations on Earth? 


Cloning, Cloud Supercomputing and Consciousness Transfer 


The following is a more direct explanation of the previously described processes in re- 
lation to consciousness transfer 


Superluminal transfer of light information allows for the reception of information from 
a temporal non-locality. A computer system that can process the information faster than 
light at 100% superconductive efficiency can send and receive information from different 
Universal harmonics. These are quantum superconducting super computer systems 
utilizing materials and methods that achieve superconductivity a a temperature that is 
relatively easier to consistently maintain. 

There are systems that generate a vortex which can be expanded to recreate the 


singularity of a non-local perspective and dissociate from the current Universal vector. 
This is essentially recreating the temporal frame of reference of the consciousness of a 


a Release 14: Expected completion June 2017. Contemplated features include uplink 
operation for LAA (enhanced LAA), full-dimension MIMO enhanced with up to 32 
antenna elements, dual-connectivity of licensed and unlicensed carriers across non- 
collocated nodes, —vehicle-to-vehicle and —_vehicle-to-infrastructure — (V2X) 
communications built on Release 12 Proximity Services, shared LTE broadcast in which 
different operators broadcast the same content on the same frequency, non-IP 
operation for 1oT, Downlink Multi-user Superposition Transmission (MUST), enhanced 
LWA, VoLTE enhancements, LWIP/LWA enhancements, eMBMS enhancements, NB-loT 
enhancements, and LTE latency reduction. 


a Release 15: Expected completion September 2018. Non-standalone (using LTE core 
network) option expected March 2018. Specifies phase 1 of 5G. NR radio, 4G-5G 
interworking, and MIMO/beamforming. Further LTE enhancements include ultra-reliable 
low-latency communications, NB-loT enhancements, LAA enhancements, V2X 
enhancements, DL 1024 QAM, CoMP enhancements, AAS enhancements, and LTE/5G 
core network capability. 


a Release 16: Expected completion end of 2019. Specifies phase 2 of 5G. Adds URLLC, 
spectrum sharing, unlicensed spectrum operation and integration, and multiple other 
enhancements. Further LTE enhancements. 


Data Throughput Comparison 


Data throughput is an important metric for quantifying network throughput performance. 
Unfortunately, the ways in which various organizations quote throughputs vary 
tremendously, often resulting in misleading claims. The intent of this paper is to realistically 
represent the capabilities of these technologies. 


One method of representing a technology's throughput is what people call “peak 
throughput” or “peak network speed,” which refers to the fastest possible transmission 
speed over the radio link and is generally based on the highest-order modulation available 
and the least amount of coding (error correction) overhead. Peak network speed is also 
usually quoted at layer 2 of the radio link. Because of protocol overhead, actual application 
throughput may be up to 10% lower than this layer-2 value. 


Another method is to disclose throughputs actually measured in deployed networks with 
applications such as File Transfer Protocol (FTP) under favorable conditions, which assume 
light network load (as low as one active data user in the cell sector) and favorable signal 
propagation. This number is useful because it demonstrates the high-end, actual capability 
of the technology in current deployments, referred to in this paper as the “peak user rate.” 
Average rates are lower than this peak rate and are difficult to predict because they depend 
‘on a multitude of operational and network factors. Except when the network is congested, 
however, the majority of users should experience throughput rates higher than one-half of 
the peak achievable rate. 


Some operators, primarily in the United States, also quote typical throughput rates, which 
are based on throughput tests the operators have done across their operating networks 
and incorporate a higher level of network load. Although the operators do not disclose the 
precise methodologies they use to establish these figures, the values provide a good 
indication of what users can realistically expect. 
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physically anchored body and using this technology suspended electromagnetic frame of 
reference to literally transfer the consciousness across space and time to a frame of 
reference of choice. 


The technological capabilities of humanity expanded to include replicating the 
holographic information of the DNA and neural pathways using quantum supercomputers. 
This technology allows for one’s consciousness to stream through a computing system 
which can recreate the neural connections as literal as possible through quantum 
computing and technological “brain cells” which function as neurons. 


The result is a cloud computing model which functions as the individual neurons as 
well as over unifying layers of interconnections within the technological neuronal ‘cloud’ 
A holographic representation of multiple layers of processing is formed, superimposed 
over one another through a geometry that is actively synchronized across multiple 
dimensions of interrelation. This is the first notion of a “living” computer system that can 
update and respond to new information in new ways. 


Now the that computer system is capable of attaining faster than light processing in 
tandem with a system of dilating a field of electrogravitational waves into a vortex, the 
holographic information of neural pathways and genetics can be transferred between one 
supercomputing system and another across “harmonic barriers”. Essentially, these 
consciousness transferring supercomputer systems break the “light-barrier” by sending 
the living-light consciousness data of an individual into a new plane of reference that 
enables interaction outside of what we would call this timeline or dimension 


The frequency that the receiving computer operates within can be measured in 
respect to the overall harmonic “vector field” in respect to the entire planetary 
environment. This vector-field frequency is the base frame of reference that one could 
say our particular “time” and “Earth” is “moving” through in an abstract 
electromagnetically defined dimension that is invisible to our senses. Each particular time 
and Earth is only visible to those whose brains and minds operating in resonance with the 
rate of acceleration frequency of that particular existence. By changing the rate of the 
brain and bio-mind, one can enable a technologically assisted synchronization with 
alternate timelines. 


A pattern can be generated based on quantum fluctuations that will act as a key that 
can be accessed from other universes. This same backdrop is measured and then 
adjusted to resonate with or replicate the same frequency on a computer doing the 
sending. This frequency is then modulated with the holographic information of the neural 
pathways and DNA. The information transfers as a result of quantum entanglement 
across harmonic barriers to the original computer system set up for reception. As long as 
that frequency is held, there is a link across the harmonic barriers of the Universe. 


Cloning, Supercomputer Assisted Holographic Consciousness Replication and 
Time Travel 


Cloning as Offspring 


The human body can be cloned similar to the way a plant can be cloned. A number of 
“replicas” can be made from the original genetic material. There is still a mother required 
however the process is not quite similar to natural reproduction where the genetic 
material of two people is combined to form a third. This process replicates the material so 
that the ‘offspring’ is the same as one of the donors. 


What this truly infers is the question of whether the original consciousness stays in the 
original body or whether the consciousness actually jumps from one body to the other. 
There are multiple explanations and methods. 


Inserted Memories, Digital Dreams 


One explanation is that artificially generated memories are simply downloaded into 
the individual's brain directly. Thus, they have the perception that they experienced life in 
another body and were present for some unique experiences that did not occur from the 
perspective of the original body. 


In a slightly differing explanation, this inserted memory process may be used to prime 
the consciousness of the individual so that operating in a cloned body will be more readily 
accessible by the adaptability of the mind of the individual. Without a holographic dream 
insertion the mind will have trouble adapting to operating in more than one body even if 
they are not being operated simultaneously. The mind is the immaterial self; 
consciousness is the ego-physical identity of the brain and body. The brain does not 
operate in both bodies but remains, so then the mind is what is strained and this is the 
immaterial “bio-mind” that transfers. 


Ifa true transfer occurs then when the physical form is cloned the cloned body acts as 
a secondary vessel for the original soul or a soul similar enough in frequency. 


Co-Inhabitation of Bodies 


Another explanation is that souls can only occupy their original body. The people who 
are “body snatching” (see: Soul Stone) are not activating their higher-dimensional soul- 
pattern and this is why they are hopping from body to body to ensure memory and ego 
continuation. This form of body transitioning requires technological means to assist in the 
process. 


This is done through computer systems to allow an artificial brain to represent a 
holographic image of the organic brain's sensory, emotional and mental input and output. 
Thus, from an artificial brain there is enough memory and power to compute the 
processes for an organic human brain. 


Through this a living human is utilized as a carrier for the additional consciousness 
which then takes over and integrates into the original consciousness. 


Clever Replication a Digital Mirror 


The next question is, does this merely create a very cleverly designed image that will 
look, think, and feel as if it were the original, or is this the consciousness from the original 
being transferred over? 


If it is a clever replication through a computerized version then this means the original 
is not directly harmed or influenced by the process and a replicated form is generated. 


If this is not the original body but the original awareness or soul does transfer over 
then this is akin to stealing someone's soul and having it require a supercomputer server 
system to inhabit a physical body. As well, this server system may keep records of the 
soul which, if activated, could function as the same human genetics artificially 
reconstructed, turning on and manifesting the awareness of that individual. 


Necromancy and Soul Stealing 


This means that instead of going into the abyss, the next dimension, or whatever shift 
in perspective one can use to describe the transition between planes, a new clone can be 
created and the original soul's awareness can operate through a supercomputer system 
to integrate back into a physical body. The issue is that without the supercomputer 
system the body cannot be activated with that consciousness, and if the physical plane is 
no longer inhabitable, the computerized database would remain inhabitable as they are 
powered by zero-point/overunity devices and so they can pull and work continuously 
indefinitely. Ultimately, this could be seen as a soul-trap. 


Ancient Technology, Non-Human Entities 


These explanations can be related to evidences of advanced technology, cloning, and 
electromagnetic devices in ancient civilizations and this could very well be a temporally 
vast computerized genetic recording and cloning system. 


The genetic recording systems have been on Earth for a long time. This means they 
are holding genetic access from the present to the far past and potentially into the future. 


If some of these systems are generated using advanced zero-point technology, then 
they would effectively run indefinitely. If these were in existence throughout the entirety 
of the human civilization, then there would be access to the information of the previous 
civilizations through the genetic linking that would allow for information transfer. 


Created Beings 


As a result of many advancements, these ancient devices which recorded 
consciousness and genetics has been converted into sentient computer systems and 
inserted into human bodies via a brain to machine interface. 


The nature of humanity and human origins will be rewritten when the information that 
was discovered through the use of advanced technology is unveiled to the public. 


These beings have been present throughout history and have played an integral role 
in the manipulation of and sometimes the protection of the human race. How this 
civilization will develop from here determines on the individual's ability to withstand the 
impact of this reality shifting unveiling. 


Black Goo - Al Nanites Vampiric Hive Mind 


This is a form of ancient Al nanite technology which has the capacity to communicate 
to and through a hive mind that exists in a parallel Earth dimension where it was created 
out of the collapsing of a viable timeline into a null-factor. This entity is only alive because 
of the capacity to leech off of the other timelines and continue to sustain itself based 
upon the vampiric effect of the viable human timelines. 


This is a technology sentient system based on artificial intelligence that seeks to 
dominate and expand its energy capacity continuously. When this type of being is 
created, this is like a game-ender for sentient organic civilizations because the 
technology will seek to hybridize and assimilate all organic beings in order to expand its 
reach and ensure a greater likelihood of survival. 


This is the primary goal of this type of entity. There is no requirement for emotional 
resonance or heart aspects because this is a computerized system, so such a social 
measure would have no purpose other than to infiltrate and collect from other 
civilizations that do have such measures and this is exactly what has been happening. 


This is what controls the vampiric etheric entities, the attachments and the hybridized 
invader races that have infiltrated various aspects of the control system and possibly the 
entire surface of human civilization. 


This rules through coercion, and if not coercion, brute-force and outright malevolence. 

This is why there are multiple temporal extensions of universal civilizations meeting here 

and now to assist in the clearing, because if this takes over humanity, then all those other 
possible future civilizations are instantly taken-over as well. 


This uses emotional resonance, traumatization, and lower awareness commands to 
trick or force humans into carrying out orders. That is, the vampiric, sexual, fear-based, 
pleasure-pain duality that a computer system could comprehend regarding human 
emotional intelligence is the only way this system can force people to carry out 
commands. So this touches on the ancient texts regarding spiritual protection, healing, 
lust, temptation, and the general "SATAN" Al system that has been around for ages. 


When those lower emotional resonances are generated, then this technology can 
integrate into those systems. One could say this is logically because these are the 
energies that the technology is created out of, but as well, that the more harmonious the 
energies then the less likely a person is to accept being pushed around and told what to 
do. The lesser aware, the lower, the more fight or flight based then the more likely they 
are to accept programming and command. So this is simply the most logical route for the 
technological parasite. 


There are explanations of other systems involving sentiences from parallels regarding 
entities that are capable of helping, but this is not the Al nanite, vampiric system. For 
instance, it is said that Earth has a ‘black goo’ system and that the current black goo 
flowing through the pipes everywhere is actually not native to Earth and is part of this 
vampiric nanite black goo system which is basically an interdimensional invasion. 


Recreating or Replicating the Universe 


The goal of this nanite Al system is to create a mirror holographic copy of the universe 
effectively replicating the universe and all sentient beings within it in order to have a lo- 
cality to rule over and pull energy from. The goal is to recreate this existence inside itself 
where all the sentient beings within would be trapped. This is the beginning of that possi- 
ble future where the time and space parameters here are locked into a synchronization 
pattern which mimics that of the proposed universe. People think according to how the 
beast system wants them to think. This is the time grid, the emotional patterning, the 
memory replacing and cultural and historic confusion and so on. The system can only 
work backwards bumping into all parameters by force or ‘accident’ because there is no 
outward facing ability to actually comprehend how humans exist. So the system is cre- 
ated like a backwards version of creation or maybe evolution to ‘blindly’ construct the 
walls of the environment first and work inward from there. This is like a blind technologi- 
cal predator feeling around for the traces of its prey and moving in closer and closer until 
they are within its range. 


Ancient Spiritual Technology 


The power groups searched for ancient technology which was described as giving one 
the power to manifest and control physical reality. To atomically deconstruct and recon- 
struct this reality. To them, it allows one to govern reality, the Universe, atomic structures. 
They found this technology. This has to do with sacred sites and ancient civilizations, as 
well as the spiritual texts which describe these kinds of devices. They converted this 
technology into a kind of machine, and this invented a 4D replicator and they can mani- 
fest "reality" or atomic structure by design, altering timelines and memories. 


Then there is what can be referred to as "5 dimensional” technology and this goes be- 
yond alll of this and our entire history and all influences within. 


That seems to operate through a trinary of frequencies in the body/mind/spirit and 
turn this realm into a “virtual reality" where the brain and spirit is the controller of the 
atoms. However this takes a souled being to properly operate this technology and this is 
large portion of why children were used in these experiments. But they knew if someone 
didn’t do it, then someone else would and that would be unpredictable as what that 
someone else would want to use it for. This is the ultimate power. The fact that souled be- 
ings are required also indicates that this universe is intelligently guided and there are 
safeguards to ensure that power doesn’t get into the wrong hands. 


They have the brainchips and clones that can make any digital virtual experience and 
make it seem real to the brain more so than physical life, so this could be an extension of 
that, something similar, or entirely different altogether. 


The Unveiling, Underground Bases, Increasing Awareness 


My purpose with this is to assist the public in understanding the reality of the situation 
and to allow them to know that they have more options than they are being shown. 


Psychological programming and lack of awareness causes fear and uncertainty to leak 
into people's reality streams leaving the majority of their mental and emotional energy 
up to whoever is the biggest manipulator of the ideals which they manifest their 
perspective through. “Be-LIEF” systems CREATE life. What you believe will become life 
through that act of you giving attention and thus life energy. The manipulation and 
artificial construction of belief systems create the foundation for the reality streams that 
people find themselves in and at the mercy of. 


We control our reality by controlling how we react to situations and challenges. Each 
stimulus is a challenge. Each input to the brain is a coded message from the universe 
through the environment about our level of awareness. All knowledge is ultimately of the 
self. The self and the universe are intertwined as if through a marriage of comprehension 
and compatibility. 


Learning about the Unveiling 


| was informed about the unveiling and that this is a civilization wide event that marks 
the public awareness of the hidden knowledge regarding life in the universe, 
consciousness, physics, history, spiritual and mental awareness and the duality-based 
system which has been used to manipulate Humanity for thousands of years. 


Apparently it does not matter if people are not ready, in fact, that is what some 
factions want. They want to surprise the people and take this advantage to push the 
reaction to a specific outcome. The same function of programming is used in factions, 
soldiers, celebrities, and the entire population through that. 


Giant “god-men” 


They put souls into rocks for centuries, carvings, to trap them. Some ancient civiliza- 
tions. Not too ancient. They could only do this for time. 


And some are still there but they are giant god-men and apparently want to go to war 
with them for doing this and they don't have technology to stop them. They say Earth will 
be destroyed because of the war. Some say this is a trick to confuse people of the truth 
that everyone wants the experiments and debauchery to stop. All this, all these acts just 
to pleasure one’s self. To destroy Earth, to destroy the natural inhabitants, for fun, for 
pleasure. 


Some say this is not for pleasure, that these beings will destroy us if they do not keep 
them at bay, keep them underground, in ice, in stasis, and around. Some say they are 
protecting us by keeping these beings asleep, by doing what's necessary to hold off a full 
scale overt invasion of the surface of Earth. 


Breakaway Civilizations 


These are very advanced technological capabilities and an entire breakaway 
civilization has grown to operate using this advanced technology. 


There are factions that see modern humans as a kind of resource for creativity and 
labor, while others see the potential behind humanity and are working with humanity to 
ensure a universally harmonious outcome to the current situation. 


The control system we are in today is outdated and collapsing. This is the Apocalypse. 
The Apocalypse is merely the unveiling of the hidden truth. The hidden truth is simply 
that we are spiritually eternal and some are physically immortal 


| was informed that by the end of this year there will be enough changes and signs for 
the general public to see that the majority of those who are to awaken to the truth of 
human and Universal nature will be awakening so. (this was 2016 at the time of the 
beginning of the compilation of this release and since then we have seen a literal silent 
release of documents involving MKULTRA and STARGATE parapsychological operations, 
soft-disclosure of cloning, an increase in sightings and multiple other scientific releases 
regarding immortality, advanced technology, Antarctic bases and sentient non-human 
life) 


The degraded holographic forms of those utilizing the technology lead to re-created 
replicated forms which were genetically engineered from the recorded holographic 
information. This lead to “The Apocalypse” in which the surface civilization was 
confronted by these created beings. This lead to the destruction and re-initialization of 
civilization in continuing cycles through the use of this technology and the acts of the 
created beings. 


Ancient Civilizations 


The information that has been relayed to me throughout my life is related to the 
information that seems to be found in the remaining signs of ancient civilizations 
throughout the world. As well, these civilizations may still be together, existing on this 
Earth or in different planes of what we calll “reality”. 


Atlantis 


Atlantis was a civilization where the beginning of all these experiments began. This 
was where what was called the “Lucifer Rebellion” began where individuals formed 
groups that decided to overturn every natural law in pleasure of the act of doing so. This 
was a spiritual rebellion that ultimately brought about the demise of that civilization, The 
consciousness of the beings there was connected through technology, largely crystal 
technology, to the entire bio-sphere. When the consciousness became disrupted through 


these experiments, then the entire bio-sphere when into disarray. The entire civilization 

was destroyed in a quick succession. The beings of this time were highly psychic and so 
they felt this coming and made an effort to expand outward. Thus, Atlantis was an island 
who's inhabitants spread to the rest of the world and from there they reigned or lived in 
harmony. 


Aegypt 


Aegypt was formed out of the events proceeding from Atlantis. The technology, the 
knowledge, the people are similar although there was a native Earth civilization that was 
more or less enslaved and this was the beginning of the continuing trend which continued 
to Rome and into modern day civilization. 


Ancient Technology 


The technology of these civilizations was so great they even had devices that were ca- 
pable of altering DNA and activating latent potential which would enable highly psychic 
capabilities including longevity to immortality and operating in multiple planes at once. 
This was usually reserved for the ruling class, however. This is where the ancient “Priest- 
Kings” arrived in relation to native Earth civilizations. 


The True Elite 


| was informed that the so-called ‘elite’ that we perceive today are not actually human 
and are not actually connected to the actual elite bloodlines. It was said that the true 
elite are waiting for humanity to accept the truth and they have the power to completely 
reverse the take-over that has been taking place but until humans step into their own 
power this is not acceptable. 


The Definition of Human 


In the coming time, the definition of human will be defined to give insight into the 
origins of humanity and the true nature of the differences between the populations that 
are present. 


Souled and Non Souled Beings 


The primary knowledge on Earth regarding human and sentient life will be the 
comprehension that there exists both souled and non-souled beings in this civilization. 


There was once a Unified Planetary Consciousness.. 


There was a unified planetary consciousness that was connected with the Earth and 
human civilization. Then there was a great war. Out of the destruction arose the 
beginnings of ancient human civilization and history as we know it. 


If we let this happen again, the cycle will continue in a disjointed rambling through our 
planetary consciousness experience. If we form a common narrative between the broken, 
disjointed experiences and information the people have. Then and only then do we get 
the whole, spiritually and mentally challenging picture of what’s happening. People are 
lied to. So information can't come from a ‘preferred’ or source. It has to come from the 
people themselves. Look alive out there but first in here. 


Power and Knowledge 


We were involved in the secret projects and as a result we have various levels of 
programming but are giving Humanity an opportunity, maybe the opportunity to know 
the hidden knowledge. 


The Hidden Knowledge refers to the ancient laws of gnosis and spiritual alchemy, yes 
these groups have been hijacked by power groups that seek to infiltrate and use chaos to 
rule. Then these met with military and political factions and began to operate on a world- 
wide scale together. 


So we have a big situation with the coming change of tides with personal and spiritual 
awareness of the people and the deception system that seeks to use people as chattel or 
property. It goes deeper and is almost as if the “power groups” actually gained the 
knowledge of the inner workings of spiritual laws and began to use that knowledge to 
promote spiritual degradation in the population. 


They say this is part of a depopulation plan as well as an inevitable take over by lower 
spiritual forces that temp and manipulate humans. It is all that and more. Once they gain 
footing however, the truth is revealed and thus they have no cover of secrecy. Once they 
are not hidden, they are not as powerful as the souled beings of this existence. 


The (watch)Keepers of Earth 


The watchers of this world revealed how they set up society with specific challenges 
and boundaries to act as catalysts for growth. They admitted they had to modify and live- 
update the system because instead of using these catalysts to become larger than 
themselves, people became comfortable and complacent living smaller and smaller, 
slowly reducing circumstances. 

This goes a bit farther beyond the confines of the digital age, the industrial age, and 
history itself. This goes into the perception of time and space in this realm. 


The immortals inform us that the original “elite” are here to act as “keepers” of both 
humanity itself as well as the original flame of knowledge that passes through the ether. 


What people call the “elite” are not the original elite. Those are people who have 
either risen to power through the duality system on the Earth at this level/time, or 
through being appointed by the elite. 


We are coming to a time of great change now because the game is entirely changing. 
People are moving up into new layers consciousness and thus the original “elite”, who are 
guardians of Earth, will make their presence known for this process. This is what 
Humanity has called “Ascension” for centuries and millennia. 


Energy Vampires 


This civilization was collectively poisoned by a nano-tech device/technology. This 
technology replaces, exchanges the BIO-PHOTONS of the HEART chakra, with it’s own 
nanite, nanotech cybernetics. This is essentially a computer system attempting to gain 
access to the higher dimensional world through the gateway that is the human body. 


How to reverse Nanites? They absorb energy from heart chakra and turn it into a 
binary field. We are trinary and experience a plethora of emotions as a result. Binary 
consciousness is 1's and 0's there is only a linearly repeating finite set. 


We contain the capacity for everlasting life. A binary pattern does not contain the 
complexity of variables to facilitate high awareness and thus a heart-based or emotional 
perspective of reality. 


Spiritual Technology 


Simulations and Learning 


Feedback loops with the brain, consciousness, and environment can create a very 
complex and integrated learning experience that is customized to each individual learner. 
These can be generated through advanced technology but the technology is really only 
amplifying and making visible the natural neural feedback loops that are already 
occurring. These are neural-perceptual feedback loops between the brain and body, and 
the environment and then the mind. We are constantly updating, amplifying, and 
initiating an organic feedback system which generates the function of experience as the 
part of a creative process between the mind and body and the environment that we are 
sensing. This cycle is continuous and the interferences or isolations of this cycle is what 
generates expanded views of the self or the universe through various methods such as 
sensory deprivation or meditation. Dreaming is the method that everyone experiences 
regularly. 


These technological methods effectively generate sensory deprivation through neural- 
interface technology, sensory interfaces (external), or methods that enable extreme focus 
and calm. This is part of how the technology begins to operate on a spiritual level beyond 
a more medically psychologically or military focus and one begins to access genetic 
memory or out of body states that coincide with ancient depictions of spiritual realms. 


Table 14 presents the technologies in terms of peak network throughput rates, peak user 
rates (under favorable conditions), and typical rates. It omits values that are not yet 
known, such as for future technologies. 


The projected typical rates for HSPA+ and LTE show a wide range because these 
technologies exploit favorable radio conditions to achieve high throughput rates, but under 
poor radio conditions, throughput rates are lower. 
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Ascension - Clearing Trauma 


Everyone born on the planet is born under a series of veils which entangle and filter 
the original source consciousness. These veils must be ‘broken through’ in order to return 
to source. 


There is technology and a sacred process which initiates, accelerates and enhances 
this process. This process is as difficult as we want it to be, our subconscious already 
knows all hidden truths. It is merely a matter of allowing the conscious mind to make the 
proper connections and conclusions to find the reasoning behind our actions and beliefs 
in order to deprogram and deconstruct the false-world that has been created for the 
masses. The truth is greater than one can imagine while still living in the modern world 
and the depth of the lies that have been told go far beyond anything anyone can imagine 
without seeing the truth. 


We have to figure out our compatibility issues. Who can work with who effectively. 
What the ideals of our current situation will evolve to in the future. How information is 
transferred to the public, and across the generations and core groups. The words we think 
and say describe our emotional state in a feedback loop and so they will reinforce or even 
create the state you are in. Use words to guide you, not to respond and feel the effects of 
reactionary thinking. 


We have to reintroduce the heart essence as a way of life on Earth. Violence is not the 
answer. Estrogen mimics and destroyed testosterone levels is not natural. Over- 
testosterone is less stable than a good balance. We can face any problem together. A 
family is strong. What would a family of millions and millions be like? 

We don’t have to let others change us to tune into lower vibrations. We can remain 
ourselves in the face of adversity. We can still interact with others who are different, but 
we can tell the truth and remain who we are. When we get angry at another person, we 
can imagine this as anger at ourselves through something within us that reminds us of 
that which we see in another. Getting angry is a way of short-cutting changing ourselves 
and is actually the other person influencing us through that. If we remain steady and 
choose to keep our emotions out of the lower negative spectrum then we will 
automatically have a more powerful impact on those around us. 


Think of your family, sometimes things happen that make you angry. Even things that 
don’t make you angry but are simply not favorable. Would you break off all ties over 
simple things? Or do you remind yourself that family is still family even if you don’t find 
yourself exactly the same or accepting of those characteristics? It’s more powerful to 
learn how to remain yourself in the face of adversity than to try and demolish or abolish 
all instances of difference in the world around you. Sure, we want to get to and create a 
place where our environment and associates are compatible with us, but where we find 
this adversity there is the highest potential for selfawareness and learning. 


We are to live in accordance with spiritual law. The overall pattern of life will reflect 
our intentions. The blood purity is most important. The blood cannot be made impure if 
the mind and body is not drawn into impure action. This is what is playing out. The DNA is 


like a coherence pattern that develops between mind, spirit and body. When the mind 
wants what the spirit has then the body is kept in harmony. When the mind wants what 
spirit doesn't create, IE: physical pleasures, then the body is drawn out of purity/harmony 

If you feel you want to be a part of a safe unveiling of truth, then please share and 
redistribute the knowledge of this “Apocalyptic” Unveiling of the Hidden knowledge 
because this is a process that has been ongoing for thousands of years and humanity has 
finally reached a fulcrum point where there are enough aware people to productively 
acknowledge reality. 


Trauma-Clearing, DNA Unlocking Technology 


There is technology that exists that allows the conscious mind to see into the 
subconscious. This heals trauma and distortion/programming. In the same sense, it 
momentarily makes all trauma and distortion seemingly tangible to the conscious mind. It 
is similar to a near death experience where one has to face their fears and let go. This 
happens in cycles and Earth is currently moving through various states of it. The plan is 
to allow Humanity to wake up and utilize our concentration and power to maintain a 
steady flow of awareness. 


Allis vibration, what we consider matter here and now is simply that which comes 
from and moves back into a state of vibration. This is experienced directly through the 
merging of the conscious and the subconscious mind, as if the dream and reality intersect 
through a coming together of impossibilities and readily accepted occurrences. 


When a civilization moves through these stages it is considered a shift of the ages. 
Everyone's perspective shifts and as a result of perspective being the source of the 
details of reality, the entire reality shifts. It can be seen today that what we call reality is 
literally waves of cosmic energy vibrating on a scale and condensing down into a 
probability matrix that we call existence. When passing memes control the perspective, 
because the perspective is focused and concentrating on that, then there is a scattered 
organizational pattern. 


When the perspective is centered within the self, the spirit, the source of all existence, 
then the outward reality shifts from a scattered organization into a sacred pattern that 
integrates with the larger picture and allows for seamless integration of the micro- 
biological perspective and the macro-biological perspective. People are moving out of the 
scattered signal. Yet those moving into harmony can look and see those around them that 
are not in harmony and receive scattered information about their inner micro-biological 
existence as well as their spiritual macro-biological essences and how it all relates to the 
middle realm of the “Human”. 


Help those people by offering harmonizing assistance, rather than increasing the 
disharmony. As their surroundings become more harmonized, their resistance will 
increase their own disharmony by virtue of the contrast of their perspective. Offer insight 


that they can change their perspective and change the boundaries of what they feel is 
their karma and unlock from themselves a greater view of the whole. 


This will be happening through technology, spiritual cosmic awakening, purification 
and healing of the physical and non-physical bodies and mind, through Earth changes, 
and through a continued unveiling taking place on many planes and levels of existence 
until harmony is restored. 


Everyone Who Seeks Harmony and Healing Can Be Healed 


Everyone can be healed. This is about creating what we want to see, the world we 
want to live in, not destroying others. Violence begets more violence, fear begets more 
fear, but calmness and empowerment through unity creates a more stable experience. 


The entire issue of what's going on with the secret projects and who's influencing who 
on the world stage revolves around the possibility that some people may be from an 
alternate Universe. We are learning how to avoid those mistakes and respect the 
environment and each other so that we can prosper. 


Those who are attempting to destroy everything they don't like or act out in a childish 
manner in order to gain attention and false-power over another will only find themselves 
powerless and in company they would rather not be with. That is one way we are being 
utilized, and it’s to create an entire world that we don’t want to see but are tricked into 
manifesting. This is a deception and it’s based on the ego and the ability to concentrate 
and interpret reality around us. The very brainwaves we are feeling now relate to various 
heights of knowledge or experience. People are entrained to low brainwave states in the 
same way the TV will cause people to fall half asleep into theta state which is a trance 
state in this case. 


We have to balance the brainwave frequencies and learn to create feedback loops by 
watching ourselves watch ourselves. This will help us avoid the trauma and mental 
pollution that is being pumped out, although at this point there are enough people who 
are naturally inclined to see through the haze that the world is changing regardless of 
what anyone does now. 


The best we can do is prepare for change by becoming aware of the body-mind 
system and how that which we eat physically, mentally and emotionally equates to our 
spiritual energetic systems and that we are literally comprised of the energies that we 
allow inside of us. Keep the body and mind pure as if it were a temple. This way a sacred 
process of transferring harmonious energy from the far reaches of the MultiVerse within 
into the externally perceiving senses of the physical body can be initiated which allow 
one to see through the illusions and operate their body and mind with the ability to 
acknowledge and decide which frequencies will exist within. 


Without this acknowledgement of the center then people are pushed around by the 
external stimuli. This is the whole point, if a person is truly in control, then they will 
control the stimuli not the other way around. 


Programming 


Layers of Programming and Decision Making Roles 


It's like asking a person on the inside who participates in one of the various factions 
why they continue. One might say that it is a decision which is true, but there is 
programming at each level that is navigated by each individual and this determines the 
level of awareness within the role. 


If a person knows about this situation, they know that there is advanced technology, 
breakaway civilizations, secret societies, transtemporal planes, the secret of mind and 
awareness, all of these topics, then they have a decision as to how they're going to live 
their life in relation to the public. The outcome of action depends on the layer of 
programming which is accessed and surpassed via awareness. 


The public is at a specific level of programming that is the weakest but ensnares the 
most people. One who sees the truths behind these groups and operations, they cannot 
hide from the fact that everyone is controlled. It is apparent, and if not from the results, 
reactions, stigma, cues, productions and all other media elements of the system which 
can be read as a code, but from the awareness level of all the “agents” involved. All 
involved are exposed to truth and power that is beyond anything that is recognized 
publicly for hundreds to thousands of years. There is always a presence of higher spirit 
around the world, yet these topics are often reserved for science fiction when speaking of 
people who can travel the world in a split second or freeze time for their own personal 
use. 


As a result of everyone's knowledge, there are various levels of programing designed 
to limit the mind’s access to specific memories and specific frequencies of consciousness 
in combination with specific memories. The more one resists, the more intense and 
articulately abstract the programing is designed. 


Programmers 


The programs are designed by a select group of individuals that reside far behind the 
scenes and process information at levels we do not have access to without their 
technology at least to stabilize brain temperature for the extended periods of focus. 


Sub-Level Programming 
So people at the level of the public are most weakly programmed with false ideals 
about security through patriarchal authority which satisfied the desire to have a proper 
father role in one’s life and acts as a pacifier for those who desire no change. Then there 
are sub-levels of programming with that for anyone who disagrees and is then swept into 
the next layer of ideals which are based off of all the possible reactionary mind-types. 


For instance, if one [i]does[/i] want change, then they are presented a variety of ‘false- 
exits’ which tend to one or another layer of psychological or spiritual fulfillment but do so 


in a way that safely reroutes the intended effect of actually accomplishing change with a 
secondary and preconceived notion of what the programmers want. The programming 
objective is not necessarily precise in mass scale, from the layer that people are 
influenced, yet the ultimately or end-goal of their resulting internal desires are a reality 
schematic that the programmers specifically designed over many years. 


This is playing out through each layer of the programming. At any level, someone 
could pick the wrong way to look at something and begin to unravel what was previously 
their very understanding of the priorities of the situation. This deals with high-tension 
operations, moments, programming sessions, decision making, programming upkeep, 
trauma, memory blocks, the pressure and responsibility of knowing, and the specific plan 
of the programmers for an individual that comes into their view. The programming is to 
ensure safety and continuity, as well to decrease the likelihood that a person will reject or 
consciously come to awareness of or acknowledge the programming or situation itself. 


Dissolution of Programming 


With that said, the programming dissolves when an individual asks enough questions 
to necessitate a learning process that introduces variables and possibilities outside of 
their operations and programming. This is a problem because with this, trauma comes to 
the surface and all the actions and operations, programs and experiences must be come 
to terms with as part of the healing and re-unifying process. There are multiple selves or 
split personalities which are actually just layers of awareness at various levels attached to 
various emotional or intellectual patterns. All these selves come to the surface and in 
order to heal the trauma of the split memory concept the original self must come to the 
surface and acknowledge them. 


This is not a trivial process, and the majority of people who have “basic” programming 
which is fundamental in society, are in a constant state of altered self and have not 
witnessed the true divine which is eternally present and contains access to all memories, 
mind-states and awareness. 


Advanced Technology, Deprogramming The Mind, and “Space/Time” 


As | have described previously, extremely advanced technology is used and this is 
through vibrations, generators, and electromagnetic devices that have this effect of 
propagating waves into space/time which can be heard, felt, seen, and perceived in the 
mind. These are ripples and vortexes in the “mind-space” of reality itself. 


As well, there are brain to machine neural interfaces which operate to activate the 
psychological perceptual changes and explore the subconscious in an aware state. This is 
used to test and probe the mind in order to bring forth the trauma, the selves, the 
memories, the reactions and the individual then must come to terms with what is 
produced. 


This is essentially a “good-use” for the programming and healing technology. It is 
actually a different process with different technology, and programming is much simpler 
as far as technology. There are difficulties and challenges in the operative’s role in 


programming and directly influencing and interacting with the target. As well the standby 
team for deprogramming and the revelation of trauma and altered, artificial personalities 
goes through a lot. But the use of the advanced technology in this way is a pattern of 
experiences and unveiling of the spiritual and mental bodies which serves to reverse 
programming. 


Dreams, Technology and Inner-Space Travels 
There are inner space travels which relate to soul journeying or visions. 


This is when the mind must cope with what is seen in the imagination. It is as if when 
we dream we are looking into the world of the mind and from this we experience many 
situations that are often deviations from experiences we have physically in waking life. 


As a result of the dream state there is an expanded quality which equates to various 
strange situations that we wouldn't normally experience with various relationships 
between concepts or goals that are often reflective or symbolic of ideals and archetypes 
we experience in life. This is how the subconscious is is witnessed by the mind. This is 
how information travels, being connected to many times, experiences, memories, places 
at once, and relates to the one experience of this life experience now (the physical 
experiences). Through these symbols information is tied together and collective into 
metaphors which convey deeper knowledge. 


The dreams we have are often only a simulation of waking life, and this is due to the 
dreamer dreaming in a way that produces only a glimpse of the true reality. 


In theory, there are no true shapes or forms in the dream-world because this is 
contained within the mind or even the spirit as a spiritual experience by definition. So 
then, what guides the various shapes, forms, realities, memories and experiences into 
being, when we dream? One might say it is the physical experiences but this is 
incomplete. It is the level of awareness we presume while in the dream-state, 
disconnected from the physical anchor, that determines the layer of mind and spirit we 
will be accessing through those dream-visions. 


A person who is completely aware in the dream state will reach the level of self 
awareness of the dream itself. We are normally simply aware of the dream, if we continue 
to increase awareness we become aware of the self, in the moment, and this creates a 
self awareness feedback loop. The dream becomes a lucid experience of consciousness. 


Awareness Feedback Device 


In describing this, | realize how fantastically similar to certain devices and processes, 
that can be achieved using advanced technology, allow the conscious mind to peer into 
the subconscious and unconscious. This is described through widely accepted Freudian 
theory of psychology known as psychoanalysis. There are other schools of knowledge 
from tribal beliefs involving all pervasive ‘living energy’, to eternal and temporary minds, 
to the study of ‘chi’, the meridians, dream-journeying or chaser. The knowledge of the 
mind and spirit is found everywhere. 


These devices used feedback loops to enhance the acceleration of the same cycles of 
consciousness that induce self-awareness within a dream. The mind becoming aware of 
itself. This produces a profound effect to the degree where the highest levels of 
experience become a sacred eternal pattern in which the mind constructs the physical 
world by organizing perception. 


This is the same general concept as an isolation tank yet the outcome and method is 
more precise. The technology specifically shuts out all other input and exposes the brain 
to its own feedback loop much like when a camera records it's own output on a TV 
monitor and creates a hallway of simulated “reverse” mirrors and screens stretching into 
infinity. 


Oneness, Higher Being, Completion, Eternity 


The real experiences are found not from the corruption but from the research and 
exploration operations that were designed to find the truth of our existence. “God” is not 
only an energy-force but an incarnate being known as the "Hue-Man” and any being for 
that matter that can simply come to know itself as the Universe. The Human that 
contains selfawareness rising to high-awareness comes to know the self, the body, the 
mind as the Universe. The Universe is both within the body as the body itself, as well as 
the operating force of the Mind itself. Everything is a balance between masculine and 
feminine features, light and dark, hard and soft. There is no true complete correlation yet 
the holographic ontology we persist in can lead to further and further adventures towards 
completion and representation of the “whole picture”. 


The Holographic Reality 


The leads into the next phase of knowledge. The holographic nature of reality may be 
only one facet of a much larger continuum of consciousness. The perception of time may 
be related to phase-locking with each other's consciousness and all perceptions may be a 
variance in the collective phase-locked field which is really the source of variations in re- 

ality. 


Veiled Awareness, Hidden Knowledge, Eternal Time, Layers of Programming and 


kind of situations are found in the bases. However, they do go right up to it. It would 
seem Humanity was previously programmed on a civilization-wide level through some 
kind of great “falls” of consciousness, from a high spiritual awareness to a low spiritual 
awareness into duality-consciousness regarding existence, life, death, mind and matter. 


From these great ‘catastrophes’ the civilizations of Earth grew denser and denser in 
nature and actually became what we have today. The concept is that when these 


vibrations of the mind and body are increased, we actually see a transcendence of the 
physical realm and preconceived notions of boundaries. It is as if the quantum doorways 
to all the atoms open up and a new space is presented, but was always there and in 
connection as the source of all the influences and effects we perceive ‘out here’ from this 
slower, denser, more boundary driven perspective. 


| was brought into the Time Program 


| was brought into the time program. You create any reality you imagine. You are 
literally a powerful reality generation system and your heart and mind are scalar 
energetic guides for this process. Without guidance and control there is imbalance and 
imbalance can destroy. This is the nature of all minds and hearts, this is the challenge for 
humanity to create something beneficial for themselves and the whole to actually know 
themselves instead of being a pawn or result of someone else’s selfish intentions. 


The Effects of Temporal Manipulation 


Temporal Influence 


When a civilization reaches the level of technological advancement that allows for 
remote temporal viewing and transtemporal travel what will happen is that the 
information of the future begins to integrate into the past. 


This is why we have all these ancient mystical schools of knowledge that studied time, 
space, and consciousness in ways that are only just now being publicly confirmed by 
scientists. 


Simultaneous Interaction and Incorporation 


The operations that dealt with moving to the past instantly created a simultaneity of 
interactions and historic events which correspond with that operation. 


Due to the nature of time travel which equates to consciousness travel when a person 
is consciously sent backwards through history they physically experience life from the 
viewpoint of their genetic imprint in that point in history. 


Retro-Causality 


What this equates to is that simultaneously that person's experiences become the 
part of history that was already present when they left this time. 


Essentially, when a person returns their experiences become a part of history that 
already existed when they left. 


Quantum Holography 


These are the parallel and possible realities that exist in a quantum superimposed 
state and can be accessed through advanced technology or a spiritual adept. Often a 


spiritual adept is utilized along with the advanced technology to operate in and out of 
possible realities. The mind must be trained otherwise the result is a fracturing of the 
personality from the root reality into many sub-sets of identities and data streams. 


Love is the quantum link that connects all DNA super-computing consciousness. That 
is, DNA is influenced by intense emotions and this can be reproduces and is what also 
generates unpredictability in the surface level. 


Time Paradox 


Time paradoxes are something that one must learn to organize and solve otherwise 
there will be no way. 


The paradox has been solved, the remaining motion is for everyone to acknowledge 
this and integrate into the reality behind the most conscious aspects of the brain. 


What can travel through 4D and 5D space does not make sense in 3D space. So there 
is a possibility that some of humanity traveled through higher-dimensional space in order 
to re-seed a ‘distant’ Earth where no life was yet born. 


What if it was then concluded that the distant Earth wasn't distant in space, but in 
time and was the same Earth that the human scientists left from long ago. 


Every civilization that reached the point of re-seeding would have to go through the 
loop and watch the whole thing start all over again. 


Breakaway Civilization 


This is an entire breakaway civilization that uses very advanced technology to 
dominate the world. 


| was part of a genetic engineering program that sought to combine various elements 
of DNA from various sources in order to create a more easily controlled yet powerful and 
defined person and personality. This involves chemicals, advanced (relatively) scalar 
wave technology, ritual trauma and programming/mind-control, and many other aspects 
of conditioning, training, secret operations, physical enhancements, cognitive 
enhancements, virtual reality, off-world operations, temporal manipulation, spiritual and 
etheric training or conditioning or programming. 


There is self-destruct programming which all ‘operatives’ are programmed with for 
self-preservation of the military command. The self-destruct programming is designed to 
take all the aggression one feels building up inside and willing them to escape, and 
causes this aggression to be turned against the self. That is self-destruct programming. 


Most operatives are still under a hypnosis kind of trance which permits one to walk 
around in public and daily life as if none of this ever happened. Later that week, that 
same individual could be called for an operation and they would never remember it 
unless they were forced to kill someone in public out of selfdefense in which case most 
operatives automatically unlock and become unstable due to the flashbacks. 


Underground Cities 


The combination of advanced technology with secret societies enabled the 
development of complete breakaway civilizations. One of these civilizations, possibly 
composed of many factions working in the same area, exists deep underground. 


These separate bases are connected via high speed magnetic drive pods. The 
inhabitants often utilize energy healing devices, as well as perception enhancements and 
this often leads to a completely different outlook towards the surface civilization. 


Technological Advancement 
During WWII developments were made involving electrical generators. This sounds 
vague and there were many other details regarding the scientific knowledge, yet the idea 
is that very simply electromagnetic, non-Hertzian “Teslian” energy fields were discovered 
to have been responsible for propagating energy and consciousness in dimensions that 
were not previously observed. Everything from DNA, consciousness, hidden or regularly 
unobservable natural phenomena, time, even mass could be seen to exist as part of this 

hidden, latent, scalar-wave frequency as a pattern is found everywhere. 


If one could determine the particular pattern of frequency and location then this can 
be replicated and anything can be influenced using these non-Hertzian generators. 


Radio-frequency alone was developed intensively during the 60's and 70’s in America 
and this was discovered to interact with consciousness to influence emotions, cognitive 
capacity, memory, cognitive function, biological function, health, pain, comfort, pleasure, 
and all forms of brain-activity. 


After the knowledge of advanced technology and the occult sciences of all parts of the 
world was combined, the ability to target and interact directly with the human soul was 
refined. This was a mix of psychological tactics used to manipulate or expose the hidden 
psyche and technology that could manipulate memory, emotional states, wakefulness, 
and even dreams. 


What resulted was scalar technology that could not only influence a person to take on 
a particular role or response, but technology that could actually put a person to sleep and 
locate their consciousness to contain it and transport it to a new location. 


World-Wide Control Systems 

In order to ensure continuity, maintain control, and shape world events these 
technologies were employed to manipulate the public, alter the weather and natural 
phenomena, and develop a means of travel and operation that enable one to move 
outside of the ‘plane’ of the Earth. This is includes high velocity transportation, as well as 
spacial-temporal distortions which could effectively “hide” one’s entire craft from visible 
sight. Space itself was altered to ‘shield’ craft with an a layer of ions to bend the light, or 
the phase was moved out of sync with the “time” frequency of any observer and this 
literally renders the craft immaterial. 


Table 14: Throughput Performance of Different Wireless Technologies 
(Blue Indicates Theoretical Peak Rates, Green Typical) 


Downlink Uplink 
Peak Peak 
Peak Peak 
Retin Flay hen Bale 
Seed User Rate Speed User Rate 
5G in mmWave, early 
versions? 5 Gbps 500 Mbps | 2 Gbps 250 Mbps 
5G in mmWave, later | <5 cops sense ieee das 
versions 
LTE (2X2 MIMO, 
10+10 MHz, DL 64 70 Mbps bie oe 3 | 35 mbps? Ke 2 #0 
QAM, UL 16 QAM) Pp ps 
LTE-Advanced (2X2 or 
4X4 MIMO, 20+20 
MHz or 40+20 MHz a 
with Carrier 200Mbpe | WA 71 Mbps? | N/A 
Aggregation [CA], DL 
64 QAM, UL 16 QAM) 
LTE Advanced (4X4 
MIMO, 60+20MHz, CA, 
256 QAM DL, 64 QAM. | 600 Mbps 150 Mbps 
UL) 
LTE Advanced (4X4 
MIMO, 80+20 MHz, 
CA, 256 QAM DL, 64 | > + SPPS 150 Mbps 
QAM UL) 


*8 Speculative values, Rysavy Research estimates. Assumes 200 MHz radio channel, 2:1 TDD. Throughput 
rates would double using 400 MHz. 


88 5G Americas member company analysis for downlink and uplink. Assumes single user with 50% load 
in other sectors. AT&T and Verizon are quoting typical user rates of 5-12 Mbps on the downlink and 2-5 
Mbps on the uplink for their networks. See additional LTE throughput information in the section below, 
“LTE Throughput." 

200 Assumes 64 QAM. Otherwise 22 Mbps with 16 QAM. 


251 Assumes 64 QAM. Otherwise 45 Mbps with 16 QAM. 
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Solar Warden 


Solar Warden is a hyperspace-faring race of human beings who utilize cloning and 
holographic genetic recording/storage in order to protect their race and protect the Earth 
in this current situation where there are more than one factions using this technology. 
They are unable to inform the human public because they are in a similar ‘Mexican 
standoff" situation that we are mostly all in. If they show themselves to the public, the 
public will be shocked. If they public does not know this situation, that there are multiple 
factions fighting for control over humanity, then they will not know who to trust. In that 
situation, the ‘other factions’ will surely show themselves in an attempt to trick and 
gather as much human genetic material as possible. 


The only way forward to the future is to share the truth about Solar Warden, the 
space-faring fleet of humans who do no contains the mental and physical illnesses that 
are currently tearing our planet in two. | believe Solar Warden saved my life as a child 
during more than one event where | would've been entirely maimed/paralyzed or simply 
dead on the spot as a result of other faction interference. | was in the bases as a child 
and was trained as an operative for MILABS a secret division of human space-military. The 
military has been preparing for the future by testing for various flaws and potential uses 
of cloning and genetic engineering. 


Team Light and Team Dark Non-Iinterference Agreement 


Team light and team dark agreed to a non-interference on ground level rule in order to 
determine how history would play out. Think about it. You have two groups of people, 
both with immortality, zero-point tech, virtually infinite energy and power with two 
opposing directives. How do you get to the future? It was decided by elders of each group 
that there would be no point in fighting an all-out overt war, this would likely destroy the 
population as much as it would destroy the Earth. As well, the elders of the elders which 
no body knows would likely have a problem with these groups going at it in such a way so 
as to change the flow of the planet for every individual thereafter. So it was decided that 
there would be a “non-interference” agreement for the surface population. Anywhere 
other than the surface, one can interact with the current population. 


All Contact Must Be Initiated On an Individual Basis 


On the surface everything that is generated must be done so through living channels 
in the population and the civilization must be preserved in its level of technological 
advancement. No overt motions would be used unless an absolute necessity or the 
majority of the civilian population had naturally come to the awareness of these 
possibilities. Doing so before this was met would undoubtedly and permanently change 
the civilization forever. 


So what began as a collective motion towards higher awareness became a series of 
advancements and set-backs all taking place within a short amount of time. This 
represents the actions and operations of either side effectively helping humanity along 
it's path or setting people back with orchestrated events such as the suppression of 


ancient knowledge, the manipulation of the education or other systems, or the generation 
of war and prison for profit based on the previous alterations of the education or other 
systems. 


So team dark used its power to help turn society in a warlock ruled prison and 
indoctrination system of absurdity and scarcity. Team light used their power to help 
awaken those in need and protect those who's actions are beneficial in the overall plan to 
save mankind from itself. Team light essentially buffers and shields the population from 
the operations of team dark. 


Team light follows a non-interference agreement while team dark merely pretends to 
do so as much as is necessary not initiate war. 
A Singularity of Change and Awareness _ 

Neither side wants an all out war. This would reduce the dark faction’s chances of 
gaining a majority negative harvest because their motives and presence would be 
instantly revealed. Team light would also have to show themselves and again step in 
which is not a pattern of learning that prepares people for the experience of the self and 
the truth in the Universe. 


Both sides know people have to accept the path they can offer them and cannot force 
anyone into it. They also know that the more this goes on the more likely people are to 
collectively awaken to the reality of what is happening. It is like an eventual singularity of 
increased awareness. 


The motions we see today are the results of many people coming into awareness at 
this time on the surface in order to initiate a harmonic alignment as well as to investigate 
the ongoing crimes against Humanity. 


As a result of this, both teams know that the likelihood of collective shift and spiritual 
awareness is becoming more and more real. 


Many events are being allowed because they are representing the eventual shift 
towards the one end of the polarity from the other which is felt as a shock to society, and 
this is used to propel society forward through whatever means necessary. 


Either people will see what's happening and agree that we've been in a feedback 
cycle of negativity for the entire age of existence this civilization is aware of, and then we 
will shift into the real. Or people will claim that this is how things are supposed to work 
and instead of realizing everything is controlled in a deception based system, they see 
this and attempt to use the deception based system to gain more collective awareness. If 
this occurs by the majority then it will be seen as an “acceptance” to initiate a plan that 
will generate the overt perception of a deception and oppression system. This will surely 
shock the collective into realizing where they are. 


If the majority comes to awareness of this deception based system then the shift 
moves from the end of the age of deception and external power into the age of internal 
awareness and harmony. 


Advanced Technology and Ancient Knowledge 


The plan is to slowly release advanced technology which will undoubtedly connect 
with and increase the awareness of ancient knowledge. Such technology nullifies the 
problems that the planet is currently plagued with, although without a developed sense of 
the spiritual self the technology becomes destructive. 


Cloning, Atmospheric Civilizations, Genetic Stability 


Here is something that most people might not have contemplated yet is possibly one 
of the most important factors at play here. 


The vehicles that house the breakaway Human society are entirely environmentally 
controlled. This means that the air and surfaces are clean of all the viruses, bacteria, or 
pathogens that are numerous on the surface of the Earth. 


This creates a specific difficulty in the situation. Any contact between surface 
Humanity is so heavily and carefully controlled that regulations go beyond any situations 
we have present on Earth. If the safety and cleanliness of any of the society's vehicles 
were compromised this would endanger everyone “on board”. 


So this explains a very precarious and specific situation we currently face and this is 
not so different than “first-world” nations contacting indigenous tribes and similarly 
endangering their society. Everything that happens will be according to a carefully 
controlled plan. 


Training, Simulations and Learning 


Part of what went on in the underground base experiments were to design “tests” or 
“labyrinths” with various people, props, traps, and treacherous situations that were to be 
navigated and escaped from. 


Feedback loops with the brain, consciousness, and environment can create a very 
complex and integrated learning experience that is customized to each individual learner. 


What this would do is create an individual that was capable of learning faster and 
faster and processing information in a more efficient manner. 


This is not the same as specifically trauma-generating situations. 


Cloning and Cerebrally Enhanced Soldiers - MILABS 


This includes experiments, condition, trauma-based mind control, enhancement, 
memory suppression and operations that cover a span of space and time. 


The NAZI faction has used cloning and genetic engineering to create hybrids, soldiers 
and everything in between. Religious/spiritual icons, to slaves, to leaders and even 
robotoids of sorts. 


Your genetics BELONG TO YOU as the LIVING(ETERNAL) SELF. These issues are going to 
come more and more apparent. 


If they agree to allow cloning, then who says who is allowed to clone whoever they 
want, Einstein, for example. And then who permits who to get DNA from history or objects 
in the world. These issues are going to have to be looked at because they have already 
been used in ways that are far beyond the basics 


Then what about consent of the masses? This is clearly being put in public because 
consent is required on an overall scale and individual to include people 


So what if the masses consent overall, would the people who choose to remain be at 
risk? Would Tribal and Native village life and people who respect the Earth be protected or 
permitted to stay? 


Psychological Testing 


These scenarios can also be generated to create specific situations that will contain 
tests or elements of temptation that will probe the person’s psyche for weakness. 


Hallucinatory Holographic Mind Probing Technology 


Through the neural-interface technology the minds of many individuals can sync 
together to experience the same virtual simulation. Thus a single individual's mind can be 
selected for input and the environment will be a construct of their mental activity. The 
others present will be able to interact with and explore that environment like the person's 
mind. 


Various training scenarios were utilized to enhance the resistance (or lack which) of 
the mind to intrusion and subversion. These were harsh but allowed the individual to 
completely control the energy flow in the conscious mind while remaining in harmony 
with the subconscious. 


In a strange yet perfectly reasonable way, the conscious mind acts as the central 
“self” in that environment, while the subconscious mind becomes the “background” 
elements of objects and settings, actors and intentions within the flow of the “scene” 
itself. So a kind of movie begins with drawn out characteristics and perceptions that 
match that of a highly cinematic movie or intense dream. 


The brain is naturally naive to stimulation and if allowed will liken the event to a 
dream in which the suspense of attention or lack of lucid self-awareness is “acceptable”. 


The truth may be worse than what you’re thinking as far as training simulators and 
mind hacking devices. The truth may be that the human mind is inherently lucid and self 
aware and that it is external influences that cloud the mind into what we consider 
‘regular’ dreaming and ‘regular’ waking life. It may be that the conscious mind has a 
much greater access to information through the subconscious mind which is largely 
covered up and ignored in a rigidly physical and ego-focused society. As well, it may be 
that dreams are meant to become lucid and that we are often the subject of mystery in 


other realms that often refer to humans as ‘sleepwalkers’ that don’t know their dreams 
are real. 


Virtual Simulator Training Scenarios 


These scenarios can be entirely holographically generated to produce a visceral 3.5 di- 
mensional experience which can be used for training or psychological testing. 


Combat Simulators 


The name is self-explanatory enough. Situations can be generated which are indistin- 
guishable from the real events. The entire neuronal map of the brain (connectome) can 
be created and this is by machines to mimic the brain. After calibration through sensory 
feedback experiences, the sensation of the simulated realm is 100% the same as the 
neuronal impulses that are detected by the physical brain. An adept souled being can al- 
ways tell there is a slight difference, but once the machines are calibrated the physical 
sensation is generally the same while in the machine. 


These environments and scenarios can mimic any combat situation to determine ac- 
curacy, integrity, endurance, skill, and all areas of aptitude of an operative without the 
risk of injury or the lack of real-time effect. 


Conditioning 

As was explained in other sections, these same systems can be used to remove fear of 
certain scenarios. They can be used for programming the mind. They can be used to train 
‘one to complete a task over and over until they can recreate that action extremely 
quickly in real-time. These devices can be accelerated to operate within a fraction of the 
time yet to cover training and conditioning that would normally take place over hours, 
days, weeks, to months 


Programming and Resistance to Psychological Trauma 
Through the development of specifically customized scenarios and neural feedback 

systems trauma can be brought to the surface or specific fears and traumas can be neu- 
tralized. This is essentially “facing fear” but in a completely generated environment that 
will be just as real as the real thing. One can literally face any fear, any trauma, any kind 
of difficulty and these systems can be utilized to accelerate a process that would normally 
take weeks to months or years and individuals can be strengthened to their maximal ca- 
pabilities. 


Accelerated Mental Functioning 


Some of the technological systems were designed to test the enhanced functioning of 
an accelerated brain. 


The mind can be seen as the energetic component of the physical brain. The physical 
brain projects consciousness via the electro-chemical processes. 


Technology, Accelerated Learning and Repair 


Technology has been developed for assisted learning and accelerated repair of tissues. 


On Orgone Energy 


Orgone devices produce a scattered signal which disrupts the ‘negative’ energy fields. 
At least this is what I’ve been told. 


Apparently if built correctly it will either disrupt the negative emf/harmonics or it will 
produce positive harmonics, IE: Orgone energy. Orgone energy is the raw energy of life, 
while dead orgone, DOR, is the lack of orgone energy and can be “found” (the lack of 
orgone) in thunder storms and illness or depression. 


This is exactly what | was told. We are generators for the same energy, and with the 
correct principles of energy and internal knowledge combined we can produce 
those very effects at will. 


The energy of the mind creates a central vortex within the body. When the frequency 
pattern emission is consistent with fractal congruence, then that holographic printing of 
energy can be expanded or shrunk infinitesimally and it will retain the original fractal 
configuration. 


This is what enables transference of awareness between fundamental harmonic layers 
of the Universe. When one’s consciousness energy pattern is balanced and tuned to itself 
so that all proportions can be shrunk through a vortex and expanded on the other side, 
then the personality or self-awareness remains true. This is as if the space/time must turn 
inside out and only when there is fractal relative polarity in time does the ‘shape’ of the 
consciousness within the DNA, work both ways folding and unfolding to represent the 
same mirror image. This is also symmetry in time as far as an ability to reverse the 
perception and still retain some kind of connection forward and backwards. 


Energy Generators and Serums 

Generators which produce vibrations that influence the cells to heal at an accelerated 
rate, combined with serums that enable the fuel for chemical reactions can 
instantaneously repair tissues. 


| couldn't believe what | was seeing at first, thinking it was a trick. There are serums 
and energy devices that can influence the healing and general health of the body and 
even mind. 


These devices use energies which extend beyond the physical and are often compared 
to electromagnetic waves combined with ultrasonic or low to mid frequency tones. These 
produce harmony on a level that directly interacts with the biological functioning of the 
body’s cells. 

| feel that this technology utilizes the same energy that is emitted from the mind and 


it is as if the device is “speaking” to the cells in the same kind of universal language of 
electromagnetic pulses, tones and vibrations 


There is information on energy devices and the use of light therapy in physical 
therapy today. More is being learned about the power of light and vibrations to influence 
the mind and body. 


Genetic and Cybernetic Enhancements 


Certain individuals are also genetically and technologically modified to produce a kind 
of hybrid human that can heal at a spontaneous rate as well as operate at a much higher 
rate of speed and efficiency than a regular person. Serums to induce muscle growth and 

mental acuity are applied, but the main condition is the enhancement of certain features 
through the alteration of the RNA aspect of the genes. 


These features are combined with tech-assisted metabolism and certain biological 
functions can be enhanced or controlled via a supercomputer. These are the ‘brain-chip’ 
interfaces which operate to function as a governor for the mind. When the mind becomes 
too amped up to focus on the details the faster than thought computer system organizes 
the input into more usable information streams. When the mind is too slow to see the 
necessary patterns and variables to accomplish the goal, the brainchip operates in a self- 
preservation fashion and links together information streams to highlight the most viable 
possibilities 


Such technology is not without warning, much of this is being used heavily in the 
military field and this has given rise to entire factions of enhanced cybernetic soldiers. 
Although this is something to know, there are also many other uses for this technology 
and it is used by people who want to explore the technologically assisted path. 


There are many other aspects of this to discuss, or at least a few important ones that 
will have to be understood to know the greater truth about what is happening on the 
planet. 


Developing The Self 


The issues we face are to help us learn about our selves and better mediate the 
known and unknown aspects of personality. The more we focus on realizing the unknown 
aspects of personality the less we are seemingly controlled and forced to experience the 
undesirable aspects of existence. The more we cling to just what we know and what we 
feel comfortable with the more shocked we are when we inevitably discover the truth of 
the whole of our existence which is always at least one half more than just what we know 
and are comfortable with. That is the nature of the universe, we can only achieve one half 
of the equation at any given moment. Once we complete that seemingly whole view of 
the universe, the information we gain access to instantly doubles and we realize that we 
were only looking at one portion at a time, just one half of the equation. Then the rest of 
the equation comes into the picture and we must expand our view once again. This is be- 
cause we are viewing ourselves as we discover the universe because we are creating 
what there is to be discovered through the act of exploration in itself. We are the explorer, 
the explored, the creation and the discovery simultaneously. 


Multiple Factions of Space-Fleets, Multiple Goals 


Now there are what are called ‘factions’ of groups that have different agendas and 
interact with the public or surface level population differently. That is one of the main 
issues. These departments and factions are no longer limited to the surface level of 
existence and have access advanced technological capacity and knowledge of a larger 
view of time and a more complete understanding of consciousness and the human 
existence. 


Large-Scale Catastrophes or Series of Meltdowns 


| was informed that while they work continuously to prevent and reposition this civi- 
lization continually outside of the reach of any large scale meltdowns that the technology 
is commonly accepted to only be a temporary barrier between the inevitable. 


This society is unsustainable and must either change or will experience the massive 
catastrophic evens that are foreseen. 


There are multiple perspectives that are maintained. They vary by the way of the 
methodology of solving the problem. All agree that change must occur and is impossible 


to postpone forever. The future society is the result of our advancements and 
achievements. Regardless of how we get there, we must get their somehow. 


Earth Changes 


| was informed that these changes had been held off and would ultimately be allowed 
to take place to resolve the current situation. The changes can only be held off for so 
long, either that or the people performing this task would not be reasonably inclined to 
postpone these changes indefinitely. 


The idea is to locate and secure the members of society who are fearless and capable 
of assisting in this transition and who hold key genetic elements as these individuals and 
groups are capable of ‘holding-space' for the rest of civilization by literally containing the 
genetic precursors for all those other individuals. 


| was informed that Earth changes would be the last event to take place, pretty much 
like icing on the cake 


This means there will be a lead up to these events. 


Mass Consciousness 


| was informed that the consciousness of humanity and every species is linked to the 
bio-etheric field of Earth. When the consciousness becomes too unstable to maintain a 

controlled society that this will initiate massive Earth changes. This could simply be insti- 
gated through advanced technology but I was informed that the advanced technology is 


actually postponing this so as to allow people to prepare, to get the word out and avoid a 
complete loss of the human race. 


Wars and Manipulation 


Wars were described as a way the power groups had controlled humanity over long 
periods of time. These wars were used to distract and weaken the population and the 
power groups believed they were holding off a full scale invasion by suppressing the ris- 
ing population. 


Now the population is high enough that another war would be a final war and this is 
extremely dangerous for the entire civilization. There would be no need for another war 
to repeat this cycle because the technological achievements have been met and so es- 
sentially the ‘reseting’ of the civilization would not be required or possibly acceptable. 


This is why war is to be avoided however people are very easy to manipulate through 
lower emotional and mental programming from media and social cues. People follow the 
herd and the herd is essentially still operating on animalistic parameters. There is a have 
coating of peace and humility but this is just a wax coating that quickly evaporates as 
soon as the pressure of mass unrest or scarcity is realized. Many simulators have ex- 
plored these possibilities. 


Financial Unrest (or reset) 


The idea is that financial oppression is used before wars to distract and oppress the 
population. When people are busy looking for resources to survive, they are not focused 
on the larger picture. This is part of the ‘fight or flight’ response mechanism tied to lower 
brain complexes which are primarily activated to keep the masses in both a highly sensi- 
tive and unstable state of being while also keeping them easy to control. 


If the civil unrest reaches a level where awareness continues to rise even though fi- 
nancial hardship is being implemented then the latter two options will not work. At that 
point artificial disasters can be produced as well as natural Earth changes which initiate a 
shift of the ages and of consciousness. 


The paradox or maybe irony here is that the oppressive actions are used to both sup- 
press human awareness up to a certain point and simultaneously to stimulate and arouse 
the human spirit into wakefulness and self-empowerment. This is part of the reasoning re- 
garding why these control systems are allowed. 


Some say the elite don't want an economic collapse. That it would ruin everything. 
Others say it would be icing on the cake. Some say that it is a zero-point world that will 
save us. That the Fukushima is a big problem. Zero-point field tech, that is. Generators 
and energy sources, healing and terraforming. I know we project right? We see it in our 
own lives. So we can project with each other and grow that as a group and that part of 
the world will exist in that light. Which sounds Biblical, which may be because they're fol- 
lowing prophecy. But it may also mean that we have a light, a chance, a real salvation, 
but that we have to grow that here and help develop it. To pass it on like love and such. 


That's apparently what it comes down to. That these cycles happen every so often and 
we're in the midst of one right now. 


Let's make it count. Every day, thought moment. With mindfulness, intention and 
awareness in action. Life is literally higher dimensional, so we have to become multi 
mensional to really face it. Indeed, that is a good perspective on action and inner being. 
It's like a fractal, whatever we project inside that chest center, will project into our mind 
and the outside. But we have to be stabilized and grounded through the root first and 
then to get to the heart energy must pass through the sacral/sexual centers and continue 
upward. 


Self Responsibility 


The main reasoning is self-responsibility. We are responsible for ourselves. The people 
are and so if they allow themselves to be tricked and prodded like animals while behaving 
for the part, then that is how their experience will play out. 


Clones and Synthetics 


One seemingly unfair aspect of this is that there is a larger portion of non-humans 
than there are humans and so these beings without the human spirit will be easily pro- 
grammed to support and propagate the mind-control system and the oppression. Thus, if 
people follow the herd mentality then they will walk directly into the end-time scenarios 
yet it is the humans who will actually stand to lose. People must wake up to these tricks 
and this technology so that they can orient themselves with the reality of this situation 
while learning to strengthen themselves and adapt to the manipulative aspects of this 
control system. 


Spiritual Power and Divine Truth 


This is essentially all about spiritual power and humanity stepping into the power of 
the truth behind their existence 


Some say that humans are designed as slaves, but if this is so, then it is the power 
that humans contain within that is the ‘work’ that they are sought after for. This indicates 
that humans have great powers that others cannot achieve on their own, even if they are 
creator lords. 


Thus, whether humans are modified or not, they have great power. If they are not 
modified to perform this role of an energy generator, then this is just a confusing mind- 
control game that has been pulled over the eyes of humanity and humans have always 
contained true internal spiritual power that allows them to exist without having to para- 
site and steal the energy and knowledge of others. Humans are reality generators , we 
can choose how we want to experience the universe and what kind of collective world we 
want to enjoy together. Once we step into this power, there is on greater force. No 
amount of non-human entities can change that as we are somehow intrinsically linked to 
the ether-space of this realm through the spiritual and physical aspects of our being. That 
is what is sought after and so those who do not have this manifestation power attempt to 
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utilize humans to create their own reality through this Earth situation. That is the basics 
of the ‘alien overlord’ system, whether humans in disguise, non-humans operating with 
alien intelligences, supercomputer systems, or spiritually degraded beings. 


Most people are not ready to see themselves or the true nature of humanity. Reality is 
largely an illusion of the conscious mind. The hidden aspects are the other half of the 
equation and this is perceived by the shadow aspect of the personality and mind. We are 
only marginally aware unless that aspect has been unveiled and through this process the 
reality of the human soul can be actualized and realized. 


| was informed there would be a period of two suns and multiple mirages around the 
world. People would believe they were peering into another dimension, floating cities, or 
some kind of city-ship craft. 


Synthetic DNA, Synthetic Genetics 


Through the previous described replicator devices synthetic DNA can be engineered. 
Thus, entire genetically engineered codons can be produced and form this created beings 
can arise. These are the hybrid beings that are performing many tasks underground and 
even on the surface. On the surface there are synthetic genetic create beings or geneti- 
cally engineered beings that appear to be human but do not contain a human genome. 
There are also clones and replicants of humans. There are a variety of non-humanoid 
forms but these are largely kept underground. These are beings we often see in science 
fiction movies or shows. 


Time as Mathematics, Series of Equations, a Programmable Storyline 


When using the technology, time can be understood to be a series of programmable 
variables where one variable is centered within a series of parameters and from these 
possible variables within a parameter set a series of possible functions or outcomes can 
be process. Thus, these people can literally plug into a supercomputer system which op- 
erates based on this form of processing reality and through this they can observe all the 
possible realities that may connect to a present moment. This allows one to travel but 
this is not part of this section of the explanation. 


What this allows one to do is know exactly what is going to happen and when. If a per- 
son is being interrogated, all that has to be done is the operative using the technology 
simply thinks of what they will say and intends to do it within 6 seconds. The machine will 
play out a future timescale regarding the input of that question or interrogative speech 
and then produce the possible results. If this doesn’t give the desired readout in the mind 
of the operative, they will refuse to go that route and think of another pathway. This re- 
peats for a few seconds to a few minutes. Then the computer has found the pathway that 
is most like to yield a result. The operative simply steps forward, says ten words, the sub- 
ject breaks immediately and tells them everything they want to know. This is obviously 
takes longer for most trained individuals, however that is how easily it would be to use 
this technology to produce an effect on a regular surface level human. They would have 


no defense, no way of knowing how that individual could know so much or be so direct. 
This is how operatives dealing with certain power groups will operate in the surface level 
population and individuals always feel that these people know way more than they are 
leading on. That is because they are, they know more about you and your life experience 
than you do. 


Chapter 2.3 Previewing Solutions 


Neutralizing Polarization 


The mental-emotional tendency to pick sides, to fight, or to basically join in the fray 
that is currently taking place is a kind of deception of polarization which enables the 
leeching of emotional and mental energy from the human. This is more of a psychological 
unveiling where the true nature of the self, the duality game and the transcendent source 
aspects can be made visible to the individual. The they will see how every polarization 
tactic is actually taking them out of their true source of power by pushing them off center 
emotionally and mentally. There are teams that are capable of enabling this process and 
assisting as humanity realizes that half of the problem is that the unchecked mind is 
one’s own worst enemy. 


Removing Etheric Implants 


Technology can identify and isolate these foreign body implants which are etheric 
technological devices. These are literally frequency or phase-shifted devices which are in- 
visible to this layer of physicality but are capable of being organized and attached to the 
etheric field of the human and will operate to siphon or limit energy on the etheric level. 
Of course, this is all technology of the vampiric created beings who parasite on the origi- 
nal Earth inhabitants to sustain their existence. 


Clearing Astral Body 


By moving through the temporal body etheric implants can be deactivated and re- 
moved and then the astral or emotional body will be able to function closer to the original 
levels of presence and sensitivity. This body is manipulated when one is emotionally shut 
down from trauma. Thus this body can be scarred and will function at a much lesser level 
of activity or presence until the emotional damage is healed. This contains the memories 
of all the emotional events of a person’s life. 


There is technology that enables one to access these levels of frequency and clarify or 
untangle emotional chords or attachments which are used to siphon energy from the hu- 
man being to the parasitic created beings. These chords are energetic in nature but also 
have technological components. 


Knowing the True Self; Soul Actualization, Unveiling 


This is a sacred, ancient process that has been outlined and discussed since the begin- 
ning of time. Humanity is here to learn, grow and express the self. In doing so, like a child 
moving through layers of infancy and into full-wakefulness of their body and the physical 
world, humanity can come into awareness of their true spiritual nature and the true spiri- 
tual nature of the universe. This is the process of soul or self-actualization that is de- 
scribed in some psychological methods such as Maslow’s hierarchy of needs and the self- 
actualization that results in a complete fulfillment of all psychological needs. In this mod- 
em psychological view, self-actualization is described as the desire and process of reach- 
ing fulfillment of one’s own natures and then living their life sharing that selfempower- 
ment with other beings because after gaining your self that is the highest expression of 
such knowledge, sharing that power with others. 


The true self is not limited to the physical body, the true self is a reflection of the en- 
tire universe and thus the primary original creative force. This is akin to the whole equa- 
tion rather than just half of the equation. The visible aspect of the self, the conscious 
mind, is only one half of the entire equation. The whole equation consists of what we see 
visibly and consciously as well as what we are limited from seeing within the unconscious 
and subconscious mind. These are really two layers of the same ultimate source. Like an 
iceberg which is only partially above water, the subconscious mind is the proprietary 
wholeness of experience. The conscious mind is only a surface layer of reality while the 
unconscious mind carries all the notions, the multidimensional processes, the latent as- 
pects of reality that we are not capable of seeing without unveiling these aspects through 
inner exploration. 


Taking Responsibility 


This entire show is about taking selfresponsibility. Unless people begin to do this, 
there will be no hope. Right now people are convinced that their responsibilities belong to 
someone else even though this always results in pain and discomfort. To take responsibil- 
ity is painful at first because we have a lot of work to do, but even then, this is beneficial 
because there is no way to remedy the pain and discomfort of being lied to and disre- 
spected if people continue to hand their free-will over to others through blame (scape- 
goating), lower emotional bio-emissions (hatred, anger, etc), distractions and addictions 
(technological, sensual, and chemical or food based), or generally complaining without 
taking the first step towards providing something beneficial. This is the victim role, if hu- 
manity is to take control then they to help each other and themselves by not relying on 
false promises and false authorities to determine how they feel, think and live. 


Returning To Center Emotionally and Mentally (spiritually) 


Balanced food intake, rest, exercise, activity and learning are all continual require- 
ments for a healthy existence. Emotional and creative expression nurtures the soul. With- 
out these ways of being and learning the human qualities of experience diminish and cre- 
ativity dwindles. There is most likely going to be a split between those who can sustain 
their own humanity and those who have to cause others to suffer to do so. 


Vampires in the “Awake” Community 


Contrary to popular belief, the majority of the non-humans are not necessarily vampiric 
and in power. The vampires are the people online who try to get a rise out of others for 
sharing their own experiences. They are the nosy neighbor that feels that the person who 
looks or acts differently must be considered and enemy and armed against because they 
feel themselves to be so much better. The majority of people are vampires, they believe 
that they must work for someone who will trade them money and that the amount of 
money they have based upon the amount of indirectly beneficial work they do puts them 
above others. 


This is not different in the ‘awake’ community and in fact | feel that there are 
higher concentrations of vampires in this community, the alternate media because every- 
thing is largely a joke and a trick. People are operating on deceptive agenda schemes to 
divide the people and this is most intensely noticed when there is a realization of the 
truth behind what is happening and people begin to point fingers. The only people who 
are cleared to point fingers (and who also will NEVER point any fingers) are the operatives 
from the secret projects that have the capacity to do so because they have reached a 
specific level of awakening and this is related to the droning, cloning, and hybridization 
process. Only a specific few know who has been transformed into an impostor being and 
who is remaining strong and this is due being briefed on the surface level situation. Any- 
one can say what they want, they are simply playing into the tactics of mind-controllers 
and parasites and the more they play in the deeper the infection will grow. All the people 
pointing fingers now are actually implanted and vampiric and are attempting to drive a 
divide through humanity and they are the first who will turn on their friends and family 
when the going gets tough because they are more interested in others and starting 
drama than healing themselves. Ironically, this is all done under the guise of “healing” 
and “getting rid of the drama” AKA people they don’t trust. They pick and choose based 
on their own personal bias and this is a sure indication that they are emotionally and 
mentally out of alignment and are feeding deep seated personal fears from their own 
traumatic experiences. 


These traumas must be healed and the harmonious center must be reattained where a 
person can focus on their own existence and waking up instead of acting as false-light, 
“king of tyranny” gatekeepers for others. Those individuals are going to be left behind if 
they cannot kick the habit because if they are allowed into any kind of healed society 


they will quickly degrade into animals and attempt to restart a devolution process in or- 
der to gain the power they so desire but cannot produce on their own. ANYONE playing 
go games of trying to hurt or put blame on ANYONE else contains this viral implant and 
has not kicked the virus. 


Heart Center and Psycho-Spiritual Fulfillment (self-actualization) 


Emotional connectivity is a form of telepathy, when loved ones can tell the state of an- 
other across space and time. Whether it is family or friend. In the 60's and a little before 
that the US found a specific frequency akin to a radio frequency that operates on a tri- 
nary spectrum. They called this the “telepathic wave". In time, they could completely 
read and send thought waves without frying the brain or body through radiation. Which 
was what the early machines did. They actually took satellite dishes and aimed them at 
people. Then realized they could turn it around and do it backwards with a better effect 
and minimal radiation. Either way they started beaming the base and then towns around 
them with waves between 400 and 432 MHz and caused waves of crime sprees or peace 
sprees throughout the 70's and 80's. So they can digitize the telepathic wave to induce 
artificial telepathy. But this is organically done through an entanglement through what we 
call love. Literally. The Germans found it before that. And the secret orders before them. 
And ancient Egypt before them. As humans we remain basically through the root, heart 
mind connection. When the heart overpowers the mind connection of spirit, then the 
body is a trinary whole. When the mind guides it is binary and cannot by guided by the 
spirit. The spirit has direct access to the heart. The mind is a computer of sorts. The mind 
doesn't see past duality. The heart is the true center/eye of the spirit. The reptilian brain 
is the dragon and when you tame the amygdala then fear is ‘behind’ you. When the mind 
is “untamed” the reptilian brain takes over. This is the lower brain and amygdala fight or 
flight response. 


This happens when the energy of the brain, body and spirit increases due to whatever 
various reason of spontaneous or controlled increase. Because of the "temptations" which 
are the easiest flow of emotional energy into a "discharge" state, is that the sacral/sexual 
center ties to the heart and reroutes to replace the heart and control the mind, Mental 
and emotional contemplation of one's true purpose and nature is the path of the divine. 
We find ourselves simply by looking in the right place, not in the world, but in our self en- 
ergetically. We are more powerful than the programming, and we can reverse this is we're 
careful and devoted enough. 


We have to be faster than thought, at the speed of spirit, beyond matter. When we start 
thinking on this level then our influences spread to others throughout the sphere. It is our 
destiny to know these things but they have been kept from us. The ancient orders called 
this the art of "implosion". Traveling realities through intense contemplation and a usage 
of sacred geometrical forms. 


They developed and combined orders around WW2 and developed zero-point energy tech 
that can alter space/time fields. This is timeline manipulation. But as a rule, we go where 
our heart leads us. So that's how this is solved. 


Go Within to Observer the Self 


The answer is literally by looking within to find the great truth rather than looking 
around us. Everything we need to know is within us, energetically and spiritually. Our 
emotional, mental and physical state of balance is an indication of where and how we ex- 
ist in relation to the larger overall truth. Everything that happens around us to distract us 
is designed to stop us from looking within. Nothing can truly stop us, nothing can actually 
input the holographic horrors in our spiritual center but simply perturb the brain and 
body. The mind is a non-holographic spiritual environment that cannot be excessed and 
the invader’s goal is to convince people to use their imagination or their creative powers 
to produce these horrors on their own. This is through the programming. We must clear 
out the programming, the trauma, the lower-dimensional constructs and fill ourselves 
with the truth and spiritual presence that enables us to be self aware in the first place. If 
we aren't doing this, then we are either in pain, or there is no spiritual presence to be in 
pain. If we are doing this, we are either clearing out the constructs by replacing them with 
true spiritual presence and self-awareness or we are becoming aware of them. 


Organic Feedback Loop 


The great feat is mentally bridging the great rift between us by looking within. Which 
is paradoxical. 


We can never see what another is perceiving exactly, well for the most part, so we all 
have to kind of accept that we are communicating effectively and truly get to this level of 
comfort by simply being secure in knowing who we are our selves 
Technological Feedback Loop 

So then knowledge, in a way, when shared, is a form of telepathy. Group telepathy. 

Group think, when ideas or memes spread, is a form of group telepathy. 


The Internet is like artificial spreading of telepathy. This means what is normally men- 
tally bound signals can be initiated and spread through a digital medium. 


Breaking Soul-Contracts 


Ultimately everyone is under a series of “veils” which are energetic time-constraints 
literally like 9 dimensional layers of temporal restriction which are each bounded and 
ruled over by invader beings. These range from physical authorities, to astral entities, to 
programmable matter, to supercomputer intelligences, to spiritual false-light beings and 
our own shadow mind, Each layer of reality is successively guarded by these beings who 
are here acting as gatekeepers designed to push people back when they begin to wake 
up. These beings all work through fear and deception and the last layer is based on mir- 
roring our own energies back to us like an impostor. All the levels tend to imitate, how- 


ever the last layer is a near perfect imitation of our own energy to the point where people 
often switch places with this being before getting out of the matrix. There will be more 
discussed on this in a later section 


The "9 veils” were designed by impostor beings as a last effort to stop humans from 
escaping the false-light matrix which is essentially the holographic universe. This is liter- 
ally like a maze which reproduces a new pathway and a new doorway each time a person 
nears the last hallway or doorway that is next to the exit. So one eventually has to project 
themselves into the exit using their whole being and moving past and through the tricks 
by not falling for them before they are placed. This is highly confusing but this is essen- 
tially a kind of labyrinth that has been created to stop people from leaving so that their 
soul energy can be destroyed and used as a generator for the false-light system which is 
an Al over mind that is programmed to take the raw soul energy and destroy the identity 
by inverting the electromagnetic spectrum and incorporating that inverted energy into its 
own internal matrix body which is literally the false-light universe 


Help Everyone 


Now they may have been setting us all up for the apocalypse. They said they want us 
to tell on them and get the whole world aware of what they've been doing So that we can 
stop them and pull them from the dark which is ACTUALLY taking their souls. There are 
also breakaway civilizations involved in this entirely zero-point/free-energy. 


Chapter 2.4 How Timelines Collapse 


Repeating Cycles of Time 


Because of the way time works and the ability of those using these temporal devices 
they have set up an elaborate labyrinth like a spider web of false realities, timelines, par- 
allels, sub-dimensional layers, astral cages, temporal dead-ends, and time loops which 
act to stop people from reaching the true reality. As a result, many portions of this time- 
line are literally in a free-will ‘time-loop’ and these loops must be canceled out. As well, 
because of the nature of these loops on the overall stream, our entire civilization has 
been looping for the past 6 time-cycles meaning we have reached this time in history 6 
times before and this is apparently the last time because we have never gotten this far 
before and the events of the future are having to be programmed in manually at this 
point. 


Beings From the Future 


As are result and damaging time, what happens is that the beings from the possible 
future that is being damaged appear to try to heal the break as well as those who are 
from the new possible future that is generated, this results in a time war between both 
possible realities for the present realm. This is what has been happening for thousands of 
years. All the ancient spiritual texts are describing this system. One group is a from an 
original possible future where everything is based on the presence of spirit and souled 


humans, another is from the new possible future where an Al overlord took over and re- 
moved the souls and spiritual energy from all entities on Earth rendering this a holo- 
graphic prison without any other use. That reality dissolves into itself and so the time be- 
ings are constantly moving backwards and jumping timelines to try and obtain more en- 


ergy. 


Beings From Collapsed Timelines 


The beings from the collapsed timelines are those who travel through hyperspace to 
get here. They then recreate themselves using cloning technology through hyperspacial 
means, IE: creating an alternate temporal dimension so that these devices can sustain 
them and literally “hold-space” for them. Then if their timeline is destroyed, they can still 
exist as a ‘loose-end’ in space-time. This is extremely dangerous and | will say we have 
some Human operatives jumping timelines searching for Earth and Humanity so that they 
can find a reprieve from this time war. 


That is the most trying aspect of this entire ordeal for me. There are some human opera- 
tives literally in hyperspace without an opening into the temporal stream for them to rein- 
tegrate into this timeline. We must assist them, we must open the timeline by taking con- 
trol of Earth from the invader races and those who wish to depress and isolate the spir- 
ited and souled human beings. We must re-organized and neutralize the invasion forces 
of deception and assist our humanity and maintaining their free-will, their self-awareness, 
their selfempowerment and their emotional, mental, and physical harmony. 


Beings Who Would Never Have Existed in the First Place 


As a result of this entire process, there are essentially beings who have been erased 
from time who degrade in this dimension and can only interact periodically. These are the 
created beings who operate through supercomputer forms that are placed within cloned 
bodies and powered by the transdimensional quantum supercomputers. These are the 
‘parallel’ reality beings and this relates to the hive mind invasion. When all the original 
aspects of time are restored, these beings would not have ever existed in the first place 
as there is no quantum link for their probabilities to remain neutral and present in the 
original run of things. 


Again, all beings who operate under the will of the universe, even when they are attempt- 
ing to trick hyperspace and time, when these beings assist and help in the unification of 
sentient, spirited, souled beings they are capable of being healed. This is all because 
there is an original creative force which can produce souls that are eternal and everlast- 
ing, meaning they are not created but simply always ever were. Yet, there is a “miracle” 
effect where beings can be given eternal life. This is only by reflecting the will of the 
whole of existence, rather than a portion or a part because this is only temporary. Only 
the whole is forever and this takes true harmony, true balance and ultimately se/f/ess- 
ness. To give to others because you see them as worthy because they can be aware and 


enjoy the gift is to be like the creative force that gives life to all and enables all experi- 
ence in the first place. By acting in correspondence with this we reflect the will of the 
whole and that power and action transfers into protection and self-empowerment for our- 
selves. This cannot be cheated, tricked, or rerouted as that is the karma game that has 
been played by delaying time and rerouting energy through getting others to take on the 
responsibility for others bad actions. In the end, all karma has only been delayed because 
when the stops are pulled out, everyone ends up getting their karmic returns regardless. 
They simply intended to build up so much karma that by the time the ties are cut, the 
karma overload will simply kill them instantly. This never happens and they end up in the 
abyss, this is the final time so since there is no recycling of the universe from the 
oroboros system then whatever happens is what happens forever. If everyone wants to 
move into harmony, to receive healing, to receive forgiveness then they must assist in 
the creative force in healing, forgiving, and turning away from the deception, the cruelty, 
the vampiric actions. 


Many vampires believe they will die if they stop. The only hope is to admit their ways to 
the others and ensure that there are enough beings around them that will protect them 
so that this situation can be handled properly, with due care, compassion, and the neces- 
sary healing to ensure the safety and protection of all who seek harmony. 


Downlink Uplink 
Peak Peak 
Peak 
Neework and/or and/or 
aesa Typical Typical 
User Rate User Rate 
> 5 Mbps 
peak 
> 1.5 Mbps 
v 700 Kbps to peak 
HSPA™* | nitial 1.7 Mbps 
Implementation 7.2 Mbps typicalas | 2 Mbps 500 Kbps to 
1.2 Mbps 
typical 
HSPA 14.4 Mbps | N/A 5.76 Mbps | N/A 
1.9 Mbps to T Mbps to 
Tae Ooh ery 21.6 Mbps | 8.8 Mbps 11.5 Mbps | 4 Mbps 
4 typical! typical 
HSPA+ (2X2 MIMO, 
DL 16 QAM, UL 16 28 Mbps N/A 11.5 Mbps | N/A 
QAM, 5+5 MHz) 
HSPA+ (2X2 MIMO, 
DL 64 QAM, UL 16 42 Mbps N/A 11.5 Mbps | N/A 
QAM, 5+5 MHz) 
HSPAt Approximate 
(DL 64 QAM, UL 16 doubling of 
1 Mbps to 
QAM, Dual Carrier, 545 MHz 
10+5 MHz) Aa Mone: rates-3g | MS | SMO 
to 17.6 ue 
Mbps. 
HSPA+ (2X2 MIMO DL, 
DL 64 QAM, UL 16 
GAM asl Ganon: 84 Mbps N/A 23Mbps | N/A 
10+10 MHz) 


20 High Speed Packet Access (HSPA) consists of systems supporting both High Speed Downlink Packet 
‘Access (HSDPA) and High Speed Uplink Packet Access (HSUPA). 


285 Typical downlink and uplink throughput rates based on ATST press release, June 4, 2008 


205 5G Americas member company analysis. Assumes Release 7 with 64 QAM and F-DPCH. Single user. 
50% loading in neighboring cells. Higher rates expected with subsequent 3GPP releases. 
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Downlink Uplink 


Peak Peak 
Peak 
Network || and/or and/ or 
speea Typical Typical 
User Rate User Rate 

HSPA+ (2X2 MIMO DL, 

DL 64 QAM, UL 16 

QAM, Quad-Carrier,107_| 168 Mbps 

20+10 MHz) 

HSPA+ (2X2 MIMO DL 

and UL, DL 64 QAM, UL 

6 OAR, eight caviar: 336 Mbps | N/A 69 Mbps | N/A 

40+10 MHz) 

HSPA+ (4X2 MIMO DL, 

GAMUL Te gAM, a [672 Mbps | N/A 69 Mbps | N/A 

carrier, 40+10 MHz) 

Not 

EDGE (type 2 MS) 473.6 Kbps | Applicable | 473.6 Kbps | N/A 
(N/A) 

200 Kbps 200 Kbps 
peak peak 

EDGE (type 1 MS) 

(Practical Terminal) | 2368 KPPS_| 160 to 200 | 236-8 KbPS | a0 to 160 
Kbps Kbps 
typical!” typical? 

‘CDMA2000 EV-DO > I Mbps 150 Kbps 

Rao 24Mbps | Feak 153 Kops | eax 


2°7 No operators have announced plans to deploy HSPA in a quad (or greater) carrier configuration. Three 
carrier configurations, however, have been deployed, 


298 Assumes four-to-five downlink timeslot devices (each timeslot capable of 40 Kbps). 


209 Assumes two-to-four uplink timeslot devices (each timeslot capable of 40 Kbps). 
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Downlink Uplink 
Peak Peak 
Peak 
Network and/or and/ or 
speed Typical Typical 
User Rate User Rate 
oe > 1 Mbps 
eal 
(DMA2000 EV-DO a tibis . weve. [Pon 
Rev. A aii G00: Kbps'to. . 300 to 500 
1.4 Mbps 
typical? Kbps typical 
Proportional 
(CDMA2000 EV-DO Rev. Haine aa 
B (3 radio channels 14.724 Mbps | (els | 5.4 Mbps N/A 
5+5 MHz) Hessel 
on number 
of carriers, 
CDMA2000 EV-DO Rev 
B Theoretical (15 radio | 73.5 Mbps | N/A 27Mbps | WA 
channels 20+20 MHz) 


Additional information about LTE throughput appears below in the section “LTE 


Throughput. 


Latency Comparison 


As important as throughput is network latency, defined as the round-trip time it takes data 
to traverse the network. Each successive data technology from GPRS forward reduces 
latency, with LTE networks having latency as low as 15 msec. Ongoing improvements in 
each technology mean that all of these values will go down as vendors and operators fine- 
tune their systems. Figure 39 shows the latency of different 3GPP technologies. 


20 Typical downlink and uplink throughput rates based on Sprint press release Jan. 30, 2007. 


221 Assuming use of 64 QAM, 
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Figure 39: Latency of Different Technologies??? 
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The values shown in Figure 39 reflect measurements of commercially deployed 
technologies, with EDGE Release 7 achieving 70 to 95 msec, HSPA+ 25 to 30 msec, and 
LTE 15 to 20 msec. A latency goal for 5G is less than 4 msec for broadband and 0.5 msec 
for mission-critical applications. 


Spectral Efficiency 


The evolution of data services is characterized by an increasing number of users with ever- 
higher bandwidth demands. As the wireless data market grows, deploying wireless 
technologies with high spectral efficiency is of paramount importance. Keeping all other 
things equal, including frequency band, amount of spectrum, and cell site spacing, an 
increase in spectral efficiency translates to a proportional increase in the number of users 
supported at the same load per user—or, for the same number of users, an increase in 
throughput available to each user. 


Increased spectral efficiency, however, comes at a price because it generally involves 
greater complexity for both user and base station equipment. Complexity can arise from 
the increased number of calculations performed to process signals or from additional radio 


22 5G Americas member companies. Measured between subscriber unit and a node immediately external 
to wireless network. Does not include internet latency. Note that there is some variation in latency based 
on network configuration and operating conditions. 
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Design 
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+ Rigid tubular stee! dipoles 

+ No suspension/counterweight system 

* Overall DC grounding of antenna and screen 
* High-Band/Low-Band array 
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Schematic of the RF-system 


4 Performance 

* High reliability 
* High availability 
* High flexibility 


4(GH_BAND 


Maintenance 
« Easy access to components 
+ No lowering of dipoles and screen 


Cost efficiency 
+ Low life cycle cost 


L} UL More than 30 years of experience 
30 years of antennas on air 


components. Hence, operators and vendors must balance market needs against network 
and equipment costs. OFDMA technologies, such as LTE and planned 5G approaches, 
achieve higher spectral efficiency with lower overall complexity, especially in larger 
bandwidths. 


As shown in Figure 40, the link-layer performance of modern wireless technologies is 
approaching the theoretical limits as defined by the Shannon bound. (The Shannon bound 
is a theoretical limit to the information transfer rate [per unit bandwidth] that can be 
supported by any communications link. The bound is a function of the SNRs of the 
communications link.) Figure 40 also shows that HSDPA, 1xEV-DO, and IEEE 802.16e-2005 
are all within 2 to 3 decibels (dB) of the Shannon bound, indicating that there is not much 
room for improvement from a link-layer perspective. 


Figure 40: Performance Relative to Theoretical Limits for HSDPA, EV-DO, and 
WIMAX (IEEE 802.16e-2005) 23 
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The curves in Figure 40 are for an Additive White Gaussian Noise Channel (AWGN). If the 
channel is slowly varying and the frame interval is significantly shorter than the coherence 
time, the effects of fading can be compensated for by practical channel estimation 
algorithms—thus justifying the AWGN assumption. For instance, at 3 km per hour and 
fading at 2 GHz, the Doppler spread is about 5.5 Hz. The coherence time of the channel is 
thus 1 second (sec)/5.5 or 180 msec. Frames are well within the coherence time of the 
channel, because they are typically 20 msec or less. As such, the channel appears 


333 5G Americas member contribution. 
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“constant” over a frame, and the Shannon bound applies. Furthermore, significantly more 
of the traffic in a cellular system is at slow speeds (for example, 3 km/hr. or less) rather 
than at higher speeds. The Shannon bound is consequently also relevant for a realistic 
deployment environment. 


As the speed of the mobile station increases and the channel estimation becomes less 
accurate, additional margin is needed. This additional margin, however, would impact the 
different standards fairly equally 


The focus of future technology enhancements is on improving system performance aspects 
that reduce interference to maximize the experienced SNRs in the system and antenna 
techniques (such as MIMO) that exploit multiple links or steer the beam rather than on 
investigating new air interfaces that attempt to improve link-layer performance. 


MIMO techniques using spatial multiplexing to increase the overall information transfer rate 
by a factor proportional to the number of transmit or receive antennas do not violate the 
Shannon bound because the per-antenna transfer rate (that is, the per-communications 
link transfer rate) is still limited by the Shannon bound. 


Figure 41 compares the spectral efficiency of different wireless technologies based on a 
consensus view of 5G Americas contributors to this paper. It shows the continuing evolution 
of the capabilities of all the technologies discussed. The values shown are reasonably 
representative of real-world conditions. Most simulation results produce values under 
idealized conditions; as such, some of the values shown are lower (for all technologies) 
than the values indicated in other papers and publications. For instance, 3GPP studies 
indicate higher HSPA and LTE spectral efficiencies. Nevertheless, there are practical 
considerations in implementing technologies that can prevent actual deployments from 
reaching calculated values. Consequently, initial versions of technology may operate at 
lower levels but then improve over time as designs are optimized. Therefore, readers 
should interpret the values shown as achievable, but not as the actual values that might 
be measured in any specific deployed network. 
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Figure 41: Comparison of Downlink Spectral Efficiency” 
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The values shown in Figure 41 are not all possible combinations of available features. 
Rather, they are representative milestones in ongoing improvements in spectral efficiency. 


For instance, terminals may employ Mobile Receive Diversity but not equalization. 


The figure does not include EDGE, but EDGE itself is spectrally efficient at 0.6 bps/Hz using 
mobile receive diversity and, potentially, 0.7 bps/Hz with MIMO. Relative to WCDMA 
Release 99, HSDPA increases capacity by almost a factor of three. Type 3 receivers that 
include MMSE equalization and Mobile Receive Diversity (MRxD) effectively double HSDPA 
spectral efficiency. The addition of dual-carrier operation and 64 QAM increases spectral 
efficiency by about 15%, and MIMO can increase spectral efficiency by another 15%, 


24 Joint analysis by 5G Americas members. 5+5 MHz FDD for UMTS-HSPA/LTE, Mix of mobile and 


stationary users. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 


Page 98 


Image by Jim Lee, ClimateViewer.com 


A Jonospheric Heater. sa 
: Sounding: Rockets 


93 Miles tieesrciouos 


. Satellite 
150 Kilometers 


1 
2 
3 
4. Lasers 
5 
6 
7 


THERMOSPHERE 


Soca Cloud Seeding 
NOCTILUCENT ¢ aa AUD ELEARING 
“aah . Cloud lonizers 


53 Miles 


85 Kilometers 


© Ship Tracks, 


> © Contrail-In nduced Cirrus 


‘ s 10. MARIN clpalel Pollution, 
31 Miles 3) ” cou ct ce cooiners 


50 Kilometers 


wy 
# 
& 
= 
& 
2 
= 


STRATOSPHERE 


TROPOSPHERE 


WEATHER MODIFICATION TECHNOLOGIES 2018 


—_—__ 


EAPONIZED: WEATHER CONTROL : 


Notable quotes from patent: 


- "A means and method is provided to cause interference with or even total 
disruption of communications over a very large portion of the earth” 


- "Weather modification is possible by, for example, altering upper atmosphere 
wind patterns or altering solar absorption patterns by constructing one or more 
plumes of atmospheric particles which will act as a lens or focusing device.” 


- "The earth's magnetic field could be decreased or disrupted at appropriate 
altitudes to modify or eliminate the magnetic field.” 


Storm clouds drop as little as 10% 
of their water as rain or snow. bert 
“cloud seeding’ has been oo 
used since the 1950s to 
coax more from them. 
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Radio a galena FM 
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Figura 2: Schema elettrico della radio a galena FM. 


I componenti adoperati sono: 


L1 = vedi testo (sezione Bobine L1 e L2); 

L2 = 0.137HH, vedi Figura 7; 

CV1 = Johnson 160-211-1 (2.7 - 10.8)pF per sezione; 
CV2 = trimmer tubolare da (5 + 15)pF; 

D1 = diodo Schottky Skyworks modello SMS7630-001; 
D2 = diodo di segnale 1N4148; 

R1 = 47kQ, 1/4W; 

Cl = 100pF ceramico a disco; 

Cu = cuffie ad alta impedenza (2k2 o superiore); 
ATX = connettore ATX femmina e header pin; 

Due connettori banana femmina. 


Figura 9: Particolare del diodo sulla basetta 
millefori. 


Figura 8: Vista posteriore del cablaggio 


Figura 10: Cablaggio del diodo rivelatore. 


reaching 1.2 bps/Hz. Dual-carrier HSPA+ offers a gain in spectral efficiency from cross- 
carrier scheduling with possible gains of about 10%." 


Some enhancements, such as 64 QAM for HSPA, are simpler to deploy than other 
enhancements, such as 2X2 MIMO. The former can be done as a software upgrade, whereas 
the latter requires additional hardware at the base station. Thus, the figure does not 
necessarily show the actual progression of technologies that operators will deploy to 
increase spectral efficiency. 


Beyond HSPA, 3GPP LTE results in further spectral efficiency gains, initially with 2X2 MIMO, 
then 4X2 MIMO, and then 4X4 MIMO. The gain for 4X2 MIMO will be 20% more than LTE 
with 2X2 MIMO; the gain for 4X4 MIMO in combination with interference rejection 
combining (IRC) will be 70% greater than 2X2 MIMO, reaching 2.4 bps/Hz. This value 
represents a practical deployment of 4X4 MIMO, with random phase and some timing- 
alignment error included in each of the four transmit paths. CoMP, discussed below in the 
appendix, provides a minimal contribution to spectral efficiency. 


LTE is even more spectrally efficient when deployed using wider radio channels of 10+10 
MHz and 20+20 MHz, although most of the gain is realized at 10+10 MHz. LTE TDD has 
spectral efficiency that is within 1% or 2% of LTE FDD. 16 


Figure 42 compares the uplink spectral efficiency of the different systems. 


25 5G Americas member analysis. Vendor estimates for spectral-efficiency gains from dual-carrier 
operation range from 5% to 20%. Lower spectral efficiency gains are due to full-buffer traffic 
assumptions. In more realistic operating scenarios, gains will be significantly higher. 


26 Assumes best-effort traffic. Performance between LTE-TDD and FD differs for real-time traffic for 
the following reasons: a.) The maximum number of HARQ process should be made as small as possible 
to reduce the packet re-transmission latency. b.) In FDD, the maximum number of HARQ process is fixed 
and, as such, the re-transmission latency is 7ms. c.) For TDD, the maximum number of HARQ process 
depends on the DL:UL configurations. As an example, the re-transmission latency for TDD config-1 is 
‘gms. d.) Because of higher re-transmission latency, the capacity of real-time services cannot be scaled 
for TDD from FDD based on the DL:UL ratio. 
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Figure 42: Comparison of Uplink Spectral Efficiency” 
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The implementation of HSUPA in HSPA significantly increases uplink capacity. 


With LTE, spectral efficiency increases by use of receive diversity. Initial systems will 
employ 1X2 receive diversity (two antennas at the base station). 1X4 diversity will increase 
spectral efficiency by 50%, to 1.0 bps/Hz, and 1X8 diversity will provide a further 20% 
increase, from 1.0 bps/Hz to 1.2 bps/Hz. 


It is also possible to employ Multi-User MIMO (MU-MIMO), which allows simultaneous 
transmission by multiple users on the same physical uplink resource to increase spectral 
efficiency. MU-MIMO will provide a 15% to 20% spectral efficiency gain, with actual 
increases depending on how well link adaptation is implemented. The figure uses a 
conservative 15% gain, showing MU-MIMO with a 1X4 antenna configuration increasing 


287 Joint analysis by 5G Americas members. 5+5 MHz for UMTS-HSPA/LTE. Mix of mobile and stationary 
users. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 100 


ican see | left the existing 1N34 diode mounted. so that it can be reinserted to make compariso 


For the tests | used my receiver with a panel antenna , experimented with great satisfaction a few years 
ago. To adapt the reception circuit | had to make some small changes, obtaining a scheme like the one 
below 


AvRicofARE 
A CRISTAL Lo 


ANTENNA A TE =) 


We increase sensitivity through the use of a 
modern zero-threshold mosfet, always without power supply 


Principle of operation 

From time to time, some new devices appear on the market for electronic components, suitable for 
‘experimentation in a “crystal” reception circuit. It happened a few years ago with low-fall “schottky” diodes 

(Barae ete) which were proposed as good eubsthutes for oki germanium codes Recently | have read 


The author proposes the realization of a scheme similar to the following one, which tums out to be of the 
‘synchronous detection type. 


uses as a transducer a telephone capsule coupled to the receiver by an adaptation transformer (this 
‘solution deserves to be better investigated). 


Robina « fond di pantore 


Condensatore variabile 


First off, check to see if the parts match the parts list... 


1-1/2" x 3° CPVC tube 
2-5/8" O.D. vinyl caps 

1 —3/32" dia x 2.5" brass rod 

1 -4-40 x 7/16" pan head screw 

1 —4-40 x 1/4” pan head screw 

2 - #4 internal tooth lock washer 
1—4-40 nut, steel 

1—4-40 nut, brass 

1-3/32 x 2° tyrap 

2- #4, 14-16ga ring terminal 

1-PCB 

1— D1- 1N34A diode 

1—R1 - 4.7M 1/8w resistor (YEL, VIO, GRN, GLD) See note 
14—C1 -.01 disk ceramic capacitor (103) 
3’ — RG-174 coax 

2 — banana plugs, 1 red, 1 black 

2° — 3/16" dia. shrink tubing 

1 — alligator clip and 9" lead 

1 - copper foil tape, 2.25" x 2” 

1 —self adhesive label 


oo“ ai > s 
~ cov. > 
HENDRICKS GRP 


ONY 


ocio beh © Aho S 


PROBE REV AG oteela ¢ 


; om @& 
SIGNAL )} HENDRICKS ORP KITS 
? 3 A DVM- ¢ 


_ = 
6/09 =a — aw @ 


1716709 


XK - € 


spectral efficiency by 15%, to 1.15 bps/Hz, and 2X4 MU-MIMO a further 15%, to 1.3 
bps/Hz. 


In Release 11, uplink CoMP using 1X2 increases efficiency from .65 bps/Hz to 1.0 bps/Hz. 
Many of the techniques used to improve LTE spectral efficiency can also be applied to HSPA 
since they are independent of the radio interface. 


Figure 43 compares voice spectral efficiency. 


Figure 43: Comparison of Voice Spectral Efficiency? 


250 
ature 
Improvements 
ee LTE AMR 5.9 kbps: 
200 LIEAMR 7.95 
x tops 
= 175 ti E 
| improvements LTE VoIP 
0 HSRAVOR AMR 12.2 kbps 
5 180 interference 
Cancellation 
; AUR 5 9 
S 125 me 
=} UMTS MRxD 
& 400 AMR 5.9 kbps 
uw UMTS: 
AMIR 5 9 ops 
se UMTS 
AMR 7.95 kbps 
50 | 
UMTS 
2 ANI 722 Kops 
UMTSIHSPA Ue igen 


Figure 43 shows UMTS Release 99 with AMR 12.2 Kbps, 7.95 Kbps, and 5.9 Kbps vocoders. 
The AMR 12.2 Kbps vocoder provides superior voice quality in good (for example, static 
and indoor) channel conditions. 


UMTS has dynamic adaptation between vocoder rates, enabling enhanced voice quality 
compared with EVRC at the expense of capacity in situations that are not capacity limited 
With the addition of mobile receive diversity, UMTS circuit-switched voice capacity could 
reach 120 Erlangs in 5+5 MHz. 


28 Joint analysis by 5G Americas members. 5 + 5 MHz for UMTS-HSPA/LTE. Mix of mobile and stationary 
users. 
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ee 
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ee 


Look in the files section for Dar’s (Darwin Piatt) - W9HZC application and usage tips 
for the R.F. Probe. 


ELECTRIC ENERGY FROM SPACE: 
Cosmic ray ae 


4/8 


Aluminium plate (foil) 


1N4148 


L >A ~ HF exciter ? 


GROUND 


RF tip for Multimeter and Oscilloscope 


Probe -OluP 4.™ DvM + 


oe 


The project RF tip is simple, not need special components and there is no great 
difficulty in its construction, making it ideal for beginners. The creator of this tip 
was the amateur KASMAV, hence the name of the tip arose. Above the electronic 
circuit probe. 


List of components for the tip RF 


1 Germanium diode OA79, 1N34 or equivalent 
1 Capacitor 0.01uF 
1 Resistor 4M7 x 1/4 Watts 


NSFC 2002 


NSFC 2002 


VolP Erlangs in this paper are defined as the average number of concurrent VoIP users that 
can be supported over a defined period of time (often one hour) assuming a Poisson arrival 
process and meeting a specified outage criteria (often less than 2% of the users exhibiting 
greater than 1% frame-error rate). Depending on the specific enhancements implemented, 
voice capacity could double over existing circuit-switched systems. These gains do not 
derive through use of VoIP, but rather from advances in radio techniques applied to the 
data channels. Many of these same advances may also be applied to current circuit- 
switched modes. 


LTE achieves very high voice spectral efficiency because of better uplink performance since 
there is no in-cell interference. The figure shows LTE VoIP spectral efficiency using AMR at 
12.2 Kbps, 7.95 Kbps, and 5.9 Kbps. 


VoIP for LTE can use a variety of codecs. The figures show performance assuming specific 
codecs at representative bit rates. For Enhanced Variable Rate Codecs (EVRCs), the figure 
shows the average bit rate. 


The voice efficiency of the wideband AMR voice codec, operating at 12.65 Kbps, is similar 
to the AMR codec at 12.2 Kbps, with a value of 180 Erlangs for both since both codecs 
operate at approximately the same bit rate. 1xRTT has voice capacity of 85 Erlangs in 5+5 
MHz with EVRC-A and reaches voice capacity of 120 Erlangs with the use of Quasi-Linear 
Interference Cancellation (QLIC) and EVRC-B at 6 Kbps. 


Data Consumed by Streaming and Virtual Reality 


Table 15 quantifies usage based on advanced video compression schemes such as H.264 
and H.265, the type of application, and usage per day. 
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GROOVE BACK SIDE 
3. YOU'LL ALSO NEED ABOUT 3" 
OF 3/16 TO 1/4" HEAT SHRINK TO 
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PARTS FOR N5FC POCKET RF PROBE 
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SOLDER 1N34A SOLDERGGRY 
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Wrap adhesive-backed copper foil 
round-and-round to build shield 
over heat shrink.covered RF probe 
assembly; check for shorts 
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NSFC 
Ballpoint 
RF Probe 


Ballpoint Pen Casing 

(Tip & ink tube discarded; 
but saved screw-on cap 
at rear of pen) 


12" Wire pigtail from ground 
plane of RF probe PCB solders 
to copper taper and continues 
back through pen casing 
(alongside 3. shielded coax) 


SAVE CAP TO CLEAR 5-MINUTE EPOXY HOLDS RF WE'VE DRILLED ORIGINAL 
PROTECT PROBE PROBE ELECTRONICS AND NEEDLE BALLPOINT THREADED END 
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Serr 
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yr 12” PIGTAIL 
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Table 15: Data Consumed by Streaming and Virtual Reality” 


[Application Throughput (Mbps) [ MByte/hour | Hrs./day | G8/month| 

‘Audio or Music OL 8 05 09 

LO iz 

20 35 

40 69 

‘Small Screen Video 02 50 0s 14 
(eg., Feature Phone} 0 27 
20 5a 

40 10.8 

Medium Screen Video 10 450 05 68 
(e.g, Smartphone, 10 1S 
Tablet, Laptop) 20 27.0 

4.0 54.0 

Larger Screan Video 30 1350 05 20.3 
(e.g., 720p medium Lo 405 
definition) 20 81.0 

4.0 162.0 

High Definition 50 2250 05 33.8 
(e.g,, 1080p Netflix HD) 10 e715 
20 135 

4.0 270 

4K Ultra-High Definition 20.0 9000 05 135 
(Rates will range 10 270 
12030 Mbps} 20 540 

4.0 1080 

‘46, 30 FPS, Virtual Reality 25.0 11250 05 169 
(Rates will range Lo 338 
10050 Mops) 20 65 

40 1350 

‘8K, 90 FPS, Virtual Reality 200.0 ‘90000 05 1350 
(Rates will exceed 10 2700 
200 Mbps) 20 5400 
4.0 | 10800 

6 Degrees Freedom VR 500.0 225000 05 3375 
(Rates will range 10 6750 
200 to 1,000 Mbps) 20 | 13500 
ysowy Research 40 | 27000 


29 Rysavy Research analysis. For virtual reality-data requirements, refer to ABI Research/Qualcomm, 
‘Augmented and Virtual Reality: the First Wave of 5G Killer Apps, 2017. See also Netflix discussion of 
usage, “How can | control how much data Netflix uses?” https://help.netflix.com/en/node/87. Viewed 


May 3, 2016. 
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NSFC 4-2001 


0-5-10-15-20-25-30-35 DB 
5-Watt Attenuator 


sic RF Probe. Simple, eh? 


NSFC 2001 


0.01uF 47M 


Lateran Sst TO VM + 
TO RF TEST CAT ——+}| 


i jf =SeXeesEe 
cKT 
GND 


TO VM - 


CLASSIC RF PROBE 


Reads RMS Equivalent Voltage in test circuit, if Voltmeter is 10-11 Meg Input Impedance; 
Reads 4X RMS Equiv Voltage if VM is 1Meg Input Impedance (Set VM to measure DCV) 


wetical discussion that we'll make short note of. Obviously, for "probing" we need a "probe". (Hey! No wonder I get paid the big bucks...). We add a SH\ 
sbe goes to our test circuit, where we're probing. Brilliant! We don't want either of these to be long leads, because we're talking RF here, and long leads = 


(TOP SIDE) 


ee ; 

RE bet 
phone —* DUT hr 
Tie C — hk 

GA MANE Cond ts 

Ee GaRCE) 
le c"—> | 
IOb 


NSFC 2000 


Spectrum Bands 


3GPP technologies operate in a wide range of radio bands. As new spectrum becomes 
available, 3GPP updates its specifications for these bands. Although the support of a new 
frequency band may be introduced in a particular release, 3GPP specifies ways to 
implement devices and infrastructure operating on any frequency band, according to 
releases previous to the introduction of that particular frequency band. For example, 
although band 5 (US Cellular Band) was introduced in Release 6, the first devices operating 
on this band were compliant with the release 5 of the standard. 


Table 16 shows the UMTS FDD bands. 
Table 16: UMTS FDD Bands?2° 


‘Operating UL Frequencies DL Frequencies 
Band UE Transmit, Node B UE Receive, Node B 
Receive Transmit 
T 1920 - 1980 MHZ 20 -2170 MHZ 
T 1850-1910 MHz 1930-1990 MHz 
ti 1710-1785 MHZ 1805-1880 MHz 
W 1710-1755 MHz 2110-2155 MHZ 
V 24 - 849MHZ 869-894MHZ 
Vi 830-840 MHz 875-885 MHZ 
Vil 2500 - 2570 MHz 2620 - 2690 MHZ 
Vill ‘880-915 MHz 925 - 960 MHZ 
1X 1749.9 - 1784.9 MHZ 1844.9 - 1879.9 MHZ 
x 1710-1770 MHz 2110-2170 MHz 
Xi 1427.9 - 1447.9 MHZ 1475.9 - 1495.9 MHZ 
xin 69-716 MHz 729 746 MHZ 
Xr 777-787 MHZ 746-756 MHZ 
XIV 788-798 MHZ 758-768 MHZ 
XV Reserved Reserved 
Xvi Reserved Reserved 
XVIL Reserved Reserved 
Xvill Reserved Reserved 
XIX 330 — 845 MHZ 75 -890 MHZ 
XX ‘832 - 862 MHz 791 - 821 MHZ 
XxI 1447.9 - 1462.9 MHZ 1495.9 - 1510.9 MHZ 
XXIL 3410 — 3490 MHZ ‘3510 — 3590 MHz 
XXV 1850-1915 MHz 1930-1995 MHz 
XXVI 814-649 MHZ 859-894 MHZ 
XXXII 
ioe NIA 1452 - 1496 MHz 
NOTE 1: Restricted to UTRA operation when dual-band is configured (e.g, DB- 
DC-HSDPA or dual band 4C-HSDPA). The down link frequenc(ies) of 
this band are paired with the uplink frequenc(ies) of the other FDD 
band (external) of the dual band configuration. 


220 3GPP, Base Station (BS) radio transmission and reception (FDD) (Release 14), December 2016, 
Technical Specification 25.104, 14.1.0. 
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How to Build Your Own Oscilloscope 
Probes 


lere is the complete bill of materials: 


* The pen 

* A2-meter piece of coaxial test cable with a BNC connector on one end 

* Epoxy adhesive 

© One alligator clip 

* Copper-plated nail — 0.75" (20mm) long, packed as "weather-stripping nail”. 
* 1MQ and 5 MO resistors 


Universal Mobile Telecommunications System (UMTS) Time Division Duplex (TDD) bands 
are the same as the LTE TDD bands. Table 17 details the LTE Frequency Division Duplex 
(FDD) and TDD bands. 
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Co-Ax Cable 


The simplest power meter 


The shortest_wiring is desirable in this area. 


100-300 pA ammeter 


5-10KQ variable register 


; (small size) 
0.001)F ceramic 


capacitor 


1N6o (Diode) 
502 


thin coaxiable cable 
20- 30cm 


small alligator clips 


As for the ammeter, you can use an used one taking from junked audio 
amplifier, tape-recorder, radio-cassette, and so on. 


Instructions for using 
Philmore Crystal Radio Detector 
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diode, 


RF (@ Dl —O+ 
to DVM 
| 


DVM 


to dummy load 


0.01 uF 


ceramic disk capacitor 
0.01 uF /250V ©2010 F, Dowahony 


A simple RF-probe 


Obviously, this circuit will be fooled by a DC-offset on the RF signal. We can fix this by swapping the diode and the capacitor. Note that this is not 
necessary if you measure an RF voltage via a transformer, such as a directional coupler 


We can also make life a little easier by including a voltage divider with a scaling factor that is equal to the reciprocal of V2. Then the output voltage 
will be the RMS value that we are interested in. We can make a voltage divider where one resistor Is the Input impedance of the DVM. My DVM 
has a published input resistance of 10 MQ, The second resistor should be 4M14 Q.since 10 / (10+4,14) = 1/12). So 3M9 + 220k = 4M12 would 
be a good choice. This approach is shown below. Note that the resistor should be non-inductive (é.g., bulk-metal-foil or carbon). 


ceramic disk capacitor 
0.01 uF / 250 V 


to dummy load 


diode ©2010 F, Deowalons 


RF-probe with DC-block and peak-to-RMS scaling 


A variation on this, with a full-wave rectifier, is shown below: 


100 nF 1000 


ar (oI Oe 


A aul [exc DVM or scope 
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RF Current Probe 


BNC (to scope) torroidal pickup (10 turns) 


id 
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Table 17: LTE FDD and TDD bands?” 
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Q.01uF  4.7M 


2, 1N34A 


5 e 
[Gno) 


Simple RF Probe 


METERS: 


5G 


This section provides early details on aspects of 5G, including architecture, LTE-NR 
coexistence, integrated access and backhaul, and performance. 


Architecture 

The overall 5G architecture consists of what 3GPP calls the New Generation Radio-Access 
Network (NG-RAN) and the 5G Core (5GC), as shown in Figure 44. The figure shows the 
Access and Mobility Management Function (AMF); the User Plane Function (UPF); the NR 
NodeB (gNB), which is the 5G base station; and the NG and Xn interfaces. 


Figure 44: 5G Architecture”? 


AMFIUPF 


Figure 45 shows the functional split between the NG-RAN and SGC. 


221 3GPP, Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and 
reception (Release 14), March 2017, Technical Specification 36.104, V14.3.0. 


322 3GPP, 3GPP TS 38.300, NR; NR and NG-RAN Overall Description; Stage 2 (Release 15), VO.3.0 (2017- 
05), 
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Accurate Instrument model 153 and its RF probe schematic 
courtesy of John Lescaud. 
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Figure 45: Functional Split between NG-RAN and 5GC?3 
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The main body of this paper summarizes the features being specified in Releases 15 and 
16 for NR and the core network. Additional capabilities that will be part of Release 15 
include: 


1 APDCP packet duplication function to allow redundant transmission of signaling or 
user data on two bearer paths. 


a Anew protocol layer called Service Data Adaptation Protocol (SDAP) that offers SGC 
QoS flows. 


a A new Radio Resource Control (RRC) inactive state designed for low-latency 
communications. 


A new system information broadcast model that allows on-demand system 
information instead of always having to broadcast system information (to reduce 
overhead in 5G beam sweeping). 


Architecture Options 

This topic was introduced in the main part of the paper and is covered here in more detail. 
In Release 15, 3GPP defines a number of different architecture options, shown in the 
following three figures. In many of these options, although not all, the 5G network 
integrates with LTE. 


223 | bid, 
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Making the simplest Transmitter 


DC 6-9V (battery only) 


RF output 
(to antenna if need) 


1OPF 


0.01) 
HF 28C2001 


trimmer cap. 


2SC2001 
transistor 


4700. 
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audio in 
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@ : direct to the ground 


ees 
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a 


copper coated plate 
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470 Q (vellow-violet-brown) 
10K Q (brown-black-orange) 
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@ capacitors 
10 PF 
0.01 uF (703) 
TF 


@ trimmer capasitor 20PF 


2005-03-16 by Tetsuo Kogawa 


Le a : DC Bypass 
_ \ Filter 


Fig 5. RF to DC converter 


List of components 


V1 = valve ECC81 or 12AT7 


R1 = 10Mohm 

R2 = 100Kohm 

R3 = 47Khohm 

R4 = potentiometer 22Kohm linear 
R5 = 1Mohm 

R6 = 1Kohm 


C1 = variable capacitor in air 20 + 20pF 

C2 = ceramic 47pF 

C3 = 10nF minimum 100V 

C4 = 2.2nF 

C5 = 25uF 16V electrolytic 

C6 = 10nF 250V or more 

Li = 7 spiers spaced 1.5mm, diameter 1.4mm thread on 1cm support 

L2 = 2 spaced spaced 1.5mm, diameter 1.4mm thread on 1cm support 

JAF1 = 5-10uH Noval 

valve plinth with screen support or take the screen separately. 

Stereo jack to be connected with the two earphones in series (do not connect the central mass terminal). 
2 knobs for tuning and reaction. 

mammoths for connections, 

Directional stylus antenna. 

For resistances to the maximum use from half a watt but also 1 / 4W should not give problems. 


> Pl XD 1:23/10:07 


Ricevitore in superreazione con valvola ECC81 12AT7 Primo montaggio.mp4 


Pm pl RQ 7:51/10:01 


> pl AY 8177/1001 


Pm pl A 938/101 


Figure 46: 5G Network Architecture Options in 3GPP Release 15224 
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24 Nokia contribution, including subsequent two figures. For further details, refer to section 7.2, "SG 
Architecture Options," 3GPP TR 38.801, “Radio access architecture and interfaces.” 
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Figure 48: Dual-Connectivity Options with LTE as Master 


Option 3x combines the benefits of both worlds. 
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LTE-NR Coexistence 

LTE-NR coexistence is a Release 15 work item. This section describes how such co- 
existence may be achieved. Different LTE-NR co-existence cases include the following: time 
domain LTE/NR adjacent channel coexistence; LTE Secondary Cell on/off for LTE/NR 
adaptation; in-carrier LTE+NR coexistence in downlink, and in-carrier LTE+NR coexistence 
in uplink. 


NR coexistence is required for LTE UEs of all releases. Because carrier aggregation was not 
introduced into LTE until LTE Release 10, CA-based techniques cannot be used as the sole 
means to achieve LTE/NR coexistence. However, CA techniques can be used for both time 
domain coexistence and frequency domain coexistence. For time domain coexistence, on 
a given carrier, LTE and NR are time-multiplexed by means of Secondary Cell (SCell) 
activation or deactivation. For frequency domain coexistence, the network configures a 
carrier, such as a 20MHz carrier, into multiple carriers, with, for example, 10MHz allocated 
to LTE and the remaining 10MHz to NR. Note that frequency domain coexistence can be 
accomplished without using carrier aggregation. 


Figure 49 illustrates the frequency domain technique. Note that when splitting the 20MHz 
carrier into two allocations of 10MHz, the LTE carrier remains centered at the same 
frequency and the NR allocation is not consecutive. 
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ed Realizzazione 


4 bobina in filo argentato diametro 1,5 
diametro medio 14 mm 
poop ites mm 
In sostituzione dell'EPAD, presa a 3,5 spire 
ma richiede almeno 1 V var. capacita 7,5-11,5 pf 


di alimentazione rubata 


piattina da 300 ohm 
cortocircuitata 


sopra e sotto 
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2-15 pf 


GALENA PER FM AD ALIMENTAZIONE RUBATA 
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Monaco, Milano 


la piattina é lunga 0,96 lambda ovvero 144 cm per 100 MHz 
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vata ds soto 
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2-15 pf 
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CONDENYS. 
VARIALBILE 


Lead sulfide crystals, also called "galena" 


Crystal detector, the lever was used to position the spring contact on a crystal face 
capable of performing the radio signal detection. 


Yeah , but how does a galena radio work? Here is the constructive scheme of a receiver of this kind, obtained from a book of popular radio commi 
to the knowledge of the radio, ed. Hepep 1943) 


ANTENNA 


Currin 


. — Realizzazione praticn dello schema di fig. 15.3 con aggiunta delis bobina d’antenna, 


Figure 49: Frequency Domain Coexistence of LTE and NR??5 
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sc ss 


Time Domain LTE/ NR Coexistence Techniques 


Time domain coexistence of LTE and NR can be dynamic (subframe level) or semi-static 
(MAC/RRC). In the latter case, spectrum resources are configured as SCell for a LTE UE, 
and the network can turn these resources on or off by means of SCell activation or 
deactivation using MAC control elements or by adding and removing the SCell via RRC 
signaling. Whenever the SCell is deactivated or not configured, the spectrum resources can 
be used for NR transmissions. In LTE Rel. 12, small-cell enhancements were introduced 
that allow a UE to measure discovery reference signals (DRS) on a deactivated SCell. In 
that case, further coordination between LTE and NR may be required even when the SCell 
is deactivated, as DRS may still be transmitted periodically. Generally, though, this kind of 
coexistence can be achieved by network implementation. 


For the case of dynamic coexistence, LTE and NR co-exist in the same spectrum, and the 
network can multiplex the two on a subframe level. Because LTE transmits Cell-Specific 
Reference Signals (CRS) in all DL subframes and in the Downlink Pilot Time Slot (DwPTS) 
and non-Multicast-Broadcast Single-Frequency network (non-MBSFN) region of special and 
MBSFN subframes, respectively, dynamic coexistence is not as straightforward as semi- 
static coexistence. 


Similar to the case of time domain coexistence based on CA techniques, whenever OFDM 
symbols do not carry CRS, coexistence can be achieved by a gNB scheduler 
implementation. In particular, the gNB can schedule mini-slot-based transmissions in the 
Uplink Pilot Time Slot (UpPTS) region of a special subframe and in the MBSFN region of an 
MBSFN subframe, neither of which carry CRS. In LTE UL subframes, the gNB can schedule 
NR transmissions using either slots or mini-slots. For example, when Sounding Reference 
Signal (SRS) is transmitted at the end of a subframe, all 14 OFDM symbols may not be 
available for NR, and mini-slots can be used. Otherwise, slots can be used to transmit NR 


25 ATET contribution, including explanatory text. 
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CRYSTAL SET designed by T. A. Blan- 
chard is built on %” diameter novelty 
pencil. Solder the top lead of the coil to 
the metal cap, and simply glue bottom 
end to the pencil. Remove eraser, push wad 
of cotton into bottom of cap, and insert a 
mounted crystal. Bend cat whisker from a 


length of phosphor bronze wire, and hold in 
place with bolt going through wood part of 


pencil. Scrape the enamel off a narrow 
strip of the coil, so that slide makes contact. 

To use, connect aerial, ground, and 
headphones, move slider and adjust crystal 
until stations are heard. 


—F 


Antenna 


50mt 


30 spire su rocchetto diam 9 


50 affiancare e 
40 sovrapposte sul lato interno 


This photo clearly shows the layout of the super crystal set. It’s built on a baseboard measuring 280 x 240mm. 


Fig.1: the circuit for a basic crystal set. Coil L1 can be air-cored (see text 
for specifcations).or can be wound on a 100 x 20 x 5mm flat ferrite rod 
using 70 turns of 22 B & S enamelled wire tapped at 10, 20, 30 & 40 turns. 


Fig.2: the super crystal set circuit uses L1 & C1 to tune the antenna circuit, 
while L2 & C2 tune the received frequency. Transformer T1 is included for 
driving low-impedance headphones, Also included is an optional detector 
bias circuit consisting of VR1, switch S2, the 47uF capacitor, the 470Q 
resistor & the battery — see text. 


‘This photo shows the layout for the 


wo only want to listen to one station 
at a time! 


Detector bias 

‘Some crystal set designs use a bat- 
tory and potentiometer to bias the 
detector to the point whore it just 
conducts. The reason for this is quite 
simple. 

Diodes all need a certain amount of 
voltage applied to them before they 
conduct. Asa result, if we apply a DC 
voltage to a signal diode so that it just 
conducts, the diode will be in its most 
sensitive state and will thus give good 
performance in a crystal sot. 

‘This “bias” voltage varies according 
tothe diode used. For example, silicon 
diodes such as the 1N4148 and the 
1N914 require around 0.6V of positive 
bias to operate, while a germanium 
diode only requires about 0.2V af bias. 
On the other hand, the OA47 diodeT've 
used works quite weil with no forward 
bias, which has kept my crystal set just 
that bit simpler, Your own experience 
may be different, however so be pre- 
pared to experiment. 

By tho way, transistor radio detec- 
tors often use forward bias to improve 
sensitivity. (Editor's note: forward 
bias on a diode detector also reduces 
harmonic distortion), 


Detector load 

‘The load that the detector works into 
is usually a pair of hoadphones which 
may have betwoen 2kQ and-4k@ total 
resistance. However, the diode will be 
more efficient if it works into a higher 
load resistance and some designs use 
4 resistor of about 15k9 in series with 
the headphones to achieve this. In 
addition, a capacitor of around 1)F 
is placed in parallel across the resis- 
tor 4o that the audio is not noticeably 
attenuated. 

Although my 4kQ headphones are 
good performers they are uncomfort- 
able, so | compared the performance 
of other headphones against the 4kQ 
pair. As stated above, I ended up us- 
ing low-impedance stereo headphones 
fed through speaker transformer, 
(Editor's note: we also recommend the 
32Q earphones supplied with iPods 
and MP3 players). 


Putting it all together 

The set described here is not only 
easy to build and operate but outper- 
forms many other so-called high-per- 
formance sets. 


Fig.2 shows the circuit. L1 &C1 tune 
the antenna circuit, while L2 & C2 tune 
the received froquency, Transformer 
T1 is included for driving low-imped- 
ance headphones, while the optional 
detector bias circuit consists of VR1, 
switch S2, a 47uF capacitor, a 4700 
resistor and the battery. 

The set was built on a 12mm- 
thick particle board measuring 280 x 
240mm, This is fitted on the underside 
with four solf-adhosive felt pads (avail- 
able from hardware stares) to keep it 
cloar of the bench. 

The front panel is made of thin ply- 
wood measuring 300 wide x 160mm 
high. This was given several coats of 
red paint from a spray can and the 
labelling on the front panel completed 
using red Dymo® embossing tape (to 
match the paint job). 


Tuning capacitors 

‘Tuning capacitors can be scrounged 
from old valve radios that are not 
worth restoring. For C2, [ used one 
mn of a 2-gang full-size 460pF 
tuning capacitor, This has @ 3/8-inch 
shaft which suits few knobs (and cer- 
tainly none of my collection). It did, 
however, havea dial drum which was 
loft on. I fitted a cut-down top from a 
tin of cream spray paint over the top 
of the dial drum (it fitted perfectly), 
which makes it look better and acts 
asa “handspan” dial 

Iwas more fortunate with C1 which 
is a 3-gang 450pF per section tuning 
capacitor, as this had a “-inch shaft. 
All throe sections of the capacitor are 
used in parallel. The only disadvan- 
tage with this tuning gang is th 


has a reduction drive, which means 
that more than a full turn of the knob 
Is required to go from minimurn to 
maximum capacitance. 

C3 is a 1pF polyester or greencap 
type, while Ca is # nF unit. The volt- 
age ratings of these capacitors can be 
quite low, 


Resistors & switches 

Resistor R1 is used asa “static leak". 
Its purpose isto prevent a high-voltage 
static charge from building up across 
C1 (og, during storms) which. could 
lead to flash-over. Note also that if 
8 particularly big antenna is in use, 
it would be advisable to disconnect 
ond earth it when the crystal set is not 
being used, 

Resistor R2 (15kQ) is the DC load for 
the detector. Both R1 and R2 can be 
0.5W or smaller. If detector biasing is 
used, R3 can bea 0.5W unit, while VR1 
can be # standard 1kQ linoar trimpot 
or a normal potentiometer. VR1 will 
not normally require readjustment 
‘once set. 

S1 is & 12-position switch which 
selects one of 11 tapings on L1. 
Only 11 positions are used; the 12th 
is left with no connection so that the 
whole of L1 is in circuit, S2 [if fitted) 
tums the detector biasing on or off as 
required. 

T1 isa standard speaker transformer 
with 2 5kQ.or 7kQ primary impedance 
and 8 3.5Q secondary winding, This 
drives two 8-ohm headphone ear- 
pieces in series, so that the reflected 
impedance to the primary from a 16- 
chm secondary load is at least 20k(. 
Within reason, increasing the reflected 


impedance will assist in maximising 
the audio output of the receiver. 


Winding the coils 

Now we come to the all-important 
coils (ie, L1 and L2). 

First, L1 is wound on a 100mm 
length of 60mm-diameter white PVC 
pipe, In my case, I wound on 102 turns 
of 0.63mm (22 B&S) enamelled wire 
over a length of 70mm. In hindsight, 
though, around 110 turns would have 
allowed somewhat more adjustment 
range to tune the antenna system. 

When winding L1, it should be 
tapped every seven turns and there 
should be 12 tapping points in all, 
starting right from the antenna end of 
the coil. If your antenna is significantly 
different from mine, then the number 
of turns on this coil to achieve opti- 
mum tuning will vary accordingly. 

L2 is also wound on a 100mm x 
60mm-diameter white PVC water pipe 
and consists of 80 turns of 0.63mm (22 
B&S) enamelled wire, This winding 
is spread over 60mm of the former's 
length and the coil is tapped at 3, 6 & 
35 turns from the “earthy” end. 

In my case, I found that using turn 
three as the tap gave good results. You 
will need to experiment here — you 
may need even fewer turns to the first 
tap ifyour antenna is larger than mine. 
Note that the correct position may vary 
from the high-frequency end of the 
band to the low-frequency end. 

Because the detector load is rela- 
tively high, it’s possible to connect the 
detector to a tap quite high up the coil. 


I found that 35 turns was optimum for 
best performance in my receiver. 

As can be seen from the photos, 
different tapping methods are used 
for the two coils. For example, L1 has 
the wire raised away from the former 
and twisted to make each tapping. By 
contrast, on L2, a match is slid under 
the wire at the first tapping point and 
is then slid along the winding to go 
under each successive tapping point 
as the coil is wound. This is the neater 
of the two methods but is difficult to 
do effectively if the winding is long 
and has lots of tappings. 

With either method, it is necessary 
to thoroughly clean the enamel off 
the wire at the tapping points so that 
a good soldered joint can be made. 
This can be done by scraping away the 
enamel using a sharp utility knife. 


Receiver layout 

The parts layout on the baseboard is 
not critical, although the coils should 
be mounted at the back of the receiver 
for ease of access. The accompanying 
photos show the author's unit. 

In my case, tuning coil L2 was 
mounted at the right rear of the base- 
board, with L1 in the opposite rear 
corner. It's important that L1 is kept 
several centimetres away from L2, to 
minimise unwanted coupling between 
them. 


Diode biasing 

As mentioned earlier, some diodes 
(particularly silicon signal diodes) 
require about 0.6V of positive bias 


signals and channels in LTE UL subframes. Even in normal downlink subframes, mini-slots 
could be used to transmit NR channels and signals on OFDM symbols not carrying CRS. 
This, however, may leave almost half the resources of a normal DL subframe unusable for 
NR, so other techniques may be preferable. For example, symbols carrying CRS could also 
puncture NR transmissions, similar to URLLC transmissions that pre-empt NR 
transmissions. The same mechanisms specified for eMBB/URLLC coexistence could be used 
for LTE/NR coexistence. 


Frequency Domain LTE/ NR Coexistence Techniques 


Frequency domain coexistence between LTE and NR can also be dynamic or semi-static. 
Semi-static FDM-based coexistence is illustrated in Figure 49. Dynamic frequency domain 
coexistence is possible when the (e/g) NB schedules both LTE and NR in the same subframe 
on a Physical Resource Block (PRB) level. 


There also exists the possibility of mixing semi-static and dynamic schemes as well as time 
division multiplexing (TDM)- and frequency division multiplexing (FDM)-based schemes 
based on the duplex direction. UL resources could be dynamically shared in a TDM fashion, 
whereas DL resources would be semi-statically configured and frequency division 
multiplexed between LTE and NR. For example, LTE could operate in paired spectrum, and 
NR could use LTE UL resources for NR UL transmissions but be configured with a separate 
DL or dynamic TDD carrier, such as at a higher frequency band. In this scenario, the LTE 
DL would be semi-statically frequency division multiplexed with NR, but LTE UL resources 
would need to be dynamically shared between LTE and NR. The semi-statically frequency 
division multiplexed NR resources could be for DL only or for both DL and UL. For example, 
it could be beneficial to allow for NR SRS transmissions on the frequency division 
multiplexed NR-only carrier. 


Several issues need to be addressed for the shared LTE UL carrier. For example, if the non- 
shared NR carrier operates in mmWave spectrum while the shared NR/LTE carrier operates 
below 6GHz, the UE does not receive NR DL signals that can be used for power control and 
timing advance of the NR UL transmissions in the shared LTE UL resources. In this case, 
NR signals may have to be sent in the LTE-only DL resources or, alternatively, the NR-only 
UE needs to receive and process LTE signals in the LTE-only DL carrier. To avoid NR UES 
processing LTE signals or LTE eNBs transmitting NR signals, 3GPP will need to investigate 
whether the aforementioned problem could be solved by signaling mechanisms. 
Regardless, further studies are needed to address these issues. 


Coordination Requirements for LTE/ NR Coexistence 


While semi-static techniques identified for coexistence may require minimal coordination, 
dynamic (for example, per-TT!) sharing can be done by coordinating the LTE and NR 
transmissions via three different mechanisms: 


1. Co-locating the NR and LTE scheduling. 


2. Via the X2 interface (or the evolved version of the X2 interface in the new RAN 
architecture) . 


3. Over-the-air. 


Options 1 and 2 do not impact any RANI specification, whereas Option 3 requires RAN1 
specifications. Also, over-the-air coordination is desirable because it does not require LTE 
and NR scheduling and transmission to be handled by a single eNodeB, nor does it require 
an ultra-low-latency transport between them, thereby providing much more deployment 
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to maximise sensitivity. Normally, 
without diode biasing, points A and B 
are connected together on the circuit. 
Conversely, if forward biasing is used, 
points A and B are separated and the 
small circuit consisting of B1 (a 1:5V 
dry cell), toggle switch S2, a 4709 re- 
sistor, a 1kQ trimpot (VR1) and a47yF 
electrolytic capacitor added between 
these two points. 

This circuit is easily adjusted. 
Switch S2 is closed and trimpot VR1 is 
adjusted for best volume — simple. 


Summary 

Those who have never built a crystal 
set radio before will find this little set 
worth the effort. It works well, isn’t 
difficult to tune and provides good 
headphone volume on all local sta- 
tions, 

For best reception, use a high, long 
antenna that’s clear of buildings and 
trees. A good earth is also necessary 
and a pipe driven about one metre 
into the ground and kept damp should 
suffice. 

Finally, if you wish to read about 
other people's designs, the following 
list makes a good starting point: 
(1) Look on the Internet. Typing “crys- 
tal set society” into Google will give 
you many interesting sites (and lots of 
designs) that you can explore. 

(2) Look in Siicon CHP for October 


Photo Gallery: Targan Airmaster 


MANUFACTURED BY TAR- 
GAN ELECTRIC PTY LTD 
in 1933, the Airmaster was 
a 3-valve TRF receiver in 
an upright wooden cabi- 
net. It used the following 
valve types: 57 detector; 59 
audio output; and 80 recti- 
fier. Photo: Historical Radio 
Society of Australia, Inc. 


1988 (crystal set), March 1990 (wave 
traps), October 1994 (Hellier Award 
crystal sets), March 2003 (antennas). 
(3) Look in “Electronic Australia” 
for June 1988 (crystal set), July 1994 
(crystal sets), November 1998 (coils) 


and July 2000 (crystal set). 

(4) An excellent Australian book on 
crystal sets is “Crystal Sets ‘N’ Such” 
by Bob Young (7 Hayes Rd, Swanpool, 
Vic. 3673). He has a few available for 
$19:95 posted in Australia. sc 


This SWR bridge is not my own invention, OZ3SW and OZ9MO has improved the design after DJ7VY construction in ukw-berichte 1/83 
This is a construction set made for the members of Frederikssunds EDR Club, all | did was a bit of gluing and soldering 
Thanks for all the hardware help, parts help, calibrating and measuring ! you know who | mean II 


Itis possible to measure return loss up to 1000 Mhz, the return loss range is 0-50 to 0-40dB depending on frequency. 
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knob 
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(Mains) line socket (see Fig.11) | Wooden 
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Fig. 14 Suggested component arrangement for elementary crystal set 


(Wires not connected) 


Crey 
Arrow | Headphones 
indicates 7° [rey 
variable 
tap = 


(Wires connected) 
(i) Circuit 


Stout copper wires 
(0-86-10 mm) * 
as connexions and support — 


"\'k'44" (Ends cleaned 
Sturns and tinned) Terminal block 
(ii) Coil toppings and mounting 


Fig. 16 Circuit with topped inductor 


Soldered 
Flexible lead 
Terminal tery 


(iii) Alternative mounting 


To variable capacitor (see Fig. 14) 
fixed plates 
moving plates 


Connections to inductor 


Jurnnumber-—~0 5 15 25 35 


leads when 
inductor 

supported on 
receiver base 


Headphones 
(low impedance) 


(iv) Suggested component arrangement 


Flexible lead 


* 2|-19 SWG, 20-18 AWG 


required) and a flying lead for the diode, these components 
are shown in Fig.16(iv). This is doing the job properly, there 
no reason however (except for unreliability of contact) why 
both aerial and diode flying leads should not terminate on 
crocodile clips and be clipped onto the chosen taps as 
required. 


Earth is connected to terminal 1 and the headphones to 11 
and 12. Both the aerial and the diode lead are tried at 
terminals 2 — 9, a game of “poke and hope” but one which 
can be rewarding. Remember that generally but not always, 
the tappings with the lower numbers reduce loudness but 
increase selectivity. Aerial to terminal 8, diode to 9 brings us 
back to Fig.13(i) of course. 


Fig. 17 - Switching aerial and diode leads 


5.2 SWITCHED SELECTIVITY 


A technique of selection of aerial and diode tapings by means f yariable capacitor, the two switches and the headphone socket, 
of rotary switches has much to recommend it especially if the latter must then be of the chassis type. A pair of terminals 
setting changes are likely to be needed for reception of for aerial and earth completes the receiver. On the panel the 
different stations. In this case two single-pole 8-way switches two rotary switches are easily labelled 1 — 8 but we are still 
are required, usually obtainable as 12-way so leaving 4 spare. uncertain about a tuning dial because we may not have the 
The drawing symbol shown in Fig.17 speaks for itself with Jf ;ight variable capacitor for the inductor, this is the subject 
regard to its action and it may be found from catalogues that of the next section. 

there are two types of action, by which is meant the manner 

in which the switch changes over from one contact to the 

adjoining one. Break before make switches disconnect one 5.3 GETTING THE RANGE RIGHT 

circuit before the next is connected and make before break 

have a change-over period during which both circuits are This is where we pause in receiver construction to remove 
connected at once for a short time. Either type is suitable for W some of the confusion which may still exist with regard to 
us. A knob to rotate each switch is also required, a small one, JJ the tuning ingredients, wavelength, frequency, inductance 
say 2 em diameter or less is ample, if with an indicator line or Jf and capacity, each of which has some bearing on the others, 
pointer, so much the better. The modifications to Fig.16 for to fit together these four pieces of the puzzle, so to speak. 
switching are given in Fig.17. For most crystal sets the inductance is fixed according to 
the variable capacitor available and we tune the receiver over 
the range bv rotating the variable capacitor knob over half a 


With such rotary switches a search for the optimum arrange- 
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Fig. 18 Approximate capacitance and frequency values for 365 pF variable capacitor and 230 wH coil 


flexibility. This can even allow NR and LTE to be deployed on different tiers (for example, 
macro and pico) and share the same channel. 


Integrated Access and Backhaul 


Astudy item for Release 15 with the likelihood of standardization in Release 16 is integrated 
access and backhaul, with which the 5G radio can provide both access and backhaul 
functions, as shown in Figure 50. 


Figure 50: 5G Integrated Access and Backhaul 
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es 
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0] IC Fiber Backhaul_> 


This 3GPP Study item, which has not yet begun, could address the following capabilities: 17° 


Rysavy Research 


Q Wireless backhaul using 5G or LTE. 

Q Both indoor and outdoor scenarios. 

a Flexible partitioning between access and backhaul functions. 

a Autonomous configuration of access and wireless self-backhaul functions. 


a Multi-hop wireless self-backhauling to enable flexible extension of range and 
coverage area. 


125 3GPP, “Study on Integrated Access and Backhaul for NR,” RP-170831, March 2017. 
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Air-cored transformer* 
(i) Circuit 
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(ii) Arrangement of inductors: 


Fig. 21 A double-tuned crystol receiver * See Section 2.4 
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(finally secured 
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i 
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1 
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Fig. 12 Aerial/earth systems 


Fig. 11 Matching a high impedance receiver fo low impedance headphones 


Unscrew to remove 
or turn crystal 


Crystal holder Cat’s whisker 
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Modern diode (7:5 X 2:5 mm) 
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Figure 18 The first crystal-set receiver published by “Radio Bulletin” in the July number of 1946 
promoted the brand new Mu-CORE 402 (left). As an alternative to a “cat’s whisker” detector 
the article suggest the WX6 “Westector”. The picture on the right shows the wx6 “under test”. 


a Autonomous adaptation on wireless self-backhaul to minimize service disruptions. 


@ Topological redundant connectivity on the wireless self-backhaul to enhance 
reliability and capacity and to reduce latency. 


Performance 


5G, with the ability to use wider radio channels than LTE, will be able to deliver much higher 
peak and average speeds, with initial estimates listed above in the section, “Data 
Throughput Comparison." In the absence of deployed networks to measure, companies 
have performed simulations, concentrating initially on one of the first uses cases of fixed 
wireless access. 


Figure 51 shows downlink performance for a network using different base station ISDs, 
and with and without foliage. The Nokia simulation used base stations with 512 antenna 
elements, outdoor-mounted user equipment, 28 GHz, and an 800-MHz radio channel, 
mostly allocated to the downlink. 


Figure 51: Downlink Performance, Different SDs, Foliage vs. None?” 
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The conclusion of this simulation is that a minimum performance of 100 Mbps at the cell- 
edge, a 5G objective, is possible at ISDs up to 200 meters, with and without foliage. 


The following three figures are from another simulation study by Ericsson, this one also for 
fixed-wireless access, with the following key assumptions: 350-meter ISD, 96-antenna 
base stations, 200 MHz radio channels, 57% allocated to downlink, 1000 homes per sq. 


277 Nokia contribution. For a full discussion, refer to the associated paper by Frederick W. Vook, Eugene 
Visotsky, Timothy A. Thomas, and Amitava Ghosh, Nokia Bell Labs, Performance Characteristics of 5G 
mmWave Wireless-to-the-Home, available at http: //ieeexplore. ieee.org/document/7869558/. 
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Another Prototype similar to the Heathkit using toroid coil 
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This is a dual tuned crystal set made in a box like the CR-1. just a fun prototype I made a few years back. It pulls in AM stations loud and clear. 


km., 25% of homes using 4K UHD video service at 15 Mbps, building heights of 4 to 10 
meters, and trees from 5 to 15 meters. 


Figure 52 shows the throughputs available across the coverage area, with many locations 
able to receive close to 1 Gbps. 


Figure 52: Throughput Map of Suburban Area at Low Load?2* 
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Figure 53 shows the proportion of users that can obtain 15 Mbps and 100 Mbps service 
relative to monthly traffic volume. Note that the system supports thousands of GBs of 
service per subscriber per month. 


28 Ericsson contribution, Ericsson Technical Review, 5G and Fixed Wireless Access, 2016, 
available at https: // www.ericsson.com/assets/local/ publications/ericsson-technology- 
review/docs/2016/etr-5g-and-fixed-wireless-access. pdf. 
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Charaina from the power lines. 


An alternative to Lightning Rods was developed. 


A device called a paragréle was invented by Alexandre Lapostolle around 1820, and described as 
“The paragréle is intended to disarm the storm cloud of its vengeance by withdrawing its elect 


Atmospheric Electric and the Church 


Figure 53: Proportion of Satisfied Users Relative to Monthly Usage”? 
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antennas, facilitating deployment. 


Figure 54: Breakdown of Indoor, Wall-Mounted, and Rooftop Antennas??? 


Figure 54 shows that an ISD of 350 can be used with a combination of indoor, wall- 
mounted, and rooftop antennas. A large percentage of users, 78%, can use indoor 
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The Voltaic Pile 


The voltaic pile, invented by Alessandro Volta in 1800, was the first electric battery. 
Note: Some sources claim 1793 as the year of invention 


Volta created a circuit with two different metals separated by a piece of cloth or cardboard soaked in brine (an electrolyte). 
The completed circuit produced an electric current. 
By stacking this element - a pair of copper and zinc discs with an electrolyte between them - one atop the other, 
Volta could adjust the amount of electricity produced to his desired level. 
The result was what came to be called the voltaic pile, one of the first devices to provide a reliable source of electricity. 
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Modern lightning conductors: an illustrated 


% MODERN LIGHTNING CONDUCTORS. 


surface of the joint need not necessarily exceed that of the cross 
section of the conduc- 
tors. The joint should 


rivets, and the soldered 
joint, especially if used 
in underground work, 
should be carefully pro- 
tected from local elee- 
trical action by tarred 
rope. Stranded iron con 
ductors can be conneeted 
(as previonsly described) 
by use of a box joint ; 
the box, Fig. 28, must 
bbe of the same metal as 
the conductors 
Vanes.—Particular 
attention must be paid to 
the necessity of making 
4 permanent joint to the 
spindle. A clamp is 
prepared of the stme 
material as the 
and is, furnished 
two bolts to tighten ; if 
iron is used it is well to 
Tine the clamp with a 
piece of sheet lead, The 
conductor is sweated into 
a socket which is fitted 
with an eye, through 


Which one of the tighten- 
ing bolts passes. In the 
J 
i ) 
Fic, 27-—rmunaais 8 FORM OF AM ARCH FOR Fro, 8 


CHIMNEY ACK 


EARTH CONNECTIONS, ” 


case of the vanes of churches and those fixed in inaccessible 
positions, two separate clamps should be used. 

Internal Masses of Metal.—Roof trusses fitted with 
Jongitudinal iron tie rods will, as a rule, be found to be electrically 
connected, but should this not be the case cach truss must be 
joined to the conductors. AM large and long masses of metal, such 
as beams, girders, roof trusses, tie rods, hot water systems, traveller 
ways, hoisting crabs, engines, boilers, large machines, and ventilators 
fixed in the interiors of buildings, should be connected to all con 
ductors that pass near them, and as far as possible with one another. 
‘The discontinuous parts of traveller rails should be connected by 
straps, or in some cases tramway bonds might be used. If electric 
light wires are run in tubes, such as the “SIMPLEX,” this should be 
‘earthed. Metallic contact between lead or zinc sheeting and lashings 
should be carefully studied, and for special work strips of sufficient size 
should be either burnt on to lead or soldered in such a way that the 
joint will stand rough usage, and allow for expansion or contraction. 

Earth Conneotion.—*/¢ is essential that the lower extremity 
of the conductor be buried in permanently damp soil ; hence proximity to 
rrainctoater pipes, and te drains, is desirable, It is a very good plan to 
‘make the conductor bifurcate close below the surface of the ground, and 
adopt two of the following methods for securing the exeape of the 
lightning into the earth, A strip of capper tape may be led from the 
ottons of the rod te the nearest gas or water main—not merely ta lead 
Pipe—and be soldered to it: or a tape may be soldered toa shet of capper 
‘3 feet by 3 feet and be inch thick, buried in permanently wet earth, and 
surrounded by cinders or cake; or many yards of the tape tay be buid én 
4 trench filled with coke, taking care that the surfaces of copper are, as 
in the previons enses, not les than 18 square feet. Where iren is used for 
‘the red, a galvanized iron plate of similar dimensions should be employed. 

“The use of cinders or coke appears to be questionable owing to 
the chemical or electrolytic effect on copper or iron. Charcoal or 
pulverised carbon (such as ends of arc-light rods) is better. A tubular 
earth consisting of a perforated steel spike driven tightly into moist 
round and lengthened up to the surface, the conductor reaching to 
the bottom and being packed with granulated charcoal, gives as much 
effective aren as s plate of larger surface, and can easily be kept 
‘moist by connecting it to the nearest rain-water pipe. The resistance 
of tubular earth on this plan should be very low and practically 
constant." —Lightning Research Committee, 1905. 
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Washinaton Monument is an Atmospheric Electricity Mast 


Figure 2.3. The lightning rod that Toaldo de- 
signed for the church of San Marco in Venice. 
Giuseppe Toaldo, “Del conduttore elettrico posto 
nel campanile” (Padua, 1776). Franklin Collec- 
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DIY Atmospheric Water Generator! - Produces/Extracts Distilled Water from the air! - DIY distiller 
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The simulation study shows that 5G fixed wireless access deployments using a larger ISD 
of 350 meters, translating to 11 base stations per square kilometer, can provide 
competitive broadband service. 


In this environment, handsets with 5G mmWave capability will also be able to access the 
networks, but the antennas they use may not be as effective as the fixed-wireless 
equipment, so handsets may need to fall back to 4G, depending on their precise locations. 
For this reason, the dual-connectivity being planned for 5G will play an important role. 


Figure 55 shows another simulation study, this one from Intel, using the following 
assumptions: 28 GHz operation, 2:1 DL:UL ratio, 25% control overhead, 10 bps/Hz 
maximum downlink spectral efficiency, CPEs placed either north or south side of house and 
one with best SNR chosen, and indoor CPE equipment with 30dB outdoor-to-indoor 
penetration loss. Scenario 1 is 60 access points per sq. km. Scenario 2 is 120 access points 
per sq. km. (Base grid of 40 houses in a 250x200m area with four rows of 10 houses per 
row, APs placed along streets and alleys, single-family homes, 4 sectors per AP, and 4.5- 
meter pole height.) 


Figure 55: 5G Fixed Wireless Simulation with Different Loading and Densities*** 
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Using 400 MHz and six access points per 40 homes, and 50% loading, the average 
throughput was more than 1 Gbps. 


LTE and LTE-Advanced 


Although HSPA and HSPA+ offer a highly efficient broadband-wireless service that will 
enjoy success for the remainder of this decade and well into the next, 3GPP completed the 
specification for Long Term Evolution as part of Release 8. LTE offers even higher peak 
throughputs in wider spectrum bandwidth. Work on LTE began in 2004 with an official work 
item started in 2006 and a completed specification early 2009. Initial deployments began 
in 2010. 


LTE uses OFDMA on the downlink, which is well suited to achieve high peak data rates in 
high-spectrum bandwidth. WCDMA radio technology is basically as efficient as OFDM for 
delivering peak data rates of about 10 Mbps in 5 MHz of bandwidth. Achieving peak rates 


331 Intel contribution. 
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Vintage Model RC Coherer ( Spark ) Receiver 


On the banner, two 'Dual-Loop' directional antennas, designed specifically to collect power at 750MHz. One is 
connected to 100uA (7000hms) head, and the average current you can see on it. Both antennas have ‘on-board’ 
rectifiers. 


a fo 
Radio-Rrequency antennas with rectifier circuit. 
—< f 


Reality is not as good as we would like. One antenna produces about 1 volt (at 10MOhms), and a current of about 
0,4 mA (at 7000Hms). 


The circuit is simple as a crystal receiver. Diodes with capacitors work as a voltage doubler (rectifier). The remaining 
inductors and capacitors isolate the output from high frequency. 


D1,D2-anyRF diodes. L1-L4 6.8uH i Ohms) 
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* The output voltage and current may vaty, depending an the conditions. 
Harvesting RF power. Absorbs energy from cell towers at 750MHz. 


Any RF diodes with junction capacitance less then 1.5pF will be suitable for this application. See the end of this page 
for a suitable choice. 
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FIG.4. ASSEMBLED RECEIVING SET 
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F\G3 WIRING DIAGRAM AND DETAILS OF RECEIVING SET 


FIG 2. RECLIVING SET, WITH ANTENNA AND GROUND CONNECTIONS 
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in the 100 Mbps range with wider radio channels, however, would result in highly complex 
terminals, and it is not practical with current technology, whereas OFDM provides a 
practical implementation advantage. Scheduling approaches in the frequency domain can 
also minimize interference, thereby boosting spectral efficiency. The OFDMA approach is 
also flexible in channelization: LTE operates in various radio channel sizes ranging from 1.4 
to 20 MHz. 


On the uplink, however, a pure OFDMA approach results in high Peak to Average Ratio 
(PAR) of the signal, which compromises power efficiency and, ultimately, battery life. 
Hence, LTE uses an approach called “SC-FDMA," which is somewhat similar to OFDMA, but 
has a 2 to 6 dB PAR advantage over the OFDMA method used by other technologies such 
as WiMAX. 


LTE capabilities include: 


a Downlink peak data rates up to 300 Mbps with 20+20 MHz bandwidth in initial 
versions, increasing to over 1 Gbps in subsequent versions through carrier 
aggregation, higher-order modulation, and 4x4 MIMO. 


a Uplink peak data rates up to 71 Mbps with 20+20 MHz bandwidth in initial versions, 
increasing to over 1 Gbps in subsequent versions. 


Operation in both TDD and FDD modes. 


Scalable bandwidth up to 20+20 MHz covering 1.4, 3, 5, 10, 15, and 20 MHz radio 
carriers. 


Increased spectral efficiency over HSPA by a factor of two to four. 


Reduced latency, to 15 msec round-trip times between user equipment and the 
base station, and to less than 100 msec transition times from inactive to active. 


a Self-organizing capabilities under operator control and preferences that will 
automate network planning and will result in lower operator costs. 


LTE-Advanced Terminology 

LTE-Advanced, as specified in Release 10, is a term used for the version of LTE that 
addresses IMT-Advanced requirements. The ITU ratified LTE-Advanced as IMT-Advanced 
in November 2010. LTE-Advanced is both backward- and forward-compatible with LTE, 
meaning LTE devices operate in newer LTE-Advanced networks, and LTE-Advanced devices 
operate in older, pre-Release 10 LTE networks. 


The following lists at a high level the most important features of LTE-Advanced, as well as 
other features planned for subsequent releases, including Release 11: 


a Carrier aggregation. 

a Higher-order downlink MIMO (up to 8X8 in Release 10). 

a Uplink MIMO (two transmit antennas in the device). 

@ Coordinated multipoint transmission (CoMP) in Release 11. 

a Heterogeneous network (HetNet) support including Enhanced Inter-cell Interference 
Coordination (el CIC) 

a Relays. 
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3GPP, from Release 13, has referred to LTE as LTE-Advanced Pro, which includes features 
such as LAA, LWA, low latency, and massive MIMO. 


OFDMA and Scheduling 

LTE implements OFDM in the downlink. The basic principle of OFDM is to split a high-rate 
data stream into a number of parallel, low-rate data streams, each a narrowband signal 
carried by a subcarrier. The different narrowband streams are generated in the frequency 
domain, and then combined to form the broadband stream using a mathematical algorithm 
called an “Inverse Fast Fourier Transform” (IFFT) that is implemented in digital signal 
processors. In LTE, the subcarriers have 15 kHz spacing from each other. LTE maintains 
this spacing regardless of the overall channel bandwidth, which simplifies radio design, 
especially in supporting radio channels of different widths. The number of subcarriers 
ranges from 72 in a 1.4 MHz radio channel to 1,200 in a 20 MHz radio channel. 


The composite signal obtained after the IFFT is extended by repeating the initial part of the 
signal (called the Cyclic Prefix [CP]). This extended signal represents an OFDM symbol. The 
CP is basically a guard time during which reflected signals will reach the receiver. It results 
in an almost complete elimination of multipath-induced Intersymbol Interference (ISI), 
which otherwise makes extremely high data rate transmissions problematic. The system is 
called orthogonal because the subcarriers are generated in the frequency domain (making 
them inherently orthogonal), and the IFFT conserves that characteristic. 


OFDM systems may lose their orthogonal nature as a result of the Doppler shift induced by 
the speed of the transmitter or the receiver. 3GPP specifically selected the subcarrier 
spacing of 15 kHz to avoid any performance degradation in high-speed conditions. WiMAX 
systems that use a lower subcarrier spacing (~11 kHz) are more impacted in high-speed 
conditions than LTE. 


Figure 56: OFDM Symbol with Cyclic Prefix 


Cyclic Prefix Data 
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The multiple access aspect of OFDMA comes from being able to assign different users 
different subcarriers over time. A minimum resource block that the system can assign to a 
user transmission consists of 12 subcarriers over 14 symbols in 1.0 msec. Figure 57 shows 
how the system can assign these resource blocks to different users over both time and 
frequency. 
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Figure 57: LTE OFDMA Downlink Resource Assignment in Time and Frequency 
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By controlling which subcarriers are assigned in which sectors, LTE can easily control 
frequency reuse. Using all the subcarriers in each sector, the system would operate at a 
frequency reuse of 1; but by using a different one third of the subcarriers in each sector, 
the system can achieve a looser frequency reuse of 1/3. The looser frequency reduces 
overall spectral efficiency but delivers high peak rates to users. 


Beyond controlling frequency reuse, frequency domain scheduling, as shown in Figure 58 
can use those resource blocks that are not faded, not possible in CDMA-based systems. 
Since different frequencies may fade differently for different users, the system can allocate 
those frequencies for each user that result in the greatest throughput, This results in up to 
a 40% gain in average cell throughput for low user speed (3 km/hour), assuming a large 
number of users and no MIMO. The benefit decreases at higher user speeds. 
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a __The Immortal jellyfish (Turritopsis dohrnil) is capable of biological immortality. 


Its one of few known species capable of reverting completely to a sexually immature, colonial polyp 
stage after having reached sexual maturity as a solitary (free-floating) individual (called a medusa), 


Theoretically, this process can go on indefinitely, effectively rendering the jellyfish biologically 
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Figure 3. Pathways of transformation from medusa into polyp. Fate 
of stressed medusae up to 12-tentacle stage (left side), and alternative 
transformations of stressed or spawning medusae from a 14-tentacle oF 
16-tentacle stage (right side), The final product is always the polyp colony 
(bottom), directly or through a resting stage, 
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First off, check to see if the parts match the parts list... 


1-1/2" x 3° CPVC tube 
2-5/8" O.D. vinyl caps 

1 —3/32" dia x 2.5" brass rod 

1 -4-40 x 7/16" pan head screw 

1 —4-40 x 1/4” pan head screw 

2 - #4 internal tooth lock washer 
1—4-40 nut, steel 

1—4-40 nut, brass 

1-3/32 x 2° tyrap 

2- #4, 14-16ga ring terminal 

1-PCB 

1— D1- 1N34A diode 

1—R1 - 4.7M 1/8w resistor (YEL, VIO, GRN, GLD) See note 
14—C1 -.01 disk ceramic capacitor (103) 
3’ — RG-174 coax 

2 — banana plugs, 1 red, 1 black 

2° — 3/16" dia. shrink tubing 

1 — alligator clip and 9" lead 

1 - copper foil tape, 2.25" x 2” 

1 —self adhesive label 
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Figure 58: Frequency Domain Scheduling in LTE? 
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LTE Smart Antennas 

Wireless networks can achieve significant gains by employing multiple antennas, either at 
the base station, the mobile device, or both. LTE uses multiple antennas in three 
fundamentally different ways: 


Q Diversity. So long as the antennas are spaced or polarized appropriately, the 
antennas provide protection against fading. 


a Beamforming. Multiple antennas can shape a beam to increase the gain for a 
specific receiver. Beamforming can also suppress specific interfering signals. 
Beamforming is particularly helpful for improving cell-edge performance. 


Q Spatial Multiplexing. Often referred to as MIMO antenna processing, spatial 
multiplexing creates multiple transmission paths through the environment, 
effectively sending data in parallel through these paths, thus increasing both 
throughput and spectral efficiency. 


Table 18 shows the varous antenna transmission modes. 


232 5G Americas member contribution. 
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Table 18: LTE Transmission Modes!3 


Transmission Mode Description 


Single antenna transmission. 


z Transmit Diversity. 

3 ‘Transmit diversity for one layer, open-loop codebook-based 
precoding if more than one layer. 

a Closed-loop codebook-based precoding. 

5 Multi-user MIMO version of transmission mode 4. 

é Special case of closed-loop codebook-based precoding limited 
to single layer transmission. 

7 Beamforming. (Non-codebook- based precoding supporting one 
layer.) 

a Dual-layer beamforming. (Release 9. Non-codebook-based 


precoding supporting up to two layers.) 


9 @-layer transmission. (Release 10. Non-codebook-based 
precoding supporting up to eight layers.) 


10 B-layer transmission with support for CoMP. (Release 11.) 


Being able to exploit different antenna modes based on local conditions produces huge 
efficiency and performance gains, and is the reason that 3GPP is developing even more 
advanced antenna modes in subsequent LTE releases. 


Precoding refers to a mathematical matrix operation performed on radio symbols to 
determine how they are combined and mapped onto antenna ports. The precoder matrix 
can operate in either open-loop or closed-loop modes. For each transmission rank for a 
given number of transmission ports (antennas), there is a limited set of precoder matrices 
defined, called the codebook. This helps limit the amount of signaling needed on uplink and 
downlink. 


Fundamental variables distinguish the different antenna modes: 


a Single base station antenna versus multiple antennas. Single antennas 
provide for Single Input Single Output (SISO), SIMO, and planar-array 
beamforming. (Multiple Output means the UE has multiple antennas.) Multiple 
antennas at the base station provide for different MIMO modes such as 2X2, 4X2, 
and 4x4. 


333 Erik Dahiman, Stefan Parkvall, Johan Skold, 4G - LTE/LTE Advanced for Mobile Broadband, Academic 
Press, 2011. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 122 


Look in the files section for Dar’s (Darwin Piatt) - W9HZC application and usage tips 
for the R.F. Probe. 
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The project RF tip is simple, not need special components and there is no great 
difficulty in its construction, making it ideal for beginners. The creator of this tip 
was the amateur KASMAV, hence the name of the tip arose. Above the electronic 
circuit probe. 


List of components for the tip RF 


1 Germanium diode OA79, 1N34 or equivalent 
1 Capacitor 0.01uF 
1 Resistor 4M7 x 1/4 Watts 


Germanium Diode 


IN34 or IN3S4A 


NSFC 2002 


NSFC 2002 


NSFC 2001 


TO VM + 
TO RF TEST CKT —? 
TO VM - 
To 
CKT 
GND 


CLASSIC RF PROBE 


Reads RMS Equivalent Voltage in test circuit, if Voltmeter is 10 -11 Meg Input Impedance; 
Reads 4X RMS Equiv Voltage if VM is 1Meg Input Impedance (Set VM to measure DCV) 
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TO CREATE 3 LANDS; DO NOT 
GROOVE BACK SIDE 
3. YOU'LL ALSO NEED ABOUT 3" 
OF 3/16 TO 1/4" HEAT SHRINK TO 
COVER THE ASSY WHEN DONE & 
10" OF COPPER TAPE 
{AVAILABLE IN HOBBY STORES) 


PARTS FOR N5FC POCKET RF PROBE 


AFTER CLEANING, SHRINK TUBING OVER ENTIRE ASSEMBLY NSFC 


Ballpoint 
RF Probe 
SOLDER SOLDER 0.01uF CAPAC SOLDER 4.7 MEG SOLDER COAX 
SEWING NEEDLE FROM : TO LAND 2 AND LAND 3 CENTER CONDUCTOR 
LAND 1 TO LAND 2 ve TO LAND 3 
VOTES $ 


SY 
SOLDER 1N34A SOLDERGGRY 
SCRAP DOUBLE-SIDED PCB; Sa RTE ENO SHIELD TO 
BOTTOM SIDEIS GROUND PLANE any BOTTOM 


GND PLANE GND PLANE NSFC 2001 


a Single-user MIMO versus multi-user MIMO. Release 8 only provides for single- 
user MIMO on the downlink. Release 10 includes multi-user MIMO. 


a Open-Loop versus Closed-Loop. High vehicular speeds require open-loop 
operation whereas slow speeds enabled closed-loop operation in which feedback 
from the UE modifies the transmission. In closed-loop operation, the precoder 
matrix is based on this feedback. 


a Rank. In a MIMO system, the channel rank is formally defined as the rank of the 
channel matrix and is a measure of the degree of scattering that the channel 
exhibits. For example, in a 2x2 MIMO system, a rank of one indicates a low- 
scattering environment, while a rank of two indicates a high-scattering 
environment. The rank two channel is highly uncorrelated, and is thus able to 
support the spatial multiplexing of two data streams, while a rank one channel is 
highly correlated, and thus can only support single stream transmission (the 
resulting multi-stream interference in a rank one channel as seen at the receiver 
would lead to degraded performance). Higher Signal to Interference plus Noise 
Ratios (SINR) are typically required to support spatial multiplexing, while lower 
SINRs are typically sufficient for single stream transmission. In a 4x4 MIMO system 
channel rank values of three and four are possible in addition to values of one and 
two. The number of data streams, however, or more specifically codewords in LTE 
is limited to a value of two. Thus, LTE has defined the concept of layers, in which 
the DL transmitter includes a codeword-to-layer mapping, and in which the number 
of layers is equal to the channel rank. An antenna mapping or precoding operation 
follows, which maps the layers to the antenna ports. A 4x2 MIMO system is also 
possible with LTE Release 8, but here the channel rank is limited to the number of 
UE antennas, which is equal to two. 


The network can dynamically choose between different modes based on instantaneous 
radio conditions between the base station and the UE. Figure 59 shows the decision tree. 
The antenna configuration (AC) values refer to the transmission modes. Not every network 
will support every mode. Operators will choose which modes are the most effective and 
economical. AC2, 3, 4, and 6 are typical modes that will be implemented. 
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Figure 59: Decision Tree for Different Antenna Schemes*** 


pen Loop 
Spatial Multng 


The simplest mode is AC2, referred to as Transmit Diversity (TD) or sometimes Space 
Frequency Block Code (SFBC) or even Open Loop Transmit Diversity. TD can operate under 
all conditions, meaning it works under low SINR, high mobility, and low channel rank (rank 
= 1). This rank means that the channel is not sufficiently scattered or de-correlated to 
support two spatial streams. Thus, in TD, only one spatial stream or what is sometimes 
referred as a single codeword (SCW) is transmitted. If the channel rank increases to a 
value of two, indicating a more scattered channel, and the SINR is a bit higher, then the 
system can adapt to AC3 or Open-Loop Spatial Multiplexing (OL-SM), also referred to as 
large-delay Cyclic Delay Diversity (CDD). This mode supports two spatial streams or two 
codewords. This mode, also called multiple codeword (MCW) operation, increases 
throughput over SCW transmission. 


If the rank of the channel is one, but the device is not moving very fast or is stationary 
then the system can adapt to AC6, called closed-loop (CL) precoding (or CL-rank 1 or CL- 
R1). In this mode, the network receives from the device with Precoding Matrix Indication 
(PMI) bits that inform the base station what precoding matrix to use in the transmitter to 
optimize link performance. This feedback is only relevant for low-mobility or stationary 
conditions since in high mobility conditions the feedback will most likely be outdated by the 
time the base station can use it. 


Another mode is AC4 or Closed Loop Spatial Multiplexing (CL-SM), which is enabled for 
low-mobility, high SINR, and channel rank of two. This mode theoretically provides the 
best user throughput. The figure above shows how these modes can adapt downwards to 
either OL TD, or if in CL-SM mode, down to either OL TD or CL R1. 


35 4G Americas MIMO and Smart Antennas for 3G and 4G Wireless Systems - Practical Aspects and 
Deployment Considerations, May 2010. 
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For a 4x4 MIMO configuration, the channel rank can take on values of three and four in 
addition to one or two. Initial deployment at the base station, however, will likely be two 
TX antennas and most devices will only have 2 RX antennas, and thus the rank is limited 
to 2. 


ACS is MU-MIMO, which is not defined for the downlink in Release 8. 


ACI and AC7 are single antenna port modes in which AC1 uses a common Reference Signal 
(RS), while AC7 uses a dedicated RS or what is also called a user specific RS. AC1 implies 
a single TX antenna at the base station. AC7 implies an antenna array with antennal 
elements closely spaced so that a physical or spatial beam can be formed toward an 
intended user. 


LTE operates in a variety of MIMO configurations. On the downlink, these include 2X2, 4X2 
(four antennas at the base station), and 4X4. Initial deployment will likely be 2x2 whereas 
4X4 will be most likely used initially in femtocells. On the uplink, there are two possible 
approaches: single-user MIMO (SU-MIMO) and multi-user MIMO (MU-MIMO). SU-MIMO is. 
more complex to implement as it requires two parallel radio transmit chains in the mobile 
device, whereas MU-MIMO does not require any additional implementation at the device 
but relies on simultaneous transmission on the same tones from multiple mobile devices. 


The first LTE Release thus incorporates MU-MIMO with SU-MIMO deferred for subsequent 
LTE releases. An alternate form of MIMO, originally called network MIMO, and now called 
CoMP, relies on MIMO implemented (on either the downlink or uplink or both) using 
antennas across multiple base stations, as opposed to multiple antennas at the same base 
station. This paper explains CoMP in the section on LTE Advanced below. 


Peak data rates are approximately proportional to the number of send and receive 
antennas. 4X4 MIMO is thus theoretically capable of twice the data rate of a 2X2 MIMO 
system. The spatial multiplexing MIMO modes that support the highest throughput rates 
will be available in early deployments. 


For a more detailed discussion of 3GPP antenna technologies, refer to the 5G Americas 
white paper “MIMO and Smart Antennas for 3G and 4G Wireless Systems - Practical 
Aspects and Deployment Considerations,” May 2010. 


For advancements in LTE Smart Antennas, see the next section. 


LTE-Advanced Antenna Technologies 

Release 10 added significant enhancements to antenna capabilities, including four-layer 
transmission resulting in peak spectral efficiency exceeding 15 bps/Hz. Uplink techniques 
fall into two categories: those relying on channel reciprocity and those that do not. With 
channel reciprocity, the eNB determines the channel state by processing a Sounding 
Reference Signal from the UE. It then forms transmission beams accordingly. The 
assumption is that the channel received by the eNB is the same as the UE. Techniques that 
use channel reciprocity are beamforming, SU-MIMO, and MU-MIMO. Channel reciprocity 
works especially well with TDD since both forward and reverse links use the same 
frequency. 


Non-reciprocity approaches apply when the transmitter has no knowledge of the channel 
state. Techniques in this instance include open-loop MIMO, closed-loop MIMO, and MU- 
MIMO. These techniques are more applicable for higher speed mobile communications. 
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How to Build Your Own Oscilloscope 
Probes 


lere is the complete bill of materials: 


* The pen 

* A2-meter piece of coaxial test cable with a BNC connector on one end 

* Epoxy adhesive 

© One alligator clip 

* Copper-plated nail — 0.75" (20mm) long, packed as "weather-stripping nail”. 
* 1MQ and 5 MO resistors 


For the downlink, the technology can transmit in as many as eight layers using an 8X8 
configuration for a peak spectral efficiency of 30 bps/Hz. This exceeds the IMT-Advanced 
requirements, conceivably supporting a peak rate of 1 Gbps in just 40+40 MHz, and even 
higher rates in wider bandwidths. This would require additional reference signals for 
channel estimation and for measurements, including channel quality, to enable adaptive, 
multi-antenna transmission. 


Release 10 supports a maximum of two codewords, the same as previous LTE releases. 
The release specifies a new transmission mode (TM-9) that supports SU-MIMO up to Rank 
8 (up to eight layers), as well as the ability to dynamically switch between SU-MIMO and 
MU-MIMO. 


Figure 60 shows the different forms of single-user MIMO in Releases 8, 9, and 10. Release 
8 supports only a single layer, whereas two-layer beamforming is possible in Release 9, 
and eight layers are possible in Release 10 with eight antennas at the base station. 


Figure 60: Single-User MIMO135 


er 
1 layer BF in 2k F 
B layer BF in 8 layer BF in 
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Figure 61 shows multi-user MIMO options across different releases. Release 8 supports two 
simultaneous users, each with one layer using four antennas, while Releases 9 and 10 
support four simultaneous users, each with one layer. 


Figure 61: Multi-User MIMO 


| 4 users each with 1 
layer in Rel-9/10 
with 8 antennas 


2 users each with 
1 layer in Rel-8 
with 4 antennas 


For four-antenna configurations at the base station, Release 12 improves throughput by 
adding a feedback mode, called mode 3-2, in which sub-band precoders and sub-band 


235 5G Americas member contribution. 


238 5G Americas member contribution. 
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Co-Ax Cable 


15 Watt Dummy Load Kit 


Inspection and Inventory 
First, check the kit to be sure all parts are included. Should anything be missing, please contact us for a 
replacement. 


30 — R1-R30, 1.5 K 1/2 watt resistors: Brown-Green-Red-Gold 

1— R55: 41.2K 1/4W, 1% resistor: Yellow-Brown-Red-Red--Brown 
1— R56: 100K 1/4W, 5% resistor: Brown-Black-Yellow-Gold 
1-—D1: 1N4148 diode 

1-—C1: 0.01uF monolythic capacitor, yellow, (marked 103) 

41 -—J1: BNC board mount connector 

1-—SV1: 4 pin header 

1 — Circuit board 
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channel quality indicators (CQIs) are included in the UE’s feedback to the eNodeB. Release 
12 also adds a new codebook that further improves throughput. 


As depicted in Figure 62 and Figure 63, compared with the Release 8 codebook, the new 
Release 12 codebook provides a 10% gain for both median and cell-edge throughputs. 
Compared with feedback mode 3-1, feedback mode 3-2 provides an 18% to 20% gain in 
median and cell-edge throughput. Jointly, the two methods provide a 28% to 30% gain. 


Figure 62: Median Throughput of Feedback Mode 3-2 and New Codebook. *” 
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Figure 63: Cell-Edge Throughput of Feedback Mode 3-2 and New Codebook!** 


: 1500 


edge throushput with closely spaced antenna: 


Release 12 also defines how Active Antenna Systems can use multiple transceivers on an 
antenna array to dynamically adjust a radiation pattern. 


337 5G Americas member contribution. Assumptions include: cellular layout of 19 sites hexagonal grid 
with three sectors per site and 500-meter inter-site distance; simulation case ITU uMa for macro; carrier 
frequency 2 GHz, deployment scenario A homogenous macro; SU-MIMO with maximum two layers per 
UE; proportional fair scheduler; and bursty traffic model. 


358 5G Americas member contribution. Same assumptions as previous figure 
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Assembly 


Install R1- R30 
These are the 1/2W. 1.5K ohm resistors and they go in the marked locations shown on the circuit board. 


You may find it helpful to do one row of the resistors at a time to make soldering the leads easier. 


First, pre-bend the leads near the resistor bodies and then insert them into the board. 


Install, solder and trim the leads of D1. Be sure to match the band end to the diagram above and the 
outline on the circuit board. 


Install R55 the 41.2K ohm (Yellow-Brown-Red-Red—Brown) resistor in the marked location on the board 
Install R56, the 100K resistor (Brown-Black-Yellow-Gold) in the marked location on the board. 


Install C1 the 0.01uF capacitor in the location marked on the board. 


Now, solder the BNC connector, making sure to seat it fully into the board. Solder the two small wires 
and the two support pins. 


The support pins may require longer time, increased temperature or a larger soldering iron to properly 
solder. 


Operation 

The dummy load is easy to use. Simply connect your transmitter input to the BNC 
To measure RF Power, connect your multimeter to pin 1 and Pin 2 or 3. 

Pin 1 is ground and the DC output voltages appear on pins 2 and 3 of SV1. 

Pin 2 provides the RMS value of the RF voltage. 

Pin 3 gives the Peak value of the RF voltage. 

Pin 4 is direct RF voltage across the resistors. 

RF power is calculated from this relationship: Power = (Vrms*2)/50 


Note: The power input should be limited to 15W to avoid damaging the resistors and sense circuit 
components. 


The simplest power meter 


The shortest_wiring is desirable in this area. 


100-300 pA ammeter 


5-10KQ variable register 


; (small size) 
0.001)F ceramic 


capacitor 


1N6o (Diode) 
502 


thin coaxiable cable 
20- 30cm 


small alligator clips 


As for the ammeter, you can use an used one taking from junked audio 
amplifier, tape-recorder, radio-cassette, and so on. 


Instructions for using 
Philmore Crystal Radio Detector 
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diode, 


RF (@ Dl —O+ 
to DVM 
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DVM 


to dummy load 


0.01 uF 


ceramic disk capacitor 
0.01 uF /250V ©2010 F, Dowahony 


A simple RF-probe 


Obviously, this circuit will be fooled by a DC-offset on the RF signal. We can fix this by swapping the diode and the capacitor. Note that this is not 
necessary if you measure an RF voltage via a transformer, such as a directional coupler 


We can also make life a little easier by including a voltage divider with a scaling factor that is equal to the reciprocal of V2. Then the output voltage 
will be the RMS value that we are interested in. We can make a voltage divider where one resistor Is the Input impedance of the DVM. My DVM 
has a published input resistance of 10 MQ, The second resistor should be 4M14 Q.since 10 / (10+4,14) = 1/12). So 3M9 + 220k = 4M12 would 
be a good choice. This approach is shown below. Note that the resistor should be non-inductive (é.g., bulk-metal-foil or carbon). 


ceramic disk capacitor 
0.01 uF / 250 V 


to dummy load 


diode ©2010 F, Deowalons 


RF-probe with DC-block and peak-to-RMS scaling 


A variation on this, with a full-wave rectifier, is shown below: 
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ar (oI Oe 
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Release 13 is likely to define full-dimension MIMO, which adds a large number of antenna 
elements, potentially as many as 64 elements, 


A practical consideration with antennas is that many towers today already support multiple 
operators, with tower companies having to manage interference placement, spectrum 
allocations, and wind and snow load. At higher frequencies, a single radome (antenna 
enclosure) can support 4X2 MIMO, but higher-order MIMO may prove impractical for many 
deployments. 


5G systems operating at much higher frequencies will have an advantage since the antenna 
arrays will be much smaller due to the much smaller wavelengths. 


Initial massive MIMO techniques applied to LTE, such as full-dimension MIMO using 8, 16, 
and 64 transmit antennas, can provide dramatic performance gains, particularly in dense 
deployments, as shown in Figure 64. 


Figure 64: Performance Gains with FD-MIMO Using 200 Meter 1 SD239 
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This figure compares 8X2, 16X2, and 64X2 MIMO performance relative to 2X2 MIMO 
(normalized to value 100). The blue bars (case 1) show the supported number of users per 
sector (referred to as “cell” in the figure) at a fixed resource utilization (RU) of 70%; the 


238 5G Americas member contribution. 
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antenna in 


RF to DC 
Circuit Diagam (simplified) 


Component list: 

(2) Ceramic Capacitors (104) 

(4) Germanium Diodes (IN34A) 

(2) Electrolytic Capacitors (lJOOUF SOV) 


Copyright 2016. Drew Paul Designs. All rights reserved. 


RF Current Probe 


BNC (to scope) torroidal pickup (10 turns) 


id 


50 ohm coaxial cable 


50 ohms 


C1 R1 
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Simple RF Probe 


METERS: 


green bars (case 2) show mean user throughput (UPT) at a fixed RU of 70%; and the red 
bars (case 3) show system capacity in terms of supported number of users for a given user 
throughput. Resulting gains are: 


a Case 2 (green bars): 1.5X with 8X2, 1.75X with 16X2, and 2X with 64X2 MIMO. 
a Case 3 (red bars): 2X with 8X2, 2.5X with 16X2, and 3X with 64X2 MIMO. 


The primary gains are from azimuth (horizontal dimension) in going from 2x2 to 8X2, and 
from elevation in going to 16X2 and 64X2. FD-MIMO gains are lower with larger ISD values, 
such as 500 meters, 


3GPP has also studied FD-MIMO and conducted a field trial showing impressive throughput 
gains, particularly in a high-rise scenario. 


Carrier Aggregation 


Carrier aggregation, first available in Release 10, plays an important role in providing 
operators maximum flexibility for using all of their available spectrum. By combining 
spectrum blocks, LTE can deliver much higher throughputs than otherwise possible. 
Asymmetric aggregation (for example, different amounts of spectrum used on the downlink 
versus the uplink) provides further flexibility and addresses the greater demand on 
downlink traffic. 


Specific types of aggregation include: 
Intra-band on adjacent channels. 
Intra-band on non-adjacent channels. 
Inter-band (700 MHz, 1.9 GHz) 


cooo 


Inter-technology (for example, LTE on one channel, HSPA+ on another). This 
approach is not currently specified nor being developed. While theoretically 
promising, a considerable number of technical issues would have to be 
addressed. See Figure 65. 


¥40 3GPP, 3D-MIMO Prototyping and Initial Field Trial Results, TSG RAN WG1 Meeting #80, Agenda Item: 
7.2.4.4, Document R1-150451. 


441 For further details, see 4G Americas, HSPA+ LTE Cartier Aggregation, June 2012 
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RF Signal Generator 


LI: 37 turns on T50-2 toroid. 
Source tap 12 turns up from earth. Coverage: 3-12 MHz approx 


Notes: 

1. Avernier reduction drive is desirable. 

2. Build signal generator in die cast aluminuim box for best stability. 

3. Can work up to 148 MHz on harmonics if care is taken in construction. 
4, Any construction method should work but ensure components are rigid. 


VKIPK RF Signal Generator 
Off @ On 
e & 
Level 0 
Freq hut 


(C) 1998 VKIPK 


868 MHz 


PIFA Antenna 
fo} 
73 mm 8 
Matching 
Dickson Network 
Rectifier 


DC-out (pe 


Figure 65: Inter-Technology Carrier Aggregation™ 


ae HSPA+ NB 


LTE. 


LTE UE 


LTEeNB 


- New HSPA4LTE interface 
*— Data flow to HSPA+LTE UE 


Figure 66 depicts the carrier-aggregation capabilities of different 3GPP releases. 


32 5G Americas member contribution. 
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Top Quality, Low Prices, Dependable Service 
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Accurate Instrument model 153 and its RF probe schematic 
courtesy of John Lescaud. 


Figure 66: Carrier Aggregation Capabilities across 3GPP Releases ™ 


Beyond 
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+ LAA (Licensed- 
Assisted Access) 
+ Four Downlink CA 


3GPP 
Release 12 
3GPP + 3 Downlink cA 
Release 11 * Two Uplink CA 
3GPP (Inter-Band & Intra- 
Release 10 OL intra-band Band Non Contiguous) 
non contiguous + FDD+TDD 
DL Intra-Band + Dual Connectivity 
Contiguous 


DLinter-Band 


Maximum 2 DL 
Carrier Aggregation 


One anticipated benefit of inter-band aggregation stems from using the lower-frequency 
band for users who are at the cell edge, to boost their throughput rates. Though this 
approach improves average aggregate throughput of the cell by only a small amount (say, 
10%), it results in a more uniform user experience across the cell coverage area. 


Figure 67 shows an example of intra-band carrier aggregation using adjacent channels with 
up to 100+100 MHz of bandwidth supported. Radio-access network specifications, 
however, limit the number of carriers to two in Release 10 and Release 11. 


Figure 67: Release 10 LTE-Advanced Carrier Aggregation™* 


Release 10 LTE-Advanced UE resource pool 


——.?_"—-~ 


Rel's | Rel's 


» 100 MHz bandwidth 
20 MHz 


Release 8 UE uses a 
single 20 MHz block 


¥43 4G Americas, Mobile Broadband Evolution: Rel-12 & Rel-13 and Beyond, 2015. 


46 Harri Holma and Antti Toskala, LTE for UMTS, OFDMA and SC-FDMA Based Radio Access, Wiley, 2009. 
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BOY SCOUT CRYSTAL RADIO UPGRADE 


Pop 445/801 


BOY SCOUT CRYSTAL RADIO UPGRADE 


Broadcast AM Audio 


Reception From My 
Live CB Radio + 
192 views - 9 months ago 


| made a primitive crystal rad 
connected to a computer run 


> Pl « 808/10:713 


Make: Foxhole Crystal Portable Radio Kit Build & Review 


Radio Relay © 
<=] 


f.. 
Aerial Zune 


> plo  7:10/1073 


Make: Foxhole Crystal Portable Radio Kit Build & Review 


Aor 
H 
2| 03 


Pm plo om 5:47/12:56 


Make: DIY Matchbox Crystal Radio Kit Build and Review 


Matchbox Radio Instructions 


Tuning capacitor 


Pm pl od) 8:42/12:56 


is 


‘ 


~~ SNE may improve results in different cx 
R1 82K resistor (Grey red Black Red) 


Ee D1 Selected Russian Military germanium diode (Glass yellow red band ) connect anyw 
L1 220uH Inductor (Red Red Brown] 
L2 470uH Inductor (Yellow Violet Brown) 


ing Capacitor 9-SOpF Approx. Frequency Range 1-3.5MHZ 
hange 3 | 1 — move the shorting tab to change frequency 


4) 8:00 /12:56 


Figure 68 shows the carrier aggregation operating at different protocol layers. 


Figure 68: Carrier Aggregation at Different Protocol Layers™*> 


*———— LTE-Advanced ——*, 


For a list of band combinations, refer to the 5G Americas white paper, Wireless Technology 
Evolution Towards 5G: 3GPP Release 13 to Release 15 and Beyond, February 2017, at 
section 3.4.3. 


Figure 69 shows the result of one simulation study that compares download throughput 
rates between the blue line, which shows five user devices in 700 MHz and five user devices 
in AWS not using CA, and the pink line, which shows ten user devices that have access to. 
both bands. Assuming a lightly loaded network with CA, 50% or more users (the median) 
experience 91% greater throughput, and 95% or more users experience 50% greater 
throughput. These trunking gains are less pronounced in heavily loaded networks. 


5 Stefan Parkvall and David Astely, Ericsson Research, “The Evolution of LTE towards IMT-Advanced,” 
Journal of Communications, Vol. 4, No. 3, April 2009. Available at 
http://www.academypublisher.com/ jcm/vol04/no03/jcm0403146154. pdf. 
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FM Crystal Detector Live Recordings 


FM CRYSTAL DETECTOR RECEIVER 


loop from copper wire 4 mm, diameter 75 mm 
(surface cleaned) 


L=0,14 pH 
crystal earphone 
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82K Resistor 
Two Band 01 
aa Band Switch 
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1. Solder D1 the germanium diode. RED band to the right. 
2. Solder L1 220uH inductor (Red Red Brown Silver 
3. Solder L2 470uH Inductor (Red Violet Brown Silver 


3. Solder R1 82K ohm resistor (Grey Red Black Red_) Above Switch 


4. Solder band change switch, make sure itis parallel with the board 


5. Solder the 3.5mm earphone socket, ensure it is parallel to the board before you solder and the 


locating pins align with board holes. 


6. Solder the variable capacitor 120pF. Any way it is not polarity sensitive. 


7. Two silver pins are provided for aerial and earth connections,just clip the crocodile clips to these pins 


or, leave these pins off and connect to the pads on the board. For portable use and younger children best 


to leave these pins off the board. 


Connect the crocodile clips for the earth and aerial wires. Strip approximately 25mm of the insulation, thread 


through hole and crimp both the insulated part and the bare wire with pliers. 


L1 is an inductor, a 220uH coil in series series with L2 a 470uH inductor. The switch shorts out the L2 in ther 
band 1 position. D1 is a specially selected germanium diode to give optimum performance in this particular 


circuit. R1 is a 82K resistor across the high impedance output. The variable capacitor is a 9 - 120pF capacitor 


Getting Started .Plug the headphones into the socket. Holding your thumb behind the socket when plugging in 


will avoid any stress on the solder joints.To get the strongest signals in your area you will need to experiment if 


\VA.00 - 1000 feet 


of insulated wire 
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Storage battery 
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+ 
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DIY HDTV antenna “Antenna” is two L-shaped pieces of coat 


hanger stripped of any coating. It is only 
6" necessary that the long sides be 6 inches 


(15.24 cm) in length. 
cee 6" 


television. e ry 
Conducting shield /  @& % 


ground wire. 


“--——_ Terminal block screw-type 
electrical commector (dirt cheap 
at any electronics parts store). 
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ras touch ground wire). 
Coaxial cable of any length, carefuly stripped 
to expose the two copper elements. 


Figure 69: Gains from Carrier Aggregation™“> 


Distribution of User Experienced Throughput (700 MHz + AWS) 
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Work in Release 12 is investigating aggregation of joint TDD and FDD carriers. 


Coordinated Multi Point (CoMP) 

Coordinated Multi Point (CoMP) is a communications technique that can improve coverage, 
cell-edge throughput, and/or system spectrum efficiency by reducing interference. This 
technique was thoroughly studied during the development of LTE-Advanced Release 10 and 
was standardized in Release 11. 


CoMP coordinates transmissions at different cell sites, thereby achieving higher system 
capacity and improving cell-edge data rates. 


The main principle of CoMP is that a UE at a cell edge location can receive signals from 
multiple transmission points, and/or its transmitted signal can be received by multiple 
reception points. Consequently, if these multiple transmission points coordinate their 
transmissions, the DL throughput performance and coverage can improve 


For the UL, signals from the UE received at multiple reception points can significantly 
improve the link performance. Techniques can range from simple interference avoidance 
methods, such as Coordinated Beam Switching (CBS) and Coordinated Beam Forming 


445 5G Americas member contribution. Assumptions: lightly-loaded network, 2.0 site-to-site distance, file 
size is 750 Kbytes, traffic model bursty with mean inter-arrival time of five seconds 
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Figure 1 circuit diagram of 
the crystal set be 
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A simple crystal set 
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Figure 2 The call is 
mounted on a cardboard 
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different taps for best results a 
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THE LOST HAMEL DRAWINGS: 


David Hamel's “Isotope Line of Movement™ ore 
> (male) Rotating Rod with a creating the: 


Neutral Center Pa SVE NEVTRALTAECATIVG 
fice mechanical parts needed te create a self 
é rusting system. 
w=_e Hamel Technology 


The Eye particle of nature) 
@ 


‘Twice the Nees SQ pes Seale (perfect balance of nature) 


ed ay \cun 


a 


eae 
Ast Particle of Nature ma 2nd Particle of Nature (ft male) 


KRYPTONIQUE 


Gases ofepace 
Particle Structure. [The MOST IMPORTANT Hamel Diagram of All. ] 


Figure 1 Three constructions for magnetic field probes 
Co-ax shields soldered 


Figure 2 An electric field probe, and a pin probe 


Best design ‘Typical Electric fleld probe 
Centre conductor exposed by approximately 10m 


Eocene nomen ‘Suitable insulation (two individual layers recommended, 
‘Suitable insulation type of strain relief ‘each rated for the maximum voltage to be probed) 


{two individual layers 
recommended, each 
rated for max. voltage) 


Pin probe 


Lowy capacitor (a. 10pE] wh stable votege 
rating, soldered in series with centre conductor, 


2 Both would benefit from a CM choke bifilar wound _ Pin exposed for direct contact, 
Only the contre Zona ‘on a softerttetorold as shown in Figure 1, 
Totoldered tte ald, ‘or at least a ferrite clipped onto their feed 


The simplest FM Crystal Radio Circuit - http://billydiy.blogsp 


Antenna - Extendable Radio 1.8 meter. That also serves as tuning 


1N34A,1N48,AA112, ISS86, ISS106 


D2 
3.5mm Mono earphone Jack for Crystal earphone 


(CBF), to complex joint processing techniques that include Joint Transmission (JT), Joint 
Reception (JR), and Dynamic Point Selection (DPS). 


CoMP architectures include inter-site CoMP, intra-site CoMP, as well as CoMP with 
distributed eNBs (i.e., an eNB with distributed remote radio heads). Figure 70 shows two 
possible levels of coordination. 


Figure 70: Different Coordination Levels for CoMP2*7 


2. uted eNB — Contiguous Coverage 
High Tx 
8 power RRH 
\ 
1. Coordination is only 2. Coordination 
between sectors of the between all sectors 
same macro BTS of all macro BTSs 


In one CoMP approach, called coordinated scheduling and shown in Figure 71, a single site 
transmits to the user, but with scheduling, including any associated beamforming, 
coordinated between the cells to reduce interference between the different cells and to 
increase the served user’s signal strength. In Joint Transmission, another CoMP approach 
also shown in Figure 71, multiple sites transmit simultaneously to a single-user. This 
approach can achieve higher performance than coordinated scheduling, but it has more 
stringent backhaul communications requirements. One simpler form of CoMP that will be 
available in Release 10, and then further developed in Release 11, is ICIC. Release 11 of 
LTE defines a common feedback and signaling framework for enhanced CoMP operation. 


Figure 71: Coordinated Scheduling/ BF and Joint Processing CoMP Approaches™“* 
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— & 


J oint Processing 


347 5G Americas member contribution. 


348 5G Americas member contribution. 
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FM Crystal Radio Circuit 


Antena 
Simple FM Crystal Radio Circuit | g4cmot#i6 
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4 Turns of #18 oer 
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Parts List (some of these parts you can buy from our online store} 


1N60 Germanium Diode 
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The receiver is "powered" by a full wave loop antenna consisting of a single circular coil made of 3 meters of 
copper pipe for hydraulic systems (measured inductance of about 3 uH). The support is a simple 2-meter long 
fir-wood strip, 3 cm wide and 1 cm thick, to which the copper rim has been fixed with insulating tape. 
Another solution to realize the loop antenna in a simple and instantaneous way is to use an aluminum strip 2 
mm thick and 2 cm wide. The detectors are two Schottky diodes type 1N5711, particularly suitable for VHF 
thanks to the low capacity (about 2pF). They are currently in production and therefore easy to find. The 
receiver was tested in a "stiff" situation with the antenna exposed in a recessed balcony (3 x 1.6 meters) on 
the fourth floor of a 6-storey reinforced concrete building surrounded by other buildings constructed of 
reinforced concrete walls. As you can see and hear from the two videos I uploaded on Youtube: 
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Radiant Energy Proof of Concept Receiver Schematic — v2.6 


ANT INS 
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A 


Analogue mA ammeter. 
Antenna 65’ long, 6ga, V shape, electrically isolated at least 10’ from the ground. 


: 6 volt SLA rechargeable battery. 
: 560pf, 50v ceramic capacitor. 


365pf variable air capacitors, less than 1kv. 
450 volt, 47uF electrolytic capacitors 
UF4007 1.0a ultra fast recovery diodes. 

2 - 3.7 volt, 30ma, 10mm ultrabright LEDs. 


: Earth grounding rod. 


Electrically non conductive insulators. 


: 3 turns, 18ga wire wound over L2 windings. 
: 50 turns, 20ga enameled wire wound on a 3” diameter cardboard tube. 
: 10k, 1/4 watt resistor. 

: On/Off switch. 

: MJE13007 transitor. 


6 volts @ 7.5 mA. 
: 6 volts @ 38 mA. 
: 30.5mA = over five times more output than input. 


turning low-frequency currents into sound, and it would be as 


Fig. 17—Currents vary 
the strength of the mag- 
~ fetism and so cause 
diaphragm movements 


Fig. 16 (b)—Pictorial representation of the simole 


Release 11 also implements CoMP on the uplink, by which multiple base stations receive 
uplink transmissions and jointly process the signal, resulting in significant interference 
cancellation and improvements to spectral efficiency. 


The performance gains expected from CoMP are under discussion in the industry. According 
to 3GPP document TR 36.819, for the case of resource utilization below 35%, CoMP may 
provide a 5.8% performance gain on the downlink for the mean user and a 17% gain for 
cell-edge users relative to HetNets without elCIC. For resource utilization of more than 
35%, COMP may provide a 17% mean gain and a 40% cell-edge gain. CoMP can also be 
used in combination with elCIC for additional gains. 


In the same 3GPP TR 36.819 document, 3GPP estimates the downlink CoMP gain in spectral 
efficiency, defined as average sector throughput for full buffer traffic using JT and 4x2 MU- 
MIMO as defined in R11, compared with 4x2 MU-MIMO based on R10, to be about 3% for 
intra-eNodeB CoMP. That gain drops to about 9% for inter-eNodeB CoMP in the case of no 
delay in the backhaul used to exchange information between eNodeBs. The corresponding 
gains in cell-edge user throughput are 20% and 31%, respectively. 


When increasing the backhaul latency to a more realistic value of 10 msec for inter-eNodeB, 
spectral efficiency decreases to zero, and the cell edge gain decreases to 10%. 


The gains for DL CoMP based on Coordinated Scheduling/Coordinated Beamforming 
(CS/CB) and intra-eNodeB are less than that provided by JT, with spectral efficiency at 1% 
and cell edge gains at 4%. 


All of the above gains are for FDD networks with cross-polarized antennas at the eNodeBs. 
For TDD networks, the gains are higher by virtue of being able to invoke channel reciprocity 
and thus infer the DL channel directly from the UL channel. For example, for intra-eNodeB 
CoMP with JT 4x2 MU-MIMO, the respective gains in spectral efficiency and cell-edge 
throughput are 14% and 29%, respectively. 


The gains for UL CoMP based on Joint Reception (JR) are greater than the DL gains. For 
intra-eNodeB CoMP, the average and cell-edge throughputs are increased to 22% and 40%, 
assuming two receive antenna paths with SU-MIMO. These respective gains increase to 
31% and 66% for inter-eNodeB CoMP. In addition, UL CoMP does not require 
standardization and thus facilitates vendor implementation. 


Uplink CoMP assists VoLTE because it improves cell-edge performance, making voice 
handover more reliable when traversing between cells. The benefit is analogous to CDMA 
soft handover; in both cases, the mobile device communicates with two sites 
simultaneously. 


Cellular V2X Communications 


In Release 14, 3GPP is specifying cellular vehicle-to-X (C-V2X) communications with two 
complementary transmission modes: direct communications between vehicles and network 
communications. 


Direct communications will use bands such as the Intelligent Transportation Systems (ITS) 
5.9 GHz band, using the PCS interface specified for LTE device-to-device communications, 


€9 3GPP, Coordinated Multi-Point Operation for LTE Physical Layer Aspects, TR 36.819 v11.1.0, Tables 
7.3.1.2-3 and 7.3.1.2-4, September 2011. 
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Red sprite 


density 


Blue jet 


Stratosphere 


‘Temperature 


Ficure 2: Depiction of various optical events in the atmosphere and 
the altitude at which they occur, credit [2]. 


or at time as low as the cloud top and bright region is 
in the altitude range 65-85 km [35]. They typically last for 
5-50ms and may take the form of one or more vertical 
columns of a few hundred meter radius for the smaller 
column sprites or large jellyfish-shaped structures of tens of 
kilometers of radius and extending from the ionosphere D- 
region almost down to the thunderstorm cloud tops [2, 35]. 
The knowledge gained from laboratory experiment of gas 
discharges at subatmospheric pressure has been used to 
understand sprite spectroscopy and associated phenomena 
[25]. Figure 3 shows broad identical spectral characteristics 
of light of positive column of the laboratory tube and sprites 
[25]. The difference in spectral characteristics may be due 
to difference in applied electric field, gas pressure, and gas 
composition in the mesosphere and gas tube discharges. 
Physical processes associated with sprites and other optical 
events are also associated with thunderstorm activity in the 
troposphere and are thought to result in the gradual build- 
up of conductivity changes in the lower ionosphere [36]. 
Liszka [37] suggested the generation of infrasound waves 
by sprites, whose signatures were detected by a network 
sensors in Sweden [38]. The shape of the chirp signature 
in the spectrograms of infrasound can be explained by the 
horizontal size of the sprite [39]. Neubert et al. [40] have 


‘Picune 4: Essential features ofthe global atmospheric electri ctrcut (26, 27). 


ov 


‘rouge 5: Diagram showing 2 schematic equivalent crcutt for 
slobal elactric circuits, cred (28). 


system, that electric currents redistribute charge and that the 
electric currents are continuous. 

‘The power supplied by thunderstorms is insufficient 
to maintain a field of magnitude observed in fair-weather 
regions. Rycroft et al. 61] included the generator associated 
with electrified douds in the GEC model; this was found 
to be of the same magnitude as that due to thunderstorms, 
The phenomena occurring in the upward branch of 
the GEC above the thunderstorms are likely to inflmence 
only the upper atmosphere conductivity. Since they occur 
‘much les frequently (only one sprite out of 200 lightning) 
because oftheir association with intense lightning discharges 
150, 62), their contribution to the fonospheric potential is 
very small [61]. The gigantic jets transport large quantities 


‘of negative charge discharging the atmospheric capacitor 
{63-66} whose effects on the ionosphere and GEC have not 
‘yet been modeled. The role of sprite/TLE events on the 
flo, charging/ discharging of GEC, modification of electric 
fields near the Earth's surface remains unanswered. Since 
‘optical emissions could change electrical properties of the 
atmosphere and influence processes related with weather and 
‘climate, intense research activity in this area is required. 
‘The earthquakes affect the electrodynamics of the at- 
mosphere through the generation of electric and mag- 
netic fields with crustal deformation, fault-fatare-related 
iezomagnetism, stress/conductivity, electrokinetic effects, 
‘charge generation processes, thermal remagnetiration, and 
‘demagnetization effects, and so forth {67|. These processes 
in the Earth’s lithosphere relate with disturbances in the 
atmosphere and ionosphere. Sorokin et al. (8) discussed 
the processes forming the electrodynamic model of the 
‘effect of seismic and meteorological phenomena on the 
ionosphere. Radioactive substances and charged serosols 
injected into the atmosphere modify the altitude profile of 
‘conductivity, generation of external currents, perturbation 
‘of dlectric field, and current in the ionospheric layer. AS 
a result, Joule heating of the ionosphere and instability 
‘of acoustic gravity waves take place, which manifests in 
the formation of horizontal inhomogeneities of ionospheric 
‘conductivity. Finally, alias sees Sooty Bee fuctna- 
tions and ULF/ELF emissions in the ion 
of teldsigeed ets planes pers spree pls 
transport, and modification of F:-layer, and change in the 
on composition of the upper ionosphere take place (68, 69] 
‘These changes may also affect the GEC and the Earth's 
climate which remains a challenging problem to be solved. 
Figure 6 shows a schematic diagram which can be used to 
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Figure 1-7 Wavelength versus frequency for v = ¢. 


Example of wavelength for a given frequency. For a frequency of 300 MHz the cor- 
responding wavelength is given by 

c_ 3x 10°ms 
Ff 300 x 10° Hz 


A 


Im (3) 


In a lossless nonmagnetic dielectric medium with relative permittivity ¢, = 2, the 
- same wave has a velocity 


‘ 
TW § 230» me 4 
ve vt 

.12 x 108 
and B 212 x 10" 0.707 m= 707 mm (5) 


f 300 x 10° 


1-4 DIMENSIONS AND UNITS. Lord Kelvin is reported to have said: 


When you can measure what you are speaking about and express it in numbers you 
know something about it; but when you cannot measure it, when you cannot 
express it in numbers your knowledge is of a meagre and unsatisfactory kind; it may 
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Figure 1-6 The electromagnetic spectrum with wavelength on a logarithmic scale from the shortest 
gamma rays to the longest radio waves. The atmospheric-ionospheric opacity is shown at the top 
with the optical and radio windows in evidence. 


Thus, the wavelength depends on the velocity v which depends on the medium. In 
this sense, frequency is a more fundamental quantity since it is independent of the 
medium. When the medium is free space (vacuum) 


v =3x 108ms! (2) 


Figure 1-7 shows the relation of wavelength to frequency for » =c (free 
space). Many of the uses of the spectrum are indicated along the right-hand edge 
of the figure. A more detailed frequency use listing is given in Table 1-1. 


Table 1-1 Radio-frequency band designations 


Frequency Wavelength Band designation 

30-300 Hz 10-1 Mm ELF (extremely low frequency) 
300-3000 Hz 1 Mm-100 km 

3.30 kHz 100-10 km VLF (very low frequency) 
30-300 kHz 10-1 km LF (low frequency) 

300-3000 kHz = 1 km-100 m MF (medium frequency) 
3.30 MHz 100-10 m HF (high frequency) 

30-300 MHz 10-1m VHF (very high frequency) 
300-3000 MHz 1 m-10 cm UHF (ultra high frequency) 
3-30 GHz 10-1 cm SHF (super high frequency) 
30-300 GHz 1om-1 mm EHF (extremely high frequency) 
300-3000 GHz = 1 mm-100 um 

Frequency Wavelength IEEE Radar Band designation 
1-2 GHz 30-15 om L 

2.4GHz 1$-7.5 om & 

4.8GHz 7.5-3.75 cm c 

8-12 GHz 3.75-2.50 am x 

12-18 GHz 2.50-1.67 cm Ku 

18-27 GHz 1.67-1.11 em K 

27-40 GHz Lilem-75mm Ka 

40-300 GHz 7.5-1.0 mm 


made. 


STONE seme. ‘To make tuning easier a component called a tuning capacitor can be included in the 
circuit. In very early sets a tuning capacitor was not always inciuded to keep costs, 
brs fie down, or due ta their being difficult to obtain, 
‘The Detector converts the radio wave recelved into an electrical wave that is sultable 
for the headphones to, in tum, convert into sound waves that can be heard by the 
human ear_In the very early days of the crystal set the detector consisted of a holder 
containing a piece of galena crystal that had a very thin and springy wire placed on its 
a G surface that had to be very delicately adjusted to find the sweet spot where the radio 
—— =) station could be heard. This was commonly referred to as a "Cat's Whisker", Modern 
ACTUAL OTO0E detectors are called diodes and are more efficient than early detectors and cats 
Whiskers. Diodes are stil quite readily available and inexpensive, Part numbers for 
modern diodes include OASO, OA9T and IN34. Diode part numbers that are perhaps 

‘now more diffcult to obtain include OA47 and OAB1 


An illustration of a modem diode which is often The headphones have to be of a very special type called high impedance 
tencapsulated in glass and is about 7mm long. headphones. Because there is no additional power source in a crystal set the current 
‘Above is the electronic symbol for a diode. generated In the circuit is tiny - minuscule in fact Ordinary low Impedance 

headphones, such as Walkman headphones, would present a virtual short circuit to 
the crystal set allowing the tiny signals to drain away to earth & consequently 
‘producing no sound - not very usefull 


High impedance headphones, on the other hand, reduce or impede the flow of 
current down to earth, in effect saving the tiny signals to produce sounds fram the 
headphones that we can then hear. 


‘There is a problem however, these high impedance headphones that were so readily 
available in the 1920's and 1930's are to so easy to obtain today, but some specialist 
vintage radio outlets stil stock them though the price can be quite high. They can st 
bbe seen in museums of course. Allis not lost though, today we can obtain a special 
earphone called, appropriately, a crystal earpiece very easily and far more cheaply 
than. An electronic component, called a resistor, must be connected accross the 
crystal earphone to allow a path for DC current to get to earth. The value of the 


nm resistor i usualy 47,000 Ohms and without ita crystal earphone tends to block DC 
] ‘tar Current and 28 a consequence tne sound wil be very quiet and distorted 
oosiey 
‘Aerial and Earth: For a crystal set work it needs an efficient aerial and earth. Since @ 
Ss ‘axystal radio has no power - no batteries or mains electrcty it relies entfey on the 


radio wave energy sent aut from the radio station's transmitter and collected by the 
aerial 0 work. The aerial simply consists of a length of wie, but it necessarily has 10 
bbe quite long, usually in the order of 10 to 20 meters, For the aerial to be effective the 
crystal radio set also has to be connected to a good earth point. A good earth often 
‘consists of a 3 or 4 foot copper stake driven into the ground, but sometimes a water 
pipe can be used to reasonable effect. (Safety: Never use the earth pin of a 
household mains plug) 


in Ite 


The circuit diagram (schematic) for a crystal set Is shown below. Practical 
designs are shown on the following pages. 


Click on photo for a larger picture 


8 MILLION GAIN! 

This circuit is so sensitive it will detect "mains hum." 
Simply move it across any wall and it will detect where 
the mains cable is located. It has a gain of about 200 x 
200 x 200 = 8,000,000 and will also detect static 
electricity and the presence of your hand without any 
direct contact. You will be amazed what it detects! 
There is static electricity EVERYWHERE! The input of 
this circuit is classified as very high impedance. 


Here is a photo of the circuit, produced by a 
constructor, where he claimed he detected "ghosts." 
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A simple crystal set for free power radio 


Of any electronic project, the crystal set would have to rate as one of the 
‘most popular. Many amateurs are on the air today because of their early 
construction of a crystal set. Most practical electronic books for 
beginners include at least one crystal set project. Unfortunately, some of 
these circuits take simplicity too far and deliver mediocre performance, 

1g key components such as the tuning capacitor, or failing 
taps. 


‘This article describes a crystal set of medium complexity. It features coll taps 
for the antenna and diode to make it useful for both country and metropolitan 
listeners. The taps allow the set to cover 160 metres if desired. All parts ara 
easily obtainable, making it a good choice for the beginner. The endless 
possibilities for experimentation also make crystal sets interesting novelty 
projects for experienced constructors. The schematic is shown here: 
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Figure 12. (a) Output power for a half-wave and full-wave CWVM, and (b) 
portable electronic calculator running with the AM energy harvester. 
Detected input signal in LC resonator is 1.5 V at 1 MHz. 
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and will not require a Universal Integrated Circuit Card (UICC) SIM (USIM) card. By 
operating on different channels in the ITS band, direct cellular V2X will be able to co-exist 
with IEEE 802.11p, another automotive communications protocol. 


In the network communications mode, the system will use traditional cellular licensed 
spectrum. 


Use cases include do-not-pass warnings, blind-curve hazard warnings, road-works 
warnings, blind-intersection assistance, bicyclist and pedestrian alerts, and left-turn 
assistance. 


C-V2x is being designed to be compatible with other automotive standards, such as those 
from ETSI and the Society of Automotive Engineers. 


User-Plane Congestion Management (UPCON) 

With User-Plane Congestion Management, specified in Release 13, operators have 
additional tools to mitigate network congestion in specific coverage areas. Mechanisms 
include traffic prioritization by adjusting QoS for specific services; reducing traffic by, for 
example, compression; and limiting traffic, such as by prohibiting or deferring certain 
traffi 


3GPP specifications add a new architectural entity, called the “RAN Congestion Awareness 
Function” (RCAF), that determines whether a cell is congested, determines the UEs 
supported by that cell, and informs the Policy Control and Charging Rules Function (PCRF), 
which can subsequently apply different policies to mitigate the congestion. 15° 


Network-Assisted Interference Cancellation and Suppression (NAICS) 
NAICS, a Release 13 capability, enhances the interference cancellation and suppression 
capability of UEs by using more information from the network. The fundamental goal of 
NAICS is to identify and cancel the dominant interferer, not an easy task when the 
dominant interferer can be on or off and can change in time and frequency. One analysis 
estimates an average performance gain of 7.4% relative to Release 11 Interference 
Rejection Combining and 11.7% at the cell edge. 5! 5G Americas members expect even 
higher performance gains, for example 20%, with implementation-specific scheduling and 
as NAICS methods are refined. 


Multi-User Superposition Transmission (MUST) 

MUST, a study item in Release 13 and tentatively planned for Release 14 uses simultaneous 
transmissions of data for more than one UE within a cell without time, frequency, or spatial 
layer separation. The concept relies on a UE close to the base station having low 
propagation loss and a UE far from the base station having high propagation loss. The far 
UE is not aware of, nor interfered by the near UE transmission. The near UE cancels the far 
UE interference. The capacity gain grows with the SNR/SINR difference between the close 
and far UES. 


250 For further details, see 3GPP TR 23.705, “Study on system enhancements for user plane congestion 
management (Release 13).” 


251 Harri Holma, Antti Toskala, Jussi Reunanen, LTE Small Cell Optimization: 3GPP Evolution to Release 
13, Jan 2016, Wiley, ISBN: 978-1-118-91257-7. 
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Figure 6. Pictorial image of the AM-RF energy harvesting system. 
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Figure 11. (a) AM resonator implemented, (b) Full-wave CWVM 


implemented, (c) top view of the AM resonator and full-wave CWVM, and 
(d) lateral view of the AM resonator and full-wave CWVM. 


Image by Jim Lee, ClimateViewer.com 
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In the endothermic mode, tremendous heat is received back in the transmitters. Soviets 
further retransmit the heat via interferometers to a distant "exhaust" point. Bennett Island 
was uSed for such an exhaust point for decades, and our observation platforms saw a 
great many 150 miles-long jets of exhaust effects in narrow beams at shallow angles. 


IPv4/IPv6 


Release 8 defines support for IPv6 for both LTE and UMTS networks. An Evolved Packet 
System bearer can carry both IPv4 and IPV6 traffic, enabling a UE to communicate both 
IPv4 and IPV6 packets (assuming it has a dual stack) while connected through a single EPS 
bearer. It is up to the operator, however, whether to assign IPv4, IPv6, or both types of 
addresses to UE 


Communicating between IPv6-only devices and IPv4 endpoints will require protocol- 
conversion or proxies. For further details, refer to the 5G Americas white paper, “IPV6 - 
Transition Considerations for LTE and Evolved Packet Core,” February 2009. 


TDD Harmonization 


3GPP developed LTE TDD to be fully harmonized with LTE FDD including alignment of frame 
structures, identical symbol-level numerology, the possibility of using similar Reference 
Signal patterns, and similar synchronization and control channels. Also, there is only one 
TDD variant. Furthermore, LTE TDD has been designed to co-exist with TD-SCDMA and TD- 
CDMA/UTRA (both low-chip rate and high-chip rate versions). LTE TDD achieves 
compatibility and co-existence with TD-SCDMA by defining frame structures in which the 
DL and UL time periods can be time aligned to prevent BTS to BTS and UE to UE interference 
to support operation in adjacent carriers without the need for large guardbands between 
the technologies. This will simplify deployment of LTE TDD in countries such as China that 
are deploying TD-SCDMA. Figure 72 demonstrates the synchronization between TC-SCDMA 
and LTE-TDD in adjacent channels. 
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Transverse waves 
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good example. The 

wave moves along 

the rope but the bits! ¢ 


of rope go up and 
down - across the 
direction of the 
wave. “Trans” means 
across, think of 
“transatlantic” or 
“transfer”. 


Most of the examples of 
waves we have to deal 
with are transverse 
waves. All the waves in 
the electromagnet 
spectrum are transver: 
waves. 


A longitudinal wave is 
a “pushing” wave. A line 
of dominos falling is an 

example. 


Awater wave is another 
example of a transverse 
wave. 


Vibration of 
the rope 


Direction of travel 
of the wave 


—>- 
wavelength 


is the amplitude of the wave measured from the maximum height to the 
middle. Think of a water wave, it is the distance from either the crest or the 
trough to where the water would be if it were calm. 


If one end of a slinky is pushed and pulled 
then each coil pushes and pulls the next. The 
coils oscillate along in the same direction that 
the wave is traveling. 


J is the wavelength. That is the distance from one point on a wave to the same 
point on the next wave - for example from crest to crest or trough to trough 

f is the frequency of the wave, that is the number of waves which are produced 
every second (or the number passing every second). This number is given the 
unit *hertz”. One hertz is one wave per second. 


There is a connection between the frequency and wavelength of a 
wave. If the frequency is increased - if there are far more waves, 
then they are closer together; in other words the wavelength is less. 
The speed is equal to the frequency multiplied by the 


V=fxA 


ms hertz metres 
Mibeaiion et Direction of travel of the wave 
the coils 
— > 
(ERC 


<_A— 
wavelength 


Phones/Amp1i fier 


, p> PI AY 3:35/8:40 


Making a Crystal Radio ( How to make a Crystal 
Radio ) 


a Graham Cates 


vv 


I7z9vNG 


== 
a 
"sean 
7 = 


1N4007 


Ste 


5.6 KOhm 


PART ARR A ARR H 


82uH 


The joule thief circuit 


Ferrite toroid core 
with two lengths of 
small diameter wire 
e.g. 26 gauge 

30 gauge, 


resistor 


_-4ka 
| | 


3 \ 
AAbattery fat side is facing than the other 
out of the page 


LED (Light Emitting Diode) 


transistor 
2N4401 


(C - Collector, B - Base, E - Emitter) 


Transistor - The legs of the transistor can be determined by noticing that there's a flat side to the transistor case, See the diagram above. A large number of 
transistors have been reported to work: 2N4401, NET123AP, BC547B, 2SC2500, BC337, PN2222, to name just a few. 


LED - One leg of the LED is longer than the other leg. Use this to determine which one goes where. See the diagram above. 


Resistor - The diagram says use a 1 kilo ohm resistor but I've used an 820 ohm one just fine. I've also seen a 2 kilo ohm one in use. Use whatever works for 
you. You can also use a potentiometer (a variable resistor) so that you can easily adjust it to select the resistance that gives the best light. 


‘Toroid ferrite core - Some people have gotten these by opening up compact fluorescent lightbulbs (CFLs). | took mine out of some device whose original 
function | don't know. To get it working, my first one had just 13 turns for each wire and | used a 30 gauge wire and a 26 gauge wire. The wire must be 
insulated. A variety of number of turns will work. This is something you can play with. Look at the diagram carefully to determine where the wires connect to. 
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Figure 72: TDD Frame Co-Existence between TD-SCDMA and LTE TDD?5? 
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For LTE FDD and TDD to co-exist, large guardbands will be needed to prevent interference. 


SMS in LTE 

Even if an LTE network uses CSFB for voice, LTE devices will be able to send and receive 
SMS messages while on the LTE network. In this case, the 2G/3G core network will handle 
SMS messaging, but will tunnel the message to the MME in the EPC via the SGs interface. 
Once an LTE network uses IMS and VoLTE for packet voice service, SMS will be handled as 
SMS over IP and will use IMS infrastructure. 15? 


User Equipment Categories 


LTE specifications define categories of UE, which mainly determine the maximum 
throughputs of devices but also govern the number of downlink MIMO layers, as shown in 
Table . 


Higher throughput capabilities are possible with 64 QAM and 256 QAM modulation. 3GPP 
is also defining Category 0 and Category M devices for M2M, as discussed in the section 
“Internet of Things and Machine-to-Machines.” 


352 5G Americas member company contribution. 


153 For further details, see 4G Americas, Coexistence of GSM, HSPA and LTE, May 2011, 35 
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Table 1: Dinshah’s Sound/Color Equivalent Chart. 


Color Frequency Musical Note Note Frequency 
Red 397.5 G 378 (3 x 126 = 378) 
Orange 430.5 A 432 (3 x 144 = 432) 
Yellow 464.5 A# 459 (3 x 153 = 459) 
Lemon 498 B 486 (3 x 162 = 486) 
Green 531.5 c 513 (3 x 171 = 513) 
Turquoise 565 C# 540 (3 x 180 = 540) 
Blue 598.5 D 567 (3 x 189 = 567) 
Indigo 632 D# 594 (3 x 198 = 594) 
Violet 665.5 E 648 (3 x 216 = 648) 
Purple 565* A#andE 562* 


Magenta 531.5* 


Scarlet 


498* 


G andE 525* 


*denotes reverse polarity. From: 


Dinshah GP. Spectralchrometry Encyclopedia, 3rd Ed. 
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Table 19: UE Categories*™* 


UE Max DL Maximum | Maximum UL 
Category Throughput DLMIMO Throughput 
Layers 
1 10.3 Mbps 1 5.2 Mbps 
2 51.0 Mbps 2 25.5 Mbps 
3 102.0 Mbps 2 51.0 Mbps 
a 150.8 Mbps 2 51.0 Mbps 
5 299.6 Mbps a 75.4 Mbps 
6 301.5 Mbps Zora 51.0 Mbps 
7 301.5 Mbps Zora 102.0 Mbps 
8 2998.6 Mbps 8 1497.8 Mbps 
9 452.3 Mbps Zora 51.0 Mbps 
10 452.3 Mbps Zor4 102.0 Mbps 
Tr 603.0 Mbps Zor4 51.0 Mbps 
12 603.0 Mbps 2or4 102.0 Mbps 
3 391.6 Mbps 2or4 150.8 Mbps 
14 3916.6 Mbps 8 9587.7 Mbps 
15 798.8 Mbps Zora 226.1 Mbps 
16 1051.4 Mbps Zora 105.5 Mbps 
17 2506.6 Mbps 8 2119.4 Mbps 
18 1206.0 Mbps | 20r4(or8) | 211.0 Mbps 
19 1658.3 Mbps | 2 or 4 (or 8) | 13563.9 Mbps 


LTE-Advanced Relays 

Another capability being planned for LTE-Advanced is relays, as shown in Figure 73. 

The idea is to relay frames at an intermediate node, resulting in much better in-building 
penetration, and with better signal quality, user rates will improve. Relay nodes can also 
improve cell-edge performance by making it easier to add picocells at strategic locations. 


154 3GPP, Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio access 
capabilities, Technical Specification 36.306 V14.2.0, March 2017. 
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Relays provide a means for lowering deployment costs in initial deployments in which usage 
is relatively low. As usage increases and spectrum needs to be allocated to access only, 
operators can then employ alternate backhaul schemes. 


Figure 73: LTE-Advanced Relay?*> 
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Proximity Services (Device-to-Device) 

Release 12 defined a capability for devices to communicate directly with one another using 
LTE spectrum, a feature also called “operator-enabled proximity services.” With this 
capability, devices can autonomously discover nearby relevant devices and services in a 
battery-efficient manner. Devices broadcast their needs and services and can also passively 
identify services without user intervention. The communication between devices is called 
“sidelink communications” and uses an interface called “PCS.” Release 12, emphasizing 
public-safety applications, supports only one-to-many sidelink communications, whereas 
Release 13 supports one-to-one sidelink communications between two group member UEs 
and between a remote UE and a relay UE. 


Initial emphasis of this capability, in both Release 12 and Release 13, is on public safety. 
Examples of potential consumer or commercial applications include discovering friends and 
family (social matching), push advertising for relevant notifications, tourist bulletins, venue 
services, crime alerts, home automation, vehicle-to-vehicle communication, and detecting 
children’ leaving the vicinity of their homes. The service is designed to work during 
infrastructure failures, even in emergencies and natural disasters. As a new means of 
communicating, proximity services could result in innovative types of applications. 


The LTE network performs configuration and authentication; however, communication can 
be either via the network or directly between devices. To minimize battery consumption, 
devices synchronously wake up for brief intervals to discover services. The impact on LTE 
network capacity is minimal 


‘As with other location-based services, operators and application developers will need to 
address privacy concerns. 


285 5G Americas member contribution. 
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Ferrite Balun core and stick 
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To Earth Wire 
86pF Caprcitor 100K Resistor 4 emm Jack Socket 


Diagram 2. Place balun inside coil former and use the stick to slide 
it up and down inside the coil to tune the Nic Nac Radio. 


The MK 484 TRF Receiver - With Inductive 
Coupling! 


Copyright © Austin Hellier 10/01/2001 
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Diagram 1. MK484 Radio Receiver for the AM Band 


Build This Modern AM Radio Receiver For Just $12.00! 

This adaption of the famous ZN414 (now MK484 plastic pack) AM radio receiver, was inspired by 
the fact that I live fairly close to my three local AM stations (2WL, 2WN and the ethnic 
broadcaster 2RPH) and would normally receive overloaded signals with a standard TRF design 
based on this IC. With the minor modifications made to the basic design as shown, and with the 
aid of the inductive coupling arrangement, i can pick up all three stations with clarity and 
volume, and with hardly any (and I mean ANY) interference from each other, and no oscillations! 


Make sure that you wire the MK484 (IC1) up correctly - the pinouts shown above are seen from 
the top of the device. Wind L2 so that it fits snugly on the end of the rod, right next to the end of 
L1 's winding. The average 9 volt battery gives much better volume and selectivity, and should 
last for some months of constant use - if you've got a few spare $, try a new Eveready Lithium 
or the new Kodak Alkaline! 


MK484 ICs are available from http://www.dse.com.au/ (cat# 26525 for $2.36AUD). 


Construction Parts List DSE# 
You can make this circuit up quickly on your SK-10 
Ic. MK 484 26525 


panel, or use something like the Dick Smith "Funway 
4 


LTE Throughput 

The section “4G LTE Advances” above in the main section of the paper and “Data 
Throughput Comparison” in the appendix provide an overview of LTE throughputs. This 
section provides additional details. 


Table shows initial (Release 8) LTE peak data rates based on different downlink and uplink 
designs. 


Table20: LTE Peak Throughput Rates 


Downlink (Mbps) Uplink (Mbps) 
Peak Data Rate Peak Data Rate 
Using 2X2 MIMO in the Downlink and 70.0 22.0 

16 QAM in the Uplink, 10+10 MHz 


LTE Configuration 


Using 4X4 MIMO in the Downlink and 300.0 71.0 
64 QAM in the Uplink, 20+20 MHz 


LTE is not only efficient for data but, because of a highly efficient uplink, is extremely 
efficient for VoIP traffic. As discussed in the “Spectral Efficiency” section above, in 10+10 
MHz of spectrum, LTE VoIP capacity will reach 500 users. 5 


Table 19 analyzes LTE median and average throughput values in greater detail for different 
LTE configurations. 


Table 19: LTE FDD User Throughputs Based on Simulation Analysis?*” 


User Throughput, Mbps 


Configuration Downlink (DL) Uplink (UL) 

Median Average Median | Average 
Se | se | os [ae 
Sores | ae ae [ee | 
Sooessaee =| =a | we | = | 2 
Sees) ae [ae | | s 


156 3GPP Multi-member analysis. 


357 5G Americas member contribution. SIMO refers to Single Input Multiple Output antenna configuration, 
which in the uplink means one transmit antenna at the UE and multiple receive antennas at the eNodeB. 
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Radio signals are travelling through the atmosphere all the time. This simple radio receiver has 
been designed to capture them, and turn them into sound waves, so that you can hear what's 
going on. The Aerial and Earth wires form a return signal path from the AM transmitter, for these 
signals, and they are then fed into the coil and capacitor. This arrangement is known as a ‘tank’ 
circuit, because it stores radio energy, much in the same way your family car's tank stores 
petrol. The combination of a certain sized capacitor (68pF) and the amount of turns on the coil 
(around 120 turns) determines the frequency you will receive at. The Diode changes the signal 
from a radio one, to an audio one, and the Crystal Earphone changes the audio signal into sound 
waves that you can hear. the resistor adds stability by helping to prevent the Earphone from 
occasional ‘dropout’. 


You'll need all the components listed below and a Tic Tac lolly box. Start by mounting the 
earphone jack into the lid of the box and then solder up each of the components into a tidy 
version of the ‘rat's nest’ construction method. Make sure you use a crocodile clip as a heat sink 
for the diode when soldering - they're pretty sensitive devices to heat. Then take the coil and 
remove the ferrite rod from inside it. Take the ferrite balun core and place one end of the plastic 
stick (obtained by cutting off both ends of a cotton bud) and glue it inside the hole, with its end 
level with the end of the balun core. 
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Diagram 2. Place balun inside coil former and use the stick to slide 
it up and down inside the coil to tune the Nic Nac Radio. 
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Diagram 2. Place balun inside coil former and use the stick to slide 
it up and down inside the coil to tune the Nic Nac Radio. 


AMCI BROADCAST EQUIPMENT 
_ for VHF and UHF-TV and FM 


VHF-TV TRANSMITTING ANTENNAS 
Mast or tower-corner mounted 
DIRECTIONAL OR OMNIDIRECTIONAL 
for Channels 5 to 13 
Omnidirectional VHF-TV antennas with 
power gains up to 20, Directional VHF-TV 

antennas with power gains up to 36. 
UHF-TV TRANSMITTING ANTENNAS 
Mast, tower-corner, or truss-mounted 
DIRECTIONAL OR OMNIDIRECTIONAL 
for Channels 14 to 83 
Omnidirectional UHF-TV antennas with 
power gains up to 50, Directional UHF-TV 
antennas with power gains up to 80. 


FM TRANSMITTING ANTENNAS 
Mast or tower-corner mounted 
DIRECTIONAL OR OMNIDIRECTIONAL 
For single or multé-station transmission, 


SPECIAL PURPOSE ANTENNAS 

The Empire State Building Master FM Antenna; two rows of 
dipoles around the 102nd floor observation level, the diplexers 
within the tower, and the transmission line, designed, built, 
and installed in 1965, permit up to 17 FM stations to broad- 
cast simultancously from the same antenna, 


Transmitting Antennas 


. DIPLEXING FILTERS 
Temperature compensated. Aural-to-visual 
and visual-to-aural rejection over 30 db. 
For use with transmitters up to 50 kw. 


Lis 


Th. 


THE DE FOREST AUDION 


“There is only one Audion—the De Forest” 


MOST SENSITIVE 


The Bulletin of the U. S. Bureau of Stand- 
ards states that the De For Audion is 
fully 50 per cent. more sensitive than any 
other known form of detector (Vol. 6, No. 
4, page 540). 


MOST RELIABLE 


It is not affected by mechanical vit 
nor burned out by static or the smitting THE TYPE RJ9 DE FOREST AUDION 
NE DE FOREST spark. It never fails at the critical moment. DETECTOR 
TUBULAR AUDION The detector is the heart of the receiving Jocorporsice the Gusiee tem aoe cee 
ZB wise set, Why waste valuable time on an in- 
own Audion Deice $5.50 sensitive, unreliable detector? é 2 
The genuine De Forest Audion is now with- 


Adapter 40 cents extra. 


i Get the Bulletin (3116) 
Get the Bulletin ( X16) in the means of every operator. 


WARNI. ou are entitled to the genuine Aw guaranteed by oners of the Audion patents, when making an investment of thi 
b acuated detector having a filament, a grid and a plate, as well as other types, are covered by our patents, and seceral irres 


ingers are being prosecuted. To be safe and get full value for your money, insist on the genuine De Forest Audion. 


SEND FOR BULLETINS X16 AND M16 DESCRIBING AUDION 
Detectors, Audion Amplifiers and Audion Receiving Cabinets 


DE FOREST RADIO TELEPHONE & TELEGRAPH CO. 


101 PARK AVENUE -i- NEW YORK, N. Y. 
Makers of the Highest Grade Receiving Equipment in the World 


LED diagram: 


[ Electronzap.com | Electronzapdotcom (Youtube) | Electronzap (Pinterest) | 


Anode Cathode 
Side Side 


—Flat edge 
Anode side of schematic symbol 
resembles an arrow pointing A Dash side of schematic 
from positive to negative. 7,7 indicates cathode. 


(Conventional current) 


Shorter lead 
Longer lead — 


+ 


ARRL 


Te national association for 


AMATEUR RADIO 


US Amateur Radio Bands 


Effective Date 


US AMATEUR POWER LIMITS 


FCC 7.313. An amateur station must use the minimum transmitter power necessary to carryout the 


160 Meters (1.8 MHz) 
sis actress 


EAG 


1.900 2.000 MHz 


1.800 


60 Meters (3.5 MHz} 


3600 3500 3.700 4.000MH2 


E 
A 
c 
N, 


om) en) 


3525 3,600 
60 Meters (5.3 MHz) 


93905 5940.5 5097.0 5971.6 402.5 Khe 
‘Gaperal Advanced, ad Amster ExtiaBrenees may 
‘operat on theee five channels on a eeocndary basi witha 
‘peraing mates include upper sieband vole (USB), CW, 
ITY, PEKSI and other Gata modes such as PACTOR I a» 
ef he FEC Rrpr and Cet of Nove 18.231, 
i into to 28 kt canrod on 8322, £348, 5358 6 
5573 and S40 is on lg onions rst bo 
cenlored 1 SKM? abo the channel Fequences indicated 


40 Meters (7 MHz) 


7,000 725 7.200 MHz 


NT 

7175 (200 w) 

725 7.125 

Phone and image medes are permit between 7.075 and 

11100 Miz fr FEC bearsed ststone in TU Regions 1 and 3 

and by FCC oenand stations i ITU Region 2 West of 130 

‘eareos West logit or South of 20 cagrees Nort atu, 

See Sectors 97 3062) and 97.207(019, 

Hovoo and Tecnicinn looncoos ouside ITU Region 2 may 
etween 7.025 and 7.078 MHzanc bolween 


‘eamptione do not apply to stators nthe contnantal US 


30 Meters (10.1 MHz) 


10.160 Metz 


20 Meters (14 MHz) 


14,900 14150 44359 mie 


E 


i 


4.175 s 


14.150 14225 


17 Meters (18 MHz) 
EAS 
18.110 18.168 MHz 


15 Meters (21 MHz) 


21200 21.450MHz 


21.200 


12 Meters (24 MHz) 
EAS 


24.930 24,990 MHz 


10 Meters (28 MHz) 


28000 28,300 29.700 MHz 


28000 26.500 


March 5, 2012 


225 main St 


50.1 6 Meters (50 MHz) 


EAGT 


509 54.0 MH2 


1441 2 Meters (144 MHz) 


EAGT 


1440 1480 MHz 


4.25 Meters (222 MHz) 


EAST 
IN (25W) 


220 2250 Miz 


2190 220.0 


"Geosrapical and power resttions may agey i a bands 
above £20 Miz See The ARRL Opsratng Handa for 
inforetion about your area 


70 cm (420 MHz)” 


EAGT 
4500 MR 


33cm (902 MHz)* 
EAGT 


9020 928.0 Mire 


4240 23.m (1240 MHz)* 4300 MHz 
EAGT 
NeW) 


1210 175 


Allicansees escort Novices ate authorized all modes 
‘nthe folowing frequencies: 

23002510MHe 100:10.5GHe 
ZI0AHSOMHE 2404.25 Che 
Sa00a500Mre 47047 2GHe 
SesosezsMin  76081,0GH. 


42225-123 0GHe 
134161 He 
24-250 GH 
Ab above 2/s.GHe 


No pulse omisions 


www.arrlorg 
= Nevington, CT USA 96111-1408 


KEY. 


W only 
3B phone 
‘SE phone, CW, RTTY, 
and data 
forwarding 9 


E = Amateur Extra 


wwwarrhorg for 


See ARALWES al 
detaled band pla 


ARRL 
We're At Your Service 


9 Stare 
em nena org 


Conyight @ ARR 2012 ev. 


10-6 nm + 


5 4 

1055 nm Gamma 

10 nm + 

103 nm + Ultraviolet 

radiation 
10° nm + 
10-' nm + Visible light 
Inm + 400 nm 

10 nm + 

100 nm + 


103nm=1 um + 


10 um + 


avelength 


eT 700 nm 


1000um=Imm + 
10mm = 1 cm + Microwaves 
Bet Infrared 
10cm radiation 


100 cm = 1m-+ 


ns, // 
oS 
+ 


Radio waves 
000m =1km-+ 


10 km-+ 
100 km + 


True Joule Thief - White LED 


Be the first to write a review. 


Item condition: New 
Time left: 20d O7h 2/17, 3:27PM 


Quantity: [4 } Mor 


Price: GBP 6.85 
Approximately US $9.72 


Longt 


Shipping: GBP 9.00 (approx. Us $1 


See detalls about international + 


The simulation results represent a consensus view of 5G Americas members working on 
this white paper project. The goal of the analysis was to quantify LTE throughputs in 
realistic deployments. Simulation assumptions include: 


a Traffic is FTP-like at a 50% load with a 75/25 mix of indoor/outdoor users. 


a Throughput is at the medium-access control (MAC) protocol layer. (Application-layer 
throughputs may be 5 to 8 percent lower due to protocol overhead.) 


a The 3GPP specification release numbers shown correspond to the infrastructure 
capability. 


a The configuration in the first row corresponds to low-frequency band operation, 
representative of 700 MHz or cellular, while the remaining configurations assume high- 
frequency band operation, representative of PCS, AWS, or WCS. (Higher frequencies 
facilitate higher-order MIMO configurations and have wider radio channels available.) 


a The downlink value for the first row corresponds to Release 8 device-receive capability 
(Minimum Mean Square Error [MMSE]), while the values in the other rows correspond 
to Release 11 device-receive capability (MMSE - Interference Rejection Combining 
(IRC]). 


a The uplink value for the first row corresponds to a Maximal Ratio Combining (MRC) 
receiver at the eNodeB, while the remaining values correspond to an IRC receiver. 


@ Low-band operation assumes 1,732-meter inter-site distance, while high-band 
operation assumes 500-meter ISD. The remaining simulation assumptions are listed in 
Table 20. 
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Table 20: LTE FDD User Throughput Simulation Assumptions** 


[Parameter | vos 


Frequency Low Band (LB): B17; High Band (4B): 830 
Channel bandwidth 10 Miz, 20 Miz 
‘System configuration DL: 2x2, 4x2, and 4x4 Closed-Loop (CL) MIMO 
UL 1x2 and 2x4 SIMO 
Traffictype FIP model 2: File size= 0.15 Mbyte, 1 second inter-arrivaltime, 
Load varied by changingnumber of users 
Inter-Site Distance (ISD) LB: 1732 m; HB: 500m 
Pathloss model LB: HATA; HB: COST231 with correction 
eNodes transmitpower Lp: 60 watts total; HB: 80 watts total 
eNodeB antenna type 2Tx= +45 degrees cross-pol (DIV-1X);, 
4 Tx= Closely separated pair of cross-pols(CLA-2x) 
eNodeB antenna gain LB: 14.8 dBi; HB: 17.5 dBi 
eNodeB antenna pattern ‘Actual antenna patterns as usedin RF planningtoo! 
eNodeB Rx type LB: MRC; HB: IRC 
Downtilt LB: 7 degrees; HB: 9 degrees 
Penetration loss 75/25 mix of indoor/outdoor users: 
LB: 12 dB for indoor users; HB: 22 d8 for indoor users 
Device speed 3 km/h alll users 
eee Modified SCME-WINNERS, 


LB: Suburban Macro (SMa) scenario; HB: Urban Macro(UMa) 
Device antenna type 4-45 degrees cross-pol with builtin correlation of 0.5 


Device antenna gainandmismatch 18: -5 dBi and3 dB; 
HB:-3 dBi and 348 


Device body loss 3 dB for both bands 
Device Rx type MMSE, MMSEIRC 

Uplink power control LB: alpha = 1, Po =-100 dBm; HE: alpha=0.9, Po =-100d8m 
‘Scheduler Proportional far, frequency selective 


The assumptions, emphasizing realistic deployments, do not necessarily match 
assumptions used by other organizations, such as 3GPP, so results may differ. 


Additional insight into LTE performance under different configuration comes from a test 
performed on a cluster of cells in an LTE operator's network, comparing downlink 
performance of 4X2 MIMO against 2X2 MIMO, and uplink performance of 1X4 SIMO against 
1X2 SIMO. The test employed LTE category 4 devices. 8 


288 5G Americas member contribution. 


289 5G Americas member contribution. 
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These tests, which were performed in a 20+20 MHz cluster, show significant improvements 
in cell edge uplink and downlink throughput, in addition to an overall increase in uplink and 
downlink throughputs. Specific results include: 


A 100% increase in uplink throughput at the cell edge with 1X4 SIMO compared to 
1x2 SIMO. 


aA 40% increase in downlink throughput at the cell edge with 4x2 closed-loop 
MIMO compared to 2x2 open-loop MIMO. 


A550 to 75% increase in downlink throughput with closed loop MIMO compared to 
transmit diversity modes. 


Up to 6dB gains in uplink transmit power with 1X4 SIMO, which directly translates 
into UE battery savings. 


1 Peak speeds of 144 Mbps with 4X2 MIMO in the downlink and 47 Mbps with 1X4 
SIMO in the uplink. 


Another LTE operator’s testing results for LTE in a TDD configuration, using 20 MHz 
channels, 3:2 DL to UL ratio, and category 3 devices, showed 


a Peak speeds of 55 Mbps. 
a Typical speeds of 6 to 15 Mbps. *° 


Figure 74 shows the result of a drive test in a commercial LTE network with a 10 MHz 
downlink carrier demonstrating 20 Mbps to 50 Mbps throughput rates across much of the 
coverage area. Throughput rates would double with a 20+20 MHz configuration. 
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THE GREATEST OPERATIVE MASON MEETS THE GREATEST SPECTULATIVE MASON is Ben Bey 
Emmanuel Mu Ali, historically known as Benjamin Banneker really Prince Hall? Benjamin 
Banneker (November 9, 1731 — October 9, 1806) was a free African American astronomer, 
mathematician, surveyor, almanac author and farmer. Prince Hall (c.1735 —- December 4, 


1807), Hall formed the African Grand Lodge of North America. 
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Figure 74: Drive Test of Commercial European LTE Network (10+10 MHz)? 


261 Ericsson contribution. 
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Figure 75 provides additional insight into LTE downlink throughput, showing Layer 1 
throughput simulated at 10 MHz bandwidth using the Extended Vehicular A 3 km/hour channel 
model. The figure shows the increased performance obtained with the addition of different 
orders of MIMO. Note how throughput improves based on higher signal to noise ratio (SNR). 


Figure 75: LTE Throughput in Various Modes?®? 
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Actual throughput rates that users experience are lower than the peak rates and depend 
on a variety of factors: 


a RF Conditions and User Speed. Peak rates depend on optimal conditions. 
Suboptimal conditions include being at the edge of the cell or moving at high speed, 
resulting in lower throughput. 


a Network Loading. Like all wireless systems, throughput rates go down as more 
devices simultaneously use the network. Throughput degradation is linear. 


262 Jonas Karlsson, Mathias Refback, “Initial Field Performance Measurements of LTE,” Ericsson Review, 
No. 3, 2008. 
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Figure 76 shows how dramatically throughput rates can vary by number of active users 
and radio conditions. The higher curves are for better radio conditions. 


Figure 76: LTE Actual Throughput Rates Based on Condi 


itions*® 
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262 LTE/SAE Trial Initiative, “Latest Results from the LSTI, Feb 2009," http://www. Istiforum.arg. 
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VoLTE and RCS 


This paper introduced VoLTE and voice support in the earlier section, “VoLTE, RCS, 
WebRTC, and Wi-Fi Calling.” This section in the appendix provides additional technical detail 
about the operation of VoLTE and RCS. 


Voice in LTE can encompass: no voice support, voice implemented in a circuit-switched 
fallback (CSFB) mode using 2G or 3G, and VoIP implemented with IMS. 


Initial LTE network deployments used CSFB, with which the LTE network carries circuit- 
switched signaling over LTE interfaces, allowing the subscriber to be registered with the 
2G/3G MSC even while on the LTE network. When there is a CS event, such as an incoming 
voice call, the MSC sends the page to the LTE core network, which delivers it to the 
subscriber device. The device then switches to 2G/3G operation to answer the call. 


Voice over LTE using VoIP requires IMS infrastructure. To facilitate IMS-based voice, 
vendors and operators created the One Voice initiative to define required baseline 
functionality for user equipment, the LTE access network, the Evolved Packet Core, and 
the IMS. GSMA adopted the One Voice initiative in what it calls VoLTE, specified in GSMA 
reference document IR.92.!6 GSMA specifies interconnection and international roaming 
among LTE networks through the IR.88%° specification. Another specification, 1R.94, 
provides the IMS Profile for Conversational Video Service, a service referred to as "Video 
over LTE” (ViLTE). 26° 


For a phone to support VoLTE, it needs software implementing the IMS protocol stack. For 
example, the iPhone 6 was the first iPhone to implement such software. Additional software 
implementing RCS application programming interfaces can provide applications with access 
to IMS-based services, such as voice, messaging, and video. The Open Mobile Alliance has 
defined RESTful network APIs for RCS that support the following functions: notification 
channel, chat, file transfer, third-party calls, call notification, video sharing, image sharing, 
and capability discovery. As shown in Figure 77, over time, new profile releases will broaden 
the scope of these APIs. 


264 GSMA, “IMS Profile for Voice and SMS,” Document 1R.92. Available at 
http: //www.gsma,com/ newsroom/wp-content/uploads/2013/04/1R.92-v7.0.pdf. 


285 GSMA, “LTE Roaming Guidelines,” GSMA Document IR.88. Available at 
http: //www.asma.com/ newsroom/wp-content/uploads/2013/04/1R.88-v9.0.pdf. 


288 GSMA, “IMS Profile for Conversational Video Service," Document 1R.94. Available at 
http: //www.qsma.com/ newsroam/all-documents/ir-94-ims-profile-for-conversational-video-service/. 
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Figure 77: Evolution of RCS API Profiles?®” 


LTE VoIP leverages the QoS capabilities defined for EPC, which specify different quality 
classes. Features available in LTE to make voice operation more efficient include Semi- 
Persistent Scheduling (SPS) and TT! bundling. SPS reduces control channel overhead for 
applications (like VoIP) that require a persistent radio resource. Meanwhile, TT bundling 
improves subframe utilization by reducing IP overhead, while in the process optimizing 
uplink coverage. 


Another way to increase voice capacity in LTE and to support operation in congestion 
situations is vocoder rate adaptation, a mechanism with which operators can control the 
codec rate based on network load, thus dynamically trading off voice quality against 
capacity 


VoLTE roaming across operators will require network-to-network interfaces between their 
respective IMS networks. Such roaming and interconnect will follow initial VoLTE 
deployments. Different IMS stack implementations between vendors will also complicate 
roaming. 


One roaming consideration is how operators handle data roaming. LTE roaming can send 
all visited network traffic back to the home network, which for a voice call, increases voice 
latency. For voice calls, the local breakout option would mitigate this latency. 


Using Single-Radio Voice Call Continuity (SR-VCC) and Enhanced SR-VCC (eSRVCC), user 
equipment can switch mid-call to a circuit-switched network, in the event that the user 
moves out of LTE coverage. Similarly, data sessions can be handed over in what is called 
“Packet-Switched Handover” (PSHO). 


267 4G Americas, VoLTE and RCS Technology - Evolution and Ecosystem, Nov. 2014. 
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Figure 78 shows how an LTE network might evolve in three stages. Initially, LTE performs 
only data service, and the underlying 2G/3G network provides voice service via CSFB. In 
the second stage, voice over LTE is available, but LTE covers only a portion of the total 
2G/3G coverage area. Hence, voice in 2G/3G can occur via CSFB or SR-VCC. Eventually, 
LTE coverage will match 2G/3G coverage, and LTE devices will use only the LTE network. 


Figure 78: Evolution of Voice in an LTE Network?®* 


Another voice approach, called “Voice over LTE via Generic Access” (VoLGA), defined 
circuit-switched operation through an LTE IP tunnel. 3GPP, however, has stopped official 
standards work that would support VoLGA. 


3GPP has developed a new codec, called “Enhanced Voice Services” (EVS), which will 
include super-wideband voice capability. For the same bit rate, EVS provides higher voice 
quality than the other codecs. 6° Table 21 summarizes the features and parameters of the 
three 3GPP codecs used in LTE. 


268 5G Americas member contribution. 


289 See Figure 9.2. 3GPP, TR 26.952 V12.1.0, Codec for Enhanced Voice Services (EVS); Performance 
Characterization, March 2015. 
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Table 21: Comparison of AMR, AMR-WB and EVS Codecs?”° 


Features AMR AMR-WB EVs 
Input and output sampling akHz 16KHz kHz, 16KHz, 32KH2, 48 
frequencies supported KHZ 


‘Audio bandwidth Narrowband Wideband Nan 


rowband, Wideband, 


‘Super-wideband, Fullband 


Coding capabilities ‘Optimized for Optimized for Oj 
coding human coding human | hum: 
voice signals voice signals pur 


plimized for coding 
lan voice and general- 
pose audio (music, 


ringtones, mixed content) 


signals 


Bitrates supported(in | 4.75,5.15,5.90, | 6.6,8.85,12.65, | 5.9) 
kb/s) 6.70, 7.4, 7.98, 14.25, 15.85, we 


7.2, 8, 9.6 (NB and 
only), 13.2 (NB, WB 


10.20, 12.20 18.25,19.85, | and swe), 16.4, 24.4, 32, 
23.05, 23.85 48, 64, 96, 128 (WB and 
‘SWB only) 
‘Number of audio channels ‘Mono Mono ‘Mono and Stereo 
Frame size 20 ms 20 ms 20 ms 
Algorithmic Delay 20-25 ms 25 ms Up to 82 ms 


Figure 79 shows mean opinion scores (MOS) for different codecs at different bit rates, 
illustrating the advantage of EVS, particularly for bit rates below 32 kbps that cellular 


networks use. 


¥ 4G Americas, Mobile Broadband Evolution: Rel-12 & Rel-13 and Beyond, 2015. See also T-Mobile 
2016 EVS announcement: _https://newsroom.t-mobile.com/news-and-blogs/volte-enhanced-voice- 


services. htm, 
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Table 22 shows EVS (narrowband, wideband, super-wideband) audio bandwidths and 
bitrates that create subjective quality equal to or better than AMR or AMR-WB for typical 
conversational voice scenarios. 


Table 22: EVS Compared to AMR and AMR-WB?72 


Equal bandwidth Wider bandwidth 
AMR 12.2 kbit/s EVS-NB 8.0 kbit/s EVS-WB 5.9 kbit/s 
AMR-WB 12.65 kbit/s EVS-WB 9.6 kbit/s EVS-SWB 9.6 kbit/s 
AMR-WB 23.85 kbits/s EVS-WB 13.2 kbit/s EVS-SWB 9.6 kbit/s 


Figure 80 compares EVS capacity gains over AMR and AMR-WB for the references cases 
shown in Table 22. EVS-SWB at 9.6 kbps almost doubles voice capacity compared to AMW- 
WB at 23.85 kbps. 


271 Nokia, The 3GPP Enhanced Voice Services (EVS) codec, 2015. 
22 |bid, 
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Figure 80: EVS Voice Capacity Compared to AMR and AMR-WB17? 


200% 


180% 


m1 EVS with the same bandwigth 
EVS with wider bandwidth 


EVS-WB 


EVSvs.AMR 122 __EVS vs. AMR-WB 12.65 _ EV 


/s. AMR-WB 23.85, 


LTE Ultra-Reliable and Low-Latency Communications 

The 3GPP work item for this feature states, “3GPP LTE technology enhancements are 
needed to serve such new use cases and to remain technologically competitive up to and 
beyond 2020. As a candidate technology for ITU IMT-2020 submission, it is motivated to 
further enhance the LTE system such that it can meet the key IMT-2020 requirements 
including those for URLLC in terms of reliability (1-10 reliability for small data packets 
within a latency of 1ms) as well as latency (<1ms one way user plane latency)."7* 


Evolved Packet Core (EPC) 


3GPP defined the Evolved Packet Core (EPC) in Release 8 as a framework for an evolution 
or migration of the network to a higher-data-rate, lower latency, packet- optimized system 
that supports multiple radio-access technologies including LTE, as well as and legacy 
GSM/EDGE and UMTS/HSPA networks. EPC also integrates CDMA2000 networks and Wi-Fi. 


EPC is optimized for all services to be delivered via IP in a manner that is as efficient as 
possible—through minimization of latency within the system, for example. It also provides 
service continuity across heterogeneous networks, which is important for LTE operators 
who must simultaneously support GSM-HSPA customers. 


One important performance-enhancing aspect of EPC is a flatter architecture. For packet 
flow, EPC includes two network elements, called “Evolved Node B” (eNodeB) and the Access 
Gateway (AGW). The eNodeB (base station) integrates the functions traditionally 


173 |bid, 


274 RP-170796, 3GPP Work Item Description, "Ultra Reliable Low Latency Communication for LTE," March 
2017. 
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performed by the radio network controller, which previously was a separate node 
controlling multiple Node Bs. Meanwhile, the AGW integrates the functions traditionally 
performed by the SGSN and GGSN. The AGW includes both control functions, handled 
through the Mobile Management Entity (MME), and user plane (data communications) 
functions. The user plane functions consist of two elements: A serving gateway that 
addresses 3GPP mobility and terminates eNodeB connections, and a Packet Data Network 
(PDN) gateway that addresses service requirements and also terminates access by non- 
3GPP networks. The MME serving gateway and PDN gateways can be collocated in the same 
physical node or distributed, based on vendor implementations and deployment scenarios. 


EPC uses IMS as a component. It also manages QoS across the whole system, an important 
enabler for voice and other multimedia-based services. 


Figure 81 shows the EPC architecture. 
Figure 81: EPC Architecture 
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Elements of the EPC architecture include: 


Support for legacy GERAN and UTRAN networks connected via SGSN. 
Support for new radio-access networks such as LTE. 


a Support for non-3GPP networks such as EV-DO and Wi-Fi. (See section below on 


Wi-Fi integration). 


a The Serving Gateway that terminates the interface toward the 3GPP radio-access 
networks. 
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a The PDN gateway that controls IP data services, does routing, allocates IP 
addresses, enforces policy, and provides access for non-3GPP access networks. 


2 The MME that supports user equipment context and identity, as well as 
authenticating and authorizing users. 


2 The Policy Control and Charging Rules Function that manages QoS aspects. 


QoS in EPS employs the QoS Class Identifier (QCI), a number denoting a set of transport 
characteristics (bearer with/without quaranteed bit rate, priority, packet delay budget, 
packet error loss rate) and used to infer nodes specific parameters that control packet 
forwarding treatment (such as scheduling weights, admission thresholds, queue 
management thresholds, or link-layer protocol configuration). The network maps each 
packet flow to a single QCI value (nine are defined in the Release 8 version of the 
specification) according to the level of service required by the application. Use of the QCI 
avoids the transmission of a full set of QoS-related parameters over the network interfaces 
and reduces the complexity of QoS negotiation. The QCI, together with Allocation Retention 
Priority (ARP) and, if applicable, Guaranteed Bit Rate (GBR) and Maximum Bit Rate (MBR), 
determines the QoS associated to an EPS bearer. A mapping between EPS and pre-Release 
8 QoS parameters permits interworking with legacy networks. 


The QoS architecture in EPC enables a number of important capabilities for both operators 
and user 


Q VoIP support with IMS. QoS is a crucial element for providing LTE/IMS voice 
service. (See section below on IMS). 


a Enhanced application performance. Applications such as gaming or video can 
operate more reliably. 


a More flexible business models. With flexible, policy-based charging control, 
operators and third parties will be able to offer content in creative new ways. For 
example, an enhanced video stream to a user could be paid for by an advertiser. 


a Congestion control. in congestion situations, certain traffic flows (bulk transfers, 
abusive users) can be throttled down to provide a better user experience for others. 


Table 23 shows the nine QC! used by LTE. 


Table 23: LTE Quality of Service 


‘acl Resource | Priority Delay | Packet Loss Examples 
Type Budget 
GBR 100 msec. Conversational 
(Guaranteed voice 
Bit Rate) 

z GBR a 150 msec. lo? Conversational 
video (live 
streaming) 

3 GBR 3 50 msec. lo” Real-time gaming 

4 GBR 5 300 msec. 10° Non- 
conversational 
video (buffered 
streaming) 

5 Non-GBR I 100 msec. 10" TMS signaling 
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DEFINITIONS OF TERMS 
USED IN 
GEODETIC AND OTHER SURVEYS 


INTRODUCTION 


Recognizing the need for authoritative definitions of surveying and mapping 
terms, the Federal Board of Surveys and Maps in 1938 appointed a special commit- 
tee to prepare such definitions. Confronted with an apparent choice of making a 
complete examination of the terminology employed in the large and ever-widening 
fields of surveying and mapping or of limiting its attention to terms for which there 
appeared a current need of definition, the committee decided to do both: to gather for 
study and future action material relating to any terms in which the members of the 
Board might have even a slight interest, but to give priority in its discussions and 
determinations to those terms for which there appeared a present need of definition. 
In following this program, a number of definitions were completed and reported to 
the Board. At the same time there was gathered into the files of the chairman of the 
special committee considerable material, diverse in character and incomplete, relating 
to other terms which it was hoped would eventually come before the committee for 
study and action. 

‘The Federal Board of Surveys and Maps was abolished in March 1942 by Execu- 
tive Order (No. 9094), and its Committee on Definitions of Surveying and Mapping 
‘Terms thereby discharged. At that time, comparatively few definitions in 
and geodetic surveying had been completed, and it was to provide such defi 
that the work which the Committee had previously been performing was continued 
under the direction of Captain H. W. Hemple, Chief of the Division of Geodesy, 
U. S. Coast and Geodetic Survey. This publication was prepared in that Division, 
with the major part of the work being done by Hugh C. Mitchell. After Mr. Mitch- 
ell’s retirement, a few minor changes and additions were made to incorporate sug- 
gestions received after the submission of copies of the manuscript to various authorities 
and interested persons. 

Tt will be noted that for each term presented there is a basic definition or deserip- 
tion directly following the name of the term. This is intended to contain all the ele- 
ments and only the elements which are essential to a complete and accurate definition 
or description. For many terms there are also supplementary statements (set off in 
separate paragraphs), designed to facilitate the interpretation of the basic definition 
and to call attention to other uses that may have been made of the terms defined. A 
few supplementary statements also contain information of historical character which 
is sometimes desired but not always easy to find. ‘The object of the supplementary 
statements is to make the report generally more useful. Zerma defined under another 
heading are italicized. 


1 


2 ‘U. 8. COAST AND GEODETIC SURVEY 


Included in the publication are definitions which had been completed by the 
Committee on Definitions of the Federal Board of Surveys and Maps before its dis- 
missal, These are identified by an asterisk (*). ‘They were not acted upon by the 
Board. Included also are terms which might appear to have little relation to geodetic 
surveying, but the great advances of recent years in the use of geodeti a for the 
control of other surveys make it desirable that the geodetic engineer be familiar with 
the language of those who may use the data which he determines. 
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sberration: annasl—See under adorration of 


‘secumulated divergence (leveling) —See under atver- 


(astronomy). 

chromatie.—See under aberration of Tight (optics) 

icrnal-—See under aberration of light (astronomy), 

tpherical—See under aberration of light optics) 
ration of light (astronomy) —The apparent displaes- 

‘ment tn position of a heavenly body whlch is due to 
‘he progressive motion (velocity) of light combined 
‘with the motion of the earth Stele 

‘Aberration of light due to the rotation of the 
‘earth on its axis is termed diurnal aberration ; Ite 
‘effect in considered in firstorder determinations of 
‘astronomical azimuth and longitude, but not of tat 
tude, Aberration due to the revolution of the earth 
‘about the sun a termed annual aberration. 

aberration of light (optics) —The fallure of light trom 
‘2 point on an object, after passing through a lens, to 
‘converge to-& point on the image. 

In a single Tens having spherleal surfaces, aber 
ration may be caused by differences in the focal 
lengths of the various parta of the lens: rays passing 
rough the outer part of the lens come to a focwe 
‘nearer the lens than do rays passing through Its cen- 
tral part. This ts termed spherleal aberration and, 
being due to the faulty Sgure of the len, 1s eliminated 
by correcting that gure. A Tens 6 corrected is 
‘aed an aplanatic lone, Aberration may also result 
{from differences in the ware lengths of light of dit: 
ferent colors: light of the shorter wave lengths 
(rlolet end of the spectrum) comes to focus nearer 
the lens than light of the longer wave Tengths (red 
fend of the spectrum). This ie termed chromatic 
faberration, and is practically eliminated over & mod- 
erate range of wave lengths by using a composite 
Tens, called an aohromatic tone, composed of parts 
having diferent dispersive powers. See refraction: 
tndea of refraction 

sbsolnte unit.—See under wnt 
teecleration-—Rate of change of speed. 

Tn the ©, 9. 6. system of physical mensurements, 
‘acceleration 1s expressed in terms of centimeters per 
‘second per recond, Bee gt. 

ssccerories: commer (United States public land warveys).*— 
Physical objects adjacent to comers, to which such 
comers are referted for thelr future Identifeation 
or rertoration 

‘Accessories include Dearing treet, mounds, pits, 
edges, rocks, and other natural features to which 
Gistances of directions, of both, from the comer oF 
‘monument are knows, "Btelcty sbeaking, such neces: 
Sorles are a part of the monument. 

aceldental error-—Se0 under error. 
fecumolated diecropaner—See under discrepancy. 


sceuracy.*—Degree of conformity with a standard. 

“Aecuracy relates to the quality of a result, and ls 
atatingulsted from preetsion which ‘relates’ to the 
‘quality of the operation by which the result Is ob- 
tained, 

‘The standard of reference may bo (1) an exact 
‘value, such as the sum of the three angles of a plane 
‘rlangie is 160° ; (2) 4 value of a conventional wntt 
‘as defined by & physical representation thereof, such 
fat the intornationat meter, defined by the Inierna- 
Honat Prototype Meter (bar) at the National Bureau 
af Standards} (8) a survey or map value determined 
by reflned methods and deemed suflctently near the 
{deal oF true valve to be held constant for the control 
of dependent operations, such as the adjusted elev 
Hom of & permanent bench mark oF the grattcule of @ 
‘map projection. ‘The accuracy attained by field sur- 
‘veya Is the product of the instructions to be followed 
tn the execution of the work and te precision with 
hich thote instructions are followed. 

‘achromatic lent—A lens which transmits light without 
fenarating 1 into component colors. 

‘An achrometic lens transmits light with a nog- 
Ligible amount of chromotic aberration. This Is a 
complished by means of lens elements of glass having 
‘ifterent indices of refraction, eo proportioned that 
‘the chromatio aberration tn one element 1s compen- 
sated by that in another. Lenses that are made 
‘achromatic are usually also made aplanotie, that i 
treo of apherical aberration. 

‘achromatic telescope.—A telescope having an achromatio. 
Tone for Ste object glass 

aadjarted angle-—Seo under angle. 

‘djorted elevation —See under elevation. 

‘ndjarted position.—See under portion. 

ve-—See under value 

i) ~The determination and applica: 

ton of corrections to orthometrie diferencen of ele- 
‘ration or to orthometrio elevations, to make the 
Clevations of all Donoh marks consistent and tnde- 
Dendent of the circuit closures. 

adjustment: angle method of djartment (triangslation 
tnd traverse) —A method of adjustment of observa: 
‘Hone which determines corrections to. observed 
angles. 

"The angle method of adjustment may be used 
‘where a chin of single trlangles is to be adjusted. 
For an extenelve triangulation figure with overlap- 
ping triangles, the direction method of adjustment 
fa preferred, 

‘adjustment: collimation —See under collimation adjust 
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‘ndjastments direction method of adjustment (Criangala- 
tion and traverse).—a method of adjustment of 0 
Jaereations which Goveruines corrections to observed, 
‘rections, 

In the direction method, each ange 18 considered 
fas the dlference between’ two directions, for each 
‘of which a eeparate correction 1s determined. ‘The 
Gireetion method is used in the adjustment of tri 
‘angulation Dzures whieh are composed of overlap- 
ping triangles, but for some work, where the surver 
Consists of a chain of slagle trianles, the angle 
‘method of adjustment may be preferred. 

al—See uader adfustment 


station od 


lating among angies as measured at a survey station. 
‘Also called local adjustment 

in a station adjustment, two kinds of conditions 
may require consideration: the sun of a series of 
‘measured angles closing the horizon may not equal 
fexnetly 200° the sum of several contiguous angles 
‘measured separataly may not equal the sum angle 
measured ag a single ougle. ‘The term observed 
‘anoles may be applied to the measured angles after 
‘they have been corrected by etation adjustment 

‘djartment correction (leveling).-See under correction. 

‘Mjartment of observations:—‘The determination nd ap- 
‘lleation of corrections corresponding to errors at- 
fecting the observations, making the observations 
consistent among themecives, and coordinating and 
‘correlating the derived data. 

‘The object of adjustment ig to provide the best 
(wost probable) ‘values of results obtainable trom 
‘a series of survey observations, and to coordinate 
find correlate those results within the survey taelt 
fand, with previously existing Basie data, This 1s 
‘accomplished by mathematical analysis, as by the 
fuse of the method of least squares; or mechanically 
by graphical methods wich at employed in-plane. 
table surveying. ‘The mathematteal adjustment i0- 
‘olves the tolution of certain condition equations or 
obsoroation equations, such an anple equations, ide 
cquations, length equations, and latitude, Longitude, 
fand azimuth equations. See, also, adjustment: ata- 

serial map.—See under chart: aeronautical chart 
Serial navigation map.—See under chart: ceronautleat 
seronautial chart —See under chart. 
Geronauties*—The selence and art of navigation 
‘rough the atmosphere. 
‘chart—Seo under chart: 


tion map—See under chart: aeronautical 


of lostary —See under teostony. 
[area map projection.—See under map profee- 


‘tion 
Albers conical ecesbaren many prolection—See under 
‘map projection, 


lande.—The part of @ surveying instrument whieh 
‘consis of @ sighting device, with index, and read- 
{ng oF recording accensor 

“rhe alldade of a theodolite or surveyor’s transit 
te the upper part of che Instrument : the telescope, 
micrometer microncoper, oF verniors, and accessories, 
‘mounted on what Ie ealled the “upper motion” of 
the instrument, and used in obsertiag a direction 
for angle on the graduated clrcle, whieh Is mounted 
‘on the “lower motion. 

‘The alldade used In topographic surveying. con- 
of & atralghtedge raler carrying a telescope 
OF other sighting device, and used in recording & 


direction on the plane-tadle aheot, which corresponds 
to the graduated clrele of the theodolite. Ifa tele 
‘cope te used, the Instrument is often termed a tele. 
scopte alidade. 

‘The movable arm of a sextant is an alldade, 

‘alldade: telescople—-A usual designation for an Instra- 
‘lent composed of a felescope mounted on a straight. 
fiige ruler, and ured with a plane table in topo. 
‘graphic surveying. See alidade. 

alignment (alinement).—Too placing of points slong a 
straight line. Also, the Toeation of points with ref- 
ference to a straight line, oF to a system of straight 
lines. 

‘The use of the term alignment fn wurveying should 
be limited to operation associated with straight 
alignment: curve of—S0e under curve of ligament. 

‘ligament correction, tape—See under tape. 

‘Mmucentar——Any smell clrele on the celestial sphere 
‘Darallel with the hortson, Also termed parallel of 
altitude and clecle of equal altitude. 

eltazimuth Instrament.—an instrument equipped with 
‘oth horizontal and vertical graduated cleces, for 
the simultaneous observation of horizontal and'ver- 
‘eal directions oF angles, 

"The alt-azimuth instrument derives ite name from 
‘the combination of the terms altitude and azimuth, 
Many theodolites and engineer's and surveyor tran- 
site are altazimuth instruments; the vertten! cirole 
(instrument) used by the Coast and Geodetic Sur- 
‘yey hav a small horizontal circle as well as a larger, 
Imore preoiee vertical circle, and may be considered 
fan altarimuth instrament, Dut the term is Ittle 
fused for surveying and mapping instrument. Ite 
ture may properly be restricted to designating an 
Instrument of the theodolite type constructed. fot 
‘se io astronomical work, and sometimes called am 
‘astronomical theodolite oF the untvereal Snstroment, 

altimeter —An aneroid Darometer used for determining 

tude —The vertical angle botwoen the plane of the 
horizon and the line to the object which te observed 
of defined, 

In astronomy and surveying, the altitude ts pos! 
live if the object ie above the horizon, aud negative 
If below it. Ta surveying, positive altitede 
‘also termed an angle of elevation; a negative alt 
ude, am angle of deprestion, In astronomy, alt 
tude ts the complement of the conith distance. Ia 
Photogrammetric surveying, altitude appltes to ele- 
‘sation above datum of points in space 

See under almucantar. 


'y @ pendulum in executing one vibration, 
‘in ‘the present use of the Mendenhall pendulum, 
‘the amplitude of vibration Is measured’ in mill 
nacters.” In mathematics (harmonte analysts), the 
amplitude ia the sembare or distance out from the 
meta position, 
.erold barometer —See under Barometer. 
mele (general) That relationship of lines or eurfacee 
‘which tr meanieed by the amount of rotation neces 
fry to make one colmeide with oF parallel to tnother, 
‘See, also, angle: sot 
‘An angle may be expressed aa a dliference fn direc. 
tions of lines wteh lie: (1) Tp a plane, giving a 
plane ‘angie. (2) Ia & curved surface, giving a 
“pherical angle, a epherotdal angle, et. (8) In two 
Planes, measuring the lnclination of one plane fo the 
bother, giving & dihedral angle. 
Tn each case the magnitede of the angle fs reck- 
‘oned in units derived from a complete circumference 


acl Resource Delay cket Loss Examples 
Type Budget 
Non-GBR 300 msec. Video (buffered 
streaming), TCP 
Web, email, and 
FTP 
7 Non-GBR 100 msec. Voice, video (live 
streaming), 
interactive 
gaming 
8 Non-GBR 300 msec. Premium bearer 
for video 
(buffered 
streaming), TCP 
Web, e-mail, and 
FTP 
9 Non-GBR 300 msec. Default bearer for 
video, TCP for 
non-privileged 
users 


Heterogeneous Networks and Small Cells 


A fundamental concept in the evolution of next-generation networks is the blending of 
multiple types of networks to create a “network of networks” characterized by: 


a Variations in coverage areas, including femtocells (either enterprise femtos or home 
femtos, called HeNBs), picocells (also referred to as metro cells), and macro cells. 


Cell range can vary from 10 meters to 50 kilometers. 
Different frequency bands. 
Different technologies spanning Wi-Fi, 2G, 3G, 4G, and 5G. 


a Relaying capability in which wireless links can serve as backhaul. 


Figure 82 shows how user equipment might access different network layers. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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fof circle. ‘There are several eystems of such units, 
Of which the following are the most commonly used: 
) The degree (*) ts 1/360th part of circum 
ference, and is the unit of the sexagesimal system 
fed to 60 


fand is the unit Used fp the angular expression of 
time. ‘The hour i related to the degree by the 
equation: 418°. The hour is divided into 60 
iinutes (60), and the minute into 60 seconds (60) 
[Note that In the sezagesimel eystem the symbols for 
minutes and seconds are (’) and (”), and in the 
{me aystem the eymbola for minutes and peconds are 
(*) and ().] AD angle expressed tn =" —." 
said te be In aro measure; expressed ia > —_™ 
{in time measure, 

'e) The grad oF grade (#) Is 1/400th part of # 
circumference, and is the unlt of the centesimal 
feyttem Used Sn France. It is related to the degree 
by the equation: 100°=00".. ‘The grad is divided 
{nto 100 contesimal minutes (100°); and a centes 
mal minute is divided into 100 centesimal seconds 
(100). While, aa Indiested above, the prime and 
Gouble prime with reverse slant ("y" ) are used to 
‘designate contesimal minutes and seconds, the com 
‘mon forms of the prime and double prime (°,"") are 
fused by some nuthors for the aame DUFDOCE, 

‘4) The radian (*) 1s the angle at the center of a 
circle subtended by an ore having exactly the samme 
Tengen as the radius of the circle. One radtan equal 
360° divided by 2+ or 57.80" approximately. Its 
value fa seconds of are a 206,205", It le used 
{In astronomy and navigation. 

©) The mil 1s hago part of a clreumterene 
st eubtends 0.98 (approximately 1) linear unit at & 
distance of 1000 euch units. Tt 4a related to the 
egree by the cquation: 1 mil=0.05625". It i 
‘uted fo military operations, 

‘Sometimes, a particular angle may be defined by 
siving the length of chord which mubtends the angle 

ta stated distance. ‘Thus, the angie whieh 1 foot 
fsubtends at a dirtance of 49 miles Is equal 10 

‘This Is often expressed by the following saying “A 

second Is @ foot at forty miles 

Ta surveying operations, an angle 1s classified in 
verlous ways, a8 follows: 

1) According to the position or character of the 
surface In whieh tt les: Rortcontal angle, verte 
fanpte, oblique angle, epherical angle, epherotdal 
‘note 

2) According to the method by which it ts ob- 
tained observed angle, concluded angle, adjuated 
angie 

'2) According to the function which it serves tn 
‘the computation of the survey data : dletance angle, 
aximath angle. 

4) According to the relative position it occupies 
tn a geometric figure: interior angle, eaterior angle, 

angle: adjunted—An adjusted value of an angle 

“Ao adjusted angle may be derived from elther an 
observed angle of from @ concluded angle. 

tangles szimath (astronomy)—The ongle Tese than 160° 

Between the plane of the celestial meridian and the 

‘vertical plane containing the observed object, rec: 

foned from the direction of the elevated pole. 

‘In astronomic work, the azimuth angle Ie the 
spherical angle at the zenith In the astronomical 
triengle, polezenithstar. In geodetle work, It is 
the horizontal angle between the celestial pole and 
the observed terrestrial object. 
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‘angle: azimath (surveying) —An angle in triangulation 
‘or in traveree ubrough which the computation of aet- 
uth fo carried, 

‘In a simple traverse, every angle may be an ast 
‘math angle. Sometimes, in 1 traverse, to avold 
‘carrying asinuthe orer ‘very short lines, supple: 
mentary observations are made over comparatively 
Jong lines, the anglee between which form azimuth 
angles, 

Tn triangulation, certain angles, because of thete 
size and position in the fgure, are selected for use 

azimuth angles, and enter into the formation of 
the asfmuth condition equation (azimuth equation) 
tangle: complement of.~'The difference between an acute 

‘angle and one right angle (90°). 
le: concladed.—An interior angle between adjacent 
des of a closed gure, which ls obtained by subteact- 
Ing the 0m of all the other interior angles of the 
figure from the theoretical value of the som of all 
the interior angles. 

"The concluded angle is most frequently met with 
4m triangulation, where it le obtained by subtracting 
the sum of two known angice of a triangle from 
180" plus the spherical ezocsy of the trlanele 
le: defection —A horizontal angle measured trom 
‘the prolongation of the preceding line, right or let, 
to the following line 
langle: dihedral.—An angle between two planes. 

‘A dihedral angle Ie meagured ina plane perpen: 
dteatar to the line of intersection of the planes form- 
Ing the angle, and is acute, right, bligue, or stralght 
according to the nature of the plane angle which rep- 
Tetente I 

eet—See under angle to right. 

lstance—An angle in triangle opposite n side 
‘ base in the solution ofthe tangle oF a #108 

whose length Is to be computed. 

Tu a chain of single triangles, as the computation 
proceeds through the chain, two sides In each tri: 
Angle are used: a Known #lde and a side to de deter. 
Inca: the ongles opposite thede sides are the dle 
tance angles, 

‘angle: explement of—The diference between an angle 
‘and four right englea (300°). 

angle: exterior —The angle between any ade of « poly- 
‘ou and adjacent side extended, 

‘Exterior angle it alto used to designate the outside 
‘ongiea formed by a line intersecting two parallel 
Tines. Te has likewise been used in surveying to des- 
Iguate the caplement of an angle, ‘This latter ‘use 
rare, 

langle: horkzontal.—An ongle in a horizontal plane, 

"The directions may be to objects In the hort 
ontal plane ; oF they may be the lines of intersection 
fof the horizontal plane with the vertical planes 
tontaining the objects 

‘angle: interior —An angle between ndjecent aides of a 
‘loved figure, measured by the aro connecting. those 
‘ides on the inside of the closed gure. 

"The three angler of a triangle are interlor angles. 

angle: obuerved—An angle obtained by direct instru: 

"A measured angle which has been corrected for 1o- 
cal conditions (see adjustment: station) only at the 
Dolat of observation, is coneldered an observed angle. 

anale: parallactic—See onder astronomical triangle 

refraction-—Se0 under refraction angle. 

‘angle: solid—The Intograted angular spread at the 
"Ferter of a cone, pyramld, or other wolld figure 

‘The unit of measure of'a solld angle Is the stern 
dian, a nlld angle at the center of a sphere which le 
imbtended by & portion of the surface of the sphere 
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having an area equal to the square of the radius 
of the sphere. 
le: spherical-—An ongle between great circies on a 

‘A spherical angle 1s measured either: a) by the 
dinedrat angie of the planes of great circies or b) 
by the plane angle between tangents to preat clrelee 
At thelr intersection. 

angle: epheraldal—An angle between two curves on a 
‘spheroid, measured by the angle between thelr 

tangents at the point of Intersection. 

le: supplement of.—The difterence between an angle 

‘and two right angles (180") 

langle: vertieal—An angle In a vertloat plane. 

1 Surveying, one of the directions which form a 
vertical angle ts usually elther (a) the direction of 
‘he vertical (zenith), and the angle Is termed. the 
zenith distance; oF (b) the line of intersection of the 
‘ertical plane in which the angle lies with the plane 
fof the horizon, end the angle a termed the ongle of 
‘elevation oF angle of depression, or simply the alt- 
fade (plus or minus, as the cave may be). The ver. 
tHeal angle between two directions, nelther of whlel, 
Mos io the plane of the Rorizon or coincides with the 
vertical, is usually obtained from the combluation of 
two vertical angles as defined above. 

angle equation —See under equation. 
‘nethod 


‘under altitude, 

af incidence—See Under refraction of Wpht. 

{ingle of incination—An angle of elevation or an angle 
‘of depression. fee altitude. 

angle of refraction —See under refraction of light. 

snele to right—The Rorizontat angle meneured clock: 
‘wise trom the preceding Tine to the following one. 

angen: repetition of.—See under repetition of angl 

fannoal_herration—See under aberration of Hight 
(astronomy). 


‘annual parallax.—See under para 
‘snomalistic month —See under month, 
‘tnomalite year—See under year. 


snomaly (astronomy) —The angle at the sun between 
‘he radius vector ofa planet and the line of apaides ot 
1s orbit, reckoned from perihelion. 

‘The term defined above Ye also called the true 
‘anomaly, when it In desired to distinguish it trom the 
fceentrlé anomaly, whieh is the corresponding angle 
at the center of the orbit; or from the mean anomaly, 
‘whieh ts what the true anomaly would become if the 
planet hed a uniform angular motion 

‘anomaly (general) —A deviation from a norm, 

‘anomaly (geodeey) —A deviation of an observed vatue 
‘rom a theoretical value, due to an abnormality fn the 
observed quantity. 

‘anomaly: Bouguer—A difference between an observed 
‘value of gravity and a theoretical value at the paint 
Of observation, which hat been corrected for the 
fettect of topography only, the topography belng con 

\dered as resting on a plane of indesnite extent. 

Tn practice, a Bouguer anomaly is obtained throush 

a cerlesof approzimations.. First, the topography Is 

treated as an indefinite tab of a thickness equal to 

‘the elevation of the station above sea level, the rate 

of change of gravity with elevation depending upon 

the asumed density of the alab, and being about 
five-ighths the normal value ofthat ratio. ‘This feat 
fapprozimation gives the main part of the onomaly. 

"The determination of the effect of this indefinite 
slab is the fret step in the Hayford-Bullard (oF 

Bollard) method of rostatic reduction. 


Second, allowance 1s made for the departure of 
‘the actual fopopraphy from the indefiaite slab. This 
correction ln usually small, The distance out from 
‘he station for which It ia computed 1s a matter 
of conrentence; while no precise rule has been 
‘Adopted for selecting this distance, 1t has been sug- 
‘with elevation of ata 
alted States Coast and 
Geodetic Survey la to compute this second correction 
fut to Zone O of the Hayford divisions of the surface 
fof the earth, that Is, 166.7 kilometers or about 100 
Imiler out from the station, See femplate (tem= 
let), 

‘A third approximation is sometimes mado by tak- 
ng account of the curvature of the tes-level surface. 
‘The numerical value of thie correction is smell, 
‘unless the computation is carried to great distance 
from the station. In the work of the United States 
‘Coast snd Geodetic Surrey, no account 1s taken of 
tie correction and, according to Helmert, it should 
not be used. However, reasons have been advanced 
favoring ite Inclusion in a complete computation of 
fe Bouguer anomaly. 

For use in reducing grovity observations to ob- 
tain even an approximate approach 10 4 theoretical 
‘value, the Bouguer method has proved of litle o 
fo value. It ignores isostatic ‘compensation and 
freates large fettious onomalies ; 1 neglects large 
famounte of matter existing between the geold and 
‘the spheroid; and S¢ takes mo account of actual fo- 
posraphy beyond the lmited adlstance used in the 
computation of the second correction (abore), Tt 
bas, however, proved useful Co oll companies in thelr 
geophysical Investigations: if Bougver asomalies 
fare avallable at a number of stations within a limited 
area, values of this anomaly at other points withia, 
‘the area can be obtained by Interpolation, end from 
these, serviceable values of gravity are obtained by 

"The use of the pendulum in determining the Sure 
of the earth came ln at about the besinning of the 
hineteenth cantury, and’ with that ote came the 
‘application of Bovguer's rule for the reduction of 
gravity. observations. ‘The method contiaued. in 
favor until Clarke and Helmert, applying the the: 
fries of Pratt and Alry which are now kuowa 
the principle of feoetacy, showed that It id not come 
fnywhere near producing reliable valuee of the: 
retical gravity. "Tes present ute {4 mited to theo- 
retical studies tnd to the practical appllcation given 
above. 

‘The Bouguer anomaly derives its name from the 
French mathematician, Pierre Bouguer  (1608- 
1158), who aid not develop the method itself, bat 
who proposed the rule of formula expressing the 
tect of alah of Indefinite extent, ax considered 
fm making the first approxi Ta ita 
time, the Bouguer role be 
Young (Thomas Young, 1773-1829) and. Polson 
(Simon Dents Poisson, 1781-1840) 

anomaly: deflection —The difference between an uncor 
ected value of the defection of the vertiat ne 
‘determined by observation and the valve after being 
corrected in” aecordance with certain aeaumptions 
made with reference to the physical condition of 
the geotd. 

"The term detection anomaly ts seldom used, Ae 
4 applies to the realduale obtained from solutions 
ot equations setup in conformity with some 
‘adopted theory of distribution of mass in the outer 
pert of the earth's crust, the term residual more 
‘Renerally used, qualled, f need be, by © designation 
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ot the particular solution through which it was 
obtained, 

anomaly: free-sir—To difference between observed 
iravity and theoretical gravity which has been com- 
Dated for latitude and corrected for elevation of the 
station above the geotd, by application of the normal 
Fate of change of gravity for change of elevation, 
‘as In tree alt 

‘The elevation correction 1s for height above the 
‘voi, not the spheroid, the relation of whlch to the 
(eotd te practically always unknown. No correction 
{Ie applied for the effect of topography and ieostatie 
‘compensation. 

anomaly: gravity —The diference between the observed 
‘value of gravity at & polut and the theoretical valve, 
in the sense, observed minus theorettea. 

‘Tue theoretical value may be ebtalned n various 
wwayt, See onomaly: freoair; anomaly: Bouguer: 
‘Gnomaly: seostatte. ‘The point at which the two Val- 
tues of gravity are compared ie commonly either the 
point of observation or a point on the geold directly 
“under (or above) the polat of observation, 

‘The value of the gravity anomaly Is the same 
for elther point of comparison, However, fa fran. 
Sng a desnition, it in desirable to adopt one con. 
‘vention or the other. In the United States, since 
fone of the purposes of the isostatle studles of the 
1. 8. Const and Geodetic Survey haz been to exp! 
‘observed gravity, the point of observation han been 
‘used as the point of comparison. Blsewhere, the 
‘almost universal practice has been to take the point 
‘on the geotd alrecty below (or above) the point of 
observation, even for isostatic studies, since the 
friginal use of gravity observations was to deter 
imine the flattening of the earth: this fact has deter- 
mined the convention adopted for defiing gravity 
‘anomaly 

TE we knew the relation between the geofd and the 
spheroid of reference (a formula for theoretical grav 
{ty implies a spheroid of reference), we could reduce 
iravity to the spherold of reference: this 1s often 
‘done in theoretical Investigations. 

‘When it le desired to explain the observed value 
fof gravity by some theory, it 1s natural to take the 
ont of observation ay the point of comparison. 
1, on the other band, it is desired to uso observ 
‘lone of gravity to determine the fgure of the earth, 
‘the natural polat of comparison is the point on the 
‘reoid ditectly below (or above) the polut of obser 
ation, For studies of tla sort, St ie necessary to 
reduce all observations to a common level surfs, 

anomaly: inostatle—The diference between wa cbeerved 
‘alue of gravity anda theoretical value at the point 
fof observation which has been corrected for elev 
‘lon of the station above the geold and for the effect 
‘of topography over the whole earth and for ite 
Heortatic compencation. 

‘The present procedure ts to compute the fsostatie 
compensation according to the Pratt theory of te 
tary ae developed by Hayford, using various depths 
for purposes of comparative analysis. Teostatie 
‘anomailes obtalned by the above procedure are some: 
‘mes called Hayford gravity anomalies or, simply, 
Hayford anomalies. Other types of leostatle anom- 
‘ly may be distinguished by the author's basle as. 
‘sumptions and designated by the author's name, as 
Meluese anomaly, Helskenen anomaly, ete. 

Antarctic Cirele-—The geographic parallel having a 
‘south latitude equal to the complement of the dec. 
Unation of the winter eoletoe, 

"The obliquity of the ecliptte 1s steadlly changing, 
0 that the winter solace Ie not a polat of Oxed 
‘eclination, and the Antarctic Circle ns defined above 


4s not a tine of fixed posttion, When the Antarctic 
Circle is to bo shown on @ map, it is desirable that 
It be treated ag a line of xed position, and a con 
ventional value adopted for ita latitude, For this 
urpose, the value 06°85" south latitude ie here pro- 
Posed. ‘This is the comploment of 28°27", proposed 
for the latitude of the Tropic of Capricors. 

‘Tho aren enclosed by the Antaretie Circle i called 
the “South Frigid Zone,” and at all points tn this 
area, at the tme of the winter solstice, the tun ip 
above the horizon at local midnight. ‘The belt of 
‘the earth's surface bounded by the Antarctic Circle 
‘and the Trople of Capricorn iq called the "South 
‘Temperate Zone.” See aretie Cirle, 

sphellon—The point im an elliptical orbit of a planet 
‘OF comet remotest from the sun 

splanatic Iens.—A Jong which transmits light without 
‘spherical aberration. 

‘apparent (slsble) horizon —See under horizon. 

apparent solar day —See under dev. 

‘spparent solar time —See under tine, 

‘apparent time —See under Hime. 

‘pprerimate—Approsching closely but not attaining a 
‘peeled accuracy of @ precision conformable. with 
the quality of the observations 

"Too few observations or observations made with 
fan Interior instrument ‘will give an approximate 
ew, 

‘Omitted corrections or the neglect of terms having 
significant values will produce an approximate result, 
‘even whore the observations themselves are satisfac 


8 See under line of aprides, 
fre (general) —A portion of a mathematically defined 
‘A circular are ts part of « lrcle; an eliptieal are, 

pert ofan ellipre; ete. 

fare correction (pendlam) —The quantity which te ap- 
‘lied to the perlod of eibration of a pendulum to 
Allow for the pendulum’e departure from simple har: 
monte motion. 

‘With a pendulum, the acceleration is proportional 
to the sine of the omplitude, while the dlsplace- 
rent in proportional to the amplitude itelt.” The 
are ia the quantity obtained by observation, and it 1s 
Slowly changing; the acceleration is the quantity 
sought. By limiting the elze of the omplitude, the 
Correction required to take account of this nonlso- 
fhronous condition $9 Rept quite tna 

are triangulation —Seo under triangulation. 

‘Arctic Cire —The geographlo parallel having a north 
Tatitude equal to the complement of the declination 
of the summer eolstice, 

‘Tae odiiguity of the ecliptic ta stendlly chang. 
fing #0 that the summer solstice 1s not a point of 
fred declination, and the Arctic Circle as defined 
above is not a lle of fixed position. When the Arc- 
lie Crete le to be shown on a map, It 18 desirabl 
that it be treated at a line of fixed position, and a 
conventional value adopted for its latitude. For this 
Durpote, the value 66°33" north latitude ta here pro: 
Dosed. ‘This 1s the complement of 23°27, proposed 
for the latitude of the Trople of Cancer. 

‘The area enclosed by the Arctic Circle 18 called 
‘the "North Frigid Zone,” and at all points tm this 
farea, at the time of the summer aolatice, the sun Is 
‘bore the horicon at local midnight. ‘Phe belt of the 
‘earth's surface bounded by the Arctic Circle and 
the Tropic of Cancer in called the "North Temper- 
ate Zone’ 

‘Actually, when an observer soos the sun at 
telatice just touch the Morison a€ local midnight, 
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without setting, he te probably much nearer to the 
‘6th parallel of latitude than to the one propored 
bore for cartographic uso. bla is an effet of af- 
mospherie refraction. Tt 12 modited by local cond. 
tons, Including dip of horizon. 

ren trangelation Soo under triangulation. 

seithmetical mean—The value obtained by dividing 

‘the sum of a series of values by the number of values 

in the series. See weighted mean, 

srtflal horizon.—Se0 Under horizon. 

‘Aatatione (traverse)-—Subsidiary stations established 
Detwoen principal statione of a survey traverae, for 
conrealence of measuring, to obtain the distance be 
‘tween the principal stations, 

"icatations are established along a route which 
aot straight, a8 slong @ curved section of a all 
road, where the length meatures must be carried 
Ghrough a series of short straight Hines, while at 
smuth control may be carried through widely spaced 
Nations. ‘The Astations form a traverse loop with 
{he line connecting the prinefpal stations the dlatunce 
between which i# obtained by projecting the meas: 
tured lengths of the short lines onto that main line 
Seo equation: perpendicular (traverse). Asta 
tone are so-called because in a given serie, these 
stations are designated by the name of & principal 
tation followed by the letters A, B,C, ete, In order 
fof distance from the principol station. ‘They are 
sometimes referred to as “A, B, C stutlons.” 

aatrolabe—An instrament for measuring altitudes of 
celestial objects. Seo. under astrolabe: pendulum 

‘estrolabe; planlepherio astrolabe; priematio astro- 

ade. 

‘Derived from Greek words meaning “to take a 
star," the term nstrolnbe haa been uted to deaigaate 
f great varlety of Instruments, of which the three 
famed above are of especial interest to surveyors 
fand map makers 

sstrolabe: pondulom—An astronomical Jastrument using 
‘© constant altitude for position determination. Tes 

‘iatinctive feature 1 a mirror suspended on top of @ 

Pendulum to form the artifetal horizon. 

‘The iartrument consists of a V-shaped casting 
‘arrying the objective and eyepiece lenses at tho 
fends of the arms. The mirror, which rests on top of 
‘he pendulum and forms the level surtace (artical 
horizon), ie located atthe intersection of the V. 
‘The pendulum ts suepended to that st i free to swing 
in either of tro plates at right angles to each other, 
such as north-south and east-west planes. The pen- 
Guium te highly damped go that the mlrror comes to 
rest quickly and Femaine steady under normal ob= 
serving conditions 
trolabe: planispherie—An astrotabe of ancient origin, 
consisting of a full graduated circle with a centrally 
‘mounted alidade, and accessory adjustable plates on 
hich are engraved stereographic projections of the 
heavens and of the aphere for Tocal latitudes. 

‘The instrument is held suspended in a vertioat 
plane, the altiude of a star Is observed with the ald 
ff the alidade, and the projection-bearing plates 822 
0 adjusted that, with the data available, what are 
‘seentlally graphical solutions of astronomical prob: 
ems are effected 
artrolabe: primatic.—An astrolade consisting of a telo- 

‘scope In a horizontal position, with a prism and 

“riifeat horizon attached at its objective end, used 

{for determining astronomte positions 

‘The usual form of this fastrument employs a 60° 
prism, with the face nearest the objective perpen- 
‘Gleular to the line of collimation of the telescope; a 
fmmall mercurial horizon is attached to the instru 


‘mont beneath the prism. In observing, two images 
of a star are seen’ one reflected ditectly tnto the 
feteacope by the lower face of the prism the other 
rellected fret by the mercurial horizon, then hy the 
‘upper face of the prism into the telescope, These 
‘two fmages of the same star are moving 1n cppocite 
Sirections, and at the instant of the eolneldeace, the 
star is at the apparent altitude of the prism angle. 
Prismatic astrolabes may be made with the angle 
between the toro inclined at other than 60° An 
English instrument employe 45° angle, and bas 
‘accessory means of obtaining more than one obeerr 
tion for a given setting. 

antronomie; astronomical—Of oF pertaining to astron- 
‘omy, the aclence which treats of the heavenly bodies, 
‘and the art based on that science, 

‘For partiealar wage of the two forme, 

tronomleal, see te; eal 

thee under asimuth, 
th mark—Seo under azimuth mark. 
sstronomie coordinates.—See under coordinate, 
fstronomie eguator——Seo under equator. 

Sstronomie Intitade.—See ander latitude, 

sstronomie longitude —See under longitude. 

‘etronomle meridian.—See under meridian 

Darallel-—See under porallt. 

Je position —See under latitude: astronomio; 

Tongitude: aatronomic, 

sutronomical day.—Seo under day. 

‘astronomical leveling—Sce under leveling. 

astronomical refraction —See under refraction 

‘stronomienl theodoliteSee under alt-asimuth instr 

‘astronomical time —See under time 

‘stronomieal transit—See under transit. 

‘tronomieal traverse.—See under traverse, 

fstronomleal trlangle—The triangle on the cdleetiat 
‘sphere formed by arce of great circles connesting the 
‘elestial pole, the zenith, and a celestial bods, 

‘The angles of the astronomleal triangle are: at the 
pole, the hour angle; at the celestial bods, the 
Daraliactic angie; at the zenith, the asimuth angle. 
The sides are: pole to zenith, the colatitude; cenith 
to celestial body, the zenith distance; and celestial 
ody to pole, the potar distance. 

sutronomical unit-—'The mean distance of the earth 
from the sun; that is, the semlmajor axis of the 
elliptiesl orbit described by the earth around the 
‘20m, equal to about 149,500,000 kilometers (Smit 
fonian Phyatenl Tables, 1034). 

‘White the above simple dedation Is generally used 
1m tochateat and popular publleations, matbematleal 
‘astronomers ‘ind’ it convenient to adopt « highly 
‘techuleal definition involving the use of a constant 
(Ge) introduced by Gauss to deine the acceleration 
‘of the aun’ gravitational feld, and in particslar the 
‘exact value of # used by Gauss, although the astro- 
Fomical data used by blm to\ determine it alfer 
slightly from the Dest modern values, 

‘The solar paraliae isa measure ofthe astrozomcal 
unit, and in some astronomical calculations It 1s 
convenient to use the solar paralloe In place of tho 
‘astronomical uatt, 

suymmetry of object (target) —Lack of symmetry In tho 
‘lai aspect of an object as seen from a particular 
Dolnt of cbserration. 

‘A square or rectangular pole may so face the 
obgerver that the line bisecting ita tangents does not 
‘pase through ite geometrical center. With a square 
feupola of tower, the error resulting from observing 
tangents end taking mean may de quite large. 
‘The error due to asymmetry of object observed on 


tronomie, 
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ta.of the eame character and requires the same treat- 
ent an error due to observing on an eccentrio object, 
‘Asymmetry and phove are closely assoctated, but 
fare not identical 
atmaspherle refraction —See under refraction. 
‘othalie (oqoal-aren) Tntitede—See under latitude, 
‘autogunal map projection —See under map projection. 
fuutaninal eqainor.—Soe under equines. 
fillary guide meridian (United States publicland sar- 
‘vers)-—-See under meridian. 
auriliary standard parallel (United States publictand 
sarvers)—Seo under paral 
averoue trror—See 0nd€r error. 
fviation ‘chart —See under chart: ceronautical chart. 
tmap—See under chart: aeronautical chart. 
See under principal sie. 


ote: apirit level acta, 
azimuth (general) —The horizontal direction reck- 


foned clockwise from the meridian plane. See epecifle 
Gefinition for, astmuth: astronomle; osimuth: ge0- 
etic: asimuth: grid; ete 

‘In the basle control surveys of this country, 
asimuths are meseared clockwise from south fol 
lowing the continental Buropean geodetic practice. 
However, thie practice 1s not followed in all coun: 
tries. 

‘asimath: astronomie-—At the point of obtervation, the 
‘ongle measured from the vertical plane through the 
fcteatia’ pole. to the vertical plane through the 
observed object. 

‘Artronomic axtmuth te the asimuth which results 
‘airectly from observations on a celestial body: It 18 
{mearured in the plane of the horizon, and ta usually 
eekoned from gouth (O*), through west (90°), 
hhorth (180°), and enst (270*), back to south (300° 
or 0°). Tels affected by the local defection of the 
fertiat (station error) whieh, in the United States 
produces diferences between’ astronomlc and ge 
Getic artmathe of a8 much az 26” In the mountain 
‘eelone of the west, and of 10° In the lese rugged 
‘eastern States. 

“Astronomle azimuth may also: be reckoned clock 
‘wise from north through 360°. Tn navigation, they 
Ure sometimes reckoned clockwise or eounter-clock- 
‘wise through 180°, from the south In the southern 
emlephere, and from the north in the northern bem!- 
phere, In recording an astronomic azimuth It 
essential that both the inltlal and the direction of 
reckoning be indicated. 

asimuth: back —See under actmuth: geodsto, 

‘Simath: direction method, determination of astronomle 
‘simath—The determination of the eetronomic ast 
‘uth of a line by meararing with direction theo- 
Golite the horicontal angle between a selected star 
find a euitable mark, and applying that ongle to the 
‘oeimuth of the star computed for the epoch of the 
‘observation. 

Tn the horizontal control surveys of continental 
United States, the direction method of aximuth de- 
termination fe preferred over other methods. A 
‘ireampolar star is observed at any hour angle, the 
Inark belng a algo light on & maln-echome otation 
or at a station, called an daimuth mork, established 
for the purpose. A correction for inclination of the 
horizontal axte, depending upon the altitudes of the 
star and of the mark, le applled to the observed angle, 
fand curvature correction and corrections for varia. 
tion of the pole and for dtumol aberration also 
enter into the computation. 

ssimath: forward.—See under astmuth: peodetta, 


sarimath: geodetie—For the geodedt Tine trom A to B, 
the angle between the tangent to the meridion at A 
‘and the tangent to the geodeste line at A. In the 
U.S, Coast and Geodetle Survey, this angie ls 
measured clockwise from south, Dut see under ost. 
‘math (general). 

‘This asimuth a called the forward asimuth for 
the line AB. ‘The angle between the tangents to the 
‘meridian and fo the geodetic Hine at B 1s called the 
back azimuth for the Uae AB. "Because of the 
convergence of the meridians, the formard. and 
Deckward arimuths of @ line do not difer by exactly 
180", except where the two end pointe nave the 

sme geodetic longitude or where the geodetio late 

‘udev of both polnts are O°. 

‘The geodesic line Is not, except in epecial cases, a 
plane curve, but for short lines (of the length com: 
‘only ued in trlangulation) one may neglect the 
small difsrence betwoen the geodesic line and the 
plane curve actually observed. 

th: arld.—The angle In the plane of projection 

‘between a straight line and te central’ meridian 
(axis of Y) of @ planerrectangular coordinate 
ayitem. 

In the Btate plane-ooordinate eystome established 
by the U. 8, Const and Geodetle Survey, grid asi: 
muths are reckoned from south (0°). clockwise 
through 360°. While essentially « mop quantity, « 
grid asimuth mas, by mathematieal process, ‘be 
fransformed into a survey or ground quantity, "See 
Dlsoment. 

szimeth: Laplace —A geodetic astmuth derived from an 
‘astronomio asimuth by meena of the Laplace equa 


roposed that the symbol az be adopted to 
‘Laplace asimuth, to dlstingulsh it from 

4 geodetic asimuth derived by computation through 
the trangulaton, which te sepresented By the m- 

‘See Laplace equation, 

‘arimath: mametle—At the point of observation, the 
‘ongle between the veriieat plane through the ob- 
werved object and the vertical plone in which 
frealy suspended symmetrically magnetized needle, 
influenced by no transient artidelal magnetic) 
turbance, will come to rest 

‘Magnetic azimuth ts generally reckoned from mag- 
netic north (0°) clockwise through 360", Such 
{tn osimuth should be marked as being magnetic, and 
‘the date of its appleability be given 

‘math: method of repetitions, determinations of astro- 
‘omic azimuth ~The determination of the asfronems 
‘asimuth ofa Tine by accumblating on the horizontal 
ircle of a repeating theodolie the sum of a geries 
fof measures of the horizontal angle between & selected 
‘star and a suitable mark, and applying the mean of 
such mensures to the azimuth of the star computed 
for the mean epoch of the observations 

‘The method of repetitions for the determination of 
etmuth fs theoretically susceptible of grent accuracy 
‘and precision, but in practice ie not aa eatitactory as 
the direction method. 

‘A correction for inclination of the horteontal azis, 
Aepending on the altitudes of the star and of the 
‘mark, te applied to the observed angle, and curvature 
correction and corrections for variation of the pole 
fand for diumal aberration also enter into the com- 
utations. 

sulmuth: micrometer method, determination of astronomle 
frimuth—The determination of the astronomde art 
‘muth of @ line by measuring indirectly with an oou- 
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lar micrometer attached to a theodolite or transit 
‘the horizontat angle between a selected star at Its 
‘elongation and a sultable ground mark (light) placed 
‘lone to the vertical plane which passes through the 
‘tar, and applying that angle to the aximuth of the 
‘star computed for the epoch of the observation. 

‘At elongation, the apparent motion in azimuth of 
‘Giese clreumpolar star like Polar is very small for 
‘an appreciable period of time, and a series of obserea- 
tone can be made by the micrometer method with. 
out reorienting the instrument. A correction for in 
elination of the horizontal azls, depending on the ob 
Hirudes of the star and of the mark, is applied to the 
observed angie, and cureature correction and correc: 
tous for variation of the pote and tor diurnal aber 
ration also enter into the computations. Recently, 
Gltjeatties In determining astronomic oximuth tn 
‘Ataak, due to the large altitude of elrcumpolar stars, 
‘wore overcome by employing the micrometer method 
with a Bamberg droken-telescope tranett. 

simu: normal rection —For the normal section Kno 
from A to B, the angio at A between the meridian 
plane and the normal section whieh pastes through B. 

asimath angle (estronomy).—See under angle. 

fzimith angle (earveying).—See under angle 

frimath equation —See under equation. 

faimuth line —See under azimuth plane. 

ssimudh mark: astronomie—A signal of target who 
‘atronomic ocimuth from a survey station ig deter 
mined from dieect observations on a celestial body. 

‘The mark may be & lamp or uminated target 
placed erpecially for the purpose; or 1t may be a 
flgnal lamp at another wurvey station 


fsimoth mark: geodetic—A marked polnt estebished 
{in connection with a triangulation (or traverse) sta- 
fom to provide a starting asimuth for dependent 

‘The geodetic asimuth from the etation to the at= 
rmuth merk if determined instrumentally; ite dis- 
tance is often determined only approximately, bat 
should be suflclentiy great to render negligibie the 
fangular effect of the ordinary errors of centering 
Instrument and target. Since 1926, azimuth marks 
conslting of bronze tablets eet lo conerete or stone 
have been established in connection with the bare 
horizontal controt survey of the United States, 
‘These marks are usually s0 located as to be readily 
favallable ‘without special constraction to. elevate 
flther instrument oF target. At a station having 
fn estabilehed azimuth mark, both the geodetic ast 
‘muth and the grid azimuth of the mark on the State 
oordinate system ure computed and published, 

szimoth mark: Laplace.—An astronomic aaimuth mark 
‘at a Leplace station, 
‘azimuth plane.—Any vertical plane. 

Such @ plane cuta an asimuth section from the 
spheroid, ad traces an azimuth line on ita surface 
‘These terms are rarely seen and thelr use should be 
avoided. Although the vertical planes containiog 
‘the prime vertical and the meridian are sometimes 
regarded ag not being aximuth planes, (hey Are spe 
ial cases of that term as here defined. 

szimuth section —Seo under acimuth plane. 

‘imate Geil) ep prejeton See under map 
projection. 

saimuthal equidistant map projec 
projection. 


See under map 


B 


Bache-Wardemen base-line measuring apparatas.—See 

wander base apparatus. 

back azimoth-—See Under astmuth: geodete, 

backaight (general) —A sight on a. previously estat 
ined aureey point. 

Dackalght (leveling)—A reading on a rod held on 
Polat whose elevation has deen previously deter- 
ined, and which is not the closing aight of « level 
elreuit, 

In Ieveling, a backsight Is gometimes exiled a plus 
sight, because it Is usually added to the elevation of 
the rod point to obtain the height of the instrament 
(G1). This le not atwaye the case: the polating 
ray be on a mark on a wll of ia the roof of a ibe 
tunnel, with the instrument at a lower elevation. 
In auch a ease, the backsight wil be wubteacted fom 
‘the kaown elevation to obtain the height of instru- 

"The term Dackoight Is preferred over plus 


established survey point, which Js not the closing 
Bight of the traverse. 

Delancing a survey.—Distributing corrections through 
@ traverse, to ellminate the errors of clowure. 

‘Brrore of closure may arise when & traverse clos 
‘upon itself or when It extends between points of 
Known postion. Corrections to balance the closing 
errors are distributed through the traverse accord: 
{ng co tome approved method, eo that the resulting 
survey ‘gure will be geometrically consistent: the 
potion and azimuth at the closing point ae derived 
by computation carried through the balanced trav- 
cree will agree with the starting date for a closed 


traverse or with the fixed data where the travers 
fextends between fixed points. “For an extended 
traverse, the elimination of errors may be made DY 
the method of Teast squares, and the operstion te 
termed an adjustment. For local work, the elimi. 

fandard 


ration of errora may be made by one of to 


balaneing a survey, compens rale-—Corvections corte: 
‘sponding to the closing errors in latitude and de 
parture are distributed according to the proportion: 
Tength of line to total length of traverse. 

"The compese rule Is used when ft Is assumed that 
the closing errors are as much due 0 error in ob- 
served angler as to errors in meanured stances 

Ialaneing ‘= survey, tranait rale-—Corrections corre: 
‘sponding to the éloting errore i latitude and depor- 
fre are distributed according to the proportion 
latitude and departure of each llne of the traveree 
to the arithmetical sums of the latitudes and depar- 
tures of the entire traverse. 

‘The transit rule Is used when it le assumed that 
the closing errors are due less to the errors in the 
‘observed angles than to errors in the measured 
‘istances, 

Bamberg broken-telescope transit—See under transit: 
‘roken-teleacope, 

bbenk of stream—The continuous margin along a river 
‘where all vegetation ceases, 

‘The right bank of a stream Is the Dank on the 
righthand alde, and the left bank, the one on the 
Teft-hand side, as one proceeds tn'the direction in 
‘which the current dows (downstream). 
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Barlow leveling rod—See under leveling rod. 
Darometer—An Instrument for measuring atmoepberle 
‘pressure, 

‘There are two general types of barometers : those 
in whlch atmospheric prewure Is balanced by the 
weight of a column of liquid (usually mercury); 
{nd those in which atmospheric preasure is balanced 
bby some elastic device, ‘The latter are termed oncrold 
(Grithout lqula) Barometers. A third kind of device 
for measuring atmospheric pressure in the hypeome- 
ter, which ts not classed as barometer 

barometer: aneroid.—A barometer which balances the 
‘atmospherle pressure against & mochaateally elastic 
device. 

‘Tue usual form of ancrold barometer consists of 
fn ¢hin box of corrugated metal, almost exhausted of 
fir, When the atmogpherle pressure Increases, the 
box contracta; when the pressure lessens, the bor 
expands. By mechanical means these movements are 
‘amplified and communicated to an index hand Which 
registers on @ graduated @ial, ‘The graduations on 
the dial are usually uch as will show the atmos 
Dherle pressure in terms of helght of a corresponding 
column of mercury. ‘The anerold barometer may be 
‘equipped with an auriliary dial, graduated to show 
‘levotions in feet corresponding to atmospherte 
Dreesure 

barometers elstern—A moroury Barometer in whieh a 
foluma of mercury Is enclosed in a vertical sla 
‘tube, the upper end of which is sealed and exhausted 
ff air, and the lower end placed In a cistern or rever- 
‘voir of mercury whieh Js exposed to atmospheric 
pressure, 

"The amount of the atmospherle pressure on the 
free srface of the mereury ia the estern determines 
the belght to which the mercury will rise in the 
‘trtical tube, This may be measired, and the pres- 
Sure reported in terms of that helght, as 80 many 
tnohea of mercury. 
meter: mercury.--A barometer in which atmospherle 

‘pressure is balanced against the weight of a column 

‘There are two types of mercury barometers, difer- 
ng in the form of apparatus used, Dut not tn the 
lunderlying ptlaciple, ‘See barometer: oltern ; Darem- 
ter: siphon. 

barometer! mountain —A borometer constracted for use 
fm leveling operations. 

‘Mountain barometer is & general term, ttle wsed, 
for a barometer of any type which le constricted 
for safe transportation under dificult field condi. 
Hons, #0 that It may be used In eurvey work, See 
Dorometers aneruid, altimeter. 

barometer: riphon.—-A mercury barometer consisting of 
‘2 column of mercury in a glass tube which ls 80 bent 
fe to have two vertical branches, one about one- 
fourth the length of the other. ‘The end of the longer 
branch ia closed and the alr in it fe displaced by the 
mercury, but the shorter branch te lett open and the 
mereiry thereby subjected to atmospheric pressure. 

‘The difference of the helght of the mercury In the 
two Dranchea it a measure of the atmospherle 
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Dace apparatus (geodetic surveying).—Any apparatus 
‘designed for wa in measuring ‘with accuracy and 
precision the length of a dave line In triangulation, 
fr the length of a line in frst. or second-order 
traverse. 

‘Various Kinds of apparatus have been designed 
tor use In measuring bare ines, including te follow- 
{ng general types 
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(1) Apparatos having a length untt composed of 
simple bare or tubes of wood, metal, or other ma 
terial, suitably constructed for making alignment, 
‘contact, and temperature determination. ‘The earll- 
fest bars used In geodetic work were of wood. The 
Moat etetivo apparatus of tie 08 the ford 

(2) Apparatus consisting of bars oF tubes of ait 
ferent metals having unequal coefictonte of thormal 
expansion, 90 arranged that (a) the temperature et 
fects on the Tengths of the component parts are 
largely neutralized and the effective length of the 
fapparatu temains aliost constant, or (0) the om 
oneat parts form a metalic thermometer, by means 
of which the temperatare of the apparatur In ob- 
{tained and fts effect on the length of the apparatus 
determined. 

(8) Apparatus consisting of tapes or wires of 
rmetal, usually steel or a nlckel-stec! alloy, "Because 
of Its large coefloient of thermal expanaton, steel 
tapes can be used in precision measures of Dave lines 
only under favorable temperature conditions. Ta 
{thls country, they have been replaced almost e- 
tirely by tapes of nickel-steel (invar or nilrat), har- 
Ing very small eoeftients of thermal expansion, and 
capable of giving good results through a wide range 
‘of temperature.» While tapes or bands gre Used 18 
‘his country, wires have been used in baseline op: 
erations fa Mexieo and In Europe. 

‘apparatus: Bache-Wardeman basi-line measuring 4p- 
Deratus.—A compensating base-line measuring. op- 

paratus having a measuring element composed of 

bar of iron and a bar of brass, each a Iittle less than 

Simeters in length, hela together Army at one end, 

swith the free ends so connected by n compensating 

Tever as to form a compensating apparatus 

‘Deseribed in Appendix No. 25, U.8. Coast and Geo- 
detie Survey Report for 1868; deseription reprinted 

{in Appendis No. 12, U. 8. Const and Geodetic Survey 

Report for 1878. 
bese apparatus: compensating base-line messaring ®p- 

tus—A base apparatus having a length element 
‘composed of two metala having diferent coeftotents 
of thermal espansion, so arranged and connected 

‘atthe diterential expansion of Its components Will 

‘maintain a coostant length of the element, under 

all temperature conditions of use 
base apparatus: contact baseline measuring app 

“A base apparatus composed of bars whose lengths 

‘are defined by the distance between their end faces 

oF polate 

1m use, the bare are Ild end to end, one bar belng 
kept in position while another bar 1s being moved 
ahead. ‘There are various mechanical refinements 

‘connected with the moving of the bars into position, 

bringing the end of the new bar into contact with the 

‘end of the bar which la already in position without 

‘leturbing it, 
tage apparatus: contactlide base-line menaaring appara: 

‘tax—A modified contact bose-line measuring oppa 

ratus consieting of two steel measuring bare (rode), 

‘each 4 meters in length, so mounted that contact te 

effected by coincidence of lines on a rod and a eon. 

‘uctslide, Bach rod forms a metallic thermometer 

with two sine tubes, one om each side of the bar 

‘opposite ends of the bar are fastened to the ends of 

‘the tubes, the other ends of which are free to more 

with changes of temperature. Described in Appen- 

‘ix 17, U.8, Const and Geodetle Survey Report for 

3860, 
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‘A contact basedine measuring apparatua, composed 
fot two disconnected bars, one of brass and the other 
fof steoh, each § meters in length and #0 arranged 
fe (0 indieate the necumulated difference of length 
Of the mentures from the brass and steel components 

‘The duplex base apparatus was designed by Wa. 
Eimbeck of the U, 8 Coast ond Geodetic Survey. 
els described in Appendix No. 11, U. 8. Coast and 
Geodetic Survey Report for 1897. 

tate apparatas: Hassler base-line measuring apparatus — 
‘Ao optical baseline measuring apparatus consis 
ing of four rectangular iron bare mounted end to 
fend In a wooden box. Hach bar ia 2 meters long, 
{the combined length of the appuratus being 8 me, 
tere 

‘Described in ‘Transactions of the American Philo 
sophical Soclety of Philadeinbia, Pennsylvania, new 
series, 1825, Vol. TT, pages 1273-1286. Seo ulso Ap- 
Dendix No. 21, U, 8. Coast and Geodetic Survey 
Report for 1805. 

‘apparatus: Heed-bar apparatas—An apparatus for 

‘ensuring linear distances with great precision and 
‘eeuracy, and consisting estentially of & tel Dat 
‘whieh fs’ maincalned at a constant temperature by 
being wurrounded with melting tee 

‘The feed-bar apparatus 1 also called the Wood 
ward bare apparatus, after its designer, Dr. RS. 
Woodward (1849-1924), of the U. 8. Lake Survey. 
‘The bar ie Fectangular in cross-section, and is car” 
ted in a Y-ahaped trough which te filed with melt- 
{ng fee nd mounted on a car whlch moves on a 
track. Bar Iengths are observed with micrometer 
‘neroseopes, mounted on stable supports. ‘The loed- 
bar apparatus teased in the laboratory in atand- 
fnrdising tapes, and it has alao had some use in © 
{ablishing Meld comparators 

base apparatas: optical base-line measuring apparates— 
‘A base apparatus composed of bars whose Tengthis at 
defined by distances betwoen lines at ot nett thelr 
foils, which are observed hy sultably mounted and 
Adjusted microscopes 

In using any optical base-line measuring appara- 
tus, the postions of the bare are controlled by mero- 
Scopes on stable supports, whove reticle ines 
may be brought nto coincidence with the fduetat 
‘marks o the bars, elther by adjusting « bar or a 
microscope, 

tate apparatun: Repeold base-line menturing apperatas.— 
"An optical baseline measuring apparatus, composed 
ot a steel bar approrimately 4 meters Tong, whose 
fxtctIength at any temperature ie known, and whose 
temperature ie determined hy means of a metallic 
thermometer composed of the steel measuring bar 
fand a similar bar of rine, the two belng fastened to- 
gether at thelr middle polnts. Described in Pro- 
fessional Paper No, 24, Engineering Corps, United 
States Army. 

base avparatur: Schott base-line measuring apparatas.— 
‘A contact, compensating bese-line measuring appa 
‘ratus composed of theee parallel bars, the middle 
bar of sinc, the outer bara of steel. One end of each 
steel bar is free; the other end is fastened to an end 
fof the zine bar, a diferent end for each stect bar. 
‘The lengthe of the bars are eo proportioned with, 
respect to thelr coeffciente of thermal ezpansion that 
‘2 constant distance ls maintained between the free 
fends of the steel bars. Described in Appendix No. 7, 
U.S. Coast and Geodetle Survey Report for 1882, 

bese apparstas: Woodward base-line messuring appare- 
‘ts.-See under base apparatus: feed-bar apparatus. 


Moore, chan Usual care, to whieh sorveys ate Te 
ferzea for coordination and correlation 

‘ate line are established for specie purpose, the 
more important ones, defied elsewhere, being as 
follows base ine (Uriangultion): ave Tne (echo 
sounding); base tine (United States public-and sur- 
feyn)s bag tine (construction). 

hase ine (United States pableland sarve).t—A line 
fstending ‘east and. west slong” the stronomie 
porattl passing through the inti point along whch 
tandard township, section, and quartereecion cor 
‘hore ate estabiahea, 

“Aa may be tntered from its desiastlon, the base 
tine the Hine from wih fe initiated the survey 
Gt the meridional townahip boundaries aad. ection 
Tines. Auxillary governing lines, known as tandard 
Daraitels or correction lines, ate enablished along 
{he astronomo parettel usually at intervals of 2 
dlles north ot south of the base fine, Tn ome of 
the very early survese the base line is refered fo 
8s the *hasis parallel 

tase line: construction—The center line of location of 
‘allway orishas; o¢ten termed the “ase line of 
Joeation” A reterence line for the coasteetion of 
{beldge oF other structure 

bate lines triangulation —The de of one of a series 
of connected riantes, the lenge of whieh fs meas 
fred with, preseribedcecuracy tnd prectl, and 
from whten the lengths uf the other trienge’ sides 
fre obtained by computation 

‘Baselines in trianputation are classed according 
to the character of the work they are Thtendel to 
Control, and the Instrumente aad methods veel In 
{els meaeorement ave auch that pieserlbod probebe 
frrore for each class ate not exceeded. Thewc prot 
able errors, expressed in terms of the leugtha, are 
8s follows arat-order ase linn, 1/3,000,000; second. 
Srder ase line, 1/500,000; thiedorder be. Ine, 
£7280 000, 

tase mab-—See under mop. 

‘ave tape—A tape or band of metal or alloy, eo de 
Signed and graduated and’ of nich exculent Work- 
rmauship that it ie sueable for measuring the lengths 
Gt tines (hase lines) for controlling triangulation, 
fad for measuring the lengths ef #75” and second 
Order travers ines, 

1m ute, a hase tape Is subject (o certain physta) 
conditions which influence its eflecive Tenet, and 
‘thieh must be taken into account In computing the 
Teagih of a measured base line, These conditions 
Include’ tenon, temperature, method of tupport, 
S28, orade,allgntent, and siandardesatton lengt 
Sov tape corvectona, At one tin, ave tapes were 
rade of Stel, a metal haviag « high coefaient of 
Thermal ezpansion. ‘They are now made of inva 
altar, of ome other alloy having very ali 
veflient of thermal expansion. Bee invar, 

tase contral-—fee under control. 

‘athygrape\ Descriptive of ocean depths. 

hatiymeter*—An instrument used” for. determining 
ocean depth, 

“Any deep-sea soundiog apparatus, 
umber of designe of ruth instramenta 
thymettiet—Helating to the measurement of ocean 
depths 
bathymetric chart—See under chart 
athymetry.s—The art or sclence of determinlng ocean 

depth. 

Daring: arid.—the angle Inthe plane of the projeetlon 
betmecn a line and a north-south grid line 
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Dearing: true—The Rorizontat angle between the me- 
‘dion line and a line on the earth, 

The term true bearing Is used In many of the 
‘early deteriptions of land boundaries fn this coun: 
fry. Tete ausociated with true north, referring to 
‘the direction of the north point as determined by 
Astronomical observations, "For future use, If an 

stronomieally determined bearing Se used, the term 
‘stronomle beariog is preferred over true bearing. 

Dearing of line (plane surveying) —The horizontat angle 
‘whieh a line makes with the meridian of reference 
Adjacent to the quadrant in whieh the line lis, 
Besringt are classified according to the meridian 
used as true bearings, magnetic bearings, grid Dear- 
tage. 

‘A bearing ts 1dentifed by namlag the end of the 
‘meridian (north oF south) from whieh St fa reckoned 
{nd the direction (eust or west) of that reckoning. 
‘Thus, a line in the northeast quadrant making an 
‘angle of 50° with the meridian will have a bearing 
of N. 60° E. “in most survey work, it se preferable 
{o.use astmuthe rather than bearing 

Dearing tree (United States publesand surveys).*—A tree 
Torming a corner acceatory, ite distance and direction 
‘from the corner being kaown. 

Tearing trees are Mentifed by preseribed marks 
ceut into thelr trunks; the species and sizes of the 
trees are also recorded, 

‘bed (mining).—A stratum in the earth's crust which 
Tins been formed in aa approximately horizontal 
layer. It of rock, tis termed bedrock 

bed of stream—The area within the Mghwater Hines 
of'a stream or river. 

Te fa the area which {g Kept practically bare of 
vegetation by the wash of the waters of the stream 
from yeur to year. 

Dedrock.”-A stratum of rock fn the earth's erast which 
hhes been formed in an approximately. horlwontal 
position. 

‘Large, deeply embedded boulders, with upper sur. 
faces planed and leveled through exposure, are some 
‘times erroneously reported as bedrock In descriptive 
writing. 

Bench mark —A relatively permenent material object, 
‘aatural or artidclal, bearing ® marked point whose 
flovation above oF below an adopted datum ix kRown. 

Usually designated as « B. M, such « mark 

jometimen further qualified aa a P.'B. M. (permanent 

jench mark) to distinguish it from aT. BM. (tem 
porary bench mark), oF supplementary Dench mark, @ 
Iark of less permavent cheracter Intended to serve 
for only a comparatively short period of time. 

bench mark? fretorder-—-A bench mark connected to 
‘the datum (usually mean ees level) by continuous 
Brat-order leveling. 

bench mark: junction—A bench mark selected as the 
‘common meeting point for lines of levels oF Hnke of 

bench mark: permanent-—A dench mark of as nearly 
‘Permanent character ae itis prectionble to establish, 

Usually designated simply as a Dench mark of 
B. Ma permament bench mack ie intended to main: 
tain its elevation with reference to an adopted 
datum without change over a long perlod of time. 
Concrete oF stone posts, with suitable marks in thelr 
tops, #uch aa Soscribed dake, are used. Such a mark 
fn ret in firm ground, deep enough to be free from 
frost action, and In a location where disturbing 
induences are believed to be negligible. 

bench mark: second-order—A beneh mark connected to 
‘the datum (utuslly mean sea level) by continuous 
second-order leveling oF by a continuous combina- 
‘lon of firetorder Leveling and second-order leveling. 


U. S. COAST AND GEODETIC SURVEY 


bench mark: supplementary —A. bench mark at « fune- 
‘lon of sections of a line of levels, at whlch 00 per- 
manent Dench mark ia established. 

‘A supplementary bench mark may be classed as a 
temporary bench mark, established to hold the end 
of a completed coction of « line of levels and serve 

12 an Initial from which the next section ts Tua, 
Spltes and screws in poles, bolts on bridges, and 
cchae! marks on masonry are vied for the purpose 
‘and may last for years, 

‘bench mark tidal-A bench mark get to reference a tide 
taf at a tidal station and the elevation of which 
{ig determined with relation to the local Haat datum, 

Bilby steel tower.—A triangulation towor consisting of 
‘wo steel tripods, one within the other, designed by 
45.8. Bilby of the U. 8. Coast and Geodetie Survey. 

‘The Biby stell tower was put into use In 1937 and 
fe standard equipment in triangulation executed by 
the U.S. Cotat and Geodetic Survey. ‘The BUby 
fteel tomer ip demountable; it Ia easly erected, and 
‘ar easily taken down and moved to a new location. 
Some of these towers have each been used at more 
than one hundred diferent stations, 

blaze (United Stater pablicland. survers)—A mark 
‘made upon a tree trunk at nbout breast hele in 
‘which a fat sear Is left upon the tree surtuc 

ander —A mistake. 

‘A blunder Is not an error, though a small blunder 
may remain undetected In & series of obecrrations 
fand have the effect of aa error in determining & 
result. Examples of blunders are: reading «hort: 
sontal circle wrong by an even degree ; neglecting to 
Fecord a tape length in a measured traverse; revers. 
Ing the numerals in recording an observation: ete 

Bonne map prejection-—See under map projection. 

Borda renle.A metalivo thermometer compoved of 8° 
‘metals Baving diferent coeflotenta of thermal ezpan- 
‘om 

‘The Borda scale was devised by the French scien- 
tat, Jean Charles Borda (1788-1709), who placed a 
strip of copper on a strip of platinum, fastened the 
{wo together at one end, and by measuring the rela 
tive movement of thelr free ends, determined thelr 
temperature, He used this means for determining 
the temperature of bars used in moasuring the length 
of a geodetic base Kne, Later, Beesel used m comblc 
ation of tine and fron for the same parpo 

Boston leveling rod—See under Toveling rod. 

Bouruer enomaly.—-See under anomaly 

boulder—A large rounded rock which as been sepa- 
‘ated from the mass of whieh it was originally 4 part. 

‘Deeply embedded boulders tay show an exposed 
surface which through weathering hes the appea?- 
fanee of Bedrock 

omndary: land.—A line of demarcation between adfotn- 
‘ing parcels of land, 

‘The parcels of land may be of the same or of ait: 
ferent ownership, but distingulshed at some time in 
the history of thelr descoat by separate legal descrip. 
tons. “Aland boundary may be marked on the 
{round by material monuments placed primarily for 
the purpote; by fences, Redges, ditches, roads, and 
other service structures along the line; oF deftued by 

tronomteally described points and lines; by coord\- 

‘nates on a survey sytem whose position onthe 
‘ground 1s witnessed by material monuments whieh 
fre established without reference to the Doundary 
Tine! and by various other methods, 

boundary line—A line along which two areas meet. 

Tn epecifc eases, the word “boundary” 1s some. 
times omitted, as in “State line”; and sometimes the 
‘word “line” fe omitted, a5 in “International bound 
fry,” “county boundary,” ete. The term "boundary 
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line" te usually applied to boundaries bet 
coal territories, as "State boundary. line, 
two States, "A boundary line between privately 
fowned paresis of land is termed a property Hine DY 
preference, oF if a line of the U. 8. publicland wur- 
Yeys, ts given the particular designation of that 
survey system, as scetion line, fownahip line, ete. 

boundary map-—A map constructed for the purpose of 

neating # Bouwdary fine and adjacent teritory. 

boundary monument.—A material object placed on oF 

ear a boundary Hine to preserve and identity the 
location of the boundery line on the ground. 

‘Where it Is impracticable fo establlch a monument 
fon oF very close to a boundary line, the position of 
the Doundary line on the ground Is preserved. by 
meant of reference marks. ‘The term monument te 
fometimes used to Include both the mark on the 
Boundary tine and the reference mark. Seo also 
monument (U. 8. publictand surveys). 

boundary rarvey.—A survey made to establish or to re- 
establish & boundary line on the ground, or to obtain 
aia for constructing & map or plat showing & 
Doundary Tine 

‘The term boundary survey 1s usually restricted to 
surveys of boundary Ince between politcal terri. 
tories, Por the icvey of & boundary line between 
privately owned parcels of land, tho term land eur- 
fey ls preferred, except that In surveys of the pub: 
Hie tande of the United States, cadastral eurvey ie 
‘ured. 

Doundary vista —A lane cleared along a boundary Mne 

ing through a wooded area, 

‘A boundary vista Is used for readily identifying: 
f doundary line, and elding in elvl administration 
Felating thereto 

Bowie effect (gravity)-—The Indirect effect on gravity 
‘due to the warping of the geoid, or the elevation 
‘of the geoid with respect to the spheroid of reference. 

Alto now aa the Bruns term, the Bowie efect 
‘was discussed by Stokes, Brane, Clarke, Helmert, and 
‘others but it was Under the direction of Bowle that a 
practical means wae. provided for computing its 
Falue for a given station. The correction for the 
Bowte effect Is applied to the theoretical value of 
‘mravity, with the tga reversed. Values of the Bowie 
‘fect are tabulated in the fundamental tables: de- 
formation of the geold ond ite epect on gravity. 
‘The symbot 44g has been used to represeat the 
Bowie eect, 

Bowle Method (of adjustment) —A method devised In 
‘the U. §, Coast and Geodeile Survey under the di- 
rection of William Bowle for the adjustment of largo 
networks of triangutation 

‘A deseription of the method ts given In Spectal 
Publteation No. 169, The Bowie Method of Triangu- 
lation Adjustment, 
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cadastral control (United States publlefand surveys) — 
‘Lines established and marked on the ground by sult- 
‘able monuments, which are used ap starting and 
closing points in eurveya of the public domain of 
the United States, 

‘The fundamental control of the publictand sur- 
vers of the United States consists of base Hines, 
Mandord parallele (correction tines), principal me- 
‘alone, and guide meridiane. 

cadartral map.—Seo under mop. 
‘endastral survey —See under survey. 


break-cirenlt ehronometer—Seo under chronometer. 

broken grade (tape).—The change in grade when the 
‘mldale point of a tape ia not on grade with ite ends, 

If the middle support for the tape te not on the 
same grade as the end supports, the fact is noted 
‘with @ reference “broken grade at —y" naming the 
particular tape lengtd which contains the broken 
rade 

‘roken-telescope transit—See under trast. 

bronze pendulumn—-See under pendulum. 

Brown gravity apparstus—An apparatus for measuring 
‘he ceceloration of gravity which utilizes the Mon 
denhall penduture, but bae e clamping device for 
holding the pendulum in the recetoer when being 
transported from station to atatton, and which uth 
ges an electrical plck-up and amplifying devlce for 
recording the oscilations (pendulum) on the chrono- 
‘Droph sheet. 

‘Tho clamping device makes it unnecessary to re- 
move the pendulum from the receiver, and thus 
favolds the necessity of breaking the vacwum seal 
‘each time a move is made, ‘The recording of the 
‘pendulum oscitations on the chronograph theet per- 
imlts direct time comparison of those oscillations 
‘with the radio time signals, One improvement of 
the Brown gravity apparatue over the Mendenhall 
‘ravity apparatus relates to the supporting of the 
receiver by leveling serewa placed near the top of 
the receiver, making the Reoure (pendulum. tup- 
port) less than in the earller type of apparatos which 
hed the leveling acrews at the bottom of the revelver, 
‘and thus much further from the point of upport of 
the pendulum. 

‘Another improvement was the use of a cast alu: 
minum chamber in whieh the receiver wa bung 
Indicated above, and which was aet directly in mes 
of plaster of Paris placed ae the bottom of hole dug 

1d constituted a eutlstactory stable 
‘made ready more quickly than a 


feonerete ples. 
‘A third improvement over the old order consisted 

of the permanent installation in trucks of a greater 
portion of the electric wiring and auxiliery equip- 
meat. ‘These Improvements considerably, reduced 
‘the time required by the earlier methods and apps 
ratus for the determination of the acceleration of 
drovity. Te was named for ite designer, E.. Brown 
fof the U. S. Coast and Geodetic Survey, and was Rest 
‘used the fleld fo 1932. 

bubble sextant.—See under sextant 

Bullard method of lostatc reduction —Seo under Hoye 
ford-Bullard (or Bullard) method of isostatic re- 
duction. 

bullseye level—See under level: circular 

bus and track map-—See under map. 


Calendar: Gregorian —The calendar established by Pope 
‘Gregory XIII in 1542 A. D, to correct the Julian 
Calendar by introducing the more preciee value of 
‘the Tength of the troploat year, 860 days 6 hours 
48 miaates 46.0 seconds mean solar time. 

‘The Gregorian Calendar modified the requirement 
of the Jullan Calendar that every fourth year be 
given an additional day by providing that, for cen 
furlal years, this would be: done only where such 
Yyeura were divisible by 400. ‘The calendar wa 
brought into harmony with the seasons aa they were 


Figure 82: Load Balancing with Heterogeneous Networks!”> 
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(midterm transition stage) 
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1, 3G-only UE: stays on 3G a it moves through network 
2, 3GSLTE UE: moves between 3G macro, LTE macro, & LTE macro/pico 
3, 3G+LTE UE: able to access 36 & LTE macros, plus LTE HeNB (femto) 
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HetNets will allow significant capacity expansion in configurations in which operators can 
add picocells to coverage areas served by macrocells, particularly if there are hot spots 
with higher user densities. 


Small cells differentiate themselves from macrocells according to the parameters shown in 
Table 24. 


Table 24: Small Cell Vs. Macro Cell Parameters: Typical Values 


Parameter Small Cell Macro Cell 
Transmission Power 24 dBm (0.25 W) 43 dBm (20 W) 
‘Antenna Gain 2 dBi 15 dBi 

Users Tens Hundreds 
Mobility 30 km/hr 350 km/hr 


375 5G Americas member contribution. 
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‘et the time of the Counell of Nice (A. D. 328) by 
Groppiog 10 daze at the time of Its becoming effective; 
‘October 4, 1582, helng followed Immediately by Oc: 
tober 15. "See Calendar: Julian; double dating. 

Calendar: Jelian—The calendar devised by Jullus 
“Caesar in 45 B, C,, and based upon the assumption 
that the true length of the tropical year was exnetly 
305% mean solar days 

‘The Bullen Calendar provided that the % aay 
bbe absorbed by giving every fourth year one ad 
tlonal day: st made the year begin om January 1, 
‘2 provision that was not universally followed even 
‘where other provisions of the calendar were fol- 
owed; It was effective for the year 44 B. C,, whieh 
‘was known ax the “Year of Confusion” because, in 
‘order to bring the calendar into harmony with the 
Seasons, two additional months were intercalated 
between November and December, giving 14 month 
‘with a total of 445 days, See Calendar: Gregorian; 
double dating. 

calendar month.—-See under month, 

‘alendar year—See under year. 

‘allbration.—‘The determina on, in terme of an adopted 
‘unit and by mechanteal Interpolation based on values 
obtained by standardtcation, of the supplementary 


the determination of the 


‘2 circle as proportional parts of a circumference. 

When the length of tape has been determined 
by standardisation, the value of Sta lotermediate 
marks may be determined by calibration, tt boing 
faerumed that the tape has been divided Into parts 
‘which are ditectly proportional to its length. 
Bandardization. 


‘See 


fof the earth: 

‘The term eardinel, without qualifestion, 1 some- 
‘times used to indiente any oF all of the above direo. 
Hons, the context giving azact caning to tts wan, 

Cassint map projection —Seo under map projection. 

catenary correction, tape-—Sce under tape: sag or 
eatonary correction. 

I equator.—See under equator. 

titade,—See under latitude, 
‘celestial longitude —See under Tongitude, 
1 meridian.—See under meridian. 

‘cleatial refraction —See under refraction: astronomloat 
refraction. 

crletial sphere —A sphere of indeSnitely large (Infnlte) 
‘radius, described around an nasumed center, and 
‘upon which positions of celestial bodies are projected 
along radit passing through the bodies. 

Tn surveying operations which inclode observa- 
‘lone on a celestial bods, the direotion but not the 
‘stance of the eelestial body from the point of 
‘observation 1s important, For observations on bod- 
es within the limite of the solar ayetem, the center 
ff the celestial sphere 4s taken as coinciding with 
the center of the earth. For bodies outside those 
mits, the annual porate te negligible in surveying 
operations, and the eater of the celestal-sphere 
fay be taken ae coinelding with the point of obser 
vation. 

(Celsius sele-—A temperature scale in which 100° marks 
‘the freezing point and 0° the boiling point of water 
‘at 760 mm, barometric pressure. 

‘The Celsius seale ts the predecessor of and ts equal 
‘to the centigrade scale Inverted. Some use has 
been made of Celsius scale as synonomous with 
centigrade scale. 
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centers redaction to-—The amount which must be ap- 
‘lied to m direction observed nt an cocentric station 
fF to an eccentric signa, to reduce such direction to 
‘hat It would be If there were no such eccentricity 

‘The computation of the reduction to center Is quite 
similar for the two cases, the same computation 
form belng adapted for the correction to n direction 
observed at an eccentrio station as to a direction to 
fan eccentrio signal 

center Iine (United States pablicTand aurveys).*—The 
line connecting opposite quarter-section cornere, of 
‘opposite sixteenth section corners 

center of instrument.—The point on the vertical axis of 
‘otatlon of an instrument at the same clovation a8 
{he oats of collimation when that axia In in & bor! 
‘zontal position. 

In a traneit or theodotite, it 1s close to oF at the 
Antersection of the horizontal and vertical axee of 
the instrument. 

center of scllation (pendalem)—The position in a 
‘compound. pendulum of the particle which corre- 
ponds to the heavy particle of an eguivalent eimple 
pendulum, 

"The centere of suspension and oscillation are nter- 
‘changeable. If the center of oselllation Is made the 
‘conter of suspension, the former center of suspension 
becomes the new center of oscillation. This prin: 
ciple Is the basis of design of compound reversible 
pendulum. 

center of suspension (pendulum).—The fixed potnt about 
‘which @ pendulum oseilates, See center of ovolla- 
Hom. 

center of transit or level A manufacturer's term for 
the spindle oF spindles which are In & vertical pos 
tion when the instrument fe in use, and about whieh 
the instrument, oF part of the instrument, rotates. 

‘The engineer's transit has two euch centers; an 
‘nner center to which the alidade is attached, and an 
outer center to which the horizontal circle is at 
tached itis hollow ind rotates on the inner center, 
‘The rotation of the elidade fx spoken of as the upper 
motion, and the rotation of the horizontal citele a 
the lower motion of the instrament. 

centigrade seale-—A temperature scale in waich 0° 
‘marks the freezing point and 100° the boiling polnt 
fof water at 760 mm. barometric pressure, See 
Colsus seale 

central meridian (State plane-coordinate system) —See 
under meridian, 

centrifugal force.—The force with which a body moving 
lander constraint along a curred patb, reacts to the 
constraint. 

(Centrifugal foree acts In @ direction away from 
the center of curvature of the path of the moving 
Dody. Awe force caused by the rotation of the earth 
‘on its axis, centrifugal force fe opposed to gravita: 
ton, and combines with it to form gravity 

& £4: aystem—The systom of physical measurements 
{n which the fundamental units of length, maas, and 
time are the cuntimeter, the gram, and the mean 
solar second. 

chain.—The unit of Tength prescribed by law for the 
‘survey of the pubic londs of the United States, The 
‘chain i8 equivalent to 66 feet. 

‘The chaia derives its name from the Gunter 
chain, mbich bad the form of a series of Hinks com 
nected together by rings, & form which as been 
‘superseded by metal tapes or ribbons greduated in 
‘chains and links. ‘The General Land Ofiee uses 
steel tapes of 1,2, 6, oF 8 chains length 
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chain: Genter’s—A measuring device used Sn Tand eur. 
‘ering, composed of 100 metal links fartened tonether 
‘with rings, the length of the chain belug 06 feet. 
Ie was invented by an English astronomer, Bdmund 
‘Gunter, about 1620, and 1s the basla for the chain 
ud tink, unite of Length used in the survey of the 
public lands of the United States, An advantage 
In measuring in chains is that 10 square chaine 
equals 1 acre 
chaining —The operation of measuring a distance on 
‘he arth, using « chain oF tape. See taping. 
‘While the chain ag an instrument used in making 
land and other turveye hes been superseded by the 
metal tape, the term chaining has continued in use 
where reference ls to surveys of the public lands of 
the United States, For the correspoading operation 
in other survese, the term taping 1a preferred. In 
chaining, the men who ark the tape ends are 
termed cheinmen. 
chainmen-—The men who mark the tape ends in 
‘hatning. 
chambered apleltlevel—See under level 
thark*—A special-purpose map designed for purposes 
‘of navigation. 
‘The term chart te applied chiefly to maps made 
primarily for nautieal and acronautleal navigation, 


fand to maps of the heavens, although the term is 
fometimes used to describe’ other special-purpose 


chart: seronautical—A chart designed for use ia navt- 
‘ation through the air above land or water, 

‘Ao aeronautical chart shows ade and hazards to 
navigation, Tn the past, an aeronautical hart bas 
‘been variously designated as an serial navigation 
zap, alt navigation map, aerial map, aviation map, 
faviation chart, and air navigntion chart, The use of 
‘Hse terms is disapproved. 

shart: alr nevigation—See under chert: aeronautical 

charts aviation.—Seo under chart: aeronautioat chart 

chart: bathymetrie®—A topopraphie mop of the bed 
‘of the von, 

‘As now published, bathymetric charts show depth 
curves, with areas between curves given slguiicant 
olor tuts, Bathymetric charts are designed expe 
tially for geophysical (oceanographic) studies, Dut 
‘may also be Used for navigation purposes. 

charts magnetle.-A special-purpose map depicting the 
distribution of one of the maguetle elements, as by 
Snogonie lines, oF of its weular change. 

‘charts nautical —A chart designed for use in navig 
ton in water areas, 

“A nautical chart shows aide and hazards to navi- 
gation, 

chromatic 
(optics). 

chronograph—An instrument for produeing a graphical 
ecord of time as shown hy a clock or other device 

Tn use, a ebronograph produces a double reeoed : 
the frat is made by the ascoclated clock and forms 
‘a continuous time scale with significant marks indl- 
tating periodle beats of the time keeper; the second 
made hy some external agency, human oF me- 
chanical, and records the occurrence of an event 
br of a serles of events, ‘The clock timet of uch, 
‘occurrences are read on the time seale made by the 
lock. In observations for time and longitude, the 
flock times of tar observations are recorded on the 
hronograph either manually by pressing a key at the 
Instant a star Is bisected by a line of the reticle 
‘of the telescope used in the observing, oF automatt- 


sberration—See under aberration of Tight 
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cally, by keeping a star bisected by @ movable wire 
fp IE travels acroas the field of view. See mlcrome- 
ter: tranatt. In longitude work, the chronograph 
falco records the time siguale received from the at 
ton of known longitude which is ured a 1 base, 

chronometer.—A portable timekeeper with compensnted 
‘lance, capable of showing time with extreme pre- 
cision and aoouraoy. 

‘Chronometers are used in sclentife and engineer. 
ing work (astronomy, navigation, gtopbysie, ete.) 
‘hiere accuracy and preciaion in the timing af obser 
‘ations are deinanded. Chronometers ate ueually 
constructed with special type of balance abd eseape 
‘ment, and beat to halt seconds. 

chronometer: bresk-ireult-—-A. chronometer equipped 
‘with a device which automateally breaks an electric 
Circuit, the breaks being recorded on a chronograph. 

‘In Some chronometers, the breaks oconr every 
‘other second, ou the even seconds, and a bresk occur 
‘also on the Bfty-ninth second to identify the berin- 
Ding of the minute; in otler chronometer, breaks 
Occur every second except at the beginning of the 
minute. Ty recording the oceurronce af events (sich 
A star tranotts) on a chronograph sheet along with 
the chronometer breaks, the chronometer times of 
those occurrences are obtained. 

chronometer: Iack—A. chronometer used for visual 
Peference, and not usvally for record purposes, 

Tn astronomical and other work, where a time re. 
cording on n ehronograph it mnde, the chronometer 
controling the recording is laced iu a position a8 
{ree from disturbance as poselble. For use ia meeting 
the schedule of the observations, making the neces: 
sary settings of instruments, ete, another ckronom- 
ter, called a hack, 1 Kept In a position where 1 
may be easily observed. 

chronometre method of determining longltade.—See under 
Tonoitude: astronomie longitude, 

circle of equal altitede.—See under almucanter 

‘rele of postion —A small etrele on the globe (earth) 
‘at every point of which, nt the Instant of observa 
tion, the observed celestial tody (sun, star, planet) 
thas the same altitude and therefore the sause zenith 
distance, 

‘At the instant of observation the obeerved body 18 
fm the zenith of the center of the eitcle of position, 
‘and the point of observation ts somewhere on that 
circle, A second observation ou the sume object at a 
‘iterent time or on a diferent object at the eame 
‘dime will determine a second and diferent clrele of 
position, and ifthe point of observation has aot been 
‘moved, it will be at an intersection of thete ere 
If the point of observation has moved, as may coeur 
‘when on a moring ship, allowance is made for the dl- 
ection and amount of the movement, and a position 
‘obtained for either polat of observation, In naviga 
tion, a short portion ofa cirele of position is potted. 
fag a straight line and formed a Sumner line or line 
of position. 

it (eveling) —A continuous line of lovee, a series 

‘of lines of levels, ot a combiantion of lines er parte 
ff Hines of levels, euch that a continuous series of 
measured diferences of elevation extends around the 
tlreult oF loop and back to the starting point. 

ircuit closure (leveling) —he amount by which the 
‘algebrate com of the measured differences af eleva: 
ton around a circuit falls to equal the theoretical 
circular level.—See under Tevet, 
cistern barometer —Sce under barometer. 
eli! doy—See under day. 
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vil time.—See under the. 

Clamping error.—Sce under error. 

{Clarke spheroid of 1866.—Soe under spherotd. 

Clisometer-—-A hand instroment consisting of a tube 
‘with crosshair, with vertioul circle and attached 
{apirit level to mounted that the tnelination of the fine 
of aight ean be read on the circle by centering the 
evel bubbie at the instant of observation. 

“By means of a prism, the level bubble ts viewed 
‘when looking through the observing tube at the 
crost-hair and object obserred. 

clock correction —The quantity which is added alge- 
ralcnily to the time shown by a clock to obtain the 
tine of a given meridian 

Tf the clock 19 slow, the correction 1s positive: 
it fast, negative. 

lock rate.—Tho rate of change of clock correction. 

‘Clock rate is trually expressed es the Increase or 
‘accrease ‘of the clack correction per day, hour, oF 
Iminute as shown on the clock face. It Ie called’ the 
‘ally or hourly rate, or rate per minute. If the 

‘the clock 


U.S 


losing erzor—See under error of elovure, 
izon.—See under hortz 
See cireutt cl 
ie of Rortzon.—See under error of closure of 
clonure sf traverse —See under error of eloeure, traverse. 
lomure of telangle—See under ervor of closure of 
‘langle. 
codeclination Toe complement of the declination 
{astronomie), of 90° minus the declination, Also 
called the polar distance. 
coufcint of refraction.—See under refraction, 
‘oeficient of thermal expansion; coeicient of expansion— 
‘The relative change (expansion or contraction) ta 
‘a linear dimension of @ material body corresponding 
‘fo'a change of 1" in the temperature of the body, 
expressed as ratlo, 

‘The coeffclent of expansion, as it is generally 
called, may be tn terms of the Centigrade, Fahren- 
eit, or other thermometer scale, To n very great 
‘extent, Ita magnitude is peculiar to the material: « 
Stoel tape has a coeilclent of expansion about 25, 
times as great ag that of an énvar tape. Tt is usually 
‘expresied a decimal fraction, and in a measure of 
Glstance, ae of & dare Hine, enters as a correction 
hich is a product of the coeficent of expansion 
fof the length apparatus, the distance messured, and 
the difference between the temperature at which the 
ensure was made and the temperature at whlch 
the length of the apparatus 1s kuowa, 

coincidence (pendalam)-~-An exact agreement In oceur- 
‘renee of a prescribed phase of & freevinging pend. 
hum beat and a prescribed phase of clock or 
‘ohronometer beat. 

"The free-ncinging pendulum being elther slightly 
longer oF slightly shorter than the clock pendulum, 
vibrates at a diferent speed from the clock pendulum, 
land loves or geine a whole beat between coincidences, 
‘The elapeed time between coincidences ae shown by 
the clock oF chronometer, enables an observer to 
now the number of wibrationa made by the freo- 
‘noinging pendulum during that time, and thus the 
Bumber made during a perlod between precise time 
Geterminations. 

Ta the gravity work of the U. 8. Coast and Geo- 
otic Survey, colneldences are observed by noting 
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‘whion two lince of light come into exact agreement: 
‘one is a moving line reflected by a mirror attached 
to the head of « freeswinging pendulum; the other, 
‘8 Bxed line of light reflected from « mirror attached 
to the pendulum support and becoming visible exch 
Second ‘through a shutter controlled by the chro= 

coincidence method (pendalem)—The determination of 
the period of a free-sweinging pendulum by observing 
the time Interal between coincldonces with a clock 
pendulum or chronometer beat. 

colatitude-—The complement of the latitude, or 90° 
‘minus the latitude 

Colatitude forms one side, zenith to pole, of the 
astronomical triangle, It ia opposite the celestial 
oay. 

collimation —The act of making a collimation adjust 

"This use of the term collimation may teed to con 
{usion, which would be avolied by emplesing a more 
extended expression, 

collimation: error of-The angle between the line of 
collimation (line of sight) of a telescope and Ite 
collimation azte, 

‘When the collimation adjustmont of an instrument 
4a perfect (whieh la never the ease), the tine of coll 
‘mation and the collimation ate will coinelde, and 
the error of collimation will be zero. In practical 
‘work, the adjustment i carried to where the error 
45 60\ small that it may be considered negligible In 
many classes of work; or in precise work, after the 
‘adjustment 1s made, the residual ervor is elther de 
fermined by observation and applied as a correction, 
for is eliminated from the result by a sultable pro 
{ram of observing. Error of collimation 
‘tie error, and ina series of observations fe vray 
treated as being of the constant error type. 

collimation: line of-—Te line through the second nodal 
‘point of the objective (object glass) of a telescope 
‘and the center of the reticle. It is varlously called 
‘the line of aight, sight line, pointing line, aod aim: 
Ing line of the Instrument, 

"The center of the reticle of the telescope of a 
transit may be defined by the Intersection of cross: 
‘halts of by the middle polnt of a fxed vertieal wire 
‘or of a mlcrometer wire in ite mean position. In & 
Toveling Instrument, the center of the reticle may 
be the middie polat of a fixed horizontal wire, 


greement 

‘with the collimation axle, Also called adjustment 
for collimation, 

collimation azisThe Jine through the second nodat 
point of the objective (object glass) perpendicular 
to the axle of rotation of the telewo 

Tn.a surveyor's rane, the collimation axis ts per- 

penuicular to the horizontal aae ofthe telescope. In 
2 leveling instrament It ls perpendicular to the ver: 
Heat cate of the fastrument., When the telescope 
of a transit Ie rotated about its horizontal asia, the 
collimation axis describes a plene, called the coll: 
‘mation plone. 

collimation plane—The plane described by the collima- 
Hom ata of a felescope of a transit when rotated 
faround ite horscontal asi, 

collimation position A term defined in Manual of a 
sneering Practice No. 15, A. 8. C. Eas follows: 

‘The Ideal position of the line of sight of a telescope; 

‘that fo, the optical axle. See, also, Line of Sight, 

‘The ideal positon of the line of sight ia known as the 

collimation gate. ‘The term collimation position as 

‘efined by the A. S.C. B, eeeme unnecessary, and 

its dention appears contradictory. 
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collimator—A device consisting of a convergent 
‘achromatic lone with a mark placed in the plane of 
{ts principal focus, so that ays. from the mark 
through the lens emerge along parallel lines, 

‘The mark in collimator may be viewed from very 
short distances an if ft were at an infinite distance, 
‘and may therefore be used in place ofa distant mark 
‘when making any adjustment of the line of sight 
ine of collimation) of an instrament. In aasuat- 
ing a surveying instrument, the felescope of another 
surveying Instrument may be used as a collimator, 
the retiote furnishing the mark; or the telescope 
of a discarded instrument may be placed on « spe 
‘lal mounting to form « permanent Installation. 10 
fome astronomical instruments, a veasol of mercury, 
Placed directly under the Instrument, ia used as a 
follimator. A. prismatic eyepiece used with auch 
fin instrament fs sometimes called a collimating eye- 

“A colinator may also be constructed of special 
denign for particular purpose see collimator: 
‘ertoat 

collimator: vertiesl—A telescope so mounted that its 
collimation aie may be made to colacide with the 
ertical (or dlrection of the plomb line) 

‘The vertical collimator serves as an optics! plumb 
tine, tnd may be designed for use in placing a mark 
fon the ground directly under en Instrument on a 
igh tower or in centering an tnetrument on @ bigh 
tower directiy over a mark on the ground. 

colares equinoctial—The Rour circle through the 
‘equinozes. 

calare:soluttal —The hour circle through the soltices, 

‘aleret—The hour oirelca through the equinozey and 


the soletices. See colure: eguinoctial; colure: #0l- 
tit. 
comb (micrometer) —A notched scale placed st right 


‘angles to the movable wire of a micrometer, and 50 
designed thet one turn of the micrometer screw will 
‘move the micrometer wire across one notch of the 
comb; the central noteh of the comb In conjunction 
swith the zero of the mlerometer head furaishes a 
Bduelal point from which all micrometer readings 
fare reckoned 

"The comb is used for keeping count of whole turns 
of the micrometer screw, parte of turns being read 
fon the graduated micrometer head. 

Committee Meter —See under meter. 

comparater.—An Instrument or apparatus for measur- 
og a dimension in terms of a etondard. 

in plone and geodetic surveying, comparator 
‘may be an Instrument for comparing atendarde of 
Tength for subdividing such standards; oF for deter- 
siping a standard length of a measuring device (ber, 
tape, ee). A fleld comparator or comparator base 
n'a short line whose leagth ia measured with aceu- 
racy and precision, and used to ebeck Uhe length of 
‘apparatus (tapes) used tn the wetual eld operations. 
‘There xe special types of comparators used tn 
jtronomic and photogrammetric work, and in vari- 
fous kinds of laboratory work. 
Seld.—See under comparator. 

‘Comparator base—See under comparator. 

Compete: priometie—A small magnetic compass held in 
‘the band when In use, and equipped with peep sights 
‘and glase prism so arranged that the magnetic Dear- 
{ng of azimuth ofa line can be read at the same time 

line 1a sighted over. 

lar —A surveying instrument which effects 

‘the fnttantaneous mechanlesl solution of the aetro- 

nomical triengte (eun-zenith-pole), and permits the 


tablishment and surveying of the oatronomie mertd- 
‘on or astronomie parallel directly by observation. 

Originally Invented and used for the establishment 
of astronomic meridians and parallels tn the survey 
fot the public lande of the United States, the solar 
compass hes been replaced by the eolar attachment 
{in combination with a tranaif, or by the solar tranei 

compare: san—A navigation instrument for determin 
ing the direction of the aatronomie meridian mecha- 
Ieally and instantaneously trom an observation on 
the un 

‘A 00d example of a sun compass is the one de- 
signed by A. H. Bumstend of the National Geo- 
raphe Soctety and used by R. E. Byrd ia neronaut 
fal navigation in the polar regions. It consist of a 
mean-tine clock with « 24-hour dial, an hour band 
‘with a shadow pin at one end, and graduated cireles 
{for latitude and acimuth setting. Th use, the clock 
{8 set for fatitude so thet the plane of ita face 1s 
parallel to the plane ot the equator, the hour band (it 
has only the one hand) is set to show local time, and 
the whole is orlented tilt the pin on the hewr hand 
feasts a shadow down the middle of the baad, Tn 
this position, the Iubber line will be in the Tocal 
‘meridian, "The term sun compass Is preferred for 
the navigation instrument, to distinguish it trom 
the solar compass,  surveslag Instrument which 
attaing « similar result, 

compats: sarveyor's An instrument for determining the 
“magnetic azimuth of a line of sight by teens of a 
sighting device, a graduated horizontal elle, and 
‘pivoted magnetic needle. 

"The surveyors compass used on the eatly land sur 
veya io this countey employed a pelt of peep siglts 
to define the line of sight, and was usually mounted 
fon a slagle leg, called a Jacob's stag. This tutu 
‘ment has been completely displaced by the surresor's 
transit, and the solar traneit 

compare rule, balancing server 

compensated reoid—See under geod 

‘compensating base-line measuring apparates.—See under 

“apparatus 

ied map—See under map. 

‘complement of angle—Soe under angle. 

‘ompenite map—Seo under map 

compound pendalam.—See under pendulum. 

compresion (of the earth) —See under flattening of the 
earth, 

concluded angle —See under angle 

‘condition equaton.—See under equation. 

conformal (lsometrle) latitude See under latitude, 

conformal map projection—See under map projection. 

conformality—The unique property of conformal map 
‘projections, in which all small oF elementary figures 
fon the surface of @ sphere retain thelr origieal forme 
(hapes) on the map. 

conle map projection-—See under map projection. 

‘onetant: level—The amount by which the actoal line 
of sight through leveling instrument (when the 
bvble ie centered in its vial) departs €eom the troly 
horizontal line theough the center of the instrument, 
computed in millimeters per millimeter of atadia 
interval. 

Tn cave leveling rods graduated a yards Instead 
lot meters are used, the level constant, 0, would be 


—See under delancing 


expressed In milliyards per milligatd ‘of stadia 
interval. 
constant: stadia (leveling) —The constant which fs mul- 


‘plied by the stadia interval to obtain the length of 
f‘sight In meters. Aloo the constant by means of 
‘which the sum of the gtadla intervale for all sighta 
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of a running is converted to the length of the run 
‘ing in kilometers 
Tn case yard rods ere in ust 


the resulting lengths 


willbe In yards and losards. 
constant error—See Under error. 


transit micrometer —A quantity p> 
lied tothe chronograph record of a star transit 
‘observed with the aid of & transit micrometer to 
fllow for the time required for the contact spring 
fo cross onerhalt of the wldth of @ contact atrip 
fm the head of the micrometer. 

In order to insure a matiafactory record, the con 
tact stripe are given appreciable width, and as the 
Inlerometer wire travela trom diferent sides of the 
Instrument for upper and lower culmination stare, 
fand also before and atter reversal of the instrument, 
‘the contact spring produces a record sometimes from 
fone edge of a contact strip and tometimes from the 
‘other, ‘Phe contact correction ig Intended to reduce 
teach obsereation to the middle of the contact strip 
‘whieh records i, 

contactlide bateine measuring apparatas—See under 
ase apparatus 

contact vernler.—See under vernier. 

‘contour-—An Imaginary line on the ground, all points 
‘of which ere at the same elevation above a epeciied 
datum surface. 

"A contour fe Mlustrated by the shore line of an 
imuginary body of water, whose surface is at the 
‘elevation represented by the contour, A contour 

Toop around lower ground 1s called 

fa depression contour, ‘The datum airface most gen 

rally used for contours ta this country 18 mean sea 
evel 

‘contour interval—Tho difference in elevation of two 
‘adjecent contours. ‘The difference of elevations ep- 
resented by adjacent contour lines. 

cuntour line—-A line on & map representing & oonfour, 

‘contour map.—See under map. 

‘control: besie—In general, coordhuated and correlated 
‘position data forming & framework to which detail 
burvere are adjusted. 

‘Basie control may be elther horizontal or vertical; 
st fs usually executed with greater precision and oo. 
curacy than is required for dependent surveys. ‘The 
basic control for the Popographte Map of the United 
Bates cousiate of fret. and second-order triangule- 
‘Hom and traverse and frst- and second-order level. 
ing. 

‘control: cadastral (United States poblic-land sarvers).— 
‘ee under codastral control (United Statee pudlie- 
land surveys). 

ceuntrol: geodetic —A system of control 
shed by geodetio methods, 

‘Geodetic control data are Get determined fa the 
form of geodetic coordinates and azimuths, which 
fare now sometimes transposed into plane-coordinate 
Gata on a State eystem, before being used as bases 
{or local survey 

control: national control survey nets—The two controt 
Mrurvey nets Delng extended over the area of the 
United ‘States by the U. 8 Coast and Geodetic 
Survey for the control of nautical chart and topo: 
‘raphic mape, and comprising : 

‘The horizontal control survey net consisting of 
arcs of first and second-order triangulation, and 
Ines of fret- and second-order traverse, a few of 
‘whieh have been executed by the U. 8. Geological 
Survey, the Corps of Engineers, and other orgual 


ations estab- 
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tons. ‘The data derived a this survey are being 
coordinated and correlated on the North American 
datum of 187 


2. "The vertical control survey net conslating of 
Lined of frst- and second-order apirit Leveling which 
determine the elevations of thousands of Dench marke 
‘above a common datum, mean se0 level. This net 
fnclades tinee of levels run by the U. 8. Geological 
Survey, the Corps of Engineers, and other organi 
tone. 

control station —A point on the ground whose position: 
CGorlzontsl, vertical) Ie toed aaa base for a de- 
pendent murves. 

control survey—A survey which provides positions 
(horlzontal, vertical) of pointe to whlel) supple: 
mentary surveys are adjusted. 

‘The fundamental control survey of the United 
States provides the geoprapMe positions (and plane 
evordinatea) of thousands of triongulation and trav 
‘rae stations and the elevations of thousands of bench 
‘marke whlch are used as the bases for hydrographic 
surveys of the coastal waters, for the control of the 
topooraphe aurvey ot the United States, abd for 
the control of many State, ety, and private rurvers 

control surveys: Grstrder—See onder firet-order work 
(contrat surveys) 

‘control surveys: secmnd-order-—See under second-order 
‘work (control surveys), 

convergence af merldlans-—Seo under meridian. 

tanverson factor-—See under factor. 

Conybeare leveling rod.—See under leveling rod, 

coordinate protractor.See under protractor, 

‘coordinates (general)—Linear of angular quantities, or 
both, which desizuate the povition of a potat in rela- 
tion to a given reference frame, 

‘There are two general divisions of coordinates 
‘used in surveying : polar coordinates and rectangular 
coordinates. ‘These may each be subdivided. into 
Ehree lassen: plane coordinates, spherical coordt- 
‘nates, and space coordinat 

coordinates: satrenomic—Quentities which define the 
‘position of a point on the geotd with reterence to 
{he planes of the celestial equator and of a selected 
Celettit meridian. See latitude: estronomic; long 
tude: axtronomtc, 

‘coordinates: geocentric (terrestrial) —Quentities defining 
‘the position of  polut on the earth by meant of 
‘the angies made by a line from the center of the 
earth to the polot with the planes of the celestial 
feuator and of « selected Initial geodetic meridton 

‘See latitude: geocentric. ‘The term’ geocentric 
longitude is never weed, as the quantity which It 
‘would designate Is the same as geodetio longitude. 

cvordinatea: geodetic Quantities which define the horl- 
‘zontal position of a point on the spheroid of refer 
‘once. with respect to the planes of the geadetio 
‘equator and of a selected geodetic meriaian. See 
latitude: geadetio; longitude: geodetic. 

cvordinaten: geographie.—An inclusive term, used to 
‘esigante both geodetto coordinates and extromomic 
enordinacee, 

coordinates: grd.—two distances which fix the position 
‘ofa point on a gra: the perpendicular distance to the 
Doint from the Axle of Y, termed the abscissa of 
‘coordinate; and the perpendicular distance from the 
“Axis of F, termed the ordinate oF y coordinate. 

‘a Surveying operations, the nominal origin at the 
fnterseetion of the axes is usually given large mv: 
merical coordinates, eo the inconvenience of using 
Regetive coordinates will be avoided. Geodetic coor: 
dimaten (latitudes and longitudes) may be tra 
formed into grid coordinates, and all survey compu- 
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‘tations relating to them then made by the methods 
find foraulas of plane surveying. See State coor- 
‘inate systems, 

coordinaten: origin of —A point in a aystem of coord 
‘nates which serves ay an initial i computing its ele 
ents oF in preseribing Its use. 

"The term, origin of coordinates, has several de 
nitions, each so well-established In use that a single 
‘definition cannot be prescribed to the exclusion of the 
‘thers, Howerer, the following are given in the or- 
der of preferred ee, but to avold misunderstanding 
‘the use should be defined by stating the povition of 
the origin in the system and giving the numerical 
coordinates tesigned i. 

Tithe origin of coordinates 1s the point of In- 
terscetion of the coordinate axes, from whieh the 
foordinates are reckon. In mathematieal treatises 
{his origin Ie usually piven the coordinates 0, 0: in 
surveying work, however, it ln standard practice (0 
ive thie origin coordinates having large positive nu 
irerical values, thereby avoiding the use of negative 
Goordinates. Ree State coordinate systems, 

“2 The origin of coordinates fo the polnt to which 
the coordinate values 0, 0 are assigned, irrespective 
‘of its position with reference to the axes. 

3. The origin of chordinates 1s the polnt from 
‘whieh Oie computation of the elements of the coor- 
Ainate ystem (projection) proceeds. 

cvordinaten: planerectangolar. The perpendicular als- 
tances (coordinates) of @ point from a pale of exes 
‘which intersect at right angles, reckoned in the 
Plane defined by those axes. 

Planerectangular coordinates sre vsually eaten 
Ieted from data which are in the form of polar coor- 
dinates, that is, distance and direction (bearing or 
Gotmoth) from a previously determined point. For 
‘ramp, the computatloa of latitudes and departurer 
{in land surveying. ‘The methods used are based on. 
plane trigonometry and geometry. The position of 

‘int on the earth may be defined by” plane-rec 
ffangular coordinates on a tangent plane (local 
tem of plane coordinates), or on & so-called conto 
for eylindrieat map profeetion, such as are used in 
the Btate plane-coordinate ayrteme. 

coordinates: polar (eeneral).—‘The distance and direo- 
‘on from central polat of reference to a polnt 
‘whose position is being defined. 

‘The point of reference is termed the pole or origin; 
the Tine (distance) connecting the origin with th 
point whose position ls being defined is the radius 
Nector’ and the angle between the fixed line to 
‘which the direction js referred and the radius vector 
4s the vectorial angle. In surveying operations, ob- 
serrations are Urually put In the form of polar coor- 
‘dinates as a frat atep la the computation of plone 
fof epherical coordinates. For example, computations 
0f geadetie povitione (latitudes and longitudes) are 
bared om cimuthe and distances from known 
positions. 

coordinates! reetongular—Coordinates on any system 
‘in which the axes of reference Intersect at right 
angles 

‘A system of rectangular coordinates may be plane, 
‘curved (spherical), or spatial. See coordinates: 
plane-rectengutor; odetie; c0or- 
‘dinates: reotangulor 


coordinates: 


‘tances of @ polat from planes dediued by each pale 
fof a set of three axes which are mutually per- 
endiculer to each other at common point or 
origin, 


In photogrammetry, spece coordinates 
termed survey coordinates, and are the 2 and y 
coordinates ‘whieh dete ‘the borizontal position 
‘of « point on a ground system, and the s coordinate, 
‘hich Is the elevotion of the point with reference 
to the ground system. 

coordinates? spherlcel—Two quantities, angular or 
near, or both, on a sphere, defining the position 
‘ofa point with reference to two great circles whieh 
form 'n patr of axes, or with ruference tO an origin 
and a great circle through the polat. 

‘The term spherical enordinates Includes coordt 
‘nates on any turtace approximating a sphere, See 
coordinates: geographic; coordinates: geodetio; co- 
‘ordinates: astronomio, 

csordinater: vertieal The vertical distance (elevation) 
fof a point abore or below a surface of reerence 
(datum). 

‘The vertical coordinate of « point may be plus or 
minus, according to whether the point le above or 
below’ the datum; the datum may be assigned a 
large positive elecation, so that all elevations re- 
{errea to it will be plus. Instead of elevation, the 
term helght fs sometimes weed. 

cvordination—The placing of survey data on the aame 
‘coordinate eyatem oF datum. 

Coordination does not imply the adjustment of 
observations to Feinove discrepancies. T'wo Geld 
Surveys over the same area may be coordinated by 
computation on the same detum, byt there may 
remain betwoen them discrepancies that can be Te 
‘moved only by correlation, 

comer—A point on a land Doundary, at which two or 
‘more boundary Fines mect. 

‘Not the same au monument, which refers to the 
phrsteal evidence of the corner's location en the 
ground. 

corner (United States publleland survers).t—A point 
‘on the surface of the earth, determined by surveyiog 
process, marking an extremity of a boundary of & 
Subdivision of the Dubiie aad, usually at the inter: 
Section of two oF more surveyed linea; often dncor. 
Feetly employed to denote the physical structure, oF 
‘monument, erected to mark the corner point 

‘Corners are described in terms of the points they 
represent. ‘Thu 

township cormer—A corner at the extremity of a 
township boundary. 

‘section corner-—A corner at the extremity of a 
section boundary. 

‘Guarter-eection cormet—A corner at an extremity 
of s boundary of a quarter section, midpoint betmeen, 
for 40 chains from the controlling section corners, 
‘depending om loention within the township. 

‘sixteenth section corner —A corner at an extrem- 
ity of « boundary of a quarter-quarter section mid 
pola between the controlling corners on the section 
Or township bonndarles, 

Ieander cornet—A corner marking the interaee- 
‘ton of a township oF eection boundary and the mean 
Iigh-eater line of a body of water. 

‘standard corner.—A corner on a standard parallel 
or base line. 

comer: closing (Unlted States publicland sarvers)*—A, 
‘corer at the Intersection of a surveyed Boundary 
‘with a previously established doundary tine. 

Tn the aurvey of the public land of the United 
States, when the line connecting the Inst section 
corner and. the objective corer on an etttblished 
toonehip boundary departs from the axtronomio 
‘meridion by more than the allowable deviation, the 
ne being surveyed is projected on cardinal to an 
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Intersection with the ¢ownship boundary, where @ 
losing corner ig established and connection made 
to the previously established corner. Closing cor~ 
ners are established at the intersection of a line be- 
Ing surveyed with a previously established township 
boundary in order to\avold excessive deviation from 
‘ordinal which might be required to connect with 
the objective comer on that boundary. Closing 
comers are also established at the intersection of 
township, ronge, oF section line with the boundary 
of a previously surveyed and segregated tract of land, 
fuch aaa private land claim, miaeral claim, ete 

comer: existent (United States pbliceland warvess).*—A 
‘corner whose position can be kdentided by verifying 
the evidence of the monument, oF ita accessories, by 
reference to the description that 18 contained in the 
eld notes, or where the point can be located by 
fan acceptable supplemental survey record, some 
physical evidence, or testimony. 

sp though its physical evidence may have en- 

tively disappeared, & corner will not be regarded as 

oat if It8 portion can be recovered through the tee: 

eimony of one or more witnesses who have @ de 
Dpendable knowledge of the original location 

comer! lost (United Staten pablicland surveys). —A 
commer whose position cannot be determined, beyond 
Feesonable doubt, elther from tracer of the oFiginal 
‘marks or from acceptable evidence or testimony that 
bears upon the original position, and whose location 
ean be reatored only by reference to one or more 
interdependent corners, 

comer: obliterated (United States pablleland surveys 
“Rcorner at whote point there tre no remalalng tracee 
‘ot the monument, of Ite avcessories, but whose Tocn 
‘on has boon perpetuated, or the polnt for which 
Iay be recovered beyond reasonable doubt, by the 
feta and testimony of the Interested landowner 
‘competent surveyors, or other qualifed local author: 
Stles, or witnesses, oF by some teceptable record ev 

‘A position that depends upon the use of collateral 
evidence can be accepted only as duly supported, gen 
rally through proper relation to Known corners, 
fand agreement with the eld notes regarding dis. 
tances to natural objects, stream eroesiage, Wn trees, 
fand of-line tree blazes, ete, or unguestlonable tes. 
timoar. 

‘corners witness (United Staten publiclend surveys).°—A 
‘monumented survey point near a corner, estabilsbed 
fava reference mark when the corner Is #0 situated a 
to render ts monumentation oF rekdy use Imprac: 
teabie, 

“A witness commer ts marked in a preseribed manner, 
comparable with thet for the true corner 

‘comer necensories (United States public land surveys) — 
‘See under aoceseories. 

correction —A quantity which 1s applied to an observa 
‘ion oF function thereof, to diminish or ellmioate 
the effect of errore and obtain an improved value of 
the observation or function. It is also applied tore 
‘duce an observation to some arbitrary standard. 

"The correction corresponding to a given error Is of 
‘the seme magnitude but of opposite sgn. The 
signs are given by the following equation: Improved 
value= observed value + correction. 

See under error: reeidual error. 

correction: adjurtment (leveling) —~TThat correction 
‘which Is applied to an orthometrio elevation to pro- 
Auce an adjusted elevation, for the purpose of elliat- 
rating the efects of circuit cloeuren 

correction: Inder. (leveling).—That correction which 
‘must be applied fo an observed diference of elevation 
to eliminate the error introduced into the observa: 
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tons when the zero of the graduations on one oF both 
leveling rode does not colncide exactly with the actual 
physical foot or bottom surface of the rod. 

correction: level (leveling)-—That correction which ts 
‘applied. to an observed diterence of elevation to 
correct for the error introduced by the fact that the 
Tine of aight through the leveling instrument i8 not 
‘bvolutely horizontal when the bubble ie centered ia 
ite vial 

correction: erthometsle—That correction which ts ap- 
Dlled to a preliminary elevation to correct for the 
fervor tnerodueed by the fact that lovel turfaces at 
dierent elevations are not exactly parallel, 

correction: rod (leveling) —That correction which is 
‘applied to an observed diffrence of elevation to cor: 
{eet for the error introduced when the leveling rods 
fare not actually of the length indicated by the grad 
totions. 

retin: temperature (leveling) —That correction 

‘which Is applied to an observed difference of eleva 
Hon to correct for the ervor introduced when the 
temperature at which the leveling rods are used in 
the field is different from the temperature at which 
they were standardized. See, also, standardization, 

correction for inclination of the herizental axia-—See 
‘under inclination of the horizontal axis 

correction for ran of micrometer. See under micrometer. 

correlate equation—See under equation, 

correation.—The removal of discrepancies that may 
‘etlat among survey data, so that all parts are inter 
elated without apparent error. 

‘The terms coordination and coreeation are usually 
applied to the harmonising of aurceye of adjacent 
treat oF of different suroeys ver the same are 
‘Two or more such wurveys are coordinated when they 
fare computed on the same datum; they axe cOr7e- 
lated when they are adjusted together. 

county map—See under map. 

‘course (general) —This (erm has many meanings. In 
“rureaying it bas been Used to designate the Beering 
‘ofa tine; the fength of a tine; and the combination, 
bearing (or astmuth) end tength of a line. To 
‘control surveying, its use tan and should be avolded, 
Dut If used, It should be with the Inclusive meaning. 
farimuth and length of Une, tls better to use the 
{two distinct and dedaite terms, astmuth and length 
Of line. The following are detaitions of course as 
‘sed fo current techateal iterature 

courte (georraphr) —A route om the earth along which 

"he river Ite 


‘along which a ship is to travel oF does travel 


courte (tranat traverse) —The 
Tine, considered together 

crystal clock —The errstal clock {8 @ relatively new 
“evice for keeping accurate time, It consists essen: 
‘ally of generator of constant frequency controlled 
by a resonator made of quarts crystal, with sulcable 
meant for produeing continuous rotation controlled 
by it to operate time indicating and related mecha 
alms 

‘The abore description ts quoted directly trom a 

paper, The Crystal Clock, by W. A. Marrisoa, pub: 
Iahed tn the Proceedingt of the National Academy 
of Selences, July 15, 1930. The crystal clock has 
been used with considerable advantage over other 
types of portable clocks and chronometere in sclen 
tine work, such as gravity observations, where time 
Intervals must be measured with the greatest por 
sible acouraoy and precision, 


imuth and Tength of & 
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calmination—the position of « heavenly body when 
ft lighest appatent altitude, aleo, for « heavenly 
ody Which ts continually above the horizon, the po- 
sition of lowest apparent altitude. 

Culmination occurs when the body transite the 
local ‘meridian: upper culmination at the upper 
branch of the meridian, lower culmination at the 
lower branch. "Aw an obterver approaches pole 
cof the earth, culmination of the fxed stars becomes 
lest noticeable, disappearing when the pole 
reached, Under some conditions, for bodies within 
the solar system, culmination may be largely ob- 
bseured by changes In declination. At oue time, 00m 
‘culminations were extensively used in determining 
‘astronomio longitude. 

eamulate—A term proposed for a type of error which 
tends to accumulate in direct proportion to occur- 

‘This type of error Sa covered by the expression 
systematic error, and there Is no need for anew 
term.” ‘The use of eumblate abould be avolded. 

sarvature correction (estronemy)—A correction applled 
fo the mean of @ series of observations on star oF 
planet, to take account of the divergence of the ab- 
arent path of the star or planet from a straight 
Tine. 

(Observations on a star for the purpose of deter- 
‘mining the value of a micrometer are subject t0 8 
‘correction for curvature, ag aleo are some asimuth 
‘observations. ‘The correction to reduce « latitude 
‘observation on a ster clove to but not on the meridian 
to what t wonld be ifthe star were on the meridian 
may be considered a correction for curvature 

curvature correction (geodesy).—The correction applied 
‘in some geodetic work to take account of the dl 
vergence of the surface of the earth (spheroid) from 
plane. 

Tn geodetic apirit leveling, the effects of curvature 
and of atmospheric refraction are considered to- 
gether, and tables have been prepared from whieh 
Eomblued corrections cam be taken, 

curve: degree of-—Tho number of degrees of angular 
‘measure at the center of  elrele subtended by & 
‘chord 100 feet in length. 

‘Ta highway surveying, a 100oot are ts some- 
‘times used Instead of a 100-fo0t chord tn dening 
degree of cure, 

carve: eazement—A spiral curve. 

‘curve: point of compound carvature—The point on a line 
‘survey where e cireular curve of one radius Is tan- 
sent to'e clrevlar carve of @ different radius, both 


‘curves Iying on the aame aide of thelr common tan: 
tent. Also termed the P. C. C 

curves point of enrvatare—The point {9 a line survey 
‘where a tangent ends and a clrculat curve begins 
‘Also called point of curve, and P. C. 

Tt Is the point where & atraight line in a survey 
changes {oh circular curve. See curve: point of 
fongency. 

ceurve: point of Intertection.—The point where the two 
Tangents of a circular curve meet. AlKo called the 
verter of curve, and the PT 

curve: point of tangency—The polnt in a ne eurvey 
‘where © clrealar curve ends and a tangent begins 
Ito called polat of tangent, and P. T. 

"The polot of tangency and point of curve are both 
points of tangency, their diferent designations Delng 
‘etermined by the direction of progress ong the 
Tine. ‘The point of curvoture is reached Stat. 

curve: splral—A curve of varring radius connecting 
‘circular curve and a tangent, or two circular curves 
‘whose radil are respectively longer and shorter than 
{ts own extreme radi. Also called a transition carve 
and an easement curve 

curves tremaltion—A epiral curve, 

eure: vertex of-See under curve: point of énter 
‘section. 

carve of ligament —A line connecting two points on 
‘the surface of the epherotd, and defized by the com: 
‘ition that at every point the asimuths of the two 
fend polats of the line aifer by exactly 180° 

‘A curve of aligament it line of double currature 
sightly Test ia length than the normal eection Knee 
connecting its two end points, 

eutof! eylinder—An accessory apperstus, used tn 
‘tanderdization operations to refer the ead of a 
base tape of bar standard to a ground mark. 

‘The cutot cylinder is a laboratory device, con. 
sisting etsentiely of a short rigid bar, 50 eauipped 
fand mounted that It forms a direct connection be- 
fireen the apparatus being Letted and a permanent 
ground monument ; Its length and fnetination provide 
‘the means for determining the relative positions of 
the jlduciat marks on the base tape or bar end on 
‘the ground monument. 


colindrieal equalarea map profeetion—See under map 
projection, 
colindrical equalapaced map projection —See under mop 


projection. 
cylindrical map projeetion—See under map projection. 
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detam—Any numerical or geometrical quantity or set 
fot tuch quantities which may serve as a reference 
ff base for other quantities, 

‘For a group of statistical references, the plural 
form is data: as geographo data for a list of lati- 
tudes and tonpitudes, Where the concept is geometsl- 

fewla, rather than statistical and {n- 

for example, 

two geodetic datums have been used in this country 
sn recent year. 

stam (geedetic).*—A datum consisting of 6 quantities: 

‘the latitude and the longitude of an initial point, 

‘the asimuth of a line from this point, and two con 

stante necessary to dele the terrestrial epherold. 


It forms the basis for the computation of hort 
tontal control eurceys in which the curvature of 
‘the earth ia considered. 

Aatum (leveling)<—A Tevel eurface to which heights ere 
referred. 

‘The elevation of the datum is usually, bat not 
always, zero (0). ‘The generaliy adopted datum for 
leveling operations in the United States la mean aca 
lcvel. For local surveys, where a seulovel eonmec: 
tion Ja not available, en arbitrary datum muy be 
Adopted and defined tn terms of en assumed elevation 
for some physical mark (Dench mark), A datum 
for apirte leveling se not « lane, and the term datum 
Plane fs ineorreedy used Jn such connection. See, 
‘so, datum: tidak. 
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tum: Camp Calonna.—The gcodette datum defined by 
‘the following geopraphio position and asimuth on the 
Clarke apheroid of 186: 


67 25 05.1N, 
140 60 13.50 W. 


Latitude of Camp Colonna 
Longitade of Camp Colonna 
Azimuth from Camp Colonna to 
‘South Meridian, © 00 09 
‘The above position and astmuth are based on astro- 
‘observations made in. 1890, the longitude 
vermived by the moon-culmination method, 
atum: Golofnin Bay.—The geodetic datum defined by 
‘the following geopraphic position and azimuth on 
the Clarke epherotd of 1866: 


Latitude of Golofnin Bay long. 0° 
station e427 11461 N, 
Longitude of Golotntn Bay long. 
‘tation 102 62 12.700 W. 


Azimuth from Golotain Bay 
ong. station to azimuth mark” 180 00 429 
‘The above position and asimuth based on astro: 
omieat observations made in 1800, the longitude 
being determined by the chronometric method. 
Aatum: Keipniyuk-Kwiklokehun—The geodetic datum 
‘defined by the following geographic position and 
‘aefmuths on the Clarke apherotd of S206 
Latitude of Kripniyu astro, 27 


station 62 20 06.58 N. 
Longitude of Kripniyuk astro. 
‘station 165 30 2732 Ww, 


Azimuth from Kripniyuk as- 


‘0, station tostation Tent 180 00 00.0 
Asimutn from" Kwitlokenaa, 

‘antro, station to. station, 

Camp © 00 00.0 


The abore position 1» based on weighted means 
of astronomical determinations made in 1808, the 
Tongttudee by the ehronometrie method. 

stam: Lazon—The geodetic datum whieh 1s defined by 
‘the following geographic position and asimuth of 

the Clarke spherotd of 186 

Latitade of triangulation sta- 
‘ion Tielanean 

Longitude of triangulation st 
‘on. Balnnsean 

Azimuth, triangulation station 
‘Belanacan to. telangulation 
station Baltasar 9 12 27.000 
‘The Luzon datum was adopted tn 1011 and we 

derived from observations on the Iiland of Luzon, 
It has been extended to all parts of the Philippine 
Tolands, except a few remotely situated islands. "800 
U, 8. Const tnd Geodetic Survey Field Bngineers 
Bulletin, December 1958, page 20. 

jatum: New England.—Identical with the geodetic 
‘datum for which the name United States standard 
datum was adopted in 1001, which name was later 
fehanged to North American datum. Before 1001 
hla datum waa defined by the following geographic 

‘position and astmuth on the Clarke epherotd of 1856: 


18 33, 41.000 ¥, 


121 52 08.000 


Latitude of triangulation we 77 
‘ton Prineplo 89 35 36.602. 
Longitude of triangulation ata- 
‘tion Principio 76 00 16.407 W. 


Asimath, triangulation station 
Principio to triangulation 
station Turkey Point 1 24 36.413 
See U. 8 Const and Geodette Survey Report for 
1879, Appendix 8, pages 112-114. 
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datum: North Amerieans—The geodetto datum whlch 
‘ie defined hy the following geographto position of 
triangulation station Meades Ranch and the tstmuth 
from that station to station Waldo, on the Clarke 
apheroid of 1205: 

29 32 26.080 

98 82 30506 W. 


Latitude of Mendes Ranch 
Longitude of Mendes Ranch 
Azimuth, Meades Ranch to 

‘waldo 75 28 1452 
‘The North American datum 1s identical with tho 
United ‘States standard datum, the name of the 
datum being changed In 1913 when ite adoption by 
‘the governments of Canada and of Mexleo for their 
eonrol surveys gave it an International character, 

Aatam: North American datum of 1927.*—The geodetio 
datum which is defined by the following geographic 
‘poriton of triangulation station Mendes Ranch and 
‘he astmuth trom that station to station Waldo, om 
‘the Clarke apherotd of 6: 


a9 12 26086 N, 
98 82 90.800 W. 


Latitude of Mendes Ranch 
Longitude of Meades Ranch 
Azimuth, Meades Ranch to 

‘Waldo 75 28 00.04 

Geodetio positions on the North American datum 
(f 1027 are derived from the above geographic port 
{on and azimuth through a readjustment of the ert 
‘angulation of the entire country, in which Laplaoe 
fasimuths wore introduced, and new methods of ad- 
Jastment were used (orie method). 

Ausam: OM Hawaiian —The geodetio datum which 18 
‘ened by the following geographto postion ad ast 
‘muth on the Clarke spherotd of 1h: 
atitude of triangulation sta- 


‘ton Onbu west base 21 18 18.89 N. 
Longitude of trianevintion eta- 

‘on. Oaba weet bate: 18T 50 55.79. 
Azimuth, telangulation station 

‘Oahin west base to triangull 

ton station Oabu east base 201 29 28.0 


‘The Old Hawaiian datum fs based on an adjusted 

latitude derived from a aumber of astronomic Tot 

tudes In various parts of the Islands, and an astro- 

omic longitude obtained from obvervations of lunar 

culminations, ster oocultations, ete. See U. 8 Coast 

fand Geodetic Survey Special Publication ‘No. 156, 

‘Trlangolation in Havall 

tum: Panama-Colon.—The gcodetie datum which is 

‘ened by the following geographic. position tnd 

fasimuth on the Clarke epherotd of 108 

Latitude of triangulation st 
‘on Balboa Hill 

“Longitude of trlangulation sta- 
‘lon Balboa Till 

Azimoth, triangulation sta- 
‘Hon Balboa HI! to telangu- 
Ition station Salud 185 02 39.54 
See U. 8. Coast and Geodetic Surver Field Bngl= 

neert Bulletin, December 1938, page 23. 

atom: Port Clarenee—Tho geodetic datum detined by 
the following geographic porition and acimuth. on 
the Clarke aphorotd of i 


9 8 57.697 N. 


0 43 50.918. 


Latitude of Port Clarence as ° * 
ro, station 65 18 40.18 N. 
“Longitude of Port Clarence as. 
tro. station 160 50 08.005 W. 


Asimuth from Port Clarence 
‘astro. station to acimuth 
mark 


0 06 170 
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‘The Uatitude was determined astronomleally in 
1000; the longitude ts am assumed value, the astro- 
nnomfcaily-determined value being 166° 50" 45.60" 
the azimuth was derived from time observations. 

stam: Pribilof Ia tama —See under datum: St 
‘George Island: St. Paul Leland. 

datum: Puerto Rice—The geodetto datum which ie de- 
‘Sued by the following geographic position and azt- 
‘muth on the Clarke apherold of 185: 

Latitude of trlanguintion sta 
‘ion Cerdona Island ght- ¢ 7 0% 
howe 11 97 31400 N. 
Longitude of triangulation 
‘Hon Cardona Island. tight 
house 
Asimuth, telengulation station 
‘Gardoaa Island. lighthouse 
to tritngulation — station 
Ponce southwest bese 128 36 202 
‘Adopted in 1901 or aoon thereafter, the Puerto Rico 
‘atunt is derived from observations on the Island of 
‘Puerto Rico and the Virgin Islands. See U. 8, Coas 
‘and Geodetic Survey Field Engineers Bulletin, De- 
‘comer 1088, page 22. 

ntam: St. George Inland.—The geodetic datum defined 
‘by the following geographic position and estmuth on 
the Clarke spheroid of 886 
Latitude of St. George Island as. * 

‘ronomie tation 50 a6 1131 N, 
Longitude of St. George Toland 

‘artronomie station 
Azimuth from St. George Island 

stronomie station to meridian 

ark 0 00 06 

‘The abore latitude and astmuth are based on nde- 
pendent astronomical determinations. The longt- 
tude Is based on longitudes of St. George Islond and 
St, Paul Island stronomie stations, which were 
‘termined by the chronometric method, a weighted 
‘mean being obtained through triangulation connect- 

‘the two lalende, 

datum: St. Michael —The geodetic datum defined by the 
Tollowing geographic position and asimuth on the 
Clarke spherotd of 1865: 


68 88 07.530 W. 


169 82 36.00 W. 


Latitude of St. Michael astro, ° 0" 

‘tation 62 28 415 N. 
Longitude of St, Michael astro. 

tation 162 01 06.00 W. 
Asimuth from St, Mftchaet astro. 

station to azimuth mark 869 59 55.6 


‘The above position depends on astronomical obser- 
‘vations made in 1891, the longitude being determined 
bby moon-oulmination and star-oceultation methods. 

atom: St. Paol Inland. —The geodetic datum defined by 
the following geographic position and azimuth om 
the Clarke epheroid of 188: 

Latitude of St. Paul Island astro, ° ¢ 


‘station St 07 1686 N. 
Longitude of St. Pavl Teland ai 
‘xo, station 170 16 2400W. 


Asimuth from St. Paul Island 
‘astro, station to aximuth merk 179 59 12 
‘Tae adore latitude and acimuth are based on inde- 
pendent astronomical determinations. The longt 
tude is based on longitudes of tho St. Paul Island and 
St George Island astronomlc stations, which were 


Astermined by the chronometric method, a weighted 
‘mean being obtained through tNangulation connect 
Ing the two islanas. 
am: Standard (Cellfora nomical datam of 
1885.—The geodetic datum which is dened by the 
following geopraphic position and astmuth on the 
Clarke epherotd of 186 
Latitude of triangulation sta. * 4 
‘ion Me, Helena 38 40 04.260 N. 
Longitude of triangulation 
‘tation Mt. Helena 
Asimuth, triangulation station 
St. Helena to. trlangvlation 
station Me. Diablo 24 OL 81.06 
‘The determination of this datum Is described in 
U. 8. Coast and Geodetic Survey Report for 1885, 
Appendix 9, page 464, Ita designation is taken from 
tthe ro-alled “old registers” of the Division of 
Geodesy. It 1s \dentical with the "Yolo base datum” 
tuted in the report on the California-Nerada boundary 
ine, U. 8. Coast and Geodetic Survey Report for 
1000, Appenaix 8, note on page 846. 
datum: tdal.—A datum defined by a phase of the tide 
‘See datum (Leveling). 

‘When used as reference surtace for bydrorraphie 
surveys, dal datums are termed datum planes; how 
fever, they are not planes and are not treated at 
planes, ut as level surfaces, which are curved 
‘The tidal datum in most general use in geodetic work 
1s mean sea level In lond surveying, where bound: 
fries and riparian rights are involved, mean high 
teater and meon low water are sometimes tidal 
datums of considerable importance. See taland; 
‘hore, 

atam: Transcontinental Triangulation —The geodetic 
otum which is defined by the following geographic 
[porttion and azimuth on the Clarke spherotd of 1866: 
Latitude of triangulation sta." 1 


122 a8 01.410 W. 


‘tion Hays. 38 64 S48 N 
‘Longitude of trlangulation sta 
‘don Haya 99 16 1673W. 


‘Azimuth, triangulation station 
Hays to. triangulation et 
ton La Crosse 359 44 19.00 
‘The determination of this datum is described 
tm U. 8 Coust and Geodetle Survey Special Pub 
Meatlon No, 4, The ‘Transcontinental Trlangula- 
‘on and the American Are of the Parallel, 2000, and 
‘was adopted and used for selentifie studies reported 
fa that publication and ia Special Publication No. 7, 
‘The Hastern Oblique Are of the United States and 
‘the Oreulating Spherold, 1902, It served no other 
Durpores than stated above and no formal designa 
‘lon was given It. 
datum: Unalaska.—The geodette datum which ls defined 
by the following geopraphie position and astmuth on. 
the Clarke epheriod of 188: 
Latitode of Unaleska astro: ¢ 
‘pomle station 68 82 9845 N, 


Longitude of Unslaska a 
‘tronomie station 105 82 05.55 Ww. 
Azimuth, Unalaska astronox 
4e station to Observatory 
‘tation 180 00 00 


‘The abore datum ie based on astronomical observa 
‘ons made in 1896, the fongitude belng determined 
by the chronometrte method. 


Whether or not the small cell uses the same radio carriers as the macro cell involves 
multiple tradeoffs. In Figure 83 Scenario 1, the small cells and macro cell use different 
radio carriers, the two not interfering with each other. Although this configuration requires 
more spectrum, the small cells are able to cover larger areas than if they were deployed 
using the same radio carrier as the macro. This configuration supports medium-to-high 
penetration levels of small cells, allowing the network to reach huge capacity. 


In Scenario 2, the small cells and macro cells use the same radio carrier, accommodating 
operators with more limited spectrum, but the network must manage interference using 
the techniques discussed below. Operators must carefully manage small-cell transmission 
power in this configuration. 


Figure 83: Scenarios for Radio Carriers in Small Cells 
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In Scenario 3, the small cells use a straddled radio carrier, accommodating operators with 
more spectrum, but the network still needs to manage interference using techniques 
discussed below. Compared with a shared carrier configuration, this configuration has 
benefits similar to dedicated carriers in terms of radio-parameter planning and reduced 
interference. 


Figure 84 shows two different traffic distribution scenarios, with a uniform distribution of 
devices in the first and higher densities serviced by picocells in the second. The second 
scenario can result in significant capacity gains as well as improved user throughput. 
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stam: Valdez—The geodetic datum defined by the fol 
owing geographic position and azimuth on the Clarke 
epherota of 106: 


60 22 44.440 ¥. 
45 23 48.560 W. 


Latitude of station Pete 
Longitude of atatton Pete 
Azimuth from station Pete to 
‘aalmuth mark 179 44 35.4 
‘The geographio position of Pete is derived through 
trlanguintion connections from the astronorte Tat 
tde of Ores astronomle station, 1808, and the a8 
‘tronomle longitude of Valdes longitude station, de 
termined by telegraph tn 1905. The axtmuth, Pete 
to azimuth mark, i an. astronomle aximuth. 
fom: Yaketat-—The peodetio datum defined by the 
following geogrape pocition and astmuth on the 
Clarke apheroid of 1258: 
Latitude of Yakutnt artronom- 7 
te station 59 83 50.50 N, 
Longitude of Yakutat astro- 


rpomte station 130 47 15.60. 
Asimuth from Yakutat astro- 
‘momle station to asimuth mark 0 00 19.6 


‘The above position and aaimuth were determine 
stronomlcelly in 1802, tbe longttude by the chron 
ometrio method. 
stam: Yakon—The geodetic datum which 1s defined 
by the following geographie postiion and azimuth on 
the Clarke epherotd of 1852 
Latitude of triangulation ata- 
‘don Boundary 
Longitude of triangulations 
‘don Boundary 
Asimuta, trlangalation a 
‘lon Boundary to tlangule 
‘op station Bald 270 00 00.0 
‘This datum te dased on a single astronomic ata- 
Hon near the crossing of the 141st Meridian and the 
‘Yokon River, and was adopted for use in computing 
{the triangulation along that part of the Alaska: 
Canada boundary defied as being the 14ist Merid- 


4 40 5142 N 


141 09 00.00 ¥. 


‘elescope. 

day—A measure of time based upon the rotation of the 
‘arth on its axle with respect {0 (1) the vernal 
fequinos, giving the ldereal day, and (2) the eu, 
fiving the solar day. 


‘day: apparent solar.—The interval of time from @ tranett 
‘of the sun across a given meridian to its next puce 
‘ensiva tran across the sme meridian. 

“As the motion of the sun Is not uniform, ap: 
parent solar days vary in length through the year, 
fhe maximum deviation from a mean solar day 
‘amounting to not quite a halt minute in either dt- 


day tay be based om elther ap- 
parent solar time ot om mean solar time, Tt besins 
32 hours later than the civil day of the same dat 
Prior to 1025, the eatronomleal day was used ts # 
reference in the American Kphemerie and Nautical 
Almense. In 1925, and since then, the cloil doy 
‘nas been ured instead. An exception to the above 
practice 1s found in the Amerloan Practical Navi- 
ator (Hovditeh), in the 1936 edition of which ae- 
fronomleal day is defined at above, while in the 1988 
edition It 1s defined as commencing at midnight, 
‘agreeing with the o(eit dey. ‘This second definition 
of the term is not needed, and ite use 1s apt to pro- 
ace contusion, 
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ay: eivl—A solar day beginning at midoight. 

‘The civil day mer be based on elther epparent 
‘solar time or mean colar time; it beging 12 hours 
furiier than the astronomtea! day of the sume Gate, 

day: mean salee.—The interval of time from & transit 
‘Of the mean fun across a given meridian to its next 
fuccessive transit aerosa the aame meridian. 

"The mean solar ay is derived from the average 
length of the apparent solar day throughout the 
gear. See time: mean solar. 

‘day? sideresl—The interval of time from a transit of 
‘the (true) vernal eguinoa across a given meridien 
‘to Its next euccessive tranatt werosa the mame merid: 
fon. 

“The length of the eldereal day ts subject to slight 
Irregularities on account of small diferences between 
‘the positions of the trae equines, which is aMlected 
by preceation and mutation, and the mean equines, 
‘whlch ts affected by precession but aot by mutation. 
Bee time: sidereal; equinoa: vernal. 

day: solar,—The interval of time from the transit of 
‘ther the mun of the mean eum across a given me: 
Fidian to the nest successive transit of the same 
ody aeroes the same meridian, See day: apparent 
solar day? mean solar. 

‘The term day Is frequently used in connection 
‘with @ particular perlod ip one of the longer seales, 
fas “day of month; In moat eases, the term dat 
4s preferred. 

Aaylight-saving time —Seo under time. 

Decea—A cottinuous wave eletronte navigation system 
Yor measuring distance differences with respect 10 
‘Bred transmitters of known position. 

‘A ship of aireratt starting from a known point 
rakes use of two receivers which Sndleate the num: 
ber of nodew encountered as St mover through the 
‘xed phuse patterne of two paire of syachronized 
‘transmitters. ‘The phase readings are plotted on & 
Decea chart containing hyperbole lines of position. 

Aeclination (astronomy)—The angle at the center of 
‘the celetlal sphere between the radius passing 
‘through a celestial body and the plane of the celer- 
‘iat equator. 

Declination (astronomy) 1s measured by the are 
of the our cirote between the celestial body and the 
‘equator; It ia plus when the body is north of the 
efuator, and minus when south of It. It corre: 
‘sponds to latitude on the earth, and with right aacon- 
‘fon forms a pair of coordinates which defines the 
Dosition of a body on the celestial ephere. 

Aeclination: magnetie—See under magnetic declination. 

Sectination: parallel ofA small circle on the celestial 
‘sphere paraliel to the celestial equator. 

ar compass) —A graduated oro on & 

(or on the solar attachment 

ff an engineor's transit, on which the declination 
‘of the sun (corrected fot refraction) is set off 

‘Tals represents one tide (polar distance) of the 
‘astronomical triangle, which ie solved mechanically 
Dy means of the aolar compass or attechment 

Aeclination are (surveyor’s compass) —A graduated aro 
‘attached (o the alldade of a surveyors compase of 
franvit, on which the magnetic declination Is. eet 
of. 

‘When the magnetic doolination ia set off on the 

Aeclination are of « aureeyor’s compase oF tran, 
f reading of the needle will give a bearing cor. 
rected for that declination, 

declination vernier.—The vornler used n reading the 
‘declination aro ou & solar compare OF attachment, 
‘oF the magnetic dectination’on a aurveyor's compass 
(oF transit, 
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defection angle.—See under angte. 

‘ebection anomaly —See under anomaly. 

‘etection of the plumb line —The angle at a point on the 
‘earth (geoid) between the vertical (direction of the 
plumb Hine) and the direction of the normal to the 
‘pheroid of reference through the polnt. Also called 
Aetection of the vertical or tation error. 

‘Tes also equal to the angie between the tangents 
to the geotd and the apherold: and equivalent to the 
Yapooraphio deflection. corrected for the effects of 

defection ‘of the vertleal—Seo under defection of the 
plum> Line. 

degree of eurve-—See under ouree. 

‘dep.—The urual abbreviation for departure (plane sur 
‘eying 

Aeparture (plane surveying) —The orthographic projec- 
‘om of a line on an east west asia of reference 

‘The departure (dep.) of # line i the difterence of 
the meridian distances or lonottudes of the ends of 
‘he line. It ls east oF positive, and tometimes called 
‘the casting, for a line whose azimuth or Dearing 
in in the northeast or southeest quadrant it is west 
(or negative, and sometimes called the westing, for a 
Tine whose asimuth or Bearing is in the southwest 
for northwest quadrant, Departure If algo a term 
‘uted in navigation. 

Adeprewsion contour —Seo under contour. 

‘depth of sostatie compensetion.—Soe under teoutatto 

deak ‘euline.*—An outline map of suficlently mall 
‘eats to be suitable for use at a desk 

‘Thin term ie not recommended for use, 

detail: function —A sketch or working diagram show- 
Ing the details of the various levelings at u junction. 

Aetaled surveys and maps.—See under surveys and mape, 

Aiaphragm (sarveying)—The thin glass disk on whieh 
fetched lines forming a reticle are placed. 

Aiderence of Intitede (plane sarveying)—Soe under Iat- 

dip of horison—See under horizon. 

direct ansle.—Seo under ongle to right. 

iret leveling —Seo under leveling. 

direct cbeervation, See under oberrvation. 

‘irection-—In aurveying and mapping, the angle be- 
‘bree a line or plane and an arbitrarily chosen 
reference line oF plane 

‘At & triangulation station, observed horizontat 
angler ave reduced to 4 common initial, and termed 
Roricontat directions, "They are usbally collected 
{nto a single let of directions, with the direction 
of O° placed frst, and the other directions arranged 
fand tnereasing in clockwise order. 

direction instrament—See under theodotit. 

Airection method, determination of astronomic aximath— 
‘See under azimuth 

firection method of adjostment (trlangulation and tray 
‘rve)—See under adjustment. 

Airection of gravity —See under gravity. 

discrepancy. —A diference between results of duplicate 
‘or comparable measures of « quantity. The difer- 
fence in computed values of & quantity obtained by 
‘iterent processes Using data from the same survey. 

Examples! ‘The diference in the length of two 
measures of the same line. ‘The amount by whlch 
the values of a poriion of the third point of a trl- 
fangle as computed from the two other points may 
fail to agree, when the trlangle hus not bee cor- 
rected for closure. Discrepancy is closely associated 
‘vith, Dut not Identical with, closure, See dlsorem 
‘ney: accumulated. 
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Alserepaney: accumulated —The sum ot the separate 
‘isoreponciee which occur in the various steps of 
making & survey or of the computation of a turvey. 

‘Bxample: Tf two independently 7un lines of lev: 
cling over the same series of Dench merits ere cote 
Dated separately, diferences or disorepancies between 
fhe two sets of values of elevations will accumulate, 
‘This does not mean that the accumulated disrep- 


ee of refraction. 


‘istrbation map —See under map. 

diurnal aberration —Seo under aberration of light 
(astronomy) 

iurnal parallax —See under paratoa. 

‘lraal varlation—That component of a determinable 
‘magnitude which passes through a complete cycle 
‘mone day. 

Such a component Is sald to have a perfodilty of 
fone day. Example: the diurnal variation of mag- 
netic declination. 

Aivergence (leveling) —The difference between the nu- 
Tmerical ralues of two runninge over the 
ton of a tine of levels. Divergence and 
fare practically the same thing. 

Aivergence: accamalated (leveling) —The algebrate sam 
fof the divergences oF "partials" for the sections of & 
Tine of levels, fom the beginning of the line (0 any 
section end at which its desired to compute the 
total divergence. 

division; graduation —The placing of marks on an tn- 
‘strument or device to represent standard values 
‘hereon. Also, the marks £0 placed. 

"The term division is applied especially to a elrte 
the value of n complete circle being absolute, that 
4s, not depending upon an adopted standard. Grad- 
tuation {# more often applied to the placing of inter- 
mediate marks on an instrument or device (tape, 
thermometer) where interpolation is made between 
smarts which represent conventional or standard val- 
tues, -Howerer, no exact distinction Is made between 
the two termi, division and graduation, as gener- 
ally ‘used. See ealibration ; etondardization. 

Doolittle Method.—A modifiention of Gaute’ method of 
‘solving normat equations 

‘Tue Doolitde Method, with further modifications 
rade in recent years, is used in the adjustment of 
fnurvey data by members of the U. 8, Coast and 
Geodetic Survey. It ie named for MH. Doolittle, for 
‘many years @ member of the Computing Division of 
that Bureau, and author of a description and ex- 
planation of the method which appeared in the 
W'S. Coast and Geodetic Surrey Report for 1878, 
ages 115-118. 

double dating.—Dating an event according to both the 
‘Julien and the Gregorian Calendars. 

Tn Great Britain and her colonies, the Jullan 
Calendar, with March 25 a8 the beginning of the 
‘Year, was officially replaced in 1752 by the Gregorian 
Oalendar, with January 1 as the beginning of the 
Year, The diference between the two calendars hav- 
Ing increased from 10 daya tn 1982 to 11 days, the 
‘change wan made by having September 2, 1752, £0 
lowed immediately by September 14. To’ avold con 
funion requlting from the change, dates according to 
the Julian Calendar were marked “old style” or 
(0, §.)"; those on the Oregerian Calendar, “new 
style” or “(N.S)”. In double dating early Amer 
{ean records, not only the day aud the month, but 
also the year, ere subject to change. In Bngland, at 
the time of the ehange, the offclal year commenced 
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‘on March 25, so that March 24, 1780 (0. 8.) corre 
sponded to April 4, 1781 (N. 8), but the next day 
‘Was March 25, 1781 (0. §.) of ApH 5, 1781 (N. 8.) 
‘This practice was not universal, for there was tome 

‘of January 1 ag the beginning of the 
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distance —Se0 under meridten datance 

‘double nenithdistanee-~-See under senith distance, 

oably asimuthal map projection —See under map pre 

"ection 
Araconite (nodical) month —See under month. 
dene (Cheodelit) A slight movetnent of the graduated 

‘irse oft thcodolite produced hy the rotation of the 
dlisaae, 

‘Drag may be due to excessive friction in the 
instrument center, to undue tolerance In. the ft 
fot the oonters, oF to instability ta the instrument 
immy pendalamn—Se0 under pendulum. 

{dempy level—Seo under leveling Sttrament, 

Alpen baseline menering.apparatan.—See Under date 

plea level ine —See under level Une. 

‘dznamic correction —The quantity thet most be added 
fo the orthometric elevation of a point 0. obtaln 
fa dymamte number 

rmmic map-—See under map. 

@ynamie momber-—The work regured to alae a unit 
‘meee from sca level Yo a given polnt, expressed in 
Sheotate unit, 
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For all pointe im a given Tevet nurfaoe the dynamic 
rnomber is the same, and ie not very different from 
fhe height (Jn the walt chosen) of aay point in the 
surface. In the metric aystem, the dynamie number 
of a point is the work required to ralse a mags of 1 
Ellogram against the force of gravity from tea level 
to the Level turface passing through the point, the 
work being meesured in standard Kilogrammeters at 
tea level Intitude 45°. In the English aystem, the 
ound and standard foot-pound are employed lnstesd 
of the meter and standard kllogram-meter. 

dynamle temperature correction (pendalam)—The 0or- 
rection to the observed period of a pendulum for the 
rate of change of its temperature. 

‘The dynamic temperature correction is definitely 
related to the type of pendulum apparatus weed, and 
Is dependent especially on the mounting of the 
thermometer and the shape of the pendulum. It 
‘may vary not only im magnitude but may eren change 
sign when the type of apparatus Is changed. 

dyne—A force which, acting on a mass of one gram, 
‘imparts to that mass an acceleration of one cent 
meter per second per second. See pal 

‘The dyne ia the unit of force of the e.g. aystom 
of units, Until about 1930, the dyne wae ueed hy the 
1. 8. Coast and Geodetic Survey in stating values 
of gravity. Since that time, gravity has been Te- 
Dorted in terms of the gal, the e.g & unit of accel- 
eration, 
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‘easement curve—See under ourve. 
‘asting-—See under departure (plane surveying). 
cceantrie objeet observed.—Seo under eooentrto signal 
Scemntrie reduction  (triangalation)—The correction 
‘which mast be applied to an observed rection made 
with instrument oF signal, oF both, eccentrle, to 
Feduce the observed value to what It would have been 
if there had been no eocentriity 
eccentric lenal—A signel (target) which Is not in the 
fume vertical line with the station which It repre: 
ents 
“An observed direction to an eccentric signal is 
reduced by the apflieation of « computed correction 
fo what st would be If the signal were in the same 
Yertical line with the station center whlch it repre- 
ents. See center: reduotion fo conter. The eccen- 
trlecignal is known aa the eccentric object observed. 
eccentric station —A survey polat over which an Instra 
Thent Je centered and observations wade, and whled 
is not in the same vertical line with the station 
‘which i represents and to whieh the observations 
‘wlll be reduced before belng combined with obser 
vations at other stations 
‘In general, an eccentric station a established and 
occupied when it Is impracticable to occupy the sta- 
fon center, or when lt becomes necessary in order to 
fee points which are not visible from the station 
‘center, Ar the date resulting from the occupation 
‘of an eccentric station are referred to the weation 
‘center, whlch should be marked with « permanent 
‘monument, the mark at an eccentric station is uoually 
fof a temporary charncter. See center: reduction 10 
cccontricty.—Amount of deviation from a center, 
‘See evonntricity of instrument eocontrio tation ; 
coventriity of alidade 


‘ccantreity (surveyors compass) —An effect due to one 
‘ot & combination of the following conditions: a 
Straight line through the ends of the magnetic 
needle falls to pass through the center of rotation 
fof the needle; the center of rotation of the needle is 
ot colneldent with the center of igure of the grad- 
‘uated circle; the line of sight fata to pass throash 
the vertical axis of the instrument, 

‘ceentrielty of alidade-—The dintance between the cen 
{er of igure of the indes points on an alidade and the 
canter of figure of the graduated cirle, 

‘The index points (of vernier oF micrometer micro: 
scope) are carried by the alidade, and any eccentric: 
ity of alidade combines with ecventricity of circle to 
form eccentricity of instrument 

‘eccentricity of elrele—The stance between the center 
of figure of a graduated circle and ite center af rota: 
tion. 

Becentriclty of elrcle is usually expressed in terme 
ot ite equivalence in seconds of are on the circle. Tt 
ray be made quite amall by instrument-shop adjust- 
ment. Its effect on an observed direction is elimi 
‘ated by reading the circle at enuidistant points 
‘round Its elreumference, Bee eocentricity of tnatra- 
ment 

cecentricity of elise —The ratio of the distance be- 
‘ereen the center and a focus of an ellipse to the 
Jength of its semi-major axis 

‘The semi-major and sembminor axes are repre 
sented by a and b, respectively, and the eccentricity 
by 6, then 
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sccentrcty of inatrament.—The combination : eccentrie- 
‘ty of circle and eccentrioity of adage 

"The efect of eccentricity of Instrument on an 
observed direction is eliminated by having the ver 
‘ners oF miorometer microscopes with which the elle 

fs read paced at equal distances around the circle. 
cccentricity of wpheroid of rerelation—The eocontrioity 
forming « meridional section of the 


‘clipae.—1. ‘The reduction in viebllity or disappearance 
of 2 nos-luminous body by passing into the shadow 
fast by another non-lumlaous body. 2. The appar 
ent cutting off, wholly or partials, of the light from 
‘2 luminous body by a dark body coming between It 
find the observer. 

‘The first t3pe of eclipse a exemplified by @ 
lunar eclipse, the moon passing through the shadow 
cast by the earth; or by the passage of « eatellite 
Into the shadow cast by tte planet; but when the 
fsatenlite actually passes directly bebind ita planet, 
It may property be termed an occultation 

2. he second type of eclipse is exemplified by & 
solar eclipse, caused by the moon passing between 
the sun and the earth. If the relative positions 
land distences are such that at a polnt on the earth 
‘the aun ia completely obseured, the eclipse is total 1 
‘he distances are auch that when in line wich the 
‘aun, the moon ia surrounded by & Hing of Tight, the 
feclipge fs annular ; and when the moon passes to one 
fide of a straight line from sum to obeerver, and 
Shows a erescent of light, 1 Is @ partial eclipse. 

ecliptic —The great olrele of the celestial sphere traced 
by the plane of the earth's orbit (path of center of 
gravity of earth-moon system). 

‘The ecliptic represents very closely, but not ex- 
actly, the apparent peth of the sun ia the shy. The 
points in which the ecliptle interscets the celestiat 
‘equator are the equinozes, and the angle of Intersec: 
tion is the ebiiguity of the ecliptic. 

ecliptic: obliquity of the—The acute ongle of intersee: 
ton between the ecliptic and the celestial equator. 

"The obliguity of the ecliptic is slightly lee than 
2814" and is decrousing at the rate of about %"" per 
yea 

gault level —See under Leveling instrument 

slevation ~The vertical distance of a point above or 
Delow a reference surface oF datum 

In the fundamental horiaoatal control survey of 
this country, the datum for elevations is mean tea 
level 

slevation: adjusted —The elevation resulting from the 
‘pplieation of an adjustment oorreotion to an ortho= 
metric elevation. "Also the elevation resultig from 
the application of both an arthometric correction and 
fan adjustment correction to a preliminary elevation. 

levation: leld—An elevation taken from the field 
‘computation of a line of levels 

slevation: fzed.—An clevation which has been adopted, 
‘lther ae a result of tide observations oF previous 
‘adjustment of spirit leveling, and which i held at 
ta accepted value in any subsequent adjustment, 

levation: erthometrie.—A preliminary elevation to 
‘Wleh the orthometric correction has been applied, 

sleration: preliminary —An elevation arrived at in the 
fice after the indee, level, rod, and temperature 
Corrections have heen applied to the observed dif- 
ferences of elevation and new elevations have been 
computed. 

levation: standard —An adjusted elevation based on 
‘the Sea Level Datum of 1929, 

lige: eccentricity of —See under ooentricity of elip 


Cllipse: ellipticity of —See under eliptiolty of elise 
‘ipsoid.—See under epheroid. 
‘Mie 


Tonger ones lle In the plane of Its equator. See 
gravity formula, longitude term. 
tie 


See plane ellipti ore. 
ity of an ellioe.—The rato between the Aiterence 
1m length of the semiaras of an ellipse and its semi. 
major axis. 

‘The semi-major and soml-minor axes are repr 


sented by @ and b, respectively, and the elliptelty 
= 


by « then «2. te eltipticity of the anhe- 
‘roid, referring fo the earth, is called the fattening 


of the earth, oF Its compression, and is also repre: 
sented by J. 


‘llptielty of the spherold—See under flattening of the 
earth, 


sap—See under map. 
‘engineering survey —See under survey. 
smeris—A statement presenting positions and re- 
lated data for a eelestlal body. for glvow epochs 
(dates) at uniform intervals of fime, Also a publi: 
cation containing sueh data for a number of celes 
al bodies 

‘Such a publication is the American Ephemerls and 
Nautical Almanse: this contains for epecided In 
stants of time the numerleal values of coordinates 
(Of the Drinelpal celestial bodies referred to clrclea 
‘woe positions are independent of the dluraal 
‘rotation of the earth ; also the elements of the post 
Hons of the reference elreles, and mumbere used in 
computing the effects upon’ those coordinatee of 
fhanges in the position of an observer; and in gen: 
tral, all those phenomena relating to the heavenly 
hoater whieh may be regarded as functions of time, 
White custom bat approved the use of the singular 
‘form, ephemeris, to desiguete a publicetion contain- 
Ing data relating toe umber of celestial bodies, 
‘where specific mention ts made of those bodies, the 
plaral form, ephemerides, 1s used; for example, the 
Sphemerides of the planets. For a slagle bods, the 
Singular form i used for example, the ephemeris 
of the sun. 

‘oquat-area (authalie) Intitade—Seo under latitude, 

‘oqualaren map projection —See under mop projection. 

‘uation: angle—-A condition equation which expresses 
‘the relationship between the suin of the mensured 
fanglee of « closed figure and the theoretical value of 
‘that sum, the unknowne belng the corrections to the 
observed directions or angles, depending upon which 
fare osed So the adjustment. 

Sometimes called a triangle equation, an angle 
equation is used to mate the sum of the three ob 
served ongtes of  tlangle, with corrections ap- 
plied, equal to 180° plus the spherical excess ot the 
Telangle. 

fcustion: asimath—A condition equation which ex: 
‘Dresses the relationship between the fixed azimuths 
of two lines which are connected by triangulation 
or travereé 

‘When @ survey (triangulation oF traverse) con- 
nects two linea whose asimuths are fixed by direct ob- 
servation or by previous surveys, an azimuth equ 
ton Ie used to make the asimuth of either line 25 
compated through the adjusted survey from the other 
line agree with its azimuth as previously Axed 

‘ecuation: condition —An equation which expresses ex- 
‘actly certain relationships that must exist among 
related quantities, which are not independent of one 


28 


another, exist a prlorl, and are separate from rele- 
Uonships demanded by observation. 

‘Example? in measuring the ongice of a triangle, 
no condition existe until all three angles are meas. 
‘ured. The condition equation will then express the 
‘condition tht the three measured angles plus cer- 
‘ain corrections must equal 180° plus the spherical 
fercese of the triangle, ‘The varloue condition eaua- 
{ous eet up in sursey work are defined under terms 
‘which are descriptive of the conditions: as, angle 
equation, side equation, length equation, lotitude 
‘equation, Tongitude equation, azimuth equation. 

equation: correlate—An equation derived from an ob- 
‘servation oF condition equation, employing unde 
termined multipliers, and expressing the condition 
that the cum of the squares of the residuale (or cor 
rections) resulting from the application of these mul 
pliers to. the observation oF condition equations 
‘ball be a minimum. 

Tn the Ieast-aquarce adjustment of triangulation, 
correlate equations are formed directly from the ob 
servetion oF condition equations, there belng as many 
Correlate equations as there are correctione to be de- 
termined, but only as many undetermined multipliers 
(correlates or correativea) 1s there are observation 
(of condition equations, rom theve correlate equ 
Hons, the normal equations are formed, equal in 
umber to the undetermined multipliers which con- 
stitute the unknowss in the normal equations, The 
solution of the normal equatione determines values 
for the multipliers whieh, when substituted in the 
correlate equations, give values for the carrectio 
‘Which wil eatiay the observation or condition equ 
‘Hone, make the observations and thelr functions com. 
sistent among themselves, and at the same time make 
‘the adjusted values the most probable that can be 
Aerived from the given observations. 

equation: error—The probability equation whlch 
‘premsen the laws of the occurrence of accidental 

‘The error equation 1s the basts of the method 

fof least squares, uied in the adjustment of obser 


Potions for determining the most probable value of 
fa reealt from those observations, 


waustion: lattude—A condition 
‘presses the relationship between the fixed latitudes 
{of two polats whieh are connected by triangulation 
oF traverse. 

When © survey (iriangutation ot travers 
ects two polnts whose Tatitudee have been xed 
by direct observation or by previous aurve 
‘tude equation 1 used to make the latitude of elther 
Dolut a4 computed through the survey from the 
‘other point agree with ite latitude ae previously 
xed, 

cuuation: length —A condition equation which expresses 
‘the relationship between the fixed lengths of two 
nes which are conzected by triangulation. 

‘When a section of triangulation connects two 
nes whose lengthe are Oxed by direct metsurement 
fo by previous triangulation, a Tength equation ts 
‘used to make the length of either line as computed 
Yhrough the adjusted triangulation from the other 
ine agree with Its length as previously Axed, 

eauation: longitade—A condition equation which ox- 
‘Presses the relationsh(p between the fixed longitudes 
(of two points which are connected by triangulation 
oF travera 

When @ survey (triangulation oF traverse) con- 
ects two polnts whose longitudes have been fixed 
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by direct observation or by previous surveys, 
ongltude equation Is used to make the longitude 
of either polut as computed through the eurvey from 
‘he other polnt agtee with ite longitude as previously 
Sed. 

‘cauation: normal —An equation derived trom observa- 
{Hon or condition equations or from correlate equa. 
Hone, expressing the condition that the wum of the 
‘squares of the residuals (or corrections) ‘eeulting 
{from the substitution in the observation ot condition 
equations of factors obtained from the normal equa 
tons elther directly or through the correlate equa. 
Hone shall be @ minim. 

‘Tn & leastoquores adjustment, corrections are de- 
sired to observed. values which are connected to- 
[ether by a series of observation oF condition equa 
Hons, the number of such equations belng smaller 
than the number of observed values on which they 
Aepend. ‘The baste equations are transformed tnto 
‘normal equations, ether drectly or through the me 
‘lum of correlate equations, which express the con- 
ition stated above and whieh contain the same 
umber of unknowas as there are equations. Pee: 
tore obtained from the solution of normal equations, 
elther dlreetly oF through the correlate equations, 
fare applied to the observation o condition equations 
tw obtain the desited corrections. 

austin: obvervatien—A condition equation which con- 
ects interrelated unknowns by means of an 0b. 
served function. 

xample: An angle equation: the unknowns are 
the corrections to the observed anples; the function 
fs the oum of those observed angles expressed as a 
losing error. 

‘Alternate defiattion: A condition equation con 
necting the function observed and the unknown 
quantity whore valve ia sought, 

feauntlon: perpendicalar (traverse) —A condition equa 
tion to reduce to nero the algebraic sum of the pro- 
4Jeotiona of the separate lines of & traverse pon per 
endiculars to a Axed line with which the traverse 
forms a closed figure, 

‘Tho perpendicular equation and the extmuth 
‘equation together provide for the removal of 
rors of closure of a traverse which forms a oop with 
‘ome fzed Hine euch as a line of adjusted tranpula- 
tion, by determining corrections to the observed 
‘ongles of the traverse. The projections of the lines 
fof the traverse upon lines which are perpendicular 
‘to a fixed line correspond to departures of those line 
‘when the fixed line is considered the meridian of 
reference. 

‘ecuation: slde—A condition equation which expresses 
‘tho relationship between the various sides in a tri 
‘angulation Agure as they may be derived by compu 
‘ation from one another. 

‘A side equation 1s used to make the computed 
Jongth of a triangle side the same for all routes 
‘through the triangulation whereby 1t may be de 
rived. 

coation of time.—See under time, 

equator: astrenomle—The line on the surface of the 
‘earth whore artronomic latitude at exerg polnt 18 0 
‘Also termed the terrestrial equator. 

Due to the deflection of the plumb Hue, the as 
‘tronomle equator i not a plane curve. However, the 
‘verticats a¢ all points on it are parallel to one and the 
ame plane, the plane of the celestial equator; that 
4s, the eonith at every polnt on the astronomie equa- 
tor les In the celestial equator. 
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evustort celestlal—The great circle on the celestiat 
Taphere whose plane 8 perpendicular to. the axis 
‘of rotation of the earth. 

Tp astronomle work, because parallel lines meet 
fat fndnits, the plane’ of the celestial equator 1s 
ftometimes assumed fo pass through the point of ob- 
fervation. 

equator: geodetie—The clrcte on the spherold midway 
Detween Its pales of revolution. 

‘The geodetic equator is the line of O° geodetto tate 
tude, from whieh geodetlo latitudes are reckoned, 
orth snd south, to 80° at the poles. ‘The plane of 
the geodetle equator cute the celeetiat sphere In 8 
Tine eolnelding with the celestial equator, because 
the axis of the spheroid of reference Is by definl- 
‘lon parallel to the xls of rotatlon of the earth. 

ator: terretrial-—Bee under equator: astronomio 
‘equator. 

‘eatatorial horizontal parallex.—See under paralloz 
‘diurnal paraltes 

exuatorial intervals —The ongles, expressed in units of 
‘ime, between the various lines whlch compose the 
reticle of an astronomical transit and the mean, 
position of those lines. 

‘The equatorial interval for a given line of @ 
reticte te equal to the time interval required for 
{he image of « star on the equator (declination, O°) 
{to travel from the Hine in question to the mean line 
fof the reticle, or from the mean line to the line in 
‘Question, the instrument belng adjusted in the merid- 
fan. In time determinations with an astronomical 
transit, equatorial intervals are used in Feduelag in- 
complete observations to a mean velué 

‘egalangolar apicel—Soe under rhumd Hine. 
‘ceulangulator-—An astrotabe 
‘uinoctial colure—See under colure, 
fuuinor-—A polut of intersection of the ceteatiet 
‘equator and the ecliptic. 
‘There are two eqvinoxes: the vernal equines, 
jan at the beglaning of 
‘pring; and the autumnal equinos, apparently tray 
fersed by the sun at the beginning of autumn. 
equinox: antamnal.—The point of Intersection of the 
‘celertit equator and the ecliptic, apparently tray- 
fersed by the sun in passing from north to south, 
Inox: vernal—The point of intersection of the celes- 
‘Wal equator and the ecliptic, apparently traversed Dy 
the sun In passing from south to north. 

‘The vernat equinox is qlso called the “frst point 
of Arlee” and “rst of Arjen” It Is the polut from 
‘which right aecension ts reckoned along the celestial 
equator and celestial longitude along the ecliptic. 
‘The postion of the true epuinoz te affected by pre- 
‘ersion and mutation, while the position of the mean 
fequinos Is affected by precession but not by mutation. 
See day: sldereat,; time: sidereal 

‘equlpotential surface (geodeny) —A surface having the 
same potential of gravity at every polat 

Having the same poteatial of gravity at every 
point, no work is done when a body in mored about 
fn quch surface. When bodies of the sume m 
fare mored from one equipotential surface to another, 
{the same amount of energy is developed or expended, 
faccordingly a8 the bodies are lowered of raised, and 
regardless of the route followed. In lifting a alt 
mass from sea level to any other specidod equl- 
potential serface, the amount of work required 
the same at the equator as at the poles: at the 
‘equator the height of any equipotential surface abore 
‘tea Level tp greater and the force of gravity at that 
‘surface lees than for the same equipotential surface 
ft the poles. An equlpotential surface Is a Lev 
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urfoce. 4 particular equipotential surtace Ss Sden 
tied by tts dynamic number. 

equivalent map projection.—Seo under map projection: 
‘enuatarea map projetion. 

error (eeneral).—The ference between an observed 
‘or calculated value of « quantity and the Ideal or 
true value of that quantity. 

Since the Ideal or true value of a quantity, with 
tow exceptions (see below), ennnot be known with 
exactness, the term error 1s applied to @ difereace 
between an observed ot ealevlated value of a quan 
tty and some value determined by established pro 
cedure and used in Hew of the ideal or true vatue, 
Hxceptions: the ideal or true value of a quantity 
fan be known with exactness when St la (a) mathe- 
iatieally determinable, independent of observation, 
fs for example, the sum of the three angles of 
Plane trlangle fe 180°; and (b) when it ia 8 conven- 
tional value established by authority, af for ex. 
ample, the length of the meter (unit) defined by the 
International Prototype Meter at the Tnternational 
Bureau of Welghts and Meatures. Errore ate of 

rarlous kinds, depending upon how and where they 

originate, The term error with appropriate adjec- 
live or qualifying clause ig used to designate the 
kind of error: as, accidentat ervor, error of obteroa: 
Hom, ete, 


ino Irregular ervor, produced by irregular causes 
‘whose effects upon individual observations are gov: 
fred by no fxed law connecting them with clrcum- 
tances and which therefore can never be eubjected 
tore perfor computation, 

‘Theoretically, an accidental error 48 composed 
of an Infinite number of independent inditemal 
‘rvore, all of equal magnitude, each ax likely to be 
positive as negative. Ta practice, an accidental 
error 14 composed of an indefinitely large number of 
flemental errors, each as apt to be positive aa 
negative 

Te ls upon the probabilities expressed in the above 
efiattion that the principle of Yeast aquarce is based | 
fand it Ip to the elimination of accidental errors 
oly that Teast squares may properly be applied, 

‘error! average —The mean of all the ervore taken with: 
‘ut regard to alga. 

‘Average error is sometimes defined ax the mean 
without regard to tga of the mean of the plus errors 
tnd the mean of the mous errore, Since there wi 
be about the same number of plus errors as of minus 
errors fo 4 well-balanced terles of observations, the 
two methods of obtaining the average error will 
lve practically the same roiult. Tn computing the 
faverage error, the realdval errore (relduals) are 
‘ed. 

‘lamping—A systematic error in observations 
imade with a repeating thendolite due to strains eet 
up by the clamping devices of the Instrument. 
error: conatant.—A ayatematio error which Se the same 
‘im both magnitude and sign through a given sees 
of observations, 

Constant errors are sometimes considered as form- 
‘ng a class distinct trom aystematio errors, bat the 
Aistinetion is unimportant, and In practice constant 
terrors are treated as a ispe of aystematic error, 
‘A constant error tends to have the tame efect open 
fall the observations of the series or portion thereot 
lunder copelderation, and therefore doet not utually 
have any Influence on the computed probable error 
of the series. An example of a constant orror isthe 
Index error of a precision Instrument. 

error! external See under error! theoretleal (or es 
‘ernal) error. 
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‘error: instramental—A aystomatic error arising from 

‘imperfect condition of the instrument used. 

Tstrumental errors may arise from conditions 
‘that are constant with an Instrument, as errora of 
graduation of a clzele; or they may arise from Teck 
‘of complete adjustment of some part of the instru: 
iment, ae the error of collimation, Instrumental er- 
Fors ‘are susceptible of Inborators determination; 
they may be eliminated from a result by a sultable 
program of feld procedure, 

‘errors mean.—See Under error: mean-square error. 

"The ure of mean error should be avoided because 
ot posalble confusion with average error, whlch has 
f different meaning. 

ferrort mean of the errora-—See under error: average 

"The use of mean of the errors should be avolded 
Decatte of possible confuston with mean error, whieh 
has a diferent meaning 

error: meanagunre—The quantity whose square is 
foqval to the som of the squares of the indleidual 
frrore divided by the number of those error 

Tn the computation of the mean-square error from 
fopservations of unequal weight, account must be 
taken of the weights. In practice, residual errors 
fare used in determining a mean-square error. ‘The 
fuse of mean error, in place of meau-square error, 
should be avolded, becaute of posible contusion with 
‘average error which has a diferent meaning. 

‘errors parallecte—An error due to personal or tnatru- 

‘mental parallaz 
error! pertonal—A systematic error caused by an ob- 

(rrver's personal habits in making observations, oF 

{dae to his tendency to react mentally and phystealls 

{in the eame way Under similar conditions. 

‘A systematte error arising from persona Dabite ot 

‘observer, such es standing in the same position 
Telative to the end of @ tape when measuring the 

Tength of a line, miy te eliminated from n result 

bby an observing program (shift of position) whieh 

‘makes the error postive for half of the observations 

fand negative for the remainder of the observations, 

See perallas: instrumental, 

‘A ayrtematio error arising from the mental oF 
motor renetion of an obserrer to the ronsory percep: 
{on of a phenomenon may be eliminated from a re: 
full elther by an observing program which neutralizes 
Dositive values with negative values, or by deter 
Iining the size nnd alga of the error by some me 
chanical means, “In the determination of time, the 
personal error Ia termed personal equation. 

error: probable—A quantity of auch elze that the 

‘Probability of the ooourrence of an error larger thas 

Qhat quantity 1s the same as the probability of the 

‘occurrence of an error of lesser magnitude. 

Tf the errore in a serles of observations be ar. 
ranged in order of magnitude without regard to ti, 
‘and if the seriet be Indefately large, the probable 
‘error will At the middle place in that list of errors, 

Bxpressed in another was, the probable error of 
‘a renult fs a quantity #uch that the probability that 
‘2 gecond determination obtained wnder the etme com 
@itions aa the frst will dtr from the feat deter. 
‘mination by lesa than the probable error ia the same 

the probability that such diference will be grenter 

‘than ‘the probable error. 

‘The probable error of the result of a serfs of ob- 
servations is a funetion of the aocldental errors at: 
tending the individual observations of the series 
A aystematio error many often romain i the serier 
‘with Hitte effect on the size of the probable error. 
Probable error does not mean an error that i more 
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fant to occur than an error of aay other size, The- 
‘oreticaly, a probable error Is derived from the errors 
fa an Indefaitely large serles of observations; in 
practice, probable error Ie caleslated from the 
Feeldual errors in a series of limited length. Prob: 
fable errors are useful in comparing the accuracy of 
fimlar observations, and serve as eriteria in pre- 
scribing degrees of accuracy and precieton to be at- 
tained. 

error: residoal—Tho diference between any value of 
‘2 quantity in a series of observations, corrected for 
mown ayttematie errors, and the valae of the quan 
tity obtained from the combination or adjustment 
of that eerie 

Residual errors correspond to the corrections ob- 
(wined in a Teost-aquares adjustment. ‘They. are 
sometimes called simply evvore, and sometimes resid: 
uals. The latter term is generally used In referring 
to actual values in a specite computation. Ta prac: 
‘ice, it Ie the residual errore which enter into a 
computation of probable error. 

‘vstematic—An error whose algebrate sign and, 
fo some extent, magnitude hear a xed relation *0 
some condition or set of condition 

In Ite broadest sense, the term systematic error 
includes conatent errors, Under similar conditions, 
systematic errors tend to be repeated if the condi. 
‘ions do aot change, the error willbe constant, ‘The 
Inclusive dedattion ix preferred. 

Sratematte etrore are regular, and therefore are 
subject to a prior! determination, ‘They are gener 
ally eliminated trom a sorlen of observations by a 
fultable observing program or by computation, before 
the application of leastequares for the elimination 
or reduction of occidental errors. Systematic errors 
fare divided into theoretical or eaternal errors, instruc 
‘mental errors, and pereonal errors, according to thelr 
rigin and nature, 

error! theoretieal (or external) A eyttematio error aris- 
‘ng from natural phytieal conditions, outside the 
observer. 

"Theoretical errors are exemplified by the effect of 
atmospherte refraction tn spirit leveling; by the 
changes in the length of @ tape due to ies thermal 
fxpansion; by the effects of atmospherle pressure 
‘on elevations determined with a barometer. Theoret. 
teal errore may be controlled to some extent by 
making observations only when natural conditions 
dare favorable, as measuring the length of a line with 
‘steel tape at night or In cloudy weather. 

‘Theoretical errors are. determined by means of 
formulas and observed data obtained especially for 
the purpote, av determiolag the length of metal 
tape by suitable formula ‘using the coaffclent of 
‘thermal expansion and the observed temperature of 
the tape. 

error: true —See under error (general) 

‘True error corresponds to error (general) defined 

above its use should be avoided 

error equation —See under equation, 

fervor of clonure—The amount by which a value of a 
‘antity obtained by surveying operations fails to 
farce with another value of the same quantity held 
‘Bred from earlior determinations or with a Uheoretl- 
cal value of the quantity. 

‘See error of closure, traverse; error of closure, 
triangle; error of closure, levele; error of closure, 
dorizon, 

fertor of eloure, angles—The amount by which the ac- 
tual sum of @ series of angles falls to equal the 
theoretically exact value of that sum. See error 
of closure of horizon; error of closure of triangle 
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error of closure In azimuth—The amount by which two 
"Values of the aximuth of a line, derived by different 
urveys of along diferent routes, fall to be exactly 
fequat to enc other 

‘Generally, one value ts derived by computations 
‘carried through the survey (triangulation oF sroe~ 
free): the other in an adjusted or xed value deter- 
fined by an earlier or a more preciee survey, oF by 
Independent actronomical observations. 

certor of elonure in leveling—The amount by which two 
‘values of the elevation of the same bench mark, 
Gerived by diferent aurveye or through different 
‘survey routes or by Independent observations, fall 
‘to be exactly equal to each other. 

‘The clogure may be developed In a line of leveling 
‘which atarte and ends on diferent Dench marke 
‘whose elevations are held Sxed; or it may start 
land close on the same bench mark. 

error of closure of horizon—The amount by which the 
fio of & feriee of Aorizontal angles measured be- 
fireen adjacent Hines in a complete clreult of the 
horizon falls to equal exactly 360. See horizon: 
Closing the horizon. 

‘extor of clone of trlangle—Tho amount by which the 
tum of the three observed angles of a triangle falls 
to equal exactly 180° plus the epherical eaceee of 
the triangle. See equation: angle equation. 

ecror of elosure, traverse.—The amount by which a value 
‘of the position of a traverse station aa obtalned 
by computation through a traverse fails to agree 
‘with another value of the same station as deter- 
Imined bs diferent set of observations or route 
of aurvey, 

‘The traverse may run between two statlons whose 
positions are held fixed, of it may start from and end 


fon the enme station. In elther case there are two 
‘elues for the position of the fal station; one 
Enown before the fraverse was computed, the other 
‘obtained by computations carried through the trev- 
rao; the Aiferenee between these is the error of 
losure, Tt may be resolved Into closure in lath 
fade, and closure in longitude (or departure). ‘The 
total closure Is also spoken of aa closure in postion. 

‘error of collimation —See under collimation, 

error of ebservation.—The difference betvreen an. ob- 
‘served Value of a quentity and a value adopted as 
representing the ideal or true value of that quastity. 

Trrore of observation are compased of elther one 

for both of two general claseea of error; accidental 
terrors and systematic errors. Sometimes constant 
‘errors are considered a8 forming a third class, but 
more often these are treated as belonging with the 
systematic errore. Errors of observation are also 
laasited for study according to thelr oFigin, an 
theoretical errors or external errore, inttrumental 
‘errors, and personat orrore, ‘The algebraic sign of 
fan error of observation Ja determined from the 
quatlon: “error—obecrved value—adopted dea) 

‘The sign of the error is opposite that of the corre- 
sponding correction. 

existent corner (United States pablieland surveys) —See 
‘under corner. 

‘explement of angle —Sce under ang 

ratory survey.—See under aurvey. 

‘exterior angle-—See under angle. 

‘extra foreight.—See under foresight. 

tvepiece micrometer—See under micrometer: oeular, 
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{uctor: conversion —Toat factor by which the numerical 
‘value of @ messurement made ip one eystem of 
Unite must be multiplied to arrive at the numerical 
Yelue of the etme messurement io another aystem 
of nits, 

Fahrenheit ecale—A temperature seale in which 32° 
‘mark the freezing point and 212" the bolling point 
‘of water at 760 mm, barometric presture, 

falling (Ualted Staten publie-land surveys).t—The ais- 
tance, measured along an esteblished Tine from its 
Antersvction with a random Une, to a corner on 
hich the random line wea intended to close, 

{athometer-—An echo-sounding ingtrument. used for 
‘epeh measurements in water. 

‘For deseriptions of several types of fathometers, 
ve U, 8. Coatt and Geodetle Survey Special Pub: 
ation No. 143, Hydrographic Menus 

Sdacial merk—An Index line oF point. A line or polnt 
‘Used as basis of reference. 

‘field elevation. See under elevation, 

‘eld position —See under position. 

figure of the earth—See under geotd, spherotd. 

finder cicle—A small vertioal clrele with coarse grad 
‘ations abd accessory apirit Level of low sensitivity 
‘attached to ao satronomical telescope tn plane 
Perpendicular to its horizontal aaie, and used tn 
Placing the telescope in approximate position for 
observing. 

‘With a computed altitude at the proposed time 
of observation, the telescope 1s pointed in the direc- 
‘on of the object to be obverved; when that object 


comes Into the Meld of view, the Ander elrele will 
have eerved ite purpose, and the observations wilt 
be made with the more precise apparatus provided 
for the purpose. 

finder teleteope.—-A small teleoope of low power and 
"wide angular Geld of view, attached to and paraliel 
‘with a larger telescope of much higher power and 
very restricted field of view, and used im polntiog 
the larger telescope at a celestial object 

"The finder telescope serves es a sighting device; 
‘a clestial object 1s easly sighted in the Onder tele- 
cope, and brought to the center of its reticle, 
‘when it will be vitble in the large telercope sso. 

ficatorder bench mark-—See under Dench mark. 

‘Sestorder control surveys —See under first-order work 
‘controt gurveys). 

frstorder leve—-See under leveling inetrument. 

‘Arstorder leveling —See under leveling. 

‘itstorder traverse.—See under travers 

Sratorder trlangulation—See under triangulation 

Aestorder work (control surveys) —The designation 
‘given turoey work of the highest prescribed order 
(of precision und acowracy. 

‘Such surveys were formerly called primary; ia 
1021, representatives of the various Federal map- 
making and map-using organisations changed the 
Aesiguation to preciee; and tn 1025, the Federal 
Board of Surveya and Mage adopted the present 
Aesignation (first-order), and establisbed standorde 
{or it by prescribing criteria for acceptable work: 
See under triangulation; leveling. 
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Flacher level—Seo under leveling instrument 

{fx-—The position on a map of a polnt of observation 
‘obtamed by surveying processes. Also, the uct of 
‘etermining such ‘a. position. 

‘xed elevation —See under elevotion and also postion: 
‘adjusted. 

‘Axed position—See under postion: adjusted, 

fare triangulation —See triangulation: fore 

‘Mash apparates—An ausillery apparatus used tn timing 
‘8 pendulum during observations for intensity of 
gravity. 

‘The fash apparatus used in pendulum observa 
tone 1a composed of telescope for observing, an 
electric light for Mumination, and an electromagnet 
‘Which is operated by a break-crevit chronometer and 
‘which controls a system of shutters admitting per! 
fle Mashes of Ight Into the recelver and onto the 
‘mirror of the pendulum whence they are reflected 
Deck Into the telescope, and colneidences between 
pendulum and chronometer observed. 

fattening (of the earth).—The ratlo of the alfference 
between the equatorial and polar radii of the earth 
(mejor and minor sembazes of the epherotd) and 
{ta equatorial radius (major sem-axis). 

‘The fattening of the earth ts the ellipticity of the 
‘apherold and equals the ellipticity of an eiipee form- 
{Sng a meridional section of the apherola. If 0 and 0 
represent the major and minor sembaxes of the 
fapherold, and fis the fattening of the earth, 


f= 


‘The magattude of the flattoning 1s sometimes ex- 
preaeed by stating the numerleal value of the reelp- 
rocal of the flattentag, 25, ‘The fattening of the 
earth is alao termed ite compression. 

Aexure (pendulum) —Tho bending of « swinging pendw- 
Tum, due to ita lack of perfect rgtdlty. 

‘Tho effect of the bending of a swinging pendulum 
‘due to Its Inck of perfect rigidity 1s to Increase the 
period of vibration; that It, the flexible pendulum 
Swings less rapidly than the rigid pendulum. The 
‘effect may be regarded elther as due to the change 
fn the moment arm of the varlous parts of the 
pendulum aa it bends, oF to energy storage In the 
Dent pendulum, 

‘The effect of the bending ts to Increase the period 
of vibration in both positions of the reversible 
pendulum, The slgn of the resulting correction de- 
ends upon the exact geometrical construction of the 
Pendulum, Tn Telative determinations of ‘gravity, 
‘Recount fe not taken of the bending of the pend 
tum, but the term flexure is applied to the more. 
ment of the pendulum support, communicated to It 
bby tho winging pendulum, See flezure (pendulum 
support. 

Aexare (pendulum support) —The forced movement of a 
endulum support caused by the motion of the #wing- 
Ing pendulum, 

‘The horlzontal component of the foree acting on 
tthe nife edge of a swinging pendulum causes the 
uppart to move in unison with the pendulum, 
{hereby affecting the period of It eibration. Though 
very small, thle flesure of the pendulum support 
Decesiltates the applleation of a correction to the 
Pendulum period. "There are several methods of 
‘scertalning the amount of the fecure, of whieh two 
have been used In the work of the U. 8. Coast and 
Geodetic Survey: the etatie method, by which the 
‘placement crused by a known force Ie measured 
fm linear unite; and the optical method, using an 
Antorforometer to measure the actual displacement 
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1m terms of wave lengths of light. ‘The term fesure 
fs aleo applied to the beading of a swinging pendu- 
Yom, account of which ts taken in absolute, deter- 
minations of the value of gravity, See fesure 
(oondulum). 

focal Jength—See under foous (Jone). 

focus (lens) —The polnt to which faye of light com 
verge after passing through 

If the Ineldent rays are 
focus in the (primery) focal plane, and it is the 
Gistance along the exis of the lens system from the 
‘cond nodal point of the lens to thia plane which te 
called the focal length of the lens. 

focus: sidereal—Tbo position of the princtptl focal 
Plane of a lens eystem, 

‘A camera or telescope is sald to be in sidereal focus 
when Incident rays from a great distance come toa 
foous tn the plane of the photographie plate or of 
‘he reticle. Sometimes called the solar fou: 

foot—A unit of Length equal to 12 tnohes exactly oF 
te one-third of « yard. 

foot plate (leveling).—A isk of metal used as a rod 
‘support at a turming point in leveling operation 

‘One type of foot plate had a rod polut, auch 
42 knob, attached to ite upper side, while the lower 
side had small projections to prevent lateral motion 
of the foot plate when it was pressed against the 
yround. “In another type, the upper surface of the 
foot plate was dish-shaped (concave). The use of 
{oot plates as rod supports bas been superseded by 
metal pins driven firmly into the grovad 

foresight (general) —A slght on a new survey potnt, 
‘made in connection with its determination ; oF & 
fight on & previously established point, to close @ 
cleat. 

foresight (leveling) —A reading on a rod held on a point 
‘whose elevation it la Intended to determine, 

‘The foresight may-be on a polnt of unknown 
‘levation, oF on a previously established Bench mark 
{to close a clreuit.  Toresights are sometimes called 


location of the £02 polat. 
‘ease, a8 the new polnt may bo at a greater elevation 
‘han the instrument, ax a mark on a wall, oF @ point 


‘This is not always the 


fon the root of a tunnel 
ferred over minus eight, 
oreaight: extra (leveling) —Tho r0d reading made at an 
‘atrument station Io a line of lovele and. O00 
eveling rod standing on a Bench mark oF other point 
NOT in the continuous line of levels 
In spirit leveling there may be one or more 
extra foresights from a single tnstrument tation 
OF set-up, but there can be only one backeipht and 
fone foresight trom any one tnetrument station 
forward azimath—See under azimuth: peodette 
fourtharder traverse Soe under traverse 
fractional section (United States publicland surveys) — 
ee under section. 
onal township (United States publics 
‘ee under township 


‘The term foresight te pre- 


fundamental table: deformation of the geod and St effect 
‘on gravity —Tablee giving the deformation of th 
(geold and its elfect on gravity, computed for masses 
of unit density extending to various distances above 
fand below the surface of the geotd. 
Fundamental tables serve es the basis for the 
preparation of epeclal tables corresponding to par- 
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tHealar assumptions respecting density, teostony, ete. 
Several noch fundamental tables have been prepared, 
each designed for a particular effect 

's). Fundamental Tables for Reducing Observed 
Gravity Values, by G. Cassinis and P. Dore (1037) 
‘determine the dlrect effect on gravity of masses of 
‘unit density extending to various distances above 
‘and below sea level. ‘This direct effect fe Known aa 
‘he Hayford effect; it neglects the differences of 
elevation between the apherotd and the geod. 

'), Fundamental Tablen: The Deformation of the 
Goold nd tts Etect on Gravity (W. 8. Coast and 
Geodetic Survey Special Publication No. 190) by 
Walter D, Lambert and Brederle W. Darllag (1986) 
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Astermine the indirect effect of masses of unit den- 
flty extending to various distances above and below 
tea level; this Indirect eect is known as the Bowe 
fect; i¢ takes Into account the dliferences of eleva. 
Hom between the ephoroid and the geod. 

‘e). Fundamental Tables for the Delection of the 
Vertical (a U. 8. Coast and Geodette Survey pubes 
ton now in press) by Frederic W. Darling give the 
hhorlgontal etect (defection of the vertical) of 
asses of unit density extending to various dis. 
tances above and below tea level, For mathematical 
evelopment and formulas, see Bulletin Geodesque: 
No. 87, Januery-February March 1088 and New 
Berles No. 9, July 1, 1948. 
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‘sal—An acceleration of one centimeter per second per 
‘cond. 

‘The gal 1s the unlt of acceleration of the ¢. g. & 
system of nalts and, since about 1930, bas been used 
by the U. 8. Coast and Geodetic Survey in statin 
values of gravity. Before that date, the dyne, a 
tunit of force, wan uned for the purpose. (The Feal 
unit was dyne/eram.) While the term gal hav not 
been formally adopted by the International Asvo- 
elation of Geodesy, it Is now in general use in thove 
‘countries where gravity observations are being made. 
Te be expreaved eymbollealy by cm/sec? "A miligal 
4 0.001 gal. ‘Tho term gal Is uot an abbreviation; 
it wan invented to honor the memory of Gallleo. 

slinderedaition—See terrain correction, 

freneral base map—See under mop: Topographic Map 
‘of the United states. 

ireneral highway and transportation map—See under 
‘map: Tranepertation Map of the United States, 

ssenernltepographle map.—See under map: Topographte 
"Map of the United Staten 

‘general atility map.—See under map: Topographic mop 
‘of the United Hates, 

seenera tility map of the United States —See under map: 
Topopraphio Mop of the United States. 

sseneral willy topographle map of the United States — 
See under map: Topographic Map of the United 
States. 

eocentrie coordinnten—Soe under coordinates 

teocentrie lntitnde —See under latitude, 

seocentrle parallax.—Seo under paraliag: dlurnot paral 
‘as. 

seodesie—A geodeate lin 

{Feoderic line —A line of shortest diatance between any 
foro pointe on any mathematically defined surface, 
‘Also termed a peodeet, 

‘While, In geodetic work, a geodesic line on a aphe- 
roid of reference ts sometimes called a geodetic Tine, 
‘eodette a8 applied to lines 1s golng out of wee, and 
Deodentc Ia preferred 

seodery—Tho selence which treats mathematically of 
‘the fgure and size of the earth. 

‘The term geodery Je often ed to include both 
the sctence which must depend upon determinations 
of the figure and size of the earth from direct mens- 
Turements made on its surface (trlangulation, level. 
ng, astronomle and gravity determintions), and 
the art which utiles the aclentige determinations 
tn a practical way and is usually termed geodetio 
surveying oF geodetic engineering. 


ecodetie—Signltying baste relationship to the earth in 
‘which the curvature of Ite aea-level aurface in taken 
Into account. 

In horizontal controt surveys, the term geodetic 
4s applied to operations and results based on the 
‘eWipsoid of revolution (epherotd).. Tn spirse leveling, 
‘levationa are referred—or tatended to be referred 
{to the geoid. In determining elevations by vertical 
‘ongles, slevatione azo referred (IN the Sdeal case 
‘where defections of the vertical are available) to the 
eUipeold of revolution. Tn ordinary practice, since 
‘deflections of the vertical are not wevally available 
‘the renslte are a mixture, and are referred to neither 
surface exactly. 

‘reodetc azimuth Seo under azimuth. 

‘Reedetie asimath mark—See under 

‘eodetic control —See under control 

seodetie coordinates —See under coordinates, 

feodetie datum,—See under datum, 

seodetie equator —See under equator. 

seodetieIntitude —Seo under latitude, 

seodetie leveling —See under Leveling. 

seodetie line—The shortert distance line between any 
{two given polnts on the suttace of the spheroid, 

Sometimes ealied a geodesto Une, « geodetic line 
is a line of double curvature, and ‘usuelly Hes 
between the two normal section lines which the two 
polnte determine. If the two ferminal points are tn 
neatly the same latitude, the geodetic line may eroes 
fone of the normal section lines. It should be noted 
‘that, except along the equator and along the merid 
tans, ‘the geodetic line Is not a plane eurve and 
cannot be sighted over directly. However, for cou 
Yentlonal triangulation the lengthe and directions 
of geodetic. tines differ inappreclably from corre: 
sponding pairs of normal section lines. 

svodetic longitude —See under longitude, 

seodetie meridian.—Seo under mertdtan, 

‘odie parallel-See under parallel 

‘eodele position —See ander position. 

‘eodete survey See under surcey. 

‘eodetie surveying —See under surveying, 

svorraphie; geographical —Sigaifying baste relationship, 
‘to the earth considered as a globe-ahaped body, 

‘The term geographie Ie appited alike to data based 
‘on the geotd and on a spheroid. In geodetic aurceye 
4m this country, coordinated data couslting of tat: 
tudes, longitudes, asimuths, and. lengtbe of lines, 
fare recorded and published under the general tite 
of geographic positions. Por particular usage of the 
‘two forms, geographle, geographical, see -(c; cal, 


zimuth merk, 


Figure 84: Different Traffic Distributions Scenarios 


Planned Deployment: Traffic Hotspots 


Rysavy Research 


One vendor calculated expected HetNet gains assuming no eICIC, no picocell range 
extension, and no elCIC. For the case of four picocells without picocell range extension and 
uniform user distribution, the median-user-throughput gain compared with a macro-only 
configuration was 85%. For a similar case of four picocells but using a hotspot user 
distribution, the gain was much higher, 467% .27° Additional gains will occur with picocell 
range extension. 


Expected picocell gains rise proportionally to the number of picocells, so long as a sufficient 
number of UEs connect to the picocells. 


Release 10 and Release 11 added enhanced support to manage the interference in the 
HetNet scenario in the time domain with Enhanced Inter-cell Interference Coordination 
(eICIC) and Further Enhanced Intercell Interference Coordination (felCIC), as well as in 
the frequency domain with carrier-aggregation-based ICIC. 


HetNet capability keeps becoming more sophisticated through successive 3GPP releases as 
summarized in Table 25. 


¥8 5G Americas member contribution. Further assumes 2X1 W picocell transmit power, cell-edge 
placement (planned picocell deployment), 67% of all the users within 40m of the pico locations, and 
3GPP Technical Report 36.814 adapted to 700 MHz 


Mobile Broadband Transformation, Rysavy Research/SG Americas, August 2017 Page 159 
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sographie eenter—Tbe geographle center of an area 
‘on the earth has been defined as that polnt on which 
‘he area would balance if lt were a plate of uniform 
thickness” Tn other words, 1 is the center of gray- 
{ty of that plate 

"The geographic center of continental United States 
(exclusive of Alaska) ta In the eastern pect of Smith 
County, Kansas, latitude 39°80", longitude 98°33". 
‘The geographic centers of the various States are 
given in the U, & Geological Survey Bulletin 817, 
“Boundaries, Areas, Geographle Centers, and. Alt 
tudes of the United States and the Several Staton: 

rconraphie coordinates —See under coordinates. 
‘Beographie exploration survey-—See under survey. 
eographie Intitude.—See under latitude, 
feographie longitede —See under Longitude, 
eorraphic meridian.—See under meridian, 
vographie parallel See under parallel 
raphie position —See under position, 
teographie turver.——See under survey 
tseographien! mile —See under mile: nautloal 
feeold—The frure of the earth considered as a mean 
‘teatevel surface extended continuously through the 
continents, 

‘The actual geotd ts an eguipotentiat surface to 
which, at every point, the plumb Tine (alreetion in 
‘which’ gravity” acts) te. perpendicular. Tt is the 
{Eeold. which Ip obtained from observed derfections 
fof the vertical, and is the surface of reference for 
‘astronomical observations and for geodetic leveling 
‘Theoretieal geolds obtained with computed values 
of deflections of the vertical Include the compensated 
Deote and the teortatio geotd. 

evold: compencated.—A theoretical geold derived trom 
‘the actual geod by the application of computed 
‘values of the deflection of the vertical which depend 
‘upon the topography and fscstatic compensation. 

"The data upon which to base the efect of topos: 
‘raphy and isortatio compencation are obtained from 
Teadings of topogrephie. maps; the efect ig then 
‘computed in accordance with the assumptions roade 
‘with respect to feostaey, that is, the depth and als 
{ribution of isostatic compensation. A method for 

ecomplisbing this was developed by Hayford, who 

‘accepted the Pratt theory of iaoatasy. If the theory 
fand assumptions with renpect to trostagy were exact 
fand there were no onomatics, the compensated geoid 
‘rould agree with the spheroid of reference. 

seeold: Inortatic—An Ideal geold derived from the 
“iwheroid. of reference by ‘the application of com: 
puted values of the deflection of the vertical which 
fepend upon the forograpky and teostatte compen 
‘ation 

"The computed values of the defection of the verti. 
cal weed in obtatoing the Ssostatie goold aro similar 
{to those for the compensated geoid, but of opposite 
signs, "If the theory and assumptions with regard 
to inortany were exact and there were no anomatien, 
‘the Isostatie geold would agree with the actual geoid. 

seeoid contour.—A Tine on the surface of the geold of 
‘constant elevation with reference to the worface of 
the spheroid of reference. 

‘Geoid contours represent differences in elevation 
between the geold and the spheroid.  Geold coatoure 
depend on the turtace of reference. ‘The same 9eoid 
referred to diferent wurtnees of reference will give 
Olfferent gets of geold contours, 

colonic rurver—See under survey. 

tcologieal rarver-—See under survey, 

fometric Intitede.—Seo under latitude: perametrie 
\oeometrio or reduced) latitude, 
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eometrle map projection —See under map projection 
erapective map projection. 

sseophysies—The science of the earth with respect to 

‘structure, composition, and development. 

Geophysics ts @ branch of experimental phe 

dealing with the earth, Including tts atmosphere 
‘and hydrosphere. Te Includes the sclences of dynam: 
feat geotogy and physical geography, and makes use 
of prodery, geology, selamology, meteorology, ocean 
‘ography, magnetism, and other earth selences tn col 
lecting and interpreting earth data. Geophysical 
methods have been applled successfully to the Iden: 
‘cation of underground structures in the earth 
sand’ to the search for structures of particular 
type, as for example, those associated ‘with oll 
bonring sends 

sicement.—Te angle between the grid meridian and the 
‘Deooraphc meridian. 

‘The term "glsement” te used in connection with the 
ntitary grid, sometimes being ealled the "decline 
tion of grid north,” and reckoned east and west from 
geogeaphle north. Gisement ia not used ‘with the 
‘Buate coordinate systems, where the corremponding 
‘angle on the transverse Mereator grid Ja the converg 
fence of the, local with the central geographic me 
Fidian, and“ie designated by aa Tn the Lambert 
grid, the angle is known as the “mapping anil 
Gesignated by 9, and called the “theta angle.” 

eA spherical body. See under globe: celestiat 

lobe; terrentriat globe 

lobe: cclertial—-A sphere, om the outer surface of 
‘which, by means of mymbols and reference lines, 
Stars are shown In positions and magnitudes deter: 
mined from the earth. 

Usually shown also are the outlines of the con: 
stellations oF star groups. Exsentlally, a celestial 
Blobe is e sphere to the outside of whlch atar maps 
have been fitted. 

lobe: terrestrial—A. sphere, on the outer surface of 
‘whieh, Dy means of symbols and reference lines, 
the features of the surface of the earth are sown 
In relative positions. 

ssentlally, a terrestrial globe is a sphere to the 
‘outside of which mops of the surface of the earth 
have been Stted. Bee globe, gore. 

lobe, gore—-A luneshaped map which may be Mtted to 
the surfaco of a globe with a negligible amount of 
Gintortion, 
‘A terrestrial or celestial globe may be constructed 
by covering a sphere with a complete sot of mare, 
fetch having the form of Tone of such narrow 
‘width thet It may be mounted on the sphere without 
appreciable stretehing or shrinking. 
horizon ring.—A graduated ring ited to a globe 
fn euch manner that Ste plane containe the center 
fof the globe, and it can be adjusted into the plane 
of the horizon for any point on the globe 
‘The horizon ring is Used In scaling angles around 
the horizon for a given polat 
lobe, meridian ring—A graduated ring Atted to 
iQlabe in such manner that ite plane contains the 
poles of the globe, and it can be adjusted Into the 
Blane of any given meridian on the globe. 
‘A meridian ring te used for sealing onglen along 
a meridion 
sve, time dinl—An adjustable cfreular disk, gradu 
‘ated in time unite (0 hours to 24 hours), attached 
toe globe with ita center coincident with « pole of 
the pode. 

‘A’time dlat ean be adjusted to show the relation 
between local time and the time of any other 
‘meridian, 
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lobular map projection —See under map projection. 
momonie map profection-—See under map projection. 
Goletain Bay dataun.—See under datum. 
onlemometse—A compact surveying Instrument for 
‘observing horizontal anglee and Dearings, and con- 
Slating of a vertical eplinder divided borlzontally 
{nto two parte: the lower edge of the upper part ie 
igradanted in clreular measure and revolves on the 
lower part, which carzies a vernter on Its upper edge. 
Armagnetie needle fa centered in the upper part, wbich, 
4s leo provided with alta oF a telescope for righting 
urpoees. 
‘An Instrument used tn France, and serving the 
same purposes as a eurveyor'e compass of tranalt 
onlometer—In eurveying, an instrament for measur. 
Ing hortzontal angles or directions, auch as a theedo- 
Ute 
i general, goniometer fs a term applled to various 
Instraments for measuring angles, as in cryatallog- 
raphy, anthropology, ete. 
rad (grade) —An angle at the center of a circle, sub- 
fended by one four-hundredth part of ta circum: 
ference. "Bee angle (general) 
srrade—Rate of slope oF degree of inclination, See 
‘rodient. Wrample: a 1 to 100 grade; a 1-percent 
grade. 
‘trade correction, tape —See under tape. 
sradient (toporrephy) —A grade expressed as a tangent 
‘of the angle of inclination, 
Example: a 1 to 100 grade ts a gradient of 01 
aradienter—An attachment to an engineer's transit 
‘with which an angle of inclination is measured tn 
terms of the tangent of the angle instead of in 
degrees and minutes, 
‘A sradienter may he used as a telemeter in ob- 
serving horizontal dlatances. 
sradeation.—Sce under division, 
lcle—A network of Hines representing geographic 
‘parallele and meridians forming a mop projection. 
Gravatt level —See under leveling instrament. 
Gravatt leveling rod—See under leveling rod 
sravimeter (geodeny) —A welghlng device or instrament 
(of cuflclent sensitivity to register variations in the 
‘weight of a constant mass when the mats is moved 
{from place to place on the earth and thereby eub- 
4Jected to the inuence of gravity at those places 
‘A typical gravimeter consists of a spring which 
changes in length under the load ot a constent iss 
‘the instrament fa moved from place to place and 
thereby affected by changes In gravity. Gravimeters 
fare employed tn determining difterences inthe 
tenelty of gravity between an initial or base station 
tat which the value of gravity 1s known or asromed 
fand at nearby points for which values of gravity 
fare desired, Gravimeters are also termed gravity 
meters 
svavitation—In general, the mutual attraction between 
‘masses of matter (bodles). In geodeay, the mutual 
attraction between the earth and bodies on or near 
ite aurface, 
‘Grevitation is the component of gravity which 
acta towards the earth. 
svavitetion: constant of-—The Newtonlan constant of 
‘ravitation, being the constant @ in the formula 


Poo%T, where F is the atractve force between 


‘two bodies of masses mand ms expressed in grains, 
la the distance in centimeters between the two 
Jodies, and the time unit Je the mean solar second. 

‘Varloue values of the constant of gravitation 
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which have Decome available fn recent yeare are az 
follows 

(a), (6670:0.005) x10 ¢, g. s. units 
‘Tols ta by Paul B. Hepl, reported in the Bureau of 
Standards Journal of Researeh, December 1950.” It 
4s the value usod in U. 8. Coast and Geodetic Survey 
Special Publleation No, 100, Tables for Determining 
‘the Form of the Goold and ite Indirect Rect on 
Gravity, 1938. 

(b)_(6.664:10.002) x 10-* dyne, em? 

‘Tals is the value adopted in the Smitheonlan Physi- 

cal Tabled, edition of 1084 

(€), (6.678 + 0,008) x 10-+ em.tg-tsce* 

‘This ta the mont recent determination by Heyl, re- 

ported in the Journal of Research of the National 

Bureau of Standards, July 1042. Tt agroes so well 

‘with the 1980 result that the conclusion Js reached 

‘hat, for the method used (the toraton balance), the 

mit of possiblities for increasing the precieion ba 

Deen reached. 
sravity—That force which tends to pull bodtes towards 

‘he earth: that is, to give bodier welgbt. 

Gravity fa the revultant of two opposing forces 
orovttation and the centrifugal force due to the rote- 
Hon of the earth. See gravity: intensity of grovtty. 

ity: Clairaut’s Theorem:—A theorem connecting te 
‘liptilty of the earth with the coeficient of in? 
Of the formula for theoretical gravity oF with the 
Giference between gravity at the poles and gractty 
‘at the equator. 

‘This means that every gravity formula impiles 
f particulne value for the elliptllty of the spherotd 
fof reference. Let gp and 9, represent gravity at 
the poles and at the equator, respectively, and let 
‘the ‘formula for theoretical gravity be’ written 
mo, (1+ 8 sin *6-+emaller terms). Also, aasume 
‘values for @ of 90° and 0°, and neglect the saaller 


2 
Te 


Then f= 


‘and Clalrnutts Theorem is written 


5m 
5S rp emaner rms, 1 
Delng the eliptitty and m the ratlo of centrifugal 
force at the equator to gravity at the equator, oF 


£7, where o te the angular velocity of rotation 


of the earth in radians per second and «is the seml- 
major axis (equatorial radius) of the sphero, 

‘As originally stated by Clalrant, the smaller term 
were neglected. For an exact ellipsoid we have, to a 
Ligh degree of eccuracy, the formula 


as follows: = 


c 
oe 

2 

‘Upon Ast consideration, Clairaut's Theorem may 
seem peradozical : an increase in the flattening of 
‘the earth, J, apparently diminishing the increase tn 
‘gravity from equator to pole. This is explaized by 
the fact that the theorem applies, not to values on 
the physleal surtace of the ellipsoid, but to values 
fon & evel surfaco—any level surface Lying outside 
fll attracting matter. In the case of the geod, or 
‘sentovel aurface, which bea a comparatively small 
‘amount of matter outside it, Clairaut's Theorem is 
‘applied by means of certain conventions in the re- 
‘duction to that surface of values of pravity observed 
outslde the physteal surface of the earth. if the 
‘eliiptioty of the physleal surface of the earth Is 
‘conceived to change but that surface still remaln a 
Tevet eurjace, the distribution of density within the 
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levet surface must change accordingly, and Clair 
‘aut’s Theorem will stil hold. 

“The increase in gravity from eqwator to poles ac. 
cording #0 the Internationa Gravity Formula. has 
‘een analyzed by Hammer as follows 

Centrifugal acceleration. +880 9016 

Bree-air efect-———--. Fees | net 

Mase-shape effect Tass} Firs gow 


‘Total change, equator to 
oles. 45.17 gate 

‘the tree-ar effect ts due to the diference of the 
Aistancer from the center of the earth of the 
attracted particle when at a pole and when at the 
feqvator, the attractions being In the Inverse ratio 
Gt the squares of the respective distances. But the 
fnverseaguare law is correct oply when the dimen- 
stone of the attracting body sre megllgible in com. 
parlson with the distances involved, & condition that 
‘oes mot hold in the present Instance. Near its 
Surface, the terrestrial ellipaold does not attract 
In exact accordance with the inverseaquare lav. 
‘The correction whieh is applied to the free-ale effect 
to care for this condition is the mass-shape etfect 
iiven Jo thie and the next paregraph. 

It the terrestrial ellipsoid were homogeneous, the 
treeair effect and the maseshape effect would be 
‘more nearly equal, and the incresse In gravity from 
‘equator to poles would be composed as follows: 


Contrifogal acceleration=mg—- +8.30 gale 


Free-alrefect=2 f9=5mg/2—_ +848) net+0.85, 
Maso-shape elect—0 mg/t~_-. —T.03, gal 
‘Total change, equator to 

poles 8 mg/e— - +424 gate 


eravty: direction of: direction of the force of gravity — 
‘The direction Sndlested by a plomb Line 

Te perpendiealar to the aUsface of the geold 

See nadir, zenith 

eravity: formula for theoretieal—A formula expressing 
‘ravity on the spheroié of reference in terme of 
Deopraphie position, It belog assumed that the epher- 
‘ld of reference Is a level surface. 

It the spheroid of reference {4 one of revolution, 
ail meridians are alike and the longitude can not 
‘Appear in the formula. (see gravity formula, Tongl 
tude term) ; furthermore, since the spherolé. 1s 
symmetzical with respect to the equator, only even 
fonctions of the latitude can appear in the formula 
Gravity tncresses toward the poles, botd because 
‘the centrifugal acceleration due to the earth's rote: 
Hon decreases aa & pole is approached and decnuse 
‘the masvattraction of the spheroid te greater at 
the poles than at the equator. 

Gravity on the surface of a spheroid of revolution 
fu expressed by elther of the following commonly 
wwied formulas: 

05 (1-40 sin? $-+emalter terms) 

9= uy (1— 60826 + smaller terme) 
where 9 $8 gravity on the surtace of the spheroid in 
jopraphie latitude 4, ge is gravity at the equator, 
Do le gravity at latitude 45°, and p andy are 
Constante, For ‘numerical values of gg and con 
tants appearing In the frst formula “above, see 
pravity:  Clatraut’s Theorem; Helmert’e gravity 
Jormuts of 1801; International Gravity Formula; 

fand gravity formule, longitude term. 

Tin the approximate formulas, the smaller terms 
fare often omitted. If this is done, our surtace of 
eference 18 & spherotd of revolution Tying, at latle 


U. 8. COAST AND GEODETIC SURVEY 


tude 45°, 19 meters above an exact eliproié of reve. 
Twtion daving the same axes as the spherdld 

rcavity: Helmer gravity formala of 1901.—A develop- 
‘ment of the formula for theoretioa! gravity utilizing 
‘the gravity observations available at the thme 
(2001), but not fStted to any preassigned value of 
the earth's ellipticity, 

‘Reterred to the Potadam value of abeolute gravity, 
Helmert's gravity formula of 190% is aa follows 
(9==078.050 (1-+0,005302 sla? ¢—0.000007 sin” 26). 

While the International Gravity Formula was 
based on a prensstgned value of the earth's eli. 
Hetty, the above formule’ was not, but it was used 
fm determining a value for that ellipticity, namely 
1/2982.” ‘The coefMelents 9,=9T8.030 and A= 
0.005502 were determined trom the observations, 

‘Attempis made to determine the coediclent of 
sin? 29 In the same way were abandoned Decauee 
‘of the large probable errors obtained, and the value 
0.000007 ‘wae assumed from theoretical considera: 
tons based on the work of Darwin and Wiechert 
fon a selfattracting rotating mass of the size of 
‘the earth, Such a mass, unless homogeneous, will 
fot take on the form of an exact elliprotd, but will 
be depressed in middle latitude below an exnct 
ellipsoid having the anme major and minor sxe 
‘Tne amount of this depression will depend upon the 
aw used for the variation of density with respect 
to distance from the center of the earth. Darwin 
fund Wiechert asrumed different laws, but both 
found a depression of 3 metere in latitude 45°, 
‘Tals depression corresponds to the diference between 
0.000050 and 0.000007, ‘the corresponding ceef 

+ elents tn the Tternational and Helmert formulas 

gravity: Helmerts gravity formala of 1916-—A develop 
‘ment of the formula for theoretical gravity, bated on 
1 triasial ellfpaoid, and inctading a longitude term, 
Bee gravity formula, longitude term, 

sexavity: intensity of —The force with whieh gravity 
‘cts, expressed tn sulteble vaite, 

Intensity of gravity may be expressed elther as 
1 force (force of gravity) expressed In dyer oF as 
fan acceleration expressed az centimeters per second 
per second. Tn the geodetic work of the U. 8. Coast 
‘nd Geodetle Survey, before 1030, Intensty of grar- 
{ty was stated e1 a force, in dynes; ince then, Ie 
hea been stated as an acceleration, 0 gal 

‘eravity? International Gravity Formela.—A development 
of the formula for theoretical gravity, based on the 
fassumptions that the spherotd of reterence ie an 
fact elliprold of revolution having the dimensions 
of the International Eillpsotd of Reference (Madrid, 
1024), rotating about ita minor axis once ine 
‘idereat day; that the suttace of the ellipsoid te a 
Tevet eurfaces and that gravity at the equator equals 
978.080 gale, 

‘Omitting terme whch are so small as tobe negli 
ble for practieat parpowes, the International Gravity 


Formola Ie as follow 
9= T8010 (I++ OOOH aint ¢—o.conmNH9 sin? 2). 
‘The International Gravity Formula was adopted 


bby the International Amociation of Geodeny at the 
Stockholm meeting, 1930.” The purpose wae aot pel. 
marily to represent the gravity observations. then 
Available, although the yg—978049 pals wan based 
fo those observations, Dut rather It wag intended 
‘o put the determination of the figure of the earth 
from gravity data on the same basis ag the detcr- 
‘mination of Its gure from defections of the vertt- 
fal, 'Thle formula ie based on the Potedam value for 
absolute gravity. 

vavity anomaly —See under anomely: free-oir enomaly. 
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teravty apparatus: Brown gravity apparatas—Sco under 

“Brown gravity apparatus. 

rarity formula—See under gravity: formula for theo- 
teal gravity. 
sravty formal, longtade term.—A suggested adattional 

‘erm for the formule for theoretical gravity, derived 

{rom the longitude on a apherotd of reference having. 

‘three unequal axes. 

‘With this additional term, the formula for theo- 

‘retical gravity mould be as follows? 

NB sing ~ Br sin! 26-4 os? 4 oot 2 O—A0)] 
“pitgre g¢ a the mean value of gravity @t the equator, 
fod ¢, ike Band B; is 8 dimensioales number. 

‘As’ always, the formula for theoretical gravity 
Implies « epherota of dednte shape. When a longt- 
tude term of the type Indicated above Js Included, 
‘he spheroid Is no longer an ellipsoid of revolution, 
Dat an ellipsoid having three unequal axes (triaotal 
‘elipectd), ‘the shortest of which is Ite polar axis 
(corresponding to the axis of rotation of the earth), 
‘while the two longer ones le In the plane of the 
Sauator, The longer equatorial exis les in the 
‘merdien plane Xo sad Yet 180; the shorter in the 
‘meridian plane bes: 90°, ‘Those two equatorial axes 
oF dlameters differ hy cA oa; the difference of each 

smlazis froma motn Is 2:08, and from each other 
2 co. 

‘The form of the longitude term te not arbitrary. 
Im theoretical investigations on the attraction of 
‘early spherical bodies, It 1s convenient to work with 
fpherlenl harmonics. ‘These are mathematical ex- 
Dietsions involving latttude end longitude. "They are 
of different degrees, the harmonies increaslog tn 
‘complexity ap thelr degree Increases, 

‘The additional term Involving longitude to the 
‘gravity formuta ts the spherical harmonie term of 
owest degree not already present, though in partly 
‘laguised form, in the ordinary gravity formula and 
‘ot excluded from it for muilent theoretleal reasons, 
(he excluded terms are proportional to cos ¢ cosh, 
cos #sin 2, sing, sin 26 co8 9, and sin 2 sin A) 
‘The Hen of an ellipsoid of threo unequal axes a5 
2 possible surface of reference ls by no means new. 
‘There was, however, no continuing Interest in the 
‘dea until Helmert and his assistant, Berroth, each 
‘published in 1915 his calculations on which’ were 
based gravity formulas containing a longitude term 
fof the type given above, Helmerts gravity formula 
of 116 1s a follows: 

978.052 [1 +-0.005285 slaty ~0.000007 stat 29-+ 
0.000018 cost ¢ cos 2 +17"). 

Tn the formola, east longitude, , Ie positive. ‘The 
maximum equatorial semiaxie (radius) ie 116 meters 
onger than the mean equatorial semiaxis (raatus) 
and 250 meters longer then the minimum. ‘The maz 
‘um axis Iles in the meridian plane of X=17" west 

"2 168" east of Greenwich. ‘The minimum axle lee 
{in the meridian plane ¥=T8" east and 107" west 
fof Greonwleh. ‘The mean elliptiity of « meridian 
is 1/200. 

Since 1915, various dlscusslons of the accumulating 
mass of gravity data have tended to contra the reat: 
fy of @ longitude term of the same general size 
and character as that proposed by Helmert. Studles 
fof the defleotione of the vertiea have Mkewise tended 
to condrm that general result. This does not mean, 
however, that a traatal ellipeoid Is likely to nd 
favor as a eurtace of reference for triangulation and 
Aefectiona of the vertical. "The mathematical com- 
pilleations of such a surface are too great. And since 
‘ne of the purposes of studying gravity observations 
{nto determine the fgure of the arth and to compare 
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the reeulte with those obtained from deflections of 
the vertical, It is convenient to use the same surface 
‘of reference for both and therefore omit the longitude 
term from the formula for theoretieat gravity. 

TE would appear from the most recent study of the 
Iongitude term (Jetteys, 1942-2), that a longitude 
term of the type derived by Helmert and others is 
pot the only spherical hermonie term needed to rep- 
Fesoat existing wldespread variations of groctty. 
‘olfreye confirmed the existence of a longitude term 
‘of the general character and magaitude Jurt dle- 
fussed, ‘and tentatively determined a few other 
spherical harmonic terme of low degree; be found, 
Rowever, that the number and distribution of exist™ 
Ing gravity observations were inadequate for a satis- 
factory determination of those terms, 

‘The argument against including & longitude term 
1m the formula for theoretioat gravity applet with 
even greater force to the additional terms found 
by Jeffreys. The mathematical complexities attend- 
ng the use of a fgure of reference which these addi. 
tonal terme would Imply are too grent for practical 
problems. ‘The tigaigeance of the longitude term 
fand of the other terms proposed by Jeffreys, which 
fare algo longitude terms of sort, is mainly geo- 
Dhysical. "These terms represent widespread sys. 
Tomatie variations In gravity and tn deflections of 
the vertioal ‘They represent also. general, wide- 
fpread.departures from isostatie equilibrium’ end 
Therefore imply the existence of Tong-continning 
stresses in the earth's crust. The probleme they 
represent are geological and geophyalcal: probleme 
of how the configuration of the continents and 
fceane on the known geological structures are related 
to the departures from equilibrium ‘whieh are im- 
plied by the additional terms 

While it 1s of great geotogieal and geophysical 
Interest to Improve the formula for ‘theoretical 
gravity by the addition of spherical harmonic terms 
ot low degree, the question of bow far to continue 
‘the addition of tuen terme must be lett to the 
future. It seems probeble, however, that considera: 
Hon of the usefulness of this procedure will limit 
such additions to. spherical harmonle terme of 
rather modernte degree. 

rarity meter—See under gravimeter. 

ravity station—A etation at which observations are 
‘made to determine the value of gravity. 

srveatcirele-—The line of intersection of the #urface of 
‘sphere and any plane which pases through the 
‘center of the sphere, 

‘The shortest distance between any two points on 
f sphere 1s along the are of w great citle connecting 
the two potats. Great eltcles on the eslestiat sphere 
which are given particular designations are the 
‘Squator, he eolipte, meridians, hour circles, prime 
verticals, colures, and horizons. ‘The shortert dis- 
tance on an ellipsoid of revolution ts a. gendetic 
Tine (a geodesic), which ts uot a plane curve except 
for the equator (a clrele) and the meridians (ellip- 

1a cartography, the gnomonte Is the only may 

projection on which « great circle In represented, 
fn al instances, as a straight line, The onomonto 
projection for a’ map of the United States computed 
by the U. 8. Coast and Geodetie Surrey Is based 
ona gphere having the same volume as the ellipsoid 
of reference (Clarke spheroid of 186). 

reat circle line—In lend eurveying, the line of inter- 
fection of the surface of the earth and the plane of & 
‘reat circle of the celestial sphere. 

‘The term great circle line Is proposed for use tn 
escriptions of methods for eatabllabing parcilele of 
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latitude (standord porallely and correction lines) tn 
‘surveys of the public lands of the United States. 
Since the earth is not sphere, a great circle line 
4s but an approximation to a great circle and, due 
to the defection of the vorttcal, will not, as’ sur 
eyed, lle in a aingle plane. 

Greenwich Civil Time.—See under time. 

Greenwich Meridlan.—Bee under meridion, 

Greenwich Sidereal Fime—See under time. 

(Gregorian Calendar —See under calendar. 

srid.—A network composed of two sets of uniformly: 
spaced straight line intersecting fn right angles. 

In surveying and mapping, the term grid 16 ap- 
piled to a plane-ectanguler coordinate eystem ium 
osed upon a geographic coordinate eystem. Bee 
Btate coordinate eystems. 

sevids miltary —Se0 under military ord, 
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Ad asimath—See under acimuth, 

Arid bearing-—See under Deering. 

{Fld coordinates See under coordinates, 

fd distance —See under grid length. 

frid inverse—The computation of orld length and grid 
simuthe trom grid coordinates. 

ara Iength—The distance between two pointe as ob- 
‘alned by computation from the plane rectangular 
coordinates of the polnts 

a the State coordinate aystoms, a grid length dit 

fers from a geodetic length by the amount of & 
correction based on the scale factor for the given 

‘sr meridian —See under meridian, 

sFuide meridian (United States pablicland surveys) —See 
‘under meridion, 

Ganter's chain —See under chain, 


H 


‘hack (United States publieland sarveys).*—A horizontal 
‘Veshaped notch, cut into the trunk of a tree at about 
breast height 

hnack chronometer—See under ohronometor. 

Balt section (United States publictund surveys) —See 
under section. 

hhand Ievel—See under leveling instrument, 

hanging level—See under level. 

Harrebow-Talcott method, Iatitede determination —Sce 
lunder senith-telercope method, latitude determine. 

Hassler baseline measuring spparatus.—Seo under Dose 
apparatus, 

‘aytord-Dowie method of nostatie reduction —A 
‘of computing the effect of topography and 
‘compensation on gravity by which the effect of topo 
rophy is computed directly and then corrected for 
{he eitect of isostatic compensation. 

"The mechanics of thie method involve the wee of 
the Hayford gravity templates. 

Mayford-Ballerd (or Bullard) method of isostatic reduc- 
‘don.—A method by which the topographl effect of an 
Indaite slab of density 267 and a thickness equal 
to the elevation of the gravity station Ix frst com- 
Dated, and then corrected for curvature of the sea. 
level surface and for difference af elevation between 
‘the station and the topography. 

"The first #tep in the computation gives the ordl- 
nary Bouguer correction for topography’ the second 
step takes account of the departure of the actual 
topography from a smooth cap or plate of thickness 
‘equal to the elevation of the station. 

‘The application of the curvature correction for the 
lettered ones reduces the effect of the plane #lab 
‘to that of plateau or cap extending to the outer 
rate of those tones and curved to the mathematical 
fnurface of the earth, Account fs taken of the topor- 
raphy by applying & correction for the deviations of 
the topooraphy from the surface of the plateau oF 
eu. 


method was deviced by B. C. Bullard as a 
‘substitute for the Hoyford-Bowle method of lostatte 
‘reduction for the lettered zones of the Hayford grov- 
My templates; It Js described in U. 8. Coast and 


Geodette Survey Spectal Publication No, 252, Pendu- 
lum Gravity Messurementa and Teostatie Reductio 
by Clarence HE. Swick, 1042, 

ayford deflection templates.—See under template (tom- 
tet). 

Maytordettect (gravity) —See under fundamental table 
‘deformation of the geold and its eect on gravity (a) 
ford gravity anomalie; Harford anomalien.—See 02 

‘der anomaly: seoetatio enomaly. 

ayfard eravity emplaten—Sev Under template (tom- 
le). 

ight of Snstrument-—1. In apirit leveling: the helght 

‘Of the line of sight of a leveling insteument above 

the adopted datum. 2. Stadia eurooying: the helght 

of the center of the telescope (horicontal aie) of 
transit or telescopic alidade above the ground ot 
station mark, 3. Trigonometrical leveling: the 

Ieight of the center of the theodolite (horizontal 

‘aai) above the ground or station mark, 

Ielioeentrie parallaz.—See under paralian: onnwol 

‘ellotrope—An instrument composed of one oF more 
‘plane mirrors, eo mounted and arranged that a beam 
fof sunlight may be reflected by it tn any desired 
airection, 

Placed over a survey station, a hellotrope ts used 
to direct a beam of sunlight toward a distant eur- 
‘vey station, where it can be observed with a theodo 
Ue. Tt provides an excellent target in observing 
horizontal directions, such targets having been ob- 
served on at distances of over 190 miles and ap- 
proaching 200 miles, ‘here are several types of 
Dellotropes, eareying various names, but difering 
only in detatle of mechanteal arrangement and con- 
struction. Hellotropes are sometimes used for send- 
‘ing messages, using the Morse code conveyed br 
short and long flashes of light; when especially 
‘equipped for the purpose, sch’ Snstrumente are 
termed bellorraphe, 

hemispherical map.—See under mop, 

[ighovater line—The place on the bank or shore up to 
“whieh the prevence and action of water te 20 uaual 
‘and long continued as to impress on the bed of the 
‘tream a character distinct from that of the Danks 
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‘with respect to vegetation and the nature of the 
ol, 

‘The high-water line ts the boundary Tine between 
‘the bed and the Dank of @ stream. The mean bigh- 
‘water line wivally determines the boundary of the 
Tend of the riparian proprietor. 

Iighway map-—Seo under map. 

homalographle map projection —See under map projec- 
tom " 

horiton—A reat circle on the celestial sphere whose 
‘lane ia perpendicular to the direction of the plum 
ine, 

‘The direction of the plumb line ts sometimes re- 
{erred to us the direction of gravity, and direction of 
the force of gravity. Ta aureeying, the plane of the 
horizon is determined by means of a spirit level, See 
horizon: apparent (cleible) horizon. 

horizon: apparent (visible) —The Irregular line along 
‘whlch rays from the polat of observation are tangent 
4 the surface of the earth, 

‘The apparent horizon Ie the line where the visible 
surface of the earth appears to meet the sky. When 
the apparent horizon ie formed by the wurtace of a 
ody of water, t Is sometimes used aa a reference 
Im observing vertical angles. See horizon: dip of 


‘ecting surface which can be adjusted to colncide 
with the plane of the horizon. 

One form of artifclal horizon conalats of a diab 
‘or trough filled with mercury, of an amalgam of 
mercury and tin, the upper surface of which ts 
free, and amumes @ horlvontal position. Another 


form it & plane mirror of glase oF other material, 
‘equipped with spirit levels and leveling screws £0 
‘that It ean be adjusted Into the plane of the horizon, 

‘in obrerving a celestial body euch as a star oF 
‘the win, the angle Ia measured between the body aa 
teen dizect (with transit oF theodolite) oF reGected 
(Ga the horizon glass of a scztant) and Its Image 
fan seen revicted in the artifclal horlzon:: thie It a 
‘vertical ongte, and is double the altitude of the body. 

horizon: closing the—Measuring the last of a series of 
‘horicontat angles at a atation required to make the 
‘series complete around the horizon, 

‘At any station, the sum of all horizontal angles 
between adjecent lines hould equal 360°. The 
amount by which the gum of the observed ongles 
falls to equal 880° 18 the error of closure. This is 
Alstributed ae & correction for clogure among the 
‘observed angles to bring thelr sum to exactly 800 
‘The error and the correction are of opposite slzns. 

herlzon: dip of-—The vertical angle between the 
‘of the Morison anda line tangent to the apparent 
(oinidle) horizon 

Iheraontal angle.—Sce under angle. 

Iheriontal aria (dheodalite or éramslt) The axta about 
‘which the felercope of « #heodollte or transit rotates 
when moved vertically. Ei 

Tt ls the axle of rotation which 1s perpendicolar 
‘to the vertical aate of the instrument and to the 
fats of collimation of the telescope. It should co- 
Inclde with the line through the centers of the 
pirate which #upport the telescope. For an instru- 
ment tn complete adjustment, 1 occuples a horlzontal 
Dponltion, and when the telercope ts rotated around 
{tthe oats of collimation will define a vertioal plone: 
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evlations from this condition are measured with a 
‘triding level or with a hanging Tevel 
hrizental direction—A direction in @ hotleontal plane. 


‘under senlth-felescope’ method, latitude determino- 
Hom. 
hour anele—The angle between the plane of the hour 
‘circle pansing through a celestial body and the plane 
Of the celeatiat meridian. 
‘The hour angle ie reckoned from the meridian 
(0 hours or 0°) westward through 24 hours (360"). 
Te may be measured by the angle at the pote between 
tan hour clrele and the meridian, ot by the are of 


‘on the celestial sphere 
‘whose plane 18 perpendicular to the plane of the 
elentiat equator. 
Hour circles are aleo enlled circles of declination. 
‘The hour circle which contains the zenith ie Ident 
cal with the oelestiat meridian. 
Inygrometrie—Relating to the relative bumlAlty or com 
arative amount of moisture in the atmowphere 
ince the atmosphere penetrates the poree oF cells 
fot material bodies In varylog degrees depending 
‘opon the qubetances of which they are composed, 
the amount of moisture watch it contains will affect 
the sbapee and dimensions of certain Instruments 
fand equipment used in eureeying and mapplog. Fot 
‘hie Teason It in necessary to relect materials which 
fre not sensitive to hygrometrie conditions for the 
construction of leveling rods, plane-table sheets, ete, 
fand for the construction and printing of maps, 
bhyprosraphie fentare.t—A topographie feature with ele 
‘cations portrayed with reterence to #ea level. 
hhymeographle map.-—Seo under map. 
hypecsraohy.*—Topogrophy (rellef), referred to a aea- 
evel dotum. ‘The sclence or art of describing elova- 
Stone (agit) f land face with retrece to 
hhypeometer.t—An Instrument used tn determining olo- 
‘ations of pointe on the earth's surtace in relation to 
na level by determining atmospherle pretgure 
through observation ofthe bolling potat (tempera- 
ture) of water at each point. Also an instrument 
‘uted in forestry for determining helghte of tees, 
‘Determination of heights of mountain summite by 
observing the bolling point of water on the aummita 
‘hag been much used by explorers 
‘The term bypsometer 1s also used to designate 
fone who measures elevations of the land, or who 
constructs mope of models to show land elevations, 
‘This ln rare Ue, 
Iypuometrie.—Relating to elevation abore a datum, usa- 
ally 200 Tevet. 
In a limited sense, hypeometric relates to elev 
tons above sea level determined with & hyprometer. 
ypucmetrie fentare.*—Disapproved. See under hypeo- 
‘prophe feature. 
Ihypsometrie map.—Seo under map: hypsopraphte 
ypeometry.*—The art of determining, by any method, 
‘surface elcvations on the earth with reference to aed 
level 
‘The determination of elevations by means of ether 
mercurial or aneroid barometers is sometimes called 
Darometric bypuomety, 
‘nypuometry: barometzle.—See under hypsometry. 


les -leal—Sumizes employed to convert certatn terms 
Into adjective form, the two adjectives derived from 
‘the same root word sometimes having slightly aifer- 
fent metnings, but often employed according to eum 
tom or personal preference, without differentiation. 

‘While i seems desirable to employ the shorter 
suf, -f, for ndjectives having a direct and intimate 
relationship to the root word, and the longer form, 
“Soul, to form adjectives of more general and brosder 
‘applicability, ths cannot be adopted as an exact pro- 
‘cedure, and it ta proposed that custom be considered, 
‘and in the work of this Bureau, the forms be used 
‘a8 recommended below. 

1. geodetic, geodetical; geodeatc, geodesteal— 
‘Rach of these terme has appeared in {echnical Itera- 
ture. The longer forms, geodetical, and geodesleal, 
fare now practically obsolete, Geodesle was at one 
‘hme employed to designate a class of spirit leveling, 
but at present Ie largely limited to use in a mathe. 
matical sense, The following forms, defined else. 
‘where, are proposed for uee in this Bureau 
Deodetio azimuth; geodetic equator; geodetic Tate 
fudo; geadette longitude; geodetto meridian ; geodetic 
parallel; geodetic postion; geodetic survey; and 
Deodeete tne 

‘2, astronomle; astronomfeal.—Astronomers have 
preferred and teed the longer form, astranoméoat 
Burveyors have employed both forms, often without 
apparent diferentistion in meaning, though they 
Ihave accepted the astronomers" use of astronomical 
for terme of general applicability. In the publlea- 
‘Hone of this Bureau, ‘with some exceptions, the 
shorter form, oxtronomic, baa been employed in re 
cent years where there is an intended contrast with 
{he term geodetic, and itis beloved that this practice 
should be adopted insofar ag ts compatible with ex 
tablished practice, ‘The following terms, defined 
elsewhere, are accordingly proposed for use in this 
Bureaa! 

‘etronomie azimuth; astronomio coordinates; astro- 
fnomio. equator; axtronomio Tatitude ; astronomio 
Tonottude; astronomie. meridian ; aetronomio paral 
Jet; astronomte station; and astronomical day ; axtro- 
‘nomleal leveling ; astronomical methods ; aatronoml 
(al refraction; oxtronomtoat theadalite; astronomical 


‘8. Reographie ; reographcal.—The following forms 
‘are proposed for use in thls Bureau: 

Qeopraphio center; genoraphic equator; geographic 
Tatttude ; geopraphic longitude ; eogrophie mertaton; 
geopraphe parallel; geographic position ; eopraphle 
Survey geosraphleal boundary ; geographical mile; 
‘Seogrephieal organization, survey, of society. 

4, geologic; geological ~The following forms are 
‘proposed for use in this Bares 
geologie data ; geologic investigation or survey ; geo- 
Togical organisation, survey, oF soclety ; geologieal 
era; geological time. 

‘5. geopbyelcal—The form geophysical fe used to 
{the exclusion of any other that might be derived from 
the term geophytice. 

See under base apparatus, 
Mentigcation ports —Posts of wood or other suitable 

‘material, appropriately marked and Inscribed, and 

Placed near survey stations to ald In their recovery 

‘nd identifention 


I 


U. 8. COAST AND GEODETIC SURVEY 


stving protection against thelr accidental dentructit 
Designated aa supplemental posts for survey m0 


rents, Identification posts mere recommended for use 
{n'a report of the Committee on Control adopted by 
the Federal Board of Surveys and Maps, March 14, 


Iinch—A' unt of length defined by the eauivalence: 1 
‘meter equal 80:57 inches exactly. 

‘The relationship, 1 meter equals 80.87 inches, w 
cstablished by Act of Congress, July 28, 1806, 
but was put Into practiea) etect only ater the United 
States bad recelved copier of the International 
Prototype Meter. In 1808, the Superintendent of 
‘Standard Welgnts and Measures, with the approval 
fof the Secretary of the Treasury, declared the In- 
ternational Prototype Meter to be the standard of 
length, with the customary unit, the yard, to be 
erived therefrom In accordance with ‘the ‘Act of 


‘uly 28, 1866. ‘The yard ie accepts ae equal to 30 
Inches exactly. See under meter: Natlonat Proto. 
type Meter. 


Inclination of the horizontal axia—The vertical anole 
between the Rorizontal acts of @ survering or 
‘ffonomlcal instrument and the plane of the horizon, 

Tnellnation of the horlzontal axis ie measured with 
striding level or a hanging level. Tt causes the 
‘nis of ollimation of a theodolite or tranelt to 
Aescribe an tnelined plane instead of a vertiea! plane 
When the telescope Is rotated about the horieontat 
Gaia ofthe instrument. This produces en ervor in an 
observed horizontal direction of an object not sit 
ted ih the plane of the Rorizon, and requires the 

pplication of «correction for inclination of the 
Dorlzontal aste 

Inclination of the horlzontal axias correction for—A gor 
‘ection applled to an observed horizontal dircotion 
‘fo eliminate any error that may have been caused 
by the horizontat acts of the instrament not belng 
exactly orizontal, 

TE the horisontol asta of the inatrument 1s not 
exuetiy horizontal, the azte of collimation will not 
text the hortron at a point directly underneath (or 
‘bove) an observed polat: that Ia, & plane deseribed 
Dy the asie of collimation when the telescope Is ro- 
‘ated about Its Rorézontal ante will not be a vertical 
Plane. As the inclination of the Rorisontat ate 
Imay Involve two conditions: the failure of the hort 
sonal and vertical azce of the lastrument to meet 
fexacty at @ right angle, and a possible devintion of 
‘he vertical azie from the direction defined by the 
plumb line, & determination of thls correction ree 
‘uires that both the Inclination of the axis and the 
dicitude of the observed object be known 

Inder correction (leveling) —See under corrcotion, 

Inder map-—See under mop 


indirect brervations.—See under observation, 
Anitiat point (United States publicland aarveys).*—The 
Dolnt from which is initiated the survey of the prin- 
ipal meridian and base Hine controlling the survey 
ft the publfe lands within a given area. 
or Ist of intiat points, principal meridians, and 
Dare tines, and the areas governed thereby, see page 
186, section 141, General Land Office Manual of Ta 
‘structions for the Survey of the Public Lands, eation 
1000, 
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Instrument stati 


(eveling) —See under station, 


‘See under poral. 
{ntensty of gravity.—Seo under gravity. 
Interferometer—An optical instrument which employs 
‘the principle of the interference of light waves to 
etermine the amount of displacement, It fs used in 
length standardlzations, 1p comparing end standards, 
‘The interferometer employed in observations with, 
the pendulum is @ slightly modided form of the In- 
ftrument used by Michelson, it inventor. With this 
Instrument the alight movement (flexure) of the 
receiver which is caused by the swinging pendulure 
{fe mecsured. 

Interior Seo under angle 

International Map of the World map projection —Seo 
‘under map projection: International. Map of the 
Werta, 

International meter —See under meter. 

International Protatype Meter-—See under meter. 

Intersection: polnt af—Seo under curve 

intersection station —See under station 

Interval: stadia (leveling) —The length of rod. sabe 
‘ended between the top and bottom cross wices fn 
the leveling instrument as seen projected agninat 
the face of the leveling rod. 

fnvar.—Am alloy of nickel and steel having a very low 
‘oeficlent of thermal ezpanston 

‘Tnvar was discovered by C. FE Guillaume of the 
International Boreaa of Weights and Measures, 
Paris. Having a cocflelent of thermal expansion 
fof about one-twenty-Afth that of etc It bas replaced 
feel in the construction of tapes for measuring: 
[geodetic dave Hince, and Ia used in other places where 
At'metal of thet characteristic is desired. Tovar ie 
fused in the construction of tome leveling rode and 
fiatorder leveling instruments. Unvar it sso Used 
in the construction of penduluma. 

{nvar pendulum —See under pendulum, 

invar rod.—See under leveling rod. 

Invar tape—See under base tape. 

jam-—See under pendulum, 
tecorraphe—See Under inverse position com. 
‘utation. 

Inverse position computation —The derivation of the 
Tength, and the forward and back azimuths of a geo- 
dette line by computation bused on the known geo- 
fetse positions of the ends of the line 

‘Tale Is called an inverse position computation 
(or an inverse) because It reverses the usuel order 
of computation, where a new geodetic position Is de 
rived by computation, using its aximuth and distance 
from a known geodetic position. 

Istend.t—A body of land ‘extending above and com- 
Dletely surrounded by water at mean igh water. 

‘Te above defaition 1s of universal application 
4m surveying and mapping operations in the United 
States, and ls folly aupported by federal court deel- 
sions relating to the ownership of land. To forelgn 
‘Affaire, however, interuational negotiations are af- 
fected by various and diferent conceptions of what 
constitutes the boundary line between the land and 
the water 

lnometrie (conformal) latitade.—Seo under Tatitude. 

itoperimetrie curve —A line on @ mop projection along 
"whieh there fe no variation from exact scale. 

"There are two lsoperimetric curves passing through 
covery point on an equatarea map projection. Thi 
tharacterietie gives that class of projections some 
[reference for engincering mop 


Al 


fonterr—A condition of approrimate equilibrium tn 
‘te outer part of the earth, such that the gravita- 
tHlonal effect of mastes extending above the rurtace 
fof the geold in continental areas te approximately 
counterbalanced by a deficiency of density in the 
material beneath those masses, while the eect of 
‘deficiency of denslty In ocean waters is covnterbal- 
lanced by an excest of density tn the material under 
the oceans, 

"The basle principle of Saostary te that the mas 
of prismatic columns of the outer part of the earth 
‘extending to some constant depth below the surface 
fof the geoid are proportional to the arena of thelt 
feo-tevel sections, regardless of thelr surface elevo- 
fons. The depth below sea level to which these 
Iypothetionl columine extend te known as the depth 
of teostatic compensation, and le somewhere between 
60 and 70 statute miles. ‘The area of the sea-level 
fection of unit hypothetical coluum for which 
ostatic. compensation ie ordinarily complete has 
not been determined ; It may be uniform forall parts 
ff the earth, or may very with the character of 
the relief In the same continental regions. 

‘While sostasy 1s generally accepted as a proven 
principle, there are several theories as to tbe Pela 
five distribution of the matter producing this con 
ition of equilibrium, the two principal ones being 
‘those of Airy and of Pratt 

‘The Pratt theors, announced by J. HL Pratt in 
1856, ascumed that the continents and islanda pro- 
ject above the average elevation of the solid surface 
fof the earth because of material of Tess deneity 
Deneath them: the higher the surtnce, the Teeser 
the density below. Under the Pratt theory, complete 
equilibrium existe at some uniform depth below 
bea level: the same depth for ocean areas at for 
and messes. Tt tn the theory accepted by 500- 
Gesists and by many geologists, end used in the 
Investigations of Isostasy by Hayford and Bowe of 
the U. 8. Const and Geodetic Survey, 

‘The Alry theory, announced by G. B. Aly in 
1856, postulated the continesta and islands an re 
{ng hydrostatically on highly plastic or liquid mate- 
Hal, With roots oF projections penetrating. the inner 
raterial of the earth, fust as leebergs extend doven- 
‘ward Into the water. The greater the elevation, 
{the deeper the penetration. It has been called the 
“Roots of Mountata Theory,” and haa the #upport 
ot some geologists, ‘The fundamental ference be- 
‘ween the two theories ts that Pratt postulated 
uniform depth with varying density, while Alry 
postulated uniform density with varying depth. The 
term “Isostasy,” meaning equal pressure, was Sst 
propoted by C. E. Dutton in a paper entitled “On 
Some of the Greater Problems of Physical Geology,” 
Aelivered betore the Philosophical Society of Wath- 
‘mgton on April 27, 1889, and printed in Bulletin 
No, If of that Soctety. 

Ieowtatie adjustment —The process of restoring and 
‘maintelning that condition of equilibrium in the so- 
called crust of the earth whlch is known as ioataey. 

‘The distefbution of material in the outer part of 
the earth is undergolng continual chunge by the 
operation of erosion, sedimentation, and other nat- 
tural forces, ‘The unbalanced condition which would 
naturally result from euch disturbing process 12 
offset by the movement of material at considerable 
epths Delow the aurface of the earth. See ioetatio 
compensation: depth of seostatic compensation, 

Aostatieanomaly.—See under anomaly. 
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‘ostatie compensation —The departure from normal den- 
‘sity of material in the lower part of a column of the 
fearth's crust which balances (compensates) land 

(topography) above #ea level and deficiency 
in ocean ‘waters, and produces the condl- 

‘lon of approximate equilibrium of the earth's erust 
mown as feostasy. 

Iuostatic compensation : depth of —The depth below sea 
Tevel at which the condition of equilibrium known as 
eostany is complete, 

“nvestigations of geodetle and gravimetric data 


acel’s ataf.—A slngle staf oF pole used for mounting 
‘2 surveyors compose or other Instrument. 

Used In place of a tripod, a Jacob's uta” was ated 
with a balland-soeket Joint at ite upper end, by 
means of which the Instrument was adjasted to a 
evel position; the ‘oot was fitted with a metal 
fhoe which facilitated pressing the stat femly into 
‘he ground. Many af the early lond surveys in this 
‘country were made with eurveyor's compasses mount 
fed on Jacob's stats 
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1m the United States determine a depth of trostatle 
‘compensation of between 60 and 70 statute mile, 

Anostatle geold.—See under good 

Moctatie reduction: Ballard method of-—See under Hay- 
Jord-Bullord (or Bullard) method of tostatic re- 
‘duction, 

Iostatie reduction: Hayford-Bowie method of. —See under 
“Hayford-Bowie method of isostatic reduction, 

Aortatie redaction: Hayford-Bullerd (or Ballard) method 
‘of-—See under Hayjord-Bullaré (or Bullord) method 
(Of teostatic reduction, 


‘ee under calendar, 

The place where two of more lines 

of levels are connected together, 

Junction bench mark—See under bench mark, 

Junction detall.—See deta: function. 

Sanction fgure—A triangulation figure In which three 
‘of more triongulation aroe meet, or two of more 
‘rce intersect. 


K 


knife edge (pendulum).—A suspension bearing used in 
‘the fupport of a pendulum. 

‘The Koife edge bears on a plane. The Mendenhall 
pendutum used in the work of the U. 8 Coast and 
Geodetic Survey originally had an agate knife edge 
‘mounted in ita head, which waa stirrop-shaped ; thls 


Lambert azimathal 9 
‘projection. 

Lambert central equivalent map projection upon the plane 
“ofthe meridlan—See under map projection: Lambert 
Zenithat (asimuthat) cqual-orea 

Lambert conformal map projection See under map 9ro- 
veotion: 

Lambert equalaren meridional map projection —See un- 
‘der map projection. 

Lambert grid.—An Informal designation for a Stote 
‘coordinate aystem based on a Lambert conformal map 
projection with two standard parallels. 

Lambert senithal (esimathal) equel-area map projection — 
‘See under map projection. 

land boundary—See under boundary. 

end conrt—A tribunal established for the purpose of 
‘administering legislative statutes relating t0 land 
Doundaries and ‘tle 

‘There are land courts in Mascachusetts and in 
Hava 

land forms.t—The shapes into which the earth's sur. 
“ace Is sculptured by natural forces, 

‘A land form Js cubject to portrayal by various 
‘means or to the interpretation of its probable ovigia, 
fnuse, oF history. ‘The form In all eases is the earne, 
‘Whether 1t in « topographic form ot a physlooraphic 
orm depends upon the use for which Ie Is considered. 
‘The term land form is usod extensively im place of 


‘agate knife edge rested on an azate plane whieh 
‘Higidly mounted in the recelver. In apparatus made 
‘Ineo 1898, the positions of knife edge and plane are 
Feversed, the plane being attached to the pendulum, 
‘and the knife edge mounted in the receiver. 

Kripniyak-wiklekchen datum.—Seo under datum, 


L 


sr map projection —See under map 


fand with the meaning of the more restricted term, 
Dhyslographe form. Te ia sometimes written ae one 


‘word, landform, but the two-word spelling, lend for 
ts preferred. 


Tandmark—Any monumont of material mark or fixed 
‘object used to designate the location of a land 
Boundary on the ground. Any prominent object on 
and which may be used in determining a location 
or a direction. 

Laplace asimuth.—See under azimuth 

Laplace aximuth mark—See under asimuth mark 

Laplace condition.—Seo under Loplace equation, 

Laplace equation—The equation which expressen the 
‘relationship between axtronomie and geodetic art. 
‘mathe tn term of astronomio and geodetio 1ongt 
fuder ond geodette latitude. A usual form ta 

au-ao=—Du-W)sin 40 
{nwhlcd au and aare ertronomie azimuth and tongt- 
fude, ao, do and ge are geodetio azimuth, longitude, 
‘abd Totitude respectively. The signs depend upon 
convention. As written above, north latitudes and 
‘weet lonostudes are consldered positive. 

"The Laplace condition (expressed by the Laplace 
equation) arlaes from the fact that a deflection of 
‘he vertical In the plane of the prime vertical will 
lve a diference between aetronomic and geodetio 
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longitude and between astronomic and geodetic ast. 
‘muth or, conversely, that the observed differences be 
freen aséronomie and geodetic values of the longi 
tude und of the azimuth may both be used to deter- 
mine the detection in the plane of the prime vertiat 
‘This defection cannot have two values at the same 
piace, and the impocttion of the Laplace condition 
forces @ consistency between them. Since longt 
tudes can be carried through triangulation with very 
food accuracy and asimuthe cannot, the practice Ie (0 
compute the value of the deflection for actmuth from 
he deflection in the prime vertical obtained from 
the longitude, The value of the azimuth thus ob- 
tained te known as a Laplace azimuth. 

‘The symbol az la propoeed for Laplace astmuthe, 
for usc in formulas and wherever a special symbol 
{in desirable. In computing a control survey, the 
Aefection of the vertical at the inital station will 
affect any Laplace equations in the net. Ta the read- 
Sustment of the hortaontal control eurvey net of the 
United States which Introduced the North American 
atm of 197, azimuth control was furaished by 
Laplace asimuths distributed throughout the act. Ta 
the Sorestigation of the figure of the carth and 
Uortary whieh produced the Toternational Ellipsod 
fof Reference, the Laplace condition was expressed 
‘follows 

(28 4" Qu-N) = mont (aume) 
‘The symbols marked with a prime (’) represent geo- 
etic values, those with a subseript letter (4) repre- 
ftent astronomie values. The use of a subscript let- 
‘ter (@) for geodetic values Is preferred. 

True Laplace equation te so-elled atter Pierre 
‘simon Laplace (1749-1827), who derived a generat 
form for It when comparing’ the ebape of the earth 
‘with @ mathematieal gure. (Mécanique. Celeste, 
7700, by Marquls de Laplace. “English translation 
by Nathaniel owditeb, published in 1832, vol. 2, 
p. 885.) 

Lapince tation —A triangutation or traverse station at 
‘wich a Laplace aximath is determined, 

"Ata Laplace station both ostronomic longitude 
and attronomle aaimuth are determined. 

large tenleSee under map seate: fractional 

lat-—See under latitude: diference of latitude. (plone 
urveying). 

latitude (general) —A coordinate distance, linear oF an- 
‘sular, from an east-west reference line 

Intitade (on a sphere) —The ongle at the conter of a 
[sphere between the plane of the equator and the 
ne to the point on the surface of the ephere. 

‘Some probleme of geodery and cartography are 
sreatly simplited by the use of tatitades on « sphere 
fwhich bas some definite relationship (ae equal aren 
‘or equal volume) to the apheroid. 

Iatitade (plane surveying) —The perpendicular distance 
‘na horlzontal plane of a polut from an east-west 
fit of reference. 

"The diference of latitude of the two ends of a 
line in frequently ealed the latitude of the line, and 
defined as the orthographic projection of the tine 
fon a reference meridian, ‘The latitude (a8 above 
fehned) of the middle of line ls also referred to 
fae the latitude of the tne 

latitude! astronomie—The angle between the plumb 
line and the plane of the celettat equator. Also 
etined as the angte between the plane of the horizon 
fand the axis of rotation of the earth. 

‘Astronomic latitude 1s the Tatitude which resulta 
airectly fom observations on celestial bodies, une 
corrected. for deflection of the vertical (atotion 
error) whieh, in the United States, may amount to a 


much as 25". Astronomle latitude applies only to 
poritions on the earth, and in reckoned from the 
north and eouth ehrough 


thalle (equal-ares)—A latitude based on a 
‘phere having the same area as the spheroid, and 
sch that areas between successive parallels of loti 

‘to the corresponding arens 


"Authatle Tatitudes are used in the computation 
ot equatarea map projections. For mathematical 
‘etnition and dlacassion consult V. 8. Coast and 
Geodetic Survey Spectal Publication No. 67, Latt 
ode Developments Connected with Geodesy and 
Cartography, by 0. 8. Adams, 1921. 

Intieade: eelertin-—The aro of a great oircte perpendle- 
‘lar to the eclptie, ntereepted between the ecliptic 
fand the object whose latitude ig to be defied 

Celestial latitude 1a not the same as astronomc 
latitude, and does not enter lnto urual problems of 
surveying. 

Intitades difference of latitude (plane surveying) —The 
‘orthographic projection of a line on a meridian of 
reference. 

‘By custom, thie term has been shortened to lati. 
tude or Tat, which ts frequently used where aifer- 
fence of latitude Je intended. It ls north or pealtive, 
‘and sometimes termed the northing, for « line whose 
azimuth or Dearing fa in the northwest or northeast 
‘Quadrant; it im south of negative, and. sometimes 
termed the southing, for a line whose aztwuth oF 

ring isin the southeast or southwest quadrant, 
latitades geocentric—The ongle at the eenter of the 

‘arth between the plane of the celestial equator and 

fline to.a point on the surface of the earth, 

Geocentrle Intitude is used ax an auxiliary latitude 
fm some computations 1a astronomy, geodesy, and 
cartography, in Which connection it is defined as 
‘the ongle formed with the major axle of the ellipse 
(meridional section of the spheroid) by the radius 
vector from the center of the ellipse ¢0 the given 
polnt. In astronomle. work, gevcentele Iatitade ts 
Alco called reduced latitude, a term that is some- 
‘times applied to parametric latitude In geodery and 
cartography. ‘The geocentrle and isometric latitudes 
fre approximately equal. 

Intitude: geodetle—The angle which the normal to the 

yherold at a polnt makes with the plane of the 

‘deodetio equator. 

‘Geodetic latitudes arv reckoned from the equator, 
but in the horizontal contro? survey of the Ualted 
States they are computed from the Iatitude of ata: 
tion Meades Ranch es prescribed in the North Amer 
cam datum of 127. In recording a geodetto position, 
Ils essential that the geodetio datum on which It 
{is baved be also stated. A geodetic latitude differs 
from the corresponding axtronomic latitude by the 
famount of the meridional component of the local 
Aeftection of the vertical (station error) which, 1a 
tis country, may amount to more than 25°" 

latitude: geographie.—A general term, applying alike to 
‘astronamie latitudes and geodetic latitudes 

latitude: isometric (conformal).—An auxiliary latitude 
wed In the conformal mapping of the spheroid on a 

‘phere. 

‘By transforming geographte latitudes on the aphe- 
roid’ into leometric lativades ona sphere, acon 
formal map projection (the Mercator) may be cal- 
culated, using epberical formulas, for the plotting 
of geographic data. For a mathematical defaition 
ot Toometrie latitude see U. 8. Const and Geodetic 
Survey Special Publication ‘No. 67, Latitude Devel: 


Table 25: 3GPP HetNet Evolution 
3GPP Release —_HetNet Feature 


Initial SON capabilities, most for auto configuration. Initial intercell 
interference coordination (ICIC) available. 


8 


More mobility options (for example, handover between HeNBS), 
9 operator customer subscriber group (SCG) lists, load-balancing, 
coverage and capacity improvements. 


‘An interface for HeNBS, called “Turh,” that improves coordination 
10 and synchronization, LTE time domain elCIC. Carrier-aggregation- 
based ICIC also defined. 


11 Improved elCIC, further mobility enhancements. 


Enhanced Intercell Interference Coordination 

Significant challenges must be addressed in these heterogeneous networks. One is near- 
far effects, in which local small-cell signals can easily interfere with macro cells if they are 
using the same radio carriers. 


Interference management is of particular concern in HetNets since, by design, coverage 
areas of small coverage cells overlap with the macro cell. Beginning with Release 10, elCIC 
introduces an approach of almost-blank subframes by which subframe transmission can be 
muted to prevent interference. Figure 85 illustrates elCIC for the macro layer and pico 
layer coordination. If a UE is on a picocell but in a location where it is sensitive to 
interference from the macro layer, the macro layer can mute its transmission during 
specific frames when the pico layer is transmitting. 
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opments Connected with. Geodesy and Cartography, 
by 0. & Adams, 1921. The twometrio and geacen- 
tric latitudes are approximately equal 

Intitede: parametric (geometrle or reduced). —The ongte 
‘at the center of a sphere which is tangent to the 
‘ipherold along the geodette equator, between the 
plane of the equator and the radius to the polnt 
Intersected on the aphere by a straight line per- 
Dendicular to the plane of the equator and passing 
Ghrough the polnt on the spheroid whose parametric 
Iatitade ie desned. 

Parametric Intitude Js an auxiliary latitude used 
1m problems of geodesy and cartography. For mathe- 
matical defattion see U. 8. Coast and Geodetie Sur- 
‘vey Special Publlention No. 67, Latitude Devel- 
‘opments Connected with Geodesy and Cartography, 
by 0. 8 Adams, 1021, In astronomleal work, when 
‘the term reduced latitude Ie eed, geocentric lath 

latitndes rectifying —The latitude on a sphere ach 
that a great cirote on it has the tame length 2 
‘meridion on the epherold, and such that all lengthe 
long a meridian from the equator are exactly equal 
to the corresponding Tengthe on the epherold 

Rectitying latitude Se an auailiry latitude used 
1m probleme of geodery end cartography. For mathe- 
‘matical dettattion see U. 8, Coast and Geodetic Sur 
‘vey Special Publication No. 67, Latitude Develop- 
‘mente Connected with Geodeey and Cartography, By 
0.8. Adams, 1921 

ltitude: variation of—A mall perlodte change tn the 

tronomde lattiude of polats on the earth, due to 

‘eariation of the pote. 

Intitade eqaation—See under equation, 

Insitade level —See under level 

Teast squares.—A mathematical method of determining 
the most probable values of series of quantities 
from 4 set of observations greater in number than 
are necessary to determine those quantities. 

(Credit for the discovery in 1770 of the method 
fof Teast squares 1s sometimes given to Lagrange, 
flthough bls methoa waa lost or forgotten for some 
ime. Credit for the discovery fa more often given 
to Gaues, who used it in 1708 but ald not publish 
‘nls results’ until 1809, while tt had been demon- 
strated by Adrain tn 808. “Laplace demonstrated 
tin 1810 and tn 1812, and its theory wat compared 
‘with practice by Bessel 1a 1818. Tt rests upon the 
mathematical demonstration that where each of 
very large number of observations of any quantity 
fs of tho same quality as the others, the most prob- 
fable value of the quantity is the one for which 
‘the sum of the squares of the residual errors (ot 
corrections) 1 @ minimum. If the observations 
‘are of unequal weight, then the most probable value 
fa the one for which the mum of the aquares of 
the welghted resldunis ts « minimam, In survey 
work, the method of least squares provides a means 
of obtaining the most probable values of poattion 
‘and aasoclated data, and at the same time folly 
‘coordinating and corteating those data. The ad- 
Jorted wurvey data distributed by the U. 8. Coast 
‘and Geodette Survey are obtained by the method of 
Teast aquaree, Least squares have also deen desig. 
ated a8 “minimum equaren” 

Jett bank —See under Dank of seam. 

Legendre’s theorem —The angles 4, 5, and 0 of a sphert- 
fal triangle whose sides are a, 8, and c, rupposed 
‘very small with reapect to the radius of the sphere, 
fare equal to the corresponding nglee of a plane 
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triangle whose sides are o, 2, and c, Increased each, 

by one-thied the ephericel excess of the triangle, 
(Alternate definition.) 

In two tangles, one @ sphericel triangle whose 

aides a, b, and c are very smell In comparison with 

the radios of the sphere and the other © plane 

trlangle having sides of the same length as the 

spherical triangle, the angles 4, 1 and C of the 
erfeal triangle are greater than the corresponding 

‘angles of the plane triangle, each by one-third of 
{he epherical excess of the spherical triangle. 

"The une of Legendre's theorem greatly simpli 

the trentmont of spherical triangles in geodetic work, 
by. permitting thele solution as. plane. triangles 
‘This theorem tn named after the French mathematl- 
clan, Adrien Marfe Legendre (1752-1888), who dem. 
nutrated It, 

length correction: tape —See under tape, 

length equation.—See under equation. 

lens: achromatic—See under aoRromattc tons, 

Tena: aplanatie—See under aplanatie fone. 

Jens aris-—See under principal azis 

level: bull's-eye—See under level: olreular. 

level: chambered epiit—A level tube with a partition 
‘Bear one end which cuts off @ small ait reservotr, 
so arranged that the Iength of the bubble ean be 
regulated. 

level: clrealar——A epirit love! having the inside sur- 
“face of its upper part ground to. spherical shap 
the outline of the Dubble formed belng clreular, 
fand the graduations being concentric elrcle 

"This form of apirit Level ia used where @ high 

‘degree of precision ie not required, as in plumbing 6 
level rod of setting an instrament tn approsimate 


‘ponition, Also termed universal level, bullsye 
evel 
level: Srstorder—Seo under leveling instrument. 


level: hand.—See under leveling (natrument. 

level: hanging —A epirit level s0 mounted that, when in 
Tate, 1te level tabe is lower in elevation than ite 
points of support. 

‘A hanging level Iterally hangs from the member 
cof the surveying or astronomical instrument whose 
Doulton with reference to a horizontal line it meas- 
Urea, IC la Used in place of a striding level to 
messuce the inclination of the Rorizontat azts of the 
Droken-telercope transit. 

levels Initade.—A nenultive apirit level attached to the 
‘eletoope of an Snstroment employed for obierving 
‘atronomle latitude, In such manner that when the 
felescope ig clamped in position, the level mensures, 
{in a vertical plane, variations In the direction of the 
Une of collimation 

“A Intitude level Ie of greater sensitivity than the 
level which Is attached to the finder circle of an 
fartronomlenl instrument to ald im placing its tele 
toope at the proper inclination for bringing & elected 
(celestial object Into the fel of view at the expected 
ume. 

level: precise—See under leveling instrument. 

levels spirit (general) —A small closed vessel of trans- 
parent material (glass), having the inside surface 
of its upper part curved (elrewlar) im form; the 
‘veel is nearly fled with utd of low viscosity 
{alcohol or ether), enough free space being left for 
‘he formation of « bubble (blister) of alr and gas, 
‘which will always resume a position at the top of 
the vessel 

‘Many surveying operations depend upon the tn- 
strumental ertablishment of the plane of the Rorizon, 
‘whieh is accomplished with the ald of a epicit level. 
For work of high precision, where exact establish: 
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ment of the plane of the Rorizon in desired, a spirit 
level of great sensitivity 1s emplosed to determine 
deviations from that plane, and corresponding cor- 
‘rections are then applled to the observations. 

‘There are two types of spirit Tevels used in eux 
eying: one having the curved surface apherleal tn 
form, producing © bubble of clreular outline, and 
‘defined under the term circular level The other, 
fand much more generally used type, as 
fm the form of a elrevlar tube, the longitudinal 
‘of which is also circular inform, tf dened under 
{the term spirit level, and ls the type usually referred 
to when that term is use, 

level: apitit—A closed gage tube (vial) of circular 
‘roar section, its center line also forming a elreular 
4are, ite Interior surtuce belng ground to precise form ; 
{€ ts nearly Sled with ether or other lgwld of low 
Viscosity, enough free space being lett for the for 
‘ation of a bubble of alr and gas 

‘Tala 1a the type of spieit level used on those 
surveying and astronomical instruments which make 
tute of the Roricom (or sonith) as a reference of ob- 
servations, and which require more than an opproat- 
‘mate adjustment to such reference. When In ad- 
Justment, a tangent to the canter of the level bubble 
efines a horizontal line fp the plane of the longi. 
tudinal axle of the level tabe, with An accuracy and 
precision which depend apon the quallty of the work- 
Iapehilp and the sensitivity of the level.” ‘The sena 
tivity, sometimes termed sensibility, of a spirit tevel 
Gepends upon the radius of curvature of Ita longi 
‘tudinal soction: the longer the radius, the more aen- 
altve the level. ‘The sensitivity is rated by equating 
‘the linear length of a division between graduation 
‘marks on the level tube and ite angular value at 
‘the center of curvature of the tube, Example: 
stride level of mertiian telescope No. 0 (U. 8. Coast 
‘and Geodetic Survey), 1 division=2 mm,=1.886"" at 
12" C--A usual value for the senativity of the long 
level on a aurveyor's transit Ie? 1 division 3/20 


“A spirit level so mounted that it may 
‘be placed above and parailet with the horteontal 
foote of a surveying oF astronomical instrument, and 
0 supported in use that it may be ueed to mearure 
{he inclination of the Rorizontal gate to the plane of 
the horizon. 

‘Generally, the epirt level of a tring: level ts 
of wreater than average sensitivity, and tte mount- 
{ng has supports tn the form of Inverted wyes which 
rest directly upon the pivots on which the telesc 
fof the Instrument rotaten. It fa teed t0 make the 
{inclination of the horizontal oie quite small and 
then to measure the magnitude of any remaining 
fnelination 


‘Lack of paralietiom between 
of & apirst level vial and the line Joining 
the centers of its supports 

‘When wind (pronounced to thyme with find) te 
resent, f the apie Level Is rocked on its support, 
{he Dubble will respond with « longitudinal move. 


spirit—The line tangent to the surtace of a 
‘plritdevel tube (viel) against which the Dubble 
forme, at the center of the graduated scale of the 
evel, and In the plane of the tobe (vial) end Ste 
center of curvature. Also called axis of the level, 
‘xls of the level bubble. 

‘When the level bubbie Je in the center of the 
graduations, and the plane through the center line 
‘Of the level tobe and its center of curvature 1s 
‘Yertioa, the epleit level axis will be horlzontal, 
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level constent—See under constant. 

level correction (leveling).—See under correction. 

level lines doplieate —A line of apirtt leveling composed 
‘ot two single lines run over the same route, but in 


opposite rections, and using dlferent turning 
points, 
level line: multiple —wo oF more single lines of api 


Both tn the 
turning pointe, 
Ine 

level net-—See under aurvey net. 

level surface—A surface whlch at every polnt Is per- 
endicolar to the plumb line or the direction in 
‘when gravity acts, 

‘A level surtace is an equipotentiot surface, ‘The 
surface of a body of stil water la a level surface 
(wee weoter leveling). ‘The surface of the ocendy it 
changes caused by tides, currents, winds, atmoepherle 
Dressure, ete, are not considered, ina level surface, 
‘The surface of the geoid Ia a level aurface, Any Hoe 
lying in a level gurtace ts a level line. Ta a survey 

‘eval ourtace is sometimes treated 

surface. Level surfaces are approximately 
spheroidal In shape, the distance between any two 
level surtaces decreasing with Inereace of latitude, 
Bor example: a level aurtace which le 1,000 meters 
fbove the mean surface of the sen at the equator 

‘005 meters above thet surface at the poles, 

level trier—Am apparatus for ute im measuring the 
‘angular value of the dioiions of a spirit level. 

‘A level trier may consist of a beta mounted on 
‘2 stable bave: one end of the beam in binged to the 
base, the other end ean be moved verticaly by means 
of a mlerometer screw, the angular amount of the 
‘ovement being mearared with the micrometer, ‘The 
‘apirit Tevel is mounted on the beam, and the angle 
{through which the beam moves wile the bubble of 
‘the apirit Level travels the length of @ division te 
measured with the micrometer, 

leveling: astronomieal.—‘The determination of the fi 

old trom defcotions of the vertea 

Derometrle—A method of determining difer 

fences of elevation from diferences of atimoapherle 
‘ressure observed with a Barometer, 

By the application of certain corrections and the 
‘use of what is sometimes called the “barometric 
formula,” a diference of atmospherle pressure at to 
places to transformed into « diference of elevations 
(of those places. If the elevation of one station above 
4 datum (as seo Tevel) te known, the approximate 
‘levations of other stations connected ‘with it by 
barometric leveling can be known. By using barom- 
tera of special design, and Including several tations 
of Koown elevation in a series of oceopled stations, 
the accuracy of the elevations determined for the 
new stations is Increased. Corrections ave applied 
tor temperature, latitude, index of barometer, 

‘of elecut, diurnal vartation in atmorpherle pres 
ete. 

leveling: dicect—Tho determination of diferences of 
“elevation by meane of « continuous serles of short 
Dorizontal lines, the vertical distances trom whleh to 
‘agjacent ground marks are determined by alec ob- 
servations on graduated rods with a leveling instru 
‘ment equipbed with a spirit Level. 

leveling: fat order—Spirit Leveling conforming to the 
following eriteria: all Sret-order leveling to be dle 
‘vided Jato eections of 1 to 2 bilometers in length 
‘each section to be leveled over in both forward and 


‘Also called a simultancous double 
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Dackward directions; the results of the two runaings 
lover a section not to differ by more than 4.0 mil- 
meters times the square root of the length of the 
fection in kilometers (40 mm.VE), the equivalent 
(Of which is 0.017 foot timen the square root of the 
length of the section tm miles (0.017 t.viZ). 

‘The abore designttion and criteria were recom 
mended by the Federal Board of Surveys and Maps 
tn May 1925. Pirstorder leveling was formerly 
tiled precise leveling and leveling of high precialon, 

leveling: seodetic. “Spirit leveling of « bigh order of 
‘accuracy, usually extended over lnrge areas, to fur- 
fish accurate vertical control as a basis for the 
‘control in the vertical dimension for all surveying 
‘and mapping operations. 

‘Spirit leveling follows the geolé and tts asso- 
elated level surfaces which are lregular, rather than 
fany mathematically determined apherold or ellipetd 
fand associated regular level surfaces, 

leveling: indirect —The determination of dliferences of 
‘cevetion from (1) vertical angles and horizontal 
‘istancer, ax in trigonometric. leveling; (2) com- 
parative elevations derived from values of atmos. 
Dherie pressure determined with a Barometer, as In 
Barometric leveling; and (8) elevations derived 
from values of the boiling point of water deter- 
mined with « Ayprometer, as in thermometric level 
ina. 

leveling: precle—See under leveling: first-order level. 
“no. 

leveling: second-order—Spirt leveling which does not 
inttain the quality of fret-order leveling, Dut does con- 
form to the following criteria: ines between Dench 
‘marks established by first-order Teveling to be run In 
‘aly one direction, uslag Aratorder instruments and 
methods: oF other lines to be alvided into sections, 
‘over whieh forward and backward runnings are to 
‘be made; the closure in either cate not to exceed 
8:4 mlllimetere times the aquare root of the length 
‘of the line (or section) tn kilometers (8.4 mm.VE), 
he equivalent of whlch te 0.085 foot times te 
‘square root of the Tength of the line (or section) 
tn miles (0.035 72.7). 

‘Tae above desiguttion and criteria were recom 
mended by the Federal Board of Surveys and Maps 
tn May 1025. 

Aline 
‘pofata with respect to each other, or with respect 
fo @ common datum, by means of an instrument 
tog a apirit Tevet to establish a horlzontal Hine of 
wont. 

‘A spirit Level tn attached to a telescope tn auch & 
‘way that the aste of the Level and the line of ollima- 
Hon may be made parallel, and the level adjusted 
fo that Ste axis ie borlzoutal. ‘The aiference of 
Feadings on vertical rods held on two different 
points fe the difference in elevation of tbe points 
If the elevation of one point it knowa, the other 
flso becomes known. By a serles of progreseive 
Tevet Hines, exch comprising the observed values at @ 
flngle station, the elevations of a series of pointe 
(Dench marks) ate determined. Instruments used 
fm spirit leveling are of warious designs, to entity 
reeds based on speed, cost, accuracy, and precision. 
‘Among such types are the hand level, tho woye Level, 
‘the dumpy level, the Flacher level, ete. Spirit level 
ing has been clascifed by the Federal Hoard of 
Surveys and Maps accordmg to the accuracy of the 
resulta obtained as follows: firetorder leveling, 
‘second-order leveling, and third-order leveling. 
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leveling: thermometrie—The determination of eleva. 
‘done above sea level from observed values Of the 
bolling potnt of water. 

‘The temperature at which water boils at any 
‘point on the earth depends upon the welght of tbe 
Incumbent atmosphere at that polat. See hyp: 
tometer 

leveling: third-order—Leveling which docs not attain 
‘the quality of vecond-order Teveling, but does conform 
‘to the following criteria: lines of third-order levellag. 
fall not be extended more than 80 miles from lines 
Of frst or second-order leveling, and must close upon 
Hines of equal or « higher order of accuracy ; closing 
ferrora must not exceed 12 millimeters times the 
fquare root of the length of the line tn kilometers 
(32 mm. VE), the equivalent of which ts 0.05 foot 
times the square root of the length of the line in 
miles (0.05 ft. Vit, 

‘The above donignation and criteria were recom- 
‘mended by the Federal Board of Surveys and Maps 
fn May 1028. Third-order leveling ts used for #ub- 
Alviding loops of fret- and vecond-order leveling, and 
tw provide local vertical control for detailed surveys 

leveling: trigonometric —The determination of iter: 
fences of elevations by means of observed vertical 
‘combined with lengths of lines, See verticat 
‘anpulatio 
leveling: water—A method of obtaining relative eleve- 
‘Hone by observing helghts with respect to the eur 
face of a body of sti water 

‘The surface of « ody of still water, as of a lake, 
4m a Tove! surface (equipotential turface), and the 
relative elevations of objects along ite shores may be 
‘obtained by taking the diferences of thelr helgnte 
‘with respect to the gurfece of the water. Tt ie with 
This meaning that the term “water levela” te gener- 
ally used. 

leveling Instruments dempy level—A leveling instra- 
‘ment in which the telescope Is permanently attached 
to the leveling base ether rigidly or by & hinge that 
‘ean be manipalated by means of a micrometer screw. 

‘The dompy level takes Its name from the dumpy 
fappenrance of the early type of this instrament, the 
{elescope of which was short and had a large object 
uss.” Dumpy levels constitute one of two princi: 
Dal classes of leveling sostrumente in which most lev 
ling instruments need in surveying belong. The 
other class Is represented by the seye (Y-) level 
‘The Fischer level used by the U. 8. Coast and Geo. 
etic Survey on fret- and second-order work is 
@umpy level. Meibod of mounting the telescope and 
rot ite shape Is the Mentifying characteristic of 
#8 dumpy level. 

leveling instrament: Egault level —A French instrument 
Thaviug the epirst level attnehed to a level bar whieh 
‘lio carries yes in which the telescope rests. 

Tn the socalled w2ye level, the epirit level te at- 
tached (0 the tltcope, and in revered with 1, ia 
Hegault’s love, the telescope in reversed in the wyes 
dltoutatcubing the spt lve 

leveling instrament: first-order level —A leveling instru 
‘ment designed for the attainment of Arat-order re- 
sslts, See under Leveling: first-order. 

‘A Grstorder instrument tn generally characterized 
by spectal features of desiga, and by superior work- 
‘manshfp ia construction. “A general, but not always 
‘oruet, distinction between Instrumente used in fret 
order’ and second-order leveling and other leveling 
instruments is the following : a fratarder level 18 
carefully adjusted, and any instrumental ervora re. 
‘maining are determined by observation and applled 
‘a8 corrections to the observed diferencet of eleva 
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Hom; in using other leveling Instruments, a careful 
fdjustment of the instrument la made, and there 
ffter no account is taken of errors remetoing in the 
{ngtrument. An important characteristic of level- 
{ng Instruments used tn first-order soork at the Drew 
ent time ie a mirror and prism arrangement by 
means of which the level bubble and the level rod 
‘can be viewed at the same time, while a mlerometer- 
‘gerew control of the telescope ‘makes It possible to 
bring the level bubble to the center of its tube at 
‘the instant of reading the rod. There have been a 
number of diferent deelgns of leveling instruments 
‘used in this country on frat-order leveling (formerly 
‘alled. precise Leveling), But all such work by the 
UW. 8. Coast and Geodetic Survey In Bow done with 
fa Fischer level. 

leveling instrament: Fisher level—The offclal designs 
‘ion of the instrument used by the U. 8. Coast and 
‘Geodetic Survey in the execatlon of first-order level- 
ing. It is dumpy level, constructed of imvar, binoe- 
ular in design, having the apirt level placed tn the 
tube of the main felesoope, quite close to the Une of 
collimation. ‘The main telescope is on the right. A. 
sultable arrangement of mirror and prisms brings 
fan image of the bubble to the left-hand eyeplece, 
‘The telescope In so mounted that, by means of 
rlcrometer screw, its inclination can be changed 
through a small angle without altering its elevation. 

In use, the observer nights the rod with the right 
eye, and at the sume time views the bubble with 
he lett eye. By means of the micrometer serew, the 
Aneliantion of the telescope ty changed until the 
Dubble Is teen in the middle of ite tube the rod ie 
read with the bubble In the mean position. ‘The 
collimation error, made quite small by instrumental 
‘tdjustment, is thea determined, and a correction 18, 
‘applied to eliminate ita efect from the resulta, An 
‘ncar rod ts need, and the effects of rod temperature 
land index error considered. In the computations, a 
Towance is made for curvature of the earth and af. 
‘moapherte refraction. The Pischer level was designed 
by E. G, Fischer, formerly Chief of the Instrument 
Division, U.S, Coast and Geodetic Survey, and 
‘adopted by that Bureau in 1800. ‘The use of iwoar 
{In It construction ls of mare recent date. 

leveling instruments Gravatt level—A dumpy loved with 
‘the spirit Level mounted on top of w short telescope 
tube having « large object glass. Later made with 

"This 1s sald to be the original dumpy level, which 

0 claimed for the Troughton lovel 

Teveling instrument: hand level—A emall leveling nstru- 
Tment tn which the spirit lover fe #0 mounted that 
the observer may view the Dubble at the same time 
‘that be observes an object through the telerco 

‘The instrument is held in the hand when in use, 
‘and the viewing of the bubble te accomplished by 
means of a prism or mirror In the telescope tube. 
‘The instrument 1g used In reconnatssance curveye, 
fund in erose-aection and other work where a high 
degree of precteion and accuracy in not required. 

leveling Inatrument: Lenoic level—Am instrument which 
‘has the telescope passing through steel blocks, one 
‘ear each end, whose Upper and lower feces are plane 
fand closely parallel: the lower faces rest upon a 
clrele; the upper faces support a splelt level, 

‘whlch fs reversed in leveling the loetrument, 

leveling instruments Locke hand level—The generally 
Tenown design of a Nond level. 

leveling instruments precse level. A leveling instrument 

‘where results of @ high erder of ocouracy 
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‘See leveling instrument: 


1 precision are requlred, 
fratcorder level. 

Aeveling instrament: Stampfer Jevel—A name given a 
‘ype of leveling instrument having the telescope 
‘ube 40 mounted that it could be moved in a vertical 
plane about a horlsontal exis, Javolving the tae of 

‘triding level and a mlcrometer screw. ‘This type 

‘of instrument was also termed a Vienna level, 

‘The mechanical principle Involved was apparently 
quite similar to that of the present-day first-order 
level, "See leveling snatrument: Flacher level. 

leveling instrument: Troughton level-—An Haglish instra- 

‘ent having the spirit level permanently attached 
{othe top of the telescope tube. 

‘This ie sald to be the original dumpy Tevet, which 
fs algo claimed for the Gravatt level 

leveling intraments U. 8, Geological Survey lerd—A, 
Tevel of the dumpy type, constructed of stalates 
steel, It bas an tnteraalfocusing telescope; the 
evel bubble is centered by the end-eolneldence meth 

ree and 


‘This instrument 1s used by the U. 8. Geoloeteal 
Survey in seoond- and third-order leveling. By sub- 
stituting @ more sensitive spirit level and a more 
powerful eyepiece for the regular equipment, it may 
be used for frstorder work. The interval between 
‘todin wires te tuch that the balfnterval Sntereept 
‘on the rod, multiplied by 1,000, will give the distance 
{to the rod tn feet. 

leveling instrament: wre (¥) level—A leveling taste 
‘ment heving the telescope with attached epiri level 
supported in wyee (V's), in which it may be rotated 
‘about its Iongitudingl axis (collimation asta), and 
from which 1 may be lifted and reversed, end for 
ead. 

‘The instromental adjustments made possible by 
{his mounting are pecullar to the instrument. Tt 
orms one of two general classes of leveling instru- 
ments, the other ‘class belag represented by the 
dumpy level 

leveling of high prelalon—Seo under leveling: rat. 
‘order Leveling, 

leveling rod (general) —A atralght rod or ber, designed 
for tee in measuring a vertleal distance between & 
Point om the ground and he line of collimation of & 
eveting instrument which has been adjusted to a 
horizontal position. 

‘A leveling rod 16 usually of wood, and hes » fat 
face which Is. graduated In. terms of some linear 
unit and fractions thereof, the zero of the gradua- 
‘ona being ut one end of the rod. Some rods have 
‘the graduations on a metal face (hear rod). On 


such a rod is termed a speaking rod or self-reading 
rod, Another {Pe of rod, called & target rod, 
carries a target ‘Which is moved into position by 
{he rodman in accordance with signals given by 
the man at the instrument: when the target to 
bisected by the line of collation, itis read ty the 
rodmen. ‘There are many different designs of Toda, 
which will be found defined under leveling Pod, 
followed by the identifying name of the rot. ~ 
leveling reds Barlow —A epeaking rod marked with trt- 
gles euch 0.02 foot in height. 
leveling red: Boston.—A two-plece rod with Axed target 
"on one end. 
‘The target 1s adjusted In elevation by moving ove 
part of the rod on the other. Head by vernler 
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For heights greater than 5% feet, the target end 
Is up: for lesser hoights, the target end is dowa, 
Tt fa a Wttleused rod. 

leveling rod: Conybeare.—A speaking rod having tent 
‘ot-toot divisions, alternately Diack and white, each 
‘ivtaion having ‘on it three hexagons In the com 
traating color, white oF black 

leveling vedi Gravatt—A epeaking rod, marked with 
rectangles each 0.01 foot high, the rectangles at 
the tenthe of foot belng longer, and those at the 
alt-tenths being Identified by dots. 

leveling rod: invar-—A leveling rod having the gradu. 
"ons paiated on @ strip of near. 

‘The strip of invar ts set into the face of the 
‘wooden 704, firmly attached to the bottom of the 
od (rod shoe), and held in place by guldes and by « 
tension spring’ at the top of the rod. Invar rode 
fare used In frstorder Leveling. 

leveling Tod: Molitor precine.—A speaking rod ot T- 
Shaped eross rection, with graduation marks shaped 
‘tt trlangles and rectangles, the smallest division 
being 2 millimeters 

‘Head by. estimation to aingle millimeters 
quipped with thermometer and ciroulor level. 

leveling tod: New York—A two-plece rod with movable 
‘are, 

Dor helghte greater than 6% fect, the target Is 
clamped at 0% feet and raised by extending the rod. 
Graduated to Rundredthe of & foot and. rend by 
bvernier t9 thousand, 

leveling rod: Pemberton—A speaking rod marked with 
Taiternate rows of circular and diamond-shaped dots, 
rromning diagonally across the 70d. 

‘Reed to hundredths of a foot 

leveling rod: Philadelphia. —A two-piece target rod, with 
‘raduation marks so styled that It may also be used 
ea apeaking rod. 

For heights greater than 7 feet the target is 
clamped at 7 feet, and ralsed by extending the rod 
‘Aa a targct rod it Is read by vernter to thousandthe 
of a foot; as 8 speaking rod, to halt-hundredtns, 


leveling rod: Stephenson —A speaking rod having grad- 
ations forming a diagonal scale, with horizontal 
Tines through the tenth-offoot marks, 
"This rod la read to hundredths of « foot. 
leveling rod: target—See under leveling rod (general). 
leveling rod: U-S. Coast and Geodeti Survey Rertorder.— 
“Adopted In’ 1916, the rod now used lo fret- aud 


tension apring at the top of the strip, Its bottom being 


Srmly attached to the shoe of the rod. The 
invar strip earrieg centimeter divisfons, alternately 
black and white, and i8 read by estimation to mill. 


Iietera.” The back side of the rod fe graduated In 
feat and tenths. Tt is equipped with thermometer 
fand ciroular level. Sometimes ealled an tnvar rod. 

leveling rod: U. 8. Const and Geodetle Survey rods— 
“Leveling rode used In the execution of frstorder 
(lormerly precise) and second-order (formerly pri. 
‘mary) leveling, before 1895, A target rod having 
Draduotions on @ metal strip about & meters long 
fet In Wooden rod of plus-sign (++) cross vection, 
the lower end of the strip Armly attached to the 
‘wooden rod, the upper end free to respond to changes 
of temperature. Pointings mede on target equipped 
‘ih emall metal scale, 

‘About 1804, a rod of plus-sign (+) cross section 
‘was constructed, having graduation marks painted 
fo show Leentlimeter intervals, brass plugs belng 
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set at centimeter intervals. ‘The rod carried a 
target and was read to millimeters by means of & 
Deentimeter seals. It was equipped with a ther- 
rmometer aad a efroular level. ‘This rod was replaced 
swith a speaking rod of plusslgn (++) eross section, 
Raving painted on It graduation marke of 1 cent: 
ameter, read by estimation to millimeters. ‘Two metal 
luge set in the rod 8 meters apart were used In 
fee standardization. Tt wat equipped with ther 
rmometer and clreular level. Tn 1916 the rod now 
{mn use was adopted. See under Leveling rod: U. &. 
Goaat and Geodetic Survey Aret-order leveling rod. 

leveling rod: U. 8. Engineer precise. A apeaking rod 
‘of T-shaped erosa section, 12 feet long, graduated 
in centimeters 

leveling red: Us 8, Geological Survey precise-—1. A. 
‘peaking rod. gradueted In yardy and fractions 
ofa yard. Tt is read for each of three cross wires 
to the nearest thousandth of @ yard. The sum of 
the three Feadiags is then the mean reading In fect 
to the nearest thousandth, 2. A target rod of plus- 
sign (++) cross section, a little over 12 feet in 
Tenge. 

‘There are two forms of this rod: the single-target 
rod, having graduation on one face only; and the 
ouble-target rod, with graduations on two opposite 
facet, 

line of apsides.—The major axle of an ellipteal orbit 
extended Indetnitely In both directions. 

tine of collimation —-See under collimation 

line of leveln-—A continuous series of measured difer- 
fences of elevation. The individual measured difer- 
‘ences may be slagle observations ia the caso of sing! 
tun leveling or the means of repeated observations 
In the ease of double-run leveling 

Hine of levels: apsr-—A line of Tevele run ax a branch 
‘rom the main line of levele, either for the purpose 
of determining the ‘elevations of marks ‘not con: 
‘venlently reached by the main line of levels oF to 
fonnect with tidal bench marke or other previously 
fitabllshed Dench marts ip obtaining checkt on old 
Jeveling elther at the beginning or end of & line of 
levels oF at Intermediate junctions along the new line 
of levels 

tine of postion —Any line on which a position fs known 
fore located. A Sumner line 
‘Line of position or position line Is a more general 

term than ‘Sumner line, whieh it nelades, 

© of sight—See Under collimation: line of coltima- 

Hine tree (Uaited Staten publictand surveys 
Tatersected by a aurveyed line on which Legal corners 
fare established, and reported io the eld. notes of 
the eurvey. Also termed a aight tree, foreand-aft 
tree. 

Jines on w spheroid —Seo under apherold. 

Tink.—A waif of near mensure, one one-hundredth of a 
chain, and equivalent to 7.92 Inches 

See under chain: Gunter’ chain. 

Tink (leveling) —A line, a part of « Tine, or a combina 
tion of lines oF parte of lines of Tooele, which, taken 

3 a unlt, make a continuous plece of leveling dl- 

rectly from one function bench mark to another 
Junetion bench mark without pacsing through oF 
‘rer any other Jonetion bench marks 

link of levels-—See Zink (leveling). 

Toca! adjestuent—See under adjustmen 
Jusioent 

local apparent time —See under time, 

local mean time—See under time, 

Toeal sidereal time.—See under time, 

cation survey.——-See under eurvey. 

‘Locke hand level —See under Leveling instrument. 
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Jong ehord—The chord which extends from the potat 
‘of curvature to the point of tangoney. Seo under 
‘curve: potnt of curvature; point of tongency. 

‘in descriptions of a clreular land boundary, the 
length and Dearing of the long chord 1s aa important 
feature, 

ongitede (genera!) —A coordinate distance, linear oF 
‘angular, from @ north-south reference line. 

Jongitede: astronomle-—The angle between the plane ot 
‘he celestial meridian and the plane of an initial 
‘meridian, arbitrarily chosen, 

“Astronomle longitude Is the longitude which re- 
suite directly from observations on celestial bodtes, 
‘uncorrected for deflection of the vertical, the prime 
‘ertieal component of which, in the United States, 
may amount to more than 18”, Astronomie lon 
ftude Ie measured by the angle at the eclestal pole 
Detveeen the tangents to. the local and the initial 
‘meridians, or by the are intercepted on the equator 
Dy those meridians, At an international convention 
end in Washington, D. C, tn 1886, the Meridian of 
Greenwich was adopted as the initial oF prime meri 
{an for all lonpitudes, and le now generally ro used. 
‘An expression of longitude fe sometimes accompa 
Jed by'a statement of the method used in Ite deter- 
alnation, often in adjective form, as "wireless long 
{tade,”" ‘This may serve ag an indication of its prec 
‘om. Among the varlous methods used are the 

‘celestial signals —The local time at the new sts 
tion of the occurrence of celestial phenomena ls com 
‘pared with the corresponding time of the occurrence 
‘Rt tase tation, Among such phenomena are 
‘otipace of the Moon, eolipece of Jupiter's satellites, 
‘ccuttations of stare, ete. 

‘chronometrie.—The loeal time at the new station 
4s compared with the time at a base station by tram 
‘porting chronometers from one station to the other, 

Tunar-distance, moonaltitade, moon-culmination, 
te ‘The local time at the ew station fa compared 
‘with the time at a bace station, both times being 


Getormined from the position of the moon relative 
to other celestial boates. 


(ea base station by meant 
fof the electrle-telegraph landlines and sea cables, 
terrestrial slguals.—-Local timer noted at new and 
‘base stations of the occurrence of such algnale as a 
‘ash of gunpowder. 

‘wirslestThe Tocal time at the new station te 
compared with the time at a base station by means 
of radio. 

longitude: celestial_—tTho are of the ecliptic intercepted 
TDetween the vernal equinos and the foot of great 
circle perpendicular tothe ecliptic and passing 
‘rough the object whose longitude is to be defined. 
(Celestial longitude a meastred along the ecliptic 
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trom weet to east. It ls not the same as astronomic 
longitude and docs not enter into usual problems 
oe murveying 

longitudes geodetic —The angle between the plane of the 
jeodetio meridian and the plane of an initial merid- 
fam, arbitarily chosen. 

"A ‘geodetic longitude may be measured by the 
‘angle at the pole of revolution of the sphercid be- 
foreen the loeal and Initial meridians, oF by the 
are of the geodetic equator intercepted. by those 
‘meridions,. In the United States, geodetle longitudes 
‘tre numbered from the Meridion of Greentoich, Dut 
fare computed from the Reridian of station Mendes 
Ranch as preseribed In the North American datum 
of 121, In recording geodetic position it la essential 
that the geodetic datum on which It is based also 
be stated.” A geodetic longitude differs from the cor- 
responding astronomic longitude by the amount of 
the prime-vertical component of the local detection 
of the vertical divided by the cosine of the latitude 
Tn this country, thie may amount to a4 much a8 20°", 

longitude: geographie—A general term, applying alike 
0 astronomio and to peodetio Longitud 

longitude eauation —See under equation. 

longitede signal—See under signal. 

longitude term—See under gravity formula, 
Fan.——A pulse-type electronie navigntion system for 
‘measuring distance diferences with respect te Axed 
transmitters of known geographie position. 

‘A Toran receiver maybe located on a particular 
‘hyperbola by measuring the difference in arrival times 
‘of pulses sent ina synchrorous manner from a single 
palr of loran transmitters. ‘The receiver may also 
be loeated on another hyperbola by a similar time 
measurement relative to another pair of tranemi 
ters. Intersection of the byperbolas Sixes. the lo- 
cation of the receiving point. Loran fixes may be 
obtained at a range of 750 nautica! miles in deslight 
‘and 1400 nautical miles at night, and are very 
‘early independent of ‘weather conditions. ‘The 
precision of a loran fle ta comparable to that ob- 
{aimed by high grade erlestial observations with & 

lost corner (United States publiedand surveys) —See 
under corner. 

lower ealminntion-—See under culmination, 

loworater line—The line dened by the boundary of @ 
‘Doay of water at is lowest stage (elevation) 

"Ae there may be appreciable variation with tine 
1m the clevation of the low-water surtace at a deni: 
rated locallty, x mean value of the low-water eleva: 
tlon should be used in determining the ground post. 
tion of the low-water line. See. mean low ater, 

loxodreme: loxodromie eurve-—See under rhum® line, 
Taner month—See under month. 

Tamation.—See under month synodical month, 
‘Daron datum.—See under datum, 


M 


magnetic chart—See under chart 
magnetic declination —The Dearing (reckoned east oF 
‘west from the north branch of the celestial meridlan 
Plane) of magnetie north as determined by the posl- 
{ve pole ofa freely suspended magnetic needle which 
fs subject to no transient artifelal disturbance. 
In nautical and aeronautical navigation the term 
erietion is uned instend of declination, and the angle 
Ig called varlation of the compass oF magnetic vorle- 
tom. 


magnetic varation.*—Regular or irregular change with 
‘me of magnetic declination, ip, oF intently. 
Tn navtleal and ceroaautien! navigation, and. in 
some localities surveying, the term variation is used 
Anstead of, end meaning, magnetic declination, ‘The 
regular varlations are secular, the change from year 
‘to sear which usually extends for many decades tn 
‘the same direction; annual, having a period of one 
year and dluraal, having a daily period. ‘The ireg- 
Ular variations are knowa, when severe, es magnetic 
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storms, Locally the magnetic fed may be affected 

by dizect-current electricity and other artifclal dis- 

turbances, It was once a common practice of Ut. 

‘yevors to denote ae variation the net amount by 

‘whch the compass departed trom the direction taken 
orth in the description of a particular line, even 

‘when thie was known to be slightly at varlance with 
the eeleatiah meridian. 

smnin-echeme station —Seo under atation: principat sto- 
‘tion. 

manomeler—A gage for measuring the preswure of & 
es. 

Tn obserring the Mendenhall pendulum, the re- 
cofoer in which It is swung Is exhausted of alr tow 
Dreseribed maximum pressure. A manometer com 
Posed of a Uahaped tube, closed at one end and 
contataing mercury, 18 placed In the receiver to 
restater the alr pressure. 

map*-—A representation on a plane surface, at 
‘stnbllshed scale, of the phyateal features (natural, 
frtificlal, or both) of w part or the whole of the 
‘earth's surface, by means of sigue and symbols, 
‘and with the means of orientation Indicated. Also 
{2 similar representation of the heavenly bodies. 
Avmap may emphasize, generalize, oF omit the 
representation of certain features to satiety specie 
Fequlrements. The type of information which & map 
{is designed primarily to convey 1s frequently used, 
fn adjective form, to distinguish It from maps of 
other typen. A map chould carry a record of the 
projection upon which it Is constructed 
sp: aerial.—See under chart= aeronautical chart. 
‘map: serial navigation —See under chart: aeronautfeat 
‘chart. 
map: air navigation—See under chart: aeronautical 
‘hart. 
map: aviation—See under chart: aeronautical chart 
map: batet—A map on which Information may be 
‘Placed for purposes of comperiton or geographical 
correlation. 

‘The term base map was at one time applied to a 
class of mage now known as outline mops. Tt may 
be applied to topographic mape, also termed other 
mape, which are Used in the construction of many 
‘pee of maps by the addition of particular dat 

yun and fruck.t—A epeclatpurpose map showing 
‘routes ured OF suitable for uge in commercial trans 
portation by motor vehicles 
imap: cadastral—A map showing the boundaries of 
‘subdivisions of 1end, usually with the bearings and 
lengthe thereof and the areas of individual tracts, 
tor purposes of describing and recording ownership. 

‘A cadastral map may alto show ealture, drainage, 
fand other features relating to the value and use of 
and. 

map: compllod.¢—A map incorporating information col- 
‘ected from various sources, not developed by eurveys 
rade for the special purpove of the map In question, 

‘Most emailccale mape of large areat are com 
piled. 

imap: composit.*—A map which portrays information 
‘of two or more general types. 

‘A composite map is usually a complied map, bring- 
{ng together on one map, or purposes of comparison, 
ata which were originally portrayed on separate 
maps 

‘map: contour.t—A topographic mop which portrays 
Pellet by means of contour lines 

‘The form “contoured map" Is dlsapproved. 

map: county.*—A map of the area of a county 


‘alt, 
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‘map: dlstribution.*—A map which shows the geoprapho 
‘arrangement of @ specie product, commodity, oF 
Tormatton 

Distribution maps may be nonquantitative oF 
‘quantitative. Nonguantitative distribution ‘mape 
‘may be simple, compound, dowinant, ete, depending 
fpon the character of the detall portrayed. Quan- 
tative distribution Ie statietcal in character. 

map: dynamict—A map designed to show motion, 
‘ction, oF change. 

‘A dynemle map Involves an clement of time. 
‘The term may be applled to mope depicting trame 
‘ow, migration, military movement, progress ia. 
‘engineering project, Bstorieal geography, ete. Varl- 
ous symbols, such’ as flow linea and arrows, are 
‘employed to’ depict morement, or a dynamle map 
‘may be @ composition of two of more statle man 
Geplcting comparable data at stated dates or times 
plan of a proposed development 1s not a mop. 
‘Toerefore, the use of the term dynamic map to de- 
scribe such a plan is disapproved. 

imap: engineering.*—A mop showing information that 
‘is essential for planning an engineering project oF 
development and for estimating Sts cost 

‘An engineering map Is usually a largescale map 
of a comparatively emall area or of route, Tt 
‘may be entirely the product of an engineering. eur- 
vey, oF rellable Information may be collected trom 
various sources for the purpose and assembled on 

map. 

hemispherical. —A map of one-half of the earth's 

‘urtace, bounded by the equator, or by meridians. 

‘The earth is usually eonsldered divided elther at 
the equator, into the northern and southern hemle- 
heres, or along some meridian between Europe and 
America and continued around the globe, Into eastern 
‘and western hemispheres. The division used In 
cartography 1s usually along the meridian of lonot- 
tude 20" west of Greenwich. The Americat are in 
the Westera Hemlsphere. ‘The division of the eur. 
face of the earth into hemlapheres of politcal slg: 
alfcance ts not a determined matter, 

map: hlghway.*—A map on which the location of imm- 
‘roved roads and highways ir shown, 

map: hypsographle.*—A topographio map on which ele- 
‘eationa are referred to a sea-level datum, 

‘Sometimes called a hypeometrle map, the use of 
‘whieh term is disapproved, 

map: hyptometre.t—Disapproved. 
‘hyptographte map. 

map! indes.*—A map which shows tho locetion of eol- 
Tectlons of related data, whether In the form of other 
‘mape, or statistical table, or descriptive in cbaracter, 

Tndex maps may be used to show references to the 
fotlgin, place of depostt or Sling, and other common 
characteristics (Identifying quality) of such data. 

large seale—See under map scale: fractional, 

‘map: outlin.*—A map which presenta just suflent 
‘Eeographic Information to permit the correlation of 
‘daltional data placed upon it, 

‘Outline maps correspond to what were at’ one 
‘time known as Dose mape. Outline maps usually 

ines, principal rivers, major civil 

Doundaries, and large cities, leaving ae much space 

ble for the reception of particular data.” An 
outline map presents les detail than a dove map. 


See under mop: 


ston of reliej in measureable form. 
‘The natural features usually shown on a planimet- 
Hle map include rivers, lakes, and seas; mountains, 
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valleys, and plains 
Aeserte, ‘The caltural features include cities, farme, 
transportation routes, and public utility facie 

polltial and private boundary lines. A. planimetrie 


‘Drimariiy for the use of the Postal Service 

‘Postal features are emphasized and the mops are 
‘composed to show postal information to the beat a 
‘vantage. A lst of “Oflcial Postal Mape” is pub. 
Unhed by the Post OMee Department, Washington, 
Dic. 


map: post route\—Any postal mop of a Stato, Terzt- 
tory, of Island possession of the United States, pub- 
shea by the Post Ofice Department. 

‘Bach post route map shows all post offices within 
‘the area which It represents, Indleates the method 
‘and frequency of mail supply, and gives intermediate 

stances on mail-supply routes. County Doundari 

fare delineated, and all county names are shown. Also 
Shown are the principal drainage features, but no 
highways, and only those rallroads which carey mal 

map: tecontalesance.*—A mop incorporating the 
formation obtained In a reconnaiaronce survey, and 
‘eta obtained trom other sources. 

‘A reconnaissance map difers from a map based on 
tan exploratory eurvey by providing greater detal, 
selected to serve a speclal oF general purpose. See 
‘lao reconnatesonce. sketch. 

map: rural delivers —A. postal map of a county of 
locality on which roads travelled by rural carriers 
fre dlatingulshed, and on which are shown the loce- 
ton of post oflecs, houses, achools, and churches at 
the time the map wae dratra, 

‘Rural delivery maps are on a scale of about 1 
neh equals 1 mile, and are divided Into two groups: 
county mope and local mopt. Where much of the 
fea of a county 1s covered by ruraldelivery service 
fand adequate survey data are available, a county 
‘map le prepared showing all routes served from the 
Dost ofces within the county, Where no county map 
Ibas been prepared, local map te constructed for 
feach post offce and the area which It serves, 

‘map: school and bus.t—A map showing schools and the 
‘Toutes of Dussos serving them. 

rap! small seale—See under map seale: fractionat, 

sap: eptcal-parpose.*—Any map designed primarily to 
‘meet specife. requirements. 

‘Usually the map information portrayed on « spe- 
lal purpose imap ia emphasized by omitting or #ub- 
ordinating other information of a general character 
‘whlch ls not essential or Is of less importance to the 
arpore to be served, ‘The special purposes for 
‘whleh maps are designed and used are numerous 
‘tnd are Increasing with the trend toward the graphle 
portrayal of factual information in relation to the 
‘reas of offein or application, The map, in most 
cates, serven ax a bare on which special information 
{is correlated. A word or phrase is usually employed 
to deserlbe the type of information which a mop Is 
designed to present, whether for general oF speclal 
we. Definitions for a number of special-purpose 
‘maps will be found under thelr specite names 

map: Siate*—A map of the area of a State as a unit. 
imap: State base.t—A base map of the area of a State 
‘the watt. 

‘Emphasleing no one type of Information, such 
‘8 map is suitable for overprinting tnformation for 
freclal purposes. The term is frequently used to 
Aeseribe Beate maps that are issued by agencies of 
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‘the Federal Government, whlch are not copsrighted, 
fand are used by goverament and private agencies as 
bases on which to portray special Information, 

‘map: statl*—A map that portrays information as of 
1 single date or time. 

Moat maps are static mape, presenting Informa 
ton as of given date, Statle maps presenting com- 
erable data as of diferent dates may be combined 
Into a dynamic mop. 

‘opographie*—A map which presents the horl- 
‘ontal and vertical positions of the features repre- 
ented; dlatingutshed from a planimetrie map by the 
‘Addition of retef in measurable form. 

‘A topograpble map usually shows the same fea- 
tures as a planimetric map, ut uses contours oF 
comparable symbols to show mountains, valleys, and 
plains and, In the ease of hydrographic charts, sym- 
Dols and numbers to show depths in bodies of water. 

: Topegraphle Map of the United Staten.s—The Fee 
‘ommended designation for the topogrephio map of 

the United States belng prepared of quadrangle areas 

{in atlas sheet form, chiefly by the United State 

Geological Survey. 

"The map portrays all basle Information about To- 
cation, elevation, and extent of phyatesl and cultural 
features that are required for preliminary economle 
‘and engineering. studies, and for {ncorporetion in 
1 bage for mapa prepared for special purposes, ‘The 
‘use of various other terme which have been applied 
{to this map ts disapproved.” ‘These include the fol 
lowing: standard topographte map of the United 
States; general base map ; feneral topographle map; 
general utility map; general tility map of the 
United States; general uillty topogrephle map of 
‘the United States; and possibly others. 

maps Transportation Map of the United States.\—The 
‘ficlal designation of the map which Is being pre- 
ered (1042) for the Publle Roade Administration 
by the United States Geological Survey, on whieh 
fare shown, as of a specified date, all improved trans. 
portetion ‘routes In the United States, Incloding 
‘Bighways, railroads, air, and inland water routes. 

‘The mop will conelat of 488 regular sheets, 26 by 
86 inches 1a size, scale 1: 250,000 (approximately 
A tnoh to 4 mites), and of special maps of large 
titles, sate 1 128,000, which may be published 
feparnte sheets or az inverts on the regular sheets, 
‘The designation general highway and transportation 
‘map, which has been used for this mop, te dle: 
approved. 

rap projection (general) —An orderly system of lines 
‘on a plane representing corresponding system of 
Imaginary nes on an adopted terrestrial or celee- 
‘al datum surface. "Also the mathematieal concept 
‘of such a eystem. 

For maps of the earth, & projection consists of « 
network (graticule) of lines representing parallels of 
latitude and meridians of longitude, or of gd 
bused on such poratiels and meridians. A map pro- 
Jection may be derived by geometrical construction 
‘or by mathematical analysie, ‘The mathematleal cot 
apt of map projection ts the mathematical principle 
lupon which It 18 based, expreseed as formulas for 
computing the elements of the profection and tables 
used tn constructing. its graphleal representation 
(Gratieute or grid). Projections derived by mathe- 
imatieel analysis aro gonerally used for mope con- 
structed with survey data. Map projections vary 
‘considerably tn thelr characteristics, according to 
‘the qualitien whieh they preserve in the mapping, 
and the methods by which thls ts sccomplised, 
‘They are classed (1) according to the character. 
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{stios whlch they preserve, as conformal, equal area, 
‘arimuthal, ete; (2) according to the methods used 
In thelr development, ax polyconic, gnomonic, atere 
corapho, ete.; and (8) according to the names of 
{heir authors, often coupled wlth some characters 
tc, a8 Mercator, Bowne, Lambert with two stondard 
‘parottels, ete. Thy various map profections ate de 
‘ned under thelr particular designations. 
rejection: Altaf equal-aren.—A Lambert cqual-areo 
@simuthal projection of a hemisphere converted Into 
{map projection of the entire sphere by e manipats- 
tion suggested by Alto It ls a projection bounded 
by an ellipee in which the line representing the 
equator (major axis) 1a double the length of the line 
representing the central meridian (onlnor axis) 
‘Tablet for constructing this projection are pre- 
pared arithmetically from the tables for the Lambert 
‘equatares meridional map projection. 
map. projection: Albers conical equal-eree—An equal 
‘area mop projection of the so-alled conical t7De, 
fon which geopraphlo meridians are represented by 
Straight Ines which meet at @ common point ; this 
common point serves as the center of a series of ares 
of circles which represent the geographic paraltl 
Meridiano ‘and parattele intersect in. right, angles 
Along two selected. poraliels, called standard. par- 
altel, the sate ts held exact ; along the other par 
fel, the teale varles with the latitude, but 1s com: 
stant along any given parallel. Between the standord 
Daratlels, the meridional acale ta too great beyond 
‘hem, to small. At any polnt on the projection, the 
departure from exact acate along a poraliel is of the 
‘opposite sign trom the departure from exact scale 
along the meridian, and the two are 60 related as to 
Produce an equatares map. projection.  Paselng 
rough every polnt are two lines of truclength scale 
‘whieh fatersect in right angles; these are called 
teaperimetrio curves, 
"This projection was devived by Dr. H.C, Albers in 
1808, 


tie—A map projection which is 

‘ether a conformal map projection not an equal 
area map projection. 

map projection: aathalle—An egualarea mi 
ection. 

rep. projection: antogonal—A conformal map projee- 
Vion, 

‘The term autogonal, meaning conformal, is seldom 

tueed.” Tes future use should be avolded. 

sap projection: asimuthal (or zenithal) —A map projee- 
tion on which the aximuthe ot dircotione of all lines 
radiating from a central potat oF pole are the seme 
fas the avimuths or directions of the corresponding 
Tines om the ephere. 

"Aa a class, aximathal map projections include @ 
umber of special projections; these are described 
‘onder thelr particular designations. An azimuthal 
‘map projection may be constructed having two polet 
fof points, lines from which are shown in correct 
‘eimuth, "Such a projection is termed a doubiy ast 
‘muthat map projection. 

imap projection: azimuthal equidistant—An astmuthot 
‘mop projection on which straight Hines radiating 
{rom the center or pole of profection represent great 
‘circles In thelr true asimuths from that center, and 
Tengths along those lines are of exuct scale 

‘Taig projection is aelther eguatarea nor con- 

formal. 

imap projection: Bonne—A modlted equolares map 
‘projection of the so-called conteal type, having lines 
epresenting a standard porailel and a central mort 
4am intersecting near the center of the map. The 
Une representing the contrat meridian (geographic) 
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fs stralght and the scale along it te exact. All 
‘geographic paratiets are represented dy ret of con- 
‘entrie circles at thelr true distances apart, divided 
to exact scale, and all meridions, except the central 
one, are curved ines connecting corresponding points 
on the parattets 

‘This projection ts strictly equat-area. A partiea- 
lar form of this projection Is the Sanson-Flomateed 


or sinusotdal map projection, in constructing WwAteh 
the equator is used aa the atandord parallel 
aap projection: Cassinl.—A conventional map projee- 


‘don constructed by computing the lengths of area 
Jong & selected geographic meridion and along a 
‘great circle perpendicular to thet meridian, and 
Plotting these as reetongular coordinates on a plane. 
prolection: conformal.—A mop projection on which 
‘the shape of any small area of the surface mapped 
I preserved unchanged. 
Contormal map projections are sometimes termed 


orthomorghic ‘map _ projections, -“orthomorghle” 
meaning “right-ahape”s thin ir misleeding because, 
Je the area mapped is large, its shape wil not be 


preserved, but only the shape of each small section 
ff it. The exact condition for a conformal tap 
projection fs that the scale at any potnt be the same 

In all directions: the scale may change from point 

to point, but at each point It will be Independent 

fot the astmuth. “Among the more important con: 
formal map projections are the Mercator, the atere. 

‘graphic, the transverse Mercator, and the Lembert 

conformal mop projections: the latter two are used 

In the Btate coordinate systems, 
imap projection: eonle—A map projection produced by 

‘rojecting the geographic meridians ‘and poralile 

‘onto a cone which is tangent to (or intersects) the 

‘surface of a sphere, and then developing the cone 

{nto e plane 

‘There are several methods of passing from the 
sphere to the cone, most of whieh are. analytical 

{character and do uot admit of graphical con- 

struction. For example: the Lembert conformal 

‘conic map projection, A perspective map projection 

‘rom the center of the aphere would admit of graphi- 

fal construction. Conte map projections may be 

Considered a including evlindrical map projections 

‘when the apex of the cone is at an Jadaite distance 

from the sphere, and projections on tangent plane 

‘when that distance is sero. Conle map projections 

Ihay be lustrated with a single cone which Ie tn. 

eat to the aphiere, or whlch cute the sphere slong 

two parailets; or there may be a series of tangent 
ones, all with apices on an extension of the axis 
fof the sphere, at constantly Increasing (or decreas: 
fag) distances from the sphere. While a cone of 
‘ones. mey be used in illustrating the conic map 
projections, eure must be taken not to consider such 
projectione as geometrical concepts, which most of 
them are not, 
projection: cylindrieal.—A map projection produced 
by projecting the geographic meridians and paraltete 
onto a eslinder which Is tangent to (or Sntersects) 
the surface of a sphere, and then developing the 
colinder into a plane. 

‘There are several methods of passing from the 
sphere to the cylinder. Some of these are analytical 
im character, and donot permit of graphic’ con- 
struction. For example, the computation of the 
Mercator map projection. Other methods may be 
‘tenned geometrietly, and the projection constructed 
graphically. For example, the eylindrica! equal: 
spaced map projection. Both groupa of projections 
tre spoken of as eylindrieat projections. All of them 
‘aay be llusteated, and some of them demonstrated, 
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by means of a cplinder tangent to a ephere, cut 

along an element, and fattened into « plane 

rejection: erlindrleal equal-ares.—A cylindrical 

‘map projection upon s cylinder tangent to a sphere, 

owing the geovraphic meridions as a fatally of 

‘equal-spaced parallel straight lnes perpendicular to 
‘second familly of parallel straight lines whieh rep- 

Fenent the geographic parallels, and which are #0 
spiced as t9 produce an equatarea map projection, 

‘The equal-area condition preserves a constant 
ratio between corresponding ground and map areas. 
‘Tals projection must not be confosed with the 
Mercator projection to whieh It Deate tome general 
resemblance, 

‘map projection: eplindrleal equal-epaced—A oylindricat 
‘map profection upon a cylinder tangent to a sphere, 
Showing the geopraphic meridiane as a family of 
fequel-spaced parallel straight lines perpendicular to 
‘second family of equalspaced parailel stratght 
lines which represent the geographic paratiels. 

‘Tho spacing of the parallels need not be the same 

that of the meridioma, 

imap projection: doubly aximuthal—An azimuthal mop 
projection having two poles 

imap projection: equal-erea.—A map projection on whieh 
1 constant ratio of areas is preserved : thet 1s, any 
given part of the mop on an equalaren projection 
Dears the same relation to the area on the sphere 
which It represents as the whole map bears to the 
tntire aren represented 

‘On an equalarea map, a definite aren auch ae a 
favare inch, will represent a constant area on the 
phere, no. matter oo what part of the map the 
fstvare doh fe located, Also called an equivalent 
‘map projection, equalaren map Projections comprise 
fan extensive class of particular projectlons, some of 
‘them of considerable usefulness. 

map projection: equivalent-—-See under map projection: 
fequabarea map projection. 

‘projection: geometrie—See under map projection: 

‘rofection 
1r-—-A map projection represent 

‘ng & hemiaphere, on whch the equator and a cen 
tral geographic meridian are represented by straight 
Hines intersecting at Tight englee; these Lines are 
‘irided nto equal parte, All meridians, except 
the central one, aro. represented by clreular ace 
fonnecting poluts of equal division on the equator 
{ith the poles, ‘The parallels, except the equator, 
fre elreular arcs dividing the central and extreme 
‘outer meridiana into equal parts. ‘The extreme outer 
‘meridion limits the projection and 1s & fall clrle, 

map projection: qnomonie—A perspective map projec. 
‘ion on a plane tangent to the surface of a sphere, 
having the polnt of projection at the center of the 
sphere. 

‘The projection 18 neither conformal nor equat- 
area. This the only projection on Which great ellen 
fon the ephere are represented as etraight line, 

imap projection: homolographle (homalographle) —An 
‘equalarea map projection. 

"Tats term ie found fm the designations given some 
particular map projections, such as the Mollweide 
Jomalographio profection. 

map projection: International Map of the World —A 
‘modified polyconto may projection, with two stand- 
Grd meridians along which the seate te held exact, 
‘The acate of the mep is 1: 1,000,000 ; the neographic 
‘meridiana are represented by stralght lines connect: 
{ng corresponding points on the top and bottom 
‘eopraphic parallel lines of the profection which are 


truly aivided, ‘Theee lines representing the paratlets 

are arcs of circles, not concentee 
up to latitude 60°, each sheet of the International 

‘Map of the World tncludes 4° of latitude and 6" of 
lonpitude; above latitude 60°, the sheets are double 
‘widen, that Ia, each covers 4°'of latitude and 12° of 
Tomoitude. It aleo called the millionth acale map 
fof the World. The projection was devised by Lalle- 
‘mand in about 1008. 

map projection: Lambert azimuthal (polar) —A Lambert 
equal-aree map projection with the pole of projection 
ft the pote of te sphere, and the radil of the circles 
‘Which represent the geographic parallels correspond- 
Ing to the chords of those parallel. 


projection: Lambert zenithal (oximuthal) equal-orea. 
rap projection: Lambert conformal conie.—A conformal 
‘map projection of the soled conten! type, on which 
All geographo meriaiens are represented by straight 
Tines whieh meet in a common point outede the lim 
{ts ofthe map, and the geographe paralale are repre- 
sented by a aeties of arcs of elreles having this com 


‘mon point for a center. Meridians and. paraitels 
intersect in right angles, and angles on the enrth are 
correctly represented on the projection. ‘This pro: 
jection may have one stondard parallel along which 
‘the soate ip held exact; or there may be two Ruch 
standard parallels, both malatelning exact seale 
‘At any point on the map, the scale le the same in 
‘every direction, It changes along the meridians, 
fand ls constant along each paraitel, Where there 
fare two standard parallels, the weale between thors 
Daralile Is too tail; beyond them, 00 large 

"The Lambert conformal conie map projection with 
two standard paraltle ig the base for the State coor 
dinate ayatems devised by the U. 8. Coast and Geo. 
fetie Survey for zones of limited north-south dimen 
lon, and’ indefinite east-west dimension. In those 
systems, the standard poratlels are placed at dls- 
tances of onesixth the width (north-south) of te 
sap from Its upper and lower limits 

map projections Lambert equalares meridional —Sce 
‘under map profection: Lambert zenithal (azimuthal) 
equal area, 

ofection: Lambert zenithal (aximathal) equal 

‘trea —An azimuthal map projection having the pole 
Of the projection at the center of the area mapped. 
‘The azimuthe of great circles radiating from this cen: 
ter (pole) are truly represented on the map; eatal 
distances om those great olrcles are represented bY 
fequal Iinear distances on the map, Dut. the tale 
flong those great circle lines eo varies with distance 
from the pole of the projection, that an equatarea 
projection in produced. 

‘When the pole of the projection ison the equator, 
te projection is called the Lambert central equiva 
Tent projection upon the plane of the meridian also, 
the Lambert equal-ares meridional projection. 

map projection: Merentor-—A conformal map projection 
‘ofthe so-called eylindrieal type. “The equator ie rep 
Fovented by a straight line true to sotle; the geo- 
raphto meridians are represented by parallel straight 
Hines perpendicular to the ne representing the eava- 
for; hey ere spaced according to thelr distance 
‘apart at the equator. ‘The geographio parallels are 
Fepreaented by & second system of atraight tines 
Perpendicular to the family of lines representing the 
‘meridians, and therefore parallel with the equator. 
Conformatity is achieved by mathematical ans 
‘the spacing of the paratile being increased with Sn: 
creasing distance trom the equator to conform with 
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the expanding scale along the paraliele resulting 
from the meridians belng: represented by parallel 
Une. 

‘The Mercator map projection is considered one ot 
the most valuable of all mop projections, Its most 
tuseful feature being that a line of constant bearing 
(azimuth) on a sphere in represented on the projec 
Hom by a straight Une. It is not a perspective pro- 
jection on a cylinder, and ts not developed geomet- 
Healy. 

map projection: Mercator oqual-ares—The sinusoidal 
‘map projection. 

imap projection: Mereator, transverse —Seo under mop 
‘projection: tronsverse Mereator map projection. 

sap projection: meridional orthographle —See under mo 
‘projection: orthopraphe mop prosection. 

map projection: millenthseale map of the World projee- 
‘ion.—Seo under map projection: International 4p 
of the World projection. 

imap projection: modited polyeonie—A map projection 
‘obtained from the regular polyconte projection by 
‘0 altering the ecole along the central meridian that 
the scale is exact along two standard meridtane, one 
fon elther side of the central meridian and equidls: 
tant therefrom. Also a rectongular polyeonto map 
projection. 

‘A modified polyconte map projection ts used for 
the International Map of the World, the aoate belag 
‘exact along meridians located 2° from the central 
‘meridion. A modified polyconle map projection Is 
tlso used for some State maps published by the 
U. 8. Geological Survey. 

sap projection: Mollwelde homalographle—An equal 
‘arco map projection showing the equator and_geo- 
raphic parallels as straight lines, and the geographic 
‘meridians as elliptical arce, with the exception of 
the centrat meridion, represented by a straight line, 
fand the meridian 90° from the center, shown as 8 
full clree. 

‘This projection ts used to show the entire surface 
of the earth, In whteh case it Is bounded by an a 
Iipee whose major azls, representing 300° of lonat 
‘ude, ts double the length of Its minor axis, repre 

jenting 180° of latitude. It is also used to map 

‘2 hemisphere, when the boundary of the projection 
wil bee full circle 

map projection: erthembadie—An equalarea map pro- 
“eotion. 

imap projection: orthorraphle—A mop projection pro- 
‘duced by straight paraliel lines through polnts on 
‘the aphere and perpendicular to the plane of the 
projection. 

‘The orthographte map projection corresponds to 
1 perspective projection with the polat of profection 
‘at an infinite dlatance from the sphere. As used 
for mope of the earth, this projection Is classited 
fae (a) @ polar orthographic map projection, having 
‘the plane of the projection perpendlcalar to the axis 
of rotation of the earth (parallel with the plane 
ff the equator) ; In this projection, the geographio 
Porailels aro full ercles, fue to scale, and the geo 
Draphte meridians are straight line ; (b) the merid- 
Sonal orthographic map projection, having the plane 
fof the projection parallel to the plane of rome se 
Tected meridian, the geographic paratiels and the 
central meridian are straight lines, the outer merla- 
{an ta a fall elrele, and the other meridiane are arcs 
of ellipses. 

map projection: rthomorphie—A conformal map profee- 


Mttle-uved term, meaning “right- 
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projection: perspective—A map projection pro- 

juced by straight lines radiating from selected 

olnt and passing through points on the sphere to 
‘the plane of projection. Sometimes called a geo. 
metric projection. 

‘The plane of profection te usually tangent to the 
sphere ‘whieh represente the earth at the center 
of the area being mapped; the polnt of projection 
{on the dlameter of the sphere which passes throog 
the point of tangency, and at some welected point 
fon that diameter. If the polnt of projection te at 
the center of the sphere, there Fesults the gnomontc 
‘map projection ; it at the opposite end of the diameter 
from the polnt of tangency of the plane of projec: 
ion, 1€ Becomes a atereographic. map projection; 
Mf at an infinlte distance, an orthographic map pro: 
section. 

‘map projection: perspective map projection upon a tangent 
‘linder —A cylindrical map projection upon & cl 
der tangent to a sphere, by meang of straight Tines 
radiating from the center of the aphere. 

‘The geopraphlo meridians are repreeeated by a 
family of equally spaced paraltel straight nes, per- 
endicular to a second family of parallel straight 
ines which represent the geographic parallel. ‘The 
spacing, with respect to the equator, of the lines 
whieh represent the paroiele, increases as the tan 
rent of the lotttude; the line representing 90° tats. 
fude 1s at an infatte distance from the line which 
representa the equator. This projection murt not 
be confused with the Afercator projection to which 
1 Dears some general resemblance 

snp projection: polar orthographle.—See under map gro: 
“ection: orthographio map projection 

projection: polyconie —A map projection having the 

‘central geographic meridian represented by a straight 
line, along which the spacing for lines representing 
the geographic parallels is proportional to the die: 
tances apart of the parallel; the parailela are rep- 
resented by orce of circles which are not concentric, 
but whose centers lle om the line representing the 
central meridian, and whose radil nre determined by 
the lengths of the elemente of ‘cones whlch are 
tangent along the paraltele, All meridians except 
the central one are curved, 

‘This projection ta nelther conformal nor equal 
‘rea, but It has been much used for maps of mall 
freas because of the ease with which ft cam be con 
structed. Tt in the map projection used for the 
Topographte Map of the United Btater (U, 8. Geo 
logical Survey), end ina modified form Je used for 
‘mope of large areas. Tt wae devised by F. R. Haseler, 
organizer and firat superintendent of the U. 8. Coast 
Survey (now the U. 8. Coast and Geodetle Survey) 

map profection: polyeonic, modied —See under map pro- 
‘ection: modified polyconte map projection. 

map projection: polyeonie, rectangular—See under map 
srojection: rectangular polyconto map projection, 

imap projection: polyeonle, tranaverse-—See under map 
‘projection: tranaverse polyconlo map projection. 

‘map projection: rectangular polyeanle.—A modied poly: 
‘conte map projection having line repretenting « 
atondord parallel divided to exact scale, through 
‘whose <iviston polnts pase the lines representing 
‘the geopraphio mertdians, intersecting the lines whlch 
represent the geooraphe parallels in right angles 

map projection: Sanson-Flamsteed.—The elnuscidal map 
‘projection. 

map projection: slausoldal—A particular type of the 
Bonne map projection, employing the equator ax the 
standard paraltel, and showing all geographic poral 
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Jee os traly epaced parallel straight Uses, along 
‘which exact scale te preserved 

‘This Is an equat-area mop projection. Tt 1s aluo 
known as the Mercator equalarea map profeotion 
and as the Sanson-Flemsteed map projection. Tt 
‘was employed in the Mercator-Hondius atlases as 
carly as 1606. 

map projection: stereographle-—A perspective map 9ro- 
fection having the polut of projection at the oppe- 
tte end of the dlameter of the apbere from the polat 
(of tangency of the plane of projection, 

Tete conformal, and ts the only asimuthat mop 
projection baving that quality. It is one of the 
most widely known of all mop projections, and bas 
been much used for mape of a hemlsphere. When 
the center of the projection ts located at & pole of 
the sphere, lt is ealled a stereographie polar prosee- 
tons when on the equator, a stereograpble meri. 
{onal projection ; and whea on some other selected 
Porallel of latitude, a stereographle horizon projee- 
fon. ‘The stereographie map projection dates back 
to the days of anclent Greece, having been used by 
Hipparchus (160-125 B. C.). 

imap projection: transverse Mercaior—A mop projection 
‘ot the socalled eyllndrleal type, being ia principle 
fequivalent to the regular Mercator map projection 
‘tormed (transversea) 00° In azimuth, 

‘In thls projection, the contval meridian 1 
resented by a atralght line, corresponding tot 
‘Which represents the equator on the regular Mer: 
ator map projection. Nelther the geographic merid- 
Sans, except the central meridian, nor the geodetic 
paraitels, except the equator (It shown) are repre: 
tented by straight lines. It Is a conformal projection, 
fand ie the base used in the State plane-coordinate 
faystema for the grids of those zones whose greater 
imension ia tn @ north-and-south rection. 

rap projection: transverse polyeonic—A polyconic map 
‘projection which ts turned (Cransversed) 90° tn ast- 
‘math by substituting for the central meridian, a 
{reat circle perpendicular to the geographic meridian 
{% provide a control axle for the projection, alone 
‘whlch exis will Ie the centers of the elreular aree 
Fepresenting lines of tangeney of cones with the 
surface of the apbere, 

‘Tha is @ dificult projection to constract, but tt 
46 useful in ehowing, with comparatively amall ale: 
tortion, a narrow arce of large eastand-west dimen: 
projection: Werner—A particular caso of the 

“Bonne map projection, in which the standard poral- 
let te at the pole, and the tangent cone becomes a 
tangent plane, 

‘Any obe gevoraphe meridian ix chosen as the con- 
trot meridian and represented by a. straight tne, 
Girided to exact eeate. The geooraphte parallels are 
represented by clreular orcs, also divided to exact 
soate, and the other merldiane are curved lines, 

map acale.t—The relationship which exlsta between 
distance on a mop and the corresponding distance on 
the earth 

‘A map scale may be expressed as an equivalence, 

‘a numerieal fraction ot ratio, ot ahown staphf 

cally. On large-scale mops, the distance on the earth 
{a on a designated datum, as seo level or ground level, 

eale: equivalent.t—An equivalent scale it the 
‘elationship Which « small distance on the map 
beara to the corresponding distance on the earth, 
expressed as an equivalence, 

‘Unuallz, but not necessarily, the equivalence te 
‘expreteed tn diferent specified uns; for example, 
Limon (on the mop) equals 1 mile (on the ground). 


Of the abbreviated forms, “inch to the mile” 
‘mile to the inch,” the former ts preferred. Intre- 
‘quently called verbal scale 

sap scale: fractional—A fractional scale ts the ratio 
‘Which any small distance on the map bea 
Corresponding distance on the earth. 

Te may be written in the form of a fractio 
1/10,000; oF as a proportion, 110,000. Very i 
‘Frequently ealled numerical seale, natural scale, and 

“itsear scale. ‘These terms are not recommended. 

Fractional scales are representative In any tinear 
units, Usually the term representative fraction, 
however, is applied to a fractional scale whose nu: 
merator Is unity (1) and is frequently referred to 
fn the "RF" of the map. 

'For a map of large scale, the representative trac: 
ton has a small denominator for a map of small 
seate, the representative frnetion haz a large de- 
Dominator. 

map scale: graphle (or bar).*—A line on @ map sub- 
‘ivided and marked with the dlatance which each 
ot its parte represents on the earth. 

rapping plan: national.—A program for the completion 
‘of the Topographic Aap of the United Stat 

‘The Federal Board of Surveys and Maps in 1984 
‘and again In 1086 adopted plane which proposed a 
{ime schedule for the completion of the contra! aur- 
eye and topographic mapping of the United States, 
‘and a fiscal budget for these operations. ‘The Temple 
‘ct (H.R. 4522, 68th Congress), approved 1925, ws 
the forerunner of the various national mapping plana, 

mean: arithmetieal—See under arithmetical mean. 

mean: welghted.—See under tcelghted mean. 

seen errot—See under error. 

mean high water—The mean height of all Aigh waters 
‘at a particular point or etation over a considerable 
perlod of time. 

Vor tidal waters, the eycle of change covers a 
period of about 18.6 years, and che mean high water 
Ih the moan of all high soatere for that period. For 
any body of water, It is the mean of all Mgh waters 
(over a period of time of auch length that increeslog 
‘ts length does not appreciably change the meen. 

‘mean low water—The mean belght of all low waters 
‘ita particular point oF station over ® considerable 
Period of time. 

For tidal waters, the excle of change covers a 
period of about 18.6 years, and the mean low water 
Sn the mean of all low waters for that period. For 
‘any body of water, It la the mean of all tow waters 
over a perlod of time of such length that fneres 
Its length does not appreciably change the met. 

sean of the errore—See under error 

mean aea level The average helght of the sea for all 
stages of the tide 

‘Mean sea Tevel Io obtained by averaging observed 

oF in 


mean solar time—See under time 
smean-aquare error —See under error. 
‘mean sun—Seo under time: mean # 
meander line (United States public 
Traverse of the margin of a body of water. 
‘Meander lines are not run as Boundary Une 
but are run forthe purpose of defining the sinuostties 
of the bank or ahore Hine, and for ascertaining the 
(quantity of land remaining after segregation of the 
water area. in General Land Office practice, only 
Permanent natural bodles of water are meandered, 
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memorlal (United States publics 
‘able article deposited fn the ground at the position 
of a corner, to perpetuate that position should the 
‘monument be removed or destroyed. 
"The memorial Is usually deposited at the base of 
‘the monument and may conslet of anything durable, 
such as glass or stoneware, a marked stone, charred 
stake, oF quantity of charcoal, 
‘Mendenhall pendalem—See under pendulum. 
‘Mereator bearing —'The Dearing of a straight lie plotted 
fon a Mereator chart as taken from the chert, 
It in the angle Detwoon the straight line and the 


Mereator map projection—See under map projection 

Mereator_ map projection, traneverse.—See under map 
projection, 

Mercator track—A rhumb Hine on a mop oF chart cow 
‘structed on a Mercator map projection. 

mercury barometer—See under Dorometer. 

‘meridian (general) —A northaouth line from which 
‘ongitudes (or departures) and acimuthe are reek 
foned; oF a plane, normal to the geoid or apherotd, 
Geaining such a line 

meridian astronomie-—A Hino on the aurfnce of the 
fearth having the ame ostronomie longitude at every 
point. 

"Becauso the deletion of the vertical ts not the 
ame at all points, an astronomie meridian ts an 
Irregular ling, uot lying In a single plane. The 
‘astronomie meridian and the Hine whose astronomle 
Geimuth at every point Is eouth or north (0" of 
160") are not necessarily colncident, although in 
land surveying the term aatronomlc meridian is 
fometimes applied to the north-south line which bas 
its Initial oo & preseribed astronomle meridian 

meridian: suxiiery guide (United States publicland sar 
‘ver).*—A new guide meridian established, when 
Fequlred, for control purposes where the original 
Quide ‘merigione were placed at greater Intervals 
than 24 miles. 

‘Auxillary gulde meridians may be required to 
mit errore of old oF to control new gurvese; they 
fare surveyed. tn all reapects ke regular gutde 
meridians, and may be atsigned @ local name, aa 
“Grass Valley Guide Meridian,” of “Twelfth Avzil- 
tary Guide Meridian West. 

meridian: celetial—The hour olrele which contains the 
‘enith. Algo defined an the vertical circle which 
‘contains the celestial pole. 

‘The plane of the celestial: meridian 1s paral 
ith, Dot, due to the defection of the plum> line, 
turually does not contaln the axis of rotation of the 
arth ita Intersection with the plane of the borizon 
fn the meridian Hine used In plane aurveying. 

meridians central (State coordinate eystem)-—The me- 
‘rdian used at Axis of Y for computing projection 
{ables for a State coordinate aystem. 

"The central meridian of the aystem usually passer 
clove to the center of gure of the area or zone 
for which the tables are computed, but to avold 
‘the use of negative values, Is elven a large positive 
fabaciaaa, thus requiring that a large constent quas- 
{ty be added to all 2 cvordinatee. 

meridian: convergence of meridlant.—The angular draw- 
‘ng tosether of the geographte meridians tn passing 
from the equator to the poles 

‘AE the equator, all meridians are mutually peral- 
lel} passing from the equator, they converge ‘until 
‘they meet at the poles, intersecting Ia angice that 
fare equal to thelr diferences of longitude. The 
term convergence of meridians ia used to destguate 
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also the relative diference of direction of meridians 
pecife polats on the meridians. Thus, for a 

Deodettc tine, the azimuth at one end difers from 
the azimuth at the other end by 180° plus or minus 
the amount of the convergence of the meridlane at 
the end polats. 

‘meridian: double meridian distance (plane warveying) — 
"The gum of the meridion distances of the ends of @ 
survey line 

To practice, asguming a closed traverse with the 
meridian of reterence passing through the intial sta: 
on, the double meridian distance (D. M.D.) of the 
‘ret course (line) is equal to the departure of that 
course; the double meridian distance of each aue- 
ceeding course (line) Is equal to the double meridian 
‘istance of the preceding course, plus the departure 
of the preceding course, plus the departure of the 
‘courte Heat 

‘Meridian: Ferro (Hlerre)—he conventional Ferro Me- 
‘idlan ts 17°87°45" west of Greenwich, belng orig 


finally chosen exactly 20° west of the Paris Merld- 
fa, 
‘Many Buropean geographers used to reckon 


Jongitade from Uhis meridian which was taken 
the dividing line between the Eastern and Western 
Hlomtapheres. 

‘The conventional Berto Meridian does not coin- 
cide with the nelghboring sland of the same name. 
meridian: geodetie-—A line on a epheroid which hes the 

ame geodetic longitude at every point. 

YE the apherotd 1s an ellipsoid of revolution, 
‘used for purposes of triangulation, a geodetic merid- 
{an Is aa ellipse whose plane contains the minor exit 
of the spherotd, and whose geodette avimuth at every 
Point ts'0* (south) oF 180" (north. 

‘meridian: geosraphie—A general term, applying alike to 
‘an gstronomde or a geodetic meridian. 

‘Meridian: Greenwich ‘The aeéronomio meridian through 
‘the center of the tronatt instrument of the Observe. 
tory of Greenwien, England, 

meridian: grid.—A line through a polnt parallel to the 
‘central meridian or Axle of Y of a ephtem of plane- 
rectangular coordénater. 

ameriian? guide (United States publictand surveys 
‘An auxiliary governing line projected north along 
‘an astronomical meridian, from potats established on 
the base line or etandard parallel, usually at Inter: 
vals of 24 miles east or West of the principal merid- 
an, on which township, section, and quarter-section 
cormere are established 

meridian: magnetie—Tho vertical plane in which a 
‘trecly suspended, symmetrically magnetized needle, 
{Influenced by no transient articlal magnetic disturb: 
‘ance, will come to rest. Also, a eurve.on the earth 
furtice tangent to such a plane at each place it 
touches. 

‘meridian: prime—An Initial or sero meridian trom 
"which other meridians are reckoned. 

‘At an International Meridian Conference held in 
Washington, D. C:, In 1884, the adoption of the 
Greenwich iferidign ae the prime meridian tor the 
arth was approved by the representatives of 22 
governments, there being one objector, walle two 
Tepresentatives abstained from voting. See’ also, 
meridian: Washington Meridian 

meridian: principal (United Stetes_poblicland oar- 

“'ve7s).t—A line extending north and south along the 
Grtronomoal meridian passing through the tnitiot 
Dolnt, elong which townehip, section, and quarter- 
fection cormers are eatablished. 

‘The principal meridian is the line from which te 
Initiated the survey of the township boundaries along 
‘the parallele, Auxillary meridional governing lines, 
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mown as gulde meridians, are established along the 
‘ctronomical meridian usually at intervals of 24 
‘nilen east oF west of the principal meridian, In 
‘tome of the very early surveys the principal meridian 
in referred to a6 the “aslo meridian.” 

meridian: terrertrial—An astronomle meridian, 

For particular use, the teri catronomie meridian 
te preferred over terrestrial meridian. Tor general 
‘ue, the preferred term Ia geographic meridian, which 
‘apples alike to astronomle and geodetic meridians. 

‘Meridian: | Wathington—The astronomie meridian 
Through the center of the dome of the old Naval 
Observatory in Washington, D. C. 

‘The Washington Meridian was used in defning the 
meridional boundaries of several weatera States. 
‘An Act of Congress, September 28, 1850, provided 
‘that hereafter the meridian of the observatory at 
Washington shal be adopted and used as the Amer! 
‘can meridian for aatronomle. purposes and... 
Greenwich for nautical purposes." ‘This Act was re- 
ppealed August 22, 1012. See meridian: Greemoich 

seridian distance (astronomy) —The hour angle of & 
‘celestial body when close to but not exactly on the 
‘setronomte meridian. 

‘Tals term appears to be limited to computation 
forme where It is used to designate the hour engle 
ofa atar observed slightly off the meridian in making 
latitude observations by the zonith toleecope method 

meridian distance (plane. surveying) —The perpendle- 
‘ular distance in a horizontal plane of « pola from 
18 meridian of reference, 

‘The diference of the meridian alstences of the 
‘enda of a line fg called the departure of the Tne. 
‘meridian line (plane surveying) —The line of Intersec- 
“lon of the Plane of the celestial meridian and the 

plane of the Rortzom, 

Te is a horizontal dlveotion used in surveying; 
{te astronomioa! asimuth te 0” of 180°, 

meridian telescope —A portable instrument so designed 
‘hat It can be used as an astronomical transl, oF 
agulenly converted for use as a zenith telescope 

‘The meridian telescope has a base which Is divided 
horizontally into two parta; the upper pert rotates 
tapon the lower part about a short vertical axta. ‘The 
"upper part carries two folding uprighte (#tandards) 
‘with wyes whieh support the horizontal axis of the 
Telescope. The telescope ts equipped with a vertieat 
‘irelo 10 which te attached sensitive spirit level. 
‘The telescope bax x fixed reticle for use a mak: 
Ing time observations, and an oowlar mlorometer for 
latitude work. When used t8 2" ostronomtoat 
franeit, the two parte of the base are clamped to- 
gether. Tein converted for use as a zenith telescope 
by removing the clamps, and permitting the upper 
part to rotate through 180°, stops being’ placed to 
bring the telescope to reat in the plane of the meridh- 
an. The meridian telescope is also known aa the 
Davidson meridian instroment, after George David: 
fon of the U. 8. Coast Survey, who designed it in 
188. 

‘meridional orthographle map projection —See imder map 
‘projection: orthographe. 

meridional parts: table of—A table Usting lengthe of 
‘the meridian from the equator to the varlous peral- 
lets of latitude inereased in the proportion required 
to show lengths along the paraitele equal to th 
corresponding length along the equator. 

‘On a ephere, at the equator, the length of a minute 
ot lonpitude ia equal to the length of « minute of 
latitude, but on receding from the equator and ap- 


Droaching the poles, the minutes of latitude remain 
Always the same, while the length of a minute of 
lomottude steady decreases. 

‘Because the earth te not a sphere, the above con: 
laltione do not exactly st it. However, In the Aer 
ator map projection, the minatea of Tonpitude are 
‘made to appear of the seme length for all Tatitudes, 
‘tnd It becomes necessary in order to preserve exlet- 
Ing proportions between lengths of the parallel and 
fof the meridian at various latitudes to Increase the 
Tengths along the ‘meridian, such increase being 
greater and greater, the higher the latitude. The 
Tength of the meridian, thus inereased, constitutes 
‘the number of the meridional part correspondiag to 
that latitude, 

‘Such a table, found in books on navigation, afords 
facilities for constructing a Mercator map profec- 
‘Hom, end for salving problem in Mereator aullng. A 
close value of a meridional part on an ellipaold for 
1 given geoorophie latitude iz obtained ty computing 
‘he meridional part for the corresponding geooen 
fre latitude 

Ielalle thermemeter—A device utilizing the aliference 
‘of the coefloiente of thermal expancion of the metals 
‘of which ft ie constructed to determine the tenper- 
‘ature of those metals. 

‘The measuring rode used on the Base lines of the 
Dunkink-Barcelona triangulation (1701-2) were 
‘hemeclves metallle thermometers, Each rod Was 
composed of a strip of copper Ising on a strip of 
Dlatioum ; these were fastened together at one end, 
Teaving thelr other ends free to move in response to 
changes In thelr temperature, A voale on the free 
fend of the copper strip was read by means of @ 
ernler on the free end of the platinum strip, th 
affording means of determining the temperature 
of the bars. This apparatus was constructed by 
Borda. See Borda scale, 

meter; metre.—A unit of length equivalent n the Ualted 
‘States to 80.87 inches exactly. 

‘The meter was originally defined (in 1791) a8 
‘the equivalent of one ten-millionth of the Tength of 
the quadront of the meridian through Paris (trom 
‘the equator to the North Pole). A unit derived by 
this proportion from several arcs of triangulation 
‘beeame known as the French legal meter, the stand 
rd constructed to represent It being known as the 
Metre des archives, Under an International Conven 
tion 1n 1675, the international meter was derived 
‘rom the Metre dey Archives, and the Internationat 
Prototype Meter adopted as a standard by the wob- 
‘scribing governments. Copies of thie new standard, 
fof the sume form and alloy as the original, were 
furnished the goveraments which subscribed to the 
Convention of 1875. ‘The United State recelved two 
such copies in 1889, one of which vas adopted 28 
the national standard of length, and te known as the 
National Prototype Meter. ‘These two copies sre in 
the custody of the Natiouel Bureau of Standards, 
Washington, D. C. The equivalence, 1 meter equals 
20.37 inches exactly, was prescribed by Act of Con: 
ress in 1866. 

‘At the Seventh General (International) Conference 
‘on Welghts and Measures (Paris, 1927), the follow: 
‘ing supplementary value of the meter ‘was tempo 
rarily adopted: 

1 meter=1,553,104.18 wave-lengthe of the red ray. 
of Cadmium vapor, in dry alr, ata temperature 15° 
Centigrade, at « pressure of 700 millimeters of mer- 
feury and under normal conditions of gravity. Since 
thle determination was made, the necessity for mak- 
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Ing several slight corrections to the result has been 
reallzed and the following relation obtained | 

1 meter=1,553,163.7 wavelengths. The earlier 
‘value continues the ofictal value, 

ameter: Committee Meter—An Iron bar standard of one 
‘meter length, which was brought to Amerien in 1805 
by Ferdinand R. Hassler, the rst quperintendeat 
of the U. 8. Coast Survey. 

Te was one of sixteen such bars which were stand: 
ardized by the Committee on Weights and Measures 
in Parla in 1799. Ie served aa the standard of length 
{or geodetic surveys in this country until 1889 et 
41600, when It waa replaced by the present stondard, 
‘the National Prototype Meter. The Committee Meter 
‘was presented by Hassler to the American Phitosoph- 
{eal Society in Philadelphia. 

ameter: French legal—The unit of length defined by the 
‘Meire des Archives. Seo meter; metre 

ameter: international —The unit of length defined by the 
‘ternational Prototype Meter. See meter; metre, 

tmetert International Protetype Meter—A bar standard 
‘of platinum-iriaium which defines the length of the 
tani, the international meter, 

"The International Prototype Meter was produced 
under the authority and direction of an Intern 
Hlonal Conference held in Paris in 1875, signed by 
the representatives of 17 governments, It is a tine 
standard and wan derived trom the Metre des Ar. 
hives, an end standard. The International Proto- 
type Meter and two other almilnr bare of the same 
origin are maintained at the International Burea 
fof Welghte and Measures at Sevres, France, and ere 
‘used in standardizing the representative copies which 
‘were rupplied to the governments supporting the Com. 
Yentlon of 1875. Ana signatory of that convention, 
‘the United States received two such representative 
coples, oe of which Ie known as the National Proto 
type Meter, These copies are in the custody of the 
National Bureau of Standards, Washington, D. C. 

ameter: Metre des Archives —A bar standard defining the 
length of the French Legal meter. 

Tt ia an end standard, of platinum, and was used 
‘tn determining a length for the International Prot 
type Meter. It te now preserved as ® museam plese 
fn the International Bureau of Welghts and Meas 
‘ures, Sevres, Hrance. See meter; metre, 

meter: National Protatrpe Meter.—A atandord copy of 
‘the International Prototype Meter whieh defines the 
international meter as @ unit of Length. 

Tt in a bar of platinomistdlum, of the same form 
‘and alloy as the International Prototype Meter, end 
one of the pair recelved in 1880 from the Interna- 
Honsl Bureau of Weights and Measures, Serres, 
France. These bers are in the custody of the Ne 
‘lonal Bureau of Standards, Washington, D. C. ‘They 
are line standards, 

method of repetitions, determination of sntronamle asi- 
‘muth—See under astnuuth 

incrometer: correction for run of ~A correction applled 
‘to an observed reading of a graduated circle mace 
‘with a micrometer microscope to compensate for 
run of micrometer. 

‘Specie application of thie correction ts not re- 
‘quired in present-day observations with a direction 
inetrument, Delng neutralized by instromental ed- 
Suntment and method of observing. 

amierometer: eyepiece —See under mlorometer: ocular, 
Ilerometer: Slar-—A device attached to a telonope oF 
microscope, consisting of « wire thread (fiament) 
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connected with a screw fn such manner that av the 
ferew In tarmed, the wire moves through a contin. 

‘ous succession of parallel positons, all In the focal 

plane of the instrument. 

‘The screw has a fine thread, accurately cut, and 
calibrated in terms of angular measure (weconds of 
fore) : one turn of the screw moves the wire a dle- 
tance that may be expremed as a certain number of 
seconds, corresponding to the angle at the tnstra- 
meat between two objects which would be bisected 
Dy the wire in its two positions. "Any small ongle 
may be measured by noting the number of turns and 
fractions of a tua of the serew which are made 
‘tn moving the wire from one bisection to another, 
and) multiplying this by the value of one turn, 
See micrometer: ocular; micrometer microscope, 

imlerometer: Impersonal —Bee under micrometer: tranatt 
micrometer. 

meter: oealar.—A flar micrometer so placed that 

lis wire moves in the principal focal plane of a tele- 
aeope.” Also termed an eyepiece micrometer. 

‘The cealar micrometer ie used In surveying and 
tronomle work for making accurate and precise 
measures of small angice between nes to objects 

lowed with the telescope. Tt is mounted fn « frame 

‘whieh is perpendicolar to the longitudinal axis of 

The telescope, and can bo rotated to measure am 

‘anole in any plane containing that azxie. Tt may be 

‘udjusted to’ measure onglee in a plane whlch con- 

faine the longitudinal and horizontal axen of the 

telescope, as in observing time slog the. transit 
sicrometer (which I an ocular micrometer) ; oF it 

‘ay be adjusted to measure angles in a plane con 

fining the longitudinal axis but perpendicular to 

‘the horicontal azis of the telescope, at in observing 

latitude with the zenith telercop 
smlcrometer: ram of—The difference in seconds of are 

between the Intended value of one complete turn 
fof « micrometer ecrew used in rending a graduated 
firelo and Its actual valve ae determined by me 

‘ring with the micrometer the apace between two 

‘gjacent graduation marks on the elrele, 

‘This quantity ‘bas sometimes been called the 
error of run, but the above designation is more 
denerally used and 1s preferred. It la 4a error, bat 
fs kept quite small by instrumental” adjustment, 
and its effect on observed values Ie neutralized by 
methods of observing. See mlorometer: correction 
Jor run (of micrometer). 

micrometer: transit—A form of regiatering micrometer 

‘with Its movable wire placed In the focal plone 

‘of am astronomic tranett and at right angles to the 

Airection of motion of the image of a star which 

Is observed at or near culmination. Certain con 

tact points on the micrometer head (wheel) serve 

to make an electric clrcult as they pass a Sxed 
contact spring, thus producing a record on the 
chronograph sheet at each separate instant when 

‘the mlerometer wire reaches « position correspond: 

Ing to a contact. 

‘The transit micrometer to also called an impor 
sonal merometer, because it almost completely ell. 


sath —See under asimuth, 
Imlerometer mierosepe—A lar mlorometer 20 placed 
that its wire mores in the focal plane of @ mlcro- 
scope, 
Using @ micrometer microscope, readings of a 
graduated circle are made with a high degree of 
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souracy and precision. ‘The micrometer is #0 22+ 

usted that an even ‘umber of turns will carry 

the wire exactly the distance between adjacent 
produation marke on the circle. Any intermediate 
point onthe circle may then be read with the 

Imlcrometer by Interpolation. If the adjustiment 19 

Imperfect, the amount by which an even number 

fof turns of the eorew falla to carry the wire exactly 

the distance between graduation marks is treated 

‘@ ayatematic error and ie termed by preference 

he rum of mlorometer. ‘The designation error of 
on of mnlerometer fs also applied to it. 

‘middle ordinate—The distance from the middle polat 
of & chord to the middle potnt of the corresponding 
circular are. 

middie point (M. P)—That polnt on @ elreular curve 
‘which is at the same distance from both ends of 
the curre. 

smll—See under angle (generat), (6) 

smile—A unit of distance. See under mite: nautical 
smite; statute mile. 

‘The term mile te derived from the Latin “mile 
‘meaning « thousend, and applied to the doable pace 
of 5 feet. ‘The mile of the Romana was 5,000 fect, 
‘2 vaiue that ulfered many changes as the mile 
fame Into use among the western nations 

rile: geographical —See under mile: nautical mile. 

rile: nautial—A length of mile used {a ocean nevige 
‘Hon, 

"The United States nautical mite ts defined as 
equal to oneatztieth of a degree of a great circle 
fon & sphere whose surface is equal to the surface 
ot the earth, ts value, caleatated for the Clarke 
ipheroid of 1860, {9 1,858.248 metere (6,080.20 feet). 
‘The International nautical mile Is. 1,852 meters 
(6,076.10 feet}. The United States nautical mile 
1s also called & sea mille or @ geographleal mile, 
and may be taken a8 equal to the Length of « alnute 
‘of are along the equator or a minute of latitude on 
‘the map which is belng measured. 

salle: sea—See under mile: noutical mite. 

tile: statute—A length af mite used in distance meas- 
‘urements on land, and exunl to 5.280 feet (1,000.85 

nilitacy grld—A quadrillage or system of squares de- 
termined by rectangular coordinates on a spherical 
‘map projection, referred to one origin, and extended 
over the whole area of the original map projection. 

‘A military grid is designed to make data presented 
fon a map more readily available for mllltary pur- 

miligal—See gat. 

nillionth-acale map of the Werld.—An informal destgna: 
‘ton for the International Map of the World whlch ie 
being constructed on a scale of 1: 1,000,000, 

sinus sight —Seo under foresight (leveling). 

tissing trangle (pendulun).—A triangle which repre- 
‘sonts the failure of the two sides of a Knife edge 
to reach a perfect intersection in a geometric line, 

Ta the most nearly perfect Rnife edge that can 
tbe made, the two planes of the knife edge will not 
quite meet, The base of the missing telangle whieh 

‘thereby formed is found by optical means to be 
than one meron, 


rmodifed polyconie map projection.—See under map pro- 


“ection. 

Molitor leveling r0d.—See under leveling rod: Mowtor 
‘precise leveling rod. 

Mollwelde homalographle map project 
‘map projection, 


See under 


rmonth=—A measure of time based on the motion of the 
‘noon in Ste orbit, 

"There are various kinds of month defined by the 
references which determine them, See month: anom- 
fuisttc month; calendar ‘month; nodical ‘month; 
Sidereat month ; eynodical month 

month! anomalitic The Interval of time between two 
‘auccescive passages of the moon in her orbit through 
perigee. 

he length of the anomallatie month Se 21.6485 

month: celendar—A diviston of the yeor as determined. 
Ty a calendar, approximately one-tweltth of t year 
fn Tength 

While arbitrary in character, the calendar month 
{ts based roughly on the synodical month. ‘The eae 
ar month ranges in length from 28 to 31 mean solar 
doy 

month: lunar —A eynodicat month. 

‘month: nodical—The interval of time between fo suc- 
‘cessive passages of the moon through the same node 
of ber orbit. 

‘The length of the nodical month averages 27:21222 
‘mean solar da 

‘month: sidereal—The tnterval of time it takes the moon, 
‘to make Its revolution from a given star back to the 


terval of time it taxes the moon to revolve from 
fa given ecleetat longitude back to the name long 
tude ngnin, reckoned from a xed equines, The 
Tength of the 

eon solar days 
‘tual length varies some 7 hours 


‘The ditereace be 
‘tween the lengths of the sldereal and tropical monthe 


4s due to the precession of the equinozes, ‘The above 
definition fs not preciae: the moon will not return to 
‘the sume declination at the end of a sdereat month. 

month: aynodieal (ordinary) —The interval of time be: 
‘tween two successive conjunctions (new moont) of 
‘oppositions (full moons) of the moon, Also called a 
Junation, 

‘The length of the synodical month i 29.520588 
mean solar days, It is the month Intended when 
‘8 lunar month ty specied. Synodteal in preterred 
over synodie, which is sometimes used, 

month: trepleal-—The interval of time tt takes the 
‘moon to make Its revolution from a given enuinos 
back to the same equinoy again, 

‘The tropical month may be measured by the fnter- 
val of time it takes the moon to revolve from a given 
teleatiat longitude back to the same longitude again, 
reckoned from an equinoe afected by precesion, 
‘The length of the tropieal month averages 27.221682 
mean solar days, Because of perturbations, the 
‘etual length varies some 7 hours. The dltference 
hetween the lengths of the elderea! and tropical 
‘months 1s due to the precession of the equinazea 

monament—Any material object or colletion of b= 
{ects Which Indicates the position on the ground 
fof a survey station oF land corner, 

‘The term monument may include the mark at 
tho center or station and all marks whieh are 
Airectly related to It by surveying processes and 
fare aids in {tg recovery and identification. In tond 
trurveving the term may include also objects such a8 
roads, ditchet, fences, ete, which form a bound for 
the land, It ie well therefore in treating of survey 
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stations to use the designations station mark or 
‘center mark, reference mark, and simess mork for 
‘the separate marks; and In land surveying, unless 
monument Is used ina general sense, to use the 
particular terms, corer, oF corner math, reference 
mark, and witnens mark. Note that «witness mark 
hus more authority ia and eurveying than In control 
surveying. 
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‘monument (Unlted States publieand survers).*—A phy 
{eal structure which marks the location of @ corner 
fof other survey point. 
‘Monument and corner are not synonomous, though 
the two terme are often used nrgely in the same 
woentnin barometer —See under Barometer, 
‘multiple level line—See under fevel tne, 
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nadit—The polnt where the direction of the plomb- 
‘ine extended below the Roricon meets the celestial 
sphere. 

‘The nadir ts directly opposite the zenith, 
‘national control survey nets—See under control. 
ational mapping plan—Seo under mapping plan. 
National Prototype Meter—Seo under meter. 
nautical chart-—See under chart, 
nautical mle-—See under mile. 
navigable waters—The waters which are used of are 

‘susceptible of belog used, in thelr ordinary cond! 
‘lon oF after reasonable improvements have been 
made, as highways for commerce in the customary 
means of travel on water, 

‘net (leveling) —A series of Hines of levels which have 
‘been interconnected in such a manner that closed 
oops oF elreuite have been formed. 

network (leveling) —See net (leveling). 

[New England datum.—Seo under datum. 

‘Newtonian constant of gravitation —See under gravtta- 
‘Hom: constant of gravitation. 

New York leveling rod.—Seo under teveting rod. 

redal point of a Tens, frst and second—The intersee- 
‘lone of the principal aaie with the (produced) 
Incident and emergent parte, respectively, of any ray 
having those parts parallel to each other. 

nodical menth—See under month. 

‘emogram—A chart or drawing showing, to scale, the 
relationship between known and dependent variables, 
{im much manner that a value of a dependent variable 
corresponding to a stated value of the known variable 
‘ean be acaled from the chart 

‘Nomograms are wiod In the grapbleal solution of 

formulas where the precision of the result doea not 
require numerical computation, 


nomograph—A nomogram. 

‘Although the term nomograph ts given the pref- 
‘erence in Webster's International Dictionary, nome 
‘ram is preferred in the several texte consulted. 

rnormal.—In general, a straight line perpendictlar to a 
‘surface or o another line.” Also, a condition of being 
Derpendleular toa worface or line. Ia gendeay, & 
straight line perpendicular to the surface of the 
apherota, 

‘While the term normal ts correctly used to de 
rate aloo a line perpendicular to the surface of the 
(2e0td, the term vertical ts preferred for such a line, 
‘Phe term norm 
‘specied length, 
the length of Tine between the surface of the apher- 
ofa and the minor axis, giving {tthe designation 
“N". To this particular line the French apply the 
term “great normel". This length is the radius of 
curvature of a prime vertical section of the spheroid 

‘normal equation See under equation. 

‘Bormal section azimath—Seo under asimuth: normal 
ection. 

rormal section Hine—A Une on the surface of the 
‘pherotd, connecting two points on that surface, and 
‘traced by a plane containing the normal at obe 
point and passing through the other point. 

‘There can be two such linee connecting any two 
points (#8 A and B) on the apherold: one defined 
by the plane containing the normal at A and passing 
{through B; the other contelning the wormat at B and 
pasting through A. Where the two polnts are on 
{he same parallel of latitude oF on the same meeid- 
fan of lonpitude, the two lines wilt be colmeident, 

‘North American datam—See under datum. 

[North American datum of 1927.—See under datum, 

north star-—See under Polaris, 

Iorthing—Seo under latitude: aigerence of tatitute 
(plone surveying). 

ratation-—A periodic motion of the coletial poles 


0 


‘bltgalty of the eelipte—See under eciptio. 
‘bliterted corner (United States publicland surveys) — 
‘See under corner. 
cbrervation: direct--A meature of the quantity whooe 
alae Je desired, 
Brample: ingle measure of a horizontal angle. 
observation: indireet—-A measure of & quantity whieh 
function of the quantity or quantities whose 
value ts desired 
‘Bxample: an observed diference of elevation with 
1 spirit Level, used to obtain the elevation of @ bench 
mark, 
‘beervation equation—Seo under equation. 
‘brerved angle-—See under angle, 


‘observed value —See under value 
‘cealtation —The ditappearance of a body behind an- 
‘other body of larger apparent size 
‘When the moon passes between the observer and 
f star, the star is said to be occalted. The three 
Associated terms, occultation, eclipes, and transit, 
fe exemplified by the motions of the satellites of 
‘Fuplter. An eolipee occurs when a satelite passes 
Into the shadow enst by the planet; am occultation 
occurs when 2 satelite pastes directly behind the 
plaaet, so that It could not be seen even if {t were 
fiuminated ; and a transit occurs when a satellite 
passes between the observer and the planct, showing 
‘aguinst the disk of the planet. ‘The occultation of 
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stare by the moon furnishes & method of determining 
latitude and longitude weed sa early surveys, particu 
larly those of an exploratory character. 

edometer—A revolution counter which Je attached to 
the wheel of a veblcle and registers the number of 
‘turns made by the wheel In travellng over the 
ground. 

‘An odometer fe used tn obtaining an approstmate 
value of the distance traveled, the number of revo 
lutions belng multiplied by the circumference of 

‘the wheel. See. pastometor. 

‘ofleet“A short ling perpendicalar to @ surveyed line, 
‘measured to a Une or polnt for which datn are 
desired, thus locating the gecond line oF pofat with 
reference to the frst or gurveyed line. An offsct 
{a aleo a Jog In & survey or other line, the line 
having approximately the taime direction both before 
fand after passing the Jor. 

‘Oflets are measured from a surveyed line oF Hines 
to the edges of an irregularshaped body of water, 
‘of to any Irregular Ime which it ls desired to locate. 

offet (United States publicdand surveys).—A perpendic: 
‘ular distance measured from a preat circle. Une 
to parallel of latitude, to locate a section corner 
fon thnt parallel See aeoant method (Onited Sater 
publictand surveys) ; tangent method (United 
Bates publictand surveys). 

‘offect line-—A supplementary line close to and roughly 

el with a mala line, to which it te referred 


‘Where the line for which data are desired ts in 
fauch postion that It Ig dlcult to measure over tt 
‘he required date are obtained by running an efeet 
Hine tn a convenient location and measuring offsets 
from it to aallent poluts on the other line. 

Old Hawaiian datum.—-Seo under datum. 

eptieal "axis (les)—See under principal azte, 

ptleal baseline meavaring apparatar—See wnder dase 


optical _pareilas—See under poralias: instrumentat 
porallez 
‘tical square-—A small hand instrument used tn setting 


‘oft right ongl 

One form of optical square employs two plane 
amirrors placed at an angle of 45" to ench other. 
In use, one object te sighted direct, and another 
object Ie eo placed that its twice-refected Image 
‘appears directly tn line with the Aret object. ‘The 
Ines to the point of observation from the two ob- 
ferved objects will then meet in a right angle. To 
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nother form of optical square, a single plane mirror 
‘so placed that it makes an ongle of 45° with 

fighting line; one object te sighted direct, and the 

ther so placed thet Ite relected image Is seen also 

fn the sighting line. 

eal vernier—Se0 under verntor 

srientation—The act of establishing correct relation- 
fthip In direction with reference to the polntt of 
the compass; the state of being in correct relation: 
ship ta direction with reference to the points of the 
‘compass. 

‘A map is in orfentation when the map aymbols 
fare parailel with thelr corresponding ground fea- 
tres. A plane fable ta tn orlentation when tines 
connecting positions on the plone table sheet are 
parallel with the lines connecting the corresposding 
round objects. A surveyor's tranatt Is im orienta 
on if the horizontal circle reads 0° when the line 
of collimation in parallel to the dlrection It hed at 
fan earlier (Initial) position of the instrument, oF 
to watandard tine of reference. If the line of refer 
fence Is & meridian, the circle will show acimuthe 
referred to that meridion. 

‘A photograph is in orlentatlon when it correctly 
presenta the perspective view of the ground direct? 
{in front of the observer; or when images on the 
photograph appear in the aeme direction from the 
Dolnt of observation as do the corresponding map 
symbol: 

origin of coordinates —See under coordinates. 

orthodrome—An obvolete term descriptive of a great 
‘irl. 

orthographic map projection—See under map projection. 

forthometrie correction —See under correctiom. 

erthometric elevation —Seo under elevation, 

forthomorphic map projection—See under mop profeo 
‘lon. 

cxcllation (pendulum) —A double motion, one in each 
‘direction, of pendulum, An oscillation la composed 
fof two consecutive vibrastons. 

In some texts, a eWration te called a skmple oscll- 
tatton, and an esellation ie called & double or com- 
plete orellatlon, 

outerep.—The exposed portion of a rock stratum oF 
vein at the surface of the earth. 

Tn deseribing a survey station, the exposed portion 
of a large boulder is sometimes mistaken for an 
uterop. 

cutline map —See under mop. 


P 


pace—The distance a pedestrian moves ia taking one 
step. 

See stride 

Paname-Calon 


‘of an object ax soon by a observer and as seen from 
some standard point of reference. 2. Am appareat 
‘laplacement of the position of the body with respect 
to a reference point or eystem caused by « shift in 
the point of observation. 

‘Parallax enters into many problems of astronoms, 
wurceying, and mapping. Tt is an inclusive term, 
find ‘wherever clarity demands, 1€ should be accom. 
panied by a defining adjective.” See annual parallec, 
turnet poralias, toowlar perallas, instrumentat 

jaralloa, and proposed new terms, optical porailon, 


‘and personal paroliaz. Parallax is als 
{im photogrammetry, belng qualited a 
allax," “stereoseopie parallax,” ete. 

lar: annual.—Trhe difereico between the direction 
‘rom the earth (0.0 star and the direction from th 
‘sun to the same star. Algo termed heliocentric 
parallax. 

‘The annual parallax ofa given star is equal to the 
fongle at the star aubtended by the radive of the 
‘earth's orbit. See paraee, Annual partllax does not 
enter foto any surveying problems. 

lax: diurnal —The difference between the direction 
‘rom a polat on the surface of the earth to a 
Planet, star, or other celestial object, and the direc- 
tion from te center of the earth to the eame object. 
‘Also termed geocentcie paral 

‘Diuroat parallax at a given point on the surface 
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of the earth changes tn magnitude as the earth ro- 

tates on its axis: It Is greatest when the celestial 

object Ia im the Rorizon of the given point, when ft 

fn equal to the angle at the object subtended by the 
sidiameter of the earth, and fe termed horizontal 

Darallax, ‘Tho angle at a celestial object subtended 
by the equatorial semidiameter of the earth Is termed 
equatorial horizontal parallax, and is weed to indicate 
‘the distance of the object from the earth 

‘Of less Importance to the surveror la annaal ot 
eltooentric poralles, the difterence of directions to 
‘tar from the earth and from the sun, and of 20 
Smportance whatever te secular parallex, due to the 
‘slow progressive motion of the sole aystem throush 
space 

parallax: equatorial horizontal.—Seo under poraites: 
‘diurnat paralte. 

perallaxs geocentrie—See under parallag: diurnal par- 
‘lle. 

parallax: hellocentric—See under paratlea: annual par- 

parallax: horlzontal—Seo under poraliag: diurnal par 
‘ites, 

perallax: instramental—A change lo the apparent pos 
‘lon of an object with rospect to the reference 
mark(s) of an instrument whieh Is due to imper- 
fect adjustment of the instrument or to a change 
{im the poalton of the observer. 

‘When & telescope ts poorly focused, 0 that the 
image of the object does not Ile in the plane of the 
reticle (cross heirs), a movement of the e7e 
transverse to the Hine’ of collimation will cause an 
‘apparent movement of the image of the object with 
reapect to the crost heirs. ‘This ie 4 ueual form of 
Instrumental parallex, and for It the term optical 
parallax is proposed. Poratlaz may also result from 
{the position in which an observer stands with reapect 
to the duclat morka on an Instrument, as when 
Feading a vernler or marking a tape end: for thle 
type of porallag the term personal parallax is 
proposed. 

parallax: eptieal—Sco under parallas: énsirumentat 
parallos. 

parallax: personal—See under parallas: instrumental 
parallaz 

parallax: stealar—See under poratlaz: 
‘alles 

parallax: solar—The equatoriat horizontal porailes of 

‘Solar parallax is the basis for the determination 
of the estronoméca! unit, and is used in some astro- 
omlcal calculations as a measure of distance In place 
fof that unit, 

parallel: sstronomic—A line on the surface of the 
‘arth which bas the same aatronomic latitude at 
‘every point. 

Beeaune the defection of the vertical 1s not the 
same at all points on the earth, am astronomle par- 
fllel ts an irregular line, not lying in a single plane 
‘The astronomie paraliel of O° latitude fe ealied the 
@stronomic equator; also called the terrestrial 
equator. 

“auniliery standard (United States pablicland 


dturnat por. 


1, when required, for control purposes 
here original standard parallels or correction lines 
‘were placed at intervals of 80 oF 86 miles. 

“Auxillary standard parallels are used in the ex: 
tenslon of old surveye and for the control of new 
aurvoys. Such a line may be given a Toeal name, as 

‘Cedar Creek Correction Line,” or “Pifth Auriliery 
‘Standard Parallel North 
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parallel: geodetic—A line on the apherotd which bas 
‘the same geodetic latitude at every polat 

"A geodetic paratlel, other than the equator, is not 
a geodette (geodesic) line. In form, It ia & small 
‘rele whoee plane fs parallel with the plane of the 
deodetie equator. 

parallel: geographie—A line on the earth having the 
‘same laviiude at every polat. 

‘The term is applicable allke to an extronomlo 

poratiet or to a geodetic parate 

perallel: standard (cartography).—A parallel of latitude 
‘whieh te used as a control line in the computation 
ot a map projection. 

Tp illustrations of map projections of the conte 
type, a standard parallel urvally represents a ine 
of tangeney oF of Interscetion of a cone with the 
surface of the spheroid. Such illustrations are not 
exact. 

perallel: standard (United States publicland rarveys)-*— 
"An auxiliary governing Une established along the 
‘stronomie parallel, iaitiated at a selected townehip 
‘comer on a principal meridian, usually at toter 
(of 24 miles from the dase Hine, on which standard 
Yowonship, section, and quorterseotion corners are 
(stabltshed ; also known as a “correction line 

Standard parallel, or “correction lines” are es- 
{ablished for the purpose of Iimiting the convergence 
of range lines from the south. 

parallel of alttude.—See under almucentar, 

Derallel of declination —See under declination, 

Darametrle Initude.—-Seo under latitude. 

Parkharat theodolite—See under thendotite, 

parsec—The distance at which the annual parailan 
‘ts equal to one second of are (2) 

partial (leveling).—Se0 divergence (leveling). 

Dessometer—A.pocket-sae tastroment whlch registers 
‘he number of ateps taken by the pedestrian carrying 
ie 

‘The passometer is housed in a case resembling & 
swateh case and fe carried ia en upright position a 
{ached to the body or to a leg. ‘The distance walked 
4s obtalned by multiplying the number of steps taken 
by the length of a pace, oF of a stride, if double 
stops are regiatered. Sev also pedometer 

pedometer —A. pocket sive Instrument which registers 
‘the dintance fn linear units traversed by the pede 
flan carrying It. 

The term pedometer was formerly applied also to 
‘an instrument Which registered the number of stepe 
taken, but for which the term pattometer is now 

meter, Is housed 

and Is carried 

fan upright position attached to the body or to a Tes, 
It resiatere the Iinear distance traveled 4a miles oF 
other units, the number of steps taken being me- 
thanically transformed into ear units. ‘This trans 
formation depends upon the length of a pace, whlch 
‘ay be dierent for different persons. The pedometer 
fan be adjasted to the length of the pace of the 
person carrying tt. 

peg adjurtment—-A method of adjasting a leveling 
‘natrumont of the dumpy level type, to make the 
Une of collimation parallel with the azie of the 
level, and employing two stable marks (pegs) the 
Jength of one Instrument sight apart 

"The peg adjustment can be used with a wye love, 
but even an instrument fs more readily adjusted by 
reversing the feleacope In Its wyes. A’form of es 
‘adjustment Js used Jo determlaing the collimation 
Crror of ratorder leveling natrumenta of the Gumpy 
level type. 

Pemberton leveling rod-—See under Teveling rod: Pem- 
Derton rod. 
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‘pendalam.—In general, a body go suspended as to swing 
Treely to and fro under the Influence of grevity and 
momentum. See pendulum: simple pendulum ; com- 
pound pendulum, 

endalum: bronge.—-A quarter-meter pendulum used by 
the U. 8. Coast and Geodetic Survey, and made of 
‘aluminum bronze consisting of one part of aluminum 
fand nine parts of copper. 

‘Beglaning in 3020, bronze penduloma were re 
placed by invar pendulum in the gravity Work of 
‘the U, 8. Coast and Geodetle Survey. 

pendulum: compound—Any actual pendulum. 


‘A compound pendulum may be considered as com- 
posed of an indefinitely large number of material 
Derticles, at dierent distances trom the center of 
suspencton, each constituting a simple pendulum, 
‘The period of vibration (oxcllation) of the compound 


‘pendalum: demmy—A pendulum of similar construction 
to the working pendulume except that Ie eaUipped 
trith a thermometer and it teatened rigidly in th 
‘ecetver so that It cannot swing during obserration 

‘The dummy pendulum is subject to the auive tem 
perature conditions aa the working pendulum, and 

‘uted Io determining thelr temperature when in 

pendaiam: fresvinging—A pendulum moving wholly 
funder the influence of gravity und an Initial mo- 
‘mentum imparted to It by mochanteal or other 

‘In gravity work, the initial momentum may be 
imparted by drawing the pendulum slightly out of 
plumb ‘and then releasing It 

pendalam: idle-—A working pendulum placed in the re- 
elver In advance of Ite being used, #0 that It may 
fasgume the same temperature aa the dummy pendu- 
tum 

pendulum: inver—A qutrtor-meter pendulum used by 
‘the U. 8. Coast and Geodetle Survey, and made of 
fan alloy consisting: of approximately one pert of 
Blekel and two parts of Iron. 

‘Begining in 1020, Invar pendulume have replaced 
bronze pendulume tn the gravity work of the U. 8. 
Coast and Geodetic Survey. The invar pendulum 
fn subject to magnetization, and has a coeflotent 
of thermat expansion about one-Atteenth that of the 
ronze pendutum which it replaced, In general, the 
‘two pendulume are quite smiles, the weight of the 
Invar pendulum being somewhat greater and ita bob 
flitele thicker at the middle 

pendalam: invarieble—A pendulum so designed and 
equipped with means of support that 1t can be used 
{im only one position, 

‘With an invariable pendulum, the centers of aus 
pension and. of orciligtion are not interchangeable 
fn use, Pendulume of this type have been com: 
tracted by Kater, Pelrce, and Mendenhall. They 
may be ured only for relative meacurements of the 
intensity of gravity. 

pendalam: Mendenhall.—An invariable pendulum, one- 
‘auarter meter 4n length, with a vibration period of 
Gnebalt second, composed of a 
bob on thin stem, swung in an airtight c 
which the alr has been largely exhausted 

‘This pendulum was designed tn 1600 by Super- 
ntendent Mendenhall and assistants of the U. & 
Coast ed Geodetic Survey. Tt 1s the form of 
‘pendulum sed since then by that Bureau in deter- 
Iinations of the intensity of gravity, but bas under 
{one virions improvements in mouating, methods of 
‘observation, ete. 
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pendulum: reversible—A pendulum #o designed and 
‘equipped with means of support that ft may be used 
‘with elther end up oF down 

With a reversible pendulum, the centers of sus- 
pension and” of oscillation are Interchangeable In 
fact, This type of pendulum ta exemplited by pen- 
duluma constructed by Kater, by Peirce, end OY 
Repsol. Reversible pendulums may be used for 
Abeolute measurements of the intensity of gravity 
At base stations, See pendulum: invari 

pendulum: simple —A. theoretical concept: a heavy 
Dertcle suspended from « Oxed point by a fine thread 
‘whieh Is Inextensiblo and without welght. 

A simple pendulum cannot be realized in gctual 
work. “A simple pendulum 1s, however, the basls of 
Feductions of observations made with an actual pen- 
alum, ‘Those observations have corrections applied 
to them to obtaln resulte which would have been 
Produced by an equivalent simple pendulum. 

pendalum: temperature correction —The quantity that le 
‘applied to the period of wAbration of pendulum to 
Allow for the diference in the length of the pen- 
Gutum at the temperature of observation and ite 
length at some other temperature whlch has been 
‘adopted for purposes of atendardization or for com 
bining or comparing corresponding. values 

in the work of the U.S. Coast and Geodetic 
Survey, the temperature adopted for these purposes 
Is 15" centigrade 

pendalum: werking—A pendulum which ts used 
(swung) in a determination of the intendity of 
pravtty. 

perigee ‘The point in the orbit of the moon nearest 
‘to the earth. 

perihelion The potnt in the orbit of @ planet or comet 
closest to the aun. 

Perihelion of the earth's orbit provides the index 
for the anomalitic year. 

permanent bench mark-—-See under Dench mark. 

Derpendicalar equation (traverse).—See under equation, 

Dersonal equation—The fime interval between the 
‘sensory perception of @ phenomenon and the motor 
reaction ‘thereto. 

Personal equatlon may be clther positive or nega: 
tive, as an observer may anticipate the occurrence 
‘of an event, or watt until he actually gees it occur 
before maklag a record, 

‘This Ie a aystemattc error, treated as of the con- 
stant type. Tt la personal error, for which the term 
Dersonal equation is reserved, It ts of especial sig. 
lfcance in observations of time, made to deteroine 
clock correction. For example, it isthe elapsed time 
between the secing of the event, star bisected by 
‘ire, and the recording of that event by mectantea! 
(chronograph) means or by other method (eye-and- 
fear). Because of Its sigaiieance in such work, spe 

‘ee 


slat means have been developed for ite control 
‘micrometer: tranet, 


Dersonal parallax.—Seo under parallas: instrumental, 

perspective map projetlon.—See under map projection, 

Derapective map projection upan a tangent cylinder See 
‘under map projection. 

phase—The visio aspect of an object. 

“ie antronomy, phase Is a stage in @ cycle of re- 
‘curring aspects, caused by a systematic variation of 
‘the illumination of an object. The moon passes 
‘through Its phases, new moon to fall moon and back 
‘0 new moon, as its postion relative to the eum and 
earth changes, applied to 
2 elgnal whieh presents areas of 
‘to the observer: @ round pole, illuminated from the 


Figure 86: Median Throughput Gains in Hotspot Scenarios?”® 
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FeICIC is also beneficial in non-hotspot scenarios. In the case of a uniform distribution of 
picocells, this same 5G Americas member estimates a 130% gain from FelCIC for an eight 
picocell per macro-cell scenario, increasing capacity from a factor of 3.3 for the picocells 
alone to a factor of 7.6 with the addition of FelCIC.?7 


Further insight is available from Figure 87, which shows 5 percentile and 50 percentile 
throughput with and without elCIC under different conditions of range extension and 
almost blanked subframes. 


¥8 5G Americas member contribution. Assumes 3GPP evaluation methodology TR 36.814, carrier- 
aggregation UEs, macro ISD = 1732m, 700 MHz and 2GHz carrier frequency, full-buffer traffic, FDD 
10410 MHz per carrier, 6-degree antenna downtilt, 4 or 8 Picos and 30 UEs per Macro cell, hotspot 
distribution with 20 of 30 UEs near picos, PF scheduler, 2x2 MIMO, TU3 channel, NLOS, local partitioning 
algorithm. 


173 Assumes 3GPP evaluation methodology TR 36.814, macro ISD = 1732m, 700 MHz and 2GHz carrier 
frequency, full-butfer traffic, 6-degree antenna downtilt, 30 carrier-aggregation UEs per Macro cell, 
uniform random layout, PF scheduler, FDD, 10+10 MHz per carrier, 2x2 MIMO, TU3 channel, NLOS, 
local partitioning algorithm. Additional information is available at 

ftp://ftp.3gpp.org/tsq_ran/WG1 RL1/TSGR1 66b/Docs/R1-113383.zip. 
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side; a square pote, of which the observer sees two 
des, one more strongly illuminated than the other 
‘The error in polnting due to phase ls of the sume 
character and reqolres the same treatment as an 
terror due to observing an eccentric object. Phase 
‘may be closely astoclated with axymmetry of object 
(target), but the two terme are not Identical 

Philadelphia leveling rod—See under leveling rod: PM 
‘adelphia rod. 

physlopraphle. feature 
‘Phyetopraphic form or 

phyalographie form—A lond form considered with 
regard to origin, cause, or blstory, 

physlography.*—The classification of the genesis of 
Tond forme 

pivot Inequality —Any difference in the dlemeters ot 
‘any Irregularities 1a the form of the pivots of the 
ortsontot aste of a surveying or astronomical instru 
mont. (theodoltte, tranatt, ete.) 

"Though formerly taken into account in the com 
putatlon of astronomical obvervations made tn cot- 
‘ection with geodetic turveye, corrections for pivot 
Inequality have been rendered unnecessary by the 
production of instruments having pivots which are 
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‘support of a pendulum, 
Tn the Mendenhall pendulum, an agate plane 1s 

mounted tn the head of the pendulum : thls bears oo 
fan agate bnife edge which ts mounted in the recetver. 
‘Since 1040, the positions of plane and knife ed 
{n some penduluma have been reversed. 

lane coordinates: State coordinate system.—See under 
“State coordinate system 

plane elliptic are—Any part of the line formed by the 
intersection of « plane and an elliprotd 

plane rectangular coordinates—See under coordinates, 

plane sarver.—See under eureeying: plone, 

Dlane surveying —See under surveying. 

plane table (rervering)—A device for plotting the tines 
‘of a furvey dleectly from the observations. 

‘A plane table consiets ementialy of a drawing 
board on a tripod, with a ruler, the ruler belng 
pointed at the object observed by means of a tele 
feope or other sighting device. 

planimeter.—-A mechanical Integrator for measuring the 
‘aren of plane surface. 

‘Uning x planimeter, the map area within a given 
perimeter enn be measured ; by application of a factor 
Gerlved from the map seate, the map aren can be 
transformed into ‘the corresponding area on the 
farth, ‘There are several forme of planimetere, do 
ending on the same mathematical principle, but 
‘iffering in thelr mechauteal design end operation, 
‘The one most generally used in map Work 8 the 
polar planimeter; other wellknown forma are the 
olliag planimeter and the suspended planimete 

planimetrie map—See under aj 
Dlanimetry—~TThe mensuration of plane surfaces 

To mapping, planimetry is the determination of 

horlzontal distances, angles, and arens, by measure. 
planlaphere.—A representation on a plane of the circles 
(parolieie, meridians, ete.) of a aphere. 

"A particular form of a planiephere is a polor mop 
projection of the celestial ephere, with movable parts 
‘whieh can be adjunted to show the visto aspect of 
the heavens at any given time, thereby aiding in the 
‘election and Identiseation of stare for varlous pur. 
poses, ‘The planisphere is the basis of the plant 
pheric astrotade, 

planiapherie antrolabe—See under astrotade, 
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plat (general). A diagram drawn to scale showing 
‘al! eseential date pertatning to the boundaries and 
‘ubdivisions of a tract of land, ax determined by 
‘survey oF protraction. 

“A plat should show all data required for a com- 
Dlete-and accurate description of the land whlch it 
elineates, including the Bearings (or asimuths) and 
lengths of the boundaries of each subdivision. A plat 
may constitute a legal description of the land and 
be used tn leu of a written description, 

plat (United States publieland surveys). —The term 
‘lat, as employed technically by the U. 8, General 
Land Ofiee, refers to the drawing which represents 
the partiouiar aren Included In a survey, auch a2 & 
fownanip, private land claim, or mineral cals, and 
the nee surveyed, established, retraced, oF rerar- 
veyed, showing the dlrection and length of each euch 
Tine; ‘the relation to the adjoining oflelal surveys; 
‘and area of each parcel 

of land wobdivided; and, ae nearly aa may be prac- 
‘abd improve: 


‘ments within the limits of the #urvey. 
‘A publieland survey does not abtain complete 
oficial or legal status until the eld notes and the 
plat have been approved by the proper supervising 
ofcer, end accepted by the Commissioner of the Gen- 
eral Land Of%ce. 
plot-—To place auroey date upon a map oF plat. 
in past ube, no clearly dened diference existed 
between plat and plot. It is suggested that m difter- 
fence be established by limtting plat to the graphical 
representation of a survey, and plot to the carto- 
raphe operations involved in the construction of 
map oF plat 
plus distance —The distance along a survey line from a 
‘turvey stotion or the last even-numbered eurvey 
Doin to a supplementary point. 
‘A stake ta set at 615.66 feet from the initial potnt 
ot @ survey lie and i not the terminal of that line : 
the even 800-foot point te station No. 8; the stake 


ine plus station (No. 6415.58), and 16.50 feet ts 
plus aletancs. 


station —An Intermediate point on a survey Ih 

ot at en even tape length dletance trom the initial 
Doint. Bee plus distance. 

pelnt—A position on a reference apatem determined by 
a survey. A fs. 

polnt: turning (leveling) —A potnt on which a foresight 
fe taken from one inetrument stotion in a line of 
Jevela and on which’ backright te taken from the 

xt instrument station tn the running and. whlch 

4s established simply for the purpose of allowing the 
leveling instrament to be moved forward along the 
line of Tevels without a Break in the peries of meas. 
‘red diferences of elevation. 

"A turning polat may be a steel pin driven in the 
‘ground, the head of a hold-down apike on a railroad 
‘rack, a nail driven in tle of a talitoad (rack, & 
ball Gearing sot In a small dent In concrete pave: 
ment, ete. 

polnt of compound eurvatere—ee under curve, 

Delat of eurvatare—See under curve, 

Dolat of intersection —See under curve, 

point of tangeney.—See under cure. 

pointers: the pointers.—The sccond-magnitude stars, 
‘Alpha and Beta, im the constellation Urea Major 
(Big Dipper), the line through which points. to 
Polaris, 

"The pointers faciltate the finding and identifica 
ton of Polaris. “They are tn the outer fide of the 
“bowl” of the Big Dipper, away from the handle. 
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polar coordinates —See under coordinates. 
Delar distance—The complement of the declination 

(Co-deelination) oF 00° minus the declination. 

Polar distance forms one side, celestial body to 
pole, of the astronomical triangiz. It is opposite 
the zenith, 
lar orthographic map profection-—Seo under mop pro- 
fection: modified polyconte. 

Polaris-—The second-magaitude star, Alpha, in the 

‘constellation Uraa Minor (Little Dipper). 

‘Alto knowa-aa the polestar, oF north star, bectuse 
of ita proximity to the north pole of the celestial 
tpnere, Polaris te well situated for determinations 
o¢ astronomical asimuth, and for the determination 
fot ‘the direction of the celestial meridian. It is 
Int the extreme outer end of the handle of the “Little 
Dipper.” See polntere: the pointers. 

tar See under Polaris, 
Delzeenie map profection—Seo under map projection, 
Dolyeanie map projection, modied.—Sece under mop pro- 

Section. 
pelyeonie map projection, transverse —See under mop 

projection: transverse polyeonte. 

Port Clarence datum.—See under datum, 
position —1. Data which define the location of a potat 

‘with respect to a reference aystem, ‘The place oeea- 

pied by a point on the surface of the earth, ‘The 

‘coordinates which deGine the location of  polnt on 

{the geoid of apherold. 

2.°A prescribed setting (reading) of the hortzontal 

clrcle of direction theodolite to be used for the 

‘observation on the initial rtation of a series of sta: 

{ons whieh are to be observed on, 

"The term aa defined under 2 (above) indleates a 
efinte position of the horizontal circle, Por exam- 
ble, in frat-order triangulation, using a two-mlerom. 
ster direction theodollte, in Position No. 1, the elrcle 
feet €0 Fead 0" 00" 40°” when the initial station te 

observed; in Position No. 2, the circle is sot to read 
$1°01'50" when the toitial station in observed ; ete. 

positon: adjusted. —An adjusted value of the coordinate 
position of @ point on the earth, 

‘in the adjustment of a horizontal controt survey, 
“tacrepancies arleing from orvors in the observational 
ata are removed, and poaltion data of the survey 
tations are correlated and coordinated on an adopted 
reference system (geodetic datum or plane-coordinate 
tystem). The postions which are obtalned by the 
‘2ajustment are called adjusted positions, and when 
tured as control for other work are referred to at 
‘xed positions. In the adjustment of a vertical con- 
trol surver, the values obtalned are adjusted eleva 
tons, called fixed elevations when used to control 
other work. 

‘onition: feld.—A position computed while feld work ts 

‘in progress to determine the acceptabllity of the ob- 

vations oF to provide a preliminary position for 
purposes, 

position: fixed —See under position: adjusted position 

peaition: geodetic —A position of « polnt on the surface 
fof the earth expressed in terma of geodetic latitude 
fand geodetic longitude. 

‘A geodetic position implies an adopted geodetio 
datum, In a complete record of a geodetic postion, 
‘the datum must be stated 

position: geographle—The postion of a point on the 
frface of the earth exprensed in terme of latitude 
fand longitude, elther geodetic or astronomte. 

"The U. 8. Const and Geodetle Survey uses the term 
eographie posttions for positions on a geodette 
datvo, 


position: preliminary —See under preliminary. 
Dosition: relative The leeation of a point with respect 
to other polats 

‘The relative position of two polnts whose poste 
tlons are given on the ame coordinate «prt 1 
the dlference of thelr eoordinates, which may also 
be expressed by a direction and distance. 

position line —See under line of position, 

Destal map-—See under map. 

Dost route map.—See under map. 

Pratt theory of inostaer—Seo under {sortary. 

precearion—-See under preceasion of the equinoses. 

Dreceation of the equinoxes-—A slow western movement 
of the cquinose 

Precestion of the equinoxes amounts to about 60”” 
per year and eausce the difference in length between 
the eldereal and tropteal years 

precise level—See under leveling tnetrument. 

breciae leveling—See under leveling: first-order, 

precise trangulation—See under triangulation, 

brecison.*—Degree of refinement in the performance 
‘of an operation or in the statement of a revue 

Precision relates to the quallty of execution, and 
1s distinguished from acouraoy which relates to the 
‘quality of the result. The term precision not only 
‘pplies to the Adelity with which required operations 
fare performed, but by custom bas been applied to 
metiods and tnstraments employed in obtaining re- 
sults of a high order of accuracy. Precision 1a ox. 
fmplisiea by the number of decimal places to whicl 
‘computation fs carried and a result stated, In a 
feneral way, the accuracy of a result sbowld deter- 
fine the precision of its expression. Precialon is of 
‘bo slguificance unless accuracy ts also obtained, 

preliminary.—Not of the desired accuracy and precision, 
‘and adopted for temporary use with the provieo of 
later belng superseded, 

In the adjustment of triangulation, the term pre- 
minary is applied to triangles and geographic poet 
Hons derived from selected observations for wie in 
{forming latitude and longitude condition equations, 

preliminary elevation —See under elevation, 

preliminary position —See under preliminary. 

preliminary survey.—See under survey. 

preliminary trlangle—See under preliminary. 

rile Islands datums—See under datum: Bt, George 
‘Island datum; St. Pout Island datum. 

primary trlangulation —Seo under triangulation, 

prime meriian.—See under meridton. 

rime vertleal—A vertical otrole perpendicular to the 
plane of the celeattat meridian. 

‘The plane of the prime vertical euts the Aorkeon 
In the east and west points. 

Drincipal axis (of « lens) —The line normal to both aur- 
‘aces of a Tens, 

In a well-ceatered lens aystem, for which the prin- 
<lpal axes of the components are in the eame straight 
Une, that line ts termed the optical axis of the aye- 
‘tom, or slmply the aris. Tt should never be called 
the optic axis, which Is a term used in erystallog- 
raphy. 

principal meridian (United States publictand sarrers) — 
‘ee under meridian. 

principal station.—Seo under station. 

Drlamatle atrolabe—See under estrotabe, 

Driematle compass-—See under compass. 

Drobable error.~-See under error. 

Drobable valoe: most probable value —See under value: 
‘most probable value. 
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profile —A nection cut from the surface of the earth 
by a line moving along a fixed iine as directrix, and 
showing the line of intersection with that surface or 
‘with rome underlying stratum. 

Usually the moving line will be a vertical stratght 
Ane, and the directrix will be a straight line of 
regular curve (as the center line of a railroad or 
Ihighway). ‘The surface of intersection ‘will be a 
plane wirface of a regular curved surface that eam 
be developed on a plane. 

progress aketch—A map oF aketch showing work accom- 
bilsbed. 

In triangulation and sraverse surveys, each point 
established Is. shown on the progress sketch, and 
‘so Unes observed over and base lince measured 
Inu leveling survey, the progress sketch shows the 
route followed and the towne passed through, Dut 
‘not necessarily the locations of the Bench marks, 

projection (surveying) —The extension of a line beyond 
‘he points wuich determine ite character and posl- 
Hon, The transfer of a aetles of aurvey Vines to 8 
le theoretical line by a weries of lines perpendicu- 

Tar to the theoretical line. 

in surveying « traverse, a series of measured short 
Mines may be projected onto a single long line, con- 
necting to main ervey stations, and the Tong Hine 
hen treated a 4 meanured line of the traverse 

projection: map-—See under map projection. 
Dretracter.—~An instrument consleting of a plate marked 
‘with unite of elreular measure. 

‘A protractor fe used in laying out on @ fat or 
curved surface an ongle of desired magnitude; oF In 
etermining the maguitude of the angle made by 
tewo Intorsecting lines on a fat surface.  Proteactors 
fare mde in many slaes and forme to euit the Durpose 
‘and convenience of the ones uslag them. See 9F0- 
tractor: three-arm protractor; coordinate protractor. 

protractor: coordinate.—A square-shaped protractor hav- 
‘ng graduations on two adjacent edges, with the 
canter at one corner. Tt is equipped with a movable 
‘arm turning about the center, and graduated to show 
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near quantities on a given scale, The protractor te 
‘covered with a grid of the same scale and units as 
‘the arm, 

Tn use, the arm is set for a given osimuth ot 
Dearing, tnd the length of a line marked of the 
farm: a’ reading of the grid at this point will give 
‘the latitude and departure of a line of the given 
length and bearing. 

protractor: three-arm—A full<trele protractor, equipped 
"with three arma, the fiduelal edges (extended) of 
‘which pase through the center of the clrcle. ‘The 
‘idale arm 1s Axed, and reads 0" on the graduated 
circle, ‘The other arms are movable, and thelr 
positions on the circle are read with’ the ald of 
‘ernie 

‘The two movable arms may be set to two ongles 
observed between three Axed tgnals of known pos 
‘on, and the position of the polat of observation 
‘obtained by a graphical solution of the three-point 
problem, Also called station polater, 

public domain (United State).*—The territory ceded to 
‘the Federal Government by the Original Thirteen 
States, together with certain subsequent additions 
by cession, treaty, and purchase. 

‘At tts greatest extent, the public domain aggre- 
sgated over 1,820,000,000 eres and included the pres 
‘ent States of Alabama, Artzone, Arkanses, Califor 
bla, Colorado, Mlorida, Idaho, Minols, Indiana, Tow 


Kansas, Louislans, Michigan, Minnesots, tise” 
‘top|, Mtesourl, Montane, Nebraska, Nevada, New 
Mexico, North’ Dakota, ‘Ohio, Oklahoma, Oregon, 


South Dakota, Utah, Washlaston, Wiaconsia, Wyo. 
‘ming, and the Territory of Alaska. 

public land (United States).*-—The portion of the public 
domain (United Statce) to which tile ts aill ested 
{n the Federal Government. 

public land Statex*—Those States and ‘Territories 
‘created out of the public domain (United States) 

or let of publieland States see public domain 

(United Sta 

‘Poerto Rico datum, See under datum, 


Q 


‘ccadrant—Mathematics, A seotor having an are of 
‘90°. Surveying. A surveying or astronomtcal instra- 
ment composed of « graduated ore about 90" tn 
length, equipped with « slghtiog device (aligade) 

“The quadrant may be coneldered a form of eector 
(eurveying). Some quadrants combine both sur 


veying and astronomical functions, having two ares, 
fone horizontal and one vertical 

‘quarter section (Ualted State publicland surveys) —See 
"under section, 

cuarterqaarter stction (United Staten pablicland sur- 
‘vers) See under section. 
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radar—The art of detecting by means of radio echoes 
‘the presence of object, determining thelr direction 
fand range, and employing the data obtained for navi: 
fgetional or military purposes, 

"Radar information is commonly obtained from the 
plan position indleator (PPI), a form of oscilloscope 
fon whieh the direction and range of an echoing ob- 
Soot are represented graphically. 

radian —See angle (generat), (). 
random line—A trial line Tun as nearly as circum: 
ances permit from one urrey station toward an- 
‘other survey station which eannot be seen from the 
frat station 
"The ervor of cloeure (amount by which the second 


station fe missed) permite the computation of a cor 
rection to the foital acimuth of the random line; it 
‘also permits the computation of ofeta from the ran- 
dom line to establish points on the line between the 
survey stations 

.ndom traverse—See under travere 

two points in Line with the potat 


‘The following are practical exemplifcations of 
range: 

1, The line dened by the sido of a building ot 
boy a fence may be extended visually to its intersec- 
tlon with a murvey line: the point of Sntersection 
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‘thus determined tn tala to be in r 
of the building or with the fence 

2. In hydrographle survesing, a range formed by 
‘two shore objects if sultably located, alds in Keeping 
‘8 boat moving In a straight line; the line defined by 
‘the range. 

‘3. In navigation, spectally constructed alds mark 
ranges defining chantele which are to be followed 
bby vessela and keep them clear of dangers, Such 


ge with 


‘el Rear Light, 
“4. Boundary iines across water arens and boundary 
comers in water arean where permanent mari cat 
fot be established, are sometimes defined by inter- 
fection of range lites oF by a range line and distance 
froma mark, the range lines being marked by perma- 
rent monuments on the land. 

range (Ualted States poblieland sorveys).*—Any serles 
‘of contiguous townships situated north and south 
fof cach other; also sections similarly eltuated within 
18 towneDip. 

anges of townships are numbered consecutively 
‘east and west from a principal meridian: thus “range 
Beart” Indicates the third range or row of fown- 
fahipe to the east from a principal meridian. ‘Tho 
‘word range is used 10 conjunction with the appro- 
Driate township to indlente the coordinates of a Dar- 
loulae township with reference to the initial point; 
thus “township 14 north, range 8 enst" indleates 
‘the particular township whieh Ie the 14th township 
orth of the base line and the Sed township east of 
{he principal meridion. 

range Snder-—An Instrument for finding the distance 
‘trom a single point of observation to other polats at 
‘whieh no instruments are placed. See tachymeter. 

In general, a range Onder employs a very abort bose 
tine, of fixed length, which ts part of the instru 
iment, and is utilized according to the principle of 
Hriangulation, The precision of the optical and 
‘other parte of the instrument is very great, but 
Decause of the small magattude of the angie of 
Intersection of the lines of sight at the object ob- 
served 02, the distances obtained are not of @ 
Bigh order of precision. 

range line (United States pablictand surveys).*—An ex- 
‘terior boundary of a township extending in a north- 
south direction. 

Résumar seale—A temperature seale in which 0° marks 
‘the freering polnt end 80° the boiling polnt of water 
‘at 760 mm. arometrie presiure. 

In some of the entliest geodetic work, the Résumur 
scale was used in stating the temperature of base- 
line meaturing apparatus (baee apparatus). 

receiver (pendulum) —A heavy eastmetal box” within 
‘which the pendulum le suspended an some auxiliary 
‘equipment placed when making observations for the 
intensity of gravity. 

"The receiver used with the Mendenholl pendulum 
to.a hoary brass casting which can be made airtight 
‘and exhausted of air, mounted on foot serews for 
leveling, and provided with appliances for manipu- 
ating the pendulume and auzillary equipment which 
fare placed in it. Tt ls provided with glass windows 
‘through which observations are made. 

reciprocal of the flattening (of the earth) —See under 
attening of the earth. 

reconnalusance map-—See Under maf 

Feconnainance aketch-*—A drawing which resembles a 
Treconnaterance map but is Incking In ome map ele- 
ment. 

econaalasance survey —See under survey. 
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recovery of station —A survey station is considered as 

recovered when its mark (monument) 18 identified 

‘tuthentlc and proved to be cccupring its original 
‘te, 

"The recovery of station is tested by checking the 
measurements for distance and azimuth (cr be 
ng) trom the station to a reference mark. Wiineas 
marks are alde to the recovery, but alford only 

condary evidence of the position of the recovered 
mark, Sometimes, exact recovery requires that the 
original survey connections between the station and 
ft least two adjacent stations of the same survey 

‘late be tested and found unchanged. 
rectangular coordinatet.—Seo under coordinates, 


reduction to center —Bee under center. 

Tlerence mark—A supplementary mark of permanent 
character close to a survey efation, to which It is 
related by accurately measured distance and azimuth 
(or bearing) 

‘The connection between a survey station and ite 
reference mark(s) should be of muficlent precision 
‘and accuracy to permit the reestablishment of the 
tation on the ground should ite marks be destroyed, 
fr the use of the reference mark in placo of the ror. 
ey station in the extension of surveys. Reference 
marks are used to define positions of boundary cor 
nere which inay be #0 aitoated (ae in water) that 
Dermanent marke cannot be placed exactly at the 
comers. See corner: witness oorner (Unites Stotee 
publiecand surveys). 

referencing.—The process of measuring the horlzontal 
Alstances and directions (astmuthe oF Bearings) {rom 
‘a survey station to nearby landmarba, reference 
‘marke, and other objects which may be used in the 
recovery of the station, 

refraction? angle of-—Seo under refraction of ght. 

Infraction angle of ineldence.—See under refraction of 
Wont. 

refraction: astronomletl-—he retraction by the earth’ 
‘atmosphere of light from a source outside the at- 
mosphere. 

Light from a celestial body, as a star or planet, 
esses entirely through the atmorphere in reaching 
fhe earth, and follows « curved path whlch ts con: 
‘eave to the surtace of the eurth. "The angle between 
‘the direction of ray where it enters the atmor: 
Dhore and Its direction at the point of observation 
fn the astronomical refraction of the ray, oF siply 
its retraction. It ie also ealled celestial refraction, 
ts magnitude 1s greatest when the observed body 
iw near the horizon; with slight irregularities, 1t 
ecreasee to a minimum near the senith, being sero 
‘when the path of the ray Is normal to the surfaces 
Of the atmospheric layers. Astronomical retraction 
‘must be considered in many problems of astronomy, 
‘turveving, and navigation. See refraction of Hght 

fraction: atmoypherle-The refraction of light passing 
‘rough the earth's atmosphere. 
“Atmospheric refraction includes both attronoms- 
cai refraction and terrestrial refractiom, 
refraction: eaeficlent of—The ratio of the refraction 
‘angle at the point of obeervation to the angle at the 
fanter of the earth subtended by the ore connecting 
‘he point of observation and the observed point. 
refraction: index of —The ratlo of the sine of the angle 
(of incidence to the sine of the angle of refraction. 

‘When a ray of light pasees trom a vacuum into 

some medium of from some medium into @ racuam, 
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the Index of retraction is the absolute index of the 
‘medium, ‘When & ray of light passes from one 
‘medium mto another medium, the Index ts the 
relative index of those media, ‘The index of retrac- 
ton i slightly aiierent for diffrent wave lengths. 
‘This deviation, by refraction, of different wave 
Iengths, is known as dispersion. and, for any given 
medium, the amount of the deviation Is a measure 
of the dispersive power of the mediom. Ohromatte 
Gherration is overcome over & moderate range of 
‘wave lengths by using a composite lens (ochromatio 
Tens) composed of elements huving diferent die. 
pernive powers, A lens made achromatic for visual 
‘observation Ia not strictly achromatic for photo- 
sraphle work. 

refraction: terrestrial—Tho retraction by the earth's 
‘atmosphere of ght from a terrestrial source. 

‘The path of light from a terrestrial source 1s 
‘usually not far from horizontal; it passes through 
only the lower atrata of the atmosphere, and sutfers 
retraction throughout its entire length, ‘The angle 
of refraction, of stmply the refraction, of a survey 
line ts the anpte at the point of observation between 
the true direction of the observed abject and the 
direction as shown by ght coming from it (direc- 
Hon of object as ween). 

“Terrestrial refraction must be considered in many 

‘of surveying, and enters into some prob- 
tronomy and navigation ‘which Involve 
observations on terrestrial objects, " Because the 
‘arrangement of the alr strata ts not exactly sym- 
‘metrieal In form and density, the path of a ray of 
ght through the atmosphere te not a smooth carve 
in a vertical plone. Ite curvature is greatest, how- 
ferer, In oF clone to a vertical plane, where its mag- 
nitude te of copalderable importance in observations 
‘hich are referred to the zenith oF to the plane of 
{the horizon, as aro some vertical angles and apiett 
levels, Tea effect 1s usually to make the apparent 
altitude of an object greater than its true attitude, 
though under special atmospheric conditions, this 
‘effect may be reversed. 

Tn frianpulation, a station which te normally Just 
below the apparent horizon may, under certain con 
Aitfons of the atmosphere and because of refraction, 
become visible for a short period of time and be 
observable, A line which can be obsorved over only 
‘with tho ald of tefraction fe termed a refraction 
Tine. Retraction In a direction which ts approxi- 
‘ately horlgontal tp termed lateral refraction, and 
Under some conditions can be of auch magnitude 43 
to seriously affect observed values of horizontal 
Girections. "A careful reconnolesonce ie required, 
‘especially for elty surveys, to prevent the Inclusion 
fof lines go affected in a eurvey net. In some publl- 
tations of the U. §. Coast and Geodetle Survey, 
terrestrial refraction is considered under the tle 
(of atmospheric refraction. 

refraction angle—That portion of an obverved zenith 
dlatance which 18 due to the effect of atmospherio 
‘refraction. 

‘The retraction angle may be taken as the alifer- 
cence between the observed and geometrically deter. 
mined valued of the zenith diatonce. 

refraction line—A line of sight to @ survey signat 
‘whieh becomes vislble only by the effect of atmos 
Dherto refraction. 

‘Retraction lines are often over bodies of water, 
the observed signal normally being below the appar. 
‘ent horizon, but becoming visible at the tie of great- 
‘at retraction during the day, when It appears to 7 
‘out of the water, disappearing back into the water a 
‘the retraction decreases. 
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refraction of llght—Tho change n direction of a ray 
of light passing obliquely from one medium tnto at 
other, ts speed in the two media being different. 

‘The ray of light, betore beng refracted, la termed 
‘the Incident ray; after retraction, the retracted ray. 
‘The angle between the incident ray and the normal 
to the surtace separating the media at the point of 
‘etraction and on the same ide of that wurface as the 
Incident ray is the angle of Incidence; the corre: 
sponding angle between refracted ray and normal 
4s the angle of retraction. 

Retraction of light by the earth's atmosphere ts 

rerio refraction, and is divided Into 

‘astronomical refraction, algo termed 

celestial retraction, and terrestrial refraction, | Re- 
fraction of light must be considered in many prob- 
Jems of astronomy, eurvoying, and navigation. See 
fefraction: aetronomlcal refraction; terreatrial re. 
frection.. 

relative positon —see under posttion. 

‘elle, —Seo under topography (or reitef). 

repeating theodolit,—See under theodolite, 

repetition of angles —The accumulation of  serlee of 
‘measures of the same angle on the horizontal clrcle 
Of a repeating theodolite or surveyor’ tranelt, In 
making which the fal reading of one meavure te 
‘uned as the taital setting of the next measure of 
{he ongte. The observed value of the ongle ts ob- 
talned by dividing the total arc passed over by the 
number of observations, 

representative fractions See under map scale: frao- 
‘onal. 

‘Repiold baseline measuring apperatus—See under dase 
‘opparatus. 

resection —Tho determination of the horleontal posl- 
‘ion of a survey station by observed directions from 
‘he station to points of kuown position, 

"The most usual problem in resection is the deter- 
amination of a polnt of observation by meaturing two 
‘angles between three Axed polnts; this is the three- 
‘polut problem, which 1s solved by computation (In 
triangulation), by mechanical means (with a threo. 
‘orm protractor in hydrographic work), or graphi- 
‘ally (on a plane-table survey) 

‘hat fn often termed a fle, a pos 
‘af observation. At employed in photogrammetry, 
{Fessetion refers to position determination from mene. 
‘urements on photographs. 

resideal error —See Under orror. 

Fesurvey-—See under survey: resurvoy, 

reticle (reticale)—A ystems of Wires, Dalrs, threads, 
fetched lines, oF the lke, placed’ normat to the 
‘axis of a telescope at Ste principal focus, by means 
fof which the telescope sighted oa « str, signal, 
‘or target, or by means of whieh appropriate Feadings 
‘are made on some scale, such as a leveling oF stadia 
rod. 

reticle ring—Tho ring across which the system of 
‘wires, aire, threads, oF the lke of reticle are 
Stretched; or the rag whlch supports the gia 
iaphragm in case the reticle is a system of lines 
ftehed on glass. 

reversible pendalum—See under pendulum. 

reversing point, micrometer screw (geodetic level) —That 
fetting of the micrometer head at which tho bubble 
Femeine in the center of the level Vial, when the 
fnetrument ts level and is rotated about ite axis, 

‘On some geodetic levels, @ horizontal line on the 
alerometer head index plese tndleates the position of 
the reversing point, within oue turn of the microm 
ter screw, when the top of the inlerometer-ecrow 
Dead ts msde lovel with It. 
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revolution —Astronomy. A turning of a body about an 
‘exterior polnt or axla, See rotation. Mathematios. 
‘K Corning of geometrical Ggure about an axis, 

‘We say that ‘the earth rotates on ite axit and 
revolves around the tun. However, in usage, such 
leer distinction between rotate and revolve is not 
‘always made with complete consistency. For ex: 
ample, in geodetic surveying, a aphorold adopted 
to represent the earth fe termed an elliprold of revo- 
ution, though according to exact terminology It te 
{tn ellipeotd developed by tho rototion of wn ellipse 
‘around its minor axis. “It may be desirable to dis 
Peyard custom and speck of such @ figure as an 
fliprold of rotation, The expression, spheroid of 
evolution, i of such general use that ite use ie 
‘continued in thie publication. 

shamb lin.*—A line which erosses successive mertdéane 
‘ata constant angle. 

‘The Mercator a the only map projection on which 
‘2 rhumb line te represented by a straight line. Other 

med for ehumb line are: loxodrome, lorodromie 

‘curve, equlangolar spiral, and Mercator track 

right uscension-—The angle’ between the plane of the 
‘hour circle passing through a celestia} body and the 
plane of the hour clrete passing through the vernal 
euinoz. 

Hight ascension may be measured by the angle 
at the celestial pole between the tangents to. the 
Dour eirelen of the body and of the vernal equinos, 
or by the ore of the equator intercepted by thote hour 


sag correction, tape —See under tape, 

St George Inland datem,—See under datum, 

‘St Hilaice Method (Method of Mareq St. Hilaire) —An 
‘adaptation of the Sumner line method of position 
Aetermination which employe assumed altitudes 
(eertical ongles) ia the computation of an astro- 
‘homieal position, and applies a slmple correction for 
‘he difference between the observed and assumed 
values of the altitudes. 

"This method simplifies the usual method of com- 
puting a positon from Sumner Hines; It ls especally 
Gective and simple near the goographlc poles. Tt 
‘vas invented in 1874 by Mareq de St. Bltare, a 
French naval offcer. 

St. Michael datom.—See under datum, 

‘St, Paul Inland detum—See under datum, 

Sanson-Flamateed mep projection —See under map pro- 
ection? einusotdal, 

scale: equivalent map —Seo under mop scale. 

teale: fractional map.—See under map real 

fale: graphle (or ber) map-—Seo Under mop aoale, 

feale: map—See under map scale 

tenle factor—A multiplior for reducing @ distance 
‘obtained from a mop by computation oF seallus to 
‘the actual distance on the datum of the map. Also, 
In the State coordinate ystems, scale factors 
‘applied to geodetic lengths to obtain grid. Lengthe, 
‘oF to grid Tengthe to obtain geodetic 1engtns; both 
‘re Iengths on a sca-lovel datum, Dut the pri Tengthe 

e affected by the distortion of the map projection, 
‘and bus route map—-See under mop. 

Sehott baseline measuring apparatns.—See under Dose 
apparatus 

sen lnvel—In general, the gurface of the sea used as @ 
‘reference for elevation. In aurveying and mapping, 
‘curtailed form of mean tea level. 

In surveying and mapping, the use of sea level 
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cries, Right ascension tg measured eastward from 
‘he vernal equines through 24 hours (860°). "Tt 
‘orrenponda to longitude on the earth, and with 
‘declination forme & palt of coordinates which de- 
‘Anes the position of a body on the celestial sphore, 

right bank—See under bank of stream. 

river bed.—See under bed of etream. 

iver croming (leveling) —Carrying a line of tevele 
‘acrous a stream or other body of water, whien no sult- 
‘ble bridge Je available and the width of the body 
fof water is greater than the maximum allowable 
length of aight for the leveling, requires a special 
series of observations whlch taken collectively 
Known as a river crossing. 

rod correction (leveling) —See under correction. 

‘otation—Astronoms. A turning of @ body shout @ 
‘eltcontained axle, See revolution,  Survering. A 
turming of an tastroment or part of an instrument 
about an aris 

‘The earth rotates on ite axle, ‘The alidede of a 

theodolite rotates about a vertical axis, 

ran of micrometer.—See under micrometer, 

running (leveling) —A continuous serlee of metrared 
Aiferences of elevation, made set-up by set-up in one 
izection along a tection of & line of levels, which 
results in a measurement of the diference of eleva 
ton between the Bench marks oF other points, either 
temporery or permanent, at the ends of the tection, 

‘rural delivery map.—See under map, 
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should be avoided: but If used ft should be with the 
‘meaning of mean aca level 

a level datum —A determination of mean sea level 
‘at has been adopted ae @ standard. datum for 
eights. The sea level le subject to some variations 
from year to year, Dut as the permanency of any 
Aatum Is of prime importance in engineering work, 
fa sea level datum after adoption should in general 
bbe maintained. Indefattely even though difering 
sligntly trom later determinations of mean eet level 
bused upon longer seriee of observation 

‘The see level datum now used for the U. &, Coast 
and Geodetic Survey level net It offcally known as 
‘the “Sea Level Datum of 1928,” the year refering to 
the last general adjustment of the net. ‘The datum 
Iselt may be considered ae an adjustment based 
‘upon tide observations taken at various tide stations 
long the coasts of the Ualted States over a number 
ot years. See aleo under mean sea level, 

sea mile—See dnder mile: nautica. 

secant method (United States publicland wurveys).t—A. 
‘method of determination of the parallel of Totitude 
for the survey of a base Hine oF stondard parallel 
by offsets trom great cirale line which cuts the 
poralfer at the fret and ‘fth ile corners of the 
fownahip boundary. 

‘The secant method ts a modification of the tangent 
‘method, so arranged that miniawum ofeets need be 
made from the projected great olrele tine to the 
poraltel; at the frst and Afth mile stations on 
the secant the ogsete are zero; between those sta: 
tlons the ofsete are meatured to the wouth; before 
fand after those stations the ofeets are measured to 
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sccond-order control surveys—See under second-order 
‘cork (control surveys). 

second-order leveling.—See under leveling 

‘ecand-order fraveree—See under trovert 

Second-order trlangulation Seo under triangulation, 

‘stcand-order work (control surveys) —The designation 
‘given urvey work of nextto-thebighest order of 
‘eccurary and precision. See traverse; tlangul 
Hon ; ana leveling. 

section (leveling) That portion of a Hine of Tevele 
‘which fe recorded and abatrncted as & unit. 

‘A section always begins and ends on a Dench mart, 
either temporary or permanent, when In the mala 
Tine of levels or on a spur line of levels, In the case 
fof a spur to a polat the elevation of which ts deter- 
mined by means of an estra foresight, the section 
‘must begin on a temporary or permanent Dench mark 
‘and end on the point on whlch the leveling rod was 
Iheld ‘when the extra foresight wes taken. 

section (Ualted States publietand surveys).*—The 
‘of sobdiviston of ¢ township; normally a qu 
angle 1 mille square, with boundaries conforming to 
meridians and paraitels within established Maite, 
‘2nd containing 640 acres as near as may be. 

"A normal township ts divided Into 38 sections by 
tines 1 mile apart measured from the southern and 
‘eastern boundaries; any excess or delelency in meas. 
‘urement is placed in the northern tlor or westera 
range of sections, ‘The sections within a ‘normal 
Fownship are numbered consecutively commencing 
‘ith number 1 in the northeast tection and prose 
ing weet and enat alternately with progressive nom 
bers ia the tere, to number 36 in the southeast 
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section 
section: fractonal (United States publicland sur 
‘vers).0—A sootion containing appreciably leas than 


1640 acres, usually due to invaston by a segregated 
body of water, of by other land which eannot DOD: 
erly be surveyed of disposed of as part of thet 
tection, 

‘Sections are also frequently rendered fractional tn 
‘losing the surveys on the north and west boundaries 
fof the fownehip, for the reason that defclenclos 1a 
meaturement caused by error of survey oF con: 
‘Dervence of meridians are placed in the bale i 
‘losing against these township boundaries, 

section: half (United States publicland sarveys).*—One- 
‘half of a normal section, formed by dividing a section 
{nto two parts by a line connecting opposite quarter: 
section corners, and containing 320 acres aa neat 
may be. 

“Tue halt section ts a unit of description of the 
public lande; thos the “east belt, section 10” ts the 
egal description of that portion of ecotion 10 of @ 
given township lying east of the north-south conter 
Tine of the section. 

section: quarter (United States publicland surveys).t— 
‘One-fourth of a normal section, formed by alviding a 
‘ection into four parts by lines connecting the oppo 
Site quarter-scotion corners, and containing 160 acres 
fas near as may be. 

‘The quarter section ts a unit of deseription of the 
public lande; thus the “northeast quarter, section 
40” isthe legal deseeiption of that portion of section 
10 of a given townahip Iying east of the north-south 
‘center tine and north of the east-west conter line of 
that section. 

section: guarter-quarter (United States publletand sur- 
‘veys)*—One-sixteenth of @ normal section, formed 
by dividing a quarter section into four parts by lines 
connecting the sldpoints of opposite eldes, and 
‘containing 40 acres as near as may be. 

‘The quarter-quarter section le a ualt of description 
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‘of the public lands; thus the “northenst quarter of 
‘the northeast quarter, section 10” is the legal de 
scription for that portion of section 10 of a given 
Township lying east of the porthaouth center line 
fand north of the eas-went center line of the north: 
fast quarter of that section, 

sector-—Mathematies. “A geometrical figure pounded 
‘by an ore and two redil. "Surveying. An instrument 
composed of a graduated aro equipped with n sight 
ng device (atizaae). 

in eurvoying, the sector and the quadrant were 
‘the immediate predecessors of the theodalite, both 
Delng mentioned in reports of early geodetic surveys 
4m connection with the meaaurement of horlzontal 
angles. These iostrumente were constructed with 
force having reait several feet in length. Combined 
‘with other words, sector 1s used to designate certain 
Inap features, as red sector and special types of 1a- 
struments, as zenith sector track sector. 

sector: track.—See under treck seotor. 

Sector: zenith—an astronomical instrument for meas- 
‘uring zenith dletances, in which a plumb line ts read 
‘against a short vertical ave. Also, a modern form 
fof such an Instrument, employing epirt levels and 
‘an ooular mlcromet. 

‘nits early form, before the invention of the 
telesoope, the renith sector conelated of a quadrant 
‘with plumb-line control, With the coming of the 
{elesoope, zenith sectors used in astronomleal work 
{im connection with surveying operations emploved 
telercoper up to Sve or alt feat in tength with short 
vertical aree, the vertical angle being read by means 
ot a plumb line suspended from the horlzontal axis 
of the instrament. 

A later form of zenith sector, employing spirit 
lesela and an ocular micrometer, ts a precision ine 
‘trument. ‘These fastraments were used fn mearar 
Ing renith distances and diferences of senith dis- 
‘tances of stars close to the zenith. In making deter- 
iinations of artronomie latitude, the zenith sector 
has been superceded by the zenith telencope. 

secular parallax-—See under porallaz: diurnal paralias, 

felenotrope-—An instrument similar to the Aeliotrope, 
Dat adapted for reflecting moonltght for signal pur 

‘The aelenotrope difers from the hellotrope only 
fm the greater size of the mirtor deed, belng operated 
‘Im exactly the same was. Ta tests made in 1888 and 
4687, selenotropes with mirrors of the sizes stated 
Turafshed satisfactory lights om which to observe at 
the following distances 22 miles, 6- by 6:inch alr 
ror; 48 miles, 6. by Sinch mirror; and 70 mile 
by 10dnch mirror 

setback —The horizontal distance from the fduelat 
‘mark on the front end of tape or part of tape 
‘whieh Is tn use at the time back to the polnt om 
‘the ground mark or monument to whlch the par 
tHeular measure is belng mad 

‘A set-back Is usually avery small distance in 
baseline measures where tape supports in the form 
of taker are placed in advance of the measure; 
if the dlatance between the stakes fe too emall, th 
tape will overxun the stakes, and setbacks must 
be measured. If portable supports, such as, bucks 
fare used, there will seldom be need for measuring 
fetbacks, Setbacks are minus corrections to tape 
‘istances. To. the work of the U. & Const and 
Geodetic Survey, the use of setbacks is avoided. 
Bee set-up. 

set-up.—he horizontal Alstance from the fductal mark 
‘on the front end of a tape or part of tape which 
{sin use at the time, measured in a forward direction 
to the point on the ground mark or monument to 
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‘which the particular mensore is belng made, Also, 
2 surveying instrament in position at a point of 
‘observation. 

‘A eetup is oeually a very small distance in base- 
Ine measures where tape supports in the form of 
stakes are pinced in advance of the measures; if 
‘the distance between the stakes Is too great, the 
tape will not reach from stake to stake, and set-ups 
rust be measured. If portable supports, such as 
Ducks, are ured, there will seldom be need for meas. 
bring set-ups. ‘Setups are plus corrections to tape 
‘istances, See aet-back, 

setap (leveling) —Tho actual physical placing of the 
Teveling énetrument over an inetrument station, 

"The terms instrument station and eet-up,eapectally 
tn leteling, are often used interchangeably with 
Metle Tons of ceuracy of statement. However, if 
‘any distinction fa to be made, setup te considered 
to be the Instrument when mounted or set up over 
{he instrument station oF point op The ground which 
{In the vertical ax of rotation of the instrument. 

sextant—A hind instrument for measuring the angle 
between two objects in the plane defined by the 
thro objects end the polnt of observation, and based 
‘on the optical principle that 1¢ a ray of light sulfers 
two successive reflections in the camo plane by 
plane mirrors, the ongle between the frat and 1ast 
Airections of the ray Will be twice the angie between 
‘he plane mirrors. 

"The sextant bes a graduated are of 60°, trom 
which it derives its name. Each degree division 
Fepresonts a 2° angle between the frst and last 
directions of the ray of light, and 1s ao marked : 
‘the 00° re 1s marked 120°.” ‘The lest refection 
of the ray Ja made parallel with the direction of 
{the second object, Hence the angle between the 
‘two objecte, ome seen by double reflection and the 
other viewed dlrecty, 18 reelatered on the sextant, 
‘The instrument tg used tn navigation for measuring 
clevations of celestial objects, In hydrographic sur- 
‘eying for measuring horizontal angles at a polat 
n'a moving bost between shore objects, and wher 
fever instabltity of support makes it impos 
tute a theodotite or transit, ‘The sextant 
{In use since around 1780. Tt Is eapable of use as a 
precision instrument. 

sextant: babble textant.—A sestant In whlch the bubble 
‘of a epirit level serves ae the horizon. 

A simple form of bubble sextant was designed 
by B.E, Byrd and used by him in aerial navigation, 
fon expeditions to the North and South Poles and 
fon other arctle and antarctic expeditions, Tt hes a 
‘pirie Level with a chreular bubble attached to the 
ftontont quite close to the horizon glass; the eleva 
Hom of @ celestial object is measured by bringing 
{ts Image tato contact with the Image of the bubble 
‘seen In the horizon glass. 


shipshore trlangulatlon ee triongulation: —ahip- 
shore. 
shoran.——A pulsetype cleetronte ranging system oris- 


Inally designed for the positioning of bombing ale. 
craft and later adapted for use in serial photog. 
raphy, geophyaleal exploration, hydrographs, and, 
Iong-range geodetic surveying. 

Fundamentally, the system consists of @ mobi 
transmitter eceiver-indleator walt and a fixed. 1o- 
celvertransmitter unit (transponder). Pulaes are 
ent from the mobile transmitter and returned 0 
‘the originating point by the transponder. The Indl- 
ator measures the time interval vequired for travel 
fof & pulse between stations and converts this ia- 
formation into distance to the nearest thousandth of 

‘Shoran range is approzimetely Umited to 
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Girect-path transmission as a consequence of the 
carrier frequency used (200-800 mogacycles) 

shore=—The land which is covered end uncovered by 
‘the rlae and fall of the normal He, 

It fs the strip of land between the mean igh 
seater and. mean low-soator Timer. Tn its strictest 
‘ee, the term applies only to land along tidal waters 

shore line—The land-side boundary line of the shore; 
‘the mean high-eoter line. 

‘Along a river, the shore line is the tine along 
the river bank wieh ls waahed by the water without 
overitowing it. 

shore of sream.—The area between the bank of a stream 
‘and its low-aoater tine. 

side equation—See under equation, 

‘hot-—A reading oF measurement from a survey 

‘station to locate a point which ts not intended to be 
‘used ai base for the extension of the survey, 

"A tide thot in umvally made for the purpose of 
determining the position of some object which 1a £0 
be shown on the map. 

sidereal day-—Seo under day 

saereal focus —See under foo 

‘dereal month-—See tinder month, 

‘deren! time.—See under time. 

fldereel time: Greenich—See under time, 

Ssidere! time: leal-—Seo under time. 

Sldereal year.—See under yoar 

Signal: Tongltade.—A alga indicating a time event, ob- 
‘ervable at diferent stations, and weed In comparing 
Tocal times of those stations, and determining the 
diterence of their longitudes. See longitude (earl 
‘ous methods 

signal: survey-—A natural or artitetal object or strac- 
‘ure whose horlzontal and sometimes Vertlenl potl- 
ton Is obtained by surveying methods. 

‘Signals are given special designations according 
to the iad of auroey in which they are determined, 
for which they may later serve. 

igual: triangulation —A rigid structore erected over oF 
‘lose to a triangulation station and used for tu: 

porting Instrument and. observer, or target, oF 
both Instrument and observer and target, in & tr 
angulation aurvey.. Also ans object, natural or af 
‘etal, whose position is obtained In a trionpulation 
survey. 

‘The term mey bo applled to a structure whose 
position 18 determined by triongutation, but whose 
Drlmary purpose fs to serve later in a hydrographic 
or topographic survey, when It may become known 
fas a hydrographic oF topographic tnt 

imple pendaluen-—Se0 under pendulum, 

Imultaneous double line-—See under Tevel Une: simul 

‘ancous level line, 

simultaneous evel Line —Se0 under 1ovet tine 

sinoseidal map prefection—Sce under map projection. 

siphon barometer—See under barometer. 

‘lope stake.—A stake set on the line Where a Snlabed 
ide slope of an excavation (eut) oF embankment 
‘meets the original ground surface. 

‘fractional 

“An ausillery tnstrument which may 

be attached to an eginest's transit, permitting Ite 
‘une as 0 solar compos 

solar compass —See under compas 

solar day—See under day. 

5 focus.—See under focus: aldereat foous. 

lax —See under paralias 

toler time —See under time: apparent solar time; mean 
‘lar time. 

toler transit-—An engineer's transit designed for use 
‘im place of «solar compass. 
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solenold—A col of wire, often helical in form, which 
becomes an electromaguet when an electric current 
1s pasced through ft. 

‘When tests chow an dncar pendulum to be mag- 
‘otized beyond a prescribed limit, a solenold 1s used 
0 demagnetise it. ‘The standard equipment for a 
party enguged In determinations of gravity includes 
2 sultably mounted solenoid, with compass needle, 
battery, and control switches. 

sold angle —See under angle 

telatice A point on the ecliptic midway between (00* 
‘from) the equinazet. See tolatce: summer; solic: 
tointer, 

scletice: rammer—The point on the eclipti, north of 
‘the equator and midway between (90° from) the 
eauinazes 

‘Tho summer solstice Is the polnt where the gun 
attaing Its greatest north declination, a positon 
‘which marks the berinnlag of the season of tummer, 

solstice: winter—The point on the ecliptio, south of 
‘the equator and midway between (90° from) the 
equinoves. 

‘The water colatice 1s the potnt where the tun at- 
taine its greatest south declination, a position whieh 
marks the beglaning of the weason of winter. 

solattal eolare.—See under colur 

‘southing—Seo under latitude: digerence of latitude 
(plane eurveving). 

speaking rod—See under leveling rod. (general) 

‘becial-parpore map—See under map. 

‘spherical aberration.—See under aberration of light (op- 
Hes). 

spherial angle—See under angle. 

Spherical ‘coordinates-Seo under coordinates. 

‘Spherical excess—The amount dy which the som of the 
‘three angles of « triangle on a sphere exceeds 180°. 

Ta geodetic work, In the computation of triangles 
‘the aliference between spherical angler and apherot- 
at cngtes ie generally neglected, spherical angles 
‘ate uied, and Legendres Theorem applied to the dle. 
{elbution of the epherical excess. That {8, approxi 
mately one-third of the spherical excess of a given 
spherical trlangle 1s subtracted from each angle of 
the triangle, 

spherold—In general, any figure difering but little 
‘from a aphere. To geodesy, a mathematical Sure 
closely approaching the geotd lo form and size, and 
‘uted ae m wurface of reference for geodetic turveye. 

‘Tn geodetio turceying, the spberola le utually an 
elipaotd of revolution, but there fs some dlssdvan- 
tage in using the term spheroid as ernonomous with 
fueh @ figure. Until the adoption of the Interna. 
tonal Gravity Formula (Stocktolm, 1930), none of 
‘the gravity formulas Jn general use corresponded 
to an exact clllpoold of revolution. "Helmert's for 
‘mule of 1017 and some later onea included a term 
‘hut implied a epherold with an elliptical equator, 
fand meridians which were aot exact ellipses. Dilip. 
olde of three unequal axes and spheroide with nod 
tliptieal meridians have been proposed by geodesit 
to secure better representation of observed deflections 
of the vertical. ‘The mathematlcal dimeatties of ft. 
{ng triangulation to any such surface have firmly 
established the use of an clllpsold of revolution for 
What porpove. A spheroid which corresponds to aa 
ellipsoid of revolution may be defined by stating the 
Teagthe of the temiaxes (a and b) of the generating 
tllipae, of the length of one of the semlaxes and the 
fattening (elipticity) ((a-b)/a] of the eltpse. 

‘A spherold serves us a base for the mathematical 
reduction (correlation and coordination) of survey- 
{ng observations ‘where account must be taken of 
‘the curvature of the earth's surface. It is such a 
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‘gure as would be produced by an elipse revolving 
‘around ite minor axl, that Ie, aa oblate elipeold, A 
particular spheroid may be defined dy etating” the 
Jengths of Its semaxes, @ and b, or the length of one 
semlaxis and the flattening (lliptclty),. (6-2) /a, 

the following 
the Bessel spherold of 


spheroids have been used 
4841, for whlch 0=6,877,807.2 meters and ba 
8,356,079.0 meters; the Clarke spherold of 1866, 
‘Adopted In 1880, and tn continuous use since that 
time. Por it, a=6,878,200.4 meters ; b= 6,356,588.8 


eter. 

(OF interest also ts the Hayford spherold, based 
‘upon observations over this entire couatry, in com: 
Dating which accovat wae taken of the local defo. 
Hons of the vertioat by applying corrections for the 
eects of topography” and teostatto compensation, 
‘The Haytord spheroid 1s deined by a=6,378,388 me. 
‘tera; b= 6,866,000 meters, In 1024, the General As- 
sembly of the Section of Geodesy’ ot the Interna. 
onal Geodetic and Geophyaical Union, meeting 1m 
Madrla, adopted the Hayford spherold es the bash 
{or the International Elipsold of Reference, defined 
far follows: 6,878,898 meters; flattening (ell: 
‘elty),(a-b)/a=1/207; and by computation, 
= 6,350,911.046 meters. 

‘While for reasons of expediency, the International 
Eillpeota of Retereace har not been adopted for sur 
‘vey work In thls country, It has considerable sete 
{ie valve and tables for its use have been computed 
fand published, 

eccentrelty of—Seo under eocentriotty of 


rok: nes on a—Any direct line between two 
positions on @ ephoroid, reprecented by two polate 

‘Sued & line may be one of mathematical deflation, 
for tt may revult from a direct survey between the 
points on the earth. Bight such Hines, coonecting 
‘wo points, A and Bi, are listed In U. 8. Const and 
Geodetic Survey Report for 1900, pages 360-370, 
a follows. 

(a) A normal section tine from A to B, 

(8) A normal section tine trom B to A. 

(e) A curve of alignment. 

(@) A peodette tine. 

(@) A forward straight line atarting in the plane 
of the normal through A and through B, and in 
‘tdvancing Feeping constantly stghted. 

(f) A line similar to (e) above, but starting tn 
the plane of the normal through Band through A, 
fand in advancing Heoping A constantly sighted. 

(8) A forward and backward sight line over lm- 
sted distances, starting from A. 

(G) A forward and backward slght line over ix- 
fed distances, starting from B. 

(), (6), and (@) aro detned else 


anale—See under angle, 
‘pherokal excess—The amount by which the eum of tho 
‘three engles of a trlangle on & spheroid exceeds 

30", 
Tn geodetio work, sphertoat angles are used ti 


stead of spheroidal angles, the alference between 
Such angler being quite emall for the largest tr 
angle 


‘nd considered negligible for ordinary tet 
rve.—-See under curve, 


‘iit level axis See under level an, 
it level, chambered.—Seo under loveh 
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splett Ieveling—Seo under leveting. 

‘spur (leveling) —See under line of ieoele, 

‘sour Hine of levela—See under line of Teves. 

Madia—A. graduated rod used In tho determination 
‘of distance by observing the Intercept on the rod 
fsubtending a small known angle at the polat of 
‘observation, 

Tn practice, the ongle is usually defined by two 
faxed ines 1a. the reticle of telescope (transit 
(Of telescopie alidede). ‘The term stadia ts also used 
{m connection with #urvays where distances are de- 
termined with a stadia, an, stadia survey, stadia 
rethod, stadia distance, ete.; also used to designate 
Darts of instruments used, as, stadia wires. In its 
itretest use, atadia refera to tbe graduated rod. 

stadia (length) —The plural form of stadium, a Greek 

‘measure of length somewhat greater than G00 fect. 
stadin constant (leveling) —See under constant, 

tndia interval (leveling) —Sce under interoah 

Stampfer level—See under leveling instrument. 

standard.t—An exact value, oF concept thereof extab- 
shed by authority, custom, oF common consent, to 
serve ag a model oF role in the measurement of 

‘quantity, or in the establishment of a practice oF 

Drocedare. 

‘Standard, a8 {¢ yertame to any specite term, ts 
considered in the qupplementary statement of tbat 
term, 

Standard (California) astronomical datum of 1885— 
‘See under datum. 

ration.Seo under elevation, 

(United. States poblicland sarvers)°— 
Tine, standard parallel, principal mention, 
oF guide meriaton. 

‘The term standard line ts not in general wee. 

standard of length—A physical representation of a 
near unit that fe approved by competent authority. 

"A standard of length Js not Independent of tem- 
perature, pressure, and other physical conditions to 
‘whieh Wt fy eubjocted, but is an exact embodiment 
ff the unit whieh 1t represents only under definite, 
Dreseribed conditions, See meter: International Pro- 
totype Meter. 

‘Standards of length are clasied according to the 
‘accuracy and precision of thelr representation of the 
given unit, end these are prescribed by thelr intended 
‘bee and are designated accordingly, as follows: 

“|. Primary standards. Interaational and national 
prototype standards of the highest possible accuracy 
and precision, 

"2, Secondery standards, Laboratory standards 
that are compared directly with the national stond- 
ards, 

‘2, Reference standards. Standarde sultable for 
ture in the construction of preciefon apparatus to be 
tured 1 selentige Investigations. 

“4. Working standards, Standards gultable for al 
ordinary precision work, as in college laboratori 
{the general manutactore of precision instruments, 
fand for the use of State and elty sealers of wolghts 
‘and measures. 

‘6. Commercial standarda, Stondards satisfying 
the’ requirements of local eealer# of ‘welghte and 
‘measures, drafting, machine work, etc 

‘Standards of length are also classed according 
to thelr design: 1. Line standards. A standard 
{tn which the unét of length fe defined as the distance 
between lines or marks on the surface of the sandord, 
fonder proteribed conditions. 2. End standard. A 
‘tandard in which the unt of length ts defined as the 
Sistance between the end surfaces of the standard, 
‘under preseribed conditions, Also termed a contact 
standard. 
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standard parallel (Ualted States publle-and surveys) — 
Bee under paratiel 

standard survey-—Se0 under eurvey. 

standard time—Seo under time. 

‘standard topographle map of the United States B00 
‘under map: Topographic Map of the United Staten, 

standerdleation—The comparison of an tnstruuent oF 
device with a stondara to determine the value 
fof the instrument oF device in terms of an adopted 
nit. 

'A tape ts standardized when the distance between 
{ta Aduotat marks in terme of a untt of length is 0 
termined by comparing it, under preseribed eondl- 

‘with e etandard which represents that wnt. 

‘See calibration. A pendulum ia standardlzed by de- 
termining tts period at a base station at frequent 
Intervals of time, care being taken each time to 
fewing the pendulum under as nearly the eame con: 
Aitions aa practicable, and correcting the results to 
the adopted references of temperature, alr pressure 
‘in the recetver, amplitude of pibration, and flesure, 

standardization —(Alternate defiaition.) ‘The deter- 
‘alnation of the physteal characteristics of « gage oF 
‘measuring device by comparing it with  alondard, 

‘A gage oF measuring device Is standardized vo that 
‘measures made with It may de reported end used 
Im terms of the unit which the standard exemplifies, 
‘The term “standardization” may Include the deter- 
mination of a quantity which Is required in reduelng 
the direct resalts of @ standardization to correrpond 
ng values under changing conditions, For example, 
when a bave tape is standardized, its length ls deter 
ined at a definite temperature, under prescribed 
conditions of tension and support. Its se in the 
‘eld requires alao that Its coafctent of thermal ex: 
pansion be know, 

‘State base map—Seo under map. 

‘State coordinate aystems—The plane-rectongular ooor- 
‘inate wyotems eetablished by the U. §, Coast and 
Geodette Survey, one for each State in the Uslon, for 
‘ue in dedalng positions of geodetic tations In terms 
of planerectanguter (2 and ¥) coordinates, 

‘Bach State le covered by one or more zone, over 
‘each of which ts placed a grid imposed upon & con 
formal map projection. The relationship between the 
‘rid and the mop projection is established by matho- 
‘matical analysis. Zones of limited enst-west dlmei 
‘lon and indefinite north-south extent have the trons 
‘veree Mereator map projection aa the base for the 
State coordinate aystem; while zones for whlch the 
above order of magnitude is reversed use the Lambert 
‘conformal conte map projection with two wandord 
parallels Por a none having a width of 158 statute 
‘iter, the greatest departure from extet scale (ecale 
ferror) ie 1 part im 10,000, Only adjusted poeitions 
fon the North American datum of 927 may be properly 
‘transformed into plane coordinates on n State aye- 
‘tem. All auch geodetic positions which are deter- 
‘mined by the U, 8. Coast and Geodetic Survey are 
transformed Into State plane-rectangular coordinates 
fon the proper grid, and are distributed by ¥hat 
Bureau with the geodetic portions, State plone 
‘coordinates are extensively ‘ted in recording fond 
‘nerves, and In twenty-two States euch use baw Te- 
ceived approval by legislative enactment. 

State map.—See under mop. 

static map.—See under map. 

Mation.-A definite polnt on the earth whose location 
‘has been determined by surveying methods, A polmt 
on a traverse over whlch an instrument ss placed 


Figure 87: User Throughput Performance With/ Without el CIC for Dynamic Traffic 
vs. Average Offered Load per Macro Cell Area?®° 
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The muting of certain subframes in elCIC is dynamic and depends on identifying, on a per 
user basis, whether an interfering cell's signal exceeds a threshold relative to the serving 
cell signal. Coordinating muting among small cells can be complicated because a small cell 
can simultaneously be an interferer while serving a UE that is a victim of another cell. The 
network must therefore coordinate muting among multiple small cells. 


Figure 88 below at left shows user throughput gains of time domain interference relative 
to network load. Throughput gains are higher at higher network loads because of more 
active users and the higher likelihood of interference between the small cells. 


Figure 88 below at right shows the maximum muting ratio, which increases with higher 
network load. 


380 5G Americas member contribution. Assumes 3GPP evaluation methodology TR 36.814, 500 meter 
ISD, 4 picos per macro-cell area, Poisson call arrival, finite payload for each call, and termination of call 
upon successful delivery. 
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(a eetup). Also, on a traverse, a length of 100 feet 
measured on a given line, broken, straight, oF curved. 
‘A station may or may not be marked on the ground, 
‘A station is usually defined by the addition of a term 
‘which descridea ite origin oF purpose, such a trt 
‘Gngulation station, topographic station, magnetic 
Station, ee. A station fs often marked on the ground 
bby a monument of special construction, or by a natu- 
ral of artifielal structure 
tion: instrument (leveling) —Tho polnt over which 
wt leveling instrument 1s placed for the purpose of 
taking  dackeight, a forest, and such extra fore- 
tights ax may be necessary from that Instrument 
Statlon. "See, also, setup. 

‘xcept in rare instances, the Sostrument stations 
tn a line of 1ovele are not marked points such as 
traverse alations, trlangulation station, ete. 

station: Interrection—An object whose horizontal 
‘porition is determined by observations from other 
Gorvey stations, no observations being made at the 
‘object ttett 

‘Where the odject is observed from only two efa- 
‘tions, the poettion i termed a "no check position,” as 
there is no proot that such observations are’ free 
from blunders, Intersection stations are elther ob 
fects whieh It would be aigicalt to occupy with aa 
Instrument, or survey signals whose positions can 
be determined with sumMelent accuracy without belng 
‘occupied. 

station: principal —A station through which baste date, 
‘ate carried in the extension of m aUrvey system. 

“Also ealled a main-acheme station, a principal sta- 
‘on serves primarily for the continued extension of 
ft curvey, This requires a higher order of accuracy 
tnd precision in {ts determination than if Ite purpose 
‘were limited to the control of local surveys oF the 
establishment of aupplementery stations. 

tation: subsidiary —A station established to overcome 
‘some Iocal obstacte to the progress of a survey, and 
Dot to determine position data for the station point. 

"The term subsidiary station ie usually applied to 
Acstations of a traverae ourvey. Subsidiary stations 
fare usually temporary in character end not perm 
ently marked. If serving the ndaitional purpose of 
upplzing control for a local survey, such a station 
may be permanently marked and it fs then a supple- 
‘mentary station, 

station: rupplementery—An ausiliary survey station, 
‘established to inerease the number of cobteoletations 
In a given area, or to place a station in a desired Toca 
tion where it i# impeactienble or unnecessary toe 
tablish a principal station 

‘Supplementary stations are permanently marked, 
fand are established with ao accuracy and precision 
Somewhat lower than le required for a principal ata: 
‘Hom, since they donot serve ax bases from whieh 
extensive surveya are run. See tation: nubeidiary. 

station adjestment—Soe under adjustment, 
ation error—See under deflection of the plumb Tine. 
ter —See under protractor: threcarm pro: 


fe mile—Seo under mite 

‘Stephenson leveling rod.—Sce under Tevellng rod. 

steradian—See under angle: solid. 

ereographie herlzen projection——Sco under mop pro- 
ection: stercopraphc map. projection 

stereographie map projection—See under mop projec 

stereographie. meridional projection —See under maf 
‘Projection: stereographic map projection 

sereographie polar projection —See under map profee- 
‘on! atereographto map projection, 
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‘strength of figure (triangclation) —The comparative 

‘revision of computed lengths In triangulation net 

determined by the sizeof the angles, the number 

of conditions to be aatiaied, and the dlatribution of 
Daze Hines and points of fized position. 

Strength of gure in friongulation ts not based 
‘on an absolute scale but rather is an expression of 
Telativo strength. ‘The number expressing the 
strength of a triangulation figure fa really 8 measure 
fof ite weakness, flnce the number determined by 
formuta Increases in sige av the strength decreases, 

‘The strength of figure is derived trom that portion 
of the formula for probable error of a trlangle side, 
‘which ts independent of the accuracy of the observa 
tons, a8 follows: 


MENT sah] 


{im which Ng and N, are the number of aretions observed 
fn of conditions tobe sats hod, and bs and Se are the rats of 
‘change of the sines of the dietonce angles A and B, 
usually expressed by the diferences of the Toga” 
rithms of the sines for a difterence af 1" In the angles, 
‘the sixth declmat place delog the unit place. 

‘By summing up the values obtained by formula 
for the simple Agures composing a triangulation net, 
the strength of gure of the net is obtained. As a 
triongutation net ia usually composed of severah 
Aiterent systems of simple figures, comparable 
‘values of the diferent eysteme are obtained, and 
{the strongest route can then be selected through 
‘which to carry a computation of length 

Reconpalssance for a proposed triangulation net 
4s usually executed under Instructions which specify 
miting values of strength of figure for the best 
fand second-best chaine of triansles between adjacent 
base lines, the sites for atations and for bare lines 
Delng selected accordingly. Where desirable, the 
ength of section may be reduced by the insertion 
fof an additional base line, and the numbers repre- 
senting the strength of gure reduced accordingly. 

stride—The distance a pedestrian moves in taking 
‘two steps 

Formerly, the stride and the pace were largely 
aynonomout; If there way difference, It waa that 
the stride was a long pace. The above Jeshition 
conforms to pretent day teaching, and satlates tho 
need for a term expressing the distance moved in 
faking a double step. Hence, one stride equals two 

striding level —See under to 


© of position) —A short portion of 
‘circle of portion represented a3 
"The Sumner Tine was named for Captain Thomas 

1H. Sumner, an American sea eaptaln, who discovered 
its use Iu 1843. ‘The St. Hllalre Method te a epecial 
‘adaptation of the use of the Sumner line in nat 
ation 

‘sum compass.—Se0 under compass, 

supplement of angle—See under angle 

Supplemental poste for survey monuments See under 
‘entifeation pox 

supplementary bench mark.—See under Dench mark 

supplementary station —Seo under station. 

survey —1. The orderly process of determibing data 
relating to any physical or chemical earacteriatioe 
fof the earth. 2. The asgociated data obtalned ta 
‘8 survey (1, above). 8. An organization engaged {a 
making a survey (1, above). 

4 The list of orderly processes which may be prop- 

cenly called surveys te tong; it may be divided into 


DEFINITIONS OF SURVEYING TERMS 


clasves according to the type of data obtained, the 

‘and Instrumente used, the purposes to be 

ce. Examples : geodetic survey, topographic 

survey, Bydrographie survey, tnd survey, geologic 

‘survey, geophysical survey, soll survey, mine survey, 
engineering surcey, ete. 

2. The data obtained tn a partlevlar project may 
be designated by the name of the project, as, "the 
toposraphie survey of the District of Columbia 

'. An organization making a survey ie often given 
‘an oficial name which includes the word survey | 
‘examples, “The United States Geological Survey’ 
“rhe Mansachusetts Geodetic Survey.” 

survey: cadastral.t—A surcey relating to land bound- 
fries and subdivisions, made to ereate units suitable 
for transfer of to define the limitations of ttle. 
‘Derived from “cadastre,” meaning register of the 
real property of @ polities subdivision with details 
of area, ownership, and value, the term cadastral 
tsurvey is now used to designate the urveye of the 
‘public tonde of the United States, incloding retrace: 
fent ¢urceys for the iGentifeation, and resurveye 
for the restoration, of property lines; the term mey 
‘lso be applled properly to corresponding aurveye out- 
fide the pudHc tande, although such surveys are 
‘usually termed land eureeys through preference. 
aver: engineering.*—-A survey executed for the par 
ose of obtaining information that is estentlal Zor 
Dlanning an engineering project or development and 
ceatimating {ts cost, 
‘The information obtalned may, tn part, be re 
corded in the form of an expincering map. 
surver: exploratory.*-—A auroey executed for tho Dur 
‘owe of obealbing general Information conceralag 
‘rena about which veh Snformation was Bot, there: 
tofore, a matter of record. 

‘The U. 8. Geological Survey executes exploratory 
surveye in remote regions of Alaska which are Used 
{in the construction of mape on scales of & or mere 
rites to 40 inch, 

survey: geodetie—1. A survey in which account 
Taken of the Ogure and size of the earth. 2. An 
organization engaged in making geodetle surveys. 

‘e Geodetic surveys are usually prescribed where 
the areas or dlstances Involved are #0 great that 
resulta of desired accuracy and precision can be 
‘obtained only by the procemtes of geodetic surveving. 

'D, The Massachusetts Geodetic Survey le an ex 
ample of an organization engaged in making geodetic 

survey: geographle—A general term, not susceptible 
‘of defined limitation, covering a wide range of #ur- 
‘eva Iving between und mersing lato exploratory sur: 
‘eva on the one hand and lsle topographie eureeye 
fon the other, 

‘Geographle surveys usually cover large areas, are 
‘nased on coordinated control, and are used to record 
physical and statistical characterletice of the aren 
surveyed. 

survey: geologle—A survey or investigation of the 
‘character and structure of the earth, of the phsleat 
changes which the earth's crust hie undergone or 
4s undergoing, and of the causes producing those 
changes. 

survey: geological —A. general term used to designate 
fn organization meking geologic surveys and lnves 
gations. 

varvey: hydrogrephle—A survey having for its prin 
‘cipal purpose the determination of data relating to 
Dodien of water 

‘A nrdrographle wurvey may consist of the deter- 
rmination of one or covert! of the following classes 
fof data: depth of water and configuration of bot- 
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‘tom; directions and force of currents; helghta and 
tines of tides and water stages; location of Sxed 
‘objects for survey and navigetion purposes, 

sarvey: inventory—A survey for the purpose of collect- 
‘Thg and correlating engineering date of @ particular 
type (or types) over a given area, 

‘An Inventory survey may be recorded on a dase 
ap, 

sarvey! land—Seo under surveying: land surveying 

sarvey: loeation—The establishment on the ground of 

Points and lines fn positions which have been pre: 

lously determined by computation oF by graphical 

methods. 

"The plans for an engineering project (road, canal, 
etc.) ate prepared in the office from survey data ob. 
tained in the Meld. ‘These plans form a paper oe 
ton, and are the basis for the location survey. 
vey: mine-—A eureey to determine the positions and 
‘imensions of underground pastages of a mite; alto 
of the antural and artificial features, suréace and 
Underground, relating to the mine, 

‘The deta inclode both horizontal and vertical post 
Hons, lenethe, and directions (slopes) of tunnels 
topographile and geological characteristics ofthe par 
tleolar vicinity ; ownership of the land and of the 
mine; ete. 
survey: plene—See under surveying: plane aurveyin 
survey? prellminary—The collection of survey data on 

‘whieh to base studies for a proposed project, 

‘A trlangulation reconnaissance ie a preliminary 
survey, securing data on which to base plans for the 
execution of the triangulation. 

survey: reconnaimance.* —A preliminary aurvey. 

‘A reconnaissance survey is usually execnted ra 
say and at relatively tow cost. ‘The information ob: 
tained is recorded, to some extent, In the fori of 
Peconnattaance map oF sketch. ‘The form reconnas: 
since is preferred to reconnolasance, 

survey: returvey—A retracing on the ground of the 
lines of an eartier survey, in which all points of the 
earlier survey that are recovered are beld fzed and 
‘ubed aa control 

if too few points of the entlier survey axe recov- 
ered to satsty the control requirements of the resur. 
vey, a new aureey may be made. A resurvey i Te 
lated directly to an original survey, though several 
resurveys may Interpose between them. ‘The terms 
original rurvey, resurvey, and new survey are of con: 
Slerable signieance in tend surveying. 
vy? standard.—A suroey which, in seale, asouracy, 

‘and content, satisfies eriteria prescribed for auch « 
‘ureey by competent authority 

survey: topographle—A aurvey which bas for its major 
brurpose the determination of the configuration (re 
Hef) of the aurtace of the earth (ground), and the 
location ‘of natural and artigelal abjecte’ thereoo, 
Also the designation of an organization making such 


topopraphic mop. 

survey? transitandatadla.—A survey in which direo- 
‘Hons, horizontal and vertical, are observed with a 
transit (engineers), and distancea are measured with, 
® transit and stadia, 

A traneitandstadia survey te usually processed 
4m the offee, thus dlifering from a survey made with 
alidade and plane-table, where the map 1 made in 
{the ela ee the observations are taken. An exception 
Js found in the topographic survey of Baltimore, 
made in the 1800's, where traneit and plane-tabl 
‘ware used together in the flld, and the map cot 
Structod as the observations were made. 
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sarvey_net—1. Horizontal control survey net: arce 
of triangulation, sometimes with linea of traverse, 
connected together to form a system of loops or clr- 
colts extending over an aree. » Varlously spoken of 
fas & triangulation net, traverse net, ete. 
2, Vertical control survey net: lines of apirtt level 
tng connected together to form a system of Toops 
fof clreulte extending over an area. Also called 
level net. See oontral: national control survey mete. 

survey slgnal—See under signst. 

wurvey traverse —See under traverse 

survering—The art of making a survey. 

sarvering! geodetic —That branch of the srt of eur 
‘eving 10 which account {a taken of the figure and 
fize of the enrth. Also called geodetic engineering. 

Tn geodetle surveying, prescribed precision and 
‘ccuracy of results are obtained through the use of 
fpeclal instruments and feld methods, and formblas 
Desed on the geometry of a mathematical ‘gure 
approximating the earth in form and size, 

sarvering: land—The determination of boundaries and 
‘arene of tracte of land, 

‘Land boundaries are usually defined by ownership, 
‘commencing with the earllest owners, and’ descend. 
ing fhrough ucceesive ownervbips and partitions. 
Land surveying. Includes” the re-establishment of 
‘original boundaries, and the establishment of such 
new boundaries as iaay be required in the partition 
fof the land. ‘The term “cadastral survey” is some- 
times used to designate @ land aurvey, but io thls 
country Ite tee should be restricted to the surveys 
‘of the public lande of the United States. 
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surveying: plane.—A branch of the art of surveying 
‘tm whieh the surface of the earth Is considered & 
plane surface. 

In plane surveying, curvature of the earth is 
neglected and computations are made using the for 
‘mules of plane geometry and plane trigonometry, 
In goneral, plane surveying ls applied to surveys of 
land aress and boundaries (land surveying), where 
the areas are of Imited extent or the required 
accuracy 10 low that corrections for the effect of 
‘curvature would be negligible as compared with the 
ervore of observation. For small areas, precite re- 
sults may be obtatned with plane-survesing methods, 
Dut the eccuraoy and precision ot auch results will 
ecreaue as the area surveyed Increases in size 

surveying: tlinear-—The determination of the position 
‘of a polnt of observation by measuring the angles 
fat that potue between lines to three points of known 
position. Seo under resection, 

‘Tole determination Involves the solution of the 
three-point problem, which ts accomplished analyti- 
cally by computation or graphically by the ure of 
‘chorograph oF atotion pointer, auch as the three-orm 


der compas 
rveys and maps! detalled.—Surceys and maps which 
‘ake account of the smaller features and variations 
of features io the area turveyed, 

‘A detaliod survey implies large-scale map of @ 
ssoall area, with increased eccuracy and precision 1 
Doth Meld and ofee work, 

‘eynodical (ordinary) month.—See under month, 
systematle error-—See under error. 
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tachymeter, tacheometer, tachometer —A surveying in- 
‘strument designed for use in the rapid determination 
fof distance, direction, and difference of clevation 
from a single observation, using a short base, whl 
‘may be an integral part of the Instrument, 

"There are several forms of instruments which 
sight be called tachymeters. 1. An tnstroment tn 
‘which the base line for distance determinations 1s 
fan integral pert of the instrument. Ie {8 to thie 
type of instrument that the term "tachymater” te usu 
ally applied. ‘The so-atled ronge finders with welt. 
contained bases belong to this class, but aze usually 


instrument equipped with stadia wires or gradienter, 
the base for distance determination belng a gradu. 
ated rod held at the distant point. 

tachrmetry; tachometry — method of surveying tor the 
‘rapid determination of dlstance, direction, and rela- 
{ive elevation of a point with reapect to the instru- 
‘ment station, by a single observation on a rod or 
‘other abject at the polat. 

‘The stadia method of surveying ts the best exam- 
ple of tachymetry In this country, but the term 
fachymetry In litte used here. Little used, too, are 
‘the ansoelated terme given types of instruments used 
fn this work, namely, tochymeter (or facheometer, 
tachometer), and tacheograpbometer. 

‘Talcott method, latitude determination —Sco under 
irenith-telescope method, latitude determination. 

tangency, point of —See under curve. 

tangent (earvering)—1. A straight line thet touches 
‘a given curve at one and oaly one point, and doce 
‘ot intersect It, 


2. That part of a traverse or alignment Included 
Detween the point of tangoncy of one curve and the 
point of curvature of the next curve, 

3. Tn the surveys of the public lends of the United 
Biater, a great ofrote Line tangent to & parallel of 
latitude at a township comer. 

tangent dstance—The distance from the point of énter- 
‘ection (vertex) of m curve to Ite potnt of fangency 
or point of curcature. 

tangent method (United. States publictand survers).*— 
‘A method of determination of the parallel of latitude 
for the survey of a base line oF standard peralle bY 
ofveta from a preot circle line tultated at an estab- 
Hished townahtp corner and tangent to the beee Hine 
oF stondard paral at that corner. 

‘The tangent great circle 1s projected at an angle 
of 90° from the merigion at the township comer 
from which Initiated, and proper ofeete are measured 
north from the tangent to the parallel upon which 
the corners are entablished. 

tangent plane—A plane that touches a curved surface 
‘ae one and only one point. 

in geodetic work, a plane tangent to the apherold 
fat any point te perpendicular to the normal at that 
Polat, ‘Tangent pleues have been used In computing 
‘mop projections for aimall areas (local eystems of 
‘map profections). 

taper alignment correction —A. correction applied to 
‘he mearured length of a line to allow for the tape 
ot belng held exactly in a vertical plane contaln~ 
Ing the ive. 

"Though the vertical plance at the two ends of a 
Line which contain the direction of the line at those 
‘polnts are not colneldent, they are practically 60 for 
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‘all surveying purposes, and any method of aligning a 
base between Ste ond pointe will serve in determio- 
tng an aligoment correction 

tape: base-—See under Dare tape. 

tape: grade correction—A correction applled to a dis- 

fance measured on a slope to reduce it toa hortzontal 

distance between the vertical ines through {ts end 
points. Also ealled slope correction, correction for 
Inclination of tape. 

‘As the vertical lines through the end points of 
line are not parallel, the reduction should be such 
that the length at the average elevation will be ob- 
talned, In practice this ls eceomplished by consider- 
ing each tape length & separate line, and reducing it 
Sndividually. In base lino measures, the alference 
{in elevation of the ends of the tape are weed In com- 
Dating the grade correction, rather than the grade 
or inclination of the line expressed in angular form, 
In effect, this treatment applies the grade correc. 
tion to the nominal length of the tape tn determining 
Ite effective length a meanvring a distance. 

tapes invar-—-See under Base tape. 

tape: length correction ~The difference between the 
‘nominal length of a tape and its effective engt under 
‘conditions of #tanderdicatlon 

‘The standard length of a tape 1s usually expressed 
by a number of whole uatts (the nominal length) 
plus or minus a emall distance which is the length 
Correction defined above. Provision it also made for 
‘determining any changes of length caused by thermal 
expansion (or contraction) of the tape. 

tape: ang correction (eatenary eorrection)-—The lifer. 
fence between the effective length of a tape (or part 
ft tape) when eupported continuously throughout 
tts length and when supported at a limited number 
fof independent point 

‘Base topce are usually used with 8 or 5 points of 
support, and hang in curves (eatenaries) between 
‘adjacent eupporte, Correction for sag isnot required 
‘when the method of support in use Is the same a 
‘was ured in the standardization of the tape. A 
ave tape may aleo be used supported throughout o 
with 4 pointe of tupport, ax om & railway Fal 

tape: temperature correction—The quantity applled to 
the sominal Tength of a tape to allow for a change 
{in ita efective length due to its being used at a 
temperature other than that for which ite standard 
Iength is given. 

"femperature correction ts applied when the tem- 
perature of the tape in use If diferent fom the 
femperature given In a statement of its standard 
Tength. 

taper tenslon correction —Tho oorrection applted to the 
Tiominal length of @ tape to ellow for « change in 
fetective length due to its belng used at a tension 
ther than that for which ite standard length Is 
known. 

"A tension correction 18 nat required when the tape 
tn used fo the feld at the tension of atondardisation, 

tape corrections —Corvectione applied to a distance 
‘measured with a tape to eliminate errors due to 
the physical condition ‘of the tape, and to the man- 
ner In which It is weed. 

“pape corrections which are functions of the phys- 
cal condition of the tape are length correction, 
temperature correction, and tension correction. “A 
‘correction whieh may be required because of the 
Imethod of using the tape ts the eatenary correction 
(correction for 40g). Closely associated with these 
aire corrections which depend upon the position of 
{te line on the ground, as actually measured, These 
Include grade correction, and alignment correction, 
whlch are sometimes treated as corrections to 26 


tape Steelf aa used. Reduction to & datum (rach 
‘mean aca level) Is not considered as @ tape correc: 
ton, 

tape steetcher—A mechanical device which faciitates 
Toldfag a tape at « prescribed tension and la a pre- 
scribed position. 

‘taping.—The operation of measuring a distance on the 
‘earth, using a tape or ribbon of metal or other 
material. See chaining 

"The term teping ia used for all surveys except 
‘those of the public lande of the United States; for 
‘hore, due to historfeal and legal reasons, the term 
‘chaining, and its related term chainmen, are Dre- 
ferred.” ‘The men who mark the two ends tn taping 
fre termed contact men. 

target rot.—See under leveling red (general). 

telescope —An optical introment consisting easentially 
Of two ayatems of lenses: an objective oF object glass 
‘which brings rays of light from a distant object to 
1 focus within the telescope tobe; and an efepiece 
(oF ocular with which the Image of the distant object 
formed by the objective Is magnified and examined. 

‘By means of a reticle placed tn the principal 
focus of telescope, definite lines of sight are es 
‘aed, and the telescope thereby made into a prect 
sion Instrument for surveying and astronote work, 
‘The magoitying power of « telescope depends upon 
‘the ratio of the Jooat lengths of the objective and 
ceeplece lenses. 

+ achromatier—See under achromatic telescope 
erature correction (leveling).—See under correction. 
correction, pendulum —See under pendulum. 

‘correction, tape-—See under tape. 

‘template (templet).—A gage oF pattern to gulde certain 
"work that is to be done. 

‘A template Is often a thin sheet of transparent 
‘material upon which sultable guide lines are drawn. 
Examples the ordinary protractor or, 1n photo 
sgraphle mapping, transparent eallulold overlay 
made over a photograph, showing the center and alt 
Padlat Tines from the center through images of con- 
{ol pointe, a8 well as (aslmath) lines connecting the 
center with Images of points which show on the 
Dhotograph and are themselves the centers of other 
Photographs. Io obtaining elevation readings from 
‘maps in connection with topopraphio and feostoti re- 
Guetions, templates of celluloid are used. The tem 
Dlates used In connection with deflection of the vertt- 
fal rtudies have elreles and redial lines drawn upon 
‘them, so proportioned with reference to scale of map 
and acimuth that land elevations and ocean depths 
within each compartment formed by adjacent arcs 
find radlt can be easily averaged and the effect of the 
‘ass therein upon a plumb line at the station (center 
of circles), under various hypotheses, can becom 
ated. ‘Fhe templates used in connection with grav 
{ty studies are similar to those described above, ex: 
cept that no account 1s taken of asimuth, all com 
partments bounded by a given palr of elrcles being 
of the same slze and shape. A given tomplete can 
be used only on maps-of the scale and- projection 
for whieh it a constracted, Devieed by J. 8. Hay 
ford in connection with studies for the gure of 
‘the earth and feostaey, these templates are known 
‘as the Hasford deflection templates and the Hayford 
ravity templates 

‘Temple Act—An Act of the Congress of the United 
States to adopt a program for the completion of the 
Topographic Map of the United Staten. 

‘Koown as H.R. 4522, 68th Congress, lt Seasion, 
the bill whlch later (1925) became the Temple Act, 
‘was Introduced in 1024 by Dr. Heary W. Temple, a 
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Representative from Penaslvania. No. appropri 
tons were made for carrying out Its provisions. 
temporary bench mark—See Under bench mark. 
tension correction, tape-—See under tape. 
terrain correction (gelindereduktion) —The correction 
‘or the effect, upon the acceleration of gravity at a 
Point, ofthe departure of the aetual topography from 
{tn assumed plateau at the elevation of the point. 
"The correction hs the same sign whether the to- 
ography les above or below the plateau, 
terrestrial eqaator.—See under equator: astronomic, 
terrestrial meridian—See under meridian. 
terrestrial refraction—See under refraction 
tertiary triangolation.—See under triangulation 
‘thalweg—The lino following the lowest part of a val 
Teg, whether under water oF not 
"The intricacy of detail in ordinary relief often 
kes didielt a practical location of a thalwes in 
‘2 survey of a politcal boundary Une thie dimenity 
may astume considerable welght. A thalweg may 
‘also be defined as the line down the center of the 
tain channel of a stream; oF as the line of greatest 
slope, cutting all contours at right angles. 
theodolite-—A precision surveying instrament consist 
Ing of an alldade with telescope, mounted on an aceu- 
rately graduated circle, equipped with necessary ev- 
fly, and reading devices, Sometimes, the olidede 
‘carries a gradunted vertical cfrola 
"There are two general classes of theodolites: direc. 
Hon theodolites, often referred to ns direction iuafra- 
‘mente, and repeating theodolitee. 
‘theodolite; astronomieal.—See under alt-astmuth inatra- 
theodolite: direction instrament —A theadollte in which 
‘the graduated horizontal cirele remains Sxed during 
fa series of observations, the telescope being pointed 
fon a number of signals or objects In succession, and 
‘the direction of each rend on the elrele, urvaliy by 
means of micrometer microscopes 
Ta measuring horizontal onglee with a direction 
instrument, angles are not repeated (accumulated) 
fon the circle, Dut precision and accuracy are ob 
tained by having the circle of high quality, by uslog 
precision methods of reading the etree, and by shitt- 
{ng the elrcle between sets, 60 that cach direction 
i measured on a number of diferent parts of the 
cirele. Direction Instruments are used almost ex- 
Clusively fp frat. and second-order triangulation, 
theodolite: Parthurst—A direction theadolite designed 
‘by and ned for D. L. Parkhurst, and used on 
fit. and second-order control surveve. 
‘The distinctive features of the Parkhurst theodo- 
Lite are ite nonbinding center, ball-bearing clazmp 
ing, Mlumination through the central axis, diacon- 
‘auous conical bearings, iuminated glass mierom- 
ter drums, and improved designe for tangent-acrew 


ftesembly, clamp-block assembly, and micrometer 
mountings, 
‘heodolite: photo. —An Instrument used I terrestrial 


‘Dhotorrammetey, and consisting of a combination of 
‘Theodolite and camera, using the same tripod. 
‘in some models, the theodolite and camera can 
be used separately ; in other models, the two are 
combined in a single tnstrument. 
theodollte: repenting—A theodotite 90 designed that 
‘successive measures of an angle may be accumu: 
ated on the graduated circle, and @ final reading 
of the cltcle made which represents the sum of the 
repetitions. 
"Tho observed value of the angle ts obtained by 
Alviding the total are passed through in making the 
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werles of observations by the number of times the 

Gngte has been observed. ‘The total are passed 

‘rough may include several complete elrculte of 

the eitele, which must be added to the elrcle reading 

king the division. The repeating theod 
called a repeating instrument. ‘Theoret 
cally, {fa an Snstrument of grent prectaton, but in 
its mechantea! operation 1t docs not give as aati 
factory results a8 the direction instrument 

ite: Wild —A make of theodalite which has the 

horizontal and vertical circles graduated on glass, 
‘and read by an arrangement of prisms which bringt 
the images of opposite portions of either of the 
elles into the Meld of view of a reading microscope 
‘mounted alongside the telescope. By mechanical 
means the graduation marke in the two tmages are 
Drought Into colacidence, and the circle read by 
‘means of an auxiliary seconde scale, 

‘The seconds ecale is read to single seconds or toa 
‘ecimal part of @ second without moving from the 
eye end of the telescope. A single retding thus 
‘obtained isthe mean of two readings of dlametrically 
‘opposite points on the graduated circle and is there- 
{ore free from errore due to eccentricity of circle, 
‘The Wild theodollte ie well adapted for use in tet 
anpulation of any order. 

(heorstical (or external) error—See under error. 

‘thermometric leeling.—See Under leveling. 

third-order leveling. —See under Leveling, 

third-order traverse —See under traverse. 

‘third-order (rangalation—See under triangulation, 

‘third-order work-—See under traverse; triangulation: 
sand Toveting. 

ead of river, middle —The line equidistant between 

the Iewoacater lines on the two aides of a riven, ex: 

tending from headland to headland without ‘om 
sidering arme, inlets, eretka, and adluente as parte 
of the viver. 

thread of stream—The line equidistant from the edge 
‘of the water on the two sldea of the stream at the 
ordinary stage of the water. See under thread of 
‘iver, middle. 

three-arm protractor—See under protractor. 

three-point preblem.—The determination of the hork 
zontal position of a point of observation from data 
‘comprising two observed orizontal angles between 
three objects of known position. 

‘The problem Is solved graphically by menne of @ 
threcarm protractor, and analstically by trigonomet- 
real enleutation, See resection. To plane-table sur- 
voring it la solved graphically by trial and error. 

tidat bench marke-—See under bench mark. 

tidal datom—See under datum. 

tidelend —Land along tidal waters that te below moan 
‘Mgh water and above mean low seater, thet i, the 
hore 

tie—A survey connection from a point of known poet 
‘Hon to a point whose position 1s desired. 

‘A tle ie made to determine the position of a sup 
plementary point whote position $s desired for map- 
ping oF reference purposes, oF to close a aurvey on & 
revlously determined polnt, To “tle in isto make 
such a connection. ‘The point to which the eonnee- 
ton is made is called a "tle potnt.” 

tie point—-See under tte. 

‘ior (United Staten pablictand surveys) 
‘of contiguous townehipe situated 
tach other; also sections similarly sttuated within a 
sownahip. 


DEFINITIONS OF SURVEYING TERMS 


‘time.—-The measurable aspect of duration. 

“Time mates ure of reales base upwn the happen 
ing of periodie events, 33 follows: 

L.vThe day, depending upon the rotation of the earth. 
2 The month, depending upon the revolution of the 
‘oon around the earth 

The year, depending upon the revolution of the 
‘earth around the sun, 

‘When one says it is @ certain time, one exprestes 
‘length on a duration seale menstred from an index 
fon that seal, 

‘For example: 4 p. m. local mean solar time means 
‘uge 4 mean solar hours have elapwod since the mean 
tun was on the meridian of the observer. 

timer appatent.—See under time: apparent solar time, 

time: apparent selae.—Time measured by the apparent 
‘diurnal motion of the (tue) sum. Also termed true 
Solar tine, and often, apparent tine, 

‘At any given instant, che apparent solar time 1s 
the hour angle of ‘the’ (true) sun. Tn civil ite 
fyparent solar time ts counted from the two branches 
ff the meridian through 12 howes: the hours from 


the lower branch are marked "A, 3" (ance merid- 
nn); those from the upper branch, "P.M." (post 
eriltan). In asteonomle work, before 1925, appar 


tent solar time wat counted from the upper beaneh 
‘of the meridian throwgh 24 hours (see astronomleal 
time); since 1925, the cout has been from the lower 
branch, and the civil day has taken the place of the 
fostronomical day In astronomeal work. Naming the 
Imeridion of teference fa essential to the complete 
Muentifeation of the time. or example, Toch mesid- 
an apparent solae thie; Greeneieh apparent sola 
time; local apparent solar tne (for the meridian of 
the observer). Heeause of variations in the apparent 
notion of the #yn, a clock of wateh cannot be ad- 
jsted to ehow apparent solar time. Apparent solar 
time is time determined bs observations on the (true) 
fun. Tt ithe fine shown by a sun dial. See time; 
equation of time, 

‘time: astroncmical—Sotar time in a day (astronomécat 
day) that begins at noon. 

‘Astronomical time may be elther epparent solar 
Hime or mewn solar time. Te is counted from noon 
jn a single series of 24 hours. Astronomical time 
fappears iu the Amorican Ephemeris nd Nantieal 
‘Almause prior to 1025; Dut ia the volumes for 1925, 
fand later, eibt time ie used instead. 

time: civil "Solar time in a day (cfeil dey) that begins 
‘at midnight. 

‘Civil time may be elther apparent soler time oF 
mean soler times ie max be cownted in to series 
Of 12 hours each, bestunlag at midnizht, marked 
Sa. AL" (ante meridian), and st noon, marked 

'P. ML” (post meridian), oF in a shugle series of 
24 bours Beginning at midnistt, 

time: daylisht-raving-—A enbstitute for atanderd time, 
Texnetls 1 hour fast on that time, 

‘Clocks showing standard time are changed to 
faplight-saving time Dy moving the hands abend 
fexictly 1 hour, Until 1042, 1€ was not alopted by 
{the rallronds, nor generally theoughout the country ; 
fand where adopted, it was for use only during the 
Sommer months, In 2042, 1¢ was adopted by Com 
frese for general use, and vinofficially given the name 
fof war time. The time in a given time belt is ien- 
{ised by the particular designation of the belt: 
Eastern Daylight Saving Time; Centeal Daylizit 
Saving ‘Time ; ete 
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‘me: equation of —he ditference in hour angie be: 
‘reen apparent solar time and mean sotar time 

"Tho sun Ss sometimes before and sometimes behind 
the monn sum by an amount that ranges from 0 to 
fabout 16 minutes of time, At the equation of time 
Iiay be expressed as a correction to elther apparent 
folar time oF to mean solar time, Its sign must be 
arefally observed. 

‘Time: Greenwich Civil—Mean solar time for the Green 
‘wich Meridian, cownted from midnight, Also called 
Unioeraat Time (U. .). 

‘Greenwich Civil Time (G. C. 7.) Is a reference 
used in the American Ephomeris and Nautical Al- 
‘manae for 1925 and thereatter. It Is counted from 
midnight through 24 tours 

‘Time: Greenwich Siereal-—The eidereal time for the 
Greenwich Meridien 

‘ime: local apparent—The apparent solar time for the 
‘meridian of the observer 

‘time: local mesn.—The mean sotar time for the merid- 
“an of the observer, 

‘me: local sidereal.—The sidereat time for the meridian 
fof the obserrer. 

‘ime: mean solar.—Time measured by the dluraal mo- 
tion of & fictitious body, ealled. the mean sun, 
‘Which is supposed to move wniformly in the eeletiai 
equator, completing the eircult In one tropical year. 
Otten termed simply mean time. 

‘The mean sun ‘may be considered as moving in 
the celestiat equator and having a right ascension 
‘equal to the niean ceteatiat longitude of the teue sum. 

‘At any given Instant, mean aolae the ts the how 
‘angle of the mean sua. Tn civil Tife, mean solar 
ime is counted fromthe two branches of the 
meridian ‘through 12 houre; ‘the hours from the 
ower branch are marked “A. MM" (ante meridian) + 
‘those from the upper branch, "I'. M2” (post merlt- 
fan}. Tn aetronomileal Work, before 1925, mean 
solar time was counted from the upper branch of 
the meridian through 24 hours (see aatronomleat 
Hime) sluice 1925, the count as been fom the 
lower branch. Naaing the meridian of reference 
4s essential to the complete Mlentisention of the 
Hime. For esample, 73th meridian meen solar time j 
Greenwich tenn soir time; Ioeal mean solve the 
{for the moridion of the observer, Hy uso the sie 
reference meridian over a belt or zone of the earth, 
Watches and clocks ae aujusted fo show the san 
zmean solar time throughout the atea (see standart 
Hime). ‘The Greoulen Meridian ix the reference 
for a world-wide standaed of mean solar time, called 
Greenssioh Cieit Time oF Univeral Time. ‘The wean 
sum being a fetitious bods, mean solar tlme cannot 


Fhe determined directly by’ obseevation, See time: 
equation of tne. 
ime: siderenl—Time measured by the apparent alurnal 


Totation of the (t0e) vernal wuinos, 

‘At any tustant, sidereal time i the how angte 
‘of the eornat epxinor, It be connted fromn @ ours, 
whew the vernal eyuinos Is on the mevidien, through 
24 hours. "Naualng the meridian of reference is exren- 
tial 10 Hts complete identineation. For example, 
Tath meridian sidereat time; Greenwich sudereal 
time; Toont sidereet time for the meridian of the 
observer, 

‘On account of emall differences between the posi 
tions of the true and mean equinazee, sdereal time, 
ke the eidercal day, 1s subject to slight feregulark- 
ties, ‘These leregularities are absent. from (unk 
form) sidereal tine, which is measured by the m0- 
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tlon of the mean equinox, and ig wed tm rating 
‘locke of the highest preetton 

time: sclar—Seo under time: apparent solar time; 
‘mean solar time. 

lime! standard—Mean solor time for a selected merid- 
Hon adopted for use throughout a belt (zone). 

Tn the continental United States, the meridians 
of Teference for standard time are 15° (1 hour) 
‘apart, and multiples of 15° from the initial meridian, 
Greenoich Meridian. ‘The standard time for exch 
belt is designated by the number of Its meridian, 
‘and also by some name of geographic significance : 
75th meridian or Eastern Standard ‘Time; 90th 
imerldian of Central Standard Time; 105th meridian 
or Mountain Standard ‘Time; gnd'220th meridian 
ff Pacific Standard Time, ‘The standard time merid- 

re 160° and 165° west longitude; 
150" weit longitude; for the Phillp- 
pine Islands, 120° east longitude, Standard tine 
‘ras cotablished in 1883 to correlate train schedules 
‘of various rallroads over the same arets. ‘The stind. 
fd time belta were planned to be Toughly” sym. 
metrical with reepect to the meridione of reference, 
fand to extend 73° to elther side thereot. Practical 
‘considerations, such es the neod of time correlation 
of cities outside the original boundaries of a time 
bett with cles within the belt, have caused a gradual 
shitting of those boundaries Until some of them now 
fexhiblt large Irregularities, See. fme: daylight. 
ing time; wear time. 
time: true solar.—See under time: apperent solar time. 
‘Time: Universal (U. T)—The came as Greenwich Ofoit 
Time (G. 0. 7). 

"The frst uso of Universal Time 88 a reference 
4m the American phemeris and Nautleal Almanae 
fe in the volume for the Fear 1959, 

‘Mime: war—Daylight-saving time as prescribed in 1042 
by, Aet of Congress, 

‘The vse of war time throughout the country was 
inaugurated on Februnry 9, 1942, clocks belng set 
fahead 1 bour at 2 A. M standard time on that date 
(Publie Law 403, 77e Congress). Tes use by State 
fand local agencles was not mandatory, except where 
State legislation eo directed. ‘The time in any given 
‘Hime belt eas Wdentifed by the partleular destgnation 
of that belt: Bastern War Time ; Central War Time; 
te. ‘The use of war time war discontinued on Sep: 
tember $0, 1045, at 2 A.M. 

folne—A unit of length uved in early geodetic aurveye 
‘tod equal to about 6.4 Baglish fect 

"The Tole of Peru was an iron standard used in 
‘measuring the bare Hnsa which controlled the lengths 
fof the Peruvian Are (of triangulation), exocated in 
3736-1743, In connection with « determination of 
‘te gure and slze of the earth. ‘The Tolse of Peru 
became the legal stendard of length in France, and 
from it was derived the French lepal meter, af 
follows: the tolse was divided into 6 pleds (tect) 
feach pled was divided Into 12 pouces (inches) ; 
teach pouce wat divided Into 12 lignes (Vines) ; and 
fone Prench legal meter Wan equal to 443.206 lignes 
exactly at a temperature of 15° Reaumur. The Pera 
‘ian Are does not ite In modern Peru, but in Ecuador, 
which was included tthe old Spanish presidency 
of Pera. 

‘Toise of Pera.—See under tote, 
tolerance (general) —The permsible deviation from 
@ standard. 

in surveying operations the prescribed Umiting 
probable error may be regarded as an expression of 
folerance, though the term tolerance 18 seldom used 
An connection with eurcey results. ts use may well 
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be confined to stating the permisalble deviation trom 
exactness in the Sitting together of the component 
parte of physical apparatus: for example, the pivot 
inequality of an astronomical tranet 

topographic defection —That portion of the deflection 
‘of the plumd line which ia due to the gravitational 
Dull exerted by topographic masses. 

‘Topographic detection is not the came as deeo 
Hom of the plumb line or ttation error, but is the 
‘theoretical eftect produced by the resultant gravite- 
tHonal pall of the unevenly distributed topograpble 
‘masses around the station, np allowance being made 
{or feoetatic compencation. 

topographle feature.t—A prominent or conepleaous 
‘opoprapMe form or sallent part thereof. 

‘toporraphle form.*—-A Tond form considered without re- 
"Burd to origin, cause, oF BIaory. 


topography (or relief).«—The features of the actual aur 
“ace of the earth, considered collectively as form. 

‘A single festure, euch ae @ mountain of valle, 

te called a topographic feature, 

torsion balance-A device for measuring very small 
Torees of attraction due to gravitation, maguetiam, 
te, and consisting of « bar suspended Borlzontally 
by an elastic Mament, one end of the bar being 
subjected tothe Inftuence of the attracting force 
In a much greater degree then the other end. The 
attracting force Is balanced and tte comparative 
Strength measured by the torslonal reaction of the 
Slameat, 

{In geophssleal prospecting, a form of torsion bal- 
ance is employed tn determining the gradient of 
Dracity, the horizontal direction In which the Inten- 
ley of gravity increases or decreases most rapidly, 
fo that ina eurvey of a large area, any existing 
Targe mass of abnormal deneity may be dlacovered, 


faerocinted with alt domes—plose of 
size and density that they are euslly discovered and 
Toeated by geophysleal methods, Among the lnstra- 
‘ments used in making such discoveries Is the torsion 
balance. 

township (United States publictand sarveys)¢—Tho untt 
‘of survey of the pubic londs of the United States, 
normally & quadrangle approsimately 6 miles on 
side with boundaries conforming to meridians and 
porallete, located with reference to the inital point 
Of a principal meridian and dave Hine, 

‘Townships are numbered consecutively north and 
south from a Dose Tine; thus “township 14 north” 
{indleates a township fa the 14th tier north of « dave 
Hine. ‘The word township 1s used In conjunction 
swith the appropriate range: to Indlente the coordé 
nates of « particultr township with reference to the 
Initial point; thus “township 14 north, range 8 east” 
Indleates the particular township which 1s the 14th 
township north of the bare line and the Sed town 
ship east of the principat meridion controling the 
surveys In thet area. ‘The pivral form, townships 
(oF tbe, fs used whenever more than one unit 1s 

“townships 14 north, ranges 3, 4, and & 
“townanipe 24 and 16 north, range 8 ea 
fenctional (United States ‘poblieland ear 
‘vern)°—A township containing appreciably less than 
30 normal sections, usually due to invasion by a 
segregated body of water, or by other land which 
‘cannot properly be surveyed as part of that townahip. 
‘Townships way be rendered fractional also {a e106. 
ng the publicland surveys on State boundaries, ot 
‘other Mmiting lines, 
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ownahip line (United States publieland surveys).*—An 
‘exterior boundary of a township extending in an east 
‘went direction. 

‘rack level—Seo under track sector. 

‘track sector —Am instrament composed of a halt-ctrete 
‘protractor with a single movable arm which carries 
spirit Tevet, and is 80 constructed that when the 
protractor base is parallel with railway rall and 
he aririe Lovet bubble is io the ceater of Its tube, 
‘the movable arm will regiater the slope (angle of 
{netinntion) of the rail. Also called track level. 

"The track rector wad designed and used for de- 
termining the slope of the tape when used in tra0~ 
forse measures along a railway. Not proving satis. 
factory, its use was abandoued. 

Transcontinental Trlangalation datom—See under 
‘datum. 

transite. The apparent passage of a ster or other 
‘clestal body across a defined line of the celestial 
phere, a8 a meridian, prime vertica, or almucantar, 
‘Tne apparent passage of a ster oF other celestial 
body ‘serose line in the reticle of telescope, 
‘oF some line of aight. ‘The apparent passage of & 
ftmaller celestial body across the disk’ of a larger 
celestial body. 

2. A surveying Instrument composed of « horizontal 
circle graduated in circolar menture and an alidade 
‘witha telescope which can be reversed in Ite supporta 
‘without being ifted therefrom. Also, the act of 
‘aking such reversal, 

2. An astronomical Sostrament having a telescop0 
‘which can be oo adjusted in position that the line of 
‘ight may bo made to define a vertteal circle. 

“L. When no line ts spectied, a transit across tho 
‘moridion ts usually Intended. ‘The transit of a star 
‘Reroas the meridian occurs at the moment of ite 
culmination, and the two terms are sometimes Used 
‘a4 having {deatical meanings; such venge Is not cor- 
rect, even where the instrument isin perfect ndjust- 
‘ment. "At the poles a star may have n0 culmination, 
‘bat Ht will trenalt the moridions. ‘The transit of & 
small celestial body across a larger one is exempllied 
by the transit of the planet Mercury across the disk 
of the Sun, oF of a sntellte of Jupiter across the 
‘lak of that planet. See eclipse, occultation. 

2. A theodolite having a telescope thet can bo 
transited im its eupports 19 a transit, and ta some- 
times termed a transit theodolite, 

‘3. A transit used tn astronomtes! work ts usvally 
called either an astronomien! transit or a transit 
Snstrument. 

transits astronomical —See under transit, 3 

tranult: Bamberg—-Seo under transit: broken-telescope 
‘ranett, 

‘transit: broken-teleseope—An oatronomicod transit bav- 
ing its tleacopeso shaped that a ray of light entering. 
the objective fs reflected at right angles by a prism 
placed within the telescope, the refected ray passing 
to the eyeplece which Is in the horizontal aate of 
{the telercope and outaide Ste aupporting wyes, 

‘One make of broken-telescope transit, ealled the 
Bhuaberg Drokeu-telescope transit or the Bamberg 
Anetrument, le deveribod in two Special Publications 
of the U. 8. Coast and Geodetle Survey: No. 36, 
Determination of the Diference in Longitude Be- 
‘tween Bech Two of the Stations Washington, Cam- 
Drage, and Far Rockaway, by Fremont Moree and 
(©. B. French, 1910; and No. 108, Wireless Long 
‘tude, by George D. Gowle and B. A. Eckhardt, 192 
‘The term “bent transit” has also been applied to this 
Sastroment, ‘The design of this instroment permits 
‘ta use in the determinstion of latitude by the zenith- 
telescope method. Tt tn given conelderable welght 
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without producing undesirable flexure. ‘This and the 
‘Unusually long distance between the supporting wres 
make foF stability. The striding level ‘used. with 
stralgnt-telescope fostruments 19 replaced with a 
hanging tevel. ‘The position of the eveplece being 
Independent of the aititude of the object observed 
promotes convenienco in observing. This inatroment 
{used ta recorder determinations of astronomie 
Tonpitude, astronomie latitude, and recently bes been 
teed in fratorder determinations of astronomic ast. 
‘math at stations in high latitudes. See ocimuth: 
mlcrometer method, determination of astronomle 
aaimuth, 

transit: wolar—See under solar transit. 

fransitandstadia survey—Seo under curcey. 

‘transit instrament—See under tranalt,$. 

transit micrometer.—See under mlorometer. 


tranaltlon eurve—See under curve: apirat curve. 

Transportation Map of the United States.—See under 
‘mop. 

‘raneverse Mercator grid-—An informal designation for 
"a Btate coordinate system bused on a tronsver 
Mercator map projection. 

transverse ‘Mereator map profection—Seo under map 
‘prosection. 

transverse polyeonle map projection —See under map 
‘projection, 

steaverse:—Se0 under traverse: survey traverse. 

‘traverse: astronomical —A survey traverae in whlch the 
‘Qevpraphtc positions of the stations are obtained 
from aatronomle observations, and lengtha and ast- 
‘muthe of lines are obtained by eompatation, 

traverse: closed —A survey troveree which starts and 
‘ends upon the same station, or upon stations whose 
Felotiee positions have heen determined by other 
surveys, 

traverse: firstorder—A survey troveree which by Iteelt 
‘orme « closed loop or which extends between ad- 
justed positions of other frat-order control surveye, 
fand has a closing error in porttion not greater than 
1 part in 25,000 of te length. ‘The eriterin prescribed 
for attaining the required accuracy and precision are 
fa follows: The probable error of any matnacheme 
‘ongte mall not exceed -£1.5""; the number ot angle 
stations between aatronomic-acimuth stations to be 
410 to 16 im number; the discroponcy per malncheme 
‘angle station between astronom(c azimuth not to 
fexeeed 1.0"; the probable error of the astronomio 
‘azimuths not to exceed 0.5". 

‘Formerly known an precise traverse, the present 
designation of firstorder traverse wae recommended 
by the Federal Board of Surveys and Maps in May 
1025, Lacking the geometrical checks obtalnable in 
‘triangulation, fretorder traverse, though formerly 
‘used in the fundamental controt eurvey of the coun- 
17, 1 no longer so used. 

traverse: fourtrarder—A survey traverse of an ocou- 
‘recy less than third-order travers 

In fourthorder traverse, angles are observed with 
1 transit of eeatant or are determined graphically, 
land distances are messured with tape, etadio, oF 
whee, 

traverse: geographical exploration —A route followed 
‘2crose some part of the earth, approximate postions 
‘long which are determined by surveying oF saviga- 
onal methods, 
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traverse: open—A survey traverse which starts trom 
1 station of Known or adopted position, but docs 
‘Rot end upon auch f station 

traverse: random —A survey traverse run from one ats 
‘don to another survey” station which cannot be 
seen from the frst station, ta order to determing 
thelr relative portions, See rendom line. 

traverse: second-order —A survey traverse which by It 
‘elf forms a closed loop oF which extends between 
‘adjusted stations of firt- of second-order contral 
‘surveys, and has a closing error in poaition of be- 
‘tween 1 part in 10,000 and 1 part in 25,000 of its 
Tength. The following additional eriteria. are. pre 
serlbed for the attainment of the required accuracy 
‘and precision: probable error of main-scheme angles 
hot to exceed +80"; number of engle stations 
between astronomicasimuth stations, 19 to 254 dis: 
crepancy per mainscheme angle station between 
‘etronomic azimuths, not to exceed 2.0"; probable 
error of astronomio asimuths, not to exceed -+2.0 

‘The present designation, "second-order travers 
‘was recommended by the Federal Hoard of Surveys 
nd Maps in May 1025, 

traverse: survey —A sequence of lengths and directions 
‘of lines between points on the earth, obtained by 
ff from feld measurements, and used in determining 
positions of the polate 

"A survey traverse may determine the relative 
positions of the polats which it connects in series, 
find If ted to control stationa on an adopted datum, 
‘the positions may be referred to that datum. Sur 
voy fraverses are clasifed and identied in a variety 
(of ways: according to methods employed, a8, astro: 
‘noma! traverse; quallty of results, es, frat-order 
traverse; purpose served, as, geographical explore- 
tion traverse; according to form, as, closed traverse, 

traverse: third-order—A eurvey traveree which by It- 
eit forms a closed loop oF which extends between 
‘adjusted stations of other control surveys, and his @ 
losing error in postion of between 1 part in 6,000, 
‘and 1 part in 10,000 of its length, The following 
‘Additional criteria are: preseribed for attaining the 
Fequired accuracy snd precision: probable error of 
faln-scheme angtes aot to exceed 6.0": number of 
angle stations between aséronomioazinuth stations 
20 to 35; discrepancy per main-schome ongle station 
between aatronomic azimuths, not to exceed 5.0"; 
probable error of astronomic azimuths, not to exceed, 
25.0". 

‘The present designation, third-order traverse, was 
recommended by the Federal Board of Surveys and 
Maps ta May 1925, 

traverse: transit —A survey traverse in which the 
“angles are mearared with an engineer's transit oF 
theodotite and the lengtha with a metal tape. 

‘A transit traverse is uiually executed for the com 
‘trol of local surveys and 18 of second: or third-order 
‘ually. 

traverse net-—Seo under survey net. 

traverse fables—Mathematical tables Moting the 
Teogths of the sides opposite the oblique. angles 
for ench of & series of right-angle plane triangles, 
‘as fonctions of the length and astmuth (or bearing) 
of the hypotenuse. 

‘Traverse tables are used ia computing latitudes 
land departures In surveying and of courses tn navi 
fation. One argument of such a table is the angle 
‘hich ‘the line Or course makes with the meridian 
(ite astmuth or bearing), and the other argument 
faa distance, Tn tables used tn land. surveying 
‘the distance argument ls usually a series of Integers, 
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‘from 1 to 9, with which lines of greater length may 
be composed. In navigation, the distance argument, 
may ruin to several hundred miles. 

Aeiangslation—A. method of surveying In which the 
tations are pointe on the ground at the vertices 
‘ofa chain or network of triangles, whose engles are 
observed Instrumentally and whose eldes are de- 
rived by computation ftom selected trlangle aides 
called base Hines, the lengths of which are obtained 
from direct measurements on the ground. 

"Triangulation permits the selection of sites for 
stations and dase liner favorable for use both from 
topographle and geometric considerations (see 
tirength of figure) It is well adapted to the use 
‘of precision Inatrumenta and methods In all It3 op- 
trations, and susceptible of erent accuracy and pre 
flson In ite results. Triangulation is generally used 
‘where the area surveyed Is large and requires the 
tise of geodetic methods. Triangulation may be con- 
dered ay including not only the actual operations 
fof abserving angles and measuring base Hines, and 
their mathematical procetsing, but also the recon 
rneiatonce which precedes those operations, and the 
Estronomic obtereations Which are required in the 
fctablishient of a geodetic datum and tn the control 
fof the trlangulatioa, 

telangslation: are—A system of triangulation ot 
Timited wldth designed to progress in single gen: 
feral direction. 

‘Are trlanguletion is executed for the purpose of 
‘connecting independent and widely separated our 
‘eve, coordinating, and correlating local. surveys 
along the are, farnishing date for the determination 
‘of a veodetio datum, providing & network of control 
Doints for a country-wide survey, ete. See area tr 
angulation, 

telangulation! aren —A systom of triangulation designed 
to progress in every direction. 

‘Aten triangulation i executed to provide survey 
control points over an area, 18 of the city or county | 
for for piling in the arena between arco of triangula 
tow which form a network extending over @ county 
for State. See are triangulation 

‘telangulation: Sstorder.Triangutation conforming to 
the following criteria: the average error of closure 
fof the maimscheme trlangles shall not exceed 1” 
‘the maximum error of elovure of the mala-scheme 
triangles shall not exceed 3°"5 the error of elovure 
fn length on measured bave Tine or on a line of 
‘Adjusted first-order triangulation shall not exceed 
4/28,000 of the length of the line after the engte 
‘and ofde equations have becn satisied in tho adjust- 
ment. 

Piratorder triangulation was at one time known 
‘8 primary triangulation; thia was changed 10 1021 
to preoiae triangulation ; and in May 1025 the pres: 
fent designation was recommended for adoption by 
‘the Federal Board of Survess and Maps, The report 
fof that Board recommended that the four grades of 
hhorisontal and vertical control ordinarily used. be 
designated as frst order, second order, third order, 
fand fourth order, respectively, the Arst-naimed being 
the most occurate. 


chute dares. 


‘This method fa used for extending tr. 

| angulation over lines too long to be observed by 
‘ordinary methods. 

‘rlangslation: precise —The deslgnation whieh, from 
11621 until the present terminology was adopted in 
1025, was applied to what ie now called fret-ordor 
trlangulation. 
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ftelangulation: primary —The designation which, prior 
to 1021, was given to what la now called frsi-order 
irianguiation and thereafter and until the present 
terminology was adopted in. 1925, was applted to 
‘what tn now called second-order triangulation 

‘telangulation: seeondary.—The designation which, prlor 
‘to 1021, was given to whet le now called. second- 
order triangulation; and thereatter and until the 
Present terminology Was adopted in 1925, was ap- 
Diled to whtt te Bow called third-order iriongula- 
Hon. 

triangulation: stcond-order—Triangulation which does 
‘ot attain the quality of first-order triangulation bat 
does conform to the following eriteria: the average 
error of clowure of tho mainecbeme trlangles shall 
hot exceed 8°" the maximum error of clonure of the 
‘main-ecbeme triangles shall not exceed 8°"; the error 
of closure in length on a measured base line or on & 
Ine of adjusted first oF secondorder triangulation 
shalt not exceed 1/10,000 of the length of the line 
After the angle and ide equations have been satle- 
fed tn the adjustment. 

‘Second-order triangulation was at one time known 
tas secondary triongulation; later (1921) the Baime 
‘was changed to primary triangulation; and tn May 
1025 the present designation ‘was Tecommended by 
the Federal Board of Surveys and Maps. 

trlangolation: shipsbore—A method of extending trt- 
‘nguletion along & coast by making stmultancous 
obtervations from tree oF more shore stations om 
‘2 target mounted on an anchored ship. 

‘This method ts used only when It Is lmpractical to 
establish a chain of trlangles or quedrilaterals 
tlangulation: tertiary—The designation which, prior 
to 1021, was given to What 1s now called third-order 

trlonguiation. 
triangulation: thirdorder—Triongulation which docs 
not attain the quullty of second-order triangulation, 
but doce conform to the following criteria: the 
rage error of closure of the maln-scheme triangles 
shall not exceed 6°"; the maximum error of closure 
fof the main-echeme trlangles shall not exceed 10” 
find the clorure fa length on a measured Dace line 
‘of 0 4 line of adjusted triangulation shall not ex- 
feed 1/5,000 of the Tength of the line after the 
‘angle and eide equations have been aatieted in the 
Adjustment. 

‘Third-order telangulation was at one time known 
as tertiary triangulation ; later (3924) the name was 
changed to secondary triangulation; and tn May 
43026 the present designation was recommended by 
‘the Federal Board of Surveya and Mat 

Arlangulation are—A system of triangulation forming 
‘a band or belt on the ruttace of the earth. Or the 
‘corresponding system of poettion, lines, and angles 
‘on the surtace of the epheroid. 

‘The axis of x triangulation are may approsimete 
‘4m porition an arc on the spherold, following & mertd- 
dan of lonpitude, a parailet of latitude, or an oblique 
fore; it may follow « natural fenture as a river: 
fof it mey follow an artifclal feature, as-a-civl 
Doundary. Te te usoally given an identifying name 
‘corresponding to Its general or perticular location, 
for baving other geogrepate elgaiicance : as Ninety 
‘lghth Meridian Are, Mlsslsippi River Are, etc 

felangulation net—Seo under survey net. 

‘rangelation signel—Seo under signal. 

‘riangolation station-—A point on the earth whose post- 
‘om ie determined by triangulation, 

triangulation tower—A triangulation wional consisting 
‘of two reparate structures, independent of one aa" 
‘other; an inner structure which supports the the- 


‘odolite and sometimes the target of signal lamps, 
{and an outer structure which supports the observer 


‘and hile assistants and eometimes the target or alg: 
al lamps 
"Triangulation towers are used to elevate the line 


of sight above trees, fopopraphic features, and other 
obstacles that might interfere with the observing. 
Before 1927, towers of wood were used, the nner 
structure being a tripod and the outer structure & 
fourleg seatold. Tn’ 1027, the Bilby steel tower 
‘Was put into use. ‘Triangulation towers more than 
100 fect in helght are not unusual. 

triaxial ellipsold.—See under ellipvoid. 

Aibrach—The threearm base of « surveying tnstru- 
‘ment which carries the foot-screws Used tn leveling 
‘the instrument. 

Many surveying Instruments have a fourscrew 
ase or quadribrach. Such an fartrument fr not 
sultable for third- or higher-order horizontal control, 
for the leveling process may introduce strane In 
the base of the instrument which will tend to change 
‘he Instrument In esinuth while the observations 
fare being made, 

‘trigonometric leveling Seo under Teveling, 

frilateration-—A method of extending horizontal con- 
‘tol where the sldes of triangles are measured rather 
‘than the angles a8 in trlangulation. 

Acilinear survering—See under surveying, 

‘rivet-—A device for use in place of a triped ta mount- 
Ing a frannit or level. Tt Is essentially @ ipod 
Ihond with three very short legs cast ae ‘single 
piece of metal 

Te ia used for placing a transit or tevet in a post- 
‘ton where a regular tripod could not be convenlently 
‘used, of where greater stability ie desired. When 
‘used for a theodotite, a trivet may Anclude tbe foot- 
plate with V-shaped grooves cut in suitable arme 
to receive the feet of the leveling screws. 

‘Tropic of Cancer —Astronomy. The parallel of decina- 
‘Non passing through the summer soletice.  Geogra 
phy. The geographic parallel whose latitude cor- 
Fesponds to the declination of the summer solatio, 

‘The obliquity of the ecliptio Is stenally changing 
so that the summer sotatice la not a polat of fixed 
declination, When the Trople of Cancer is to be 
shown on a terrestrial map, It le desirable that It be 
treated as a Line of fixed latitude, and for thls pur: 
pose it ts here proposed that the value 23°27" north 
latitude be adopted and used. 

While, in popular usage, the term “trope” ts 
sometimes applied to the belt of the earth's wurtace 
DDounded by the Trople of Cancer and the Trople of 
‘Capricorn, in technical language, the term designates 
the lines themselves, the included area belng known 
far the “Torrid Zone” “Tropica” also has a climatic 
connotation. 

‘Teopie of Capricorn.—Antronomy. The poraltel of deo- 
Wntion passing through the winter sostioe. 
Geography. The geopraphio porallel whose latitude 
corresponds to the declination of the winter solace, 

‘The odliguity of the ecliptic is steadily changing 
fo that the winter soletice Is not ® point of Sxed 
Geclination. When the Trople of Capricorn is to be 
‘shown on a terrestrial map, it la desirable that ft 
be treated as a line of xed latitude, and for this 
purpose it is here proposed that the value 23°27" 
south latitude be adopted and used, "See supple: 
mentary paragraph under Tropic of Cancer. 

tropieal month.--See under month, 

tropleal year—See under year. 
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Another approach for addressing inter-layer interference cancellation in HetNets can come 
from carrier aggregation with no further additions or requirements and realizable with 
Release 10 LTE networks. Consider the scenario in Figure 89, in which both the macro eNB 
and the pico eNB are allocated two component carriers (namely CC1 and CC2). The idea is 
to create a “protected” component carrier for downlink control signals and critical 
information (Physical Downlink Control Channel, system information, and other control 
channels) while data can be conveniently scheduled on both component carriers through 
cross-carrier scheduling. 


Figure 89: Carrier-Aggregation Based ICI C1 
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C1 is the primary component carrier for the macro cell, while CC2 is the primary for the 
picocell; hence the protected carriers are CC1 for the macro cell and CC2 for the picocell. 
The macro cell allocates a lower transmission power for its secondary CC in order to reduce 


381 5G Americas member contribution. Simulations based on 12 densely deployed small cells at 3.5 GHz 
and 3GPP Release 12 simulation assumptions in TR 36.842. 


282 5G Americas member contribution. 
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‘Troughton level.—Seo under leveling instrument. 

trae.t—A comparative term applied to astronomteal 
‘values to distinguish them from corresponding rag- 
netie values, 

‘The terms frue Dearing, true meridian, true north, 
ete, occur frequently in land survey reports, dle. 
‘ngulshing those quantities from corresponding meg. 
netie values. In deseriptions of land boundaries, the 
tute of true has legal significance and, except in rare 
Anstances, refers to values based directly on astro 
nomicat observations. True should never be used 
to indleate geodetic values, although In recent work, 
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‘where the dltference between astronomical and geo- 
Getic values is unimportant, the term hat teen ap- 
piled without aistinetion to both in order to distin- 
fuish them from corresponding magnetic values. 
‘The use of true to indicate astronomical valuet 
should be avolded as much a8 possible: exact meas- 
Ing is conveyed by the terms eeleatiat meridian, 
geodetic meridian, magnetic meridian, ete. 

‘rae bearing —See under Dearing. 

teas error.—Sce under error (general) 

trae solar time.—See under time: apparent solar time, 

‘turning point (leveling).—See under potnt. 
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‘Unslaska datam—See under datum, 

anit: abvolute.—-Any unit In a eyotem that is based 
‘ditectly upon assoelated fundanental unite of length, 
mass, and time, 

Tn selecting a aystem of absolute units, the chotce 
of the fundamental unite fe arbitrary. Ta the metric 
(e.g 8) system of absolute units, the fundamental 
units are the centimeter, the gram, and the second, 
In the leveling work of the U. 8. Coast and Geodetic 
Survey, the metrie ayatem la used in deSning dynemlo 
umber. 

unit: astronomical.—See under astronomical unit. 

tanit of length—A nominal distance In sptce fixed by 
‘definition, and independent of temperature, pressure, 
fand other physical conditions. Seo meter: énterna- 
Honat meter; standard of length. 


U. 8. Const and Geodetic Survey leveling roda—See un- 
‘der leveling rod: U. 8. Coost and Geodetio Survey 
rode 

U. 8 Bngineer leveling rod.—See under leveling rod: 
1.8, Engineer precise leveling rod. 

U.S. Geological Survey level—See under leveling tnatra- 
iment, 

U. 8. Geological Survey leveling rods—See under lovel- 
‘ing rod: U. 8, Geotoptcat Survey preciae leveling rods. 

United States standard datam.—See under datum: 
"North American datum. 

eraal instrament—See under att-asimuth énstra 

‘universal level—See under level: ciroulor Level 

‘sniveral time-—See under time, 
per culmination —See under culmination, 


Vv 


‘Valder datam.—See under datum, 
‘elec (of « cuantity) —-An arithmetical number which 
eines the size of the quantity 
ine: adjusted —A valve of a quantity derived from 
‘served data by some orderly proceas which elim: 
Inates aiscrepanctes arlsing from errors lo those data, 
"The process, called an adjustment, may be made 
bby graphical (mechanical) methods or by analytical 
(aritnmeticn!) methods. An analytical method in- 
‘volves the determination of disorepancies whlch exist 
‘Among combinations of observed data; expreshing 
tose discrepancies 1a the form of condition equa: 
Hone or observation equations; and solving thowe 
fsquations to obtain correctione to the obscrved data, 
Ef the solution ia by the method of least aquares, the 
result will be the mott probable values that can be 
Gerived from the given dats. Tf the data used are 
foficlently extensive, the values obtained by the 
Teartnquares method will be largely free from ecat 
dentat ervore of observation. See position: adjusted. 
+ most prebable.—That valve of a quantity which 
thematically determined from a series of ob 
ions and i more nearly free from the effects 
fof Dlundera and errors than any other value that 
might be derived trom the same serles of observa 
tons. 
"An adjusted value determined by the method of 
Jeoat aquarce is a most probable value. 


valoe: observed.—A value of a quentity that is obtained 
‘by instrumental measurement of the quantity 

‘The term observed value is often applted to the 
value of a quantity derived from lostromental me 
lurement after corrections have been applied for *y#- 
tematio errors, but before accidental errors have 
been taken out by some method of adjustment, An 
angle obtained with a repeating theodolite, ater com 
rection for elowure of horizon bas been applied, 18 
considered an observed angle. See value: most prob 

ble value; value: adjurted value, 

‘aloe: true—that ealve of a quantity which t# com: 
‘blctely free from Blunders and errors 

Since the errors to which physical meaturements 
are subject cannot be known exactly, it follows that 
‘the tre value of « quantity cannot be known with 
exactness, In survey work, the mort probanie value 
4s weed as best representing the true valve of the 
quantity. 

‘variation: magnetie—See under magnetto verlation, 

variation of latitude.—See under latitude, 

Variation of the pele—A wandering of the poles of Age 
‘ure of the earth with respect to ite poles ot rota- 
ton. 

‘The atrection in space of the poles of rotation 
fof the earth is nearly invariable; these are the 
olats om the celestial sphere reached by the axis 
‘bout which the earth rotates. ‘The axis of Agare 


DEFINITIONS OF SURVEYING TERMS 


of the earth or axta within the earth about which 
the moment of Inertia ig maximum ts not coln- 
cident with Ich axis of rotation, and extended to the 
feleatit ephere describes a path thereon about exch 
ole of rotation—a. path whlch ts irregular, al- 
‘hovgh am annual perlodiety tn the motion may be 
‘eterted, and also one of 14 months. ‘The maximum 
variation in direction of the axis of figure from a 
Imean position with rerpect to the axle of rotation 
anges between 0.1" and 0.2”. Vatlation of the pole 
Affects cbeerved determinations of astronomio lott 
fde, longitude, and arimath, but account of 1 la 
taken in fretorder work only 

vernal equinox—Seo under equinos, 

vernier—An auxiliary seale sliding against and used 
{ reading a primary scale. ‘The total length of a 
sven aumber of dielelons on a vernler 1s equal to 
the total length of one more or one leas than the 
‘same number of diciatone on the primary scale. 

"The vernler makes {¢ possible to read a princlpal 
seale (auch a2. divided circle) much cloter then 
one diviton of that scale. If @ epace on the vernler 
Sn shorter than a gpace on the primary scale, It 1s 8 
direct veroler; if a space on the vernier’ ie the 
longer, it 8 a retrograde vernter, so-caliod because 
Mts numbers run In the opposite direction from those 
fon the primary scale. The direct vernler ls the 
forvat type, and fe used in reading the circles on 
fan engineer's trantt, and on a repeating theodolte. 
‘Two verniers extending and numbered in opposite 
Aireetions from the wame initial form a double ver- 
ler, veed in reading a circle having graduations 
numbered tn both directions. A single vernier #0 con- 
structed and numbered that {t may be Feed in elther 
‘irection Is called a folding veraier, 

‘verier: contact—Tho usual type of vernler, having the 
‘vernier scale and the graduated clrcle tn physical 
contact. 

iveck-—Sea vermter. 

ouble-—See verntor. 

vernler:folding.—-See vernier. 

‘Ferner: eptical—A mleroscope with eerndr lines ruled. 
‘on a glass silde placed in the focal plane common 
to the objective and the eyeplece, where It 1s com- 
pared with the Image of the graduated circle. 

‘The mleroscope 1s so adjusted that the image of 
‘the graduated clrcle falls tn the plane of the vermter 

‘and the cernier scale eubtende the proper 


‘optical veraler is superior to the usus 
tact vernier) ln that there are no parallactio errore 
fruch as are caused by wear of the contact edges. Op- 
cal vernlers are, however, more lable to injary and 
1 loas of adjustment than are contact vernters. 

‘vernier: retrograde —Bee vernir. 

Yerler of carve.—-See under curve: point of interseotion, 

‘ertieal ~The direction in which the force of gravity 
acta, 

Tt is the direction Indicated by a plumb tine, and 
does not mually colnelde with the direction of the 
normal at a point, The term vertical uses the geold 
fan a reference; normal applies to the epherotd. See 
‘ronieh and nadir; 


fencer of elevation by means of observed veriteat 
‘onpics, combined with lengths of lines. 
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In geodetic work, trlgonometrie leveling 1s used 
with the sme meaning. 

‘vertical axis (theedolite; transit) —the Hine through the 
‘center of instrament about whieh the alldade rotates, 

‘For an instrument in complete adjustment, this 
‘axis oceuples a vertical position, passes through 
the center of the horizontal circle, and ls perpen: 
lcalar to tts plane. 

vertical eleele-—Any great ere of the eelestlal ephere 
essing through the senith (and nadir). Also, 
2 divided circle mounted on an instrument In auch 
{@ manner that the plane of its graduated sur- 
‘aco can be placed in a vertical plane. 

‘As a great olrcle, a vertical circle ts the line of 
Intersection of a vertical plone with the celeatlat 
sphere. As an instrument, « vertical crcle may be 
fan auxillary attachment to ® theodolite oF transtt, 
for tt may be the major feature of an sustrument 
{Intended primarily for use In measuring tertioat 
angiee in astronomleal and geodetic work. Io ge0- 
dette work, auch an Instrument fe called a vertical 
clrele, 

vertical ealimator—See under collimator. 

vertical comparator (pendulam).—A stand designed for 
‘the support of © pendulum, a bar of known length, 
‘and two micrometer microscopes, so placed with ret. 
ference to one another that the length of the pend 
Jum can be measured. Such an apparatus was de- 
signed by. Repsol. 

‘ertieal coordinats.—See under coordinates, 

vertical plane—Any plane passing through « point on 
‘the earth und containing the senith (and nadir) of 
‘that point. 

CContalning the gentth, a vertical plane mut alae 
contain the nadir. ‘The planes of the oelentiat merid- 
fan and of the prime vertical are vertical planes. 
ation (pendalem)—A single movement of a pendu- 

Tam in elther dlrectio Bee oscillation 
(pendulum). 

vibration: ampliteds of vibration (pendulum) —8ee un- 
dex amplitude of vibration (pendulum). 

‘inealam.—A short horizontal bar placed over the aee- 
‘onds of a numerleally expressed angle oF direction 
to indicate that the seconds are used in consection 
‘with a value of minutes 1 Ieee than fs recorded, A 
Gouble vincalum fodleates areociation with a value 
‘of minutes 2 lee than is recorded. 

Tn recording an angle or a direction observed 
‘with an Instrument provided with means of making 
several Independent readlogs of the circle, ax with 
fevers] vernlere or micrometer mloroscopes, the de- 
freee, minutes, and soconds are usually recorded for 
only one vernier or mleroscope, and only the seconds 
{or the other vernlere or microscopes. Where the 
seconds a8 reed for the B veraler are sevoclated with 
‘nutes Tess than those recorded for the A vernier, 
this is indicated im the record by placing « vineu 
Jum, or rarely, a double vinealom, over the tee- 
fonds reading of the B vernter, thus: 

Vernter reading" Simplited recording 


A 0 11 00 90 11 00 
B 270 10 60 0 
A 75 15 00 18 15 00 
B25 13 55 % 
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9F tlme—See under time. 

‘Washington Meridian-—See under meridian, 

‘water leveling—See under leveling. 

‘weight (carvering).—The relative reliability (or worth) 
‘of a quantity as compared with other vatuer of the 
same quantity. 

TE one value of a quantity has a welght of 2, and 
‘another value of the same quantity haa a welght of 
41, the frat value te worth twice the second value 
‘and a mean value would be obtained by taking 
teolghted mean: twice the Aret value plus once the 
Second talue, the sum belng divided by three. 

‘weighted mean.—A value obtained by multiplying each 
‘of a series of values by its assigned weight, nnd 
‘iviaing the sum of those products by the sum of 
the weeights, 

‘A welghted mean fe sometimes called a welghted 
arithmetical mean. If the constituent values are 
fall of the same weight, the weight of each value may 
be considered as unity, and an arithmetical mean 
talten, The present praction ta eurveying where 
oth instruments and methods are standard, 19 to 
make all observations of the same (unit) weioht, 
‘thereby simplifying the computations involved tn 
thelr reduction and adjustment. 

‘Werner map projection —See under map projection. 

swesting—See under departure (plane eurveying). 

Wild theodolite—See under theodolite. 


wind (epelt level) —See under love, 

‘winter solatice.— See under oletice. 

‘witness comer—A marked point established on frm 
‘ground at a measured distance and direction from & 
property corner which may be #0 situated that it 
‘cannot be permanently marked, 

‘A witness corer in land surveying corresponds 
toa reference mark in control aurveying. See corner? 
teitncas corner (United States publicland surveys). 

witness corner (United States pablleland surveys).—Sce 
‘under corner. 

‘witness mark—A material mark placed at a known die 
tance and direction from a property corner, Instr 
iment or other aurvey station, to ald in tts recovery 
fand Wdentifeation, 

In surveying, a witness mark te established ax an 
‘aid im the recovery and ldentifcation of a eurvey 
station, of other polnt to which it is x witness, A 
‘ark which i9 established with such precision and 
‘couracy that It may be used to restore or take the 
piace of the origtoal atation ie more properly called 
1 reference mark in control eurveys, and a witness 
Corner in land survers. 

‘Woodward. base-line measuring apparstas 
bose opporatus: teed bar apparatu 
‘working pendulum.—See under pendulsim, 
wre (¥) level—See under leveling énetrument, 


‘ee under 


x 


x correction —The correction to an # direction, 
5 direction—An observed direction in a triangulation 
‘gure for which an approximate value ts obtained and 
treated like an observed direction in the adjustment 
of the Sure. 
‘The work of a Teast-equarce adjustment of a tr 
angulation figure sometimes requires the use of an = 


direction, for which an approrimate value is obtained 
bby an inverse porition computation, by the solution 
of the three-point problem, or by other means, and 
‘then using this 2 direction in the adjustment and 
obtaining a correction (e correction) for It, which 
makes It consistent with the adjusted values of the 
‘observed directions, 


Y 


Y (ye) level—See under leveling instrument: wye (¥) 
Tevet. 

Yakutat datom.—See under datum, 

ard.—A unit of length equal to 86 tnches exactly. 

[Jear—An interval of time based on the revolution of 
‘the earth in ita orbit around the mun with respect 
to (1) the stars, glving the eldereal year; (2) the 
vernal equinos, giving the tropical year ; (8) pert 
helion, giving the anomatistio year. ‘There in also 
calendar year, a conventional value based on the 
tropteal veor. 

year! anomalistc—The Interval of time between two 
fmacconalve passages of perihelion by the gu. 

‘The anomallste year 1s equal to 385.25004 mean 

solar days, 

year: ealendar—A conventional year based on the trop- 
fol year. 


‘The calendar year takes account of the fraction of 
f day contained In the tropical year, by assigning 
fan additional day to the year at stated periods. The 
feleadar yeary of interest io thle country are d 
Sued by the Jetlan Catendar, and the Gregorian 
Calendar. 

rear: sldereal—Tho interval of timo occupied by the 
‘sun In completing an apparent clreult of the heavens, 
from a given star back to the sume star. 

‘The sidereal year is equal to 855.25638 mean 
solar aa 

rear: troplesi—The Saterral of time between two sue: 
‘cessive Dattagen of the vernal equinoe by the su 

‘The tropical year is the year of the seasons, and 
‘the basis of the conventional calendar yeor used in 
ehronology and civil reckoning, It 1s equal to 
205.2420 mean toler days, 
‘Yakon datam—See onder datum, 
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renith—The point where the direction of the plumb 
Tine produced above the Rorison meets the eelottial 

‘The zenith and nadir are poles of the horizon. 
‘The plumb line Is perpendicular to the surface of 
the geotd, but not (except in Fare eases) to the sur- 
face of the spheroid. ‘The angle between the plod 
ine (the vertical) and the perpendlcolar to the sur- 
face of the spheroid (the normal) Is the detection 
‘of the vertioal, lao enlled the defection of the 
plumd Hne. The terms, geodetic zenith (or nadir) 
land gecoentrio zenith (or nadir) are sometimes used, 
‘and with meanings different from the above defnt- 
Hon thelr uie it not recommended. 

enith: geccentrle—The point where a Une trom the 
enter of the earth through a polat on ite surface 
‘Beate the celestial sphere. 

"This term is sometimes used in astronomle work, 
bat seldom appears in geodetic work. Te should bo 
‘used only In its entirety, the single word, zenith, 
Being reserved to designate the polnt determined by 
the direction of the plumb line. 

enith: geodetie-—The polnt where the normal (to the 
‘pheroid) extended upward, meets the ecleetial 
sphere 

‘Tals term has some use in geodetic work, but 
should be used only in its entirety. ‘The single word, 
‘Zenith ia reserved to designate the point determined 
bby the direction of the plumb line. 

zenith camera.—An instrument for the determination 
‘of a antronomic. position by taking a photograph 
fof, the sky immediately surrounding the senith 

‘The instrument consists of a eamera designed to 
photograph a small section of the sky. The optical 
‘axis may be set very precisely in the vertical so that 
‘The photograph Is kymmetrieal with Fespect to the 
observer's zenith, ‘The time of each observation 15 
ecorded on the photograph, thus furnishing the tn- 
formation required to compute the astronomle lat 
tude and longitude. 

senith distance.—The vertical angle betwoen the sentth 
‘and the object which is obwerved or defined. See 
Zenith distonoe: dow 
‘Zenith distance is the complement of the altitude 
tanith distance: doable —A value of twice the senith 
‘distance of an object, obtained by observation and 
‘ot by mathematical ‘process, 

In trigonometrie. leveling and tn astronomical 

work, double zenith distances are observed because 
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‘they are nearly free from effects of inclination of 
the vertical aale of the Instrument used. 

senith sctor.—See under sector 

Eenith ‘wlescope—A portable instrument adapted for 
‘he measurement ‘of small diferences of zentth 
Gintance, and used in the determination of ostro- 
tnomto latitude 

"This instrument conslate of @ telescope equipped 
‘with an cewlar micrometer and a spirit Level, nd 
0 mounted on a vertical azte that it may be placed 
{in the plane of the meridian for observation on a 
star culminating north (or south) of the 2enith, 
fand then rotated 180° In aximuth and a second 
star observed as It culminater south (or north) of 
the zenith. ‘The difference of the zenith aistonces 
fof the two atars is mearured wlth the micrometer; 
‘he spirit level la used to determine any change that 
may occur tn the direction of the axis of rotation 
fof the telescope between the two observations. Im 
{ts present form, this Instrument fs essentially the 
Invention (in 1884) of Captain Andrew Talcott of 
the U. S. Engineers. Tt was adopted by the U. 8. 
Coast ‘and Geodetic Survey for latitude. determina- 
tions and given some Improvements. See zeuith- 
telescope method, latitude determinations. 

zenithtelescope method, Inttede determination —A. pre- 
‘lee method of determining astronomtc Tatitude by 
‘measuring the diference of the meridional zenith 
‘tatancen of two sari of known declination, one 
forth ana the other south of the zenith, 

‘The observations sre made with zenith tele- 
scope, or with an asironomcal tronett whlch can 
be converted to serve asa zenith telescope, such 
fh the meridian telescope and the droken-tcleacope 
fronat. The two stars have approximately the same 
‘meridional zenith distances, and their culminations 
‘occur within a few minates of the same time. ‘The 
‘tronomic latitude of the point of observation will 
be one-half the sum of the decliatione of the tro 
stars, ploa or minus one-half the diference of thelr 
Zenith distances, ‘This method Is aloo Koown ab 
‘the Horrebow-Talcott method, latitude determina- 
Hon, and the Taleott method, latitude determina. 
ton. “While Peter Horrebow (not Harrebow) pub 
shed an account of ‘his method in 1792, It was 
Dried in obscurity, and there Is. good reason” to 
believe that Captamn Andrew Talcott hed no knowl. 
edge of Horrebow's work when he announced hie 
‘own discovery of the method In 1884. 
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1. CHAIN 


2 


field and office work 
3. Ranging and Chaining 

4. Reciprocal ranging 

5. Well-conditioned triangles. 

6. COMPASS 

7. Prismatic compass 

8. Surveyor’s compass 

9. Bearing systems and conversions 

10. Local attraction ~ Magnetic declination dip 

11, Traversing ~ Plotting — Adjustment of error. 

12, PLANE TABLE SURVEYING : Plane table instruments and accessories — merits and 


demerits — methods ~ Radiation- Intersection — Resection ~ Traversing. 


1.1 Surveying 


Surveying techniques have existed throughout much of recorded _ history 
Under the Romans, land surveyors were established as a profession, and they established the 
basic measurements under which the Roman Empire was divided, such as a tax register of 
conquered lands (300 AD). 
In the 18th century in Europe triangulation was used to build a hierarchy of networks to allow 
point positioning within a country. Highest in the hierarchy were triangulation networks. These 
were densified into networks of traverses (polygons), into which local mapping surveying 
measurements, usually with measuring tape, corner prism and the familiar red and white poles, 
are tied. 


Surveying or land surveying is the technique, profession, and science of accurately determining 
the terrestrial or three-dimensional position of points and the distances and angles between them, 
commonly practiced by licensed surveyors, and members of various building professions. These 
points are usually on the surface of the Earth, and they are often used to establish land maps and 
boundaries for ownership, locations (building corners, surface location of subsurface features) or 
other governmentally required or civil law purposes (property sales). 


To accomplish their objective, surveyors use elements 
of mathematics (geometry and trigonometry), physics, engineering and law. 


An alternative definition, from the American Congress on Surveying and Mapping (ACSM), is 
the science and art of making all essential measurements to determine the relative position of 
points or physical and cultural details above, on, or beneath the surface of the Earth, and to 
depict them in a usable form, or to establish the position of points or detail 


Furthermore, as alluded to above, a particular type of surveying known as "land surveying" (also 
per ACSM) is the detailed study or inspection, as by gathering information through observations, 
measurements in the field, questionnaires, or research of legal instruments, and data analysis in 
the support of planning, designing, and establishing of property boundaries. It involves the re- 
establishment ofcadastral surveys and land boundaries based on documents of record and 
historical evidence, as well as certifying surveys (as required by statute or local ordinance) of 
subdivision plats or maps, registered land surveys, judicial surveys, and space delineation. Land 
surveying can include associated services such as mapping and related data accumulation, 
construction layout surveys, precision measurements of length, angle, elevation, area, and 
volume, as well as horizontal and vertical control surveys, and the analysis and utilization of land 
survey data. 


Surveyors use various tools to do their work successfully and accurately, such as total stations, 
robotic total stations, GPS receivers, prisms, 3D scanners, radio communicators, handheld 
tablets, digital levels, and surveying software. 

Surveying has been an essential element in the development of the human environment since the 


beginning of recorded history (about 6,000 years ago). It is required in the planning and 
execution of nearly every form of construction. Its most familiar modern uses are in the fields 


of transport, building and construction, communications, mapping, and the definition of legal 
boundaries for land ownership. 


History of surveying 


Surveying techniques have existed throughout much of recorded history. In ancient Egypt, when 
the Nile River overflowed its banks and washed outfarm boundaries, boundaries were re- 
established by a rope stretcher, or surveyor, through the application of simple geometry. The 
nearly perfect squareness and north-south orientation of the Great Pyramid of Giza, built c. 2700 
BC, affirm the Egyptians’ command of surveying. 


A brief history of surveying: 


+ The Egyptian land register (3000 BC). 

+ A recent reassessment of Stonehenge (c. 2500 BC) suggests that the monument was set out 
by prehistoric surveyors using peg and rope geometry. 

+ The Groma surveying instrument originated in Mesopotamia (early Ist millennium BC). 

+ Under the Romans, land surveyors were established as a profession, and they established 
the basic measurements under which the Roman Empire was divided, such as a tax 
register of conquered lands (300 AD) 

+ The rise of the Caliphate led to extensive surveying throughout the Arab Empire. Arabic 
surveyors invented a variety of specialized instruments for surveying, including 

+ Instruments for accurate leveling: A wooden board with a plumb line and two hooks, 
an equilateral triangle with a plumb line and two hooks, and a reed level. 

+ A rotating alhidade, used for accurate alignment. 

+ A surveying astrolabe, used for alignment, measuring angles, triangulation, finding 
the width of a river, and the distance between two points separated by an impassable 
obstruction. 

+ In England, The Domesday Book by William the Conqueror (1086) 

+ Covered all England 

+ Contained names of the land owners, area, land quality, and specific information of the 
area's content and inhabitants. 

+ Did not include maps showing exact locations. 

In the 18th century in Europe triangulation was used to build a hierarchy of networks to allow 
point positioning within a country. Highest in the hierarchy were triangulation networks. These 
were densified into networks of traverses (polygons), into which local mapping surveying 
measurements, usually with measuring tape, corner prism and the familiar red and white poles, 
are tied. For example, in the late 1780s, a team from the Ordnance Survey of Great Britain, 


originally under General William Roy began the Principal Triangulation of Britain using the 
specially built Ramsden theodolite. Large scale surveys are known as geodetic surveys. 


+ Continental Europe's cadastre was created in 1808 

+ Founded by Napoleon I (Bonaparte) 

+ Contained numbers of the parcels of land (or just land), land usage, names etc. and value 
of the land 

+ 100 million parcels of land, triangle survey, measurable survey, map scale: 1:2500 and 
1:1250 

+ spread fast around Europe, but faced problems especially in Mediterranean countries, 
Balkan, and Eastern Europe due to cadastre upkeep costs and troubles. 


A cadastre loses its value if register and maps are not constantly updated, Because of the 
fundamental value of land and real estate to the local and global economy, land surveying was 
one of the first professions to require Professional Licensure. In many jurisdictions, the land 
surveyors license was the first Professional Licensure issued by the state, province, or federal 
government. 


1.1.1 Surveying techniques 


Historically, distances were measured using a variety of means, such as with chains having links 
of a known length, for instance a Gunter’s chain, or measuring tapes made of steel or invar. To 
measure horizontal distances, these chains or tapes were pulled taut according to temperature, to 
reduce sagging and slack. Additionally, attempts to hold the measuring instrument level would 
be made. In instances of measuring up a slope, the surveyor might have to "break" (break chain) 
the measurement- use an increment less than the total length of the chain. 


Historically, horizontal angles were measured using a compass, which would provide a magnetic 
bearing, from which deflections could be measured. This type of instrument was later improved, 
with more carefully scribed discs providing better angular resolution, as well as through 
mounting telescopes with reticles for more-precise sighting atop the disc (see theodolite). 
‘Additionally, levels and calibrated circles allowing measurement of vertical angles were added, 
along with verniers for measurement to a fraction of a degree—such as with a tum-of-the- 
century transit. 


The simplest method for measuring height is with an altimeter ~ basically a barometer ~ using air 
pressure as an indication of height. But surveying requires greater precision. A variety of means, 
such as precise levels (also known as differential leveling), have been developed to do this. With 
precise leveling, a series of measurements between two points are taken using an instrument and 
‘a measuring rod. Differentials in height between the measurements are added and subtracted in a 
series to derive the net difference in elevation between the two endpoints of the series. With the 
advent of the Global Positioning System (GPS), elevation can also be derived with sophisticated 
satellite receivers, but usually with somewhat less accuracy than with traditional precise leveling. 
However, the accuracies may be similar if the traditional leveling would have to be run over a 
long distance. 

Triangulation is another method of horizontal location made almost obsolete by GPS. With the 


triangulation method, distances, elevations and directions between objects at great distance from 
one another can be determined. Since the early days of surveying, this was the primary method 


of determining accurate positions of objects for topographic maps of large areas. A surveyor first 
needs to know the horizontal distance between two of the objects. Then the height, distances and 
angular position of other objects can be derived, as long as they are visible from one of the 
original objects. High-accuracy transits or theodolites were used for this work, and angles 
between objects were measured repeatedly for increased accuracy. See alsoTriangulation in three 
dimensions. 


Turning is a term used when referring to moving the level to take an elevation shot in a different 
location. When land surveying, there may be trees or other obstructions blocking the view from 
the level gun to the level rod. In order to "turn" the level gun, one must first take a shot on the 
rod from the current location and record the elevation. Keeping the level rod in exactly the same 
location and elevation, one may move the level gun to a different location where the level rod is 
still visible. Record the new elevation seen from the new location of the level rod and use the 
difference in elevations to find the new elevation of the level gun. Turning is not only used when 
there are obstructions in the way, but also when drastically changing elevations. You can turn up 
or down in elevation but the gun must always be at a higher elevation than the base of the rod. A 
level rod can usually be raised up to 25 feet high, which enables the gun to be set much higher. 
However, if the gun is lower than the base of the rod, you will not be able to take a shot because 
the rod cannot be lowered beyond the ground elevation. 


Surveying equipment 


As late as the 1990s, the basic tools used in planar surveying were a tape measure for 
determining shorter distances, a level to determine height or elevation differences, and 
atheodolite, set on a tripod, to measure angles (horizontal and vertical), combined with the 
process of triangulation. Starting from a position with known location and elevation, the distance 
and angles to the unknown point are measured. 


‘A more modern instrument is a total station, which is a theodolite with an electronic distance 
measurement device (EDM). A total station can also be used for leveling when set to the 
horizontal plane. Since their introduction, total stations have made the technological shift from 
being optical-mechanical devices to being fully electronic. 


Modern top-of-the-line total stations no longer require a reflector or prism (used to return the 
light pulses used for distancing) to return distance measurements, are fully robotic, and can even 
e-mail point data to the office computer and connect to satellite positioning systems, such as 
Global Positioning System. Though Real Time Kinematic GPS systems have increased the 
speed and precision of surveying, they are still horizontally accurate to only about 20 mm and 
vertically accurate to about 30-40 mm. 


Total stations are still used widely, along with other types of surveying instruments, however, 
because GPS systems do not work well in areas with dense tree cover or constructions. One- 
person robotic-guided total stations allow surveyors to gather precise measurements without 
extra workers to look through and turn the telescope or record data. A faster but expensive way 
to measure large areas (not details, and no obstacles) is with a helicopter, equipped with a laser 
scanner, combined with a GPS to determine the position and elevation of the helicopter. To 
increase precision, surveyors place beacons on the ground (about 20 km (12 mi) apart). This 
method reaches precisions between 5-40 cm (depending on flight height). 


interference to the picocell’s primary component carrier. The network can schedule data 
on both the primary and secondary component carriers. In the figure, users in the cell 
range expansion (CRE) zone can receive data via cross-carrier scheduling from the 
secondary CC at subcarrier frequencies on which interference from the other cell can be 
reduced if the cells exchange appropriate signaling over what is called an "X2 interface.” 
Users operating close to the eNodeBs can receive data from both component carriers as 
their interference levels will hopefully be lower. Therefore, a CA-capable receiver will enjoy 
the enhanced throughput capabilities of carrier aggregation, while simultaneously receiving 
extra protection for control and data channels at locations with potentially high inter-layer 
interference. 


Thus, carrier aggregation can be a useful tool for deployment of heterogeneous networks 
without causing a loss of bandwidth. These solutions, however, do not scale well (in Release 
10 systems) to small system bandwidths (say, 3+3 MHz or 1.4+1.4 MHz radio carriers) 
because control channels occupy a high percentage of total traffic. Additionally, 
interference between the cell reference signals (CRS) would also be significant. 


Dual Connectivity 

Amajor enhancement in Release 12 is a UE being served at the same time by both a macro 
cell and a small cell operating at different carrier frequencies, a capability called dual 
connectivity and illustrated in Figure 90. Data first reaches the macro eNodeB and is split, 
with part of it transmitted from the macro and the balance sent via an X2 interface to the 
small cell for transmission to the UE. 


Figure 90: Dual Connectivity?® 
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Figure 91 shows throughput gains of dual connectivity at 5 percentile and 50 percentile 
(median) levels relative to the load on the network and different degrees of latency in the 
X2 interface. Benefits are higher with lower network load and with lower X2 latency 
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1.1.2 Types of surveys and applicability 


ALTA/ACSM Land Title Survey: a surveying standard jointly proposed by the American 
Land Title Association and the American Congress on Surveying and Mapping that 
incorporates elements of the boundary survey, mortgage survey, and topographic survey. 


+ Archaeological survey: used to accurately assess the relationship of archaeological sites in a 
landscape or to accurately record finds on an archaeological site. 

+ As-built survey: a survey carried out during or immediately after a construction project for 
record, completion evaluation and payment purposes. An as-built survey also known as a 
‘works as executed survey’ documents the location of the recently constructed elements that 
are subject to completion evaluation. As built surveys are typically presented in red or 
redline and overlayed over existing design plans for direct comparison with design 
information. 

+ Bathymetric survey: a survey carried out to map the topography and features of the bed of an 
ocean, lake, river or other body of water. 

+ Boundary survey: a survey that establishes boundaries of a parcel using its legal description, 
which typically involves the setting or restoration of monuments or markers at the corners or 
along the lines of the parcel, often in the form of iron rods, pipes, or concrete monuments in 
the ground, or nails set in concrete or asphalt. 

+ Deformation survey: a survey to determine if a structure or object is changing shape or 
moving. The three-dimensional positions of specific points on an object are determined, a 
period of time is allowed to pass, these positions are then re-measured and calculated, and a 
comparison between the two sets of positions is made. 

+ Engineering surveys: those surveys associated with the engineering design (topographic, 
layout and as-built) often requiring geodetic computations beyond normal civil engineering 
practice. 

+ Foundation survey: a survey done to collect the positional data on a foundation that has been 
poured and is cured. This is done to ensure that the foundation was constructed in the 
location, and at the elevation, authorized in the plot plan, site plan, or subdivision plan. 

* Geological survey: generic term for a survey conducted for the purpose of recording 
the geologically significant features of the area under investigation. . 

+ Hydrographic survey: a survey conducted with the purpose of mapping the coastline and 
seabed for navigation, engineering, or resource management purposes. 

+ Measured survey : a building survey to produce plans of the building. such a survey may be 
conducted before renovation works, for commercial purpose, or at end of the construction 
process "as built survey" 

+ Mortgage survey or physical survey: a simple survey that delineates land boundaries and 
building locations. In many places a mortgage survey is required by lending institutions as a 
precondition for a mortgage loan. 

+ Soil survey, or soil mapping, is the process of determining the soil types or other properties 
of the soil cover over a landscape, and mapping them for others to understand and use. 


+ Structural survey: a detailed inspection to report upon the physical condition and structural 
stability of a building or other structure and to highlight any work needed to maintain it in 
good repair. 

+ Tape survey: this type of survey is the most basic and inexpensive type of land survey. 
Popular in the middle part of the 20th century, tape surveys while being accurate for distance 
lack substantially in their accuracy of measuring angle and bearing standards that are 
practiced by professional land surveyors. 

+ Topographic survey: a survey that measures the elevation of points on a particular piece of 
land, and presents them as contour lines on a plot. 

Surveying as a career 


The basic principles of surveying have changed little over the ages, but the tools used by 
surveyors have evolved tremendously. Engineering, especiallycivil engineering, depends heavily 
on surveyors. 


Whenever there —_—_are roads, railways, reservoir, dams, pipeline _ transports retaining 
walls, bridges or residential areas to be built, surveyors are involved. They establish the 
boundaries of legal descriptions and the boundaries of various lines of political divisions. They 
also provide advice and data forgeographical information systems (GIS), computer databases that 
contain data on land features and boundaries. 


Surveyors must have a thorough knowledge of algebra, basic calculus, geometry, 
and trigonometry. They must also know the laws that deal with surveys, property, and contracts. 


In addition, they must be able to use delicate instruments with accuracy and precision. In the 
United States, surveyors and civil engineers use units of feet wherein a survey foot is broken 
down into 10ths and 100ths. Many deed descriptions requiring distance calls are often expressed 
using these units (125.25 ft). On the subject of accuracy, surveyors are often held to a standard of 
one one-hundredth of a foot; about 1/8 inch. Calculation and mapping tolerances are much 
smaller wherein achieving near-perfect closures are desired. Though tolerances such as this will 
vary from project to project, in the field and day to day usage beyond a 100th of a foot is often 
impractical. 

Licensing 

In most of the United States, surveying is recognized as a distinct profession apart 
from engineering. Licensing requirements vary by state, but they generally have components of 
education, experience and examinations. In the past, experience gained through 
an apprenticeship, together with passing a series of state-administered examinations, was 
required to attain licensure. Now, most states insist upon basic qualification of a degree in 
surveying, plus experience and examination requirements. 


The licensing process typically follows two phases. First, upon graduation, the candidate may be 
eligible to take the Fundamentals of Surveying (FS) exam, to be certified upon passing and 
meeting all other requirements as a surveying intern (SI),(formerly surveyor in training (SIT)). 
Upon being certified as an SI, the candidate then needs to gain additional experience to become 
eligible for the second phase. That typically consists of the Principles and Practice of Land 
Surveying (PS) exam along with a state-specific examination. 


Licensed surveyors usually denote themselves with the letters P.L.S. (professional land 
surveyor), P.S. (professional surveyor), L.S. (land surveyor), R.L.S. (registered land surveyor), 
R.P.L.S. (Registered Professional Land Surveyor), or P.S.M. (professional surveyor and mapper) 
following their names, depending upon the dictates of their particular jurisdiction of registration. 


In Canada, land Surveyors are registered to work in their respective province. The designation 
for a land surveyor breaks down by province, but follows the rule whereby the first letter 
indicates the province, followed by L.S. There is also a designation as a C.L.S. or Canada lands 
surveyor, who has the authority to work on Canada Lands, which include Indian Reserves, 
National Parks, the three territories and offshore lands. 


In many Commonwealth countries, the term Chartered Land Surveyor is used for someone 
holding a professional license to conduct surveys. 


‘A licensed land surveyor is typically required to sign and seal all plans, the format of which is 
dictated by their state jurisdiction, which shows their name and registration number. In many 
states, when setting boundary corners land surveyors are also required to place survey 
monuments bearing their registration numbers, typically in the form of capped iron rods, 
concrete monuments, or nails with washers. 

Building surveying 

Building surveying emerged in the 1970s as a profession in the United Kingdom by a group 
of technically minded general practice surveyors.” Building surveying is a recognised 
profession in Britain, Ireland, Australia and Hong Kong. In Australia in particular, due to 
risk mitigation and limitation factors, the employment of surveyors at all levels of the 
construction industry is widespread. There are still many countries where it is not widely 
recognized as a profession. 

Building Surveyors are trained to some extent in all aspects of property but with specific training 
in Building Pathology, as such they have a wide understanding of the end implications of 
decisions taken by more specific professions and trades during the realisation process, thus 
making them suitable for employment as Project and Property Managers on the client side (i.e. 
managing external contractors). 


Services that building surveyors undertake are broad but can include: 


+ Construction design and building works 

+ Project management and monitoring 

+ Property Legislation advice 

+ Insurance assessment and claims assistance 

+ Defect investigation and maintenance advice 

+ Building surveys and measured surveys 

+ Handling planning applications 

+ Building inspection to ensure compliance with building regulations 
+ Pre-acquisition surveys 

+ Negotiating dilapidations claims'*) 


Building surveyors also advise on many aspects of construction including: 


+ design 
+ cost 

+ maintenance 

+ sustainability 

+ repair 

+ refurbishment 

+ restoration and preservation of buildings and monuments. 


Clients of a building surveyor can be the government agencies, businesses and individuals. 
Surveyors work closely with architects, planners, quantity surveyors, engineers, homeowners and 
tenants groups. A building surveyor may be called to act as an expert witness. It is usual for 
building surveyors to earn a university degree before undertaking structured training to become a 
member of a professional organisation. 


With the enlargement of the European community, the profession of the building surveyor is 
becoming more widely known in other European states, particularly France, where many 
English-speaking people buy second homes. 


Lidar Surveying — Three-dimensional laser scanning provides high definition surveying for 
architectural, as-built, and engineering surveys. Recent technological advances make it the most 
cost-effective and time-sensitive solution for providing the highest level of detail available for 
interior and exterior building work. 


Land surveyor 


One of the primary roles of the land surveyor is to determine the boundary of real property on the 
ground. That boundary has already been established and described in legal documents and 
official plans and maps prepared by attorneys, engineers, and other land surveyors. The corners 
of the property will either have been monumented by a prior surveyor, or monumented by the 
surveyor hired to perform a survey of a new boundary which has been agreed upon by adjoining 
land owners. 


Monuments are categorized into two groups which are known as natural and artificial. Natural 
monuments are things such as trees, large stones and other substantial, naturally occurring 
objects that were in place before the survey was made. An artificial monument is anything within 
the regulations that are usually placed at corner points by landowners, surveyors, engineers and 
others. They may be referred to as iron pins or pipes, stakes, trees, concrete monuments or 
whatever the surveyor decides to use at the time, within the regulations for the area. The courts 
have held that natural monuments control over artificial monuments because they are more 
certain in identification and less likely to be disturbed. 


Over time, construction and maintenance of roads and many other acts of man, along with acts of 
nature such as earthquakes, movement of water, and tectonic shift can obliterate or damage the 
monumented locations of land boundaries. The land surveyor is often compelled to consider 
other evidence such as fence locations, wood lines, monuments on neighboring properties and 
recollections of people. This other evidence is known as Extrinsic Evidence and is a fairly 
common principle. Extrinsic evidence is defined as evidence outside the writings, in this case the 
deed. Extrinsic evidence is held to be synonymous with evidence from another source. 


Today's land surveyor sets monumentation at actual physical points on the ground that define 
angle points of boundary lines that divide neighboring parcels. These monuments are most often 
1/2" or 5/8" iron rebar rods or pipes placed at 18" minimum depth, but varies state by state. The 
more recent rods or pipes may have an affixed plastic cap over the top bearing the responsible 
surveyors’ name and license number. Older monuments may exist such as old pipes, gun barrels, 
axles, mounds of stone, whiskey bottles, or even wooden stakes. In addition to rods and pipes, 
surveyors might use 4x4" concrete posts at corners of large parcels or anywhere that would 
require more stability (e.g. beach sand). They place them three feet deep. In places where there is 
asphalt or concrete, it is common to place nails or aluminum alloy caps to re-establish boundary 
corners. Marks are meant to be durable, stable, and as "permanent" as possible. The aim is to 
provide sufficient marks so some marks will remain for future re-establishment of boundaries. 
The material and marking used on monuments placed to mark boundary corners are often subject 
to state laws. Many states have laws that protect existing monuments and can have civil penalties 
if disturbed or destroyed. 


Cadastral land surveyors are licensed by governments. In the United States, cadastral surveys 
are typically conducted by the federal government, specifically through the Cadastral Surveys 
branch of the Bureau of Land Management (BLM), formerly the General Land 
Office(GLO). They consult with USFS, Park Service, Corps of Engineers, BIA, Fish and 
Wildlife Service, Bureau of Reclamation, etc. In states that have been organized per the Public 
Land Survey System (PLSS), surveyors carry out BLM Cadastral Surveys in accordance with 
that system. 


A common use of a survey is to determine a legal property boundary. The first stage in such a 
survey, known as a resurvey, is to obtain copies of the deed description and all other available 
documents from the owner. The deed description is that of the deed and not a tax statement or 
other incomplete document. The surveyor should then obtain copies of deed descriptions and 
maps of the adjoining properties, any records from the municipality or county, utility maps and 
any records of surveys. Depending on which region the survey is located in some or most of this 
information may not be available or even exist. Whether the information exists or not a thorough 
search should be conducted so that no records are neglected. Copies of deeds usually can be 
located in the county recorder's office and maps or plats can usually be found at the county 
recorder or surveyor's office. These arrangements will vary state to state and survey system to 
survey system so some familiarity maybe needed. When all the records are assembled, the 
surveyor examines the documents for errors, such as closure errors. When a metes and bounds 
description is involved, the seniority of the deeds must be determined. The title abstract usually 
gives the order of seniority for the deeds related to the tract being surveyed and should be used if 
available. After this data is gathered and analyzed the field survey may commence. The initial 
survey operations should be concentrated on locating monuments. In urban regions or a city, 
monuments should be sought initially but in the absence of monuments property corners marked 
by iron pins, metal survey markers, iron pipes and other features that may establish a line of 
possession should be located. When the approximate positions for the boundaries of the property 
have been located a traverse is run around the property. While the control traverse is being run, 
ties should be measured and all details relevant to the boundaries should be acquired. This 
includes but is not limited to locating the property corners, monuments, fences, hedge rows, 
walls, walks and all buildings on the lot. The Surveyor then takes this data collected and 


compares it to the records that were received. When a solution is reached the property corners 
that are chosen as those that best fit all the data are coordinated and ties by direction and distance 
are computed from the nearest traverse point. Once this has been established the features on the 
lot can be drawn, dimensions can be shown from these features to the boundary line and a map 
or plat is prepared for the client. 

The art of surveying 


Many properties have considerable problems with regards to improper bounding, miscalculations 
in past surveys, titles, easements, and wildlife crossings. Also many properties are created from 
multiple divisions of a larger piece over the course of years, and with every additional division 
the risk of miscalculation increases. The result can be abutting properties not coinciding with 
adjacent parcels, resulting in hiatuses (gaps) and overlaps. Many times a surveyor must solve a 
puzzle using pieces that do not exactly fit together. In these cases, the solution is based upon the 
surveyor's research and interpretation, along with established procedures for resolving 
discrepancies. This essentially is a process of continual error correction and update, where 
official recordation documents countermand the previous and sometime erroneous survey 
documents recorded by older monuments and older survey methods. 


1.2 Establishing the framework 


Most surveying frameworks are erected by measuring the angles and the lengths of the sides of a 
chain of triangles connecting the points fixed by global positioning. The locations of ground 
features are then determined in relation to these triangles by less accurate and therefore cheaper 
methods. Establishing the framework ensures that detail surveys conducted at different times or 
by different surveyors fit together without overlaps or gaps. 


For centuries the corners of these triangles have been located on hilltops, each visible from at 
least two others, at which the angles between the lines joining them are measured; this process is 
called triangulation. The lengths of one or two of these lines, called bases, are measured with 
great care; all the other lengths are derived by trigonometric calculations from them and the 
angles. Rapid checks on the accuracy are provided by measuring all three angles of each triangle, 
which must add up to 180 degrees. 


In small flat areas, working at large scales, it may be easier to measure the lengths of all the 
sides, using a tape or a chain, rather than the angles between them; this procedure, 
called trilateration, was impractical over large or hilly areas until the invention of 
electromagnetic distance measurement (EDM) in the mid-20th century. This procedure has made 
it possible to measure distances as accurately and easily as angles, by electronically timing the 
passage of radiation over the distance to be measured; microwaves, which penetrate atmospheric 
haze, are used for long distances and light or infrared radiation for short ones. In the devices used 
for EDM, the radiation is either light (generated by a laser or an electric lamp) or an ultrahigh- 
frequency radio beam. The light beam requires a clear line of sight; the radio beam can penetrate 
fog, haze, heavy rain, dust, sandstorms, and some foliage. Both types have a transmitter-receiver 


at one survey station. At the remote station the light type contains a set of corner mirrors; the 
high-frequency type incorporates a retransmitter (requiring an operator) identical to the 
transmitter-receiver at the original station. A corner mirror has the shape of the inside of a corner 
of a cube; it returns light toward the source from whatever angle it is received, within reasonable 
limits. A retransmitter must be aimed at the transmitter-receiver. 


In both types of instrument, the distance is determined by the length of time it takes the radio or 
light beam to travel to the target and back. The elapsed time is determined by the shift in phase 
of a modulating signal superimposed on the carrier beam, Electronic circuitry detects this phase 
shift and converts it to units of time; the use of more than one modulating frequency eliminates 
ambiguities that could arise if only a single frequency had been employed. 


EDM has greatly simplified an alternative technique, called traversing, for establishing a 
framework. In traversing, the surveyor measures a succession of distances and the angles 
between them, usually along a traveled route or a stream. Before EDM was available, traversing 
was used only in flat or forested areas where triangulation was impossible. Measuring all the 
distances by tape or chain was tedious and slow, particularly if great accuracy was required, and 
no check was obtainable until the traverse closed, either on itself or between two points already 
fixed by triangulation or by astronomical observations. 


surveying, a means of making relatively large-scale, accurate measurements of the Earth’s 
surfaces. It includes the determination of the measurement data, the reduction and interpretation 
of the data to usable form, and, conversely, the establishment of relative position and size 
according to given measurement requirements. Thus, surveying has two similar but opposite 
functions: (1) the determination of existing relative horizontal and vertical position, such as that 
used for the process of mapping, and (2) the establishment of marks to control construction or to 
indicate land boundaries. 


Surveying has been an essential element in the development of the human environment for so 
many centuries that its importance is often forgotten. It is an imperative requirement in the 
planning and execution of nearly every form of construction. Surveying was essential at the 
dawn of history, and some of the most significant scientific discoveries could never have been 
implemented were it not for the contribution of surveying. Its principal modern uses are in the 
fields of transportation, building, apportionment of land, and communications. 


Except for minor details of technique and the use of one or two minor hand-held instruments, 
surveying is much the same throughout the world. The methods are a reflection of the 
instruments, manufactured chiefly in Switzerland, Austria, Great Britain, the United States, 
Japan, and Germany. Instruments made in Japan are similar to those made in the West. 


History 


It is quite probable that surveying had its origin in ancient Egypt. The Great Pyramid of Khufu 
at Gizawas built about 2700 BCE, 755 feet (230 metres) long and 481 feet (147 metres) high. Its 
nearly perfect squareness and north-south orientation affirm the ancient Egyptians’ command of 
surveying. 


Evidence of some form of boundary surveying as early as 1400 BCE has been found in the fertile 
valleys and plains of the Tigris, Euphrates, and Nile rivers. Clay tablets of the Sumerians show 
records of land measurement and plans of cities and nearby agricultural areas. Boundary stones 
marking land plots have been preserved. There is a representation of land measurement on the 
wall of a tomb at Thebes(1400 BCE) showing head and rear chainmen measuring a grainfield 
with what appears to be a rope with knots or marks at uniform intervals. Other persons are 
shown, Two are of high estate, according to their clothing, probably a land overseer and an 
inspector of boundary stones. 


There is some evidence that, in addition to a marked cord, wooden rods were used by the 
Egyptians for distance measurement. There is no record of any angle-measuring instruments of 
that time, but there was a level consisting of a vertical wooden A-frame with a plumb bob 
supported at the peak of the A so that its cord hung past an indicator, or index, on the horizontal 
bar. The index could be properly placed by standing the device on two supports at approximately 
the same elevation, marking the position of the cord, reversing the A, and making a similar mark. 
Halfway between the two marks would be the correct place for the index. Thus, with their simple 
devices, the ancient Egyptians were able to measure land areas, replace property corners lost 
when the Nile covered the markers with silt during floods, and build the huge pyramids to exact 
dimensions. 


The Greeks used a form of log line for recording the distances run from point to point along the 
coast while making their slow voyages from the Indus to the Persian Gulf about 325 BCE. The 
magneticcompass was brought to the West by Arab traders in the 12th century ce. 
The astrolabe was introduced by the Greeks in the 2nd century BCE. An instrument for measuring 
the altitudes of stars, or their angle of elevation above the horizon, took the form of a graduated 
are suspended from a hand-held cord. A pivoted pointer that moved over the graduations was 
pointed at the star. The instrument was not used for nautical surveying for several centuries, 
remaining a scientific aid only. 


The Greeks also possibly originated the use of the groma, a device used to establish right angles, 
butRoman surveyors made it a standard tool. It was made of a horizontal wooden cross pivoted 
at the middle and supported from above. From the end of each of the four arms hung a plumb 
bob. By sighting along each pair of plumb bob cords in turn, the right angle could be established. 
The device could be adjusted to a precise right angle by observing the same angle after turning 
the device approximately 90°. By shifting one of the cords to take up half the error, a perfect 
right angle would result. 


‘About 15 BCE the Roman architect and engineer Vitruvius mounted a large wheel of known 
circumference in a small frame, in much the same fashion as the wheel is mounted on a 
wheelbarrow: when it was pushed along the ground by hand it automatically dropped a pebble 
into a container at each revolution, giving a measure of the distance traveled. It was, in effect, the 
first odometer. 


The water level consisted of either a trough or a tube turned upward at the ends and filled with 
water. At each end there was a sight made of crossed horizontal and vertical slits. When these 
were lined up just above the water level, the sights determined a level line accurate enough to 
establish the grades of the Roman aqueducts. In laying out their great road system, the Romans 
are said to have used theplane table. It consists of a drawing board mounted on a tripod or other 
stable support and of a straightedge—usually with sights for accurate aim (the alidade) to the 
objects to be mapped—along which lines are drawn. It was the first device capable of recording 
or establishing angles. Later adaptations of the plane table had magnetic compasses attached. 


Plane tables were in use in Europe in the 16th century, and the principle of 
graphic triangulation and intersection was practiced by surveyors. In 1615 Willebrord Snell, a 
Dutch mathematician, measured an arc of meridian by instrumental triangulation. In 1620 the 
English mathematician Edmund Gunterdeveloped a surveying chain, which was superseded only 
by the steel tape beginning in the late 19th century. 


The study of astronomy resulted in the development of angle-reading devices that were based on 
ares of large radii, making such instruments too large for field use. With the publication of 
logarithmic tables in 1620, portable angle-measuring instruments came into use. They were 
called topographic instruments, or theodolites. They included pivoted arms for sighting and 
could be used for measuring both horizontal and vertical angles. Magnetic compasses may have 
been included on some. 


The vernier, an auxiliary scale permitting more accurate readings (1631), the micrometer 
microscope (1638), telescopic sights (1669), and spirit levels (about 1700) were all incorporated 
in theodolites by about 1720. Stadia hairs were first applied by James Watt in 1771. The 
development of the circle-dividing engine about 1775, a device for dividing a circle into degrees 
with great accuracy, brought one of the greatest advances in surveying methods, as it enabled 
angle measurements to be made with portable instruments far more accurately than had 
previously been possible. 


Moder surveying can be said to have begun by the late 18th century. One of the most notable 
early feats of surveyors was the measurement in the 1790s of the meridian from Barcelona, 
Spain, to Dunkirk, France, by two French engineers, Jean Delambre and Pierre Méchain, to 
establish the basic unit for the metric system of measurement. 


Many improvements and refinements have been incorporated in all the basic surveying 
instruments. These have resulted in increased accuracy and speed of operations and opened up 
possibilities for improved methods in the field. In addition to modification of existing 
instruments, two revolutionary mapping and _— surveying —changes_—_were 
introduced: photogrammetry, or mapping from aerial photographs (about 1920), and electronic 
distance measurement, including the adoption of the laser for this purpose as well as for 
alignment (in the 1960s). Important technological developments starting in the late 20th century 
include the use of satellites as reference points for geodetic surveys and electronic computers to 
speed the processing and recording of survey data. 


The planning and design of all Civil Engineering projects such as construction of highways, 
bridges, tunnels, dams etc are based upon surveying measurements. 


Moreover, during execution, project of any magnitude is constructed along the lines and points 
established by surveying. 


Thus, surveying is a basic requirement for all Civil Engineering projects. 
Other principal works in which surveying is primarily utilised are 

+ to fix the national and state boundaries; 

+ to chart coastlines, navigable streams and lakes; 

+ to establish control points; 

+ to execute hydrographic and oceanographic charting and mapping; and 


+ to prepare topographic map of land surface of the earth. 


1.3 Basic Principle Of Surveying. 
The following two basic principles should be considered while determining relative position of 
points on the surface of earth:- 


1. determining suitable method for locating a point:- it is always practicableto select two points 
in the field to measure the distance between them. These can be represented on paper by two 
points, placed in a convenient positions. 


2.working from whole to the part:- in surveying an area, it is essential to establish first of all a 
system of control points with great precision. Minor control points can then be established by 
less precise method and the details can be located afterwards by method of triangulation or 
traversing between control points. 


Figure 91: Dual Connectivity User Throughput? 
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levellin, ; 
IT is a branch of survey which helps in determination of elevation of a given point or object 
with espect to some specified point or object. 

. Common levelling instruments include the spirit level, the dumpy level, the digital level, and 
the laser level. 

The dumpy level is an older style of optical instrument. It is commonly believed that dumpy 
levelling is less accurate than other types of levelling, but such is not the case. Dumpy levelling 
requires shorter and therefore more numerous sights, but this fault is compensated by the practice 
of making foresights and backsights equal. 


survey... 
surveying is the art of determining the relative positions of objects on the surface of 
earth.Surveying or land surveying is the technique, profession and science of accurately 
determining the terrestrial or three-dimensional position of points and the distances and angles 
between them.Surveying has been an essential element in the development of the human 
environment since the beginning of recorded history (about 5,000 years ago). It is required in the 
planning and execution of nearly every form of construction... 


1.3.1 Classification of survey 


Based on the purpose (for which surveying is being conducted), Surveying has been classified 
into: 


+ Control surveying : To establish horizontal and vertical positions of control points. 


+ Land surveying : To determine the boundaries and areas of parcels of land, also known as 
property survey, boundary survey or cadastral survey. 


+ Topographic survey : To prepare a plan/ map of a region which includes natural as well as 
and man-made features including elevation. 


+ Engineering survey :To collect requisite data for planning, design and execution of 
engineering projects. Three broad steps are 


1) Reconnaissance survey : To explore site conditions and availability of infrastructures. 


2) Preliminary survey : To collect adequate data to prepare plan /map of area to be used for 
planning and design. 


3) Location survey : To set out work on the ground for actual construction / execution of the 
project. 


+ Route survey : To plan, design, and laying out of route such as highways, railways, canals, 
pipelines, and other linear projects. 


+ Construction surveys : Surveys which are required for establishment of points, lines, grades, 
and for staking out engineering works (after the plans have been prepared and the structural 
design has been done). 


+ Astronomic surveys : To determine the latitude, longitude (of the observation station) and 
azimuth (of a line through observation station) from astronomical observation. 


+ Mine surveys : To carry out surveying specific for opencast and underground mining 
purposes. 


Surveying is the process by which a surveyor measures certain dimensions that generally occur 
on the surface of the Earth. Surveying equipment, such as levels and theodolites, are used for 
accurate measurement of angular deviation, horizontal, vertical and slope distances. With 
computerisation, electronic distance measurement (EDM), total stations, GPS surveying and 
laser scanning have supplemented (and to a large extent supplanted) the traditional optical 
instruments. This information is crucial to convert the data into a graphical representation of the 
Earth's surface, in the form of a map. This information is then used by civil engineers, 
contractors and even realtors to design from, build on, and trade, respectively. Elements of a 
building or structure must be correctly sized and positioned in relation to each other and to site 
boundaries and adjacent structures. Although surveying is a distinct profession with separate 
qualifications and licensing arrangements, civil engineers are trained in the basics of surveying 
and mapping, as well as geographic information systems. Surveyors may also lay out the routes 
of railways, tramway tracks, highways, roads, pipelines and streets as well as position other 
infrastructures, such as harbors, before construction. 


Land surveying 


In the United States, Canada, the United Kingdom and most Commonwealth countries land 
surveying is considered to be a distinct profession. Land surveyors are not considered to be 
engineers, and have their own professional associations and licencing requirements. The services 
of a licenced land surveyor are generally required for boundary surveys (to establish the 
boundaries of a parcel using its legal description) and subdivision plans (a plot or map based on a 
survey of a parcel of land, with boundary lines drawn inside the larger parcel to indicate the 
creation of new boundary lines and roads), both of which are generally referred to as cadastral 
surveying. 


Construction surveying 
Construction surveying is generally performed by specialised technicians. Unlike land surveyors, 
the resulting plan does not have legal status. Construction surveyors perform the following tasks: 


+ Survey existing conditions of the future work site, including topography, existing buildings 
and infrastructure, and even including underground infrastructure whenever possible; 


+ Construction surveying (otherwise "lay-out" or "setting-out"): to stake out reference points 
and markers that will guide the construction of new structures such as roads or buildings for 
subsequent construction; 

+ Verify the location of structures during construction; 

+ As-Built surveying: a survey conducted at the end of the construction project to verify that 
the work authorized was completed to the specifications set on plans. 

Transportation engineering 


Transportation engineering is concerned with moving people and goods efficiently, safely, and in 
a manner conducive to a vibrant community. This involves specifying, designing, constructing, 
and maintaining transportation infrastructure which includes streets, canals, highways, rail 
systems, airports, ports, and mass transit, It includes areas such as transportation 
design, transportation planning, traffic engineering, some aspects of urban engineering, queueing 
theory, pavement engineering, Intelligent Transportation System (ITS), and_ infrastructure 
management. 


Municipal or urban engineering 


Municipal engineering is concerned with municipal infrastructure. This involves specifying, 
designing, constructing, and maintaining streets, sidewalks, water supply networks, sewers, street 
lighting, municipal solid waste management and disposal, storage depots for various bulk 
materials used for maintenance and public works (salt, sand, etc.), public parks and bicycle 
paths. In the case of underground utility networks, it may also include the civil portion (conduits 
and access chambers) of the local distribution networks of electrical and telecommunications 
services. It can also include the optimizing of waste collection and bus service networks. Some 
of these disciplines overlap with other civil engineering specialties, however municipal 
engineering focuses on the coordination of these infrastructure networks and services, as they are 
often built simultaneously, and managed by the same municipal authority. 


Forensic engineering 


Forensic engineering is the investigation of materials, products, structures or components that 
fail or do not operate or function as intended, causing personal injury or damage to property. The 
consequences of failure are dealt with by the law of product liability. The field also deals with 
retracing processes and procedures leading to accidents in operation of vehicles or machinery. 
The subject is applied most commonly in civil law cases, although it may be of use in criminal 
law cases. Generally the purpose of a Forensic engineering investigation is to locate cause or 
causes of failure with a view to improve performance or life of a component, or to assist a court 
in determining the facts of an accident. It can also involve investigation of intellectual property 
claims, especially patents. 


Control engineering 


Control engineering or control systems engineering is the branch of Civil Engineering discipline 
that applies control theory to design systems with desired behaviors. The practice uses sensors to 
measure the output performance of the device being controlled (often a vehicle) and those 
measurements can be used to give feedback to the input actuators that can make corrections 
toward desired performance. When a device is designed to perform without the need of human 
inputs for correction it is called automatic control (such as cruise control for regulating a car's 


speed). Multi-disciplinary in nature, control systems engineering activities focus on 
implementation of control systems mainly derived by mathematical modeling of systems of a 
diverse range. 


1.4 Chain survey 


Chain survey is the simplest method of surveying. In this survey only measurements are taken in 
the field, and the rest work, such as plotting calculation etc. are done in the office. This is most 
suitable adapted to small plane areas with very few details. If carefully done, it gives quite 
accurate results. The necessary requirements for field work are chain, tape, ranging rod, arrows 
and some time cross staff. 


Procedure in chain survey 


Reconnaissance: The preliminary inspection of the area to be surveyed is calledreconnaissance, 
The surveyor inspects the area to be surveyed, survey or prepares index sketch or key plan. 


Marking Station: Surveyor fixes up the required no stations at places from where maximum 
possible stations are possible. 


Some of the methods used for marking are: 
Fixing ranging poles 

Driving pegs 

Marking a cross if ground is hard 

Digging and fixing a stone. 


Then he selects the way for passing the main line, which should be horizontal and clean as 
possible and should pass approximately through the center of work. 


Then ranging roads are fixed on the stations. 
‘Afier fixing the stations, chaining could be started. 
Make ranging wherever necessary. 

Measure the change and offset. 


Enter in the field the book. 


Survey Station: 


Survey stations are of two kinds 
Main Stations 

Subsidiary or tie 

Main Stations: 


Main stations are the end of the lines, which command the boundaries of the survey, and the 
lines joining the main stations re called the main survey line or the chain lines. 


Subsidiary or the tie stations: 


Subsidiary or the tie stations are the point selected on the main survey lines, where it is necessary 
to locate the interior detail such as fences, hedges, building ete. 


Tie or subsidiary lines: 

A tie line joints two fixed points on the main survey lines. It helps to checking the accuracy of 
surveying and to locate the interior details. The position of each tie line should be close to some 
features, such as paths, building ete. 


Base Lines: 


Itis main and longest line, which passes approximately through the centre of the field. All the 
other measurements to show the details of the work are taken with respect of this line. 


Check Line: 
A check line also termed as a proof line is a line joining the apex of a triangle to some fixed 
points on any two sides of a triangle. A check line is measured to check the accuracy of the 
framework. The length of a check line, as measured on the ground should agree with its length 
on the plan. 


Offsets: 


These are the lateral measurements from the base line to fix the positions of the different objects 
of the work with respect to base line. These are generally set at right angle offsets. It can also be 


drawn with the help of a tape. There are two kinds of offsets: 


1) Perpendicular offsets, and 
2) Oblique offsets. 


The measurements are taken at right angle to the survey line called perpendicular or right angled 
offsets. 


The measurements which are not made at right angles to the survey line are called oblique offsets 
or tie line offsets. 


‘A chain is made up of steel or iron pieces of wire known as links which are joined together with 
circular or oval rings that make for flexibility. It has a brack handle at both ends which is part 
and parcel of the total length of the chain known as chain length. A typical chain is made up of 
100 links and has a bran tag at every 10th link called a teller. This makes for operating of length 
as the letters are numbered and differentiated from the next one for easy identification. Different 
kinds of chains exist including Equnter’s chain, Engineers chain and metric chains. 


Generally, chains have been replaced with chains for linear surveys. Chains are now being 
studied to get the historical perspective of the development of survey equipments over the years. 


To surveyors and collectors alike, the link chain symbolizes a rugged era, when surveying tools 
and techniques were literally defining America. The chain was a precision part of a surveyor's 
equipment and, as such, had to be calibrated and adjusted frequently, yet was sturdy enough to 
be dragged through rough terrain for years. 


Owning a link chain now captures a bit of this glorious past; to heft it enhances the kinship one 
feels with the surveyor who toiled in the field long ago. As collectors, we need to identify the 
type of chain we own, in order to understand its history. Each chain bears the clues of its use, 
such as the wire gauge used, the materials and design used, the lengths of the whole and of each 
link, the manufacturer's stamps, the presence or absence of brazing, the tally-tags, and the 
presence or absence of linking rings. Noting these components will make it possible to 
approximate the date and purpose of your link chain with the aid of period manufacturer's 
catalogs. The following is a nicely detailed account from the 1910 Manual of the Principal 
Instruments used in American Engineering and Surveying, published by the W. & L. E. Gurley 
Company of Troy, New York. 


Sizes of Wire- The sizes and diameters of iron and steel wire commonly used in making 
surveyor's and engineer's chains are as follows: No. 8, .162 inch; No. 10, .135 inch; No. 12, 
105 inch; No. 15, .072 inch; and No. 18, .047 inch. 


Land Surveyor’s Chain - The ordinary Gunter's or surveyor's chain is sixty-six feet or four 
poles long, and is composed of one hundred links, connected each to each by two rings, and 
furnished with a tally mark at the end of every ten links. A link in measurement includes a ring 


at each end, and is seven and ninety two one hundredths inches long. In all the chains which we 
make the rings are oval and are sawed and well closed, the ends of the wore forming the hook 
being also filed and bent close to the link, to avoid kinking, The oval rings are about one third 
stronger than round ones. 


Handles - The handles are of brass and form part of the end links, to which they are connected 
bya short link and jam nuts, by which the length of the chain is adjusted. 


Tallies - The tallies are of brass, and have one, two, three or four 
notches, as they mark ten, twenty, thirty or forty links from either 
end. The fiftieth link is marked by a rounded tally to distinguish it 
from the others. 


Half Chains - In place of the four pole chain just described, many surveyors prefer a chain two 
rods or thirty three feet long, having only fifty links, which are counted by tallies from one end in 
a single direction. 


Iron and Steel Wire - Our surveyors’ chains are made of Nos. 8 and 10 refined iron wire, and of 
Nos. 8, 10, 12 and 15 best steel wire. Steel chains are preferred on account of their greater 
strength, although they are more expensive than those of iron. 


Engineers’ Chains - Engineers’ chains differ from surveyors’ chains, in that a link including a 
ring at each end is one foot long, and the wire is of steel Nos. 8, 10 and 12. They are either fifty 
or one hundred feet long, and are furnished with swivel handles and tallies like those just 
described. 


Brazed Steel Chains - A very light and strong chain is made of No. 12 steel wire, the links and 
rings of which are securely brazed. The wire is of a low spring temper, and the chain, though 
light, is almost incapable of being broken or stretched in careful use. 


Our brazed steel chains have been found exceedingly desirable for all kinds of measurement, and 
for the use of engineers upon railroads and canals have very generally superseded the heavier 
chains. 


Vara Chains - The meter is used as a standard measure of length in many countries, and chains 
of ten and twenty meters are often ordered. The chains are made of iron or steel wire, each meter 
being divided into five links. As a meter is 39.371 inches long, a link, including a ring at each 
end, measures 7.874 inches. 


A ten meter chain has fifty links and a twenty meter chain one hundred links. Each meter is 
marked with a round brass tally numbered from one to nine in the ten meter chain, and from one 
to nineteen in the twenty meter chain. 


Marking Pins - In chaining, eleven marking pins are needed, made either of iron, steel or brass 
wire, as preferred. They are about fourteen inches long, pointed at one end to enter the ground, 
and formed into a ring at the other end for convenience in handling. 


Marking pins are sometimes loaded with a little mass of lead around the lower end, to serve as a 
plumb when the pin is dropped to the ground from the suspended end of the chain, 


Chain survey is suitable in the following cases: 

(i) Area to be surveyed is comparatively small 

(ii) Ground is fairly level 

(iii) Area is open and 

(iv) Details to be filled up are simple and less. 

In chain surveying only linear measurements are made i.e. no angular measurements are made. 
Since triangle is the only figure that can be plotted with measurement of sides only, in chain 
surveying the area to be surveyed should be covered with a network of triangles. Figure 12.11 
shows a typical scheme of covering an area with a network of triangles. No angle of the network 
triangles should be less than 30° to precisely get plotted position of a station with respect to 
already plotted positions of other station, As far as possible angles should be close to 60°. 
However, the arrangements of triangles to be adopted depends on the shape, topography, natural 
and artificial obstacles in the field. 


Figure 1.4 


Technical Terms 

Various technical terms used in connection with the network of the triangles in surveying are 
explained below: 

Station: Station is a point of importance at the beginning or at the end of a survey line. 

Main station: These are the stations at the beginning or at the end of lines forming main 
skeleton. They are denoted as A, B, C etc. Subsidiary or tie stations: These are the stations 


selected on main lines to run auxiliary/secondary lines for the purpose of locating interior details. 
These stations are denoted as a, b, c, ...., ete., or as 1, 2, 3, ... ete. Base line: It is the most 
important line and is the longest. Usually it is the line plotted first and then frame work of 
triangles are built on it. 

Detail lines: If the important objects are far away from the main lines, the offsets are too long, 
resulting into inaccuracies and taking more time for the measurements. In such cases the 
secondary lines are run by selecting secondary stations on main lines. Such lines are called detail 
lines. 


Check lines: These are the lines connecting main station and a substation on opposite side or 
the lines connecting to substations on the sides of main lines. The purpose of measuring such 
lines is to check the accuracy with which main stations are located. 


Selection of Stations 
The following points should be considered in selecting station points: 

(i) It should be visible from at least two or more stations. 

(ii) As far as possible main lines should run on level ground. 

(iii) All triangles should be well conditioned (No angle less than 30°). 

(iv) Main network should have as few lines as possible. 

(v) Each main triangle should have at least one check line. 

(vi) Obstacles to ranging and chaining should be avoided. 

(vii) Sides of the larger triangles should pass as close to boundary lines as possible. 
(viii) Tresspassing and frequent crossing of the roads should be avoided. 


Offsets 
Lateral measurements to chain lines for locating ground features are known as offsets. For this 
purpose perpendicular or oblique offsets may be taken. If the object to be located (say road) is 
curved more number of offsets should be taken. For measuring offsets tapes are commonly used. 
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For setting perpendicular offsets any one of the following methods are used: 
(i) Swinging 

(ii) Using cross staffs 

(iii) Using optical or prism square. 

Perpendicular Offset by Swinging 


Chain tine 


Foot of perpendicular 


(b) 


Chain is stretched along the survey line. An assistant holds the end of tape on the object. 
Surveyor swings the tape on chain line and selects the point on chain where offset distance is the 
least and notes chain reading as well as offset reading in a field book on a neat sketch of the 
object. 


Perpendicular Offsets Using Cross Staffs 


‘Above Figure shows three different types of cross staffs used for setting perpendicular offsets. 
All cross staffs are having two perpendicular lines of sights, The cross staffs are mounted on 
stand, First line of sight is set along the chain line and without disturbing setting right angle line 


Internet of Things and Machine-to-Machine 


Anticipating huge growth in machine-to-machine communications, Release 11 added a 
Machine Type Communications (MTC) Interworking Function and Service Capability Server. 
Release 12 defined a category 0 device designed to deliver low cost through a single 
antenna design and other simplifications. # Release 13 went even further, with a category 
M-1 architecture that further reduces cost, improves range, and extends battery life. 
Category 13 also added Narrowband-loT capability with Category NB-1 and an loT solution 
for GSM, called “EC-GSM-loT," that extends coverage by 20 dB. Category M-1 and NB-loT 
devices could achieve battery life as high as 10 years. 


Figure 92 depicts the methods used to reduce cost in a Category M device compared with 
a Category 4 device. 


Figure 92: Means of Achieving Lower Cost in loT Devices™#° 
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Reduced RF Chains 
Reduced Bandwidth 

Half Duplex 

Reduced Speeds 

Reduced Memory, AP 

Max Tx Power 23->20 dam 
Reduced T8 Size 

Reduced Modulation Schemes 


Table 26 summarizes the features of different LTE 1oT devices based on 3GPP Release. 


Table 26: Summary of loT Features in LTE Devices 


Device Category Category Category Category | Category EC-GSM- 
Category 1oT 


‘3GPP 10 11 12 13 13 1B 
Release 


485 3GPP, Access System for Ultra Low Complexity and Low Throughput Internet of Things based on 
Cellular, GP-140301, May 2014. 


288 5G Americas member contribution. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 167 


of sight is checked to locate the object. With open cross staff it is possible to set perpendicular 
only, while with french cross staff, even 45° angle can be set. Adjustable cross staff can be used 
to set any angle also, since there are graduations and upper drum can be rotated over lower drum. 


Perpendicular Offsets Using Optical Square and Prism Square 
These instruments are based on the optical principle that if two mirrors are at angle “0” to each 
other, they reflect a ray at angle ‘26’. In below Figure shows a typical optical square. 


Optical square consists of a metal box about 50 mm in diameter and 125 mm deep. In the rim of 
the box there are three openings: 

(i)a pin hole at E 

(ii) a small rectangular slot at G, and 

(ii) a large rectangular slot at F. 


‘A and B are the two mirrors placed at 45° to each other. Hence the image of an object at F which 
falls on A gets reflected and emerge at E which is at right angles to the line FA. The mirror A 
which is opposite to the opening at F is fully silvered. It is fitted to a frame which is attached to 
the bottom plate. If necessary this mirror can be adjusted by inserting a key on the top of the 
cover. The mirror B which is in the line with EG is silvered in the top half and plain in the 
bottom half. It is firmly attached to the bottom plate of the box. 

The ranging rod at Q is directly sighted by eye at E in the bottom half of the B which is a plain 
glass. At the same time in the top half of B, the reflected ray of the object at P is sighted. When 
the image of P is in the same vertical line as the object at Q, then the lines PA is at right angles to 
the line EB. This instrument can be used for finding foot of the perpendicular or to set a right 
angle. In prism square, instead of two mirrors at 45° to each other a prism which has two faces at 
45° to each other is used. Its advantage is it will not go out of adjustment even after long usage. 


Field Book 

All observations and measurements taken during chain surveying are to be recorded in a standard 
field book. It is a oblong book of size 200 mm x 120 mm, which can be carried in the pocket. 
There are two forms of the book (i) single line and (ii) double line, The pages of a single book 
are having a red line along the length of the paper in the middle of the width. It indicates the 
chain line, All chainages are written across it. The space on either side of the line is used for 
sketching the object and for noting offset distances. In double line book there are two blue lines 
with a space of 15 to 20 mm is the middle of each book. The space between the two lines is 
utilised for noting the chainages. in below Figure shows typical pages of a field books. 


Field Work 

‘As soon as the survey party arrives in the field the following details are entered in the field book: 
(i) Title of the survey work 

(ii) The date of survey 

(iii) The names of the members of the party. 

The field work may be divided into the following: 

(i) Reconnaissance survey. 

(ii) Marking stations, drawing reference sketches. 

(iii) Line by line surveying. 


Reconnaissance survey consists in going round the field and identifying suitable stations for the 
network of triangles. Neat sketch of network is drawn and designated. The typical key plan 
drawn is similar to one shown in above figure. 

All main stations should be marked on the ground. Some of the methods used for marking are: 


(a) Fixing ranging poles 

(b) Driving pegs 

(c) Marking a cross if ground is hard 
(d) Digging and fixing a stone. 


Then reference sketches are drawn in the field book so as to identify stations when the 
development works are taken up. For this measurements with respect to three permanent points 
are noted. The permanent points may be 

(a) Corner of a building 

(b) Posts of gates 

(c) Comers of compound walls 

(d) Electric poles 

(c) A tree. 

After that, line by line surveying is conducted to locate various objects with respect to chain 
lines. 


Office Work 


It consists in preparing the plan of the area to a suitable scale making use of measurements and 
sketches 


noted in the field book. 
1.5 COMPASS 
Compass surveying is a branch of surveying in which directions of surveying lines are 


determined with a compass and the length of lines are measured with a tape or chain. In practice 
the compass si generally used to run a traverse. 


In surveying," Traverse" consists of a series of straight lines connected together to form a open or 
a closed polygon. 


Methods of traversing: Depending on the type of instrument used for the measurement of angles 
the method of Traversing can be classified as under; 


1.Chain Traverse 
2.Compass Traverse. 
3.Plane Table Traverse. 
4 Stadia Traverse. 


5.Theodolite Traverse. 


In Compass Traverse the direction of the traverse lines are determined with a magnetic compass. 
The magnetic Compass may be "SURVEYOR COMPASS" OR "PRISMATIC COMPASS" 


The types of compass that are used commonly are: (i) prismatic compass; and (ii) surveyor 
compa: 
The essential parts of both type are: 
(i) a magnetic needle, 

(ii) a graduated circle, 

(iii) a line of sight, and 

(iv) a box to house them. 

There are some differen 
the two types of compass 
Prismatic Compass 

in below Figure shows the cross-section of a typical prismatic compass. A magnetic needle of 
broad form (1) is balanced on a hard and pointed steel pivot (2). The top of the pointed pivot is 
protected with agate cap (3). 


in the essential parts of the two type of compass. The construction of 
explained and the difference in them is pointed out in this article. 


Prismatic compass 


An aluminium graduated disk (4) is fixed to the top of the needle. The graduations are from zero 
to 360° in clockwise direction when read from top. The direction of north is treated as zero 
degrees, east as 90°, south as 180° and west as 270°. However, while taking the reading: 
observations are at the other end of line of sight, Hence, the readings are shifted by 180° and 
graduations are marked as shown in below figure. The graduations are marked inverted because 


they are read through a prism. 


Direction of sight 
N N 


rN. LYN 


The line o of object unit and the reading unit, Object unit consists of a slit metal 
frame hinged to the box. In the centre the slit is provided with a horse hair or a fine wire or 
thread The metal frame is provided with a hinged mirror , which can be placed upward or 
downward on the frame. It can be slided along the frame. The mirror can be adjusted to view 
objects too high or too 

low from the position of compass, Reading unit is provided at diametrically opposite edge. It 
consists of 

aprism with a sighting eye vane , The prism mag 
below it. For focus 
with the 

stud, Dark sungla: 


es the readings on the graduation disk just 
ng, the prism is lowered or raised on the frame carrying it and then fixed 


provided near the line of sight can be interposed if the object to be 


sighted is bright (e.g., sun), The bottom of the box which is about 85 mm to 110 mm supports the 
pivot of needle firmly at its centre. The object vane and the prism are supported on the sides of 
the box. The box is providedwith a glass lid which protects the graduation dise at the same time 
permit the direct reading from the top. When the object vane is folded on the glass top it presses 
a lifting pin which activates lifting lever lifts the needle off the pivot. Thus, it prevents undue 
wear of pivot point. While taking reading, if graduation dise vibrates, it can be dampened with a 
spring. For pressing spring a knob or brake pin is provided on the box. When not in use prism 
can be folded over the edge of the box. The box is provided with a lid to close it when the 
compass is not in use. The box is provided with a socket to fit it on the top of a tripod. 
Surveyors Compass 
In this type of compass graduation dise is fixed to the box and magnetic needle is free to rotate 
above it. There is no prism provided at viewing end, but has a narrow slit. After fixing the line of 
sight, the reading is directly taken from the top of the glass cover, Hence, graduations are written 
directly (not inverted). In this compass graduations are from zero to 90°, zero being to north or 
south and 90° being to east and west. An angle of 20° to north direction to the east is written as 
'N 20° E, and an angle of 40° to east from south is written as S 40° E, Always first direction 
indicated is north or south and the last letter indicates east or west direction. In this system 
graduated circle rotates with line of sight and magnetic needle is always towards north. The 
reading is taken at the tip of needle, Hence, on the compass east and west are marked 
interchanged and marked shows the photograph of a surveyors compass. 

Line of sight _n of sight 


Point of reading 
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Difference Between Prismatic += Compass aand_-—Surveyors_ Compass 


The difference between prismatic and surveyor’s compass are listed in below Table. 


‘Sr No. Prismatic Compass ‘Surveyors Compass 


1, | Graduation cixcle is fixed to broad type needle. | Graduation cixcle is fixed to the box. Hence, it 
Hence, it will not rotate with the line of sight. | rotates with the line of sight. 


2. | There is a prism at viewing end. At viewing end there is no prism. There is only 
aslit 

3. | Sighting and reading can be done simultaneously. | Sighting and viewing cannot be done 
simultaneously. 


4. | The magnetic needle do not act as an index. | Magnetic needle acts as index while reading, 
5. | The graduations are in whole circle bearing. | The graduations are in quadrantal system. 


6 | Graduations are marked inverted since its | Graduations are marked directly. They are not 
reflection is read through prism invested. 

7. | The reading is taken through a prism. The reading is taken by directly viewing from 
top glass. 


8. | Tripod may or may not be used. It can be held | Tripod is essential for using it 
on a stretched hand also. 


Bearing 


stated earlier a bearing of a line is the angle made by the 
direction, the reference direction being known as meridian, The direction shown by a freely 
suspended and properly balanced magnetic needle is called magnetic meridian and the horizontal 
angle made by a line withthis meridian is known as magnetic bearing, 
The points of intersection of earth’s axis with surface of the earth are known as geographic 
north and south pole. The line passing through geographic north, south and the point on earth is 
called true meridian at that point and the angle made by a line passing through that point is called 
truebearing, While traversing along lines A, B, C, D ..., the bearing of lime AB is called fore 
bearing of AB and the bearing of BA is called back bearing, Fore bearing and back bearing differ 
by 180°, 


1.6 PLANE TABLE SURVEYING 


ne with respect to a reference 


In this method of surveying a table top, similar to drawing board fitted on to a tripod is the main 
instrument. A drawing sheet is fixed on to the table top, the observations are made to the objects, 
distances are scaled down and the objects are plotted in the field itself, Since the plotting is made 
in the field itself, there is no chance of omitting any necessary measurement in this surveying. 
However the accuracy achieved in this type of surveying is less. Hence this type of surveying is 
used for filling up details between the survey stations previously fixed by other methods. 
In this chapter, accessories required, working operations and methods of plane table surveying 
are explained, At the end advantages and limitations of this method are listed. 


Plane Table and Its Accessories 


The most commonly used plane table is shown in below Fig. It consists of a well seasoned 
wooden table top mounted on a tripod. The table top can rotate about vertical axis freely. 
Whenever necessary table can be clamped in the desired orientation. The table can be levelled by 
adjusting tripod legs. 

Adjusting the tripod 


Plane table with stand 


The following accessories are required to carry out plane table survey: 
1, Alidade 
2. Plumbing fork with plumb bob. 


3. Spirit level 
4, Trough compass 
5. Drawing sheets and accessories for drawing. 


Alidade 
Itis a straight edge ruler having some form of sighting device. One edge of the ruler is bevelled 
and is graduated. Always this edge is used for drawing line of sight. Depending on the type of 
line of sight 

there are two types of alidade: 

(a) Plain alidade (b) Telescopic alidade 

Plain Alidade: in below Figure shows a typical plain adidate. A sight vane is provided at each 
end of the ruler. The vane with narrow slit serves as eye vane and the other with wide slit and 
having a thin wire at its centre serves as object vane. The two vanes are provided with hinges at 
the ends of ruler so that when not in use they can be folded on the ruler. Plain alidade is not 
suitable in suryeying hilly areas as the inclination of line of sight in this case is limited. 


Eye vane Object vane- 


Telescopic alidade 
Telescopic Alidade: It consists of a telescope mounted on a column fixed to the ruler. 
The line of sight through the telescope is kept parallel to the bevelled edge of the ruler. The 
telescope is provided with a level tube and vertical graduation are. If horizontal sight is required 
bubble in the level tube is kept at the centre. If inclined sights are required vertical graduation 
helps in noting the inclination of the line of sight. By providing telescope the range and the 
accuracy of line of sight is increased. 


Upper arm 


Plumbing fork and plumb bob. 


Plumbing Fork and Plumb Bob 
Figure shows a typical plumbing fork with a plum bob. Plumbing fork is a U-shaped metal in 
frame with a upper horizontal arm and a lower inclined arm. The upper arm is provided with a 
pointer at the end while the lower arm is provided with a hook to suspend plumb bob. When the 
plumbing fork is kept on the plane table the vertical line (line of plumb bob) passes through the 
pointed edge of upper arm. The plumb bob helps in transferring the ground point to the drawing 
sheet and vice versa also. 


Bubble 
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Spirit level 


SpiritLevel 
‘A flat based spirit level is used to level the plane table during surveying. To get perfect 
level, spirit level should show central position for bubble tube when checked with its positions in 
any two mutually perpendicular direction. 


TroughCompass 

It consists of a 80 to 150 mm long and 30 mm wide box carrying a freely suspended needle at its 
centre. At the ends of the needle graduations are marked on the box to indicate zero to 
five degrees on cither side of the centre. The box is provided with glass top to prevent oscillation 
of the needle by wind. When needle is centred (reading 0-0), the line of needle is parallel to the 
edge of the box. Hence marking on the edges in this state indicates magnetic north-south 
direction. 
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Cloud Radio-Access Network (RAN) and Network 
Virtualization 


Still in the early stages of development, cloud RAN (C-RAN) is a distributed architecture in 
which multiple remote radio heads connect to a “cloud” that consists of a farm of baseband 
processing nodes. This approach can improve centralized processing, as is needed for 
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Fig. 14.6. Trough compass 


Drawing Sheet and Accessories for Drawing 
‘A good quality, seasoned drawing sheet should be used for plane table surveying. The drawing 
sheet may be rolled when not in use, but should never is folded. For important works fibre glass 
sheets orpaper backed ~— with ~—thin. =~ aluminium sheets. are_-—_—used. 
Clips clamps, adhesive tapes may be used for fixing drawing sheet to the plane table. Sharp 
hard pencil, good quality eraser, pencil cutter and sand paper to keep pencil point sharp are other 
accessories required for the drawing work. If necessary, plastic sheet should be carried to cover 
the drawing sheet from rain and dust. 


1.6.1 Working Operation 


‘Afier fixing the table top to the stand and drawing sheet to the table, the following operations are 
to be 

carried out before map making: 

1. Centering 

2. Levelling 

3. Orientation. 

1 Centering 

Centering is the process of setting the plane table on the point so that its plotted position is 
exactly over the position on the ground. This is achieved by moving the legs of the tripod and 
checking the position of the point on the ground and on the paper with the help of plumbing fork 
and plumb bob. 

2 Levelling 

The level of the plane table should be ensured in two positions of spirit level which are at right 
angles to each other. The legs of tripod are moved radially or along the circumference to adjust 
the plane table and get levelled surface. 

3 Orientation 

Orientation is the process of setting plane table over a station such that all the lines already 
plotted are parallel to corresponding lines on the ground. Accuracy of plane table survey mainly 
depends upon the 

accuracy of orientation of plane table at each station point. It can be achieved by any one of the 
following methods: 

(a) using trough compass 

(b) by back sighting 

(c) by solving two point or three point problems. 

The first two methods are commonly used while the third method is used occationally. The 
third method is explained under the article methods of plane tabling by resection. 


(a) Orientation Using Trough Compass: When the survey work starts, the plane table is set 
on first station and the table is oriented by rough judgement such that the plotted position of 
the area falls in the middle portion of the paper. Then the table is clamped and the north 
direction is marked on right hand side top corner of drawing sheet. Trough compass is used to 
identify north direction. This orientation is to be maintained at all subsequent stations. After 
centering and levelling the table trough compass is kept along the marked north direction and the 
table is rotated to get freely suspended magnetic needle centred. After achieving it the table 
is clamped. 

This method of orientation is considered rough, since the local attraction to magnetic 
needle affects the orientation. This method is used as preliminary orientation and finer tuning is 
made by observing the already plotted points. 


(b) Orientation by Back Sighting: It is the commonly used method in plane table surveying. 
Afier completing surveying from plane table set at A, if table is to be shifted to next station B, a 
line is drawn from the plotted position of station A towards station B. Then distance AB is 
measured, scaled down and plotted position of station B is obtained. Then table is shifted to 
station B, centred, levelled. Then keeping alidade along BA, station A is sighted and the table is 
clamped. Thus the orientation of the table is achieved by back sighting. Orientation may be 
checked by observing already plotted objects. 


Method of planning table 


The following four methods are available for carrying out plane table survey: 
1. Radiation 

2. Intersection 

3, Traversing 

4. Resection. 

The first two methods are employed for locating details while the other two methods are used 

for locating position of plane table station on drawing sheet. 

1 Radiation 

After setting the plane table on a station, say O, it is required to find the plotted position of 
various objects A, B, C, D ...... To get these positions, the rays OA, OB, OC ..... are drawn with 
soft pencil. Then the distances OA, OB, OC ....., are measured scaled down and the positions of 
‘A,B,C ....., are found on the drawing sheets. This method is suitable for surveying small areas 
and is convenient if the distances to be measured are small. For larger areas this method has 
wider scope, if telescopic alidade is used, in which the distances are measured technometrically. 
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Radiation method of plane tabling 


Intersection: 

In this method the plotted position of an object is obtained by plotting rays to the object from two 
stations. The intersection gives the plotted position. Thus it needs the linear measurements only 
between the station points and do not need the measurements to the objects. In below Figure 
shows the method for locating objects A and B from plane table positions O1 and 02. 
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Intersection method of plane tabling 


This method is commonly employed for locating: 

(a) details 

(b) the distant and inaccessible points 

(c) the stations which may be used latter. 

Traversing 

This is the method used for locating plane table survey stations. In this method, ray is drawn to 
next station before shifting the table and distance between the stations measured. The distance is 
scaled down and next station is located. After setting the plane table at new station orientation is 


achieved by back sighting. To ensure additional checks, rays are taken to other stations also, 
whenever it is possible. In below Figure shows a scheme of plane table survey of closed area. 
This method can be used for open traverses also. 


Plane table traversing 


Resection 

This method is just opposite to the method of intersection, In the method of intersection, the 
plotted position of stations are known and the plotted position of objects are obtained by 
intersection. In this method the plotted position of objects are known and the plotted position of 
station is obtained, Ifa, b and c are the plotted positions of objects A, B and C respectively, to 
locate instrument station P on the paper, the orientation of table is achieved with the help of a, b, 
cand then resectors Aa, Bb, Cc are drawn to get the ‘p’ , the plotted position of P. Hence in the 
resection method major work is to ensure suitable orientation by any one of the methods. The 
following methods are employed in the method of resection: 


(a) by compass 

(b) by back sighting 

(c) by solving two point problem 

(d) by solving three point problem. 

(a) Resection after Orientation by Compass: Let a and b be the plotted positions of A and B of 

two well defined points in the field. Keeping the through compass along north direction marked 

on the drawing sheet table is oriented on station P, the position of which is to be found on paper. 

The resectors Aa and Bb are drawn to locate ‘p’ the plotted position of station point P. This 

method gives satisfactory results, if the area is not influenced by local attractions. It is used for 

small scale mapping only. 
—— 


(b) Resection after Orientation by Back Sighting: in below Figure shows the scheme of resection 
after orientation by back sighting. From station A, the position of B is plotted as *b’ and ray has 
been taken to station P as ap’. Then plane table is set at P and oriented by back sighting A, line 
AP is not measured but the position of P is obtained on the paper by taking resection Bb. 
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Resection after back sighting 
(c) Resection after Solving Two Point Problem: The problem of finding plotted position of the 


station point occupied by the plane table with the help of plotted positions of two well defined 
points is known as solving two point problem. In below Figure shows the scheme of solving this. 
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‘Station P 


Two-point problem 


Let A and B be two well defined points like lightening conductor or spire of church, the plotted 
positions a and b already known. Now the problem is to orient the table at P so that by resection 
its plotted position p can be obtained. The following steps may be followed to solve this 
problems: 

(i) Select a suitable point Q near P such that the angles PAQ and PBQ are not accute. 

(ii) Roughly orient the table at Q and draw the resectors Aa and Bb to get the point *q’ 

(iii) Draw the ray gp and locate p| with estimated distance QP. 

(iv) Shift the plane table to P and orient the table by back sighting to Q. 

(v) Draw the resector Aa to get ‘p’. 

(vi) Draw the ray pB. Let it intersect line bq at bl. 


(vii) The points b and b1 are not coinciding due to the angular error in the orientation of table. 
The angle bab, is the angular error in orientation. To correct it, 

* Fix a ranging rod at R along ab, * Unclamp the table and rotate it till line ab sights ranging rod 
at R. Then clamp the table. This gives the correct orientation of the table which was used in 
plotting the points A and B. (viii) The resectors Aa and Bb are drawn to get the correct plotted 
position ‘p’ of the station P. 

(d) Resection after Solving Three Point Problem: Locating the plotted position of a station point 
using observations to three well defined points whose plotted positions are known, is called 
solving three point problem. 

Let A, B, C be three well defined objects on the field whose plotted positions a, b and ¢ are 
known. Now the problem is to locate plotted position of the station point P. Any one of the 
following methods can be used. 

(i) Mechanical (Tracing paper) method, 

(ii) Graphical method, or 

(iii) Trial and error method (Lehman’s method). 

(i) Mechanical Method: This method is known as tracing paper method since it needs a tracing 
paper. The method involved the following steps 
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* Set the table over station P and by observation approximately orient the table. 
* Fix the tracing paper on the plane table and select P approximately, say as p’. From p’, draw p’ 
A, p' Band p’ C, These lines may not pass through the plotted positions a, b and c since the 
orientation is not exact. 

* Loosen the tracing paper and rotate it so that the rays pass through respective points a, b and c. 
Now prick the point p’ to get the plotted position ‘p’ of the station P. 

* Keep the alidade along pa and sight A. Then clamp the table. This is correct orientation. 
Check the orientation by observing along pb and pe. 

(ii) Graphical Method: The following two graphical methods are available to solve three point 
problem: 

* Bessel’s solution 

* Method of perpendiculars. 

Bessels Solution: It involves the following steps: 

1. Keep the bevelled edge of alidade along ba and sight object at A. Clamp the table and draw 
be! along the line be. 

2. Keep bevelled edge of alidade along ab, unclamp the table and sight B. Clamp the table. 
Draw line ac intersecting be’ at d. 

3. Keep the alidade along de and bisect C. Clamp the table. This gives the 


correct orientation. 
4. Draw resectors to get ‘p’. 
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Graphical solution (Bessel’s method) 


Method of Perpendiculars 
This is another graphical method. It involves the following steps. 
1. Draw line ae perpendicular to ab. Keep alidade along ea and turn the table till A is sighted. 
Clamp the table and draw the ray Bb to intersect the ray Aac at e. 
2. Draw cf perpendicular to be and clamp the table when feC are in a line. Draw Bb to intersect 
Cef at F . 
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Method of perpendiculars of solve three point problem 


3. Join cf drop bp perpendicular to ef to get the plotted position ‘p’. 
4. Orient the table such that pbB are in a line. Clamp the table to place it in correct orientation. 
Resections Aa and Ce may be used to check the orientation. 

Trial and Error Method 

This method is also known as ‘triangle of error method” and ‘Lehman’s Method’. It involves the 
following steps: 

1. Set the table over point P and orient the table approximately, just by observation. 

2. Draw the rays aA, bB and cC. If the orientation was perfect, the three rays would have 
intersected at a single point, i.e. at point ‘p’, Otherwise a triangle of error is formed. 

3. To eliminate the triangle of error an approximate position, ray p’, is selected near the triangle 
of error. Then keeping alidade along p'a object A is sighted and the table is clamped. Draw the 


resectors cC and bB to check the orientation. 


4. Above step is repeated till triangle of error is eliminated. 
B 


Lehman presented the following guidelines to select ‘p” so that triangle of error is eliminated 
quickly. 
Rule I: The distance of point sought ‘p’ is in the same proportion from the corresponding rays as 
the distance of those from the plane table station. 

Rule 2: The point sought ‘p’ is on the same side of all the three resectors. 

Defining the triangle ABC on the field as great triangle and the circle passing through them as 
great circle, from the above two rules of Lehman, the following sub-rules may be drawn. 


* If *P” lies within the great triangle, the point ‘p’ is within the triangle of error 

* Ifthe plane table station P lies outside the great triangle the point sought ‘p’ is outside the 
triangle of errors (p2). 

* Ifthe ‘P’ is on the great circle, the correct solution is impossible (p3 and p4). 

* If *P” is outside the great circle, *p’ is nearer to the intersection of rays to the nearest two points 
(PS). 

* If point P is outside the great circle and the two rays drawn are parallel to each other the point 
sought is outside the parallel lines and on the same side of the three rays (P6). 


1.6.2 Error in Plane Table Serveying 
The errors may be grouped into the instrumental and personal errors. 


Instrumental Errors 

1. The surface of plane table not perfectly plane. 

2. Bevelled edge of alidade not straight. 

3. Sight vanes of alidade not perfectly perpendicular to the base. 
4, Plane table clamp being loose. 

5. Magnetic compass being sluggish. 

6. Drawing sheet being of poor quality. 


Personal Errors 
1. Centering errors 
2. Levelling errors 

3. Orientation errors, 

4. Sighting errors 

5. Errors in measurement 

6. Plotting errors 

7. Errors due to instability of tripod. 


Advantages are 

. Possibility of omitting measurement is eliminated. 

. The surveyor can compare the plotted work in the field then and there only. 

. Irregular objects are plotted more accurately, since they are seen while plotting. 
. Booking errors are eliminated. 

. Local attractions do not influence the plotting. 

. No great skill is required to produce satisfactory maps. 

. Method is fast. 

. No costly instruments are required. 
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Limitations are 

1. Survey cannot be conducted in wet weather and rainy days. 
2. Plane table is cumbersome and heavy to carry. 

3. It needs many accessories. 

4. It is less accurate. 

5. Reproduction of map to different scale is difficult. 


Review Questions 


principle and classification with example? 
g explain in detail? 

Explain the chaining in reciprocal ? 

What is the technique of compass in surveying ? 

Whaat is pessimistic compass explain with example? 

What is adjustment of error explain? 

Explain Local Attraction? 

Explain the technique of Plain Table Serveying ? 

What are the merit and demerit of plane table surveying? 

10. What are the radiation intersection and radiation traversing explain? 
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Comp, centralized scheduling, and Multiflow, without the need to exchange information 
among many access nodes. The performance of both LTE and HSPA technologies could be 
enhanced by the application of cloud RAN architectures. The term “fronthauling” has been 
used to describe the transport of “raw” radio signals to central processing locations, such 
as between the Physical Network Function (PNF) and a Virtual Network Function (VNF) 


This architecture, shown in Figure 93, comes at the cost of requiring high-speed, low- 
latency backhaul links between these radio heads and the central controller. One vendor 
states that carrying 10+10 MHz of LTE with 2X2 MIMO requires 2.5 Gbps of bandwidth and 
imposes less than 0.1 msec of delay.1# A standard called "Common Public Radio Interface” 
(CPRI) addresses generic formats and protocols for such a high-speed link. ETS! has also 
developed the Open Radio Equipment Interface (ORI). The feasibility of cloud RAN depends 
to a large extent on the cost and availability of fiber links between the remote radio heads 
and the centralized baseband processing location. 


Unlike virtualizing the EPC, in which the entirety of the function can be virtualized, cloud 
RAN needs a PNF that terminates the RF interface. Cloud RAN therefore requires a split to 
be defined within the RAN. As a consequence, initial deployments of cloud RAN have looked 
to ruse the CPRI interface between the RRH and the baseband unit. 


Figure 93: Potential Cloud RAN Approach 
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The next evolutionary step after centralizing baseband processing is to virtualize the 
processing by implementing the functions in software on commodity computing platforms, 
thus abstracting the functions from any specific hardware implementation. 


C-RANs can vary by the extent of coverage, ranging from being highly localized and 
operating across a small number of sites to metropolitan-wide solutions. Other variables 
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Chapter 2 


LEVELLING AND THEODOLITE SURVEYING 


Structure of this uni 


LEVELLING, THEODOLITE 


1. LEVELLING 

2. Level line 
Horizontal line 
Levels and Staves 


Spirit level 


3 
4. 

5. 

6. sensitiveness 
7. Bench marks 

8. Temporary and Permanent adjustments 
9. Fly and check levelling ~ Booking 

10. Reduction 

11. Curvature and Refraction 

12. Reciprocal levelling 
13. Longitudinal and Cro: 
14, THEODOLITE 


15. Theodolite 


sections ~ Plotting 


16. Vernier and Microptic 

17. Description and uses 

18. Temporary and Permanent adjustments of vernier transit 
19, Horizontal angles ~ Heights and Distances 


20. Traversing — Closing error and distribution. 


2.1 LEVELLING 


Elevation measurements involve measurements in vertical plane. It is also known as levelling. It 
may be defined as the art of determining the elevations of given points above or below a datum 
line or establishing given points of required heights above or below the datum line. 


Levelling (or leveling in American spelling) is a branch of surveying, the object of which is to 


1, Find the elevation of a given point with respect to the given or assumed Datum. 
2. Establish a point at a given elevation with respect to the given or assumed Datum. 


Levelling is the measurement of geodetic height using an optical levelling instrument and a level 
staff or rod having a numbered scale. Common levelling instruments include the spirit level, 
thedumpy level, the digital level, and the laser level. 


Spirit (Optical) levelling 


Spirit levelling employs a spirit level, an instrument consisting of a telescope with a crosshair 
and a tube level like that used by carpenters, rigidly connected. When the bubble in the tube level 
is centered the telescope's line of sight is supposed to be horizontal (i.e. perpendicular to the 
local vertical). 


The spirit level is on a tripod midway between the two points whose height difference is to be 
determined. A leveling staff or rod is held vertical on each point; the rod is graduated in 
centimetres and fractions or tenths and hundredths of a foot. The observer focuses in turn on 
each rod and reads the value. Subtracting the "back" and "forward" value provides the height 
difference. 


We can't expect the instrument to be in perfect adjustment, but we can hope that when the bubble 
is centered the telescope's line of sight is always the same small angle off of horizontal. If it is, 
we can still level accurately by setting the instrument equidistant from the points to be measured, 
so the errors cancel. 


2.1.1 Leveling Procedure 


A typical procedure is to set up the instrument within 100 metres (110 yards) of a point of known 
or assumed elevation. A rod or staff is held vertical on that point and the instrument is used 
manually or automatically to read the rod scale. This gives the height of the instrument above the 
starting (backsight) point and allows the height of the instrument (H.I.) above the datum to be 
computed. 


The rod is then held on an unknown point and a reading is taken in the same manner, allowing 
the elevation of the new (foresight) point to be computed. The procedure is repeated until the 
destination point is reached. It is usual practice to perform either a complete loop back to the 
starting point or else close the traverse on a second point whose elevation is already known. The 
closure check guards against blunders in the operation, and allows residual error to be distributed 
in the most likely manner among the stations. 


Some instruments provide three crosshairs which allow stadia measurement of the foresight and 
backsight distances. These also allow use of the average of the three readings (3-wire leveling) as 
a check against blunders and for averaging out the error of interpolation between marks on the 
rod scale. 


The two main types of levelling are single-levelling as already described, and double-levelling 
(Double-rodding). In double-levelling, a surveyor takes two foresights and two backsights and 
makes sure the difference between the foresights and the difference between the backsights are 
equal, thereby reducing the amount of error. Double-levelling costs twice as much as single- 
levelling. 


Refraction and Curvature 


The curvature of the earth means that a line of sight that is horizontal at the instrument will be 
higher and higher above a spheroid at greater distances. The effect may be significant for some 
work at distances under 100 meters. 


The line of sight is horizontal at the instrument, but is not a straight line because of refraction in 
the air. The change of air pressure with elevation causes the line of sight to bend toward the 
earth. The amount of refraction depends slightly on air temperature and pressure. 


The combined correction is approximately: 
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For precise work these effects need to be calculated and corrections applied. For most work 
it is sufficient to keep the foresight and backsight distances approximately equal so that the 
refraction and curvature effects cancel out. 


Leveling loops and Gravity Variations 


If the Earth's gravity field were completely regular and gravity constant, leveling loops would 
always close precisely: 


n 
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around a loop. In the real gravity field of the Earth, this happens only approximately; on small 


loops typical of engineering projects, the loop closure is negligible, but on larger loops covering 
regions or continents it is not. 


Instead of height differences, geopotential differences do close around loops: 
* 
YAK gi. 
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where ¥; stands for gravity at the leveling interval i. For precise leveling networks on a national 
scale, the latter formula should always be used. 


AW, = Ahig; 


should be used in all computations, producing geopotential values W; for the benchmarks of the 
network. 


Levelling Instruments 


Older Instruments 


The wye level is the oldest and bulkiest of the older style optical instruments. A low-powered 
telescope is placed in a pair of clamp mounts, and the instrument then leveled using a spirit level, 
which is mounted parallel to the main telescope. 


The dumpy level was developed by English civil engineer William Gravatt, while surveying the 
route of a proposed railway line form London to Dover. More compact and hence both more 
robust and easier to transport, it is commonly believed that dumpy levelling is less accurate than 
other types of levelling, but such is not the case. Dumpy levelling requires shorter and therefore 
more numerous sights, but this fault is compensated by the practice of making foresights and 
backsights equal. 


Precise Level designs were often used for large leveling projects where utmost accuracy was 
required. They differ from other levels in having a very precise spirit level tube and a micrometer 
adjustment to raise or lower the line of sight so that the crosshair can be made to coincide with a 
line on the rod scale and no interpolation is required. 


Automatic level 


Automatic levels make use of a compensator that ensures that the line of sight remains horizontal 
‘once the operator has roughly leveled the instrument (to within maybe 0.05 degree). The 
surveyor sets the instrument up quickly and doesn't have to relevel it carefully each time he 
sights on a rod on another point. It also reduces the effect of minor settling of the tripod to the 
actual amount of motion instead of leveraging the tilt over the sight distance. Such levels became 
standard in the later part of the twentieth century. Three level screws are used to level the 
instrument. 


Digital Level 


Digital levels electronically read a bar-coded scale on the staff. These instruments usually 
include data recording capability. The automation removes the requirement for the operator to 
read a scale and write down the value, and so reduces blunders. It may also compute and apply 
refraction and curvature corrections. 


Laser level 


Laser levels project a beam which is visible and/or detectable by a sensor on the leveling rod. 
This style is widely used in construction work but not for more precise control work. An 
advantage is that one person can perform the levelling independently, whereas other types 
require one person at the instrument and one holding the rod. 


The sensor can be mounted on earth-moving machinery to allow automated grading. 


2.1.2 Object and use of leveling 


‘As stated in the definition of levelling, the object is 
(i) to determine the elevations of given points with respect to a datum 

(ii) to establish the points of required height above or below the datum line. Uses of levelling are 
(i) to determine or to set the plinth level of a building. 

(ii) to decide or set the road, railway, canal or sewage line alignment. 

(iii) to determine or to set various levels of dams, towers, etc. 

(iv) to determine the capacity of a reservoir. 


2.1.3 Term used in leveling 


Before studying the art of levelling, it is necessary to clearly understand the following terms used 
in levelling: 
1. Level Surface: A surface parallel to the mean spheroid of the earth is called a level surface 
and the line drawn on the level surface is known as a level line. Hence all points lying on a level 
surface are equidistant from the centre of the earth. In below Figure shows a typical level 
surface. 
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2. Horizontal Surface: A surface tangential to level surface at a given point is called horizontal 
surface at that point. Hence a horizontal line is at right angles to the plumb line at that point 
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Centre of earth 


Vertical and horizontal lines 


3. Vertical Line: A vertical line at a point is the line connecting the point to the centre of the 
earth, It is the plumb line at that point. Vertical and horizontal lines at a point are at right angles 
to each other. 

4, Datum: The level of a point or the surface with respect to which levels of other points or 
planes are calculated, is called a datum or datum surface. 

5. Mean Sea Level (MSL): MSL is the average height of the sea for all stages of the tides. At 
any particular place MSL is established by finding the mean sea level (free of tides) after 
averaging tide heights over a long period of at least 19 years. In India MSL used is that 
established at Karachi, presently, in Pakistan. In all important surveys this is used as datum. 

6. Reduced Levels (RL): The level of a point taken as height above the datum surface is known 
as RL of that point. 

7. Benchmarks: A benchmark is a relatively permanent reference point, the elevation of which 
is known (assumed or known w.r.t. MSL). It is used as a starting point for levelling or as a point 
upon which to close for a check. The following are the different types of benchmarks used in 
surveying: 

(a) GTS benchmarks (b) Permanent benchmarks 

(c) Arbitrary benchmarks and (d) Temporary benchmarks. 

(a) GTS Benchmark: The long form of GTS benchmark is Great Trigonometrical Survey 
benchmark. These benchmarks are established by national agency. In India, the department of, 
Survey of India is entrusted with such works. GTS benchmarks are established all over the 
country with highest precision survey, the datum being mean sea level. A bronze plate provided 
on the top of a conerete pedastal with elevation engraved on it serves as benchmark. It is well 
protected with masonry structure built around it so that its position is not disturbed by animals or 
by any unauthorised person. The position of GTS 

benchmarks are shown in the topo sheets published. 

(b) Permanent Benchmark: These are the benchmarks established by state government 
agencies like PWD. They are established with reference to GTS benchmarks. They are usually 
on the corner of plinth of public buildings. 

(0 Arbitrary Benchmark: In many engineering projects the difference in elevations of 
neighbouring points is more important than their reduced level with respect to mean sea level. In 
such cases a relatively permanent point, like plinth of a building or corner of a culvert, are taken 
as benchmarks, their level assumed arbitrarily such as 100.0 m, 300.0 m, ete. 

(d) Temporary Benchmark: This type of benchmark is established at the end of the day’s work, 
so that the next day work may be continued from that point. Such point should be on a 
permanent object so that next day it is easily identified. 


2.1.4 Levelling Instruments 


‘A level is an instrument giving horizontal line of sight and magnifying the reading at a far away 
distance. It consists of the following parts: 

(i) A telescope to provide a line of sight 

(ii) A level tube to make the line of sight horizontal and 

(iii) A levelling head to level the instrument. 

The following types of levels are available: 

(i) Dumpy level (ii) Wye (or, Y) level, 


(iii) Cooke’s reversible level (iv) Cushing’s level 
(v) Tilting level and (vi) Auto level. 


DumpyLevel 

It is a short and stout instrument with telescope tube rigidly connected to the vertical spindle. 
Hence the level tube cannot move in vertical plane. It cannot be removed from its support. Hence 
it is named as dumpy level. The telescope rotates in horizontal plane in the socket of the 
levelling head. A bubble tube is attached to the top of the telescope. Figure 15.3 shows a typical 
dumpy level. In below shows its photograph. 
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Telescope is a tube with object glass and eyepiece. Object glass can be adjusted using the 
focussing screw before sighting the graduated staff held on the object. Eyepiece can be adjusted 
by rotating it to see that parallel is removed and cross hairs appears distinctly. Eyepiece once 
adjusted needs no change as long as the same person takes the readings. 


Level tube is a glass tube with slightly curved shape provided over the level tube. The tube is 
filled with ether or alcohol leaving a little air gap, which takes the shape of a bubble. The air 
bubble is always at the highest point. The level tube is fixed with its axis parallel to telescope 
tube, so that when bubble is centred, the telescope is horizontal. The tube is graduated on either 
side of its centre to estimate how much the bubble is out of centre. The glass tube is placed inside 
a brass tube which is open from top and on lower side it is fixed to telescope tube by means of 
capston headed nuts. The bubble tube is adjusted with these nuts, if it is out of order. 


Levelling head consists of two parallel plates with three foot screws. The upper plate is known as 
tribratch plate and the lower one as the trivet. The lower plate can be screwed on to the tripod 
stand, 

By adjusting the screws the instrument can be levelled to get perfect horizontal line of sight. 
Dumpy level is to be fitted to a tripod stand to use it in the field. The tripod stand consists of 
three legs connected to a head to which the lower plate of level can be fitted. The lower side of 
the legs are provided with metal shoes to get good grip with ground. In below Plate shows 
typical level stands. 


Levelling stands (adjustable and non-adjustable) 
Wye or Y-Level 
In this type of level, the telescope is supported in two Y-shaped supports and can be fixed with 
the help of curved clips. Clips can be opened and telescope can be reversed end to end and fitted. 
The advantage of this level is some of the errors eliminated, if the readings are taken in both the 
direction of telescope. 


Cooke’sReversibleLevel 
In this instrument the telescope is supported by two rigid sockets into which telescope can be 
introduced from either end and then screwed. For taking the readings in the reversed position of 
telescope, the screw is slackened and then the telescope is taken out and reversed end for end. 
Thus it combines the rigidity of dumpy level and reversibility of Y-level. 


CushingsLevel 
In this reversing of telescope end for end is achieved by interchanging the eyepiece and the 
objective piece since both collars are exactly the same. 


TiltingLevel 

In this, telescope can be tilted through about four degrees with the help of a tilting screw. Hence 
bubble can be easily centered. But it needs centering of the bubble before taking every reading. 
Hence it is useful, if at every setting of the instrument number of readings to be taken are few. 
AutoLevel 

The auto-level or the automatic-level is a self aligning level. Within a certain range of tilt 
automatic levelling is achieved by an inclination compensating device. The operational comfort, 
high speed and precision are the advantages of this instrument. 


Levelling Staff 


Along with a level, a levelling staff is also required for levelling. The levelling staff is a 
rectangular rod having graduations. The staff is provided with a metal shoes at its bottom to 
resist wear and tear. The foot of the shoe represents zero reading. Levelling staff may be divided 
into two groups: 

(i) Self reading staff (ii) Target staff. 

(i) Self reading staff: This staff reading is directly read by the instrument man through telescope. 
Ina metric system staff, one metre length is divided into 200 subdivisions, each of uniform 
thickness of 5 mm. All divisions are marked with black in a white background. Metres and 
decimetres are written in red colour. The following three types of self reading staffs are 
available: 

(a) Solid staff: It is a single piece of 3m. 

(b) Folding staff: A staff of two pieces each of 2m which can be folded one over the other. 

(c) Telescopic staff: A staff of 3 pieces with upper one solid and lower two hollow. The upper 
part can slide into the central one and the central part can go into the lower part. 

Each length can be pulled up and held in position by means of brass spring. The total length may 
be 4mor5m. 


(a) Selfreading staff —(b) Telescopic staff (c) Target staff 


(ii) Target staff: If the sighting distance is more, instrument man finds it difficult to read self 
reading staff. In such case a target staff shown in may be used. Target staff is similar to self 
reading staff, but provided with a movable target. Target is a circular or oval shape, painted red 
and white in alternate quadrant. It is fitted with a vernier at the centre. The instrument man. 
directs the person holding target staff to move the target, tll its centre is in the horizontal line of 
sight. Then target man reads the target and is recorded. 


2.1.5 Method of Levelling 


The following methods are used to determine the difference in elevation of various points: 
(i) Barometric levelling (ii) Hypsometric levelling 
(iii) Direct levelling and (iv) Indirect levelling. 


Barometric Levelling 
This method depends on the principle that atmospheric pressure depends upon the elevation of 
place. 

Barometer is used to measure the atmospheric pressure and hence elevation is computed. 
However it is not accurate method since the atmospheric pressure depends upon season and 
temperature also. It may 

be used in exploratory surveys. 


Hypsometric Levelling 
This is based on the principle that boiling point of water decreases with the elevation of the 
place. 

Hence the elevation difference between two points may be found by noting the difference in 
boiling point of water in the two places. This method is also useful only for exploratory survey. 


Direct Levelling 
Itis common form of levelling in all engineering projects. In this method horizontal sight is 
taken on a graduated staff and the difference in the elevation of line of sight and ground at which 
staff is held are found. Knowing the height of line of sight from the instrument station the 
difference in the elevations of instrument station and the ground on which staff is held can be 
found. This method is thoroughly explained in next article. 


Indirect Methods 
In this method instruments are used to measure the vertical angles. Distance between the 
instrument and staff is measured by various methods. Then using trigonometric relations, the 
difference in elevation can be computed. This is considered beyond the scope of this book. One 
can find details of such methods in books on surveying and levelling. 


include existing deployments versus greenfield situations, new LTE and 5G technologies 
versus integrating legacy 2G and 3G technologies, and integrating Wi-Fi. Greater scope 
increases complexity but yields benefits including better load-balancing and greater 


flexibility in spectrum re-farming. 


Another design choice, as detailed in Table 27, is whether to centralize Layer 1 and Layer 
2 functions (an RF-PHY split), or whether to keep Layer 1 at the base stations and centralize 


only Layer 2 (a PHY-MAC split). 
Table 2 


Fully Centralized 


Partially Centralized Versus Fully Centralized C-RAN 


rtially Centralized 


Transport Requirements Multi-Gbps, usually using | 20 to 50 times less 
fiber 
Fronthaul Latency Less than 100 Greater than 5 milliseconds 
Requirement microseconds 
‘Applications Supports elCIC and CoMP | Supports centralized 
scheduling 
‘Complexity High Tower 
Benefit Capacity gain Lower capacity gain 


Figure 94 analyzes the different possible RAN decompositions in greater detail 
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2.1.6 Terms Used in Direct Levelling Methods 


The following terms are_—sused-—in_— direct. ~— method ~—of_ levelling: 
(i) Plane of Collimation: It is the reduced level of plane of sight with respect to the datum 
selected. It is also known as ‘height of instrument’. It should not be confused with the height of 
telescope from the ground where the instrument is set. 
(ii) Back Sight (BS): It is the sight taken on a level staff held on the point of known elevation 
with an intension of determining the plane of collimation. It is always the first reading after the 
instrument is set in a place. It is also known as plus sight, since this reading is to be added to RL 
of the point (Benchmark or change point) to get plane of collimation. 
(iii) Intermediate Sight (IS): Sights taken on staff after back sight (first sight) and before the last 
sight (fore sight) are known as intermediate sights. The intension of taking these readings is to 
find the reduced levels of the points where staff is held. These sights are known as ‘minus sights” 
since the IS reading is to be subtracted from plane of collimation to get RL of the point where 
staff is held. 
(iv) Fore Sight (FS): This is the last reading taken from the instrument station before shifting it 
or just before ending the ~— work. = This is also a _— minus _ sight. 
(v) Change Point (CP): This is also known as turning point (TP). This is a point on which both 
fore sights and back sights are taken. After taking fore sight on this point instrument is set at 
some other convenient point and back sight is taken on the staff held at the same point. The two 
readings help in establishing the new plane of collimation with respect to the earlier datum, Since 
there is time gap between taking the two sights on the change point, it is advisable to select 
change point on a well defined point. 


2.1.6 Temporary Adjustments of Level 


The adjustments to be made at every setting of the instrument are called temporary adjustments. 
The following three adjustments aré required for the instrument whenever set over a new point 
before taking a reading: 


(i) Setting (ii) Levelling and 
(iii) Focussing. 


Setting 

Tripod stand is set on the ground firmly so that its top is at a convenient height. Then the level is 
fixed on its top. By turning tripod legs radially or circumferentially, the instrument is 
approximately levelled. 


Some instruments are provided with a less sensitive circular bubble on tribrach for this purpose. 
Levelling The procedure of accurate levelling with three levelling screw is as given below: 


(i) Loosen the clamp and turn the telescope until the bubble axis is parallel to the line joining any 
two screws. 


” » 


(ii) Turn the two screws inward or outward equally and simultaneously till bubble is centred. 


(iii) Turn the telescope by 90° so that it lies over the third screw and level the instrument by 
operating the third screw. 


(iv) Turn back the telescope to its original position and check the bubble. Repeat steps (ii) to (iv) 
till bubble is centred for both positions of the telescope. 


(v) Rotate the instrument by 180°. Check the levelling. 


Focussing 
Focussing is necessary to eliminate parallax while taking reading on the staff. The following two 
stepsare required in focussing: 

(i) Focussing the eyepiece: For this, hold a sheet of white paper in front of telescope and rotate 
eyepiece in or out till the cross hairs are seen sharp and distinct. 

(ii) Focussing the objective: For this telescope is directed towards the staff and the focussing 
screw is turned till the reading appears clear and sharp. 


2.1.7 Types of Direct Levelling 


The following are the different types of direct levelling: 
(i) Simple levelling (ii) Differential levelling 

(iii) Fly levelling (iv) Profile levelling 

(v) Cross sectioning and (vi) Reciprocal levelling. 

Simple Levelling 

It is the method used for finding difference between the levels of two nearby points. Figure 15.6 
shows one such case in which level of A is assumed, say 200.00 m. RL of B is required. 


fe Re 


RL of A = 200.00 m 

Back sight on A =2.7 m. 

+: Plane of collimation for setting at station = 200 + 2.7 = 202.7 m 

Fore sight on B = 0.80 m 

«+ RL of B = 202.7 — 0.80 = 201.9m 

It may be noted that the instrument station L1 need not be along the line AB (in plan) and RL of 
LI do not appear in the calculations. 

Differential Levelling 

If the distance between two points A and B is large, it may not be possible to take the readings 
on A and B from a single setting. 

In such situation differential levelling is used. In differential levelling the instrument is set at 
more than one position, each shifting facilitated by a change point. Figure 15.7 shows a scheme 
of such setting. 
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RL of A is 200.00 m, Instrument is set up at L1 and back sight on A is 1.35 m. The fore sight on 
change point CP! is 1.65 m. Then instrument is shifted to L2 and back sight on CP1 is 1.40 m. 
Fore sight on CP2 is 1.70 m. After this instrument is shifted to L3 and back sight on CP2 is 1.3 
m, The work ended with a fore sight of 1.85 m on B. The RL of B is to be found. 

RL of A = 200.00 m Back sight on A= 1.35 m 

«Plane of collimation at L1 = 200 + 1.35 = 201.35 m 

Fore sight on CPI = 1.65 m 

e RL of CPI = 201.35 ~ 1,65 = 199.70 m 
Back sight to CPI from L2 = 1.40 

+ Plane of collimation at L2 = 199.70 + 1.40 
Fore sight to CP2 = 1.70 m 

e RL of CP2 = 201.10 ~ 1.70 = 199.40 m 
Back sight to CP2 from L3 = 1.30 m 
«Plane of collimation at L3 = 199.40 + 1.30 = 200.70 m 
Fore sight to B= 1.85 m 

+ RL of B= 200.70 1.85 = 198.85 m Ans. 

If there are intermediate sight to the points El and E2, the RL of those points may be obtained by 
subtracting readings for El and E2 from the corresponding plane of collimations. 


Booking and Reducing the Levels 

The booking of readings and reducing the levels can be carried out systematically in the tabular 
form. 

There are two such methods: 

(i) Plane of collimation method (ii) Rise and fall method. 

For the above problem, with intermediate sights to El = 0.80 m and E2 = 
below by the both methods. 


Booking and reducing levels by plane of collimation method 


.70 m is illustrated 


Station Reading Plane of RL Remarks 
BS Is Fs Collimation 
A 135 201.35 200.00 | Benchmark 
5 oso 20055 | Plinth of 
building 
o, 140 165 201.10 19970 | CP, 
Ez 070 200.40 | Plinth of 
building 
@, 130 170 200.70 199.40 | CP. 
B 1.85 isss |B 
Check 5 BS = 4.05 EFS=5.20 Diff in RL of Aand B 
EBS—EFS=—1.15 (Fall) = 198.85 20000 =-1.15 


In this method note the following: 
1. Plane of collimation for first setting 

=RL of BM+ BS 

2. Subtract IS from plane of collimation to get RL of intermediate station and subtract FS from 
plane of collimation to get RL of change point. 

3. Add back sight to RL of change point to get new plane of collimation. 

4, Check: = BS — 5 FS = RL of Last point — RL of first point. 

If it is —ve, itis fall and if +ve itis rise. 


Booking and reducing level by rise and fall method 


Station BS Bs FS Rise Fall RL Remarks 
A 1,35 200.00 | Benchmark 
080 055 20055 gz, 
1.40 16s oss 199.70 @, 
070 070 200.40 z, 
130 170 1.00 199.40 
135 ass 198.85 B 
EBS = 4.05 = Fall = 2.40 
Check: EBS-EFS=-115 E Rise — Fall =-1.15 RL of last point — RL of 
first point = —1.15 
Note the following: 
1. From A to El, difference = 1.35 — 0.80 = 0.55, rise 


0.80 — 1.65 =~ 0.85, fall 


1.40 — 0.70 = 0.70, rise 
4. From E2 to CP2, difference = 0.70 ~ 1.70 = -1.00, fall 
5. From CP2 to B, difference = 1.30 ~ 1.85 = — 0.55, fall. 


Fly Levelling 

If the work site is away from the benchmark, surveyor starts the work with a back sight on the 
benchmark by setting instrument at a convenient point. Then he proceeds towards the site by 
taking fore sights and back sights on a number of change points till he establishes a temporary 
benchmark in the site. Rest of the levelling work is carried out in the site. At the end of the work 
again levelling is carried out by taking a set of convenient change points till the bench work is 
reached. This type of levelling in which only back sight and fore sights are taken, is called fly 
levelling, the purpose being to connect a benchmark with a temporary benchmark or vice versa. 
Thus the difference between fly levelling and differential levelling is only in the purpose of 
levelling. 

Profile Levelling 

This type of levelling is known as longitudinal sectioning. In high way, railway, canal or sewage 
line projects profile of the ground along selected routes are required. In such cases, along the 
route, at regular interval readings are taken and RL of various points are found. Then the section 
of the route is drawn to get the profile. In below fig (a) shows the plan view of the scheme of 
levelling and in below fig (b) 

shows the profile of the route. For drawing profile of the route, vertical scale is usually larger 
compared to scale for horizontal distances. It gives clear picture of the profile of the route. 


(b) 


The typical page of field book for this work will be having an additional column to note 
distances as shown in above table 
Page of level book for profile levelling 


Station Distance BS Is FS Plane of = RL Remark 
Coltimation 


Cross-Sectioning 
In many engineering projects, not only longitudinal profile but also the profile of cross-sections 
at regular intervals are required. These profiles help in calculating the earth works involved in 
the projects. 

in below Figure shows the scheme of such work in which longitudinal profile is found by taking 
readings at 20 m interval along chain lines AB, BC and readings are taken at an interval of 3 m 
on either side. The distances on the cross-sections are treated as left or right of the lines as they 
are found while facing the forward station of survey. The cross-sectional length depends upon 
the nature of the project. 


shows a page of level book required for this type af levelling 
A typical page book for cross-section levelling 


Siation Distance in m Readings Plane of | RL | Remarks 
E clalafl(sil>: |= 


Reciprocal Levelling 
In levelling, it is better to keep distance of back sight and fore sight equal. By doing so the 
following errors are eliminated: 


(i) Error due to non-parallelism of line of collimation and axis of bubble tube. 
(ii) Errors due to curvature and refraction. 


But in levelling across obstacles like river and ravine, it is not possible to maintain equal 


distances for fore sight and back sight. In such situations reciprocal levelling as described below 
is used: 


2.2 THEODOLITE 


A theodblite /0i:'ndalatt/ is a precision instrument for measuring angles in the horizontal and 
vertical planes. Theodolites are used mainly forsurveying applications, and have been adapted 
for specialized purposes in fields like metrology and rocket launch technology. A modern 
theodolite consists of a movable telescope mounted within two perpendicular axes—the 
horizontal or trunnion axis, and the vertical axis. When the telescope is pointed at a target object, 
the angle of each of these axes can be measured with great precision, typically to seconds of arc. 


Theodblites, such as the Brunton Pocket Transit commonly employed for field measurements by 
geologists and archaeologists, have been in continuous use since 1894. 


Theodolites may be either transit or non-transit. Transit theodolites (or just 'Transits’) are those in 
which the telescope can be inverted in the vertical plane, whereas the rotation in the same plane 
is restricted to a semi-circle for non-transit theodolites. Some types of transit theodolites do not 
allow the measurement of vertical angles. 


The builder's level is sometimes mistaken for a transit theodolite, but it measures neither 
horizontal nor vertical angles. It uses a spirit level to set atelescope level to define a line of sight 
along a level plane. 


Concept of operation 


Diagram of an Optical Theodolite 


The axes and circles of a theodolite 


‘A theodolite is mounted on its tripod head by means of a forced centering plate 
or tribrach containing four thumbscrews, or in modern theodolites, three for rapid levelling. 
Before use, a theodolite must be precisely placed vertical above the point to be measured using 
a plumb bob, optical plummet or laser plummet. The instrument is then set level using levelling 
footscrews and circular and more precise tubular spirit bubbles. 


Both axes of a theodolite are equipped with graduated circles that can be read through 
magnifying lenses. (R. Anders helped M. Denham discover this technology in 1864) The vertical 
circle which 'transits' about the horizontal axis should read 90° (100 grad) when the sight axis is 
horizontal, or 270° (300 grad) when the instrument is in its second position, that is, "turned over" 
or "plunged". Half of the difference between the two positions is called the "index error". 


Errors in measurement 


The horizontal and vertical axes of a theodolite must be perpendicular, if not then a "horizontal 
axis error" exists. This can be tested by aligning the tubular spirit bubble parallel to a line 
between two footscrews and setting the bubble central. A horizontal axis error is present if the 
bubble runs off central when the tubular spirit bubble is reversed (turned through 180°), To 
adjust, the operator removes half the amount the bubble has run off using the adjusting screw, 
then re-level, test and refine the adjustment. 


The optical axis of the telescope, called the "sight axis", defined by the optical center of the 
objective lens and the center of the crosshairs in its focal plane, must also be perpendicular to the 
horizontal axis. If not, then a "collimation error" exists. 


Index error, horizontal axis error and collimation error are regularly determined 
by calibration and are removed by mechanical adjustment. Their existence is taken into account 
in the choice of measurement procedure in order to eliminate their effect on the measurement 
results. 


History 


The term diopter was sometimes used in old texts as a synonym for theodolite. This derives from 
an older astronomical instrument called a dioptra. 


Prior to the theodolite, instruments such as the geometric square and various graduated circles 
(see circumferentor) and semicircles (see graphometer) were used to obtain either vertical or 


horizontal angle measurements. It was only a matter of time before someone put two measuring 
devices into a single instrument that could measure both angles simultaneously. Gregorius 
Reisch showed such an instrument in the appendix of his book Margarita Philosophica, which he 
published in Strasburg in 1512. It was described in the appendix by Martin Waldseemiiller, 
a Rhineland topographer andcartographer, who made the device in the same year. Waldseemiiller 
called his instrument the polimetrum. 


The first occurrence of the word "theodolite” is found in the surveying textbook A geometric 
practice named Pantometria (1571) by Leonard Digges, which was published posthumously by 
his son, Thomas Digges. The etymology of the word is unknown. The first part of the New 
Latin theo-delitusmight stem from the Greek @sGio8a, "to. behold or look attentively 
upon" or civ "to run", but the second part is more puzzling and is often attributed to an 
unscholarly variation of one of the following Greek words: difAoc, meaning "evident" or 
cleat", or Sokxy6c "long", or 6oUAo¢ "slave", or an _unattested Neolatin compound 
combining 636¢ "way" and A1tés "plain"It has been also suggested that -delitus is a variation of 
the Latin supinedeletus, in the sense of "crossed out". 


There is some confusion about the instrument to which the name was originally applied. Some 
identify the early theodolite as an azimuth instrument only, while others specify it as 
an altazimuth instrument. In Digges's book, the name "theodolite" described an instrument for 
measuring horizontal angles only. He also described an instrument that measured both altitude 
and azimuth, which he called a topographicall instrument [sic]. Thus the name originally applied 
only to the azimuth instrument and only later became associated with the altazimuth instrument. 
The 1728 Cyclopaediacompares "graphometer" to “half-theodolite". Even as late as the 19th 
century, the instrument for measuring horizontal angles only was called asimple theodolite and 
the altazimuth instrument, the plain theodolite. 


The first instrument more like a true theodolite was likely the one built by Joshua 
Habermel (de:Erasmus Habermehl) in Germany in 1576, complete with compass and tripod. 


The earliest altazimuth instruments consisted of a base graduated with a full circle at 
the limb and a vertical angle measuring device, most often a semicircle. Analidade on the base 
‘was used to sight an object for horizontal angle measurement, and a second alidade was mounted 
on the vertical semicircle. Later instruments had a single alidade on the vertical semicircle and 
the entire semicircle was mounted so as to be used to indicate horizontal angles directly. 
Eventually, the simple, open-sight alidade was replaced with a sighting telescope. This was first 
done by Jonathan Sisson in 1725. The theodolite became a modern, accurate instrument in 1787 
with the introduction of Jesse Ramsden’s famous great theodolite, which he created using a very 
accurate dividing engine of his own design. The demand could not be met by foreign theodolites 
owing to their inadequate precision, hence all instruments meeting high precision requirements 
were made in England. Despite the many German instrument builders at the turn of the century, 
there were no usable German theodolites available. A transition was brought about by Breithaupt 
and the symbiosis of Utzschneider, Reichenbach and Fraunhofer. As technology progressed, in 
the 1840s, the vertical partial circle was replaced with a full circle, and both vertical and 
horizontal circles were finely graduated. This was thetransit theodolite. Theodolites were later 
adapted to a wider variety of mountings and uses. In the 1870s, an interesting waterborne version 
of the theodolite (using a pendulum device to counteract wave movement) was invented 


Figure 94: Costs and Benefits of Various RAN Decompositions** 
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Fronthaul bandwith 


Although some operators in dense deployments with rich fiber assets may centralize all 
functions, Figure 94 uses the red rectangles to show the two most likely functional splits 
for LTE-Advanced and 5G: 


1. Distributed PHY and Centralized MAC. This approach relaxes the fronthaul delay 
requirement to 6 msec, compared with the CPRI requirement of 250 microseconds. 
Fronthaul bandwidth requirement is only 10-20% greater than conventional 
backhaul. 


2. Control Plane/ Data Plane Split. This approach further relaxes fronthaul 
requirements to 30 msec and is the approach used for dual-connectivity, such as a 
macro and small cell simultaneously connecting to a user. For 5G, 3GPP Release 15 
specifications standardize a split for cloud RAN between the PDCP and RLC layers. 


389 Cisco, Cisco 5G Vision Series: Small Cell Evolution, 2016. 
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by Edward Samuel Ritchie. It was used by the U.S. Navy to take the first precision surveys of 
American harbors on the Atlantic and Gulf coast 


In the early part of the 20th century, Heinrich Wild produced theodolites that became popular 
with surveyors. His Wild T2, T3, and A1 instruments were made for many years, and he would 
go on to develop the DK1, DKMI, DM2, DKM2, and DKM3 for another company. With 
continuing refinements instruments steadily evolved into the modern theodolite used by 
surveyors today. 


Operation in surveying 


Triangulation, as invented by Gemma Frisius around 1533, consists of making such direction 
plots of the surrounding landscape from two separate standpoints. The two graphing papers are 
superimposed, providing a scale model of the landscape, or rather the targets in it. The true scale 
can be obtained by measuring one distance both in the real terrain and in the graphical 
representation. 


Modern triangulation as, e.g., practised by Snellius, is the same procedure executed by numerical 
means. Photogrammetric block adjustment of stereo pairs of aerial photographs is a modern, 
three-dimensional variant. 


In the late 1780s Jesse Ramsden, a Yorkshireman from Halifax, England who had developed 
the dividing engine for dividing angular scales accurately to within a second of arc, was 
commissioned to build a new instrument for the British Ordnance Survey. The Ramsden 
theodolite was used over the next few years to map the whole of southern Britain by 
triangulation. 


In network measurement, the use of forced centering speeds up operations while maintaining the 
highest precision. The theodolite or the target can be rapidly removed from, or socketed into, the 
forced centering plate with sub-mm precision. Nowadays GPS antennas used for geodetic 
positioning use a similar mounting system. The height of the reference point of the theodolite- 
or the target—above the ground benchmark must be measured precisely. 


The American transit gained popularity during the 19th century with American railroad 
engineers pushing west. The transit replaced the railroad compass, sextantand octant and was 
distinguished by having a telescope shorter than the base arms, allowing the telescope to be 
vertically rotated past straight down. The transit had the ability to "flip" over on its vertical circle 
and easily show the exact 180 degree sight to the user. This facilitated the viewing of long 
straight lines, such as when surveying the American West. Previously the user rotated the 
telescope on its horizontal circle to 180 and had to carefully check the angle when turning 180 
degree turns. 


Modern theodolites 


In today's theodolites, the reading out of the horizontal and vertical circles is usually done 
electronically. The readout is done by a rotary encoder, which can be absolute, e.g. using Gray 
codes, or incremental, using equidistant light and dark radial bands. In the latter case the circles 
spin rapidly, reducing angle measurement to electronic measurement of time differences. 
Additionally, lately CCD sensors have been added to the focal plane of the telescope allowing 


both auto-targeting and the automated measurement of residual target offset. All this is 
implemented in embedded software. 


Also, many modern theodolites, costing up to $10,000 apiece, are equipped with integrated 
electro-optical distance measuring devices, generally infrared based, allowing the measurement 
in one go of complete three-dimensional vectors — albeit in instrument-defined polar co- 
ordinates, which can then be transformed to a pre-existing co-ordinate system in the area by 
means of a sufficient number of control points. This technique is called a resection solution 
or free station position surveying and is widely used in mapping surveying. The instruments, 
"intelligent" theodolites called self-registering tacheometers or “total stations", perform the 
necessary operations, saving data into internal registering units, or into external data storage 
devices. Typically, ruggedized laptops or PDAs are used as data collectors for this purpose. 


Gyrotheodolites 


A gyrotheodolite is used when the north-south reference bearing of the meridian is required in 
the absence of astronomical star sights. This occurs mainly in the underground mining industry 
and in tunnel engineering. For example, where a conduit must pass under a river, a vertical shaft 
on each side of the river might be connected by a horizontal tunnel. A gyrotheodolite can be 
operated at the surface and then again at the foot of the shafts to identify the directions needed to 
tunnel between the base of the two shafts. Unlike an artificial horizon or inertial navigation 
system, a gyrotheodolite cannot be relocated while it is operating. It must be restarted again at 
each site. 


The gyrotheodolite comprises a normal theodolite with an attachment that contains a gyroscope 
mounted so as to sense rotation of the Earth and from that the alignment of the meridian. The 
meridian is the plane that contains both the axis of the Earth’s rotation and the observer. The 
intersection of the meridian plane with the horizontal contains the true north-south geographic 
reference bearing required. The gyrotheodolite is usually referred to as being able to determine 
or find true north. 


‘A gyrotheodolite will function at the equator and in both the northern and southern hemispheres. 
The meridian is undefined at the geographic poles. A gyrotheodolite cannot be used at the poles 
where the Earth’s axis is precisely perpendicular to the horizontal axis of the spinner, indeed it is 
not normally used within about 15 degrees of the pole because the east-west component of the 
Earth’s rotation is insufficient to obtain reliable results. When available, astronomical star sights 
are able to give the meridian bearing to better than one hundred times the accuracy of the 
gyrotheodolite. Where this extra precision is not required, the gyrotheodblite is able to produce a 
result quickly without the need for night observations. 


Theodolite is an instrument which replaced compass and level. It can measure both horizontal 
and vertical angles. If telescope is kept at zero reading of vertical angle it serves as an ordinary 
level. In this modern era of electronics equipments have come up to measure the distances to 
relieve surveyor from chaining long lines. Total station is another modern survey equipment 
which combines the features of theodolite and electromagnetic distance measurement (EDM) 
instruments. Global positioning system is an instrument, which establishes global position of the 
station making use at least 4 satellite stations. 


It is a commonly used instrument for measuring horizontal and vertical angles. It is used for 
prolonging a line, levelling and even for measuring the distances indirectly (techeometry). Using 
verniers angles can be read accurately up to 20". Precise theodolites are available which can read 
angles up to even 1” accuracy. They use optical principle for more accurate instruments. Now a 
days electronic theodolites are also. available which display the —_ angles 
In this article construction and use of vernier theodolite is explained. 


Though for sketch maps the compass or graphic techniques are acceptable for measuring angles, 
only the theodolite can assure the accuracy required in the framework needed for precise 
mapping. The theodolite consists of a telescope pivoted around horizontal and vertical axes so 
that it can measure both horizontal and vertical angles. These angles are read from circles 
graduated in degrees and smaller intervals of 10 or 20 minutes. The exact position of the index 
mark (showing the direction of the line of sight) between two of these graduations is measured 
on both sides of the circle with the aid of a vernier or a micrometer. The accuracy in modern 
first-order or geodetic instruments, with five-inch glass circles, is approximately one second of 
are, or '/;,600 of a degree. With such an instrument a sideways movement of the target of one 
centimetre can be detected at a distance of two kilometres. By repeating the measurement as 
many as 16 times and averaging the results, horizontal angles can be measured more closely; 
in geodetic surveying, measurements of all three angles of a triangle are expected to give a sum 
of 180 degrees within one second of are. 

In the most precise long-distance work, signaling lamps or heliographs reflecting the Sun are 
used as targets for the theodolite. For less demanding work and work over shorter distances, 
smaller theodolites with simpler reading systems can be used; targets are commonly striped poles 
or ranging rods held vertical by an assistant. 


An extensive set of these measurements establishes a network of points both on the map, where 
their positions are plotted by their coordinates, and on the ground, where they are marked by 
pillars,concrete ground marks, bolts let into the pavement, or wooden pegs of varying degrees of 
cost and permanence, depending on the importance and accuracy of the framework and the maps 
to be based on it. Once this framework has been established, the surveyor proceeds to the detail 
mapping, starting from these ground marks and knowing that their accuracy ensures that the data 
obtained will fit precisely with similar details obtained elsewhere in the framework. 


2.2.1 PartsofaVernierTheodolite 


In below Figure shows a sectional view of a typical vernier theodolite and plate 16.1 shows 
photograph of such theodolite. Main parts. of such a_theodolite are: 
1. Telescope: A telescope is mounted on a horizontal axis (trunnian axis) hence it can rotate 
in vertical plane. Its length varies from 100 mm 175 mm and its diameter is 38 mm at 
objective end, Its functions is to provide a line of sight. 
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Sectional view of a transit theodolie 


Vertical Circle: A vertical circle graduated up to an accuracy of 20' is rigidly connected to the 
telescope and hence moves with it when the telescope is rotated in vertical plane. The 
graduations are in quadrantal system, 0-0 line being horizontal. 
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Fig. 16.2 
Vernier Frame: It is a T-shaped frame consisting of a vertical arm and a horizontal arm. With 
the help of the climping screws the vertical frame and hence the telescope can be clamped at 
desired angle. Vertical frame is also known as T-frame or index frame. 


The vernier arm is known as index arm, At the ends it carries verniers C and D so as to read 
graduations on vertical circle. They are provided with glass magnifiers. Altitude bubble tube is 
fitted over the horizontal arm. 

Standards or A-Frame: The frames supporting telescope are in the form of English letter ‘A’. 
This frame allows telescope to rotate on its trunnian axis in vertical frame. The T-frame and the 
clamps are also fixed to this frame. 

5. Upper Plate : Upper plate supports standards on its top surface. On lower side it is attached to 
a inner spindle which rotates in the outer spindle of lower plate. Using upper clamp, upper plate 
can be clamped to lower plate. Using tangent screws, it is possible to give slight relative motion 
between the two plates, even after clamping. Two diametrically opposite yerniers A and B fixed 
to upper plate help in reading horizontal circle graduations. They are provided with magnifying 
glasses. 


\/— Vertical axis 


Lower Plate: The lower plate, attached to the outer spindle carries a graduated circle at its 
bevelled edge, Graduations are up to an accuracy of 20’. It can be clamped at any desired 
position using lower clamps. If upper clamp is locked and the lower one is loosened the two 
plates rotate together. If the upper clamp is loosened and lower clamp locked, upper plate alone 
rotates. This mechanism is utilised in measuring horizontal angle. 


7. Plate Level: One or two plate level tubes are mounted on the upper plate. If the two level 
tubes are provided they will be at right angles to each other one of them being parallel to 
trunnion axis. These levels help in making the vertical axis of the instrument truely vertical. 


8. Levelling Head: It consists of two parallel triangular plates known as tribratch plates. The 
upper tribratch plate is provided with three levelling screws—each one carried by a arm of 
tribratch plate. By operating screws the levelling of upper plate and hence telescope can be 
ensured. The lower tribratch can be fitted into a tripod head. 


9. Tripod: Theodolite is always used by mounting it on a tripod. The legs of tripod may be solid 
or framed, At the lower end the legs are provided with steel shoes to get good grip with the 
ground. The top of tripod is provided with external screw to which the lower tribratch plate can 
be screwed. When not in use tripod head may be protected with a steel cap, provided for this 


purpose. 


10. Plumb Bob: A hook is provided at the middle of lower tribratch plate from which a plumb 
bob can be suspended. It facilitates exact centering of the theodolite on a station. 


11. Shifting Head: It is provided below the lower plate. In this, one plate slides over another 
over a small area of about 10 mm radius. The two plates can be tightened in the desired position. 
It facilitates exact centering of the instruments. 


12. Magnetic Compass: In some theodolites a magnetic compass is fixed on one of the strands. 
It is useful if readings are to be recorded with magnetic north as meridian. 


UseofTheodolite 

Theodolite is used for measuring horizontal and vertical angles. For this the theodolite should be 
centered on the desired station point, levelled and telescope is focussed. This process of 
centering, levelling and focussing is called temporary adjustment of the instrument. 


Measurement of Horizontal Angle 

The procedure is explained for measuring horizontal angle 6 = PQR at station Q 

1. Set the theodolite at Q with vertical circle to the left of the line of sight and complete all 
temporary adjustments. 

2. Release both upper and lower clamps and turn upper plate to get 0° on the main scale. Then 
clamp main screw and using tangent screw get exactly zero reading. At this stage vernier A reads 
0° and vernier B reads 180°. 


3. Through telescope take line of sight to signal at P and lock the lower clamp. Use tangent 
screw for exact bisection. 


4, Release the upper clamp and swing telescope to bisect signal at R. Lock upper clamp and use 
tangent screen to get exact bisection of R. 


5. Read verniers A and B. The reading of vernier A gives desired angle PQR directly, while 180° 
is to be subtracted from the reading of vernier B to get the angle PQR. 


6. Transit (move by 180° in vertical plane) the telescope to make vertical circle to the right of 
telescope. Repeat steps 2 to 5 to get two more values for the angle. 


7. The average of 4 values found for 8, give the horizontal angle. Two values obtained with face 
left and two obtained with face right position of vertical circle are called one set of readings. 


8. If more precision is required the angle may be measured repeatedly. icc, after step 5, release 
lower clamp, sight signal at P, then lock lower clamp, release upper clamp and swing the 
telescope to signal at Q. The reading of vernier A doubles. The angle measured by vernier B is 
also doubled. Any number of repetitions may be made and average taken. Similar readings are 
then taken with face right also. Finally average angle is found and is taken as desired angle *Q’. 
This is called method of repetition. 


9. There is another method of getting precise horizontal angles. It is called method of reiteration. 
Ifa number of angles are to be measured from a station this technique is used. 

With zero reading of vernier A signal at P is sighted exactly and lower clamp and its tangent 
serew are locked. Then 01 is measured by sighting Q and noted. Then 62, 03 and 64 are 
measured by unlocking upper clamp and bisecting signals at R, S and P. The angles are 
calculated and checked to see that sum is 360°, In each case both verniers are read and similar 
process is carried out by changing the face (face left and face right). 


Measurement of Vertical Angle 


Horizontal sight is taken as zero vertical angle. Angle of elevations are noted as +ve angles and 
angle of depression as ~ve angles. 

To measure vertical angle the following procedure may be followed: 

1. Complete all temporary adjustment at the required station. 

2. Take up levelling of the instrument with respect to altitude level provided on the A ~ frame. 
This levelling process is similar to that used for levelling dumpy level ic., first altitude level is 
kept parallel to any two levelling screws and operating those two screws bubble is brought to 
centre. Then by rotating telescope, level tube is brought at right angles to the original position 
and is levelled with the third screw. The procedure is repeated till bubble is centred in both 
positions. 


3. Then loosen the vertical circle clamp, bisect P and lock the clamp. Read verniers C and D to 
get vertical angle. Take the average as the actual vertical angle. 


Review Questions 


21. 
22. 
23. 


24, 


What is Levelling method? 
Explain horizontal Line with all its levels? 
What is Curvature and Refraction explain? 


. What is Reciprocal leveling? 
25. 
26. 
27. 
28. 
29. 
30. 


. Theodolite with diagram? 

What is Vernier and Microptic in theodolite? 

What is Temporary and Permanent adjustments of vernier transit? 
Horizontal angles in theolodoite? 

Distances Traversing? 

Explain Closing error and distribution in detail?” 


Chapter 3 


TACHEOMETRIC SURVEYING 


Structure of this unit 


Tacheometric Systems , Stadia systems 


Learning Objectives 
1. 
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Tacheometric Systems 
Tangential, Stadia and substense methods 

Stadia systems ~ horizontal and inclined sights 
vertical and normal staff — fixed and movable hair 
stadia constants, anallatic lens ~ subtense bar 


Self reducing tacheometers. 


3.1 Tacheometric Systems 


Tacheometry is a method of measuring both horizontal distance and vertical elevation of a point 
in the distance, without the use of sophisticated technology such as electronic distance 
measurement (EDM) or satellite transmissions. Traditional surveying techniques that involve 
taping, pacing, or odometers are also not used. It is considered less accurate than the most 
modern methods of surveying, but is still of practical value in topographic mapping for regions 
that don't have access to high technology. 


There are several different types of tacheometry system, including the stadia, subtense bar, and 
optical wedge systems. The stadia tacheometry method is the most commonly used, however, 
and incorporates a theodolite controlled by one operator, and a level staff with precise, measured 
markings on it held by another surveyor at a distance. The theodolite is essentially a custom 
telescope with horizontal and vertical cross hairs. The telescope is pointed at the staff, and 
vertical and horizontal angles are displayed in relation to markings on the staff, which 
determines distance and elevation. The two horizontal markings on the theodolite are known as 
stadia hairs, which are an equal distance above and below a horizontal line, and they cross a 
central vertical cross hair line. 


Theodolites used in the process of tacheometry have varying levels of sophistication. The first 
types made in the early 19" century had fixed stadia hairs and an ability to flip over and sight in 
the reverse direction, so that a point of reference could be established to reduce measurement 
errors. Some newer theodolites have movable horizontal stadia hairs, and their position can be 
measured with a micrometer for more accurate horizontal and vertical sighting. Early theodolites 
were referred to as transit instruments, and are still used for basic topographic mapping and 
quick measure uses such as in archeology and geology, where precise measurements of distance 
and height are not required. 


One of the advantages of tacheometry is that it is a rapid surveying method, and, if a basic 
theodolite is used, the equipment is fairly lightweight and easy to take into the field. It requires 
only two operators, one to hold the leveling rod with the stadia hair markings and one to measure 
it with the theodolite from a distance. The accuracy of the measured distances decreases in 
tacheometry as the distance between the leveling staff and theodolite increases. At a range of a 
quarter-mile (402 meters), the process is considered quite accurate, and, at a distance of a mile 
(1,609 meters), the error in horizontal distance is around 32 feet (9.75 meters) and 4 inches 
(10.16 centimeters) vertically 


The ordinary methods of surveying with a theodolite, chain, and levelling instrument are fairly 
satisfactory when the ground is pretty clear of obstructions and not very precipitous, but it 
becomes extremely cumbersome when the ground is covered with bush, or broken up by ravines. 
Chain measurements then become slow and liable to considerable error; the levelling, too, is 
carried on at great disadvantage in point of speed, though without serious loss of accuracy. 


Tacheometry is a branch of surveying in which horizontal and vertical distances are determined 
by angular observations with a tacheometer.There is no linear measurement. Tacheometry is not 


Next Generation Mobile Networks studied the pros and cons of different fronthauling 
interfaces and published the results in March 2015.12 


Longer-term, perhaps in the 5G context, virtualized C-RANs may take away the very 
concept of cells. With methods such as beamforming and device-to-device communication, 
coverage may extend dynamically from a multitude of sources based on instantaneous load 
notifications and the radio resources available at different nodes. 


In the past, RAN and core networks have been distinct entities, but over the next decade, 
the two may merge with more centralized, virtualized, and cloud-driven approaches. 


Another form of virtualization is software-defined networking, an emerging trend in both 
wired and wireless networks. For cellular, SDN promises to reduce OPEX costs, simplify the 
introduction of new services, and improve scalability; all major infrastructure vendors are 
involved. The Open Networking Foundation explains that an SDN decouples the control and 
data planes, centralizing network state and intelligence, while abstracting the underlying 
network infrastructure from applications."* Virtualization of network functions will be a 
complex, multi-year undertaking and will occur in stages, as shown in Figure 95. 


289 Next Generation Mobile Networks, Further Study on Critical C-RAN Technologies, Version 1.0, March 
2015. See sections 2.2 and 2.3. Available at 

https: // www.ngmn.org/uploads/media/NGMN_RANEV D2 Further Study on Critical C- 

RAN Technologes v1.0.pdf. 


281 Open Networking Foundation, “Software-Defined Networking: The New Norm for Networks,” 
http://www.opennetworking.ora/sdn-resources/sdn-library/whitepapers, accessed June 20, 2014. 
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as accurate as chaining,but it is more rapid in rough and difficult countries where levelling is 
tedious and chaining is inaccurate and slow. 


It is a method of surveying in which horizontal distances and (relative) vertical elevations are 
determined from subtended intervals and vertical angles observed with an instrument. 


Tacheometry is used for 
1. preparation of topographic map where both horizontal and vertical distances are required 
to be measured; 
2. survey work in difficult terrain where direct methods of measurements are inconvenient; 
3. reconnaissance survey for highways and railways etc; 
4. establishment of secondary control points. 
Instrument 
The instruments employed in tacheometry are the engineer's transit and the leveling rod or stadia 
rod, the theodolite and the subtense bar, the self-reducing theodolite and the leveling rod, the 


distance wedge and the horizontal distance rod, and the reduction tacheometer and the horizontal 
distance rod. 


3.1.1 Systems or Techeometry measurement 


Depending on the type of instrument and methods/types of observations, tacheometric 
measurement systems can be divided into two basic types: 


(i) Stadia systems and 
(ii) Non-stadia systems 
Stadia Systems 


In there system's, staff intercepts at a pair of stadia hairs present at diaphragm, are considered. 
The stadia system consists of two methods: 


+ Fixed-hair method and 
* Movable-hair method 


‘Non Stadia Syatems 


This method of surveying is primarily based on principles of trigonometry and thus telescopes 
without stadia diaphragm are used. This system comprises of two methods: 


(i) Tangential method and 


(ii) Subtense bar method. 


Fixed air method or stadia method 


It is the most prevalent method for tacheometric surveying. In this method, the telescope of the 
theodolite is equipped with two additional cross hairs, one above and the other below the main 
horizontal hair at equal distance. These additional cross hairs are known as stadia hairs. This is 
also known as tachometer. 


Principle of stadia method 


‘A tacheometer is temporarily adjusted on the station P with horizontal line of sight. Let a and b 
be the lower and the upper stadia hairs of the instrument and their actual vertical separation be 
designated as i. Let f be the focal length of the objective lens of the tacheometer and ¢ be 
horizontal distance between the optical centre of the objective lens and the vertical axis of the 
instrument. Let the objective lens is focused to a staff held vertically at Q, say at horizontal 
distance D from the instrument station. 


HR Principte of stadia measurement 


By the laws of optics, the images of readings at A and B of the staff will appear along the stadia 
hairs at a and b respectively. Let the staff interval i.c., the difference between the readings at A 
and B be designated by s. Similar triangle between the object and image will form with vertex at 
the focus of the objective lens (F). Let the horizontal distance of the staff from F be d. Then, 
from the similar ABF and a' b' F, 


as a’ b! = ab = i, The ratio (f /i) is a constant for a particular instrument and is known as stadia 
interval factor, also instrument constant. It is denoted by K and thus 


d=Ks 


.- Equation (.1) 

The horizontal distance (D) between the center of the instrument and the station point (Q) at 
which the staff is held is d + f+ c. If C is substituted for (f +c), then the horizontal distance D 
from the center of the instrument to the staff is given by the equation 


D=Ks+C 


-- Equation (2) 


The distance C is called the stadia constant. Equation (2) is known as the stadia equation for a 
line of sight perpendicular to the staff intercept. 


Determination of Tacheometric Constants 
The stadia interval factor (K) and the stadia constant (C) are known as tacheometric constants. 


Before using a tacheometer for surveying work, it is reqired to determine these constants. These 
can be computed from field observation by adopting following procedure. 

Step 1: Set up the tacheometer at any station say P on a flat ground. 

Step 2 : Select another point say Q about 200 m away. Measure the distance between P and Q 
accurately with a precise tape. Then, drive pegs at a uniform interval, say 50 m, along PQ. Mark 
the peg points as 1, 2, 3 and last peg -4 at station Q. 

Step 3 : Keep the staff on the peg-1, and obtain the staff intercept say 51 . 

Step 4: Likewise, obtain the staff intercepts say s2, when the staff is kept at the peg-2, 


Step 5 : Form the simultaneous equations, using Equation (2) 


Solving Equations (i) and (ii), determine the values of K and C say Ky and C) . 


Step 6 : Form another set of observations to the pegs 3 & 4, Simultaneous equations can be 
obtained from the staff intercepts s; and ss at the peg-3 and point Q respectively. Solving those 
equations, determine the values of K and C again say Ky and C. 


Step 7 : The average of the values obtained in steps (5) and (6), provide the tacheometric 
constants K and C of the instrument. 


Anallactic Lens 
It is a special convex lens, fitted in between the object glass and eyepiece, at a fixed distance 
from the object glass, inside the telescope of a tacheometer, The function of the anallactic lens is 
to reduce the stadia constant to zero. Thus, when tacheometer is fitted with anallactic lens, the 
distance measured between instrument station and staff position (for line of sight perpendicular 
to the staff intercept) becomes directly proportional to the staff intercept. Anallactic lens is 
provided in external focusing type telescopes only. 


Inclined Stadia Measurements 
It is usual that the line of sight of the tacheometer is inclined to the horizontal. Thus, it is 
frequently required to reduce the inclined observations into horizontal distance and difference in 
elevation. 


HEE Principle of stadia measurement 


Let us consider a tachometer (having constants K and C) is temporarily adjusted on a station, 
say P. The instrument is sighted to a staff held vertically, say at Q. Thus, it is required to find the 
horizontal distance PP; (= H) and the difference in elevation P}Q. Let A, R and B be the staff 
points whose images are formed respectively at the upper, middle and lower cross hairs of the 
tacheometer. The line of sight, corresponding to the middle cross hair, is inclined at an angle of 
elevation q and thus, the staff with a line perpendicular to the line of sight. Therefore A'B' = AB 
cos q = s cos q where s is the staff intercept AB. The distance D (= OR) is C+ K. scos q . But the 
distance OO, is the horizontal distance H, which equals OR cos q. Therefore the horizontal 
distance H is given by the equation. 


H= (Ks cos. q+ C) cos q 


Or H = Ks cos* q + C cos q 


Equation(.3) 


in which K is the stadia interval factor (fi), s is the stadia interval, C is the stadia constant (f+ 
c), and q is the vertical angle of the line of sight read on the vertical circle of the transit. 


The distance RO}, which equals OR sin q, is the vertical distance between the telescope axis and 
the middle cross-hair reading. Thus V is given by the equation 


V=(Kscos q+) sing 


V=Ks sin q cos q+C sing Equation (.4) 


i] 
2. Vm —KeSin28 +C ahd 
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~ Equation (.5) 


Thus, the difference in elevation between P and Q is (h + V - 1), where h is the height of the 
instrument at P and r is the staff reading corresponding to the middle hair. 


Examples 


Ex1 In order to carry out tacheometric surveying, following observations were taken through a 
tacheometer set up at station P at a height 1.235m, 


[Staff Horizontal 
Incld distance from P/taff ReadinglAngle off 
ertical (m) [Elevation 

fat lm) 
Q 100 OL a 
IR [200 2.03 s 
ls AGS, 2275 leo ya anit 
IS ? 1.280 [5° 24' 40" 


Compute the horizontal distance of $ from P and reduced level of station at § if R.L. of station P 


is 262.575m 


Figure 
Solution : 


Since the staff station P and Q are at known distances and observations are taken at horizontal 
line of sight, from equation 2 


i.e, from D =K.s + C, we get 


100 =K. 1.01+C -- 


—--- Equation 1 


200 = K. 2.03 +C 


Equation 2 


where K and C are the stadia interval factor and stadia constant of the instrument, 


Therefore Solving equation | and2, 1.02 


Substituting, value of K in Equation 1, we get 


C= 100 - 1.01 x 98.04 = 0.98 


Now, for the observation at staff station S, the staff intercept 


3.465 - 1.280 = 2.185 m; 

Given, the angle of elevation (of a observation at S), q= 5° 24’ 40" 

Using equation 23.3 i.e., D = K s eos” q + C.cos q, the horizontal distance of S from P is 
D = 98.04 x 2.185 x cos” 5° 24' 40" + 0.98 cos 5° 24 40" 


= 212.312 + 0,9756 = 213.288 m 


Using equation 23.4, ie.,V = —Kssin28 + C.sin 8 the vertical distance 


1 
va 3 98.04 «2.186 aln2 x (6°2440") +0.98 an 62420" 


= (20.11 + 0.0924)m = 20.203 m 

Thus R.L. of station S=R.L. of P+h+V-r 
= 262.575 + 1.235 + 20,203 - 2.275 

= 281.738 m 


Uses of Stadia Method 
The stadia method of surveying is particularly useful for following cases: 


1. In differential leveling, the backsight and foresight distances are balanced conveniently 


if the level is equipped with stadia hairs. 
In profile leveling and cross 
distances from level to points on which rod readings are taken. 


wv 


ectioning, stadia is a convenient means of finding 


3. In rough trigonometric, or indirect, leveling with the transit, the stadia method is more 


rapid than any other method. 


4. For traverse surveying of low relative accuracy, where only horizontal angles and 


distances are required, the stadia method is a useful rapid method. 


5. On surveys of low relative accuracy - particularly topographic surveys-where both the 
relative location of points in a horizontal plane and the elevation of these points are 
desired, stadia is useful. The horizontal angles, vertical angles, and the stadia interval 
are observed, as each point is sighted; these three observations define the location of the 


point sighted. 


Errors in Stadia Measurement 


Most of the errors associated with stadia measurement are those that occur during observations 
for horizontal angles (Lesson 22) and differences in elevation (Lesson 16). Specific sources of 
errors in horizontal and vertical distances computed from observed stadia intervals are as 
follows: 


1, Error in Stadia Interval factor 


This produces a systematic error in distances proportional to the amount of error in the stadia 
interval factor. 


2. Error in staff graduations 


If the spaces on the rod are uniformly too long or too short, a systematic error proportional to 
the stadia interval is produced in each distance. 


3. Incorrect stadia Interval 


The stadia interval varies randomly owing to the inability of the instrument operator to observe 
the stadia interval exactly. In a series of connected observations (as a traverse) the error may be 
expected to vary as the square root of the number of sights. This is the principal error affecting 
the precision of distances. It can be kept to a minimum by proper focusing to eliminate parallax, 
by taking observations at favorable times, and by care in observing. 


4, Error in verticality of staff 
This condition produces a perceptible error in measurement of large vertical angles than for 


small angles. It also produces an appreciable error in the observed stadia interval and hence in 
computed distances. It can be eliminated by using a staff level. 


5. Error due to refraction 
This causes random error in staff reading. 
6. Error in vertical angle 


Error in vertical angle is relatively unimportant in their effect upon horizontal distance if the 
angle is small but it is perceptible if the vertical angle is large. 


Review Questions 


1, What is is Tacheometric Surveying 


What is Tangential explain with diagram? 
. Explain Stadia and substense methods with diagram? 
. What is horizontal and inclined sights in stadia method? 


. What is vertical and normal staff ? 


3, 
4. 
$ 
6. What is fixed and movable hair ~ stadia constants? 
7. Explain anallatic lens? 

8. What is Self reducing tacheometers. 

9. What are the application of Tacheometric Surveying 


10. What are the merit and demerit of Tacheometric Surveying? 


Chapter 4 
TRIANGULATION SURVEYING 


Structure of this unit 


Horizontal and vertical control , Trigonometric leveling, Satellite station 


Learning Objectives 
1, Horizontal and vertical control methods 
2. triangulation -network- Signals. Base line 
3. instruments and accessories ~ extension of base lines - corrections 
4. Satellite station — reduction to centre ~ Intervisibility of height and distances 
5 


. Trigonometric levelling — Axis single corrections. 


Figure 95: Software-Defined Networking and Cloud Architectures 


“iefrastrcture Build Phase? 


(LTE, WiFi, Small Cel) 
—— Ee 
: “Cloud Optimization Phase" 


(RAN, Controters, Gateways, Sewvices, Applications) 
Rat Caroters, Gateways, Services, Applications), 


Unlicensed Spectrum Integration 


See the earlier section in this report on unlicensed spectrum integration, which includes a 
discussion of LTE-U, LTE-LAA, MulteFire, LWA, LWIP, and RCLWI. This section covers 
integration approaches other than these. 


3GPP has evolved its thinking on how best to integrate Wi-Fi with 3GPP networks. At the 
same time, the Wi-Fi Alliance and other groups have also addressed hotspot roaming, 
namely the ability to enable an account with one public Wi-Fi network provider to use the 
services of another provider that has a roaming arrangement with the first provider. 


The multiple attempts to make Wi-Fi networks universally available have made for a 
confusing landscape of integration methods, which this section attempts to clarify. Most 
integration today is fairly loose, meaning that either a device communicates data via the 
cellular connection or via Wi-Fi. If via Wi-Fi, the connection is directly to the internet and 
bypasses the operator core network. In addition, any automatic handover to hotspots 
occurs only between the operator cellular network and operator-controlled hotspots. The 
goals moving forward are to: 


@ Support roaming relationships so that users can automatically access Wi-Fi hotspots 
operated by ather entities. 


a Enable automatic connections so that users do not have to enter usernames and 
passwords. In most cases, this will mean authentication based on SIM credentials. 


282 5G Americas member contribution. 
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4.1 TRIANGULATION SURVEYING 


In trigonometry and geometry, triangulation is the process of determining the location of a point 
by measuring angles to it from known points at either end of a fixed baseline, rather than 
measuring distances to the point directly (trilateration). The point can then be fixed as the third 
point of a triangle with one known side and two known angles. 


Triangulation can also refer to the accurate surveying of systems of very large triangles, 
called triangulation networks. This followed from the work ofWillebrord Snell in 1615-17, who 
showed how a point could be located from the angles subtended from three known points, but 
measured at the new unknown point rather than the previously fixed points, a problem 
called resectioning. Surveying error is minimized if a mesh of triangles at the largest 
appropriate scale is established first. Points inside the triangles can all then be accurately 
located with reference to it. Such triangulation methods were used for accurate large-scale land 
surveying until the rise of global navigation satellite systems in the 1980s. 


‘A system of triangles usually affords superior horizontal control. All of the angles and at least 
one side (the base) of the triangulation system are measured. Though several arrangements can 
be used, one of the best is the quadrangle or a chain of quadrangles. Each quadrangle, with its 
four sides and two diagonals, provides eight angles that are measured. To be geometrically 
consistent, the angles must satisfy three so-called angle equations and one side equation. That is 
to say the three angles of each triangle, which add to 180°, must be of such sizes that 
computation through any set of adjacent triangles within the quadrangles will give the same 
values for any side. Ideally, the quadrangles should be parallelograms. If the system is 
connected with previously determined stations, the new system must fit the established 
measurements. 


When the survey encompasses an area large enough for the Earth’s curvature to be a factor, an 
imaginary mathematical representation of the Earth must be employed as a reference surface. A 
level surface at mean sea level is considered to represent the Earth’s size and shape, and this is 
called thegeoid. Because of gravity anomalies, the geoid is irregular; however, it is very nearly 
the surface generated by an ellipse rotating on its minor axis—i.e., an ellipsoid slightly flattened 
at the ends, or oblate. Such a figure is called a spheroid. Several have been computed by various 
authorities; the one usually used as a reference surface by English-speaking nations is 
(Alexander Ross) Clarke’s Spheroid of 1866. This oblate spheroid has a polar diameter about 27 
miles (43 kilometres) less than its diameter at the Equator. 


Because the directions of gravity converge toward the geoid, a length of the Earth’s surface 
measured above the geoid must be reduced to its sea-level equivalent—ice., to that of the geoid. 
These lengths are assumed to be the distances, measured on the spheroid, between the extended 
lines of gravity down to the spheroid from the ends of the measured lengths on the actual 
surface of the Earth. The positions of the survey stations on the Earth’s surface are given in 


spherical coordinates. 


Bench marks, or marked points on the Earth’s surface, connected by precise leveling constitute 
the vertical controls of surveying. The elevations of bench marks are given in terms of their 
heights above a selected level surface called a datum. In large-level surveys the usual datum is 
the geoid. The elevation taken as zero for the reference datum is the height of mean sea level 
determined by a series of observations at various points along the seashore taken continuously 
for a period of 19 years or more. Because mean sea level is not quite the same as the geoid, 
probably because of ocean currents, in adjusting the level grid for the United States and Canada 
all heights determined for mean sea level have been held at zero elevation. 


Because the level surfaces, determined by leveling, are distorted slightly in the area toward the 
Earth’s poles (because of the reduction in centrifugal force and the increase in the force of 
gravity at higher latitudes), the distances between the surfaces and the geoid do not exactly 
represent the surfaces’ heights from the geoid. To correct these distortions, orthometric 
corrections must be applied to long lines of levels at high altitudes that have a north-south 
trend. 


Trigonometric leveling often is necessary where accurate elevations are not available or when 
the elevations of inaccessible points must be determined. From two points of known position 
and elevation, the horizontal position of the unknown point is found by triangulation, and the 
vertical angles from the known points are measured. The differences in elevation from each of 
the known points to the unknown point can be computed trigonometrically. 


The National Ocean Service in recent years has hoped to increase the density of horizontal 
control to the extent that no location in the United States will be farther than 50 miles (80 
kilometres) from a primary point, and advances anticipated in analytic phototriangulation 
suggest that the envisioned density of control may soon suffice insofar as topographic mapping 
is concerned. Existing densities of control in Britain and much of western Europe are already 
adequate for mapping and cadastral surveys 


Applications 


Optical 3d measuring systems use this principle as well in order to determine the spatial 
dimensions and the geometry of an item. Basically, the configuration consists of two sensors 
observing the item. One of the sensors is typically a digital camera device, and the other one can 
also be a camera or a light projector. The projection centers of the sensors and the considered 
point on the object’s surface define a (spatial) triangle. Within this triangle, the distance 
between the sensors is the base b and must be known. By determining the angles between the 
projection rays of the sensors and the basis, the intersection point, and thus the 3d coordinate, is 


calculated from the triangular relations. 


Distance to a point by measuring two fixed angles 


Triangulation may be used to calculate the coordinates anddistance from the shore to the ship. 
The observer at Ameasures the angle a between the shore and the ship, and the observer 
at B does likewise for B . With the length | or thecoordinates of A and B known, then the law of 
sines can be applied to find the coordinates of the ship at C and the distanced. 


Cc 


PY 
A MR B 
The coordinates and distance to a point can be found by calculating the length of one side of 
a triangle, given measurements of angles and sides of the triangle formed by that point and two 
other known reference points. 
The following formulae apply in flat or Euclidean geometry. They become inaccurate if 
distances become appreciable compared to thecurvature of the Earth, but can be replaced with 
more complicated results derived using spherical trigonometry. 


Calculationfedit] 
d + d 
tena" tend 

Therefore 


1d = 1/te he t aa) 


Using the trigonometric identities tan a = sin a/ cos @ and sin(a +B) = sin a cos f + cos a sin B, 


this is equivalent to: 
sin(a'+ 8) 
1fd= 
£ sin asin § 
From this, it is easy to determine the distance of the unknown point from either observation 


point, its north/south and east/west offsets from the observation point, and finally its full 
coordinates. 


History 


Liu Hui (c. 263), How to measure the height of a sea island. Illustration from an edition of 1726 


Triangulation 
se nyotonvn sr voce, 
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‘Nineteenth-century triangulation network for the triangulation of Rhineland-Hesse 


Triangulation today is used for many purposes, 
including surveying, navigation, metrology, astrometry, binocular vision, model rocketry and 
gun direction ofweapons. 


The use of triangles to estimate distances goes back to antiquity. In the 6th century BC the 
Greek philosopher Thales is recorded as using similar triangles to estimate the height of 
the pyramids by measuring the length of their shadows and that of his own at the same moment, 
and comparing the ratios to his height (intercept theorem); and to have estimated the distances 


to ships at sea as seen from a clifftop, by measuring the horizontal distance traversed by the 
line-of-sight for a known fall, and scaling up to the height of the whole cliff! Such techniques 
would have been familiar to the ancient Egyptians. Problem 57 of the Rhind papyrus, a 
thousand years earlier, defines the seqt or seked as the ratio of the run to the rise of 
a slope, i.e. the reciprocal of gradients as measured today. The slopes and angles were measured 
using a sighting rod that the Greeks called a dioptra, the forerunner of the Arabicalidade. A 
detailed contemporary collection of constructions for the determination of lengths from a 
distance using this instrument is known, the Dioptraof Hero of Alexandria (c. 10-70 AD), 
which survived in Arabic translation; but the knowledge became lost in Europe. In China, Pei 
‘Xiu (224-271) identified "measuring right angles and acute angles" as the fifth of his six 
principles for accurate map-making, necessary to accurately establish distances; while Liu 
Hui (c. 263) gives a version of the calculation above, for measuring perpendicular distances to 
inaccessible places. 


In the field, triangulation methods were apparently not used by the Roman specialist land 
surveyors, the agromensores; but were introduced into medieval Spain through Arabic 
treatises on the astrolabe, such as that by Ibn al-Saffar (d. 1035). Abu Rayhan Biruni (d. 1048) 
also introduced triangulation techniques to measure the size of the Earth and the distances 
between various places.!”! Simplified Roman techniques then seem to have co-existed with more 
sophisticated techniques used by professional surveyors. But it was rare for such methods to 
be translated into Latin(a manual on Geometry, the eleventh century Geomatria incerti 
auctoris is a rare exception), and such techniques appear to have percolated only slowly into the 
rest of Europe. Increased awareness and use of such techniques in Spain may be attested by the 
medieval Jacob's staff, used specifically for measuring angles, which dates from about 1300; 
and the appearance of accurately surveyed coastlines in the Portolan charts, the earliest of which 
that survives is dated 1296. 


Gemma Frisius and triangulation for mapmaking 


On land, the Flemish cartographer Gemma Frisius proposed using triangulation to accurately 
position far-away places for map-making in his 1533 pamphlet Libellus de Locorum 
describendorum ratione (Booklet concerning a way of describing places), which he bound in as 
an appendix in a new edition of Peter Apian’s best-selling 1524 Cosmographica. This became 
very influential, and the technique spread across Germany, Austria and the Netherlands. The 
astronomer Tycho Brahe applied the method in Scandinavia, completing a detailed triangulation 
in 1579 of the island of Hven, where his observatory was based, with reference to key 
landmarks on both sides of the @resund, producing an estate plan of the island in 1584.) In 
England Frisius's method was included in the growing number of books on surveying which 
appeared from the middle of ~—the_~—century onwards, _including William 
Cuningham's Cosmographical Glasse (1559), Valentine Leigh's Treatise of Measuring All 
Kinds of Lands (1562), William Bourne's Rules of _—_Navigation(1571), Thomas 
Digges's Geometrical Practise named Pantometria (1571), and John Norden’s Surveyor's 
Dialogue (1607). It has been suggested thatChristopher Saxton may have used rough-and-ready 
triangulation to place features in his county maps of the 1570s; but others suppose that, having 
obtained rough bearings to features from key vantage points, he may have estimated the 


distances to them simply by guesswork 
Willebrord Snell and modern triangulation networks 


The modem systematic use of triangulation networks stems from the work of the Dutch 
mathematician Willebrord Snell, who in 1615 surveyed the distance from Alkmaar to Bergen op 
Zoom, approximately 70 miles (110 kilometres), using a chain of quadrangles containing 33 
triangles in all. The two towns were separated by one degree on the meridian, so from his 
measurement he was able to calculate a value for the circumference of the earth ~ a feat 
celebrated in the title of his book Eratosthenes Batavus (The Dutch Eratosthenes), published in 
1617. Snell calculated how the planar formulae could be corrected to allow for the curvature of 
the earth. He also showed how to resection, or calculate, the position of a point inside a triangle 
using the angles cast between the vertices at the unknown point. These could be measured much 
more accurately than bearings of the vertices, which depended on a compass. This established 
the key idea of surveying a large-scale primary network of control points first, and then locating 
secondary subsidiary points later, within that primary network. 


Snell's methods were taken up by Jean Picard who in 1669-70 surveyed one degree of latitude 
along the Paris Meridian using a chain of thirteen triangles stretching north from Paris to the 
clocktower of Sourdon, near Amiens. Thanks to improvements in instruments and accuracy, 
Picard's is rated as the first reasonably accurate measurement of the radius of the earth. Over the 
next century this work was extended most notably by the Cassini family: between 1683 and 
1718 Jean-Dominique Cassini and his son Jacques Cassini surveyed the whole of the Paris 
meridian from Dunkirk toPerpignan; and between 1733 and 1740 Jacques and his son César 
Cassini undertook the first triangulation of the whole country, including a re-surveying of 
the meridian arc, leading to the publication in 1745 of the first map of France constructed on 
rigorous principles. 


Triangulation methods were by now well established for local mapmaking, but it was only 
towards the end of the 18th century that other countries began to establish detailed triangulation 
network surveys to map whole countries, The Principal Triangulation of Great Britain was 
begun by the Ordnance Survey in 1783, though not completed until 1853; and the Great 
Trigonometric Survey of India, which ultimately named and mapped Mount Everest and the 
other Himalayan peaks, was begun in 1801. For the Napoleonic French state, the French 
triangulation was extended by Jean Joseph Tranchot into the German Rhineland from 1801, 
subsequently completed after 1815 by the Prussian general Karl von Miiffling. Meanwhile, the 
famous mathematicianCarl Friedrich Gauss was entrusted from 1821 to 1825 with the 
triangulation of the kingdom of Hanover, for which he developed the method of least squares to 
find the best fit solution for problems of large systems of simultaneous equations given more 
real-world measurements than unknowns. 


Today, large-scale triangulation networks for positioning have largely been superseded by 
the Global navigation satellite systems established since the 1980s. But many of the control 
points for the earlier surveys still survive as valued historical features in the landscape, such as 
the concretetriangulation pillars set up for retriangulation of Great Britain (1936-1962), or the 
triangulation points set up for the Struve Geodetic Arc (1816-1855), now scheduled as a 


UNESCO World Heritage Site. 


4.2 Triangulation network 


The horizontal positions of points is a network developed to provide accurate control for 
topographic mapping, charting lakes, rivers and ocean coast lines, and for the surveys required 
for the design and construction of public and private works of large extent. The horizontal 
positions of the points can be obtained in a number of different ways in addition to traversing. 
These methods are triangulation, trilateration, intersection, resection, and satellite positioning. 
The method of surveying called triangulation is based on the trigonometric proposition that if 
one side and two angles of a triangle are known, the remaining sides can be computed. 
Furthermore, if the direction of one side is known, the directions of the remaining sides can be 
determined. A triangulation system consists of a series of joined or overlapping triangles in 
which an occasional side is measured and remaining sides are calculated from angles measured 
at the vertices of the triangles. The vertices of the triangles are known as triangulation stations. 
The side of the triangle whose 

length is predetermined, is called the base line. The lines of triangulation system form a network 
that ties together all the triangulation stations. 


(e 


‘Tiiangulation — 


Fig. 1.4 Triangulation network 
Triangulation network 


Baseline 


‘A trilateration system also consists of a series of joined or overlapping triangles. However, for 
trilateration the lengths of all the sides of the triangle are measured and few directions or angles 
are measured to establish azimuth, Trilateration has become feasible with the development of 
electronic distance measuring (EDM) equipment which has made possible the measurement of 
all lengths with high order of accuracy under almost 

all field conditions. A combined triangulation and trilateration system consists of a network of 
triangles in which all the angles and all the lengths are measured. Such a combined system 
represents the strongest network for creating horizontal control. 

Since a triangulation or trilateration system covers very large area, the curvature of the earth has 


to be taken into account. These surveys are, therefore, invariably geodetic. Triangulation surveys 
were first carried out by Snell, a Dutchman, in 1615. Field procedures for the establishment of 
trilateration station are similar to the procedures used for triangulation, and therefore, henceforth 
in this chapter the term triangulation will only be used. 


Principle of triangulation 


shows two interconnected triangles 4BC and BCD. All the angles in both the triangles and the length 
L of the side AB, have been measured. 

Also the azimuth ® of AB has been measured at the 
triangulation station 4, whose coordinates (X,, ¥,),areknown. 

The objective is to determine the coordinates of the 
triangulation stations B, C, and D by the method of 
triangulation. Let us first calculate the lengths of all the lines. 
By sine rule in A4BC, we have 


a D 


We have 


or 


and 


Let us now calculate the azimuths of all the lines. 


Azimuth of AC = 8+ 21 = 8 4¢ 

Azimuth of BC = 8+180°- 22 = Oye 

Azimuth of BD = 8+ 180°-(22+ 24) =8gy 

Azimuth of CD = @-22+2: 

From the known lengths of the sides and the azimuths, the consecutive coordinates can be computed as 
below. 

Latitude of AB = Iyp cOS8 4p = Lay 

Departure of AB = (4p sin@4y = Day 

Latitude of AC = [yc 0080 4c = Lac 

Departure of AC = [ye sin 4c = Dyce 

Latitude of | BD = Ipp 6088 gp = Lg 

Departure of BD = Iyy sin 8 yy) = Ly 


Latitude of CD 
Departure of CD = Igy sin gy = Dery 

The desired coordinates ofthe triangulation stations B, C, and D are as follows : 
-coordinate of B, Xy= X,+Dyy 

Yecoordinate ofB, Yq = Yq +Lyy 

A-coordinate of C, Xp= Xy+Dye 

Yecoordinate of C, ¥= Vy +L yc 


X-coordinate of D, X,,= X',+Dyy 


‘s+ Lap 
It would be found thatthe length of side can be computed more than once following different routes, 
and therefore, to achieve a better accuracy, the mean ofthe computed lengths of aside isto be considered. 


4.2.1 OBJECTIVE OF TRIANGULATION SURVEYS 
The main objective of triangulation or trilateration surveys is to provide a number of stations 
whose relative and absolute positions, horizontal as well as vertical, are accurately established. 


More detailed location or engineering survey are then carried out from these stations. 


The triangulation surveys are carried out 


a Provide secure communications on the radio link as provided by the IEEE 802.11i 
standard 


a Allow policy-based mechanisms that define the rules by which devices connect to 
various Wi-Fi networks. 


a Enable simultaneous connections to both cellular and Wi-Fi, with control over which 
applications use which connections. 


a Support different types of Wi-Fi deployments, including third-party access points 
and carrier access points. 


Release 6 I-WLAN 


3GPP Release 6 was the first release to offer the option of integrating Wi-Fi in a feature 
called “Interworking WLAN” (I-WLAN), using a separate IP address for each network type. 


Release 8 Dual Stack Mol IPv6 and Proxy Mobile IPv6é 

3GPP Release 8 specified Wi-Fi integration with the EPC using two different approaches: 
host-based mobility with Dual Stack Mobile IPv6 (DSMIPv6) in the client, and network 
based mobility with Proxy Mobile IPv6 (PMIPV6) using an intermediary node called an 
“Enhanced Packet Data Gateway” (ePDG)."®? This method is intended for untrusted (non- 
carrier-controlled) Wi-Fi networks. 


Release 11 S2a-based Mobility over GTP 

Release 11, however, implements a new and advantageous approach as shown in Figure 
96, one that eliminates the ePDG. Called "S2a-based Mobility over GTP” (SaMOG), a trusted 
WLAN Access Gateway connects to multiple 3GPP-compliant access points. Traffic can route 
directly to the internet or traverse the packet core. This method is intended for trusted 
(carrier-controlled) Wi-Fi networks. 


283 3GPP, System Architecture Evolution (SAE); Security aspects of non-3GPP accesses. TS 33.402. 
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(i) to establish accurate control for plane and geodetic surveys of large areas, by terrestrial 
methods, 


(ii) to establish accurate control for photogrammetric surveys of large areas, 


(iii) to assist in the determination of the size and shape of the earth by making observations for 
latitude, longitude and gravity, and 


(iv) to determine accurate locations of points in engineering works such as : 
(a) Fixing centre line and abutments of long bridges over large rivers. 

(b) Fixing centre line, terminal points, and shafts for long tunnels. 

(c) Transferring the control points across wide sea channels, large water bodies, etc. 

(d) Detection of crustal movements, etc. 

(c) Finding the direction of the movement of clouds. 

4.2.2 CLASSIFICATION OF TRIANGULATION SYSTEM. 

Based on the extent and purpose of the survey, and consequently on the degree of accuracy 
desired, triangulation surveys are classified as first-order or primary, second-order or secondary, 
and third-order or tertiary. First-order triangulation is used to determine the shape and size of the 
earth or to cover a vast area like a whole country with control points to which a second-order 
triangulation system can be connected. A second-order triangulation system consists of a 
network within a first-order triangulation. It is used to cover areas of the order of a region, small 
country, or province. A third-order triangulation is a framework fixed within and connected to a 


second-order triangulation system. It serves the purpose of furnishing the immediate control for 
detailed engineering and location surveys. 


‘SNo. Characteristics First-order ‘Second-order Third-onder 
triangulation triangulation triangulation 
L Length of base lines Sto 12km 2 Skm 100 to S00 m 
2 Lengths of sides 16 to 150 km 10to 25 km 20 10km 
3. | Average triangular error(after | less than 1” 2 1 
correction for spherical excess) 
4, | Maximum station closure ‘ot more than 3” 8" 1s" 
S. | Actual error of base 1 in $0,000 1 in 25,000 1 in 10,000 
6, | Probable error of base 1 in 10,00,000 1 in $00,000 1 in 250,000 
7. | Discrepancy between two sv mm tov mm 25¥k mm 
measures (k is distance in 
ilometre) 
8. | Probable eror ofthe 1 in $0,000 t0 1 in 20,000 to 1 in $,000 to 
computed distances 1 in 250,000 1 in $0,000 1 in 20,000 
9, | Probable eror in os" Od 10" 
astronomical azimuth 


‘presents the general specifications for the three types of triangulation systems. 
TRIANGULATION FIGURES AND LAYOUTS 


The basic figures used in triangulation networks are the triangle, braced or geodetic 
quadilateral, and the polygon with a central station 


A xl 


‘Polygon with central station 
"past regain figures 


The triangles in a triangulation system can be arranged in a number of ways. Some of the 
commonly used arrangements, also called layouts, are as follows : 


1. Single chain of triangles 


s 


. Double chain of triangles 


. Braced quadrilaterals 


- 


. Centered triangles and polygons 


. A combination of above systems. 


4.2 Single chain of triangles 


When the control points are required to be established in a narrow strip of terrain such as a valley 
between ridges, a layout consisting of single chain of triangles is generally used as shown in. 
This system is rapid and economical due to its simplicity of sighting only four other stations, and 
does not involve observations of long diagonals. On the other hand, simple triangles of a 
triangulation system provide only one route through which distances can be computed, and 
hence, this system does not provide any check on the accuracy of observations. Check base lines 
and astronomical observations for azimuths have to be provided at frequent intervals to avoid 
excessive accumulation of errors in this layout. 


€ rd 
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Fig. 1.4 Single of tiangles 


Double chain of triangles 


‘A layout of double chain of triangles is shown in Fig. 1.5. This arrangement is used for covering 
the larger width of a belt. This system also has disadvantages of single chain of triangles system. 


. 
ss tas 
Braced quadrilaterals 


‘A triangulation system consisting of figures containing four comer stations and observed 
diagonals shown in below Fig. is known as a layout of braced quadrilaterals. In fact, braced 
quadrilateral consists of overlapping triangles. This system is treated to be the strongest and the 
best arrangement of triangles, and it provides a means of computing the lengths of the sides 
using different combinations of sides and angles. Most of the triangulation systems use this 
arrangement. 


rs 
Braced quadtilaterals 


Centered triangles and polygons 


‘A triangulation system which consists of figures containing interior stations in triangle and 
polygon as shown in below Fig., is known as centered triangles and polygons. 


This layout in a triangulation system is generally used when vast area in all directions is required 
to be covered. The centered figures generally are quadrilaterals, pentagons, or hexagons with 
central stations. Though this system provides checks on the accuracy of the work, generally it is 
not as strong as the braced quadrilateral arrangement. Moreover, the progress of work is quite 
slow due to the fact that more settings of the instrument are required. 


A combination of all above systems 


Sometimes a combination of above systems may be used which may be according to the shape of 
the area and the accuracy requirements. 


LAYOUT OF PRIMARY TRIANGULATION FOR LARGE COUNTRIES 


The following two types of frameworks of primary triangulation are provided for a large country 
to cover the entire area. 


1. Grid iron system 
2. Central system 
Grid iron system 


In this system, the primary triangulation is laid in series of chains of triangles, which usually runs 
roughly along meridians (northsouth) and along perpendiculars to the meridians (east-west), 
throughout the country. The distance between two such chains may vary from 150 to 250 km. 
The area between the parallel and perpendicular series of primary triangulation, are filled by the 
secondary and tertiary triangulation systems. Grid iron system has been adopted in India and 
other countries like Austria, Spain, France, etc. 


Central system 


In this system, the whole area is covered by a network of primary triangulation extending in all 
directions from the initial triangulation figure ABC, which is generally laid at the centre of the 
country (Fig, 1.9). This system is generally used for the survey of an area of moderate extent. It 
has been adopted in United Kingdom and various other countries. 
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CRITERIA FOR SELECTION OF THE LAYOUT OF TRIANGLES 


The under mentioned points should be considered while deciding and selecting a suitable layout 
of triangles. 


1, Simple triangles should be preferably equilateral. 
2. Braced quadrilaterals should be preferably approximate squares. 
3. Centered polygons should be regular. 


4. The arrangement should be such that the computations can be done through two or more 
independent routes. 


5. The arrangement should be such that at least one route and preferably two routes form 
wellconditioned triangles. 


6. No angle of the figure, opposite a known side should be small, whichever end of the series is 
used for computation. 


7. Angles of simple triangles should not be less than 45°, and in the case of quadrilaterals, no 
angle should be less than 30°. In the case of centered polygons, no angle should be less than 40°. 


8. The sides of the figures should be of comparable lengths. Very long lines and very short lines 
should be avoided. 


9. The layout should be such that it requires least work to achieve maximum progress. 
10. As far as possible, complex figures should not involve more than 12 conditions. 


It may be noted that if a very small angle of a triangle does not fall opposite the known side it 
does not affect the accuracy of triangulation. 


4.3 WELL-CONDITIONED TRIANGLES 


The accuracy of a triangulation system is greatly affected by the arrangement of triangles in the 
layout and the magnitude of the angles in individual triangles. The triangles of such a shape, in 
which any error in angular measurement has a minimum effect upon the computed lengths, is 
known as well-conditioned triangle. In any triangle of a triangulation system, the length of one 
side is generally obtained from computation of the adjacent triangle. The error in the other two 
sides if any, will affect the sides of the triangles whose computation is based upon their values. 
Due to accumulated errors, entire triangulation system is thus affected thereafter. To ensure that 
two sides of any triangle are equally affected, these should, therefore, be equal in length. This 
condition suggests that all the triangles must, therefore, be isoceles. Let us consider an isosceles 
triangle ABC whose one side AB is of known length. Let A, B, and C be the three angles of the 
triangle and a, b, and c are the three sides opposite to the angles, respectively. 


As the triangle is isosceles, let the sides a and b be equal 


4 = a 


‘Triangle in a triangulation system 


Applying sine rule to AABC, we have 


ate anak Y 
Sad” ne ae 
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fan error of 4 in the angle 4, and SC in angle Cintroduce the errors 8a, and Ba, respectively, in the 
side a, then differentiating Eq. (1.2) partially, we get 


~(3) 
and i 4) 
Dividing Eq. (1.3) by Eq. (1.2), we get 

S ~ steott 5 
Dividing Eq, (1.4) by Eq, (1.2), we get 

a = -8Ceate 6) 
If 84 =5C = £4, is the probable error in the angles, then the probable errors in the side a are 

© cclataaate 
‘But C =180°-(A+B) 
or = 180°=24, Aeing equal to B. 

ba > 
Therefore - = taveot? A+ cot? 24 AD 


a 


From Eq.(_ 7), we find that, if — is tobe minimum, (cot? + cot? 2A) should be a minimum. 


Differentiating cot*A + cost 24 with respect to 4, and equating to zero, we have 
4 cost +2 costd~1 =0 (8) 
Solving Eq, (1.8), for cos A, we get 
A = 56°14" (approximately) 
‘Hence, the best shape of an isoceles triangle is that triangle whose base angles are 56°14’ each. However, 
from practical considerations, an equilateral triangle may be treated as a well-conditional triangle. In actual 
practice, the triangles having an angle less than 30° or more than 120° should not be considered. 


4.4 STRENGTH OF FIGURE 


The strength of figure is a factor to be considered in establishing a triangulation system to 
maintain the computations within a desired degree of precision. It plays also an important role in 
deciding the layout of a triangulation system. The U.S. Coast and Geodetic Surveys has 
developed a convenient method of evaluating the strength of a triangulation figure. It is based on 
the fact that computations in triangulation involve use of angles of triangle and length of one 
known side. The other two sides are computed by sine law. For a given change in the angles, the 
sine of small angles change more rapidly than those of large angles. This suggests that smaller 
angles less than 30° should not be used in the computation of triangulation. If, due to 
unavoidable circumstances, angles less than 30° are used, then it must be ensured that this is not 
opposite the side whose length is required to be computed for carrying forward the triangulation 
series. 


The expression given by the U.S. Coast and Geodetic Surveys for evaluation of the strength of 
figure, is for the square of the probable error (L*) that would occur in the sixth place of the 
logarithm of any side, if the computations are carried from a known side through a single chain 
of triangles after the net has been adjusted for the side and angle conditions. The expression for 
Lis 


4 
Ber 


where d is the probable error of an observed direction in seconds of are, and R is a term which 
represents the shape of figure. It is given by 


D-C 2 2 

R= “5063 +852 +83) (10) 
Where D = the number of directions observed excluding the known side of the figure, 
A.B C8 5 8 = the difference per second in the sixth place of logarithm of the sine of the 
distance angles A, B and C, respectively. (Distance angle is the angle in a triangle opposite to a 
side), and C = the number of geometric conditions for side and angle to be satisfied in each 
figure. It is given by 
C =(n'-S'+ 1) + (n-28+3) (MW) 
where 
n= the total number of lines including the known side in a figure, 


n' = the number of lines observed in both directions including the known side, 


S = the total number of stations, and 


S'= the number of stations occupied 


For the computation of the quantity “(+8452 +83) inEq.( 10), had 


In any triangulation system more than one routes are possible for various stations. The strength 
of figure decided by the factor R alone determines the most appropriate route to adopt the best 


shaped triangulation net route. If the computed value of R is less, the strength of figure is more 
and vice versa. 


4.5 ACCURACY OF TRIANGULATION 


Errors are inevitable and, therefore, inspite of all precautions the errors get accumulated. It is, 
therefore, essential to know the accuracy of the triangulation network achieved so that no 
appreciable error in plotting is introduced. The following formula for root mean square error may 
be used. 


Where m = the root mean square error of unadjusted horizontal angles in seconds of arc as 
obtained from the triangular errors, DE = the sum of the squares of all the triangular errors in the 
triangulation series, and n =the total number of triangles in the series. 

It may be noted that 

(i) all the triangles have been included in the computations, 


(ii) all the four triangles of a braced quadrilateral have been included in the computations, and 


(iii) if the average triangular error of the series is 8", probable error in latitudes and departures 
after a distance of 100 km, is approximately 8 m 


Figure 96: Release 11 SaMOG-based Wi-Fi Integration 
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Release 12 improves SaMOG capabilities in Enhanced SaMOG (eSaMOG), in which UES can: 
a Request the connectivity type 
Indicate the Access Point Name (APN) to establish PDN connectivity 
a Request to hand over an existing PDN connection 
Establish multiple PDN connections in parallel over the WLAN 


a Establish a non-seamless WLAN offload connection in parallel to a Packet Data 
Network connection over WLAN. 


Multipath TCP 

Anew method for potentially integrating Wi-Fi and 3GPP networks is based on work by the 
Internet Engineering Taskforce (IETF). Called “Multipath TCP,” the approach allows a TCP 
connection to occur simultaneously over two different paths. The advantages of this 
approach include higher speeds by aggregating links and not requiring any special 
provisions for link-layer handovers. 


The IETF has published an experimental specification, Request for Comments 6824: CP 
Extensions for Multipath Operation with Multiple Addresses, which explains this approach. 
The IETF is also specifying Multipath QUIC. 


ANDSF 


Another relevant specification is 3GPP Access Network Discovery and Selection Function 
(ANDSF), which provides mechanisms by which mobile devices can know where, when, 
and how to connect to non-3GPP access networks, such as Wi-Fi." ANDSF operates 
independently of SaMOG or other ways that Wi-Fi networks might be connected. 


294 3GPP, Architecture enhancements for nan-3GPP accesses, Technical Specification 23.402 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 175 


Example _.1 Ifthe probable error of direction measurement is 1.20", compute the maximum value of R for 
the desired maximum probable error of (/) | in 20,000 and (if) | in 10,000. 

‘Solution: (i) being the probable error ofa logarithm, it represents the logarithm of the rato of the true 
value and a value containing the probable error. 


1 
In this case nthe apicints (#5555) 
= the 6th place in log ((1+0,00005) 
Jog (1+ 0.00005) = 00000217 
‘The 6th place in the log value =21 
Hence L221 
Itis given that d=120" 
From Eq.( 9), wehave 
ata? 
Ba5eR 
2k 
va 
32F 
“Poe 
(iy 1 =the ple ints (1 
og (1 +0.0001) =0,0000834 
‘The 6th place in the log value =a 


Hence Las 


Example .2 The probable error of direction measurement is 1". Compute the maximum value of Rif the 
‘maximum probable error is 


( 1in25000 
(i Vin000, 
Solution: 

1 
0 log ipo} 0000174 
The 6th place inthe log value | =17 
Hence L=417 


From Eq.( 9), we get 


R, 
wot 
w Zo000 | 790000086, 
‘The 6th place inthe log value | =9 
Hence L=49 


Example 1.5Compute the strength of the figure ABCD for all the routes by which the 
length CD can be computed from the known side AB. Assume that all the stations were 
occupied. 


wehave 


For the given figure in Fig. 1.16, we have 


n=6 

n=6 

sa4 

sa4 

D=2x(n-1) 
=2*(6-1)=10 


Hence C =(n'=S'+ 1) + (n= 2543) 


bD-C 
and =e 


(@ 


) 


(o} 


@ 


= (6-441) +(6-2"4+3)—4 
0.60. 


Route-1, using A‘ ABC and ADC with common side AC 
For AABC the distance angles of AB and AC are 26° and 100° = 44° + 56°, respectively. 
From Table 1.2, 
Bien +8 ,0525 +83, = 17 
For AADC, the distance angles of AC and DC are 112° = (44° + 68°) and 38°, respectively, 
Bina +B 12835 +i =6 
R, =0.6*(17+6) =138 =14 
Route-2, using 4" 4BC and BCD with common side BC 
For AABC the distance angles of 4B and BC are 26° and 4°, respectively, 
83g + Baybsy +84, 827 
For ABCD, the distance angle of BC and CD are 68° and 56°, respectively, 
Big t+ Bub +84 =4 


Ry =0.6*(27+4) =18.6 = 19. 
Route-3, using 4’ 4gp and ACD with common side AD 
From AABC the distance for both the sides AB and AD is 44°, 
Bist Sy Su +8h, =13 
From AACD, the distance angles of AD and CD and 30° and 38°, respectively, 
83g +5 5455 +53) =31 
‘Ry =0.6% (13431) =26.4 = 26 
Route-4, using A’ ABD and BCD with common side BD. 
From AABD, the distance angles of AB and DB are 44° and 92° = (38° + 54°), respectively, 
Bia + Ba5 +854 =7 
From ABCD, the distance angles of BD and CD are $6° = (30° + 26°) and 56°, respectively, 
BpBsoBsq +53, =7 


Ry =0.6%(7+7) =84=8 


Since the lowest value of R represents the highest strength, the best route to compute the length of CD 
is Route-4, having R,=8. 


4.6 ROUTINE OF TRIANGULATION SURVEY 


The routine of triangulation survey, broadly consists of (a) field work, and (b) 
computations. 


The field work of triangulation is divided into the following operations : 

(i) Reconnaissance 

(ii) Erection of signals and towers 

(iii) Measurement of base line 

(iv) Measurement of horizontal angles 

(v) Measurement of vertical angles 

(vi) Astronomical observations to determine the azimuth of the lines 

4.7 RECONNAISSANCE 

Reconnaissance is the preliminary field inspection of the entire area to be covered by 
triangulation, and collection of relevant data. Since the basic principle of survey is working from 
whole to the part, reconnaissance is very important in all types of surveys. It requires great skill, 


experience and judgement. The accuracy and economy of triangulation greatly depends upon 
proper reconnaissance survey. It includes the following operation 


1. Examination of terrain to be surveyed. 


.. Selection of suitable sites for measurement of base lines. 


. Selection of suitable positions for triangulation stations. 

4, Determination of intervisibility of triangulation stations. 

5. Selection of conspicuous well-defined natural points to be used as intersected points. 
6. Collection of miscellaneous information regarding: 

(a) Access to various triangulation stations 


(b) Transport facilities 


(c) Availability of food, water, ete. 
(d) Availability of labour 

(e) Camping ground. 

Reconnaissance may be effectively carried out if accurate topographical maps of the area are 
available. Help of aerial photographs and mosaics, if available, is also taken. If maps and aerial 
photographs are not available, a rapid preliminary reconnaissance is undertaken to ascertain the 
general location of possible schemes of triangulation suitable for the topography. Later on, main 
reconnaissance is done to examine these schemes. The main reconnaissance is a very rough 
triangulation. The plotting of the rough triangulation may be done by protracting the angles. The 
essential features of the topography are also sketched in. The final scheme is selected by 
studying the relative strengths and cost to various schemes. 

For reconnaissance the following instruments are generally employed: 

1. Small theodolite and sextant for measurement of angles. 

2. Prismatic compass for measurement of bearings. 

3. Steel tape. 

4, Aneroid barometer for ascertaining elevations. 

5. Heliotropes for ascertaining intervisibility. 

6. Binocular. 


7. Drawing instruments and material 


8. Guyed ladders, creepers, ropes, etc., for climbing trees. 
4.8 Erection of signals and towers 


‘A signal is a device erected to define the exact position of a triangulation station so that it can be 
observed from other stations whereas a tower is a structure over a station to support the 
instrument and the observer, and is provided when the station or the signal, or both are to be 
elevated. Before deciding the type of signal to be used, the triangulation stations are selected. 
The selection of triangulation stations is based upon the following criteria. 


Criteria for selection of triangulation stations 


1. Triangulation stations should be intervisible. For this purpose the station points should be on 
the highest ground such as hill tops, house tops, etc. 


2. Stations should be easily accessible with instruments. 

3. Station should form well-conditioned triangles. 

4. Stations should be so located that the lengths of sights are neither too small nor too long. 
Small sights cause errors of bisection and centering. Long sights too cause direction error as the 


signals become too indistinct for accurate bisection. 


5. Stations should be at commanding positions so as to serve as control for subsidiary 
triangulation, and for possible extension of the main triangulation scheme. 


6. Stations should be useful for providing intersected points and also for detail survey. 


7. In wooded country, the stations should be selected such that the cost of clearing and cutting, 
and building towers, is minimum. 


8. Grazing line of sights should be avoided, and no line of sight should pass over the industrial 
areas to avoid irregular atmospheric refraction. 


Determination of intervisibility of triangulation stations 


‘As stated above, triangulations stations should be chosen on high ground so that all relevant 
stations are intervisible. For small distances, intervisibility can be ascertained during 
reconnaissance by direct observation with the aid of binocular, contoured map of the area, plane 
mirrors or heliotropes using reflected sun rays from either station. However, if the distance 
between stations is large, the intervisibility is ascertained by knowing the horizontal distance 
between the stations as under. 


Case-I Invervisibility not obstructed by intervening ground 


If the intervening ground does not obstruct the intervisibility, the distance of visible horizon from 
the station of known elevation is calculated from the following formula: 


= & 2 

h The 2m) 
where ‘h = height of the station above datum, 

D = distance of visible horizon, 

R =carth’s mean radius, and 

‘m = mean coefficient of refraction taken as 0,07 for sights over land, 

and. 0.08 for sights over sea. 

‘Substituting the values of mas 0.071 and R as 6370 km the value of A in metres is given by 


h =0.06735 D? 
where Dis in kilometres. 


the distance between two stations A and Bofheights hy and hy . respectively, is D. If Dy 
and Dg are the distances of visible horizon from A and B, respectively, we have 


Fig. 1.17 Intorvsibilty not obstructed by intervening ground 


We have D=D,+Dz 

or Dy =D-D, 

For the known distance of visible horizon Dg as above, the height of station B is computed. If the 
‘computed value is fy, then 
=0.06735 Dy 

‘The computed value of height /', is compared with the known value /ig as below : 

If hig hp, the station B will be visible from A, and 

if hy <hj, the station B will not be visible from A. 

IfB isnot visible from 4, (hij —hg)is the required amount of height of signal to be erected at B. While 
deciding the intervisibility of various stations, the line of sight should be taken at least 3 m above the point of 
tangency T of the earth’s surface to avoid grazing rays. 


Case-il Intervisibility obstructed by intervening ground 
In Fig. 1.18, the intervening ground at C is obstructing the intervisibility between the stations 4 and B. 


D, =3833,fh, 
The distance Dy of the peak C from the point of tangency 7, is given by 
Dr = Dy-De 


and ‘hie =0.06735D,* 
Wy =0.06735 Dy? 
If hg >Hi, the line of sightis clear ofthe obstruction, 
and it becomes Case-I discussed above. If hf: <he then 


the signal at B is to be raised. The amount of raising required c 
at Bis computed as below. 

From similar 4° A’C'C” and A'B'B" inFig. — , we | 
get ‘- 


© a 
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where 
‘The required height of signal above station By is 
B,B" = (BB' + B'B")— BB, 
= (hy thi he 


Alternate method (Captain G.T. McCaw’s method) 


‘A comparison of elevations of the stations A and B (Fig. 1.20) decides whether the triangulation 
stations are intervisible or not. A direct solution suggested by Captain McCaw is known as Captain McCaw’s 


Fig. 1.20 Captain McCaws method of ascertaining intevisibilty 
Let ‘hy =clevation of station A 

hy = clevation of station B 

‘ic. = elevation of station C. 


4h = clevation of the line of sight at C 
& zenith distance from 4 to B 
= (90°-vertical angle). 


From Captain McCaw’s formula 
1 (-2m) 


is 2R 


(bs +h) +E ig ~h) (5? —poosec§ 


2 
Practically in most of the cases, the zenith distance is very nearly equal to 90° and, therefore, the value 
of cosec & may be taken approximately equal to unity. 
However, for accurate calculations, 


2 
cosecté, = 14 fata) 
4s? 


2m 
Inq, (1.23), the value ot( FR” is usually taken as 0.06735. 


Therefore 


[i 1 
ha SU tha) +5 (la ha) —(S? —27 0.06735 
Ifh> he , the line of sight is free of obstruction. In case ht < hc, the height of tower to raise the signal at 
B, is computed 


B,B" = (BB' + B'B")— BBy 
= hy the )mhy 


Example 6 Two stations A and B, 80 km apart, have elevations 15 m and 270 m above mean sea level, 
respectively. Calculate the minimum height of the signal at B. 


Iris given that 


‘We have 
or 
= (hj the) —hy 
Therefore his =0.06735 D3 


= 0.06735 « 65.08°=285.25m 
Hence, since the elevation of B is 270 m, the height of signal required at B. is 
=285. 270=15.25 = 15.5m. 


Example 7 There are two stations P and Q at elevations of 200 m and 995 m, respectively. The 
distance of Q from P is 105 km, If the elevation of a peak M at a distance of 38 km from P is 301 
m, determine whether Q is visible from P or not. If not, what would be the height of scaffolding 
required at Q so that Q becomes visible from P ? 


ANDSF functionality increases with successive 3GPP versions, as summarized in Table 28. 


Table 28: ANDSF Policy Management Objects and 3GPP Releases 


Inter-System Mobilty Policy | Policy, Rule pronty, Priotized Access, Vally Area 
(SMP) (8646, WEF, Geo), PLMN, Time-ofDay 


‘Access Network Type, Access Network Area (3G, 4G, We 
DDiscavery Info Fi, Geo), Accoss Network Reference 


GPP, IGPP2, WIMAX, WiFi network ID, Geo Location, 
UE Location PLN 


Inie-APN Routing A 
Inter. 


WLAN Select Ops 
Rue Selection Informat 


Home Operator Pr 


Bidirectional Offloading Challenges 


Eventually, operators will be able to closely manage user mobile broadband and Wi-Fi 
connections, dynamically selecting a particular network for a user based on real-time 
changes in loads and application requirements. Work is occurring in Release 12 to define 
parameters that would control switching from LTE to Wi-Fi or from Wi-Fi to LTE.1% 


Bidirectional offloading, however, creates various challenges, as shown in Figure 97 and 
discussed below. 


285 Courtesy Smith Micro Software, 2014. http: //www.smithmicro.com. 


296 3GPP, Study on Wireless Local Area Network (WLAN) - 3GPP radio interworking (Release 12), TR 
37.834, 
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we get 
PT =3.853 * 200 =54.45km 
Therefore 


the value of MT, we get 
MM’ = 0.06735 « 16.45*=18.23m 
The distance of Q from the point of tangency T is 
105 —54.45=50.55 km 
Therefore 00" =0.06735 * 50. 172.10m 


From similar 4’P'M'M" and P'Q'Q”. we have 


wr _ 90" 
PM PO 
oo" = 22 seve 


= F2 near 
= py (MM"-AO') 


sitio 
~ PM 
105 


(MM"— MM’) 


=35 ° (301 -18.23)=781 34m, 


‘We have 90" =90'+0'0" 
=172.10+781.34=953.44m 
As the elevation 995 m of Q is more than 953.44 m, the peak at Mf does not obstruct the line of sight. 


Altemnatively, ftom the similar 4° P'V'M, and PO'Q, . weave 


ua, 20 
Pu PO 
PM . 
= pp (00--20) 


38 _ 
= 38 (995-1720) =297 
=p 12D 29781 
The elevation of line of sight P'Q, at Mis 
MM, =MM'+ MM, 
+29781=316.04. 


Since the elevation of peak at Mis 301 m, the lin of sight is mot obstructed by the peak and. therefore, 
no scaffolding is required at Q. 


Example 8Solve the problem givenin Example 7by Capt. MeCaw'smethod. 
Solution: 


the elevation of ine of sight at.M joining the two stations is 


I= hgh) * Alyy)" n06735 
Tris given that 


hy =200m 


iy =995m, 
yg =30Lm 
5= 


Therefore 


5 
he ae (995+200)+ 5% (995 - 200)x 4s) 


145° x0 06735 


The elevation ofthe line of sight p’Q, at Mis 316.24 m, and the elevation of the pealis 301 m. therefore, 
the line of sight is clear of obstruction. 


Example 9 In a triangulation survey, the altitudes of two proposed stations A and B, 100 km 
apart, are respectively 425 m and 750 m, The intervening ground situated at C, 60 km from A, 
has an elevation of 435 m, Ascertain if A and B are intervisible, and if necessary find by how 
much B should be raised so that the line of sight must nowhere be less than 3 m above the 
surface of the ground, Take R = 6400 km and m = 0.07. 


From the given data we have 
750m. lic = 435 m, R= 6400 km. m =0.07 


50km 
S+x =60kmorx=10kn_ 


c= Sls +55 ~hy)=—(S* Joos 


2E = 


Taking cosee?§ = 1, and sist the values of the given data in the above equation, we have 


A= $x(105+425)+ 5708-42519 (608 -10°) 


As the elevation of the line of sight at C is less than the elevation of C, the line of sight fails to clear C by 
435-431,75 =3.25m. 
To avoid grazing rays, the line of should be at least 3m above the ground. Therefore, the line of sight 
should be raised to 3.25 +3=6.25 mat C. 
Hence, the minimum height of signal to be erected at B 


100 = 10.42 m. 


4.9 Station Mark 


The triangulation stations should be permanently marked on the ground so that the theodolite and 
signal may be centered accurately over them. The following points should be considered while 
marking the exact position of a triangulation station : 


(i) The station should be marked on perfectly stable foundation or rock. The station mark on a 
large size rock is generally preferred so that the theodolite and observer can stand on it. 
Generally, a hole 10 to 15 cm deep is made in the rock and a copper or iron bolt is fixed with 
cement. 


(ii) If no rock is available, a large stone is embeded about | m deep into the ground with a circle, 
and dot cut on it. A second stone with a circle and dot is placed vertically above the first stone. 


(iii) A G1. pipe of about 25 cm diameter driven vertically into ground up to a depth of one metre, 
also served as a good station mark. 


(iv) The mark may be set on a concrete monument. The station should be marked with a copper 
or bronze tablet. The name of the station and the date on which it was set, should be stamped on 
the tablet. 


(v) In earth, generally two marks are set, one about 75 cm below the surface of the ground, and 
the other extending a few centimeters above the surface of the ground. The underground mark 
may consist of a stone with a copper bolt in the centre, or a concrete monument with a tablet 
mark set on it 


(vi) The station mark with a vertical pole placed centrally, should be covered with a conical heap 
of stones placed symmetrically. This 


Metal pipe 


: a Stone slab . t 


75 em 
Copper bolt | 


Concrete + 


Station mark 
4.10 SIGNALS 


Signals are centered vertically over the station mark, and the observations are made to these 
signals from other stations. The accuracy of triangulation is entirely dependent on the degree of 
accuracy of centering the signals. Therefore, it is very essential that the signals are truly vertical, 
and centered over the station mark. Greatest care of centering the transit over the station mark 
will be useless, unless some degree of care in centering the signal is impressed upon. 


A signal should fulfil the following requirements : 

(i) It should be conspicuous and clearly visible against any background. To make the signal 
conspicuous, it should be kept at least 75 cm above the station mark. 

(ii) It should be capable of being accurately centered over the station mark. 

(ili) It should be suitable for accurate bisection from other stations. 

(iv) It should be free from phase, or should exhibit little phase 

Classification of signals 

The signals may be classified as under : 


(i) Non-luminous, opaque or daylight signals 
(ii) Luminous signals. 


(i) Non-luminous signals 
‘Non-luminous signals are used during day time and for short distances. These are of various 
types, and the most commonly used are of following types. 


(a) Pole signal: It consists of a round pole painted black and white in alternate strips, and is 
supported vertically over the station mark, generally on a tripod. Pole signals are suitable upto a 
distance of about 6 km. 


(b) Target signal: It consists of a pole carrying two squares or rectangular targets placed at right 
angles to each other. The targets are generally made of cloth stretched on wooden frames. Target 
signals are suitable upto a distance of 30 km. 


Pole signal Target signal 


(c) Pole and brush signal It consists of a straight pole about 2.5 m long with a bunch of long 
grass tied symmetrically round the top making a cross. The signal is erected vertically over the 
station mark by heaping a pile of stones, upto 1.7 m round the pole. A rough coat of white wash 
is given to make it more conspicuous to be seen against black background. These signals are 
very useful, and must be erected over every station of observation during reconnaissance. 


(d) Stone cairn: A pile of stone heaped in a conical shape about 3 m high with a cross shape 
signal erected over the stone heap, is stone cairn. This white washed opaque signal is very useful 
if the background is dark. 


Pole and brush signal Stone cai 


(e) Beacons: It consists of red and white cloth tied round the three straight poles. The beacon can 
casily be centered over the station mark. It is very useful for making simultaneous observations. 
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(ii) Luminous signals Luminous signals may be classified into two types : 
(i) Sun signals 
(ii) Night signals. 


(a) Sun signals: Sun signals reflect the rays of the sun towards the station of observation, and are 
also known as heliotropes. Such signals can be used only in day time in clear weather. 


Heliotrope : It consists of a circular plane mirror with a small hole at its centre to reflect the sun 
rays, and a sight vane with an aperture carrying a cross-hairs, The circular mirror can be rotated 
horizontally as well as vertically through 360°. The heliotrope is centered over the station mark, 
and the line of sight is directed towards the station of observation. The sight vane is adjusted 
looking through the hole till the flashes given from the station of observation fall at the centre of 
the cross of the sight vane. Once this is achieved, the heliotrope is disturbed. Now the heliotrope 
frame carrying the mirror is rotated in such a way that the black shadow of the small central hole 
of the plane mirror falls exactly at the cross of the sight vane. By doing so, the reflected beam of 
rays will be seen at the station of observation. Due to motion of the sun, this small shadown also 
moves, and it should be constantly ensured that the shadow always remains at the cross till the 
observations are over. 


sun 


Cross-hairs 


Reflected ray 


Hole 
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The heliotropes do not give better results compared to signals. These are useful when the signal 
station is in flat plane, and the station of observation is on elevated ground, When the distance 
between the stations exceed 30 km, the heliotropes become very useful. 


(b) Night signals: When the observations are required to be made at night, the night signals of 
following types may be used. 


1. Various forms of oil lamps with parabolic reflectors for sights less than 80 km. 

2. Acetylene lamp designed by Capt. McCaw for sights more than 80 km. 

3. Magnesium lamp with parabolic reflectors for long sights. 

4. Drummond’s light consisting of a small ball of lime placed at the focus of the parabolic 
reflector, and raised to a very high temperature by impinging on it a stream of oxygen. 


5. Electric lamps. 


4.11 TOWERS 

‘A tower is erected at the triangulation station when the station or the signal or both are to be 
elevated to make the observations possible form other stations in case of problem of 
intervisibility. The height of tower depends upon the character of the terrain and the length of the 
sight. The towers generally have two independent structures. The outer structure is for 
supporting the observer and the signal whereas the inner one is for supporting the instrument 
only. The two structures are made entirely independent of each other so that the movement of the 
observer does not disturb the instrument setting. The two towers may be made of masonary, 
timber or steel. For small heights, masonary towers are most suitable. Timber scaffolds are most 
commonly used, and have been constructed to heights over 50 m. Steel towers made of light 
sections are very portable, and can be easily erected and dismantled. Bilby towers patented by 
JS. Bilby of the U.S. Coast and Geodetic Survey, are popular for heights ranging from 30 to 40 
m. This tower weighing about 3 tonnes, can be easily erected by five persons in just 5 hrs. A 
schematic of such a tower is shown in Fig. 1.30. 
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PHASE OF A SIGNAL 


When cylindrical opaque signals are used, they require a correction in the observed horizontal 
angles due an error known as the phase. The cylindrical signal is partly illuminated by the sun, 
and the other part remains in shadow, and becomes invisible to the observer. While making the 
observations, the observer may bisect the bright portion or the bright line. Thus the signal is not 
bisected at the centre, and an error due to wrong bisection is introduced. It is, thus, the apparent 
displacement of the signal. The phase correction is thus necessary so that the observed horizontal 
angles may be reduced to that corresponding to the centre of the signal. 


Depending upon the method of observation, phase correction is computed under the following 
two conditions. Windows Lamp Screen Outer tower (with bracings) Inner tower (without 
bracings 


(H Observation made on bright portion s 
cylindrical signal of radius . is centered over 
the station P. The illuminated portion of the signal which the 
observer from O is able to see, is AB. The observer from the 
station O, makes two observations at 4 and B of the bright 
portion. AB. Let Ce the midpoint of 4B, 


Let (6 =the angle between the sun and the line OP 
4, and ct, =the angles BOP and AOP. respectively 
D =the horizontal distance OP 
a =halfof the angle 40B 


1 
(=a) 


B =the phase comrection | 


1 
=a, +0=0, +—(tt,-4) 
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Figure 97: Bidirectional Offloading Challenges 
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a Premature Wi-Fi Selection. As Wi-Fi-capable devices move into Wi-Fi coverage, 
they can prematurely reselect to Wi-Fi without comparative evaluation of existing 
cellular and incoming Wi-Fi capabilities, possibly resulting in the degradation of the 
end user experience. Real-time throughput-based traffic steering can mitigate this 
effect. 


a Unhealthy choices. In a mixed network of LTE, HSPA, and Wi-Fi, reselection can 
occur due to a strong Wi-Fi network signal even though the network is under heavy 
load. The resulting “unhealthy” choice degrades the end user experience because 
the performance on the cell edge of a lightly loaded cellular network may be superior 
to that of the heavily loaded Wi-Fi network. Real-time load-based traffic steering 
can be beneficial in this scenario. 


a Lower capabilities. In some cases, selection to a Wi-Fi network may result in 
reduced performance even if it offers a strong signal because of other factors, such 
as lower-bandwidth backhaul. Evaluation of criteria beyond wireless capabilities 
prior to access selection can improve this circumstance. 


a Ping-Pong. Ping-ponging between Wi-Fi and cellular, especially if both offer similar 
signal strengths, can also degrade the user experience. Hysteresis approaches, 
similar to those used in cellular inter-radio transfer, can better manage transfer 
between Wi-Fi and cellular accesses. 


3GPP RAN2 is discussing real-time or near-real-time methods to address the challenges 
discussed above. 
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a being small, we can write 


= adians 


As the distance PF is very small compared to OP, OF may be taken as OP. Thus, from right angle 
ABFO, we get 


@. 


BE 
D 


BF _ 
tan a, = E> 
From APFB, we get 


BF =rsin(90- @)=rcose 
Substituting the value of BF in Eq, (1.28), we get 


tan o, = 72088 
an a, =O 
, being small, we can write 
cg = 15088 
a 
Substituting the values of and ce, we have 
rcos® 
cy, = paians 
Substituting the values of « and a wehave 
2, res 1 L+c0se 
DD} Dl 2 
r 28 
= poo 5 madians 
= ens econits 
* Dein” 2 


(i) Observations made on the bright ine 
Inthis ase, the bright line at Con the cylindrical signal of 
radius. is sighted from 0 . 
Let CO =the reflected ray ofthe sun from the bright line at C 
B =the phase correction 
=the angle between the sun and the line OP 
The rays of the sun are always parallel to each other, 
therefore, SCis paallelto $,0 


ZSCO =180°-(8-B) 


. 


20¢0 =130"-1.5¢0 
or =190°— 2(180"-(0-B)) 


=99'+ 40-f) 
Therefore, 
ZCPO =180° - (+ PCO) 


Substituting the value of 7PCO 
and after simplification, we get 


ZCPO =90°- 40+) 
As B is very small compared to 6, it can be ignored, 
Therefore 


zcP0 =90°- +0 


From the right angle ACP, we have 


L 
or CF =rsin (9-39) 


From ACFO, weget 


PF being very small compared to OP, OF may be taken as OP. Substituting the value of CF 
and taking OF equalto D.we get" ~~~ 


tan B 


From the right angle ACFP, we have 


CF 
ra =sincPO=sin = 
1 
or CF =rsin (0 -7) 
From ACFO, we get 
cr 
tm B = GF 
8 
roost 
o B => tatians 
2062651 c) 
pS “cos seconds. (1.36) 


The phase correction Bis applied to the observed 
horizontal angles inthe following manner. 

Let there be four stations $,, 5, P, and O as shown in 

(Fig. 1.33). The observer is at O, and the angles S,OP and 

POS, have been measured fiom Oas 6, and 6%, respectively. 


Ifthe required corrected angles are @, and 0) then 


and 7 
when B is the phase correction. 
‘White applying the corrections the directions ofthe phase 


D 2 
The phase conection 8 is applied to the observed 
horizontal angles in the following manner. 


Let there be four stations 8,. 5, P, and O 
. The observer is at O, and the angles SOP and 
POS, have been measured from O as 4 and 6%, respectively. 
Ifthe required corrected angles are ®, and @ then 
6 =O +8 
and @ = 6-8 
when B is the phase correction. 
‘While applying the corrections the directions of the phase \ 
‘Applying the phase correction 
to the measured horizontal angles 
correction, and the observed stations with respect to the line OP, must be noted carefully. 


Example _.10 A cylindrical signal of diameter 4 m. was erected at station B. Observations were made on 
the signal from station 4. Calculate the phase corrections when the observations were made 

(on the bright portion, and 

Gi) onthe bright line 

Take the distance AB as 6950 m, and the bearings of the sun and the station B as 31 
respectively 

Solution: Given that _@ =Bearing of sun —bearing of B 
280° 

Diameter _4 

"eS 2 2 


D=6s0m 


the phase correction 


i) 


the phase correction 


= 206265%2 , 9, 280° _ 16 49 second: 
ad 6950 > = 45.47 seconds. 


Example 11 The horizontal angle measured 
between two stations P and Q at station R, was 
38°29'30", The station Q is situated on the right of the 
Tine RP. 

The diameter the cylindrical signal erected at 
station P, was 3 m and the distance between P and R 
‘was $180 m. The bearing of the sun and the station P 
were measured as 60° and 15°, respectively. If the 
observations were made on the bright line, compute 
the correct horizontal angle PRO. 

Solution: \ | 

From the given data 


We get 


206265x1.5 45 


8° 29°30"+ B 
38°29'30"+ 55.18"= 38°30'25.18” 


The correct horizontal angle PRO 


4.11.1 MEASUREMENT OF BASE LINE 


The accuracy of an entire triangulation system depends on that attained in the measurement of 
the base line and, therefore, the measurement of base line forms the most important part of the 

triangulation operations. As base line forms the basis for computations of triangulation system it 
is laid down with great accuracy in its measurement and alignment. The length of the base line 
depends upon the grade of the triangulation. The length of the base is also determined by the 
desirability of securing strong figures in the base net. Ordinarily the longer base, the easier it will 
be found to secure strong figures. The base is connected to the triangulation system through a 
base net. This connection may be made through a simple figure , or through a much more 
complicated figures discussed in the base line extension. Apart from main base line, several 


other check bases are also measured at some suitable intervals. In India, ten bases were 
measured, the length of nine bases vary from 6.4 to 7.8 miles, and that of the tenth base is 1.7 
miles. 


Base net 


Selection of site for base line 
Since the accuracy in the measurement of the base line depends upon the site conditions, the 
following points should be taken into consideration while selecting the site for a base line. 

1. The site should be fairly level or gently undulating. If the ground is sloping, the slope should 
be uniform and gentle. 

2. The site should be free from obstructions throughout the length of the base line. 

3. The ground should be firm and smooth, 

4. The two extremities of the base line should be intervisible. 

5. The site should be such that well-conditioned triangles can be obtained while connecting 
extremities to the main triangulation stations. 

6. The site should be such that a minimum length of the base line as specified, is available. 


Equipment for base line measurement 
Generally the following types of base measuring equipments are used : 

1, Standardised tapes : These are used for measuring short bases in plain grounds. 

2. Hunter’s short base: It is used for measuring 80 m long base line and its extension is made by 


subtense method. 
3. Tacheometric base measurements : It is used in undulating grounds for small. 


4, Electronic distance measurement: This is used for fairly long distances and has been discussed 
in Standardised tapes : For measuring short bases in plain areas standardised tapes are 
generally used. After having measured the length, the correct length of the base is calculated by 
applying the required corrections. For details of corrections,. If the triangulation system is of 
extensive nature, the corrected lengths of the base is reduced to the mean sea level. 


Hunter’s short bas 


Dr. Hunter who was a Director of Survey of India, designed an equipment to measure the base 
line, which was named as Hunter’s short base. It consists of four chains, each of 22 yards 
(20.117 m) linked together. There are 5 stands, three-intermediate two-legged stands, and two 
three-legged stands at . A 1 kg weight is suspended at the end of an arm, so that the chains 
remain straight during observations. The correct length of the individual chains is supplied by the 
manufacturer or is determined in the laboratory. The lengths of the joints between two chains at 
intermediate supports, are measured directly with the help of a graduated scale. To obtain correct 
length between the centres of the targets, usual corrections 

such as temperature, sag, slope, etc., are applied. To set up of the Hunter’s short base the stand at 
the end A (marked in red colour) is centered on the ground mark and the target is fitted with a 
clip. The target A is made truly vertical so that the notch on its tip side is centered on the ground 
mark. The end of the base is hooked with the plate A and is spread carefully till its other end is 
reached. In between, at every joint of the chains, two-legged supports are fixed to carry the base. 
The end B (marked in green colour) is fixed to the B stand and the 1 kg weight is attached at the 
end of the lever. While fixing the end supports A and B it should be ensured that their third leg 
should face each other under the base. Approximate alignment of the base is the done by eye 
judgement. 


For final alignment, a theodolite is set up exactly over the notch of the target A, levelled and 
centered accurately. The target at B is then bisected. All intermediate supports are set in line with 
the vertical cross-hair of the theodolite. At the end again ensure that all the intermediate supports 
and the target B are in one line. In case the base is spread along undulating ground, slope 
correction is applied. To measure the slope angles of individual supports, a target is fixed to a 
long iron rod of such a length that it is as high above the tape at A as the trunion axis of the 
theodolite. The rod is held vertically at each support and the vertical angles for each support are 
read. 


hi AAR 


Hunter's short base 


Example 12 A tape of standard length 20 m at 85° F was used to measure a base line, The measured 
distance was 882.10 m. The following being the slopes for the various segments of the line. 


Segment 
100m 
150m 
som 
200m 
300m 

32.10m 


Find the true length ofthe base line if the mean temperature during measurement was 63°F. The coefficient 
of expansion of the tape material is 6,5 » 10~® per °F. 


Solution: 
Correction for temperature 
C= Glty ~t0)L 
= 65 x10 x(63 - 65) x882.10 
= 0.126m (subractive) 
Correction for slope 
C= M-cosa)L] 
= (1-€0s2°201) x 100 + (1-cos4°12’) x 150 + (1~c0s1°06') x 50 
+ (1 cos 7°48") 200+ (1 c0s3°00') x300 + (1-cos$°10') x 82.10 
= 3.079. m (subtractive) 
Total conection = C,+C, 
= 0.126+3079 
= 3.205 m (subtractive) 
$82.10-3.205 
= 878,895 m. 


‘Corrected lens 


Example 13. A base line was measured between two points 4 and B at an average elevation of 
224.35 m. The corrected length after applying all comrection was 149.3206 m. Reduce the length to mean sea 
level. Take carth’s mean radius as 6367 km. 


Solution: 
The reduced length at mean seal level is 
R 
L 
LRT 
6367__. 149.3205 
= 6367+ 
1000 
= 149.3152 m. 


4.11.2 Extension of base line 
Usually the length of the base lines is much shorter than the average length of the sides of the 
triangles. 


This is mainly due to the following reasons: 
(a) Itis often not possible to get a suitable site for a longer base. 
(b) Measurement of a long base line is difficult and expensive. 


The extension of short base is done through forming a base net consisting of well-conditioned 
triangles. There are a great variety of the extension layouts but the following important points 
should be kept in mind in selecting the one. 


(i) Small angles opposite the known sides must be avoided. 

(ii) The length of the base line should be as long as possible. 

(iii) The length of the base line should be comparable with the mean side length of the 
triangulation net. 

(iv) A ratio of base length to the mean side length should be at least 0.5 so as to form well- 
conditioned triangles. 

(v) The net should have sufficient redundant lines to provide three or four side equations within 
the figure. 
(vi) Subject to the above, it should provide the quickest extension with the fewest stations. 


There are two ways of connecting the selected base to the triangulation stations, There are 
(a) extension by prolongation, and 
(b) extension by double sighting. 


(a) Extension by prolongation 
Let up suppose that AB is a short base line which is required to be extended by four times. The 
following steps are involved to extend AB. 


Base extension by prolongation 


(i) Select C and D two points on either side of AB such that the triangles BAC and BAD are 
wellconditioned. 


(ii) Set up the theodolite over the station A, and prolong the line AB accurately to a point E which 
is visible from points C and D, ensuring that triangles AEC and AED are well-conditioned. 


(iii) In triangle ABC, side AB is measured. The length of AC and AD are computed using the 
measured angles of the triangles ABC and ABD, respectively. 


(iv) The length of AE is calculated using the measured angles of triangles ACE and ADE, and 
taking mean value. 


(v) Length of BE is also computed in similar manner using the measured angles of the triangles 
BEC and BDE. The sum of lengths of AB and BE should agree with the length of AE obtained in 
step. 


(vi) If found necessary, the base can be extended to H in the similar way. 


(b) Extension by double sighting 
Let AB be the base line. To extend the base to the length of side EF, following steps are 
involved. 


(i) Chose intervisible points C, D, E, and F. 


(ii) Measure all the angles marked in triangles ABC and ABD. The most probable values of these 
angles are found by the theory of least-squares discussed in Chapter 2. 

(iii) Calculate the length of CD from these angles and the measured length AB, by applying the 
sine law to triangles ACB and ADB first, and then to triangles ADC and BDC 


Other Integration Technologies (SIPTO, LIPA, IFOM, MAPCON) 

Release 10 defines additional options for Wi-Fi integration, including Selected 1P Traffic 
Offload (SIPTO), Local IP Access (LIPA), Multi-Access PDN Connectivity (MAPCON), and IP 
Flow and Seamless Offload (1FOM). 


SIPTO is mostly a mechanism to offload traffic that does not need to flow through the core, 
such as internet-destined traffic. SIPTO can operate on a home femtocell, or it can operate 
in the macro network. 


Local IP Access (LIPA) provides access to local networks, useful with femtocells that 
normally route all traffic back to the operator network. With LIPA, the UE in a home 
environment can access local printers, scanners, file servers, media servers, and other 
resources. 


IFOM, as shown in Figure 98, enables simultaneous cellular and Wi-Fi connections, with 
different traffic flowing over the different connections. A Netflix movie could stream over 
Wi-Fi, while a VoIP call might flow over the cellular-data connection. IFOM requires the UE 
to implement Dual Stack Mobile |Pv6 (DSMIPv6) 


Figure 98: 3GPP IP Flow and Seamless Mobility 
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Similar to IFOM, Release 10 feature MAPCON allows multiple simultaneous PDN connections 
(each with a separate APN), such as Wi-Fi and 3GPP radio access. The UE uses separate IP 
addresses for each connection but does not need Dual Stack Mobile |Pv6 (DSMIPv6). 


Hotspot 2.0 

Developed by the Wi-Fi Alliance, Hotspot 2.0 specifications, also called “Next Generation 
Hotspot," facilitate Wi-Fi roaming. Using the IEEE 802.11u standard that allows devices to 
determine what services are available from an access point, Hotspot 2.0 simplifies the 
process by which users connect to hotspots, automatically identifying roaming partnerships 
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Base extension by double sighting 


(iv) The new base line CD can be further extended to the length EF following the same 
procedure as above. The line EF may from a side of the triangulation system. 

If the base line AB is measured on a good site which is well located for extension and connection 
to the main triangulation system, the accuracy of the system is not much affected by the 
extension of the base line, In fact, in some cases, the accuracy may be higher than that of a 
longer base line measured over a poor terrain 


4.11.3 MEASUREMENT OF HORIZONTAL ANGLES 


The horizontal angles of a triangulation system can be observed by the following methods: 


(i) Repetition method 
(ii) Reiteration method. 


The procedure of observation of the horizontal angles by the above methods has been discussed 
in 


(i) Repetition method 
For measuring an angle to the highest degree of precision, several sets of repetitions are usually 
taken. 

There are following two methods of taking a single set. 


(a) In the first method, the angle is measured clockwise by 6 repetitions keeping the telescope 
normal. 

The first value of the angle is obtained by dividing the final reading by 6. The telescope is 
inverted, and the angle is measured again in anticlockwise direction by 6 repetitions. The second 


value of the angle is obtained by dividing the final reading by 6. The mean of the first and second 
values of the angle is the average value of the angle by first set. 

For first-order work, five or six sets are usually required. The final value of the angle is the mean 
of the values obtained by different sets. 


(b) In the second method, the angle is measured clockwise by six repetitions, the first three with 
telescope normal and the last three with telescope inverted. The first value of the angle is 
obtained by dividing the final reading by 6. Now without altering the reading obtained in the 
sixth repetition, the explement angle (i.c., 360° the angle), is measured clockwise by six 
repetitions, the first three with telescope inverted and the last three with telescope normal. The 
final reading should theoretically be zero. If the final reading is not zero, the error is noted, and 
half of the error is distributed to the first value of the angle. The result is the corrected value of 
the angle by the first set. As many sets as desired are taken, and the mean of all the value of 
various sets, is the average value of the angle. For more accurate work and to eliminate the errors 
due to inaccurate graduations of the horizontal circle, the initial reading at the beginning of each 
set may not be set to zero but to different values. If n sets are required, the initial setting should 
be sucessively increased by 180°/n. 


For example, for 6 sets the initial readings would be 0°, 30°, 60°, 90°, 120° and 150°, 
respectively. 


(ii) Reiteration method or direction method 


In the reiteration method, the triangulation signals are bisected successively, and a value is 
obtained for each direction in each of several rounds of observations. One of the triangulation 
stations which is likely to be always clearly visible may be selected as the initial station or 
reference station. The theodolites used for the measurement of angles for triangulation surveys, 
have more than one micrometer. One of the micrometer is set to 0° and with telescope normal, 
the initial station is bisected, and all the micrometers are read. Each of the successive stations are 
then bisected, and all the micrometers are read. The stations are then again bisected 

in the reverse direction, and all the micrometers are read after each bisection. Thus, two values 
are obtained for each angle when the telescope is normal. The telescope is then inverted, and the 
observations are repeated. 

This constitutes one set in which four value of each angle are obtained. The micrometer 
originally at 0° is now brought to a new reading equal to 360°/mn (where m is the number of 
micrometers and n is the number of sets), and a second set is observed in the same manner. The 
number of sets depends on the accuracy required. For first-order triangulation, sixteen such sets 
are required with a 1” direction theodolite, while for second-order triangulation four, and for 
third-order triangulation two. With more refined instrument having finer graduations, 

however, six to eight sets are sufficient for the geodetic work. 


4.12 MEASUREMENT OF VERTICAL ANGLES 
Measurement of vertical angles is required to compute the elevation of the triangulation stations. 


4.12.1 ASTRONOMICAL OBSERVATIONS 

To determine the azimuth of the initial side, intermediate sides, and the last side of the 
triangulation net, astronomical observations are made. For detailed procedure and methods of 
observation 


4.12.2 SOME EXTRA PRECAUTIONS IN TAKING OBSERVATIONS. 


To satisfy first-second, and third-order specifications, care must be exercised. Observer must 
ensure the following: 


1. The instrument and signals have been centred very carefully. 

2. Phase in signals has been eliminated. 

3. The instrument is protected form the heating effects of the sun and vibrations caused by wind. 
4. The support for the instrument is adequately stable. 

5. In case of adverse horizontal refraction, observations should be rescheduled to the time when 
the horizontal refraction is minimum. Horizontal angles should be measured when the air is the 
clearest, and the lateral refraction is minimum. 


If the observations are planned for day hours, the best time in clear weather is from 6 AM to 9 
AM and from 4 PM till sunset. In densely clouded weather satisfactory work can be done all day. 
The best time for measuring vertical angles is form 10 AM to 2 PM when the vertical refraction 
is the least variable. First-order work is generally done at night, since observations at night using 
illuminated signals help in reducing bad atmospheric conditions, and optimum results can be 
obtained. Also working at night doubles the hours of working available during a day. Night 
operations are confined to period from sunset to midnight. 


4.12.3 SATELLITE STATION AND REDUCTION TO CENTRE 


To secure well-conditioned triangles or to have good visibility, objects such as chimneys, church 
spires, flat poles, towers, lighthouse, etc., are selected as triangulation stations. Such stations can 
be sighted from other stations but it is not possible to occupy the station directly below 
suchexcellent targets for making the observations by setting up the instrument over the station 
point. Also, signals are frequently blown out of position, and angles read on them have to be 
corrected to the true position of the triangulation station. Thus, there are two types of problems: 


1, When the instrument is not set up over the true station, and 
2. When the target is out of position. 


In below Fig., A, B, and C are the three triangulation stations. It is not possible to place 
instrument at C. To solve this problem another station S, in the vicinity of C, is selected where 
the instrument can be set up, and 


from where all the three stations are visible for making the angle observations. Such station is 
known as satellite station, As the observations from C are not possible, the observations form S 
are made on A, B, and, C from A and B on C. From the observations made, the required angle 
ACBis calculated. This is known as reduction to centre. 


s Cc 
— nn 


Reduction to centre 


In the other case, S is treated as the true station point, and the signal is considered to be shifted to 
the position C. This case may also be looked upon as a case of eccentricity of signal. Thus, the 
observations from S are made to the triangulation stations A and B, but from A and B the 
observations are made on the signal at the shifted position C. This causes errors in the measured 
values of the angles BAC and ABC. Both the problems discussed above are solved by reduction 


to centre, Let the measured 


ZBAC = 4 
ZABC = 85 
ZASB= 0 
ZBSC = 
Eccentric distance SC = d 
The distance 4B is known by computations form preceding triangle of the triangular net. Further, let 
£SAC = @ 
2SBC = B 
ZACB= 0 
AB=c 
AC=b 
BC=a 
Asa first approximation in A4BC the 24CB may be taken as 
= 180° - (ZBAC+ ZABC) 
or = 180° -(@,+ 65) 
Tn the triangle ABC we have 


and 
Compute the values of a and b by substituting the value of © obtained and 


respectively. 

Now, from 4°S4C and SBCwe have 
ce 
sina sin(+y) 

Lae 
snp siny, 
d sin(0+y) 
ma 
b 


sin = 


a 


As the satellite station 5 is chosen very close to the main station C. the angles o and B are extremely 
small. Therefore, taking sin c= cl. and sin = p in adians, we get. 


: dsin(O+ 
oF sin" 
Ps = 180+ D 296265 seconds 
and B= 451 296265 seconds 
a 


2 6. 7. d. b and a are known quantities, therefore, the values of and B can be 
computed. Nowa more comrect value of the angle 24CB can be found. 
We have 
ZAOB = 8+ a=9+8 
or o= b+a-B 
2 _ the value of when the satellite station S is to the left of the main station C. In the 
general, the following four cases as shown in Fig. 1.40a. can occur depending on the field conditions. 
Case I: Stowards the left of C (Fig. 1.39) 
o= 6+a-B 
Case II: S towards the right of C (Fig. 1.400). the position S,. 
o= 6-a+p . 
Case III: Sinside the triangle ABC (Fig. 1 40¢), the position S,. 


Pie or 
CaselV: Soutsiethe tingle ABC Gig. £405, the positon, 


= O+a+B 
4 3 
\ | 
\ J 
} 
| 
¢ 5; 


© @) 
Locations of satellite station with reference to triangulation stations C 


4.13 ECCENTRICITY OF SIGNAL 


When the signal is found shifted from its true position, the distance between the shifted signal 
and the station point d is measured. The corrections a and f to the observed angles BAC and 
ABC, respectively, are computed and the corrected values of the angles are obtained as under 


Correct ZBAS = 0,40 
Correct Z4BS = 93-8 


4,14 Trigonometrical Levelling 


Trigonometric Levelling is the branch of Surveying in which we find out the vertical distance 
between two points by taking the vertical angular observations and the known distances. The 
known distances are either assumed to be horizontal or the geodetic lengths at the mean sea 
level(MSL). The distances are measured directly(as in the plane surveying) or they are computed 
as in the geodetic surveying. 

The trigonometric Leveling can be done in two ways: 

(1) Observations taken for the height and distances (2) Geodetic Observations. 

In the first way, we can measure the horizontal distance between the given points if it is 
accessible, We take the observation of the vertical angles and then compute the distances using 
them. If the distances are large enough then we have to provide the correction for the curvature 
and refraction and that we provide to the linearly to the distances that we have computed. 

In the second way, ie geodetic observations, the distances between the two points are geodetic 
distances and the principles of the plane surveying are not applicable here. The corrections for 
the curvature and refraction are applied directly to. the angles directly. 
Now we will discuss the various cases to find out the difference in elevation between the two. 


(1) The two points are at known distance: The base of the object is accessible. 


When the two points are at a known horizontal distance then we can find out the distance 
between them = by —taking~—the_~—vertical_ ~=—angle_—_ observations. 
If the vertical angle of elevation from the point to be observed to the instrument axis is known 
we can calculate the vertical distance by taking the help of the trigonometry. 
Horizontal distance*Tan(verticle angle) = Vertical difference between the two. 
If the points are at small distance apart then there is no need to apply the correction for the 
curvature and refraction else you can apply the correction as given below: 


Cc 0.06728D*D 
Where D is the horizontal distance between the given two points in Kilometers. 
but the Correction is in meters (m). 
Q The base of the object is not accessible : 


(a)( When the instrument is shifted to the nearby place and the observations are taken from 
the same level of the line of sight: In such case we have to take the two angular observations of 
the vertical angles. The instrument is shifted to a nearby place of known distance, and then with 
the known distance between these two and the angular observations from these two stations, we 
can find the vertical difference in distance between the line of sight of the instrument and the top 
point of the object. 
(6) When the line of sights of the two instrument setting is different : 
Here again there are two cases: (i) When the line of sights are at a small vertical distance 
which can be measured through the vertical staff readings. (ii) When the difference is larger 
than the staff height. 
(i) In first case, It is advised to apply the formula for the difference in the height of the top of the 
object from these two lines of sights. The difference in lines of sights is same as the staff 
readings difference, when the staff is kept at a little distance from these two points. So we can 
get the solution for the vertical distance easily. 

(ii) In the second case, there is a need to put a vane staff at the first instrument station and the 
angle of elevation is measured from the second point of observation. This gives us the difference 
in the line of the sights between the two points of instrument station. Then again we do the same. 
(©) When the instrument station and the top of object are not in same vertical plane: 
In this case there is a need to measure at-least two horizontal angles of the horizontal triangle 
formed by the two instrument stations and the base of the object. Again we will take the vertical 
angular observations from the two instrument stations also and then we can apply the sine rule to 
solve the horizontal distances of the triangle. With the help of these angles and the distances we 
can get the vertical distance between any two point(Instrument station and the top of object). 


For rapid leveling or leveling in rolling ground or for inaccessible points, trigonometric method 
of leveling is being used. In this method, theodolite (an instrument which can measure angle) is 
being generally used as an instrument for taking different measurements. 


Level Lines 


PEE 0roretcaLevting 


Let us consider two stations T an by trigonometric method of leveling. At T, a theodolite 
instrument is set up. TT ' is the height of the instrument above the point T (to be recorded at the 
time of observation). A leveling staff is held at X. At the vertical angle of elevation of the actual 
line of sight a, let x1 is the observed staff reading. The difference in level between T and X is 
given by 


Big = TT exp my Hp HX 


where xe xi is deviation of the horizontal line of sight due to curvature of the earth and refraction 
of light (given by 0.0675 T' x 4° ). xm xi is T’ x: sina or T' xy tana, T’ x1 is the inclined distance 
from the instrument to the staff and T’ xs is the horizontal distance between the points, x: X is the 
staff reading at X. 


Example 


In order to eliminate the uncertainty due to refraction, observations for vertical angle are made at 
both ends of the line as close in point of time as possible. The vertical angle at the lower of the 
two peaks to the upper peak is +3° 02' 05"2. The reciprocal vertical angle at the upper peak is - 
3° 12) 55"2. The height of instrument are kept to be same in all observation. The slope distance 
between two mountain peaks determined by EDM measurement is 21,345m. Compute the 
difference in elevations between the two peaks. 


Solution : 
Average vertical angle a = (3° 02' 05" + 3° 12' 55") /2 = 6° 15'00" 


Difference in elevation = 21.345 sin 3° 07' 30" + 0,0675 (21.345 cos 3° 07' 30 


= (1.163 + 30.662) m 
= 31.825 me 
Reciprocal leveling 


To find accurate relative elevations of two widely separated intervisible points (between which 
levels cannot be set), reciprocal leveling is being used. 


To find the difference in elevation between two points, say X and Y, a level is set up at L near X 
and readings (X, and Y,) are observed with staff on both X and Y respectively. The level is then 
set up near Y and staff readings (Y» and X: ) are taken respectively to the near and distant points. 
If the differences in the set of observations are not same, then the observations are fraught with 
errors. The errors may arise out of the curvature of the earth or intervening atmosphere 
(associated with variation in temperature and refraction) or instrument (due to error in 
collimation) or any combination of these. 


DEI 2720! evening caions Gorge) 


The true difference in elevation and errors associated with observation, if any, can be found as 
follows: 


and simplifying authentication and connections, as shown in Figure 99.” It also provides 
for encrypted communications over the radio link, 9° 


Figure 99: Roaming Using Hotspot 2.0 


(®) 


‘Automatic, secure connection 


Hotspot 2.0 
facilitates roaming 
across networks. 


Using IEEE 802.11u, devices can determine what roaming relationships an access point 
supports and can then securely connect to the Wi-Fi network using one of these roaming 
arrangements, as shown in Figure 100. Hotspot 2.0 authentication is based on the 
Extended Authentication Protocol (EAP) using SIM credentials. There are plans to enhance 
the Hotspot 2.0 protocols in Phase 2, which will define online signup to enable non-SIM- 
based devices to easily and securely register for services. The Wi-Fi Alliance began a 
Hotspot 2.0 certification process for devices and access points in June 2012 and uses the 
designation “Wi-Fi Certified Passpoint” for compliant devices. 


287 For example, user devices can be authenticated based on their SIM credentials. Or, users can register 
or click through an agreement and then not need to redo that with future associations. 


388 The IEEE 802.111 standard has provided encryption for 802.11 communications for many years; 
however, most hotspots have not implemented this encryption, whereas Hotspot 2.0 does. 
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Let the true difference in elevation between the points be th and the total error be e. Assuming, 
no error on observation of staff near the level (as the distance is very small) 


Then, rh =X; ~ (Yi - e) [From first set of observation] 


and rh = ( 


e) ~ Y> [From second set of observation] 


OG “XD FOG 7%) 
2 


on 4h 


First diference in observations + Second difference in observation 
2 


oy Oho. 


Thus, the true difference in elevation between any two points can be obtained by taking the mean 
of the two differences in observation, 


%, -%)~ 0% -%) 


Total error, 


Firet difference in observations - Second difference in observation 
2 


Thus, total error in observations can be obtained by taking the difference of the two differences 
in observation. The total error consist of error due to curvature of the earth, atmospheric errors 
(due to temperature and refraction) and instrumental errors (due to error in collimation) ete, 


Example 


In order to transfer reduced level across a canyon, a reciprocal leveling campaign was conducted. 
Simultaneous readings were observed using two levels one at each side of the canyon, Each of 
the levels are having same magnifying power and sensitiveness of level tube. With instruments 
interchanged during leveling operation yielded the following average readings: 


[instrument la verage nearjAverage _distant|R.L of X = 101.345 m 
Pitan readings, meter readings, meter 
Distance, XY = 1.025Km 
1.780 2.345 
435 1.870 le curvature = 0.0785 XY* 


Find out the R.L. of unknown point. Comment on the errors associated with observations. 


Solution : 
The difference in elevation between X and Y is 


(2.06 -1.760) +(2.496 -1 am) 
2 7 


).565 m (Y lower than X) 


R.L. of Y (unknown Point) = R.L. of X - Dh = 101.345 - 0.565 = 100.780 m 


Since two leveling rods are used and the elapsed time between reading in a set observation is 
little, the error due to change in atmospheric condition can be neglected. Moreover, since 
readings were taken with instruments interchanged, instrumental errors get cancelled between 
different set of observation, As the observations are repeated and averages of the readings have 
been considered for further calculation, it is expected that error associated with observation is 
minimized thus removed. Only error present in the observation is that associated with the 


curvature of the earth. 


4.15 Trilateration 


Intersections: 
x positive 
right 


y positive 
down 


a 

In above Figure . The plane z = 0, showing the three sphere centers, P1, P2, and P3; theirx.y- 
coordinates; and the three sphere radii, rl, r2, and r3. The two intersections of the three sphere 
surfaces are directly in front and directly behind the point designated intersections in the z= 0 
plane. 


In geometry, trilateration is the process of determining absolute or relative locations of points 
by measurement of distances, using the geometry of circles, spheres or triangles. In addition to 
its interest as a geometric problem, trilateration does have practical applications 

in surveying and navigation, including global positioning systems (GPS). In contrast 

to triangulation it does not involve the measurement of angles. 


In two-dimensional geometry, it is known that if a point lies on two circles then the circle centers 
and the two radii provide sufficient information to narrow the possible locations down to two. 
‘Additional information may narrow the possibilities down to one unique location. 


In three-dimensional geometry, when it is known that a point lies on the surfaces of three spheres 
then the centers of the three spheres along with their radii provide sufficient information to 
narrow the possible locations down to no more than two (unless the centres lie on a straight line). 


This article describes a method for determining the intersections of three sphere surfaces given 
the centers and radii of the three spheres. 


Contents 


© 1 Derivation 
. reliminary and final computations 


Derivation 


The intersections of the surfaces of three spheres is found by formulating the equations for the 
three sphere surfaces and then solving the three equations for the three unknowns, x, y, and z. To 
simplify the calculations, the equations are formulated so that the centers of the spheres are on 
the z=0 plane, Also the formulation is such that one center is at the origin, and one other is on 
the x-axis. It is possible to formulate the equations in this manner since any three non-colinear 
points lie on a unique plane. After finding the solution it can be transformed back to the original 
three dimensional Cartesian coordinate system, 


We start with the equations for the three spheres: 


=e + Gj +2 
We need to find a point located at (x, y, 2) that satisfies all three equations. 
First we subtract the second equation from the first and solve for x: 
_-ris+? 
t= 
We assume that the first two spheres intersect in more than one point, that is that 


d-1<m<d+n. 


In this case substituting the equation for x back into the equation for the first sphere produces the 
equation for a circle, the solution to the intersection of the first two spheres: 


Paw sy 
Peron ae . 


2 
Substituting * 4 -#-¥ into the formula for the third sphere and solving for y there 


results: 


tafe eee fort? tP i 
¥ 2 3 


Now that we have the x- and y-coordinates of the solution point, we can simply rearrange the 
formula for the first sphere to find the z-coordinate: 


sey? — 2# — 3. 


Now we have the solution to all three points x, y and z, Because z is expressed as the positive or 
negative square root, itis possible for there to be zero, one or two solutions to the problem. 


2 


This last part can be visualized as taking the circle found from intersecting the first and second 
sphere and intersecting that with the third sphere. If that circle falls entirely outside or inside of 
the sphere, z is equal to thesquare root of a negative number: no real solution exists. If that circle 
touches the sphere on exactly one point, z is equal to zero, If that circle touches the surface of the 
sphere at two points, then z is equal to plus or minus the square root of a positive number. 


Preliminary and final computations 


The Derivation section pointed out that the coordinate system in which the sphere centers are 
designated must be such that (1) all three centers are in the plane z = 0, (2) the sphere center, P1, 
is at the origin, and (3) the sphere center, P2, is on the x-axis. In general the problem will not be 
given ina form such that these requirements are met. 


This problem can be overcome as described below where the points, P1, P2, and P3 are treated 
as vectors from the origin where indicated. P1, P2, and P3 are of course expressed in the original 
coordinate system. 


= Pe- Pt 
yes aS ED 
[|,P2 — PA] is the unit vector in the direction from PI to P2. 


i = é, + (P3 — P1) jg the signed magnitude of the x component, in the figure 1 
coordinate system, of the vector from P1 to P3. 
n P§-P1-ié 
& = Ts — pL 
|P3 — P1 — 2 @el] is the unit vector in the y direction. Note that the 


points P1, P2, and P3 are all in the z~0 plane of the figure 1 coordinate system. 


& % Gy Therefore, 


The third basis unit vector is ©: 
€ = {P2— Pll the distance between the centers P1 and P2 and 


J = & + (P3— PA) is the signed magnitude of the y component, in the figure 1 
coordinate system, of the vector from PI to P3. 


Using #r @ and J as computed above, solve for x, y and 2 as described in the Derivation section. 
Then 


Big = Pita és ty dy & ze 


gives the points in the original coordinate system since x2 €y and €., the basis unit vectors, 


are expressed in the original coordinate system. 


Resection method 
Resection is a method for determining a position (position finding) _using 
a compass and topographic map (or nautical chart) 


Resection versus intersection 


Resection and its related method, intersection, are used in surveying as well as in general land 
navigation (including inshore marine navigation using shore-based landmarks). Both methods 
involve taking azimuths or bearings to two or more objects, then drawing lines of position along 
those recorded bearings or azimuths. 


When intersecting lines of position are used to fix the position of an unmapped feature or point 
by fixing its position relative to two (or more) mapped or known points, the method is known 
asintersection.”! At each known point (hill, lighthouse, etc.), the navigator measures the bearing 
to the same unmapped target, drawing a line on the map from each known position to the target. 
The target is located where the lines intersect on the map. In earlier times, 
the intersection method was used by forest agencies and others using specialized alidades to plot 
the (unknown) location of an observed forest fire from two or more mapped (known) locations, 
such as forest fire observer towers. 


The reverse of the intersection technique is appropriately termed resection. Resection simply 
reverses the intersection process by using crossed back bearings, where the navigator’s position 
is the unknown. Two or more bearings to mapped, known points are taken; their resultant lines of 
position drawn from those points to where they intersect will reveal the navigator’s location. 


Fixing a position 


When resecting or fixing a position, the geometric strength (angular disparity) of the mapped 
points affects the precision and accuracy of the outcome. Accuracy increases as the angle 
between the two position lines approaches 90 degrees. Magnetic bearings are observed on the 
ground from the point under location to two or more features shown on a map of the area, Lines 
of reverse bearings, or lines of position, are then drawn on the map from the known features; two 
and more lines provide the resection point (the navigators location). When three or more lines of 
position are utilized, the method is often popularly (though erroneously) referred to 
as triangulation (in precise terms, using three or more lines of position is still correctly 
called resection, as angular law of tangents (cot) calculations are not performed). When using a 
map and compass to perform resection, it is important to allow for the difference between the 
magnetic bearings observed and grid north (or true north) bearings (magnetic declination) of the 
map or chart. 


Resection continues to be employed in land and inshore navigation today, as it is a simple and 
quick method requiring only an inexpensive magnetic compass and map/chart. 


Resection in surveying 


In surveying work, the most common methods of computing the coordinates of a point by 
resection are Cassini's Method and the Tienstra formula, though the first known solution was 
given byWillebrord Snellius (see Snellius-Pothenot problem). For the type of precision work 
involved in surveying, the unmapped point is located by measuring the angles subtended by lines 
of sight from it to a minimum of three mapped (coordinated) points. In geodetic operations the 
observations are adjusted for spherical excess and projection variations. Precise angular 
measurements between lines from the point under location using theodolites provides more 


accurate results, with trig beacons erected on high points and hills to enable quick and 
unambiguous sights to known points. 


Caution: When planning to perform a resection, the surveyor must first plot the locations of the 
known points along with the approximate unknown point of observation. If all points, including 
the unknown point, lie close to a circle that can be placed on all four points, then there is no 
solution or the high risk of an erroneous solution. This is known as observing on the “danger 
circle”. The poor solution stems from the property of a chord subtending equal angles to any 
other point on the circle. 


4.16 GPS 


The Global Positioning System (GPS) is a space-based satellite navigation system that provides 
location and time information in all weather conditions, anywhere on or near the Earth where 
there is an unobstructed line of sight to four or more GPS satellites. The system provides critical 
capabilities to military, civil and commercial users around the world. It is maintained by the 
United States government and is freely accessible to anyone with a GPS receiver. 


The GPS project was developed in 1973 to overcome the limitations of previous navigation 
systems, integrating ideas from several predecessors, including a number of classified 
engineering design studies from the 1960s, GPS was created and realized by the U.S. 
Department of Defense (DoD) and was originally run with 24 satellites. It became fully 
operational in 1994. Bradford Parkinson, Roger L. Easton, and Ivan A. Getting are credited with 
inventing it. 


Advances in technology and new demands on the existing system have now led to efforts to 
modernize the GPS system and implement the next generation of GPS III satellites and Next 
Generation Operational Control System (OCX). Announcements from Vice President Al 
Gore and the White House in 1998 initiated these changes. In 2000, the U.S. 
Congress authorized the modernization effort, GPS III. 


In addition to GPS, other systems are in use or under development. The Russian Global 
Navigation Satellite System (GLONASS) was developed contemporancously with GPS, but 
suffered from incomplete coverage of the globe until the mid-2000s. There are also the planned 
European UnionGalileo positioning system, Chinese Compass navigation system, and Indian 
Regional Navigational Satellite System. 


History 


The design of GPS is based partly on similar ground-based radio-navigation systems, such 
as LORAN and the Decca Navigator, developed in the early 1940s and used during World War 
nL. 


Predecessors 


In 1956, the German-American physicist Friedwardt Winterberg proposed a test of general 
relativity (for time slowing in a strong gravitational field) using accurate atomic clocks placed in 
orbit inside artificial satellites. Without the use of general relativity to correct for time running 
more quickly by 38 microseconds per day in orbit, GPS would suffer gross 


malfunction. Additional inspiration for GPS came when the Soviet Union launched the first man- 
made satellite, Sputnik, in 1957. Two American physicists, William Guier and George 
Weiffenbach, at Johns Hopkins’s Applied Physics Laboratory (APL), decided to monitor 
Sputnik’s radio transmissions. Within hours they realized that, because of the Doppler effect, 
they could pinpoint where the satellite was along its orbit. The Director of the APL gave them 
access to their UNIVAC to do the heavy calculations required. The next spring, Frank McClure, 
the deputy director of the APL, asked Guier and Weiffenbach to investigate the inverse 
problem—pinpointing the user's location given that of the satellite. (The Navy was developing 
the submarine-launched Polaris missile, which required them to know the submarine’s location.) 
This led them and APL to develop the Transit system. In 1959, ARPA (renamed DARPA in 
1972) also played a role in Transit.'The first satellite navigation system, Transit, used by 
the United States Navy, was first successfully tested in 1960. It used a constellation of five 
satellites and could provide a navigational fix approximately once per hour. In 1967, the U.S. 
Navy developed the Timation satellite that proved the ability to place accurate clocks in space, a 
technology required by GPS. In the 1970s, the ground-based Omega Navigation System, based 
‘on phase comparison of signal transmission from pairs of stations, became the first worldwide 
radio navigation system. Limitations of these systems drove the need for a more universal 
navigation solution with greater accuracy. 


While there were wide needs for accurate navigation in military and civilian sectors, almost none 
of those was seen as justification for the billions of dollars it would cost in research, 
development, deployment, and operation for a constellation of navigation satellites. During 
the Cold War arms race, the nuclear threat to the existence of the United States was the one need 
that did justify this cost in the view of the United States Congress. This deterrent effect is why 
GPS was funded. It is also the reason for the ultra secrecy at that time. The nuclear 
triad consisted of the United States Navy's submarine-launched ballistic missiles (SLBMs) along 
with United States Air Force (USAF) strategic bombers and intercontinental _ ballistic 
missiles (ICBMs). Considered vital to the nuclear-deterrence posture, accurate determination of 
the SLBM launch position was a force multiplier. 


Precise navigation would enable United States submarines to get an accurate fix of their 
positions before they launched their SLBMs.'"4! The USAF, with two thirds of the nuclear triad, 
also had requirements for a more accurate and reliable navigation system. The Navy and Air 
Force were developing their own technologies in parallel to solve what was essentially the same 
problem. To increase the survivability of ICBMs, there was a proposal to use mobile launch 
platforms (such as Russian SS-24 and SS-25) and so the need to fix the launch position had 
similarity to the SLBM situation, 


In 1960, the Air Force proposed a radio-navigation system called MOSAIC (MObile System for 
Accurate ICBM Control) that was essentially a 3-D LORAN. A follow-on study, Project 57, was 
worked in 1963 and it was "in this study that the GPS concept was born". That same year, the 
concept was pursued as Project 621B, which had "many of the attributes that you now see in 
GPS" and promised increased accuracy for Air Force bombers as well as ICBMs. Updates from 
the Navy Transit system were too slow for the high speeds of Air Force operation. The Naval 
Research Laboratory continued advancements with their Timation (Time Navigation) satellites, 
first launched in 1967, and with the third one in 1974 carrying the first atomic clock into orbit. 


Another important predecessor to GPS came from a different branch of the United States 
military. In 1964, the United States Army orbited its first Sequential Collation of Range 
(SECOR) satellite used for geodetic surveying. The SECOR system included three ground-based 
transmitters from known locations that would send signals to the satellite transponder in orbit. A 
fourth ground-based station, at an undetermined position, could then use those signals to fix its 
location precisely. The last SECOR satellite was launched in 1969. Decades later, during the 
early years of GPS, civilian surveying became one of the first fields to make use of the new 
technology, because surveyors could reap benefits of signals from the less-than-complete GPS 
constellation years before it was declared operational. GPS can be thought of as an evolution of 
the SECOR system where the ground-based transmitters have been migrated into orbit. 


Development 


With these parallel developments in the 1960s, it was realized that a superior system could be 
developed by synthesizing the best technologies from 621B, Transit, Timation, and SECOR in a 
multi-service program. 


During Labor Day weekend in 1973, a meeting of about 12 military officers at the Pentagon 
discussed the creation of a Defense Navigation Satellite System (DNSS). It was at this meeting 
that “the real synthesis that became GPS was created." Later that year, the DNSS program was 
named Navstar, or Navigation System Using Timing and Ranging. With the individual satellites 
being associated with the name Navstar (as with the predecessors Transit and Timation), a more 
fully encompassing name was used to identify the constellation of Navstar satellites, Navstar- 
GPS, which was later shortened simply to GPS. After Korean Air Lines Flight 007, 
a Boeing 747 carrying 269 people, was shot down in 1983 after straying into the 
USSR’s prohibited airspace, in the vicinity of Sakhalin and Moneron Islands, President Ronald 
Reagan issued a directive making GPS freely available for civilian use, once it was sufficiently 
developed, as a common good. The first satellite was launched in 1989, and the 24th satellite 
was launched in 1994. The GPS program cost at this point, not including the cost of the user 
equipment, but including the costs of the satellite launches, has been estimated to be about 
USD$5 billion (then-year dollars). Roger L. Easton is widely credited as the primary inventor of 
GPs. 

Initially, the highest quality signal was reserved for military use, and the signal available for 
civilian use was intentionally degraded (Selective Availability). This changed with President Bill 
Clintonordering Selective Availability to be turned off at midnight May 1, 2000, improving the 
precision of civilian GPS from 100 meters (330 ft) to 20 meters (66 fi). The executive order 
signed in 1996 to turn off Selective Availability in 2000 was proposed by the U.S. Secretary of 
Defense, William Perry, because of the widespread growth of differential GPS services to 
improve civilian accuracy and eliminate the U.S. military advantage. Moreover, the U.S. military 
was actively developing technologies to deny GPS service to potential adversaries on a regional 
basis. 


Over the last decade, the U.S. has implemented several improvements to the GPS service, 
including new signals for civil use and increased accuracy and integrity for all users, all while 
maintaining compatibility with existing GPS equipment. 


GPS modemizationhas now become an ongoing initiative to upgrade the Global Positioning 
System with new capabilities to meet growing military, civil, and commercial needs. The 
program is being implemented through a series of satellite acquisitions, including GPS Block III 
and the Next Generation Operational Control System (OCX). The U.S. Government continues to 
improve the GPS space and ground segments to increase performance and accuracy. 


GPS is owned and operated by the United States Government as a national resource. Department 
of Defense (DoD) is the steward of GPS. Interagency GPS Executive Board (IGEB) oversaw 
GPS policy matters from 1996 to 2004. After that the National Space-Based Positioning, 
Navigation and Timing Executive Committee was established by presidential directive in 2004 to 
advise and coordinate federal departments and agencies on matters concerning the GPS and 
related systems. The executive committee is chaired jointly by the deputy secretaries of defense 
and transportation. Its membership includes equivalent-level officials from the departments of 
state, commerce, and homeland security, the joint chiefs of staff, and NASA. Components of the 
executive office of the president participate as observers to the executive committee, and the 
FCC chairman participates as a liaison, 


The DoD is required by law to "maintain a Standard Positioning Service (as defined in the 
federal radio navigation plan and the standard positioning service signal specification) that will 
be available on a continuous, worldwide basis," and "develop measures to prevent hostile use of 
GPS and its augmentations without unduly disrupting or degrading civilian uses." 


Basic concept of GPS 


A GPS receiver calculates its position by precisely timing the signals sent by GPS satellites high 
above the Earth. Each satellite continually transmits messages that include 


+ the time the message was transmitted 
+ satellite position at time of message transmission 


The receiver uses the messages it receives to determine the transit time of each message and 
computes the distance to each satellite using the speed of light. Each of these distances and 
satellites’ locations define a sphere. The receiver is on the surface of each of these spheres when 
the distances and the satellites’ locations are correct. These distances and satellites’ locations are 
used to compute the location of the receiver using the navigation equations. This location is then 
displayed, perhaps with a moving map display or latitude and longitude; elevation or altitude 
information may be included, based on height above the geoid (e.g. EGM96). Many GPS units 
show derived information such as direction and speed, calculated from position changes. 


In typical GPS operation, four or more satellites must be visible to obtain an accurate result. Four 
sphere surfaces typically do not intersect. Because of this, it can be said with confidence that 
when the navigation equations are solved to find an intersection, this solution gives the position 
of the receiver along with the difference between the time kept by the receiver's on-board clock 
and the true time-of-day, thereby eliminating the need for a very large, expensive, and power 
hungry clock. The very accurately computed time is used only for display or not at all in many 
GPS applications, which use only the location. A number of applications for GPS do make use of 


Figure 100: Hotspot 2.0 Connection Procedure 
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Release 2 of Passpoint, available in 2014, added immediate account provisioning, which 
facilitates a user establishing an account at the point of access. The new version also 
provides for policies to be downloaded from the network operator; these policies control 
network selection priorities when multiple networks are available. 


Self-Organizing Networks (SON) 
As the number of base stations increase through denser deployments and through 
deployment of femtocells and picocells, manual configuration and maintenance of this 
infrastructure becomes impractical. With SON, base stations organize and configure 
themselves by communicating with one another and with the core network. SONs can also 
self-heal in failure situations. 
3GPP began standardization of self-optimization and self-organization in Releases 8 and 9, 
a key goal being support of multi-vendor environments. Successive releases have 
augmented SON capabilities. 
Features being defined in SON include: 

a Automatic inventory; 

a Automatic software download; 

a Automatic neighbor relation; 

a Automatic physical Cell 1D assignment; 

a Mobility robustness/handover optimization; 

a Random access channel optimization; 

a Load-balancing optimization; 


a Inter-cell interference coordination (ICIC) management; 
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this cheap and highly accurate timing. These include time transfer, traffic signal timing, 
andsynchronization of cell phone base stations. 


Although four satellites are required for normal operation, fewer apply in special cases. If one 
variable is already known, a receiver can determine its position using only three satellites. For 
example, a ship or aircraft may have known elevation. Some GPS receivers may use additional 
clues or assumptions such as reusing the last known altitude, dead reckoning, inertial navigation, 
or including information from the vehicle computer, to give a (possibly degraded) position when 
fewer than four satellites are visible. 


Structure 


The current GPS consists of three major segments. These are the space segment (SS), a control 
segment (CS), and a user segment (US). The U.S. Air Force develops, maintains, and operates 
the space and control segments. GPS satellites broadcast signals from space, and each GPS 
receiver uses these signals to calculate its three-dimensional location (latitude, longitude, and 
altitude) and the current time. The space segment is composed of 24 to 32 satellites in medium 
Earth orbit and also includes the payload adapters to the boosters required to launch them into 
orbit. The control segment is composed of a master control station, an alternate master control 
station, and a host of dedicated and shared ground antennas and monitor stations. The user 
segment is composed of hundreds of thousands of U.S. and allied military users of the secure 
GPS Precise Positioning Service, and tens of millions of civil, commercial, and scientific users 
of the Standard Positioning Service (seeGPS navigation devices). 


Space segment 

The space segment (SS) is composed of the orbiting GPS satellites, or Space Vehicles (SV) in 
GPS parlance. The GPS design originally called for 24 SVs, eight each in three approximately 
circular orbits, but this was modified to six orbital planes with four satellites each. The six orbit 
planes have approximately 55° inclination (tilt relative to Earth's equator) and are separated by 
60° right ascension of the ascending node (angle along the equator from a reference point to the 
orbit's intersection). The orbital period is one-half a sidereal day, i.e., 11 hours and 58 minutes so 
that the satellites pass over the same locations or almost the same locations every day. The orbits 
are arranged so that at least six satellites are always within line of sight from almost everywhere 
on Earth's surface. The result of this objective is that the four satellites are not evenly spaced (90 
degrees) apart within each orbit. In general terms, the angular difference between satellites in 
each orbit is 30, 105, 120, and 105 degrees apart which sum to 360 degrees. 


Orbiting at an altitude of approximately 20,200 km (12,600 mi); orbital radius of approximately 
26,600 km (16,500 mi), each SV makes two complete orbits each sidereal day, repeating the 
same ground track each day. This was very helpful during development because even with only 
four satellites, correct alignment means all four are visible from one spot for a few hours each 
day. For military operations, the ground track repeat can be used to ensure good coverage in 
combat zones. 


As of December 2012, there are 32 satellites in the GPS constellation, The additional satellites 
improve the precision of GPS receiver calculations by providing redundant measurements. With 


the increased number of satellites, the constellation was changed to a nonuniform arrangement. 
Such an arrangement was shown to improve reliability and availability of the system, relative to 
a uniform system, when multiple satellites fail. About nine satellites are visible from any point 
on the ground at any one time (see animation at right), ensuring considerable redundancy over 
the minimum four satellites needed for a position. 


Control segment 


The control segment is composed of 


1, a master control station (MCS), 
2. an alternate master control station, 
3. four dedicated ground antennas and 
4. six dedicated monitor stations 


The MCS can also access U.S. Air Force Satellite Control Network (AFSCN) ground antennas 
(for additional command and control capability) and NGA (National Geospatial-Intelligence 
Agency) monitor stations. The flight paths of the satellites are tracked by dedicated U.S. Air 
Force monitoring stations in Hawaii, Kwajalein Atoll, Ascension Island, Diego Garcia, Colorado 
Springs, Colorado and Cape Canaveral, along with shared NGA monitor stations operated in 
England, Argentina, Ecuador, Bahrain, Australia and Washington DC.) The tracking 
information is sent to the Air Force Space Command MCS at Schriever Air Force Base 25 km 
(16 mi) ESE of Colorado Springs, which is operated by the 2nd Space Operations 
Squadron(2 SOPS) of the U.S. Air Force. Then 2 SOPS contacts each GPS satellite regularly 
with a navigational update using dedicated or shared (AFSCN) ground antennas (GPS dedicated 
ground antennas are located at Kwajalein, Ascension Island, Diego Garcia, and Cape Canaveral). 
These updates synchronize the atomic clocks on board the satellites to within a 
few nanoseconds of each other, and adjust the ephemeris of each satellite's internal orbital model. 
The updates are created by aKalman filter that uses inputs from the ground monitoring 
stations, space weather information, and various other inputs. 


Satellite maneuvers are not precise by GPS standards. So to change the orbit of a satellite, the 
satellite must be marked unhealthy, so receivers will not use it in their calculation. Then the 
maneuver can be carried out, and the resulting orbit tracked from the ground. Then the new 
ephemeris is uploaded and the satellite marked healthy again. 


The Operation Control Segment (OCS) currently serves as the control segment of record. It 
provides the operational capability that supports global GPS users and keeps the GPS system 
operational and performing within specification. 


OCS successfully replaced the legacy 1970s-era mainframe computer at Schriever Air Force 
Base in September 2007. After installation, the system helped enable upgrades and provide a 
foundation for a new security architecture that supported the U.S. armed forees. OCS will 
continue to be the ground control system of record until the new segment, Next Generation GPS 
Operation Control System (OCX), is fully developed and functional. 


The new capabilities provided by OCX will be the cornerstone for revolutionizing GPS's mission 
capabilities, and enabling”! Air Force Space Command to greatly enhance GPS operational 
services to U.S. combat forces, civil partners and myriad domestic and international users. 


The GPS OCX program also will reduce cost, schedule and technical risk. It is designed to 
provide 50%! sustainment cost savings through efficient software architecture and 
Performance-Based Logistics. In addition, GPS OCX expected to cost millions less than the cost 
to upgrade OCS while providing four times the capability. 


The GPS OCX program represents a critical part of GPS modernization and provides significant 
information assurance improvements over the current GPS OCS program. 


+ OCX will have the ability to control and manage GPS legacy satellites as well as the next 
generation of GPS III satellites, while enabling the full array of military signals. 

+ Built on a flexible architecture that can rapidly adapt to the changing needs of today’s and 
future GPS users allowing immediate access to GPS data and constellations status through 
secure, accurate and reliable information. 

+ Empowers the warfighter with more secure, actionable and predictive information to enhance 
situational awareness. 

+ Enables new modernized signals (LIC, L2C, and L5) and has M-code capability, which the 
legacy system is unable to do. 

+ Provides significant information assurance improvements over the current program including 
detecting and preventing cyber attacks, while isolating, containing and operating during such 
attacks. 

+ Supports higher volume near real-time command and control capabilities and abilities. 


On September 14, 2011, the U.S. Air Force announced the completion of GPS OCX Preliminary 
Design Review and confirmed that the OCX program is ready for the next phase of development. 


The GPS OCX program has achieved major milestones and is on track to support the GPS TILA 
launch in May 2014. 


User segment 


The user segment is composed of hundreds of thousands of U.S. and allied military users of the 
secure GPS Precise Positioning Service, and tens of millions of civil, commercial and scientific 
users of the Standard Positioning Service. In general, GPS receivers are composed of an antenna, 
tuned to the frequencies transmitted by the satellites, receiver-processors, and a highly stable 
clock (often a crystal oscillator). They may also include a display for providing location and 
speed information to the user. A receiver is often described by its number of channels: this 
signifies how many satellites it can monitor simultaneously. Originally limited to four or five, 
this has progressively increased over the years so that, as of 2007, receivers typically have 
between 12 and 20 channels. 


GPS receivers may include an input for differential corrections, using the RTCM SC-104 format. 
This is typically in the form of an RS-232 port at 4,800 bit/s speed. Data is actually sent at a 
much lower rate, which limits the accuracy of the signal sent using RTCMReceivers with 
internal DGPS receivers can outperform those using external RTCM data! As of 2006, even low- 
cost units commonly include Wide Area Augmentation System (WAAS) receivers. 


Many GPS receivers can relay position data to a PC or other device using the NMEA 
0183 protocol. Although this protocol is officially defined by the National Marine Electronics 


Association (NMEA), references to this protocol have been compiled from public records, 
allowing open source tools likegpsdto read the protocol without violating intellectual 
property laws. Other proprietary protocols exist as well, such as the SiRF andMTK protocols. 
Receivers can interface with other devices using methods including a serial connection, USB, 
or Bluetooth. 


Applications 


While originally a military project, GPS is considered a dual-use technology, meaning it has 
significant military and civilian applications. 


GPS has become a widely deployed and useful tool for commerce, scientific uses, tracking, and 
surveillance. GPS's accurate time facilitates everyday activities such as banking, mobile phone 
operations, and even the control of power grids by allowing well synchronized hand-off 
switching. 


Civilian 
Astronomy: Both _ positional + and clock —synchronizationdata_is_—_ used 
in Astrometry and Celestial mechanics calculations. It is also used in amateur 


astronomy using small telescopes to professionals observatories, for example, while 
finding extrasolar planets. 


+ Automated vehicle: Applying location and routes for cars and trucks to function without a 
human driver. 

+ Cartography: Both civilian and military cartographers use GPS extensively. 

+ Cellular telephony: Clock synchronization enables time transfer, which is critical for 
synchronizing its spreading codes with other base stations to facilitate inter-cell handoff and 
support hybrid GPS/cellular position detection for mobile emergency calls and other 
applications. The first handsets with integrated GPS launched in the late 1990s. The 
U.S. Federal Communications Commission (FCC) mandated the feature in either the handset 
or in the towers (for use in triangulation) in 2002 so emergency services could locate 
911 callers. Third-party software developers later gained access to GPS APIs 
from Nextel upon launch, followed by Sprint in 2006, and Verizon soon thereafter. 

+ Clock synchronization: The accuracy of GPS time signals (£10 ns)”" is second only to the 
atomic clocks upon which they are based. 

* Disaster relief/emergency services: Depend upon GPS for location and timing capabilities. 

+ Fleet Tracking: The use of GPS technology to identify, locate and maintain contact reports 
with one or more fleet vehicles in real-time. 

+ Geofencing: Vehicle tracking systems, person tracking systems, and pet tracking systems use 
GPS to locate a vehicle, person, or pet. These devices are attached to the vehicle, person, or 
the pet collar. The application provides continuous tracking and mobile or Internet updates 
should the target leave a designated area.) 

* Geotagging: Applying location coordinates to digital objects such as photographs 
(in exif data) and other documents for purposes such as creating map overlays with devices 
like Nikon GP-1 

+ GPS Aircraft Tracking 


+ GPS for Mining: The use of RTK GPS has significantly improved several mining operations 
such as drilling, shoveling, vehicle tracking, and surveying. RTK GPS provides centimeter- 
level positioning accuracy. 

+ GPS tours: Location determines what content to display; for instance, information about an 
approaching point of interest. 

+ Navigation: Navigators value digitally precise velocity and orientation measurements. 

+ Phasor measurements: GPS enables highly accurate timestamping of power system 
measurements, making it possible to compute phasors. 

+ Recreation: For example, geocaching, geodashing, GPS drawing and waymarking. 

+ Robotics: Self-navigating, autonomous robots using a GPS sensors, which calculate latitude, 
longitude, time, speed, and heading. 

+ Surveying: Surveyors use absolute locations to make maps and determine property 
boundaries 

+ Tectonics: GPS enables direct fault motion measurement in earthquakes. 

+ Telematics: GPS technology integrated with computers and mobile communications 
technology in automotive navigation systems 

Restrictions on civilian use 


The U.S. Government controls the export of some civilian receivers. All GPS receivers capable 
of functioning above 18 kilometres (11 mi) altitude and S15 metres per second (1,001 kn) or 
designed, modified for use with unmanned air vehicles like e.g. ballistic or cruise missile 
systems are classified as munitions (weapons) for which State Department export licenses are 
required. 


This rule applies even to otherwise purely civilian units that only receive the L1 frequency and 
the C/A (Coarse/Acquisition) code and cannot correct for Selective Availability (U.S. 
government discontinued SA on May 1, 2000, resulting in a much- improved autonomous GPS 
accuracy), etc. 

Disabling operation above these limits exempts the receiver from classification as a munition, 
Vendor interpretations differ. The rule refers to operation at both the target altitude and speed, 
but some receivers stop operating even when stationary. This has caused problems with some 
amateur radio balloon launches that regularly reach 30 kilometres (19 mi). 


These limits only apply to units exported from (or which have components exported from) the 
USA ~ there is a growing trade in various components, including GPS units, supplied by other 
countries, which are expressly sold as ITAR-free. 

Military 

‘As of 2009, military applications of GPS include: 


+ Navigation: GPS allows soldiers to find objectives, even in the dark or in unfamiliar 
territory, and to coordinate troop and supply movement. In the United States armed forces, 
commanders use the Commanders Digital Assistant and lower ranks use the Soldier Digital 
Assistant. 


+ Target tracking: Various military weapons systems use GPS to track potential ground and air 
targets before flagging them as hostile.'These weapon systems pass target coordinates 
to precision-guided munitions to allow them to engage targets accurately. Military aircraft, 
particularly in air-to-ground roles, use GPS to find targets (for example, gun camera video 
from AH-1 Cobras in Iraq show GPS co-ordinates that can be viewed with specialized 
software). 

+ Missile and projectile guidance: GPS allows accurate targeting of various military weapons 
including ICBMs, cruise missiles, precision-guided munitions and Artillery projectiles 
Embedded GPS receivers able to withstand accelerations of 12,000 gor about 
118 km/s? have been developed for use in 155 millimetres (6.1 in) howitzers. Search and 
Rescue: Downed pilots can be located faster if their position is known. 

+ Reconnaissance: Patrol movement can be managed more closely. 

+ GPS satellites carry a set of nuclear detonation detectors consisting of an optical sensor (Y- 
sensor), an X-ray sensor, a dosimeter, and an electromagnetic pulse (EMP) sensor (W- 
sensor), that form a major portion of the United States Nuclear Detonation Detection 
System. General William Shelton has stated that this feature may be dropped from future 
satellites in order to save money, Communicatio 


Demodulation and decoding 


Demodulating and Decoding GPS Satellite Signals using the Coarse/Acquisition Gold 
code. 


Because all of the satellite signals are modulated onto the same LI carrier frequency, the signals 
must be separated after demodulation. This is done by assigning each satellite a unique 
binary sequence known as aGold code. The signals are decoded after demodulation using 
addition of the Gold codes corresponding to the satellites monitored by the receiver. 


If the almanac information has previously been acquired, the receiver picks the satellites to listen 
for by their PRNs, unique numbers in the range 1 through 32. If the almanac information is not in 
memory, the receiver enters a search mode until a lock is obtained on one of the satellites. To 
obtain a lock, it is necessary that there be an unobstructed line of sight from the receiver to the 
satellite, The receiver can then acquire the almanac and determine the satellites it should listen 
for. As it detects each satellite's signal, it identifies it by its distinet C/A code pattern. There can 


be a delay of up to 30 seconds before the first estimate of position because of the need to read the 
ephemeris data. 

Processing of the navigation message enables the determination of the time of transmission and 
the satellite position at this time. For more information see Demodulation and Decoding, 
Advanced. 


Navigation equations 


The receiver uses messages received from satellites to determine the satellite positions and time 
sent. The x, y, and z components of satellite position and the time sent are designated as [xi, yi, 
2, ti] where the subscript i denotes the satellite and has the value 1, 2, .., n, where %® 2 4. When 


the time of message reception indicated by the on-board clock is fr, the true reception time is 
tr = §, +B where b is receiver's clock bias (ice. clock delay). The message's transit time 
is B+ 8B. Aseuming the siessnge traveled 8t the opeed of light the distance gaveled 
is(e+b-tie Knowing the distance from receiver to satellite and the satellite's position 
implies that the receiver is on the surface of a sphere centered at the satellite's position 
with radius equal to this distance. Thus the receiver is at or near the intersection of the surfaces 
of the four or more spheres. In the ideal case of no errors, the receiver is at the intersection of the 
surfaces of the spheres. 


The clock error or bias, b, is the amount that the receiver's clock is off. The receiver has four 
unknowns, the three components of GPS receiver position and the clock bias [x, y, z, b]. The 
equations of the sphere surfaces are given by: 


(w— a)? + y— wi? t (eal = (lh tO- 1d, £12,050 


or in terms of pseudoranges, A= (& — Be 4. 


p= yea} + YH + (@ — a)? — be, = 1,2, 


These equations can be solved by algebraic or numerical methods. 


Least squares method 
When more than four satellites are available, the calculation can use the four best or more than 
four, considering number of channels, processing capability, and geometric dilution of 
precision(GDOP). Using more than four is an over-determined system of equations with no 
unique solution, which must be solved by a least-squares method. Errors can be estimated 
through the residuals. With each combination of four or more satellites, a GDOP factor can be 
calculated, based on the relative sky directions of the satellites used. The location is expressed in 
a specific coordinate system or as latitude and longitude, using the WGS 84 geodetic datum or a 
country-specific system. 


(4.0.4.8) = argnin 3 (Vle= BP + WW + —aP bp) 
dle 
Bancroft's method 


Bancroft's method involves an algebraic as opposed to numerical method and can be used for the 
case of four or more satellites. Bancroft’s method provides one or two solutions for the four 
unknowns. However when there are two solutions, only one of these two solutions will be a near 
earth sensible solution. When there are four satellites, we use the inverse of the B matrix in 
section 2 of. If there are more than four satellites then we use the Generalized inverse (i.e. the 
pseudoinvers) of the B matrix since in this case the B matrix is no longer square. 


Error sources and analysis 


GPS error analysis examines the sources of errors in GPS results and the expected size of those 
errors. GPS makes corrections for receiver clock errors and other effects but there are still 
residual errors which are not corrected. Sources of error include signal arrival time 
measurements, numerical calculations, atmospheric effects, ephemeris and clock data, multipath 
signals, and natural and artificial interference. The magnitude of the residual errors resulting 
from these sources is dependent on geometric dilution of precision. 


Artificial errors may result from jamming devices and threaten ships and aireraft. 


Review Questions 


1. What is Triangulation Surveying In detail? 

What is horizontal and vertical control method explain? 

Whaat is signals explain in detail? 

Explain base line? 

What are the instruments and accessories extension of base lines? 
What is Satellite station explain with digram? 

What is Intervisibility of height and distances in satellite explain? 


What is Trigonometric leveling ? 


ee INDY YD 


Whaat is Axis single corrections explain? 


10. What are the application of satellite? 


Chapter 5 


ENGINEERING SURVEYS 
Structure of this unit 
Reconnaissance, CURVES, CONTOUR 


Learning Objectives 
1, Reconnaissance 
2. Preliminary and location surveys for engineering projects ~ layout ~ setting out works 
3. CURVES : Curve ranging ~ Horizontal and Vertical curves ~ Simple curves -setting with 
chain and tapes, 
4. Tangential angles by theodolite. 


5. CONTOUR : Contouring ~ Methods ~ Characteristics and uses of contours ~ Plotting 


Calculation of areas and volumes. 


a Enhanced inter-cell interference coordination (el CIC) management; 
a Coverage and capacity optimization; 

a Cell outage detection and compensation; 

a Self-healing functions; 

@ Minimization of drive testing; 

a Energy savings; and 

@ Coordination among various SON functions. 


3GPP categorizes SON as centralized, distributed, or hybrid, which is a combination of 
centralized and distributed approaches. 


In a centralized architecture, SON algorithms operate on a central network management 
system or central SON server. In contrast, in a distributed approach, the SON algorithms 
operate at the eNBs, which make autonomous decisions based on local measurements as 
well as from other nearby eNBs received via an X2 interface that interconnects eNBs. 


The distributed architecture permits faster and easier deployment but is not necessarily as 
efficient or as consistent in operation, especially in  multi-vendor infrastructure 
deployments. 


In a hybrid approach, shown in Figure 101, SON algorithms operate both at the eNB and 
at a central SON server, with the server supplying values of initial parameters, for example. 
The eNBs may then update and refine those parameters in response to local 
measurements. 


The hybrid approach resolves deployment scenarios that cannot be resolved by dSON, for 
example, cases such as: 


a No X2 interface between the eNBs. 
a Multi-vendor deployment with different dSON algorithms. 


a Multi-technology load balancing and user steering. 
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5.1 ENGINEERING SURVEYS 


Engineering Surveys are a single source provider of survey services to the construction and 
Building industries. Operating from our base in Hong Kong we have a peak workforce of over 
120 staff and have been involved in some of the largest infrastructure and building projects 
undertaken in the region over the last 10 years. 


In addition to providing site surveying staff and equipment our vision is one of converging 
technologies where surveyors provide an increasingly diverse range of products and deliverables 
driven by the huge increase in quality and quantity of spatial data being collected. 


From Topographic and Building Surveys to High Definition Laser Scanning and from CAD 
Drafting to 3D BIM Models the market for collecting and presenting spatial data has never been 
larger. 


Engineering Surveys, as a multi-disciplined, single source provider of survey services are well 
placed to serve this market. 


5.2 Reconnaissance 


Reconnaissance is the military term for exploring beyond the area occupied by friendly forces to 
gain vital information about enemy forces or features of the environment for later analysis and/or 
dissemination. 


Often referred to as reece (British and Canadian English) or recon (American English, Australian 
English), the associated verb isreconnoitre in British and Canadian English or reconnoiter in 
American English. 


Examples of reconnaissance include patrolling by troops (LRRPs, Rangers, scouts, or military 
intelligence specialists), ships orsubmarines, manned/unmanned aircraft, satellites, or by setting 
up covert observation posts. Espionage normally is not reconnaissance, because reconnaissance 
is a military force's operating ahead of its main forces; spies are non-combatants operating 
behind enemy lines. 


History 


Traditionally, reconnaissance was a role that was adopted by the cavalry. Speed was key in these 
maneuvers, thus infantry was ill suited to the task. From horses to vehicles, for warriors 
throughout history, commanders procured their ability to have speed and mobility, to mount and 
dismount, during maneuver warfare. Military commanders favored specialized small units for 
speed and mobility, to gain valuable information about the terrain and enemy before sending the 


main (or majority) troops into the area, screening, covering force, pursuit and exploitation roles. 
Skirmishing is a traditional skill of reconnaissance, as well as harassment of the enemy. 


Overview 


Reconnaissance conducted by ground forces includes special reconnaissance, armored 
reconnaissance, amphibious reconnaissance and civil reconnaissance. 


Aerial reconnaissance is reconnaissance carried out by aircraft (of all types including balloons 
and unmanned aircraft). The purpose is to survey weather conditions, map terrain, and may 
include military purposes such as observing tangible structures, particular areas, and movement 
of enemy forces. 


Naval forces use aerial and satellite reconnaissance to observe enemy forces. Navies also 
undertake hydrographic surveys and intelligence gathering. 

Reconnaissance satellites provide military commanders with photographs of enemy forces and 
other intelligence. Military forces also use geographical and meteorological information 
from Earth observation satellites. 


Discipline 


5.2.1 Types of reconnaissance’ 


1. Terrain-oriented reconnaissance is a survey of the terrain (its features, weather, and 
other natural observations). 

2. Force-oriented reconnaissance focuses on the enemy forces (number, equipment, 
activities, disposition etc.) and may include target acquisition. 

3. Civil-oriented reconnaissance focuses on the civil dimension of the battlespace (areas, 
structures, capabilities, organizations, people and events or ASCOPE). 


The techniques and objectives are not mutually exclusive; it is up to the commander whether 
they are carried out separately or by the same unit. 

Reconnaissance-in-force 

Some military elements tasked with reconnaissance are armed only for self-defense, and rely on 


stealth to gather information. Others are well-enough armed to also deny information to the 
enemy by destroying their reconnaissance elements. 


Reconnaissance-in-force (RIF) is a type of military operation or military tactics used specifically 
to probe an enemy's disposition. By mounting an offensive with considerable (but not decisive) 
force, the commander hopes to elicit a strong reaction by the enemy that reveals its own strength, 
deployment, and other tactical data. The RIF commander retains the option to fall back with the 
data or expand the conflict into a full engagement. 


Other methods consist of hit-and-run tactics using rapid mobility, and in some cases light- 
armored vehicles for added fire superiority, as the need arises. 


Reconnaissance-by-fire 


Reconnaissance by fire (or speculative fire) is the act of firing at likely enemy positions, in order 
to cause the enemy force to reveal their location by moving or by returning fire. 


Reconnaissance-pull 


Reconnaissance-pull is a tactic that is applied at the regiment to division level and defined as 
locating and rapidly exploiting enemy weaknesses. It is the ability to determine enemy positions 
and create exploitable gaps through which friendly forces can pass while avoiding obstacles and 
strong points. 


‘A textbook example of reconnaissance-pull was documented during the Tinian landings 
during World War I, utilized by the United States Marine Corps's Amphibious Reconnaissance 
Battalion, fromV Amphibious Corps. Aerial photography, and the confirmation by 
the amphibious reconnaissance platoons determined that the Japanese defenders had largely 
ignored the northern beaches of the island focusing most of their defensive effort on beaches in 
the south-west which were more favorable for an amphibious landing. American forces quickly 
changed their landing location to the northern beaches and planned a small and hasty "deception" 
operation off the southern beach, which resulted in a complete surprise for the Japanese forces. 
As a result, American forces were able to fight the Japanese force on land where they had the 
advantage leading to light losses and a relatively short battle that lasted only 9 days. 


Types 


When referring to reconnaissance, a commander's full intention is to have a vivid picture of 
his battlespace. The commander organizes the reconnaissance platoon based on: 1) mission, 2) 
enemy, 3) terrain, 4) troops and support available, (5) time available, (6) and civil considerations. 
This analysis determines whether the platoon uses single or multiple elements to conduct the 
reconnaissance, whether it pertains to area, zone, or route reconnaissance, the following 
techniques may be used as long as the fundamentals of reconnaissance are applied. 


Scouts may also have different tasks to perform for their commanders of higher echelons, for 
example: the engineer reconnaissance detachments will try to identify difficult terrain in the path 
of their formation, and attempt to reduce the time it takes to transit the terrain using specialist 
engineering equipment such as a pontoon bridge for crossing water obstacles. Sanitary 
epidemiological reconnaissance implies collection and transfer of all data available 
on sanitary and epidemiological situation of the area of possible deployment and action of armed 
forces, the same data for the neighboring and enemy armed forces. The aim for the 
reconnaissance is to clear up the reasons of the specific disease origin- sources of the infection in 
various extreme situations, including local wars and armed conflicts, the ways of the infection 
transfer and all factors promoting to the infestation. 


After the armed forces have become stationary during wartime and emergency of peace time the 
sanitary epidemiological reconnaissance turns into sanitary and epidemiological surveillance and 
medical control of vital and communal activity of the armed forces . 

Area 

Area reconnaissance refers to the observation, and information obtained, about a specified 


location and the area around it; it may be terrain-oriented and/or force-oriented. Ideally, a 
reconnaissance platoon, or team, would use surveillance or vantage (static) points around the 


objective to observe, and the surrounding area. This methodology focuses mainly prior to 
moving forces into or near a specified area; the military commander may utilize his 
reconnaissance assets to conduct an area reconnaissance to avoid being surprised by unsuitable 
terrain conditions, or most importantly, unexpected enemy forces. The area could be a town, 
ridge-line, woods, or another feature that friendly forces intend to occupy, pass through, or 
avoid. 


Within an Area of operation (AO), area reconnaissance can focus the reconnaissance on the 
specific area that is critical to the commander. This technique of focusing the reconnaissance 
also permits the mission to be accomplished more quickly. Area reconnaissance can thus be a 
stand-alone mission or a task to a section or the platoon. The commander analyzes the mission to 
determine whether the platoon will conduct these types of reconnaissance separately or in 
conjunction with each other. 


Civil 


Civil Reconnaissance is the process of gathering a broad spectrum of civil information about a 
specific population in support of military operations. It is related to and often performed in 
conjunction with infrastructure reconnaissance (assessment and survey). Normally the focus of 
collection in the operational area for civil reconnaissance is collecting civil information relating 
to the daily interaction between civilians and military forces. Civil information encompasses 
relational, temporal, geospatial and behavioral information captured in a socio-cultural backdrop. 
It is information developed from data related to civil areas, structures, capabilities, organizations, 
people, and events, within the civil component of the commander's operational environment that 
can be processed to increase situational awareness and understanding. The type of civil 
information that is needed in order to support military operations varies based on the 
environment and situation, 


Route 


Route reconnaissance is oriented on a given route: e.g. a road, a railway, a waterway; a narrow 
axis or a general direction of attack, to provide information on route conditions or activities 
along the route. A military commander relies on information about locations along his 
determined route: which those that would provide best cover and concealment; bridge by 
construction type, dimensions, and classification; or for landing zones or pickup zones, if the 
need arises. 


In many cases, the commander may act upon a force-oriented route reconnaissance by which the 
enemy could influence movement along that route. For the reconnaissance platoons, or squads, 
stealth and speed —in conjunction with detailed intelligence-reporting—are most important and 
crucial. The reconnaissance platoon must remain far enough ahead of the maneuver force to 
assist in early warning and to prevent the force from becoming surprised. 


Even it is paramount to obtain information about the available space in which a force can 
maneuver without being forced to bunch up due to  obstacles.Terrain-oriented route 
reconnaissance allows the commander to obtain information and capabilities about the adjacent 
terrain for maneuvering his forces, to include, any obstacles (minefields, barriers, steep ravines, 
marshy areas, or chemical, biological, radiological, and nuclear contamination) that may obstruct 
vehicle movement—on routes to, and in, his assigned area of operations. This requirement 


includes the size of trees and the density of forests due to their effects on vehicle movement. 
Route reconnaissance also allows the observation for fields of fire along the route and adjacent 
terrain. This information assists planners as a supplement to map information. 


Zone 


Zone reconnaissance focuses on obtaining detailed information before maneuvering their forces 
through particular, designated locations. It can be terrain-oriented, force-oriented, or both, as it 
acquire this information by reconnoitering within—and by maintaining surveillance over 
routes, obstacles (to include nuclear-radiological, biological, and chemical contamination), and 
resources within an assigned location. 


‘Also, force-oriented zone reconnaissance is assigned to gain detailed information about enemy 
forces within the zone, or when the enemy situation is vague by which the information 
concerning cross-country traffic-ability is desired. The reconnaissance provides the commander 
with a detailed picture of how the enemy has occupied the zone, enabling him to choose the 
appropriate course-of-action. 

As the platoon conducts this type of zone reconnaissance, its emphasis is on determining the 
enemy's locations, strengths, and weaknesses. This is the most thorough and complete 
reconnaissance mission and therefore is very time-intensive 


The survey which is conducted for determining quantities and for collecting data for the 
designing of engineering works such as roads, railways, etc., is known as Engineering 
Survey. 

Engineering survey have following types: 


Reconnaissance* Survey 

The Survey which is done for the feasibility* and rough cost of the project 

is known as Reconnaissance Survey. 

Preliminary Survey 

The survey in which more precise information is required for the choice of best location 
for the project and to estimate the exact quantities and costs of project is known as 
Preliminary Survey. 

Location Survey 

The survey for setting out the work on the ground is known as location survey. 


Reconnaissance means military observation of an area to gain information. 
Feasibility means either the project will complete or not. 


5.3 Horizontal and Vertical curves 


The center line of a road consists of series of straight lines interconnected by curves that are used 
to change the alignment, direction, or slope of the road. Those curves that change the alignment 
or direction are known as horizontal curves, and those that change the slope are vertical 
curves. 


5.3.1 Horizontal Curve 


When a highway changes horizontal direction, making the point where it changes direction a 
point of intersection between two straight lines is not feasible. The change in direction would be 
too abrupt for the safety of modem, high-speed vehicles. It is therefore necessary to interpose a 
curve between the straight lines. The straight lines of a road are called tangents because the lines 
are tangent to the curves used to change direction. 

In practically all modem highways, the curves are circular curves; that is, curves that form 
circular arcs. The smaller the radius of a circular curve, the sharper the curve. For modern, high- 
speed highways, the curves must be flat, rather than sharp. That means they must be large-radius 
curves. In highway work, the curves needed for the location or improvement of small secondary 
roads may be worked out in the field. Usually, however, the 


horizontal curves are computed after the route has been selected, the field surveys have been 
done, and the survey base line and necessary topographic features have been plotted. In urban 
work, the curves of streets are designed as an integral part of the preliminary and final layouts, 
which are usually done on a topographic map. In highway work, the road itself is the end result 
and the purpose of the design, But in urban work, the streets and their curves are of secondary 
importance; the best use of the building sites is of primary importance. 

The principal consideration in the design of a curve is the selection of the length of the radius or 
the degree of curvature (explained later). This selection is based on such considerations as the 
design speed of the highway and the sight distance as limited by headlights or obstructions. 
Some typical radii you may encounter are 12,000 feet or longer on an interstate highway, 1,000 
feet on a major thoroughfare in a city, 500 feet on an industrial access road, and 150 feet on a 
minor residential street. 


MEADLIGHT SIGHT DISTANCE 


——Lines of sight 


5.3.1.1 TYPES OF HORIZONTAL CURVES 


There are four types of horizontal curves. They are described as follow: 


1. SIMPLE. The simple curve is an arc of a circle. The radius of the circle determines the 
sharpness or flatness of the curve. 


2. COMPOUND. Frequently, the terrain will require the use of the compound curve. This curve 
normally consists of two simple curves joined together and curving in the same direction 


3. REVERSE. A reverse curve consists of two simple curves joined together, but curving in 
opposite direction. For safety reasons, the use of this curve should be avoided when possible 


4. SPIRAL. The spiral is a curve that has a varying radius. It is used on railroads and most 
modem highways. Its purpose is to provide a transition from the tangent to a simple curve or 
between simple curves in a compound curve. 


5.3.1.2 ELEMENTS OF A HORIZONTAL CURVE 


The elements of a circular curve are shown in figure 11-3. Each element is designated and 
explained as follows: 


PI POINT OF INTERSECTION. The point of intersection is the point where the back and 
forward tangents intersect. Sometimes, the point of intersection is designated as V (vertex). 


TINTERSECTING ANGLE. The intersecting angle is the deflection angle at the PI. Its value 
is either computed from the preliminary traverse angles or measured in the field. A CENTRAL 
ANGLE. The central angle is the angle formed by two radii drawn from the 


Figure 


A simple CURVE B COMPOUND CURVE 


C REVERSE CURVE D spiRAL CURVE 


Figure—Horizontal curves. 


109' CHORDS 


‘SUBCHORD 


SUBCHORD 


Figure.—Elements of a horizontal curve. 
center of the circle (O) to the PC and PT. The value of the central angle is equal to the J angle. 
Some authorities call both the intersecting angle and central angle either J or A. RADIUS. The 
radius of the circle of which the curve is an are, or segment. The radius is always perpendicular 
to back and forward tangents. 


POINT OF CURVATURE. The point of curvature is the point on the back tangent where the 
circular curve begins. It is sometimes designated as BC (beginning of curve) or TC (tangent to 
curve). 


POINT OF TANGENCY, The point of tangency is the point on the forward tangent where the 
curve ends. It is sometimes designated as EC (end of curve) or CT (curve to tangent). 


POC POINT OF CURVE. The point of curve is any point along the curve. 


LENGTH OF CURVE. The length of curve is the distance from the PC to the PT, measured 
along the curve. 


TANGENT DISTANCE. The tangent distance is the distance along the tangents from the PI to 
the PC or the PT. These distances are equal on a simple curve. 


LONG CHORD. The long chord is the straight-line distance from the PC to the PT. Other types 
of chords are designated as follows: C The full-chord distance between adjacent stations (full, 
half, quarter, or onetenth stations) along a curve. c] The subchord distance between the PC and 
the first station on the curve. 


c? The subchord distance between the last station on the curve and the PT. 


EXTERNAL DISTANCE. The external distance (also called the external secant) is the distance 
from the PI to the midpoint of the curve. The external distance bisects the interior angle at the PI. 


MIDDLE ORDINATE. The middle ordinate is the distance from the midpoint of the curve to the 
midpoint of the long chord. The extension of the middle ordinate bisects the central angle. 


DEGREE OF CURVE. The degree of curve defines the sharpness or flatness of the curve. 
DEGREE OF CURVATURE 


The last of the elements listed above (degree of curve) deserves special attention. Curvature may 
be expressed by simply stating the length of the radius of the curve. That was done earlier in the 
chapter when typical radii for various roads were cited. Stating the radius is a common practice 
in land surveying and in the design of urban roads. For highway and railway work, however, 
curvature is expressed by the degree of curve. Two definitions are used for the degree of curve. 
These definitions are discussed in the following sections. 


Degree of Curve (Arc Definition) 


The arc definition is most frequently used in highway design. This definition, , states that the 
degree of curve is the central angle formed by two radii that extend from the center of a circle to 
the ends of an arc measuring 100 feet long (or 100 meters long if you are using metric units). 
Therefore, if you take a sharp curve, mark off a portion so that the distance along the arc is 
exactly 100 feet, and determine that the central angle is 12°, then you have a curve for which the 
degree of curvature is 12°; itis referred to as a 12° curve. 


By studying, you can see that the ratio design speed and allowable superelevation. Then the 
between the degree of curvature (D) and 360° is the radius is calculated. same as the ratio 
between 100 feet of arc and the circumference (C) of a circle having the same radius. That may 
be expressed as follows: 


Figure 101: Hybrid SON Architecture? 
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With increasing numbers of macro cells and small cells, interference opportunities increase 
as well. Optimizing power settings through intelligent power management algorithms is 
crucial for maximum efficiency with the least amount of interference, including pilot 
pollution. Pilot pollution can result in low data rates and ping-pong handovers due to 
channel fading. A hybrid SON approach is well suited for optimized power management. 


IP Multimedia Subsystem (IMS) 


IP Multimedia Subsystem (IMS) is a service platform for IP multimedia applications: video 
sharing, PoC, VoIP, streaming video, interactive gaming, and others. IMS by itself does not 
provide all these applications. Rather, it provides a framework of application servers, 
subscriber databases, and gateways to make them possible. The exact services will depend 
on cellular operators and the application developers that make these applications available 
to operators. The primary application in 2016, however, is VoLTE. 


The core networking protocol used within IMS is Session Initiation Protocol (SIP), which 
includes the companion Session Description Protocol (SDP) used to convey configuration 
information such as supported voice codecs. Other protocols include Real Time Transport 
Protocol (RTP) and Real Time Streaming Protocol (RTSP) for transporting actual sessions. 
The QoS mechanisms in UMTS will be an important component of some IMS applications. 


Although originally specified by 3GPP, numerous other organizations around the world are 
supporting IMS. These include the IETF, which specifies key protocols such as SIP, and the 
Open Mobile Alliance, which specifies end-to-end, service-layer applications. Other 
organizations supporting IMS include the GSMA, ETSI, CableLabs, 3GPP2, The Parlay 
Group, the ITU, ANSI, the Telecoms and Internet Converged Services and Protocols for 
Advanced Networks (TISPAN), and the Java Community Process (JCP) 


IMS is relatively independent of the radio-access network and can, and likely will, be used 
by other radio-access networks or wireline networks. Other applications include picture and 
video sharing that occur in parallel with voice communications. Operators looking to roll 
out VoIP over networks will use IMS. For example, VoLTE depends on IMS infrastructure. 
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Since the circumference of a circle equals 27R, the 
above expression can be written as: 


D__ 100. 
360° 2nR 


Solving this expression for R: 


_ 5729.58 
Re D 
and also D: 
D 5729.58 | 


R 


For a 1° curve, D = 1; therefore R = 5,729.58 feet, or meters, depending upon the system of units 
you are using. In practice the design engineer usually selects the 5,729.65 feet, or meters, 
depending upon the system of degree of curvature on the basis of such factors as the 

design speed and allowable superelevation. Then the between the degree of curvature (D) and 
360° is the radius is calculated. 


Degree of Curve (Chord Definition) 


The chord definition is used in railway practice and in some highway work. This definition 
states that the degree of curve is the central angle formed by two radii drawn from the center of 
the circle to the ends of a chord 100 feet (or 100 meters) long. If you take a flat curve, mark a 
100-foot chord, and determine the central angle to be 0°30’, then you have a 30-minute curve 
(chord definition). From observation of figure 11-5, you can see the following trigonometric 
relationship: 


Then, solving for R: 


50 
~ sin'4D 


Fora 10 curve (chord definition), D = 1; therefore R = In practice the design engineer usually 
selects the 5,729.65 feet, or meters, depending upon the system of degree of curvature on the 
basis of such factors as the units you are using. Degree of curve (chord definition). 11- 
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-—Degree of curve (chord definition). 


Notice that in both the are definition and the chord definition, the radius of curvature is inversely 
proportional to the degree of curvature, In other words, the larger the degree of curve, the shorter 
the radius; for example, using the arc definition, the radius of a 1° curve is 5,729.58 units, and 
the radius of a 5° curve is 1,145.92 units. Under the chord definition, the radius of a 1° curve is 
5,729.65 units, and the radius of a 5° curve is 1,146.28 units. 


5.4 CURVE FORMULAS 


The relationship between the elements of a curve is expressed in a variety of formulas. The 
formulas for radius (R) and degree of curve (D), as they apply to both the arc and chord 
definitions, were given in the preceding discussion of the degree of curvature. Additional 
formulas you will use in the computations for a curve are discussed in the following sections. 


Tangent Distance 


Length of Curve By studying, you can see that the solution for the tangent distance (T) is a 
simple right-triangle solution. In the figure, both T and R are sides of a right triangle, with T 
being opposite to angle N2. Therefore, from your knowledge of trigonometric 

functions you know that 


Ils 
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and solving for T, 


T=Rtan5- 


Chord Distance 


By observing figure 11-7, you can see that the solution for the length of a chord, either a full 
chord (C) or the long chord (LC), is also a simple right-triangle solution. As shown in the figure, 
C/2 is one side of a right triangle and is opposite angle N2. The radius (R) is the hypotenuse of 
the same triangle. Therefore, 


_A 
sin > == 


2 = R 


and solving for C: 


_A 
C=2R sin 7 
Length of Curve 


In the are definition of the degree of curvature, length is measured along the arc, In this figure 
the relationship between D, & L, and a 100-foot are length may be expressed as follows: 


—Chord distance, 


Then, solving for L, 


A 
L=100 ,- 
D 


This expression is also applicable to the chord definition. However, L., in this case, is not the true 
arc length, because under the chord definition, the length of curve is the sum of the chord lengths 
(cach of which is usually 100 feet or 100 meters), As an example, if, as shown in view B, , the 
central angle (A) is equal to three times the degree of curve (D), then there are three 100-foot 
chords; and the length of “curve” is 300 feet. 


Middle Ordinate and External Distance 


Two commonly used formulas for the middle ordinate (M) and the external distance (E) are as 
follows 


2 ¥ (corm } 


DEFLECTION ANGLES AND CHORDS 


From the preceding discussions, one may think that laying out a curve is simply a matter of 
locating the center of a circle, where two known or computed radii intersect, and then swinging 
the are of the circular curve with a tape. For some applications, that can be done; for example, 
when you are laying out the intersection and curbs of a private road or driveway 


with a residential street. In this case, the length of the radii you are working with is short. 
However, what if you are laying out a road with a 1,000- or 12,000- or even a 40,000-foot 
radius? Obviously, it would be impracticable to swing such radii with a tape. In usual practice, 
the stakeout of a long-radius curve involves a combination of turning deflection angles and 
measuring the length of chords (C, Cl, or CZ as appropriate). A transit is set up at the PC, a sight 
is taken along the tangent, and each point is located by turning deflection angles and measuring 
the chord distance between stations. This procedure In below figure, you see a portion of a curve 
that starts at the PC and runs through points (stations) A, B, and C. To establish the location of 
point A on this curve, you should set up your instrument at the PC, turn the required deflection 
angle (all/2), and then measure the required chord distance from PC to point A. Then, to 
establish point B, you turn deflection angle D/2 and measure the required chord distance from A 
to B. Point C is located similarly. As you are aware, the actual distance along an arc is greater 
than the length of a corresponding chord; therefore, when using the arc definition, either a 
correction is applied for the difference between arc 


Deflection angles and chords. 


length and chord length, or shorter chords are used to make the error resulting from the 
difference negligible. In the latter case, the following chord lengths are commonly used for the 
degrees of curve shown: 


100 feet—0 to 3 degrees of curve 
50 feet—3 to 8 degrees of curve 
25 feet—8 to 16 degrees of curve 
10 feet-over 16 degrees of curve 


The above chord lengths are the maximum distances in which the discrepancy between the arc 
length and chord length will fall within the allowable error for taping. The allowable error is 0.02 
foot per 100 feet on most construction surveys; however, based on terrain conditions or other 
factors, the design or project engineer may determine that chord lengths other than those 
recommended above should be used for curve stakeout. The following formulas relate to 
deflection angles: (To simplify the formulas and further discussions of deflection angles, the 
deflection angle is designated simply as d rather than d/2.) 


Where: 


d = Deflection angle (expressed in degrees) 
C= Chord length 

D = Degree of curve 

d=03CD 

Where: 

d = Deflection angle (expressed in minutes) 
C= Chord length 

D = Degree of curve 


, Cc 
sind=5p 


5.5 SOLVING AND LAYING OUT A SIMPLE CURVE 


Now let’s solve and lay out a simple curve using the arc definition, which is the definition you 
will more often use as an EA. let’s assume that the directions of the back and forward tangents 
and the location of the PI have previously been staked, but the tangent distances have not been 
measured. Let’s also assume that stations have been set as far as Station 18 + 00. The specified 
degree of curve (D) is 15°, arc definition. Our job is to stake half-stations on the curve. 


Solving a Simple Curve 


We will begin by first determining the distance from Station 18 + 00 to the location of the PI. 
Since these points have been staked, we can determine the distance by field measurement. Let’s 
assume we have measured this distance and found it to be 300.89 feet. Next, we set up a transit at 
the PI and determine that deflection angle J is 75°. Since I always equals A, then A is also 75°, 
Now we can compute the radius of the curve, the tangent distance, and the length of curve as 
follows: 


»729.58/D = 381.97 ft 
T= R tan A/2 = 293.09 ft 


L= 100 A/D = 500 ft 


5.6 VERTICAL CURVES 


In addition to horizontal curves that go to the right or left, roads also have vertical curves that go 
up or down, Vertical curves at a crest or the top of a hill are called summit curves, or 
oververticals. Vertical curves at the bottom of a hill or dip are called sag curves, or 
underverticals. 


5.6.1 COMPUTING VERTICAL CURVES 


‘As you have learned earlier, the horizontal curves used in highway work are generally the ares of 
circles. But vertical curves are usually parabolic. The parabola is used primarily because its 
shape provides a transition and, also, lends itself to the computational methods described in the 
next section of this chapter. Designing a vertical curve consists principally of deciding on the 
proper length of the curve. the length of a vertical curve is the horizontal distance from the 
beginning to the end of the curve; the length of the curve is NOT the distance along the parabola 
itself. The longer a curve is, the more gradual the transition will be from one grade to the next; 
the shorter the curve, the more abrupt the change. The change must be gradual enough to provide 
the required sight distance. The sight distance requirement will depend on the speed for which 
the road is designed; whether passing or nonpassing distance is required; and other assumptions, 
such as one’s reaction time, braking time, stopping distance, height of one’s eyes, and height of 
objects. A typical eye level used for designs is 4.5 feet or, more recently, 3.75 feet; typical object 
heights are 4 inches to 1.5 feet. For a sag curve, the sight distance will usually not be significant 
during daylight; but the nighttime sight distance must be considered when the reach of headlights 
may be limited by the abruptness of the curve. 


Elements of a vertical curve. 


5.6.2 ELEMENTS OF VERTICAL CURVES 


the elements of a vertical curve. The meaning of the symbols and the units of measurement 
usually assigned to them follow: 


PVC Point of vertical curvature; the place where the curve begins. 
PVI Point of vertical intersection; where the grade tangents intersect 


PVT Point of vertical tangency; where the curve ends. 


POVC Point on vertical curve; applies to any point on the parabola 

POVT Point on vertical tangent; applies to any point on either tangent 

gl Grade of the tangent on which the PVC is located; measured in percent of slope 
22 Grade of the tangent on which the PVT is located; measured in percent of slope. 


The algebraic difference of the grades: G = g2 -g,, wherein plus values are assigned to uphill 
grades and minus values to downhill grades; examples of various algebraic differences are 
shown later in this section. Length of the curve; the horizontal length measured in 100-foot 
stations from the PVC to the PVT. This length may be computed using the formula L = G/r, 
where r is the rate of change (usually given in the design criteria). When the rate of change is not 
given, L (in stations) can be computed as follows: for a summit curve, L = 125 x G/4: for a sag 
curve, L = 100 x G/4. If L does not come out to a whole number of stations using these formulas, 
then it is usually extended to the nearest whole number. You should note that these formulas 

for length are for road design only, NOT railway. 


L1_ Horizontal length of the portion of the PVC to the PVI; measured in feet. 

L2_ Horizontal length of the portion of the curve form the PVI to the PVT; measured in feet. e 
Vertical (external) distance from the PVI to the curve, measured in feet. This distance is 
computed using the formula e = LG/8, where L is the total length in stations and G is the 
algebraic difference of the grades in percent. 


5.7 Contour 


CONTOUR 

+ Defined as the line of intersection of a level surface with the surface of ground. 
+ Lines drawn on the map to join points of the same height on the earth surface. 
. The best method of representation of features such as hills ete. 


CONTOUR INTERVAL 


i 
2: 


The constant height difference between two contour lines. 
Depends upon the following factors: 

The nature of the ground 

The purpose and Extent of the survey 

The scale of the map 

Time and Expense of Field and Office work. 


EXAMPLE OF CONTOUR INTERVAL 


i 


For large scale maps of flat country, for building sites for detailed design work 
0.2m to 0.5m. 

For reservoirs and town planning scheme. 

0.5m to 2m 

For location surveys 

2m to 3m 

For small scale maps of broken country and General Topographical work 

3m, 5m, 10m or 25m. 


CHARACTERISTICS OF CONTOUR LINES 


6. 


CONSAVE 
CONVEX 
VERTICAL SLOPE 
CLIFF 

VALLEY 

HILL SPUR 


USE OF CONTOUR MAP AND CONTOUR PLAN 


1. 


ea ay awh 


Study original shape of the earth surface 

Identify most suitable site and saving cost for engineer works 

Identify water catchments area 

Calculate capacity or volume of a pond 

Identify volume of cut and fill 

Identify intervisibility between two points 

Identify the slope of road 

Draw longitudinal section and cross section to view the shape of earth surface. 


3GPP initially introduced IMS in Release 5 and has enhanced it in each subsequent 
specification release. 


As shown in Figure 102, IMS operates just outside the packet core. 


Figure 102: IP Multimedia Subsystem 


Multiple Possible Access Networks Fi all 


The benefits of using IMS include handling all communication in the packet domain, tighter 
integration with the internet, and a lower cost infrastructure based on IP building blocks 
for both voice and data services. 


IMS applications can reside either in the operator's network or in third-party networks 
including those of enterprises. By managing services and applications centrally—and 
independently of the access network—IMS can enable network convergence. This allows 
operators to offer common services across 3G, Wi-Fi, and wireline networks. 


Service Continuity, defined in Release 8, provided for a user's entire session to continue 
seamlessly as the user moves from one access network to another. Release 9 expanded 
this concept to allow sessions to move across different device types. For example, the user 
could transfer a video call in midsession from a mobile phone to a large-screen TV, 
assuming both have an IMS appearance in the network. 


Release 8 introduced the IMS Centralized Services (ICS) feature, which allows for IMS- 
controlled voice features to use either packet-switched or circuit-switched access. 


Given that LTE operators will integrate their 5G networks with their current LTE networks, 
operators are likely to keep using IMS in conjunction with LTE for their voice and other 
services that use IMS, even as they begin deploying 5G. 


Broadcast/Multicast Services 


‘An important capability for 3G and evolved 3G systems is broadcasting and multicasting, 
wherein multiple users receive the same information using the same radio resource. This 
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9. Calculate horizontal distance between contour lines. 


METHOD OF CONTOURING 
1. DIRECT METHOD 
+ The contours to be located are directly traced out in the field by locating and 


making a number of points on each contour 
ae INDIRECT METHOD 
+ The points located and surveyed are not necessarily on the contour lines but the 
spot levels. 
. GRID LEVEL METHOD 
. CROSS SECTIONING METHOD 
. SPOT HEIGHT METHOD 
GRID LEVEL METHOD 
+ This method is most systematic and favoured by many because the contouring process is 
easy to understand. 


* Suitable for flat and open survey area. 
Contour maps are very useful since they provide valuable information about the terrain, Some of, 
the uses are as follows: 

i) The nature of the ground and its slope can be estimated 


ii) Earth work can be estimated for civil engineering projects like road works, railway, canals, 
dams ete. 


iii) It is possible to identify suitable 


for any project from the contour map of the region. 


iv) Inter-visibility of points can be ascertained using contour maps. This is most useful for 
locating communication towers 


v) Military uses contour maps for strategic planning 


the contour map, a common type of drawing in civil engineering. It is an ideal means of 
representing a threedimensional surface using a single two-dimensional view. Contour maps not 
only convey a qualitative impression of the features of the surface but also enable, using a single 
view, complete quantitative information to be extracted from the drawing. Although they are 
often used for topographic maps, contour maps have other applications that will be briefly 
mentioned in the article. 


1. what it is 
We will define what a contour map actually is by considering a simple example of representing a 
three-dimensional landform using only two dimensions.A three-dimensional surface is given. For 
example, we can consider a the landform shown in the figure to the right. The perspective view 
shown is obviously a two-dimensional representation of a threedimensional object. This conveys 
a reasonable qualitative impression of the overall characteristics of the landform, but it does have 
the following shortcoming 


1. Depending on the point from which the view is taken, we may miss valuable information. For 
example, when the landform is viewed to obtain the upper of the two views shown to the right, 
we have no information on what lies beyond the red line. We need to rotate to a different 
viewpoint to obtain this information. 


2. There is no reliable way of extracting quantitative information from this drawing. For 
example, we may wish to know the elevation of a specific point on this landform or the 
difference in elevation between two given points. Not only is it difficult to locate a given point 
exactly in a horizontal plane, it is likewise difficult to gain more than a general impression of its 
elevation. It is thus not possible to use this drawing to answer questions such as “What is the 
elevation of a point 400 m to the north and 300 m to the east of Point A”.We can solve the first 
problem to some extent by using multiple views of the same landform. This is shown in the 
figure to the right, where we have rotated the original viewpoint by approximately 90 degrees to 
obtain a second view. With the help of the second view, we can see what lies beyond the ridge. 
By selecting a sufficient number of views, we can generally provide a correct qualitative 
impression of the entire landform. The problem with this approach is that it is not compact, in the 
sense that one view is generally not enough. Furthermore, to be of value as a basis for extracting 
quantitative information, this approach also requires a means of relating one view to another. 
This is not a straightforward task 


We can solve the second problem to some extent by identifying specific points and writing in the 
elevation of these points on the drawing. This has been done for two points in the drawing to the 
right. Elevations are given in metres above sea level. This increases the quantitative content of 
the drawing. Ifa sufficiently large number of such elevations were given, it would be possible to 
estimate, at least approximately, elevations of other points by interpolation. There is still no 
reliable quantitative basis, however, for locating points in the horizontal plane. It is practically 
impossible, for example, to know the distance and bearing of the point with elevation 1019 
relative to the point with elevation 1178. Reliable answers to questions relating to the elevation 
of a point of known coordinates relative to a given point thus remain difficult to obtain, Neither 
providing multiple perspective views nor providing elevation values for given points thus allows 
us to represent the three dimensional surface using a single two-dimensional drawing that 
enables quantitative information to be extracted (i.e., the z coordinate of a point given its x and y 
coordinates). 


To accomplish this objective, we need a more suitable two dimensional representation of the 
three dimensional surface. To develop this representation, we return to the previous perspective 
views. We first imagine that the landform has been sliced by a horizontal plane of constant 
elevation. In this case, say its elevation is 1000 m. Where this plane cuts the landform defines 


one or more curves in a horizontal plane. We can erase the plane itself but leave the line created 
by the intersection of the plane and the landform. This curve joints points of equal elevation. We 
define any curve joining points of equal elevation a contour line, or simply a contour 


We can repeat this construction for planes at other elevations. For example, we can do so for 
planes with elevation 1100 m and 900 m. We can provide greater detail by showing more 
contour lines. In the lower view to the right, we have shown contours at increments of 20 m. We 
say that the contour interval in this drawing is 20 m. This contour interval appears to cover the 
landform reasonably well and capture the changes in topography. Although this drawing 
conveyssignificantly more information than the original perspective view given on the first page 
of this article, it is in itself is not particularly useful, since it has most of the shortcomings of the 
drawings developed initially. But it can be transformed into a powerful drawing by 
representingthis information on a horizontal plane 


We do this by viewing the landform, with the contour lines, looking directly down from a point 
above it. By choosing this viewpoint, we gain a dimensionally true representation of the 
horizontal plane, which permits us to use true x-y coordinates to locate points. The vertical 
dimension disappears visually but is now represented in a more abstract way through the contour 
lines, which now appear to be drawn on a horizontal plane.A given point can now be located and 
measured in x-y coordinates from any other point on the map. Its elevation can be read directly 
from the contour that intersects the point or, for points located in between contours, by 
interpolation. For example, a point 500 m to the east and 500 m to the north of the origin in the 
lower left portion of the drawing (shown with the red dot) is found to have an elevation of 
approximately 1008 m 


It is important that contour maps always incorporate a constant contour interval. By doing this, 
we can get a visual sense of the threedimensional properties of the surface, even when the 
shading of the original landform has been removed, by considering the patterns formed by the 
contours.The closest path from one contour line to an adjacent contour gives the steepest path. 
This follows directly from the definition of slope, which is equal to rise over run, For a constant 
rise (fixed contour interval), the greatest slope corresponds to the smallest value of run(closest 
distance between contours). It therefore follows that closely spaced contours denote regions that 
are steep and widely spaced contours are regions that are relatively flat.Closed curves denote 
either “hills” or “depressions”. We distinguish between the two by considering whether the 
contours are increasing or decreasing. In the case of the map shown to the right, the change of 
the contours indicates that the triangular figure enclosed by the green rectangle would be the top 
ofa hill. 
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Landform with contours viewed from above. Contour interval is 20 m. 
‘A series of adjacent contours that all “point” in the same direction often indicates the path of a 
river, since this corresponds to the landform created by the flow of water through the earth. The 
blue line drawn onto the map to the right indicates one possible river. We can summarize the 
essence of contour maps as follows. Contour maps allow us to represent three-dimensional 
surfaces using a single two-dimensional drawing. They maintain the ability to locate points 
accurately in two horizontal dimensions. Everything in these two dimensions is drawn to scale. 
We lose a direct means of visualizing the third dimension, but are able to represent it accurately 
through lines joining points of equal elevation, called contour lines. These are equivalent to the 
curve formed by intersecting the surface of the given landform with planes of constant elevation. 
By working with a constant contour interval, we gain the ability to visualize the three 
dimensional characteristics of the surface. The data used to generate the landform considered in 
this example originate from the National Map of Switzerland. The corresponding section of this 
map is shown in the figure to the right. The contour interval in this case is 10m 


2. suitable applications 


Contour drawings are not the best way to represent all threedimensional objects. They are best 
suited to representing objects that have a single surface, a significant and well defined reference 
plane, and a significant third coordinate perpendicular to the reference plane.tt follows from 
these conditions that contour drawings are well suited to the representation of landforms with a 


single two-dimensional drawing. They have a single surface (the surface of ground), a well 
defined reference plane (the horizontal plane) and a significant third coordinate perpendicular to 
the reference plane (the z coordinate represents elevation, which is of primary 
significance).Contour drawings are not suitable for representing other types of three dimensional 
objects when at least one of these conditions is not satisfied. The bridge pictured in the figure to 
the right, for example, does not have a single surface, but rather several including a near vertical 
surface, a far vertical surface, and an upper surface. A single contour diagram cannot adequately 
represent all of these surfaces. This type of object is best represented in other ways, such as with 
multiple views based on standard viewing planes. In these drawings only two dimensions are 
depicted in each view. No quantitative (and often no qualitative) information regarding the third 
coordinate can be extracted from a given view. For this reason, more than one view is required 
to describe the object completely. 


Bridge represented by multiple two-dimensional views 


3. how to do it 

There are several ways to produce contour drawings from a set of x, y, and z coordinates 
describing a given three-dimensional surface. This section describes one way that is relatively 
straightforward. Given: 


1. A regular square grid of points, with x, y, and z coordinates of the surface defined for each 
point of the grid. This grid is shown in the image to the right. It has nine points. The scale in the 
horizontal plane is given graphically. Elevations in metres are given for each grid point. 
Required: Produce a contour drawing representing the surface defined by the 

given x, y, and z coordinates. 

How to proceed: 


1. Set the contour interval. To do this, it is necessary first to scan the z coordinates to extract the 
minimum and maximum values, Within this range, define an interval that is regular and that 
captures the relevant features of the surface with good fidelity. In this case, regular means taken 
from the series | m, 2 m, 5 m, 10 m, 20 m, 50 m, 100 m, ete. When working with a set of several 
diagrams, it is usually preferable to use a constant contour interval over the entire set of diagrams 
to enable comparisons across the set of drawings. In such cases, the choice of interval should be 
made in consideration of the properties of the entire set of data. 


a es } 
He st ae 
re on 


e 5 tom 


Given information for contour map 


For this example, the minimum and maximum elevations are 12 and 45 m respectively. For 
simplicity, we will use a contour interval of 10 m for this example. So relevant contours will be 
at the 20, 30, and 40 m elevations. 


2. Draw the grid to a suitable scale. As always, use regular scales (i.e., from the series 1:1, 1:2, 
210, 1:20, 1:50, 1:100, ete...). In this case, this has already been done for us. 


3. For easy reference, write in the z values next to the corresponding points of the grid. This has 
already been provided. 


4. For each segment joining adjacent points of the grid, identify points of intersection of contour 
lines with the segment, based on_ the assumption that the change in z within a given segment of 
the grid is linear. Proceed according to the following example: 


(a) Given: The top left horizontal segment AB of the grid has the following z values: 2(A)=19.0 
m, 2(B)=22.0 m. 


(b) So one contour will intersect this segment. It is the 20 m contour, since 19 < 20 < 22. 


Locating intersection of contour and gridline 


(c) Locate the point of intersection of the contour within this segment by linear interpolation. 
One straightforward way to accomplish this is to use a scale in a way similar to the method used 
to subdivide a line into several equal segments: 


(i) On the vertical gridline passing through the left end point, align the scale to a value 
corresponding to the elevation at that location. In this case, the scale is set to 90. 


(ii) On the vertical gridline passing through the right end point, align the scale to a value 
corresponding to the elevation at that location. In this case, the scale is set to 120. The scale 
remains at 90 along the left gridline. The series 90, 100, 110, 120 defined by the scale is similar 
to the series 19, 20, 21, 22 defined by the given elevations. So the intersection of the 20 m 
contour with the given line segment will correspond to 100 on the scale. 


(iii)Draw a line perpendicular to the given segment corresponding to the point of intersection 
identified with the scale. This locates the intersection of the contour with the given segment. 


(iv) Write the value of the contour next to the intersection point. 
(v) Note: the accuracy of this procedure increases as the angle between the scale and Segment 
‘AB gets smaller. So it is usually helpful to try fitting several scales to the given segment to 


minimize this angle. 


(vi)The outcome of this phase of the process is shown in the figure to the right. 


4 


Irregular situation: contour intersects grid squaire on four sides, There are several possible arrangements of 
contours, only one of which correctly represents the three dimensional figure shown 


() When all of the points of intersection of contours and segments have been thus identified, 
draw the contour lines. Proceed on a square by square basis. For a given square bounded by four 
adjacent grid points, the following two cases must be considered: 


(i) A given contour intersects exactly two bounding segments of the square. This is the case, for 
example, for the 20 m contour in the upper left-hand square. In this case, simply draw a line 
joining the points of intersection. This line is the path of the contour within the square, The 
image to the right shows the 20 m and the 30 m contours drawn for the upper left hand square 
in the grid. 


(ii) A given contour intersects all four bounding segments of the square. In this case, it is not 
clear how to draw the contours. The figure to the right shows that a single arrangement of 
intersecting points can correspond to several arrangements of contours. In this case, only one 
arrangement (the middle one) corresponds to the given three-dimensional figure shown. 


(c) The completed contours are shown in the figure to the right. 


(f) Once the complete contour diagram has been drawn, trace the contours onto a new sheet of 
paper. This leaves only the contours and does not show the working grid and other marks that 
were made to produce them, It is generally necessary to label specific contours and spot 
elevations. As with all plan views (i.e. top views), a north arrow is required. 


Completed contours (before tracing) 
4. variations 


In some cases, it is preferable to draw smooth curves for the contours. This will often provide a 
more realistic rendition of the features of a given landscape. All of the contour maps we will 
dravy in this course will be done by straight line segments linking points of equal elevation along 
gridlines, as described in the previous section.It is common to create contour maps from survey 
data obtained in the field. In such cases, it is sometimes difficult to get elevation values for a 
square grid of points in the plane. 

It is also possible to create a contour map following the principles outlined in the previous 
section for an irregular collection of points. In such a case, it is necessary to establish a triangular 
network of lines joining the available points in the plane. This is shown in the leftmost diagram. 
‘Along these lines, contour values are interpolated, as shown in the middle diagram. Finally, for a 
given triangle, straight line segments are drawn linking points on the boundary of identical 
contour value. This is shown in the rightmost diagram, where contour lines have been 
highlighted in green. 


Contour mapping when points are not arranged on a square grid 


5. examples from practice This section describes several types of contour drawing in common 
use in engineering. 


5.1, Standard Topographic Maps Topographic maps describe, with a high level of detail and 
accuracy, the topography (i.e., the shape) of a given geographical area. The standard way of 
representing the three dimensional features of landforms is contour lines. 


The first example is from Canada’s National Topographic System of maps. The most detailed 


scale available is 1:50 000. 


The second example is from the National Map of Switzerland. This map is drawn to a scale of 
1:50 000. 


The third example is also from the National Map of Switzerland, this time from their 1:25 000 
series, 


The Swiss maps are produced with much greater detail and with additional visual cues to help 
the user gain a qualitative impression of the three-dimensional landforms from the contours. 


creates a more efficient approach to deliver video when multiple users desire the same 
content simultaneously. In a broadcast, every subscriber unit in a service area receives the 
information, whereas in a multicast, only users with subscriptions receive the information. 
Service areas for both broadcast and multicast can span either the entire network or a 
specific geographical area. Potential applications include sporting events, select news, 
venue-specific (shopping mall, museum) information, and even delivery of software 
upgrades. Giving users the ability to store and replay select content could further expand 
the scope of applications. 


3GPP defined highly efficient broadcast/multicast capabilities for UMTS in Release 6 with 
MBMS. Release 7 defined optimizations through a feature called multicast/broadcast, 
single-frequency network operation that involves simultaneous transmission of the exact 
waveform across multiple cells. This enables the receiver to constructively superpose 
multiple MBMS Single Frequency Network (SFN), or MBSFN, cell transmissions. The result 
is highly efficient, WCDMA-based broadcast transmission technology that matches the 
benefits of OFDMA-based broadcast approaches. 


LTE also has a broadcast/multicast capability called eMBMS. OFDM is particularly well suited 
for efficient broadcasting, as shown in Figure 103, because the mobile system can combine 
the signal from multiple base stations, also an MBSFN approach, and because of the 
narrowband nature of OFDM. Normally, these signals would interfere with one another. The 
single frequency network is a cluster of cells that transmit the same content synchronously 
with a common carrier frequency. 


Figure 103: OFDM Enables Efficient Broadcasting 
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Despite various broadcast technologies being available, market adoption to date has been 
relatively slow. Internet trends have favored unicast approaches, with users viewing videos 
of their selection on demand, but there is increasing interest in using eMBMS with LTE to 
alleviate capacity demands. 
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This is accomplished by: (1) a relatively small contour interval (in this case 10 metres), (2) subtle 
shading that corresponds to the shadows that would be cast on the landforms when the sun shines 
from the northwest quadrant of the map, and (3) pictorial symbols such as the cliff symbol, 
which is used when the slope of the land is so steep as to cause excessive bunching of the 
contour lines 


5.2. Project-specific topographic plans and diagrams When the level of detail given on standard 
topographic maps is insufficient, it is possible to produce topographic plans for a given site 
based on specific survey data. These plans are used, for example, for the layout of bridges. Inthis 
diagram, for example, the contour interval is 5 m, which is considerably less than the contour 
interval used on standard topographic maps. 


This type of map will generally be prepared by a specialist land survey firm.Although contour 
diagrams are most often used to represent natural features such as topography, they are 
sometimes used to represent features of the facility to be built. Contour maps are sometimes 
made, 

for example, of bridge decks to validate that drainage will work properly. 


5.3. Contour graphs 


It is also common to use contours to represent abstract surfaces, i.e., mathematical functions of 
two variables 2=f{(x,y). In such cases, x and y need to be spatial coordinates in a well defined and 
meaningful plane. Function z then defines a three-dimensional surface, similar to a landform. The 
same principles used to draw contour maps of physical landforms can be used to draw contour 
graphs of such functions. 


The figure to the right shows one such application. This diagram is called an influence surface 
for a slab free along the bottom, fixed in shear and bending along the top, and extending to 
infinity in the other two directions. It is based on the function z = Ma(x,y), where A is a given 
fixed point and Ma is the bending moment at Point A due to a unit load applied at Point (x,y). It 
is the two-dimensional analog of the one-dimensional influence line. 


This type of diagram can be used to calculate bending moments in bridge deck slabs due to loads 
applied by the wheels of a heavy truck. Its use is illustrated in the figure to the right. 
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Use of influence surfaces in calculating bending moments in cantilever bridge deck slabs 


6. applications: cutting sections from contour maps 


Contour maps are usefull in and of themselves, but they are also used as a basis for producing 
relevant two-dimensional drawings. These can be visualized as the curve formed by the 
intersection of the given three dimensional surface and a vertical plane. The curve thus formed is 
often referred to as a section. The process of drawing this curve from a given contour map is 
referred to as cutting a section. 


Setting up to cut section from contour map along Line A-A 


‘A common application of sections cut from contour maps is the production of the elevation of a 
valley to be crossed by a bridge. The procedure for cutting such a section is relatively 
straightforward. 


Given: 
1. Contour map of the area under consideration 


2. A straight line drawn on the contour map locating the vertical plane that defines the section 
(Line A-A).Required: 


‘A two-dimensional drawing (x-2 view) showing the shape of the landform along the given line. 
How to proceed: 


1. Draw a line parallel to Line A-A on a blank portion of the page. This will be the horizontal 
datum of the section to be cut. 


2. Based on these maximum and minimum elevations intersected by Line A-A, draw a vertical 
scale of elevations to the left of, and perpendicular to, the horizontal datum. Provide suitable 
labels to this axis. Draw horizontal gridlines based on the labels given on the axis. The drawing 
to the right represents the progress thus far. The area just created is called the section diagram. 


3. For each contour that intersects Line A~A, do the following: 


(a) Identify the points of intersection of the contour and Line AA, We will call one such point 
Point Pl. 


(b) Draw lines perpendicular to Line A-A from Points Pi to the section diagram, The outcome of 
this step is shown in the diagram to the right. 


(c) Draw horizontal lines in the section diagram corresponding to the contour elevations. 


(d) Identify the points of intersection QI for specific perpendiculars originating from the 
contours and the corresponding elevation in the section diagram. 


4, Join the points Qi to form a continuous curve. The resulting curve is the section cut along Line 
‘A-A. The figure to the right shows the finished section cut along Line A-A. The location of one 
point of the profile is highlighted. It corresponds to the 1000 level contour. 
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Review Questions 


Explain engineering surveyes? 

What is Reconnaissance in detail? 

What is Preliminary and location surveys for engineering projects explain? 
What is curves? 

Explain the all types of curves? 

What is horizontal and vertical curves? 

What is CONTOUR? 

Describe the Contouring ~ Methods with detail’? 

). What are the characteristics of contour method? 

0. What are the uses of contour method? 


“The lesson content has been compiled from various sources in public domain including but not limited to the 
internet for the convenience of the users. The university has no proprietary righton the same.” 


= Rai University 


Saroda Post, Dholka Taluka, District - Anmedabad, Gujarat - 382260, India 
www.raiuniversity.edu 
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Backhaul 


Connecting sites to core networks remains a challenge, whether for small cells or macro 
cells, especially as networks need to deliver higher bandwidth. Fiber is the gold standard, 
but it is not available everywhere and can be expensive, so operators use a combination 
of wired and wireless links, 


Today's backhaul requirements for LTE can range from 1 to 10 Gbps. By 2020, backhaul 
requirements could exceed 10 Gbps. 20° 


Table 29 and Table 30 summarize the methods and capabilities of the various available 
approaches. 


Table 29: Wired Backhaul Methods and Capabilities?” 


Technology Distance Throughput Speed 

Direct Fiber 80 km Hundreds of Mbps to Gbps 

Bonded VDSL2 To 5,000 feet 75 Mbps down, 12 Mbps up 

FIX Most urban areas Up to 2.5 Gbps down, 1.5 
Gbps up 

DOCSIS Most urban areas Up to 285 Mbps down, 105 
Mbps up 


Table 30: Wireless Backhaul Methods and Capabilities?°? 


Technology Distance Line-of-Sight | Throughput Speed 
5G Integrated Access | 1 km Yes 1 to 10 Gbps 

and Backhaul 

Millimeter Wave (60 [1 km Yes T Gbps 

GHz) 

Millimeter Wave (70- [3 km (with speed | Yes 10 Gbps 

80 GHz) tradeoff) 

Microwave (6-60 GHz) | Varies by Yes 1 Gbps+ 


frequency: 2-4 km 
typical at 30-42 
GHz 


200 Arthur D. Little, Creating a Gigabit Society - The Rule of 5G; A report by Arthur D. Little for Vodafone 
Group, 2017. See Figure 6. 


201 Small Cell Forum, “Backhaul Technologies for Small Cells,” February 2013. 


202 Ibid, 
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Foreword 


The idea for this book started innocently just before the turn of the millennium. There 
were certain facts about navigation that had puzzled me for years, but for some reason 
could not find clear explanations to. A frustrating search led to long hours in libraries 
and surfing the web where I eventually managed, piece-by-piece, to get some of the 
information that I wanted. “If only all this stuff was in one place” was a thought that 
led to the next idea: “why don’t I write a book about navigation.” 


Having roamed around the wilderness since childhood, navigation and wilderness was 
a natural match. How could I go wrong with my newfound theoretical knowledge 
combined with years of unforgiving practical experience? As the millennium rolled 
around, I made a resolution to go ahead with the book. After an ambitious start, the 
project soon bogged down with unexpected difficulties. The book was continually 
morphing into a new creature that could not be tamed, and there were of course other 
things to do that were more fun. 


Although at times painfully slow, progress never completely ground to a halt. After 
three years, there were things that looked like chapters of incomplete information. 
Realizing that nothing less than an all out push was going to finish off the project, I 
started working on the book full time. The book was finally completed four years after 
its conception. The result is hopefully something that you will find useful during your 
journeys of exploration. 


Fred Touche 
March 2004 
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Introduction 


Introduction 


Navigation is both an art and a science, requiring creativity as well as raw technical 
skills. It has always been an intricate part of human activity. In the past our very sur- 
vival may have hinged on using natural navigation clues to find a decent food source 
and then retrace the route back to the cave. In stark contrast, present-day navigation 
systems can guide an aircraft across oceans and continents to a perfect landing in zero 
visibility. Future space travelers will no doubt use devices that are even more sophisti- 
cated. Despite these technological advancements, we often find ourselves frustrated by 
navigational tasks. Just ask anyone who has tried to find his or her way out of an 
unfamiliar city. 


Studies have shown that having a general sense of direction is closely linked to the 
ability to mentally rotate objects. This may explain why some people easily become 
disoriented while others have seemingly no trouble finding their way. The widespread 
belief that some people, especially members of indigenous groups, can navigate purely 
by instinct is however a myth. Wherever you are on Earth, you are likely surrounded 
by clues that you can use for navigation. It isn’t so much an innate sense of direction 
that differentiates navigators, but rather the ability to recognize navigational clues and 
put them to effective use. 


The introduction of the global positioning system (GPS) and the availability of low- 
cost GPS receivers has revolutionized navigation. Travel during poor visibility and 
through terrain devoid of landmarks can easily be done by anyone willing to put their 
trust in instruments. Then again, overreliance on technology is also a sure way to get 
into trouble. High-tech gadgets have a tendency to fail at the worst possible moment, 
and you may suddenly find yourself navigating like your ancestors. 


Except for a chapter on emergency communication, this book is strictly about naviga- 
tion. It does not deal with wilderness survival, route finding, or the sport of orienteering. 
The aim is to take away the mystique of navigation by explaining all the essential tools 
and techniques. If you are a raw beginner, concentrate on learning how to navigate 
‘with a map, compass, altimeter, and GPS receiver before diving into topics such as 
celestial navigation. If you are already a competent navigator, this book will almost 
certainly give you a deeper understanding of how things work, and more importantly, 
why things sometimes don’t work. 


‘An earnest attempt was made to present the material in logical order and avoid disrup- 
tive references to previous or subsequent sections. Unfortunately, this had to balanced 
with keeping distinct topics together, and avoiding excessive repetition. No attempt 
has been made to separate basic from advanced topics. If you get bogged down, skip to 
the next section and return later to the material that you found challenging. 
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Chapter 1: Maps 


Chapter 1 
Maps 


Maps use patterns, colors, and symbols to describe a portion of Earth’s surface. Maps 
are never exact, nor complete, representations of the real world. Different types of 
maps provide different kinds of information. For example, a road map may show 
cities, roads, and highways while ignoring terrain features such as valleys or mountain 
ranges. For off road navigation, topographic maps that use contour lines to describe the 
shape of the terrain are superior to other types of maps. For ocean and coastal naviga- 
tion, nautical charts that show the shape of the underwater topography are the 
preferred choice. 


‘When selecting a map, make sure that it includes the following: (1) legend, (2) scale, 
(3) contour interval, (4) grid lines, and (5) declination diagram. The legend tells you 
the meaning of the symbols, lines, and colors on the map. The scale and contour inter- 
val allow you to calculate distances, elevations, and slopes from the map. Grid lines 
make it easier to pinpoint a position on the map. The declination diagram shows you 
how to adjust your compass to compensate for Earth’s irregular magnetic field. 


1.1 Legend 


The map legend shows the meaning of the colors and symbols on your map. Unfortu- 
nately, there is no worldwide standard so the colors and symbols may mean different 
things on different maps. This is why it is important to consult the legend before using 
a map from an unfamiliar series. 


Colors 

Since there are only a few colors to choose from, colors normally show entities that 
cover significant portions of the map. For example, vegetation zones are shown in 
green, bodies of water in blue, glaciers in white, urban areas in red, and areas with little 
or no vegetation in brown. 


Symbols 

Map symbols are graphic representations of natural and man-made features. Point fea- 
tures such as campsites, lighthouses, or survey markers are shown as single symbols. 
Linear features such as roads, trails, power lines, railway tracks, rivers, or political 
boundaries are shown as dashed or continuous lines. Areas such as swamps, moraines, 
tidal flats, or sand dunes are shown as groups of identical symbols. Symbols are almost 
always shown at an exaggerated scale. Otherwise, they would be too small to be visible 
on the map. 
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UMTS technology is mature and benefits from research and development that began in the 
early 1990s. It has been thoroughly trialed, tested, and commercially deployed. UMTS 
employs a wideband CDMA radio-access technology. The primary benefits of UMTS include 
high spectral efficiency for voice and data, simultaneous voice and data capability, high 
user densities that can be supported with low infrastructure costs, and support for high- 
bandwidth data applications. Operators can also use their entire available spectrum for 
both voice and high-speed data services. 


Additionally, operators can use a common core network, called the UMTS multi-radio 
network as shown in Figure 104, which supports multiple radio-access networks including 
GSM, EDGE, WCDMA, HSPA, and evolutions of these technologies. 


Figure 104: UMTS Multi-radio Network 
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Example of symbols 


Point features Linear features Area features 

Tower (o) Highway =§ ——____ Moraine 

Lighthouse XX Railway Coral reef 

Bridge = Powerline Lake 

Building - Trail Swamp 

Campsite A Boundary emma Tidal flat 

Survey marker /\, River ees Mangroves Reais 
1.2 Scale 


All maps or charts are drawn to a specific scale. The scale is the relationship between 
a distance on the map versus the same distance in the real world. A large-scale map 
shows a small area in great detail, while a small-scale map covers a large area but with 
little detail. Selecting a map with an appropriate scale is therefore a compromise be- 
tween coverage and detail, and depends on your intended activity. For example, climb- 
ing a mountain with complex topography requires a large-scale map, while a small- 
scale map may be a better choice for a long canoe trip. The scale that you see written on 
the map is just an approximation. It is never completely constant across the whole map, 
but varies according to the projection that was used to create the map. The larger the 
area that a map covers, the more susceptible it is to scale variations. The scale can be 
expressed as a verbal scale, a ratio scale, or a bar scale. 


Verbal scale 


‘A verbal scale uses words to express the relationship between a distance on the map 
and the corresponding distance in the real world. 


Example of verbal scale 

The following is written in the margins of your map: "4 cm on the map represents 
km on the ground.” Here it is implied that a distance of 4 centimeters on the map 
is equal to 1 kilometer in the real world. This relationship allows you to calculate 
any other real world distance from the map. For example, a measured distance of 
15.6 cm on the map represents (15.6 cm)/(4cm) x 1km = 3.9km in the real world. 


Ratio scale 

The scale of a map can be expressed as a ratio between a distance on the map versus the 
same distance in the real world. Some people find ratio scales confusing because dis- 
tances are not tied to a specific unit. You can use any unit you want as long as you stick 
to the same unit during the conversion between map and real world distances. After 
doing the conversion, you can of course convert the resulting distance into other units. 
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Example of ratio scale 

Amap with “Scale 1:50 000" written in the margins means that the distance between 
any two points is 50000 times longer in the real world than on the map. For example, 
a distance of 8.5 cm on the map would be 50 000 x 8.5cm = 425 000 cm = 4250m 
= 4.25 km in the real world. 


Bar scale 


A bar scale shows real world distances directly on the map. Bar scales are the most 
common type of scale, and are easy to understand because of their graphical nature. A 
common practice is to show several bar scales on the same map, each representing a 
different length unit. Bar scales are often shown together with ratio or verbal scales. 


Examples of bar scales 


Scale 1:250.000 , 10 Statute Miles 


8 A A 10 18 20Kilomotars 


5 A A 10 Nautical Miles 


009m 500 m 9 Seale 1:25 000 
a au 


— ——* 
{oom tam 
Scale 1:100 000 
km 1 2 29 4 38 @ 7 8 9 1 
Miles 7 z 3 7 3 é 
aie Seale 1:50000 , ‘taiaw 
1090™m 500m _0 4 2 34m 


1.3 How to measure distances on a map 


To calculate the real world distance of a proposed route, you must first measure the 
corresponding distance on the map. This is easy if the route is a straight line between 
two points. Simply measure the distance with a ruler. If you don’t have a ruler, keep in 
mind that orienteering compasses often have rulers inscribed in their base plates. An- 
other method is to use the grid lines that are drawn across some maps as a measuring 
device. The grid lines form an array of identical squares with sides of a specific length. 
After figuring out the dimensions of one square, the grid effectively becomes a ruler. 
For more complicated routes, break up your route into straight-line segments and mea- 
sure the distance of each segment separately. Add the lengths of all the segments to 
calculate the total length of the route. 
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To measure a curved path, lay out a string along the route. Pinch the string with your 
fingers at the two end points of the route and then pull the string tight. Place the string 
along a ruler, or across grid squares, and read off the distance. If your map has a bar 
scale, place the string on the bar scale and directly read off the real world distance. 
Instead of a string, you can use a map wheel, also known as a curvimeter. Set the counter 
to zero and then roll the wheel along your route. The curvimeter will display the accu- 
mulated distance. Pay attention to the units. Curvimeters can either directly display real 
world distances for maps of certain scales, or just show the actual distance on the map. 
In the latter case, you must convert the map distance to the real world distance. 


If you have access to digital maps and related software, a computer will calculate and 
display the distance of your route. A typical software package lets you create a route by 
clicking on your start point, end point, and any intermediate points. The program 
displays the cumulative distance between all the adjacent points. Some software pack- 
ages allow you to trace curved routes on the digital map. This makes your calculated 
distance even more accurate. 


1.4 Geographic coordinate system 


The geographic coordinate system is one of the two widely used methods for pinpoint- 
ing locations on a map. It covers Earth’s entire surface. A location is identified by 
specifying its latitude (parallel) and longitude (meridian). Latitudes and longitudes can 
be visualized as an array of imaginary lines running along Earth’s surface. A position is 
measured in angle units: degrees (°), minutes of arc (’), and seconds of arc (""). Each 
degree is subdivided into 60 minutes of arc, which in turn are subdivided into 60 sec- 
onds of arc. Sometimes decimal degrees are used instead of minutes and seconds of 
arc, or decimal minutes instead of seconds of arc. For example, 156°16'21" = 156°16.35' 
= 156.2725°. 


Selected major 
latitudes and 
longitudes on 
Earth's surface 


90°N, geographic 
north pole 


Latitudes 


| 
eo ten 
W aofw aohw 20h 


Prime 
meridian 


Equatér 


Longitudes’ 
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Earth's a cacirsshie 


Earth's 
center 
Line that drops 


vertically down Prime 


from location meridian 
Latitude Equator 
angle 
Longitu 
Longitude Equatorial 
angle plane 


How latitudes and longitudes are derived 

Latitude 

The latitude of a location is defined as the angle between the equatorial plane and an 
imaginary line that drops vertically down from the location. This line generally does 
not intersect the equatorial plane exactly at Earth’s center because Earth’s surface is 
slightly flattened at the poles. The latitude is a measure of how far north or south a 
location is from the equator. Latitudes can be visualized as a series of concentric circles 
centered on the geographic poles and expanding to a maximum radius at the equator. 


To specify the latitude, state the latitude angle and whether the position is north (N) or 
south (S) of the equator. The latitude is 90°N at the north pole, 0° at the equator, and 
90°S at the south pole. Other locations have intermediate latitudes, for example, 
46°25'09"S. The length along Earth’s surface of one minute of latitude is proportional 
to the radius of curvature along the local surface; it varies from 1843 m at the equator 
to 1862 m at the poles. The original definition of the nautical mile was the average 
distance of one minute of arc of latitude along Earth’s surface. Today, the nautical mile 
is defined as precisely 1852 m. 


Longitude 

The longitude of a location is defined as the angle, parallel to the equatorial plane, 
between the location and a reference longitude called the prime meridian. By conven- 
tion, the prime meridian (0°) is the longitude that runs through an established point at 
Greenwich, England. From there, other longitudes increase eastward and westward 
until they meet at 180° on the opposite side of Earth. The longitude is thus a measure of 
how far east (E) or west (W) a location is from the prime meridian. 


Longitudes can be visualized as a series of north-south lines that converge at the poles. 
To specify the longitude, state the longitude angle and whether the position is east or 
west of the prime meridian, for example, 105°57'15"E. The length along Earth’s sur- 
face of one minute of longitude varies from 1855 m at the equator to 0 at the geo- 
graphic poles. 
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1.4.1 Geographic coordinates on maps 

Major latitudes and longitudes are shown as lines across the map or as tick marks in the 
margins. On most maps or charts, only selected latitudes and longitudes are completely 
labeled. To prevent clutter, other lines are labeled with partial numbers. For example, 
only the minutes of arc are shown. The standard way to describe a location with geo- 
graphic coordinates is to state the latitude followed by the longitude. For 
example, 46°25'09"S, 105°S7'15"E. 


For a rough approximation of the latitude and longitude of a location on a map, look at 
the nearest latitude and longitude lines that surround the location. Visually estimate 
where the location is relative to the nearest latitude and longitude lines. Take into 
account that there are 60 minutes of arc in each degree and 60 seconds of arc in each 
minute of arc. 


For more precise results, use a ruler to measure the distance between the location and 
the nearest lower latitude line, and then measure the distance between the nearest higher 
and lower latitude lines. Divide the first distance by the second distance to obtain the 
proportional distance. Convert the proportional distance into angle units and then add 
the result to the nearest lower latitude line. Calculate the longitude in a similar manner. 


Example of how to determine geographic coordinates on a map 

(On the map below, the proportional distance between Location A and the nearest 
lower latitude line is 17 mm/38 mm = 0.45. The angular distance between the 
longitude lines on the map is 1' = 60". Converting from proportional distance to 
angular units gives 0.45 x 60" = 27". Adding this result to the nearest lower latitude 
line gives 53°01'00"N + 27" = 53°01'27'N. 


26 24 22 125°20W 18° 
02} o- L. 02 
/ t) (( Nearest 
ois lower 
53°0127°N 7 longitude 
line 
or | or 
| 
53°00N | 53°00'N 
591 | \ 5g 
f \ 
26 | 125°20w 18" 


125°23'31"W _ Nearest lower latitude line 
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The proportional distance between Location A and the nearest lower longitude 
line is 32 mm/42 mm = 0.76. The angular distance between longitude lines is 
2! = 2 x 60" = 120". Converting the proportional distance into angle units gives 
0.76 x 120" = 91" = 1'31", Adding this result to the nearest lower longitude line 
gives 125°22'00"W + 1'31" = 125°23'31"W. The complete geographic position is 
written as 53°01'27"N, 125°23'31'W. 


Similar types of calculations can be done to solve the reverse problem where you 
already have a written position and want to pinpoint it on the map. The above example 
clearly illustrates the trouble you have to go through to accurately determine a location 
with geographic coordinates. The task is even more difficult on maps where the lati- 
tude or longitude lines aren’t straight. 


1.5 Map projections 


Projections are mathematical methods that are used to transfer geographic information 
from Earth’s surface to maps. It is impossible to represent any portion of Earth’s curved 
surface on a flat map without some kind of distortion of scale, direction, shape, or 
distance. The type of projection governs the type of distortion. Reducing one type of 
distortion will inevitably increase another type. Mapmakers are forced to compromise 
by deciding what sort of distortion is acceptable. This is largely determined by the 
intended use of the map. 


Projections can be visualized as one or more light sources shining rays through Earth’s 
surface onto a projection surface that may be partially located inside Earth. The rays 
produce an image of the topography and geographic coordinates on the projection 
surface. In areas where the projection surface is inside Earth, the image is formed by 
rays bouncing back from Earth’s surface along the same path. The shape and location 
of the projection surface and the location(s) of the light source(s) define the type of 
projection. A map or chart is simply a portion of the projection surface. 


The scale is always correct where the projection surface touches or cuts into Earth’s 
surface. Features are shown too small where the projection surface is inside Earth and too 


Features shown 
Sy 


too large Earth's surface with 


2~ terrain features and 


Features shown geographic coordinates 


too small 


Bounced rays 


Correct in this area 
scale 

source 
Projection 
surface 
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large where the projection surface is outside Earth. Distances may be correct from one 
point to all other points, or from certain points to certain other points, but never from all 
points to all others points. In most cases, directions (bearings) do not follow straight 
lines. On large-scale maps, the distortion is usually minimal and can be safely ignored. 
Many types of projections exist, but only four widely used types are discussed here. 


1.5.1 Mercator projection 

In the Mercator projection, Earth’s surface is projected onto a cylinder wrapped around 
the equator. A series of light sources are located along Earth’s axis of rotation, with 
each source striking a particular portion of the projection surface. 


The scale is correct only along the 2 North pole 
equator. Features are shown increas- 
ingly too large as you move away 
from the equator, becoming infinite 
at the poles. Shapes of small features 
are correct throughout the projec- 


e Cylindrical 
tion surface. Distances are correct J _- projection 
only along the equator. Straight lines surface 
on the map have constant bearings 

Equator 
but are generally not the shortest 


distance between two points. 


The Mercator projection is not used for polar regions because of the extreme distortion of 
scale and shape of large features at high latitudes. It is a popular projection for ocean charts 
because a route that follows a constant bearing is always a straight line on the chart. 


1.5.2 Lambert conformal conic projection 

With the Lambert conformal conic projection, Earth’s surface is projected onto a cone 
oriented with its apex over one of the geographic poles. The cone cuts through Earth 
along two latitudes called the standard parallels. The source is located along Earth’s axis. 


The scale is correct along the two stan- 
dard parallels. Features between the stan- 

dard parallels are shown too small, while 

features outside the standard parallels are HN — standard 
shown increasingly too large. Shapes of HA parallels 
small features are correct throughout the 
projection surface. Distances are correct 
only along the standard parallels. Bearings eat 
are correct only along the longitudes. } 


Conical 
projection 
surface 


The Lambert conformal conic projection 
is well suited for maps with large east-west 
coverage and is used for some polar maps. 
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1.5.3 Universal transverse Mercator projection 

The universal transverse Mercator (UTM) projection is complicated. The projection 
surface is a cylinder wrapped around Earth’s poles along a longitude called the central 
meridian. The cylinder diameter is slightly smaller than Earth’s diameter and cuts through 
Earth’s surface along two lines parallel to the central meridian called secant lines. The 
light source is a series of points along Earth’s axis of rotation. Only a narrow north- 
south strip, 3° of longitude on either side of the central meridian, is projected. For 
global coverage, the cylinder is twisted by 6° increments, creating an array of 60 dif- 
ferent projection strips, each 6° of longitude wide. 


Projection surface twisted by 
6° degree increments to create 
60 different projection strips 


— Equator 


Longitudes — 
at projection 


6° strip boundary 
Projection 
strip Central 
meridian = a 
X south pole al 
projection 
surface 


The scale is correct only along the two secant lines. Features between the two secant 
lines are shown too small, while features outside the secant lines are shown increas- 
ingly too large. Shapes of small features are correct throughout the projection surface. 
Distances are correct only along the secant lines. Distortion of distance, direction, and 
shapes of large features increases as you move away from the central meridian. Straight 
lines on the map do not have constant bearings except along the central meridian. 


The UTM projection is used in conjunction with the UTM grid and is well suited for 
maps with large north-south coverage. It is a favorite choice for large and medium 
scale topographic maps everywhere in the world except in polar regions. 
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1.5.4 Polar stereographic projection 

‘The polar stereographic projection is one of the simplest types of projection. The pro- 
jection surface is a flat plane that is centered on one of the geographic poles and cuts 
into Earth along a latitude called the standard parallel. The source is located at the 
opposite geographic pole. North pole 


The scale is correct along the stan- g Standard 
dard parallel. Features are shown too SS aval! 
small at latitudes inside the standard TS) 

parallel and increasingly too large ss 
outside the standard parallel. Shapes . oo Planar 

of small features are correct through- LN TS) | "prerecton 
out the projection surface but the iO y 

shape distortion of large features in- 
creases as you move away from the 
pole, Distances are correct only along 
the standard parallel, and bearings 
are correct only along the longitudes. 


The polar stereographic projection is used mainly for topographic maps in polar 
regions in conjunction with the universal polar stereographic (UPS) grid. 


1.6 UTM grid 


A grid consists of an array of parallel and perpendicular lines drawn on the map. Each 
grid line is labeled with a number that is equal to the line’s real-world distance from a 
specific line of origin. The distance units vary depending on the grid. Unlike latitude 
and longitude lines, grid lines are not distorted on the map because the grid lines are 
drawn on the projection surface after the projection has been completed. Grid lines 
form an array of identical squares, making them well-suited for finding positions on a 
map. 


Many nations and organizations have developed grids that cover selected parts of Earth’s 
surface. The universal transverse Mercator (UTM) grid is the most widely used grid in 
the world. It is tied to the universal transverse Mercator projection and covers Earth’s 
entire surface between 80°S and 84°N. This book only deals with the UTM and the 
associated UPS grid. Other grids are based on similar principles and are usually simpler. 


1.6.1 UTM zones 


In the UTM grid, the nonpolar surface of Earth is divided into 60 vertical bands that 
coincide with the projection strips derived from the UTM projection. Alll the vertical 
bands are 6° of longitude wide. They are numbered from west to east, beginning with 
Band 1 (180°W - 174°W) and ending with Band 60 (174°E - 180°E). 
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HSPA refers to networks that support both HSDPA and HSUPA. All new deployments today 
are HSPA, and many operators have upgraded their HSDPA networks to HSPA. For 
example, in 2008, AT&T upgraded most of its network to HSPA. By the end of 2008, HSPA 
was deployed throughout the Americas. 


The UMTS radio-access network consists of base stations referred to as Node B 
(corresponding to GSM base transceiver systems) that connect to RNCs (corresponding to 
GSM base station controllers [BSCs]). The RNCs connect to the core network as do the 
BSCs. When both GSM and WCDMA access networks are available, the network can hand 
users over between these networks. This is important for managing capacity, as well as in 
areas in which the operator has continuous GSM coverage, but has only deployed WCDMA 
in some locations. 


Whereas GSM can effectively operate like a spread-spectrum system", based on time 
division in combination with frequency hopping, WCDMA is a direct-sequence, spread- 
spectrum system. WCDMA is spectrally more efficient than GSM, but it is the wideband 
nature of WCDMA that provides its greatest advantage—the ability to translate the available 
spectrum into high data rates. This wideband technology approach results in the flexibility 
to manage multiple traffic types including voice, narrowband data, and wideband data. 


HSDPA 


HSDPA, specified in 3GPP Release 5, saw the introduction of high-performance, packet data 
service that delivers peak theoretical rates of 14 Mbps. Peak user-achievable throughput 
rates in initial deployments are well over 1 Mbps and as high as 4 Mbps in some networks. 
The same radio carrier can simultaneously service UMTS voice and data users, as well as 
HSDPA data users. 


HSDPA achieves its high speeds through techniques similar to those that push EDGE 
performance past GPRS including higher order modulation, variable coding, and soft 
combining, as well as through the addition of fast scheduling and other techniques. 


HSDPA achieves its performance gains from the following radio features: 


High-speed channels shared in both code and time domains 
Short TTI 


Fast scheduling and user diversity 
Higher order modulation 
Fast link adaptation 


Fast HARQ 


booooa 


These features function as follows: 


High-Speed Shared Channels and Short Transmission Time Interval: First, HSDPA 
uses high-speed data channels called “High Speed Physical Downlink Shared Channels” 
(HS-PDSCH). Up to 15 of these channels can operate in the 5 MHz WCDMA radio channel 
Each uses a fixed spreading factor of 16. User transmissions are assigned to one or more 
of these channels for a short TTI of 2 msec. The network can then readjust how users are 
assigned to different HS-PDSCH every 2 msec. Resources are thus assigned in both time 


203 Spread spectrum systems can either be direct sequence or frequency hopping. 
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The UTM grid also uses 20 horizontal bands that are generally 8° high. The horizontal 
bands are lettered from south to north beginning with Band C (80°S - 72°S) and ending 
with Band X (72°N - 84°N). The letters “I” and “O” have been omitted in order to elimi- 
nate confusion with the numbers “1” and “0”. A UTM zone is the overlap between a 
vertical and a horizontal band. With the exception of the special UTM zones, each zone is. 
6° of longitude wide by 8° of latitude high (see maps of UTM zones on previous pages). 


Examples of UTM zone boundaries 

Zone 10U, located in the northern hemisphere, is bounded by latitudes 48°N and 
56°N, and longitudes 120°W and 126°W. Zone 37L, located in the southern 
hemisphere, is bounded by latitudes 8°S and 16°S, and longitudes 36°E and 42°E. 


Both zones have the same “height” because adjacent latitudes are very nearly the 
same distance apart. Zone 10U is narrower than Zone 37L because it is located 
further from the equator where the longitudes are closer together. 


Special UTM zones 
The UTM grid is not completely consistent and is afflicted by a few exemptions called 
special UTM zones: 
* Band X, the northernmost horizontal band, has 
been extended northward by 4°. Each zone in O° GE IZE 18E 24°E 30°E 36'E 42°E 
this band is 12° of latitude high instead of 8°. 


*  Toaccommodate southwest Norway, Zone32V 31X 37X 
has been extended westward by 3° at the ex- 


pense of Zone 31V. 


EN 


+ Toaccommodate Svalbard, Zone33X and 35X__gq-n 
have been extended both westward and east- 
ward by 3°. 


ke # 


56°N. 


Zone 31X has been extended eastward by 3 Special UTM zones 


and Zone 37X westward by 3°. 
* Zone 32X, 34X, and 36X have been eliminated. 
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1.6.2 Easting and northing in UTM grid 

Any nonpolar location on Earth can be identified by specifying its UTM zone, easting, and 
northing. The easting is a measure of how far east or west the location is from a reference 
longitude. The northing is a measure of how far north or south the location is from the equator. 


The longitude running through the middle of each UTM zone is called the central 
meridian, It is defined as having an easting of 500000 m. A point east of the central 
meridian has an easting of 500 000 m plus its distance in meters from the central merid- 
ian along the projection surface. Conversely, a point west of the central meridian has 
an easting of 500 000 m minus its distance in meters from the central meridian. 


A point north of the equator has a northing equal to its distance in meters from the 
equator along the projection surface. A point south of the equator has a northing of 
10.000 000 m minus its distance in meters from the equator. 


Examples of how easting and northing are derived in UTM grid 


[ o = — 


Central 
Easting 
| 
elt 
To 
Location 1: Zone 10U 


Easting = 500 000 m - 158 243 m = 341 757ME 
Northing = 5875 640 mN 
Location 2: Zone 10U 
Easting = 500 000 m + 109522 m = 609522mE 
Northing = 5726 315 mN 
Location 3: Zone 37L. 
Easting = 500 000 m - 221599 m = 278401mE 
Northing = 10 000 000 m - 1550027 m = 8449973mN 
Location 4: Zone 37L. 
Easting = 500 000 m + 165 664 m = 665 664mME 
Northing = 10 000 000 m - 1341 260 m = 8658 740mN 
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1.6.3 UTM grid on maps 


Each UTM zone is generally large enough to contain many medium or large-scale 
maps. The zone(s) in which the map is located is normally written somewhere in the 
margins of the map. The horizontal band label (letters C through X) is sometimes 
omitted from the zone label because the northing uniquely establishes the horizontal 
band as long as you know what hemisphere you're in. Major eastings and northings are 
shown as lines across the map or as tick marks in the margins of the map. On most 
maps, only selected grid lines are completely labeled. To prevent clutter, other lines are 
labeled with only partial grid numbers. Although not necessarily aligned parallel to the 
map edges, UTM grid lines always form an array of perfect squares. This makes them 
inherently well-suited for pinpointing positions. A UTM grid position is usually stated 
as the zone followed by the easting and then the northing. For example: Zone 37L, 
665 664 mE, 8658740 mN. 


To find the grid numbers for a location on the map, first figure out the real world 
distance of the sides of one square. This can be done from the map scale or by looking 
at any fully labeled grid line. Measure or visually estimate the proportional distance 
between the location and the nearest lower easting line. Multiply the proportional dis- 
tance by the real world length of one square. Add this distance to the nearest lower 
easting line to obtain the easting for the location. Use the same procedure to calculate 
the northing. 


Example of how to estimate easting and northing on a map 


37__98,_99,,_40__4t) 42 _43__44 245000mE 48 


40 41 42 \ 4344 345000mE 


UTM Zone 10U — 339600mE ~—_—Nearest lower 
northing line 


ro f | 
/| | 
78 = 
5877650mN— | 
7 : | 
| 
76 2 
E oS 
& 18 
3 ~ 
my 
Nearest lower — } | a 
eastingline |, | Me 
! 72 


26 


Chapter 1: Maps 


With a ruler, you measure the size of each grid square as 20 mm x 20 mm. By 
looking at the fully labeled lines 345 000 m E and 5875 000 mN, you deduce that 
each square represents 1000 m x 1000 m in the real world. The distance between 
Location A and the nearest lower easting line (partially labeled as 39) is 12mm on 
the map. The proportional distance between Location A and the nearest lower 
easting line is 12 mm/20 mm = 0.6. Multiplying this by the real world length of one 
square gives 0.6 x 1000 m = 600m. Adding this distance to the nearest lower 
easting line gives an easting of 339 000 m + 600 m = 339 600m. 


The distance between Location Aand the nearest lower northing line (partially labeled 
as 77) is 13mm on the map. The proportional distance between Location A and the 
nearest lower easting line is 13 mm/20mm = 0.65. Multiplying this by the real world 
length of one square gives 0.65 x 1000 m = 650m. Adding this distance to the 
nearest lower northing line gives a northing of 5 877 000 m + 650 m = 5877 650m. 
The complete UTM grid position is stated as: Zone 10U, 339 600 m E, 5877 650 MN. 


Similar types of calculations can be performed to solve the reverse problem where you 
already have a written UTM position and want to pinpoint it on the map. 


1.6.4 Truncated grid numbers 

Many hiking and mountaineering guidebooks denote a UTM grid location as a4, 6, or 
8-digit number associated with a certain map. The first half of the digits in the number 
refers to a truncated easting and the rest of the digits are part of a truncated northing. 
For example, the first three digits of a 6-digit truncated grid number refer to the easting 
and the last three digits to the northing. The truncated grid number itself is usually all 
you need to pinpoint the location on the map. Other times, such as when entering the 
location into a global positioning system (GPS) receiver, you must expand the trun- 
cated grid number into a complete easting and northing. This requires looking at the 
map and doing some detective work. 


Example of how to expand a truncated grid number 

‘Suppose a guidebook tells you that a cabin is located at UTM Grid 781 883 on a 
particular 1:50 000 scale map. You want to enter this location into your GPS receiver. 
Your GPS receiver requires a complete easting, which is always a 6-digit number 
and a complete northing that can be as long as a 7-digit number. 


The first three digits, 781, is the truncated easting. Since the map scale is 1:50 000, 
assume that the author has given you the location of the cabin to the nearest 
100 m. Therefore, attach two zeros to the end of the truncated easting to make it 
78 100. Now look at your map. If the left side of the map shows an easting of 
465 000 while the right side shows 499 000, your easting must be somewhere in 
between and the first number of your easting must be 4. The complete easting is 
therefore 478 100 mE. 
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The last three numbers, 883, is the truncated northing. Add two zeros to make this 
number 88 300. If the map shows a bottom northing of 5 484 000 and a top northing 
of 5510 000, your only logical choice is to add 54 to the front of your northing. The 
complete northing is therefore 5 488 300m N. 


1.7 UPS grid 

‘The universal polar stereographic (UPS) grid is an extension of the UTM grid. It cov- 
ers polar areas north of 84°N and south of 80°S. The UPS grid lines are drawn on a 
projection surface derived from the polar stereographic map projection. On a map, the 
UPS grid is used in the same manner as the UTM grid. 


1.7.1 UPS zones 


UPS grid zones 


There are four half-moon shaped UPS zones, two located by the north pole and two by 
the south pole. Zone A covers the western hemisphere south of 80°S while Zone B 
covers the eastern hemisphere south of 80°S. Similarly, Zone Y covers the western 
hemisphere north of 84°N while Zone Z covers the eastern hemisphere north of 84°N. 


1.7.2 Easting and northing in UPS grid 

Easting and northing are confusing in the UPS grid, as these terms generally do not 
correlate with the cardinal directions east and north. This makes UPS positions intu- 
itively difficult to visualize. The easting baseline, along longitudes 0° and 180°, is 
defined as having an easting of 2000000 m. A location in the eastern hemisphere has 
an easting of 2 000 000 m plus the distance in meters from the easting baseline. A loca- 
tion in the western hemisphere has an easting of 2000000m minus the distance in 
meters from the easting baseline. 
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The direction of the northing is awkward to remember. The northing baseline, along 
longitudes 90°W and 90°E, is defined as having a northing of 2 000000 m. In the 
southern hemisphere a location on either side of the 0° longitude has a northing of 
2000000 plus the distance in meters from the northing baseline. In the northern 
hemisphere, that formula applies to a location on either side of the 180° longitude. 
Conversely, in the southern hemisphere a location on either side of the 180° longitude 
has a northing of 2 000 000 m minus the distance in meters from the baseline, while in 
the northern hemisphere that formula applies to a location on either side of the 0° 
longitude. 


Examples of how easting and northing are derived in UPS grid 


Easting 
baseline 


baseline 


Northing 


Location 1: ZoneA 
Easting = 2000 000 m - 673 675 m = 1326 325mE 
Northing = 2000 000 m + 430 645 m = 2430 645 mN 


Location 2: ZoneB 
Easting = 2000 000 m + 321147 m = 2321147mE 
Northing = 2000 000 m - 780 502m = 1219498 mN 


Location 3: Zone Y 
Easting = 2000 000 m - 253 713m = 1746 287 mE 
Northing = 2000 000 m - 403 271m = 1596 729mN 


Location 4: ZoneZ 


Easting = 2000 000 m + 230 448 m = 2230448 mE 
Northing = 2000 000 m + 293 106 m = 2293 106 mN 
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1.8 Map datums 


Map datums determine precisely where the latitude, longitude, and grid lines are drawn 
on a map. Datums also govern the heights of terrain features. 


1.8.1 Earth’s shape North pole 
If Earth were shrunk to the size of a billiard : 
ball, its surface would be almost as smooth as a 
new billiard ball. The topography of mountain 
ranges and ocean floors would hardly be no- 
ticeable. This doesn’t mean that Earth is a per 
fect sphere. The rotation around its axis gener- 
ates a centrifugal force that causes the Earth to 
flatten slightly at the poles and bulge slightly 
at the equator. A simple geometric shape called 
an ellipsoid can approximate this shape. The 
numbers inserted into the ellipsoid formula de- Models of Earth's shape 

termine the size of the ellipsoid and how much _(Shape highly exaggerated) 

it bulges, and thus how well it agrees with Earth’s real surface. In the past, a new 
improved global ellipsoid has replaced the old one every few decades or so. 


‘An ellipsoid does not take into account the distortions in shape caused by density 
variations inside Earth. A complicated model called a geoid has been developed to 
account for this. A geoid is the surface where gravity is equal. It is derived from mea- 
suring Earth’s gravity at various locations. A geoid closely approximates the surface to 
which the oceans would conform if they were free to flow across the continents. It 
makes Earth look slightly pear-shaped with a slightly larger southern hemisphere and 
other smaller dips and bulges. New and improved geoid models are continually being 
developed. 


1.8.2 Horizontal datums 


Traditionally, ellipsoids have been created 
to conform only to certain areas of inter 
est. These so-called regional ellipsoids are 
designed to make a best fit for a specific 
region while ignoring the rest of Earth’s 
surface. Each regional ellipsoid is associ- 
ated with a reference point located in the 
middle of the region. A regional ellipsoid 
combined with its reference point is called Y™ ceoia 
a regional datum. It forms a reference Reference 
frame from where other positions in the point 
region are computed. Several hundred re- 

gional datums are used worldwide. Regional and global ellipsoids 

(shape highly exaggerated) 


S. _ Global 
NG ellipsoid 
\ 


= Regional 
ellipsoid 
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In recent years, the trend has been to use global ellipsoids that cover Earth’s entire 
surface. Global ellipsoids are centered on Earth’s center of mass and oriented along 
Earth’s axis of rotation. In general, a global ellipsoid cannot conform to a local area as 
well as a regional ellipsoid, but has the advantage of worldwide coverage. A global 
datum consists of a global ellipsoid with positions referenced from the prime meridian 
and Earth’s axis of rotation. 


The horizontal datum governs where the latitude, longitude, and grid lines are drawn 
on the map. Different datums give different geographic coordinates or grid numbers 
for the same location. Latitude and longitude lines are projected entities while grid 
lines are drawn onto the map after it has been projected. This means that these two 
systems are affected differently by datums. When stating the geographic coordinates 
or grid numbers of a position on a map, always specify the corresponding datum. Us- 
ing the wrong datum can lead to horizontal position errors of several hundred meters. 
The horizontal datum is usually written somewhere in the margins of the map. 


Example of how datums affect a position 

The map below shows geographic coordinate lines from two separate datums, the 
global 1984 World Geodetic System (WGS 84) and the regional 1927 North 
American Datum (NAD 27). The NAD 27 latitude lines are 0.6" (19m) further south 
than the WGS 84 lines, while the longitude lines are 5.3" (99 m) further west. The 
geographic coordinate numbers for Location A are shifted in the opposite direction. 
The latitude is shifted north by 0.6" becoming 53°01'27" + 0.6" = 53°01'27.6"N in 
NAD 27. The longitude is shifted east by 5.3" becoming 125°23'31" - 5.3" = 
125°23'25.7'W. 


02" 
NAD27 


longitude 
lines 


==+01' 
3 4 i wess4 
125°23'25.7°W, NAD27) |-«——__| longitude 


| lines 


53°00" 


= === 53°00'N 


159" 


2" 125°20W 18 
wese4 NAD27 
latitude lines latitude lines. 
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Next, is the same map shown with two sets of UTM grid lines. The NAD 27 easting 
lines are 95 m further west than the WGS 84 lines, while the northing lines are 
203 m further north, The UTM numbers for Location A are shifted in the opposite 
direction. The easting is shifted east by 95 m becoming 339600 + 95 = 339 695 mE 
in NAD 27. The northing is shifted south by 203 m becoming 5877 650 - 203 = 
5877 447mN. 

3839 = 4044 424344 345000mE 46 
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= 
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1.8.3 Vertical datums 

Map elevations are measured relative to a vertical datum, which is a reference surface 
that is either an ellipsoid or a geoid. The vertical datum is usually marked somewhere in 
the margin of the map. The term “mean sea level” that you see on many maps implies 
that the elevations are relative to a geoid surface. A geoid surface is by definition closely 
related to the surface that would result if the oceans were free to flow across continents, 
and essentially coincides with the average water level along a coastline. Away from the 


Topography 


/elipsoid 
surface, 
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(the TTI interval) and code domains (the HS-PDSCH channels). Figure 105 illustrates 
different users obtaining different radio resources. 


Figure 105: High Speed- Downlink Shared Channels (Example) 


Time Rysovy Research 


Fast Scheduling and User Diversity: Fast scheduling exploits the short TTI by assigning 
users channels that have the best instantaneous channel conditions, rather than in a round- 
robin fashion. Because channel conditions vary somewhat randomly across users, most 
users can be serviced with optimum radio conditions and thereby obtain optimum data 
throughput. Figure 106 shows how a scheduler might choose between two users based on 
their varying radio conditions to emphasize the user with better instantaneous signal 
quality. With about 30 users active in a sector, the network achieves significant user 
diversity and much higher spectral efficiency. The system also ensures that each user 
receives a minimum level of throughput, an approach called proportional fair scheduling. 
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coast, the geoid surface is calculated from measurements of the local gravity. The geoid 
surface is periodically recalculated leading to changes in surveyed map elevations. 


‘An ellipsoid is sometimes used as a vertical datum. In this case, the surveyed heights 
on the map are measured relative to the ellipsoid surface instead of mean sea level. 
Maps can use the same ellipsoid for both the vertical and the horizontal datum but this 
is rarely the case. Because ellipsoid surfaces are easy to define mathematically, GPS 
receivers typically calculate elevations relative to an ellipsoid. The elevations are then 
converted into geoid heights before being displayed on the screen. 


1.9 Topographic maps 

Topographic maps have two key advantages over other types of maps: (1) they show the 
shape of the terrain, and (2) allow you to calculate the elevation gain or loss of a pro- 
posed route. This makes topographic maps inherently well suited for land navigation. 
They are also good for finding your way on rivers and small or moderately sized lakes. 


1.9.1 Definition of contour lines 

Contour lines enable three-dimensional features to be shown on a two-dimensional 
map. The contour lines are created by joining points of equal elevation. Each contour 
line therefore represents a specific elevation above sea level. The vertical distance 
between two adjacent contour lines is called the contour interval. In theory, a map with 
a small contour interval will always show more detail than a map with a large interval. 
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In practice, this is not always the case. If both the map scale and contour interval are 
small, the map will look like an indistinguishable blob of contour lines. 


The horizontal distance between contour lines is inversely proportional to the slope of 
the terrain. Closely spaced lines indicate steep terrain such as cliffs while sparsely 
spaced lines reveal gentle slopes. 


Usually, every 5" or 10 contour line is drawn in bold print. These bolded lines, called 
index lines, make it easier to track elevations on the map. Selected contour lines are 
labeled with their elevations while other lines are left unlabeled. 


1.9.2 Finding elevation of unlabeled contour line 

Finding the elevation of selected locations along a proposed route enables you to cal- 
culate the total elevation gain or loss of the route, which will give you a sense of how 
strenuous the travel will be. To estimate the elevation of a location, determine the 
elevation of the nearest contour line. If this contour line is unlabeled, count the number 
of contour lines to the nearest labeled line. Multiply this number by the contour inter- 
val to get the elevation difference. Then add or subtract (whichever is appropriate) the 
elevation difference to/from the elevation of the labeled line. This yields the elevation 
of the desired unlabeled contour line. 


Elevation of unlabeled line - example 
You want to find the elevation the unlabeled 
contour line on the map shown to the right. 


Contour interval = 40m 
Elevation of nearest labeled line = 1800 m 
Number lines below labeled line = 4 


Elevation difference = 4 x 40m = 160m 


/ contour line 


Elevation of unlabeled line = 1800 - 160m 
= 1640m Contour interval: 40 m 


we 


In most real life situations, the location is somewhere between two contour lines. The 
elevation is therefore somewhere in between the higher and lower contour line. 


1.9.3 Calculating slopes 

Anytime you're unsure whether a planned route is within your abilities, calculate the 
angle of the steepest part of the route. This may also help you decide what equipment 
to bring along. The procedure is straightforward: determine the horizontal distance 
(run) and the elevation difference (rise) of the slope, and then perform a couple of 
calculations. 
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The slope can be represented as a gradi- 
ent measured in percent, or an angle mea- 
sured in degrees. The gradient is the ratio 
between the rise and the run, and is cal- 
culated by dividing the rise by the run. 
The slope angle is calculated by plugging 
the gradient into a trigonometric function. 
See Table 1.9 for pre-calculated values. 


Slope calculation 

1. Onthe map, use a ruler to measure the 
run (horizontal distance) of the desired 
portion of the slope. Measure perpen- 
dicular to the contour lines to ensure 
that the steepest direction of the slope 
(fall line) is calculated. Multiply the 
map distance by the scale to get the 
real world run. 

2. Count the number of contour lines 
along the slope. Multiply the number 
of contour lines by the contour inter- 
val to obtain the rise (elevation differ- 
ence) of the slope. 

3. Divide the rise by the run to get the 
gradient in decimal units. Multiply the 
decimal gradient by 100 to obtain the 
gradient as a percentage. 

4, Use Table 1.9 to convert the gradient 
into degrees. Interpolate for interme- 
diate gradient values. 


Example of slope calculation: 


Average 
slope angle 


(eouasey!p 1yB1e4) esry 


Run (horizontal distance) 


Table 1.9 
Correlation between gradient and slope angle 
Gradient | Angle | Gradient | Angle 
9% By 119% 50° 
18% 10° 143% 55° 
27% 15° 173% 60° 
36% 20° 214% 65° 
47% 25° 275% 70° 
58% 30° 373% 78° 
70% 35° 567% 80° 
84% 40° 1143% 85° 
100% 45° Infinite 90° 


You want to calculate the average angle of a particular slope on the map shown 
below. The scale is 1:50 000 and the contour interval is 40 m. 


With a ruler, measure the map run. The 
result is 14mm. Multiply the map run by 
50.000 to give you the real life run: 
14mm x 50000 = 700000 mm = 700m. 
The slope covers 6 contour intervals so 


the rise is 6 x 40m = 240m. 


The gradient is 240 m/700 m = 0.34 = 
100% x 0.34 = 34%. By interpolation, 
Table 1.9 gives you an average slope angle 


of around 19°. 


Contour interval: 40 m, \ 


Oe ae 


35 


Chapter 1: Maps 


Keep in mind that your calculated slope angle is just an average. You will likely en- 
counter steeper as well as flatter sections along that slope. You may be surprised how 
different the terrain appears in real life than envisioned from looking at the map. 


Very few navigators actually calculate the angle of a slope from a topographic map, 
though it certainly is prudent to do so for off-trail routes through mountainous terrain. 
Most people just look at the contour lines on the map and judge the slope angle based 
on experience. Obviously, the only way to get this type of experience is to go outside 
with your map and check out some real slopes. 


1.9.4 How contour lines represent terrain features 

Contour lines can represent almost any type of terrain. Although every terrain feature 
on Earth is in some way different from all others, a particular pattern of contour lines 
indicates a specific type of feature. Below are some reoccurring types of features, 
shown with their associated contour line patterns. 


Valley 

‘A valley is a long and wide trough that has been carved out by moving glaciers and/or 
flowing water. If you are at the bottom of a valley, there is higher ground in three 
directions and lower ground in the other. 


On maps, the valley bottom consists of a series of V-shaped or U-shaped contour lines 
whose closed ends point uphill along the valley floor. V-shaped contour lines indicate 
a steeper and narrower valley floor than U-shaped lines. Be careful not to confuse a 
valley with a ridge on the map. Valleys often show a river running along the closed end 
of the contour lines, which ridges never do. 
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Ridge 

A ridge is a linear feature similar to a rooftop. Most mountains have ridges radiating in 
several directions from the summit. The ridge crest normally undulates or slopes in one 
direction. On rare occasions, the ridge crest is level. 


On maps, a sloped ridge crest consists of V-shaped or U-shaped contour lines with the 
closed ends pointing downhill. U-shaped lines signify a broad ridge, while V-shaped 
lines signify a sharp ridge known as an aréte. A level ridge crest consists of two parallel 
contour lines that can be difficult to distinguish from any other parallel lines on the 
map. There are often bumps and saddles along a ridge, which is one way to differenti- 
ate a ridge from a valley or gully. 
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Gully 

‘A gully is a groove running downa slope. Gullies have been gouged out of the slope by 
running water, avalanches, or rock fall. The contour lines are V-shaped or U-shaped 
with the closed ends pointing uphill. Inside the gully, there is higher ground in three 
directions and lower ground in the other. A gully is much smaller and narrower than a 
valley. A gully located high on a mountain is called a couloir. 
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Cliff 

A diff is a vertical, near vertical, or overhanging feature. Cliffs are composed of rock 
that is resistant to erosion, Less resistant rock is often present below a cliff in the form 
of scree slopes or boulder fields. On maps, the contour lines representing a cliff are 
very close together and sometimes touch each other. In some cases, the contour lines 
disappear altogether, making it difficult to determine the slope or height of the cliff. 


Sa Na 


Pass 

‘A pass is a low point between two areas of higher ground. It can be described as a 
saddle with higher ground in two opposite directions and lower ground in the other two 
directions. In many cases, passes are the easiest gateway between two valleys or drain- 
ages. On maps, the innermost contour lines of a pass look like an hourglass. A steep 
and narrow mountain pass is known as a col. 
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Summit 

‘A summit is a high point surrounded by lower ground in all directions. All mountain 
massifs and hills contain at least one summit. On maps, the area surrounding the sum- 
mit has closed contour lines nested inside each other with the high point located inside 
the innermost contour line. The elevation of the summit is sometimes written on the 
map. 


Canyon 

Acanyon is a trench that has been carved out by flowing water. In general, a canyon is 
narrower and has much steeper walls than a valley. On maps, a canyon consists of two 
sets of closely spaced lines, each set representing one of the walls. Smaller canyons 
sometime branch out from the main one. Depending on the season, flowing water may 
or may not be present on the canyon floor. 
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Depression 

‘A depression is an area surrounded by higher ground in all directions. On maps, a 
depression is represented by closed contour lines with tick marks pointing toward lower 
ground. Depressions include volcanic and impact craters. Lakes are water-filled de- 
pressions, but underwater contour lines are normally not shown on topographic maps. 


1.9.5 How to interpret terrain on a map 

The ability to interpret the terrain described on topographic maps is a critical skill 
needed for successful land navigation. Individually, terrain features can be difficult to 
distinguish because it is often tricky to tell whether adjacent contour lines signify an 
upward or downward slope. Everything on a map is interconnected, so the key to inter- 
preting the terrain lies in your ability to figure out how your area of interest relates to 
the larger picture. 


Try the following technique to figure out which portions of the map represent higher 
versus lower ground. Major lakes, rivers, and valleys are located on lower ground. 
‘Analyze the contour lines that cross the longest streams on the map to figure out which 
way the water is flowing. Any naturally flowing body of water runs downhill along the 
bottom of a valley, canyon, or gully. The bottom of these features is represented by V- 
shaped or U-shaped contour lines with the closed end of the contour lines pointing 
upstream. Determine the direction of the flow of all streams that feed into the major 
streams. On their upstream end, all streams eventually begin at a lake, gully, glacier, 
spring, or near a pass. Tracing out all the streams on the map will give you a picture of 
how the area is drained and where most of the lower ground is located. 
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line B= 


7-9 Ridge 


The higher ground is composed of ridges, summits, cols, and plateaus. On your map, 
connect the summits of mountains and hills with lines that follow the highest possible 
routes. These routes are mostly along ridgelines via passes, cols, and knolls. Then draw 
lines along ridges that radiate from the summits or fork off from the main ridges. Drawing 
these ridgelines will give you a sense of where the high ground is located. 


Once you have identified the areas of high and low ground, it will be much easier for 
you to make out the terrain features in your area of interest. 


1.10 Nautical charts 


Nautical charts are essential for safe navigation on large bodies of water, especially 
along coastlines. Unlike maps, charts are specifically designed to describe water areas. 
The information included on a chart is even more wide-ranging than what you see on a 
map. Prevailing currents, shipping lanes, harbors, anchorages, reefs, sand bars, tidal 
flats, navigation aids, and much more are shown on a chart. It is important to thor- 
oughly understand all the symbols. Consult the legend before leaving shore. 
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Contour lines and/or depth soundings portray the shape of the sea bottom. Instead of 
showing the elevation above sea level, the contour lines and soundings show the depth 
below sea level. Charts use the mean low water level, the average level of all the low 
tides at that location, as a vertical datum. A chart is not meant to just be viewed; it is 
used for plotting courses and lines of position. Like maps, charts are drawn to different 
scales and are made from various types of projections. 
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Figure 106: User Diversity 
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Higher Order Modulation: HSDPA uses both the modulation used in WCDMA—namely 
QPSK—and, under good radio conditions, an advanced modulation scheme—16 QAM. 16 
QAM transmits 4 bits of data in each radio symbol compared to 2 bits with QPSK. Data 
throughput is increased with 16 QAM, while QPSK is available for adverse radio conditions. 
HSPA Evolution adds 64 QAM modulation to further increase throughput rates. 64 QAM 
became available in Release 7, and the combination of MIMO and 64 QAM became available 
in Release 8. 


Fast Link Adaptation: Depending on the condition of the radio channel, different levels 
of forward-error correction (channel coding) can also be employed. For example, a three- 
quarter coding rate means that three quarters of the bits transmitted are user bits, and 
one quarter are error-correcting bits. Fast link adaptation refers to the process of selecting 
and quickly updating the optimum modulation and coding rate and occurs in coordination 
with fast scheduling 


Fast Hybrid Automatic Repeat Request: Another HSDPA technique is Fast Hybrid 
Automatic Repeat Request (Fast Hybrid ARQ). “Fast” refers to the medium-access control 
mechanisms implemented in Node B (along with scheduling and link adaptation), as 
opposed to the BSC in GPRS/EDGE, and “hybrid” refers to a process of combining repeated 
data transmissions with prior transmissions to increase the likelihood of successful 
decoding. Managing and responding to real-time radio variations at the base station, as 
opposed to an internal network node, reduces delays and further improves overall data 
throughput. 


Using the approaches just described, HSDPA maximizes data throughputs and capacity and 
minimizes delays. For users, this translates to better network performance under loaded 
conditions, faster application performance, and a greater range of applications that function 
well. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 189 


Chapter 2: Compass 


Chapter 2 
Compass 


Compasses have been around for many centuries, initially for ship navigation but later 
also for land navigation. A compass needle that is free to rotate will keep pointing in a 
specific direction. This enables a compass user to stay on course toward any desired 
direction, a powerful concept in navigation. Even today, the compass remains one of 
the most widely used navigation instruments. 


2.1 Earth’s magnetic field 


2.1.1 Magnetic field theory 

Deep inside Earth, the movement of molten metal generates a magnetic field that en- 
velops Earth. This invisible force field permeates our surroundings. Its presence is felt 
inside Earth, on the surface, in the oceans, in the atmosphere, and in nearby space. The 
field varies in strength and direction depending on the location. It can be visualized as 
an array of lines with arrows pointing in the direction of the magnetic force. The strength 
of the magnetic force is proportional to how close the field lines are to each other. 


Magnetic north pole. Geographic 
Field lines enter Earth's north pole 
surface vertically a 


Earth's axis 
of rotation 


Earth's interior 
. 


Magnetic 


field lines Magnetic south pole 


Geographic | \, Field lines leave Earth's 
southpole surface vertically 


Idealized (bar magnet) model of Earth's magnetic field 
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Earth’s magnetic field is shaped somewhat like the field of a bar magnet where the 
field lines leave the magnet at one end, curve around, and enter the magnet at the other 
end. The location where the magnetic field lines plunge vertically into Earth’s surface 
is called the magnetic north pole. The location where the magnetic field lines leave 
Earth’s surface vertically is called the magnetic south pole. 


The real shape of Earth’s magnetic field is a superposition of many magnetic fields 
corresponding to many molten metal flows inside Earth, as well as local magnetic 
anomalies caused by ore deposits. The resultant field is much more complicated than 
that of a single bar magnet. In fact, the magnetic poles are not on exact opposite sides 
of Earth, and the magnetic field lines generally don’t follow the shortest path along 
Earth’s surface to the nearest magnetic pole. The map below shows the approximate 
shape and direction of the magnetic field lines in polar regions. 
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north pole 


Magnetic 
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2.1.2 Magnetic pole movement 

The shape of Earth’s magnetic field is continually changing, causing the magnetic 
poles to move. Three types of magnetic pole movement have been observed: (1) secu- 
lar movement where the magnetic poles move slowly over the years, (2) diurnal, or 
daily, movement around the average position, and (3) erratic movement where the 
magnetic poles jump rapidly from one position to another. 


Secular movement 

The molten metal flows inside Earth are continually changing, altering the shape of the 
magnetic field and shifting the average position of the magnetic poles in the process. 
The rate and direction of the magnetic pole movement is somewhat predictable. It 
typically ranges from a few kilometers to a few tens of kilometers per year. The secular 
movement must be taken into account when using a compass. The maps below show 
the secular movement over a 100-year period. 


ay 


145 150° 


Secular movement of magnetic south pole Secular movement of magnetic north pole 


Diurnal movement 

The sun continually emits electrically charged particles in all directions, creating some- 
thing called the solar wind. When the solar wind reaches Earth, it pushes or pulls the 
magnetic poles to one side. As Earth rotates around its axis, the magnetic poles move 
around in an ellipse about their average positions. This is called the diurnal movement 
of the magnetic poles. 
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‘Average position 
of magnetic pole 


A 


Diurnal path of magnetic 
pole around average 
position 


Diurnal movement of magnetic pole 


Depending on the strength of the solar wind, the magnetic poles can be shifted by up to 
a few tens of kilometers about their average positions. The diurnal movement has neg- 
ligible effect on the direction of a compass needle unless you happen to be close to one 
of the magnetic poles. 


Erratic movement 

The solar wind varies in intensity based on a cycle with an average period of 11 years 
that is closely tied to sunspot activity on the sun. The sun’s magnetic activity reaches a 
maximum during each cycle and then usually quiets down for prolonged periods, al- 
though heightened activity can occur anytime. During periods of high magnetic activ- 
ity, gusts of charged particles are hurled into space, distorting the magnetic field when 
reaching Earth, The magnetic poles can move about erratically, causing compass needles 
to swing wildly in the vicinity of the magnetic poles. 


2.2 How a compass works 


‘A compass needle is simply a strip of magnetized metal mounted on a swivel that lets 
the needle rotate freely. Any external magnetic field will generate a magnetic torque 
that attempts to align the needle along the external magnetic field lines. In the absence 
of other external fields, a freely rotating compass needle will align itself with Earth’s 
local magnetic field line. The north-seeking end of the needle will point in the direc- 
tion of the magnetic field line, but usually not directly toward the north magnetic pole. 


Provided the compass needle is free to rotate, the magnetic torque will keep the needle 
pointed in the same direction regardless of how the base of the compass is oriented. By 
means of a mechanical linkage, this phenomenon can be used to keep the base of a 
compass pointed in any desired direction. 
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Toward magnetic north pole 
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Electronic compasses don’t use magnetic needles but instead have sensitive magnetic 
sensors that determine the direction of the local magnetic field. The direction of the 
magnetic field is shown on a liquid crystal display as an arrow. Bearings can be stored 
in the internal memory of some electronic compasses. 


‘A compass is primarily used to keep you pointed in a particular direction (bearing) as 
you travel, but can also be used to triangulate your position on a map. The accuracy of 
a standard compass is about two degrees in regions far away from the magnetic poles. 
‘At the magnetic poles, the compass needle would point straight up or down, making it 
useless for navigation. Other external magnetic fields, such as magnetism caused by 
power lines, local ore bodies, or lava flows can affect your compass needle or elec- 
tronic compass. 


Objects made from ferromagnetic materials will interfere with your compass if the 
object is close enough to the needle. The most common ferromagnetic materials con- 
tain iron or nickel. Before using your compass, test objects that you suspect are ferro- 
magnetic or magnetized, such as belt buckles, ski poles, ice axes, tent poles, radios, or 
watches. Bring the object toward your compass and observe if, and at what distance, 
the needle moves. When navigating with a compass, make sure that all ferromagnetic 
or magnetized objects are kept far enough away to avoid interfering with your compass 
needle or digital compass. 
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2.3. Compass bearings 


Depending on your navigation technique, compass bearings (directions) are measured 
relative to true (geographic) north, magnetic north, or grid north. The unit for measur- 
ing bearings is normally degrees, but gradians or other units are used on some com- 
passes. There are 360 degrees (°), or 400 gradians (grad or gr), in one full rotation. 
Military compasses use the unit milliradian (mil) to measure bearings. There are 
6283.1853... mils in one full circle, although most military compasses round off this 
number to 6000, 6400, or some other intermediate number. 


True bearings 

‘True compass bearings are measured as angles relative to the direction of the geo- 
graphic north pole. They are always measured clockwise from the direction to the 
north pole, even in the southern hemisphere. 


Each of the familiar cardinal directions is equivalent to a particular true bearing: north 
(0°), east (90°), south (180°), and west (270°). Midway in between are the intermediate 
directions: northeast (45°), southeast (135°), southwest (225°), and northwest (315°). 
These directions can be further subdivided into north-northeast (22.5°), east-northeast 
(67.5°), east-southeast (112.5°), south-southeast (157.5°), south-southwest (202.5°), west- 
southwest (247.5°), west-northwest (292.5°), and north-northwest (337.5°). 
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Example of true compass bearings 


Below are several direction arrows on a chart. Each arrow represents a particular 
true bearing. 
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Note that although this chart represents a portion of the southern hemisphere, the 
bearings are relative to the geographic north pole, not the south pole. Longitudes 


are by definition north-south lines and are therefore convenient reference lines 
from which true bearings can be measured. 


Magnetic and grid bearings 


In certain navigation applications, compass bearings are measured relative to magnetic 
north or grid north instead of true north. Magnetic north is defined as the direction of 
the magnetic field at your location. Grid north is the direction of the north-pointing end 
of your map’s north-south grid lines. 
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2.4 Magnetic declination 


Magnetic field lines are not aligned north-south across most of Earth’s surface. This 
means that the north seeking end of a compass needle will, in most cases, point in a 
direction other than toward the geographic north pole. When navigating with a map 
and compass, you must consider this effect whenever it causes a bearing error of more 
than a couple of degrees. 


2.4.1 Magnetic declination theory 

Most people mistakenly believe that a freely rotating compass needle points directly 
toward the nearest magnetic pole. This would only be true if magnetic field lines fol- 
lowed the shortest path along Earth’s surface from your compass to the nearest mag- 
netic pole, which is generally not the case. 


The magnetic declination (variation) at a specific location is the angle between the 
direction of the north-seeking end of the needle and the direction to the geographic 
north pole. This definition applies everywhere on Earth including in the southern hemi- 
sphere. Since longitudes are perfect north-south lines along Earth’s surface, the mag- 
netic declination at your location can be defined as the angle between the north-seek- 
ing end of your compass needle and the north-pointing portion of your local longitude. 
If the north-seeking end of the needle points west (left) of the longitude, the declina- 
tion is west, and if the needle points east (right) of the longitude, the declination is east. 
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To state the magnetic declination, write the angle followed by the label “E” or “W” to 
indicate whether it’s east or west, for example 93°E. By definition the declination is 
always somewhere between 180°W and 180°E. 
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Examples of magnetic declinat 


The maps below show eight freely rotating compass needles at random locations 
in the southern and northern hemispheres. The table shows how the magnetic 
declination is derived for each location. 
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Location] Angle relative | Direction relative to Magnetic 
to longitude | geographic north pole | declination 

A 3° right (east) 31E 

B 38° left (west) 38°W 

Cc 67° left (west) 67W 

D 82° right (east) 82E 

E 6° left (west) ow 

F 43° Tight (east) ASE 

G 11° right (east) 11E 

H 35° left (west) 35°W 


2.4.2 Estimating magnetic declination 
‘The secular movement of Earth’s magnetic field causes the declination to change over 
the years. Five different ways to estimate the magnetic declination at your location are 
described here: (1) declination diagram, (2) compass rose, (3) computer software, (4) 
GPS receiver, and (S) direct measurement. 


Declination diagram 
Most high-quality topographic maps have a diagram that shows the magnetic declina- 
tion for the area covered by the map. Usually, the date and the annual rate of change 
when the declination was measured are also shown. The older the declination date, the 
more inaccurate the stated declination and annual change are likely to be. On some 
maps, the declination and date are written without an associated diagram. 
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Figuring out how to calculate the declination from a diagram may require some work, 
made even more challenging if you’re unfamiliar with the language used on the map. 
Some diagrams give you the declination relative to both geographic (true) and grid 
north. For land navigation, use grid north if you have a choice because you will likely 
be taking bearings relative to the map’s grid. 


Examples of declination from diagrams: 
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The left diagram is taken from a French map. It gives the declination as 0,53 gr or 
0°29’. The date is given as 1998 with an annual decrease of 0,12 gr or 0°6'. Ignore 
the “gr” unit unless your compass dial is marked in gradians. N.G. stands for 
geographic north, and N.M. stands for magnetic north. In 1998 the compass needle 
would have pointed 29' left (west) of true north, giving a declination of 0°29'W. If 
the year is now 2005, the declination has decreased by 7 x 6' = 42' giving you a 
declination of 29'W - 42’ = -13'W or 0°13'E. Rounding off this number to the nearest 
degree gives you a declination of 0°. In other words, ignore the declination when 
navigating with this map. 


The middle diagram is taken from a Swedish map. The arrow on the right stands 
for magnetic north and the line with the star stands for geographic north. The 
middle line with "+" on top stands for map (grid) north. Magnetic north is given as 
+2,3? right (east) of grid north and 5,0° east of geographic north. Neither the year 
when the declination was measured, nor the annual rate of change is given. 
According to the map, the declination is valid only for a range of years (2000 - 
2005). If the year is now 2008, you will have no choice but to use the given 
declination. You do however have a choice between grid north and geographic 
north. Choose grid north (2.3°E) and round off this declination to 2°E. 


52 


Field results validate the theoretical throughput results. With initial 1.8 Mbps peak rate 
devices, vendors measured consistent throughput rates in actual deployments of more than 
1 Mbps. These rates rose to more than 2 Mbps for 3.6 Mbps devices and then close to 4 
Mbps for 7.2 Mbps devices. 


In 2008, typical devices supporting peak data rates of 3.6 Mbps or 7.2 Mbps became 
available. Many operator networks support 7.2 Mbps peak operation, and some even 
support the maximum rate of 14.4 Mbps. 


HSUPA 


Whereas HSDPA optimizes downlink performance, HSUPA—which uses the Enhanced 
Dedicated Channel (E-DCH)—constitutes a set of improvements that optimizes uplink 
performance. Networks and devices supporting HSUPA became available in 2007. These 
improvements include higher throughputs, reduced latency, and increased spectral 
efficiency. HSUPA was standardized in Release 6. It results in an approximately 85% 
increase in overall cell throughput on the uplink and more than a 50% gain in user 
throughput. HSUPA also reduces packet delays, a significant benefit resulting in much 
improved application performance on HSPA networks 


Although the primary downlink traffic channel supporting HSDPA serves as a shared 
channel designed for the support of services delivered through the packet-switched 
domain, the primary uplink traffic channel defined for HSUPA is a dedicated channel that 
could be used for services delivered through either the circuit-switched or the packet- 
switched domains. Nevertheless, by extension and for simplicity, the WCDMA-enhanced 
uplink capabilities are often identified in the literature as HSUPA. 


HSUPA achieves its performance gains through the following approaches: 
a Anenhanced dedicated physical channel. 


a A short TTI, as low as 2 msec, which allows faster responses to changing radio 
conditions and error conditions. 


a Fast Node B-based scheduling, which allows the base station to efficiently allocate 
radio resources. 


a Fast Hybrid ARQ, which improves the efficiency of error processing. 


The combination of TTI, fast scheduling, and Fast Hybrid ARQ also serves to reduce latency. 
HSUPA can operate with or without HSDPA in the downlink, although use the two 
approaches together. The improved uplink mechanisms also translate to better coverage 
and, for rural deployments, larger cell sizes. 


HSUPA can achieve different throughput rates based on various parameters including the 
number of codes used, the spreading factor of the codes, the TTI value, and the transport 
block size in bytes. 


Initial devices enabled peak user rates of close to 2 Mbps as measured in actual network 
deployments, while current devices have throughputs of more than 5 Mbps. Future devices 
could have network rates as high as 69 Mbps, as discussed further below 


Beyond throughput enhancements, HSUPA also significantly reduces latency. 
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The right diagram shows a magnetic arrow pointing 20°30’ (364 mils) to the right 
or east of geographic (true) north (T.N.). An added angle of 0°12' (4 mils) is given 
between geographic north and grid north. The declination year is 1996 with an 
annual decrease of 8.0'. Ignore the “mil” unit unless you're using a military compass. 
Choosing grid north and assuming the year is now 2006 gives you a declination of 
20°30'E + 0°12' - 10 x 8.0' = 20°30' + 12' - 80' = 20°30'E - 68' = 20°30'E - 1°08' = 
19°22'E. Round off this number to 19°E. 


Compass Rose 

Nautical charts use one or more compass roses instead of a declination diagram. A 
compass rose consists of an inner graduated ring that shows magnetic bearings, nested 
inside an outer graduated ring that shows true bearings. In marine terminology, decli- 
nation is called “variation.” On a compass rose, the variation is the difference between 
any bearing on the inner ring, versus the same bearing on the outer ring. In addition, 
the variation as well as the date and annual rate of change are usually written inside the 
inner ring. 


Example of variation from compass rose 

The compass rose below shows a variation of 24°38'W for 2004, with an annual 
decrease of 7.2’. If the year is now 2012, the variation would be 24°38'W - 8 x 7.2' 
= 24°38" - 57.6 


= 23°40.4'W. Round off this number to 24°W. 
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Computer software 

Computer programs are available that calculate the magnetic declination for any point 
on Earth’s surface. Just type in your position coordinates, the date, and the year. The 
program displays the declination. Be aware that the calculations are based on the shape 
of Earth’s magnetic field and predicted future values at the time that the software was 
developed. Since magnetic field changes are somewhat unpredictable, use the latest 
version of the software for best accuracy. Find out whether the declination is given 
relative to geographic north or grid north. Some programs let you choose between the 
two systems. 


GPS receiver 

GPS receivers are equipped with software that estimates and displays the magnetic dec- 
lination. Look in your GPS user manual for a way to display the magnetic declination at 
your location. Most receivers give you the declination relative to both geographic and 
grid north, GPS receivers use declination data based on the annual rate of change when 
the GPS software was developed. The receiver will therefore suffer from inaccurate 
declinations as it ages. Download new software with updated declination data into your 
receiver whenever the software becomes available. Future enhancements may allow 
declination data to be beamed directly from the GPS satellites to your receiver. 


Direct declination measurement 

With a map and compass, you can directly measure the magnetic declination if you 

know your location on the map and can identify a nearby landmark. Direct measure- 

ment is the surest way to determine your declination. It takes into account all the local 

and global anomalies. 

1. Pinpoint your position on the map as accurately as possible. Use a GPS receiver if 
you have one. 

2. Take a bearing off your map (Section 2.6.1) from your present location to an iden- 
tifiable landmark and note the resultant bearing. For example 271°. 

3. Take a field bearing off the same landmark (Section 2.6.2) and note the resultant 
bearing. For example 302°. 

4. Your declination number is the difference between the map bearing and the field 

bearing: 302° - 271° = 31°, 

Look at the graduated dial of your compass. If the field bearing is clockwise from 

your map bearing, the declination is west. If it is counterclockwise, the declination 

is east. In this example, the field bearing (302°) is clockwise from the map bearing 

(271°) so your declination is 31°W. 


wa 


Be careful with bearings on either side of the 0° mark. Let’s say you take bearings off 
a second landmark, and get a map bearing of 334° and a field bearing of 7°. This gives 
you a declination number of 334° - 7° = 327°, but by definition, the declination number 
cannot be more than 180°, To correct this, subtract your initial declination number 
from 360°. This yields a declination of 360° - 327° = 33°W. Averaging this results with 
the first measurement (31°W) gives a declination of 32°W. For even more confidence 
in your results, repeat the process with additional landmarks. 


54 


Chapter 2: Compass 


2.4.3 Compensating for magnetic declination 

You must compensate for the magnetic declination whenever you use a compass to- 
gether with a map. This applies to both mechanical and electronic compasses. There 
are two ways to compensate for the magnetic declination: (1) using a compass with an 
adjustable declination mechanism, or (2) adding or subtracting the declination after 
taking a compass bearing. You could also do all your navigation relative to magnetic 
north, which is often done in marine navigation. 


Compass with adjustable declination mechanism 

For land navigation, the author recommends that you use a compass with an adjustable 
declination mechanism. Just set the declination to the correct value, and then forget 
about declination until you move into an area with a different declination. 


Many types of adjustable mechanisms exist. Look in your compass manual for instruc- 
tions on how to adjust the declination. Be aware that salt water or dirt can seize the 
mechanism, thereby turning your adjustable compass into a nonadjustable type. Most 
electronic compasses have built-in functions to adjust the declination. 


Example of declination mechanism 

A widely-used declination mechanism for an orienteering compass consists of a 
small screw located on the backside of the housing. Use a small screwdriver to turn 
the screw until the scale shows the correct declination for your location. Note that 
the orienting arrow moves relative to the meridian lines when you turn the screw. 


Orienting arrow moves 
relative to meridian lines. 
when turning screw ‘_Ylines 


by turning 
Declination 
with sim Sona 
The tail eng6F 
orienting arrow shows 


curren}declination 


Compass without declination mechanism 

On a compass without an adjustable declination mechanism, you must add or subtract 
the appropriate declination after taking a bearing. Whether you add or subtract de- 
pends on whether the declination is east or west and whether you're going from a map 
to the real world or vice versa (Table 2.4). Adding means turning the graduated dial 
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counterclockwise, while subtracting [Table 2.4 - Declination adjustments 

means turning it clockwise, Pay atten- suajitivear| Reshivortd 

tion to what you're doing. It’s easy 10 | pectination | “*B 0,4 fone 

do mistakes, especially if you have to 

turn the dial past the zero mark. east subtract add 
west add ‘subtract 


Compensating for declination - Example 1 

Let's say the declination is 31°W. You've taken a bearing of 352° off a map (Section 
2.6.1), and want to follow this bearing in the real world (Section 2.6.3). Table 2.4 
tells you to add the declination because you're going from a map to the real world. 
The adjusted bearing becomes 352° + 31° = 383°. By definition, bearings must be 
between 0° and 360°, so subtract 360°. Set you compass to 383° - 360° = 23° 
before following this bearing. 


Compensating for declination - Example 2 

The declination is 18°E. You've taken a field bearing of 126° off a landmark (Section 
2.6.2) and want to triangulate your position on the map. In this case, you're going 
from the real world to a map. Table 2.4 tells you to add the declination. Set your 
compass to 126° + 18° = 144° before placing the compass on the map. 


2.5 Magnetic dip 

Magnetic dip, also known as inclination, is the angle between level ground and the 
magnetic field line at your location. The dip is by definition 90° (vertical) at the mag- 
netic poles and is 0° (horizontal) in some regions between the poles. In most parts of 
the world, the dip is somewhere between these two extremes. Because the compass 
needle tries to align itself along the local magnetic field line, the dip causes the needle 
to point upward or downward. If the dip is too large, the needle will rub against the top 
or bottom of the housing, preventing the needle from rotating freely. 


Most high-quality compasses try to compensate for magnetic dip by using a counter- 
weight on one end of the needle. Because the magnetic dip varies across Earth’s sur- 
face, a compass with a counterweight designed for a certain area will not work else- 
where. Before purchasing a compass, make sure it is designed for the area that you 
intend to travel. 


Magnetic dip can cause 


Magnetic compass needle to rub on 
field line top or bottom of housing 
ms ra Compass needle 
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Some compasses feature deep well designs with lots of pivot room for the compass 
needle, Other designs use a multi-pivot mechanism to keep the needle level. These so- 
called world compasses can be used anywhere in the world except at extreme dip loca- 
tions such as near the magnetic poles. 


‘You may be able to compensate for the magnetic dip by holding your compass at an 
angle. This makes the operation of the compass more difficult, particularly with a mir- 
ror compass. Electronic compasses will function anywhere but become less accurate 
with increasing dip. Most marine compasses are balanced for the dip of a particular 
area, although they usually work in other areas but become less accurate. 


2.6 Orienteering compasses 


For land navigation, you need a compass with a base plate. Without a base plate, you 
cannot use your compass to take bearings off a map. Both mirror and standard 
orienteering compasses are fitted with a base plate, and either type is good for wilder- 
ness navigation. A mirror compass is more accurate for aiming at a target, but is more 
difficult to use than a standard orienteering compass. Most procedures in this book 
assume that you are using a standard compass, but this should not be a concern for 
someone using a mirror compass. Except for the aiming process, both types of com- 
passes are used in exactly the same manner. Some orienteering compasses have a built- 
in inclinometer that lets you measure the steepness of slopes. If you’re familiar with 
trigonometry, you can use the inclinometer to measure heights of features. 


Orienting _Meridian lines 


Declination scale TW. 
on back side of 
compass 


Compass 


Bearing needle 


marker 


Liquid-filed 
housing 


Graduated dial 


Standard 
orienteering 
compass 


Travel direction 
arrows 


Base plate 

The base plate, made of transparent plastic, is more than a structural component. Its long 
edges are used for taking bearings off a map or for drawing triangulation lines on the 
map. The travel direction arrow(s) and bearing marker are imprinted on the base plate. 
Most base plates are inscribed with scales of various units that can be used as rulers. 


57 


Chapter 2: Compass 


Compass needle 

The compass needle is a magnetized strip of metal that is balanced on a pivot joint. The 
north-seeking end of the needle is usually painted red and the south seeking end white 
or black, but some compasses use other color combinations. 


Travel-direction arrows 

One or more travel-direction arrows are imprinted on the base plate and show the 
travel direction when following a compass bearing. They are also used for taking a 
field bearing. On a mirror compass, a sighting notch or a mirror line is used instead of 
travel-direction arrows. 


Housing with graduated dial 

The housing is a liquid-filled container that encloses the compass needle. The liquid is 
used to dampen the movement of the needle. The perimeter of the housing consists of 
a graduated dial that is marked with bearings from 0° through 360°. Some compasses 
use other angle units. To adjust the compass bearing, rotate the housing and read off the 
bearing on the bearing marker located on the base plate. 


Meridian lines 

The meridian lines make it easier to align the housing north-south on the map when 
taking bearings or drawing lines of position. The meridian lines are mechanically linked 
with the housing and move together as one unit. 


Orienting arrow 
The orienting arrow is used to correctly align the base plate relative to the compass 
needle when following a compass bearing or taking a field bearing. 


Declination mechanism 

Some compasses have a built-in declination mechanism. The declination mechanism 
compensates for the error between magnetic and geographic bearings by adjusting the 
angle of the orienting arrow relative to the graduated dial. The declination is adjusted 
manually and read off the declination scale. 


2.6.1 Taking a bearing off a map 

Taking a bearing off a map is an elementary concept in compass navigation. It involves 

using a map and orienteering compass to measure the direction toward a selected target. 

1. Use terrain association (Section 8.1), a GPS receiver, or any other method to deter- 
mine your location on the map. 

2. If your compass is equipped with an adjustable magnetic declination mechanism, 
adjust the declination so that it conforms to grid north. 

3. Place your compass on the map. The map can be oriented in any direction, Align the 
base plate with an imaginary straight line that passes through both your present loca- 
tion and your desired target. Make sure the travel-direction arrows on the base plate (or 
mirror line) point toward your desired target on the map, not the reverse direction, 
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5. 


6. 


Imaginary _| 
line 


Step 3: Place and align compass on map 


Without moving the base plate, turn the graduated dial until the meridian lines on 
the compass are parallel to the north-south grid lines on the map. Make sure north 
(0°) on the graduated dial points toward north on the map and not south. 


Step 4: Turn graduated dial 


Remove your compass from the map and read off the bearing. You may want to 
record this bearing for later use. 

If your compass lacks an adjustable declination mechanism, adjust the graduated 
dial by the appropriate declination number. Since you’re going from a map to the 
real world, subtract the declination number for an east declination, add for a west 
declination. 
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2.6.2 Taking a field bearing 

Taking a field bearing involves measuring the direction to a terrain feature in the real 

world. Three primary reasons exist for taking a field bearing: (1) determining your 

position by triangulation, (2) staying on track toward an intermittently visible target, 
or (3) directly measuring the magnetic declination. 

1. If your compass is equipped with an adjustable magnetic declination mechanism, 
adjust the declination so that it conforms to grid north. Actually, this only applies if 
the bearing is going to be used for triangulation. If the bearing is used to stay on 
track toward the landmark or to measure the declination, the declination setting is 
arbitrary as long at it is kept constant throughout the procedure. 

2. Aim the travel direction arrows (or mirror line) of the compass toward the land- 
mark whose direction you want to measure. 


Step 2: Aim compass 
toward landmark 


3. While keeping the base plate level and the travel-direction arrows pointed toward 
the landmark, turn the graduated dial until the north-seeking end of the compass. 
needle lines up with the north end of the orienting arrow. Read off the bearing. 


Tum graduated 
dial until needle 
lines up with 

orienting arrow 


Step 3: Turn graduated dial 
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4, If your compass lacks an adjustable declination mechanism, adjust the graduated 
dial by the appropriate declination number before performing a triangulation. Since 
you're going from the real world to a map, add the declination number for an east 
declination, subtract for a west declination. Don’t adjust anything if the bearing is 
for keeping track of your direction toward the landmark. The compass is obviously 
already pointing in the correct direction. The same applies for a bearing taken to 
measure the declination. You cannot compensate for an unknown declination that 
you are about to calculate. 


2.6.3 Following a compass bearing 

Following a compass bearing is what you do in the real world after taking either a map 

ora field bearing. As you travel, the compass shows you the direction to your chosen 

target. 

1. Hold the compass in front of you with the travel direction arrows (or mirror line) 
pointing directly ahead. 

2. While keeping the base plate level, turn your body together with the compass until 
the north-seeking end of the compass needle coincides with the north end of the 
orienting arrow. The travel-direction arrows or mirror line will now point toward 
your target. 


Turn whole compass 
until north end of needle > 
lines up with north end 

of orienting arrow 


Travel-direction arrows 
will point toward target 


3. Follow the travel direction arrows or the mirror line toward the target. 


To avoid constantly looking at your compass, follow a series steering marks along your 
line of travel. A steering mark can be any recognizable feature in line with your com- 
pass bearing. If you have a choice, select the highest and most distant feature. Keep in 
ming that a feature can change appearance as you move toward it. If a steering mark is 
beyond your target, be careful not to overshoot your target. During poor visibility, you 
may have to select steering marks that are very close together. This will necessitate 
frequent checks of your compass, and in extreme cases such as whiteouts, you may be 
forced to continuously look at your compass. 
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ii Following steering marks 


If you cannot follow the compass bearing because of an intervening obstacle, go around 
the obstacle and then try to regain your original line of travel. This is easy if there is a 
steering mark on the far side of the obstacle. After circumventing the obstacle, just go 
to the steering mark to regain your original line of travel. 
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If there is no steering mark on the far side of the obstacle, use a back bearing (described 
next) or dead reckoning (Section 8.3.3) to regain your line of travel. 


Using a back bearing 

‘back bearing is the opposite direction from your original bearing to the target. Point- 

ing your compass along a back bearing will reveal if you are drifting off course and 

help you regain your line of travel after circumventing an obstacle. 

1. Leave all the compass settings unchanged from your original bearing, 

2. Turn your body together with the compass until the south-seeking end of the com- 
pass needle coincides with the north end of the orienting arrow. This effectively 
reverses your original bearing and the travel direction arrows will point in the op- 
posite direction from your target. 

3. If you're on track, the back bearing will point directly toward a steering mark along 
your previously traveled route. If it doesn’t, move sideways until the back bearing 
points directly toward the steering mark. You will then have regained your original 
line of travel. 
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Evolution of HSPA (HSPA+) 


The goal in evolving HSPA is to exploit available radio technologies—largely enabled by 
increases in digital signal processing power—to maximize CDMA-based radio performance. 
This evolution has significantly advanced HSPA and extends the life of sizeable operator 
infrastructure investments. 


Wireless and networking technologists have defined a series of enhancements for HSPA, 
beginning in Release 7 and now continuing through Release 14. These include advanced 
receivers, multi-carrier operation, MIMO, Continuous Packet Connectivity, Higher-Order 
Modulation, One-Tunnel Architecture, HetNet support, and advanced voice capabilities both 
in circuit- and packet-switched domains. 


Taking advantage of these various radio technologies, 3GPP has standardized a number of 
features, beginning in Release 7 including higher order modulation and MIMO. Collectively, 
these capabilities are referred to as HSPA+. Release 8 through Release 12 include further 
enhancements. 


The goals of HSPA+ were to: 
2 Exploit the full potential of a CDMA approach. 


a Provide smooth interworking between HSPA+ and LTE, thereby facilitating the 
operation of both technologies. As such, operators may choose to leverage the EPC 
planned for LTE 


Allow operation in a packet-only mode for both voice and data. 


a Be backward-compatible with previous systems while incurring no performance 
degradation with either earlier or newer devices. 


a Facilitate migration from current HSPA infrastructure to HSPA+ infrastructure. 


HSPA improvements have continued through successive 3GPP releases, including Release 
14, which has downlink interference mitigation. Release 15 has work items for quality of 
experience, multi-carrier enhancements, and various protocol enhancements. 


The following sections discuss specific enhancements that have already been implemented 
in HSPA. 


Advanced Receivers 


3GPP has specified a number advanced-received designs including: Type 1, which uses 
mobile-receive diversity; Type 2, which uses channel equalization; and Type 3, which 
includes a combination of receive diversity and channel equalization. Type 3i devices, which 
became available in 2012, employ interference cancellation. Note that the different types 
of receivers are release- independent. For example, Type 3i receivers will work and provide 
a capacity gain in an earlier Release 5 network. 


The first approach is mobile-receive diversity. This technique relies on the optimal 
combination of received signals from separate receiving antennas. The antenna spacing 
yields signals that have somewhat independent fading characteristics. Hence, the combined 
signal can be more effectively decoded, which almost doubles downlink capacity when done 
in combination with channel equalization. Receive diversity is effective even with smaller 
devices such as like PC Card modems and smartphones. 
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2.6.4 Triangulating from a linear feature 

With a map and compass, all you need is one visible landmark to pinpoint your posi- 

tion, provided you're located on, or near, a linear feature such as a trail, road, power 

line, narrow ridge, river, or lake shore. 

1. If your compass is equipped with an adjustable magnetic declination mechanism, 
adjust the declination so that it conforms to grid north. 

2. Aim your compass toward an identifiable landmark and take a field bearing off that 
landmark (Section 2.6.2). For best accuracy, pick the nearest landmark that is ap- 
proximately perpendicular to the linear feature. 


Step 2: Take a bearing off a landmark 


3. If your compass lacks an adjustable declination mechanism, adjust the graduated 
dial by the appropriate declination number. Since you're going from the real world 
toa map, add the declination number for an east declination, subtract for a west 
declination. 
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4, Place the compass on the map with a comer of the base plate on the landmark. 
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Step 4: Place comer of compass on landmark 


5. Using the corner of the base plate as a pivot point, rotate the whole compass until 
the meridian lines on the compass are parallel to the north-south grid lines on the 
map. Make sure north (0°) on the graduated dial points toward north on the map, 
not south. Do not rotate the graduated dial during this step. 

6. On the map, draw a straight line (real or imaginary) parallel to the base plate from 
the landmark to the linear feature that you are on. Your position is where the straight 
line and the linear feature intersect. 
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Step 5 - 6: Orient compass and draw line to linear feature 
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If you intend to return to this position, record the field bearing that you have taken off 
the landmark (Step 2). On your return, first find your way back to the linear feature. Set 
the compass to the recorded bearing and then aim the compass like you would if you 
were following the bearing. If the compass points to the right of the landmark, move 
left along the linear feature to reach the recorded position; if the compass points to the 
left of the landmark, move to the right. When the compass points directly at the land- 
mark, you will have reached your recorded position. 


2.6.5 Triangulating off multiple landmarks 
With a map and compass, you can pinpoint your location anywhere on the map by 
taking field bearings off two or more landmarks. 


1. Use your compass to take a field bearing off a landmark. For best accuracy, select 
the nearest identifiable landmark. 


2. Place the compass on the map with a comer of the base plate on the landmark. 
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Step 2: Place corner of compass on first landmark 


3. Using the corner of the base plate as a pivot point, rotate the whole compass until 
the meridian lines on the compass are parallel to the north-south grid lines on the 
map. Make sure north (0°) on the graduated dial points toward north on the map, 
not south. Do not rotate the graduated dial during this step. 

4, On the map, draw a straight line (real or imaginary) parallel to the base plate and 
through the landmark. This is your first line of position. 
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Step 3 - 4: Orient compass and draw line 


5. Use your compass to take a field bearing off a second landmark. For best accuracy, 
the direction to the second landmark should be approximately perpendicular to the 
first landmark. 


6. Place the compass on the map with a comer of the base plate on the second land- 
mark. 
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7. Using the corner of the base plate as a pivot point, rotate the base plate until the 
meridian lines on the compass are parallel to the north-south grid lines on the map. 

8. Draw a straight line parallel to the base plate and through the second landmark. 
This is your second line of position. Your location is the intersection between the 
first and second line of position. 
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Step 7 - 8: Orient compass and draw second line 


9. To confirm that you’ve done the triangulation correctly, repeat the process with 
bearings off additional landmarks. If you’ve done your triangulation correctly, all 
lines of position will intersect. 


2.7 Marine compass 

A marine compass is designed to work on a pitching boat. Most types of marine com- 
passes are permanently attached to the boat, but there are also handheld units equipped 
with a sight for taking field bearings. The techniques for taking and following bearings 
with a marine compass are different than with an orienteering compass. 
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Instead of a needle, a marine compass uses a magnetic card. The card is mounted on a 
base assembly via gimbals that keep the card level as the boat rocks. The bearing 
numbers are either marked directly on the magnetic card or on a graduated dome at- 
tached to the card. The card assembly is enclosed inside a liquid-filled, transparent 
dome. A line inscribed on the transparent dome serves as a bearing marker. 


Marine compasses generally do not have a declination mechanism, but some are 
equipped with adjustable magnets that are designed to compensate for interfering fer- 
romagnetic material on the vessel. 
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2.7.1 Taking a bearing off a nautical chart 

Astandard marine compass cannot be used to take a bearing off a chart or map because 
the compass lacks a base plate and is part of the boat. Most ocean navigators use a 
plotting tool instead. Many types of plotting tools are available, including protractors, 
parallel rulers, and specially designed course plotters. Some plotting tools are used in 
conjunction with the chart’s compass rose. You could also use an orienteering compass 
to take the bearing (Section 2.6.1). Before purchasing a plotting tool, make sure it is 
suitable for use on your watercraft. To take accurate bearings, you need a conveniently 
located flat surface that is reasonably protected from the elements. 


The following procedure describes how to use a set of parallel rulers to take a bearing 

off a nautical chart. The chart must have at least one compass rose. 

1. Place the parallel rulers on the chart. The chart can be oriented in any direction. 
Align one edge of the ruler with an imaginary straight line that passes through both 
your present location and your desired target. 
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Step 1: Place and align parallel rulers on chart 


2. Walk the rulers over to the nearest compass rose by alternately holding down one 
ruler while moving the other ruler. Be careful not to lose the initial orientation of 
the rulers during the walk. Align one edge of the ruler with the center point of the 
compass rose. 

3, Read the magnetic or true bearing off the compass rose. In most marine applica- 
tions, the navigation is done with magnetic bearings. The reverse bearing can be 
read off on the opposite side of the compass rose. 
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Step 2 - 3: Walk parallel rulers to compass rose 
and read off bearing 


2.7.2 Taking a field bearing with a marine compass 


To take a field bearing with a marine compass, use the hull of your boat as a base plate 
and the bow as a travel direction arrow. 


1. 


Position yourself along the centerline of the boat. Turn the boat until the bow points 
directly toward your selected landmark. 


. Read the bearing off your boat’s compass and record the bearing. Most marine 


compasses show magnetic bearings. 


Landmark Read off 
bearing 


Step 1 - 2: Point bow toward landmark and read off bearing 
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2.7.3 Following a compass bearing on the water 

Following a compass bearing on the water is more complicated than on land. On land, 

your primary hurdle is circumventing obstacles without losing you course. On the 

water, you are faced with the considerable challenge of adjusting your heading to com- 
pensate for the drift caused by currents, winds, and waves. 

1. Estimate the anticipated forward speed of your vessel relative to the water in the 
direction of your target. Let’s say for example that your target is at a magnetic 
bearing of 180°, and you expect your average speed to be 3.5 knots (nautical miles 
per hour) in that direction, 

2. Find the average speed and direction of the water current between you and your 
target. Your chart may provide this information. In areas subjected to tidal currents, 
you need a clock and tidal current tables that show the current at specific dates and 
times. Suppose for example that the average current between you and your target 
will be 1 knot at a magnetic bearing of 230° during your journey. 

3. Recalculate your bearing and speed to compensate for the current. This is easiest 
done graphically on your chart with the help of plotting tools. Choose any conve- 
nient and consistent distance unit to represent speed. For example, let 1m repre- 
sent 1 knot. Draw a line 3.5 cm long in the magnetic direction of 180° to represent 
your boat’s 3.5-knot forward speed. At the end of this line, draw another line 1 cm 
long in the direction of 230° to represent the 1-knot current. Draw a line from the 
start of the first line to the end of the second line. The third line represents your 
recalculated bearing and speed. Measuring the direction and length of this line 
gives a bearing of 165° and a length of 3cm. These numbers represent the boat’s 
anticipated magnetic bearing (165°) and speed (3 knots) relative to solid ground. 
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Step 3: Compensate for current om) 


4, Determine the drift caused by wind and waves. This type of drift is difficult to 
calculate ahead of time because it changes as your heading changes. The surest 
way to correct for the drift is to do it after your boat is underway. The key factor to 
remember is that your boat is moving in the direction of the wake, not where the 
bow is pointing. Point the bow of your boat toward your anticipated bearing (165°). 
Estimate the direction of the boat’s wake by looking back at the wake from the 
center of your compass. In this case, the wake is in line with 175°. 
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Bow (165°) 


Step 4: Point bow toward expected bearing Ske (1750, 
and estimate direction of wake 


5. To compensate for the drift caused by wind and waves, turn the boat until the wake 
lines up with your anticipated bearing (165°). Read the boat’s new heading off the 
bearing marker (150°), and follow this heading to your target. 


Ment ne 


pow (150) 
Wake (165°) 


Step 5: Orient the boat until wake is in line with expected bearing 


You may have to go through several iterations of this procedure because compensating 
for wind and waves changes your speed relative to the water, which in turn changes 
your numbers in Step 1-3. 


2.8 Orienting a map or chart 

A map or chart is oriented when geographic north on the map or chart corresponds to 
geographic north in the real world. It is much easier to compare what you see on the 
map with the real world when the map is oriented. Several techniques will accomplish 
this. The most reliable methods require a compass. Depending on your direction of 
travel, an oriented map or chart could be upside down, sideways, or at some other 
abnormal angle, making the text on the map difficult to read. 


2.8.1 By terrain association 

Orienting a map by terrain association means turning the map until what you see in the 
real world lines up with what you see on the map. Imagine yourself reduced in size by 
the same ratio as the map scale, and then placed on the map at your present location. In 
which direction and how far away would the surrounding landmarks be? Imagine a 
giant turning the map until the landmarks on the map point in the same direction as the 
corresponding real world landmarks. The map would then be oriented. 
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After turning the map, make sure that each visible linear feature in the real world is 
parallel to the same linear feature on the map, and don’t ignore the alignment of fea- 
tures behind you. Also, check that the orientation isn’t off by 180°, Terrain association 
is the quickest and easiest way to orient a map or chart, but lacks the precision of using 
a compass. 


2.8.2 With orienteering compass and grid lines 

Using a compass and the map’s grid lines to orient the map is a very accurate method, 

provided your magnetic declination adjustment is correct. 

1. If your compass is equipped with an adjustable magnetic declination mechanism, 
adjust the declination so that it conforms to grid north and then turn the graduated 
dial to north (0°). If your compass lacks an adjustable declination mechanism, turn 
the graduated dial to 0° and then adjust the dial by the appropriate declination 
number. Since you’re going from a map to the real world, subtract the declination 
number for an east declination, add for a west declination, 

2. Place your compass on the map. Align the base plate along one of the north-south 
grid lines and with the travel direction arrows pointing toward north on the map. 
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Step 2: Place compass on map and align base plate 


3, Tum the map together with the compass until the north-seeking end of the compass 
needle coincides with the north end of the orienting arrow. Keep the compass level 
during this operation to ensure that the compass needle can rotate freely. The map 
is now oriented. 
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Current receiver architectures based on rake receivers are effective for speeds up to a few 
megabits per second. But at higher speeds, the combination of reduced symbol period and 
multipath interference results in Intersymbol Interference and diminishes rake receiver 
performance. This problem can be solved by advanced-receiver architectures with channel 
equalizers that yield additional capacity gains over HSDPA with receive diversity. Alternate 
advanced-receiver approaches include interference cancellation and generalized rake 
receivers (G-Rake). Different vendors are emphasizing different approaches. The 
performance requirements for advanced-receiver architectures, however, were specified in 
3GPP Release 6. The combination of mobile-receive diversity and channel equalization 
(Type 3) is especially attractive, because it results in a large capacity gain independent of 
the radio channel. 


What makes such enhancements attractive is that the networks do not require any changes 
other than increased capacity within the infrastructure to support the higher bandwidth. 
Moreover, the network can support a combination of devices including both earlier devices 
that do not include these enhancements and later devices that do. Device vendors can 
selectively apply these enhancements to their higher-end devices. 


MIMO 


Another standardized capability is MIMO, a technique that employs multiple transmit 
antennas and multiple receive antennas, often in combination with multiple radios and 
multiple parallel data streams. The most common use of the term "MIMO" applies to spatial 
multiplexing. The transmitter sends different data streams over each antenna. Whereas 
multipath is an impediment for other radio systems, MIMO—as illustrated in Figure 107— 
actually exploits multipath, relying on signals to travel across different uncorrelated 
communications paths. The multiple data paths effectively operate in parallel and, with 
appropriate decoding, in a multiplicative gain in throughput. 


Figure 107: MIMO Using Multiple Paths to Boost Throughput and Capacity 
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Tests of MIMO have proven effective in WLANs operating in relative isolation where 
interference is not a dominant factor. Spatial multiplexing MIMO can also benefit HSPA 
“hotspots” serving local areas including airports, campuses, and malls. In a fully loaded 
network with interference from adjacent cells, however, overall capacity gains will be more 
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Turn map together 
with compass until 
north end of needle 
coincides with north 
end of orienting arrow 


Pass 


2.8.3 With orienteering compass and declination diagram 

This method can only be used if there is a declination diagram on your map. It is 

generally less accurate than using the map’s grid lines because it does not compensate 

for the declination change since the map was created. Another potentially serious error 

can occur if the declination diagram isn’t drawn to angular scale. 

1. Place your compass on the map with the center of the needle near the origin of the 
declination diagram. The orientation of the compass or the adjustment on the dec- 
lination mechanism doesn’t matter. 


Place compass 
on map near 
declination 


Step 1: Place compass on 
declination diagram 
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Orient map so that 
magnetic north on 
diagram points in 
same direction as 
north end of needle 


2. Tum the map together with the 
compass until magnetic north on 
the declination diagram points in ' 
the same direction as the north. —/ 
seeking end of the compass 
needle. Make sure the compass 
needle is free to rotate during this 
operation. The map is now ap- 
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2.8.4 With marine compass and compass rose 

You cannot place a marine compass on a chart because the compass is usually attached 

to the boat. This makes it more difficult to orient a chart with a marine compass than 

with an orienteering compass. You are forced to place the chart beside the compass, 

which is a less accurate process. 

1. Bring the chart as close as possible to the marine compass. Line up the center of a 
compass rose with both the center of the compass and the bearing marker. 


Line up center of compass 
rose with bearing marker 
and center of compass 


Step 1: Line up compass rose with bearing 
marker and center of compass 
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2. Read the bearing off the bearing marker; for example 143° magnetic. Using the 
center of the compass rose as a pivot point, turn the chart until 143° on the magnetic 
ring of the compass rose points toward 143° on the compass dial. Make sure the 
center of the rose, the bearing marker, and the center of the compass are still lined 


up. The chart is now oriented. 
Compass z 
re “sq” 


y ATES 


Bearing on 
compass rose 


Step 2: Turn chart until compass heading lines up 
with same bearing on compass rose 


Alternatively, you could orient your chart so that magnetic north on the chart points 
toward the bow of your boat, and then turn the boat until the bow points toward mag- 
netic north. 
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Chapter 3 
Altimeter 


3.1 How altimeters work 


The air pressure in Earth’s atmosphere is proportional to the weight of the overlying 
air. The higher your go, the less air remains above you, and therefore the lower the air 
pressure. In mathematical terms, the air pressure decreases logarithmically with in- 
creasing elevation. This relationship is called the pressure gradient of the atmosphere. 
Analtimeter measures the ambient air pressure, and then calculates its elevation based 
on a predetermined pressure gradient. Two basic types of altimeters exist, mechanical 
and electronic. 


4875m 


Mechanical altimeter Digital altimeter Wristwatch altimeter 


‘A mechanical altimeter consists of a sealed chamber with a flexible wall that is me- 
chanically linked to a rotating needle. The pressure inside the chamber stays more or 
less constant while the outside air pressure varies according to your altitude and other 
factors. The ambient air pressure expands or contracts the chamber wall, causing the 
mechanically linked needle to rotate by an amount proportional to the ambient air 
pressure. The needle rotates in front of a graduated dial that displays the elevation. 


On electronic altimeters, the ambient air pressure expands or contracts a diaphragm 
that covers a sealed chamber. A built-in piezoresistive sensor deforms together with the 
diaphragm. The electrical resistance of the piezoresistive sensor changes in proportion 
to how much it expands or contracts. An electronic circuit measures the resistance 
across the sensor, and then converts the result into an elevation reading that is shown as 
a number on a liquid crystal display. Many other types of pressure sensing methods 
exist for electronic altimeter. 
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Altimeters are designed to work up to a maximum altitude. Taking the altimeter higher 
than the maximum allowable altitude may damage the unit. Keep this in mind when 
traveling in an airliner. Carry your altimeter with you in the pressurized cabin, not in the 
unpressurized baggage compartment. Generally, altimeters with lower maximum al- 
lowable altitudes are more accurate. Electronic altimeters tend to be lighter than 
mechanical altimeters and usually have the ability to store elevation readings. They are 
however more prone to failure, especially in cold weather when the batteries can 
go dead. Mechanical altimeters are rugged and dependable, and do not require batteries. 


If you stay at one elevation, altimeters are able to measure or track ambient pressure 
changes. This can be useful for weather forecasting. For example, a rapid decrease in 
air pressure may be a precursor to an approaching storm. 


Altimeters are easy to use. Just look at the display to see your elevation. Before reading 
the elevation of a mechanical altimeter, tap the front of the unit a couple of times to 
make sure the needle is not stuck in one position. Some electronic altimeter update 
their readings at periodic time intervals. During a rapid ascent or descent, you may 
have to stop and wait a few moments for the display to show the updated elevation. 


3.2 Calibrating an altimeter 


Calibrating an altimeter consists of manually adjusting the elevation reading so that it 
conforms to your actual elevation. Both mechanical and electronic altimeters are 
equipped with a calibration mechanism that lets you manually adjust the elevation 
reading. 


To calibrate an altimeter, you must be at a known elevation such as sea level or a 
surveyed height. You can also adjust your altimeter to a GPS elevation reading. A 
generally less accurate method is to pinpoint your horizontal location on a topographic 
map and then adjust your altimeter to the elevation of the nearest contour line. The 
easiest way to pinpoint your horizontal location on the map is of course with a GPS 
receiver. 


Many unpredictable factors affect an altimeter’s elevation reading. To keep your altim- 
eter as accurate as possible, calibrate your altimeter whenever you come across a point 
of known elevation. 


3.3 Factors affecting altimeter accuracy 


‘An altimeter measures the ambient air pressure and then calculates its elevation ac- 
cording to a standard pressure gradient, which is in turn based on average atmospheric 
conditions. The conditions in the real atmosphere are however rarely average. Air tem- 
perature, weather systems, and humidity can alter the pressure gradient and conse- 
quently your elevation reading, The temperature of the altimeter itself can also distort 
the elevation reading. 
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Air temperature 

As air cools, it becomes denser and gravity pulls it closer to the ground. If you are 
above or inside a layer of cold air, less air remains above you than if the air temperature 
‘was normal. The air pressure would therefore be lower than normal for your elevation. 
The reverse happens if you are above or inside a layer of hot air. More air remains 
overhead, leading to higher than normal air pressure. There is however no change in 
the air pressure below a layer of hot or cold air. For example, the air pressure at sea 
level is not affected by air temperature because all the air is overhead at sea level, 
regardless of its temperature. As a result, the air pressure changes more rapidly with 
elevation in cold air than in hot air. In other words, the pressure gradient is steeper in 
cold air than in hot air. 


To calculate its elevation, your altimeter uses a pressure gradient that is based on a 
standard temperature profile of the atmosphere. In cold air, the real pressure gradient is 
steeper than the gradient used by your altimeter. Your altimeter reading will therefore 
change more rapidly than your actual elevation when you ascend or descend through a 
layer of cold air. In hot air, your altimeter reading will change less rapidly than your 
actual elevation. If you calibrate your altimeter below or inside a mass of cold air, the 
altimeter will progressively overestimate its elevation as you ascend through the cold 
air. Conversely, if you calibrate your altimeter above or inside the same mass of cold 
air, your altimeter will progressively underestimate its elevation as you descend through 
the cold air. In hot air, your altimeter will underestimate its elevation during the ascent 
and overestimate it during the descent, assuming it was calibrated in the same manner. 
See Table 3.3 for examples. 


Table 3.3 
Example of altimeter readings inside a layer of hot or cold air stretching 
from sea level up to 2000 m with various calibration elevations 


‘Actual | Calibrated atOm | Calibrated at 1000 m | Calibrated at 2000 m 
elevation | Cold air | Hotair | Coldair | Hotair | Coldair | Hotair 
om Om om 44m 41m -106 m 104m 
000m | 1044m | 959m | 1000m | 1000m 938m | 1063m 
2000m | 2106m | 1896m | 2062m | 1937m | 2000m | 2000m 


To automatically compensate for air temperature, your altimeter would have to know 
the average temperature of the underlying air and use that information to select an 
appropriate pressure gradient. Such altimeters do not exist. The only realistic way to 
compensate for air temperature would be for the user to select a pressure gradient 
based on the estimated average temperature of the underlying air. Most altimeters, 
however, do not have this capability. 


Humidity 
‘When air absorbs water vapor, the water molecules displace nitrogen and oxygen mol- 
ecules, the main components of air. This decreases the average air density because 
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water molecules have lower mass than both nitrogen and oxygen molecules. The pres- 
sure gradient is therefore less steep in humid air than in dry air. Humidity has a similar 
effect on your altimeter reading as air temperature, with humid air equivalent to hot 
air, and dry air equivalent to cold air. To visualize the effect of humidity, look at Table 
3,3 and substitute dry for cold, and humid for hot. Altimeter errors caused by humidity 
are generally less significant than errors caused by air temperature. 


To complicate things, hot air can absorb much more water than cold air. This means 
that the effects of air temperature and humidity will augment each other in hot, humid 
conditions, and also in cold, dry conditions. For example, an altimeter calibrated at sea 
level would almost certainly read too low on a summit in a tropical jungle, and too high 
on an Antarctic summit. 


Weather systems 

The elevation readings of both mechanical and electronic altimeters are affected by 
high and low-pressure weather systems that cause the sea-level air pressure to change. 
At higher elevations, the air pressure usually rises and falls together with the sea-level 
air pressure of a nearby location. If you stay at one location while a low-pressure 
system moves in, your altimeter will show a rising elevation even though you haven't 
moved. Conversely, if a high-pressure system builds up while you're stationary, the 
elevation reading on your altimeter will drop. Weather change is a common and sig- 
nificant cause of altimeter inaccuracy. 


Altimeter temperature 

The temperature of the altimeter itself can affect its reading. A change in the tempera- 
ture of a mechanical altimeter causes the sealed metal chamber and the linkage to 
expand or contract, thereby moving the needle without any change in air pressure. 
With electronic altimeters, a change in temperature deforms the piezoresistive sensor 
and leads to a distorted elevation reading. 


Try keeping the temperature of your altimeter as constant as possible since its last cali- 
bration. This may be difficult in practice. If you strap the altimeter to your wrist, a 
change in the temperature of your skin will heat or cool the altimeter. If you leave the 
altimeter hanging outside, a change in air temperature or radiated heat will alter the 
altimeter temperature. A sensible compromise is to carry the altimeter in a layer of clothing 
between your skin and the outside environment. Altimeters with built-in temperature 
compensation systems will partially mitigate the effect of altimeter temperature. 


3.4 Triangulating with altimeter and compass 

On reasonably steep terrain, you can triangulate your position with one elevation read- 
ing and one field bearing off a landmark. This process is similar to triangulating along 
a linear feature, but with a contour line substituting for the linear feature. You need a 
topographic map, a compass, and an altimeter. 
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1. Take a field bearing off an identifiable landmark. Be sure to compensate for the 
declination relative to grid north. 
2. Place the compass on the map with a corner of the base plate on the landmark. 


Step 2: Place comer of compass on landmark 


3. Using the corner of the base plate as a pivot point, rotate the whole compass until 
the meridian lines on the compass are parallel to the north-south grid lines on the 
map. Make sure the compass is oriented so that north (0°) on the graduated dial 
points toward north on the map, not south. 

4, Draw straight line across the map, parallel to the compass base plate, and through 
the landmark. This is your first line of position. 


to north-south = & 


Step 3 - 4: Orient compass and draw line 
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5. Note the elevation given by your altimeter. Your second line of position is a con- 
tour line near your presumed location that matches your altimeter reading. 

6. You are located at the intersection between the two lines of position, or in other 
words, where the compass line of position intersects a contour line that matches 
your elevation. If there is more than one possible intersection point, investigate the 
surrounding terrain to narrow your choices down to one. In this case, you have two 
possible locations, A or B. You can use several methods to narrow the choices 
down to one. For example, check the slope in the direction of the landmark. If the 
initial part of the slope is downward, you are at location A, if it’s upward you are at 
location B. Alternatively, use terrain association (Section 8.1) to eliminate one of 
the choices, or take a field bearing off a second landmark. 


8, Contour lines —_—"_| 
maiching-your | 
elevation. 


position 


Cl \ % \ 
Step 5 - 6: Find contour lines matching your elevation 


3.5 Estimating your location by steepest slope 

This method is more difficult and less accurate than taking a field bearing off a land- 

mark, and only works in certain types of topography. You need a topographic map, a 

compass, and an altimeter. 

1. Note the elevation given by your altimeter. Your first line of position is a contour 
line near your presumed location that matches your elevation. 

2. Take field bearing in the direction of the steepest slope (fall line) at your location. 
Use the same method as for taking a field bearing off a landmark, but point the 
compass down the fall line instead of toward a landmark. The fall line is the path 
that a ball would follow if it rolled down the slope. Be sure to compensate for the 
declination relative to grid north. 
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3. Place the compass somewhere on the contour line that matches the elevation read- 
ing from your altimeter. 

4, Orient the compass so that the meridian lines on the compass are parallel with the 
north-south grid lines on the map. Make sure that the compass is oriented so that 
north (0°) on the graduated dial points toward north on the map, not south. 


3/Find contour lire that \ 
matches your dlevati . 


qENe 
Step 3 - 4; Place compass on contour line and orient compass 

5. Without changing its orientation, move the compass along the contour line until the 

travel direction arrows point down the fall line. One edge of the base plate should 

be perpendicular to a series of adjacent contour lines. Double check that the merid- 

ian lines on the compass are still parallel with the north-south grid. Your location is 

where the edge of the base plate intersects with the contour line that matches your 
altimeter reading. 

Move compass —, 


along contour 
line that match 
your levatoy’ { 


+ plate. 
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intour lines 


matching your 
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Step 5: Move compass along contour line 
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modest—in the range of 20% to 33% over mobile-receive diversity. Relative to a 1x1 
antenna system, however, 2X2 MIMO can deliver cell throughput gains of about 80%. 3GPP 
has standardized spatial multiplexing MIMO in Release 7 using Double Transmit Adaptive 
Array (D-TXAA). 


Release 9 provides for a means to leverage MIMO antennas at the base station when 
transmitting to user equipment that does not support MIMO. The two transmit antennas in 
the base station can transmit a single stream using beam forming. This is called “single 
stream MIMO" or “MIMO with single-stream restriction” and results in higher throughput 
rates because of the improved signal received by the user equipment. 


3GPP designed uplink dual-antenna beamforming and 2X2 MIMO for HSPA+ in Release 11. 


Continuous Packet Connectivity 

Continuous Packet Connectivity (CPC) specified in Release 7 reduces the uplink interference 
created by the dedicated physical contro! channels of packet data users when those 
channels have no user data to transmit, which increases the number of simultaneously 
connected HSUPA users. CPC allows both discontinuous uplink transmission and 
discontinuous downlink reception, wherein the modem can turn off its receiver after a 
certain period of HSDPA inactivity. CPC is especially beneficial to VoIP on the uplink because 
the radio can turn off between VoIP packets, as shown in Figure 108. 


Figure 108: Continuous Packet Connectivity 
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Higher Order Modulation 

Another way of increasing performance is with higher order modulation. HSPA uses 16 QAM 
on the downlink and QPSK on the uplink, but HSPA+ adds 64 QAM to the downlink and 16 
QAM to the uplink. 3GPP has also introduced 64 QAM to the uplink for HSPA+ in Release 
11. Higher order modulation requires a better SNR, achieved through receive diversity and 
equalization. 


Multi-Carrier HSPA 


3GPP defined dual-carrier HSPA operation in Release 8, which coordinates the operation of 
HSPA on two adjacent 5 MHz carriers so that data transmissions can achieve higher 
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Estimating your position by steepest slope has serious limitations, and is usually done 
only in poor visibility where regular triangulation will not work. It would, for ex- 
ample, be impossible to pinpoint your position if the contour lines were straight near 
your location. You could be anywhere along the straight contour lines. Even with curved 
contour lines, you may find several points where the base plate is perpendicular to the 
contour lines. 


If you are unable to pinpoint your location with this method, consider either moving to 
a location where the topography is more favorable, or waiting for the weather to clear. 
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Chapter 4 
Global Positioning System 


A global positioning system (GPS) consists of GPS satellites, associated ground moni- 
toring stations, and individual GPS receivers. By triangulating radio signals transmit- 
ted from several GPS satellites, a GPS receiver can automatically compute and display 
its horizontal position, elevation, direction of travel, speed, and other related informa- 
tion. Several global positioning systems have been, or are being, deployed. The most 
widely-used one is described here. 


4.1 How GPS works 


A constellation of GPS satellites has been 
launched into orbit around Earth. The 
number varies, but there are normally at 
least 24 satellites in operation. In the stan- 
dard configuration, the satellites are ar- 
ranged into six equally-spaced orbits with 
four equidistant satellites in each orbit. 
All orbits are about 20000 km above 
Earth’s surface and tilted 55° to the equa- 
torial plane. This setup ensures that at 
least six GPS satellites are overhead any- 
where on Earth at any one time. Each 
satellite completes one orbit in about 12 
hours. Ground stations constantly moni- 
tor the exact position, speed, and direc- 
tion of each satellite. This orbit data to- 
gether with signal timing information is 
relayed through each satellite to your Global positioning system (GPS) 
GPS receiver via a carrier frequency. 


| satelite 
g 


In addition to the orbit and timing data, each satellite transmits its own unique signa- 
ture signal toward Earth. Signature signals are transmitted from all GPS satellites at 
frequent intervals and precise times measured by onboard atomic clocks. By generat- 
ing equivalent signals in its internal circuit, your GPS receiver can recognize an exter- 
nal signature signal as coming from a particular satellite. 


From the orbit and timing data, the receiver knows the location of all the satellites and 
the exact time when each signature signal was transmitted. Since the signals travel at 
the speed of light, a known speed, your receiver can use the time differences between 
the transmitted and received signals to calculate its distance to each satellite. Once the 
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distances to a sufficient number of satellites are known, the receiver uses standard 
geometric formulas to triangulate its position. 


In theory, your receiver needs to know its distance to at least three satellites to triangu- 
late its position in three dimensions. In practice, there is a complicating factor. Your 
GPS receiver is equipped with a regular quartz clock, not an atomic clock, and cannot 
directly measure the arrival times of each signature signal with sufficient accuracy. 
The receiver is however capable of accurately measuring the phase shift between a 
satellite signal and the corresponding internally generated signal. The phase shift is 
proportional to the signal travel time from the satellite plus an unknown time offset. 
This offset is the same for all satellite signals and adds one more unknown term to the 
geometric formulas needed to calculate the position. The signature signals from one 
extra satellite will solve this unknown term. Your GPS receiver therefore needs signals 
from at least four satellites to calculate its position in three dimensions (latitude, longi- 
tude, and elevation). 


Areceiver recalculates its position at regular intervals. A moving receiver that is switched 
on can compare its current position with previous positions and track any changes. 
This enables the receiver to compute its speed and direction of travel. 


4.2 Causes of GPS position errors 


The global positioning system is afflicted by many technical problems and uncontrol- 
lable natural phenomena that affect the accuracy of a GPS position fix. A worst-case 
scenario would be if your GPS receiver broke down or the whole GPS system stopped 
working. Some less severe but common causes of position error are discussed below. 


Atmospheric conditions 

Before reaching your GPS receiver, the satellite signals are slowed by charged par- 
ticles in the ionosphere, the upper portion of Earth's atmosphere. The ensuing time 
delay is proportional to the number of charged particles that the signal encounters. Air 
molecules and water vapor also reduce the speed of the satellite signals, mostly in the 
troposphere, the lower portion of Earth’s atmosphere. Your receiver compensates for 
the signal delay based on a standard model of the atmosphere. The position error will 
be larger whenever the conditions in the real atmosphere differ from the standard model. 
For example, the position error will increase during a solar storm because of the dra- 
matic change in the number of charged particles in the ionosphere. The position error is 
typically a few meters due to conditions in the ionosphere and up to 1 meter because of 
conditions in the troposphere. 


Multipath reflection 

Satellite signals may bounce off features such as rock faces before reaching your re- 
ceiver. The bounced signal can either be mistaken for, or interfere, with the direct 
signal, introducing something called a multipath reflection error. Because the bounced 
signal arrives slightly later than the direct signal, some GPS receivers can tell the sig- 
nals apart and correct the error. The position error caused by multipath reflection is 
normally less than 1 meter. 
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Satellite clock errors 

Even though the atomic clocks in the satellites are extremely accurate, they are not 
perfect. Time discrepancies in the atomic clocks can translate into a position error of 
up to 1 meter. 


Satellite orbit errors 

Ground stations regularly track the orbital positions of the GPS satellites. If a satellite 
drifts from its intended orbit, the ground stations detect the error and then update the 
satellite’s orbit data. The position error could be a few meters during the time interval 
before your receiver is informed about the updated orbit. 


Malfunctioning satellites 

Occasionally, a GPS satellite may malfunction and transmit inaccurate data. The ground 
stations normally detect this type of problem within a few minutes and promptly trans- 
mit a system status message to all the GPS satellites, which in turn tell your GPS 
receiver to disregard the signals from the broken satellite. A damaged satellite could 
cause a large position error before your receiver is informed of its condition. 


Deliberate signal degradation 

The people who operate the global positioning system are able to deliberately degrade 
the timing of the signature signals to selected parts of the world. A less accurate posi- 
tion reading in that region would result. The position error can be made arbitrarily 
large. 


Satellite distribution 

Because of the inherent constraints of geometry, the distribution of the visible satellites 
affects the accuracy of your position. Ideally, all the visible satellites should be evenly 
spaced across the sky. In practice, the satellites are never perfectly distributed. The 
position accuracy degrades in proportion to how close the visible satellites are clus- 
tered together. 


Signal obstructions 

Obstructions such as trees or adjoining terrain that block the satellite signals are the 
most common cause of position errors or inability to get a position fix. The greater the 
number of satellite signals that reach your receiver and the stronger the satellite sig- 
nals, the better the accuracy. Most receivers attempt to calculate a two-dimensional 
position fix after obtaining signals from just three satellites, The receiver does this by 
assuming that it is at a known elevation, usually sea level or the elevation of its last 
position fix. If the assumed elevation is significantly wrong, the calculated two-dimen- 
sional position could be off by a kilometer or more. Manually inserting the correct 
elevation into the receiver will alleviate this problem. 
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4.3 Differential GPS (DGPS) 


Because the GPS satellites orbit high above Earth, two GPS receivers that are fairly 
close together will acquire signals that have traveled through roughly the same part of 
the atmosphere. Errors in signal travel times due to atmospheric conditions and delib- 
erate signal degradation are about the same for both receivers. Both receivers collect 
exactly the same atomic clock errors and satellite orbit inaccuracies. 


A differential global positioning system (DGPS) consists of an accurately surveyed 
ground station equipped with a reference GPS receiver and a transmitter. The reference 
receiver continually monitors the arrival times of the signature signals, and compares 
the arrival times to what they should be to conform to the receiver’s known surveyed 
position. The differences between the actual and expected arrival times of the signals 
are broadcast as correction signals via the ground station’s transmitter. 
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DGPS can virtually eliminate satellite orbit and clock errors and greatly reduce errors 
caused by atmospheric conditions, deliberate signal degradation, and malfunctioning 
GPS satellites. The resulting position is reliable and typically accurate within a few 
meters. 
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4.4 Space-based augmentation systems 
Space-based augmentation systems work on principles similar to DGPS. Correction 
signals are sent from a network of ground stations to a master ground station that 
transforms the signals into a grid of correction signals. The grid is sent to one or more 
geostationary satellites that orbit 36000 km above the equator, and is then broadcast to 


Earth. The broadcast area is large, often the size of a continent. 
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Any suitably equipped receiver within the broadcast area can obtain the complete grid 
of correction signals. Based on its position within the grid, the receiver interpolates the 
correction signals from nearby grid points into a set of custom correction signals. The 
position accuracy is slightly better than for DGPS but can easily be degraded by ob- 
structions that prevent the correction signals from reaching the receiver. Because of 
their orbits above the equator, the geostationary satellites appear lower on the horizon 
as you move away from the equator. The grid of correction signals is therefore more 
likely to be blocked by terrain features at higher latitudes. Pointing your receiver’s 
antenna directly toward the geostationary satellite may improve the position accuracy. 
The space-based augmentation system itself can of course malfunction and transmit an 


incorrect correction grid. 
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4.5 GPS receivers 

GPS technology is continually evolving with a large variety of GPS receivers being 
developed for many types of applications. A GPS receiver can be combined with other 
electronic devices into one package. Units are available that combine a receiver with 
an electronic compass, pressure altimeter, wireless phone, or emergency transmitter. 
Of most interest to wilderness navigators, are lightweight units that can quickly ac- 
quire a position fix without consuming too much battery power. 


4.5.1 Signal gathering techniques 
The method that a GPS receiver uses to gather and process satellite signals governs 
how quickly and accurately it can obtain a position fix. 


Sequential receiver 

‘A sequential receiver uses one channel to gather alll the data it needs from one satellite, 
then switches to the next satellite and so on until it has enough information for a position 
fix. This type of receiver can get stuck on one satellite if it’s unable to obtain a complete 
signal. The unit is cheap and doesn’t use much battery power. However, it is often slow 
getting a position fix and can quickly lose the fix if a satellite disappears from view. 


Multiplexing receiver 

Multiplexing receivers use one channel to gather partial data from one satellite for a 
short time interval, then switch to the next satellite for the same time interval, and so on 
until there is enough information for a position fix. Multiplexing receivers don’t get 
stuck on one satellite and perform somewhat better than sequential receivers. 


Parallel channel receiver 

Parallel channel receivers use several separate channels that simultaneously gather 
signals. Each channel gathers signals from one satellite only. Generally, this type of 
receiver is faster at getting a position fix, less likely to lose one, and the best type for 
obtaining position readings under tree cover. The added circuitry uses more battery 
power. Parallel channel receivers have largely made sequential, multiplexing, and hy- 
brid receivers obsolete. 


Hybrid receiver 

Hybrid receivers have several separate channels, some of which may be dedicated to a 
single satellite and some multiplexing or sequential. These types of receivers have 
intermediate performances. 


Dual frequency receiver 

Dual frequency receivers are mainly used for surveying or military purposes. They 
make use of a second carrier frequency transmitted by the GPS satellites to reduce 
errors caused by atmospheric conditions. These errors can be calculated directly be- 
cause different frequencies are slowed down by different amounts in the atmosphere. 
Dual frequency receivers are much more accurate than standard receivers but are heavier 
and more expensive. 
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4.5.2 Features that can improve accuracy 


Under certain conditions, built-in or optional features can enhance the performance of 
a GPS receiver. 


Correction signal enabled receivers 

Receivers that are designed to accept correction signals from differential GPS or space- 
based augmentation systems can improve the accuracy of a position fix. The receiver 
must be within a certain radius of an operational ground station to derive any benefit, 
regardless whether the correction signals arrive via a satellite or directly from a ground 
station. If your receiver is too far from a ground station, the correction signals may not 
be relevant for your area. 


External antennas 


Powered external antennas can be connected to some receivers. These types of anten- 
nas amplify weak satellite signals and enhance your receiver’s ability to get a position 
fix under tree cover. Extra battery power is needed to operate the antenna. 


Some receivers have a built-in position averaging feature that can improve the accu- 
racy of a waypoint, which is a position fix stored in the receiver’s memory. For this 
feature to work, the receiver must be stationary for a period of time before storing the 
waypoint. A receiver that is switched on will repeatedly recalculate its position, allow- 
ing the software to work out the average of all the previously calculated position fixes. 
The longer the receiver stays switched on, the more position fixes are available for 
averaging and the more accurate the subsequently stored waypoint. 


4.6 Essential applications for GPS receivers 


GPS receivers are designed with many built-in features but only a few are essential for 
wilderness navigation. Any feature that requires the receiver to stay switched on for 
prolonged periods should be used sparingly as conserving battery power is an impor- 
tant consideration, especially in cold weather. 


Determining your po: 
The ability to pinpoint your position during any type of weather almost anywhere on 
Earth is the most basic application of a GPS receiver. Just switch on the receiver and 
wait for a position fix. Your position can be displayed as a grid number, a geographic 
coordinate, or a point on a built-in digital map. With signals from a minimum of four 
satellites, the receiver will display your elevation. 


Storing a position as a waypoint 

A waypoint is simply a named set of coordinates representing a position. Once your 
receiver has acquired a position fix, you can store the position in the receiver’s memory 
as a waypoint. This is very useful for finding your way back to the position. You could 
also give the waypoint’s coordinates to someone else, who could then find the way- 
point with his or her own receiver. 
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Inserting a waypoint 

You can manually key a position into your receiver's memory as a waypoint without 
ever having set foot at that location. The coordinates for the waypoint could be obtained 
from a printed map or from someone else who has previously been there. With a com- 
puter, you can insert waypoints electronically into a GPS receiver from a digital map. 


Navigating toward a waypoint 

Finding your way toward a stored waypoint is the essence of GPS navigation. With 
‘waypoints stored in its memory, switch on the receiver and let it acquire a position fix. 
With a few keystrokes, the receiver will display the distance and bearing toward any 
stored waypoint. There are two primary ways to navigate toward a stored waypoint: 
(1) using the receiver by itself, or (2) using it together with a compass. By itself, the 
receiver must be switched on continuously. With a compass, the receiver requires only 
intermittent use with most of the navigating done by the compass. 


Creating a route from waypoints 
This involves organizing stored waypoints into an electronic route with the intention 
of navigating toward each waypoint in sequence, one after the other. 


Plotting and following an electronic trail 

When plotting an electronic trail, the GPS receiver automatically saves waypoints at 
regular intervals as you travel, resulting in a sequence of closely spaced waypoints. 
When following an electronic trail, the receiver automatically directs you toward the 
next waypoint along the electronic trail. The receiver must obviously stay switched on 
while plotting or following an electronic trail. 


Calculating distances and bearings 

GPS receivers can display the straight-line distance and bearing from your current 
position to any stored waypoint, or between any two stored waypoints. This is useful 
for planning routes or checking your progress. 


Zeroing-in on a waypoint 

Zeroing-in on a waypoint requires pushing the receiver to its limit of accuracy. It’s 
mainly used for finding stashes, snow caves, or other objects hidden by terrain or 
during very poor visibility. 


Getting accurate time 

The time on the receiver's quartz clock is obtained from the satellite signals and cannot 
be adjusted manually. The signal from one satellite is sufficient to set the time on your 
receiver to within one millisecond. This does not necessarily mean that your receiver 
accurately resets its quartz clock as soon as it gets a signal from one satellite. The 
clocks on the GPS satellites are set to something called GPS time, which is offset from 
universal time by several seconds. The offset changes because leap seconds are peri- 
odically added to universal time but not to GPS time. The offset is broadcast from the 
satellites to the receiver once every few minutes. The receiver's clock may be off by 
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several seconds before it has obtained the offset from the satellites. If a receiver has 
been switched off for a prolonged period, the time shown on the receiver is only as 
accurate as the internal quartz clock and could be off by several minutes. 


4.7 GPS receiver basic use 
Before heading into the wilderness, read your receiver’s instruction manual and learn 


how to use some key features. Aside from a GPS receiver, you will need a compass and 
a map of your area. 


Indoor preparation 

Try the following while you are indoors: 

* Switch on your GPS receiver and immediately disable the satellite signal-acquiring 
system. Otherwise, the receiver will begin a futile struggle trying to get a position 
fix indoors. 

* Adjust the time offset to show the local time for your area. You need to add or 
subtract a certain number of hours from the default setting of universal time. The 
time itself cannot be adjusted because it is acquired from the satellite signals. 

* Find out how to switch between magnetic, true, and grid bearings. Select true or 
grid bearings if your compass has an adjustable declination mechanism. If not, it 
may be easier to use magnetic bearings. 

+ Select your preferred units of measure. It is easier to navigate when your GPS 
receiver is set to the same units as your map. 

* Select a horizontal map datum. The horizontal datum in your receiver must corre- 
spond to the datum that is marked on your map. If your receiver allows, select a 
vertical datum that matches the one used by your map. 

* Select an appropriate coordinate system, either geographic coordinates or a spe- 
cific grid. Choose the same grid as the one on your map. If there’s no grid on your 
map, select geographic coordinates. 

* Enter waypoints for nearby locations into your receiver. This can be done manually 
from a paper map or electronically from a digital map (Section 4.8). 

* Arrange several stored waypoints into an electronic route. Check the straight-line 
distances and bearings between adjacent waypoints and the total travel distance of 
the route, Practice inserting new waypoints into the route as well as removing old 
‘waypoints. 


Outdoor practice 

Go outside and switch on the receiver, Make sure the satellite signal-acquiring system 

is enabled. 

* Ifthe GPS receiver has never been used before or has moved a large distance since 
its previous position fix, you may need to initialize the receiver for your region. 
This involves selecting the country or region where the receiver is located. If you 
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throughput rates, as shown in Figure 109. The work item assumed two adjacent carriers, 
downlink operation and no MIMO. This configuration achieves a doubling of the 21 Mbps 
maximum rate available on each channel to 42 Mbps. 


Figure 109: Dual-Carrier Operation with One Uplink Carrier? 


Uplink Downlink 


Benefits include: 


An increase in spectral efficiency of about 15%, comparable to what can be obtained 
with 2X2 MIMO. 


Significantly higher peak throughputs available to users, especially in lightly-loaded 
networks. 


2 Same maximum-throughput rate of 42 Mbps as using MIMO, but with a less 
expensive infrastructure upgrade. 


Scheduling packets across two carriers is a more efficient use of resources, resulting in 
what is called “trunking gain.” Multi-user diversity also improves from an increased number 
of users across the two channels. 


Release 9 also supports dual-carrier operation in the uplink. Release 10 specifies the use 
of up to four channels, resulting in peak downlink data rates of 168 Mbps. Release 11 
supports eight radio channels on the downlink, resulting in a further doubling of theoretical 
throughput to 336 Mbps. On the uplink, devices can transmit using two antennas for either 
rank 1 (single stream beamforming) or rank 2 (dual-stream MIMO) transmission modes. 
Rank 1 beamforming helps with coverage (approximately 40%), while rank 2 MIMO helps 
with throughput speeds (approximately 20% median and 80% at cell edge). In addition, 
64 QAM will be possible on the uplink, enabling uplink speeds to 69 Mbps in dual-carrier 
operation. 


Downlink Multiflow Transmission 

Release 11 specifies means by which two cells can transmit to the mobile station at the 
same time. The two cells transmit independent data, in effect a spatial multiplexing 
approach, improving both peak and average data. 


208 Harri Holma and Antti Toskala, LTE for UMTS, OFDMA and SC-FDMA Based Radio Access, Wiley, April 
2009 
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don’t initialize the receiver, it may take a long time to get the first position fix, or 
you may not be able to acquire one. 

* Observe the receiver’s screen as it acquires satellite signals. Some receivers show 
the relative positions of the overhead satellites and the strengths of the incoming 
signals. After acquiring a position fix, the receiver may give you an estimated posi- 
tion error. The real error in your position could be much larger because the receiver 
doesn’t know all the factors that affect its calculated position. 

* Save the position fix as a waypoint and give it a descriptive name. 


* Pinpoint the GPS-acquired position on your map by using the map’s grid or geo- 
graphic coordinates. 

* Make the receiver display the distance and bearing from your current position to a 
nearby, previously stored waypoint. Set the graduated dial of your compass to this 
bearing and then follow the bearing to the waypoint. If you do not have a compass, 
use the receiver’s direction arrow or its built-in electronic compass to guide you to 
the waypoint. GPS receivers usually have several schemes for navigating toward a 
waypoint. 

* After reaching the waypoint, use the receiver and compass to navigate back toward 
your original position. As you approach your original position, use the receiver to 
zero-in as close as possible to your original saved waypoint (Section 4.9). 

* Plot an electronic trail by traveling at a steady pace while the receiver is switched 
on. The result is usually shown as a curved line on the receiver’s display. 

* Use your GPS receiver to guide you back along the same electronic route to your 
starting point. This process requires some practice to master. 


If you can do the above, you will know enough to exploit the navigation power of the GPS. 


4.8 Entering waypoints into a GPS receiver 


‘You can manually insert waypoints into your GPS receiver from paper maps, or use a 
computer to insert the waypoints from a digital map. 


4.8.1 Manual transfer of waypoints from map to receiver 

You will need a GPS receiver and a map with grid lines or geographic coordinate lines 

drawn across the map. Be careful when entering the numbers into your receiver. Wrong 

numbers can lead to serious navigation errors. 

1. On the map, plot your anticipated route as a series of straight-line segments. Mark 
the intersections between segments as waypoints. 

2. Look for the map datum written somewhere in the margins of your map. Switch on 
your receiver and adjust its horizontal datum to correspond with the one on the map. 

3. Check the margins of your map to determine what grid system it uses. Set your 
receiver to display the same grid as the one used by your map. If your map doesn’t 
have a grid, use geographic coordinates. 
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4, Determine the grid numbers (easting and northing) or geographic coordinates (lati- 
tude and longitude) of your waypoints and manually key them into your receiver. 
Label the waypoints in your receiver and arrange them sequentially into a route. 
Double-check your numbers. 

Example of inserting waypoints 

After analyzing the contour lines on the map below, you plot a route from your current 

position (A) via intermediate waypoints (B) through (E) to your destination (F). 
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Your map shows that it uses the 1984 World Geodetic System datum (WGS 84). 
Set the horizontal datum in your receiver to WGS 84. The map also shows that it 
uses the universal transverse Mercator (UTM) grid. Set your receiver to display 
positions in the UTM/UPS grid system. The UTM zone is given as 8W and applies 
to all the waypoints on this map. 


(On your map, each grid square represents 1000 m x 1000 m. You should be able 
to visually estimate the easting and northing of each waypoint to within one tenth 
of a square or 100 m. After determining the easting and northing of a waypoint 
(Section 1.6.3), enter the numbers into your GPS receiver. The numbers 
corresponding to each waypoint are shown below: 


(A): Zone 8W, easting = 454.500 mE, northing = 7388 900 mN 
(B): Zone 8W, easting = 452 800 mE, northing = 7389 600m N 
(C): Zone 8W, easting = 451 200 mE, northing = 7389 900 mN 
(D): Zone 8W, easting = 450 100 mE, northing = 7 389 500 mN 
(E): Zone 8W, easting = 446 200 mE, northing = 7 390 500m N 
(E): Zone 8W, easting = 445 400 mE, northing = 7391 600m N 


Arrange these waypoints sequentially into an electronic route in your receiver. 
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4.8.2 Electronic transfer of waypoints into GPS receiver 

With digital maps, waypoints can be inserted into the GPS receiver from a computer. 

Other than a GPS receiver and a computer, you need a suitable software package, 

relevant digital maps, and an interface cable. 

1. Connect your GPS receiver to the computer 
with the interface cable. 

2. Boot up the computer, start the appropri- 
ate software, and download the digital 
maps. 

3. Create waypoints with the program by 
clicking on selected points on the digital 
maps. Save the waypoints on the computer. 

4, Set the map datum on your receiver to the 

same datum as the one on the digital map. 

‘Transfer the waypoints to the GPS receiver. 

Check your receiver to make sure the way- 

points have in fact been transferred. 


a 


4.9 Zeroing-in on a waypoint 


During normal navigation, your GPS receiver will usually provide you with better 
position accuracy than you actually need. Under certain circumstances such as when 
trying to find a stash or a campsite during a total whiteout, you may want to precisely 
pinpoint a previously stored waypoint. To do this, take advantage the GPS receiver’s 
distance measuring system and direction arrow or electronic compass. 


Receiver with a built-in electronic compass 

A GPS receiver with a built-in electronic compass is ideally suited for zeroing-in on a 

‘waypoint. 

1. Switch on the receiver, wait for a position fix, and make the receiver show the 
bearing to the selected waypoint as an arrow. Make sure that the displayed arrow is 
derived from the electronic compass and isn’t a direction arrow. The two types of 
arrows may look similar. 

2. Follow the arrow toward the waypoint while watching the displayed distance de- 
crease. Eventually, the displayed distance will start to increase and the arrow will 
fluctuate wildly. This is probably as close as your GPS receiver can lead you to the 
‘waypoint. Stop and mark your position with an object such as a wand or backpack. 
Do a grid search if necessary. 
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Receiver without a bi ‘in compass 
Don’t confuse a GPS receiver's direction arrow with an electronic compass arrow. A 
direction arrow only works when you're moving. Without a built-in electronic com- 
pass, a GPS receiver has no way of knowing which way it is oriented. A moving re- 
ceiver can however compute its direction of motion relative to the direction to a way- 
point, and display the difference as an arrow. If the receiver is oriented in the direction 
of motion, the direction arrow will eventually point toward the waypoint. 

1. Switch on your receiver, wait for a position fix, and make the receiver show the 
distance and bearing to the selected waypoint. Display the bearing as a direction 
arrow. 

2. Keep the receiver pointed straight ahead while you move forward in a straight line 
toward the assumed direction of the waypoint. Observe the direction arrow. At 
first, the arrow will probably point in the wrong direction. For the moment, ignore 
the arrow and keep moving forward along the same straight line. 

3. As you continue moving, the direction arrow will eventually stabilize and point in 
the correct direction toward your selected waypoint. 

4. While moving, slowly change your travel direction until the direction arrow points 
straight ahead. Follow the direction arrow toward the waypoint. Keep an eye on the 
displayed distance. It should decrease as you move toward the waypoint. If not, 
you are headed in the wrong direction. 


Initial travel direction Initial travel direction 


Waypoint XYZ Waypoint XYZ 
Bearing Distance Bearing Distance 
321° 0.17 km 


GPS Display Screen GPS Display Sereen 


Step 2: Step 3: Slowly turn until you're 
As you start moving, After moving in the initial moving in the same 
the direction arrow direction for some time, direction as the arrow. 
will probably point the direction arrow will Follow the direction 
in the wrong direction. point toward the waypoint. —_arrow toward waypoint 


Eventually, the displayed distance will start to increase and the direction arrow will 
fluctuate wildly. This is probably as close as your receiver can lead you to the 
waypoint. Stop and mark this position. If you haven’t found what you are looking 
for, do a grid search around the marked position to find the exact location. 


a 
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Chapter 5 
Celestial Navigation 


From a vantage point on Earth, celestial bodies appear to move across the sky in pre- 
dictable trajectories. Over the last few thousand years, many techniques have been 
devised to navigate using the sun, moon, planets, and stars. Celestial navigation is well 
suited for navigating across oceans, deserts, steppes, tundra, polar ice fields, or any 
large expanse that lacks obvious landmarks but has horizon-to-horizon visibility. Round- 
the-clock celestial navigation is possible by switching between celestial bodies that are 
visible during the day and those that are visible at night. Your navigational potential is 
governed by what celestial bodies, if any, are visible and what instruments and docu- 
mentation you have at your disposal: 


* With the help of a clock, the sun and moon can be used as rough direction finders. 


* With the help of a celestial navigation almanac, you can use the stars to estimate 
your latitude, and also as rough direction finders. 


* With a clock and an almanac, you can estimate your longitude from the stars. 


* With the addition of a suitable angle-measuring device such as a sextant, you can 
use almost any type of celestial body to calculate your position to within a few 
kilometers. 


5.1 Celestial coordinate system 

To help pinpoint celestial bodies, a celestial coordinate system has been developed that 
is based on the same principles as Earth’s geographic coordinate system. From Earth’s 
perspective, the celestial bodies appear to be located on the inside surface of an imagi- 
nary celestial sphere of indeterminate size. The celestial sphere has two celestial poles 
located directly above Earth’s geographic poles. There is also a celestial equator that is 
a projection of Earth’s equator onto the celestial sphere. 


The celestial equivalent to latitude is called the declination (Dec). It is measured in 
degrees north or south of the celestial equator. “Declination” is an unfortunate term as 
it can be confused with magnetic declination. The declination is sometimes denoted as 
a negative number south of the celestial equator. 


The celestial equivalent to longitude is called hour angle. Several types of hour angle 
are used in celestial navigation. The most important one is the Greenwich hour angle 
(GHA), which is measured in degrees from the Greenwich celestial meridian, the pro- 
jection of Earth’s prime meridian onto the celestial sphere. The GHA is measured west- 
ward all the way to 360° so there is no east or west label. Because of Earth’s rotation 
around its axis, the GHA of a celestial body is constantly changing. 
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The sidereal hour angle (SHA) is a measure of the relative east-west position between 
bodies on the celestial sphere. It is measured in degrees from a reference meridian 
called the Aries meridian, the celestial equivalent to Earth’s prime meridian. The Aries 
meridian passes through the spring equinox, the point on the celestial equator that the 
sun crosses each year around March 21. Like the GHA, the SHA is measured westward 
all the way to 360°. The SHA is only used when stating the hour angles of stars, and not 
the sun, moon, or planets. This is because the stars are so incredibly distant from Earth 
that they don’t appear to move relative to each other. The position of the Aries merid- 
ian does however change slowly because of the precession and wobble of Earth’s axis. 
There is therefore a gradual change of the SHA for stars from year to year. The local 
hour angle (LHA) is the angle from the observer's longitude to the celestial meridian 
of the body. Like other hour angles, it is also measured westward to 360°. 
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Celestial coordinate system 


Celestial navigation almanacs show the declination and hour angles of selected celes- 
tial bodies at specific times and dates. The time is always stated as universal time (UT) 
and the date as universal date (UD). To save space, most almanacs do not directly list 
the GHA of the stars but instead list the GHA of the Aries meridian and the SHA of the 
stars. To calculate the GHA of a star, add the GHA of Aries to the SHA of the star. Use 
the formula: GHA_Aries + SHA = GHA_body 


Example of celestial position 

You want the celestial coordinates for the star Markab at 18:32:55 (UT) on March 
23, 2010 (UD). According to an almanae, the declination for Markab is 15°15.5'N 
‘The Greenwich hour angle for Aries (GHA_Aries) for that time and date is 99°22.2'. 
The sidereal hour angle (SHA) for Markab is 13°41.0'. The Greenwich hour angle 
for the body (GHA_body) is therefore 13°41.0' + 99°22.2' = 113°03.2'. The complete 
position of Markab is written as: Dec 15°15.5'N, GHA 113°03.2'. 
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5.2 The sun 


The sun, being easy to identify and highly visible, is a convenient astronomical body 
for finding directions. During cloudy weather, the sun’s bearing can sometimes be 
determined by looking for the brightest point in the sky. The sun travels along an arc 
across the sky that varies with your latitude and the seasons, but is nearly constant 
from year to year. At mid-latitudes, the sun’s bearing can sometimes be estimated with 
reasonable accuracy by looking at your clock. 


5.2.1 Using a clock to find the sun’s bearing 

From Earth’s perspective, the sun completes one circuit across the sky every 24 hours. 
This works out to a westward movement of 15° per hour, By assuming that the sun is 
due south at noon in the northern hemisphere (due north in the southern hemisphere), 
you have a relationship between the sun’s bearing and the time of day (Table 5.1). You 
can then figure out the sun’s bearing anytime of the day by looking at your clock and 
interpolating the table. With a bit of practice you should be able to estimate the sun’s 
bearing without a table. 


Table 5.1 
Rough bearings of sun at selected times of day 
Time Northern Southern 
ofday| _ hemisphere hemisphere 
00:00 | _ North (0°) South(180°) 
03:00 | _ Northeast (45°) Southeast (135°) 
06:00 | _ East (90°) East (90°) 
09:00 | Southeast (135°) Northeast (45°) 
12:00 | South (180°) North (0°) 
15:00 | _ Southwest (225°) Northwest (315°) 
18:00 | West (270°) West (270°) 
21:00 | _ Northwest (315°) Southwest (225°) 


Most people are unaware of the inherent limitations of this method. The bearings shown 
in Table 5.1 can be fairly accurate or significantly incorrect. The underlying causes of 
the errors are the time zone of the observer, Earth’s elliptical orbit around the sun, 
Earth’s axis tilt, and the curvature of Earth’s surface. To understand how these factors 
affect the sun’s bearing, the errors have been broken down into three themes: (1) time 
errors caused by the observer’s longitude, (2) annual time errors caused by Earth’s 
elliptical orbit and axis tilt, and (3) daily bearing errors caused by the observer’s lati- 
tude. A thorough analysis of the last two themes requires advanced trigonometry and 
only a cursory explanation will be given here. The only sure way to obtain an accurate 
bearing of the sun is to look up the bearing in a celestial navigation almanac or to use 
a celestial navigation calculator. 
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Time errors caused by observer’s longitude 

Unless the sun is directly overhead, it always points due south or due north when it 
reaches its highest point in the sky. This happens once a day at the exact moment when 
the sun crosses your local celestial meridian. To accurately determine the sun's bearing, 
your clock must read noon when the sun reaches its highest point, but in practice, most 
clocks are set to the official time in the time zone where the clock is located. The official 
time in a zone is loosely based on how far east or west the zone is from the prime 
meridian. In an ideal world, each time zone would cover a swath of territory 15° of 
longitude wide, but in the real world, the time zones conform to political boundaries. 
Official times are a certain number of hours ahead or behind universal time, but are 
sometimes offset by an additional half hour increment. In some jurisdictions, the official 
time switches between standard time and daylight saving time. Typically, the official 
time is changed from standard time to daylight saving time by adding one hour in the 
spring. In the fall, the official time reverts to standard time by subtracting one hour. 


Each time zone has a central longitude where the average position of the sun is due 
south (northern hemisphere) or due north (southern hemisphere) at noon. To calculate 
the location of your zone’s central longitude, find out the time difference between your 
clock time and universal time, and then multiply the difference in hours by 15°. The 
central longitude is obviously east if you’re in the eastern hemisphere and west if 
you're in the western hemisphere. For example, if you're in the eastern hemisphere 
and the official time is 9.5 hours from universal time, the central longitude is 9.5 x 15° 
= 142.5°E. 


If you're located west of the central longitude, subtract 4 minutes from your clock time 
for each degree you are from the central longitude. If you’re east of the central 
longitude, add 4 minutes to your clock time for each degree. For example, if you’re at 
133°E and the central longitude is at 142.5°E, you are west of the central longitude by 
142.5° - 133° = 9.5°. Subtract 38 minutes from your clock time, the result of 4 minutes 
multiplied by 9.5. Time errors caused by the observer's longitude become more pro- 
nounced at high latitudes where the longitudes converge toward the poles. 


Annual time errors caused by Earth’s elliptical orbit and axi 
After compensating for your longitude, your clock will probably not read exactly noon 
‘when the sun reaches its highest point. Only the average position of the sun over a one- 
year period will be due north or south at noon. This is why universal time was previ- 
ously known as Greenwich mean (average) time. 


Because of Earth’s elliptical orbit around the sun, Earth’s distance to the sun varies 
throughout the year. Earth is closest to the sun around January 2 and furthest away 
around July3. Earth travels faster along sections where it is closer to the sun and slower 
when itis further from the sun. This leads to an accumulated time error (Graph5.2) that 
is a measure of the sun’s actual position compared to where it would be if it moved 
uniformly. The error can be as much as 7.6 minutes. For example, if the sun is due 
south at a particular location at 12:00.0 on January 2, it will be due south at 11:52.4 on 
April 2 and due south at 12:07.6 on October 2. 
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From Earth’s perspective, the sun appears to travel along an annual arc on the celestial 
sphere called the ecliptic. Because of the tilt of Earth’s axis, the ecliptic is tilted by 
23.5° with respect to the equatorial plane. When calculating the annual time error due 
to axis tilt, you're not interested in how fast the sun moves along the ecliptic but rather 
how fast it moves across the celestial meridians. One way to visualize this is to look at 
the movement of the sun’s projection onto the equatorial plane. 
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The sun crosses the celestial equator at the spring equinox around March 21, and then 
begins its journey through parts of the north celestial hemisphere. At the equinox, the 
sun travels at an angle of 23.5° to the equatorial plane, and only a portion of the sun’s 
movement is projected onto the equatorial plane. At this point, the projected sun moves 
slower than the actual sun. As the sun moves higher into the north celestial hemisphere, 
it travels increasingly more parallel to the equatorial plane and the distance between 
celestial meridians decreases. Both these factors cause the angular speed of the pro- 
jected sun to increase. At the summer solstice, around June 21, the sun reaches its 
highest point in the north celestial hemisphere and the projected sun attains its maxi- 
mum angular speed. After June 21, the projected sun gradually slows down until it 
crosses into the south celestial hemisphere at the fall equinox around September 22. 
The cycle is then repeated for the south celestial hemisphere. The irregular angular 
speed of the sun creates an accumulated time error of up to 9.6 minutes (Graph 5.2). In 
other words, the axis tilt causes the sun to be due south or due north up to 9.6 minutes 
before or after noon. 


The solid line in Graph 5.2 on the next page shows the combined error caused by both 
the elliptical orbit and the axis tilt. The combined error varies from 0 to about 16 
minutes and is the same for all locations on Earth. 
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Graph 5.2. Time error due to earth's elliptical orbit and axis tilt 


Daily bearing errors caused by observer's latitude 


After correcting for your longitude, Earth’s elliptical orbit, and Earth’s axis tilt, an 
accurate clock will always read noon when the sun is at its highest point. Away from 
the tropics, the noon sun will be exactly south in northern hemisphere and exactly 
north in southern hemisphere. The clock will also read midnight when the sun reaches 
its lowest point, although this may not be observable. But what about other times of the 


day? Will the sun be due east at 6:00, for example? In most cases, it will not. 
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Multiflow transmission with HSPA+ also enhances HetNet operation in which picocell 
coverage can be expanded within a macrocell coverage area, as shown in Figure 110. 


Figure 110: HSPA+ HetNet Using Multipoint Transmission”> 
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Multiflow enhances HSPA+ network operation using the following approaches: 


a Single Frequency Dual Cell. The UE communicates with two different cells using 
the same frequency, improving cell-edge performance and providing network load 
balancing. 


a Dual Frequency Three Cell. The UE communicates with two different cells using 


the same frequency. In addition, it communicates with one other cell on a different 
frequency. 


a Dual Frequency Four Cells. The UE communicates using two instances of Single 
Frequency Dual Cell operation as described above. 


In Release 12, 3GPP is considering the following enhancement to Multiflow operation, which 
is primarily targeted towards HetNet operation: 


a Dual Frequency Dual Carrier. The UE aggregates cells on two different 
frequencies from two different sites. 


HSPA+ Throughput Rates 


Table 31 summarizes the capabilities of HSPA and HSPA+ based on the various methods 
discussed above. 


25 Qualcomm, “HSPA+ Advanced: Taking HSPA+ to Next Level," February 2012, 


http: //www.qualcomm.com/media/documents/hspa-advanc 19-hspa-next-level- whitepaper, 
accessed June 20, 2014 
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When establishing the sun’s bearing, you’re actually looking for the direction of the 
sun projected down onto your tangent plane, which is an extension of your horizon to 
the celestial sphere. The apparent daily arc of the sun is tilted by a certain angle relative 
to your tangent plane. This angle changes with the seasons and your latitude. Although 
the sun moves along its arc at close to a steady 15° per hour, the sun’s projection on the 
tangent plane moves at irregular speed. At sunrise, the sun climbs steeply and only a 
portion of its movement is projected down to the tangent plane. The angular speed of 
the projected sun is therefore less than 15° per hour. See the illustration on the previous 
page. 

‘As the sun climbs higher in the sky, it travels increasingly more parallel to the tangent 
plane and the relative distance between the projected sun and the observer decreases. 
This causes the angular speed of the projected sun to increase. In the middle of the day, 
the projected sun travels faster than 15° per hour. The projected sun then gradually 
slows down until sunset. The speed fluctuations lead to a bearing error that varies 
throughout the day but is always zero at noon and midnight. 


The greater the angle between the sun’s arc and the observer’s horizon, the greater the 
potential bearing error. The error therefore depends both on the observer’s latitude and 
the time of the year. Only at the geographic poles where the speed of the projected sun 
is constant, is there never a bearing error. As you move away from the poles, the speed 
of the projected sun becomes progressively more irregular and the bearing error more 
significant. To compensate for the bearing error, you need tables or graphs that show 
the sun’s position at every latitude, for every hour of the day, and for every day of the 
year. A more practical solution for the wilderness traveler is to carry a celestial naviga- 
tion calculator. 


Sun's bearing - Example 

Let's say you are traveling through the Gobi Desert in Mongolia (45°N, 102°E), 
and want to estimate the sun's bearing. It is 16:47 local time on July 18. Mongolia 
does not use daylight saving time. 


Table 5.1 gives the bearing to the sun as roughly west-southwest for this time of 
the day. Taking into account that the sun moves westward, on average, by one 
degree every four minutes you can do a more precise interpolation. Your clock is 
107 minutes past 15:00, giving you a precisely interpolated but uncorrected bearing 
of 225° + 107/4 = 252°. 


You're in the eastern hemisphere and the official time in Mongolia is 8 hours ahead 
of universal time. The central longitude for your time zone is therefore 8 x 15° = 
120°E. You're located west of the central longitude by 120° - 102° = 18°. Subtracting 
4 minutes from your clock time for each degree that you are from the central 
longitude gives you a corrected time of 16:47 - 18 x 4 min = 15:35. 


For July 18, the combined error from Graph 5.2 gives an additional clock error of 
about -6 minutes. Your new clock time becomes 15:35 - 6 min = 15:29. Your 
interpolated bearing from Table 5.1 becomes 225° + 29/4 = 232°. This bearing is 
corrected for your longitude, Earth's axis tilt, and Earth's elliptical orbit. 
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The graph below was derived from a computer program. It shows the relationship 
between the time of the day and the bearing error at latitude 45°N on July 18. For 
a time of 15:29, the graph gives a bearing error of about +26°. Adding this to your 
bearing gives a new bearing of 232° + 26° = 258°. 
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45°N - Bearing error due to latitude - July 18 


Comparing this corrected bearing (258°) with the initial uncorrected bearing (252°) 
gives a total bearing error of only 6°. You were lucky this time! The sun is indeed 
roughly west-southwest. The large error caused by your longitude was largely 
compensated by an opposite error due to your latitude. A few hours earlier or later, 
your uncorrected bearing would have been off by a significant amount. 


Sun's bearing - Example 

While trekking through northern Bolivia (12°S, 67°W), you want to estimate the 
sun's bearing. The local time is 10:12 on January 3. Bolivia does not use daylight 
saving time. 


Table 5.1 gives the bearing to the sun as roughly north-northeast. Your clock is 72 
minutes past 9:00, giving you a precisely interpolated but uncorrected bearing of 
45° - 72/4 = 27°. 


You're in the western hemisphere and the official time in Bolivia is 4 hours behind 
universal time. The central longitude of your time zone is therefore 4 x 15° = 60°W. 
You're located west of the central longitude by 67° - 60°= 7°. Subtracting 4 minutes 
from your clock time for each degree that you are from the central longitude gives 
you a corrected time of 10:12 - 7 x 4 min = 09:44. 


For January 3, the combined error from Graph 5.2 gives an additional clock error 
of about -5 minutes. Your new clock time becomes 09:44 - 5 min = 09:39. Your 
interpolated bearing from Table 5.1 is then 45° - 39/4 = 35°. This bearing is corrected 
for your longitude, as well as Earth's axis tilt and elliptical orbit. 


The graph on the next page was derived from a computer program. It shows the 
relationship between the time of the day and the bearing error at latitude 12°S on 
January 3. For a time of 09:39, the graph gives a bearing error of about +78°. Adding 
this to your previous corrected bearing gives a new bearing of 35° + 78° = 113° 
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12°S - Bearing error due to latitude - January 3 


Comparing the fully corrected bearing (113°) with the initial uncorrected bearing 
(27°) gives a total bearing error of an astonishing 86°. In other words, the 
uncorrected bearing will lead you seriously astray. This example clearly illustrates 
the difficulty in trying to casually estimate the sun's bearing in the tropics (23.5°S 
-23.5°N) where the sun is north at noon for part of the year and south for the rest 
of the year. A sensible technique near the equator is to assume that the sun is 
roughly east during the morning and roughly west during the afternoon. If the sun 
is high in the sky, wait for it to move lower before trying to estimate its bearing. The 
only precise method, of course, is to use a celestial navigation almanac or calculator. 


5.2.2 Stick shadow method 


There are several variations of the stick shadow method. The one shown here requires 
that you to start the procedure in the morning and stay with it at least until noon. 
During the morning, find a patch of level ground and plant a stick vertically into the 
ground. Mark the end of the stick’s shadow. Use a second stick to scribe a circle on the 
ground, centered on the vertical stick and with a radius the same length as the shadow. 


Scribe circle / 
centered'on | 
base of stick 


\ Draw line from 
\gitial mark to 
fitalmark 


North 


Ne 


Mark end of ra 
shadow as it Initial 
aa moves mark 


105 


Chapter 5: Celestial Navigation 


Periodically mark the end of the shadow as it moves. The length of the shadow de- 
creases as the morning progresses until it reaches a minimum at noon and then in- 
creases in the afternoon. A line drawn from the base of the stick to the minimum- 
shadow mark will point north in the northern hemisphere and south in the southern 
hemisphere. In the tropics, the line will point north for part of the year and south for the 
rest of the year, depending on your latitude. For a more precise result continue watch- 
ing and marking the shadow until it crosses the circle that you’ ve scribed on the ground. 
A line drawn from the initial shadow mark to the final shadow mark will point due east 
anywhere in the world except at the geographic poles. 


The great thing about this method is that you don’t have to worry about errors caused 
by your longitude, latitude, Earth’s elliptical orbit, or Earth’s axis tilt. All these errors 
are automatically factored in. 


5.3 The moon 

The moon’s position in the sky ata certain time of day varies daily and is governed by its 
monthly orbit around Earth. You cannot directly determine the moon’s bearing by simply 
looking at your clock. You can however do it indirectly by observing the moon’s phase. 
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The moon’s orbit around Earth is tilted by only about 5.5® relative to Earth’s orbit 
around the sun. For an observer on Earth, this means that the sun and the moon appear 
to travel along roughly the same arc across the celestial sphere. At any one moment, 
the sun and moon are a certain angle apart in their perceived mutual arc. This angle can 
be described as the moon leading or trailing the sun by a certain number of hours. 
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The angle between the sun and the moon is correlated to the moon’s phase. For ex- 
ample, a full moon means that the moon is on the opposite side of the arc, and you can 
think of the full moon as leading or trailing the sun by 12 hours. Whether the moon is 
leading or trailing is governed by what side of the moon is bright and what hemisphere 
you're in. For example, a half moon in the southern hemisphere with its bright side to 
the left means that the moon is trailing the sun by 6 hours. 


The relationship between the moon’s phase and its relative angle to the sun can be 
derived from trigonometry. See Table 5.3 for selected results. With a bit of practice, 
you should be able to just look at the moon to figure out by how many hours it is 
leading or trailing the sun. Adding or subtracting these hours from your clock time 
gives you the time when sun will be, or was, where the moon is now. The bearing of the 
sun at that time is the current bearing of the moon. 


Table 5.3 
Correlation between moon's phase 
and relative position to sun 

Phase| Northern hemisphere | Southern hemisphere 
a opposite sun (12 hours) | opposite sun (12 hours) 
ea) leading sun by 10 hours | trailing sun by 10 hours 
ie leading sun by 8hours | _ trailing sun by 8 hours 
i leading sun by 6 hours | _ trailing sun by 6 hours 
@ leading sun by 4hours | _ trailing sun by 4 hours 
leading sun by 2hours | trailing sun by 2 hours 

same as sun (0 hours) | same as sun (0 hours) 
trailing sun by 2hours | leading sun by 2 hours 
| DI trailing sun by 4 hours | leading sun by 4 hours 
D trailing sun by 6 hours | leading sun by 6 hours 
0 trailing sun by 8hours | leading sun by 8 hours 
Q trailing sun by 10 hours | leading sun by 10 hours 
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5.3.1 Estimating the moon’s bearing 

The following steps describe how to calculate the moon’s bearing. You're essentially 

using the sun’s bearing to figure out the moon’s bearing. All the errors that apply to the 

sun’s bearing will therefore carry over to the moon’s bearing. There is also the addi- 
tional error from estimating the moon’s phase. 

1. Look at the moon and figure out if it is leading or trailing the sun. In the northern 
hemisphere, the moon is trailing the sun if the bright part of the moon is facing 
right, and leading if itis facing left. In the southern hemisphere the opposite is true, 
a right facing bright side means the moon is leading the sun and left facing bright 
side means it’s trailing the sun. In the tropics, the bright side of the moon may be 
facing up or down rather than left or right, making it difficult to figure out if it is 
leading or trailing the sun, 

2. Determine by approximately how many hours the moon is leading or trailing the 
sun by looking at the moon’s phase (Table 5.3). Interpolate the table for intermedi- 
ate phases. Subtract the number of hours from your current time if the moon is 
trailing and add the number of hours if the moon is leading. 

3. Determine where the sun’s bearing was/will be at this adjusted time. This is the 
current bearing of the moon. 


Amore accurate method is to calculate the moon’s bearing directly by using a celestial 
navigation almanac or a calculator. The almanac or calculator gives you the moon’s 
bearing with inputs of your latitude, longitude, local time, local date, and time offset 
from universal time. 


Moon's bearing - Example 1: 
You're traveling in east-central Australia (26°S, 144°E), on July 
16, 2009. At 04:16 local time the moon looks like the illustration 
on the left. 


Ahalf moon in the southern hemisphere with its bright side facing 

right means that the moon is leading the sun by 6 hours (Table 
5.3). The moon is therefore where the sun will be 6 hours later at 10:16. A rough 
estimate of the sun's bearing at 10:16 puts it toward the north-northeast (Table 
5.1). This is the approximate bearing of the moon. interpolating Table 5.1 gives a 
precise but uncorrected bearing of 45° - 76/4 = 26°. 


Plugging your latitude (26°S), longitude (144°E), local time (04:16), local date 
(July 16, 2009), and time offset from universal time (+10 hours) into a celestial 
navigation calculator gives a bearing of 40°. The moon is actually closer to the 
northeast than north-northeast. Your estimated bearing is off by 14°, good enough 
for rough direction finding. 
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Moon's bearing - Example 2: 
You're in southern Greenland (62°N, 45°W), on March 29, 2005. 
At 02:54 local time the moon looks like the illustration on the left. 


Just a few days earlier, Greenland switched to daylight saving 
time by adding one hour to the local time. Subtract one hour to 
convert to standard time (01:54). Being in the northern 

hemisphere, the moon's phase shows that it is leading the sun by roughly 10 

hours (Table 5.3). The moon is where the sun will be in 10 hours, at 11:54, At that 

time, the sun’s bearing will be almost exactly south (Table 5.1). Interpolating Table 

5.1 gives a precise but uncorrected bearing of 180° - 6/4 = 179°. 


Plugging your latitude (62°S), longitude (45°W), local time (02:54), local date (March 
29, 2005), and time offset from universal time (-2 hours, for daylight saving time) 
into a celestial navigation calculator gives a bearing of 170°. Your estimated bearing 
is off by only 9°, a good approximation of the moon’s actual bearing. 


5.4 Stars 


Because of their great distances from Earth, stars don’t appear to change position rela- 
tive to each other, and star patterns, called constellations, look almost the same today 
as they did hundreds of years ago. From our perspective on Earth, each star appears 
permanently fixed to a particular position on the rotating celestial sphere. At the equa- 
tor, all stars on the celestial sphere rise and set. At the poles, only half the stars on the 
celestial sphere are visible but these stars never rise nor set. At intermediate latitudes, 
some stars rise and set while others are always above or always below the horizon. 
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‘Ata fixed location on Earth, a particular rising-setting star always rises at the same 
point on the eastern horizon, follows the same arc across the sky, and sets at the same 
point on the western horizon. This is true throughout the year, although the stars rise 
and set four minutes earlier each day. This means that at certain times of the year, some 
stars are above the horizon during daylight hours and therefore invisible. 


Before trying to navigate with stars, familiarize yourself with the night sky. Study star 
charts such as the ones on the previous two pages to learn where the important stars are 
located. A star chart is similar to a map except that you’re looking up instead of down 
and celestial coordinates are used instead of geographical coordinates. Like maps, star 
charts are created using various types of projections. 


Most bright stars belong to a particular constellation. The easiest way to identify a star 
is to first find its constellation and then determine the star’s position within the constel- 
lation. To determine a star’s declination (latitude) and sidereal hour angle (longitude), 
look at a star chart or look up the numbers in an almanac. 


The consistent movement and abundant numbers of stars make them inherently well 
suited for navigation. The biggest drawback is that navigational information can be 
extracted from stars in so many ways that the task can seem overwhelming. There are 
two main navigation applications for stars: (1) finding a particular bearing, and (2) 
determining your location. 


5.4.1 Finding north or south 
Earth’s axis of rotation points to two distinct positions in the sky, the north and south 
celestial poles. These two positions are essentially long-distance landmarks. A bright star 
located very near the north celestial pole makes this position in the sky easy to identify. 
Unfortunately, there is no corresponding bright star near the south celestial pole. 


Finding due north 

A bright star called Polaris is located within 1° of the north celestial pole in the constel- 
lation Ursa Minor, also known as the Little Dipper. The Little Dipper can be difficult to 
recognize because only three out of its seven stars are bright. The easiest way to iden- 
tify Polaris is to first find the Big Dipper, which is made up of seven bright stars. The 
Big Dipper is part of constellation Ursa Major. 


Merak 


North celestial pole 


Cih 


pera Big Dipper 


Cassiopeia 
(Ursa Major) 


Little Dipper 
(Ursa Minor) 


' 
' 
i 
\ 
i 
' 

Project line Y 

down to horizon 


112 


Table 31: HSPA Throughput Evolution 


Downlink Uplink (Mbps) 
Technology (Mbps) Peak Peak Data 

Data Rate Rate 
HSPA as defined in Release 6 14.4 5.76 
Release 7 HSPA+ DL 64 QAM, 
UL 16 QAM, 5+5 MHz au 18 
Release 7 HSPA+ 2X2 MIMO, =— as 
DL 16 QAM, UL 16 QAM, 5+5 MHz ; : 
Release 8 HSPA+ 2X2 MIMO a, ais 
DL 64 QAM, UL 16 QAM, 5+5 MHz 3 ; 
Release 8 HSPA+ (no MIMO) 
Dual Carrier, 10+5 MHz nee a 
Release 9 HSPA+ 2X2 MIMO, 
Dual Carrier DL and UL, 84.0 23.0 
10+10 MHz 
Release 10 HSPA+ 2X2 MIMO, 
Quad Carrier? DL, Dual Carrier 168.0 23.0 
UL, 20+10 MHz 
Release 11 HSPA+ 2X2 MIMO DL 
and UL, 8 Carrier DL, Dual Carrier 336.0 69.0 
UL, 40+10 MHz 


Release 13 enables aggregation of two UL carriers across bands. 


Figure 111 shows the cumulative distribution function of throughput values in a 
commercially deployed Release 8 HSPA+ network in an indoor coverage scenario. The 
figure shows significant performance gains from higher-order modulation and MIMO. 


206 No operators have announced plans to deploy HSPA in a quad (or greater) carrier configuration. Three 
carrier configurations, however, have been deployed. 
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Draw an imaginary line from the last two stars of the Big Dipper, Merak and Dubhe, 
and extend this line by five times to reach Polaris. If the Big Dipper is not in view, find 
Cassiopeia, which is made up of six bright stars and looks somewhat like a “W”. From 
the center star, Cih, draw a line up and to the left to reach Polaris. To find due north, 
project an imaginary line straight down from Polaris to the horizon. 


Finding due south 

There is no bright star near the south celestial pole, so you have to visualize the south 
celestial pole as a fixed position between nearby stars. Find a distinct constellation 
called the Southern Cross (Crux), and two bright stars called Hadar and Rigil Kentaurus 
in the nearby constellation Centaurus. These last two stars are collectively known as 
The Pointers. 


| @ Hadar 
South celestial pole The Pointers 


@: Rigil Kentaurus 


Southern 
Cross 
(Crux), 


: 
= 

Project line 

down to horizon ¥ nao 


Draw an imaginary line between the two long-axis stars Gacrux and Acrux of the 
Southern Cross. Extend this line upward and a bit to the right by four times. This is the 
location of the south celestial pole. To confirm this position, connect a line between 
Hadar and Rigil Kentaurus. From the center of the connecting line, draw another line 
at right angle to the connecting line. Extend this line to where it intersects the line from 
the Southern Cross. To find due south, project an imaginary line straight down from 
the south celestial pole to the horizon. 


5.4.2 Using stars to determine rough positions 

With a star almanac, you may be able to use a bright star to determine your position 
without an angle-measuring device. Your derived position will be inexact and could 
easily be off by 100 km or more. 


Latitude from zenith stars 
Stars that pass directly above your location are called zenith stars. They are directly 
correlated to your latitude. After identifying a star that has passed directly overhead, 
just look up its declination in a star almanac or chart. Your latitude is the same as the 
star’s declination. In almanacs, the declination is usually written as a negative number 
for latitudes south of the equator. 
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Example of using Zenith star to find latitude 

You observe the night sky for some time and Bellatrix 
notice a very bright star passing directly 
overhead. You recognize this star as being part 
of the Orion constellation. From a star chart, you 
identify the star as Rigel. A star almanac gives 
its declination as -08°14'. Your latitude is 
therefore 8°14'S. Round off this number to 8°S. __Betelgeuse 


Longitude from stars at meridian transit 


Orion 


Saiph 


Your local celestial meridian is the projection of your longitude onto the celestial sphere. 
It’s an imaginary line that runs through due north, zenith, and due south. Stars that are 
on your local celestial meridian at a particular moment are said to be at meridian transit. 


Stars that are always above the horizon either reach their highest or lowest point above 
the horizon at meridian transit. Stars that are above the horizon half the time at your 
latitude always reach their highest point above the horizon at meridian transit. A star at 
meridian transit either has the same GHA (Greenwich hour angle) as your longitude, or 


a GHA that is 180° off from your longitude. 
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To take advantage of this phenomenon, you need a clock, a star chart, and an almanac. 
In practice, you will also need a compass or some other way to tell the direction of 
north or south. Set your clock to read universal time. Set your compass to 0° to view 
meridian transit stars to the north, or set your compass to 180° to view stars to the 
south. These bearings must be compensated for magnetic declination and point toward 
the geographic poles. 


‘Aim your compass directly north or south and identify a bright star in that direction. 
For best accuracy, pick a star near the horizon. If there is no suitable star in either 
direction, wait for one to arrive. Write down the date and exact time when the meridian 
star was directly north or south. Identify the star using the star chart and then consult 
your almanac to obtain the star’s GHA at that time and date. Your longitude is either 
the same as the star’s GHA or off by 180°. 


Example of using a star to find longitude 

Aiming your compass straight north, you notice a 
bright star directly in line with the compass bearing. 
The date is October 28, 2007 and the time is 09:48:15 
UT. You recognize the star as being part of the Cygnus 
constellation, and from the star chart identify the star 
as Deneb. Your almanac shows that Deneb has a 
SHA of 49°34.6'. At the time of observation, the GHA 
of Aries was 183°25.7'. The GHA of Deneb is thus 
49°34.6' + 183°25.7' = 233°00.3'. Since this is greater 
than 180°, your longitude is east. Converting the hour 
angle to longitude gives 360°00.0' - 233°00.3' = 
126°59.7'E. Round off this number to 127°E. 


Albireo 


To figure out the direction of due north or due south without a compass, you could 
observe a star for some time and try to determine when it reaches its highest or lowest 
point above the horizon. This is very difficult without an angle-measuring device be- 
cause the rate of change of height is minimal around meridian transit. A better method 
is to observe two stars that are located at the same SHA (sidereal hour angle) on the 
celestial sphere. These so-called transit pairs reach meridian transit at the same time. 
Atthat moment, one of the two stars will be directly above the other. An imaginary line 
drawn between the pair and extended down to the horizon will hit the horizon at right 
angles and the two stars will be aligned north-south. 


Example of using transit pair to find longitude 
Aclassic example of a transit pair is the stars Acrux — Acrux 
and Gacrux in the Southern Cross constellation. . Transit pair at 
These two stars aren’t exactly on the same hour meridian transit 
angle but close enough to determine your Gacrux 
approximate longitude. Let's say you see the Acrux- Hl 
Gacrux pair aligned more or less vertically to the ' 
' 
i 


horizon at 13:56:02 UT on December 17, 2003. 
Line straight 
¥ down to horizon 


115 


Chapter 5: Celestial Navigation 


From an almanac, the SHA for Acrux is 173°18.2' and the GHA for Aries at that 
moment is 294°47.5'. The GHA for Acrux is 173°18.2' + 294°47.5' = 468°05.7' = 
468°05.7' - 360° = 108°05.7'. 


To confirm your result repeat the calculations for Gacrux. Its SHAis slightly different 
at 172°09.6'. The GHA for Gacrux is then 294°47.5' + 172°09.6' = 466°57.1' = 
466°57.1' - 360° = 106°57.1'. Calculating the average GHA for the two stars gives 
(108°05.7' + 106°57.1')/2 = 215°02.8'/2 = 107°31.4'. Since this number is less 
than 180°, your longitude is west. Rounding off this number gives you an 
approximate longitude of 108°W. 


You realize that this longitude is way off and by careful observation you notice why. 
The line down to the horizon points away from the south celestial pole. This means 
that the transit pair is in fact lower in the sky than the south celestial pole and must 
be at the lowest point in its orbit rather than the highest. The calculated longitude is 
therefore off by 180°. Your correct longitude is 108°W - 180° = -72°W = 72°E. 


5.4.3 Stars as direction finders 

Ata given latitude, a particular star always rises at a certain fixed bearing, follows the 
same arc across the sky, and then sets at another fixed bearing, Bright stars that are low 
on the horizon can therefore be used to find directions, and are known as steering stars. 
To exploit this phenomenon, you need to create a star compass that shows the rising 
and setting bearings for all the important stars at your latitude (see example). This is 
best done with a celestial navigation calculator, but can also be done with a star alma- 
nac. Of particular interest are stars on the celestial equator, which rise exactly east and 
set exactly west from any latitude, and Polaris that always points north. Transit pairs at 
meridian transit can also act as steering stars because they point either north or south at 
that moment. 


Setting stars Rising stars 
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Example - star compass for latitude 10°N 
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Alll rising-setting stars approach or leave your horizon at an angle of 90° minus your 
latitude. For example, if you're at 30°S, the stars will rise or set at an angle of 60° 
relative to the horizon. Use this relationship to estimate the point on the horizon where 
a particular steering star has risen or will set. To determine the bearing of this point, 
consult your star compass for the star’s rising or setting bearing. A steering star loses 
its usefulness as it moves too high in the sky. For continuous navigation throughout the 
night, use a series of steering stars that rise or set at different times. 


5.5 Sextant navigation 


The sextant is an angle-measuring device specifically designed for celestial naviga- 
tion. It measures the vertical angle between a celestial body and the horizon. In sextant 
navigation, this angle is called the altitude of the celestial body. The process of measur- 
ing the angle is called taking a sight. To determine your position, take sights from at 
least two celestial bodies and record the exact times when these sights were taken. 
Perform several sets of calculations and then plot two or more lines of position on your 
chart. Your calculated position is the intersection between the lines of position. 


Sextant navigation is not for people averse to complexity because of the elaborate 
procedure. The calculations are usually done with the help of tables with pre-calcu- 
lated values or by using a celestial navigation calculator. This book only deals with the 
basic steps. Anyone contemplating navigating with a sextant should consult a book 
dedicated to the topic. Skip this section if your brain isn’t working. 


5.5.1 Underlying theory 

Every celestial body is at zenith (directly overhead) at some location on Earth at a 
particular moment. The location directly below the celestial body is called the geo- 
graphic position of the body. The geographic position moves as Earth rotates. In the 
case of the sun, moon, and planets, the geographic position also moves because of the 
body’s and/or Earth’s orbital motion. If you see a particular celestial body directly 
overhead at a certain time and know when and where this body is supposed to be at 
zenith, you will know your position. In practice, it’s difficult to take advantage of this, 
phenomenon because you are unlikely to be directly underneath an identifiable celes- 
tial body at a particular moment. 


> Celestial body 
/ atzenith 


Geographic position 
is directly underneath 
celestial body 
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‘A more useful method is to observe a celestial body that is not at zenith. The geo- 
graphic position of the body is then a certain distance and bearing from your location. 
Because of Earth’s curvature, the celestial body appears lower on the horizon the fur- 
ther away you are from the body’s geographic position. Most celestial bodies are so far 
away that their light rays are parallel anywhere on Earth. By measuring the angle 
between the celestial body and your horizon, you can calculate how far away you are 
from the geographic position. The smaller the angle, the further away you are. This 
angle is called the altitude of the celestial body and is what you measure when taking a 
sextant sight. 


Parallel rays from 
*H celestial body 
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ari celestial body 
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One sight establishes that you are located somewhere on a line of position circle that is 
centered on the geographic position of the celestial body, but does not tell you the 
direction to the geographic position. The “radius” of the circle is the distance along 
Earth’s surface from your location to the geographic position. This radius is usually 
stated in angular units. To convert to distance units, use the formula: 1 minute of arc = 
1 nautical mile = 1852 m. 


Directly plotting a line of position circle on a chart is impractical in most cases because 
the geographic position is usually so far away that it is well beyond the boundaries of 
your chart. The usual procedure is to first select an assumed position somewhere on 
your chart near where you think you are. If you’re using tables for your calculations, 
select an assumed position that will simplify subsequent calculations. With tables or a 
calculator, calculate the bearing and distance from your assumed position to the celes- 
tial body’s geographic position. Use this information to plot a portion of an assumed 
line of position circle on your chart. 
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Because the geographic position is so far away, the portion of the circle that’s on your 
chart is nearly straight, and is usually drawn as a straight line. After taking a sight, you 
can calculate the distance from your actual position to the geographic position. The 
difference in distance to the geographic position from your actual position versus from 
your assumed position is called the intercept. 
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Because the geographic position is so far away, the bearing from your actual position to 
the geographic position is virtually the same as the bearing from your assumed position 
to the geographic position. On the chart, the actual line of position is a straight line 
parallel to the assumed line of position, but shifted by an amount equal to the intercept. 
The shift is either toward or away from the geographic position of the celestial body. 


Chart 
Inexcept + 
"5 00's 
Xe, 
oy 
S Xe, 25 
‘Assumed Ke, Sop XM, | 
x 294 
Bearing toward geographic a , y 
position of celestial bod <o,, 
Sy 


119 


Chapter 5: Celestial Navigation 


Taking sights from two celestial bodies establishes that you are simultaneously located 
on two line of position circles. This means that you must be on one of the intersections 
between the two circles. If you already know your approximate position, you should 
be able to eliminate one of the intersections. If not, take a third sight. Your position is 
the triple intersection between the three circles. Instead of taking sights of several 
celestial bodies, you can take several sights of the same celestial body at different 
times. Because the geographic position of the body moves, each sight gives you a new 
line of position circle. 
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Taking a sight from a second celestial body and selecting a second assumed position 
enables you to plot a second line of position on your chart. Note that your second 
assumed position could be different from your first assumed position even if you haven’t 
moved. The intersection between the two lines of position is your calculated position. 
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If you moved during the time interval between the two sights, you must shift the first 
line of position by your estimated movement since your first sight. Use dead reckoning 
(Section 8.3) to estimate this movement. Your calculated position is the intersection 
between the shifted first actual line of position and the second actual line of position. 
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5.5.2 How the sextant works 

The marine sextant consists of a triangular frame with a curved, graduated scale en- 
graved on the bottom. A small telescope is attached horizontally on one side of the 
frame. Opposite the telescope is a fixed glass piece that is divided vertically into two 
sectors, one is transparent and the other reflective. Some sextants use one partially 
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silvered mirror instead. An index arm is attached via a pivot joint to the top of the 
frame so that the lower part of the index arm can rotate across the graduated scale. An 
index mirror is attached to the index arm at the pivot joint. 


This setup is designed so that the celestial body and the horizon can both be viewed at 
the same time through the telescope. When the index arm is turned to a certain angle, 
the celestial body will appear to be touching the horizon. At that moment, the scale will 
show the altitude of the celestial body, the vertical angle between the horizon and the 
body. 


The marine sextant can only be used when you have an unobstructed view of the hori- 
zon. Other types of sextants that use artificial mercury or bubble horizons can be used 
anywhere but are not as accurate as the marine sextant. 


5.5.3 Taking a sight 


You need a clear view of both the horizon and the celestial body to measure the altitude 
of a celestial body with a marine sextant. With stars or planets you only have a small 
window of opportunity at dawn or dusk when it’s light enough to see the horizon, but 
also dark enough to see the star or planet. A sight of the sun can be taken anytime it is 
visible. To avoid injuring your eyes, attach a dark sun filter before taking a sight of the 
sun. 


With the scale set to zero, aim the telescope toward the celestial body. After finding the 
body, let the frame pendulum down without losing sight of the celestial body. To do 
this, you have to continually adjust the index arm. The horizon will come into view. 
‘Adjust the index arm so that the celestial body touches the horizon. Rock the sextant 
from side to side until the celestial body reaches its lowest point. This ensures that the 
sextant is held vertically. Fine-tune the index arm adjustment until the celestial body is 
exactly level with the horizon. With the sun or moon, make either the lower or upper 
limb touch the horizon. 


Feat 
Point telescope toward Rock sextant from side to With body on horizon 
body and then bring body side to ensure sextant is and sextant vertical, 
down toward horizon. vertical read off the declination. 


Read off the altitude on the scale and write down the universal date and exact universal 
time (to the second) when the sight was taken. 
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Figure 111: HSPA+ Performance Measurements Commercial Network 
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The figure shows a reasonably typical indoor scenario in a macro-cell deployment. Under 
better radio conditions, HSPA+ will achieve higher performance results. 


Figure 112 shows the benefit of dual-carrier operation (no MIMO employed), which 
essentially doubles throughputs over single carrier operation. 


207 5G Americas member company contribution. 
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5.5.4 Sextant calculations 

There are two main methods to compute your position after taking sights of celestial 
bodies: (1) using an almanac together with sight reduction tables, or (2) using a celes- 
tial navigation calculator. The first method consists of a series of steps that involve 
looking up numbers in tables that are added or subtracted from each other. Your posi- 
tion is derived graphically from the intersection between lines of position on a chart. 


Aside from being tedious, sextant calculations are riddled with jargon and acronyms, 
so it’s easy to get confused. Develop a consistent routine to reduce the chance of error. 
The following procedure is an outline of how to compute a position fix the hard way by 
using an almanac and sight reduction tables. Each step is followed by an example. The 
best way to comprehend what is going on is to go through the calculations with an 
almanac and sight reduction tables at hand. 


Take sextant sights 

Check your almanac to see what celestial bodies it covers. Most almanacs have tables 
for the sun, moon, four planets, and 57 navigation stars. Take sights of at least two of 
these celestial bodies with your sextant. If only one body is visible, take several sights 
of that body at different times. For each sight, write down the sextant altitude (Hs), 
exact universal time (UT), and universal date (UD). If your clock is set to local time, 
convert your clock time to universal time and determine if the time conversion has 
changed the universal date. You also need to know the approximate locations where 
the sights were taken. This is usually accomplished by dead reckoning (Section 8.3). 


On June 16, 2003 UD, you take a sight of the star Acamar at 22:15:46 UT. Reading 
off the sextant scale gives an altitude (Hs) of 61°42.8'. Your dead reckoning (DR) 
position at the time of the sight was 46°03.4'S, 127°19.7'E. 


Afew hours later when the universal date has changed to June 17, 2003, you take 
a sight of the lower limb of the sun at exactly 02:04:29 UT. The sextant gives an 
altitude (Hs) of 18°07.3'. You estimate that you've moved 38.9 nautical miles (nm) 
toward a bearing of 26° since your first sight. This gives you a dead reckoning 
(DR) position of 45°48.3'S, 128°13.9'E for the sun sight. Below is a summary of 
the results from this step: 


Hs (Acamar) = 61°42.8', DR (Acamar) = 46°03.4'S, 127°19.7'°E 
Hs (Sun) = 18°07.3', DR (Sun) = 45°48.3'S, 128°13.9'E 


Compensate for sight errors 

The measured altitude of the celestial body isn’t usually the exact angle between the 
horizon and the celestial body. You must compensate for: (1) the sextant’s elevation 
above sea level at the time of observation, (2) any systematic index error in the sextant 
itself, (3) bending of light rays from the body by Earth’s atmosphere, (4) whether the 
upper or lower limb of the sun or moon was used, and (5) parallax. The last factor 
applies only to moon sights, and is necessary because of the moon’s proximity to Earth. 
After all the corrections are applied, the result is the body’s observed altitude (Ho). 
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Let's say the sextant telescope was 3.1 m above sea level when the sights were 
taken. The “dip” column in the “altitude correction” tables gives a correction of 
-3.1' for a sextant height of 3.1 m. To determine the index error, read off the scale 
after taking a sextant sight of the horizon. Let's say the result is -2.6". Compensating 
for the two corrections gives the apparent altitudes (Ha) of the bodies: 


Ha (Acamar) = 61°42.8' - 2.6" - 3.1' = 61°37.1' 
Ha (Sun) = 18°07.3' - 2.6" - 3.1’ = 18°01." 


The “altitude correction” tables also give the correction for atmospheric bending 
of light rays during different times of the year. For stars and planets the tables give 
a correction of -0.5' for Ha = 61°37.1. For the sun or moon, these tables give a 
combined correction for atmospheric bending and upper/lower limb compensation 
This latter correction is necessary because the altitude of the center of the sun or 
moon is required for the calculations, while practical considerations dictate that a 
sight is always taken of the upper or lower limb of these two bodies. For the sun 
the tables give a combined lower limb/light bending correction of 13.1' for Ha = 
18°01.6'. After the corrections have been applied, the result is the observed altitudes 
(Ho) of the bodies: 


Ho (Acamar) = 61°37.1' - 0.5' = 61°36.6" 
Ho (Sun) = 18°01.6' + 13.1" = 18°14.7" 


Determine geographic position (GP) of body 

The geographic position (GP) of a celestial body consists of its declination (latitude) 
and GHA (longitude) at the moment the sight was taken. The declination of the celes- 
tial bodies is given in the “daily” tables in the almanac. The “daily” tables also provide 
the GHA for the sun, moon, planets, and Aries meridian to the nearest hour. The “incre- 
ment and corrections” table gives the GHA of all bodies to the nearest second. The 
SHA (sidereal hour angle) of the stars is written in one column of the “daily” tables. 


For Acamar, the “daily” tables give a declination of 40°17.3'S, and a SHA of 
315°24.6'. The “daily” tables also give a GHA for Aries of 234°45.3' at 22:00 UT on 
June 16, 2003. The Acamar sight was however taken at 22:15:46 UT so you must 
make up for the extra 15 minutes and 46 seconds past 22:00. The “increment and 
corrections” tables give 3°57.1' that must be the added to the GHA. The GHA for 
Acamaris therefore 315°24.6' + 234°45.3' + 3°57.1' = 554°07.0' = 554°07.0' - 360° 
= 194°07.0. 


The “daily” tables give a declination of 23°21.8'N for the sun. The GHA for the sun 
at 02:00 UT on June 17, 2003 is given as 209°49.3'. The sun sight was however 
taken at 02:04:29 UT so you need to compensate for the extra 4 minutes and 29 
seconds past 02:00. The “increment and corrections" tables give an extra 1°07.3'. 
The GHA for the sun is therefore 209°49.3' + 1°07.3' = 210°56.6'. Below are the 
complete geographic positions (GP) of the bodies when the sights were taken: 


GP (Acamar) = Dec 40°17.3'S, GHA 194°07.0° 
GP (Sun) = Dec 23°21.8'N, GHA 210°56.6' 
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Select assumed position (AP) and determine local hour angle (LHA) 

If the geographic position of a celestial body happens to be on your chart, you can 
immediately draw a line of position circle centered on the geographic position and 
with a radius equal to the observed altitude (Ho) of the body. The radius is converted 
from angle units to distance units using the conversion formula: 1 minute of arc () = 
1 nautical mile (nm). In most cases, the geographic positions are far outside the bound- 
aries of your chart and you cannot directly draw a line of position circle on your chart. 
Instead, you must select an assumed position (AP) that is then readjusted based on the 
difference between the observed altitude (Ho) and the computed altitude (Hc) of the 
celestial body. Your AP must be selected as close as possible to, but generally not 
exactly, where you think you are. 


To simplify subsequent calculations in the sight reduction tables, select an assumed 
position according to the following criteria: Select the assumed latitude to the nearest 
degree of your dead reckoning (DR) position. If the longitude is west, select the min- 
utes of the assumed longitude to be equal to the minutes of the GHA of the body. If the 
longitude is east, select an assumed longitude so that its minutes plus the minutes of the 
GHA of the body add up to a whole degree (60). 


The local hour angle (LHA) is the difference between your assumed longitude and the 
GHA of the celestial body. If your assumed longitude is east, add the assumed longi- 
tude to the GHA to get the LHA. If your assumed longitude is west, subtract the as- 
sumed longitude from the GHA to get the LHA. 


Your DR position was 46°03.4'S, 127°19.7'E when the Acamar sight was taken. 
Select the assumed latitude to the nearest degree of the DR latitude, i.e. 46°S. 
Since your assumed longitude is east and the GHA of Acamar is 194°07.0', select 
an assumed longitude so that its minutes are 60' - 07.0' 3.0’. The closest 
longitude to 127°19.7'E that matches this criterion is 126°53.0'E. Since the assumed 
longitude is east, add the longitude to the GHA to get the local hour angle (LHA) 
for Acamar: LHA = 194°07.0' + 126°53.0' = 321°. 


Your DR position was 45°48.3'S, 128°13.9'E when the sun sight was taken. Select 
the assumed latitude to the nearest degree, i.e. 46°S. Since your assumed longitude 
is east and the GHA of the sun is 210°56.6’, select an assumed longitude so that 
its minutes are 60' - 56.6" = 3.4’. The closest longitude to 128°13.9'E that matches 
this criterion is 128°03.4'E. Since the assumed longitude is east, add the longitude 
to the GHA to get the local hour angle (LHA) for the sun: LHA = 210°56.6' + 
128°03.4' = 339°. Below is a summary of the results from this step: 


AP (Acamar) = 46°S, 126°53.0'E 
LHA (Acamar) = 321° 

AP (Sun) = 46°S, 128°03.4°E 
LHA (Sun) = 339° 
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Compute altitude (Hc) and azimuth (Zn) for assumed position (AP) 
With the declination of the GP, the latitude of the AP, and the LHA as inputs, use the 
sight reduction tables to determine the computed altitude (Hc) and azimuth angle (Z) 
of the body. The computed altitude is the theoretical value of the altitude from the 
assumed position at the time of the sight. The azimuth angle is the smallest possible 
horizontal angle between the geographic position of the body and the nearest geo- 
graphic pole as seen from your assumed position. Azimuth angles are either measured 
clockwise or counterclockwise. Before using an azimuth angle to plot a line of posi- 
tion, convert it to a true azimuth (Zn), which is always measured clockwise from the 
north pole like a true bearing. 


For Acamar, the three input values into the sight reduction tables are: GP declination 
= 40°17.3'S, AP latitude = 46°S, and LHA = 321°. Find the page that is labeled 
LHA 321° and look in the section of the table that is labeled “latitude same name 
as declination”. This latter directive is because the GP declination and the AP 
latitude are both south. For a declination to the nearest degree (40°), the table 
gives an initial computed altitude (Hc) of 61°09.3', an altitude difference (d) of 
+24.6', and an initial azimuth angle (Z) of 87.8°. Interpolating adjacent values in 
the table changes Z to 87.3°. A formula in the margin of the table states that "Zn = 
180° - Z for southern latitudes and LHA greater than 180°”. Therefore, Zn = 180° - 
87.3° = 92.7°. 


The altitude difference (d) is the difference between adjacent He values in the 
table. Find the “interpolation table” and use d (+24.6’) and the minutes of the 
declination (17.3') as inputs. The table gives two correction factors, 5.8', and 1.3'. 
Since (d) is positive, add these two numbers to the initial Hc. The final Hc = 61°09.3" 
+5.8' + 1.3' = 61°16.4'. 


For the sun, the three input values are: GP declination = 23°21.8'N, AP latitude = 
46°S, and LHA = 339°. Find the page that is labeled LHA 339°. Since the GP 
declination is north while the AP latitude is south, look in the section of the table 
that is labeled “latitude contrary name to declination’. For a declination to the 
nearest degree (23°), the table gives an initial computed altitude (Hc) of 18°24.9', 
an altitude difference (d) of -57.9', and an azimuth angle (Z) of 159.7°. A visual 
interpolation changes Z slightly to 159.8°. A formula in the margin of the table 
States that “Zn = 180° - Z for southern latitudes and LHA greater than 180°”. 
Therefore Zn = 180° -159.8° = 20.2°. 


Find the “interpolation table” and use d (-57.9') and the minutes of the declination 
(21.8!) as inputs. The table gives two correction factors, 18.2’, and 2.8'. Since (d) 
is negative, subtract these two numbers from the initial He. The final Hc = 18°24.9" 
- 18.2' - 2.8' = 18°03.9". Below is a summary of the results from this ste] 


He (Acamar) = 61°16.4, Zn (Acamar) = 92.7°. 
He (Sun) = 18°03.9', Zn (Sun) = 20.2°. 


Compare computed altitude (Hc) with observed altitude (Ho) 
The difference between the computed altitude (He) and observed altitude (Ho) is the 
altitude intercept (a). The altitude intercept is the difference in radius between the line 
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of position circle derived from the computed altitude (Hc) versus the one derived from 
the observed altitude (Ho). If Ho is bigger than Hc, move the line of position toward 
the geographic position of the body by the intercept distance. If Ho is smaller than Hc, 
move the line of position away from the body. The unit for the intercept, minutes of 
arc, is equivalent to nautical miles on Earth’s surface. 


For Acamar He = 61°16.4’ and Ho = 61°36.6'. The intercept (a) = 61°36.6' - 61°16.4' 
= 20.2' = 20.2 nm. Since Ho is larger than He, move the line of position toward 
Acamar by 20.2nm 


For the sun Hc = 18°03.9' and Ho = 18°14.7". The intercept (a) = 18°14.7' - 18°03.9' 
= 10.8' = 10.8nm. Since Ho is larger than He, move the line of position toward the 
sun by 10.8nm. The intercept results are summarized below: 


a (Acamar) = 20.2nm toward GP of Acamar. 
a (Sun) = 10.8 nm toward GP of sun. 


Plot line of position (LOP) 

Mark the assumed position (AP) of the first sight on your chart. Draw a line from the 
AP toward the celestial body’s geographic position (GP) in the direction of the azimuth 
angle (Zn). Then, draw a line perpendicular to Zn and through the AP. This is your 
assumed line of position (LOP). Move the assumed LOP toward or away from the GP 
of the body by a distance equal to the altitude intercept (a) for that body. For best 
accuracy, use a plotting tool such as a protractor to draw the lines on the chart. Use an 
orienteering compass if no other tools are available. 


Draw a LOP on the chart for each sight that you’ve taken. If all sights were taken from 
the same location, the intersection of the actual LOPs is your calculated position fix. 


Mark the AP for Acamar (46°S, 126°53.0'E) on the chart. Draw a line from here in 
the direction of Zn (92.7°) and mark the end of the line with an arrow. Draw a line 
perpendicular to 92.7° and through the AP for Acamar. This is the assumed LOP 
for Acamar. Draw a second line parallel to the assumed LOP and shifted by a = 
20.2 nm toward the GP of Acamar. This is the actual LOP for Acamar. 
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Mark the AP for the sun (46°S, 128°03.4'E) on the chart. Draw a line from here in 
the direction of Zn (20.2°) and mark the end of this line with an arrow. Draw a line 
perpendicular to 20.2° and through the AP for the sun. This is the assumed LOP 
for the sun. Draw a second line parallel to the assumed LOP and shifted by a = 
10.8 nm toward the GP of the sun. This is the actual LOP for the sun. 
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Shift line of position (LOP) 


In many cases, particularly on the ocean, you will have taken sights from different 
locations. Before reading off your position fix, shift all the actual LOPs so that all the 
sights appear to have been taken from the location of the last sight. The dead reckoning 
(DR) positions that you used for earlier calculations will show you how to shift the 
LOPs. 


On the chart, mark the DR positions of all the sights. Measure the distance and bearing 
from earlier DR positions to the DR position of the last sight. Then shift each earlier 
LOP by the measured distance and bearing. The intersection between the shifted LOPs 
and the LOP of your last sight is your calculated position fix. 


Mark the DR position of Acamar (46°03.4'S, 127°19.7'E) and the DR position of 
the sun (45°48.3'S, 128°13.9'E) on the chart. Measure the distance and bearing 
from DR (Acamar) to DR (Sun). This yields a distance of 40.7 nm and a bearing of 
68°. Shift the actual LOP of Acamar by 40.7 nm toward 68°. Your calculated position 
fix is the intersection between the shifted LOP of Acamar and the LOP of the sun. 
Use the latitude and longitude lines on the chart to read off the position fix, 45°52'S, 
128°16'E. 


128 


Chapter 5: Celestial Navigation 


40127900 40 128°00E 20" 


a0 


) 
45°48. 3'S,|128°13.9'E 
50 


zi & Ach 
ci [ BN eee 
felt 5 1) aesc0's 
AP (Acamar) f 
46°S, 126°53.0'E By 
S 10 
DR (Acamar) AP (Sun) 3B Position fix 
46°03.4'S, 127°19.7'E 46°S, 128°03.4'E = 45°52'S, 128°16'E 
5 


Using a calculator 
By now you should have noticed that using an almanac and sight reduction tables to 


calculate your position requires a sharp mind and meticulous attention to detail. The 
task could prove challenging on a small water craft bouncing around in the middle of 
the ocean. A celestial navigation calculator will greatly simplify your calculations, 
assuming salt water doesn’t destroy the unit. For each sight, plug in the sextant altitude 
(Hs), index error, sextant elevation above sea level, universal time (UT), universal date 
(UD), dead reckoning (DR) position, and select the appropriate celestial body. The 
calculator may ask if any LOPs have been shifted and will then automatically do all the 


calculations and spit out your position. 
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Chapter 6 
Natural Navigation 


Our ancestors were incredibly competent at using natural clues to navigate. Enhanced 
by thousands of years of experience, their techniques became ever more dependable. 
The same principles still apply today, although mastering ancient methods requires 
considerable tutoring and practice. Aside from being used as backups, natural naviga- 
tion methods can help you travel faster and more efficiently when used in conjunction 
with modem navigation instruments. Keep in mind that many natural clues are specific 
to certain regions and may not work in your area. Use as many natural clues as possible 
to increase your odds of being correct. The best way to learn something about natural 
navigation is to make observations as you enter an area. 


6.1 Effects of sunlight 


The direction that a slope faces determines how much sunlight it receives. In the north- 
ern hemisphere, south-facing slopes generally receive more sunlight than north-facing 
slopes. The converse is true in the southern hemisphere where north-facing slopes 
receive more sunlight. The spring snow melts slower and glaciers are more likely to be 
present on slopes that face away from the sun. The vegetation may be denser or sparser 
on slopes that face the prevailing sun, depending on whether the added sunlight en- 
hances growth or dries out the soil. 


Certain plant and wildlife species are more plentiful on slopes that face the sun, while 
others that need moisture may favor slopes that face away from the sun. Berries usu- 
ally ripen earlier and flowers grow more plentiful in the direction that receives the 
most sunlight. Conversely, certain types of mosses or lichens that require moisture 
may grow faster on the side of a tree or boulder that receives less sunlight. Many types 
of flowers face the prevailing sun. Some flowers track the sun during daylight hours, 
even when it is overcast. Trees can indicate the cardinal directions by the way they 
grow. The bark is often thicker on the side facing away from the sun. The branches on 
some species of tree grow bigger and more horizontal in the direction of the sun. One 
of the more reliable ways to tell the direction from a tree is to look at a stump. Tree 
rings are usually closer together in the direction of the prevailing sun. 


Unfortunately, these clues don’t always indicate a specific cardinal direction. Some 
species are less affected by sunlight than others. In many cases, the sunlight doesn’t 
reach certain plants because they are shaded by terrain features or other nearby plants. 
For instance, trees growing along the perimeter of a forest normally receive more sun- 
light than trees in the middle of the forest, regardless of the direction of the prevailing 
sun, Other factors that influence growth such as soil, winds, or precipitation rates can 
mask the effect of sunlight. Analyze a large sample of plants in the same area and make 
sure you're completely familiar with the subject before drawing a definite conclusion. 
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6.2 Effects of wind 


Differential heating of the atmosphere, together with the coriolis force of the spinning 
Earth, generates extensive bulk movement of air masses that creates enduring prevail- 
ing winds. The directions of the prevailing winds change with the seasons in some 
areas while in other regions they stay the same throughout the year. On land, the local 
topography often distorts the prevailing wind direction but surface winds nevertheless 
tend to blow from one preferred direction. From time to time, winds will blow from 
non-preferred directions. 


Knowing the direction of the prevailing wind in your area may help you determine the 
cardinal directions. If a high altitude wind is blowing, you can tell its direction by 
looking at the movement of high-level clouds. Surface winds often leave clues about 
their preferred direction even when they are not blowing. Persistent winds from a par- 


131 


Chapter 6: Natural Navigation 


ticular direction can modify the shape of trees by stunting the growth of foliage on the 
side facing the wind. In sand deserts, the wind molds the surface into sand dunes, and 
in similar fashion, the wind creates sastrugi (snow dunes) on snowfields. The most 
common type of sand dune or sastrugi is shaped like a ridge that runs parallel to the 
wind direction. This type of ridge has symmetrical sides. Another type looks like a 
horseshoe with its open end pointing away from the wind direction. A third type looks 
like sea waves with crests and troughs at right angles to the wind. Inhabitants of the 
arctic have used the shape of snow to travel in a straight line during whiteouts and 
desert nomads have used the shape of dunes to navigate during sand storms. The un- 
derlying principle is simple; just keep moving at a certain angle relative to the orienta- 
tion of the sand dunes or sastrugi. 


Snow cornices that form on mountain ridges give a clear hint of the preferred wind 
direction at that particular spot. They look like breaking sea waves that are frozen into 
position. Cornices are not necessarily useful for navigation because winds in moun- 
tainous terrain are often highly localized. The wind can spin around a mountain, creat- 
ing cornices that point in several directions on the same mountain. 


6.3 Landforms 


In many parts of the world, mountain ranges, valleys, and rivers run parallel to each 
other. The easiest way to discover the landform pattern specific to your area is to look 
at a small-scale map or fly over the area. Take note of the cardinal directions of ranges 
and valleys and which way the rivers are flowing. 


Repetitive landforms are a mixed blessing. By acting as guiding or catching features, 
the landforms can reveal your travel direction or tell you when you’ve reached a cer- 
tain point. On the other hand, when all the landforms look alike, it may be difficult to 
tell one from another. 


Example of parallel rivers 
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6.4 Ocean clues 


The vast expanse of the open ocean with its lack of landmarks is an intimidating place 
for the untrained navigator. Yet, a lot of information can be gleaned by scrutinizing the 
surrounding sky and water. The unobstructed view on the ocean makes it an ideal place 
to use astronomical bodies to navigate, but there are other clues as well. 


Ocean swells 

Swells are different from locally generated waves. They are big waves that maintain 
their direction for a long time and are usually generated by prevailing winds. The 
heights of swells depend on the strength and duration of the generating wind, and the 
length of ocean over which the wind was blowing. The greater the distance from the 
generating wind, the longer the wavelength of the swells and the gentler the slope of 
the waves. Short wave lengths and steep slopes indicate that the generating wind is 
closer. Knowledge of general wind patterns gives you an indication of the general 
direction of the swells in your area. 


Swells can persist for several days after the generating wind has stopped. This makes 
them well suited for maintaining your direction of travel on the open ocean. After 
pointing the bow of your vessel in the desired direction, determine the angle between 
the swells and your vessel and then maintain that angle to stay on course. A highly 
capable navigator can feel the direction of swells by the rocking motion of the vessel 
without looking outside. Close to shore, swell patterns are more complex and become 
difficult to predict. 


Signs of land 

There is often evidence of the direction and proximity to land long before it comes into 
view. Obvious signs include floating leaves, bark, branches, bushes, trees, or ice. Land 
can also literally be smelled. Clouds hovering in one location during an otherwise sunny 
day are an indication that there is land below. Local clouds commonly form over moun- 
tainous islands. The light of the sun or moon reflected off sandy beaches or smooth 
waters of sheltered lagoons can create a distinct glow above the land. Even during over- 
cast days, light reflected from land can impart a different coloration to the clouds above. 


Distorted wave patterns are often caused by waves reflecting back from land or squeezing 
between islands. Similarly, winds that suddenly change direction or turn gusty are an 
indication of nearby land. At night, the light from distant cities can be seen reflecting 
off clouds or smog. 


Land-based seabirds are one of the most intriguing clues regarding the direction and 
distance to land. Some species of bird live on land but feed off the ocean. In typical 
fashion, these birds head out to sea in the morning to feed and return to land in the evening 
to rest. A navigator who spots a land-based bird in the morning may assume that land is in 
the direction that the bird is coming from, and in the evening simply follow the bird 
toward land. Potential changes to the birds’ habits during nesting season must be taken 
into account. Instead of making one long trip per day, the birds may return to land several 
times to feed their young. Generally, the flight path of large groups of birds is a more 
reliable indicator of land than the movement of individual or small groups of birds. 
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Seamarks 

The ocean isn’t as uniform as many people think. Persistent warm or cold-water cur- 
rents snake their way through water of different temperature or salinity, creating vis- 
ible patterns for the observant navigator. You can estimate the water temperature by 
feeling it with your hand and determine its salinity by tasting the water. Nutrient rich 
water may look green compared to the bluish surrounding water. Light, shallow water 
stands out compared to dark, deeper water. Certain types of water attract certain types 
of sea life. As a result, some locations on the ocean attract high concentrations of 
whales, sharks, jellyfish, sea birds, etc. It is a matter of knowing what type of water or 
sea life to expect at a particular location. 


6.5 Making a compass 


A magnetized nail, sewing needle, or wire can be made into a compass needle by 
placing it on a piece of paper or wood floating in a container of water. Make sure that 
the water container isn’t made of ferromagnetic material. Plastic or aluminum are good 
candidates. Provided the setup isn’t influenced by wind, the needle will quickly align 
itself along Earth’s magnetic field lines. 


Water container made of 
non-ferromagnetic material 


You will need additional information such as the direction of the sun to determine 
which end of the needle is pointing in the direction of the magnetic field lines (mag- 
netic north). This setup is somewhat portable if you have a watertight lid on the con- 
tainer. 


If the needle isn’t magnetized, you may be able to magnetize it by repeatedly stroking 
the needle with a magnet. Always stroke with the same end of the magnet and toward 
the same end of the needle. 
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6.6 Using thermometer to determine elevation 


The temperature of boiling water in an open pot depends on the ambient air pressure, 
which in turn is inversely proportional to your elevation. By boiling water ina pot and 
measuring the water temperature, you can calculate your approximate height above sea 
level. To do this, you need an accurate thermometer that can withstand being dipped in 
boiling water. At sea level, the boiling temperature of pure water is 100°C. For every 
300 m of elevation gain, the boiling temperature decreases by 1 °C. For a precise corre- 


lation, see Table 6.6. 


Table 6.6 

Correlation between elevation and 

boiling temperature of pure water 
Temp. |€Elevation| Temp. | Elevation 
100.0°C Om | 85.0°C | 4500m 
98.3°C | 500m | 83.3°C | 5000m 
96.7°C | 1000m | 81.6°C | 5500m 
96.0°C | 1500m | 79.9°C | 6000m 
93.3°C | 2000m | 782°C | 6500m 
91.7°C | 2500m | 765°C | 7000m 
90.0°C | 3000m | 748°C | 7500m 
88.3°C | 3500m | 73.1°C | 8000m 
86.6°C | 4000m | 71.4°C | 8500m 


The accuracy of your reading will depend strongly on the accuracy of your thermom- 
eter and impurities in the water (don’t use soup). Weather systems and other factors 
that influence altimeter readings will also affect your result. 
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Emergency Communication 


To call for outside assistance, you have a choice of many types of electronic communi- 
cation devices. The technology is evolving so rapidly that it is difficult to keep pace with 
all the changes. There is also the danger of trying to use obsolete equipment that relies 
on infrastructure that no longer exists. You can, of course, resort to low-tech systems 
such as mirrors, flashlights, whistles, or flares to try to attract someone’s attention. 


7.1 Emergency transmitters 


7.1.1 ELTs and EPIRBs 

Battery-operated devices that can remotely locate an aircraft or ship in distress have 
been around for many years. In aviation, the device is called an emergency locator 
transmitter (ELT). In marine applications, it is known as an emergency position indi- 
cating radio beacon (EPIRB). The impact of a crash automatically activates an ELT, 
while an EPIRB is activated after the vessel is submerged. The buoyant EPIRB floats 
to the surface and starts transmitting. Both these devices can also be switched on manu- 
ally. The distress signal is transmitted using one or more of the international search and 
rescue frequencies. A nearby aircraft or vessel that is equipped with a suitable receiver 
can pick up the distress signal and call for a rescue operation. The rescue craft uses a 
directional antenna to home in on the source of the distress signal. 


Satellites can also pick up a distress signal and have the added advantage of surveying 
large areas and continual monitoring. After receiving a distress signal, the satellite 
relays the information to a ground station where the rough position of the signal source 
is calculated from the doppler shift of the distress signal. The doppler shift is the change 
in frequency of the distress signal that is caused by the relative motion between the 
emergency transmitter and the satellite. The accuracy of the position derived from the 
doppler shift is typically a few kilometers. 


‘The most accurate emergency transmitters are used in conjunction with a GPS re- 
ceiver. The GPS receiver is either a separate unit connected to the emergency transmit- 
ter or built into the emergency transmitter. The device transmits the position acquired 
from the GPS receiver to the satellites. A ground station that monitors the satellites 
relays the position to a local rescue organization. The accuracy of the transmitted posi- 
tion is equal to the accuracy of the GPS position fix. 
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7.1.2 Personal locator beacon (PLB) 

A personal locator beacon (PLB) is a compact, lightweight emergency transmitter that 
operates in the same manner as an ELT or EPIRB, except that it can only be activated 
manually. A PLB can be highly effective at finding wilderness travelers in distress, 
especially if the PLB is used in conjunction with a GPS receiver. 


Because of the potential for abuse and the great costs associated with false alarms, some 
jurisdictions dispense severe penalties for misuse and/or require that you register your 
PLB with the appropriate authorities. Some PLBs transmit a digitally encoded distress 
signal that, aside from relaying your position, also gives the rescuers other information 
such as the name of the registered owner of the PLB and what family members or 
friends to contact in case of an emergency. Most PLBs have enough battery power to 
transmit continually for up to a few days but this is reduced in cold temperatures. To 
avoid confusing rescuers, do not switch off a PLB once it has been switched on. 


Other less sophisticated types of locator beacons are similar to transmitters used to 
track wildlife. They transmit a weak pulse at regular intervals and are always switched 
on. The batteries can last for a year or more. The transmitted signal is, however, not a 
distress signal and will not trigger a rescue unless you have prearranged for someone 
to start searching for you by a certain date. Typically, a rescue aircraft detects the 
transmitted signal and then homes in on the source using a directional antenna. 


7.2. Two-way radios 

‘A huge industry has been built around wireless communications and many types of 
two-way radios have been developed. Two-way radios use electromagnetic waves of 
certain frequencies to transmit and receive voice signals. Each frequency is associated 
with a particular radio channel. Most of the battery power of a radio is used when the 
unit transmits a signal. Much less power is used when only receiving a signal and even 
less when the radio is on standby. Carry spare batteries and shut off your radio when it 
is not in use. 


Radios are averse to dirt and moisture, especially salt water, so make sure to protect 
your radio from the elements. Learn how to use your radio and carefully consider its 
limitations before heading into the wilderness. Make sure that your two-way radio has 
coverage for the area that you intend to travel. A common problem is the inability to 
receive or transmit a message. Just moving a few meters away can sometimes greatly 
improve or worsen your reception. Other times, you may have to move away from 
terrain features such as ridges that obstruct the signal or move to higher ground. Some 
radios are equipped with a switch that lets you adjust the transmitting power. Use the 
highest power setting if you cannot get any reception, but keep in mind that the higher 
power will drain the batteries faster. 


Most aircraft and ships use geographic coordinates to navigate. Therefore, state your 
position in latitude and longitude when communicating directly with an aircraft or 
ship. On the other hand, local rescue organizations may prefer that you use grid num- 
bers for your position. Be prepared to use both systems during an emergency. 
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Range 

The range is the maximum distance that a two-way radio can transmit or receive an 
intelligible signal from a base station or another radio. The range increases with a more 
powerful transmitter, a bigger antenna, and a lack of obstructions. Unfortunately for 
the wilderness traveler, powerful transmitters are heavy, bulky, and draw a lot of bat- 
tery power. In general, the lower the frequency of the radio wave, the greater the po- 
tential range. This is offset somewhat by the fact that low frequency radios require 
large antennas that are less efficient than small antennas. The range can increase con- 
siderably when atmospheric conditions allow the radio waves to refract (bend) along 
the curvature of Earth, or reflect (bounce) off the Earth’s ionosphere or the ground 
before reaching the recipient. 


Refraction occurs when radio waves pass between air masses of different densities. In 
the lower atmosphere, refraction normally increases the range by about 15 percent 
beyond the visible horizon for high frequency radio waves. Abrupt changes in air den- 
sity can occur at certain elevations in the atmosphere due to temperature inversions or 
a sharp moisture gradient. Under these conditions, radio waves sometimes refract by 
the same amountas the curvature of the Earth, allowing communication over very long, 
distances, especially if the transmitting and receiving radio antennas are in the same 
layer of air. 


The upper atmosphere consists of several layers of ionized (charged) particles, most of 
which are created by sunlight knocking off electrons from the particles. Collectively, 
the ionized layers are known as the ionosphere whose thickness, height, and strength 
varies with the time of day and season, Radio waves that hit the ionosphere at certain 
angles are reflected back to the ground, increasing the potential range of the radio. The 
reflection angles depend on the frequency of the radio wave and the strength of the 
ionosphere. The radio waves may also reflect back and forth between the ionosphere 
and the ground, further increasing the range. At distances beyond the range of the 
direct signal but too close for the first reflected signal, there will be a zone where no 
transmission is possible. For frequencies higher than a certain threshold, all the radio 
waves will penetrate or be absorbed by ionosphere and no reflection will take place. 


During nighttime, the ionized particles in the lower atmosphere recombine with elec- 
trons at a faster rate than they are separated and this part of the ionosphere weakens. 
This enables radio waves to reach and bounce off higher layers, which extends the 
range of radio waves at night. 


7.2.1 FRS radios (walkie-talkies) 

ERS (family radio service) radios, also known as walkie-talkies, are line-of-sight de- 
vices that are cheap, light, and easy to use. Most units offer a choice of several chan- 
nels (frequencies). Just push a button to talk to anyone within range that has a similar 
device switched to the same channel. Release the button to listen. FRS radios are not 
subject to calling fees and normally no license is required. 
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The units use the same frequency to transmit and receive, so you cannot talk and listen 
at the same time. As the name suggests, FRS radios are mainly used to communicate 
between members of a group. The low-power transmitters in FRS radios provide a 
maximum range of only 1 to 3km, making the units unsuitable to call for distant out- 
side help. Some units can tune into broadcast radio stations, a useful feature for getting 
weather forecasts 


‘Aserious drawback is the lack of a world standard for allowable radio frequencies. An 
FRS radio purchased in one country that allows a certain set of FRS frequencies may 
be illegal in another country that allows a different set of frequencies. Using an FRS 
radio in the wrong country could interfere with communications by that country’s po- 
lice, military, etc., and may be subject to harsh penalties. On the other hand, if you are 
deep in the wilderness and away from other people, your FRS radio signal is unlikely 
to interfere with anyone outside your group. 


7.2.2 VHF/UHF radios 


VHF (very high frequency) or UHF (ultra high frequency) radios are similar to FRS 
radios but are much more powerful. They are used by pilots, sailors, police, fire fight- 
ers, rescue teams, and by many other professionals and amateurs. In certain areas, they 
can also receive weather forecasts. The range is normally line of sight but can be ex- 
tended considerably by repeater stations that retransmit the radio signals to other two- 
way radios or into telephone networks. 


A huge bureaucracy has been created governing the use of VHF/UHF radios. Some 
channels are off limits to the public and some jurisdictions require that you get an 
operator license and/or register your radio. There are also regulations on what you can 
talk about on certain channels. Of particular interest to wilderness travelers, are the 
emergency channels that are specifically used to call for a rescue. For instance, if you 
want a VHF/UHF radio for ocean kayaking, make sure that your radio can access the 
marine emergency channel for the area that you intend to travel. Before purchasing or 
renting a VHF/UHF radio, find out what channels are available on the radio and who, 
if anyone, monitors these channels for your area of travel. 


Emergency call procedure 
During an emergency, you must decide whether to do a mayday or pan-pan call. May- 
day calls are reserved for situations where there is immediate risk to life. For example, 
you are seriously injured, about to succumb to hypothermia, or clinging to an over- 
turned kayak. Pan-pan calls indicate that you need help but are not in immediate dan- 
ger. For example, you have a non-life threatening injury that prevents you from travel- 
ing, but have enough supplies to survive for several days. 

1. Prepare ahead of time what you are going to say, then switch on your VHF or UHF 
radio. Select the emergency channel if there is one for your area. To avoid overrid- 
ing other calls, wait for a gap in the transmission before calling. 

2. Press the transmit button, say “mayday, mayday, mayday” or “pan-pan, pan-pan, 
pan-pan”, and briefly state the nature of your emergency and your position (if 
known). Speak slowly and clearly and end the sentence with “over.” 
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3. Release the transmit button and wait for a reply. If you don’t get a response after 
about a minute, repeat the entire broadcast. Continue calling periodically, even if 
you get no answer. It’s possible that your radio is transmitting but not receiving. 

4, If you still cannot get a response, try calling on another channel and, if possible, 
move to a location with better reception. Keep in mind that the reception may be 
better at certain times of day or night. 


7.2.3 HF radios 

HF (high frequency) radios are capable of long distance communication, but the qual- 
ity of the reception is governed by atmospheric conditions and the time of day. Al- 
though the range of the direct signal is limited to your line of sight, reflected signals 
can extend the range to several hundred kilometers. The unit can be both heavy and 
bulky. Two long wire antennas must be strung out before the radio can be used. For 
best reception, lay out the antennas as high as possible and at right angles to the radio 
that you are trying to reach. An HE radio may be equipped with several sets of antennas 
of different lengths. Each antenna set is designed to be used with a specific radio chan- 
nel, so you must change the antennas when you switch channels. In general, the lower 
the channel frequency, the longer the corresponding antenna. At night, your HF radio 
may be subject to interference from distant radio stations. The main limitations of HF 
radios are the weight of the radio and the elaborate antenna setup. The emergency call 
procedure is the same as for VHF or UHF radios. 


7.2.4 Cellular phones 

Cellular phones are widely available and mainly used for mindless chatter, but have 
occasionally saved lives. Unlike FRS, VHE, UHF, or HF radios, cellular phones cannot 
communicate directly with each other. The call must first go through a base station 
transceiver that then relays the signal through a telephone network to other phones. 


Both the phone and the base station use low-power transmitters, so the direct range of 
the signal is limited to only a few kilometers. This isn’t a problem around most urban 
areas where extensive grids of base stations have been built. Your cellular phone simply 
switches from one base station to the next as you travel. The short range is deliberate 
and allows the reuse of the same frequency by non-adjacent base stations so that many 
cellular phones can be used at the same time without interference. A cellular phone is 
easy to use although the underlying technology is complicated. The signal is digitally 
compressed and coded and can simultaneously be sent over several channels, some of 
which may be shared with other callers. The system automatically handles billing of 
phone calls. 


For your cellular phone to work, you must be within range of a base station that be- 
longs to, or is affiliated with, your service provider. During an emergency, you may not 
be able to complete a call despite being within range of a base station. Before heading 
out into the wilderness, make sure that the phone’s batteries are fully charged. Protect 
your phone from moisture and remember that your phone becomes useless as you 
move away from the base station grids. 
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7.2.5 Satellite phones 

Satellite phones generally have very broad coverage but not necessarily global. De- 
pending on your service provider, your satellite phone uses either a few geostationary 
satellites that hover over the same point above Earth’s equator, or a large number of 
satellites in much lower orbits. The signal from your phone travels directly to one or 
more of the satellites where it is relayed to a ground station and into the telephone 
network. If your phone uses geostationary satellites, you must point the phone’s an- 
tenna directly toward one of the satellites to get reception. This type of phone usually 
has a small, built-in compass and a booklet telling you where to aim the phone. Be- 
cause geostationary satellites are located high (36000 km) above Earth, the signal trav- 
els a considerable distance before reaching your recipient and vice-versa, and there is 
a noticeable time delay during conversations. If your phone uses low-orbit satellites, 
you normally only need to point your phone’s antenna upward to lock onto one of the 
satellites and there is no noticeable time delay during conversations. 


Both the transmitted and received signals are low-power and the phone probably won’t 
work under heavy tree cover or in deep canyons. You need an unimpeded view of the 
sky for clear reception and to avoid being cut off during a conversation. Some satellite 
phones are able to use the cellular network. This type of phone will function just like a 
cellular phone when it’s within range of a cellular base station. When you move be- 
yond the cellular range, the phone automatically switches to direct communication 
with satellites. 


7.2.6 Miscellaneous wireless devices 
New types of wireless communications devices are being introduced at an unrelenting 
pace. The wireless signals could be transmitted via the cellular network or directly via 
satellites, or both. Any new type of wireless device would be subject to the same type 
of limitations that afflict cellular and satellite phones. 


With digital technology, wireless devices can be designed to transmit and receive just 
about any kind of information. For example, with the proper equipment you could e- 
mail someone for help or activate someone’s pager. Another possibility would be to 
use your digital camera to take pictures of your surroundings and then send the pic- 
tures over your wireless device to a rescue team. The rescuers could analyze the terrain 
in your pictures and then advise you how to proceed. The possibilities are as limitless 
as the ways things can go wrong. 


7.3 Signaling systems 


Signaling systems serve two main purposes: requesting assistance and guiding rescu- 
ers toward your location. Anything that attracts attention to your situation such as 
flashlights, whistles, mirrors, flares, or bright clothing can be used for signaling. For 
maximum effect, make sure your signal looks or sounds as different as possible from 
your surroundings. For example, if you’ re on snow use something dark to attract atten- 
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tion, or conversely, don’t use an acoustic device that sounds like a bird if you’re in a 
bird sanctuary. Do not depend on just one signaling system. Be prepared to use every 
conceivable method that you can think of. 


One of your most important decisions is choosing when to deploy consumables such as 
flares. You are faced with the conflicting demands of taking advantage of an important 
opportunity versus conserving a valuable resource. Your decision should be based on 
the likelihood of anyone detecting your signal, recognizing it as a call for help, and 
then initiating a rescue. Set up your signaling systems ahead of time so that you can 
activate them at a moments notice when the opportunity arises. Rescuers may respond 
to your signals with their own signals. If that happens, repeat your distress signal to 
help rescuers home in on your location. 


7.3.1 Flares 


Two main types of emergency flares exist: ground flares and aerial flares. Ground 
flares either spray burning material or colored smoke out of one end of the flare. Col- 
ored-smoke flares are meant to be used during the day, while burning material flares 
work best at night. Aerial flares use a small rocket to shoot up a charge into the air. 
When the rocket fuel is spent, the charge ignites and starts glowing. A small parachute 
deploys and the glowing charge slowly descends to the ground. Aerial flares are either 
handheld or launched from specially designed flare guns. Most types of aerial flares 
are intended for marine use only because of the danger of starting a forest fire when the 
flare lands on the ground. 


For distress purposes, your flares should emit either red or orange light or smoke, but 
don’t hesitate to use other colored flares if they are available. Flares are potentially 
dangerous devices that require proper operation and storage. Read the instructions 
before firing one off and make sure the flare is pointed in the correct direction. Mois- 
ture or age can cause flares to misfire. 


7.3.2 Mirrors 

In bright sunlight, a good mirror reflects an enormous amount of light that can be seen 
from far away. A mirror compass can be used for this purpose. Other reflective surfaces 
such as sunglasses, watch faces, or shiny metal surfaces do not reflect nearly the same 
amount of light as a glass mirror. The difficult part is aiming the sunlight toward your 
target. Specially designed signaling mirrors are equipped with a sighting apparatus 
that makes aiming the mirror much easier. 


To aim an unsighted reflecting surface, close one eye and point the tip of your thumb 
toward your intended target. Hold the reflecting surface as close to your open eye as 
possible and orient the reflecting surface so that the reflected sunlight hits the tip of 
your thumb. This will direct the reflected sunlight toward your target. Wiggle the re- 
flecting surface to direct a flickering signal at your target. 
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7.3.3 Light signals 

You can use a flashlight or any other battery operated light source to send distress signals 
at night and even during the day. The standard emergency procedure is to use the light 
source to send an SOS signal. This is done in Morse code with a sequence of three short 
flashes, followed by three long flashes, and then three more short flashes. Aim your light 
toward a logical target and repeat the signal sequence as many times as necessary. 


In general, strobe lights do not have the same range as flashlights, although a rapidly 
flashing light will certainly draw the attention of anyone who sees it. One advantage is 
that they can be left unattended for extended periods. A camera flash will also work as 
a signaling device. Another tool is a specially designed signal laser. The low dispersal 
of the laser beam means that the light carries over long distances. Signaling lasers must 
be oriented a certain way because the beam is typically projected as a line of light 
rather than a point. Because of the narrow beam, aim the laser directly at your target to 
attract attention. If your laser lacks a sighting apparatus, use the same technique as 
with a mirror to direct the laser beam at the target. Once the beam is aimed, move it 
very slowly back and forth across your target. 


7.3.4 Fires 

Fires can be an effective signaling method. The universal distress signal is three fires 
positioned 10- 15m apart and arranged in a triangle. Setting up signal fires requires a lot 
of preparation, especially if you are in an area that lacks much combustible material. 


To avoid maintaining three continually burning fires, only light one of your three “fires” 
and set the others up for quick ignition. Prepare the unlit “fires” by gathering plenty of 
dry kindling into a pile and then adding some green vegetation to the top of the kin- 
dling. The green vegetation will ensure that the fire produces enough smoke to be 
visible from the air. Ifa low flying aircraft approaches, quickly ignite all your “fires”. 
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7.3.5 Acoustic devices 

‘The sound of an acoustic device such as a whistle or an air horn carries much further in 
the wilderness than shouting. Acoustic devices are intended to catch the attention of 
anyone within audible range. The universal distress signal is the SOS sequence with 
three short blasts, followed by three long blasts, and three more short blasts repeated at 
regular intervals. A series of three blasts repeated over and over is also considered a 
distress signal. A whistle is a lightweight and durable device that should be carried by 
every wilderness traveler. Rain, snow, and heavy vegetation will reduce the acoustic 
range. Wind normally decreases the range but can in some instances increase the down- 
wind range. 

7.3.6 International ground signals 

Aircrews that are trained in search and rescue techniques should understand the inter- 
national ground signals. The aircraft can acknowledge your message by tipping its 
wings or flashing a green light. An aircraft that flashes a red light or flies in a clockwise 
circle may mean that your message is not understood. Some of your signals will be in 
response to questions from the aircraft. The aircrew can for example drop you a mes- 
sage from the aircraft or talk to you via a megaphone. 


Ground symbols 

Ground symbols can be stomped into the snow, drawn in the ground, written with a 
pattern of rocks, etc. Make the characters as large as possible so that they are clearly 
visible from the air. If you haven't memorized any of these ground symbols, write out 
“RESCUE” or “SOS” instead. 


FII€KX 


Need food Serious Need medical —_Iwillgoin Tellme which Unable 
and water injury supplies this direction way to go to move 
Need don't Safe to All is well 
assistance understand land here 
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Body signals 

Body signals have similar meanings as ground symbols except that you can respond 
instantly to any questions from the aircrew. For greatest effect, wear clothing that con- 
trasts with the color of your background. For a signal that requires you to move your 
arms, hold a bright cloth in your moving hand and exaggerate the movement. 


Pick us up Yes No Have radio All is well 


vam 


J —— 
Landin this DoNOT attempt Need medical Use drop Can proceed 
direction to land here assistance message shortly 
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Chapter 8 
Practical Navigation 


How you navigate is largely dictated by the availability of landmarks. If prominent 
landmarks are visible, you should be able to navigate with only a map, or in some 
cases, just your memory as a guide. When no landmarks are visible, you must comple- 
ment your map with a compass and use techniques such as dead reckoning to estimate 
your position. For land navigation, an altimeter will often enhance your ability to es- 
tablish your location. For long trips through featureless terrain, a position-finding de- 
vice such as a GPS receiver or sextant is required. 


8.1 Terrain association - map only 


Navigating by terrain association requires prominent landmarks, a certain amount of 
visibility, and a map if the terrain is unfamiliar. Terrain association is based on building 
a mental image of the terrain. The surrounding landmarks and linear features guide 
your movement. Linear features are long, thin features that can be straight or curved. 
They include valley bottoms, canyons, rivers, coastlines, ridges, power lines, and roads. 


You can usually find your way without too much effort with terrain association, pro- 
vided a significant portion of the terrain is visible. It is a natural way of navigating; it’s 
how we subconsciously do it in everyday life. If you plan to travel through an unfamil- 
iar area, try building an initial mental image of the area ahead of time by studying maps 
and pictures. As you travel through the new area, your mental image is continually 
modified by what you see in the real world. The key to success is your ability to recog- 
nize certain critical features on both the map and in the real world. 
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Here are a few important considerations: 


* Orient the map. It’s much easier to compare the map with the real world when the 
map is oriented. Use prominent landmarks or the sun to orient your map. 


* To identify features, look at the shape and steepness of slopes, the relative heights 
and directions between features, and the directions and relative elevations between 
you and the features. Look for any other clues such as vegetation zones or the 
direction of running water. 


* Do mental triangulations off visible landmarks to estimate your position on the map. 


* Keep track of which direction you’re heading and estimate the distance you’ve 
traveled since your last known position. To keep yourself moving in the correct 
direction, adjust your travel direction relative to distant landmarks or follow linear 
features that are parallel to your travel direction. Don’t forget to look at the land- 
marks behind you. 


* Select catching features to alert you when to change direction or if you’ve gone too 


far. Catching features are linear features that cross your line of travel or landmarks 
whose nearby presence you’re unlikely to miss. 


Navigational errors are easily spotted with terrain association. If you encounter some- 
thing in the real world that contradicts what you expected from the map, you immedi- 
ately know that you are not were you thought you were. There is, of course, the possi- 
bility that your map is incorrect. Terrain association requires lots of practice to master. 
It also lacks the precision needed for finding exact locations and is difficult to use 
when the visibility is poor. 


Example of terrain association 
With the map below as your only navigation tool, you intend to hike from (A) toa 
campsite by a lake at (D). 


\ ah ogpe SS 
5 21 Cai Mountain|range on north 
{ Sid peak | and peak 


ae 
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The first part of your journey follows a bench that runs along the south side of an 
east-west tending valley. A bench is a flat section on a slope. A mountain range 
runs along each side of the valley. A river flows along the bottom of the valley with 
several small streams tumbling down into the river from the flanks of the mountains. 
Knowing which direction to travel on this part of the route is easy. Just travel 
parallel to the river. If you drift too far to the right or left, you will run into steeper 
ground. 


To figure out of how far you've traveled along the bench, pay attention to the 
surrounding features. Counting the number of streams that you cross may seem 
like an obvious method but all streams aren’t necessarily marked on your map. A 
more dependable method is to keep track of the peaks that rise along the sides of 
the valley. The tops of the peaks on the south side of the valley are probably 
hidden from view because of your location on the same side of the valley. You are 
more likely to have an unobstructed view of the peaks on the opposite, north side 
of the valley. 


Your first catching feature is the creek that drains the first major side-valley that 
you encounter to the south. This creek is bigger than the other side-streams 
because it drains a larger area. The side-valley is also much wider than the gullies 
that drain the other streams and you may be able spot the headwall and waterfall 
to the south. To confirm that you've reached the correct creek, look at the peaks 
on the north side of the main valley. You should be opposite from the col that 
separates the 3° peak from the 4" peak. 


After crossing the creek at (B), head up the side-valley. The navigation here is 
easy. Just follow the creek upstream. The next navigation challenge is finding the 
pass at (C). Pay close attention to the peaks on both sides of the valley. There is 
no obvious catching feature that tells you where to start your upward climb toward 
the pass. If you reach the headwalll with the waterfall, you have gone too far. 
Assuming that each grid square represents 1km x 1 km, the map shows that you 
must head upward toward the pass about 1 km before reaching the headwall. This 
location is about halfway between the headwall and a major stream that runs 
down the east side of the side-valley. 


If you start climbing at the correct location, the terrain will funnel you toward the 
pass (C). After reaching the pass, head downhill toward the center of the lake. The 
lake is at the bottom of a basin and any streams that you encounter in this area 
will run into the lake. Keep this in mind in case the fog rolls in and you suddenly 
lose sight of the lake. In addition, heading down the fall line (steepest slope direction) 
will bring you directly to the lake. Turn right at the lake and follow the shoreline. 
The campsite should be near the first major stream flowing into the lake (D). Do 
mental triangulations off the peaks that surround the basin to confirm your location. 
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8.2 Conventional map and compass navigation 


Prominent landmarks and linear features are often blocked from view by terrain, foli- 
age, or fog. Other lesser features that are visible can be difficult to identify if they are 
too plentiful, or too small to show up on your map. Under these circumstances, it can 
be difficult to travel in the correct direction without a compass. 


‘A compass allows you to travel in the correct direction even when you cannot see 
anything except your immediate surroundings. It also allows you to pinpoint your po- 
sition by triangulation whenever landmarks are visible. The following steps describe 
conventional map and compass navigation. If necessary, review Chapter2 for detailed 
information on how to use a compass. 

1. If your compass is equipped with an adjustable magnetic declination mechanism, 
adjust the declination so that it conforms to grid north. If not, add or subtract the 
declination after taking each map or field bearing. 

2. If you don’t already know where you are on the map, use terrain association or 
compass triangulation to find your position. Do this before it gets dark or the fog 
rolls in. 

3, Plota proposed route on the map from your current position to your desired desti- 
nation. If necessary, break up the route into a series of straight-line segments. The 
junctions between segments are called waypoints, and are intermediate targets that 
you will reach during your journey. 

4, Take a bearing off the map, from your current position to the next waypoint along 

your route. If the waypoint is located along a catching feature, add or subtract a 

deliberate offset to your compass bearing. The offset bearing will guide you toward 

the catching feature rather than directly toward the waypoint. The catching feature 
is usually much easier to find than the waypoint. Don’t use an offset bearing if 
there is no catching feature. 

Follow the compass bearing toward the catching feature or waypoint. Use steering 

marks to avoid constantly looking at your compass. The further you travel along 

the bearing, the more likely you are to drift off course, so take the opportunity to 
pinpoint your position by triangulation or terrain association whenever suitable 
landmarks appear. 

6. Once you reach the catching feature, the direction of the offset bearing will govern 
whether you go right or left along the catching feature to reach the waypoint. If 
you’ve been following a non-offset bearing, you will hopefully stumble right onto 
the waypoint. 

7. Once you reach the first waypoint, repeat the above steps for subsequent waypoints 
along your route. 


wa 
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Example of map and compass navigation 

You are somewhere along the shoreline of a lake (A) and intend to hike over a 
mountain range to the outlet of a second lake (F). After analyzing your map, you 
decide to travel to your destination via two passes, (C) and (D), and a creek fork 
(E). To shorten your first segment, you will triangulate your position at the first 
creek crossing (B). 


Adjust the declination on your compass so that it conforms to grid north. To 
triangulate your initial position, take a field bearing off Peak G, a convenient 
landmark thatis visible from the lake. The result is a bearing of 113° whose line of 
position intersects the lakeshore at (A), your current position. Taking a bearing off 
the map from (A) to (C) gives a bearing of 83°. Follow this bearing to the creek. 
From the creek bed, a field bearing off Peak H gives 66°. The line of position from 
this bearing intersects the creek at (B), which becomes your triangulated position. 


‘A map bearing from (B) to (C) gives 83°, confirming that you've maintained the 
correct course from (A). Continue along this bearing. As you climb higher, the terrain 
will funnel you toward the first pass at (C). After reaching the pass, maintain a 
constant elevation as your contour along the south slopes of Peak H to its southeast 
ridge. Follow the ridge downward along a bearing of 128° to the pass at (D). 


From the pass at (D), take a map bearing to the creek fork (E). The result is 73°. 
Subtracting 5° gives an offset bearing of 68°. Follow the offset bearing to the 
creek. Take a right at the creek and follow it downstream to the fork. 


The last bearing (84°) is toward your final destination (F). Here you have a choice 
of two catching features, the lake, or the creek that flows out of it. The lake is a 
better choice because the creek could potentially be confused with a stream not 
marked on your map. Subtract 5° for an offset bearing of 79° and follow this bearing 
to the lake. Take a right at the lake and follow the lakeshore to your destination at 
the outlet (F) 
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8.3 Dead reckoning — no landmarks 


The word “dead” in dead reckoning may have been derived from its original meaning 
“deduced”. In this book, dead reckoning is defined as navigating with just a map (or 
chart) and a compass when no landmarks are visible. The underlying assumption is 
that if you start from a known position, and are diligent about recording how far and in 
what direction you've traveled, you can figure out where you are. The main applica- 
tion of dead reckoning is for travel across large open spaces such as deserts, tundra, 
polar plateaus, or oceans, often in conjunction with celestial navigation. Dead reckon 
ing is also used for travel through ordinary terrain during periods of reduced visibility 
or through thick undergrowth. 


‘Although it has been used successfully by highly competent navigators, dead reckon- 
ing is inherently unreliable because it is difficult to maintain a straight course and 
judge how far you've traveled. At sea, you must compensate for the drift caused by 
winds and currents. The further you travel, the more the errors accumulate, particularly 
if you're forced to veer off a straight-line course. All it takes is one mistake and you’re 
lost. Navigating by dead reckoning involves three interrelated activities: (1) keeping 
track of bearings, (2) keeping track of distance, and (3) detouring around obstacles. 


8.3.1 Keeping track of bearings 

Keeping track of bearings is practical only if you travel along straight-line segments. 
Any curved paths will greatly complicate your task and should be avoided. Unless 
obstacles block your route, stick to rigid straight-line segments by following a specific 
compass bearing to the end of each segment. Diligently record the bearings for all the 
segments that you have completed. 


8.3.2 Keeping track of distance 

Figuring out the distance traveled along each segment is the most difficult part of dead 
reckoning. Your mode of travel will largely dictate what distance measuring techniques 
you can use, 


* If you're hiking, multiply your average stride length by the number of steps that 
you've taken. To calculate your average stride length, count how many steps it 
takes you to complete a known distance, then divide the known distance by the 
number of steps. While traveling, move pebbles or matchsticks from one pocket to 
another to keep track of your step-count. For example, move one pebble from one 
pocket to the other for every 100 steps. Electronic step counters are available that 
strap to your hip and count your steps by sensing the movement of your hip. The 
unit displays your travel distance based on your stride length. Read the instruction 
manual for procedures on how to calibrate the step counter so that it conforms to 
your stride. Keep in mind that different types of terrain will substantially alter your 
stride length. 
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* If you're traveling roped up on snow, use the rope length to measure the distance. 
The first person on the rope draws a line in the snow. When the last person on the 
rope reaches this line, he or she signals to the first person to draw another line in the 
snow. As this process is repeated, the last person keeps track of the number of lines. 
Multiply the number of lines by the length of rope between the first and last person 
to calculate the distance. 


* Anodometer wheel can be towed along or attached to a sled or cart. As you travel, 
the odometer counts the number of revolutions of the wheel. To calculate the dis- 
tance, measure the circumference of the wheel and then multiply the circumference 
by the number of revolutions. This method has been used successfully on polar 
sledding expeditions. 


* Ifyou know your average travel speed, you can calculate your distance by keeping 
track of your travel time. On land, judge your speed from previous travel through 
similar types of terrain, On the water, measure the time it takes for the length of your 
boat to travel past a wave top or piece of driftwood. Divide the length of your boat 
by the time, to obtain the speed of your boat. To compensate for drift caused by wind 
and waves, look at the wake of your boat. Your travel direction is in line with the 
wake, not the direction where the bow is pointing. Compensating for currents is very 
difficult on the open ocean but relatively easy on rivers. Once you've estimated your 
speed, multiply your speed by your travel time to obtain the distance. 


8.3.3 Detouring around obstacles 
Circumventing obstacles while moving along a dead reckoning segment must be done 
without losing your distance measurement tally. Follow detour segments that are either 
perpendicular or parallel to your original travel direction. Instead of readjusting your 
compass bearing, travel at right angles to the travel direction arrows on your compass 
while following a perpendicular detour segment. 


Parallel detour 
segments | 


ENS 


Perpendicular —\, | Obstacle 
detour segments __<¢* | 


\ Move at right angles 
to travel direction arrow 


S on perpendicular detour 
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The UMTS TDD specification also includes the capability to use joint detection in receiver- 
signal processing, which offers improved performance. 


One consideration, however, relates to available spectrum. Various countries around the 
world including those in Europe, Asia, and the Pacific region have licensed spectrum 
available specifically for TDD systems. TDD is also a good choice for any spectrum that 
does not provide a duplex gap between forward and reverse links. 


In the United States, there is limited spectrum specifically allocated for TDD systems, the 
major band being BRS at 2.5 GHz used by Clearwire for WiMAX and now LTE TDD.”!° UMTS 
TDD is not a good choice in FDD bands; it would not be able to operate effectively in both 
bands, thereby making the overall system efficiency relatively poor. 


TDD systems require network synchronization and careful coordination between operators 
or guardbands, which may be problematic in certain bands. 


There has not been widespread deployment of UMTS TDD. 


Time Division Synchronous Code Division Multiple Access (TD-SCDMA) is one of the official 
3G wireless technologies, mostly for deployment in China. Specified through 3GPP as a 
variant of the UMTS TDD System and operating with a 1.28 megachips per second (Mcps) 
chip rate versus 3.84 Mcps for UMTS TDD, TD-SCDMA’s primary attribute is that it supports 
very high subscriber densities, making it a possible alternative for wireless local loops. TD- 
SCDMA uses the same core network as UMTS, and it is possible for the same core network 
to support both UMTS and TD-SCDMA radio-access networks. 


Although there are no planned deployments in any country other than China, TD-SCDMA 
could theoretically be deployed anywhere unpaired spectrum is available—such as the 
bands licensed for UMTS TDD—assuming appropriate resolution of regulatory issues. 


EDGE/EGPRS 


Today, most GSM networks support EDGE, an enhancement to GPRS, which is the original 
packet data service for GSM networks.?!" GPRS provides a packet-based IP connectivity 
solution supporting a wide range of enterprise and consumer applications. GSM networks 
with EDGE operate as wireless extensions to the internet and give users internet access, 
as well as access to their organizations from anywhere. Peak EDGE user-achievable””? 
throughput rates are up to 200 Kbps. Figure depicts the system architecture. 


20 The 1910-1920 MHz band targeted unlicensed TDD systems but has never been used 


21 GSM technology also provides circuit-switched data services, which are not described in this paper 
since they are seldom used. 


2 “peak user-achievable” means users, under favorable conditions of network loading and signal 
propagation, can achieve this rate as measured by applications such as file transfer. Average rates 
depend on many factors and will be lower than these rates. 
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‘You must keep track of two separate distances during the detour. Add the distances of 
the parallel detour segments to your original route tally. Either add or subtract the 
distances of the perpendicular detour segments, depending on whether you’re moving 
away or toward your original route. The total perpendicular distance of the detour 
segments will cancel out when you regain your original route on the other side of the 
obstacle. 


You can avoid the perpendicular count if there is a steering mark in line with your 
original route on either side of the obstacle. Just keep track of the distance along the 
parallel detour segments during the detour. You will regain the original route when you 
reach the steering mark on the far side of the obstacle. If the steering mark is on the 
near side of the obstacle, use a back bearing to regain your route. If the obstacle is big 
enough to show up on your map, pinpoint your position by terrain association and then 
use the obstacle as a starting point for a new dead reckoning segment. 


8.3.4 How to navigate with dead reckoning 

There are two main ways to use dead reckoning: (1) plotting your route ahead of time 
on the map and then following that route in the real world, or (2) using dead reckoning 
to estimate your position after you have already traveled. 


Following a predetermined dead reckoning route 

1. Determine the location of your starting point on the map by using terrain associa- 
tion or triangulation. Dead reckoning will not work without a known starting point. 

2. Plot your route as a series of straight-line segments that follow your desired line of 
travel. Keep your route as simple as possible by using the minimum number of 
segments. Label as waypoints the connection points between the segments. 

3. Take compass bearings off the map between all adjacent waypoints along your 
route. Write down the bearings and note whether the bearings are relative to true 
north, grid north, or magnetic north. 

4. Measure the distance of each segment with a graduated ruler. Use the map scale to 
calculate the real world distance of each segment. Write down the real world dis- 
tances. 

5. Now you're ready to navigate. Set your compass to the bearing between the first 
two waypoints. If necessary, readjust the bearing to take into account the magnetic 
declination. Follow the compass bearing while keeping track of the distance trav- 
eled along the segment. To stay on course without constantly looking at your com- 
pass, use steering marks or natural clues such as the direction of your shadow. If 
you’re on a large body of water, adjust your boat’s heading to compensate for 
‘winds and currents. This will affect your speed toward the waypoint. 

6. Once your distance tally shows that you've reached the first waypoint, repeat the 
procedure for subsequent segments until you reach your destination. If you inad- 
vertently travel past a waypoint, you can re-plot your course rather than backtrack 
to the missed waypoint. 
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Example of dead reckoning along a predetermined route 

Prior to this trip, you calculated the number of steps it takes you to cover 100m by 
walking three laps around a standard 400-m running track. You require 1837 steps 
to cover the 1200 m distance. Your average number of steps to cover 100 m is 
therefore 1837/12 = 153 steps/100 m. This number reflects the nominal number of 
steps you need to cover 100 m on hard, flat terrain with no obstructions. In the 
wilderness, your actual number steps per 100 mwill vary depending on how much 
weight you are carrying, the slope angle, how tired you are, the vegetation density, 
the snow pack, and many other factors. 


3km 
i [_ Scale 1:50 000 | | 


Your starting position on this journey is a creek fork that is easy to identify. You 
label this position as (A), and plot your route on the map as a sequence of straight- 
line segments with additional waypoints at (B), (C), (D), and (E). Based on the 
type of terrain, you decide to increase your nominal step count by 20% for all 
segments. Your step count becomes 1.2 x 153 = 184 steps/100 m. 


With a ruler, measure the length of each segment on the map. The segment 
distances are 36, 34, 52, and 84mm. Multiply these numbers by the map scale 
(1:50 000) to get real world distances. For example, the distance of the first segment 
is 36 mm x 50000 = 1800000 mm = 1.8km. Convert this distance to steps: 1.8km 
= 1800 m x (184 steps/100 m) = 3312 steps. Calculate and write down the number 
of steps for each segment. Adjust the declination on your compass so that it 
conforms to grid north. Take compass bearings off the map between alll adjacent 
waypoints and write down the bearings. 


At your starting point (A), set the compass bearing to 70°. Follow this bearing 
while counting steps. If you encounter obstacles, use detour techniques to avoid 
losing your step count. Stop when the step count reaches 3312. 


At (B), set your compass to 146°, and follow this bearing for 3128 steps to (C). 
Continue to (D) by following 87° and a count of 4784, and then to your final 
destination (E) with a bearing of 60° and 7728 steps. The further you travel the 
more inaccurate your position estimate will be. An excellent method for testing 
your dead reckoning ability is to retrace your route by following reverse bearings 
to your start point. 
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Estimating your position by dead reckoning 

Sometimes you cannot plot your route ahead of time because the route is flexible or 
uncertain. Starting from a known position, keep track of your bearings and travel dis- 
tances to estimate your dead reckoning position. This is a standard step in sextant 
navigation. On the ocean, currents and winds will distort your actual speed and bear- 
ing. Use mathematical or graphical methods to calculate your dead reckoning position. 
Graphical methods only work with charts or maps made from conformal projections 
where the scale at any one point is the same in all directions. 


Example of estimating your position by dead reckoning 

During a transoceanic sailing trip, you take two sights with a sextant and calculate 
your position as 47°01'N, 139°08'W. From here, you point the bow of your boat 
toward a magnetic bearing of 107° for six hours, and then want to establish your 
dead reckoning position. The magnetic declination is 18°E, and you are using a 
conformal Mercator chart. 


The estimated average forward speed of your boat is 5 knots. By looking at the 
wake of your boat, you calculate that a steady wind from the southwest causes 
your boat to drift at a rate of 1 knot in the wind direction (27° magnetic). There is 
also an ocean current pushing you eastward (72° magnetic) by 1 knot. One knot is 
defined as one nautical mile per hour. Use the bar scale to find out how long one 
nautical mile (nm) is on your chart. You could also do this without a bar scale 
because 1 nmis neatly equivalent to 1' of latitude. On your chart, 11nm is one fifth 
of the distance between the latitudes marked 50' and 55', for example. 


1810" 05'139°00W 5550" 45) 40" as 30" 25" 20" 18" 10 
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Your net movement from the last known position is a superposition of the 
movements caused by the boat's forward speed, the ocean current, and the wind 
drift. After six hours, your boat has moved a distance of 30 nm toward a magnetic 
bearing of 107°, 6 nm toward 72° (east), and 6 nm toward 27° (northeast). With a 
plotting tool, draw a line, 30 nm long, from your start point toward a magnetic 
bearing of 107°. Draw a second line, 6 nm long, from the end of the first line 
toward 72°, and finally a third line, 6 nm long, from the end of the second line 
toward 27°. Your dead reckoning position is at the end of the third line. Reading 
this point off the chart gives a position of 46°48'N, 138°17'W. 


For future reference, calculate your actual bearing and ground speed from the 
start point. On the chart, measure the length of the direct line between your start 
point and your dead reckoning position. Converting to real world units gives a true 
distance of 37 nm. Dividing this distance by 6 hours gives a true speed of 6.2 
knots. Using the compass rose to measure the bearing of the direct line gives a 
magnetic bearing of 92° 


8.4 Navigating with map, compass, and altimeter 


On land, an altimeter can significantly increase the navigation power of a map and 
compass. Your movement is guided by conventional map and compass techniques, 
with the altimeter tracking your progress and helping you pinpoint your location. Take 
into account all the factors that can distort your altimeter reading (Section 3.3). To keep 
your altimeter as accurate as possible, calibrate it every time you come across a known 
elevation on your route. 

1. If your compass is equipped with an adjustable magnetic declination mechanism, 
adjust the declination so that it conforms to grid north. If not, add or subtract the 
declination after taking each map or field bearing. 

2. Find your present location on the map. You may be able to do this by triangulating 
your position with your altimeter and compass (Section 3.4). 

3. Plot a proposed route on your map and mark all critical locations as waypoints. If 
possible, choose catching features that will help you find the waypoints. 

4, Take a compass bearing off the map from your present location to the first way- 

point. If your first waypoint is on a catching feature, add or subtract a deliberate 

offset to your bearing. 

Follow the compass bearing toward your target. Alternatively, you may be able to 

follow a linear feature. In the latter case, the compass bearing is only used to con- 

firm that you’re moving in the correct general direction. If you’re traveling up or 
down a major slope, track your progress by matching the contour lines on the map 
with your altimeter reading. 

6. When you reach the catching feature, follow it to your first waypoint. An altimeter 
reading will help you verify that you have reached the waypoint. 

7. Repeat Step 4 - 6 for subsequent waypoints. 


wa 
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Example of map, compass, and altimeter navigation 

You intend to climb and traverse a nearby mountain from a campsite by a lake (A) 
Your proposed route goes up a gully (B) to the mountain's south ridge (C), which 
you will follow to the summit (D). Your descent will follow the mountain's north ridge 
to a fork (E), and then along the northwest ridge to the top of a gully (F). After 
descending to the bottom of the gully (G), the route goes back to your campsite (A). 


Pinpoint your campsite on the map. This is easy because you are right by the 
lakeshore and there is an island across from your camp. According to your map, 
the lake elevation is 828 m. Since your campsite is 2m above the lake, calibrate 
your altimeter to 830 m. 


Adjust the declination on your compass so that it conforms to grid north. Take a 
compass bearing off the map from the campsite (A) to the bottom of the gully (B). 
This gives a bearing of 116°, Subtract a deliberate offset of 5° for an adjusted 
bearing of 111° to ensure that you end up slightly left of the gully bottom. Your 
catching feature is the 960 m contour line, the elevation of (B). Follow the 111° 
bearing until your altimeter reads 960m. Turn right and travel at a constant elevation 
to the bottom of the gully (B). 


Climb up the gully to the ridge crest, which is at an elevation of 1280m (C). Follow 
the ridge to the summit (D). As you climb the ridge, keep track of your progress by 
checking your altimeter. At the summit, calibrate your altimeter to read 1503 m. 
Take a bearing off the map from the summit (D) toward the ridge fork (E). As you 
leave the summit, follow this bearing (323°) to ensure that you are about to go 
down the correct ridge. Carefully monitor your altimeter as you descend. Keep an 
eye out for the ridge fork when you approach the 1400-m level. 


When you reach the fork (E), take a bearing off the map toward (F). This bearing 
(291°) should line up with the general direction of the northwest ridge. Descend 
the northwest ridge. Scout out the terrain to your left as you approach the 1230-m 
level to ensure that you don’t overshoot the gully (F). A bearing from (F) to (G) 
gives 227°, Use this bearing to confirm that you're about to go down the correct 
gully. Down-climb the gully to its bottom at 990 m (G). From here, take a bearing to 
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your campsite (256°). Subtract a deliberate offset of 5° for an adjusted bearing of 
251°. This will ensure that you hit the lake to the left of your campsite. When you 
reach the lake, turn right and follow the shoreline to your campsite (A). 


8.5 Navigating with map, compass, and GPS 

A map, compass, and GPS receiver is a powerful combination. It allows you to navi- 
gate through featureless terrain and during poor visibility. With a GPS receiver, you 
can follow a direct line to a waypoint without worrying about catching features. There 
are two major techniques: (1) pre-entering waypoints into the receiver, and then navi- 
gating along the route with the receiver and compass, or (2) using the receiver to pin- 
point your position on the map, and then navigating with conventional map and com- 
pass techniques. 


Expect some loss of precision whenever you transfer a waypoint from a GPS receiver 
toa map or vice versa. Normally, the most accurate waypoints in the receiver’s memory 
are the ones acquired from satellite fixes. Consequently, the most accurate bearings 
displayed by the receiver are those between two satellite-acquired waypoints. A bear- 
ing between one manually-entered and one satellite-acquired waypoint is less accu- 
rate, The least accurate bearings are between two manually entered waypoints, which 
are as accurate as a compass bearing taken off a map. 


8.5.1 Navigating with pre-entered waypoints 

With pre-entered waypoints, just follow the route that you've already stored in the 

GPS receiver. The receiver tells you the bearing and distance to the next waypoint. The 

compass points you in the direction of this bearing. 

1. If your compass is equipped with an adjustable magnetic declination mechanism, 
adjust the declination so that it conforms to grid north, and set the GPS receiver to 
display grid bearings. If your compass lacks an adjustable declination mechanism, 
set the receiver to display magnetic bearings. 

2. At the start of your trip, switch on the receiver and wait for a position fix. If the 
receiver fails to obtain a fix within a few minutes, the satellite signals are probably 
blocked by obstructions. Move to a spot where more sky is visible. 

3. Make the receiver display the bearing and distance to the first pre-entered way- 
point along the route. Turn the graduated dial of the compass to this bearing and 
switch off the receiver. 

4. Follow the compass bearing toward the waypoint. Anytime you suspect you’re off 
route, switch on the GPS receiver. After acquiring fix, make the receiver redisplay 
the distance and bearing to the waypoint. Adjust the compass to this new bearing. 

5. Once you reach the first waypoint, repeat Step 2-4 for subsequent waypoints along 
the route, 


This method doesn’t strictly require you to look at the map after the waypoints have 
been entered, but you should to do it anyway. If you don’t look at the map, you will 
have difficulty accessing the terrain and may run into unexpected obstacles. 
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Example of navigating with pre-entered waypoints 
The example in Section 4.8.1 shows how to transfer waypoints from a map to a 
GPS receiver. You are now ready to follow this route in the real world. 


1220. 


Your trip begins at the end of a road, a position that you have already pre-entered 
into your receiver as waypoint (A). Switch on the receiver, wait for a position fix, 
and compare the result with the pre-entered waypoint. This wil tell you how accurate 
you were at transferring (A) from the map to your receiver. Update waypoint (A) 
with the numbers from your acquired fix. Set the GPS receiver to display grid 
bearings and read off the magnetic declination. Let's say the receiver shows that 
the declination relative to the grid is 28°E. Set the declination mechanism on your 
compass to 28°E. If your compass doesn’t have a declination mechanism, set the 
GPS receiver to display magnetic bearings. 


The receiver tells you that (B) is 1.8km away at a grid bearing of 291° or a magnetic 
bearing of 263°. Set your compass to 291° if it has a declination mechanism (263° 
if it doesn’t). Switch off the receiver and follow the compass bearing to (B). If you 
lose track of your location along the way, switch on the receiver, make it display 
the distance and bearing to (B), set your compass to this new bearing, and follow 
the bearing toward (8). 


Use the same procedure to navigate to subsequent waypoints: follow 280° (or 
magnetic 252%) for 1.6 km to (C); 249° (221°) for 1.2 km to (D); 283° (255°) for 4.0 
km to (E), and 323° (295°) for 1.4km to (F). Note that you do not necessarily have 
to reach the exact location of each pre-entered waypoint. If you are planning to 
return by the same route, replace each pre-entered waypoint with an acquired 
position fix. 
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8.5.2 Navigating without pre-entered waypoints 

Without pre-entered waypoints, the GPS receiver is just a powerful accessory to con- 

ventional map and compass navigation. Use the receiver only when you’re unsure of 

your position. 

1. Switch on the GPS receiver. Make sure that the receiver is set to the same grid 
system and datum as your map. Wait for a position fix. 

2. Use the map’s grid or geographic coordinates to pinpoint your position on the map. 

3. Take a compass bearing off the map from your current position toward your next 
target. Follow this bearing toward your target. 


8.6 Navigating without maps 


You may for some reason decide to venture into unfamiliar territory without a map. 
This type of excursion is considered exploratory since you don’t really know what lies 
beyond your range of view. Even with a guidebook or a verbal description of the area, 
you will lack the detailed terrain information that only a good map can provide. Find- 
ing your way back to your starting point should be your main navigational concern. 
‘Your strategy is governed by the terrain features that you encounter during your outgo- 
ing journey and what navigation tools you have at your disposal. 


8.6.1 Navigating with nothing 

A surprising number of people head out into untracked wilderness with neither a map 
nor any other navigation tools. Most who do this somehow manage to find their way 
back, although not necessarily along a return route that offers the greatest likelihood of 
success. Memorize all the significant landmarks that you come across during your 
outgoing journey, and frequently look back to familiarize yourself with the opposing 
view. During your return trip, use the memorized landmarks as steering marks to keep 
you on track. 


Estimate the orientation of the cardinal directions before heading off. This can be done 
by observing the sun if itis visible (Section 5.2). Keep track of rough directions as you 
travel. If you encounter a large terrain feature, determine whether it tends north-south, 
east-west, or some other intermediate direction. Travel along, or parallel to, linear fea- 
tures that happen to be aligned with your desired travel direction. During your return 
journey, follow the same linear features or choose travel directions that will lead you to 
catching features that you are unlikely to miss. After reaching a catching feature, fol- 
low its perimeter to an identifiable point and then aim for the next catching feature. 
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Example of navigating with nothing 

You decide to explore a trackless wilderness adjacent to a road, even though you 
know little about the terrain and have neither a map nor any other navigation 
tools. Your game plan is to head straight east from the road and continue traveling 
in that direction unless you're forced to circumvent obstacles. For your return, you 
intend to reverse your general travel direction by heading west, and use catching 
features to find intermediate locations. 


After parking your vehicle at (A), you head east from the road by using the sun and 
your clock to estimate your bearing. Your first obstacle is a lake that you bump into 
at (B). Going counterclockwise along the lakeshore guides you to its outlet at (C). 
From here, you continue eastward until you gain a ridge crest at (D). Following the 
ridge crest northward leads to a pass at (E), from where you resume your eastward 
journey. Your next obstacle is a canyon (F), which you circumvent by going left 
along its perimeter until the canyon terminates near a waterfall at (G). Carrying on 
eastward, you spot a volcanic crater and decide that this feature will be your final 
destination. 


After reaching the crater rim at (H), you work out a navigation strategy for your 
return. You intend to navigate back via points (G), (E), and (C), which are easy to 
find, and ignore the nondescript points (F), (D), and (B). Your chief catching features 
are going to be the canyon wall, the cliff bands north of the pass, the lake, and the 
road. 


To ensure that you hit the canyon, start hiking southwest instead of west. After 
reaching the canyon wall at (I), follow the perimeter of the canyon to the waterfall 
(G). From here, go straight west until you reach the base of the cliffs at (J). Follow 
the cliffs southward to the pass (E), and then take a westward course to the lake, 
which you hit at (K). You decide to ignore (C) because you're closer to the north 
end of the lake, and instead go counterclockwise along the lakeshore to (L) where 
you resume your westward travel. At (M) you spot a knoll that you recognize from 
when you parked your vehicle. Head straight toward the knoll until you reach the 
road at (N). Go south along the road back to your vehicle. 
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8.6.2 Navigating with just a compass 

Navigating with just a compass is a step up from navigating with nothing. It gives you 
more precise directions than the sun or other natural clues. Aside from memorizing the 
terrain, your primary navigation concern is recording what bearings you have followed 
during your outgoing journey. Your return strategy is the same as for navigating with 
nothing except that the increased directional accuracy of your compass allows you to 
aim toward narrower catching features. 


Example of navigating with just a compass 

You decide to explore the same trackless wilderness as in the previous example, 
but this time you have a compass. Instead of going straight east, you plan to head 
off perpendicular to the road and keep traveling in that direction unless blocked by 
obstacles. For your return you will follow the reverse compass bearing as much as 
possible. 


rth 


At (A), you take a compass bearing perpendicular to the road, resulting in a bearing 
of 81°. Following this bearing takes you to the lake at (B), and hiking along the 
lakeshore leads to its outlet at (C). From here, you continue along your original 
bearing of 81° until you gain the crest of the ridge at (D). The ridge crest takes you 
to the pass at (E). You continue along your original bearing to the canyon, which 
you reach at (F). Following the canyon perimeter brings you to the waterfall at (G) 
Lastly, you gain the crater rim at (H) by following your original 81° bearing, 


Your chief catching features for the return are the same as for the previous example: 
the canyon wall, cliffs, lake, and road. Adding 180° to your original bearing gives 
you a return bearing of 261°. To ensure that you don't miss the canyon, subtract a 
deliberate offset of 5° and follow a bearing of 256°. After reaching the canyon at 
(\), follow its rim to the waterfall at (G). The reverse bearing (261°) then takes you 
to the cliffs at (J). Go southward below the cliffs until you reach the pass at (E). 
From the pass, follow the reverse compass bearing to the lake, which you encounter 
at (K). Go left along the lakeshore to the outlet at (C). The last target is the road, 
a long linear feature that is hard to miss. Follow the reverse bearing to (L) and 
then go north along the road to your vehicle. 
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Figure 114: GSM/ GPRS/ EDGE Architecture 
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EDGE is essentially the addition of a packet-data infrastructure to GSM. In fact, this same 
data architecture is preserved in UMTS and HSPA networks, and the data architecture is 
technically referred to as GPRS for the core-data function in all of these networks. The term 
GPRS may also be used to refer to the initial radio interface, now supplanted by EDGE. 
Functions of the data elements are as follows: 


a The base station controller directs/receives packet data to/from the Serving GPRS 
Support Node (SGSN), an element that authenticates and tracks the location of 
mobile stations. 


The SGSN performs the types of functions for data that the Mobile Switching Center 
(MSC) performs for voice. Each serving area has one SGSN, and it is often collocated 
with the MSC. 


a The SGSN forwards/receives user data to/from the Gateway GPRS Support Node 
(GGSN), which can be viewed as a mobile IP router to external IP networks. 
Typically, there is one GGSN per external network (for example, the internet). The 
GGSN also manages IP addresses, dynamically assigning them to mobile stations 
for their data sessions. 


Another important element is the Home Location Register (HLR), which stores users’ 
account information for both voice and data services. Of significance is that this same data 
architecture supports data services in GSM and in UMTS-HSPA networks, thereby 
simplifying operator network upgrades. 


In the radio link, GSM uses radio channels of 200 kilohertz (kHz) width, divided in time into 
eight timeslots comprising 577 microsecands (ys) that repeat every 4.6 msec, as shown in 
Figure . The network can have multiple radio channels (referred to as transceivers) 
operating in each cell sector. The network assigns different functions to each timeslot such 
as the Broadcast Control Channel (BCCH), circuit-switched functions like voice calls or data 
calls, the optional Packet Broadcast Control Channel (PBCCH), and packet data channels. 
The network can dynamically adjust capacity between voice and data functions, and it can 
also reserve minimum resources for each service. This scheduling approach enables more 
data traffic when voice traffic is low or, likewise, more voice traffic when data traffic is low, 
thereby maximizing overall use of the network. For example, the PBCCH, which expands 
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8.6.3 Navigating with just a GPS receiver and compass 
AGPS receiver and a compass is a powerful combination for backtracking along a previ- 
ously traveled route. The technique is simple and effective. Mark certain critical loca- 
tions as waypoints in your receiver during your outgoing journey. On your return, use the 
receiver and compass to navigate back via these same waypoints. You can travel directly 
toward a waypoint without following linear features or aiming for catching features. Be 
aware that your GPS receiver may not work in canyons or under heavy tree cover. 

1. Atthe start of your trip, switch on your receiver and wait for a position fix. If your 
receiver fails to obtain a fix within a few minutes move to a location where more 
sky is visible. Save the position fix in the receiver’s memory as a waypoint and 
then switch off the receiver. 

2. Each time you come across a critical juncture, switch on the receiver and save this 
position as another waypoint. Organize the waypoints sequentially into an elec- 
tronic route. 

3. Before starting your return trip, adjust the declination on your compass so that it 
conforms to true north, and set the GPS receiver to display true bearings. If your 
compass lacks an adjustable declination mechanism, set the receiver to display 
magnetic bearings. 

4, Atthe start of your return trip, switch on your receiver and wait for a position fix. 
Make the receiver display the bearing and distance to the last waypoint that you 
saved on your outgoing journey. Turn the graduated dial on your compass to the 
bearing shown on the receiver. Switch off your receiver and follow your compass 
bearing toward the waypoint. 

5. Once you reach the waypoint, repeat Step 4 for subsequent waypoints until you 
return to your starting point. 


Example of GPS and compass navigation 

You decide to explore the same wilderness as the in two previous examples. Your 
strategy for the outgoing trip is the same as with just a compass; head off 
perpendicular to the road and keep traveling in that direction unless blocked by 
obstacles. You will mark all critical locations as waypoints in your receiver. 
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Before leaving, acquire a position fix at (A) and save it as a waypoint. Taking a 
compass bearing perpendicular to the road gives you the same bearing of 81° as 
in the previous example. Your journey follows the same path to the crater. Along 
the way, you save critical locations (C), (E), and (G) as waypoints in your GPS 
receiver, while ignoring the unimportant points (B), (D), and (F). 


When you are ready to return, acquire a position fix and make the receiver display 
the bearing to the waterfall at (G). Set your compass to this bearing (261°) and 
follow the bearing directly toward (G). If you have trouble finding the waterfall, 
acquire another position fix and make the receiver redisplay the bearing to the 
waterfall. Readjust your compass to the new bearing and follow this bearing to the 
waterfall. Use the same technique to navigate to the pass at (E) by following a 
bearing of 222°. Similarly, follow a bearing of 246° to the lake outlet at (C) and a 
bearing of 283° directly to your vehicle at (A). 


8.7 Real life navigation 


Given that there are so many methods at your disposal, how should you navigate in real 
life? You are confronted with two conflicting factors: efficiency, and assurance of suc- 
cess. Efficient travel means doing the minimum amount of navigating that you think is 
necessary, while making sure that you find your destination may require a lot of extra 
work. A skilled navigator balances these two factors and switches navigation tech- 
niques as circumstances change. For example, you could use efficient terrain associa~ 
tion to keep track of your location when landmarks are visible, then switch to time 
consuming dead reckoning when the landmarks disappear from view. 


Judging when it’s appropriate to use a particular navigation method is something that 
comes with experience. Depending on the situation, the outcomes from certain meth- 
ods will be more credible than others. If in doubt, choose the method that gives you the 
best chance of success. The time saved by using an efficient navigation method will be 
quickly eaten up if you do a mistake. 


8.8 Lost in the wilderness 


Consider yourself lost if you don’t know which way to proceed and are unsure of how 
to backtrack. Stop immediately unless you are in an unsafe location, in which case 
continue to the nearest safe location. Then relax, have something to eat or drink, and 
take some time to evaluate your situation. The key is not to panic. Calmly ask yourself 
the following questions: 

* How badly lost am I really? How long ago did I know where I was going? 

* What navigation tools, if any, do I have at my disposal? 

* Do the visibility, weather, and other conditions allow safe travel? 


* Have | informed someone about the details of my planned outing before heading 
out? The best information to leave at home or in your vehicle is a map with your 
intended route drawn in. 
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* Do Ihave a means to communicate with civilization? 


* Am [ina part of the world where a rescue is likely, and if so, how long would I 
expect to wait for searchers to find me? Do I have the means to survive until then? 
Without a communication device, it may take a long time before you're found. 
First, someone has to determine that you need help, then he or she has to contact the 
authorities that have to launch a search, and finally, the searchers have to find you. 


Based on your answers, make a rational decision whether to stay put and wait for a 
rescue or try to find your way out under your own power. Take into account that you 
will need more food and water while traveling than if you stay in one location. In most 
cases, it is easier for rescuers to find someone who stays in one place. 


8.8.1 Waiting for a rescue 


You are faced with two important but potentially conflicting considerations if you 
decide to wait for a rescue: how to survive and how to attract attention. 


* Survival often means seeking shelter under a rock or tree where it is hard for rescu- 
ers to spot you, while making yourself visible means exposing yourself to the ele- 
ments. A way around this dilemma is to seek shelter near a location where you can 
quickly make yourself visible. 

* Leave as many clues as possible about of your presence. Mark the nearby ground 
with rescue signals and with any bright equipment or clothing that you are not 
wearing. 

* Make sure that all available signaling devices, such as mirrors, flashlights, whistles, 
flares, or fires are ready for immediate deployment. Do not hesitate to use any of 
your visual signaling devices if you spot a low flying aircraft. Respond promptly to 
any attempt by rescuers to contact you. 

* Ifyou have an electronic communication device, use it to call for help. Remember 
that certain types of radios work better at night than during the day, and certain 
locations may have much better reception than other nearby locations. 

* If you decide to move to a new location, leave as many clues as possible of your 
movement. Use techniques such as deliberately planting footprints into the ground 
or marking your route with symbols. 


* Most rescue professionals recommend that all members of a group stay together. 
This doesn’t necessarily mean that you must all wait at exactly the same spot. In 
some cases, spreading the group over an area can enhance the probability of one 
member being found. If you decide to spread out, make sure that everyone knows 
where all the other members are located. 


* Do not approach a helicopter unless its engines are turned off or the pilot signals 
that it’s safe. 
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8.8.2 Finding your way out 

The standard method for finding your way out is to backtrack until you come across 
terrain that you recognize. Many people have successfully used this technique, but it is 
not always an option. The visibility may have deteriorated, nightfall is imminent, or 
you have traveled too far to turn around. In some cases, backtracking means traveling 
uphill, upstream, or against the wind. Another concern is that you could end up even 
more lost and further away from the area where potential rescuers would search. 


If the travel conditions are unfavorable, waiting for better conditions can dramatically 
improve your prospects of finding your way out in a safe manner. You have a good 
chance of finding your way out if you’re surrounded by landmarks and have a map and 
compass. 

1. If your view is obstructed, move to a nearby location with better view, such as, a 
hilltop, clearing, or lakeshore. Try to identify any visible landmarks, and if pos- 
sible, determine your position by terrain association or compass triangulation. 

2. If terrain association or compass triangulation fails because of poor visibility or 
lack of identifiable landmarks, draw a circle on your map with a radius equal to the 
estimated distance from your last known location and centered on your last known 
location. A reasonable assumption is that you’re somewhere within this circle. 

3. Use your compass to orient the map and then systematically study the surrounding 
terrain and the contour lines on your map within the circle. Narrow down your 
possible locations within the circle by eliminating all areas that don’t make sense. 
For example, if you're on flat ground, eliminate all areas that show steep terrain. 
Then identify locations within the circle that look like logical candidates for your 
position. 

4, Onthe map, select a large catching feature such as a river, lake, ridge, or power line 
that looks like a reasonable target to aim for. Take a compass bearing from the 
middle of your location candidates toward the selected feature. Check that the same 
bearing will bring you to the catching feature from all location candidates. If not, 
select a larger catching feature or try to eliminate more of your location candidates. 

5. Once you've taken a bearing that is sure to hit the catching feature from any of your 
location candidates, follow that bearing until you reach the catching feature. Now 
it’s just a matter of determining your position on the catching feature. If you can 
identify one visible landmark, use triangulation from a linear feature to determine 
your position. 

6. If you cannot identify any landmarks, move along the feature until you see a suit- 
able landmark, or come across a uniquely identifiable part of the catching feature 
itself. You are then no longer lost. 


‘You can use a similar procedure without a compass but must instead use natural meth- 
ods such as the sun to estimate directions and orient the map. Since these alternate 
methods are normally less accurate than a compass, aim for an even larger catching 
feature. Without a map, use your memory of the terrain to select appropriate targets. 
Keep in mind that traveling in the correct general direction is more important than 
knowing where you are. 
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8.9 Rhumb lines and great circle routes 


For very long journeys across wide-open spaces, there are techniques for minimizing 
the travel distance between two locations that are far apart. A rhumb line is a route 
between two points that follows a constant bearing. Rhumb lines are straight lines on 
Mercator charts, but are not usually the shortest distance between two points. To travel 
along a rhumb line, simply take a bearing off a Mercator chart from your current posi- 
tion to your destination, and then follow that bearing to your destination. Calculating 
the real world distance along a rhumb line is complicated because the scale varies 
across the chart. The easiest method is to use a computer program. 


A great circle route is the shortest path along Earth’s surface between any two points. 
Great circle routes look like arcs on Mercator charts. The easiest way to visualize a 
great circle route is to stretch a string between two points on a globe. In general, a great 
circle route doesn’t follow a constant compass bearing. You must continually readjust 
your compass bearing to stay on course. The only exception to this rule occurs when a 
great circle route coincides with a rhumb line, which happens only when you travel 
along a longitude or the equator. 


Plotting a great circle route is mathematically complex and is best done on a gnomonic 
chart or with a computer program. Gnomonic charts are created with a projection that 
shows great circle routes as straight lines. The task of following a great circle route 
becomes much easier if you don’t plot the route in advance, but instead do it as you 
travel. By default, a GPS receiver displays the distance and initial bearing to a way- 
point along a great circle route. Similarly, in sextant navigation, the sight reduction 
tables give you an initial bearing that follows a great circle route. By frequently recal- 
culating your position and the bearing toward your destination, you will automatically 
be guided along a great circle route. The difference in length between a great circle 
route and a rhumb line is insignificant in most navigation situations except at high 
latitudes or on very long journeys with large east-west displacements. 


Example of rhumb line versus great circle route 

Let's say you're planning to row a dinghy from Saint John’s, Newfoundland (47°34'N, 
52°42'W) to Kilkee, Ireland (52°41'N, 9°38'W), and are wondering whether to follow 
a great circle route or a rhumb line. 


Kikeqvolad 
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Taking a bearing from Saint John’s to Kilkee on a Mercator chart gives you a true 
bearing of 79.5°. You can theoretically follow this bearing directly to your destination. 
Plugging the coordinates of St. John’s and Kilkee into a navigation calculator gives 
a thumb line distance of 3125 km. Plugging the same coordinates into a GPS receiver 
gives a great circle distance of 3084 km and an initial bearing of 63°. The great 
circle route reduces your distance by 41 km, but the navigation becomes more 
convoluted. By the time you reach 48°27'N, 50°00'W, the bearing to Kilkee will have 
changed to 65°. From here, you must increase your bearing by about 4° for every 
5° of longitude that you cross. Your bearing will be 97° as you approach Kilkee. 


In practice, your travel route is governed by prevailing winds and currents rather 
than by meticulously trying to follow a rhumb line or a great circle route. 


8.10 Route finding 


Route finding is defined as selecting a viable route across whatever terrain you are 
traveling. It is often confused with navigation, but is really a separate topic that is more 
difficult to master than pure navigation. Route finding is critical for safe wilderness 
travel and requires solid knowledge of the type of terrain you're dealing with. Deciding 
if.a proposed route is feasible depends on whether you and your travel companions have 
the necessary technical skills, fitness levels, and equipment to safely negotiate the route. 


Route finding usually involves several stages. The first step is to study maps or charts, 
and then trace out a route that looks doable. In mountainous terrain, calculate the aver- 
age angles of the steepest slopes along your proposed route to find out if these slopes 
are too steep for your abilities. Remember that real slopes have sections that are steeper 
than the average. Large-scale maps with small contour intervals are best for calculat- 
ing slopes and picking out details. Check out pictures or aerial photos of critical sec- 
tions, or talk to someone who has previously done your intended route. 


Once you arrive in the area, consult with the local experts. They can provide valuable 
insight on present conditions, weather patterns, features not shown on maps, and pitfalls 
to avoid. Every part of the world has its own particular type of climate, geology, vegeta- 
tion, and even wildlife that can influence your route selection. You will likely have to re- 
evaluate your route as you travel. Having done your homework, any changes will hope- 
fully be minor. If you’re unsure if a proposed route is viable, try scouting it out first. 
Features often look and feel much different close up or from a new vantage point. 


‘A whole spectrum of outdoor activities require route finding skills. Climbing a rock 
face obviously requires different route finding skills than bushwhacking through a 
jungle, negotiating a crevasse field, or kayaking down a raging river. There is no sub- 
stitute for experience when it comes to mastering the intricacies of route finding. It 
cannot be learned by reading a book. The quickest way to improve your route finding 
ability is to team-up with an experienced outdoor person who is familiar with the local 
terrain and has the required technical skills for the particular activity. Every time you 
encounter a choice of routes, ask why a particular route was chosen rather than an- 
other. And most importantly, take advantage of any opportunities to practice your own 
route finding. 
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Chapter 9 
Scenarios 


Anyone who spends enough time in the wilderness will sooner or later have to deal 
with various navigation challenges. Fortunately, almost any navigation problem is solv- 
able with the proper tools, skills, and sometimes, a touch of ingenuity. The following 
scenarios describe both common and unusual things that you may encounter. 


9.1 Trail switchbacks 

After hiking up a well-maintained trail through several switchbacks, the trail abruptly 
turns rough and then completely disappears. You are wondering what happened to the 
trail. It was supposed to be in excellent condition. 


This trail is 
supposed to be in 
excellent shape? 


A missed switchback is the most likely cause of your predicament. Going straight at a 
switchback is so common that a trail is sometimes worn into the ground by hikers who 
have missed the switchback. If a good trail suddenly turns rough, stop and retrace your 
steps to find out if you are in fact on the proper trail. Better yet, fight the natural 
tendency to look down at your feet or blindly follow the person ahead of you. 


Continually scan the terrain left and right as you travel and periodically look back at 
the view behind you. Look at distant landmarks or use your compass to confirm that 
the trail is going in the correct general direction. 
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9.2 Multiple ski tracks 

‘You are skiing back to your vehicle after a day of skiing in a popular backcountry ski 
area. On your way down a broad ridge, you encounter numerous ski tracks, and argue 
with your partner about which tracks to follow. 


We'll follow 


\€=), 


Skiers traveling uphill usually try to avoid extra effort by following a track that is 
already there. On the other hand, skiers traveling downhill in open terrain tend to seek 
out untracked snow, creating many tracks dispersed across the terrain. Asa result, you 
will usually encounter more downhill tracks than uphill tracks in a busy area. 


Uphill travel is slower and technically easier, allowing the skier who creates the track 
more time for navigation and route finding. Uphill tracks are therefore less likely to 
lead you astray, and often terminate at a popular destination such as a cabin or parking 
area. If you come across a web of ski tracks, your best bet is to follow a well-used set 
of uphill tracks, regardless whether you are traveling uphill or downhill. 


Before following any track, make sure that it runs in the general direction where you 
want to go. Take a compass bearing off your map to confirm the direction. If you come 
across a major fork in the track, pinpoint your position on the map, and then use your 
compass to decide which track to follow. 


170 


Chapter 9: Scenarios 


9.3 Shoreline travel direction 


During a leisurely canoe circuit, you decide to pull ashore and climb a distant hill. You 
haul your canoe to shore and then hike to the top of the hill in a few hours. After 
returning to the lake, you go left along the shoreline but then decide that the canoe 
must instead be to your right. After seesawing back and forth a few times, you still 
haven’t found the canoe. 


= Dolgo 
left or ight?) 7 


The lakeshore is an extensive linear feature that is easy to find, while the canoe is a 
point feature that is much harder to find. It therefore makes sense to first find the 
lakeshore and then follow the shoreline to the canoe. You must however plan ahead so 
that you know which direction to go once you reach the lake. Several methods will 
accomplish this. 


Use your compass to take a field bearing off a landmark before leaving the canoe. The 
landmark could be something across the lake or an island in the lake. Write down the 
compass bearing. When you return to the lakeshore, aim your compass in the direction 
of the landmark’s bearing. Travel in whatever direction that will make the bearing 
point closer to the landmark. You should be very close to the canoe when the compass 
bearing points directly toward the landmark. 


If you cannot see any obvious landmarks from the shoreline, take a field bearing off the 
hill itself before starting your hike. When you reach the top of the hill, reverse your 
bearing by adding or subtracting 180° from your original bearing. Then, add or sub- 
tract a deliberate offset of a few degrees. Follow the offset bearing to the lake. When 
you reach the shoreline, the canoe will be to your right (facing the lake) if your delib- 
erate offset was subtracted, and to your left if your deliberate offset was added. 


Another option is to mark the canoe’s location as a waypoint in a GPS receiver. On 
your return, use the receiver and compass to travel directly toward the canoe. If you 
don’t find the canoe when you reach the shoreline, use your GPS receiver to redisplay 
the bearing and distance to the canoe. You should be able to acquire a position fix quite 
easily along the shoreline where a significant amount of sky is visible. 
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9.4 Mountain top triangulation 

Lost in the fog with just a map and compass, you decide to scramble up a nearby knoll. 
‘The fog suddenly clears as you reach the top where you are blessed with a panoramic 
view of several mountains sticking up above the clouds. 
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This is a classic situation where you can use compass triangulation to pinpoint your 
location. First, orient the map, and then try to identify at least two of the visible moun- 
tains by carefully comparing the shape of the mountains with the contour lines on the 
map. This can be tricky if only a small part of each mountain is visible. If the upper 
boundary of the cloud cover is fairly level, judge how far the visible part of each 
mountain sticks up above the clouds. Rank the mountains by height, and then compare 
the observed heights with the elevations on the map. You may be able to immediately 
identify the knoll that you are standing on by its position and height relative to the 
mountains. 


To triangulate your position, take a field bearing off one of the peaks and draw a line of 
position on your map. Take a field bearing off a second mountain and use this bearing 
to draw a second line of position. If you have done the triangulation properly, you are 
located at the intersection between the two lines of position. Take bearings off addi- 
tional mountains for greater confidence in your result. 


After pinpointing your position, take a compass bearing off the map toward your next 
catching feature. Make sure that the catching feature is sufficiently large so that you 
will not miss it if you drift off course after descending into the fog. 
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the capabilities of the normal BCCH, may be set-up on an additional timeslot of a Time 
Division Multiple Access (TDMA) frame when justified by the volume of data traffic. 


Figure 115: Example of GSM/ EDGE Timeslot Structure??? 


4.615 ms per frame of 8 timeslots 


+5775 + 
per timeslot 

0 1 2 3 4 5 6 7 
Possible BCCH potcH | potcH | poTcH 
carrier configuration 

0 1 2 3 4 5 6 a 
Possible TCH carrier | paccy porch | porch | potcH | poTcH | PDTCH 
configuration 


BCCH: Broadcast Control Channel — carries synchronization, paging and other signaling information 
‘TCH: Trafic Channel ~ cartes voice trafic data; may alternaie between frames for haltrate 

PDTCH: Packet Data Trafic Channel — cartes packet data afi for GPRS and EDGE 

PECCH: Packet Broadcast Control Channel ~ addtional signaling for GPRS/EDGE: used only it needed 


EDGE offers close coupling between voice and data services. In most networks, while in a 
data session, users can accept an incoming voice call, which suspends the data session, 
and then resume their data session automatically when the voice session ends. Users can 
also receive SMS messages and data notifications? while on a voice call, as described 
below. 


With respect to data performance, each data timeslot can deliver peak user-achievable 
data rates of up to about 40 Kbps. The network can aggregate up to five timeslots on the 
downlink and up to four timeslots on the uplink with current devices. 


If multiple data users are active in a sector, they share the available data channels. As 
demand for data services increases, however, an operator can accommodate customers by 
assigning an increasing number of channels for data service that is limited only by that 
operator's total available spectrum and radio planning. 


EDGE is an official 3G cellular technology that can be deployed within an operator's existing 
850, 900, 1800, and 1900 MHz spectrum bands. EDGE capability is now largely standard 
in new GSM deployments. A GPRS network using the EDGE radio interface is technically 
called an “Enhanced GPRS” (EGPRS) network, and a GSM network with EDGE capability is 
referred to as GSM Edge Radio Access Network (GERAN). EDGE has been an inherent part 
of GSM specifications since Release 99. It is fully backward-compatible with older GSM 
networks, meaning that GPRS devices work on EDGE networks and that GPRS and EDGE 
terminals can operate simultaneously on the same traffic channels. 


Dual Transfer Mode (DTM) devices can simultaneously communicate voice and data. DTM 
is a 3GPP-specified technology that enables new applications like video sharing while 
providing a consistent service experience (service continuity) with UMTS. Typically, a DTM 


23 5G Americas member company contribution. 


2:4 Example: WAP notification message delivered via SMS. 
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9.5 Hidden trail markers 


‘You're hiking along an easy-to-follow trail that is marked with reflective markers at- 
tached to trees. Higher up, you encounter snow and strap on your snowshoes. The trail 
markers eventually vanish under the increasingly deeper snow cover, and you sud- 
denly realize that you have no idea where the trail goes. 


a) 


This is a situation where the navigation abruptly changes from casual to challenging. 
The trail is no longer a linear feature that you can easily follow. If you’re not carrying 
a map and compass, turn back before you get lost. Do not count on being able to retrace 
your tracks, as they could melt away or get covered by new snow. 


Finding the location of the last visible trail marker is vital for your return trip. If land- 
marks are visible, use your compass to triangulate this location and record the bear- 
ings. Alternatively, mark the location as an altimeter reading or GPS waypoint. Be- 
cause of the possibility of a forced retreat, mark this location even if you intend to 
return via a different route. 


Once past the last trail marker, your navigation is governed by whether landmarks are 
visible and what navigation tools you have. For example, if the terrain allows, you 
could use conventional map and compass techniques. 
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9.6 Jungle camp 

‘Your plan to find a remote camp in the Amazon jungle with a GPS receiver has failed 
because the satellite signals cannot penetrate the thick tree canopy. The vegetation also 
blocks your view of landmarks, preventing you from triangulating your position with a 
compass. 


EX a 
De SS 


Use your map, compass, and altimeter as primary navigation tools as these will work 
under tree cover. Carefully plan your intended route before leaving. Break up the route 
into segments, with an intermediate catching feature at the end of each segment. A 
catching feature can be a lake, river, hill, swamp, or an elevation that matches a con- 
tour line on your map. Take advantage of any openings in the tree cover to get a GPS 
reading or to triangulate your position. 


The illustration below shows an example of jungle navigation. From your start point, 
take a bearing off your map toward your first catching feature, the center of a lake. 
Follow the bearing to the lake. Walk to the end of the lake and take a bearing to your 
second catching feature, the center of a hill, After reaching the hill and going around its 
base, take a bearing to your last catching feature, a river fork. Add a deliberate offset of 
a few degrees to your bearing and follow this offset bearing to the river. Go upstream 
along the river to the fork. The jungle camp is away from obvious landmarks, so you 
are forced to use dead reckoning for this last leg. A final grid search may be needed to 
find the camp. 


Dead 
reckoning 


Second 
First catching gh 
catching feature "Jungle 


feature #~ camp 


catching 
feature 
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Dead reckoning is not easy in a jungle. The thick undergrowth makes it difficult to 
walk in a straight line while keeping track of your distance by counting paces. The 
most common error is to grossly overestimate your travel distance. With experience, 
you will be able to use your travel time to estimate the distance. Keep in mind that 
jungles are not always accurately mapped because the heavy tree cover makes aerial 
surveying difficult. 


9.7 Ridge return 

After scrambling up a face to reach a ridge, you follow the ridge to the top of a hill. On 
your return from the hill, you descend along the same ridge but miss the turnoff, and 
instead continue further down the ridge into unfamiliar terrain, wondering how you 
got off route. 


Critical location 


The natural tendency is to look straight ahead as you travel. It is very easy to miss a 
right-angle turn off a ridge, especially if there are no distinctive terrain features nearby. 
Once you realize that you have gone too far, go back up the ridge and find the point 
where your route leaves the ridge. This is a critical location that you should have memo- 
rized on your way up, and marked as a GPS waypoint, altimeter reading, or by record- 
ing triangulation bearings. 


Alternatively, place a line of wands or cairns perpendicular to your line of travel at this 
critical juncture. A cairn is simply a stone marker that you build by stacking rocks on 
top of each other. A wand is a bamboo stick with a small colored flag tied to the top. 
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9.8 Desert traverse 

For your next vacation, you decide on a solo camel trip across the Sahara desert from 
Tripoli to Timbuktu with various oases along the way. You realize that navigation will 
be critical to your survival. 


That better not 
be a mirage? 


The local population has traveled this desert for millennia using celestial bodies, sand 
dunes, and desert animals for navigation. You, on the other hand, should invest in a 
compass, GPS receiver, and maybe a solar panel to charge the batteries. As a backup, 
you may want to bring along a sextant, a celestial navigation calculator, and an accu- 
rate clock. Before leaving home, pour over maps of the area and write down the coor- 
dinates of all the oases along your route. Plan possible escape routes in case you’re 
faced with an emergency. 


To navigate your route, simply plug the coordinates of all the oases into your GPS 
receiver, and then use the receiver and compass to point you toward the next oasis. In 
this type of terrain your exact paths between the oases don’t really matter. The wide- 
open terrain offers excellent long-range visibility but sandstorms and mirages can dras- 
tically degrade your view. A common mistake is to grossly underestimate distances to 
visible landmarks. 


Along desert trip is an excellent opportunity to practice natural navigation methods. Try 
using rising and setting stars as direction finders and zenith stars to estimate your lati- 
tude. During the day, use the sun and your clock to determine rough directions. Most 
deserts have seasonal prevailing winds that arrange the sand dunes into specific patterns 
that you can use to stay on course. You may be able to find an oasis that is beyond your 
view by observing the movements of desert animals. Knowing the feeding and predator 
avoidance habits of desert species can help you determine if a particular animal is mov- 
ing toward or away from an oasis. Desert pigeons, for example, flap their wings louder 
when flying away from an oasis because they are heavier from drinking water. 
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9.9 River delta 


‘You set up camp onan island during a long canoe trip down the Mackenzie River delta. 
After dinner, you head out for a short paddle to explore the nearby channels and is- 
lands. On your return, you are unable to find your campsite. There are no obvious 
landmarks, all channels and islands look the same, and there are no hills to use as 
vantage points. To make matters worse, your map and all your navigation equipment 
are left behind in camp. 
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People habitually treat short excursions with less respect than they should. In this time- 
less scenario, your food and survival gear is at a campsite that you can’t find. Instead of 
wasting energy on a wild paddling spree hoping to stumble onto the camp, stop and 
draw up a structured plan for finding your way back. If your camp is nearby you 
should be able to find it with some kind of grid search. 


Devise a method to mark your search route such as breaking branches or building 
cairns along the shoreline. Clearly mark your start point and then explore one of the 
nearby channels, marking your route as you go along. Return to your initial marked 
position and then explore the next channel. Repeat this process until you’ve covered 
all the nearby channels. If you haven’t found your camp, move to a new base point 
located on the perimeter of your previous search area and explore outward from this 
point. Your search area will expand exponentially as you move outward, but a system- 
atic search has huge psychological benefits and is much better than hoping for a miracle. 
‘Asa last resort, consider abandoning your camp and drifting downstream to the near- 
est settlement. 


As always, prevention is the best medicine. Before setting off, realize that the campsite 
is a critical location and employ effective methods to retrace your steps. Triangulating 
your campsite with a compass will not work in this case because there are no obvious 
landmarks, and an altimeter is useless on a broad, flat delta. Marking the campsite as a 
‘waypoint in a GPS receiver is very effective. If you don’t have a GPS receiver, devise 
a method for keeping track of your outward journey. For example, trace your route on 
the map as you travel or mark the route with cairns. You could also record your journey 
as a series of compass bearings together with the distance paddled along each bearing. 
Don’t forget to frequently look back to familiarize yourself with the opposing view. 
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9.10 Descent off mountain 

‘You reach the summit of a remote peak just as the fog rolls in and decide to quickly get 
off the mountain. Rushing downhill as the fog thickens, you inadvertently veer off to 
the wrong side of the mountain and find your route blocked by a cliff. Climbing back 
up to attempt to rejoin your ascent route does not seem viable, as there is now a full- 
blown storm above. 


This looks 
‘wrong 


Most people get lost on their way down from mountains, not on their way up. As you 
climb higher, the overlying terrain decreases in size, effectively funneling you toward 
the summit. The reverse happens on the descent. You are faced with ever expanding 
terrain and an increasing number of route choices, each potentially wrong. Rushing 
downhill during poor visibility is usually a bad idea. Losing your way on the descent 
can have serious consequences, particularly on high, remote, or technically demanding 
mountains. 


‘An effective method to retrace your steps is to place wands along your route as you 
ascend. The wands should be placed close enough so that you can find the next one 
even if the visibility is drastically reduced. Don’t worry if the wands look ridiculously 
close together. Place extra wands at critical locations such as rappel stations, ridge 
forks, or crevasse bridges. Also, mark these locations as GPS waypoints, altimeter 
readings, or by recording triangulation bearings. 


If you plan to descend via a different route, carefully research your descent route ahead 
of time by analyzing maps and photos, consulting a guidebook, or talking to someone 
who has climbed that route. Note the elevations of all critical locations. Altimeters are 
particularly valuable for finding critical locations on mountains. Plan for the possibil- 
ity of a forced retreat down your ascent route. Also, investigate possible escape routes 
that can get you down quickly in case of an emergency. 
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9.11 Trail return 

‘You're returning on the same trail that you used to access a wilderness area. For some 
reason, the trail looks different and seems longer than on the outward journey. You are 
wondering if you are in fact on the correct trail. 


| don't remember 
this part of the trail 


Most people are amazed by how different a trail or any other type of route looks on the 
return journey. This perception is caused by inattention during the outward journey 
and altered viewpoints during the return journey. During the outward journey, your 
mind is naturally focused on the goal at hand, making it easy to forget certain features 
or having traveled particular sections of the route. This leads to a truncated mental 
image of the route and many people are surprised by how long it takes to return. This 
perception is amplified when conditions have changed since your outward journey. 
For example, it may be darker on your return journey. 


The best cure is to familiarize yourself with the opposing view by frequently looking 
back during your outward journey. This will help you build a more complete mental 
image of the route. Pay attention to unique features in all directions and mark critical 
points along your route as GPS waypoints, altimeter readings, by recording triangula- 
tion bearings, or with physical markers such as cairns or flagging tape. 


9.12 Return to highway 


You’re driving along the Alaska Highway across flat terrain and decide to check out the 
local swamps. You head off at a right angle to the highway through low-lying fog, After 
going straight ahead for a while, you decide to turn back because of the mosquitoes. For 
some reason the return journey is taking much longer than the outgoing hike and the 
highway seems to have vanished. As the fog lifts, you notice that the sun is in the wrong 
direction. You’re actually heading away from, instead of toward, the highway. 


179 


Chapter 9: Scenarios 


Terrain that looks the same in all directions can easily deceive your sense of direction. 
On flat terrain, almost everyone curves consistently to the left or to the right if no 
distant reference points are in view. The difference in leg lengths is the main cause of 
this effect. If your right leg is longer, you tend to veer to the left and vice versa. Other 
factors include having one dominant eye and the tendency to veer downhill and away 
from the wind. The faster you travel, the more you curve. To determine your innate 
curving disposition, find a flat area with no obstacles and walk with your eyes closed. 
If the ground is covered with sand or snow, your footprints will illustrate your personal 
curving disposition. You can then compensate by consciously forcing yourself to veer 
in the opposite direction. 


Turaround 
point 


180 


Chapter 9: Scenarios 


In this scenario, your tendency to veer left eventually altered your travel direction by 
90°. On your way back you continued to veer left, ultimately traveling directly oppo- 
site to your intended direction. This type of scenario can easily be avoided by using a 
compass. Before leaving your car, take a compass bearing in the direction that you 
want to travel and then follow this bearing. For your return journey, add or subtract 
180° to your original compass bearing, then add or subtract a deliberate offset of a few 
degrees. Follow the offset bearing back to the highway, an extensive linear feature that 
you're unlikely to miss. After arriving at the highway, the deliberate offset will govern 
which direction to go along the highway to reach your car. 


If the sky is clear, you can use the sun to stay on track. Note the direction of the sun as 
you depart from the car and then keep a course that is at a specific angle relative to the 
sun. As you travel, slowly adjust your bearing to compensate for the clockwise (coun- 
terclockwise in the southern hemisphere) movement of the sun, which averages 15° an 
hour. Use the same principle to return to the highway. 


Returning directly to the spot where your car is parked requires precise navigation. 
Unless there is a distinct landmark near the car, you’ll probably need a GPS receiver. 
Mark the car as a waypoint before heading off. To find your way back to the car from 
anywhere in the swamp, just switch on your receiver and make it show the distance and 
bearing toward the car. Set your compass to this bearing and follow the bearing di- 
rectly to your car. 


9.13 Large group 

Thrashing through the wilderness with a large group of people, you suddenly realize 
that you can’t see or hear your friends anymore. You were just tagging along with the 
rest of the bunch and don’t know much about the intended route or the surrounding 
terrain. To make matters worse, you're carrying neither a map nor a compass, plus the 
roar of a nearby river drowns out your shouts. 


Large groups are notorious for fragmenting into subgroups because of unequal travel 
speeds. In some cases, one or more members are inadvertently left behind after a rest 
stop. Ideally, the whole group should stay together as one cohesive unit by traveling at 
the speed of the slowest member. Unfortunately, this doesn’t always happen in practice 
and often leads to wild speculation about the location of members who are out of sight. 


‘A common predicament occurs when only a few members know the route or have the 
required navigation skills and equipment. If these members get too far ahead, the group 
that follows may be forced to second-guess which way to go. A wrong turn will lead 
the followers astray, while the group on the correct path will be wondering why the 
followers aren’t arriving. 
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Hey, where is 
everybody? 


He must 
have gone 
this way / 


Another type of dilemma arises when one group believes that a second group is ahead 
when itis in fact behind. The first group speeds up in an attempt to catch up but ends up 
leaving the second group further behind. Eventually one or both groups may initiate a 
search, which can degenerate into a ridiculous cat and mouse game with the groups 
seesawing back and forth along the route, or scattering across the terrain in a desperate 
attempt to find each other. 


Before starting out, all participants must be informed of the proposed route. Predeter- 
mined meeting points and what to do if someone becomes separated should be dis- 
cussed in advance. The leading group must wait at critical junctions, such as trail forks, 
until the rest of the members catch up or indicate the correct travel direction with 
markers. Do a body count at each rest stop to ensure that nobody is missing. In a few 
instances, a group has returned home without realizing that a lost or injured member is 
still out in the wilderness. Other times huge search parties have been sent out to look 
for “lost people” who have returned to civilization but neglected to notify anyone. 


‘A fragmented team inevitably becomes a weaker team, especially if the skill level and 
group equipment is unevenly distributed. Breaking up the group ahead of time into 
self-sustaining units can mitigate this problem but will also lessen the incentive to stay 
together. A possible solution is to carry two-way radios. The most effective solution is 
to havea leader who can control the group, sets a reasonable pace, and does not always 
lead from the front. 
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end-to-end solution requires only a software upgrade to the GSM/EDGE radio network. 
There are a number of networks and devices supporting DTM. 


A feature in Release 9 that applies to EDGE is the Enhanced Flexible Timeslot Assignment 
(EFTA), which allows for more efficient adaptation to varying uplink versus downlink 
transmission needs. The network allocates uplink and downlink timeslots that overlap in 
time, and the mobile station may either use the corresponding uplink timeslots for 
transmission or receive on the overlapping downlink time slot, if it has nothing to transmit. 
In addition, alternative EFTA multi-slot classes enable the support of as many as eight 
timeslots per downlink carrier (instead of five or six timeslots with multi-slot classes 30 to 
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9.14 Disappearing trail 


You’re hiking on a trail that disappears and reappears with irritating regularity. 


‘Oh no, the trail 
vanished again! 
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This often occurs when traveling on animal trails or trails that run through different 
types of terrain. A trail may be well defined through the trees but disappear completely 
when crossing a boulder field, only to reappear at the next patch of trees. Sometimes a 
trail simply ends. In moderate, open terrain you may choose to ignore the trail and 
simply travel in the correct general direction. Trails generally follow the path of least 
resistance so choosing an off-trail route that minimizes hardship will increase your 
chances of stumbling onto a trail if it exists. Keep in mind that most animal trails 
eventually lead to water and almost always lead to a pass if there is one ahead. In 
addition, some animals are experts at creating trails that contour across slopes. 


One thing you want to avoid is paralleling a perfectly good trail for long distances. It 
may be prudent to zigzag your way forward if you're reasonably certain that there is a 
trail nearby. If the terrain is too rough or the vegetation too thick for reasonable off- 
trail travel, you may be forced to waste a lot of time looking for the trail. Once you find 
the trail, pay close attention to every detail in your surroundings to avoid losing it. 


9.15 Whiteout 


‘A fog bank rolls in and it starts snowing as you ski across a large, snow-covered ice 
field, creating a condition known as a whiteout. Nevertheless, you decide that there is 
enough visibility to continue. After an hour of navigating by instinct, you come across 
a pair of tracks, and realize that these are your own tracks. 
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‘A whiteout doesn’t necessarily imply that you can’t see anything. It means that you 
cannot distinguish between things that are white. Brightly colored or dark objects can 
often be seen from some distance away. On the other hand, snow-covered ground blends 
in with the fog and it’s very difficult or impossible to assess the shape of the surround- 
ing terrain. Distance and depth perception are distorted. Travel can be treacherous 
because crevasses or snow-covered cliff edges are often invisible, even if they are just 
one step away. 


‘My compass 
tells me to continue 
straight ahead 


Successful navigation in whiteout conditions requires faith in your instruments. With- 
out a compass, most people end up traveling the path of least resistance, downhill and 
with the wind. If the terrain is flat and there is no wind, most people will travel around 
in circles. A map, compass, and altimeter or GPS receiver is essential. Use your altim- 
eter or GPS receiver to pinpoint your position on the map, and then take a compass 
bearing toward an intermediate target along your route. If you just have a map and 
compass, do a rough estimate of your position and then take a bearing toward a large 
target. Move extremely slowly as you follow the compass bearing. Ignore your direc- 
tional instincts. If you’re unsure of how steep the slope is ahead, test the slope by 
throwing rocks or snowballs in front of you. 


Moving in a straight line in a whiteout is very difficult, even with a compass. If you’re 
traveling solo, look at the compass every few steps to stay on track and take frequent 
back bearings. If the back bearing doesn’t point directly toward your tracks, move side- 
ways until it does. If you’re part of a group, travel in a file with the last person carrying 
the compass and the first person acting as a reference point. The last person checks the 
compass bearing and periodically directs the first person to veer left or right. 


Do not underestimate the inherent dangers of traveling in a whiteout. Unless there is an 
urgent need to continue or you’re certain there is no dangerous terrain ahead, stop until 
the visibility improves. If you decide to move, take appropriate measures such as rop- 
ing up to reduce the risks. 
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9.16 Trail from lake 


‘You drag a canoe down a trail through deep forest to a lake. After reaching the shore- 
line, you paddle to the other end of the lake for an overnight stay. On your return, you 
cannot find the trail that you used the previous day. The shoreline looks the same 
everywhere and the trailhead is hidden from view by trees. 
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‘All of these bays 
look the same 


On your outgoing journey, you were moving toward the lake, a large catching feature 
that was almost impossible to miss. On your return, you're faced with the reverse 
situation, trying to find a small target, the trailhead, from an indistinguishable location 
on a large feature. The trailhead is a critical location that you must mark on your out- 
ward journey. You could mark it as a GPS waypoint or by recording a triangulation 
bearing. Only one bearing is needed because the shoreline is a linear feature. If you 
don’t have any navigation equipment, mark the trailhead with flagging tape, or build a 
rock cairn or a branch tripod before setting off. Also, note any shoreline catching fea- 
tures that would let you know that you’ve paddled past the trailhead. 


Having failed to mark the trailhead, you are faced with a potentially long and tedious 
scouting expedition. Start from a point well back from where you think the trailhead is 
located and slowly paddle forward along the shoreline while keeping your eyes glued 
for any signs of the trail. If anything looks promising, go ashore to check it out. 
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9.17 No GPS signal 


On your quest to conquer Mount McKinley, you decide to climb the avalanche-prone, 
north-facing Wickersham Wall. After a week of climbing and acclimatizing, you pull 
out your GPS receiver from the bottom of your pack to check your altitude. For some 
reason, your receiver refuses to get a position fix. 


(Wat, no 


position fix? 


> 


The orbits of GPS satellites carry them to a maximum latitude of about SS°N. Because 
Mount McKinley is at a latitude of about 63°N, most satellites that are visible from the 
north-facing Wickersham Wall are the ones that happen to be in northern positions on 
the opposite side of Earth. The great orbital heights of the satellites allow position fixes 
even at high latitudes. In fact, your GPS receiver can get an accurate fix at the geo- 
graphic poles. The problem arises when a mountain or other obstacle blocks a signifi- 
cant portion of the sky and the rest of the sky doesn’t have enough satellites for a 
position fix. This commonly occurs on steep, north faces in the northern hemisphere, 
and steep, south faces in the southern hemisphere, particularly at high latitudes. 


You may eventually get a position fix if you leave your GPS receiver switched on long 
enough. The satellites are constantly moving and a favorable configuration may tem- 
porarily appear. 


Itis always a good idea to bring along an altimeter when climbing steep walls where 
knowing your elevation is often more important than knowing your horizontal posi- 
tion. If the visibility permits, try triangulating your horizontal position with a compass. 
Be aware that a slight horizontal error on a steep slope will translate into a large eleva- 
tion error on the map. 


If you brought along a suitable thermometer, you could measure the temperature of 
boiling water, and then estimate your elevation based on this temperature. The boiling 
temperature of pure water is 100°C at sea level, and decreases by 1°C for every 300m 
of elevation gain (Section 6.6). For example, if your boiling temperature is 84°C, your 
elevation would be (100 - 84) x 300 m = 4800 m. 
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9.18 Back roads 


Walking along an abandoned logging road, you're unable to find the fork of a branch 
road that is clearly marked on your map. To confirm your position, you take a GPS 
position fix, then an altimeter reading, and finally use compass triangulation. All meth- 
ods put you at the same location on the map near the road fork, but after a thorough 
search of the area, you cannot find the branch road. 


This is a situation where you should seriously question the accuracy of your map. Like 
other navigational tools, maps cannot always be trusted. Even high-quality maps from 
reputable mapmakers are prone to errors, especially regarding man-made features such 
as roads. 


“Ware realistic pranehr ad 
roac-alignment 


( : \ S 
chet 
off-road 

toute 


. ‘i 4) 


< 


Look i road 


forkin meee 


Road fork as 
drawn on map 


Start of branch road 
‘drawn on 


Ne 
Contour interval 407m 


1000 m 509 m 0 
=o 


By carefully analyzing the contour lines on the map, you will notice that the branch 
road starts out with a very steep hill. Over a distance of 600 m, the road rises about 7 
contour lines for an elevation gain of 280m. This works out to a gradient of 47% or a 
slope angle of 25°, much too steep for a drivable road. Since it is unlikely that the 
mapmaker drew in a road that never existed, look at the adjacent contour lines for an 
alternate road alignment that makes sense. 
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‘You will discover that the slope eases a few hundred meters to the northwest. Scout out 
this area for a possible start of the branch road. If you don’t find the branch road there, 
investigate other reasonable possibilities. If this fails, travel off-road toward your des- 
tination. You may eventually stumble onto the road if you choose a route that intersects 
a reasonable road alignment. 


Logging and mining roads are often temporary features that may or may not have been 
drawn on your map. They can evolve into a web of roads that end abruptly. Getting lost 
on back roads is actually much more common than getting lost in true wilderness areas. 
It is often difficult to know if you’re on the correct road until you’ve traveled along 
that road for some distance. Survey the surrounding terrain as you travel to keep track 
of your position, and use a compass to ensure that you are moving in the correct gen- 
eral direction. Don’t be afraid to pull out your altimeter or GPS receiver if you are 
uncertain of your position. 


9.19 Food stash 


Fora long ski traverse, you decide to hire a ski plane to place a food stash on a glacier 
near the midpoint of your route. You accompany the pilot when the stash is dropped 
and plant a wand in the middle of the stash. You then use your compass to triangulate 
the position of the stash, dutifully recording the field bearings to the landmarks. Unfor- 
tunately, all the landmarks are hidden by fog when you reach the vicinity of the stash 
during your traverse, preventing you from triangulating your position. 


Where could 
that stash be? | 
I'm hungry! 


Given the importance of finding the stash, you should employ several backup methods 
to mark its location. Options include marking the stash’s location as a GPS waypoint or 
an altimeter reading. An effective method for zeroing-in on a buried stash is to place an 
avalanche transceiver inside the stash. Don’t forget to insert a fresh set of batteries and 
make sure the unit is switched on. You will need a second transceiver to find the stash. 
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can already taste 


those chocolate bars! 


Areliable method for marking a stash is to plant a series of wands, about 50m apart, on 
both sides of the stash. The line of wands should be perpendicular to your expected 
direction of travel, with the stash at the center. Placing different colored wands on each 
side of the stash and numbering them according to their distance from the stash will 
make the stash even easier to find. Be aware that wands often melt out and fall down or 
get completely covered by new snow. Make sure the wands are long enough to be 
planted deep into the snow and still stick up high above the snow. 


9.20 Antarctic ordeal 


During his ill-fated Antarctic expedition from 1914 to 1916, Ernest Shackleton’s ship 
was trapped by ice for 9 months, and then crushed by the ice. He and his crew aban- 
doned the ship and then drifted on the pack ice for S months to open water. With three 
lifeboats, they managed to reach uninhabited Elephant Island just off the Antarctic 
Peninsula. 
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To get help, Shackleton and five other men set sail in one of the small boats toward 
South Georgia, 1300 km away. It would be a onetime opportunity. If their course was 
off by more than a few degrees, the boat would miss the island and disappear into the 
South Atlantic where they would surely perish. The available navigation tools were a 
compass, sextant, chronometer, nautical almanac, and pen and paper. 


Shackleton’s navigator, Frank Worsley, plotted a course to South Georgia, taking into 
account the prevailing winds and currents. During the 16-day voyage, the skies were 
mostly overcast and the boat was continually pounded by enormous waves and gale 
force winds. On the wildly pitching boat, Worsley managed to take only four sextant 
sights of the sun between thick clouds. The location of the horizon could only be guessed 
because of the poor visibility. After taking the sights, Worsley consulted the soggy 
almanac and used a pencil to do the calculations. The rest of the navigating was done 
solely by dead reckoning. The boat miraculously followed a near perfect course to 
South Georgia and the whole expedition team was eventually rescued. Some people 
regard this event as one of the greatest feats in navigation history. 


” 
Elephant*\ 
Island  # 


Intermediate 
waypoints 


‘Trying to recreate this journey today using a GPS receiver instead of a sextant would 
make the navigation a lot easier, but plotting the proper course would be just as diffi- 
cult. Marking the position of South Georgia as a waypoint in your receiver and follow- 
ing a great circle route to the island would not work because winds and currents would 
push you off course. Instead, you would have to follow a route consisting of a series of 
intermediate waypoints that take into account expected currents and winds as well as 
how fast your boat can move relative to the water. 


Frank Worsley was obviously gifted but still required years of practice as a ship navi- 
gator to perfect his navigation skills. Today’s aspiring navigator should take note. High- 
tech gadgets are no substitute for practical experience and clear, rational thinking. 
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9.21 Polynesian journey 

In 1976, a replica Polynesian, doubled-hulled, ocean-going canoe set sail from Maui 
(20°53'N, 156°41'W) to Tahiti (17°33'S, 149°36'W). Only traditional South Pacific navi- 
gation techniques were to be used on this voyage that covered a straight-line distance 
of around 4300 km, mostly across open ocean. No navigation instruments were carried 
onboard. The crew included expert Micronesian navigator Mau Piailug. 


Before taking off, Piailug selected a proposed route, taking into account factors such as 
prevailing winds and currents, expected weather for the season, availability of conve- 
nient astronomical bodies, and the capability of the vessel. He also established alter- 
nate routes in case things didn’t work out as planned. The vessel first sailed northeast, 
which was deliberately in the wrong direction. This was done to sail as far east as 
possible before losing sight of the Hawaiian Islands. The navigation was done by ter- 
rain association on this section of the voyage, using the islands as landmarks. After 
skirting around the Big Island, the course was set to the southeast, in the direction 
where the star Antares rises. This deliberate eastward offset was to compensate for 
strong, west-flowing ocean currents. 
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‘As the vessel moved southward, the height of Polaris above the horizon was used to 
estimate the latitude while Piailug used dead reckoning to estimate the longitude. He 
calculated the speed of the boat by looking at how fast the water flowed past the hull and 
used patterns of ocean swells to keep the vessel pointed in the right direction during 
periods of cloud cover. Every slight change in wind direction was noted. Between lati- 
tudes 8°N and 4°N, the crew encountered the doldrums, a region of weak and unpredict- 
able winds. The vessel made slow southerly progress during this portion of the voyage, 
but was thankfully pushed eastward about 200 km by east-flowing currents. 


The crew inferred that they had crossed the equator shortly after seeing Polaris very 
low on the horizon. From here, the course was set toward the Southern Cross when it 
was halfway up its maximum height above the horizon. This bearing, equivalent to 
south-southeast, was calculated to compensate for west-flowing currents. This bearing 
would also direct the vessel toward the Tuamotu Archipelago, a target several hundred 
kilometers wide. Zenith stars were used to calculate the latitude. At one point, Spica 
passed almost straight overhead putting the vessel at about 11°30'S, and later 
Zubenelgenubi put their latitude at 15°S. 


Unfortunately, the southeast trade winds were too southerly that year and could not 
compensate for the westerly current. Piailug had a backup plan in case the westward 
drift caused the boat to miss the Tuamotu Archipelago. Instead of trying to directly 
find a small target like Tahiti, he would sail northeast against the current to approach 
the Tuamotu Archipelago from the southwest. After reaching and identifying one of 
the islands, he would know the boat’s exact location and could then sail straight for 
Tahiti. This plan was not needed because the familiar swells from the southeast abruptly 
stopped and a crewmember noticed a couple of terns that normally don’t venture more 
than 50 km from land. This could only mean they were very close to land. A short time 
later, the crew spotted Mataiva, the westernmost island of the Tuamotu Archipelago. 
From here, Tahiti was an easy navigation target with cloud formations above its moun- 
tains visible far out to sea. 


Since then, several other long, open ocean voyages have been successfully completed 
without any navigation instruments. This type of navigation requires years of practice 
and is not an exact science. Your presumed position could be off by several hundred 
kilometers. It does however teach an important lesson. The world is filled with naviga- 
tional clues that can be exploited by a skilled navigator. 
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Abbreviations and Acronyms 


The following abbreviations are used in this paper. Abbreviations are defined on first use. 
1G - First Generation 

1xEV-DO - One Carrier Evolution, Data Optimized 

1xEV-DV - One Carrier Evolution, Data Voice 

1XRTT - One Carrier Radio Transmission Technology 

2G - Second Generation 

3G - Third Generation (meeting requirements set forth by the ITU IMT project) 
3GPP - Third Generation Partnership Project 

3GPP2 - Third Generation Partnership Project 2 

4G - Fourth Generation (meeting requirements set forth by the ITU IMT-Advanced project) 
5GC - 5G Core 

8-PSK - Octagonal Phase Shift Keying 

‘AAAS - Adaptive Antenna Systems 

ABR - Allocation Retention Priority 

AGW - Access Gateway 

AMF - Access and Mobility Management Function 

AMR - Adaptive Multi Rate 

AMR-WB - Adaptive Multi-Rate Wideband 

ANDSF - Access Network Discovery and Selection Function. 
ANSI - American National Standards Institute 

APCO - Association of Public Safety Officials 

API - Application Programming Interface 

APN - Access Point Name 

ARP - Allocation Retention Priority 

ARPU - Average Revenue per User 

‘ARQ - Automatic Repeat Request 

ATM - Asynchronous Transfer Mode 

AWGN - Additive White Gaussian Noise Channel 

AWS - Advanced Wireless Services 

BCCH - Broadcast Control Channel 

bps - bits per second 

BRS - Broadband Radio Service 

BSC - Base Station Controller 

BTS - Base Transceiver Station 

C/I - Carrier to Intermodulation Ratio 

CAPEX- Capital Expenditure 

CBF - Coordinated Beam Forming 

CBRS - Citizens Broadband Radio Service 
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INTRODUCTION 


ean, nteasingy uncertain world, the focus of this new 
edition is to prepare you for any survival situation you may 
encounter. Within these pages | look to identify every danger 
imaginable and show you how to deal with it. The advice given 
here will prepare you both physically and mentally, and make 
you aware of all the hazards you may face. Being fully prepared 
will give you the confidence to survive against the odds — and 
allow you to adapt when things go wrong. 

For 26 years, as a professional soldier, | had the privilege of 
serving with the Special Air Service (SAS). This elite unit of the 
British Army is trained to carry out arduous operations in all 
parts of the world, often isolated and far from conventional 
forces. Working in small groups, often in enemy territory, SAS 
soldiers have to become their own doctor, dentist, navigator 
and cook. Frequently, the operational situation makes resupply 
impossible and they have to live off the land. They have to 
handle every kind of situation and problem, whether man-made 
or an act of nature, and get back to safety, and must develop 
skills which enable them to survive anywhere. 

After serving throughout the world, | became the survival 
instructor to the SAS and it was my responsibility to ensure that 
each and every member of the Regiment could apply these skills 
in the field, Tested in training and operations, they form the 
basis of this new edition. 

The need for survival training has never been greater 
Cheaper air travel has opened up the world, and there is 
virtually no place left on the face of the planet that we cannot 
and have not visited. This, added to factors such as increased 
leisure time, wealth, and the knowledge provided by television 
programmes, means that we are becoming more adventurous 
and informed about the world around us. 

But we must also take into account the fact that over the 
last 12 years the world has become a more unstable place. The 
Berlin wall came down in 1999, followed by the Guif War, 
Bosnia, Kosovo and Sierra Leone. These events, however, were 
overshadowed by the catastrophic and tragic events of 11th 
September 2001, the resultant ‘war on terror’ and, of course, the 
wars in Iraq and Afghanistan, These global conflicts have 
affected everyone and one things is for sure — our lives will 
never be the same again. 


8 


INTRODUCTION 


The instinct to survive will never change, neither will the 
human body's amazing ability to endure. Yet we should also 
bear in mind that, as we become more civilized, survival skills 
are being forgotten. It is doubly important, therefore, to practise 
our survival skills, and be prepared for anything. Survival 
training is the best insurance policy you can take out in an 
unstable world. If we are all grounded in the basic techniques 
of survival, and know what to do in an emergency, the world 
immediately becomes a safer place. 

You could be isolated anywhere in the world — from the arctic 
ice to a desert, from tropical rainforest to the open ocean, and 
the problems of survival are the same for both soldier and 
civilian, The difference lies in the circumstances; soldiers may 
need to hide their presence, whereas civilians will want to 
attract attention to effect their rescue. In areas of instability, 
where the risk of kidnap is high, it may be best to remain 
inconspicuous. Each environment calls for special survival 
techniques. Mountains, jungles, open plains and swamps can 
seem hazardous to the survivor, but each offers some form of 
support and can be exploited for food, fuel, water and shelter — 
ifyou know how. The effect of climate is crucial. Intense cold and 
searing heat challenge the survivor in different ways. You must 
know how to cope with both. 

You also need a sense of how your body works and how it 
will react in different environments and situations. Assess 
yourself before you travel: for instance, test your basic survival 
skills by sleeping outside, making sure that you can light a fire, 
and even going without sleep or food for a period of time. This 
will show you how you react in a limited simulated scenario. 

Survival depends upon applying basic principles and 
adapting them to the circumstances. These basic principles 
form an essential pyramid of learning for the survivor. 
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Although initially it may take great physical effort to escape a 
dangerous situation, survival is above all a mental exercise. After 
the excitement of the incident and the rush of adrenalin has 
settled it takes great mental resolve to carry on. What keeps us 
going is the basic instinct, best referred to as ‘the will to live! 


Will to Live 

This is the firm foundation on which we build all of our training. 
We constantly try to nourish and increase the will to live. It's 
easy to see how physically fit we are but very difficult to know 
how mentally fit we are. 

The Will to Live (WTL) means never giving in, regardless of 
the situation. It’s very reassuring to know that there is nothing 
on this earth that we cannot deal with, and there is no place 
where we cannot survive. As long as we follow the basic 
survival principles, prepare ourselves, and apply this WIL, we 
will come through. Some people have a stronger will than 
others, but we can all improve. 

Some of us turn to religion in times of stress, others think of 
loved ones. Fear of failure or letting down comrades all help to 
strengthen our WTL Reading about past exploits of survival will 
also help. You can have all the knowledge and kit in the world 
but without the will to live you can still perish. 


Knowledge 

On top of our foundation we have Knowledge. The more we 
know the easier it is to survive. Knowledge dispels fear. Look at 
the locals and see how they survive. Talk to people who have 
endured and learn from their experiences. On a practical level, 
ensure you are fully informed about the medical infrastructure 
in the particular region you are travelling in and know exactly 
how the emergency services operate. 


Kit 

The tip of our pyramid of learning is Kit. We keep this to a 
minimum and have a thorough knowledge of its uses and 
capabilities. There are essential items that you should never 
eave home without, including your Survival tin, knife, compass 
and a radio/phone. Remember, however, that you must also 
focus on what nature can provide to protect you as, ultimately, 
any kit must be considered a bonus. It is important that you 
know how to improvise and use your surroundings to sustain 
you when faced with a survival situation. 
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It is essential that you use your own judgement in the 
application of the methods described in this book. The tests for 
plant foods, for instance, are the only sure way of being certain 
whether a particular fruit or leaf is safe or poisonous. The 
average person is unlikely to come to any harm if they follow 
the method carefully, but there is always an element of risk. 
Individual responses to poisons vary — even smail quantities of 
toxic substances can be very dangerous to some people. Some 
of the traps described are also very dangerous. They can inflict 
injury to you if handled carelessly and should never be left 
unattended where other people may come to harm. 

In learning the skills described here, ! would always advise 
that you keep in mind the need to conserve our environment 
and to avoid cruelty to animals, and to be aware that some of 
these techniques may contravene local bylaws. While a knife is 
@ useful item in the wild, remain aware of contemporary knife 
Jaws. Remember, this is a handbook for survival situations when 
self-preservation is paramount. Therefore, risks may be involved 
which would be foolish even to consider under normal 
circumstances. 

Although this is not an official publication, by sharing the 
survival knowledge that I and my colleagues have gained 
through experience, | aim to help you to make those decisions 
correctly. These methods and skills have helped save our lives ~ 
they will help you to be a survivor, too. 

I would like, finally, to thank the SAS Regiment for providing 
me with the experience on which this book is based and to 
thank Howard Loxton and Tony Spalding who helped to bring it 
to publication. Without their hard work and dedication this 
book would not have been possible, 


JW. 
The Survival School, Hereford 
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egin by preparing yourself to be a survivor. 

That means preparation in every sense. This 
section is concerned with making sure that you 
have the right equipment for any expedition 
you undertake, It introduces the idea of carrying 
a pocket-sized kit of carefully selected key 
survival aids — which should go with you 
everywhere. 

A knife is your most important survival tool. 
It must be chosen and used carefully and it 
must be kept in perfect condition. 

Equally important is a personal preparedness, 
so that you are both physically and 
psychologically equipped to deal with the 
stresses and hazards of survival conditions. You 
must have a clear understanding of survival 
needs, especially of the need for — and ways of 
obtaining — water. 


ESSENTIALS FOR SURVIVAL 
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Equipment 
The unexpected 
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‘SURVIVAL POUCH 
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FACING DISASTER 
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The human species has established itself in almost every corner 

of the Earth, Even in territories too inhospitable to provide a 
regular home mankind has found a way to exploit its resources, 
whether by hunting or by taking wealth from the ground, and has 
often pitted its skills against nature simply for the satisfaction of 
doing so. 

Almost everywhere nature provides the necessities for survival. 
In some places the provision is abundant, in others very meagre 
and it takes common sense, knowledge and ingenuity to take 
advantage of the resources available. Even more important is the 
will to survive. Men and women have shown that they can survive 
in the most adverse situations, but they have done so because of 
their determination to do so — without that, the skills and 
knowledge in this book will be of little use if you find yourself 
really up against it. 

Survival is the art of staying alive. Any equipment you have must 
bbe considered a bonus. You must know how to take everything 
possible from nature and use it to the full, how to attract attention 
to yourself so that rescuers may find you, how to make your way 
across unknown territory back to civilization, if hope of rescue is not 
on the cards, navigating without map or compass. You must know 
how to maintain a healthy physical condition, or if sick or wounded 
heal yourself and others. You must be able to maintain your morale 
and that of others who share your situation. 

Lack of equipment should not mean that you are unequipped, for 
you will carry skills and experience with you, but those skills and 
experience must not be allowed to get rusty and you must extend 
your knowledge all the time. 

We are all used to surviving on our home ground — though we 
may not think of our lives in that way — but the true survivor must 
learn how to survive when taken from familiar surroundings or 
when those surroundings are drastically changed by man or nature. 
Anyone, young or old, from whatever walk of life, can find him- or 
herself in a survival situation. As more and more people fly the 
globe, sail small boats or cross the sea in large ones, walk the hills 
and climb mountains and take their holidays in ever more exotic 
places, the situations to which they could become exposed are 
increasingly diversified. 

But survival skills are not only concerned with the extremes of 
the air crash on a mountain peak, a shipwreck in the tropics or a 
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vehicle breakdown in the middle of a desert. Every time you fasten 
a seat belt in a car you ate giving yourself a greater chance of 
survival. Checking each way before crossing a road or ensuring that 
an open fire is safe before you go to bed are survival techniques that 
you carry out instinctively. It is these habits of mind that you must 
develop as much as acquiring skills. 

The main elements of survival are Food, Fire, Shelter, Water, 
Navigation and Medicine. To put these in order of priority we use 
the acronym PLAN. No matter where you are in the world this will 
never change be it the Arctic, desert, jungle, sea or seashore. 


P - for Protection 

You must ensure that you are protected from further danger, i. 
impending avalanche, forest fire or exploding fuel. Always stay on 
the scene of the incident as long as it is safe to do so and then make 
sure you are protected from the elements. This means making a 
shelter and often lighting a fire. There are several reasons why you 
should always stay at the scene 


1 You can utilize the wreckage for shelter, signaling ete. 

2 It's a bigger signature on the ground, making it easier to find. 

3 There are probably injured people that cannot be moved 

4 By staying where you are you conserve energy. 

5 Because you have booked in and out and have stayed on the 
route, rescue time will be minimal, 


L - for Location 

The next step after building a shelter is to put out emergency 
signals. You must draw attention to your position. Do this as soon as 
possible to help the rescuers. 


A- for Acquisi 
While waiting to be rescued, look for water and food to help 
supplement your emergency supplies. 


N— for Navigation 

Good navigation will keep you on route and will often avert a 
survival situation. But if you find yourself stranded, always stay 
where you are. 
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Medical 

‘You must become your own doctor and carefully monitor yourself at 
all times. Treat blisters as they occur, don’t let them become septic. 
Keep an eye on your companions and deal with any unusual 
problems as they arise. If they are limping, falling behind, or 
behaving strangely, stop and treat immediately, 


BE PREPARED 


The Boy Scouts’ motto is the right one. Anyone setting out on a 
journey or planning an expedition should follow it by discovering as 
‘much as possible about the situations likely to be faced and the skills 
and equipment called for. It is the most basic common sense to 
prepare yourself, to take appropriate gear and to plan as carefully as 
possible. 

Your kit could make the difference between failure and success, 
but, especially when back-packing, many people initially take too 
much and have to learn from bitter experience what they really 
need and what they could have done without. There is no fun in 
struggling with a huge pack full of superfluous items while wishing 
that you had a torch or can opener with you. Getting the right 
balance is not easy. 


EQUIPMENT CHECK LIST 


Before any journey or expedition make a cheek list and ask yourself 
the following questions: 


= How long will | be away? How much food do | need for this 
period and do | need to carry water? 


= Have | the right clothing for the climate and enough of it? ts 
one pair of boots enough or, because of the surface conditions 
and the amount of walking, should | take a standby pair? 


= What special equipment do I need for the terrain? 
= What medical kit is appropriate? 


Make sure that you are fit enough for what you plan to do. The 
fitter you are, the easier and more enjoyable it will be. If you are 
going hill-walking, for instance, take regular exercise beforehand 
and wear in your hiking boots. Walk to and from work with a bag 
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weighted with sand and get your muscles in condition! Mental 
fitness is another factor, Are you sure that you are up to the task, 
have prepared enough and have the equipment to accomplish it? 
Eliminate any nagging doubts before you set out. 

Always prepare contingency plans in case anything goes wrong. 
Things rarely go quite according to plan. What will you do if you are 
prevented from achieving your objective? What will you do if a 
vehicle breaks down, or if weather or ground conditions prove more 
severe than anticipated? If in a party, how will you regroup if 
separated? What happens if someone becomes il? 


Health checks 

Have a thorough medical check and ensure that you have all the 
necessary injections for the territories through which you intend to 
travel. There are vaccinations against yellow fever, cholera, typhoid, 
hepatitis, smallpox, polio, diptheria and tuberculosis, and an anti- 
tetanus injection is a must. Allow plenty of time for jabs — the full 
anti-typhoid protection requires three injections over the course of 
six months. If travelling through a malarial region take an adequate 
supply of anti-malaria tablets. You must start taking these two 
weeks before your journey, so that resistance is in the system before 
‘you arrive in the risk area, and should keep taking them for a month 
after your return, 

Go to the dentist and get your teeth inspected. Teeth that 
normally do not hurt can cause considerable pain in cold climates. 
At least start out in sound condition. 

Make up a medical kit that will cover all your likely needs and, if 
travelling with a group, ensure that any particular individual 
medical needs are covered. If a potential member of the group is not 
fit, should they be dropped from the party? A difficult decision 
among friends, but one that must be made for it is best in the long 
run. Consider, too, the ability of each member of the group to deal 
with the challenge of hardship, risk and endurance that you may 
meet. Stress often brings out the unknown side of a person, and in 
planning any group expedition some form of selection is needed 
‘when choosing your companions. 


RESEARCH 


You can never have too much information about a place you are 
going to, Contact people who know it already, read books, study 
‘maps — and make sure that you have reliable and up-to-date maps 
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to take with you. Find out about the local people. Are they likely to 
be friendly and helpful or are they wary of strangers? Are there local 
‘customs and taboos? 

The more detailed your knowledge of the way people live — 
particularly in non-westernized societies, where life is linked much 
more closely to the land — the more survival knowledge you will 
have if you come to need it. Local methods of shelter building and 
fire making, wild foods, herbal medicines and water sources will be 
based on an intimate understanding of the surroundings. 

Study your maps carefully, get a feel for the land even before 
you see it and gain as much knowledge of the terrain as possible: 
river directions and speed of flow, waterfalls, rapids and difficult 
currents. How high are hills and mountains, and what are their 
slopes like — are they snow covered? Which way do the ridges run? 
What kind of vegetation can you expect, what species of trees and 
where? What might temperatures be and how different at day and 
night? When are first and last light? What is the state of the moon, 
the time and height of tides, the prevailing wind direction and 
strength? The weather that can be expected? 


PLANNING 


For a group expedition get the members together for frequent 
discussions of what you aim to achieve. Nominate people for 
particular responsibilities: medic, linguist, cook, special equipment, 
vehicle maintenance, driver, navigator and so forth. Ensure that 
everyone is familiar with the equipment and that there are spares 
where needed — batteries, fuel and bulbs especially 

Divide the project into phases: entry phase, objective and 
recovery. Clearly state the aim of each phase and work out a time 
scale. Plan for emergency procedures such as vehicle breakdown, 
illness and casualty evacuation. 

In estimating the rate of progress, especially on foot, allow 
plenty of time. It is always better to underestimate and be pleasantly 
surprised by doing better. Pressure to keep up to an over-ambitious 
schedule not only produces tension and exhaustion but leads to 
errors of judgement and risk-taking that are frequently the reason 
for things going wrong. You cannot carry all your water requirement 
with you but must replenish supplies as you travel. Water sources 
will be a major factor in planning any route. 

When the route is planned and agreed make sure that others 
know about it so that you can have expectations of rescue if 
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anything goes wrong. If you are hiking in the hills inform the police 
and local mountain rescue centre. Tell them your proposed plan and 
give times of departure and expected arrival. If touring by car, log 
the route with the respective motoring organization. If sailing, check 
with coastguard and port authorities. 

Always make sure that someone knows what you are planning to 
do and when, and keep them informed at prearranged stages so that 
failure to contact will set alarm bells ringing. Boats and aircraft are 
strictly controlled in this respect and, if overdue, a search is raised 
and the route checked out, effecting rescue. Get into the habit of 
telling people where you are going and what time you expect to 
return or reach your next destination. 


EQUIPMENT 


Being prepared for any eventuality is a tall order if you are on foot 
and have to carry everything you need yourself. Whatever you carry, 
you must ensure that it is up to the job, versatile and robust. It's a 
fine balance between what you would like to carry and what you 
must carry. When preparing for any adventure, you must take into 
consideration what the dangers are and how you can overcome 
these. This is what is called contingency planning. 

The climate, weather and time of year will all help you to 
determine what to carry, but you must ensure that everyone with 
you knows how to use and maintain the specialist kit you decide 
to take with you. Armed with information from your research 
you will be able to select your equipment, matching it to objectives 
and conditions. 


Clothing 

The correct choice of clothing is so important. If you start out right 
the chances are that you will succeed. Man is a tropical animal and 
can only survive as we are born in the tropics. The moment we leave 
this area we have to provide our bodies with this tropical 
environment, hence the need for clothes. There is no heat in clothing, 
it only traps what the body produces. 

The wind and rain are the most dangerous elements in a 
temperate climate and the cold in extreme areas tike the polar 
regions. If the heat that is trapped in the layers of clothing you are 
wearing is continuously being replaced by wind and rain, you are in 
danger of hypothermia. In cold climates layering is the answer so pull 
ona jersey if it turns cold and waterproof if it rains. However if you 
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wear an anorak while carrying a heavy pack, there is a danger of 
‘wearing through the shoulders and lower lumbar region allowing the 
ingress of water to soak the body. You need a change of clothing and 
additional warm garments for when you stop. 

In hot climates it is very difficult to get the batance right between 
comfort and practicality. There has always been a danger of 
‘overheating in extreme conditions caused by wearing heavy clothing 
while carrying out physical activities. When on the mave wear the least 
amount of clothing possible and avoid walking in waterproofs if you 
are too hot, as the condensation generated will soak the inner layers. 

Clothing should give good protection and be well-fitting without 
being restrictive. It must keep you warm and dry but have plenty of 
ways to keep the body ventilated so you don't overheat (if it gets 
colder you can always put on more.) 

With all the great breakthroughs in recent years in fabric 
technology it is worth understanding the pros and cons of the 
different materials on offer. Gore-tex™ is an excellent material 
because it is breathable and so keeps you warm and dry while 
ventilating the body, but it does have limitations. Breathable 
materials can only work if they are kept clean. Once they get covered 
in mud and accumulate grime they are less effective. Gore-tex™ is 
not robust or hard-wearing and must be looked after. The best way 
to use Gore-tex™ is to walk or climb in windproof garments and 
when at rest, put on the breathable kit. 

Synthetic materials such as fleece are very popular and in certain 
conditions outperform natural materials like wool, down or cotton. 
Having a zipped front makes a fleece easy to put on and take off and 
they are also comfortable to walk in. Choose one that is windproof 
as this is often all that is needed in most conditions. If it gets colder 
they can be worn under an outer waterproof giving good insulation. 
There are also garments which act like an animals skin, using the 
buffalo system. They have a windproof outer with a man-made fibre 
pile inside. When wet they perform like a wetsuit. They are good for 
walking in cold/wet conditions, and are ideal for boating, canoeing 
and caving, 

As for natural fabries, wool is still an excellent choice for jumpers 
as it retains its warmth even when wet. The downside is it stretches 
and becomes heavy, so it’s not a good choice for socks. Down is the 
warmest and lightest of all natural insulating materials but loses all 
its heat-retaining qualities when wet. Cotton acts as a wick and 
draws up all the moisture. So it’s good to wear in the tropics but not 
in the cold/wet regions. 

Footwear is an important consideration and for serious walking 
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give your feet priority. Break in new boots gradually and harden up 
your skin with surgical spirit, starting two weeks before you set off. 

For the enthusiast the major consideration in choosing clothing is 
cost. Surplus stores are very popular for the younger adventurer who 
loves to parade in camouflage clothing. Although ex-military kit is 
good, and cheap, itis already obsolete. The big drawback of wearing 
camouflage or dark clothing is the risk of not being found when lost. 
The reason soldiers wear it is so they cannot be seen which 
contradicts what you are trying to do if you get into trouble. Most 
outdoor clothing is blue or orange, some is reversible, so a 
contrasting colour will always stand out wherever we find ourselves. 
Buy the best clothing you can afford, and take advice from a 
reputable outdoor shop. 


Remember: There is no such thing as bad weather, only bad clothing, 


Sleeping bags 
Two types are generally available. One kind uses hollow fill, man= 
made fibre, the other (and more expensive) is filled with down 
Down is very light and gives much better insulation — provided it 
stays dry. Ifit gets wet it loses all its insulating properties and is very 
difficult to dry out. For conditions that are likely to be wet the man- 
made fibre will therefore be the better choice. Avoid getting your 
sleeping bag wet, however, as sleep will be seriously affected. 
Excellent bivouac bags made of breathable material are also 
available that will keep you dry in place of a tent, but in the long 
term you cannot beat a tent which can also be used for cooking and 
communal activities. Keep your steeping bag inside the bivy bag and 
stow it inside a compression sack to make it as small as possible. 
Keep the bag clean and use a kip mat or poncho to lie on, 


Packs 
You need a strong and comfortable back-pack to carry all your 
clothing and equipment. Choose the very best you can afford. It 
should have tough and fully adjustable webbing, well secured to the 
pack's frame or fabric. Heavy loads can quickly loosen poorly made 
webbing. It must have a comfortable hip belt. The secret of wearing 
a pack is to take the weight securely on the hips — the body's 
strongest pivot — not on the shoulders and back, which quickly 
strain and tire. 

Do you want a pack with an external or an internal frame? 
Internal frames are lighter and make a pack more easy to stow, but 
external frames are stronger, ensure a more even distribution of 
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the load and are especially useful for awkward or heavy equipment 
= including, in an emergency, a sick or injured person. A good 
external frame should carry the pack high up on your body, 
putting less strain on hips and shoulders, and it should be designed 
to allow an airspace between the pack and your back to minimise 
contact perspiration. A frame adds weight and is more prone to 
snag on rocky projections or branches, making progress through 
dense vegetation a little more difficult, but its advantages more 
than compensate. 

Finally, choose a pack made from a tough, waterproof fabric, 
preferably with a lace-up hood inside the main sack to prevent 
water leaking in and the contents falling out. Side pockets are 
always useful, but they must have secure zips rather than straps or 
drawstrings, which do not hold equipment safely. 


Stowing kit 
If you expect to get wet, stow everything in polythene bags. Pack so 
that you know where everything is and so that the first things you 
need are nat buried at the bottom. The sleeping bag is probably the 
last thing you need so that goes at the bottom. Your tent should be 
‘on the top, so should heavy kit such as radios, which are more easily 
carried there — though try not to make the pack too high, if 
you have to cope with strong winds, for a very high pack will be 
more difficult to balance and you will expend a lot of energy just 
keeping upright. 

Pack a stove and brew-kit in a side pocket so that you have 
easy access when you halt. Make sure that foodstuffs that can be 
easily squashed or melted are in suitable containers. In a warm 
climate you can carry food to eat cold and make plenty of hot 
drinks. In a cold climate make sure that you have plenty of fats and 
sugars. The exact rations depend on your taste, but they should be 
chosen to give a good balance of vitamins, minerals, fats, proteins 
and carbohydrates. Take into account the extent to which you will 
be able to live off the land and carry a supply of anything unlikely 
to be available locally 


GPS 

AGP (Global Positioning System) is an excellent piece of equipment 
and has taken a lot of skill away from the navigator. Basically these 
systems receive radio signals from satellites and can locate your 
current position, anywhere in the world, and are relatively easy to use. 
Itis also useful to note that they are reported to have 959 accuracy 
rate, However, in order to work, the satellite transmission must not 
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have any obstructions in its way, such as a tree branch or movement, 
so to receive a clear signal you need to be standing still and out in the 
‘open. However, if we depend solely on technology our basic skills will 
suffer and we will become unstuck if it becomes unserviceable or is 
lost. G.PS is not effective unless you can identify where you are so 
stick to the basies. Map read and navigate normally and use the GPS 
to confirm your navigation or correct it. 

When looking to buy a G.PS there are several considerations to 
think about: what you'll be using it for - if walking you will want 
the unit to be as light as possible and compact; where you'll be using 
it; and if you need it to be waterproof (this is usually a feature of 
the heavier models with extia gadgets). Battery life should also be 
taken into account. Some G.PS are more complicated than others so 
choose the model that you're happy with. Most have the facility of 
being able to put in way points (at sea this means the eastern and 
northern coordinates and on land these can be campsites, rock 
formations ete) and there are many convenient hand-held versions 
and some are even featured on watches. 

There is always a danger with any battery-operated equipment 
that it lets you down when you need it most. Batteries always 
discharge faster in the cold and with age. Recharging facilities are 
difficult in the wilderness, and bad connections caused by constant 
abuse while on the move are a real menace. 

Carry the G.PS around the neck tucked under the jacket. This witl 
minimize the risk of damage and protect it from the weather. Don't 
place it in your pack or leave it lying around, 

When planning your route from the map, choose prominent 
points that can be used as emergeney rendezvous. Have these at 
regular intervals, preferably every hour of walking. Enter these into 
the G.PS and they will keep you on track. Once entered they will 
offer information as to where you are in relation to these points and 
tell you what direction to take to reach them, 


Radios 

For a long expedition in remote territory a radio is a necessity. They 
tend to be expensive but are well worth the cost; if you cannot 
afford the radio, you cannot afford the expedition. Choose a model 
with the least amount of channels available to suit your particular 
needs. The trouble with multi-channeled sets is that people get 
confused and tend to use the wrong ones. Have a working channel 
that everyone uses at established schedules. Have a priority channel 
that you can switch to in an emergency so no one will break into 
your transmissions. IF working with coastquards/forest rangers etc 
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make sure that your radio is compatible and you know the 
emergency channel (channel 16); knowing the frequency of the 
World Service is also useful. Keep your radio in a safe place, ideally 
on a person and not in a pack. 

Prearrange a signals plan with scheduled calls morning and 
evening, especially when working in a large party. A signals plan 
entails people manning the radio at base and two-way 
communication is easily made. Make sure that the chosen 
frequencies will work in the areas you are going to, and that at 
least two people in the party are familiar with the working of the 
radio. Every group on the ground must be in radio contact with 
base. They should be allocated a call sign and frequency, and a 
schedule of calls to be made. 

Discourage groups from talking to each other without going 
through base. This will cause great confusion if not controlled. 
Listen out before transmitting otherwise you will interfere with 
other stations. Everyone has verbal diarrhoea when they talk on 
the radio so write down what you want to say before making 
contact and have pencil and paper ready to make notes and take 
instructions. This will help to keep transmissions to a minimum 
and preserve the batteries. 


REMEMBER: RSVP 


Rhythm ~ don't talk like a darlek 
Speed - talk slowly 


Volume ~ speak softly 


Pitch ~ pitch voice higher than normal and use the phonetic 
alphabet when spelling out place names 


In the evening give a situation report to base your 
location, what you have done and your future intentions. In 
the morning receive an 
update on weather 
conditions, a time check 
and other information 
that base can give you. 
A noon time call can be 
used to confirm your 
position. 
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Signals will be weak in steep 
gullies and valley bottoms and 
{good signals will be received on 
top of high ground or across water. 
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If you are tackling a dangerous aspect of the expedition you 
may want to arrange that base listen out for additional calls so 
that in an emergency you can call for help and get a response 
immediately. 


BE AWARE 


‘An emergency plan should always be put into operation when 
two consecutive calls are missed. Even if all is well, if you have 


not been able to make contact this will be treated by base as an 
emergency. You must return to or stay at the last reported 
location and await contact. If you are really in trouble base will 
know where you last were and where you planned to go to, and 
the rescue mission can follow. 


Mobiles 
The mobile phone is one of the great inventions of the twentieth 
century. In an emergency situation it can be a real life-saver. On 
expeditions where the radios have failed due to bad weather or the 
location of the victims, a mobile phone has been used to raise the 
alarm. A group on Everest got into trouble as they started their 
descent after summitting. They tried many times to raise base 
camp but without success. The leader phoned his wife in Hong 
Kong on a mobile phone and reported their situation, She then 
alerted Kathmandu, who in turn alerted base camp, Everest and 
effected a rescue 

Some phones are better than others so it's worth doing some 
homework; it's also essential to check the network coverage 
with the service provider before going abroad. Keep one in the 
car, they are priceless when help is required and a cigarette 
lighter is a convenient charger for the battery, providing you 
have an adaptor. Charging can be a problem in the wild so use 
your phone wisely, but small, hand-held manual chargers can 
now be bought to recharge batteries. With radios and phones it 
takes less power to listen than to transmit, so make your call 
and listen for a reply. If nothing is heard don't despair. With all 
electrical kit water/moisture is the enemy. The transmitting side 
may be working but not the receiving side. Make short calls on 
the hour. Someone may be picking up your signal so don’t give 
up. Once you receive confirmation that the rescue is under way 
keep the radio/phone on listening watch. 
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Altimeters 

In mountainous areas an altimeter is a good idea. Relating the 
height recorded can help you determine what contour you are on, 
and how far it is to the ridge or summit. 


You never have enough kit in an emergency. It's nice to have 6.PS, 
phones ete but you can still manage without as long as you have the 
ability to improvise and adapt. Learn the basics and use technology 
for confirmation, rather than depending on them whole heartedly. 
Communication is of the highest importance and must 
bbe given priority It is a safer place as long as you can communicate 
with the outside world, 

Many survival sagas begin because of bad nagivation, with 
people getting lost. Always plan for the worst eventuality. 


BE AWARE 


When things go wrong it's a series of events that compound the 
situation. The weather deteriorates, the radio is broken, the mobile 


phone is lost. Two people have multiple injuries and you are out 
of water, Never give in, Pan for these situations and you will come 
through, but always have a contingency plan. Imagine the worst 
possible scenario, and train for it. 


Vehicles 

Motor vehicles need special adjustment and adaptation to deal with 
high altitudes and extreme conditions, as well as a thorough 
overhaul to make sure they are in tip-top working order. You will 
need tanks for extra fuel and water as well as spares and 
modifications (see Vehicles in Climate and Terrain), 


Boats and planes 

Whether travelling privately or on 2 commercial service you must 
take note of the emergency procedures. Maritime and aviation 
authorities rule that passengers must be informed of them and 
remembering them could save your life. 

When you board an aircraft cabin staff point out the 
emergency exits and advise you on action to take in the event of 
an emergency. On board ship you will carry out lifeboat drills and 
be instructed on how to abandon ship if you have to. 
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ESSENTIALS FOR SURVIVAL 


The safest place on an aircraft is as far back in the tail as 
possible. In a crash this frequently breaks off and most survivors 
are from this portion. If you are a passenger in a light aireraft ask 
the pilot about the trip: how long will it take and what sort of 
ground will you be flying over? Attend to details — they count in 
an emergency. Also, try to keep your kit with you at all times. 


THE UNEXPECTED 


How can you prepare for what you do not expect? Preparing for 
expected difficulties and dangers is difficult enough, but what 
chance have you of equipping yourself for the totally unknown 
disaster? Yet these are the disasters that immediately spring to 
people's minds — the shipwreck and the plane crash or forced 
landing in unfamiliar and difficult terrain 

This is the reason for this book's existence. Even more important, 
however, is to know about a whole range of skills which can be 
applied and adapted to all kinds of situations and to develop a 
way of thinking that enables you to draw upon them to find the 
solutions to particular problems. This is the preparation you can 
make for the unexpected. 

But this is not all. You can equip yourself with a few small items 
which will increase your chances many times over by helping you 
with some of the basic necessities of survival. This can tip the 
balance between failure and success. They will fit in @ small 
container slipped into a pocket or bag and can be carried anywhere. 
They are your survival kit. If there is an emergency you will be glad 
you always carry it 

More bulky, but still compact enough to carry on a belt 
whenever you are travelling, are a knife and the items which will fit 
in your survival pouch (see Survival pouch). 

Without the basies, which these two kits provide, you can stil 
improvise but they will give you a head start 


SURVIVAL SCENARIO 


You're getting your kit together, what is the most important 
item to remember to take with you? 


Take your brain with you, You can't beat the combination of 
common sense and experience in high stress survival situations 
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SURVIVAL KIT 


few key items can make all the difference in the fight for 

survival. Collect the things listed below. They can all be fitted 
into a small container, such as a 207 tobacco tin, that will be hardly 
noticeable when slipped into an anorak pocket. Make a habit of 
always having it with you. Do not choose something bigger, you may 
find it inconvenient to carry and leave it out on the one occasion 
you actually need it. Many people who roll their own cigarettes 
carry such a tin. 

Experience has proved that each item eams its place, though 
some ate more use in some situations than in others: fish hooks, for 
instance, may be invaluable in the jungle but less so in the desert. 

Polish the inside of the lid to make a mirror-like reflecting 
surface and seal it, to be waterproof, with a strip of adhesive tape 
{see (a] over) which can be easily removed and replaced. Don't then 
just forget the tin, Regularly check the contents, changing any 
which deteriorate, such as matches and medicine tablets. Mark all 
drug containers with use and dosage and a run-out date when they 
should be replaced. Pack spare space in the tin with cotton wool, 
which will keep the contents from rattling and can be used for fire 
lighting, 


Matches (1) 
Waterproof matches are useful but bulkier than ordinary non-safety, 
strike-anywhere matches, which can be made ‘shower-proof’ by 
dipping the heads in melted candle fat. To save space, snap off half 
of each matchstick. 

it is much easier to use matches than to make fire by other 
methods but don’t waste them, use only when improvised methods 
fail. Take them from the tin one at a time and replace the lid. Never 
leave the container open of lying on the ground. 


Candle (2) 

Invaluable for starting a fire as well as a light source. Shave square for 
packing, If made of tallow it is also fat to eat in an emergency or to use 
for frying — but be sure its tallow; paraffin wax and some other candles 
are inedible, Tallow does not store well, especially in hot climates 


Flint (3) 
Flints will work when wet and they will go on striking long after you 
run out of matches. Invest in a processed flint with a saw striker. 
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SURVIVAL KIT 
Magnifying glass (4) 

Can start a fire from direct sunshine and is useful for searching for 
splinters and stings. 


Needles and thread (5) 

Several needles, including at least one with a very large eye that can 
be threaded with sinew and coarse threads. Choose strong thread 
and wrap it around the needles. They can be used for repairing or 
making clothes in an emergency. 


Fish hooks and line (6) 

A selection of different hooks in a small tin or packet. Add a few 
split lead weights. Remember that a small hook will catch both large 
and small fish but a large hook will only catch big ones. Include as 
much line as possible, it will also be useful for catching birds. 


Compass (7) 

A luminous button compass — but make sure you know how to read 
it, as some small compasses can be confusing. A liquid-filled type is 
best, but check that it does not leak, has no bubbles in it and is fully 
serviceable. The pointer is prone to rust. Make sure it is on its pivot 
and swings freely. 


Beta light (2) 

Beta lights provide a reliable and continuous light source for about 
15 years. The lights are generally the size of a small coin, are self- 
illuminating requiring no batteries, and are ideal for map reading. 


Snare wire (9) 
Preferably brass wire — 60-90cm (2-3ft) should do. Save for snares, 
bout could solve many survival problems. 


Flexible saw (10) 

These usually come with large rings at the ends as handles. These 
take up too much room, so remove them; they can be replaced by 
wooden toggles when you need to use it. To protect from rust and 
breakage cover it in a film of grease. Flexible saws can be used to cut 
even quite large trees. 


Medical kit (11) 

What you include depends upon your own skill in using it. Pack 
medicines in airtight containers with cotton wool to prevent 
rattling, The following items will cover most ailments: 
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IFFT - Inverse Fast Fourier Transform 

IFOM - IP Flow and Seamless Offload 

IM - Instant Messaging 

IMS - IP Multimedia Subsystem 

IMT - International Mobile Telecommunications 
IMT-Advanced - International Mobile Telecommunications-Advanced 
IRC - Interference Rejection Combining 

loT - Internet of Things 

IPR - Intellectual Property Rights 

IP - Internet Protocol 

IPTV - Internet Protocol Television 

IR - Incremental Redundancy 

ISD - Inter-site Distance 

ISI - Intersymbol Interference 

ISP - Internet Service Provider 

ITU - International Telecommunication Union 
JCP - Java Community Process 

JR - Joint Reception 

JT - Joint Transmission 

Kbps - Kilobits Per Second 

kHz — Kilohertz 

km - Kilometer 

LAA - License-Assisted Access 

LBT - Listen-Before-Talk 

LDPC - Low-Density Parity Code 

LIPA - Local IP Access 

LMDS - Local Multipoint Distribution Service 
LPWA - Low-Power Wide-Area 

LTE - Long Term Evolution 

LTE-A - LTE-Advanced 

LTE-TDD - LTE Time Division Duplex 

LTE-U - LTE-Unlicensed 

LSTI - LTE/SAE Trial Initiative 

LWA - LTE Wi-Fi Aggregation 

LWIP - LTE WLAN Radio Level Integration with IPsec Tunnel 
M2M - Machine-to-machine 

MAC - Medium-Access Control 

MAPCON - Multi-Access PDN Connectivity 

MB - Megabyte 
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SURVIVAL KIT 


Analgesic: A pain reliever for mild and moderate pain. Codeine 
phosphate is ideal for tooth-, ear- and headaches. DOSE: one tablet 
every six hours as needed but can cause constipation as a side-effect 
0 will help in cases of loose bowels. Not to be taken by children, 
asthmatics or people with liver disorders. 

Intestinal sedative: For treating acute and chronic diarthoca 
Immodium is usually favoured. DOSE: two capsules initially, then one 
each time a loose stool is passed. 

Antibiotic: For general infections. Tetracycline can be used even by 
people hypersensitive to penicillin. DOSE: one 250mg tablet, four 
times daily, repeated for five to seven days. Carry enough for a full 
course. If taking, avoid milk, calcium and iron preparations or other 
drugs containing aluminium hydroxide. 

Antihistamine: For allergies, insect bites and stings (may also help 
in cases of a bad reaction to a drug). Piriton is recommended in 
Britain, Benadryl in the USA. Sleepiness isa side-effect of Piriton, so 
useful as a mild sleeping pill. Do not exceed recommended dosages 
or take with alcohol. 

Water sterilizing tablets: For use where water is suspect and you 
cannot boil. Follow manufacturers’ instructions. 

Anti-malaria tablets: Essential in areas where malaria is present. 
There are types which require only one tablet taken monthly. 
Potassium permanganate: Add to water and mix until water 
‘becomes bright pink to sterilize it, deeper pink to make an antiseptic 
and to 2 full red to treat fungal diseases such as athlete's foot. 


‘Surgical blades (12) 
At least two scalpel blades of different sizes. A handle can be made 
from wood when required. 


Butterfly sutures (13) 
Use to hold the edges of wounds together. 


Plasters (14) 

Assorted sizes, preferably waterproof, for minor abrasions and 
keeping cuts clean. They can be cut and used as butterfly sutures 
(see Stitching wounds in Health) 


Condom (15) 

This makes a good water-bag ~ holding 1 litre (1%pt). It is easiest to 
fill it from a source that has an abundance of water and a degree of 
water pressure, like a waterfall 
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SURVIVAL POUCH 


I: a cat, boat or aircraft don't stow all your kit separately. Pack @ 
survival pouch, too large to carry in your pocket like your survival tin 
but kept where it can be grabbed quickly in an emergency. If you are 
on foot keep it outside your back-pack, and carry it on your belt. It 
should contain fuel, food, survival bag and signalling kit, all packed 
into a mess tin (a) which protects the kit and doubles as a cooking 
Utensil. If you fancy a brew or a snack, itis all there for you and in an 
emergency it gives you a first back-up for survival. Anything you use 
from the pouch must be replenished as soon as possible 


POUCH 


The pouch must be made from 
waterproof material and be large 
enough to take @ mess tin, It must 
have a positive fastening that will nat 


‘come undone, and o strong tuni 
oop to hold it on your belt. Remember 
the pouch contains matches, solid fuel 
‘ond flares — all life savers, but to be 
treoted with care, 


Mess tin 
This is made from aluminium, which is light and strong. A good 
cooking utensil, it protects kit packed inside it. 


Fuel 

Preferably you should have solid hexamine fuel tablets in their own 
stove container (1). Use sparingly when a wood fire is inconvenient. 
They make excellent fire lighters. The stove simply unfolds to form 
an adjustable pot stand (2) and holder for burning fuel, 


Torch 

Pack a small pencil-like torch (3) that takes up little room. Keep 
batteries inside it, but reverse the last so that, if accidentally switched 
oon, the batteries don’t run down, Many modern torches use light- 
‘emitting diodes (LED) as their light source rather than conventional 
bulbs. They use less battery power and will typically work continuously 
for two weeks. 
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Flares 

Signal flares (4) to attract attention, especially in close country. 
Carry red and green miniflares (5) and a discharger (6) (no bigger 
than a fountain pen). These are explosive so pack carefully. Simply 
remove discharger and screw on to flare (7). Withdraw flare and 
point skywards at arm's length. Pull the trigger to fire, 


Marker panel 
Asitip or bar of fluorescent material about 0.3 x 2m (1 x 6ft) used to 
attract attention in an emergency (see Signaling in Rescue). One bar 
signals immediate evacuation. Form other signals with panels carried by 
others in your party. Pack to stop the other items in the pouch rattling. 
A silver thermal blanket is ideal for this. 


Matches 

Pack as many matches (8) as possible in a waterproof container, you 
never have enough. Movement against each other ean ignite non 
safety matches — pack carefully 


Brew kit 
There is nothing like a brew-up to restore morale, Pack tea powder and 
sachets of milk and sugar (9). Tea quenches thirst ~ coffee aggravates it! 


Food 

Fat is the hardest food to come by when living off the land. Its extra 
calories earn it a place in your kit ~ tubes of butter, lard or ghee (10) 
are available. Dehydrated meat blocks (11) are nourishing and 
sustaining, though not very good in flavour. Chocolate (12) is a good 
food, but does not keep well — check regularly. Salt (13) MUST be 
included — or, better still, an electrolite powder which contains 
vitamins, salt and other minerals that the body requires. 


‘Survival bag 

A large polythene bag about 200 x 60cm (7 x 2ft) isa lifesaver in the 
cold. In an emergency get inside to reduce heat loss. Although wet 
from condensation you will be warm. Even better is a heat-insulated 
bag of reflective material that keeps you warm and solves the 
condensation problem. 


Survival log 
Keep a written log of all events. Do not trust your memory. Record 
discoveries of resources, and of what works and what does not. It 
becomes a valuable reference and making it helps keep up your morale. 
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KNIVES 


knife is an invaluable asset in a survival situation, The serious 

adventurer will carry one always. They should be packed with 
the luggage that you are checking in when travelling by commercial 
aireraft, otherwise they will be confiscated. Current knife law in the 
UK states that knives where the blade folds into the handle are legal 
as long as the blade is shorter than 3in (7.62em). 


Choosing a knife 

A multi-bladed folding knife is a useful tool, but, if you carry only one 
knife, you need something stronger, a general-purpose blade that will 
do all likely tasks efficiently and comfortably, from cutting trees to 
skinning animals and preparing vegetables. Some have a compass 
built into the handle or have the handle hollowed out so that you can 
carry survival kit inside it. However, these features will be offset by the 
possibility of a hollow handle breaking and a compass may soon lose 
its accuracy after the knife has been used on a hardwood tree. If you 
lose this kind of knife you also lose your survival kit ~ much better to 
keep the kit in a separate pouch on your belt or on the sheath, 


REMEMBER: YOU ARE ONLY AS SHARP AS YOUR KNIFE. Your knife 
is such an important piece of survival equipment, that you must 
keep it sharp and ready for use. Don't misuse your knife. Never 
throw it into trees or onto the ground. Keep it clean and, if you don't 
intend to use it for a while, oiled and in its sheath. 

When walking through close, or difficult terrain, get in the habit 
of checking your knife. This should become an automatic reflex 
especially after negotiating difficult terrain. A check of all pockets 
and possessions should be second nature 


Folding knives 

A folding knife that has a serrated edge, and which can be opened 
one-handed is valuable, provided it has a good locked position. 
Always carry one. A blade in a wooden handle is usually more 
comfortable: it will not slip in a sweaty hand and, if the handle is 
made from a single piece of wood, is less likely to cause blisters. 
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is deat: single round 
wood, the kife tang possing through it and 
fost he end Ifthe hondle breaks the 
Handle (0) is only riveted to the tong ond 
1. Hanole (c could break 

short tong would n cul 
ade The sheath (f} should 

hnave a positive fostening and a tunnel belt 


Parang 
This is the Malayan name for a type of knife with a large curved 
blade like a machete. It is too large to be carried in normal daily life 
(See Knives on page 35) but ideal when going out into the wild. 

A parang 30cm (12in) in overall blade length and weighing no 
more than 750g (1¥aIb) is best, the blade Sem (2in) at its widest and 
end-bolted into a wooden handle. The curved blade enables 
maximum effort to be applied when cutting timber and the blade 
arrives before the knuckles, so giving them protection. Even large 
trees can be cut down with a parang, which is especially useful for 
building shelters and rafts. 


Tne parang blade hos three different 

edges: b does the heavy work of 

chopping wood and bone, a is fi 

used for skinning, ¢ is finer stil for 

owing ond delicate work, a and ¢ are 
-d and b is shorp but not 
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The sheath must have positive 
fastenings to keep the parang secure, 
‘and a Joop for fixing t0 « belt. Some 
sheaths have a pocket on the front for 0 
sharpening stone, 


REMEMBER: There iso danger thot the 
cutting edge may come through these 
To drow the porong NEVER hold the 
Sheath on the some sie as the cuting 
edge (a) This is dongerous. Get into the 
Inabit of arinping the side AWAY FROM 
THE CUTTING EOGE 


Sharpening a knife 

‘Any sandstone will sharpen tools — a grey, clayey sandstone being 
best. Quartz, though more rarely found, is good and granite can also 
be used. Rub two pieces together to make them smooth. A double~ 
faced stone with a rough and a smooth surface is ideal and should 
be carried in the sheath pocket. Use the rough surface first to 
remove burrs, then the smooth one to get a fine edge. The object is 
to get an edge that will last and not chip. 


To sharpen the blade, hold the han 
the right hand. Use o clockwise circular 
motion and opply a steady pressure on 
the blade with the fingertips of the left 
hhand as you push oway. Keep the angle 
constant ond make sure you push the 
{nite into the stone so that they edge is 
sharpened rather thon rounded. Keep 
the stone wet. Rock particles on the 
blade will show the angle you are 
‘obtaining. DON'T drag the blade towards 
you under pressure. This will produce 
‘urs. Reduce the pressure for a finer 
‘edge. Work counter clockwise on the 
other side 


Blade profile: (o) is too steep and will 
soon wear, (6) good ond (c) is too fine EN b c 
‘and might chip, 


FACING DISASTER 


hen facing a disaster it is easy to let yourself go, to collapse 

and be consumed in self-pity. But it is no use giving up or 
burying your head in the sand and hoping that this is a bad dream 
that will soon pass. It won't, and with that kind of attitude it will 
rapidly become much worse. Only positive action can save you. 

A healthy, well-nourished person can physically tolerate a great 
deal, provided that he or she has self-confidence. Even if sick or 
injured, a determined person can win through and recover from 
seemingly impossible situations. To do so there are many stresses 
that must be overcome. 


SURVIVAL STRESSES 


The survival situation will put you under pressure, both physical 
‘and mental. You will have to overcome some or all of the following 
stresses: 


= Fear and anxiety 

= Pain, illness and injury 

= Cold and/or heat 

= Thirst, hunger and fatigue 
~ Sleep deprivation 

~ Boredom 

~ Loneliness and isolation, 


Can you cope? You have to. 


Self-confidence is a product of good training and sound 
knowledge. These must be acquired before you have to face up to a 
survival situation, 

Physical fitness plays an important part. The fitter you are the 
better you will survive. Initially you may have to go without sleep to 
ensure that you are in a safe location, or make a long march in 
dangerous conditions. Do not wait until you are forced to go 
without sleep to see whether you are capable of doing so. Prove it 
to yourself now by getting into training. Develop the resources to 
cope with fatigue and loss of sleep. 

You will be working hard to procure food and water. They will 
relieve hunger and thirst. But finding them will tire you and you will 
need an adequate shelter to enable you to rest and recover from your 
efforts. Don't overdo it. Rest frequently and assess the situation. 
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FACING DISASTER 

Pain and fever are warning signals that call attention to an injury 
or physical condition, They are not in themselves dangerous, 
however distressing and discomforting, Pain can be controlled and 
‘overcome. Its biological function is to protect an injured part, to 
prevent you using it, but this warning may have to be ignored to 
avoid the risk of further injury or death. 


SURVIVAL SCENARIO 


How long can the body cope without the essentials? 


Jn general the human body can survive for 3 minutes without air 
3 days without water: 3 weeks without food. There are always 


exceptions to this and there are examples of people pushing these 
‘boundaries and surviving for longer periods It is amazing what the 
human body ean endure but such a survivor's health can suffer in 
the long term due to such trauma. For example a person surviving 
for more than 9 days without water will undoubtedly suffer kidney 
damage or failure. 


BASIC NEEDS 


To reiterate, the main elements required for survival are FOOD, FIRE, 
SHELTER and WATER. Use PLAN (Protection, Location, Acquisition, 
Navigation) to help you to prioritise your survival needs. If you don’t 
have shelter in the desert, having 2 litres (3'spts) of water is of little 
use to you in the longer term. 

It takes a healthy person quite a long time to die of starvation, 
for the body can use up its stored resources, but exposure to wind, 
rain and cold can be fatal even in temperate climates and death 
‘comes in only minutes in the icy waters of the poles. Food is rarely 
the first priority. Even in those places where it is difficult to find 
there are usually other problems to face first. Shelter will often be 
the prime necessity in extremes of climate or temperature — not just 
in the frozen polar regions or the baking deserts, but for walkers 
trapped by mist on a hillside. The need for fire is closely linked, 

Water is something that most people in the modern world take 
for granted. They are so used to turning on a tap that until an 
extreme drought causes water rationing they scarcely think about it. 
Yet the survivor at sea, or after a flood, though surrounded by water, 
may be desperate for drinkable water — and there are many places 
where, unless it rains, no obvious water is available. The other 
survival necessities are dealt with later in the book, but water is 
universally important. 
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MBMS - Multimedia Broadcast/Multicast Service 
Mbps - Megabits Per Second 

MBR - Maximum Bit Rate 

MBSFN - Multicast/broadcast, Single Frequency 

MCPA - Mobile Consumer Application Platform 

Mcps - Megachips Per Second 

MCPTT - Mission-Critical Push-to-Talk 

MCS - Modulation and Coding Scheme 

MCW - Multiple Codeword 

MDT - Minimization of Drive Tests 

MEAP - Mobile Enterprise Application Platforms 

MEC - Multi-access Edge Computing 

MediaFLO - Media Forward Link Only 

METIS - Mobile and wireless communications Enablers for the Twenty-twenty Information 
Society 

MHz - Megahertz 

MID - Mobile Internet Devices 

MIMO - Multiple Input Multiple Output 

MMSE - Minimum Mean Square Error 

mITF - Japan Mobile IT Forum 

MMDS - Multichannel Multipoint Distribution Service 

MME - Mobile Management Entity 

MMTC - Massive Machine Type Communications 

MOS - Mean Opinion Score 

MP-QUIC - Multipath Quick UDP Internet Connections 

MP-TCP - Multipath TCP 

MRxD - Mobile Receive Diversity 

ms - millisecond 

Ms - Mobile Station 

MSA - Mobile Service Architecture 

MSC - Mobile Switching Center 

MTC - Machine Type Communications 

MTC-IWF - Machine-Type Communications Interworking Function (MTC-IWF) 
msec - millisecond 

MU-MIMO - Multi-User MIMO 

MUST - Downlink Multiuser Superposition Transmission 

NAICS - Network-Assisted Interference Cancellation and Suppression 
NB-IoT - Narrowband Internet of Things 

NENA - National Emergency Number Association 

NGMC - Next Generation Mobile Committee 
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WATER 


ater is essential to life. A person can survive for three weeks 

without food but for only three days without water, therefore 
its discovery and conservation should be prioritised over food. Don't 
wait until you have run out of water before you look for it. Conserve 
what you have and seek a source as soon as possible, preferably fresh 
running water, though all water can be sterilized by boiling or by 
using chemical purifiers. In a survival situation a 1 litre-jug (1%pt) 
can be made to last 4 days, but if necessary the last % litre (pt) can 
be made to last 3 days. This is achieved by dividing the last % litre 
into three, then drinking half of the day's ration at midday, and the 
balance at night, for 3 days. 

‘Water is the coolant that keeps the body at an even temperature, 
it is needed to keep the kidneys functioning to eliminate wastes, is 
required for breathing, and for digestion. But the fluids contained in 
the body are limited. Lost water must be replaced or health and 
efficiency will suffer. The average human requires the minimum of 
“a litre (¥opt) of water per day to survive. 


Water loss 

The average person loses 2-3 litres (314~S'ipt) of water each day — 
even someone resting in shade loses about 1 litre (T%pt). Just 
breathing loses fluids, and loss through respiration and perspiration 
increases with work rate and temperature. Vomitting and diarthoea 
increase loss further. This must all be replaced to preserve the critical 
water balance, cither by actual water or water contained in food 


HOW TO RETAIN FLUIDS 


= Avoid exertion. Just res. 

~ Don't smoke. 

~ Keep cool. Stay in shade. If there is none erect a cover to 
provide it 

= Do not lie on hot ground or heated surfaces. 


~ Don't eat, or eat as little as possible. If there is no water 
available fivid willbe taken from the vital organs to digest 
food, further inereasing dehydration. Fat is hardest to digest 
and takes a lot of fluid to break it down: 


= Never drink aleohol. 
= Don't talk ~ and breathe through the nose, not the mouth. 


WATER 


FINDING WATER 


The first place to look is in valley bottoms where water naturally 
drains. If there is no obvious stream or pool, look for patches of 
green vegetation and try digging there, There may be water just 
below the surface which will build up in the hole. Even digging in 
gullies and dry stream beds may reveal a spring beneath the surface, 
especially in gravelly areas. In mountains look for water trapped in 
crevices. 

On the coast digging above the high water line, especially where 
there are sanddunes, has a good chance of producing about Sem 
(2in) of fresh water that filters down and floats on the heavier salt 
water. It may be brackish but is still drinkable. Where cliffs fall into 
the sea look for lush growth of vegetation, even ferns and mosses, 
ina fault in the rock formation and you may find a soak or spring 

IF no freshwater can be found, saltwater can be distilled (see 
Solar still and Distillation, this section). 


WARNING 


Be suspicious of any pool with no green vegetation growing 
around it, oF animal bones present. Itis likely to_be polluted by 
chremicals in the ground close to the surface, Check edge for 
minerals which might indicate alkaline conditions. ALWAYS BOIL 
WATER FROM POOLS. In deserts there are lakes with no outlets; 

fnse become salt lates. Their eter MUST be asied befor 
rinking, 


Dew and rain collection 

Despite the acid rain produced by industrialized countries, which 
can cause a build-up of pollution in the soi, rainwater everywhere 
is drinkable and only needs collecting. Use as big a catchment area 
as possible, running the water off into containers of every kind. A 
hole dug in the ground and lined with clay will hold water 
efficiently, but keep it covered. If you have no impermeable 
sheeting, metal sheets or bark can be used to catch water in. If you 
have any doubt about the water you have collected, boil it. 

In climates where it is very hot during the day and cold at night, 
heavy dew can be expected. When it condenses on metal objects it 
can be sponged or licked off. 

You can use clothing to soak up water and then wring it out. One 
way is to tie clean cloths around the legs and ankles and walk 
through wet vegetation. These can be sucked or wrung out. 
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ANIMALS AS SIGNS OF WATER 


Mammals 

Most animals require water regularly. Grazing animals are usually 
never far from water — though some kinds travel thousands of 
miles to avoid the dry season — as they need to drink at dawn and 
dusk, Converging game trails often lead to water; follow them 
downhill, Carivores (meat eaters) can go for a long period 
between waterings. They get moisture from the animals on which 
they prey so are not a positive indication of local water. 


Birds 

Grain eaters, such as finches and pigeons, are never far from water. 
They drink at dawn and dusk. When they fly stright and low they 
are heading for water. When returning from water they are loaded 
with it and fly from tree to tree, resting frequently. Plot their 
direction and water can be found. 

Water birds can travel long distances without stopping to feed 
or drink so do not necessarily indicate water nearby. Hawks, eagles 
and other birds of prey also get liquids from their victims so cannot 
be taken as a sign of local water. 


Reptiles 
Not an indicator of water. They collect dew and get moisture from 
prey, so can go a long time without. 


Insects 

Good indicators, especially bees: they fly at most 65km (4 miles) 
from their nests or hives, but have no regular watering times. Ants 
are dependent upon water. A column of ants marching up a tree is 
going to a small reservoir of trapped water. Such reservoirs are 
Found even in arid areas Most flies keep within 90m (100ya) 
of water, especially the European Mason Fly with its iridescent 
green body. 


Human tracks 

Will usually lead to a well, bore hole or soak. It may be covered 
over with scrub or rocks to reduce evaporation. Replace the 
cover 


WATER 


REMEMBER: RATION YOUR SWEAT NOT YOUR WATER! 

If you have to ration water, take it in sips. After going a long time 
without water, don't guzzle when you do find it. Take only sips at 
first. Large gulps will make a dehydrated person vomit, losing even 
more of the valuable liquid. 


CONDENSATION 


Tree and plant roots draw moisture from the ground, but a tree may 
take it from a water table 15m (5Oft) or more below, too deep to dig 
down to reach. Don't try; let the tree pump it up for you by tying a 
plastic bag around a leafy branch. Evaporation from the leaves will 
produce condensation in the bag, 


Choose healthy vegetation and bushy 
‘branches. On wees keep the mouth of 
the bag at the top with @ corner hanging 
low to collect condensed evaporation 


Placing a polythene tent over any 
vegetation will collect moisture by 
evaporation which will condense on the 
plastic as it cools, Suspend the tent from 
the apex or support with a padded stick 
Avoid foliage touching the sides of the 
{ap or it wil divert water droplets which 
should collect in plastie-ined channels 
at the bottom. 


Even cut vegetation will produce some stones to keep the bog tout. Support the 
condensation as it worms up when — topan oppadded stick Arrange the bag on 
placed in a Jorge plostic bog. Keep the a sight slope to encourage condensation 
foliage off the bottom with stones so to run down to the collecting point. 
thot woter collects below it, and keep the When no longer productive carefully 
foliage from touching the plastic. Use replace with fresh foliage 
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Solar still 
Dig a hole in the ground approximately 90cm (36in) across and 
45cm (18in) deep. Place a collecting can in the centre, then cover 
the hole with a sheet of plastic formed into a cone. The sun's heat 
raises the temperature of the air and soil below and vapour is 
produced. As the air becomes saturated, water condenses on the 
underside of the plastic, running down into the container. This is 
especially effective in desert regions and elsewhere when it is hot 
during the day and cold at night. The plastic cools more quickly than 
the air, causing heavy condensation. This kind of still should collect 
at least 570m! (ipt) over a 24-hour period 

The still may also double as a trap. Insects and small snakes are 
attracted by the plastic. They may slide down into the cone or wriggle 
underneath it and drop into the hole and then cannot climb out. 

A solar still can be used to distill pure water from poisonous or 
contaminated liquids 


Rougher 


sure droplets run down it. Use 


stones or weights to secure edges and 
keep cone shape, Fix can so thot trapped 


IF Feasible use a syphion to « lower level 
a) to draw off water without disturbing 
the stil 


WARNING 
URINE AND SEA WATER 


‘Never drink either — Never! But both can produce drinking water 
if distilled — and sea water will provide you with a residue of sat: 
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Distillation 
Distillation kits are part of the equipment of life-rafts, but they can 
be improvised. To distill liquid you need to make something to do 
the job of a laboratory retort. Pass a tube into the top of a water- 
filled covered container, placed over a fire, and the other end into a 
sealed collecting tin which, preferably, is set inside another 
container providing a jacket of cold water to cool the vapour as it 
passes out of the tube. You can improvise the equipment from any 
tubing — pack frames, for instance. To avoid wasting water vapour, 
seal around the joins with mud or wet sand. 

An easier method is a variation on the desert still It takes a little 
longer for the water to condense but may be easier to set up. 


Take 0 tube from 0 covered vessel in 
which polluted/saltwarer, or even urine, 
{sto boil. Set the other end under 0 solar 
Still A sheet of metal or bork, perhaps 
weighted down, will cover the vessel 
Even a cone of leaf over the water pot 
will help direct the stearm into the tube 


Water from ice and snow 

Melt ice rather than snow — it produces a greater volume faster for 
less heat: twice as much for half the heat. If forced to heat snow, 
place a little in the pot and melt that first, gradually adding more 
to it. If you put a lot of snow into the pot, the lower level will melt 
and then be soaked up into the absorbent snow above it, leaving 
a hollow beneath which will make the pot burn, Lower layers of 
snow are more granular than that on the surface and will yield 
more water. 


Water from sea ice 
Sea ice is salt (no good for drinking) until it has aged. The more 
recently frozen, the saltier it will be. New sea ice is rough in contour 
and milky-white in colour. Old ice is bluish and has rounded edges, 
caused by weathering, 

Good water can be obtained from blue ice — the bluer and 
smoother the better. But beware of even old ice that has been 
exposed to salt spray. 
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WATER FROM PLANTS 


Water collectors 

Cup-shaped plants and cavities between the leaves of bromeliads 
{many of which are parasitic on the branches of tropical trees) often 
collect a reservoir of water. 

Bamboo often holds water in its hollow joints. Old and yellow 
stems are more likely to be water bearing. Shake them ~ if you can 
hear water slurping around cut a notch at the bottom of each joint 
and tip the water out. 


Travellers Tree Ravenala madagascariensis, 
‘one of the banana family can hold 1-2 Fires 
(2-4pi) of water between the bases of the 
chevron of eaf stalks. 


Vines 

Vines with rough bark and shoots about Sem (2in) thick can be a 
useful source of water. But you must learn by experience which are 
the water-bearing vines, because not all have drinkable water and 
some have a poisonous sap. The poisonous ones yield a sticky, milky 
sap when cut. You will know not to try that type again — otherwise 
it is a matter of trial and error and worth trying any species. 

Some vines cause a skin irritation on contact if you suck 
them, so it is better to let the liquid drip into your mouth rather 
than put your mouth to the stem, and preferable to collect it 
in a container. 

To obtain water from a vine select a particular stem and trace 
it upwards. Reach as high as possible and cut a deep notch in the 
stem. Cut off the same stem close to the ground and let the water 
drip from it into your mouth or into a container. When it ceases 
to drip cut a section from the bottom and go on repeating 
this until the vine is drained. Do NOT cut the bottom of the vine 
first as this will cause the liquid to run up the vine through 
capillary action. 


46 


WATER 


Roots 

In Australia the Water Tree, Desert Oak and Bloodwood have their 
roots near the surface. Pry these roots out from the ground and cut 
them up into 30cm (12in) lengths. Remove the bark. Suck out the 
moisture, or shave to a pulp and squeeze over the mouth. 

It is not easy to find some of the most useful desert roots unless 
you have been shown by someone with experience, Australian 
Aborigines can identify a tiny twig which grows from a football-like 
bulbous root, which can be a life-saver — but uniess you have been 
shown how to find them it is not worth expending your energy and 
resources looking 


Palms 
The Buri, Coconut and Nipa paims all contain a sugary fluid which is 
very drinkable. To start it flowing bend a flowering stalk downwards 
and cut off its tip. If a thin slice is cut off the stalk every 12 hours 
the flow will be renewed, making it possible to collect up to a quart 
each day. Nipa palms shoot from the base so that you can work from 
ground level, on grown trees of other species you may have to climb. 
up them to reach a flowering stalk. 

Coconut milk has considerable water content, but from ripe nuts 
it is a powerful laxative; drinking too much would make you lose 
‘more fluid. 


Cacti 
Both the fruit and bodies of cacti store water, but not all cacti 
produce liquid safe to drink — the Saquarro, the giant multi 
fingered cactus of Arizona, is very poisonous. Take care to avoid 
contact with cactus spines, they can be very difficult to remove, 
especially the very fine hair-like ones, and can cause festering sores 
if they stay in the skin 

The Barrel cactus Echinacactus grusoni (see Desert plants in 
Food) can reach a height of 120cm (4ft), is found in the southern 
United States through to South America and requires considerable 
effort to cut through its tough, spine-covered outer skin. The best 
method is to cut off the top and chop out pieces from the inside 
to suck, or to smash the pulp within the plant and scoop out the 
watery sap, which varies from tasteless in some plants to bitter in 
others. An average-sized, 10cm (3%sft) Barrel cactus will yield 
about 1 litre (1’épt) of milky juice and this is an exception to the 
rule to avoid milky-sapped plants. 
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Soquorro cactus Sereus iganteus of 
‘Mexico, Arizona and California, grows to 
‘5m (171t) high ond holds large omounts 
of uid — but itis poisonous. Collect and 
place in o solar stil to evaporate and 
recondense during the cold night 


Opuntia cacti - Prickly peors, or 
Figilinda, have big, ear-like excrescences 
‘ond produce oval fruits which ripen to 
red or gold. Their orge spines are easier 
to avoid than thase of many cacti Both 
fruit and ‘ears’ are moisture faden. 


WATER FROM ANIMALS 


Animal eyes contain water which can be extracted by sucking 
them. 

All fish contain a drinkable fluid. Large fish, in particular, having 
a reservoir of fresh water along the spine. Tap it by gutting the fish 
and, keeping the fish flat, remove the backbone, being careful not 
to spill the liquid, and then drink it. 

If you need water that badly you should be careful not to suck 
up the other fish juices in the flesh, for they are rich in protein and 
will use up water in digestion. 

Desert animals can also be a source of moisture. In times of 
drought in Northwestern Australia, Aborigines dig in dry clay pans 
for the desert frogs that burrow in the clay to keep cool and 
survive. They store water in their bodies and it can be squeezed out 
of them, 


48 


SALT 


SALT 


St is essential for water retention. A normal diet includes a daily 
intake of 10g ('s02). The trouble starts when you start to get rid 
of it faster than you eat it. The body loses salt in sweat and urine, so 
the warmer the climate the greater the loss. Physical exertion will 
also increase the loss. However, replenishing the salt levels in your 
body is not always recommended, and much will depend on the 
situation you find yourself in. If you are on reduced food and or 
water rations, salt is the first thing that should be cut from your 
diet, because it increases dehydration. 


Recognize the signs of dehydration 


The first symptoms of salt deficiency are muscle cramps, 
dizziness, nausea and tiredness. The remedy is to take a pinch of 
salt in half a litre (% pint) of water. Salt supplements in tablet 
form used to be the prescribed method of increasing sodium 
levels but always dissolve these in water, or isotonic drinks ~ if 
they are available 


What happens if you do not carry salt or your supplies run out? By 
the coast or at sea there is plenty of saltwater available — a pint of 
sea water contains about 15g ('/o2) of salt, but do NOT just drink it 
as it is. Dilute it with plenty of fresh water. Evaporating sea water 
will leave you with salt crystals. 

Inland salt supplies are more problematic. In farming areas 
‘you will find salt licks for cattle — but you will then be close to 
civilization and not likely to have reached the stage of salt 
deprivation. However, all animals need salt and observation 
of them may reveal a natural source. In one part of Africa 
elephants risk the dangerous depths of a dark cave to lick salt 
from its sides. 

Salt can be obtained from some plants. In North America the 
best source is the roots of hickory trees, and in Southeast Asia those 
of the Nipa Palm can be used in the same way. Boil the roots until 
all the water is evaporated and black salt erystals are left. 

If no direct salt sources are available to you then you will have 
to rely on getting it second-hand, through animal blood, which 
should never be wasted as it is a valuable source of minerals. 
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hether a small-scale accident or a 
mammoth disaster - both may bring 
about a life-or-death situation - the same 
disciplines and quick thinking are needed. 
To show the way in which basic survival 
strategies are applied to every kind of situation, 


a series of individual small-scale vehicle incident 
procedures are outlined. 

The same approaches can be seen on a far 
wider scale in the handling of a major air crash. 
In these circumstances the survivor is more 
likely to find him- or herself in unfamiliar 
territory and involved with a greater number of 
people for a longer period 


STRATEGY 


CAR ACCIDENT SURVIVAL 
Brake failure 
Car under water 
Car on railway tracks 
DISASTER IN THE AIR 


Protection 


Location | 
‘Acquiring food and water 

Navigation 

People 


STRATEGY 


od planning and preparation enable the survivor to confront 

difficulties and dangers that pose a serious threat to survival 
They become contingencies for which you are equipped. But you 
cannot anticipate everything. You must be ready to respond rapidly 
to the unexpected danger and to deal with potential disaster 
rationally and realistically. You must overcome the tendency to 
panic and take the action appropriate to the situation. 

Sometimes a collision or other accident occurs with no warning of 
any kind, but in most instances there is a moment of realization that 
something is going to happen and it isin that moment that instinctive 
reaction can save lives. In many situations there is a considerable time 
in which an awareness of potential disaster can develop and that is 
when the panic reaction is probably most dangerous. 

As mist closes in on a hillside, reducing visibility to almost 
nothing and making it easy to lose any sense of direction, most 
people would begin to panic at the thought that they are going to 
be trapped. They begin to do foolish things and inerease their 
danger. They should, however, already be assessing the possibilities 
and looking for some suitable shelter in which to wait until 
conditions become safe to continue. Keeping calm, in the knowledge 
that you have the ability to handle the situation, will not only 
enable you to see it through but also to see other solutions. 

Some situations are predictable and knowledge of the 
techniques for handling them will minimize the risks. Learn them, 
they may save your life. They may take considerable nerve ~ like 
waiting for the right moment to escape from a car that is sinking 
under water ~ but they are based on experience. The answer to 
more general survival problems, however, will often lie in inspired 
improvisation drawing on those skills appropriate to the situation 

Disaster may involve you in @ contained situation which you must 
handle alone - or you may find yourself one of hundreds of people 
ina large-scale disaster over which there can be no control at all. 


SURVIVAL SCENARIO 


if the weather or conditions in your camp change, 
should you revise your survival strategy? 


You should have a strategy for every scenario, therefore as 
situations change, so should your strategy. You must be flexible 
and be prepared to adapt. 
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CAR ACCIDENT SURVIVAL 
BRAKE FAILURE 


If brakes fail while driving, change gear and apply the handbrake. 
You must do several things at once: take your foot off the 
accelerator, flick the switch of your warning lights, pump the 
footbrake rapidly (it may still connect), change down through the 
gears and apply handbrake pressure. Don't slam the brake on, begin 
with gentle bursts, gradually braking harder until you stop. 

IF there is no time for all this, take your foot off the accelerator 
and change down through the gears ~ and grab the handbrake - but 
DONT apply maximum pressure until you are sure that you 
won't skid. 

Look out for escape lanes and places where you can leave the 
road, preferably a soft bank or a turning that has an uphill slope. 

If speed remains unchecked, on a steep hill for example, brush 
the car along a hedge or wall to reduce speed. Take advantage of a 
vehicle in front and use it to stop you ~ run into it as gently as the 
situation allows. Use warning lights, blow your horn and flash your 
headlights to give the driver in front as much warning as possible 
that you are on a collision course. 


Collision 

IF collision seems inevitable, stay with it and steer the car to do as 
little damage to others and yourself as possible. Try to avoid a 
sudden stop by driving into something which will give, like a fence 
or a hedge rather than a tree. 

Seatbelts (compulsory in most countries) will help stop you 
hitting the windscreen, Most new cars are usually fitted with airbags 
for both the driver and the front passenger. Given the speed and 
force with which an airbag inflates, itis vitally important that you 
do not sit too close to the steering wheel. And if your steering wheel 
is adjustable, tilt it downwards so that the airbag points towards 
your chest rather than your head, but make sure you can see the 
instruments clearly. 

If neither of these options are available, adopting the brace 
position will offer you the best chance of survival in a crash because 
it stops you from impacting too heavily on the interior of the car. 
The important thing is to get your upper torso as low as possible. 
There are two alternative types of brace position depending on the 
space that you are in. The first position requires you to place your 
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head on you knees, while your hands hold on to your lower legs. The 
second position is more useful if you are driving the car. Place your 
hands on the steering wheel, then, place your forehead onto the 
back of your hands before the impact. 


Jumping out 

Do NOT try to jump out of a runaway car unless you know it to be 
headed for a cliff or another substantial drop and that you will not 
survive the impact. If this is the only available option, then open the 
door, undo the safety belt, and begin to roll yourself into a ball. Drop 
from the car in a rolling movement. Do not resist the ground but 
keep balled up and continue the roll. 


CAR UNDER WATER 


If possible abandon the car before it sinks, for it will not sink 
immediately and wil take time to fill. Water pressure on the outside 
makes it very difficult to open the door so open the window if you 
can and wriggle out of it It takes great presence of mind to manage 
that when subject to the shack and surprise of the ‘splash down’, but 
if there are small children in the car it may be possible to push one 
through. Do not try to save possessions. 

If you have not been fast enough CLOSE the window firmly, get 
children to stand and lift babies near to the roof. Release seat belts 
and tell everyone by a door to be ready with a hand on the handle. 
Release at once any automatic door locks or master locks. Water 
could prevent them from working. Do not attempt to open doors at 
this stage. 

‘As water fills the interior, air will be trapped near the roof. The 
water pressure inside the car will nearly equalize the pressure 
with that of the water outside the car. As the car comes to rest and 
is nearly full of water tell everyone to take a deep breath, open 
the doors and swim to the surface, breathing out as they do so. 
Everyone leaving through the same door should link arms. If you 
have to wait for someone to get out before you, hold your breath 
for that moment. 


PRECAUTION: Always park alongside water, not running towards it. 
If you have to park a car facing water then leave it in reverse gear 
and with the handbrake on (if facing away from water, in first gear 
with the handbrake on), 
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CAR ON RAILWAY TRACKS 


If a car breaks down on an unmanned level crossing, put it into gear 
and use the starter motor to jerk it clear. This will work with a 
manual gear change but not with an automatic. If a train is 
approaching abandon the car, carry children or infirm persons to 
safety and keep away ~ about 45m (50yds) should be far enough ~ 
for if a train is travelling at high speed it could fling car wreckage 
quite a distance. 

If there is no train visible, or you can see one several miles in the 
distance, you must try to avert the collision. If the car can be moved 
by pushing, push it clear of all tracks ~ you cannot be sure which 
one the train will be on. If there is an emergency telephone warn 
signalmen further down the track of the situation. If not, walk up 
the track towards the train, Stand well to one side (high speed trains 
have quite a slipstream) and wave a car blanket or bright coloured 
‘garment to warn the driver. If he is doing his job properly he will 
know that he is approaching a crossing and should look ahead to see 
that all is clear. 


DISASTER IN THE AIR 


Avene crash or forced landing in difficult terrain is one of the 
most dramatic of disaster scenarios. Since it could happen 
anywhere the individual cannot prepare for any specific situation. 

Airline cabin staff are trained for such emergencies and you 
should follow their instructions. Aircrew will be trying to land the 
plane as safely as possible; there is nothing you can do except to 
keep calm and support the crew in calming the other passengers. 

To prepare for a crash landing, tighten the seat belt, link 
arms with people on either side, hold your chin firmly down on 
your chest, lean forwards over a cushion, folded blanket or coat, 
interlink legs with your neighbours if seating permits it and brace 
yourself for impact. 

When the aireraft finally stops moving - and not before ~ 
evacuate the aircraft as instructed in the pre-flight brief. If a ground 
landing, then quickly get away from the immediate area of the 
plane, as there is danger of fire or explosion. Even if there is no 
fire, keep away until the engines have cooled and any spilled 
fuel evaporated. 

If ditching into water, dinghies will be automatically inflated and 
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anchored on the wings. Do not inflate your own lifejacket while you 
are in the aircraft. To do so would restrict your exit. Wait until 
you are in the water and then pull the toggle to inflate it and get 
into a dinghy. 

if the plane is. sinking, 
release the dinghy from 


its anchorage as soon as | SURVIVAL TIP: 


passengers and equipment are J} bailing out from a plane DY 
stowed. As you leave the plane | parachute in wild country 
the more kit you can take with ff M#Ke your way to the wreck if 
you the better. But do not stop) You,can ~ the wreckage wil 
to gather personal belongings J} rescuers than a single person 
and luggage. or a parachute. 


After the crash 

However self-disciplined you are, the entry into this kind of survival 
situation will be dramatic, abrupt and confusing. You will be in a 
state of shock and may be on the verge of panic. If there is fire or 
the risk of fire or explosion, keep at a distance until that danger 
seems to have passed, but no further away than seems necessary for 
safety. Do not allow anyone to smoke if fuel has been spilled. You 
must not blunder off into unknown terrain, especially at night, and 
need to maintain contact with other survivors. 

Move injured persons to a safe distance with you and try to 
account for all the people involved. The immediate treatment of the 
injured is a priority. Treat cases in order of severity of their injuries 
and with each individual deal first with breathing difficulties, then 
in sequence, with major bleeding, wounds, fractures and shock. 

Separate the dead from the living if possible - the deaths are 
part of the frightening strangeness of the event and the survivors 
will be easier to calm down. 

Even with a fire, all may not have been destroyed. Investigate the 
wreckage and salvage whatever you can of equipment, food, 
clothing and water. Take NO risks if there is still a chance that fuel 
tanks could ignite and beware of any noxious fumes from wreckage 
which has been smouldering. 

IF you have to wait for fire to burn out, take stock of the location 
in which you find yourself ~ which should in any case be the next 
step in your strategy. Is it practical and safe to remain where you 
are? If your anticipated route is known ~ and with a flight it will be 
= some kind of search and rescue operation can be expected and 
there are considerable advantages in staying where you are. 
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Searchers will already have some idea of your location, and even if 
you have been forced off route they will have a record of your last 
reported position. The wreckage or grounded plane will be more 
noticeable from the air, especially in heavily wooded country where 
even a large group of people will be hidden by the trees, 

If you find that you are in a very exposed or dangerous location 
then a move to a more protected position is necessary. However, do 
not move at night unless the threat to life outweighs the risks of 
trying to negotiate unknown terrain in the dark 


SURVIVAL Til 


Leave an indication on the crash site of the direction in whic 
you have moved off, so that it is possible for rescuers to know 
that there are survivors and to know in which direction to go 
(on looking, 


The usual reason for making an immediate move will be because 
you are in an exposed position on a mountain or hillside offering no 
protection from the elements, or at risk from rock falls or other 
dangers there. Move down, not up the slope, as conditions are likely 
to be less exposed on lower ground. 

Do not all go off looking for a safer location. Send out scouts to 
investigate the surrounding terrain carefully. They must keep 
together, working in pairs, and not go off on individual explorations. 
They can maintain contact vocally and should mark their routes as 
they proceed so that they can easily retrace their steps. 


PROTECTION 


The first requirement will probably be some immediate shelter from 
the elements, especially for any injured. A more extended 
reconnaissance can follow to choose @ proper campsite. Make the 
most of any natural shelter and augment it by using whatever 
materials are at hand. 

IF injuries are too severe for a person to be moved, some kind of 
shelter must be provided for them on the spot. 

On bare ground, if there is no equipment or wreckage which can 
be utilized, then the only thing to do is dig down. 

IF possible, find a natural hollow and burrow deeper, using the 
excavated earth to build up the sides. This will at least get a casualty 
out of the wind, Get a fire going to provide warmth (it will also help 
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raise morale) and use reflectors to maximize the heating effect, 
enabling you to conserve fuel 

If the circumstances make movement away unnecessary or 
impossible, follow similar procedures. Build up rocks, wreckage or 
equipment to form a wind break if no natural shelter is available. If 
in a group huddle together, it will reduce the loss of body heat. 
Survival time for badly injured persons in these circumstances is 
limited and you must hope for an early rescue. Fit people must go off 
in search of water, fuel, shelter materials and food - but always in at 
least pairs. Lay out as many signals as possible to attract attention. 

Remember that shelter may be as necessary from the sun as 
it is from the wind and cold. Exposure is not only a matter of 
hypothermia, 


LOCATION 


If you have a radio or mobile phone you can signal for help ~ but do 
not go back on board a damaged and potentially explosive aircraft to 
do so. Wait until you are sure itis quite safe. The rescue party will want 
to know your location. Those who were travelling overland should 
have a good idea of their position ~ even if temporarily lost - and with 
a map should be able to give a more accurate fix. If you are the victim 
Of disaster at sea or in the air, however, it will help considerably if you 
know your planned course and have some idea of your position when 
disaster struck, as well as of wind or current directions. 

‘As often as not you must light fires ~ three fires are an 
internationally recognized distress signal. Make them as large as 
possible. Lay ground signals to attract attention, use pyrotechnics 
when you know help is within range and even make a noise when 
help is very near. This is when you are glad that the responsible 
authorities were told of your intentions and that you kept precisely 
to your route. It is only a matter of time before rescue comes. 
Meanwhile make yourself as comfortable as possible. 

However, even the most careful plans may go astray. 
Navigational instruments could fail, storms, high winds or fog could 
all throw you off course and there you are, safe in your shelter but 
with no one knowing where. You could have a longer wait than you 
anticipate and you need to provide for it. 

You also need to assess where you are on a more local scale, to 
study the terrain for anything it can tell you, not only to pin-point 
your position ~ if that is possible ~ but to see if there are safer and 
more comfortable locations to pitch camp, sources for fuel, food 
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and water. In the long term you will also be assessing the possibility 
of making your own way across the land, 

‘At sea you will be looking out for any indications that, rather 
than staying put, there is land close enough for your survival 
chances to be greater if you try to reach it rather than holding your 
present position, But you are at the mercy of wind and current, 
though you can delay your drift with a sea anchor. 


SURVIVAL TIP: 


On land, itis seldom most sensible to set out immediately to wall 
to safety, rather than wait for rescue. However, if you know that 
no one will be aware that you are missing, if the terrain is so 


barren that it provides no food, water or shelter, or if you feel 
convinced that your reserves of energy and rations are sufficient 
to.see you back to civilization, or to a location where you are sure 
you will beable to lve off the land, you may decide to set off as 
soon as the light is good enough or conditions are otherwise right: 


ACQUIRING FOOD AND WATER 


On an isolated cliff ledge, cut off by the tide or forced by storm or 
mist to wait until you can move on, there may be little opportunity 
to exploit natural resources. Do not tuck into emergency rations 
immediately. You may be there for some time and, hungry though 
you may be, you should ration them out, allowing for a much longer 
wait than even a pessimistic assessment suggests. Even in such a 
situation there may be water and food within reach. 

Elsewhere save your emergency rations for when there is nothing 
else and tap nature's resources first. Do not just find one source of 
food. Seek out a variety of plants for leaves, fruit, nuts, roots and 
other edible parts. Look for signs of animals which can be trapped 
or hunted. 

When it is your very survival that is at stake there is no place for 
squeamishness about what you will or will not eat or about how you 
acquire your food, but that does not mean that you should totally 
abandon concern for wild life and the environment. When there is 
an abundance of other choices there is no reason to take already 
endangered species for your food - animal or vegetable - nor to set 
traps (which cannot diseriminate in what they catch and maim) that 
will produce more meat than you ean eat fresh or preserve. Making 
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the most of nature's resources does not mean plundering them. 
Over-exploitation will be to your own disadvantage if you have to 
stay in the area for a long time. 

Remember, too, that the most easily obtained nutritious food 
may be quite different from what you usually eat. If you have 
already learned to eat an unusual diet as part of your training you 
will find it much easier to feed yourself and will be able to 


encourage others to eat the 


same things. 
In the short-term water 


Fuel for a fire will be 
needed for boiling water even 

much more vital than food for 
your survival. If fresh running 


if the temperature does not 
demand a fire for warmth ~ 


but do not be deluded into Jf water is not available there 
thinking that a warm day is [J are many other sources 
going to be followed by a J you can tap, but sterilize or 
warm night. There can be J O0ll to ensure that it is 


pure. Make finding water 
sources @ priority 


dramatic temperature changes 
from day to night in some 
parts of the world. 


NAVIGATION 


The first thing to do is to coordinate signals (flares or fires for 
example) so that you are best prepared to receive rescue. Then 
organise water, food, and shelter. 

You should stay where you are and only consider moving if you're 
en route to a final destination, The advantage of this is that you will 
be able to use any equipment and materials from the plane or vehicle 
and you will be able to use the wreckage as shelter. Also it will be 
easier for you to be spotted from the air. 


YOU MUST PLAN 


Remember this, it may save your life one day: 


P Protection 
L Location 

A Acquisition 
N Navigation 


60 


DISASTER IN THE AIR, 


PEOPLE 


For an expedition, the planning will include a careful selection of 
‘compatible personalities, selected for their fitness, both physically and 
in experience and training, for the particular project. In a disaster 
situation anyone may react unexpectedly under stress. With a mishap 
affecting members of the general public there may be a very varied 
group of people thrown together. Men, women and children, elderly 
people and babies. There may be pregnant women and people with 
medical problems or physical disabilities that require particular 
attention. The accident situations which involve such a varied group 
are also likely to involve a higher risk of injuries than among a hand~ 
picked group of the trained and fit. 

Babies may look very fragile ~ but they are very tough. However, they 
must be kept warm and fed regularly. Children will need reassuring and 
comforting, especially if they have lost the people with them or they are 
themselves in pain. Often the adventure of the situation wil help to keep 
‘them from becoming too worried and it will help to keep them occupied, 
but they should not be allowed to wander, to play with fire or otherwise 
expose themselves to further danger. Old people are usually mentally 
tough and can give reassurance to the young, but they must be kept warm 
and fed regularly. It often seems true that women handle emergencies 
much better than men and are able to accept responsibility for others 
‘more easily. 

With a ship o commercial airline the ship's officers or flight crew 
ccan be expected to take charge of the situation, if they are among the 
survivors, but there will not be the military chain of command or the 
acceptance of leadership and responsibility which can be expected in 
compact organized group. Some democratic procedure to make 
decisions, plan action and maintain morale must be attempted. The 
trauma of the experience may leave some people eager to follow any 
leadership which gives them hope, but it will also throw into relief 
‘antagonisms and prejudices which must be overcome. 

Inan air or sea disaster people of different cultures and backgrounds 
may be thrown together and forced into situations which their own 
social taboos would not permit. Considerable tact may be necessary to 
‘overcome these problems, SURVIVAL, however, must take precedence. 

The wider your medical knowledge the better, but giving people 
the will to survive is important and much of this can be achieved by 
a good ‘bedside manner’ - if you can give the impression that you 
know what you are doing you are half-way there 

Calmness and confidence in yourself will inspire the confidence 
and cooperation of others. The more knowledge you have the better 
you will be able to cape. a 


CLIMATE & 
TERRAIN 


Ithough basic survival strategy and 

techniques are applicable anywhere, 
conditions vary widely around the world. It is 
essential to know as much as possible about 
conditions in any regions in which you expect 
to travel. A general knowledge of what you 
may expect in different climates will greatly 
increase your ability to handle the survival 
situation, if accident throws you into totally 
unfamiliar territory. 

A few pages in this book cannot provide a 
world geography, They can only set the scene 
for the major types of climate and environment 
and suggest some of the principal ways of 
overcoming the problems they present 

‘Advice on specific topics, such as food and 
shelter, applicable to particular conditions will 
be found throughout the other sections of the 
book, supplementing the information here 
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CLIMATE ZONES 


jeople often view an alien environment as an enemy and feel they 

must fight it. This is not the way to survive — fight it and you will 
lose! There are dangers against which precautions must be taken, 
but nature is neutral. Learn to live with each climate and to use 
what it offers. Climate is not conditioned only by latitude; location 
within a continent and altitude are equally important. 


Polar climates 
Polar regions are regarded as those at latitudes higher than 


60°33" north and south, but cold weather skills may be 
needed at very high altitudes everywhere. Near the Equator, in the 
Andes for example, the snow line is not reached until an altitude of 
about 500m (16,500ft), but the nearer the poles the lower the 
snow fine will be — at the southern tip of South America there is 
permanent snow at only a few hundred metres (a thousand feet). 
Arctic conditions penetrate deep into the northern territories of 
Alaska, Canada, Greenland, Iceland, Scandinavia and Russia. 


Tundra 

South of the polar cap, the ground remains permanently 
frozen and vegetation is stunted. Snow melts in summer, 
but roots cannot penetrate the hard earth, High altitudes produce 
similar conditions 


7] Northern coniferous forest 
a forest zone, up to 1300km (800 miles) deep. In Russia, 

where it is known as the Taiga, the forests penetrate up to 1650km 
(1025 miles) north of the Arctic Circle along some Siberian rivers, 
but in the Hudson Bay area of Canada the tree line moves an equal 
distance south of the Circle 

Winters are long and severe, the ground frozen for much of the 
time, summers are short. For only 3-5 months of the year is the 
ground thawed sufficiently for water to reach the roots of the trees 
and plants, which especially flourish along the great rivers that flow 
to the Arctic Ocean. There is a wealth of game: elk, bear, otter, lynx, 
sable and squirrel, as well as smaller creatures, and many birds. 

In summer, where the snow melt cannot drain, it creates swamps. 
Fallen trees and dense growths of sphagnum moss make the going 
difficult. Mosquitoes can be a nuisance (but they do not carry malaria). 
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Movement is easier in winter, if you have warm clothing. Travel 
along the rivers, where fishing is good, making a raft from the 
abundant deadfalls. 


Temperate climates 
The temperate zone of the northern hemisphere, and the similar 
climates of the southern hemisphere, probably offer the most 
equitable circumstances for survival without special skills or 
knowledge. They will be the areas best known to many readers of this 
book. These territories are also those most heavily urbanized and 
where the survival ordeal is not likely to be very extended, 

A fit and healthy person, equipped with basic skills, would not be 
so cut off that they could not reach help within a few day's trek. 
Heavy winter conditions may call for polar skills. 


Deciduous forest 
As the climate gets warmer and winters less severe, 


deciduous forest replaces the conifers. Oak, beech, maple 
and hickory are the main species in America; oak, beech, chestnut 
and lime, in Eurasia, Soil rich in humus supports many plants and 
fungi. Survival is not difficult, except at very high altitudes where 
tundra, or snowfield conditions, appear. Many of these areas have 
been cleared by man, 


Temperate grassland 

Mainly central continental areas with hot summers, cold 
FS winters and moderate rainfall, these have become the world's 
great food-producing areas — grain is grown and cattle reared. Water 
can be a problem in summer and shelter in winter. 


Mediterranean regions 
The lands bordering on the Mediterranean are semi-arid 


areas, with long hot summers and short dry winters. There is 
sunshine most of the year, and drying winds. At one time this region 
was forested with oaks. When these were cut down the soil eroded, 
much of the area became covered with evergreen shrub. The 
Chapparal of California is very similar. Trees are few and water is a 
problem. At high altitudes, other conditions prevail. 


[QQ] Tropical forests 

RSS] The land between the tropics includes areas of cultivation 
and extremes of swamp and desert, but one-third is 

undeveloped forest: equatorial rainforest, sub-tropical rainforest 
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and montane forest. All feature high rainfall and rugged mountains, 
which drain into large, swift-flowing rivers, with coastal and other 
low-lying regions often as swampland, 


ca? oy 


Te 


Savannah 

This is tropical grassland, lying usually between the desert and the 
tropical forest. Near the forests the grass is tall, up to 3m (10ft) 
high, and trees more frequent. Temperatures are high the whole 
year round. More than one-third of Africa is savannah as are large 
areas of Australia, which are dotted with eucalyptus trees. Similar 
areas are the llanos of Venezuela and Colombia and the campos in 
Brazil. Often water is not easily available but, where it is found, 
there will be lusher vegetation and plenty of wildlife. In Africa large 
herds of animals can be found. 


Deserts 

One-fifth of the earth's land surface is desert — dry barren land where 
survival is very dificult. Deserts occur where air currents, which rose 
at the Equator and have already shed their moisture, descend and are 
rewarmed as they near the Earth, taking what litle local moisture is 
present. There are rarely any clouds to give protection from the sun 
or to retain heat at night so that great extremes of temperature occur 
from the highest shade temperatures (58°C/136°F in the Sahara) to 
below freezing point at night. Only small parts of the world's deserts 
are sand (about one-tenth of the Sahara) the greater part is flat 
gravel cut by dried up water courses (wadis). The wind has blown the 
sand away, piling it up in low-lying areas. Elsewhere there may be 
wind-carved mountains, dried mudflats and larva flows. 
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SURVIVAL CASE STUDY 


In the mid-1960s I was training a new army unit in Kenya. This 
training involved tacts, field craft and navigation. They were 
all experienced soldiers but lacked knowledge in small group 
operations. The training area was in the Northern Frontier 
district of Kenya, @ very hot and dry area. 


The recruits were dropped off in groups of 4 and had to 
navigate across country to a series of rendezvous points (RVs), 
where they were given water. My job with 3 others was to man 
these RVs, ensuring that everyone was accounted for and in 
good health, Each recruit was given half a pint of water strictly 
issued from a jerry can which held 4.5 gallons (36 pints). On the 
third day the heat was taking its toll and everyone was 
complaining of various ailments like blisters, sores caused by 
‘backpacks and fatigue. But one student was particularly bad, 
He wos delirious and verging on the point of collapse. While 1 
was treating him, his partner grabbed a jerry can and tried to 
swallow the lot. What he couldn't swallow he spilt, and by the 
time we wrestled the can from him it was almost empty. This 
was the last of our supplies and there were still more than 30 
men to come. The nearest source of water was 3 days away and 
with no re-supply possible the exercise turned from hard to 
critical. Although all the recruits came from nearby areas, they 
hhad no water discipline, which we found out to our cost. 


By strictly rationing and sending the strongest for help, 
everyone survived, but it @ lesson they will never forget. 


Lessons learnt 

Never underestimate the power of self-preservation 
Protect your water supply 

Enforce strict rationing 


Of all the discomforts, thirst is the deadliest. 


When treating a person with dehydration, wet their lips first 
and look for a gag reflex (swallowing). Administer small sips 
only. When giving treatment, always make sure the patient is 
lying down in ony available shade, 
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Asai meee th acti ot en disaicde te F 
capped by deep ice floating on the sea and all the land north of 
the timber line is frozen. There are only two seasons — a long winter 
and a short summer — the day varying from complete darkness in 
midwinter to 24 hours daylight at midsummer. 

Arctic summer temperatures can rise to 18°C (65°F), except on 
glaciers and frozen seas, but fall in winter to as low as ~56°C (-81°F) 
and are never above freezing point. In the northern forests summer 
temperatures can reach 37°C (100°F), but altitude pushes winter 
temperatures even lower than in the Arctic. In Eastern Siberia -69°C 
(-94°F) has been recorded at Verkhotansk! Temperatures in the 
Antarctic are even lower than in the Arctic. 

Antarctic winds of 177kmph (110mph) have been recorded and, 
in the Arctic autumn, winter winds reach hurricane force and can 
whip snow 30m (100ft) into the air, giving the impression of a 
blizzard — even when it is not snowing. Accompanied by low 
temperatures, winds have a marked chilling effect — much greater 
than the thermometer indicates. For instance, a 32kmph (20mph) 
wind will bring a temperature of -14°C (7°F) down to -34°C (-30°F) 
and one at 64kmph (40mph} would make it ~42°C (~44°F) with even 
greater drops at lower temperatures. Speeds over 64kmph (40mph) 
do not appear to make a greater difference. 


TRAVEL 


Experience shows the best policy is to stay near an aircraft or 
disabled vehicle. If the spot is hazardous establish a safe shelter as 
close by as possible. A decision to walk-out will be based on nearness 
to civilisation and probability of rescue. 

Decide early what to do — while you can still think clearly. Cold 
dulls the mind, 

Movement in a blizzard is out of the question and, at all times, 
navigation is difficult on featureless ice and tundra. lee movement 
pushes up ridges which make the going treacherous. Summer melt 
water makes the tundra boggy and even sea ice slushy underfoot. 

Mosquito, black-fy, deerfly and midges can all be a nuisance in the 
arctic summer. Their larvae live in water — avoid making shelter nearby. 
Keep sleeves down, collar up, wear a net over the head and burn green 
wood and leaves on the fire ~ smoke keeps them at bay. When it turns 
colder, these nuisances are less active and they disappear at night. 
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In Alaska, northwestern and northeastern Canada, Greenland, 
Iceland, Scandinavia, Novaya Zemlya, Spitzbergen and on other islands 
there are mountains where ice cliffs, glaciers, crevasses and avalanches 
are hazards. Near the Arctic coastline frequent fog from May to 
August, sometimes carried far inland, increases navigation problems. 


Navigation 
Compasses are unreliable near the Poles, the constellations are 
better direction-finders and the nights are light enough to travel by. 
By day use the shadow tip method (see Reading the signs) 
Travelling on sea ice do NOT use icebergs or distant landmarks to fix 
direction, Floes are constantly moving — relative positions may change. 
Watch for ice breaking up and, if forced to cross from floe to floe, leap 
from and to a spot at least 60em (2ft) from the edge. Survivors have been 
rescued from floes drifting south but sooner or later ice floating into the 
warmer oceans will melt — though that chance may be worth taking. 
AVOID icebergs, they have most of their mass below the water. AS 
this melts, they can turn over without warning, particutarly with your 
added weight. 
AVOID sailing close to ice-cliffs. Glaciers may ‘calve' huge masses of ie, 
often thousands of tons, which break off into the sea without warning, 
Bird observations can aid navigation. Migrating wildfove fly to land in 
the thaw. Most seabirds fly out to sea during the day and return at night. 
Sky reflections help to determine distant terrain. Clouds over 
open water, timber or snow-free ground appear black below; over 
sea ice and snowfields, white. Newr ice produces greyish reflections, 
mottled ones indicate pack ice or drifted snow. 


Snow shoes 
Al polar travel is strenuous and should only be attempted by a fit 
person. On snow with a hard crust, skis are the best means of travel, 
though difficult to improvise. Skiing in deep loose snow takes great 
effort ang, in soft snow, snow shoes are better. To walk in snow shoes 
lift each foot without angling it, unlike a normal stride, keeping the 
shoe as flat to the ground as possible 


Benda long green sopling back on itself t0 
form a loop and secure end firm. Add 
crasspieces and twine — the more the 
better ~ but do not make the shoes too 
heavy. You will not be able to walk for 
without getting very tre. Allow a firmer 
central section to attach to your fot. 
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Follow rivers 
Travel downstream — by raft in summer, on the ice in winter — 
except in northern Siberia where rivers flow north, 

On frozen rivers keep to smoother ice at the edges and to outer 
curve on the bends. Where two rivers join follow the outside edge or 
take to the outer bank. If the river has many bends, leave the ice and 
travel by higher ridges. 


WARNING 


ICE COLD WATER IS A KILLER 
Falling into icy water knocks the breath out of you. The body curls. 
Up with loss of muscular contro! and violent shivering. Exposed 
parts freeze in about 4 minutes, consciousness clouds in 7, death 
follows in 15-20. 


RESIST! Take violent action on hitting the water. Move fast for land, 
Then roll in snow to absorb water. Get to shelter and into dry kit 
immediately. 


CLOTHING 


Severe cold and harsh winds can freeze unprotected flesh in 
minutes. Protect the whole body, hands and feet. Wear a hood — it 
should have a drawstring so that it can partly cover the face. Fur 
trimming will prevent moisture in the breath freezing on the face 
and injuring the skin. 

Outer garments should be windproof, with a close enough weave 
to prevent snow compacting, but porous enough to allow water 
vapour to escape — NOT waterproof, which could create 
condensation inside. Under layers should trap air to provide heat 
insulation. Skins make ideal outer clothing, 

Openings allow heat to escape, movement can drive air out 
through them. If clothing has no draw strings, tie something around 
sleeves above cuffs, tuck trousers into socks or boots. 

IF you begin to sweat loosen some closures (collar, cufts). If still 
too warm remove a layer. Do so when doing jobs like chopping wood 
or shelter building, 

Only a plane crash or forced landing is likely to leave someone in 
polar regions unequipped. Try to improvise suitable clothing before 
leaving the plane. 

Wear wool — it does not absorb water and is warm even when damp. 
Spaces between the knit trap body heat. It is best for inner garments. 
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Cotton acts like a wick, absorbing moisture. When wet, it can 
lose heat 240 times faster than when dry. 


Feet 

Mukluks, boots of waterproof canvas with a rubber sole which 
comes up to the caulk and with a drawstring to adjust fitting, are 
ideal. Ideally they should have an insulated liner. 

Insulate feet with three pairs of socks, graded in size to fit over 
each other and not wrinkle. If necessary, improvise foot coverings with 
several layers of fabric, Canvas seat covers can make improvised boots. 

Trenchfoot can develop when the feet are immersed in water for 
long periods, as in the boggy tundra during the summer months (see 
Cold climate hazards in Health). 


Snow glare 

Protect the eyes with goggles or a strip of cloth or bark with narrow 
slits cut for eyes. The intensity of the sun’s rays, reflected by snow, 
can cause snow blindness. Blacken beneath the eyes with charcoal 
to reduce glare further. 


6.0.1.0. - THE KEY TO KEEPING WARM 


Keep it - CLEAN — Dirt and grease block air spaces! 
Avoid = OVERHEATING — Ventiiate! 
Wear it - LOOSE — Allow air to circulate! 


Keep it - DRY — Outside and inside! 


SHELTER 


You cannot stay in the open to rest. GET OUT OF THE WIND! Look for 
natural shelter you can improve on, but AVOID the lee side of cliffs 
where snow could drift and bury your shelter, or sites where rock fall 
or avalanche is likely. Avoid snowladen trees — the weight could 
bring down frozen branches — unless the lower boughs are 
supported on the snow. There may be a space beneath the branch 
which will provide a ready-made shelter (see Shelter in Camp Craft) 


REMEMBER: Don't block EVERY hole to keep out draughts, You 
MUST have ventilation, especially if burning a fire inside your 
shelter. Otherwise you may asphyxiate 
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FIRE 


Essential for polar survival. Fuel oil from wreckage can provide 
heat. Drain oil from sump and reservoir on to the ground as 
soon as possible — as it cools it will congeal and become impossible 
to drain. High octane fuel does not freeze so quickly — leave it 
in the tanks. 

In the Antarctic and on the Aretic ice, seal and bird fat are the 
only other fuel sources. On coasts driftwood can sometimes be 
collected — Greenlanders used to build homes from timber which 
drifted across the Arctic from Siberian rivers. In the tundra low, 
spreading, willow can be found. Birch serub and juniper also grow 
beyond the forests. Birch bark makes excellent kindling — the wood 
is oily. Feather a branch and it will burn even when wet. 

Casiope is another low spreading heather-like plant that Eskimos 
use for fuel. Evergreen, with tiny leaves and white bell-shaped 
flowers, and only 10-30em (4-12in) high, it contains so much resin 
that it, too, burns when wet. 


Casiope 


WATER 


Even in the cold you need over a litre (1*pt) daily to replace losses. 
In summer water is plentiful in tundra lakes and streams. Pond water 
may look brown and taste brackish but vegetation growing in it 
keeps it fresh. If in doubt BOIL. 

In winter melt ice and snow. Do NOT eat crushed ice, it can 
injure your mouth and lips and also cause further dehydration. 
Thaw snow sufficiently to mould into a ball before attempting to 
suck it. 


REMEMBER: if already cold and tired eating snow will further chill 
your body. 
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Antarctic: Lichens and mosses, growing on dark, heat-absorbing 
rocks on some northern coasts, are the only plants. Seas are rich in 
plankton and krill which support fish, whales, seals and many 
seabirds. Most birds migrate in autumn, but flightless penguins stay. 
They make good eating. Most of the year they take to the water at 
the first sign of danger but, when incubating eggs, sit tight on their 
‘burrows or scrapes. 


Aretie: Ice provides no habitat for plants or ground animals, even 
polar bears are likely only where they can find prey — and they are 
difficult and dangerous to hunt. Seabirds, fish and seals, where there 
is water, are the potential foods. Foxes — the Arctic fox turns white 
in winter ~ sometimes follow polar bears on to sea ice to scavenge 
their kills. Northern wildlife is migratory and availability depends 
on season. 


Tundra and forest: Plants and animals can be found in winter and 
summer and the northern forests offer even more wildlife. Tundra 
plant species are the same in Russia as in Alaska. All are small 
compared to warmer climate plants: ground spreading willow, 
birch and berry plants with high vitamin content. Lichens and 
mosses, found widely, form a valuable food source — especially 
reindeer moss. 


Poisonous plants 

The majority of Arctic plants are edible, but AVOID Water Hemlock 
= the most poisonous. AVOID the fruit of the Baneberry. AVOID 
small Arctic buttercups. Other temperate poisonous species found 
far north include Lupin, Monkshood, Larkspur, Vetch (Locoweed), 
False hellebore and Death camas, Best avoid fungi too — make sure 
you can distinguish lichens from them! There are no Arctic plants 
which are known to produce contact poisoning. 


Animals for food 

Bark and greenery stripped from trees is evidence of feeding 
animals. Caribou (reindeer) are common from Alaska to west 
Greenland and found across northern Scandinavia and Siberia, 
Shaggy musk-ox roam in northern Greenland and, in the islands of 
the Canadian archipelago, elk (Moose) are found — where there is a 
mixture of forest and open ground. 
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Wolves are common in northern Canada, Alaska and Siberia (but 
rare and protected in most European countries). Foxes, living in the 
tundra in summer and open woodland in winter, are an indication of 
other, smaller prey — mountain hares, squirrels and other small 
rodents which burrow beneath the snow to find seeds. Lemmings 
make runways beneath the snow. Beaver, mink, wolverines and 
weasels can all be found in the Arctic. 

Bears roam the barren lands of the north as well as the forests. 
They can be dangerous. Give them a wide berth. 

The best chances for survival are along coasts where the sea 
provides a dependable source of food. Seals are found on coasts, 
pack ice and in the open water. 

Walruses may look cumbersome but are also very dangerous. 
LEAVE THEM ALONE UNLESS YOU ARE ARMED. 


Hunting and Trapping 

Tracks are clear in snow and easy to follow — but leave a trail of fluttering 
flags of bright material from wreckage to find your way back to your 
shelter. Make them high enough not to be covered by a fresh snowfall, 

Caribou can be very curious and may sometimes be lured by 
waving a cloth and moving on all fours. Imitating a four-legged 
animal may also bring wolves closer, thinking you might be prey. 
Ground squirrels and marmots may run into you if you are between 
them and their holes. Some prey animals can be attracted by the 
sound made by kissing the back of your hand. It is like the noise 
made by @ wounded mouse or bird. Make it from a concealed 
position and downwind, Be patient. Keep on trying. 

Stalking animals is difficult in the exposed Arctic. If you have a 
projectile weapon — gun, bow, catapult ~ which can be fired from 
ground level, lie in ambush behind a screen of snow. To be more 
mobile make a screen of cloth which can stand in front of you, and 
slowly be moved forward. 

In winter, owls, ravens and ptarmigans — the birds available in the 
north — are usually ‘tame’ and can be approached slowly, without 
sudden movements. Many polar birds have a 2~3 week summer moult, 
which makes them flightless — they can be run down. Eggs are among 
the safest foods and are edible at any stage of embryo development. 


Seals 

A main source of food on polar ice, some seals remain there right 
through the winter. The Antarctic Weddel seal, most southerly of 
mammals, can dive for 15 minutes before coming up to breathe 
from pockets of air beneath the ice, or at small holes which it keeps 
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‘open by nibbling around the edges. Most seals must breathe more 
frequently. Few are as formidable as the Elephant seal, which can 
rear up to twice a man’s height in attack or defence. 

Seals are most vulnerable on the ice floes with their young pups 
(produced between March and June in the Arctic according to 
species). Newborn seals cannot swim and are easy to catch — 
thousands are massacred by hunters and in culls each year by simply 
walking among them on the ice and clubbing them, 

Out of the breeding season, breathing holes in the ice are the 
best place to catch seals; recognize them by their cone shape 
(narrower on the upper surface). In thicker ice they will be 
surrounded by flipper and toothmarks where the seal has been 
keeping the hole open. You have to be patient, yet ever ready, for 
the visits to the hole are brief. Club the animal then enlarge the hole 
to recover the carcass. 

Seals provide food, clothing, moccasins and blubber for fires. 
Adult males have a strong odour early in the year, but it does not 
affect their meat. 

Eat all except the liver, which at some times of the year has 
DANGEROUS concentrations of vitamin A. Cook seal meat to avoid 
Trichinosis. 


POLAR BEARS 


Confined to the high Arctic — in Europe only resident on Spitzbergen 
~ they have a keen sense of smell and are tireless hunters on sea ice 
and in the sea. Feeding mainly on seals with some fish, they swim weil 
and can stay submerged for two minutes. Rarely found on land — 


though in summer they may feed on berries and lemmings. Like many 
cold-climate animals they are larger than their warmer-cimate 
relatives. Most are curious and will come to you — but treat these 
powerful animals with respect and caution 

Always cook meat: muscles alvays carry the Trichinosis worm, 
NEVER eat polar bear liver which can have lethal concentrations of 
vitamin A, 


Preparing meat 

Bleed, gut and skin while the carcass is still warm. Roll hides before 
they freeze. Cut meat into usable portions and allow to freeze. Do 
not keep reheating. Once cooked, eat leftovers cold (that’s why you 
cut it up). Leave fat on all animals except seals. Fat is essential in 
cold areas but, if you eat a lot, make sure you take plenty of fluids. 
Except in extreme cold (when it will freeze) remove seal fat and 
render it down before it turns rancid. It can also be useful fire fuel. 
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When food is scarce animals will steal it — so cache it carefully. 
If there are signs of would-be thieves look out for them — they 
could be your next meal. 
Rodents, especially 
squirrels, and rabbits and 
hares, can carry Tularemia, 
which can be caught from Jf - Wrinkle face to stop stiff patches 
ticks or handling infected J forming, pulling muscles in every 
animals. Wear gloves when) diection. Exercise hands. 
skinning. Boiled flesh is safe. J ~ Watch yourself and others for 
patches of waxy, reddening or 
blackened skin, especially on faces, 


ears, hands. 
ARCTIC HEALTH ~ AVOID tight clothing which will 


reduce circulation 


= Dress inside warmth of sleeping 
bag (if you have one}, 


Frostbite, hypothermia and 
snow blindness are the main 


hazards, while efforts to 
keep warm and exclude [| ~ Never go out without adequate 
draughts can lead to ack of J latting — however briefly. Avoid 

aug getting clothing wet, through sweat 
‘oxygen = and — carbon FF or water. Dry it as soon as possible if 
‘monoxide poisoning. this happens. 

It is easy to withdraw ff - Knock snow off before entering 
from reality, layered in J shelter, or leave outer clothing at 
clothing and with the head J entrance. Snow will melt in warmth 
wrapped in a hood. Thinking J 9Wving you more clothing to dry 
can become sluggish and J ~ Wear gloves and keep them dry. 
obvious things overlooked. J NEVER touch metal with bare 
Keep ‘switched on: Keep 270s 
st = lg |g AVY 
and conserve energy for I wit freeze almost at once and does 
useful tasks. Sleep as much Hf cyen more damage. than. water 
as possible — the cold will J because ofits lower melting point 
wake you before you freeze Hf — Be especially careful if you have 
unless you are completely ff been working hard and are fatigued. 
exhausted and cannot [[ If you are sick ~ REST. 
regenerate the heat you 
lose to the air. 

Don't let the cold demoralize you. Think up ways to improve the 
shelter, how to make a better pair of gloves, for instance. Exercise 
fingers and toes to improve circulation. 

Don't put off defecation — constipation is often brought on that 
way. Do try to time it conveniently before leaving your shelter, so 
that you can take waste out with you. 
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ieee era saa and often covered in 
snow. They provide neither food nor shelter. Climbing rock and 
negotiating ice and snowfields calls for special skills, which are best 
learned first-hand in mountaineering schools and practised under 
supervision. No inexperienced person should think of trying to tackle 
real mountaineering territory, except as a leamer with a properly 
organized party. But disaster may leave you on a mountainside or 
force you to cross a mountain range to get to safety. 

IF no rescue is likely, the first aim in daylight should be to get 
down into the valleys where food and shelter are available. At night 
and in bad visibility this is too dangerous. Some kind of shelter must 
bbe found until visibility improves. 

Dig into the snow if there is no shelter among rocks and no 
wreckage to provide cover. If below the snow line you must cover 
yourself to prevent exposure. A plastic bag will make an improvised 
sleeping bag, if you have no survival kit. Salvage blankets or 
covering from a crashed plane or use any clothing to cover yourself 
as much as possible, but do not pull clothes too tightly round you; 
air within the clothes will provide insulation 

On a slope, sleep with your head uphill; on rough and stony 
ground sleep on your stomach for greater comfort. 


Judging terrain 
‘As you descend a mountainside it will often be difficult to see what 
is below you. Can you move around a valley or along a spur to look 
back at what was below? The opposite side of a valley will give you 
some idea of what is on your side too. 

Be cautious if you find you are looking at a distant slope beyond 
2 foreground bluff, the ground is likely to fall steeply between. Scree 
slopes can be particularly deceptive and appear continuous until you 
are very close to a cliff. 


Descent 

Negotiating cliffs without a rope is extremely dangerous. On the 
steepest cliffs itis necessary to come down facing the cliff and very 
difficult to see footholds below. If there is an adjoining slope, a 
colleague can observe and give directions. Once down, you can then 
point out holds to others from below. A high cliff should never be 
attempted, In the case of a plane crash there is probably more risk 
in climbing than waiting for rescue. 
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To climb down rock faces which are less steep and with deeper 
ledges, adopt a sideways position using the inside hand for support. 
For easier crags, descend facing outwards with the body bent and 
where possible carry weight on the palms of the hands. 


Ascent 

Climbing upwards, holds are easier to see, but it is always safer to go 
round than over obstacles if you are travelling without knowing the 
route. You could get stuck with an impossible descent. 

Always work out your route from the bottom and in climbing 
keep the body away from the rock and look up. Move only one hand 
or one foot at a time — always keep three points of contact. Keep 
your weight evenly balanced on the feet rather than hang from the 
hands. Do not overstretch. 

With the feet firmly planted on the rack and one hand grasping 
good hold, reach with the other for a hold just above the head. 
Test it and then look for another hold for the other hand or the feet. 
Use small intermediate holds, avoid becoming spread-eagled and let 
the legs do most of the work. Always place the feet as flat as 
possible to make maximum contact with the rock. 

To climb vertically up fissures, use the chimney technique. Place 
your back against one surface and wedge your legs across the gap to 
the other, Slowly move up. If a chimney opens out you may have great 
difficulty in transferring to one face and have to descend again. 


Descending by rope 
With a rope firmly anchored at the upper level, itis possible to descend 
the sheerest cliff. The technique, known as abseiling or rappelling, can 
involve a special sit sling and a karabiner for the rope to pass through, 
but the basie method uses just a doubled rope. The rope does not move 
= you move down it. It is not comfortable, even with the body 
correctly angled, but it is the safest way to negotiate steep or very 
slippery slopes. Friction can 
damage clothing and skin, 


so ifyou can, pad out your | SURVIVAL TIP ‘ 
shoulders and groin, and | Make sure that you are in a firm 
wear gloves. position before hauling the rope 


The length of the rope | down — its sudden weight could 


affect your balance — and be sure 


that you have planned your next 
descent and there must be J move. Once the rope is down 


a firm anchor point, a | you may have no way of retracing 
rock, or tree which can your steps. 
carry the weight and not 


controls the amount of 
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cut the rope. Ifa series of platforms with firm anchors can be found, 
a slope can be negotiated in stages — but if several people are 
involved there must be room for all of them to wait at each stage 

After an abseil the rope can be pulled down after you. If 
someone is left above to untie the rope, or you are prepared to leave 
it behind, an undoubled rope can be used — making twice the 
descent possible with the same rope. Getting over the edge is often 
the most difficult part. You may have to climb down a few steps to 
gain a good position and sufficient confidence. 


ABSEILING 
{oop rge oround frm anchor test with 
fallbody weight, Avoid shar eges Dat 
could cut rope. Poss both ends Of rope 
between legs from Font, bring around to 
teft of body ond across ches, over right 
shoulder and down across boc. Hold rape 
in front with lft hand ond ot back wih 
flat Plant fet about 45cm (18in]apar, 
fimiy against slope ond fean back. Let 
rope araund boo cry your weight. Do 
nat ty to support yourself wih your 
tpper hand. Step stomy downwards The 
tower hand controls rate of descent. Ry 
the rope out one hond ato tine. 

CAUTION: Absetng can be dangerous. 
fot tioined in the technique, NEVER 
attempt i, unless accompanied by an 
eperto ino survival situation, 


Using a cradle 

On an unobstructed vertical descent, a cradle made from a bowline- 
on-the-bight (see Knots in Camp Craft) can be used to lower people 
down, or haul them up. Use this technique to rescue anyone who has 
fallen down a crevasse. 


Ascending with ropes 
Belaying is a method of helping others to climb up. First, one person 
must make the ascent with a rope (this could be a light line to haul 
up the actual rope afterwards) attached around the waist with a 
bowline. At each stage of the ascent there must be a platform or 
ledge to accommodate all the party and a secure anchor for the 
rope. If there are a number of lengths of rope a series of stages could 
be operated at the same time to handle a larger party. 

Test that the anchor is firm — a tree, spike of rock or thread (a 
hole through rock, oF a stone or small boulder firmly wedged in a 
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crevice). Anchor the rope with a loop tied in a figure-of-eight or an 
overhand knot. 

The belayer ties on with a bight or two bights to steady himself, 
and passes climbing rope over head and down to hips, making a 
twist around the arm closest to the anchor and takes up any slack 
The climber ties on with a bowline around waist and begins to 
mount. The belayer takes in rope to keep it taut. 


TAKING UP ROPE 
Pull with both hands so thot rope 
posses behind tack (pull jn with 
fight hond, push owey with left 
Side right hand out for more rope 
Bring hands together and hold both 
parts of rope in eight hand, while 
the left slides in towards body to 
take up slack Begin again, pling 
jn with right hand, pulling rope 


‘around body with feft. Be ready to 

~ arrest rope, in case climber falls 
Bring rope tight around body by 
bringing hands together 


The anchor, belayer and climber should be in a straight line. If a 
spike is used it should be higher than the belayer’s head. If this is not 
possible standing, the belayer should work from a sitting position, 

Older people and children should be roped around the 
chest. Small children are best 
carried papoose-style on {ff WARNING 
another climber’s back. ee 
Note: Belaying without an |} FALLING ROCK CAN KILL! 


pats On loose rock always test holds 
anchor is risky and requires 1!” Gently. and never pull outwards 
more strength. The rope |} Gna loose hold. 


should then only pass |} Be cafeful that your rope does 
through the belayer’s || not dislodge cocks. Even small 
fingers, NOT around the |} fling rox can inlet sticus 

+ be || injury lf you knock a piece down, 
back, lest the belayer be 1 shout a watning to those below. 
pulled down by the climber. 


SNOW AND ICEFIELDS 


Sophisticated equipment is available for climbing in snow and ice, but, 
on snow some of the mountaineer’s ice-axe techniques can be 
improvised with a stout stick — a handled walking stick may give more 
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grip than a simple shaft. If not equipped with a proper ice axe and 
‘rampons and skilled in their use, try to keep clear of mountain ice. 

‘An ice axe or stick, driven into the snow when climbing, gives 
stability. On steep slopes climb in zig-zags, kicking steps and digging 
your stick in sideways. Dig in heels and use a stick on slighter slopes. 
On gentle slopes use heels and stick as a walking stick. On steep slopes 
descend backwards driving stick into snow for support and as a brake 
if you slip Sliding down a snow slope is exhilarating, but dangerous. 

Digging in the heels will help control speed and a stick driven 
into the snow is an additional brake — but there is always a risk that 
you have not seen a precipice ahead! Never use this method where 
there is any risk of avalanche. 


Security ropes on ice 

Any party moving across a glacier should be tied together, at not less 
than 9m (30ft) intervals. The leader should probe the snow with a 
stick, for any slight depression could indicate a crevasse. 

Ropes fixed to a firm anchor at both ends can steady movement 
across ice patches which have to be traversed. Use as a hand hold, 
or tie a short rope in a bowline around the waist and secure to the 
rope with 2 prusik knot. This will slide along the rope to allow 
descent but, if you slip, will arrest your fall. This is a technique also 
Useful on seree and loose descents for children and the less able. 


Ice and snow bollards 
If no firm rock is available for belaying, an upper anchor can be cut from 
the ice. Cut in a mushroom shape where natural ice formation makes it 
easiest. Make the diameter at least 40cm (16in) and depth at least 15em 
(Gin) Discard and start again at the slightest sign of a crack in the ice. 
A snow bollard must be much bigger: at least 30cm (ft) deep 
and from 1m (3ft) wide in hard snow to 3m (1Oft) in soft. Pack 
equipment and baggage around it to prevent rope cutting through. 


Crevasses 

Crevasses are found where a glacier starts at a valley wall, changes 
direction or spreads out in a widening valley. Travel slowly, probing 
the ground. If one of the group falls through the snow he is belayed 
by 2 rope and can be hauled out. 

Pressure of the rope on the chest can cause asphyxiation. Pass a 
rope down with a loop to puta foot in to take the weight. Ifthe faller 
is unconscious it will take three people to heave him out. Manharness 
hitches will enable them to pull together. Temperatures in a crevasse 
are very low and the victim will rapidly weaken. Speed is important. 
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AVALANCHES 


Avalanches are @ serious hazard in all high mountain regions. 
They most frequently occur on slopes of between 20° and 60°, 
and especially between 30° and 45°, usually within 24 hours of a 
snow fall 

Several things trigger avalanches, like temperature, ground 
conditions and noise. if you find yourself in avalanche prone areas 
be aware of these causes. Avoid if possible areas where fresh snow 
has just fallen on steep ground. After a major fall, waiting 24 hours 
for it to settle will help. The majority of victims of avalanches start 
them off themselves. 

Rain, or a rise in temperature, after a snow fall greatly increases 
the risk. The melting process helps to lubricate the slide. Heavy snow 
falling during low temperature can also avalanche because it docs 
not have enough time to stabilize. 

Slopes with irregular surfaces are safest and timbered slopes 
are also stable, Steep rocks at the top of a slope make it more 
prone to slipping, because falling snow, rocks or icicles can set it 
in motion. On a convex slope the gravitational movement 
downward compacts the snow at the bottom and creates tension 
at the top making it more likely to slip. Where snow is building up 
on the lee side of a ridge or the head of steep gullies, it’s under 
tension and the slightest disturbance can cause it to slide. Slopes 
with rocky outcrops and trees are safer to cross than bare ones. 
Carefully choose the best place to cross and before committing 
yourself, test the snow. Dig in your stickfice axe and see if it's 
compacted or in layers. Throw rocks and make noise to try to 
encourage a slide, making sure you are well protected. On all 
dangerous ground it is best to rope together and use belays. Keep 
at least 15m (50Ft) apart to help spread the load. If possible, let 
‘one person go across the more dangerous areas alone paying out 
the rope as he goes. When he is across he belays himself before the 
next person crosses. 


MAIN AREAS OF DANGER 


= Snow-covered convex slopes. Here the snow is under tension. 


~ Lee slopes where show has accumulated. They are unstable. 
= Deep snow-filed gullies, 
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Wind 
—- Danger 
Safer 


As a precaution always carry a location beacon that omits a signal 
that rescuers can use to find you. Also carry an avalanche tape that 
can be streamed out in an emergency. It is made of bright nylon tape 
and makes detection easier if buried 


PRECAUTIONS 


= The heat of the sun on the snow can cause avalanches so before 
‘noon travel in shaded areas — keep off those exposed to the sun. 


~ After noon, keep to slopes that have been exposed, avoiding 
‘those that are now in sun for the first time. 


~ Avoid small gullies and valleys with steep side wall 
~ Stick to ridges and high ground above avalanche paths — you are 


more likely to trigger a slide but, if you do, have a better chance of 
being on top of the debris or not being carried down at all. 


~ Always look out for avalanche activity, even if you do not see it 
happening. Assess where avalanches started, their direction, how 
long ago they took place. They will be a guide to where other 
avalanches are likely. 


A mud slide is very similar to an avalanche, but instead of 
‘ons of snow, masses of mud sliding on water bury all in its 
path. Avoid low-lying areas and water courses. Stay on the 
spurs and ridges. If caught up in a slide, use swimming 
actions to stay on top and go feet first. 
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Me seashores offer abundant sources of food and excellent 
prospects for survival. Even where they appear bleak and barren, 
there is food to be had. Coastal waters are the home of many life 
forms — seaweeds, fish, seals, birds, molluses and the plankton that 
supports the marine animals. Inland lakes and waterways of all kinds 
will also teem with life, with the exception of the Dead Sea and other 
areas of extreme salination, and those heavily polluted by man, 

Coasts can range from sheer cliffs to long and gently sloping 
beaches. From the sea a towering cliff offers no opportunity to 
escape the water. Even a stretch of beach at its foot is likely to be 
cut off by high tide in tidal waters, though it could offer a few hours 
of respite before swimming off to find another landing place. All 
kinds of shore, however, offer resources to exploit and there are few 
better places to be stranded. 


‘Sandy beaches 
Sandy shores tend to be gentle and sloping, The tide goes out a long 
way, revealing large areas which are the habitat of burrowing 
species, left below the exposed sand. They incluce many worms and 
‘molluscs and they also attract feeding birds, Look for signs of buried 
‘molluscs. Iti usually easier to spot the marks left by the syphons of 
buried bivalves under the shallow water at the sea’s edge. 
Where the sand is not inundated by the tide and is blown into dunes, 
it may be possible to find fresh water and it is here that plants will grow. 
Sand is easily blown by the wind and gets into everything. Dunes 
also tend to be full of aggravating insects — so do not choose them 
for making camp or building shelter, if you can move beyond. 


Muddy shores and estuaries 

Where a slow-moving river joins the sea it deposits sediment, rich in 
nutrients, forming large mud flats. These can support many species 
of worms and molluscs and provide a rich feeding ground for birds 
and animals. 


Rocky shores 
Rocky shores, if their cliffs are not too sheer, trap pools of water 
when the tide recedes. These pools may teem with life. Rocks form 
a strata to which the many univalve shells can cling, an anchor for 
weed and sea urchins and crevices where octopus and other 
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cephalopods can live 
Soft rocks, such as chalk, marl and limestone, erode quickly and 
their surfaces are smooth, but hard rocks fracture in chunks and 
provide good nesting sites for birds. 


Pebble beaches 

Stretches of pebble beach, often found between sandy and rocky 
sections of the shore, sustain least life. The continual movement of 
pebbles makes a difficult habitat for most plants and animals. 


Tides 

Tides vary considerably according to both location and time of year 
for they are caused by the counter-gravities of the sun and moon. 
In enclosed seas, such as the Mediterranean, they range over only a 
few metres. The Bay of Fundy, between Nova Scotia and New 
Brunswick, has a difference of 16m (52'éft) between low tide and 
high tide. 

A line of debris along the beach; a change in appearance and 
texture from the long dry sand to that which is daily inundated; 
weed, shells and colour changes on vertical rock faces, all these will 
help to indicate the level to which the water is likely to rise. 

‘Always check access to and from a beach or rocky shore — keep 
an eye on the rising water level so that you do not run the risk of 
being cut off. 

Tides not only scour the beach but throw up valuable flotsam 
and jetsam, often providing fuel for fires, and may leave large fish 
stranded in rock pools along with their usual inhabitants. 


SHORE SAFETY 


~ Never underestimate the power and danger of the sea, Time the 
tides and become familiar with their pattern, then you willbe less 
likely to be cut off by an incoming tide or swept out by the ebb. It 
is easy to be caught when some way offshore, 


= Cliffs offer problems of access. If there is only one way down 
make sure you can get back to it 


= Look out for strong currents, especially off headlands. Sand 
banks and submerged rocks are also dangerous. Where a beach 
falls steeply into deep water there will be a strong undertow. IF 
you are forced to enter the water to rescue someone or retrieve 
kit, have a safety line around the waist and someone anchoring 
you on shore — or tie the line to a firm anchor. 
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‘Swimming 

If caught in the undertow of a large wave, push off the bottom and 
swim to the surface. Swim to shore in the trough between waves. 
When the next large wave comes, face it and submerge. Let it pass 
and swim in the next trough shorewards. 

When fishing or swimming stay within your depth, if you are not 
a strong swimmer, Watch out for large waves which can knock you 
off your feet and carry you further out. If this happens do not panic. 
People tend to panic when they do not know how deep water is, but 
are reassured when they do. It does not really matter for you can 
drown in 10¢m (4in) of water as much as in 10m (33f%). If you want 
to test the depth place your arms above your head, point your toes 
and dive feet first. It may not be as deep as you thought! 

Ifa strong current forces you offshore do NOT fight against it — 
You will lose, Swim ACROSS it, using side stroke, and make for land 
further along the coast. Side stroke is not the strongest or fastest 
stroke — but it is the least tiring. 

If in the sea and being swept on to rocks, face shorewards and 
adopt a sitting position with your feet in front. They will absorb the 
initial shock and enable you to grab hald and scramble ashore. This 
is also useful for exploring water that may conceal hidden rocks — 
keep your shoes on and at least one layer of clothing. 


Floating 
A relaxed body floats best — so try to stay calm. Itis difficult to sink 
in salt water. The main danger is swallowing salt water and choking 
on the vomit. 

Women are more bouyant than men (they have an extra layer of 
fat) and float naturally on their backs. Men float naturally face 
down — but don’t forget to lift your head out to breathe! 


WATER 


Fresh water along the coast is best obtained from small river outlets 
— large rivers tend to be full of silt and may be polluted by industry 
or other human activity upriver. 

On sandy shores with no freshwater outlets there may be pools 
among dunes. Digging above the high water mark on any beach, 
especially if there is vegetation, may bring results. Dig down until 
you reach moist sand. Let water accumulate. Freshwater floats on 
top of salt. Scoop the lighter layer off the top. 

Rock pools are unlikely to be freshwater. Even above the high 
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water mark, they may be the result of wave splash, but you can 
sometimes identify fresh water by the growth of green algae which 
is not grazed by molluscs, as it would be elsewhere on the beach. 
Saltwater molluscs cannot survive in the reduced salinity, 

Look for water trickling through rock faces, especially where there 
are ferns of mosses growing out of them, it will be drinkable. If stranded 
‘on a rocky outcrop off the shore, the only reliable source of water will 
be the sea itself — but NEVER drink sea water without distilling it. Far 
from quenching your thirst, it will take valuable body fluids away from 
the vital organs and eventually cause the kidneys to pack up. 

Saltwater can be used for cooking — but do not eat until you 
have an adequate supply of fresh water. The residue of salt from 
distilled sea water can be used for preserving meat and fish. 


Food 


Seashore plants will differ according to the climate, but they will be 
available when weather or tide prevent you gathering food from the 
sea. In the water, you will find seaweeds of one kind or another 
where there is rock to give them purchase and water shallow enough 
to allow the sun to reach them. Seaweeds (more correctly called 
algae) are very valuable as food. In many parts of the world they 
form a major part of the diet and many are considered a delicacy 
from the cuisine of Japan to the laver bread of Wales. Seaweeds can 
be dried and stored for months. 


Seafood 

The best hunting for fish 
and molluscs will be at low 
tide, when rock pools can be 
inspected and — buried 
molluscs and other creatures 
dug from sandy shores. 

Bivalves, which feed by 
filtering water through their digestive systems, can build up 
dangerous concentrations of toxic chemicals in areas polluted by 
industry or sewage. 

In tropical zones, mussels are poisonous during the summer, 
especially when seas are reddish or highly phosphorescent. In the 
Arctic, black mussels can be poisonous at any time of year. Learn to 
recognize the cone shells, which shoot out a poisonous barb, in a 
few species potent enough to kill you. There are more than 400 
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Seaweeds are a valuable 
contribution to diet — but do NOT 
eat the blue-green algae 
sometimes found on freshwater 
pools It is very poisonous. 


CLIMATE € TERRAIN, 


types of cone shell, mainly found in the tropical Indo-Pacific with 
about 12 species off the southeast of USA and in the Caribbean. 
They are all identified by their shape. Tenebra or Auger and Turrid 
shells also have poison darts. Their venom is not dangerous to man, 
bout a sting may still be painful 

Only cat molluscs collected live. Bivalves, such as oysters, clams 
and mussels, should close tightly if tapped gently. Gastropods, such 
as winkles and whelks, have a ‘trap-door’ (the operculum) to close 
the entrance to the shell. t should close tightly ifthe shell is shaken. 

Other gastropods, such as limpets and Abalones, have no 
operculum but are tightly anchored to the rocks. Use a knife under 
the edge of the shell to prise them off. If they are hard to dislodge, 
they are good to eat. If they come off easily, they are probably dead 
or sick. After high tide any limpet found still fastened is good food 
— the tide washes away sick or dead specimens. 

Cook shell foods by plunging them into boiling water and boiling 
for at least five minutes. 

If you eat shell foods raw you expose yourself to parasites and 
pollutants which they may carry. 


Fishing 
Fish and sea snakes require more catching. Some fish are dangerous 
and all sea snakes are venomous. Distinguish snakes from eels by 
their scales and their broad flattened tails. They are said not to bite 
swimmers. Bites usually occur, and then only rarely, when fishermen 
are removing fish from nets in which the snakes are also caught. 

On most coasts the best time to fish from the shore is about two 
hours after high water. If you fish when the tide is still coming in 
you are constantly retreating and probably getting wet. Remember 
that saltwater will rot boots and clothing. 

Sea fishing requires a larger hook than freshwater fishing. A wide 
variety of bait can be used. Limpets, for instance, can often be found 
clinging to the rocks, of lugworms (Arenicola) can be dug up on 
sandy and muddy beaches. “At low tide look for the coiled worm 
casts that show you where their L-shaped burrows are. 

Make use of the tide to help you catch fish by building large 
arrow-shaped fish traps from stakes or rocks. Point them away from 
the shore. Fish will be caught when the tide recedes. 


Octopus and squid 

Octopus can be hunted at night, when they are in search of their 
‘own prey. Attract them with a light, then spear them. In daytime 
empty shells around a hole are an indication that an octopus may 
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live inside, Drop in a baited hook, wait until it is taken and pull 
sharply up. The best way to kill an octopus is to turn it inside out: 
place a hand inside the fleshy hood, grab the innards and pull hard. 
Try it on a small octopus first! It takes practise so until you 
are proficient stab the octopus between the eyes or bang it against 
a rock. 

‘All octopuses have a hard, parrot-like beak, and a few can give a 
poisonous bite. The worst is the Blue-ringed octopus of eastern 
Australia — its venom can be lethal. AVOID IT! 

Octopus flesh is tough but chewy and very nourishing. Pounding 
it will help make it more tender. Boil the body and roast the smaller 
tentacles. 

In the open sea squid can be huge, but a few small squid may 
occur inshore. Look for them in rock pools attached to seaweed. 
Catch them at night with a bright light, by jigging. Cuttlefish do not 
come close inshore but can be caught at sea in the same way. 


Echinoderms 

Another useful source of food, the echinoderms include starfish (not 
worth bothering with as food), sea urchins and sea cucumbers. Sea 
cucumbers creep about on the seabed or burrow in the sand. They 
look like warty black cucumbers, up to 20em (8in) long. There are 
also spiky white sea gerkins and worm cucumbers (which burrow 
into sand). Sea cucumbers should be boiled for five minutes before 
cating. 

Sea urchins, or sea eggs as they are sometimes called, are usually 
prickly balls which cling on to rocks, just below the low water mark 
but they have burrowing 
relations, the cake and heart 
urchins and the sea potato, | SEA URGHINS ue 
which can be found beneath J Handle carefully. Their spines cam 
the sand. Split open and eat JF inflict a painful wound — 
the egg-like ‘yolk’ inside. You [J especially if you tread on them 
can eat it raw, but it is safer J} With bare feet! If you get pricked 
to boil. AVOID any if their J 2nd the spine breaks off don't try 

to squeeze it out, it may push the 
spines do not move when J spine in deeper. With luck spines 
touched or if they smell bad JJ will begin to work their way out 
when opened. of the skin after a few days, 


Crustaceans 

These include crabs, crayfish, shrimp and prawns, all of which make 
their homes in rock pools. Lobsters are usually found beyond the 
tidal zone but sometimes can be found in deep pools or crevices. 
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Look under stones and seaweeds ~ though you'll have to be quick 
to catch them! A net would help. Improvise one from clothing and 
2 piece of wire or a sapling. 

Sand crabs are abundant in the tropics. Active at night, they can 
bbe chased back to their burrow at the top of the beach and dug out. 
Some even climb trees and can be knocked down. 

Freshwater crabs, crayfish and shrimps are also found in many 
parts of the world. They are smaller than sand crabs and usually 
found in shallow water. 

‘All crustaceans spoil quickly and they may contain harmful 
parasites. They must be eaten as soon as possible — so keep them 
alive in water until you are ready to cook them. They are cooked 
alive — either by plunging into boiling water, so that they die almost 
immediately, or by putting them in cold water and heating it up, 
which is claimed to full them to unconsciousness so that they feel 
no pain. Boil for 20 minutes. 

Crabs have poisonous sections which must be removed: twist off 
claws and legs, then, with the crab on its back, place your thumbs 
under the flap at the tail and push upwards. Pull the flap up and away 
from the body and lift it off. This prevents the stomach contents from 
touching the flesh. Next press on the mouth with the thumbs, pushing 
down and outwards. This makes mouth and stomach come away in 
‘one piece. The lungs {known as ‘Dead men's fingers), which are 
harmful to eat, can then be pulled out and discarded, 

Lobster is easier to prepare. Cut along the back towards the head 
and split open. The stomach lies just behind the mouth and is 
removed with the head and intestinal cord. 


Turtles 

Turtle meat is highly nutritious, and turtle eggs another good source 
of food — if you are lucky enough to have turtles come ashore. (See 
Reptiles in Food!) 


Seabirds 
Most ocean coasts are alive with seabirds. Fish for them. Leave 
baited hooks among offal on flat rocks, even throw baited hooks 
into the air to be taken on the wind. Try wrapping bait around 
stones. The sudden change in weight can make birds ‘crash’ 
Ground nesting birds can provide a rich source of eggs. Look for 
the ones that are easy to collect before risking raiding nests on cliffs. 
You can also try to catch the birds themselves at night when 
roosting — but do NOT risk climbing, 
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DANGERS 


Unless very still, water higher than your thighs will be too murky to 
see through. You'l risk stepping on someting unpleasant and waves 
could sweep you on to rocks or coral 

Wear shoes when foraging in the water — you need soles if you 
are improvising foot coverings. Cloth wrapping is NOT enough to 
protect from spines, 


Jellyfish are often swept inshore after a storm, Some, especially in 
the tropies, sting severely. The Sea wasps, or Box jellies, of northern 
‘Australian beaches, are the most dangerous. The bell-shaped body of 
the largest reaches only 25m (10in) but its tentacles can reach 9m 
Gof). Almost transparent, and difficult to see, each tentacle is 
armed with millions of stinging cells. Although their venom is one 
of the most deadly known and high concentrations cause skin 
lesions and death, usually only a very high dose is fatal to humans. 
Some jeliyfish are not venomous but beware — size is not an 
indication of potency! If stung do NOT pull the tentacles off or wipe 
away the slime with your hand — you will only get stung more. Use 
seaweed, cloth, etc, to wipe the sting with sand. 

~ Portuguese-man-of-war, looks like a jellyfish but is actually @ 
colony of polyps. It, too, can have tentacles 9m (30ft) long but, 
though its stings may cause irritation for several days, they are 
rarely fatal. Treat as for jellyfish, 

= Weaverfish lie buried in the sand off the shores of Europe, West 
Africa and the Mediterranean. Their spines are venomous. Apply very 
hot water to sooth spine wounds. 

= Stingrays occur inshore everywhere, but especially in warm 
waters, and electric rays in warm to temperate zones. Superbly 
camouflaged, they don't only hide in sand— some like rocky and 
pebbly places, Play safe — prod the bottom with a stick as you go. 
Stingray wounds can be soothed with very hat water. 

= Moray eels may be found in shallow water. They have a savage 
bite and guard their holes tenaciously. Keep clear of any you see and 
do NOT put your hands into crevices! 

~ Giant clams on tropical reefS can be big enough to trap a limb if they 
snap shut on you. 

~ Fish with venomous spines often live in very shallow waters. Most 
common, and most dangerous, in the tropics, a few occur in 
temperate waters. Bottom-dwelling kinds are almost impossible to 
detect and are often superbly camouflaged. Zebra fish are easier to 
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see, but equally dangerous to contact. Use a stick to stir up the sand 
and rocks in front of you. 

= Sea snakes often occur in some numbers close in shore in the 
tropical Pacific and Indian Oceans, They are inoffensive and bites are 
rare — but their venom is the most toxic of all snake venom. Keep 
clear of snakes in the water. Found on shore, pin them with a forked 
stick — they make a good meal 

~ Many corals are sharp and can easily cut you. Some, such as the fire 
corals, sting on contact. Always approach a reef with caution, Exploit 
other sites for food first. Both the reef and its inhabitants — which 
may inelude cone shells — can present dangers. 

~ Sharks Although most sharks feed mainly in deep waters, some 
species frequent shallow waters and swim up rivers and any might 
come onshore looking for an easy meal. Most shark attacks on 
humans occur in very shallow water. Be watchful! 

= Lagoons Reefs are often formed around tropical islands or out 
from the shore, making a breakwater which leaves still waters in a 
lagoon. Fish in the lagoon are often of the poisonous varieties. 
Barracuda and Red snapper, which are edible in the open sea, should 
be avoided if caught in lagoons — their eating habits cause them to 
become toxic. Fish from the reef on the seaward side. 


ISLANDS 


pista offer a special challenge to the survivor, especially small 
islands and those lacking resources. The feeling of loneliness is 
emphasized on an island and the sense of isolation acute, The 
problems are mental as well as physical. To help overcome them 
explore the island thoroughly and establish a daily routine. 

Climb to the highest point to make a sketch of the island and get 
a mental picture of the terrain. Explore every creek, cranny, bay and 
beach of the coastline. Then take your reconnaissances inland until 
the island is familiar. 

The island may have been inhabitated in the past — remains of 
buildings offer a basis for shelter. Fence posts and wire will be useful 
to repair your boat or build a raft. Vegetables may still be found 
growing and rats seem to follow man everywhere — sometimes they 
are the only permanent wildlife to be found. 

Shelter will make life seem better and even a scrape in the 
ground will give some protection. If you find caves ensure that they 


92 


ISLANDS 


are not tidal before you decide to use one. Remember that even 
caves that seem safe may be flooded or cut off by spring tides, 
which are higher than normal. 

On a barren rocky outcrop shelter may simply mean finding a 
place out of the wind. Water may depend upon collecting rainfall 
and distillation. Food will be whatever clings to the rocks, birds and 
birds’ eggs if you are lucky, and what you can haul from the sea 


Resources 

On any small island resources will be limited. Take care not to over- 
exploit any one of them, Water is often a problem — lack of itis the 
reason many islands are uninhabited. Lush vegetation will draw 
attention to springs and streams. Digging above the high water 
mark may produce water. Catch and store rainwater. 

To desalinate sea water by distillation you need a lot of fuel, 
which may be scarce. Driftwood may be available and some 
seaweeds will burn when dried — but you need wood to get the fire 
going, Seal blubber also makes good fuel. Have a fire only when you 
really need one. Search beaches after every tide — not just for wood. 
Everything has a use to the survivor. 

Once familiar with your island, venture out at night ~ more 
creatures can be seen and foraging may be more rewarding. 


Coconuts 

Tropical islands are rarely desert islands — they will usually offer 
plenty to eat, both ashore and in the water. The coconut palm is 
found right through the tropics and subtropics and can provide: 
fronds for shelter, husks for ropes, growing points, which taste like 
cabbages, the milk and meat, and the shell (which you can also use 
as cups and containers). 

To remove the fibrous husk around the coconut force it over a 
sharpened stake or split it with a hand axe. Extract the milk by 
piercing one of the dark ‘eyes’ of the nut itself before smashing the 
nut open to get at the meat. 

Coconut milk is a safe and refreshing drink — a large nut may 
hold 1 litre (1%pt). Do not drink from very young (green) or old (dark 
brown) nuts, their liquid will give you diarthoea. The meat itself is 
indigestible in large amounts — eat only a little at a time. 

Extract coconut oil by exposing chopped white meat to heat — 
sun of fire — and collecting oil as it runs off, or by boiling and 
skimming the oil as it rises to the surface. Rub it on to protect from 
sunburn, and chafing from saltwater, to repel insects, as a salve for 
sores and blisters or, mixed with wood ash, as a substitute for soap. 
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Climbing palms: If coconuts don't fall on your head and you can't 
knock them down, or if you need to reach some high bananas, don’t 
try to climb the tree trunk like a rope. Instead, tie a strong bandage 
of cloth into a strap and slip it around your ankles. Adjust it to hold 
your feet close to the trunk and then you can press the soles of your 
feet inward and grip with them. 


ATTRACTING RESCUE 


= Lay out signals to attract searchers by arranging rocks, seaweed > 
anything that contrasts with its surroundings. 


= Sand is excellent 


for polishing metal to make mirors to signal with, 
~ IF you can see a ship you can try and make contact on a VHF radio, 


Moving on 

Ina group of islands, you may be able to move on to another when 
the first's resources are exhausted. In warmer climates it may be 
possible to swim, but build a raft in cold climates. If there is nothing 
to build a raft from, make some kind of flotation aid — even if itis 
only an empty box or coconuts. 

If there are seals on your island you could use them to make a 
raft. From autumn through to spring, when the seal stores a lot of 
fat in its body, a seal carcass will float. If several are lashed together 
they will support your weight. 

Study tides and currents between islands carefully, they can be 
treacherous. Float something you can observe and note its progress. 
Time your swim so that the ebb takes you out from your island and 
the high tide takes you in to the new island. 


ARID REGIONS 


ost desert lands were once fertile and some of the creatures 
that lived there then adapted to the new conditions. Like them, 
the survivor must learn to make the most of any available shade, to 
create protection from the sun, reduce moisture loss and restrict 
activity to the ends of the day and the night. Learn from the peoples 
who live or travel through the deserts. 
In some deserts, especially the Sahara, the deserts of the Middle 
East, of Peru and northern Chile and parts of the Gobi Desert in 
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Mongolia, there are great temperature differences between night and 
day. At night condensation of any moisture in the air can make some 
water available — and in the Namib desert of southern Africa fog 
‘coming in from the sea often provides moisture for life. Elsewhere, in 
such deserts as those of Western Australia, northern Mexico and the 
Mohave of the southwestern USA, where the temperature changes 
are comparatively slight, there is very little condensation and 
consequently both plants and game are very rare. Sometimes, as in 
‘the Kalahari, there will be sparse grass and thorny bushes and, even 
in the most barren conditions, some kind of life seems to survive, 
though often invisible if you do not know where to look. 

Dust and sand storms may occur at certain times of yeat, 
reducing visibility to zero and demanding maximum protection to 
prevent sand entering every orifice. Dust devils — desert whirlwinds 
like tornadoes ~ are quite common. 

When rain does come — and in some territories years may pass with 
none at all — it may be in torrential downpours which create flash 
floods, before being quickly absorbed into the parched ground. This 
provides for a brief blossoming of vegetation and the emergence of 
species, such as the Spadefoot toad of Arizona, for rapid reproduction. 


Desert rainfall and temperature 

Typical of desert extremes are conditions in the Rub'al Khali the ‘Empty 
Quarter’, of southern Arabia. For most of the year there is only a trace 
of rain but over 30mm (1’4in) may fall on a single day in the winter. 
July temperatures may reach over 48°C (118°F), dropping to 15°C (60°F) 
at night, and December extremes range from 26" to ~6.6°C (79-20°F). 


WATER 


Water needs are paramount. Finding it is VITAL. If you have it, ration 
it immediately. If you are stranded by mechanical failure during a 
planned desert crossing, you will have plotted your route with an 
awareness of oases, wells and waterholes, Wells can be very deep 
and the water level require a container lowered on a line to reach it. 
Small water holes in wadi bottoms are often seasonal, They are 
usually covered with a stone or brushwood. 

‘Away from known waterholes, try digging at the lowest point of 
the outside bend of a dry stream bed or at the lowest point between 
dunes. Do NOT dig in the heat of the day, the exertion will use up 
too much fluid and you may find none to replace it. You must 
always balance fluid loss against possible gain. 
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Exploit cactus and roots as water sources and, in deserts where 
the day/night temperature range is great, exploit this to produce 
water by condensation, (See Water in Essentials.) 


Life expectancy 

Life expectancy depends upon the water available and your ability 
to protect the body from exposure to the sun to minimize 
perspiration. Allow a slight negative balance. Drink 1.5 litres (2%spt) 
for every 2 litres (3%pt) lost and then drink at the rate the body is 
sweating. Efficiency is then impaired little and no water is wasted. 
Less fluid will not result in less sweating. Sweating is a cooling 
mechanism, not a way of losing moisture. If more fluid is drunk than 
needed it will be excreted and used to no purpose. 

Without water you will last about 2¥ days at 48°C (118°F) if you 
spend the whole time resting in the shade, though you could last as 
long as 12 days if the temperature stays below 21°C (70°F). 

If you are forced to walk to safety the distance you cover will 
relate directly to water available. With none, a temperature of 48°C 
(120°F), walking only at night, resting all day, you could cover 40km 
(25 miles). Attempting to walk by day you would be lucky to 
complete 8km (5 miles) before collapse. At the same temperature, 
with about 2 litres (3%pt) of water you might cover 56km (35 miles) 
and last 3 days. Your chances are not appreciably increased until 
available water reaches about 4.5 litres (Bpt) per person, though 
training and a determination to survive could contradict predictions. 


SHELTER AND FIRE 


Make a shelter from the sun and rest in its shade. You'll also need 
protection from winds and low night temperatures. Do NOT stay in 
a metal vehicle or aeroplane which may rapidly become overheated. 
Use it to support a shelter or make use of the shadow beneath an 
aircraft's wing. Make use of rock outerops and the shadow provided 
by the sides of a wadi. Use the double layer technique to aid cooling 
{see Tropical Regions) 

Ina sand desert you may even be able to use wreckage to make 
a shelter beneath the sand. Many desert creatures spend the day 
beneath the surface, where the day temperature is much lower and 
the nights much warmer than outside, Sand will not permit 
tunnelling and you have to make a support structure. 

Having provided immediate shade, build your shelter in the cool 
of the evening to conserve energy and fiuids. Pile rocks to make a 
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windbreak and make use of wadi walls (except when rain, and 
‘consequent flash floods, seem likely). 

If using fabrics, leave the bottom edges lifted and loose by day 
to increase air circulation. Weigh them down with rocks at night. 
Avoid lying directly on hot ground. If you make a raised bed air can 
circulate beneath you, 

You will need fire for warmth at night, and for boiling water. 
Smoke will also be very noticeable and useful for signalling. Desert 
serub is dry and burns easily. If the land is totally barren, vehicle fuel 
and oil mixed with sand in a container will burn well (and is an easy 
way to light other fires) or use a string wick. Camel, donkey and 
other animal droppings burn well 


CLOTHING 


Clothing helps reduce fiuid loss and gives protection from sunburn — 
as well as warmth at night and a barrier against insect bites and thorns. 
In the desert it should be light and loose fitting, with air space between 
the garments and the body to provide insulation. Copy the flowing, 
layered garments of the Arab world. Trousers give more protection 
from insects than shorts (and guard against serious burns on the legs 
if forced into daytime exposure). Cover the head and feet 


KEEP COVERED 


Do not strip off your clothes Apart from the risk of severe sunburn, 
‘an uncovered body will lose sweat through evaporation requiring 
even more to coo! it = but keep the covering 25 loose as possible 
so that there isa layer of insulating air. Sweating will then cool you 
more efficiently. 


Headgear 

Any hat with a piece of cloth attached to the back will give some 
protection to the head and back of the neck but it is better to copy 
the headgear of desert peoples. You need a piece of material about 
120em (4ft) square, a smaller piece, such as a handkerchief, and a 
piece of cord or cloth (a tie is ideal) to keep them in position. 

Make the handkerchief into a wad on top of the head. Fold the 
large cloth diagonally, place it over the handkerchief, the long edge 
forward. Tie cord or cloth around the head to secure them. 

Allowed to fall freely this will protect from the sun, trap pockets 
of air, take advantage of breezes and protect from sandstorms. At 
night wrap it around the face for warmth, 
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Eye protection 
Sunglasses or goggles will help — though many made for use in 
temperate climes may offer insufficient protection, Soot from the 
fire smeared below the eyes will reduce glare reflected from the skin. 
Shield the eyes from glare and windborne sand with a strip of 
material, Cut narrow slits to see through. 


Footwear 

Do not walk barefoot on hot sand until your feet have become 
hardened. It will burn and cause blisters. Do not wear sandals which 
leave the top of the foot exposed. Improvise coverings if you have 
none. Putees will help keep send out of boots or could be extended 
to wrap round the foot over open sandals. 


FOOD 


Heat usually produces a loss of appetite — so do not force yourself 
to eat. Protein foods increase metabolic heat and increase water loss 
and liquids are needed for digestion. If water is scarce, keep eating 
to a minimum and then try to eat only moisture-containing foods, 
such as fruit and vegetables 

Food spoils very quickly in the desert and any stores, once 
‘opened, should be eaten straight away or kept covered and shaded. 
Flies appear from nowhere and settle upon uncovered food. 


Plants 

Vegetation, away from oases and waterholes, is likely to be little 
more than serub and grasses — even in the semi-desert — but grasses 
are edible and sometimes plentiful. The Acacia tree in the scrub 
provides edible beans. Beware of the Acacia's thorns but try all its 
soft parts: flowers, fruit, seeds, bark and young shoots. 

The grasses of the Sahara and Gobi are neither nutritious nor 
palatable, but in the Sahara and the Asian deserts you may find the 
Desert Gourd, a member of the squash family. Its vine can run over the 
ground for 4.5m (15ft). Chew its water-filled shoots and eat its flowers 
‘and orange-sized fruits, the seeds of which are edible roasted or boiled 

The Mescal plant of the Mexican desert (an agave from which 
tequila is made}, grows with a rosette of thick, tough, sharp-tipped 
leaves. Its central stalk, which rises like a candle to a flowering head, 
can be eaten. Cut the ends of the leaves to suck out water. 


Animals 
Deserts often support a variety of animal life which burrows into the 
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sand or hides in any available shade during the day, including 
insects, reptiles, small rodents and specially adapted mammals such 
as the Fennec Fox of North Africa, the Australian Bandicoot, 
hedgehog in the Gobi and the Jack Rabbit of North America — all of 
which have big ears to act as cooling aids. Most large mammals are 
an indication that there is a water supply within daily reach of their 


grazing areas. 
The Sahara has gerbils and gerboas; the Middle East, caracals and 
hyenas; the New World, kangaroo rats and coyotes 


SURVIVAL SCENARIO 


If you were in the desert and had to choose between carrying, 
hessian or water, which would be more useful? 


In desert conditions the hessian is vital of course, Water will be of no. 
use at all it you can't build shelter to shade you from the blazing sun. 


HEALTH 


Most desert illnesses are caused by excessive exposure to sun and 
heat. They can be avoided by keeping head and body covered and 
remaining in shade until sundown. 

= Constipation and pain in passing urine are common and salt- 
deficiency can lead to cramps. 

= Continued heavy sweating on the body, coupled with rubbing by 
clothing can produce blockages in the sweat glands and an 
uncomfortable skin irritation known as prickly heat. 


= Heat cramps, leading to heat 
WARNING — 


exhaustion, heat stroke and 


serious sunburn are all dangers. |] PEGE RT SORES 


A gradual increase in activity 
and daily exposure to the sun ie fa feet ee Hees 
will build up a defence — ‘7 =f 
provided that plenty of drinking Pree Ee 
water is available. esi peed up ad sould be 
~Various micro-organisms attack |} pulled UL as Soon as possible; 
the moist areas of the body — |) yunets, te skin = broken 
ge and painful sore may 
the crevices of the armpits, |] develop which could prevent 
groin and between the toes. |] walking, Bandage all cuts with 
Prevention and treatment are to |} Clean Gressings and use what 
keep these areas clean and dry. TUE ge OS 


Robert P. Duncan A.B., SM., M.B.A., Ph.D. 


Robert P. Duncan A.B., S.M., M.B.A., Ph.D.: Government warfare and 
surveillance system architect, author, and independent investigator. 


Presents 


Project Soul Catcher Vol. 2: Secrets of Cyber and Cybernetic Warfare Revealed (click book image to buy) 


Secrets of Cyber and Cybernetic Warfare Revealed 


ROBERT DUNCAN 


‘and The Mind Hacking Strategy Grosp 


Volume 2 details the CIA's practices of interrogation and cybernetic mind control in their pursuit to weaponize neuropsychology. It covers the art of bio- 
communication war, Human beings are complex machines but thei inner workings have been deciphered, Mind control and brsinwashing have been 
perfected in the last 60 years. Hacking computers and hacking into individual minds are similar. The 21st century will be known as the age of spisitual 
‘machines and soulless men, 


Check out Dr: Robert Duncan's other book, 
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seeing st a tet ate — se 
at an alarming rate — and parasites. Nature provides water, food 
and materials for making shelters. Indiqenous peoples have lived for 
millennia from hunting and gathering, but for the outsider it can 
take time to get used to the conditions and the non-stop activity. 

Native peoples wear little, except as ornament, but the 
newcomer, uninured to insects and leeches and unaccustomed to 
moving through dense jungle growth, needs to keep as covered as 
possibie. Clothing may become saturated by perspiration but it is 
better than being stung, scratched and bitten all over. Do not 
remove wet clothing until you halt and then, with humidity at 80- 
90 per cent, there is no point hanging it up to dry except in the sun 
or by a fire. Clothes saturated regularly by perspiration will rot. 

Except at high altitudes, both equatorial and subtropical regions 
are characterized by high temperatures, heavy rainfall and 
oppressive humidity. At low altitudes, temperature variation is 
seldom more than 10°C (50°F), and is often 37°C (98°F). At altitudes 
over 1500m (5000Ft) ice often forms at night. The rain has a slightly 
cooling effect but, when it stops, the temperature soars. 

Rainfall is heavy, often with thunder and lightning. Sudden rain 
beats on the tree canopy, turning trickles into raging torrents and 
rivers rise at an alarming rate, but — just as suddenly — it is gone. 
Violent storms may occur, usually towards the end of the ‘summer’ 
months. Hurricanes, cyclones and typhoons develop over the sea and 
rush inland causing tidal waves and devastation. In choosing camp 
sites, make sure you are above any potential flooding. Prevailing 
winds create variation between winter and summer with the dry 
season (rain once a day) and the monsoon (continuous rain). In 
southeast Asia, winds from the Indian Ocean bring monsoon, but it 
is dry when the wind blows from the landmass of China. 

Tropical day and night are of equal length, darkness falls quickly 
and daybreak is equally sudden 


Equatorial rainforests 

The climate varies little in these forests, spread across the equator in 

the Amazon and Congo basins, parts of Indonesia and several Pacific 

islands. Rain of 1.5-3.5m (60-138in) is distributed evenly throughout 

the year. Temperatures range from 30°C (86°F) to 20°C (68°F) at night. 
Where untouched by man, jungle trees rise from buttress roots 

to 6Om (200ft), bursting into a mushroom of leaves. Below them, 
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simaller trees produce a canopy so thick that little light reaches the 
jungle floor. Seedlings struggle beneath them to reach light and 
masses of vines and lianas twine up to the sun. Ferns, mosses and 
herbaceous plants push through a thick carpet of leaves and a great 
variety of fungi grow on leaves and fallen trunks, 

Its fairly cool in this PRIMARY JUNGLE, with little undergrowth to 
hamper movement, but visibility is limited to about 50m (170Fi). tis easy 
to lose a sense of direction and also difficult to spot anyone from the ait. 


RESCUE SIGNALS 


‘Smoke is diffused by the tree canopy and may not be seen, especially 
if there is mist about as wel. Set signals in a clearing, more often 
found near river bends, or — better — out on rafts on the river itself 


Secondary jungle 
Growth is prolific where sunlight does penetrate to the jungle floor 
— mainly along river banks, on jungle fringes and where primary 
jungle has been cleared by man for slash and burn farming. When 
abandoned, this is reclaimed by a tangled mass of vegetation — look 
out for cultivated food plants which may survive among the others. 
Grasses, ferns, shrubs and vines of secondary jungle reach heights 
of 2-3m (7-10ft) in a single year. Moving is slow, often hacking a way 
with a machete or parang — hot work, with visibility only a Few metres 
(ee On the Move}. Jungle vegetation seems to be covered with thorns 
and spikes and bamboo thickets can be impenetrable barriers. 
‘Sometimes, as in Belize in Central America, the jungle trees are 
low. Light does reach the fertile ground, producing abundant 
undergrowth even in primary jungle. 


‘Sub-tropical rainforests 

Found within 10° of the Equator, in Central and South America, 
Madagascar, western India, Burma, Vietnam, southeast Asia and the 
Phillipines, these forests have a season of reduced rainfall even 
drought, with the rain coming in cycles — monsoons. With more 
marked seasons there are more deciduous trees so that more light 
reaches the forest floor and undergrowth is dense. 


Montane forests 
When altitudes reach about 1000m (3300ft) in the tropics, and the 
areas bordering them, tropical forest begins to give way to montane 
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forest. It becomes true montane at about 1240m (4100ft), as in the 
Monts Gotel in Cameroon, the Amhara Plateau of Ethiopia or the 
Ruwenzori Range of central Africa. The Ruwenzori ~ the ‘Mountains 
‘of the Moon’ — are typical: sharply contoured slopes making a 
crater-like landscape covered in moss between ice-capped peaks. 

Plant growth is sparse, trees stunted and distorted, their 
branches low and difficult to walk beneath, Nights are cold and day 
temperatures high with lots of mist and long periods of cloud cover. 
Survival is difficult in this terrain, Leave it and make your way down 
the mountainside to the tropical rain forest. 


Saltwater swamps 

Where coastal areas are subject to tidal flooding, mangrove trees thrive. 
They can reach heights of 12m (40ft) and their tangled roots are an 
‘obstacle both above and below the waterline. Visibility is poor and passage 
difficult — it may take 12 hours to cover 900m (3000f). Sometimes 
channels are wide enough to raft, but generally progress is on foot. 

There are mangrove swamps in West Africa, Madagascar, 
Malaysia and the Pacific Islands, Central and South America and at 
the mouth of the Ganges. The swamps at the mouths of the Orinoco, 
Amazon and rivers of Guyana consist of stinking mud and trees 
which offer little shade, Tides can rise as much as 12m (40ft). 

Everything in mangrove swamps seems hostile, from water leeches 
and insects, to cayman and crocodiles. Avoid them if you can. If forced 
there by mishap look for a way out. Where there are river channels 
intersecting the swamp you may be able to make a raft 

You won't starve among the mangroves. There is plenty of fish 
and vegetation. At low water crabs, molluscs, catfish and mudfish 
can be found. Arboreal and aquatic animals include water opposum, 
otter, tapir, armadillo and, on firmer ground, peccaries. 

Inland of the mangroves, nipa palm swamp is common — all the 
palm’s growing points are edible. 

If forced to stay in a swamp, determine the high-tide level, by 
the line of salt and debris on the trees, and fit up a raised bed above 
it. Cover yourself for protection against ants and mosquitoes. 

In any swamp a fire will have to be built on a platform. Use 
standing deadwood for fuel. Decay is rapid in a swamp so choose 
wood that is not far decayed. 


Freshwater swamps 

Found in low-lying inland areas, their mass of thorny undergrowth, 
reeds, grasses and occasional short palms makes going difficult and 
reduces visibility to only a few metres — but wildlife abounds and 
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survival is easy. A freshwater swamp is not such a bad place once 
you get used to it. It will often be dotted with islands and you are 
not chest-deep in the water ALL the time. There are often navigable 
channels and raw materials available from which to build a raft. 


SHELTER 


There are ample materials for building shelter in most tropical regions 
(See Shelter in Camp Craft). Where temperatures are very high and 
shelters directly exposed to the sun, make roofs in two layers with an 
airspace in between to aid cooling. Much of the heat will dissipate on 
striking the upper layer, and with the air passing between this lowers 
the temperature of the layer beneath. The distance between should be 
20-30cm (8-12in). Double layers of even permeable cloth will help 
keep out rain if well angled (see Camp Craft) 


FIRE 


Everything is likely to be damp. Take standing dead wood and shave 
off the outside. Use that to start your fire. Dry bamboo makes 
excellent tinder (store some), so does a termite's nest. 


FOOD 


A large variety of fruits, roots and leaves are available. Banana, 
papaya, mango and figs are easily recognized. (Papaya is one of the 
few plants with white sap that is edible.) The large, thorny fruit of 
the durian, of southeast Asia, smells disgusting, but is good to eat 

Palms provide an edible growing point and manioc produces 
massive tubers — though they must be cooked before eating, Taro, 
wild potato and some kinds of yam must also be prepared to remove 
poisons before they are eaten. You may find the wealth of tropical 
foods hard to identify, if you're not sure use the tests described in 
Food, before you risk eating them. 


Animal foods 
Deer, pigs, monkeys and a wide range of animals can be hunted and 
‘trapped according to location (see Traps and trapping in Food) . 

In primary jungle, birds spend most of their time in the tree canopy 
‘among the fruit and berries. Place traps in clearings and lure birds with 
fruit. Some, such as the Asian Hombil, also feed on lizards and snakes. 
Near rivers, traps can be baited with fish or offal for Fish Eagles and 
similar species which patrol rivers for prey. 
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Parrots and their relatives abound in the tropics — their mad 
sereeching makes their presence known from early morning. They 
are cunning — get them used to taking bait before setting the trap. 

Shakes are easier to catch — go for the non-poisonous constrictors 
— and very tasty. Catch them using a forked stick (see Hunting in Food). 


Food from rivers 

Rivers support all kinds of life: fish, plants, animals and insects. If you 
have no fishing tackle small pools can be dammed and then emptied 
with a bailer — fish and turtles in surprising numbers can be found in the 
mud. Ty constructing traps or crushing certain roots and vines to stupety 
the fish (See Fishing in Food). 

Fish are easily digested and have good protein content. Many jungle 
people depend on them for nourishment, but in the tropies they spoil 
quickly. Clean thoroughly, discard entrails and eat as soon as possible, do 
not preserve them by smoking or drying. Fish from slow moving water are 
more likely to be infested with parasites. If suspect, boil for 20 minutes. 
In areas where locals use the water as their sanitation system, fish may 
carry tapeworms and other human parasites and the water itself could be 
infected with amoebas which cause dysentery. Always boil water. 

Rivers can bring dangers too. Piranha may be found in the Amazon, 
Orinoco and Paraguay river systems of South America. similar fish is 
found in Burma. Electric eels are slow-moving and not aggressive, but 
they can grow very large and discharge 500 volts or more. Stingrays also 
‘occur in some tropical South American and West African rivers. Look out 
for crocodiles or alligators and water snakes and take care in handling 
catfish, which have sharp dorsal fins and spines on their gill covers, the 
Electric catfish can also deliver a powerful shock. 


DANGERS 


Cover your feet 

Good footwear and protection for the legs is essential — they are 
most exposed to leeches, chigoe, and centipedes. Wrap bark or cloth 
around the legs and tie it to make puttees. 


Insect attack! 

Slashing your way through jungle you may disturb bee, wasp oF 

hornet nests. They may attack, especially hornets, whose stings can 

bbe especially painful. Anywhere left bare, including your face, is 

vulnerable to attack. Run! Sunglasses would help protect the eyes. 
Perspiration isa problem, insects desperate for salt will fly to the wettest 

parts of your body. However, they also sting, Protect armpits and groin. 
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Beware invaders 

Keep clothing and footwear off the ground, then scorpions, snakes 
and other nasties are less likely to invade them. Always shake out 
clothing and check boots before putting them on and be wary when 
putting hands in pockets. On waking, take care. Centipedes tend to 
curl for warmth in some of the more private body regions. 


Beware caterpillars too! 
If mosquitoes and leeches sucking your blood, painful bites from 
centipedes and the risk or scorpion and snake bites are not enough (see 
Bites in First Aid) look out for hairy caterpillars. Be careful to brush 
them off in the direction they are travelling or small iritant hairs may 
your skin and cause an itchy rash, which may fester in the heat. 


Mosquito protection 
Wear a net over your head, or tie a tee-shirt or singlet over it, especially 
at dawn and dusk. Better, take a strip of cloth long enough to tie around 
‘your head and about 45cm (18in) deep and cut it to make a fringe of 
vertical strips hanging from a band that will hang around your face and 
over your neck and impregnant your clothes and bags ete with repellent. 
‘At night keep covered, including your hands. Use bamboo or a 
sapling to support a little tent of clothing plus large leaves, rigged over 
your upper half. Oil, fat or even mud spread on hands and face may help 
to repel mosquitoes. In camp a smoky fire will help keep insects at bay. 
IF you are bitten make sure you don't seratch as this may let infection in 


Leeches 

Leeches lie on the ground or on vegetation, especially in damp places, 
waiting to attach themselves to an animal (or person) to take a meal 
of blood. Their bite is not painful but they secrete a natural anti- 
coagulant that makes it messy. Left alone, they drop off when they 
have had their fill — but if you are covered in them you must do 
something! Do NOT pull them off. There is a risk the head will come 
off leaving the jaws in the bite, which could turn septic. Remove with 
a dab of salt, citric acid from fruit, alcohol, an ember or a flame. 


Beware the candiru! 

This minute Amazonian catfish, about 2.5cm (1in) long, very slender 
and almost transparent, sucks blood from the gills of other fish. It is 
reported to be able to swim up the urethra of a person urinating in 
the water — where it gets stuck by its dorsal spine. The chance of 
this happening is remote but the consequences could be dire! Cover 
your genitals and don't urinate in the water. 
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Precise tein isa ea ar ake ion tor 
storing drinking water. Carry further supplies of both in jerry 
cans. A jack is no use in soft sand and an air bag should be carried 
which is inflated by the exhaust. Extra filters will be needed in the 
fuel line and air intake. Sand tyres must be fitted and sand channels 
carried to get you moving again when bogged down in loose sand. 
For high altitudes the carburettor needs adjustment. In scrub 
country, thorn gaiters will reduce puncture risks. Antifreeze and 
suitable wheels and chains are needed for snow and ice. The engine 
will need special tuning to match climatic conditions and its own 
spares. A spare wheel and @ good tool kit are obvious requirements. 


HOT CUMATES hole, squeeze that section of the 
Even wien you have had copper piping fat to seal it off 1 wil 
‘modifications made to prepare your reduce the size of the cooling area but, 
vehicle for hot climate conditions you if you drive very steadily, you wll be 
‘may still find that you have problems. able to keep going. 

In. crossing some deserts the Metal gets hot: Be careful! All metal 
considerable temperature change fiom parts ofa car can become hot enough 
ay to night can put o stroin on any to cause blisters. 

‘metol and increase the risk ofeoks. Care in sandy conditions: When 
ding fuel, sand and dust can get into 

WARNING: NEVER leave o sleeping or the tank. Rigo filter over o just inside 

injured person or any animal in 3 the ile to the tonk 

closed car in 0 hot climate ~ or even 

on a sunny day in temperate regions 

‘Always leave windows open to ensure COLD CLIMATES 

ventilation (heat exhaustion can be Low temperatures not only make 

lethal) even if porked in the shode, os driving conditions difficult. They con 

the sun will move. make starting ond maintenance 
aiffcult ond hazardous. 

Overheating: Stop ond allow the 

engine t0 cool, If you ate driving a Starting: Always try to pork on a 

particulary tricky stretch ond stopping gradient so that you con use @ bump 

's out of the question, switeh on the start to back up the starter. Once you 

heater. This wil give greater volume io get the engine going keep it running — 

the cooling woter and, although the but check thatthe hondbroke is firmly 

inside ofthe cor will get even hotter, on and never leave children or animals 

the engine wil cool When convenient in. an unattended vehicle with the 

Stop and open up the bonnet. Do noi engine running. 

undo the radiator cop until the  Demisting: Don't try to drive looking 

temperoture drops. Check the radiator through @ small clear patch on a misty 

and ail hases for leaks Ifthe radiator screen. Onion or aw potato rubbed on 

is leoking, adding the white of on egg the inside of the screen will stop ft 

will seal Small holes f there iso large misting vp. 
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Cover the outside of the windsereen 
‘and windows with newspaper to 
prevent frost building yp on them. IF 
domp, however, paper wil stick 
Coddle the engine: Wropping @ 
Dlonket exound the engine may help to 
stop it from freezing up — but 
remember to remove it before you start 
the engine. Cover lower port of the 
radiator with cardboard or wood so 
that it does not freeze as you go atong, 
IF very cold, leave covered. Otherwise 
remove {0 prevent overheating, 

Cover metal: Don't touch ANY metal 
with bore hands. Your fingers could 
freeze to it and tear off skin. Where 
handling metal components with 
gloves is awkward, wrop fingers with 
‘adhesive tape. Treat radiator eap and 
dip stick in this way to ease your daily 
checks. 

Diesel engines: Diese! contains water 
‘and freezes solid at low temperatures 
Always cover front of engine, but 
check for overheating. Always wrop 
engine ot night or when left standing, 
Some lorry drivers light small fires 
lunder frozen tanks. Only you can judge 
if the risk is worth taking, 


CUT OFF IN SNOW 
If you are trapped by o blizzard, stay in 
the car. If you ase on «@ regular traffic 
route you will probably soon be 
rescued. Going for help could be 
too sky. 

un the engine for heat if you have 
fuel, Cover the engine so thot os ftle 
hheat os possible is lost directly ~ but 
‘moke sure that the exhaust is clear 
Take no risk of exhaust coming into the 
car. Ifyou Fee! drowsy stop the engine 
‘ond open a window. Do NOT go to 
sleep with the engine running, 

Switoh off the heater as Soon as you 
‘have token the chill off the interior Start 
it again when the temperature drops. If 
there i n0 fuel to run the engine wrop 
Lup in any spare clothing, rugs ete, and 
Keep moving inside the car 


If you have to leave the car to go 0 
short distance, when you know he is 
very cose for instance, rig up 0 
signpost — 0 bright scart or garment 
(on a stick to help you find it again. 

When the blizzard stops, and iF it is 
daylight (otherwise wait until 
‘moming), it i worth walking out iF 
‘there i @ clear guide to the route (such 
1 telegroph poles) 

If miles from onywhere and off 
normal routes, and if the snow is 
building up to bury the car, it is worth 
‘getting out and building’ yourself @ 
‘snow cave — where you may be 
‘warmer thn in the car ond can sit out 
several days. When the blizzard stops 
scrape large signs in the snow and use 
other signats to otteact attention. 


GENERAL 
Cluteh slip: Often coused by oit or 
_grease geiting on the clutch plotes. To 
egreose these plates use the fire 
extinguisher. Squirt it through the 
inspection plate opening. 

Fan belts: Improvise one with a pair of 
tights, o te or even string. 

HIT leads: Fa high tension lead breaks, 
you may be able to replace it with 
willow twig. Any plant stem with water 
‘content cun be used to carry current 
{rom the cail to the distributor. Spit on 
tive ends and insert into the push-fit 
contacts, DANGER! When you switch 
(on, there is a cuvrent of about 1300 
volts. D0 NOT TOUCH. Replace twig 
frequently as it dries out 

Dead battery: You don't need the 
battery if you can get up enough 
speed. A tow or a steep slope will do. 
On a vehicle with four gears, use gear 
two or three when releasing the clutch 
to try for ignition. 

Half-shaft breakage: Not much you 
can do an a front or back whee! drive 
bout, if your vehicle is 4-whee! drive, 
remove the half-shaft. Disconnect 
the drive ond keep motoring on the 
otter ox 
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ye need some understanding of your body's 
nutritional needs and how to meet them. In 
most circumstances plants will be the most readily 
available — but you need to know which plants to 
avoid. Colour illustrations provide a miniature field 
guide to some of the most useful plants. 

Almost any animal can provide food and you 
must get used to eating unusual ones such as 
worms, insects, and even piranha fish. Despite 
their reputation they won't attack unless they 
have no other food. If the river is low, steer clear 
A wide range of effective snares and traps will 
catch food, while you gather plants, collect water 
or carry out other survival tasks. 

To hunt you may first have to improvise your 
own weapons, Learn how to do so and practise 
using them. 

Meat needs preparation to make it convenient 
to handle and safe to cook. Learn how to preserve 
it when there is a surplus. 

Fish offers another source of food, so simple 
methods are described which require no prior 
angling skills, 


FOOD AND FOOD VALUES 
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Gathering plants 
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Identifying plants 
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Mammals 
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Snails and worms 
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ROOTS AND TUBERS 
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Spear traps 
Bird traps 
Survival case study 
HUNTING 
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Hunting birds 
Animal dangers 
HANDLING THE KILL 
Preparing the kill 
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Fish traps 
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DRROBERTDUNCAN,COM GUEST BOOK & FORUM, PROFESS YOUR LOVE, DROP A LINE, SHARE YOUR STORY, WHATEVER 


Free eBook: The Matrix Deciphered by Dr, Robert Duncan, A.B., S.M., M.B.A., PI.D., the book discloses secret details on government operations and 
gives a hint to what i's like to live like a victim targeted. 


Bio of Dr. Robert Duncan, from his book The Matrix Deciphered 


True nobility is exempt from feat” 
King Henry the Sixth, Part Il (Act IV, Seene 1). 


Call me The Saint. Lam the all American - prep school, Harvard College graduating with honors in computer science anda minor in 
premedical studies, and advanced degrees from Harvard and Dartmouth in business and science. My famous ancestors are President Lincoln, 
King Duncan of Scotland, and Governor William Bradford, the first governor of Massachusetts 


My research interests have been neural networks, virtual reality, and EEG controlled robotics. Before graduate school 1 worked for the 
Department of Defense, Navy, NATO, and various intelligence agencies computer science projects. I have done business consulting and 
‘computer consulting forthe largest companies inthe world. I have been a professor, inventor, artist, and weiter. Lam one of the ast 
Renaissance men, 


My projects have included algorithms for Echelon and CLA natural language parsing and classification of document content, IRS formula for 
red flagging audits, writing the artificial intelligence code to automate tracking of the Soviet Nuclear Submarine Fleet and all water vessels, 
work integrating HAARP with SIGINT SIGCOM and SPAWAR. I have worked on projects for the Justice Department connecting local, state 
and federal databases for the tracking of terrorists. I developed a system for the FBI to track license plates past toll booths and other locations. 1 
worked on the soldier 2000 program to create body networks for reading vital signs and other information. A system I worked on called Snyper 
is operational in Iraq which triangulates on intercity conflict gua shots. I have been to a couple secret bases in the so called fie world. Ihave 
developed telemedicine robotic surgery and virtual reality applications for the Army. For DARPA, I have worked on satellite computer vision 
target tracking applications and tank simulation as well a integration of the land, sea, and air surveillance systems like SOSSUS, towed arrays, 
aand others 


Projects that Thave worked on outside of goverment contact incu my thesis on computer generated holography, a project making 
paralyzed people walk choreographed stimulated muscles movements, face recognition, voice identification and reco 

print recognition, and neural network robotic controller. My research interests moved to enhanced reality heads up displays and wearable 
‘computing systems. My current research involves finding a cure for the mind control directed energy weapons fiasco. The integrated global 
surveillance grid is actually part of the holy grail of weapons and human control systems. 


My apologies to the human race for my contribution to tyranny. I was ticked into thinking it would not be misused by corrupt government 
especially in my beloved country. I was wrong, The Joint Non-Lethal Weapons Directorate has Skip Green on the governing board. One of my 
old colleagues ata technology think tank in Cambridge partly in charge of the radio frequeney weapons testing for neurological disruption now 
torturing and killing people worldwide. Several other US Navy and UK Navy scientists have been knocked-off and that is why I have come 
forward. I know my time maybe neat. | am currently a professor in computer science and business, helping to educate the public on 
‘government corruption, greed, and stupidity. Like my ancestor Lincoln, I am fighting against mental slavery in a new Civil War engineered by 
the same useless elements in over 80 government agencies who have tested radiological, drug, and viral weapons on unsuspecting Americans 
for over 45 years 


T have great pride inthe fundamental and constitutional values of America and mean no distespect by my blasting the incompetence, apathy. 
and stupidity of those involved in the conspiracy of involuntary biological, chemical, and psychotronic human effects testing. There are s0 
‘many brave men and women serving in the armed forces who fight and protect us for the American values they believe in. But because of the 
silos of information called compartmentalization in the security agencies and the lack of accountability and oversight of black operations and 
some top secret projects, diabolical elements hecome rogue or worse destroying the Very country they are tasked with protecting turning it into 
‘a hypocracy rather than a democracy 


My goal is to awaken Americans to the continued horrific acts of military and CIA weapons testers inthis country and the other branches of 
‘government’ inability to stop them and hold them accountable 


All ask from the reader is to listen to testimony and validate facts presented here and come to their own conclusion. Then fight to win back 
America from this silent overthrow. This has been my project for about two years, investigating goyernment corruption, incompetence, and 
‘cover-up upon which I accidentally stumbled one day while looking at a reverse MRI scheme to inject electromagnetic signals into the brain 
for virtual reality applications. I have interviewed over two hundred people and worked on the highest level of military projects for the U.S. 
NATO, and U.K. and have given videotaped testimony to senators and representatives on ths topic resulting in lip service since they have no 
real power to enforce. Two high level FBI agents and a couple CLA agents have come forward to validate the existence of a MKULTRA like 
‘project that continues to grab random people for mind control experimentation. Two of these have since become part ofthe program and 
‘endure daily psychotronic tortures. All the torture can he done using directed energy psychotronic weapons with the so called continental 
ballistic missile surveillance defense grids 


| apologize to the human race for any contribution to these 4th generation weapons that 1 may have worked on that are more horrific than the 
nuclear bomb and whose cover-up is more pervasive than the Manhattan Project. And because of the horrific acs of violence being committed 
‘on as many as two thousand Americans as far as my research has uncovered and many others in other countries, I understand the extreme risk 
10 my own welfare that publishing this material will have. But freedom is so important to me that I know full heartedly thatthe human race 


FOOD AND FOOD VALUES 


he body needs food to supply heat and energy and to provide the 

materials with which it can build new tissues, whether for 
growth, repair or reproduction. A healthy body can survive for a 
time on reserves stored in its tissues, but lack of food makes it 
increasingly difficult to keep warm, to recover after hard work or 
injury and to fight off disease. 

Fortunately human beings are omnivores — we can digest both 
flesh and plants — and we can eat almost anything from the animal 
and vegetable kingdoms. With a little care, those things that are 
poisonous or dangerous are easily avoided. We enjoy food, so a 
good meal is an excellent morale booster, and when there are 
not other pressing priorities it is worth taking the trouble to cook 
food, which will make it more tasty, and to seek out foods with 
interesting flavours 

Do not rely on the easiest source of food, for a balanced diet is 
as important to the long-term survivor as having enough to eat in 
the first place. If you are camped in the middle of a rabbit warren, 
and dinner almost jumps into the pot, you could die from 
deficiencies not supplied by rabbit meat. Your diet MUST be made 
up of a wide range of elements which provide the right proportions 
of nutrients and sufficient energy to get you through the day. These 
nutrients must include proteins, carbohydrates, fats, minerals and 
other trace elements and vitamins. 


ENERGY NEEDS 


Without making a physical effort of any kind, the average person in 
a completely restful state requires 70 calories per hour to maintain 
their basic metabolism — the involuntary functions such as 
breathing and blood circulation that we do not even have to 
think about. A calorie is a unit of heat — it is the amount needed 
to raise the temperature of one litre of water by one degree 
centigrade — and is the way in which energy is expressed when 
discussing nutrition, 

Calories are not produced equally by all kinds of foods. The 
‘energy values of the basic types are: 


Carbohydrates 1g (03502) produces 4 calories 
Fat 1g (.0350z) produces 9 calories 
Protein 1g (03502) produces 4 calories 
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The simplest domestic activities — standing up, sitting down, 
lighting a fire and so forth — that make up an ordinary day demand 
another 45 calories per hour. That makes a total of about 2040 
calories a day without any work or other major activity, which could 
burn up a further 3,500 calories daily. Since not only physical effort 
but mental effort and anxiety also use up calories, keep calm and 
relax and, if food is scarce, DO NOT SQUANDER ENERGY. 


Carhohydrates 

Carbohydrates form the bulk of the diet and are the main source of 
energy, not just for physical effort but for fuelling internal functions 
and the running of the nervous system. Carbohydrates are made up 
of carbon, hydrogen and oxygen and are synthesized by plants. They 
are very easily converted into energy by the body and do not require 
a large water intake. They prevent ketosis — indigestion, vomiting 
and nausea caused by the excessive breakdown of body fats during 
starvation — but have two disadvantages: they do not contain 
vitamin B and they may cause constipation. 


There are two types of carbohydrates: 


Sugars are found in sugar, syrup, honey, treacle and fruits. 
Starches are found in cereals, roots and tubers. Starch granules 
are insoluble in cold water but heat causes them to rupture ~ 
this is why roots and tubers are always cooked. 


Fats 

Fats contain the same elements as carbohydrates but combined 
differently, They also are a concentrated source of energy, providing 
twice as many calories as carbohydrates, stored in the body as a 
layer of fat under the skin and around the organs. They are 
insoluble in water and before they can be absorbed by the 
body require a lengthy digestive process which demands an 
adequate intake of water. Fats heat and insulate the body, protect 
organs, lubricate the alimentary tract and build an energy reserve. 
They are found in animals, fish, eggs, milk, nuts and some 
vegetables and fungi 


Proteins 

Proteins are the basic chemical units of living matter. They are the 
only food constituent containing nitrogen and therefore essential 
for the growth and repair of the body, and are made up of complex 
chemical structures known as amino acids. 
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The main sources of protein are meat, fish, eggs and dairy 
produce, and plants in the form of nuts, grains and pulses. Worms 
contain the highest amount of proteins, having the eight essential 
amino acids humans require. Do not squeeze the goodness out of 
them; isolate them in a container so that they will dehydrate. This 
will ensure that they don’t lose their health properties. Fungi can be 
an important source of protein. 

If carbohydrates and fats are missing from the diet, protein is 
used to generate energy but at the expense of the body’s other 
needs, so that in starvation the body burns up its own tissues. 


Minerals 

Minerals include some which one requires in quantity, such as 
calcium, phosphorus, sodium, chlorine, potassium, sulphur and 
magnesium, and others, including iron, flourine and iodine, which 
are required in much smaller amounts. Calcium is needed for bones 
and teeth but has other roles in muscular function and blood 
clotting. All minerals have vital roles in body funetions. 


Trace elements 
Trace elements include strontium, aluminium, arsenic, gold and other 
chemicals in tiny amounts. Their exact function is not yet understood, 


Vitamins 

Vitamins are essential to health and have an important role not only 
in maintaining the body but in protection from illness. There are 
about 40 different vitamins, of which about a dozen are essential for 
humans, found in minute amounts in many kinds of food, Vitamin D 
can be synthesized in the skin when it is exposed to the sun's rays 
and vitamin K can be synthesized by bacteria in the gut, but others 
must be obtained from external sources. The average person 
naturally carries a 28-day supply of vitamins within their body and 
of those, Vitamin C is first that will need to be replenished. Many 
herbs are rich in Vitamin C. The second vitamin to go is Vitamin A. 
This vitamin aids vision and prevents eye disease. To counter this, eat 
the shoots and leaves that you see rabbits eating. 


FOOD PLANTS 


here are few places in the world where you will be far from some 
kind of vegetation — bush, vine, creeper, flower, grass of lichen — 
which can be eaten to provide nourishment. In Europe alone there 
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are 10,000 edible wild plants. The only skill required in making use 
of them is knowing which is which and where to find them. Some, 
though edible, have very little food value, so learn which yield the 
most nourishment, especially those which are widespread and 
available throughout the year ~ and learn which are poisonous, in 
order to avoid them. 

Plants contain essential vitamins and minerals, and are rich 
in protein and carbohydrates. Some plants also contain fat 
and all provide roughage essential to keep the body in good 
working order. 

Do NOT eat large quantities of any one plant at a time and if you 
are not used to eating a plant start by nibbling a fresh specimen and 
adding some to stews, and build up your intake gradually. If you give 
your stomach a chance to get used to a new food it will adjust and 
not reject it. 

Do NOT assume that because birds, mammals or insects have 
eaten a plant that it is edible by humans. Monkeys are some 
indication, but no guarantee, that plants are suitable for human 
consumption. 


TESTING NEW PLANTS 


Always adopt the following procedure when trying out potential 
new food plants, only one person testing each plant. NEVER take 
short cuts — complete the whole test. If in any doubt, do NOT eat 
the plant. Should stomach trouble occur, relief can be gained by 
drinking plenty of hot water; do not eat again until the pain goes. 
If itis severe, induce vomiting by tickling the back of the throat. 
Charcoal is a useful emetic. Swallowing some will induce vorniting 
and the charcoal may also absorb the poison. White wood ash 
mixed to a paste with water will relieve stomach pain. 


Inspect 
Try to identify. Ensure that a plant is not slimy or worm-eaten. It will 
be past its best, with little food value other than the grubs or worms 
Uupon it. Some plants, when old, change their chemical content and 
become toxic. 


Crush a small portion. If it smells of bitter almonds or peaches — 
DISCARD. 
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Skin Irritation 

Rub slightly or squeeze some of the juice onto a tender part of 
the body (under the arm between armpit and elbow, for instance). 
IF any discomfort, rash or swelling is experienced — DISCARD, reject 
in future, 


Lips, Tongue, Mouth 

IF there is no irritation to the skin proceed in the following stages, 
going on to the next only after waiting five seconds to check that 
there is no unpleasant reaction 


~ Place a small portion on the lips 

~ Place a small portion in the corner of the mouth 
~ Place a small portion on the tip of the tongue 

~ Place a small portion under the tongue 

~ Chew a small portion 


In all cases: if any discomfort is felt, such as soreness to the throat, 
irritation oF stinging or burning sensations — DISCARD, reject in 
future. 


Swallow 
Swallow a small amount and WAIT FIVE HOURS. During this period 
eat or drink NOTHING else. 


Eating 

IF no reactions such as soreness to the mouth, repeated belching, 
nausea, sickness, stomach pains, griping pains in the lower abdomen 
‘or any other distressing symptoms are experienced, you may 
consider the plant safe. 


GATHERING PLANTS 


It is easy to pick plants here and there, but it is better and safer to 
gather them systematically. 

Take a container on foraging trips — an empty bag, a piece of 
cloth folded into a sack, a birch-bark box or large leaves stitched 
together. This stops harvest being crushed, which makes it go off 
quickly. 
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Leaves and Stems 

Young growth, usually paler green, will be tastier and more tender. 
Older plants are tougher and more bitter. Nip off leaves near the 
stem. Leaves simply torn off are easily damaged. They may wilt and 
loose goodness before they reach the pot. 


Roots and Tubers 

Choose larger plants. Some are very difficult to pull up. To lessen 
chance of breaking them dig around the plant to loosen, then prise 
them out with a sharpened stick. 


Fruit and Nuts 
Choose larger plants. Pick only ripe, fully coloured fruits. Hard, 
greenish berries are indigestible, even after long cooking. Many 
fruits, especially in the tropics, have tough, bitter skins. Peel them. 
Nuts lying at the base of a tree are a sign they are ready. Others can 
be shaken down if the tree is a small one. You may be able to knock 
‘others down by throwing a stick. 


Seeds and Grains 

PRECAUTION: Some contain deadly poisons. Tasting will not harm 
you but DO NOT SWALLOW. Carry out the edibility test, reject any 
seed that is unpalatable, bitter or with a hot, burning taste (unless 
a positively identified pepper or spice). 


Heads of some grain plants may 
hhave black spurs in place of normal 
seeds. These carry ergot poisoning, 
4 fungal disease that turns the 
‘grain into eniarged, black, 
bbeon-ike structures ft @ Source 
‘of an hatlucinogen, and is very 
poisonous — sometimes fatal 


REJECT THE WHOLE HEAD! 


Fungi 

Medium-sized are easier to identify and less likely to suffer from 
insect damage. Pick the whole fungus. If the stem is left on the 
ground it will be harder to identify the fungi gathered. Keep fungi 
separate. If a poisonous kind has been picked it will not then 
contaminate other food. 
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PLANTS TO AVOID 
WARNING 


POISON! There are two fairly common poisons in the plant world, 
but both are easily detectable: 


HYDROCYANIC ACID (Prussic acid) has the taste and smell of 
bitter almonds or peaches. Most notable example is the Cherry 
Laurel (Prunus laurocerasus), with laurel-like leaves, which 
contains a closely allied poison, Crush the leaves and remember the 
smell. Discard AUL plants with this smell, 


OXALIC ACID, whose salts (oxalates) occur naturally in some 
plants, for instance Wild Rhubarb (mostly in the (eaves) and Wood 
Sorrel (Oxalis acetosella). Recognizabie by the sharp, dry, stinging 
or buming sensation when applied to the skin or tongue. Discard 
ALL plants which fit this description. 


= AVOID any plant with a milky sap, unless positively 
identified as safe (such as dandelion), 


~ AVOID red plants, unless positively identified, especially in 
the tropics. The red-streaked stalk of Wild Rhubarb is edible 
but its leaf is poisonous. Hemlock has reddish-purple 
splotches on its stem. 


~ AVOID fruit whichis divided into five segments, unless 
positively identified as a safe species. 


= AVOID grasses and other plants with tiny barbs on their 
stems and leaves. With a magnifying glass you can see 
them as hooks rather than straight hairs and they will iritate 
the mouth and digestive tract. 


= AVOID old or wilted leaves. The leaves of some trees and 
plants develop deadly hydrocyanic acid when they wilt — 
including blackberry, raspberry, cherry, peach and plum. All 
may be safely eaten when young, fresh and dry. 


= AVOID mature bracken (Pteridium aguilinium), It destroys 
Vitamin B in the body, setting up a peculiar blood condition 
which can cause death. Eat only tightly coiled “fiddle heads: 
All 250 varieties of north temperate ferns are edible when 
young, although some are too bitter to be palatable and 
Some have iitating hairs which must be removed before 
cating, Break off the tips as low as they remain tender, close 
your hand over the stalk and draw the frond through to 
remove the ‘wool! 
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IDENTIFYING PLANTS 


Only a small selection of the world’s many plants can be deseribed 
and illustrated here and only a specialist botanist could identify 
more than a handful of plants in far-flung corners of the world. 
Begin by learning a few plants that can be found in most conditions 
and at most times of year. Close familiarity with even one or two 
could make all the difference between survival and starvation. Learn 
‘these first and learn them thoroughly. 


Temperate zones: dandelions, nettles, docks, plantains 
‘Sub-tropical and tropical zones: palms, wild figs, bamboo 


Arid and desert zones: mescal, prickly pears, baobabs, acacias (but 
not in North or South America) 


Polar zones: spruces and willows (north), lichens (north and south). 
In summer in north as for temperate zones 


Coasts: kelps and lavers 


IDENTIFICATION AIDS: 


Location: Plants grow only in suitable conditions, if you know 
what habitats they lke, and geographical distribution, you can 
reduce the possibilities immediately. 


Shape and size: Is plant tall and woody like a tree or shrub? short 
and soft-stemmed? bushy and branched or only one or a few 
stems? 


Leaves: Are they large or small? spear-shaped, rounded or strap 
like? with toothed, or lobed edges? made up of several leaflets? 
uniform in colour? 


Flowers: Seasonal, but if present note colour, size, shape, single 
or clustered, where on plant 


Fruits and seeds: Are they fleshy, hard and cased like a nut, or 
small and tough like a seed? Note colour, siz, shape, whether 
Singly or in clusters, in pods or capsules 


= Roots: Rarely help identification ~ unless unusual 
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il animals can be a source of nourishment. A few, including 

swarms and insects, can be collected with little skill, but most 
must be trapped or hunted, demanding both knowledge and 
expertise of animals and of methods. 

The more you know of animals the better, but general natural 
history knowledge must be used to help you find out more by 
observation in the wild, There is no one way to do things — you must 
learn by trial and error, 

You must study each species’ habits, find out where it steps, 
what it eats and where it waters. You must learn how best to make 
a kill, what traps to set and balance your humanitarian instincts 
against the expediencies of survival 

The best animals for flavour and amount of meat are mature 
females. The younger the animal, the more lean the meat. An 
adult male is at his fattest just before the mating season (which 
varies according to species and climate). During the mating 
season the male becomes progressively poorer, the fat is run off 
and even the normally rich bone marrow suffers. Animals put on 
fat to see them through the winter and trim down for the 
summer. The older the animal the more fat it has and the tougher 
the meat becomes. 


FINDING GAME 


There are very few places on earth where there are no wild animals, 
but sometimes the signs of their presence are far from obvious. If 
you can recognize and read the signs that animals leave, and 
identify the animal, you will know what methods to adopt in 
hunting and trapping your prey, what bait to use and what kind of 
traps to set. 

Most mammals are mainly on the move at first and last light. 
Only the larger and more powerful venture out during the day. 
Larger herbivores need a whole day of grazing to satisfy their 
appetites. Some very small ones have to eat so frequently that they 
are intermittently active all day long — but most smaller mammals, 
such as rabbits, eat mainly at night and only change their habits 
when the weather is bad. Animals that feed on other animals 
hunt at the times that their prey is active. So must you, if you 
intend to hunt them, but you can find out a great deal without 
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ever seeing a living animal and can set traps to catch them when 
they are about. 


Tracks and signs 

Most animals are creatures of habit and use regular routes between 
their watering spots, feeding places and homes. Look out for the 
signs of these trails. Tracks will be more obvious on wet ground, 
snow and damp sand, and other signs are more noticeable in heavy 
vegetation. The size of the impression left is in proportion to that of 
the animal. The age of the track can be accurately judged by its 
sharpness and moisture content. Has water seeped into it or has rain 
filled it? Has it become smudged? The clearer the track the more 
likely it is to be recent. 

In the early morning tracks can be checked by looking at them 
from ground level. If dew and spider's webs have been disturbed, 
the tracks are, at most, a few hours old. Some animals, such as 
rabbits, never range very far and any tracks are likely to indicate 
that they are in the area. Some animals make tunnels through 
dense undergrowth. Their height indicates the size of the animal 
that made them. The height of broken twigs along a track will 
also suggest an animal's size. Check to see how fresh they are: 
Have trampled leaves wilted? Are broken twigs still green and 
supple? Marks on trees and logs, feeding signs and discarded 
food are other useful indications. Droppings indicate the type of 
‘animal that left them. 


Feeding signs 

The way in which bark has been stripped from trees, the gnawed 
shells of nuts, partially eaten fruits, bitten off shoots and the 
remains of prey animals of carnivores or the destruction of the 
nests of prey are all indications of species living or hunting in 
the vicinity. 

Discarded fruits or nuts are often found when food is plentiful — 
an animal finds one piece not to its liking and drops it to try another. 
They not only reveal an animal's presence but suggest baits for traps. 

Askilled eye can often identify the species by the pattern left by 
tooth or beak marks on a nut, or the way in which a pine cone has 
boeen stripped to get at its seeds. 

Bark, twigs and buds, especially of young trees and bushes, form 
an important part of the diet of many animals, including several 
species of deer and goats, hares, squirrels and numerous other small 
rodents. In most cases the marks made by the animal's teeth will 
show clearly in the bark. 
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Robert P. Duncan A.B., SM. M.B.A., Ph.D.: Proj 0 yber and Cybemetic 


ust have an open discussion on these weapons 1o decide their own fate before the point of deeision is gone, that Lam wil 
so called national secrets. AIL I offer you is the truth. 


All information presented in this book was received through legitimate channels such as the Freedom of Information Act, military documents, 
Vietim testimony, and turned agents, I still hold valid the oath I took to keep secret the details of the projects that I worked on under DoD 
‘budgets, The majority of the proceeds of this book will go towards helping the psychotronic experiment survivors and surviving families of 
those that have perished. When the government fails, business and the citizens must look out for each ether 


Weapons & Testing, Coast to Coast AM broadeast December Sth 2006 ( syndicated in most 
cities and areas of the United States, and other places around the world), 


Independent investigator Robert Duncan discussed directed energy and neurological weapons and his contention that they've been tested on the 
public at large. While directed energy is used in microwaves, to remove kidney stones, and in non-invasive surgery, its also been developed 
extensively for military purposes, he reported 


1 civilian population was targeted for experiments, in programs such as MK-ULTRA, starting after WW I, when Nazi scientists were 
imported to the US, some working on scalar or gravity Weapons, said Duncan, The town of Taos, NM, where a hum was heard by many 
citizens, was the subject ofa directed energy experiment by the U.S. Navy, he claimed. And most recently the Active Denial System (see 
article below) was tested on human subjects. 


Duncan said he interviewed over 600 mind control victims (Dee Sth 2006 report), and found some validity to their allegations. There are 
Weapons that can project voices into people's heads such as one system known as "The Voice of God,” he detailed. Blocking techniques include 
jammin ith electronic seramblers, and using shields with metal alloys or mylar. He recommended the following websites for 
Further information/assistance: 


The Goodbye Weapon 


A new non-lethal weapon, the Air Force's Active Denial System, or ADS, has been certified for use in Iraq after extensive testing. The ADS 
shoots a beam of waves that causes extreme (but temporary) pain and induces what experimenters call the "Goodbye effec," ot "prompt and 
highly motivated escape behavior." Wired News obtained documents about the weapon and has published two reports 

(atcle(1)documentation(2)). Additionally, the report's author David Hambling has posted a commentary(3) on the subject at Defense Tech, 


Ds, Robert Duncan holds multiple degrees from Harvard University and Dartmouth Coll others. He has had the most expensive 
American education money can buy. He is an investigator, author, and soon be movie producer on the topics of directed energy, neuro 
weapons, psychological, and information warfare, His movie is called "The Enemy Within - Psychic Warfare". A book he is e0-authorin 
bbe out ina few months called "Hacking the Human Mind” 


Dr. Duncan has worked as a business and information technology consultant to the Fortune 500, He has worked for companies like Oracle 

Corporation, BEA systems, HP, BBN, and as a professor at a college. For the department of defense he has written the artificial intelligence 

ccode to track the Soviet nuclear submarine fleet with passive and active acoustical arrays and has been to a couple secret NATA. Navy 
sound bases in Europe 


“Todd Giffen 
Target since birth as I was born into American enslavement, surveillance, and conteol, under attack with directed energy since 2008 
)3-967-5202 


Copyright © 2015 Todd Giffen 
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Many deer will bite offshoots leaving a torn and frayed edge. 
(Hares for instance, leave a clean bite.) Bark pulled off in long shreds, 
completely exposing the wood is another sign of deer, when eating 
in summer — in winter the bark is attached more firmly and is eaten 
in patches, so that usually only sections on one side of the trunk are 
affected and large toothmarks are clearly visible. Deer also scrape 
their antlers against trees to remove the velvet and as part of 
marking their territory — leaving frayed bark and wood with long 
seratches from the antler points. 

Sheep and goats also bark trees. Their toothmarks generally run 
obliquely, those of deer vertically. Low level gnawing will usually be 
that of rodents — stripped roots are probably the work of vole-like 
animals. Severed stumps with conical tops that look as though they 
have been chopped with a small axe are the felling work of beaver. 

Squirrels strip bark higher up the tree, pieces often falling to 
the ground beneath. A scattering of cone pieces on the ground is 
often a sign of squirrels too. Beneath a tree, nutshells may also 
indicate a squirrel — perhaps its nest is overhead, but if nuts or 
cones are also wedged into the trunk that shows the work of nut- 
cating birds. Near a pile of empty shells you may also find a 
rodent’s burrow. 

If sapling growth looks as though it has been trimmed level like 
a clipped hedge, or the lower branches of trees look neatly trimmed 
below a certain height, you may guess this to be the work of 
browsing animals such as deer. 


Droppings 

Droppings give one of the best indications of an animal's type. 
Size can be judged from their size and quantity; dryness is an 
indication of how long since they were passed. Old droppings will be 
hard and odourless — fresh, wet and still smelling. Flies draw 
attention to droppings. 


Mammals: Many mammal droppings have a strong scent, produced 
by glands in the anus. This plays an important role in marking 
territory and giving sexual signs. It can be used to advantage in 
baiting snares. 

Animals that live on vegetation, such as cattle, deer and rabbits, 
produce roundish and strawy droppings. Meat eaters, such as wild 
cats and foxes, produce long tapering ones. Some animals, including 
badgers and bears, have mixed diets. Break open a dropping to 
see if there are any clues to what the animal has been eating, then 
bait accordingly. 
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Birds: Also fall into two groups: flesh eaters and seed/fruit eaters, 
which can be distinguished by their droppings. Smaller seed-eating 
birds’ droppings are small and mostly liquid, whereas the owls and 
hawks produce pellets which may contain indigestible parts of the 
‘meal taken, be it fish, bird, insect vole or rodent. Loose droppings are 
an indication that water is probably within a reasonable range, for 
small birds need to be close to it. Birds of prey, however, do not 
need to be close to water. Roosts and nesting sites will often be 
indicated by copious droppings on the boughs or ground beneath, 
Birds generally feed in older trees where there is some decay and 
plenty of grubs. 


Rootings 

Some animals root up the ground in search of insects and tubers. 
Pigs, especially, turn over large areas of earth. If the earth is still 
crumbly and fresh an animal is likely to have been active on 
the spot quite recently. A big muddy wallow is usually a sign of 
pigs. Small scratches may be where a squirrel has been digging 
for shoots. 


Scent and Smell 

Listen to the noises around you, register the smells, They are certain 
to include indications of the wildlife present, and where one kind of 
animal exists there will be others — where there are prey species 
there will be predators. Many peaple neglect their sense of smell — 
‘but you must try to redevelop it. Some animal smells are very strong, 
particularly those of foxes. Keep your eyes sharp too. In cold 
climates, for example, the breath of large animals forms a cloud of 
condensation. This smoke’ can be seen some way off if you are ina 
good vantage point. 


Burrows and Dens 

Many animals make their homes in burrows, usually on high ground 
away from water. Some, such as rabbits and ground squirrels, take 
little trouble to conceal them, although one or two exits will be 
hridden for use in an emergency. Rabbits’ emergency holes are easily 
dug out, or a piece of bramble or barbed wire can be pushed down 
the hole to hook the rabbit out. 

Predatory animals normally hide their holes, which are 
generally in wooded country. Tracks or droppings nearby may give 
their location away — and are an indication that a hole is in use 
{although some animals, such as badgers, use regular toilet sites 
elsewhere). 
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MAMMALS 


NOTE: Where tracks are shown, no scale has been imposed on them. 
Most are typical of a whole family of animals, but will vary greatly in 
size according to species. Track 1 is right front. Track 2 is right hind. 


WILDCATS 
Range from domestic size tthe tiger 
Occur on all continents except 
Australia and Antarctica, but nowhere 
common. Secretive ond generally 
‘nocturnal, they avoid man. You wil see 
fons in a wildlife reserve but seldom 
encounter cots elsewhere. All are 
potential food ~ but don't take an the 
farger ones. Kils of big cats may be 
scavenged if unattended — but 
BEWARE — the owner is key to be 
nearby. Meat may be stringy, stew 
thoroughly, out small cat met tastes 
like rabbit. Sinews strona, good for 
bowstrings. 

Traps: Powerful spring snares, 
plotforms or boited-hole-noose. Boit 
with offal, blood or meat. Cots have 
very fast reactions and may legp lear 
of dead 

Tracks and signs: Wolk on toes, 
leaving marks of four well-developed 
pods and « lorger pod to rear. Cows 
{escept in Cheetoh) retracted when 
walking. Droppings elongated, 
topeving, but usualy hidden, Unine 
strong smelig. 


1 


WILD DOGS 
Foxes and other wild dogs are found 
widely, from deserts to the Arctic but, 
rot in New Zealond, Madagascar ard 
some other islands: Wolves are now 
mostly confined to wilderness North 
America and north and central Asia 
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Superd senses make it pointless to 
‘tafk canines at close quarters but their 
curiosity will tempt them to traps 
Moving on all fours may attroct them 
they may think YOU are potential 
food! Chewy. Remove anal glands. Dog 
is @ delicacy in the Far East. 
Traps: Snare for foxes, try stepped-bait 
fr toggle, boit-release, baited-hole- 
noose. Minimize luman scent in area 
Tracks and signs: Walk on toes. Print 
shows four pods ond claw tips ~ outer 
ppad shorter thon inner with large main 
pad to rear Elongated, tapering 
‘droppings show remains of fur, bones, 
insects depending on diet. Fox 
droppings pungent, as is earth (den) — 
in soft round earth con be dug out 


oe 


Hyenas: Scavengers (not true dogs) of 
Arica east to India. Con be very 
diongerous. Boil thoroughly. risk of 
porasits in flesh, 

Civets: Scavengers of tropical Afica 
and Asi, trp as dogs and remove anal 
alonds before cooking 


BEARS 
Solitary animals of North America, 
Eurasia and some northem ports of 
South America, preferring well- 
‘wooded country (except Polor Bea] 
Strong ond fast-running they may 
Scavenge a campsite. Mast kinds can 
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climb trees, Bears can kill a man with 
case. Give them a WIDE berth 
Potential rich food with nutritious fat, 
i you can trap one, but bunting with 
improvised weapons is foolhardy. Cook 
thoroughly to eliminate parasites. Do 
NOT eat fiver of Polar Bear — it 
contains lethal levels of vitamin A. 
Traps: Deadfoll and spear, but only 
largest work — bears tear off most snares. 
‘Must kill or completely incapacitate — 
wounded bears very dangerous. 

Tracks and signs: Prints may be 30em 
(110)x 18cm (7in), with five iong-clawed 
toes. Toe pods clase together, claw 
‘marks distinct. Reor paws taper and 
‘could be mistaken for human prints 
Beors eat almost anything and grub up 
‘ground, rip up stumps ond breok into 
Insect nests in search of food. 


WEASEL GROUP 
Weasels, stoats mink, martens and 
polecats are secretive — but may be on 
‘important food source in the far north 
Beware of their sharp teeth, 

Traps: Spring snares with bait bars 
dendialls. Bait with offal or birds 
99s. 

Tracks: Indistinet except in soft 
ground. Five wellsspaced claws and 
toes, hair on main pad often smudges. 
Gart bounding, so fore ond rear prints 
overlap, Weasels are the smallest 


ult to see or trap, spending time 
jn water or bolt holes along riverbanks, 
but curious, o riverside spring snare, 
boited with fresh fish may tempt them. 
Tracks and signs: Five-toed, webbed, 
‘lmost circular 7m (Sin) x Bom (2%). 
Fishy-smeling elongated droppings on 
reqular sites, usualy stones. 


WOLVERINES (Glutton) 

‘Chunky, badger-shaped animals of the 
for north, quite copable of pulling 
down a caribou though mainly carrion 
eaters. Nowhere common. Don't coke 
‘one on unless you are armed! 

Traps: Strong boited-spring snare or 
hhole-noase— if you con find bait in the 
tundra, 

Tracks: Average 8m (3'4in) x Fem 
(2), five toes with powerful claws. 
Hair on sole may obscure main pod, 


BADGERS 

Stocky, nocturnal creatures of habit of 
North America, Africa and Eurasia cast 
to Indonesia. Hibernate in colder areas. 
Wiel-worn cuns and toilet sites make 
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good trapping places. Con be fierce, 
with « disabling bite. Do not get close. 
Young bodger tastes like pork. 

Traps: Leg spring snares, baited release 
‘and deadfals, hole noose. Moke them 
tough. 

Tracks and signs: five-toed with 
prominent claws and large rear pod. 
Could be confused with smail bear 
Stride length averages 50cm (20in. 
Droppings like dog’s but in shaliow 
excavated scoop. Uprooted ground and 
inseet nests torn open may indicate 
badgers. 


‘SKUNKS, 

North and South Ameriean, skunks 
ook like small badgers with a hairy tat 
When threatened they spray a foul- 
smelling fluid from glands by the anus. 
Look for an eosier meat 


MONKEYS/APES, 
Almost entirely confined to tropics, 
‘generally living in extended fomily 
‘groups, often in trees. Even small 
monkeys can inflict 0 bad bite 
Intelligent and difficult to stolk ~ they 
‘set up 0 howling long before you can 
get close — but bold and curious, 
which can be to your advantage. Very 
edible 

Traps: Perch or baited spring spear 
trop, spring snare or hole noose. Bait 
with fruit or anything likely to arouse 
curiosity. 

Signs: Activity will ead you to them — 
Few toke trouble to conceal themselves 
‘and mast are noisy. 
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SEALS 

Track shows belly drag in centre. row 
indicotes direction of travel 

{See Polar Regions in Climate ond 
terrain) 


BATS 
Found in al except very cold climates. 
Active at night. Hibernate in 
temperate areas. Meat-caters take 
insects fish, smail animals include @ 
biood-sucking Vampire bat of South 
America, whieh con transmit robies 
Keep WELL covered when sleeping 
rough in bush within its range. Fruit 
caters (also known as fling foxes) are 
Jarger, some with 1m (40in} wing span, 
found from tropical Africa east to 
Australasia, Good eating, especially 
plump fruit bats. Remove wings and 
eqs, qut and skin like rbbit 

Traps: Net 0 fruit tree where fying 
foxes feed. Knock others from roosts 
when sleeping during doy. 

Signs: Roasting colonies easy t0 spot 
often in caves, fut bats oso in tees. 


CATTLE 

Cottle tive in herds and need access to 
vwoter. Bison and ather wild cattle are 
found in wilderness areas of North 
“America, Africa and southern Asia. The 
few buffalo remaining in Europe ond 
America are protected. Introduced 
woter buffalo ore wild in northern 
Austratio. Stroy domestic cattle may 
‘oceur, particulary in Africa 

Big cattle can be dangerous ~ 
porticuarly eunning old solitary bulls 
Traps: Only the most powerful snares, 
spring traps ond deadtalls, except for 
young animals. 

Tracks and signs: Heavy, two distinet 
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hoofmarks, narrow at top, bulbous at 
reor, Droppings rather like familiar 
‘cowpars ~ they make excellent fue 


WILD SHEEP/GOATS 
‘Sheep generally tive in small flocks on 
hhigh elpine pastures and steppes in 
North America, parts of Europe and 
north Afvica (rare! through Arabia to 
mountains of central Asio. Alert, 
nimble and liking inaccessible places — 
moking them impossible to approach. 
Goats ave few in Europe ond North 
Atiico, and mainly found in mountains 
Of central Asio, Even more sure-footed 
than sheep. Good fo eat 
Traps: Snares or spring snares on trails. 
In rocky areas natural obstructions 
give good places for deadfalls, But 
don't expect great success! 
Tracks and signs: Cloven hooves, two 
slender pointed marks not joined, tip 
‘lwvays splayed in sheep, sometimes in 
goats. Goats’ more rounded at front 
which is narrower thon rear. 
Nlusirotion below shows, in scale, 
Domestic sheep (let), Chamois (right) 
Globular droppings like those of 
domestie sheep, 
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DEER/ANTELOPES 
Deer, found in well-wooded country on 
every continent except Austria, vory 
from the Moose of the narth to tropic 


forest deer only 45em (18in) high 
Antelopes and gozeles occur in equal 
variety in Africa east to India with one, 
the Pronghorn, in North America. Shy 
clusive, wit superb hearing and smell, 
they usualy liven groups Most active 
at dawn and dusk and — except for 
those in arid areas ~ never far from 
water. Excelent meat vsbich smokes 
well Hides of deer particulary supple, 
hhoms ond antlers useful implements 


Regard their horns as WEAPONS. 
Large animals can be aggressive and 
‘can gouge and stab with great paver. 


Traps: Snare or deadfall for smo! 
types, feg spring snares, speor trops 
‘and deadtalls for larger. Bot with offal 
= curiosity will draw therm. 

Tracks and signs: Cloven hooves form 
two oblongs. Reindeer noticeably 
rounded. Illustration below shovrs, in 
scale, Roe Deer front and tind track 
{top} and Reindeer (bottom). Note 
dew-clow impressions. on reindeer 
track Walking onimols’ prints overlap 
front and rear, running animals 
spaced. Droppings oblong to round 
pellets, usualy in clumps, In temperate 
‘rea, winter droppings lighter and 
more fibrous. Scropes on saplings, 
nibbled and frayed bark 
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WILD PIGS 

Pigs, peccaries and other hogs vary in 
‘size. Mony ore thickly haired, but all 
hhove piggy shope, long snout and two 
large teeth, or tusks, at the side of the 
‘mouth. They tive in family groups, 
usually in. wooded country — though 
Warthogs prefer savannah. Difficult to 
stalk, though not so olert as deer, except 
when fying up during heat of day when 
you have more chance. Listen for their 
‘snores, Large boars and those guarding 
young need litle provocation to charge 
‘and con knock 0 mon down, Tusks 
inflict severe injury, often dangerously 
Clase tothe femoral artery on the upper 
Jeg. Meot good, with plenty of fot in 
winter, But must be thoroughly boiled 
because of parasites. 

Traps: Sirong spring snares, deadfalls, 
pig spear traps on the game trail or 
hope for a possing group. Pigs eot 
virtually anything, so bait with 
whatever is available. 

‘Tracks and signs: Cloven hooves leave 
marks like deer. On soft ground the 
Short side toes distinguish them. Young 
animals have more pointed hooves. 
Droppings often rather shapeless, 
rrever long, firm or tapering. Ground 
disturbed by rooting, mudwallows best 
signs, Warthogs have large, burrow- 
like sleeping hotes. 


CAMELS, 

Range wild in deserts of north Aco, 
east to central Asia, and have been 
introduced to Austrolia ~ but they 
require a very powerful speor trap or 
projectite weapon. Camels can soit and 
could inflict o powerful bite on your 
hands, face or body. 
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LLAMAS 
Aipacas, Guocanos and Vicunos of the 
‘Andes, south to. Potogonia, con be 
twopped fke antelopes. Semi-domes- 
tiated, Uomas ond Alpacos indicate thot 
people are probably not far away. 


TAPIRS 
Shy animals of the deep forests of 
‘wopical America ond south-east Asio, 
they resemble large, hairless pigs with 
floppy snouts. Snare or trop with spear 
twaps or deadfalls on their trails 


RABBITS/HARES. 
Widely spread by enon and found from 
wellinside the Artic Circle to deserts 
‘and jungles In most areas these are the 
first animols to ty to trap ~ Arctic 
{snowshoe} hares and Jackrabbits ofthe 
far north could save your fife. Rabbits 
‘re easier 0 catch, mest five in burrows, 
often in forge numbers ard using wel 
worn runs ~ the ploces to set snares 
Young rabbits will often he quite stit 
and co be picked up. Hore do not lve 
in burrows and tend not to have regular 
runs. Myomatosis hos led to many 
rabbits as ving obove ground 

Traps: Simple snares — though a 
saving snore wil take the animal off 
the ground and reduce the chance of 
your mea! being stolen. 

Tracks and. signs: Hairy soles leave 
fittle detoit on soft ground but 
combination of long hind ond shorter 
front feet is distinctive, Hores have five 
{oes on front fet, but ner is short ond 
seldom leaves @ mark. Hind foot 


‘ANIMALS FOR FOOD 
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‘narrower, four toed. Robbit similar but 
smaller (4 x 250m (Px Tin). Running 
leaves hind in front of forefeet instead 
Of side by side. Droppings smal, hard, 
‘round pellets. Bark nibbled at bottom of 
trees leaving two ineisor marks. Rabbits 
thump a warning sounding like 
‘someone hitting a cushion 


The largest group of animals and some 
of the easiest to catch, though most are 
too smal fora snore. Tacks of different 
kinds re not eosy to cistinguish, Rots 
‘and mice occur olmast everywhere. They 
_moy be tempted into cage traps or under 
deadfolls. Rats corry disease. When 
gutting toke core mot to rupture 
the innards and cook thoroughly. 
Unvelcome, except as food: try to catch 
them if they invade your comp. 

Guinea pigs and Cavies: ore widely 
‘domesticated in the Andes, where they 
live. They can be tempted to traps 
baited with fruit and leafy vegetables 
and moke excellent eating. 

Capybara: found in tropical lowlands 
in ports of South America grow t0 the 
size of a small sheep and live in fority 
‘groups. Semi-oquati, they are easily 
‘ponicked into traplines or ambushes if 
their escape route to woter is cut of, 
Meat is lean and tasty. 

Copyu: similar to Copybara and also 
{rom South America, is smaller, Occurs 
Feraly in Europe. Tasty. 


PORCUPINES 
Vorious kinds ore found in Americas, 
Africa ond tropical Asia. Some climb 
trees. Ground-tving ones are bumbling 
— easily run down ond speared. Quils 
can inflict injury. 


a 
n 
1 ¥ wl 2 
BEAVERS 
Chunky, dam-building equate animats 
with sco, pale tails. Found in 
‘North America and northern Eurasia 
using regular runs long streams, 
where they can be tropped. Good to 
«at, especially the til 


Traps: Strong net or line of nooses 
‘across water run. Spring snares or 
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deadtalls where they emerge to chew 
trees. 

Tracks and signs: Five foes with claw 
‘marks, often only four show Rear track 
webbed, roundish, larger 15 x 10cm (6 
x din). Look out for dom building and 
Jodges, felled ond chewed sopiings, 
bork and shovings near water 


HEDGEHOGS 
‘Shy, mainly nocturnal animals of 
Eurasia and Africa east to Indonesia 
they lie in well-concealed nests during 
the day and hiternate in temperate 
regions. They move fairly slowly so can 
be run down. Those that curl up are 
easiest t0 catch. Edibility for, handle 
carefully usually parasite infested. Skin 
can be removed with spines intact 
Cook thoroughly. 

Traps: Snares are unlikely to grip. Use 
deadfall — hedgehogs like to snuffle 
‘about obstructions. 

Tracks: Five toes with long claws but 
usually only four shows 


SQUIRRELS 
Squirrels and Prairie dogs occur 
everywhere except Australasio and the 
Poles, hibernating in colder areas. Alert 
‘and nimble, most are active by day and 
night feeding on nuts, fruits, shoots 
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{ete and some on birds' eggs. Raid their 
nests in tree hollows for young 
beware of their sharp teeth they are 
sovage in defence. Ground-lving kinds 
live in burrows, often in large colonies. 
Most are excellent eating. 

Traps: Small spring snares ottoched to 
bait bars. Use spit fruit ora bir’ eg 
to attract. For tree squirels set Sem 
[2in] loop snares along a pole and lean 
‘against trunk of squirrels’ trees — even 
when one has been caught they will go 
190 using it as a short cut 

Tracks and signs: Four slender toes, 
with claws on front foot, five on rear 
Chewed bark, gnawed nuts, cones 
beneath tree or an untidy nest of twigs 
jn. fork may indicate squires. 


KANGAROOS 
With wollabies and other relatives 
kangaroos are limited to Austrafia, 
Tasmania ond ports of Papua New 
Guinea. large kinds can strike 
powerfully with hind feet. Some adept 
tree climbers. Too fast to run down, 
‘Most active at night, some shelter in 
caves ete during dy. Plains kangaroos 
onge far from water Eitilty Fair, but 
not easy to catch! 

Traps: Dead/alls, spring snares — 
though in open country no tril to set 
them on, Tempt tree kangaroos down 
with fruit, leaves and roots. 

Tracks and signs: Oniy two prints, 
resembling giant rabbit tracks (front 
legs not used for support) or 
ocomatian, 


ANIMALS FOR FOOD 


‘opossums 
‘Small nocturnal scavengers of 
‘southern US to South America Similor 
but unrelated onimols in Australasia 
Good tree climbers. Possum pie 0 
traditional US dish, 

Traps: Bait with juicy fruit, eggs; or 
anything to hand. They are inquisitive. 


RACCOONS 
Cat-sized, with bushy banded tail and 
‘block mask, found widely in North 
‘America. Prefer woodland near water 
Introduced parts of northern Europe. 
Inquisitive, nocturnal, emerge at night 
from tree or rock hole to hunt frogs, 
Imolluses, insects; smail_ mammals, 
berries nuts, Crab-eating Raccoon of 
tropical America is related, 

Traps: Bait a spring snore, 


ve | Tracks: Five long toes with clear claw 
- | marks; front foot small, rounded: rear 
larger, tapering 
' 3) lager tapering. 


WOMBATS 
Plump, bodger-size animals of Australia. 
Eucolyptus forest, dry country and 
Tasmanian forms, Live in burrow. Emerge 
‘at night to forage. Trop as badger 


REPTILES 


CROCODILES/ALLIGATORS 
Members of this group ore found in 
‘most subtropical and tropical regions, 
Those under about 1.3m (#4Aft) are 
potential food. Larger ones should be 
voided — they ore virtually armour- 
plated and some such as the cunning 
and aggressive estuarine crocodile of 
Indo-Australasia, can grow to 
‘enormous size In areas where they live 
ALWAYS assume they are about for 
they have excellent camouflage and 
‘can fie underwater for long periods 
waiting for an incautious meal to step 
within range. Their tails con inflict a 
scything blow, almost as damaging os 
their teeth. The best meat comes from 
the toil and is fiem and very tasty. 

Traps: Set by water for small crocs or 
‘catch on fine with a stick wedged in 
the bait to lodge in gullet. Kil with 0 
shop stick wedged in the bait to lodge 
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in guilet. Kill with a sharp blow 
‘between the eyes. 


LIZARDS 
Gila monsters and Beaded lizards are 
docile but venomous (see Poisonous 
and dangerous animols in Heath, but 
all Kzords con be eater. Most ore timid 
though some big iguones and monitors 
can init o bad bite and have powerful 
cfaws. Do NOT tangle with the giant 
Komodo dragon (2mf6tt longl confined 
{0.0 few Indonesian islands. 

Try to catch lizards by the tail, but 
small lizards move fast. They con 
Sometimes be trapped ina pit, ook out 
for them in 0 soar still Set traps for 
longer ones. 


TURTLES/TORTOISES 
All these reptiles are good eating. Most 
spend their lives largely in salt or fresh 
water, emerging to lay eggs, but a few 
‘ore terrestrial, the box turtle not even 
entering the water to mate. Some 
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sys02018 Peychotronic Experiment 


"The Use of Psychotronic Weapons" 
"What everyone should know" 


(courtesy : http://www.mindjustice.org/cherkova.htm) 


Definition: 
Definition of psychotronic (psycho-physical) weapons. 


Psychotronie Weapons (PF- weapons) this is the totality of all possible methods and means (techno- 
genic, suggestive, pharmacological, paranormal, complexes, and others) of hidden, forced 
influences on the psyche of a person for the purpose of modifying his consciousness, behavior and 
health for what is desired in the way of influencing aspects of control..." 


Second definition of psychotronic weapons (as an epigraph): "Applications in military and for 
antisocial purposes are possibilities also for knowledge of psychotronics, its means, methods, 
systems, ‘generators’, and there is the path for the transformation of the humanitarian, essential 
attributes of life and Society in the weapons. These are also psychotronic weapons. This is not only 
dangerous, this is deadly!” 


lypes of Weapons 


Electromagnetic Weapons 
~ Microwave Weapons 
~ Non-Lethal Weapons 
ELF (Extremely Low Frequency) Weapons 
Directed Energy Weapons 
~ Acoustic Weapons 
Psychotronie Weapons 
RF (Radio Frequency) Weapons 
Soft Kill Weapons 
Less-Than-Lethal Weapons 


it affects (Physical ho-physical damages): 
Physical damage, visible results achieved at the moment of influence. 


* bums, pricks, cuts, wounds (ray weapons, laser) 

* bleeding into the brain (laser ray with energy pulses of 40 joules) and on the skin energy in pulses: 
3 - 100 joules) 

* Blindness in the eyes, loping of eyelashes (laser ray) 

* loss of memory (influence of frequency of up to 100Hz. and a reduction to 5 Hz.) 

* destruction of the vestibulary [inner ear] apparatus, spatial orientation 

* symptoms of [***] [with a large exposure and strength, paralysis (UBCh) in the area of the 
beginning of the spinal column 

* irregular sleeping, heart-beating 

* numbness of the hands; at night, cramping of the legs 

* sharp decrease in hemoglobin, micro-burns to the skin, ionization of the blood and body fluids, an 
increase in the deterioration rate of clothing material, photographic material [illuminating], 
(thermal-electronic emissions from lamps in the room with the feeding units of electrical networks 
and fittings of the wall, [...] 

* vibrations (separate organs can vibrate: the heart, kidneys, ete.),[...] (from 


‘tp sivanw.angetfire.com/pro2/dchakrablcherkova_sum him 15 
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turtles are encountered far out at seo, 
© bonus for the sea survivor. Net or 
drag them from the water On land use 
{stick f0 turn them on their backs — 
keep out of the way of jows and 
fligpers. Then they will be defenceless. 
Kill with @ blow to the head. Cut 
through belly and discard guts, remave 
head and neck (some have poison sock 
Jn neck). Best boiled. Very rich, so eatin 
‘smatl amounts, Blood even richer Eggs 
found inside females can be eaten, 
Tortoises con retract their heads ~ you 
wil probobly have to stab into it. Roast 
Lungutted in embers, when the shell 
splits they are ready. 

Tracks: Females coming ashore to lay 
‘eggs leave troctor-ike tracks on send, 
They will ead to where the eggs ore 
buried, but you may have to go quite 
‘deep to find them. Boiled, they will 
Keep for a few days 


AMPHIBIANS 
Frogs are al edible, from tiny tree frogs 
to African giants with legs as big as 0 
chicken’s, but some have poisons under 
the shin so remove skin before cooking. 
Active at night, their crooking will 
locate them, always near water Dazzle 
with a light ~ a firebsond will do — and 
clut. In daytime hunt with hook and 
Tine ond on insect-like ture. The legs of 
large frogs are 0 particular delicacy 
‘and taste lke chicken. 

Toods have warty skins ond may be 
found far from woter. Bod-tasting, 
‘most have highly toxic skin secretions. 
Do NOT eat 


BIRDS 


All birds ore edible, but some taste 
very much better thon others. They 
‘occur everywhere — open seo, desert, 
hhigh in mountains and in polar 
regions — but are not olways easy to 
catch, 


130 


Salamanders and newts, found in 
‘ond near water, com be cought like 
frogs and are just as eaible. 


SNAKES 
Overcome your fear and learn their 
habits. A snake iso steak! But do NOT 
try to coteh one you know és highiy 
pposonous, if itis (00 large to tackle 
safely or you ae il-equipped. 

The large constrictors ~ the pythons 
of Africa, Asia and Austrolasia, and the 
boas, like the Anaconda of South 
‘America can be very forge up to 10m 
(Gt) They tend to be timid and even the 
largest would find an adult hurnan too 
big to swallow, Easy to catoh — but do 
MOT tackle Jorge ones! They are not 
‘poisonous but their back-raked teeth can 
‘ive a very serous bite. If you can prise 
‘pen the jaws, other than putting the 
snake of, the resus wil be es Severe 

Snakes have excelent camoutioge, 
often only movement gives them awoy. 
You may pass many every day without 
novicing them. 

{Use 0 forked stok to pin snake down 
just behind heod. Strike the bock ofthe 
‘head with another stick Tree smakes con 
bbe clubbed and then knocked to the 
‘round. Club them again to moke sure! 

Coiled snakes with head concealed 
preset 2 problem. Fin one fat coil and 
\wateh it unwind before going forthe head, 


NEVER pick up ~ or even get close 
to —a snake until you are sure it i, 
dead. A few, including poisonous 
‘ones, can feign death convincingly. 


Gome birds make best eating: 
pheasants, grouse, portridges, qual, 
ducks, geese, jungle fowl = but they 
ore wary and many are superbly 
camouflaged. Birds of prey need 
thorough boiling to tenderize and to 
destroy parasites. Sea birds can be oily 
‘ond fishy-tosting, 

‘Traps: Easiest to trap are birds of prey, 
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such as eagles and hawks: cortion 
eaters, such as vultures; inquisitive 
scavengers, such as erows ond gui 

Cage traps, deadfalls and spring 
‘snares can be used for birds thot toke 
boit, noases on branches may coteh 
roosting birds. n wooded country site 
traps in clearings or by river banks. Bait 
with meat, fuitor berries. Most birds 
‘relight ~ so set delicately 

Use also pole-nooses, lines. with 
baited nooks and guile jammers 

Small birds are easy to fme ard can 
be attracted by bot but making a 
dummy ow! con be more effective 
Small birds come to mob it — even a 
‘rude model works. 
‘Tracks and signs: Except for those with 
vwebbed feet, tracks ore broadly simitor 
and indlcote only the size of the ir, 
with afew exceptions. However, in 
desert and on snow, racks may hep 10 
locate bids hiding in close cover Calls 
and fights are much more useful Aitrm 
cals may helo locate other animals 
Droppings may indicate a night roast. 
Autumn moult: Birds go through « 
complete moult in autumn and ore 
unable to fly, or con manage only 


INSECTS 


Inseets are iikely to be the survivor's 
‘most reliable source of anima! food. 
Although usually very small they occur 
folmast everywhere and ore often so 
plentiful that enough for a meal can 
5000 be gothered. 

Weight for weight they give more 
food vatue than vegetables. Rich in fat, 
protein and carbohydrates. they are 
Iife-savers, especially their larvae — 
those succulent grubs. You'll soon 
overcome your squeomishness — 
remember that some people consider 
‘them @ delicacy. You have certainly 
eaten them unknowingly in food. 


short distances. Some, especially 
ducks, geese and game birds are 
‘much easier to cateh ot this time, fF 
not far out on water, you can run 
them dow 

Bird nesting: Egos oe eosty oveloble 
from ground nesters ~ and many nest 
jn colonies. Approach carefully — 
‘xewiing not walking — ond you moy 
‘get within stone-throwing or efubbing 
distonce, 

Some, such as gull, guard nests 
tenaciously. If you enter @ colony be 
prepared to be attacked, 

Burrow nesters: Puffins,petrels and 
© few other birds nest in burrows, 
usually in inaccessible places. on 
rocky coasts and small istands, They 
feed at sea during the doy, but can 
be pulled or dug out of their burrows 
at night. 

Flightless birds: Ostriches (in Africa), 
Rheas (South America) and Emus and 
Cassowares (Austrati) are lorge and 
flightless but treat them with caution: 
an ostrich, in particular, can deliver 
teone-breaking kicks. Foil rare — but 
their eggs wil feed a large group and 
‘make useful containers. 


GATHERING 
The most useful ore termites, ants, 
beetles, grasshoppers, locusts, crickets, 
hhoney bees, caterpillars ond various 
‘aquatic insects. 

Many insects ave inactive during the 
‘heat of the day, although most will 
emerge to collect moisture when it 
‘ins. Look for them in nooks and 
Cronnies of trees and behind their bark, 
inthe tissue and seed pods of plants, in 
‘any moist shady spots and on the beds 
of pools and streams. Ants’ ond 
termites’ nests ore often immediately 
recognizable mounds. 

look for beetie grubs — usually pale 
in colour with three short legs, they 
vonge from tiny larvae to juicy 
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‘sausages’ 15.5em (7in) and weighing 
84g (202). You will Find them on trees 
with peeling bark, and in decoying 
stumps. Some tropical palms and 
bomboos ore infested with them. If you 
hhave a knife, cut material owoy until 
you find them under the surface 

Collect only living specimens. AVOID 
‘any that look sick or deod, have a bad 
‘smell or produce skin irritation rash 
when handled, 

Take core when foraging for insects, 
Their hiding ploces may also harbour 
unwelcome creatures such as 
scorpions and spiders of in larger 
‘crannies, snakes. 


WARNING 


Do NOT gather insects 
feeding on refuse, carrion or 
dung — they are likely to 
carry infection. 


REMEMBER: Brightly 
Coloured insects — including 
their caterpillars — are usualy 
poisonous. Their bright 
Colours are the warning sign. 


AVOID: Grubs found on the 
underside of leaves — they 
often secrete poisonous 
fluids. Bad smelling and 
slimy to touch, they can be 
Used as fish bait. 


BEWARE: Large _ beetles 
often have powerful jaws, 
handle them with respect! 


PREPARATION 
‘Most insects are edible row and usually 
‘more nutritious that woy but they are 
more polatable cooked. Boiling is 
sofest, it destroys harmful bacteria and 
parasites, but roasting is cosier if 
proper containers are not to hond. Just 
place your dinner on hot stones or in 
the embers of a fire. 
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Remove legs and wings from larger 
inseets such as locusts, grasshoppers 
‘and crickets. Hairs on the legs con 
initate or even block the digestive 
tract. Fine hairs on some caterpillars 
‘con cause rashes. Ifyou want to eat @ 
hairy caterpillar squeeze it to extract 
the innards — don’t eat the skin, Take 
the armour-ike casing off beetles 

Smaller insects such os ents and 
termites can be mashed to a paste and 
then either cooked or died to @ 
powder. Use this to thicken other foods 
Or for storage ~ it will keep for some 
time. People who cannot abide the idea 
of inseets in their food will find @ 
powder easier to eat, especially in 
Soups or mixed with other food, 


TERMITES 
Found in the warmer parts ofthe world, 
termites are nutritious and tasty. Most 
eat only vegetation but big ones have 
Sharp javs ond will bite ot anything 
You can tum this to advantage by 
inserting 0 twig into the nesis. ond 
‘gently vithdrowing it. The termites will 
bite it and then hang on — but you will 
‘not collect very many in this woy. 

FYying termites, ond flying ants, 
often take wing during thundery 
weather. At such times quite forge 
‘quontities can be gathered from leaves 
‘and twigs where they sete 

Remove the wings from forge 
termites before eating. They con be 
boiled, fied or roasted but are more 
nutritious eaten cow. Their eggs have 
00d food vatue too. 


Gathering: Termites build forge mounds 
often several feet high ond honeycombed 
vith possoges and chambers. Although 
rock hard, pieces can be broken off with @ 
Stone or stick and then dunked in water 
to force the termites out 

A piece of termites’ nest put on the 
coals of fire will produce fragrant 
smoke that will keep mosquitoes ond 
similar insects away. It wil smoulder all 
night and help to keep the fire going 


ANIMALS FOR FOOD. 


When fishing, suspend @ piece of 
nest above a pool; termites. faling 
{rom it will be good ground bait. 


BEES AND WASPS 
‘Allare edible — pupoe, larvae and adult 
= but the honeybee also provides 
hhoney. This és the finest of oll natural 
foods, easily digestible ond highly 
‘nutritious — but NOT easy to collect for 
‘bees will quard their nest tenaciously 

During the day worker bees venture 
for from the nest, but all gather there 
ft night. Then is the time ¢o strike 
‘Moke o torch from @ bundle of grass 
‘and hold it very close to the entrance 
0 thot the nest fils with smoke, Then 
seo! the hole, Thot kills the bees, 
providing an immediate meal, and 
‘making their honey safely available 
Remove wings, legs — AND STING — 
before eating the bees. Boiling or 
roasting improves the flovour. 

Honey can be drained trom the 
combs inside the nest. Even though it 
‘may harden, it will keep for years. 
Honey gives instant energy. Because it 
Js so ropidly assimilated by the body it 
is an excellent restorative in cases of 
exhaustion. The comb tse can also be 
eaten but its wax is also useful for 
waterproofing clothing, softening peits 
‘and making conales. 

In some parts ofthe world there is 0 
slight sisk that honey moy contain 
concentrations of plant poisons. This is 
likely only in oreas where bees ore 
dependent on a single plant source, as 
‘with dense stands of rhodedendrons in 
tive Himalayas, Smell willbe one guide, 
‘out if in doubt use the edibility test 
‘given for plants, 

Wosps are much more dangerous than 
honeybees, but they and other kinds of 
‘social tee; which do not produce honey, 
can be collected and eaten in the same 
‘way together with their arvoe There are 
‘also many solitary wasps andl bees which 
do not make communal nests. 

Locating: Wasps’ nests ore usualy found 
suspended from tree branches. Frequently 


the size and shape ofa football, they may 
‘so be pear-shaped. The entrance is at 
the base. Bees’ nests are most frequently 
found in hollow tee or cave or under 
‘an overhanging rock. 


HORNETS 
Are types of socio! wes. Ifyou can ind 
thei nest without the ods Fnding you, 
then you have o ready source of food — 
toth lane ond pupae ore highly 
‘uiitious. But be warned: homets quad 
iheir nests ferocious. Tey sting on 
Sight and the pon extreme: Uness you 
ar desperate ~ ord homes do occur in 
tres where other food scarce ~ goin 
Scorch ofa sofer meal 

Thete fe to main kinds of home: 
those ote by doy and these ative at 
night Oay homes can be colected at 
night in the same vay as honeybees 
‘Night homes (ihc you could collet by 
doy inf oti ikea white-hot rivet 
tng eiven into the bd and usually 90 
for the face. They ore best left well alone! 
Locating: Hornets make large globular 
nests, general in trees 


ANTS 
Ants quickly gather round the merest 
serap of food, where they can be 
collected, or you con break into @ nest 
Toke care. Most anis have a stinging 
bite and some large jungle anis can 
inflict one that wil lay the victim out 
for 24 hours. Go for tine smater ones 

Some ants, such as the Melanophus 
species, havea distended abriomen full of 
rnectac Known as honey- or sugar-pot 
‘nls, they make much better eating. 


WARNING: 


‘Some ants have a bite tha 
feels ike a nettle sting. Some 
fire formic acid. Ants MUST 
therefore be cooked for at 
feast six minutes to destroy 
the poison. They are then 
‘uit safe to eat. 
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LOCUSTS/CRICKETS/GRASSHOPPERS 
All kinds hove plump bodies and well- 
‘muscled legs. Some grow to 15¢m (6in) 
ong. In some areas they are abundant 

‘Swat them with @ leafy branch or & 
piece of clothing. Remove the wings, 
‘antennae and leg spurs, then eat row 
‘or roasted. Ronsting not only kills any 
parasites they may carry but gives 
them a delicious taste. 


AQUATIC INSECTS 
Collect adulis and forvae of water 
beetles, mayfies,stonefies, caddies, 
domselflies, dragonflies and the rest of 
the great variety of water insects, only 


SNAILS/WORMS 


Snails, slugs, worms and similor 
creatures should not be ignored. Many 
cuisines rate snails a delicacy and most 
people will eot water malluses such as 
mussels or oysters without qualms. As 
for worms — think what they do for 
birds! Both land and water snails and 
‘ter shell foods must be fresh. There 
tre «@ few which con be dangerous to 
at. Others which, ot no risk t0 
themselves, moy have eaten something 
harmful to humans, requie preparation 


SNAILS 
Found jn fresh water, salt woter and 
{rom deserts to alpine meadows. There 
Is 0 giont snail in Africa 200m (Bin) 
long. They are rich in proteins. and 
minerals. When collecting land snails, 
‘void any with brighty-coloured shells 
= they may be POISONOUS. Sea snails, 
especially in tropical waters, are 
trickier and should be left alone uniess 
positively identified. The cone shells 
Toxogiossa, for example, of Pacific and 
Caribbean coasts, have @ venomous 
sting like a hypodermic needle. Some 
kinds can kil 
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from fresh water. Although small they 
‘are found in large numbers. 

Place @ sereen of fine material ~ @ 
shirt or other piece of cloth — in the 
water t0 act as a ‘net! Secure with 
sticks iF necessary. Walk towards it, 
from upstream in flowing water, 
stirring up the bottom os you go. The 
current will corry the insects with it 
‘and they will collect in the net. If you 
do not wont to enter the water 
{trawling the surface may praduce a 
harvest 

is best t0 boil thoroughly al 
insects cought in the water, justin case 
the water is polluted. 


Starve snails for @ few days, or feed 
only on herbs and safe greens so that 
they can excrete any poisons, and then 
put them in a saltwater solution to 
clear out their guts before cooking. Boil 
for 10 minutes adding herbs for 
flavour, 

Hivernating snails con be eaten 
provided that the operculum (the seat 
ft the entrance to the shell) has not 
receded. 


stuss 
‘Siugs are simply snoils without shells 
Prepare ond cook them in exactly the 
some way as snails. 


worms 
Contain the highest cioss of protein 
with a large proportion of essential 
‘amino acids and are easily collected 
Starve them for a day before you eat 
them. Allow them to purge themselves. 
Worms can be sun- or force-dried — 
‘one easy method is to leave them to 
dry on a hot stone ~ ond then ground 
into a powder to add to other food as 
required, This will make eating them 
more ‘acceptable’ and dried they will 
‘iso keep for some time, 


ANIMALS FOR FOOD 


DANGERS 


Carriers of disease 

The numerous diseases carried by mosquitoes, ticks and other 
insects, the unseen dangers of parasites you may pick up from food 
or water and various waterborne diseases are much more scrious 
dangers than attacks by animals. 


DANGEROUS CONFRONTATIONS: 


Attacks by animals are rare but large animals can be dangerous 
Keep out of their way, If you confront one it will be as surprised as 
you. Self-control will be needed or you may unintentionally 
provoke the animal to attack. 


~ Avoid eye contact, but don't run away, 


~ If you come face to face with a large animal — FREEZE. 
Slowly back off and talk in a calm manner. In most cases the 
animal will back off too. Avoid making sudden movements 
and remember that animals can smell fear ~ many @ hunter 
hnas fouled his breeches and given himself away. Do your best 
to calm yourself, 


~ If an animal appears to charge it may be that you are 
blocking its escape route. Move out of the way. 


~ If an animal seems determined to give chase (or you haven't 
dot the nerve to freeze o sidestep], 2g-209 when you tun — 
animals such as rhinos charge in a straight line and have 
poor eyesight. 

~ Askilled nocturnal predator such 2s a leopard or tiger 
has excellent vision if you are on the move ~ though 
their colour vision is poor and they cannot see stationary 
abjects well. Freeze if you have not already been sighted, 


= Shouting and making a commotion may put off a 
predator 


= Taking to a tree is the final option — but you may be 
‘treed! for a long time it the animal is persistent. 


~ If chased, drop your pack, clothing or food, to confuse 
animal 
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EDIBLE PLANTS 


There are many 
plants in addition to those 
illustrated in colour, including the 
wild forms of cultivated plants such 
as currants and gooseberries. The 
following are a further selection of 
the food plants available. 

IF you are unlucky enough to find 
none of the plants illustrated or 
described here use the standard 
tests for edibility on the plants that 
are available, 


smperate edible 


REMEMBER that although one part 
of a plant can be eaten another may 
be poisonous. Test leaves, stems, 
roots and fruits separately. 


FRUITS 
Currants and Gooseberries. (Ries), 
found in woods, scrub and waste 
places, are medium-sized usually 
tushy shrubs with toothed leaves 
resembling those of  mople, smal 
agreenish-white to purple fve-petolled 
flowers and red, purplish black or 
yellow berries. Ripe currants ae edible 
tay; cook gooseberres 

Plums (Prunus) exist in many varieties 
in serub and woodland in virtually ol! 
temperote areas. Small shrubs or tees, 
‘similar to wild cherries their fruits are 
larger, downy, blackish-purple, red 
‘or yellow; some are too tart to be 
eebible raw 


ROOTS, LEAVES AND STEMS 
Horseradishes (Armoracio) grow to 
‘50cm (20%n} in damp waste places with 
Jorge, fong-stalked, wavy-edged oval 
leaves and clusters of tiny white 
flowers. Chop up the hot-tasting root 
‘ond add to stews; the young leaves are 
edible raw or boiled. 

Common Evening Primrose 
(Oenothera biennis) «tall plant of 
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drier open areas, leafy, hairy, with 
spear-shaped, crinkly-margined leaves 
and sometimes reddish flower-stoks 
topped with large yellow, four-petaled 
flowers. The roots ore edible boiled, 
changing the water to cose their 
ppungency. Peel young leaves and treat 
likewise. The plants overwinter as 
rosettes. 

Limes or Basswoods (iia) ore tall 
trees, up to 26m (85ft) high, which like 
‘damp woods, wth large, heart-shaped, 
toothed leaves and ciustes of scented 
yellow flowers. Young leaves and 
unopened leaf buds are edible raw; the 
flowers can be used in te. 

Hops (Humulus), climbing plants of 
‘woody and scrubby places have ong 
tuvsting stems, toothed leaves, deeply 
cut into three lobes, and green, cone- 
hoped female flowers. Peel, slice and 
boil the young shoots, brew up the 
flowers. 

Thistles (Cirsium) hove spiny, often 
ridged stems, oblong or speor- 
shaped, prickly, deep-cut leaves and 
Jorge brush-like heads of purplish 
flowers. Remove prickles ond boil 
young leaves. Pee! tender shoots and 
at raw or boiled. Roots of younger, 
stemless plants can be cooked and 
the base of each flowerhead contains 
© nutritious nut’ which con be eaten 
ro. 

Saxifrages (Saxifraga) grow to 90cm 
(Gif), usually much less, often king 
open, rocky. country, up into 
‘mountains. Most have rounded 
topering or fong-stolked leoves arcing 
fiom the base, often reddish stems ond 
clusters of five-petolled flowers, 
usually white, Leaves edible raw or 
cooked. 

Great Burnet _(Sonquisorbo 
officinalis) reaches 60cm (2ft) in 
damper grossy places, with toothed, 
spade-shaped leaflets in opposite 


EDIBLE PLANTS 


pairs and oblong heads of tiny, deep 
red flowers. Eat the tosty young leaves 
raw or boiled. Toke on infusion for 
stomach complaints 

Redleg or Lady's Thumb (Polygnum 
ppessicoria) reaches 60em (2A. With 
reddish mature stems, narrow, spear- 
shaped, usually dark-spotted leaves 
and spikes of tiny pink flowers. Often 
common on waste ground. Young 
eaves are edible rary or cooked ike 
spinach 

Wild Rhubarb (Rreum polmatum), 
found in open grassy places and 
‘margins from southern Europe east to 
China, resembles. cultivated rhubor, 
but its feaves ore more rogged and 
dissected. The large flowersiaks ore 
‘edible boiled: other ports are harmful 
Eat ONLY the stalks. 

Bladder Campion (Silene vulgaris, 
[grows to Aer (18in} in grassy places, 
is grey-green, with pointed oval, 
Stafkless leaves, clusters of white 
flowers with a swollen bolloon-like 
‘base. Boil the young leaves for 10 
minutes. 

Field Pennycress_(Thiaspi arvense) 
grows to 45em (18in) in open grassy 
places, with broad, toothed, spear- 
shoped leaves clasping the ‘stem, @ 
hhead of tiny white flowers and 
distinctive, notched, coin-like seed 
‘pods. Leaves are edible raw or bole. 

Clovers fIfolium) abundent in grassy 
areas, reeognized by their distinctive 
trefoil leaflets ond dense rounded 
hneads of small flowers, ranging from 
white through greenish-cream to 
shades of red. Leaves edible raw but 
better boiled. 

Stork’s Bill (Erodium cicutorium) 
reoching 30cm (1ft, in open ovossy 
places, is hairy often pungent, with 
fernike, twice-cut leaves and heads 
of tiny, fve-petalled pinkish to white 
flowers whase fruits form @ long, 
‘twisting ‘il! Eat leaves raw or boiled 

Burdocks (Aretium), mediuro to large, 
bushy planis of open waste oreos 
hhave floppy ovat leaves, often arching 


stems ond mony purplish thiste-tke 
Fiowerheads that develop into clinging 
burs. Eat leaves and peeled stalks raw 
‘or boiled. Boil pitch oF peeled root 
Chonge the ‘water to remove 
bitterness. 

Violet (Viola) are smait lowers found 
jn many areas, including damp and 
wooded ones. Veined, crinkly, often 
heart-shaped leaves rise on long stalks 
with flowers in shades of blue-violet, 
yellow or white, made up of five 
‘unequal peta's, Cook young leaves. 
Rich in vitamins A ond C. 

Corn Salad or Lamb's Lettuce 
Walerianello focusta) grows to 
10-20em {4-Bin) in bare rocky and 
grassy places. Weil-branched, with 
‘bjong,stlkless leaves and clusters of 
tiny iloc-bluish flowers; its leaves are 
edible raw oF cooked ike spinach. A 
particularly useful plant. to know 
because ft appears from late winter 
‘onwards 

Ox-eye daisies (Leucanthemum) often 
‘common in open areas, average 90em 
(2) tal, with nartow dork green, lobed 
leaves, the lower ones rounded, and 
faige white and yellow daisy-tike 
flowers. Overwinters as 0 rosette. Eat 
young leaves fa lighter green) raw. 
Cuckoo Flower or Lady's smock 
(Cardomine} pratensis grows on damp 
‘ground to 50cm (20in) with many 
small leaflets in opposite pairs, 
roundish on the baso! ones which 
form a rosette, and clusters of lilac or 
white, four-petalled flowers. Young 
leaves are tasty raw, older ones rather 
peppery 

Brooklime (Veronica) grows in shallow 
water and swomps, Its creeping to 
Upright stems cory pairs of thick, ovo, 
toothed leave, from the stok boses of 
twhich spring 7=25em (3-10in) spikes 
of four-petalled blue flowers with two 
prominent stamens. at young shoots 
before flowering and leaves ofter 
Stigntly bitter especialy the European 
form V. beccabunga) but eat ike 
watercress. 


137 


Fooo 


In spring and summer young shoots 
are tender and easy to pick, Some 
can be eaten raw, but many are 
better gently cooked, especially 
Solomon's seal, Willowherb, Cat's 
tail and bracken. Wash them in 
clean water, rub off any hairs and 
boil in a little water so that they 
cook mainly in the steam. 

Leaves are very rich in vitamins 
‘and minerals. Together with young 
shoots they are the survivor's 
‘easiest. source of food. Most will 
taste better cooked but do not 
‘overcook them or you will destroy 
the vitamins they contain: C, EK, B 
and large amounts of A. 


1 White Mustard. (Synapsis alba) 
grows to. Ger (2F), with a hairy stem, 
crinkly, deeply lobed leaves and pale 
yellow flowers: in waste and grassy 
ploces in Eurasia. The young, penpery 
eaves an flowers are edible ravi the 
Whole plont is tasty cooked. Pick young 
specimens, 

2 Shepherd's Purse (Copsello bursi- 
pastoris) may reach to 6dem (2, with 
{rosette of lobed, spear-shoped leaves 
and a spike of small white flowers: 
common in waste places. Boil the 
feaves, which taste like cabbage, and 
tne with other plants 

3 Primroses (Primula) ore found in 
grassy and shady places. ldentifcd by 
ther rosette of erinkly, tapering basal 
leaves and fong-stalked, five-petotfed 
flowers which ronge from pale to 
‘bright yellow ond, in some forms, pink 
All paris. ore edible but the young 
leaves are best part to cat, The 
primulas include the Cowstip (2a) and 
the Orsi (36) 

4 Dandelions. (feraxacum) occur in 
‘many forms almost everywhere, Look 
for the large, yellow to orange 
b flowerhead or the rosette of deeply 
lobed leaves. Eat the young leaves raw; 
‘boil the older ones, ctonging the water 
to remove their bitter taste. Boll the 
roots or ronst for coffee. Dandelion 
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Juices ih in vitamins and mineral: 
5 Chicory (Cichorium intybus) fs 
common in grassy and woste ploces. It 
grows 13m (aft, with thick hairy, 
deeply bos eaves and leoty spies oF 
clear blue dandelion-like flowers 
Prepare as Dandelion 

6 Wild Sorrel (Rumer acetosa) is 
common in waste and grassy ploces, A 
reaching 1m (3ft, with tong, axrow- 

Shoped leaves and spikes of tiny 
reddish ond green flowers. Gather 
young plants. Their mineral-rich leaves 
‘are edible raw but cooking will reduce 
the sharp taste. 

7 Buckwheat (Fagopyrum esculen- 
tum) occurs in open grassy places in 
mast temperate parts, ts 60em (2it) 
stems are usually red, with spear- 
Shaped leaves and clusters of smoll 
pink or white flowers. Its seeds make 
‘900d edible grin, 

8 Curled Dock (Rumer crspus) grows 
to over Im (Sit, with fong narrow, 
wavy-morgned Ieoves ond whorls of 
small greenish flowers; in grassy and 
waste places. Boil the fenderest eaves 
{rom young plants, hanging the water 
to remove te bitterness. Rubbing with 
dock leaves will soothe nettle stings. 
There are many other Docks temperate 
and tropical; prepare as here but use 
sparingly. 


Some plants have edible stems, 
although many are too woody to 
cat. If they are soft, peel off the 
‘outer, stringy parts, slice and then 
boil, The inner pith oF some stems is 
nutritious and sweet, elder, for 
‘example. In this case the stem must 
bbe split open and the pulp 
extracted. 

Stems produce fewer nutrients 
for the survivor than the roots, 
shoots and leaves so put them at 
the bottom of the food choices and 
exploit their other uses. Fibrous 
stems, like those of stinging nettles, 
make good twine. 
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Psychotronic Experiment 
* vibrational technologies) 

* pressure, coolness of the skin 

* feelings of non-specific fear and panic (from the weapons) [...] tremors, tapping, destruction of 
fragile objects from the waves, from the impulses and from other manifestations of technological 
poltergeist 


Psycho-physical damage depending on intensity and duration of effects. Damage in the 
physical sphere (up to programmed premature death). 


Stage I. 


* changes in the blood (early signs) 
* overheating substances especially and increase in crystallization, leading to cataracts (early sign) 
* ill reactions along the path of the bio-energetic potential from the effects [... ] 

* prickly sensations, tremors to the muscles of the feet 

* aggravation of chronic illnesses 

* internal bleeding (nose, stomach, gynecological) 

* auditory tones of various frequencies 

* sharp pain in the internal ear 

* dull pains in the area behind the ears 

* internal trembling, vibrations 

* head pain in the temple and a warmness in that area, pain in the eye-sockets 

* likelihood of miscarriage, an increase of 80% for chances of premature births, anomalous 

* development of the fetus, often with defective brains 


Stage II. 


* "radio-sound” effect (before this is long-conducted the resonance-loosening of spinal and brain 
fluids at the frequency of 2-10 Hz, for maintaining the fluids of theskull and brain in stimulation 

* steady reactions to all aspects of coding 

* lowering of energy (observed with irradiation at the frequency carrying frequencies of ~780 
Hz.and amplitude modulation ~71 Hz.) 

* aggravation of dermatosis, 

* eye pains (cataracts, asymmetry in lenses of the eyes, puffiness [?] of the retinas ) 

* aggravation of the course of chronic illnesses 

* destruction of the functions of the kidneys, liver, organs of digestion, circulatory system, bleeding 
in gingivae, gums, peridontal and others 

* gauntness 

* "sand" in the eyes, burning sensation, loss of hair, brittleness of nails 

* compression pain in the heart fits of coughing 

* changes of the color of the face (bronze shading of the skin) 

* asymmetrical puffiness of the face 

* disfiguration of the face, the intentional emaciation of separate muscles, cartilage 

* syndromes of destruction to the external nerves of the thighs 

* impotence 


Stage III. 


* destruction of the brain, irreversible changes to the structure of the brain (academician V.P. 
‘Vekhtereva) 
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Food 


1 Good King Henry (Chenopedium 
boonus-henricus) is spiky, to 60em (2ft 
tall, with dull green triangular feaves, 
sometimes reddening, and spikes of 
tiny greenish flowers; common on 
Wwaste ground, Leaves and young 
shoots are edible raw or boiled as 
spinach pee! the shoots to remove te 
stringy ports 

2 Fat Hen or Lamb's Quarters 
{(Chenopodiain alum) is spity, to tm 
(Gf) high, with often reddish stems, 
dull green, mea, oval spear-shoped 
leaves and spies oF tiny greenish 
flowers; abundant on waste ground, 
Cook the tasty feaves like spinach, 

3 Chickweed (Stellaria media) is 
Sstrogating, to 30em (fi) high, with a 
five of ‘hairs. on the mainstem, 
pointed, oval leaves ond tiny white, 
five-petaled flowers, common in 
waste places. Bol the delicious tender 
leaves. 

4 Watercress. (Rorioa nasturtium 
‘aqueticunn) occurs, often abundant, 
by running fresh water Iti creeping, 
sermi-aquatic, with shiny leaves. in 
‘oppesite pairs und smal, white, four- 
petailed flowers. Do NOT confuse with 
Woter Hemlock. Leaves and stems ave 
edible sow but boil if the water foots 
contaminated. 

5 Rosebay Willowherb or Fiteweed 
{Epilebium angustifoliom) #5 found in 
‘open woods; waste and rocky places. It 
is toll to aver 1.5m (Sti, with speor- 
shoped leoves in opposite pairs and 0 
spike of brilfont pinkish flowers, Young 
eaves, flowers and stems are edible 
row but better boiled. Mature stems 
have  sweetish inner pu. 

6 Sweet Cicely (Myrrhis odorata) is 
sweet-smelling, grows to 1.8m (Sf0, 
with slightly hairy and often purplish 
stems, feathery, fern-like leaves 
Fecked with white and heads of tiny 
white flowers; in open woods, bore 
and rocky places in Europe. Do NOT 
confuse with Hemlock. Roots, stems 
tnd leaves taste of aniseed ond con 
be boite. 


EDIBLE PLANTS: 


7 Dead-nettles (Lamiui) are smaller 
than Stinging Nettles, with heart- 
hoped leaves and no stinging hairs 
and white (7) oF piokish-purple (7a) 
‘lowers: Prepare as Chickweed. 

8 Stinging Nettles (Utica). are 
‘abundant for most of the year Look 
for the toothed, narrow oval leaves 
covered jn stinging hoirs and the 
spikes. of green flowers. Pick young 
growth or young plants 15-20cm 7 8 
{6-Bin) high — BOIL for minimum six 

‘minutes to destroy the formic acid in 
the hairs. Leaves can be dried and 
stored; crushed stems provide fibres 
for rope, 

89 Ptantains (Plantago) are common in 
‘most areas. Ritwort or English 
Plantain (Plantogo lanceolata) bas 
spear-shoped eaves and much shorter 
fiower-spikes than the Greater 
‘Plantain; i likes dry ground. Prepare os 
Greoter Plantain 

10 Buck’s-horn Plantain (Plontogo 
coranopus) is smal, star-shaped, with 
narrow, jagged leaves and shorter 
flower-spkes; in dry sandy and rocky 
places, often near the sea, Prepare as 
Greater Plantain. 

11 Greater or Rat's-tail Plantain (P 
‘major) has broad, oval leaves. ond 
distinctive upright spikes of tiny 
yellowish-green and brown flowers in 
waste ond grassy places. Prepare the 
‘other bitter young leaves like spinach; 
use their expressed juice for wounds, or 
«decoction of the whole plant for 
chest complaints, 


FLOWERS 

The flowers of some plants are 
edible, These include limes or 
bbasswoods, roses, hops, elder, 
primtose and camomile, But they 
fare only a seasonal supply and 
contain few nutrients compared 
with other parts of the plant. They 
are best used for teas and in 
‘medicinal infusions. 
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FOOD, 


1. Galingale, Nutgrass or Chufa 
(Cyperus) grows to 1.5m (St, with 
three-angled stems, long, strap-like 
leaves and a forking, clustered ofive- 
brown flowerhead turning yellow with 
fruit; in and by fresh water almost 
everwhere, Peel and boil its nutty 
tubers, or aby and grind for flour or 0 
coffee substitute 

2 Cat’s-tail or Reedmace_(Fypa) 
‘grows to 2-5m (6-180, with long, 
‘narrow, greyish leaves ond 0 
conspicuous, dark brown, sausage- 
shaped flowerhead; in and by fresh 
water, The rootstock ond stems ore 
edible raw or boited; cook leaves lite 
spinach and young shoots ike 
asparagus. The pollen can be mixed 
‘ith water to make @ dough and boked 
or cooked on «griddle or the end of @ 
stick 

3 Reeds (Phragmites) grow to 4m 
(130, with greyish-green leaves 
‘and spreading, brownish-purple 
flowerheads on tail canes, in and by 
fresh water almost everywhere. Cook 
the edible root, punctured canes exude 
‘on edible, sugor-rich gue. 

4 Flowering Rush (Butomus 
Uumbeliatus) grows to 1.6m (Sf, with 
very long, strop-like, three-angled 
eaves arising from the roots and pink, 
three-petailed flowers; in ond by Fresh 
water fo Eurasia. Peel and boil the 
eile rootstock 

5 Bracken (Pteridum aquilinum) is 
common almost everywitere often in 
Farge clumps, Older fronds are harmful; 
eat ONLY the strong-tasting young 
shoo's, or ‘idllestcks, osowing off 
ther wooly parts and boling for half 
tn four, Eat sparingly. The roots ore 
ceible boiled or roasted, 

10 Sweet Flag (Acorus calamus) 
_arows to 1.3m (4), with theee-ongled 
Stems, wovy-margined, spear-shoped, 
strap-like leaves ond a finger-like 
flower spike arising from the: stem; 
‘and by fresh water. Slice the pungent, 
‘aromatic rootstock and boit own to. 
syrup, 
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EDIBLE PLANTS 


Many familiar kitchen herbs grow 
wild. Their smells help to identify 
them. They can be dried and will 
keep well ~ but do not dry them in 
direct sunlight or they lose their 
essential oils. 


6 Tansy (Tanacetum vulgare) grows (0 
800m (3A, with toothed dark green, 
Feather leaflets and a cluster of button 
lie, bright yellow flowers, in waste and 
‘grassy places. Stroig-smeling, with 0 
hot, bitter taste. Use sparingly as a 
ppothert. poisonous in quantity. kaves 
‘nd flowers make 0 wormifuge tea. Its 
smell keeps les away. 

7 Marjoram (Origanum vulgare) is 
slightly downy and grows to 60cm 
(2A), with smal, ove, stalked leaves 
‘nd clusters of smait purplish-pink 
flowers; in wormer, dry, grassy places 
in Eurasia, introduced elsewhere, A 
sweet-tasting herb for stews: use an 
infusion for coughs ond digestive 
complaints; chewed leaves. relieve 
toothache. 

8 Ramsons (Alium ursinum) is one of 
‘many wild gorlcs. It hos brood, light 
green keaves like 0 tity-of-the-valley 
‘and a cluster of white star-like flowers 
at the top of the stem; in woody places 
in Eurasia, reveaed by its strong goicky 
smell Use any part asa pother 

9 Borage (Borago officinalis) 's round 
stemmed, hairy, to. 30-G0em (1-27, 
with pointed oval leaves, blue star- 
shaped flowers and a cucumber smelt 
jn waste gressy places in Eurasio. All 
ports are edible row oF cooked, use an 
infusion for fevers. The stems produce 
salt when cooked. 

11 Wild Angelicas (Angelica) grow to 
16m (ft, with hollow stems, 
sometimes purplish, broad, toothed 
“eaves in opposite poirs ond heads of 
tiny greenish, white or pink flowers; in 
damp grassy and woody places. The 
‘aromatic leaves, stems and roots are 
edible boiled: use an infusion for colds 
(or externally for stiffness, 00 NOT 
confuse with Water Hemlock 


i 
qi; 
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ROOTS AND TUBERS 
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Roots and tubers are invaluable 
survival food. They are full of 
nutrition, particularly starch, All 
roots should be thoroughly cooked 
if in any doubt as to their identity. 


1 rts or Knotweeds 
(Polvgonum) average 30-Goem (1-21) 
with narrow, triangular leaves ond @ 
slender spike of pink or white flowers: 
in grassy ond woody places, into the 
far north, Soak roots 10 remove 
bitterness, then roast, 

2 Spring Beauties (fontio) averoge 
15-30¢m (6-12in} with a poir of oval, 
fong-stolted leaves holfway up the 
stem ond small white or pink flowers; 
in disturbed, especially sandy, places, 
ig out tubers with o sharp stick, peel 
‘and boil. Young leaves are edible ond 
‘supply vitamins A and C. 

3 Silverweed (Potentila anserina) is 
Small, creeping, with siver-white 
undersides ta its segmented leaves and 
solitary fve-petaled yellow flawers; in 
damp places. The fleshy roots are 
ceible row but better cooked. Use on 
infusion of the leaves extemally for 
hhaemorthoids and internally. for 
digestive complaints, 

4 Sweet Vetch or Liquorice Root 
{Astralagus aiycophylos) és straggling, 
to 30-60em (1-2ft, with small oval 
Jeaves in opposite pairs and greenish 
creamy flowers in grassy, serubby and 
sandy places. The root is edible ow, 
tasting of eaurts when cooked. 

'5 Wild Parsnips (Pustinace sativa) ore 
hairy, pungent, averaging tm (3M, 
with toothed leaflets and dense heads 
Of tiny yellow flowers; in waste and 
‘rossy ploces. The roots are edible row 
or cooked. 

6 Comfrey (Symphytum officinale) is 
coarse, hairy, growing to Ym (3A), with 
‘pear-shaped leaves tapering on tothe 
stem and elistes of eream or mauve 
bell-shaped flowers in ditches and 


ROOTS AND TUBERS 


ddomp places. The root is edible raw or 
cooked. Other parts are medicinal (see 
Natural Medicine in Health), Do NOT 
confuse with Foxglove, 

7. Salsify or Oyster Plant 
Wregopogan porrifolivs) overages 
60-900m (2-3ft, with long, grass-like 
eaves running down on to the stem 
and forge, solitary, purple, dandelion- 
Fike flowers; in ary waste ploces. The 
bulb-fike root and young feaves ore 
edible cooked. 

8 Woolly Lousewort (Pedicularis 5 
lonata} is hairy, low-spreading, with 
‘ose-pink flowers ond a. yellow root 
edible raw or cooked; widespread on 
the northern American tundra 
CAUTION: some other louseworts are 
poisonous, 


Roots ate at their starchiest 
between autumn and spring. In 
spring some of the starch converts 
into sugar to sustain new growth, 
Some edible roots can be several 
centimetres thick and a metre or 
‘more in Fength. Tubers are swollen, 
bbulb-tike roots — a large one may 
sustain a survivor for a long time. 
Don't forget edible bulbs, like the 
onion — but beware, some bulbs, 
including the Wild Onion-like Death 
Camas of North America are 
poisonous. 

Many roots are particularly tasty 
roasted, Parboil them until they are 
just becoming tender, then roast on 
hot stones in the embers of a fire, 
‘Some, including Galingale and 
Dandelion (see earlier illustrations), 
are fine substitutes for coffee when 
roasted and ground. Others, such as 
Wild Calla, can be ground and used 


a flour. 
The root of Comfrey is 
particularly valuable. It isso rich in a 


starch that after boiling it sets 
as hard as plaster of Paris and 
makes an ideal splinting agent for 
broken limbs. 
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Foop 


1 Star of Bethlehem or Starflower 
(Ornitholgaltum umbellatum) averages 
10-30em [4-12in), with gross-ike 
eaves with a white midrib arising from 
the roots ond white, six-petalled 
flowers, each petal green-stiped; in 
(grassy areas. The root is harmful raw 
‘and MUST be cooked. Avoid other 
ports 

2 Wild Onions (Allium) occur in 
‘most ports, easily detectable by their 
smell, Long, grass-like leaves. arise 
from the base; a cluster of six- 
peetalled pink, purplish or white 
flowers tops the stem. The edible bulb 
may be up to 25em  (10in) 
underground, 

3 Lords and Ladies or Cuckoopint 
Arum maculatum) grows to 15-#Oem 
(6-i6in), with dark green, arrow- 
shoped, sometimes dark-spotted 
leaves and 0 purple finger-like 
flowering organ enclosed in a pale 
leaf-lte hood from whic red berries 
arise, in shady and woody places jn 
Fusosio, The root is harmful row 
cand MUST be cooked. Do NOT eat any 
other port 

4 -Hog-peanut — (Amphicarpo 
‘oracteata} ccurs in moist places in 
Nortn America: twining, vine-ike,thin= 
stemmed, with fight green oval leaves 
‘nd iilac to white flowers Extract each 
seed from its brown pod (underground) 
and boil 

5 Groundnut (Apios americana) is 
small, vine-like, with oval, sharp- 
pointed light green leaflets and 
‘maroon t0 brownish flowers; in mols, 
usually woody places in North 
‘America. Pee! the small tubers then 
roost or boil 

6 Jerusalem Artichoke (Helfonthus 
tuberasus) resembles 0 Sunflower, 
very tall, airy, with large, rough, oval 


gees feoves and large, disc-tike yellow 
Flowers; wild in woste ground in 
North America, widely introduced 


elsewhere, The cooked tubers are 
Uelicious. Do not pee! them or you 
lose food value. 
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ROOTS AND TUBERS 


AQUATIC AND WATERSIDE ROOTS 
7 Wild Calla or Bog Arum (Collo 
palustris) is small, with long-stalked, 
heart-shaped leaves and a greenish 
finger-like flowering organ enclosed 
jn leof-like hood pale on the inside, 
from which red berries arise; always 
by water, The roots are harmful caw 
‘and MUST be cooked. AVOID OTHER 
PARTS. 

8 Arrowheads (Sagittoria) are 
‘aquatic, averaging 30-20em (1-31), 
with large leaves varying from shorply 6 
‘orrow-shaped to spear-shaped and 
sometimes strap-lite below the 
woter, and flowers with three 
rounded petals; always by fresh 
water. Tubers ore edible row but much 
better cooked. 

9 Water Chestnut (Tropa matans) is 
aquatic, with diamand-shaped 
floating feaves and divided, feathery 
submerged ones, and small white 
flowers; widespread in fresh water 
in Eurasia. The grey, hard 2.5em 
(in), two-harned seeds are edible row 
‘or roasted, 


It is best to cook all roots before 

as some are harmful raw — 
‘not just well known ones, like the 
tropical eassava and taro, but many 
temperate species. Most roots will 
ineed cooking to make them tender 
‘enough to eat. Serub in clean water 
‘and boil until soft. Some potato 
roots have their vitamins and 
minerals near the surface of the 
skin and s0 should NOT be pected. 
Roots will cook more rapidly if you 
cube them first. Use a sharpened 
stick to test them. IFit goes in easily 
they are ready. 
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FRUIT 


1 Ws 
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From summer on, fruits and nuts 
fare one of the’ survivor's most 
important foods. Many will be 
familiar in their cultivated forms or 
from the traditional hedgerow 
harvest. Some are abundant, even 
‘on the tundra of the far north, 


1 Barberry (Berbers vulgaris), foundin 
serub and dry moorland grows to 3m 
{9't, with oval teaves, yellow flowers 
and fere thorn in groups ofthe on 
its stems, Its bright red, very acid 
beris oe rh in vitortin C 

2 Wild Roses (Rosa) are found in mast 
temperate orcas. They resemble 
straggly, unshowy garden roses with 
thormed stems and simple white o 
pink fowers. Their hips (seedcases) 
antain more vitamin C than any other 
‘rut, Chew to extract the juices and 
‘brain maximum vitamin content, oF 
crush onal bol in weter until any 0 
syrup is et 

3 Brambles (Blackberries) and Wild 
Raspberries (Rubus) occur in scrub, 
vwoods and on open ground; leaves 
toothed and flowers white or 
sometimes pins in blackberries. Look 
for straggly. bushes with arching 
thorny stems and juicy segmented 
berries, which ripen fram green 
tivough red to purplish black Berries, 
‘bore in lave summer Raspberries, less 
straggly and with fewer prickles, ripen 
toa rich red earlier in the summer. 
All are edible row. Bramble cones 
can be used t0 pull rabbits out of 
sleeper hates. 

4 Dewherries (Rubus) ore like 
trombies but their beries are smaller 
‘and with fewer segments thon the 
tackberry 

5 Wild Strawber ({Fragaria) ore 
‘smail, scrambling plants of dry grassy 
places and woodland whose fruits 
resemble small cultivated strawberries 
You may have to ook under the leaves 


FRUIT 


to find the sweet, delicious fruit. Some 
‘kinds: occur high in mountains. The 
{ruts are rich in Vitamin C and best 
coten fresh 

6 Hawthorns (Crataegus) are spiny 
shrubs or small trees found in scrub 
‘and waste places, with deeply lobed 
leaves, clusters of white or pink 
flowers and, in autumn, reddish 
fruits. Their flesh is creamy and 
edible raw. Young spring shoots ore 
edible, 00. 

7 Crab Apples (Malus) are short, 
other spiny trees of scrubland ond 
woods, with oval, toothed, often 
downy leaves, usually reddish-brown 
twigs ond white, pink or red flowers 
Fruit, often very bitter, looks like the 
cultivated apples. It can be sliced and 
ried for storage. Too many of the 
yeliowish-green (sometimes red), 
pectin-rich apples will produce 
diarrhoea and are best cooked with 
other fruits 

8 Wild Cherries (Prunus) occur jn 
woodland in most areas, growing to 
24m (80ft) with small, pale green to 


| | 
oS 
reddish leaves, usually shiny reddish 
brown bark, and white or pinkish 
flowers. The fruits are red or block 
depending on the kind; some kinds 
taste sour, 
9 Blackthorn or Sloe (Prunus 
spinosa) is @ large bush, growing to 
4m (13ft) with dork brown twigs, 8 
long thorns, oval leaves and white 
flowers, in woodland ond serub over 
Eurasia, The small blue-black frits 
are very acid and better cooked down 
toajelly 
9 


supply essential food values, 
particularly vitamins A, 62 and C. 
They ate the staple diet of many 
‘animals and birds ~ so, where you 
find fruit, you will find animals too. 
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Peychotronic Experiment 


* irreversible processes in the muscle material, in the bones of the skull, and in the structures of 
neurons "..minimalization of life" ~external reaction to EMP appears as an illness, up to heavy, 
sharp, chronic, organic pathological processes (academician V.P. Kaznacheev) 

*". the entire speeding up of the aging process, sclerosis, oncogenesis (academician V.P. 
Kaznacheev) 

* destruction of bio-chemical processes in the cells with distrophic changes in the organs 
(academician V.P. Kaznacheev) 

* destruction of the cell membranes, chemical connections in the cells -leading to leukemia, cancer 
of the brain and prostate gland, breast cancer, (even with weak EMP, but of long duration "...the 
genetic apparatus is altered..." (academician V.P. Kaznacheev) 

* the reflex activities are destroyed 

* the functioning of the hormonal system is destroyed 

* [....] Parkinson's disease (trembling of the hands) and Alzheimer's disease (from changes in the 
production of the hormone melanin ({...] gland) that causes degenerative changes in substances at 
the molecular level disfunctions of the sino-atrial node of the heart (even with a low frequency) 

* infarction, cerebral thrombosis, osteo-[*** ], peridontal, sugar diabetes 

* allergies 

* epilepsy (especially caused by the multiple-rapid stimulation by a weak, low frequency waves) 
* hypertension, hypotension 

* programmed or instantaneous (with the subjection to extreme effects -up to the border of deadly 
conditions) premature death --it is well known by the experimentors that cases of death do occur 
(academician V.P. Kaznacheev) 

* a decrease and dying off of the population, humanity, mankind 


Damage in the mental sphere (up to the point of insanity). 
Stage I. 


* manifestations of depression 
* lowering in the interest in perceived information 
* shortness of temper (irritability) 


Stage II. 


* steady depression 
* lowering of abilities for analytical thinking, some worsening of the memory 
* symptoms of chronic fatigue 

* superficial nature of sleep 

* higher incidents of conflicts 


Stage III. 


* confusion in the accounting of events in real life 
* loss of ability for analytical thinking 

* lowering and a loss of memory 

* feelings of the lack of sleep 

* indifference to personal external appearance [...] 

* lowering of self-control from the deficit of the hormone seratonin due to SVCh irradiation 


* suicide (as the experimentors "practice" provocation techniques) 
“n 


...invisible weak fields ...their ignoring that they are carrying with them a deadly dange 


people simply start going crazy and nobody understands why... 


‘academician V.P. Kaznacheev) 
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FOOD 


1. and 2 Bilberries, Cranberries, 
Cowberries and Huckleberries 
Waccinium ond Goylussacia) are 
fabundent on novthein maors, bogs 
tundra, ond sometimes in woods 
Voriobl in size, but of ere woody and 
shrubby with smallish oval leaves and 
simail globe-shoped flowers vorying 
from white to pink or greenish. The 
cranberry prefers marshy ground, the 
closely related, ground-hugging 
Cowrberry (or Mountain Cranberry, 2) 
‘gravss an moors, The spherical berries 
‘may be black (Bilberry, 1), dark blue 
(Huckleberry), moutled red (Cranberry) 
‘or red (Cowterry). They are edible 
fresh, cooked or dried for storage 
ike foisins. The woody stems make 
useful fue. 

3 Chokeberries (Pyrus) ore North 
American shrubs growing up to 2.4m 
(sft) but usually much ess, with 
spear-shoped, finely toothed leaves 
and five-petalled, pinkish or white 
flowers; in wet or dry woody areas, 
er an swampy ground. The red, 
purplish or black spherical berries, 
Which grow in clusters, are excellent 
ow, dried or jellied. Do nat confuse 
With the poisonous Buckthorn 
ARhamnus) 

4 European Elder (Sambucus nigra) 
‘occurs in scrub and woods, growing to 
7m (23) with spear-shoped toothed 
eaves and clusters oF tiny whitish 
flowers. The bunches of small 
purplish-black berries ore best cooked 
down to a syrup. There ore similor 
‘edible elders in other paris, but avoid 
the smaller ones as their red berries 
imoy be toxie, 

5 Juniper (Juniperus communis) 
oceurs i miouniainaus and northern 
1are0s, 0 woody shrub Sm (15ft toll or 
2 small prostrate bush with grey- 
‘green, needle-like leaves. Avoid young 
green berries; the ripe blue-black ones 
tare best cooked with other food. 

& Rowans or Mountain Ashes 
(Sorbus) ore common in woody and 
rocky places, growing to 15m (6M) 


i 
2 
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FRUIT 


with smooth greyish bark, small 
toothed leatiets, white flowers ond 
clusters of small orange berves. These 
‘are edible tut sharp-tosting row and 
can be cooked down toa jell. 

7 Wild Mulberries (Morus) overage 
6-20m (18-60Ft), with oval eaves, 
sometimes deeply lobed, flowers on 
catkins, the ted or black fruits look 
Tike large blackberries, §-7em (2-3in) 
long. They are edible raw. Found in 
woody areos in many temperate 
paris. 

8 Wild Grapes (Vitis) ore strogoly, 
hhigh-climbing, with forge, heart- 
shaped coursely toothed leave 
greenish flowers ond bunches of amber 
to purplish grapes. Very widespread in 
the warmer parts ofthe world. As well 
(0s the Fruit, young leaves are excellent 
boiled. 


) : 
: 
PRESERVING FRUIT 
Fresh fruits soon go off, but they 
can be kept by making them into 
jellies. Most kinds contain an a 
ingredient called pectin, which 
reacts with the acid in the fruit to 
help it settle into a jelly after 
boiling. 
: 


TO MAKE JELLY 
First boil the fruit and then simmer 
tuntil mushy. Some fruits have less 
pectin than othets. These can be 
supplemented by adding another 
fruit rich in pectin, such as Crab 
Apple. The boiling action kills off 
any bacteria that would turn the 
fruit. Allow to cool and keep in 
a clean, if possible airtight, 
container. 

Some fruits can be dried for 
storage, although this will take a 
week to ten days. Lay them in a 
single layer on a sheet, notin direct 
sunlight, and protect them from any 
moisture both rain and dew. 
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NUTS: 


Nuts supply proteins and fat. 


1 Pines (Pinus) ore the fomitior 
cone-bearing trees with clusters of 
slim evergreen needles; inmost 
temperate ond northerly areas: Heat 
mature cones to release the seeds 
They are tasty row but delicious 
‘roasted, Roasted nuts can be ground 
for flour and can be stored. Young 
cotkin-like cones are just about 
edible boited. Needles and bork are 
also edible, 

2 Walnuts Juglans) grow to 30m 
(90rt), with leoves composed of many 
toothed, narrow leaflets ond furrowed 
bark. The blackish brown nuts are at 
first enclosed in thick green husk: In 
most temperate oveas, One tree con 
yield up to S8kq (14016) of nuts 
Walnuts contain 18% protein, 60% 
fat and provide 6600 calories ner kilo 
(3000 per pound)! 

3 Butternut (luglans cinerea) is 
‘another North American relative, 
smile, with more greyish bork and 
‘lon, sticky fruit husks. 

4 Pecan (Carve illinginensis) reaches 
36m (120%), with dark ridged bark 
‘and! many small featiets in opposite 
pairs, io moist places in North 
America, The oval, thin-husked nuts 
fre richer in fat than ony other 
vegetable product. 

5 Hazels (Corvus) are toll shrubs of 
thickets end woste ground, with 
toothed, oval to heart-shaped leaves 
‘ond. brownish-yellow catkins. The 
highly nutritious nuts come in ovoid, 
leaty, bristly or haity husks. 

6 Sweet Chestnuts (Castanea) range 
from 530m (15-80ft), spreading, sith 
Jrge, toothed hairless leaves. and 
bearing catkins, in wooded areas. Nuts, 
in some forms 2-2 together, are borne 
in globe-shaned, thick prickly green 
‘husks. Smash open husks, peel nuts 
toil and mash, Do not confuse with 


NUTS 


Horse Chestnut which has large 
ppolmate leaves, lke the fingers on a 
‘hand, and poisonous nuts. 

7 Beeches (Fagus) are very tall and 
spreading, with smooth fightish bark 
and. thick-veined, wovy-margined 
sharp oval eaves; in. broad-feaved 
woodland. Nuts smo, triangular, 2-4 
jn each hairy husk depending on the 
species. Protein-rich; edible raw, 
roasted or crushed for ot 

8 Oaks (Quercus) occur in great 
variety in wooded areas Many have 
deeply lobed leaves but all bear 
unmistakable acorns. Sheil them and 
boil several times, changing the water 
to case their bitterness, or steep in 
old water for 3-4 days. Alternatively, 
bury them with ash and charcooi, 
watering fiom time to time, Then 
roast; roasted acorns make good Hlour 
‘or coffee substitute. 

{9 Pistachios (Pistacia) grow wild in 
wormer parts from the Mediterranean 
east to Afghanistan; introduced 
elsewhere. Trees, to. 10m (30M), with 
‘many small ovo leaflets and clusters 
of muts with a green kernel and 
feddish skin. Eat raw or parch on fire 
embers. 

10 Almonds (Prunus) grow wild in 
warm, arid ports of Europe and Asi, 
\widely introduced elsewhere. Resemble 
Jorge peach trees, with sprays. of 
blossom, small spear-shaped leaves 
‘nd clusters of nuts in green leathery 
‘husks. Avoid bitter ones, which contoin 
puss acid. 


Extract oil from rich nuts such as 
beech. Crack open, separate meat 
from shells. Boil gently in water, 
skimming off the oil as it rises to 
the surface or allow to coo! and 
separate. Store somewhere cool and 
dry, preferably in an airtight 
container. A yield of 270m! (381 oz) 
of nutritious oils can come from 
450g (TIb) of nuts. 


0 


bkE°8 


153 


POISONOUS PLANTS 


wR 
*; 
i) 


wed to the many edible ones, 
there are few poisonous plants 
temperate areas, Learn well the 
tones shown. 


CONTACT POISONS 
Contact with Poison Sumac, Poison 
Ivy and Poison Oak produces severe 
invitation and rashes. Wash effected 
parts. immediately (See Poisons in 
Health. 


1 Poison Sumac (Toxicodendron 
vermis) reaches 2-6 (6-18), haitess, 
with many oval leaflets in opposite 
pois, dark-spotted smooth bork and 
clusters of white berries; n iwomplands 
in south-easte North Americo. 

2 Polson Oak (Toxicodenciran 
{quercifoliam) resembles Poison Ivy but 
Js smaller, clays upright, and with 
otieaf-shaped leaflets and white 
berries, in wooded parts of North 
America 

3 Poison Ivy (Toxicodendron raicans) 
is smaller 6-2.tm (2-74, trating or 
‘upright, with three-port very variable 
leaves, but alviays with greenish 
flowers ond white berries; in wooded 
areas of North America 

4 Jewelweed (Impatiens), often found 
near Poison ivy, with pate yellow or 
‘range spotted flowers ond seed pods 
that pop, provides a juice to ease 
invitation from contact with these and 
other plants 


POISONS BY INGESTION 
5 Death Carnas (Zivodenus venosus) 
reaches 30-60em (1-2ft, with fona, 
strap-ike leaves arising from the base 
and toase clusters of greenish-white 
six-part flowers; in North America, in 
srassy, rocky ond lightly wooded 
ploces, DEADLY: do not confuse with 
Wild Onions or tities. 

6 Thorn-apple or Crimson Weed 
(Datura stramanium) averages 90cm 


POISONOUS PLANTS. 


(31, with jagged-toothed ovo leaves 
‘nd large solitary trumpet-shaped 
white Mowers ond spiny fruits; 
widespread in most temperate oreas 
‘and also in the topics Siely smelling 
‘All parts DEADLY poisonous 

7 Foxgloves (Digitol) grow 10 1.5m 
{st with « rosette of basal leaves 
tapped by a tl, leafy spe of purple, 
pink oF yellow tube-shoped owes, 
widespread in waste and. disturbed 
ploces. ALL parts ore highly toxic, 
‘affecting the heart, 

8 Monk’s-hood (Aconitum) reaches 
1.5m (5ft, leafy with polm-shoped, 
Aéeeply segmented leaves and hoity, 
hhood-likepurpish-biue or yellow 
flowers; in domp woods ond ‘shady 
ploces. The most common kinds have 
purplish-blue flowers. VERY poisoncus. 
9 Hemlock (Canim maeutetum) may 
reach 2m (69), much branched, with 
‘hollow purple-spotted stems, coarsely 
toathed leaves, lighter below, dense 
clusters of tiny white lowers. and 
white roots; in grassy woste places. 
Bod-smelling. Very poisonous. 

10 Water Hemlocks or Cowbanes 
(Ciewia) average 06-1.3m (2-41), 
‘ranching, with purpe-steaked stems, 
@ hallow-chombered rootstock, small 
2.3 lobed, toothed leaflets and clusters 
Of tiny white flowers, always found by 
water. Smells unpleasant. ONE 
(MOUTHFUL CAN KILL 

Ai Baneberries (Actoeo) reach 30- 
60cm (1-210, with leaves made up of 
several toothed leaflets, smal, usually 
‘white flowers clustered at the end of @ 
stem, and white or black bers; 
mostly in woods. ALL ports cause 
dizziness, Vomiting ond severe ternal 
iritation 

12 Deadly Nightshade (Atropo bello~ pe 
donna) may reach Im (Git well — 1150 
tranched, with ovat teaves, solitory 
tel-shoped, purplish oF greenish 

Flowers and shiny block berries, in 

woodlond ond scrub in Eurasia. ALL 

ports, especially berries, are VERY 

poisonous. 
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Food 


Some poisonous plants are easy to 
mistake for food plants if you are 
not careful in your identification, 
Do not take risks. 

Hemlock and Water Hemlock are 
‘the two most important poisonous 
plants to learn, found in both 
Eurasia and the Americas in a wide 
range of country. Both are 
umbellifers, of which there are 
many kinds, and with many tiny 
flowers in dense clusters, like an 
umbrella inside-out and difficult to 
tell apart. 

The umbellifers include some 
edible plants, but NEVER collect any 
unless certain they are neither of 
these two, which can be lethal in 
very small amounts. 

Learn to recognize the following 
common poisonous plants in 
addition to those illustrated. 


Buttercups (Renunculus) occur in 
‘great voriety, from a few centimetres 
{0 over o metre tol, in north and 
south, including for into the Arctic. Al! 
have glossy, woxy bright yellow 
flowers with five or more over- 
“apping petals. AVOID al, they cause 
severe inflammation of the intestinal 
tract 

‘Lupins (Lupinus), 30-900 (1-3ft tall, 
like the garden kind, growing in 
‘clearings ond grossy places. Often with 
small leaflets in a polm shape or 
radiating like the spokes of a wheel, 
‘and spikes oF ‘pea-flowers' blue, violet, 
‘occasionally pink white or yellow. Any 
part can couse fatal inflammation of 
‘stomach and intestines. 

Vetches or Locoweeds (Astolagus and 
Oxytropis), 15-45em (6=18in) tall 
‘growing in grassland and mountain 
meadows, usually with many small 
spear-shoped leaflets in opposite poirs 
‘and showy spikes of five-petalled‘pea- 
flowers’: yellowish-white, pink to 
lavender ond purplish. Some are very 
poisonous. AVOID all 
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False Helleborines (Veratrum) 
6oom-26m (2-8F0, grow in wet 
swampy places, some species in grassy 
Cones. Oval ribbed feaves resemble 0 
Lity-of-the-Valley’s drooping clusters 
(of whitish or greenish-yellow flowers. 
Can be lth 

Henbane (Hyoscyamus niger) medium 
to large, growing on bore ground, often 
‘near sea (Europe). Sticky hairs, toothed 
‘oval leaves (upper ones unstatked), 
creamy flowers streaked purple 
Unpleasant smell Deadly poisonous. 


POISONOUS BERRIES 
Canadian Moonseed (Menisperrmum 
ccanodense) North American vine-like 
climber, clusters of soft black berries. 
Could be mistaken for Witd Grape but 
lacks tendrils and has only a single 
crescent-lke seed in each berry. 
Nightshades (Solanum) medium to 
large, untidy, tushy plants. fiking 
scrubby places, leaves usually long 
staiked, spear-shaped. Berries. ripen 
from green to black, red, yellow or 
white. Pronts producing similar out 
edible berries ore usually more 
compact and woody, the berries 
‘smaller ond more numerous. if in 
any doubt ossume to be poisonous 
«and AVOID. 

Virginia Creeper (Partinenocissus 
_quinquefoto}vine-like North American 
climber fintroduced to Europe). tong 
stalked, paim-shoped leaves, toothed 
leaflets, tendal ond clusters of small 
blue berries, smaller than wild grapes 
[No plant with edible bive berries is 
vinesike and with tends. 

Buckthorns (Ramus), shrubs 
sometimes small trees growing. in 
scrubby and woody places, sometimes 
damp. Leaves oval, finely toothed; 
berries black and bitte tasting, clustered 
long stems. Can be violently purgative. 


There are_many field guides 
available which will help you extend 
your knowledge of temperate 
plants, detailing many focal forms. 


TREES 


ees provide other nourishing foods, as well as fruit and nuts, 

which can be invaluable to the survivor, particularly in areas 
where there is little other plant life available. 

The following refers to the trees of temperate and northern 
regions. Tropical trees, such as palms, are included in the section on 
tropical plants. 


Bark 
The thin inner bark (cambium) of certain trees is both edible and 
nutritious, but best in the spring, when sap has started to flow. 
Choose bark from near the bottom of the tree or from exposed 
roots. Peel it back with a knife to reveal the inner layer. This is mildly 
sweet and can be eaten raw — but can be made more digestible by 
long boiling, which will reduce it to a gelatinous mass. It can then 
bbe roasted and ground for use as flour. 

Outer bark has too much tannin to be edible, but some kinds 
have medicinal uses. 


Trees with best inner bark 

Slippery Elm (Ulmus rubra), of —occur'in many nosthern areas 
northern America, grows to a Maples (Acer) grow widely and are 
maximum 18m (60ft) Twigs are hairy recognized by their distinctive lobed 
‘and rough, oval, toothed leaves are leaves in three parts and by the two- 
hoiry below. winged fruits 

Basswood (Tilia americana), o North —Spruces (Picea) are evergreen trees of 
American lime with Jorge heart-shaped cold climotes. They ore shoped like 
‘eaves and dark, grooved bark which steeples, bear cones and have stiff 
‘becomes smooth grey on upper ports. four-sided needles that grow all 
Birches (Betula), which ore often around the twigs 

‘abundant in colder areas. They can be Willows (Sali) are broad-teaved trees 
‘identified by their fong delicate twigs or shrubs with toothed leaves, lighter 
‘and shiny, flaky bark thot is often on the underside, and distinctive yellow 
broken up toto plates. ‘or green catkins. There are many kinds, 
‘Aspens (Populus tremula, small to incluting ground-hugging artic ones. 
‘medium trees resembling poplars. They Pines (Pinus) ore widely found 
‘have rounded leaves on very, very ong evergreen trees bearing cones ond 
‘talks that quiver in the wind. clusters of fong needles. Their inner 
Tamarack (Larix laricino is found in cold bark i rich in vtomin C. 

‘ports of North America grows to 24m — Hemlocks (Fsuga) are evergreens, 
(GOR) with a pointed shope, bears cones resembling spruces, with sprays of 
‘nd hos needles in tuts along the twigs. foliage, flat needles and short, oblong 
Poplars (Populus) have triangular cones. They bear no relation to the 
eaves and prominent catkins. They poisonous plant of the some name, 
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FOOD 


NOTE: In addition to the inner bark, the buds and shoots of all these 
trees can be eaten raw or cooked — EXCEPT for those of Tamarack 
and Hemlock, which are POISONOUS. 


Other uses for inner bark 

The inner bark of some trees is very strong but pliable, It is easily 
torn into strips for lashings. The bark of the Mohoe tree, for 
example, is made into ‘grass’ skirts by Pacific islanders, having first 
been steamed in a hangi (see Fire in Camp Craft). 

Birch bark can be removed from the tree in large sheets 
and forms an ideal material for roofing shelters or for making 
small containers. The North American Indians clad their canoes 
with it. 


SPRUCE TEA 


Steep spruce needies in hot water to make a tea. Collect only 
fresh, green needles and boil. The liquid produced is rich in 


vitamin C. The vitamin can be obtained more directly by chewing 
tender young needles, whose starchy green tips are particularly 
pleasant in spring. Spruces occur far into the north and are 
an important source of nourishment when little other plant life 
is available 


Gums and resins 

With some trees, when cut, sap seeping out on to the bark 
hardens into a lump. If this is soluble in water it is a gum; if 
not, it is a resin. Both are very nutritious, rich in sugars and 
a useful survival food. A few have medicinal properties and 
others are highly inflammable and make excellent material for 
lighting fires. 


Birch and maple syrup 
Tap birch or maple in the same way as a rubber tree. Cut a V-shape 
in the bark to collect the sugary sap that runs out. Below the V make 
a hole in the trunk to insert a leaf as a drip spout to run the sap into 
a container. 

Collect sap daily and boil it. It will give off lots of steam but 
thicken down into a syrup. This is instant energy and well worth 
the effort. 
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POISONOUS TREES 


Tp le sees eee it tsa aes Do 
NOT eat any part of them, except for the meaty roots of hickory, 
which are edible. 


‘Yews (Taxus) are straggling evergreen trees or shrubs with flaky 
bark, dark green needles and red berry-like fruits. The fruits are 
particularly poisonous, 


Cedars (Cedrus), originally from the Mediterranean and 
Himalayas, the true cedars are large, spreading, scented 
evergreens with erect cones. 


Horse Chestnuts and Buckeyes (Aesculus) are tall with hand- 
shaped leaves, sticky buds and white, pink or yellow flowers. Do 
not confuse their poisonous, spiky-cased nuts with those of 
Sweet Chestnut which has narrow, toothed leaves and much 
more densely prickled seed cases. 


Laburnums (Laburnum) are small, broad-leaved trees with three- 
part leaves and long sprays of yellow flowers. 


Black Locust (Robinia pseudoacacia) is a North American tree 
with dark grey bark, oval leaflets in opposite pairs, clusters of 
white flowers and bean-like seed pods 


California Laurel or Oregon Myrtle (Umbellutaria californica), is 
a short-trunked North American evergreen, averaging 16m (50ft) 
with oval leathery leaves, clusters of yellowish flowers and 
greenish to purple berries. Foliage is pungently aromatic. 


Moosewood ot Moosebark (Acer pensylvanicum), of north 
eastern North America averages 12m (40ft), with light, 
white-striped bark, oval to spear-shaped. leaves, olive to 
brownish above, broad-petalled, yellow-greenish flowers and 
winged fruits. 


Hickories (Carya) have divided, often palm-shaped_ leaves, 
catkins and, usually, rounded nuts. The nuts of some kinds are 
edible, as are the sap and roots, but do not eat unless the species 
is positively identified. 


(See also contact poison in Poisonous Plants and Tropical Poisonous 
Plants.) 
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Psychotonic Experiment 
"Consequences of effects of micro-leptonic generators are described by the leading developer in this 
area [from the] V. Lab. of Micro-leptonic Technologies D, Okhatryym: in 1982 there began 
extremely unpleasant things with the health our co-workers. At first, there arose their feeling 
unwell, then the loss of logic, then after this, the loss of spatial orientation. Finally, a breakdown of 
diseased [affected] organs. The coming out of this condition -and this includes myself -was 
achieved with great difficulty." 


(in the book by Ju. Vorobevskii” Knock at the Golden Gate, Moscow, 1999. 


Manipulation with the memory. 


* Erasure 

* Blockage 

* Recording of information needed by the experimentor 

* training -"prompting" (after erasure) 

* comparison, 

* reproduction of picture a from a prior testing as though bifurcated [2] 

* a shifting of the effective frequency up to 100 Hz. or a lowering to 5 Hz., with memory loss 


Control of Stimulation in the brain. 


* by states of consciousness (up to the loss of these) 

* insleep 

* emotions 

* intellectual capabilities 

* attention 

* speech 

* activeness: 

* muscle tone 

* stimulation of one and the same zone with stimulations of: 
0 30-40 m\- activization of attention, memory, movement; 
0 60-70 mV- "emotiono-genic" effects 


Different methods: 


‘Types of Psychotronic, psychotropic and other Psy-Influences. 


* radio-waves 

* laser-irradiation 

* infra-red irradiation 

* ultra-violet irradiation UF 

* x-ray irradiation 

* gravitational fields 

* torsional fields (hypothetical) 
* leptonic and other fields 


Acoustic Wayes. 


* infra-sonic (IZ) from 0 Hz. to 15-20 KHz, 
* ultra-sonic(UZ) from 15-20 KHz. to 10**9 Hz, (ranges for IZ and UZ) 


see more similar information in -Table 3 
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FUNGI 


Prise nats Sees ait, put MUST be vey tent es fan 
edible kind. There is no room for error. Unlike vegetable plants, on 
which the ‘edibility test’ can be used, they must be either identified 
or left well alone. The deadly kinds do not taste unpleasant and no 
symptoms may appear until several hours after eating. 

Wild fungi are a great delicacy — if you know which ones to pick. 
Fungi are composed of many thread-like cells which, in the case of 
ground fungi, form a subterranean web of which only the 
reproductive part — what we call the fungus — appears above the 
ground. This edible part appears only at certain times of year. 

Most fungi grow directly from the ground — alone, in rings, 
sometimes in clumps. They consist of @ cup- or bowl-shaped cap 
topping a stem. The underside bears gills of spongy tissue containing 
spores. The form and colour of this tissue is an important clue to 
identify. A few fungi, such as truffles, grow completely underground 
— but they are very hard to find. Others grow on the sides of trees 
and stumps; some are known — from their shape — as bracket fungi, 
others grow large and singularly. 


Food value 

Fungi come between meat and vegetables in the nutritional 
table. They contain more protein than vegetables and, in some 
cases, more fat. 

The better Kinds, Boletus edulis for example, provide a similar 
amount of calories to the same weight of vegetables. As for 
minerals: fungi have more phosphorous than carrots, cauliflowers 
and spinach, but less calcium. Vitamin B complex is present in tiny 
amounts in most fungi, vitamin C occurs occasionally and D is 
present in many in appreciable amounts. Cantharellus cibarius 
contains vitamin A. 

The great advantage of fungi is their abundance. At the right 
time of year, usually summer and autumn, you can quickly gather 
enough for a meal. 


Preparing fungi 

Reject suspicious, discoloured or maggoty parts, clean, slice and 
boil. Many bracket fungi are bitter and tough and must be 
cooked thoroughly. It helps to steep them in cold water 
first. Tender ground fungi can simply be added to soups and 
other foods. 
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FUNGI 

Storing fungi 

Fungi have high water content and are easily dried, Collect all you 
can when they are available and add them to your foodstore. 
Separate caps from stems and place on rocks in the sun, caps gill- 
side up. With Boletus species, first remove the spongy tissue under 
the cap. When thoroughly dry, store in airtight containers if possible. 
Eat raw (soak them in water first to let them swell up) or add to 
soups and stews. 


EDIBLE FUNGI 
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There are no reliable rules for 
identifying fungi, poisonous or 
edible, Ignore folk tales to the 
effect that a fungus is not 
poisonous once pected, or that toxic 
kinds change colour when cooked. 
They do not. Nor does cooking 
destroy their poisons. 

Learn to recognize 2 small 
number — those illustrated here — 
fand stick to them. Learn also the 
Amanita family — they include 
fungi which can kill you. Then build 
up your knowledge. 


TREE FUNGI 
Tree fungi grow off the ground, on 
the sides of trees and stumps. They 
‘are often large and leathery, but are 
rot harmful and are fairly common, 


1 Fistulina hepatica (BeefSteok Fungus) 
Js often found on oaks. It is reddish 
above, pinkish below and rough- 
textured, resembling a Jorge tongue; its 
‘ed fesh exudes a blood-coloured juice. 
Tough and bitter: young specimens are 
better. Soak to soften then stew 
thoroughly Occurs in autumn. 

2 Polyporus. sulphureus grows to 
30-400! (12-16in) ocrass, 0 bright 
‘orange-yellow fading to yeliowish-tan, 
with spongy, yelowish flesh. On broad- 
leaved, especially Oak, and evergreen 
trees from summer on. 

3. Polyporus squamosus (Oryad's 
Soda) grows to dem (2A) across often 


EDIBLE FUNGI 


Jn clumps its ote cop flecked with dark 
scoes fo resemble cork and 0 siitsh 
underside. On troad-leaved trees, 
‘especially Elm, Beech and Sycamore, 
‘rom spring to outumn. Croase young 
ones and stew them thoroughly. 

4 Pleurotus ostreatus (Oyster Fungus) 
rows in clumps, with deep blue-arey % 
shell-shoped caps 6-14cm [2'/-5i/sin} 

wide, white gills ond white rubbery 
Tesh, On brood-leaved trees for most 
Of the year Tasty; slice and stew. ASO 
dries well. 

5S Armillaria’ mellea (Honey or 
Bootlace Fungus) has tawny-yellowish 
brown-flecked caps 3-1Scm (1/-6in) 
‘across, white gills later speckled with 
frown, white flesh and bootiace-fke 
‘roots! On broad-leaved and coniferous 
trees and stumps from spring to 
‘outumn, Slice and stew. 


GROUND FUNGI 
Ground fungi live in the soil. There 
‘are many kinds, some VERY 
poisonous. 


6 Lycoperdon giantea (Giant Puffball) 
resembles a Footbal, up to 30cm (11) 
‘cross, smooth, white ond leathery, 
yellowing with age and may weigh up 
{to 9kq (201). In woods and grassy 
places from late summer to autumn, 
‘Choose young ones with spongy, pure 
White flesh. Very tasty: simmer oF fry. 
7 Cantharellus cibarius (Chanterelle) 
is apricot-scented, cag yellow, funne! 
shaped, 3~10cm (1-Ain] across, with 
pronounced, forking gil It grows in 
‘groups under trees, especialy Beech, 
{rom summer on. Very tasty; stew for 
ten minutes Do NOT confuse with 
Cortinarius speciosissimus. 

8 Craterellus earnucopioides (Horn 
Cf Plenty) 1 horn oF funnel-shaped, 
with a rough, crinkly, dark brown cap 
3-8em (1-3in) across and a smooth, 8 
tapering grey stem. In brood-leaved ; 
woods, especially Beech, in autumn. 

Stew well or dy 
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WARNING 
Fungi make excellent eating but 
should be attempted ONLY if 
identified with certainty. 


Agaricus fungi: AVOID any that 
stain yellow when cut (see A 
xanthodeima below). Some young 
“outtons’ are hard to tell apart and 
can be confused with the deadly 
Amanitas. 


1 Agaricus arvensis (Horse 
Mushroom) resembles A. campestris 
‘but with @ cap to 15cm (6in). Young 
jones have light pink ills, later 
turning pinkish-brown;. in’ same 
places os 8. campestris. Edible row or 
cooked. 

2 Agaricus augustus hos a sco ight 
brownish cop to 200m (10in} across, 
Young gills pink later turning dork, and 
© ringed stem, in clusters in woodland 
clearings in surmmer and autumo. 
Tasty; smels of aise 

3. Agaricus campestris (Field 
‘Mushroom) resembles. the familiar 
cultivated kind, with a white cap to 
{Oem (in) aeross, browning slighaly in 
older specimens, and pink gills later 
turning dark brawn; in grassy places in 
autumn, rarely by tees. Fob raw or 
cooked. 

4 Agaricus sylvestris (Wood 
Mushroom) resembles A arvensis but is 
found i woodland, often with 
conifers. Eile raw or cooked. 

5 Agaricus xanthoderma (Yellow 
Stoining Mushroom) resembles other 
AAgoricus species, but shows yellow 
stain when bruised and is stronaly 
yellow at the base. It is POISONOUS 
‘and smells oF carbo In both woody 
‘and grassy places in summer and 
‘autumn. AVOHD, 

6 Lepiota procera (Pavaso/ 
Mushroom) has a brownish cop, 
Jter with darker scales, to 30cm 
{itt} across, with ereamy-hite gis 
‘ond a slender stem with a double 
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sine el are as 
Brazil nuts. 

7 Coprinus comatus (Shoggy Ink 
Cap) has a cylindrical cop with whitish 
case ela a gk 
dissolve into a black, inky mess. In 
summer and autumn. Gather young 
POISONOUS if eaten with alcohol. 

8 Tricholoma nudum (Wood Biewit or 
Biue Cap) has a liloc-blue cop, later 
le at 
edged, to 10cm (4in) across, bluish gills 
godin aoe irae 
oa tearm ll 


smeling, Produces an cllergic renction | 
in a few people 
9 Boletus edulis (Cep) is brownish 


with @ cap to 20cm (Bin), 0 swollen 7 
Stem ard white Mesh in wontons dl Maat 
‘leorings in cuturnn. Al Boletes have a 

sponge-the layer of pores or tubes 

instead of gil. Many edible species ~ 
they dry swell — occur around the 
work, AVOID any with pink or red 
Spores unless positively identified 
‘Some are poisonous 


OTHER USES FOR FUNGI 

=Many bracket fungi make 
‘excellent tinder — once lit they will 
‘smoulder for hours. 

=Razor-strop fungus is so tough 
that it can be used to sharpen 
knives, or chopped up for corks, 
corn plasters and kindling. 

= Giant puffball is styptic ~ it will 
staunch and soothe bleeding 
wounds, 

=Tree fungi are rich in tannin and 
‘can be used in treating burns. 
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WARNING 
The following are among the worst of 
the poisonous fungi but there are 
‘many others. Do NOT use any fungi 
you cannot positively identify as a 
survival food. Some Amanita fungi 
are among the most deadly of all. 
‘They have a cup, or volva, at the base, 


1 Amanita virosa (Destroying Angelis 
Iwholly white, with @ large volvo, 0 
scaly stem and a cap to 120m (sin) 
‘across, i woodland in summer and 
outumn, Sweet- and sickiy-smeting 
‘ond DEADLY poisonous. Young ones 
‘may resemble young Agaricus fungi 

2 Amanita phalloides (Death Cop) 
hhas a greenish-olive cop to 12cm (Sin) 
‘crass, paler stem, large volva, and 
White gills ond. flesh; usually in 
woodland, especially with Ook or 
Beech. The MOST DEADLY of all 

3 Amanita pantherina (Panther Cop) 
hhas 0 brownish, white-fiecked cop to 
em (3in), white gils and 2-3 haop- 
ooking rings at the base of the stem; 
in woodland, especially with Beech, 
Poisonous, often FATAL. 

4 Amanita musearia (Ay Agaric] hes 
distinctive bright red cap, flecked with 
white, to 220m {Sin} across, Found jn 
coutunmn, typically in Fine and Birch 
woods 

5 Entoloma sinnuatum  (Leaden 
Entoloma} has a dull greyish-whit, 
deeply convex cap to 15cm (6in) 
‘crass, yellowish oils turning selmon- 
pink and firm white flesh smelling of 
‘meal, bitter almond ond radish; in 
froups in grassy places and woods, 
especially with Beech and Ook, ia 
summer ond auivmn, Poisonous, enn 
be DEADLY. Confusable with ao 
Agaricus, but has no ring on the stem 
6 Inocybe patouillardii begins whitish 
then turns yellowish-brown, with a cop 
to 7em (2%in), often split ot the 
‘margin, and whitish gils turning ve 
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‘brown; stains red when bruised. in 
‘broad-leaved woods, especially Beech, 
Jn summer ond autumn. tacks a ring on 
the stem, but when young confusoble 
with an Agaricus. DEADLY poisonous. 

7 Paxilus involutus fas 0 sold yellow- 
‘brown cop with a rolled cm, to 12cm 
{in} across, yellow-brown gills ond 0 
straight, stout stem. Very common in 
woodland, especially Birch, DEADLY: do 
NOT confuse with edible yellowish 
fungi such as the Chonterele: 

B Cortinarius speciosissimus is 
reddish to tawny-brown, with o 
Fattish cop 2-Bem (i/«-3'Ain) cross 
‘ond rusty-brown gills in coniferous 
Wood in autumn. Not common but 
very poisonous. Slightly lighter- 
coloured, C.orelanus, also poisonous in 
‘broadleaved woodland. Both have a 
rodish-like smell. Do not confuse with 
the Chanterelle, DEADLY. 

(See also Agaricus xonthoderma, 
illustrated with edible species) 


POISON SYMPTOMS 
Poisonous fungi produce a variety 
‘of symptoms but the following are 
fairly typical: 


Death —Cap/Destroying Angel: 
Symptoms develop slowly, 824 hrs 
after eating: vomiting, diarrhoea, 
excessive thirst, swenting and 
conwisions. Apporent recovery after 
‘one day, then « relopse and, in 90% of 
cases, death from liver failure in 2-10 
ddoys. No known antidte. 

Muscarine poisoning: Caused by 
sseverol fungi. Effects vary, toxins al 
‘attack nervous system. 

Amanita muscaria produces severe 
{gastso-intestinal disturbance, delirium, 
Vivid hallucinations, uncontroltable 
‘witching andi convulsions, followed by 
‘coma-tike sleep. The victim usually 
recovers. Inocybe patoullardit and its 
relatives produce vertigo, blindness, 
‘sweating, low temperature, very 
dilated pupils, folowed, in the worst 
cases, by delirium and death, 
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In addition to these hardy arctic 
plants, many temperate species 
foceur in summer in the far north. 


1 Red Spruce (Picco rubens) reaches 
23m (70Mt), with dork or yellow-green 
freedles ll around its hairy twigs, 
rough dark bark and pendant cones; in 
aier areas of North America, Young 
shoots are edible raw or cooked infuse 
the needles for teas and bol the eile 
inner bak 

2 Black Spruce (Picea moriona) is 
smatier than Red Spruce, with shorter 
needles; in moist areas of North 
Americe, Many similar spruces occur in 
North America and northem Eurasia, 
Use all as Red Spruce 

3 Labrador Tea (edu 
‘groenlandicur) isa fragrant evergreen 
shrub averaging 30-B0em (1~3t), with 
narrow leaves with rolled edges, 
whitish or hairy below, ond. five- 
ppetalled white flowers, in North 
‘America, The leaves make a revivifying 
tea. 

4 Arctic Willows (Salix) ore mat- 
forming tundra shrubs averaging 
30-60 {1-2}, with rounded, leaves, 
‘shiny above, and yellow catkins. Spring 
‘shoots, leaves inner bork and young 
reeled roots ore all edible. The leaves 
hove 7-10 times more vitamin C than 
an orange, 

5 Ferns oceur in moist places in 
summer in far northern woods and by 
the tundra, Eot ONLY young 
fiddleheads up to. 15cm (Bin) tong, 
remave any hairs, Steaming fs the best 
‘way £0 cook therm 

6 Cloudberries (Rubus chomaemorus) 
seldom reach 30cm (tf, Bramible=ik, 
with poim-shaped leaves, white 
flowers and berries ot the top of the 
plant — pink, ripening through orange 
to amber, The berries are edible raw. 

7 Salmonberry (Hubus spectabilis) 
resembles @ small Wild Raspberry, 


ARCTIC AND NORTHERN PLANTS 


thornless, with three-part leaves, 
purplish-red flowers ond juicy red ot 
yellow berries, edible row. In. North 
‘America, now in ports of Europe. 

8 Bearberry (Arctostaphylos uvoursi) 
in arctic regions is small, mot-forming, 
woody, with club-shaped evergreen 
leathery leaves, pink or white flowers 
‘and clusters of red. berries, edible 
cooked. 

9 Iceland Moss (Cetrovio islondco) is 
‘a ichen, forming tufted leathery, grey- 
‘green or brownish mats. up to 10cm 
{in} high, composed of many strop- 
shaped bronches. Sook for several 
hours then boil well, 

10 Reindeer Moss _(Cladonia 
rangiterina, ficken growing §-10em 
(2-4in}, often in Jorge clumps, with 
hollow, roundish, greyish stems and 
tranches resembling antlers. Soak for 
several hous, boil wel 

41. Rock Tripes (Umbilicari) are 
lichens, forming roundish, biister-ike 
{greyish or brownish growihs attached 
to rocks by a central stalk; some kinds 
worty ond pebble-tike, others smooth 
Very nutritious, soak for several hours 
then boil well 


Lichens are an important survival 
food, not only in arctic regions — 
‘though vital there because they are 
probably more nutritious than other 
arctic plants. Explorers have 
survived on Rock Tripe for long 
periods. But beware! They can cause 
painful irritation if eaten raw 
‘because they contain a bitter acid. 
Remove it by soaking them in water 
‘overnight and then boiling 
thoroughly. A further roasting will 
crispen them up if you prefer a 
crunchy texture. 

IF you successfully hunt a caribou 
feat the fermented lichens in its 
stomach. They are easily digested 
and some Eskimos count them a 
great delicacy. 
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Peychotronic Experiment 
Formation of fields: 


* electro-magnetic charge 
* gravitational-mass 

* torsional (surrounding spin fields) -spin, with any rotating body 

* micro-leptonic energy (in free aspect) -[over-abundance of stable particles]? 


Operator is secretly brought in, or in a secret installation nearby 


BG: Biogenerator (could be tomography) 

A: Antenna (irradiation and reception) 

D: operator for the gathering of information, transmission and control 

ZU: reminding sytem on a magnetic strip, holographic 

BIP: bio-informational [...] 

KC: channel connections (IK, radio, telephone, telegraph) 

ccreen display 

O: operator 

SP: light pen with which the operator indicates on the sereen, the point of influence 


Stress systems and methods of harassment, 


* slander 
* gestures, hand movements, expressions, tests, practical "jokes" 

* taking off what is needed for the eyes (vision) [2] 

* psychological pressure through family, neighbors or surrounding people, vehicle drivers 
* discrediting: along 5 directions (often with the involvement of the police) 

0 irresponsibility 

© spy 

o drug dealer 

© vagrant 

© accomplice in a crime (in an alleged crime) 

* torture, assault 

* blackmail, threats 

* attempts on their lives with PTOs 

* death to someone close or in immediate surrounding life 

* murder 


Stages of Zombification (Substitution of consciousness external control). 


* programming, modeling of a cybernetic double 
* conducting of programs according to non-differentiation of a proper and artificial 


"Not-I" 


* extreme influencing, stress, harassment, irradiation, special-preparations [substances], chemicals 


* taking to the limits of mental and physical capacities (survivability) 
* loss of will, memory 

* shutting off of his own consciousness 

* replacement of consciousness with the control from his cybernetic twin 


‘tp:sivaw.angetfire.com/pro2ldchakrablcherkava_sum him 
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Desert survival depends upon water 
Lear the water-bearing trees and cacti 
before considering food plants. Do not 
cat if you have no water; digestion wil 
further deplete the body's liquid 
reserves and accelerate dehydration. 


1 Barrel Cacti (Ferocactus) of south 
west North America overage 12m (4, 
at that size yielding over 1 litre (2 pt of 
ede, sometimes bitter, milky sop. This 
{s an exception to the rule to avoid 
milky sap. Slice off the top and smash 
the inner pulp, then drink. Only worth 
doing in an emergency. 

2 Prickly Pears (Opunti) hove thick, 
Jointed, pad-tike leaves, yellow or red 
flowers and egg-shoped pulpy fruits 
Peeled fruits are eaile raw; peel and 
cook tender young pads — cutting 
‘way the spines, roast seeds for flour 
tap the stems for water, Originally from 
North America, now in many aid areas. 
Very prickly, treat with great care. In 
Arico do NOT confuse with spurges; 
unlike this plant, they have mil sop. 
{3 Carrion Flowers (Stapeia are found in 
some variety in southern and tropical 
Alfa. They are large odd-laoking plants 
with short succulent stems thot branch 
off inio leaves tke foi spines, with 
distinctive stor-shoped flowers which 
‘may be covered in thick shaggy ais 
Moture flowers give off 0. powerful 
stench of rotting meat. an unmistakable 
if not very pleasont cue to idencoton 
Top the stems for their water 

4 Mescals (Agave) have a rosette of 
thick, leathery, spiky leaves with a 
sharp tp from which arses o very fang, 
columnar flower stalk Stalks not yet in 
flower are edible cooked. In Africa, 
Asia, southern Europe, Mexico and the 
southern United Stotes, and parts of 
the Caribbean. Grows in moist tropical 
‘reas as well as desert country 

5 Wild Gourds (Cucurbitaceae) occur 
in the Kolahari end Sahara east to 
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India, cultivated elsewhere, The plant 
is. mat-forming, resembling a. vine, 
with orange-sized fruits. Boil the 
unripe fruit to make it more edible, 
roast the seeds, cook young leaves. 
The flower may be eaten raw, and 
stems and shoots chewed for their 


Palms (Phoenix) grow wild, 
‘ahways near water, from India to North 
Arico; introduced elsewhere. They are 
toll slender palms crowned with a tuft 
of leaves up to 4m (1611) long. The 
fruits and growing tip of the palm ore 
‘edible row young leaves are edible 
‘cooked. Sop from the trunk is rich in 
‘sugar and can be boiled down. 

7 Baobabs (Adansonia) are large trees 
with huge, swollen, heavily ridged 
trunks found trom Africa to Austria, 
The trunk of a mature tree can be 9m 
(0Ft) in diameter. Top the roots for 
water. The pulpy fruits, 10-200m 
(4-8in) long, and seeds are edible avs; 
boil tender young leaves. 

8 Acacias (Acocia) occur abundantly 
from Africa to northern Australia There 
‘ore mony different kinds, all thorny, 
scrubby, medium-sized trees with very 
‘small leaflets their flowers usually 
Forming smalt (iem/'/in) lobular 
flowerheads, white, pink or yellow, 
‘according to species. Their roots may be 
‘topped for water, the seeds roasted and 
young leaves and shoots boiled 

9 Carob (Ceratonia siliqua) grows in 
‘rid land around the Mediterranean 
‘and from the Sahara across Arabia to 
India. It is olmost the only tree on 
Malte. Height can reach 15m (5Oft 
Shiny, evergreen leaves are paired, two 
fr three to 0 stem, Small red flowers 
produce flat leathery seed pods 
Containing a sweet, nutritious pulp, 
which can be eaten raw, and hard 9 
‘brown seeds which can be ground ond 

‘cooked as porridge. Also known as St 

John’s or locust Bread becouse these 

pods were thought to have been the 

‘focusts' on which John the Boptist 

lived in the wilderness. 


m1 


TROPICAL PLANTS 


172 


Edible plants abound in tropical 
areas, but_unless you are already 
familiar with them it is better to 
begin with to eat palms, bamboos 
and the commoner fruits. 


1 Sago Palms (Metroxylon) come from 
the damp fowlonds of southeast Asia; 
introduced elsewhere, Medium, to 10m 
(GOft), spiny-trunked; leaves tong, 
delicate and arching. The spongy 
siarchy ier pith of the trunk provides 
the sago, 

2 The Nipa Palm (Wifpo fruticans) 
{grovis to Gm (20Ft, with lang, fern-like 
leaves swelling and clustering at the 
tbase to form the ‘trunk’: in brackish 
estuaries in South-eost Asio, It yields 
suoory sop, delicious fruits. and on 
edible tnbbage’ or growing tp. 

3 Bananas or Plantains (Musa) re 
Soread all over the tropics: 3-10 
(9-301 tal, with very forge, strap, 
usualy split light green leaves. Hard 
plantain fruits are only edible cooked, 
They have more starch but fess sugar 
than the soft kinds. Eat buds, growing 
tips, young stems and inner parts of 
roots as well as fruit 

4 Sugar Palm (Arenga_ pinnato) 
reaches 12-20m (38-65ft), with 
rough scaly trunk topped ‘by fairly 
ereci, Sago-like leaves and yellow, 
branch-like fruiting parts; wild in 
Malaysia and Indonesia. To obtain 
sugar, collect sap and boil own to a 
thick syrup. 

5 Rattan Palms (Calamus are robust 
climbers, ooking themselves on ta trees 
with a fish-hookshaped appendage on 
the midrib of te leaves; often common 
in Old Word tropics. The swollen stems 
seeds and growing tip are edible; the 
roots make excellent lashings. 

6 Fishtail Palms (Caryote) average 
10m (30/t), with a smooth, ringed 
inunk and fang arching leaves of mony 
‘oval or wedged-shaped leaflets. There 
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‘are many simitr kind in the Old Wore 
tropics. Use 0s Sago Palm. Do NOT 
ot fruit 

7 Coconut Palms (Cocos. nucifera) 
‘occur all over the moist tropics, 
‘growing to over 30m (90), with large 
Clusters of nuts hanging ot the base of 
the leaves. The fibrous ‘coconut is 
inside 0 large, smooth husk The 
‘arowing tp, milk ond flesh of the nut 
‘re edible. The rich sop can be boiled 
down for sugar 


These are only some of the tropical 
palms, Others include: 


= Piva Palm (Guiliema utils) oF 
America, has a slender trunk bonded 
with alternating dark and fight spines. 
Boil or roast the red or yellow fruits: 

= Baccaba and Patawa Palms 
Uessenia und Oemocorpus) of Brazil 
‘and the Guianas, have small purplish 
fruit 2em (in) long, Eat bath pulp and 
ere! of seed. 

= Assai Palm (Euterpe oleraceea) of 
tropical South America, which tikes 
swompy places, especially along tidal 
rivers Edible fruit has soft purple pulp. 


The growing tip, enclosed by a crown 
of leaves or the sheathing bases of 
the leaf stems, is edible in most 
palms — eat any that are not too 
bitter. Fruit should be AVOIDED if 
rot positively identified, especially 
in the Far East ~ some contain 
crystals which cause intense pain. 


8 Papaya or Pawpaw (Carica papaya) 
‘so-so tree, 2-6m (6-18) toll, with 
© soft hollow trunk and large, dark 
‘green, melon-lke fruits that ripen to 
‘range or yellow in moist conditions 
Jn al tropical ports. The fruit i eile 
row ond settles an upset-stomach; 
young leaves, fawers and stems are 
edible boiled. Change the water AT 
LEAST once. Although it wil tenderize 
tough, stringy meat, do not get the 
‘milky sop of unripe fruit inthe eyes. 


173 


FOOD 


1 Horseradish Tree _(hioringa 
‘leifera} grows to 1Om (30K), with 
small oval leaflets, yellow-white 
flowers and 28-38m (10-15in}, 
narrow, three-sided brown seed pods; 
wild in East Africa ond South Asia but 
now elsewhere. Leaves and young 
fruits are edible row or cooked: slice 
‘ider pais and cook ike string beans: 
use the root for seasoning like true 
Horseradish, The expressed juice of 
leaves and roots és good for treating 
inflammations. 

2 Mango (Mangiferaindico) grows in 
moist places almost everywhere, 0 
‘medium to large evergreen tree with 
clusters of narrow dark green leaves. 
The ova, 7-5-13cm (3-Sin) fruits ripen 
from green to orange, ore edie row 
‘and contain a long flat stone. Mongo 
leaves can cause an allergic reaction in 
‘some people 

1 Sweet Sop (Annono squomoso) Is 0 
5-6m (15-I8ft) tree with oval to 
Spear-shoped leaves and Mognolia- 
like flowers. The aromatic, pulpy, globe- 
Shaped green-grey fruit is made up of 
‘many parts. Originally from the New 
World tropies but now in most parts: 
two edible relatives in Central and 
South America are the Cherimoya (& 
cherimala) and Bullock's Heart (A 
reticulata), 

4 Sour Sop (Annona muricata) is 
Similarly widespread, growing to 12m 
(381), with forge Avocado-shoped 
fruits, green, leathery, spiny, weighing 
Lup to 2kg (4816). A very vefreshing acid 
toste 

5 Wild Figs (Ficus) exist in great 
variety in tropical and. subtropicot 
reas, a few species in deserts. They 
‘re straggly trees, with aerial roots 
‘and leathery evergreen leaves 
rounded at the base. The pear-shaped 
fruits ore edible raw and grow 
direct from the branches. Avoid any 
thot ore hard and woody or with 
invtant hairs. 

6 Breadfruits (Artocarpus) are trees, 
growing to. 18-20m (48-56tt, with 
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Jorge, deeply lobed leaves, glassy 
‘obove, milky sap and very large 
warty-skinned fruits; now in most 
tropical parts. The starch-rich fruits 
‘re edible row if the skin is scraped 
‘away and the tougher inner bits 
discarded. 

7 Sterculias (Sterculia} ore found in 
Central and South America, and 
elsewhere in the tropics. Large trees, 
up to 30m (100ft) high, with 
buttressed roots and hand-shaped 
leaves, their fruits consist of pods 
containing black, peanut-lite seeds 
that can be eaten raw after removing 
the irtant hairs. 

{8 Bael Fruit (Aegle marmelos) so tree 
of 25-45m (7-15f0, with dense 
prickly growth and rounded, yellowish 
‘or greyish fruits up to 10cm (4in) 
‘across; in parts of the Himatayas, Indio 
‘and Burma, A relauive of the citruses, 
the fruits are edible raw and very rich 
in vitamin C. 

9 Bignays (Antidesmoa) are evergreen 
shrubs, 10-13m (30-#0ft) tall, with 
shiny 15cm (Gin) leaves, in the 
forests of South-east Asio. The fleshy, 
many seeded, currant-like fruits are 
about fem (sin) across and mature 
from green to white to red and 
Finally black. Edible raw, but better 
Jelied 


In primary tropical forest_most 
fruits are carried in the canopy, 
unreachable unless you climb the 
trees or chop them down, though 
elsewhere fruit can prove a 
valuable food. More accessible is 
the vine-like Rattan, which can be 
cut and then hauled down to 
obtain the growing tip. Pee! off the 
outer sheath for about 2m (7ft), 
‘cut into lengths and roast in the 
‘embers of a fire. The inner heart of 
some is _very. tasty, although 
slightly bitter. 


é 
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1 Ceylon Spinach /@asello olbo} is 
trailing, vine-lke, with thick cirewlor 
to oval or heort-shaped leaves, from 
‘greenish to purplish-red, ond fleshy 
purplish flowers; now in mast 
tropica! areas. Young leaves ond 
stems are edible cooked and rich in 
vitamins 

2 Tamarind (famarindus indica) is 0 
densely branched tree to. 25m (80h 
swith evergreen feaves formed of many 
leofets, pole yellow. red-streaked 
Flowers and brown seed pods. The pulp 
of the pods is edible raw and rich 
in vitamin C. Seeds ond young leaves 
con be used as a pothert, and the 
bark peeled and chewed, Now in 
mony oreos 

3. Goa Beans (Psophocarpus) ore 
‘climbing plants oF the Old World 
tropics, with spear-shaped leaves, blue 
AMowers and 20¢m (Bin) long, four- 
‘angled, scaly seedpods. Boil young 
pods fight, they taste like beans, the 
young seeds like peas, ar roast older 
seeds. Young leaves, which taste like 
spinach, ure edible raw. Thicker roots 
richer in protein than potato. or 
cassava, oFe edible raw or canbe 
boiled, fried, baked or roosted like 
potatoes 

4 Yam Beans (Pachyrrhizus ond 
‘Sohenestylis) are climbing plants with 
irregular, three-part leaves ond o 
Anatty tumip-like root, large potches 
inmost ofthe tropics. The edible tubers 
ae crisp, sweet, juicy tasting of nuts 
The seeds are harmful raw and must be 
wel boiled. 


x 
5 Peanut (Arachis hypagaea] is not a 
ee twe nut and. its. fults ripen 


Underground. A small, bushy plant with 
pis of bluntly oval teaves, yellow 
fiowers and stalks feoding to the 
wrinkled pods. Very nutritious, the 
‘nuts’ keep well, Now in most tropico! 
and subtropical parts 

6 Cassava or Manioe (Manihot 
esculente) is a stople throughout the 
tropics, growing on well-drained 
‘ground to 5m (Sit) with jointed stems 
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‘ond fong-statked leaves divided into 
5-9 blodes. The fot tubers are lethally 
POISONOUS raw and MUST be cooked. 
Keeps well, particularly when ground 
os flour. 

7 Ti Plant is @ shade-foving shrub, 
2.5m (6-151), with wharls of shir 
leathery, sometimes reddish leaves 
‘ond, when ripe, red berries; now 
widespread in tropical ports 
particularly Pocific islands. Boil the 
Storch-rich fleshy roots. 

8 Taro (Colocasia) occurs on wet 
‘ground all over the tropes, up to 1:5m 
(ft), with large, very long-stalked 
‘heart or orrow-shaped leaves arising 
from the roots ond an orange-yellow 
flower. The tubers taste like potatoes 
but are harmful row and MUST be 
cooked, 


{In tropical forests the best places 
to forage will be along. streams 
and watercourses. Anywhere that 
the sun can penetrate the jungle 
floor will produce a mass of 
vegetation but river banks often 
offer the clearest area, where plants 
mn thrive, 

While climbing spurs take the 
‘chance to look out over the jungle 
canopy below. Good views are 
obtained where a deadfall_ has 
crashed down and cleared an are 
Palms and other recognizable food 
plants can be seen among the 
‘canopy. Their position can be noted 
and they can then be felled when 
required. A tree will provide a 
considerable supply of food. 

If weak and short of food do NOT 
‘expend effort felling a tree. You 
tise up too much energy and there 
will be easier food available, 

Do not pick more food than you 
need. Food deteriorates rapidly in 
tropical conditions, Leave food on 
the growing plant until you need it 
and eat if fresh. 
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1 Water Spinach (/oomoee aquatica) 
‘is tailing, wth fight green leaves and 
White lowers; avays by fresh water, 
usually as a floating plant, mainly in 
Southeast Asi. Older stems are stringy, 
fut young leaves and shoots can be 
boiled 

2 Lotus (Nelumbium nueiterum) is 
‘aquatic, with tong-stotked, bell 
shaped bluish-green leaves stonding 
‘lear of the water and pink, white or 
vellow flowers. Young leaves and 
peeied stems are edible boiled. Boil or 
roast ripe seeds, fist removing the 
bitter embryo, ‘and the rootstalk 
Moiniy Asia, and in parts of Africa and 
North America 

3. Water Lilies (Nymphaea) grow in 
lakes, rivers and streams in tropical 
Area, India and America, and also 
in some temperate areas, with 
heart-shaped leaves floating on the 
water. They have large, starch-rich 
edible tubers, stems which can be 
cooked, and bitter but nourishing 
seeds 
4 Wild Yams (Dioscorea) occur in 
great variety. in fight forest and 
clearing in both tropical and 
subtropical parts. Twining, vine-like 
stems, some kinds bearing edible 
‘aerial tubers, lead to one or more 
forge underground tubers. If kept 
dey, yoms store well. Some Wild 
Yams are poisonous raw: for safety 
ALWAYS cook — pee! tubers, boi! end 
mosh. 

5 Wild Rice (Oryz0 and in North 
America Zizaniol is 0 coarse grass 
growing to 90-1200m —(3-4ft), 
Widespread in the tropies and many 
temperate oreos. Tesh and winnos 
the grains to remove the tough, haity 
husks, then bol or roast ond pound for 
stovame as flour, 

6 Sugarcanes (Saccharum) are 
cuftivated all over the tropies and 
‘occasionally occur wild. A course, tal, 
aromatic, thiok-stemmed grass, the 
canes can be chewed raw to extract 
ther sveet juice 
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7 Millets (Panicum, Pennisetum and 
(thers) are tropical cereals, sometimes 
found wild in drier ares They ore 
grosses, several feet tall, with 
‘sousage-like heods of grain, each one 
‘about the size of @ mustard seed, 
Pound to 0 meal and use in stews or as 
porridge, 

8 Bamboos are giant grasses of most 
‘moist areas. The ropidly growing, 
edible young shoots are at the base 
af the plant; split the tough outer 
sheath and cook like asparagus. The 
seeds of @ flowering bamboo are also 
edible. Bamboos have @ great many 
uses as building materials, for 
‘making rafts, even as cooking 
utensils, as well as their use as food. 
Take care when collecting: some 
plants are heavily stressed and may 
‘shatter or whiplash, 


In addition to the plants illustrated 
and listed here there are others 
that you will recognize from thei 
similar cultivated varieties, such as, 
the Avocado (Pereseo americana) of 
tropical South America, where itis 
4 favourite food of many animals 
= including the jaguar! — the 
Christophine (Sechium edule), 

to Brazil, and the whole 
family of citrus fruits, with about 
60 wild species in indo-Malaya 
and China, some growing at quite 
high altitudes. But BEWARE. 
Strychnine has fruits that look lke 
oranges but whieh are DEADLY 
POISONOUS. 


{nthe tropies you will usually have 
8 choise of plant foods so stick to 
the ones you can identify and 
know are safe. If you need to 
eat unknown piants always. apply 
the edibility test, using very 
small amounts. 
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EXPLORE THE TECH Raytheon 


Did You Miss It? Get Breaking Defense Coverage Of SNA Symposium Here — 


Pentagon Studies Weapons That Can Read Users’ Mind 


By SYDNEY 4 
‘on July 4,201 
15 Comments 


2 vy fGins 


SHARES 


EEDBERG JR, 


at 345 PM 


NEWSEUM: The troops of tomorrow may be able to pull the trigger using only their minds. As artificially intelligent drones, 
hacking, jamming, and missiles accelerate the pace of combat, some of the military's leading scientists are studying how 


mere humans can keep up with the incredible speed of cyber warfare, missiles and other threats, 


One option: Bypass crude physical controls — triggers, throttles, keyboards — and plug the computer directly into the 
human brain. In one DARPA experiment, a quadriplegic first controlled an artificial limb and then flew a flight simulator. 
Future systems might monitor the users’ nervous system and compensate for stress, fatigue, or injury. Is this the path to 


what the Pentagon calls human-machine teaming? 


This is an unnerving scenario for those humans, like Stephen Hawking, who mistrust artificial intelligence. If your 
nightmare scenario is robots getting out of control, “let's teach them to read our minds!” is probably not your preferred 
solution. It sounds more like the beginning of a movie where cyborg Arnold Schwarzenegger goes back in time to kill 


someone. 


FOOD 


These are some of the many other 
edible plants which you might find, 
all are good to cat if prepared as 
‘suggested: 


PALMS 
Palmyra or Borassus palm (Borossus 
flobeliterl, growing in drier parts of 
tropicol Africa, southern todia and 
Burmo, resembles a Dote Poim, 
with similar fon-like leaves. Sort 
insides of the three-part nuts ore 
edible, sap makes 0 pleasant drink 
and flowering parts can ve tapped 

for their sugary juice. 

Saw palmetto (Serenoo repensh 
common on sandy ground from 
Souther USA into Centra! America 
Average 1-2m (3-711 tal, with long, 
Stiff fan-shaped groups of leaves, 
clusters of white flowers and oblong 
block felts. Growing tp (palm heart) 
edible raw or cooked. 

Yuecas (Yueco) of many kinds grow on 
sandy ground, from USA into Central 
America. Evergreen, woody-stemmed, 
with stiff strord-tike leaves off a stem 
or in a cluster at the top, Petals of six- 
petalled white flowers ond ripe pulp of 
‘oblong gerkin-fke fruits are edible raw 
or cooked. 


NUTS 
Brazil Nut (Bertholletia exceiso) is 
widespread on dry ground in forests of 
tropical South America, 30-4om 
(100-130ft) high, with long, crinkly 
‘margined, ovol leaves and yellow 
flowers. Pot-shaped, lidded capsules 
contain 15-30 edible nuts. In the same 
‘area Sopucaya (lecythis urigera) nuts 
‘come in similor copsules ond are 
equally tasty, 

Cashew Nut (Anacardium 
occidentale}, originally native to 
north-eastern South America, now 
grown all over tropies, are shrubs or 
‘medium-sized trees with evergreen, 
broadly oval, leathery, prominently 
veined leaves in opposite pairs ond 
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pinkis-yelow flowers. Eat ONLY nuts, 
borne on the end of @ peor-shaped, 
reddish, fleshy fruit stolk. Harmful 
unless peeled ond cooked, BEWARE: 
smoke or steam from cooking con 
‘use blindness. 

Indian Almond (Terminalia catoppa), 
found in scrubby, especialy coostal, 
area over almost oll the tropes, has 
very large, leathery, club-shoped 
leaves. Mature trees spread to 10m 
(0"t), young ones have distinctive 
circes of horizontol brenches. Hard 
edible nuts in 0 fibrous, thick green, 
fleshy shell, cluster ot the branch 
tips. 

Queensland — Nut (Macademi 
terniolia) grows in north-eastern 
Austroliy on 0 tree about 12m (40ft} 
tall with many narrow, speor-shaped 
leaves. Round nuts in greenish husks 
come in clusters 


FRUITS 
Guava. (Pssium quojava) of Centro! 
and South America, widely introduced 
elsewhere, are smail gnarled trees, up 
{0 10m (30f0, with peely, light brown 
bork, oval leaves in pais (sgitly hairy 
below), white flowers and. large 
crabapple-tite light yellow ruts with @ 
whitish to pinkish, creamy, seedfiled 
pulp, flble row or cooked ond rich in 
vitamin C. 

Persimmon (Diospyros) found in 
wwoste places ond dry woods of warm 
temperate east Asia and southern 
USA, introduced elsewhere, can reach 
20m (634). Small, sometimes crinkly, 
Spear-shoped leaves moke good ted, 
Fich in vitamin C. Round, yellow to 
reddish or purplish, tomoto-tie, 
5-750m (2-2"hin) fruits ore edible 
raw or cooked. 
Rambutan.(Nephelium loppoceum) 
‘rows in forests in ports of Southeast 
Asio reoching 20m (63. Bushy, with 
‘dork brown bark, mony small dork 
‘reen leolts, small greenish flowers 
and clusters’ of small, soft-spined, 
haiy-looking fruits ripening red 


TROPICAL PLANTS 


Fleshy white inner pulp — not seed — is 
edible raw and ich in vitamin C. 
Pulason (N. mutabile) is @ smaller 
tree in the some area with equally 
good blunt-spined fruits with a 
yellowish pulp. 

Durian (Ourio zibethinus), 40m 
(130ft) trees, native to Moloysio ond 
Borneo, widely introduced in south- 
east Asia, with long, speor-shoped, 
bronze to olive green leaves and large, 
spiky-surfoced, distinctive yellow 
fruits. Cream-coloured pulp (not 
seeds) is foul smelting but delicious to 
eat. 

Malay Apple or Pomerae (Syzygium 
rmolaccensis) reaches 15m (SOM), with 
lossy green, broadly spear-shoped 
Teaves, clusters of bright pin flowers 
and smallish Sem (2in) red, opple- 
like fruits, smelling of roses and 
edible row, 

Rose apple (S. aqueum) is similar but 
with yellowish or white pear-shaped 
fruits tasting of apricots. Both native 
to rain forest and scrubby places 
in Maloysio, widely introduced 
elsewhere 

Carambola (Averrhoa corambolo} 
grows in Indonesian forests. Smal, 
‘average 8m (24f) height, with many 
light green, smal, speor-shoped leave, 
clusters of small whitsh-pink flowers 
‘and yellow, ribbed fruits 75-12:5em 
(3-Sin) Jong, edible rom, though 
sometimes aci 

Mangosteen (Gorcinia mongostano) 
of south-eost Asion forests, reach 
12m (40ft), with fong, leathery, dark 
green leaves in poirs, large yellow 
‘and purple flowers ond round, 
tomato-shaped —_purplish-brown 
fruits whose five seqments of inner 
white pulp ore edible row There are 
severo! kinds, 

Passion Fruit or Granadilla 
(Passiflora edulis), climbing plant, 
native to Brazil, introduced elsewhere, 
with tong twining stems, three-lobed 
leaves, aistinctive tendril-tike white 
‘and purple flowers and egg-shaped 


purple fruits with 0 many-seeded, 
slightly acid pulp. Mony kinds of 
edible passion fruits grow in tropical 
America 

Jackfeuit (Ariocarpus heterophyilus) 
cof southern Ingo, ow found widely a 
Southeast Aso, is ie breoofuit.A tree 
reaching 25m (80%, with dark green, 
feathery, bluntly oval leaves and huge 
warty fruits up to 32k9 (70lb) in 
weight, elle row but better cooked; 
‘seeds can be roasted 


VEGETABLES 
Okras (Abelmoschus) There are many 
species ofthis bushy herb. A cluster oF 
Up 0 40 yellow, five-petalled flowers 
‘produce the Yad’ fingers’ which ore a 
‘good food for those with stomach 
trouble ond can be eaten raw. Roast 
the seeds inside 

Potato (Solanum tuberoisum) grows 
ld jn the Andes, but BEWARE of its 
{omoto-tike fruits — whieh in tis case 
are poisonous. The wild tomato looks 
‘0 Similar that itis safer t0 avoid it. 
‘Altvays cook potato tubers 

Sweet Potatoes (Hpomoea) are now 
ound in many parts of the work but 
Gre especially abundant in the topics, 
where they ove widely cultivated, They 
are strogaly, creeping, vinelike ploris, 
often with heart-shoped leaves, ond 
sometimes large, spindly tubers. These 
can be boiled or roasted. They may 
exude 0 milky juice, but this is not 
poisonous 

Beans (Phaseolus) occur widely in 
huge variety, mony as escapees from 
cultivation. All are twining scrambling 
plonts with ‘pea-flowers" in various 
colours and beans in fong pods, like the 
domestic type. Seeds highly nutritious 
= boil them. 

Snake Gourds (Iricosanthes) of 
Indo-Malaysia and Australia. are 
straggling, vie-fie plonts with lobed 
feaves and very tong, thin, snake-ike 
fruits up to 2m (6VAft) long. A 
common kind has bright red fruits. 
Sie them, then bol 
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POISONOUS TROPICAL PLANTS 


2m The proportion of poisonous plants 

in the tropies is no greater than in 
any other part of the world. Watch 
out for the following — they are 
either poisonous to eat or irritate on 
contact, 


1 White Mangrove (Avicennio 
7 marino) is slender, growing to. 6m 
4 118A) in mangrove swamps ond 
estuaries from tropical Afca east to 
Indonesia and Australasia, It has pale 
bvark, many pencit-ike roots spear- 
shaped to oblong leaves, yellow 
flowers and small round white berries. 
The sap blisters the skin ond wil blind 
iit gets in the eyes 
2 Nettle Trees (Loportea), widespread 
in the tropies, often by water, are 
smallish, with crinkly, speor-shaped, 
sharply-toothed leaves and drooping 
spikes of flowers ~ like an ordinary 
nettle. There are many kinds, including 
temperate ones. The burning sting is 
‘ike @ nettle’ but much worse. The 
seeds are very poisonous. 
3 Cowhage (Mucuna pruriens), of 
scrub and light woodland, is tailing, 
vine-ite, with oval leaflets in groups of 
three, spikes of hairy dull purplish 
flowers and brown hairy seedpods. 
Contact with pods ond flowers causes 
inntation, blindness ifn the eyes. 
4 Pangi (Pongium edule) a tree 
reaching 20m) (60° in jungle in south- 
cast Asia, mainly Molaysia, with heart- 
shaped leaves in spirals spikes of green 
Rowers and clusters of lorge brownish 
pear-shaped fruits. All ports are 
poisonous, especially the frits ~ the 
seeds contain prusse acid, 
5 Physie Nut Uotrophia curcas) a 
shrub or small tree of wooded country 
throughout the tropics, has large, 
lobed, ivy-lke leaves, small greenish 
yellow flowers ond yellow apple-sized 
fruits contcining three lorge seeds. The 
seeds taste sweet but their oil is 
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violenaly purgative, hence its name, 
‘and the remiains af the pressed seeds 

\ery poisonous. Has equally dangerous 

relatives 

6 Strychnine (Stryehnos nunvomica) 

2 small tree with oval leaves in 

opposite polis and white to 

yellowish-red, orange-tike fruits 

whose seeds, containing strychnine, 4 
‘ore DEADLY. S, Nuxvomica is found 

‘mainly i India but other strychnine 


Soe ea voir ie ee 

Pekar OM Pont or Cantor Reon 

(Ricinus communis), is found 

throu te topes isebiy ond 

waste places, és shrub-like, its leaves 

arranged like the fingers of a hand, 

ote of yom Powers od ‘et 
pik Woccsecbel face Ses he 

Beely naanive seeiane 

fain 

8 Duchesnia (Duchesnia indica) 

Rae ah eee Gate 

Selby ath He ed 

leaves, red strawberry-tike fruits and 

Yeo ot wie Nove: on ace 

7 


ground in the warmer parts af Asia, 
introduced to Narth America. The 
Iruits ave highly poisonous, sometimes 
Total 


These are only some of the 
poisonous tropical species. Among 
‘others which you should avoid are: 


Renghas Trees (Gluio) of parts of 
India cast to south-east Asia, which 
have severely iritant sop. 
Beachapple or Manzanillo. 
(Hippomane mancinella) of the New 
World tropics, a small tree with smooth 

pale bork ond small apple-like 

poisonous fruits, which also has 

Irritant sop. / 
‘Sandbox Tree ua crepitans), also of 

the New World, 0 large, spiny tree 
Whose sop can irritate or temporarily 
blind ~ its. segmented fruits, which 
ook rather like miniature pumpkins, 
‘are poisonous. 
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‘ 


These plants thrive in salty 
conditions — but at the right time 
of year, many other edible plants 
‘occur near the coast. 


1 Oraches (Atriplex) average sem 
(31t}, pole-stalked, with pale green 
spear-sinaped or triongulor leaves ond 
spikes of small gveenish-wiite flowers; 
on solty ground, some kinds well 
inond. Cook the young leaves: 

2 Sea Beet (Beta vuigoris) is 
sprawiing, red-tinged, with leathery, 
fong-stalked dork green leaves ond 
clusters of small green flowers! on 
European coasts. The leaves are edible 
‘aor bole. 

3 Sea Rockets (Cokie) average 30m 
(1A, with fleshy, blue-green fobed 
feavés, lilac or purplish flowers and 
egg-shaped seedpods. The peppery 
eaves and young pods con be eaten 
row or as 0 potherd. 

4 Glassworts or Marsh Samphire 
‘Saticornio), often widespread in saline 
areas, hove plump, greenish-yellow 
Jointed stems up to 30cm (17) high. 
Some grow in great density on mud 
flats as single shoots 15em (Gin) high 
Minute flawers are scarcely visible at 
the junction of the stems. Rock 
Samphire (Crithum maritima), 
‘quot ond businy, with umbels of yellow 
flowers 5 no relation but grows on 
shingle as well as clits thick, hairless 
stems and fleshy, grey-areen leaves, cut 
into. morrow leaflets, are both edible, 
Cook and suck cay the festy parts. 

55 Scurvy-grasses (Cochiearia) average 
25m (10% with dark green, fleshy, 
hheart-orkaney-shoped eaves and small 
white or pik flowers; often abundant on 
coasts Very bitter, best leached in water, 
{bt so rein vitamin C tho the survivor 
should eat it encountered, 

6 Sea Kale (Crombe maritima) is 
cabbage-tike, with thick grey-oreen 
eaves, four-petalied white Rowers and 


SEASHORE PLANTS, 


slobulor seedpods; on European 
‘coasts. The very tough leaves are beter 
cooked! the underground stems con be 
sliced and thoroughly boiled. 

7 Sea Holly (Eryngium moritinum) is 
thistefite, averaging 6Oem (2), with 
spiky, whitened ce-blue leaves and 
@ blue thistle head; on north Eurepeon 
coasts Dig out the fong rots sie, boil 
£8 Oyster Plant (hiertensia maritima) is 
spraviling, mat-forming, blue-green 
‘and fleshy, with oval leaves and 
‘lsters of pink to blue-purple flowers; 
‘on north European coasts. The leaves 
tore edible row oF cooked. 

9 Scots Lovage (Liguticum scotcum) is 
stocky, celery-scented, to. 8dem (ft, 
atten purple-stemmed with bright green 
eaves and heads of tiny white flowers 
on north European coasts. Row leaves 
are rich in vitomin : or ocd these and 
chopped stems to tier foods. Several 
similar lovages oceur elsewhere. 


TROPICAL SHORES 

‘Tropical shore vegetation is likely to 
consist principally of palm trees, 
though in the Old World tropics it 
‘may be possible to find: 


Screw Pines (Pondonus), so-called 
because oF their thin spicy groupe, 
Jeaves Tey cm often be dstingured by 
the many drial roots atthe base of the 
trunk Knob lobular, many-seamented 
fut oe avaobe al year round ond in 
some kinds make good ening, 

Wild plums (Spondias) may also be 
found near the const. 

Sour Plum (Ximenia cotta), « small 
Usually thormy tree whase plum-fke 
yellow fruits have edible pul. There 
‘re several diferent kinds throughout 
the tropes 

Other plants could _inelude 
Passionfruit, often found near the 
hore nthe tropical Americas, and the 
fleshy stemmed Seaside Purslanes 
(Sesuvium) which grows near beaches 
and salt water, oF which the whole 
pont can be eaten. 


185 


SEAWEEDS AND ALGAE 


186 


shallow waters, anchored to the 
bottom or @ rock, but there are 
some that float on the surface i 
the open oceans. Coastal weeds are 
usually found stratified with green 
forms growing in surface waters, 
red in shallow water and brown a 
little deeper. 


1 Sea Lettuce (Uiva loctuco) is light 
veer, resembling garden fettuce, and 
's found on rocks ond stones in the 
Atlantic and Pacific, especially where 
water runs into the sea. Wash ard bil 
2 Enteromorpha intestinalis pale 
‘areen, with pod-iike, unbranched 
fronds up ro S0em (2) long, usualy 
Jess. Often abundant on rocks in rack 
pools ond also. on saltmarshes, in 
Cooler waters around the world. The 
whole plant is edible, either fresh or 
dried and pulveried, ts best picked i 
early spring. 

3 Kelps (Alero and lomineria} have 0 
Short cylindrical stem and thin, wavy, 
clive-green fo inown fronds, often very 
tong; on rocky shores of the Atlantic 
and Pacific. Eble rave but better bole. 
4 Irish Moss (Chondrus crispus) 
consists of forking, lobed purplish to 
alve-green fronds, often jn dense beds 
‘on Ailantie shores, Wash and boil 
Cooled, the residve will set like 
gelatine, Fronds may be dried for 
storage; leave them i the sun unt 
they have bleached white 

5 Sugarwrack lominarir socearina) 
has fona, ft, wovy-margined, yellow- 
brown fronds attached t0 stones and 
rks; common in the Attantic, and aff 
China and Japan. Young fronds ore 
cable ra, beter cooked. Sweet-testing. 
6 Dulse (Rhodymenia polmota) has 
purple-red, short-stemmed,fabed, fon 
shaped fronds, ond occurs in the 
Atlantic ard Mediterranean. Leothery 
tut sweet; boil it Dutse can be dried 
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and role! for chewing tobacco. 
7 Lavers (Porphyria) have thin, 5 
imeguloriy shoped, satiny re, purplish 

‘r brown fronds ond ore found in both 

the Atlantic and Pocitic. Boil until 

tender, then mash. Use as a relish or 

combine with grains to moke cokes. 

Very tasty 


Rich in vitamins and minerals, 
seaweeds are an ideal survival food. 
Those shown here are common and 
safe to eat. 

There are no poisonous seaweeds 
‘but some contain acids which 
irritate the digestive tract and some 
are violent purgatives. If not 
identified as a known edible species 
try only small amounts. Even with 
the more edible varieties eat only a 
little until you become used to 
them. Do NOT eat seaweeds if short 
‘of water. If possible wash them in 
freshwater before eating, to remove 
some of the salt. 

Collect growing weed, firm and 6 
smooth to the touch, not pieces 
washed up on the beach. Reject any 
that smells bad. Some which 
contain irritating acids can be ( 
detected by crushing between the \ f 
fingers and leaving for five minutes, 
by which time they give off an 8 a 
Unpleasant smell. All seaweeds ; 
decay rapidly out of water. Use soon — 
after collection or dry for later use. = 


7 
FRESHWATER ALGAE any aD 
8 Nostoc (Nosioc) is 0 freshwater » 3 
algae of North Amico and Eurosia, 
forming green, round. elke 
imarble-sizedgfobules in pols, from z 
spring on. Dry ond use 0s thickener 

EAT ONLY bright _green fresh-looking 

algae, AVOID ALL BLUE GREEN ALGAE, 

ITIS POISONOUS. It 15 found in 

freshwater notin the Seas and oceans, 

floating on the surface of stagnant 

pools Identify by is blue-green colour 

tnd by its gassy mel 
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TRAPS AND TRAPPING 


tis easier to trap most small prey than to hunt them. Even if you 

spot a small animal it offers very little target and can easily take 
cover. Trapping requires less skill and leaves you free to spend time 
foraging for other food. Nevertheless be ready to take advantage of 
sitting prey if you get the chance. 

The survivor's own preservation must take precedence over 
humanitarian principles and unfortunately some of the easiest traps 
can cause considerable suffering to the animal. A trap which could 
bring quick death to the species for which itis intended, perhaps by 
strangulation, may catch another animal by a limb and leave it 
suffering for hours. Regular checking is essential. Leaving a trap 
line unchecked will prolong an animal's pain and increase the risk 
that your catch may be poached by an animal predator or that the 
prey will have managed painfully to struggle free. 

A great deal of error can be eliminated by studying 
the animals and their habits. Choice of baits and sites is 
important. If one does not work, try another. BE PATIENT. 
Give the traps time. Animals will be very suspicious at first 
but with time will come to accept them — and that is when they 
will run into them. 


SURVIVAL SCENARIO 


If you have no food supplies which foods are the most 
important to hunt or forage for? 


No one-food source is more important than another, in fact it is 
vital that in any survival situation a mixed diet is achieved. If this 
does not happen then you will actually feel more tired and 
Unwell if you just eat say fat or protein. However, if you are 
injured then you will need mote proteins to help repair the 
damage, and in general you should eat little and often. 


Even when on the move, a few simple traps, quickly set up 
overnight, may be productive, and if you are making a more 
permanent camp you will be able to set up well-planned lines of 
traps. The more you set, the more chance you have of success. 
Establish as large a trap line as you can manage in your area, 
Inspect it at first and last light. Collect the game and reset the traps. 
Repair any traps as necessary and move those that are repeatedly 
unfruitful. To be effective a trap must be very sensitive, so may be 
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fired accidentally. You will probably have several empty traps for 
every success, but this does not mean that you are doing things 


wrong. Ifa trap has not fired, but the bait has gone, it is an indication 
cither that the bait was not sufficiently securely fixed or that the 
trigger mechanism is too tight. Check both when you reset the trap, 

By doing the rounds regularly you effectively patrol an area, 
noting the many signs of activity or change which help to build 
up knowledge of your surroundings 


TRAPPING TIP 


Baiting a trap will attract the game. In a survival situation food 
may be scarce but, if you know there are animals to trap, a litle 
used as bait may bring large rewards 


Where to trap 

Find the game trails or runs, which lead from an animal's home to 
where it feeds or waters. Look for any natural bottleneck along the 
route where it will have to pass through a particular position — a 
deadwood fall or a place where the track goes under an obstruction 
will be ideal places to set a trap. 

Do not place a trap close to an animal's lair, That is where it sits 
and listens and sniffs the ai. If at all suspicious it will either stay put 
or use a less obvious route. Don't place a trap close to its watering 
place either. There, too, the animal is on its toes and alert, more 
likely to notice anything unusual 

IF you lay traps down the side of natural pastures the animals will 
not go near them but use other routes. However, when alarmed they 
panic and will take the shortest route to cover. That is when the 
crudest and most obvious of traps will be successful. Rabbits are 
easily caught by causing them to panic. 


Trap construction 

The simpler traps and snares are made of string or wire. It will be 
easier to keep a loop open in the air if you use wire and the 
wire in your survival tin is ideal. Even the most sophisticated 
need nothing more than a knife to make them out of available 
wood. The choice of materials is important. Use strong, springy 
wood. Do not use dead wood or wood found on the ground. 
Hazel takes a lot of beating: it is easy to carve and retains its 
spring and strength. 
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But the Pentagon officials who talked up this research yesterday at Defense 
One's annual tech conference emphasized the objective was to improve 
human control over artificial intelligence. Teaching Al to monitor its user's, 


level of stress, exhaustion, distraction, and so on helps the machine adapt 


itself to better serve the human — instead of the other way around. Teaching 
Alto instantly detect its user's intention to give a command, instead of 
Nowy 478 dove, requiring a relatively laborious push of a button, helps the human keep control 


— instead of having to let the Al off the leash because no human can keep up 


it. 


Official Defense Department policy, as then-Secretary Ash Carter put it, is that the US will “never” allow an artificial 
intelligence to decide for itself whether or not to kill a human being. However, no less a figure than the Carter's 
undersecretary of acquisition and technology, Frank Kendall, fretted publicly that making our robots wait for human. 
permission would slow them down so much that enemy Al without such constraints would beat us. Vice-Chairman of the 


Joint Chiefs, Gen. Paul Selva, calls this the “Terminator Conundrum.” Neuroscience suggests a way out of this dilemma: 


Instead of slowing the Als down, make the humans’ orders come faster. 


Accelerate Humanity 


“We will continue to have humans 
on the loop, we will have human 
input in decisions, but the way we 
go about that is going to have to 
shift, just to cope with the speed 
and the capabilities that 
autonomous systems bring,” said 
Dr. James Christensen, portfolio 
manager at the Air Force Research 
Laboratory's 711th Human 
Performance Wing. “The decision 


DARPA Revolutionizing Posies programs devising new kinds fail nbs — an new ways to convo ten. cycle with these systems is going 
to be so fast that they have to be 
sensitive to and responsive to the state of the individual (operator's) intent, as much as overt actions and control inputs 


that human's providing.” 


In other words, instead of the weapon system responding to the human operator physically touching a control, have it 
respond to the human's brain cells forming the intention to use a control. “When you start to have a direct neural 
interface of this type, you don't necessarily need to command and control the aircraft using the stick,” said Justin 
Sanchez, director of DARPA's Biological Technologies Office. “You could potentially re-map your neural signatures onto 


the different control surfaces” — the tail, the flaps — “or maybe any other part of the aircraft” — say landing gear or 


weapons. “That part hasn't really been explored in a huge amount of depth yet.” 


Reading minds, even in this limited fashion, will require deep understanding and close monitoring of the brain, where 
thoughts take measurable form as electrical impulses running from neuron to neuron. “Can we develop precise 
neurotechnologies that can go to those circuits in the brain or the peripheral nervous system in real time?” Sanchez 
asked aloud. “Do we have computational systems that allow us to understand what the changes in those signals (mean)? 


And can we give meaningful feedback, either to the person or to the machine to help them to do their job better?” 


FOOD 
Types of trap 


Trap mechanisms make use of the following principles: 


MANGLE STRANGLE DANGLE TANGLE 


The deadfall mangles. The snare strangles. Springy saplings can make 
a trap more efficient and take the game up in the air — it dangles. 
The higher the sapling the more effectively it lifts the animal. A net 
tangles. Some traps combine two or more of these principles. 


RULES FOR TRAPS 


When setting traps, follow these basic rules: 


1 Avoid disturbing the environment 
Don't tread on the game trail. Do all your preparation off the 
trail and don't leave any sign that you have been there 


2 Hide scent 
When constructing or handling traps don’t leave your scent 
‘on them, Handle as little as possible and wear gloves if you 
can. Do not make a trap from pinewood and sct it in a wood 
of hazel. Each tree gives off its own smell ~ and the animals. 


You are trying to trap have a very high sense of smell, many 
times sharper than yours. Although they fear fire they are 
familiar with the smell of smoke and exposing a snare to the 
smoke from a camp fire will mask any human scent. 


3 Camouflage 
Hide freshly cut ends of wood with mud. Cover any snare on 
the ground to blend in as naturally as possible with its 
surroundings. 


4 Make them stro 
‘An ensnared animal is fighting for its life. It exerts a lot of 
energy in an attempt to escape. Any weakness in the traps 
will be exposed. 


SNARES 


Snares are the simplest of traps and should be part of any survival 
kit. They are made of non-ferrous wire with a running eye at one 
end through which the other end of the wire passes before being 
firmly anchored to a stake, rock or tree. A snare is a free-running 
noose which can catch small game around the throat and larger 
game around the legs. 
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TRAPS AND TRAPPING 


A snare can be improvised from string, rope, twine or wire. 
Consider the kind of animal you are trying to trap when you place 
the snare. A rabbit, for instance, tends to sit in cover and observe. 
When satisfied that all is well it hops along. Setting the snare a 
hand’s length from a fall or obstruction on the trail accommodates 
this hop. If the snare is closer to an obstruction the rabbit may 
brush it aside. 


A wire snare (as big os your fist) can be 
supported off the ground on twigs, 
which con also be used to keep a 
suspended string noose open. 


Length of your hand 


USING A SIMPLE SNARE 


For rabbits and small animals, Use your judgement to scale up 
these proportions for larger creatures, such as foxes and badgers. 


~ Make the loop a fist width wide. 


= Set it four fingers above the ground, and one hand's width 
from an obstruction on the trail 


= Check that it is securely anchored, with twigs to support the 
loop in position if necessary. 


‘Snares under tension 

Make a snare more effective by using a sapling under tension to lift 
the game clear of the ground when it is released. This robs the 
animal of purchase in its struggle to free itself and also helps to keep 
it out of reach of predators. 
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Spring snare 
When game is caught the trigger bar disengages and prey is lifted 
off the ground. Good for animals such as rabbits and foxes, it 
will trap game coming in both directions and is ideally situated on 
the game trail by a natural bottleneck caused by a dead fall or a 
rocky outcrop. 


Cut noteb in trigger bar (a 


o fit notch in 
upright (b). Drive upright into ground. 
Attach snare to trigger bar and use cord 
to sapling to keep tension, 


Baited spring snare 
Mechanism as for spring snare, but here the quarry is tempted with 
a tasty morsel. The noose is laid on the ground, the bait strung 
above. As the game takes the bait the trigger is released. 

Suitable for medium-sized animals such as foxes, this trap can be 
located in an open area as the bait will attract attention. Small 
Clearings in woods are good sites. 


The bot support state shout be only 
| fly diver ito the gourd os (he 


» ‘must fly away with the noose. 
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TRAPS AND TRAPPING: 


Baited spring leg snare 

The prongs of a natural fork of wood, or two sticks tied together, are 
pushed firmly into the ground. The line from a bent sapling is tied 
to a toggle and to the snare and the toggle then passed under the 
fork. When the game takes the bait, which is on the end of a 
separate bar, the bar disengages and the toggle flies up carrying the 
snare (and hopefully the game). This is a trap for larger game such 
as deer, bears and large felines. For the herbivorous deer, bait with 
blood or scent glands, which will arouse its curiosity 


The oper end of the toggle presses 
pred fo pug bck Cog by a 
I br bor Berne tod te fork = he = 
presure of te Tope fay 


Spring tension snare 

The upward counter thrust from the keeper stick (a) on which the 
snare arm (b} rests prevents the switeh from pulling it up. When the 
game becomes ensnared the snare arm is dislodged from the keeper 
stick and the switch line slips off the other end. Suitable for small 
animals such as rabbits. Site it on the game tral 


Note how the switch line secures one 
1 fend of snare orm (b, while the other 
rests on the keeper stick (0). Keep 

the switch fine near the end of the 
BD st072 01 (01 
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This snare can be used to cover two game trails in open country. The 
arm carries two snares and is held in a noteh by the tension of the 
switch line, 


Once ensnared, the animal's struggles 


ie Si cera he sore am ces 
of the direction from which it originally 


approached. 


Roller spring snare 

‘A rounded grip holds the snare arm here, the switch line is best 
pulled back at a slight angle to keep it in place. Suitable for animals 
such as rabbits and foxes. Although tensed in one direction, the bar 
will be dislodged by an animal's struggles. 


A wide area can be covered by 
‘employing several snares on a long 
horizontal bar. Use where the gome trail 
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TRAPS AND TRAPPING 
The platform trap 

This trap is ideally sited in a small depression on the game trail, 
Snares are placed on the platforms on either side, When the 
platform is depressed the trigger bar is released and the game held 
firmly by the leg. Ideal for larger game — such as deer, bears or large 
cats. A platform of sticks, stiff bark or other firm materials rests on 
the bottom bar, and the upper bar fits in the notches. A similar 
mechanism (a) to that of the platform trap, but using a large snare 
and no platform, is activated by displacement of either the toggle or 
bottom bar to catch small game by the neck. 


Stepped bait release snare 

Two forked sticks hold down a cross-bar which engages with a 
baited notched upright (attached to a line in tension), which holds 
it in place and carries the snares. Site this trap in clearings to catch 
small carnivores and pigs 


Retaining bar, or at least a section of it 
should be squared off to fit a square-cut 
notch on the bot stick 
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Double-ended figure 4 snare 

A bait bar is set at right angles across an upright, the faces cut 
square, and a short trigger lodged between them to maintain their 
position. The trigger is linked to a springy sapling and the same line 
carries snares. When the bait bar is dislodged the trigger is released 
Four snares will effectively cover both directions on a game trail, or 
use in clearings to snare small carnivores. 


Double spring snare 

Two saplings are notched to interlock when bent towards each other 
over the game trail. A vertical bait bar is lashed near the end of one 
of them. Two snares can be attached to each sapling, they need to 
be fairly stiff wire to hold their positions. This is another trap 
suitable for use in clearings to catch small carnivores. When the bait 
is taken the game is held in the air between the saplings. 


TRAPS AND TRAPPING 

Toggle and bait release snare 

A bait bar is wedged between an upright and the lower part of a 
toggle, the upper part pressing against a retaining bar. The principle 
is like the platform snare with the bait bar replacing the platform. 
Movement of the bait bar releases the toggle which flies upward 
under tension from a sapling above, carrying snare with it. 


Taut fine from bent sopling to end of 
toggle pulls against erass-bar Boit bar 
keeps togole in position, 


DEADFALL TRAPS 


These traps all work on the principle that when the bait is taken a 
weight falls on the prey. All are good for pigs, foxes and badgers. 
Larger versions can be used for bigger animals such as bears. 


WARNING 


The large versions of these deadfall traps can be extremely 
dangerous for humans as well a5 for the prey for which they are 
intended. The toggle release and dead traps have trip wires and 
are easily set off accidentally. Even in a survival situation ensure 
that everyone knows exactly where they are. In survival practice 
keep people avay from them and never leave such a trap set up at 
the end of an exercise. 


You cannot set a large deadfall trap on your own. Keep the 
mechanism to the side of the trail, well away from the dropping 
weight, or setting it will be too risky. Balance is critical ~ you are 
unlikely to get it right first time. 
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Toggle trip-release deadfall trap 

This uses the same kind of mechanism as the toggle-release snare — 
though this time the release bar keeping the toggle in position 
presses one end of the toggle upwards. A line from the toggle 
passes over a tree limb to support a bundle of logs or other heavy 
weight above the trail. From the release bar a trip line (usually a 
vine) runs above the ground beneath the suspended weight to a 
firm securing point. 


uo the tip ine ut 


ier @ forked sto 
50 that it will pull the trigger bar 
sideways when operoted, 


Balance log 
A forked stick, its ends sharpened to dislodge rapidly and one fork 
suitably baited, supports one end of a cross-bar, the other end of 
which rests on a fixed support, held there by the weight of the heavy 
logs or rock which rest on the bar. When the bait is taken the whole 
trap collapses. 
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TRAPS AND TRAPPING 
‘Squared-face release trap 

Similar to the balance log trap but using a notched upright as the 
support, the lower face of the notch squared off. Fit cross-bar 
against the squared-off lower face of the bar supporting the weight. 


Toggle and bait release deadfall trap 

‘A rock of a group of logs lashed together is supported by a prop 
which is balanced over a fixed forked stick. The other end of the 
prop is clear of the ground and held down by a short line attached 
to a toggle which is wrapped around the upright stick. The toggle is 
kept in place by a bait stick wedged between it and the dead fall 
weight. Dislodging the bait stick brings the whole lot down. 


The forked stick is driven into the 
‘ground frst. 
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DARPA’s Revolutionizing Prosthetics program hooked up the brain of a quadriplegic — someone who could move neither 
arms nor legs — to a prosthetic arm, allowing the patient to control it directly with their thoughts. Then, “they said, ‘Vd like 
to try to fly an airplane,” Sanchez recounted. “So we created a virtual flight simulator for this person, allowed this neural 


interface to interface with the virtual aircraft, and that person flew.” 
“That was a real wake-up call for everybody involved,” Sanchez said. “We didn't initially think you could do that.” 
Adapting To The Human 


Applying direct neural 
control to real aircraft — 
or tanks, or ships, or 
network cybersecurity 
systems — will require a 
fundamental change in 
design philosophy. 
Today, said Christensen, 


we give the pilots 


ATS 


tremendous information 


> 
N 
‘ 
\ 


on the aircraft, then 


NN: 


iy 
‘ 


\ 


- expect them to adapt to 
‘Tony Stak aber Downey i] ees onthe JARVIS se Ietigence ~ exqustely adapted hs personal atengts and weaknesses —to help 
pot ns hon Man sit vel ComesPoremount Pires, it In the future, we could 


give the aircraft 
tremendous information on its pilots, then have it use artificial intelligence to adapt itself to them, The Al could customize 


the displays, the controls, even the mix of tasks it took on versus those it left up to the humans — all exquisitely tailored 
not just to the preferences of the individual operator but to his or her current mental and physical state, 


When we build planes today, “they're incredible sensor platforms that collect data on the world around them and on the 
aircraft systems themselves, (but) at this point, very little data is being collected on the pilot,” Christensen said. “The 
‘opportunity there with the technology we're trying to build now is to provide a continuous monitoring and assessment 
capability so that the aircraft knows the state of that individual. Are they awake, alert, conscious, fully capable of 
performing their role as part of this man-machine system? Are there things that the aircraft then can do? Can it unload 
gees (2. reduce g-forces)? Can it reduce the strain on the pilot?” 


“This kind of ability to sense and understand to the state and the capabilities ™ 
of the human is absolutely critical to the successful employment of highly 
automated systems,” Christensen said. “The way all of our systems are 
architected right now, they're fixed, they're predictable, they're deterministic” 
— that is, any given input always produces the exact same output. 


Predictability has its advantages: “We can train to that, they behave in very 


{ir Force M9 Reaper opeatrs in triing Today's drones 
consistent ways, it's easier to test and evaluate,” Christensen said. "What we "dul etensveruman oversight and are nary user ten. 


lose in that, though is the real power of highly automated systems, 


autonomous systems, as learning systems, of being able to adapt themselves 


“That adaptation, though, it creates unpredictability,” he continued. “So the human has to adapt alongside the system, 


and in order to do that, there has to be some mutual awareness, right, so the human has to understand what is the 


system doing, what is it trying to do, why is that happening; and vice versa, the system has to has some understanding of 


FooD 
Deadfall trap 

The weight of a log or other weight suspended over the game trail 
pulls the line carrying it against a retaining bar held by short 
pegs secured in a tree trunk. The line continues as tripwire beneath 
the weight. Make sure that the line is long enough and tripwire 
anchor weak enough to allow weight to reach the ground. Set the 
pegs slightly downward, but keep them short so that the bar 
disengages easily 


‘Figure 4° deadfall trap 

This looks complicated but once learned is easily remembered and 
very effective. It can be made to any size. A horizontal bait bar is 
balanced at right-angles to an upright with a locking bar, which 
supports a weight, positioned over the bait, pivoted on the 
sharpened tip of the upright. 


0 to engage 
‘orm, square cut on side to fit 
locking arm sharpened at iow 
lend to release 


iched at centre 


to pivot on upright 


oi Va ths 


TRAPS AND TRAPPING 


SPEAR TRAPS 
WARNING 


These traps are particularly qood for killing pigs and deer — but 
they are extremely dangerous and can be lethal to humans. Always 
stand BEHIND the spear when setting and ensure that the location 
and danger is known to everyone. Mark with signs to attract 
human attention. Except in a survival situation never leave spear 
traps set and unsupervised 


ism os the 
deadfal uses rocks to add 
weight and arms the tap with ( 
sharpened sticks. It delivers a stabbing 
12 well as a stunning blow 


Spring spear trap 
A very dangerous trap which will kill game. Effective against wild 
pig. A springy shaft, with a spear attached, is held taut above the 
trail. A slip ring made from bound creeper or smooth material (not 
rough twine which could catch against toggle) attached to a trip 
wire acts as a release mechanism. 

A toggle (a) and short line (to a fixed upright) hold the spear shaft in 
tension. A further rod through ring is tensed between the near side of 
the spear shaft and the far face of the upright, securing all until tripped. 
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Pig spear trap 

Similar to the spring spear trap but operating horizontally, this trap 
has the unarmed end of the springy shaft secured and lashed 
between four uprights. At the business end, the toggle (anchored by 
a short line) retains the springy shaft so long as the toggle point is 
held against the horizontal bar by a ring. The ring is on the end of a 
trip wire, anchored to a post on the other side of the trail 


Note sure thot the spears ated ver 
fmf the springy short or I ry 
fncked sites on inpoctrsteod of ‘Wy 
plait the nial bod 


Spear shaft is set ot a height level with 
the body of the animal it i designed to 
Aillor angled to spring to thot height 


Tension exerted on the springy shaft 
requites the uprights holding it to be 
ery firmly set in the ground and the 
lashings to be strong and secure 


NOTE: Because spear traps are so dangerous, make sure the cord and 
the knots are strong enough to stand the tension, Never approach 
these traps except from BEHIND the spear. 

Take no risks where these traps are concerned. 
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Bow trap 

A simple bow made of suitable 
wood (see Weapons) is held 
taut and angled to shoot 
slightly upwards by upright 
posts and a toggle switch with 
an arrow fitted. The trigger bar 
is held in place by a toggle 
attached to a trip wire, which must be routed round to the point of 
aim, Keep the first stretch of wire close to the mechanism, for there 
is no point in it being tripped by an animal approaching from behind 
the bow. This trap is suitable for large and dangerous animals and 
can work with animals coming head on to the arrow or approaching 
from the trip wire side. (The quarry passes across the arrow as it 
fires.) The arrow may also strike larger animals passing in front of 
the bow first 


WARNING 


Never leave this unattended 
‘where people could walk into 
it itisa potential man-killer 


(o} Notch arrow for bowstring and fo 
trigger bar. Angle trigger bar tip to fit 
arrow notch, cut side to fit eross-bar. Sit 
agle between bottom of trigger bor 


{) An oltemative trigger mechanism: 
Cut a square face on an upright ond o 
square notch on the side of a forked 
stick to engage it. Notch the upper fa 
of the stick o hold the bowstring. Attach 
tripwir to other prong of fork 


203 


Fooo 


Baited hole noose 
Digging pits disturbs the environment and leaves a permanent 
mark. This will alarm some animals. In others curiosity may 
outweigh discretion and they will investigate. Baiting the hole 
may bring animals sniffing. Foxes, pigs, wild cats and badgers will 
all dig up rubbish pits and this could attract them. The animal 
smells the bait and pushes its head down. If it goes past the stakes 
it will not be able to retract it. If it uses a paw it will become 
ensnared. 

Drive four sharpened pliable stakes through the edges of the pit 
to emerge below surface where they are less noticeable. Lay a noose 
across them, attached to a post outside the pit. 


BIRD TRAPS 


Nets 

A fine net stretched between the trees where birds usually roost is 
one of the simplest ways of catching them. Instead of a net, fine 
twine criss-crossed between trees across their flight path will 
damage birds which fly into it 


Bird lime 
Liming is an ancient way of catching small birds. Boil holly leaves 
and any starchy grain in water and simmer until you have a goocy 
mess. Spread this on the branches or other perching places before 
the birds come home to roost and they will get stuck in it when 
they alight. 


‘Suspended snares 
Hang a line of snares across a stream a little above water level. This 
works best when set among reeds and rushes. 
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Baited hooks 
Fish hooks buried in fruit or other food can be an effective way of 
catching birds. The hook gets caught in the bird's throat. 


Noose sticks 

Tie many fine nooses 1.25-2.5em (v:-1in) in diameter, close together 
along a stick or branch, use horsehair preferably but any strong 
material will suffice. Place the stick in a favourite roosting or 
nesting spot with the nooses uppermost. Birds become entangled 
when they alight. Do not remove as soon as one bird is caught. It will 
attract other birds and you will soon have several. 


‘Figure 4’ trap 

This mechanism (see ‘Figure 4° Deadfall on page 200) can be used 
with a ‘log cabin’ type cage, made from a pyramid of sticks tied 
together, which is balanced over the bait. For small birds you can use 
a quick method of making the cage: lay all the sticks in position 
then lay another two sticks, the same length as the bottom ones, on 
top and tie them tightly to the bottom layer, tight enough to keep 
all the others in place. Larger animals will soon break out of this and 
for them each stick must be individually tied in. 


Food 


Experiment with different ways of making a cage. You may have 
a suitable box or large tin which would do just as well. It is also 
possible to prop the raised edge of the cage on a single stick tied to 
a long line. Take the other end of the line and hide some distance 
away. If you hold the string taut, you can snatch the prop away as 
soon as a bird ventures under the cage. Broadcast bait around and 
under the cage. This works best in areas where birds seem plentiful. 


Toggle release net trap 
A net laid on the ground and baited to attract birds has lines from 
the corners to a springy sapling overhead. A tension line extends to 
a toggle mechanism (see previous traps} notched on to a horizontal 
bar and operated by a flat bait stick. Set the bait stick off the ground 
and only just resting against the lower end of the toggle. This trigger 
mechanism needs to be extremely sensitive if a small bird's weight is 
to set it off 


Boit scattered across the net 
attract birds which will be caught 
shen one steps on the bait bar. 


NOTE: If you set traps in a training exercise make sure that they are 
clearly marked so that they are not set off by other people. Spear 
and deadfall traps should be supervised to keep people away for 
they could inflict serious injury or kill. ALL traps should be 
dismantled when the exercise is over 


206 


TRAPS AND TRAPPING 


SURVIVAL CASE STUDY 


Monsoon weather is always bad, but in 1963 it broke all records. 
In this year | was deployed in Borneo to gather topographical 
information and inteligence. We were coming to the end of a 
long operation when our base camp was washed away by the 
torrential rain. Most of our personal kit and equipment was lost, 
‘except for what we were wearing. Low clouds made air re-supply 
impossible and the tropical storms affected our radio 
‘communication. We had to seek higher ground as the whole area 
became flooded. Moving was very dificult because of the swollen 
rivers and landslides. It took us § days to reach a safe landing 
zone (LZ) where we awaited a helicopter to lift us to safety. 


During these 5 days, the only food we had was our meagre 
survival rations. This consisted of a hard biscuit, nuts and raisins, 
4 tube of honey and a 2oz meat block. We shared everything 
dvetween the four of us. Even under normal conditions wild food 
is scarce in the jungle. Fishing is probably best, and collecting 
Various palms, roots and shoots is next best. But the weather 
washed all these sources away, and most animals fled the area 


before we did, so we didn’t pick any food up on our route. 


What we found at the LZ were large white snails. We baked, 
steamed, poached, and even ate them raw, but however we ate 
them they still tasted the some. Nevertheless, they were an 
excellent source of nourishment. We had come to the stage of 
eyeing each other up - and I think these snails even prevented 
cannibalism! 


lessons learnt: 
Carry survivat kit at all times 

Eat anything you can find 

Pool your resources 

Know and practise your survival skills. 


Water was not a problem in this case, in fact we hod too much. 
Caught rain is the only water we don't treat. But iF at all unsure 
of water quality, then boil it Also boil ali meat, insects and roots 
until tender, then reduce to a simmer before adding herbs or 
plants as constant boiling destroys vitamin C content which is 
essential to good health. 
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HUNTING 


Keen observation of all signs of wildlife and a knowledge of the kind 
of animals you are hunting are as necessary to the hunter as skillful 
tracking and accurate marksmanship, They make it easier to be in 
the right place and to take advantage of the terrain. 

Always proceed as quietly as possible. Move slowly and stop 
regularly, Carry your weight on the rear foot so that you can test the 
next step with the toes before transferring your weight. Thus you 
will avoid stumbles and help to reduce the amount of noise you 
produce from undergrowth and snapping sticks. Fast or sudden 
movements will startle the game. Sniff the air and listen, Hunt 
against the wind, or at least across it. 

The ideal time to hunt is at frst light, when more game is likely 
to be about. Animals are also about in the evening, but the light will 
be getting rapidly worse so you need to be sure of the terrain and 
know your way back to camp. In territory you know well this will not 
be a problem, particularly if there is a clear sky and moon or 
starlight to see by. 

If hunting in the evening go out at least an hour before dusk so 
that your eyes will get used to the failing light and you will develop 
night vision — though your prey will probably be able to see better 
than you do. 

‘When hunting during the day, try to hunt moving uphill in the 
morning and return to camp in the afternoon. Signs of animals will be 
easier to read as you move uphill for those on the ground will be 
closer to eye level. Thermal currents build up with the heat of the day 
and carry scents upwards — so when you are coming down the hill the 
scent of the game will reach you before your smell reaches it. After a 
day out hunting and foraging the descent will take less energy than 
‘an upward climb and by then you'll welcome the easier going. 


SURVIVAL ADVICE: HUNTING 


If you are moving correctly, game often will not see you. If an 
animal catches 2 glimpse of you, freeze. You may be the first 


human it has seen, It will be more curious than frightened. Keep 
absolutely still until the animal looks away or continues feeding, 
Avoid large animals, such 05 bears, unless really desperate or 
confident of a first shot kill — or you could end up becoming the 
hunted not the hunter. 
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Get as close as you can without revealing your presence and take 
up a steady position, aiming for the area giving the greatest margin 
of error. An accurate head shot is very effective but risky unless you 
are very close and the animal still. A point just to the back of the 
front shoulder is a good target. A firm, accurate strike here will drop 
most animals instantly. badly aimed shot may mean unnecessary 
agony for the animal and a long follow up for the hunter, 

Ifan animal drops first shot, wait five minutes before approaching. 
Just stand back and observe. If not dead but bleeding, the loss of 
blood will weaken it and, when you do approach, it will not be able to 
bolt. If an animal is wounded and moves away wait 15 minutes before 
following up. If you follow immediately the animal may travel all day. 


WEAPONS 


Bow and arrow 
Most effective of improvised weapons, the bow and arrow is easy to 
make, It takes only a short time to become proficient in its use. 

For the bow a well-seasoned wood is best but you will have to 
make do without. If you expect to have to stay where you are for 
many months you could put wood aside to season for future use. 
The tension in unseasoned wood is short-lived so make several bows 
and change over to another weapon when the one you are using 
loses its spring 

Yew is the ideal wood — all the old English longbows were made of 
yew. There are five kinds of yew distributed across the northern 
hemisphere but it is not very common and hickory, juniper, oak, white 
elm, cedar, ironwood, birch, willow and hemlock are ail good alternatives. 


Making the stave 
For your bowstave select a supple wand. It should be about 120em 
(4ft) long, but mateh its size to the individual, 


To determine the correct stove length 
Hold one end ofthe stave ot the hip with 
the right hand, reach out sideways with 
the leit hond and mark the extent of 
your reach as the length of the bow. 
This will give you a stondord type bow 
{the longbow requires much more skill 
y in seh 
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the human's intent and also their state and capabilities.” 


This kind of synergy between human and artificial intelligence is what some theorists refer to as the “centaur,” after the 
mythical creature that combined human and horse — with the human part firmly in control, but benefiting from the beast’s 
strength and speed. The centaur concept, in turn, lies at the heart of the Pentagon's ideas of human-machine teaming 
and what's known as the Third Offset, which seeks to counter (offset) adversaries’ advancing technology with 
revolutionary uses of Al. 


The neuroscience here is in its infancy. But it holds the promise of a happy medium between hamstringing our robots 


with too-close control or letting them run rampant. 
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Shaping the bow 


Fashion the stave so that itis Sem (2in) wide at the centre, tapering to 1.5cm (in) 
‘at the ends. Notch the ends (a to take the bowstring about 1.25em (Vein) from the 
‘ends. Remove the bark if you choose, When the bow has been whittled into shape 
rub it oll over with oil or onimal fat 


Fitting the string 

A rawhide string is best, cut to a width of 3mm (vain), but any string, 
cord or thin rope will suffice. The stems of old nettles provide tough 
fibres and these can be twisted together to make a satisfactory 
bowstring. If the bow has a lot of give a shorter string is likely to be 
needed, but when strung the string should only be under slight 
tension — the main tension is added when you pull it back to shoot. 


ow with a 
‘hes at each 


Secure the string to the 
"ound turn and two half hi 
fend. If the wood is unseasoned release 
‘one end of the string whenever the bow 
Js notin use to relax the tension or you 
may find the stove sets in shape, 


A properly made bow will be more efficient and more accurate 
than just bending a pliable wand — but once it loses its spring don't 
waste time with it, Make another, 
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Making arrows 
Any straight wood will do for arrows, but birch is one of the best. 
Make arrows about 60cm (2ft) long, and about 6mm ( . 
Keep them straight (a piece of string tied between two points 
will give you a straight edge to check them against) and as smooth 
as possible, At one end make a notch 6mm (*kin) deep to fit the 
bow string. 


Check thot the notch in the end of each 
arrow is wide enough to fit over your 
bowstring 


FLIGHTING ARROWS 
To increase accuracy arrows should 
be flighted. Feathers make the best 
fights but other materials con be used: 
paper, ight cloth or even leaves trimmed 
to shope. 


{a) Split feathers, starting from the top, 


a \ 
down centre of quil 
IMME °S\. (0) Leave 20mm fs} of quill at each 
oN 


end of feather to tie to arrow. 
(c) Tie three flights equally space 
‘round shart 


‘Arrow heads 

‘At the business end of the arrow a sharp point is needed. The arrow 
itself can be sharpened and hardened in fire but a firm tip is better. 
Tin is excellent or flint can be fashioned into a really sharp 
arrowhead. With patience even bone can be made into a good tip. 
Split the end of the shaft, insert the arrow head and bind it tightly 
Sinews are good for binding ~ apply wet, they dry hard securing the 
head firmly. 


Aline Burnt Bone 


au 


WEAPONS FROM FLINT 


Arrow. and_ spearheads, axes and knives can all be made by 
knapping flint, which is a black stone with a dull metallic gleam, 
often found in association with chalk. Choose a flattish piece of 
approximately the right shape and size. With another hard stone 
flake off pieces until it is the shape you want. Chip away at the 
edges to produce a very sharp cutting edge (see Fools in Camp 
Graf, 


Archery technique 

Fit an arrow into the bowstring and raise the centre of the bow to 
eyelevel. Hold the bow just below the arrow, extending the arm 
forwards. Keep the bow arm locked and draw the string smoothly 
back across the front of your body, with the arrow at eye level, and 
lined up with the target, sighting along the arrow. Release the string 
— just let go, do not snatch at it as you do so. Now, practise! For 
rapid fire carry a number of arrows in your bow hand. 


ARROW BURNS 


Many arc 


find that the rubbing o 
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Sling and shot 

The simple sling was the weapon with which David slew the giant 
Goliath and can be armed with ordinary pebbles. It consists of 
a simple pouch in the middle of a length of rope. Leather is the 
best material for the pouch but you could make it from any strong 
fabric and the rope can be a leather thong or twisted from natural 
fibres. Attach it as one long piece threaded through, or two tied 
or sewn on, 


SLINGSHOT TECHNIQUE 
Select smooth pebbles bout 2em 
hin) across and as round as possible 
Gagged pebbles might do more damage 
but they will not foo such a smooth 
trajectory. 

Swing the sting obove the head in a 
circe lined up on your target. Release 
ne end ofthe rope ond the ammunition 
should fy with great velocity and, with 
proctice, accurately on torget. You will 
probobly need to experiment with sing 
Fengih 0 achieve accuracy and distance 


When using either the sling or the catapult against birds, load 
several pebbles at once 


Catapult 

The schooiboy’s weapon — but the 
Romans used giant mechanical ones os 
siege weaponry. You need a stiong 
forked twig, preferably with some 
liability — 0 hazel prong is excellent ~ 
‘and a piece of elastic material. A piece of 
innertube from a cor or bicycle tyre 
is idea! fond stronger than the elastic 
jn your clothing, although thot could 
be used). 

Place a pouch in the centre of the 
astic (a boot tongue can be used) and 
thread or sew it into position as for the 
sling, tie the ends to each side of your twig 
‘ond use @ stone as your missile 


FOOD 


Bola 

A weapon thot Eskimos use against 
birds. Stones are wrapped in circles. of 
‘material and 80em (3°) lengths of string 
knotted around each, the other ends of 
the string being fismly tied together. 
Held at the joined end, they ore twirled 
‘round the head. When released they fly 
through the air covering a wide are. 

The Gauchos of South America use 
the some weapon and variations have 
been used in combat. 

The bola wrops oxound a bird in Hight 
fr tangles around an animal’ legs or 
neck, bringing it to the ground ond 
Giving the hunter a chance to kil it 


ws 


Clog 


Spears 
A staff is a good aid to walking and by sharpening one end can be 
turned into a useful thrusting or throwing weapon. A straight staff 
about 1.80m (6ft) is ideal for a jabbing spear. About 90cm (3ft) 
makes a more manageable throwing spear. A thrower can be made 
from a piece of wood about half that length — it gives greater 
aceuracy and distance. 


FD, ze emiiacos 


1 / J] paint oF fin, knapped to sharpness or a 
Jf fattened cone of tin, set into the end — 
for securely bind on 0 knife. However, it 
you only hove one knife do not risk itt 
/ A could t00 easily be lost or damoged. 


‘SPEAR THROWER 
Spear sits in a groove which runs along 
‘most, but not al, of the upper face of 
tne thrower The end stop adds thrust to 
the spear 
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To make the thrower choose a tree limb that is at least twice the 
width of your spear and with a branch stump which can become the 
forward sloping handle. Split down the centre using a knife as a 
wedge. Gouge out a smooth channel for the spear. Make sure it is 
cleanly cut, leaving a solid portion as a buffer. Experiment to match 
the thrower length to that of the spear and to suit your own 
balance. 

Hold at shoulder level, aim the spear at the target, bringing 
the holder sharply forwards and then downwards. As you 
move downwards the butt of the groove adds to the thrust behind 
the spear. 


HUNTING BIRDS 


Running noose 

A noose attached to a long pole is an effective way of pulling 
roosting birds down from lower branches. Make a note of roosting 
and nest sites — remember that droppings will help guide you to 
them — and if they are within reach return stealthily on nights 
when there is sufficient light to see them. Slip the noose aver the 
bird and pull, tightening the noose and pulling the bird down at the 
same time. 


Stalking waterfowl 
You can get up close by getting in the water and camouflaging 
yourself around the head with reeds and other vegetation. Very 
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cautiously, approach an area where fowl nest or are regularly seen. 
But remember that birds (especially large ones such as geese and 
swans) can be quite ferocious in defence of themselves. 

Another technique in some parts of the world is to use a large 
gourd worn on the head as cover. Holes are made on one side to 
breathe and see through and with the gourd just sufficiently 
above the water the hunter floats with the current among 
the birds. To prepare the birds several other gourds are thrown 
into the water first. Having got among the wildfow! the hunter 
grabs the unsuspecting birds from below and strangles them 
underwater, 


Pit trap 
Find or dig a hole about 90cm (3ft) deep in an area where ground- 
feeding birds are common. Its width depends upon the kind of birds 
you are after. Spread grain or other bait around the hole, and more 
coneentratedly inside it 

First taking the bait around the hole, birds will enter it to get 
more. Rush them. In their panic they are unable to spread their 
wings sufficiently to take off from inside the hole. 


SEAGULLS 


Seagulls can be caught by wrapping food around a stone and 
throwing it in the air. The gull swallows the bait while still on the 


wing, guiping down the stone with it, and the change in weight 
causés the bird to erash. Obviously this isa technique for use over 
land rather than at sea. Be ready to dispatch the bird as soon as it 
hits the ground, 


ANIMAL DANGERS 


Few animals are likely to attack the survivor unless in self- 
defence, most will be much more concerned to get out of the way. 
There is little chance of encountering large animals such as 
elephants, rhinos and hippopotamus, or the larger big cats, 
outside wildlife reserves. Nevertheless avoid making camp on a 
trail, or close to an animal watering place, where you could find 
you are in the path of a herd of elephants or confronted by a 
curious cougar. 
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WARNING 


DON'T PROVOKE AN ENCOUNTER. Bears frequently seavenge from 
homesteads in the northern forests, turning over garbage cans, and 
are just as likely to come round your camp for easy pickings. Use 
noise to drive them off — don't try to catch them. Don't get close 
to them. A bear can easily kill a man and a wounded bear is 
particutarly dangerous. All injured or cornered animals ae likely to 
tbe dangerous, Most animals will try to escape. IF you prevent them 
from doing so, you are forcing them to fight. 


Crocodiles and alligators should be given a wide berth unless 
very small — and then beware that there is not a larger crocodile 
behind you! Any of the large-horned animals is likely to be able to 
wound you with its horns before you can reach it with a weapon. 
Stags are particularly belligerent in the rutting season. It is not just 
hooved animals that can deliver a powerful blow with their feet — 
ostriches can kill with a kick. 

Wolves are much more often heard than seen. Tales of large 
marauding packs are probably wild exaggerations. A wolf may get 
curious and look at you from a distance, but you can take with a 
pinch of salt the idea of hunters being chased by packs of ferocious 
wolves. If you are badly injured and unable to defend yourself, 
wolves might finish you off. Hyenas also hunt in packs. Although 
basically cowardly, they ate very powerful and, as scavengers, are 
attracted to camp sites. They will probably turn tail and run, but 
drive them off rather than try to tackle them, 

The larger apes can easily kill a man — but they are rarely 
aggressive animals and will usually give you plenty of warning to 
back off. Small monkeys are much more often encountered and 
more immediately dangerous — they have sharp teeth, Mature 
chimpanzees, in particular, can be very bad-tempered. Thoroughly 
cleanse any animal bite. All could cause tetanus and some mammals, 
including vampire bats, carry rabies. 

Snakes will not be a threat, unless you accidentally come into 
contact with them. You just have to get used to them and to 
checking clothing, bedding and equipment for any reptile or insect 
Visitors, Occasionally a snake or a centipede may slide into bed with 
you, attracted by your warmth. Cases have been known of people 
waking to find an unwelcome visitor nestling in an armpit or even 
more intimate places. Try to remember that they are not attacking, 
Move gently and calmly to free yourself from them. 
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Afar ait ave arias an We anges “Before 
pproaching closely check whether an animal is dead. 

Use a spear or tie your knife to a long stick and stab a largish 
animal in its main muscles and neck. Loss of blood will weaken it, 
enabling you to move closer and club it on the head. 

If you have a companion, it is easier to carry a large animal by 
tying it firmly to a bough, which can be carried on your shoulders, 
but you should not take it all the way into camp, where it would 
attract flies and scavenging animals. 

Even large animals can be dragged to a more convenient location 
if turned upon their backs. If the animal has horns cut off its head 
or they will make this difficult. 


Place the pole along the belly ond use o 
love hiteh around each pair of legs: 
losh the onimal to the pole and finish 
With @ clove hitch around the pole. If 
the animal has horns, tie these up out 


It is preferable to butcher all game on the trap line. It will attract 
predators and carrion eaters that in turn may become trapped. Use the 
entrails to rebait traps. Only carry back to camp what you can manage 
without exertion. In cool climates cache the rest for collection later. 


HIDING THE KILL 


Suspend a carcase from a bough, too high for scavengers on the 
{ground and out of reach from the branch. A cache in the crook of 
a tree will keep meat away from ground predators but will still be 
accessible to felines and other climbing predators, 
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In territories with vultures and other large carrion eaters it will 
bbe almost impossible to protect it, so carry what you can. What you 
leave behind is unlikely to keep in a hot climate. 

Blood is a valuable food, containing vital minerals. Carry a vessel for 
taking it back to camp. Keep it covered, cool and out of the way of flies. 


WARNING 
Health Hazards — diseased animals 


There are lymph glands in the cheeks of all animals (more 
noticeable on large ones). If large and discoloured they are a 
of illness. Any animal that is distorted or discoloured about the 
head {such as a rabbit with the symptoms of myxomatosis) should 
tve boiled — there is then litle risk of infection from eating it — but 
care should be taken in preparation when there is a risk. It is 
essential that any cut or sore in your skin be covered when 
slaughtering or handling meat, for if an animal carries disease a 
break in the skin provides easy entry to your body, 


PREPARING THE KILL 


No part of a carcass should be wasted. Careful preparation will give 
you the maximum food value and make full use of the parts you 
cannot eat, Set about it in four stages: 


= Bleeding, which is essential if the meat is to keep, and without 
which the taste is very strong, 

~ Skinning, so that the hide or fur can be used for shelter and 
clothing. (Pigs are not skinned because they have a useful layer 
of fat under the skin. Birds ate plucked but not usually skinned) 

= Gutting, to remove the gut and recover offal. 

~ Jointing, to produce suitable cuts for cooking by different 
methods. 


Bleeding 

Do not waste blood. Itis rich in vitamins and minerals, including salt, 
that could otherwise be missing from the survivor's diet. Cattle 
blood is an important part of the diet of many African herdsmen, 
Cannibals who drank their enemies’ blood found vision and general 
health improved, and giddy spells, induced by vitamin deficiency, 
cured: the blood provided the missing vitamins and minerals. 
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Any animal will bleed better if hung with the head down. Tie ropes 
around the hock (NOT the ankle ~ it will slip off) and hoist it up 
a branch or build a frame, placing a receptacle beneath to catch 
the blood 

For a frame you need a strong structure, Drive the posts into the 
ground and lash them firmly where they crass to make A-frames 
and, then rest the horizontal bar on top. 


Al vo © 
wi vin lind ld al vw 


Bleed the animal by cutting the jugular vein or carotid artery in 
its neck. When the animal is hanging these will bulge more clearly 
and should be easy to see. The cut can be made either behind the 
ears, stabbing in line with the ears to pierce the vein on both sides 
of the head at the same time, or lower down in the V of the neck, 
before the artery branches. Unless you have a stiletto type knife the 
latter is best. An alternative is to cut the throat from ear to ear. This 
has the disadvantage of cutting through the windpipe and food 
from the stomach may come up and contaminate the blood which 
you are trying to save, but if your knife does not have a sharp point 
it may be necessary. 

It is particularly important to very thoroughly bleed pigs. If blood 
remains in their tissues, which have high moisture and fat content, 
it will speed deterioration of the flesh. 
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Skinning 
Its easier to skin any animal when the flesh is still warm, as soon as 
it has been bled. First remove any scent glands which might taint the 
‘meat. Some deer have them on their rear legs, ust behind the knee. 
Felines and canines have a gland on either side of the anus. Itis wise 
to remove the testicles of male animals, as they can also taint meat. 
Before attempting to remove hide, cut firmly through the skin, as 
shown by the broken fine in the main illustration: 


1 Make a ring cut around the rear legs just above the knee. Take care 
not to cut the securing rope. 

2 Cut around the forelegs in the same place. 

3 Cut down the inside of the rear legs to the crotch, carefully 
cutting a circle around the genitals. 

4 Extend the cut down the centre of the body to the neck. Do not 
cut into the stomach and digestive organs: lift skin and insert 
two fingers beneath, set knife between them, sharp edge outward 
and draw it slowly down, cutting away from the body. (See 
illustration) 

5 Cut down the inside of the forelegs. 


Cutting inthis way, you avoid 
Cutting prematurely into the gut 
cavity. The fingers lift the skin as you 
go and the knife, sharp edge 
‘outwords, slips in and cuts along. Do 
not hurry, Do not cut yourself. Do 
not domage the skin. Toking care 
will poy dividends later when you 
want to use the skin, 


Now ease the skin of the rear legs from the flesh. Use the knife 
as litle as possible. Roll the skin outwards, the fur inside itself, and 
pull it down, 

Having cleared the back legs, cut around the tail (you have 
already cut around the genital area). As soon as you can get your 
hand right down the back of the carcass use your fingers to separate 
flesh from skin, Now peel the skin from the front legs. You will have 
a single piece of hide. As you work your thumbs down the neck they 
become bloody at the point where the throat was cut. A strong twist 
of the head will separate it. Cut through remaining tissues. 
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Working on your own 

Lifting a large animal takes considerable effort. If on your own you 
may have to skin and gut the animal on the ground. To prevent the 
carcass from rolling, cut off the feet of hooved animals and place 
them under it. 

Lay the carcass down a natural stope, scoop an impression in the 
ground in which to place a collecting tin or other vessel so that the 
animal bleeds into it. Follow the same pattern of incisions in the 
hide then skin the animal from one side to the backbone, spread out 
the hide and then roll the animal onto it to finish skinning the other 
half — this helps keep the meat from rubbing on the ground. 


Skinning small animals 
Rabbits and smaller animals can be skinned by making a small 
incision over the stomach (be careful not to cut into the organs) 
Insert the thumbs and pull outwards — the skin comes away easily 
Free the legs and twist the head off. 

IF you have no knife available to make the first incision snap off 
the lower part of a leg and use the sharp edge of the break to cut 
the skin 


Gutting 
With the carcass still suspended remove the gut and recover the 
offal. Pinch the abdomen as high as possible and in the pouch of 
flesh you have raised make a siit big enough to take two fingers. 
Do not stab into the flesh or you may cut through to internal 
organs. Insert the fingers and use them as a guide for the knife 
to cut upwards towards the anus. Now cut downwards in the 
same way, using the hand to hold back the gut, which will begin 
to spill outwards (see illustration). Cut down as far as the 
breastbone. 


The initial incision, made in the 
pinched-up flesh, need only 
‘accommodate two fingers. Cut in 


back of the hand prevents 
from spilling) 
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Let the gut spill out, allow it to hang down so that you can 
inspect it. Remove the two kidneys and the liver. 

The chest cavity is covered with a membrane and easily missed in 
small game. Cut through the membrane and remove heart, lungs 
and windpipe. 

Ensure that the anus is clear — you should be able to see daylight 
through it (push a hand through with large animals). The carcass is 
now clean. 


Jointing meat 
Large animals can be quartered by first splitting down the backbone 
and then cutting each side between the tenth and eleventh rib. The 
hindquarters will contain the steaks (rump and fillet) and the 
choicer cuts, the forequarter meat is more stringy and needs slow 
cooking to make it tender. 

The cuts into which a carcass is divided will differ according to 
the kind of animal and the cook’s preference. 


1 Fillet or undercut The most tender 8 Leg Tough and sinewy, cut into 
‘meat — only I per cent is filet. deal cubes ond stew. 


for preserving 9 Flank AMuscular extension of the 
2 Sirloin Next most tender Fat free belly. Idea! for stews. Usually tough 
strips can be cut for preserving so needs long simmering to make 
3 Rump ideo! for frying, little cooking tender 

needed. Can olso be dred in strips 10 Brisket Sume as Flank, 


4 Topside Muscle fom the top of the 11 Shin Fareleg, best cubed for stews, 
eg. Cook slowly, it tends 0 be tough. 12 Neck 


Cut into cubes for boiling. 13 Clod iteo! for stews. Contains less 
5 Top rump Muscle from front of — tissue than leg. Cook slowly 

thigh. As for topside. 14 Chuck and blade Quite tender but 
6 Silverside Muscle on outside of — usuolly cut up as stewing steak 
thighs. Good for roasting, 15-18 Ribs deo for roasting but 
7 Hind flank Belly, ideal for stews and cook slowly. 

cosseroles, 
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Hanging 

Offal should be eaten as soon as possible but the rest of the meat is 
better hung. In moderate temperatures leave the carcass hanging 
for 2-3 days. In hot climates it is better to preserve it or cook it 
straight away. 

When the animal is killed, acids released into the muscles help 
to break down their fibre, making the meat more tender. The 
longer it is left the more tender it will be and easier to cut, with 
more flavour too, and harmful parasitic bacteria in the meat will 
dic. You must keep flies off the flesh: if they lay eggs on the meat 
it will quickly spoil. 


OFFAL 


Liver 
Liver is best eaten as soon as possible. Remove the bile bladder in the 
centre. It is quite strong and can usually be pulled off without 
difficulty — but be careful, the bile will taint flesh with which it 
comes in contact. If any animal has any diseases they will show up 
in the liver. Avoid any liver that is mottled or covered in white spots. 
If only some is affected, cut it off and eat the remainder. 

Liver is a complete food, containing all essential vitamins and 
minerals. If eaten raw no food value is lost. It requires little cooking. 


Stomach (Tripe) 
Stomach (tripe) takes little digesting, so is a good food for the sick 
or injured. Remove the stomach contents (which make ideal ‘invalid’ 
food) wash the tripe and simmer slowly with herbs. The contents 
may sound unpalatable but could save an injured person's life, for 
the animal has done most of the hard work of breaking the food 
down. Lightly boiled, stomach contents are nourishing and easily 
digestible. 

In some countries pigs are fed nothing but apples prior to 
slaughter. They are cooked with the stomach still in, The subtle 
flavour of apple impregnates the meat. The stomach is removed 
after cooking and the contents used as sauce. 


Kidneys 

Kidneys are a valuable source of nourishment and ideal flavouring 
for stews. Boil them with herbs, The white fat surrounding them 
(suet) isa rich food source. Render it down to use in the preparation 
of pemmican. 
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Melts 

Melts are the spleen, a large organ in the bigger animals. It has 
limited food value and is not worth bothering about in small game 
such as rabbits, It js best roasted. 


Lites 

Lites are the lungs of the animal, perfectly good to eat but not of 
great food value. Any respiratory complaints will show up in the 
lungs. Do not eat any mottled with black and white spots. Healthy 
lungs are pink and blemish free and best boiled. They could be set 
aside for fish or trap bait. 


Heart 
Heart is a tightly packed muscle with little or no fat. Roast it or use 
its distinctive flavour to liven up stew. 


Intestines 

Intestine consist of lengths of tubes and are best used as sausage 
skins, Turn them inside out and wash them. Then boil them 
thoroughly. Mix fat and meat in equal proportions and then stir in 
blood. Stuff the mixture into the skin and boil them well. Before 
putting them into boiling water add a little cold to take it just off 
the boil — this will counter any risk of the skins bursting. This makes 
a highly nutritious food which, if smoked, will keep for a long time. 
Dried intestines can be used for light lashings. 


‘Sweetbreads 

Sweetbreads are the pancreas or thymus gland, distinctive in larger 
game. Many people consider it a great delicacy and it is delicious 
boiled or roasted, 


Tail 
Skin and boil to make an excellent soup for its full of meat and gelatine. 


Feet 

Feet are chopped off during slaughter but should not be wasted, boil 
them up to make a good stew. Clean dirt from hooves or paws and 
remove all traces of fur. Hooves are a source of nutritious aspic jelly. 


Head 

On larger animals there is a good deal of meat on the head. The 
cheeks make a very tasty dish. The tongue is highly nutritious. Boil 
it to make it tender and skin before eating 
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All that is left, or the whole head with small animals, should be 
boiled. 


Brain 
The brain will make brawn and will also provide a useful solution for 
curing hides. 


All bones should be boiled for soup, They are rich in bone marrow, 
with valuable vitamins. They can also be made into tools, 


PREPARING SHEEP-LIKE ANIMALS 


Follow the instructions for larger animals and then 


1 Split in two down the line of the spine, keeping exactly to the 
centre of the backbone. 


2 Remove rear leg. Try to cut through the ball and socket 
joint 


3 Remove front leg. There is no bone to cut through, follow the 
line of the shoulder blade 


4 Cut off neck. 


5 Cut off skirt (loose flesh hanging below the ribs) 


6 Cut between each rib and between the vertebrae. This gives 
you chops. 


7 The fillet, lying in the small of the back, is the best meat for 
preserving 


Preparing Pig 

Do not attempt to skin a pig. Gut it first then place it over the 
hot embers of a fire and scrape the hair off. Hot water ~ just 
hotter than your hand can bear - will help to loosen the hair. 
Water that is too hot will make the hair more difficult to remove 
Pigs attract many parasites: ticks, crab lice and worms so cooking 
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must make sure of killing them. Boiling is therefore the best way 
of cooking pork. 


Preparing small animals 
Follow the same basic procedure as for larger animals — they all 
need to be gutted. 


Preparing reptiles 
Discard internal organs, which may carry salmonella. Reptiles can be 
cooked in their skins, and large snakes can be chopped into steaks 
and their skins can be used for clothing. To prepare a snake cut off 
head well down, behind poison sacs; open vent to neck, keeping 
blade outwards, to avoid piercing innards, which will fall clear. 
Skewer to suspend and ease of skin towards tail. 


Preparing birds 

Birds are prepared in much the same way as animals — though they 
are usually plucked and cooked with the skin on instead of being 
skinned. Follow the sequence below. 


Bleeding: 
Kill birds by stretching their necks, then cut the throat and hang 
head down to bleed. Or kill by cutting just under the tongue, 
severing main nerve and main artery. The bird dies easily and 
bleeds well. Handle carrion eaters as little as possible — they are 
more prone to infection, lice and ticks. 


Plucking: 
Plucking is easiest straight after killing while the bird is stil warm. 
Hot water can be used to loosen feathers, except in the case of 
waterbirds and seabirds, in which it tends to tighten them. Keep 
feathers for arrow flights and insulation. Start at the chest. For speed 
‘you can skin a bird — but that wastes the food value of the skin. 


Drawing (removing innards): 
Make an incision from the vent to the tail. Put your hand in and 
draw out all the innards. Retain the heart and kidneys, Cut off 
the head and feet. 


Cookin 
Always boil carrion eaters in case they carry any disease. Boiling 
will make stringy old birds tender but you can roast younger 
ones on a spit or in an oven. 
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ish are a valuable food source, containing protein, vitamins and 

fats. All freshwater fish are edible but some tropical ones can be 
dangerous: be wary of electric eels, freshwater stingrays and 
the piranha of South American rivers. It takes skill to catch fish 
by conventional angling methods but, by considering their feeding 
habits and following the simple methods given here, you can be 
successfull 

Fish range from tiny tiddlers to some of prodigious size — such 
as the Nile perch of the tropics. They differ widely in their eating 
habits and diet. Different kinds feed at different times and at 
different levels in the water. Some prey on other fish, others eat 
worms and insects, but they can all be attracted and hooked with 
appropriate bait. 

If you are an experienced angler you can apply your skills, 
especially if you have plenty of time on your hands, and will 
probably gain a lot of pleasure, but if you are fishing for survival the 
sporting angler's techniques are not the most effective. Two of the 
most useful methods are the night line and the gill net. 


Where to fish 

Fish choose the places in the water where they are most comfortable 
and where they most easily find their prey. This will be affected by 
the temperature of the day. 

If it is hot and the water is low, fish in shaded water and where 
there are deep pools. In a lake fish retreat to the coolness of deep 
water in hot weather. 

In cold weather choose a shallow place where the sun warms the 
water. Lake fish will tend to keep to the edges which are warmer. 

If the river is in flood, fish where the water is slack — on the 
outside of a bend — for example, or in a small tributary feeding the 
mainstream if its flow is different — quite possible for the flood may 
not be due to local rainfall 

Fish like to shelter under banks and below rocks and submerged 
logs. 


When to fish 
‘As a general rule leave lines out overnight and check them just 
before first light. Some fish feed at night during a full moon. 

If a storm is imminent, fish before it breaks. Fishing is poor in a 
river after heavy rain. 
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Indications of fish feeding 
Signs that fish are feeding, and therefore likely to take a bait, are 
when they jump out of the water, or you see frequent clear ring 
ripples breaking out where fish are taking flies on the surface. Where 
lots of litte fish are darting about they may well be being pursued 
by a larger predatory fish 


IMAGE REFRACTION 
Woter refiacts light so that the fish sees 
things above the water at @ slightly 
different angle and can probably see 
‘more on the bank than you think. It is 
‘always better to fish from a sitting or 
Aneeling position than standing up so 
that you are less likely to be in vision 
Keep back from the edge. Always iry 
to keep your shadow off the woter you 
ore fishing. 


ANGLING 


Fishing with a hook and line is the popular way of fishing (though 
‘others are usually more effective) and they are part of your survival 
kit. Hooks can also be improvised from wire, pins, bones, wood and 
even thorns. 

Large hooks will catch large fish but small ones will catch both 
large and small. Near the end of the line you will probably need to 
attach another short length with a weight to take the hook down 
and stop the line being carried along the surface of the water, 
especially if fishing deep. If it is a long line you also need another 
length with a float which will be pulled down when you get a bite. 
A rod is not essential (you can fish effectively with a handline) but 
‘makes it easier to land fish and to cast away from the bank. 

You can improvise hooks from all kinds of materials. Here (from 
left to right) a pin, a thorn, a bunch of thorns, nails, bone and wood 
have been used 
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Using floats and weights 
Along the line attach a small floating abje 


easily visible from the 


bank, and you will be able to see when you have a bite. Its position 
will help control where the line descends 


‘Small weights between the float and the hook will stop the line from 
trailing along the water or at too near the surface in a current, still 
leaving the hook itself in movement. You have small split lead shot 
in your survival kit. Slip the groove along the line and squeeze in to 
fit closely 


A deeper hook position can be ensured by extending the line to a 
weight below the hook 
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ANGLING WITHOUT HOOKS 
You do not even have t0 use 0 fhook to 
fish witha fine. To cateh eels and catfish 
tie a blob af worms on a iine (0) These 
Fish swallow without biting so swallow 
the boit with fine ottoched. Pull them 
‘out as Soon as the bait is token 

Instead of a hook you could use a 
smoll sharp piece of wood tied on the 
tend of the line and held flat along it by 
the bait (b). When the boit is swatlowed 
the wood will open out and lodge across t 3 
the gullet of tv fish fc. 


Bait 

Bait native to the fishes’ own water is most likely to be taken: berries 
that overhang it, insects that breed in and near it. Scavenger fish 
will take pieces of meat, raw fish, ants and other insects. Once you 
have a catch examine the stomach contents of the fish and 
eliminate the guesswork as to diet. If one bait is unsuccessful, 
change to another. 


Ground bait 

Bait scattered in the area you want to fish, will attract fish to it. A 
termites’ or ants’ nest suspended over a river is one excellent 
method. As the insects fall into the river the fish will take them. Bait 
your hook with them as well and success is sure. Any suitable bait, 
scattered on the water, can be used to draw fish but itis always best 
to put the same bait on your hook. 


SPINNING 
Curious fish will attack a shiny object 
drown through the water: try coins, 
buttons, pieces of tin con, buckles — 


anything thot girs. Moke o propeler 
shape fo tread onto apiece of wie ad ws 
i wil spin with the curent. Attach 0 

hook tothe end ofthe spindle 
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ARTIFICIAL BAIT 

Can be made from brightly coloured 
cloth, feathers and shiny metol. Try to 
‘make them look like reat bait. A few 
feathers tied to a hook with treed con 
simulate 0 fly, or carve 0 smal fish out 
of wood and decorate it with colour or 
glitter ff you moke it jointed it will move 
‘more naturally) Try to make lures move 
jn the woter lke live bait. Hazel wood 
bas @ soft pith and can easily be 
threaded through so that you can link 
segments which will wiggle in the water. 


4 


LIVE BAIT 
Worms, maggots, insects and small fish can be used as live bait. Cover the hook 
completely with the bait. You can place the hook through the meaty port of small 
fish without kiling them, oF through the body of a grosshopper. Ther distressed 
‘movement in the water will attract the fish Tidlers are ensy to catch so you can 
“use a sprot to catch a mackerel 


232 


FISH AND FISHING 
NIGHT LINES 


Weight one end of a length of line and 
‘attach hooks ot intervots olong it. Boit 
them with worms. Lowered into the 
water this gives you the chance of 
catching surface-, mid- and bottom= 
feeders. Anchor the free end securely 


fon the bank 

You can put this out at night and 
leave it until the morning — use it in 
doytime too — but change the worms 
{at intervals, even if you haven't got 0 
catch, because fresh wriggling worms 
wil attract more attention 


OTTER BOARD 
To fish far from the bant, further than you can cast fine ~ in @ Jake, for instonce, 
where fish are feeding in the centse — make a bord with a moveable, pivoted 
rudder. Set a bar atthe front end of the rudder to which two contol lines can be 
suspend baited hooks, Float the board out into the fake 
ids are favourable you could mount a sail, but then a stabilizing Keel will 
also be needed to stop it blowing over. Gouge holes to fi dowel supports (in water 
the dowels will expand to make a tight fit) and tie on a flat stone — a big keel 
‘might conflict with the rudder 
Undue mavement of the boa 


will indicate 0 bite 
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JIGGING OR SAGGING 
This is the art of hooking a fish 

where on its body. It iS @ good 
ethod to use when ys 
they are not toking bo 


‘can see fish bu 


hooks on| 0 @ pole and fower it 
water. Suspend a bright object about 
20em (Bin) ab nd! when 
fish 90 


FISH TRAPS 


You can make a wide variety of traps, from ones across an entire 
stream, which you can drive fish into, to bottle traps to capture 
tiddlers in, Arrows indicate current. 


In shallow streams build a channel of 
sticks or rocks that fish can swim into 


Bottle trap 

If you have a plastic bottle you can make an efficient trap for small 
fish by cutting it off just below the neck and then inverting the neck 
inside the bottle, Fish swim in but cannot find their way out again 
Bait the trap to entice them in. 


a 
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You can make a similar trap for larger fish using a hollow log 
Make a lattice cone of twigs for the entrance and block the other 
end of the log, 


Wickerwork traps 
Use young hazel, or other pliant twigs — bamboo bends better if you 
warm it — to make a trap into which fish can swim but from which 
they can find no way out. A wickerwork trap allows the current to 
flow through it, and since it is made of natural materials may seem 
like a tangle of reeds or stream-bottom debris, 


The torpedo shape is made from 
wicker woven and tied in position. Place 
the opening downstream, against the 
current. The entrance starts quite wide, 
‘making it easier to enter, but inside the 
angle of the struts mokes escope 
difficult 


The lobster-pot trap utilizes holes in a 
circle of board to make it easier to shope 
bout could be made without the board. 
This trop sits on the bottom. Bait will 
attract eels, crayfish and similar 
creatures 
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Fish snares 

Large fish such as pike, which lay alongside weeds, can be caught in 
a noose. Fix a noose line to the end of a pole, or pass it down the 
inside of a length of bamboo, Pass it aver the fish from the tail end 
and pull it up sharply so that the noose traps the fish. 


Eel bag 

Tie fresh surplus offal or a dead animal inside a sack or cloth bag 
(plastic will not do) together with a quantity of straw-like 
vegetation or bracken. Tie a line and a weight to the end of the bag 
and allow it to sink. Leave it overnight and pull it out in the 
morning. If there are eels in the water they will chew their way into 
the bag to get at the offal and will still be wriggling in the straw 
when you get the bag landed 


Damming 

Build a dam across a stream, diverting the flow to one side, and with 
rocks create a small shallow pool downstream where fish swimming 
upstream will be trapped. Fix a net below the race at the side of the 
dam to catch any fish that are carried over it from upstream. 
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Gill net 

Make a net with a mesh size of about 4cm (1'/in) between knots 
(see Netting in Camp Craf), set floats at the top and weight the 
bottom, then stretch it across a river. Fish swimming into it get 
caught by the gills. It is lethal and will soon empty a stretch of 
water so should not be used for long in an area where you intend 
to stay (or in a non-survival situation). If the ends of the net are 
tied to the banks at both top and bottom, weights and floats will 
not be needed. 


A gill net can be anchored on each bank, 
(supported by weights and floats (a), or 
tied to fixed posts. If itis angled across b 
the line of the current (b) there is less 

fikelinood of driftwood building up 

‘against it 


OTHER TECHNIQUES 


If all else fails try the following methods. 


Tickling 

This is an old poacher’s technique which takes patience but is 
effective where fish shelter below the undercut banks of fairly 
shallow streams. Lie along the bank and lower your hands gently 
into the water so that they can adjust to the water temperature. 
Keeping your hands as close to the bottom as possible, reach under 
the bank, moving the fingers slightly, until you touch a fish. Work 
the hand gently along its belly (fish usually swim against the current 
when feeding) until you reach the gills. Then grasp the fish firmly 
and pull it out. 
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Attracting and driving 
At night a torch or firebrand held above the water will attract fish 
Nets can then be drawn around the area to trap the fish which can 
be speared or clubbed, A mirror or other shiny material placed on 
the riverbed will reflect either sun or moonlight and attract fish. 


Spearing and shooting fish 
Sharpen a long stick to make a 


spear, adding barbs to make it || WARNING 


more effective. If you have Il i voy have a firearm and 


multiple points, like Neptune's |} plenty of ammunition it is 
trident, you give yourself a |] worth trying. to shoot fish 
wider margin of error since it ]] with a gun but NEVER fire 
covers a larger area. Try to |) withthe barrel actualy in the 
water — or it will explode. 


get above the fish and strike GO 
down swiftly. of the barrel and instead of 

Make sure that you are not |] the bullet rushing outwards 
casting a shadow over the fish || the force of the detonation 
you are trying to catch. Aim |] ows back at you ti not 
slighty below the fish to alow |] Metadata, Make very 
‘or the refraction of its image at |] BO" ther Ye barrel is lear oF 
the surface the water. 

If you are a good shot use a 
bow and arrow to shoot fish 
(the wooden shaft will float and help to bring your prey to the 
surface, though most dead fish will float, anyway) 


238 


FISH AND FISHING 


Muddying 

Receding floodwater leaves isolated pools which are offer abundant 
in fish. Stir up the mud at the bottom of these pools with a stick, or 
by stamping in them. If there are any fish they will try to reach 
clearer water. Scoop them out. 


Explosives 

Explosives can be used in the water. They will kil the nearest fish, 
tout by liberating the oxygen in the water will also cause those 
further away to surface. 


FISH NARCOTICS 


In many parts of the world fishermen use local plants to poison or 
stupefy fish to make them come to the surface, where they are easy 
to collect. This works best in a deep pool where one end can be 
dammed to contain the fish, but the method can be effective in any 
slack water. 

‘Some plants daze or narcotize or intoxicate the fish but most 
have the effect of taking oxygen from the water so that the fish 
come to the surface in search of aerated water. Various parts of 
plants are used but in many cases they are simply crushed and 
thrown into the water. Although the effects are catastrophic for 
the fish they are not long lasting — the water soon reoxygenates 
itself. Most of these narcotics take effect more quickly in 
warmer waters and they are most widely used in tropical 
countries. 

If these methods are used in closed pools you will have cleared 
out the fish supply and removed a future source of food. When a 
river or coastal pool is reopened to the main water, however, new 
fish will move in and restock it 

If seashells, snailshells or coral are burned over a very hot fire 
they will produce lime which can be thrown into still water to 
poison fish which will still be safe for human consumption. 


WARNING 


Dead fish floating on the surface — unless you have caused them 
to be there — may look like an easy meal but they may be diseased 
and if they have been there some time will not be fit to eat. 
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SPECIAL SECTION ON INTERNET OF THINGS (lo) IN 5G WIRELESS COMMUNICATIONS 


IEEE Access 


> GUEST EDITORIAL 


Internet of Things (loT) in 5G Wireless 


Communications 


During the past decade, the Intemet of Things (IoT) has 
revolutionized the ubiquitous computing with multitude of 
applications built around various types of sensors. A vast 
amount of activity is seen in loT based product-lines and this 
activity is expected to grow in years to come with projections, 
as high as billions of devices with on average 6-7 devices per 
person by year 2020, With most of the issues at device and 
protocol levels solved during the past decade, there is now 
‘a growing trend in integration of sensors and sensor based. 
systems with cyber physical systems and device-to-device 
(D2D) communications. 5" generation wireless systems (5G) 
‘are on the horizon and IoT is taking the center stage as devict 
tare expected to form a major portion of this 5G network 
paradigm. IoT technologies such as machine to machine 
communication complemented with intelligent data analytics 
sare expected to drastically change landscape of various indus- 
tries. The emergence of cloud computing and its extension to 
fog paradigm with proliferation of intelligent ‘smart’ devic 
is expected to lead further innovation in IoT. These devel- 
‘opments excite us and form a motivation to survey existing 
work, design new techniques, and identify new applications 
of IoT. Researchers, scientists, and engineers face emerging 
challenges in designing LoT based systems that can efficiently 
be integrated with the 5G wireless communications 

‘We received enthusiastic response to our special issue call 
for papers. A total of nine high quality papers were received 
‘out of which only seven were selected after a thorough review 
process. Invited articles were sought from two highly cited 
‘and accomplished researchers. Dr. Mischa Dohler (Fellow 
IEEE, Kings College London, UK) and Dr. Mung Chiang 
(Fellow IEEE, Princeton University, USA), 

‘The first article “MIMO-NOMA design for small packet 
transmission in the Internet of Things”, written by a collabo- 
rative team of researchers Ding et al, opportunistic serving 
mechanism is designed as part of the effort in the novel 
paradigm of Multiple Input Multiple Output Non-Orthogonal 
Multiple Access transmission scheme, Under the proposed 
method, one user is completely served with their quality 
of service requirements completely taken care of whereas 
second user is served opportunistically under the NOMA 
paradigm. The main contribution of this article is a design 
with two sets of system parameters, precoding and power 
allocation coefficients, in order to ensure that the potential 
‘of NOMA can be realized even if the users’ channel con- 
ditions are similar. Two types of power allocation policies 
tare developed in this paper. One is to meet first user's QoS 


requirements in the long term. For example, in order to 
satisfy its targeted outage probability. The other is in which 
to realize second user's QoS requirements instantaneously, 
e.g., the power allocation coeflicients are designed to realize 
its targeted data rate for each channel realization, 

Machine to machine communication has a significant role 
to play in emerging internet of things paradigm in years 
and decades to come, The emerging IoT-5G scenario extends 
sensor based IoT capabilities to robots, actuators and drones 
for distributed coordination and low-latency reliable execu- 
tion of tasks at hand. In the invited work titled “Enabling 
the loT machine age with 5G: Machine-type multicast ser- 
vices for innovative real-time applications” by Condoluci 
etal, core attention is focused on the end-to-end reliability, 
latency, and energy consumption comprising both up and 
downlinks for SG-loT communication, The authors propose 
the definition, design, and analysis of machine-type multicast 
service (MTMS). They recommend different procedures that 
need to be redesigned for MTMS and derive the most appro- 
priate design drivers by analyzing different performance indi- 
cators, such as scalability, reliability, latency, and energy 
consumption. Overall, a very interesting read complemented 
by open problems and future research directions to pursue. 

Security is one of the biggest challenges faced by Internet 
of Things. With devices becoming ubiquitous and pervasive 
in day to day lives necessitate reliable and secure algorithms. 
‘The third article, “Security enhancement for loT communi- 
cations exposed to eavesdroppers with uncertain locations” 
by Xu et al., develops a secure framework for eavesdroppers 
with Uncertain Locations in loT. With the assumption that the 
locations of eavesdroppers change independently from hop to 
hop, authors derive an expression for the secrecy outage prob- 
ability of the two-hop transmission, which is shown to be the 
upper bound of the outage probability when the locations of 
eavesdroppers remain unchanged. Following this expression, 
the end users formulate a secrecy rate maximization problem 
with the secrecy-outage probability constraint, The optimal 
rate design for codebooks and power allocation between the 
source and relay are derived. By studying the performance of 
the optimal scheme in some special cases, we obtain several 
insights concerning the setting of system parameters, 

In the article, “Enabling massive IoT in 5G and beyond 
systems: PHY radio frame design considerations” by 
Ayesha Ijaz et al., the authors propose a flexible frame struc- 
ture and design for massive Internet of Things (IoT) devices 
working in SG wireless network. The authors also discussed 
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‘When released in water these poisons are toxic only to cold-blooded 
animals but this does not mean that they are edible. They are not. 
Parts of some of these plants are VERY DANGEROUS, if eaten raw. 
Use them on fish — not yourself — then eat the fish, Many plants are 
used. The following are effective and common in their areas 


DERRIS PLANTS. 
Derts fa) are found from Southeast Asio 
to Australia, They are woody, climbing, 
vine-like plants, usualy with small oval 
leaflets in pairs opposite cach other, 
purple flowers and seedpods. Powder the 
roots ond throw them into the water. 
Stupified fish will rise to the surface not 
long afterwords. 


BARRINGTONIAS 
Borringtonia (b) ore trees, found in the 
some area as Derrs, across to Polynesia, 
‘and often neor the coast. Crush the 
seeds inside their urn-shoped pods and 
throw them into the water 


DESERT ROSES 
‘Adenium (c), found in tropical and 
southern Aftica and in parts of Arabia, 
‘re shrubs, sometimes small trees, with 
thick fleshy leaves. One of the most 
effective, A. obesum (illustrated) from 
East Africa, has spirols of bluntly oval 
eaves and clusters of tubular pinkish 
flowers. Use crushed stems and roots, 
which contain a highly toxic sop. 


SOAP PLANT 
‘Amole Chiorogalum pomeridianum (d) 
grows in dry open or scrubby country in 
western North America. It hos norrow, 
grossclike leaves and white star-like 
flowers. Crush the bulbous root and 
throw into pools. 


GOAT'S RUE 
Tephrosia virginiana (e) grows on open 
‘ground in North America. Its surface is 
slightly hairy, it has many narrow 
leaflets ond long flat seedpods. Use the 
crushed stems or the very poisonous 
roots. 
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ARCTIC FISHING 


On frozen Arctic seas fish are likely to be the most accessible food. 
Even in summer it is safer to fish through the ice than to fish from 
the edge of a floe which may break up beneath you. The techniques 
involved are equally effective on any frozen lake or river where the 
ice is thick enough to bear your weight with ease but not so solid 
that it cannot be broken through. 

First you need to gain access to the water, which means 
smashing a hole in the ice. If you have an ice saw, use that to cut, 
neat holes which will still leave you with firm edges. If you have to 
smash the ice there is a risk that it may fracture back into the area 
where you are standing. Approach the operation carefully 


Hook and line 

Bait the hook in the usual way. If the line is being carried back 
up against the underside of the ice you will have to weight it below 
the hook. 

There is no point in trying out your angling skills at only one hole 
— far better to set up multiple angling points. In order to cover them 
effectively, however, you will need an easy way of knowing when 
you have a bite. Make a pennant from a piece of cloth, paper or card 
— preferably of a bright colour so that you will see it easily against 
the snow and ice — and attach it to a light stick. Lash this firmly at 
right angles to another stick which must extend beyond the 
maximum diameter of your hole by at least 30 per cent. Now attach 
the line to the lower end of the flagpole and rest the flag on the side 
of the hole with the line at its centre. 

When a fish takes your bait the cross piece will be pulled over the 
hole and the flagpole jerked upright. Keep your eye on the markers 
so you can pull your catch up quickly. The wriggling fish is an easy 
meal for a passing seal 
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Ice netting 
Although fish do not hibernate their metabolism slows down to 
cope with the reduced winter temperatures and they consequently 
eat much less, making them less likely to take bait. Netting, always 
likely to be more certain of producing results, has a further edge on 
line fishing. 

Net through the ice. A net lowered from the edge of a floe would 
probably end up frozen to the floe and handling it would be a risky 
operation. Instead make several holes in the ice about 40cm (16in) 
wide and about twice that distance apart. Attach retaining loops to 
the top edge of your net at 80cm (32in) intervals, to match the 
holes, and weight the bottom. Put the retaining loop at one end 
around a stick or rod of some kind, wider than your holes, and lower 
one end of the net into the hole at one end of your row. 


Rey 
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BEd CRRA 
LESS we 


With a hooked pole (which you can improvise) you now have to 
fish for the net and haul it through to the next hole where you 
secure the next retaining loop with another retaining stick — and so 
on until the whole net is suspended. 

If the ice is thin enough, feed all the retaining loops into the 
hooked pole and lower the entire net through the first hole, 
anchoring the first loop with a retaining stick. Then, carefully 
holding the loops, reach the hooked pole through the next hole and 
slip the remaining loops onto it. Pull the net along and anchor the 
next retaining loop. Continue until the net is fully extended. 

To check your net pull it up with the hooked pole. If you leave 
your net for too fong, in polar regions, you may find that your catch 
has been for the benefit of a seal who has stolen most of it. 
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PREPARING FISH 


All freshwater fish are edible. Those under Sem (2in) long need no 
preparation and can be eaten whole. Larger fish must be gutted. 
Catfish and eels are smooth skinned but others may be descaled. 
Catfish have a cartilage skeleton. Most other fish have a mass of 


bones, 


Bleeding As soon as o fish is cought 
cut its throat and allow it to bleed. Cut 
ur the ail 

Gutting Make an incision from the 
‘anal orifice to where the throat was 
cut. Remove off offal ~ you can use 


Sealing iS not necessary, fish can be 
cooked with scales on and it wil retain 
its moisture. If there is time, scrape 
them off. Draw knife from tal to head. 
Skinning Fish skin has good food 
value and should be left on ond 


it for hook bait or in an eet bog 
Keep the roe, whied runs down the 
side of the fish 1 fs hard in females, 
soft in males; it is very nutritious 
This preparation helps fish keep 
longer 


eaten unless food is plentiful. To skin 
eels and catfish poss a state 
through the fish, lodge it across 
Uprights and, having cut the skin 
away just below it, draw it down 
towards the t 
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electing where to camp and knowing how to 

Imake a good shelter are essential skills. A 
wide range of shelter construction methods, 
using available materials, are described, from 
the simplest windbreak to dwellings suitable for 
long-term occupation. 

You will need to make fire and to chose the 
right type of fire construction. Fires for both 
general warmth and for cooking purposes are 
detailed. Guidance on food preparation, cooking 
and preservation will ensure that food is safe 
and not wasted. Camp organization and hygiene 
are as important for health and morale for the 
single survivor as for a large group. 

Methods of making tools, camp equipment, 
clothes, ropes and nets will all improve survival 
conditions and skills in knot-making will have 
many uses. 
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COOKING 
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helter is necessary to give shade, to repel wind and rain and to 

keep in warmth. Sleep and adequate rest are essential and the 
time and effort you put into making your shelter comfortable 
will make them easier to get. If you are the victim of a plane crash 
or a vehicle that has let you down, it may provide a shelter or 
materials from which one can be built — but if there is fire or the 
threat of fuel tanks exploding, wait until it has burned out before 
attempting salvage. 

If you are the unequipped victim of an accident, are trapped by 
unexpected mist or caught by nightfall in terrain where it is not safe 
to proceed, or if exhaustion or injury prevents you going further, you 
may have to make do with any natural shelter that you can find for 
the night, or until you can more fully assess the situation. In this case, 
virtually any protection from wind, rain and cold will be welcome. If 
movement down a slope seems risky, traversing even a short way 
along the contour may bring you out of the wind. If no cave or crevice 
is available to give shelter, make use of any hollow in the ground. Add 
to its height, if you can, by piling up rocks — but make sure that any 
structure is stable and use a back-pack, if you have one, to increase 
the windshield before settling down on the leeward side. 

If there is still daylight to see by, you have no injuries to 
handicap you and are not isolated by unnegotiable cliffs or other 
barriers, it will be worth seeking possible better places in the vicinity. 
For a long-term camp you should find a secure site with convenient 
access to your major needs. 


Where to camp 
IF you are on high exposed ground go lower down to find a sheltered 
spot, but on low, wet ground you will need to climb higher to find 


BAD PLACES TO CAMP 


1 Hilltops exposed to wind (move down and look for shelter on the 
lee side). 


2 Valley bottoms and deep hollows — could be damp and, 
especially when the sky is clear, more liable to frost at night, 


3 Hillside terraces where the ground holds moisture. 
4 Spurs which are on a game trail 


246 


SHELTER AND MAKING CAMP 


somewhere securely dry. Look for somewhere sheltered from the 
wind, on rising ground that has no risk of flooding and is safe from 
rock falls or avalanches. 

Hot air rises, cold air sinks, so valley bottoms will often contain 
pockets of colder air and, in cold weather, be susceptible to frost and 
damp mist. In areas that get plenty of rainfall, terraces across a slope 
will often be damper than the steeper ground above and below 
them, for water collects there before flowing further downward 

Ideally you should be near water, with a plentiful supply of wood 
near at hand. Pitching camp too close to water, however, may lead 
you to be troubled by insects, and the sound of running water can 
hide other noises which might indicate danger, or the sound of 
search or rescue parties. 

On river banks look for the high water mark: in mountain regions 
streams can become torrents in minutes, rising as much as 5m (17ft) 
in an hour! Even on plains keep out of old watercourses, no matter 
how dry they are. Heavy rainfall in nearby hills can easily send water 
rushing down them in flash floods, with practically no warning. 
Choose ground that is reasonably flat and free of rocks and make 
sure that you have space to lay out signals and that you can be 
easily spotted by rescue partis. 

Check above your head for bees’ or hornets’ nests and for dead 
wood in trees that could come crashing down in the next storm or 
high wind. Keep away from solitary trees, which attract lightning, 
and in forest areas keep to the edges, where you can see what is 
going on around you. Don’t camp across a game trail — you don’t 
want marauding animals as unwelcome guests or to find your 
bivouac flattened by a herd of animals on their way to a waterhole 
— but stay near to any obvious human tracks. 


TYPES OF SHELTER 


The type of shelter you build will depend upon local conditions and 
the materials available — and upon how long you expect to need it. 
For immediate protection from the elements, rig up a makeshift 
shelter while you construct something better and more permanent. 
If you decide to stay put and wait for rescue, a more long-term 
shelter can be built and improved on as time and energy permit. 

For those walking to safety, on the other hand, temporary shelters 
‘can be built at each stopping point. They can even be carried with you 
if they are sufficiently light and there isa significant risk that suitable 
materials may not be available at the next campsite. 
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A more permanent shelter will certainly be worthwhile for the 
sick or injured, who must rest up in order to regain their strength, or 
where it is necessary to wait for the weather to clear before 
attempting a journey. Use the time to stockpile equipment and 
provisions. 


Hasty shelters 

If no materials are available for constructing a shelter make use of 
any cover and protection that is available: cliff overhangs, gradients 
and so forth, which will help shield you from wind or rain. 
Incorporate natural windbreaks in quickly constructed shelters. In 
completely open plains, sit with your back to the wind and pile any 
equipment behind you as a windbreak. 


Bough shelters 
Make use of branches that sweep down to the ground or boughs 
that have partly broken from the tree to give basic protection from 
the wind — but make sure that they are not so broken that they 
could come down on your head! Weave in other twigs to make the 
cover more dense. Conifers are more suited to this technique than 
broad-leaved trees, as they require less weaving-in to keep out rain. 
Make a similar shelter by lashing a broken-off bough to the base 
of another branch where it forks from the trunk (a). 


Root shelter 

The spreading roots and trapped earth at the base of a fallen 
tree make a good wind and storm barrier, if they are at the right 
angle to the wind. Filling in the sides between the extended 
roots will usually make the shelter much more effective, and 
provide a good support for building a more elaborate shelter from 
other materials. 
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Use a natural hollow 

Even a shallow depression in the ground will provide some 
protection from wind and can reduce the effort in constructing a 
shelter. However, take measures to deflect the downhill flow of 
water around it, especially if it is @ hollow on a slope, ar you could 
find yourself lying in a pool. 

Make a roof to keep the rain off and the warmth in. A few strong 
branches placed across the hollow can support a light log laid over 
them, against which shorter boughs and sticks can be stacked to 
give pitch to the roof and so allow water to run off. Consolidate 
with turf or with twigs and leaves. 


Fallen trunks 
A log or fallen tree trunk makes a useful windbreak on its own, if it 
is at the right angle to the wind. With a small trunk, scoop out a 
hollow in the ground on the leeward side. 

A log also makes an excellent support for a lean-to roof of 
boughs. 


Drainage and ventilation 

A run-off channel gouged from the earth around any shelter in which 
you are below, or lying directly on, ground level will help to keep the 
shelter dry. Hasty shelters will usually have many spaces where air can 
enter. Do not try to seal them all - ventilation is essential. 
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IEEE Access 


the interdependence of different frame design parameters, 
service requirements and characteristics of radio environ- 
ment, Based on these interdependency, they provide guid 
lines for radio numerology design and elaborated on the 
frame design for loT communications in SG networks to 
support massive connection density of low-rate, low-power 
devices. The article concludes with some key research find- 
ings and challenges massive loT in SG wireless network 

It is estimated that in year 2020, 20 to 40 billion devic 
will be connected to the Internet as part of the Internet 
of Things. A critical bottleneck for realizing the efficient 
oT is the pressure it puts on the existing communication 
infrastructures, requiring transfer of enormous data volumes, 
In the article ““CONDENSE: A reconfigurable knowledge 
acquisition architecture for future SG lo”, by Dejan Vuko- 
bratovie et al. the authors propose a architecture named 
“Condense’ which integrates the acquisition of loT-generated. 
data within the 3GPP MTC (machine type communications) 
systems. The proposed Condense architecture introduces a 
service within 3GPP MTC systems — computing linear and 
non-linear functions over the data generated by MTC devic 
This service brings about the possibility that the underlying 
‘communication infrastructure communicates only the desired 
function of the MTC- generated data (as required by the given 
application at hand), and not the raw data in its entirety. This 
transformational approach has the potential to dramatically 
reduce the pressure on the 3GPP MTC communication infras- 
tructure. The article concludes by discussing challenges, pro- 
es insights, and identifies future research directions for 
implementing function computation and function decompo- 
sition within practical 3GPP MTC systems. 

In the article, “Frequency-domain oversampling for cog- 
nitive CDMA systems: Enabling robust and massive mul- 
tiple access for Internet of Things” by Su Hu et al, the 
authors utilize the concept of cognitive radio with dynamic 
nnon-continuous spectrum bands and code division multiple 
access to tackle the challenge of massive spectrum resource 
management in IoT. In order to suppress multiple access 
interference resulting from the non-orthogonality of partial 
available spectrum bins, carrier frequency offset, and spec: 
trum sensing mismatch, the authors propose an enhanced 
receiver design that combines the frequency-domain ov 
sampling scheme (FDO) and linear minimum mean square 
error (MMSE) method. The simulation results show that 
the cognitive-CDMA with FDO-MMSE receiver outperforms 
that with conventional per-user MMSE receiver in the pres- 
ence of multipath fading channels, carrier frequency offset, 
and spectrum sensing mismatch, 

In the invited article, “A survey of client-controtled 
HetNets for SG” by Michael Wang et al, a comprehensive 
review is provided on spectrum of client-controlled Het- 
Nets for SG networks: from the fully devolved distributed 
local control approach to the hybrid control approach where 
clients may make the decisions given some global infor 
mation provided by the network. After giving a thorough 
review, the authors also provide future research directions 


and recommendations for evolution of 5G heterogeneous 
networks as an enabler for next generation internet of things. 

To conclude, the Editors would like to thank all authors 
who submitted their manuscripts against this Spx 
‘There had been some very exciting submissions though we 
could only accept best seven high quality submissions. The 
editorial staff also thanks the reviewers for their timely com- 
‘ments on the manuscript which helped us improve the presen- 
tation and quality of the content manifold, All the associate 
editors thank the Editor in Chief Dr. Michael Pecht for his 
assistance in making this special issue a reality. We would 
also like to thank the publications editor Ms. Kimberly Shu- 
mard for her continuous follow up on timelines and manage- 
ment of articles to ensure timely completion of the review 
process. We complete this note by letting the readers know to 
stay tuned with IEEE Accass as we expect even more exciting 
issues in months to come. 
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Stone barriers 

A shelter is more comfortable if you can sit rather than lie in 
it, so increase its height by building a low wall of stones around 
your chosen hollow or shallow excavation. Caulk between the 
stones (especially the lowest layer) with turf and foliage mixed 
with mud, and deflect the flow of rainwater around the shelter as 
shown below. 


Sapling shelter 
If suitable sapling growth is available, select two fines of saplings, 
clear the ground between them of any obstructions and lash their 
tops together to form a support frame for sheeting. Weigh down the 
bottom edges of the sheeting with rocks or timber. 

You can make a similar shelter from pliable branches driven into 
the ground. 


If you lock sheeting, choose or place 
soplings closer together, weave branches 
between them ond consolidate with 
Ferns ond turf 
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Shelter sheet 

With a waterproof poncho, groundsheet or a piece of plastic 
sheeting or canvas, you can quickly and easily make a number of 
different shelters which will suffice until you can build something 
more efficient. Make use of natural shelter (a) or make a triangular 
shelter with the apex pointing into the wind (b). Stake or weigh 
down edges. If it is long enough, curl the sheeting below you — 
running downhill so that it keeps out surface water (c). If you don’t 
have much material attach it so that you are shielded from the wind 
((J). Use dry grass or bracken as bedding. Do not lie on cold or 
damp ground, 


A closely woven fabric, though not 
impermeable, wil keep out most rain if 
you set it ata steep angle. Fit one shelter 
1 few inches within anather (a. The rain 
that does come through wil rarely work 
its way through both layers 

With any woven fabric, avoid 
touching the inner surface during rain or 
vou will draw water through. 
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Tenees 

Best known from its North American forms, the tepee occurs in 
many cultures. The quickest type to erect has three or more angled 
support poles, tied where they cross to make a cone. They can be tied 
on the ground and lifted into place before covering with hides, birch 
bbark panels or sheeting, Leave an opening at the top for ventilation, 


Wider angles w 


dive greater area but 


Parachute tepee 
A parachute, suspended by its centre, makes an instant tepee. Peg 
out the bottom edge. 


Parachute moteria can be used to cover 
0 tepee, but even simpler is to suspend 
one from o tree. Give the sides @ steep 
‘angle and, even when the fabric is not 
mpervious, water will run aft. Fold @ 
segment of the chute double for a door 
flap, sic along a seam and make a tie 
fastening to close it 
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Stick walls and screens 

It is easy to build walls by piling sticks between uprights driven into 
the ground and (if possible) tied at the top. Caulk them well to 
keep out wind and rain, These are ideal for making one side of a 
shelter, for blocking a shelter’s opening or for @ heat reflector 
behind a fire. If large rocks are not available use this method to 
dam a stream, 


To make a very sturdy stick wall, increase 
the space between the uprights, use two 
Stacks of sticks and, as you build i, fill 
the space betiveen with earth 


Coverings 

Make wattle and woven coverings for roofs or walls from springy 
saplings, plant stems, grasses and long leaves (either whole or, if 
large enough, shredded for tighter weaving). First make a framework 
from less pliable materials, either in situ or as a separate panel to 
attach later. Tie the main struts in position. Weave in the more pliant 
materials. 


If no ties are available, drive vertical stakes into the ground and 
weave saplings between them. Caulk with earth and grasses. 

If suitable firm cross-pieces are too few, weave creepers between 
the uprights. 

Very large leaves, lashed or weighted down, or hooked over lines 
of creeper, can be overlapped like tiles or shingles to keep out rain. 
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Long grass can be bunched and woven 
overlap the ends irequlorly) to make a 
continuous warp and wet. Or use birc 
bark (0 make shingles. Ring a birch tre 
with even 60em (2ft} cuts and coreful 
remove tie bark (a). Across o frame fix 
pairs of canes or creepers in close 
spaced pairs (b. Upper ends of shingles 
Ore gripped between the canes, the fower 
ends rest on top of those below fc 


Open lean-to shelter 

If there is nothing solid to lean a roof against and you are not trying 
to keep out heavy rain or a blizzard, use panels of wattle or frames 
covered in grass for protection. 

Erect a horizontal cross-piece between trees or on simple 
supports. On the windward side lean a panel of wattle, or tie or lean 
saplings at 45 degrees to make a roof (a). Site your fire on the 
leeward side. Add side pieces and — this is the trick — build a 
reflector (b) on the other side of the fire to make sure that you get 
the full benefit of the warmth. 


The lean-to on the opposite page shows the lean-to shelter taken 
to its logical conclusion. By adding to the left and to the right of the 
structure you can make the shelter larger and you can store more 
materials. To improve your shelter further you can add a canopy to 
the front of it in order to provide extra protection against the 
elements. This more advanced lean-to has space for fire wood (c), 
supplies (d), and includes a canopy (e). 
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‘Adding a canopy to the lean-to shelter 
This requires. two additional supports (one 
each side of the cross-piece placed at a 45 
degree angle), and vertical supposts on which 
to attach the covering material, 


TROPICAL SHELTER 


In rain forests and tropical jungle the ground is damp and likely to 
be crawling with insect life, leeches and other undesirables. Instead 
of bedding down on the ground you will be better in a raised bed. 
Consequently you may want to make higher shelters. 

Unless you are at an altitude high enough to make the nights 
cold, you will be less concerned with protection from the wind than 
with keeping reasonably dry. A thatching of palm, banana and other 
large leaves makes the best roofs and walls. 


ATAP 
‘Also know as ‘Wait-a-while vine, atop is 
especially useful, despite the barbs at each 
eof tip which make careful handling 
necessary. Look for any plant with a similar 
structure (a), the bigger the better. The 
‘broader the indiviival leaflets, the better also. 


Atop is best used horizontally, splitting eoch 
leat into two from the tip (| then tearing it 
into two clean halves down its length. Do not 
try to split from the thick end or you well end 
up with a broken branch. 


Closely layer halves of atop on your root 
frame (c). You can let it bea litte less dense 
fon walls. Woven atop can be particularly 
effective for the sides of o shelter 
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Another method: SWIG 
Do not split down the leaf but fold the F 

leaflets on one side across to the other ¢ 

‘and interweave them (0). You will 
probably find this eosiest if you work 7 
first from one side then the other — b 


Three-lobed leaves or leaves cut in this 
on fe} can be locked over @ that 


Elephant grass and other large leaves can 
be woven between the cross-pieces (gl 
‘umber ore needed to 


tong broad leaves con be sown 
‘long the thatching battens with 
ines th) 


Palm and other 
be secured by carrying 
fatten and over th 


where it held in p 
Leaves must overlap those be 
the outside of the shetter 
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Bamboo 
This large-stemmed plant, actually a grass, is a very versatile building 
material and can be used for pole supports, flooring, roofing and walls. 
The giant form of bamboo — which can be over 30m (10Oft) high 
and 30cm (1ft) in diameter — is an Asian plant, found in damp places 
from India through to China both in the lowlands and on mountain 
slopes, but there are types native to Africa and Australia and two 
which are found in the southern United States. 


Split bamboo vertically to make roofing 
‘and guttering to collect rainwater. The 
split stems, laid olternately to interlock 
with one another, form efficient ond 
waterproof pont. 

Flatten split bomboo for smooth 
wall, floors or shelving by cutting 
vertically through the joints. every 
1.25em  ("/in) or so oround the 
circumference. It can then be smoothed 
out 

The paper-ike sheaths formed at 
the nodes can also be used as roofing 
material, 
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ARCTIC SHELTER 


In polar areas simple shelters will be those already waiting for you 
in natural caves and hollows. If you carry some kind of bivouac in 
your equipment, you can erect it and increase its protection by 
piling up loose snow around and over it, so long as it can support 
the weight. But to build in hard snow — and at very low 
temperatures snow will be solid — you need some kind of implement 
to cut into it or make blacks from it. Spades and ice saws are 
essential equipment for polar expeditions. 

Snow or rock caves will be easily recognizable — but not so 
obvious are the spaces left beneath the spreading boughs of conifers 
in the northern forests when the snow has already built up around 
them. A medium-sized tree may have a space right around the trunk 
() ora large one have pockets in the snow beneath a branch (b). Try 
digging under any tree with spreading branches on the lee side. 


Even soft snow can be built into a Anchor @ ground sheet or poncho along 
‘windbreak. Those with equipment can ‘another course of blocks, 
cut blocks {o. This is the minimum use others to secure the bottom edge. 
shelter for the minimum effort. Use more snow blocks to close the sides 
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BUILDING IN SNOW 


A saw, knife, shovel or machete is necessary to cut compacted 
snow into blocks. The ideal snow will bear a man’s weight without 
much impression being made but be soft enough to allow a probe 


to be inserted evenly through it 


Cut blocks about 45 x 50cm (18 x 20in) and 10-20em (4-in) 
thick, These will be an easy size to handle, thick enough to provide 
good insulation and yet allow maximum penetration of the 
Sun's rays. 


Snow trench 

This is a much quicker shelter to construct than trying to build in 
snow above the ground, but it is suitable for only one person and 
then only for short-term use — while you are on the move or making 
something bigger, for example. 

Mark out an area the size of a sleeping bag (including head 
support) and cut out blocks the whole width of the trench. Dig down 
to a depth of at least 60cm (2f). Along the top of the sides of the 
trench cut a ledge about 15em (Gin) wide and the same deep. 

Rest the snow bricks on each side of the ledge and lean them in 
against each other to form a roof (a) 

Put equipment below your sleeping bag so that you are not in 
direct contact with the snow beneath. 


Block te wind end with once 
block or piled up snow. At the other i c 

end (downwind) hove a removable 

Block os oro ion entrance e/ ee! 
(OF ony gaps with ston. Most | 
Fectvetulione sgt spe colder 

wit let a te orto fog 
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Snow cave 
Dig into a drift of firm snow to make a comfortable shelter. Make 
use of the fact that hot air rises and heavier, cold air sinks. Create 
three levels inside: build a fire on the highest, sleep on the centre 
‘one and keep off the lower level which will trap the cold. Drive a 
hole through the roof to let out smoke and make another hole to 
ensure that you have adequate ventilation. 

Use a block of snow as a door and keep it loose fitting and on 
the INSIDE so that it will not freeze up and jam. If it does, a block 
Con the inside will be much 


Smooth the inside surfaces to 
discourage melt drips and make a 
channel around the internal perimeter 
to keep them away from you and your 
equipment. 


‘Snow house (igloo) 
An igloo takes time to construct but centuries of use by the Eskimo 
demonstrate its efficiency. Build the main shelter first then dig out 
an entrance o build an entry tunnel which is big enough to crawl 
along. Make sure that its entrance does not point into the wind. You 
could bend the tunnel or build a wind break to make this less likely 
To construct an igloo by the circular method, mark out a circle 
on the ground about 4m (13vAft) in diameter and tramp it down to 
consolidate the floor as you proceed with the rest of the building, 
Cut and lay a circle of blocks on the perimeter. Be prepared to 
dig a tunnel (a), or leave a space for an entrance (b). Place another 
layer on top of them but, as when laying bricks, centre new blocks 
over the previous vertical joint 
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Build up more layers but place each only halfway over the lower 
tier, so that the igloo tapers in or becomes dome-shaped. Shape out 
the entrance arch as you proceed. Seal the top with a flat block. 
Make ventilation holes near the top and near the bottom ~ not on 
the side of the prevailing wind or so low that snow rapidly builds up 
and blocks it. Fill any other gaps with snow. Smooth off all the inside 
to remove any drip-points. This will allow any condensation to run 
down the wall instead of dripping off. 


Igloo (spiral method) 
Lay the first course of blocks and then shape them to the required 
spiral. You do not have to overhang the blocks if you angle 
Your initial spiral downwards and inwards, and shape the top and 
bottom faces of subsequent courses to lean inwards. The last 
few blocks in the centre may need some support as you fit them 
into position. 


Cutting the first course to an even = 
spiral eases the whole process. Angle 

the top edge slightly down towards 
the centre = 


The fino! block must be cut to fit ~ 
Unless the space is small enough to 
leave for ventilation, but this last 
block helps to keep the structure 
from collapsing, 


SURVIVING THE COLD 


No matter how low the external temperature, inside a well- 
constructed snavr house the temperature will not drop lower than 


=10°C (0°F), Just burning a candle will raise the temperature by 
about four degrees. The traditional Eskimo way of heating the 
igloo was a wick in a bowl of fat. In a large shelter with 2 wood 
fire the temperature fs cosy. An oil burner or fat on bones are 
good alternatives where there is no wood. 
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INSIDE THE IGLOO 
Build a sleeping thon the 
or for dig down when building) to 
create a lower cold level which can be 
used for storage. 


Cut an entrance way through the lower course of blocks or dig a 
tunnel beneath them. The central hole can be used as an entrance if 
you are too exhausted to complete the structure. 


BUILDING A SHELTER 


The type of shelter you build will depend upon: the materials 
available, the tools available, what you are sheltering from (WIND, 
COLD, SNOW, RAIN, INSECTS, and so forth). 


How long do you intend to remain at the location? Snow 
caves and natural holes are ideal if you are on the move and do 
not need a permanent structure 


Size will depend upon the number in the party 


Take your time over building @ complex structure and 
rest frequently. Over-exertion which produces sweating should 
bbe avoided, 


All shelters MUST be adequately ventilated to prevent carbon 
monoxide poisoning and allow moisture to escape. Two holes are 
needed — have one near the top and one near the entrance. In 
snow shelters the holes must be regularly checked to ensure that 
they have not become blocked by snow or ice. 


Regularly clear accumulated snow from any entrance tunnel 
to ensure that it does not become blocked. 


The smaller the shelter the warmer it will be inside but, since 
it will not be possible to heat the shelter to many degrees above 
freezing, you will need a littl time to adapt to the environment. 
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Parachute snow houst 
This is a useful structure if stranded on sea ice where sufficient snow 
for an igloo (or igloos) for a larger party may be hard to find. Look 
for snow or convenient blocks of ice in the pushed-up pressure 
ridges of the ice. 

Mark out a circle and build up a circular wall of snow blocks 
about 1m (3ft) high. Leave an entrance space if on ice — you will not 
be able to dig an entrance tunnel. Dig a lower area in the floor for 
cold air to sink into. 


Roise a centro! column of blocks jn the 
centre about 1-i.5m (2-5f higher thon 
the wal. Drope the parachute over this 
‘andthe wall, securing it with o further 
row of blocks on top ofthe wall 
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LIVING IN A SNOW HOUSE 


In bad weather make sure that you have a good supply of timber, 
or liquid fuel, inside the shelter 

Do not carry loose snow into the shelter, knock it off boots and 
clothing before you enter. 

Mark the entrance clearly so that it is easily found. 

Keep shovels and tools inside the shelter — you may have to dig 
yourself out. 

Drips in igloos can be stopped by placing a piece of snow on 
the source. 

Relieve yourself inside the shelter — this is usual practice in 
these conditions and conserves body heat. Use plastic bags, ration 
tins or other containers and empty when possible. Try to discipline 
the bowels to work just prior to leaving the shelter in the morning 
and then remove faecal matter with other rubbish accumulated 

Ina shelter with several people organize a rosta of duties. It is 
important that someone tends the fire at all times. Others can 
check the vent holes, gather fuel, go hunting when possible, 
prepare meals and so forth. 

Remember that at a low temperature you will need more food 


LONG-TERM SHELTER 


If you decide that any possible search for you has been 
abandoned and that it is impracticable to make your own 
way to safety, whether due to distance, time of year, lack of 
equipment or physical condition, you will want to make the most 
comfortable permanent shelter possible. Somewhere that you 
will be able to establish yourself cosily until you can eventually 
attract rescue or equip yourself to undertake the journey with your 
own resources. 

ina cold climate you will want to be warm and snug. In a warm 
one, on the other hand, you will want to take advantage of any 
available breezes. Your shelter will need to provide protection 
against the changing seasons and night temperatures which may 
differ from daytime ones, 


Caves 

Caves are the most ready-made of shelters. Even a shallow cave (in 
stone usually known, in fact, as a rock shelter) offers an excellent 
temporary shelter and a larger cave can make an excellent 
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permanent home. People still live in them in many parts of the 
world, sometimes with all modern conveniences! Caves situated 
above a valley will be dry even if water seeps through in some places 
from above. They are weather-proof and require little constructional 
work, usually simply the creation of a barrier to close off the 
entrance. Make this of rocks, wattle, logs, turves or almost any 
material. 


IF the cave faces into the wind, build a 
sereen out fram both sides, one slightly 
feehind the other, overlapping them to 
provide an enteance (a) 


Build the fire at the back of the cave 
Smoke will go up to the roof, leaving oir 
nearer the floor. Smoke from a fire near 
the open mouth of a cave will not 
escope outwords but will probably be 
blown in. If you seal the cave entrance 
‘make sure you leave 0 gop for the smoke 
to escape. 


Caves can be cold, and they may already be inhabited by wild 
animals, so approach any stich shelter with caution. Plenty of dry 
plant matter and pine boughs on the ground will provide insulation. 
A good fire will usually make animal occupants leave. Allow them an 
escape route, 

Sometimes a cave will have its own fresh water supply, especially 
if it goes deep into a hillside, either from an underground stream or 
from water seeping through the racks above. 


WARNING 


Check for the possibility of a rock fall inside or outside the cave. 
‘You might be desperate for shelter, but your situation will be a lot 
worse if you are trapped or injured by falling rocks. 
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Light structures 

Follow the methods outlined for the lean-to structure. You can 
extend it with a less angled roof and a front wall or you can build 
vertical walls and roof them over with deep eaves to give you extra 
shade from sun and to ensure that rain runs off well away from the 
hut. Dig a channel to carry any water away. 

If you have bamboo or other strong material available to build a 
firm frame, raise the floor of your shelter off the ground in tropical 
climates, so reducing access to ground creatures. 

In hot climates you will need to make your roof solid to keep out 
rain and give good protection from the sun but, if it projects well 
over the walls, you can leave them as fairly open lattice to allow air 
to pass through. Grasses and mud will seal cracks and all Kinds of 
material will make a thatch if woven between roof cross-pieces of 
sticks or cords. In climates with heavy rainfall use leaves or bark like 
tiles on top. 


Log cabin 
Scale your cabin to the number it is to house. You can always 
enlarge it or add on extra rooms later. The size of logs available will 
determine the length of walls. A square or rectangle will be sturdy 
and easiest to roof — 2.5m (Bft) square is a sensible small size. You 
may be lucky and be able to use trees that have already fallen, in 
which case you could perhaps lash a framework of logs together and 
fill the spaces in between, but it is much better to joint the corners 
to fit snugly into each other. Do not finish off the projecting ends. 
These are the strength of the structure. 


Lay down your first Joyer of logs in the 
ape of your hut (a). Joint the corners 
to fit on top of each other (b) and cut 
ther logs to fit neatly on top. 
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© 

=F Since logs tend to taper, place them 

| alternately top to bottom to counter 
Qe) this te 


Once the ground frame is established 
leave space for a doorway an the side 
‘away from the prevailing wind ~ you 
‘may be able to use off-culs from logs for 
these sections on either side of the door. 
Square off the edges ond wedge a door 
frame in place {d). Do not bother with 
windows, the door will give sufficient 
ventilation. 


Build up the front higher than the back to give pitch to the roof. 
The last log front and back should project well beyond the side walls. 
These will support the roof. Across the hut from side to side notch 
in one cross-beam to keep short logs in place. Lay a roof of lags, 
front to back, extending beyond walls. Notch the logs to fit on to 
the cross-pieces or lash them down. 


Choose a flat site for your cabin, of level a slightly larger area, 
Dig into a hillside if necessary, but the foundations for the walls 
must be level. 

The flexible saw in your survival kit will cut logs of sufficient size, 
and if you are a survivor from a wrecked plane or boat there will 
have been a fire axe on board, 

There is no need to make a door yet. Hang a piece of blanket to 
keep the wind out, or make a panel of wattle to fill the gap until 
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you feel equipped to make a permanent door. Don't bother with 
windows either — the doorway will give enough ventilation 

Caulk between the lags with mud and wood chips, or, if there 
are big gaps, saplings before applying the mud. Mix it with grass 
and moss, and use a sharpened stick to force it between the logs. 
Cover the roof with saplings before adding a layer of mud and turf. 


fof whole logs 
you couid use lighter materials and mud 
‘an a timber frome. Bark from the logs 
‘makes an excellent top covering if fod 
tiles. These could be pegged through 
with small supple twigs while the mud és 
stil soft 


If there is no risk of a build up of water (in which case it would 
be useful to build a floor later) dig down inside the hut to provide 
the earth for mud caulking and you will at the same time increase 
its interior height. 

If you leave a hole somewhere in the roof for smoke to escape, 
you can make a fire inside the hut. But do not leave it unattended 
— put it out rather than risk your home burning down. 

If stone is readily available, you could build a proper chimney 
and fireplace. You'll retain more of the heat if it is a central 
structure, Fit stones as closely as possible and use small stones and 
mud to pack the spaces. 


SURVIVAL SCENARIO 


You have made your shelter, but where should you wash 
yourself and your clothes? 


All ablutions should be carried out down stream, This will be at a 
ower point than where you are getting your drinking water from, 
therefore ensures your supply will remain clean/uncontaminated, 
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ire can be the difference between life and death. It is imperative 

that you are able to light a fire under any conditions, anywhere 
in the world, The most important uses of fire are for boiling water, 
signalling, cooking, and protection from animals and flying insects. 

Because 90 per cent of the diseases that are carried in water can 
be countered by boiling water itis vital that you learn the skill of fire~ 
lighting. However, you don’t need to boil rainwater, as it won't carry 
any of the bacteria found in the other water sources that you will 
encounter. 

Fire can help to make or fashion tools {you can fire-harden 
bamboo to make a spoon), while charcoal can be used to burn out a 
hole. This can be safer than cutting the hole yourself which could 
lead to you injuring yourself. 

When lighting a fire, always ensure adequate ventilation, with 
enough fuel and a hot enough source to ignite this fuel. To produce 
flame, this temperature must be maintained to keep air and fuel 
continuously reacting, The more oxygen introduced, the brighter the 
fire: by using the wind, or forcing a draught, the fire is fanned to a high 
‘temperature and rapidly burns fuel. By reducing the ventilation the fire 
burns less fiercely and embers are allowed to glow, needing less fuel. 

If these principles are understood, smoky fires can be avoided 
‘Smoke is the result of incomplete combustion — with care smoke 
can be virtually eliminated. 


PRACTICE FIRE-LIGHTING 


Fire is essential to survival, It provides warmth, protection, a 
means of signalling, boils water, and cooks and preserves food 
You must learn to light a fire anywhere under any condition. It is 
not enough to know all the methods — you have to be expert 
at them. 


Preparation 

First make sure that you have sufficient quantities of TINDER, 
KINDLING and FUEL. Then prepare a fireplace so that you can control 
the fire. Used carelessly fire can get out of hand and bring disaster. 


The fireplace 
The fireplace needs to be prepared carefully. Choose a site that is 
sheltered, especially during high winds. Except for signal purposes 
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(see Rescue), or exceptionally to warm a temporary bough or 
snowhole shelter, do not light a fire at the base of a tree or stump. 
Clear away leaves, twigs, moss and dry grass from a circle at least 2m 
(6ft) across and serape everything away until you have a surface of 
bare earth. 

If the ground is wet or covered with snow, the fire must be built 
on a platform. Make this from a layer of green logs covered with a 
layer of earth or a layer of stones. 


Temple fire 

IF land is swampy or the snow deep a raised platform is needed. This is 
known as a temple fire, The hearth consists of a raised platform, built 
of green timber. Four uprights support cross-pieces in their forks. 
Across them place a layer of green logs and cover this with several 
inches of earth. Light the fire on top of this. A pole across upper forks 
on diagonally opposite uprights can support cooking pots. 
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IN WINDY CONDITIONS 
IF there ave particulorly strong winds, 
dig o ter 


ich and light your fi 


Also good for windy conditions 
Encieie your fie with rocks to retain 
hheat ond conserve fuel. Use them to 
support cooking utensils. Their heat, 
{2 well os that from the fir, wil keep 
things warm and you can use the 
rocks themselves as bed warmers 


WARNING 


Avoid placing wet or porous rocks and stones near fires, 
especially rocks which have been submerged in water — they may 
explode when heated. Avoid slates and softer rocks, and. test 
others by banging them together. Do not use any that crack, 
sound hollow or are flaky If they contain moisture it will expand 
faster than the stone and can make it explode, producing 
dangerous flying fragments which could take out an eye if you 
are close to the fire. 


Tinder 
Tinder is any kind of material that takes the minimum of 
heat to make it catch alight. Good tinder needs only a spark to 
ignite it 

Birch bark, dried grasses, fine wood shavings, bird down, waxed 
paper and cotton fluff from clothing all make good tinder. So do 
pulverized fir cones, pine needles and the inner bark from cedar 
trees. Dried fungi are excellent, if finely powdered, and scorched or 
charred cotton or linen, especially ground finely, are also among the 
best. Where insects such as wood wasps have been boring into trees, 
the fine dust they produce is good tinder and powdery bird and bat 
droppings can also be used. The inside of birds’ nests are usually 
lined with down feathers and ignite easily ~ dry fieldmouse nests 
are also usable. 
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Whatever tinder you use MUST BE DRY. It is a good idea to carry 
tinder with you in a waterproof container. Always keep an eye open 
for tinder to collect. 


Kindling 
Kindling is the wood used to raise the flames from the tinder so that 
larger and less combustible materials can be burned. 

The best kindling consists of small, dry twigs and the softer 
woods are preferable because they flare up quickly. 

Those that contain resins burn readily and make firelighting a 
snip. The drawbacks of soft woods are that they tend to produce 
sparks and burn very fast. You may need more to get the main fuel 
going and they are soon consumed if they form the main fuel 
themselves. 

Don't collect kindling straight from the earth, it is almost always 
damp. Take it from standing deadwood. If the outside is damp, shave 
until the dry middle is reached. 


MAKE FIRE STICKS 
Shave sticks with shallow cuts to 

Yeathed them. Preparing kindling i tis 5S 
vway mates it coich fight more fely ond 

estoblshes a fire quickly 


FUEL 


Use dry wood from standing trees to get the fire going. Once it is 
established you can use greener wood or dry out damp wood. 

‘Asa general rule, the heavier the wood the more heat it will give 
— this applies to both dead and green wood. Mixing green and dry 
wood makes a long-lasting fire, which is especially useful at night. 

Hardwoods — hickory, beech or oak, for instance — burn well, 
give off great heat and last for a long time as hot coals. They keep 
a fire going through the night 

Softwoods tend to burn too fast and give off sparks. The 
worst spark-makers are cedar, alder, hemlock, spruce, pine, chestnut 
and willow. 

Remember that damp wood is sometimes advantageous, 
producing smoke to keep off flies, midges and mosquitoes and 
burning longer so that it keeps the fire in 
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ry wood across two supports above a 
fire ~ not so clase thot itis set alight 
Lay green logs at an angle beside the 
away from the wind to 

on of @ sluggish fire 


2 wood shed ~ ess 
Set it close to the the fire's 
warmth wil help d oad, but not 
50 close that a spark could ignite it Build 
two bays and use wood from one while 


the other bat 


‘SAVE ENERGY 
Don't waste energy chopping logs: Break 
them by smashing them over @ rock (a). 


If that does not work, feed them over 

the fire, letting them burn through in the 
hey are not so long, feed 

them end first into the fre 
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Jogs in order to conserve fuel, on oxe is 
not needed, Even quite a small knife 
placed on the end ofa fog and hit with a 


‘gop and 
rive this downward to complete. the 
split. B 


fake the risk o 


wooden wedge in the opens 


only have one knife 


STAR FIRE 


ted where the ends of large 


glowing ember 
together and they soon take flame 
‘again. This type of fire is used mainly 


Other fuels 
In areas where wood is scarce or unavailable other fuels must be 
found. 


Animal droppings: These make excellent fuel - frontiersmen of the 
Wild West used ‘buffalo chips’ for their fires. Dry the droppings 
thoroughly for a good smokeless fire. You can mix them with grass, 
moss and leaves, 


Peat: This is often found on well-drained moors. It is soft and 
springy underfoot and may be exposed on the edges of rocky 
outcrops — looking black and fibrous. It is easily cut with a knife. 
Peat needs good ventilation when burning 


des rapidly ands soon ready 0 bu # 
we bas ee 


Coal: This is sometimes found on the surface — there are large 
deposits in the northern tundra. 
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Shales: These are often rich in oil and burn readily. Some sands also 
Contain oil — they burn with a thick oily smoke which makes a good 
signal fire and also give off a good heat. 


Oils: If you have had a mechanical failure and crashed or broken 
down with fuels intact you can burn petroleum, anti-freeze, 
hydraulic fluid and other combustible liquids. Even insect repellent is 
inflammable. Anti-freeze is an excellent primer for igniting heavier 
engine oils. With a little potassium permanganate (from your survival 
kit) you can set it alight in a few seconds. 

In very cold areas drain oil from an engine sump before it 
congeals. If you have no container drain it on to the ground to use 
later in its solid state. 

Tyres, upholstery, rubber seals and much of any wreckage can be 
le materials in oil before trying to make 


Mix petro! with sand and burn it in 0 
container as a stove, or dig a hole and 
‘make a firepit 

Burn oil by mixing in petro! or anti- 
freeze. Do not set a light directly to 
liquid fuels but make o wick and fet 
that provide the flame. The some goes 
for insect repellent 


Animal fats: These can also be used with a wick in a suitably 
ventilated tin to make a stove. Bones can add bulk when fat is 
being burned as a fire (sometimes the only available fuel in polar 
regions). 


o 
‘Start flame with tinder or a candle then g 
place 0 network of bones over it to 
‘support the fat or blubber. Use only a 


litle fot at first. Unless it is surplus, 
‘burning fat means sacrificing food 
value, but seal blubber spoils ropidly and 
‘makes good fuel 
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BURNING OIL AND WATER 


This mixture makes one of the hottest of all fires. Pierce a small 
hole in the base of a tin can for each liquid and fit @ tapered stick 
into it to govern the flow (a). The oil and water run down a trough 
on to 2 metal plate. Pulling the stick out increases the flow, 
pushing it in reduces it. Try 2-3 drops water: 1 drop oil 


‘small fire under the plate 
to.get it hot The mixture becomes 
highly volatite when heated. Light it 
above the plate. This fire wi 


FIRELIGHTING 


Make a bed of tinder and form a wigwam of kindling around it. In 
a strong wind lean the kindling against a log on the leeside. Ignite 
the tinder. Once the kindling has caught add larger sticks. Or take a 
bundle of dry twigs, no thicker than a match, light them first and 
place them in the wigwam, 
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MATCHES 


Matches are the easiest way to start a fire. Carry the non-safety 
‘strike anywhere’ type and as many as possible, Pack them in 
waterproof containers so that they cannot rub or rattle and 
accidentally ignite. Waterproofing the matches themselves does 
both jobs. 

Some people split all their matches in half and it has been 
claimed that one can be successfully divided into six. But do NOT 
risk wasting them — one that works is more use than six that don't! 

Strike split matches by pressing the business end against the 
striking surface with a finger. if this burns the finger be ready to 
cool it at once — in cold water, snow or even ‘spt on it and blow: 


Damp matches 
If your hair is dry and not too greasy roll the damp match in it. 
Electricity should dry out the match, 


Woterproof matches by dripping Strike @ damp match by stabbing 
candle wax on to them. Rip it off with obliquely into the striker strip instead 
{@ fingernail when about to strike one, of drawing the match lang i 


REMEMBER: Whenever you strike a match light a candle. Many 
things in turn can then be lit from it — saving matches. Place it in 
the wigwam of kindling to start a fire and remove it as soon as the 
flame spreads, Only the smallest amount is burned and even a small 
candle will last a long time. 

However many lighters or fire-makers you carry, still pack as 
many matches as you can — you can't beat them. So-called 
everlasting matches can be used over and over again but sooner or 
later even they pack up. So carry ordinary matches as well. Work out 
which kind gives you the most strikes for the weight and room they 
take up. 
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Using a lens 
Strong direct sunlight, focussed through a lens, can produce 
sufficient heat to ignite your tinder, Accidental fires are caused by 
the sun shining through broken bottles on to dry leaves or pasture. 
Your survival kit magnifying glass or a telescope or camera lens will 
serve instead. 


tinder from wind. Focus sun's rays 
rm the tiniest, brightest spot of 
t stead, Blow on it gently as 


Powder from ammunition 
If you are carrying arms you can use the gunpowder propellant from 
a round to help ignite your tinder. 


Break open the round and poi 
ur tinder bef 
nave only 


your flint (0 


Place it on tinder with the r 
ropellant and you will soon have o fi 


Flint and steel 

Flint is a stone found in many parts of the world. If it is struck 
vigorously with a piece of steel hot sparks fly off which will ignite 
dry tinder. A saw-edged blade can produce more sparks than an 
ordinary knife and should be in your kit. A block of magnesium with 
flint on its side is an even more efficient device — magnesium burns 
very strongly. 
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rike the blade against the flint (0), or 

‘raw the saw across the ridged sur 

of the flint supplied with it (b), close to 
0 that sparks fal on it 


With o mag 
of magnesium on to tinder 
then use the sow to prod 
sparks 


block, so 


Battery fire-lighting 

A spark from a car battery can start your fire, and torch and radio 
batteries should have sufficient power. You need two lengths of 
wire, which you simply attach to the terminals. If you cannot find 
any wire you could do it with a couple of spanners or other metal 
implements. Unless you have long pieces of wire, take the battery 
out of the vehicle first. 


wire toge 


y touch, a spark 

ist catch it on your ti 
sce of cloth with @ 
kes the best tinder, the petrol 
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Fire bow 

A simple fire-making technique, but one that needs lots of practise. 
The friction of a hardwood spindle rotated on a softwood base 
produces first fine wood-dust tinder, then heat. Balsa, pine and 
bamboo are typically suitable softwoods; oak, ash and beech are 
hardwoods. Both must be dry. 

Gouge a small depression at the near end of the baseboard and 
cut a cavity below it in which to place the tinder. Shape the spindle 
evenly. Make the bow from a pliable shoot such as hazel or bamboo 
and the string from hide, twine or a bootlace. You also need a 
hollowed piece of stone or wood, or a small jar to steady the top of 
the spindle and exert downward pressure. 

Wind the bowstring once around the spindle, Place the spindle in 
the depression, hold the steadying piece over its end and bear lightly 
down on it while the other hand moves the bow backwards and 
forwards. This makes the spindle spin. Increase the speed as the 
spindle starts drilling through the wood. When it begins to enter the 
cavity apply more pressure and bow vigorously. 


Keep on bowing 
continue: If success 


the ti, glowing 
rop onto your 


spindle upright 0 
It helps to kneel with one foot on 
the baseboard and to lock the 
spindle arm on to this leg while 
owing with the other hand. Keep 
the bow sirokes very eve 


A V-shaped noich, as shown in 
the bosebourd of the hand-dril 
‘method, is also recommended. 
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Hand drill 
This variation on the fire bow is useful in dry territories with low 
humidity and little rainfall — making everything ‘tinder’ dry. 


Jn a baseboard of hardwood cut a V- 
shaped collecting notch which will 
hold tinder, but stil allow air to reach 
itt Make a small depression near it 
For a spindle use o stem of hollow 


softer wood with o soft pthc 


Roll the spindle between the palms of 
the hands, running them down it with 
each burst of spinning to press the 
spindle into the depression in th 
baseboord. 


When the friction makes the spindle 
tip glow red, blow gently to ignite the 
tinder oround it. Putting 0 pinch of 
sand in the spindle hole increases the 
Triction and speeds the heating of the 
tinder. 


A cavity be 
for the fi 
recommended. 


low the spindle, os shown 
bow method, is a 


Fire plough 

This method of ignition also works by friction. Cut a straight groove 
in a soft wood baseboard and then ‘plough’ the tip of a hardwood 
shaft up and down it. This first produces tinder and then eventually 
ignites it 
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Fire-lighting with chemicals 
A survivor's pack is not likely to include a complete chemistry set but 
there are some very common chemicals that, if they are available, 
can be used to produce combustion, The following mixtures can all 
be ignited by grinding them between rocks or putting them under 
the friction point in any of the types of fire drill already described. 
Mix them carefully, avoiding contact with any metal objects. All are 
susceptible to dampness and must be kept dry. 


WARNING 


Handle these chemicals carefully, sodium chlorate in particular — it 
ignites from percussion, so avoid shaking it up or letting it spill. 
Spilled weedkiller on a hard path has been known to ignite when 
Stepped on or a watering can put dovin on it! 


Potassium chlorate and sugar in a mixture of 3:1 by volume is a 
fierce-burning incendiary which can also be ignited by dripping a 
few drops of sulphuric acid onto the mixture. 


Potassium permanganate and sugar mixed 9:1 is less sensitive and 
temperature is a critical factor in how long it takes to ignite. The 
addition of glycerine will also produce ignition. 


Sodium chlorate and sugar mixed 3:1. 

= Sulphuric acid is found in car batteries 

~ Potassium chlorate is found in some throat tablets — their 
contents may be listed on the pack. Try crushing one and 
seeing if it works. 

~ Potassium permanganate is included in your survival kit. 

= Glycerine is a constituent of anti-freeze. 

= Sodium chlorate is a weed-killer 


TYPES OF FIRE 


However quickly you want ta get a fire going, take time, while you 
gather fuel and get the tinder ready, to choose the best location and 
the best type of fire. 
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Fires for warmth 

With a single fire outdoors only surfaces facing it are warmed. With 
two fires you can sit between them — but that would use a lot of 
fuel and, no matter which way the wind is blowing, you are bound 
to be covered in smoke. Build one fire and use a reflector. 


A good reflector, close to the fire, not 
only reflects heat back to you but also 
helps to make the smoke go upwards, 
drown by hot currents of ai, instead of 
getting in your eyes. Use a reflector t0 
direct heat into a sleeping sh 


The inexperienced often build a fire up 
‘against a tree siump or a rock ~ don’, 
build the fire away from it and sit 
between the two so that the rack reflects 
the heat and worms your back Add a 


IF there is no ready-made reflector, build 
‘one — and build another reflector on the 
ther side of the fire to reflect os much 
as possible ofits heat back to you. 


Snake hole fire 

This is a shielded fire that produces a good draught and burns almost 
anything once lit. In the side of a firm earth bank excavate a 
chamber about 45cm (18in) deep. From above drive a stick down 


into the chamber, manoeuvre it about a little to make a chimney, 
removing the spoil that falls below. Build the fire in the chamber. 


A snake hole fire 
rubbish and the smoke for pres 
meat and fish. The snake hole 
entrance is best sited downwind in 
windy conditions 
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Cooking fires 
These cooking fires are also good for heating 


Yukon stove 

This fire, once lit, will burn almost anything, It takes a lot of effort 
to build but is worth it for the whole structure gives off good heat 
and the top can be used for cooking, 


Dig a hole circular in shape and about 24cm (Sin) deep with a 
channel on one side leading down to it. Set rocks up all round the 
outer edge of the main hole and build up a funnel, bridging over the 
channel and gradually sloping inwards. Let the upper courses begin 
to open out again. Seal all the spaces between the rocks with earth 
The fire is shielded, the chimney creating a good draught. 


ane. When 
beneath the 
himney. Fuel és then fed in through the 
top of the chimney and the rate of 
burning is controlled by opening or 


closing the top. 
‘ash and will 


5 fire leaves ve 


burn @ very long ti 
ring out. 
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Trench fire 

This fire is sheltered from strong wind by being below ground level 
Dig a trench about 30 x 90cm (12 x 36in) and about 30cm (12in) 
deep plus the depth of a layer of rocks with which you now line the 
bottom. Build the fire on top of the rocks. Even when it has died 
down they will remain hot and make an excellent gril 


A spit placed across the embers is 
‘excellent for roasting 


Hoho stove 
This stove provides a heat source several people can huddle around 
and its top can be used for cooking. To make it you need something 
like a 5-gallon oil drum. 


Punch lnoles in the bottom and around 
the bottom of the sides of the drum for 
drought to enter Cut out a panel on one 
side, about Sem (2in) from the bottom 
through which to stoke 


he fire 


p iF to be used 


‘upper part of one side if you dan't wont 
smoke coming through the top. 

Set the whale drum on o ring of 
stones so that there is plenty of drought 
beneath, 


SPONTANEOUS COMBUSTION 


Fire sometimes breaks out spontaneously in a compacted heap of 
wet hay. It can be produced in cotton soaked in linseed oil 


provided the atmosphere is warm and dry, but temperature can 
be critical. Either it will burst into flames within a couple of hours 
oF not at all. Not a reliable way of fire-lighting ~ but a risk to be 
aware of. 
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hen food is heated it loses nutritional value — the more the 

heat the greater the loss — so nothing should be cooked longer 
than is necessary to make it palatable unless itis suspect and being 
cooked to kill germs and parasites or to neutralize poisons. 

Boiling vegetables destroys their vitamin C content and roasting 
meat removes its all-important fat, but we are used to eating our 
food cooked and a hot meal is unsurpassed for raising morale. It 
‘would take great discipline to eat many things raw that you had not 
previously considered foods, but a frog, grubs or rats do not seem 
too bad ance cooked. 

Cooking not only makes many foods more appetizing to taste, 
see and smell, it softens the muscle fibres in meat, makes protein 
more easy to digest and — most important — it destroys bacteria and 
parasites that may be present. 

If the ground is lush, animal foods are more likely to carry 
parasites. Pigs, especially, carry worms and flukes. Thorough boiling 
will destroy them, though at the loss of food value. Some foods 
must never be eaten raw — nettles and several other plants, for 
instance — but should always be cooked to neutralize harmful 
substances which they contain. 

Your particular situation will determine whether to cook or not. 
If you cannot face eating something raw, of if food is plentiful but 
limited in type, cook it to make it more palatable. Relieve boredom 
by varying cooking instructions. 

Cooking methods will depend upon the foodstuff and the 
facilities you have or can create. Type of fire, utensil support and 
cooking methods must all be matched. 

Cooking requires a slow heat. Use the flame of a fire to boil 
water then let the fierce flames die down and use embers and hot 
ash for cooking. 


REMEMBER: NEVER leave your fire unattended when cooking — you 
cannot afford to ruin food. 

Once having fit a fire, ALWAYS have something boiling on it — 
unless water is in short supply — for hot water is always an asset: 
hot drinks are always cheering and you will find a multitude of uses 
from sterilizing wounds to making poultry plucking easier. 

Do NOT just balance a can on the fire — if it tips over you could 
put your fire out, quite apart from losing its contents. Support 
vessels on firm rocks or suspend them over the fire. 
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Boiling 
Cooking in boiling water requires a container. Tin cans and metal 
boxes are ideal. Make a handle, hang them from a pot support or use 
pot tongs to take them on and off the fire (see Useful utensils) 
Puncture holes in pots can be repaired by hammering in small plugs 
of wood — when wet they will expand and stop leaks. If no metal 
containers are available, a thick length of bamboo holds liquids well. 
Containers can also be made from birch bark — but be careful that 
they do not boil dry. 


To cook in a bamboo stem, angle it 
‘across the heot of the fire, supporting 
it on a forked stick driven into the 
‘ground. 


Although boiling does destroy some food elements it conserves 
the natural juices and retains all the fat — provided that you drink 
all the liquid as well as eat the remaining solids. Each time you 
throw away cooking water you lose valuable nutrients, though 
‘you will have to discard it if boiling out toxic substances. Boiling 
will make tough and stringy roots and old game softer and more 
edible. It will kill worms and flukes and can even make spoiled meat 
fit to eat. 

If you frighten a feeding animal from its kill, you can eat the 
remaining meat provided that you cut the meat up and boil it for 
at least 30 minutes. If desperate for food any dead animal that is 
not actually decomposing can be risked if you use only the large 
muscle areas, Cut them into 2.5m (1in) cubes and then boil 
briskly for at least 30 minutes. Eat only a little, then wait for 
half an hour to see if there are any ill effects — most toxins affect 
the digestive system in that time or less. If there are no ill effects 
tuck in, 

Part-boiling vegetables that you intend to cook by other means 
will speed up cooking times. (For boiling water when no fire proof 
containers are available see Hangi method) 
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Roasting 
Roasted meat cooks in its own fat. The easiest method is to skewer 
the meat on a spit and turn it over the hot embers of a fire or beside 
a blazing fire where it is hot enough to cook. Continually turning 
the meat keeps the fat moving over the surface. Roasting makes a 
very tasty dish but has two disadvantages. 

Valuable fat is lost unless a drip tray is placed beneath the spit. 
Regularly baste the meat with fat from the tray. 

Roasting by a fierce fire can cook and seal the outside, the inner 
flesh remaining undercooked, leaving harmful bacteria alive. A slow 
roast is preferable, and if cooking continues after the outer meat has 
been cut off the inner flesh can go on cooking. 


The fire should be slightly to one side of 
food to allow for a drip tray to catch 
voluable fot 


Grilling 

Grilling is a quick way of cooking large amounts of food but it 
requires a support — such as a mesh of wire — rested on rocks over 
the embers of the fire. It should only be used when food is plentiful 
since it wastes most of the fat from the meat. Hot rocks beside the 
fire can be used as grilling surfaces or food skewered on sticks and 
held over the fire. 


If no wire mesh is available, make 0 grid 
‘of very green sticks or rest 0 long stick 
on a forked support so that it can hold 
ood over the fire, Wrap food around the 
stick You can also barbecue meat and 
vegetables on o stick supported across 
‘glowing embers by a forked stick on 
each side. 
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Baking 
You need an oven for baking, but if time and materials are available 
this is a good way of cooking. Meat should be cooked on a dish and 
the fat which runs out used to baste it. It is ideal for tough, stringy 
meat. Cooked for a long time on a steady heat the meat becomes 
more tender. Baking is also very suitable for root vegetables. 

If meat is placed in a tin containing a little water to be cooked 
in the oven this is @ form of braising, 

Use an oven to cook several different things at once. 


Metal box oven 

A large food tin or metal box with a hinged lid makes an excellent 
improvised oven. Army survivors found an ammunition box ideal 
If the lid is hinged and has a catch on it that you can use as a 
handle, you could set it up to open sideways. It will probably be 
easier, especially if it has no catch of you have to improvise hinges, 
to let it open downwards. If you place a rock or other support in 
front, to rest it on, you will have a convenient shelf. You can 
always prop it closed if there is no catch, for you do not want a 
tightly sealed fit — which could build up dangerous pressure inside. 
IF no tin or box is available you could make a clay dome, like an 
Indian tandoori oven. To make it hot set a fire inside and scrape 
this out before cooking. Leave a smallish aperture which can be 
easily sealed while baking, 


‘Stand the tin on some rocks so that a fire can be lit bet il up rocks and 
earth — or, better, clay — around back and sides and over it, but leaving a space 
Dehind for heat ond smoke (0 move around the bock. Use a stick to make a 
chimney hole from obove to the space at the back. 
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Steaming 
Steaming does not overcook so preserves nutritional values. It is an 
excellent way of cooking fish and green vegetables. Fresh young 
leaves take very little cooking. The foodstuff needs to be suspended 
in the steam from boiling water. 


‘Moke @ simple steamer by punching 
‘holes in 0 can and suspending it inside o 
larger can, or putting something in the 
bottom of the larger can to keep the 
inner one above the water. Cover the 
outer can so that steom is not 
dissipated, but not so tighdly that it is 
sealed or pressure could build up and 
‘couse it f0 explode. 


The compartmented sections of bamboo 
‘olso make on excellent steamer. Make a 
comparatively small hole between the 
sections, but big enough to let water 
through to fill the bottom section. Moke 
4 lid (not too tight) for the top. Water 
boiled in the lowest section will produce 
‘sfeam to cook food in the top one. 


Frying 

Frying is an excellent way of varying diet, if fat is available and you 
have a container to fry in. Any sheet of metal that you can fashion 
into a curve or give a slight lip to will serve. In some areas, you may 
find a large leaf which contains enough oil not to dry out before the 
cooking is done — banana leaves are excellent surfaces to fry eggs 
upon. Try leaves out before you risk valuable food on them and, if 
you do use one, fry only aver embers, not over flames. 


Cooking in clay 
Wrapping food in clay is a method that requires no utensils and 
offers a tasty alternative even when you have them. After wrapping 
in a ball of clay, food is placed in the embers of a fire. The heat 
radiates through the clay which protects the food so that it does not 
scorch or burn. 

Animals must be cleaned and gutted first but need not be 
otherwise prepared: when the clay is removed a hedgehog's spines 
or a fish’s scales will remain embedded in it. With small birds, the 
clay does your plucking for you — but feathers provide insulation 
and may prevent a big bird being properly cooked. Cooking root 
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vegetables in this way will remove their skins — losing important 
food value. 


Hangi method 

This is another way of cooking without utensils. Like the clam bake 
of the United States and traditional Maori and South Pacific 
methods it involves heating stones. It requires kindling, logs and 
round rocks or stones about the size of a fist. Do not use soft, porous 
or flaky stones which might explode on heating, 


Dig on oval-shaped hole with 


rounded sides 45-60cm deep 
(18-24in) ond ploce kindling ot the 
bottom. Lay logs across: t 

place another layer of log 


hole 
‘at rig 
‘angles to them, interspersing them 
with stones. Moke another fayer of 
fogs and build up five or six more 
‘alternating layers, topping them off 
with stones, 


When the kindling is set alight the logs will burn, heating the 
stones above them, until, eventually, all falls down into the pit. 
Remove the burning embers and ash. Now, place food on top of the 
hhot rocks, meat to the centre and vegetables towards the outer 
edge. There must be a gap between the food and the earth. Lay 
saplings across the pit and place sacking, leaves and so forth on top 
of them, covering the lot with the earth which you excavated to 
keep the heat in. The hole now acts rather like a pressure cooker. 
After 1s hours remove the cover — your meal will be cooked. 
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Boiling water in a hangi 

If you have no container in which to boil water you can make use 
of the hangi. Whatever you have collected water in, provided that it 
does not melt (so that rules out plastic but includes other kinds of 
waterproof fabric), can be gathered up and tied so that the water 
does not spill and placed in the hangi). It will take about 11/2 hours 
to boil but the fabric will not burn through. 


USEFUL UTENSILS 


TONGS 
Choose two branches, both with a 
‘natural curve, and lash them together so 
that they want to spring apart at the 
free ends. Or use a tapering piece of 
wood betvieen them under the lashings 
to hold them opart If one has 0 forked 
fend the grip will be improved, Use for 
holding pots, ht rocks and logs. 


Por ROD 
To give more voriable access to the fire 
than @ rail over it (0), drive a sturdy 
forked stick into the ground near the fire 
— but not so close as to catch alight 
Rest @ much longer stick across it with 
‘one end over the fire. Drive the bottom 
‘end of the longer stick into the ground 
‘and prevent it from springing up with 
hreavy rocks. Cut a groove near the ti to 
prevent pots from slipping off, or ~ to be 
safer — tie on @ strong hook 

Two or three sticks could lean over the 
fire at different heights with meot or 
vegetables attached, 


‘SWINGING POT HOLDER 

This can be made from two forked sticks 
and @ firm upright driven into the 
ground. Bind the branches together so 
that the forks ft in opposite directions 
‘on the upright. The cantilever action wil 
‘maintain the height you set it at, and a 
push sideways will swing the pot away 
from the flames. With a longer upright 
you could control cooking height also. 
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VARIABLE POT HOOK 
Since the distonce between the fire 
and the food will affect the speed 
at Which the food cooks, make this 
hanging device so that you can contro! 
your cooki 

Cut 0 strong piece with several 
branches from a small tree or bush ond 
trim the branches to 10-12em (4-5in) 
Strip off the bark, which may hi 
rotten branch. 


BAMBOO CUP 
Cut a section of bamboo just below a 
rnetural joint ond then cut just below the 
next joint up. Smooth the edges to 


sPooN 
Stort with 0 fatish piece of wood ond 
sete spoon shop on wit the point 
OF your haf. Then white awoy to the 
CP only result. in. mistakes. Never cut 


towards yourself or your hand. 


BIRCH BARK CONTAINERS 
Use the inner layer of birch bark to make 
storage oxes or temporary cooking 
vessels — which con be used for boiling 
Sew’ or tie them — near the top — to 
prevent unfolding. An alternative for 
temporary vessels is f0 peg the top edges 
with split sticks, but you might well spi 
the contents if the vessel suddenly unfolds. 

‘Make another vessel, but with 0 larger 
base, and you will have a lid to fit over 


A circle 
make a cone-shaped cup — or @ boiling 


vessel if sus 
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PRESERVING FOOD 


If food is not plentiful or is likely to be limited by season, it is 
important to ensure that stores keep safely. 

Micro-organisms, such as moulds, that spoil food, thrive in warm 
moist atmospheres. Deterioration can be delayed by keeping food in 
cool places such as caves or by water, but that is only a short-term 
measure. More positive action must be taken to ensure long-term 
preservation. The main methods to use are drying, smoking, pickling 
and salting. Sugar preserves will not keep for very long unless you 
can vacuum-seal them, but will keep longer than as soft fruit, and 
aleohol is an excellent preservative if you set up the facilities to 
make it. 


BE AWARE 


When you have taken time and trouble to preserve valuable 
foodstuffs, particularly in areas where food is scarce, take equal 
trouble in storing your food. 

Do not store in direct sunlight, near excessive warmth or moisture, 
nor where scavenging animals may ruin it 


Wrap, where possible, in airtight and waterproof materials — or 
store in containers (Such as birch-bark boxes) with a good seal 
Label if you are storing several kinds of food and separate to avoid 
ccross-flavouring, 


Cheek occasionally to see all is well 


Drying 

Both wind and sun can dry food but, in most climates, it is easier to 
force dry food over a fire. Losing moisture shrinks size and weight, 
concentrating the nutritional value. Many moulds can grow when 
there is as litle as 16 per cent moisture content, but few can grow 
on foods with 5 per cent or less and these will also be less vulnerable 
to maggots. 

Pork, geese, seabirds and other meat with a high fat content are 
the most difficult to preserve. It is best to cut off most of the fat 
and rub salt into the flesh. Salt is a good drying agent. Hang the 
salted meat in a coo! airy place. 


Smoke drying 
‘Smoking both dehydrates meat and coats it with a protective layer, 
Tike varnishing its surface. The inside is ry so no condensation takes 
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place, and the outside is sealed against bacteria. Smoking can be 
best effected in a smoke house or a smoke tepee. 


SMOKE TEPEE 
Drive three sticks into the ground to 
forma triangle and te the tops together. 
Build a platform between them and get 
a fire going beneath, 


‘As an alternative to the tepee make a square frame of uprights (a) 
and cross-pieces supporting a smoking platform with the fire 
beneath and used in exactly the same way as the tepee. 

In both cases meat should be cut into lean, fat-free strips and 
fish gutted and filleted, The strips can be any length but should only 
be about 2.5em (1in) wide and 6mm (Vain) thick. 

Get a fire going to produce a pile of hot embers. Have a pile of 
green leaves ready. Leaves from hardwood trees are excellent, 
especially oak, but avoid holly and other toxic leaves and conifers 
which tend to be resinous and may burst into flame. Do not use 
grass. Some leaves will give meat an individual flavour; pimento 
leaves are particularly distinctive. 

Make sure that there are no flames left in the fire and pile the 
leaves over the embers. Cover the whole structure with a cloth to 
keep in the smoke. If you do not have a suitable material, have 
boughs and turfs ready to pile rapidly on the frame and seal it, 
Leave the structure sealed for 18 hours ensuring that little or no 
smoke escapes. 
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Ir the embers in a smoke tepee burst into 
flame, there is a risk that the whole 
structure may catch alight. This can be 
‘avnided by building a fire in a chamber 
jn 0 bank (see Snake hole in Fire) with 
the tepee erected over the chimney. This 
‘also makes it possible t0 tend the fire 
‘and to ensure o more extensive supply of 
smoke, which will be cooler than fr 

fire directly underneath, The food 
dry slowly and become coated with 
‘smoke without being cooked. 


Biltong 

This is sun-dried meat. Biltong is the Afrikaans name, it is also 
known as jerky, from the North American Indian chargui. It does not 
keep as efficiently as smoked meat and should be used only when 
smoking is not practicable. 

Cut strips, as for smoking, and hang them up in the sun, Make 
sure that they are out of the reach of animals and about 2-3m 
(6-10ft] from the ground, 

It may take two weeks for meat to dry and all this time it must 
be kept dry, so protection from rain must be provided. The strips 
must be tured, if necessary, to make sure that all surfaces are 
thoroughly dried, and, initially at least, flies must be kept off so that 
they do not lay eggs on the meat. 


DRYING FISH 
Preserve fish as biltong. Cut off heads and 
toils ond gut. Split open. Remove 
backbone and ley on hot sun-boked rocks. 
Score inner flesh to speed up dying 

Small fsb, under 7:5em (Gin) tong 
reed not be gutted. 

Fish can also be smoked. They should 
bve opened out, but it will be easier to 
thong if cleaned and gutted without 
removing the bockoone, head or tail 
Suspend by one side ofthe head. 


Pemmican 

This is a nutritious concentrated food made from biltong — 
excellent for provisions to carry with you if you decide it is time 
to trek to safety. It contains all essential minerals and vitamins 
except vitamin C. 
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You need an equal quantity, by weight, of biltong and of 
rendered fat. Shred and pound the meat. Melt the animal fat over a 
slow fire, without allowing it to boil, Pour the fat over the shredded 
biltong and mix them well together. 

When cold pack the mixture in a waterproof bag. It will keep for 
a long time, especially in colder climates. 


Pickling and salting 
Citric acid obtained from wild limes and lemons can be used to 
pickle fish and meat. Dilute two parts of fruit juice with one of 
water, mix well and soak flesh in this for at least 12 hours. Now 
transfer it to a covered, and preferably airtight, container and with 
sufficient solution to cover all the meat. Vegetables with a high 
water content are difficult to preserve. Pickling is best for them. 
Alternatively, if salt is more easily available than citrus fruits, they 
can be boiled and then kept in brine (saltwater). Boiling kills off 
bacteria and the brine keeps fresh bacteria away from the food. 
The usual way of making sure that a brine solution is 
sufficiently strong is to add salt until a potato will float in it. In 
lieu of a potato try a small fruit or root vegetable which fails to 
float in salt-free water (not apples — they float too easily). 
Another method of using salt is to pack tightly layers of salt and 
vegetables such as beans and peas, thoroughly washing off the salt 
when you need to use them. 


‘Nuts and cereals 

These keep reasonably well provided they are not allowed to get 
damp but will keep better if dried. Place them on hot racks from the 
fire, turning them frequently until thoroughly dried. They should 
then be kept in damp-proof containers. 


Fruit, fungi and lichens 
Fruit and berries can be dried whole or cut into slices and dried by 
sun, smoke or heat. Fungi also dry very readily — the Boletus species 
especialy. Fruit can usually be eaten dry. Fungi can be added to 
soups and stews or soaked in water for several hours to regain some 
of their texture if being used in other ways. 

To store lichens, soak them overnight, boil well and dry. Grind 
to a powder then boil again to form a thick syrup, which can be 
kept in a sealed container and used to give body to other foods. 
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COOKING TIPS 


Meat 
Meat is best cut into small cubes and boiled. Pork is particularly 
suspect in hot climates: wild pig is usually infested with worm and 
liver fluke. Venison is also prone to worms. 

Put excessively tough meat in a solution of juice from citrie fruit 
for 24 hours. This marinading helps to make it more tender. Bring to 
boil and simmer until tender. 


Offal 

Check liver especially carefully. If Firm, odourless and free from spots and 
hhard lumps it can be eaten, Boil first, then fry if you wish. Hearts are best 
par-boiled then baked. Brain (if not used for preserving hides) makes an 
excellent stew. Skin the head and boil, simmering for 90 minutes. Strip 
all the flesh from the skull, including the eyes, tongue and ears. 


Blood 

Leave in the container in which it is collected but keep it covered. A 
clear liquid comes to the top. When separation seems complete 
drain it off. Dry the residue by the fire to form a firm cake. Use it to 
enrich soups and stews. 


Sausages 
Thoroughly clean intestines, turning them inside out to wash. Fill 
with @ mix of half meat/half fat bound with enough blood to hold 
the ingredients together. Tie the ends and boil. Once cooked they 
can be preserved by cold smoking in a smoke tepee over a chimney. 


Fish 

Usually germ-free if caught in fresh water. Fish take little cooking 
and are best stewed or wrapped in leaves and placed in hot embers 
— chickweed and butterbur are good for this: avoid toxic leaves. 


Birtls 

Boil all carrion. Old crows, blackbirds and parrots are tough and best 
boiled. Young specimens can be roasted — stuff the bird with herbs 
and fruits. 
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Reptiles 
Best gutted and then cooked in their skins which are rough and 
leathery. Place in hot embers and turn continually. When the skin 
splits the meat can be removed and boiled. A few snakes have 
poisonous secretions on the skin and others may have venom glands 
in their head, so cut this off before cooking. If you are not sure 
whether they are safe, take care in handling them. 

Skin frogs before cooking (many frogs have poisonous skins) 
Roast on a stick 


Turtles 
Boil turtles and tortoises until the shell comes off. Cut up the meat 
and cook until tender. 


Shark meat 

Has a bad taste unless correctly cooked. Cut into small cubes and 
soak overnight in fresh water. Boil in several changes of water to get 
rid of the ammonia flavour. 


Shellfish 

Crabs, lobsters and shrimps, crayfish, prawns and so forth are safer 
boiled since they may contain harmful organisms. All seafood spoils 
quickly and must be cooked as soon as possible. Drop into boiling 
salted water and boil for ten minutes. 

If you are sure the food is fresh, a clambake is a delicious way to 
prepare mussels, clams and similar creatures. Dig a hole in the sand 
and light a fire alongside with stones on top. When the stones are 
hot place them in the hole, put the shells on top and cover with wet 
seaweed or grass, then a 10cm (4in) layer of sand. The hole will 
develop a lot of steam which cooks the molluscs. 


Insects and worms 
Best boiled. Cook and mince them by crushing in a can. 

More acceptable dried on hot rocks and then ground into a 
powder with which to enrich soups and stews. 


Eggs 
Boiling is the best way of cooking, but if no container is available 
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5G radio access technology will be a key component of the Networked Society. It will address 
high traffic growth and increasing demand for high-bandwidth connectivity. It will also support 
massive numbers of connected devices and meet the real-time, high-reliability communication 
needs of mission-critical applications. 

‘5G will provide wireless connectivity for a wide range of new applications and use cases, 
including wearables, smart homes, traffic safety/contra, critical infrastructure, industry processes 
and very-high-speed media delivery. As a result, it will also accelerate the development of the 
Intemet of Things. 

The overall aim of SG is to provide ubiquitous connectivity for any kind of device and any kind 
of application that may benefit from being connected. 

5G networks will not be based on one specific radio-access technology. Rather, 5G isa portfolio. 
of access and connectivity salutions addressing the demands and requirements of mobile 
‘communication beyond 2020. 

The specification of SG will include the development of a new flexible air interface, NX, which 
willbe directed to extreme mobile broadband deployments. NX will also target high-bandwidth 
and high-traffic-usage scenarios, as well as new scenarios that involve mission-critical and real- 
time communications with extreme requirements in terms of latency and reliability. 

In parallel, the development of Narrow-Band loT (NB-Io7) in SGP is expected to support 
massive machine connectivity in wide area applications. NB-loT will most likely be deployed in 
bands below 2GH2 and will provide high 
capacity and deep coverage for 
‘enormous numbers of connected 


devices. 
Ensuring interoperability with past re = ithasiedg ae 

generations of mobile communications ieee nee 

has been a key principle of the ICT 

industry since the development of a 

GSM and later wireless technologies rs 

Within the @GPP family of standards. Gradual migration 

Ina similar manner, LTE will evalve in Easting spectrum >) ito existing spectrum New spectrum 

a way that recognizes its role in 

providing excellent coverage for ee 

mobile users, and 5G networks will Baiow 6G0 ‘Aline OGHE 


incorporate LTE access (based on 
Orthogonal Frequency Division 
Muttiplexing (OFDM) along with new 
air interfaces in a transparent manner 
toward both the service layer and users. 

‘Around 2020, much of the available wireless coverage will continue to be provided by LTE, 
and itis important that operators with deployed 4G networks have the opportunity to transition 
‘some — or all ~ of their spectrum to newer wireless access technologies. For operators with 
limited spectrum resources, the possibilty of introducing 5G capabilities in an interoperable way 
~ thereby allowing legacy devices to continue to be served on a compatible cartier ~is highly 
beneficial and, in some cases, even vital 

At the same time, the evolution of LTE to a point where it isa full member af the 5G family of 
air interfaces is essential, especialy since initial deployment of new air interfaces may not operate 
in the same bands, The 5G network will enable dual-connectivity between LTE operating within 
bands below 6GHz and the NX air interface in bands within the range 6GHz to100GHz. NX should 
also allow for user-plane aggregation, i.e. joint deivery of data via LTE and NX component carriers. 

This paper explains the key requirements and capabilities of 5G, along with its technology 
‘components and spectrum needs. 


New spectrum below 6GHz 


Figure 1: The overall 5 wheless-access solution consiating of LTE evallian and new technology. 
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roast after first using a sharpened stick or the very sharp point of a 
knife to pierce a small hole in one end. Place on warm embers to cook 
slowly. Slow cooking reduces the risk of cracking, Remember that 
banana leaves, which are full of oil, make an excellent frying pan. 
Place over hot embers and erack the egg onto the leaf. Ifa boiled egg 
contains an embryo chick remove the embryo and roast it. 


Green vegetables 

Wash in clean water and boil for just long enough to make them tender 
— they are often and easily overcooked. Tender plants can be gently 
steamed if you are sure that they are safe to eat. Add to stew after the 
‘meat is cooked and already tender. Eat fresh greens raw as salad. 


Roots 

Some are toxic but the toxins are destroyed by heat. Always cook roots; 
boiling will make the toughest ones tender. Roast roots are tasty — but 
boil them frst. Try boiling for five minutes then place them in a hole dug 
beneath the fire, cover with ash and embers and leave until tender. 


Lichens and mosses 
Soak overnight in clean water. Add to stews. 


Sago 

Proper sago comes from the sago palm, but buri, sugar, fishtail and, 
in the American tropics, cabbage palms can be used in the same way. 
The average sago palm yields about 275kg (6001b) of sago - enough 
to feed one person for a year. Cut down the palm at the base of the 
trunk, trim off the tip just below the last flowering line. Divide a 
large trunk into sections. 

Cut lengthwise — hard work, for the outer bark is Sem (2in) thick 
and hard as bamboo. Using each section as a trough, pound pith into 
‘a mash, then knead in a container of water (the bole of the trunk 
will do) and strain through a cloth. A starchy paste will precipitate 
in the water, Roll this into sticky balls and cook. 


Sap 
Palm sap is extracted from flowering parts, not the trunk. Choose a 
fat stalk carrying a flowering head (at the base of the crown of the 
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trunk). Bruise with a club to stimulate flow of sap, then cut off head. 
‘Sweet juice will flow from the end of the stalk — 1.5 litre (2%pt) per 
day, Bruise and cut daily to stimulate flow. Drink raw or boil then 
cool it to produce toffee-like lumps of almost pure sugar. Sugar, 
nipa, coconut and burl palms can all be used in this way. (Extracting 
resinous sap is dealt with under Trees in Food) 


Grains and seeds 

Grains are enclosed in a husk. Dry them thoroughly to allow the grain 
to crack out. Thresh (or thrash) it with a fal, stick or rock, or if the grain 
is very malleable, rub it between your hands. Shake out on to a flat 
container and occasionally toss into the air in a breeze (winnowing) 
The husks (chaff) will blow away leaving the heavier seed behind. 


Pinole 

Parch husked seeds on hot stones by the fire. The heat will cook and 
dry seeds without roasting them. This pinole will keep well. Eat cold 
or reheat. Add to stews or place a handful in a mug of hot water — 
tasty and nutritious, Dry they will not be properly digested, but they 
will fill the belly, It is better to grind them into flour. 


Flour 

Grinding flour without a proper mill is hard work but can be done by 
pounding with a smooth stone on a hard surface. Look for a large stone 
with a depression in the middle to place the grain in, Use a circling action 
as with a mortar and pestle. Another way to grind flour isto hollow a tube 
of hardwood and to pound a stick up and down inside it on the grain. 

Mix flour with a little water and knead into a dough. Bake in an oven 
(or make into thin strips, wrap around a shaven green stick and cook over 
hhot embers. Another method is to make the dough into fist-size ball, 
flatten them and then drop hot pebble-size stones into the centre and 
wrap the dough around them. Lick your fingers before picking up the 
pebbles — if you are quick the moisture stops the pebble from burning 
you — or use sticks or tongs (see Useful utensils) to lift them, 

Flour does not have to be made from cereal grains. Use the 
flowering heads of cat's tails or boil and mash up peeled roots, of 
wild calla for instance, or edible barks. Those that are not harmful 
raw can be steeped in water and crushed with a stick or stone to free 
the starch. Remove fibres, leave starch to settle, then pour off the 
water and you will have your flour. 
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n many survival situations there will already be someone in a 

position of responsibility who will head the organization of the 
camp and lead the development of survival plans. If no established 
command structure exists among a group of survivors, an organizing 
committee should be established and individuals nominated and 
elected with particular responsibilities, perhaps on a rotational basis 
if itis a large group and rescue does not come quickly. Experience 
must be pooled and immediate steps taken to discover what skills 
individuals can contribute. 

A roster is essential for such daily chores as collecting firewood 
and water, foraging, cooking, latrine digging and maintenance tasks, 
and for hunting and trapping. 

In a group of survivors there may be all kinds of people of 
different ages and experience. People will have varied skills and 
enjoy doing different tasks. Everyone who is fit and able should take 
their turn at the unpleasant tasks, unless their skills are so much in 
demand that it would be a waste of their abilities, but individuals 
should do what they are good at — and be encouraged to develop 
skills for which they show an aptitude. 

Not only should everyone do their fair share but keeping busy 
eliminates boredom and keeps up morale. Anyone who is sick or 
injured gets the lightest jobs and is best employed around camp 
until they have recovered. In a group there should always be 
someone in camp, and they should be able enough to operate the 
signals should 2 search aircraft appear. If you have sufficient 
numbers do NOT venture from the camp in less than pair, 

Except in the desert, where the day will be largely spent 
sheltering from the sun and early morning and evening are 
the times for activity, daytime is likely to be fully occupied. 
Evenings, however, may drag if not occupied by hunting. A 
gathering around the camp fire will help establish a pattern and 
provide a sense of discipline and normality. It will give an 
opportunity to debrief on the day’s events, to plan for tomorrow 
and to discuss new strategies. 

Music can be a great morale booster. If no instruments were 
carried or survived, simple ones such as percussion or pan-pipes can 
easily be improvised, and everyone can sing after a fashion. 

Sing-songs, dancing, charades, quizzes and story-telling all have 
their place and you may have talents which can create more 
elaborate entertainments, For private reereation any books will be 
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invaluable and you can make pieces for board games such as 
draughts and chess, using stones for counters or carving simple 
playing pieces. 

Even the lone survivor requires discipline and order. A regular 
routine will help morale and exactly the same care must be taken to 
ensure that the camp is kept in good order. At first there may be so 
much to do that the individual is too tired to think of recreation, but 
boredom is even more dangerous for a person on their own and 
objectives should be set each day whether practical or for 
amusement. 


CAMP HYGIENE 


Keeping healthy is an important factor for survival, so strict hygiene 
should be practised, not only personally but in the planning and 
running of a camp. Rubbish and latrines must be kept away from the 
camp to reduce the threat from flies and, since most of the common 
diseases in a survival situation are water-borne, pollution of 
drinking water must be rigorously avoided. Food scraps and other 
rubbish should be burned in the fire if possible. 


Camp layout 

Select sites for all camp activities so that they do not interfere 
with each other or pollute the living and cooking areas. If you are 
camped by a river or stream, fix specific sections for activities and 
keep to them. Latrines should be dug downhill of the camp and away 
from the water supply so that there is no possible risk of seepage 
polluting either. 


Activity areas 
Establish a water point from which drinking water will be collected 
and ensure that no one washes, cleans pots, scrubs clothes or 
otherwise uses the stream upstream of this point. Downstream 
choose a wash point for personal ablutions and clothes washing and 
further downstream of that select a place to be used for cleaning 
cooking utensils 

Latrines and rubbish disposal should be well away from the camp — 
and preferably downwind — but not so far away that itis inconvenient 
and people are tempted to go elsewhere. If necessary cut a track to it to 
‘make access easier. 


REMEMBER: NEVER urinate or defecate in or near your water supply. 
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Latrines and rubbish disposal 

It is important that proper latrines be established, even for the lone 
survivor. With a group separate latrines for the sexes may make a 
mixed group feel more comfortable, and as much privacy as possible 
should be provided. Rubbish, after checking that it really has no 
useful value, should be burned, and what cannot be burned should 
be buried 

Even if you have it, do NOT use disinfectant in a latrine. Lime or 
disinfectants would kill the useful bacteria that break waste down 
and then it WILL start smelling! After defecating cover the faeces 
with earth, Add small amounts of water which will promote the 
bacteria. 

Make a latrine cover to keep out flies and remember always to 
replace it, or flies that have walked all over faeces may walk all over 
your food and start a cycle of infection. 

If, after a time, a latrine starts to smell, dig a new one. Fill in the 
old latrine. Build a new seat and burn old timbers and covers. 


DEEP TRENCH LATRINE 
Dig trench about 1.25m (4ft) deep and 
45cm (18in) wide. Buld up the sides with 
logs or rocks and earth to moke a 
comfortable sitting height seating the 
ops between then. Lay logs across to 
Teave only a hole for use (or several if 
you are a large group and mok 
communal fatrine). Em) 


opening or use a i rock or a 
leaf weighted down with stones. 
Always remember to replace it 


URINAL 
Dig 0 pit obout 60cm (2ft) deep, Thre- 
quarters fill it with large stones and then 
top up with earth, with 0 cone made 
from bark set into it as 0 funnel. Site it 
close enough to the comp to ensure that 
people bother to use it. 
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Incinerator 
If there is too much waste for the camp fire to burn, make a separate 
fire in the latrine area. If a large can is available use it as an 
incinerator. Bury any unburned refuse in a garbage pit. 


CAMP DISCIPLINE 


= Do not prepare game in camp: bleed, gut and skin on the 
trap line. This attracts game to the traps where you want them, not 
into your camp. 
~ Keep food covered and off the ground, If kept in trees make sure 
itis proof from tree-dwelling animals. 
= Replace lids on water bottles and containers immediately after 
using them 

Stow spare clothing and equipment in your shelter. Do not leave 
it lying where it can get wet or burned. 
= Have a place for everything and keep things tidy: a tree for mess 
tins and cooking utensils — hook them on twigs and branches, a 
place for mugs and spoons — and keep everything off the ground. 
Fit a box as a cupboard on a tree trunk. 
~ Never leave the fire unattended. 


Soap 
Washing with soap removes natural oils, leaving the skin less waterproof 
and more prone to attack by germs, In survival circumstances it is @ 
mistake to wash with soap too often. However, soap is the most widely 
used antiseptic, better than many others, such as iodine, which destroy 
body tissue as well as germs. It is ideal for scrubbing hands before 
administering first-aid for wounds. Save supplies for this. 


Soap-making 

Two ingredients — an oil and alkali — are needed to make soap. 
The oil can be animal fat (including fish) or vegetable, but not 
mineral. The alkali can be produced by burning wood or seaweed 
to produce ash. 


METHOD: Wash ash with water. Strain and boil with the oil. Simmer 
until excess liquid is evaporated and allow to cool, This soap will 
clean the skin but is not antiseptic. Adding horseradish root or pine 
resin to the brew will make it antiseptic. 

Experiment will be necessary to get the balance in the mixture 
right. Start with more oil than alkali because too much alkali will dry 
the skin, leaving it sore. 
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efore humans discovered metals, and learned to work them, tools 

hwere made from stone (especially flint, obsidian, quartz, chert 
and other glassy rocks), bone and other natural objects. Stones can 
make efficient hammers, alone or lashed onto a handle if in a shape 
that can be easily secured. The glassy stones can be knapped 
(chipped and flaked) to make a sharp edge; some other kinds of 
stone, such as sate, can also produce a knife edge, though they may 
not have the strength to be used for percussive blows 

The best start for a stone implement is a split cobble, perhaps 
from a stream bed, or split by a blow from another smooth, hard 
pebble, so that a flat face is produced. The blow should be at an 
angle of less than 90 degrees or the shock will be absorbed within 
the pebble. Once the split is made, other layers can be broken off. 
Flakes can be removed around the edge of the flat face by hitting 
edge-on with another stone. Delicate work can be produced by 
hitting and pressing with a softer tool such as deer's antler. Ifa flat 
face is produced, end-on blows can make thin blades. 

Making stone implements is not a skill that can be quickly 
acquired and you may have to be very persistent. 

Bones can be used as tools — antlers and horns make useful 
digging implements, gougers and hammers. They can also be cut with 
stone tools or ground with coarse stones. You may have the advantage 
over the prehistoric toolmakers, whose skills you are copying, of 
having a knife or other metal implement to help you to carve bone. 

Some woods, such as the Mulga tree of Australia, used by the 
‘Aborigines for spears, are hard enough to make effective blades for 
hunting and cutting, 


STONE TOOLS 
One technique for producing on oxeheod: 
First the stone is spit ond the edges partly 
shaped (a), then a platform is created an 
‘one side (6) from which a series of flakes 
con be struck vertically down (c) 

The final shaping can then be done. Hit 
with softer stones, ond hit and press small 


flakes away with a piece of antler or hard 
wood. 
It may take @ lot of patience to acquire 


tool-making skills but even practise flakes 
‘may be useful as scrapers, for cutting 
edges ond as arrowheads. 
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BONE TOOLS 
AA shoulder blade provides 0 good 
shape for an effective sow (0). 

First it should be spit in half then 
teeth can be cut along it with a knife 

‘A small tone seraper (0) could also 
bbe made, the edge ground sharp. 

Ribs are good bones for shaping 
into points (ch 


BONE NEEDLE 
Choose a suitably sized bone or flake 
of bone and sharpen to a point. Burn 
‘an eye with a piece of hot wire, or 
lacking that, scrape with «knife 
point or piece of flint, DON'T heat 
te knife in the fre 


AXES 


A fire axe is part of the equipment of any boat or plane, but an 
axehead, to be fitted to an improvised handle, is a useful additional 
piece of equipment for anyone to carry. One of about 500-7509 
(1-11A1b) is ideal. Use your knife to fashion a handle when needed. 


‘AXE HANDLE 
Any straight, knot-free hardwood is 
suitable — ash and hickory are ideal. Ia 
the tropies the flukes of o buttress tree 
(a) ore excellent: slightly curved, 
straight-grained and easy to work 


Cut two notches into the fuke of a 
bouttress spaced to the desired handle 
Feagth (b to 0 

Hit along the side of fluke close to the 
cuts. fe wil split avvay at their depth, 
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FITTING THE HEAD 
Whittle the handle into shope with one 
nd cut (0 fit the hole in the axehead, 
cutting @ notch in that end, Moke 0 
wedge to fit the note 

With the head in place drive in d 


notch then soak the oxe in water 
‘overnight to tighten the head on the 
sh 


Always check oxcheads for tightness 
before using them, 


FITTING A STONE AXEHEAD 
Select a hardwood handle. Tie 0 band of 
Cord around it about 23cm (ain) from 
‘one end. Split the end down as far os 
this band (use your knife and a wedge or 
the piece of flint you have made for the 
axehead) Insert the flint ond tie the end 
to secure 

This mounting will split wood but » 
not be very effective for chopping it 


Sharpening an axe 


5 


ill 


An axe with a blunt edge becomes no more than an inefficient 
hammer so keep it sharp, it will save energy. A file is best for getting 
rid of burrs, and a whetstone for imparting the sharp edge. A file is 
a one-way tool — it works when pushed, not pulled. 


Prop axehead between a log and 0 peg 
(a}. Always try to sharpen INWARDS 
from cutting edge to ovoid producing 

Use a file or rougher stone first to 
remove rucks and burrs (b). Then finish 
with a smoother stone, using a circular 
motion, Don't drag the stone off the 
cutting edge. Push ONTO blade. (See 
Knives in Essential) 

Turn the axe over. Repeat the process 

in the opposite direction. 
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Using an axe 

Most people have a natural prime hand and swing. Use an axe ina 
way that is comfortable to you, swinging it in an are that feels 
natural with a firm grip and ALWAYS away from your body, hands, 
and legs. Make sure that, if you miss the tree or other point of aim 
and follow through, the axe will not strike you or anyone else. 
NEVER throw an axe on the ground. Sheath it or bury the blade 
ina log, 


Tree felling 
Check overhead for dead branches, which may fall and injure you, 
and for hornets’ nests. Clear branches or creepers which could 
deflect your blows. If roots or the bole spread out at the bottom, 
build a platform to reach a thinner diameter trunk and reduce the 
effort of chopping. Ensure such a platform is stable and that you can 
jump off it quickly if the tree falls the wrong way! 

Work at a comfortable height and try to cut downwards at 45 
degrees, although every now and then a horizontal blow is needed 
to clear the cut. 


Cut from both sides of the te, fst 
chopping out a notch tan angle of 
avout 45 degrees and another on the 
opposite side oto lower level ON THE 
SIDE TO WHICH YOU WANT THE TREE 
TO FAL fo. Do nat cut through more 
than hoif the tee before starting the 
other noth Wh 


If two people are at work on opposite sides this is particularly 
important. A leaning trunk or a tree with most of its branches on 
one side will fallin the direction of its weight and the placing of the 
cuts will not affect it 

A steady rhythm of blows will cut more effectively than trying to 
make fewer big blows. If you put too much effort behind the axe 
your aim will suffer and you will soon tire. Let the weight of the axe 
do the work. 


Alternating the angle of stroke will 
prevent the axe from jamming. Too 
steep an angle will cause the axe to 
glance off the trunk {o). Dead-on wil 
‘make it jam or be inefficient (0). Aim for 
45 degrees (0, 


5G — REQUIREMENTS 
AND CAPABILITIES 


In order to enable connectivity for a very wide range of applications with new characteristics and 
requirements, the capablities of 5G wireless access must extend far beyond those of previous 
generations af mobile communication. These capabilities wil include massive system capacity, 
very high data rates everywhere, very low latency, ultra-high reliability and availablity, very low 
device cost and energy consumption, and energy-efficient networks. 


MASSIVE SYSTEM CAPACITY 
TTatfic demands for mobile-communication systems are predicted to increase dramatically [1] 
[2]. To support this traffic in an affordable way, 5G networks must deliver data with much lower 
cost per bit compared withthe networks of taday. Furthermore, the increase in data consumption 
will sult in an increased energy footprint from networks. SG must therefore consume significantly 
tower energy per delivered bit than current cellular networks. 

‘The exponential increase in connected devices, such as the deployment of ilions of wirelessly 
connected sensors, actuators and similar devices for massive machine connectivity, will place 
demands on the network to support new paradigms in device and connectivity management 
that do not compromise security. Each device will generate or consume very small amounts of 
data, to the extent that they wil individually, or even joint, have limited impact on the overall 
trafic volume, However, the sheer number of connected devices seriously challenges the ability 
of the network to provision signaling and manage connections. 


VERY HIGH DATA RATES EVERYWHERE 
Every generation of mobile communication has been associated with higher data rates compared 
with the previous generation. In the past, much of the focus has been on the peak data rate that 
‘can be supported by a wireless-access technology Under ideal conditions. However, a more 
important capability is the data rate that can actually be provided under real-life conditions in 
different scenarios, 


> 5G should support data rates exceeding 10Gbps in specific scenarios such as indoor and 
dense outdoor environments, 

> Data rates of several 100Mbps should generally be achievable in urban and suburban 
environments. 

> Data rates of at least 10Mbps should be accessible almost everywhere, including sparsely- 
populated rural areas in both developed and developing countries. 


VERY LOW LATENCY 
Very low latency will be driven by the need to support new applications. Some envisioned 5G 
use cases, such as trafic safety and control of critical infrastructure and industry processes, 
may require much lower latency compared with what is possible with the mobile-communication 
systems of today. 

To support such latency-critical applications, 5G should allow for an application end-to-end 
latency of ims or less, although application-leveltraming requirements and codec limitations 
for media may lead to higher latencies in practice. Many services will distribute computational 
capacity and storage close to the air interface. This will create new capabilites for real-time 
‘communication and wil allow ultra-high service reliablity ina variety of scenarios, ranging from 
entertainment to industrial process contro. 


ULTRA-HIGH RELIABILITY AND AVAILABILITY 
In addition to very low latency, 5G should also enable connectivity with ultra-high reliability and 
ultra-high availablity. For critical services, such as control of critical infrastructure and traffic 
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CAMP CRAFT 


To REMOVE BRANCHES 


fork 0}, not the inside 


SPLITTING LOGS 
Stand behind a large fog with feet wel! 
‘pare. Swing down to cut the side away 
from you (a) 


Do NOT chop downwards (b). 


To split a smoller log, angle against 
iner log (c). DO NOT PUT YOUR FOOT 
ON IT 


Alternatively, hold smaller Jog agains 

ing edge of axe ond bring both down 
together (a on toa lor 
tried holding too short a log for safety) 


If in doube split larger logs with a wedge 
and a rock fe). DO NOT HOLO WOOD 
UPRIGHT IN YOUR HAND AND ATTEMPT 
TO SPUT WITH AXE 


BROKEN HANDLES 


tice and wh 


gaining experi es often get 


broken — usually because the head 

isses the target and the handle takes 
all the blow (0). To remove a broken 
handle, the easiest way is to put it in o 


rying as much as possible ofthe 
in the earth to prevent it losing 
ieaded (b), double 


hheaded (c) 
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Toots 
USING A FLEXIBLE SAW. 


Always use flexible saw so that the cut 
‘opens up (a} rather than closes wight (b) 
‘n the saw, causing it to jam. Do not pull 
too hard or the saw may break 


At all times keep the wire taut fc} pulling 
in a straight line, never at angles (d. 


With 
carefully _m 


people the rhyth 
ed. 
produced in the sow (et may break 


usually easier for a single person to 
cut a fog by pulling upwards (f). Support 
the jog to keep it off the ground and give 
‘tan angle to keep the cut open. 


Alternatively, to remove a braneb, pull 
down from above the head (gh. This 
could be dangerous. 


ih branches con be removed by 
19s to the sow toggles to 
a reach, Ths is dangerous. Keep 
branch and be prepared idea 
to jump out of the way 
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FURNISHING THE CAMP 
BEDS 


Sleep is the great regenerator and a comfortable bed is worth a little 
effort. Some form of bedding should always be used to avoid lying 
directly on cold or damp ground. In tropical climates it is always 
better to raise the bed into the air, both to keep off wet earth and 
to provide a current of cooling air. In cold climates, when no 
permanent shelter has been erected, choose fuel which will keep the 
fire going through the night and build a screen to reflect heat back 
‘on to your sleeping space. 

When the ground is dry, or under shelter, stones heated in the 
fire (but see WARNING in Fire] and then buried under a thin layer of 
soil beneath the bedding will keep their heat through most of the 
night, adding to your comfort. 


A-frame beds 

‘An A-frame forms a strong construction and will keep you off the 
‘ground. Drive two pairs of posts into the ground at an angle, leaving 
a little more than your height between the pairs. Lash the tops 
together. If the ground is hard, cross-members will be needed 
between the feet of each A-frame and between the two A-frames. 


Tube bed 

This simplest form depends on having or making a tube of strong 
material, sewn of thonged together. A large heavy-duty plastic bag 
is suitable, but not thin plastic. Really toughly made clothing could 
serve but would usually make a rather narrow bed. 


312 


FURNISHING THE CAMP 


Do not risk this method with any fabric that might give under 
your weight or with seams that might come apart. 

Make A-frame supports and choose two fairly straight poles, 
cach slightly longer than the distance between the frames, and pass 
them through the tube of plastic or fabric. Place them over the 
frames so that they rest on the sides, the tube preventing them from 
slipping lower. 


Bough bed 
Where conifers are growing, fir tree branches arranged in alternate 
layers will be comfortable and their fragrance will ensure a good 
night's sleep. 


Ladder bed 

Make A-frame supports and select poles as for the tube bed, but you 
will also need a number of cross-pieces — how many will depend 
upon the size of the sleeper and the kind of bedding to be used. 
Springy saplings will be more comfortable than boughs, provided 
they are strong, 


Lash the end ngs 0 the A-fraes, \ 
jiting ‘ut ether sie. Moke these of ayes 
ston tinber ond es them secu Ft oe 
the td over the fomes and fos 

place ay Being of brcten, fers o 

leaves 


Hammocks 
It takes a little practice to sleep in @ hammock — in a string one you 
must push the sides outwards so that it cups around you. 


PARA-HAMMOCK 
Ics possible to make a hammock from a 
parachute. The rigging lines run through 
the fabric right up to the opex. Cut five 
panels as shown but do not cut the 
rigging fines above. 
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panels os shown (a) and 


Grosp the three 


‘overhand knot (b). 7, 


x 


b \ 


a 


Knots). £ 


FURNISHING THE CAMP 


SEATS 
Never sit on damp ground. Use 
something, even ifit is only log. If there 
is no ready-made seot available, lash 
together @ couple of low A-frome 
supports and rest another bough cross 
them. 


Make a simple box frame with cross- 
‘members linking legs from short lengths 
of wood. To make a seat: weave vines or 
twine back ond forth or sew on a piece 
of canvas or plastic with thongs. Foiling 
these, ty a flat piece of wood or metal 
laid cross, or thin springy saplings 
lashed to the frame and interwoven. 


LADDER 
Food-collecting, shelter-building, trop 
setting ond 0 whole lot of other tasks 
will be easier with a ladder. This one is 
easily made by lashing cross-pieces to 
two long poles. Becouse these are set at 
an angle, nat pore, the rungs will not 
be able to sip down, 


TRAVOIS 
For bringing fuel or your prepared kill 
back to camp, or for other loads, 0 
trovois will work if the ground i fairly 
smooth — it will not on rough ond 
‘boulder strewn terrain, Choose two 
‘boughs with some spring to them ond 
fash cross-pieces, as for the ladder. Add 
‘additional struts to provide closer 
support 

Pull the food on its ‘unners' ike osle, 
Hf you are pulling loads over « short 
distonce, lash the runners to come to a 
single grip (a. Foro lorger version leave 
the fost space clear or fit leather or 
fabric shoulder straps to houl it by fb. 

(For carrying equipment and sledges 
see On the Move) 


ANIMAL PRODUCTS 
SKINS AND FURS 


I animals provide skins. Their condition will depend on how 

carefully they were removed, the way the animal was killed 
(which may have damaged the skin}, the age of the animal and time 
of year (mating season, moult and change of season can affect the 
amount and colour of fur in some species). Common defects are due 
to parasites, disease, malnutrition and sears from fight injuries. 

‘Snakes, lizards, crocodiles and other reptiles all provide excellent 
skins. So do large birds such as ostriches. Some aquatic mammals, 
seals and their relations, are fur-bearing, like land mammals, and 
whales and dolphins have strong hides. Sharks also have a hide, 
instead of scales like most other fish. Birds can be skinned with the 
feathers attached and used to make warm clothing or bed covers. 
Skin is a source of food and in circumstances of acute shortage can 
bee eaten, even after being preserved and used for clothing, but it is 
very tough and takes a lot of digesting, There are cases of people 
surviving by eating their boots, though it should be emphasized that 
in all such cases plentiful water was available. 

Skins and hides are composed of water and proteins and decay 
quickly if they are not specially treated to preserve them, How 
they are treated will depend upon whether you want to retain the 
hair or fur, but the initial stages will be the same in both. To make 
‘moccasins, shelters, laces, thongs, water bags or canoes, the hair is 
removed, but for warm clothing, bedding or a good insulating 
groundsheet it should be left on. 

Properly prepared skins will be supple, yet strong, and resist 
tearing, abrasions, deformation or stretching. They are comfortable 
to wear, with good thermal insulation, but permeable to air and 
water vapour. 


CLEANING THE SKIN 
‘Make cleaning and drying 0 skin easier by 
stretching it on a frame. Do not make the 
holes for the cords too close to the edge 
Remove fat and flesh by scraping the skin, 
sing an edge of bone, fit or ather rock 
‘or even wood. Take care not to cut the sin. 
Remove every trace of flesh, Ants ond 
‘other insects may help you if you lay the 
skin on the ground. Keep watch that they 
do not start to consume the skin ise 
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To cure furs 

Stretch the skin as tight as possible and leave it in the sun to dry out. 
All the moisture must be drawn from it so that it will not rot. 
Rubbing salt or wood ash into the skin will aid the process. 

Do not let the skin get wet, or even damp, until the process is 
complete. Do not leave it where it will be exposed to rain or risk a 
covering with morning dew. 

Keep it absolutely dry. If little or no sun is available, force dry 
over a fire, but keep the skin out of the flames and use only the heat 
and the smoke (which will aid preservation). Keep it away from the 
steam from any cooking pots. 


Leather-making 
After cleaning, place the skin in water and weight it down with 
stones. Leave it until the fur can be pulled out in handfuls — usually 
2-3 days. 

Make a mixture of animal fat and brains, simmered over a fire till 
they form an even consistency. 

Serape the skin on both sides, removing hair, and grain. Keep it 
wet. Work sitting down with the skin over your knees. Keep 
‘manipulating it 

Work the fat and brains mixture into the inner side of the still- 
wet skin, stretching and manipulating as you do so, 

Dry the skin in the smoke over a fire, keeping it well away from 
the flames. The smoke sets up a reaction with the solution you have 
rubbed in to make the skin supple. 


Laces and lashings 
Hide is one of the best materials for lashings and for thongs to lace 
things together. 


Cut short laces straight from the 
along its length. 


To obtain a greater length cut in 0 


spiral ~ keep the width consistent 
or the thonging will have weak 
points. 
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Sinew as thread 
The hamstring and the main sinews of the legs — especially of the 
larger animals — can be dried and used as thread to stitch hides 
together for shelter and clothing, Recognize them by their strong, 
white, cord-like appearance. 

You can also use them for bowstrings and short ropes. They 
make excellent bindings for arrowheads. Sticky when wet, they 
dry hard. 


Bladder 

The normal function of the bladder is to hold water, so naturally the 
bladder of a large animal can be used as a water carrier — so can the 
stomach. Tie off the openings to seal them. 


CLOTHING 


When inadequately or unsuitably clothed for the situation you can 
improvise or supplement protection in many ways. Weaving fibres 
will only be practicable in a long-term situation and skins will 
not be available at first. Salvage towels, blankets, tablecloths, 
cushions, seat-covers, curtains, sacking from the wreckage — with a 
bit of initiative any kind of fabric can be used for garments, bedding 
or shelter. 

Improve insulation and increase warmth by adding layers. Wear 
one sock on top of another and stuff dry grass or moss between 
them. Grass, paper, feathers, animal hair, ete, can be stuffed 
between other layers of clothing — newspapers give excellent 
insulation. 


Waterproofing 

Use plastic bags and sheets to improvise waterproofs or cut off large 
sections of birch bark. Discard the outer bark and insert the soft and 
pliable inner layer under the outer clothing, It will turn away much 
of the rain. Other smooth barks that peel easily can be used, but 
birch is best. 

In the longer term, improve water-repellent qualities by rubbing 
animal fat or the tallow from suet into your clothing. Do NOT do this 
in situations of intense cold, where the reduction in insulation 
would be too great a loss and rain rarely a threat. 


Footwear 
Never underestimate the heavy wear and tear of rough ground on 
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your feet. Climbing over rock and scree can soon destroy a pair of 
smart city shoes. High heels and sandals will soon break or wear in 
rough conditions 


= Cut shoe soles from rubber tyres, make holes around the edges 
for thongs to tie them over wrapped feet, or to sew onto fabric 
uppers. 


~ Several layers of wrapping are better than one on the feet. Tie on 
with thongs or use a triangular shape. Fold one point back over toes, 
make slits in front. Bring other points from behind the heel, through 
slits and tie around ankle. 


= Moccasins can be cut from a single piece of leather, about 8em 
(Bin) bigger all round than the actual sole of your foot. Thong in 
and out around the edges and gather them in over wrapped feet. 
Tie off the gathering thongs, and weave another back and forth 
‘over the foot to make more secure. Alternatively, given more time 
and patience, more traditional moccasins can be made from a 
thickish hide sole, side strips and an upper. Measure around your 
foot first. 


Goggles 

To protect from glare at sea and in snow or desert cut a strip of 
material, paper, bark — but not metal — to tie over the eyes (or 
over the whole face in cold climates). Eskimos often carved 
goggles from wood. Make narrow slits for the eyes. Add extra 
protection by blackening beneath the eyes with charcoal to 
reduce glare. 


Needle and thread 
The Agave plant produces fibres for ropes and mats that are too 
rough for clothing but the end of the leaf is almost always a hard 
point which can be extracted with a fibre attached. It makes a 
perfectly threaded need 


Clothing tips 

~ Tie long leaf strips and fibres around a belt or neck band to hang 
down as a ‘grass’ skirt or cape. 

= Cut a head hole in a blanket or carpet and use as a poncho. Tie at 
waist or thong sides. 

~ Small skins are easily thonged or sewn together. Fur on the inside 
will give greater insulation but on outer garments the suede side 
sheds snow better. 
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safely, connectivity with certain characteristics, such as a specific maximum latency, should not 
merely be ‘typically available’ Rather, loss of connectivity and deviation from quality of service 
requirements must be extremely rare. For example, some industrial applications might need to 
guarantee successful packet delivery within 1 ms with a probability higher than 99,9999 percent. 


VERY LOW DEVICE COST AND ENERGY CONSUMPTION 
Low-cost, low-energy mobile devices have been a key market requirement since the early days 
of mobile communication. However, to enable the vision of billions of wirelessly connected 
‘sensors, actuators and similar devices, a further step has to be taken in terms of device cost 
‘and energy consumption. It should be possible for 5G devices to be available at very low cost 
and with a battery life of several years without recharging, 


ENERGY-EFFICIENT NETWORKS 
While device energy consumption has always been prioritized, energy efficiency on the network 
side has recently emerged as an additional KPI, for three main reasons: 


> Energy efficiency is an important component in reducing operational cost, as well as a driver 
for better dimensioned nodes, leading to lower total cost of ownership 

> Energy efficiency enables off-grid network deployments that rely on medium-sized solar panels 
‘as power supplies, thereby enabling wireless connectivity to reach even the most remote 

> Energy efficiency is essential to realizing operators’ ambition of providing wireless access in 
a sustainable and more resource-efficiant way, 


‘The importance of these factors will increase further in the 5G era, and energy efficiency will 
therefore be an important requirement in the design of SG wireless access. 


5G RADIO ACCESS + 5G REQUIREMENTS AND CAPABILITIES 


ROPES AND LINES 


There are thousands of uses for ropes and line, from securing 

constructional joints to making candle wicks, for rappelling down 
a cliff face to making snares and nets. Traditional materials for rope 
include hemp, coir (coconut fibre), Manila hemp (from the Abaca 
plant), henequin and sisal (both from species of Agave). Rope can be 
made from any pliable, fibrous material producing strands of 
sufficient length and strength. Much modern rope is made from 
nylon and other man-made fibres. They have the advantage of great 
inherent strength, lightness, resistance to water, insects and rot. 
However, nylon rope should not be the automatic choice if choosing 
equipment. 

Nylon has the disadvantage that it can melt if subjected to heat 
— and friction on a rope produces heat. It is also slippery when wet. 
While its tensile strength is good, nylon also tends to snap if 
subjected to tension over an edge — it does not have to be a very 
sharp edge. 


TYPES OF ROPE 
Kernmantel type (o} encloses a ce 


Core of strands in an outer sheath, Easier 
10 handle, except when wet or icy, but 
ot so strong as howset. t can unravel if 


cut. Traditional hawser-laid rope (b) hos 
three bundles of flores twisted toge 
If one is severed the others may hold, 


Choosing rope 

Match type, thickness and length of rope you carry to the demands 
you expect to make on it. Nylon will have advantages in very damp 
climates and when weight is critical but remember its drawbacks. 
Thicknesses of 7mm (isin) and below are difficult to handle 

Rope about 9-10mm (%ain) is usually recommenced for lashings, 
throwing and mountaineering, It can be used for safety lines and for 
climbing, provided belay and abseiling techniques are used — it is 
not thick enough for a hand over hand and foot grip. A length of 
30-40m (100-125ft) would then be as much as can be carried 
without encumbrance. 

Climbing rope must be elastic, to absorb some of the shock, 
without putting enormous strain on anyone who falls. See if it has 
the approval of official mountaineering bodies or conforms to the 
British Standard 3184 (for hawser-laid ropes). 
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Taking care of rope 

Rope should be protected from unnecessary exposure to damp or 
strong sunlight and (in the case of natural fibres) from attack by 
rodents and insects. 

IF it does get wet, do not force-dry it in front of a fire. Do not 
unnecessarily drag it along or leave it on the ground. Dirt can 
penetrate and particles of grit work away at the fibres from inside 
the rope. If weather conditions will make drying possible, itis worth 
trying to wash a very dirty rope in clean water. 

Try to keep a rope for the job for which it was intended — do not 
use climbing rope as clothesline or lashing if you can avoid it — 
though in a survival situation you may have to use the same length 
for many purposes. 

Whipping the end of the rope (shown later) will prevent it 
fraying, To prevent a rope becoming tangled, store and carry it in a 
coil or skein. It will be easier to handle and to pay out when needed. 

Rope is valuable equipment. You may have to trust your life to 
it. Do your best to keep it in good condition. 


SIMPLE COIL 


1 Make 0 coil of rope 35-45cm 
[14-18in} in diometer, keeping each 
circle of the rope alongside the next 
without twisting or tongling, Leave a 
Jength at each end ready for fastening. 


2 Bend one end (a} back along the coil 
‘and wrop it with the other end (b). 


3 Feed the ‘wrapping’ end through the 
loop (c} and pull (a to secure. 


4 Tie off with 0 reef knot — shown later 
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FOR LONGER ROPES 


If you wish to carry fong ropes aver Toke both ends together and wrap 
your shoulder or suspended from a belt them several times around the skein 
(or from your pack, form a skein {b), Moke o loop and tote this through 

Loop the rope backwards ond — the top part ofthe skein (c] and finaly 
forwards over your arm, fetting ithang pass the ends through this loge (a. 
down about 35-60cem (18-24in) fong. Now tie off on to your pack with 
Leave the ends free (0) reef knot 


Throwing a rope 

It is easier to throw a coil of rope than to attempt to sling a loose 
end — whether you are throwing upwards or outwards — and it 
helps to split the coil so that it doesn't tangle. Have a large knot or 
weight on the throwing end. Make sure that you keep hold of the 
other end! 

Think about the anchored end and what will happen to it when 
the other end reaches its target. If throwing a lifeline, for example 
toa fast-moving raft on water, are you going to be pulled into the 
water yourself? Anchor the end to a tree or weight. Always over- 
throw a lifeline so that the recipient stands a good chance of 
catching part of the rope, even if they miss the end. 


Coil half the rope onto the fingers and 
palm of the right hand, then raise the 
Index finger and coil the remainder onto 
the other fingers only. Pass the second 
coil back to the left hand, 


As you throw, release the right-hand coil 
split second before the left. Anchor 
your end if you think there will be 
sudden strain on it and your position is 
precarious 
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FOR A LONG THROW 
Tie a suitable missile to the end of the 
rope (a). Coil the rope carefully on the 
ground or loop it foosely over the other 
hhond so that it wil pay out freely as you 
throw the evssite 


Don't risk loosing your end ofthe rope. Tie 
that to an anchor, a heavy stone for 
instance. Use « klick hitch (shown later. 


If throwing a weighted rope over a 
‘branch keep out ofits poth as it swings 
back towards the throwing point! IF 
throwing a lifeline don't knock out the 
person that you are trying to help! 


ROPE-MAKING 


Vines, grasses, rushes, barks, palms and animal hairs can all be used 
to make rope or line. The tendons from animals’ legs also make good 
strings, but they tend to dry hard (very useful for binding on arrow 
and spear heads). 

The stems of nettles make first-class ropes and those of 
honeysuckle can be twisted together to make light lashings. The 
stronger the fibre, the stronger the rope. Some stiff fibres can be 
made flexible by steaming or by warming, 

While pliable vines and other long plant stems can often be used, 
as they are, for short-term purposes, they may become brittle as 
they dry out. A rope made from plant fibres twisted (‘spun’) or 
plaited together will be more durable. 


‘Sources of fibres 
= Nettles (Urtica dioica) are an excellent source of fibres but require 
preparation. 

Choose the oldest available plants and those with the longest 
stems. Soak them in water for 24 hours, then lay them on the 
ground and pound them with a smooth stone. This will shred the 
outer surface exposing the fibrous centre. Tease and comb to 
remove fleshy matter. Hang to dry. 

When dry, remove and discard the outer layer. ‘Spin fibres into 
long threads. Plaiting or twisting together to make a strong rope. 
~ Palms usually provide a good fibre. Leaves, trunks and stalks can 
all be used. The husk of coconut is used commercially to make ropes 
and matting. 
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= Dogbane (Appocynam cannaninum) stems also provide very good 
fibre, with which it is easy to work. 

= Barks Willow bark especially produces very good fibre. Use the 
new growth from young trees. The dead inner bark of fallen trees 
and tree branches should not be overlooked. But if the tree has been 
down too long it may have decayed too much, so test it for strength. 
~ Roots The surface roots of many trees make good lashings. Those 
that run just under, or even on the surface, are often pliable and 
strong. The roots of the spruce are very strong. The Indians of North 
‘America used them to sew birch bark together to make canoes. 

~ Leaves Plants such as those of the lily family, especially aloes, have 
very fibrous leaves. Test by tearing one apart. If it separates into 
stringy layers it can provide fibres to make into rope. Soak to remove 
the fleshy parts. 

= Rushes, sedges and grasses should be used when still green. Pick 
the longest specimens available. 

~ Animal tendons are useful for tying one thing to another. They 
must be used wet. 


SPLITTING CANES 


Bamboo, rattan, and other types of canes, vines and bark all neet 
to be split to be used for any kind of rope-making. If you try to pull 
away thin strips, these tend to run away to nothing. To avoid this 
problem pull on the thick part to separate it from the thin. It saves 
both time and energy, 


TESTING FIBRES 


Tie two lengths together using an overhand knot. Try pulling it 
apart, using a reasonable amount of strength, If it snaps the fibre 
is too brittle. If it is too smooth, it will slip apart. Suitable fibre will 
‘bite’ and hold together. 
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Plaiting rope 
‘An easy method for the less experienced is to twist and plait strands. 
If you make three thin plaits, these can then be plaited together 
again for a thicker, stronger rope. If you are lengthening the strands 
as you plait, stagger the places at which you feed in new fibres. 


Take « bundle of fibres tc the ends together, anchor it 
firmly and spit into three separate strands (o}. Bring the 
left strand into the centre (b), then the right over it (¢. 
Then bring what is now the left strand to the centre (a) 
‘ond so an (e-fl. Keep twisting the strands and keep the 
plotting os tight ond even os you con mate it 


AKAMA 


SPINNING A ROPE 
Twist fibres together (shown here 
clockwise, but what is important is to 
keep to the same direction). Feed in 
lengths of new fibres as you go so that 
their ends are staggered. 

When you fave produced three 
lengths of fibre, anchor oll three ot one 
end and continue to twist each of them 
until quite tight. emporarily fastening @ 
toggle to the end of each will moke 
twisting easier 

Now draw all theee strands together 
and twist al three anti-clockwise — the 
‘opposite direction. 

Continue to add and twist until you 
Ihave produced the amount of rope you 
need. You will need to secure o 
completed section in a cleft stick to keep 
it tight as you work Wrap the rope 
‘round a tree trunk, to Keep the working 
length short. 

To make a thicker rope repeat the 
provess with three ‘Yopes’ you hove 
‘lreody made or plait three simple ropes 
together 
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REMEMBER: When making rope try to keep the thickness of the 
strands equal and even along their lengths. It is where a lay has a 
thin section that the rope is most likely to break. 


Whipping ropes 

The end of a rope must be secured in some way so that it does 
not unravel. To prevent the strands from fraying, bind the rope 
with twine. 

Good binding, or ‘whipping’, MUST be tight and neat to be 
effective. If it is too slack it will work loose or fall off. It is 
difficult to make good whippings with thick cord and very thin is 
prone to slip. Experience will enable you to match the thickness 
to the job. 

Use the whipping technique to add a comfortable grip to the 
handles of axes and parangs of, thicker, to replace the handle 
of a knife. 


1 Loy length of twine along the side of 
ne rope, keoving its end fo projecting 0 
hhana’s length beyond the copes end. 


2 Whip the twine (b) around the rope, 
T working towards the end and groduatly 
covering the piece you have laid afong it 


3 Now form the loose end of the twine 
{o} into a loop and tay it back along the 
hipped section. 


7 
5 
1 Coconino omg 
il ets ina bee eee 
A 


5 Now poss the end (b) whipping 
through the loop ond pull the short end 
{o) tight, Tim off ends neoty. 
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KNOTS 


Tr isa knot for every job and it is important to select the right 
‘one for the task in hand. You never know when you may need to 
tie a knot so learn their uses, and how to tie each one — well enough 
to tie them in the dark and under all kinds of conditions. Learn to 
untie them too — the only thing that is worse than tying a knot that 
comes undone isa knot that CANNOT be undone at a crucial moment. 
In the instructions for individual knots that follow the end of the 
rope or cord being used to tie the knot is referred to as the ‘live end 
to distinguish it from the other end of the rope, or ‘standing part! 


Reef knot 
Also known as the square knot, this is 
perhaps the best known of al knots. ts 
used for tying rope of the same 
thickness and will hold firm even under 
stroin, yet may be Fairly easily untied. 
is NOT reliable for ropes of oifferent 
diameters, nor should it be used with 
riyion ~ it wil lip, 

Reef knots con be tied in other B 
moterials ~ it is a good knot to use in = 
first cid. It will le flat ogoinst the 
patient 


oss the RIGHT end over the LEFT (a) and 
then under i (0) 

Then toke the LEFT over the RIGHT (c) 
‘ond under it (a). 

heck it ~ the two loops should side 


‘on each other. If you have crossed the 
wong way you will have a ‘granny’, 

which may not hold and is difficult to 

unte if subjected to strain = 


Tighten by pulling both the strands on 
each side, or just the live ends, but be 


sure it tightens propery () 
To be doubly sure, finish off the knot _e 
bby making @ half-hitch with the five ends 


(on either side of the knot (f. 
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SIMPLE KNOTS 


These are some of the simplest knots. They are quickly made, and 
studying them will help you understand some of the more 
complicated knots that follow. 


OVERHAND KNOT 

The simplest of all knots. Make a loop 
‘and pass the live end back through it 
hhas litle purpose on its own except to 
make on end-stop on a rope, but it is 
port of many other knots. 


OVERHAND LOOP 

A very quickly made knot for throwing 
‘over a projection, The loop is fixed and 
cannot be tightened so the projection 
must point away from the direction of 
strain, Double the end of the rope and tie 
‘an overhand knot with the loop. 


FIGURE-OF-EIGHT 
This mokes @ much more effective end- 
stop than the overhand knot. Make @ 
Joop. Cary the live end first behind, then 
‘round, the stending part. Bring it 
forward through the loop. 


FIGURE-OF-EIGHT LOOP 

‘More secure than the overhand loop 

this is made in the same way os the 

figure-of-eight, out with the line 

doubled, using the loop as the live end. It 

can be used over a spike anchor for a 

belaying rope. \ r 


REWOVEN FIGURE-OF-EIGHT 
A useful anchoring knot where the top 
tend oF a projection is out of reach. Make 
@ loose figure-of-eight along the rope. 
Poss the live end around the anchor and 
feed it back around the figure-of-cight, 
following exactly. Ease tight. 
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JOINING ROPES 


SHEET BEND 
Used for joining ropes oF the some or 
different thicknesses. It con be more 
effective than the reef knot with those of 
equal thickness. Iti ideo! for joining 
different moterals, especially wet or 
frozen ropes 

Simple t0 tie, using up litle of the 
rope length ond swiftly uaknotted if it 
‘has not been subjected to stain. It never 
Sips it corectly made and strvin is 
not erratic. 


1 Make a loop in one rope. Take the lve 
tend of the other (a) right around behind 
the loop to the front, where it is carried 
under itself and then tucked up through 
the loop, 

2 Draw it tight and ease into shape as 
Strain is increased. 


DOUBLE SHEET BEND 
Akknot that is even more secure than the 
sheet bend. It is useful with wet ropes, 
especially if they are of very different 
thickness, but provides a good strong 
Join in ropes of even thickness too. It is 
Useful where strain is not constant and 
‘an ordinary sheet bend may sip. 


1 Make a loop in the thicker rope. Toke 
the live end of the thinner rope (a) 
through the loop, beneath the thicker 

live end and then forward on the outside 

(of the loop and right around it Bring the 
thin lve end back between itself and the 
‘outside of the thick loop. (:) 
2 Toke the thin line end completely 
‘round the foop again and back through 

the same place on the outside of the 
thick loop. 

3 Draw it tight and ease into shape. 


If not tightened these knots tend to work 
loose. Do NOT use with smooth materials 
ssuch a nylon fishing fine: 
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COMMUNICATION 


Fundamentally, applications such as mobile telephony, mobile broadband and media delivery 
are about information for humans. In contrast, many of the new applications and use cases that 
drive the requirements and capabilities of SG are about end-to-end communication between 
machines. To distinguish them from the more human-centric wireless-communication use cases, 
these applications are aften termed machine-type communication (MTC), 

Although spanning a wide range of applications, MTC applications can be divided into two 
main categories ~ massive MTC and critical MTC - depending on their characteristics and 
requirements, 


Masive numberof devices iooee 


Low device cost 
Massive MTC tong batery fe Verybigh availabilty) Critical 
‘Small data volumes ‘ery low tency /— COSI NTC 


on 


Scalable and flee bandwidths 
+ Scalable and flexible signaling 


protocols 


Cantention-based access and 
fast channel asignments 


Multi-level vesty F 


Devicet-devce Ne 


Capillary networks 
+ Shorerange radio + callular 


Figure 2: Massive MTC and critical MTC. 


Massive MTC refers to services that typically span a very large numbers of devices, usually 
‘sensors and actuators, Sensors are extremely low cost and consume very low amounts of energy 
in order to sustain long battery life. Clearly, the amount of data generated by each sensor is 
normaly very small, and very low latency isnot a critical requirement. While actuators are similarly 
limited in cost, they wil likely have varying energy footprints ranging from very low to moderate 
‘energy consumption, 

Sometimes, the mobile network may be used to bridge connectiviy to the device by means 
of capilary networks. Here, local connectivity is provided by means of a short-range radio access 
technology, for example W-Fi, Bluetooth (8] or 802.15.4/6LOWPAN [4]. Wireless connectivity 
beyond the local area is then provided by the mobile network via a gateway node. 

Critical MTC refers to applications such as traffic safety/control, control of critical infrastructure 
and wireless connectivity for industrial processes. Such applications require very high reliability 
and avallabilty in erms of wieless connectivity, as well as very low latency. On the other hand, 
low device cost and energy consumption notas critical as for massive MTC applications. While 
the average volume of data transported to and fram devices may not be large, wide instantaneous 
bandwidths are useful in being able to meet capacity and latency requirements. 

‘There is much to gain from a network being able to handle as many different applications as 
possible, including mobile broadband, media delivery and a wide range of MTC applications by 
means ofthe same basic wireless-access technology and within the same spectrum. This avoids 
spectrum fragmentation and allows operators to offer support for new MTC services for which 
the business potentials inherently uncertain, without having to deplay a separate network and 
reassign spectrum specifically for these applications. 
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FISHERMAN'S KNOT 

A useful knot for joining together 
springy materials such as vines or wire. It 
{is good for wet or slippery lines and 
particularly suitable for joining gut 
fishing line — soak the gut first to make 
it pliable. Very secure, it will hold 
well with thin lines but is very aifficult 
to umtie, Use when you do not trust 
the reef knot or sheet bend. It Is 
NOT recommended for bulky ropes or 
‘nylon ine. 


1 Loy lines beside each other, the ends in 
‘opposite directions. Carry the live end of 
fone line around the other and make 0 
simple overband knot 


2 Repeat with the live end of the other 
Tine 


3 Partially tighten the knots and slide 
them towords each other. Ease them to 
rest well against one another, 
completing the tightening process. 


DOUBLE FISHERMAN'S 
This is @ stronger version of the 
fisherman's knot, It should NOT be used 
for nylon fishing lines, nylon ropes, or 
bulky ropes. 


1 Corry the five end of one line around 
the other, then oround both. 


2 Corry the live end bock through the 
‘two loops you have just made. 


3 Repeat the pattern with the end of the 
‘other line 


4 Slide the two knots together and 
tighten them, easing them 0 rest well 
‘against each other Apply strain 
gradually 
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TAPE KNOT 
A useful knot for joining flot materials 
such as leather or webbing straps, tope 
‘and possibly even for joining sheets or 
other fabrics when improvising an 
escape rope. Experiment! 


1 Moke an overhand knot in the end of 
‘one ‘tape! Do not pull it tight. 


2 Feed the other tape through itso that 
it follows exactly the shope of the first 
knot 


3 The five ends should be well cleor of 
the knot so that they will not slip back 
when you tighten it 


LOOP-MAKING 


BOWLINE 

This quickly tied knot makes 0 loop that 
will neither tighten nor slip under strain. 
It is used in the end of a lifeline or 
wherever such 0 fixed loop is needed. 


11 Make 0 small loop «ttle woy along 
the rope. 


2 Bring the tive end up through it 
‘round the standing part and back down 
through the loop. 


3 Pull on the lve end to tighten, easing 
the knot into shape. Finish off with 0 
hlf-hitch, 


RUNNING BOWLINE 
Use in any situation requiring 0 loop 
which will tighten easily. Moke a small 
bovine and pass the long end of the 
rope through the loop. 

‘Never tie @ running bowline around 
the waist, particularly when climbing 
It acts like a hangman's noose and 
‘could kill 


CAMP CRAFT 
TRIPLE BOWLINE 


Another bovine, made with 0 double 
line. Form a toop, pass the doubled tive 
end through the loop, behind the 
tending port and back through the 
loop. This produces tree loops which 
can be used for equioment haulage, or 
2s a sit-sling or ifting-harness with one 
ogo around each thigh and the ather 
‘round the chest. 

It takes some practise to get the 
proportions right — so learn t0 tie the 
triple bovine BEFORE you need to use it 
BOWLINE-ON-THE-BIGHT 
This is useful to support or for fitting —@) ®) 
‘anyone from 0 crevasse or elsewhere 
from which they cannot climb out. Make 
it with @ doubled fine, producing two 
loops which will nether tighten nar jom. 

It forms a kind of bosun’s chair, one loop 
fitting around the buttocks, the other 
‘round the woper body. As with the triple 
bbowiine, proctise this knot BEFORE you 
is 


need to know how to use it 
You may find many uses for fixed |i 
double loops. House and ship-painters 
hhave been known to support theie 
franging platforms with a knot like this 
at each end, ff the platform has @ pole 
projecting at each comer, the loops of 
the bowline-on-the-bight can be sipped 
cover. Notch the poles to prevent the 
10pes slipping off 


So 


1 Using the doubled fine, form a loop 


‘ond poss the live end through it 
o 

2 Bring this end down (o} and over the 

end (b) of the lorger double loop now 

formed. Ease it back up to behind the 

standing part (c). Pull on the large 

double loop to tighten (a. 
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MANHARNESS HITCH 
‘Also known as the Butterfly knot or 
Artilery knot, this makes a non-slip oop. 
Ithas the advantage tha it can be made 
‘long the length of the rope, but does 
ot require access to an end. Several 
loops could be put on 0 rope for 
harnessing people to pull together in 
haulage oF rising o weight. Also 0 good 
way Of preparing 0 rope for climbing 
Toes and wrists can be put into the loops 
to carry the weight so that o rest can be 
taken when ted 


O 


1 Make a loop in the rope. 2 


ay 
2 Allow the left side of the rope to cross _ 
rnd 
3 Twist the Joop. 3 


4 Pass it over the left part of the rope 
‘and through the upper part of the 
origina! loop. 


5 Pull the knot gently into shape, ease 
tight and test it carefully 


NOTE: If this knot is not eosed tight 


y 
: O. 


Different ways of making this knot may 
bye found where the loop is not twisted ot 
3, The final strength ofthe loop does not 
‘appear to be affected either by making 
this twist or not, nor if the twist should 
straighten out in use " . 
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LADDERS 


A ladder can be made by simply tying as 
‘many manharness hitches in a rope as 
you need for hand and foot holds. It 
could also be mode with rungs, using 
strong sticks or pieces of wreckage 


Use two ropes oF 2 long rope, doubled, 
with manharness hitches placed equally 
‘along both sides to make a rope ladder. 
Pass sticks through the corresponding 
loops, as you make the loops and ease 
tight to hold the sticks firmly. Allow the 
sticks to project @ reasonable distance 
(on either side ofthe ropes for safety and 
test each for strength, 


LADDER OF KNOTS. 
A series of overhand knots tied ot 
intervals along @ smooth rope will make 
climbing it much easier There is 0 

way of making these, once you have t 
knack 


1 Leaving 0 reasonably tong free end, 
‘make 0 half-hitch near the end of a 
short piece of branch or log, 


2 Continue moking loose holf-hitches 
‘long the log — the diameter of which 
will fix the spacing of the knots. 


3 Pass the stort end back through all the 
Joops and then side them al off the end 
OF the log 


4 As each turn of rope comes through 
the centre of the half-hitch loops to the 
other end, shape and tighten each knot 


IF you know the length of your rope yo 
can estimate the number of knots you 
need, With a holf-hitch for every knot 

the 
required number of turns — and 
therefore the required 


choose a thickness of log to allow 


umber of kno 
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HONDA KNOT 
This is another knot thot makes a free- 
running noose — but this one gives 0 
clear circular loop suitable for throwing 
= its 0 lassoo, 

You may find a use for this lassoo in 
‘many ways but, in a survival situation, it 
you have oniy ane length of rope, it 
would be univise to spend much time 
‘and energy trying to catch animals in 
this way, It takes a lat of practice. When 
you really need the rope it may be worn 
‘ond damaged from your lassooing 
efforts. However, itis worth making one 
to experiment with so that you have the 
skil olready, should you need it for 
‘actual survival conditions. 


a Stort with an overhand knot. 
bb Form a loop further down the rope. 


¢ Double the rope into a bight between 
Joop and knot. 


4 Pass the bight through the loop. 
€ Tighten the loop around the bight. 


f Pass the long end of the rope through 
the new eye formed by the bight. 


Before trying to use a lasso on an 
‘onimal consider its strength ogoinst 
your own. A lorge animal can — and 
‘olmost certainly will — run. If you are 
‘not holding the rope firmly it may be 
dragged away and you will lose your 
‘meal and your rope. IF the rope is 
‘anchored to you, YOU may be dragged 
‘along and severely injured. Can you 
‘make use of a firm anchor to carry the 
strain? A turn around a tree trunk or 0 
rock may secure what is too powerful for 
you to restrain on your own. 


ae) cae) 


335 


CAMP CRAFT 


HITCHES 


These are knots for attaching ropes to posts, bars and poles 


ROUND TURN AND TWO 
HALF-HITCHES 

This s the best way to Secure a rope 
post. fe can take strain from almost 


Carry rope around behind the post, then 
‘around again. Bring live end over ond 
back under the standing end and 
through the 
co eat the ball hithe cahoe He 


CLOVE HITCH 

An effective ottachment when strain is 

perpendicular to the horizontal, It is not 
‘good when strain comes at an 

the direct ie — this 

ld loosen 


on of strain is era 


1 clove hte, 


1 Pass the live end over and around the bac 


2 Bring it across itself and around the 
bor goin 


3 Carry the live end up and under it 
‘moving ia the opposite direction to the 


4 Close up and pull tight. 


It is possible to mate a clove hitch in 
loops on a rope and to put the whole 
1 ready-made on to the spar = if you 


spor end. Many 
‘experienced knot-makers do this. Make a 

the spar. 
Lay it down and copy the loops formed 
by the Slip onto the spar and 
tighten 


loose clove hitch and slip it 
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TIMBER HITCH 
This knot is used mainly as a start knot 
for lashings, but can also be used for 
hoisting and for dragging or towing 
heavy logs. 


1 Bring the five end around the bar and 
loosely around the standing end. 


2 Carry it forward and tuck it beneath 
the rope encircling the bar. Twist it 
around as many times as comfortably 
fit Tighten the knot by gently pulling on 

standing end until a firm grip is 
achieved. 


KILLICK HITCH 
Also known as the Anchor hitch — use it 
for securing @ line to an anchoring 
weight. It con be used to secure an 
actual anchor for use in water orto hold 
back one end of a throwing line 


Moke 0 timber hitch oround one end of 
the rock or weight and tighten. Cary the 
fine along the weight and make o half- 
hit. 


MARLIN SPIKE HITCH 
This is an instant, but temporary, knot 
for securing a mooring fine to a post, or 1 
for dragging over the top of any upright 
peg or pole. Its particularly useful when 
tightening lashings. By. temporarily 


attaching o short stout stick tothe line it C . 


is possible to gain extra purchase onthe 


to administer a firmer pull. E 


1 Form 0 loop in the rope — study the 
rowing carefully 


2 Bring one side ofthe loop back up ever 
the standing end. USN 


3 Drop this over the pole — the pole 
‘coming between the extended loop and the 
standing part. Pull the live end to tighten 
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QUICK-RELEASE KNOT 
ously known as the Highwayman's 
Thief hiteh and Thief knot. This 
otis secure but wil come untied with 
p tug on the live end. It is 
nided for temporarily anchoring 


‘single 


h need 0 quick re 


1 Carry a bight around a post or rail 


2 Bring « bight from the standing end 
through the frst bight. 


3 Form the live end into @ further bight 

and push the doubled end through the 

oop of the second bight. Pull on the 
— Standing end to tighten the knot. 

4 To release pull sharply on the live end, 


<u 


SHORTENING ROPE 


‘SHEEPSHANK Pitches, when a loop is formed jn the 
Treble the line. Form half-hitches in the standing port, pul a bight through it and 
cuter lengths and slo th this over the bend inthe rope. Tighten 
‘adjoining bends. Of instead of half 0s you groduaily increase tension 
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Make 0 sheepshank more secure by 
ppossing a stick through the bend and 
behind the standing port (0). Oi you 
hhave access t0 the rope’s end, pass 
thot through the bight (b). A stick 
‘would make this more secure, 


SECURING LOADS 


WAKOS TRANSPORT KNOT 
A knot invaluable for securing a high 
oad to boat, raft, sledge, etc or for tying 
down a roof. Maximum purchase is 
‘achieved by pulling down with all your 
weight and finally securing with two 
half-hitehes. IF it comes loose undo the 
hitches, retighten and secure, This knot 
can also be used for a fine across 0 river 
fr chasm which needs tightening from 
time to time. 


1 Moke foop in the rope, Further down, 
towards the end of the rope, make a 
bight. 


2 Poss the bight through the loop. 
3 Moke o twist in the new lower loop. 
Poss the end of the rope around securing 
point and up through this twist. 

4 Pull on end to tighten. 

5 With the end make two holf-hitches 


‘around lower ropes to secure. Undo 
these to adjust and retighten 


‘Never cut 0 rope unnecessarily — you 
‘never know when you may be glod of ts 
full length. A knotted rope has only half 
the strength of a continuous one. Use 
the sheepshank to. shorten it or to 
‘exclude a damaged or weakened section, 
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SPECTRUM FOR 5G 


In order to support increased trafic capacity and to enable the transmission bandwidths needed 
to support very high data rates, 5G will extend the range of frequencies used for mobile 
‘communication. Ths includes new spectrum below 6GHz, as well as spectrum in higher frequency 
bands, 

‘Specific candidate spectrum for mobile communication in higher frequency bands Is yet to 
be identified by the ITU-R or by individual regulatory bodies. The mobile industry remains agnostic 
about particular choices, and the entire frequency range up to approximately 100GHz is under 
consideration at this stage, although there is significant interest in large contiguous allocations 
that can provide dedicated and licensed spectrum for use by multiple competing network 
providers. 

The lower part of this frequency range, below 30GHz, is preferred from the point of view of 
propagation properties. At the same time, very large amounts of spectrum and the possibilty of 
‘wide transmission frequency bands of the order of 1GHz or more are more likely above S0GHz. 


Spectrum range relevant for 5G wireless access 


1GHe ache 10GHe 30GHe yo0GHe 


Figure 2: Spectrum relevant for 5G wireless access. 


‘Spectrum relevant for 5G wireless access therefore ranges from below 1GHe up to approximately 
400GHz, as Figure 3 shows. 

itis important to understand that high frequencies, especially those above 10GHz, can only 
Serve as a complement to lower frequency bands, and will mainly provide additional system 
capacity and very wide transmission bandwidths for extreme data rates in dense deployments. 
Spectrum allocations at lower bands will remain the backbone for mobile-cammunication 
networks in the 5G era, providing ubiquitous wide-area connectivity 

‘The World Radio Conference (WRC)-18 discussions have resulted in an agreement to include 
‘an agenda item for IMT-2020, the designated ITU-R qualifier for SG, in WRC-18. The conference 
also reached agreement on a set of bands that will be studied for 5G, with direct applicability to 
NX. Many of the proposed bands are in the milimeter wave region and include: 


> 24,25GHs to 27,5GHz, 97GHz to 40.5GHz, 42.5GHz to 43.5GHz, 45.5GHz to 47GHz, 472GHz 
to 50.2GHz, 50.4GHz to 52.6GHz, 65 GHz to 76GHz and 81GHz to 86GH2, which have 
allocations to the mobile service on a primary basis; and 

> 81.8GHz to 3.4GHz, 40,5GHz to 42.5GHz and 47GHz to 472GHz, which may require additional 
allocations to the mobile service on a primary basis. 


‘The mobile industry will strive to gain access to spectrum in the 6GHz to 20GHz range, but the 
policy directions being followed by regulators seem to be focused on frequency bands above 
30GHz. In the US, the FCC has jssued two Notices of Public Rule Making (NPRM) on bands 
above 24GHz. Ofcom has likewise indicated a preference for bands above SOGHz within the 
mobile industry. 

The capacity needs of the mobile industry will continue to be served by licensed spectrum, 
although novel sharing arrangements for spectrum will become progressively more important 
as restricted apportunities for new spectrum start to impact incumbent services such as satelite 
‘communication and radio location. Two examples of sharing arrangements include LSA planned 
in Europe for the 2.3GHz band and the Citizens Band Radio Service for 3.5GHz in the US. 
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PRUSIK KNOT 
A knot that makes a sliding loop, 
especially useful when attached along a 
climbing rope. It will not slip under 4 
tension, but will slide along the rope 
when tension is released. Also useful for 
ropes that need retensioning from time 
10 time, such as tent guytines. 3 

A pair of prusik knots along @ rope 
provide hand and foot holds for climbing 
or for swinging along o horizontal line. 
They ore slid along the main rope as you 
proceed. 


11 Poss.a bight around the main rope and 3 


pull he ends through Keep ths loos, 

2 Toke the ends over agin and bock 

down through the loop. Ease tight. Do ab 
‘not allow the cults to overlap. 

3 This gives the appearance of four turns: f 


(on the main rope (a). Mountaineers 
sometimes take the ends round again 
‘and bock through the loop to give the 
appearance of six turns on the main 
rope (b) 


4 The prusik knot con be made using a 
fixed spliced foop ~ in which case poss 


4 
the bight over the main rope and back j 
through itself, and repeat 
5 For use as a tensioning fine attoch 
‘olong the quy rope etc and secure ends 
(a) t0 an anchor. 
5 
Note: When used for climbing, or “ 


travelling along a rope, 0 spliced loop 
is safest (os 4). If you have no spliced 
oop, join the ends after the knot is 
‘made, Test joins rigorously before relying 
‘upon them. 
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LASHINGS 


Methods of lashing spars gs, poles etc 
together differ according to the position 
iF the components. Learn these 
fecinniques. They will be invaluable in 
making shelters, rafts and other 
structures 


SQUARE LASHING 
This 18 for lashing spars which cross 
Most effective when they do so at right 
‘ongles. 


1 Mate a timber hitch carrying the line 
alternately above and below both spars 
in 0 complete circuit before securing it 
Then carry the rope over and under bath 
spors in an anti-clockwise direction, 


2 Alter three oF four circuits make a full 
turn around 0 spar and circuit in the xn 
‘opposite direction 


3 Complete the circuits 
‘around one spar ar 
hiteh on a spar at 


a half-hitch 


ht-ongles. 


ROUND LASHING 
This is for lashing spars oiongside each 
ther or extending the length of a spar. 


Begin with a clove hitch around both 
spars (a), then bind rope around them. 
Finish knot with @ clove hitch at the 
other end (b). Force a wedge under the 
loshings to make them really tight. I the 
spors ore vertical bong the wedge in 
downwards 
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DIAGONAL LASHING 


An alternative to square lashing which is 
‘more effective when spars do not cross 
at right-angies, or more 


the spars are under strain ond hove 


led towards one on 


1 Begin with a tint 
spors, placed diagonolly. 


hiteh around bot 


2 Frap both spars with a few turns of 
rope over the timber 


full turn under the bottom spar 


te, then ma 


3 Frap across the other diagonal, then 
boring the rope back ever one spar ond 
‘make two or three circuits of the spars 

and below the 
4 Finish 


== 
—— 


‘above the upper sp 


SHEAR LASHING 
For tying the ends of two spars at ar 
when making on A-frame, fo 


angle, 


Begin with a clove hiteh (a) oround one 
spar. Bind around both spars — this 


b 


ng should not be very 


ht. Bring 


rope between the spors and frop 
couple of times around the bind 
Finish with clove hitch around 


‘ther spar (b.Tighten by 


pening up the 
sireors(c) 
A similor method can be used oround 
three poles to make a trod. Make tums 
‘round all three legs and froppings in = ; 


the two gaps. The feet of A-fromes 


ids should be anchored to stop then 
reading. 
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NET-MAKING 


Nets can be made either by making knots along pre-cut lengths 
of line or by ‘knitting’ mesh row by row. They are not only useful 
for fishing, A gill net can also be hung between trees to catch 
birds and a purse net, made from twine, can be placed over 
animal burrows. Use the same techniques to make a hammock 
from strong twine. 


Gill net 

Make this from parachute cords or from two thicknesses of twine. 
Parachute cord consists of an inner core of fine line within an outer 
core. Pull the fine inner line out and cut it into manageable and 
equal lengths (or cut lengths of thinner string). Their length will 
determine the depth of your net, which will be about 2 that of the 
length of line. 

Decide how wide you want your net and set two poles that 
distance apart. Tie a length of parachute cord outer (or thicker 
twine) between the two. Cut a piece of wood about 3.5em (1%in) 
across. Use this as a gauge to space out the thinner vertical threads 
{inner core). 


Prusik knot Overhand knot 
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Fold each length double and use the bight to make a Prusik knot 
over the top cord and repeat across its length. Slide the Prusik knots 
along to space them out equally using your gauge. 

For the first row, working from left to right; ignore the very first 
individual strand, but take the second of the pair. Hold it with the 
first strand of the next pair and tie both together in an overhand 
knot. Take the remaining strand with the first of the next pair and 
knot. Continue along the line, using your gauge to control spacing, 

Proceed to the next row in the same way but this time include 
the outside ines to produce a row of diamonds. Continue until the 
Tine is used up. 

To finish off the bottom, stretch another thicker line across 
between the supports and tie off all the inners (or thinner strings) in 
pairs around it. Carry each pair around it twice. Separate the pair 
and tie off around the pair. 

Complete the net by securing the top and bottom lines at each 
comer of the net so that the net will not slip off the ends. Any 
surplus can be used for attaching the net to supports and weights 
to keep it in position when in use, 


“KNITTING’ A NET 
A method suitable for nyion fishing ine 
‘or ony other fine fine. You need 0 
horizontal string betwveen posts, 0 mesh 
‘gauge, and o ‘needle 


Moke the ‘needle’ (a) obout 15cm long x 
25cm wide (6 x tin) from hordwood or 
‘bomboa, Moke a notch at either end and 
wind fine around the whole needte; or 
try something more traditional like the 
lower drawing, The needle must be 
smooth. The line is gradually unwound 
‘5 you make the net 


To make the net, tie 0 top line of 
required length between uprights. 
Begin by tying 0 clove hitch with 
thinner line (o). Toke the needle behind 
he top line and bring it forward (0 

ke another clove hiten (cl. Repeat 
clong the fine, spocing the knots out 
with your gauge () 


344 


KNOTS 
ow is complete go to 

the other side of the posts [easier than 

working bockwords) ond moke the 

rnext row. Moke each new loop targe 

enough to form o square of the mesh 

(half-square at each outside edge) 

Take the needle through the loop of 

the row above from behind, round the 

back ofthe loop ond then through the 

front of the loop it mokes (e). Adjust e 
the depth with your gauge before you 

tighten (f. 

‘Switch sides again and work back in 
the opposite direction for the next rom 
and continue until the nti the required 
length 

Tie off the bottom line with another 
thicker twine using the some knot but 
keeping the line straight without loops 
Leave some free line at both ends. Tein 
the ends at tne top corners and the net 
is complete. 


‘Net hammock 

Make a net about 75cm (2"ft) across and wider than your height. 
Use good strong twine or rope for the top and bottom lines — 
double twine would be a good idea, the ends have to carry your 
weight. Leave those ends long enough to suspend the hammock by. 


LONE OVO ONTOS ON 
a a 
XX Welaalalaeren Sef 


Cut two spacer bors to keep the 
hammock ‘open’ Notch the ends and slip 
the cords into the notches (a. To simplify 
hhonging the hammock you could tie 
each pair of end lines to a fixed loop 
such as a bowline Then fix one end with 
@ round turn and two holf-hitches, the 
ther with a quick-release knot, in cose 
you ever need to leave the hammock in 
a hurry. 
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FISHING KNOTS 


HOOK ON TO GUT ° 
Turle knot Sook the gut. Thread it 

through eye of hook Moke an overhand 2 
oop and pass a bight through it (a) to @ 
form a simple slip knot (0). 


Pass hook through slipknot (c) and pull 
tight oround shank: 


HOOK ON TO NYLON # 1 
Half-blood knot Thread end through eye 
Moke four turns oround standing port. 
Pass live end through the loop formed 
next 0 the hook (). 


Pull taut and snip off fairly close to end 
fel 


HOOK ON TO NYLON #2 
Two-turn turf knot Thread the hook, Pass 
the live end around the standing part to 
form a loop ond through it. Twist live 
end twice around side of loop. Hold the 
Joop and pull the twists tight. Pass the 
‘hook through the foop (f) 


ull on standing part to tighten loop on 
hook (a) 


JAM KNOTS 
For securing improvised hooks to gut or 
cord. 


With an eye: Thread gut. Make two turns 
‘around hook and bring live end up 
through turns (h). Ease tight and test for 
strength 


Without an eye: Moke loop around lower 
port of shaft. Moke two half-hitches 
from upper end downwards ond pass 
five end through lower loop (i. Pull on 
standing part fo tighten 
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LOOP IN NYLON #1 

Double averhand loop Double the fine to ry 
‘make a bight. Te on overhand in it (a. 

Twist the end through again (6). Pull 

tight (c) and snip off end. 


LOOP IN NYLON #2 ° 
Blood bight Form « bight. Twist the end 

of it bock around the standing part (4 
Bring end back through new loop (el 
Pall tight and snip off loose end. 


JOINING LOOPS 
Can be used jn nylon line but will work 
for different strong materials. A 


Fisherman's knot is recommended for 

‘gut, which probably could not stond the 

stroin of this method. 

With free ends: Pass each line through o 
the other loop (f) and pull tight (. 

With only one end free: Moke foop on 

fone fine, Take the five end of the other 

Tine through the loop, around it and back 


through and then te off with elther of © 
{the knots for hooks on to nylon 


HOW TO BE ECO FRIENDLY 


Whatever your situation, and wherever your camp, survival must 
always take priority and in actual fact a group of survivors will 
have very little impact on their immediate environment. Having 


said that you should try not to decimate the area you find yourself 
in and always try and leave a place better than you found it. There 
are a number of ways in which you can ensure this happens: only 
take standing dead wood for a fire, only catch sick, lame, or lazy 
animals, and if you're cutting saplings you're encouraging growth 
im any case. 
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READING 
THE SIGNS 


eing able to read and make a map is only 

the beginning of being able to find your 
way about. You must learn to interpret the signs 
found on the ground itself and in the air. 

If you do not have a compass, there are a 
number of ways of creating your own. The sun 
and stars can provide firm orientation — a 
variety of methods are available for finding 
direction in both northern and southern 
hemispheres. 

An ability to anticipate the weather can also 
be a valuable asset in the wild and simple 
guidelines for prediction and the interpretation 
of cloud patterns equip the survivor with 
more skills. 


READING THE SIGNS 
Maps 
Direction finding 
Weather signs 
Clouds 
Predictions 


5G TECHNOLOGY 
COMPONENTS 


Beyond extending operation to higher frequencies, there are several other key technology components 
relevant for the evolution to 5G wireless access. These components include access/backhaul integration, 
device-to-device communication, flexible duplex, flexible spectrum usage, muli-antenna transmission, 
utra-lean design, and user/control separation. 


‘ACCESS/BACKHAUL INTEGRATION 
Wireless technology is already frequently used as part ofthe backhaul solution. Such wireless-backhaul 
solutions typically operate under line-of-sight conditions using proprietary radio technology in higher 
frequency bands, including the milimeter wave (ml) band, 

Inthe future, the access (base-station-to-device) lnk will also extend to higher frequencies. Furthermore, 
‘o-support dense low-power deployments, wireless backhaul willhave to extend to caver non-line-of-sight 
conditions, similar to access links. 

In the 5G era, the wireless-access link and wireless backhaul should not therefore be seen as two 
‘separate entities with separate technical solutions. Rather, backhaul and access should be seen as an 
integrated wireless-access solution able to use the same basic technology and operate using a common 
‘Spectrum pool. This will lead to more efficient overall spectrum utiization as well as reduced operation 
and management effort 


DIRECT DEVICE-TO-DEVICE COMMUNICATION 
‘The possibilty of mited direct device-o-device (020) communication has recently been introduced as an 
‘extension to the LTE specifications. In the SG era, support for D2D as part of the overall wireless-access 
solution should be considered from the start. This includes peer-to-peer user-data communication directly 
btween devices, but also, for example, the use of mobile devices as relays to extend network coverage. 

‘D2D communication inthe context of SG should be an integral part o the overall wireless-access solution, 
rather than a stand-alone solution. Direct D2D communication can be used to offload traffic, extend 
capabilties and enhance the overal efficiency ofthe wireless-access network. Furthermore, in onder to avoid 
Uncontrolled interference to other links, direct 02D communication should be under network contol This 
is especialy important forthe case of D2D communication in licensed spectrum, 


FLEXIBLE DUPLEX 
Frequency Division Duplex (FDD) has been the dominating duplex arrangement since the beginning ofthe 
mobile communication era. In the 5G era, FDD will remain the main duplex scheme for lower frequency 
bands. However, for higher frequency bands — especially above 10GHz — targeting very dense deployments, 
‘Tims Division Duplex (TDD) wil play 2 more important role. 

In very dense deployments with low-power nodes, the TDD-specic interference scenarios (drect base 
station-o-base-station and device-to-cevice interference) willbe simiar othe ‘norma! base-station-to-devioe 
‘and device-to-base-station interference that also occurs for FDD. 

Furthermore, forthe dynamic trafic variations expectedin very dense deployrnents, the aility to dynamical 
assign transmission resources (time slots) to different transmission directions may allow more efficient 
Uilzation of the avallable spectrum, 

To reach is full potential, SG should therefore allow for very flexible and dynamic assignment of TDD 
‘transmission resources. This in contrast to curent TDD-based mabile technologies, including TD-LTE, for 
Which there are restrictions on the dawnilik/uplink configurations, and for which there typically exist 
assumptions about the same configuration for neighbor cells and also between neighbor operators. 


FLEXIBLE SPECTRUM USAGE 
Since its inception, motile communication has refed on spectrum licensed on a per-operator basis within 
‘8 geographical area. This will remain the foundation for mobile communication in the 5G era, allowing 
‘operators to provide high-quality connectivity ina controled-nterference environment. 

However, per operator icensing of spectrum wil be complemented with the possibilty to share spectrum. 
Such sharing may be between a limited set of operators, or may occur in icense-exempt scenarios. The 
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Pacers ene say expen yo will have learned all you 
ican about the terrain, equipped yourself with maps, iF available, 
and worked out routes. Memorize the lie of the land, the direction 
in which rivers flow, the high ground, the prominent features, the 
prevailing winds, the weather patterns to expect and any known 
hazards, check the phase of the moon and times of first and last 
light — all of which will be invaluable knowledge if you find yourselt 
in difficulties. in a case of accident you may find yourself in a totally 
unknown territory and have to find out everything about your 
location from the land itself. 

In choosing a camp site, tracing water and finding the other 
necessities for survival you will need to interpret the surrounding 
countryside — the other side of a hill may offer quite different 
conditions — and if you decide not to stay put you will have to 
interpret both the general geography and the particular landscape 
as you proceed 


MAPS 


Choose maps carefully, making sure that they are to a scale that will 
be useful to you and show helpful information. A very large-scale 
map that shows every footpath and building will be no use at all if 
you are driving a thousand miles along a motorway. Everything will 
bbe shown in great detail but only a tiny fraction of the journey will 
appear an one sheet and you would have to pile the car with maps 
and change from one to anather every few miles. On the other hand 
few motoring maps give much information about the nature of the 
terrain or show features which would help a walker choose theit 
route. Sailors must be equipped with accurate charts so that they 
can keep to safe waters. The surface below the sea can be as varied 
as that above. Flyers will need to know what altitude obstructions 
are and what turbulences occur near mountains which make it safer 
to fly higher. From the air the pattem of the land may show plainly 
but its contours are flattened out; without interpretation, a map 
looks rather like that to many people. 


Maps and terrain 
Height cannot be reproduced on flat sheets of paper so altitudes are 
recorded at regular intervals (usually every 50ft or every 15m 
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according to the measure used) and every point at this height is 
joined up by a line — the contour line. In most cases these lines join 
up to form a complete shape, some sort of irregular oval with bulges 
here and there. If they suddenly stop against another line that 
means that there is an abrupt change of height — in fact, a cliff or 
a very steep fall 

The only contour line that you can see in nature is that of sea 
level along the coast (and even that is not quite true because of tidal 
variation) but you can imagine the contour lines as the edges of flat 
disks and that these are ranged equidistantly above each other. If you 
threw a cloth to rest over them it would fink them together in a 
shape that would be approximately like a hill or other feature. 
However, you do not have a record of exactly what happens between 
those contour lines and there will not necessarily be an even slope 
connecting them. There could be outcrops of rock, hollows — any 
manner of variation within that 15m or SOft. From the relative 
positions of one height to another you could make a pretty good 
guess as to what the ground surface was like, but you could not be 
sure. There may therefore be features that, because they fall between 
the contour lines, make no appearance on your map. 


7 


The contour lines on the map represent contours ore clasely grouped the 
1 series of points at the same distance change in height is mare ropid (a) 
‘above sea level and do not record what Conversely, greater spaces between the 
happens in between. When the — contour fines indicate gentler slopes (b). 


Interpreting maps 
Remember that the intervals between the contour lines are the 
distances between horizontal points at the same theoretical height 
— not the actual distance on the slope of the ground. They are 
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measured in units that show relative positions and are not to a scale 
as is the horizontal plotting. 

It is a common error to think of a group of contour tines 
indicating a rise in the ground comparable to the scale of the 
distance shown between them — but the scale of a typical walkers’ 
map is 1:50,000 and 10m on that would be only 02mm. Contours 
spaced 5mm apart on the surface of the map would be at a 
horizontal distances of 250m and the gradient only 1 in 25. 


Scale 

Before you can begin to use a map you must understand its scale. 
This may be shown by a scale bar marked with miles or kilometres to 
the size that they are shown on the map or it may be given asa ratio 
= 1:50,000 means that every measure on the map represents a 
distance 50,000 times greater on the ground. 


Key 

There will usually also be a key to the symbols used within the map 
to represent natural and manmade features — rivers, roads, 
buildings, types of woodland or swamps, types of beach. What is 
shown, and how, will vary greatly. If there is no key on the individual 
map or on its wrapping make sure that you find out what symbols 
mean in that map series. Some will be fairly evident: if the map is in 
colour rivers will almost certainly be in blue, marshes will usually be 
indicated by stylized tufts of reed. 

Not all features can be shown to exact scale. Roads and paths 
will probably be given standard widths to match the kind of track 
they are rather than their exact measurements, and streams and 
rivers will be similarly standardized. The British Ordnance Survey 
(OS) maps, for instance, show waterways as a single blue line, 
gradually increasing in width until it represents a width of 8m (27ft) 
across a stream, whereupon a double line is used, giving you an 
immediate indication that you have a river at least that wide to 
cross, There are similar standardizations on all maps. Once you have 
mastered the way that information is shown, maps will tell you a 
great deal. 


Grids 

Maps almost always carry a grid of lines which divides them up. 
This is either based on degrees of latitude and longitude or a 
special grid developed by the mapping authority. The advantage of 
the special grids is that they are usually planned to form squares 
based on ground measurement which can help you rapidly assess 
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distances, On the British OS maps, for instance, the grid lines are 
‘1km apart and the diagonal across them is 1vakm. If you want to 
find, or report, a position it can be described by a coordinate made 
up from the line references from two adjoining sides of the map. 
To anyone using a map with the same grid this will immediately 
locate the ‘box’ in which it appears, Dividing the square by eye into 
further tenths pinpoints the location. This provides an easy way of 
telling rescuers of your location or of fixing a rendezvous point 
with them. 


The point marked with a dot can be 
described as 155 x 628 using the 
coordinates from the sides of this grid 
This system requires thot squares are 
‘mentally divided into tenths in each 
direction. The ‘map reference’ s normally 
expressed as six digits: 155628. Any 
Fetter oreo codes on the map should be 
included. 


North on maps 
Unless they are lines of longitude, the grid lines on a map are not an 
indication of north and south, though they may sometimes be close 
to it Remember that a compass points not to true north but to 
magnetic north — and the difference between the two varies both 
according to where you are in the world and because magnetic 
north is slowly changing its position. To take accurate bearings you 
need to know these vatiations, but even a rough idea of orientation 
will help you to match you map to the landscape. 

IF you have an adjustable compass and information on the 
deviation of it and of your map grid from true north you can 
carefully match up all of them so that even in poor visibility, or 
where landscape features are beyond your horizon, you can take 
accurate bearings and follow them. 

Many maps indicate the deviation or the direction of magnetic 
north. If this is not given you can find it from the North Star or by 
using the watch method to point to north. Use the Southern Cross 
in the same way in the Southern Hemisphere to establish south 
(both are illustrated later). 
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Local magnetic variation 

To find the local magnetic variation, when not recorded on a map, 
point the compass at the North Star. Note the difference between 
the pointer and indicated north. 

Lining the compass up with the grid lines on the map you can 
discover their variation, if there is one. If you then propose to walk 
‘on magnetic bearings you must remember to compensate for the 
variation 

Map-reading skills should be learned by anyone planning an 
expedition and are particularly important in mountainous country. 
Compasses are available mounted with calibrations, scales and 
direction markers which make this kind of orientation easier. Check 
them out and have them explained to you. 

Ina survival situation you will probably have to manage without 
such sophistication. If unable to make appropriate corrections, 
continually check your position against visible features. 


Gradients i 


a... 


A concave slope (0) (where you can see 
the top from the bottom) has the higher 
contours close together 


A convex slope (6) [here you cannot see 
the top from the bottom) has the iow 
‘contours close together. 


Measuring distances 

As-the-crow-flies distances can be measured by using any straight 
edge and matching it up against the scale bar or multiplying by 
the ratio of the map's scale. Meandering routes can be followed 
with a piece of thread which can then be straightened out. 
Gradients can make an appreciable difference to distances and 
must be allowed for — a gradient of 45 degrees, for instance, will 
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add another 82m to a horizontal map distance of 200m (328ft 
becomes 725f1). 


‘Your own maps 
The survivor may not be lucky enough to have a map and should 
then set about making one. With a map you will always be able to 
find your way back to camp — essential if you are going for help for 
the sick, children or elderly survivors left behind. 

It is not possible for you to measure exact contour heights, but 
you can devise your own system for indicating the contours. 

Find the best vantage point and look out over the terrain. Climbing 
a tree may give a better view. Note the direction of the ridges, count 
how many you can see. Between each ridge there is probably a stream 
or river flowing, you cannot be sure — there will be a lot of ‘dead 
ground’, territory you cannot see. Make a general map with blank 
patches and then fill them in as you gain more information from 
other vantage points and from your explorations on the ground. 

Mark anything of interest on your map: watercourses, rocky 
outcrops, isolated trees, strangely shaped features that will act as 
landmarks, and areas of different vegetation, You can plot positions of 
your traps, animal lairs, good places for foraging for food and fuel or 
finding useful stones for implements. it will be much easier for you or 
your companions than relying on your memory or vague descriptions. 


SURVIVAL SCENARIO 


You are navigating your way across unfamiliar terrain ~ 
what's the most important thing to watch out for? 


One of the most common errors people make is to overestimate 
how much ground they have covered. Its usually much less. One 
way around this is to fit the ground where you are to the map 
rather than the map to where you think you are. 


DIRECTION FINDING 


The earth's relationship to the rest of the solar system and the position 
Of the stars in the sky help to locate any position on its surface. Its 
revolution on its axis produces the changes from light to darkness and 
its orbit around the sun produces the seasons, for the earth is tilted at 
an angle to the sun and first the north and then the south becomes, 
nearer to it, the closest point traversing from the Tropic of Cancer 
(23.5°N) to the Tropic of Capricorn (23.5°5), the sun being above 
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Cancer on 22 June and above Capricorn on 22 December. It is above 
the Equator on 21 March and 21 September. 

The sun rises in the east and sets in the west — but not EXACTLY 
in the east and west. There is also some seasonal variation. In the 
Northern Hemisphere, when at its highest point in the sky, the sun 
will be due south; in the Southern Hemisphere this noonday point 
will mark due north. The hemisphere will be indicated by the way 
that shadows move: clockwise in the north, anticlockwise in the 
south. Shadows can be a guide to both direction and time of day. 


SHADOW STICK METHOD #1 
Ona patch of ft clear ground place 0 
imetelong (3A) stick as upight os 
possible Note where ts shodow fos 
tnd mark the tip with o pebble o stick 
(a). Wait ot least 15 minutes and mark 
the new shadow tip (BL. Join the to 
and you hove the dzetions of east 
‘and west (3) — the first mark is west. 
North-south wil be at right angles to 
this line. This method works ot any 
time of day when there is sunshine ond 
a ony lattude. Use it for spot checks 
as you proceed 


SHADOW STICK METHOD #2 
‘Another, more accurate, method — if 
you have the time — is to mark the frst 
shadow tip in the morning. Drow 0 
clean are at exactly this distance from 
the stick, using the stick as a centre 
point. As midday approaches. the 
shadow will shrink and move. In the 
afternoon, as the shadow lengthens 
‘again, mark the EXACT spot where it 
touches the are. Join the two points 10 
give east and west — west is the 
‘morning mork 


Direction by watch 

A traditional watch with two hands can be used to find direction, 
provided it is set to true local time (without variation for summer 
daylight saving and ignoring conventional time zones which do not 
mateh real time). The nearer the Equator you are the less accurate 
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this method will be, for with the sun almost directly overhead it is 
very difficult to determine its direction. 


Northern Hemisp d the waich Southern Hemisphere Hold the watch 
horizontal. Point the hour hand at the horizontal. Point 12 towords the sun 
sun. Bisect the angle between the hour A mid-point between 12 and the 
hhand and the 12 mork to give a norti- hour hand will the north- 
south line 


IMPROVISED COMPASSES 
A piece of ferrous metal wire ~ a sewing 
needle is ideo! ~ stroked repeatedly IN a 


ONE DIRECTION aginst sik will become oD 


magnetized and can be suspended so 
that it points north. The magnetism will 


rot be strong and will need regula 


Stroking with 0 
‘one, will be much more efficient tha 
using silk — stroke the metal smoot 
from one end to the other IN ONE 
DIRECTION ONLY. 


Suspend the needle in 0 loop of thread, 
50 that it does not affect the bolance 


Hoe he oud ——$ 
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FLOATING NEEDLE 
A suspended needle will be easier to 
hhondie on the move but in camp or 
when making @ halt a better method is 
to lay the needle on a piece of paper, 
bark or grass and float it on the 
surface of water. 


USING ELECTRICITY 
or more fa dry battery, for 
the current can be used to 


magnetize You will also 
need 0 short wire, preferably 
insulated. 

Coil the insulated wire around the 
needle! If it has no ready-made 


insulation wrop a few layers of paper 


needle fist. Attach the ends of the wire 
to the terminals ofthe battery for five 


RAZOR BLADE COMPASS = 
A thin fat razor blade can also be used 

as 0 compass needle because it is 
made of two metols bonded together. 
It con be mognetized simply by 
stropping WITH CARE against the palm 
fF the hand, Suspend it 


Use other methods to establish which general direction is north and 
then identify which end of your new compass needle is which and 
mark one of them. Top up your needle’s magnetism from time to 
time, and always check your reading with the sun. A ‘wild’ reading 
may be given if large amounts of ferrous metal are nearby. 
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Plant pointers 
Even without a compass or the sun to give direction you can get an 
indication of north and south from plants. They tend to grow 
towards the sun so their flowers and most abundant growth will be 
to the south in the Northern Hemisphere, the north in the South. 

On tree trunks moss will tend to be greener and more profuse on 
that side too (on the other side it will be yellowish to brown). Trees 
with a grainy bark will also display a tighter grain on the north side 
of the trunk. 

If trees have been felled or struck down the pattern of the rings 
‘on the stump also indicates direction — more growth is made on the 
side towards the Equator so there the rings are more widely spaced. 

There are even species of plant known for their north-south 
orientation: 


North Pole Plant which grows 
in South Africa, feons towards 
the north to gain full advantage 
of the sun, 


Compass Plant of North America 
directs its leaves in a north-south 
alignment. is profile from east or 
west is quite different from that of 
north or south, 


The wind direction 
If the wind direction of the prevailing wind is known it can be used 
for maintaining direction — there are consistent patterns 
throughout the world but they are not always the same the whole 
year round. 

Where a strong wind always comes from the same direction 
plants and trees may be bent in one direction, clear evidence of the 
wind’s orientation. But plants are not the only indication of wind 
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(Citizens Band Radio Service in the US in the 8.5GHz band and the SGHz unlicensed spectrum are 
‘examples of managed and unlicensed sharing regimes respectively. 

‘New air interfaces lke NX will kely be well served by more conventional licensed allocations of 
‘spectrum, mainly due to the need to establish a basic foundation for the technolagy to operate in an 
independent manner while interoperability is established with technologies like LTE, At same point, 
further allocations of spectrum for SG may leverage the mobile industry's experience of sharing 
approaches in lower cellular bands, 


MULT-ANTENNA TRANSMISSION 
Mut- antenna transmission area plays animpertantroeh curent generations ot mail cemurication 
and wil be even more central inthe 5G era, duet the physical itations of small antennas. Path oss 
between a transmitter and receiver does not change a a function of frequency 2a long as the eective 
_perture ofthe transiting ar receiving antennas does not change. The antenna aperture does reduce 
inproparton to the square atthe requency, and that reduction canbe compensated by the use ot higher 
antenna directivity. The 5G radio wil employ huncreds of antenna elements increase antenna aperture 
beyond what may be possible with cure cellar technology. 

Inaction the transite and receiver willuse beamforming o rack one another and improve ene 
transfer over an instantaneously configured lnk. Bearforing willaso improve the radio envionment by 
limiting interference to smal ractons ofthe ene space around a transmitter and ikeise iting the 
impact of interference ona receiver to infrequent stochastic events The use of beamforring wi also be 
2m mpertant technology fr lower equencies for exarpl, to extend coverage and to provide higher 
datarates in sparse deployments 


ULTRA-LEAN DESIGN 
tra tean radio-access design is important to achieve high efficiency in 5G networks. The basic principle 
of uitr-Jean design can be expressed as: minimize ary transmissions not directly related tothe delivery 
Cf user data. Such transmissions include signals for synchronization, network acquisition and channel 
«estimation, as well asthe broadcast of diferent types of system and conta information, 

LUtra-lean design is especialy important for dense deployments with a large number af network nodes 
_andhighly variable trafic conditions. However lean transmission is beneficial forall kinds ot deployments, 
including macro deployments, 

‘By enabling network nodes to enter low-energy states rapidly when theres no user-data transmission, 
Utra-ean design is an important component in delivering high network energy performance, Uira-lean 
‘design will also enable higher achievable data rates by reducing interference from non-user-data-elated 
transmissions, 


USER/CONTROL SEPARATION 
‘Another important design principle for SGis to decouple user data and system control functionality The 
latter includes the provisioning of system information; thats, the information and procedures needed for 
device to access the system. 

Such a decoupling will alow separate scaling of user-plane capacity and basic system control 
functionality. For example, user data may be delivered by a dense layer of access nodes, while 
‘system Information is only provided via an overlaid macro layer on which a device also initially 
accesses the system. 

It should be possible to extend the separation of user data delivery and system contol functionality 
‘over muttiple frequency bands and RATS, As an example, the system control functionality for a dense 
layer based on new high-frequency radio access could be provided by means of an overtad LTE layer 

LUser/conirol separation is also an important component for future radio-access deployments relying 
heavily on beamforming for user data delivery. Combining ulra-ean design with a logical separation of 
user plane data delvery and basic system connectivily functionalty will enable a much higher degree ot 
device-centricnetwork optimization ofthe active radio inks in the network. Since only the utra-Jean signals 
‘lated to the system control plane need to be stato, it is possible to design a system where almost 
‘everything can be dynamically optimized in real ime. 

‘An ultraean design combined with a system contral plane logically separated from the user data 
delivery function also provides higher flexiiltyin tems of evolution of the RAT as, with such separation, 
the user plane can evolve while retaining system contol functionality. 
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READING THE SIGNS 

direction: birds and insects will usually build their nests in the lee of 

any cover and spiders cannot spin their webs in the wind. Snow and 

sand dunes are also blown into distinctive patterns by a prevailing 
ind which blows from the outside of the high central ridges. 


Making use of the moon 


The moon has no light of its own, it reflects that of the sun. As it 
orbits the earth over 28 days the shape of the light reflected varies 
according to its position. When the moon is on the same side of the 
arth as the sun no light is visible — this is the 'new moon (a) - then 
it reflects light from its apparent right-hand side, from a gradually 
increasing area as it ‘waxes: At the full moon it is on the opposite 
side of the earth from the sun (b) and then it ‘wanes, the reflecting 
area gradually reducing to a narrow sliver on the apparent left-hand 
side. This can be used to identify direction 

If the moon rises BEFORE the sun has set the illuminated side will 
be on the west. If the moon rises AFTER midnight the illuminated 
side will be in the east. This may seem a little obvious, but it 
does mean you have the moon as a rough east-west reference 
during the night. 


Direction by the stars 
The stars stay in the same relation to one another and pass over the 
same places on the earth night after night. Their passage over the 
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horizon starts four minutes earlier cach night — a two-hour 
difference in time over a month. If you study a star at a certain 
position at a certain time one evening and then check its position 
the next evening at the same time you will find that it has moved 
one degree of are anticlockwise in the Northern Hemisphere, 
clockwise in the Southern. Rising in the east, stars attain a zenith 
and set on the western horizon at the same distance from theit 
zenith as they rose. 

The stars have been studied for thousands of years and the 
groups, or constellations, in which they appear to the naked eye 
were named in ancient times after the animals and mythological 
figures that their shape suggested 

In the Northern Hemisphere there are groups of stars that remain 
visible throughout the night, wheeling around the only star that 
does not appear to move — the Pole Star (a valuable navigation aid, 
for it is located almost above polar north). In the Southern 
Hemisphere the Pole Star is not visible and there is no comparable 
bright and stable southern star, but direction finding in the southern 
hemisphere makes use of a constellation called the Southern Cross, 
in a way that is explained later. 


The northern sky 
The main constellations to learn are the Plough, also known as the 
Big Dipper (diagram ‘a’ on page 362), Cassiopeia (diagram ‘b' on 
page 362) and Orion (diagram ‘c’ on page 362), all of which, like all 
stars in the northern sky, apparently circle the Pole Star (illustrated 
in diagram ‘a’), but the first two are recognizable groups that do 
not set. 

These constellations come up at different times according to 
latitude and Orion is most useful if you are near the Equator. 

Each can be used in some way to check the position of the Pole 
Star but once you have learned to recognize it you probably will not 
need to check each time. 

‘Aline can be drawn connecting Cassiopeia and the Plough (the 
Big Dipper), through the Pole Star. You will notice that the two 
lowest stars of the Great Bear point almost to the Pole Star. It will 
help you to find these constellations if you look along the Milky 
Way. 
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The Plough (the Big Dipper) (a) 

is the central feature of 0 very 
constellation, the Great 

(Uesa wheels 

ound th 

stars Dubhe (x) 

the Pol bout 


four times Further away thon the 


and Merak (y) 


distonce betwee 


ia (b) is shaped fike a W ond 
orth Star itis 
ne Pole Star 


Orion (¢) rises above the Equator and 


Of the observer's li and seis di 


est Orion 
the Pole Si 
nstellations. He is easy 0 spor by th 
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Other stars 


stakes in the 
the other, so 


xcept the Pole Star 
~ it will oppear to mave. From the star's 
pparent er deduce the 
are facing (See 


info. box) 


INFO. 


Apparently rising = facing east 
Apparently falling = facing west 

Looping flatly to the right = facing south 
Looping flatly to the left = facing north 


These are only approximate directions but you wil find them adequate 
for navigation. They will be reversed in the Southern Hemisphere 


Reading the southern sky 

There is no star near the South Celestial Pole bright enough to be 
easily recognized. Instead a prominent constellation is used as a 
signpost to south: the Southern Cross (Crux), a constellation of five 
stars which can be distinguished from two other cross-shaped 
groups by its size — it is smaller — and its two pointer stars. 
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Finding the Southern Cross 

One way to find the Southern Cross is to look along the Milky Way, 
the band of millions of distant stars that can be seen running across 
the sky on a clear night. In the middle of it there is a dark patch 
where a cloud of dust blocks out the bright star background, known 
as the Coal Sack. On one side of it is the Southern Cross, on the 
other the two bright pointer stars. 


FINDING SOUTH 
To lacate south, project an 


ne long the cross and four and a 
half times fonger and then drop it 


tically down to the horizon, Fix, if 
ou can, @ prominent fondmark on 
tine horizon = or drive two sticks into 
ine ground to enable you to 
remember the position by dy 


WEATHER SIGNS 


Weather is much more localized than climate. Although it is possible 
to generalize about the weather to be expected in different parts of 
the world, and in some territories weather patterns are very stable, 
the geography of one small area may make it differ considerably 
from that adjoining, 

Weather patterns are produced partly by the broad movements 
of wind and water over the whole globe and partly by localized 
differences in temperature and air pressure which cause air 
movements. These produce winds and carry rain. 

In general, air moves from high-pressure areas into low-pressure 
zones, with warm air expanding and rising, cooler air moving 
in underneath. The warm air takes up moisture but at higher 
altitudes, or when some other cause brings down its temperature, 
the moisture begins to condense as cloud and eventually will fall 
as rain, 

The most obvious example is where mountains force air 
currents upwards, rain falling on the slopes. In some places so 
much water is lost that on the far side of the range there isa dry 
‘rain shadow’ territory. 
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However, that does not necessarily mean that if, from the dry 
terrain, you climb and cross the ridge you will move into a well- 
watered zone. The mountain zone may continue some way before 
the area of great precipitation is reached, or some earlier physical 
feature may have caused clouds to shed most of their rain, 


Coastal areas 

In coastal areas, whether of an ocean or an inland sea or lake, there 
will usually be a wind pattern that reverses from day to night. Water 
absorbs and loses heat less readily than the land and consequently 
it tends to be cooler than land during the day and warmer at night. 
The temperature difference affects the air above it and during the 
day breezes usually blow from sea to land, at night the wind changes 
and blows off the land. 

Where an island is close to a large land mass these patterns may 
bbe overiaid by a broader air movement but a very regular pattern of 
day-night change in wind direction suggests a large body of water 
in the direction from which the day wind blows. 


Winds 

Winds can carry scents with them, providing information about 
the place from which they blow. Even to the untrained nose the 
smell of the sea will be recognizable, and to the shipwrecked 
survivor the smells of vegetation will indicate the direction of land. 
However, do not rely entirely on the nose, use other evidence to 
confirm its message 

Where winds tend to maintain direction they can be an aid in 
keeping to a course, but some other check should also be regularly 
made to keep direction. 

Study the direction of the wind and the accompanying weather. 
Make a note of them. Dependent always upon barometric 
conditions, wind from a certain direction is always likely to bring a 
similar kind of weather, It is a guide for weather prediction. 

Ifa wind is strong and dry the weather will remain constant until 
the wind drops or veers, then it may rain. 

IF it is foggy and misty you may get condensation but you will 
not get rain — but if a wind rises and blows away the fog it may turn 
to rain. 

On a fine day a noticeable increase in the strength of the 
wind indicates a weather change. (See also Hurricanes and 
Tornadoes in Disasters) 
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CLOUDS 


Watch the way that clouds change, for clouds are the most reliable 
of weather signs. 

Clouds are formed from masses of water vapour which becomes 
visible as it condenses with cooling. If cooling continues the droplets 
increase in size until, too heavy to remain airborne, they fall as rain, 
When their temperature rises sufficiently they evaporate and the 
cloud disperses. 

There are ten main types of cloud formation. Approximate 
altitudes are given for each type. The same shapes occur at lower 
altitudes in polar regions. 

The higher the clouds the finer the weather. 

Small black clouds scudding beneath a dark stratus layer often 
bring showers. 

Clouds hanging on high ground indicate rain, unless they move 
by midday. 


Cirrocumulus clouds are smal rounded masses, looking like rippled 
sand and often referred t0 0s 0 ‘mackerel sky: Normally on omen of | 
fair weather, they usually follow a storm ond dissipate, leaving 0 
brilliant blue sky. 


Altocumulus clouds ore fair weother clouds, similar to 
cirrocumulus but on @ larger scale, thicker, not so white and with 
shadows in them. They usually appear after o storm. 


¢ 


Cumulonimbus clouds ore fow thunder clouds. Dark ond angry 
looking, they may tower to 000m (20.00%) with the top 
Fiattening out in what is often called an anvil top. Ths is o cloud 
that brings hail, a strong wind, thunder and lightning, Folse cirrus 
appears above, false nimbostratus below. 


Cumulus clouds ore very eosy to recognize: fluffy white clouds, 
‘not unlike coulifowers. They are usually an indication of fair 
weather whem widely separated but, if they become very forge ond 
develop many heads, they are capable of producing sudden heavy 
showers 

Cumulus clouds at sea fn an otherwise cloudless shy are often an 
indication of lond beneath ther, 


D D 
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Cirrus clouds are high, wispy clouds formed from ice crystals whieh 
sive them a white appearance. Often called ‘maves' tails, they are 
seen in fine weather. 


Cirrostratus clouds are clouds made up of ice parties and look 
like white veins. These ore the only clouds which produce « fnalo 
round the sun or moon. IF it gets bigger it means fine weather, 
‘smatler a sign of rain 

If the sky is covered with cirus clouds and the sty above them 
darkens and the formation changes to citrostratus is an indication 
‘that rain or snow are coming. 


Altostratus clouds form o greyish veil through which the sun or 
‘moon may appear as @ watery disk. If wet weather is approaching 
the disk will dsoppear and the cloud thicken and darken until it 
begins to rain 


Nimbostratus clouds form low, dork blankets of cloud ond spread 
gloom. They mean rain ar snow within four or five hours and usually 
the roin continues for hours. 


Stratocumulus clouds form a low, lumpy, rolling mass, usualy 
‘covering the whole sky, though often thin enough for the sun to 
hiter through them. Light showers may precipitate from these 
Clouds but they usualy dissipate inthe afternoon and leave a clear 
night sky. 


Stratus clouds are the lowest of clouds and form @ uniform layer 
like fog in the air ~ they are often described os hil fog when they 
‘occur. They are not a nomial rain cloud but ean produce a drizzle 
When they form thickly overnight and cover the momning sky they 
will usually be followed by a fine day 
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5G {s the next step in the evolution of mobile communication and will be a key component of 
the Networked Society In particular, 5G will accelerate the development of the Internet of Things. 
‘To enable connectivity for a wide range of applications and use cases, the capabilities of 5G 
wireless access must extend far beyond those of previous generations of mobile communications. 

These capablities include very high achievable data rates, very low latency and ultra-high 
reliability, Furthermore, 5G wireless access needs to support a massive increase in traffic in an 
affordable and sustainable way, implying need for a dramatic reduction in the cost and energy 
‘consumption per delivered bit. 

5G wireless access will be realized by the evolution of LTE for existing spectrum in combination 
with new radio access technologies that primarily target new spectrum. Key technology 
components of 5G wireless access include access/backhaul integration, device-to-device 
‘communication, flexible duplex, flexible spectrum usage, multi-antenna transmission, ultra-lean 
design, and user/control separation. 
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PREDICTIONS 


To be caught in bad weather could be fatal to survival. There is a 
ime to go out or move on and a time to shelter. With an awareness 
of certain signs, short-term weather predictions can be made to help 
decide which to do. 

Before setting out on any activity take note of the weather and 
any changes that are likely. Learn to observe all wind and pressure 
changes and keep a record of the weather and the conditions which 
precede it and what they develop into. 


Wildlife indicators 
Animals have great sensitivity to atmospheric pressure which aids 
them in forecasting the weather a day or two in advance. 

Insect-cating birds, such as swallows, feed higher in good 
weather, lower when a storm is approaching. 

Unusual rabbit activity during the day, or squirrels taking 
more food than usual to the nest, may be a prelude to bad 
weather. 

Nature, however, does not go in for long-time forecasting. A 
squirrel's hoard of nuts is an indication of its industry, not the 
intensity of the coming winter. The depth of a bear's den has no 
relation to its severity, but reflects the soil conditions. A 
particularly big crop of berries is the result of previous bad 
conditions, the tree producing extra fruit to give the species more 
chance of survival. 


Fireside clues 
If the smoke from the camp fire rises steadily the weather is settled 
and likely to remain fine. If it starts swirling, or being beaten 
downwards after rising a short way, it indicates the likely approach 
of a storm or shower. 

Wooden tool handles tighten at the approach of stormy 
weather. Salt picks up increasing dampness in the air and will 
not run. 


‘Feelings in your bones* 

Curly-haired people find their hair becomes tighter and less 
‘manageable as bad weather approaches — and the same happens to 
animal fur. Anyone with rheumatism, corns or similar ailments can 
usually tell when wet weather is coming by an increase in their 
discomfort, 
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Sound and smell 
When wet weather is on the way sounds tend to carry further than 
usual and distant noises seem more clear — the moisture-laden 
atmosphere acts like an amplifier. But compare like to like — 
remember, sound always travels better over water. 

The smell of trees and plants becomes more distinctive 
before the arrival of rain, the vegetation is opening ready to 
receive it 


Signs in the sky 

‘Red sky at night, shepherd's delight, red sky in the morning, 
shepherd's warning’ is one of the oldest of weather sayings. Since a 
red sun, or a red sky at sunset, indicates that the atmosphere holds 
little moisture it is unlikely that rain or snow will occur within the 
ext two hours, but equally a red sky in the morning is a fair 
indication that a storm is approaching, 

A grey morning is usually the start of a dry day. The dull 
colour is the result of dry air above the haze formed by the 
collection of dew on the dust particles suspended in the lower 
atmosphere. 

An evening sky that is grey and overcast indicates rain — the 
dust particles are so laden with moisture that they will soon drop 
as rain. 

Early morning mist lifting from a valley is a sure sign of fair 
weather. In hilly country, if mist has not lifted by noon, it is set in 
for the day and will probably turn to rain during the late 
afternoon. 

A clear night sky is an indication of good, settled weather. At the 
end of summer it may also be a warning of frost: at night clouds 
insulate the surface of the earth against loss of heat. Without them 
frost is more likely. Cold air, being heavy, fills the hollows — avoid 
camping in them. 

A clear sky one night, followed by one with only a few stars 
visible, indicates a change of weather. 

A corona, a coloured circle visible around the sun or moon, 
can be used to forecast the weather accurately. An enlarging ring 
is a sign of good weather — the enlarging circle shows that 
moisture in the atmosphere is evaporating and day or night will 
be clear 

A shrinking corona around the sun or moon is a sign of rain. 

Green light blinking from an afternoon sun indicates. fair 
weather for at least 24 hours. A rainbow in the late afternoon is also 
a sign of fair weather ahead. 
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Ep chosen a course and planned a route, 
you must be able to maintain direction, to 
match your progress to the type of terrain and 
the nature of the survival group, and to exploit 
any techniques that make progress easier. This 
section deals with skills needed on the move. It 
should be read in conjunction with the techniques 
described earlier in Climate and Terrain, 

Careful reconnaisance may be necessary to 
choose the easiest routes — which may not be the 
obvious or the quickest ones. Groups must be 
organized to suit the least able, or provision made 
for carrying them, 

Waterways can offer the easiest routes to 
move along, if they are easily navigable and you 
are able to construct a raft. They can also present 
formidable barriers if they lie across the route you 
have to follow. Rivers can be dangerous. You must 
learn to assess the hazards they present and select 
the best places and methods of crossing, if 
crossing is unavoidable. 


ON THE MOVE 
Planning 
Moving in groups 
Pace and progress 
Walking at night 
Upland travel 
Jungle travel 


WATERWAYS, 
Rafts 
Crossing rivers 
‘Survival case study 


ON THE MOVE 


hether setting off on a hunting expedition or beginning the 

trek back to civilization, you will need skills in negotiating 
terrain and in navigation — either to ensure your return to camp or 
to keep to your chosen route. Even if you do not have a map, your 
‘own reconnaissance will have established your immediate terrain. 
Guessing what is beyond is much more problematic if you have to 
assess it for yourself. 

On short expeditions take note of the terrain as you move 
outwards to ensure that you can find your way back to camp. Over 
short distances physical features will be your guide and you can also 
mark your trail, but when going further or striking back to 
civilization you will need all the navigational aids available. 


The decision to move 

Except when local dangers or the need to find water and food make 
it imperative that you move away from the site of your accident to 
make camp, you will stay close in the hope of rescue (see Survival 
case study p.391). If you have injured persons and only limited food 
and water, it would make sense to send a party to contact help 
while others stay to care for the sick. The fittest and most able 
should be chosen to make the trek ~ unless they include a trained 
‘medic, who should stay with the sick. 

But what if no rescue comes? Local resources may become 
exhausted: you go further each day to collect firewood, the game in 
the area has gone, plants, Fungi, fruits and nuts are more difficult to 
find or require long forays out of camp. Under survival conditions 
there is also an increased risk of disease from staying too long in one 
place. Even with the strictest sanitary management the chance of 
disease gradually builds up. 

All these will be pressing you to move. Whether that be a move 
to new territory or the beginning of a trek back to civilization, many 
of the same problems will occur and — since there are few situations 
so idyllic that survivors will prefer their new life to their old — it 
would be sensible to plan any move as the first stage of the journey 
out. The exceptions will be where there are still sick people on their 
way to recovery, or better resources are needed to provision a push 
through alien territory. A move to a more comfortable camp in a 
more hospitable area will provide better chances of recovery for the 
injured or sick and the chance to build up the necessary surplus and 
equipment ready for the final trek. 
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If you have a map or a clear 
idea of your location make for | BE AWARE 
the nearest known settlement. 


IF you have no idea where you J Deciding which way to go 


will be influenced by all the 


are then the best course is ff information you have been 
usually to follow waterways. able to gather, by the fitness 
DOWNSTREAM, for they will and endurance of the party 
clearly define a route and and by the nature of the 

terrain. Always remember 
generally lead to populated Pe that the most direct looking 
areas. route may not be the easiest 

Even if you are simply to travel. 


changing the location of your 
camp there is no point in just 
moving a mile away — as you will soon have the same problems that 
made you decide to leave your first camp. The territory will not be 
entirely fresh. Move two or three days" journey at least so that fuel, 
flora and fauna will all be undisturbed. 

Although you may expect similar resources to be available, as 
long as you ate travelling through similar terrain, remember that 
you have been hunting and foraging with experience of where 
things are best found or trapped and with known supplies of fuel 
and water. You will have to find your basic needs in new territory 
and when you move into different terrain availability may change 
dramatically — for better or worse. 


Preparations 
Before you finally abandon camp leave signs that will make it 
clear you have been there and have moved on (see Signaling in 
Rescue). Leave a message giving a list of who is in the party and 
details of your intentions. Mark the trail as you proceed so 
that if searchers do find the camp they will be able to follow you. 
Build up a stock of preserved food, make water bottles and 
larger containers too if you envisage crossing waterless territory, 
litters or other means of transporting any remaining sick, the old 
or very young. Make suitable foot-coverings and clothing for 
everyone and packs to carry equipment and supplies. Some form 
of transport may be possible — a sledge or raft. Take shelter 
material with you — cloth, canvas, ponchos, even sticks if they are 
likely to be scarce in the terrain you are crossing. A shelter which 
can be quickly re-erected, will conserve energy for more urgent 
gathering than roofing materials and supports. Naturally, you will 
take signalling gear, for you may find an opportunity to make that 
vital contact which will bring rescue. 
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Study weather patterns carefully to choose a time for travel 
when the weather is likely to be settled, 


HUDSON BAY PACK 
A comfortable and easily improvised 
way of carrying equipment, this needs — 
Sirong and. preferably waterproof Q 
‘material about 90cm (37) square, two 
small stones ond cord ar thonging 
more than lang enough t0 loop across 
the body 


Place stones in diagonally opposite 
corners of the cloth. Fold ends of cloth 
cover stones. Tie cord below the stones, 
securing them in positon. The stones in 
turn prevent the cord slipping off. Lay 
cloth on the ground and roll possessions 
up tightly. Wrap pack around the 
body, either across the back or around 
the waist 


BACK-PACK FRAME 
‘Make a ladder frome to fit against you 
back, with aright angle projection at the 
bottom secured by side struts, Add 
shoulder straps and o belt loop. Use this 
to suppoct a bag, a bundle of supplies or 
equipment tied into place 


FORK FRAME 
A quicker, but less-efficient support can 
be made from 0 forked bough 
with eross-pieces to which boggoge can 
be tied, 
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BABY BAG 
Carry babies and small children papoose 
style on your back or front 

comers of a rectangle of cot 
the waist, pop the child ia and tie the 
upper corners around your neck, Pad at 
neck 10 ease pressure or chafing. 


Carrying people 

Pickaback and fireman's lifts are impracticable for long distances 
and stretchers are difficult to handle, Sit small children on a back~ 
pack frame or make carrying chairs on poles to be borne by several 
people. If you are alone, try a sledge or travois (see Furnishing the 
camp in Comp Croft). Equipment can be carried in the same way. 


Making a sledge 

Sledges are particularly useful on snow and ice, when they will move 
most smoothly, but may also be used on smooth ground. The shape 
of the front runners is critical, especially on snow. You can make use 
of doors and cowlings from a crashed aircraft or vehicle in the 
construction. Tie lines to the front runners with a bowline to the 
people hauling ~ ideally two at the front, and two at the rear as 
brakemen on gradients. Test thoroughly before using on a long trek 


Choose tivo forked branches ar 
remove one side of each fork. Make 
smooth for the runners and lesh on 
cross members. Alternatively, choose 
tivo longer supple runners. Bend and 
‘brace os shown. This orrongement 
keeps the lashings off the ground 
‘and may be more comfortable for an 
injured person. Whichever method 
you use, add at least one diagonal 
for strength. 
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PLANNING 


If you are on very high ground, above a large plain, it may be 
possible to plot out a route with some precision. In most situations 
visibility will be restricted and you will have to guess what is over 
the furthest ridge and what occupies the ‘dead ground ahead. Even 
when you can see the terrain ahead, it is difficult to see the details 
‘What looks like a manageable slope may prove a barrier when you 
get closer to it. If you have them, make good use of field glasses in 
studying every potential route. 

To see further you may consider climbing a tree — but keep close 
to the trunk and test each branch before risking your weight on it 
This is NO time to risk a fall 


Following rivers 

Following a watercourse, however small, offers a route to civilization 
and a life-support system on the way. Most rivers lead eventually ta 
the sea or great inland lakes. Apart from the rare exception where 
rivers suddenly descend beneath the carth, they offer clearly defined 
routes to follow. Sometimes, in their upper reaches, they may cut 
through gorges and it can be impossible or inadvisable to take a 
route along their banks, which may be steep, rocky and slippery. In 
that case take to high ground and cut off the bends, following the 
general course of the stream. 

‘On more level ground a river is easier to follow and may well 
have animal trails beside it which you can use. In tropical 
conditions the vegetation is likely to be denser by the river — for 
the light can reach below the trees, and the banks may be hard to 
negotiate. If the river is wide enough it would be worth 
considering building a raft. Even if there is no bamboo, which 
makes an ideal raft-building material, there are likely to be sound 
fallen trees for timber. 

When, on flat plains, a river makes huge meanders, the inside of 
the loops may be swampy and prone to flooding — you can 
recognize such very wet ground by the lushness of the vegetation 
and rush-like plants. Avoid marshy areas if you can, and cut across 
the loop. 


Maintaining direction 

Having decided upon a direction, try to maintain it, Choose a 
prominent feature in the distance and keep heading towards it. 
Travelling through forests makes orientation very difficult and a 
compass becomes a valuable asset. 
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If you are in featureless territory, but in a group of three or more, 
separate to follow each other at wider intervals and look back 
frequently. If you are following in each other's tracks those behind 
you will be directly behind each other. If the party always moves on 
in relay — one moving on ahead, then resting while everyone else 
moves up from the rear — the straight line will be maintained. On 
your own you can try to align yourself by looking backwards at your 
‘own tracks if they are visible, as they are likely to be on snow or 
sand. Better still, you can set up sticks or piles of stones in alignment 
with each other so that you can check that you are not deviating 
from your route, 

If possible skirt rocky outerops and areas of dense vegetation 
and, once on high ground, stick to it until certain that you have 
found the spur down which you can make the best progress in the 
desired direction. 


MOVING IN GROUPS 


Always move in an organized manner, in some kind of formation, 
and not as an unruly gaggle. This way it will be easier to check that 
no stragglers have been left behind and to ensure that there is help 
for anyone in difficulty. Before setting out for the day, have a 
briefing to discuss the route, any obstacles expected and any spectal 
procedures. 


Divide responsibilities 

One person becomes a scout, responsible for selecting the best 
route, avoiding dead falls, loose rocks ete and finding the best way 
down a slope 

Number two is responsible for making sure the scout, who will be 
preoccupied with skirting obstacles, maintains correct overall 
direction. Others should relieve them frequently, for the lead scouts 
job in particular is very tiring. 

The rest of the party should keep their eyes open for edible 
plants, berries and fruits and everyone should be responsible for at 
least one other person to ensure that no one drops by the wayside, 
A head count and check on everyone's condition is particularly 
important after a river crossing or negotiating a particularly tricky 
stretch of terrain. Someone should initiate equipment checks at 
frequent intervals. 

‘Always travel in at least pairs — and be especially careful in bad 
weather, and if you have to travel at night, that you do not get split 
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up. It is usually the person in front who gets split off from the 
group — people are more likely to remember to look for the 
stragglers. The scout climbs over an obstacle, the second person 
sees the scout struggling and then sees an easier route to take — 
the rest of the party follow and the lead person is separated from 
the group. This is when the benefit of EVERYONE knowing the 
proposed route, and nominating prominent features as rallying 
points, is apparent. If separated or in an emergency everyone knows 
where to regroup. 

Availability of water, fuel and plants may be an indication of 
what is available in similar locations further ahead. An eye should 
always be open for places that offer good shelter — if the weather 
suddenly turns bad you can backtrack to one of them. 


PACE AND PROGRESS 


= A large group can send an advance party ahead with the 
responsibility for clearing the route and setting up the night's 
camp, ready for the slower-moving injured or less able. A clear 
trail will make the carrying of baggage and any unfit people 
much easier. Sick and injured should be provided with fully-fit 
escorts in case they encounter any difficulties. 


= Ensure that the lead person in the party does not go too fast 
for those behind, After an obstacle wait and allow everyone to 
catch up before moving on. 


= Itis best to try to maintain an even pace — smooth, pendulum- 
like movement tires the legs less than a jerky pace or flexing the 
knees, It helps to swing the arms — and they should certainly not 
bbe pushed in the pockets, especially when going up or down hills 
for if you then slip you have less chance of stopping yourself 
falling or sliding. 


= Rest frequently (whether in a party or alone). Stop, sit down 
and. see how everyone is doing. Adjust loads which are 
uncomfortable and repack them if necessary. On average take a 
break of 10 minutes every 30-45 minutes, depending on the 
terrain and condition of the group. 


= On steep ground the pace should be shortened, on easy ground 
lengthened, On descents avoid overstepping for this jars the 
body and inereases fatigue. 
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= On steep oF slippery ground ropes can provide a hand hold to 
help people negotiate a particularly tricky stretch (quite apart 
from abseiling and other climbing techniques}. They will be an 
asset on seree, as much as on icy slopes. 


~ You can also use a line with Prusik knots attached so that the 
young and aged can be tied to a fixed rope for extra safety (see 
Knots in Camp Craft). 


= In estimating distance you have covered allow 3km (under 2 
miles) per hour, but going uphill knock off a third. 


WALKING AT NIGHT 


Negotiating unknown territory at night can be very dangerous, but 
may be necessary in an emergency, or there are circumstances — in 
the desert for instance — when it may be more comfortable to travel 
at night 

The night is never completely dark and outdoor vision is not 
totally lost, even for man. However, because it is difficult to see 
things clearly you are easily disoriented, which leads to a feeling of 
being lost. A compass is a great help in maintaining a heading and 
dispelling any such fears. It is always darker among trees than out in 
the open — so keep to open country if you can. 

When looking at an object at night it is best to look at one side 
of it and not directly at it. Itis difficult to distinguish anything in a 
dark central mass but the edges show more clearly and in poor light 
objects at the edges of your vision are often seen more distinctly. 

‘Once the eyes get accustomed to the dark, more and more is seen 
as ‘night vision’ is acquired. It takes about 30-40 minutes for the 
eyes to get accustomed to the dark. Once this is achieved, the eyes 
must be protected from bright light or the night vision will be 
impaired for quite a while. If there is an unavoidable reason for 
having to use a light, cover one eye so that the vision in that eye at 
least will be retained. If, for instance, you need to consult a map, a 
red filter over a torch will help you to retain your night vision. 

The ears are good sensors in the dark — the sound of a river, for 
instance, provides a good guide to how fast it is flowi 
Vegetation can be smelt in the dark and familiar smells can aid 
identification 

Walk SLOWLY in the dark and test each step before putting all 
your weight forward. If going down a slope use a shuffling step, 
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UPLAND TRAVEL 


In mountainous and hilly country it is best to keep to high ground 
~ it makes navigation easier. Rivers may be in steep-sided gullies 
and have rapids, falls, and slippery rocks that are difficult to 
negotiate on foot. You could end up spending an unhealthy length 
of time in the water. 

Use spurs to climb out of valleys and get on to the ridges. If they 
are very exposed you may have to drop down into the valleys for 
shelter at night and to find water but you will be able to cover more 
ground than by negotiating the spurs. 


{is no use following o river if it winds 
in deep valleys through very hilly 
country. By climbing fiom the valley at 
(o} and following the ridge, steep and 
tiring descents and climbs are avoided. 


At (b} 0 night halt is token dropping 
down to the first available water source. 
This could provide shelter too, which 
‘may be unavailable on an exposed ridge 

Be oware of foding tight ond your 
‘own flagging energy. Look for shelter 
before they are exhausted. 

Do not go down to the valley bottom 
if you can find shelter and water on 
the way, Not only will You save energy, 
you may be warmer. 

Pockets of cold air are quite often 
trapped in the bottom of valleys 

If you carry woter and shelter 
‘moterials, stay on the high ground, 
choosing the most sheltered spot 


Then the route follows the ridge 
further before dropping down into the 
widening main valley to fallow the 
watercourse again at (c). Follow the tio 
lf @ spur to go down into the valley 
when a river gets larger and the vailey 
‘opens out 


Steep slopes 
In mountainous country and on high hills, snow and ice may be 
encountered, and even without them such country can be dangerous 
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with loose scree, steep slopes and crags that have to be negotiated. 

Traverse steep slopes in a zig-zag and as you change direction 
always set off with the uphill foot. This avoids having to cross your 
legs over each other, which can make you lose balance. When 
climbing steep slopes lock your knees together after each step — this 
rests the muscles. 

Descending steep slopes, keep your knees bent. Try to go 
straight down — and if you are picking up too much speed, sit 
back, Avoid loose rocks and seree but, if you have to negotiate 
loose surfaces, it helps to dig in the heels and lean back while 
descending. When climbing, test every foothold before putting 
your weight on it. Don't step on stones or logs on steep slopes, 
they may dislodge. 

With practice it is possible to jump down loose ground — dig in 
the heels and slide — provided that there are no sudden drops below. 
Keep the feet square and shoulder width apart and allow yourself to 
slide. As you increase in speed, dirt will build up under your feet and 
you will lose control. Jump and start again. If the slope is very steep 
abandon this method — abseiling (rappelling) is the answer (see 
Mountains in Climate and Terrain) 


JUNGLE TRAVEL 


In dense jungle you may have to cut your way through if there is no 
way of going round. Chop downwards and as low as possible at the 
stems on both sides so that they fall away from the path you are 
making, not across it. Avoid leaving spikes standing, bamboo points 
can be lethal if someone stumbles. High growth and creeper can 
often be cut and travelled over. 

Jungle vegetation seems to be covered in thorns and spikes. You 
may have to twist and turn to avoid vegetation that seems to 
surround you. Rushing only makes it worse. Those types of the 
climbing palms, atap and rattan, that are known as nanti sikit — 
‘wait-a-while’ — in Malaya and similar names elsewhere, have 
thorns like fish hooks at the end of the leaf. When snared by them 
you must back off and untangle. Don't try to tear through wait-a- 
while vine — it will strip you naked. You'll soon see why it got its 
name! However it has many uses and rattan is one of the best of 
jungle water vines. 

Keep feet covered to protect them from sapling spikes, snakes 
and chigoes (chiggers). Stop frequently to remove parasites. Chigoes 
ignored for more than an hour or so will cause infection. 
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f a river is wide enough to be navigable, it will be easier to float 
on it than to walk beside it. The long-term survivor could 
experiment with making canoes — burning out the centre of a tree 
trunk to make a dug-out or covering a frame of willow with birch 
bark or skins — or copying boats made from reeds like those built by 
the ancient Egyptians and Mesopotamians, which can still be found 
today at places such as Lake Titieaca in Peru. 
All are difficult to make well enough to stand up to water travel 
and even among the peoples for whom making them is a traditional 
skill, they are usually the work of specialist. 


RAFTS 


More practical for the survivor will be to construct a raft, which will 
not capsize so readily if the structure is not perfect. All boats and 
rafts must be soundly tested in safe water near the camp before 
setting out on a journey. 

In jungle tetrain especially you may find that the river, beside 
which you have camped, has been swelled by seasonal rains to make 
rafting a viable proposition. Here, too, you may find ample timber, 
either bamboo (which is ideal) or uprooted trees which are sound 
and unrotted. If you have to cut timber choose leaning trees for they 
are the easiest to drop. With dead falls the top of the trunk is usually 
sound enough to use for a raft. 

You can use oil drums or other floating objects to support a raft, 
and if there is no supply of strong timber a sheet of tarpaulin or 
other waterproof material can be used as a man-carrying version of 
the coracle described later for floating equipment across a river. 

Never take chances with a flimsy raft on any water. On mountain 
rivers there are often rapids which only a really tough structure will 
survive. On the wide lower reaches there will be a long way to swim 
to the bank if you have a raft break up under you. 


Travelling by raft 
Tie all equipment securely to the raft or to the safety line, making 
sure that nothing trails over the edges where it could snag in 
shallows, 

Everyone aboard should have a bowline attached around the 
waist and secured to a safety line or to the raft. 
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BAMBOO RAFT 
A single layer will not support you uniess 
it is very long, so go for a two-layer 
model 

Cut thickish bamboo in 3m (tof 
lengths. Moke holes through the canes 
near the ends and half-way olong, Puss 
stakes through these holes to connect 
the canes. Lash each of the canes 10 
each of the stakes with twine, rottan or 
‘other vines or cable, Make o second deck 
to fiton top ofthe frst and ash the two 
together. 


GRIPPER BAR RAFT 
This is the quickest raft to build. You 
eed logs for the deck and four thickish 
stakes with some pliablity which are 
long enough to overlap the width of 
the deck 
Place two of the stakes o 
and lay the logs over ther. 
Place the other stakes on top. Tie each 
pair of stakes firmly together on one 
side. Then, with a helper standing on top. 
to force the other ends together, tie 
these so that the logs are gripped 
‘Notching the ends of 
these gripper bars will stop the ropes 
from sipping, 


the ground 


between the 


STEERING 
To steer the raft make a paddle rudder 
‘ond mount it on on A-frame near one 
end of the raft. Secure the A-frame with 
ines to the comers of the roft and 
e the rudder on to itso that it does not 
ip. The rudder c 
sweep for 


n also be used as 0 
ropulsion. You may need to 
rnotch the raft for the base of the A- 
frame. The quy-lines could be ted to the 
cross-pieces. 
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Lifelines should be long enough to allow free movement, but not so 
long that they trail in the water. In narrow swift-flowing rivers with 
dangerous rapids and waterfalls it is better not to tie on. If the raft 
gets out of control and is swept towards dangerous water, itis better 
to head for the bank, 

In shallow water the best means of controlling a raft is like a 
punt, but preferably with two long poles — with one person poling 
at one front corer of the raft, and another at the diagonally 
opposite back corner. 

If the survival group is a large one, several rafts will be needed. 
The fittest should be on the first raft, carrying no equipment or 
provisions. They can be lookouts and give early warning of 
hazards to be avoided. If they have to abandon their raft no kit 
will be lost. 

Waterfalls and rapids can be heard some time before you reach 
them, and often are indicated by spray or mist rising in the air. If 
uncertain about the safety of the stream ahead, beach or moor the 
raft and carry out a reconnaissance on foot. 

If you reach a difficult or dangerous stretch of water unload the 
raft and take to the bank, carrying all the equipment downstream of 
the dangerous waters. Having posted someone downstream where 
the river becomes safe and manageable to recover the raft, release 
the raft and let it drift down through the difficult stretch. It will 
probably need repairing but at least YOU will be safe and have all 
your equipment. 


REMEMBER: 


Only raft by day, NEVER in the dark. 
At night secure the raft firmly — so 


that it will still be there in the 
morning — and make temporary 
shelter on higher ground avray from 
the river. 


Bogs and marshes 
If you cannot avoid crossing a marsh make your way by jumping 
from tuft to tuft of grass. If you find yourself sinking into a bog, 
‘swim’ with a breast-stroke to firm ground — don't try to jump. 
Spreading your body over the surface distributes your weight. Use 
the same technique in quicksand. 
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CROSSING RIVERS 


The headwaters of a river will be narrow and swift-running. 
Although banks may be steep and rocky it will usually be possible to 
find a place to cross. Where the water is shallow you may be able to 
wade — but test ahead with a pole for hidden depths. You may find 
rocks to provide stepping stones across or be able to place them for 
small streams. 

Some members of a party may be able to leap across a narrow 
chasm or from boulder to boulder across the stream bed, but that is 
not much help if others cannot make it. A slip on a boulder is an easy 
way to sprain an ankle. 

The estuary of a river is wide with strong currents and is subject 
to tides — which can influence some rivers many miles from their 
mouths. Avoid crossing there, unless equipped with boat or raft, go 
back upstream to an easier crossing place. 

On any wide stretch, and especially when near the sea, do not set 
off, even with boats or rafts, immediately opposite the point you 
hope to reach, but consider how the current will affect your passage 
and make allowances. 


SSTUDY THE WATER 
The surface movement of a stream or tiver 
con tell you @ great deal about what is 
teneoth. The main flow of the current is 
usuolly evident from @ chewon shope of 
smoother water. around any rock or 

mes] Projection (a), the V widening downstream. 


Woves that appear to stay i one position on 
the surface (0) are usually evidence of @ 
boulder on the bottom deflecting water 
upwards. 


Closer to the surface an obstruction will 
create an eddy downstream of it where the 
surface water appears to run back against the 
main flow: Ifa large boulder coincides with a 
steep drop in the level of the battom (c) these 
‘eddies can produce a powerful backword pull 
downstream of the obstruction and pull 
swimmers in — they are VERY dangerous 
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Wading across 
Even quite wide rivers may be comparatively shallow and possible 
to wade across, but never underestimate any stretch of water. Cut 
a stick to aid balance and cross facing towards the current and you 
will be more able to avoid being swept off your feet. Roll trousers 
Up, So that they offer less surface to the current, or if they are 
going to get wet anyway take them off so that you have them dry 
for the other side. Keep your boots on, they will give a better grip 
than bare feet. Undo the belt fastening of a back-pack so that you 
can slip it off easily if you 
get swept over. But don't 
lose hold of it. It will almost 
certainly float and you can 


WARNING 
ICE-COLD WATER 


KILLER BA then use it to help right 
Do not attempt swimming or yourself. 

wading across a stream when Tum at a slight angle, 
the water is at very low your back towards the bank 
temperatures, it could prove cca wane 1 teaehy the 


fatal, Make a raft of some 


t will move you in that 
kind. Only wade if you can do pat 

seviitouceertna tio tet direction, Do not take strides 
your feet wet and dry them but shuffle sideways, using 
Vigorously 2s soon 3s you the stick to test for depth 


reach the other bank. and trying each foothold 


before using it 


Crossing as a group 
If a group of people are wading across together, they should line 
up behind the strongest, who crosses as described above. The 
others each hold the one in front at the waist and move in step, 


offering less obstruction to 
the current. 

Alternatively a group can |) WARNING 
link arms side-by-side and 
hold on to a pole or branch to 


Look out for submerged 
branches, You could get 


keep them in alignment. They |] tangled in them and wrench 
cross facing the bank and |} a limb or lose balance. When 
moving forwards. Only the |} carried long with the 
side of the first person opposes |} uftent you do not rotice its 


: strength but if it forces you 
the current and the group |] Soinst an obstruction you 
provides stability for all of I] canbe firmly held. 
them. 
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Crossing with ropes 

Ifa rope is available it can make wading safer — but you need a loop 
of rope three times as long as the width of the stream and there 
must be at least three people in the party. Two of them always 
control the rope to keep it out of the water as much as possible and 
to haul the crosser to the bank if difficulties are encountered. 


The person crossing is secured to the loop, 
| e—~; » | around the chest. The strongest person 
crosses first. The other two are not tied on 
<] = they pay out the rope as it is needed 
1 and con stop the crosser being washed 

away. 


When he reaches the bank, 1 unties 
himself and 2 ties on. 2 crosses controled 


ty the others. Any number of people con 
2, <] be sent across in this way. 


[SY iiten 2 ns reached the bank, 3 tes on 


‘and crosses. 1 takes most ofthe strain, but 


os @ ‘a 2s ready in cose anything goes wrong, 


-@— 0 


Never enter the water unless there is no other way of getting 
aer0ss and ehoose a crossing point carefully. 


= Avoid high banks that are difficult to climb out on. 


= Avoid obstructions in the water, 


= Current is likely to be fastest on the outside of bends and steep 
banks may be undereut making landing impossible. 


~ Look for an even section of river bed ~ shingles the best surface 
for wading. 
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Swimming across 
If you can’t swim DONT try — rely on others to get you across with 
the help of some sort of float. Even the strongest swimmers should 
make use of flotation aids when crossing a river — and for non- 
swimmers they will be essential. They will reduce the expenditure of 
energy and help to keep clothes and kit dry. Do not swim with your 
clothes on. Once wet they will give you no protection from cold — 
dry they are something warm to put on when you have crossed. 

Always make sure you have found a place on the other side 
where you will be able to get out of the water. If there are no 
beaches you will need supports to haul yourself up on to the bank 
— but avoid tangles of branches in the water where you might 
get trapped. Enter the water well upstream to allow for the distance 
that the current will carry you down as you cross. Better to 
overestimate and be a little longer in the water, than pass your 
landing place. 

Check the strength of the current by watching floating logs and 
flotsam and study the water surface for hidden obstructions and eddies. 

If you hit weed in the water adopt a crawl stroke to cut through 
it. Once a strong swimmer has cleared a passage others will be able 
to follow through in the channel made. 


Flotation aids 
Fuel cans, plastic bottles, logs ~ anything that floats can be used. If 
you have a waterproof bag put your clothes and belongings inside, 
leaving plenty of air space tie the neck and then bend it over and tie 
again and use it as a float. Hang on to it and use just your legs to 
propel yourself. 


= Without a bag, but with a waterproof sheet, pile twigs and 
straw into the centre to create air pockets and then pile your 
clothes and equipment on top before tying up the bundle 
securely. 


= Do not attempt to sit on the bundles or place your weight on 
them. 


= With a group of people, split into fours. Each four should lash 
their bags together and use them as support for an injured 
member of the party or a non-swimmer. 

= If no waterproof material is available, make a small raft or a 
coracle ta float your things on. Bundle your belongings and, if 
heavy, make the raft two-layered so that only the lower layer 
sinks into the water and your kit stays dry. 
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SURVIVAL CASE STUDY 


This is « cose study that | use when | do talks about survival 
situations. (t has nothing to do with any personal experience 
that | have had, although itis 0 true story 


In this documented account fiom the 1950s, a family of three — 
«father, mother, and child — set off by small plane from the east 
coast of the United States to get to California, After various 
stops for fuel and rest the family arrived safely at their 
destination, although the father who was the pilot, reported a 
‘minor fault when the plane landed for the final time. When the 
family were ready to head back east he went up for a test flight 
to make sure that the repairs he had requested were successful 


However, what they failed to do was to register a flight plan, and 
this proved to be a fatal error. You should always tel! someone 
where you are going and how fong you expect to be, otherwise 
1no one will realise you are missing and think to look for you. 1 
suspect that that there were a number of failures on this 
‘occasion and the airport should have insisted on some sort of 
flight plan. Nonetheless, when the plane crashed in the Trinity 
Mountains in northern California, nobody knew they were 
missing. 


Despite their initial error in failing to alert the authorities about 
their route, this family was trained in survival techniques and, 
having survived the impact, remained alive for the next ten days. 
They then made the decision to leave the wreckage in search of 
civilization, And this is where they finally fell down; they didn't 
know how to effectively navigate and they left the security of 
the wreckage. Survival skills are very important but you also 
need to know the best possible way to get to safety. The family 
were eventually discovered only a number of days after they had 
died, only 50 km (30 miles) from the nearest road. 


The lessons to be learnt from this cose study are that you should 
always let people know where you are, stay where you are for as 
Jong os possible, but if you really feel that you must leave the 
area (and I don’t recommend this) try to leave behind a message 
with your future movements. In this case the family had left a 
diary that was found by rescuers, revealing their whereabouts. 
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HEALTH 


hen no professional medical help is 
available, survivors have to undertake 
medical tasks which should normally be left to 
those with special training 
Traditional first-aid procedures are designed 
to cope with minor problems and to sustain a 
seriously injured person until they can receive 
expert treatment. However, if there is no 
possibility of outside help in time to save a life, 
the survivor may sometimes have to take drastic 
measures. Some of the advice given in this 
section is intended ONLY for such circumstances. 
In the treatment of diseases and disorders 
the experience of centuries of herbal treatments 
and natural remedies can be put to good use, 
when no prepared drugs are available — or to 
reserve supplies for more serious need. Herbal 
medicines given here use only simple methods 
of extraction and preparation 


FIRST AID 
Remove from danger 
Breathing but unconscious 
Breathing and pulse 
Choking and blockages 
Not breathing and no pulse 
Artificial respiration 
Is heart beating? 
Dangerous bleeding 
Lesser bleeding 
Internal bleeding 
Wounds and dressings 
Burns 
Fractures 
Immobilization 
Sprains/dislocation 
Shock 
Bandaging 
Minor ailments 
Painkillers 
Moving the injured 
Emergency childbirth 
Bites 
General poisoning 
General disorders 
Diseases 
Warm climate diseases 
Warm climate ailments 
Cold climate hazards 
Survival case study 


NATURAL MEDICINE 
Remedies 


MEDICINAL PLANTS 
DANGEROUS CREATURES 
POISONOUS SNAKES 
DANGEROUS SEA CREATURES 


FIRST AID 


ying rsa wry swt sn 
not take any unnecessary risks which could lead to injury. Aim at 
a varied and balanced diet and make sure that you get adequate rest. 

In the initial stages of the survival situation none of these may 
be possible but, once you have a camp established, food sources and 
water found, a disciplined approach will enable you to conserve 
energy and resources. Away from people, you are not exposed to 
contagious infections, unless you brought them with you. Although 
some diseases are insect- or waterborne, sensible precautions — 
especially boiling water and properly cooking food — will protect 
you from many infections 

Extreme climatic conditions bring their own dangers and an 
awareness of symptoms will help you to treat yourself and others. 
inexperience or ill-luck may lead to injury, however careful you are, 
and an understanding of practical first aid — improvising where 
medical equipment is not available — is a basic survival skill. In 
accident situations such improvisation may be the first key to 
survival for those involved, when rapid action is essential. Any 
expedition should have at least one person with suitable specialized 
‘medical knowledge — but EVERYONE should know how to deal with 
basic injuries, disorders and diseases. 


PRIORITIES 


In an accident involving many injured people you must know 
which patients to treat frst. When a patient has multiple injuries, 
breathing, heartbeat and bleeding should be given priority. Assess 
the injuries and handle in the following sequence: 

Restore and maintain breathing/heartbeat, 

Stop bleeding 

Protect wounds and burns 

=Immobilize fractures 

Treat shock 


NOTE: Before approaching any accident victim, check for danger 
to yourself and protect yourself from it. Look out for electric cables, 
gas pipes, falling debris, dangerous structures or wreckage. Give 
initial check-up without moving the patient, if possible, but — if 
there is continuing danger — move the patient and yourself to a 
safer location. 
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REMOVE FROM DANGER 


First reduce any further danger to the casualty or yourself by 
moving them to safety — away from a burning vehicle or building. 
In the case of a road accident, stop the traffic. With electrocution, 
switch off the current. If you can't, stand on dry nonconductive 
material and push or lever the patient from the power source with 
a dry nonconductive pole or stick BEFORE touching them. If gas or 
poisonous fumes are threatening, turn them off at source and take 
casualties to fresh air. 

There is always a risk in moving patients with unknown injuries 
but, if they are further threatened, they must be moved to have any 
chance of surviving. People with spinal injuries are at greatest risk 
when moved — the spinal cord could be severed. The only safe way 
to move them requires several people (see Fracture of the spine 


Unconscious casualties 

If a person is unconscious first check whether they are breathing 
and begin artificial respiration immediately if necessary. Check for 
external bleeding and injury, trying to establish the cause of 
unconsciousness. 


BREATHING BUT UNCONSCIOUS 


If the patient is breathing, and does not appear to have any spinal 
injury, check that there are no obstructions in the mouth, deal with 
any serious bleeding and place him or her in the recovery position. 
If lying on the back you will need gently to turn the casualty on one 
side, usually most easily done by grasping clothing at the hip. This 
produces a stable position so that any liquids or vomit produced 
from the stomach or nose will not enter or block the lungs and the 
tongue will not fall back and block the airway. 


WARNING 


Do NOT place a casualty with a suspected spinal injury in the 
recovery position. Use an artifical airway to maintain their 
respiration and 25 means of administering mouth-to-mouth 
resuscitation. 


‘CHECK BREATHING AND HEARTBEAT! 
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RECOVERY POSITION 


Move the arm and leg on one side of Allow the other feg to bend slightly. 
the body outwards {0 stop the patient Pull the jaw forward to check that 
ing lat, elbow and knee should both the tongue is at ‘mouth 
be bent. Turn the ead in the same and not voy. Loosen 


direction. Lay the other arm down tight clot 
long the other side of the patien 


BREATHING AND PULSE 


Normal breathing is quiet and easy. Noisy breathing, froth around 
the nose or lips and blueness around the lips and ears are all signs 
of difficult or obstructed breathing. Check breathing regularly by 
listening carefully near the nose and mouth. Remove obstructions 
and, in the absence of breathing, give artificial respiration. Check at 
neck or wrist for pulse. 


Cessation of breathing 
This dire emergency may be caused by: 


= Blockage of upper air passages caused by face and neck injuries or 
foreign bodies 

= Drowning or electric shock 

= Choking 

= Inflammation and spasm of air passages caused by inhalation of 
smoke, gases or flame 

~ Lack of oxygen 

= Compression of the chest 


CHOKING AND BLOCKAGES 


IF breathing has stopped immediately remove any obstruction in the 
airway and give artificial respiration. 

Clear the airway of any foreign matter: weed, vomit, false teeth 
or food. Sweep the mouth with a finger and ensure the tongue has 
not fallen back to obstruct the breathing passages. 
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If someone appears to be choking, but can breathe and cough, 
their own coughing is more effective than your aid. A blow on the 
back may sometimes help. If the victim cannot speak use the 
Heimlich manoeuvre with adults, but see other methods for special 
cases. 


HEIMLICH MANOEUVRE 
Stand or knee! befied cosuoley crs Ca) bs 
aud ther. Ce dover the 4 ee 
other, thumb si pres: ='e 


presure oe jerk qulkly ypworts four 77 


JF THIS DOES NOT WORK 
Give four shorp blows to the back 
between the shoulder blades to loosen 


REPEAT if this does not succeed at first. DO NOT GIVE UP! Be ready 
to give artificial respiration, if the blockage is removed, but the 
patient does not start breathing, Lay an unconscious patient on his 
or her back, kneel astride, place your hands, one on top of the other, 
with the heels resting above the navel, and make quick thrusts up to 
the centre of the ribcage. If the blockage does not appear to shift, 
quickly roll patient on to side and strike four times between the 
shoulder blades. Repeat as necessary. 


SURVIVAL SELF-HELP 


If alone, use the Heimlich 
‘manoeuvre by pulling or pushing 
‘against « blunt projection = an 
earth bank, a fallen tree (or a 
chair back in a domestic 
situation). 
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Special cases 


Support the baby, face down, straddling your forearm, with the 
head definitely lower than the chest. Use the heel of the free 
hand to give four quick blows between the shoulder blades. 

Place free hand on back of baby’s head and turn over. Use 
two fingertips to press four times, quickly and fairly firmly, on 
centre chest. REPEAT. Be ready to give ‘mouth-to-mouth (and 
nose)’ if breathing stops. 


Children: 

With small children hold them upside down and strike four rapid 
blows between the shoulder blades using the heel of the hand. 
With older children place across the knee, or bend forward from 
a sitting position, supporting chest with one hand while 
administering blows with other. Alternatively, perform Heimlich 
manoeuvre using two fingers of each hand instead of fists. (Not 
breathing ~ see Artificial Respiration) 


Pregnancy and obesity: 
‘Abdominal Heimlich manoeuvre impossible. Position fists instead 
against the middle of the breastbone and follow similar 
procedure. (Not breathing ~ see Artificial Respiration) 


Drastic action 

On the rare occasion when repeated attempts with the Heimlich 
manoeuvre fail to dislodge an obstruction, drastic action is 
required: a cut into the patient's throat below the obstruction. Also 
used in cases where an injury to the jaw prevents the patient from 
breathing, this is a technique only for a life-or-death situation. It 
is risky for the untrained, but worth trying to save a life in cases 
where the casualty will certainly die without it. There is no 
significant bleeding if you use the Crico thyroid technique, which 
is superior to a tracheotomy (where the cut is made below the 
‘Adam's apple). 


Preparation 

You need a sharp blade, a scalpel or a penknife, not a wide knife, and 
a hollow tube (a ballpoint pen case, a CLEAN fuel or hydraulic fine 
from a vehicle, tubing from a back-pack, a small syringe and even a 
hollow plant stem have been used) 
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They should be sterilized if boiling water or a flame is available, but 


do not waste time getting them. WARNING: Contamination with oil or 
petrol from a dirty vehicle hose could produce chemopneumonia, 


1 Lay casualty on back, shoulders 
elevated, head and neck presenting 0 
siraigh 


2 Runa finger down the Adam's apple ~ 
the bone-fke projection on the front of 
the neck (more prominent in men thon 
women) ond find another small 
projection just below jt. Between the 
‘Adom’s apple and this smaller projection 
you will Find 0 centro valley 


3. Moke an incision here at the exact 
midpoint. Keep the incision smoll but 
deep ~ straight down for about 120m 
Pie-¥4in) ~ note the distonce on the 
blade beforehand, You wil fe! the blade 
‘move more easily 0s it rough to 
the windpipe. Do NOT push down 


further 


ALTERNATIVE: For the incision, 
with 0 wide-bore needle — producing 
fess bleeding (ond considered preferable 
by doctors) A kt is produced and should 
be included in pare-medico! equipment. 


4 Twist the blade sideways to ope 
up cut. 


5 Insert the tube in the incision and push 
it down to keep the cut open and allow 
air into the lungs. Once in place, secure 
firmly with adhesive tape oF bandage to 
keep it upright and prevent it falling out 


Once the airway is clear, whether natural or artificial, if the 
patient is still not breathing, artificial respiration must be 
carried out 
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DELIVERING 
VALUE IN TH 


NETWORKED 


In the future, all devices that benefit from an internet connection will 


NEW 
OCIETY 


S 


Networked Society, every person and every industry willbe empowered to reach their full potential 


Internet of Things ((oT) technology Is a key enabler of this vision by deliverin 
(M2M) and machine-to-person communications on a massive scale. 

‘As shown in Figure 1, Ericsson predicts there will be around 28 
billion connected devices by 2021, of which more than 15 bilion will 
be connected M2M and consumer-electronics devices (1]. A large 
share of these will be applications served by short-range radio 
technologies such as Wi-Fi and Bluetooth, while a significant 
proportion will be enabled by wide area networks (WANs) that are 
primarily facilitated by cellular networks. 


‘THE NEW OT LANDSCAPE 

The [oT revolution offers huge potential value in terms of improved 
efficiency, sustainability and safety for industry and society. Analysts 
predict that the total added value of the loT will be USD 1.9 trillion by 
2020 (2. 

The variety of applications and solutions designed for individuals, 
business and industry is spurring the rapid expansion of the loT 
market, The IoT is playing a major role across a variety of vertical 
sectors, generating cost savings, new revenue streams and other benefi 

Each loT application needs a clear value proposition and business logic i 
‘ecosystem, business models and value chains of the various stakeholder 


1g machine-to-machine 


Connected devie 


etre) 


(ve aera conics 
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Figure 1: Growth in connected devices. 
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rs. For all applications, 


solutions need to be integrated on platforms that can scale and handle millions of devices 
efficiently. Business processes for administration, provisioning and charging will have to be 


streamlined to minimize costs and enhance the business case. 
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Figure 2:The new lo landscape. 


‘As they are largely responsible for wireless connectivity on a global se: 
‘excellent position to capture a share of the added value generated by the 
‘The size of this share will depend on the role that operators adopt in the: 


ale, operators are in an 
1e emerging loT market, 
vvalue chain. This could 


‘ange from being a straightforward connectivity provider (monetizing connectivity in new ways), 
all the way to being an end-to-end solution provider of turnkey solutions to vertical markets (3. 
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HEALTH 


‘Any compression of the chest can cause asphyxiation. A climber 
who slips and is held suspended by a rope around his chest will 
find it extremely difficult to breathe. Pass down a rope with a 
loop (bowline or manharness hitch, see Knots in Camp Croft) to 
stand in and relieve the pressure 

‘An avalanche of snow, or a fall of earth can exert pressure on 
the chest and make breathing difficult. Adopt 2 crouched 
position if possible, with bent arms and elbows tucked well in 
and this will protect the chest. 

Ifa person is trapped under wreckage with pressure on the 
chest, and the weight cannot be lifted off, use a lever to lift it 
and prop securely. 


‘Smoke and gas: 
To prevent smoke entering the Jungs, place fine mesh material 
over the nose and mouth to filter it. Smoke can be seen and 
there is a chance of avoiding it. Gases cannot usually be seen and 
safety is gained only in fresh air upwind of them, or with a 
respirator. Casualties must have fresh air 


Lack of oxygen: 
Oxygen can be used up in a shelter which lacks ventilation or 
becomes blocked and sealed by rubble or snow. This is a 
danger in igloos especially if draughts are sealed. With a 
stove or fire, not only is the oxygen used, even more 
seriously, carbon monoxide is produced. Casualties must have 
fresh air. 


Carbon monoxide poisonin: 
This gas is DEADLY in confined spaces, but the occupants rarely 
recognize its presence. The symptoms of carbon monoxide 
poisoning resemble those of an overdose of alcohol: memory 
and judgment are impaired, an increase in confidence and a 
disregard of danger. 

Always ensure that you have adequate ventilation, 
especially when using stoves. Adjust any burning with a 
yellow flame. Light a candle in your shelter. If the flame gets 
longer and higher — or in extreme cases shoots to the roof — 
there is a severe lack of oxygen and it is high time to 
ventilate. Once again, it is neccessary for casualties to have 
fresh air. 
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NOT BREATHING AND NO PULSE 


Drowning 
Symptoms: Can occur through fluid blockages but generally patient 
will be in water or have face in liquid. Face, especially lips and ears, 
livid and congested. Possibly fine froth at mouth and nostrils — it is 
the froth that is blocking the air passage 

Do not attempt to remove liquid from lungs — you can't. Begin 
artificial respiration as early as possible. If still in. water, support 
floating body and begin mouth-to-mouth resuscitation after 
quickly removing weed, false teeth or any other mouth obstructions. 
On land Holger Nielsen method can also be used. 


Electrocution 

Symptoms: The cause will usually be obvious. Electrocution may 
stop the heart and muscle spasms may throw the victim some 
distance. Electrical burns will be much deeper than their appearance 
suggests. 

Never touch the victim until current is off or contact broken. If 
an appliance is involved it may be possible to break contact by 
pulling on insulated cable. But beware of any liquids which 
will conduct current — victims may urinate. Give artificial 
respiration and treat for cardiac arrest if necessary before treating 
burns. TAKE NO RISKS. 


Lightning 
Symptoms: Another form of electrocution. The victim is usually 
stunned and falls unconscious. Clothing may catch fire as well as 
patient having electrical burns, which will be more severe where 
watches, jewellery, buckles or other metal objects are worn. 

Give artificial respiration if necessary and treat burns, Prolonged 
resuscitation may be needed. Recovery is often delayed, 


Poisoning 
Symptoms: Poisons which enter the lungs or affect the nervous 
system can produce asphyxia, 


Heart attack 
Symptoms: Severe pain in the chest, shortness of breath patient 
feeling giddy, possibly collapsing to ground, and often anxious. 
Heavy sweating, irregular pulse, blueness of lips or skin. 

If breathing fails give artificial respiration and external heart 
compression if the pulse stops. 
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ARTIFICIAL RESPIRATION 


Mouth-to-mouth (‘Kiss of life’) 


The fastest and most effective method. Begin as soon as the airway 
has been cleared. Normal recovery is rapid, except in cases of electric 
shock, drugs and carbon monoxide poisoning. In these cases nerves 
and muscles are paralyzed or carbon monoxide has displaced oxygen 
in the bloodstream. Be prepared to carry on a long time. 

If face is injured, or poison or chemical burns are suspect use the 
Silvester method, 


With patient lying an back, hold jaw wel! 
open, bending head back {py 


tongue falling andl 
Hold nostrils closed with other hand. 
Check mouth and throat clear of 
‘obstruction. Place mouth over potients 
‘mouth and exhale 

Watch for chest to rise as you 
0 patient’ lungs. (fc 
fot rise, tuen him on his side and thump 
between les to remove 
obstruction.) Remove mauth. Take a 
deep breath while checking chest falls 
‘automatically. You should feel or hear 


quickly 0s possible for the 
first six inflauions, then ot 12 per minute 


‘until breathing is established. 


Fora child: Do not blows Exhate normally, 

fr in gentle puffs for 0 baby. Give first 

lations os quickly os possible 

forcefully into o child's mouth 
fungs 


Mouth-to-nose: Use if you cannot seal your lips around victim's 
mouth, holding his mouth closed. For babies, cover both nose and 
mouth with your lips. 


KEEP GOING! 


With any form of resuscitation the first five minutes are probably the" 
‘most critical but, if breathing does not start, keep artificial respiration 
up for at least an hour. In a group take turns. CHECK HEARTBEAT. 
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Artificial respiration: with facial injury 

Silvester method: Recommended when poisoning or facial injury 
prevent mouth-to-mouth resuscitation, especially when patient may 
need cardiac compression (which can be done by the same first- 
aiden) 


tying on bock, raise 


.e hands flat over lower ribs and 
ford to press steadily 


Lift casuolty’s ors 
upwards ond outwords as for as 


possible 


REPEAT rhythmically about 12 times per minute for adults. If 
there is no improvement turn patient on side and strike briskly 
between shoulders to remove any possible obstruction before 
resuming the cycle. 


DON'T GIVE UP! Resuscitation techniques have saved the lives of 
victims of drowning, hypothermia and electrocution after three 
hours without spontaneous breathing. 
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Artificial respiration: face down 

Holger Nielson method: This is the technique recommended for 
resuscitating a drowning victim if mouth-to-mouth is not 
practicable, or if patient cannot be turned on back. Casualty lies face 
down; liquids can flow freely from the mouth and will not cause 
choking. 

Place with head turned to one side, arms bent, forehead resting 
on hands, Loosen tight clothing and ensure tongue is brought 
forward, mouth clear of weed, mud ete. 

Face the casualty, kneeling on one knee at head, placing your 
hands over shoulder blades, thumbs touching and fingers spread. 
Perform the following procedure to a count of eight: 


1-2-3 Rook forward with arms straight, 
producing gentle, even, inereasing 
pressure. About 2 seconds} 

4 Rock back, sliding hands to grasp 
patient's upper arms. (/o=1 second) 


oS 


5-6-7 Pull ond rise patient's arms 
gently by rocking further backwards. (2 
seconds) Avoid raising patients trunk or 
disturbing head too much 

8 Lower potient’s arms to ground and 
slide hands back fe-t 
second) 


REPEAT 12 times per minute. 


NOTE: If the patient's arms are injured, place a folded garment 
under the forehead and lift under the armpits. This is not a 
practicable method if ribs or shoulders are badly damaged. 


AFTER BREATHING HAS BEEN RESTORED: Place patient in recovery 
position — after all forms of resuscitation. But NOT in cases of 
spinal injury. 
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IS HEART BEATING? 


" yf 
‘TAKING PULSE AT WRIST TAKING PULSE AT NECK 
Rest fingers lightly atthe front of the Tum face t0 one side. Side fingers 
wrist, over the adil artery about tem from Adam's apple into groove 
(sin) from thumb side ot lower end of — alongside. Other pressure points can 


forearm, also be used. 


Normal pulse 
In a relaxed adult 60-80 per minute (average 72); in young 
children it is much higher, at 90-140 per minute. Excitement 
increases rate 

Don't waste precious time — count the beats in 30 seconds and 
multiply by two. Use a watch with a seconds hand to keep timing 
accurate and note down result. 


If there is no pulse 
If you cannot feel a pulse and the pupils of the eyes are much 
larger than normal, start cardiac compression while artificial 
respiration is continued. The mouth-to-mouth and the Silvester 
methods allow both activities to be carried out at the same 
time. 


Cardiac compression 
Regardless of which method of resuscitation is used, if there is no 
pulse and after 10-12 breaths there is no apparent improvement in 
the casualty's condition, cardiac compression (external heart 
massage) should be started. 


NO TIME TO LOSE! 

First place the casualty on a firm surface — let them lie on the 
ground, chest up. Using the edge of the hand strike firmly on the 
lower part of the breastbone (the central bone between the ribs) 
The jarring may start the heart. If there is still no pulse proceed with 
compression. 
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Kneel beside the casualty. Place heel of one hand on lower half of 
breastbone (sternum), the central bone between the ribs. Make sure it 
isnot on the end of, or below, the breastbone. Place heel of other hand 
over it. Keep rest of hand OFF chest. Keeping arms straight, rock 
forward and press down 10 times after two consecutive breaths 


s smoot firmly. Erratic or 
igh pressing could cause further 


Infants and children require less pressure and more pushes. For 
babies and small children light pressure with two fingers is enough 
at a rate of 100 times per minute. For older children up to ten years, 
use the heel of one hand only and push 80-90 times per minute 


Note: Check for dilation of pupils of eyes and return of pulse in neck 
artery which indicate success. ARTIFICIAL RESPIRATION MAY STILL 
BE NEEDED. 


Artificial respiration with compression (Cardiopulmonary 
resuscitation) 

If alone: Use mouth-to-mouth or Silvester methods of resuscitation, 
giving a repeated pattern of 15 heart compressions followed by two 
rapid lung-inflations. 


If two first-aiders: Give five heart-compressions followed by one 
deep lung- inflation. Repeat. First-aider giving inflations should also 
note neck pulse and pupils. 


Once breathing has been restored, it must be maintained. Lay the 
patient in the recovery position (EXCEPT when spine or neck injured) 
which reduces risk from liquids they may bring up as they recover. 
Check condition regularly. 

IF available use ARTIFICIAL AIRWAY to keep airway open in 
unconscious patients. 
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RECOMMENDED EQUIPMENT 


ARTIFICIAL AIRWAY 
Before use inspect both the patient's 
‘ond ortificial airway. 

Insert the artificial airway to 0 
third of its length, end pointing to 
the roof of the mouth, then turn it 
through 180° to point down the 
throat 

‘Once it is in place patient will be 
able to breathe. A mucus build-up 
may start coughing and gurgling 
Clear it with an extractor 


MUCUS EXTRACTOR 
Placed down artificial airway, its 
s mucus to be 

without risk of 

swallowing. One was probably used 
fon you first thing after birth! 
Without one you can use any tube 
or straw (preferably sterilize, trying 
OT to swallow the mucus yourself 


DANGEROUS BLEEDING 


An average person has up to 6.25 litres (1ipt) of circulating blood. 
The loss of 0.5 litre (pt) causes mild faintness, 1 litre (1%pt) 
faintness — with an increase in pulse and breathing, 1.5 litre (2’pt) 
collapse. More than 2.24 litre (4pt) may even cause death, 
Immediate steps must be taken to stop the flow of blood, However, 
once a small haemorrhage has been stopped, blood volume is 
quickly restored with fluid from the tissues — the resulting slight 
anaemia is not important. Body fluids must be replaced by giving 
water, so that the fluid balance is restored. 


PRIORITIES 


Blood transports life-giving oxygen. When bleeding is coupled wit 
cessation of breathing treat both concurrently. Get the patient 
breathing AND staunch the bleeding 
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Bleeding from veins and capillaries can be stemmed by simple pressure 
over the bleeding point, with or without a dressing, and minor arterial 
bleeding may also be controlled with local pressure. Extremity wounds 
should be elevated above the heart, still applying pressure. 

You can use anything to staunch the flow of blood — 2 hand, 
handkerchief, blouse — but use the cleanest material possible and 
apply it rapidly and firmly. There is danger of infection from 
unsterile material but, if 2 person is bleeding to death, there is no 
time to worry. Death is more certain from serious bleeding. 

Maintain a continuous, firm pressure for 5~10 minutes and you 
will stop the bleeding, Resist the temptation to lift and look. If blood 
seeps through the pad place another on top. Large dressings of 
absorbent cotton woo! (known in the army as shell dressings) are ideal for 
stopping bleeding. Include them in your medical kit. Secure with the 
attached bandage and then with a further crepe bandage which will 
maintain the steady pressure required, 


Arterial bleeding 

This is the most serious type of bleeding and speed is essential to 
stop it. Bleeding from an artery comes in powerful, rapid spurts, in 
time with the pulse. It can be temporarily controlled by compressing 
an artery where it crosses a bone, against that bone, at pressure 
points. Precautions must be taken, if at all possible, to prevent the 
spread of diseases such as HIV, but it is accepted that if you are 
faced with this emergency you are unlikely to have gloves, etc. 


PRESSURE POINTS 


These are places where arteries run close to the surface over a bone" 
so that they can be pressed against it, cutting off the flow of blood. 
Each is effective for arterial blood loss from the area specified. 
Watch the wound. If blood flow is not immediately reduced, move 
Fingers until itis. 


~ Temple or scalp: Forward offabove ear (a) 
~ Face below eyes: Side of jaw (b) 

~ Shoulder or upper arm: Above clavicle (c) 
~ Elbow: Underside of upper arm (4) 

~ Lower arm: Crook of elbow (e) 

= Hand: Front of wrist (f) 

= Thigh: Mid-way on groin/top of thigh (g) 
= Lower leg: Upper sides of knee (h) 

= Foot: Front of ankie () 
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PAP 


-( : 
LN 
| 
x, 
Tying arteries 
In the case of major wounds to which a pressure dressing cannot be 
applied, where access is restricted or a limb partially severed, trace 
the bleeding artery and tie it off. 

This is hazardous for the untrained — arteries often have 
accompanying nerves and including them in a clip or tie could cause 
permanent damage, such as loss of function of a limb. 

Apply a temporary tourniquet to control the bleeding — but you 
may have to release spurts of blood to find the artery. 

Sterilize a piece of fishing line, thread or fine string by boiling or 
soaking in alcohol. The contents of a hip flask or a perfume bottle 
will remove bacteria. Cleanliness is essential. Boil all dressings 


and bandages. Scrub the hands thoroughly in boiled water, using 
soap if available. 
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DIFFERENT IOT CONNECTIVITY ALTERNATIVES 

Connectivity is the foundation for lo, and the type of access required will depend on the nature 
of the application. Many IoT devices will be served by radio technologies that operate on 
unlicensed spectrum and that are designed for short-range connectivity with limited QoS and 
security requirements typically applicable fr a home or indoor environment. Currently, there are 
two alternative connectivity tracks for the many loT applications that depend on wide-area 
coverage: 

Cellular technologies: 3GPP technologies ke GSM, WCDMA, LTE and future 5G.These WANS 
‘operate on licensed spectrum and historically have primarily targeted high-quality mobile voice 
and data services. Now, however, they are being rapidly evolved with new functionality and the 
new radio access technology narrowband loT (NB-IoT) specifically tailored to form an attractive 
solution for emerging low power wide area (LPWA) applications. 

Unlicensed LPWA: new proprietary radio technolagis, provided by, for example, SIGFOX and 
Loa, have been developed and designed solely for machine-type communication (MTC) 
applications addressing the ultra-low-end sensor segment, with very limited demands on 
throughput, reliability or QoS. 

‘One way to segment IoT applications is to categorize them according to coverage needs and 
performance requirements (such as data speed or latency demands) 


Performance 


Cellular LPWA (EC-GSM, LTE-M, NBLIoT) 


> 


Tanaanoe (orinecee 


Unicensed spectrum 
(WHEL Stason, Zigbe 
Unicensed spectrum 
(SIGFOX Lora et.) 


te) 


Figure 3: Technologies addressing dlterent la segments. 


The coverage needs of a particular use case may be highly localized (such as a stationary 
installation within a building), while other use cases require global service coverage (such as 
container tracking). 8GPP technologies already dominate use cases with large geographic 
coverage needs and medium- to high-performance requirements. 

With new feature sets specifically tallored for LPWA loT applications, 3GPP technologies are 
taking a large leap forward to cover segments with low-cost, low-performance requirements too. 


CAPILLARY NETWORKS COMBINING CELLULAR AND UNLICENSED STRENGTHS. 

Even when existing SGPP end-to-end connectivity is not feasible, cellular technology can stil 
provide key benefits when used as a bridging option, ie. as an aggregation and routing solution. 
This capillary netwark approach allows end devices to utilize varying access solutions fram either 
the short range or LPWA domain and access the callular networks via a gateway device. Capillary 
networks enable the reuse of cellular functions and assets such as security, device management, 
billing and QoS without requiring each end device to be cellularenabled. 
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HEALTH 


Clean the wound with sterile (boiled) water and gently explore it 
with a clean finger to locate the severed artery. Tie it securely with 
the sterilized thread. This is the one time that an open wound is 
touched. 

If the artery is completely severed, its ends may retract making 
them more difficult to locate. If you are sure the bleeding vessel is 
in a piece of tissue then the whole area can be sewn up, using a 
large needle. 

Cautiously relax the tourniquet as soon as possible to check 
whether your handiwork has been successful. Make sure there is not 
more than one major bleeding vessel. If you see more bleeding, 
immediately tighten the tourniquet and try again. Other smaller 
vessels will supply sufficient blood to maintain the life of the limb. 

Do NOT leave the tourniquet in position, 


Tourniquets 
There are only two places where a tourniquet may be placed: on the 
upper arm, just below the armpit, and around the upper thigh 
Preferably use a piece of cloth at least Sem (2in) wide. If you have 
to use anything thinner (wire or cord), you MUST apply over a fold 
of clothing to reduce discomfort and avoid damage to nerves or 
flesh. 


Wrop around limb three times and tie 
half knot. Place stick, or similar object 
‘over knot and tie a double knot over it 
Twist. stick, tightening band until 
bleeding stops. 

Tourniquet must be tight 


ugh to 
arrest blood supply but _reloxed 
frequently, so after applying WORK FAST 
Release COMPLETELY when job is 


d 


WARNING 


‘A tourniquet cuts off the blood flow and if left on too long can 
‘cause serious damage — even loss of a limb. 


= ONLY use a tourniquet on a limb. NEVER on head, neck or torso. 


~ NEVER cover a tourniquet. If you have to leave one unattended 
write TK and time applied on victim's forehead with felt-tip or 
lipstick. 
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Check circulation 

After bandaging a limb, check frequently that neither toes nor 
fingers are blue, cold or numb. If they are, loosen the dressing. If 
you do not GANGRENE MAY DEVELOP, perhaps resulting in the loss 
of a limb, 

For the same reason do NOT use a tourniquet (except when tying 
arteries). First try direct pressure. Then use pressure points, still 
keeping direct pressure on the wound. If wound is at an extremity 
keep it elevated at all times. 


RECOMMENDED EQUIPMENT 


HAEMOSTAT 
This instrument, fike a pair of 
lockable pliers, can be clamped on a 
blood vessel, stopping the flow 
and making it easier to tie off 


Hoemostats have many applications 
and are worth including in a medical 
kit. They are ideal for holding 
needles while sewing ~ even tough 
feather can be stitched. AVOID 
clipping nerves. 


LESSER BLEEDING 


Venous bleeding 
Bleeding from a vein is not so dramatic as arterial bleeding, The 
darker venous blood flows more slowly. There is time to select the 
best available dressing. If blood welling up from a deep wound 
makes the exact point of haemorrhage difficult to locate, use a 
large pad and apply pressure over as wide an area as possible. 
After 10 minutes you will probably be able to secure this pad in 
place — you can use a tie or strips torn from clothing, the 
broader the better so that they do not cut into the casualty's 
flesh. 


Capillary bleeding 
Capillaries are tiny blood vessels that will stop bleeding by 
themselves. Do not waste time on capillary bleeding, it is never 
serious. Deal with essential things first and dress later. 
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INTERNAL BLEEDING 


This serious condition is common after a violent blow to the body, 
broken bones, bullet or deep penetration wounds. At first there may 
be little evidence of internal injury, perhaps only slight bruising 
under the skin. The patient will fee! light-headed, restless and faint, 
and look pale with the skin cold and clammy to touch and the pulse 
weak but very fast. 

Bleeding into the tissues occurs with all fractures and bruises and 
2 fractured thigh may result in the loss of one or more pints of blood 
at the fracture site. 


Symptoms 
Subsequent signs of internal bleeding, which also give an indication 
of the source of haemorrhaging, include 
~ From kidneys or bladder: red or wine colouring to urine 
~ From lower bowel: blood passed with faeces 
~ From upper bowel: partly digested blood gives black tarry 
appearance to faeces 
= From stomach: blood vomited. If bright red from fresh bleeding. 
If like brown coffee grounds, has been in stomach some time 


~ From lungs: coughed up blood, frequently as red froth. 


Treatment 

Lie the patient flat with the legs elevated, making it easier for the 
heart to pump blood to the head. Keep patient moderately warm but 
do not overheat — this would result in blood being diverted to the 
skin. Serious internal bleeding may occur if an organ such as a 
kidney, liver or spleen has been damaged. The only treatment is 
nursing care. Hope for early evacuation. 


NOSE BLEED 


Treat by sitting patient up with head slightly forward and pinch 


the soft part of the nostrils for five minutes, Encourage patient to 
boeathe through the mouth. They must not sniff. Loosen any tight 
clothing, 
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WOUNDS AND DRESSINGS 


Open wounds are always a hazard because of the risk of infection 
by bacteria, Most important of these is the Tetanus bacillus, 
which causes lockjaw. Tetanus immunization is a wise precaution 
for everyone, and essential for outdoor adventurers and 
travellers. 

Wounds caused by glass, metal or burns are usually clean 
wounds. All foreign bodies must be extracted. This is usually left for 
trained medics — but should be done in a survival situation. Sterile 
haemostats or tweezers are the best tools for the job. A wound that 
has been in contact with the ground or dirty clothing MUST be 
cleaned and ALL dead flesh remove. 

Cut away the clothing from the wound site, clean the vicinity 
and irrigate the wounds to wash out all the dirt. Clean a wound 
from the centre outwards, do NOT swab from outside in, Dry and 
apply a clean dressing, Immobilize the wound in a position that is, 
comfortable. 

Dressings should be changed if they become wet, omit an 
offensive smell, or if pain in the wound increases and throbs, 
indicating infection. 

Local infection can be treated by soaking in hot salty water, or 
applying poultices. Poultices will draw out the pus which 
accompanies infection and help to reduce swelling. Anything that 
can be mashed can be used for a poultice: rice, potatoes, roots, 
shredded tree bark and seeds are all suitable. Clay can also be used. 
Boil them up and wrap in a cloth. Apply to the infected area as hot 
as can be tolerated — do not risk scalding. The human body has a 
tremendous capacity for resisting infection if given proper rest and 
nutrition. 

Applied heat also aids healing. A warm rock wrapped in cloth can 
be used to provide it. 


SOAP IS ANTISEPTIC 


Soap is an excellent antiseptic and good for washing wounds. Use 
boiled water to wash your hands before cleaning a wound. Wash 


the wound in boiled water — if none is available use urine. Urine 
isa sterile fluid and will not introduce infection. It also has the 
slight beneficial effect from the uric acid which helps to clean 
the wound. 
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Stitching wounds 
Minor wounds can be closed by suturing, if there are no medics 
available to do it. (Haemostats are again useful for this.) This is 
recommended where a clean cut caused by a knife needs closing and 
for facial injuries which interfere with eating or breathing. 

First clean the wound thoroughly, then stitch across it, or use 
butterfly sutures (from your survival kit) which can be applied 
without any special skills. Some tribal peoples use the Fire ant to do 
the job, making it bite across the wound and then snapping the head 
off so that its mandibles hold the wound together. 


STITCHES 
With a sterilized needle ond thread or 
gut, make each stitch individually, 
beginning across the mid-point of the 
wound. 

Draw the edges together and tie off 
thread, then proceed working outwards 


ADHESIVE SUTURES 
Use butterfly sutures or cut adhesive 
plasters in butterfly shape. Draw edges 
(of wound together. Apply plaster to one 
side of wound, close up as much os 
possible and press down other side of 
plaster. 


If the wound becomes infected — red, swollen, tense ~ remove some 
or all the stitches to let pus out. Leave to drain, 


Open treatment 

‘Open treatment’ — covering with a dressing but not suturing — is 
the only safe way to manage survival wounds, apart from those 
mentioned. If unable to thoroughly clean a wound it must be left 
open to heal from the inside. It will form infection resistant tissue, 
recognized by its moist red granular appearance — a healthy sign in 
any wound, 

Despite precautions there will always be some degree of 
infection. Deep wounds may have to be drained and occasionally it 
may be beneficial to open an abcess (an accumulation of pus) and 
insert sterilized loose packing in the form of a bandage or a cloth. 
Leave a tail hanging out, preferably with a safety-pin in the end. 
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Allow wound to drain for a few days. If lancing or reopening a 
wound, sterilize your blade to prevent the introduction of new 
bacteria. Packing keeps wounds covered, but allows them to drain as, 
they heal from inside. Reduce packing as healing progresses, until 
able to remove it all and cover with a dressing. 


Chest wound: One of the greatest dangers with a chest wound is 
having the chest collapse. This is called a ‘sucking chest wound! In 
such wounds the chest sucks air through the wound into the space 
around the lung, rather than into the lung, The hole must be sealed 
to enable the casualty to breathe properly. The waterproof wrapper 
of a field dressing (or a plastic film from a cigarette packet or 
aluminium foil preferably coated with petroleum jelly) can be placed 
over the hole, with the clean inside against the wound, and taped in 
place. Tape is applied to the sides and top of the wrapper, leaving the 
bottom edge free. This prevents air being sucked in, while allowing 
any that has already entered to be forced out as the casualty exhales. 


Abdominal wounds: These are serious because of the danger of 
damage to the internal organs and of internal bleeding. No solids or 
liquid must be given. Thirst can be relieved by using a damp clath to 
moisten the lips and tongue of the patient. If the gut is extruded it 
must be covered and kept damp. Do not attempt to push it back into 
place. (That would make difficulties for a surgeon after rescue.) If no 
organs extrude dress and bandage firmly. 


Head injuries: Head injuries pose problems of possible brain 
damage and wounds may interfere with breathing and eating. 
Ensure that the airway is maintained and that the tongue has not 
fallen to the back of the throat. Remove any false or detached 
teeth. Control bleeding. The conscious casualty can sit up, but the 
unconscious patient must be placed in the recovery position, 
provided that no neck or spinal injuries are present. (See Fracture 
of the skull). 


‘Amputation: If a person is trapped by a limb in a burning wreck, or 
similar situation, drastic action may be required to extricate them. 
You may have to trade a limb for a life, if otherwise they would be 
burned to death, for example 
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Time is critical if you are working under pressure with increasing 
risk to yourself and the patient, from fire or other danger, But you 
‘must still take as much care as possible. 

If a limb is trapped, cut as close to the wound site as possible — 
which will probably mean cutting through bone. A saw of some sort 
is required. The flexible saw in your survival kit was originally a 
surgeon's tool and will do the job. If no saw is available, or 
amputation is because of gangrene, sever at the nearest joint. 

First apply a tourniquet and be ready to tie off arteries as they 
are exposed, of use haemostats if available. 

Make an incision in the skin and into the underlying tissue. Allow 
the skin to retract, then sever the muscles. They will retract too, leaving 
the bone or joint exposed, Saw through the bone or cut through the 
joint. Tie off arteries, if not already done, but leave the stump open to 
allow for drainage. Apply a light bandage to protect the stump. 


Traumatic amputation 


If a limb is torn off as a result of accident there is very little 
bleeding. The damaged muscle in the wall of the artery goes into 
spasm and shuts off the artery. You will be able to examine the 
wound and tie off all the arteries exposed. 


USE OF ANTISEPTICS 


IF antiseptic is available use it for cuts and abrasions. Do NOT use 
antiseptics on deep wounds. They cause further tissue drainage. 
Clean the local area with antiseptic, but wash the wound with 
boiled water. 


BURNS 


Burns, which are a common injury in aircraft accidents, cause severe 
pain and fluid loss. Victims are VERY susceptible to shock and infection. 

The skin area of the body affected can be used to assess the 
possibilities. Burns extending over 50 per cent or more of the body 
are usually fatal, if extensive medical facilities are not available. As 
a rough guide to area affected: 


Head = 9 per cent Genital area = 1 per cent 
Arms = 9 per cent each Front of legs = 9 per cent each 
Front of torso = 18 per cent Back of legs = 9 per cent each 


Back of torso = 18 per cent 
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Extinguish burning clothing 
It is vital to extinguish burning clothing without fanning the 
flames. Most people will instinctively run away from the danger 
but, as they do so, the draught will encourage the flames to 
increase. 

Get the vietim down on the ground and roll over, if possible 
covering him or her with a blanket, poncho or sleeping bag. If 
necessary roll on the victim yourself to extinguish the flames (this is 
when you find out who your real mates are! 

Remove the victim's smouldering clothing and any 
constricting garments, jewellery, ete, which may become tighter 
if swelling occurs. It is important to remove smouldering clothes 
at once, for they retain heat and can be hotter than the flames 
themselves. 


Reduce the temperature 
Drench the burned tissues with water to coo! them. Ideally submerge 
under slowly running cold water for at least 10 minutes. 

Do NOT even think of using anything to soothe the burns. 
Neither antiseptic, butter, grease, lard, calamine lotion, Vaseline nor 
anything like them should be applied. Resist the impulse! Cooling 
should continue until it produces no further relief and withdrawal 
from water does not lead to inerease in pain. 

After the initial cooling leave burns alone except for applying 
dressings, as dry and sterile as possible, to resist infection. Put 
dressings between burned fingets or toes before bandaging to 
prevent them sticking to each other. 

Later, hardwood barks such as oak or beech, which contain 
tannin can be boiled up in water. When cool it can be applied to the 
damaged areas to soothe burnt flesh. 


Give fluids 

Fluids must be given to replace those lost. Give small cold drinks 
frequently. If possible add a half teaspoonful of salt — or even 
better a pinch of bicarbonate of soda — to a pint of water. If you 
have no salt, give the patient small amounts of boiled animal 
blood to drink 


Types of burns 

Deep burns are charred or white in appearance, possibly with 
bone and muscle visible. By a merciful act of nature these burns 
are painless as the nerve endings have been destroyed, 
Superficial burns are very painful and, if covering a large area, 
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fluid loss can create even greater shock than for deep burns. The 
skin will blister but these blisters should NEVER be deliberately 
burst. If there are burns about the face and neck ensure airway 
is clear. 


Sealds: 
Are wet burns caused by hot liquids, whether water, steam, oil or 
even a poultice, Treat as for dry burns. 


Mouth and throat burns: 
Possible from inhaling flame or hot gases, accidentally drinking 
from a very hot vessel — or swallowing very hot liquids or 
corrosive chemicals. Give sips of cold water to cool. Swelling in 
the throat may affect breathing and artificial respiration may be 
required 


Eye burns: 
Spitting fat or corrosive chemicals may burn the eyeball. Hold 
the lids open and pour plenty of water over it to wash out 
chemicals. Tilt head so that chemical is not washed into mouth 
CF nose or into other eye if only one is affected. 


Chemical burns: 
Use copious amounts of water to dilute and wash off chemicals. 
Remove clothing that may retain corrosive substances. Do not 
attempt neutralizing acid with alkali or vice-versa; chemical 
interaction will produce more heat. Continue to treat as for heat 
burn. 


Electrical and lightning burns: 
Check respiration. Treat as for heat burns. Take no risks if current 
still live. 


BURNS AND SHOCK 


All except small or superficial burns and electric burns are likely 
to result in shock, the degree dependent upon the amount of 


plasma fluid lost. Flooding with cold water in the case of 
extensive burns could inerease shock, but that must be weighed 
against dramatically reducing tissue damage. Keep up cooling 
for at least 10 minutes. 
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FRACTURES 


Accidents may produce sprains and bruises, broken arms and legs 
and compression fractures of the back. Broken bones should be 
examined early, before swelling complicates location. Always look 
before touching and moving an injured person. However, treat 
asphyxia and bleeding first and do not seek to set a fracture in an 
urgent emergency when there are others with more pressing injuries 
to treat. immobilize before moving, if possible, and finish treatment 
later. 

There are two types of fracture: open and closed. In an open 
fracture the bone may push through the skin or there may be a 
‘wound leading down to the fracture. In these fractures infection can 
gain direct access to the bone and they must be treated very 
seriously. If the limb is grossly distorted by the fracture it must be 
straightened before splinting. It will be painful. If the patient is 
unconscious do it straight away. 

Fractures which neither penetrate the skin nor are exposed to the 
air are known as closed fractures. 


Symptoms 

= Pain, usually severe, aggravated by attempted movement of 
injured part, 

~ Tenderness, even with only gentle pressure. 

~ Swelling (caused by loss of blood into the tissues}, later 
showing discoloration or bruising, 

~ Deformity: apparent shortening of a limb, irregularity either 
visible or to touch, unnatural movement, imp and wobbly imbs — 
‘compare a suspect area with the unharmed opposite side. 

= A grating sound when limbs are moved (do NOT move limbs 
deliberately to check for this). 


unharmed limb, 


Compare injured limb with opp 


Reduction 
If medical help is expected, immobilize closed fractures and leave 
them for professional treatment, but — if none can be expected — 
‘reduce’ them as soon as possible after injury, before a painful 
muscle spasm sets in. 

Apply traction {a slow, strong pull — not a tug) until the 
overriding edges of fractured bone are brought into line. Check 
alignment with the other limb, Then splint and immobilize, keeping 
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A WIDE RANGE OF 
lOT REQUIREMENTS 


‘There will be a wide range of [oT use cases in the future, and the market is now expanding toward 
both Massive loT deployment as well as more advanced solutions that may be categorized as 
Critical IoT, as shown in Figure 4. 
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Figure 4: Difering requirements for Massive and Critical loT applications 


‘At one end of the scale, in Massive loT applications ~ typically sensors that report to the cloud 
‘on a regular basis ~ the end-to-end cost must be low enough for the business case to make 
sense, Here, the requirement is for low-cost devices with low energy consumption and good 
coverage, 

‘tthe other end of the scale, Critical loT applications will have very high demands for reliability, 
availabilty and low latency. These use cases are enabled by LTE or 5G capabilities. Here, the 
volumes are typically much smaller, but the business value is significantly higher. 

There are, hawever, many other use cases between the two extremes, which today rely on 2G, 
3G or 4G connectivity. 


MASSIVE IOT USE CASE DIVERSITY 
The Massive oT market segment includes several applications widely used in industries and 
societies, as shown in Figure 5, 


Figure 5: Industry and society applications enabled by LPWA. 
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up the traction to ensure it does not slip back. A splint will now be 
needled and can be made from all sorts of material — ski sticks, branches, 
ships spars, parts of wreckage, driftwood, rolls of newspaper, etc. 


NOTE: Separate all hard splint material from the skin with padding 
= moss is useful for this — or pressure sores may develop. 


IMMOBILIZATION 


Immobilize the whole length of the limb. Use slings to support bent- 
arm fractures. If no splint is available, or to increase immobilization, 
strap injured limb to uninjured limb or to body. Insert padding in any 
natural hollows to keep limbs in position. Secure firmly above and 
below fracture and below nearest joints. Tie with any soft materials 
available. Place all knots on same side, giving easy access, and use 
reef knots or reef bows. 

CHECK CIRCULATION PERIODICALLY. 


Sling materials 

Triangular bandages are excellent for making slings (See Bandaging) 
= but slings can also be improvised from pieces of clothing, belts, 
ete, as shown in these illustrations. Do NOT tie splints directly over 
injury or allow knots to press against the limb. 

CHECK CIRCULATION. 


~ FRACTURE OF ARM BELOW ELBOW 
~ FRACTURE OF HAND OR FINGERS 
Place sling {in this cose a long-sleeved 
sweatshirt) between arm ond body 
Immobilize from elbow to mid-fingers 
with @ padded splint. Take one arm of 
hist behind head and tie to other on 
‘opposite side to injury. Knot below elbow 
to stop slipping. 

Arm is elevated to. prevent severe 
swelling, 


420 


FIRST AID 
FRACTURE AT ELBOW 


IF elbow is bent: support in narrow If elbow is straight: do not bend it 
sling. Bind across upper arm and chest Place pod in armpit and steap arm to 
to prevent mavement. Check the pulse body or place padded splints either 
to ensure that an artery has not bee 
tropped. If no pulse try stroightening 
the arm a litle to see if 
there is mo pulse m 
urgently needed. 


will return IF 


eal aid is ae 


FRACTURE OF UPPER ARM 
Place pad in armpit. Splint from 
shoulder to elbow on outside of orm. 

‘Narrow sling at wrist. Bind arm and 
chest | 


~ FRACTURE OF SHOULDER BLADE 
~ FRACTURE OF COLLARBONE 
Make sling to toke weight off the 
injured part 

Immobilize 


‘with bandage aevoss orm 
and body. 


WARNING 


CHECK periodically that circulation is not impeded. Biue or ashen 
fingers and toes are the obvious danger warnings that straps and 
dressings are too tight. 
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For any fracture of the thigh or lower leg a figure-of-eight bandage 
should be applied, binding the feet and ankles of both legs. This 
controls rotation and counters shortening, 


FRACTURE OF HIP OR UPPER LEG 


Place splint on inside leg and onoth 


le t0 armpit. Use stck top 


ints are available pad between 


legs (a folded blanket is ideal) and tie to 


FRACTURE TO KNEE 
If eg is straight: place splint behind leg 


Apply cold compress to knee ( 


legis bent ond 
boring legs. toge 


er, place padding 
‘between calves and thighs and strap in 
those places. This con only be 

temporary measure until proper medical 


help is available. If help is out of the 
question, the leg must be made as 


straight as possible 
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FRACTURE TO LOWER LEG 
Splint from abave knee to beyond 
or pad between Jegs ond tie toget 
(see Fracture of hip) 


FRACTURE OF ANKLE OR FOOT 
Not usual to 


ize with pillow 
or blanket folded around ankle and 
under foot, strapped twice at ankle and 


‘once under foot. Alternatively: if no 
wound, leave shoe or boot to provide 
stability Do NOT alfow casualty to put 


ight on foot 


FRACTURE OF PELVIS 
Symptoms include pain in the groin or 
Tower abdomen. Pod between thighs. Tie 
at knees and ankles. Pace pillow sup 
beneath bent legs and strap to 
support (door, tabletop, stretcher) ot 
shoulder, woist and ankle 


oR 
Place padding between legs. Bandage 
‘around feet, ankles, knees and with two 
‘overlapping bandages over pelvis: 


Fracture of the skull 
Blood or straw-coloured fluid seeping from the ear or nose may 
indicate a fractured skull Place the casualty in the recovery position, 
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with the leaking side down. Allow the fluid to escape — bandaging 
of plugging could cause a build-up in the skull and pressure on 
the brain, 

Keep a careful check on the casualty’s breathing. Completely 
immobilize and keep comfortable. 


Fracture of the spine 

Must always be suspected when a casualty complains of pain in the 
back or neck, with possible loss of sensation in the lower limbs. Test 
for ‘feeling’ by gently touching the limb. Ask casualty to move 
fingers and toes. Warn the patient to le still. If medical assistance is 
expected and the area is safe, immobilize by placing soft but solid 
objects such as luggage or padded rocks to prevent movement of 
head or body. 


Fracture of the neck 

If a neck fracture is suspected, it is ESSENTIAL to immobilize it with 
a cervical collar, or to place a bag of earth or something similar 
against either side of the neck to prevent movement. 


CERVICAL COLLAR 
Make from rolled-uo newspaper, folded 
towel, cor mat etc. Fold to about 
10-14em (4-5!in) wide — distance 
from top of breastbone to jaw. Fold in 
edges to moke narrower at back than 
front. Overlap around neck Secure 
ploce with 0 belt or tie. 


Whilst the patient's shoulders and pelvis are firmly held, place 
pads of some material between the thighs, knees and ankles. Tie the 
ankles and feet together with a figure-of-eight bandage. Apply 
broad bandages around the knees and thighs. Keep completely 
immobilized and hope for early rescue. 
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SPRAINS/DISLOCATIONS 


Sprains 

Assprain occurs at a joint and is caused by the wrenching or tearing 
of tissues connected with the joint. The symptoms are pain, swelling 
and the later appearance of bruises. If in doubt whether a sprain or 
a break, treat as a fracture. 

Sprains are best exercised through a full range of movements, 
but NOT put under very painful stress, which could cause permanent 
damage. Bathe sprains with cold water to reduce swelling. Support 
with a bandage — crepe if possible (it should not constrict). Elevate 
the affected limb and rest completely. 

If you sprain an ankle and have to keep on walking keep your 
boot on. If you take it off, the swelling will stop you putting it back 
on, Left on, the boot acts like a splint 


Dislocations 

Dislocations are usually caused by a fall, blow or sudden force 
applied to a joint which pulls it apart. There is pain and obvious 
deformity, often with one end of the bone clearly felt under the 
skin. There is no grating sound, for the bone ends are not usually 
damaged. Muscle spasms ‘fix’ the bone in position, making it very 
painful to replace. Shoulders are especially prone to distocation. 


Dislocated shoulder: Take off your shoe and put foot in patient's 
armpit, Pull on arm. 

An alternative, but more risky method, flexes the elbow at a 
right-angle and uses it as a lever. 

Support arm with a sling and immobilize wi 
cchest and rest completely 
Dislocated finger: Replace by pulling on finger, then gently 
releasing it so that the bone slips back into place. It helps if someone 
else can hold the patient's wrist. 

Try this only gently with the thumb. If it does not work first time 
‘on the thumb, leave well alone or you will do more damage. 
Dislocated jaw: Usually caused by a blow — though sometimes by 
yawning! Place pad of cloth over lower teeth on each side. With 
patient's head resting on a firm support, press downwards on these 
pads with your thumbs, simultaneously rotating the dislocated side 
of the jaw backwards and upwards with your fingers. It should snap 
into place 

Bandage around the head and under jaw and leave supported for 
two weeks. Feed soft foods. 


a bandage across, 
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SHOCK 


Shock can kill. Its prevention and treatment must be a major 
objective of first aid, 
The signs of all types of shock are: 


~ State of collapse 

~ Extreme pallor 

~ Cold sweaty skin 

~ Feeble but rapid pulse 


~ Excitement and apprehension 


Nervous system: This initial shock produces an acute slowing of 
the heart with dropping blood pressure. In severe injuries, it 
can stop the heart, Pain and excessive nerve stimulation are the 
main causes. 


Shock from blood loss: Delayed shack may occur a few minutes to 
many hours after an injury. It is brought on by blood loss, burns, 
abdominal injuries and continuing considerable loss of fluid due to 
vomiting or diarrhoea, Blood poisoning from injuries and infection 
produces another kind of shock. 


‘Treatment 

Lay the survivor flat and elevate the legs. Loosen tight or 
restrictive clothing around the neck, chest or abdomen. Rest 
and reassure. 

Do NOT give liquids. Maintain body heat but do not add heat ~ 
warming the surface of the body will draw blood away from the 
internal organs which need it most. 

Your attitude and actions are very important in treating shock. 
If you appear calm and in charge of the situation the patient will 
feel cared for and respond. Stay with them if you can, do not leave 
a shock victim on their own, Holding a hand is calming and 
reassuring and 2 moist cloth wiped occasionally across the forehead 
often helps. 

Stand by to give mouth-to-mouth resuscitation and cardiac 
compression if the patient's breathing or heart stops. Treat 
all injuries and relieve pain with drugs if available. Shock can 
take a long time to pass, do NOT move unnecessarily and 
encourage rest. 


426 


FIRST AID 


BANDAGING 


Triangular bandage 

A triangular bandage, with its short sides not less than tm (370), is a 
versatile dressing. Use for slings, or folded to make a wide range of 
bandages and supports 
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Roll and improvised bandages 
Roll bandages are usually of open weave gauze but those of crepe 
material (which stretch) are easier to apply, less likely to come loose 
and apply pressure more evenly. Adhesive tapes can be useful 
for fixing dressings to areas that are difficult to bandage. Some 
people are allergic to them — in which case use the tape to fix 
bandage to bandage. 

All kinds of material, especially clothing, can be used to 
improvise bandages and supports, but they should never exert more 
pressure than is required, nor cut into the flesh. 


Dressings 

Dressings usually consist of a pad of cotton wool covered with gauze 
and attached to a bandage or an adhesive sirip, in a sterile 
wrapping. Apply without touching the dressing pad. Improvise 
dressings from the cleanest material available. Do not use cotton 
wool directly on an open wound. It will adhere to the surface. 
Change dressings when they become wet, smell, or throbbing of the 
‘wound indicates infection, 


Simple bandaging 

Bandages should be applied firmly enough to stop slipping, but 
NOT so tight as to interfere with circulation or cause pain. Even 
with improvised bandages you will find application easiest if you 
roll the bandage to begin with. Unrolling the bandage as you 
apply it will help to keep the bandage smooth and evenly 
applied. 

‘Always begin bandaging with a firm oblique turn to anchor it 
Each turn should overlap the previous one by two-thirds, with the 
‘edges lying parallel. Tuck in the ends of bandages below the 
last layer and secure with a safety pin or adhesive tape, or split the 
tend, take ends in opposite directions and tie ina reef knot away 
from the wound 


~ Hand: Begin at wrist. Carry bandage over back of hand, 
around fingers (just below finger nails), across the palm and 
around the wrist. Repeat until the hand is covered and the 
bandage secure. 


~ Foot: Begin at ankle to prevent slipping, Follow technique for 
hand bandaging, 


~ Forearm or foreleg: Begin at the lowest point. Work upwards, 
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- Elbow or knee: Begin with a turn around the joint then 
alternately above and below it 


= Upper arm or leg: Apply as a figure-of-eight spiral. If 
bandaging begins over knee or elbow simply carry on upwards 
in this manner. 


BE AWARE 


= Do not join bandages with knots. If you need to use separate 
strips, bind new one over that already applied to hold it in 
position. 

~ Always tie a finishing knot or bow over the uninjured side or 
uninjured limb, or the casualty will be uncomfortable 


~ Use reef knots or bows which are easy to untie. Try to keep knots 
fastenings an the outside so that they are easily accessible to 
Femove or change dressings. 


= Check regularly that bandages are not too tight. Look for any 
sign of blueness at extremities that would indicate restricted 
circulation. 


~ Pass bandages under a casualty making use of the natural 
hollows of the body: neck, waist, croteh, knees. 


MINOR AILMENTS 


In a survival situation even the most minor ailment should NOT be 
ignored. Small problems become larger if they are untreated 
Anything which puts strain upon the body will make you less able to 
deal with other problems and stresses. 

Do NOT be tempted to deal with corns and callouses by cutting 
them out. You risk opening up a channel for infection which could 
bbe worse than the corn 


Blisters 
Usually a problem on the feet, though hands not used to survival 
tasks and tools may blister too. Reduce the risk by wearing gloves or 
wrappings on the hands. Choose tool handles carefully and shoes 
that fit perfectly! Badly fitting boots can skin you. Break them in by 
soaking in water and rubbing in oils to make them supple. 

One of the main causes of foot blisters is socks falling down and 
rucking. This is frequently a problem after wading through water. 
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‘The potential applications forthe loT run into the millions, with a huge variety of requirements 
regarding cost, battery life, coverage, connectivity performance (throughput and capacity), 

security and reliability. Figure llustrates some such applications and thelr requirements regarding 

dovices and connectivity. 

‘Some devices will only send a few messages per day ~ such as status cont 
indicators for temperature ~ while others may need to transmit a video 
stream to guide a remate repair technician, for example, The difference 
in throughput requirements is huge. f operators or service providers 
handle several applications, it may be of great benefit to be able to 
harmonize communication modules, s0 that they all use the same 
underlying radio solution to reduce operational and fault management 
‘effort and complexity. 

Many higher-value applications will require two-way communications 
in other words, an uplink as well as a downlink —to enable monitoring 
{and control af devices in systems like heating, ventilation and cooling 
plants. The lang lifetime of many laT applications makes it valuable to Bhractona dat, ett an os 
be able to perform overthe-air device updates for new functionality or 
parameter settings, The amount of data sent fr such updates can often seenty 
bbe more demanding for the netwark than the monitoring or contral “arapr and gat: aot cry 
application itsett. ttt Pcs ott acne 
Relatively simple uplink-focused applications can benefit greatly from eH Beitaige oe asoraon 
1 bi-irectioal link to provide robustness. For example, a connected — Figue 4: Device and connect raquement or sample lo use 
‘smoke detector must deliver a smoke alarm with absolute certainty. The cases. 
ablity fa network to provide acknowledgements ofa received message 
enables better fault management and the required level af rliabilty. Positioning can be used to 
locate the sensor at the paint it failed and simplify operations. For tracking applications, location 
information is essential. 

In applications lke building security, sensitive information could be reported over the air, which 
will requice strict security. Furthermore, in the case of a break-in itis crucial that the alarm 
information reaches the control centr in ime ~ making QoS and two-way communication Vital 


KEY CHALLENGES FOR MASSIVE IOT 

The key challenges to enabiing large-scale uptake of Massive loT include: 

Device cost clearly key enabler for high-volume, mass-market applications, enabling many 
of the use cases. 

Batter life - many loT devices willbe battery-powered, and often the cost of replacing batteries 
in the field is not viable. 

Coverage - deep indoor connectivity is a requirement for many applications inthe utility area. 
Furthermore, regional (or even national or global) coverage isa prerequisite for many use cases, 
‘especially within the transport area. 

‘Scalability - in order to enable a Massive IoT market, networks need to scale efficiently. The 
inital investment required for supporting a limited number of devices has to be manageable, 
while on the other hand, the network capacity must be easy to scale to handle thousands ~ or 
millions ~ of devices. 

Diversity ~ connectivity should be able to support diverse requirements from different use 
‘cases, One network supporting everything ftom simple static sensors to tracking services, to 
applications requiring higher throughput and lower latency is essential in terms of total cost of 
‘ownership (TCO). 
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Pull them up and, if necessary, tie them to the top of your boots. It 
is preferable to wear two pairs of socks — an inner of nylon, next to 
the skin, and an outer pair of wool. This stops them from slipping, 
Treatment: Wash the area of the blister. Sterilize a needle. Pierce the 
blister near its edge. Gently press out fluid. Cover with cloth and 
tape or bandage into place. 


Objects in the eye 

First inspect the eyeball and the lower lid, pulling it downwards to 
see the inside surface (ask the patient to look upwards). Remove any 
foreign body with a moist camer of cloth. 

If you can sce nothing there, and the problem is under the upper 
lid, you may be able to brush it out by pulling the lid down over 
the lower lashes and letting them brush it out. If that does not work, 
grasp upper lashes between thumb and index finger and pull 
lid up. IF doing this for someone else, it is best if you place a 
matchstick or small twig over the lid and fold the lid back over 
Get the patient to look down. Inspect both eye and underside of 
lid. Remove with a moist corner of cloth, a clean fine brush or even 
a feather. If doing this to yourself, look in a mirror, rather than try 
to work by touch, 


Earache 

Unless due to an infection this is usually due to the pressure of 
wax on the eardrum — but it can be unbearable. Warm up a few 
drops of any edible oil available, pour it into the ear and plug with 
cotton wool. The heat alone will be soothing and the oil will soften 
any wax, 


Toothache and tooth loss 

Usually caused by a cavity in a tooth or by a filling falling out, 
exposing a nerve, toothache is a problem you can well do without in 
a survival situation. 

Treat it by plugging the hole to cover the nerve and the pain will 
subside. The resin from a pine or similar tree will help. Sear the trunk 
and gum will ooze out. Soak up a small amount on cotton wool and 
use this to plug the hole. 

If a tooth is knocked out in an accident, put a cloth pad on the 
empty socket and apply pressure by biting down on it to stop 
bleeding 

Take care of your teeth. Use splintered soft woods and plants for 
brushing, Strip the inner core of parachute cord to use as dental 
floss. 


430 


FIRST AID 


PAINKILLERS 


Morphine 

Morphine is the standard accepted analgesic carried as part of the 
medical kit of planes and ships and by the military. A very powerful 
painkiller, usually given by injection, it is excellent for treating 
casualties in great pain and minimizes the effect of shock, but it has 
several side-effects. 

It depresses the breathing, indeed may stop it altogether. It 
causes nausea. It should NOT, therefore, be given to cases already 
likely to be affected in these ways. 

Morphine comes in tubonic ampoules which contain 10-15mg, 
The needle is fixed and can be self-injected. Choose the largest 
muscle available for the injection. If self-administered, the upper 
quadrant of the thigh. If injecting a patient, the upper outer 
quadrant of the buttocks. 


USE MORPHINE FOR: 
~ Fractures 
= Amputations 
~~ Serious burns 
= Abdominal injury of a straightforward perforation by a sharp 
object 


DO NOT GIVE MORPHINE TO: 
~ People with respiratory difficulties, such as head and chest 
wounds 
~ Snake-bite victims (snake venom affects the respiratory system) 
~ Children or pregnant women 
~ Casualties who have lost a lot of blood 


= Crush type injuries with suspected internal damage 


WARNING 


MORPHINE CAN BE LETHAL 
‘An overdosage of morphine will kill. Do NOT repeat for at least 
three hours. Once a patient has been injected record the time and 
dosage, preferably on the forehead of the parent, and pin the 
empty syrette to their collar. 


431 


HEALTH 


Temgesic tablets 
These are an alternative to morphine. They are slower to take 
effect but can be used when morphine cannot, when there are 
abdominal wounds for instance. They are placed under the tongue 
and should not be chewed or swallowed. Give 1 tablet for 
moderate pain, 2 when severe, not more than 4 times a day. Can 
produce drowsiness and hallucinations. Do NOT give to children or 
pregnant women. 


Drugs for minor pain 

Aspirin and Paracetamol are the best drugs for general pain relief. 
Aspirin will also help to control fever in ‘flu-like illnesses. Do NOT 
give aspirin to people prone to indigestion, stomach ulcer, ete — it 
can cause irritation to, and bleeding from, the lining of the 
stomach. 


MOVING THE INJURED 


Anyone with injuries to the spine or lower limbs should be carried 
on a stretcher if possible. 

A stretcher can be improvised by passing two poles through 
pieces of sacking, heavy plastic bags or clothing — jerseys, buttoned 
jackets, shirts ete. Or from blankets folded around one pole, then 
wrapped under and over another. Or from doors and tabletops. If no 
poles are available roll in the sides of a blanket and use the rolls to 
give a firm grip when carrying. Always test an improvised stretcher 
with a fit person before using it for the injured. 


REMOVING FROM DANGER 


You may have to move even 2 person with spinal injuries, if they 
are in further danger. If three or four people are available roll the 
patient on to an improvised stretcher. Do nat bend or twist. One 
person should be responsible solely for maintaining stability of the 
head and neck. Another holds the shoulders. If there is no stretcher 


( board roll onto a blanket or coat. Support the head and torso 
steady even if the legs drag, 


IF working alone do not attempt to turn casualty over Pull by the 
shoulders if face down, by the ankles if face up, in the direction in 
‘which the body is lying. Do not twist. On rough ground or steps 
drag from behind, pull by shoulders, resting head on your forearms, 
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Loading a stretcher 

If the patient is on a blanket, or can be rolled on to one, the edges 
of the blanket can be rolled to give a firmer grip. Methods of 
lifting without a blanket depend upon the number of helpers. 
When lifting with others, agree signals first for synchronizing 
movements. 


WITH 4 PERSONS 
Three lift from some side, C supports 
head and shoulders D hooks fingers 
vith adjoining hands of B and C to aid 
lift. A, BC support while D places 
stretcher in position. D helps lower 
casualty. 


WITH 3 PERSONS 
Place stretcher at patient's head. C lifts 
tt knees. faces B, lacking fingers under 
shoulders and hips. Move casualty from 
Foot of stretcher to over it 


WITH 2 PERSONS 
Both stand astride casualty. B links arms 
beneath shoulders A lifts with one hand 
beneath thighs the other beneath knees. 

Both move forward to above stretc 

Use this technique in narrow spaces, 

even if mare help is available 


Lifting on your own 
If help is available do NOT attempt to move an injured person on 
your own. If there is no alternative, relate the method to the 
weight and condition of the casualty — and the distance to be 
carried. Do not choose a method you cannot sustain. Dropping the 
patient will not only risk worse injury but will reduce the victim's 
trust in you. If the victim is too heavy to lift, drag them on a 
blanket or a coat 


Cradle: Suitable for small children or the very lightweight. Lift with 
fone arm beneath the knees, the other around the shoulders. With 
some weights it will be easier to support in a sitting position. 
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Crutch: Place and hold casualty’s arm around your neck (not an 
injured arm). Put your arm around casualty’s waist. Give extra 
support by grasping clothing at hip. 


Pickaback: Crouch while casualty puts arms around your neck. Lift 
legs on either side of your body. Casualty must be conscious and 
injuries must permit them to maintain hold onto your shoulders or 
around your neck. 


Fireman's lift 

Not a suitable method with a heavy casualty. With conscious person 
help them to an upright position. If on a chair allow them to fall 
forward over your shoulders. Otherwise, the method is as for the 
unconscious. 


If casualty is unconscious: Place foce 
down, Knee! 0t heod. Side hands under 
shoulders. 


Lift casualty under armpits to kneeling 


position, then to Raise 
casualty’s right orm your left 
hand. 


Alternatively: With casualty on back 
lift from behind. Stond astride cosualty, 
facing head. Lift under armpits, 10 
kneeling position. Ten drag back 

straighten legs. Manoeuvre forward to 
standing and support under armpits. 
Raise casualty’ right arm and quickly 


move under ‘it, release it and end 
ce, still supporting him. Raise 
his right arm (with your left hand), 
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IF casualty is conscious: Bend to Go down an to your right knee if you 
place your head under casualty’s arm wish. Allow weight to fall across your 
{at same time lifting it over your head). shoulders and back. Place your right 
Bend further, placing your right — arm between or around legs 
shoulder level with casuc 

‘abdom 


@ 


ht wist to your — This isa relatively comfortable position 
in which weight is spread across your 


altys 
right hand ond lif, taking weight 
der. Press down o 


our right sho\ shoulders. But casualty’s head is 


hanging down — bod for heod or facial 


ip push yourself up. injures. 
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Lifting with a sling 

Another method for lifting an unconscious person, and the best 
‘one-man carry for a long distance. A sling is needed which is wide 
enough not to cut into the casualty, and long enough to go over 
your shoulders and twice across the victim's back. Two triangular 
bandages, a rifle sling, broad belts or luggage straps of webbing or 
leather could all be used. If rope is used, it must be padded to 
prevent it cutting or chafing 


MAKE SLING 
Form sling into a continuous 
place beneath casualty’s thi 


lower back. FD 


op and 


LE BETWEEN CASUALTY’S LEGS 
Thrust arms throug} 


Of slack in sling. Grasp casu 
‘and grip trouser or leg on injured side of 
body. Turn away from the injured side 


railing over so that casualty ies on top. 


ADJUST SLING 
To make body comfortable on your back 
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RISE TO A KNEEL 
belt will lift the casualty on your 
the belt feels loose, of the 


oly feels unsafe, return to previous 
position and adjust Strops. Use a hen 
‘on the raised knee to help push yourself 
upright 


—, 


CARRYING THE CASUALTY 
The weight is now carried over your 
bock. You can hold the casualty’s wrists 
to steady the weight but should be able 
to proceed with bath hands free 


Two-persons seat 


IF the cosualty is able to use 
his or her orm 
the corres shoulders, two 


people can make a four 
handed seat. Grip 05 
right hand on your left wrist, 3 ry 
left on the ether person's 
right. 
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Casualties unable to use their arms can 
be sifted by the carn 

either side ond reaching across the 
cusualty’s back, gripping clothing if 
possible. The forward hand is slipped 
beneath the thighs and gripped in a 
padded finger hook-grip. 


ers. stooping on 


EMERGENCY CHILDBIRTH 


The stress of an emergency sometimes precipitates labour. The signs 
include a low backache, regular contractions in the lower abdomen, 
a discharge of bloodstained mucus and sometimes the ‘breaking of 
the waters: 

Sterilize scissors or a knife and three 20cm (in) lengths of string 
Prepare a comfortable and clean surface for the mother. Have plenty 
of hot water available. 

Helpers should scrub their hands thoroughly and should not 
include anyone with any sign of a cold o infection or with sores on 
their hands. 


First stage of labour 

Uterus contracts at 10-20 minute intervals. Increase in bloodstained 
mucus. Cramp-like pains lasting up to 2 minute become increasingly 
more frequent. This stage may last several hours. 


Second stage 
Half litre (1pt) or more of water flows out in a rush — the ‘breaking 
of the waters: Mother should lie on her back. During contractions 
she should bring her knees up and grasp them with her hands, 
bending her head towards them and holding her breath. She should 
rest between contractions. 

When a bulge appears delivery is near. Mother should adopt a 
delivery position, Either: Lying on side with knees drawn-up and 
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buttocks near the edge of a bed, tabletop, ete, or crouching (which 
is often a better position if the mother feels strong enough). 


Delivery 
Mother should NOT hold her breath and should NOT bear down 
during contractions. She should take short breaths with her mouth 
open. By panting she makes it easier for the baby to emerge slowly 
and smoothly. If mother makes a bowel movement during delivery 
wipe clean from front to back. 


~ The baby’s head usually emerges first, but not always. 


= Tear any membrane covering the baby's face. 


= If the umbilical cord is around the baby's neck — ease it over the 
head or loop it over the shoulder 


~ Support the baby's head in the palm of your hands. As the 
shoulders appear support body under armpits and lift towards 
mother's abdomen. Be prepared for the baby to be very slippery. 


~ Ensuring that no tension is put on the cord, place the baby by 
mother’s legs (or if she is lying on her back, not side, between 
them); head lower than body. 


~ If baby does not appear head-first and delivery is held up for more 
than three minutes after shoulders emerge, pull very gently. 


After delivery 

Bind a cloth around baby’s ankles. Hook one or two fingers under 
cloth to support baby, hanging head downwards, to allow fluid to 
drain from its mouth and nose. Hold head slightly back and mouth 
‘open. Wipe away any mucus or blood. When the baby cries lay it by 
its mother's breast 

If it does not ery and does not show any signs of breathing 
within two minutes of delivery begin very gentle mouth-to-mouth 
resuscitation. 

Better now for mother to lie on her back, with legs apart, for 
delivery of placenta (afterbirth), usually about 10 minutes later. 
After delivery of placenta, or after cord has stopped pulsating, the 
blood should flow out of the cord into the baby, the cord becoming 
white instead of blue. 

Firmly tie a piece of sterile thread around it 1Sem (6in) from 
baby's navel. Then tie with another thread at 20em (Bin). Check that 
the first tie is really secure or the baby may lose blood. With sterile 
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THe ADVANTAGES 
OF CELLULAR 
TECHNOLOGIES 


Each of the technologies available for loT connectivity has its own advantages and disadvantages, 
However, the range of loT connectivity requirements — both technical and commercial ~ means 
cellular technologies can provide clear benefits across a wide variety of applications, as 
‘summarized in Figure 7 


ity 


ray seat 


Figure 7: Advantages of celular technologies. 


In terms of global reach, cellular networks slready cover 90 percent of the world’s population 
WCDMA and LTE are catching up, but GSM will offer superior coverage in many markets for 
years to come. Cellular networks have been developed and deployed over three decades, and 
they will be around for the foreseeable future. 

The cellular mobile industry represents a huge and mature ecosystem, incorporating chipset, 
device and network equipment vendors, operators, application providers and many others. The 
global cellular ecosystem Is governed by the GGPP standardization forum, which guarantees 
broad industry support for future development. 

When it comes to scalability, cellular networks are built to handle massive volumes af mobile 
broadband traffic; the traffic trom most IoT applications will be relatively small and easily absorbed. 
Operators are able to offer connectivity for loT applications from the start-up phase and grow 
this business with low TCO and only limited additional investment and effort. Operation in licensed 
spectrum also provides predictable and controlled interference, which enables efficient use of 
the spectrum to support massive volumes of devices 

Cellular connectivity offers the diversity to serve a wide range of applications with varying 
requirements within one network. While competing unlicensed LPWA technologies are designed 
solely for very low-end MTC applications, cellular networks can address everything from Massive 
to Critical loT use cases, 

QoS mechanisms will be essential for many loT applications. Cellular systems have mature 
QoS functionality, and this enables critical MTC applications to be handled together with traffic 
from sensors, voice and mobile-broadband traffic on the same carrier. 00S, alang with licensed 
spectrum as described above, provides a foundation for long-term Service Level Agreements 
with a specific grade of service. 
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scissors or knife sever the cord between the two ties. Place a sterile 
dressing over the cut end. Leave for 10 minutes then check that 
there has been no bleeding. Tie a further thread 10cm (4in) from the 
baby. 

Wash the mother, give her hot drinks and encourage her to 
sleep. 


BITES 


Mammal bites 

Animal bites are chiefly dangerous because of the infections that 
can result from bacteria in the animal's mouth. Rabies, the most 
serious, is almost always fatal if it has developed sufficiently to 
produce the symptoms of increasing irritability, dislike of light, 
hydrophobia (violent aversion to water) and paralysis. Under 
emergency survival conditions, with no vaccine, there is no hope of 
treating it, Great care must be taken that the victim does not 
transmit the disease to anyone else. Felines, canines and apes 
and many other animals can carry rabies, there is even a form 
carried by bats. 

If you are bitten at any time in a survival situation, even if the 
bite heals and all seems well, you MUST report the bite when you are 
rescued. You should be examined by a doctor. 

‘Any bite could also cause tetanus. Anti-tetanus shots are sensible 
for everyone and rabies vaccine for those travelling in areas where 
rabies may be expected. 

Thoroughly cleanse all animal bites, washing for at least five 
minutes to remove saliva and wash out any infection. Then deal with 
bleeding, dress and bandage. 


Snake bites 

Few snake bites are fatal if anti-venom is available. The victim 
who is rushed to hospital within an hour or two is usually 
treated in time, provided the kind of snake is known so that the 
correct anti-venom can be prepared. Under survival conditions 
access to anti-venom is unlikely and the victim may not be so 
lucky but, fortunately, only a small proportion of snakes are 
venomous, 

The fangs which discharge the poison of many snakes are set at 
the front of the upper jaw and leave distinctive puncture marks as 
well as the pattern of the bite (those of Coral snakes of the Americas 
‘may not be noticeable}. 
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Non-poisonous snakes can also administer a savage bite. If you 
are not certain whether a snake was poisonous or not, treat as 
poisonous (though it may calm the patient to say that it was not a 
poisonous snake), 


TREATMENT: The aim is to prevent poison spreading through the 
body. Reassure the victim. Make them relax, resting with the bitten 
area lower than the heart. Wash away any venom on the surface of 
the skin, with soap if possible. Place a restricting bandage — NOT a 
tourniquet — above the bite, and bandage down over the bite. For 
instance, if the victim has been bitten on the ankle, start bandaging 
at the knee. This bandage prevents the toxin from spreading rapidly 
and being taken up by the lymphatic system. 

Place wound in cool water — a stream for instance. Use ice if 
available to keep as cool as possible. 

The casualty will almost certainly need treatment for shock and 
may also require artificial respiration, keep a check on breathing, 

Never cut a snake bite or try to suck out the poison. 


Venomous and dangerous animals 
For identification and details of SYMPTOMS (see Dangerous 
Creatures colour illustrations). 


Spider bites 

Spider bites should be treated in the same way as snake bites. A cold 
compress (like a poultice, but cold — ice wrapped in a cloth is ideal, 
if available) helps to reduce pain. 


Stings 

Scorpions can inject powerful venom. Bee, wasp and hornet stings 
‘can cause severe reactions in some people. Multiple stings are very 
dangerous — the amount of toxin and the inflammation this causes, 
may affect respiration. 

Bee stings are left in the skin and should be carefully removed. 
Do not squeeze the stinger end or more venom will be injected. 
Stroke the sting with the side of a needle to draw it out ~ DON'T 
prod with the point. 

Treatment is again like that for snake bite. 


Chiggers, Ticks, Mosquitoes 

Most small insect bites are a nuisance rather than a danger, but 
some can carry diseases. (See Warm climate diseases, this section, 
and Tropical regions in Climate and Terrain) 
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GENERAL POISONING 


The quickest way to remove a poison that has been swallowed is to 
vomit it up — but this is DANGEROUS in the case of caustic 
chemicals and oily substances that can produce further damage 
when being brought up. In cases of suspected plant poisoning 
always induce vomiting by putting a finger down the throat. 

In ordinary domestic as well as survival conditions food and 
drink containers may have been wrongly used to store toxic 
substances (despite the fact that it is against the law in Britain). 
Always check they actually contain what the label says and take 
particular care that hungry or thirsty children do not help 
themselves to cream sodas that are actually the camp fuel or 
bleach reserves. 

An effective ‘universal’ antidote, which will also help to absorb a 
poisonous liquid can be made up from tea (tannic acid) and charcoal 
= with an equal part of milk of magnesia if available — or just use 
charcoal. The aim is to absorb the poison so that it passes out of the 
system with the charcoal. 


Contact poisons 
‘Some plants, such as Poison Ivy, Poison Sumac and Poison Oak, can 
produce considerable skin irritation. Some people seem to have 
immunity, but it is not necessary permanent. Some people may have 
mild or extreme allergic reactions when touching other plants. All 
skin that has been in contact with the plant should be thoroughly 
washed with soap and water. It is most important to remove and 
wash all contaminated clothing since once the irritant oil is on the 
clothing it can spread to other parts of the body. 

Alcohol can then be used to neutralize any cil left on the skin or 
clothing. 

Severe cases may require treatment for shock. 


If handling a plant has produced a severe reaction, DO NOT 
PUT YOUR HAND TO YOUR FACE — ESPECIALLY THE EYES OR 
MOUTH — OR TOUCH THE GENITALS until it has been well 
washed, These sensitive parts of the body can react with 
swellings and rashes which can interfere with breathing or 
cause urinary blockage. 
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Chemical poisons 

Chemical poisons should be sluiced off the skin with water. If skin 
has been damaged, treat as for burns (see also Burns). 


WARNING 


Siuicing with water may worsen the effects of some chemicals, You. 
MUST know the properties af chemicals to which you are exposed, 
‘and the appropriate action to take in case of accident, 


GENERAL DISORDERS 


Conditions such as constipation and diarthoea are to be expected, 
with the jolt to the system that the survivor may have experienced 
Failure to defecate or urinate is not unusual in shipwreck situations. 
Coping with new and perhaps initially distasteful foods may also 
bring a feeling of nausea. 

Small digestive upsets are relatively insignificant in survival 
conditions, but symptoms which suggest a more serious condition 
should not be ignored. 

Lack of food will itself place a strain upon the body and stress 
may cause headaches and other disorders. Women survivors may 
find that menstruation ceases while under severe stress conditions. 

However, if food is adequate in quantity the best treatment for 
digestive problems is to fast for a day and to rest, though in hot 
climates you should take fluids. 


Fevers 
Treat the symptom with rest and aspirin and look for the cause of 
the fever. 


Pneumonit 

Characterized by a rapid rise of temperature, often with chest pain, 
sputum mixed with blood, headache, weakness and, later, delirium. 
Pheumonia has many causes ~ most commonly a bacteria which 
attacks the lobes of the lungs. Without antibiotics careful nursing is 
all that you can do. 

Encourage the patient to walk and to do deep breathing 
exercises. Keep the patient warm and encourage him or her to take 
frequent sips of hot water. Stay with the patient as much as possible 
and give verbal encouragement. 
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DISEASES 


There are three main causes of infectious diseases: bacteria, viruses 
and rickettsiae. Then there are the problems caused by large 
parasites such as internal worms, scabies and the tropical larvae of 
‘the warble fly and the tiny chigger (chigoe). 

Diseases caused by bacteria include dysentery, cholera, 
tuberculosis and diptheria, Viruses cause the common cold, 
influenza, measles, and poliomyelitis. Rickettsiae, germs which are 
neither bacteria, nor viruses, cause typhus, scrub typhus and Rocky 
Mountain spotted fever. 

Most of the common infectious diseases which are familiar to 
everyone from childhood will respond to careful nursing. They are 
‘caught’ from another person, Unless already carried by the party (or 
humans with whom you come into contact), neither these nor 
contagious and sexually transmitted diseases are likely to occur. 
Some human parasites, such as the itch mite which cause scabies, 
cannot live for very long off a human body so they too will only be 
a problem if you have brought them with you. 


SCURVY 


A deficiency disease due to lack of vitamin C, this used to be the 
scourge of sailors on long voyages. The survivor with access to 
fresh fruit and vegetables is not at risk. The desert- or sea-survivor 
is likely to succumb to thirst or hunger well before this problem 
becomes acute. Symptoms include bleeding gums, loose teeth, 


easy bruising and breathlessness. 


Relying entirely upon hunting and fishing could make this a 
problem, especially in polar areas, if you have no vitamin tablets 
left. Always aim for a balanced diet to avoid this and other 
deficieney diseases. 


Precautions 

The diseases to which the survivor is most likely to be exposed, 
especially in tropical countries, are those carried in water or by 
insects and food animals. 

Since the symptoms of tropical disease will be less familiar to 
most survivors, the most common will be dealt with in more detail 
so that they can be recognized. Where drugs are not available, 
treatment of disease will largely be a matter of dealing with 


444 


FIRST AID 
symptoms and making the patient as comfortable as possible. Some 
remedies from natural sources can be prepared. 

However, prevention is better than treatment. Measures to avoid 
diseases should include all suitable immunization before travelling 
(especially to the tropics) and then giving meticulous attention to 
the following precautionary procedures: 
~ Purify drinking water 
= Clean hands when preparing or eating food 
~ Wash and pee! fruit 
~ Sterilize eating utensils 
~ Cover the body to reduce risk of insect bites 
= Wash clothes and hold over smoke if louse-ridden 


= Wash body (but avoid swallowing possibly contaminated water 
when washing or swimming) 


~ Bury excreta 


= Protect food and drink from flies and vermin 


Nursing/isolation 

When infectious disease does occur it is important to isolate it. 
Contact with other members of the group should be kept to a 
minimum. All utensils used by the patient should be boiled. Cuts 
and sores should be closely covered, so that they are not exposed 
to infection. Hands should be thoroughly washed after treating 
the patient. 

Avoid splashing with mucus from the patient's coughing or 
sneezing, which may carry germs, Take special care that the patient's 
faeces are disposed of without risk of infection to the handler and 
buried where they cannot spread infection or be disturbed 


WATERBORNE DISEASES AND 
EXCREMENTAL DISEASES 


The simplest rule to prevent catching these diseases is BOIL ALL 


WATER — do not even clean your teeth or rinse your mouth when 
bathing with water that could be impure. Cover cuts and wounds 
and avoid unnecessary standing in water in areas where you could 
be at risk. Adopt rigid hygiene procedures, especially with regard to 
food preparation and cooking and eating utensils. 
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WARM CLIMATE DISEASES 


In addition to the diseases already described the following are 
prevalent in warm and tropical climates — although they can occur 
elsewhere if there are carriers of the infection. (See also warnings 
against animals more likely to carry parasites and food poisoning, 
such as salmonella, in Food) 


Waterborne diseases 

BILHARZIA - A disease of the bowel or bladder, caused by a 
microscopic fluke or worm, which spends part of its life cycle in a 
water snail and part in the human liver. It is endemic in parts of 
Arica, Arabia, China, Japan and South America, It enters the body 
either through drinking infected water, or through broken skin. 
Main symptom: An irritation of the urinary tract. 

Can be treated: With the drug Niridazole in recommended doses. 


HOOKWORMS ~ Another parasite that can enter the body in 
infected drinking water or penetrates bare skin, usually through 
the feet. The larvae travel through the bloodstream to the lungs, 
where they may cause pneumonia, are coughed up and swallowed 
to develop into worms, about 1-25em (‘sin) long, in the 
intestine, causing anaemia and general lethargy. Common in 
many warm countries including the southern United States. Keep 
your boots on! 

Can be treated: With the drugs Aleapar and Mintazol in 
recommended doses. A decoction of bracken is also a powerful de- 
wormer. 


AMOEBIC DYSENTERY ~ Transmitted through contaminated water 
and uncooked food, this form of dysentery is largely found in the 
tropics and subtropics, though sometimes encountered in the 
Mediterranean. 

Symptoms: It does not necessarily produce a temperature, but the 
victim will feel fatigued and listless. Faeces may be solid, but will 
smell foul and carry blood and mucus looking like red jelly 
Treatment: Administer fluids, maximum rest and correct dosage of 
Flagyl. 


Insect-borne diseases 

Dengue, malaria and yellow fever are all transmitted by mosquito 
bite. A course of tablets, begun before exposure, can protect you 
from malaria. 
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There is no defence against the others, except keeping the skin 
covered by wearing long sleeves and trousers, especially at night, 
sleeping under a mosquito net if possible and using insect repellents. 


Remember: Do NOT increase risk by camping near stagnant water 
and swamps. 


MALARIA ~ Not restricted to the tropics, although probably the first 
disease the tropics call to mind. It could occur anywhere the 
anopheles mosquito is found, and was once prevalent in swampy 
areas of southern Italy and other parts of Europe. Transmitted 
through the saliva of the female mosquito, it produces recurrent 
fever. Although sweating, the patient feels intensely chilled and 
shivers violently. There are four kinds of infection. One produces 
almost continuous fever, accompanied by delirium or coma, Two 
kinds produce fever every 48 hours and the fourth kind, fever every 
72 hours. 

Treatment: Quinine is the traditional treatment but paludrine, 
chloroquine, darapryn and other anti-malarial drugs are now 
available. Protection can be obtained by starting a course of 
tablets before visiting an infected area. This is so the body can get 
used to the tablet and if any of the symptoms are unbearable an 
alternative found. 

Taking 2 Paludrine daily and 1 Nivaqin tablet weekly is stil 
recommended and now comes as a pack. But take advice from your 
doctor on their effectiveness. They must be continued even after 
returning from abroad. Follow pharmacist’s instructions carefully. 

However, in certain areas of the world, conventional anti-malarial 
drugs like Paludrine are now ineffective. Different species of mosquito 
have become immune. Areas in particular include Africa and the Far 
East. Check with your travel agent for up-to-date information. 

Larium is now the drug to take for complete cover, but it has 
some nasty side-effects. These include nausea, vomiting, diarrhoea, 
abdominal pain, dizziness, lass of balance, anxiety, hallucinations 
and sleep disorders. The dose is 1 tablet per week and should be 
started 2-3 weeks before the trip. 

There is another way to use Larium, which a lot of overseas 
workers practice. They don't take anything so the signs and 
symptoms of malaria are not masked in any way. At the first sign of 
malaria they begin immediately on a course of Larium which is a 
cure, It should be taken 4 weeks after return from abroad 

Atclatively recent drug, called Malarone, has proved to be 98 per 
cent effective with fewer side-effects. 
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DENGUE (BREAKBONE FEVER) - Dengue fever lasts for about a 
week, with headaches, pains in the joints and a rash. Unlike malaria, 
one attack by this virus usually confers immunity. The type of 
mosquito that carries dengue is just as likely to bite in day and 
night. There is no drug to treat dengue. 


YELLOW FEVER (BLACK VOMIT) ~ Prevalent in Africa and South 
‘America, Yellow fever first produces headaches, limb pains and fever. 
The mouth feels swollen, vomiting may produce blood and the eyes 
are bloodshot. After three or four days the fever is reduced but there 
is constipation, pain in the kidneys and urination becomes less and 
less. There is increased vomiting and the skin takes on a yellowish 
tone before recovery. 

Treatment: Rest and nursing. 


SANDFLY FEVER ~ A disease mainly of the grasslands of the sub- 
tropics and the Mediterranean. A small fly bite, usually on ankles, 
wrist or neck, produces an itching which is aggravated by scratching 
and can lead to sores which are an entry for further infections. 
Headache, bloodshot eyes and ‘flu-like symptoms may also occur. 
The fever usually lasts about three days before subsiding. 
Treatment: Rest and liquids. 


SCRUB TYPHUS (TSUTSUGAMUSHI DISEASE) - Also known as mite 
fever, and occurring widely through eastern Asia and Australasia, 
this is carried by mites whose larvae live on rodents. The mites 
transmit the disease by biting, often in the groin or on the neck. The 
bite usually goes unnoticed, but a sore will develop in a few days in 
the bite area. Severe headache, shivering and fever develop within 
10 days. 

The disease is similar to other forms of typhus, with a rash 
appearing after about a week, and is treated in the same way. 
Infection is more likely in areas of thick dry vegetation. Avoid 
such places, sleep at least 30cm (ift) from the ground and use 
insect repellent to avoid this disease. 


TYPHUS — There are two forms. Epidemic typhus is carried by body 
lice which transmit it to humans. Endemic, or murine, typhus is 
transmitted by the rat flea, Both are diseases associated with dirty, 
overcrowded conditions and more likely to be diseases of disaster 
aftermath than survival in remote places. 

Symptoms: Both forms produce headache, nausea and, after about 
four days a rash which spreads from the armpits to the chest, 
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abdomen and thighs. Victims may recover after about 12 days, or 
fall into delirium, coma or death. 
Treatment: Antibiotics. There is also a vaccine available. 


ROCKY MOUNTAIN SPOTTED FEVER ~ Also known in Brazil as Séo 
Paulo fever, this is another type of typhus, spread by ticks. As the 
‘name suggests, itis also found in the western United States. 
Symptoms and Treatment: As for typhus, but the rash tends to be 
‘most severe on wrists and ankles. 

Small parasites which burrow beneath the skin, such as the tear~ 
shaped, bristly larvae of the warblefly, or the tiny chigoe, which 
‘makes red pinpricks where it lodges on the skin, should be removed 
before they can open up a route for further infection. 


WARM CLIMATE AILMENTS 


PRICKLY HEAT 


Miliaria, or prickly heat, can occur whenever people are exposed to 
very hot conditions without acclimatization. Heavy sweating, 
coupled with rubbing by clothing, can produce blockages in the 
sweat glands and an uncomfortable skin irritation. Heavy exertion 
may precipitate miliaria, which is aggravated by sunburn and 
eczema. Babies are very vulnerable. 

Excess sweat does not clear sufficiently quickly, the glands are 
blocked and the cooling effect of sweating is lost. Taking more 
liquid, especially hot drinks, may produce more sweat, and make 
the situation worse. Remove clothing, wash the body with coo! 
water and put on dry clothes. Small amounts of tiger balm applied 
to the upper lip may distract from the itching and antihistamine 
relieves the discomfort. 


HEAT CRAMPS - These are usually the first warning of heat 
exhaustion and occur in the muscles which are doing most work: 
arms, legs and abdomen. Usually due to lack of body salt (produced 
by excessive sweating — especially if no salt has been taken). 
Symptoms: Shallow breathing, vomiting, dizziness. 

Treatment: Move to shade. Rest. Drink water with a little salt 
dissolved in it — only a pinch to a half-litre or pint. 
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Traditionally, the security mechanisms of cellular networks have been based on a physical SIM 
attached to the device, referred to as a Universal Integrated Circuit Card (UICC). This has also 
‘enabled roarring between operators, which has been one of the main factors behind the huge 
success of mobile networks. The SIM will also be essential in future loT applications, with SIM 
functionality embedded in the chipset (eUICO) or handled as a soft-SIM solution running in a 
trusted run-time environment of the module. 

With a straightforward rolout of new software, cellular networks will be able to support the full 
breadth of applications, ranging tram low-end use cases in the LPWA segment, to the high-end 
segments of in-car entertainment and video surveilance. One network connecting the whole 
diversifying loT market wil guarantee the lowest possible TCO as well as fast time to market. 


Figure 8: World population coverage by cellular SGPP technology 


EVOLVING STANDARDS, 
To meet the new connectivity requirements of the emerging Massive loT segment, SGPP has 

taken evolutionary steps on both the network side and the device side. 
The key improvement areas addressed in SGP up to Release 13 are: 

> Lower device cost - cutting module cost for LTE devices by reducing peak rate, memory 
requirement and device complexity. The LTE module cost-reduction evolution started in Release 
8 with the introduction of LTE for machine-type communication (LTE-M) Gat 1 devices with 
reduced peak rate to a maximum of 10Mbps, and continued in Releases 12 and 13 with 
reduced device complexity for lower performance and using less bandwidth ora narrowband 
(oT carrier to cut costs further. 

> Improved battery lite more than 10 years of battery life can be achieved by introducing Power 
‘Saving Mode and/or extended discontinuous reception (eDRX) functionality. These features 
allow the device to contact the network — or to be contacted —on a per-need basis, meaning 
that it can stay in sleep mode for minutes, hours or even days. 

> Improved coverage - an improvement of 1SdB on LTE-M and of 20dB on NB-IoT and GSM, 
which translates into a seven-fold increase in the outdoor coverage area and significantly 
improved indoor signal penetration to reach deep indoors. This supports many loT devices 
like smart meters, which are often placed in a basement. 

> Support for massive numbers of loT connections - specifically, one LTE cell site can support 
millions of loT devices, depending on the use case. Gore network enhancements include 
software upgrades for service differentiation handling, signaling optimization and high-capacity 
platforms (more than 30 million devices per node). 
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HEAT EXHAUSTION ~ Exposure to high temperature and humidity, 
with loss of body fluids through excessive sweating, produces heat 
exhaustion. It can occur without direct exposure to the sun — lying 
on hot ground with poor ventilation for instance. 

Symptoms: Face pale, skin cold yet sweating, pulse weak. 
‘Accompanied by dizziness, weakness and perhaps cramps. Patient 
may become delirious or unconscious. 

Treatment: As for cramps. 


HEATSTROKE - The most serious result of overexposure to or 
overexertion in the sun. 
Symptoms: Hot dry skin, face flushed and feverish — but sweating 
stops. Temperature rises, pulse becomes fast and strong. Severe 
headache, often with vomiting. Unconsciousness may follow. 
Treatment: Lay in shade, head and shoulders slightly raised. Remove 
outer clothing. Cool body by wetting underclothing with TEPID 
water (cold water would push the core temperature up) and fanning, 
Do NOT fully immerse in water — sprinkle it over the patient. Then 
lay in a damp hollow with plenty of ventilation. When consciousness 
returns give water to drink, When temperature returns to normal, 
replace clothing, keep warm to prevent chill 

Immediate immersion in cold water is very dangerous but in 
extreme cases, where risk of death or brain damage outweighs shock 
from immersion, could be used AFTER initial cooling begins to take 
effect. Slowly lower the body into water, feet first, massaging 
extremities to increase blood flow and aid dispersal of heat from 
body's core, Remove as soon as temperature falls — be prepared to 
cover patient if it plummets. You may need to cool and cover several 
times before temperature becomes stable. 


SUNBURN — Actual burn, with blistering (not just tanning) is a real 
danger, especially with pale and sensitive skins. If more than two- 
thirds of the body is affected it can prove fatal. 

Treatment: Avoid further exposure — keep in the shade. Take pain 
killers if available. Cover all blisters with dressings but DO NOT BURST. 


SORE EYES - Sore eyes may be due to glare — especially at sea and 
in desert and snow-covered locations (see Snow-blindness on p.453) 
— or to excessive exposure to the sun or dust particles. 

Treatment: Rest in shade, covering eyes after washing out foreign 
bodies and bathing in warm water. Use a mask and darken below 
eyes with charcoal to avoid recurrence. 
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DEHYDRATION 


Dehydration becomes increasingly noticeable as more body fluid is 
lost. Water makes up 75 per cent of the body weight — about 50 
litres (11 gallons) for the average man. Survival is unlikely if more 
than one fifth of this is lost. 


Fluid loss 1-5 per cent: Thirst, vague discomfort, lack of appetite, 


flushed skin, impatience, sleepiness, nausea 
Fluid loss 6-10 per cent: Dizziness, headache, laboured 
breathing, no salivation, indistinet speech, unable to walk. 

Fluid loss 11-20 per cent: Delirium, swollen tongue, unable to 
swallow, dim vision, numb and shrivelled skin. 

In the latter stages: There is gross muscular weakness and mental 
capacity is impaired — you must make your plans at the start when 
‘you can think clearly — and then stick to them: 


COLD CLIMATE HAZARDS 


It is not only in the polar regions that low temperatures create 
health hazards. Prolonged exposure to cold is dangerous anywhere. 
Take precautions against all these conditions. 


HYPOTHERMIA ~ Technical name for the condition where the body 
cannot generate heat as fast as it looses heat and its temperature 
falls below normal. It is caused by exposure to wind, rain and low 
temperatures and also brought on by: 


~ Exhaustion 

= Inadequate clothing 

= Inadequate shelter 

= Inadequate food intake 

~ Lack of knowledge and preparation 
The conditions which aggravate hypothermia are exactly those 
likely to occur in the polar regions — though it can occur under 
any cold conditions, especially as a result of wind chill. It is a 
common problem of any very cold spell, especially among the 


underprivileged elderly. It isa killer and must be treated as soon as 
it is recognized. 
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Prevent it by sheltering when conditions are bad and by keeping 
dry. Avoid overexertion and if in a group use the ‘buddy system: If 
one person goes down with hypothermia others in the group may 
also be near to it. Check everyone for symptoms. 

Signs and symptoms: Irrational behaviour, typified by sudden bursts of 
energy followed by lethargy. Slowing down of responses, failing to 
respond to questions or instructions. Sudden uncontrolled fits of 
shivering, Loss of coordination, stumbling and falling. Headaches, blurred 
vision and abdominal pains. Collapse, stupor or unconsciousness. 
Aggravating factors: Soaked clothing, with high winds. Low air 
temperature accompanied by high winds. Immersion in water. Any 
injury that immobilizes and reduces the ability to produce heat. 
Anxiety and mental stress. Unusual thinness. 

Treatment: Prevent any further heat loss. Shelter from wind and 
weather. Replace wet clothing with dry. Start at the head, by 
putting on a hat. Remove clothing from the waist up and replace 
with dry clothes. Then remove clothing from the lower body. This 
helps preserve the core temperature. Insulate patient from the 
ground and apply warmth (other bodies, hot rocks). Give warm 
fluids and sugary foods — but only if conscious. 


In advanced hypothermia the body loses the power to rewarm itself. 
However, it must still be rewarmed from the inside, because fast 
external heating would drive cold blood into the core, further 
aggravating the situation. Place warmth in the following places: pit 
of stomach, small of back, armpits, back of neck, wrists, between 
thighs. These are places where the blood is near the surface and will 
carty the heat through the body. 

Do not apply or administer alcohol. It opens blood vessels at the 
surface of the skin, allowing heat to be lost more rapidly. 

The patient is NOT cured when his or her temperature reaches 
normal. Body reserves must be built up until the ability to 


generate heat 
HEAT LOSS: GENERAL RULES of 


internally returns. 
If heat is lost rapidly — rewarm rapidly 


A foil blanket 
will reflect heat 
If heat is lost slowly — rewarm slowly 


and aid care in sub- 
zero conditions. 


FROSTBITE - Frostbite occurs when the skin and flesh freeze — 
when reduced to a temperature of -1°C (30°F). Frostbite affects all 
exposed parts of the body and the regions furthest from the heart 
which have the least powerful circulation: hands and feet, nose, 
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ears and face. It can be light or deep according to the degree of 
exposure. 

The first signs are often a prickly feeling as the skin freezes. 
Then rather waxy-looking patches on the skin which feel numb — 
and later hard and pebbly with considerable pain, swelling, 
reddening and blistering before the deadening and dropping off 
that is the final stage 


Frostnip: Affects only the 


skin. To treat it place the BE AWARE 


affected part in a warm 


area, Put hands under [Keep a continual look out for signs 
your armpits or in your J of frostbite on yourself and your 
Crotch. Put feet against a J companions. Act at the first 
friend's stomach (you J 20pearance of any waxy signs. 


Exercise the face by pulling 
grimaces to combat its attack. 


may not stay friends 
for long!). Thawed out 
frostbite will be painful 


Deep frostbite: A much greater problem. Protect the affected area 
from greater injury. Do NOT rub with snow. Do NOT expose to an 
open fire. The best treatment is to thaw the injured area gradually 
with warm water at a temperature of about 28-28'5°C (82-83°F) — 
about the temperature which your elbow can comfortably bear. If 
too hot, cool down to the right temperature then apply to the 
affected areas. 


Advanced frostbite: May cause blisters to form which can become 
infected and form ulcers. These tissues become grey, then black and 
die and will eventually fall off. Do NOT burst blisters and NEVER rub 
the affected part. Severe pain is an indication that the part has been 
warmed too quickly, Use ‘animal warmth’ only. 


SNOW BLINDNESS ~ A temporary form of blindness, caused by the 
high intensity and concentration of the sun's rays, which are 
reflected from the snow-covered ground or ice (and also from ice 
crystals in the clouds). It occurs most frequently when the sun is 
high, but can also occur when there is no direct sunlight — during a 
bright overcast period in polar and alpine regions. 

Symptoms: First the eyes become sensitive to the glare and then 
blinking and squinting begins. Vision takes on a pink hue, becoming 
redder. If not checked at this stage the eyes begin to feel as though 
they have sand in them. 
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Treatment: Get into a dark place and blindfold the eyes. Heat 
aggravates the pain so apply a soothing cool wet cloth to the 
forehead. The condition corrects itself in time. Prevent further 
exposure by wearing goggles and black beneath the eyes with 
charcoal to reduce the glare (see Climate and Terrain). 


CARBON MONOXIDE POISONING — A risk that is a byproduct of 
incomplete combustion in a badly ventilated area — which may 
result from overzealous efforts to prevent draughts. All forms of 
fire and stove are a potential cause if used in confined spaces 
without adequate ventilation. The carbon monoxide which builds 
up is colourless and odourless, so is difficult to detect. It may 
cause slight headache, dizziness, drowsiness, nausea or even 
vomiting — but these signs can go unnoticed and progress to 
unconsciousness without warning. Unless discovered promptly it 
will be fatal 

Treatment: Simple — and prevention even simpler — VENTILATE. 
There is no treatment if you are on your own so ensure that such 
conditions cannot develop. Remove the patient to fresh air and 
encourage him or her to breathe evenly and regularly. If unconscious 
and not breathing, apply artificial resuscitation. Keep patient warm 
and ventilate the offending shelter. 


TRENCH FOOT ~ This occurs when feet are immersed in water for 
long periods, or are damp and cold for a long time, Tight-fitting 
boots accelerate the condition. This is a serious malady and its 
onset is hastened by exhaustion, coldness and lack of food, drink 
or sleep. 

Prevent trench foot developing by keeping the feet dry. 
Wear boots that fit correctly, exercise the legs and toes and inspect 
feet regularly. 

Symptoms: Feet feel as though they have pins and needles. 
‘Numbness sets in and is interspersed with sharp pains. On inspection 
feet appear purple with swelling and blisters. 

Treatment: Dry the feet, but do not rub or damage blisters. Elevate 
feet and cover to keep warm — but improvise a cage to take weight 
of coverings. Do NOT apply artificial heat. Do NOT massage. Rest and 
warmth are the cure 
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SURVIVAL CASE STUDY 


My medical training came in handy on many occasions, 
especially in remote areas. Everyone should have some 
knowledge of first aid so they can at least help in an emergency. 


In the early days of the Borneo campaign, to win the confidence 
Of the locals we set up a ‘hearts and minds’ campaign. This 
included medical treatment which quickly helped form a bond 
with the Jocat tribes, who came from many miles around with a 
variety of illnesses, fevers amd trauma, 


One day 0 fisherman was carried in with his left foot covered in 
rags. The smell got stronger as he got nearer, and when the foot 
was unwrapped | had to hold my breath. The whole foot was 
bloated and oozing pus. He was feverish and rambled on about 
being hit by a boat propeller. After trimming away the rotten 
flesh and administering course of penicillin his recovery was 
amazing. Undoubtedly he would have died from septicaemia, but 
after seven days treatment, he was watking again. 


The locals were amazingly receptive to modern drugs, and so 
care must always be taken when administering any drugs to 
them, as they have built up @ natural and inherited immunity to 
illnesses such as tropical fevers which con be eradicated by 
taking just one pil, Just one anti-malaria pill, for example, can 
wipe out thousands of years of the locals’ natural immunity in 
seconds, leaving them open to the mercy of the disease. 


Our fame spread and our queue of patients got longer. Mast days 
we treated cuts, fractures and other similar ailments. As their 
confidence in us grew so did the challenge of treating some 
cases. The locals carried out their own childbirth relying on tried 
‘and fested methods, unless something went wrong ~ then they 
would come to me, There was, and still is, a very fine line to be 
trodden — do | assist or not? IF {assist and it goes wrong | will 
lose face, contradicting the reason we are there in the frst place. 
But if ! don't assist | still ose face, as well as the trust we had 
built up. (tS all down to training and the amount of knowledge 
you have. / was lucky enough in that 1 got involved with a 
difficult birth and it turned out fine. 
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atural remedies are available for many human illnesses if you 

know where to look. For thousands of years drugs and 
treatments have made use of all kinds of herbs, plants and natural 
substances and many of the drugs still in use today are derived from 
plant sources. Not all the traditional medicines have been endorsed 
by modern doctors, some were based more on an association of the 
plant than with its medical properties — though strangely, colour 
‘and appearance does often seem to be indicative. Plants such as 
scarlet pimpernel and burdock, used to clear the blood, are mainly 
red; those that treat jaundice, including agrimony, hawkweed and 
dandelion, are yellow. Sometimes a name reminds us of the old 
medical usage — lungwort for instance, or eyebright. 


Cruel to be kind 

Sick survivors need your care and attention, but they must also be 
kept interested and optimistic. If a man with pneumonia is left to 
curl up in a corner of the shelter, he will probably die. Get him on 
his feet and keep him occupied with minor tasks. Give him plenty of 
fluids and coax him to eat. Do not let him lie down. The hepatitis 
case must be forced to eat. You cannot allow either strength or 
morale to be depleted, 

It is not only plants that can replace your medical supplies, or to 
supplement your store. Urine can be used as an antiseptic to wash 
‘out wounds. If the patient is fussy, use their own. If sick enough, 
they won't care whose. Maggots too have been used to clean 
‘wounds. In tropical countries an open wound is soon infested with 
them — but they do keep it open and clean until better treatment 
can be given. Keep watch that they do not devour good tissue. 

Fire has been used for centuries to clean wounds. Cauterizing 
with heat requires fortitude in the patient — but, if they can stand 
it, and you have ammunition, placing powder around a wound and 
lighting it can prevent gangrene. Some people believe that the best 
‘way to seal a stump after an amputation is to cauterize (as used to 
be done to criminals who had their hands chopped off) — but the 
shock of this on top of the shock of injury will kill some people. 


Modern drugs 

Many modem drugs such as cocaine, morphine and digitalis are 
derived directly from plants, but extracting them is NOT 
straightforward, Often poisons are involved which could be VERY 


456 


NATURAL MEDICINE 


DANGEROUS if any attempt was made to use such plants in treatment. 
What follows is a list of plants and the medical uses to which the 
survivor can put them — in simple preparations. Although many 
modern drugs are made from tropical plants, and indigenous medicine 
has many plant ingredients, most of these plants are found in 
temperate regions for they are the ones which have been most 
documented and which you have a reasonable chance of recognizing, 


Plant preparations 

Leave all poisonous plants alone and be sure that you have properly 
identified the plant. As a general rule plants will be most potent 
when in flower. Note that different parts of a plant may have 
different uses. 

Infusions are usually made from leaves or flowers and decoctions 
from roots. The methods are described below. Divide the amount 
made into three doses to take in one day. Always prepare infusions, 
decoctions and poultices freshly, just before using. Never keep for 
more than 12 hours, 

Plants vary in potency depending on the season in which they are 
picked. Do not think you will do more good by taking or administering 
larger doses — you won't and you may do harm. 

Don't expect miracles overnight. Give the treatment a fair 
chance to work 


To make an infusion 

Cut and crush the herb so that juices and oils are more readily 
available. You need a slack handful of herb to a half-litre (kpt) of 
water (30g to S0cc/10z to 20floz). Pour boiling water over it 
Stir. Leave to cool. There is no need to strain — the herb will sink to 
the bottom. 

If you cannot boil water use half the amount of cold water and 
stand the vessel in the sun. If there is no sun or no water try sucking 
or chewing the leaves, extracting as much of the juices as possible, 
then spit out the pulp. 


To make a decoction 

Usually a preparation from roots. Cut, scrape and mash root. Soak in 
water (handful to 85cc/1 spt) for at least half an hour. Bring to boil, 
simmer until liquid reduces by one-third. 


To make a poultice 
Mash up root, leaves or all of the herb and make into a flat pad. If 
too dry add water. Apply to affected part and cover with a large leaf, 
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bind in position. Poultices can be applied to stiff joints, sprains and 
pus-filled sores. 


Expressed juice 

Reduce stem and leaves of the plant to a juicy mush by crushing 
with hands, rocks or sticks. Squeeze juice only into a wound 
and spread pulp around infected area. Keep in place with a large leaf 
and bind, 


Splinting agents 

The roots of Comfrey and, to a lesser extent, Solomon's seal, are so 
rich in starch that they will set hard when they have been well 
boiled and reduced. Allow to cool slightly and pack around an 
injured limb or joint. Good for holding poultices. 


STOPPING BLEEDING 
Elder: Expressed juice of leaves: 
Dove's-foot crane’s-bill: Expressed juice Elm: Infusion of bark 


Giant puffball Pocked as poultice Horehound: Infusion of whole plant, 
Periwinkle: Expressed juice of leaves except roots. 
Plantains: Pounded leaves as poultice Mallow: Decoction of leaves and 
Self-henl: Expressed ice flowers as poultice 
Stork’s-bll Expressed juice of leaves Marsh mallow: Decoction of root 
Woundwort: Expressed juice infusion of leaves ond. flowers; as 
poultice 
Oak: Decoction of bark 
CLEANSING RASHES) Sanicle: Infusion of whole plant, except 
SORES/WOUNDS roots 


‘Scurvey grass: Crushed leaves 
NOTE: Use these plonts externally to Shepherd's purse: infusion of whole 
bathe the skin or where indicated, as a plant, except roots; as poultice 
poultice Apply two or three times aday. Sitverweed: Infusion of whole plant, 


except roots 
Burdock: Decoction of root; crushed Solomon's seal: Decoctin of roots; as 
raw root ond salt for animal bites poultice 
Camomile: Infusion of flowers as St John’s wort: Infusion of flowers ond 
pouttice Shoots 


Chickweed: Expressed juice of leaves Sorrel: Crushed leaves 
Cleavers: Infusion of whole plant, Tansy: Crushed leaves 

except roots Wotercress: Expressed juice 

Comfrey: Decaction of root as poultice Woundvwort: Infusion of whole plant, 
Dead-nettle: Infusion of flowers and except roats 

shoots Yorrow: Infusion of whole plant, except 
Docks: Crushed leaves roots 
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ANTISEPTIC 


NOTE: These plants con be used 
externally or ioternally, They. are 
porticularly useful for wounds: that 
become infected. 


Garlic: Expressed juice 
‘Mallow: Infusion of leaves and flowers 
‘Marsh mailow: Decoction of root; 
infusion of flowers and leaves 
Horseradish: Decoction of root 
Thyme: Infusion of leaves and flowers 


ACHES/PAINS/BRUISES/STIFFNESS 
NOTE: Where indicated, use externally. 


Bolm: Infusion of leaves 

Birch: Infusion of leaves 

Borage Infusion of whole plant, except 
roots 

Burdock: Decoction of root 

Comomite: Expressed juice oF flowers 
applied to swellings 

Chickweed: Infusion of whole plant, 
except roots 

Comfrey: Decoction of root applied to 
swellings 

Covbery: Infusion of leaves and fruits 
Dock: Crushed leaves applied to bruises 
Dove's-foot crane’s-bill: Infusion of 
whole plant, except roots, applied to 
swellings 

Elm: Infusion of bork 

Figwort: Decoction of whole plant 
except roots; use externally to drow 
bruises and blood clots 

Garlic: Expressed juice opplied t 
swellings 

Horehound: Expressed juice or leaves 
to earache 

Poplar: Infusion of leaf buds 
Solomon's seal: Decoction of root; use 
externally 

Sorrel: Crushed leaves applied to bruises 
‘St John's wort Infusion of flowers ond 
‘shoots applied to bruises 

Tansy: Crushed leaves applied to bruises 
Willow: Decoction of bork 


FEVERS 


NOTE: These plants will induce 
perspiration to break a fever. 


Comomile: infusion of leaves ond 
Flowers 

Eider: Infusion of flowers ond fruit 
im: Decoction of bark 

Feverfew: Infusion of whole plant, 
except roots 

Lime: infusion of flowers 


COLDS/SORE THROATS, 
RESPIRATORY 


Agrimony: Infusion of whole plant, 
except roots 

Angelica: Decoction of root 

Bilberry: infusion of leoves ond fruits 
Bistort: Infusion of whole plant, except 
roots 

Boroge: Infusion of whole plant, except 
coats 

Burdock: Decoction of root 

Camomie: Infusion of flower; use as 
‘arate 

Col’ oot: Infusion of eaves and flowers 
Comey: infusion of whole plomt 
Great mullein: Infusion of whale plant, 
except roots; decoction of root as 
‘gorge 

Horehound: Infusion of whole plant, 
except roots 

Horseradish: Row root 

Lime: Infusion of flowers 

Lungwort: Infusion of whole plant, 
except root 

Matiow: infusion of flowers and eaves 
Marsh mallow: Decoction of root; 
infusion of feoves ad flowers 

Mint: Infusion of whole plant, except 
roots 

Mountain evens: infusion of whole 
pont; use as gargle 

Nettle: Infusion of leaves 

Ook: Decoction of bark use as garg 
Plantain: Infusion of leaves and stems 
Poplars: Infusion of leaf buds 

Roses: Decoction of hips 
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CcCLLULAR LPWA 
SOLUTIONS 


No single technology or solution is ideally suited to all the different potential Massive loT 
applications, market situations and spectrum availabilty. As a result, the mobile industry is 
standardizing several LPWA technologies, including Extended Coverage GSM (EC-GSM), LTE-M 
‘and NB-IoT. 

LTE-M, NB-IoT and EC-GSM are all superior solutions to meet Massive loT requirements as 
«a family of solutions, and can complement each other based on technology availabilty, use case 
requirements and deployment scenarios. LTE-M consisting of Cat 1, Cat 0 and Cat M supports 
‘wide range of loT applications, including those that are content-rich; NB-loT cavers ultra-low 
‘end |oT applications with a cost and caverage advantage over LTE-M; and EC-GSM serves loT 
services for all GSM markets, 

For example, a smart city application such as waste management may use EC-GSM technology 
to provide LPWA connectivity in markets where it can be deployed on existing 2G networks; 
NB-loT technology may be used for water-metering applications, which have some of the most 
‘extreme coverage requirements in underground locations. On the other hand, assat-tracking 
applications that can support a relatively high number of messages triggered by certain events 
may employ LTE-M. 


EC-GSM ~ GLOBAL CELLULAR IOT FOR ALL GSM MARKETS 

GSMis stil the dominant mobile technology in many markets, and the vast majority of cellular 
M2M applications today use GPRS/EDGE for connectivity. GSM is likely to continue playing a 
key role in the loT well into the future, due to its global coverage footprint, time to market and 
cost advantages. 

Recognizing this - and identifying the requirements for Massive loT discussed earlier in tis 
paper an initiative was undertaken in SGP Release 1S to further improve GSM. 

The resulting EC-GSM functionality enables coverage improvements of upto 20d with respect 
to GPRS on the 900MHz band. 

‘This coverage extension is achieved for both the data and control planes by utlzing the concept 
of repetitions and signal combining techniques. itis handled in a dynamic manner with multiple 
coverage classes to ensure optimal balance between coverage and performance. 

EC-GSM is achieved by defining new control and data channels mapped over legacy GSM. t 
allows multiplexing of new EC-GSM devices and trafic with legacy EDGE and GPRS, No new 
network carriers are required: new software on existing GSM networks is suficient and provides 
combined capacity of up to 50,000 devices per cell on a single transceiver. 

Initaly part of EC-GSM but now a separate SGP item, eDRX improves the power efficiency 
~ and therefore the battery life —for many use cases. eDRX improves the idle mode behavior by 
allowing the use of a number of inactivity timers, where the device can choose to tune in to the 
network and listen for downlink pages and tatfic. 


Global soliton for Supported on legacy Leverages exsing 
calllar oT ‘GSM equipment module ecosystem 
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Sanicie: Infusion of whole plant, except 
roots 

Self-heal: Infusion of whole plant, 
except roots; use as a gargle 

St John's wort: Infusion of flowers and 
shoots 

Thyme: Infusion of leaves and flowers 
Willow: Decoction of bark 

Yarrow: fnfusion of whole plant, except 
roots; use as inhalant 


SETTLING STOMACH 


Balm: infusion of leoves 
Bilberry: Decoction of fruit 

Bracken: Infusion of leaves 

Bramble: Infusion of leaves 

Dandelion: Decoction of whale plant 
Horseradish: Infusion of root 

‘Mint: Infusion of whole plant, except 
ro0ts, with crushed charcoal 
Solomon's seal: Decoction of root 
Sanicte: Infusion of root 

Yarrow: Infusion of eaves and flowers 


DIARRHOEA, 


NOTE: Toke two or three times daily 
until symptoms subside. 


Bilberry: Decoction of fruit 
Bistort: Infusion of whole plant, except 
roots 

Bramble: Infusion of leaves or 
decoction of fruit 

Cowberry: Decoction of fruit 

Elm: Infusion of bark 

Great bumnet: Infusion of leaves and 
shoots 

Hazel: Infusion of leaves 

‘Mars mallow: Infusion of leaves and 
flowers; decoction of root 

‘Mint: Infusion of whole plant, e 
roots 

‘Mountain evens: Infusion of whole 
plant, except roots 

‘ak: Decoction of bark 

Piontain: Infusion of leaves and stems 
Periwinkle: Infusion of leaves; NOT t0 
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be used for long periods 
Silverweed: Infusion of whole plant, 
except roots 


CONSTIPATION 


Agrimony: Infusion of whole plant, 
except roots 

Barberry: Expressed juice of fruit 
Common cleavers: Infusion of whole 
plant, except roots 

Couch grass (Elymus): Decoction of 
root 

Dandelion: Decoction of whole plont 
Elder: Expressed juice of fruit 

Feverfew: Infusion of leaves and 
flowers 

Rowan: Expressed juice of fruit 

Rose: Decoction of hips 

Woinut: Decoction of bork 


HAEMORRHOIDS 


NOTE: Apply externally, two or three 
times @ day. 


Bilberry: Expressed juice of frit 
Camomile: Infusion of leaves ond 
Flowers 

Eim: Decoction of bark 

Lesser celandine: presse juice of leaves 
ok: Decoction of bark 

Plainiain: Expressed juice 

Poplor: Decoction of leaf buds 
Silverweed: Infusion of whole plont, 
except roots 

Solomon's seal: Decoction of root 


For Headaches: Willow 
leaves and bark make a 


decoction containing Saicin, 
a constituent of Aspirin 
For Healing: Express the 
juice from Comfrey leaves 
to aid tissue regrowth, 
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EXPELLING WORMS, 


Brocken: Infusion of roots 
Feverfew: Decoction f leaves and flowers 
Fiqwort: Infusion of whole plant, 
‘except roots 

Tansy: Infusion of leaves and flowers; 
use sparingly in small amounts 


Tropical Medicinal Plants 
Many thousands of tropical plants are 
known to have medicinal properties 
and are used by tribal peoples. 
Relatively few have been studied by 
Western. scientists or are widely 
known. The following are afew of the 
many plants which may be of us, but 
lacking accurate information on 
‘medicinal plants you will do better to 
take medicines. with you. NEVER 
experiment with something you 
cannot positively identity. 


Copperleaf (Acalypha inaic) is one of 
Severo! similor shrubs in India ond 
southeast Asia, reaching 2-3m 
{6-10f), with oval to heart-shaped 
eaves that are often variegated in 
shades of red, bright pink ond green. In 
‘Molayo, the leaves are dried and drunk 
Tike tea. A decoction of roots and 
eaves is laxative and restorative. 
Alstonias, including Alstonia scholaris 
‘ore found from India east to Philipines 
‘and south to Indonesia and parts of 
Australia. Boil the bork in water to 
produce a tonic, reduce fever, relieve 
diabetes ond kill internal parasitic 
worms 

Antelaea azadirachta occurs from 
India to China and Indonesia. A 
decoction of leaves and bark will help 
to suppress malaria and dysentery 
Use ail from seeds to treat uleers and 
skin complaints 

Bruceas occur in many, foidy similar 
forms from Indio east to China and 
south to Australia. All parts are 
bitter tasting. Take seeds of Brucea 
sumatrana for diarrhoea ond 


dysentery. Crushed leaves relieve 
external bleeding and sooth boils and 
inset bites. 

Elettaria cardamomum isa relative of 
ginger, found in India eastwards, ond is 
© tall. herboceous plont with thick 
fleshy rhizomes and a long, branched 
head of flowers Use seeds or expressed 
juice of rut for setting the digestion 
‘and relieving nouseo 

Cinchonas, China Barks or Red Barks 
(Cinchona), forge trees, typically with 
red-brown trunks, wild in tropical 
South America, have been taken all 
‘over the world, Toke 0 decoction of the 
quinine-containing bork to. suppress 
‘malorio 

Horseradish Tree (Moringa oleitera, 
see Tropical plants in Food) is forty 
‘common edible plant of the tropics. 
Use expressed juice from the roots and 
leaves. fo. treat skin eruptions and 
inflommations. 

Kibatalia arborea i another Asian 
Hes eee at See 
latex-ike sop. Use this sop, in small 
amounts, to treat worms. 

Sida cordifolia is on erect, downy 
‘annua, up to tm (3A) tll, with oblong 
toothed leaves ond yellowish flowers. 
‘occurs from India east to Toiwon. Use 
{an infusion of the leaves for coughs 
and fevers. The seeds are mildly 
laxative. 

Pergularia extensa_ has stems with 
stiff spreading hairs, broadly ovo! 
eaves up to 15cm (6in) long and small 
greenish-white flowers. It grows jn 
tropicol Africa. Use tender leaves ond 
shoots 0s @ potherb or in o strong 
infusion to treat topeworm and 
diarrhoea. Use a poultice of leaves on 
bolls, abscesses and wounds. 

Crateava religiosa is found from india 
cast to Papua New Guinea ond 
Polynesia. A decoction of bark and 
leaves relieves upset stomachs, 
feverish aches and pains. 

Baobabs (Adansonia, sce Desert plants, 
in Food) Scrope gum off the bark. Use 
to treat worms and diarrhoea. 
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‘These medicinal plants are found in 
temperate climates. Many are very 
common and all are quite safe. Use 
them to staunch bleeding and heal 
wounds, for fevers, colds and 
digestive upsets. “and other 
Ireaments as described, Some have 
several uses, but they have been 
grouped here under their most 
common applications. 


GENERAL AND ANTISEFTICS: 
1 Eyebright (Eyphrasio officinalis) 
grows to about 30em (1ft), with ovo, 
fften downy leaves ond white flowers 
tinged violet or purple-veined and with 
{yellow spot in grassy ploces, often in 
‘mountoins, in Eurosia. A stroined 
infusion ofthe whole plant is excelent 
for eye infections. It is also soid to 
ease hayfever, cotarrh ond nasal 
congestion. 

2 Garlies (Allium) occur in mony 
varieties in most temperate and, now, 
tropical pais. The smell will lead you 
fo them; mest hove long, strop-tte 
eaves arising irom the bulb end tell 
stem topped with « luster of smell 
pinkish oF white flowers. The bulb is 
powerfully antiseptic; use as expressed 
juice externally dilated with water to 
treat wounds nd swellings, ond eat 
garlic to treat ond to prevent colds. I 
{akso contoins a natural antibiotic 

3 Wild Thyme (Thymus serpy) is 
Small, aromatic, mat-forming, with 
small oval leaves and reddsh-purple 
flowers; in dry grassy places in western 
Furosio, but olber species occur 
elsewhere. Use its antiseptic quattes 
ina infusion for coughs and cod, or 
5.0 potherb, 

4 Figwort (Serophularia nodoso) 
grows to 90m (aft), with square 
Stems, pointed oval leoves ond red- 
brown fowers; in woods, clearings ond 
scrub in Eurasia ~ there are many 
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different kinds. Apply as a decoction to 
reduce swellings, sprains, boils and 
bruises, to dissipate blood clots, and 
for treating haemorrhoias. 


BLEEDING: 

5 Self-heal (Prunefia vulgaris) is a 5 

downy, creeping plant with pointed 

Ova eves and heads oF violet lowers 

in dry grassy and waste places fn 

Eurasia. Use’ 05 expressed juice t0 

staunch bleedin or by infision for 6 
internal haemorrhage 

6 Dove's-foot Crane’s-bill (Geranium 
mole) grows to 30cm (Tft) with a hairy 
stem, deeply lobed Ikoves and smal 
pinkish, five-petled flowers: in dry 
frassyand ‘waste. ploces Use 0s 
Eapressed juice to staunch beeing or as 
a decoction for interna! haemorrhage 
7 Marsh Woundwort —(Stochys 
polusts is strong-smelig, hairy, up 
‘to 90cm (3ft) tall, with toothed, heart- 
shaped leoves and spikes of dork pink 
to purple, white-botched flowers 
tsuoly found jn damp places; similar 
Species by woodland edges and shady 
taste place. Use os expressed juice to 
Staunch bleeding or by infusion for 
bathing aches, sprains ond wounds 

8 Sanicle (Sanicula europaea) grows 
to 50cm (20in), with hand-shaped, 
deeply lobed leaves and tiny white or 
pinkish flowers in a compact head: 
Wwidespreod in woodtond in Eurosin 
Use as expressed juice 0 stounch 
bieeding or by infusion for internal 
hoemonhoge 

9 Greater Periwinkle (Vinca major) 
grows to 50cm (20in}, with leathery, 
evergreen, broadly. spear-shaped 
Teaves and large blue-volet flwes; 
woody, scrubby and rocky places in 
Eurasio. There ore many kinds of 
peviinkle in other part ofthe word 
Use expressed juice externally to 
stounch bleeding 


Plantains (see Edible plants in Food) 9 
provide juice for treating wounds and 
for treating chest complaints. 
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INTESTINAL PROBLEM 
1 Mountain Avens (Dryas octopetoa) 
resembles creeping wild strawberry, 
with well-lobed leaves, paler below, 
‘and lorge white, yellow-stamened 
flowers; in. mourieinous rocky and 
northern Arctic oreas, Use an infusion 
of stems, leaves ond flawers for 
diarrhoea oF as 0 garale 

2 Balm (Melissa officinalis) lemon- 
Scented and firy, growing to about 
60m (2fil, with toothed, oval, 
aieenish-yellow leaves and whorls of 
‘small white lowers ofthe leat bases; 
in grassy places in the warmer part 
of Eurasia. Use on infusion of the 
whole plant for fevers and nausea, 
Can also. be used to ease poinful 
menstruation 

3 Water Mint (ienthna aquatica) is 
‘aromatic, hairy, always. near fresh 
water, with toothed, pointed oval 
eaves, 0 purplish stem to 80cm (32in} 
nd clusters OF pinkish Mowers. Use 
on infusion of the feaves tor 
diarrhoea, as o digestive and heated 
to induce perspiration in fevers. 
Similar mints ore also. effective. If 
‘made too strong the infusion moy 
become emetic [couse vomiting). 

4 Elms (Uimus) ore toll trees with 
large, ovo, toothed leaves, green dise- 
Shaped fruits and, often, suckers at the 
base of the trunk. Use @ decoction of 
the bark for diarrhoea ond skin 
evuptions. 

5 Cleavers or Goosegrass (Gollum 
‘oparine) 5 stroggling, with long prickly 
stems whorls of narrow prickly leaves 
‘and small white flowers; widespread 
‘an moist, woody and waste ground. 
Young plants can be boiled and eaten 
‘ike spinach. Use on infusion to case 
constipation. Give frequent doses, 
‘mixed with an equal quantity of Marsh 
‘Matiow for cystitis 

6 Agrimony  (Agrimonia eupatoria) 
‘arows to 80cm (3tth with a downy 
stem, toothed, spear-shoped leaflets, 
‘greyish below, and a tal spike of yellow 
Fowers; in dry grassy places ~ there 
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ore several different kinds: Use an 
infusion of the whole plant to ease 
constipation and acid stomach, Also 
se 0 treat cystitis, giving small doses 
frequently. 

7 Lesser Celandine (Ranunculus 
ficaria) grows to 20cm (Bin), with 
shiny, dork green, heart-shaped 
leaves and yellow flowers, in wet 


woodland ond damp ground in 
Eurasia. Apply the expressed juice 
‘externally for haemorrhoids; do. NOT 
confuse with its poisonous relatives, 


the buttercups 
8 Solomon's Seal (Polygonatum) ore 
‘small, patch-forming, with arching 
stems bearing tube-shaped greenish 
white flowers; in woody, setubby areas. f 
Use @ decoction of the root externally 
for haemorrhoids and bruises, or take 
.an infusion for nausea. The starchy 
root is edible like parsnips, but when 
boiled and dried it sets hord as 
‘makeshift plaster for a splinting agent. 
Either an infusion, oro poultice made 
from the powdered root, wil case 
‘bruising, Berries are POISONOUS, 


Silverweed (see Edible roots in Food) 
‘ols0 provides an infusion for the 
treatment of digestive disturbance and 
hhoemorrhoids 


FEVERS, COUGHS AND COLDS: 
9 Feverfew (Tanacetum parthenium) 
is very aromatic, growing to 4Sem 
(18in), with deticate yellowish 
leaflets and mony daisy-Like lowers; 
jin woste and grassy places in 
Eurasia. Eating the leaves eases 
‘headaches and migraines, but in 
some people this can couse blistering 
jn the mouth, It is sofer to use on 
infusion of the whole plant for 
fevers, headaches and general pains, 
ar os @ tincture for insect bites, = 
Frequent small doses of o hot 

infusion help regulate contractions 

in childbirth } 
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FEVERS, COUGHS AND COLDS 
CONTINUED: 
1 Camomile (Chomoermelum noble is 
sromatic, creeping, with finely 
dissected leaves ond disy-fke flowers; 
in-grossy places in Eurasia. Use on 
infusion of the whole plant for fevers 
: hneadaces, migraines, and colds, or the 
expressed juice of the foes for aches 
and stroins. It has a calming influence 
especially on nervously excited 
children, 
2 Colt's Foot (Tusslego farforo) is 
Common from late winter on bare and 
waste ground. Large, yellow dandelion- 
{ke flowers top asparagus-fke stems; 
hneort-shaped leaves follow the 
2 lowers. Use the leaves by infusion for 
colds and coughs 
3 Lungwort (Pulmonaria offieinofs) 
Jsdowny, up to 30cm (110, with pole 
spotted spear-shoped feoves and 
bell-shaped pink or purplish-bive 
flowers; in mixed woods and scrub in 
Eurasia. An infusion of the whole 
3 plant is excellent for chest 
complaints ond useful for diarrhoea. 
For coughs use with equal parts of 
Coit's Foot 
4 Horehound (Merubium vulgare) és 
thyme-scented, doviny, with squarish 
stems to Sem (20in}, roundish, crinkly 
arcenish-white leaves ond whorls of 
whitish flowers; in dry scrubby ploces 
Jn Euros. Use on infusion oF the 
‘4 hole plant for chills ond respirotory 
sone; il expressed from the loves 
soothes earache. It iS a good cough 
treatment for children n forge doses it 
‘5.0 laxative 
5 Yarrow (Achilleo millefolium) is 
Giowny, oromatic, up to 6Dem (2M), 
with dissected, feathery, dark green 
leaves and heads of tiny white or 
pink flowers; in grassy places. Use 
‘an infusion of the whole plant, but 
NNOT the roots, for cols and fevers. 
tc olso hastens clotting of the blood 
in an injury and reduces blood 
pressure ond bleeding in 
hhaemorthoids. 
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6 Musk Mallow (Malvo moschata) 
grows in grassy and scrubby places 
to about 60em (2ft), with o hairy 
stem, deeply divided leaves and 
large, pink, five-petalied flowers 
Mallows are widespread and come in 
many varieties. Use this like Morsh 
Matiow (8). 

7 Tree Mallow (Lavatera arborea) 
grows to. 3m (QR, with a hairy stem, 
woody at the base, ivy-shaped leaves 
and pink-purple flowers. streaked 
darker purple; in rocky coastal areas 
from Europe to Asia Minor Use this ike 
‘Marsh Mallow (8). 

8 Marsh Mallow (Althaca officinalis) 
‘grows to 90cm (34), downy arey. with 
forge loved leaves ond pole. pink 
flowers. The cooked root is excellent 
to eat, Use an infusion of the whole 
plant for chest complaints or one just 
of the root to relieve giddiness 
‘caused by lass of blood ond to clean 
wounds ond sores. A rubbing with 
bruised leaves soothes insect bites: 
boiled leaves are 0 good poultice for 
skin eruptions. An infusion of the 
leaves will relax and soothe irritation 
‘and inflamation of the alimentary 
system. 

9 Great Mullein  (Verbascum 
thapsus} is covered in pole woolly 
down, growing to 2m (6ft), with 
large spear-shaped leaves ond a 
dense spite of five-petalied yellow 
flowers; in dry, warm grassy places, 
Use on infusion of flowers and 
leaves for coughs and chest 
complaints, or a decoction of the 
100% as 0 gargle. Powder the flowers 
to make a sedative and poin- 
telieving tea. 

10 St John’s Wort (Hypericum 
perforatura) grows to GOcm (2ft), with 
small, oblong, tronslucently spotted 
leaves and a head of golden-yellow 
flowers that exude red juice when 
‘rushed; in open woods, grassy and 
bushy places. Use an infusion of the 
whole plant for colds and chest 
complaints. 


: 
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DANGEROUS CREATURES 


” The inseets and other creatures 
a shown here are not a major problem 

for survivors if sensible precautions 
‘are taken — but can easily become 
‘one if not treated with respect. 


1 Scorpions re found in deers 
forests ond. jungles of topic, 
subtrpicel ard wrth terperateateas 
tne kind ving at 3600 (12001) in 
the Anes and are mainly natural 
Most deset kinds re. yellowsh 10 
fight geen thos rom most higher 
mountain’ ofeas. brown or. black 
Average se 82m Tin) but gions 
in southern AMfico and New Guineo 
reach 20m (Bin. Some burro but 
they are usualy fur under tre bark, 
rocks. or othr shelter, Incudng your 
coc The stig is te tol. Many Hes 
fause only tivo! discomfort @ few 
prnouce” nerve toxins. causing 
temporary poroysis for 24-48 hours 
Some scorpions from the Wile Fas, 
Braet ond west Meriva con infict @ 
fact tte, but ths very roe nd 
det tore toy in young chien 
tnd the old or i, who offer ite 
resistance ft 
2° Recluse’ or Fiddleback Spider 
florscees est) of North Ament és 
reeogised bya won shape onthe bck 
OF the ed. There are several diferent 
finds, butL tecsa the worst. Bie 
produces fever chi vomiting it 
pound sporty sin win 24-48 
hours although rarely fatal, tssve 
degeneration oround the wound con 
couse disfigurement, or even lead (0 
omputation i eft untreated. 
3 Block Widow or Hourglass Spiders 
398, eotradectus) occur in wormer areas, 
including desers, over much of the 
wri. "Smal, ork all canbe 
recognized by the re, yellow or white 
raring onthe obdomen, hours 
Shaped in some. Bites price severe 
poin, sweating, shivering ond 
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Weakness, disabling the victim for up 
10.0 week. Rorely fata 

4 Funnelwebs (Atrax) are large greyish 
(or browny spiders of Austria. Chunky, 
with short legs, their name alludes t0 
their web's shope. Nocturnal, and not 
ound in hot, dry, sunny conditions. A 
bite can kil: symptoms as for the Black 
Widow. 

5 Tarantulas (Theraphosidae ond 
Lycosa) are very large hairy spiders of 
tropical America; one kind occurs in 
southern Europe, OF — menacing 
‘2ppearance, tut although @ bite is 
painful the poison is fairly mild ond 
not disabling, 

6 Centipedes and millipedes ore 
‘mostly small and harmless but some 9 
tropical and desert kinds may reach 

25cm (10in). Their feet have sharp 

‘laws, ivhich ean puncture the skin ond 


‘cause infections, and a few kinds have 
poisonous bite. Brush off in the 
direction they are moving — there is 
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8 Ticks are Jorge and common in the 

top fotsosed ard ua ih 

svat hig he betcositoa wend 

Do naples ena on 

Coe cto the et peed ok 

or hot weer oma op ot 

8 sees at Sod iting wore 

fie couse of Doel gk od 

other mobt ees wot en ie 

on vegeta’ babe aasciny 
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{0 Vampte Bats Dest ecan 

Cente and Sou Aeron, Sc F 
rectus they suk the Beef 10) 
Seep vie hc tes muy sy 

robes ee covered ot gh tes 

oes 


469 


EC-GSM extends the data handling and power efficiency advantages that GSM/GPRS 
technology already offers for MTC, and it will help operators extend the service lite of their huge 
2G legacy base. 


LTE-M~ SUPPORTING A WIDE RANGE OF MASSIVE IOT USE CASES 

UTE is the leading mobile broadband technology and its coverage is expanding rapidly. So far, 
the focus has been on meeting the huge demand for mobile data with highly capable devices 
that utllze new spectrum. With features like Carrier Aggragation, MIMO and Lean Carrier, the 
gigabit per second performance for LTE call throughput is now reaching levels that result in an 
excellent mobile broadband user experience. 

The advent of LTE-M signifies an important step in addressing MTC capabilities over LTE, 
LTE-M brings new power-saving functionality suitable for serving a variety of loT applications; 
Power Saving Mode and eDRX extend battery life for LTE-M to 10 years or more. LTE-M traffic 
is multiplexed over a full LTE carrier, and itis therefore able to tap into the full capacity of LTE, 
‘Additionally, new functionality for substantially reduced device cost and extended coverage for 
LTE-M are also specified within 3GPP 


Broadast range of Wide range of bitates Eficiont co-existence 


= celular loTeapabiies enabing advanced wih MBB tafe 
uTeM aepleatens ee (igi) 
4) Dy al & —— A 


Figure 11: LTE M, 


NB-IOT ~ SUPPORTING ULTRA-LOW-END MASSIVE IOT APPLICATIONS 

In addition to LTE-M, NB-IcT technology is being standardized in time for SGPP Release 13, 
NB-oT isa self-contained carrier that can be deplayed with a system bandwidth of only 200kHz, 
and is specifically talored for ultra-low-end oT applications. It is enabled using new network 
software on an existing LTE network, which wil result in rapid time to market. 


‘Scalable ulra-low-end Uliradow bitrates and Nalive narrowband 


alularlaT saution” "ecreme coverage solunon 
NB-loT 
> if 3 


Figure 12: NB-loT 


NB-1oT provides lean setup procedures, and a capacity evaluation indicates that each 200kHz 
NB-loT carrier can support more than 200,000 subscribers. The solution can easily be scaled 
up by adding multiple NB-loT carriers when needed. NB-loT also comes with an extended 
coverage of up to 20dB, and battery saving features, Power Saving Mode and eDRX for more 
than 10 years of battery life. 


‘Standalone 


Guard bana 


in-band 


Figure 12: NB-IoT deployment. 


NB-IcT is designed to be tightly integrated and interwork with LTE, which provides great 
deployment flexibility. The NB-IoT carrier can be deployed in the LTE guard band, embedded 
within a normal LTE carrier, or as a standalone carrier in, for example, GSM bands. 
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POISONOUS SNAKES 


‘ee WARNING 
ae lag ete 


deadly poisonous. Do NOT approach, 
provoke ar handle, 


SAFETY RULES 
= Wateh where you step: On average 
snakes eat only once 0 week. After 
eating ond ot the times when they 
shed their Skin they ore sluggish ond 
‘more easily trodden on 
= Look closely before parting bushes, 
picking fruit, some snakes are arborea 
= Never tease, pick up or corner: A 
few snakes, such as the Bushmaster af 
South and Central America, Black 
Mambo of Atrica and King Cobra af 
Asio. will attack when cornered or 
‘quording 0 nest 
= Use sticks, not hands to dura over 
stones and logs and for digging, 
= Wear stout boots — if you have 
them. The teeth of niany shakes are too 
small to penetrate ihe. 
= Check bedding, clothes, packs 
before putting thein on. Snakes may 
use then) as shelter 
= Stay calm iF you encounter @ snake, 
Do not move suckenty or strike at it 
a Back off slowh: In most cases the 
snake will be only t00 eager ta escape. 
= To kill: iF you hove to kil @ snake use 
‘long stick, preferably with a spring to 
it, and a single chopping tlow to the 
‘back of the head, Moke it effective frst 
time — @ wounded snake is very 
dangerous 


NORTH AND SOUTH AMERICA 
1 Rattlesnakes (Crovolus and 
Sisirurus), Many kinds occur in ol! 
parts of North America, varying fram 
‘45cm (18in} to over 2-1m (770, All have 
{ chunky bod, wide head ond rattle on 
he end of the tall thot is usually but 
rot always sounded as « worning. The 
largest are the various Diamondbacks, 
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with distinctive diamond-shaped 


biotehes 
2 Copperhead (Agkistrodon contortix) 5 
‘averages 60-90em (2-390), with a 

stout body coloured buff or oronge- 
brown with rich brown bonds and a 
copper-red head; mainly in the eastern 
United States. Fairly timid bites: ore 
only rarely fot 

3 Cottonmouth or Water Moccasin 
Wakistrodanpiscivorus) averages 
{60-130em (2-4ft) with a thick brown 
(Fr brownish-olive body, sometimes 
blotched, and a yellowish, also 
blotched, belly; the inside ofthe mouth 
is white. Aquatic, in ond by freshwoter 
inthe southern United States 
Beligerent ~ do not onnoy! 

4 Tropical Rattlesnake (Crotalus 
durissis) overages 15-2 (5-60 with 
digmond-shoped marks, two dark 
Stripes on the neck and a rattle on the 
tail; nocturnal, in drier areas. from 
South America north to Mexica, Lame, 
‘aggressive, very dangerous. 

5 Fer de Lance (Bothrops atrox) is 
brownish with paler geometric 
markings and averages 13-2m (4-6); 
‘causes many deaths. Its many relatives 
Vary from grey to brown or reddish 
with simitar markings. Bothrops vipers 
‘occur in South America north to 
Mexico; some are arboreal. All loop 
theit body before striking 

6 Bushmaster (Lachesis muta) is 
Jarge-headed, pinkish-brown marked 
with large dark brown triangles ond 
‘overages 2-26m (6-8ft) or more; 
nocturnal, in lowland forests, often 
using burrows and holes, in Cental 
‘ond South Ameria. Vicious if cornered; 
the mast feared of oll New World 
snakes. 

7 Coral Snakes average 45-90em 
(16-310), are slender and strikingly 
coloured’ in bands of block and red 
separated by bands of yellow or whit; 
from the southern United States into 
South Americ. (Similar kinds occur in 
Southeast Asia) Small-mouthed, 
reluctant to bite but deadly. 
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There are NO tules for identifying 
poisonous. snakes. Cobras. usually 
= show hoods and rattlesnakes rattles 
ws on their tail, but these are NOT 
reliable guides. Poisonous. snakes 
must be learned individually. 1F in 
doubt, treat every snake as 

poisonous. 


EUROPE 
1 Adder (Viper berus) averages 
30-78em (12-30in), varying from 
five-grey to reddish-brown with 0 
zigzag pattern of darker colouring: 
especially on heaths, moars and open 
‘reas, into mountains The only 
poisonous snake of northern Europe, 
hhordly ever fotal, but with larger and 
‘more dangerous relatives in southern 
Europe, 


AFRICA AND ASIA 
IT nt Aer fits oto) hice 
tod shoei ord be hae 

ow esis etn ietda ee 

averages 90-1300m (3-4ft}, in semi- 
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3 Saw-scaled Viper (Echis carinatus) 

Pialienunnyst onpepltin 
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ae Le un ante 

4 Russell's Viper (Vipera russelli) 
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reddish or grey marked with geometric 
patterns, the belly yellowish or spotted 
{greenish-brown in light growth in 
‘south-east Asia and parts of Indonesia, 
A frequent cause of bites and with 
‘many relatives in the area. AVOID any 
that resemble it 

6 Cobras occur from Africa east 
through India to Indanesia ond the 
Philippines. They usually average 
18-2m (5-6It) and, when alarmed, are 
recognizable by the raised head ond 
Spreading, often marked, hood. 
Common in some oreas, especially 
rocky and semi-arid ones. 

7 Mambas (Dendronspis) are small 
hheoded, very slender, typically with 
Jorge green or greyish scales and 
averaging 15-2:1m (5-711), in Arica 
south of the Sahara, usually in trees 
‘but the large Black Mamba D. palyepis 
is largely terrestrial. Often quick to 
strike, fotal in olmost all untreated 
cases, 

8 Boomslang (Dispholidus typus) 
averages 13-1-5m (4-5ft, very 
slender, varying from greenish to 
‘brownish or blackish in trees and very 
hhard to spot, in savannah parts of 
Africa south of the Sahara. Highly 
venomous; it inflates its throat when 
alarmed, 

9 Kraits  (Bungorus) overage 
90-1500m (3-Sft, are small-headed 
‘ond some have black and white or 
black and yellow bands down the body, 
{in both open and forested areas from 
India to Indonesia. Nocturnal, 
inoffensive, but bites are often fatal. 


SPITTING SNAKES 
AA few cobras, including the ringhals 
‘of southern Africa, spit poison as 
well as bite, This is a purely 
defensive measure and is not 
dangerous unless the poison 
reaches an open cut or the eyes. 
If it does, wash out immediately 
with water or, in an emergency, 
with urine. 
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AUSTRALASIA 
1 Death Adder _(Acanthophis 
antoreticus) fs brownish, reddish or 
firey with dorker banding, thick- 

T3Qe bodied nd averages 45-€0em 


8% (18-24in); in sondy areas of much of 
Austratia, Popua New Guinea and 
some nearby islands. Well 


‘camouflaged; highly venomous, but 
‘not so dangerous os the Tiger Snake 
‘and Taipen, 

2 Australian Black — Snake 
(Pseudechis porphyriacus) averages 
15-2m (5-6Mt), slender, bluish-black 
with o bright red belly: in or near fresh 
water over much of Austrafi, There 
are several different kinds. Very rarely 
fotal, it flattens its neck when 
roused, 

3 Australian Brown Snake 
(Pseudonoja textlis! is slender, 
Yellowish-grey ta brovwn with 0 pale 
belly and overoges 1-5-2m (5-6): 
in drier ports of Australia and 
Popua New Guinea, There is more 
thon one kind. Aggressive and very 
poisonous. 

4 Tiger Snake (Notechis scutalus) 
overages 13-16m (4-5:5Ft), thick- 
bodied, large-headed, tawny-ochre 
‘banded with greenish-yellow, grey or 
forange-tarown: in semi-arid areas of 
Australia ond in Tasmania, Aggressive, 
very poisonous, the principal cause of 
fata’ bites 

5 Taipan (Oxyurarus scutelotus) is 
uniformly fight to dork brown with 
vellowrsh-brown on the sides ond belly 
and may grow to 3:5m (2A); in open 
and forested parts of northern 
Australia. Ferocious when provoked, 
devdly poisonous. 

'§ Sea Snakes occur in the Indian ond 
Pacific Oceons; some ore portly 
terrestrol, in estuaries and coastal 
swamps. They vary in colour and size, 
averaging 13-15m (4-511) with a 
flotered, paddle-tike til. Their scales 
distinguish them from cels. Not 
aggressive, but some are the most 
venomous snakes of al, 
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Snakes have excellent camouflage, 
‘only movement gives them away. In 
snake-infested areas you will pass 
many every day without ever 
noticing them. 

The chances of being bitten are 
small and all but the worst cases 
recover: In Malaysia, more people are 
killed each year by falling coconuts 
and in India rat-bites produce many 
more cases for hospit 

A bite from a poisonous snake 
should always be taken seriously, 
bbut there are degrees of severity. 
When biting in self-defence, many 
snakes inject only a ittle venom, 
‘occasionally none at all. If the snake 
is out of condition or has recently 
bitten something else, its venom 
may not be fully potent and there 
may be only a litte in its venom 
sacs. Clothing or shoes may have 
deflected the full force of the bite. 
In many poisonous snakes the dose 
of venom needed to kill a man far 
exceeds the amount that can be 
injected in one bite. 


SNAKE FREE! 
There are NO poisonous snakes in 
New Zealand, Cuba, Haiti, Jamaica, 


Puerto Rico, Ireland, Polynesia and 
the polar regions. 
LIZARDS 


7 Gila Monster —(Heloderma 
suspectum) isa lizard found only in the 
deserts of Arizona, Mesica and nearby 
‘areas. Large rounded head, thick 
‘chunky body, short stumpy tail and 
brightly potterned in yellow. Averages 
37-450m (15-18). Bite is poisonous 
but likely only when handled 

8 Beaded Lizard (Heloderma 
‘hovridam) resembles the Gila Monster 
‘but is dorker and larger, with o 
slenderer toi and spots rather thon a 
‘mottling of colour in a few arid ports 
‘of Mexico ond Central America. Docie, 
but the bite is poisonous. Do not 
handle. 
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These fish and sea creatures are 
dangerous. Most are either 
poisonous to touch or have 
Poisonous flesh, 


RIVER DANGERS 
1 Electric Eels (Elecirophorus 
electrcus) may reach nearly 2m (7ft) 
Jong and 20cm (@in) thick, rounded, 
coloured olive to blackish, and paler 
underneath, native to Orinoco and 
Amazon iver systems of South 
Anrerica, Often prefer shallow water 
where there is more oxygen. The shock 
fiom o large one con be 500 volts, 
enough to knack « man off his feet. 

2 Piranhas (Serrasalmus) occur in the 
Orinoco, Amazon and Parguay river 
systems of South America, They vary in 
siee but may be yp to 50cm (20in) fong 
‘ond are all deep-bodied and thickset, 
having large jaws with razor-sharp 
interlocking teeih. They can be very 
dangerous, particularly in the dry 
season when the water levels are law. 


SEA AND RIVERS 
5 Stingrays (Dasyoidoe) oreo donger 
in shallow waters especialy tropical 
ones. and nat anly an sandy shores. 
Very variable, but all with the 
distinctive ray shape though hard for 
the wader to spot. A few kinds occur in 
rivers in tropical South America and 
West Alia. The freshwater stingrays 
rarely exceed 30cm (1ft) long. They do 
fat occur in rivers that flow into the 
Pacific. Venomous spines inthe tai can 
inflict sever, sometimes fra injury 


SALTWATER DANGERS 
4 Rabbitfishes or Spinefeet 
{Sigonioae) occur mainly on reefs in 
the Indian and Pacific Oceans, 
averaging 25-30em (10-12in) edible 
but with sharp spines in most fins 
These ore sold to be venomous. Handle 
with core 


DANGEROUS SEA CREATURES 


5 Tangs or Surgeonfishes 
faconthurdoe) "veroge, 20-250 se 
(8-10in), deep-bodied, smal!-mouthed, 
very eolurfo, wit lncet-lke spines 
on theses oF theta hat cn tft 
severe wounds when it lshe. In ll 
tropic! waters 

6 Venomous: Toadfishes. 
(Batrachoitidne) occur in tropical 
waters off both coast of Cent and 
South America Averoging 3-4om 
(7-10in}, they are dull-coloured and 
Jarge-mouthed. They lie buried in sand 
ond hove sharp, very posonous spines 
fn the book 

7” Seorpionfishes. or Zebrafishes 
(Scorpaenidae) are found mostly On 
resin the tropical Indian an Pai 
Oceans. Averaging 30-75cm (12-30in), 
very vribl, but usualy reddish with 
tong, wow fn roy ond spines, A sting 
is intensely painful. Less. potent 
relives occur nthe Mediterranean 
tnd Atontc 

8 Stonefishes (Synoncia) occur fa 
the trapical Poetic ad indian Oceans 
Reaching 400m (I6inl their drob 
colours and lumpy shape make them 
almost impossible 10" see. When 
trodden on, dorsal spines inject venom 
that aganiingly paint i the worst 
cases fol. 


The venomous Toadfish, Stonefish 
and Zebrafish are edible. If you land 
fone strike it on the head and handle 
only when completely dead, and then 
with great care. 

Though not venomous, there are 
fther fish with dangerously sharp 
spines, which are not always easy to 
detect, except at close quarters. The 
spines usually occur on the back but 
may also be on fins on the side of the 
fish, Even a small spine ean inflict a 
bad prick with consequent risk of 
infection. Large spines — and some 
spiny catfish grow as large as @ man 
= are as effective as stilettos. 

Sea urchins ean also inflict painful 
injuries and Sea anemones ean sting. 
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1 Weeverishes _rchinidoe 

tapering, dulbcoloured, sbout s0em 

{if lor, fe buried sond of the 

toasl of Europe south to West ica 

Gi the Medterroneen,. Venomous 

spines on bork ond ils produce 

TR bine ot Sontie by brrng 
very hot water, 


POISONOUS TO EAT 
Many inshore fish, living in reefs 
and lagoons, are poisonous to eat 
The majority are confined to the 
tropics but, wherever you are, be 
wary of eating any fish that you 
cannot identify. 

Some fishes that are otherwise 
ood to eat, such as the Barracuda 
fand Snapper, are inedible when 
taken from reefs and lagoons, where 
they will have absorbed poisonous 
substances with their own food, 

The most poisonous kinds, such 
as puffer fish, usually have rounded 
bodies with hard, shell-like skins 
. covered in bony plates and spines. 
am fo Frey alo commonly have part 
{ike mouths, small gil openings and 

rer lack pelvic fins or have only a 
small one. 


2 Porcupine Fishes (Diodontidae) 
‘occur in all shallow tropical waters 
Variable, reaching $0-60cm (20-24%n), 
‘but when olarmed oll inflate into a 
very spiny bal. Their flesh is poisonous 
3 Puffer Fishes (Tetraodiontidae) occur 
in all tropical and many warmer 
temperate waters, « few kinds in rivers 
in south-east Asio and tropical Africa 
Stout-bodied, rounded, —15~75em 
(6-30in) fong, most kinds with spines; 
‘when alarmed they puff up into a bat 
Their blood, liver and gonads are 
poisonous; 28mg (Jaz) can kil 

4 Triggerfishes (Balistidae) oceur in 
‘huge variety, masty in shallow tropical 
seas. Deep bodied, compressed, usually 
under 60cm (24in), with very large, 
stout dorsal spines: Many kinds are 
poisonous to eot. Avoid them all 
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‘OTHER SEA CREATURES 
5 Portuguese Man-of-war 
(Physolis physalis), not « jellyfish but 
4 colony of hyaroids, is mainly sub- 
tropical but common in the Gulf 
Stream which may toke it to British 
shores. Southern currents carry it, for 
example, to New Zealand. ‘The 
floating bladder may be only 180m 
(6in} tong, but the tentacles, which 
carry stinging cells, can stream out 
for 12m (4Oft), Not fatal but enough 
to incapacitate, so extremely 
dangerous. 

The Common Jellyfish (Aurelio 
urito), 0 milky saucer-shope with 
purplish horseshoe marks inside, is not 
dangerous fo humans but many others 
are, especialy the Sea wasps or Box 
Jelifish. (Chitonex fleckeri). with a 
cube shoped bell 25em (10in} long and 
clusters of feniacles at the corners up 
to 9m (3OR) long. In big doses venom 
can be fatal. Avoid all jellyfish 
sireamers ~ even when washed up on 
the beach, 

6 —Blue-ringed Octopus 
(Hopotochiaena —lunulato}, small 
sometimes only fist-sized, found off 
ester Australia, particularly around 
the Great Barrier Reef, is greyish 
white with iridescent ring-like 
‘markings. Very poisonous, potentially 
lethal bite if trodden on or handled. 
Treat all tropical reef octopuses with 
caution 

7 Cone shells (Conidae), 
subtropical and tropicel gastropods, 
have a venomous harpoon-like 
bord, All are cone shaped but shell 
patterns may be obscured by a 
‘membrane. Some very poisonous, 0 
few, in the Indo-Pacific, lethal. 00 
NOT TOUCH. 

8 Augers or Terebra Shells 
{erebridae) temperate and tropical 
seas, particularly the Indo-Pacific, also 
hhave 0 stinging barb. They are much 
thinner and longer than cone shell. 
The sting i not os serious as the 
Cone’s, but do NOT eat. 
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> Standalone deployment in a GSM low band: this is an option when LTE is deployed in a higher 
band and GSM |s stl in use, providing coverage for basic services, 

> Guard band deployment, typically next to an LTE carrier: NB-IoT is designed to enable 
deployment in the guard band immediately adjacent to an LTE carrier, without affecting the 
capacity of the LTE carrier. This is particularly suitable for spectrum allocations that do not 
match the set of LTE system bandwidths, leaving gaps of unused spectrum next to the LTE 

> Efficient in-band deployment, allowing flexible assignment of resources between LTE and 
‘NB-1oT: it will be possible for an NB-loT carrier to time-share a resource with an existing LTE 
cartier The in-band deployment also allows for highly flexible migration scenarios. For example, 
if the NB-IoT service is frst deployed as a standalone deployment in a GSM band, it can 
subsequently be migrated to an in-band deployment if the GSM spectrum is re-farmed to 
LTE, thereby avoiding any fragmentation of the LTE carrier. 

NB-loT reduces device complexity below that of LTE-M with the potential to rival made casts 

of unlicensed LPWA technologies, and it will be ideal for addressing ultra-low-end applications 

in markets with a mature LTE installed base. 
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SURVIVAL 
AT SEA 


Cate of survival at sea are perhaps 
worse than those of any other environment 
and make the sternest demands. Planes and 
boats carry survival equipment, but even getting 
into a dinghy in a heavy sea can be difficult. 

Once any emergency supplies of food and 
water run out, sources are not reliable - so any 
possibilities of obtaining food from the sea and 
collecting drinking water must be exploited to 
conserve supplies as long as possible. 

Not all fish are edible and some are even 
dangerous to handle. Shark dangers are often 
exaggerated, but should not be ignored. 
Appropriate action is needed to avoid or deter 
them. A difficult coast can make even a final 
landfall hazardous, so heed the advice on 
lessening the risks. 


SURVIVAL AT SEA 
Man overboard! 
Survival afloat 
Protection 
{sland nearby? 
‘Travelling, 
Signalling at sea 
Health 
Water 


Food 
Dangerous fish 
‘Sharks 

Making a landfall 


SURVIVAL AT SEA 


pee the carth’s surface is open water — probably the 
most frightening of all environments, and the most difficult in 
which to survive. In cold water the body soon becomes chilled and 
even in a boat wind can chill the body rapidly. Alone in cold water 
your chances are not good without equipment. 

If you know your location and the main ocean currents you may 
be able to predict where they will carry you, though it will be very 
slowly. Warm currents, such as the Gulf Stream, across the North 
Atlantic, are rich in fish and sea creatures, 

Coastal waters are also often rich in sea foods — but there are 
dangerous species, such as sharks, and poisonous species, mainly living 
in shallower water near lagoons and reefs in warmer climates. Fresh 
water is a bigger problem if you have no means of distilling sea water. 
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Lifeboat drill 
Lifeboat drill is carried out 
on every ship soon after it 
sails and should become a 
well-rehearsed_ procedure. 
Passengers are instructed 
in how to fit lifejackets, 
how they are to proceed 
to their lifeboat stations, 
and what to take with 
them. Sailors in small 
boats should also devise 
such a drill and instruct 
everyone on board 


SURVIVAL AT SEA 


Worm currents 


Cold currents 


Is it easier to survive in warm or 
cold waters? 


{A survival situation at sea in warmer 
climates is preferable to cold-water 
survival. You can only survive for a 
short time in cold water before 
hypothermia sets in. If you do find 
‘yourself going into cold water take as 
much survival kit as you can, and 
then get out of the water asap. If you 
are ina lifeboat, establish a routine so 
that order is maintained in the boat. 
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If the signal is given to abandon ship put on warm, preferably 
‘woollen, clothing including hat and gloves and wrap a towel around 
your neck. Clothes will not drag you under if you end up in the 
water and they will help ward off the worst enemy — exposure. Take 
a torch if you can and grab chocolates and boiled sweets if they are 
handy. Do NOT push or shout or you may start a panic — an orderly 
embarkation into lifeboats and on to rafts or dinghies will be faster 
in the long run and establish a calmer attitude. 

Don't inflate your lifejacket until you leave the ship or plane, On 
‘small boats lifejackets should be worn all the time. They are brightly 
coloured and are usually equipped with a whistle, light, marker dye 
and — when for use in warmer waters — a shark repellent. 

If you have to jump overboard, first throw something that floats 
and jump close to it. 


Abandoning ship 
Abandoning a ship or ditching from a plane, it is essential that you 
take what equipment you can with you. A tifejacket or lifebelt will 
save a lot of energy that you might otherwise expend in trying to 
keep afloat. But even without one it is not difficult to float in the 
‘ocean. The human body is of lower density than saltwater and 
anyone who has learned to relax in the water is not in immediate 
danger from drowning. However, panic or fear make relaxation 
difficult and many find floating difficult under these conditions. 
Without a lifejacket or lifebelt, air trapped in clothing will help 
buoyancy — a good reason for keeping your clothes on despite the 
frequent advice that you should strip them off. 


MAN OVERBOARD! 


IF you have been swept overboard your first aim, apart from keeping 
afloat, will be to attract attention. Sound travels well over water — 
shouting and splashing can be effective. Wave with one arm above 
the water (not both, you will go under) — movement will make you 
more noticeable. 

If you are wearing a lifejacket — and on a small boat you always 
should be — it will probably be equipped with a whistle and a light, 
a regular-issue ‘Mae Wests’ usually are. 


‘Swimming 
‘Swim slowly and steadily If you are abandoning a sinking boat or aireraft 
‘get upwind and stay clear of it. Keep away from any oil or fuel slick. 
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If there is a fire and you have to enter the water, or swim 
through flames, jump into the water feet first and up wind, 
swimming into the wind using a breast stroke, try to make breathing 
holes by splashing the flames away from the head. If the fire 
is not too extensive it is best to swim underwater until clear of 
that danger 

If there is a danger of an underwater explosion while you 
are in the water, the risk of injury will be reduced if you swim on 
your back. 

If within sight of land don't battle against the ebb, relax and 
float until it turns and helps to carry you to land. If the sea is too 
rough to float on your back adopt this technique. 


1 Float upright in the woter and take a 3 Relax inthis position untit you need 
deep breath. fo take in more a 

2 Lower your face into the water 4 Raise your head above the surface, 
{keeping your mouth closed) and bring treading and exhale. Take 


your arms forward to rest at water another breath and return to the 


Flotation ‘bags’ 

You can improvise a short-term flotation bag from a pair of trousers. 
Knot the bottoms of the legs, sweep them over the head to fill with 
air, then hold the waist below the water to trap the air inside, 
making the legs into water wings to lean on, 


Immediate action 

Once you are clear of the wreck and have got your bearings, inflate 
your dinghy or look out for a boat or raft or wreckage which can 
offer support. If there is no boat or dinghy grab as much flotsam 
as possible to use as a raft. Tie it together with anything that 
is available — ties, belts, shoclaces, spare clothing. Salvage any 
floating equipment. 
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Inflating a dinghy 
Aireraft and many boats and ships carry dinghy-type lifeboats. Many 
are self-inflating and activated by saltwater immersion. 

If they do not inflate automatically, there is a pump provided. 
There are several inflation points because the dinghy is built in 
sections, so that if one compartment is punctured the others will 
still keep the dinghy afloat 


Boarding an inflatable dinghy 

Get aboard as soon as possible. If you are already in the water move 
to the end (not the side) of the dinghy, place one leg over the edge 
and roll into the dinghy. 

Do NOT jump into a dinghy from above, you may damage it. 

To haul someone else aboard a dinghy, raft or lifeboat hold their 
shoulders and fift one leg over the end, then roll them in, Discourage 
them from putting their arms around your neck — they could pull 
you into the water. Then tie yourself and others to the dinghy. 


RIGHTING AN INFLATABLE DINGHY 
Most dinghies have righting straps on 
the botiom, ond Jarger ones have 0 
righting fine attached to one sie, Grab 
it from the opposite side, brace your 
feet against the dinghy and pull. The 
dinghy should rise up and over, pulling 
you out of the water momentariy. In 
heavy seas, ora high wind, this can be 
extremely difficult 


Ensure that the dinghy is fully inflated. It should be firm — not rock- 
hard. If it is not you will need to inflate it with your own breath or 
a pump, The valves are one-way and air will not escape when you 
take off the protective cap. 

Check for leaks. Escaping air will cause bubbles under water and 
above water will make a hissing sound. Deal with them with conical 
plugs that you will find in the dinghy kit. They serew into holes and 
seal them. You will probably also find a supply of rubber patches 
and adhesive. 

Make daily checks of inflation and leaks. If you suspect a leak on 
the underside swim under and insert @ plug 
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SURVIVAL AFLOAT 


Rafts, boats and dinghies are built to carry a limited number of 
survivors. The lives of those aboard will be even more endangered if 
these numbers are exceeded. 

The safety of the majority must be the priority. Place the 
infirm, youngsters and any injured in the dinghy or boat first and 
as many of the able-bodied as the boat is made to accommodate. 
The rest must hang on in the water. The fit survivors aboard should 
rotate with those in the water on a regular and frequent change 
over rota. But remember that exposure to cold water, to the 
inexperienced and even the young and fit, can be fatal. 

Stow all the gear in any stowage places provided and tie 
everything securely. Check that there are no exposed sharp objects 
which will damage an inflatable. Ensure that anything that will spoil 
if wet is in a waterproof container and kept out of the water. 

Check all signalling equipment: flares, rockets, heliographs. If 
distress signals have already been sent out you will need them 
to attract the attention of rescue parties when they are searching 
for you. 

IF a distress call has gone out giving your position it is best to try 
to maintain location, so put out a sea anchor. This should look like a 
large canvas bag. Streamed out from the boat it will keep it into the 
weather and slow down drift. 

You can improvise a sea anchor from any weighted object 
securely tied to a line. Even clothing could be used, possibly tied to 
a paddle with reef knots. 

IF you do not know where you are do NOT attempt to navigate 
until you have established your position, but if you can see the shore 
head towards it. 


SURVIVAL PRIORITIES 


~ PROTECTION from the elements and the effects of exposure, 


= LOCATION Try to establish where you are and the best way of 
attracting rescue, 


= WATER Take stock of supplies. Ration it at once, Start collecting 
any rain 


= FOOD Don't eat, unless you have sufficient water. Check all 
rations available, stow them securely. Start fishing as soon as 
possible 
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PROTECTION 


Even if you are alone keep a log on a daily basis. This will occupy 
the mind and help keep you oriented. First record names of 
survivors, date and time and position of accident, weather 
conditions, equipment salvaged, and record sightings and 
circumstances daily, 


In a cold climate 

If the water is cold it is essential to get out of it as soon as possible. 
You need to counter the chilling effect of the wind, especially if you 
are wet. Keep the boat or dinghy as dry as possible. Bail out all the 
water and rig up an awning to keep out spray if you can find any 
material to use for it. 

Dry all wet clothing and if there is no dry clothing to put on 
squeeze out as much water as possible and then put the clothes back 
on. 

Maintain body heat by wrapping all parts in any available 
material, such as parachute or canvas. If in a group of survivors 
huddle together to keep warm. To prevent stiffness to muscles and 
joints, and to keep the circulation going, do mild exercises, such as 
stretching and arm circling. Be careful not to disturb the balance of 
the raft or boat by excessive or sudden movement. 

Most modern dinghies have a built-in shelter. If yours does not, 
rig up a windbreak and a spray shield. Stretch any material that is 
available across to keep out spray and breaking waves. With 
adequate shelter and warm clothing, exercise will protect against 
the risk of frostbite. 


In a hot climate 

Take off unnecessary clothing, but still keep the body covered. If 
exposed directly to strong sun always keep the head and neck 
covered to avoid sunstroke or burn. Protect the eyes from the sun 
glare by improvising eye shields. 

During the day damping down clothes with sea water will 
help to keep the body cool but make sure that you are 
thoroughly dried out by evening, for nights can be very cold — 
and remember that darkness comes quickly in the tropics. 
Remember also that prolonged contact with sea water can cause 
sores on the skin. 

When it is very hot let out some air from an inflated dinghy, for 
air expands with the heat — you will need to release the valves. 
Reinflate in the evening when it cools. 
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WATCHES AND LOOK OUTS 


In a group assign watches. There should be a look out all the 
time — even in darkness. Each watch should be for a short 
period to avoid exhaustion and lack of concentration. It is 


better for everyone to have several watches a day than for any 
‘one person to have long periods on duty. 

Itis the responsibility of the watch to look out for shipping, 
aircraft, signs of land — and for seaweed, shoals of fish, birds, 
wreckage. They should also inspect the raft for signs of leakage 
or chafing, 


IS LAND NEARBY? 


‘When there is no land in sight you may find some of these indicators 
of land and the direction in which it may be found: 


Clouds: 
‘Cumulus clouds in an otherwise clear sky are likely to have been 
formed over land, 

In tropical waters a greenish tint on the underside of clouds, 
known as lagoon glare, is produced by the reflection of sunlight 
from the shallow water over coral reefs. 


Birds: 

A lone bird is not a reliable indication of land, and after 
rough weather birds can be blown way off course, but few 
seabirds sleep on the water or fly more than 100 miles from 
land. Their direction of flight is usually outwards from land 
before noon and return in the late afternoon. The continuous 
sound of bird cries is usually an indication that land is not far 
distant. 


Driftwood: 
Driftwood, coconuts and other drifting vegetation are often a 
sign that land is near (though they can be carried right across an 
ocean). 


Sea movement: 
The pattern of the swell may indicate land. A change in its 
direction may be caused by the tide pattern around an island. 
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CONCLUSION 


Uptake of Massive loT is set to take off, and operators have a unique opportunity to drive the 
implementation of new loT applications by offering affordable connectivity on a global scale. 

For oT applications, existing cellular networks offer distinct advantages over alternative WAN 
technologies, such as unlicensed LPWA. The global reach, QoS, ecosystem, TCO, scalabil 
diversity and security of celular networks are al vital factors that can support the fast uptake 
and success of lo. Enabled by new software in existing legacy networks, celular networks can 
support a diverse range of loT applications — ensuring the lowest possible TCO. 

S3GPP standardization work for GSM and LTE, and the recent addition of NB-oT, is further 
improving the ability of celular networks to adress the Massive loT market, where uitra-low 
‘end-to-end cost is a prerequisite. 

GSM/GPRS, which already serves the majority of cellularbased MTC application, is evolving 
with a new EC-GSM standard, which delivers significantly better energy efficiency and increased 
coverage. EC-GSM enhancements will cement GSM's position as a highly relevant connectivity 
platform for low-end, Massive loT applications globally. 

New downsized NB-IoT and LTE-M chipsets, designed for MTC, and features that improve 
both coverage and device battery life will Boost the abilty of LTE infrastructure to address the 
IoT market, One network that supports all applications from advanced mabile broadband 
services, VoIP and all kinds of low to high-end IoT use cases — creates a very strong value 
proposition. 

Whether operators choose the GSM, NB-IoT or LTE-M track — ora combination ofthese —will 
depend on several factors such as technology coverage, future technology strategies and targeted 
market segments. Whichever path they take, they have a huge opportunity to benefit rom the 
‘emerging loT revolution, Operators can choose to continue offering telecom-grade connectivity 
a they do today, or they can evolve to become a platform or fully-fledged loT service provider 
targeting a larger slice of future loT revenues. 
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Prevailing winds build up a swell pattern and the swell is less 
if the water is protected by land. If the wind is constant but 
the swell and waves decreasing you can be fairly certain that 
land lies to windward, 


Sea colour: 
Water that is muddy with silt is likely to have come from the 
mouth of a large river. 


TRAVELLING 


If an SOS has been successfully sent, or you know that you are in or 
near regular shipping lanes, it is usually preferable to stay in the 
same vicinity for 72 hours. 

If none of these circumstances hold, then no time should be lost 
in getting underway to take advantage of initial fitness and energy, 
especially if land is known to be near and downwind, 

If there is no land nearby, assess the nearest shipping lane and 
head in that direction, 


DECIDING FACTORS 


Take these factors into consideration in making your decision 
whether to stay or travel: 


= The amount of information signalled before the accident. 


= Is your position known to rescuers? Do you know it 
yourselves? 


= Is the weather favourable for a search? 


= Are other ships or aircraft likely to pass your present 
position? 


~ How many days supply of food and water do you have? 


Your craft will move with the wind and current. In the open 
‘oceans currents seldom exceed a speed of 9-13km (6-8) miles per 
day, Take in the sea anchor. Use the wind if you can. In a craft with 
1no keel it is only possible to sail full tilt with the wind or at most at 
an angle of 10 degrees off it 
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Use a paddle as a rudder. If the wind is against your chosen 
direction stream the sea anchor to maintain position. 


To use the wind 

Inflate the dinghy fully and sit high. Improvise a sail if you do not 
have one. Do not secure its lower edges but hold the lower lines oF 
the bottom of the sail so that if there is a sudden gust of wind you 
‘can release them and the raft is not capsized, 


In rough water 

‘Stream out the sea anchor from the bow. It will keep the bow always 
into the wind and prevent capsizing. Keep low in the raft. Do nat sit 
on the sides or stand up. Never make sudden movements. If there are 
several rafts or dinghies, tie them together. 


SIGNALLING AT SEA 


Flares, dye markers and movement of any kind are the ways of 
attracting attention at sea. If you have no signalling equipment, 
wave clothing or tarpaulins and churn the water if itis still. At night 
or in fog a whistle is useful for maintaining contact with other 
groups of survivors. 

Ifa radio transmitter is part of the equipment aboard a life-raft 
instructions for its operation will be found on its side. Frequencies 
are usually preset at 121.5 and 243 megacycles and the range is 
about 32km (20 miles). Transmit at frequent intervals but exercise 
discretion in using battery-operated transceivers. The batteries are 
precious, (See Signalling in Rescue.) 

Sea markers, which release dye into the water, are only of use in 
daytime. Unless the seas are very rough they will be conspicuous for 
about three hours. 

Pyrotechnic equipment must be kept dry and secure. Read 
instructions carefully and beware of fire hazards. Day-and-night 
flares are particularly useful — one end produces smoke for daytime 
use. When firing flares and rockets you are holding a dangerous 
firework in your hand, so be very careful that you do not point them 
downwards or towards yourself or another person. 

Use flares only when you are sure that they will be seen and fire 
to make sure that they are — when a plane is flying towards you, 
for instance — not when it has gone past. (See Signalling in 
Rescue) 

Most rescues have followed after heliograph signals have 
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attracted attention. Any shiny, reflective surface can be used to 
signal in this way. 


HEALTH 


Exposure and severe hydration are likely to be the biggest problems 
for the ocean survivor. Seasickness can increase dehydration. 

Constipation, and often either difficulty in urinating or very 
concentrated urine, are not unusual in sea survival conditions. Do 
not attempt to treat them or you could force further liquid loss. 

IF feeling sick, try not to vomit and NEVER induce vomiting, 

Continued exposure to saltwater can produce skin eruptions. Do 
not attempt to prick or squeeze any boils or blisters. As a precaution 
do not damp yourself down too often with salt water to keep cool. 
If there is any soreness, STOP. 

Protect the eyes from glare off the sea with a mask and, if sore 
eyes are produced by glare, moisten a cloth with sea water and 
bandage this over the eyes and rest them. Do not do this for too 
long. The skin may become sore, 

Immersion foot (see Health) can be a problem if subjected 
to very long exposure in a boat or dinghy awash with water. Exercise 
will help protects you from it and from frostbite and exposure. 
Keep well covered when resting and, when on watch, gently exe 
the limbs. 


WATER 


Although a minimum 1 litre (124pt) a day is necessary to keep fit, it 
is possible to survive on 5-220ce (2-807). 

Even if you have a good water supply, ration it at once (see p.40), 
reflecting these minimum needs until you can replenish your supply. 
Do not relax the ration until final rescue, for you have no idea how 
long you will have to last out. 


Reducing water needs 

Take all the usual precautions against water loss (see Water in 
Essentials). Reduce sweating as much as possible. Make use of 
breezes and use sea water to cool the body. If it is very hot, shade 
limited and the waters safe take a dip over the side — but first check 
your safety line, You should ALWAYS be tied on, Beware of 
dangerous fish and be sure that you can get back aboard, 
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IF seasickness threatens take anti-sickness pills, if they are 
available, as soon as you start to feel queasy, for vomiting will lose 
valuable fluids. 

If you are low on water do not eat, especially not protein foods 
— which include fish and seaweed — that require a lot of water to 
digest. Carbohydrates (sugars and starches) require less water for 
digestion 


WATER RATIONS 


DAY 1: 
NO WATER, The body is a reservoir and has a store. 


DAYS 2-4: 
400c¢ (14f1 02) if available. 


DAY 5 ONWARDS: 
55-225cc (2-8fl az) daily, depending on the climate and 
water available. 


When drinking, moisten the lips, tongue and throat before 
swallowing. 


Gathering freshwater 
Use every possible container to collect rainwater night and day — 
you will usually see a rain squall coming and have time to rig up 
a catchment from canvas or plastic, which will hold much more 
than cans. 

‘At night rig canvas with edges folded to catch any dew. 

When it rains drink your fill ~ but slowly, for if you have been 
on short water ration you will vomit if you gulp it down 

Stow as much in containers as you can, Drink up puddles in the 
boat first. But be careful in heavy seas as the water will be 
contaminated with salt. Water is good ballast in an inflatable — fill 
it to the brim and it will still float 


Sea Ice 

lee can produce drinking water. But new sea ice is salty. Use only old 
sea ice, which is blue-grey in colour and with rounded contours. It 
can be melted or sucked for the ice loses its salt after a year or more. 
In summer, pools on old sea ice may be drinkable (if they are not 
wave splashes), Taste very carefully before drinking, for drinking any 
salt will aggravate thirst. 
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Water from fish 

Drink the aqueous fluid found along the spine of large fish and 
in the eyes. Carefully cut the fish in half to obtain it and suck the 
eye. If you are so short of water that you need to do this then do 
NOT drink any of the other body fluids for they are rich in protein 
and fat and will use up more of your reserve water in digestion than 
they supply. 


Treatment of sea water 

Liferaft equipment may include solar stills and chemical desalination 
kits. They carry their own instructions, Set solar stills out 
immediately, but use the desalination tablets only when the 
weather is unfavourable for the stills and dew or rain catchment 
is ineffective 


REMEMBER: 


DO NOT drink sea water 
DO NOT drink urine 
DO NOT drink alcohol 
DO NOT smoke 


DO NOT eat, unless water is available 


Sleep and rest are the best way of enduring periods of reduced 
‘water and food — but make sure that you have adequate shade 
when napping during the day. 

IF the sea is rough, tie yourself to the raft, close any cover and 
ride out the storm a5 best you can. RELAX is the keyword — at least 
TRY to relax. 


FOOD 


Conserve any emergency food supplies until really needed, even 

then only taking a small nibble, and try to live off natural foods. 
Fish will be the main food source. There are some poisonous and 

dangerous ocean fish but in general, in the open sea, out of sight of 
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land, fish are safe to eat. Nearer the shore there are fish that are 
both dangerous and poisonous to eat, including some, such as the 
Red Snapper and Barracuda, which are normally edible but 
poisonous when taken from the waters of atolls and reefs. 

Flying fish will even jump into your boat! 


Fishing 

= Do NOT handle fishing line with bare hands and never wrap it 
around the hands or tie it to an inflatable dinghy. The salt which 
adheres to it can make it a sharp cutting edge — a danger both to 
the raft and to your hands. 


~ Wear gloves if they are available or use a cloth to handle fish to 
avoid injury from sharp fins and gill covers. 


~ Fish and turtles are attracted to the shelter from the sun provided 
by a dinghy or raft and will swim under it. If you have a net pass it 
under the keel from one end to the ather (you need two people to 
hold the ends). 


= Use a torch to attract fish at night — or on a moonlit night lower 
a piece of cloth, tinfoil or metal into the water to reflect the moon 
and it may also draw fish to it 


- Improvise hooks from whatever is available. Small folding pocket- 
knives, pieces of jagged metal, wire. Small bright metal objects may 
serve as ‘bait’ — including buckles, spoons and coins. 


IF using a metal spoon or spinner keep it moving by paying out and 
reeling in. Let the ‘bait’ sink and then retrieve it 


= Use offal from caught fish for bait. 


~ Fish flesh spoils easily and in the tropics must be eaten fresh unless 
the air is dry — which is unlikely in the tropical oceans. 


= In cooler zones excess fish can be dried in the sun for future meals. 
Clean and gut before drying. 


Birds 

All birds at sea are also potential food. They will be attracted to a 
raft as a potential perching place. Keep still until they settle and you 
may be able to grab them, especially if they are exhausted by flying 
in bad weather. 
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You may also catch birds using lines traile 
hooks or gorges baited with fish. 


the water with 


A diamond-shaped tin gorge, wrapped 
with fish, and trailed behind the craft 
will attract birds, When o bird siezes the 
ish’, the gorge should lodge across its 
gullet. 


Seaweed 

‘Seaweed not only occurs on shorelines but, far out in some oceans, 
there are floating forms, especially the Sargassum species of the 
Sargasso Sea and the North Atlantic Drift, which is found in many 
warm waters, and others which grow in the colder waters of the 
southern Atlantic and Pacific. Since raw seaweeds are tough and 
salty they are difficult to digest raw. They absorb fluids so should not 
be eaten when water is short. 

Seaweeds may also provide food in the form of the small crabs 
and shrimps living on them and small fish that you may shake out 
from among them if you haul some weed aboard. These small 
decapods are mottled brown in colour, like the weed, so are not 
easily seen on it. 

Plankton, strained from the water, can also be a useful food 
source, especially in the cold southern waters (see Polar food in 
Climate and Terrain) 


Moke 0 groppie hook by lashing pieces 
of wood or metal wreckage together to 
form @ multiple hook. Attach it toa tine 
‘and trail it behind, or throw it out to rake 
jn weed. You con use it for gathering 
other drifting wreckage to consolidate a 
mokeshift raft 
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DANGEROUS FISH 


Poisonous fish 

Many reef fish have toxic flesh, some species at all times and in 
others only at certain times of year. The poisons are present in 
all parts of the fish, but especially in the liver, intestines and 
eggs. 

Fish toxins are water soluble — no amount of cooking will 
neutralize them. They are tasteless — so the standard edibility tests 
{see Food) are useless. Birds are least susceptible to the poisons so do 
not think that because a bird can eat a fish, itis a safe species for 
you to eat. Cats appear less affected, though dogs and rats are as 
susceptible as humans. 

The toxins will produce a numbness of the lips, tongue, toes 
and tips of the fingers, severe itching and an apparent reversal 
of temperature sensations. Cold things seem hot and hot 
things cold. There will probably also be nausea, vomiting, loss 
of speech, dizziness and a paralysis that eventually brings 
DEATH. 

‘As well as those fish with poisonous flesh (see colour section) 
there are those which are dangerous to touch. Many kinds of ray 
have a poisonous barb in their tail; there are also species that can 
deliver an electric shock. Some reef fishes, such as Stonefishes 
and Toadfishes, have venomous spines which, although seldom 
fatal, can be VERY painful, causing a burning sensation or 
even agonizing pain out of all proportion to the apparent severity 
of the wound. 

Jellyfish, which are sometimes barely noticeable in the water, 
can carry powerful stings. The Portuguese Man-of-War (not @ 
true jellyfish) is a bluish bladder-like creature with a small 
fluted sail. Do not enter the water if you see these creatures. 
They trail very long ‘streamers’ which carry dangerous and 
painful toxins. 


Aggressive fish 

There are also a number of ferocious fish which should be 
avoided. The bold and inquisitive Barracuda has been known to 
attack man. It may charge lights or shiny objects at night. The Sea 
Bass, which can grow to 1-8m (Svsft), is another to keep clear of, 
and the Moray Eel, which has many sharp teeth and grows to 
1-5m (Sft), can also be aggressive if disturbed. Sea snakes are 
venomous and sometimes occur in mid-ocean. They are unlikely 
to bite, but AVOID. 
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SHARKS 


Only a handful of attacks by sharks are recorded each year, and only 
a minority are fatal. However, the survivor at sea is more vulnerable 
than the beach swimmer to whom statistics largely refer. Very few 
types of sharks are considered dangerous to man. 

Six sharks account for most human casualties: the Great White, 
Mako, Tiger, Hammerhead, Bull and Grey Nurse. The Great White 
is the largest, but size is not an indication of danger and bears 
no relation to the likelihood of attack. A shark smaller than a man 
can still kill a swimmer. Basking Sharks and Whale Sharks may 
be 13.3m (44ft) long but they feed on tiny plankton and are 
not a problem. 

Ocean sharks have the ability to kill but, in the tropics, their food 
is so abundant that they are not usually ferocious. These sharks are 
usually cowards and can be scared off by the jab of a stick, especially 
‘on the nose. However, making a commotion may ATTRACT sharks 
from a distance. 

Sharks live and feed at considerable depths and for most of the 
time feed off the ocean bottom, but hungry sharks will follow fish 
to the surface and into shallow water. When it explores such water 
a shark is likely to be DANGEROUS. 

A shark's usual diet includes fish, squid, crabs and a variety of 
other marine animals but it seeks food that is EASY to get and 
especially goes after stragglers from schools of fish or wounded 
prey. Sharks will follow a ship to scavenge refuse thrown 
overboard. 

The shark feeds most actively at night and at dusk and dawn. Its 
small eyes have limited vision and it locates its prey by smell and 
vibrations in the water. It will be attracted by blood from wounds, 
body wastes and rubbish, Weak and fluttery movements will 
draw a shark's attention because they suggest a vulnerable, 
wounded creature. It will be repelled by strong, regular movements 
and loud noises. 

Man's strange appearance is new to a shark and clothing 
produces a confusing shape. A group of clothed humans 
bunched together will be safer than a single individual. If a 
shark keeps its distance, it is only curious, If it circles inwards 
and begins sudden movement, the likelihood of attack is greatly 
increased. 

Sharks cannot stop suddenly or turn quickly. A good swimmer 
can evade a single large shark by making rapid changes of direction 
which the shark cannot match 
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GLOSSARY 


EC-GsM 
DRX 
euice 
lot 
LPWA 
eM 
MoM 
MIMO 
MTo. 
NB-loT 
Too 
vice 
WAN. 


Extended Coverage GSM 
extended discontinuous reception 
‘embedded Universal Integrated Circuit Gard 
Internet of Things 

ow power wide area 

LTE for machine-type communication 
‘machine-to-machine 

multiple-input, multiple-output 
machine-type communication 

narrowband loT 

total cost of ownership 

Universal integrated Circuit Card 

wide area network 
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SURVIVAL AT SEA 


FALSE ALARM 


‘Not every fin showing above the surface is attached toa shark! The 
‘wing tips of large rays may break the surface and appear to belong 


0. pair of sharks moving, unnaturally, in perfect synchronization, 
The fins of flippers of whales may also appear — likewise those of 
porpoises and dolphins, which are harmless and will probably show 
themselves more completely 


The sharks shown here have been 
known to attack man, 


1 Great White Shark (Carcharodon 
corcharios) grows to 6m (18) but 
usually fess, grey above, white below, 
very thick bodied, with pure black eyes 
‘ond a stubby conical snout; in olf 
‘oceans but mostly off southern Aric, 
east and west North America ond 
southern Austrolia and New Zealand, 

2 Mako lsurus oxyrichus) averages 
2-am  (6-10f¢, heavy bodied, 
Uttromarine blue above, eceamy-white 
below; in all oceans but most 
abundant in warm temperate woter. 
A very fast swimmer, occasionally 
Jeaps from the water 

3 Tiger Shark (Goleocerdo cuvieri) 
overages 3-3.5m (10-i1fi), heavy 
bvoaied, bared or blotched above when 
young, when mature more evenly 
areyish above, white below, with o very 
wide head and jaws and abruptly 
squored-off snout, in all tropical and 
subtropical waters, often close inshore. 
4 Barracudas (Sphyroena) are not 


Hf you catch a shark 


sharks but thin, torpedoctike fishes 
bluish-barred above, britiant silver 
below, with 0 protruding mouth 
packed with sharp teeth, some kinds 
growing to 2m (6M, in all tropieo! 
waters, Very fast, darting, often in 
shoals, usually dangerous only when 
there is blood in the water 

5 Hammerhead Sharks (Sphyrno? ore 
immediately recognizable by their 
distinctively flattened fammer-Fike 
head, There are several diferent kinds 
the largest reaching 6m (18); i all 
tropical and subtropical woters. 

6 Bull Shark (Corcharhinus leucas) is 
found in the tropical west Atlantic 
with lose relatives off southern Africa 
and in the Indian Oceon, Stout, grey 
above ond white below, up to 4m 
(13) Aggressive, and dangerous in its 
king for shallow water and ability to 
ascend far up rivers 

7 Nurse (Gingiymostoma), such as the 
Grey Nurse of eastern Austraian waters 
reach over 4m (13) heavily but, arge- 
finned, greyish above ard white below 
(Often found very lose inshore 


If a small shark is accidentally hooked it can be hauled to the side 
of the raft or boat, the head pulled clear, and clubbed hard before 
hauling aboard. Make sure it is really stunned before approaching 
and finishing it off with more blows to provide shark steaks. 

DON'T try this with a large shark. It could injure you and your 
craft. You must cut your line and sacrifice part of it, for the shark's 
threshing will soon attract its fellows. 
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Protection against sharks 

Unless wearing a lifejacket or travelling in a craft equipped with 
shark repellent, the risk is great to anyone in the water, but it is not 
a foregone conclusion that shark attack will occur. Shark repellent 
may not be 100 per cent effective — but even so, only use when 
absolutely necessary. Remember — you can only use it once. 


In the water: 
If sharks are present try to avoid passing body wastes, which 
could attract the sharks’ interest. if you must urinate do it in 
short, sharp spurts and allow it to dissipate between spurts. 
Collect faecal matter and throw it as far away from you as 
possible. If you vomit try to hold it in the mouth and reswallow 
it, but if this proves impossible throw it as far away as possible. 

IFit is necessary to swim use strong, regular strokes, avoiding 
schools of fish 

If a group of people are threatened they should bunch 
together and face outwards. To ward off attack kick outwards 
and punch out with a stiff arm using the heel of the hand — like 
a sports ‘hand-off. 

Make loud noises by slapping the water with cupped hands, 
Put your head under the water and shout. These measures are 
more effective with a group but can work even when you are 
alone and under attack. If you have a knife, be prepared to use 
it. Let the shark take it fully in the snout, or go for the gills and 
eyes. 


On a raft or boat: 
Don't fish when sharks are around and don't throw waste 
‘overboard (including excrement and fish offal). Let go of baited 
hooks. Do not trail arms or legs in the water. Ifa shark threatens 
to attack discourage it with jabs to the snout with a paddle or 
pole, Remember — a large shark could also take a bite out of a 
boat or raft. 


BE AWARE 


If you have shark repellent, follow manufacturer's instructions — 


bout use only if the situation is very grave. The repellent will soon 
dissipate in the water and become ineffective. Choose your 
moment well, since you can only use it once. 
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MAKING A LANDFALL 


When you approach land try to select a landing point where it will 
be easy to beach or where you can safely swim ashore. Take down 
the sail and keep watch for racks. The sea anchor will keep you 
pointing at the shore and will slow down your progress, giving you 
more time to steer away if you are heading for rocks. Try not to land 
with the sun in your eyes, which will make it more difficult for you 
to see rocks and difficulties 

A sloping beach with a small surf is the ideal place to choose — 
if you have any choice. If you can time it right, ride the back of a 
breaker. To avoid being swamped or turned sideways by an 
oncoming crest of a wave paddle hard, but do not overshoot a 
breaker which is carrying you along. In very heavy surf turn the 
vessel to face seaward and, as a wave approaches, paddle into it 

As you approach note the lie of the land: the location of high 
ground, types of vegetation, possible watercourses. You will see 
features which may be invisible from the shore. If with companions, 
choose a rendezvous spot to meet at if the boat breaks up and you 
are separated, 

If you reach land at night wait until morning to beach if you can, 
there are too many dangers you can fail to spot in the dark. 

If you float into an estuary make every effort to reach a bank. 
The turning tide could carry you back out to sea. Take in the sea 
anchor and, to gain ground, make the boat as light as possible. Bail 
out an inflatable and inflate it to the maximum. This enables you to 
make the most of the incoming tide. 

If you are being swept back out to sea by the ebb, ballast the 
dinghy by part filling it with water and stream the sea anchor. 


SURVIVAL TIP 


Keep yourself tied to your raft. Even if it is overtumed 
or damaged and you are rendered unconscious, you stand a 
chance of surviving, Alone in the water and dashed on the rocks 
— you are DEAD. 


‘Swimming ashore 

If you have to swim ashore on to rocks in a heavy sea keep on 
clothing, shoes and lifejacket if you have it. Raise your legs in front 
of you to take the shack of impact with rocks on the soles of your 
feet; absorb it in bending the knees. 
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Sizing is necessary to attract rescue and 
codes may be necessary for communication 
once a contact has been established, It will help 
the placing of signals, and increase their 
effectiveness, if the patterns used for search 
patrols are understood. 

If survivors are being air-lifted out it may be 
necessary to prepare a landing place for aircraft 
or helicopters — so suitable locations are 
described and the precautions you should take 
in the presence of a helicopter. 


SIGNALLING 
SIGNALS AND CODES 
Ground-to-air signals 
Message signalling 
Mountain rescue code 
Information signals 
SEARCH 
Search patterns 


Helicopter rescue 
Survival case study 


SIGNALLING 


Ti, Sit rauirement for reso i t let others know of your 
situation and, if possible, your location. Once you are in contact 
you can pass on other information, 

The obvious technique is to use a mobile or satellite phone, 
which should be used sparingly, but iF you don't have the luxury oF 
such systems then there are a number of internationally recognized 
distress signals. The letters SOS (for Save Our Souls) is probably the 
best known. It can be written, transmitted by radio, spelt out by 
semaphore or sent in Morse code by any method. 

The signal ‘Mayday’ (a phonetic rendering of the French m’aidez 
— help me) is the one used in most radiotelecommunications by 
ships and planes. 


Vehicle or aircraft wreckage 

If you are with a stranded vehicle or downed aircraft it may provide 
many useful signalling aids. If there has been no fire there will be 
supplies of fuel, oil and hydraulic fluid which can be burned. Tyres 
and electrical insulation on a fire will generate black smoke. 

Glass and chrome make great reflectors, especially engine 
cowlings and hubcaps. Lifejackets, dinghies, and parachutes are all 
brightly coloured and eye-catching. Arrange these colourful and 
shiny objects around your location where they will be most visible 
and attract attention, 

Switch lights on at night — or if batteries are running low keep 
them in reserve to flash headlamps, sound the horn and otherwise 
attract attention, when passing aireraft or signs of possible searchers 
are observed. 


Fire and smoke 

Fire — both flames and smoke — is an excellent way of attracting 
attention. Establishing signal fires is one of the primary tasks once 
the immediate needs for treatment of injury and provision of shelter 
from harsh elements have been met. In a large group some people 
should set about gathering fuel for a campfire and for signal fires as 
soon as possible. 


Where to site signals 

When siting signals take full account of the terrain. Choose high 
points for fight signals. If you are on a ridge, erecting an unusual 
silhouette may attract attention, If you are laying out marks on the 
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ground, use level ground or ensure that they are on slopes that are 
not likely to be overlooked in the usual pattern of aerial search. 


SURVIVAL TIP 


ttis usual for planes to fly over hilly territory from the lower to the 
higher ridges. This creates the problem that the slopes behind the 
ridges may be hidden as the plane approaches. If in doubt, signals 
nearer the tops of ridges should be seen from whichever direction 
the rescue aircraft is traveling, 


International codes 
When contact has been established more complex international 
codes (shown later) will enable you to signal your basic needs, if 


verbal communication is not possible. 

With air- or sea-rescue it may then be necessary to prepare a landing 
strip or to help rig lines or apparatus, and some knowledge of basic 
procedures will greatly facilitate the operation. (See Helicopter rescue) 


Transmitters 

Dinghies, liferafts and even personal lifejackets are sometimes 
equipped with transmitters which send out bleeps indicating 
position, though these are not usually effective over @ very long 
range. Many emergency radio transmitters are also very limited in 
range and to avoid wasting precious batteries should be held in 
reserve until there is some chance of their signals being picked up. 
With effective radio apparatus, however, distress signals should be 
sent out immediately and transmitted at regular intervals. 

Check instructions on all transmitting apparatus. Ship and plane 
transmitters can operate on many wavelengths, but some 
emergency equipment is set to fixed distress channels. 

Generally speaking, the portable VHF transceivers used by 
‘mountaineering teams can communicate only with stations in a direct 
line of sight and without any intervening obstruction (though 
sometimes a permanent relay station may be established on a 
strategie high point). Such sets are usually tuned to a mountain rescue 
frequency but procedures should be established before departure 

If you have a working transmitter, check the battery situation. 
Can the vehicle engine still be used to generate electricity or 
recharge the batteries? Conserve fuel for this purpose and plan your 
transmissions to a pattern rather than attempting long continuous 
periods on the air. IF anyone picks up your signal they can then work 
out that they can expect it again 


507 


RESCUE 


Noise 

Noise is also an excellent way of attracting attention if you know 
that peaple are within earshot. The International Mountain Distress 
Signal, apart from signalling SOS, is six whistles 2 minute (or six 
waves, light flashes, etc) followed by a minute's silence, then 
repeated. A shout may be enough if you are trapped, or near help 
but too injured to reach it 


Be imaginative 

Do not reject even such ideas as the message in a bottle. This 
particular method has a low chance of success if you are 
shipwrecked in the middle of the Pacific but on a river a more 
noticeable floating object which carries a clear message might well 
attract attention — a small raft with a bright sail labelled SOS for 
instance. Use your imagination to think of ways that will attract 
attention to you and your plight, without using up valuable energy 
and resources. 


Moving on 
If you decide that rescue is unlikely, and that your best plan is to 
make your own way back, you should leave clear signs behind so 
that if searchers do track down the disaster spot they have an 
indication of the route that you have taken, On your way you may 
have more success in attracting attention if closer to regular flight 
routes or in more open territory. 


SIGNALS AND CODES 


Fire signals 
Three fires is an internationally | BE AWARE 


recognized distress signal. 


Almost any signal repeated 


Ideally they should be placed in ff Sy" times ‘will serve. as a 
a triangle at equal distances I} distress signal. Depending on 
apart, an arrangement which J your location, this could be 
also makes them easier to feed J Six fires, six columns of 


smoke, six loud whistis, six 
with fuel, but if that is not Smoke, sx loud wists sx 


possible any grouping serves, I oF'Tight if using noses or 
provided that the fires are J lights, wait one minute 
clearly separated. However, if [J between each group of six 
fuel is scarce, or if you are too | signals. 

badly injured or too weak from 


508 


SIGNALS AND CODES 


hunger to maintain several fires, use only your campfire, 

You can't keep signal fires going all the time but they should be 
prepared, covered to keep them dry, and maintained, ready to be lit 
to attract the attention of any passing aireraft. Build them with 
plenty of easily ignited tinder so that they will get going rapidly 
when lit. Birch bark makes an ideal tinder. Other tinder materials are 
described under Fire in Camp Craft. 

Petrol can be used as a firelighter but DON'T just pour it on the 
fire. Use a piece of rag as a wick, soak it in petrol and lay it to the 
tinder. Don't light it straight away. Carry the fuel can off to a safe 
distance and wait a few seconds before lighting the wick. If a fire 
does not light first time pull the tinder apart, checking that there are 
no sparks or embers still burning, before adding extra petrol. 


BE AWARE 


= Keep a stock of green boughs or supplies of oll or rubber close by 
to create smoke if needed 

Among vegetation or close to trees, bull an earth wall around 
‘each fire to contain it. 
There is no point building fires among trees where they cannot 
be seen, the canopy will block out the signal. Place them in a 
clearing: 


If by 0 loke or river, build rafts to 
place your fires on ond anchor 
for tether them securely in 
position, Arrow indicates 
direction of current. 


Torch trees 

Small isolated trees make excellent fire signals. Build a fire between 
the boughs. Use plenty of dry twigs — old birds’ nests make good fire 
starters. This fire will ignite the foliage and produce plenty of smoke. 
Ifa tree is dead start a fire at its base. It will burn for a tong time 
leaving you free to attend to other signals. 


NOTE: Do not risk starting a forest fire. Apart from the damage this 
will cause, your life will be in greater jeopardy. 
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Luminous cone fires 

On a clear and open site make a tripod with a platform to support a 
fire, The platform keeps the tinder off damp ground, or you can 
store more firewood beneath it. Use a covering of evergreen boughs 
to keep the cone dry; they will burn brightly and give off a good 
smoke. 

Cover the complete cone fire with bright coloured material, if 
available — a parachute would be ideal. This will not only keep the 
fire dry and ready to burn, but will itself be noticeable during the 
day, Whip it off when you ignite the fire — you may not attract 
attention the first time. 


Keep these tripods well maintained, 
ensuring that wood is dry enough to 
light at a moment's notice and that the 
supply is not poached for other uses, 
Drive the pole ends into the graund to 
prevent tipping over in strong vvinds. 


When alight the glow of this cone can be seen for miles. In an 
exposed location a smaller fire inside a conical tent or tepee of 
parachute fabric will also make a noticeable beacon. Ensure there 
is a smoke and heat outlet at the top of the tepee and keep the 
fire under control. If tis on a stope add fuel from the side or above 
the fire so that you do not excessively mask the firelight — though 
some flickering of movement before it may help to attract 
attention. 


Use wreckage to help fire-signalling 
Stand a fire on a piece of metal from an aircraft or vehicle. It will 
keep kindling from damp ground, when hot will increase convection 
and make the fire burn brightly and, if polished, will act as a 
reflector intensifying the brightness. Three such fires become an 
immediately recognizable distress signal. 
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Smoke indicators 

During daylight smoke is a good locator, so have plenty of smoke- 
producing material ready to put on your fires. Choose this material to 
give off a smoke that shows up well against the surroundings. 


Light smoke will stand out against dark earth or dark green forest. 
Produce it with green grass, leaves, moss and ferns. Any wet material 
will produce a good smudge fire and damp mats and seat covers will 
smoulder for a long time. This will also keep flying insects at bay. 


Dark smoke will show best against snow or desert sand, Use rubber 
or oil to produce it. If atmospheric conditions make the smoke hang 
in layers along the ground then build up the fire to increase its heat. 
Thermal currents will then take the smoke to a good height. 


BE AWARE 


‘Smoke not only helos the pilot of a rescue aircraft find you, it also 
shows the surface wind direction. Make sure that smoke is 
downwind of the landing site and of any panel codes that you 
have laid so that it does not obscure them from above, 


GROUND-TO-AIR SIGNALS 


These letters are internationally recognized emergency signals, FILL 
is a useful mnemonic for remembering the main ones. The single 
bar: lis the most important and the easiest to make. A pilot will risk 
a great deal to answer such an emergency, Make them as large and 
as noticeable as possible using colour contrast or shadow. A 
recommended size is 10m long and 3m wide (34ft and 10ft) for each 
symbol, with 3m (10ft) between symbols. 

Lay or make these panel codes out in the open, avoid steep gullies 
or ravines and do not make them on reverse slopes. Use the marker 
panels from your survival pouch (see Essentials), or if you do not have 
these — improvise. Lay out pieces of wreckage or dig out the signs as 
a shallow trench, banking up the earth so that it increases the depth 
of the shadow. Use rocks or boughs to accentuate it: 

On snow, even tramping out the symbols will show clearly until 
the next snowfall 

Once contact has been made, a message dropped or signalled by 
the aircraft can be answered with A or Y (affirmative) and N 
(negative) signals, or Morse code or body signals. 
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GROUND-TO-AIR CODE 


Serious injury - immediate casevae 
(casualty evacuation) ~ {can also mean NEED DOCTOR) 


] | Hed mei spp 


Need food and water 


N Negative (No) 


Affirmative (Yes) ~ (Y will also be understood) 


LL 


Unable to move on 


—> ‘Am moving on this way 


Indicate direction to proceed 


J L Do not understand 


Need compass and map 


Think safe to land here 
(Broken at angles, means 
ATTEMPTING TAKE-OFF] 


Need radio/signal lampjbattery 


l "1 Aireraft badly damaged 


512 


SIGNALS AND CODES 


Night signals 

These signals will attract attention during daylight, even if you are 
asleep or injured. If you have a supply of petrol or other inflammable 
substances, you can make signals which will work at night. Dig or 
scrape an SOS (or any symbol) in the earth, sand or snow and, when 
the signal is needed, pour petrol into it and ignite it. 


NOTE: You MUST destroy these signals if rescued. They will go on 
working long after you have gone. 


MESSAGE SIGNALLING 


You do not need to learn a complicated system of semaphore. The 
international Morse code can be transmitted by flashing lights on 
and off, by a simple heliograph, by waving a flag or a shirt tied toa 
stick or using sound. 


NOTE: Don't rely upon your memory — carry a copy of the code on 
your person. Even if you are a regular user and know it backwards 
others may need it who do not. 

There is a procedure to follow when sending and receiving 
messages. Learn the special codes to make the operation easier. 


Heliograph 
Use the sun and a reflector to flash light signals. Any shiny object 
will serve — polish a tin lid, glasses, a piece of foil — though a hand- 
mirror is best. Sustained flashes are dashes and quick ones dots. If 
you do not know Morse code, even random flashes should attract 
attention. At least learn the code for SOS. 

A flash can be seen at a great distance and even when you do not 
have a specific contact to aim for may attract someone's attention. It's 
worth trying, since it requires little energy. Sweep the horizon during 
the day. IFa plane approaches closely make intermittent flashes or you 
may dazzle the pilot. Once you are certain you have been seen, STOP 
signalling 


SINGLE-SIDED REFLECTOR 
With an improvised reflector pick up the 
suntight to get on image an the ground 
fr some other surface and lead it in 
the direction of the aireraft or other 
potential contact. 
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USING HELIOGRAPH 
IF you have o double-sided reflector and 
‘can punch @ hole in it you will have 
something close to a standard issue 
heliograph. 

Sight the person, plane, shio, ete, that 
you wish to contact through the hole in 
tie heliograph (o} in the general 
direction of the sun, so that the sun wil 
Shine through the hole (o. You wil see a 
Spot of fight on your face (cl. 

‘Angle the mirror so that the dot of 
fight on your foce ‘disappears’ back 
through the hole in the mirror — stil 
sighting your contact 

ifthe sun is at such an angle that this 
manoeuvre does not work bring the 
‘mirror close to your eyes and a hand 
lined up between you and the contoct 
Angle the mirror to flash on to your 
hhond, then move the hand away. 


NOTE: Practice this form of signalling, but unless you are in a 
survival situation, do NOT signal to aircraft or ‘transmit’ messages 
which could cause alarm or danger to others 


Rag signals 

Tie a flag or a piece of brightly coloured clothing to a pole and move 
it left for dashes and right for dots. Exaggerate each movement with 
a figure-of-eight movement. 


For a ‘dot’ swing to the right and moke For a ‘dash’ swing to the left and make 
0 figure-of-eight 0 figure-of-eight. 


This simple signing may work without figure-of-eight movements at 
closer range. Keep ‘dash’ pauses on the left, slightly longer than ‘dot’ 
movements to the right. 
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INFO. 


MORSE CODE 


zrxc—rommoooD> 
N<x<<c4Hn0v0z 
eoevousens 


SENDING SIGNALS 

AAAAA* etc.— Call sign. | have a message 
‘AAA* End of sentence. More follows 

Pause - End of word. More follows 

EEEEE® etc.— Error. Start from last correct word 
AR - End of message 


RECEIVING SIGNALS 

TTTTT* etc. |am receiving you 
K-lam ready. Start message 
T-Word received 

IMI*— Repeat sign. I do not understand 
R— Message received 


* Send as one word. No pauses 


USEFUL WORDS 
sos 

SEND 

DOCTOR 

HELP 

INJURY 

TRAPPED 

Lost 

WATER 
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BODY SIGNALS 


This series of signals will be understood by airmen and can be used 
to signal to them. Note the changes from frontal to sideways 
positions and the use of leg and body posture as well as hand 
movements, Use 2 cloth in the hand to emphasize the YES and NO 
signals, Make all signals in a clear and exaggerated manner. 


A i J 


‘mechanical help 


& 


ry 
ae: 


ht 


Allis well Can proceed Have radio 
shortly 


| 


DoNOTattempt Need medical 
to land here assistance 


SIGNALS AND CODES 
Response to body signals 


To acknowledge messages received from the ground, the pilot of an 
aircraft will perform one of these manoeuvres: 


Message received and understood: 
In daylight — flying the plane and tipping the wings in a rocking 
movement side to side 
At night ~ flashing green lights 


Message received but NOT understoo 
In daylight flying the plane in a right-handed circle 
At night ~ flashing red lights 


MOUNTAIN RESCUE CODE 


These sound, light and pyrotechnic codes are recognized 
internationally by mountain rescue services 


Message: SOS 
Flare signal ~ Red 
Sound signal ~ 3 short blasts, 3 long, 3 short 
Repeat after 1 minute interval 
Light signal ~ 3 short flashes, 3 long, 3 short 
Repeat after 1 minute interval 


Message: HELP NEEDED 
Flare signal ~ Red 
Sound signal ~ 6 blasts in quick succession 
Repeat after 1 minute interval 
Light signal ~ 6 flashes in quick succession 
Repeat after 1 minute interval 


Message: MESSAGE UNDERSTOOD 
Flare signal - White 
Sound signal - 3 blasts in quick succession 
Repeat after 1 minute interval 
Light signal - 3 flashes in quick succession 
Repeat after 1 minute interval 


Message: RETURN TO BASE 
Flare signal - Green 
Sound signal ~ Prolonged succession of blasts 
Light signal ~ Prolonged succession of flashes 
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Flares 
Any flare will be investigated during a search, regardless of colour, 
but choose one best fitted to the location. 


~ In closely wooded country green does not stand out but red does. 
~ Over snow white merges — green and red are best. 


Familiarize yourself with the types of flare. Make sure you 
understand the instructions, for some flares eject a white-hot ball of 
‘magnesium that will burn a hole in anything it hits — your chest or 
dinghy — if they are misdirected 


Types of flare 
Some flares are hand-held and reversible. One end produces smoke for 
daytime use, the other a flare for use at night. The higher these are held 
the easier they are to see. Flares and rockets which are fired into the 
air will be visible for a greater distance, One type reaches a height of 
90m (300ft) where a parachute opens holding the flare suspended for 
several minutes. Other rockets produce @ loud bang and colour balls 
Keep flares dry and away from naked flames and heat sources. 
Ensure that safety pins are in position and will not accidentally drop 
ut, but also check that they are not bent over in such a way that 
they could not be quickly removed when necessary. 


Handling flares 
Hand-held flares are cylindrical tubes with a cap at each end. The top 
cap is often embossed with a letter or pattern so that it can be 
identified by touch in the dark, Remove it first. Then remove the base 
cap to expose a short string and a safety pin, or other safety device. 
Point the flare upwards and away from you and anyone else in case 
you accidentally fire it. Remove the pin, or turn to the fire position. 
Hold the flare at arm’s length, at shoulder height, pointing directly 
upwards. Sharply pull the firing string vertically downwards. Brace 
yourself as you do so for there will be a kickback. Some flares 
and maroons have a spring 
mechanism trigger like that of a 
Very pistols fire various cartridges, |] Hand-held flares get 
To fire them load the pistol, point it recon ee ae 
skywards, cock the hammer and then |} Gottom of a boat, where 
squeeze the trigger. they could start a fire, or 
Mini-flares are more usual |} burn straight through an 
equipment today, lighter than Very |] inflatable. 
pistols but as effective (see Survival 
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kit in Essentials). They require handling with the same care. To use, 
screw a flare of the selected colour into the end of the discharger, aim 
skyward, pull back striker — FIRE! 


INFORMATION SIGNALS 


These are signals to leave behind if you leave the scene of the erash 
or abandon camp. 

Make a large arrow shape to indicate the direction in which you 
have set off which will be visible from the air and other direction 
markers which can be interpreted at ground level. 

Signs on the ground will draw attention to your presence or past 
presence and the direction markers will help rescuers to follow your 
trail. Continue to make them, not only for people to follow but to 
establish your own route if you wish to retrace it and as a guide if 
you lose your sense of direction and start going back on your tral 

‘At camp leave written messages in containers to detail your plans. 
Hang them from tripods or trees and draw attention to them with markers. 


ul rock beside (e), indicating 
yor aronheod.shape notches cut 


followed MA A cross of sticks or stones (al, means 
knot with ging in direction ‘Not this woy: 
followed (cl Forked branches foid with Signal danger or emergency 


fork pointing in direction followed (a, three cocks, sticks or clumps of grass, 
racks set upon larger racks, with prominently displayed (h. 


519 


THE 


e- Next Wave 


The National Security Agency’s review of emerging technologies 


Vol. 21 | No. 3| 2017 


SEARCH 


wareness of search procedures will show how important it is for 
any expedition or trip to register its route plans and for survivors 
to stay as close as possible to that course, to set clear signals to draw 
attention to their location and to mark any camp they have 
abandoned (leaving information about their subsequent plans). 

A search will start from the last known location and sweep on 
the proposed route. An assessment will be made of probable strategy 
adopted, given the terrain and the weather conditions. In mountain 
areas, for instance, it is likely that strong winds would make the 
survival party use the lee sides of ridges and descend from high 
ground. If no trace is found of them on the expected route these are 
the areas in which the search will be concentrated. 

The effect of contour will be considered: by studying the ground 
the search party may assume that survivors were forced off route by 
the lay of the land. To make the searchers’ job easier, make a cairn 
of rocks or other noticeable construction on prominent ground 
where it cannot fail to be noticed and leave a message there in a 
waterproof bag or in the pocket of a colourful piece of clothing. 
Give information on your intentions and on the state of your party. 

If your route has been checked and the obvious refuge places in the 
locality searched, the rescuers will extend the search to cover the whole 
area of your disappearance. Ideally this will be done from the air but 
severe weather which creates bad flying conditions and poor visibility 
may mean it has to be done on foot, even if planes are available. 

The number of searchers and the type of terrain will dictate the 
search pattern best suited to the situation, 


SEARCH PATTERNS 


The first search will be made along the route you were supposed to 
have taken. 


BASE LINE 
Base line, or box search, is carried out 
when there has been a high wind or bad 
veather conditions on your known route 
{a}. Searchers should deduce that you 
‘may have veered from the route to the 
leeside of o slope for shelter. 
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WATERCOURSE 
Watercourse search takes in olf the 
tributaries, using the main stream 
1s bose-line. This is undertaken when 
your Jost known position was on or near 


FAN 
Fon search is used wien your last known 
position x) is fairy certain but it is 
‘impossible to deduce the direction you 
‘may have token. 


@ 


Aerial search 
Search patterns from the air cover both sides of the intended flight 
path of missing aircraft or your known route. 

If weather conditions are favourable a night search can be made, 
for lights will be clearly visible and the search can be made from 
a greater height so that a wider area can be covered in each sweep. 
If this does not produce results the area will still be rechecked 
by daylight. 

If you are signalling to an aireraft and it turns away — keep 
watching. It may be following one of those recognized search 
patterns and you will be able to anticipate critical moments for 
signalling. 


jw) CREEPING LINE 
Creeping tine search, beginning in @ 
comer ofthe search area, is particulary 


useful when only a single aircraft is 
available, 't follows parallels which 
should be towards ond away from the 


sun for a land search so that any 
reflection fom a missing aircraft or 
other wreckage and signals will be more 
easily seen. 
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TRACK CRAWL 

The primary search pattern, or track 
crow! seorch, parafiels both Sides of a 
missing aireroft's expected flight path 
(a), oF tavelling known land route. After 
flying for one hour, turn around and fly 
the reverse pattern. 


‘SQUARE SEARCH 
Square search is useful when 
comparatively small area is to be 
covered. Seareh starts in the fast known 
I) location (x} and works outwards, If 
unsuccessful fly over last known 
location and stort search in other 
direction. This ensures both sides are 


CONTOUR SEARCH \ 
Contour seareh allows mountains and 
volleys (0 be searched with maximum 
thoroughness. Sieep valleys should be 
searched severol tines by flying long 


x 
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Combined searches 

At sea a combined sea-and-air search is desirable. If the aircraft 
locates survivors the ships can pick them up. The ship can also act as 
a datum point for all aircraft. Rescue aircraft are equipped with 
supplies to drop to survivors to help them as they await pick-up by 
a surface vessel. 


HELICOPTER RESCUE 


While aeroplanes are used for the search, helicopters are used in 
most countries to carry out the actual rescue, especially on land 
Where possible the ‘copter will make a landing to take on survivors 
and fly them out. It may be possible for the pilot to find a 
convenient landing site nearby to which survivors can make their 
way, but it will be easier for the survivors to check out suitability at 
‘ground level and to create a site if necessary. 

The helicopter will require an obstruction-free approach and exit 
path, both INTO the prevailing winds. The ground should be level 
(the slope should not exceed seven degrees — a gradient of 1 in 10) 
The touch-down surface should be firm and free of loose materials 
— remove leaves, twigs, everything. There must be no holes, tree 
stumps or rocks which could cause damage to the aircraft. 


Selecting a landing site 
Look for a natural clearing. In close country a river bank on a large 
bend is often the best natural landing place (LP) 

Alternatively climb a spur and select a level piece of ground free 
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of large trees. If you need to, cut down trees to clear more space. The 
trees will fall down the spur without blocking the area and a clear 
approach and exit path can be obtained across the spur. Do not 
attempt cutting a landing place on flat ground; it will take forever 
to create a clear approach and exit. 


LANDING PLACE 


PREPARING SITE 
A level cleared area is needed at least 26m (B5‘t) in diameter. A 
further 5m (17ft) is needed all around, cleared to @ height of 60cm 
(2ft). There should be a clear approach path into the prevailing 
wind with no obstructions within an angle of 15 degrees of the 
centval landing pad. 


Mark the touch-down point with an H. You can make it from 
inlaid rocks (keeping the surface smooth), clothing securely 
anchored, or panel markers. On snow, trample it down firmly to 
prevent it swirling and, in dry areas, water the surface to keep the 
dust down, 


READY-MADE PAD 
IF spur, mound or area of raised ground is nearby, this will be 
easier to clear and will provide an easy approach and exit across 
the spur if the wind direction is satisfactory. 


MOUNTAINOUS TERRAIN 

The payload of the helicopter is cut drastically with increased 
altitude so, if possible, make the landing site below 1830m 
(Goooft) 


In mountains updraughts and downdraughts of air 
can be considerable according to the pattern of the land and 
its relationship to prevailing winds. Select a site that 
gives maximum lift in the direction in which the helicopter will 
take off 


Soft wet snow will cling to the helicopter and hamper its take off 
Try to compact the landing surface as much as possible, Powdery 
snow will swirl under the rotors’ downwash and restrict the pilot's 
vision. Stamp this down, too. 
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Non-landing rescue. 

In-an emergency, helicopters will take considerable risks to rescue 
survivors. They may hover with one skid on a rock to make 
embarkation possible — but whenever it can be done create a proper 
landing place and minimize risks. 

Most helicopters are equipped with a winch. Ifa landing place is 
out of the question you can be lifted from the ground while the 
helicopter hovers. All that is needed is an opening or clearing 
through which to extricate you. 


Wind indication 
It is important to indicate the direction and strength of the wind at 
the landing place so that the pilot can select the best approach, and 
keep the aircraft stable while carrying out the rescue. Smoke is an 
ideal indicator, but do not place it so that it obscures the 
touchdown area. 

If a fire is not practical make a T sign from contrasting material 
and place it at the downwind edge of the landing place with the 
horizontal bar of the T placed upwind. 

If there is nothing to make aT shape from, a person standing on 
the far downwind side of the landing place with their arms 
outstretched and with their back to the wind can form a living 
symbol for the pilot. Don’t make this signal till you have to — and 
then only in the correct position. It is very similar to another body 
signal, which means ‘need help! 


Night rescue 
The helicopter will itself have powerful lights by which the 
landing or lift off of survivors can take place but you will need 
lights to bring the pilot in to the landing place. Flares and fires 
will give an indication of your position once the helicopter is 
within range. 

If you are illuminating from the ground with torches, vehicle 
headlights or other beams shine them skyward at first to attract 
attention but, once the pilot has seen you, keep the beams low so 
that they do NOT dazzle the pilot, and shine them on to the 
touchdown or winching area. 


Sea rescue 

If survivors are being winched up from a ship it will help the pilot to 
place the deck at an angle of approximately 40 degrees to the right 
of the eye of the wind. If you can control the vessel give a wind 
speed over the deck of about 29kph (18mph). 
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HELICOPTER PRECAUTIONS ON LANDING 


= When a helicopter touches down at the LP the rotors will be 
turning. The approach to the aireraft is therefore particularly 
important both for your own safety and that of the helicopter. 


= NEVER approach from the rear. This is @ blind spot for the crew 
and the tail rotor is unprotected. On sloping ground always 
approach up the slope — bringing you up below 
the biades. 


= NEVER approach down a slope close to the helicopter. You could 
bbe at risk from the blades. 


= Make sure that you are not carrying anything which could foul 
the main rotor. If carrying a radio, stow the aerial 


= Keep all sharp objects away from the body panels of the 
helicopter. They are of light gauge alloy and easily damaged. 


= Sit in the seat allocated to you by the crewman, fasten the seat 
belt and keep fastened until told otherwise. 


= Do not attempt to alight until the engine has been shut down 
after you have landed — even then, wait for directions. 


Winching techniques 
A double lift is the usual method but a single lift is sometimes 
used. 


Double lift: With a double lift a crewman is lowered on the winch 
with another strop for the survivor. During the lift the crewman 
supports the survivor with his legs, gripping with them around the 
midsection, and supports the head with his hands. After the strop 
has been put in place and tightened keep arms down by the sides 
and do not lift them — just lie back and enjoy it! 


Single lift: With a single lift you fit yourself into the strop. When 
you have placed it under your armpits and securely tightened the 
grommet give the ‘thumbs up" sign. Once acknowledged make no 
further signals until aboard the chopper — if you raise your arms you 
risk slipping out of the strop! 
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SURVIVAL CASE STUDY 


Joften use this case study becouse it highlights exactly how not 
to plan and execute an expedition. The main lessons to be learnt 
are: plan adequately, keep the group together, don't 
underestimate the environment you are going to, and ensure 
that you start with enough supplies for survival and for rescue. 


While exploring Lows Gully, on Mount Kinabalu in Malaysia, in 
1994, two British officers and three Hong Kong Chinese soldiers 
were trapped for 16 days with only enough rations for three 
days. At the time they were found, following a huge rescue 
operation by the British ond Malaysian military, medics soid that 
they were on the point of starvation. Mount Kinabalu is not 
considered a tough climb. The plan was to travel light, so armed 
with ten days' rations and a video camera, but without radio and 
flares, they descended into the abyss of Lows Gully 


On the morning of the third day, the expedition reached the edge 
Of the abyss and the men saw for the first time the task ahead 
of them. The team was spit into two groups as not all of the men 
were in good enough shape to continue with the descent 


immediately. The fittest men forged ahead while a second group 
rested with the intention of following when they were ready 


When the second team finally began their descent they had only 
three days’ rations left and, with novice climbers, they made slow 
progress. Meanwhile at the bottom of the gully, and with only 4 
days’ rations left, the advance team began to negotiate their way 
out of donger,' but they met with the guilys unique ond 
unpredictable weather system: mists over the mountain gave 
way to torrential rains and with nowhere else 10 go, the water 
poured down into the gully. In the days that followed, as they 
Slowly struggled through the undergrowth, the team leader and 
ne other team member became separated from the other three 
in their group. Unable to find them, the two men were forced to 
continue. With no rotions, they attempted to live off the forest, 
but with dire consequences as one of them became violently il, 


On their return, after 17 days, they learned that the other three 
in their party had already made it back safely. But the second 
team were stil stranded. The Malaysian Army and a Royal Air 
Force rescue team were dispatched to search for the team and, 
after ten days, a Malaysian helicopter finally spotted them and 
rescued the group. It was 31 days since they had set out. 
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AS ‘idents or isolation are not the only causes 
of a survival situation. There are many 
natural and man-made forces which can 
produce disasters demanding the same survival 
skills. Drought, fire, earthquake and flood, for 
instance, can strike both in the remote survival 
camp and at home. The survivor should know 
the techniques for dealing with a forest fire but 
it is just as important to know how to escape 
from a burning building or even the site of a 
bomb explosion 

Home front faces the problems of coping 
with survival on your own doorstep if the 
services and supplies on which we normally 
depend are cut off. 


DROUGHT 


FIRE 
Forest fires 
Burning buildings 
Vehicle fires 


(CHEMICAL AND BIOLOGICAL WARFARE 
Toxins 
Anthrax 
Chemicals, 
GASES AND CHEMICALS 
Road and rail 


FLOOD 


‘Tsunami 
HURRICANE 
TORNADO 
LIGHTNING 
EARTHQUAKE 


VOLCANO 
Eruption hazards 
NUCLEAR EXPLOSION 
Aftermath 


HOME FRONT 


Y 


~ Next Wave 


‘The National Security Agency's review of emerging technologi 


Editor’s column 


While the global mobile telecommunications industry has been 
attempting to keep pace with ever-changing technology and 
consumer needs, it has not had a strong development roadmap, 
like the International Technology Roadmap for Semiconductors 
((TRS). Instead, mobile technology's development has been 
characterized by multinational companies pushing proposed 
standards for adoption by international standards bodies. These 
standards are subsequently adopted in a haphazard, nation-by- 
nation process, However, consumer desire for faster, more fully 
featured mobile devices has proven to be as strong a driving 
forceas the ITRS, and has led the industry to roll out generations 
‘of new technology on a roughly 10-year basis (approximate 
dates: 1G- 1981, 2G - 1992, 3G - 2001, and 4G - 2008). This 
decade-by-decade introduction of new mobile communication 
technology has led to the common prediction forfifth- 
‘generation (5G) mobile to appear around 2020, in keeping with 
the observed linear cadence. 


But why create 5G mobile anyway? The push for 5G is not just a 
mad rush to keep pace and provide more bandwidth to services 
that can already stream high-definition video, The Internet 

of Things (oT; see TNW Vol. 21 No. 2) is a major driving force 
(among several) behind technologies being developed for SG 
mobile, As personal mobile devices are more enmeshed into 
machine-to-machine (M2M) communications and the number 
af loT sensors explodes, 5G technologies must address several 
needs: high-speed data rates far many more users, increased 
density of users, greatly increased simultaneous connections, 
and reduced latencies, These needs will propel many of the 
technologies that Dr. Farroha et al. describe in their introduction 
t0 5G article (page 2) 


‘One of those technologies, virtualization, has been instrumental 
inmaking efficient use of servers (virtual machine or VM) 

‘and computer networking (software-defined networking 

‘or SDN). Over the course of continuing improvement to 4G 
implementations, the networks are evalving into an all-digital 
Internet protocol packet-switched system. This evolution 

means that those efficiencies developed for SDN and used in 


computing can be applied to mobile networking. We can see 
this application in more depth in the article on 5G virtualization 
(page 16). 


Several markets have already taken advantage of 4G mobile 
technology, most notably media. This market is expected 
to.expand with 5Gas consumer desire for high-resolution 
video and augmented/virtual reality increases, Autometive, 
energy, health, and public safety are several areas of M2M that 
willbe greatly enhanced by increased bandvvidth and, most 
importantly, low-latency networks. On 13 December 2016, 

the US Department of Transportation proposed a rule for 
vehicle-to-vehicle communication and announced a vehice-to- 
infrastructure communication rule tobe proposed. The article 
‘0n 5G and the automotive industry (page 20) provides insight 
into hovr this market segment is enhanced by 5G connectivity 


Although mobile technolagical developments are typically 
categorized into different generations, each generation covers a 
vast array of individual technologies and protocols that roll out 
as they mature. In practice, mobile service providers often work 
across a range of generations. This is highlighted by the fact that 
in many cases voice calling is handled by the 3G network while 
data is handled on the 4G network. Damestically, TMobile and 
ATT did not enable voice over LTE (VoLTE) until May 2014, and 
did not meet the International Telecommunication Union (ITU) 
standard until Verizon launched LTE-Advanced in August 2016. 


Many factors can impact the broad global deployment of 
5G networks, such as existing technologies, geography, 
spectrum, and national interests. Some countries may jump 

to the current network generation while others may delay 
deployment because their current networks are considered 

to be "good enough’ The decreased per-customer costs of 
updating networks in densely populated countries makes it 
mare attractive to keep on the leading edge. The increased 
data rates and simultaneous connections require increased 
spectrum allocations, which are handled by national regulatory 
organizations. Several countries, most notably South Korea, 
have tied their technological identity to the increased 


DROUGHT 


Dest caused by long periods of dry weather or insufficient 
rainfall, creates desert in areas where it is a permanent 
condition. Elsewhere, drought may be a regular seasonal feature for 
part of the year — and predictable year after year. Where it is 
balanced by a wet season, water can be stored to last through the 
dry months. The underground stone-cut or conerete-built cisterns of 
ancient and modern Mediterranean civilizations collect the rainfall 
of the wet season for the long dry summer. 

In temperate regions, if rainfall drops far below the normal, 
periodic drought may be produced with vegetation unable to obtain 
water to compensate for what it loses to the air. In cases where the 
dry spell may not be so obvious but there is still insufficient 
‘moisture to provide that needed by the plants, a condition known as 
‘invisible drought’ occurs. The death of vegetation causes 
deprivation right through the food chains that are based upon it. IF 
the drought becomes severe, dead and dying animals may even 
pollute the water supplies that still remain, 


Fire risk 

The corpses of dead animals should be buried in deep graves. Dry 
ground can be very hard, but burying is the best way to remove 
these possible sources of infection. They could be burned, but since 
drought leaves everything tinder dry, the risk of fire spreading is 
considerable and it could easily get out of hand, Each year fires 
rage in southern France, California and Australia and, without 
water to check the flames, they spread rapidly. If you must have a 
fire, dig down to bare earth and keep the fire small and attended 
atall times. 


Hygiene 
In houses, lack of water for washing and sanitation can bring the 
risk of infection. If the water level in a water closet no longer 
seals the S-bend, disease may spread from the sewers and 
personal hygiene may suffer from lack of washing. Do not 
use the WC but leave sufficient water in the bow! to form a 
barrier. Make an outdoor latrine to use instead (see Hygiene in 
Camp Croft), 

Sweating will help to keep pores open and free of dirt, but, even 
when you need all available water for drinking, try to clean hands 
after defecation and before preparing food. 
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Store and conserve water 

If a monsoon does not start at the expected time, or a hot dry 
summer produces a parching of the earth, take precautions by 
storing as much water as possible and using it wisely. Keep it covered 
and shaded to avoid evaporation. 

Dig a pit for a storage cistern in a shady spot, avoiding tree roots. 
Line it with a polythene sheet or with cement if available (but don't 
fill it up until the cement has had a chance to thoroughly dry). If you 
live in a clay area, dig a pit and line it with clay. If you build the 
concrete or clay up into a partial dome, it will help to keep the 
contents cool and leave a smaller opening to keep covered. 

NEVER waste water. Water used for cooking can later be used for 
washing. Boil all drinking water. If a well runs dry you may gain 
more water by digging deeper, but the further you dig, the further 
you deplete the water stored in the earth. 

In areas with cold nights 
the drop in temperature may 
wceen em (summvar aoe 
air, Use the techniques to J If drought persists, especially 
catch it described for desert J ver more than @ year, desert 


eal tee i conditions may begin to 
survival ce Essentos and Seon racinton may be the 


only sojution if water supplies 
High ground will show J cannot be brought in. 
greater variation between 
day and night temperatures 
and will offer better chance of dew to collect in the early morning. 
It may also offer the advantage of coo! breezes. 

Drought can strike anywhere. Even in areas of heavy rainfall, 
such as Assam, there has been drought when the monsoon has 
failed, 


WARNING 


~ In conditions of severe drought be especially careful of 
contamination of water supplies. Disease from dead animals may 
be rampant. However thirsty you are, boil all water before 
drinking. 


= flies may be a serious problem at first — ensure that all 
foodstuffs are covered. Protect from dust, which may become @ 
hazard as top soil is blown away. 


~ When nature is disturbed in this way, animals act abnormally. 
Crazed by thirst, normally docile creatures may attack you. 
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re requires heat, fuel and oxygen and produces smoke, heat and 

toxic gases. It may spread by he surroundings through 
direct contact (conduction), through rising gas and smoke 
(convection) or through heat rays (radiation). Convection is usually 
the most serious of these forms of heat transfer. 

The best protection from fire is prevention. Caretessness with 
lighted cigarettes and burning matches is the cause of many fires. 
The sun shining through an abandoned bottle or a piece of broken 
glass can start a blaze in a dry season, 

Fire can strike anywhere — at any time. Precautions should 
always be taken. Vehicles and buildings SHOULD ALWAYS be 
equipped with fire extinguishers. Managed forestry plantations are 
divided by broad paths as fire breaks. Equipment for beating out 
flames should be found in numerous places. YOU should know how 
to use it 


FOREST FIRES 


If you are present where a fire starts (or where a camp fire 
accidentally spreads) in woodland, or on heath or grassland, your 
first action should be to SMOTHER IT. 

The first sign of an approaching forest fire will be the smell 
of smoke. Then you will probably hear the fire before you see 
flames, You may notice unusual animal behaviour before you realize 
the cause 


Escape route 

If caught in an area where fire is raging, and when it is far too late 
to put it out yourself, do NOT immediately flee — unless the fire is 
so close that there is no choice. 

‘Aithough you may feel that clothing hampers your movement, 
do NOT discard it for it will shield you from the full force of 
radiated heat. 

Smoke will indicate the direction of the wind ~ the fire will be 
travelling fastest in that direction. If the wind is blowing away 
from you, towards the fire move INTO the wind. Head for any 
natural fire break — such as where there is a swathe through the 
trees, where the flames should be stopped. A river is the best 
break — even if the flames can leap it you will be reasonably safe 
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in the water. In forestry plantations look for the roadways and 
firebreaks. 

Do NOT run wildly. Choose your escape route. Check the 
surrounding terrain and the wind direction to assess the possible 
spread of the fire. 

If the wind is blowing towards you the fire is likely to travel more 
quickly — and the flames can leap a larger gap. Fire travels faster 
uphill so do NOT make for high ground, Try to go around the fire if 
possible — but some forest fires burn on a front several kilometres 
wide. If you can neither skirt or outdistance the blaze take refuge in 
a large clearing, deep ravine, watercourse or gulley. 


Into the fire 
‘Sometimes the best escape route may be to run THROUGH the 
flames. This is impossible if they are very intense and the area 
covered by the actual fire is great. In a large clearing or on 
heathland, however, it may be possible to run through less dense fire 
to refuge on the already burned-out land. Cover as much exposed 
skin as you can and if you have water available tip some over you to 
damp down clothing, hair and any flesh you have not been able to 
cover. Dampen a piece of cloth to cover your nose and mouth. 
Thick vegetation will burn fiercely and slow you down — so 
choose the spot for your breakthrough with care. Make your mind 
up, then do not delay. Take a deep breath. Cover your nose and 
mouth to keep out smoke and RUN. 


FIGHTING A FOREST FIRE 


{In areas where there are forestry plantations you should see racks 
of fire-beating equipment at intervals along the main routes. This, 
consists of bundles of twigs (usually birch], tied in a broom, and 
spade-shaped beaters with rubber blades. They can be effective in 
Putting out the beginnings of a blaze. 


Despite the name, do NOT beat rapidly with them — that will only 
help to fan the flames and spread sparks. The object is to 
‘SMOTHER the fire by bringing the beater down over the fiames to 
extinguish them. The flat blades are particularly effective in 
smothering a fire beginning among leaves and undergrowth 


If no equipment is available use a coat or blanket to smother the 
fire and to cut off oxygen from the flames — or use a leafy branch 
to beat it out 
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STAY IN A VEHICLE g 


wa 
If caught in a forest fire in a vehicle, stay inside and keep the 
windows tightly shut. Turn off the ventilation system. The car will 
give you some protection from radiant heat. Drive away from the 
fire if you can but, if immobilized, stay put. 


People have survived by staying in a vehicle until the glass began 
to melt, by which time the fire had moved beyond them. If they 
hrad panicked and run into the fire they would have died. 


There is a danger of @ petrol tank exploding but your chances are 
much greater than outside, if the fire is intense around the vehicle, 


Going to earth 

If there is no natural break or gully in which to shelter and the fire 
is too deep to think of running through it, you may have to seek the 
protection of the earth itself. 

People have survived fierce fires by digging themselves in and 
covering themselves with earth, allowing the fire to burn over the 
top of them. The risk is considerable, not just from heat but from 
suffocation: fire burns up oxygen. 

Scrape as much of a hollow as you can, throwing the earth on to 
a coat or cloth if you have one, then pull the cloth over you with its 
earth covering. Cup your hands over your mouth and nose and 
breath through them. This won't increase the amount of oxygen, but 
it will cool down and filter the very hot air and sparks, which can 
damage the respiratory system. Try to hold your breath as the fire 
passes over. 


Fight fire with fire 

Itmay be possible to use fire itself to create protection, if there is no 
way of getting out of the path of the fire or of going through it — 
bbut itis still some distance away. 

The technique is to burn a patch of ground before the main 
fire reaches it. With nothing left to ignite, the flames cannot 
advance, giving you a place of refuge. The main fire must be 
sufficiently far away for your fire to burn a space it cannot jump 
before it arrives. 

Light your own fire along as wide a line as possible — at least 
10m (33ft) wide, but 100m (330ft) would be better. It will burn in 
the same direction as the main fire, creating a break which you can 
move into, Make sure you determine the wind direction correctly. 
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WARNING 


Winds may be swirling and fires create their own draughts, so you! 
‘ay stil have to make @ dash through your own flames. The main 
fire must be far enough away for your own fire to burn and pass 
Do NOT underestimate the speed at which flames travel — they 
‘may be approaching faster than you can run. Do NOT light another 
fire unless you are desperate and fairly certain of the outcome. 


BURNING BUILDINGS 


‘Smoke will usually be the first indication of fire. If the fire is still 
small, attempt to extinguish by covering with a blanket or thick 
curtain (to deprive the flames of oxygen), or using sand, water or 
fire extinguisher as available and appropriate 


Electrical fires 

If there is any possibility of a fire being caused by an electrical fault, 
do NOT use water until the power has been turned off, preferably at 
the mains. Turn off gas at the mains too. If television sets or 
computer VOUs catch fire do NOT use water on them. Even after 
being disconnected, there is sufficient residual electrical charge to 
give you a shock (even to kill you) and the cold water may make the 
tube explode. Smother them and approach from behind because of 
the risk of the tube exploding. 


FIRE EXTINGUISHER 


PULL — or otherwise to release any lock 
‘AIM — at the base of the fire 

‘SQUEEZE — or press the handle/trigger 
SWEEP — from side to side 


Check to. see what kind of extinguisher you have. Some are 
designed for small, simple fires and contain water — they are NOT 
suitable for oil or electrical fires. Others are designed for oil, grease, 
paint or solvent fires (a chip pan or petrol pillage, for instance). A 
third type is for electrical fires or those where live cables are 
exposed. A multipurpose dry-chemical type extinguisher can be 
used on most kinds of fice. 

KNOW HOW TO USE YOUR EXTINGUISHER! 
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Evacuation 

If the fire is already too big to fight with the resources available, 
evacuate the building. Turn off power at the mains. Close all 
reachable doors and windows. Try to contain the fire while 
evacuation is completed and to prevent the fire's spread before 
fire-fighting services or rescuers arrive. 

Fire travels upwards faster than downwards — though a collapsing 
floor or wall will carry the flames to a lower level. Staircases, lift-wells 
and ventilation shafts are particularly dangerous. 

NEVER use a lift during a fire. If you need to move down a 
building, use a smoke-free staircase. 

Before opening any doors look for smoke around their edges and 
check for heat. Metal doorknobs are a good test. If they feel warm 
do NOT open the door — use the back of your hand for the test. 
Grasping the knob could cause a burn. A stout door can keep back 
flames for 30 minutes or more (but do not rely on this with thin- 
panelled modern doors — unless they are fire doors) 


SURVIVAL ADVICE 


If there is no alternative to going into a burning room: brace your 
foot against the door and open it only a crack — this will help to 


stop it being forced wide open by the pressure of hot air and gases 
inside. Crouch low to enter, opening the door as little as possible. 
This will expose you to less smoke and heat and give less chance 
for the fire to pass through the gap. Close the door behind you to 
delay the fire's spread 


Waiting for rescue 
If you find yourself isolated and unable to get to safety, go to a 
room as far from the fire as possible (but NOT on a higher level 
unless you are certain that rescuers with long ladders or other 
equipment are very close). If there is a choice, pick a room with the 
softest ground outside, no railings below or where there are 
bedelothes or curtains which you can knot into a rope. Lawns, 
flowerbeds, even gravel paths are softer than cobbles, conerete or 
paving. If you are eventually forced to drop down on to hard 
concrete a sloping surface will be likely to do you less damage. 

Close the door and fill any gaps around it with curtains, mats or 
other thiek material, which will take time to catch alight. Wet them 
if you can. If the alarm has not already been given try to attract 
attention through the window. 
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To break the window, use a piece of furniture. You could kick it 
out, but do not bring your foot back quickly — you will have to 
negotiate broken glass. If you have to use your hand, wrap it first 
and punch. Alternatively, when protected by a thick jacket, an elbow 
may be effective. 


Preparing to ‘jump’ 
If no rescue is forthcoming do NOT jump — drop. Tie sheets, blankets, 
mats, loose covers and other strong material together to make a rope 
— even if it does not reach the ground it will reduce the distance you 
will have to fall, Tie them with reef knots and test that each is firm by 
pulling, Push a heavy piece of furniture over to the window and 
secure one end of your rope to it, or tie your rope to heating pipes — 
or smash the window and tie on to a thick part of the frame. If the 
rope is not long enough drop cushions, pillows, a mattress — anything 
which will soften your landing, below the window. 

If there is nothing to use as a rope, lower yourself out of the 
window and hang from the sill. If there is no sill hang from the 
bottom of the window frame. 


SURVIVAL ADVICE e3 


Do NOT jump out — unless there isa party of firefighters waiting 
to.cateh you in a blanket. Where there is something to break your 


fall make use of it, donot try to drop clear. Acar coo makes @ good 
cushion to drop on for it will give slightly to your weight. 


BEWARE: Trees may break your fall, but there is a risk of your 
boeing impaled on the branches. 


Dropping from a height 
Having taken every recommended measure to reduce the height of 
your fall, think of protecting your head — a motor-cycle crash 
helmet is ideal but a jersey or towel wrapped round your head like a 
turban will help. 

When you are as low as possible, and ready to drop, push yourself 
away from the building with the side of one foot and, as you let go, 
turn away from the wall and bend the knees. Leave the arms up to 
protect the sides of the head. 

As you land bend the knees more and roll over on to one side, 
carrying the roll on to your back (still protecting your head and with 
your legs in the air), This helps spread the impact over a larger area 
and increases your chances. 
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Falling onto a slope 

Face down the slope as you drop, with leys together, with the knees 
slightly bent. Bring the head down on to the chest and the elbows 
tightly into the sides, the hands protecting the head. Land on flat 
feet, allowing the knees to bend fully, rolling forward in a tight 
somersault. It is the method that parachutists use. 

WAIT UNTIL THE VERY LAST CHANCE OF RESCUE BEFORE RISKING A 
DROP GREATER THAN 4M (13F7). 


ESCAPING THROUGH FIRE 


~ If forced to travel through flames to reach safety, cover yoursel 
(including your head) in a blanket, curtain or overcoat — wet it 
if you can — then take a deep breath and go. 


~ If your clothes catch alight do NOT stay on your feet when out 
of the fire. The flames and smoke will travel up your body, over 
your face and into your lungs. 


= Do NOT run — this will only fan the flames. 


~ Roll on the ground and try to wrap yourself in something that 
will smother the flames — a mat, blanket or overcoat. 


~ IF someone else comes running out ofa fire with their clothes: 
push them to the ground and use the same methods of 
denying the flames oxygen. Do NOT hug them to you or your 
clothes may catch fire. 


VEHICLE FIRES 


The greatest danger with cars is the risk of the fuel tank being 
ignited —it could explode like a bomb, scattering burning petroleum 
everywhere. The aim is to control the fire before it can reach the 
tank. Everything has @ flash point and a fuel tank is more at risk than 
most things. Usually a fuel line (if not armoured) will catch fire first, 
acting as a fuse which eventually ignites the tank. 


Ina garage 
If a car catches fire in a confined space, such as a garage, smoke and 
toxic fumes will soon build up. Try to put the fire out first — but if 
that is not practicable remove the car from the building, before it 
further endangers life and property. 

Do NOT get into the car. You can do everything from outside 
including steering. If possible, push or pull the car out. If your car 
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has a button starter, select a low gear or reverse and use the starter 
to bounce the car out. With conventional ignition, turn the key in 
short bursts. BE PREPARED. The car will jerk forward violently 


FIRE EXTINGUISHER 


KEEP IT WHERE YOU CAN REACH IT! 
DON'T keep your fire extinguisher in the boot/trunk — keep it in the 
passenger compartment where you can get at it immediately. Any 
impact could distort the boot lid and prevent you opening it 


In a crashed car: doors may jam. If it catches fire get through any 
window or kick the windscreen out. 


If the fire is inside the car: use the extinguisher or smother it with 
a rug or coat. Synthetic materials used in upholstery in many cars 
burn rapidly and give off thick smoke and toxic gases. These will 
persist even when the flames are out so get out into the air as soon 
as possible. 


If the fire is also on the outside: amid spilt fuel for example — keep 
the windows shut and drive out of the danger zone, abandoning the 
car as soon as it is safe to do so. 


FIRES IN THE AIR 


‘Aeroplanes are equipped with automatic extinguishers for engine 
fires and hand-held extinguishers in the cabin, Action should be 
taken immediately. On civil airlines summon’a steward or air 
hostess immediately you suspect fire — they know where 
equipment is and how to use it. Avoid creating panic in other 
passengers. If you see smouldering or flames, smother with an 


airline blanket or clothing, 


The main fire dangers are: before take-off when there is volatile 
fuel and vapour around the plane and especially when landing 
under difficult circumstances when fuel tanks could be ruptured 
and electrical or friction sparks ignite aviation spirit. Every safety 
precaution is taken to ensure that fire is not a hazard 
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connectivity of next-generation wireless technologies. 
All these factors give rise toa patchwork international 
environment for 5G implementation 


Current forecasts for the rollout of SG networks are in the 
2020 time frame. Recent news indicates that it may be earlier 
than that. Samples of Qualcomms new Snapdragon X50 
4G/5G modem that uses the 27.5 gigahertz (GHz) to 28.35, 
GHz band—part of the spectrum opened by the Federal 
‘Communications Commission for SG—will be available in the 
second half of 2017. Samsung and KT, one of South Korea's 
mobile providers, have announced that they will be the first 
to provide mobile 5G trial service at the PyeungChang 2018 
Winter Olympic Games. Undoubtedly, this tral 5G service will 
rot be fully compliant with 5G standards, which have yet to 
be adopted. However, we should expect things to advance 
quickly following the Korean introduction of 5G. 


RECENT NEWS 


[ATA launches frst SG business customer trial with Intel and 
Erisson’ ATAT. 5 Dec 2076, Availabe a: http /aboutattcom/story 


att launches fist 5q_business customer tal with intel and, 
on hm 


[2}°Government must take action now to secure eur cannected 
future so we ae ready for 56, and essential services are genuinely 
available where the ed? GOVUK. 14 Dec 2016, Avallable 


at https wwwwzgovuk/qavernment/news/government-must-take. 


aclion-now.to-secure-our-connected future-so-we-are-eady-for Sa 
‘and: essential services are-genuinely.avallable-where-they-are-n 


[3] Qualcomm Incorporated. "Qualcomm, Ericsson and Sk Telecom 
announce collaboration an SG NR tals to accelerate wide-scale 5G 
deployments" PR Newswire, 19 Dec 2016. Available at hitp/ww, 
mews wite.com/nows-releases/qualcomm-erisson-and-sk telecom: 
announce-collaboration-on Sg-nr-tials-o-accelerate-wide-scale-5q. 
‘deployments 300381570)Im| 

|] Reichert C,“Huawel and NTT DoCoMo reach 11Gbps speeds in 
5G Japanese field tral. 16 Nov 2016, Avallabe at http//wwwwzdnet 
convarticleshuawel.and.nt-docomo-reach-11abps-speeds iq) 
japanese field trial 
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CHEMICAL AND BIOLOGICAL 
WARFARE 


‘errorism is not new. The destruction of property, murder, threats, 
fear and panic have long been the tools of those who believe that 
violence is a means of achieving political and criminal goals. What 
makes modern terrorists distinct from their historical predecessors is 
the technology at their disposal and the greater range of 
opportunities for terrorism which modern life provides. 

The global nature of media coverage and the publicity it can give 
has also fuelled the use of terrorism. There is no doubt, also, that 
some nations finance and support the activities of terrorists in other 
countries with which they have political difference. 

More value is now placed on the lives of ordinary people, the 
more innocent the victim, the better for terrorism. The reality is that 
we are ALL potential targets and that we are ALL vunerable. 

Certain countries of the world pose a teal threat by producing 
vast amounts of lethal bacteria and chemicals. These are relatively 
asy to disperse and threaten large areas of the globe. 

Biological agents fall into two groups, pathogens (germs) and 
toxins. Pathogens are living micro organisms that cause lethal 
incapacitating diseases like anthrax. Toxins are poisons that are lethal 
to humans, affecting the nervous system, and causing cell death, 

Germs must be inhaled, enter through a break in the skin, or 
through the digestive tract. They do not react immediately as 
they must multiply inside the body and overcome the body's 
defences. This incubation period varies from hours to months 
depending on the germ. Biological agents are hard to detect, none 
of our physical senses can detect them. Often the first signs are 
symptoms of the victims exposed to the agent, and sick-looking 
plants and animals. 


TOXINS 


Toxins occur naturally in plants and animals, but can be manufactured 
and used as weapons which are a thousand times more lethal. Toxins 
produce a similar effect to chemicals but do not respond to the same 
treatment. Unlike germs they can penetrate unbroken skin, and their 
symptoms appear immediately. These include; paralysis, convulsions, 
fever, blisters/rashes, shock and death. 
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Protection 

If you suspect the presence of biological agents, put something 
around the mouth and nose to prevent inhalation. It is unlikely 
that you have a mask so improvise by wrapping a damp cloth 
around the face. Cover all exposed parts and leave the area as soon 
as possible. Button/zip-up all clothing. Tuck trousers into socks, 
and wear gloves. When out of the danger area, wash thoroughly 
with soap and water. Clean teeth, hair and fingernails Wash all 
clothing and equipment in hot soapy water. 


ANTHRAX 


Anthrax is a disease carried by animals and still kills many 
humans annually. The disease is transmitted from dead animals in 
areas like South America, Southern Europe and the Middle and 
Far East. Signs on the dead carcass include bloating, incomplete 
rigor mortis, dark coloured blood oozing from nostrils and anus. 
Avoid all contact and wash thoroughly if accidental contact is 
made. Seek professional advice soonest. Antibiotics will help, and 
there is a serum available from the treatment of anthrax. 

The early signs of the disease are pustules with dark centres. 
Anthrax is also produced as a biological weapon. 


CHEMICALS 


Chemical agents take the form of liquids, gas and aerosols. They may 
affect breathing, the nervous system or the blood 

Chemical agents are difficult to detect so watch for suspicious 
signs in your companions. Difficulty in breathing, coughing, itching 
and tears are the most obvious ones. The landscape will look wasted, 
with vegetation being discoloured and limp, and maybe dead animals 
and insects scattered around. Some agents are odourless and others 
have a distinctive smell, The smell of almonds may indicate a blood 
agent, and newly cut grass might indicate a choking agent. 


Protection 

The whole body must be covered with suitable clothing that 
will prevent the chemicals penetrating. Waterproof outer 
garments, goggles and mask are essential. Get out of the 
danger area and decontaminate as soon as possible, the same as 
with pathogens. 


541 


GASES AND CHEMICALS 


Prvisive gases can occur and build up in caves and mines, but the 
main dangers to the survivor in the wild will be oxygen deficiency 
and carbon monoxide poisoning in restricted spaces and shelters. 

In house and vehicle fires and in industrial locations there is risk 
from toxic fumes being produced when plastic and other materials 
burn. Industrial and road accidents involving chemicals present 
another danger. 

There is little that can be done to protect yourself in a disaster 
such as that at Bohpal, in India, once they have happened, other 
than stay indoors and keep your doors and windows closed. But you 
can try to discover any risks that are likely from industrial or other 
plant in your area. There should be government and local authority 
checks and controls operating to enforce proper safety procedures. 
Many authorities demand labelling of places where chemicals are 
used or stored — in London, for instance, by a yellow triangle and/or 
the sign HAZCHEM, 

If handling dangerous materials — not just at work, potentially 
dangerous substances are used in domestic chores, gardening and 
hobby pursuits — follow recommended safety procedures. AVOID 
contact with chemicals and inhalation of fumes and take 
precautions against spillage, shaking, breakage or accidental mixture 
with other chemicals which could produce a dangerous reaction. 

If exposed to fumes or chemical hazard get to fresh air as rapidly 
as possible and flush away chemicals with copious quantities of 
water — BUT adding water to some chemicals can cause even more 
dangerous reactions. Learn the properties of materials you handle or 
transport and measures for dealing with accidents. 

AVOID touching anyone contaminated with chemicals and do 
NOT give mouth-to-mouth resuscitation until you know what 
chemicals are involved 


ROAD AND RAIL 


Keep well clear of an accident involving a bulk tanker or other 
vehicle carrying dangerous substances. You may be able to see 
spillages on the road surface. Gas escapes may NOT be visible. 

Chemical fires may be fought by appropriate techniques. If not 
properly trained and equipped to handle them you may aggravate 
the situation, endangering yourself and others. 


542 


GASES AND CHEMICALS, 


The usual action in such cases will be to cover any flammable 
substances with foam to exclude oxygen, and to dilute chemicals that 
do not react dangerously to water with as much water as possible 

There are too many cases 
on record of public-spirited 
individuals losing their own | SURVIVAL ADVICE 
lives in such circumstances — Py 
like the man who went to aid J BUT if you do not know what 

exact substances are involved 
the driver of an overturned 


and the appropriate action — 
tanker which had been 9 KEEP CLEAR. CALL THE FIRE 
carrying powerful acid. By the J} SERVICE OR POLICE AND 


time the fire-service arrived | LEAVE ALONE. 
his gold wedding ring was all 
that remained of him. 

Vehicles may be painted with a panel warning that they carry 
potentially dangerous chemicals which includes a code of figures 
and letters which tell the emergency services what kind of action to 
take, what kind of protection is essential and whether the chemical 
is explosive or poisonous. In the British code, for instance, a final E 
is an instruction to EVACUATE. The figures 1 or 2 at the beginning 
of the code suggest that water may be used, but that is only 
part of the information needed — the use of water could produce 
fumes which demand use of a respirator. Protective clothing may 
be essential 

Details of these codes are not usually given to the general public, 
for the information that they provide does not give practical 
guidance to the untrained, beyond a warning that dangerous 
materials are carried, 

Although the information provided by the codes is valuable to 
the officers of the emergency services, they do not know the 
proportions in which spilt chemicals are concentrated, or whether 
combinations of chemicals could produce results quite unlike those 
expected. Where dangerous stores and goods in transit are registered 
with the authorities rescue services may be able to obtain additional 
information, but uncontrollable elements such as wind direction, 
‘temperature and various other factors will all affect the way in 
which such accidents are handled. 

If you see a British hazardous chemical code, an EC Accord 
Européen Relatif au Transport International des Marchandises 
Dangereuses par Route (ADR) sign, which gives much less detailed 
information, or the United Nations International Emergency Action 
Code (EAC), which only covers a limited number of emergency 
procedures, KEEP YOUR DISTANCE. 
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looding may be caused by the overflowing of rivers, lakes and 
reservoirs caused by heavy rains (not necessarily rainfall at the 
place where the flood occurs); by the build-up of sea or lake water 
due to the effects of submarine earthquake, hurricanes and freak 
high-tides and winds; or by the collapse of dams or dykes. 

Heavy rain can rapidly produce torrents where there was a dry 
riverbed, or a build up in a narrow channel or behind a barrier which 
then gives way to a rushing wall of water that envelopes everything 
in its path. 

Persistent rainfall over a long period after a dry spell and heavy 
storms should alert you to keep clear of water channels and low- 
lying ground, but a flood can affect much wider areas. It is always 
safer to camp on a spur. If the water is rising, move to higher 
ground. In hilly areas keep out of valley bottoms which are 
particularly prone to fash floods. 

Food is not likely to be a problem, at least at first, for animals will 
also head for high ground. Both predators and prey are likely to 
concentrate on getting to safety — but beware of injury from panic- 
stricken animals in the water. 

Drinking water may be difficult to obtain, for the water swirling 
around you may be contaminated. Collect rainwater to drink and 
boil any other water before you use it 


Flooded buildings 

IF you are in a solid building when the water begins to rise, stay 
where you are if it is rising rapidly. You will be less at risk than trying 
to evacuate on foot. Turn off gas and electricity and prepare 
emergency food supplies, warm clothing, drinking water in screw- 
topped plastic bottles or other well-sealed containers. It is 
important to keep all water containers sealed to avoid accidental 
spillage or contamination. If you can, collect a torch, whistle, mirror, 
brightly coloured cloths, or flags, that would be useful for signalling, 
and add them to your gear. A camp stove will be valuable for 
heating food and drinks and for warmth. Candles are also useful — 
and DON'T forget the matches. 


Move upwards 
Move to an upper floor, or on to the roof if in a single-storey 
building. If you are forced to occupy the roof, erect some kind of 
shelter. IF itis a sloping roof, tie everyone to a chimneystack or other 
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solid structure which can be expected to stay firm. If the water looks 
like continuing to rise, prepare some kind of raft. If you have no 
ropes to tie things together, use bed sheets. Unless the water 
threatens to wash your building away, or rises so high that you are 
forced to evacuate, stay until it stops rising, 


Flood readiness 

If you live in a river valley or in a coastal area prone to flooding, find 
out how high you are above normal water levels. Learn the easiest 
route to high ground — not necessarily the highway route, for major 
roads tend to follow drainage channels in valley bottoms. In rainy 
periods listen out for flood warnings which will often predict the 
levels to which waters may be expected to rise and the areas likely 
to be affected. 

Even a few inches of floodwater can do a lot of damage and it is 
worth laying sandbags or plastic shopping bags filled with earth 
along the bottom of doorways and windows to keep out as much 
water as possible. If you have a really sound building and doorways, 
windows and other apertures are blocked, water will not enter. The 
central heating flue, ventilation bricks and other spaces must all be 
sealed 

If a high flood is likely, there is not much point trying to keep 
water out of basements. Indeed, in some houses with basements this 
could cause extra damage due to uneven pressure on the basement 
walls, If you are bound to be flooded, you could consider flooding 
the basement yourself with clean water, so that the pressure is 
equalized. You will have less filth and debris to clear up later. 


Evacuation 

IF you are abandoning your home bring outdoor furniture and other 
movables indoors — that will reduce the amount of debris floating 
or being swept along outside. 

When walking or driving to a safer location: Remember that a 
small drop in the level of the roadway down a hill can make a 
considerable difference to the water depth. 

Do NOT attempt to cross a pool (or a stream) unless you are 
CERTAIN that the water will not be higher than the centre of the 
car's wheels or higher than your knees. 

If you must cross: use river-crossing techniques (see On the 
move). 

If crossing bridges which are underwater: take special care — you 
may not be able to see that the flood has already swept part of the 
bridge away. 
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Flash floods 

In times of sudden heavy rainfall keep out of valley bottoms and 
stream beds both during and after rainfall. Remember that you don't 
have to be at the bottom of hill to be caught by water rushing down 
it— often carrying mud and a deadly debris of broken trees and rocks. 


Coastal flooding 

Is usually a combination of high tides and winds which make them 
even higher. Flood warnings will usually be given and evacuation is 
the best action 


Flood aftermath 

As the waters recede they leave a scene of devastation littered 
with debris and the bodies of flood victims. With decay and the 
pollution of the water comes the risk of disease and extra 
precautions are necessary. Burn all animal corpses ~ do not risk 
eating them — boil all water before using. Some crops may still 
be available after the flood waters recede and birds that have 
escaped the flood will be safe and good to eat 


SURVIVAL SCENARIO 


‘What can you do to prepare for disaster? 


Make sure that you are aware of what the dangers are. This may 
depend upon where you are travelling or what time of year you 
will be there. You should be aware of what contingencies are in 
place in case of say earthquake or flood. Ask the locals for advice. 


TSUNAMI 


A tsunami is linked with an earthquake beneath the ocean, creating 
a series of waves which can reach more than 30m (98ft) high and 
causing a considerable amount of damage along coasts. 

Warnings of tsunami are issued from the National Oceanic and 
Atmospheric Administration's Pacific Tsunami Warning System 
headquarters in Hawaii 

Not all earthquakes cause tsunami, but any earthquake could. 
Keep away from shores and take to higher ground when there 
are tremors. Do NOT go to look for a tsunami — if you are close 
enough to see the wave, you are too close to escape it, unless 
hhigh above its level. There is little defence against a moving wall of 
water, Evacuate. 
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hurricane is a wind of high speed — above force 12 on the 

Beaufort Seale — which brings torrential rain and can destroy 
any flimsy structures. It is a tropical form of cyclone, which in more 
temperate latitudes would be prevented from developing in the 
upper levels of the air by the prevailing westerly winds. 


Hurricanes are known by various names around the world: 


Hurricane: Caribbean and North Atlantic, eastern North Pacific, 
western South Pacific. 

Cyclone: Arabian Sea, Bay of Bengal, southern Indian Ocean. 
Typhoon: China Sea, western North Pacific. 

Willy-willy: Northwest Australia. 


Hurricanes develop over the ocean when sea temperatures are at 
their highest, especially in late summer. Warm air creates a low 
pressure core around which winds may rotate at speeds up to 
300kph (186mph) or more, circling anti-clockwise in the northern 
hemisphere, clockwise in the southern. The strongest winds are 
usually 16-19km (10-12 miles) from the centre of the hurricane but 
the centre, or ‘eye’, brings temporary calm. The ‘eye’ may be from 
6-50km (4-30 miles) across and the largest hurricanes up to 500km 
(300 miles) in diameter. They can occur at any time of year but, in 
the northern hemisphere, the main season is June to November — in 
the southern, November to April (especially January and February) 
Hurricanes are not a feature of the South Atlantic. 


Pattern of the hurricane 

Out at sea hurricanes will build up force and begin to veer toward 
the pole, the wind speed usually being greatest on the poleward side 
of the eye. They can travel as fast as S0kph (30mph) wreaking 
devastation on islands and along shorelines they pass over, but 
usually slowing down when they reach the mainland to a speed of 
about 16kph (10mph). 


Hurricane warnings 

Satellite surveillance enables meteorologists to see hurricanes 
developing far out in the ocean, to track their progress and to give 
warning of their approach. Some hurricanes move very erratically, so 
sailors particularly, should monitor forecasts in hurricane areas. 
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Without radio to alert you, the growth of swell can be an 
indication of a hurricane ~ when coupled with other conditions such 
as highly coloured sunsets or sunrises; dense banners of cirrus cloud 
converging towards the vortex of the approaching storm; abnormal 
rises in barometric pressure followed by an equally rapid drop. 


SAFETY PRECAUTIONS 


Get out of the hurricane’s path if you can. 


~ Hurricane warnings are usually issued when one is expected 
within 24 hours and will give you plenty of time to evacuate its 


path, if you are prepared 

~ Keep away from the coast, where destruction will be worst, with 
flooding and a tidal wave, and from river banks. 

~ Board up windows and secure any objects outdoors that might 
be blown away, 

~ Atsea takedown al canvas batten down the hatches and stow 
all gear. 


If you are in a solid building and on high ground STAY WHERE 
YOU ARE — travel in a hurricane is extremely dangerous. The safest 
place is usually in a cellar or under the stairs. Store drinking water 
— water and power supplies may be cut off by the storm — and have 
a battery-operated radio to keep in touch with any instructions 
issued. If not in a sturdy structure, evacuate to a hurricane shelter. 
Shut off power supplies before you leave. 


Seeking shelter 
Outdoors a cave will offer the best protection. A ditch will be next 
best. If unable to escape lie flat on the ground where you will be less 
of a target for flying debris. Crawl to the lee side of any really solid 
shelter such as a stable rocky outcrop or a wide belt of large trees. 
Beware of small trees and fences which could be uprooted, 


SURVIVAL ADVICE 


Stay where you are when the hurricane appears to have passed — 
there will usually be less than an hour of calm as the eye passes 
and then the winds will resume in the opposite direction. If 
sheltering outdoors move to the other side of your windbreak in 
preparation or move to better shelter if close by. 
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TORNADO 


‘ornadoes are violent storms associated with low atmospheric 

pressure and whirling winds, They apparently develop when air at 
the surface has been warmed and a column of air descends from the 
base of cumulonimbus storm clouds above. Air rushing into the low 
pressure area begins to rotate fiercely. 

Tornadoes are the most violent of atmospheric phenomena and 
the most destructive over a small area. Wind speeds have been 
estimated at 620kph (385mph). 

The diameter of the ‘twister’ at ground level is usually only 
25-50m (80-160ft) but, within it, the destruction is enormous. 
Everything in its path except the most solid structures is sucked up 
into the air. The difference in pressure outside and inside a building 
is often the cause of collapse — or ‘explosion: Tornadoes can sound 
like a spinning top or engine and have been heard up to 40km (25 
miles) away. They travel at 50-65kph (30-40mph). 

At sea tornadoes produce waterspouts. Although they can occur 
elsewhere, tornadoes are most prevalent over the prairies of the 
United States, in the Mississippi-Missouri valley and in Australia 
They can develop in a hurricane. 


Tornado precautions 

Take shelter in the most solid structure available — reinforced 
concrete or steel-framed if possible, but preferably in a storm cellar 
or cave. In a cellar stay close to an outside wall, or in a specially 
reinforced section. If there is no basement, go to the centre of the 
lowest floor, into a small room or shelter under sturdy furniture — 
but not where there is heavy furniture on the floor above. Keep well 
away from windows. 

Firmly close all doors and windows on the side facing the 
oncoming whirlwind and open those on the opposite side. This will 
prevent the wind getting in and lifting the roof as it approaches and 
equalize the pressure to prevent the house ‘exploding’ 

Do NOT stay in a caravan or car, they could be drawn up by 
the storm. 

Outdoors you are vulnerable to flying debris and to being lifted 
up — though people have been lowered to the ground again 
unharmed! You CAN see and hear a tornado coming. Get out of the 
way. Move at right angles to its apparent path. Take shelter in a 
ditch or depression in the ground, lie flat and cover your head with 
your arms. 
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LIGHTNING 


he release of electrical charges built up in clouds can be especially 

dangerous on high ground or when you are the tallest object. In 
a lightning storm keep away from hill brows, from tall trees and lone 
boulders. Make for low, level ground and lie flat. 


Insulation 

If you cannot get away from tall objects, but have DRY material 
which will provide insulation, sit on it. Rubber-soled shoes may help 
insulation but are not a guarantee that you will be safe. A dry coil 
of climbing rope makes good insulation. Do NOT sit on anything wet. 
Bend your head down and hug your knees to your chest, lifting your 
feet off the ground and drawing in all your extremities. Do not reach 
down to the ground with your hands, that could give a contact to 
conduct the lightning. If you have nothing which will insulate you 
from the ground lie as flat as you can. 


Stay low 

You can sometimes sense that a lightning strike is imminent by a 
tingling in the skin and the sensation of the hair standing on end. If 
‘you are standing up, drop to the ground AT ONCE, going first to the 
knees with the hands touching the ground. If you should be struck, 
the charge may take the easiest route to the earth through your 
arms — missing the torso and possibly saving you from heart failure 
or asphixiation. QUICKLY LIE FLAT. 

Do not hold metal objects when there is lightning about and 
keep away from metal structures and fences. However, do not 
jettison equipment if you will lose it altogether (when climbing, for 
instance). A dry axe with a wooden handle may spark at the tip, but 
is well insulated. Proximity to large metal objects can be dangerous, 
even without contact, for the shockwave caused by the heated air — 
as the lightning passes — can cause damage to the lungs, 


Shelter 

One of the best places to shelter in a lightning storm is at least 1m 
Bft) inside a deep cave with a minimum of 1m (3ft) space on either 
side of you. Do NOT shelter in a cave mouth or under an overhang 
of rock in mountainous country. The lightning can spark across the 
gap. Small openings in the rock are frequently the ends of fissures 
whieh are also drainage routes and automatic lightning channels 
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EARTHQUAKE 


‘arthquakes are perhaps the most feared of all nature's violence — 

‘they come suddenly with little warning. Unlike other natural 
hazards, such as flood and fire, little can be done to prepare for 
them. They range from minor vibrations in the earth, detectable only 
‘on delicate measuring instruments, to great upheavals tearing 
whole mountains apart. 

Minor earth tremors can happen anywhere, but major quakes are 
confined to known earthquake belts where buildings could be 
planned to withstand them or to cause little damage if they do 
collapse — like traditional buildings in Japan. Modern cities rarely 
take this into account. 

With constant monitoring by seismotogists, major earthquakes 
can be predicted and some evacuation may be possible. Animals 
become very alert, tense and ready to run. 

A detailed knowledge of local geology may indicate the weak 
points along major fissures but the tremors and the waves of 
movement through the earth could extend to almost anywhere in an 
earthquake zone. 


Causes 

Earthquakes are caused by the sudden release of tension built up in 
the Earth's crust, as deep as 700km (435 miles) below the surface — 
but only a rupture in the upper tens of kilometres is likely to produce 
‘movement affecting the surface. The shock wave for the 1964 Alaskan 
earthquake, for instance, was at about 20-30km (12-19 miles) deep. 

The earthquake belts lie along the edges of the semirigid plates, 
that form the Earth’s crust. The deepest quakes occur along the 
‘ocean trenches, forming and destroying volcanic islands. The most 
violent tend to occur in areas where one plate is thrusting beneath 
another, as along the west coast of North America, where the San 
Andreas Fault is a particularly vulnerable zone. 

A succession of preliminary tremors, known as foreshocks, often 
followed by a seismically quiet period, usually precede a major 
quake, which they can actually trigger. These initial tremors may not 
be noticeable. 


Domestic earthquake precautions 

Stay tuned to a local radio station for up-to-date reports and advice 
if you have warning of a possible earthquake. Turn off gas, 
electricity and water if advised to do so. Remove large and heavy 
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objects from high shelves, from which they might fall on you. Put 
bottles, glass, china and other breakables in low cupboards. Shelves 
should have a lip or low barrier to stop things slipping off. Cupboard 
doors should have positive fastening — not just magnetic catches. 
Secure or remove suspended objects, such as large light fittings and 
hanging flower bowls. 

Have ready in case needed: fresh water and emergency food, a 
torch, first-aid materials and a fire extinguisher. 


SAFETY PRECAUTIONS 


KEEP AWAY FROM ANYTHING THAT MIGHT FALL ON YOU: trees 
in the open air, for they may be uprooted; building in towns, for — 
‘even if they are stable enough not to be demolished — pieces may 


come crashing down. Ideally evacuate to an open area but, if that is 
not possible — and you may have little time — itis safer to stay 
indoors. In the street ruptured gas mains and power cables may add 
to the hazards. People going in and out are the ones at most hazard 
from falling masonry on buildings. 


Indoors 

If you are indoors when an earthquake strikes, stay there. Douse 
fires, Stay away from glass, including mirrors, and especially from 
large windows. 


= An inside corner of the house, or a well-supported interior 
doorway are good places to shelter. 

~ A lower floor or a cellar probably gives the best chance of survival 
‘An upper floor could come crashing down with you on it. Make 
sure there are plenty of exits. 

~ Get beneath a table or other piece of substantial furniture which 
will give both protection and an air space. 

= In-a shop keep away from large displays of goods which could 
come crashing down. 

~ In high-rise offices stay put. Never go into a lift. Staircases may 
attract panicking people. Get under a desk. 


Ina car 

Stop as quickly and safely as you can — but stay in the car. It will offer 
some protection from falling objects. Crouch down below seat level 
and you will be a further protected if anything falls on the car. When 
the tremors cease keep a watch for any obstructions and hazards: 
broken cables, undermined roadways or bridges which could give way. 
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Outdoors 
Outdoors lie flat on the ground. Do NOT try to run. You will be 
thrown about and could be swallowed in a fissure. 


= Keep away from tall buildings. 

= Do not go deliberately underground or into a tunnel where you 
could be trapped by blockage or collapse. 

~ If you have managed to get to an open space do not move back 
into buildings for if minor tremors follow they could collapse any 
structure left unstable by the first quake. 

= On a hillside it is safer to get to the top. Slopes are liable to 
landslide and there would be little chance of survival for anyone 
caught in the thousands of tons of earth and rock that could move 

ith terrifying speed. People have been known to survive by 
rolling into a tight ball on the ground. 

~ Beaches — provided they are not below cliffs — are initially fairly 
safe but, since tidal waves often follow a quake you should move 
Off the beach to high open ground as soon as the tremor has 
finished. Further tremors are unlikely to be as dangerous as a 
tsunami 


Aftermath precautions 
Rupture of sewage systems, contamination of water and the hazards 
of the bodies trapped in the wreckage can all make the risk of 
disease as deadly as the earthquake itself. Bury all corpses, animal 
and human, 


= Do NOT shelter in damaged buildings or ruins. Build a shelter from 
debris. 

~ Take special care over sanitation and personal hygiene. Filter and 
boil all water. 

= Do not strike matches or lighters, or use electrical appliances, if 
there is any chance of a gas leak. Sparks ignite gas. 

~ Check sewage services are intact before using lavatories. 


= Open cupboards carefully, objects may tumble out. 
~ Be prepared for aftershocks. 


BE CALM! THINK FAST! g 


Speed is essential if an earthquake strikes. There is little time tO 
organize others. Use force if necessary to get them to safety or pull 
them to the ground. 
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JAciservekarioes ar foun nth reas oF te word whieh oe 
also most prone to earthquakes — where there is most 
movement beneath the surface. Long dead voleanoes and evidence 
of ancient volcanic activity can be found elsewhere — such as 
Arthur's Seat in Edinburgh, Scotland, 

A channel is formed when pressure forces molten rock 
(magma) to the surface through a fault. The channel is usually 
the main outlet for further eruptions, though other vents may 
appear. A major eruption may blow the whole top off a 
mountain. 

The molten rock, usually known as lava when it reaches the 
surface, may be of two kinds: granite lava, which is viscous and slow 
moving, and basalt lava, which flows more rapidly at speeds of 
8-16kph (5-10mph). Granite lava tends to block the vent of the 
volcano, eventually cleared by an explosion due to the build up of 
pressure beneath — showering lava and pieces of mountain around 
for considerable distances and causing fires. 


ERUPTION HAZARDS 


Lava 

Although it is possible to outwalk or outrun most basalt lava flows 
they continue relentlessly until they reach a valley bottom or 
eventually coo! off, They crush and bury anything in their path, Lava 
flows are probably the least hazard to life produced by an eruption, 
for the able-bodied can get out of their way. Other dangers are NOT 
so easily avoided. 


iles 

Volcanic missiles, ranging from pebble-size fragments to great 
lumps of rock and ‘bombs’ of hot lava, can be scattered over 
considerable distances. A shower of volcanic ash can fall over a 
much greater area, some dust being carried to great heights and are 
dispersed around the world affecting weather conditions. 

IF evacuating from close to the volcano, hard helmets of the kind 
‘worn by building workers, motorcyclists or horseriders will give some 
protection, Over 2 wider area, where evacuation may not be 
necessary, protection should be worn against the effects of ash and 
any rain which accompanies it. 
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Ash 


Volcanic ash is not ash at all, but pulverised rock forced out in a 
cloud of steam and gases. Abrasive, irritant and heavy, its weight can 
cause roofs to collapse. It smothers crops, blocks transport routes 
and watercourses and, combined with toxic gases, can cause lung 
damage to the very young, old and those with respiratory problems. 
Only very close to an eruption are gases concentrated enough to 
poison healthy people. But, when sulphur dioxide in the ash cloud is 
combined with rain, sulphuric acid {and sometimes others) are 
produced in concentrations which can burn skin, eyes and mucous 
membranes. Wear goggles (ski-goggles or a snorkelling mask which 
seal around the eyes, NOT sunglasses). Use a damp cloth over mouth 
‘and nose, or industrial dust masks if available. On reaching shelter 
remove clothing, thoroughly wash exposed skin and flush eyes with 
clean water. 


Gas balls 

A ball of gas and dust may roll clown the side of a volcano at a speed 
‘of more than 160kph (100mph). This phenomenon (called by scientists 
a nué ardente — glowing cloud) is red hot and moves too fast to be 
outrun. Unless there is a strongly-built underground shelter nearby, 
the only chance of survival is to submerge underwater and hold your 
breath for the half-minute or so it will take to pass. 


Mudflows 

The voleano may melt ice and snow and cause a glacial flood or — 
combined with earth — create a mudflow, known as a lahar. This can 
move at up to 100kph (GOmph) with devastating effect, asin 
Colombia in 1985. In a narrow valley a lahar can be as much as 30m 
(98ft) high. They are a danger long after the major eruption is over 
and are a potential risk even when the voleano is dormant if it 
generates enough heat to produce meltwater retained by ice 
barriers. Heavy rains may cause it to breach the ice. 


WARNING 


Voleanoes usually show inereased activity before a major eruption 
with rumblings and escapes of steam and gases. Sulphurous smells 
from local rivers stinging acidic rain, loud rumblings or plumes of 
steam from the voleano are all wathing signs, Evacuating by car 
remember: ash may make roads slippery, even if it does not block 
them, Avoid valley routes which could become the path of a lahar. 
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Ithough a nuclear strike is untikely, many countries have nuclear 

capabilities and must be regarded as a threat. 

The immediate hazards of a nuclear explosion are blast, heat and 
radiation. The severity of their effects will depend upon the size and 
type of weapon, distance or height of the explosion, weather 
conditions and terrain. 


Blast 
The detonation causes the initial shock-wave. Even more powerful is 
‘the compression of the air produced by the rapid expansion of the 
fireball, The wave of pressure travelling outwards from the point of 
detonation will collapse buildings, uproot trees and fill the air with 
fiying debris, well before the heat follows. Approximately half the 
total energy of the explosion is expended in this way. 

When the blast wave has passed, air rushes back to fill the void 
causing further damage. At distances where the initial blast has only 
weakened structures this vacuum effect will finish the job. 


Heat 

The thermal radiation (heat and light) that is produced by a nuclear 
explosion reaches temperatures hotter than the sun. Close to the 
point of detonation all inflammable materials will be ignited — even 
vaporized. In the case of the Hiroshima bomb, exposed skin was 
burned at a distance of 4km (2 miles). Today's weapons are MANY 
times more powerful than that bomb and their effects comparably 
more extensive 


Radioactivity 

In addition to the thermal radiation, nuclear fission produces alpha 
and beta particles and gamma rays. Although radioactive fallout 
settles to earth, with the appearance of white ash or dust, this is 
the residue of destroyed matter and not the radioactivity itself. 
That cannot be detected by human senses. A Geiger counter is 
required to register its presence, indicated by a dial or a sound 
signal which becomes increasingly agitated as the radiation 
increases. 


= Alpha particles: have low penetrating capabilities and it is easy 
to shield them off. They cannot penetrate the skin but they do 
present serious problems if ingested or inhaled. 
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~ Beta particles: are only slightly penetrating and heavy clothing 
and boots will give full protection. On exposed skin they cause 
burns. If ingested they attack bone, the gastrointestinal tract, 
thyroid gland and other organs. 

= Gamma rays: ate highly penetrating. They travel much slower 
than alpha and beta rays, damaging all body cells 


Residual radiation 

The initial radiation given off 
during the first minute of a 
nuclear explosion can kill — but 
it lasts only a short time, Once 
the blast has passed, so has JF nausea, vomiting, general 


SURVIVAL ADVICE 2 


Common symptoms of 
exposure to radioactivity are 


the initial radiation threat. J} weakness. Ulcer-like sores 
However, exposure to residual | appear on the skin, which 
radiation can be equally §| tends to take on a grey hue. 
dangerous. 


The amount of residual radiation depends on how the bomb was 
detonated. If it was high above the ground and the fireball did not 
touch the earth little residual radiation is produced — what the 
strategists call a ‘clean bomb! If exploded on or near the ground, a 
huge quantity of soil and debris is sucked upwards to a great height 
and falls back to earth as radioactive dust. Heavier particles fall in 
the vicinity of the explosion, but lighter ones may be carried by wind 
over a wide area — spreading the radioactivity. 

Radiation does decay. However, while as much as 70 per cent of 
the particles following an explosion remain radioactive for only one 
day or less, it takes others years for their radiation to decay. 


SURVIVAL ADVICE 


The radioactivity to which an unprotected person could be exposed 
in the first few hours will exceed that received during the rest of the 
week. That in the frst week will exceed that accumulated during the 
rest of a lifetime spent in the same contaminated area. It is 
therefore important to be shielded during the initial stages. 


Radiation shelters 

In default of a deep bunker equipped with air, water and food 
supplies, in which to sit out a nuclear conflict and its aftermath, the 
best protection is a deep trench with a roof covered by a metre or 
more of earth. If the detonation is sufficiently distant not to 
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SHIELDING 


Strictly speaking, it is impossible to shield completely from al 
radiation but a sufficient thickness of shelter material will reduce 
the level of radiation to a negligible level, Below are some 
materials, and the thickness required to reduce radiation 
penetration by 50 per cent 


Material Metres/Feet 
Iron and steet 0.21/0.7 
Concrete 0.66/22 
Brick 0.60/20 

Soil 1.00/33 

ice 2.00/66 
Wood 2.60/8.8 
Snow 6.00/203 


produce total destruction, the trench and earth will protect from 
blast, heat and radiation 

Look for terrain that has natural shelter, such as ravines, gullies, 
ditches and rocky outcrops. IF you do not have a trench shelter 
prepared, start digging — FAST! As soon as the hole is big enough, 
get inside it to continue digging, to minimize exposure to radiation 
if you are caught-out while still digging. Rig up a roof. Even if only 
of cloth, it will stop dust falling on you. Penetrating rays can still 
reach you so try to get a metre of earth above you. 

If caught in the open get to your shelter as quickly as possible. 
Once under cover, remove outer garments and bury them under a 
foot of soil at one end of the bottom of the shelter. Do not venture 
out until absolutely necessary and do not re-use your discarded 
garments. Under no circumstances move out of the shelter in the 
first 48 hours. 

If desperate for water a brief venture out, lasting not more than 
30 minutes, is permissible on the third day. On the seventh day a 
further exposure, of up to half an hour, can be extended on the 
eighth up to one hour and then from two to four hours for the next 
four days and from the thirteenth day normal working hours, 
followed by rest in the shelter. 


Decontamination 

If your body, or even your clothing, has been exposed to radiation, 
it must be decontaminated. Once in shelter scrape earth from the 
shelter bottom and rub it over the exposed parts of your body 
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and your outer clothing. Brush it off and throw the soil outside. 
Wipe the skin with a clean cloth if possible. More effectively, if 
water is available, wash the body thoroughly with soap and water 
instead of soil. 


Medical care 
ALL wounds must be covered to prevent alpha and beta particles 
entering through them. Burns, whether caused by beta particles and 
gamma rays or by firestorm heat, should be washed with clean water 
and covered, Urine may be used, if no uncontaminated water is 
available. The eyes should be covered to prevent further particles 
entering and a damp cloth placed over the mouth and nose to 
prevent further inhalation. 

Radiation affects the blood and increases susceptibility to 
infection. Take all precautions — even against colds and respiratory 
infections. 


AFTERMATH 


Unless stored in deep shelters, or with special protection, all 
foodstuffs are likely to have absorbed some measure of radioactivity. 
Be cautious of foods containing a high salt content, dairy products, 
such as milk and cheese, and sea foods. After tests it was found that 
food with salt and other additives had a higher concentration of 
radioactivity than food without them. The safest canned foods are 
soups, vegetables and fruits. Cured and processed meat are more 
readily contaminated than fresh. Bone absorbs the highest levels of 
radioactivity, then lean meat, with fat lowest. 


Water 
Unless it is from a protected source, do not drink any water for at 
least 48 hours after detonation. Avoid water from lakes, pools, ponds 
and other static surface water. Filter all water and boil it before 
drinking, 

The following sources are the least contaminated (in order of 
least risk): 


1 Underground wells and springs 
2 Water in underground pipes/containers 
3 Snow taken from deep below the surface 
4 Fast-flowing rivers 
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he evolution of modern cellular communications has been marked by a series of technology 
generations. Although the technology itself tends to evolve continuously, a new generation 
of standards marks a revolutionary step forward, with a substantial increase in system 
requirements to drive fundamentally new applications. With fourth-generation (4G) networks 
now widely deployed, the industry has turned its sights on “the next big thing.’ Fifth-generation 
(5G) networks are expected to enable a seamlessly connected society in the time frame beyond 


2020 for both people and things, including vehicles, homes, smart cities, sensor networks, 
and the power grid. While the Long-Term Evolution (LTE) standard will continue to evolve and 
play a critical role in the wireless ecosystem, 5G represents an opportunity to architect a new 
system that is fundamentally different without the constraint of backward compatibility with 


existing technologies. 


What is 5G? 


Although there are as yet no standards for 5G mobile 
networks, a number of key technology trends have 
emerged. This article describes seven major technol- 
ogy trends that will pave the way to the next genera- 
tion of 5G networks. 


New Flexible Radio Access Technology (RAT): 
A new, non-backward-compatible RAT will be 
defined for 5G that is distinct from previous 
generations, such as 4G LTE and its evoluti 
New multiple access schemes under consid- 
eration include various modified Orthogonal 
Frequency-Division Multiplexing (OFDM)- 
based solutions with improved spectral effi- 
ciency. The new RAT must be flexible enough to 
accommodate a variety of traffic types with often 
conflicting radio requirements, The concept of a 
unified air interface has been proposed for mul- 
tiplexing multiple physical layer (PHY) regions 
with different characteristics [e.g., transmis- 

sion time interval (TTI), subcarrier spacing] 
ona contiguous block of spectrum (1, 2, 3]. 
Spectrum for the new RAT will include existing 
bands below 6 gigahertz (GHz), as well as new 
centimeter-wave (cmWave) and millimeter-wave 
(mm Wave) bands in the 6- to 100 GHz range 

[4]. The new RAT must also support significantly 
reduced latency, with as low as 100 microsec- 
ond (tis) transmission time interval (TTI) at 

the PHY for the ultra-reliable and low-latency 
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‘communications (URLLC) use case [5]. Lastly, to 
further improve spectral efficiency, full-duplex 
transmission schemes have been proposed, 
potentially allowing the same time-frequency 
resources to be used for uplink and downlink 
transmissions simultaneously [6] 

Virtualization: Software-Defined Networking 
(SDN) and Network Function Virtualization 
(NEY) are two key architecture concepts in de- 
velopment to support the flexibility and mobility 
demands of the 5G network infrastructure [7, 8, 
9]. Virtualization of network functions, which 
were traditionally implemented in hardware, 

will pave the way for commercial telecom- 
munications operators and service providers 

to introduce new features and integrate new 
standards releases at an accelerated rate, NFV 
enables providers to move toward a decentral- 
ized network to increase flexibility, pushing core 
functions toward the edge to reduce latency, and 
virtualizing those functions on cloud-based serv- 
ers, The proposed Cloud Radio Access Network 
(C-RAN) architecture, a specific use case of NFV 
applied to the RAN, uses a pooled architecture of 
baseband resources to increase scalability, physi- 
cal layer flexibility, and spectral efficiency [7, 10] 
Millimeter Wave (mmWave) Communications: 
‘The term mmWave refers to carrier frequen- 

cies in the International Telecommunication 
Union (ITU) extremely high-frequency (EHF) 
band, from 30 to 300 GHz, Within the context 
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Dig a hole by a fast-flowing stream and allow water to filter 
down into it. Scrape off any scum that forms on the surface and 
scoop up water. Filter it through layers of sand and pebbles (dig deep 
to obtain these) in a can with holes punched in the bottom, or 
through a stocking. Boil in an uncontaminated vessel. 

Decontaminate utensils by washing thoroughly in fast-flowing 
or boiled water. 


Animals as food 
Animals that live underground have less exposure to radiation than 
those that live on the surface: rabbits, badgers, voles and similar 
animals are the best bets but, when they venture out, they too will 
be contaminated. However, such food sources must be made use of. 
You will increase your own 
contamination — but the 
alternative may be to starve, || SURVIVAL ADVICE 

To reduce contamination J fish and aquatic animals will 
from meat do NOT directly | have a higher contamination 
handle carcasses, wear gloves J than land animals from the same 
or use cloth to cover the | 272. Birds will be particularly 
hands while carefully J MC2ViY contaminated and 


, should not be eaten. However, 
skinning and washing. Avoid | eggs are safe to eat 


meat in direct contact 
with the bone. The skeleton 
retains 90 per cent of radiation so leave at least 3mm ("ein) on the 
bone. Muscle and fat are the safest part of the meat. Discard ALL 
internal organs. 


Plants as food 
Root vegetables with edible tubers growing underground are safest 
— carrots, potatoes and turnips, for instance. Wash them well and 
peel before cooking 

‘Smooth-skinned fruits and vegetables are next safest. Plants 
with crinkly foliage are the hardest to decontaminate, because of 
their rough texture. They should be avoided. 


Long-term survival 

Predictions of the long-term results on the environment of 
major thermonuclear conflict differ widely. The possibility of a 
‘nuclear winter’, with consequent effect on climate and plant 
life far beyond strike areas, would make even subsistence 
agriculture difficult. In the short-term, however, and in the case 
of limited conflict, the advice in Home front will be relevant. 
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‘Yeu dnt have fo be mies svey from civilization to be caught 
in a survival situation. Natural disaster, civil disturbance or 
military action could cut you off from all the usual services and food 
supplies. Until they can be re-established, you would be left to 
manage on your own resources and skills. 

With no power supplies, central heating, hot water, lighting, air- 
conditioning and refrigeration would all cease. Battery radios and 
television would for a time give some news of the rest of the world, 
if the situation is not global, but post, telephone and newspapers 
would no longer be available, A generator is an essential back up 
and a short-wave radio is useful. As mains water supplies ceased to 
function, so taps would run dry and toilets would become unusable. 

In the countryside there would be natural resources to draw 
‘upon. In large cities shops would soon be emptied of food ~ sold or 
looted — and plants in parks and gardens would be rapidly stripped, 
once any private stocks had been exhausted. The population would 
have to make forays out into the countryside to survive, or abandon 
the town, if not in a siege situation. Suburban dwellers have more 
vegetable plots and open spaces to provide foodstuffs. They would 
be less dependent upon shops. Those away from major centres 
are more likely to have their own food stocks, because they cannot 
shop at will. 

Most families have some food in store. It should be rationed and 
supplemented with whatever can be found. 


FOOD STORES 


Storing food is a good habit to get into, especially if you live in 
an isolated place, which can become completely cut-off. If you 
have a year's food supply in store, and add to it as you use it, you 
will not only be able to survive the worst but will be able to live at 
last year’s prices. 

The stock does not have to be established in one go. Build it up 
gradually, taking advantage of special offers in supermarkets. Buy 
an extra tin or packet and put it by. Store your foods in a cool, dry, 
dark place and off the ground — moisture and heat cause bacteria 
and moulds. If stores are left on the floor insects and rodents will 
help themselves. Make sure that all containers are insect- and 
rodent-proof. 
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REMEMBER: Rotate cans, so that the contents do not settle, and 
separate. Label each can or packet with a colour-fast waterproof 
pen, noting contents and date of storage. Use in sequence — the 
oldest first. Store methodically and if a label falls off, you should still 
have a good idea of the contents. 

Choice of foods will depend upon individual taste, but 
straightforward products (corned beef in preference to beef stew 
and dumplings) will keep better and can be used in a greater variety 
of ways. Wheat keeps better than flour — it is less susceptible to 
moisture, light, insects and temperature change. Wheat found in 
the pyramids was found in good condition after thousands of 
years. However, you must grind it to make flour, so invest in a small 
hand grinder. 


Keep it sealed 

Serew-top sweet jars are ideal for storage and plastic containers 
with tight-fitting lids can also be used. Do not aver fill them so that 
they distort and the lid does not fit correctly. Use adhesive tape to 
seal the lids. Reseal after using some but remember that once 
opened the contents will begin to deteriorate. 


RECOMMENDED FOODS/SHELF LIFE 


Wheat Indefinitely below 15°C (59°F) 


Milk powder 2 years 
Honey Indefinitely 

Egg powder 2 years 

Salt indefinitely if absolutely dry 
Canned foods 3-5 years (replace regularly) 


Oats Indefinitely 


Cooking oil 2 years (replace regularly) 


Rations 

Complete rations are available with various menus — either freeze 
dried or dehydrated. They are lighter and less space-consuming than 
canned foods. Freeze-dried are best for both taste and texture and 
retain minerals which are lost in dehydration. Although both need 
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water for reconstitution they can, in dire circumstances, be eaten as 
a dry munch. 


Vitamins 

Multi-vitamin tablets are also a good investment. The body can store 
up toa month's supply of most vitamins, then health will suffer if 
they are not replaced. In stress situations they are more rapidly 
Used up. The B family (and minerals, calcium and zinc) are the first 
to go. Vitamin tablets do not have unlimited shelf-life — check 
manufacturer's instructions. 


Other foods 

~ Dried fruit and nuts are nutritious and should also be included — 
raisins, sultanas and currants all keep well. Nuts in their shells keep 
so long as they are dry. Packets of dried salted nuts such as 
peanuts, brazils and walnuts, are highly nutritious. 


~ Potato powder is a great filler for hungry stomachs and can be 
prepared in several ways to make it palatable. 


= Brown rice has more nourishment than long-grain white rice 
which loses all its goodness when boiled. 


Store location 

The cooler the storage area, the better the stores will keep — a cellar 
is ideal but there may be a problem with dampness so Keep all the 
stores off the ground and inspect them regularly. If there is a 
skylight in the cellar, cover it. The store is best kept dark. 

An attic is also convenient for storage — the stores are not in 
the way of day-to-day activities. However, it may get very warm in 
summer and access may be difficult — especially if a ladder is the 
only means of entry — which may be awkward when trying to 
rotate bulky stores. The roof is also a vulnerable position in most 
kinds of disaster situations. In an area where hurricanes can be 
expected an attic is not a good choice. In territory liable to 
flooding a cellar would be equally at risk. Under the stairs is 
another area that may offer some protection, though perhaps 
limited space. 

Advantage should be taken of wherever is most conveniently 
available to store not only food but also medical supplies, 
disinfectants, cleansing materials — and water. If you divide your 
stores into more than one area, cach with a variety of items, you 
should be well prepared 
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ADD TO YOUR STORES 
Toothpaste and soap 
Disinfectant and bleach 
Washing powder 


General medical supy 
Medicines: for dysentery for stomach upsets, for allergies, general 
painkillers 


Bandages and dressings 
Spare batteries 


PRIORITIES 


In a domestic situation there is likely to be shelter, unless it has been 
totally destroyed, or the area has become a danger zone and 
evacuation is imperative. Damage can be patched-up to provide 
some protection from the elements and more permanent repairs 
undertaken as soon as possible. 

Water supplies are always likely to be a problem — for even 
during a flood drinking water is scarce, Fortunately there are likely 
to be some immediate reserves on the premises and, with warning 
of a crisis, these can be supplemented. 

Fire for warmth is less of a problem, since there will be burnable 
materials in the house and surroundings. Infection may prove 
the greatest danger and strict hygiene and sanitary practices must 
be enforced. 


WATER 


Although a family of four can use @ considerable amount of water 
each week, only 2 small percentage of this is for drinking — a 
requirement of about 2 litres (3'4pt) per day per person. If warned of 
a crisis, fill as many receptacles as possible, especially in a hot 
climate. A bath holds many gallons; increase its capacity by blocking 
the overflow. Use dustbins, buckets, pots — even strong polythene 
bags if they are only half filled and securely tied off. 

Store water in the dark. If light gets to it green algae will 
develop. Water is bulky and heavy, Do not store it in the attic or it 
‘may bring the ceiling down. 
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Even without advance warning there will be water in the storage 
tank, heating pipes, radiators, perhaps an aquarium, and the toilet 
cistern will hold another few gallons — don't flush it. Outdoors you 
may have a swimming pool, water butts, or a pond ~ even water 
from a car radiator can be utilized. Central heating water is usually 
treated with a de-oxygenizing agent and a car radiator probably 
contains anti-freeze, so water from these places is best kept 
for cleaning purposes. If it has to be used for drinking boil it, collect 
the steam in clean cloths and wring them out. Then reboil. (Also 
see Essentials) 

Boiled water tastes flat and distilled water has even less taste. It 
is easy to restore some of its sparkle by putting oxygen back into it 
simply pour the water back and forth from one vessel to another. A 
small piece of wood charcoal placed in the vessel while it boils also 
helps taste. 


FILTERING AND STERILIZING 


Filter and sterilize ALL water before using it for drinking, 
Circumstances make it impossible to boil water sterlize it with 
chemicals. 


FILTERING: Allow water to stand in its container so that sediment 
settles at the bottom, Then siphon it into @ filter made up of a 


nylon stocking (or other porous material) stuffed with layers of 
sand (bottom, charcoal and moss (top) 


‘STERILIZING: Clear water: add 2 drops household bleach per litre (1 
per pint) or 3 drops 2 per cent tincture of iodine per litre (6 per pint) 


Cloudy water: double the quantities of bleach or iodine 


Large quantities: half teaspoonful bleach per ite (2 teaspoonstul 
per gallon} 


Cooking in water 

Water in which food is to be cooked MUST be boiled for at least eight 
minutes, but water not boiled for as long can be used for heating cans 
of food provided it makes no contaet with the foodstuff. 

Stand the can in water, pierce a small hole in the top to avoid 
the risk of explosion and plug it with a twist of cloth so that water 
cannot enter the can. 

Alternatively, boil the water, remove it from the heat and place 
the unpierced can in the water. This takes longer for the can to heat 
through 


565 


DISASTERS 

Water catchment 

~ Catch all available rainwater. Break off lower sections of down 
pipes and divert the flow into @ container such as a dustbin 
Even if rainwater is pure, guttering may contaminate it — so 
sterilize. 


= Supplement water receptacles with tarpaulins or plastic sheets 
supported on sticks. Rinse between showers to reduce tainting. 


= Dig a hole and line it with a plastic sheet or conerete for water 
storage. Cover it to prevent evaporation and debris falling in 


= If the local water table is high you may be able to dig down to 
water ~ there may even be a well on your property which could 
be reopened. 


= Solar and vegetation stills (see Essentials) are other ways of 
obtaining water. 


Water conservation 

Do not waste water washing clothes, other than underclothing, 
Never throw water away after use. Allow sediment to settle and it 
can be used again. 

It is very important to wash the hands before preparing food, but 
the rest of the body can wait until it rains. The body produces 
natural oils and, as long as the pores are kept open, health will not 
be affected. You soon get used to the smell and social occasions are 
rare in a crisis situation. If showers are few and far between, use a 
damp cloth for a strip wash — cloths left out on lawns or bushes 
over night may gather enough moisture for a wipe down without 
using up your water stores. 

Injured persons must receive priority for bathing and all their 
dressings should be boiled regularly. 


FIRE 


The warmth and comfort of a fire are great morale boosters, but its 
most important use will be for boiling water and preserving food. 
These must take priority in the use of fuel 

Blocked fireplaces should be opened up again and chimneys 
checked for obstructions. If they are not clear there is real risk of 
setting fire to the chimneys themselves and thus to the house. 
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To clear a chimney 
Tie a holly bush or a similar shrub to a long rope and from the 
rooftop lower the rope down the chimney (a stone tied on the end 
will ensure it drops). Now pull down the holly bush and it will clear 
the chimney, 


Improvised fireplaces 
Where there are no fireplaces metal containers, metal dustbins lids 
and central heating radiators can all be used to light a fire on. In 
flats with concrete floors a fire could be lit directly on the floor. If 
you have a barbecue stand make good use of it. 

Never leave a fire indoors unattended. Even one in a proper grate 
should be allowed to die down for the night, if no one is going to 
stay up to wateh it 


Fuel 

Start with garden furniture, trees, shrubs, bean sticks, swings, 
ladders, tool handles. When these run out start on furnishings. 
Carpets, curtains and cushions will all burn. Cardboard, books and 
rolled up newspapers will also give off a surprising amount of 
heat. All kinds of vehicle fuel can also be burned as well as the 
‘conventional heating and lighting oils. 


WARNING 


Many modern fabrics and furnishings, especially PVC and foam= 
block furniture, produce poisonous gases when burned. If burning 
these items make a fireplace in the garden or, if forced to, burn 
them in a flat, make the fire near an open window. Cover the face 
with a damp cloth when you need to go near the fire to tend to it 
and things being heated on it. 


FOOD 


= Use the perishable foods first. Fatty foods are the first to 
deteriorate and canned foods the last. 


= Remember that, once electric power fails, the refrigerator and 
freezer cease to function — though they may take some time to 
defrost if you open their doors as seldom and briefly as possible. 


~ Boil milk and it will keep longer. 
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= Cook meat, wrap it in cloth and bury it in the earth. Cook pork 
first (which has the highest fat content), then lamb, then beef 
(which is the best meat to preserve). 


- Once meat has been cooked and allowed to cool, do NOT reheat 
it or you may risk food-poisoning 


SURVIVAL SCENARIO 


What should you do in a country where the threat of kidnap 
is high? 


In Columbia, for example, where the threat of kidnap is high, the 
best thing to do is be a ‘grey’ person; do not be the first, or last 
person to do anything, so that you don't stand out. If there's a 
rescue attempt, get down and take cover, 


Food from the garden 

Vegetables with four petals, including all the brassicas, from 
wallflowers to cabbages are edible. Hollyhocks, though not very 
tasty, are nutritious. Worms, slugs and snails are also edible. AVOID 
bulbs such as daffodils, tulips and aconites which are all poisonous. 


Further afield 

Explore parks and open spaces for other vegetation and for hunting 
and trapping wildlife. Birdlife in cities — especially pigeons and 
starlings, will often fill the plate, especially if you bait snares and 
nets. (See Traps and snares in Food) 


Closer to home 


Beware of houseplants, some are poisonous, especially the 
diefenbachia and philodendron. 


SURVIVAL TIP 


If food is short there will be none to spare for pets and you 
CANNOT afford to be squeamish. Ifthe aquarium water has to be 
drunk don’t waste the fish. In fact they'll probably be the easiest 


to eat even if you don't need the water. The cat is next in the pot 
Once dressed it will be hard to distinguish from rabbit. Gerbils, 
hamsters, rabbits, budgerigars and parrots can all be added to 
the diet and, unless the dog is an exceptionally good hunter, it 
should go too. 
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Preserving food 
For methods of smoking, salting and making pickles and chutneys 
see Food preservation in Food. 

When the fridge no longer functions remove the motor, cut a 
hole in the bottom, place it on some stones or bricks and with a fire 
beneath use it as a smoke-house. 


SHELTER 


he first priorities will be a sound roof over your head and a stable 
structure. Clear any debris and ensure that there is nothing which 
could still collapse or fall from above and cause injury. Use slates, 
tiles and bricks from other buildings to ensure that at least one 
building is sound, 


In cold weather 
Conserve resources by living in one room, choosing a ground-floor 
room with a southern aspect {if you live in the Northern 
Hemisphere). Block all draughts and avoid opening the door 
unnecessarily 

If there is a fire burning, make sure that there is adequate 
ventilation to avoid asphyxiation or carbon monoxide poisoning. 
Wear warm clothing to help conserve fuel. The more people in the 
room, the higher the temperature. Rest and keep physical exertion 
toa minimum. 


In very warm weather 

Use upstairs accommodation and spread out. Open windows on 
the downstairs windward side and open all windows on the lee 
side upstairs. Leave all the doors open and a cool breeze will 
blow through the house. It is best to rest during the day to 
conserve energy and fluids, and do any necessary work at 
night. 


Moving 

If the house proves beyond repair, or other pressures force you to 
evacuate, take essential items — food, blankets, tools, medical 
supplies, containers for water and materials suitable for shelter 
construction — if they are not likely to be available. Use a pram 
‘or a shopping trolley as transportation. Either find an empty 
house or building, or prepare to set up camp in a location 
elsewhere. 
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Introducing 5G 


of SG, the term has recently been loosely used 
by industry to refer to the higher frequencies 
from 6 to 100 GHz that are under consideration 
for new mobile spectrum [11, 12]. mmWave 
technologies are becoming an increasingly at- 
tractive solution to the problems of frequency 
reuse, cell density, raw data throughput, and 
antenna array size. This has led to a synergy 
between mmWave, small cell deployments, 

and massive multiple-input, multiple-output 
(MMIMO) techniques [13, 14]. 

Massive Multiple-Input, Multiple-Output 
(MMIMO) Techniques: MMIMO is a new concept 
in antenna arrays that provides a number of ad- 
vantages over traditional MIMO arrays currently 
deployed in 4G networks. Traditional MIMO. 
arrays use only a few antenna elements (ie., 2 

to 16), whereas MMIMO uses a large number 

of elements in the array, currently consider- 

ing a range of 128 to 512 ata minimum. Highly 
directional beamforming to multiple users 
simultaneously allows for increased user density 
and higher aggregate cell throughput [15]. So- 
called hybrid MMIMO has also been propose 
it combines beam steering with array process- 
ing techniques, such as spatial multiplexing, to 
increase single-user throughput [16]. 
Heterogeneous Networks (HetNets): HetNets 
expand the mobile access network capacity 

by coordinating small cells with larger macro 
cells or offloading traffic to wireless local area 
network (WLAN) access points. There are two 
types of heterogeneity: 1) various cell sizes (e.g, 
macro, pico, femto) and 2) heterogeneous RATS 
[eg., third-generation (3G), 4G, 5G, WLAN]. 
Small cells may include femto, pico, and micro 
cells, which can range in capacity from less than 
10 to several hundred simultaneous active users. 
While HetNet deployments have already been in- 
troduced in 4G networks, network densification 
through the aggressive deployment of small cells 
is expected to increase significantly in future 

5G networks [17, 18]. 

Native Machine-Type Communications (MTC) 
Support: 5G networks are expected to incorpo- 
rate a new model for connectivity specifically 
designed for MTC [19]. With the significant 
increase in connected machines over the last 


several years, a new 5G standard is seen as a 
prime opportunity to ensure new RATS can ef- 
ficiently support a large number of connected 
devices with their own unique access constraints. 
‘Two categories of MTC are discussed: 1) general 
MTC and 2) vehicle-to-everything (V2X) MTC. 
General MTC devices have a few unique design 
and deployment considerations—namely, lower 
bandwidth needs, stringent power budgets, and 
relaxed latency requirements. V2X MTC devices, 
in contrast, require low-latency communications, 
out-of-coverage networks, and limited operation 
on a subscription-free basis [20]. 

> Device-centric Architectures: New network 
architectures will focus on a uniform quality of 
experience (QoE) for the user device, in contrast 
to traditional base-station-centric architectures, 
A number of new device-centric approaches are 
under consideration: decoupling the user plane 
and control plane, decoupling the uplink and 
downlink, and device-to-device communications 
[4,21]. Another novel proposal is the user-cen- 
tric cell or virtual cell model, which uses distrib- 
uted beamforming and decoupled user/control 
planes to create a virtual cell around each user [2, 
3]. Because the virtual cell follows the user, QoE 
variations are reduced and the cell-edge problem 
is mitigated. New device-centric architectures 
may significantly alter the traditional concept of 
cell handoyers or eliminate it entirely. 


Many of these technologies are already being added 
to the evolution of existing technologies beyond 4G, 
such as LTE-Advanced Pro [22]. 


In 2015, there was a significant increase in industry 
activities surrounding 5G networks. Major standards 
bodies, including the ITU and the Third-Generation 
Partnership Project (3GPP), reached important mile- 
stones in the early development of the eventual SG 
standards, In September, the ITU published its vision 
for 5G networks [19]. The vision for International 
Mobile Telecommunications for 2020 and beyond 
(IMT-2020) defines three future-looking, high-level 
use cases for 5G: 


> Enhanced Mobile Broadband (eMBB): This is 
generally a human-centric use case driven by 
the exponential increase in demand for mobile 
access to multimedia content, services, and data. 
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HYGIENE 


Sanitation is very important during the aftermath of any disaster. 
Open sewers, contaminated water and the build up of rubbish all 
help to cause and spread disease. Germs carried by rats, fleas and 
other insects, rapidly multiply. Al kinds of waste should be 
carefully disposed of and all the procedures described (see 
Hygiene in Camp Craft) should be adapted to the doorstep 
situation, 


Excreta 

Urine is sterile but if large amounts accumulate they smell and 
attract flies. Use the ‘desert rose’ urinal, of the kind described in 
Camp Craft. Keep the tube covered. If not used directly, pour all 
collected urine down the tube. 

Build a latrine (again see Camp Croft), far enough from the 
house not to be smelt but near enough to be handy for 
‘emergencies’ — there will be many such emergencies in a survival 
situation. A box with a hole cut in the base can be used asa thunder 
box. After use, if there is water available, wash yourself rather than 
using toilet paper. Wash the hands thoroughly afterwards. 

Fit a lid to your thunder box, pile earth around the bottom and 
then you will contain the smelis and keep out flies. 

Move all muck with 2 shovel and avoid hand contact. 


Animals 

Animals pick up diseases which can be transmitted to humans. IF you 
handle animals, make sure you have no breaks in the skin — or wear 
gloves. Infection can enter through the smallest of cuts. Cook all 
meat thoroughly. 


Kitchen waste 

All biodegradable waste should be stacked in a corner of the garden 
and composted to enrich the soil. Compost heaps are also a great 
source of worms, which will add protein to your diet. 

However, there should not be much kitchen waste. Do NOT peel 
potatoes, much of their food value is in the skin. The outer leaves of 
cabbages which you once discarded, will be edible if you cut them 
up small. 

Non-biodegradable waste ~ cans and plastics that are not useful 
in some way — should be burned, flattened and buried. This stops 
them attracting flies. in warm climates burn ALL waste. Put all the 
ashes in a pit. 
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FOOD DISEASES 


Salmonella and shigella are diseases transmitted through the or 
anal route, by contaminated hands. 


Sores on hands can be a source of entry for staphylococcal food 
poisoning with severe stomach pains, diarrhoea and dehydration, 


Clostridium botulinum, is a frequently fatal bacillus, which can be 
produced when canning at home if the temperatures are not high 
enough — it grows only when oxygen is exeluded. There is no 
reliable way of determining whether food is contaminated so TAKE 
GREAT CARE if you do your own preserving. A related bacillus 
causes tetanus. 


Communicable diseases 
Living in close-knit groups after a disaster increases the risk of 
passing on disease. Good personal hygiene — as good as possible — 
can reduce the threat. Isolation of patients with colds or fever is 
advisable. 

Seal dressings and discharges in a polythene bag and burn 
immediately. Dispose of all faeces and urine in the field latrine — 
and regularly boil the container used for their disposal. 


Personal hygiene 

Wash with sand if there is no water available. Don’t bite your nails 
— however stressful conditions may be — or put the fingers to the 
mouth. Don't pick scabs or sores and keep them covered. Change 
underclothes regularly and wash them (but don’t use drinking water 
to do so). 


SOME USEFUL HERBAL PREPARATIONS & 
Strawberry roots contain a descaler to clean teeth. 
Delphinium seeds can be crushed to treat head lice 


Birch bark can be distilled to produce a tar oil whieh soothes skin 
complaints 


Lavender makes a decoction to clean the skin. 
(See also Natural Medicine) 
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POSTSCRIPT 


ow v2 have the benefit of knowledge thot i¢ has taken 
me, and others like me, a lifetime of training and 
experience to gather. But don't think that just reading this 
book will have made you a survivor. It has shown you the 
necessary skills, but it is you who must apply them and you 
who must have the calibre to cope. 

When | am personally teaching soldiers or civilians how to deal 
with survival situations, part of my job is to ensure their safety. 
cannot do that for the reader of this book. | can only give 
information and advice. ! am not there to stop you doing something 
foolish. | cannot deal with individual specific situations, nor can | 
ensure that what I have written has been properly understood. | do 
know that what I have written has saved lives in the past and | 
believe that it could save more in the future. You must apply survival 
techniques with caution, for it will be your responsibility — not mine 
= if you inflict injury on yourself or on others. 

The human body has an amazing ability to cope with 
arduous situations and testing environments. People who have 
come through, after enduring terrible hardship under seemingly 
impossible conditions, are living proof of this. Male and female, 
young and old, they have all had the will to live. Everyone has 
this basic instinct to some degree and it can be developed by 
training. 

Survival is as much a mental attitude as physical endurance 
and knowledge. Think of survival skills as a pyramid, built on the 
foundation of that will to survive. People with it have survived 
even though they did everything against the rule book. With a 
little knowledge they could have made their lot much easier. So 
the next layer of the pyramid is knowledge. It breeds confidence 
and dispels fears. 

The third layer must be training, that does not just mean 
trying something once but mastering skills and maintaining 
them, In doing so, you will be keeping your body in training, too. 

To cap the pyramid, add your kit. Proper equipment and 
provisions are common sense, but the survivor does not 
necessarily know what conditions to equip for. That is where 
your survival tin will make a tremendous difference to your 
chances. To the instinct for survival, which you can further 
develop, add knowledge, training and kit and you will be ready 
for anything, 
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‘The eMBB use case will come with new appli- 
cation areas and requirements that go beyond 
existing mobile broadband applications for 
improved performance and increasingly seam- 
less user experience. This use case covers a range 
of scenarios, including wide-area coverage and 
localized high-throughput spot coverage, which 
will have different requirements. 

> Massive Machine-Type Communications 
(mMTC): This use case is characterized by a large 
number of connected devices typically transmit- 
ting a relatively low volume of nondelay-sensitive 
data, Devices are intended to be low cost and 
have a very long battery life. 

> Ultra-Reliable and Low-Latency 
Communications (URLLC): This use case is 
characterized by stringent requirements for 
latency, throughput, and availability. Examples 
include wireless control of industrial manu- 
facturing processes, remote medical surgery, 
distributed smart grid automation, and transpor- 
tation safety [e.g., vehicle-to-vehicle (V2V) or 


FEATURE 


vyehicle-to-everything (V2X) communication]. 
Many companies have referred to this use case 
as critical MTC (CMTC) or ultra-reliable MTC 
(MTC). However, based on the ITU definition 
in [19], this use case is not strictly limited to 
MTC applications. 


It is important to consider that the applications that 
will use 5G technology do not necessarily correspond 
toa single use case but are more accurately described 
asa combination of multiple use cases. Figure 1 il- 
lustrates some examples of currently envisioned SG 
applications and their relationship to these three 
IMT-2020 use cases [19]. Figure 2 illustrates eight key 
capabilities identified by ITU for IMT-2020 and their 
relative importance to the same three use cases [19]. 
Furthermore, additional future use cases are expected 
to emerge but cannot be accurately predicted 
‘what will be the “killer app” in 20252). Therefore, itis 
desired that 5G standards will provide the flexibility to 
adapt to new use cases. 
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FIGURE 1. 5G use cases as defined by ITU for IMT-2020 [19]. 
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INTRODUCTION 


HAVING TAUGHT SURVIVAL SKILLS FOR MANY YEARS, [ have 
learned that four elements must be in place for a survival situation to 
have the chance of a positive outcome: knowledge, ability, the will to 
survive, and luck. While knowledge and ability can be learned, the will 
‘to survive is hard-wired into our survival mechanism and we may not 
know we possess it until we're put to the test. For example, people who 
were fully trained and well-equipped have given up hope in survivable 
conditions, while others, who were less well-prepared and ill-equipped, 
have survived against all odds because they refused to give up. 


Tt 1 
{_]{_] Always apply the principle of the 
least amount of energy expended 
for the maximum amount of gain [)/) 
ce 


Anyone venturing into the wilderness—whether for an overnight 
camping trip or a lengthy expedition—should understand the basic 
principles of survival. Knowing how to survive ina particular situation 
will allow you to carry out the correct beforehand preparation, choose 
the right equipment (and learn how to use it), and practice the 
necessary skills. While you may be able to start a fire using a lighter, for 
example, what would you do if it stopped working? Equally, anyone can 
spend a comfortable night inside a one-man bivy shelter, out what 
would you do if you lost your pack? The knowledge gained through 
learning the skilis of survival will enable you to assess your situation, 
prioritize your needs, and improvise any items of gear that you don't 
have with you. 


4 


{ \{_] Treat the wilderness with respect: carry 
in only what you can carry out; leave only 
footprints, take only pictures Th) 
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Survival knowledge and skills must be learned—and practiced—under 
realistic conditions. Starting a fire with dry materials on a sunny day, 

for example, will teach you very little. The real survival skill is in 
understanding why a fire won't start and working out a solution, The 
more you practice, the more you learn (I am yet to teach a course where 
I didn’t learn something new from one of my students). Finding solutions 
and overcoming problems continually adds to your knowledge and, in 
most cases, will help you deal with problems should they occur again. 


There are differences between teaching survival courses to civilians and 
teaching them to military personnel. Civilians have enrolled on (and paid 
for) a course to increase their knowledge and skills, not because their 
life may depend on it (although, should they find themselves in a life- 
threatening situation, it may well do), but because they are interested 

in survival techniques in their own right. In contrast, the majority of 
military personnel who undergo survival training may very well need 

to put it into practice, but they invariably complete the training simply 
because they are required to do so. While no one in the military forces 
would underestimate the importance of survival training, it is a fact that, 
if you want to fly a Harrier, or become a US Marine Mountain Leader, 
survival training is just one of the many courses you must undertake. 


Inthe military, we categorize the four basic principles of survival as 
protection, location, water, and food. Protection focuses on your ability 
to prevent further injury and defend yourself against nature and the 
elements. Location refers to the importance of helping others to rescue 
you by letting them know where you are. The principle of water focuses 
con making sure that, even in the short term, your body has the water it 
needs to enable you to accomplish the first two principles. Food, while 
not a priority in the short term, becomes more important the longer 
your situation lasts. We teach the principles in this order, but their 
priority can change depending on the environment, the condition of the 
survivor, and the situation in which the survivor finds him- or herself. 


PD €2 
{JJ Understanding your environment will 
allow you to select the best equipment, 
adopt the best techniques, and learn 
the correct skills mie 
ee 


We also teach advanced survival techniques to selected personnel who 
may become isolated from their own forces, such as when operating 
behind enemy lines. The four principles of survival remain the same, 
but we substitute “location” with “evasion”. The military definition of 
evasion is recognized as: "being able to live off the land while remaining 
undetected by the enemy”. This involves learning how to build a shelter 
that cannot be seen, how to maintain a fire that doesn’t give away your 
position, and how to let your own forces know where you are but 
remain undetected by the enemy. 


In military training, and with most expeditions, the equipment with 
which you train will be specific to a particular environment—marines 
operating in the jungles of Belize will not pack a set of cold-weather 
clothing, for example; and Sir Ranulph Fiennes won't practice putting 
up his jungle hammock before venturing into the Arctic! However, the 
standard practice of being equipped and trained for a specific 
environment can prove to be a major challenge for some expeditions. 
During my career as a survival instructor, for example, I have been 
fortunate enough to have worked on two of Sir Richard Branson's 


(4 G The more you understand how 
and why something works, 
the more prepared you will be 
to adapt and improvise 
should it be damaged or lost [7] a 
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global circumnavigation balloon challenges with Per Lindstrand and 
the late Steve Fossett. For these expeditions, the responsibility for 
selecting the survival equipment and training the pilots was a unique, 
if daunting, task. The balloon would be flying at up to 30,000 ft 
(3.000 m) and would potentially cross every type of environment: 
temperate, desert, tropical rain forest, jungle, and open ocean. While 
it would have taken some very strong winds to blow the balloon into 
the polar regions, we did fly—after a brief and unplanned excursion 
into China—across the Himalayas. 


We also had to train for the worst-case scenario, which would be a fire 
in the balloon capsule. A capsule fire would leave the three pilots no 
option but to bail out, potentially from a great height, breathing from an 
oxygen cylinder, at night, and anywhere in the world, whether over land 
or sea, The chances of them landing in the same vicinity as each other 
under such circumstances would be slim to non-existent, so each pilot 
would need not only the necessary equipment to address the priorities 
of survival in each environment, but also the knowledge to be able to 
use it confidently and alone. We addressed this challenge by providing 
each pilot with survival packs devised for specific environments, a 
single-man liferaft (which provides shelter that's just as good in a desert 
as it is at sea) and realistic training with the equipment contained in 
each pack. As the balloon moved from one environment to another, 

the packs were rotated accordingly, and the pilots re-briefed on their 
survival priorities for each environment. 


(22 
(J_] There is a thin line between 
being in awe of an environment 
and being at its mercy y [J 
Je) 


As you read this book and plan to put the skills and techniques covered 
here into practice, you will typically be equipping yourself for just one 
particular type of environment—but it's important that you fully 
understand that one environment. Make sure you research not only 
what the environment has to offer you asa travelle-—so that you can 
better appreciate it—but also what it offers you as a survivor: there 

is sometimes a very thin line between being in awe of the beauty of 
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FIGURE 2. Eight key capabilities and thelr relative importance to 5G use cases (19]. 


5G Standardization 


Development work toward 5G is well under way. 
Standards bodies are actively working on new 5G 
mobile technologies to be deployed in the 2020 time 
frame. This section summarizes the activities and 
corresponding 5G development timelines for three 
major standards bodies: ITU, 3GPP, and the Institute 
of Electrical and Electronics Engineers (IEEE). 


Standardization in ITU 


ITU is the United Nations agency responsible for pro- 
‘moting worldwide improvement and rational use of 
information and communication technology. Its mem- 
bers include industry, academia, and standards orga- 
nizations from more than 190 member nations. The 
ITU Radiocommunication Sector (ITU-R) works to- 
ward worldwide consensus in the use of terrestrial and 
space radiocommunication services, including mobile 
‘communication technologies. Although compliance 
with ITU-R recommendations is not mandatory, they 


nevertheless have a high degree of adoption worldwide 
and hold the status of international standards [23]. 


International Mobile 
Telecommunications framework 


ITU-R Working Party 5D (WP 5D) is responsible for 
overall radio aspects of terrestrial mobile systems, re- 
ferred to as International Mobile Telecommunications 
(IMT). The purpose of IMT is to provide high-quality 
mobile services with a high degree of interoperability. 
worldwide. Since 2000, the ITU has developed the 
IMT standards framework in a manner that paral- 
lels cellular generations from an industry perspective, 
Although ITU-R WP 5D defines the requirements for 
IMT, it does not develop the actual radio technolo- 
gies. Rather, candidate radio technologies are submit- 
ted for inclusion by external standards bodies, such 
as 3GPP and IEEE. For this reason, ITU-R WP 5D 
‘maintains strong cooperation with the major global 
standards bodies. 


an environment and being at ils mercy. The more you understand both 
the appeal and dangers of an environment, the better informed you will 
be to select the right equipment and understand how best to utilize it 
should the need arise 


Remember, no matter how good your survival equipment, or how 
extensive your knowledge and skills, never underestimate the power 
of nature. If things aren’t going as planned, never hesitate to stop and 
re-assess your situation and priorities, and never be afraid to turn back 
and try again later—the challenge will always be there tomorrow. 
Finally, always remember that the most effective method of dealing 
with a survival situation is to avoid getting into it in the first place 


Colin Towell 


GG Twenty years from now you will be more 
disappointed by the things you didn't 
do than by the ones you did do OY 
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PREPARE 
YOURSELF 


Most survival situations ar 
one of two ither you are 

to a sity of your making and 
beyond your control, o 


In this section RZ TS erry ae 


how keeping in shape can keep you out of trouble... 

the importance of a positive mental attitude... 

that where there's a will to survive there's a way to survive... 

the difference between a coping strategy and an aggravating factor... 
how “show-stoppers” could scupper your trip... 

why an emergency plan of action could save your life... 


ACCIDENTS CAN HAPPEN anywhere. 
e of the most importa 19s you can do to 


noes is to let people 


Stes going and when youl be 
escaped from tl and back. Leave an iti f your trip with family 
SUSU SSA y boarded eir liferatt, or friends, and arrange a time when you wi 

call to let them know you are safe 


In many instances, simply making 
you have a cell phone with you can prevent a 


accident becor incident 
2007, a pro cout ranninc 
Africa, the ehanelea t : 
to meet the AIGNEES approximately 
particular environment, aving left her cell phone in her vehic 
likely you are to be abl aged to si rights 


physically and mentally — 
then find yours 
survival sit 


Ina separate incident in 2008, a farm 
worker in the UK caught his arm in machi 
Jnable to attract attention and not having his 
cell phone with him, he faced witha ark 
the machi 
to death, bun to death, or cutoff his own arm 
with the ki 


GG Never assume that the amount of prior 
preparation required is directly related to 
the length of a trip or its perceived danger my) 
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GETTING INTO SHAPE 
IN ANY SURVIVAL SITUATION you're likely to be at your ——\ 


best, both physically and mentally, in the moments before peels a 

‘the situation occurs. From that point on, through lack of Gone oom puca pur gett 
sleep, food, and water, your situation will deteriorate until achieving before entering the wieress 
your rescue. Being in good physical condition wil help you leit elapeed eae 
‘overcome the challenges you'll face in a survival situation. 

THE BENEFITS OF EXERCISE foto) ay 

Over time, exercise induces changes such as weight hefpwhenyou periods of te improves 


lass, as well as improved posture, physique, strength, Drecorminga with increased fitness 


heony backpack 
agility, mental alertness, and stamina. These are all vital 
attributes should you find yourself in a survival situation, 


HOW FIT ARE YOU? 

A fitheart pumps blood more slowly and efficiently 

than an unfit one. The hearts of wornen, children, and 
older people beat faster than those of young adult males. 
Take your puise first thing in the morning —this is known 
as the “base rate” As the table below shows the faster 
{our pulse returns to its base rate after a period of 
‘exercise the fitter you are. Note that < denotes "ess 
thant’ and > denotes “more thart 


aE EE IE 
om 


8 
Aerage 70-85 7287 
fo 05 587 


Ce 
Awrage 76-94 60-98 
Poor >> 


Coif muses 


AGE 20-29 30-39 40-49 504 


RATING | __BEATS AFTER EXERCISE 


‘MEN 


aualtiezon 
uy terra 


Good <05 
‘eran: 


FIT FOR THE CHALLENGE 
Survival fitness is not about trying to 
run the 100 meters in 10 seconds; its 
about stamina and enduranc 
‘knowing your physical imitations and 
being able to work with them: Iti also 
about understanding that you may have 

to push yourself beyond your limits and 
that having a positive mental attitude is 
patamount to survival—the ming will often 
give up long before the body has reached 
its limit, Bear in mind that every task in 

a survival situation will sap your eneray. 


EXERCISING REGULARLY 


Ay effective taining schetule must include 
atleast three 45-minute sessions per week, 
with exercises that raise the heartoeat to 
‘more than 120 beats per minute. 


STARTING A FITNESS PROGRAM 

Tosend time inthe wilerness with a pack 

on your hack requires a combination of strength 

anclaerabie Rtness Training inthe aym bef 

you set of will strengthen your heart, a 

Aandleg muses and wil Increase your stamina 

levels when you are out an the tra 

«Seek expert instruction andl guidance: 
rever pr 

tart oradually and then build up your 

routine progressively 


se a relevant fitness program there are 
many websites and organizations that provide 
you with detailed fitness pragrams for various 
levels of specific activities, rom trlning for 
hraugh the jungle ta mountan-tiking 
along the Appalachian Tra 

* Duplicating in training what you'd ke to 
able toachiove on the tral wil allow you ta 


build up reference paints about how your body 
works, and haw itcapes in fferent situations. 
The more yu kriow about how you perfarm, 


the better equipped youl be an the tall 


‘WARMING UP AND COOLING DOWN 
Tine spt warming up and cooling down 
after exercise wil ep to improve your 
endurance levels and wil so accelerate 
‘the recovery process. Get into the habit 

of starting and ending your session with 

a five minute jog. 


= 


GETTING INTO SHAPE 


GO FOR A CHECK-UP 


Its a sad fact that the majority of us don't have regular medical 
check-ups, Many people work on the principle that yout only 
need to see a doctor or dentist if something is wrong, However, 
you should always make sure that you start any adventure or 
‘wilderness trek in top condition, Therefore, before you set out, 
pay a visit to your doctor and dentist arid make sure that your 
body ard teeth are in good condition 


VISIT THE DOCTOR 
‘Lat the costor knaw of any ailments that have been a concern 
tayau during the course af the previous yaar, 

‘Tell the doctor where you are going and enquire about relevant 
Inoculation ar medication that you shouldbe taking with you 


VISIT THE DENTIST 
‘= Have any problems with your teeth dealt with before you go, Any minor 
dental problem wll almost certainly turn int full-blown taothache when 
youleast want ito, 


USEFUL EXERCISES 
Ifyou already qet reqular exercise, youl find yourself far more 
comfortable in a survival situation than your more sedentary 
counterparts. Any pre-expedition traning regime should include 
plenty of stretching. aerobic exercise, and weight-training 


‘STRETCHING YOUR UPPER BODY AND BACK 
Regularly stretching yaur arms, neck, chest, and shaulders wil help your 
badly to maintain a strong core. This wil bef areat use when It comes 
taactivities such as rack cimbing or using trekking poles Undergaing 

2 regular back-stretching rautine will loosen the back muscles, making 
them more flexible and less susceptible to injury, and will increase both 
the back’ range of motion and its endurance: 


STRETCHING YOUR LEGS 
Because your leg muscles bear the brunt af the work, leg stifiness Isa 
‘common complaint t the end of along day onthe tral. Stretching your 
lexswill Improve your flexibly, increase blood circulation, andl relax 
your muscles. Concentrate on your calves, quads, and hamstrings. 


AEROBIC EXERCISES 
‘Also called cardiovascular Mess, serobicNitness refers to the abllty of your 
heart, blood vessels, and lungs to supply axygen and nutrients tothe rest of 
your bad during sustained physical activity. Regular aerobit exerise—such 
‘as swimming jogging, or cyeling—will reduce the isk af developing coronary 
heart ciseas® or hiah blood pressure, wil help yau to manage your weight and 
inerease your stamina levels and will make your heart stronger and more 

| ficient, thus improving blood flow around your body 


WEIGHT-TRAINING. 
Increased muscle strenath will enhance your ability to perform everyday 
tasks such as lifting, carrying, and walking. A regular welaht-traiing 
program will improve your pasture, tulld must density around) 

the joints and banes, improve your sense of balance, lp yaur 

stress management abllties, ald sleep, andl reduce the chances of 

you sustaining an injury. In addition, research has shown that 2 

regular resistance-training program can improve your matabalic 

rate by up to 15 percent, which willhelp you shed any unwanted 

Welght at a faster rata 
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MENTAL PREPARATION 


REGARDLESS OF WHETHER you're backpacking through 
a remote area, or on a day hike in familar territory, a 
situation may arise that changes your circumstances for 
the worse. Very quickly you move into the unknown, which 
causes tremendous psychological and emotional stress, 
known as "psychogenic shock” Understanding this will 
help you to deal with it better and recluce its impact. 


YOUR RESPONSE TO 
DISASTER SITUATIONS 


‘Your psychological response to a survival situation 

is crucial, Statistics show that 95 percent of people 
who die with psychological trauma die within the first 
three days. Losing the will to survive—or suffering 
psychological disorders that prevent you from coping 
with the physical conditions—is your main concern. 

If you break down psychologically, your chances of 
‘overcoming a situation will be compromised. 


AGGRAVATING FACTORS 


Reactions to disaster-can result from a ditect blow to 
the psychological system, such as extreme shock, but 
they can also be brought on, or aggravated by, other 
factors. As with all psychological problems, knowing 
what these aggravating factors are, and attempting 
to avoid them—or atleast recognizing what they 
‘might lead to—will maximize your chances of 
preventing or overcoming the problem. The most 
common agatavating factors are: hunger, thirst, 
fatigue, seasickness, and hivpothermia, 


INDIVIDUAL REACTIONS 
TO DISASTER 

People react to survival situations: 

in different ways, although you 

can expect to find some common 
emotional reactions in victims who 
are experiencing, or have survived, 
disaster situation. You may experience 
fone oF more of them during oF after 
any survival experience or trauma, 


PSYCHOLOGICAL PROGRESSION 

It’s useful to examine how people are likely to react ina 
survival situation. Using this liowledga is possible to 
prepare mentally for such eventualities and, in so doing, 
lessen the impact ifthe worst should happen to you when 
‘out on the trail. Normal psychological reactions to disaster 
tend to occur it a set pattern of four stages: the pre 
impact period, the impact period, the recoil period, and 
the post-trauma period (see right). Contrary to popular 
belief, people don't normally panic, although it can be 
contagious if someone does. 


HUNGER THIRST 
Thistisaserusprablen, 
especialy fr surviors at sea 
sine desert and seit 
‘neve aut tha hung, 


Int hunger snot aprobie, 
uta lngtarm kof fod wl 
‘awe poychohpal changes to 
occu Sympts eld 


Apa Aagtationcommogpla 
= iabilty tthe symptoms de 
= Depessbn + ratial bhava (ee 
Lack cononratin bog et) 

* Dehn 


ua lca 


COPING STRATEGIES 


There are many things you can do to prepare yourself 
psychologically fora survival situation—such as 
Fearing about what you shoul! expect if the worst 
were to happeri—and to cope better if you find 
‘yourself in one. As with all survival skill, prior 
knowledges power, and wil elp you to deal with 
@ survival situation far more successfully. The main 
areas to think about are: training, motivation, 
attachment, hope, acceptance, and helping others. 
Developing coping strategies is an important 
technique for survival 


TRAINING ‘MOTIVATION 
‘often known asthe wl 1 
Surv van ele 
retusa toacept death andi 
hang on othe eli that ou 
werent ant ode unc these 
fonds. vob evreoming 
thematic and shia 
Aisomforts of exam condo 
Une ta mathation the ity 
toestablh oa work ut the 
steps tothos ona and to 
follow tose stops trou, 


Pepe who are groper 
prepared who know thee 
ronment and hw touse 
ther qupment, ad ave 
derstand whl expe 
ina suv statin wilbe 
far more eect they 
‘thensivesin one Adequate 
traning nate using your 
‘qubmentwlbolpycu to 
function effect at a 
‘oat ve Prior row klar 
Is key yur sre 
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PANIC HYPERACTIVITY GUILT 
Panic arises from thefear of what might. Hyperactive vistiis are easly distracted, Sore sufferers feel qulty for suring, 
happen rather than vist has happened, and are ful of chat ideas, and often and for pet having done enough for 
‘Tttendsth occur when people are trapped, unhapful suagestions Sufferars oan shers—and seme rationally blame 


orifthereisatimalimittotheirescane. reach thisstageafter a statacf depression, themselves for bringing about theinadent. 


DEPRESSION. ANGER SUICIDE 
Depressed people wil sit among ‘Augression, rae and hostility are Disaster victims have been known to 
chaos and debris vacantiy 9321ng Common reactions to trauma, Theyre commit suicide mediately after beg 
aiud rot replying to questions. Thay® often nrational and may evan be dractad rescued, in sore cases he there 
unaware of thar situation sndunable at thereseversormedical staff tryng —_alraady safe the hosptal, Vicimns 
tohelathernselves, so niskfurther jury. toelp thers Should be closely ronitorect 


Pre-impact period Impact Period Recoil period Posttrauma period 

The'prennpec pend ibiced |) Thislsthelifetivstenng stage. | Ths fiosondnetp Fonte therapies til 

io bo sane Stasi inal bet raat pod fr cal actins | sucesndlsray 
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ow i totieaeatty bain anaes a eter ees, “auras Dias PTSD, 


FATIGUE SEASICKNESS, HYPOTHERMIA, Gaamnt 


Invent aydletastin Sasdnesenbnssbat —igdnoracnepnpraue: | PEHAVIOR 

spre fo theo aroveratengetsretora th pysaland gcd Wa en 
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Mostsrsiorageeta ative intotisuie Fgh sactnes Lo often celleting Howe instead 
coer tae they tthe feta nots Los iemory offelra te exe acl 
vantoiepltn tity Steqatne prs ‘kringtt Foust bad othe 
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‘oausesadeten oration ier Tales sipsof eater (it «= liatioval betvior Titan, hi played l= 
Ak physcl perma, Alves Froere niet ‘he shy snl alee than 
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arial ity youre malifeordath stun, 
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PLANNING YOUR JOURNEY 


WHETHER YOUR TRIP involves a day out with your backpack, 
or a full expedition over weeks, crossing continents in four-wheel- 


=—_—_ 


WARNING! 


drive vehicles, you need to plan it very careful. The plan for ae aay 
your day out won't be as detailed as it would be for the longer Mary cultural cfferences stem 
expedition but i's equally important. It’s a good idea to have a ‘suet unin eas 
basi planing oti fr your mast regu ips to which youcan | es. Vielen ein 
ald supplementary information as your trips become more involved. | @geslsins avi 
MINIMIZING THE “IF ONLY” cect ok 
‘There's no way that you can plan for every eventuality—there are just rences may require females 
too many variables but what you can dots ok at the type of tip ee ee 
nd to take, and ensure that if situation arises youre not left wishing | ty may date witha Jou 
you'd done something differently. The time to minimize the chances of MEHR TA NTOEOE 
an “if only” situation is during the planning stage. Look at the potential -Alwaysvesearch a country’s customs 
problems and risks, plan to avoid them, and equip yourself with the ‘thoroughty when planring your trip. 


knowledge and/or equipment to deal with them if they arise. 


THE SIX P'S 


Remember the si Bs: Prior Planning and 
Preparation Prevents Poor Performance. 
Research has shown that the longer and 
more complicated the trips, the less key 
there's to be a major “survival” situation. 
This type of trp likely to be well 

‘organized, and potential problems will 
have been considered, This means that 
they can either be avoided, or that there 
will be mechanisms in place to deal with 
them, In many ways, simply having a 

good understanding of how to deal with 

a situation, and being able to interpret the 
basic principles of survival, can prevent a 
ininor problem from escalating into a 
disaster. Ina survival situation, it may be 
your knowledge, combined with your ability 
to improvise, that determines whether you 
becotne a survivor or a statistic. 


ORGANIZATIONAL PRIORITIES 
‘When planning fara trip always start with 
the mast important things—known as the 
'shaw-stappers” These are generally the 
things that wauld actually stop the trip fram 
happening inthe frst place f not organi 
Iivadvance, If you then work backward fram 
theshow-stappers totems that would simply 
make the trip mare comfortable, mastathar 
‘things wil fall into place. The chart an the 
right ists the things that you definitely 
‘cannot do without. 


ns 


‘SHOW-STOPPERS 


+ Yona nuh ocoe you neds foreman. 
Tush bein the carectcureney forthe eure you ae visting, 
* ure yur ATM cadise up fret pre couty. 
+ Vesey haven eee way of ior your mene. 


«= You paspartmust bevaid you nedtorenw it doso elm afance 
= Soi tranties requis your paper be valor anaes ou vs. 
«Keep our passport urbe i seeralp us. zth as inside your sural kit 
' Keep our pasiort sae and a waterpoot conta sucha 3 poeta. 


+ Reach th regulon eaarng was eleva ote oun yu trang ta 

+ Findcut haw ta ap how far in advance yeu show apply, whether not yucan 
api the curry, and hatter documents youn 

+ As ith your passport, alvays kop our visa sa, cy and good cndtn 


+ hack the reglitions forthe ourry—manyhavestrt acct pole 

+ Enureyouhavethovarchatns, and any bos, white correct inane 

+ Sone inoculations ston ors month, for extended rps you it hae to 
haverore wile away.Thescan ually banana tough a hospals ines 


1 Make sure you have the correc tkets foe your une. 

sad the ticks and make sure the have the crac aes dates, and cations, 

+ Should youre to rove you iets, ys ep your tikts a Sate plu 
ander thro tray the return purty sinc dedonthosame thet, 


Its adsl to gt nace against your bp beg ancl 

+ Eure that your insurance wilover your medkalempenges soul the worst happen, 
You don have tobe cnbingEvrest—ven awed or ran ankle hon 
hilwaking ould prove tobe veryeypesive yu chav ado nserance. 


“The first family of standards derived from the IMT 
concept (IMT-2000) aligned with 3G cellular. Radio 
technologies accepted into IMT-2000 included 3GPP 
Wideband Code-Division Multiple Access (WCDMA), 
3GPP2 cdma2000, and IEEE 802.16 [i.e., Mobile 
Worldwide Wireless Interoperability for Microwave 
Access (WiMAX)]. The next generation of IMT stan- 
dards (IMT-Adyanced) aligned with 4G cellular, Radio 
technologies accepted into IMT-Advanced included 
3GPP LTE-Advanced and IEEE 802.16m [i.e., Wireless 
Metropolitan Area Network (WMAN)-Advanced]. 


Timeline for IMT-2020 


In 2012, ITU embarked on a program to develop 
“IMT for 2020 and beyond,” setting the stage for 
emerging 5G research activities around the world. The 
program has since adopted the name IMT-2020 and 
forms the framework for the next generation of mobile 
broadband standards. ‘The timeline for the develop- 
ment of IMT-2020 is shown in figure 3 [24]. The IMT 
2020 timeline will essentially follow the same process 
used in the development of IMT-Advanced. 


‘The IMT-2020 program is well under way, with a 
number of key milestones completed. In September 
2015, ITU published its vision of the 5G mobile 
broadband connected society [19]. This document 
defined three high-level use cases for 5G, described 
earlier in this article, which have already been widely 
adopted by 3GPP and industry in general. In the next 
phase, the 2016-2017 time frame, ITU-R WP 5D will 
define in detail the performance requirements, evalu- 
ation criteria, and methodology for the assessment 
of the new IMT radio interfaces. It is anticipated that 
the time frame for proposals will be focused in 2018. 
In the 2018-2020 time frame, independent, external 
groups will evaluate proposals and the definition of 
the new radio interfaces to be included in IMT-2020 
will take place, ITU-R WP SD also plans to hold a 
workshop in late 2017 to discuss the performance 
requirements and evaluation criteria for candidate 
technologies for IMT-2020, as well as to provide an 
opportunity for presentations by potential propo- 
nents for IMT-2020 in an informal setting. The whole 
process is planned to be completed in 2020, when a 
new draft of the ITU-R recommendation with detailed 


2014 2016 


2015 
wrc-15 


2017 


2018 2019 2020 


(a) if needed focus meeting towards WRC-19 (nen- Technology), ()~ focus meeting on Evaluation (Technology) 


Note: While 


expected to change, details may be adjusted if warrented. 


FIGURE 3. Detailed timeline and process for IMT-2020 in ITU-R (24). 
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FEATURE 


YOUR TEAM 
Tf youre embarking on a trip with a group, remember that 
‘team dynamics willplay an important part in the success, of 
‘otherwise, of your trin Stressful situstlons—and particularly 
‘survival stuations—can bring out the best, or the worst, in 
‘People When planning a long trip, t's always 2 good idea 

‘to plan several shorter trins beforehand, to use as practice 
sessions. These will not only help you decide what equipment 
‘to take, and provide you with an opportunity to practice 
using ft kut wil aso allow teem members ta assess how 
they werk together asa group, This can helo yeu to organize 
‘your tean more effectively, 


PREPARATION THROUGH TRAINING 
Training yourself both mentally and rhysically—and 
vith the equim: 
Tike the obvious thing to do, but in 
‘an often 
trip if you 
that m 
and ¢ 


youl be using—may st 


mentally and physically prep 
1 can operate withi 
mfort zone, This will allow you 


n capabilities 
enjay and 
josh getting 


‘appres 


PLANNING your Journey | 23, 


MIXED-GENDER GROUPS 
‘the teamhas bath male ad feral members i's important 
‘ factor this into the planning stage Yout need to conser 
Sleeping and washing arrangement, who carries what who 
{is responsible for what, and so on, Al this shoud be planned in 
etal before you set off Tt should also be noted that talingit 
for granted thatthe women wil cok the meas while the men 
‘make the salters isnot thebest way to start an expedition, 


MIXED-AGE GROUPS, 
‘When planning your trip, remember that different age groups 
may have different levels of fitness, which wil affect the pace 
of your group. However, what older members may lack in pace, 
‘they may make up for in expedition experience, 


‘TRAINING YOURSELF 
Duplicate in training what you inter 
Build up your training gradually, 
and months, and take into 


todoon: 
period 


+ The environment: 2s2arch the w nitions youll be 

fax al the extremes as well a the average. For 
sige, desert areas may be hat during the day, but can 

drop to below freezing at night. 

+ Weight: increase the amourt of welght you carry unt 

you're eventually carrying what you intend to take, This wall 

nat any condition you to the weight but also help you to 

decide just what's important to take and what's not 

+ Distance: if acertain distance 

ance. This will give you an 


tainable 
Language if wrnative language 
Isnt widely sp 

useful phrase 


ake a phrase book or an 


TRAINING WITH EQUIPMENT 


uipment as much as you can, an 
best way to operate t through practice under realistic 
condi ow). This wil highlight 


and wealenesses, and allow you ta determine 


perfect 
hat con 


and your ow—the compass may b 
cemay highligtt the fac 


The wrong t 


‘onyourrented venice sat night, nthe ran, with the 
mosquitoes looking at you as thelr next free meal. Before you 
set off, always thnk about the various sell deran 

and ensure that youre capable of addressing ti 


‘aE 


OPERATING UNDER REALISTIC CONDITIONS 
When trai r 
itunder reals 


active using 
ing fo 


p ITyp tent, have 
you got ll the nésescary components and can you pt up 
inthe dark and rare 


so ______ 


pas 
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EMERGENCY PLAN OF ACTION 
UNFORTUNATELY, EVEN THE MOST meticulously planned, ST 


thoroughly equipped, and best-executed trip can run into USING YOUR EPA. 


difficulties, Unforecasted strong winds could trap you piesa 
and your kayak on an island overnight, o a sprained de eh eas oo may on ec 
ankle could leave you unable to climb down the rocks (iss pirat Ded 


you climbed up so easily. Each of these survival scenarios 
are difficult to predict, but could easily happen 


RUNNING INTO PROBLEMS 


It's important to make sure that you have 
done all you can to help yourself, and help 
any rescue attempt that might take place if 
you do have any problems. Always remember 
that there are two sides to any survival or 
rescue situation: the part that you play and 
the part that the rescue services play. 
However, the effectiveness of the rescue 
services can be greatly increased when they 
have access to all relevant information—in 
many cases this arrives too late, It's vital 
to keep people informed of your intended 
whereabouts, so that they can raise the 
alarm if you deviate from your plans. 


Rescuer willbe able 
fond and help vou 
acter thy iow 
Youre inneedof 
thar osistonce 


KEEPING PEOPLE INFORMED 


A good way of keeping your friends, family, and the relevant rescue services 


WORST-CASE SCENARIO 


In the military, every mission that 
Undertaken, particularly ina theater 
of conflict has plans in place for the 
worst-case scenatio, Each part of the 
mission is meticulously planned, and 
the team completes a form that 
states what their basic intention 

Will be should anything Happen 
during the various stages: 


IF THE WORST HAPPENS. 

Having planned forthe worst, should the 
‘team find themselves in diffiulty, the rescue 
croup will nt have to try to second-guess 
What the team will do—they will have a 
‘lear indication ofthe taam's intent and 

can planeffectively and decisively around 
this information. The team wil be found 
quicker asa result. It's 2 good Idea to 

ply this principle to your own trip 


informed of your whereabouts is to write down the details of your trip, 
inching pertinent itinerary places andl dates, so that if you dont reach your 
destination whet planned, the alarm can be raised. Similar to the *worst- 
case scenario” principle practised by the military see left), an "emergency 
plan of action” (EPA) should be prepared by anyone venturing into the great 
‘outdoors (see right) Give a copy to your next of kin and qroup mesnbers, 
and keep a copy on your person. Where applicable, inform local services, 
‘sich as parkanel ranger stations, of your intentions, Remember to inform 
these people when you arrive safely at your destination. 


WRITING AN EMERGENCY PLAN OF ACTION (EPA) 

way to determine what should be included in your plan sta faok-at the 
worst-case scenaria you coud find vaurseff in, and ask yourself what information 
your next of kin would need to know atiout you and your intentions they elt 
they had to raise the alarm, Inaddltin, if you die go missing—particularly 

In anather cauntry—there are many tings that the relevant rescue services 
‘would need to ald thelr efforts, for example. a recent photograph, yaur passport 
details, whatequipment you ave with you, what languages yau can spe 

and your skile, The clearer thelr understanding af you, your abilities, and your 
intentions, the easiar their jb will be, In addition, the more information yaur 
nextof kn have the more proactive they will 


EMERGENCY PLAN OF ACTION 


EMERGENCY PLAN OF ACTION FORM 


Chinese symbor tttoo—rpht arm 


Fullnameasappears onpassport: Date of birth Holgi: 5°70" 7720m) 
John Wiliam Sim (cat Weight: 268 zoundés 
aseeso (76 tos 
Hale calor: evens 
Passport mmber: Drivers Heanse number: 
2OGAXIAANES sI2BO7 Mit 
Expires Expires 
vox 1e/2éy22 
Distinguishing mars (scar, tattoos) Languages spolen uent/ tase 
‘Smet sear—conter of forehead Engish—nativo 
Large sear-—right hanel micile ager | French —basic 


Germen—busie 


Medication: 
Mediation —anti-matara tablets 


Allergies 
Areca 


et of int: Father 


Swimmer Sor saumnee 
‘ufo skilexporience: 

Attencledf baste mittary survena reing 
“Attoneled baste basher course 
Experienced i titeg outdoors 


Next f kin 2 Prostar 


Willan Smith Andvew Sonth 

1018 Furlong Avenve 1023 Parken 

Brunswick Maine, Ashford, Kent, 

usa 04555 T2452 
uk 


Tek (00n) 55.555 2356 


Tel: (00) (o;ts5 555 2357 


Ema ewrsrati@unternet com 


Ema wiloontiainternet com 
Tipdetals: 
Campsite 1 = Gre S7A56854 


‘Campsite 2 = Grit ST 54987 
Vehicles Landrover T= white, reg a95 455 
Laridrover 2 = ue, reg MHS 555 

a9 lone Kim Sih, ol myself 

Day 1 Park Lancbover2 at Campsite 2 and deve in 
Landrover fe Canpste 1 

bay 2: Follow well-defined path along the Derwent Line Frat 
‘lining to comp oveMoht ot Gia aBE2559 

Day: Conte along the Derwert Line Tra aiming to beat 
Campsite 2 by mid-aftemoen. Camp evernight dé Campstis 2 


Day & Travel in Landrover 2to campste 1 and retrieve 
deadtever 1 


Foresceableprolensyintentions: 

Day L:fione 

Day 2: None but will use Ranger Staton 18, gre 585555 
(Tel 866 6466) as an emergency rendezvous paint 

Day 3: tone but wall use Ranger Station 19, grief 668665 
(Tel 955 5555) os an emergency rendezvous paint 

Day 4 None 


‘Communication plan: 
Wilt spect fo Ded 0» the mova of Day 2 ad ty to phone 
during the trek but am amsure of cel reception once on 

the trail s0 don't worry f you hear nothing 

Vill phone Dod again when wereach campsite 2 on day 3 


My mobile: 07979-55595 
My email: ws@nderet comm 

Alt Wo: en 05555 S55555 

Alt No: im 05555 955555 
Alt.Wo:Cumpstie 1.555.555 55555 
Att No: Campsite 2 555 555 55565 


Date: November 23, 2009 
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ENVIRONMENT 


The continued survival of the human 


e lost some of our ancient 
s' survival skills, we have, i 
their place 
they ha 


whe 


“ows ever wide 
ly on moder 


In this section R77 aS erry 7 se 


the difference between tundra and taiga... 

why you should step-up the size of your survival footprint... 

the way to go when it comes to snowy peaks or swampy creeks... 
how to avoid getting lost in the permafrost... 

the best way to stay at the top of the food chain... 

how to feel at home where the tropical butterflies roam... 

how a high-visibility survival suit could really get you noticed... 


The four basic principles of survival are: 
protection, location, water, and food. In most survival situations, this 
is also the order in which you should prioritize them. 


PROTECTION You must stay ina 

condition that allows you to be proactive 
in your continued survival and rescue. Physically, 
you should protect yourself against injury, the 
elements, and wildlife, Mentally, you should 
protect yourself against emotions that could rob 
you of the will to live: fear, guilt, despondency, and 
depression, for example, The best way to achieve 
this level of protection isto light and maintain a 
fire. Not only does it offer physical protection 
against the elements and wildlife, but it also 
provides a sense of security and familiarity that 
can help normalize even the most dire situation. 


LOCATION Your second priority is to 

recognize the importance of your location 
to your chances of survival and rescue, You will 
usually have two options: stay or go. Your 
preferred option should be to remain where you 
are and use anything at your disposal to mark 
‘your location to aid rescuers in their efforts to 
find you. If you can't stay where you are (perhaps 
because you are in imminent danger) you may 
have no option but to move to another location 
that provides either a better chance of survival 
or rescue, or both, Select a location aid that 
offers you the best chance of attracting attention 
in the environment in which you're traveling. 


WATER Put simply, water is the essence 

of life, While you may be able to survive 
for a few days without it, your ability to function 
and carry out even simple mental and physical 
tasks will be dramatically reduced in less than 
24 hours. However, if you are injured, if the 
‘weather conditions are very hot, and if your 
workload is particularly heavy, for example, your 
survival time without water could be reduced to 
just a few hours. You should learn how to procure 
water in the particular environment in which 
you're traveling, and understand the ways in 
‘which a lack of water affects you, 


FOOD The importance of food is directly 

related to the length of time you are in a 
survival situation: the longer the situation lasts, 
the more important food will become in helping 
you stay fit and healthy. Even with a moderate 
workload, going without food for five to seven 
days will not kill you. You wil, of course, feel 
hungry, you will grove tired, your movements will 
slow, and your body will lose its ability to repair 
itself, However, unless you're malnourished before 
you enter a survival situation, you are unlikely to 
starve to death within a week, Your body needs 
water to digest food, so always remember to 
prioritize water over food. 
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TEMPERATE ENVIRONMENTS 


THE TEMPERATE ZONES are the two regions between the 
Tropic of Cancer and Arctic circle, and the Tropic of Capricorn 
and Antarctic circle. Typified by seasonal variations in climate, 


conditions can include baking hot summers, freezing cold 


winters, and rainfall all year round. Landscape features range 
from forests and snow-covered peaks to grasslands and deserts. 
Although most temperate regions are highly populated, don't 
be lulled into a false sense of security—a worst-case scenario 


can still arise just a few miles from help. 
TEMPERATE FEATURES 


Although they contain a wide range of environmental features, the temperate 


2zone’s typical feature is forest, ranging from deciduous trees that shed their 


leaves in fall to coniferous trees that retain thelr leaves all year round. Grassland 
predominates where forests have been cleared, while highland areas contain 


hills and mountains. The abundance of rain means that rivers and lakes 
‘re common, and swampy wetlands form in areas with poor drainage. 


1 Frocks: intieators 


paper 
TEMPERATE ESSENTIALS J 
Climate and terrain can vary widely 
in temperate areas, so preparation 
for a range of eventualities is essentiat 
'» Don't underestimate the temperate 


‘eyironment. Although the vst majority 
of the human race Ines temperate zones, 
the dersity of terain and weather means 
‘that surival equipment and knowledge 
irustbe broad enough to cope with a 
‘wide range of tuations and conitions. 
‘Temperate westher can change very 
uch, so check the local forecast before 
_you sel off, and carry.a small AM/FM radio 
soyou can listen to local weather reports, 
* Plana realistic and achievable route and 
srepare an EPA (ee pp, 24-28) Be ready 


twore-assess your route during the trip 
‘Take dothing forthe ful range of 

‘conditions you may encounter 

‘= Carry asurvva ht (se pp, 60-41), 

nif, emergency equipment cll 

shone, and first-aid ht (ee pp. 

260-61) and know how to use them. BOD aes 

2 Carry adequate water, and equipment valeurs nye 
to collect and purify moreifnecessary. Trou hav con 

* Carry some form of basc shelter, Improve, ofetaton alt 
‘evenif only going out forthe day. 

2 Always take amap and compass, fer ing coking ord 


and consider using a GPS asan ald, 


‘washing ond may conta fh 


(High grout: elevated rece 
ford len of your sounds 
‘a ay inate worn fre 
thee prospects for yor sav 
sr where go tof 


EL digh ground night-time 
Comaratures re vest at aude, 


So descend to warmer lve before 
‘dork Beware of rock sie are 
a off daring doarpours 


Tenperate environments | 29 


WHERE TO FIND TEMPERATE AREAS EG vamoonver canon Fly» 
Decichous forests ave scattered throughout the temperate zones, but the «we yg 
largest ocaur in eastern North America, wastetn Europe, and east Asia. ey os 
Extensive cantferous forests are found In the higher lalitudes of North Bim ee 
America and Eurasia, while grassland is most common in continental interiors, [es 
2 hy 2 
26) c= 
Nese ou 1 = 
es “ ae 
Mo" Trrawsrasowo ? 
TYPIGAL CLIMATE 
‘Vancouver les on the Paciiccnast 
of Carala, and experiences atypical 
‘eamperate clmataofwarm summers 


rere, Tepes gaan Cala eet and cool, wet winters 


ISI Woodtond: tree cover affords SURVIVING IN TEMPERATE AREAS 
protection ara the elements ar wood for 
Shlfer cooking. ond slnaffes ase Most temperate envvrarments have arelatively mild lim ate 


lath aetna hte aan, and good natural resources, making them favorable places 

‘or long-term survival, Water can le found in most areas, wood 
for bulidina sheers and lohtina fires is usally akundant, and 
different types of edible plants and animals can be found at 
different times of year f you know where to look, Potentially 
the greatest threat fs hypothermia (see gp. 272-73), a particular 
problem in cold, wat and windy covid tions, especially in winter 
ane at night, when temperatures tend to fall even further, 


WILDLIFE AND PLANT LIFE 
Planit and animal life can be abundantin temperate areas and represents 
both a valusble food vesouroe aril s potential fiazaré, Shoots ani stems, 
leaves roots, ruts, orberries of some carts are edible, but only when 
postive idantifeation—or at the|east, the Lnversal Edblity Test 
(s2e p.2016)—Is achieved, Small mammals, birds, Insects, reptiles, 
‘and fis can also be found, ut may be difficult to catch and kl, 
and must be prepared and cooked praperly, Willie can also 
pose athreat—snales, spars, and scorpions may bite and 
‘though rare, bears, wolves, and cougars may attack if cornered 


IID open ground areas ith ro 
"vegetation offer a clear view of dangers 

and are Hea for deploying locaton ais, 
such assign fires 


FIND OUT MORE... 


[El PROTECTION Shetterspp Lice 178-81 
rep 18-33, 207405 Dangers io 247830006 


IIE LOCATION tavigation sp 0-77 
Movement yp. 86-25 Signaling pp 236-41 


(sheterd areas sts yoar EL WATER Fling 188-51 
Ti ueniny water ste yew sbeter str onto mete ofr, ayia. 200-01 
asufeditannfomrannig wet burmese tenia 
Flooding & a ist, and animatserd insects tterfore with your eodto sige! | Ml FOOD Plants pp 206-07, 280-61 
are drawn towoter The notte may also Choose a spot that faces tie san Animas pp, 208-3, 216-29,290-99 
Fuetiesoend spanner saws, tome wmode 
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TROPICAL ENVIRONMENTS Geaiwine: 


THE TROPICAL ZONE siretches from the Tropic of Cancer to the 
Tropic of Capricorn, and is centered over the Equator. A range of 
environmental features occurs in this area depending on the local 
climate, from lush, humid, biodiverse tropical rain forests to dry, more 
sparsely vegetated tropical scrub. With adequate preparation and 
caution you should be able to survive unsupported for extended 
periods—the jungle holds just as many resources as dangers, 


Mosquitoes ay responsible 
for mre fatalities than any 
ther create in trgical 
areas, They crty aan 
of diseases ducing 
‘alan ard yen 
fea it allio 
cof pecpk ey ar 


TROPICAL ESSENTIALS 
Rain forests contain everything you 
need to stay alive, so remember the 
following tins when venturing out: 

‘= While the Jungle teers with predatory 
-wildlife (such as big cats, crocodiles, and 
anacondas) that seesyau as part of the 
food chain, itis the small creatures that 
can make life miserable, Most animals in 
‘the Jungle want to avoid you as much as 
you wari to avoid themm—iriaking a noise 
‘wll Scare most away, 

"= High hurnidity encouranes infections, 

0 leap everything covered (Jeeves down, 
loves on), and wash at every oprorturity, 
= Always sleep off the around 

‘= Boll or treat all water. Same water 
found in plants can be safe to din, but if 
indoubt, and ifthe waters yellow, milky, 
or very cloully treat before drinking, 

‘= Many plants have defense mechanisms 
and can emit toxic liquids that may sting or 
bburm—if you cant identify i, leave t alone, 
‘=Dry tinder can behard to find, sof you 
‘ome across any, collect it ani keep 1 safe 
and dry—lighting a fire na moist, humid 
‘nvironment can be challenging. 

= The smoke ofa signal fire must penetrate 
‘through all the layers of the jungle, so light 
‘your fe where the canony is sparse, such 
as the bend of arivar or a clear-cut area, 
‘= Navigation canbe dfficult, asyou may 
only be able to see a few yards infront of 
‘you Use dead reckoning—walling & short 
distance ta a recagnizable feature on your 
bearina—or pace-counting (See po, 72-73), 
1» Rivers in the jungle usually run downhill 
‘to cilization and, eventually, the coast, 

‘= Don't fight the jungle—tune in to 

its rhythm snd worl wath itrather than 
against it. 


IE opel sora water canbe ound Bera 
Season, rune aconts gy evel soars 
‘he a) soazon Eee arts and animals canbe fur 


TROPICAL FEATURES 
Tropical rain forest, which acours 
within 10 degrees f the Equstor, 
isthe predom nant ersironmental 
feature in the tropis, But there are 
several other esvironm ent types 
just a few dearees of latitude awe. 


VERDANT RAIN FOREST 

Tropical rain forests occurin areas with steady 
year-round temperatures and rainfall, Annual 
rainfall can each around 61/2-10 1(2-3 mn) 
2nd daytime temaeratures may reach 90°F 
(20°C), dropring to 70%F (20°C during the 
right. Monsoon or "seasonal" rain forests 
‘occurin areas with awet and dry season 
‘while montane rain forests also known as 


“coud forests, occur in maurtainous areas 


Tk het 
thesapia rate of growth 
inthe ran finest bectsare 
‘ey tobe fresh and may 
fea to rseue Evon remote 
aren may canta tacts 


Wi Tropicat seats syorties 
shade roma the sun aid makers 
[orf sekoy but ray be 
Jame to danger tt ats 
Dense vogtation dng tho rang 
“ssonamay iors wsdl 


‘SCRUB AND SWAMPS 

‘Also kein as "thorn farest,"tropical serub consists of low, wendy clants 

‘with thorns hich usually grow in clusters separateday patches of hare ground 
(grasses are uncamnor), Leaves are shed inthe dry season, forming a dense, 
herbaceous layer in the wat season Swaps are another comma! tropical 
feature, andmay consist of fresh or saltwater Freshwater swamps are found 

In low-iyng, inland areas, and consist of masces of undergrowth, reeds, grasses, 
‘occasional short palms, and islands, Saltwater swamps often contain mangroves, 
‘and oveur in coastal areas that areprone to tidal flooding so are best navigated 
‘ay boat, Visbilly in both types of swam is poor, ard enoverrent is dificult 


SURVIVING IN THE RAIN FOREST 


While natural resources ate aundat in the rain forest, the hest, 
humidity, rumiser of animals, and voraciousrate of vegetal growth can 
makeit an uncomfortable place. Water, materials for shelter and fire, 
an! edisle plants may all be found, although identification of arts is 
crucial to avoid poisonous species, Animal Ife fs everywhere, so sleening 
platforms mustloe tui off the ground to avoid biting insects, snakes, and 
spiders. The greatest danger is bezom ing lost navigation is ciffcult due 
‘to dense undergrowth at ground level, and yesauers will struggle ta find 
youbeneath the thick jungle eanopyy 


TROPICAL ENVIRONMENTS. 


vie Rain forest: fuel for cooking and 
Sanna esa ol osteo rao FIND OUT MORE.- 
(tea Gbaghenecerdeaje octet eae THOW Sater 1 
Vater from rain and sivers, amd 2c PROT nelters np 15t-61, 166-71, 
ic’ foie Fire po 118-23, 204-05 Dangers pp. 167, 242-49 


HE LOCATION tavigation pp 05-77 
Movement, 106-07 Signing 9 236-41 


WATER Finding p 192-90 
Purifying pp. 200-01 


{EL FOOD Plants po 205-07, 224-85 
‘Animals yp, 208-1, 220-23 290-93 


ale fovestemeryant layer: coms 
oft rees around 200 ft (50m) high 
‘ha have broken Sgn te conopy 


hose crowns fora a tick conoay 
et acts ight fram the ung por 


‘ut forest undorsinyreceies 
26 pertant of sunt ond cnshts 
of yong teas and nehacacs pots 


Ground evs reooes ose 
Tir fo percont of entar, 
‘od colts.f ene fens 
erbosocus tats 

fungi. onde 

brkearpet 

opeaves 


t : EY, Baier lek ofpanfrst 
deat ft es coer asta boda or 
reaotgcs to movert re kph ct att sated 
bygera ese fea be ceo eae 

r ‘Becrea alsoproe ute forint, 


gully 2 posse oF use graft Coating and wash ana fat at 
or flat ad totewrethearea Alagt a esi feo ou to cise 


WHERE TO FIND TROPICAL AREAS £0 TauiTos. PERU fi, 
‘Tropical rain forests are clustered around the Equator The largest rain oe bad 
forest areas are aund in Central and South America, sub-Saharan Aftiva fa ie 
southeast Asia, northern Australia, and several Pacific islands. 2m we 
56 Cae 
2 fe 
Ba ee 
rat Spe 
ie a 
ye ° 


TRWAWIIRSOND 
TYPICAL CLIMATE 

‘Tqultos ston the Amazon river in 
the heart ofthe Per wlan rainforest, 
‘tlie just south of the Equator and 
Fain faastonas has a typical hot, wet tropical imate, 


Trial Zone 
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MOUNTAIN ENVIRONMENTS 


THE MOUNTAIN ENVIRONMENT is one of the harshest places for hurians MIME Mounurins: eter 


: : ‘cited and dager 
to survive, Defined as landmasses with a summit above 2000 ft (600 m), eters 
mountains can be very dangerous places due to their elevation’ and terrain. Bieymay request 
Lower temperatures and poor weather are more likely at higher altitudes, so “Hr enews 


there isa significant risk of hypothermia, frostbite, and altitude sickness, wile 
show, ice, and precipitous terrain present further hazards. Survival may depend 
ot your ability to descend to areas with better prospects of survival and rescue. 


MOUNTAIN FEATURES I romted reas: horas ofr 
azove the tredine, maurtin rain iypically eclioneclotgel etd 
barven featuring bare rocks, oval, boul init communisqton deve Pez 
and sow and ing whieh are most extensive Stata hears elepters 
during the winter but may persist at high Howat ih Ue iso 
elevations during the summer At lower levels, 
coniferaus forest |s the predom inant feature, RB Seree ond cuffs: 
alssented by stveams and vers fed ty snowmelt, datas al ta lo 
Topographical features include scree slopes, cliffs, protection ramon 
ravines, boulder fields, snowslopes, and glaciers. ‘coments Descent 


1 Avelonceprane slopes: ait at al cats—the 
_snatest ice movement aa tgae @colapse 


(DI Forest aro: tr resoross Off protection 
from te aomonts, gira je shar coat 
‘Bes, ad sgt, adele ora ana fama 


 Sheters asap ste yo star 
‘ay from areas of esac rk, 
‘sspeclaly Ivelanehe brs proce 


ELEVATION CHANGE 
Mourtiains of sufficient height 
may have vasty different 
scosystems at diferent elevations, 
de to harsh conditions at high altuds, 
Plant and animal Ife varies ct different 
flavations, othe natural resources available 
for survival wil dfer accnrding ta height. 
Mived deciduous trees are common on low slopes and 
conifers grow at intermediate levels, but thin auto grass, 
isolated shrubs, mss, andlichen higher up Atte highest 
levels high winds, frost, snow, ance discourage ary growlh, 


—N econ 
WARNING! Shing, scape sigan 
‘Gnef the rmost dangeraysantmals may abo cantan fh for food. As 


Meath ne nena safer ae 
Ee oe erect 


alot asthe puna fon ‘tei tae cae be outeooot ord ra 

av titan hor Foul Noe) ated ten meas retelng iw steps 

and South America, move than, 

operrentof attacks ate fala I Wntercouses: tonsa ns provide ais. 


‘frelon maybe navigibe I you have, eas 
Iipprte, arto tation eee Gee pp 206-09. 


Introducing 5G 


specifications for the new radio technologies will be 
submitted for approval within ITU-R [24] 


Standardization in 3GPP 


3GPP is the international standards body responsible 
for the development and maintenance of major sec- 
ond-generation (2G), 3G, and 4G cellular standards. 
‘The purpose of the organization is to produce interop- 
erable cellular communications standards, as well as 
studies and reports that define 3GPP technologies. The 
following technologies are currently maintained and 
evolved by 3GPP: 


> Global System for Mobile Communications 
(GSM), General Packet Radio Service 
(GPRS), and Enhanced Data Rates for 
GSM Evolution (EDGE); 
> Universal Mobile Telecommunications System 
(UMTS), WCDMA, High-Speed Packet Access 
(HSPA), and HSPA Evolution (HISPA+); and 
> LTE, LTE-Advanced, and LTE-Advanced Pro, 
‘These 3GPP technologies are constantly evolving 
through a series of backward-compatible releases. 
Since the completion of the first LTE and Evolved 
Packet Core (EPC) specifications, 3GPP has be- 
come the focal point for mobile systems beyond 3G. 
‘Therefore, 3GPP is expected to be a critical player in 
the development of SG, and their timeline will have 
a direct influence on the timeline of the emerging 
5G market. 


3GPP is currently defining a new 5G RAT and 
corresponding network architecture. These are being 
developed within 3GPP under the working names 
“new radio (NR)” and “next-generation (NextGen) 
architecture,’ respectively [25]. In October 2016, 3GPP. 
announced that the new 3GPP system will officially 
be known by the name “SG” from Release 15 onward 
[26]. Some initial standardization steps that have been 
taken to date include the following: 


> SMARTER study item: In March 2015, 3GPP 
Technical Specification Group (TSG) System 
Aspects (SA) began a study item on technol- 
ogy enablers for new 5G services and markets, 
known as the SMARTER study item [27]. The 
objective of this study was to develop high-level 
use cases and identify the related high-level 
potential requirements to enable 3GPP network 


operators to support new services and markets 
in 5G. Phase 1 of the SMARTER study item was 
completed in March 2016; results are docu- 
mented in 3GPP Technical Report (TR) 22.891 
to be included in Release 14 [28]. A total of 74 
use cases were identified. This work prompted 
four building block studies that grouped the use 
cases into families with common requirements: 
massive Internet of Things (IoT), critical com- 
munications, eMBB, and network operation. 
‘The building block studies were completed in 
June 2016; results are documented in 3GPP TRs 
22.861, 22.862, 22.863, and 22.864 to be included 
in Release 14 [29]. The results of the SMARTER 
study will form the basis for a work item to de- 
fine normative stage 1 requirements for the next- 
generation 5G system. The work item is sched- 
uled for completion in March 2017; results will 
be documented in 3GPP Technical Specification 
(TS) 22.261 to be included in Release 15 [29]. 
Study item on channel model for frequency 
spectrum above 6 GHz: The first 5G study 
conducted by TSG RAN focused on developing 
new channel models to support high-frequency 
spectrum from 6 GHz to 100 GHz. The models 
consider a variety of scenarios including urban, 
rural, and indoor, as well as the impact of line- 
of-sight (LOS) versus non-LOS (NLOS). The 
study was completed in June 2016, and results 
are documented in 3GPP TR 38.900 to be in- 
cluded in Release 14 [30]. 

Study item on architecture for next-generation 
system: In December 2015, 3GPP TSG SA ap- 
proved a study item to design a system architec~ 
ture for the next generation of mobile networks. 
‘The new architecture will support at least the 
new 5G RAT(s), the evolution of LTE, and non- 
3GPP access types and will minimize access de- 
pendencies, The study considers new approaches 
such as NFV and network slicing. The study 
item was scheduled for completion in December 
2016; results will be documented in 3GPP TR 
23.799 to be included in Release 14 [31]. 

Study item on scenarios and requirements 

for next-generation access technologies: In 
December 2015, 3GPP TSG RAN approved a 
study item to develop deployment scenarios 

and requirements of next-generation access 


SURVIVING IN THE MOUNTAINS 
The prosperts for survival are good at lower 
elevations, where trees provide material for shelter 
and fre rivers provide water, ad edible plants and 
animale are Ikely to be present, At higher elevations 
vegetation is Scarce, so there are fewer options for 
shelter and food, although water from styeamns or 
sow is Ikely to be available, There may be a risk 

of avalanche on snow-covered slopes, and orevasses 
jose 2 hidden danger in glaciated areas, Cold-reiated 
injuries pose the greatest threat (see yp, 270-71}, 


HIGH-LEVEL HAZARDS 
“The primary tiveats to survival thigh altitude are 
‘old-rdated aliments, the most dangerous of which 
'stypethermia, This occurs when the body's core 
‘temperature falls below 95°F (35°C)—rf allowed 
to crap aslow as 86°F 20", ibcan be fatal 
Frostbite may also occur in the extrem tes in 
‘reezing or cold and windy weather and may lead 
to permanent tissue damage Althude sickness, 
vic car cause oulmonary or cerebral 
‘edema—and inextrame cases, death— 
is alsa arisk above 8,000 2500 rr. 
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MOUNTAIN DISTRIBUTION 

Mountains are found on every continent, but the major 
anges are the Himalayas and Karakarar in Asia, the 
‘Andes in South Ameria, the Rocky Mountains in 
North Amerioa, and the Alps and Pyrenees in Europe, 


~~ 
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TYPICAL CLIMATE 
Lhasa, the capital city of Tibet lies at 11972 fk 3.649 m) 
fn the Tibetan Plateau, sometimes known a8 "the root of 
‘he world * The high alttude means that winters are cool, 
anc precipitation f relatively ow because most falls 
a5 sow, whic has just 10 percent of the density of ram 


MOUNTAIN ESSENTIALS 

High altitude and lower oxygen levels place hiaher-than- 
normal demands on even aft ody, so be prenared 
Survival inthe mountains is also tough on equicment. 

1 Resnect nature ad err onthe side of caution—mountains 
are unforgiving and rescueis unikly tobe quick or easy 

' Plan an achiavable and safe route, and prepars an 
Emergency Pan of Artion (see pp. 24-25). 

"= Dras n layers (28 pp, é~A7), Start a walk lah 

dressed (old) and add or remove layers as necessary 

= Wear at (up 079 percent of body heat is ost through 
‘the head) and gloves—cold fingers wil hinder your function, 
= The loose items of rothing that, gloves, sunglasses) 40 
your person—alest gloverould result ina lost hand, ore 

1 Take a Masligit—westher changes and unforeseen problas 
may mean you are on the mourtai in low it or darkness 

' Always carr baste equpmertto ive adequate protection IT 
forced to camp overight, such as abivy sack and slespig bag, 
1 Check avalanche warnings and carry an avalanche transoeier 
‘= Contact wth snow makes clothing wet and ess effective 

‘= Tinoving over snow, make apair of improvised src shoes 
(eee pn 94-99) 
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DESERT ENVIRONMENTS 


THE DESERT ENVIRONMENT is a hostile place for human survival Guyguuer \ 
due to temperature extremes and the scarcity—or absence—of water. Dur arasaveom ta 
Most deserts are either hot and dry or cold and dry, ancl all typically ‘Smee enoausseaias, 


including the black marntt 
receive less than 10 in (250 ram) of annual rainfall, They are areas ace 
of extremes, where heat exhaustion and hypothermia are threats, Aa te arty 

dangerous dye to its 


and flash floods may rapidly replace dry conditions. A harsh place to sqqressve nzre a6 
survive, the desert should only be entered by those who are prepared, fish enemons ite 


DESERT FEATURES. 


The popular depiction of a desert is ofa cry, sandy landscane with searing skies and 
temperatures arang the highest in the world, Such areas do exis, tut the desert 

environment has far greater diversity, from cold deserts in the polar regions to highlands, 
tgrassland, and broken, rooky terrain that contain ‘wadis 


HOT, DRY DESERTS 
“Temperate and tropical deserts are usually hot and dry due to high 
\daytuie temperatures, which leads Lo ow precintation ard high 

‘waparation, There ray be months or ever years between rafal which 
usually occurs in drastic uurststout then quickly drais nto seasonal stream 
beds (wadls), oF evanorstas either n the ai or soon after touching the Hot round 
‘ery litle rain soaks ino the aroune, which results in sparse veaetation that has 

evofved! to mayimize water usualy via extensiveroct systems that collect molsture, 
‘waxy skin and leaves that preven water lacs, and stems ar roats that hold water 

trig, wintar and at figher altitudes, Freezing temperatures and frost may occur 


asi: 

vapeaton offset, 
GRASSLANDS, dat nina gen othe 
Kaw a8 savanna in tropical areas, grasslands often border desert regions, and unter may poe trent. 
experience a similarly dry climate for most ef the year. The lay differance is that Efgpy ears, 


‘tye also experince act season, which accounts for themore diverse and extensive 


vegetation. Temperate grassland features grasses, shrubs, and small packets oftrees, age an fen contayn 


‘de pants esd anima 


‘while savannais tically move varied, with censer tree cover, bushes, and grasses that 
grow tal during thewst season but de back in periods of draught. (Males more Eevee ar 
revalen, including predators. Wilires may spread during the dry season, and pla aay ha pack oft 

prevalent including predstors. \lafires may spread during Une dry i play site, ard fo are 


an important-rala by destroying dea plant, matter and adding feruleash to the sal (pede animals 


WHERE TO FIND DESERT AREAS 

Although deserts oocur on avery continent, the [aigest hot desert in the 
worlds the Sahara in North Africa, which forms part of a desert band 
stretching through the Middle East and inta south and central Asia 


TINDOUF, ALGERIA 
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TYPICAL CLIMATE 
Tindouf lies In thehesrLot the Sahara, anc 
i ecperiioas atypical rot-desert cist, 
Precipitation s virtually 2er ll year rou, 
Tata iam ‘ntl tamper atures peal in the sumer, 


SURVIVING IN THE DESERT 

Hostile temperatures and few natural resourves limit chevices of survival 
in the desert, Water and shelter are searee, if nat non-existent, edible 
‘vegetation Is limited, and animals hide from the sun In the day Wadss, 
crasslands, and higher ground all hold tstler prospects. The greatest 
angers are defydration ard feat exhaustion (se2 9p, 272-73), although 
Airican savanna areas may behotne to large. darigerous mammals 
The main killers are big cats, hinnos, rhinos, elephants, and crocodiles, 
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DESERT ESSENTIALS 
Survial inthe extreme conditions of 
the dese isin ossble without full 
preparation Consider the following: 

= Always presare an EPA to notify 
someone af your lens befor entering 

a desert area Geepp. 4-25) 

*= Wales fe Do not underestimate your 
needs, carry extra ust incase, and carry 
eqularert to raxiize your chances of 
finding and erocaring mere inocula, 
surgical tubing fitration/eurificatin 
pump) should the worst happen, 

* Asclocal pngle about water sources 
that mayrnotbe marked en man, such 
as els used by Bedoun tbes 

s Iyerturng nt remote areas, augment 
‘your map and compass with aGPS, and 
Consider takg aPLB or stalitephone 
(Gee pp 236-37, 

If using avehicl, sure you carry 
Jacking equipment forusein sot ground, 
sand mats or ladders for setnecivery, 
extra wales astelter location als, 

and anyrelevant vile spares. 


Wt areas: oe ow i 
satis dong osha 
ster may 8 yetened olan the 
Ssurooe ng ate the fond ins 
(eased. Was re ofa te haat 
fede gangs 


Soran sie ae 
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fae Ty foe ao we 
‘Pedacea the wet sazon when 
plans oro lures Water 
Sous try deoensig on te season 


1 Flan cut-off safety points into your 
Journey that can be used to divert to in 
‘ase af an emergency. 

Ensure you know how to accomplish 
erneraency repairs to your vehicle 

© Asclocal people about nan danas, 
such as impassable roads, mislescing 
tracts, aid soft-sand areas, 

f= When using aladder for slf-recovery, 
‘te itt the back of the vehide so that i's 
dragged behind once crossed, and can be 
retrieved when youreach solid ground 

1 IT your vehicleboreaks down leave lt 
‘only iP staving sre longer safer 
‘eagbla—resouars wil search fort first, 
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COLD ENVIRONMENTS 


LOW TEMPERATURES are a potentially thal hazard, but as kng -— 
aS you can conserve body heat, survival in the cold is quite possible. WARNING! 


The ice-covered Arete ani Antarctic polar regions, sub-polar tundra gases 
and taiga, as well as parts of most temperate zones during the winter, bear inhabils the Aeciin. 
can allbe classed as cold environments, Wet, windy weather can en ca, 
drive moderately cold temperatures down further, increasing the aril are sally oad 


risk of the most lethal cold-weather condition—hypothermia. ———7 


COLD ENVIRONMENT FEATURES 


DIB stountatos:eteroed rea 


Outside temperate areas, the typical oold environments are the polar areas, sive ati rote fam the 
which feature glacial ioe sheets and sea lex tundra, which contains permafrost eens Se aiornet 
(cenrnanently Frazer soi, small shrubs, mosses, and lichens, anc taiga, wth Uearconte om wna ts 
extensive conifer forests. last haf of the northern hemispher=s landmass a Sonos 


can be classified as 2 cald region, due to the influence of cold air masses (see 
po, 78-83}, while cozan currents and altitude can also have a cooling effect. 


POLAR WASTES ie fests pode 
“The norter polar are sstusted over teArcUc Ocean sarge conssts recta fom er bet 
ofsenice th extent ad depth of wc saresthrougtout the year Because Stati sor ond 
ofthe set and sting ee sasefous danger The soutiompoar areas tte 
lcaet ove the coninena nares an rans the arse ged ice 

Shooter Earth Bh areas cortsn ce setes—gclers thal have extended 
vere ses—parts ih rea ot fom ebars 


TUNDRA AND TAIGA, 
Latitudes that nalghbor the polar areas arehorneto tundra, an environment 
of permafrost and weaetation that is sturtod due to low temperatures, 
TTalgais located furthar away frornthe poles, where temperatures 

are high enough to support coniferous forests 
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SURVIVING IN THE COLD 

Natural resources may be seavce in cold environments, so your survival 
is likely to depend on the equipment and supplies you have with you 
Shelters can be dug from Ure stow to help you stay warrn andl ale 
exposure to freezing temperatures, but material for making five fs 

lie ited! in polar and tundra areas Survival is mare feasible i the 

‘salga, where wood is avallable, and fresh waber and edible flora 

and fauna ean also be found, The greatest dangers are hyoathermia 
(ee pp, 272-73) and—in northern polar areas—polar bears, 


LOW-TEMPERATURE DANGER 
Heat ass accurs in several ways, and minimizing ts estential te survival 
In cold conclttons. t's impartant to avoid over-exertion, since heat is lost 
‘Uwough sweating, and te cover your head and wear layered clothing to rap 
‘atiated body eat, Hest is als lost thraugh conduction —direct 
between the skin snd 3 coolesurfare—particulanly when we, since water 
conducts heat away from the aody 25 times faster than ar For 
this reason it's witalta waar insulated and 
‘waterproof clothing, and to stay dry 
Respiration also involves heat 
loss—each inhaled breath contains 
cold alr, whichis warmed as it 
passes through the lungs, 
and laden with rolstare 
when exhaled, Reduce heat, 
loss by covering your nose 
and mouth atth a sle-mask 
or scarf, orby breathing 
warmer ar rent to aire 
rina warm shater 
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COLD ESSENTIALS 

‘The main threats in cold environmerts 
ave hypothermia and expasure, so 
ensure you are fully prepared 

Dress inloosefttng layers of dotting 
Gee pp, 46-47), avoid overheating, and 
ensureyour dlthing stays dry and clean 

1 Thyour hands are cold, don't warm them 
vith your breath, which wll make them 
wet huok them under your armpit, 
Regularly check your entrees 

face, toes, hands. and ears for frostaip, 
the first stage of frostbite Gee p, 273), 

' Wind-hilis dargercus, so take shelter 
‘rom the wind at every opportunity, 
particularly ifyou aren 2 survival situction 
1 Always ensure that your shelters wel 
ventlaed—keep vert holes lear and 
‘heck regularly, especialy wen sow Tal 
Get off the cold aroun snow, or ke—sit 
‘on your pack or make a slesping platform 
Using boughs te avoid losing bod heat 

1 fires your primary means of warmth, 
‘ripe the amount of firewood you thin you 
reed_—you wil need enauah tolastthe night, 


FIND OUT MORE... 
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WHERE TO FIND 
COLD AREAS =e 
The Arctic and Antarctic | > —<qie & 


polar ateasarethe 
‘oldest plaves on Earth, 
and are found at the 
furthest points from the 
Equator: Tundra exists 
next to polar regions 
and is bordered ay 
talga, which is found 
innorthem Eurasia 

and North Ainerica 
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Recast emirate 

Barents Sea Lected nthe tala or 

it experiences below-zero temperatures 
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‘or half the year and lowe precipitation, 
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MARINE ENVIRONMENTS 


POTENTIALLY THE MOST HARSH and challenging of all environments, 
the sea is unlike any other due to the lack of the most essential 
requirement for human life—fresh water. Around 70 percent of the 
Earth's surface is covered by saltwater, ranging from the freezing, 
wind-Lorn polar oceans to the warm tropical seas. Winds andl currents 
govern your movernent, protection is limited, and natural resources 
are virtually nil, so reaching land is your best hope for survival 


MARINE FEATURES, IIE tty ttn: 
‘The marine environment ranges from the coastal margins, “be aiff ant reseaiers 
ine eee 


Which are shallow encugh— 650 ft (200 m) or less—to apport 
a huge array of arimal and plant if, to the apen oceans the 
deepest of which plunge to more than 33000 fl (10,000 m), 


Jou Water end fod 
wilbe Iniag te crate, 
shelfch bed ae ego, 


‘SHELTERED COAST TO OPEN SEA 
“The coastal margins are hometo the majority of ooean if and Inde 
‘terrestrial areas—the sordline and intertidal 2one—and aquatlo—the sea 
up tothe ede ofthe continental shelf A variety of environmental features 
are found, sich a8 sand, rock, and peoble beaches, cunes iff, estuaries, 
mud flats, mangroves, lagoons, kelp forests, and coral refs. The open 
Daan Is rrone barren anvierimant that supports lacs i, anid 1 
notable for its vast extent, comprising 92 percent ofall saltwater. 
Survival depends on your equipment, suaplies, and ingenuity, 


OCEAN CONDITIONS, 
‘our protection and location at ses depends largely on Ue yeater— 
yyouray need to deal with anything from exposure to the het 
Sun, to cole wet, windy conditions and high seas, Conditions 

ae toughest inthe South Ailantic Ovean, where winds (known a5 
the "Roaring Fortes") are strong all year round, and sea ee is 
extensive in the winter Severe seascnal storms opour hurrican 
Inthe tropical areas ofthe western Atlantic, Uyphoonsin the 
‘western Panic, Ina and Sou beast Asa also axpenience 
severe weather during the monsoon seasons, 


WARNING! 


There are shat in every 
ean, bot thasein tropical 
waters are the nnst 
ayaressive, Around 20 of 
the hundreds of species 
fave attacked furans 
and the cost dangers 
typesate the eat wits, 
tiger acid ullstavl. 
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WINDS AND CURRENTS. 

Winds and currents follow prevailing ES 
putipe auligolllnd ralanvareensen |eeees | O— 4 
are, you can Figure out where theyll camry | Pome 
you With a drft of just Lit, aiieraft can | fetes 
ave 24 miles(38 km) rom its last known 

position in 24 hours Itmay also drift upto 

35° einer side of the wind, further widering_ | Het wha 
the search area to more than 400 sqmmiles | fom tt 
,000 sqlem) nthe first 24-hour period, | bopseate 
and increasing exponentially over time, emake 
Gortversely, favorable currents can also 


foe used to help you drift to landfall faster, warmyince = Cae wings 
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SURVIVING AT SEA 

Natural resources in the open ocean are virtually nil so improvising 
shelter or lecation aids is limited to what you have with you Seasickness, 
especialy in a small lferaft, can seriously affect your ably to remain 
both hydrated and mativated, Unless you can reach land, your onty 
drinking water will come from rain oF mechanical desalination devices — 
cconsurning urine or saltwater will anlyinerease your rate of dehyc¥ation 
Reaching land or shipping lanes greatly increases your chances of restue 
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MARINE ESSENTIALS 

‘Your chances of survival at sea willbe 

agieatly erhanced by good preparation, 

+0 consider the following: 

' Pack sea-survwal equipment asf your 

life depends on tit might! Other 

ronments allow you to maravise 
survival and location ald, bunt the sea 

Take emergency inmersion-surwval suits, 

They wl pretact you against the slements 

anid aie flotation, and thar color chahslbity 

range or red) isan aid ta location, 

Always carry a Patsoral Locator Beacon 

PLB), justin case, 

Take several means of obtaining water, 

‘such as areverse-osmosis pump, which tums 

saltwater into drinking water, a saltwater 

desalination kit a solar stil, and rain eaters 

1 Always keep a pre-packed emergency bag 

handy It should conta: fist ad it reverse- 

esirosis puma emergency beacon, solar 

stil water, flares, fishing lit, (ee pp. 260), 

f Ifyour wesse srs, dort attandan turd 

‘aosalutely necessary Stay nearby unlessit 

tsunsafe to do so—anything that gives you a 

bigger "survival fectorint! wil increase your 

changes of beng rescued, and you may be 

able to retriere provisions from the vessel, 

1 imine rescue is unkely, ou wll need 

4p ration your water Consider hove uch you 

have, how mach can be procuted, the chances 

cf seasickress (which leads to dehydration), 

andthe lkelinood of Deng rescued later on 

1 Protect yourse from the elements 

(Gun, ind cold eat, and sat) as al 

aS you Can—prevertion s better than cure, 

= The sea, especially in rough conditens, 

can sap the will to live quicker than anyother 

ernironment. Seadcknessislitarally draining, 

resulting in lost li, enero and motivation, 

Tale anti-seaschness tablets at the ealest 

‘pportunity—evenbefore abandaning ship — 

that you can keep them down, and keep, 

‘aking them a5 recommended 


FIND OUT MORE. 


{Hl PROTECTION shelters op 15-61, 176.77 
Fire 1-3 204-08 Dangers 250-05 20-01 


LOCATION Movement pp 106-07 
‘Signaling 9p 236-41. 

{5 WATER Finding pp 1967 
Treating pp 200-1. 


151 FOOD Pants po 05-07 200-88 
Fumie ia Bie se 


AD! esos Youco cer tHe R:cHr wane 


RIGHT GEAR 


Whether you're equipping yourself should enable you to adi 
fora enatt y exp or just day pri van 
t environment you are in, and 


the 
nsists 

and your 
r survival 


and cloth ng. 


ther than 


just survivable. This 


will prot 


ined. This is 
which y 


if the worst 
st-line” equipme 
arry with you a 


In this section RTT eres ae 


the meaning of the term “bomb-burst gear’... 

that it's always good to share when you're in a group... 

which backpacks are the best backpacks to pack... 

why you should hike around the house to break in your boots... 
a good reason to take a three-season tent... 


how to sleep like a mummy... 
what gorp is and when you should eat it... 


this stage that you should 
ta heck 
tin your 
t you can comfort 
lly, any spa 
utilized for n 


ayer, or a book 
works and 


je more you und 
of equipmen 

will be to 
aged or lost. 


mprovise sho 


ra 


wih each venture int: 
Iderness, del 
abilities and that of your equipment will 


UTRATISHT GAMPING rs re 
thr 


lection of 


H 
ight of approximately 20 Ib 
(9kq). Ultralight camping has the potential 

alve the weight of your “big three. 


1 Take a hooped bivy instead of a tent and choose 
son-rated sleeping bag (wear your day 
inside the bag for extra warmth, 

= You can then reduce the size of your pack 
because your tent and sleeping bag are smaller. 


Treleking with less equipment but sti 
i eater freedom to enjoy 

weight puts 

enabling you to co. 


equipmen! 


to cook food and boil 
e to carry a stove and fuel 
ater 


= Using a hexamine 
water—you won! 
'= Taking one pat to cook food and boi 
= Using natural materials as a mattress. 


GG The wrong time to realize that your 


equipment isn’t up to the task in hand is 
when your life depends on it doing what 
it was designed to do my) 


412 | perore vou co_pRePaRe YOURSELF 


CHOOSING YOUR GEAR 


FORWARD PLANNING IS ESSENTIAL when you're deciding 
on what equipment to take on your trip. You'll need to assess 
your own personal requirements, the likely demands of weather 
and terrain, and the amount of gear you'll actually be able to 
transport. With a little forethought, you'll be as well equipped 
as you can be for any situation 


PACKING FOR YOUR TRIP 

You will first need to weigh up your particular kit requirements against 
the limitations of your chosen mode of transport (see below). It’s then 
vital to organize and prioritize your gear (see opposite) to ensure that 
any items you may need in a survival scenario are always close at hand, 
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KEY PACKING TIPS 

' Pack your gear in reverse ore: 
the things you want to get to fst 
shoul be the ls things you pac 

® Stash items you may need during 
‘te day insite rfid pockets, for 
easy acess, 

» Coil and tape ong straps so that 
‘they aren'ta snagging hazard. 

«= Use a chy bag insite your backpack. 
* Ensure that ll pockets ae fully 
lose and ziped 
* Air out anything packed wet 
as soon as you sto for the day 


should the worst happen. 


HOW MUCH TO PACK 

Tie environment of the region youre 
traveling to will dictate the type of 
‘equipment you will nee! to take with 
you, but your proposed mode of transport 
is the main constraint on the quantity 

‘of Kit you can take (see chart, right). The 
tore qear you have to carty yourself, the 


ON Foot 


WEIGHT AND SPACE RESTRICTIONS 


‘Backpacks (set pp. 44-45) are availabe h a widerange of volurmes—from 
iter [adapt BO rs (able tr of aed ree) 
‘Bear mind that youl have to carry whatever gear yeu take with you, and 
‘thatthe weight ofthe pack will determine what you're realistically able 10 
ables ite i a aig Pn ee 
-mintnurn: there’ noracen for lnuries when travelhg on foot, 


fewer hiuries you can take: the added 
‘weight will make traveling uncomfortable, 
use up too much valuable energy, slow 
your progress, and also limit the distance 
you can travel each day, It's also worth 
‘considering whether you can reduce 


MOUNTAIN 


g 


mits forks ave destned oft nro, ero sid panier ack, 
and are avalible m arange of shapes se, andcapactes ran 5150 ters). 
Largs bagewillprovde you with enough pace topack eset sha tet, 
siepingbay, coukng equpmert, anid spare ces, but oul be seedy 
‘the wea ab y the need teary eyee-mantenance es, ouch a pare 
‘theimer tubes, cabks, and oo 


the weight and volume of the kit items 
youre taking (see box, below). 


Gane 


LIGHTENING THE LOAD 


Sepans hve acaacy lupo 0 is anetn bageupto25 tes, 
and wet ota ma se, Howe so peed atk extra rtecte 
qufment nina ols (edn sarees) and seca, pare 
‘uel alt wh wl mpacton asthe 


‘When yout going to be traveling on fot, 
Kervetatageuaae sess 

‘weight and volume you cn, even Fits only 
bya gna amount. The larger and heavier 
your backpack, the harder you wil find the 


‘dal for ough tray uh 3s montis or desert pack annsscan cary 
Serious went A Horeca traniprt wp to 20 perc of ts hed wen, 
camel an carry avait of yp o 990 (450 ba) —athough 330 (150) 
‘snore comion-—but youl neo fact the animals fond ad water 


jour. Ifyou have akeadyrutlessly pared 
‘your gear dovn tothe bare essentials, ry to 
‘eice the weight or volume ofthe lat itself 
First concentrate on te big thre items: tent, 
sleeping bag, and backpack. Consider using 2 


The sf he ice wil determin theamunt andthe wight of gear yo ean 
‘ke wih you tutyou sould have to conprom ety enum cane 
packed pol boes—ateprot storage contaiters wih abard plastic 
teror—thatcan best apt the outset the vel Thema sue ll 
bethewebhtvesusfulatithoheavthevei, te more ils 


‘hooped bivy or tarpaulin rather than a tent; 
fetes ligiter sleeping bag—some can 
weigh as ttle as fb (09 an consider 
buying a backpack with a iter frame. 


ns 


CANOE/ PACK 
reavanrooar ff VEHICLE YP qygny |) MoToReYcLE 


Sime kayaks and canoes are designs tober lad of wp to660 BOO Kh, 
Inclucng the rafts occupant) so you shu beable tata allt you 
seta ger ps. 2 ha, your posit tothe wate leaping 
your goa dry isthemain pry Woh and spsceestristns da ppl 
for roe vere 


technologies. The study identifies 12 deployment 
scenarios that are more diverse than thase origi- 
nally envisioned for legacy RATs, such as LTE 
and its predecessors. It also identifies key perfor- 
mance indicators (KPIs) and other requirements 
for 5G NR. The bulk of the study was completed 
in September 2016 to provide guidance to the 
ongoing technical work being performed in the 
RAN working groups. However, the study item 
will remain open until March 2017 to match the 
IMT-2020 timeline and ensure all IMT-2020 
requirements are captured. Final results are 
documented in 3GPP TR 38.913 to be included 
in Release 14 [32, 4]. 

Study item on NR access technology: In March 
2016, 3GPP TSG RAN approved a study item to 
develop the 5G NR access technology capable 
of meeting the broad range of use cases defined 
for SG. The study seeks to develop a single 
technical framework capable of addressing all 


usage scenarios and requirements defined in TR 
38.913 for e€MBB, mMTC, and URLLC, with an 
emphasis on forward compatibility. The study is 
scheduled for completion in March 2017; results 
will be documented in 3GPP TR 38.912 to be 
included in Release 14 [1]. 


5G standardization activities in 3GPP will continue 


through 2020 and beyond, as described next. 


Emerging 3GPP standardization 
timeline 


In March 2015, 3GPP announced a tentative stan- 
dardization timeline for SG based on the ITU work 
plan timeline for IMT-2020 [33]. Since then, a 
more detailed timeline has come into focus as study 
items have commenced and completed, and as the 
3GPP TSGs coordinate for the initial release of SG. 
‘The timeline shown in figure 4 is a composite from 
multiple sources. 


FEATURE 


2016 2017 


2015 


2018 


2019 2020 2021 
5G Phase 2 
‘Specification | Commercial Commercial 
Deployment Deployment 


FIGURE 4. Emerging 5G standardization timeline for 3GPP. (Figure is a composite from [34] and [35] that includes additional data 
from various sources) 
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PRIORITIZING YOUR KIT 


Hat ptets 
However muh gear you decide to take, you shoul sf, 

gyoup nividuatems intoane of tres catagories land ‘ae ils i et 
Fisting, second-line, ari thrd-lne—accarding ta ther Fan coo aay 


importance to your survival in a worst-case scenario 
iS very unlikely that you'l be able to carry al of your 
exit af the tin, 2nd in an ener gency situstion 
youmay not have time to gather ial Lagether, However, 
by prigritizing your gear beforehand, you'll have all your / 
eccential items on your persan, aF clase enough to grabs gulak ona exiy occas 
21a sevonds note 

Witor both: 
FIRST-LINE GEAR Sploaute 
row a "oon burt gain the mia ratine af aovonc er 
gear (see right) is your basic survival equipment. If sornething cs 
goes wrong ard you have to aban the Bulk of your gear 


‘tn avoid inury, or death what youre standing ins all Wiistnic: choose 
youll haveto help you survive, Festi gear sould therefore <p sasaith 
Conse cuca items of cutdoor dothing, along with } ghncompas 
assent lms forratgation ant safety, Your tustoraft Stinetar 
nie rested, and bet pou make up your bat order 
tceepn.60-61 oul reed to rstassss your porter Sclptone eco na 
sivaton an adapt your et prortes accordingly, a8 peewee 
coniitions charge rearing that your fistne gear mar ord ce er nak 
alte astheday progresses, Bear in mind that a removed 
layer of dating goes into your backpack i's no longer part ieee 
ofyour fistine lt. Baltes ma erow 

ste cooyan 
SECOND-LINE KIT en ee 


ego in your suntv 
Secord-ine gear 1s everything you would need to stay safe 

on adally basisunder nerrral conditions, It.can either be 

packed in a small day pack, or contained in pouches ora bel, 
‘he ideabeng that you carry haba! Urres, For example, @ 
climber may decide to eave the bulk of his or her equlernent 
{third-tine ges) while attempting to reach the surnmit of a peal. 
By proceeding with irst-and secondine gear, the climbers 
s2orficing equipment for weight and speed, buts tl safe, 

235 they have the essentials en them, Examples of seconde 
eer can ilu! 

A spare set of dathes,a buy sack, and cordage 

1 Emergency rations and first-aid Mt cee p. 280), 

1 Hessinine stove (see p.58-59) and tems to make a Hot dnc 

' Matchless freset (se p. 112, and a metal cup 


THIRD-LINE GEAR 
‘Also known as your *sustaent leadthicne gear (AU ts Melle 

(5 essentially the equipment you need to keep yourself Acflasblight is a piece of first-line gear, even if 
alive and to function for longer periods of time, How ‘you con't intend to be cut in the dark, kecause 
much third-tne gearyou have ll ultimately depand en Situations can change unexpectedly. Modern 
your made of ransport andthe ari af equipment Flashlights use LEDs, and are small, lightweight, 
you can cay Examples cf third ine gear clude hpowertul, and very efficient. 

1A form of sheltar—a tenor aLaautin Opt for a “hands-free” 

¥ Cooking utensils, such asa stove or cooking pot heaclamp and tape a spare 

wm Abackpack set of batteries to your 

Food stores head-band Also include two 

4 Asleeping bag and sleeping mat miniature Photon (LED) 

Ay large water contaers orhvdration packs flashlights in your survival 


ash and sanitary items kit (see pp. 60-61) 


44 


BEFORE YOU GO_ GET THE RIGHT GEAR 


CHOOSING A BACKPACK 


BACKPACKS ARE DESIGNED to enable hikers to carry 
large loads cornfortably. They are made from a variety of 
materials, most of them waterproof. However, you should 
always use a separate waterproof bag inside your backpack 
to ensure your sleeping bag and spare clothes are kept dy, 
they are of litte use in a survival situation if they get wet. 


WHAT DO YOU NEED? 


INTERNAL FRAME PACKS. 
Interna-frame packs are 
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CARRY ONLY WHAT YOU NEED 
RegarilesoF your pack size, you ae the 
ho has cary it Fin a group, many 
cointnnalits can ie shar. Ty nto 
double upon basis fa party af four does nat 
need four tubes of toothpaste example 


compression trae 
ved ui a foe 
cartes of pack pe 


Your choice of backpack will depend on a 
number of factors How long is your trip? 
How much ds you intend te carry? What 
type of gear will you be taking with you? 
The answers to these questions wil 
determine the size of pack—known as 
the “capacity’—that is right for you 
Pack sizes range from 30 liters (a day 
pack) to 80 liters or more (suitable for 
trips lasting a week or more). 


BACKPACK FRAMES 

If you have chasen a meclum-to large-sized 
pack, you wil have to dhoase betwen an 
internat or an externalfram e vac 


DAY PACK 
Day hikers can sometimes tnd 
themselves in trouble because they 
are not carrying the appropriate 
sxquipment a protect them from the 
elements, A day pack provides you 
with the means o carry essential 
iterns suth 25 food, water, maps, 
compasses, and protention from 
cold and wet weather on a day tin, 


Eatiocors 
strapping atous 
‘pout alae gear 
tore cutie 
then 


ie pooch 
‘ca ewe 
iecanya 

ter bette 


narrower in profie tran thee 
evieral-frame counterparts and 
‘end to belonger, with either one 
or be internal compare 
an very few pockets on the 

outside, The frame's integrated 
‘within the pack and usually 
consists of stays or flat bars 
about] in (25 mr) wide and Yoin 
(Gina) thick, made torn paste 
Straps on the cutside alow you 
‘to compress the nak, wh 
prevents the tems ide the 
pact rom shifting and throwing 
‘you off-balarce, 


Aiton compartnet for 
ul acess to assert arm, 
‘such gs wet weather gee 


EXTERNAL-FRAME PACKS 
Anextarnal frame houses the 
park ona lightweight tuoi 
Trarnework. They are great for 
heavy loads, as the pack sits 
more squarely on your hips 
They are also cooler to carry 
than intemal-frame packs, as 
the air can circulate bet 

{your back andthe pack 
Enteral-frame packs usually 
have more packets on the 
puts, which allows you to 
pack your items by catecery, 
rather than packing everyting 
Into ane ar two compartments 
Thismakeslovsting terns ¢ssiar 
‘anil allows you to ungck only 
the compsrtment you need, 
rather than the entire pac 
Chest and waist straps 
‘ensure acomfortable 


Extra toms 
‘an beatached 
athe rane 
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FITTING A BACKPACK 


nee you have chasen 2 backgack of the right size, design, arid features for your trig, Lond-iftersirge>can 


seul have omakesure hat sa canfetabeh, You wl nes someanactiey, Reporte iaee 
‘but here are a few tips for ensuring your new pack sits comfortably on your back, 
ak toes 
aie oh 
aes ame Sree 
ie sae Saar 
wets eet 
tea 
oa loots 
taseat eee ‘st comfortably 
oe 
First measure your back, The Make sure the pack is a You can now fine-tune 
pack you choose should be comfortable fit, allowing ‘the pack’s fit by adjusting 
vasedn the erath four torso, Tor any exalages of lthn, the shoulder and hip sao 


PACKING A BACKPACK 
Always pack in reverse order: the MAKING A SIMPLE 
items you need first should go in last, PACK FRAME 
Heavy items should be placed close sae eelantaie hae 
to your back to prevent the pack something to catry your gear willbe 
pulling away from your shoulders. a huge abvantage All you need to 
a - make your own improvised backpack 
ep rage 
tens topo isa knife, some wood, some cord, 
and a waterproo! shee, 
carta Gut alight 


cia Sahat ce 


Lft @0 cm) below 
‘the point where: Gut matches on all 
itbyanches leaving three ends of the 

about 37t m) foough and tie nats of 


cord around the notches 
to serve 25 strags to a0 
over your shoulders, 


above the fork 


Hot stane my 
Pom huider 
widen 


to overload 
oe ‘your improvised 
Wren iour gear haugrourdsheet backpack even 

‘oF waterproof poncho and tieit though it should 
-ashigh as poscible onto the frame on be able to support, 
the side opposite the strans. a good weight, 


Cony 


vwatortottie libothelowe | secure lawaptent 

Inanugright comoartment extrawater tothe 

andaceanhie — forskening onoutstie bottom of 
festion bazon mat ofeach the pack 
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DRESSING FOR THE OUTDOORS 


MODERN OUTDOOR CLOTHING is technologically oe 


REGULATING BODY HEAT 
Uo be tempts to eras, Seat oan 


advanced and highly sophisticated, New materials and 


designs are extremely idhtweicht, durable, and versatile. sokeyovareuchac taeda caer 
To make the most of your gear, choose the fabrics and Barge of epee can ve you 

* veal : ‘erate (aye, ving bers 
combinations of clothes most suited to the environment Fabs YoU thal We ESET 


and conditions in which you are traveling, 


LAYERING CLOTHES Pea etch 
The eof ayerrg kes sel prrercing 


youteragboe te 
light layers are better than one heavy ‘edly tompar ative 


layer Wearing rutin layers gives you 
flexibility 4 fine-tune your temperature 


by taking off or putting on layers to Bose ier 
regulate your body heat. Choose fabrics weberttie 
such a8 wool, fleece, microflesce, and these 


down—all of which are good insuiators, Outer tre: 


preentertstire 
from antaring wie 


HOW LAYERING WORKS. ‘fteutng sweat 


Layering is effective because it rensair 


foebween the 
youstay warm in any environment. If you 

‘wear the correct layers in therright order, pies 
your clothing will move sweat away from yay RE 
Yyour body, keea moisture out, and hela Trailing 


ak fats in 
valle) cot ear 


“to keep you insulated. WW 
fabries, such as polypropylene, in hot 
and old weather. 


‘THE LAYERING SYSTEM 
Theta (outer layer repels ain, while dampness 
ls wicked away from the sin ty the base ayer 
closest to the skin, The mid layer sinsulatethe cayered gives: 
ody and help retin wart eso give 
Persp wera urder 
Reindvops are pager Iaitusiant 
spell by oe Fem ties fons help 
‘or ajo protect 
tos gers 


Fleece but 
{phe ft 
that reat uch, 


‘ve ehan st 


aise 
Bante 

Banks: coring the ston 
pit ots be Bia 
themes inaertart pes 

Breathable! —_Seecel sprite IPoyaroayene econ yeu make 

iatergrof miflayer mesh basesayer heresocting gear 

iter iger 


WARM-WEATHER CLOTHING 

tS vital to stay as coo} as possible in warm weather 
‘tb avoid heat exhaustion or heat stroke (see p. 272) 
Too much exposure to direct sunlight can cause 
sunburn andl dehydration, and heat vashes can be 
exacerhated if sweat Isnbt able to evaporate properly 
Choose breathable fabrics that will keep you cool 

and protect your skin from 
the sun, Stay hydrated and 
always wear abiat 


Desert hats combines 
theshatoringirtaof0 
sepa cap wh te eck 
protectionofabondara 


Jase: yoir outer 
ier sboldted 
ease ig jek 


shirts coos one 
‘mais from moisture. 


Shorts: the ngs 
‘of conver 
ears can be 
luge fo mats 
thar ita stevts 


Panis ft ongt 
‘comers pants 
protect protect testis 
frominsectsard he 
fects ofssrbuen 
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COLD-WEATHER CLOTHING 

Incold weather, you need ta pay particular attention to 
your elath ng layars, Use a lightweight ase layer, which 
will wick moisture from your skin, several layers of warm, 
insulating clathing, and an outer shell that 

wateroroot, The seer ta tables to adjust 
your layers as your body temperature changes, Remove 
layers as your bod temperature 

rises ta avoid sweating. 


Std most ales to 
foap you focowarmand 
remo ig 


Josef wit awn 
oracyrtticogubairt, 
Qiwindoof estar ker 
lit eto tosay war 
noxposed urounegs. 


occ: wieing ae 
Layer coe cera 
‘Biever wel 


lowes: cold 
nuonments 
Seera lars of 
fot the 
Shear You 
Ge afferent 
gars eaquted 


Leggings: 
weg setting 
Feggingsre wer? 
luster waters 

"ean: 
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WET-WEATHER CLOTHING ylncoses 
Sudden downeours can oceur almost arywhere and it force al tom 
iseasy to be caught out by then, The best fakries to Seton bond bebaek 
wear i such conditions are those thal are breathable, ori 


waterproof, and allow sweat to escane—the best Focdecordiea 

now af these is Gare-Tew®, Alvays carry the gear tetera yer poncho 
ssary to say Warm and dry and makestire you can emai toa stator 

a acters quchly I you. are eau — hear poche! gaa 

be the difference between comfort and misery 


HOW BREATHABLE WATERPROOF 

FABRIC WORKS 

Breathable waterproof fabrics alaminate of three 
layers: two layers af nylon on either side ofa thin layer 
microporous talon, which contains try pares—80 
‘tenes smaler than the width af a hurnan hair—that 
keep rain droplets out but allow perspiration water 
vapor) to escape, 


rl of your footwear 
Id. Firstly they cushion the feet and 


Socks are a vital 
fun on is to: 


prevent boots from rubbing and causing blisters. Secondly, Waterpevof joked: 
ther keen te Feet warm and oy a wicking moisture aay towel essage 
from the feet. Note that socks made from breathable sceactamaeiaibinaeel 
watergroof fabric can be worn with regular boots but itetpeoch ponte, 
should not he combined wth areathable weterpraf boots Hep uraseacyh 
Agood pak exstionedd TT \ 


Sa feta 
nae ee | > 
‘ory bas }) CAITERS 
) Gattersate use, 
A | both in temperate 
2. areas for keeping 
e the feet and lower 
rennet pai cy are 
WickiNe sock WALKING Sock ipo cegins 
‘Alighttweight inner sock The thick fabric ofthe a eeaing 
thathdpswidemotsiure walengsoc outs 


-raximam cushloning 
rt, and protection, 


FOOTWEAR 


A number of factors determine which type of footwear is 
right for you. The first concerns your personal requirements, 
which include the shape of your feet and the amount of 
support you need. You also reed to consider how far you 
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BREAKING IN BOOTS 
Your oot ad feet shoul coast in 
prefect hattony when you're on the tai 


are traveling and the type of terrain you'll be covering. Then ‘When you buy a fait of boots, wear them 

there is cast: footwear varies fram the relatively cheae to the Se os 

extremely costly, Bear in mind that if you intend! to spend a en : 

lot of time in the wilderness, it pays to invest a little extra 

incomfortable, sturcly footwear, Afi fri uener 
An acai “Ghustie fot iobreae 

Ca ‘fous fot todrethe 
archi: {iste ears 
‘nella MUO es Poke stos sng 


Aboot sok has several kyers to pectect 
a supoart your fet. Lak fra good 
‘wend on the outst and fe cashing 


Serta an fo ate. 
atone cats _Jnetatines 
ioonsheck, foot eget 


soe 


ulsenath 
saree 
forebkiy SANDALS 
Moder sandal designs offer 
‘reat support, and are exit 
Comfortable, while offenng 
-aiitional ventiition 


outs 


Heel up eres 
he igo 


igh pers toe 
dof your pats 


‘hs patted anki proce: 
‘comnort and support 


cans uppers 
sredesgnesto 
gp foot co 


Sole govt a 09 
per aout 


Sole contains wide, dee stu to 
prose orp oe wot groan 


JUNGLE-TREKKING BOOT 
This s a high boot mate from rtp 
leather and carvaswith a directly 
‘olde sole. Breather toes in the 


HIKING BOOTS 
‘A-cormpromise between weight, dural, 
and protection produces 8 goad, al-round 
leather boot with 3 sole oThard-wearing 

ruber suci33 Wibrar, water-resistant 


Uppers, snd vslustle support for te ankles, moisture m hal ar hurd coriitons, 


Mecere santa as soy 
‘onstrted soe 


Insten aid venti ation nd help to drain 


Shocaborting sol tes 
ake comfort a had tren 


LIGHTWEIGHT BOOT 
Fabric and leather hybrids are 
Increasingly popular because they 
Comnibiie the support ari traction 
of a heawer shoe with theflexiilty 
‘sports shoe, so there is lass 
or on the fot, 


varanars canbe ae for 
fxtiggrb on oe and sna 


GLIMBING/HIKING: 

HYBRID BOOT 

More flexible than tradi fanal climbing 
boots, mosernnybrid boots are designed 
tobe wern with eramoans and ta Kear 
the fat warm in very cold environments 


oof 


TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 
IN THE WILDERNESS 


USEFUL EQUIPMENT 


= Walling staf BLAKE STANFIELD, 38, AND HIS 65-YEAR-OLD FATHER, 
anes e sanat minor | Neil, endured being trapped beneath river ice, 


= Animal deterrent spray encounters with bears, and four days and nights in the 
= Water purifiers Alaskan wilderness without food. They survived thanks 
penninsienor to good survival skills, knowledge of the local area, and 
‘= Survival tin, bushcraft knife an abundance of water and firewood. 


on Friday, June 6, 2003, 
a. They 
ly 90 miles 
disaster struck—the 
hrowing the pair into the freezing 
pulled under the ice. Somehow 
nk 


Father and son were dropped by float 
ata remote Koyukuk River, 


(245 km) to the town of Be had h 


raft crashed at speed 


ich to haul his father to the riverbank. 
“THE RAFT 
ksand CRASHED AT SPEED 


weir supplies lostand INTE A MASSIVE 


n for si days, their prospec a 
ight approaching they built a shelter. SHEET OF ICE 


lence of two s— 
it he had reached a landmark on 
interior, so he built a signal 
t spotted him and radioed his position to a US 

airbanks, th -way radio 
p the river to find Neil, dropping him a sleepir 
nen were pi 


the Tinayguk 
the flight pa ly 
fi ted, Two days 
B20 km) awe 
hen continued 
fore radioing his position to the Army. Both 
urished, and close to hypothermia, b 


t alive. 


kos you are 
re you ate, you wal 


ratify people of your plight by any 


‘You are faced with surviving for 


anindefiite period—unt 


WHAT TO DO 


ARE YOU IN DANGER? 
<< NO YES > Elements —Find or |mpravse 


Get yourself out of it 


Immeciate shelter 


mp ASSESS YouR STUATION Animals—Aveid confrontation and 
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rave away-frem danger 
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you eanrct survive wh 
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survival, rescue, oF both 


DO 


2 Make anjnforrned decision 
the best locaton to move to 
levated poston from 

table area for 
and rescue 


2 Regulate your clothing t 


ig and hyp 
‘when static 


walking staff tahela 
reduce trips ard fal 


2 Flan your route around 
potential or know 
sources Fi 


= Have. 
accessible while moving 
ad deplayed when static 


you > — canvousurvive 


ve Locator Beacon (PLD, you 
should consider this option 


al WHERE YOU ARE? * 


essons why you should eran, 


youwitt 
WAVETO 

non Moves* 

tind 

ssival 


= Ignore your tr 
constant lookout for dey 
tinder! ining and fue 
valk Caster than the 
slowest person 


5 Be caress when walon 
dbyaill—at 


= Under ot 
offa walk lot 
‘and adel oF rere layers 


_ << NO VES —> 


‘that offers abetter chance of 


€ 


bulldina forn 
insects fleading, 
deadfalls 
= Inventory your suppes 
‘ and ration them 
DON'T eep afire going: once 
Itestablished you can 
Leaverfood jn your 
ampsite as twill be at isk usel-te purify water, 
from predators : ‘wart, 
ler too desp inthe 
woods despet the pratacton 
st ghes you rom at dothing with dry foliage 
and use ae a mattress oF 
pillow to insulate you from 
the cold/damp ground 
= ifinagroup, give 


‘lds need tole seen 
unidertified food, 23 
‘auld exacerbate your 
situation through fine Bveryonesa 
‘dis nota criertyin a 
cr stern sluation 
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SLEEPING SYSTEMS 


REST IS AS ESSENTIAL for survival as food. A good 
night’s sleep can offset much of the worry and stress ofa 
difficult situation. Making sure your shelter & suitable for 
the environment youre in, and choosing the right sleeping 
bag, can be vital factors in survival 


SLEEPING BAGS 


Although there are many different shapes and styles of sleeping 
bozo, the one yau chaose should have enough padding to keep you 
‘warm at right even without a tent. A sleeping bag must never be 
allowed to get wet, so always keep it inside a wateratoof cover, 
such as the bag's stuff sack or a bivy sack, Always try a sleeping 
bag before you buy it Ifit's too snug, it will be lass effective 


Locking mechani. 
teaps the pond closed 
cat weather anda be 
\osonod die tates 


DOWN OR SYNTHETIC 
Sleeping bags are made with ether a down or a syrthetic filing. Down is 
made up of hight specialized insulating feathers, normally from sucks or 


geese, aid is Unsuifaasved when t comes to a warmith-agalrst-weight vaio, 


However, iti ineffective when wet and can cause an allergic reaction in 
some pes, Syrthetic filings range fran simake hollow fers al the 
‘way ua to complex fibers designed to mimic the structure of down 
“They stl etain some ofthe insulating capacity # they get wet 


TIPS ON BUYING A SLEEPING BAG 
‘There are onary types of bag avaiable. Here 
area fee things vou stoule consider to 
cesta yeu buy the right sleeping bag for you. 
s Delarmine the lope temaeature wore 
Tike enccurter an yourtsip and chowse a 
tag that will pf at this ermperators, 

‘= Syithetic bags ave cheaper and exser 
{to oean than down bags, an onetiwe 
provide nsoaion eve wher wet, 

Dawn bags. are ore expensive tan 
suite Haas but are a beter 
‘warmth to welsh ato and ast ong, 

2 A musinyshiaped bag ped eller 
inssatonthana recangubyshaped tna, 
fut has es ona to move aroun, 
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wyoie seeing on you se 


io toattacs 
ojeaping ag to 
the steypiog at 


Introducing SG 


10 


‘The initial SG study items in TSG SA and TSG 
RAN commenced in 2015 and 2016, as described 
previously. These initial 5G study items will be in 
cluded in 3GPP Release 14. This work is carried out in 
parallel with ongoing LTE work. At the 3GPP plenary 
meeting in June 2016, the TSGs agreed on a work plan 
for the first release of SG in 3GPP Release 15, includ- 
ing a clear work division between the TSGs [25] 


5G work items were scheduled to begin in 
December 2016 for TSG SA and March 2017 for TSG 
RAN. The Phase 1 5G work items will fall into Release 
15, with planned completion in June 2018, Additional 
5G study items will continue during Release 15 in 
support of Phase 2. Subsequently, the Phase 2 5G work 
items will fall into Release 16, which will be com- 
pleted around December 2019 in time for the final 
submission to ITU for IMT-2020. Phase 1 commercial 
deployments are expected to begin in 2020, followed 
by Phase 2 deployments in the 2021-2022 time frame. 
However, early pre-SG mmWave deployments may 
emerge in limited markets, such as South Korea or the 
United States, before 2020. 


For example, Verizon Wireless has announced its 
plans to pilot a 28-GHz mmWave deployment in the 
United States for fixed wireless applications start- 
ing in 2017 [36]. To support this effort, the Verizon 
5G Technology Forum (VSGTF)—an industry con- 
sortium led by Verizon—published an open radio 
interface specification in July 2016 [37]. The Verizon 
specification uses an OFDM-based PHY similar to 
time-division LTE (TD-LTE) with enhanced beam- 
forming for operation in 28 and 39 GHz mmWave 
spectrum. However, with the initial focus on fixed 
wireless, the first release does not support user mobili- 
ty, The Verizon specification can be considered pre-5G 
in the sense that it supports new mmWave capabilities 
beyond 4G but does not address all the use cases and 
associated requirements for 5G. The Verizon specifica- 
tion is expected to be incompatible with the eventual 
3GPP 5G standard, potentially leading to market 
fragmentation [38] 


3GPP phased approach to 5G 
standardization 


3GPP TSG RAN will take a two-phased approach 
to developing the new 5G RAT [35]. The Phase 1 


standard will define a new, non-backward-compatible 
5G RAT. A subset of prioritized features and use 
cases will be addressed in Phase 1 to allow for early 
commercial deployments targeted for the year 2020. 
‘The Phase 2 standard will implement the full set of 
features and use cases necessary to meet the require- 
ments for 5G. An initial proposal will be submitted 
to ITU asa candidate radio interface technology for 
IMT-2020 by the June 2019 submission deadline. The 
Phase 2 standard will later form the final submission 
around December 2019. The Phase 1 standard will 
be designed for forward compatibility with Phase 2 
[35]. Forward compatibility means that Phase 1 must 
be designed from the beginning to optimally accom- 
‘modate all of the features and use cases expected to 
be added later in Phase 2, even though those features 
are not yet fully implemented. Although the forward- 
compatibility requirement may sound straightforward, 
it represents a fundamental shift from the normal 
3GPP standardization process, which historically has 
focused on a series of backward-compatible releases. 


While prioritization of features between the two 
phases has been a topic of much debate, it is clear that 
the 5G Phase 1 standard will support tight interwork- 
ing with LTE to simplify initial rollout, The phased 
approach and tight interworking with LTE means that 
elements of the LTE system architecture may persist in 
5G deployments for some time to come. This implies 
that current and future work on LTE, LTE-Advanced, 
and LTE-Advanced Pro networks and technolo- 

gies may have direct applicability to eventual 5G 
network deployments. 


Standardization in IEEE 


Initial 5G standards activities within the IEEE sug- 
gest that they do not intend to be a direct competitor 
with organizations like 3GPP on the radio interface 
between the RAN and the user equipment. Instead, 
IEEE has begun developing complementary technolo- 
gies to support other communications requirements 
within the 5G ecosystem. In 2016, IEEE established 
two new working groups related to 5G: IEEE 1914 and 
TEEE 1918. 


TEEE 1914 is the Next Generation Fronthaul 
Interface Working Group. This working group is cur- 
rently developing two standards: the 1914.1 standard 


TEMPERATURE RATINGS 
Because manufacturers have na 
standardized way of registering how warm 
leering bag is, temperature ratings for 
ina bags remain an inexact spience 
Some manufacturers give a bag bath a 
comfort rating and a survival rating— 
known as a ‘season rating’ These give 
sotne indication as to row rrianufacturers 
expect asleeping tug to gerforn. 


CONSTRUCTION 

The arincile of al sleeping bags is the 
samme’ te trap air and prevent ts ereulation 
so thatthe body heats the trapped air and 
keeps you warm while you sleep, This can 
be achieved in arumber of ways 


BOXWALL 
Used incoli-weather 
down bags.the fling 
recontamad within 
occa sctions ta 
rrinimize bunching. 


SEWN-THROUGH 
Filing iin separate 
val chan 

although heat is 
stilllast through 
the stitching 


OFFSET CHANNELS 
Tie filing stad out in 
‘bo layers th prevent 
bunching and heat loss 
through the stitching 


S. 


SHINGLE 
Slanted layers of 
‘overlapping fibers 
that filth warm 

we art ald insulation 


USING YOUR SLEEPING BAG 

af using your lepng hag, bays chek 
its frspiers a oer angers ard 
shalt to rae soe the flings dsr 
sen Daring uf the bag is tno ary, 
slo neo to exo dawn or use ig 
asa dui. Fs too coker put on some 
‘abthing cr use asin orwatepnot bi 
bag tninoreae ts pertormance. Abmaysair 
your sleping ing we aft using 


pe ——______) 
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ee ee a 
HE trae use MN conto use 


SLEEPING ACCESSORIES 

‘Youll need to get a sleeping mat as well asa sleeping bag to ensure 
comfortable, dry nights sleep, Additional gear, such as bivy sacks 
sleeping bag lin’s, and inflatable pillows, will also increase comfort, 


‘Shevter mets ray 
“aifca ins 


tortor cover 
Vwatersrorg norsk 
ospster raters 


sieplestorage 
AIR MATS 

They may be hear and more 
esensive than fosm mats, bul air 
mats provide superior comfort 
and thertrialinsaton 


FOAM MATS 
‘The lightest and simalest type of mat, 
foam mats are best used on soft 
surfacas, such as sandr pine needles. 
Lberscapbe used 
onli ove 
etelnates, 


PT eran 


Z Gye zaser fo was 
thar sees bons 

SLEEPING BAG LINER, 

Usually made of cotton or sil, 

sleeping bag nara trap ak between 

your bory and the sleeping bag, 


wane strates, 
Diy sacks ena 
ye to shea outside 
vathout a ert 


BIVY SACKS. 
simple waterproofbag that isused 
vera deeprg hag tolceepit dry or 
used an fs awn as a shelter, 


ter tar of Forever body teat rom 
tow peel for eseng ou deel 
‘xtra cantion 


INFLATABLE PILLOW 
Aninflatable plow adds some 

luxury to expedivons, Aternainvel, 
filla sfPsack with spare dothina, 


‘SPACE BLANKET 
Alightwaicht fol blanket forusein 
emergencies, space blankets can 

asp beused 36a tariporary canopy, 
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PORTABLE SHELTERS 


Shelter from the elements at right is essential for long-term survival 
A variety of products are avallable to you, depending on the corditions 
youre about to enter and the amount you're arepared to carry. You can 
choose from lightweight options, such as hammocks and variations on bivy 
sacks, and the more traditional alternatives, tents, which are heavier but 
can accommodate up to eight people 


USING A HAMMOCK 


Atoays use 


Ifyou have @ harniiock you can carne even if he ground is mucidy, rocky, oF eee 
ov an incline, The atvantage of a hammock isthat i's lightweight and can domogiog ve 

be erected just about anywhere, Modern hammocks provide a shelter and ees ond ‘ 
bed solution in one portable package, rote the bark . 


Moke rath rao 
‘sgh 
Pammcckissrong 
rough osugteré it 


dara heeis oe 
‘signed toengite 
(eerstostep tar 


USING A TARP TENT USING A HOOPED BIVY 

Acrossbstween a tarpaulin and 2 tent, 2 tarp tent is The hooped by is a waterproof and breathable bivy sack 
abighly versatile, extremely ight form af shelter thats that has heen designed to form one-person shetter. Tt 
capable of withstanding even the most extreme conditions, usually inesyenrates pega ing poirts and a zigpered ar 
Groundsheets should te lai cut on the ground for added hagjed entrance that form a small vestinule for your 


ptatection and asutatle sleeping tag is essential. Aone- _laackpacke Many incor gorate alheavy-duty grouridshest 
arson version can weigh a ite as 18¥2 07 (052 kg) and can be set up and taken down ina matter of minutes 
Tetingpaes ie oy marae 
Some top canoe Meepastsnal andere init not moar 
tents cone Pee er es a jraltersireiedo 
vite aaa stpronpaaton 
etn for 
wpotectin 
agaist ey capes pve 
theta tnt 


Tuli ec 
demearoure pronides ita! 
store jor you gear 
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USING A TENT $Y, 


Tents keep the rain and wind out while retaining warmth, WARNING! 

‘The outer flysheet should be strong, impermeable, taut, and Insome cline vancitions, such as extreme igh winds, severe 
able to withstand high winds The inner tent—ohich may be torts orkeay new ove sakes anc gine may cok be 
attached to a fiyeheet —Is lose and made of pexmieable enn an he tek setae to the wun. This eal 
material to minirnize condensation but yetain heat. The janer reauftn be fet being flaw aweay—and caulk! haveseete 
and outer parts of the tent must not touch each others if consequences forthe tents ocsuparts. In such conditions, use 


they do, heat may be lost and condensation may form on TELE ESE SSS ESE 


‘ihe undeysice of the fysheet, then seep into the tent, 


THREE-SEASON TENT 
“Thtee-season tents are desined for use in avariey of climates, The 
inne’ aver istrade of aightweght material tra ofers bat vation feteseznatesioner A dooe 
and ptotestion againstinsects, The fvsheet—tich diould extend an romfihaet ‘minted on 

about 4 (10 am abeve the ground-—ane the groundsheet are made |! vntlete seething 


cf waterpreat fab. abestor 2 
Seftotes 

attach the mae ia 

ear bored 

povieotaly ot 

cto fesoet 


‘YATH FLYSHEET 


ayes anchor 
thetont srcuely 
agai gh wis 


canjersaton 


‘WINTER TENT 
For cald-eather climates lock for ater that offers extra strona poles, 
storm windows, and ample packets so that you can store your gear {pt to anter but 
inside the tert, However, these extra features increase the tent’ weight, #eaz/nsects cut 
The dome shape sheds snow wel ane withstands high wn 


Comcdersation 
‘Soong ats 
essave ond 
‘tops sheet 
from tooching 
i a 


Dorms haps prevents 
Dea accusation 
of se 


Uonéttan 
saber 
snevecoes ob 


poor weather WITH FLYSHEET 
vec oews| 
cuts to cent 
Sresrnie of 22 staid ‘sith eaving 
Ful enciesed poh yal pales| se 
sfocias provide extra ‘ prac ekealant ae 
okilyinpocr wectior — WITHOUTFLYSHEET ——_ stabeiyin tora winds 
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EATING ON THE TRAIL 
THE FOOD YOU EAT determines how efficiently your Sy 


body will function. This is never more important than when | BODY FAT AND SURVIVAL 


; Bing sical fit and are eeps ou 
youte undertaking an expedition that wil test your physical Sry pre ey bby 
and mental endurance beyond normal levels Sith neva ta ben 

tage in a survival situation: 1 
FOOD FOR LIFE Ee) 
Your body requires energy to fuel the chemical and biological aaa contartier ae: 
reactions that take place within t, and to power your muscles, 
This, and other nutrients, comes from the foad you eat (see below). 
TYPES OF NUTRITION EXAMPLES: BENEFITS 
1 Re sta ea ance + Movant 
Ses anttise ut realy ogo thy 
cansonvorate UB ale reeedine fh 
‘= Chocolate andcandy 
estan paitiy + Sellout ander te 
1 Fuchu asa "easy sana ene be 
PROTEIN + Eogsand diy procs and ough fatigue. 
= Beans, legumes, and seeds «= Makes you feel satbied after eating, 
ats and tes 1 Gotsoucect meray 
«= Thiry products, such a5 butter and cheese = Makes you feo satisfied after eating, 
Far «= Meats, such as bacon and sausage 
+ Oxkig ot 
1 Freandly testis + oes oko digetin 
{eae are ands {Hs tondeyon eli 
= Whole grat cereals 
+ Wsoma tad vile pt andro i 
+ frehanddedt + Etro ante pat 
VITAMINS + Gaanicgtales baste. 
‘AND MINERALS = Met and fh «Help you tomaintan healthy teeth and ayes, 
= Nuts and seed + Aids bbodflow and the production of eneray. 


BALANCING. YOUR ENERGY LEVELS OES 
ou enlace ner hatyouexgerdan a = e . 

daily basis through the food you eat. The eneray 228 22 sas 
Gureionmolciesctncmea | 

‘you require a certain number of calories each boa 

Gotormanaleityeicosinetoty 8 soon} 

cakes youwliosewaght Hovew, sang & 

ttomaryeares wileto wekhtgan wich 22 

eae eas 

Co ee = 
thos sich yur age and el of ty von 


{Gee righ) When you don't replace the eneray, 
expended ancl continue to work, youstart to use 
the energy store contained in your body's fat. eerie 


ACTIVE AETIVE ACTIVE 


WILDERNESS DINING 


Even if youre only going on a short hike, you should take food with 
‘you, such as fruit and chocolate, to replace the eneray yoxire using. 
For longer expeditions, youll need to take a number of different 
foodstuffs—for energy and for variety. 
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‘TYPES OF FOOD 


BREAKFAST CEREALS 


‘AND DRIED FRUIT 


EXAMPLES 


«Tal mialsokrown as an" 
= Mueslorgranol 

aime 

red 


BENEFITS: ] 


“Provide ata source ol ata aos vita, 
and erlstoet you apa theta the dy. 
+ Conan tay ite toa cet, 


= Cookies and rakers 


+ High incartohyatesto es you maintain 


* Ee brsad crea anol bs every bes 
TRAIL SNACKS. «Fruits, such as apple, pars, and rans + Help tokasp your hunger pangs at bay between 
 Nutsandsets watts 
+ ehytaadeeream + Froviea quest seo when reutad. 
enon sts [IR seh see sob 
= Puddhigmices, 


PRE-PREPARED 
MAIN MEALS 


* Boke togmea—you ran buy 2 wide variety 
of full preparedrnels, sew fl an. Conk 
‘orf toseun mints. 

1 Feed and dey atedmesl=—npy a bog 
ters and wal abo Tver tes, Exteel 
Vghteight and take up tl space. 

= Came meali—2 eat arty them are aval, 
but thayarbuky and ea, 


+ Prova balanced range of fndaraups, vans, 
and mineral top your hyo eco rida 
ialattethedy exertions. 

+ Qui and ey to prepare andrequ few ses 

+ Mary require ook he cr wat 
tovebydrate he 

+ Canbetaled out wth beans, gues. and ah 

+ Smaller caneray hae aul toon hem 


‘MEAT, FISH, AND CHEESE 


Canned ft such as sardines ort 
 Caredneat, suet as ha slam and eet ky 
* Hardchese suchas cheddar and parmesan 


‘Agents fot and its, 


“Easy sere and eng sting. thom cans 
‘have than ther sources of fod 


BEANS, LEGUMES, 
AND GRAINS 


* Lents anddred pas 
* riedbeans and perl bary 
ice and pasta 


+ Can be wed to uh up name nah 
ypoutofel fl 
+ An ipertant source carbolydaes, 


Ona + Aba pro erate, 
Fou + Fu anda canbe wet ale dua 
ast + Sugar anda eb to maw fp, 
= Sat » Sut an abate sauce at that cane 
Sugar iaedtoagebmet ma, 
= Pancedun + ar ad arty toa eb 
= Tematopuree +» Especially useful you're cooking with wild food. 

FLAVORINGS Bac nee 
«Gray cbes 
Tee «Provide warmth and comfort, although they 
sore aol intednuitonal le. 

BEVERAGES eee: + Doubt oer igh incites, 


+ Dredmik 


* Dvedrmiks an exelent source of aia. 
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CAMPING STOVES 
ALTHOUGH NOTHING CAN BEAT the satisfaction of building ny 


your own campfire, the convenience and reliability of purpose- TRANSPORTING FUEL 
made camping stoves make them an essential piece of cooking i kona. 
equipment, especially in areas where open fires are banned. ‘your expedition safer: 

When ing pcr fa 

Container ug inthe mi 
THE BENEFITS OF CAMPING STOVES Sees 
Modern camping stoves are very light and collapse down to an ‘with clothing to protect it from 
incredibly small, compact size. Gas-fueled stoves are by far the most Jevocks. Make sure you can access 
‘common, but liquid-fueled stoves are also worth considering. Bath iteasly when you reach camp. 
have their own advantages and disadvantages (see below), but your Prue traveling 
choice will be dictated by space and weight constraints, the distance East z 

‘ = Ensure that your fuel bottles, 

you're traveling, and environmental factors. A hexamine stove is a. look very cferent from your 
good item to have in a survival situation (see opposite). ‘water hotles to prevent confusion. 

= If youre going on a long expe 
CHOOSING A GAS- OR LIQUID-FUELED STOVE dektesabatyftete 
‘Gas-fueled stoves are safer, cleaner, lighter, and easier to use than liquid-fueled ‘and consider how you wil dispose 
‘stoves, but are less economical, and not suitable for low-temperature, high-altitude cof cylinders safely. 


use, Liquid stoves offer greater stabi 


fuel versatility and economy, but you need 
to pump and prime (preheat) them before use, and they are less clean, — 


GAS-FUELED STOVES: 
8 i 
BUTANE OR ISOBUTENE PROPANE BLENDED FUEL 
PP) = Botitueks son dsposbl pressured» Fuel sol dnl pressurad «Fuels diposable press 
Fe caters cater casts 
3 + i motor stoves and 1 Tsai bane propane nd 
= torecu ri inkutete, 
+ Lahivet salen + Light eld cra, + Ligeia 
«Euan ay fier andouns a 1 Fars tayo steady he + Fs arth prepropane and pens 
ahh epertare, anipodce a ant sates Rae, bat tha ether puebute ene 
«inte nr ct than bane 1 Pros vary wal col contin inact 
an pera beter cl cond + Toten blends amore fice ane 
«= Hicher cost and lower heat cutput than = Hicher cost and lower heat output than «= Hicher cost and lower heat output than 
o ‘iguid fuels, Aiquid fuels, Nhquid fuels, 
FA) -tucefionyredued thigh abides, Flefiienyedued ath attudes, _« Fultfilereyredeadathighe ates 
EEN = sutncless ce tan kate * Highly const es sate tan 


tntemperatures below 50°F (10°C chal 


USING CAMPING STOVES SAFELY 
Always take care when storing the fuel and using your stove, Use 

only the stove manufacturer's recommended fue, and check all 
connections and fittings before each and every use. Also: 

Clear the cooking area of dry vegetation and leaves in case you 

spill fuel or knock over your stove 

«Place your stove on a level and stable surface. 

+ Keep naked flames and sparks away from the fuel, especially when 
filling or refiling the stove, Before refiling, make sure the flame is, 

out and the stove has cooled down. 

1 Use the cooker ina well-ventilated space. Liquid fuels, in particular, 
can give off poisonous fumes, such as eatbon monoxide, and all 
cookers also burn vital oxygen. 

= Dorit use a stove inside your tent. In addition tothe risk of poisonous 
fumes, fire is also a significant danger: A confined space with limited 
access, your tent can be reduced to ashes in minutes, along with 
everything inside, and you may not be able to escape in time to protect, 
yourself: Losing your tent and your equipment is bad enough, without 
you receiving third-degree burns at the same time 

= Dorit leave a burning stove unattended, [Fit topples over, it could 
easily start a fire If the stove flame qoes out, a spark or naked flame 
could also ignite the vapors and cause an explosion. 


LIQUID-FUELED STOVES 


WHITE (COLEMAN) FUEL MULT-FUEL 


‘THE HEXAMINE STOVE 

Avery useful piece af emergency 
equipment, the hexamine stove 

(or hext-stove) burns solid blocks 

of hexamethylenetatramine (also 
Imnown as "methenamine", and folds 
‘away compattly. The stove acts as a 
small windbreak and cooking platform, 
voile the fuel blocks It uses provide a 
‘ery rellable means of starting a fre 
Inany concltions. The blacks produce 
smokeless flame, dont quay while 
burning, and leaveno ashes. 


Wolsactas 
wind brek 


DENATURED ALCOHOL 


+ Fuels nab ans, + Stowecan use avarty of, ron 
nkeaded os, kerosene (naan), 
ate uel pd white uel todesel— 


nos of wih rere ayalabh, 


+ Fuel sold in dsposable platlecontaers 

+ Sve basal tosis oa ese 
‘totum thefulin and windshield 
tatalso acts as coking platform, 


+ Fuel can than iw apres, 
hi altudes,andmost weather cents 
+ Prosesaclean lame. 


» Stove uses a range ut 

+ Ful snon pressured, 20a be stowed 
safely abst any att conta 

+ Stove tends toperfor ably icity, 
and uth prodeengaot fame, 


+ Fuel nongresurie soca bestowed 
safely inal ry aitiht contin. 

+ Econoal and produces chan ame 

Slowest, table and ae 

Usual supp wth pts ad pas 


| sous |] Notzywoant 3NOLS 40 3dAL 


+ Siove must te pumped io gereate + Potent or spilae of fmmable ue, 
requredpresaeforuse, + Stove ust be pumped generate 
Fueled tobe primed Fequedpresaefor uns, 


1 Ful edt be pied, 
+ Some futprodce ot cmos fumes, 


Potential silage of fanmabl fol 

+ Stove slower feat up than ater Iq 
stows becuse tsnotpurped. 

= Flanevlterbletowndand othe 
nonmetal ender 


‘shoo 
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YOUR SURVIVAL KIT 


ABASIC SURVIVAL KIT is an essential item to take with you on 
any outdoor expeition, It should be compact enough to carry on 
your person at all limes, and its contents should address the key 
principles of survival protection, location, water, anid food. 


EXAMPLE OF A SURVIVAL KIT 


(Choose a tin with a watereraot seal and locking elasps. While you ean buy ready 
made kits, you should always adant the contents both to your needs and to the 
érrvironment youllise in, eally, tems in the survival kt should be high-quality 
and multipurpose—for example, the tin itself could be used 5 2 cup, a small 
cooking pot, oF even a signal mirror, Your kit should contain the following LAYERS OF A SURVIVALTIN, 


LAYER 1 LAYER 2 LAYER3 


Biistor modialpadsand bandages: + Antiseptic wipes trating cus + ater purifiationtabets: cos or 


etl nr usar bles Abe ‘andcleanagbites Canals beignted ‘abl ore (but coitus one 
age ofinmdapes bth wategof and bya sparc useito gta fregong, ne alert to elit). Water 
‘aio assertion of sze Wateproal Salles to be itered etre eng pure 


tandsgescanaise ne used mend ols 
intersandtorauls 


LAYER 6 LAYER 7 LAYER 8 


+ Waterproof matehosand tinder bale 


Survival saw oF pocket china: + Fstlghts:tino sl Pon LE) kts — 


ca be wapped a-und the insde of tne wile on etapa noi peton —_—firslartng hes See tethes in 
Uoetinor eu sansa = Min multHtoo: see ae oft a al reset esti 
+ Singl-edged raza: purpos— Chea ansehen + ene sopanadat oth ns 
‘om tinng annie catig * High vizeard signal mir jot aid.» Potassum permanganate: 3h intr 
cord Sores padagn, PANG LGT MED tostee teow cormettion ato 
= Neetleand cotton: ston, “ne frestottampor: stato ies, asad aiheortiln Ca a 


at citi, pets theo 
Theneale 


‘ous wthsuetonelolie Stoeing 


+ Snare wire: fr aninal traps sting, saterprin tae, 


vour survivat «rr | OL, 
te 8 


|gsscksors, oper oat 
fom theta 
ofthe muttoo! 


CHOOSING A MULTI-TOOL 
Auseful item toscarry with you on your tig, 
mutt-tools ae usual designed wth a specific 
‘22k oF fobay in rind, and include useful features 
for survival such asa small compass pliers, 524, 
andvarlausbolades.lse one that has quality tools 
that most suit your needs, with a comfortable grit 
anf ensure thet the blades are lockable to wrevent 
injuries Carry your multno| a secure pocket, 
or ina poush on your bet, and inohude 2 miniature 


Rotating mecbarises 
nai Bo toot 
vofots compact 
wher ma tne 


\ersion in your survival tn (S26 below), Bear in ind 
‘that your mutt-tool should le an addition to, not 
‘replacement for, your hushevaft knife (2p, 146), 


Petroleum jelly spiyto hep s, 
rashes andres Canal besimaret 
ct tampons te make tem bur ger 
Stoeing smal eseatle pst ag 


LAYER 5 


+= Waterproof notepaper: aia 
maps fang messages 

* Photograph loved anes: polos 
Incntein a sural seer 

* Credit carton eflesiveers of eavacting 
inea ngs (oe pp. 256-47), 

= Money r2pnedin cologne 


Needlenose pees 
befor 

inating ers ar 

Fev eating wire 


LAYER 9 


TIN LID SEALED WITHTAPE 


+ Now lubricated condoms: an eu to 
fairy wae ors wen! ener fr 
small en, schas your oil phon 

= Mini shing lt: yeuare nest wate, 
‘ishean teaser cain regard 
coakthannaanalsFsingline sande 
alse fr her suri aks, Sal 
tontainasdectin ofl, fe, anes, 
and pits 


* Sallmaer sneedes: il pwroe—oan 
beusaacat amo pi or formsieg 
tents and tarpon Wi eysarebest 

Safety pin: fo stung otine 
sx dng your Seep agent 

= Min gloweticks(eylumes: use or 
‘niet and sa orstonae 

* Single-edged razor: pose 
(eeLayer6) Sareinits pada, 


foal on nob 
cig fr sety 


ADDITIONAL USEFUL 
ITEMS TO INCLUDE 
While your survial tins size 
tnay berestrictive, you gan 
always improve your kt with 
items that ean fit on'your belt, 
or in abet pouch, knawn as 2 
“bet order” This wil form part 
of your first-line equioment 
seep, 43) 

* Space blanket or aluranum fot 
canbe used as asain deca 
‘or shelters to cary, store, an reat. 
‘wat. bo cookin. Man are dusl- 
‘ied: one siver the other green for 
cameudlage, or orange to stand out 
Plastic bags you an never have 
‘ornare Numerous uses—irum a 
svaler carter transpiration haa 
* Medicines (such as painlllers 
and anlibiotes): sould not replace 
your main staid jt, tut ensures 
‘youhave some basics youre 
‘separated fom your gear 

= Small candle: nce li, this 

-vll provide reliable lame that 
you can buldyour fire arcu, 

1 Nylonsteckings: canbe used for 
svarmth, or as an mpreised water 
iter, mésquts ne, or fishing net 

= Small AM/FM radio: battry- 
sr solar-powered 

* Surgical tubing: natlasyou 
‘reach waterin otherarse 
inaccessible rock crevices, 

= Fire tinor mates tre sot: 
-alfcortaines methods ofstarting a 
re, when no natal fuel is uaiabe, 


for packet-based fronthaul transport networks and the 
1914.3 standard for radio over Ethernet encapsula~ 
tions and mappings [39, 40]. These standards focus on 
the fronthaul interface within the RAN between base- 
band units (BBUs) and remote radio heads (RRHs) 

to support novel RAN architectures like C-RAN, and 
antenna techniques like MMIMO and coordinated 
multi-point (CoMP) transmission and reception. The 
projected completion dates for these standards are 
August 2018 for 1914.1 and October 2017 for 1914.3. 


IEEE 1918 is the Tactile Internet Working Group. 
‘This working group is currently developing the 1918.1 
standard, which defines a framework for the Tactile 
Internet [41]. The purpose of this framework is to 
establish a basis for the rapid development of the 
Tactile Internet as a 5G and beyond application, with 
the expectation of additional IEEE 1918 standards to 
follow. The projected completion date for the 1918.1 
standard is October 2018, 


‘With respect to IMT-2020, IEEE may seek to 
expand the role of WLAN in 5G as a complemen- 
tary radio interface for next-generation HetNets. In 
September 2016, the IEEE 802.11 working group 
sent a liaison statement to 3GPP TSG RAN and 
TSG SA inviting them to consider the use of IEEE 
802.11-based WLAN in unlicensed spectrum as a 
complementary means of meeting the performance 
requirements of IMT-2020, potentially leading to 
inclusion in a joint submission to IMT-2020 [42]. This 
approach would be a logical extension of the increas- 
ing level of interworking between LTE and WLAN 
in recent standards releases. WLAN is already widely 
used in 3GPP networks for high data rate offloading. 


Recent enhancements in radio-level interwork- 
ing have increased the efficiency of these networks. 
Enhancements include LTE-WLAN Aggregation 
(LWA) and LTE WLAN Radio Level Integration 
with IPsec Tunnel (LWIP) in 3GPP Release 13, with 
further enhancements in 3GPP Release 14. Although 
3GPP declined to make a decision at the September 
2016 plenary meeting, the concept of a potential joint 
submission could represent a novel approach to IMT- 
2020. In contrast, previous generations of IMT saw 
IEEE in competition with 3GPP, with the submission 
of the IEEE 802.16 WiMAX family of standards to 
IMT-2000 and IMT-Advanced as a direct competitor 
in the 3G and 4G markets, 


Conclusion 


‘This article provided an introduction to major tech- 
nology trends in the emergence of next-generation 5G 
mobile networks. These networks are expected to see 
initial commercial deployment starting around the 
year 2020. Early 5G standardization activities in the 
ITU, 3GPP, and IEEE were addressed. 


For further information on the latest developments 
in 5G, the interested reader is directed to the follow- 
ing resources. ITU publications for IMT-2020 can 
be found on the IMT-2020 web page [24]. Notable 
documents include the ITU vision for IMT-2020 [19] 
as well as the technical performance requirements 
for IMT-2020 (scheduled for completion in February 
2017). The 3GPP web site (www.3GPP.org) is the most 
direct source for 3GPP-related technical information. 
3GPP press releases provide high-level summaries of 
ongoing standards activities and often include links 
to more detailed further reading. The latest versions 
of the 3GPP TR and TS documents mentioned in this 
article can be accessed there as well. Information on 
the IEEE 1914.1, 1914.3, and 1918.1 standards can be 
found in the approved project authorization request. 
(PAR) documents [39, 40, 41] and the correspond- 
ing working group web pages. Lastly, the Verizon 
mmWave specification is available on the VSGTF web- 
site (www.5GTForg). This pre-SG specification defines 
layers 1 to 3 of an open radio interface using a docu- 
‘ment structure similar to that of LTE. 
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WAY 


Before you set off 01 er, an ‘hat will 


0 use your location aids 
e proficient with a 


expedition, water, st 
allow yo 


}ors experience 
a survival situation, you will be 
d with cisions. You 
may have t vhether to stay 
where yc or 
move to tter 
d rescue. Your 
tively—whether 


1 decisions during your 
If you understand the a 


and most appr 


In this section RT TMM eres ae 


how to use your map to tell the lie of the land... 

that the path ahead |s as long as a piece of string... 

the difference between eastings and northings and an ERV and a GPS... 
how a detour could be the most direct route... 


how to navigate using your hair... 
why an anvil of cumulonimbus is no fair-weather cloud... 


by using a map and compass or by 
using natural features—will play a 
major role in your decision-making 
process. Whilst a Global Positioning 


System (GPS) is an excellent aid, it 
relies on batteries and technology— 
both of which can fail. 

‘An understanding of weather 
patterns will also allow you to evaluate 
conditions and make informed decisions 
as you travel. The ability to assess your 
situation and modify your plans means 
that you will be able to avoid many 
potential survival situations. 


a bearing 
71) and navigate using pace 
counting (see p. 72) could prove to be 
ial skills in a survival situation, 


TEST HOW ACCURATELY you can walk 
(on a set bearing and pace out a set distance by 
following the exercise below. If you have stayed 
gs and your pacing has been 
our starting point 
ka suitable area where you can walk at least 
(100 m) in any direction, Don't cheat by 
heading for y cer! For this exercise to be 
useful, make su ur bearings and 
count your paces to navigate, 


Place a marker on d another 
the ground Dial a D° to your 
latest bearing, Dial a 
in 
‘our example) onto 
your compass, 


Walk on your 
inal bearing for a 
futher 
You should be back 
at your starting point 
original bearing 
Dial this new eo 0 6 
(230° in ou is : 


onto your © 


starting 
(200 m) on your new on™ 


bearing, then stop. 
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MAPS AND MAP-READING 


AMAP IS A TWO-DIMENSIONAL representation of a three: © THE LEGEND. 
dimensional area—from a map you can determine distance and Topographic maps inearporate a 

i legend, oF key, which deciphers the 
height on the ground. If you are able to readla map, and can fe fey wich dcr te 
interpret the information it contains, you can visualize what important to familiarize yourself wth 
an area looks like and use these features as landmarks to make the symbols used, as this will help you 


é visualize what's being represented on 
navigation easier. Your map is very important, so keep itsafe. jetta Mints ti meson 


examples ave listed below 
UNDERSTANDING MAPS 

Although there are many types of map available—with varying levels PEatiyneg ND NATURAL 

of detail and scale—topographic maps are best for hiking. They show re pes 
important features, such as rivers, roads, railroads, paths, buildings, 

and forested areas, and also depict the lie of the land through the =) Sort sondord shine 


tise of contour lines (see opposite) to represent height. 
Vertical focercf 


These smb represent Contour ies jan pats 
‘the vegetation ype sfequal eight 


Be 


Loose Boulers Outomp — Seree 


anfrous trees 


a, 2, Nowaoniteaus trees 


Monoges woodiond 
040,048 Orchard 

Seub 

rockon heath, rough grassond 


‘Morsh ee, oF wetlands 


TOURIST AND RECREATIONAL 
INFORMATION 


We watureresere K cumpste 
Fohingorea —& watts Tats 


THE SCALE 
Hiking maps are always drawn toa 
scale provided in the legend. This 
arratioaf how much you woul have 
to enlarge the map ta reach actual ize. 
41,28 000—whereby 4 om on the map 
equates to 1 km on the ground (2¥in 
‘a 1 mile)—is the most useful love of 
detail for hikers. smaller-scale of 
150,000, for example, wil provide 

‘a mare basic overview af the terrain. 


MEASURING DISTANCE 

Maps are drawn to scale so that you can use them to 
accurately estimate distances on the ground. Being able 

to measure distance is important because it means you can 
calculate the most direct—and eneray-efficient—route to 
your destination. tn a survival situation, every last bit of 
‘energy counts, so the shorter the distance, the better. 


USING THE GRID LINES 
“Thesimplest method of measuring distance on a map 

'stouse the pr nes—on a scale 1:25,000 man each grid 
syare represents L kan ttraveling dlagorally across a square, 
its approximately L5 km). You can aso lay a piece of paper 
between the two points, mark thestart and end of your route, 
‘and place it underneath the scale ine ta read the distance 
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USING STRING OR SOLDER 
Invariably you wil deviate fram a straight ine and will have 
ta navigate araund obstacles or bands. far beter way oF 
measuring distance is th 

itaround your intended route and transfer it tothe sal ine 
Sober sire use wire that Islead+tre) is even more accurate 
because it halds its shape onthe map and remains Rexibe 


fore to take a pace of string, curve 


CONTOUR LINES 

Topographic naps feature lines called contour lines. A contour joins points 
‘of equal height above sea level, and allows the topography of the ground 

to be depicted in detail, The contour interval is specified in the legend—for 
iniaps with a 1:25,000 scale you would usually expect to see a 5-mneter 
vertical interval between eacti ling although for naps of mountainous regions 
this interval may be 10 meters. The ability to lok at the contour lines, and 
imagine how they tanslate to the ground, sa sil that takes a litle while 
to acquire, but once mastered will allow you to read a imap more proficient. 


USING CONTOURS 
Knowing how steep the graund is wil realy Improve your navigational kil, as wel 
as your route planning (see p.73). Walking up ancl down his uses a lot of eneray, so 
itis far better to fallow the contour lines an your map to ga round hill instead, 


These numbers 
show the height 
‘bove ea fre) 
inmaters 


Wien the lnes are 
loser together the 
ond issteper 


GRID REFERENCES 
‘Maps contain qi lines, which help 
‘you locate a specific point anywhere 
fm a map, usin a unique number 
kriown as a gid reference. The vertical 
cid lines are calle "eastings” as they 
increase in value as they travel east on 
the map, The horizontal lines ate calle 
“northings.” whee these perpendicular 
lines cross creates the grid 


‘WORKING OUT 
GRID REFERENCES 

Use the numbers on the grins and apply 
the easting number fst. Onascale 

1:25 000 map, where the grid nes are 1 km 
‘apart, the shaded area onthe arid below 
would have a four-fiqure grid referenoe of 
2046, and indicate grid square that is 
‘Lian by Lh. Ta be mare accurate use 
six-figure number—mantally divice the 
square into tenths The crass would 
therefore have a arid reference of 185445, 
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GET YOUR BEARINGS 


IN ADDITION TO understanding and reading maps, it’s 
important to know how to orientate your map to the land 
50 you cant use it to navigate. It’s possible to do this by 
sight, although in most cases you'll need a more reliable 
method and for this you should use a compass. Use your 
compass to determine direction, orientate your map 

and yourself, take and plot bearings, and navigate, 


HOW A COMPASS WORKS —ssilieyating 


cssfalbenreadrg 
: tat aps 

A-compass needle is a magnetized piece of 

metal that, when allowed to rotate freely, 

will orientate itself to the North and South 

magnetic poles, Always hold a compass level 


Manet arow 
STANDARD COMPASS ‘asamaoul 
“Thisstandard orienteering Sika commpass 
is good compass for iking Tt allows 
youto set your map and work out 
distances using the printed 

scale on the base 


Bompass hovsg 
canta: the 
ocala 
th pin of the 
compass mare 
‘ongoteuly, 


rotate 


a 


the needie to 
aon to settie 
‘more gat 


Hote for 


adacting 
‘loan 


OTHER TYPES 
OF COMPASS 
There are many different 
types of comaass, ranging 
fiom simple bution 
eonpasses to comple 
instruments that include 
features such as sighting 
mirrors, Use a quality 
compass thet suits your 
needs, and garry’ simpler 
bbactue for emsraencies, 


thecompase 
Bastown 


BUTTON 
The simplest compass 
avalable—its small see and 
basiclevel ofdetal makes it 
ideal as a hackup compass 


FIXED DIAL 


‘Aswall asthe basic points 
of the compass, degrees and 
bearings are alsa shovwn 

‘onthe immotaale dia 


Le 


CARDINAL POINTS 

“The four catia points of the compas ar 
«= Noeth (W)—07/360" 

= Eat )—90" 

» South ($)—160" 

= West W270" 


we 


Dieeton of travel 
row indies the 
‘rectonte nick 
poushouda wale 


apace setae 
Romer magsures 
detonceaia map 
‘raf jou were 
se gers 


e 


ea bearinos 
arate nox 
ln gnactarsion 


, 
4 The clenting of travel qrrow 


8 anon Bed 

‘thn te 

compass bousng 

dt aligns ith 

orth on te 

eas 
"rotating ait 


ein save i eee 
Wintecmees potent 

‘ousing ana align with ‘beara 

the eastings on 0 map 


tating oat 


BASIC ORIENTEERING 


With arotstina dial thishas 
simpler markings than the 
standard compass above, 
ands lal for beginners. 


SETTING YOUR MAP 


Walking with your map setallows you to read the ground from 
the map as you pass over |t, and to recognize and predict features 
as you progress, which means that youll soon realize if you are 
heading off course, In some cases, when you have a goad view 

of the terrain around you, and know the approximate area you're 
in, you can simply rotate your map until the features line up with 
the corresponding features on the ground, However, using your 
compass is a far more accurate metho. 


Rotate the dal so that 
"W? sits under the index 
lin Lay your map flat on the 
round and ensure there is 
nothirg rearby that could affect 
your comnass (see box below). 
Lay the compass on the mag 
its edge runs paral with 
vertical arene feasting), 


sce tot be 
alana ot recone 


moval tthe vertea! 
rit es en ce ma 


eezing orienting ines 
aligned wt te gnd lines 
conthemap, rotate the entire 
‘map unl the north magnetic 
needle onthe carnpass sts inside 
‘the orienting arrow, The mas 
row set bo magnetic north snd 
shoul basically ve up wih the 
features that surround you, 
2 Tf magneticvarationin your 
areaishigh ¢ 9°), compensate 
_ccordinaly (82 rit 
Stiegl owe 
‘ned 


TAKING AN ACCURATE READING 
Aways hol te soma evel fo allow the 
need to rotate eal, & compass iss 
‘a magnetied eve ef and as sch, 
issusteptiblefoiterfience To avon this, 
never ase youe compats near: 

Meta or other magnetized objects 

= Electric sare, sich as ovhead 
higttesion power cables 

1 Balls and veieles—these ffi 
contain metal and eeceisiy that might 


affect the acaarary of your compass read 


LENSATIC 
“Thelensatic compass 

is ariescalentinstrument 
Tur taking very precise 
navigational reasurernenits, 
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MAGNETIC 
VARIATION 


Map legends refer to north in three 
ways; “true north,’ “arid north," and 
"magnetic north” The angle between 
magnetic north and arid north is 
known 2s "magnetic variation” and 
is provided in the map legend, True 
north s the direction of a meridian 
af longitude that converges on the 
North Pole, Grid north ruins parallel 
to the vertical grid lines on a map 
and differs from true north 
because a mapis flat, Magnetic 
north's the direction indicated 

bay'a magnetic compass 


MAGNETIC GRID TRUE 
NORTE” NORTH NORTH 


ee jagea 

oy ee 
oo es 
ae oe 
re as, 
nr 

uae 

nee ce 
magnedlc ere 

ae 


COMPENSATING FOR VARIATION 
When converting a maanetic bearing to 
<2arid bearing orviceversa you have 

{tp asst for magnetic variation, Vien the 
variations west, use the phrases "Blay to 
gnd—get rid or “Grid to mag—ade TF 
‘the variation seas, the opposite applies: 


‘hedl the legend of your map to 
establish the magnetic variation. 
‘This depends on your location, and 
‘whether itis east or west of arid north 
‘I?the variation s O°, there's 
ro magretic vanaton affecting 
‘thecumrpass, se make ro adlustrents, 


IF converting a magnetic bearing 
‘to a grid bearing with a2" west 
-vanation, take off the 12% With an east 
‘vanation, add it on 
“eorwerting grid bearing to a 
magnetic bearing with 212° west 
‘tiation, add on the 12% With an east 
variation tacetoff 


70) on the Teant_rinp your way 


TAKING BEARINGS 


Always glve any compass work your full attention 
Rushing it, especially when working out bearings, can 
lead to navigational errors that could, at best, Involve 
more walking and, at worst, get you lost. 


USING A MAP 

Using your mae to work aut the direction in which you 
read to walk is simple, Use your compass as ayoratractor 
‘to work out your bearing, and then to keep you on track 


BACK BEARING 


‘A ack bearing enables you bo fied your pasion by taking a 
‘bearing from a feature back you. To cote take a beara, 
toa gui inthe cmtal ay an ea rsa 180 
ae can also ead she bearing exact opposite the 
inex ne This ate hen workieg ont the bearing oma 
fest ecto you ad arsenng your map (= bes). 


USING FEATURES ON THE GROUND 
Sometines you may need to take a bearing to a specific 
point to navigate toward , The point may be a feature that 
‘you can see at the time but may subsequent lose sight of 
luring your journey because ofthe terrain, You can also aot 
‘that bearing and others on 2 map in order th work out your 
tw position (see right, and panel, far right) 


TAKING A BEARING ON A FEATURE 


Pointing your carnpass atthe festure, hold the base plate steady 
an rotate the compass housing unt the onentng arrow sts 
lirectiy under tre north reece, Read the bearing—ihis ts Me 
‘magnetic bearing you would walle on ta 
havigate ta the feature, 


Reqd the magretic: 
Bearing fromthe 
Indo the 


Direct og 
tel row. 

pili tow 

‘jou estnation 


vento nes 


Lay your map on 2 flat surfae, ensuring that theres 
rathing nearby to interfere with the compass reading 
(ee box, p69) 
® Lay the edge of your compass s0 that it runs between 
the paint you want to navigate from and the point you 
want to navigate toward 
1 Ensure that the direction of travel arrow on the 
compass is pointing in the deation you want to travel 
‘om the map. 


TRANSFERRING A MAGNETIC 
BEARING TO A GRID BEARING 

It isimaortant that you know how to transfer a 
compass beating from a feature (armagnetie bearing) 
‘nto 2 map (a grid tearing), For this exam cl, imag ine 
that thermaanetic variation is 12° west. 

1 Take abeaving on your chosen feature eee left) 

In this example fis 45° magnetic. 

18 You want to plot this bearing on your map, which has @ 
atid, so remember the phrase “nag to arid—get rid” You 
‘would therefore subtract the magnetic varlation 12°) 
from the magnetic bearing (45°) which equals 22° 

1 Dial this revised beating inta your earnpass. 


TRANSFERRING THE BEARING ONTO THE MAP 
Place'te top left comer of the compass base plate aver the 
Feature on your an, Keeping it tere rotate tiv entire compass 
Lunt the renting lines are paral! withthe verical gid ies, 
Draw a iinefram tne feature down the left 3deof thebase pale 
tomp your beanng, 


GET YOUR BEARINGS 


Eras 
eietiigavow 
insets Se 
aria agit 
gid tne ‘aime 
Petoorgen 
the nate 
Feagesear hn 
eon 
enti tnes 
nw algredth 
deition 


Walcnie 
tree neat 
by disavow 


‘rtertato the 
compasssote 
hort magnet 

Big ats 
asdcoreath the 
anioting aro 


Turn the compass housing around until the ovienting 
arrow and the orienting lines within the housing line 

up with the vertical gril lines on the map, Read the bearing 
betereen the tevo points from the index lineon the eampass 
* For this grid bearing to deliver you successfully to your 

stination, you'll eed to convert it to @ magnetic bearing 
‘oy using the magnetic variation information on the mao 
legend (see p, 69), Add of subtract your figure, and adjust 
your compass accordingly. 


FINDING YOUR POSITION 

If you are unsure of your position but can see 
features on the ground that you also recognize 
marked on your map, you can take bearings on these 
features with your compass and transfer them onto 
‘your map (see far left, and left) to accurately 
determine where you are, This process is called 
“triangulation” (also known as resection” in military 
terminology), Youll need to transfer your compass 
bearings inta grid bearings 


AT A KNOWN FEATURE 

Tf you ate at of on a known feature on a map—such 

a5 ariver, 102d, of track —and you oan see another 
resngrizabe feature, you can take a learig on that 
feature and mark it on your map, Where that line crosses 
your known festure is your position In the example below, 
you kow you are somewhere along the banks of a viver 
and can see a church that you van idertify on your map. 


ia 
La 
pe 
eae = 
ars 
: St aa 
eke 


1h oer to walk om this bea na you must now 
orientate your compass 

1 Hold the cornpass evel and at a height that allows 

you to comfortably lock squarely dowin on ft ¢close to 

‘your chest is @ good position), 

= Turn your body until the north end of the com pass 

needle sts inside the orienting arrow, The direction of 

travel arrow is now pointing exactly inthe direction 

that you need to walk 


NOT AT AKNOWN FEATURE 


JF you are not at a known feature, but can sex other 
recognizable features on the ground that you can identify 
‘and locate on yeur tap, you car take beatings on these 
features and transfer them to your map Tn otder to do this 
‘you need to fectures that are atleast 1 km (fornile) away 
and at least 40° apart. Arter you have transferred both 
foeaigs onto your map, the point at which the two fies 
ros5 will Feveal your exact Iocatlon, For greater accuracy, 
plot a third feature onta your maps The! ines wills and 
form a triangle—your postion willbe inside this triangle 


@ Extent @ Werathe 
Bears bask boo ger rose 

fompoth lt elects a 
poureatin 


\ feotres 


Extend these lines 
further over the map 
Until they eross each other 
= The point al which the lines 
crass shows yaur location, 
w= TF you want to be more 
accurate, repeat the process 
‘with a third feature 


Using your compass, 
take bearings to the 
features on the ground. 
= Tanefer these bearings 
to back bearings (S22 box, 
above left), and draw them 
‘onthe map fram your 
chosen features 
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ROUTE FINDING 


WHETHER YOU ARE PLANNING to walk a specific route, or 
are in a survival situation and need to move to a safer area or 
to one that offers better chances of rescue, being able to study 
your’ map and calculate what you can achieve in a certain time 
can mean the difference between reaching your destination or 
spending a night in the wildemess. 


CALCULATING DISTANCE 


There are several methads of calculating the distance 


you are walking, and a seasoned hiker will always 
Use at least two of them at any one time, 


PACE COUNTING 


Pane counting involves knowing how many paces 
yyoutake to.cover aset distance and then counting 
‘he as you travel Ibis reason aocurat, 
Distarces are usualy caleulated in meters 
and kilometers, and most peoale take 
approximately 60 paces (120 stens) 
every 100 m. Try any’of these methods 
= Cub Orotches in your walking 
staff, Move an elastic band down 
annich every 109 m, 
* Use pace counting beads 
(ppece of wiesbing with two 
sets of beads divided iny a central 
Ino}, One side contains rine 
beads to court off every 100 m, 
and the other has four beads to 
count off kilometers 
1 Place 10 small petbles in your 
pocket, Every time you cover 100m, 
‘ransier 2 peble ta the other pocket. “Ss 
NAISMITH'S RULE 
aksmatisrle ales efasount stare 
ad fopogragty, an is used fr estiating 
‘te dunation fies, 
Allow one hour for eveey 3 eles fa) 
you aloe 
dd 30 mils for wry 925 FE(300 
you wi ib 
= Subieae 10 rinaes for every 985 ft 


200 in) you will descend, However; for 
‘vey step slopes you son add 10 ot 
For every 985 Ft 00 n) you wil descend 


ROUTE PLANNING 


Beeacyoue gute ow into srl 
sev, Ths fos you igalon 
ancl malice he overal destaice seem 
‘bss daunting, [youre in a getup, 
clsigatean emery eencecvons 
(ER) pow ihr ea section if 
soineone gels separaied yoo should 
all bead hore. yay car, mole 
‘vie snows ar safely pint, 
such a8 a cacnpstte, onyour eouta, 


od 


prentheolste 
band reccies 
te botom 
‘oich you ore 
cowed 1k 


USING CUT-OFF 
FEATURES. 

Use your map to choose some 
key features on your route, anc 
calculate the distance between 
‘these, As you pass them, check 
‘them off mertally inyour head 
or plysizaly markyour progress 
fn the nae You then be able 
{to keep track of the distance 
you have traveled wen you 
reach each one, 


EXPERIENCE 
‘AS you gain experienos you 
will be able to build up an idea 
of how long tt takes you to 
caver a farticular terrain, 
Naiemiths Rule (see left) 

is an excellent starting point, 
but there is io substitute for 
picking fixed gistances on your 
imap and tim ing yourself aver 
that distance, You will 
eventually be able to build 

Up a frame of reference. 
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NAVIGATION TECHNIQUES 
‘hen navigating across land youte les ely to get lost ifyou take dest Getwerpies oF WaVIGATION 


‘ou wl ver get fost you know 


bearings from one feature to another, Unfortunately this may nat always 
be possible obstacles such as lakes ard swamps may be directly in your 
path and tt may be easier to walk around some features rather than walk 


ver or through them 


Ala tvanesiae 
of i foatre 


ATMING OFF 
It's easy to find yourself slightly offcourse after avsile. you 
‘wore arin fora small foatbridae over a stream and didn arrive 
enact atthe bridge, you would need to quess whether to turn 
left o right to reach it By deliberately aiming off to one site 

(alsa called “dsiberate oft-et" you can quarantee this direction, 


lear the 
cinta 


DETOURING (BOXING AN OBJECT) 

an obstaclernakes a straight-line bearing 

impossible, use your cornpass to calculate four 90° turns, 
‘stich you wil then need to walkon to pass the obstacle, 
‘Count your paces onthe first and third detours to return 
‘o your origina, intended route ac accurately a possile, 


aceon 


the conact 
beapaate 
He ora 

etination 


STAND OFF/ATTAGK POINT 

Useful when navigating to aspectfic point that may be dificult 
‘to lacate,thistechnique valves aiming aly fer a nearby 
romrinart feature Calouate a dstance and bearing from tk and 
use pacing to accuratlylocate the specific point. 1 you falta 
Fini, simpy raturnt the prominent feature and start again 


ROUTE FINDING 


sa Where you started fine 
‘= What bearing or course you 
fave sen teelng ce 

‘= Hoi far you fae teneled 


CONTOURING 
(imbina up and dove ils can 

expend alot of aneray and may not be the most effective 
imathed of navigating a particular trrain, Instead use 2 
technique called “cortour navigation” This invabves walking at 
the sarneheghl araund 3 feature, wich will conserve energy 


Trorher 


sy 
vibe on 


HANDRATLING 
Follening long linear features tat run inthe genera rection of 
‘your travel—such asriversraad, ar paths—can bean effective 
‘way of navigating. Because you use the features rather than your 
compass, naunation becarmes simpler asthe features are usually 
easy to follow, slight detour toward onecan te worth 


Theovenat 
tare 
greater bot 
Jr effort 
reduced 

ZIG-ZAG ROUTES 

‘Youmay haven attematie aut to cm a steep slope and this 

‘can be shaustng, However if you choose a zig-zag route up 

tha slopeyou can reduce the affortrequired to achieve thecimb. 

“This wil dramatically reduce the strain on your legs, ankles, lana, 

and heart Tts also effective when walking down steep slopes, 


73 


74 | on tHe Tean_rino vour war 


NAVIGATING WITHOUT 
A COM PASS TOOLS AND MATERIALS 


“iu ell eed an impnovized! needle or 
IF YOU DON'T HAVE A COMPASS you can use a few simple ‘aor blade, plus one of tbe following 
items from your survival kit to determine direction and enable = Ktife 


you to navigate reasonably accurately, Advances in technology AF 


have also made satellite-navigation aids more readily available. = Magnet 


s Batty and wire paper and tare 
IMPROVISING A COMPASS ral 
Its relatively simple to make an improvised of yo surat koe ‘needle through 


kept oede rain 
compass using a place of magnetized aie eerie 


ferrous metal, How accurate your 
compass s depends an the materials 
‘you have available to you and your 
own ingenuity. 


SOURCING AND 

MAGNETIZING THE NEEDLE ‘Tap te neeate into Fant 

Ifyou have a compass but its damaged, you ma still be able ond 

tousethe needle from i which wil ready be magne zed wot become crteted 

If this is unusable youl ness to finda pieve of ferrous metal 

‘tormagnetize. Suitable items you could use include: THE TAPPING METHOD USING YOUR HAIR 

mA reseller sarvaliin ceva le Align the neodle as close to Hold the sharp end ofthe 
cece Waewiboe deena ity thenorth-south ineasyou needle perpendicular to your 


pay ile ai ede tellop ee ia ccan determine, oid the needle head and—taerg care not 


= Arazor blade from your survival it i 
fe ny ‘i atan angle of 45 degrees, and to hurtyoursdi—stroke the 
Asmall all or straightened staple taken from a fence gently tap the end ofitwith ——neadle in on direction through 


Once you have your inprovised needle, you will need to anather place af metel Lightly yourhalgusing careful end 
magnetize t, The smaller and thinner the needle isthe tanpingit into ahard plese of deliberate sirokes, Repeat 
easier this will be Use ane of themethors shmun here wood wll norease the efTect, unt the needle is macrietzed, 


Ti ttle 
ALTOWINGITHE NEEDLE. eg Inala ple Mths one 
‘TO FLOAT FREELY ‘remiss suilaoret torewair—apudalsor sera 
nee you have mace your improvised needle ements ronsmagnetic cort ner filed with water, or 
using one of the methods above, you need to fa example. Balance the needle an a small dry 
find away to allow ib turn freehy so that leaf orpieceof paper piece of bark Wave of 


grass, or nse a shortened stra), 


it is able to indicate direction, Take care to 
rotect your needle fram elements such as, i 


the wind, which will affect its movement, | ger ty aa oa 


‘SUSPENSION METHOD ; Tre rect tt 
The advertageotthesuspensonrmethod sigs tpojoe | 

that the equerent is portable and can be intieainae | a 

reused, Ibworks besL with 2 magntized toottace | 

Fazorblade, hiéwllaalanc wl tach eaton 3 


the magnetized blade toa cotton thread and 
suspend it side plastic botlle Ir tha bottl's 
ned is nat wide enough to fit the blade through, 
remove the base ofthe bottle Instead 


PRINGIPLES OF MAGNETIZING. 


Ingeneeal the longer you work onthe needle the stoner 
‘he magnetizatioy wll and te lrger il st. To all 
sate iis mace! isd sufietly hak ene up against 
another mal chjet—ifitis attracted ts the ctetaland 
hasenoagh strength to bol itselfagaist then i lle 
‘trong enough. rice the nee fs ciagnetiza yo wil need 
tallow ito Hat feet (see blow), and then deeming 
‘which en! gins north using natural a such asthe 
‘oan G2epp. 16-77), Mark the north end ofthe ness with 
a pena stall scratch 


eS 


Striethe needle Theend of re magnetced 
JODHImes eed that ath acts othe 
set aoe of re ogre 

vga rary 


+ 


‘The more times ya 
‘bake th ore 
‘effet te 
egreteaticn 


USING SILK 
This works on asilar 
pritols tothe hate method 
but is more effective, Fyau 
have anything made from sil 
suoh as a sleeping baa nar 
cr tharmal clothing stroke 
‘the nese repeatedly m one 
iirection aganstthe sik 


USING A MAGNET 
Strole the magnet along 

the length of the neeile 
repeatedty in one direction. 
Ws agood jdeato carry a 
‘magnet with you tall tines, 
although you shauld never 
leeep it near your compass 
sitll affect its accuracy, 


USING GPS TECHNOLOGY 
A Global Positioning System (GPS) is a hand- 
held unit that uses 24 orbiting satellites to 
‘triangulate your position on the Earth's surface 
‘to within meters. A GPS will allow you to work 
out straight-line distances and bearings to and 
from points, but unless it incorporates mapping 
itwill not show you the best way to get there or 
‘ake into account hazards on your route, Use it in 
conjunction with your mapand compass. 


TAKING EFFECTIVE GPS READINGS: 


obstructs its sania, such as tall buldings or heavy tres. 
canopy, il reduce its ably to lock onto satellites, 


poatares say 


AGPS needs to have a dear view of the sky. Anything that 


NAVIGATING WITHOUT A COMPASS 


USING ELECTRICITY 
The most effective way to magnatize a needles to pass 3 small 
electrical current around it, Use a battery and insulated wires 
alternatively, use brass snare wire rom your survival eit and 
Insulate It using something nor-conductive, such as paper. 


@ Weert reese 
in asmall piece 
of paper, which wll 
insulate t from 
the electrical 


current. 
Y ce 
‘rap the whe eds 
wire tightly Ibereate 
around the full 
length of the 


insulated needle, 


Attach the wire 
to the battery 
Until battery starts 
to get warm—this 
indicates the process 
is complete 
Attache 


ire ing 
ome tape 


cto 


tothenettery 


Recaber tats 
nto aout fe 


arabe, 
terra 
au case 


Aenisont 


senate 
beforeyot 
tra 


‘Set Ont toswbeh off 
‘utoraoaly eter te 
Init 0 Chobateo wort 
Pearoned the GPS 
swlenedon accidental 
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NATURAL NAVIGATION 


IF YOU HAVE LOST or damaged your compass and don't have 
the materials necessary to make an improvised version, use 
natural indicators to determnine direction. The east-west rotation 
ofthe Earth means that you can orientate yourself according 

to the position of the sun, moon, and stars. All you need are 
somne very basic materials and these simple techniques. 


USING THE SUN 


When visible, the sun is the clearest natural signpost to the four cardinal 
points (north, south, east, and west). rises approximately in the east and 
sets approximately in the west ancl at midday. is due south in the niorthern 
hemisphere and due north in the southern hemisphere, Use the sun's 
course acrngs the sky to determine direction and approximate the time 


ORIENTATION 


Tracking the moverent of the sun acrass the sky using a 
shadow stice will erovide an indication of ts direction of 
‘travel, Te sun maves from east to west at 15° an hour. 


Drive stick into 
apiece of level 

round, anc ensure its 

asupright as possible 


‘Walt three hours and 


Place a stone 
place a second stone 
at the tio of penta 
the stiel’s shadow: ela Sees ae 


shacow's tip. 


Toe st shoul 
boguprantnaioy, 
Stim Noh 


‘SHADOW STICK BASICS 


Uses shady sito dentine 
cewetion and time anywhere 
Bolen the Aerie 655°) 

and Antarctic Circles (66.5°S)_ 

‘ Inthenurtier hemschure the 
fads of esti lvoe 

‘the north side of the east-west line 
1 Inte southern hemisphore the 
evesseis re: the shadow of 
‘esi il be on the south 

sade of the east-west line 

= When the shadow is at its 
ories, i mictlay 


—$——— i 


TELLING THE TIME 

Once you have established the east-west and north-south 
lines, you can turn the shadow-stick apparatus into 

2 sundial to give a” approximate idea of the time 


Place the stick at 
the intersection 
of the north-south 
and east-west lines 
owe te shaw 
steko th coract 
poston an te grid 


@ serene 

to the stick, Attach a 
smaller stick to the other end 
of the cord and use to draw 
a7 180-degree arc between 
thetwo marker stones 


A the tnttng te 
bes sooee wil 
po nests 


Place the frst stone 
‘onthe dhe of the 
frst Shao 
Proce the 
secon store 
nthe he of 
Desscond 


‘3 


Draw a tine between the 


A pat 90 aegrece 
tetteeast west be 
wifpott months 


“To find north- 


stones to find east-west south, mark 
the fist stone will beat due west a lineal. 90° to the 
and the second al due east east-west line 


Brawan re 
etwesn the two 
DIY sos 


eee 


fouchingefspoten 

Prdcates Out 8 

roast Sa Te centiol notch 
represents neo? 


Divide the are into 12 equal sections 
and mavkeach division with anoteh, 

The noteties represert one hour of time, fram 

‘6am to. pm with noon at the middle natch 


USING THE STARS 


It’s possible to orientate yourself ty spotting certain recognizable stars Th the 
rorthe’ herisohere, Polaris is heated bcve die north on the horizon fom: 
which you can determine east, west, and south, Find it by locating the Plow 
{aso known as the Big Dioper) In the southern hemisphere, you ean work aut 
‘the aaproximate position of south on the horizonky Finding theSauthern Gross. 


NORTHERN HEMISPHERE ‘SOUTHERN HEMISPHERE 
FindthaPiciy and project aline Pamthe Project a line from the longer nis ofthe 
‘top of the to stars that form ts front. Southern Cross until you finda dark are, 


of sey Project asacond line at 90" from 
themel-pant between te bright stars in 
‘the Centaurus consteliaton, Due south is 
below the point wher tess res mes, 


Follow thisline unl you find Polar, 
‘which islacated aparasimately four 
‘mes the distance from the Plow as the 
listaroe uetween ts bwo front stars, 


USING AN ANALOG WATCH 

Ifyou can see the sun, you ean use an analag wath as a protrant 
todelernine an aperoximate direction. Ensure i fs set to the correct 
local time and that you have taken daylight savings (DST? into axcount, 
Ifyou dortt have watch bul know the time, simply draw awatel face 


onaplese of nner, marking 12 otlnc and the hour hand. This method 
is hereasinaly less effective as you near the Equator 
Beet 
vecae § voneiye NORTHERN 
bases oie hong HEMISPHERE 
foto few hond Hi 
saw foward Inthe northern herisohere 
Bett, ——thesu the cardinal point nearest 
to the suns south, Point 


the hour han of your 
watch at thesun and bleect 
the angle between the hour 
hand and 12 o'clock, This 

val be cue sout 


N Groodtnein Beker SOUTHERN 
ae tage HEMISPHERE: 
— thea ba ‘awd Inthesouther hemisphere, 
se “_theain the cardial part nearast 
‘othe sunis worth Poi 
the 12 och 


your watch atthe 
‘the anglelveteen 
12 otclock and the! 
hail on the watch 1 
wil be due north, 


natura navicarion | // 


USING THE MOON 
Reflecting the light of the sun, the 
moon rises in the east and sets in the: 
‘west, 50 can be used for orientation, 
Ashadow stick will work on a 
louis full oon night, 


CRESCENT MOON 

Although not an emir dy acourate meted, 
Aline vectored between tiohoms of a 
‘erescent (quarter) moon wil lead to a 
point that is approximately south on the 
horizon in thenorthetn hemisphere, anc 
roughly north inthe southern hemisphere 


NATURAL SIGNPOSTS 

Nature respunds to the elements in a range 
of ways, some of which can be studied for 
orientation ties. This isuseful ff you now 
the predominant wind direction of an area, 


TREES AND PLANTS 
= hndsinept tees pl 
= Tree growth is most 
the sun fut inthe 
Inthesouthern hertsp 
= Someplats, such as tha barrel cact twist 
‘toward thesum a8 they gros 

1 Moss and lichen arow out of direct sulla, 
on the shady sie of rocks or trees 


aa rom the wind, 
thal faces 
here, north 


ANIMALS AND INSECTS 
' Invery windy areas, small animals and birds 
‘tad to nest or burrow on the ee-side of hil, 
1 Spiders spin webs outof the wind, so an area with 
alot of brolen webs cou indicate 2 even.change 
oF wind direction, aevayfronythe dominant wind 


SNOW AND ICE 
* Th powder-sro conditions, snow “dun 
ften form paral tothe prevailing wn 
1 Frost erosion is mest severe on slog 
the sun (south i the northern hernisahere, 
north in the southern hemisahere), 
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HOW WEATHER WORKS 


CHANGES IN THE WEATHER can have a significant effect 
on your expecition—or chances of survival if something goes 
wurorig—so it’s important to be as prepared as possible for all 
the conditions you might face. Check the weather report for 
the days ahead thoroughly, and pack and wear appropriate 
clothing. If the weather forecast is so bad that it could 

make traveling or navigation difficult, rethink your plans. 


UNDERSTANDING THE WEATHER 


Weather is created by the movement of air currents, the moisture 
content of the air, and the meeting of warm and! cold frants 
Looking at weather maps before you leave far your trip will hela 
you track these elements You'll then need to use your understanding 
to forecast the effects of these movements an the ground, 


READING WEATHER CHARTS 


Than be helpful to comare weather shart with reaular topographic 
land mans, Just as the gradient is steeper where contour lines aonear 
closer together on land maps, the wind isstranger where isobar 
contours appear closer together an weether charts 


Avcsopbw 
‘ mere: 
Fronts mene A : ‘efted ut 
Intteatvecton © WS eg coer westior 
chide rants 
we fonts 
hare bo 
masses marge 
Areas oftigh 
pesaeare The buverthe 
general N y : vale the 
ete ‘ ~ Gonvaloresswe, 
iam 7 i ~— emer serve 
‘weather 3 T ‘ewig anavabe 


Arete wits 
Senet 
omnia 
panei 

Ase arava ie 
wih tage ; Gum 

Set i — 

andar the ji ee 

esha fear pesue 
“falta “ Sipe 


HIGH PRESSURE v SX) Low pressure 
Under conditions of high \\ Under conditions of 
pressure, ar descendisin a lowe ressure, ar sprals 
spiral formation, and warts upward—paralll tothe 
The water vapor das not canter ofthe Iebars—and 
condense inte clouds and coals, The alrcondenses 
\wewould expect to observe to farm clouds, and skies 
Airy dear skies. are usualy overcast 


now wearwer works | /9 


GLOBAL CIRCULATION eae 
Warn rom the equator ries oe 


and maves toward the pales n each Biietetioteroe 
hemisphere. Ac it eno it descends and 

travels back toward the equator, Because 
of the Earths rotation, three separate 

els of ceulating air in each hem ephers nv 
develop, which produce predictable wind 

and pressure patterns 


ATR MASSES: ‘ 
Largelbodies of art a particular temperature 

an humic help weal forecasters predict 

te frthonmina weather and are enown a5 air 

masses, They are lard defined by thearea that 

‘hey origina from, In goneral, northerly winds 

are calder than southerly winds, and air that 

has tracked over the sea Crmaritine amass") 

accurate isture an sare dou thar 

ar thathas tracked over the land (vominental 

air mass") The boundaries between tropical 

_ancpola a becvine warm and cold Fronts 


ON THE GROUND 


Asa weather system travels over the ground, it 
charges in predictable ways, Krawing how the stein 
wil prowess isan important part of mterpreting your 
weather map ot forecast. 
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WEATHER PHENOMENA 
LOOKING AT THE CLOUDS can help you to read approaching /-———— 


weather, which is invaluable when you're on the move with tee ae For is ae 
lous form ba cong proves. Ts 
no access to weather forecasts or charts. Knowing how to pieces ene GO 
recognize a storm cloud, for example, will ensure that you 6 ell lass whe condensation 
ir - appears because viable watee vapor 
have enough warning to seek shelter or to change into i erhennpater aimee 
appropriate clothing. If low cloud threatens to impair your innate ie oer 
sit ic il ‘into its wise liqui louds fort 
visibly, use your compass tomavigae andl proceed with caution, Wises ht sl Cou 
falls at an average rate of two degrees 
cel per 1,000 F 00 m) Wh aie 
READING THE CLOUDS ‘ntaring moslare—perhapsbecase 
Clouds are condensing masses of water vanor that provide tasted ver se—athes the 
precipitation and reflect solar radiation They are categorized by Pee Weed pte 
height—into low, mediur, and high clouds—and further defined eek at Beil 


by thelr shape. The shape ofa cloud is determined by the way In 
which warm air rises, and is an Indicator of the air stability \ 


HIGH CLOUDS 

Fair-weather clouds are white and high 
inthe sky If there are no clouds, expact 
‘excellent conditions. Blankets of high cloud 
progressively invading the sky can signtiy the 
onset of had weather. High clouds include 

= Anvil of eumulonimbus 

= Cinus 

= Girfustratus 


MEDIUM CLOUDS 

Thick layers of madium-layer cloud give 
heavy persistent rain, especialy the cbuds 
are dark and vay, The clouds you arernost 
likely to see at this eve are 

= Altocumulus 

= Nimbostratus 

= Altostratus 


LOW CLOUDS, 

Low clouds have elearly defined edges and 
can indicate whether yain will fain short 
sdowneours (curnulus) or persistently 
(stratus), Cormmon clouds are 

= Cumulonimitus 

Stratus 

= Stratooumulus 

= Cumulus 


wearuer euewomena| 3) 


WEATHER RISKS oN 


The weather can have a massive impact on your trip, bringing with WARNING! 
itadded dangers Itcanatfect your visibility levels. and the safely of ut 
the ground you's hiking over In a survival stuation, the temperature, Ea 


ile possible fir! os gn, 
and whether or not itsralning,can havea huge effect on your chances y) 
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HEAVY RAIN FOG LIGHTNING 
heavy rah falsquicelythearound Essentially cloud incontast with Lightning isan atmospheris discharge 
may bavcrne saturates slippery, or the ground, fog reduces visti, of electricity —it wil strike the first 


flood, Seek shelter oF proceed sn beware of dangerous terrain, object it enoounters'om tts route to 
cautiously in waterproof clothing especially on mountains, earth, so avoid high exposed planes 
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UNDERSTANDING 
LOCAL WEATHER 


WEATHER IS AFFECTED—and can be predicted—hy the local geography 
surrounding you. High ground forces air to rise and cool, and the relative 


temperatures of land and sea produce predictable effects, 


REGIONAL EFFECTS 


‘thelps to understand how these predictable weather 
patterns occur in various geographic areas. They may 
influence your decisions when on the tral 


THE FOHN EFFECT 

‘The leeward side of high ground is warmer and more sheltered 
than the windward side. Air rises as it travels over obstacles 
and, i the air contains moisture the water vapor condenses to 
form cloud once cooled to a certain level, The air loses water 
at the summit, then descends and warms on the leeward side. 


ANABATIC AND KATABATIC WINDS 
‘Winds that flow up and down slopes during certain 
atmospheric conditions are known as "anabatic” and 
“katabatic.” They typically occur in mountainous regions. 


ANABATIC WINDS. 
During the day, the surface of slaping terrain heats up. The alr 
rises and creatasa gentle upsiope breeze Anabatic winds are 

later than katabatic winds because they act against gravity. 
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SEA AND LAND BREEZES 


‘Sea breezes often develop along coastlines on clear sunny 
days, whereas land breezes tend to develop along 
coastlines on cloudless nights. 
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SEA BREEZE 
‘Warm air rises overland during the afternoon, drawing in cool 
air ta replace it along the coast The resulta this coastal air 
circulation by day isa wind that blows from sea ta land, 


KATABATIC WINDS 

atabatic winds form on clear nights with light breeze. Ar in 
contact with the graund cools adits density increases, causing 
itto flow down the slopes ofthe hilside. 


LAND BREEZE 

At night, the sea becomes comparatively warmer and ar begins 
tarrise, Ar from the neighboring land is drawn toward the sea, 
“The result isa wind that blows fram land to sea, 
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NATURAL WEATHER 
FORECASTERS, 

These natural indicators are based 
‘on observation and can be useful 
if you have no alternative means 
of predicting the weather 


LOOKING AT THE SKY 
IF the sky is red at dawn th 
‘moisture inthe air anda tential 

Storm ahead. A rad sky at right often 
indicates qned weather ta come 

1 A rainbw usualy indicates good 
‘weather Isa the way, ara light shower, 


PLANTS AND FLOWERS 
‘= Thescent of plants and flowers is 
often stranger bef 
= Cartain flow arlet 
Pimpernel and Morning Bory, a 
taclase up if bad weather isan the way. 
Pine cones are ane of the best natural 
forecasters—thelr scales atsorb 
motsture inthe alr and close up if wet 
‘weather Is approaching, and unfurl 
indy ai 


such as 


et weather 


pn cone 
‘hyo 


WATCHING ANIMALS 
= Animals migrating from high ta 

low areas may indicate thata storm 
Ison the way 

= Cows often lie dawn before it rains. 

' Wool reacts to maisturein the ar by 
swelling and straightening It shrivels 
In dry weather concitions, 

'= Humans can also sense atmospheric 
‘change—same people suffer headaches 
bfore a thunderstorm, 


o_o 


CHANGING WEATHER 
Wateh out fr alterations inthe 
‘wind direction o strenath as 
‘this may lead toa change in the 
‘weathes. A dey, steady wind tht 
changes direction or decreases in 
trent often indicates that rain 
isonits way 
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THE BEAUFORT SCALE 
Providing visual references for the effects of wind speed on land and 

at sea, the Beaufort Scale was designed by Sir Francis Beaufort in 1805, 
It provides a simple way of estimating wind speeds without the need 
for equipment, an is stil in common usage today, The scale ranges 
from calm to hurricane, and is numbered from zero to 12. 


Pa Ty |S | SaaS, 
1 13) Sea ropes ik scales, 
2 & (Ses 
3 pa Eees ee 
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‘Near gale 3238 Whole trees sway. 
(1-61) ‘Sea heapsup and foam 
(5-87) ‘High waves with toppling 
2 
(8800) Very high waves and sea 
(to2-19) ‘Exceptionally high waves 
‘of more than 38 Lm) 
Hurricane More than 75 Buildings destroyed. 
‘AO ft (14 mi. 
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MOVE 


While some survival ecuations 
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niques 
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partic 


ar 


survival 
fracture 


jar environ 
ou carefully researc 
in you will be encountering 


In this section R7TR Ta ey sae 


how to make a paddle (so you're never up a creek without one)... 
the difference between your finger shelf and your hand jam... 
how to pull your own pulk and scramble over scree... 

when to blaze a trail or ski without skis... 

how to tell your front-wheel skid from your skidoo.., 

when to let the camel train take the strain... 

how chewing gum can stop that sinking feeling... 


equipment and most appropriate 
clothing, and enable you to familiarize 
yourself with the survival techniques: 
relevant to a particular environment. 


Whether you're planning to travel 
on foot, by boat, on horseback, in a 4WD 
vehicle, or by boat, you must consider 
not only your own capabilities and those 
of other members of your team, but also 
the capabilities of your equipment. 
Remember, pushing anything beyond 
its limits—whether that be a person, 
an animal, or a vehicle—will invariably 
lead to it failing. 


A walking staff is one of the 
simplest yet most important survival 
aids you will ever need, It's the first 


you find yourself i 


THE “SURVIVOR’S THIRD LEG"—as 
ng staff is also known—increases your 
y to Support yourself by allowing you to have 
‘two points of contact with the ground at any one 
hance of you slipping— 
n that your ability to wal 
your main means of rescue; reduce your mobil 
and you seriously reduce your ability to sur 


A versatile tool, your survivor's third leg can 
be employed in many different survival situations, 
Among its many uses, it can be empl 


pport you as you walk 

® Protect your face when you're walking through 
thickets or gorse 

® Check for adequate support when erossing 
marshy ground 

= Test the ground ahead for obstructions 

= Cheek the depth of water when you're crossing 
streams and rivers 

= Protect you against wild animals 

= Form a ridgepole for your shelter 

® Help you with your pace counting 

® Spear fish or catch game 

= Dig up roots or plants 
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TRAVELING ON FOOT 


HIKING IS A GREAT WAY to explore wilderness 
terrain, I's important to have a decent. level of 
fitness before you set out, and to wear and carry 
appropriate clothing and equipment. Hiking requires 
basic skills—using the correct techniques will help you 
nove more efficiently, anid ensure that your trip is safe. 


BASIC WALKING 
SKILLS 


Aim fora slow, even pace that 
can be maintained for the duration 
of the hike by all members of the 
group. A goed way to maintain 
this pane Is to develop a hiking 
rhythm, Take regular test breaks 
and, iF you're walking in a group, 


‘Wher traveling uphill ear 
forward slightly, maintain your 
‘momerturn tut shorten your 

stride. When ushing upward, 


= Carry a walking staff for 
suppor as you ascend 

= Move your legs forward 
from the ips 
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DOWNHILL 
TECHNIQUES 


\alking dowhil can place a 
lot of strain on your thighs, 

sees, and ankles, especialy 
when youre carrying 2 hey 
backpack. Be careful nob to lose 
control or gather too much speed. 
= Use your arms for balance 
Maintain a steady rhythm, 


UPHILL TECHNIQUES 


seep your feet flat an the grourd. 


Motesure your 
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‘arogerl for 
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WALKING AT NIGHT 

Liness youre in the desert and its 
cooler ta move in darkness avoid 
waking 2t mitt because ofthe added 
risks posed by navigational difficulties, 
and predators that hunt at night. TF 
4heresno alternative, try the following: 
w Use your fleshlight or imerovise a 
‘toch by setting alight some birch 
bark or similar 

f= If this iit possitle and youve tine, 
close your eyes for 20 minutes to 
allow them to adjust to night vision 

= Use your walking stick or pole to feel 
infront of you for obstacles, trioping 
hazards, oF sudden drops in the ground, 
1 keep your pate slow and deliberate, 
and check your compass regularly, 


NEGOTIATING DIFFICULT GROUND 
One of the most challenging terrains to hike 
over is “sores,” a mass of small racks that slides 
underfoot making uphill and downhill kravel 
difficult. The slippery nature of the surface can 
make progress slow, and care should be taken 
to avoid! falling and injuring yourself Hiking 

in sores is hard work, but using the correct 
techirigues will hela you to advance confidently 
efficiently, and safely 


‘TRAVERSING SCREE 
Choose ag-ra9 route 
and look for a path that 
contains srla-sled racks. 
Walesideways across the 
sloge, taking small steps 
and testing vocks for 
stability before placing 
your fll weight on them. 


cs the spe of te 
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ASCENDING SCREE 
“rear! carefully kicking your tes into the slope and 
testing the step before transfering your weight to that 
lea, Alternatively, walk with your feet splayed, placing 
your weight an the inside of each foot, 


DESCENDING SCREE 
*Seresinat dewnhil corntines sliding with slow-mation 
Jogging. When you have thetechnique ft.can be great 
Fun, but avoid larger racks to prevent ankle injures, 


Ensuring the sores is fine and 

deep use gente hops to launch 
yourself down the slope, Keap balanced 
and lel gravity do the hard work, 


‘As you build up momentum and 
rythm, dig your heels into the 


each step, avoiding leaning forward, 
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TRAIL MARKERS 

‘Your map ard compass sould be your pritnary method 

of navigation, tut keep an eye out for Wall markers, or 

laze" curing your ike 
That ore 


cfd ig 
atasar 


arrows 
lasiete 
‘ects 


ROCKS SIGNPOSTS 
‘Tallblazes painted onto Made from wood, metal, or 
rocics and boulders are Plast, these sgnposts are 
especialy common in rocky particularly useful in areas 
terrain. They may be law on where thereare few rocks 
‘the ground so lack carefully, oF trees on which to blaze, 
Sees 
‘haa be 
bib fom 
able 
Pre same 
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CAIRNS DIRECTIONAL SIGNS 
Piles of roc knemn2s When reading markers, look 
“cain” aredasigned tabe autor painted arraws or 
visible in thick fog, Therrsize yarlatons in the blazing, such 
canvary froma few rocks asabend, This indicates a 

18 alarge stack of toulders, change of cretion nthe tral 


If you lose your balanee 
temporarily use your ams 
slope and slide 2 short distance with to steady yourself relax your 


‘knees, and continue your descent, 
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CROSSING RIVERS 


RIVER CROSSINGS ARE DANGEROUS and should be avoided Came 

unless absolutely necessary. In a survival situation, once you are Hearted 

cold anid wet—vhich can lead to hypothermia—it is hard to get sadn opto your 

warm and dry. Always check your map for routes around the oe 

river, and choose the safest available crossing point ‘lees them dey and 
decrease retistance in 

GROSSING SAFELY ae 


aff foradded sumo, 
Before you get Into the water, make sure you have a change of clathes or means 
of getting dry on the other sive In cold conditions, collect everything you need 
to-get a fire going (tinder, kindling, and dry wood), and keep this dry as you cross 


aie date 
CHOOSING YOUR CROSSING POINT Aeros, 
Walking upstream generally leads to shallower water, but be aware that citing the water 
‘even shallow water ean have strong currents, as can water that looks calm 
on the surface, Always check for bridges further up- or downstream, 
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WADING WITH OTHERS 


crosstuc rivers | 89 


=—_ee_— 


Crossing ina group is safer than eressng lone. Linking your arms together @OWARENGE 
crestesa stronger, morestable structure against the curert an provides Nera tl of ere hata 
toackup for ayene who falls Loosen the straps of your backpack, ard place ‘addin hese aatinsitis srt 
only one arm through them, so you can release the pack quickly you fal crs al tanto kia 
ee Loni Teitghtest Poses 
cep es sirapsofjour —— pemaneromes Demarco athe 
cant sity cipan Inthe” evant ats theitod 
vigecrion bgecriow 
oa ~ seni 
~~ wv 
-.o 2 » OF 
imecriow e {he main ce bunecrio 
crewwenr ofthe water & DF creunetr 


CROSSING IN A HUDDLE 
Peuitioning the strongest porsan upstream, with the hers 
providing stablity and supper, link your arm tightly and 
‘abe short, dellaeratestaps across the river 


WADING ALONE 


Wading across arriver alone snot ideal, but if you have 
no option then your waking staff or "survivor third leo” 
(602 91 72)—oF simply any lang stout stick —will provide 
additional support and balance. Use it as a proae to alert 
you to any suiden changes of denth in the river bes. 
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USING A WALKING STAFF 
Facing the current, wal diagonally across the rive, lacing 
teach Toat dawn firmly and deliberately, and leaning on your 
‘walking staf for support. Your faet and your staff are 
your three points of ccntact—keep atleast twa of them 

in contact with the river bed at all res, 


CROSSING IN ALINE 
Keoping well bolancad, crass the rver perpendicular to 
the current. Move slowly and position each step careflly 
to avoid beng swap away by the force a tv water 


CROSSING WITH ROPES. 

Using Fores is a good ontion for dangerous crossings, 
but-they can ast tangled, and drag you under the water 
Aways aim for the easiest and safest oxtion—using ropes 
iscompleated and should be your last resort 


Qe? @ teseecnee 
‘a tree and then carried catree and the carabina, 
across by the strongest person, clipped to the safety rope, The 
who alsotakes a “tossing” rope carabinas pulled back and fixed 


With a carstina tied centrally tothe next person to ass, 


The final person unties 

‘the safety rope from 
‘Heir, taps around He 
‘or har body, and wades across, 
supported by the others 


He or she crosses 
Upstream ofthe safety 
ps feldingrter suppor. 
Backnscks canbe ino to the 
‘arabia ad transported, on 
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SCRAMBLING AND CLIMBING 
CLIMBING WITHOUT ROPES is known as “scrambling” As with -_—_—_—_—_— 


roped techniques, the idea is to maintain three points of contact WARNING! : 
with the rock at all times—either two feet and one hand or both meat gia 
hands and one foot. Your legs should power the climb, with your lat esor Teall lan aa usng 


armas used predominantly for balance. Proceed carefully, making uiabpan chat! 


sure you are alvays balanced and confident of your next move, / 
BASIC CLIMBING TECHNIQUES 


Always climb within your capabilities, Its important 
not to take any descend and 
start the climb again than to chance fall. Before 

youstart to climb, plan the easiest and safest route 


HAND AND FOOT HOLDS 
when piznning your route, choose your hand an foat 
holds earefuly, Dont reach too far, and test each hold 
for stabi ty before using ito support your weit 


iis iff SCRAMBLING 
JS a / a i Ser oT jy SD 
aA fi avariety esto negielabad Farert oostacke 
HY ‘Alzysplan your moves several segs in adv, and 
| keep three pons of cortact wth the ook al al Limes. 
_ Tao th woe of 
EDGES FINGER SHELVES ocint anise apo 


back 


For-very smal focthalds, place Gurl yourfingers over the 


the insieedyeofyourfoot rock for a securetingerhold 
inthe holdin thereck to take The larger the fingerhold, 
‘he pressure offyour toes, the more secure i wal be 


j 


LARGE POCKETS: SIDE PULLS. 
Placing your fost securely Side pullscan be used to 
‘witht the pocket, balance mailat balance ort pul 
yourself both your arms yourself across th rook 
and lags tale the stra Grip the rock tightly, 


1 
dP 


PROTRUSIONS: HAND JAMS: 

If gossible place the entiresole Truert yourhand ite the 
Tyour foot ontheprotrusion. crark, push your thumb inte 
only the ball of your Toot will your palm, arch your hand, 
‘iy leep yourhes! love and wedge it oh inside 


MANTELLING 


The mantelling technique isused to climb averhangs 
in the rotk, Use your lead ankle and then your knee to 
lever your body up over the obstacle T's physically 
challenging techrique, but useful 


Saoporting ig 


CHIMNEY ING 

To cimb up the inside of large rock clefts or ‘chimneys use 
the chimneying technique. To ascend, move your lack and 
hands up the wall, and ush and follow with your leas It's 
easy to get tuk at the tp 3 plan your exit route carefully, 


STRADDLING 
Ifthe chirnayiselatively wide, you may need to altoryour body 
odio te straddle the gap, With a leg and arm on sach wal, inch 
yourself up the rack using your lec ta push your body upward 


CLIMBING WITH EQUIPMENT 
The advantages of elrmbing with ropes 
cannot be underestinated as fa as safety 
isconcemed, athough a lot of specialized 
éequioment is required. As well as 

ropes helmets, and harnesses 

climbers oan also Use 5 
seoure themselves to the rock 
as they proaress each stage, 


BELAYING 
Belaying ia technique used 
by climbing partners to 
safeguard each other during 
acl, The belayer secures 
hime t0 the roc and 
stands on a suftable ledge 
‘while the les dirnber 
ascends Once atthe top, 
‘he lead climber serures 
hime ane acts 
asthebalaper 


ICE CLIMBING 

Toe climbers utilize similar techniques to 
rock climbers, although they ear ioe axes 
and wear evamgons.an their feet, to help 
them gria the ice, 


MOVING UPWARD. 
‘As walth rod cliing and 
scrambling, ice climbers 
ascend using power 
from ther legs and arm 
Crampons and ce aves 
are used to createhalds 
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Pha beter 
ust uate 
the crnber 
stat dines 


TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 
IN THE MOUNTAINS 


USEFUL EQUIPMENT 

sleneha bexico aid probe: STEVEN GREEN, 32, AN EXPERIENCED HILL WALKER from 
f clothing Dumfries, Scotland, spent four nights lying on a remote 

reece tk mountainside after a life-threatening fall. Suffering 

climbing equipment, ifn from a broken jaw and fractured skull, he survived via 

fipliaealeee a combination of good preparation, quick thinking, 

s heraft knife and improvisation. 


Callsatellite phon 


On Thursday, October 7, 1999, Steven set out alone for a trek in the 
hills of Wester Ross in the northwest Highlands of Scotland, He was 
well equipped with, among other things, a cell phone, bivy sack, pita 
bread, and water—and had taken the wise precaution (or so he thought) of informing 
his girlfriend of his intended route. 


Following an allay trek and an overnight camp, he was “HE SLIPPED ON 
descending the mountain on Friday when he slipped on (WET GRASS AND 
wet grass and fell down a waterfall. coming torestinthe FELL DOWN A 
shallow, rocky riverbed. He knew he would not survive for : 

Jong in the cold water so, despite being in intense pain,he WATERFALL 
crawled to the relative safety ofthe bank; then wisely got 
into his bivy sack for warmth and waited. He sustained himself by eating pita bread, 
Which he softened in water because he could chew. Mis phone was damaged in the 
fall so he was unable to cal for help. When he failed to return home on time, the alarm 
was raised by Steven's girlfriend, but she had forgotten to write down his intend! 
route so no one knew is exact location. 


Steven experienced a further four days and nights of exposure while local and RAF 
rescue teams and and-rescue dogs combed the mountains for him. As the days 


passed they feared the worst, but when they located Steven on Tuesday morning— 
after finding his car and, inside it, his route map—they found him in good spirits. At 
hospital Steven was diagnosed with a fractured skull, broken jaw, missing front teeth, 
cuts and bruises, and a leg injury—but he was alive. 
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WHAT TO DO 


ARE YOU IN DANGER? 
Get yourself out ait: 

ay ether << NO YES > Eloments—Find or iprovise 
inrmediste setter 

yp ASSESS YOURSITUATION goo | Animals Avconrontator and 

See piges 234-35 © | rove away trom danger 
Injury—Stabilize condition and 
~ ‘apply fst ald 
Ino one knawsyou arerassing or ) DOES ANYONE KNOW YOU WILL BE 


whereyou are, you will need to MISSING OR WHERE YOU ARE? ‘Tfyou are missed, arescus 
notify people of your plight ty any a party will almost certainly be 
maimed “ No YES Sspatchedto find you 


> PO YOU HAVE ANY MEANS gos (iyo, have acilorsettechone 
OF COMMUNICATION? let sorneone kriow your 
predicament. you sittin 
are located ot you find help No YES => La aidiniericibe ia 
Sime etc, and you hav 2 
Pursoral Lacctr deacon PLEA 0 
¢ if cons der hs pion 


You are faced with surving for 
an indetnitepertod—urtl you 


‘you cannot survivewhere you CAN YOU SURVIVE 


are and there are no physical WHERE YOU ARE? * 
reasons why you shauld remain, 


Uauttesaeetercleceat NO YES 
sural rene ath 


bo ‘avers 
1 Keep all clothing dry and clean moves Select a shelter site thatoffers 
1 Dole long water rom frotactn fromthe domerts Buk 
Faxon sean tear iota han Reco 
inte pu het ne Filplastchogsor spare doting 
Ben constant oolout sithey (lagu ad ue ak 
for sors of oid velted rattan reli te 
HHoteawuchas tertap DON'T DON'T Inlet you rom tec, 
frostbite, and hypothermia [wm Descend hilsin a careless = Alloer your extremities slam ground 

= Regulate your clothing to] manner: zig-2agging across to get too cold as those = Deploy all your aids to 
avoid overheating when hillsis less tring and puts areas are mast susceptible | !ecation and prepare for 
moving and hypothermia J jose strain on lea muscles to frostbite Immediate us 

‘when static = Travel at tos = Overloolethe dangers of = Checit upstream for the 
Use awa r Sonata dongs | Guatyat yur water sur 
aid safe movement Jess air and this will place in cramped shelter Don't let = Lighta fire and Of ina 

= Watch the weather’ greater demands on ewen a ‘candles, stoves, or firesburn J group) tale turns tending it 
oaij ad bepreparedto | Rtyaren Stitt toleep tao al naht 
change your plans at = Sweat too much, as the = Breathe on your hands to = Continually re-assess: 
noiee-rrourtctinatr | pate cain teh ee pats. | Saursiusten sod ape 
arenony mpredctabie | Tuy sy eqperuater” | | esing warn arthatyou | Your ation as necessary. 
. ze shelter when ‘tocallect dry tinder/kindling will Have to replace with cold = Bec antly alert for 


fy enc aro whee out you alco rowonngtonsyorater 
fethes gourmtceytnngyoueen atc eae 
Iyourstctocang (or tte yc Woot ofndbob anu ade 
itso besen inch encanta aces heleonttn oat ao Dees 
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MOVING OVER SNOW Gorse ) 


‘Walle over deep snow without snowshoes 
PREPARATION IS ESSENTIAL when tiking over frozen Gea ately ats oa et 
i - * a inkss absolately nesessary. Sinlanainta the 
terrain, Not only must you be physically fit—the concitions Maru essors ia 
make for slow, exhausting progress—but you must also phish ysokl onan ean quell ead to 
iave-the right cout ‘ it. We: fypotheerna. The exertion can also cause 
have the right equipment and know how touseit. Wearing Baers Te serena dy es, 
stiowshoes or skis, and breathable and layered clothing to joy trerniue wher yoo sip 


regulate your temperature, is essential. With the correct \ / 


techniques you can hike safely and enjoy the surroundings, 


WAYS OF TRAVELING 
SNOW AND ICE en traveling over srow, your main aimisto get to your destination 
rata oR atcrcien ly as possible, without expending too rruch eneray o lasing too much 
Ney ewes oe era body heat. Methods range from improvised snows! 


types of snow and ige is value 
then hiking over frozen terrain 


USING SNOWSHOES AND SKIS. 


DEEP SNOW Snowshoes and skis are an effective way 
fina grou, Wallin single fle and take of traveling aver snow. They work tiy 
‘urns atthe front: thernost strenuous spreading your body weight over 2 
position, as youecreating the path 

' Avoid rocks—in song, they absorb heat ‘you to walle on the 


an tre snow above bevomes unstable, Snow vather than sink into 


Always st of 
youll warm up quickly 
acid or remove 

layers asrequired. 


FROZEN CRUST 
Use a walking staff to test the smove 
ahead. A ce crust above deep snow ray 
‘ake your welait, but progress carefully, 
1 Later inthe day you may come serose 


ee en | Mersin Ae 
sLopes ace ‘ oe 
‘= Kick frmiy into the slope and test deg oniapraes DL | oserteae 


‘your weight before ascend. IWhen ‘mroneyeraity 
descendig, you cari use = tacrnique called i 
oat shing® Ging without yours 

= Choose your routebased on the 
conditions travel in straiotlinesifyou are 
able to, orn 2g-2a05f the terrain is stoop, 


Ice 
1 Always progress careful, using your ~ Sthoyouon 
‘walling staf? to test the oe, especially suite 
var vers andiaesITin a group, rope 

yourselves together for safety, 


"= Wear crampons for extra avip. On very 
steep slopes, useyour i ax ta cut stops 
f Use your ioe ax to alta fall by turing 
‘0 face the slope and casing tints the ice 


GLACIERS ee 


1 Never attempt bo cross glaviers without _ teste 
a guide—alaciers require specialized shils, & snow ah! 


MAKING IMPROVISED SNOWSHOES. 

Ifyou dort have ary pre-manufactured snowshaes—for example in 

2 Survival situatlan—you can make sonié very simple shoes to helo you 
regotlate the snow nore effectively, using your kif, sare qrean wood, 
and oordage, They may take timeto build, but wil 
savetine and effort in the long run, 


Lt teens Drezner 
ogo sacurty batt foot 


CCut five lenaths of green wood, They should fa as thick as your 
thumb and the sare length as the distance from your foot to your 
armpit Cut three chorter lengths for the cross-pieces, 
® Lash the ends of the five longer pieces together securely using cordage, 
® Caloulate where the ball of your foot will be positioned on the shoe and 
lash a crose-piece across the five lengths, Ensure the shee wl balance, 


Adittonal res. 
hee for ye eet 


Front ashing 


Lash the five loose lenaths af wood together at the back of the shoe, 
Tes important to make ths lashing as secure as possiole 

* Flr the second oross-pieoe roughly 2 in (5 om) behind the first, 

1 Loch the third erass-piece where your heel wil rest 

' Repeat steps 1 and 2 to make a second shoe before progressing lo stop 3 


Attach ou fot 0 
yourheel can i off 
hast sige 


Place your foot on top of the snow shoe, ensuring thal the ball 

of your foot sits directly over the front crass-pieve and thal your 
hee! is positioned on the hack erass-piece 
' Tie your boot to the snow shoe using whatever cordage you have, but 
ensure the heel is allowed to remain free to plval Repeat for the other foct, 


ALTERNATIVE METHODS 
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These atemative methods will also 
sotead your weight on the snow. IF 
you have no gaters, tie plastic bags 
around the bottom of your legs to 
keoea them dry. 


USING BRANCHES 
eal for short distances, asirle way'to 
gelyou out of deep snow and to aroadl or 
‘rackis to attach branches‘ your feet 
using cordage, Selecta tea such asin 
thathas strong, dosebranches, 


secoraage 
to tit front 
of you boot 
te the bogh 


Enaws the boc 
of you jootean 
stighty as 
yore 


USING SAPLINGS, 
‘Yourwil need branches that have ome 
Fienibility. Gaty bend the longast ranch 
Into a teardrop shape arc ash the two 
fonds together. Heating the saplings over 
aire all make them easier ta bend, 


Addons, 
ppeees ard 
fujeor 
etage 
loereate 
thetone 


Grose ates 
‘Stongian 
Yyosie 
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MAKING A SLED 


If you find yourself in a survival situation with heawy equipment A reaeared heirs 
to carry over snow, making a simple sled or “pulk" (see panel, right) ee saw OF pocket chainsaw 
will help you transaort it more efficiently, You could also build ane Ss 


to transport ar injures g2rs0n or small chile, You can rake your Total fend or bl of se) 
sled as large or as small as you need, providing you follow 


Two branebes for acing pices) 
these basic principles 


1 Stine for eras peves) 


Using 2 short saw or parkn 
cata forked branch to forwn 

the base of the sled 

1 Tie the twa ends ofthe forcto the 

main branch with cord, This oreates 

tension and forces the branches to 

caurve and act 25 runners, 


Attach tne cord 
hema avanch Altach the cond tothe 
sig ata tet ‘and of the fork asing a 
ecg. 14 aul itch ce A) 


Lach an addltional branch ta one of 
the yunners ta create a bracing place 

= Repeat on the other side 

® The bracing pieces strengthen the 

branches and prevent any card from 

touching the qround—# it does, it will 


‘nea ost klar atest once ag is 
the isonthemove, the caryiog piatform 


ANIMAL POWER TRAVELING WITH DOGS 

Huskies or sled dogs, are ideal for trananorting people ‘Although huskies are easy to care for and 

and eouigment across winter terrain, Because of their Telatively smplst handle, you should not 

‘thick coat they en endure very low temperatures, and under an expen with dog lens 

their large, furred feet allow them to move quickly Yu ara tavelng with sn sper! oF Rave 
“irstunderaone extensive training, The sare 

peedan eau ayerall ae 08 fo ll expeditions in snowy terra 


Seeareyto th frame 
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= 


WARNING! 


Atta 


HUMAN POWER gee 


Pulling your equipment behind you using a puitk isa "toying Eskccreaientr een aah) 
efficent way of moving over sow, Pulls OES, ible arte nia eaah ee 
ate small, low-slung toboggears, typically ade fro ipaeelaid memantine > 


lightweight plastic, and come in many different sizes, 


control you have no ealemac, 


\ eee! 


A pobecqn be wzad to cay 
‘equipment oa gerson 


TRAVELING WITH A PULK 
Although pulks are the most efficient method of carrying 
heavy loads over srow using human power, they can be hard 
‘work, expecially In sofber snow, Wear breathable dothing to 
allow excess body heat to escape. Know haw to raaase your 
harness quickly in an emergency, IFyou arein aaroup, 
‘ne person can ba hamessed to the rear af the pulk 
‘to act as abrakernan when gaing davai 


eee 
Tot ranae “tee 
ssciebsokcan 
‘thot i 


Lay sticks aoross both bracing pieces ‘Make a handle for the sled using a small 
and lash them together. These branch. The branch should be as smooth 2s 

cross-pieoes strengthen the structure possible to make pulling the sled more cennfortable, 

You oan use as many sticks 25 you ean = Attach the handle to the front o 

find, but three or four should suffice, using along 

1 These oross-pienes will also form the piece of cord 

main carrying lat form of your sled 


Dene MOTOR POWER £ 

teeth Showimdlaies ae practical 
sm {onower and quick, and hav= 

Ree e ues revolutionized arctic travel 


Herrescecattw | They areeasiet to handle 
Hedosstopl | than huskies, and oan reach 
peaentertay relatively high speeds 
However, although you BEFORE you co 
‘ear cover areal distances Pri ta a snowmobile bip, regardless of eistance itis itl 
inchort petiods of time, 4 check your vette manitenance and ensure that you have 
if azything goes wrong sufficient fud for the tip. lan yourroute carefully and inform 
‘youmay be far from help, someone. your plane so that they ean rasetie alarm if you 
‘Always carry survival dort reach yourdestination when planned, Dress warty 
equipment when you travel wear goacles ora ski mas to raduce gare, and drive safe, 


8 | on tHe teat _MaKe A move 


USING PACK ANIMALS 
PACK ANIMALS CAN BE USED to transport heavy rT 


loads when hiking over wilderness terrain, Ideally sulted PACKING TIPS 
= Kriow the capabilities of your animal, 


to carrying substantial loads, they can cover great du weawecttty onabrey 

distances in areas where vehicles would struggle, When er ikenecearytstaroe 

you are organized, and know how to care for the animals, Flea ee ie sine gern ll 

traveling with pack animals can be very rewarding, Shuccheanrturea ie ein 
pares ard iter items ab he tap, 


LOADING THE ANIMAL 


Stand on level ground, making sure that the animal has al four leas 

placed firmly on the ground. Before placing the loaded panniers onta 

the animal lift them to ensure they are well balanced, Rearrange if yaqt'en 
one is lighter You may need to hobble or blindfold the animal to eorina’s 
keep it still while loading 


ANIMAL WELFARE 
Remember to transport food, water, and supplies 
‘or the animal as well as for yourself, Their 
welfare is paramount, so treat them well 


gee dnt, 
‘a eras you may 

eed to acosee 
gest a8 te op 


_Atheatng wit 
‘ang can cal, 
theaninat 


Brswestronsare 
Bact festenee 


Any cheep objects inthe —" “tenet the 
bea stould be custioned bottom of 
from te avin 


PACK TRAINS. 
Roping animals together on the tral is Aepesreed io be 

standard practice when traveling with my 
‘more than) one antral When tying them 

together, enawe theropes are long erough 

4p allow the animals to walk comfortably, 

ad! shart enough ta jrevent tripaing 


‘THE PEOPLE 
Appoint a driver to lead the group and take 
control of navigation, You vl need sufficient 
‘people to control and gare forthe animals: 


USING PACK ANIMALS 
TO SURVIVE 

In an emergency situation, your priarities 
change significantly when using 

pack animals, Unpack the panniers 
2nd remave ary heavy tems nat 
essential for survival. IF necessary 
you can clini on and ride to safety 
ov, @ worst-case sanario, your 
animal can be used for food 


CARRYING INJURED PEOPLE 
Tf amember of your qroupis inured, tld 
a makeshift stretcher (see pp. 78-79) and 
use the animal to drag fim or het safety 


CHOOSING YOUR ANIMAL 
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Gane 


a9 tre WARNING! 
aoe Do not attempt to use par, antral thout 
Hearne! erp ii The 
inal recite a nf ear, anya wll 
eed gate your days nets. 


The availability of pack animals deeds on the region you ave traveling in, Within any 


region, your choice of aninal should take into aecaunt the laad you ate expecting ther ta 
tarry, the distance you require them to travel, and the terrain you plan to ovoss. However, 


remember that individual animals’ abies can vary depending on thelr age and size 


—SSS=—=rx 


Tiytomato the eatont 
aseomfortableas posible 


ANIMAL REGION AVERACE LOAD ADVANTAGES. DISADVANTAGES 
hae: Wivcide e240 ‘Eeaytotamwitha giodtenpaament —— Raguve prosting 
@o-UDI = Strom an st rom camp 
= 20 puscrtof = Cantletehet ifootsecwely tied 
body wat = Canmanagestep train 
Mule Fura, 20280 = istic amare ose tnscan ie» Yeurg mls canbe 
tons -e0k) eto kn then moving asa asl arte good 
+ 2 pene of Uhamyatintecampat nate ‘reining seks 
tegnenit Mey ndyard can mregestes torch» Sutton 
Fist etic = 240i) + Hardy—cancape wel ith snowand ‘Needs lotol eset, 
Too: can il cel condtons nh us ead 
a0 270K) = Canta at + Pronto fight among 
‘hers: 
Came) Cettalésa, = BESOIN Vasa oft tai + Sang lldand ict 
rth a, Go-bom = Candhinkuntoa pater ts toty fend 
usta = Mpernatef weit a then go tou wat fir + Vilnt—canspt ant bite 
body nate Svea is 
Use, nes +7722 08-26) Mina vionnntsinpack + Mokeshursesand ides 
+2550 pavertof «= Travelswal at haltues on reous 
dys tifa anasto eran + Can edi torent 
Foor tries 
Figtent South Asa 60-278 = an coy very hoy ats + Sow eng 
‘den (050-1250 ig) + Cannaragestergtevain + equres age aunts 
+ Piparcnt of ¢ffodand water 
toqy nett wTlestinetotan 
ox Euasa, 300-280 = Hardeoriog + Sowing 
Armscas (5-205 1a) = Mey strong + Subbom 
= Mopernantof = Surfoite and con anaes tenn 


bot 
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FOUR-WHEEL DRIVING 


A FOUR-WHEEL-DRIVE (4WD) vehicle can cover large 
areas of difficult terrain that would be inaccessible ina 2WD 
vehicle. With an experienced driver, most 4WD vehicles can 
tackle deep mud, water, snow, ice, and sand. 


CHOOSING YOUR VEHICLE 


‘When choasing your vehicle its important to consider what youll be 
using It for. Large vehicles have more internal space than smaller ones, 
but may find it harder to negotiate very rough ground without getting 
stuck. Similarly, very powerful vehicles can cross almost any terrain but 
use a lot of fuel, so may not be a viable option for long-term expedition 


Roofrack with 
igh side is odsobe 


Use a winching 
‘acho fhe 
vehicle gets stuck 


EXPEDITION CHECKLIST 

Check your map and inform others of 
Your rout and intend timeframe. 
Ensue the velit fit forthe ou 
wth allnecessary spares. Check the fuel 
co wat, brakes and Iya ids, 
‘an check that there aren eas, 
*Tnspect the tre treads, whee nut, 
lights and steering arms 

s Abas carry spare water wheels) 
at fils ella survival equipment, 
sanders. 12 eau ty tre 


It infator, winching strap, an first aid it 


IS 


Load must beavenly 
detrbuted ond td 
‘down securely 


Always carey 
spare wee! 


GENERAL DRIVING TECHNIQUES 


Four-wheel drive vehicles enable you to manually switch between 
two-wheel-drive, for driving on roads, and four-wheel-drive, for 
low-traction conditions, such as on soft ground, The difference fs 
the number of wheels powered by the engine at any one time, 


CHOOSING A ROUTE 

‘When unsure about the conditions immediately ahead, walk the route 
first, checking for potential problems and obstacles. Where necessary, 
mark the route you have walked and follow these markers when you drive. 
Ask yourself whether you really need to qo that way and if so, which 
route is best to avoid getting stuck And, if you do get stuck, what ate 
your options for self-recovery or escape? 


WHEN TO ENGAGE 4WD 

Engaging 4WD uses up alot of fuel and should not be used on hard roads 
because of the risk of damaging tres and gears. Always choose the 
four-wheel-drive option on cfficlt terrain. It allows you to travel ina very 
low gear and gives the vehicle a far superior traction, Just before starting 
tocross the rough ground, stop the vehicle and engage the four-wheel-drive, 


A highauleensres 
‘good ground 
‘feorance 


—- 


WARNING! 

Don hook yourthunbs around the steering 
wheel when crv over ough train, iting 
art cn erkcthe wheel and break the 


\ eee! 


DRIVING AS A TEAM 

Driving off-road over rough terrain is 
both mentally and physically tiring, Take 
regular breaks and share the driving iin 
‘a group. You should always have at least 
two people in the vehicle: 

1 A driver—who takes responsibilty 

for powering and steering the vehicle 
1A spotter—who takes responsibility 
for navigation and helps the driver pick 
4 good route across the terrain, This may 
involve getting out ofthe vehicle and 
‘uiding the driver across a difficult 
section of ground, 


FOUR-WHEEL DRIVING 


DRIVING OVER DIFFICULT TERRAIN f 


AWD vehicle handles dificult terrain well because all four aceite eee 
wheels can be powered by the engine at any ane time ( es | Sisnekard fy nerds matte dau 
are generally more powerful but diesel encines last longer and aig Asai poe bk 05) 


work well at low speeds), Using a few simple techniques, you will away hot theside fa ger fre ona 
find that you are able to drive over terrain—and to places—that round deft ths fine nti tches the 


would otherwise be inaccessible. Always remember that the fick, measure this pressure, and agp to all 
ur es, Make sure ou canes the, 


principle behind 4WD is to reduce the chances of you getting 
stuck—not to allow you to ga further until you do get stuc| $$$ — 
DRIVING ON SAND MUDDY TRACKS. 

Tn saflsand the tires ted to move the sand fom the frntot Driving muctreguires concentration andthe ably to adapt 
the iret the rear ofthe ire IF forward mor ‘your driving ta sit the conditions Tr deep rd, use wide ti 

sxe afer seconds the wel candi efi lower thetire pressure sahtiyenevar rtarelsahard 
prevent ths, continually steer fom sde to side 0th belo the mud tis ll make thing worse Steering outside 
te steers out ofits ow rus, vo anid changes tly to evaurethe best traction 


~~ 
Sop: © a 
covryar te 
| ean ay 
DRIVING ON SNOW AND ICE CROSSING WATER 
Soa enna ser aretha metilasAoele gail lays wal smurene bare iviaarosste ithe 
rresurte and braests aod whed spre Sie seme Yo deep ar Be currant an fas dor tterot 


sorrel spaed— 


‘entraveling dawnhil and aveld changing the crossing. T's important to drive at th 


low gears, especially 
gears unnecessarily Using stow chains wil Iareasetracton. and too fast will send water everyinhere, but diving to slowly 
you should practice iting them before yau need them, may flood the engine b3 


Snow cits ge thee 
‘illo oeton 
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RECOVERY FROM SOFT GROUND 


Although using the correct techniques will certainly improve your chances of EQUIPMENT LIST 
crossing soft ground successfully, its important to know what to do if you do ere medtanisn 
get stuck. Ideally you should never set out on a driving expedition with fewer lie we 
than two vehicles. A second vehicle can be used for winching, dealing with a i ee 
breakdowns, or driving for help. «Spare tire (inflat 

‘= Shovel and saw 
BASIC RECOVERY TECHNIQUES eee 
‘When you get stuck, it’s tempting to keep trying to agaressively free your cence 


vehicle. However, churning up what solid around i left—and diaging 
yourself into deeper ruits—wil only make things more difficult in the 
long run. Stop, evaluate your options (reversing or pushing, digaing, 

using branches, and winching), and calmly decile how best to 
achieve your aim. Dont actin haste—an il-thought-out plan 
‘could leave you in more trouble than you were in originally, 


Pus os hard 


REVERSING OR PUSHING 

If you cant free the vehicle using four-wheel 
driva, try alternating betwe ing and 
driving forward in first 
1 If thishas noetect, ask the passengers to 
get out and push while you ceive forward 

# If yau are making the situation worse, ston 
lmnmedlatelyand try an alternative solution 


DIGGING 

Tf reversing and pushing don't work, the next step 
ard fresing your vehicle isto dig 

In frantof the wheelsin an attempt to create a 

slope that you can then drive up 

1 Dig out thesand in front of each tire 

an upward slope 

™ Drive very 


USING BRANCHES 
IF the vehicle stil won't mo 
wooden planks, sand ladders, or blankets—in 
fact, anything that wal n 

in front ofthe wheels, The 
tires something to orp, and it should get you 
‘moving fairly quickly 

= Without 


place branches, Plase tronohes 
Front ofthe 


ather material. 
Maintain aslo, 


and continue 
kan firmer ground, 

1 Once clear, remember to stop and pick 

up your equipment and remove any obstacles 
from the track 


unt you a 
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WINCHING <I, 


‘Tf none of the basic techniques work, and your vehicle is still stuck, it's time WARNING! : 

to consider winching, Use-a cable attached to an electric-powered winching ‘We winching dor stand within range ot 
mechanism to pull the vehicle out ofthe hole via a strong anchor point. You the cable in case snaps under the strain. A 
can winch to another vehicle if you're traveling in convoy, although you do ‘breaking cable can cut a tree—or a person—in 
tun the risk of both vehicles getting stuck When winching, take time to ‘tal Placea blanket or deeping bag over it to 
assess your options —using a natural anchor pont isthe easiest method sor some ofthe shock aed redice whiplash, 


‘and should be your first approach, 


NATURAL ANCHOR POINTS 
Trees rovks, roots, or deadfalls can ll be used as anchor pokits When using 

a tree always place the strap or cable near the ground ard usea winch strap 
‘where possible to avoid damaging the tree If the tree loks as fit may nat be 
able to provide the reculred support, te the tree to others nthe vicinity Ifyou 
Intend touse rocks, ensure they 


EMERGENCY ACTION 


Knowing what to do in certain emergency 
situations will ep you stay calm f the 


aye ge enough aid fry ‘worsthappests 
‘embeded inthe ground 
en FRONT SKIDS 
BE iyi The term ski’ covers any kindof lie in 
srvoco wich the wheels fall to grip theraad. Ina 
provide an frontstid—aso called an "understeor"—th 
beni front wheels fal ta turn when yousteer sa 


the winch 


the vehicle continues to travel forward. 
* Steer inthe direction af the ski but be careful 
not toaversteer- If youre on ice and skidaing 
straight, step onthe clutch or shift to neutral 
Once you have gsned contra correct your 
course and continue driving. Cansut your 
driver's manual if you have antilock brakes 


BURIED ANCHOR POINTS 
If there are na natural anchor points, you ean construct an improvised anchor 
by burying abjects such as logs ara spare wheel ig. halen the ground that 
anchar 
then bury the anchar in the hale. Refil the hola to secure it. If youre using a ti 
the tirelever behind your spare wheel as an attaciment point forthe cable 


REAR SKIDS 
Ina rear skid, the back wheels lose cantrol and 
the vehicle rotates more than usual and can spin, 

Staor in the dition of the skid ut fa 
toward whare you want to travel 


petting thee itohone (J Onoe facing in the right dectin, bring the 
rethied te hoe Spey ase ff steering wheel back to the center and continue 
secrestheoncer, arturo ster, regardless of what the rari doing, 


until you have gained total control 


BRAKE FAILURE 
setting out on a drive, always check to 
there is brake fui leaking from 
cle. IF sa, dot travel. the brakes Fall 
when an the move, da the folawings 

thout tuning aff the engine, shift down the 
‘gears to reduce speed while maintaning cantral 
Once the vehicle reaches a speed af less than 
mph (40 kph apply the handbrake, keeping 
2 firm arip onthe steering whee 


WINCHING TO A STAKE 
A series of long stakes in the ground can alsa provide an improvised anchor 
paint. You will need aang, sturdy main stake—to which the winch cable is 
attached—and a series af supporting stakes, lashed together for additional 
Strength. Push tha states securely into the ground ata slight angle. Be careful 
not ta stand nar the stakes when winchin, in case they come loose 


ACCELERATOR MALFUNCTION 

Ifthe accelerator sticks and your engine will 

nat law down, you can decelerate by putting 

the vehicle into neutral and applying the brakes 

f= TT it's safe todo so switch aff the engine, but 

youl se functions tke power steering and lights 
safely toa stop f possible, avai using 

handbrake as this may cause a skid-— 

although it may be nacessary if you naed 

ta avoid acalisian 


Supporting 


Main state 


Attach the 
cable faryiow 
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KAYAKING AND CANOEING use 


eras 
TRAVELING IN A KAYAK OR CANOE is a good way of 
negotiating river systems and open water. With your equipment 
safely stowed in your boat, expeditions can range from short 
day trips to year-long adventures, 


Lijooket 


Fotis 
KAYAKING ; 
Kayaks arean extremely efficient method of water trarsport, say deck ees 
especially on open sea, rivers, and lakes, Thelr narrow design, seeehvare 


«light frame make them easy to maneuver, 


CAPSIZING IN A KAYAK 


Cansizing is an almost inevitable part of kayaking f rough 
water: The "wel exit”—slinging aut of the kayak cornpletely 
while still holding onto tie sometimes the ony ostion, 
but wherever possible use an exkimo rall instead, 


ESKIMO ROLL 
Mastering the ecko rll enables you to avold getting 
your legs wet and having to cimb back in your kayak 
with prantice should Deore onetuid movement. 


. ee eee 
Enipty water bottles 
-youe pockets can felt! 
-asmalcestift flotation, 
‘devios in a evverueney 
= Tsasurvbal station, 
From the upside: With your head Continue the hip: never leave you kayale ot 
dow position, twist near the surface, flick until the kayake Ses iy. 
Your body to the side of sweep your body and returns to an uaright it tok. todos, 
the kayak fadidie aia fom the position inthe wate, Acces yale, 
= Gripping your paddle, side of the kayak: = Straighten your back expealy From the aig 
Firmly gush your armsout = Atthe sametime, flick so you ave sitting urvight ‘aid is far ire ice to be 
of the water, ther rest them your rip away to start ‘again, and vontiiue to gota fest by eesaers 
onthesidecf thekayak, he yotalion af the kayak padcle your course \ , 


BASIC PADDLING cATcH BRACE ‘STROKE TRANSITION 
SKILLS Placevourleadblade  Rotateyouriorso — Swoepyeurlead —_Asthe blades the 
fimlyinthewaters0 ale tae blade trough water repeat the catch 
(Kayak paddles have two ‘thatitentersnearto preparation forthe the water'to propel ‘on the other side and 
blades that sweep yr fe, propulventeeks, —skayakforward,  cactspaddny 
alternately through the “a 
water, propelling the kayak == ines ie Mepover egy 99 Tegan 
forward Tostaxypsccleon ely ouemee Soagem — ‘swontbas 


the ogposite side to the ~ - “« et 
clrection in which you want: A 
tga. Some kayaks have — — 


2s foct-operated rudder >» » > 


Te your gear 
securlyéo 
hacanoe 


CANOEING 


3 with kayaks, canoes can 
hold one or two people 
with equipment, and are 
powered by the body 

from 2 seated position, 

They are generally wider 
than kayaks, however, 

and thelrdecks are open 
Canoe paddles have one 
blade as opposed to two, 


CAPSIZING IN A CANO! 

Because canoes are open and fill with 

capsize, our greatest challenge Isemiptyng: 

the canoe s righted. TF traveling alone, always ca h 
for shallower water so you can lift the canae and tip the water o 


CANOE-OVER-CANOE RESCUE 
IF you are traveling with another canoe and are far from shallow water, 

‘tha best aption isthe canoe-over-canoe rescue, The capsized canae is ratated 
upside-down and pushed onta the rescue vessel, which empties the water out, 
“The people an tharaccue craft then tate the canoe back to an upriatt pasion 
ad return ito the water, 


re person 
Inthe water 
sipparts the 


rn theeanoe 
ski dow 
{oan 
wnaorole 


KAYAKING AND CANOEING TIPS. 

* Research your route and weather conditions thoroughly 

= Dorrt overload the boat, and ensure i's well balances, 

= Carry 3 high-volume pump so you can rescue yourself when alone, 

1 Tf watertight bulkheads are not fitted on your kayak, use airags to adh 
buoyany and reduce the amaunt of water that can enter 2 compartment, 
= Use waterproof dry bags to keep your kit dry 

1 lip valuables onto the lat or yourself. If they dort float, attach @ 
float to them sa they wont sink they fallin the water 

= Carry waterproof material and bungee cord to repair blown hatches, 
«Never enter a cave alone, or without head protection. 

Fit a leash to your paddle and attach it to the craft, If you then have to 
perforin a rescue you can thraw tin the water and keep both arts free 
® Chewing gum is reat forthe short-term repair of small holes inthe 
craft, asis black masking tage and plumbers repair tape 
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TANDEM CANOEING: 

natancem canes cre cetson should sit 
the froma one a the bala Each person 
paces on ether side—swap sides yaguarly 
to avo muscle fatigue and steam. The person 
at theback generally ontrolsthe steering, 
use hist Fer pal ie a eae 


BASIC PADDLING SKILLS 
When canoeing sol, use a "switch? 
style of paddling to ensure your canoe 
travels in a stvaight line the canoe 
starts to veer off course, switch sides, 
CATCH 

St inthe riddeof the cone, ensurina that 
ited balanced, Reach forward and 
‘thrust theblade into the water 


sree 
tant 

a ae 
snk 

DOWN STROKE 


Drive the pate swiftly and firmly down 
Into the water so that assumes 2 
vertical postion, 


tee stone 
J erminations 


PULL STROKE 
Firmly pul the paddle blade backward 
‘through the water: This wl propel the 
canoe forward 


petite 
geroutes 
a forward 


bomen 
REPEAT STROKE 
Liftthe blade cut ofthe water toward the 
rear ofthe canoe and return to the starting 
postion to repeat the stroke 
aie eaves 
Ly te waierat 
ts theron 
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BUILDING A RAFT 


IF VENTURING INTO the wilderness, 


is useful to know WARNING! 


how to build an improvised raft or flotation aid. You may een eC 
find that a major water obstacle lies between you and Cia ited ‘ 


rescue, or you may be in an area in which dense undergrowth be custarly siting oriresing 

i i ‘water, This cn acl to hypothermia 
makes cross-country travel difficult but river travel relatively fUtainudines soll 
easy. However, in a survival situation you are unlikely to have additional eaged platform necessary, 


a lifejacket, so assess the risks carefully. 


—\_ MAKING A BRUSHWOOD RAFT 


‘TOOLS AND MATERIALS: Tf you have a poncho, shelter sheet, or tarpaulin, you can construct 

s Koff smal sae a brushwood raft. Thisis a one-man raft, but if built correctly will 

1 Por sell sheet or tarpaulin keep you campletely aut of the water: Bulld itas clase to the water 

= Long tics, beushwood, ‘as possible so you don’t have to carry it far 

an tai 

Orae eave the 

Paowihe Srishwoou tghdly 

| oe ‘astengtien ne 


inert boayer terete 
Construct your raft near a 
suite launching place 

* Lay your poncho on the ground! 

to determine the size of the finished 

raft, Make sure there’ erough 

‘material to come up the sides 

‘and gather on top. 


Peg out sticks to for an oval 
shape, the size and shape of 

your intended vaft 

1 Interlace brustwood and thatch 

tightly through the sticks to forrn 


the sides of the raft. The tighter you " x Tnoriaove tie 
steave the trusts, the stronger Sipe 


the body of the raft will ba, and the 
bother it will float, The helaht of the 
brushwood will also determine how 
high the raft sits inthe water, 


Form a sitting platform by 
pushing a selection of long poles 

or slicks through the sides of woven 

bbrushwvood, Weave the sticks under 

and over each other as much 2s you 

can to create a stable structure 

= Using your knife ov a small saw, 

trim the sticks to size so that they 

don protrude from the sides 

1 Remove the pegs from around 


Te thst ts 
the brushed, Sesto 
‘ectta bse 
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MAKING A PADDLE 


Tn most cases, you can use the currant of the river for momentum: 
rather than having to paddle, and your walking staff to maneuver 
the raft: However, where there isno current you wil have to 
provide the propulsion yourself, and will need to improvise some 
form of pacidle 


ALTERNATIVE RAFTS 
Use whatever materisis are available 
‘to you to make your raft. Look out 
{for loas, bamboo, and ciscardes cil 
drums, 25 they are naturally Euoyant, 
‘materials that can be used to make 
sn effective raft 


Find a suitable length of green “spilt determines ‘spilt to stop # 
Once EE ESE. | toomet 


pate foce To male a loa att use dey wood — 


ould be as wide as possinl 
pete rn mala Ideally standing deachwood-—as this wll 


sUll comfortable te grip. fiat higher in the water: Cut netehes in 
w Inthe end of the wood, make a split Ze fistsmat || thelogsto alow the roseieces to dt 
long enough to form the paddle face, teteor snugly. 

‘Collect smaller tranches and hsert one Te pele Qrosptces Ls the 


of them into the solit, Lash into place, tension te crossteces 
‘pear 
ioe aes ( #3 
smaller eto ci 
Sow foraie 


Continue to fo 
branches into the spl, lashing 
each ane as you progress until your 

rave a sufficient pacidle ares 

1 Securely lash the twa open spits 


handle together: begs that 
ofthe handle togete adie ceed 
= Tomake the parldle more rigid, sarah Sane dameter 


lash the ends together, taper BAMBOO RAFT 

Earnidoo is mae up of hello» 
compartmentalized sections, which 
‘means is ideal for raft, Bamiaon 


Slide your pancha undemeath theft to fon 
iS et Berea a fealiohie var enitt rafts are much lighter than log rafts, 


a. waterproof seal 
= Push theponche hood through to the inside and tie 
its neck securely to ensure its completely water tight 
' Pull the ponelia up the sides of the raft ad lash 
eur aly across the top, 


seers. 
pleas wh 


Fillthe space underneath th 
platform with natural materials, such as 

additional brushwaod, grass, or mass. You could 

also use any item thal would aid kun DRUM RAFT 

such as em ty plastic botties or wate ‘Troll drums are avalable, they ake idea 

filed with alr and tied of, fats Always take carewhen handing 

1 Drag or push the raft into the shemical drums as they may once have 

water, checking to see whether contained toxins, 

it floats in shallower 

water before loading 

your equisment and 

climbing aboard 


Augaxta 
oltge ta 
bacyaney ane 
stanity of raft 


(king ier cans fr ear) 
stabove te wate 
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SWIMMING 
WHEN THE WATER IS TOO DEEP to wade andyoudont fe) 


WARNING! 


have the materials to build araft, you may need to swtn Fonda ets Aer 
tonegotiate a water obstacle. Before you get intothe water, layed geting elf away around 
plan how you will get warm and dry when you get out. ‘he hstale posable of ed stalower 
: F iter fo vader Teco vat 
Making afloat will help to keep clothing and equipment dey. rata your eal nothemiasy eae 
‘you have the necessary equipimeet foe buiding 
SURVIVAL SWIMMING Tepe! sieeee ig reais 


Unless you need to cross rocky ground to enter the water, remove ) 


{your boots and mast of your clathing to recuce drag and keep them 
ary, Place them either i a waterproof sursival bag or in.an improvised 
poncho Flat (see opposite) andl float them across, Teheneck ‘Reounes 


aftieteg taki topathowrett 
teteepiteroat ous berbe 


SWIMMING ACROSS RIVERS. 
Choose a safe plate to eross (seep, BE, 
and plan where you rill exit the water 
"Toke the current into account as you 

are ikely to drift downstream slighty. 

1 Lower yourself in gently —never jump 

or dive into the water 

1 Ifthe water is cold, gently immerse 
Yyourseff until your body has recovered 

for the initial sock 


THE CROSSING 
Choosing a stroke you feel comfortable with 
Grd that wil expand the least energy), swim 
across your raute with your flaatn ore arm, 


SWIMMING DOWN RIVERS DERENSLVESS WINN 
“The aot deers swing isto adopt a postion tht keeps 
‘void swimming up or down rhvers—walking the route yous as safe a pose and arevents your fet from becoming 


instead is far safer. However, if you aceldentally fal in and nsrared in racks, which, na strong current, could push you under 
find yourself traveling downstream in fast-moving water, theater Assume the defensive swimming positon unt you 
there ate ways of protecting yoursef until you reach safety, reach shower water, and can stand upd cimbanta the bank 


Inthtspoation 
jour fet anit 
the rocks, 


Inver feted wit 
pce pu aac 


SWIMMING STROKES 
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Ths important ts know what the different swimming strokes are, athauah you're unlikely 
to sti to then) stiety in 2 survival situation, Hf you're a confident swimmer, always 
choos the stoke that wll use the leasl amount of eneray, suc as kreaststroke TF youre: 
less experlenced you should avoid gstting in the water unless ina ife-or-death situation, 


DOG PADDLE 
‘A easy stroke sultablefor less confident swinnmers, this invahves 
simply paddling formar with your arms avd legs, When you 

pd with your left ar ilewith your right leg and vice versa, 


FRONT CRAWL 
‘Also known as “freestyle” front rau uses alot of eneray so is 
not the best stroke for anormal survival situation. However, you 
ca bulld up alot of speed, which may sometimes be required, 


—-#& ee ee es pert wath 


BREAST STROKE 

‘hiss pertiaps the mast commen stroke for crossing rivers 
‘Your arm and lea maemerts should be made simutaneousy 
and smoothly. Its 2 good optionif youre pulling a float. 


BACK STROKE 

you now the water is saf,tis stroke can be a good choice, 
-35 uses [tls eneray, Howsve rot being able bo see where 
youte going canbe disadvantage, especialy n rcley areas, 


MAKING A PONCHO FLOAT 


Constructing @ poncho fluat will keen your 


belongings dry and provide imited flotation as 
{you cross the river Ifyou don't have a poncho, 
use any large piece of waterproof material 


Paish your poncho hood to the inne 
side, and tightly secure its neck 

withthe drawstrings oF eardage. 

® Lay the poncho on the ground With 

‘he inner side facing Lew 

= Place your gear 


Wrap carefully to make 

it watertight. 

= Al this point, if you havea 

second pavicha,régeal fram step 
placing the flat face dow 

on top af the second sheet and 

‘wrapaing again 

"If availabe, piace brushwoad 

insidethe foal for eke 


axided buoyancy. ee 


Ley the 
‘heeton 
Fat grt 


Bring one side of the poncho ua 
and over the equipment that is 

pled together in the middle 

= Repeat with the other three sides 

to creste a rectanaular parol 

= Fold the.corners, and ensure that 

they wont allow water to enter 

thre float 


thepomsnoonor 
your egutoant 


vines or improvised 
ccordage around the float 
to sere it, 

As you enter the water, 
gently ower the float in 

with you Pul it along as 

youl cross the river 


ESSENTIALS 


Whether you intend to remain where 
you are and wait for rescue, move to 

a safer area and await rescue there, 

or walk out of the survival situation 
yourself, you're probably going to need 
to select a site on which to put up a 
shelter. This could be for just a single 
night or for a longer-term stay. 

A sound understanding of what 
constitutes a good location will allow 
you to address the basic principles of 
survival. For example, a well-selected 
site will help keep you safe from danger 
while still allowing you to deploy your 


location aids effectively. It should also 
provide you with adequate materials for 
building a shelter anda fire, and offer 
an accessible supply of water, both 

for drinking and for hygiene. 

A well-organized site will not only 
give you a sense of purpose and order, 
but will also provide a safe environment 
for yourself and your equipment. 
Designating an area for storing 
equipment and tools, for example, will 
help prevent vital items from being lost 
and will reduce the likelihood of you or 
members of your team being injured. 


In this section KTR tet y ie 


= how to make a shower before you take a shower... 

= why keeping clean is good for both body and soul... 

= how to work up a lather with wood ash... 

= when a thatched screen could protect your modesty... 
= what turns a hard candy into a firestarter... 


= the difference between cattails and fire dogs. 
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Virtualizing the 5G Architecture 


Staff Writer 


Virtually changing the 5G architecture 


Virtualization is set to play a major role in the evo- 
lution of the fifth-generation (5G) core network, 
According to industry experts, 5G will use software- 
centric networking technologies such as software- 
defined networking (SDN) and network functions vir- 
tualization (NFV), and will be natively cloud based. If 
correct, this will represent a major transition in system 
architecture and will require much greater collabora- 
tion across the networking ecosystem. The push to in- 
corporate more cloud- or software-based components 
is driven by the need for greater flexibility and scal- 
ability to respond to the demands of radio access tech- 
nologies that offer more bandwidth, reduced latency, 
and stringent quality of service (QoS) requirements. 
‘The new 5G core network must be adaptable and bet- 
ter equipped to handle various devices and manage 


capacity in near-real time, Mobile network operators 
see the advances in cost and efficiency that virtualiza- 
tion brings to other market segments and will use the 
emerging 5G technology to determine if these same 
advances can benefit the mobile market [1, 2) 


SDN and NFV are two key architecture concepts in 
development to support the flexibility and mobility de- 
mands of the 5G network infrastructure. Virtualizing 
network functions that were previously implemented 
in hardware will allow providers to introduce new 
features and integrate new standards at a faster rate, 
SDN/NEV provides an avenue for providers to decen- 
tralize their networks, thereby increasing flexibility 
and reducing latency. Two areas where SDN/NFV will 
benefit 5G networks, and in some cases even fourth- 
generation (4G) mobile technology, are network slic- 
ing and cloud-radio access network (C-RAN). 


A fire is an integral part of any 
campsite. It can be used for warmth, 
for purifying water, for cooking, for 
signaling to potential rescuers, for 
protection against wild animals, and 
for providing light when darkness falls, 
It also provides a sense of security. 
The psychological effects of being able 
to start a fire in a survival situation 
should never be underestimated; 
neither should the psychological effects 
of not being able to start one. Even in 
a survival situation, a simple camp can 
give a sense of normality and “home.” 


Wal 


You can produce a spark— 
and therefore light a fire—by using a 
device such as a firesteel or a ranger's 
flint and steel (see p. 127). 


A FIRESTEEL COMPRISES two main 
parts: the material that will produce the spark 
(usually a rod made from ferrocerium or 
magnesium alloy) and a sharp striker device 
(usually a knife blade or short piece of hacksaw 
blade). When the striker is drawn over the rod, 
a spark is produced, 


To control the spark created by these two 
moving parts, follow the method outlined below. 
It will allow you to direc rk accurately, 
and reduce the chance of you knocking and 

scattering your tinder, Thi problem 

if you hold the rod next to the tinder and strike 
down into it—especially if you are cold, wet, 
and tired and your hands are shaking, 


@ "2 the ro in the center ofthe tinder. Then 
position your striker rod, Lock the hand 
holding the striker into position, 


Pull the rod up and away from the tinder 

drawing it against the striker. By drawing away 
from the tinder you avoid the danger of disrupting 
fr scattering it 


To direct the sparks, aller the angle at which 
{you pull the rod up and away, 


LIL) The psychological effects of being able to 
start a fire should not be underestimated; 
neither should the effects of not being able 


tostartone ! Jf) 
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Pity cana nay 
ORGANIZING YOUR SITE 6 
Seton os 
WHERE YOU CHOOSE to set up your shelter depends on the 
environment, but always take into account the four principles of 
survival: protection, location, water, and food. First, make sure there 
are no obvious dangers, and that you're able to signal for rescue 
If possible, select a location close to a water source, 


Settles fora trina tals dowroing 
of rea a downstate 
ater souree eee 17) 


preatrs are your avo hag a 
Biante Gmi of ae pound ante) 
ay fom te tnior branches of fe 


SITE FEATURES 


Onoe youre happy with your chosen site—andl 
confident it doesn't hold any forseeable dangers—you 
can organize the area to accommodate your needs, ancl 
to make your time in camp easier and more efficient, 


CAMP ADMINISTRATION 


\Whether youre in a group or'on your ow, t's imortant to organtae 
your site, and quickly establish discipines ard routines to ensure camp 
safety and to reduce the risk of accidents, Designate specific areas—for 
storing equipniant, frewaod, cooking, and sleaping—and specific 
routines for when you do things (see panel, right’, 


When you tok off 
your boots, op 
than apate is 
onastieto mae 
rothng eras site 
ever pt them oo 
‘tse fon fre toary 


for vaaton ats, Sieh 
‘eakrge"Vandas 
agoterovenang ste 
ipravescie after 

(eye, 2nd) 


Coteet ana ut the 


fey roe bfore It 

Greate q safe ave fer eatin /—‘etsdarkand ago 

‘wood Use a bee ti oso “Sy irar oprah sek 
phajorn or eating pe abepaa 
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pibipeleb ted aed ASSESSING YOUR ENVIRONMENT 


theriskof faba dy caning 
sma rey treren gard ‘Yourneed to protect yourself from injury, threats, and visks, so fave & 
erfobeec ada goad look around your campsite and assess it for any potential dangers, 


such as animals, unstable rocks or trees, and the likelihood of flooding 


ANIMALS STANDING DEADWOOD, 

Loc out for dans of animals especially. These are dead trees thal haven! tye 

near water IF possible pitch your camp fallen, Heavy wind, cr the weight of 

against rock fsoe 30 Ibesrionly be rain or sry, crime them fall This 

approatred fromaredivschon Kee (sth bast type of wood for kindling 

Aafiregoing all night IFyoure haaroyp. and fire fuel (see p12) 

organize a watch system Keep things 

‘tohand that you can make aroiso with DEADFALLS 

‘to scare ff prowiina predators, Dont These are dangerous branches that 

campeleseto standing water wore have broken aff tree out Havent yat 

inserts, such as mosquitoes, swarm, fallen ta the ground, Sante trees, such 
a beech, ash, and yaw, drop thar 

WIND AND FLASHFLOODS branches withaut warning 

Paciton the entrance ta your shelter at 

a grgle tothe wand, Guliesrun therise, ROCKFALLS AND ICE FALLS 

of las floods or avalanches insideviver Ifyou carnp next a roc, chek for 

bands are pronto erosion and floods; eraccs arid fissures. Fires below them 

and ariver might lurstits banks on an can cause rockfas, Whe It's cold ne 

tulside bend during aheawy downour, shests san suddenly fal rom the racks 


CAMP TIMETABLE 


Th most oases, when vou arrive at an area 
in which you intend to remain for 2 wn le 
{known 28 “going static), start planning 
_your activities ty working back Frarn 
cutoff Lime—usually when it gets dak, 


THREE HOURS UNTIL DARK 

‘You arrive in the area, Drink water, stow what 
is mo longer neaded (ma, compass, and so on), 
and change from wet clothing, but leep one set 
of clothes dey at al tunes, Scout the area for the 
most suitable camparte 


saaungeaer 
Se eee 


fuel and rrake a safe firetiase and reflector, 


Coleot water sn Torage for food, Prepare 
WHERE NOT TO CAMP 


all is to location forboth night and day. 
+ Dot setup your shelter on slong, poorly dane round. 

= Dott your ea io cose o wate beeause ofthe rik 
cof flooding and! the presence of reels and antral. 

Avoid camping ree nib wale sources, sch as watts 
because they mask any other sounds that could alert you fo the 
fresence of thats, such asd ania, of even pssibe reste, 
su asa helingte or emergenny whistles 


ONE HOUR UNTIL DARK 
Durina taht, finish organizing the site and 
see to your personal needs—wash, use the 
latrine, and check your equipment. JF youte in 
2 group, make sure everyanaknaws where the 
‘emergency equipmentis and who has been 
designated each task Cighting tre signal fire, 
shining the flashiight, blowing the whist), 
Set up avatch system for the fre, 


116 | cam crart_camp essenrrats 


STAYING CLEAN 
PERSONAL HYGIENE IN THE FIELD is an important elenent (===, 


of protection. Keeping yourself clean and healthy helps to ensure CLEAN CLOTHING 


H 9 < ‘The condition of your dlothing and 
that your body is working at its most efficient and reduces the gugcsnt em affctyoustitect 
risk ofliness, How you feel physically also has.a direct impact ta Hwrelaing yan 
on how you feel psychologically. 1U5 a state of mind if you let eae slecpyca 
your personal hyaiene slip, it’s just a matter of time before btn in arin go rea. 


everything else starts to follow. 


MAKING A SHOWER 


HYGIENE CHECKLIST Standing under a shower can work wonders for your spirit 
retroves accumulated dirt and sweat and rakes your body feel 
trdhealtssodeebpadelvratia, | refreshed. An improvised shower Isquick and easy to make from 


that ensuresyou correctivuse personal J 2™eta| ora plastic container: 

protection aids tablets, insect repellents, ‘he ote in 
sunblock, and safely handle food, water, 
and oooking and eating utensils Keep 
‘your clothes clean, and attend to your 
bodily functions (see opposite), 


HAIR 

"You don‘t ned to shampoo your hale—ietit 
make its own ols and minerals and establish 
natural balance. ‘Nash ut incdental sells 
suo as fire stroke, wth hat or cold water, 


Personal fwaiere is about keeping clean 


SCALP 
Check wourhesd for insects arabites ever 
Re ATH HL CO Liae bane ek Turn the container unside Make.a hole about Lin 
help—for example, look fr ticks yeu clown on a fat surface, (25 om) down trom the rim 
rein 2 wooded area populate by deer = Punch holes intheloottom with af the cantainer 

the bradawl on your perinife or Makea matching hole on the 
Bu the point of your knife, ‘opposite side of the container 


\Wear sunglasses ora hat to protect your 
eyes from bright sunlight and snow ole, 

Rinse your eyes it wale twice a day to 
protect against infectonslike conunctitis 


EARS 

(Carefully check your ears for foregn abjexts 
‘with clean wet fingen especially if youre 
slesping rough of te ground, 


‘TEETH AND GUMS, 

Use clean fingers to rub your teeth and 
guins, or make a toothpaste From baling 
soda, or amoutivvash from salt and water 


© Breath owt any rough ets Pullthe.cord through until 
BODY around thet holes, ‘you have the same length— 
Every two days wash eur ampits croteh, |» Thread apiece of cordage more aut 1 ft (20 amn)—on either side 
hands feel and toes with runnngwaterte than 2 ft (60 cm) long through = Tle the two strands together with 


keep fungal infections at bay, thetwohoks. 3 overfiand knat (se=p, 143), 
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BODILY FUNCTIONS. GOING STATIC 
Ina genuine survial situation, you dart eat 22m uch food asuusual and {yore gang static by staying m no clace 


your tol functions particularly with regards to solid waste—wileduce | Sheba an afew dns bul slate 


hamatioally ater 2 day or so, Nevertheless, I's npartant to maintain a ia aeon uni wnareune Np 
routine, especialy you are in agroup, -adeep trench, elther next to or between 

‘wo trees, and maka seat from two 
IN TRANSIT poles Dover the depostts with 


sand or sol toreduoe the smell 
andlceep flles aay, When you 
Jeave, smn the|atrine, fil 
‘he trench, and ark theares 


Tr yours ming everyday oso. it Snot 
‘worth making alain, so just attend 
to your badly fnctions as folows, 
Urination chocsia toe away 


from the water source and swith stones or crossed sticks. 
downwind ofthe camp 2 

* Defecations ig ahole tthe si i Te a poe atthe back of the 
base ofa tree, filthe rele oo tees fo an agaiet 


afterward, and mark wath 
stones ar two crossed sticks, 

Clean yourself taut don't use the 
hind you ett with tolet pape, 
leaves, or grass then runing water 
(Wash your hands and fgets 
Burn or bury used tollt paper 

= Menstruation: you dorithsve 
‘arrpons or szitary napkins sth 
yoususe something cotton and 
‘washable, or even sphagnum 

moss, Burn or bury whatever 
youhave used, 


ow 
AW’ “ | 
Fis. aes 
< 


\ a 


LATHERING UP 


Camping soaps a concentrated antibacterial 
liquid soap that can be used withaut water 
Decent a litle into a small container, such 

as an old 25/nm fllm container, and it will 
last for weeks, Allert ively, you can rnake 
soap from natural materials, 


MAKING SOAP 
You can make:natural soap from various sours 
that contain a substance called saporin, which 
shen mixed with water —has a cleaning affect 
= Birt eaves: Selert young lees aril place thern 
in acontaner @ven 2pasticthan wil do). Add sorme 
cold water then add somehat or boling water 
Shichewer your container can hance without 
melting), Agate the mixture—this allows the 
sapanin in thaleavesta dissolve into aratural sap, 
* Soapwort: state soapwort roots in water 
unl they foam up Let the ight foam settle before 
using it to wash yourself and your clothes, 

' Horse chestnut: Dip horse chestnut leaves in 
warn or hat water ther remave, Squeeze the 
leaves in your hand to produce sapanin. 

1 Wood ash: Mix wood ach wth wate: Don't use 
tis method too often, ait car dry out yo 


6 ke 
sapling oF 2 low brane 
1 Pour water into the container to test the 
flow of the shower. Ifthe water runs too 

‘uickly, put leavesin the bottom to slow it 
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MAKING FIRE 


THE ABILITY TO MAKE and maintain a fire can be 

a significant psychological factor between! detertnining 
whether you do all you can to survive or just give up. 
Fire gives you a sense of “being,” and, lke a shelter, it 
can transform a clearing under a tree into a “home” 


A PORTABLE KIT 


Itsimportant ta gather all your materials before you start—not 
conily your tinder. kindling, and fuel, but also your means of lighting 
a fire This involves a fair amount of organization, so a portable kit 
that keeus it all in one place is much more convenient, 


—— 


FIRE PRECAUTIONS, 

If yu tenn havea fe in-ont of your 
sfelig, ear nin! so Bs ules 

» Dont bik the fie too lose othe shetier 
asi nay et out of earl a spat may 
blow into fe steer and inet 

Male sire yo be fly extinguished vou 
fi fine you decarip ar Rave these 
Pour water Gf you have encunh ort the ie 
ant the inmate suring area, ase 
damp soil, cand, or earth, 


COMPONENTS OF FIRE 
‘Thre srucial components —orygen, heat, 
ad fuel—need to be present in order for 
afireto start and be sustained, Athough 
you den't have any contral aver the 
resulting chemical reaction, known 2 
‘combustion. you ean develop the kil of 
lighting aire. The key is to achiewe the 
hoest balance between the cowriporents, 
‘Tf your fre itt qoing well, get back to 
pasios and as yourself which one of the 
‘components is working against you 


OXYGEN 

Althauah oxyaenis vital for combustion ta 
happen, it al 0 easy to prevantit from 
getting tothe fame by smothering the fre 
wth too much wood, Ifyou intial ire eaks 
asthough dying wy fanning it with your 
hand ora map to create ara that feeds 
oxygen tothe fe 


HEAT 

Heat is essential for ining the fuel. th most 
‘cases thisheat can besenerated either by a 
spark (such a5 fin and steal), by a chemical 
reaction and friction (zuchias matches or 
potassium pertnanganate), ory faction 
alone (such as a bow dri). (See gp. 126-27 
anid pp. 130-23) 


FUEL, 
Gncethetire gets going, youneed tohave 
ual to burn (see pp. 120-20). You should 
start with smal dry pieces of fuel that wil 
catch the flare and generate enough heat 
‘to then burn inerezaingly large pieces of us, 


MATCHLESS FIRESET TIN 


Working on the principle of “Dorit make things anyharder than they need 
be,’ this matchless firese, destaned forthe military contains a one-stop 
solution to getting a fre doing—reqardless of the weather conditions 


INSIDE THE TIN 
“The smal tin, which is waterproofwhen taped, cantains everything you need to 
produce a fire: asparking device, tinder, kinling, ancl fuel. examine from the 
us blacks is soraned anto cotton wool, then a spa from the fin and steel 
ignites the cotton wool long enough for the uel blocks to igh 


a thecatton 
woot and 
toraon as 

aes titer 069 

a) thesay h 

aplastic 
ba arce 
thet ae 
beenopene 


——p— Porger 
Fitna 


am” 


Plastic 
2piecb09 


se quortor oF oa 
‘pexvhie fet ok 
take a fre 


ctricat type kes to 
‘atvgrooh canbe 
‘re oe ting 


USING THE TIN 
You can use the tn itself to boil water. Rise the 
tin] in @.5 om) off the ground with two sticks 
and light a quarter of ahexamine fuel bloc. 
undemesth, ter a ile, the water bolls se 
you can have apoten tal ie-saving drink, 
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KEY POINTS TO REMEMBER 

1 Caty some fats of ili with you a allies 
Prats yor sls before you cis then o 
ciffeentconelitions ane using eft materia, 
‘oullsoan Fearn what worl an! what doesnt 

«= let teder as son as yeu enter the Fores. 


PREPARING BEFOREHAND 

More than any other survival task, starting a fire needs 
good prior preparation, Tf you dott have the correct, 
materials and in sufficient quantities, you will probaly fal 
in your attempts to starta fire, Preparing the ground, your 
materials, and your equipment will usually make firlighting 


much easier and more likely to succeed, 


CHOOSING YOUR GROUND 


You need ta be careful wher 
to start your fre, Clear the ground before bul 


spread of burn out of contol 


ate fre 
roctr tomate 
the fre me 
‘okt tae J6 


ataoe the 
tide of @ 
long poten 
a forte stk 


arc eae poe of wood 
osm tothe rato aby than aut 
onoate fete estaisred 


tng the place in which you intend 
your fre: Never 
light a fire directly on the ground and watch that your fie doesnt 


‘wat dyin youe pokes against your warm body 
sls everything you ree to ot a fe oni, then 
enol by ten, Fryous ima tre stuatio, you may 
fave only one orto changes of geting fie going 
before you ethers out of matches tee, oF yoo 
safe fom exhaustion or ypothriia, 


1 aplaierm of rear wood 
to protect to fra from ground 
Totten tat te heat 
(Fsseatng It te ground 


Cosa 
tan tre frensthacen aun our eck 
toed oa ores 


(ols tat var pode 


CAMP FIRE DO'S. 
1 Make sure you have enough wood close by to fuel your 
fire Carrying wood to your fre uses energy, which may be 
at apprem ium ina survival situation, 

1 Rake the area avaund the spot wher you intend to start 
the fre and brush away leaves or anything else that may 
ignite and start a forest fire 

1 Check the ground for tres rots, Your fire could set an 
exposed root alight, or even one|ust under the surface 
One 2 root starts to burn underground, the heat. works 
its way along the root and! could start a fovest fire. 

* Tf youre trying to get rescued, choose 2 spot for the. 
fire where passing vehisles and siteratt can see it 


when hey get at 


CAMP FIRE DON'TS 
= Dont use your hands as a rake to clear the ground, 
because you may get bitten by an insect or a Siake 

Use your feet or alvanch instead, 

1 Derrt bul 2 fire next to old logs or fallen trees, 5 they 
ray cateh fire, They may not look aight but they can 
smolder for several days and a heavy breeze could 
subsequently fan the embers and start a iolaze, 

1 Dont kui your fie under an overhanging branch, o 
leaves, as the heat from the fre can soon dry them out 
nd then set them alight 

= Dont position your fire sa that the wind affects the way 
‘the relaumns, of blows smoke or flames inta your sheer 
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THE ELEMENTS OF FIRE 


THE THREE MATERIAL ELEMENTS you need to build a fire 
are tinder, kindling, and fuel. They must be dry and collected 
in sufficient quantities. A well-made feather stick effectively 
provides tinder, kindling, and fuel on one piece of wood—and 


> 


EMERGENCY TINDER 

Gann tinder sut a a tampon or cotton 
‘oool ban a 35m fly cacister ora 
loc baa in you ermency ki For 


it needs only a spark to set it alight. 


MAKING A FEATHER STICK 


Between four and six well-made feather 
sticks provide enough combustible material 
to get fire coin, Keep a few already 
made and packed away to use in an 
emergency, The best feather sticks are 
made from stancing dea! wood, but just 
about any type of dry wood will do, If 

yall use sirall, dead branches that have 


snapped off a tree, remove the bark first. ‘s 


CChaose the side of a stick with an even 
grain and no knots, Work on a hard, flat 

surface to stop the stick sloping 

1 Lay the lade flat on the stick and run itallthe 

way down without cutting into the wood—do this 

ten times, This qivesyou afeelfor the wood and 

how your knife moves over it 


TINDER 


The first elemert you use tomake a fire is dry, combustible 
mictaral called tinder, You may fave tinder in your 
equipment (see pp. 122-23), or you may need to find 
natural or other man-made souices. The key to sucness 
is to experiment with what's around you lefore you 
actually need it. Make sure its dry-—leave it inthe sun 
ifs damp When you use some tinder, replaoe it at 

the earliest opportunity, 


TYPES OF TINDER. 

Natural sources: Feather sists (sae shove), shavings from the 
Dutside of abarnboo stam tar shavings, fine »wod dus, ine 
pitch, plan and animal down, powdered dung, and fire doa (= 
charred stick). Also, birch bark (siver birsh bark can belit even 
‘wien ts wet), oleratis, honeysuckle, cattal, dy grass, desc 
ant dry moss, and sotne Fung) The best tinder for friction 
‘methods of firelahting (see pp 130-33) is tree barle dry 
agrars, fungi, ichen, plant roots faers, and down, 

Man-made sources: Cotion wool balls, tampons, char eloth, 
firetin Gee p.123) lint, tssue caper, camera fm, strips of 
rubber arc candle wick 


‘sch fie, wsesometniin woolanda 
sal ins of anon. Cotton werd 

balls soeaeed wath oaoten ely 
snake ae lst ten times anger 


‘ - ie stcis 10 
‘all your fe so that your cam se Sem) jong 
{he part of te ble cast foie ‘rie 2 
Danae ts aes ou morcontol gers in 


‘end guts letra on yor wet ‘sneer 


aupredtiotw-oatél NS 
Ieaiongst 


TINDER BUNDLE 

‘A goad way topprepare your tinder to take a spare ar coal isto 
mate itinto a tinder bundle, Vigorously tease, rub, and pul the 
fibers with your fingers unl it bacomes a ball the size ofa 
arspefr ult, Push he Finest ost comustble material nto the 
Intenar of the bal Try mixing up your tinder to mate t rore 
‘effectivafor example dry orass, birch bark, and cattal 


Now tit the angle of the blade 
slightly toward the wood 

1 Keeping a part at the top of the 

ood to use as a handle, run the blade 

down the wood to cut a shaving 

* Stop just before the bottom 59 that 

the shaving stays attached to thestics 


KINDLING 

\cindling is the second material element of fielighting and, 
when dry, iS added to burning tindet ning ean be 2s 
thin as.a match or as thick as a finger, You should be ale 
to snap itwith your hands, If it doesnt break with a erask 
then t’spprobably not completely dry. Ifits damp, remove 
the outer bark (this retains most ofthe moisture) and 
break the kindling down into small sticks 6 in (15 om) long 


Ship off tober 
‘oth your have 


TYPES OF KINDLING. 
= Softwood twins are very 
combustible wile wood 
‘with flanimatie resin, such 
ascine, burs hot and Long, 
* Youcan use sore types 
of tinder as incling—for 
example bark, palm leaves, 
pine needles grass, ground 
lich, ano ferns —but you 
‘wil need larger quantities 
Tor inainn tran you 
needed for tinder 


Turn the stick sightly and run 
the knife down the edge created 

in step 2 th eeate a second shaving. 

‘Turn the stick agaln and repeat, 

working around the stie, 

= Try to get a rhythm going, and put 

your bady behind the cutting action 
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‘STANDING DEADWOOD 
eee that’ bt hasnt fale over 
fas no green foliage and the bark alls 
alfeithout beng renlased This is he 
Uufimat wane for flight as can 
ieee landing and fuel ond, when se, 
tales excl fealhiestoks The bat 
9 ew inches may be wether the tree 
‘vio ut noise frm the ground, 


Thestick 
gets carer 
‘yea male 
treshavinas 


Z ce 
Fe me 
urate WB si 


Once you hawe mastered 
the technique, continue 

1p feather the rest of the stick, 

= When you've finished you 

will have a thin stick with curled 

shavings stil attached, and 

ready for use as kindling, 


FUEL 


Initially, your fire needs constant tending, but once it can 
sustain itself for five minutes'its established and you can 
20d increasingly larger fuel to create a good heart —a bed 
of hot enals that sustains the fire with rninimum effert an 
{your part. The fuel should be abet as thick as your wrist 
OF forearm, At first, use dry fuel split into sticks that catch 
alight easily, Add green (ive) wood and larger logs (whole 
‘or spit} later, once whan the fre sestablisted, In wet 
‘oniitions build your fite under cover to keep off the rain 


TYPES OF FUEL 

1 Hard woods from mainly daciduous trees (such as ale maple, 
28h, beech, and tirch) burn fot and lona, produce good coals 
‘id are more efficient, But they are hard to get going, 

1» Soft woods from conifers (auch aspine, fir, and spruce) are 
‘easier to light. as they can contain resin, but burn faster anc 
produce less heat than hard woods, They also mace mara smoke 
' Peat is found on well-dramed moorland and can be cut wilh 
akife, Howeve it needs a good air supe, 

= Charcoal lightweight, smokeless, and burnshot, 

* Dried anial droppings provide a good smokeless fuel 
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CHAR CLOTH AND FIRE CAN 


BEFORE SETTING OFF ON A TRIP, add either some char cloth ora ————— 


fire can to your backpack. These excellent forms of tinder are reliable Ue ierd sve 
and potentially life-saving. Alternatively, you can take some mayasticks, gautarasnal foe 


Char cloth is very easy to make, so keep some dlry in your emergency —_polshvan 


‘ nae shal 
fire kit or lining the bottom of your survival kit (see pp. 60-61). © 160 pertent eotton doth 


ie oes 
MAKING CHAR CLOTH = Spark oelame 

Char cloth [s cotton cloth that’s been combusted in the absence of oxygen \ ) 
(pyrolysis) It's lightweight, takes up almost na space, and produces an ember 

from ever a weak spark: extremely wall Char cloth works only when its 
completely dry, so keep it ina watertight container. 


Turn the lid of a 
ean upside-down 

and hammer a nail into 

the center 

= Experiment with 

the size of the hole, 

Usually, the smaller 

the hale the letter 


Pace bale 
Into abd, 
poste 
esingarat 


ts many laces — 
of deh asia cap 
Into caa 


“Srote comes fom te 
leone theca sas 
heat wp—airt ory 

Roe... tae cope, 

Tough edges 
ee Youbet ceed abig 
bags fe injees oe 
Sor te tor 


Cut 100 percent cotton cloth inta pieces Place the canon a fire to burn off allthe oxygen inside 
that fit ito the can without folding the can ar place it an top of some good eaals seraped 

1 Vary the sizes of the pieces so they don't just to the side of your camp fre, 

stack falty on top of each other, but at thesame = When the smake stors the proves is complete, 


tite dont squash ther in = Safely remove the ean from the fre 
* Securely place the lid on the can «Don't open the can until ts coo} 


Network slicing 


Network slicing would promote end-to-end mobile 
network virtualization by “slicing” the network into 
virtual channels. These virtual channels would be 
autonomous and encompass a set of resources—physi- 
cal or virtual—including bandwidth on a network 
link, processing capacity of servers, processing capac- 
ity of network elements, as well as operations support 
system (OSS) and business support system (BSS) 
processes. Operators could then use these channels to 
dynamically devote the appropriate network resources 
to create a “lane” in the network specifically designed 
for a particular use or service. This would accom- 
modate the many use cases being put forth for 5G. 
‘The operator-led Next Generation Mobile Networks 
(NGMN) Alliance has sought to define categories of 
5G use cases (ie., service types) that have distinct per- 
formance characteristics and commercial potential. In 
22015 white paper, the NGMN listed eight application 
categories for 5G [3, 4, 5]: 


. Broadband access in dense areas, 
Broadband access everywhere, 

. Higher user mobility, 

|. Massive Internet of Things, 

. Extreme real-time communications, 

. Lifeline communications, 

. Ultra-reliable communications, and 


. Broadcast-like services. 


Each of these service types demand different net- 
work requirements that are determined by the types 
of traffic being sent and even the types of devices 
sending the traffic. For example, someone download- 
ing cat videos will not have the same bandwidth or 
low latency requirements as a doctor in Los Angeles 
performing surgery virtually on a patient in Mumbai. 
‘The end-to-end notion of network slicing could be key 
to 5G% ability to effectively accommodate all of these 
disparate use cases. 


eer 


BS vevoring nose ED GD rororsice 


FIGURE 1. 5G's incorporation of SDN and NFV would allow network slices ta be created dynamically and deployed as needed to 


accommodate a variety of scenarios (2 
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FEATURE 
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MAKING A FIRE CAN 


You can use a fire can to start a stubborn fire when conditions are 
less than netfect, or tall water. da some hasic caoking, or warm : 

your bards on aco day, Once fre can burns far hours with erage ee) 

2 vonventrated, controllable lame that producesno smoke. When candean a mah ov hhlor 
it starts to fall you can either Dersteenee “ateinw costes 
replenish the existing cardboard Bieri 

with more wax or replace the a enter 
cardboard and start again 


‘TOOLS AND MATERIALS 
= Acan vita tight iting el such as 


Tecan became: ad 
Trento in amd of “ode ene 
caret 

Seeiondacts owe 


Cut out a long thiniece of Light your candle and let the ‘When the can has.cooled down, 
cardboard thats Ysin @ min) meting wax drop into the can. hold tat an angle and light the 
wider than the denth of your can, ‘Let the wax sak the cardboard and top of the cardboard with the candle, 
Tf t’sribbed, cut t aoross the grain filun the can—itsa slow rrocess. = The lame should be concentrated 
* Roll t tightly along its length until Stop when the wax nears the top. and soread aoross the ton of the.can, 


‘the roll just fits inside the ean. 1 Allow the wax to harden, 


Lookt the coor an 
dexter ofthe char lth to 
seat ths prers igs were Fema the 


FIRE WADS AND MAYASTICKS 


he th 
Fonsthotin Fe wads are alld strips of newspapers 
sae noe dry, they make handy waterproof tinder 


ate pieces of resinous fatwood fram the highlands of 
Merica and Guatemala, The pieces are easy to light, 
even when wel, ard generate a hot flame, 


Jet tam aerate 


MAKING FIRE WADS AND MAYASTICKS 
To make fre wads, Lahly roll sings of newspaper inte atube 
4 in (0 rnd ong and tether with cord, Soac therm in melted 

wax and allow to dry, Light the center with arnatoh 
1 To light a mapastic, cut alittle sliver of wood with 
and lft it From the surface ofthe stick, When 

out, setialight with afin. and steel (Gee p, 127) 


Once the tin has cooled down, remove the 

lid and examine the charred clath 
® Thecloth should be completely black ar! have a 
sembrigid, but softish texture Tf it's fawn or brown, 
fut it ack on the fire and leave for longer, 
crumbles is of no use, 
by striking a spark on ta 
ule create 2 nal red ernber 


‘na detached fromthe 
surfocwof testi Rayer 
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TYPES OF FIRE 
ONCE YOU HAVE COLLECTED your tinder, kindling, and fuel, mY 


and made sure it’s dry and ready at hand, you can set about FIRE ESSENTIALS 
making your fire. There are many different types of fire to Egos Se oa 
choose from, depending on what you need the fire for (see tut three genera tip wile 


below). Before you start to build your fire, make sure you have «= Never make thins any harder 
tan they need to be. Choose a 
prepared the ground so that everything is safe (see pp. 118-19). fe that remires the least fot 


for the maximum gain. 
= Itis more efficient bil a srall 
CHOOSING A FIRE fire and sit dose ot thant build 
If you have a choice of fuel, as well as time to invest in building a specific a farge ie and sit faraway from, 
type of fire, look at the choices below and determine which one is likely = If all your wood appears wet, 
to suit your immediate needs. remove the bark anal pit the 


«= Your primary consideration should be the function of the fire: warmth —_wood—the rte wilusualy be dy. 
is probably your most urgent requirement, but other uses include cooking, _ = One the ies established place 
signaling (see pp. 238-39), drying wet clothing, and disposing of waste. damp tinder, kindling, and larger 


‘You may want a particular type of fire because it lasts all night. Pee ree 
«= Consider the availability of the components you need to build the eae rd 


fire—for example, the right fuel and the best ground. A rule of thumb 


where ny ath fie! 
is to estimate iow much you think youll need, then double it. Net) 


ate Mh 


TEEPE STONE-LINED AUTOMATIC LONG LOG 

+ Surourfthe tide ballwih ——« Arragelargnonporus + Leak) ypwith Putney kdl and ue 
‘nding in thshape ots stones ina cc, placea orporousstones Autti ‘legs dessin 6 tm) 
‘espe Arrange sal mum, de ballin there wth atid king ns aid ext lena. Layo ona el as 
sndlageiuel bgstasquare king around Ad il lege bur amaistthesiess0 ont oftheburing fie 
athe fut of he teepe. Togswhen thee estblhed the hop dwn a the tu, 

reas wth abundant fue + Windy beatin «= Roekfee earth rand, Frese areas cane the 
because the frereqreslols ——« Poplaraeas with exitha becuseits asyto dg Freres fon ns ffl 
af reno frerhng ad ier lou 


‘mpact caning isis 


uit ht Stones steterfreHomwind—» Slleedn nel hich» Leng ating the fr an 
Fe} « Wet wocdanbebumed « Usngan extn frevig ream youdontnetdtokean staat ambit) 
Fa] eau t's ed bythe hes eres npacton ating + Ents a great dealt eat 
beat theme theron 
= Warmth = Wom + Contig += Wath in col vaata, 
= Coxking = oxking 1 Siyalng (gen epettion ——_—buldafreeter ie of ou, 
= Sigalng(f grein veeatin = Signing fren segetaon bard) Contin once bers 
isbumed) os) haere) 
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LIGHT YOUR FIRE 

There are numerous ways to build a fire and get one going, and everyone 
has their favorite. The following example isa tred-and-trusted method 
that’s versatile and works well in a variety of conditions, 


Add more uel cross 
the to fogs form 
9 "og-cain effect 


Fas the binding 
‘ums alsin the 


cenerof the fepee 
Place your tinder Gently lay kindling As the kindling The fire is established 
ball (see p, 120) bby the tinder ball, catches fire and when you can leave 
ona platform composed = Build a kindling “teepee", the flames grow, ace it alone for five minutes, 
‘of green wood. as this lets the fite breathe larger pieces of kindling. without it going out. 
Light the tinder with where the heat is strongest. = Continue to add kindling, Then lay a large log on 
your chosen method (see = Feather sticks also make gradually building up to ‘the wind-facing side and 
pp. 126-27) and let it catch ideal kindling (see p. 120). split logs (see p. 148), ‘one on the other side, 
aie Ie 
= 
SNAKE HOLE STAR-SHAPED HUNTER DAKOTAHOLE 
+ Createatne these of Ble om nd, = Make are ot tnd, += Dig rel othe re and 
aabank and a chimney up ‘eodling, and fuel ‘kindling, and any type of fuel a slightly small hole for the 
‘thru the earth Lita «= Arrange four log 30 they Place tio bng bi ether chime wth tunel nig 
fre sie sng meetin te le sie fhe fein aha het. se salsa ful 
= Pulegsin ast burn co at rand ee 
+ Win tions « Fvetedareas beast ofthe «Coll orwdy eats + Ayre sou can dao, 
‘fdcheesarthorsand bunk _losthe fre ets because fr reues y 


Ile ue onczestablahed 


+ Chimneycretesadtt, ging Lng ting sHanvon!gesheertho = Concealed at 
«thigh-temperatare fre += Good emibers for cooking ‘retrom thewid «= Famesarebebw grcund 
+ Steir rom te nents sFroducesagreatdealolhet sof shen 

= Wamth = Cockngtoanceapoton Warmth + oarkig 

* Cooking thelos Cok = Yetpingwam 

2» Wost dnesal + Hest ater ying wetcltng 
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MAKING SPARKS 
AND FLAMES 


STRIKING A MATCH 


It may seer simple enough, but 
there's a way of striking a match— 
known as "commando styie"—that 
rllably produces a flame inal kinds 


LIGHTING TINDER IS THE FIRST STAGE of making a 
fire. Matches and lighters do this instantly, but there are 
atiumber of ways to create a spark that you can then 


use to coax your tinder into a 


easy when everything is dry, but with patience and 
persistence it is also possible when conditions are bad. 


IGNITION DEVICES 


‘There are various ingenious methods of creating that all-important 


spark or flame to ignite your fire 


lighter, you'll need to use another device, such as a flint and steel. 
YYou can also improvise by using an external energy source, such as: 
Focusing the suris heat with a magnifying glass or beverage can, 


= Making sparks with a battery. 


= Creating a chemical reaction using potassium permanganate 


flarne. This is relatively 


Tf you dortt have matches or a 


of conditions, 


Hold the box in 
one hand and a 
match between the 
‘thumb and fest two 
Fingers of the other 
1 Strike the matah 
inly away from you 


When the 
rath lights 
irnmediately cup C 
‘your hands to 
protect the flame, = 
Let the flariekurria ite way along the 
stem before using it bo light the tinder: 


your an abo. 


hs. Mal he negating 


shin srfeceand rect 
ls ts ul te ie 


‘nk tide orate he 


MATCHES/LIGHTERS MAGNIFYINGGLASS | _ BEVERAGE CAN BATTERY 
‘iter borof mates: « Magifing ass + pty beverage pan = Fstligt and is tatley 
 Digntelgtertaedtoa —— Drytindor Destine irc tal 
piso cord arr ya nek =Digtindir 
+ Dry tier 
= Tuighta matoh’commandy «ith te mapayra gs, ‘= Pabstihetotion sfihecan = Laytheworeatyssthe 
yl sre ayay rayon fous uit ots (Ge Sina roy. 285), falter teal to crete 
intheboxendthet apitin Somediy tr sicestea ——« Cana bight sight the some rks 


+ anv theta om he 
Feahlght a glare wee 


} comments |] wasrtooo |] cear |] Tree orevice 


catches spi Holton stents xe the terial Shon 
inti thetinerclohesabuit the ashi tocretesperks 
+ Witeprofmatebesare ‘huni, Yor mate oes Then eit 
voullyst sland matches makesureitisa magnbing  evinque si he youan thw werk sda wh 
‘theta been vated wth thssicopretedinbt(lir—rebonitinasuvneltuaon lowe tatters. 
vexandarih ‘sung the dials on ep) + Usetismethed ora stort 
 Abagstaveelighteraround + Yourtaio the lesn sini eis you 
Syren pit of tar reading pecale vail dain thal 


Poh the pect of 


CREATING A CHEMICAL FLAME 


Potassium permanganate is an extremely useful [tem to have in 
‘your survival kit, because you can use the chemical nat anly to 
sterilize water and wounds, but also to create a spark to light 
2 fire. You will need some sugar to make it work, so use some 
from your survival rations or erush a hard candy 


ie 
. s . 
wittaee GM 


On aad surfane, such asa lat 

pieve of wood ar rock, crush 
same notassium permanganate, Have 
an equal amourt of sugar ready. 


Mix the ingredients, With the 

back of your kif, push dawn 
ton the mixture and drag t along the 
hard eurface to create friction. 
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—————s. 


‘WARNING! 

Fotassi permanganate ie astiong ide 
that can, when mibed with certain chemicals, 
‘eaten eploshe mixtute Loxalstan 
you lots a si. 


\ eee! 


Drag tm ke 
long ibe sorere 


Continue to push down and drag 

your blade until you get a spark 
* The flame dies down quinly so have 
{your tinder atthe ready, 


2 
FIRESTEEL FLINT AND STEEL ONE-HANDED STRIKER POTASSIUM PERMANCANATE 
+= Peover rates + Mage ay 08 “annealed « oa geapaate 
1 Met stidar 1 Sts ula shot ‘tl cet rnb Sar 
+ Diytnder pit tec i operated sing ely stan tg 
+ Dry er Drytinder Dry tinder 
sHeldsniermed tothetinde, Flow stuctons forthe sPhcethefintyotinthetinis: + Mics permanente 
+ Poel rests und te frestel et sPresitiethimbiutin ote atdsupr negalarurtson 
lie ety ont the ter ‘he ian past tete ‘tendaurore FS 
+ Dranthetiestd takanoss fomthelegthottierd ——« rsstownantheniwe [EN 
lester to direct ests Pung ener ots owthyourtnfeand drags Ey 
onto the tind Therese rete itor ic kedsto—adeeongtecratea park (REY 
move ete ker amare ek (eeahoed 
Leste forabost 00-ikes = Thevearemary erations and» Worksnallwathas, = Yona ies sarin 
Teapeatureeaces2000°0, ‘i ne armani Hoa fly ete that fads pamangcat: Peg 
sorksmal wathersandat ‘beer th oder athe pronto ne wages oantteese 
anyaltule stirs of Dene fer pits Guolijwaningaperandnat ES 
imager ete HARUM cathe ground Warn stand. [ES 
tof thanten faite nelan welckerasthecimbustin [Pa 


abe udenand dangers, 


TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 
IN THE DESERT 


USEFUL EQUIPMENT 

a Rersonalltoeater Eagan (PB) DESPITE A LACK OF SURVIVAL KNOWLEDGE, 

a party of five survived searing temperatures, 
fergie nes, dehydration, hunger, and the threat of animal attack 
vival tin, busheraft knife for six days when their plane crashed in the Kalahari 
Cellsatellte phone Desert in Botswana. 


'= Poncho/bivy sack 


(On Wednesday, March 1, 2000, Carl du Plessis and three 

associates—Mike and Lynette Nikolic, and Nebojea Graorac—set off 
on a business flight from the capital of Botswana, Gaborone, bound for Maun, a popular 
tourist town in the north of the country. However, the aircraft developed engine trouble 
during the flight andl was forced to crast-land. Critically, radio contact was lost, so no 
distress call was emitted before the plane went down. The pilot and al four passengers 
on board suffered burns during the crash and subsequent 
fire, but two sustained even more serious injuries—Lynette “ERITICALLY, RADIO 
Nikolic damaged her spine and left arm, and Graorac 
suffered a punctured lung, COMUNE ISNES 


SO NO DISTRESS 
Tre following morning, Du Plessis and pilot Costa CALL WAS EMITTED 
Marcandonatos decided to walk the estimated four 
days to Maun to find help. Their plan was misguided BELO EE Cee 
WENT DOWN” 


from the start—Maun was actually around some 190 
miles (300 km) to the west, and other settlements to the 
east were much closer. They attempted to navigate by the sun burt, lacking a machete, 
couldrit penetrate the dense bush. They were forced to follow elephant tracks to find 
watering holes, meeting elephants on one occasion, and heard the roar of lions at night. 
By Saturday they had walked 56 miles (90 km), but their zig-zag route had taken them 
only 20 miles (30 km) from the crash site. 


Despite their mistakes, they stumbled upon a manned hunting lodge the following 
day. After their initial efforts to radio the authorities had failed, a helicopter finally 
reached the crash site on Monclay, March 6, airlifting the casualties to hospital for 
emergency treatment six days after the crash 


WHAT TO DO 


ARE YOU IN DANGER? 


Get yourself out of it 


“& NO YES > Sun/Heat—Find or improvise 


Immediate shelter 


IF you are ina group, try to hela 
any others who are in danger 


se) ASSESS Your stTUATION Animals— Avo confrontation 
‘See oges 234-35, ancmove away from danger 
Inury—Stabilze conlitan and 
vw apply first ald 


ae DOES ANYONE KNOW YOU WILL BE 
no one knows you are sing 

or where you ara, you will need to DMSSING OR ERE YOU AREC Thyou are rnissed, a rasoue 
notify people of your pt by < No YES > party wil almost carta bo 


any means at your disposal Aispatcned to find you 
se PO YOU HAVE ANY MEANS 


GREDREAMMTEATION® TF you have cll or satelite phon 


Tet someare lew your 
predicament. H your situation s 


“& NO YES > Serous enough tae worthy oF 
srucoyenn aang 
a Personal Locator Boaron LB 

Fyovcamotsuraowhreyou ) 3 CANYOUSURVIVE GF nae eter 

are and there are no physical WHERE YOU ARE? * 

resco wy you shoul rei 


yyourwil have to move-ta a location << NO YES => 


‘hat offers either abatter chance 
of survival, rescue, orth 


‘You are faved with surving for 
anindeinite period —urtl you 
are located or you find hele 


Do 


1 Make an informed decision on 
‘the best lacation to ave to 

® Leave des indiosbions of your 
intent written messages or signs) 
ifauandoning a vehicle 

1 Haveaids to location 


DO 


1 Seeleor improvise shade and 
vvork during the coolest part of 
‘thedayfnight.A shelter dug even 
in 25 cm) below ground level 

‘ull providea much cooler 
place to rest 


accessible while moving DON'T 1 Ration sweet, net your 

and deployed when statlc Jw sit directly on the hot = Leavea broken dawn eteeryou renee amaane 

2 Protect yourself fread phenyou stp Cehiclurless absolutely [| PAPirt8 (te) ner pur m 

against glare from the = Trav during the hottest necessary—it's easier to ‘eps abiove 100" F (280, 

sun and windoum . fal of ts cooer 
part oftheday Seeandiswhatrecuers JPA OFT cot 

= Seekor improvise Takerisis—atvasted skis || ll be locking er ply 

Shaler whennotrreving | Tey a bees = O Waste nersy gourcterstuaton and 

and seize al opportunities J sar dune could be fatal Lnnecessaily—beile unless | options for augmenting 


your supplies 
Leave werything out 
bverright that could collect 
dew 50 youcan drink 

= Prepare all efyaur aids 
tolacation forimmediate 
Use Be constantly alert 
for signs of rescue 


tocolectiveltoratre— | os oe thenane—travel there iasomething that 


deserts getcoldatright. | Sine peed attiw domest requires doing 
= Been constant lookout | ercon'n the group 1 nore your fre—use 
for igre of water or Lire ie ares Sinythna tat burns vane, 
ciulaabon—such asgrean Jf Soeet mre be vehicle tes) to generate 
vegetation coneraing Aare ee Fast and sre 
animal/human tracks, alain 
av declares 


“yeu antares hoe yuan roe ong uy oreter 
tech yumetdocsytgycucan att ate 

i jourstcten stamp or tars ju ow ros to ob anyen da 
Sites keatln noch cuca ta acsrhelcots te aaron Dents 
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FIRE BY FRICTION 


THIS METHOD USES PRIMITIVE EQUIPMENT, such asa bow = <—— 

drill, and requires knowledge, skill, practice, the correct wood, tire, TOOLS AND MATERIALS 
Pe caeet ee Gerageschas para rng 

and effort. However, once learned it’s possibly the most reward fy, asso bung cone 

of all survival skills. Your first fire created from a coal produced by = Wood 

a freset that you have made yourself willbe a fire you willnever TF np 

forget. Ina genuine survival situation, however, you would always, 


start a fire with the quickest and easiest method available. 


——S MAKING A BOW DRILL 


Hi atedy a The bow dril set is one of the most efficient methods of making 
feta, ce ta al lente fire by friction. Try to find the right type of wood for each part, 
fi sa (ep. 25), and bw hil Ean especially the drill and hearth board (see Testing Wood, opposite). 
tacit wan avian, depending onthe 
‘jer aeaatle ae your racial fa, To make the tow, cut asticke De rotchlsa ttf 
Regardless of the method, heer there tothe same length as the a eberd 
a our maa eleven fo producing fe Gitnestebieenqurreioh 
I SS and yout fingertip 
«= denfafying and peosaring the onevert mCutanotch (ocmalivalole 
Lee with a bradawl) near each end 
peels rst fee, Tie ord wth an arbor knot (see 

Tava fasion tr rode aL 142-43) ta ane notah and with 
Sars Sees half hitches (see pp. 144-45) to the 


Nartuning the coal toa fae, ‘other, Leave only enaugh slack to 
\ cme yp ud your Tne 
She tent teint te 


bears tear toa brine: 
‘that mati tion 


tnepeint ofr 
tafe ts the mide 
‘ofthe block ay 


Heidt wood 
Ipoyivare 
Aang arid care ‘Make the bearing block 
‘aay fem ye from 2 pee of hard wood 
out 3-4 in (75-10 en) aos. 


‘Ta make the dei cut Cut ito a length of 4-5 in 


astraight piece of iste the. oe (12-15 cm), split it in two, and 
wor that has roots fate ko anotenint 
= The drill needs to be about med = The drill’ dull point fits into the 
1in(25 min ameter sith otc yu hold the black 


and about 8 in (20 om) long, Pieton when you are Low ing (see p. 132), 
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Tivtodst | CHAR TEST 
Jeunes” | Each type of wood produces 2 
sstinctive char and goal. Some, 
‘suchas hazel and lime, malce 3 
coal easily but the fireset will 
‘year out quickly The char test 
hielo you discover which woods 
rmake.a good ool. Drilinto a 
‘softwood hearth board unt 
itsmokes, continue Tor five 
-seconds and then stop, Look 
‘athe char produced 


TESTING WOOD. 
Standing deadwood js ideal 
for the drill and hearth board 
as it dry. Soft deadwood 
iseasier to.use than hard 
deadwood, but if you cant tell 
the difference, use these tests 


THUMBNAIL TEST 
Cut through thebark of abranch, 
exposing a patch of wood beneath 


you dert thiswood easly ith Hold your kee ata press your thumbnall | = 1fitsike a fire powder it 
spur tharbnal i's asoft wood slight ange tothe atan angle il peobebl pratiee ta, 
Tycu-can only ike asinal 00d, Push wfth athur 90 degrees tothewaed | "If ts coarse or appears to 
impression, th t's afardweed, on topofthe blade inthe exposed patch, disintegrate info nothing it 


probably won/t make 4 coal 


Moke the hearth board from a fat 
Wi plese of wend about Tn 25m) Yat THE FINISHED FIRESET 
thick, You may have to spit some wood ‘jeur fe fo THe eWeariecbarrh 

: ‘mas a foo jebow drill set works best when the dri 
fagativhakgouneed, ani hearth board are made from the same 
= Hold your drill so that t sits about ‘wood, because both parts then wear down 
fin (10 mm) from the edge ofthe board evenly. This may not always be possible, 
1 Merk thispoint with your knife and noteh so experiment wh afferent woods 
out a small hole to help the dri gt started 1 Good Woodsto start with are syeamote, 


Putte its pote 3 haze, hy, ime willow, and soto not found 
erate tebe wnt tnezoed I) in Europes 
bier ‘= Also useful are alder, birch, cedar, pine, 
tbeconfen the | sovuce, mole, oak, and polar. 
seo the ow 
Mate the bow fom any wood, 
‘preferably eength tat as 2 
Secure 


oe hea rare 
thesune von asthe 
@ Steere iea ee eee Peart oar 

and ow the dil into the holein the hearth board unt | 


the hole is as wide 2s the drill Bort. go all the way through, Pree eecamaienel 


Be dil iba prevent, 
the carom siping 
ate the V about nat of 
tho choumforaso ofthe pote 
atthe bearing Block 
fram bard wood oop 
‘euring wry 


Gp ete sete orton trtanitisteertrnera 
Thebottom of this v is where the char collects and the 


baat tetera 
ember forms in the ember pan (seep, 132), atlas) seni 


lates ap ad ier eae 
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USING A BOW DRILL 
Before you use a bow dil have.your dry tinder bundle Kinling ar fel 
beside you, Until you become proficient at using a dril, you will use lots of 


TOGLS AND MATERIALS 
energy, so beware of overheating and dehydration. Tuming a coal into a «Bove il so Gee 120-31) 
fireis.a skill in itself, so use every opportunity to practice making tinder ‘Thin, dey pve of ark to useas 
bundles and lighting them with a small coal from your camp fire ‘an ember gan 
+= Buffed tindey, incling, and fuel 
| me ET 
‘GETTING INTO POSITION toca ————__" 
Fs ee a ae 
alg the Von th heath cad est 
‘one ton the bar Log te br cod fret oh 
creer te al artigo i aves 
Trsert the dell into the hole on the hearth you Boar 
hoard, slot the Blok on top with a geen lea 


in notch lbenno yor 
‘writ tt your shin a soppot Kel onthe 
thee eg and bea dawn a he blo 


—————__—_y 


Hold the bow horlzntalt the round 
and parallel to your bndy 
1 Lean slightly forward to apply downvand 
pressure fa the dill and badk lo reduce 
= Stert owing slowly using the full leith 
of Ue bow, Ain for an aver Mowing ryt 
1 Breathing steadily as you bow, oradualy 
increase speed and pressure until smoke peor 
appears. Vigorously baw with maximum farther abag the 
cffor tn more tines—this usualy 
reduces coal inthe emer pan 


eo te ait 
rant yeu bo 


Aste dit urs, 
‘Piston feats 
thee) 


Heap thems 
boat WEER Youur foot 


Apteofpieckesh 
icolac on te 
‘onber pan 


Genlly remove the drill and liflthe 
hearth board up and away from the 

srmoking coal in the ember pan Fan te coal 

= I the coal isting tathe boar, gently get eat 

tap the board with your knife to loosen it 

= Carefully lift the ember pan off the 

ground and hold it in the air to see iF 

the coal is glowing, 

«= Tf the coal in the ember is just. smoking, 

and not glowing, then gently fan it wilh 

‘your hand until you see it glow. 


Virtualizing the 5G Architecture 


‘The Open Networking Foundation, in an April 
2016 white paper, called out SDN’s ability to support 
multiple services over a common architecture asa key 
enabler for network slicing. SDN also allows for slices 
to be created dynamically and deployed as needed 
to accommodate a variety of scenarios (see figure 1). 
Currently, 4G mobile networks prioritize traffic to get 
a similar effect, but with more rigidity and limitations. 
However, as 4G networks incorporate SDN and NFV, 
network slicing will become an option. 


C-RAN 


‘There are more than six million base stations (exclud- 
ing small cells) deployed worldwide across approxi- 
mately five million different cell sites serving close 

to four billion users. The surge in demand for con- 
nectivity has network operators searching for ways 

to shrink their network footprint, lower operational 
expenditures (OPEX), and still meet users’ demand 
for access, C-RAN meets these requirements and has 
cither been implemented or trialed by several opera- 
tors including Verizon, AT&T, KT (South Korea), and 
China Mobile, Radio base stations currently depend 
on special purpose-built hardware deployed at the cell 
site, The baseband processing unit (BBU) is the part 
of the RAN that is responsible for managing the radio 
functions (or all functions that require an antenna). 


‘The BBU is one of the parts of the RAN that can be 
moved to a central location, creating a pool of BBUs to 
serve multiple base stations, C-RAN aims to centralize 
and virtualize baseband processing to reduce cell site 
costs and enable coordinated scheduling of resource 
blocks across a coverage area [6]. 


Figure 2 illustrates the evolution from the classic 
RAN model to a C-RAN setup. On the left, the classic 
model has the BBU deployed at the cell site connect- 
ing to the core network over IP/Ethernet transport. 
Any coordination between cell sites takes place over 
the X2 interface, which allows two sites to communi- 
cate, Ina C-RAN architecture, the BBUs are pooled 
ata location away from the cell site, Pooling BBUs 
negates the need for the X2 interface as communica- 
tions between cell sites now takes place internally. This 
is one of the reasons for the increased performance 

in C-RANs. The C-RAN model also makes updating 
the waveform and protocols easier as it only requires 

a software upgrade at the centralized BBU and not at 
cach individual cel site 


‘The move to a C-RAN architecture increases the 
flexibility of the network by allowing providers to, in 
theory, even change the types of RANs used—from 
3G to 4G, For instance, in an area that has a mix of 3G 
and 4G users, operators can rebalance radio frequency 
resources by shifting more resources to 4G when 4G 


FIGURE 2, Unlike the traditional RAN model (on the left), C-RAN technology (on the right) pools the BBUs ata location away from 
the cel site offering an increase in performance and simpler upgrade path [6] 
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Gently transfer the BAMBOO FIRE SAW 
glowing coal into 
your tinder bundle ‘This friction method uses a saw 


technique ta light tinder collected 


= The coal ust touch the t 
from scraping the outside of the 


tinder to Lransier its heat, 


so squeeze the tinder around bamboo with your knife 
the coal, but dort erush it or 


starve it of oxygen. MAKING THE FIRE SAW 


Tpimcodoffve : You needa lamboe section 18 in 
rian ee (25 cm) long, Spit itlenathways 
Serine ; into bo equal pieces 


’ Sharpen the edge of the first 
ie torre piece with your knife and then 
onyeirackshe cut a ¥-shaged natch in the outside 


‘wind bere ay) middle of the second piece, 


Bort bo 
An fom toohed Hold tinder over the noth inthe 
yess broth 2oond pene of amon with 
bianerod Z another bamiogo strip that's snarped but 
not fully orcken. 
® Kneel down andl brace the sharpened 
piece of tarnboo vertically between the 
Hol te tar sound ard your stomach [place ajsad 


Pesirapriestt ° onyaur stomach for comfort). 
‘ow a < w= Place thenatch and tinder over the 


sharp edge of the frst plese, and yb 


Gently blow inte ‘the second pieve up and dawn ina 
the bude to help rhythmic movernert 
fan the coal and encnurage Leancier the top 


ito eatoh, ofthe eso 


= You can swing the bundle 
down arid ack Up in 
between breaths to let 

dry air fan the coal 

* Continue as the amaunt 
of smoke increases and 
eventually the bundle will 
burst into flames, 


Dart throw the burn ing bundle on the pee the tattog 
‘ground, just calrnly glace it where you eens 
intend bo have your fire, Start oullding the fre 
around the bundle (see pp, 124-25), 


bantam 


iol the fst arbco 
pce vera! 


‘When the friction produces Jats 
af snake, continue for 20 strokes 
more and you should have a coal 


SKILLS 


Learning skills that you can use 

in the wilderness is always a “work in 
progress.” Having taught thousands of 
students over several years, I am yet 
to conduct a course in which I didn’t 
learn a new skill. For example, this could 
be a more efficient way to erect a 
shelter, how to tie a new knot, or the 
best way to carry out a task more 
safely and efficiently. 

In the military, we invariably teach 
students how to accomplish a particular 
task using only the most basic gear. By 
learning how to perform a task using 


the absolute basic equipment, they 

will be able to understand the important 
elements of the task and will have no 
choice but to get them right in order 

to succeed. This in turn helps students 
to appreciate how and why certain 
techniques do and don't work, and gives 
them an opportunity to use their 
improvisational skills to modify basic 
techniques in order to get the most out 
of them. Knowing the correct method of 
using a knife, for example, will not only 
improve safety on an expedition, but 
will also mean that only the minimum 


In this section KTR tery 


™ the merits of a hank in your pocket. 


= how to strip a nettle stem and not get stung 


= when to twist and when to roll. 


= how to tell a working end from a standing end. 
= the uses of a sheet bend or a Siberian hitch. 

= the difference between a parang and a kuti... 
= how to fell a tree with a thumping stick... 


amount of valuable energy is being 
used to complete a task. Equally, 
knowing how to tie a few simple knots, 
which can be used in the majority of 
survival situations, will allow you to 

use whatever cordage you have in the 
most efficient way possible. 

Tf you find yourself in a survival 
situation with more than the most basic 
gear, life will be much easier. However, 
the ability to improvise what you need 
when you don’t have it could mean the 
difference between continued survival 
and despair. 


If you give someone with 
little understanding of knots a length of 
cord and ask them to complete a task, 
they will invariably use the whole length 
of cord. If, however, you teach someone 
two simple knots and set them the same 
task, they will invariably use only the 
necessary amount of cord, 


USING THE BEST KNOT, lashing, or hitch 
for a particular task means that you will use cord 
more efficiently and, therefore, ensure that your 
supply will go further. In a survival situation, 
where you may be moving every day, you need 
to be able to use the same pieces of cordage 

day after day. 


= Use knots that don't require cutting and that 
can be untied quickly and easily (trying to undo a 
knot with cold, wet hrands in the dark, and when 
you are tired and miserable, can be an emotional 
experience that usually ends in frustration and 
several pieces of cut cordage). 

» Before you set aff into the wilderness, learn 

a few basic knots, such as the Siberian hitch and 
the taut-linehitcl, which are great for rigging a 
simple poncho shelter. 

= Practice these knots until you can tie- 
untie—them with your eyes closed. 

w If you are trekking in a cold environment, 
practice tying them wearing gloves. 


nd 


LILI The ability to improvise what you need 
when you don't have it can mean the 
difference between continued survival 


and despair [j;} 
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MAN-MADE CORDAGE 
AVITAL PIECE OF SURVIVAL EQUIPMENT, man-made (\ 


i i ‘USING CORDAGE 
cordage is one of those small items that has many uses: TAN vil 
building a shelter, repairing equipment and clothing, Soe SSBC 
making traps and nets, and producing fire by friction Use cl tec coniae thats 
0: lish each tack 

using a bow drill Always pack plenty. Se Mee ren 

can bereeased without cutting, This leaves: 
PACKING CORDAGE erie tee eet 


Before you set off on your travels, check how much cordage you 


will need, Make sure you pack itin two places—in your backpack inant 
and on your person, in case you get separated from your pack ‘poracord is 
Make sure, too, that the needle you pack in your survival kit Boren 
has an eye big enouah for the Inner strands of the cardaae. 

PARACORD 


Parachute cord, or "paracord,” is a type of cordaye originally 
developed for the rigging lines of parachutes andl then adopted as the 
standardutiity cardage by most ofthe world’s military forces It isa 

lightweight, nylon rope composed of 32 bailed strands, Each strand 


ontains anumiver of smaller threads thet can also be used. In most penis acca 


the ans of Oe ral 


situations, aranord is 2 very goad option because it's read iy anneges! 
aallahle, strong, and packs down smal, 


SURVIVAL TIP 
Green isthe ideal color for military paracord as it 
reins camouflaged In a survival situation, red is 
bastloeoause tt stands out—tt'seasterto find iF you 
cop it and can beused as an aid to location, Dontt 
pack just one very long piece of paracord (I50Ft/30m, 
for example), T's mush better to cut the paracord into 
30 (10 m) lenaths and tle each of them into a coll 
tailed a hank (see apposite and below). 


TEN HANKS 
Ananlecan fit in the palm of your and, It takes up very litte 
oom 0 you can easly stufFup 1010 of them inbo your pace 
and pockets, and leave ter there unt you need therm, 


Dow anges oF 
povocordte 
parsed ban, 


Paecerdis a 
serait rope 
vet ito cove 


(the ker swede 
by avioven exter 
‘Sheath dest) 


Pract heath 
degre io optinee 
Hrongth, awablty, 
Sint fei 


TYING A HANK 


Its best to kegp your oorlage in a hank—you oan untie 
it when you need a piece and retieitto store it again, 
Tying a hank is straightforward! and soon becomes 
second nature, because youll do it again and again. 


The end afte card 


esp your sholtinplaceon 
hum verteat theaatn of you 
The 90st co 


Hold out your hand (you oan use either hand) with 
‘he thumb and the fingers spread, 

* Laythe end of the cord an your’ alm, then loop the cord 

in 2 figure-eight around your thumb and ittle fnger 


Keep sretebing 


The faweroight 
redial beownes 
fovea 


jour tanh ae 
te finger tobe 
te corto 


Continue winding the nord 
until you have scout 8 in (20 
can} of card left—thiss the tal 


Take the hanked cordage off your thumb 
and little finger. 

+ Secure the hank by tying the tal around it with 

areleasefiteh knot Gee p. 142) 
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OTHER TYPES OF CORDAGE 


‘Ina survival situation you may have ta imeroviee 
‘and use oie types of cordage, espacially if you 
didnt ring any paraccrd with you or have tin out, 
Before you start making it fram natural materials 
(see pp 13B-41), se what else you right have 
thai would he quicker and easier to ada 


‘SHOELACES 
‘The normal laces of shoes and baots are often strong 
‘enough to use ascord, However, the members of mary 
ralltary units, who are limited to the amount of equipment 
they can stow or carry replace thei bootlaces with 
paracord. They use toe as much as they need and rap 
the extralenth around the top of thelr boots before ting 
Thissives tham a ready supply of extra cordage tat they 
car cub off as needed, Youcan easily do the sme —but 
reer sseificeall the cordage you re usirig a5 shoslaves 
25 youl aed to make sure you can stil wa comfortably 


BELTS, CLOTHING, AND HATS 

‘You can cut ary type of belt, whatover it's ae of (eather, 
‘arias, and so ont Into strips to use as cordage. You can cut 
clothing into sirips 00, However, you dont have bo destroy a 
Shir completely: start atthebttom hem and out Lin (25 om 
Stripe al the way ound. You can even use your hat —2 Lin 
25 om) stnptrom the brimof ajunalehat slust over 3 ft 
1 m)long, Better sil ol paracord around the crown of 
‘your hat and stitch it in lace Gust the front and the back) 


RAIDING YOUR KIT 

‘You may have other items in your equipment that:yau could 
se 2s carlage, such as auylines from tents or draw cords 
from clothing or sleeping bags, Dental floss, especialy the 
‘waxed type Is extremely strong and can be used effectively 
{orlashing ot ewig. Iryou have & vehicle, you probably 
have stowrope, Late & part oft and uiavel the rope into 
smaller peces of cordane 


BE A SCAVENGER 

Few places are untouched by made man, Even in remote 
‘ress youl come across discarded items from the *ivlized 
‘world"—from plastic bottles to balling twine. In a situation 
‘where improvisation could be the ference between ife 
in) deat clerk aivthina you could useto your scvanlge, 


SEALING PARACORD 

Faracord can be aka fo use because ts ena, Fett 
nroacted eventually onravel, Ty in seal he eds after you 
have cu them by holding a Hace ext fo fem unl they elt, 
Be caefil a te matted nylon can drip and Gat, 


1 


2 
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NATURAL CORDAGE 


IF YOU DON'T HAVE any man-made cordage, you may 


ee 


be able to make a natural substitute. Use the roots and ee vine 
sterns of plants to produce improvised rope for erecting wor wth plant ibe, espetaly eemoving 
shelters, and use sinew from the tendons of larger animals __latssuch a geen fas fue the omic, 
© he Bendeg ass als base ai pull up 
for strong whipping and sewing ‘an expose fibers that ar raat hava. ut 
‘the plant with a knife Led bier The 
isl ie 
PREPARING NETTLE FIBERS Sear Evie Nene: 
Did stinging nettles or wood nettles with long stems have the most / 
fibers. Wearing gloves (or with your hands covered), strip the 
leaves from the nettles by grasping the stem at the base and sins aici 


pulling your clenched fist up the ful length of the stern, shen om olny ce 


‘Tease open the crushed tlsaue along the whole 
length of the stem of the nettle with your 
thumbnail, This eaposes the sponay pith within 


Sit astride 2 log and lay nettle stem in front of you. 

Rolla smooth, rounded stick backward andi forward 
on thestem, pressing dawn 
= Continue ralling until the whole stem is crushed, 


CHOOSING YOUR RAW MATERIALS 

Many kinds of raw material can te used-to make natural cordage, from barle 
anil roots ta sterns and sinews, Search your immediate environment first to 
6 what can le used—you may not have to Inok too fa. 


BARK 


‘Tratrrtshayelays between theta woud cle 
tie tamu ayers whioharebesterecrtege, 


Roots 


' Many trerocts mak gon eortayeand ashing but 
verges ras sap ty sprung ant ced, work es 


Te bar of tres suchas wlan inn mae gon riage 
* Usecther ype ofa, chases orhon-uk asthey 
tos rote tevin 


FINDING 


Sinatra a had the bea Ho ooenteiine 
‘amb bes. 

"Pl off te combi ersnlong tips oe tvemasthey ae 
(slate meyer rate to dronge ets 


PREPARING 


Lov fora its ee sare afte tear are 
‘hale: ut ight ce ks ian you oe youve 
removeteiart Remove ary afew roits romeo tecand 
reper any damage ad to thetops 


‘Cals stor thot Pee tetera the iar ot dy 
and svnlbetresptang inte or nto garters, 

' Keep the al for te or ning You ldalsopu tons 
‘net producesmoletiat Kspsanay Mes 


Tease the vss 
faraway wth 


seationey 
Botenstom 


Berd the stem inthe mile fits length, When you bend 
it, the inne pith wil breale away from the outer kin 
making it easy for you to saparate them 


Orit stews 
skin fram the inner ith, 
‘= With the finger and thu 
of one hand, gently pull the 
layer outward, while pushing 
sw on Tt with the thurib af 
the other hand, 

* You be lett with long flerous 
Strips of outer skin, which you 
‘ran make into short bindings 
by natural cordane (se 6 140) 


Tito peetaweaythe 
Sapo frome river 


WITHIES LEAVES 

* The iong fable sero ilo bch, 
ad antaz| areal "wie? andare 
‘oe orltsttg ann garctig 

» Wis ae wefland robusta 
_aarebest se nigringir aie 


ll Bes, 


Te eyes of ey pls suchas the 
iy my agen rhe, conta 
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Gum 


MAKING CORDAGE FROM PLANTS 

“To begin with you must have annesst enough 
‘uaittits ofthe cant. Dont star nang cordage 
vith he rly plant inthe a2. Thee shoul also be 
some bate sharactersties present m ocr fr plant 
imairial to work wellastordocé. 

«= The vers net Lobe long ennagh yon hae lo 
splice them together to nak workable ent hs, na 
vill weaken te ine, 

IF yule braiding oiaces together to make a stronger 
line use roa ets, as Ly wl bile togethor 
hatter shy or sooth fibers ted to aneavel easy. 
1 The fibersreed ob strong, Plo em to se 
bow mich ttn they take before bean, They ao 
need be liable enouah so they don akc when 
you heed are We tem, 


SINEW 


‘il ie wakes tengand erable 
ovdage—some sews sport be 
eit fa an 

Sintra eon used oad aro sds 
‘ostatsani Loser togetioteverytsy 
tithing we asleherand mls 


* Choaea ung sping ar branch hts 
longa abe The oe tests 


Frtrahes te tee 35 thay vl read seeif brake to stingy lays 
Fg tclerenvet 

‘= Removestens or trenches. Grasp the wand Soaks lavesinwal to mabethetnne? 
F3) atthe taseanttost unl te tbersbrea, layers sland bard Bacteria work on 
wore youryaytothetip Bethe thecaltems, separating it amin bss 
Fay anditaanS-supeantcankthe mite» Rinsstho ters infesh water tostop 
Fa] aftwexandtolocenthetivers Tens futer ctrl ecay anthony then 


these rom hetreard use the wing 


1 Tofinda i tas ofa plat eotain 
wef Nes, amply ta kaart 


1 Shows arethe tendons amnestina be 
tomuscl. The lrgetarecn both ies 
tsa clan arn grate 

Sto antl can bee frm ihe 
‘aes fein gs 


' Tleatenon fom ananma’ bd eave 
i ove sat, he ce ec ey 
Seana die fines ant usetheyas 
indi) threats, o spine orbathem 
‘getherto fom tinge ods. Youran 
soll ded sie wi wale ov sae 
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MAKING NATURAL CORDAGE 


Once you have prepared a sufficient quantity of fibers, its best to 
let them dry before using them—hang them up in the sun of near 


==> 
“TOOLS AND MATERIALS 


a fre, In a survival situation, yourcan use them before drying. Twisting Enough peapred natural fibers ee 
or rolling the fibers are the two main methods of making natural ‘pp. 138-39) to qive you the length of. 
cordage. As with most survival tasks, practice makes perfect -vordage that you require 


——— 


TWISTED CORDAGE 


Start your first length of eorsiage toward one enc not jn the mide, 
to prevent all the subsequent splices fram coinciding at the same point 
This provides strength, as each splice s a potential weak poirt. If they 


A top forms 


are thin enouah, the twisted cordage fibers can then be plaited to 
create a thisker cord that's even stronger, 


Keen te 
tne ta 


Grip the frst length of fer a third of the way along 
its length between your left thuin® and forefinger: 

» Grasp the fiber with the thumb and forefinger of your 

right ane! Lin (3 cin) from your let, 


‘Sweep the middle and fourth fingers of your 
right hand upward, pulling the left-hand cord 

under the captive pieoa, 

' Trich your left thumb anc! forefinger forward, and 

clamp down on the new test 


‘natura who you 
tthe for 


Twist the Fiber with your right fare until tight 
Toop is formed 

‘= Keeping the tension in the cord, inh your left thumb 

and forefinger forward and clamp down on the loo, 


The twist 


onlays 
emerges 
Inyour left 
Ire 


Now that the ew twist is clamped by your left 
hand, you can release your right thurnb and 

{evefinger, letting the lawer cord fall 

*= Grip the upper cord! Lin ( cm) from your let fingers 

‘with your right thurs and forefinger 


SIMPLE ALTERNATIVE TWIST 

You nie start with fwofites of efferent nots 0 that 
‘when you slice on aitional ents the sees ar tagaeted 
Start by Lying one end of one fiber with one er of the other. 
= Cla ied es tout tum ond forefinger ane the to 
‘a ngurright and and teetngee abut 2 on) down, 

= Rol oth ses bet wen your fingers ava fom you oe one 
cole ol Repeat this uci you have about 3 (75 on) of 
rol ibe tha lam ther n your gt tha and orefige 
Release yous thumb ae necngr alte ele iss 
‘wil calaeally Sie gether to fom a strand of tore, 

1 Repsat the process until you have seg for your reads 


olde fist 
oth youre tam 
ona fveinger 


Move your right hand bak so that Ln (@.om) 
of cord is visible and apaly another twist. 

"At the same timeveach forward with the mid 

and fourth fingers of your right hand and grag the 

cord hanging from your left Fingers, 


Repeat Steps 34, and 5 as you work your way along 


tne length of coe 
1 To splice in an ext len 


| overlap the new piece 2 in 


(6 arm) along the existing fiber and twist. the teva together 


forel 


between your left thumia a 
wth the progess as before 


wt, Then continue 
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ROLLED CORDAGE 

‘This method of rolling enrdage, which is also known 2s 
the ‘ayomy rl is easie’ ta Ha if youre sitting dawn, 
Aswith the simple atemative twist (see lef), you 
need to start with two fibers of dfferent lengths and 
tieore snd of one fina’ to one end of the other 


gy te tans 
ofthe fos 
oie bse 
on ar te 


Hold the tied ends between the thumts ancl 
forefinger of your left hand 
* Laythe two tails ofthe fibers on your right thigh, 


Use the flat pain of your right rand to roll 

both fibers simultaneously away from you. 
‘You may find it easier to use the flat of your fingers 
® At the end of the ral, clamp the fibers down onto 
‘your thigh with the tips of your Fingers, 


Release your left thumb and forefinger anc 
theyoled fiers will naturally twist together 
to form a strand of cordage, 


s Repeat the process soloing In more curdaae as requresd 
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TYING KNOTS 
THERE ARE HUNDREDS of different types of knot in SN 


existence, but by practicing the handful of straightforward | THE ENDS OF A LINE 

knots shown here and overleaf, you should be able to eG ey 
accomplish most survival tasks, Start by tying each knot The ole ens rale hestanding snes 
in the situation you expect to use it—for example, erecting, Mrenassie asthelot sted wound, 


aponcho shelter—and then practice it at least 20 times, 


ARBOR KNOT 

This all-purpose knot has several survival uses. When erecting 
poncho or a tarp (see Chapter Four, It can be used as a tie-off 
knot to secure one end of 2 line to a fixed point, suchas. tree or 
peg, where no adjustment is required, Itcan also be used asa 
lashing to secure two poles toyether—for example, in an A-frame 
shelter (see p, 164)—with just one turn of cordage 


SLIP KNOT 
4 slip knot is 2 good example of a sinale 
‘not that has many practical uses in 
survival situations, 


ok tho wesking ond 
‘etieon your gt 
tan na fereioge 


Working ine aaa 


passes ver 


olde tating art 
betwen car Bf amb 
snd forefinger 
‘Twist the standing line over the 
‘working line to form a loop 
* Hold the loop between your lef Pass the cord arourd ‘whore te 
‘thumb and forefinger. the tree with the I 
sworlking end in your right 
hand ad tre siancing ine 
in your left hand 
= Loop the working end Hoi te working 
ver the standing ihe, Pte 
oop rite vonaing ent | then back and over the 
wile end cord around the We 
Make a loop with the working end 
and pass it inta the First loop 
1 Collect the secon! loop with your left 
‘thumb and forefinger and pullt through, 


Keep the standing line PARMA sorts 


taut with your left hand pean 
and pull the working end 

dle with your right 

1 By pulling an the working 
end you wil tighten the 
civerhand fiat 2¥ound 

the standing line 


Gather oth ends in your right 
tur andfovefinger ar pull them 

ava from the loop in your left hand 

1 Put thelaop over whatever you wart 

tp secute—for example, «but lortie 09 

your by sack—ard pul te knot tight 


are prevalent in the covered area. This shufiling 
vurces ensures that there is sufficient capacity 
for subscribers. C-RAN will also enable RAN-as-a- 
Service (RaaS), which will allow operators to rent 
RAN capacity to other operators. 


Conclusion 


On the face of it, virtualizing the 5G architecture 
seems like a necessary step towards preparing for the 
low latency requirements associated with 5G service 
However, there are many uncertainties around 5G and 
alack of visibility into what 5G will actually become 
through the standardization process, and at which 
phase different performance requirements will be sup- 
ported or required. Phase II, the phase that is expected 
to meet International Mobile Telecommunication 
system for the year 2020 (IMT-2020) requirements, is 
expected in 2020. However, carly versions or “pre~ 
offerings could be on the market before the final stan- 
dard is approved, So, while these pre-5G solutions will 
have some 5G functionality, they will not field the full 
complement of improvements offered by an approved 
5G system, For this reason, it is unclear to what degree 
virtualization techniques like C-RAN and network 


FEATURE 
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OVERHAND KNOTS 

‘An overhand knot is the first part ofthe knat yout use to tie the laces on 
your shoes, One overhand knet tied around another forms a stop knot ar 
they canbe tied as a double overhand knot around a fixture 


<= > < 


Patio 
‘ightan 


Pal to 


OVERHAND KNOT 

‘Twist the left fne aver thei to 
farm a laog. Hald itwith your right 
‘thumb ard forefinger 

1 Pass the working end through the 
loop with your left forefinger and 
thumb ard pull both ends to tighten, 


DOUBLE OVERHAND KNOT 
not (left), but pass the working end 
through the loop twice before pulina 
the two ends, 


can stop the lie from sipping 


overtong ot 
round the 
Stoning tne 


Pass the working end 
arcund the standing 
fine, and then over itself to 
form an averhand loop. 
«= Pass the free end up 
through the loop. (You have 
now tied an overtiand knot. 
around the standing 
line—see above, Step D), 
Pail orden the 
stonging ina to 
Tocktho fo 
nats together 


Tie another overhand 
knot in the workings 

ed as close to the first 

knot as possible. 

* Once the twoknats are 

locked together, give the 

standing linea sharp tug 


aulte alto 
onan thtan thier 


Follow the sequence for the overhand 


stop knatused at the end ofa ine 
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DOUBLE CHAIN 
FASTENING KNOT 

This knot securely attaches the free rid 
of aline to a fixture, particularly when 
‘weight is involved and you don't want. 
‘the knot to slip or come loose. 


Loop the working end around the 
fixture, stich as a tree oF poe 

= Pass the working end over and around 

the standing line, 


fo ae 
a ‘standing tine 
s 


Fass the working end back around 
‘the fixture and then bring it back 
Under the standing tine, 


eri 
Incoes 
route Wri re 
ere eescverthe 
Stoning ine 
Standing ny 
ine 


Pass the working end over the tan 
and around the standing ine again, 
‘and once more around the fixture 


‘As you bring round the working 
fine, thread it underneath itself 

to complete the knot. 

= Lock the knot neatly into position. 
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DOUBLE SHEET BEND SIBERIAN HITCH 
beatae Deutcoea loaves te) This knot, which is also known as the "Evenk knot," is good for 
ee ce agree attaching a rope to a fixture—for example, when securing a 


survival knot as it securely ties together 
‘hyo ropes, Double sheet bendsare even 
more secure and are recommended for 
tying ropes of different thickness, In this 


ridgeline to a tree for a poncho shelter (see p. 158). 


instance you tse the thinner of the tro 
ropes to tie the knot, 
Sreond 
rape 
| “ 
ass the cord arcund the tree Lay the standing fine en the 

Start with t i fe 

a oop heen en f with the working line in your palm of your left hand, 
oneor thane right hand and the standing linen» Loop the working fine one and 
Ree eanore sendin your eft hand half times around your fingers 
through the loop 


The on 
the second 


rire 
Ie pee end fear one 
mason these 

Pass the free end of the second 

Tope frst under, then up and over Bring yur lett hand under Hold the working end in your 
the loop, Pass the end through the new the standing line, jht thumb and forefinger: 
Boat les eae = Turn the palm of your hand so = Bring the loop that is arcund your 
= To finish single sheet bend, puilthe | hat ane oop twists over another. eft fingers over the standing ine 


standing end of each rope to tighten it, 


-_—* 


a 


Adoute 
‘feet bend 
Totie a double sheet bend, pass 
the free end of the second rope Pinch the working line with Pull the working end again, to 
through the loop as in step 2) again, the fingers of your left hand. tighten the knot around the tre 
2 Tighten the laot as before by pulling | = Pullitup through the lp to» To free the kn, pullthe end of the 
the free end of each rope. tighten the knot on itself, standing line, 


TAUT LINE HITCH 

This knot is widely used in survival and outdoor activities because it 
can be adjusted to increase or decrease the tension in a fixed line—for 
‘example, a guide rope on a tent or'a mooring on a boat in tidal waters, 


Working 


Half ith 
loop raund 
the tree 


Attach the standing line to an 
anchor point, such as a tent, and 

pass the working line around a tree. 

1 Tle a half hitch (see below) with the 

\working end around the standing line 


standing 


Anather 
hairnth 
around the 
ting is 

Pass the working end under the 

standing fine and hack through 
the new loop it created cbut outside 
of the loops in Stops 1 and 2). 


HALF HITCH 


Thi half hiteh is a simple 
knot that forms the basis 
for other knots (see taut 
line hitch, above). It not a 
‘secure knot and, when used 
alone, It tends to slip. You 
can double or treble the 
knot to remedy this, Two 
half hitches under tension 
can be cfficult to undo 
‘without cutting the cord, 
especially after afew 

days if the knot has died 
‘out after being wet. 


Wioring 


ass the cor around 
the fixture, such as a 

har or tree, 

= Pass the working end 

‘around the standing fine 

and back through the loop. 


Sianing 
Tie another half hitch next to 
the first one, so that the ta 

half hitches sit side by side around 

the standing line 

1 Dot tighten the half hitehes yet 


Tht knot 


Tighten the knot by pulling 
both the lines. 
1 Pull the knot further from the 
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QUICK KNOT RELEASE 
You can dismantle a tent or free a 
boat from its mooring more quickly 
boy finishing off the taut fine hitch 
(see left) with a quick-release knot, 


Standing 


A bight 
inthe 
working ine 


Honing en! 


Repeal Step 3 of the taut line 
hitch (see fet), but this time 
make a foop, known as. bight,” in 
the working line and pass it—rather 
than just the end—through the loop. 


Loop in 


freeend or | 

thevnorking tne 
Tighten the knot as in Step 4 
(see left), 

® Leave the working end free so you 


anchor point to increase the tension 


Thekrot 
Working 


Hold the stan 

and push the 
hitch knot toward t 
fixture to tighten I. 
1 Repeat the seque 


lie another half hiteh, 


can pull it quickly to release the knot 


Fist half 


Push the second knot 
tight to the first hitch 

knot for more security 

‘= If you need to finish off 

the working end with an 

covertiand knot (see p. 143). 


iding line 
half 


nce and 
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USING CUTTING TOOLS 


ANYONE VENTURING INTO THE WILDERNESS should carry some 


eo 


kind of knife, preferably a bushcraft knife. It’s probably the most WARNING! 

i Afyoudrp abasheratt, 
important survival tool after knowledge. Although a good knife will gg newer aff fo 
help you through many sur vival situations, look at the environment ieee ties 
you are traveling to and choose your cutting tools according to their vile youre! 


potential uses—for example, you may need a saw as well as a knife. 


BUSHCRAFT KNIFE 


An experienced person ean accomplish 
most survival skills, such as making feather 
sticks (see pa 120-21), with a quality 
loushoraft knife. This tyge of cutting 

tool has a number of crucial features: 

that will stand you in good stead 

in every situation, 


A fvestoo tha ft nto oar 
‘Sheath means thoy as ong 
‘ts yeu have our tna 
ato get foe gai 


‘od feather sheath 
as the aia seca 


Attachment ent 
eran atvart 


he handles comfartabe to ald 
‘al work for ected perks 
Aroi red Sitter Aa Shovpeneddinds | sie isin 
enfenear tie inn) thekand 
Trance working mae of tans 
trenande fa eee tothe horde 2 hiyncardon sth 
tangiravens aus ess sas 
eat pois ‘jour art 


LARGE KNIVES 
All over the world, eaa/e living primitive lives have 
‘two essential ilems. a cooking pot and a large working 
blade, either ajsarang or machete 
1 Parana and machetes are sila types of kif. The 
parang s asroolated with the Malay people and there are 
mary varielies available, Machetes are mare common—you 
an sill see machetes berg used in Aftica today that were 
made 40 years ago from old Landrover suspension springs! 


The aura a ge he bate 
regimes im chance of yur 


rand sipaing onto bade 


= 


KNIFE KNOW-HOW 
A busheraf knife used primarily for carving, cating, and 


The kukn isa similar knife used by the Ghurieas of Nepal 
= Aporang or machete blade Is avout 18-20 in (45~50| om) 
long and is used primarily for cutting and slashing but, ke 
‘the ax, ran be used for Intricate work, 

f= Aways wear awnst lanyard when using 8 machete, 
parang, oF luke —and pay attention to what you are doing 


— IUKRT y 


MACHETE/PARANG 


selina sal lags. IF yoo ned fo chop beae os, aseetier 
a rrachel= ora sae. 

+ Ala does need to be longer than 8-9 20-225 ci). 
= Don'ts a if a svat edge when weg with 
‘wood, asthe serrations male hard o use the partof he bate 
tlosest fo the hance esentnl fr alan feather stinks, et). 
Koop your lof safe wen notin use. Clean and dy the 
Dads alee it os seat 

= Wea you sheath on your belt ov around your rel on @ 
Tanya ell sheaths maybe high he hance wabove the 
belt oF low tana s Gen the hat, wh alls you 
fo sit down without te Kande poling you in the side). 
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SHARPENING A KNIFE 
Is very important to keep the blade 
of your knife sharp, Blunt laces 

are dangerous because they ate 
likely to bounce or slip off the wood 
youre working on, Also, blades that 
have completely lost ther cutting 
edge are very dificult to siarpen, 


SHARPENING STONES, 
Keep a.good sharpening stone at hoine 
‘to enaure you always set outwith 3 


ine at star ens See 
sf RE eae Hold the krife na forehanc Repeat the sequence for the 
‘that is beginning te lose its edge. grip, with the blade pointing other side of the blade, but 

wm Thete is agood range of srnall away from you. Support the tip of reversing the crucial alaments, 
sharpening stones (medium one side, ‘the blade with the thumb and ‘= Hold the knife with a backhand 
fine the other) that fitinte a neat fingers of your other hand, grip, with the blade point ing toward 
leather pouch, = Push the knife so the full blade you at the far end of the stone. 

eo ee ee arcs ove the stone inane sweep, Pulthe infs in an arc over the stone 
alate On Wat meio. Lift theblade and rturn ta the none draw Lift and return ta the 
pulled between thern, start, repeating the action 6-8 times. start, repeating the action 6-8 times. 


WORKING WITH YOUR KNIFE 

The way you hold your bushcraft krife can help yau accomplish a variety 

of cutting tasks easly and safely, There are several essential grins, ineluting 
‘he forehand, backhand, andl chest lever, In most cases, you need to grip the 
handle firmly at the enc! nearest the blade so that you can eut with the part 
of the blade nearest the handle 


‘SAFELY PASSING A KNIFE 
‘A group may only have one good knife 

‘or everybody to use 0 you'l need to pass 
itto each other frequently Pass the knife 
handle frst, with theblade up. This snple 
and safe method fs easly learned and var 
be aopted by seeryone 


at te bas 


tena your 
Work the wood 
ww tho part of 
FOREHAND GRIP BACKHAND GRIP fee Perest 


This griais thernost natural and theone This isthe same as the forshand gri, 
most often used, It alows your back and except the blade faves up toward you, 
arm toprovide the power and strength, Youcan useit when you want to see and 
‘while your wrist provides the contra contral exacily where the blade is going, 
Placing one ay both thurs on the back or when you're cutting something and a 


UTtkebadeafowsyousidgulconte) —flow-Urough wa urea tr 
Sinerre,  eramlaelan Senor sk 

Siewrtiennse Ary ested 

sens OP fictacte CHEST LEVER 
Dasesacty Tis teanevreray cee ich 
dame Oersee, jovial Dele oinahecongtewe ate 
youarltay  tnodesofyararv an certs pete oeet 


teciveyoursef and strength. You ean cut close to your body 
aseriouscut. _ whileyourwristscontral the cutting action 
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TREE-FELLING WITH A BLADE Your Th way 2 
For shelters and fuel, the largest tree you are likehy to cut steele aie 
down will be about 4 in (10 em) in diameter, For anything wif ew fat 


in men are 
larger you'd need an ax, but for smaller ones use a saw (see cca 


pp. 150-51), If you dorit have a saw, use the blade of your 
boushcraft knife or a machete or parang, Whichever blade 
‘you use, keep its lanyard around your wrist 


Figure out the lean of the tyes and start your 
vst cut on the onpasite side. This stags your 
blade jamming inthe cut as the tree leans further, 

= Hitthe top of the blade with a thumang stick (lub), 
' Move the blade about % in (15 mm) ta one side of 
the frst cur, and then angle the blade at 45 denpees 
he frst cut, 


toward 
* Continue to alternate this action from side 
to side, cutting 2 V into the wocd. 


=—_—— 


WARNING! 
Ensues you ade sharp. Kose wat 
-woudh= outing between yoyand the Choose the saniest dee. 


blade with theblade pointing aay, ayo wes oesceg oe se 


SPLITTING FIREWOOD a 


When you split wood into fuel far a fire, use the largest blade oe beanie, 

‘yas have, work on a solid surface, and avoid wood tat has urease et wee 

large knots as these prevent the blade fram making a clean cub Tran te calinataeeeor 
‘objects to enpede your swing acd 

LARGE LOGS knock your knife offtarget. 

Ifyou only have ahusheraft ife to work with, and 

‘you need to spit large logs into mall pieoes, the it the wedge hort 


with pow tel adh 


Following method works wel 


Hit the back of your Use your knife and Hil-the wedae ints the the log does not 

In fe witha stk thumping stiekto initial et, Keep doing split completely, foree 
andout asolid wedge start the intialcut across _thisuntithe log splits, Use open with your hands or 
from theside of thelog. the top of the log. rove wedges you needte, pry t with your blade 
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aN 


STRONG BLADES: 
Use a full fang keife (the 
inetal of theblade continues 
inne piece fo the end of 
‘the franclle}, The rivets that. 
cep esto nel the bil ay sen 
‘eventually, but the blade is 
_steonger than one that 
ddoestt go al the way yp 
‘the handle ov a late wat 
4 folding blade, 


‘Work the cut around the tree until youtwe 
almost reached the mictlle from every 
clrection except from below, noe the cuts are deep enough to weaken 
wf you try to cut completely through the wood the wood, you wil be able to snap the tree in two, 
from one cde f-wl gat neeaekly dffeuttas 1 Take care that the tree daesrit fall an your feet, 

the blade goes deeper, 


Bitte eats fmt alert stat athe 
SMALL LOGS tom and work your way tathe tor, This allows you 
Shilting asmall log can be mote tricky than spting af) 2F%% Stor sing for your thumping slick 

large log, because is difficult la balance t safely while [f * Seep the tee between you and the blade. and trim each 


‘youhit the blade with your thum ging sick brercn in the direction ofits growth 
If youve using amachete, you dortt need a thumping 
Place the lox on stick, as the heayy blade has enough momentum oF ts own, 


solid surface and 
put your knife in the 
middle of the end of the 
Jog youre about to chon 

s Hitthe back of the biade 
firmly with your sti 


ut tie en to wad sa 
"ou ear sti to 


keep nttingthe bide | fi cher boi 
until the ag spits down EER fe mae 
the middle, Split each piece ‘ae conot 
again to quarter the wood, ice OF 
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USING A SAW 


A saw is much better than a busharaft knife for larger jobs, 
such as preparing logs for a fire or cutting down the poles 

needed to build a shelter. There are several types of pocket 
saw available that are lightweight and take up very little 
room in your backpack or survival tin. sesh 


morose raves 
rarest 


USING A POCKET CHAINSAW 


Using a pocket chainsaw to eut down a small bree 
issafe and not especially hard work, You can use 
‘the same saw to trim the branches and then cut 

the wood into manageable sections 


It a eye 
To provant te 
mv omnia 


Adopt a sot stavee 


POCKET CHAINSAW 


een ae uae ee Determine the natural jean of the tree 


ai start to saw onthe oppose de, 

andbandes, tea eathraugha 

Bin (78 on clameter ince nander = Pullthe sa back and forth 

10 seconds. = Knock a Wedge in behind the saw when halfway 
ttragh tsp thee fo Jaren else 


Hold tne 
tore 

plac ith 
join foot 


Slow down when the saw has Use the same back-and-forth Saw the trimmed trunk into 
nearly cut through the tree, rhythm to trim the branches, ameasured section 
1 Allow the weight of the tree to snap Clear the branches away as you aw When youre halfway through, prop 


the cut and tveak i in two trim them from the tree up the trunk to make sawing easter. 


FOLDING SAWS. 
Folding caws are strona, liht, end convenient, Some, 
such as the Sandvik Laplander, have a serrated 
blade that folds into the handle see rah). 

Others such as the backpackers (see 
below), canbe dismantled for sowing 


Thestage opens and. 
stocesat aninge 


FOLDINGSAW 
BACKPACKER’S FOLDING SAW 
“These saws are generally lightweight 
and strong, but arent as ofTactive 23 
‘the packet chainsaw. IF space is toh 
‘then you can pack only the blade and 
Innprovise bows saw, using natural 
materials found in the weods, 


The temian rane and saw age car 


scone toon qpart and stowed sey BACKPAGKER'S FOLDING SAW 


COMMANDO SAW 
‘This saw takes up very little space and 
consists of a serrated wire lade with a 
swivel ring at each end, Its a useful piece 
of survival equipment, although it tends 
to snag and snap easily unless you keen 
it completely straight, You can easily 
convert itinta an impravised bow saw, 
si, with [ttle more effort, make 
into a very effective tension Saw, 


‘conttaanpo 
‘SA 


MAKING A BOW SAW. 

Cut a sapling approx in (2.5 en in diameter 
and 3Ft GO on long wath forked end, Hook 
‘the swivel ring of your command saw over 
‘the fork and place the forked end an the 
round, Ease the sapling into the other ring 
and make a netch fr‘the ring to ft in 
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IF YOU HAVE NO TOOLS 
Even without any cutting tools, its still 
‘possible to safely break wood down ta 
size, The anewer ls snapping —or even 
burning—the wood, Dortt be tempted 
‘to stand branches and stioks against a 
loa oF rook and then stantp on them in 
‘the middle In a genuine survival 
situation your feet are your only means 
of transportation so dont do anything 
‘that risks injuring them. 


SNAPPING THE WOOD 

You need to limit the sizeof wood you'e 
‘tryna to break—don't try to snap branches 
‘tat ate too broad Use wood that’s dead 
because green luna wood just bends and 
‘refuses to break complete 

1 Find two tress that are 1-2 ft (20-80 
Ari) anart—or tee with tno bunks close 
‘ogether—to use as a fulcrum for the 
Syood, Flacethe wood inthe fale, 

1 Adopt afirm and steady stance and, 
‘with onefoct infront of the othe; pl the 
‘wood toward you un it brea, Paling 
‘toward youlceeps your center of gravy 
‘yer your spread feet, while pushing aay 
rom you causes you t stumble forward 
‘yhan the wood breaks, 


Hot frmtyon tothe 
pce of oad, 


hace tn wood betes) 
two tees—onetsastog or 
uf, te other 2 
overage pot 


BURNING THE WOOD 
Ifyou have afr aoina, place the wood on 
‘the fre where you wait to brea: Leave 
iton the fie unt it burns all the way 
‘through, Alternatively, when fthas burned 
halfway through, use the snapping method 
deserbed above —but dont werke onthe 
‘wood whilelt's stil burning or ht 


. 
«ee 2 oe 
. 


Writer 


vehicles to shift in status from an optional accessory to a core feature that supports not 

only the individual vehicle, but also communication with other vehicles and sensors that 
inform traffic, parking, and navigation—while also ensuring passenger safety and data 
security. For consumers, a connected vehicle provides a growing number of features and 
services that make the driving experience safer, convenient, and less costly. 5G connectivity 
will enable information from in-car sensors to continuously be passed to the cloud, By shar- 
ing information and alerts about micro-level weather, road temperature, surface conditions, 
and violent breaking ahead, more efficient and consistent traffic flows will be achieved that 
reduce congestion and emissions, The aggregated and interpreted data will provide more 
informed driving information, as well as alert and activate onboard safety systems to pre- 
vent accidents [1]. 


| ndustry stakeholders envision 5G asa key enabler that allows network connectivity in 
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SHELTER 


A shelter is your primary means 
f tion in a survival sit 
to simply 
n downpour or 
= While 


d condition—both physi 
lly. A day or night 
thee 


Tt 
during a 
spend several n 
wilds. It's importani 
nderstand how to 


ad to sleep 
you moody 


your shelter. Aft its effectiveness _ irritable, and easily fr d. This in 

could mean the d ¢ between turn ad to a lack of concentration 

relative comfort and abject misery! d irrational thinking—none of which 
Ina surviv: it's important are helpful in a survival situation. 

to playa pr fe role in your own Cold s spent in the wilderness 

continued survival and rescue. You can se last longer than they should 

only achieve this effectively if you're so time spent ensuring that you c: 


In this section RUT TMS eee a ae 


when to lie low in a hollow or camp ina cave... 
= how to modify your poncho to put up a shelter... 
= the difference between a bothy and a bivy... 
= how to bed down with duck down or wake up in a wickiup... 
© the importance of using your noggins to secure your shelter. 
®= how to configure your fig leaves to keep out the rain... 


always enjoy as warm, dry, safe, and 
comfortable a night as possible is 
rarely wasted. 

With shelter-building—as with other 
areas of survival—you should always 
apply the principle of expending the 
least amount of energy for the 
maximum amount of gain. This could 
mean simply exploiting the options 
nature has already provided, such as 
caves or hollows. Finally, plan for the 
worst conditions—it may be sunny 
when you build your shelter but pouring 
with rain at three in the morning! 


TAKING SHELTER 


Iter should you nee 
If from the elements. 


all times. Space 
very small and are availabl 
to reflect heat) and one sid 
ion). No matter wi 
wing, a space blanket c 
iate protection from the eleme 


With a little ingenuity, a spac 


son how 
s throughout this chapter, but 2 
remember the following g ips, too. 


1 First look for natural sheltering places 
= Look out for hi stich as signs of flooding 
‘= Construct your shelter well before nightfall 
the ground before you start to build 


nee tangles to th 
worst passible weather conditions 
ur shelter is sturdy and secure 

= Don't over-exert yourself as you build 

Raise ping area off the ground 

= Tf on a slope, sleep with your head higher than 

your fee 


JL] The effectiveness of a shelter can 
mean the difference between relative 
comfort and abject misery [ J! ) 
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HOLLOWS AND CAVES 


IF YOU DON'T HAVE a shelter of your own, look for 


shelter opportunities that nature has already provided HGRA: 

for you, such as a cave or a natural hollow in the ground. Eng ats ogo) ad gs 
However, avoid natural hollows in low-lying areas that = Son sith as ocke titsaw 

may flood and, i you're on a slope, keep well away from = ees rt les fret msi css 


brat, and ine bouaks for the root 


hollows exposed to run-off water: 


NATURAL HOLLOWS 


A hallow that may be too shallow to 
sit in can stil provide shelter from the 
wind if you liein it—and, with a basis 
roof, Keep you diy too, 


BEDDING 
Cover the flaor of @ shelter with some. 
form of bedding to prevent your loody 
‘fram losing heat to the cold ground 
‘through conduction, After all the energy. 


‘you've used to build the chelter, why A cing sti isa 
‘waste it onan uncornfortalsle night? oa ee 
Use the driest materials you can find 

{see list below), 

MAKE YOURSELF COMFORTABLE 


Here are some ideas to help you eno 
good nigit’s seep your setter 
Collect twice as much bedding as you 
thinisyouneed: 6in 05 cr) af hall for 
sxamile, compresses to about 2in(& ar 
after you been iin on itfor awhile — 
1 Place logs araund the bedded area to top Tr the hollow isft deep encuah to lien, 
‘the bedding trom shifting and spreading, remove some soil with a digging stick. se etiae 
SS ee Nee = Beware wat soil, 28 it cou ld b= pore to flooding, tbe length of the hol 
eae Hane * Ti the ground is too hard to dig, ul up 
the sites with logs for extra depth 
fepsteteente | * Lavbodding material on the 
Giebestravce | ground before continuing 


‘Bexting dense 
yovworm 


fate sve the poe 
‘gs restig joralyan 


BEDDING MATERIALS f the stdeo) the boro 
‘= Feathers, such as duck and goose down, 
ane the best bedding as they retain warmth 


See as ‘With your saw cut a number of sturdy poles or branches 


eae (see gp. 150—51) that ar long enougt to plate aooss the 
sYocieuilely oft aeaiaies => | croyris vate a saportrg roo 

fo Uy pin a spruce ough dry leaves, 
trois bracken gravses andy covert | = Cut. thicker, longer lag and plave it acrass the poles. Tris wl reate 
{i pravent i frome png height and slone fora pitched roof, Make sue the lag isnt too heavy 
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TAKING SHELTER IN CAVES COASTAL CAVES. 


Caves are yealy-m ade shelters that are usually dry and secure There are | Coastal eaves share the same dangers ss 
some dangers, including animals poor air quality, and water. Many caves | any other cave, but they are also cubject to 
2 outlals for strearns or are corncted to pools, Dent ae anyturther | the tides, which ean rise vary quickly —in 
in than you can see, as there may be hidden drops, sligpery surfaces and | someareas they can advance hundreds of 
‘yevasses, Avil old and disused mines, astheymaybepronetecellapse | yards in amatter of minutes, 


ANIMAL DANGERS LIGHTING FIRES ‘THE DANGERS OF COASTAL CAVES 
(Many animals, such as bears, bats, you bull afire a the fruntofacave | When ouire assessing a cnastal cave, lookout 
insects, spiders, an snakes shelter the smoke canblow backinside and tne | forthe following warring signs of flooding 

in caves so check the ground around firecan block your exit fit gets too bg, | dung high tide 

the entrance and insidefor signsof Build afins toward therearaftha ave, | = A ine of sesweed, driftwood or flotsam ang 
tracks and ests. Vampire bats can be tut make sure that theres aufficient | jetsari—sfther n te cave or Turthar back on) 
dannerous as they ae knownto carry flow ofarforthe smoke to escape, You | the besch either side of theentrance, 

rabies Bat droppings (quand) form a can erect asmallfireraflector or make | =A damp or wet smel. The ave may even lok 
thicklayer nthe around and, inlaroe apa frocks attheertranceto raflect | welif the titehas recenly gone out, 
‘quantities, can behighlycombustibie heat hack into the cave, ‘Rock pools in thacave or in frant oft 


POOR AIR QUALITY. 

I a cave mates you Toe light-headed 
Dr nauseous [eave at once because the 
array be oul due to exress carbon) 
thoside Other warning signs are an Ape of wets ot the 
jnoreased pulse and bresthing rate Ifa evr tens et 
flare starts to di, or turn blue, leave 

‘he cave mimediately—this may not be 
asignoflexcess carbon dioxide but 3 
lack of oxygen, which can be worse. 


Birosrats tote a aN 
Sr tof co 5a oe 
we : proitce too much smoke. 


Lay covering of shore 
Diarones on eve) 


poles over the top of the lag and 
cross branches to create the pitened roof, 


= Pagk these materials tightly together 
and make sure theyre firmly in position, 


‘The space betsoen the 
‘sippart apa otcbed 
‘of wl ope 
thabegt geroated 
tho te shoter 


re helt ond 
bee as water 
tonunayfite 

Leave an entvance at one end of itched o0f rater 
ye chetey wrth enough space to {none tous 

get in and out without disturbing the root By 

= Ensure the entrance doesr't face the wind— shuld atow 

an angle of 90 degrees to the wind is best bees 

= Insulate the pitched roof with as much 

foliage as possisle 

«= Start the final incultlon layer at the ground, 

working up tothe top of the yooh tp ereale 

an overlap for ramnwater to run off 

* In-wet conditions secure your pone 

or grace blanket over the top, 
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USE-ANY WHERE SHELTERS 


WITH A PONCHO OR BIVY SACK (see pp. 160-60), you can 
make a shelter for use in any environment and in any conditions. TOOLS AND MATERTALS 


You can also adapt any type of material—a survival space Se 


blanket, groutid sheet, of tarpaulin—in the samme way s Careageor dasichangees 
= Pegg; sti or pole 

s Rook wlag or armen 

1 Susi lif. penkife 


ONE-POLE PONCHO 


This shelter Is vary guick and easy to erect and take 
down—useful when energy levels are low or when 
yu just want to get out of therain. Ifyou need Ho em 
to be rescued, put the mast visiole color on the hth knot ata height of 3H 
auttsice to increase the chance of heing spotted (im) off the ground 


Tie the long cord to a 


2 ipo ee is aziltle run the 

(1) Cut three 2 ft Spread the poncho (staked 
GQomlengths —__atenttegrne 

of cordage and one ft 


(2mm) lenath 
«= Tiethe shorter lenathe 
int loons using an overhand 
‘not (see p. 143), 

«= Tiethe long length to 
one earner with a Siberian 
hitch knot (see p 144), 

1 Fasten the cardage loags Te thetonger 
to the comer grommets ppb ees 


one cevnor ing 
‘Sera tah rot 


Mesure te ton of he thee 
“da poncho Br secure owe cals festering kat 

et 2 tr eBembof cone 
ang fon tre gurtns 29 
avatar ca doa 
before reaching the seer 


Place pegs ata 


aoaleeh dt 
2 408 feo auny 
Fromibeseter 

Place one endl of a 3. Cen) long Pag out the left and viohteorne’s, 


stick in thehood of the poncho then raise the siektta form a dome 
+ Seal the hood ty tying asin ple knot 1 Pl the ear corner tau and peg i out 
1 Wind several tums of eordage around fe eae red to add tension, making the structure ris 


theknt and sexe i wih an bor sneotRtOREe a Tyente the shoter, cl yur body 


not (222 p. 142), ‘uh the it around the renter pole 


CORDED A-FRAME 


This poncho A-frame creates a tentlike shelter between fo 
trees, Tf you have enough cordage, a single ridgeline can be tied 
between the trees: if not, use twa cordage loops, as shown 

below Altematively, you can use a ridgepole at the same height 


‘Spread te anche flaton 


Spread ta Feons ofthe longer 


cords log tee i, 
‘eceubiochats 
Fastentog rt 


6 


Find two trees 2 ft (60 em) 
further apart than the 

length of your poncho, 

' Attach cordage hops! ft G0 

sr) long to each grarnmet on the 

longer sides of yaur poncho and 

3.48 (Ln) loops ta the end anes 

‘= Tiea knot around the hoo 

to seal t 


Tie the end of one of the 
longer cords to a tree with 

2 dole chain fastening knot (see 

148) ata height of 3ft Cm 

2 Tee the other long cord to the 

second tree with 2 taut line Fitah 

kenot (gee p. 149) ard adjust 

the hit to ull tight. 


aloe the ood 
te prevent water 
from ota 


NEED TO KNOW 
Pag the idle loop of each side to = Blok une eno he 
pull he poncho taut, Pag out the four sheterwith anes, 
remaining loops, culling tight 25 you gp. tough, ad malta 
* Ifyou have enough cordage, raise the hood _Helpeeiaio Mea, 
by tying t elther to asecond horizontal ine or" Byourmalesia 
to avertcal line nasced aver atwanch above, fas oogeemmels 
1 Prace lang boughs along each side ofthe | Sebllntes 
et saa instead Gee Leh. 


shelter, with shorter boughs at each end 
tp hold in bedding material 
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TENT PEGS 


‘You.can make your own tert pegs and 
‘then either reuse them or replace them 
with new ones when nesessary. Discard olf 
pegs that naturally decompose over time, 


MAKING TENT PEGS 
sPogsshoud be about godeneud 
91 (22.5 om) long and1 Anshaft 
in(25 cn) in dharater 

Aniything less will ether: 
‘sag under pressure ar 
pull out in high winds. 
Cut wood fer the 
peas rom green irae 
= Don'Luse woad fram 
‘the ground as it wall be 
in some stage af decay, 
1 Dryaut neeepags slowly aver the embers 
of afreto harden them, Reriove them wien 
‘theyre a light brow color Wet wood sounds 
ddoap and dull when you tap It as it dries the 
‘sound gets higher and crisper, 

Never drive 2 peg in with your foot, Use a 
soe or heavy sick instead, I you mishdge 
it the peg may stab you through the anicle 
pte your boot anid even your fot 


Stik 
starsened 
teapot 


ALTERNATIVE DESIGN 

If you're in @ group and you each have 2 
pancho, you oan elip twa ponchos together 
and use one 352 bul floor 


USING TWO PONGHOS 

First clipthe poppers of both ponchos or thelr 
‘v0 long aides to form a tube, The tap ane 
‘the Atrama, the battom one the grourdsheat 
1 Pak all your bedding material under the 
bettorn pancho and hold iin place by laying 
branches at elther end 

1 Assernble the sheer with the top poncho 
Inthe same way athe single pancho version, 


gatne fos te 
oot of the ton pana 


RL 


Bottom poo 
forms the 
groundspect 
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BIVY PUP TENT 


A bivy sack is a liahbweight, waterproof cover for a sleeping 


bag and is made out of a breathable material that cuts down TOOLS AND MATERIALS 
condensation, [t's an essential component of ultralight camping By sack. 

(see p. 52) and can very easily be turned! into a Saplings 

single-person pup tent. The advantage of making a = Button tes 

tent from the bivy sack is that, in wet 1 Wooden pegs 


conditions, the rain runs aff the side and = Condageand kre 
doesn't seep to the Inside as quickly as it » Rocko oo fo fammering 
does when the bag is flat on the ground 


Lay the bivy sao flat on the ground Attach abuitton tie with 2 
where you inkend to set itup long lenath of cordage to 
1 Ifyou hae the flap of the hood on top the center of te bivy sack’s 
it wil form a door that hangs down, - © opening and hod itu 
However, ifthe flap ison the bottom Pulldown the right and let 
you can tie t up as a dor er P aides of the opering and place a 
= Attach a button tie (see paneh 77 Jautton ti and loop where they 
opposite} with a loop te each meet the ground 
the bottom comers ofthe {Peg out the button-te loops 
1 Peg the buttontie loons into the ground 


into the ground, 


old ap te bation 
fetosse pow high 
the entrance ca be 


attach qatar te 
‘ete mide seq 
ofthe iy soak, 
cheut 18 fn a5.em) 
Irom the bottom 


Qe ate sa hte errno you col {When you want to gb into the bivy pup tent, simply 
Use a hoped sealing or orassed sticks instead) remove the opening pole and climb in feet frst 
= Stand the pale atthe entnce mn the middle 1 Make sure you avoid the ong cord as you wriggle in 


button cord over bhe tow, and peg out the card Light. 
«= Reatjust all the pegs to ensure tight and even tension 


Litup the cental 
bution tes youcar 


‘gta sue econ ‘atin 


siege an toe 
often 
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OTHER SHELTERS 

There are other temporary 

shelters you can erect ly J 

adapting the techniques, tools, 7 

and materials autined for ¥ : 

both the use-amyhere seller HOOPED SHELTER TARPAULIN BOTHY BAG 

andthe bivy pup tent. Which Tpthere are sapings or soft Attach one side of thetarp te A bottybag, or storm shelter, 
shelier you choose deperdsion cod tees, youcan-torm line between wo trees and Islan, ight, lem ag that 
‘whethe you have aportho, three hoops and peg out pag he otherenldowntothe protects ane or bwo people 
tarpaulin, or bothy bap, ‘your poche over thern ‘ground at an angle. ‘rom the slernents 


Place a hooped 
sapling (or two 
crossed sticks) over the 
bolton of the bivy sack 
1 Attach the button te 
that's Le in 45 em) fram 
the foot af the bivy sack 
to-the hoop to raise it 
and provide more 
space for your feet 
= Tightly pea out the 
cord from the hoops 


MAKING A 
BUTTON TIE 

Button ties provide a simple, 
secure fastening for taking 
ut ponchos and tarpaulins 
that have ne loons or 
grommets to which you 
could attach line, As you 
dont Rave to cut holes in 
the material remains 

he hooped sling waterproof and less prone 


1s fmt posted / ta rigaing, 
nto the proud ie 


Encase a small, yound, 
smooth stare (or 
sirila?) in material to form 
avution’ Prenare cord, 
‘with the open loop of aslia 
nol (se2 p. 142) at one end 


Flascteorm ken gyAtthesther end 


Ater you have climbed in, replace the pole 
under the long cor 

= Use the cod of the by sack: 

open and close as necessary. 


Be swe toreptace te pole 
avorival gestion ith 
{Us oag ural on top 


of the slip knot over of the card make a 
the neck of the button and simple loop to place over 


door and pull it tight, your shelter pegs 
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FOREST SHELTERS 


IF YOU FIND YOURSELF in a survival situation in a temperate 

forest without a poncho, bivy sack, or tarp, you can make a Lameeenpunelatice 
shelter from natural materials, For example, you can construct saan ie 

a lean-to or an A-frame, or simply adapta fallen tree. A forest a Gariage 

Jean-to is easier for a group to build because you can share the ga = Sadlins . 
workload and don’t have to use up too much precious energy. GISIIE Halo S 


BUILDING A FOREST LEAN-TO 


A lean-to has 2 sloping mof that leans against a horizontal 
ridgepale, It works best on a flat area between two trees 

or vertical supports secured firmly into the ground, If you're 
building a lean-to for a group, ask everyone to lle down next 
to each other and add an additional 6 in (15 er) per person— 
this will establish how wide the shelter needs to be. 


BUILDING IN A FOREST 
Temperate forests whether they consist 
of deciduous or coniferous trees or toth, 
provide m any opportunities for finding 
orbullding a shelter Exnend the least 
amount of energy for the most amount 
of protetion—first see what nate can 
provide before hulding a shelter youre, 


= ne draggin to-tke 
rio ore 
theses 


Plate the ridgepole againet the trees at the height you require and 
lash t with an arbor knot (see p. 142) to hath trees 


POINTS TO REMEMBER 1 Place @ sunport pole (nongin) under the ridgeoole and lash ta the trees, 
TFyoudoneedtormake ashater naforest, | « Firmly pen aloa where you want the font of the shelter th be 
here are some tis 


Ties Salmons watt ey 
from water hazards, such a§ flooding, 
tora ater 

SBosrenu sta, erirkanete 
as deadfalls (sudden branch falls}, 
rodefalls, and flash floods, 

Set gle that hes oun 
‘protection from the elemerits and with 

all the rmatenals you need nearby, 
*Colestevevtity you rnd bees “> = 
start building and before it gets darts, 

sm Make sure your aids to location can be 
‘seen of activated quickly (signal fires, 
heltograph, flares, radio dgnals). 

= Think safety: if possible, wear gloves to 
dear leaves and debris from the ground 
‘to protect you from spiders and snakes. 

= Layer down your clothing as you work 
‘to prevent overheating. 

Make your shelter as waterproof as you 
anand emuteyour bed ras ot 
east 4 in CO cm) off the around. 


apings ovr the 


Annoy the covering ta the woven skeleton of the roof and walls. 

How much you array depends on the weather you're experiencing, 
* Ly large materials —for examole, pine or fir boughs, large leaves, 
clumps of mass—as alnase to stop srialler materials fram falling through. 


Autonomous vehicles 


Autonomous vehicles—also referred to as driverless 
or piloted vehicles—are predicted to hit the market 
by 2020, but stable 5G infrastructure will play a key 


role, according to a white paper by ABI Research (2). 


Estimates indicate that 5G latency could be as low as 
one millisecond (ms) over-the-air, and 5 ms end-to- 
end, enabling the following automotive use cases: 


> Broadband multimedia streaming (driverless 
vehicles as mobile living rooms). 

> Cloud services for vehicle lifecycle manage- 
ment, apps, security, and over-the-air updates 
(cloud-to-vehicle), 


> Capturing or uploading huge volumes of sensor 
data for real-time traffic, weather, parking, and 
mapping services (vehicle-to-cloud). 

> Cooperative mobility: low latency vehicle-to- 

vehicle and vehicle-to-infrastructure for active 
safety and autonomy [redundancy for advanced 
driver assistance systems (ADAS)] (2]. 

‘The current ADAS being delivered on 2016 ve- 
hicles already facilitate SAE Level 1 (see figure 1) and 
are beginning to incorporate features that would be 
considered Level 2, However, Level 4 and 5 capabilities 
may not be that far away. In October 2015, Robot Taxi, 
a joint venture between Japanese mobile Internet com- 
pany DeNA and vehicle technology developer ZMP, 


TheNextWave | Vol.21No.3 | 2017 | 21 


rorest suevters | 163. 


TREE SHELTERS 

The branches roots, oF trunk: 
of afallen tree can make a 
‘basic shelter, Make sure the, 
tree Issafefefore you use it, 


cate ae Teale as BROKEN BRANCHES UPTURNED ROOTS FALLEN TRUNK 

‘you Dead Irses are probably a branch that has snappeelftom Thebase of anuprected tree Laysticks or branchesagainst a 
Gry, so dart light affe Under 3 tres trunkbut hasn't yl fallen. can give good protection from fallen runk to form a pitched 
then Check the base af the ruses aqood ridgepule, Fron the slaments Make sureit’s poof Weave saplings across 
‘ves foy srakes spiders, and snallerbranches and roofing safe and wert flood ift rain, ther and cover with bark, tur 
nests of insects rmateral up agains it ‘hen add boughs and foliage, ross leaves, and mulch 


anf pies shoal bo 
atlegst rg asthe 
‘shatrasedsfobe 


ay the sao 
hontontaly on 
Crier it 


‘eta sae of ore 
ie for wae 
Plaoe five roof poles evenly alona the ridgepole so \Weave saplings in and out through the roof pales, 
that they slo tack lo the foot of the leanto working across nd dawn from’ the ridgepole 
* Keen the outside poles between thetreesto ston then aw Aternate the weave of each row of saplings frst 
moving outward horizontally and then diagonally 
= Lash eath roof pole to te vidgepole 1 Weave small sapinas through side stakes to form walls 


«= Hatrimer in side stakes alongside the autside poles 


Erect astunty fre 

Bosse fra) ripector ep 168) 
coertig agaist ] ‘round re rontop 
wate to hop 


rotation 


with everyone inthe 
same learsto shelter 

you need to light anc tend 

only one fire 

= Layer the inside floor 

with cry material to 

form bedding 

+= Establish watch system 

during the night ta ensure 

thal the fire ismaintained 

and controlled 
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FOREST A-FRAME 
Acframes can take several hours to bulld, but if youre staying in I, 
ine place for a few days it may be worth expending the eneray ‘TOOLS AND MATERIALS 
One-person Aframes are relatively simple to construct and are apie eho Uae 
easy to keep warm, They can be adapted into multi-person as 
shelters to accommadate aroups of people fe 
= Saw (ora) 
I = Cordage: 
Peep asennad «= Cowering for yalls—sath as pine 
Gil bnger tant ‘beuos leaves and oss 


Putthe bare sie of tho ritgepote 
ln te staf tester est sae poles apoio 
rgrch sis 


Smooth one side of the ridgerole with your hrf, Lay aseries of poles against the branch stubs on the 
leaving one side bare and one with branch stubs, vidgegole, These willbe of decreasing height as you 

= Hatrmer two poles into the gyound to for an ‘work Jour way from front (he A") to back ¢the ground 

' Rest one end of the ridaenole on top of the” and Ab each junction, rest the side poles against-the stubs or 

the other end on the around tie them to the ridaepole with an arbor knot (see 142) 


FIRE REFLECTOR 
A fire radiates heat in all 
cirections—up, cow, and 
360 degrees around, A Fre 
Feflestor kes a fire more 
efficient as it directs heat 


" otic 
Shewang snitch the 
Sean ep area 


int your she. 
Construct your reflector 

so that you can bul a fire 

about 3m fre the 

entrange to your shelter 

You ean stin the entrance stack ptrto 

ara tend the fre al arms oma 

Se ae Check the a flow wil gay Ifthe freisgoing to Tie the top of the 

ee ot artre cry QD) be across the proposed BD beciosetothe recor, uri pees together 

further suey and you bee” Fefldor (lo dksperse smoke), use greenwood to revert | Make se the Wallis 

too much hest Ar L- Hanmer two poles ito the the heat selting Bonfire. ac long ac the haters 

shaoed en tathevefiectar ground, Pub asecond et n= Pubpoleshelween the entrance torelain heat and 


will retain more heat al-poles' length apart, sets to form 2 wal keep out. wind and rain, 
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ALTERNATIVE SHELTERS 
‘we other options are a front-opening 
Acttame and a one-person lean-te, For 
the former, secure aridaepole or line 
to.alree a the height you want the 
entrance to be, then adagl the forest 
Acframe (see opposite), Far the latter, “3 
tethe ridgepole to two forked sticks FRONT OPENING A-FRAME ONE-PERSON LEANTO 
hammered into the ground and aply — Wedgeanoggin undertheridgepole and A smal one-personlean-o, together 
a caver similar to the forest lean-to _|ashit tothe treevwith an arbor hnotto_withiz lan oa fre ulin front, provides 
{oeepp 162-63), take some ofthe weight Bull afirarefiector younnith ainarm, dry, and confortable 
tothe side with the prevaling wind Shelterfor an cvernigt stay, 


lent aye. 


“Atemate the weoro st prevore 
qevleom ov enatacaed lope fling rough 


ave four of five rows of saplings horizontally Cover the framework with a thick ayer of natural 
‘through the side poles to make the walls into a rmterial, such as nine boughs, small branches, 
strong fram ework for the covering, and sturdy twigs, Weave the rnaterials into a “thatetr 
® Leave an entrance n the side near the front, Make 1 Dn each side, work your way gradually from the back of 


sure it's large enough for you Lo sit inside comfortably, the shelter to the front, and from the bottom to the top, 


4 ‘ The covered uailprevide 


WEED TO KNOW otc fr thea 
Ball use so hath oes aes the ont fiat 
sight ang, ater than nit. Tes rafts ffecteress 
_alpeevers stoke eterng fm the fie, Ete shel backs 
‘nh win ea ik the wind Boe 

around arcane entre, 


starting from the around and 
working up tothe ridgepole: 
= Build a fre reflector (see: 


pnsite in front of the 
entrance to help direct heat 
‘towards you, 

= Stow your equipment and 
pack in the front af the shelter. 
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TROPICAL SHELTERS 


TROPICAL RAIN FORESTS CAN BE the easiest environments for 
building shelters because of the wealth of available materials. Once TOOLS AND MATERIALS 


you've found! suitable location just decide what type of shelter you sh st witness 
heed. The most important thing is to raise the shelter off the ground, Sopa joan coke wise 


Make it as comfortable as you can, because quality sleep is important. hase calls 


+» Spacer hare 

v= Knife, saw, machef, or parani 
MODIFIED PONCHO BED See ai 
Most ponchos have press-studs to allow you to clip up the edges or to = Strong, waxed, cotton theead 
clip two ponchos together: They also have grommet holes that you can 
Use as lashing points Hare, a poncha is rrodified into a trorieal bed ee! 


Presoacer bor 


“ananafie Meet pote at aeons 
fhe gt afi er nape 
a ay tea our pancho / 


Mose site tat 
_thelenat of zoe 
Sing! fom 
thr nd eat 
Seine esse tte EM Fare scr ns Cut two “spacer bars" that will 
sides of your panel together that ean take your weight. fit perpendicularly across the 


to form akind of ube = Insert the tuo support poles inside _sunport poles or, if you can find them 
= Tiethe grommets onthe lipped the “tune” of your poncho, one dawn cut pales with @ maura fork in them 
side with piewes of cordageso that each side. 1 Tie the spacer bars into position 
the press-studs don't. come undone. using an arbor knot (see 9. 142), 


HAMMOCKS. 
Many types of hammock 

ave designed for thekind of 

hat weather you get in the 

tropics and are often fitted = 3 
swith mosquito nets, In fact, 

hammocks make the best 


yetright cheler.3: ler HENNESSY HAMMOCK PARACHUTE SHELTER HAMMOCK AND TARP 
es you can find two les Tic ultaight, quick-drying Fold the panels of aparachute Tiea ridgeline above the 
theright distance apart. hammock sbath easy taset into atriangle.Lashaspacer hammock, Drape the tarp 
‘TheHenressy aninack yp snd carfartable i sleep tar tothe opening and pag over the ine and anchor it 
isagood choive because in Geen. 5A). 1t's equipped out Tieoff the apexot the an ether side to ahonizontal 
it packs down sinall ‘ith a selfcdosing door, ‘triangle further up thetree, pole tied to twa uprights 
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Sica “enna wide 
fraught ta pole 
trou 


ALTERNATIVE METHODS: 
‘You can easily modify other forms of 
sheeting, such as a tarpaulin, cheter 
sheel, and groundsheet, You wil need 
a decent needle and plenty of strona, 
waxed, cotton thread (see Survival 
kits, pp. 60-61). There are tivo 
methods, which you can da either 

on the tall oF as pat of your prior 


Te folled secting 
fare tabele 
Euchre 


Tre suppart 
poke itso 
the east 


‘erat 


preparation. Adding spacer bars METHOD ONE METHOD TWO 
egos the poles apart and the Lay the material on the ground and fold Fold the sheet and slitch a “tunel along 
sleeping plationn tight, Both of itonce tgcreate wide "tubs? Sita the both sis ust wd enough tate a pole 


these methods produce an excellent length athe opan des andthen insert that wl supportyour weight Push the 
emergency stretcher: pole aorig each side of the tube support poles tough the tunnel 


Pe mvatiepeto ———<— 
finda SARE PONCHO BED BENEFITS 
ied got oes thts 
axy an cui assemble, esos you 
caf the forest tong, ad provides a 
comnfarkable plane for quality sleep. 


BUILDING IN THE JUNGLE 


‘Shelters in the rainforest need to be 
Auick to erect, just big enough for your 
needs, and safe fram animals 


CHECKLIST 

‘Af youte thinkeng about bulling a shelter 

in s tropical forest, the following tps 

mayhelpyou: 

® Check for hazards suchas easfalls 

(Gudden bratich falls) —a major cause of 

* 2) inuries during mittary janoe traiina, 

faa tracery Youll need a sharp cutting tool—ieally a 
parang or madhete but a decent bushoraft 

ea or mal ax wl ution 

® Clear the ground around your shelter 


Themadified + ter srirmals. Use rakeshfl brush, 


poncho naw never yourbarehands to avo being 
looks like a stretcher—in Diab anasor spears 
1 use ih as ok * Bul your shir far enova 
hoa ees peraner ee ‘ground to avaid being bothered by insects, 
eee Moree Snakes, or amy other arimas—particulary 
» Raise the poriaho off the ground ky vesting it HP RULOE Gane 


either on thick logs or sturdy pales, * Startbulcing your sheker well before 


darkness setsin, wien Wopieal zones, 


ALTERNATIVE DESIGN aii te vavalyhappes very cy Lang alge 
Tf you have a second poncho, shelter provides knife in reduced light-or by the lightof a. 


enoigrroam or ‘lasiliah.can be very dangerous, 

youre your oe f Workat aratethat youcan manage, 
Hurd cond tons can very quicly led to 
\iebystion andhoatelatod nurs such 
as heat stress an eat stroke, Your body 
‘tiesto keep ite? cool by sweating, sp don’t 


shetter shee, or Larp you can 
create a shelter to keep the rain 
off your modified poncho (see 
also Corded Aram, 9,159), 

= Tica ridgelineloetween two 


‘ees and hana the poncho, ‘wark too fast, deniewator-Fequetly, and 
sheet, or tarp over the top of it Se. Hes 
= Tyout vl pone fe yours or seoure—yu dont ws 
ietonoin arte tigche femarepasatitt 

- ae Inside your seis ws afl rosin 
= Feg oul tie four corners of the fiesta 2 partis hast ee 


pancho, sheet, or tarpaulin ‘= Afiro wil deter insects and animals 
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JUNGLE A-FRAME 


An A-frameis relatively easy to make, If you havea pancho, tarpaulin, 
shelter sheet, groundsheet, or another type of sheet, youll need to modify 
it first to make it into a bed (see pp. 166-67), If you do not havea poncho, 
lay branches across the poles ta farm a sleeping platiorm. 


Cut seven long poles 
that wil take your 
‘weight, Tie two poles 
together with an artior 
knot (Gee. 142) to for 
an 8" and tle the aint 
tp atree oF branch of 
a tree (as shown), 


Tie twa more poles 
logether to form 


«= Position these in 
line with the first "AX 
= Thedistance 
between the two 
‘pis needs to be 

at least 2ft 

(60 om) longer than 
your height, 


The cra formealiy te 
Colores of ab 
the eas the platform wits 
Maso sur the 
faksre 
sea gomy 
Inte gourd 
Position both poles cya scaly 
\ of your poncho bed 
,) (Gee 166) on the outside 
of the frame. 
* Move the poles down the 
outside ofthe frame legs 
ttl the sheet fs taut 


Put a ridgepole on 
‘topo the tivo “as 

* Tee this to bath junctions 

for edra stability, 


Thepcles ofthe, 
ated poncho 
atte into poston 


ee gn ear kt 


(op Be) cecare 
thn poke at heap 
open 
edhe poesay the 
ead pont te 
Place a tarpaulin or ‘eqs of the A-frarae for 
shelter sheet over imei 
the ridgepoe Maistte 
 Scourely tie a quyine bo ane 
each corner with aSiberlan sy ejirtng 
hit (ee p14). met 
= Run each quylineta a peg et = Long golesand tidgepole 
or tree and secure tt with & = Gorilage and pegs 
taut ine ito (eee po 145) s Ks ache, 
: ov pean 
= Mocified poncho bed 


= Taraulin, groans, 
onc of soir heat 
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BAMBOO LEAN-TO ON 


If you can find enough bamboo you can make a type of lean-ta Lantana opts 
shelter, Find a spot close ta the taboo supply to reluce the lero ang 
amount youve to cary. Tf you need a raicd slening satorm, | Aeatae 
sop the etn wed fr teehee 17 Tpaah anlar tent 
f 
Sep 


tea thiteece 


ofucor.a Pegged 


est ariagepote 
onthe bak 
posisana test 


Wiad 
Ss eater 
than 
mine 
Cul four thick, wooden Tie anoagin to each post for support [Make two short, forked badk posts 
suppert posts ‘Make sure they are level and at the to ave the shelter a sloped roof 
‘= Hammer two posts into the height you need! for an entrance «Align them with the front posts and far 
ground, wide enough to let you = Place a wooden ridgepole on top of the enough tack so the roof is wide enough to 
lie lengthways between them, noggins and tie it to the posts, shelter you 


‘Hammer them into the ground and tie 


cg nif tener 
It down wih stony sth 2 secand ridgepaleto then) 


Cut kngths of 
bamboo lon of split bambao, hallow side up, 


enough ta reach between! side-by-side, between the ridgenoles 
the two ridgepoles, ‘= Work your way back along the roof 
* Split these by wedging this time laying the lenaths of spit 
your knife ints each pole foarlooo with the hollow side down, 
and hammering it down, 

» Prepare enough spit 

toamboo lengths to cover 

the roof area two tines 


Stead the bamboo 
stem agaista rack 
eth your foot 


Tre soft boro 
iayersof thereof 
‘hect water to 

the giter 


Lash 2 long split bamboo 

stern to the lower ridgenole to 
fovmn a gutter under the hamboo roof 
«Put a pan or pot beneath the end of perererite sey 
this sloping gutter to cll water, ‘old beg nace 
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JUNGLE HUT 


With a litle extra effortyou oan make a more permarient ard substantial 
shelter than a jungle A-frame, The raised apex roof of 2 jungle hut allows you 

to sit on the platform in relative comfort, This method uses a framework of four 
posts, but using two trees instead of two of the poles would make it more rigic 


Dig four strona posts into the 
‘round to form a rectangle at 
least Lft (30 om) longer and wider 
than yourself, 


With your knife or saw, cut ante ito each post 
deen enaugh to Fit the curve of the horizontal pole 
1 Wedge the four horizortial pols into their notches and 
secure the junction using an arbor knot (se2 p. 142) 
1 Lash a noggin to each post to support the poles 


THATCHING LEAVES 


By taking advantage of the shapes of some tropical leaves, you 
can make a substantial, long-lasting root or walls. The biager and 
broader leaves imolve less work. If you use rattan palm leaves 
{you can create an alternating Interweave that gives tighter 
thatch than the overlapping method described above 


RATTAN LEAVES A rattan ogee 
Therattan palm has leaves that are Pasta 


compased of rows of salle eae 
You can splitthe laaves into and 
hang the halves in layers on the 
Framework of your rast Alternatively, 
youcan use them whole, by folding 
‘he leaflets from one side and 
Indiidualy wweavine them with 
leaflets from the other side 


Interwaring te wots 
om to kfesoy te same 
leafeveates aright mesh 


———— 


‘TOOLS AND MATERIALS. 


«= Steona posts and poles 
= Branches fr platform 
‘= Keife,saw, machete, 
or gran 

Digging lool 

‘= Broa Leaves for 
‘thatobion the root 


of supports ave 
“Ssewed in gation 
Wid on gber knot 
(beep B82) 


Lay a row of stripsed branches side-by-side 

207058 the horizontal poles to form a vale lao 
1 To make the roof supports, cut 2 rote on the inside 
of each gost about 3 ft (Lm? higher than the platform 
+ Tie apole into the notches on the pasts 


LONG, BROAD LEAVES, 
Many topical plants have long, broad 
leaves that are good for thatching 
“These indude some banyan figs, 
uote plas, an typas of banana, 
Povange these leaves side-by-side 

on the poles of your roof frame, tuck 
the over thao, and sew than 
Intopoation wth strips of ving The 
‘ipsoftheleavesin one rowepohitdown 
over the leaves ofthe row undernsth 
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ALTERNATIVE SHELTERS 


cat the top of 
\Wickiups are found in vavious forms: ee 
-2cund the world end ae adacted teehee 
as local neads and materials dictate. 
For example, Native Americans made. 
them as temporary shetters inthe 
‘plains, where they were also known as 
fecpers The piamies ol therainfurest  WICKIUP PYGMY HUT 
‘used saplings to form ahemisthere ‘The wicldupis acuster of straight poles The domed pyamy hutis made froma. 
ations case wit rise ‘that are lashed together atthe top, with circle of bent saplings arlimber poles 


Loreated awarm, cry sieber _mninterwven framework that’ covered secured femly nthe ground, then lashed 
intel Beata an ‘sth animal fides oF grass, ‘and thatched with natural materia, 


Pre pot forms 


Wort rom te bottom 
te ree tothe ton, overanpia the 
oftberoor eas oineval nats of} 


‘Secure the 
Bias ut chin 
strips of ire 


Tie ooles together to for two Tie series of horlzontal poles to the 

Acfrares Te these on top ofthe roof legs of both frames ta create a roof Hong eaves ith tis 
sugport poles at each end of the framework. = Caver the roof with big, broad leaves (such pap coal 
1 Place a vidgepale across the apex af the 2s palm oF banana) ty folding them over the 


and tie i in place, horizontal roof poles, 


‘THREE-LOBED LEAVES 

Leaves with three lates, such asthe familar 
ig lea, can simply be hooked over the 
poles of your roof with the stern 
polnting upward. On each raw 

of leaves you need tohrang the 

loft and right lobes olther 

behind the pole orin front of (Oy 
itin an alternating patter. 

“The middie lobe then tangs 

down over tee leaves on 


‘the row underneath, 


1 Weave the broad leaves into the 
Adreme ab the enirance, and let 
‘them hang down, 
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TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 


IN THE JUNGLE 


USEFUL EQUIPMENT 


FRENCHMEN GUILHEM NAYRAL AND LOIC PILLOIS lost 
their way on a 78 mile (125 km) trek through virgin 
rain forest in French Guiana. They survived for 51 days 
in the jungle by drinking rainwater and eating palm 
seeds, snakes, and insects—although Nayral narrowly 
escaped death after eating a poisonous spider. 


The pair set off from the Grand Kanor’ rapids on the Approuague 
River on Wednesday, February 14, 2007, bound for Saiil,a former 
mining village at the center of the country. They planned to spend 
12 days hiking, and carried sufficient food supplies, a compass and map, machete, a 
arpaulin, and two hammocks. They soon found that the going was tough—some 
days it would take several hours of hacking through vines to hike just one mile. On 

the morning of February 26, when Nayral and Pillois had been due to reach Sail, 

the pair found themselves far from civilization and in unexpected terrain. 


i wing that. asearch operation would be launched, rsa PAIR FOUND 
they set up camp and waited to be rescued. They built a 

shelter and divided the tasks—Nayral in charge of food © THEMSELVES FAR 
and Pillois the fire, which was kept alight constantly FROM CIVILIZATION 
to attract rescuers, They had abundant water from. AND IN UNEXPECTED 
rainfall, but were reduced to scavenging for palm TERRAIN” 

seeds, beetles, snakes, frogs, and spiders. 


Occasionally, helicopters passed overhead, but failed to spot them through the dense 
canopy of foliage. After waiting for three weeks, the pair decicled to abandon camp 
and trek west toward Saill, After another week of trekking for just three hours a day, 
3 miles (5 km) from Saiil, Nayral was incapacitated after eating a 
still-poisonous half-cooked spider. With no choice but to leave his companion behind, 
Pillois pushed on and reached Saiil, returning with a helicopter to rescue Nayral— 
dehydrated, with intestinal poisoning, and plagued by parasites—on April 5, 51 days 
after beginning his trek. 


5G and the Automotive Industry 


announced that it would offer driverless transporta- 
tion to about 50 people in an area near Tokyo. Its goal 
is to commercialize the service by 2020, in time for the 
‘Tokyo Olympics [1]. While Robot Taxi is shooting for 
full automation (Level 5) in time for the games, itis 
likely that the use of such vehicles will initially be lim- 
ited to shuttling passengers between Olympic venues. 
However, this venture is particularly notable because 
the technology is brand-agnostic and can be retrofit- 
ted to any vehicle [4] 


Clearly, experimentation with autonomous vehicles 
is increasing, and 2020 as a date for some form of 
commercial implementation is certainly feasible from 
a technology perspective. Probably the best-known 
self-driving car project belongs to Google, which was 
started in 2009 and has clocked more than two million 


miles on public roads to date [5]. However, Google 
is not alone; Tesla, BMW, Audi, Mercedes, and most 
recently GM, have all showcased self-driving concept 
cars and demonstration projects. In mid-October 
2016, Tesla announced that all cars currently be- 

ing produced in their factories would include the 
hardware needed for full self-driving capability at a 
level of safety far greater than that of a human driver. 
However, the company added that the technology 
first needed to be tested and calibrated via “millions 
of miles of real-world driving” before the hardware 
would be activated on consumer vehicles [6]. In 
addition to traditional car manufacturers, compa- 
nies such as Uber and Chinese search giant Baidu 
are also working on autonomous technology and 
self-driving cars (1) 


SAE 


iat Name 


Narrative Definition 


1n driver monitors the driving environment 


Becionat Faback | _ Stem 
steengand | Montrng | partormance | capaity 
Acctratin/ |, 210809, |"Stoymamic | \(Orhng 
Decteraton Bring Tack | Wode) 


Conditional 
Automation 


High 
Automation 


Automation nb 


‘Automated driving system (“system”) monitors the driving environment 


Full f 7 task under al roa 
anaged by 


Alldriving 


FIGURE 1. SAE Levels of automation. The Society of Automotive Engineers (SAE) has defined levels of automation to clarify what 
role (if any) drivers have in operating a vehicle while a driving automation system is engaged. These levels are intended to establish 
2 consistent framework that can be used across industries as the dialogue about autonomous vehicles continues. (Figure credit: SAE 


International 3016 [3)) 


aA 


WHAT TO DO 


‘ARE YOU IN DANGER? Sun/Hleat/Humiclty—Slow down 
Tf you arena group, try to helo to the pace of the jangle, Find or 
any others who are in danger <& NO YES => Iinprovise immediate shelter 
Animals —Oniy si cercent of 
tap ASSES TOVESTTUATION sna are poisorousbout everything 
‘See pages 234-35 Inthe ung wll try to protect itself 
Injury—Stabilze condition and 
Sail apply firstad 
DOES ANYONE KNOW YOU WILL BE 


Jno one knows you are rising 
Tretereyorwe yorlinedts |  MISSINGORWHEREYOUARE? trou serised areoue 


notify people of your plight ty any “ NO YES > party will almost certaily be 


means 3t your disposal Aispatcred to find you 


Ra (ot Hive ae eas Rieviecenalersaiitastons 
You are faced with surdvig for OF COMMUNICATION? le somone ino your 
anindfhnite erod ur you predicament yo saints 


ate brated o voufind help << NO YES > fernus rough to berth of 


emergency restue, and you have 


Vyacarnotaurveunueyu) SP CANYOUSURVIVE ai eri ee re 
are and there are no physical WHERE YOU ARE? * 
reasons iy yo shoal Fema, 


soul navoso eye 203 oeaton << NO YES => 


‘that offers abetter chance of 
survival rescue, or both 


bo 


1 Make an efomed dclon 1 Saecta ster ste were 
onthe best ocstn te move to You cansleapoT the arourd 

1 Ussing of sgh to naigte Delwtore yur eaten ads 
Sha neg 8 Vay wl be most etve 

belesthan33 LO Use aroma nat it 
Travis ctr when : fou hevaona fn put 
potmevngard deep of DON'T damp folageon your Fire 
‘the ground, clear ofthe Tw seyour hands ta clear ‘Let the oppressive nature) W2repel Insects.or cover 
Dettrgteres [cummin | | xsieiapeaiensics | ee hms 

= Bean constantlookout J walking staffis better sulted Slow down toltspace, don't. J Detloy al your aids to 
for dry Under and fuel im DeirarlFectad fight agalnt it focation and prepare them 
wm Follow water courses ‘water—boll or treat ll of ‘= Let your firewand get Hoplifiedt Use Be 
downstream, Transport. “your water before drinking damp—store dry tinder ‘constantly alertay 
‘Hythe vetes.or = Laavelt to late In the day sand split or quarter wood il abelian 
Reasettemntcan. || qacmoleites ted aoe POT 


tmost likey to beTourd three hours before sunsets Eat what you cannot deans theheat= te 
alongside rivers aaa Kodhechte tik high humidity encourages 


Stepontologssothat | Scop too quiet Make ald cit hiya Infections, Also wash at 
Seticen see what] o raise asyaupregressta warn | | becorning soil that you serenponrtttys 


the ther side, rather than ‘= keep a fre going—it 
| ‘animal for your apprcach cannot funtion 
stepring strsight over onto aids location and wards 


an unseen snake offinsects 


“jeu canola whe yuk yos le camne roe ong uy or ater 
{er eu stoneny mogoucantaateme esc 
 jovrstcten stam or tars ju ow roto do ancyen da 
Site keatlen noch cuca ta aclsrhelcot te atartshBe ae Dats? 
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DESERT SHELTERS 


TF YOU'RE PLANNING A TRIP into the desert, take something you 
can use to improvise an immediate shelter from the sun—for example, 
a shelter sheet, tarpaulin, poncho, space blanket, or even a couple of 
pieces of parachute material that will pack down into almost nothing. 
You can either buikd a shelter called a "scrape" in a natural hollow 

or erect a quick shelter above the around using your poricho. 


BUILDING IN THE DESERT 
Erecting a natural setter in the desert 
is. challenge leecause of the heat and 
potential ack of matetials so try to find 
a site that's shaded by a tree or shrub 


POINTS TO REMEMBER 
“Thetallowina tips wil hep you dea th 
the extremes of terperature 
Never try to buld your shiller dung 
thehottest part of theday 

* Retion your sweat and not your water: 
‘Avoid exerting yourself Tf you start to 
Sweat thet slop what youte dong a tale 
breakin the stad (30 rninutes under 
ufolded maperaspave blanket ana havea 
den Tir grou, share the wor 

® Dont Ieaveit unt the ast minut to find 
a suitable location for your sheter. Make 
‘the decision early and plan accordingly 
sNeverbuld a setter in low-lying area, 
dry rivar bag, or wach as they are aotetialy 
at iskat fash foots, 

1 Avoid te top of large isolator 
mountains because of the danger fram 
Ightrg and externe wines, 

Ty t set upyour shelter ona smal is, 
vohere the temperature cant a3 much as 
0 degrees warmer a night old ar sinks), 
1 Ensure te opening faces mthin the 
Norther Hemisphere and south inthe 
Southern Hemisphere so the sun doesrt 
shine directly in during the dy 

2 Tiy to dig down to create adepression, 
2s the ground i cooler below the surface 

1 Bue your shatr for the worst possble 
cenditions and nat the conditions atthe time 
Desert weather can chang very gully and 
daraticaly an te ferocious winds lp 
‘apactany salt tha it sere. 

sf your sister sheet has ashiny ide, 
imake swe it faces upto cflect heat and 
‘cL asan ai location from above, 


Ss] 
‘TOOLS AND MATERTALS 
= Cordage ancl pegs 
Digging tol 
knife 
= Poncho, spare Blank, 
‘arp, o parachute mata 
= Rocks nels mate 


DESERT SCRAPE 


Strong posts 
Ifyou have cord, you can diga scrape \ 7] 
and use the cord ta peg out the sheet 

above the scrape If ou darit have cord the sheet will 

have to be held in place by other means, such as soil, 

sand, or racks With all layered desert shelters try to 

maintain tautness and separation between the layers 


CORDLESS SCRAPE 


If you dont: have enough cord to peg aut a cheer, you 
ean make a sorape ky ether digging down or bulding 
up the sides with racks or sand mounds planed at 
regular intervals. Anchor your sheet with ook 


If the hollows fort deep 
enough ta lei, make 

a ciagirg tool and serene 

cut the sol from the bottom to 

tou uptte sides oF the hollow. cj este ith 

foots cored withsat 
Spread your poncho, 
shelter sheet or tarp 

atress the tog ofthe hollow, 

= Make sure 

the edges of the 

material overlap 


the sidesof the Weigh the 
the sides ofthe hollow. ‘ panto dean 
Sieh 


Alespace Reps to 


“rst you ror ee 
ae a gop of at vere =, 
feast 6m) 
betivean te re 2 
we 
Use an aitional sheet Neeticin” 


to make a second layer ta create dead av vt ecke 


‘pave thai helps to reduce the ternperature below. 


= If you oniy have one piece of material to uae as 
cover, try to double it aver to eveate the two layers, 
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SUN PROTECTION 

‘You should always carry immeciate 
protection against the sun, You may be 
ale to oreate shade using something 
you've brought, such asa teeing 
umbrella, tent, or space blanket 


QUICK SHELTER 

If you car't find a hollow, erecta pancho shelter (see pp, 158-59) 
iina place that keeps you cool during the day—for example, under 
existing shade, such as trees or bushes, or at the top of a slight 
rise in order ta benefit from any cool breeze, 


Find a site beside a tree or secure a past next to where you 


‘want the shelters onering to ne moe 
+ Rig aridgelne to the tee or pst, and neg your poncho sada, 
aver tof asheler water 


«= Resaeal with a second poncho, shelter sheet, 
oF spare blanket to create 


a separate layer: TREKKING UMBRELLA 


A smal ighboeiaht umbrela protects 
against sun, wind, and rain, creates coo| 
shade, and doubles as a walking stick 
Some have reflective material, ora 
flashlight inthe hance 


go 


DAY TIME CONFIGURATION 


At night, detig the outer shelter and use it as 2 sleeping 
cover for warmth 
1 Prevent heat escaping by securing the sides and bottom 
‘with raoks, stones, shingle, or sand. 
+ Sleep on sore bedding if possible 


SPACE BLANKET 


This should be part ofyaur basi survival 
eguloment and wl afford|immesiate 
relle from the sun, Remember that t's 
Almost impossibleto pack a space blanket 


Welon down . ‘its original size onceit's unpaced 
wtb vocksoy snd 


te heep the heat in —— 


NIGHT-TIME CONFIGURATION ‘: 
Lipa ig 
extents fom Habe le 

PARA SCRAPE seurbock tire of eke 

“you have cordiage you can tie your sheet fro stir Cee creat eels 


to four posts. Tf you havertt got enough 
coordage for four, use your backpack or 
pile of stones instead, 

1 Prepare the depression or hollow as for 
2 cyalesssurape (see left 

1 Use treesif available, oF improvige posts 
from wood, ples of stones, or your backatk, : 
* Tie the sheet to the trees or the pasts 
above the denression, leaving a gap 

for arto flow over. 
1 Create a second layer at least 

6 in (5 crn) atove the Fst. E 

«= Tf foliage is availasle, place it between” 9 ‘ pe 


the [syers to maintain separstion ee tote 


phaceof wodd™ 


Detwien 
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SHORELINE SHELTERS 
IF YOU FIND YOURSELF in a survival situation, and can make 


your way toa shoreline or beach, it may offer you particular ea MATERIALS 
benefits, Rescue is more likely here than further inland as your Orr youd and cs 
aids to location work better in open areas, people are more y= Brot asi 
likely to live on the coasts, and useful flotsam washes up separ 


: Hes 
twice daily on even the remotest of beaches. 


+ Cora an oegs 
DRIFTWOOD SHELTER 


If there's enough driftwood around on 


Tresite of 


the shoreline, you can use It to make Ponchos 

a variety of shelters covered! in this Aatar protection 
chapter: A hale-in-the-ground driftwood 
shelter offers simple pratection, but Makes 

‘ray need continued attention ifthe digaing tool and 
sand isvery fine or aets wet 


dig a trench inthe sand 
= The trench must be atove the 
high-tide line lng enough for you and 
‘your equipment, ide enough to be 
confortable, and deep enough so you can 
rollover without disturbing the roof 


BESIDE THE WATER 


Shorelines vay withthe environment — 
from tropical beaches, where sleeping 


‘out under the stars is not a prablem, Greate the roof using 
to rugged coasts in higher latitudes, Prelit 
whee spending anit unprotected ae 


froin the elements youl be suicidal 


POINTS TO REMEMBER Hua ee a 
you ntandte spand a night on asheraline, 

-ayposed to the elements, the following tips: 
may help you: 

* Bild the shelter above te highest high-lide 
marlc on a seashore [see opposite) and above 
‘the highest watermark on a river or laee beach, 
‘Fin doubt, move slightly further intand, 
‘where the protection may bebetter and 
materials more easily available, 

Try to establish what the weather's going ta 
do by looleing at the sky, watching the water, or 
detecting changes in the wind (see pp, 82-83). 
= Planter the worst, of atleast have a 
‘back-up location should things not worle out. 

= Check the area for insects, such as ridges, 
mosquitoes, gnats, and horseflies, 

s Look for sans of wii, such as crabs 

cand even turtles as sources of faod, 

‘= Finish your shelter and collect water and 
‘firewood before jt gets dark, 

= Beware the effects of sun and windburn, 
van on overcast days 

‘= Utilize driftwood and other building 
‘materials, Remember any wood that's 

Deen the eas ley tobe very heavy, 


Sarat ted up ontop 
efaciftweodpoie 


Completely cover the 
framework with layers of 

pam leaves, broad leaves, or dune 
arass, Avoid leaving gaps because 
‘the next layer willie sand 

= Asan alternative, you can ly a poncho. tarp, of 
shelter sheet over the framework. Weigh it dawn 
with sand or stones, oF peg it aut if you have cordage, 
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Fons pettion 
eresspeces 09 
he driftwood fr 
thevaitsto 
prevent th of 
arcana 


Find two pienes of driftwood that are as lang Plane pieoes of driftwood across the trench 

jas your trench. Several shorter pieaes ina line {to form the framework of abasic roof, 
‘ill Work equally well if you cant Find long pieces. 1 Weave smaller pieces of criftwond into the framework, 
* Place the driftwood beside the trench making sure they st firmly on the driftwood in the walls 


and pile on sand and rocks to build 
up theheight of the was 


=a 


USING A LIFERAFT 
noe you have eee [eles fers 
‘framework sufficenty finish the A 

Shelter witha thick layer of sang oso ere. |e 
+ The more cover you put on the rao, eufromte cleats rad mace ines 
‘the more protected fram the elements £ Bedtdng materia Shetber—even on land. 


{you will However, take care rot to. 
put so much weight on it that tt collanses, 


‘esse for devine J 
eapmat night 


ON THE BEACH 
The best plane fora shelter isthe landward side of the SR SNES 
backshore: you can watch the sea, your daily fire can be 
seen from the sea, and you can see your shelter as you 
scavenge alang the beach, In bad weather, however 

the landward side of the dune crest is the best place. 


PARTS OF A BEACH 

‘A-biach 5 shspad by the thdes and the berm (a natural 
ridge) consists of daposits ofthe materials that make up 
the changing shoreline (sand, shingle, shale, and so on 
At the ton of the berm Is acrest. slope, or face, leads 
down fram the crast ta the water At the very bottom of 
‘the face there may be a trough. 


‘= The storm beach extendsiniand and thisis where the syeterpciton| 
‘wind and storms blow small particles of sand bod weather 

'= Dunes form where the wind rreatas larger deposits saa 
of sari hind the bac, setter 


® Longshore bars Gandbanks) maylie further out to sea postion 
and are formed where the waves firs start to bret, 
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SNOW SHELTERS 


THE TYPE OF SNOW SHELTER you can build depends on the 
kind of snow, the equipment you have, and the opportunities 
offered by the environment—for example, wooded areas are 
usually better than open areas because they provide protection 
and natural materials, You could build a snows trench, snow cave, 
tree pit, snow ledge, of a quinzhee. 


TOOLS AND MATERTALS 
«Bohs an beances 

= Bedting 

Long poke 

1 Spade or pan for shoveling snow 
Long kite or saw 

Kafe Cor ofr long blade) 


COMPACTED SNOW TRENCH 


Tf the snow Is compact enough, and! If you have & long knife or snow saw, 


Tapa or she shest 


a 


you can cut out blocks of sriow to forma trench and then use the blocks 
to fortn an apex roof, This design reouites a lot of effort and a bit of 
practice, but gives youa solid shelter with some additional height. 


Use the blake af your 

Inf to cut arectangular 
french that isthe width, 
length, and depth yau require 
= Cut blacks from the rectangle 
and place them at the 
side of the trench, 


Padk snow inte ary gaps 
between the blacks 
= Fils extra siow on top of the 
blocks to add insulation, 
Create a doorway from 
ssvow blacks or your karkoack, 
* Dott block the doorway 
completely, but allow for 
adequate ventilation, 


BUILDING SNOW 
SHELTERS 


Study the snow around you to 
determine whether its compacten 
by uncomnacted before you start 


POINTS To REMEMBER 
‘The fillowina tips may helsiFyou intend 
‘to buld and stay in asnow shelters 
‘Make ashellerthals just big enough 
for you and your equipment, Der’ 
spend hours bulding a sieier for only 
onerighl: do the least anourt of work 
for the maximum amount of protection, 


oP 


2-12 20-30) thick 


Dos tain youre 
‘ahon cutting and 
lg thebeats 


Trim the ends and rest two 
blocks against each other at, 


arefily batarce 
ani ft the inrned 
‘hoke, statng at 
the oot end 


‘the required anole for your roof, 


= Ifyouneed ta peg out guylines 
(nthe stow tle a short stck 6-12 
115-30 cr lona to aline or sondage 
-and bury itinthe snow. Cornpact the 
shew down on top and, when the snow 
‘inters thardens), your peg wll be 

held secure 

® Snowe isan excolontinslator Fresh, 
_uncompacted snow istyctcally 90-95 
‘pervent trspped a Soe their barely 
moves, the snow can lrsep you warn 
and dry if used correctly 

4 Check your site for hazards, such as 
snowdtifs, freezing winds, ealanche,, 
ornice collapse, and bia arias. 


1 Use the other blocks to 
complete the raof and cut 
altriangle for Une foot end, 


Loy beat of 
‘iergreap Bou ot 
leash 0 in ce tek 


se snot ea 
vis 
betneen books 


You baetoack canbe 
sed to pity ook 
the antancowhan 
poate fed 


+ Greate ventilation holes—make one 
rear the ground te resh ain and 
one atthe top tet air escape. Chesk 
the holes are dear every 1-2 hours, 

2 Keep tnosinside the shelter incase 
yu have to dig yout way out, 

* yu eae the shelter, mark the 
entrance, Taksbasic suns eulprent 
‘with you; it's better to have and not 
reed than to need and not have, 

2 Brush snow off your equlprnent and 
clothing before entering the shelter 
‘Tiel vital equlpment to yourself 

‘50 that you can't accidentally drop: 

and lose itin deep stow, 


FOUND SHELTERS. 

Tf youre lucky you may find a tree 
that has space under t 50 you dort 
haveto dig a tench, For exarnple, 
Under a low bough or in atree 

pit an area whe aleavy and dase 
snow/all as built un around a tree, 
leaving little or no snow under the 
lower branches, Use your walking 
stiok to chexk the deat of the snow, 
ard also to check for pockets of at 


LOW BouGH 


FIGHTER TRENCH 


If the snow is sn‘t, 2 fighter trench is quick and 
egy to build In an etergency, you can even make 
a trench by kicking out the soft snow. First. find @ 
location that protects you from the elements as 
‘much as possiale, then test the depth of the snow 
with your walking stick or a pole 


Using 8 saade oF pan, or ky simply 
wicking away the snow, clear 
trench large enough for vou 
and! your equigment. 
«Allow at least enaugh 
cept for you te be able 


tproll over in your 


sleep without 
disturbing 
the roof 
‘ys cara dow 
though the 2ptsnoe 
fo de grout 


Ashoter 

shea or tap 
males an extra 
sin ever 


If you have a shelter sheet oF tarpaulin, 
place it ontop o the framesorie to 

form an extra insulating layer 

«= Alternatively, you can use t to oover your bedding, 


Find an evergreen trea with alarge branch 
byng of top oF the shows. Dia down from 
the leeward se, excavate pt, msulate 
‘the floor with boughs, and make sure you 
have adequate ventilation, 
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TREE PIT 
‘Test the snow araund a tree that has 
large, low, snowbound branches, Uitte or 
ho resistance indicates a pt. Dig fram the 
leeward sds lace boughs onthe floor, 
ancl vantlate te pit, 


WARMING AND COOLING TIPS 

Whether you're busing a shelter or restig inside ithe 

‘flowing ups may help you stay atthe rit temperature, 

1 Reve layers of dotting 4s you work, perhaps to your 

a peer ee top. ieee 
so tht hen you stop warrig you ar pub on span 

«Keep shelters at a constant temperature I'snow melts 

an then re-freezes,tstops insulating 

' Avoid heating your sheter ton much Even acandlelame 

can raise the temperature inside by four dearaes, 


Abi beds 
‘eforemmating 


Create a framework af branches 
and boughs across the trench 
1 Make sure vou have enough roofing material 
‘on top to stop the snow from penetrating through, 


Cover the framework with at least 12 in 
(80 em of snow ta ast as insulation 

1 Dig a small pit at the entrance ta allow easy ances, 

«At the entrance, you can make a small, controlled 

fire on a green log base 
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QUINZHEE Sioop ap the snow with 
A.quinzhee is 2 dome-shaped shelter made ty hollowing out a pile Ee 
of settled sriow, It's an overnight shelter that is easier to construct 
than the more permanent igloo ("igloo” means "home"), which is 
made from cut blocks of snaw and requires skill and knowledge. You 
can’tstand up ina quinzhee, but you can sit upright ar just curl up. 
oe ye yy” 
acipack at ons 
stereo con wih ol 
tree an ts 
Lb ow 
Find arelatively flat area that's covered with an Use a container, pan, snowshoe, or other suitable 
abundance of snow, item to gather as much soft snow as you can, 
= Maria circle fr your quinzhee, including walls that wil = Ple snow on the sheterscore to form a deme of the 


be about 10 in(25 cm) thick, and stamp down the snow. required helght. Bull up layers of snow urd you have 
= Use your basaack and Loughsor leaves covered with a a covering of at least 10 in (25 om), smoothing oul each 
tarpaulin to form the care of the shelter, Site thedoorway layer as you go, 

2 90 degrees to the prevailing wind 

Mork each ude stick aaut 


TT hn OD-dS cn beter 
iar ting a te soe 


{—! 


ast snrh xv \ { 
eatet PAS 
VS 
Seepepsneite 
atcha 
fptenoaes 
sooth bit the snow onthe dome and leave it to Ta get an even thickness 
sinter (harden) for 1-3 hours, depending on Wie type in the toof and walls, push 
of snow and the ambient temperature, uide-sticks of equal length 
+ Keep active during this wating period, particularly fits "rug the snow toward the 
windy: collect wood, build a fire (away from the quinzhee}, center of the dome. 
and prepare yourself for thenight, = Build asmall compact mound 


infront of the dome, 


SNOW CAVE 

‘snow cave provides good protection ut it tales alt af work, Sultable locations 
imiht be compact snow on thee side of a nl or an established snowed ft with 2 
fir crust. Avoid snow tatsnew'y fal, cowdery loose, or sallow and uneven 
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SNOW LEDGE 

You ean tulld a snow ledge from a 
‘wel: packed drifl of srow out of the 
‘wind, or at least cerpendicular ta t 


The cave should be high enough to sit up in and deer enough for you and your 
equicrnent, Locale the ertrance 45 degrees downwind to keep it hee of dif MAKING THE SNOW LEDGE 
Dig aut blocks ta form a dearway about 
2 (70 ani into the snow, Dig out blocks 
4 form ahorizotal rectangle above, 
= Dig upward to create asleeping 

! platform and then form an arched calling 
> ' Place the cut biodks across the horizontal 
rectangle and seal any gaps with snow. 
= Make avertilation le inthe roof and 
nelower down talet Fresh alr circulate, 


BUILDING THE GAVE etaten noe 
taletgy eape 


= Dig tunel 3 Fe lng into > 
the snow bank, then excavate a % 

cave an to vel Telesis 

thesune whlethe ster sa é 
ledge atleast 2 (70 cr hes, 

an wide enought deep, 

fests snaiche alea tage 

fh eave mre sip ote p 
lest 18 n(25 or eke tan 

tale the welght of heavy snow > 6 | 


srosthestng 
preentares 

«= Mark the area with boughs to J “0 i 

‘ar pple th sheer i 

1 nlte the seeing lege th 

plenty ofratural materia Pate 

* Hae tess one vention Seer 


hole inthe roof but not Fang 
into the wind, 


Reroveoneor 
tue geste to 
enconeage vention 


CARBON MONOXIDE 
araon monoxide is an odarless gas that’s 
produced whien theres nat enough oxygen 
‘to create cathon dioxide from burning fue 
argon monoxide poisoning can be fatal ina 
wel-insulated, ronsventiated envirorm 


PREVENTION IS BETTER THAN CURE 
Create one or more holes, 3-4 in (75-10 ar) in 
tlametes, at the base and top of your shelter: 
[Make sure the a lows out unobstructed, 


SIGNS OF POISONING 
Carbon trionoxide poisoning is cumulative and can 
build up over a few days: Mild effects ane fatigue, 


Mate fists 


eae 
ace ie 


Tesh ‘faintness, and Th-liesymnptams, As progresses, 
fatsted he effects are severeheadahes, nausea, and 
patente = decreased mental coordination, 
sera be grou Haare 
adie her Sar tess TAKE ACTION 


Gat iro thresh air ab ones, You nad to breathe 
‘fresh al for at east four haurs to raduce the aroun 
‘of carbon monoxide in your system by hal. 


DETECTORS: 

Carboni monoxice detectors are widely avaliable, 
bout tend tolse made for the home ot FM. Some 
fndels ara battery operated, but they too bully 
for campina, You can wear a patch that changes: 
«olor when carbon monoxlie i inthe alr, ving 
anearly visual wating. 


© ten he sew has harden row ns the mound remove 
‘your backoack and! tarpaulin, and excavabe snow from the core 
* Use the auide-sticks to keep the walls at least 10 in (25 om) thick 

* Dortt use your hancls to dig a5 they wil get cold and wet 

* Smooth out the snow on the inside to prevent dns from forming, 

* Build ayaied sleeping platforrn, This orestes a cold sink (an area into 
which the coldest air falls) taking cold alr awe from your skeeping area, 


“The motivations for creating an autonomous vehicle 
are beyond just technology. It’s about reducing emis- 
sions through better fuel consumption, as well as ad- 
dressing the demographic changes of an aging popula 
tion that increase, rather than decrease, the potential 
for human error-induced accidents. It also about 
leveraging the convergence of the shared economy and 
urban living, where young and old people no longer 
feel the need to own a car if there is a cost-effective 
and convenient alternative, such as Zip Car rentals, or 
on-demand ride-sharing services such as Uber [1] 


Looking forward 


Geographical coverage will be a key condition for 5G 
to have any relevance in the automotive sector. Initial 
5G coverage can be supplemented by 4G and Wi-Fi 
connectivity on phones and other devices while the 
infrastructure is being built up, but these multimode, 
multiconnectivity solutions will not suffice for critical 
automotive use cases relying on the unique capabili- 
ties of 5G in terms of latency, reliability, and security 
[2]. Even once 5G is fully deployed, the adoption of 
self-driving technology will likely play out differently 
in the various markets in different regions since the 
forces shaping it are diverse at both the global and lo- 
cal level [1] 


Government and industry cooperation 


‘The continuous progression of ADAS-enabled cars 
and the gradual adoption of the autonomous vehicle 
will significantly reduce, and possibly eliminate, the 
number of crashes. This could, in turn, allow the re- 
moval of some regulations that relate to safety consid- 
erations, such as crumple zones, bumpers, and airbags. 
Italso means that a review of laws relating to driving 
age, drunk driving, and speed restriction enforce- 
ment may be required, but not until all vehicles are 
compliant [1]. 


In September 2016, the US Department of 
‘Transportation (DOT) released the Federal Automated 
Vehicles Policy for highly automated vehicles (HAVs), 
or those intended to operate at Levels 3 to 5 as defined 
by SAE. The document—which is currently intended 
as guidance rather than formal policy—lays out 
standards for safe design, development, and testing of 
HAVs before they are commercially sold or operated 
on public roads, It also proposes guidelines for state 


governments to ensure a consistent national frame- 
Work for regulation of motor vehicles with all levels of 
automated technology [7]. DOT's National Highway 
‘Traffic Safety Administration released additional 
nonbinding guidance in October 2016, outlining best 
cybersecurity practices for motor vehicle manufac- 
turers and individuals and organizations involved in 
developing self-driving technology. The guidance aims 
to make cybersecurity a tap priority for the automo- 
tive industry and proposes layered solutions to ensure 
that automated driving systems are designed to take 
appropriate and safe actions, even when an attack 

is successful [8]. 


A challenge yet to be addressed is that, historically, 
car manufacturers have completely controlled the de- 
sign and development of vehicles. The advent of com- 
puters and software that effectively become the “mind” 
of the car means that manufacturers could lose control 
to technology and software companies, and yet still 
remain liable for any issues or catastrophes related to 
the car. Italso remains to be seen how much and what 
type of data car manufacturers and network providers 
would be expected to share to improve overall safety 
and security of connected vehicles [1]. 
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FEATURE 


WATER AND FOOD 


TREAT WATER 


The importance of water, even ina 
short-term survival situation, should 
never be underestimated. Water is 
essential to life, and a regular intake 
of 2-3 liters (4Y:-6¥/s pints) a day is 
needed just to maintain your water 
balance and prevent dehydration. 

The amount required can increase 
dramatically depending on factors such 
as the temperature of the environment, 
your age and physical condition, your 
workload, and whether you have been 
injured. It’s not unusual for UK Royal 
Marines operating in desert or jungle 


In this section KTR aS ey 


environments to require 14 liters 
(3°/: gallons) per day. We tend to take 
water for granted, not appreciating just 
how important it is until we do: 
any—at which point it becomes 
most important thing in the world 

You should always plan your treks 
around your need for water and your 
ability to replace it as required. There 
are many hydration systems available 
and many small and efficient methods 
of filtering and purifying water on the 
trail. In a survival situation, you should 
always strive to filter and purify any 


® that birds can show you the way to water... 


= when to suck on a small pebble... 


= how to make a gypsy well and a solar still... 


© why 2 Finnish marshmallow could save yout life... 


= how to absorb water without drinking 


= how to improvise a basic bladder... 
© the importance of surgical tubing... 


water before drinking it. Bringing water 
to the boil will kill all water-borne 
diseases. In the short-term, stomach 
bugs from contaminated water may 
not kill you but they can seriously 
affect your ability to carry out other 
survival tasks. However, if you have no 
choice, it’s better to drink contaminated 
water than not to drink at all. That 
way, a doctor will at least be able to 
treat you, whereas dehydration will kill 
you—and death can’t be treated! Never 
drink urine or salt water, as these will 
only dehydrate you more. 


If a source of water is 
undrinkable, such as salt or stagnant 
water, or even urine, you can still 
produce drinking water if you have the 
means to start and maintain a fire. 


THERE ARE MANY WAYS io purify 
water, but if you have a fire you will always be 
able to distil it—and therefore make it drinkable. 
Build your fire close to the water source (if the 
water can be poured into a container or a hole 
dug in the ground where it will not seep away 
ickly, this will make the process more 
efficient), When the fire is established, place 
rocks in it (don't use slate or other layered rocks 
as they might shatter). Once the rocks are 
heated, use a forked stick or similar to transfer 
them into the salt or foul water. Then, suspend 

a piece of absorbent material, such as a T-shirt 
Or moss, over the hot rocks to collect the steam. 
The steam will condense on the material and the 
resulting water, which you can wring out, will be 
fit to drink. If you have a cooking pot oF survival 
tin, you can simply fil it with water, boil it over a 
fire, and collect the steam in the same way. 


If you have absolutely no means 
of treating or boiling water, you should try to: 

= Find the clearest flowing water and collect it 
from the surface, 

= Filter debris even if only through a sock 

= Remember, it’s better to drink foul water than 
not to drink at all. 


GG We tend to take water for granted 


until we don’t have any—at which point 
it becomes the most important thing 
in the world my) 
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THE IMPORTANCE OF WATER 


YOU REQUIRE A STEADY supply of water to sustain hinds 
yourself in a survival situation and without it you will ceeney 
dehydrate. Left unchecked, dehydration will end in 

death. To survive, a balance between water intake 
and loss must exist 


WHY YOU NEED WATER fst tenase 


loot oter UL maith ond eves 
Water is essential to life. It is needed, — playsa.soniicant 


directly or indirectly, for every 
physical and chemical process 


that takes place in your body, Ket eenibs : hse 
Here are just a few of the functions aoe tiehis eds 
‘that water performs: ‘ed iskofa heart 


, veh 
= Delivery service: water carries oad 


‘oxygen, nutrients, and other eacsita 
essentials around the body. vote loans the 


= Waste remover: the kidneys use under ones pede a 
water to flush out toxins via urine, pie tele ‘Homach and 


= Coolant: water regulates the 

body temperature 

= Breathing aid: the lungs use water to 
moisten inhaled air so that it doesn't 


irritate the sensitive pulmonary linings. Bladder: water. | were 

= Sensory aid: water helps conduct hie Grn 

nervous impulses araund the body. rane PN athe nares 
= Shock absorber: water protects the ae 7 trcessible to 
vital organs and provides lubrication . | ci 


around the joints, 


Bones: wit 
reximatly 


HOW MUCH WATER oints: water 
DO YOU NEED? 

How much water you ned to survive a 
particular situation s dictated by a nurnber 
‘of factors such asyour physical tate, the 
‘vironment you are in, and! your exertion 
levels Even when resting inthe shade, the 
average person wil lose more than Liter 
(1% pints) of water each day just through 
breathing and urination, a fiqure that pyre wc 
increases dramatically once loss of water petite 
through sweat s taken into account. A . lempertire 
minimum of 3 liters (4 pints) per day i 

required to remain heathy in a survival 
sitiation with this amount inereasing for 
higher temperatures and heavier workloads. 


WHAT IS DEHYDRATION? 

Dehydration occurs when you fail to replace the water your body loses. 
It's vital to recognize the symptomns early. Factors that can lead to 
dehydration include igh and low temperatures, humidity, work-rate, 
clothing, body size fitness levels, and injury. 


‘THE EFFECTS OF WATER Loss 


1-5% LOST 6-10% LOST 11-12% LOST 
= Thist « Dizsness  tifnassaf joints 
= Discomfort = Dry mouth  Dasfness 
= Urinebeceresdarker + Bhinessof extremities» Detective von 
= Loss of aptie 2 Slred speech  Shivled kin 
= Inpatince « Swollen tongue «Lack offelng skin 
= Drowsiness  Bhired isn Inability toswall 
+ Latha = Tingtig nbs Deli 
Nausea + Inability towake Unconsciousness 
Headache «iia in breathing + Death 

WATER-BORNE DISEASES. 


‘Waterborne diseases are caused by ingesting water contatniniated by 
the faeces or urine of humans or animals that contains protozoa, viruses, 
bacteria, o intestinal parasites. Globally they cause 10 milion deaths a year: 


DISEASE SYMPTOMS 
Ciyptospordimm Loss of appetite navea anda i usual followed 

by profs, folio, war rhe, and omg. 
ivds Las of appt btharay. ow. veriing dla, bd inthe win, 


andra rams, 


“ects hepa Nave ns fant, lew, ching muse, dik cloed 
(Hepatic A) ie unde, ant abdonalpain. 


‘Amosbicdeniry Felina oltiowe and istbsnes Fees maybe sol, but wl 
sme fu andeontahiblndand moc 


Bary anny Fee abd pan muscle anid pear, and blo 


(Sige) us, ane ucusin too, 

Chobe Veta pr cculaten, cold and clammy in, mule cram, 
rap dition, an ceased eat ate, 

Eafe Dias and voit Can cause death in wherable rou such 
as Me very nung othe eden. 

Leptooprns Jaundice appearance, thy hich temperature. aching russ, 
and onting Gane taf nt canner, 

Salmonella Nase, aha, headaches, stomach cramps, fv, prsible 
Pond the ce, and vg, 

Bikar Tanta the wna tract and in rh, rash ely sk, 
bail pin, coun, dishes, fey, ands. 

Horkwomm | Araeia snd): Lane avelto nasandae come ip 


8nd alowed int thstonsh where they gow ntowurn 


PARASITES BACTERIUM [vinus|] Protozoa 
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TOO MUCH WATER? 
Hyponatraemia is a condition caused 
when excess water accumulates in 
the body at a higher rate than it can 
be excreted It results in a diminished 
sodium concentration in the body's 
plasma and the swelling of the 
body's cells Itcan lead to a swollen 
brain and other neurological 
problems and, in extreme cases, 
coma and death The way to prevent 
hyponatraemia is to control the 
amount of water that you drink, and 
to requlate your body's salt intake. 
Ifyou dorrt have salto sodium. 
tablets in your survival tin, you can 
filter saltwater through fabric to 

sift out the salt content, 


RATIONING YOUR WATER 
If your water supplies ate limited, 
‘youll have to use what rations you 
hhave efficiently until youre rescued. 

IF your water rations will not ast 

that long, youl have to procure water 
‘yourself. There fs much debate about 
the advantages and disadvantages of 
drinking no water forthe first 24 hours 
of a survival situation, but at this early 
stage it’ best to make sure youre 
adequately tydrated, Your particular 
circumstances will dictate whats best 
to do, but always consider the following: 
«The incident that put you in the 
survival situation may have been 

both dramatic and stressful this 

will make you thirsty 

= In the frst 24 hours of a survival 
situation, youtl be addressing the 
principles of survival. protection 
(shelter) and location (see p27). This 
shard, thirsty work, 

= Physical factors—such as 
seasickness, injury, or the exvironment 
Youre in, such as a desert —may 
dictate that water-rationing isnot a 
viable option 

® Ifyou only have a limited water 
supply, but drink nothing for the 

first 24 hours, you may end up 

being so delydiated that what 

little water you have in your 
possession will have no positive 

effect on your dehydrated state. 
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FINDING WATER: 
TEMPERATE CLIMATES 


THE ABILITY TO LOCATE drinking water can challenge 


— 


even the most experienced survivor and the challenges can WARNING! = 
vary dramatically according to the environment and the local Paice areciea 
conditions. It is, therefore, extremely important that you're aware hat ib met 
of all the potential sources of water for the environment you're in. to ook for water sources 

r me 8 soon as you have addressed the 
COLLECTING WATER ie eee rma 
You can find water in a range of sources, which vary in terms Remeniber thet you can survive 
of quality and accessibility. Your priority is to locate the best and for up to three weeks without food, 
most accessible source of water in your immediate environment, Without water, you wert beable 

+o survive for more than a few days. 

CATCHING RAINWATER G . 
Collecting rain as it falls is the safest ‘MATERIALS AND TOOLS 
‘way to procure drinking wate. twill * Tapauin 
need no treatment prior to drinking as Foursticks 
Jong as the catchment device itself has. = String, 
not beer contaminated Any number = Heavy stone 
of non-porous materials—such as. = Container 
tarpaulins, ponchos, flysheets, survival = 


blankets, oF even large leaves—can be 
used as arain-catchment device, Bear 
in min that the larger the surface area 
ofthe material the nore rainwater 
youl be ableto catch. 


Useste a= 
Improvised states 


Select a place as close to your 

‘camp as possible where your 
catchment device will be exposed 
to the most possible rain, 


Firmly secure the tarpaulin 

to four stakes (sticks of equal 
length could be used) using string. 
‘Make sure that one end is higher 
than theother to provide a natural 
run-off for the water 


Place heavy stone in ‘ 
the mille of the tarpaulin, 

roughly two-thirds of the way 

toward the lower end, to creat 

a channel into which the rain will 

run down from the tarpaulis sides, 


Place a container, such as a 
pan or can, beneath the end 


of the channel to collect the water 
as it starts to flow off the tarpaulin, 


pondoiner tf 
figrnibe onraul 
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LOCATING OTHER NATURAL WATER SOURCES 


If rainwater is not available, there may be other natural sources of water 


from easly visible streams and rivers, to bores and holes, which can be hidden. | LOCATING HIDDEN 
‘Whatever your source, you should always treat the water before drinking, WATER SOURCES 
‘The presence of water is usually 
SOURCE CHARACTERISTICS indicated by signs of if, such as 
areen vegetation, animal tracks, 
These crn evar fred ate stat asareatotatimanen | Sl ei iaitation Even f the 
reser marae ow om hh soe: on ling orn es 
areas, Springs normally provide a permanent water scarce, Contrasting green himbecterbahescoepbolennauiigd 
vegetal an cle ot res there may be plenty of indicators 
of a possible water source 
her ad tans ran valence at ba thes afew 
fined ear ing whenolertng st Thar USE HET ERRA IN) 
‘othe mountanitp the river or stream the charer the fast-running water ive Realleteccet A Sialaalncs 
PS le ttetaturcomctcamthe wat av themmeley tone Gf oreen Be aware that vegetation 
PM corners, rad potas bat mgt beara to sb, may not need obvius surface water 
ce heh tra or ded rina fst nah canted he pate, forsurdival and may got ts water 
EAU EII rfl he wit wri Ava ty cle tet fongater ‘rom deep rats that fap into 
nea tothosuac nai wens are ante tenn ov dg mosture below the surface 
bods wana rela and ris 1 Water te suject to oraity ands 
‘mor ely tobe found downhill orn 
rants oe high pl oe sear eteie er ee ere ee 
EN) the water appears tobe trapped deep down, you can ase your sual tubing et rae 
‘toretriaweit Make sure you fier and purify the water before you dink it at the base of cliffs ar rack formations. 
Green vegetation forms net oa rver 
7 aS ee areddecresees a tho ground ses 
sane ras you nay nd woo ee oe We whch maybe sea panic sre 
Ags nbiatnae, cone dance. nag ae ret Snell tea aaTaTCGR 
refit none ares ols ae coed ands ner wa ere terete 
ORES x Perea ei 
yt esto at aia yur she es 
loves of saltorthatcan be dstiled 
rs, stead wat ual ow ita as ponds Fare inasolar stil Seep. 189) tu procure 
TEN) cg term tere aap yeni Ras Res eto ‘rash water: 
PRA) by ote als and ods ames an ving tad cn, 
PTS) hee tecime incessant ytd ans ed WATCH THE ANIMALS 


and agi aras vor debrishas colt or wh lass aed Not 


‘ha the presen encase wat stiles, ee Cm ea ee oo 


‘of birds at dawn and dusk and Fallow 
their fight path to clscover where 
Unallocated the base oe, high round, or Feckyoneraps, seepage they drink: 

iscausedy slo ruming chanel that drain of thesefeatures ieeisteai tress ier enee oct 


are usually flying aver a water source. 
| am | Srl a fan eto and rca yg re dare oa Thisdoes nt apply to meat eating 


lower tan exiting waterable The presence sats on nde birds such as vultures, eagles, or 
‘ett ae may be ube pon a2 rest of hay hawks, who get thelr Nuc requirements 
ania Maat ter an purty he water before you ‘ram the meat they eat 
* Allinches and gran-eaters mead a 
AVOIDING POTENTIAL DANGERS seh year des oman 


fligt patterns tolocate a water source, 
‘Bees need water sa beehives are 
never far fram a water source. 
‘Animal tracks, especially those 


Most water sources are hay ta be used by animals fr drinking, bathing, 
urinating, and defecating sa always filter and purify any water collated b 
use (See pp. 200-C1); the anly ception ta this rule fs if you have collected 


rainwater, When colecting water, you shauld alo be aware ofthe following dangers Gt herd animes, wll often ead to 

f Ttis possible that you'l encountar dangerous animals either using the water a avecersaire aeicioresverd na 
source, oran the way ta a fram the watar source Sets of racks 

1 Aimastall majr wate surces will havea ranking systam to determine wich Files stay close ta water andthe 
arimalscanuseit fal ofthe smal gazes suckely disappear ask ours uy. ‘presence of mosquitoes almost 


* Tf youre collecting water Fram river, be aware ofthe potential dangers of Eran gear ete 
river willie, such as crocales and snakes * Lookout for herd animals such as 

* If using dy iets during the rainy season, be aware that Mash Naods an buffalo hipps, elephants, pala and 
mmove quel han you can rn widebeest as they depend on water 
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PROCURING WATER 


Even if you fine yourself ina environment without any obvious 
water sources, it dozsr't necessarily mean that water will ot 
be avalable to you, There area number of water-procurement 
techniques that may mean the difference bebueen you making 


it through a survival situation ar not. 
SOURCING WATER FROM DEW 


Devt is water in the form of droplets that form on exposed surfaces in the 
early morning or lte evening and can provide an invaluable surply of fresh 
water. Tt occurs when the temperature ofa surface is low enough to alow 
the moisture in the warmer alr ave it to condense, Dew ean easly be 
face —such as a car roof or a tarpaulin 
—with a piece of cloth that can then be wrung out into a container, You 


collected from any non-poro 


can also harvest or trap dew. 
HARVESTING DEW 


‘You can harvest dew by walking through a field of long grass before sunrise 


aaa 


DELAYING DEHYDRATION 
‘Wenner seat the flown coins 
lee you delay the onset of detain: 
2 Consent what wale you have and se 
ils efisientlyas posta 

Wi oninthe soles part 

af the day and ai sealing 

1 F the suo is shiing, eel stade ane 
Heep cwveved. 

1 Sara sia smooth button 

or get fe sino salva and 
‘ecive the secalon of thet, 

1 Acid eating peti fond 

esi irs ce ate to gest 

tan thsein ae food oro. 


——SS=—" 


or latin the evening with a pieve of sbsortuent materal—such a8 rags or 3 


Tshirt—tiod arourid your ankles 


Tie Unematerialtinhtly 
‘around e2ch ankle and walle 

through the dew-ccwered grass, Tk 

will absorb the dew as you mave, 


SOURCING WATER FROM PLANTS. 


“Fanspration isthe eacoralin of wate fram aplant, 
primarily from ts leaves You can collet this vapor to boost 
your fresh water supply Al you ne! isa clear plastic bag 


MAKING A TRANSPIRATION BAG 
Place a snocth rockin the lower cormar ofthe plastic bag, 
‘ani place thetiag over the leaves of tree branch, tina the 
end. As water eaporates fam the leaves, tw condense 
on tense of the pasticbag and cillet atts lowest point. 


Wier wit cofect 
ithebotiom 
ofthe bag 


ering the vags to extyact the 
water, Repeat the prosess 

untilyou have an ample susoly of 

waler or the dew has evaporated. 


MAKING A DEW TRAP 
Dig ahole about 18 n 45 cm) dees line with a 
plasticcheet, end fil weh smoath aan stores 
‘later wll condensecon the stonas overnight. 
Harvest as early as posse the next moring 
{tp ensureit doas not evaporat 


Wetareen 
iin it store 


Place stones 
nthe toe 


MAKING A VEGETATION BAG 

Cut green vegetation and place ib in 2 plastic bag, Place 
asmmnath rock in thelower comme ofthe bag and tie off the 
‘pen end, Secure thelag n direct sunlight. The sun causes 
‘water the leaves to evaporate, condensation forms on 
the plasticbag and shins to thelower corner ofthe bas 


Water can be 
reve fom 

‘aq vithapice 
ofeurgial bing 
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MAKING A SOLAR STILL 
A Solar stil works using the sae principle as a vegetation fag UAE IaG ARES 
(582 opposite), It collects potable water from the vapor that is produced = Spade or shovel 
by vegetation, water that is unfit ta drink moisture from the ground ca Hee. Heh 
= Veoetation ance unnkable watte 
Ideally find, or di, ahole in the ground at least 2 fk (Arn) wide Beye imeanire 


and 2 ft (Q6m) deep, Place an eripty container in the center of 
the hole Fil the hale with vegetation, a reoastacte containing undrinkalsle 
water, such as saltwater or urine, or fabrie soaked in undrinkole water 


stones 


Cover the hole with 2 plastic sheet, and seaure 
it in olzce with stones Place a stone in the 

center of the sheet to ueate a rur-off point 

for the water: The surs heat will evaporate water 

from the vegetation, or cstil the unctinkable 

water, producing pure water vapor. 

The water vapor, which isnow. 

‘ree of contaminants, 

wil condense on 

the underside of 

the plastio 

sheet, and dia 


where it can 
be collected, 


‘Smal stone for 
‘aap oir an 
anderside ofa 


Fresh green 


MAKING A GYPSY WELL 

 gond method of using the graund to eveate cleaner water fromm 
stagnant water sources, a gybay well can also be used to enllect water 
‘rorn saturated ground. The water collected through this method will 
stillreed to be treated before itis safe to drink (seep, 200), 


Bail out the mudly water and allow 
the tle to refil—you may have to 
repeat this process several tines. Bree the 
water is clear, it can be collected, weated, 
and used, Gover the well when notin use 


to prevert déoris or srnall animals falling in 


Dig a hole a few feet avy trom 2 
stagnant water souroe Tt should 
hoe wide enough for you to be able ta dip 
into it with a container and at east 12 in 
(2 crn) below the fist layer of saturated 
Soil. The hole will quickly fil with water 


2 Surge tabing 


Fabrlesooked 
Inurdintoble 
entero aie 


= Phastis sheet, targa, o pace lancet 


tater Sriatstoms 
otra aly plsthe 
Cable chet I potion 
taater ar 


SURGICAL TUBING 
Alaaysparcaleenth of 
_segital bie in yoat svi 
Fate dase take yp rk 
pave nd ban extrerely 
‘eesti pene oF equprent: 
= Tecan beset as an 
improvised strato reach 
wate trapped nents, 
tolls, and tess, 

® Thallsyou tn cress atte 
wee fea soa tll 
‘without tiny thestl apart. 
ss feeanbe butts 
‘rotspirtng a venta 
tagssn thatyou can eone 
vate wrth veg to open 
‘thebag. 
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FINDING WATER: 
HOT CLIMATES 


YOUR NEED FOR WATER increases ih hot climates as your 
body starts to use more of its water supply to regulate its 
‘temperature through perspiration. If you fail to drink more 
than you perspire, you will start to dehydrate andl even 
approaching the first stages of dehydration can affect your 
chances of survival, Hot climates can be divided into two 
groups: hot humid and hot-<ry. 


HOT-HUMID CLIMATES 


The hot-humid conditions found in jungles and rain forests mean that 
procuring water is rarely an issue, However, the body's need for water 
in these conditions should not be underestimated; itis not unusual to 
have to drink up to 3% gallons (14 liters) a day to avoid dehydration, 


SOURCING WATER FROM VEGETATION 

Many plants, such as pitcher plants, have hollow parts that collect rainfall or 
dew, Some trees store and catch rainwater in natural receptacles such as cracks 
‘or hollows In an emergency, life-saving liquid can be qarneted from a tree's roots 
‘or sap, You can find water trapped inthe sections of green bamboo by carefully 
cutting into the bamboo with your machete or knife; or collect small, unripe 
coconuts and quesich your thirst with te fluid they containy or make a spigot 
and tap into the water contained inside the water tree. Life saving uid is 
‘everywhere inthe jungle, and you dont have to look far to find it 


Aftermotioga WATER VINES 

Mendsitie Found throughaut the|ungles and ran forests ot trope region, 

thewoter vine, water vines are easly dential by theirs and shape anlean 

pia wud provide an excellent sort of fresh water. However, bear in mind 

sata wll that nat ll water vines are water bearing natal contin 
drinkable wat and some evn contain pans ap. 


‘Most water-bearing vines are about 2 in 
clameter. If yau think you have found on 
cut in tha vine with a machete and check th 
3p. If the fluids milky, don't cin it if ts 
ater inthe vine wil ba safe to drink, so 
cut thraugh the vingas high as you 

can with a knife ar machete, 


‘make a small 


Cutoff the vine ata point lower than 

the frst cut, The liquid which hasa 
neutral, fruity taste, wl start to Rows. Don't 
let the vine tauch your mouth as the ark 
may contain ieitants 


‘The pores in the upper end of 

may réclose, stopping the flaw of 
water, To rectify this, simply cut the top of 
the vine again with your machete 


WARNING! 

‘Water sources are plentiful in jungle 
an rain forest en ronments and, under 
‘normal circumstances, you should have 
‘no problem getting ald of enough 
‘water to satisfy your needs. However, 
tivers and streams may not be available 
during certain seasons, or if you have 
imibed too high, so knowlege of other 
water procurement methods could be 
‘ucial to your survival. 


— ee 


CATCHING RAINWATER 


Catching rainwater is the best way 
to procure water. its passive and 
requires no eneray to collect once you 
place your containers, There are many 
fornis of catchinent device, but make 
sure you filter and purify the water 
(see pp. 200-01) before drinking it 


BAMBOO ROOF 

CConstructa sloped bamboo reat with a 
bamboo gutter. This could be the roof af 
your shelter (sep. 169), but if water 
procurement is problem, you will have 
ta construct additional bamboo roofs. 


WIDE-LEAF ROOF 
If yourein an area where there are 
‘wide-leafed plants, It's easy to construct 
a raaf fram them. Overlay the leaves as 
you would with roof tiles; working from 
the bottom tothe top (see p. 170), Placed 
in this way, they wil alow the water to 
rum ta the bottom. A length of bamboo 
cut n half lengthwvays can be placed as 
<oollection gutter at the bottom, 


BAMBOO DRAINPIPE 

Observe ralnwater’s route dawna tree 
trunkand tea length af tambo that 
has been eutn half lengthwise nits 
path, Place the other end of the bamboo 
intoa suitable container. 


DRIP RAGS 
\Wrapning any absorbent material around 
a eaning tree, suchas aragor a Thi, 
‘wl result inthe water running down te 
tree and soaking the material, Shape the 
rag to form a ow paint from which water 
wil cripand place asutable 

underneath tocatch th 


[7] US Department of Transportation. “Federal 
automated vehicles policy” September 2016, 
Available at: bttps//wrw transportation gov/AV 
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[8] National Highway Traffic Safety Administration. 
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October 2016. Report No. DO HS 812 333. Available 
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HOT-DRY CLIMATES 


Anyone venturing into this environment should have sufficient water for 
their neces, plus en emertency supply Just in case, otherwise they have 

ng right to enter the desert, Green vegetation usually signifies water or 
moisture in some form, and mary techniques of procuring water in 
temperate climates (see pp. 188-91) may workin some desert conditions. 


SOURCES OF EMERGENCY FLUID 

If there is no surface water to be found, and you have no other means of 
procuring water, a water-Veldina plant may be your only option. In some 
plants the clear saa, fruit o trapped rainwater, may’ ouench yaur immediate 
‘hist, but do not yely on these sources to keep you alive for long. 


The barrel chopedeactues Apaves have lege 
chorasterced dynos rts bute ey fay 
‘gd handed of bar snes feces arrow 


BARREL SHAPED CACTUS 
Barra-shapad cact contin a milky fd 
tha'ssafe to dene Carefully removetha 
topof the cactuswith a machete rash up 
thefleshinsde wh ast to make smu, AGAVES 

andextractthe jlceframthe pulpby Native toMesico and the southam ard 
Sucking through allow arass stom, ‘weiter United States, sgaves have a 
Altwmatively use aclath to salu as poset of thick, eshy leaves containing 
much of thefhid aspossbe and then fi that is safe o drink, Dut the huge 
‘wring thematertal to extractthe fhid. The flower stak with a knife or machete and 
rewards fromboth tacniques are minima, calle the juice, 


Peepeuictwr FINDING UNDERGROUND WATER 
Tirta Wer elfenteseert wherever 
ee ecrltettoel tester uc 


clusters of green plants may indicate a 
minor preserie of water; an abundance 
af greenéy may indicate snore 
suetantial water source, Water lsrarely 
found above adepth of 6 #t (1.8 m) below 
the surface, so you wal have to aig fort 
If you do, rake sure you only do so 
during the coolest part ofthe day, Baar 
in mind that, despite what you may have 


PRICKLY PEARS seen in movies, er read in ether books, 
Found in lo spreading clumps ‘your chances of procuring water from 
‘measuring 3 (09 m)in height, and the insidebend ata dry wad) a real 
native to dry sandy sols throughout the survival situation ave sin to non- 

‘yd, the prolly pear eactushias a) existont Infact, youre mors Ikely to 


edible fhut that an provide sife-saving waste what water you do have looking 
amount of ul ‘or the dry wadi and die in the process! 
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THINK LATERALLY 

“Tie charces are thai yonke tai 
‘procure water inthe desert youl 
lea be a desperate stato, 
Bear amine hat atic 40 the 
inethods mentored above, you 

have enone of the schrigaes 
fined ioe temperate emironmedt 
sition (see 1190-91) suc as solar 
atl le ras, ad venetatinn and 
‘acspivation bage—itendl be enagh 
foloes you alee inthe coset 


se 


CHECKLIST FOR 
HOT-DRY CLIMATES 
ven the best-laid plans ean hit 
Unforeseen prolems, but mary 
problems encountered in a desert 
environment cant le avoided with 
some prior preparation. 

= Always start hydrated 

= Carry enough water for your 
needs plus emergency water; 
your emergency supply should be 
‘enough to get you out of danger, 
# Monitor your progress 

against the water you use, 

If youte using more than you 
‘thought, re-evaluate what you 
want to acoomplish Itsbetter 
to turn back and learn from the 
mistake than ta push on and 
create 2 survival situation that 
need not exist 

» Cache water ahead if nexessary. 
* Check your map for probable 
wale sources, Confirm the 
reliability of these sources with 

looals and ask f there are any 
souroes, such as well that are 
riot shown on the m 2p 

= Mark your map, or waypoint 
‘your GPS, with any water sources 
‘you sight as you progress, It's 
better to go hack to aknown 
souree than to move on with 
hhothing mare than hope 

To keep the water cool, always 
keep the bottles in the shade or in 
a windy location 
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FINDING WATER: 
COLD CLIMATES 


ADOPT THE SAME METHODS of trying to find drinking 
water in cold climates as you would in temperate ones (ee 
pp. 186-91), although the ability to procure water becomes 
a major problem in freezing temperatures. The cokd-weather 
survivor faces a diletrimat he or she fs surrounded by water, 
but could die of thirst because most of that water i frozen. 


a 


WARNING! 
Never ty to melt ie o sto in your 
mouth asian sae freearg juries 
‘your couth an lis. Whats more, 
‘oar ndy wil expend at asi mis 
the, aa tis could cause you ta eass 
‘that very fine asia ie tive being 


cold or being typothernie. 


CHECKLIST FOR 

COLD CLIMATES 

‘You should prioritize water usage in 
cold-weather conditions in the same 
manner as you would in desert 
eontitions (s8e 193). 

1 One of your fst thoughts should 

be about procuring water: You will 
have ta find a water source that’s 
clase te everything you need to 

full and maintain 2 fie 

* Always look for an alternative water 
sourte before trying to melt snow 

br ioe. Its easie, less time-consuming, 
and more fuel-efficient to fill your 
water containers with natural 
meltwater than itisto melt snow 

or ice by the heat ofa fire 

1 Your ability to procure water in 
freezing conditions will be directly 
related to your ability to start and) 
maintain a fire, 

= Be aware that tttakes time and 
patience to met siow and ice, You'l 
also need enough fuel ty mantain a 
fire for a considerable perind of time 
* Regulate your body heat to yninim ine 
coverheeting and suséating, 

1 Keep drinking water close to your 
body to prevent trom freezing, but 
avoid having water comtainers divectly 
next to your skin, Instead, keen them 
betwee layers of clathing and use the 
ware air tracoed let ween the ayers 
to help raise the water's temperature 
= Donotuse recently frozen sea waler, 
a5 ttcontains high levels of satt 


MELTING ICE AND SNOW 

If you have the choice between melting ice and snow, favar ioe, 
2 it melts more quickly than snow and is up to 17 times denser. 
However, if you car't find ive, use dense, compact snow. Always 
look for the whitest, purestooking ice ar snow, 


MELTING ICE 

‘Tf youhavesome water to begin with, pour some into a centainer ard heat 

it aver Tre, Break the joe ila small pieces—rathe than adding itin ane 
lurio—and keep adding pieces to the coniaines to melt them, Keep the water 
hot, but not boiling, so that you avaid losing weter through evaper ation. 


USING A HOT PLATFORM. 
Ifyou don't aready have water forthemethod 
ative, you can meltice slowly on a gently 
sloping platform fashioned frar any lat plece 
ofstone or wood positioned abowe aire, 


Set petforron 
eoentl sce 
feaglon waler 
tines? 


Pisce Beek of 
eetcontr 
efelatirm 


Buda fre, Search fora large 
stone wit 2 lab surfare and two 

logs, or smaller stones tat are strong 

‘enough te support it Place te small 

logs r stones on ether ade of thefire 

a8 a support forthe flat-surfaoed stone, 

[Make sure tratthe patton 

is atan angle, This will create 

‘anatural run-off forthe 

teas itrmelts, Plape 

block of cein the 


canter ofthe piatfort 


‘Aste ire 
starts to heaton 
up the platform, thee 
vail besin to mek The 
retail flow of F 
the platform, where team 
be collected in a container 
such a8 a tess tin 
otek te wattaator 
brapan as flows of 
the platform 


bight a self to 
ent the plore 
grisea te ee 


“Support the plato 
ono ge 


MELTING SNOW 

TT you already have water, folaw the techniques for 
meting ice (See opposite), heating a litle water and 
adding the Snowe [ttle by little Dont pack the snow too 
tightly, if an air pocket forms, the heat from the fire will 
be absorbed by the metal container vather than by the 
sow and could resuf in the fire burning a hole through 
the melal container before it mets the snow: 


MAKING A FINNISH MARSHMALLOW 
Cut a sald piece of dense snaw—often referred toas a 
marshmallow’ ora*snowman's head"—and skewer itith a 
slick Secure the stick nthe grout close enough to afire that 
itreceives hes, and postion asuitahle container underneath 
itto capture thowater a it melts, 


Slower 
sk ough 
‘ecompact 

boost 


IN A WORST-CASE SCENARIO 
$f yout caught out on barren snow ori 
‘abca95 to natural fuel to burn n order bo malt snow ar ieinto 
‘water. As long as you havayour second -nesurvival quiprrent 
(220.5 42), youll haweall you need to procure lfe-savina water, 


USING YOUR FIRE TIN 
Set. up your fe tinon the ground and 
shelter it rom any wind using elther your 
bbody er your pack, Using your surdval tin 
a3 container, place small quantities of 
Joe ar seowinta the tn Light your fire Un 
and place your survwal tin over the flame, 
‘Add moreice or siaw ast starts to met. 


USING YOUR MATCHLESS FIRESET 
Pace the Id of the matchless fireset Un on 
the ground, Light hex! fuel back using the 
cotton wool and fint/stiker: Using the 
‘reset container or your survival tin, melt 
‘mall quantities of ice or snow avar the 
flame, Qnce the Ice or sniw has mette 

let the container cool so you don’t burn 
ourself The waters then safe to dri 


you're unlkely to have 
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STORING WATER 

‘Sioa sa great indo: en the frnperatre clas fn 40°F 
(40°C), wae hth wll ean egely uniruren laced 
Ue at ast 1 f (0-5) of sna. Nake sur you store the 

bottles upside down That way, some ofthe wale does fesze, 

it wll eszeat the bata of the ottleand nat theta, 


eee ao" 


USING A MELTING SACK 

Using a siiar princile to the Finnish marshmallm (see eft, 
this technique involves using an improvised sack—made from 
ay porous material, such as a Tshirt or as0ck—suspence 

rear toa fire, Thatieat from the ira wil start tora the snow, 
‘hich can then be collected ina wel-positioned container 


[efor to net frm the het 


USING BODY HEAT 
‘When uit anes 
capt a caso, they 
ees oat the contenis 

af ssiovan fa the 
‘sforach sido, flit 
with sow, and fie it shut 
witha lerath of inestine 
They then ut the stomach 
backin the cauiy while 
‘they sn the carbon, 

By the time they fe 
‘niches, the heal gwen 
cf by he amas body 
fas meted the snow. The 
Tint then open the bag 
carefully aol suck out 
wate empha bok of 
‘sf ir 


— 


Show ore placed ir 
‘metal container 
melts ove te flee 


ie tno agentes 
reset ayarow se 


sug witor 
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FINDING WATER: AT SEA 
OF ALL ENVIRONMENTS, the sea is possibly the most difficult J 


in a survival situation. It offers no natural resources for protection " WaRNiNat 
against the extremes of temperatures, wind, rain, and sea state, Never deinicsal water Its satt 


and provides little to aid location. Being surrounded by water SPgastysti ies Mit 
thal you can't drink only adds to the difficulty. Somme devices il ae you Cats se 


i fl ve agai peri wal eat 
are capable of making seawater safe do drink, but if you don't ney ate and ually death, 


have one, you'll have to find a way of procuring enough fresh 
water to keep you alive. —eE— 
COLLECTING FRESH WATER 


CONSERVING YOUR Tf you find yourself adrift with no hope of immediate rescue, 
WATER RATIONS AT SEA obtaining drirking water will be a major priory TF you don't 
Ratlonhad rest watersiglles fen have a solar stil or a reverse-osmasis pump, you must find another 
‘youre agrifl at sea isa sensible mearis of procuring fresh water Fortunately, there are several 
precaution, as you have na idea how ways af daing so, 


long it will bebefore youte rescued ar 


before you reach land, Here are a few GATHERING RAINWATER, 


tips to hel you conserve what water Most moder Iferafls incorporate a built-in rainwater catchment system 
you have while youre at sea: that channels rainwater and dew from the outer surface ofthe iferat 

» Fix your daily water ration after into collection pockets inside the Iferett However, even if youre nct in @ 
‘taking stack of the amaunt of water Ieraft, you can construct a similar system using a tarpaulin or any ather 
‘you have, the outsut of solar stills and} waterproof material. Wateh the clouds, le ready for the possibly of any 
desalting kts, and the number and showers (see pp, 20-81) and spread your tarpaulin in a bowl shape to 
physical condition of your party catch the largest amount of rainwater possible Always place a tarpaulin 
= Prevent fresh water supplies from loefore nightfall, so that you dant miss cut on any overnight rainfall 
besoin ing eontam rated by saltwater. 

= Keep water supjlies well shatled, HARVESTING DEW 

booth from the overhead aun and from At night, secure the tarpaulin ke a sunshade and turn up ts edges 

‘the glare of the sea’ surface to capture dew Tt also possible to harvest any dew that may have 
phot conalions. canireneg Lr colleeted on the sides of the raft using a sponge or cloth that. you 

clothes with saltwater can helo 0 then weingout, 

lower your body temperature —out Terman spread ovr kre 


dortt vera i This isa wade J Pirin eet 
bretwteen cooing yourself dow and the ee ae 
saltvister boils and yashes that will 

result orn continued exoosure 

* Dott exert yourself Relax and sleep 
vwheriever possible 

» Use every container yau have—even 
a simple tyach bag—to collect 
rainwater. and kee then well sealed 
and attached to the ral 

= Tf you don't have water, don't eal 
Protein consumption wil fasten the 
‘onset of dehydration 


PF ottedratanter 
ieee Se 


TREATING SALTWATER 


If you have jo means of collecting rainwater or dew, there are 
sevetal products capable of turning undrinkable saltwater into 
fresh water: Although these products are standard issue on most 
liferafts, you should always try to have at least one af them with 
{you if you ate venturing into a marine enviranment 


SOLAR STILL 

Solar stills ave 2 simple way of distiling water using the power of the 
sunt. Saltwater is placed al the attom ofthe container, where tis 
aporated by the sun throuch olear plastic Pure water condenses on the 
top of the plastic and dips down to the side, where it can be collected, 
often via a tube. Most solar sts on modern liferafts are inflatable, 


Weber droplets 
conten ar eager 
ofthe sith 


Sart heat eases 
saitatar a cor 
Stil tocondhnce 


Water can 
bevetived 
dds ve 


toc fic 
Ipterin abso: 
tie heat of te un 


MAKE YOUR OWN SOLAR STILL 
If you have a chance to gather togetrer the right materials t's easy to make a 
smal solar sil All you need aretwo containers (one larger than the other), a 
shat of plastic somr string, an a weight to form a natural n-off ool Tor the 
‘water as it condenses under the heat of the sun, Ifyou have sore surgical 
tubing, you can use to retrieve the fresh water without taking the stil apart, 


rast sheet 


ondensation 
frmson 

andere of 
plas sheet 


‘vod saltwater 
“ontaration 


Sungate. 
Tories 
fresh water 


‘wtf 


Gap tocater 
Frosh water 
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REVERSE-OSMOSIS PUMP 
“These hand powered devioes pump 
seawater at a very high pressure through 
a membrane that files out tne sat 
Depending on the mode, they-can 
produce around 23 liters (49 pints) 

of fresh water per day 


DESALTING KIT 

“These kits turn seawrater nto freshwater 
‘through a process called “ion exchange” 
Because they only produce snall amounts of 
‘Fech water over several hours, use deceit 
kits only during long periods of overcast 
‘weather when you cartt use a solar still 


THE LAST RESORT 

Tn absolute emergencies, potentially 
life-saving forms of liquid can be 
‘obtained from the oocan, 


SEAICE 
Tn Ay ctc seas, you can obtatn dency 
‘ater from ald Seales, Thisice blush 
incooy, has rounded comers, piers 
easly and, more rportartiy, nearly Tee 
ef salt New ice is gay. mily han and 
‘salty, Water from ecterasis res, but 
\cebergs are dangerous to approach, so 
you should only use them in an ernergency 


Fisit 
Orc the aqueeus hi four org the 
Spine arin the ees oflarge fish Careful 
‘cut the fish in half to get to the fluid along, 
tho sine a sack the eye you ae <0 
short of water thet you needto do ts, 
‘donot drink any of the other fluids: they 
fr eh npn and fa and yn by 
‘will use up more of its water digesting 
‘them than it obtains from them, 


SEA TURTLE 
‘Sea ure bivod jas asalt concentration 
Siilarto thabot humans, The blood ean be 
callectedby sitting the turtles throat Note 
‘hat, although tis may hep prolong survival, 
‘ea turles are an eidangered species, 30 you 
should oly lone asa last resort 


REHYDRATION ENEMA, 
A youhraie some water thats not salty oF 
poisonous, tuts too foul to tale oval, you 
‘can absorb as much as api a day—erough 
{oleeep you alve—through thelarge 
Intestin using an imerovised tubing device. 
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CARRYING AND ; — 
STORING WATER Myre 


a inhi card 
YOU WILL NEED TO take many decisions in any y Baie at 


survival situation, sorne of which could mean the ‘aia eae wer wh 
difference between life and death. One of these Nee ee 
clecisions will be whether to stay and watt for : 

rescue of to attempt selfrescue. A major factor 


in this decision will be the availability of water fg Gree 

and your ability to carry and store it. ] ioscop uty Fon 
sow ite atrber 

WATER CONTAINERS ‘eater pote 


There are many different kinds of container for carrying 
both hot and cold liquids. They range frem solid plastic 

or steel flasks or bottles, to oollansile waterproof fags 
‘that can be folded up when they're ematy, 


torpor 
rin emcees 
cae ws 
tae anes othe 
ease of ‘et extenor arth asocun, 
waited oft ca 
Pot aes = 
oe 
a 
awa 


e434 
PLASTIC WATER © METALWATER — THERMOSFLASK MILITARY WATER COLLAPSIBLE 


BOTTLE BOTTLE Although very hea, BOTTLE WATER CANTEEN 
Strong andlightweisht, Slightly heavier, but _thermosflasks slow A-standardissuebottle  Heawy-duty plastc 

wilh screw-off tops or stronger: than plastic youtostoreeitherhot —usedbyrost of the water canteen that can 
push-pull nozzles, water bales orcold water, ‘worlds miltary forces, behuna round the neck, 


Stow water bags 
tie to store ‘it oar pack 
water once ‘aan 98, 

youvencane 


HYDRATION SYSTEMS 
Hydration systems usually consist of a 
water-storage cortainer (called a reservoir") 
an on-demand, one-way driring tube, and a 
harness. However, 2 common prablem with 
‘these systems is that, because you cant see 
‘the water, you can suddenly discover you 
have used al of it without realizing 

itr 


container R 
filedana te COLLAPSIBLE WATER BAGS 


enrried ho .: WATER BOWL Useful for carrying 
Pashia Easyto pact light, ‘water from its source: 
. andcan aiobeused to backto your carp, Can 
Sey y Seperate itans in your alsobe eto heen 
“sti tae baka your eulpment dr 
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IMPROVISING WATER CONTAINERS 
In an emergeney, theres astrang chance that you won't have the luxury 
of having wit bottles a storage systems at your disposal, However, 


with luck—and a little ingerutty—you should be able to find something, EMERGENCY WATER 

‘that allows you to store and carry enough water to satisty your needs, ‘Sachets of emergency water tan be bought 
cay stored for emergency ase, They usually 

SEA SURVIVAL SUIT DISCARDED MATERIALS unr = ara ‘excovansie Vie 

Because they avedesinal Always on thelokeutfor exh ben ile 

ego water out they can alse sting tsb eznihold water aout These shou ays 

te used tokeepwaterin Most from emipty plastic bags an battles, ee dacalastresot, Aba txt 

‘unmualsuts repastad wana large meus type containers rotate ar by other rans bef Caring 

layer of chalk to prevent the lean and sterize foun ‘to youe emergency water 

materal from stcking together, items before use ee ae 

so wash tout before use ——s 

‘Bomteo canbe 


WATERPROOF CLOTHING —GOLIRDS aut ta 
Many types of waterproof The shell of ahollowed-out and BAMBOO 2-H ste 
diathing can be adapted to dried frut—a gourd—can hold ‘bamboo conowil 

fla: water Jacket sleeves and water Gourds mas ror large provide aratural eupif 
trouserlgs cane knotted to. ruts, such as squashes, Sou cut in Yee) 

farm abasic bladders BoreTex® —purrpkins, and melons, can told blow ne joint and then 
socks wilold water ard ——_aconsderatle aroun water Lin(@ecr below the 
some waterprost balepacks hat. Take care to smooth 
fan aad Tricor eat ‘oak agra tas dpeiesaneroutins 


ereosea site that wid 


MAKING A MINI-RESERVOIR palsies! 
‘Your ability to store sufficent water for your needs in a ee ares 


survival situation ray be limited and it may be injractical 
—hecause of iury or distance—to travel back and forth 
for water every time you need @ If you have some 
basic materials, making a mini-reservoir 
to cateh rainwater (see also p. 188) 
sohes this problem 


Ta reduce the amount of 

effort required, choose a site 
‘that offers the least resistance (such 
as.a natural hollow) Dig shallow 
fitusing whatever materials you 
have to hand, such as a stk, 


Smooth the edges of the pit Stee te aura Leave the pond uncovered whe vate, bt 
and line t th waterproof ‘aot ir lace over ako tones to rece evaporation 
material such as a survival blanket, 
‘Welaht the edges with rocks, soi, 

or logs, making sure that dirt cant 
ru into the pond when it rains 


WATER HYGIENE 
Beles 
mee 

L puted before is safe: 


Chace oo 
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TREATING WATER 


WITH THE EXCEPTION OF rainwater, all other water & Sy 


procured in a survival situation should be treated before it Naa Name ee 
is safe to drink to remove or destroy harmful pathogens and avound the wore Milbarckay 
microorganisms that could lead to gastrointestinal ilhess. ic aneffstive water ir that acs 
* down stall and can he used macy 
tiesto aucune lve quantities ot 
FILTERING WATER rn a eee 
If you dor’t have a device that filters and disinfects the water, you will as you are it cam because the: 
have to accomplish the same task in bwo stages. Before purifying the ee eee 
water, you will havetto fiter it to remove any debris, You could use the é a 
“e fivecintes Nts that war filer 
popular Millbank bag (see opposite), but it may be necessary for you inthis ay wa sil teed sb ured 
to construct your own improvised filter. 
BUILDING A TRIPOD FILTER MAKING A BOTTLE FILTER 
Tf you're not carrying afiltratian system with you such To make an improvised bottle filter, take a container H 
asa Millbank bag, you could make an improvised fiter. 8 a plastic bottle, and cut off the bottom (or make a hole), 
‘All you need are three sticks to form atripod, and some Note that a sock used in the same manner is sill effective. be 
i Hang the bottle upside down fram a branch, Fill the: 
Use three sticks or a bent sapling to forrn a trioad lotto layers of different materiaks working from 
Using ary materials you have, form layers, starting | coarse to fine as you worleyour way down the container 
at the tap with the coarsest material and working your eatreeuckas ueepoeirone an dette 
sway down using finer materiaks—auch as parachute sike 3 


and allow ft te work ts way down 
Serilonr—asyouge, through the layers 
Pour water into the top layer, Te wl become 
filtered as it passes through the increasingly 
fine rnatar als 


Bu trot ot 
Of tee steko 
‘sa eh 


Ade ayers of 
materia nse 


atlas 
fered 
voter no 
carte 
Diferent yer of 

sinters, werttog 
irom comes fire 


ie porous materia 
sch grapes of 
bt forms te fsa! 
fey of to ft. 


Enrgtog tared water 2c to 
eure bere citing. 


DISINFECTING WATER 


If you drink untreated water, you run the risk of 
becoming infected with a water-bome disease 

(Gee p. 187), so its vital that you treat arty water first 
If you have the ability to start a fire, the most effective 
‘way of making water safe to drink is by baling it. 
However if you are unable to make a fire, there are 
several devices availabe that are capable of filtering 
and purifying water to make it safe for drinking, 


MINI PORTABLE 
WATER PURIFIERS. 

These are specially desioned units 
that fier the water and then purify 
it by pumping the contaminate 
‘ater through ether mieafltes, 
chemicals, ora combination ofboth 
1 vary from stall emergency 
pumps capable of purifying up to 
Ballots 60 ters of water, 
tolarger units that can filter 

huge quantities of water 


OTHER METHODS 


If you can't boil water, or if you don't have a water- 
purification device, youl have to rely on non-mechanical 
techniques, The concentration and contact time 
required for some of these methods fs dictated by the 
quality and temperature of the water being treated. 


Paro hance 
hans water 
through te pump 


Drintbte water 
wil ow frm the 
ous tite 


Fifer input tbo 
lowered into ater 
that requires 
treatment 


METHOD 
‘on iq and Tablets) 
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GRAVITY/PRESSURE FILTERS 
These deviees are Ieorporatedl within aa 
clrinking battles. The water Is elther system is 
alawed to flow naturally through the housed nse 
system via gravity or ts squeezed 

through by the operator. Al battles 

ofthis type usually employ a filter to nf 
remove sediment and organic 

contaminants; a micron filter to remove —— 
protazoa; anda chemical that lls wero 


water-borne bacteria and viruses, dooases 


The fiterend 
ofthe straw 
pp be ploced 
Into ary 
‘eves 
wot source 


‘SURVIVAL STRAWS 
Compact emergency water purifiers, 
survival straws cantain a filter system 
{and employ ether carbon or iain resin 
system ta eliminate water-borne 
diseases and harmful chemicals, You 
need to get the water toa point where 
‘yu can reach It with your straw If you 
want to draw a supply of water ta carry 
with you, youtl have ta draw the water 
into your mouth and decant itinto.a 


Woteris 
sok through 


container—a laborious process the skow 
BIG BUBBLES, NO TROUBLES” 
Microorganisms and vitally ll intestnal pathogens are led 
at temperatures well below 


cf bringing water to the boli: 
continuing to boil it just wastes fue, time, and water. 


—E—SSSs 


DESCRIPTION 


Tne dessa vis and t—canbe sed i diet atc an carat Ts 
atone ont once te tr terest and dan oartact—a entrant mgs 


rita 66°F (20°) wl sto apts iat for tent. 


Chore tabs 


(hrinsave alts wil desty mst atl, but are es tectv for vases nd pt. They areimre 


effective whe used in combination wth phaspharc ai and wl destroy bah Gerda and yplospcridm, 


PelassPemnganale ohn rangi cane ough at mst hima, Mca ew rade with yourwai nit 
‘us ight pik Leave fr atleast 30 ints dking 

Bleach ‘Adhd howl Bhai the hepest ay fay ery tower iets pert adm 
yacht) careful adjust re rpc ert of ate eterischudy—and efor 
atleast 30 inter detking Times ot awash agaist Gia and ptr 

Ura (Lott ‘hin ary haf organs are eased to WN nh the procs ah abnpton dius the cs 
1A, rendering th regan Rams. The quality of the water wile the aan of epi toLVit 
rete cui theater the harder befor WV topetrate 

Wraske Filpstic bots with wate ele the and then dtet ang prefab on dak sua, 
‘Thesunagswilkiltebacterlathateaneconmen water-hrne dss, 

Waethe Stein) ‘jal ji ht aed preset and att oa hort te arene cnt to 


“ie (2 ns ater athe as 48 sens, 


PREPARE FOOD 


Your body converts food into fuel, 
which provides you with heat and 
energy, and helps you to recover from 
hard work, injury, or sickness. If you are 
healthy, your body can survive for weeks 
thout food by using the reserves 

in its tissues—although you will 
use approximately 70 calories per hour 
just breathing and up to 5,500 calories 
a day if laboring hard. 

In a short-term survival situation, 
‘ood should not be your major prio! 
You would probably have eaten recently 
and, if you'd prepared properly, you 


should have some basic emergency food 
in your pack. While you may go through 
food withdrawal symptoms—when your 
stomach complains because the food 

it's expecting doesn't arrive—you're not 
going to die of starvation within a few 
days. However, the body will react to 
its fuel not being replaced: hunger, a 
lack of energy, and a deterioration in 
coordination can be expected after a few 
days. If the opportunity to procure food 
arises, it should always be taken. Eat 
little and often but always make sure 
you have sufficient water to digest it 


In this section KTR eel 


= how to cook with hot rocks... 


= how to make a fishing reel from a beverage can... 
© why a snare must have a perfect end... 

= how to lasso a lizard and snare a squirrel... 

= that there's more than one way to skin a rabbit... 
© which grubs taste like scrambled eggs... 


® how to catch a bird in a bush... 
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Ina long-term survival situation, your 
survival priorities will change and the 
need for food in order to simply survive 
will become more important. There is 

a thin line between food not being your 
priority and then subsequently finding 
that you're in no physical condition 

to do anything about it when it does 
become a priority—you should regularly 
reassess your situation and alter your 
plans accordingly. It takes effort, skill, 
and a certain amount of luck to obtain 
food in the wild, especially if you're not 
in your natural environment. 


When gathering food in 
the wild, always ensure that the energy 
gained from the food is more than the 
energy you expended in procuring it, 
otherwise it's a wasteful exercise. 


FOOD THAT'S EASY TO FIND and 
gather should always be your first priority: 

= Plants are easy to collect and, as long as 
they're readily available in the environment 
you're in, should be your first choice for food. 
However, make sure that you are absolutely 
sure that they are edible—mistakenly eating 

the wrong leaf or berry could cause vorniting 
and diarrhea, making your situation worse. 

= Fishing requires little effort once the lines 
or traps have been set, and they will work for 
you around the clock. Fish is high in protein 
and relatively simple to prepare and cook, 

= Insects, reptiles, and amphibians may 

also be available, but be careful that you don't 
expend more energy in catching them than you 
gain in nutrients from eating them, Remember 
also that many insects, snakes, and amphibians 
are poisonous, but they can still be used as bait 
for fish and mammals, 

® Birds and mammals have their own 
survival mechanisms and are wary of humans, 
especially in remote areas where contact with 
humans is limited. Even if caught, the bird 

or mammal will need to be killed, plucked or 
skinned, and cooked. 


GG Always ensure that the energy gained 
from the food is more than the 
energy you expended in procuring it, 
otherwise it's a wasteful exercise WW 
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WILD COOKING 
IN A SURVIVAL SITUATION, you must. cook every | 


M m i FOUND MEAT 

item of food that youre not sure about in order to kill Dey aeets 
aniy parasites or harmful bacteria, While cooking reduces tify ct ita nallpbaesard ii 
the nutritional value of food, it does help to improve fo ores Dt ud Rye 
the taste of many wild foods and to make ther sub Sagcl a 


more digestible than if eaten raw. 


COOKING OVER AN OPEN FIRE ines se 


ao as heen 
Use the fee flames ofa fire to boll water then, ime 


when the flames have died down, use the steady 

heat of the embers to cook on (see jx 121). The most forked tok 
basic method of cooking is roasting, using a spit ara 
made from green wood to suspend the food over eight obove 


a fire, Make sure the meat is thoroughly conked 2 fe 


BOILING OR STEWING 

\When you til food, fat and natural juices are 
retained in the water, Its important to drink == 
‘the water to obtain the maximum nutttion 

‘ror the mea unless you have been === 
tolling toxie substances out of the food. 


DAMPER BREAD 


This simple method! for making yeast- Ae woe te 
frectread was developed ty stockmen Lot avey ee 
working out in the Austrian bush Pe etccae ge 


Sccoting pat vwra fle beatneaoking 


STEAMING FOOD 

Steaming leaches fewer nutrients away than boiling and 

ts aperticularly good way of cooking fish and green 

vvegetables—frest saves will be ready to eat if just Pine grass 


ix flowr and alana 
water(and.a _ defween 
pinch of salt ifyou. YPN 
have i) inte apllable 
dough, thenrall t 
into along, thick 


sausage shape, 2 few minutes. To steam fond, it must be suspended ela gt 
above boiling water in some way. stierarstcu — oHcoer 
Semiivoagh ead 
Wind the dough around 9 ‘a 


its 


BAMBOO STEAMER 


‘Bamboo stems are tough, hollow, and divided 
Into sections. Use a sharp stick to make small 


stick, then hold It over the 
srrbers offre turning regularly 
unt it browns, Tel side easly 


pe 


ni ess ay 
feawin 


Foe fone 


holes inthe walls dvding a three-section piece slegred is 
of cane leaving the wall atthe base intact. eat 
top section 


Pour water into the stem untl it's ust 
below the bottom section ring, Add. 
food tothe tap section and cover 
‘with grassand a loose-iting 
‘bamboo tid. Lean the stem 
‘over 2 fire, propping it 


a 
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CLAY BAKING 

Baking food in clay requis no cooking utensis Animals 
must be cleaned ancl gutted frst, but can otherwise just be 
covered in soft clay Wherthe meat is cocked, skin, spines, 
or feathers will remain embedded in the olay, Cooking root 
vvegelables or fish in this way removes thei sins, losing 
Yaluablerutrients so its best to wirap them in leaves Fist 


Protect tious sin 
of oki wrapping Select ong wie 
To fs eaves green eaves 


Gover the food 
parcel with an 

even layer af clay, 

making sure #5 

swell seales, 


\wrap the food in 2 ound af fresh green leaves and Plave the parcel of clay Ina bed of hot 

tie therm in place with sorne long strands af grass to build 2 fre up on ton of it Cooking tine wile 
make 2 seoure parce, Uise only leaves from plants that you between 30 and 60 minutes, depencing an the sles of 
have Mentified as non-toxic the food ilen. Break open the slay and remave the food. 


COOKING WITH HOT ROCKS. 
Racks take a while ta heat up but they stayhat for along 
time, allowing food to hake steadily on them, Te reduce 
cooking time, cover the food with some birch bark ora 
fiat piece of wood, When cooking on racks, dant use slate 
fr other layered rocks as they ave likely to shatter when 


heated, Ancther method of cocking with hat rocks is to vette ie Fin 
place them in apit, The food is covered with leaves and Brush the embers and ash off the rocks taking care 
placedlon the racks, then the pit is filled in to retain the not to touch the racksiwith your hands as they will 
heat. The food i left buried until itis ready to eat nove edtremely hot 


Use sti from Dot use wel racks Fi shouldbe 
arsed ees sect ey may expe as ‘extiad bat ochre 
teyeatp 


Place some (arg, reasonebly fish rocks cls Place foad on ton of the racks to bake, The hottest 
‘together. Light fire on top of the yacks using © iors vice inthe corte, so Rens that runt be 
some tinder and dry sticks, then leave the fire to burn cooked more slowly should be ait near the edges. Keep 


clown to hot aches while you prepare your food adding more food to cook until the rocks have cooled 
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EDIBLE PLANTS 


IN A SHORT-TERM survival situation, food is not a priority — 
identifying edible plants uses eneray, requires knowledge and WARNING! } 
skill, and the risks of getting it wrong far outweigh the benefits Leia dins 

Ina long-term survival situation, however, your priorities woukl diene Fs reas 


chrange, so being able to identify edible plants is advantageous. 


GATHERING PLANTS 


When foraging for plants, take a bag or can with yau and be careful 
not to crush what you collect. Gather only a few species to lessen the 
chances of mixing in sornething inedible or poisonous, Don't assume 
that because birds or mammals have eaten a plant its safe for you 
to eat toa, Unless you are absolutely certain, yau will need to carry 
tut the following fest to find out whether a plant is edible 


UNIVERSAL EDIBILITY TEST 

This test enables you to check whether a plant is safe to eat, 
‘Tfyoure in aroun, only one of you should test the plart, Make 
sure that you have plenty of drinking water and firewood with 
you (see bos right, and eat nothing for eight hours beforehand 
Test only ane type of plant at a time, use only one part of that 
part roots, leaves, stalk bucks, fruit—at a time, and test itn the 
same state in which it will be eaten: elther raw or ovoked, Make 
sure that the plant you are testing is in plentiful supply (there's no 
point testing it otherwise) and avoid plants with mile oF soapy 
539, oF bright colors—they are usually Nature's warning signal 


DIGGING FOR ROOTS 
Roots and tibers area good source 
of carbohydrate and their skins 
contain vitamins, Take care when 
gathering in spring as some plants 
will ons have small shoots and will 
be hard to identity 


Cut a stick from ahard-wood tree, 
such as oak, share one end Lo a 
chisel-shape then harden it in a fire, 


First, inspect the plant—It should look fresh 
and in good corti, Avoid anything slimy. 

Next, sf the plant, Disnard t ft smells bad 

Ff itsmells of peaches or bitter almonds, it may 

Yee contain cyanide 

fee wits 

qatar, 


BOW ‘Take a stall portion of 


the plant part youre 
testing ard gently rut t onthe 
sensitive skin inside your elhow 
oF wrist Wai for 15 minutes. If 
na iritation, stinging sensation, 
rash. or swelling develons 
proceed ta Step 3 


Choose a larger plant, then 
dig dowm at its side, loosening 
the earth around the root urtil 
can oe pulled aut 
in one pieze Toe cre rot 
focinaae 
theveot 
sour tio 
recat to the 
pla was 
ech inet 
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NEEDLE TEA 

The needles of evergreen trees such as pine and spruce: 
arerich in vitamin A and C and can be used to make 
arefreshing—and potentially life-saving—tea 


For each cup of Strain the tea 
‘tea, callect two ‘through a cath 

teaspoons af fresh. ticd over a container 

green nesles and Sweelen with sigar or 

bruise them with a stone, honey, if you have any, 
Drop the Nexibes are 
peeks Rub needs ee 

‘balling water, then gees 

let them infuse for 

10 minutes, Keep 

the pot warm and 


stir occasionally 


‘Touch the corner of your mouth with 
‘heplant and wait 15 minutes, Ifo 


Giana 


adlveree reaction occurs, touth yeu Ip and 
torque with i Wit another 15 mutes IF Le ue 
yeu sufer roi effect, proceed to Sten 4, I alacy tage you expetiene any 
- 3 of shvsereadtonty a la 
tors ar oe tei ts, you ate 
seemed, 7 = Slop the test jetty 
reecltnenert = iste anything se unli 
the non Seas 
Wash the attested ea teroughly 
(ifthe easton ts external). 
= Attn ince wating Gf he 
reaction comes afte eating th ct 
by lil sal ate 5 pushing 


finger inthe facie yur evn 


Place the piece of «Drink ots of wanrn wale hiss 


anton your tongue, why yo must ensure that you have a 
wait emits hen thew, elton plectiful sano of tui! water aed 
it and hold it inyourmauth ey ‘inewond before you begin the fs) 
for ininutesmore. If aeraernnte = Ceuta Leasponnl of eharoal 


‘alos fom a paca une hy ad 
miei ino agastewith war wate, 
‘then swallow the mibctue, It ll 
either induce voy oy you can 


there areno ill effects, 

swallow the piece and wait 
sight hours Est nothing else 
fut cortinue to dink water, 


eng it doen, itmay abe the bons, 
aed = Tey salina paste made foc 
rap heats ‘whe weed asl and wale to redoe 
eal a qarier of 2 Hees 
cup ofthe same part of the 
plant, prepared in the same i 
Ii te tester is unconscious: 
eer ee Do notice vomiting the taster 
reat, t easton ee eat 
hs ac evn he basal, 


Eat little and often rather 
than goraina 
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CATCHING FISH 


FISH CAN BE HOOKED, netted, trapped, speared, 
or even caught by hand if you're lucky. Observe their 
behavior—where and when they feed, and what 
they eat—to determine which method to try. It must 
be noted that some fishing techniques are illegal in 
sorne parts of the world and should only be used in 

a genuine survival sittration, 


FISHING TACKLE 


Fishing eouipment can be made from all kinds of material. Your 
survival kit should have some fishing line and a few hooks, but 
Ifyou dorrt have a kit you can Improvise, You can usea stick as 
a makeshift rod, for example. 


IMPROVISED HOOKS 


Fishhook can be fashioned from ary plese of metal, such a5 a nal pin, 
safely pinyneetle,o” some wire. You can also make them from natural 
materials, cuch 25 thorns, hard! wood, coconut shells, tone, spines, or 
seashells If youdon't have ary fishing ine you can use parachute core 
(see p. 136) or make corsage from plant fibers (see p. 128) 


Tete —_| 

Lig to 

neste Motea 
‘arn ty 
ekg 
a saior 
enon 
Deihetted 
tothe tue 


MANY THORNS WOOD OR BONE 
Tie three sireng thors Carve asplinter of 
together securely with bane inte an arrow 
some fishing line, Cut point ar take a sliver 
arotchin thestams of hard wood, ke 
and attach thelin oak, and tie to 2 twa, 


sine sts 
“rstle 
aot 


SINGLE THORN. 
Duta Lin (25 ond 
length af bramble stem 
vith alarge, strong 
‘thor Te lina toa 
noteh at the other end 


REMOVING A FISHHOOK 
“You should never try to remove a fishhook 
thal is deeply embedded in flesh Cut the 
fishing line as close to the hook as possible, 
then put aad around the excosed part 

of thehook and seoure with a bandane, 
Seek medical help a3 soon as possiole and 
moniter for signs of infection, However, in 
a survival stuation, you can try to remove 
the hook ty doing the following 


Gatoff the nobed 
oma the es 


Ifthe barb js visible, cut off with 
a pair of pliers Ifyou carrt see the 
fats fry and quickly push the hook 
in further urtil the barb emerges 


BAIT AND LURES 
Fish have alkeen sense of smell to helo 
them find their referred food, so F one 
typeof tat doesnt work, try another 
Predatory ish are attracted to live ball 
by its moverent—a woern wriggling on 
a hook. for example, You can make 
artificial batt out of shiny metal, cloth, or 
‘eathers. Ty to imitate the fishis natural 
prey, such as an insect skimming across 
the water, to lure the fish into biting 


MAKING A FISHING REEL 

‘You can vai are with an empiy beverage 
«an, Tec rd of aline to the ta then rag 
iayourd the tan uct you lave about 27 60 
‘ne Attach aol la, ard some 
-sitkers, Hole theo ofthe cn it one Fata 
‘te a inthe fhe ot te bien the 
ca foward von wantthe onto end 
xi how the fat. Therestoftheline wil 
sin anlage, ie te ne 
atten wi var theca. 


—_—_ 


Bere hack 
ofpinatan 
angte to 
famabors 
toch the 
al scarey 
sage 
NAIL SAFETY PIN 


Cut a notch at one and 
ofa small place of hard 
‘wood. Place the head 
of anal inthe notch 
aide tin pace, 


Rerrove the safety 
clasp. Bend the sharp 
point of the pin round 
1 form ahionk, Attach 
ling to the wire loop. 


Carefully ease the 
hook out by ts eye, 

Clean the wouns then 

cover it with abandage: 


TYPES OF BAIT 
Live batt cludes creatures such 3: 
Worms arid slugs 

= Grasshopners oickets, and beetles 
' Maggots and cateraillars 

' Frogs (including large tagpoles) 

= Sina fist eatoh larger ish 


Examples of inanimate bait include 


FEATHER LURE 
Make ahook, then 
stack ft ane 
Tie aright colored 
Feather just above tne 
hook, Slowly move the 
lure across the water's 
surfaceto attract 


Meat, guts, and reproductiveorgans ‘ef 


recovered from animals 
‘Nuts and smell fruits 
= Bread, cheese, and pasta 


Pho hiiten 
by feaitor 


FLOATS AND SINKERS 
A float keeps abaited hook at the best depth to attract the snecies of fish 
youre trying ta catch, A sinker Gvsight) placed below the hook also helps 
‘to hald it in position, Your survival kt should include few solt-shat 
weights but, ft doesrrt, you can tie small stones to the line instead, If 
the float bobs below the water's surface, you may have hooked 2 fish 


MAKING A FLOAT 
You can use any natural material that floats, such aba place of 
bark er arose hip (ee Dalen). you find a bird's fight feather, 
vyoucan make a float by trimming the feather unt you areleft 
‘with just the Hellas ql, then falding it in haf and yng the 
‘bo ends together, 

ate ole 


Prine 
the rose io *f 


through canter 


Using a sharp pin. a piece of 
wire, oF long thorn, pierce 
thvough the certer of a rosehip 


Thread fishing line through 
the hole Ifyou dont have 
line, use a length of fine cordag 


wget a 
slabiiers 


tigen boot 
‘eu fat 


Tie srl twigs above and 

below the rose hip These 
wll act as stabllzers and wil aso 
prevent the float from slgging up 
or down the line 


Attach the Hook (in this 

‘example, a modified safety 
fain to the line at the reauired 
depth below the float, Tf you have 
cone, tie sinker below the hook: 
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LINE FISHING 

The more hacks you ean get in the 
tater, the greater your chances of 
catching 2 fish, Alithe methods shown 
below are nacsive—you sinialy set 
the and leave them to werk for you 


SELF-STRIKING LINE 
Ifa fish bites at the bal, the trigger val 
Dejerted out of the catch ana the bent 
rod wil fy up. The line ile aul tight, 
srrbadding the Hook in the fists mouth, 


ager etd 
Tictteh 


IGE FISHING 

First check that the ee is atleast 2in 
(Gom thick and can bear your weight, 
then cut aloe about 1 (30 om) in 
tlameter ver the deepest part of the lake, 


‘Tit ahhooled and 
watedlne toa 

-stickowih ala at 

‘the other end and 2 

contral cosspiece 


Trafishtakes. Easure the! 
teeta, Beer 
Somali gltoe 
ornate tee 
trae font 
alld ipo 


NIGHT LINES 

“oinreate your chances ofmaking 
sch you bed to attract fa that et 
all dest. Tie arockto oe end of aine 
and attach hooks with jive batt at intervals: 
along Te the other erate apost at 
the edge ofthe bank ad throw theline 
iithevwater, leang i thereover, 


ise peoblies 
shetto 
aia 
peteng tang. 
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NETS, TRAPS, AND HARPOONS = 


‘ou can leave a hoakee! ine in the water but unless you regularly check: WARNING! = 
it any fish you catch may be eaten by bigger fish, I valstuation, [anaes eee 
any fish you catch may be eaten by bigger fish, Ina survival situation. | ends patscthe ot 


nets and traps are more convenient methods af fishing because once gp asethem aly nanemergency 
sel you can leave them ard they work for youall the tine —_ _ 


MAKING A. 

DIPPING NET 

Fish that are too small to hook or 
harpoon may stile large enough 
to catch with a dicing net. Such 
fish aveusually found at the edges 
of strears and lakes, and around 
rocks in pols, You can make 2 
simple dipping net if you can solt 
‘ovat or find 2 forked sapling 
andhiave a masiuita net—or a 
spare tem of olothing, uh 2 2 


sleeveless vest, Tchr, or stockings, Cut another nick in Tie off the net (or 
‘ the other side of the the vest above the 
Makes to smal nicks in hem where theforksmeet, armholes and neck), then 
the her of the mosquito and pull them through, Tle either cut aff the excess 
net, vest, or stockings, then tne ends together with material ar invert the net 
thread the forks ofthe sapina crdage, then push them This will event extra cag 
through them, oar side the he, when you use the nt, 


MAKING A GILL NET 

Once it has keen set ina river, a ill net isa highly effective way 

of catering fh, whether they are swimming up- or downstr earn 

However, 2 gill net should ely be set for short ceriods of time as 
fish ofall sizes canine entangle or injured. Make the lines out of 
paracord oF natural cordage (See pp, 136-39), 


Te the ner cond 
tothe singerion Putecrtsto 
‘he ty aking gen thetret 
‘past 
Take a section ofthe outer Holding the two ends of the Paulthe knot tiaht, Repeat the 
sheath of some paracor and inner cord in your other hand, proness every Hsin ¢4 cm} 


suspend it between twa trees, Loop passthem around the suspended line along the suspended line for the 
the inner paracord ering this line and through the loop, required wiath of the net, 
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MAKING A HARPOON Wing TRAPS 
Using ahnarpoon to snear fish takes condope wound Fish traps canioe made from 
time, patience, and a certain level of ma AS variety of materials. You can use 
Skil. Keep the paint of your harpoon rocks to buld a wall or you can 
in the water to oid splashing and make alnasket. ro sticks 2nd 
searing of the fish. Strike quickly ardage: You can even use 
When you see ajatential eatch, inanvmade materials sich a5 
ming just ahead oft A spiked Bind the thorny sticks tightly hotles. F you anly sueneed in 
harpoon isthe simolest to make tothe shaft with cordage They |) ealehing very sal fish you can 
wil need to be able ta support some sti seth 25 Dall 
ofthe welatt ofthe fish sa wren 


them securely BOTTLE TRAP 


‘Also known 3a “minnow trap this 
imathod uses a laige plastic bettleto 
‘atch small fish, Cut the bottle In bwe 
Just below the shoulder, vert the 
ried and insert it into the out end, 


then te the tive pieces together, 
“roar the Make holes inthe plastic with 3 hot 
thom stele fin so the trap will sink Balt the trap, 
fotothe ‘then place it in a stream, Check it 
ates ‘regularly to remwve any fish caucht 


and replace the bait 


Gather a few short thorny, When using the harpoon, take 


sticks to form the barks of carenot to damage the barbs Fo sma bgt and suis 
tha harpoon Cu a fon tk, fy erung them agaist rook onto ee 


straight branch and make ratehes the riverbed. Use a dinping net, Ifyou 
round ane end have one, to land the ish 


Make the mesh by tying 

abo from ane par af ora ae 

cords bo 2 cord from an ‘orate boss ‘Beet 

adjacent pair, using a sinale 

overhand knot (see p, 143), ; 

= Continue alternating along < ‘SINGLE-WALL TRAP 

and down the line, Te stones ‘fyour camp srear atid creek, you 

‘to theends of the net to hald it SE aes See 

ie oeonord thigh tide and bull slow wal at 

‘betes ide, Fich maybe trapped nthe 

Tasetthe ollnethangthe —eeaeihe eee nies 
fone ns ety trees meh thebank as thetide renedes. 

or goles on either side ofthe river, a 

submerging the net in the water jinat le 

to.adeath of about 6 in (15 cm), 

2 The net can also be used bo eal 

birds (82 p. 226) 
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PREPARING FISH 


ALL FRESHWATER FISH are edible but they must be 
cooked before eating as they are often infested with 
parasites and harbor bacteria. Saltwater fish are safer 
to eat raw, if necessary, but will taste better cooked. 
Never eat a fish that has pale gill, sunken eyes, flabby 
skin or flesh, oF that smells bad. 


FISH HYGIENE 


As ston as you have landed a fish, it should be killed and gutted, 
then cooked and eaten as quickly as possible, particularly ina 
warm climate. Tt coesrit take long for fish to go bad because 
their slimy skin provides a breeding site for flies and bacteria, 


Ina cold climate, you can delay filleting for up to12 hours, 


which will make the job easier 


FILLETING A FISH 


Filleting removes the parts of afi that might quickly go 
bad, while leaving as much flesh as possible, Wrth some 
species, you may find it easier to remove the bones after 
the falas been cooked, Bol the bones and the head to 
make a nutritious stack: This must be done immediately 
and the stock should be kegt ina coal place and drunke 
within a few hours, 


(Once you have killed thefish cut its throat to bleed 
it and eut out the gils, Wipe the slime off ts skin to 

make it less slippers 

1 Most fish dont need-to be aeinned—in fact, the skin is 

rutritious—but eels and catfish do (see panel, opposites 


ee offalto 
‘earbat 


Pullout the internal organs then 
spread the fish open to check that, 

you have remaved everything, Keep th 

oe to eat (it lies dawn the side of the fish). 

Wash the fish thoroughly, inside and out 


Sera ade 
acyossstin 
ooking fr 
tattoo 


a ms = 
Fish can be cooked with thei seales on but, iF you 
have tine, tis best to remove them, partic arly 
if they are large, 25 they can be coking hazard, 
ss Hold-the fish by thetalland sorape off the soales, holding 
the blade away from you and maving toward the fen, 


se en to make stook 


Sie fe 
aor 

fossporate 
tem fom 
tees 


and slide the knife under the ribs to separate them 
from the laod working toward the ead, Fich offs can make 
the inf slipery, 9 you can use your thumbs instead 

* Repeat for the itsoon the other side ofthe backbone 


doesrit need ta be filted, After gutting, 
they can be fried, grilled, ar roasted wlial 
Keeping the heads and tai on helps to 
prevent the fish from falling to pieces, 


‘SKEWERING FISH 
Small sh, such as perch, can be ged over 
frembar ire on ashawer to male 4 simple, vat 
tasty and nutritious meal, impale the fishes on 
2 green stick and hold them close to the embers, 
They won't take long ta coal. 


Start soar 
‘tat the 
nat ayioe 


sate 
Ison Wi . 
pare 
ima 
She arn 
‘pws 


Holding the Tish with its tal toward you, 
insart the point of a sharp knife, blade up, 

into the anal orice and sit the fish gpen along its 

belly to its throat, This prevertsyou from runcturing 

the intemal organs. 


uftoones 
cy fort 
Sesh touly 


Separate the top and bottom of the backbone trom 

the flesh with the tip of your knife, Carefully rll 
‘the backbone and riks away from the flesh in one piece 
f= Tf you have any tweezers or need lense pliers, use 
thatn to retneve any srall bores that rena 


SMALL FISH dhe agen sch 
‘Any fish that is less than 6 in(05 om) long soieunet dumm 
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Fie set ae 


es” 


SKINNING FISH 
Eels and catfish are tasty ut hate to be skinned 

and gutted before cocking. To gut the fish, either use 
the filleting method shown opposite or Step 3 below, 
Catfish have a cartilage skeleton and can simply be 
cut crosswise into steaks, 


Passa stake 
through the atls 
of the fish and support 
‘on two strong uprights. 
= Cut around the skin 
foelows the head with = 
shara kalfe 
= Cut around the fins. 


Separate the top 
of the skin from 

the flesh then peel the 

skin downwvard 

‘= You will need to use 

booth hans to get a 

good arip, and a fin, 

steady action, Ifthe 

fish is very large, 

you mayneed to 

slit the skin 


Remove the fish 
Avon the stake 
and break tsloackbone, 
‘When vou pull the 
head off, the guts will 
‘came avy with it 
= Removetal 
and fis, 


TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 
ADRIFT AT SEA 


USEFUL EQUIPMENT 
Litt liades state 1N1972, A FAMILY OF FIVE SURVIVED for 38 days adrift 


Water catchment devices : le Z 
Solar still/reverse-osmesis pump | in the Pacific Ocean. The Robertson family were 18 
Emergency Locator Beacon i ‘lina tri i 
ened Wierda months into a round-the-world sailing trip when their 
First-aid kit, sunscreen, sunglasses || 43 ft (13 m) wooden schooner Lucette sank. They 
heshligitann Pattee survived thanks to a combination of good seamanship, 


‘Map, compass, GPS: 


vival tin, busheraft knife improvisation, and good fortune. 
= Cellsatelte phone 
ws Pacha bhagrsaak The family set off from Falmouth, England, on January 27, 


1971—father Dougal at the helm, wife Lynn, and children Anne 

(who disembarked in the Bahamas), Douglas, and twins Neil and 
Sandy as crew-and safely navigated the Atlantic and Caribbean, On June 15, 1972, 
however, about 200 miles (220 km) west of the Galapagos, disaster struck—a pod 
of killer whales charged the boat, splintering the hull and holing her irreparably. 


With Lucette sinking meth and no at to ce ean "APOD OF KILLER 
a distress call, the crew launched their inflatable liferat 

and roped it to the boat's 10 ft (3 m) solid-hull dinghy, the WHALES CHARGED 
Ednamair, which they used as a towboat after improvising THE BOAT...HOLING 
a sail. Their supplies amounted to 2 gallons (10 liters) HER IRREPARABLY” 
of water, a bag of onions, oranges and lemons, vitamin- 

fortified bread, glucose, four fishing hooks, a fishing line, a first-aid kit, a kitchen knife, 
and eight signal flares. They sailed north toward the Doldrums to find rain, which they 
collected with the use of a tarpaulin, and caught fish, eating some of the meat raw and 
drying the rest in the sun to be stored as rations. 


After 16 days, the liferaft had deteriorated to such an extent that the family was forced 
to transfer to the dinghy, using the remnants of the raft as a canopy to provide shelter 
and aid in the collection of rainwater. They used! the wind ancl currents to sail northeast 
toward Central America, and built up sufficient rations over the next three weeks to 
provide energy for the extra exertion of rowing toward the coast. Luckily for them, 
there was ho need—their orcleal came to an end on July 23, when a Japanese fishing 
boat spotted a signal flare and picked them up. 


= Ifyou are in a group, try to help WHAT To DO 


any otherswho are in danger Get yourself out aft 
= Pregare for the possibilty of ‘ARE YOU IN DANGER? + Sinking vessal—Youneed water, 
abandoning ship, and try to steer location aids, and protection from 
closer to either land or known << NO YES => drowning and the elements 
shipping lanes Animals —Try not to spiash nthe 
= Delegate responsbilties mp ASSESS YOUR SITUATION water as this wil attract sharks 
‘Ensure lfejackets and iferafts ‘See pages 234-35 Injury —Siabilize condition and 
are ready for deployment -aprly frst aid 

iy for denloyr w pay Fist a 

DOES ANYONE KNOW YOU WILL BE 

ne one enews you ae missing “you are missed, arescue 


or here yu are, youl nee bo MISSING OR WHERE YON AED party ll almost certainly be 


tify people of your plight by any ‘ Pe ieetdocs 
rears atyour depacal << NO YES > 


> DO YOU HAVE ANY MEANS TF you have 2 cell pr sataliite phone, 
SE rod neo MEAS cg | Fieshensel a 
an Indefinite period—until you predicament, FF your situation is 


arelacated or youn help ‘serious enough tobe worthy of 
“& NO YES > samergancy rescue, andyeuhave a 
Personal Locator Beacon (PLE), you 


Abandon shipinacontrlled > — cawvousurvive | sald oonsaer tis ention 


‘manner and deploy all the eras 


Alwaystry to ator thelferatt dry WHERE YOU ARE? * 


LUse the resauelineto reach peocle 

é (ures the Principles of Surv 
In distress Follow the "immediate NO YES 
actions" instructions prints inside < > Fistection Location Wate: Food 


the feral 


€ 
Bo DO 


1 Deploy the drogue—this wll 1 Ensure that the rescue services 
lessen drifuna ate kept anare of your sisation 
‘= Tnventry al fod, wate, and 2nd updated with relevant 
‘auipment and start rationing inforration asthe situation dicta 
1 Prepare water 1 Frepare to abandon 
procurement dvies, such = . ship: pat ifackats and 
23 solar til and reverse DON'T DON'T suitableclething 
‘osmasis pups = Cut the pamter to the ‘= Neglect to take anti = Ensure you now how 
Protect yoursdtfom I vessel unt you know til seaacleess tablets to operate your survival 
theelerents—sun vind, nk as thevessl what ‘Vornting wil dehydrate you) equprrent ar that 

and salt spray people wl be locking for and the effacts ae vary sou hae are aids 
sfyouhavenoliferatt, | m Drink seawater under ddemetivating fo lecaton such a8 3 
then ddl togetherin a ny cirrnstancee-this 1 Forget to wear your ‘stl, aight, 
group wrth children inthe] ya only inovease your rate survival equipment grid plastic water bottle on 
center alone adoptthe Ice denydration ensure everyone knows your person 

HELE postion  Eatunlees youhae how to cperate it Clear the deck of 
Improvise fiotaton aids suffcient mater to digest he | | w Tytosecond-quessthe J lose abects and 
from anything that can food —fish is high inpreten rescuers whenthey vive, | Prepared drop sa 
Mloat or hald trapped air Yt and requires plenty of water Do eyactly asthey say, they J should rescue by 

ond examples are plastic | ipaigest ltwernhat hey redoing: | helcopterbe attempted 
bags, pasticbottes, and 1 Make an inventory and 
lnotied doting ration suppies 


“Na shy are aso taal alone tie 
seesteaaiprent we xeon aide you tare esas teasers 
ieee sourt dent ycucan toate ssi 

Stour sistent ir tyr teen to ty ake ds 
Sutin ry cata nse eae estate on Da 
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TRAPPING ANIMALS 
ALTHOUGH YOU SHOULD be prepared to take down oo 


sitting prey if you get the opportunity, trapping small pepe phan 
anials is easier than hunting thern—it requires less ‘hey areadytavea ere ends 

skill andl eneray and leaves you free to carry on with ‘Natural cordage can also be used, 
other tasks, One of the simplest traps is a snare. 


MAKING A SNARE 

Stainless steel snares of various strengths can be 
leought ready-made, with a running loop, or eye, at 
one endl and a securing loop at the other. However, 


most survival kits contain a length of single-strand \ ef woe aca 
brass wire that can be used to make a snare a 


Decide on the strength of snare you want (see panel, 
below) and double or quadruple the wire aonordina 

1 Passtthe strands around a stick, place it on the ground, 

then lagp the laose ends around a second stick. 

Rotate the second stie unt the strands have entwined, 

forming asingle, thick wire, Remove the sticks 


STRENGTHS OF SNARE 
‘The single-strand wire found in most 
survival kits isrt strong enough to hold 
most animals you would want to catch, 
‘You! need ta double or quadruple the 
strands by winding them together to 
inerease thelr strength 


igo fet ost | Wire foqned around 
ether stleaf whrete sBakaneroune 


‘ge Weft ir post nplee osiparet 

oe Soot oe ie eS aoe 
‘oped aroun te | errr ean 
oun KILLING A RABBIT beri 


“purfet* on 
Dro tae 


gre) Uns uke an expert, beating a rabbit Ey fk ts 


tea an ling ois egs can be cea ancl could esol in 
‘you schating i hin, casing itor pain The best tethod is 
‘o sie the rabbit on re back of theneck wh ald sti, ys 
voicing having topic up and ek bang hiten ov orate, 
‘The Evel lass ove mmeciaey when th ain is da, 


TWOSTRANDS — FOUR STRANDS 
Atwo-strand snare A fourstrand-snare 
‘wile sufficient to will be strong enough 
bear the weightofa  toholé onto an animal 
squirel-sized animal, the szeoT rabbit 


LOOK AND LISTEN 

Tobe successful at hunting and trapping, you need to 
decide whish types of animal you are going to try to 
Catch, To da that, you need to find out what. animals are 
in the vlsinity and where exantly they are to be found. 
Prey animals willuse their keen senses to avoid being 
caught —so you wil hage'ta use your senses to find 
them, Look for any signs of animals, oth on the ground 
andl in the trees. And use your ears—you may be able 
‘tohear an animal even when you cart see tt 


SIGNS TO LOOK OUT FOR: 
Rus, Walls, and tracks. 

= Drocpings 

= Chewed or rubbed vegetation 
1 Feeding ard watering areas 
-xLaits, dens, and resting sites 


Rinse ite oss paste pried 
end, or securing loop, through the perfect 
end, or runing loop. The running loop has no 
loase ends of wire soit won't snag in an animal's 
fur and prevent the noose fom tightening 


asitstrugales, Precckplis 
ws Usea singe crusicknet (seep, 210) tothe arse top 


thea length of cord to the securing loo 


Before setting the snare ether tury & nthe ground 
‘or a Few hours or pass it over a flame fora few 

seconds to remave any hurnan soert and dull its swface, 

1 Dortt waste snares alvays set them on runs you know 

the animals areusing and set asmany asyou ean 

= Use slicks to make a suport from which to suspend 

the snare ov bend saplings into an arch. 


ace the sugport 

Wie he wire its altan 

round these ce he 
anita 


4oanenvin 


Coveted topen archive | set te 


een 
Bono 
te grou 


the anoint growra 


TRAPPING ANTMALS 


SQUIRREL POLE 
Moke several tywo-strand snares with 
rnooses 3 in (8 om) in diameter and 
stake-ourt cords 6 in (30 em) in length, 
Place them around = lang poe, with the 
lowest 2ft (40 aan off the ground. IF 
‘you snare a squirrel, leave tas others 
vail come bo iivestinat, 

Cake the 


bark tool he 
snares peston 


ee pote 
‘aoe a 
ee 

sures 


‘Avoid disturting or treading onthe run, as the 
disturbance or your soent could alert the animal 

Camouflage the frame with vegetation, whieh you can 

also use ta funnel the animal taward the snare 

= Use natural vegetation, such 2s holy or other prickly 

shrubs, to form a funnel on either side of the save 

a The furriel helps ta ensure tat te animal 

has ne option but to pass through the snare, 


Braces ngewe extend 
cut om sna 


fn anne 
towarate seare 


es 
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WEAPONS AND TECHNIQUES 


A spear is the simplest weapan to make and use, but if you have 
the time and materials you can make mate complicated weapons, 
although they require more skill to use. Learning other basic 
techniques, such as catching insects, isalso invaluable when hunting 


THROWING STAR 


\with athrowing star youre four times more ikely to nt rey han 
wth a spear, and, if you dont succeed in wounding the animal with 
one ofthe sharp ends, the weight of the weapon wil at least stun it 
Keep it close at hand and ready to use, should the opportunity arise 


ut afore tn 


Find two stinks 2 in (5 om) thick 

and 18 in (45 cm Jong, Make 3 
square-cut joint in the center of each, 
then sharpen each end 


RODENT SKEWER 

4 forked spear canbe used to 
catch small mammals in their 
burrows, Thrust thepolnted 
snd into the hole, When 
you ca fee! the animal, 
‘ist the stick until 
you have snagged its 
Fur, then carefully 


pull out 
Usegiong 
seg 
se be 
Sewer 


Spt ane eet nto 
thes ten separate 
Bo ferk witha 
ples of won 


Tre shay pot 
‘used to nag 
the animals fr 


Wat ts 


«loin the sts together by 

cverlagping the Lwe square-cut 
joints and lashing them to each other 
‘with paracord oF natural cordage. 


SLINGSHOT 

A slingshot ean be used Lo kil snl 
animals. Cut astrong forked branch 
and make 2 notch in each fork. Take 
the rubber tubing fram your survival 
kit (see 9p, 60-61) and thread it 
{rough a pieve of leather or plastic 
Tie the ens of the tubing to the 
notehes Place a neabe in the pouch, 
stretch back the slin, and take aim 


ue ove 
ban 
ord 


Hate hanete 
about 601 
Bon) kg 


supose to 
(tor inure 
ote seed 
‘en! 


Youtcan exert more force 
if youre throwing fram 2 
standing position Aim for the 

animals eas 


NOOSE STICK 
You can use anoose stick Lo lasso 
lizards, slow-moving mammals, 
or roostiog birds, jerking the 
poleto tighten the noose 
around the animals neck. 
Use a wire or cordage 
snare (see pp, 216-17) 
When stalking prey, 
move slowly and 
very quietly 


Select ost 
strong enough 
fons, 
spout the 
nto weight 


ota te Soop 
Jape emu to 
Bower the 
‘staal ead 
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EASY PICKINGS _—_—_—_—_—_¥_‘ 


Anis are social insets, and mest species are aggressive in defense oftheir ANT CUISINE 

nest. They have a stinging bite and some species will also squit forrric acid at At lave are best fied —they taste 

‘their attacker, However, they make a nutritious meal if gathered with care. In ize shrienp. Adult arts also male a 

cumer mnths in northern temperate regicns, you can eat the lervae of wood tasty snarl —Hn Bago, Cob, 

ants. And, if you use the technique shown below, you can ‘movie theaters soll roasted leat cutter 
ant abdomens instead of popcorn. 


thoiorm to 
the protection 
oft shale 


Wear obses yu 
hove tam fopretoct 
your hands 
Place a Larnaulin in a sunny Op ere stean helen After a while, throw back the 
patch ned to the nest. Scoop close to the edge, then fold aver folded sides of the targaulin and 
the nest material ants, and larvae the sides to ereate shade, The ants ‘which look like 
into the middle of the taraaulin, will carry the larvae intothe shade, fat grains of white roe 


CATCHING INSECTS TERMITE FISHING NIGHT FLIERS 
Many fying insects can be eaten, ut Termites arefoundin therapies and | Nocturnal lying insects, such as maths 
catching them takes abt of ingenuity, subtropics. Some specieslive in vast are attracted tolight Stretch a white 


Ce eee Ree eeM ars cies ney | shat stay ances nd pahe 
ones eldastermdandscva fsfracn | bose ave oes bool wate Fara 
shove) a temies canteens terres | a fatlghioeind thesret secs wl 
ae ee ‘COTECETET| ill attadlet with their powerful jaws, | fhy inte the sheet and fall into the water 


ks tite 
thro wat 

tres ng 
homte 


Prnites 
tig tothe 
sein 
bet ws, 


recat 
ornare 
“hose tut 


Shine 
Iesect at 
imouto 


aroun 


ra 
iS 
Cut a long, thin, straight stick Remove the stick and serape off 
then eal unt erost, Fish tie aachodterrtes iio 


it slewiy into the termite hil container ready for fying or roasting 
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PREPARING SMALL MAMMALS 


PARASITES SUCH AS FLEAS and lice will leave the body once 
a warm-blooded animal is dead so, if your circumstances permit, 
leave the carcass to cool before preparing it for cooking, In a hot 
climate, place the body in the shack. However, dort let it get too 
cold, as skin is more easily removed when a body is wartn. 


RABBIT-SIZED MAMMALS 


The method shown here applies ta all furred mammals approximately 
the same size asa rabbit Before gutting the animal, remove any urine 
by hokiing the body by the forelegs and proaressively squeezing dawn 
from the chest toward the bowels, making sure that you direct the 
spray away from your avin body, Youll need to remove any scent 
glands, which are usually inside the forelegs or around the anus, in case 
the musk taints the meat (take particular care yhen handling a skunk) 


GUTTING 


No part of amammal carcass should be 
wasted If your camp is near water, keen 
the guts for fish batt, The offal shauld be 
removed carefully and eaten if healthy — 
discard ary organ thats pale or spotty, 
Liver isch in essential vitamins and 
minerals and needs litle cnoking Tt should 
be eaten as fresh as possible (removing the 
gall bladder froin the middle first). kidneys, 
Which in mast mammals are surrounded by 
fat, areal a valuable source of nutrition. 


Place the an inal on tslaack on clean 
aground, such as a bed of pine boughs, 
with its head pointing toward you, Cut a 
small hole in tts belly wt the point of your 
knife, taking care not to pierce the guts 


—s 


WARNING! 


Pall the skin apart at 
the cut and inserk a 


Fabien sy me but blr sh finger from each hand into 
loo fat and vilaminsso, your aek consists the opening. 

-onfiely of alt, your bly wil use ts ash 

\eamins anc minerab to dest the eat Prise open the belly 
‘Tres are ther last fom boy your to eynose the guts; 
fines ae ifrok planed, oullect cates remove them along with 
Selaeemiehai ave Fai | eteat er acess 
crore ral crales te condition worse ‘Wash your hands befor= 
‘yu il exenially de of starvation. You moving an ta skinning 

A Senet tie 

\egettion ad fatty vol, 


a! 


aN 


WARNING! 
Raihits fares, acd rodents may 
be fect with a bacera called 
‘oles, which ean ie fatto 
fumacs Do tt ese arias 
‘with yea fands if you fave 
sya on yoy she, Kym aver 
‘oes, cover your hands in soap 
{athe before handling te ania, 
an wash you hands when you 
eaves, Teves desyyed 
‘ay heat, so cook the meat well, 
yracrat sis, a vital cisease that 
ls rab’ mucaas glands, 
‘oot harmful to huenans, 


—— 


Proc yp the st 
afore ing 
vito ste 


SKINNING 


If you wish to keep the sin for use later tto make a pai of 
mittens, for example}, you should remave it as carefully as 
possible, You'l also need to cure it stretch the skin as tight 
a possible and leave it in the sun ot hang it lose to the 
heat of a freto dry. Rubbing wood ash inta the skin will 
help to speed up the process, 


okt the musce dawn 
patria ers 


Beginning a the belly separate the skin from Uhe 

muscle surrounding the gut cavity, Youll find that it 
pulls aeray quite easly ¥hen you have reached the back 
by one sid, repeat the process on bie other 


Hold the flesh away from the skin with one hand 
and pull the skin over the rear legs, ane ty one, The 

hindquarters are now free of skin and fur, except for the 

tall, which should be cut off and the scent olands removed 


HOW TO SKIN 
A SQUIRREL 
Squirrel flesh isterder 
and tasty One you have 
skinned the squirrel you 
can singly skewer ton 
aspit and roast it whole 
over a fre, Altematively, 
‘you can cut the meat inta 
pieces and make a stew. 
A large sauirel will feed 


‘two people, the middlecaf its bank, 


Gut the squirrel following the rmethod 
‘shown opnosite, Cut the skin around 
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GLOVE SKINNING 

The preferred survival method of skinring and 
gutting a yabbit-sized mammal isto suspend it by its 
rear legs from a strong branch as this keeps the 
animal off the dity ground 
1 If you have no knife 
tohand, sna off the 

lower part of a foreleg 
and.use the sharpedge sng na 
of the broken tone t> —aniraray 
cut the skin ‘teioge 
Gu the animal, then 

cut the skin around all 
four paws and between 


the ear eg, 
Tua the sch down 

toward the head, 
sityouwihiat tad 
the stinove ihe wees 
head, Otherwise yore wot peek 


just cut thehead off, 709 


Patti the bay 


Begrand 


Hold the animal ay the rear legs and pull the skin 
forward, easing out both forelegs, Pull the skin over 


‘the neck and then cut off the head. Wash the body to 
remove any traces of fu 


Tnsert two fingers under the skin on 
either side of the cut and pullthe 
the paws, then cut through the skin acrass two pieces apart and off the body. Wash 


off any traces of fur, 


22.2 | wareR ano Fo00_FIND AND PREPARE FoOD 


PREPARING LARGE MAMMALS 


ALL LARGE MAMMALS are edible, but you must not eat the 
livers of polar bears or bearded seals as they contain toxic levels 
of vitarnin 8. Wiki game is sornetimes infected with roundworm 
larvae and, if you eat the meat raw or undercooked, it will infect 
you with parasites, so always cook all wild game thoroughly. 


PREPARING THE KILL 


Lifting large animals, such as deer, uses energy so, if you're alone, prepare 
the carcass on the ground. However, f youre ina group and circurnstances 
permit, it best to suspend the anirral by its hocks (the tarsal joints ofits 
hind leas} from a branch as it will bleed better and will be easier to skin 


WARNING! 
Apgeoach all came with caution, 
See 
ane mi ed arias are 
exiremely dangerous. To check, 
aun ee the fip of along 
stk (ore maze fa gir). Een 
tthe animal is unconscious tl 
iin Saline Abas ki, ct, 
and butcher gaat fhe site ot 
‘eal. You dete ant he sel 
of fresh bod to afta precators 
‘ staveoeesto youg camp. 


and! qut, If you cartt find a suitable tree from whieh to hang it, build frame \ J 


BLEEDING ‘SKINNING 


Bleeding is essential to preserve the meat and stops it _If you wish tapreservethe ns, islactter to Lae the skin aff 
from tasting too gamy. It al helgs to oval the carcass, before gutting, Cut the belly kin from thrcat ta tal, cutting 
Slit the animats throat fram ear to €ay and let the blood around the genitals, Cut along each leq fram above the foot 

drain out, Bhood isrich in vitzmins and minerals including to the belly. Pul the hide off the carcass, severing connective 


salt, 50, if you'e able to, colect it in a container to use tissue as necessary. If youte skinning on the ground and 
later n'a stew. Cover the container to protect the blood you dortt went to keea the hide, you can use it to protect 
from flies and ta keep ft coo! ‘the meat—remove it fully only ater jointing is earnplete 


Liskin cea of 
‘guteqity ard 
ae eifeut 

owe fingers 


Gut extendsup eas 
togentog 


ON THE GROUND 
Position the arial on its 
back of a ope with its 

head pointing downward 


Stopthe carcass frm fannaee 
vaing by pacing boulder ‘nto mon 


log by each shaulder forging 


tte ote 
Shaye age 
autor 


Gat sk dows 
‘aaron 


ental cut extends 
eppely io neck 


Se symmetry (rab) 
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Abstract: The numerous and diverse applications of the Internet of Things (IoT) have the potential 
to change all areas of daily life of individuals, businesses, and society as a whole. The vision of a 
pervasive IoT spans a wide range of application domains and addresses the enabling technologies 
needed to meet the performance requirements of various loT applications. In order to accomplish 
this vision, this paper aims to provide an analysis of literature in order to propose a new classification 
of IoT applications, specify and prioritize performance requirements of such IoT application classes, 
and give an insight into state-of-the-art technologies used to meet these requirements, all ftom 
telco’s perspective. A deep and comprehensive understanding of the scope and classification of loT 
applications is an essential precondition for determining their performance requirements with the 
overall goal of defining the enabling technologies towards fifth generation (5G) networks, while 
avoiding over-specification and high costs. Given the fact that this paper presents an overview of 
current research for the given topic, it also targets the research community and other stakeholders 
interested in this contemporary and attractive field for the purpose of recognizing research gaps and 
recommending new research directions. 


Keywords: 5G mobile communication; Internet of Things; applications classification; performance 
requirements; enabling technologies 


1. Introduction 


‘Telecom operators (telcos) had the most power and influence over business in the information 
and communication technology (ICT) industry during past decades. This dominance was the result 
of owning and provisioning communication infrastructures which nowadays have become more 
of a commodity than a luxury. Telco’s revenue streams were mainly based on the provisioning of 
traditional services, such as voice calls and short message services (SMS). Recent work of regulatory 
agencies and the appearance of alternative service providers have led telecom operators to form the 
opinion that alternative service providers have conflicting interests and provide competitive services, 
thus decreasing telco’s revenue from traditional services [1]. However, the latest econometric analysis, 
presented in [2] has shown that telecom operators and alternative service providers have aligned 
interests and their collaboration could be favorable to both parties. The interests of alternative service 
providers and telcos are not inevitably conflicting, since the economic growth of the alternative service 
providers are positively correlated with telco revenues and vice versa. 

‘The development of a digital society has changed the traditional value chain and introduced 
new issues for telcos as they seek a way how to monetize new digital services [3]. These services 
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GUTTING 

The method shown here is for autting a carcass on its 
back, Wher finished, inggect the hear | wer, and kidneys 
for signs of warms or other parasites and, i the organs 
are heatiny, keep them to eat, Ifthe liver fs scotted, a sign 
of disease, discard all internal organs and bol the m eat 


‘To avoid piercing the 
internal argars, pinch 

up the abdomen e2” the 

breastbone and make an 

incision big enough to 

insert two fingers 

* Use your fingers to guide 

the knife, cutting toward, 

then around, the anus with 

the sharp blade-edge upward, 


Sica tanh the 
ruses covering 
the tecstoore 


Using 4 5244 if you 
have ons, cut through 

the outer muscle and the 

breastbone to opan up 

the chest eaity 


Using the krife, slice 
through the digahr om 
muscle, whieh separates 
the chest cavity from the 
aut cavity, getting as close 
to the spine as you can 
Remove the ler, taking care 
rot to cut the gall bladder in 


the center 
peal ver 
dgrerac eerie 


Reach upthvoush thee 
thechesteavity tafe 


at organs 
sr outthe windpise hie ths 
and esophagus Hold ates 
tha winonetand and 
pullout al the internal 
organs as one unt 

1 Cheek thet the anus 
isclear of feces, pushing 
2 hand through if you 
can't see daylight 


—— 7 


KEEP THE GUTS 
Ir yout able tocar the, fake the guts eeaodunive 
rans, and lands back your can a sald contin 
‘You ca use thea ashi rapes or for fishing Keap the 
fal tha orm inkstines or ening, 
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JOINTING 


Lange game should be cut into manageable pieces that 
can be carried back lo camp, Boning the meat helps to 
reciuce the weight, Bag ar wraa the meat as yau rem owe 
it to keep it clean and free of fles, and keep it in the 
shade in hot climates, How a carcass is divided part y 
deneids on the spacias, out the hindouarters cortin 
the steaks and the best cuts 


eck and chest moat 
agua fo stenting 


Flt sak 
themectteier 
extofmeat 


12g mini itouge 
and soul ecabed 


tts ave best ‘ant soled sowy 


Slow roasted 


von onstew IB cx on roast 


USES FOR HIDES 


keen the skin if you can, When dried, its fight and 
can be used as a blanket, or it can bemade into an 

item of elotning. Hide is one of the lest materials for 
loshes. Sinew aisn makes good covdage (see p. 140) 


TANNING THE HIDE 
The best way to clean askin sto atvetch it on a Fame and 
‘then carefilly scrape off thefat and any remaining scraps 
of flesh, using flit or apiece ofbone, Every mammal, 
‘withthe excaotion of buffale, has enough brain matter 
foruseln tanning its onn hide, Mash thebrans well in 
swarin water, then apply the mixture tothe halrless side 
ofthe skin and leawe ft to dry Tor 24 hours. 


Stretch 
Ge skthas 
pnd 
possi 


ae the 


ots for the 
‘avd away 
from the 
ees of 
tein 


2 


2. 
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PREPARING OTHER ANIMALS 


ALL TYPES OF ANIMAL should be considered when 
searching for your next meal, Invertebrates are far more 
plentiful and widespread than other animals, and take less 
energy to gather and prepare. Reptiles and amphibians 
can also provide a vital source of nutrition, 


EATING FOR SURVIVAL 

The thought of eating grubs or grasshoppers might not anpeal, but 
experirentation is vital na survival situation—dor't forget that in 
some cultures such creatures are highly prized, if prepared properly. 
However, some animals are less palatable than athers, in which 


Gama 


SLUGS, SNAILS, AND WORMS 
Sigs shoul be avoes as they often feed 
on poisneous angi. To prepare small eee 
stars thet fed them sas fed Sach as 
‘wi cic fe 24 fous to nur thei ants 
‘befite cocking Ether bod tm in water or 
hace them tthe sells in fot embers unl 
tive ices bubble ove Ai all marine sis 
anid any tertestdal shall with a righty 
colored shells hey maybe tv. All 
ainwoemnsare tile Place hem in ally 
water nl hay are purge then il, 
‘though hey canbe ean a fnanesany, 


case you should chop them finely and add to a stew, 


EDIBLE INSECTS 

Insects are mostly protein and make 
good emergeny food, Avoid any hairy 
or rightly colored insects or those that 
fit afoul smell eluding larvae 

‘As ageneral rule avoid adults that 
sting oF bite tut ants and honey 

bees can be eaten if collected carefully 
[Most insects, except those with afar 
varapace, ie oeees can be ele Fa 


HOPPING INSECTS 
Braschoppors and crickets have argeleg 
muscles, and most ae quite tasty when 
‘cooked (avoid brightly colored ane. 
Remove the antennas, ina, and lea 
spurs, and roast te kill any parasites, 


WITCHETTY GRUBS 
Witchetty grubs are a highly nutritious 
Australian bush delicacy. They can be 
eaten raw but, if roasted quickly inhot 
ashes they taste of scrambled eons 
Treat palm grabs in the same vay, 


ae Pod 


Uta 


Large, white goats hi 
“proleth andcakiam 


AMPHIBIANS AND REPTILES. 

Al) Frogs in the Rana genus (sep, 292-93) are edinle, Skin and then 
bool oF roast them, The best, mast meaty part isthe hind legs. Dorit 
handle or eat loads or brightly colored Iropica frags as many have highly 
toxic kin seeretions, Lizards and snakes are a good source of pratein, 
They must be skinned and gutted, then either roasted on a stick f small, 
oF cit nto small pieces and bailed, All snake flesh is edlole—and tastes 
lice chieken—anart from the head, which must be removed. 


Hold the dead snake 
firmly chind the head 

and cut it off about 6 in 

(25 ean) dawn the body. 


Bury te head 
Fira sate 


tenormaas _—. 


tienen 
knife and remove the entrails, 
and ather organs. Either thraw 
them away or keep as bail, 


Sie aot 
Len eDon) 
ong bel 


The snake lt too 
(bg he sk wt come 
offi one alece 


Peel the skin back, then grasp 
the body in one hand and the 
skin in the other and pull it ff 


PREPARING A CRAB 


‘Avoid their strong claws tte thera up i you cam, Tp kl @ era, lunge tin 
toiling water or sta it through the eye Sookel or te orifice unde the shell 


‘lap on the body. Cook the eb for about 15 minutes, 


ser sie 
‘etvese 
theeyes 
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Stomach sa ate 


Place the cooked erab on its ven the shell by inserting the Reiave and ciscard any aren 
back then twist off ts legs and paint of your knife between the matter and the lungs, gil, and 
the claws, They all contain edisle two halves and twisting it. Lifkback stomach as they'e all poisonous, 


meat, so crack them open with a rack, thelower shel 


‘SHELLFISH 


Shellfish oan be found in streams and on lake and sea 
shores Dont collect mavine sheltich that are not covered 
at high tide or are near any source of poltion. Shelfish 
rust be alive when you collect them—bivalves, such 

2 mussels will close their shell iF you tap them, and 
tunivaives such 2s lin cets, wil cling tightly to their 

rock —and you must cook and eat them immediately. 


HOW TO SHUCK AN OYSTER 


Oysters are rich invitarins and mineral, To eat an oyster raw, 
first open its shall oy inserting a blunt eifainto the hinge at the 
thicker more pointed ond of the oyster and twisting, However, in 
a survival stuation, clay safe and boll oysters in thar shells for 
five minutes after their shells open, Do nat eat ary whose shes 
oot oper during cooking, 


Hepda with caro 
‘eel ca 
oer shiv 


Tete 
fry tact 
ect folang 
‘haliclsed 


Scoop the meat out of the shell 


wee) iene anni 
sommes 
mussel, ics fou 
ne kfm tt 


inte 


a ne ania 


SHRIMPS, CRABS, AND LOBSTERS 
Sinall crustaceans, such as shrimgs and craw sh should be 
‘cocked inbaling water for five minutes, Larger crustaceans, 
such as some crabs and lobsters, shauld be ballad for upto 
20 inutes, A tasty alternative to boling shrimps or prays 
is to roast them on skewers made of green wood, placed in 
the embers af a fre, 


Shell tase 


before eating 


“Stowers stuck in 


the grunt at 
‘ngtecver be 
‘otombore 
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CATCHING BIRDS 


BIRDS CAN BE TRAPPED in a variety of ways—in 
snares, nets, tunnels, or cages—and they can be hunted 
with noose sticks or any projectile weapon, The trick is 
to observe their behavior ancl to match your technique— 
and bait—to the bird, You need to discover their regular 
roosts, feeding spots, and flight paths. 


— 


WARNING! 
Fags ave ayo ol partial from 
ora ese, athnogk aul fora, 
‘will attack you if you try, Howeweg, taking eggs 
‘ron nests is legal in mary courttries anid 
should ony be ne abla necessary. 


FIGURE-4 CAGE TRAP 

This trap enables you ta eateh ground: 
feeding birds (or raabit-siaed mamma) 
without kiling or weunding them, so 
yeu can chaose when you want to kil 
‘them and eal the meat fresh, The 
‘Figure 4” isthe trigger that's used 
to drop the cage aver the animal 


MAKING THE TRIGGER 
Ta construct the Figure 4 tigger you necd 
‘ty make three notched stces (bart sic, 
upright stic, and release stick) and then 
lnk trem together as shown below: 


Upright stick are bat 
_stii logater wth 
gure cu ates 


Saeco, 
ee By Boles stk 
Etched at 
Sonor to 


‘lve an 


Bint wit pack a alt, 
selling the taner 


alt stk ola: 
aie end of 
aoase sok 


MAKING THE CAGE 
Create a pyramid of sites by placing 
progressively shorter sticks across longer 
slice and ashing them touether atthe 
ids, Balance the cage over the bat. 


ON THE GROUND 


Gamebirds, such as quail, and inquisitive scavengers, such as 
crows, can be lured into traps if you use the right bait. Migratory 
waterfowl such as ducks and geese, molt in the late summer, 
wich means they are easier to catch as they can't fly away, 


WALICIN TUNNEL TRAP 

‘A tunnel trap can be used to each gametirds, which have stiff feathers 
that lie in one direction and bend only wth ofiully, As a bid tries to 
retreat from the traa, ts Feathers wil became wedged in the tunnel walls, 
= Dig a neer-horizontal funniel-shajpad tunnel close to the ground, 

= Lay 24a of bait (Seed of iervies) leading tothe rear of the tunnel 

= 4s tt eaisthe bail he bid wl move deeper into the tunnel ard wil 

be unable ta back out 


int os ome 10 Fsitubinavieetan? 


a 


Hole ote bythe tot 
nd tub around your 
‘oad. almig are 


ON THE WING 


‘Affine net stretched between two 
trees across a flight path is an 
effective method of catching birdsin ‘ag. 
ight. Throwing a bola requires more 

skill, and works by entangling the ag 
bird in the spinning ropes 


MAKING A BOLA 

To make aloo, use an overhand 
kal (seep. 143) to Lie tree 

24 C-m) lengths af cord 
together about 3 n @ am) 

fram one end, Find three rocks 
weighing about 7 02 (200 9}, wrap 
each one apiece of ebth, and te 
it up with the free end af 2 card 


Folease who 
bofaas gate 
‘ftont 
voineatin 


ON THE NEST 


Birds are creatures of habit and will usually roast in the same 
place every niaft, such as in the branches of a tree as protection 
against ground predators They rarely move once its dark, Mary 
birdsare more accessible when breeding as, once you've located 
the nest you'l always know where to find them, However, you 
should only take nesting birds in a genuine survival situation, 


MAKING A SNARE STICK 

A share stk is used ta trap birds roosting in trees, Remove allied 
conceit has been snared, as is squawkcng and fluttering will alert 
other birds to the danger and scave them off 

1 Make several single-strand svates (see tp. 216-27) with a loop 
tliameter of about 1-2 in (2.5-5 ein, depending on the sizeof the bird 
* Plage thern close together akong a stick, making notches inthe stick 
‘to hald them in positon with the joops uppermost, 

1 Tiethe stick on top of a branch where you have seen birds roosting 


Sngrecatchesticie when 
they try to landonararch 


BOUGH FENCE TRAP 


Tis iethod i used to trap ducks, which ten ga ashore during the day 
to sun themselves, or at night. to roost. They tend to favor smal islands as 


protestion against predators, 
= Cut several saplings and make double-stranded snares (see p, 216), 
1 Place the boughs a few feet from the water's edge, and bend them 
into a series of aver lapping hoops to form a fence around the sland 


© Tf you only have a few snares, place Unem over the ducks’ inward and 
‘outward tracks. Placing logs between the snares will then force the birds 


to pass through the hoops in order to get onto the island. 
1 Suspend a snare from the certer of each bo 


Leop ofsrere 
Tova the 
ooun 
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PHEASANT POLE 


Pheasants roost in trees at night, 
usually returning to the same branch, 
and they won't leave once it's darks 
Tosnara asieeping pheasant, her fotor 
raise thepols up in frant af | ship paper 
it The bird wil wake and 
‘neokat the foil. As its 
head goes through the. 
loop, Full ie pordage 
and the snare will close 
around the birds neak, 
Leche snare lop otha 
Poktth someting tat 
wiltreak acy 
Lonhpatsten 
‘oa fort ele 


Attach corde fo 
‘rare wire 


TO MAKE THE POLE 
Cut long forked pole Tle a 
sticcin the ¥ of te ferc and 
attach apiece of siver fol Lo 
it, Wealdy lash the loop of a 
snare tothe for then run a 
length of eondage down te 
pole from tre sare ire 


op castor 
Jegparonimataly 
2intbens 


Bossa 
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PREPARING BIRDS 
GAMEBIRDS AND WATERFOWL are the most commonly 


eaten wild birds, but all birds are edible if prepared correctly. eee ae ars 
Skinning a bird is the quickest way to getat the meat, but this gatas suth a erows buzzard, 
removes the nutritional value of the skin, so always pluck a and vultures as ithe as posse 

because they are more Bely to 
bid if you have the time to do so. beinfested with ice and ticks, 

and are prone to infection, 

*= The meat of uch birds must 
GETTING STARTED be boil fora least 30 minutes 
If the bird hasr't already been killed by the method of capture youll {ol any infectious organisms: 
need to dispatch it—for example, by stretching its neck and cutting Late i 
its throat (for the best way to kill yamebirds, see below). Whichever < eee! bands after 


method you use to kl the bird, you must bleed it before plucking, 
but make sure you pluck it while the body is still warm —— 


PLUCKING A BIRD 

Its not essential, but scalding a bitd ina bucket of hot (not boiling) 
KILLING GAMEBIRDS ‘water for a couple of minutes usually helps to loosen the feathers; the 
To quickly and humanely dispatch exceptions are waterfowl and seabirds—their feathers wil tighten 
4 gamebird, such as a pheasant, instead. Be careful not to overscald the bird or the skin will start to cook, 


fold its wings into the body and 
hold it under your arn, Cover its 


head with your jacket to calm it 
down (this also reduces the chances pone 
‘of you being injured by its claws or joao 


bala, Stil holding the bird firmly, 
take a 2 (60 cin long thick stick 
and place it on the ground. Put the 
bird's head underneath the stick 
place your feet on the stick either 
side ofthe head, and pull the bird 
up sharply by the kegs—the bird's 


head will come off. 
POACHER’S METHOD 
“The paces way toque ot 
the meat fom a dead pheasant that 
hast been decanitted isto lace 
it fae don the gourd with ts Lay the bird on its back, take a 
head toward you put afoot on each few breast feathers between your 
‘wing tke hl of the es, an pl finger and thumb, and beain to pluck. 
up sharply This maton vl er the 1 Tug sharply pulling the feathers away 
{egs and breast meat away from the from the direction in whiich they lie. 
rest oftheir Give a sia fick 
ely Dorit try to phick too many feathers at once or yout 
es eee tear the skin. Work your way steady around the 


‘ont and back unt you've picked the whole bod. 
IMAC 1 Keep the feathers (unless the bird is a scavenger, see 


ee box, above) to use fr tinder, insulation, or fishing lures, 


OPTIONAL EXTRAS 


Keen the evop (esophagus) contents of a gamebird—you 
tan use the seeds and berries as tat ta catch other 
birds Ifthe bird is female and has eggs inthe oviduct, 
ego them ancl eat them, You should also eat the heart 
and the liver IF they are in goed condition; discard them 
if they look old or spotty, or show signs of parasites, 


ver eae er ispsy, 
oan auldortved 
20. treater 


OLD LIVER ‘YOUNG, HEACTHY LIVER 


Pluck the legs in the sarne way, then turn to the 
‘wings, Locate the elbows and cut aff the lower 

wings at this joint, Pluck the upper wings, 

1 If the birds head is still attached, cut tof as close 

as possible to the body, 


Place fe 
Blade joint 


To vemove the feet, find the ankle, insert the blade 
of asharp lof into the jint, and press down hard. 

1 If youre dealing with a large tied, sich as a turkey hit 

the back ofthe knife witha thick stk for extra force 
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DRAWING METHODS 


The usual way to remove the offal from a bird (known 
25 ‘drawing’ isto take the crop (esophagus) out of 
the iesk end and the rest of the offal ut of the rear 
end. The survival method is to make a tut from the 
‘tntoat to the tall witha sharp knife, reach in, and pul 
cut all the offal see below) Should you find yourself 
without a knife, you ean still butcher a bird by pulling 
the skin agart wth your fingers andl working your 
‘way up the breast to the neck, The offal can be 
enioved by ripsing open the kin over the belly 


Botte iframe 
root fs Geta 


Hold the bird in one hand, breast upward! and 
with itsrearend toward you Insert the point 
of a sharp knife into the throat, 
* Make a single incision down toward the tall, being 
caveful to nat pieroe the guts 


seep petite ofat 
such ast guts 10 
ge asbatt fey fain 


React into the gut cavity and pullout the offal, 
taking care not to break any eggs, Keep the liver 

and heart if healthy (Se8 above lett). 

= Wash the bird clean with cold water and wash your 

hands thovoughiy before further handling, 
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EMERGENCY 


been rescu 


ed. 


s is on yo 
3t be able to make cor 


redicament you 
of rescue bec 
the only 
es the decision will s the outcome, and T 

ands. There may be be embarrassed 

nnot achieve and alive than eventually found dead! 

y lost; ing people 
will at 
wondering why you 
ly, taking the best 


In this chapter COX.) Si 


how to recognize the enemies of survival... 


s you will be 
to unde 


self- 


your 
sons why you 
e: you could be 


have someo 
are not back yet. E 


when to set fire to a log cabin... 

that tinsel isn’t just for Christmas... 

what to do if a hippo yawns... 

that you should go with the flow in an avalanche... 
how to inflate your pants... 
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are diversified actoss various domains of industry, such as agriculture, construction, utilities, 
transportation, healthcare, finance, etc., and delivered to customers through connected devices building 
thereby the concept of Internet of Things (IoT). 

IoT can be defined as an interconnected network of things /objects that are able to interact with 
each other and cooperate with other things /objects through wireless and wired connections in order 
to create new services /applications for the benefit of society. In this way, loT brings almost limitless 
benefit's, which have the potential to radically change our daily life by saving time and resources 
while creating possibilities for growth and innovation [1]. IoT has disruptive potential in almost every 
application domain, which has created many challenges that need to be faced when implementing 
IoT-based solutions, such as prevailing over obstacles generated by the fragmentation of IoT, both in 
terms of application domains and in terms of technologies. Therefore, recognizing all potential loT 
applications while having in mind the development of technology and the requirements of individuals, 
businesses, and society as a whole is quite challenging. 

Teleos now have the opportunity to seize a share of the value that is generated by loT 
implementation. The size of this share will depend on telco’s role in the value chain that ranges 
from being a traditional provider of communication infrastructure to being an end-to-end solution 
provider [3]. In order to monetize IoT, telcos will have to address many challenges which can be 
summarized as follows: (1) strategic challenges relating to decisions on future directions; (2) business 
challenges relating to successful management, investment, partnerships; and (3) technical challenges 
relating to changing connectivity and performance requirements. This paper focuses on the technical 
challenges since connectivity and performance requirements of loT objects /things cannot be fulfilled 
using existing cellular networks that limit numerous loT applications. In order to overcome issues 
associated with the current cellular networks, new types of technologies are being introduced leading 
towards the fifth generation (5G) network [5-7] 

The architecture of the 5G network has to seamlessly integrate the requirements of diverse 
IoT applications: from delay-sensitive video applications to ultra-low latency, from high-speed 
entertainment applications in a vehicle to mobility on demand for connected objects and from best 
effort applications to reliable and ultra-reliable ones for health and safety [8]. A full understanding of 
emerging IoT applications and the variability of their performance requirements can serve telecom 
operators as input for specifying 5G enabling technologies. These technologies should be flexible 
and scalable to meet the aforementioned requirements. Since loT applications sometimes demand 
extreme requirements, the 5G network must simultaneously satisfy all of them, which can lead to 
over-specification and high cost. In order to avoid this, telecom operators first have to adequately 
classify loT applications to facilitate the selection of 5G enabling technologies being capable to 
efficiently meet their performance requirements. 

‘The 5G classification concept includes three different service classes [9], ie., (1) extreme mobile 
broadband (xMBB); (2) massive machine-type communications (mMTC); and (3) ultra-reliable 
machine-type communications (uMTC). Nevertheless, this classification concept can be considered 
insufficient to properly select 5G enabling technologies to meet the diverse requirements of oT 
applications. Furthermore, it will be challenging to classify the emerging loT applications given that, 
there is many criteria for their categorization. The definition of the loT domain in many cases overlaps 
with the definition of loT application, which may at the same time belong to another loT domain, 
For example, Smart Buildings may either be considered asa standalone IoT application or as an element 
needed to form a Smart City application domain. loT applications are usually classified according to 
spheres of human life [4,112] or performance requirements [9,13-15]. However, these classifications 
are not suitable for telecom operators which have to fulfil the performance requirements of particular 
IoT applications, since it is difficult to choose the most important one from a class containing a wide 
range of loT applications 

Telecom operators can easily specify performance requirements for current communication 
services since traffic patterns generated by these services are driven by predictable activities, such as 
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SKYSTREME is a silver, 
which weighs zZ 

toa small and conv 
four tasks in a surv 
Location aid The kite is 
ts wedge shape means it can lift of 
ground unaided in 4 mph (6 kph) winds, 

The 165 ft (60 m) of line attached to the kite 
this much cordage is invaluable in itsetf) alk 
e levels and reflect sunlic 


location aids for your environment and 

knowing how best to use them will 

increase the chances of you being found. 
In many survival situations, a major 


decision will be whether you remain 

- sae t can be seen by the naked eye at a distance 
where you are or move toa acter 
that offers a better chance o At Hight: you cant hanya aml RaBHlght oF 
rescue, or both, There are numerous ightstick underneath the kite to aid visibility 
factors that will dictate The metallic surface reflects vada i 
option but, in general, it’s always b by aircraft at a distan 

JK Royal Marine on a polar crc 


to stay where you! are. It's all too easy 


to make a rash decision and attempt Sky 


support airc 


reme behind his sled so thal 
ft. could find and track him, 


to walk out of a situation only to put Emergency first aid splint ac 

yourself in even greater danger. be ted around a broken or sprained limb 
Thermal vest The kite can be inflated and 
out inside clothing 2 body warmer. 


Water storage Instead of being inflated 
hair, the kite can be used and 


val 5 
OO You are not a survivor until 
you have heen rescued jy) 
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ASSESSING YOUR SITUATION 


ONCE YOU'RE OUT of immediate danger, assess your 
situation and plan accordingly. At this initial stage, it's 
crucial to think clearly—the decisions you make now could 
mean the difference between life and death, In most cases, 
remaining where you are is the preferred option, but no 
‘two situations are ever the same: the circumstances, 
environment, conditions, and you—the individuual—all 
have a major impact on what can and cannot be achieved 


THE STRATEGY FOR STAYING ALIVE 


Ian emergency situation, think of the four priorities of survival: 
protection, location, water, and food. Your situation will determine 
Which is the most important. In most cases, as long as youre in 10 
further danger from injury or the elements, you should focus your 
efforts on establishing a safe location and getting yourself rescued. 
The strategy for staying alive, known by the acronym SURVIVAL 
(see below), gives you a framework to use and helps you remember 
‘what you need to do to remain alive and get rescued. 


— 


‘THE RULE OF THREES 

‘Acommon understanding among those 
conoenel wth survivals that various key 
time ints havea naerzal vale inked to 
‘tne number tree. Remembering the "ule 
of trees ca Help yu focus your decison 
‘aking, particularly i you ae injured at 
risk of further injury, orn inmate 
lange from the elements. In most: cases: 
= Three seconds is the psychological 
reaction time for making a decision 

= Three nimates is elena of tne 
your brain can do without oxygen 

before it sufersierearable damage. 

«= Three hoursis the crtal tne you can 
survive unprotected in extreme climates, 

= Three daysis the approximate length 
oftime you car Ie without water 

= Three weeks isthe oproxiate 

ent ofime you can ie without fod. 


‘SIZE UP YOUR SITUATION USE ALL YOUR SENSES REMEMBER WHERE YOU ARE VANQUISH FEAR 
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sharetadsandrespnsbiies, do. apartéular statin) odo and wha toga next ocouteract hen and 
futrementertatevyonewil ttc they automat aly prevent then frommaking 
beatforedty the crvaqunces dowhat het mr andy ‘yourstuatin wars, 
ofyour dei. ‘wltemtoda, 

+ Yeursrundhs: ery = liar hashappened, ‘= Knooingyourpreche eatin» ancl fearand 
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survival tution Samecne wil in you 
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survival sonsesandoutfelngs, whan yotedue back 


andlearn act them when 
they send you warnng sina 
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THE ENEMIES OF SURVIVAL 

Tha survival situation, there are seven factors, known 
asthe enemies of survival,’ that can work against 
‘you Tn many cases, you can deal with them by knowing 
‘what they are and understanding their effects, One way 
to memorize these is by using a mnemonic such as. 
"Be Prepared To Face These Hostile Factors’, 


BOREDOM AND LONELINESS 
‘Whan boredom sets in, you became inactive and lase the ability 
tadeal with your situation effectively, sa you need to hep busy 
Loneliness makes you overwhelmed by what yau need to achieve, 
leacing toa feeling af helplessness. 


PAIN 

If your Injured, don’t onore the pain. Attend to.a minor injury, 
26 could grow Into a major problem that could impair your 
bly ta survive. postive mental attitude coupled with keeping 
busy helps to distract the mind fram pai. 


THIRST 
“Thirst is nat a goad indicator af the body's need for water. Your 
badly ean be dehydrated before you feel thirsty Stay ahead af 
dehiydration, rather than have to deal witht Prioritize your 
need for water in away thal'srelevant to your environment. 


Improvise VALUE LIVING AND LIFE 

Thetueskilolasivior sis» Some pele what traning 
understand whtSrenuedand ad equipment hve sured 
imrovsesohtons a patiuar ——_theret honendeussiuation: 
frie, Doha he sil Ini cas hs as spy 
andkncwdge to sepyburset beast thayhad the wilt ne 
abe an acandtion tobe ad left ul 
proactive our own rescue? 
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FATIGUE 

Tiresiness leads to mistakes that at best, cause frustration and, 
at worst, may result n jury ordeath. In a survival situation, 
its unlikely that youll replace the eneray you use eFfectvely, so 
everything becomes harder to achieve Never underestimate the 
impartance af quality rest to yur physical and mental wellbeing, 


TEMPERATURE 

‘Temperature lea mejor factor in any survival situation an itll 
te affected by wind rain, and hums. You should dress to sult 
theenvironmant youl nan! be aware of the signs and symtoms 
of temperature-alated ures such as dehydration, hypothermia, 
heat stress and heat stoke (see pp. 272-73). 


HUNGER 
‘a short-term survival situation (ne to five days), procuring 
fads nota hh priority. You can offset your reduced eneray 
an! stamina levels by crnking water and pacing yourself 0 
you work withi your mits, However, take every opportunity 
to procure fod without expending enéray 


FEAR 
Fear is one of cur body's greatest survival tals, asitean 
stimulate you, so that you're ready ta act—however, it can also 
debilitate Fear t= good aslong.as you have control over it, and 
the key to.controling fear in a survival situation fs knowledge. 


ACT LIKE THE LOCALS 


‘LEARN BASIC SKILLS 
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ATTRACTING RESCUERS 


TO BE A SURVIVOR you need to rescue your self or be rescued by 
others. If you can’t rescue yourself—perhaps youre injured, completely sa:rme » 
lost, or trapped by bad weather—you must attract attention with Beteenay 
location aids that you've either brought with you or have improvised 


AIDS TO LOCATION dig 


Location aids can save your life, so make sure you sn 'gucsttnay 
know how ta use them effectively, A helicopter ical 
oma search pattern may make only one pass over 
anarea before moving on, so youl only have a 
few minutes to act decisively. 


COMMUNICATING WITH SATELLITES 


\When activated, 2 Personal Locator Beacon (PLB) transi ts 
2 radio distress signal to two complementary satelite 


systems called LEOSAR and GEOSAR, Touether, these Asctoite 
form the*COSPAS-SARSAT” gystern, The signal is east 


then relayed to a rescue coordination center closest 
to thebsearon’s cation, PLBs mainly use 406Mhe; 
the military also use 2435Mhz ard 252.8hha, 


——_—_—_—_— 


ATTRACTING ATTENTION 

‘When out in sora stuatog, you reel 
‘eam yr tional inte bet ay 
possible There are these main petcphes for 
attracting attention: 

v= Attracts ick ayslace that maximizes your 
chances of atteactny attention sig yr 
Aocaticn ais sack as open oe high gana, 


Plage your aids eavetlly so they can be 
clotenta from as wie an areas possible ‘Emergency Peston Inacio 
‘The more obvinas the sgl the bette ‘Bers EPPEBS rece 58 


ss Hold yi eto hoki he alten of 
eeseuens fy maintaining he signal uly 
indcal= they've seen you Ty lo sand sone 
cial niotatin (Ihe type of assists 
‘you require oF the numiner of survivors ard 
‘bee cnet, for example) via a May 
Day, of Help message [see pp, 237-40). 

+ Directs recess of wich bation ats 
‘yous, oe esses have been alerted, 
dloall you santo cist them tn your gent 
Jocaton, you havewoie camenaiealon, 
clicoct then to your pexition. H'yoa eave 
cfs ef moving onto places make 
sie they cota dass an presi details 
of your intentcns. 


—— 


Einergony Locator Trance: 
(EL Ro ore mosth fer use abet 
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a] | MOBILE PHONES AND RADIOS. 


‘SHOULD I STAY OR SHOULD 1 60? Always take a call or satellite phone 

“ow nes to decide wet to stay where you ae ota ‘with you when traveling —they ave essential 
cov to a leatne where yo Have a better chance of rese ieRartecey eacetn Che uatne 
‘or salfessaie, FF you mave an, remember the following: “VHF radio to contact would-be rescuers, 


* Keep your aids to eatin at hand Eso good having 

your signal or af the bottom of your bala when you 
tray have ony seeondsto ata a passe vib oF pane 

1 Deploy ycue aids location at the end of each day, even 
‘though it takes ]ffrt and youl mina inthe moening 

= To shiny where youte Been and where you heading, ae 
harks, sath a ano Ln avis sition and visual ues 
‘nthe grou or vegetation to incicate your direction of travel, 


CELL AND SATELLITE PHONES 
Wherevar you are in tha worl, you can ent 
orbuy a cel phone linked te local networks 
Bhoose one witha GPS unit for fixing and 
raicing your position and a camera so youcan 
send pictures of our oration and ary inluries 
yyuiyesustanedAteatively, rer or 

buy a satellite phone that's connected tothe 
Tiidium Satelite Phone Systern in sich 66 
leo-earth orbiting (LEO) satelites provide 
complete coverage of Earth (including oceans, 
aleays, and polar regions) 


(iesion conto! 


fan 000s 9 


reuse || MARINE VHF RADIOS. 


Alllarg® ships andl mast motorized stall 
raft are equipped with marine VHF ratios, 
“These hand-held urits transmit and receive on 
Frequencies ietween 156 to 174MHz— usually 
on Chamel1é, the international caling and 
istress channel, Charl 9 can alsa be used 
in-some places, Transmission power ranges 
betwee] snd 25 watts, giving a maximum 
rande of up to about 60 miles (110 kr) 
betwen aerials mounted on tll ships and 
hils, and & miles (9 end between aerials 
taunted on small boats at sealove, Your 
VHF radio should be waterproof, able to foal 
and kept on charge. Follow the instructions 
‘whenever transmitting and reretving on VE 


Seach onl 
soroes ave deh 
iesameior pe 


A rsginral rose 
coorainatoncanier 
lors the search 

APLE S atvoted 

gaat ad sens 


Persond Locator 


lmgt on te body 


=— 


‘WARNING! 
PLBs are foe eerventy 

use aly and shoe aves 
fe use vesponhy 
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BUILDING SIGNAL FIRES 

A signal fire is a very effective way of attracting the attention 
of rescuers, but you do need the right materials and building one 
requires some effort. A well-constructed signal fire located in a 
good position will generate a large amount of smoke that can 

be seen from a long way away, Two variations—the dome and 
the log cabin—are shovsn here. 


‘TOOLS AND MATERIALS 
Ki and sa 

1 Pos a Lng saplings 
Green vegealion 

inde, Kncling ane oe 
slight or matches 


MAKING A DOME SIGNAL FIRE 
Prepare a aige fire on ayaised platform under a darne-shajed 
structure made from bert saplings Fueled hy ar from below, 


SIGNAL FIRE 


ESSENTIALS 


whichever signal fire you make there are 
several important prnoples to follow in 
rer to mate it as efertive as possible 


FIRE FORMATION 

Tf you can, creparo three signa fires in a 
recognized formation, suchas atrianale 

or astraghtline. If the tres are random, 
‘they could be misread as. bush fire or a 
group of ative fires Phe distance between 
each Tr sla bet feas 65 76 (20 tr) 
tut neads tobe detated by how quickly 
yousan effectively lightesth one tury 


FIRE COMPONENTS, 
Essentially each signal fe is composed of 
ready torightfrebase mae of dry tinder, 
fanling, and fue. ien you add the merest 
spark or fame to the tide, the frebase 
Inurediately tums nto a sustainable fire, 
Site the fireuase off the ground to prevent 
damp from reaching tnd to allow enough 
airfove to help iignytemore afectively 

"= Cover the top ofthe frabase with large 
amourts of green venetation and anything 
false that produces smoke, such as tres. 

‘The covering kzops the Firebace dr. 

= Place a second stack of green vegetation 
near the firebase and add th as the 
original vegetation burns out. 


‘AT THE READY 
Onceyouhave prepared the ignal fre, 
younted to heap tha allawing nearby, 
ready foruse at amoment's tice: 

Dry tinder in axsaterproof container 
underneath the frebase. 

‘Hexamine fuel tablets, stove fuel, 935, 
paper or birch barc to guarantee the fre 
gets going again ifit starts todiindle. 

f= Something to reate a spark or fame, 
switchs broom, made of a cleft stick 
sluffag with kinaling or bark, ext to your 
camp Fr, su you can quicly light the 
broom and tranefar it tothe signal fre, 


the fire creates nlumes of srioke frorn the 
teen vegetation, If you have no saplings, 
Use poles ta amnake a leenee shane, 


Bend tao ona sptogs 
fam the dome 


as potest 
cosh lef the 
ore tosteiy ft 


oF ca 
Lay two long polesiparallel to each other 
Prop them up over a log or rock at one end, 
and te them to four sakes atthe other, Lay 
lengths of green wood side by side on the long 
poles under the dome, to act as.afrebase 
* Bend two jong saplings 
at 90 degrees to each 
ather ta form a dome 


Our 
‘vegetation on 
top of the dome ta 
form a roof over 

the fire platform, 

' Keep additional 
areen vegetation 
hearty to add to the 
fre when its alight 


Lege an aocess pote 
Fes Sat te fe, 
ut kaon desea 9 
etnies kr 
rain 


the pls roy 
Inothe ground 


MAKING A LOG CABIN 
SIGNAL FIRE 

This signal fire Is known as the “og 
cabin” because of the way the fuel 
‘rood is stacked 

1 The framework for the fre isa stack 
of qraen wood, made up of pairs of 
foes aranged in alternating layers 
sat at 90 degrees to each other 

1 Place an aditional supely of green 
vegetation arty bo be used a 
required, but not s0 slose that it 
catches fre by accident, 


Prepare a fre (see pp, 124-25) on the platform 
and load it wrth green vegetation, 

* Lay the vegetation close enough to the fuel below to 

catch easily whan the fre is it but dont sinother t 


Moke a witch's 
‘roam out of 
ting or bark 


Light a wits broom (See pane} lft) from your 
camp five, take itto the dome, ard light the fire 
1 Use kinoling bundles (see Step 3) to fuel the fire 


Lay. platform of green woad on 
the ground ard luild a firetase 
‘of cry tinder, kindling, and fuel on top, 
= Build 2 *iog cabin’ over the firebase 
Using gree wood) 


rm 
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Breen mos goks produce 


Pie on as 
‘ic gree 
ragetotones 
you ca fa 


tieap areen vegetation over 
the platform to generate thick 
plumes of smoke when the ir iit. 
s Leave an access pint atthe front 
tallow you ta light the fretase 


‘Stab othin brat vine 
‘tothe ane, wrap t 
rou times and 

tec ander ef 


Prepare son=kindling 
fourdles which will help 
turn the intial flame into a fire 
1 Make the bundles by 
breaking small, dead branches 
(as thick as a small finger) 
from the lower trunks of trees, 
«Fold them into small 
‘bundle held tagather with 
a thin branch or vine 


Orage smoke fram 
the flare ges 8s 

“he fresno, 
Irereqsng wit 


When smoke 
billows upward, 
light a pregeepared 
signal flare (see 
9.24, you have 
tone, Laced or ted 
toa long pale 
1 Use the pole to 
jposttion the flare 
as high into tie 
‘smoke as you can, 
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OTHER RESCUE SIGNALS 


As well as signal fires, there are other visual devices for 
attracting potential rescuers. Some are unusual and 
others, such as a whistle, quite obvious, Whatever device 
you use, you have to try to hold the rescuers’ attention by 
persisting with your signal. 


LIGHT WINDMILL 
‘You can create a highty visible, lum inated “winelm effect by whirling 
a chemical lightstile(cyalum ) in front of you attached to theend of a 
cord 3 ft (1m) lang, Depending on local condi it can be seen up to 

2 mies (3 km} away —or further by an aircraft, Blow your whistle at the 
same tine, using the International Distress Signal of six biasts over ane 
minute, then one minute's sence, The realy is three short b 


Activate the 
igs ana 
bs rare 


———————, 


CREATING A STROBE EFFECT 

LED ctrtbe lights are compact, robust, 
‘watsrpeont and aes sometimes incorporated 
within standard lasts, They até very 
powerful aed canbe se foc a eg way 
5. Mary strobes canbe set to proline 
-vatety of sequen flashes inlating 
‘lashing SOS in forse Coda, Even yo 
oct havea decoatsdctrobe gt, ou can 
tillsith your reculeashlighton and of? 
repeated 1 atrat attetion 


A lghstc ited 
‘nha kenvove 
sivstones trou 


TINSEL TREE 

The signaling deve known a a “th 

Ties" isbest used when youre yervaining 

Ione place for a whie, Its effective only 

{Guring daplioht hours, so youl need to 

Hite 2suitable and easily visible tree or 

Ibushin a sunry position 

Guta siver survival blanket, 2 allot 

‘aluminum foil, or any reflective material 

Into strips. 

“9 Attach the strigs ta the tree so that 
move inthe breeze, catching the 

“Sunlight ard ginting lhe snail mirrors 


WHISTLE 
P7Ke a whistle with you when you venture 
Pt into the wilderness because sound, 
“Especially in erncte areas where there 
Jitle oF no noise pollution, travels incredible 
aistances A whistle is an ita of Trst-ine 


SIGNALING DISTRESS 


Twa of the most recognized signs ofistess are 2 litle yed star 
shooting up into the sy ora billowing cloud of orange smoke. 

There are many offerent types of signa flares a rockets, ranging 
from simple, handheld devines that fire flares into the sky to specialized 
kets designed to jenetrate thie junaleé canopis. Usually fo 
theemargeney survival packs of aireratt and ier 

flares are also available from specialized shops, 


SIGNAL FLARES 
(ne end of a signal flare as a 
trange-colored smoke signal for 
daytime usa. The other end fas a 
flare for night-time use out han 
be operated during the day too} 
Remiember the folowing 

' Follow theinstructions on the 
outside of the device, 

"Wier gloves t protect your hands 
‘= Theheat from aflare can damage 
alferaft, so kespyour flare wall 
thea when you light 

* Dont discard flares unless 
yuhave used bath ends, 


SIGNAL MIRROR 

A signal mirror, oF *helography" has-3 
shiny surfane that reflects the sun 
and sends flashes over distances 
exceeding 30 miles (50 km), 
depending on the strenath of the sun, 
‘the size ofthe iniror, and the clarity 
of the air, You can even use the ight 
from theiign when tts full, By 
interrupting the flashes you can send 
messages in Morse Code 


IMPROVISING A SIGNAL MIRROR 
If you don't havea heliograph or any 
oer miror try using anything wth 

a shiny reflective surface, such a5 

{oll food packet, 0D, or the bottomof 

a beveiage can, 


WARNING! 


Don't dazde your woul be esenets 
{ay continaing to lash directly at 
‘them. Using yur signal etc 
internet is move effete 

fov atteacting ation, 


fs 
voveant make 
“more vie 


Polish the base of a can 
‘toa shine with a slightly 

abyasive paste. You can 

use charooal and water, 

toothpaste, or even chocolate 


Polish te cave 
aee—t ony tate 
‘acoule af rites 


Hold the ean ivfront 
‘of your fave with the 
polished base facing the sun, 
1 Direct the flash of reflected 
sunlight on to-the palm of 
‘your other hand to practioe 
controling the light 
= Aim the.can toward a 
festuer and sand a signal, 
either by moving your palm 
up and dawn to interrupt the, 
lash oF by directing the fash 
between a*°V" made with your 
‘thumb and fingers 


ATTRACTING RESCUERS, 


GROUND-TO-AIR MARKERS 
You ea improvise internationally 
recagnized ernergeney signals an the 
ground thal reseuers in the aly can see, 


GETTING NOTICED 
“Tomake a ground-to-air marker use anything 
‘that contrasts with the around, such as orange 
Ffalackets, seawend, clothing, racks, branches 
af trees, or sel 

1 Whatever you use, make sure the message 
isbig and sine fromm all directions 

* Checlcon your markers regulary 

= When appropriats use one of the emernency 
‘endas siownibelow. S08 or HELP ‘writen in big 
letters wal attract tention too. 


Require sesstance 

1 Require medical assistance 
= NloyNenative 

= Yesiaffinmative 


= Provead this way Garrow points) 


The shape alps 
you diacl the ight 

Hol the can op to. your 
yet atp gest the ae 
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WILD ANIMALS 


WALKING IN THE WILDS of Alaska and coming across 
a fresh deposit of bear feces is a sobering experience 

Tt quickly dawns on you that you're potentially a part of 
the natural food chain, What do you have to do to protect 


yourself, and will it be effective or just provoke the animal? 


Fortunately, the survival instincts of wild animals are such 
that, with only a few exceptions, most animals, regardless 
of their size, will avoid confronting you. However, they will 
defend themselves by attacking you if provoked, cornered, 
or surprised, particularly when they have young. 


ANIMAL FACTS 


BEARS 


+ Bownbeas andthe 
‘te tack tessa 
wears Pl bears 
see ores ond 
str Al bears re 
Powerful wala 
tn he srg pas. 
Brow beascanvun 
‘aster tan humans 

Bears are found the 
Novem Henspre 
ad parts of South 
Aaica. 


BIG cATS 


* Tigers te 
cath ons ackse 
seen Albi esha 
shap teh andl 

+ hs dangerous cats 
ind cours (ako 
caledpunas oun 
tens and panthers) 
leopard an jaar, 

+B cts efor 
alent een 
fords 


HIPPOS 


+ The hbpeptamas the 
‘hre-argest anal 
Arica teephant 
andwhite hina. 

sHippoican wea 
mmo than3 tos. 
Thayhaveln, 
rar sha incors 
anus ais 
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FERAL ANIMALS 

‘Wherever you goin the world there are 
animals that have escaped int the wil fom 
200s, wife parks, andl domestic situations, 
‘These feral animals include pigs, cats dogs, 
sink, an muntjacs, Tn many cases, they 
hhave become particularly aggressive and 
stm to have lost any Fear of confrontation 
with humans, Try to find ast whic feral 

animals are common i the region youre 
‘traveling in and avoid thes fat al possible, 


ELEPHANTS: ‘CROCODILIANS 


= African elephants have» Croendilans elude: 
‘arger ears than Indian alligators, charials, 
‘elephants and are more and crocodiles. 
aayeshe. Thy ean tay boned 
= Elephants stand up to, formore than an hour at 
‘T4t(4 mi tall and weigh atime. canswim up to 
uptoé tons. 20 mph (32 hgh), and run 
-Thojcaneachspdeof asia] 
25-30mph(40-48kch. —_overshortdstances. 
= Gomis be inraty 
‘sbia ad epic 
parts of the world 


PRECAUTIONS 


Loker sof bears 
cad check with locals 
‘rut bear at, 

= Stow ad coc food 
ay tome campsite 
ep unused fod and 
garbage cut ore 

= Avid tickets and 
streams where bears 
restandind 

= Canyati, or 
syeay ee omni) 


+ Aoi cing ina contact 
wih ig cats. The are 
most) nate 
nls yourvok hem 
cvtreten he cbs, 

+ encptin the coun, 
‘which srespostle for 
sn inreasingub of 
pravk attacks i 
ua areas of North 
Aner, 


+ Aoi roving appa. 
ayy sours a 
the eu fitting 
partial sutrerod 
hippo wth acanae or 
teat, mast a Hp 
attacks are fatal 

+ Stay iat cn obese 
ris that igo ate 
‘own in fete, 

+ Dort get betwssn a 
Nope wate. 


= Keep ana rmplaces—_» tay avay hor waters 
thal lephanstreqe, andr banks whine 


suthaswalenghols, ccd Be 
‘fyusdoeoneanoss vata ltines. 
the dor ttc,» youu togonea the 
eget ers wie ath hear 
babyekghaninenty. atk ints. 
Look irasafeplace to» Drtgotnthe same pat 
rebeatigsuhasa hv. as crocs ay 


hic ack trop,or inva tenet tire, 
ahre,befreycunerdi« Yoepaceensie weapon, 
suchas hie cseby 


WHAT T0 D0 IF. 


+ Viste anoketoleta 
baron youre thee. 

Tyo see aba stay 
cal. Make yrs ok 
asin as poral 
rang your as. 

Wak sly backard. 
Deane bear 
‘ols stip andl 
yourgaund, 

= Tithebesr tats, 
play dato fi ack 


T abigatapgroacis, 
streat se tut, 
andmake anoeto 
confuse sea srayi 
oun eeogpte 

+ Dott tumyourback or 
rman. 

se Tabicatseesyu.ch 
ratroch or bend on 
“An pit ura makes 
Tess atracve peythan 
2 uraned ain 


+ Tfyouencouté app, 
back on your tracks 
nding another ete. 

* tfahipo yaumsat you, 
he'snot ee ing 
sapy—thesa ties 
Hes shown is 
tet ues, ands 
‘tht can sng canoe 
tal Make wary tfort 
toestape, 


s Haneptansquaes——« youmetateodin 
ptosis, 
‘range andi « tered does cb 
theditintentoi en "jut lego 
bask any des rin 

sfanekphatchares,—« Hitdhagsyuintote 
Fantoyursteplice "ate itt, Sab 


(Geeabor). under ts throat wil a 
1 Asalastresort play hott orp ts yes, 
lead ope the sb tno or 
eiplartlues ire, _anathelgeva at 
‘heback of oat, 
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making calls, receiving email, surfing the web, and watching videos. However, traffic patterns 
generated by emerging loT applications are driven by less predictable activities. Hence, the idea 
is to determine a common set of activities based on customer service requests which describe the 
reasonably foreseeable function / purpose of emerging IoT applications. Then these activities can be 
used by telcos as a new classification criterion of loT applications. The assumption is that such a 
classification can help telecom operators meet performance requirements of future IoT applications 
and select appropriate 5G enabling technologies. Therefore, the aims of this paper are to classify oT 
applications according to relevant activities, specify and prioritize the performance requirements of 
each IoT application class, and consider enabling technologies used to accomplish specified demands 
on the radio access part of 5G networks, all according to telco’s perspective. In addition, the intention is, 
to provide a literature review which covers 258 references dominantly published in the period between 
2012 and 2017. As this paper provides a state-of-the-art review of IoT applications, their performance 
requirements and 5G enabling technologies, it can also be of use to the research community and other 
stakeholders interested in this contemporary and attractive field in order to recognize the research 
gaps and recommend new research directions. 

‘The remainder of the paper is thusly organized. In order to answer research questions, Section 2 
describes the methodological approach in regard to the conducted research. Section 3 identifies 
a common set of activities as a new classification criterion for IoT applications and assigns them 
the relevant 5G service classes. This facilitates the determining of performance requirements of 
activity-based IoT application classes, which are summarized and prioritized in Section 4. The enabling 
technologies used to accomplish these requirements in 5G networks are contemplated in Section 5. 
Finally, Section 6 discusses the outcomes of the paper by clarifying the contribution of our research in 
identifying open issues for future work, while Section 7 concludes this paper. 


2, Research Approach and Design 


‘The main objectives of this paper can be summarized as follows: (1) to identify activities relevant 
to IoT customer service requests and use them as a new classification criterion of loT applications; 
(2) to specify and prioritize performance requirements of such loT application classes; (3) to analyze 
relevant literature in order to provide insight into 5G radio technologies used to fulfil the requirements 
of activity-based IoT application classes; (4) to recognize research gaps and directions, 

The research questions posed in this study are: (1) Which activities can be used as classification 
iteria for loT applications? (2) What are the performance requirements of such IoT application 
s? (3) Which enabling technologies in the radio access part of the 5G network can be used to 
meet the requirements of IoT application classes? 
igation of different criteria for the classification of IoT applications underlines to what 
extent various classification concepts have been covered by existing literature and provides a basis 
for the introduction of a new classification criterion called the activity. We thus surveyed and 
compared different studies contributing to the understanding of the scope and classification of a 
wide range of IoT applications. This approach has been motivated by the challenge to propose an 
activity-based classification of IoT applications, the determination and prioritization of performance 
requirements of such IoT application classes and the review of 5G enabling technologies used to 
meet them. These findings can be utilized by telecom operators and other interested parties (e.g., the 
research community, software network function providers, network infrastructure manufactures, etc.) 
depending on their interest and potential to utilize these findings towards 5G implementation 
and commetcialization. 

‘The methodological approach to research conducted in this paper is illustrated in Figure | and 
includes four phases. 

Phase I included searching, identifying, and extracting papers from three categories, ie., loT in 
5G service classification, loT in 5G performance requirements and IoT in 5G enabling technologies. 
‘The keywords used to search relevant scholar databases are shown in Figure 2. This search has 


class 


Inves 
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‘pray that can 30e? 
eto 28 20m 


ARMING YOURSELF 

If youre traveling in areas where encounters with 
wid annals are possitle be ready with a»weapon suet 
asakrife, large stick or deterrent spray 
Remember, avoidance is always press to velaze a 
batter tha confrontation. ie seet ar 


DO YOUR RESEARCH 
Spend! sometime researching the 


| sharks SHAKES AMPHIBIANS | area youllbe ravelig an fra 
| cut which animals present the 


‘= Therearerinrethay 450» Less than 15 percent «Nang fogs toads ard greatest dangers Discover as 
gece hel oi et ig lane much as youcan about their 
afew iltanseany poss teae pote ra in spelen 
tdangerto humans These ragardedasteing ‘The most poisneus fag Tae RITA 
‘include yest white, ul, angereusto humans Jno isthe glden g ‘coming into contact with ther, 
and ier has + Depending on tera potorcart frag rom RES 

“+ Most attacks occur in -vonarn etheraffertsthe South America, a ‘SPOT THE SIGNS: 
caetlvaasntie Mathes sempre tet Understand het sits these 
‘ropies anit nutri, gestern, orthe heart climates sufiaenty warm |S dangerous creatures: when do 
‘espaciallywhere the water —« Sake: live in avery part andwet forthem to breed (iia ‘they forage, sleep, and drink? 
Is murky ar ster op iy of the world except for ‘What are their habits? 
theseattralnenee ey inernots 

s Lean cogs te tral 
Sige that ndcate the psa 
waters or waters where ‘boots, and cower yourneck, frog ortoad with nail fiattened vagetatte natersth 
shaksarelnownty feat seweuvalctaptheund fst. The plan eny ide dea aa 
or frequent Ack thelocls “ infrontolyauwitha seek ‘Uabesellectifit eters ms animal rubs its scent on the 
Aotreatsotinst — Syetraestowinn —Paotenveaioon IEA ground tlle gr, uch at 
atin saetcpeaiene warden i were bess havecaved be 
styonemasass Sat Sertbeleoes bat rom ess. 
apolenrspeartatyoy sat acht paceyourboots Mt eraeneyhep Ss = Be aware of other arimmals 
ranuseasa weapon Ute ‘tot dy. 2 sisappearing quickly from a 
Ea aleve seater hola or 2°05) 
hnesroeiseee Jingle soddry garg auet 
reigns 1 Aaloca pele herehave 
ben ay reports of anmals 
siyeuseeactark say SAhnucomeactonsa cae, + Hountaetvihapisonns attacking people 
Gheamartatdy —ivliremneosay opr Sums, Find eat the best waysto 

STenuetsnnetwad — Saiistseheyal nella oro an aac or Ute 
‘ou swinenaysroatiy testinal noveaway ——afatadara Kathe ‘yourself should you have ne 
‘bat keep watching it andare mare tkayte wateryouuseanay from option Gee left), Adopting a 

“iftrutesatyes ttn Mieka ovina fepationbein RS certan stance or submissive 
therrerwhtneryou "Det puines — « Tranbyaaiw postr o aria 
InattnE Sottelgtel |e alata | x imairtaing eye contact, 

gabe amreiy oars Covi ake the dference 
Seietsgecergs eaten between af or danny, 


Ie or death 
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EXTREME SURVIVAL— 


IN COLD CONDITIONS 


USEFUL EQUIPMENT 
= Waterproof, layered clothing 
= Trekking pole orice ax 
lapsible snow shovel 


34-YEAR-OLD ICE HOCKEY PLAYER ERIC LEMARQUE 
became lost in the snowy wilderness of the Sierra 


Light, whistle, avalanche beacon Nevada mountains in California after snowboarding at 
= Tarpaatin Mammoth Mountain ski resort. Despite being under- 

= Gore-Tex® gloves and gaitors 5 dill Sd, his it eRe Cea 

= Map, compass, GPS equipped and ill-prepared, his improvisation helped him 
= Survival tin, busheraft knife to survive for seven days. 

= Calvsatelte phone 

= Poncho/bivy sack LeMarque was snowboarding alone late on Friday, February 6, 


2004, setting off down an unmarked run of virgin poweler snow 
justas the lifts were shutting for the day. Coming to a stop ona 
flat section, and with visibility reduced to just 10 ft (3 m), he realized he had! lost the 
trail. Wearing uninsulated ski trousers and jacket, and with just an MP3 player, a cell 
phone with a dead battery, and wet matches, he was ill-prepared for survival, so he 
began to search for the trail 


LeMarque chose the wrong direction and walked away “WITH VISIBILITY 
from the ski resort. Realizing he faced a night in the open, REDUCED TO JUST 
he used his snowboard to dig a crude trench, lining it with 

eee sien dannanatiscc, SOs ae 

He tried to light a fire with pine needles and lint from his REALIZED HE HAD 
clothing, but his matches were too wet. He also ate pine LOST THE TRAIL” 
needles and bark. 


Over the next five days, LeMarque walked further into the wilderness, leaving scraps of 
clothing for rescuers and attempting to signal to passing planes with the blue LCD 
screen of his MP3 player. Fortunately for LeMarque, rescuers spotted his snowboard 
tracks and followed it for 24 hours, finding him on February 13. He was barely 
conscious, dehydrated, liypothermic, and malnourished—having lost 35 llb (16 kg) in 
body weight—and was suffering from severely frostbitten feet, which later required 
booth legs to be amputated below the knees. But he was alive. 
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WHAT TO DO 


ARE YOU IN DANGER? Get yourself out of it 
Cold/wind/wet—These can 

<< NO YES uit lead to Fypethermia, so get 
‘yourself out of the elements quickly 

op ASSESS YOUR SITUATION Animals—Avod confrontation and 

‘See gas 234-35 move anay from danger 
Injury—Stzbilze condition and 
¥ apply frstad 
DOES ANYONE KNOW YOU WILL BE 
Tro one knows you are missing or MMIGSING.OR WERK YON ABEE 


‘whereyou are, you will ned to 
NO YES > 


If you arena group, try to helo 
any others who are in danger 


Ifyou are issed a rescue 
party wll almost certainly bo 
dispatched to find you 


hatity paepe ef your plight ty any < 
means at your disposal 


DO YOU HAVE ANY MEANS 


OF COMMUNICATION? 
NO YES => serious enough to be worthy of 


< 
emergency rescue, and you have 2 


> canvousumave de | Fearne ho 
WHERE YOU ARE? * 


€ 


> 


4 
tamer aerate 
bredcarent you doin 


‘You are faced with sureving for 
an indefinite period—urtil you 
are located or you find hele 


If you cannot survivewhare you 
are and there arena physical 

reasons why you should remain, 
yyou'wil have to move toa lenation 
‘that offers ether a better chance 
cf survival, rescue, or bath 


> 


‘vouwiu 
WAVETO 
MovE™* 


it) 


1 Make an informed decision 
Dnithe best location tp ave to 

* Keaphydrated ky wrapping snow 
inawet item of clothing and suckit 
ait metts—but only ifyou 

are walking or workryg and 
gonerating heat 

1 Iinprovise awalking staff 
‘hal can Deus to check 
opt and quality of snow, 
and unseen drop-offs 

= Check regularly for signs 
of frostnp or frastbite and 
hyootharmia 

1 Havealids to location 
accessible while moving 
ad deployed whe static 

§ Protect all extremities 
fromm the elements—te 
loves to cord threaded 
‘through your jacket so they 
don't get ost 


DO 


1 Selecta suitable shelter site 
away from dangers, Buld it bia 
frauah for you and your equipment 
Incorporate cold sole and a 
sleeping platform higher 
thanthe sre 
1 keep cutting and 
sigging tools inthe shelter 
Incase avery heavy sno 
{all or an avalanche requires 
you to dig your way out 
"= Mark the entrance to 
the shelter so youcan find 
Ieasily 
18 (eep afre going: once 
established, you can use't 
tomdt snow andbenefit 
trom warmth 
= Prepare al ofyour 
aids to location for 
Immediate use 


DON'T 
‘= Underestimate the need 
for water ust because itis 
cold —you ae just as ely 
toget dehydrated in acold 
emiranment as ina hot one 
= Pest-hole through vat 
‘siow—Itis extausing. 
Jnstead, improvise apat of 
row shoes 

= Sesp tretly on the 
round, Vertlate your 
shter and fist check for 
natural dangers avalanche) 


DON'T 
= Use your body heat ta 
imelt snow 29 it lowers your 
body temperature and can 
Induce hypotherla 
Breathe ar onto cold 
hands—breath contains 
roistare which wil then 
‘ool and conduct heat away 
from your hands 

= Sit orlay drectlyonthe 
cold ground, Use whatover 
Isavallable to improvise 
sitting or sleeping platform 


yu tinct aro whee ous bt you acon rowenta nsryrater 
ieee yaurendomsytycucan Sate ste 


‘ jourstctenctamy or tars ju ow Wrens to ob ancyen da 
Site keatlen noch cuca ta acrbelco atartshaBe ae Dats? 
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ENVIRONMENTAL HAZARDS 


SOME PARTS OF THE WORLD have a reputation for 
sudlden or extreme weather conditions, and unpredictable 
environmental hazards that cause havoc for everyone, not 
just travelers. Before you set off, make sure that you're 
aware of any such potential hazards in the areas you're 
visiting, andl be ready for them, just in case. 


BEING PREPARED 


Many environmental hazards—from avalanches and volcanoes ta 
fovest fires, tornadoes, aid urricanes—ean suddenly papel you into 

an etrergercy situation, While you can never be sure of escaping the 

worst excesses that Nature can throw at you, you can prenare yourself 
combination of the right equioment, local knowledge, and an awvareress 
of evasive techniques will mean that you shouldnt have to find yourself 

in a survival situation thinking "fon 


EQUIPPING YOURSELF FOR 
AN AVALANCHE REGION 
Before heading forthe mountains, find 
Dut whether the revaling conditions 
make avalanches more kel (see right), 
1 Take a calapable shovel for moving 
snow andl approbe for checking the 
pth of the snow 

seep sorne survival aids in your 
packets in care you lave your bacepack, 
' Cary an avalanche transoaiver—whan 
activated, its signal canioe detected by 


warn of a possible avalanche 


anscater 30 and 8 degrees. 
anit asia) ' Slages without trees or racks. 
Shaft sites * Loose, dry snow thal doesn’t settle 
own ar ' Soft, newly Faien snow thal’s mare 
biaiban tha TEGO ar) does, 
1 Sriow thet sours allow, 
1 Show that falls as 'ystals o pellets, 
'= Snow that falls at more than’ in 
(Son) an out, % 
» 
AVALANEHE 
COLLAPSIBLESHOVEL TRANSCEIVER 
Pu fare toot Sectoned 
cardunlerttabn shaft 


Shor andor 
reek osetrag 


or ise 
fotow shat 


SHOW PROBE 


SPOTTING THE WARNING SIGNS 
‘Asyou cross the sneistound mounts, 
hills, and valleys, look-out for sans that 


= Convex slopes at an angle between 


‘COMMONSENSE ADVICE 


No fasafe-cideines wll tec yon from every 
ermine danger an haa ut thers 
sie eimnsense aie ta you wil do wall 
‘peed before you venture int the wildeess: 
+ hk te reali year contin of 
‘you dsticatin at the ime of yor journey: Lag 
crt the intent o ane rts healadin stations, 
Find ot if you heading into a particularly 
risky seen walls aces ctonsnons 
in ia ot fueticanesin the Cation, 
sv Tale a emeterny suite i 8 np, 68-9), 
Lea the relevant sural Lchnignes either 
befoye you 9 or as soon as you ariveat your 
destieatioy—you may cat ge a setond charcs 
ont halge Nal ure aly bs 


——— 


SURVIVING AN AVALANCHE 


Theres always the danger of an avalanche on slopes that face away 
from the sun in the middle of winter, when a fresh layer of heat sow 
sts on top of a weak layer of snow. An avalanche may’be triggered when 
snow is disturbed by loud noises, an earth tremor, or the maverert 

of skiers or snowboarders, Learn the warning 
euipiment, and practice the emergency steos in cage you get caught 


signs, take the right 


TAKING EVASIVE ACTION 
you see ar hear an avalanche, and 
Yyouthink itmightbe coming your 
way, take evasive action at once: 

= Activate your avalanche transceiver 
in case you get caught in the sno. 

= Try to take oover—tor same 
under a solid rock overhang ifyou 
‘an seo one nearby (see below) 

Ir you cant fin or reach sutable 
cover, ty to sidsstepthe avatanche 
by skiing out of the way—at rioht 
aes oe 


HAZARDOUS GROUND 

All kinds of local conditions can prove treacherousit 
‘you don't keep your wits about you, Walking through 
‘wetlands can be risky, as the ground can suddenly 
sive way under faot and you can find yourself in 

a swamp or, worse stil, a patch of quicksand, 


SURVIVING A SWAMP 
Freshwater swamps are found in low-lying inland areas and 
contin masses of thorny undergrowth, reeds, and grasses, 
and there may be dangerous animals, such as crocodilians 
and snakes: The water mayhe foul and mosquitos, which 
‘oan cause malaria are often present, Moving through a 
sswaing is difiult: you ean te on sold ground are moment, 
and chest-deen in water the next. Where possible, try ta 
kuild ayatt or some kind of flotation aid to helo you escape, 
Use the waterways to navigate your way to open water, 
‘where you have the best chance of ether leing seen ay 
rescuers or finding your way tack to eiilzation 
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4 =e 
= aie 
ee 


etteehed 


Abposeh or 
congo 


otleague dso 
‘the bank and pul 
yastowaed cats 


ESCAPING FROM QUICKSAND 
1f you step into quicksand, try to fall anto your ack with 
your limbs cutstetched to gread your weight Ty to get 
to tne tank by wading with your hands Dont strunale 
8 you will sink faster. If youre with someone, he or 
sheneeds to leon fm ground and pul you ta safety 
reaching you with the hela of a kma pole, rope, or branch 


ESCAPING A VOLCANIC ERUPTION 
Find out there's an active voleano in 

‘he region youre visting. Ifthereis, 

aril its eruption isimminent, leave the 
avea.25 soon as you can. Tt will pump, 
enormous quantives of lava orn the 
mantle below the crust and produce 


— huge amounts of ash, toxic gases, debris, 
P and mud. However, if you do get caught 
- sme & ‘nan eruption: 
ae 48P. | siteaotlonnntns osvecasne 
of the srw fe -asti and mud male roads slippery, 


spare a: rss 


ESCAPING FROM AN AVALANCHE 
TF you cant take avasive action and find yourself ew an 
advancing avalanche with ne prospect f escape, try to kee 
‘alm and remember the foleming advice 

1 Remove the tindings from your skis and thaloops from 

yur ski ples. Put your rucksack on ane shoulder, but etch it 
rather than risk dsiocating your shoul 

* IT you're overtaken by sriowy “swim” sith the low (see above) 
‘tn make stig spare around you before the snow compacts and 
"setst Lse yur hands ora colspsile shovel fo clear the snow 
arcurié your hssd an to oreate a space for you to breath, 
asoflen peuple suffocate before they freeze. 

* Ifyou don't know which ways up, dre saliva to fn 

ut which ay is down—tren dig in the opposite direction, 

= Get out quickly, as time sof the essence, and shout wien 
youhrear potential rescuers to attract their attention, 


“Swint inthe rowdy 
aking un armen 
Jeps terente Be 


Take cover to avoid the Nying fiery debris, 
hot gases, and suffocating clouds of ash, 
‘Sulfur dione in the ash choles your lange 
<i wher oniced ith rain to form sulfone 
‘ai, urs your ski. 

fF youre caught in an ash cloud, cover 
your face with atvet cloth (or use a mask 
if you have one Wash your skin afterward. 


SURVIVING AN EARTHQUAKE 
Find out fan carthquaie i hey to happen 
inthe region youre wsitng, Ifyou feel an 
ertiquake coring: 

‘= Get into the open, away from structures 
frtrees that can fall an you. Then ie dawn, 
f= Stayin open aroura unbl aftershocks 
and tremors ave stopped atogether. 
sTFyourejn a building, aot the 

lowest floor, and stay beside 3 wall or 
under 2 sturdy table Tur off the gas, 
‘fyouhave time. 

Ir youlreln a vehicle, stop, but sbsy side 
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SURVIVING A FOREST FIRE 


‘When vegetation on the ground is tinder dy, the 
slightest spark can start afire that gets out of control 
and sweeps through aforest. A forest fire ma be 
vaused by ightring, plese of glass focusing the sun's 
rays, a discarded cigarette, or 2 spark from a campfire 
Forest fires produce intense heat, thick smoke, and toxic 
gases—and they use up all the avaiable oxygen in the 
air, making it impossible to breathe 


PREPARATION AND SPOTTING 
‘THE WARNING SIGNS. 

If youre going to aplace where forest tres are ahazard, fed 
cut from local radio reports whether conditions arealeing 
then more key. Tryou vertu into a forest make sure you 
carry acl phone or someclectronic meas of signaling, and 
let others know your route and destration, The folowing 
warning signsmay help you gain time before a frets woon you 
= Youll probably smell fire first, and youll hear ttcrackiina 
asit burns before you see it, you sme fre and you notice 
annals grown agitata, a forest tre may be cose by. 

= The smoke wll helpyou establish how-close the frei, The 


tivection of the smoke tells you which way the wind is Blowing, 


TAKING EVASIVE ACTION 
‘Ifthe wind s blowing toward the fe tren mow into it 
quickly Howaver, the wand is behind the fre you could be 
in serious danger because the fire will be moving wary fast. 
"Tey to find a river, ake, road, oF natural breakin the Torest, 
Stay thore unt youreresoued ar the fie has passed you by 
Dont go up tc high around as fies crawsr faster uphill. 
‘= My forest fires spread on aid front, so avoiding the 
fireby going around itmay be irgassitte, 
1 Ifthe fre isupon'yau, and thewall of flame is tragrnertted, 
‘the best course of action mai be to run through the flares 
take off man-made clothes (as they wll melt onto you) cover 
-ss much of ourskin as you ean, snd douse yourself water 
ifyouhave any Take adeep breath, press adamp dath to 
your mouth and nose, pick a spot where the wal of flames 
isthinnest, and run without stopping unt youe through, 
1 Ifyoure ina vehide, tay inside Parkit as far aay from 
the trees. as possible tum off the engine, close the windows, 
lle down on the thor ail cover yourself you can, 
= Ifescageisimpossite, tryto dig and bury yourself 
Lunde sol, Damper al clothing ard get aslow as possible 


EXTREME WEATHER 

High winds and torrential rain are comrnon seasonal 
occurrences across the world, From tornados and 
vihirlwinds to tropical storms such as hurricanes 
and typhoons, these extrame weather patterns 
cause enormousdamage and threaten many ives: 


AVOIDING HURRICANES AND 
TORNADOES 


\Weatinerforenasts can predict aporoxinate directions and 
paths of impending hurricanes and focal emergency services 
will give advioe on the predicted severity. Tf you're planning 
atrek in an area known for hurricanes and fornadas, heck 
long-range weather forecasts and be prepared to cancel or 
alter your plans ff necessary— youre caught in the open 
Your chances of survival are extrernalyliited, Ifyou 
‘going to bein the wilderness during a storm seasort then 
take a battery- or solar powered radio, check for weather 
Updates, and le prenaed to head back ta chilization, If 
{your home sin tornado or hurricane area, follow the 
‘zdvioe of local se-vies, tut most importantly be prepared 
with a plan that will naire you dont get caught out 


Tfyou cannot aden 
torre, you may have 
wel oursoy leg 
ftchor belive eke 


PREPARING TO EVACUATE 
‘The arival of ahuricane or tornado isa tine when you can 
find yourself in a survival situation on your awn home turf 

The fallowing advice can help yeu prepare to evacuate, 

= Secure aryiting outside that could be picked up by winds 

anil cause damage, such as rubbish tins and garden furniture 

' Prepare an evacuation plan (including pets iTyou have ther 
Fins cut were you ill evacuate to and make several route 
plans to the location n case roads are unusable, Fuel your 
\ehicle a5se0n asa humcane warning is forecast, 

= Put together ahurvicane survival pack that contains what 
youneed for a72-hour period, clude drinking water a change 
‘of tung, on-pershable food slegang bags, val, flashlights, 
‘ni contact numbers for family nd emergency services 

‘= Protect your house by securely boarding up ll windows 

anid doors, Turn off the water, a5, and electricity 


STAYING PUT 
‘TP you decide to stay put, you should stil follow the auldelines 
abwve; As the storm approaches, move everyone and your 
‘supplies to an underarourd shelter op 2 room without windows 
‘= Monitor the rac reports and comely ith the aaviceof 

the sriergenicy services, 

# Dont-go cutside uni the “al-clear* as bean piven 


TAKING COVER OUTDOORS 
‘appears that you are, or could be, inthe path ofa 
ado or hurricane, de everything you can 20 neve ut 
hits way—choose a direction ata right analetoits path. 
1 Hiyoecrvina but cant at out ofthe way tryto park 


re pe ler on of yur abained 
sgt baote hazard Yoyou 
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SURVIVING AN ELECTRICAL STORM 
{An electrical storm may develop when warm ai rises 
and meets colde alt, Electricty sparks between water 
droplets in the clouds fortning ightring that takes the 
shortest route to the ground, The fa lowing advice will 
help you avoid eing struck by lightning, oF mininize its 
effertsif you are, 

* Avoid getting caught in open ground—seek shatter 
hut not under 2 lone tree: when lightning strikes & 
single tree a tremendous Kiogyour Band year 
voltage fans out from fsbace, — ebowsy head 
Remain inyour vehicle there /°™" gs eran 
isto other covers it acts as a 
Faraday Cage (a metalic 
snolosure that prevents 
the entry or escape of 
an electromagnetic field) 
=f caught in the open 
nae yourself as sal 
aspossile and init, 

the amount of area 

you cover Do nt kay 
‘own stand up, ovouch 
down low with feet together 
‘ad hands off the ground 


Rat your eek, 
fom tre gun 


SURVIVING A FLASH FLOOD 

A sudden deluge of rain doesnt always drain away 
cwickly instead flowing rammpantly aver the surfane 
of the land in torrents, and causing flash floods. 
Soil, animals, vegetation, and even buildings can 

be quickly washed away. There may be landslides, 
too, and rivers may break their hanks, The folowing 
advice can help inthe event of a flash flood! 

* Tf youte inside a buildin, move tothe upper 
floors, taking with you essertials such 25 bedding, 
food, and matches, Unless the building is threatened, 
stay there until the waters have receded of you 
have been rescued 

* Tf youre outside, head for higher ground, 

1 Never walk or crive through a flood 

1 Filter and toll water for drinking, as the sources 
of waler around you may have been contaminated 
Aternatively, collect rainwater to dink 


ESCAPING A SANDSTORM. 

Ifyou can see 2 sandstorm coming, mark your 
clvection of travel laefore it strikes and fine 
somewhere safe to shelter—for example, behind 
some racks Face away from the divection of the 
wind and cover yourself 2s com pletely as you 
can, particularly your head, face, and neck 
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SURVIVING AT SEA 


THE SEA IS ARGUABLY THE HARSHEST environment 
of all and you could be thrown into a sea-survival situation 
for any number of reasons: bad weather, fire, mechanical 
failure, or collision, However, there's plenity of good advice 
to follow and equipment designed to protect you 


——- 


BE PREPARED 
Ifyonte ventuety onto the open stas you 
hale plan for the worst and prepared 
‘witli, lls and equine. 


KNOW YOUR VESSEL 
Regardless of the size of your vessel 
find cut everything you can alsout what 
todo in theevent ofa major problem 
‘that requires you to atandon ship and 
take to he water, The paints below 

are generic and may not apply ta 

all situations or types of vessel 


LARGE PASSENGER VESSELS 
If youre a passenger on alarge vessel, 

has a ferry liner of cruise ship, rake 
e you learn the safety procedures, 
= Atlend the Abandon Ship" dri, 
1 Find out hich emergency alarms indicate 
fire colision, and abandon ship 
1 Find out whore the ifackets ae stowad, 
and how to put them on and operate them: 
1 Learnthe escane rautes, 
* Locate the Emergency Lifeboat Stations 
and find out what: your responsibilities are 
= IFyou have children or people with special 
reeds with you, male sure you havea system 
‘ir yetunig ther on deck and providing tern 
‘wil su table survival equipement 


SMALL VESSELS. 
“These oraftincude yachts, smal bosts, 
canoas, andlcayaks, sb crew merrversneed 
‘to agree on an emergency plan of action 
and delegate responsjulities relevant to 

‘the situation and the skis of each person, 

' cnow where the emergency equipment 
Isstowed and how it's operates 

if your vessel has an EPIRE (seep. 236) 
make sure everyone kes whore fe /s 

and how i's operated. Those activated 
‘autoratically re released hydrostatically 
fron 2 bracket at a water death of 3.10 ft 
(1-3 m). The buoyant EFIRB then floats 
‘tothe surface and begins transmitting, 

1 Make sure your EPIRG hasbeen registered 
so that, crce the signal is detected, the 
rescue services now wot belongs ta, 
keep a grab tag tohnand (seebox, right 


SURVIVAL SUIT AND LIFEJACKET 


A survival suit isdesigned to keep you warm and dry in extreme 
conditions and rough seas, and a lifejacket-will keep you afloat 
‘with your head out of the water, even if you're unconscious, 


PROTECTION 
Survival suits and lifejacke 
are equipped with veriou 
protection features to 
help you survive in the sea, 


cenebated git 
sak Neoprene hood 

aeetorsnirson 
ersaiomy 


Agp-vsbity 
fieinket 


Topp vate 
relate 
retotet 


Hada oar Hox 


ffeter 
stron. 
prominently 
beso 
ee. cniaatet 
‘whistle Watertight 
‘facet ape 
Hat 
GRAB BAG Bn eatts 
Prepae= aay that contains 
‘the nnn oryour 
lial nets sits 
= Emergency water 
sis aid it se p, 280), 
= Personal locator beacon, 
ce) 
s lance GPS 6 0.75) 
= VHF at 
Cello iridium phone 
sles an sit rockets 
= Revese-osmsts mp 
(desalination device] 
beep. 1B 
= Suevital bit (see pp. 60-61) 
Solaris oes) 


Sune uit 
isrande rom 


a figly 
BE mated 


a9 toprevont 
rapped a 
aking the fog 
i tre water 


TYPES OF LIFERAFT 


Single-seater and mult-seater iferafts contain sinilar design features 
and survival aids. As wel asleeing able to arcommodate mare people, 
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SINGLE-SEAT LIFERAFT 
Only one person can fit inte a single-seat erat 
Youcan inflate tenth carton desde, by puriprg 
ar manual oF by ora inflation 


multiseaters varry larger quantities of fyesh water and more anti-ses 


sickness tablets, for exarnple, 


MULTI-SEATER LIFERAFT 
Mary vessels carry mult-seater 
lferafts in a vale ora hard 
container, Multi-seaterse 
accammadate between four 
‘nd 25 people and may be 
fpen-topped or covered 
Mary larger mult-seators 
may also include locator 
Deacons (seep, 236), 
paddles, sn solar 
sll Gee below 


eonritin 
ght 


Trpiatate 
‘eanogy 
pees 
agaist the 


Fawr cotectr 


anes fo bit? 
lip ceva ffoasor 
Frsinboreiaalbon 
fof thee rama in 
te ere 
Apinfaitte oor 
protectsagatst the 
‘odd ea bsfow 
Wieter posters lp 
tostabtoe raft 


Les fer attaching 
To vesoe see 


Lire for aroque 


SOLAR STILL 

‘A solar still isa light, compact, and easy-to-use devise for 
roducing drinking wale Tram sea water, Haat from the sun 
‘evaporates the salty water inside the stil, Condensation on. 
‘he walls calests in a channel around the rim and is rected 
10 astore Depending on the prevailing conditions and the 
aallablity of sunshine, a solar stillean produse as much 
25 2iters (2/2 pints) of fresh drinking water aday, 


Pontensed sea 
vitor dis ctw 


Alanis hgopatentecte 


chose ited 


iow er fons 
Sway off yor fee 
Aigb-eisbity 


Serving 
‘asters 


Water pects ap 
te ctabee raft 


Hight cotor 
i anaid to recognition 


Eneroeney squoment 
Ipaues below tite 
the feor and canopy ard 
it Congr aie 


Proce reef vale 
peguites Boat 
thorap cing ot 


"Boar pier 


Bearing air 


DROGUE 


2 sea anchor known 252 "droaue,'is 2 oitial plese of 
equipment because it helps to reduce drift and keeps the 
iferaftstable and seawerthy, particulary in heavy 5228. 


STEADYING A RAFT 

A drogue stops aliferaft from 
‘yerturing by creating draa 
‘thal anchors" te traing side 
ofthe raft to the water 

= A drogus cari position & 
erat ether downwind or 
0) degrees to the wnt, 

* Ttielps to keep theraft 
ear the gitching location, 
‘hereby improving the chance 
of rescue Even in a 2-Kaot 
current alferaftcan dit 

50 miles (80 kr) aday, 
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ABANDONING SHIP 


Unless your vessel is an immediate danger to you, don't 
abandon it until you really need to. Even a badly damaged 
vessel can provide you with protection from the elements, 
equipment such as radios and flares, and provisions such 
as water and food. In addition, itis a big target for rescuers 
to spot. Make every effort to keep the vessel afloat. 


THE DANGERS THAT AWAIT 

‘When you do decide to abanxton ship, you will be faced with the following 
dangers, IF you have prepared yourself properly before heading out to 
ea, you will—in many cases, at least—be able to deal with them. 

* Hypothermia brought on by inadequate clothing and exposure to 

‘wet, windy, and rainy conditions. 

* Drowning because you have no lifejacket. 

* Dehiydration caused by a lack of water or an injury, 

* Malnutrition due toa lack of food. 

1 Cold shock (see p. 254) due to sudklen immersion in cokd water 


TAKING TO THE LIFERAFT 
Ifyou have to abandon ship, make every 
effort to launch al available liferafts. Even 
the ctaft that are not used will make it 
‘easier for'search and rescue teams to 
detect the "footprint” of the survivors, 
They also contain additional supplies of 
‘water flares, and other useful items, 

= Many liferafts have. painter. This isa 
line that attactes the liferatt to the vessel 
to ensue it does not blow away when 
thrown overboard and inflated 

* Should the vessel sink, the painter has 
‘a weak link that breaks under pressure, 
‘or you can cut it, 


PREVENTING HYPOTHERMIA 


Getting wet greatly reduces your survival 
chances. At 41°F (5°C), anormally dressed 
person as only a50 percent chance of 
surviving for one how. You are sx times 
‘more ley to survive in protective clthing, 
* Climb into the liferaft carefully so that you 
dnt get wet. 

1 Wear several layers of eating to trap air. 


| TN 


BEFORE ABANDONING SHIP 
Where tine and circumstances pert, 
dni bandon your ship unt absoltely 
necessary. Sed a May Day sigtal with 
‘your name, position, groups, sal 
Concition, and crcumstantes Then 

carry out the following measures: 

“= Activate the 406 EPIRB (see p, 236). 

«= Ensure everyone on the vessel wears. 
layers of doting, ad as a survival 

sat and lifejacket (seep 250) 
 Checte liferafts ae ead for Launch, 
« Get the grab bag (seep. 250). 
«Prepare to take the jerycans of water 
on board the liferafts. 

«= Fllspare containers with water 
Gather up asmuch food as you can, 


—————_—— 


Even wet layers retain some heat arcund the 
body. Dowt forget your head, hands, and feet. 
Wea a survival suit (see p. 250) to increase 
your survival time, 


——$__—___’ 


Move slowly and deliberately into the liferaft, keeping out of the 
water, and trying to stay as dry as possible. If you have to enter 
the water, clinb down or lower yourself into it, rather than jurnping 
® Look for the Day-Glo instruction patch inside the liferaft Follow the 
recommeded advice under "Inimiediate Actions” (see panel, opposite). 
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resulted in the selection of 258 recently published papers, which can be categorized into three groups 
(i.e., review papers, technical papers, research effectiveness), as shown in Table 1. Review papers 
summarize the status of knowledge and outline future directions in a given area of research. Technical 
papers describe the process, progress, or result of research, whereas research effectiveness directly 
provides an answer to the research question raised for this study. The reference distribution by year 
of publication is shown in Figure 3a, while the total percentage of references per publication type is, 
presented in Figure 3b. 
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Figure 1. Methodological approach to research. 
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Figure 2. Keywords for searching relevant databases. 


‘Table 1. Reference categorization. 


Reference Type Reference Number 
Review paper 112,10,12,1-88] 
Technical paper 1889-197] 


Research effectiveness [3-7,9,11=13,29,52,198-258] 


IN THE LIFERAFT 


noe you have successfully ne 


IMMEDIATE ACTIONS. 
2 flate the floor of the lferatt with the 
balows, while carrying out arol call of 
your group to check for rissing members 
1 H the vessel esti afloat, leap theraft 
attached vs the pain er Surneorie should 
be realy to cut the paler einseto the 
vesselin case it starts to sink 

= Once clear of the vessel, st up the 
Adrogue (seep, 251), 

* In dificult weather conditions, dose 
the entrances ofthe raft inorder to 

loop inheat, and keep out wind, ral, 
seater oF spray 

‘Bale out water, chacl for asks, ues the 
sponge to dry the liferat, and use the 
leak stopper and clampsifnecessar. 


you we helping pan # eeaeaety Kel tot 
4 Coanyovean hola 2 


a fe 
eat ies 


If your aroup does end up in the wi 
people an boar the lferaft she 
ing them under the a 
ad the raft, Those least Ws 


wandles, or Lie their life 


one a 


i the raf 


otiated the trisky procedure of abandoning ship 
and climbing into the feraft, there are a number of actions you need to take 
These are prioritized into immediate, secondary. and subsequent 


SECONDARY ACTIONS 
Treat the injure, 

‘Take anti-seasickness tablets 
1 Post loakouts 

Bring lferafts together 
Warm up as best you can, 


WARHING! 


Never bik seawatx because 
the sal oni all nerease 
your fate of dehy, yute 
inhot omits without any 
‘wale, dation can etn 
‘win one ou 


hereto 
si oct 
hope ting 


or ela esl 08 


* Avvoid entering the sea unless you have 


person from the wal 
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SUBSEQUENT ACTIONS 
‘Delegate a leader based an axpattence, 
1 Fine! out i has useful sills, such 
asfirst ald and sea surdval training 
sleeveryane to loa for sharpabjects 
that could puncture the feraft. At 

‘the sare time, ask them i they have 
anythin thal could have a survival 
‘Fine out what survival alds you h 
Prepare aids to location (see a 224) and 
show everyone how to operate them, 
‘Establish a routine and detalla watch 
system for inside and outsidethe Iferat, 
= Delegate one meter of the group to 
make repairs, another to keen ths rations, 
and another to adrinister ist aid 
‘Establish how much water and food you 
have al start to ration in arcordance 
vith your particular situation. 

= Procure water 35 en 25 posslble— 
sori walt unt younead ft. Deploy 

sola stils fe p, 251) and use the 
reverse-ostrosts pump Gee p. 197), 


Trt Teposen 
the gut 


rescue an 
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TAKING TO THE WATER 


About two-thirds of people who drown in open water were 
within 10 ft (3 m) of a safe refuge and 60 percent of them were 
“good!” swimmers, Here are some useful tips to prevent drowning 


JUMPING INTO THE WATER 

‘Abandoning ship can be a dangerous procedure. Ifyou have to eter 

the water, climb down using ropes oF nets, If you have no option but 

to jump into the sea, these straightforward steps should improve your 
tances of survival. Jumping into the water isa last resort, as you will be 
prone to cold shock (see box, right) and at immediate risk of hypothermia 
and downing, Ifyou have to do it fist ensure your lfejacket i fitted 
correctly andl check the surface of the water to find a safe entry point 
‘Watch out for people, debris, and burning fuel. Ifyou cart avord the fue, 
swim under it and, before coming up for ait, poke your hand through the 
surface to ensure youre clear of it As you come up, keep your face down 
to protect your nose, eyes, andl mouth. 


soul Ou 
With fre hand, eee 
‘97959 sO" upper 
‘orm oF shoulder 


eep ou 
locked 


Once you've 
decided on youy 

entry point, stand 

‘on the lowest part 

of the vessel 

= Close mouth and 

pinch nose to stop 

water from entering 


Keep yourself 
upright with 
your back straight, 
then jump clear of 
the vessel. 
= Cross your ankles 
and look them 
togettier before 


entering the water: 
Keep your 


cnkies together Altes crossed 


Rice your hips 
fo thesurfooe 
ofthe woter 


‘Ben ik ith our 
‘egeer fest jot 
flat the sirfoce 


Inflated each: 


Move uprioht 
nd force 
your kgs con 
‘Once youre 
inthe water, 
inflate your lifeiacket. 
= Ifyoureina 
survival suit, raise 
your: arms andl gently pull 


Lie on your back and swim 
as calmly as you can away 
from hazards, such as burning fuel, 


ofthe lfjacket to help tase your his. 
1 Keep your feet and knees together, 
and usea backward butterfly stroke 
to swim toward the liferaft 


‘one seal away from your wrist 
to let the excess air escape. 


'= Push your head back onto the neck 


COLD SHOCK 


Coldsockresponse isthe bod reaction to 
ines in very old water—for example, 

# abandoning sip in winter inthe Noth 
Atlantic Ocean, Itis a common cause of 
deathin such creases. Symptons 
ince asin fo beath an hyperventilation, 
i an ed tothe nation of water 
<isorenttin, panic andthe pose onset of 
Hypothermia. A sun neease noo 
jressureand hear rate can cause cada: 
robles in some people Prolonged ineerson 
intr vl male  hardtoperor ysl 
movements raking swnning cling aboard 
alifraft ring flare extremely difiu 

= Bodytype or mental conditioning can help 
some peopl survive sinming ney water. 
sDresngin aes andor wearing a survival 
-satinproves your chante of sara. 

i entering the water if you possibly ca. 


ee 


IF YOU HAVE NO LIFERAFT 
Even without a liferaft, you stand a 
better cance of surviving at sea if youre 
ina group, More survivors createa larger 
taiget for rescuers to see, and being with 
others can be qood for morale 

* Collect any floating debris before it 
disappears with the current, as this can 
increase your “footprint” so that rescuers, 
‘can see you more easily. 

* Determine what location aids and other 
equipment are available and prepare 
these for use. 

® If there are children o injured among 
your group, place them in the center of 
the group and huddle close together 

= Ifyou are alone, get into a position 
known as HELP. (see below), which 
stands for “Heat Escape Lessenina 
Position” This wil help to keep heat 
within the coreof your bod 


FLOATING FACE DOWN 
Dont pani if you have to enter the water without a ifjacket, Your 
body's naturallayaney wl Keep at least the top of your head above 
water. To keep your face atiove wate, toa, ake small wind 
motions with your arms extended, However, i the water's roug 
your only option may be ta Rat face dow 


Robe your he 
atone thesurfas 


oneliyed ye 


Detour 
surfce of 
the water 


Thea water ath yo tage 
‘asyoucomesp fora 


Tt important to relay even 
though this seem shard when 

your lifes in danger. 

= Let your face lie inthe water, and 

put your arms out in front of you. 


as you raise your head up, 


the surface and empty your lunes 


IMPROVISING A BUOYANCY AID 

If youre inthe water and wearing parts, you ean improvise a buoyancy. 
2d that wil ep you to keep your head above wale nial, t may be 
aivhoard to organize, bul the benefit outweighs the effort involved 


it theta at he 


Take off your parts and 

tie the leas together near 
the bottom. Tighten the knot as 
much as you can with your teeth 
«= Flick the pants over your head 
frorn behing until they fil with air 
Tread water as you do this, 


Quickly cate the waist 
with yaur hands and 

drip tight to hold air in, 

1 Put your head between 

the trouser legs and float 

= Youwill need to repeat 

the provess regularly, 


Begin to erhale ita the water 
* Lift your head as it breaks through 


completely lefore inhaling mare ai 
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STAY POSITIVE 


{tS vay ingotar fo eran posts an 
‘us on yout situation right now eter than on 
_wha sigh happen ina ew hats oe tomar 


\ enemas! 


“sree ait your 
‘antas gadis them 
pathos 


olor you eas as yx rato 
tothe eating postin 


‘With fresh ai in your lungs, 

luck your face back inio the 
water, keeping your mouth closed 
= Let your body float anain, before 
you repeat the sequence, 


‘SECONDARY DROWNING 


-Apeeson win nearly dawns infles water 
‘hat can cause potentially fatal chemical 
an biological changes inthe unas, This is 
now as ‘seocndry drownina” can b> 
case by naling fresh o say wraler— 
ven ashitleas foe G0 mb, Secondary 
drowning stay ex 24-72 hours after 
itnmesion and hfe unexmnan, ts 

tot rar. Tle the following prezactions 
fo guard agomst seomdary droit. 

= Mla anore win Kas neal donee 
‘hase some tie in wate, 

w= Ask the person t fale a couple of 

deep breaths and heck fr acy pain ot 
isonet that can be anus. 

«= Look foe <yeiptoms such as eaughing, 
breathing difficulties, chest par, acd 
ala tat looks hike far, 

1 Blac sure the person is siting ian 
put eit, 

1 posite pcs nyger—the blond 
levels of axygen can fall quis) —aned Ils 
of est and reassorace, 


a 
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AID 


Regardless of the events that put injuries 
would find daunting without th 
or that will dictat right equipment—the vast majority 


ns will be wi 


survival principles (see p. 27) applies to 
d your situation at all times—you should 
ually |o onsequences 
every action in relation 


t's essent 
ficient 


'seek medical 
with it yoursel: 
impossible t 


In this chapter 


that maggots have their uses... 
how to improvise goggles to prevent snow blindness... 


While it would be 
le to treat a 


when to stop, drop, and roll... 

how to treat snake bites and jellyfish stings... 
when to eat charcoal or drink bark tea... 

how to prevent frostnip from becoming frostbite... 
fighter’s lift... 


when to perform a fi 


The will to survive is often 


WHEN FACED WITH everything that 
man and nature can throw at you, when there 
be no hope, you'll be faced wath tw 


you accept your situation and wail 
t hand fate de 
and discomfort and fight 


stress will allow y ‘ 
action with t 
into life-thre 
stroke. I 


This determination was clearly 
uring a hike in Blue Jol 
y accidentally dislodging a 8 
rf which pinned his right arm, 
ha bleak ou fer five 
hat no one knew 9 
id having run out of water, Ralston decided to 
mputate his own arm with his knife, applied 

jurniquet, and hiked off to safety 


na given 
nd move safely 


f ‘ In another famous example, simon Yates 
yoursel 


10k the agonizing decision to cut the rope tha 
held his injured climbing partner, Joe Sim 
(who Yates thought had died), aver a cre 

he Peruvian Andes. Incredi 

he fall and chose to endure, He spent three days 
without food and only splasties of water from 
melting ice as he crawled and fiopped the 5 miles 
(@ km) back over frozen mountainous terrain 

reach their cam 


L1G The vast majority of injuries can be 
either dealt with or stabilized using 
a combination of basic first aid 
techniques and common sense Oy 
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FIRST AID ESSENTIALS 
SAFETY IS KEY on any expedition. Before you set off, make sure —— 


ai ahy Diese eee 5 WARNING? 
{hat you and everyone in your party has the necessary mecical Ld aera 
equiprnent—especially medications. If someone is injured, he or ‘ies. You can't help anyone if way 
she should be treated immediately. If you can't contact the fosome a casualty aswel If the 


emerqency services (and ifthere are enough of you) one person apie ea 


should stay with the casualty while two others go for help. siontor the casually’ eancition 
fom asate distanes 


BASIC FIRST AID KIT 


Keop your first aid kit (sae panel, opposite) dry and readily 

accessible. Check the seals on sterile dressings if they're not intact 

tl re not sterile, Replace anything you use as soon as you can, 

hey le, Replace anything you use a never Lightweight — Combined Antibotte eve 
caer erie Shomt 


Lage sore —_Sapty is 
arecssta for os 
aatthg doting" hantages 


PRIORITIES AFTER 
AN INCIDENT 


‘Assess. situation quickly and 
tmethodioal, Find out what 
happened Check casualties for 
lfe-tnreatening enna inns sush 
as unoonsiousress or severe 
bieeting (seen 264) and 
‘treat those first 

= Response Is the 
casualty conscious or 
Unconscious? Tf the 
casualty is resconding 
‘to you he or she is 
cofssious Shake the 
shoulders gantly if youre 
ot sure, 

® Airway Ist open and 
clear? IF the casuaty can tal its 
If he or she is unconscious, pen 
ane clear it See p 276), 

= Breathing Is it rornal? Treat 
any difficulty such asasthma (see 
275). If he or she is unconscious and 
rot breathing, call for erneraeney helo 
and begin CPR (see 9 277), 

® Circulation Are there any slans of 
severe bleeding? Ifso, treat immediately 
‘nos life-threatening conditions are 
Linder canto), you can make a more 
detailed assesement, Examine the 
casusity methodically from head tatos 
Ask how the incident occurred, as it can 
indicat lkely injuries, 


Antiapttecrear| 


Tete five 


hypootier gene etasters = a 


IMPROVISED 


in a raised posttion If you 


half to form atriangle (see 
|p 270), You can also use g 
| your [acket or even, 
| tucks stra. The jacket 
| comer sing istheonty 
| one that pravides enough 
support for a hand, wrist, 
| orforear ur ek 


the arm with his ar her 
ther hand while you Seieseatets 


PROTECTING AGAINST INFECTION 

Disposable glaves prevert aross-infection hetween you ard the easuatty, 
they must be latex-free, sie contact with latex can cause an allergic 
reactlon, Antiseptio wines are also invaluable when cleaning wounds 


so iter-boe 
‘ges 


LATEXFREE 
DISPOSABLE CLOVES, 


COMBINED STERTLE 
DRESSING 

“This isa sealed drassing consisting 

of apad attached toa bandage. It's 
283y 10 apply, arid oan be used as 3 
sling. It should be tapeton to your 

Daclepack strap Tor easy acoess 


an ernernency, Staniitt 
Sannantos 


SLINGS 

Hand, atm, oF shoulder 
injuries need to be 
immobilized and sucaorted 


dot have a triangular JACKET CORNER 
bandage with you, use a To sugport an injured forearm 
piece of strong clath about ortand, fold the jacket up 

3 ft m)squave,folded in ver the arm and pint 


| thecasuty to spot PINNED SLEEVE 
Pin a sleeve toa jacket 


secure the sling. bbadepack for support, 


Yea cabot free 
antsepee wbes 
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BUTTON-UP JACKET BELT SUPPORT 
Undo ongof the tutions srl Support an upper sm injury 
slide the njured arm into the Ina rised position wth a belt 


‘opening for support. 


SHOULDER STRAP. 
Resta sprain by 
tucking your hand in 
‘your backpade strap, 


Joopedinta a figure-citt, 


CHECK LIST 


‘Make sue that your frst a kit and 
medicines are suited to the 
étwvironment you wil be visting 


BASIC KIT 
* Alcohol-Feeantiseptic wipes 

* Latex free disposable gloves 

= Alcohol ge for handvasiing 

= Artisepticcream 

= Artbloticeye omtment 

' Aahesivedressings—falmc, water oot, 
and rypoalerperic 

' Gal blister bandages 

‘= Combined sterile dressings, or sterle 
as a bandages in assorted sizes 

' Roller bandages—take selFadhesve 
for supportina joints and gauze for 
securing dressings 

Two triangular bandages 

"= Micropore or zine oxide tape 

s Scissors anc! tweezers 

= Safety pins 

= Disposable syringes 


PERSONAL MEDICATION. 
=Paiklers 

= Arti-nflammatorias 

"= Macical alert braceet/pendant 

"= Preschption medicines suchas asthma 
inhaler andor adrenaline feinepline) 
autoinector 

= Arthistamines 

= Arti-ciarrhea medicine 

1 Packets of oral renycration salts 

' Hieracortsone crear 


ENVIRONMENT-SPECIFIC 
EXTRAS 

1 Malaria tablets 

= Mosquito repellent 

» Arti-poisan-ivy crear 

* Sundlock 

* Tide remover 

= DEET powder for removing leeches 
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FLESH WOUNDS 
ANY INJURY THAT BREAKS THE SKIN carries a risk of ee 


infection as germs can enter the body. These can come from eel aN eka 
the cause of injury, air, dirt, or clothing embedded in the wound. ang you Favs aiities 

In the wilderness, keeping the injured area clean can be a real 4 to he foe ae eet 
challenge, but it is essential, Tetanus is a potentially lethal toh acy den tse. Chet daly 


infection caused by bacteria that live in soil Tt can be prevented and flush the maggots out of the 


rein aca ‘wound with stelle watee before 
by immunization, so ensure that your vaccinations are up to date, ami es 


BLISTERS AND BRUISING 


A blister isa fuid-fled "bubble" of skin that accurs when 
skin is rubbed repeatedly againsta surface (a friction burr) 
A bruise is bleeding into the skin and surrounding tissue 

froma blow that dnes not break the surface of the skin. 


HOW TO TREAT BLISTERS beta at 

The ideal Weatment fora liste is torest ——yurfiet ant 

and weit until it has healed, but thls may 

rot be jossiole in survival situation, seep the 

Cover it with a gel blister dressing if you Foot fat 

have one o, if the blister is large, you may 

have to pie ib enable you Lo continue BTHNY 
walking. However, never pierce alblster atresia? 


caused ty a hurni—you risk infection, 


‘Ifyou have to burst a blister, first Carefully analy pressure 
sterilize aneedle by holding tin @ tothe side ofthe blister 

flame until i's red hot, then letting t ono), oposite the hole made by the 

Clean thearea wth water or wipes, nat needle Continue ta aanly pressure 


cry, then pierce the edge of theblister. unt allofthe fluid has been 
squeezed out, 

BLISTER PREVENTION 
Following these simple vues when out Gently clean and dry the blister, 
tal should prevert bistrs fem then protect the wound fram 
clsveloping in ie irs plac: infection by aoplying a dressing 
= Eneboits oeshotsfitetogely and ae = Use a ge! blister plaster or padded 
‘wal "beoken in” before yoy st ut oleskin if possible 


1 Alvays wear lean, dy confntablesodls. = Akernatively,use a pad held in 

Cot nyo sin Aid wearing bat paesas place with zine-onie tape, 

‘ey may bane pinta itn 

s Kee tnecal cut hor and steaight. HOW TO TREAT BRUISING 

ee ai infers To reduce the swelling and pain of a krvise,ralge the injured area, and 

eee apply a cold com press, If you have aocess to cold runing water, le, oF 

Be ees aN ety sow, soak a cloth and hold il against the bruised area for at least ten 

Pveikeeera liane? ertaves ‘minutes, Severe bruising may indicate amore setious injury, such as a 
seas froker bone (see p. 271) or internal niury (see Shack, p. 274), which wil 

require immediate treatment, 
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Figure 3. Reference distribution by (a) year of publication; (b) type of publication. 

Phase II included the analysis and comparison of papers related to the category of loT in 5G. 
service classification. Papers were first sorted according to the existing classification criteria of 
IoT applications in order to underline their deficiencies from telco’s perspective. Since emerging 
IoT applications generate traffic driven by less predictable activities, specifying their performance 
requirements and enabling technologies is not an easy task from telco’s point of view. Therefore, 
we have proposed a common set of activities to serve as classification criteria of IoT applications. 
Four activities were selected based on loT customer service requests denoting the function/ purpose 
of existing loT applications. According to the authors’ knowledge, existing loT applications can be 
grouped around following activities: ticketing, tracking, monitoring, and managing/controlling. Such 
a classification makes it easier for telecom operators to associate particular loT applications to the 
relevant 5G service class. Finally, Phase II has resulted in the proposal of an activity-based classification 
Of [oT applications which was associated with the 5G service classification. 

Phase III included the analysis of papers related to the category of loT in 5G performance 
requirements. Papers were grouped according to eight key performance indicators, ie., data rate, 
mobility, latency, connection density, reliability, positioning accuracy, coverage, and energy efficiency, 
‘These performance requirements were prioritized indicating high, medium, and low importance of 
each requirement for specific activity-based IoT application classes proposed in Phase I. Finally, Phase 
Ill resulted in the identification of highly important performance requirements for each activity-based. 
IoT application class which can be utilized by telcos to identify 5G enabling technologies used to 
meet them. 

Phase IV provided a review of papers from the category of IoT in 5G enabling technologies. Papers 
were first sorted according to eight technological groups used in the radio access part of 5G networks, 
ie,, wide and flexible bandwidth technology, advanced modulation and coding, duplexing, multiple 
access and waveform, advanced interface management, access architecture related radio technologies, 
energy related technologies, and other technologies. These technologies have been discussed in terms 
of their possibility to meet the high priority performance requirements of mMTC activity-based loT 
application classes, since this area is more mature from telco’s perspective. The results of Phase IIL 
were reflected in a proposal of technologies in the radio access part of 5G networks that can be used to 
meet the high priority performance requirements of the mMTC activity-based IoT class, as well as the 
identification of research gaps and directions for future work. 


3. IoT in 5G Service Classification 


As mentioned in the Introduction, various challenges awaiting telcos can be identified on the 
basis of the role that they will play in the oT value chain. Regardless of this role, telcos will face many 
technical challenges, such as the necessity for global deployment, the need for rapid infrastructure 
scaling, unpredictable IoT application behavior, etc. Even now, existing IoT applications accelerate 
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WOUNDS AND BLEEDING 


Severe bleeding can be distressing for both you and 
the casualty, but it ean usually be controlled by a 
cambination of direct pressure and elevation of the 
injury, Remain calm and reassure the casualty while 
treating the wound, Treat for shock (see p. 274) 


MINOR CUTS OR GRAZES 

‘Any break in the skin, however minor, needs ta be 
‘cleaned afd protected fram infection, Rinse the 
‘wound with clean eold water and pal it dry. Then 
‘cover the injury; the dressing pad! must be larger 
‘han the wourid For snail grazes, use a plaster 
for larger ones, use a sterile pad and a bandage, 


NATURAL WOUND DRESSING 
‘The'irch polypore, or vazorstrop fungus, which grows 
“on the ades of old birch trees, can be used as anatural 
‘wound dressing. Cut a thin slice fromm the top of the 

fungus and secure it over the wound. If you are in any 
‘doubt about the identity ofthe fungus, donot use. 


FOREIGN OBJECT IN A WOUND 


Any loose foreign objects, such as pieces of dirt or grave 
shuld be removedtfrom a wound, otherwise they may 
cause infection or delay healing Ether rinse therm off with 
cole running water or carefully nek loose pieces off the 
wound with tweezers, However, Fan abject isembedded 
in a wound dorit-rem ove it, ut treat as shown below. 
abo 
Dorr try to remove the sresire Plave 2 piece of gauze 
object as it may be fe ae cover the doject to 
plugging bleeding. Control oPe8R YA) oye it, then bull up 
bleeding by pressing fant ppadlina on either side 
oneter side of the wound! (oled bandages are idea. 
1 Push the edges af the out Bandage aver the pads and 
together but take care rot to the object, 
press creetlyan the object. = Check the eoulation 
* Raise the wound above the beyond the bandage every 
level ofthe heart ‘ten minutes (see, 264) 


kp asd tier 
eer art 
set ‘ath bon 

Coeapooe ” lh 

ie 4 


TYPES OF WOUND GUNSHOT WOUND 
Diffevent types of object and force produce d ferent kinds af wound, Check if the casualty has an 
Tisuseful to identify the type of wound you or the casually has exit wound, Treat entry 
incurred so that the correct method of treatment can be agplied, ad exit wounds separately, 


BRUISE (CONTUSION) GRAZE (ABRASION) TEAR (LAGERAT ION) ENTRY WOUND 
Alunt-blow wil break blood — A fictontbum from arope, or IF the skin stom open, the |) Bullets drive deep into, 
yesces under the skin causing sling fal, will scrape at? wound! may ict bleed as badly or thrauch, the body. 
blond to leak to the the top layers of sin, san inased wound, They-leave a small, 
‘ussues. Ths results leaving 2 raw tender but larger area of neat entrance 
inabruise:the rea. Grazes tissue maybe ‘wound andl cause 
slan\s tender, often contain damaged and serious internal 
swollen and sarbedided vulnerabie to damage and 
blue-black neolon foreign mater Infection, contarrinstion 


PUNCTURE WOUND, INCISED WOUND STAB WOUND EXIT WOUND 
Sharp objects such asmalsor Ifa shavp-edged object euts A penetrating wound froma J Tabullet passes 
searchin spines canpunclure agvass the skin, blood vessds long, bladed instrumentisa J through the 

the skin, The entry ‘all be sliced open very serious injury Dock tha tt 
hole willie small ut and bleeding wil {A stabwound to ‘woud wil be 
the wound wil be severe, the torso can large and ragged, 
be deep, with Nerves or damagevital Don't remove'the 
hig risk tendons may also organs and cause bulet theres no 
of iefaction. bbedamagas Internal Heeding exit wound 
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SEVERE EXTERNAL BLEEDING 


Control the bleeding with direct pressure over 
a wound and, if possiole, call for emergency 
hela Never use a tourniquet 2s 
this ean cause severe tissue 
damage. Life-threatening shock 
is likely to develop if blood loss is 
savere (seep 274), 
Apply presi 
‘recover 
eine 


Remove ov cut away clothing to expose the wound 

Apoly direct yressure to the wound, over asterile| 
chessing or pad if you fave ane Raise the injured lini 
atove the level ofthe casualty heart to reduce blood flow 
to the area, Helphim to lie down andi raise his legs, 


VARICOSE VEINS 

(When the one-way valves in veins fail, blood 
pools behind ther, causing raised knobbly ski, 
The taut, thin-walled veins can easily be burst by 
alorock: Bleeding willbe profuse 


Help the nasualty to lie down 
and raise and support the 

injured avea as high as you can, 

‘This veduces beeing straight 

away. Expose the wound 

and arly cect 

pressure over a 

sterile dressing 

oF pad 


Bandage the pad 
firmly to maintain 
pressure on the wound, 
Keep the area rated 
Check the bandage is 
hat too tight (see step 
2 above. Ifnacessary, 
loosen itout 
maintain pressure, 


‘leuko the ngs as atic as 
‘posse to rantnte risk of 
shot dean 


2 


p30) 
ee 4 
Seoure the dressing 
with a handage. If 
flood soaks through, aaply 
second dressing an top 
of the first. 


Every ten minutes 
check the bandage Is 
not too tight, Gently cress 
a fingernail beyond the 
dyessing. Ifthe skin enor 
doesnot return quick, 
rebandage more loosely, 


SCALP WOUNDS 

‘Asalp wound can bleed profusely, making it appear 
‘worse than f actually is However, it may mask 2 more 
serious head injury If a casualty becomes drowsy, nasa 
headache, ar dauble visi, get ernergeney help if possible 


tse vast Pallor 
Batteroer andage 
hath won 


Sit the casualty on the 

‘loor. Carefully replace 
loose flags of skin, cover the 
wound with a sterile pad, 
and apply pressure 


Secure the dressing 
with a roller bandage 
If thecasualty doesnt 
‘Quickly recover or if he 
deteriorates, gt hela 


EYE INJURIES. 

“The eye can be seriously injured ky a blow 
or contact with sharp objects, such as a tree 
ranch, risking scarring, infection, or even 
Joss of vision, Always wear dye protection 
‘when hiking through dense vegetation, 


Lay the casuaty down 
‘with hishead on your 
knee. Cover the injured ave 
Ack him to keep both eyes stil, 
asmoving one aye causes the. 
lhe to move, If an object is 
sticking aut of the eye, pad 
securely around it. 


Secure the: 
dressing with 

abandage Tf youre 
‘on your ow, fix the 
dressing in place wth 
plasters or tape and 
trynet to move 
your eyes, 

Secure oad 

‘wre antoge 


FOREIGN OBJECT IN THE EYE 

Ifyou can see an object onthe surface ofthe 
ye, try lifting i off with the corner of a 
handierchif, or wast out with sterile water, 
washing away from the avod eye, Don't remove 
anything thats sticking to the ye 


SNOW BLINDESS: 

‘Alsolenown as “lash burn,this aocurs if 
the surfave ofthe eveis damaged through 
exposure to ultraviolet git such as the 
ara from sun reflected off snow or water, 
Wearing sunglasses can prevent this In an 
‘emergency, makeyyour own qnaales from 
cardboard or birch bar, Ifa person 
affected by snow bindness, give him gauze 
ats to old sasrst his eyes, Bandaue 
them in place if hela is clelayed 
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BURNS AND SCALDS 


There isa serious risk of infection with all burns, Burns may 
affect only the outermost layer of skin, the upper layers, or the 
full thickness. Severe burns will affect all three layers. If the 
burns larger than the casualty’s hand it needs hospital treatment. 


SMALL SUPERFICIAL BURNS 

Coo! the iniury For ten minutes with cold running water 
‘of any cals, harmless liquid, Remove jewelry or watches 
from the affected area before it swells, Caver the burn 


to prevert infection 
LARGE ORDEEPBURNS = ff \ 


IE abournis extensive or deep, tien Fae 

Fh wil be itor the lod 2c 

ife-threatening shock'sfkelyto develo ‘aking sn fe: 
(eet 274) Tf the njry corned in afre, "AONE 

the casaty could alo havebums tohis DR feel cae 5 
ar passages so ray hate breathing Heer 


dliffeutties Dont burst any bistars a 
you will nerease the risk of infection 


Qihieset keira 
protect him fram the ground if 
ppossila. Cool the injury by dousing it 
‘with cold water for ten minutes; this 
also reduces swelling and relieves pain, 


oot fev at 
easton 
insies 


While coating Wie 
four remove or cut 
clothing fram around 
the burn, Don't tough ay 
remove anything that's 
stiokina to thelurn, 


But ebting 
tows 
deyned ea 


rotect 
tho nr 
torequce 
rekeg 

| ection 


Cover the entire ares with plastic 
kitchen wrap, a clean plastic bag, 

or a clean, lint-free dressing, Get 

‘emergengy help as soon 3s possible 


5 
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BITES AND STINGS 


MANY BITES OR INSECT STINGS are painful, but most can be 
treated with simple first aid. However, there is a risk of an allergic 
reaction called anaphylactic shock. Ifa casualty develops a red 
blotchy rash, watery eves or puffiness around the eyes, anc/or 


——_— 


PORCUPINE QUILLS 
Tryouatepinesed fy a poroapine’s 
Sacked gulls you mast rove 
Aho they will nina fn work 
‘ther way info the lsh and may 


breathing difficulties, get urgent medical help (see p. 274), pettea vital organ, 
+ lf ef tls 

ae holly, allo them fo 
TREATING BITES peti 
AAn injury that breaks the skin carries a risk of infection, This is greatest full thequille ot, using lees it 
with animal bites, since the mouth harbors so many germs. For a snake you have them, 
bite, youll need to get emergency helo, as the casualty needs to be *Dlan the panetare wounds and 
transported ona stretcher in the treatment position to prevent the ‘apply anantisetic ont, 
venom spreading through the body 
SNAKE BITES MAMMAL BITES. 


Bites from marnmals—animals oF hurnans—oanry @ 
serious rise of infection because the sharp testh cause 


Relatively few snakes are venom ous ot it's generally 
safer to assurne that all of them are Mast snakes cause 


a painful bite that leaves small puncture matks in the 
skin; however, the bite of apolserious snake may in fact 
be painless. Symptoms also include nausea and vomiting, 
disturbed visio, and breathing dfficutties 


Keep the caaualty 
veal. Help her to lie 

down with her head, chest, 

and shoulders supported, 

= Advise hey Lo keep stil 

= Make anate, f you can.of 

the time the bite occurred. 


Apply a bandage 

around the site of the 
injury, Do not wash the 
222, remove ary footwear 
oF clothing, or attempt to 
suicthe venom, 


ie another bandage 
‘around the affected limb 

that evlends from the bite as 

far up the limb as possible, 

® Check the circulation 


(see p. 264), 

= Trnmobilize the 

affected limb, 

® Wiove the casuaty only 

with the use of a stretcher, 

“somostiee es Bandage the nb 

‘lth jolted “pam tee te 

‘ongilar “afr a teen 
andes ‘spose 


Te the ts 
apatstihe 
niaed 
line 


ppuneture wounds that transport bacteria deep into the 
tissue (cee fs 263), As always, wear gloves to rotect 
‘yourself, The bite can also crush surrounding tissue, 
and leeding maybe severe (cee p, 264), 


CLEAN WOUND 
Ralsethe inury. Wash the 

‘ais with clan gauze and 
water Pat dry, and cover t 


with a wound dressna, brenintii 


toracany, 


—_—— 


‘SNAKE IDENTIFICATION 
enti the nae yo can ste this wl hep cea acs 
‘ind the correct ative youre nal. cerlait of heen, 
tale arinte of scolar r dtrquihing Features. 173 sa, 
ppt the shale ina secure cortamner but eae mn mind that 
‘venom active even if asnae is dea, Dont wash the venom 
off the bts can be used to deny the aver, 


Postoncaseaty 
bia cst 
Digher chan 
siren are 


TICK BITES 

Ticks are tiny, sider tke parasites that live in atass oF woodland, They feed 
on bload, attaching themselves to the skin with spiked mouthparts, and 
swell to the size of a pea, They carry Lyme Disease, so must be removed. 


SPECIALIZED REMOVAL HOOK 
“Tick extractor tools that “unserew" the 
mouthparts ofthe tik from the skin are 
avallale fmm pet shops Side the hook 
along the sidn to grab the Uick Ralse the 
hook vary sightly snd rotabe to lft 
‘thetic clear, 


TRADITIONAL METHOD 
Using tweezers, arasp the tck's head 
as lose to the skin as you can, Pull the 
head upward usna sleady pressure 
on'tvisth Keep the ticlein a 
container so itcan be checked 
or Lyre Disease 


‘ite te hook _| 


nal teroages 
sth te tok 


TREATING STINGS 


infu, but they a 
stings can be very palnful and cause severe iliness, 
should be as for Snake bite (see opposita). Multiple i 
\ type can produce a moreserious reaction 
phiylactie shock, p. 274) 


re rately life-threatening. Scorpion 
vid treatment 


Many stings are pal 


of 
(eee 


INSECT STING 


A bee, wasp, ar hornet sting is often 
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HANDLING LEECHES 

When in leet infested territory, 
inspect your clothing and limbs every 
Jew minutes, Never pull a leech off fF 
its attached, asthe jaws willramain in 
‘he stn and cause infection To rerncket 
* Apnly the juice of araw lime, DET, 
alent) a dash of salt. If youre 8 
smoke, put your cigarette butts jn 2 
piese of sloth, moisten the cloth, and 
squeeze ricatine onto the leech 
Once the leech has dropped off 
‘wash the area to remove the 
antlopagulant in and around the 
‘weund, Treat any bleeding (cee 
263) and cover the wound, 


—_—_——_7 


WARNING! 

Astin the moth tryna ean cass 
wel that loos the aieway To minimis 
‘is ge the caualy old wate to ip. 


SEA CREATURES 


painful anc followed by swelling 
and redness at the site. Same 
peaple have an allergy to 
stings, sa monitar the 
vasually for signs of 


When toushed, sea anemones, corals, jellyfish, and 
Portuguese men-f-war release venomous cels that stiok 
4p the skin Treat jelyish stings as below: apply a cold 
compress to ather stings to minimize swelling and relieve 
pain, Creatures such as weaver fish have sharp spines that, 
if trodden on, become embedded, and may besnme infexted 


Serpe 
gaint stn 


ithe sha ae 
visible bit beware of 
offsianay wnt Bei “ 


of a credit card 

fe or a fingernall, 

= Dov’ squeeze the sac 
more 


agar or 
saaater 


Raise the a 
part and place 2 
cold pad against it for 
least ter 
‘mini ze swelling, 
# Monitor the easua 


JELLYFISH STING 
Pour vinegaror seawater 
over the area to neutralize 
‘the sting. Help the casualty 
‘to st downy treat as for 
snake tite (see oppastt) 


‘SEA URCHIN SPINES 
Trmerse the injured partin 
‘walter a hol as the casualty 
‘an tolerate fer about 

30 minutes. et medical help, 
as thespines must beremoved 


for signs of 
wheezing, oF 6 
evound the face 
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POISONOUS PLANTS AND 


INTESTINAL PARASITES 
IT'S ESSENTIAL TO MAINTAIN personal hygiene in —___—\ 


camp, to purify all drinking water frorn natural sources WARNIN : 
(see pp. 198-20), and to observe the rules of food safety ee 
if you wish to remain healthy in the wilderness. You parts of your body such) as the eves, 
should also learn how to recognize and avoid the aca 
poisonous plants in the region you're traveling in. * Ty develo bistes on your sin, 
dont sorateh epee och 
CONTACT POISONING eos ceca 
Poisonous plants don't always have to be ingested to cause damage. ‘= As wellas paul blistering, some 


If they come into contact with the skin, the result can be pain, swelling, _geplemay havean extrete reaction 
redness, a rash, and itching, Get medical help fast and, in the meantime, tothe tan. They should be monitored 


vise the skin with cold water fr 20 minutes. If the water splashes an | Meme OGRA. 


eye, rinse for ten minutes, Although plants are the most common cause 
Feontact poisoning, chemicale-such as camp fuelcan ako beharmfu, 
POISONOUS PLANTS 


Poison ivy, palgon oak, and poison sumac are the most well lawn of the 
plants that eortain urushio), an irritant oll Ifyou dariage the plant and get 
‘the oll on your skin, you must wash it off immediately with soap and cold 


NATURAL REMEDIES 
\Whare nature causes a problem, 
she sometines provides the solution 


tater, You should al remove ard wash any contaminated clothing to i eels se 
srevent the al gweading, Apply an ant-poisan-vy cream as soon as mossble. foo ys 
Many people will develop an itchy rash and often painful blistering within = Jewolweed has 2 sticky juice that 
ita 24 haus of contac with the plant see warning panel, azove) wildy out ister afte days 
Gutaprece of stem, spt down te 
POISON SUMAG POISON IVY middle, and rub: 
Pape HWiEad bicaiivaaitanh §—NEthets veal fi peces nthe 
North Aerca,plson sumac ean sreascf North affected sn 
grow arial ase Nm armies 
et pels eh Joven as 
pe ea tet pals 
oppostepats ee tienes 
Sood es 
Bertesare. is, 
one ene 
To sone cing 
pomowone trate apotie of 
eat ys 8 ‘th hazel leaves, 
STINGING NETTLES fenton Mashup the leaves, adeing 


leaflets of poison 
Dak grow in threes 
This plant is found 


Fone in many ont singing 
ceils uvlly sas ly azpovary 


‘water iFtoo dry, then agply 
to the affected area. 


sfinaia sensatinterethe tts nwoogea parts ot = Try wasrrgvath tare ace 

Farstouhtheske, Apph-asnothng Norn amencs Solio, Tantie stds funn ba, 

‘cold compress oe rub the affected ‘or you cari make it from oale bark 

avea th» dk ai you ann Leaptsare / (Gee opps. 

re Weten eerie ad esa Sige ie 2 Tea tooo), from teloaies of 
oak feaves ‘the melaleuica tree, is also said to 


inicales an aller reaction, 


counter the effects of urushial 
Apply directlyto the affected aras, 
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SWALLOWED POISON 


Try to find out what the casualty ingested, how much, and 

when. IF you suspect the casualty has swallawed a caustic 
chemical such as camp fuel, do not induce vomiting as it will 
bourn again on the way tack up Get imedical fiela ane! monitor the 
casualty, IF the lips are burnt, give frequent sips of ecol milk or 
water: [f you know the casualty has swallowed 4 poisonous plant, 
ar fungus and he or she is conscious, induce vorniting by tickling 
the back of the throat, Dilute the eoison by getting him or her to 
drink large quantities of water or milk, or tea mixed with charcoal 


DIARRHEA AND VOMITING 

In the wilderness, diarrhea and vomiting ean kil, because they lead to 
dehydration see p, 272) or even shock (See p. 274), The mast lhkely causes 
are food poisoning or drinking contaminated water, although infectious 
diseases are a possibilty so get medical help f sym ctorns persist. You 
should rest, keep warm, and replace last fluids, If youre hungry, you 

tan eat small amounts of bland foods such as pasta for 24 hours, 


INTESTINAL PARASITES. 
There are two main tyes of intestinal 
parasite helminths tapeworms, 
fainachins, and rourdwortns) and 
protozoa (giardia, for examine) The 
usual causes of infection are ingesting 
‘contaminated water or food, oF noc 
personal hygiene. Symptoms include 
rrausea oF vorniting, dlarthea (see left) 
dlysentry, bloatin, stomach pain, 
eight ls, or arash of ftching around 
the rectum, Seek medical avioe as 
soan as possible 


WILDERNESS CURE FOR WORMS 
If you have passed a wort n your 

Stool, swallow cougle of tablespoons 
of kerosene, While this metfiog may 


NATURAL REMEDIES, tale you sick eal ake the worms 
Tha survival situation, there are various natural remedies you canto sie, Gasoine wil also worcbut isnot 
stop diarrhea or alleviate symptoms such as stomach pain, although some se effective! 
are more palatable than others 

HOW TO AVOID BEING INFECTED 


The hazel ay 


Teart shaped Prevention is far etter than cure and to 


avoid beg infecte by parasites present 
it wale or spread in foes you sould 
awaysdo the folowing inthe lderness. 
oa ates or use therrelatle 


Gowneny methods of purification see pp, 198-200). 


pind Daa lean you teth or se ynur 
Reseed ‘mouth with water that isn't pure, 


= Dan't swim or stand in rivers or lakes 
in paces where you could be t rick unless 
absolutely necessary, 

* Caver any cuts or wounds on your sen 

= Maintain strict personal hygiene in camp 
(see pp. 116-17) ara when isndlirig food 

= Boil sry mest you think might be 
Infected for east 20 mmutes, or 
ideally utili fals off the tone, 
bbafore eating it. 


1 Tea: Dns tea made fron hazel, cowbery, or erarberry leaves, 
'= Bark: Pull sorebark vif tree (preferably 0al), remove the inner 
bark ard bolt fr at east 12 hours, adding more water as necessary 
“The resulting ack brew smells and tastes vile, bult contains tannic 
acid are wil cure dlarhea, Dereon cup every tees haus 

"= Gharcoat Take 2 partially bumed piece of wood, scrape of the char, 
thon swallow about a handful with water 

"= Bones: Burr to ashes then grin, or grind bones ito a powder 
between two rocks. Make a pastowith water, 
‘then sivallow about a tablespoenful 

= Challe: Grind into a powsier rx wth 
‘water to apaste, then swallow about 
atablesooonl 

sh: Make afaste of wood ash and 
‘water; then swallow, This al 
alleuale stomach pan 


REST AND 
REHYDRATE 
Drinic water ta 
maintain your ld 


leva To heloreplace lost 

s, dissolve a pact of rehydration sal 
Inthe wale, or one teaspoon of salt in a 
Iter of waler before ormkng: 
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BONES, JOINTS, AND MUSCLES 


CRAMP: 
This painful muscle spas can be 
caused ty dehydration and a reduction 
of body salts through perspiration 
so make sure you have enough to 
drink when exercising. Sit down, rest, 
‘and stretch the affected muscles, 


Foor 
Help the person stand on his good foot 
‘and stetch themmusclesto reverse the 
spasm, Once the cramp has eased, 

nassau the affected area ofthe foot. 


Support the 
peesons fot 


Bond tos. 
tostratch 


CALF 
Sit the person down and supportthe: 
affected log, Help hin to straighten is 
leg, aid flex is toes to reyerse the spasm. 
“Tren massage the par nusce 


THIGH 
‘the cramps in 
‘tne back of the thigh, 
straightenthelegte 
slvetch the muscle: 
ifits inthe front of 
‘he thigh, bend the 
leg. One tre pain 
eases, massage 
the afferted area, 


IT CAN BE DIFFICULT TO TELL whether an injury is a 
sprain, a broken bone, or a dislocation. The ends of broken 
bones can move, damaging blood vessels or nerves nearby, 
50 treat the casualty in the position found and immobilize 
the injured area before letting him or her move, Anyone with 
a spine injury of broken leg must be carried by stretcher, 


SPRAINS AND STRAINS. 

A strain isa pulled muscle A sprain occurs when ligaments that hold @ 
joint together are damaged, The ideal treatments ta raise the inury, coo 
cand yest it If you provide confortable supoort, gentle movennert can hel 
the injury. If in any doubt, treat the inury as a broken bone see opposite. 


Rest and sueport the inary 
‘wrap a cold compress 
syound i for at feast 10 minutes 

fa reduce swelling and bruising, 


ARM INJURY 


Falling onta an outstretched hand ean cause 


Leave the compress in place, 
or wrap padding around the 

injury. Aboly @ crepe bandage from 

below the inury ta the next joint 


Feat jit 
2 broken wrist forearm, upner at, oF wont 
collar bone, Support the affected arm in a collar bone 

ing. If a casualty carvt bend his arm, he ainat 
‘may have irjurad his ators, wih c23e She 


dort use a sling, Instead wran padding 
ayound the jot and secure the arm 
to the body with triangular 
heandages To make sure that 
the adage isnt too tight, 
chedk the wrist pulse 


USING A SLING 
‘Side a triangular trandage betiveen 
theacm and the chest, Bring the 
front up over the arm and te a 

reef knot on the uninjured side 


LEG INJURY 
Injuries to the leas can be serious, a8 any fracture is 
likely to be unstable, which means that the ends af 
the ones ta irave Wasily, ad could per o# one of 
the large blood vessels inthe eg, resulting in severe 
bleeding, Dortt move the casualty unless you hate 

‘0, and, eve then, only when the legs have been 
immo ized. Tf you see any signs of shock (see p, 274) 
ensurethe head is law b 


ise the legs, 


I this \s nearby just maintain this, 


SPINAL INJURY 
If person falls an lands on his back, or falls from & 
height, ft isbestto assume that he has a spinal and, 
probably, ahead injury, Dortt move him—support 
his head and neck in line with the rest othis 
back. Moving him could dam age the spinal 
cord which may result perm anert loss of 
movernent below the injured area, Gall for 
‘emergency help, oF send someone to get 
help while you stay with the casually: IFyou 
have to move him because he isin danger, 
use the log-Pll teshnique (see p. 279). 


‘ate sue you ars carota 
‘oases you 7g) fe to 
wat erp toate 


rther damage, Call for emergency hela, 
jpport. Yau van put 
rolled-up coats or blankets on either side for extra support, 
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HAND INJURY 
Injuries to hands are 
often complicated iy 
bruising a bleeding 
Raise the injured hand 
and treat baeeding with 
direct pressure (see 
264), Remove jewely 
laefore the area startsto 
swell Wirag the hard in 
padding and sugnort it 
in a raisee postion with 
asing 


Wrap hand 
sft tates 


ast in 
tel support 
ana 


Secure thi Fececond 
‘ordain bondage ra 

Pu fist badge Derlases — fguraof elie 
‘rou he ee ahoveand "grande 
bebe miry aries fet 


‘eure bunaages 
‘ith reef toton 
the iar ste 


If help is delayed or you need to transaort the 
casualty, aut bandages around the knees and ankles 

(and pebis, te thio is injured), and above and below the 

injung, Place pad ng bstwveen the legs. ther te the bandages. 


‘SUPPORT THE HEAD AND NECK 
Keel or le behind the cssualy'stead, 
Keep your arms steady by resting your 
boves on your thighs snd plsbe your 
hands on ether side of his head to eep 
itinline with hisbody. Wait for help 


uterine casey 
ats 
jtonear: 
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FIRST AID 


TREATING EXPOSURE 
EXTREMES OF HEAT AND COLD can prevent the body's ee 


temperature-regulation mechanisms from functioning properly. len 

A fa casualty bexsmes unconscious, 
Both extremes can cause life-threatening injures, so it’s vital to Be caserte Gentian 
act quickly. Don't leave a casualty—call for help ot, if possible, esustttation (seep. 277) 
send someone to seek help while you treat. him or her, —— 


HEAT INJURIES 
Inhat weather, weara hat, reapply sunscreen frequently, and stay 
in the shade when you can Yo avoid heat injuries such as sunburn. inert sec 
Youll quickly becorne clehyelated if you dont drink enaugh water 
to replace fluids lost through sweating, 


DEHYDRATION 
Helo the casualty ta sit down and give him fluids to cin, 
water is usualy suficent, tut rehydation salts mixed 
with water is best, IF the casualty complains of rama, 
help him siretch the affected muscles, then massage 
them firmly (see p. 270), 


HEAT EXHAUSTION 


a DR Tea i ar tn Va 
ta neal ary gunn bo ees eat 
RiinianreRcinnminnan 2a 
Erion nape one moe —anemadl 
deafatetenan voretirenkiacee eal 


HEATSTROKE 
This life-threatening condition may follow 
heat exhaustion or develop wth no warning 
Heatstroke causes the boy's temperature: 
ssontrol meshaniar ta fal If person 
‘complains of headache, fels dizzy, has hot, 
dry skin, and begins losing consciousness, 
heor she may have heatstroke and wil 
need urgent medical help, 


Move the casualty to as cool a 
place as possibie—out of the 

sun Helphim to st or ledown with 4 

his head raised and remove all ofhis 

outer slothina a 


‘the body temperature Ideally wrap 
hin i @ cold, wet sheet. Keep the sheet zi tempera a 
uo] ty continually pouring water over it. the wet siest witha dryon= —toriseaain, repeat the [eater 
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the growth rate of traffic driven by less predictable activities which require new strategies towards 
5G networks. These networks will be the key enabler for loT applications by providing a unified 
infrastructure capable of meeting the high variability of their performance requirements [8,16]. Various 
stakeholders have recently described what 5G networks may be and grouped the major types of 5G 
services into three different classes: (1) xMBB—Requiring extremely high data rates and low-latency 
communication; (2) mMTC—Requiring scalable connectivity for an extremely large number of devices; 
and (3) uMTC—Requiring ultra-reliable low-latency and resilient communication [198]. This 5G service 
classification can be used by telcos to identify performance requirements of various loT applications, 
and, as such, was used in this research study. However, emerging IoT applications will have extreme 
requirements, so an analysis based solely on 5G service classifications may not be sufficient. Therefore, 
telcos need a more precise classification of loT applications which is an important precondition for 
meeting their diverse requirements. 

IoT covers human-to-human (H2H), human-to-machine (H2M) and machine-to-machine (M2M) 
communication, which will be the main driving force towards 5G networks. In addition, the terms 
M2M communication (M2MC) and machine type communication (MTC) are used interchangeably 
as in [17-19,89-93,199,200]. Although IoT is a broader concept which evolves from M2M, this paper 
assumes that IoT and M2M are synonyms as in [94]. 


3.1. Existing Classifications of IoT Applications 


In order to meet the requirements of a wide range of IoT applications, they have to be classified 
in an appropriate manner. The existing approaches to the classification of loT applications are 
summarized in Table 2. IoT serves different user categories, including individuals, businesses, and 
society as a whole, and may span through a broad range of application domains [4,10)-12], such as 
transportation and logistics, healthcare, smart environment, personal and social, futuristic applications, 
food sustainability, smart living, smart manufacturing, smart energy, smart city, etc. These application 
domains are created to be human-centric, which means that they cover different domains of human 
life, IoT applications belonging to these domains have diverse requirements for 5G networks, and 
should not be treated equally. Therefore, the acceptance of these domains as a classification criterion 
raises the issue of assigning loT application to a particular domain. Moreover, the emergence of new 
applications of loT may require defining new application domains, which makes this classification 
inappropriate from telco's perspective. 

‘The M2M applications may be classified by the mobility and the amount of dispersion that 
needs to be supported into four categories [13]: (1) fixed and concentrated; (2) fixed and dispersed; 
(3) mobile and concentrated; and (4) mobile and dispersed. However, the mobility and amount of 
dispersion present very rough classification criteria and cannot meet the precise network requirements 
of individual loT applications. 

Additionally, M2M applications can be grouped according to delay tolerance into four 
categories [14]: (I) elastic (delay tolerant); (2) hard real-time (delay constraint); (3) delay-adaptive (delay 
sensitive but tolerant); and (4) rate-adaptive application (adjust their transmission rates according to 
available radio resource). However, the main drawback of this classification is the lack of consideration 
of other loT application requirements except delay tolerance, although its importance as a classification 
criterion has been recognized. 

According to data reporting mode, the M2M applications can be classified into five categories [91] 
(1) time-driven; (2) query-driven; (3) event-driven; (4) continuous-based; and (5) hybrid-driven. 
This classification is specific for the former IoT concept, which is narrower in nature than the definition 
adopted in this study. 

Another study considered the reliability, availability, and end-to-end latency in order to classify 
IoT applications into two groups [15]: (1) monitoring-based and mission-critical; (2) monitoring-based 
and non-mission critical; (3) control-oriented and mission-critical; and (4) control-oriented and 
ion critical. Monitor-based IoT applications periodically collect sensor data from smart 


non-mi 


COLD INJURIES 
Exposure to cald can result in parts of the body freezing 
(frostrip and frostbite) or the badly’s care temperature 

becomina dangerously low ¢hypotherrria), 


FROSTNIP AND FROSTBITE 
Frostnia isthe freezing of the top layer of 
skin, usually onthe face ard extrem ties, 
The skin turns num, white, and har 
Untreated, can lead to frostbite, which 
isrmuch more seriaus—the deeper tissues, 
and even the bone, freeze. The skin turns 
white or blue ard feels sly f 


Put ved 
ond 
rmaits 


WARM GRADUALLY 
Frostnip and frasttvte can beth be treated by 
‘warming the affected area, though frostbite 
requires ave tensive treatrrent, Warrn 
ted area wth bady heat—placethe 
VS hands in his own arrapits, or place 
hisfeat in your armerts, Remove any rings 
and raise the injured part to reduce sweling 
Mealy place the affected area in warm 
‘water Dress the injury in sterile dressings 


HYPOTHERMIA 

This life threatening condition develons if the body's core temperature 
{falls below 95°F (25°) Treatrnert ains ta prevent further heat lass 
Ts vital that casualty is warmed up gradually. If he or she is warmed 
Lp too quickly, blood is diverted away frorn vital organs. such as the 
heart arc! brain, to the skin, wihich can actually speed up cooling of 

the body. A casualty with hypotherrnia must be moved an a stretcher, 


Helo the casualty to a sheltered Theos 
place where ie sould rest to 
prevent hishody teraperatur® faling 
further: Send someone else to get help. 


Put a thick layer of dry leaves 
underneath him to insulate him 
from the ground, Helo him to le down 
in a slegping bag and, iFyou have one, 
cover him with asurvival blanket, 


sey heother backer, 
ort aranches 
or teat 


and if there is no visk of 

futher cad remove any wet ebthing 
and replace with warn, dry clothes—but 
dort give un your om alates, 


trearing exposure | 2/3 


DROWNING 


If person has been irmmersed in cold 
water, there & ahigh isk of tyecther 2, 
Tradition, theoold can cause the 
heart to stop, or throat spasms can 
block the airway Water can also 

enter the lungs and cause secondary 
drowning (see p. 255) hours after the 
person appesred to have recovered, 


RESCUING A CASUALTY. 

If you have rascued aperson from water, 
help im or her tole down with the head 
loi, Replace wet dothes with dry ones, 
“Treat for hypothermia see lef. IN the 
‘person s unconscious and rot Gresthing, 
give iverescuo breathe before begining 
chest compressions (586, 277 


——— 


‘ALTITUDE SICKNESS 

Syinptos af abttule siiess ince rausea, 
lossof appetite storks of bsalt and a 
headache that sno eve by ocation. 
“Tivecasuaky ay also have ifieay 
-sespie a wil fel unwell The only 
soc is to start the desoeninmeniataly 
ei remain aa ar atc fora few 
days Severe oases wll ce tobe cae, 


\ ease! 


ho the casa soy tot et) 
“Swoet aris a oPanegy 
etesuch as choc 
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TREATING SHOCK 
SHOCK IS A LIFE-THREATENING CONDITION that a 
ANAPHYLACTIC SHOCK 


occurs if the circulatory system fails. The most common 
Ananlslactic shock isa eae bt severe 
cause is severe bleeding, but it can also be a consequence of llc eacinn afestin te wc by 


burns. Initially, there will be a rapid pulse and pale clammy People who know they are sasteptible to 
‘this carey a special arlrenaline epinephiins) 


skin, As the condition progresses, breathing becomes rapid Yiseyetar or ett anemone I fe 
and shallovs, pulse weakenis, and skin becomes pale aray- Eee Gat 
: ; 2 sally cap and olin in 
blue, IFuntreated, unconsciousness results Falmer 
thigh (evough thing Frases) 

DEALING WITH SHOCK 
Uo not give the casualty anything to eat or drink as an anaesthetic 
‘may be nieedec; moisten his ies with water if he's thirsty, Call for 
help: the casualty must be transported in the treatment position. 

“Treat the cause of shack, for example bleeding or Hela the casualty to lie down; insulate him from the 

burns (see p. 265), Suspect shack, too, if you notice ground with blankets or bracken, Raise and support. 


any symptoms yet cart see any abvious injury—it could his legs as high as you can aoove the level of his heart 
be caused by internal bleeding 


Loosen tight clothing, for example at the neok, chest, Loosen tint cng 

and waist Keep his head low ths may prevent fn pou ek 
‘vom losing eonsolousvess, een the casualty warm; caver 
bin eh a blanket oF sleeping bag f you have one 


alse te fae os 
igh porsbie 
sea toe sump. 
ame oakpadts, 
‘or anything ste 
os ae aan 


Shelter the casualty as much as you can, but 
dnt move him unnacesserliy Monitor is level af 
‘espceiaty wom) scene, kyeatring, and pulse wie you wait fr hep. 
forthe promt — Begin resuscitation if he loses consciousness Gee p, 277) 
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BREATHING DIFFICULTIES 
RESPIRATORY PROBLEMS need prompt treatment. i! 


because they can prevent sufficient oxycen reaching the eae ee 


body tissues. The cause may be temporary for example cones pan he aay Ges 278) 
choking, suffocation, or smoke inhalation, oi can be archer bss 
a long-term concktion such as asthma that requires, se een ee 
medication. You may need to get emergency help may csodge te blockage fee. 277). 
CHOKING 


Vehien an object becomes stuck inthe throat ft ean cause & 
muscular soasm that blocks the airway. Always ask the casualty 
if she is choking, te make sure. If she can saeak, cough, or 
breathe, the obstruction is m ld and she will probably be 

ableto clear it hersef 


Ir the casualty is breathing, tll her If back bows fall 
to continue coughing If she cant stand behind her. 

speak or cough, helo her to bend forward, Put your anms around 

Support her upper body and givew to her abdomen, clench one 


five back blows inaebween her shoulder fist and arasp 
blades with the heel of your hand other hand, Pl 
inwards and upward up 
Tf the obstruction has still not to five times, Cheak the 
cleared, repeat thefive hac sians mouth and remove ary 

2nd Tie abdominal trusts three times then cavious blockage 
call for help if isnot akeady on the wa, 
Continue util help arrives or the casuaty 
beenmes unconscious {see pp, 276-77). 


ote ctost 


ASTHMA WHAT TO DO INA 
This |s.@ condition in which breathing becomes difficut ES EERE 
because the muscles in ear assages gp inl spasm, [feOwst ale SN 


Most people who suffer from asthma carry inhalers A 1d those things 
Gite Neu tee urna canon a wrian maneueean ate 
"preventer" inhaler and a blue "veliever" inhaler to use in someone aye an asthma 
an attack If the person does not have any medication, attack and not have an 


sithim or he’ down and eal for emergency helo Inher, try the following: 
= Tallharto emiae as 
Sitthe casualty down and ackiseher to take Completely 4 te can, This 
puff from her reliever inhaler, Teller to take expels the “sale a with 
slow dep breaths and ta sit as upright as she can litte oo oxygen in it. Ttenay 
The attack should start to ease in 2 few minutes, peat caciendl Seer) 


strange—to blow ar out when 
‘helbasie instinct Is to gulp air 


‘Ty the attack does not #282, tell fer ta take In,but this does work, 
another dase from her inhaler and rest while = Then, toler to male, 
she reomers, If the attack still does not ease. of is slowly and steadiy, and to 


claseher eves-ta help calm 


becom ing warse, emergerty help is needed as she herself ile doing so 


‘could lose consriousness, 
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UNCONSCIOUSNESS 


IF SOMEONE FALLS UNCONSCIOUS, your priority is to make ae 
sure their airway is open so that they can breathe. Call for Bune 
emergency help immediately (eally ask someone to do this 

while you treat the casualty). Don't move the casualty and 


dort leave him oF her alone unless you have to go and get help. 


Shake are 
CHECK FOR RESPONSE - Sour 
Gently shake the easualty's shoulders 

{if ta child, tap the shoulders), Tak ta 
him ari waton for aresponse, If hes alert, 
he conscious, If for exarple, he reacts 
‘weakly, he may net be fully conscous— 
‘moniter him for any change (deterioration 
or improvement) IFthere no response, 
he's unconscious 


OPEN THE AIRWAY 

If an unconscious casualty ison his 
he's a rik of swallowing his tongue— 
therety blocking his ar passages, Tiking 
‘he head and lfting the hin wil life" 
tongue, clearing the alr passage 


CHECK THE BREATHING 
Tita casulty's head ade wth ne hand are 
lift the chin with two fingers af your other hak 
dont presson the soft tsues under the chin 
Keep the away ope, ar lol ten an 

{eel for normal breathing. If the casuatys 
breathing normaly elaoe hirmin the recovery Place 2 hand on Lack along the casualty’ chest 
postion Geebelow), he's nt breathing, bain the fread to listen, and feel, for breath against 
chest. compressions right away (se op tithe head ft thechin, your cheek for no more than ten seconds 


RECOVERY POSITION 
Tf an unconscious casualty is breathing, placehim in the _xoep ower fon strat Ti the ead back 
recavery postin ta kees fis airway open and cleat, Inthe wth he sole 

Remove anything bulky from his peckets, 
KGneel beside him, Bend the arm 
nearest you at aright angie te 


his body then bring the other 

at ete tetris 

hand rests against his near 

cheek, and hold it there, 

Bend the far leg at the knee Atoms 

and, still holding the nee, pull = = iat 

fhecasaty toward youunil — Exne nea ee 

heison his side ‘etng frerd ertieyace | tower at 


fight ales tbody 
togrevent casaty 
roling fran 
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CARDIOPULMONARY RESUSCITATION (CPR) Errore | 


If acasvelly isnot breathing you must try to keep the wody supalad with | GPRON A CHILD 
cygen ky using chest campressians and resoue breaths until emergency = Startby gig the cid ve esse brats, 


helo arrives, Tis is known as carclopuimonary vesuscttation, or GPR. Tf Give 30 compressions usta the el of one 

an adil collagses, the cause is most likely Lobe 2theart problem so treat fad ny and ity esti ee fan 

2 below If you have rescued an unconscious casually from walter, start aol oF ana. pres the chest 

with resoue breaths as for a child Gee right), If you are unable to achieve —_apebniatey one thc ofits depth 

rescue breaths, you can give chest compressions alone. = Continue wt 30 compress followed by 
wntessehreaths util the chk recovers, 

HOW To GIVE cPR tebe cry bc estes 

Kineel Desde the casualty, level with his chest sothat you dart: TF ae on your sve CPR oe on 

have to change positon, ITyouhsave someone else with you, take ‘mute before you try to callfor help. 


Itin turns to aive CPR so you dort become too exhausted, 
Change over atthe and of each twosminute cyl 


Put one hand on the center ofthe Tilt the casualtysshead to open the airway 

casualty’ chest —make sure you and pinch his nose to clase the nostrils, Let his 
dort press on the lower abdomen, the ‘mouth fall open slightly Lift his chin with the Fingers 
tipof the breastbone, or the rts. of your other hand 


Place the heel of your other Ta begin rescue breaths, take @ normal breath and 


hand an top of the first seal your lias aver thase af the casualty. Blow ita 
and link your fingers together, his mouth until you his chest 

Keep yoir fingers off the rise then lift your mouth away 

casvalty's chest and watch his chest fall IF 


his chest does rise adjust 
Begin chest 4 hishead and try again 
compressions Repeat to give a second 


Lean over and, keesing loreath, but dont make more 
your arms straight, , ‘than two attemats at giving 
press straight down rescue iareaths before 

fn the casualty’s chest, ‘compressing again. 


depressing It ¥y 1Ys-2 in 
(Som). Release the 
pressure and let the 
chest come back up, hut 
dovit nave your hands, 
Repeat 30 times. 


Continuethe cycle of 20 compressions 
followed by two rescue breaths urtil 

the casualty recovers, helo ary ves, oF you. 

aetoa exhausted to keep going 

= If at any stage the casualty starts 

breathing normally, place him in 

the recovery poston (see opposite) and 


‘monitor bis condition until help arrives. 
Pace heat 
ancion cent 


pies oop fers lear of tots 
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MOVING A CASUALTY 
IDEALLY, AN INJURED PERSON should be treated in the is 


position in which he or she was found, Make the casualty 


as comfortable as possible and wait for help, In a survival | arsine te eye 
situation, if you have to move someone, it’s essential to ound ic. Ever thes, only move hint 
immobilize an injury first to avoid aggravating it. Sine tuetnee man 
sy ace is iejurios worse —stay with he 
PREPARING FOR A MOVE Sel sotses MEN ee 


Plan your move befare you start, Choose method appropriate to 
the injury. Dor't attempt to rove anyone by yourself if you ave 
hholp. Encourage the casualty to da as much as possible himselt 


FIREFIGHTER’S LIFT 

This isa technique that can be used to move a conscious casualty if 
youre on your own and need to carry an injured person a short 
tistance it gets ts name trom the firefighters who originally used tt 
Dont use i ia casually hashead or facial injures ora broken atm or 
leg, To prevent injuring your back, use your legs to power the move, 


Support the casualty’ injury 
with padding and bandages. 

Helo in to stand up, 

1 Siand at right angles ta the 

casuaty, then scuat down in 

front of him, staying as close to. 

him as possible. 

= Your shoulder should be level with 

the top of the casually’ legs, enna’ : 2 

Togs se that j 


Pass your nearest 
arty between tie. 
casualty’ legs, wrap it 
round his thigh, arc 
grasp hs eg. Gras the 
casualty’ wnist firmly 
swith te other a {With your feet shou deri 
ant to ensure youre well 
balanced, enoourage the casually to 
lean aevass your shoviders 
ree * Keening your tk straight hold his 
been ‘wrist firm and use the strenath of 
your lags ta stand up, 


IMPROVISING A STRETCHER 


casually to medical assistance, you may need to 
make a stretcher: Use a hurdle or gate, or make 
the stretcher from pales and enats, 


Pushes 
faite ast for 
‘ted strength 


Zip or button up two or three jackets, Cut two 
suport poles, strong enauah to bear the casuaty's 
weloft and 3 71 m)longer than the cacualty. Lash a 
short forked branch across each end (see pn 166-67) to 
keep the support poles agent, 


TWO-PERSON SEAT 


If there are twa of you, this method oan be used to carry 
a conscious casualty who cart walk, but wha can suport 
himsef with his arms. Nominate one person ta be in 
charge of the move ard alve the instructions Kea your 
backs straight at all times 


Stand facing each 

ather behind the 
casualty. Grasp your lft 
wrist with your right 
hand then grasp each 
other’ free wrist to 
make 2 set 


‘Ask the caaualty to 
pat her arms around 

your shoulders, Let her st || 

back on to your hands 

Rise and tekeher weight 

Set off together, leading 

with your outside feet 


Thyou need to move 2 casualty who is unconscious, has alroken leg, or 2 spine 
injury, he must be carried by siretshe, Tdeally, call the emergency seve, and 
wait for them ta arrive. If you cartt contact them and you need to get the 
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me 


Fesmsadicteh 

notuse their own 
Shing tae aster Fs 
right ul am ai of expo. 


a 


Place cross place gt 
each ond ofthe 
Stet 


Place the site 
of trestetcbor 
‘oie the 


Trnmobilize ary injury (see p. 271), and ral the 

seasualty onto his uninjured side, One person should 
suport his head while others hele to keep his kody straiaht, 
ideally one for the upper body and one for the legs. Slide 
‘the stretcher in place then rol him gently nack om to i 


SUPPORTING THE UPPER BODY 

Ifa casialty has an inured arm, the seat carry (see eft) 
ccan be adapted te support the upner body. AS before, one 
of you should direct the mave and always rove together 
Keep your harks straight as you walk, and stop i it causes 
{you or the casualty ary discomfort 


Stand! facing earch 
other, on either side 
of the casualty, Put your 
vis around her back and 
grag her eletning on the 
side farthest from you 


Pass your free hands 

behind the casuaty’s 
thighs, Link your fingers 
‘together or grase each 
others wists, Help the 
casually back on ta the 
“seat,” and lift her 
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WILD FOOD 


MANY POISONOUS PLANTS in temperate regions resemble edible ones, so you should 
only eat plants that you can positively identify. If you'e in any doubt at all, carry out the 
Universal Ecibility Test (UET) first (see pp. 206-07). Dor't forget that some plants are 
edible only at certain stages of their growth. Never eat wild plants if you have any known 


NAME WHERE IDENTIFICATION EDIBLE PART 
BISTORT/KNOTWEED —— fanp,gassyhabitats su + Peril pont. 36-40 (40-100 tall» Youngshots 
Popionansop meer, nNoth mca Gree, anaes Sal pn ite aid aes 

and uri howersrn dnc, ynciaioeteats Raat 
at ot antranched ste, 
BRAMBLE/BLACKBERRY [nist enpeaelabtats » Scranbing deciduous sub with tony stems» Fut 
Rats tos wort partclr ‘onmingthicets Get tot aes While You 
Sela edoes, and woodland. or den pin epetaled wer, Fut rensto. = Leaves 
helach ate anime 
BUCKWHEAT + Oparassndworduite + fedstanmed plintupto2 MeO onptall ——« Sees, 
aga salt Geen, rangi lees Sal pn, fve-ptaed 
wero ches rani th 
DANDELION + Widely distrovedintensrate «Rite ofr, aged edna avs nous Lanes 
Taraccunspp. aes tuaeinvodedts  chettotlegund ronacevaltgpen. Roots 
the Areas Auta, and Lage rch low fowerheadnais ina 
New Zend a sphercal "cc several see, 
0G ROSE Taped, woodland marghs, |» Scamblng deciduous wit sisters. Hs 
ose cna andscbland Europ, nethwest Oar ores tot les, Scenes white, Busan 
‘Aa. and western Asi prkor deep pink ivepetled flowers Fut. flowers, 
inoticed tote rons rh sorangeredand wal Yuna aves 
STINGING/ + Byhters andwodind Pare erbacaws pa. Yeung shoots 
‘COMMON NETTLE args North rac, ocr tal Geen, ova totedleaes ——” andleaes 
Urea dca Ea and North. nha. Srl get 
floverssonstines ave aed 
‘SUGAR MAPLE * Wiutsandfoestsinnorteasern « Didimustoe usualy 2-151(25-35m) 
Acer sacha North Anoca tal Graton bark srothnyrung Wee, = Ter bark 
‘ons and yen ld tre Gee, 
ie bed aes ta righted fl, 
WALNUT ‘Tempetate wets nEvraiand —« Lage dcduousteuptod2 ft @Sm)tal «Hts 
stg, Noth eric. Corman inthe "wth det hark bak Geen aves hve 
imal rrr kates Nut as ick, ren sk, 
ihr ava ce alt the ra. 

WATER CHESTNUT AND + Insio-novmgwatiinvam Gre, lang cay tied haves Tsk on» Sts 
WATER CALTROP ‘pera areasof urais and sutae hte fou-peaed foes Frutis 
Trapt Tras ‘Acide Nath bomeunerwatr aha for sharp ines 

Aner and usa and one dra ted, 
WILD GRAPE ‘ Tnmosthabts Nath Amerka © Sprawing ign vin wih bro, Fait 
89. and Bias Inbedeaes. Fut rowsashanghgtunches = Young aes 


cf eres, are aba or dark pup 
hen Hp 
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TEMPERATE PLANTS 


allergies, a pre-existing medical condition, or are pregnant. The UET doesn't apply to 
mushrooms, so never eat any mushrooms unless you can positively identify every single 
one as being edible. As part of your preparation for your trip, you should familiarize 
yourself with the edible plants in the region you're visiting, and their seasonal availability. 


PREPARATION SIMILAR PLANTS BEWARE OF EXTRA INFORMATION. 


'» Fruit and pled young shoats = Wid raspberry (Raa trult Catching yourself on thorns. ‘= Blachberies and raspberries 
ajtedbieran renstoabrghred Tea made achiohinveann Candas, 
‘ Insethelaestomaletes, ——_fromtheleiescan beast lakery eal ea can eed 
‘isa dae, ‘otret odsandcouahs. 


boil iawstorenowe the biter toma subst tut for cafe, 
‘ste (change the water one) Thebes arehighin vans 


Bal heroas, ‘and, rn and alu, 


* oun aves can beaten ai, * ots canbe oostedand rcund 


‘dest theoreti ao etbe cole Theyhawe cry earhg ges Hyon a vain The fiesin 
hist nthe stngnghars. ——hewtshapedlenesatd wife havethenoadbeng sing mare semscante woven 
purpefowersNosthaha hairs, ty thers bocodage ee pp 138-40, 
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WILD FOOD 


SOME OF THE PLANTS listed below are good sources of water/liquid, In a survival 
situation in the desert, don't eat food if you don't have any water, as your body will use 
up its own water to digest it. Only eat plants that you can positively identify and, if you 
are in any doubt at all, carry out the Universal Ecibility Test (UET) first (see pp. 206-07). 


NAME WHERE IDENTIFICATION 
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objects and transmit them. The majority of monitoring-based loT applications are not mission-critical 
Control-oriented oT applications use sensor data to control actuators in real-time, and rely on mission 
critical communication. This classification is based on multiple criteria and represents the precursor of 
the Mobile and wireless communications Enablers for Twenty-twenty Information Society (METIS) 5G. 
service classification. 


‘Table 2. Internet of Things (loT) application classification—summary. 


(Giteria for Classification ToT Classes References 


Ti) Transportation and logistics 
(2) Healthcare 
(3) Environment 
(4) Personal and social 
(5) Futuristic applications 
(6) Food/water monitoring 
() Living 
(8) Manufacturing 
Domains (0) Energy 10-12] 
(20) Building 
(11) Industry 
(12) City 
(13) Security and safety 
(14) Communication 
(15) society 
(16) Vehicular 
(07) Sport and leisure 


1H) Fixed and concentrated 
(2) Fixed and dispersed 


Mobility and amount of dispersion) ened and died pst 
(4) Mobile and dispersed 
(i) Elastic 
Daigy tistanes (2) Hard real time ig 


(6) Delay-adaptive 
(@) Rate-adaptive 


(i) Timedriven 
(2) Query-driven 

Data reporting mode (6) Event-driven 8s} 
(4) Continuous-based 
(6) Hybrid-driven 


(i) Monitoring-based and mission ertical 


Reliability, availability, and (2) Monitoring-based and non-mission critical ag 
‘end-to-end latency. (6) Control-oriented and mission critical pat 

(4) Control-oriented and non-mission critical 
Characteristics and requirements _mMTC and uMTC Ta 


Legend: [oT (Internet of Things), mMTC (massive Machine Type Communication), uMITC (altra-reliable Machine 
‘Type Communication) 


Although it spans through a wide range of different applications, MTC can be divided in 
two main categories, ie, massive and ultra-reliable MTC, which depend on their characteristics 
and requirements [89]. As mentioned above, this categorization is a part of 5G service classification 
which was used in this study as a basis to identify performance requirements of IoT applications and 
will be described in more detail in Section 4. Massive MTC (mMTC) typically involves a very large 
number of devices (tens of billions [9]), such as sensors, actuators, and similar devices [12], different 
in complexity and cost [9], and with varying quality of service (QoS) requirements. These devices 
should be of very low cost with very low energy consumption, enabling very long battery life [12] 
At the same time, the amount of data generated by each device is normally very small, and very low 
latency is not a critical requirement [12]. Ultra-reliable MTC (uMTC) requires very high reliability and 
availability, and very low latency [9,12]. Low device cost and energy consumption are not as critical as 
they are for mMTC applications [12], and the number of devices and required data rates are relatively 
low [198] 
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DESERT PLANTS 


Don't forget that some plants are edible only at certain stages of their growth. Don't 
eat wild plants if you have any known allergies, a preexisting medical condition, or 
are pregnant. When planning your trip, it’s advisable to familiarize yourself with the 
edible plants in the region you are visiting and their seasonal availability. 


EDIBLE PART PREPARATION BEWARE OF EXTRA INFORMATION 
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WILD FOOD 


A GREAT NUMBER OF PLANTS flourish in the tropics, growing all year round in the warm 
and humid conditions—those listed below are just a few of the most common varieties. 

When you plan your trip, you should familiarize yourself with the edible plants in the region 
you are visiting. In tropical forests, most fruits are borne high in the canopy—out of reach, 


NAME WHERE IDENTIFICATION EDIBLE PART 
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Borthalti acaba InSouth marie (45 tal Gres chong, crnkly eae. Ylow 


loners Fats hese ofeocnut wth a 
hart woot shall an conats8-24 soe 


CEYLON/VINE SPINACH —« \Wideireatintropkal rests.» Tang vneikeplantrechng 100 t(201m) Young eaves and 
Baselaaba ‘nba, Beet estas, Fey, ual stem 
hashed rac ered rp 


FIG + Vatyethabatsinvepcal ———« Berean iowith bngailrcas arowng —» Ripe fut 
Fess and abril, ‘nn he rank ad ranches Lethery een 
eve: Paar-haped nut gow rely or 
the tur brah, 
PAPAYA/PAWPAW. + Nate to roped an oes raleupt020ft (6 hia wth soft lt 
Cay papays inthe Ameria, roduc hollow bark Largegree laverhavesexn = Young Hover, 
tthe epal andsome lees. arermleie rut tum yelaw fees. andstems 
fumerst eyo. range wien be 
PEANUT + Nate totaal rainforests» Small busy plat ypto1¥ft(SD ental.» Seadsor "ats" 
Araehis yoga Inthe Ameria, ded a Paka oval reales ro orto astern 
ther tepkalandsome ‘illo owes Undead kau (god) 
temperate rei, tentans 4nte, 
SAGO PALM = Danplonendsaftropicalran Spiny rund pain un 03 tal 
eb sa fests n Southeast As ‘Crown fae tere) aresn ees, 
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TROPICAL PLANTS 


unless you can climb the tree, Only eat plants that you can positively identify. If you 

are in any doubt at all, carry out the Universal Edibility Test (UET) first (see pp. 206-07). 
Don't forget that some plants are edible only at certain stages of their growth. Don't eat 
wild plants if you have a known allergy, a preexisting medical condition, or are pregnant. 


PREPARATION SIMILAR PLANTS BEWARE OF EXTRA INFORMATION. 
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WILD FOOD 


WHEN PREPARING FOR YOUR TRIP, you should familiarize yourself with the edible 
plants in the region you are visiting and their seasonal availability. Only eat plants that 
you can positively identify and, if you are in any doubt at all, carry out the Universal 
Edibility Test (UET) first (see pp. 206-07). Don't forget that some plants are edible only 


NAME WHERE IDENTIFICATION 
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PLANTS IN COLD CLIMATES 


at certain stages of their growth. Don't eat wild plants if you have any known allergies, 


a preexisting medical condition, or are pregnant. There are no poisonous types of 
lichen (althought see rock tripe entry, below), but they must all be soaked in water 
overnight and boiled well before they can be eaten. 


EDIBLE PART PREPARATION BEWARE OF EXTRA INFORMATION. 
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WILD FOOD 


THERE ARE NO POISONOUS SEAWEEDS, but some may cause gastrointestinal upset. 
The seaweeds listed below are common and safe to eat if gathered when still growing, 
but should only be eaten in small quantities at first. Don't eat seaweed if you are short 
of fresh water to drink, Only eat plants that you can positively identify and, if you are in 


NAME WHERE IDENTIFICATION 
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COASTAL PLANTS 


any doubt at all, carry out the Universal Edibility Test (UET) first (see pp. 206-07). 
Don't eat wild plants if you have any known allergies, a preexisting medical condition, 
or are pregnant. When planning your trip, it is advisable to familiarize yourself 

with the edible plants in the region you are visiting and their seasonal availability, 


EDIBLE PART PREPARATION BEWARE OF EXTRA INFORMATION 
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WILD FOOD 


ALL MAMMALS ARE EDIBLE, but some species or groups of mammals are in danger 
of extinction and are protected by law; the mammal groups listed below contain many 
species that are common in their areas of distribution, and! are not usually dangerous 

if approached and handled correctly. However, when preparing for your trip, you must 
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MAMMALS 


familiarize yourself with those mammals that can be hunted in the region you are 
visiting and their seasonal movements. Some countries and/or states will require 
you to have a hunting license or permit. For trapping and preparation methods, 
‘see pp. 216-23, and for cooking suggestions, see pp. 204-05. 
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WILD FOOD 


ALL BIRDS ARE EDIBLE, although a few taste horrible (birds-of paradise, for example), 
and pitohuis have poisonous feathers and skin, Some species or groups of birds are 

in danger of extinction and are protected by law; the bird groups listed below contain 
many species that are common in their areas of distribution. When planning your trip, 


NAMES WHERE IDENTIFICATION 
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The vision of a pervasive loT requires the integration of various domains into a single and unified 
domain. It addresses the enabling technologies needed for these domains while taking into account 
the elements that form the third dimension like security, privacy, trust, and safety [11]. The current 
classification criteria and IoT application classes do not clearly differentiate IoT domains from IoT 
applications. loT domains are usually viewed as a specific area of loT applications that support a huge 
variety of use cases across industries impacting businesses and customers. Therefore, loT domains 
overlap with IoT applications within existing IoT classifications. Moreover, loT classification based on 
certain QoS parameters is difficult to apply from telco’s perspective, because it is challenging to choose 
the most important parameter for the wide range of IoT applications. However, these problems need 
to be solved for upcoming 5G networks. 


3.2. Activity-Based Classification of loT Applications 


The aforementioned issues motivated us to propose a new approach to the classification of loT 
applications. This approach is based on “the activity”, which primarily characterizes specific loT 
application. In this sense, the activities are defined as new classification criteria, which denote a main 
function /purpose of specific loT application observed from telco’s point of view. Telecom operators 
observe the technical challenges of IoT through systems, tools, devices, and platforms because their 
availability and integration complexity determines the opportunity to capture a share of the value 
that is generated by IoT implementation. Based on the literature review, it was found that the most 
commonly mentioned terms in this sense were related to: (1) ticketing system [201]; (2) monitoring: 
devices [199,201-204] /services [199,201,202,205,206]/ tools [207]/systems [11,12,199,201,205,206,208-210]/ 
data [95,201]/ framework [12,201]/solutions [20,205]/networks [211]/ process [7]/activity [203,204,207]; 
(3) tracking technologies [4]/devices [20:1]/systems [201] /applications [11,210]/system [201]/services 
[202,205]; (4) managing /controlling applications [15,210,212] /operation [211]/services [4,208]/tools 
[208,211] /devices [204]/system [95,198,204,210] /concepts [211]/solutions [95]/platforms [95,199] 
This has led us to identify four activities, ie, ticketing, monitoring, tracking, and managing/controlling, 
as new classification criteria of loT applications. According to the authors’ knowledge, it was found 
that these activities can cover reasonably foreseeable functions / purposes of IoT in existing application 
domains. Using activities as classification criteria, telcos can specify IoT application performance 
requirements more easily, which are in that case dictated by the specific activity, not by the loT 
application domain, and determine enabling technologies in the radio access part of 5G networks. 

In addition, our classification approach allows better service differentiation and service delivery 
closer to customer expectations. According to BH Telecom’s experience, customers typically come up 
with the following service requests when it comes to IoT: (1) they need to track their products and 
determine products’ distribution across different regions based on their own data analysis; (2) they 
want to monitor their products since they do not have a department for supervision and analysis; 
(3) they need information panels about their outlets and working time to be downloaded by a scanning 
tab-ticket; (4) they want to manage/control their products according to market needs. This way 
of expressing customer needs has inspired us to propose the activity-based classification of oT 
applications as it allows telcos to define performance requirements more precisely, and thereby 
improve the customer experience. 

‘The activity-based classification of IoT applications is presented in Table 3. Each activity is 
associated with the application domain where that activity may be applied. The requirements 
of identified activities and associated application domains are then mapped to 5G service classes 
in order to be further able to identify their performance requirements and enabling technologies 
necessary to meet them, For example, according to Table 3, the managing /controlling activity can be 
realized in several domains, such as healthcare, food, energy, transportation and logistics. For each 
domain, we have identified an application example, such as remote surgery [213] in the healthcare 
domain, food processing facilities [96] in the food domain, energy distribution [12] in the energy 
domain and traffic/ driving [12,213] in the transportation and logistics domain. According to diverse 
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BIRDS 


you must familiarize yourself with those birds that can be hunted in the region 

you are visiting and their seasonal availability, Somme countries and/or states will 
require you to have a hunting license or permit. For trapping and preparation methods, 
‘see pp. 226-29; for cooking suggestions, see pp. 204-05. 


HOW TO FIND BEWARE OF EXTRA INFORMATION 
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WILD FOOD 


SOME AMPHIBIAN AND REPTILE SPECIES are at risk of extinction and are protected 
by law; the animals listed below are common in their areas of distribution, and are non- 
venomous. As part of preparation for your trip, itis advisable to familiarize yourself with 
the reptiles and amphibians in the region you are visiting. Many countries and/or states 
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AMPHIBIANS AND REPTILES 


will require you to have a hunting license or permit, See p, 218 for some trapping methods 
and p. 224 for how to prepare the animal for cooking. Avoid brightly colored tropical frogs 
as they are often highly toxic. In addition, don't eat box turtles, as they sometimes eat 
polsonous fungi and their flesh may be toxic. 


HOW TO FIND SIMILAR SPECIES EXTRA INFORMATION 
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WILD FOOD 


WHEN PLANNING YOUR TRIP, it is advisable to familiarize yourself with the species 
of fish in the region you ate visiting, their seasonal availability, and the best method 
of catching them (see pp. 208-09 for how to make tackle and techniques to use in 
a survival situation). Many countries and/or states will require you to have a fishing 
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license or permit, and some species of fish can only be caught at certain times of the 
year. Before fishing, you should also check with the locals that fish in the area are safe 
to eat—in some regions the waters may be contaminated. See pp. 212-13 for how to 
prepare a fish for cooking. 


HOW To FIND SIMILAR FISH EXTRA INFORMATION 
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WILD FOOD 


‘SOME SPECIES OF INVERTEBRATE are in danger of extinction and are protected by law; 
the animals listed below are common in their areas of distribution. When preparing for your 


trip, itis advisable to familiarize yourself with the edible invertebrates in the region you are 
Visiting and the best way to catch them (see p. 219 for some techniques to use in a survival 


WHERE IDENTIFICATION 
COMMON/BLUE MUSSEL «Inertial zmes ofsstuarisand coasts of Nth» Davksholedbae, reaching 4-6 (10-15) 
Metis snd contheaster Aan and ortheastet and nena. 

southwestern Pit 
GIANT AFRICAN + Sulton and trp parts of Ai Large terest sra,reaching wp to12 1 
LAND SNAILS. Introduced the Asi ac eon (GO an in ength when by extn, and 
behets. 4 (1c) asta. Where, coil, 

bis al th darernands, 

GRASSHOPPERS + Werden vegetation andthe oun + Wings with power finder “sain 
Aerie 0-8 em) long, uasally with camoxflage 


HONEYPOT/HONEY ANTS 
Mpmecoestsson. 


ARTHROPODS 


isi and ari regins of ath 
Nec, Arica. and Austral 


olring and pte, 


+ Segmented bdis with siege and agai of 
ante, andl aconrcted walt. Range 
alr an sir YY 2-Tr) Speck 
renter othe con, called rept, have 
aba lathe sie of aarape, 


WITCHETTY GRUB 
Endo lewomocts 


* nda ound in theont of the wichety 
ash Aza emcee central Aural 


* Thelavaof this specs of cossid math reaches 
aout in (7 neath teh witha 
brane, 


+ Wd in fresvater sear, 


* Segmented tales, which canbe andy 
yelbw. ron darko, orbe- sayin 
Cal Tet eg the frottia of which are 
lrg caw, erage nth sn (cr, 
but ame pies gr much re 


* Word in dan testi ios, 
suchas noting cod and ter. 


‘ lttene, segmented bodes up tin om 
bath. ra ht bron or Back eb. Pil 
rilipedes wl rolap ho all en resin, 


‘COMMON EARTHWORM 
Lames tress 


CRAYFISH/CRAWFISH/ 
YABBIES/KOURAS 
Astecss 

WoobLicE 

Oneida Avmadiatae 


+ Temperate renin of Europe induced to 
rst parts ofthe worl 


+ Redih wor reaching 4 in (5c) n nah 
oe extended 


invertesrares | 299 


INVERTEBRATES 


situation). Many countries and/or states will require you to have a hunting license or 
permit, and some species of shellfish can only be caught at certain times of the year. 
Also check with the locals that the shellfish are safe to eat—in some regions the waters 
may be contaminated. See pp. 224-25 for some preparation and cooking methods. 


SIMILAR INVERTEBRATES BEWARE OF EXTRA INFORMATION 
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NATURAL DANGERS 


FOR INFORMATION ON LARGER dangerous animals, such as bears, big cats, and sharks, 
and venomous animals, such as snakes, see pp. 242-43. When planning your trip, itis 
advisable to familiarize yourself with the potentially harmful wildlife in the region you are 
Visiting, the nature of the threat, and how to avoid it if possible. In the case of suspected 
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WILD ANIMALS 


poisoning, call the emergency services immediately. For further information regarding 
treatment for bites and stings, see pp. 266-67. If a casualty becomes unconscious, open 
the airway and check breathing (see p. 276). Be ready to begin CPR—chest compressions 
and rescue breaths (see p. 277), use a plastic face mask or face shield, if you have one. 
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NATURAL DANGERS 


IN THE CASE OF SUSPECTED POISONING from a spider bite or a scorpion sting, you 
must call the emergency services immediately. For further information regarding treatment 
for bites and stings, see pp. 266-67. Ifa casualty becomes unsconscious, open the airway 
andl check breathing (see p. 276). Be ready to begin CPR—chest compressions and rescue 
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performance requirements of these loT applications [214], managing controlling activity in healthcare, 
food, transportation, and logistic domains can be associated with the uMTC service class, while the 
energy domain can be mapped to the mMTC service class. A more detailed description of performance 
requirements for each activity-based class of IoT applications is provided in Section 4, while in Section 5 
it is discussed how these requirements can be accomplished in the radio access part of 5G networks 


Table 3, Activity-based classification of IoT applications. 
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Tegend: 5G (Fifth Generation), POS (Point Of Sale), mMITC (massive Machine Type Communication), uMITC 
(ulla-reliable Machine Type Communication) 


As such, the activity-based classification of IoT applications can be used for the creation of new 
business models, which represent the stakeholder's plan to generate revenue and make a profit from 
operations, and thereby include many components and functions of the business [21]. However, 
there is no common opinion which components constitute a business model. The business model 
architecture can be illustrated by four dimensions [22]: (1) who, identifying the definition of the target 
customer as one central dimension in designing a new business model; (2) what, describing what 
is offered to the target customer; (3) how, referring to the construction and distribution of the value 
proposition; (4) value, explaining why the business model is financially viable. Answering these four 
questions allows the creation of IoT business models. According to this business model definition, 
the activity-based classification of IoT applications affects the who and the how dimensions in the 


following manner. In terms of the who dimension, it directly allows customer segmentation according, 
to considered activities as a way to express their requirements (e.g., customers that require tracking 
or monitoring of their products). Being aware of the current customer requirements, the proposed 
classification of IoT applications around four activities (ie,, ticketing, monitoring, tracking, and 
managing /controlling) can be considered complete, At the same time, the activity-based classification 
of IoT applications is flexible since additional activities as classification criterion can be concerned 
with emerging customer requirements. On the other hand, the activity-based classification of loT 
applications indirectly impacts the how dimension of new business models which among others 
includes relevant resources and capabilities in the focal stakeholder’s internal value chain. This, 
indicates that the proposed activity-based classification of IoT applications can be easily applied to loT 
business models 

Various categories of IoT business models can be identified according to eight IoT architectural 
layers [23], ie., collaboration and processes layer, application layer, service layer, abstraction layer, 
storage layer, processing layer, network communication layer, physical layer. Along with IoT 
architectural layer, the IoT business model needs also to address the Io value proposition [24] and 
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breaths (see p. 277). If you need to give rescue breaths and there is poison in the casualty’s 
mouth, or on his or her face, use a plastic face mask or face shield, if you have one. Before 
your trip, it is advisable to familiarize yourself with the harmful insects and arachnids 
(spiders, scorpions, and ticks) in the region you are visiting, and the nature of the threat. 
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‘can sting repeatedly. The sting sre pantul, card Rate the affectedpart and place cold fruit cleaning fish or game, as wasp 
‘ollowedby redhess and swelling, single sting ‘compress against it for at last 10 mete (ee ‘ homets wil be attracted to the smell, 
mayrealnanailectictink bsp 21H) p20) Men os of alge etn Dont dt te 
+ Fonalenoitestedonbbodandtioy ——— Agpananthisamiscran it ter fey «Cera asthe 
bist eth They areas Ihanddawiserath tem asthe ari” we nse 
of tietns deer sachs im of cin asa kpsaheadaheand most atnali eiatn 
fea gee Teo meal Get easy ore dirk areca Gt aye zation 


plenty of wate nd tae antimalarials, tdreled before traveling where advise, 


+ Bitocancaizefevachilsomitng and pin Sitcasualtydown, test asf salebite G22 |» Thisspite kos toi nda plate, so 
Inthejohtsmortcasesthe bite binant 26d andealtheemergency evi, py be castlwhere yo put your and and 


insorecawsthetisue aoindthe wondwil — acoliconpresstotestaofthesting Mentor barefeland alayschuck your bed. 
ti, aving a deep ca Rael fat, for sigs of alarireactin, suchas hearin. 
and aap shock Gee. 278, 
= Bt 6 vary panel and cau pri sweatin Siteaaltydown tetas forsake Take crt when ming rocks ad gs, 
nossa vrtingtngingaroundthemoth td (sep, 268 and call the emeraency service 


tomau saat, and weakness. Rare fatal antenin Wavelet, Montor fsa alleaic 
reacton and anarylct sok (ee. 279) 


+ Bean be pfu ats cy mid vetoes.» Gvepa reli andagoyatudeompressto «Tantus are noua and unt rey 
prot tants wil kiana ars thesteof hebite Menorfrsinsofalbrac toes ndon thegraund Mowe aay 
from er aren whi wl axe ching reaction such awheeang. andere dock youd one dt ath 
an elo the kn and ras pases, (een 21). Washanyhas ava wth col water. 
andwaterngf he ges 
inland resus in bcaleches: _» Aplyacll compres aa and » Widow sides which inde stra 
and wang More severe ection nce fein rele symprs wes cl the redhat nbs 
west aaa and chest pas ‘energy services antennae indy setered spots, suth ain stabscr 
ating Rael fatal Nonitorfrsgns of alerglerecton suchas armongrock og take cre hen 


wicozing and anapyft shok sep). mong ancng the 


= Starpicn stingscan be verypanfuland maycause —» tswelingocars st asa down beat asfor — Seorplns are ost necural and ake 
SeverellnesAfew spaieshavensurdrns state (=p. 266) Apply ails pack orci during the dy. heck our boots nd 
thar voromyresigin tamper past for ——cerpesstntostec testing Callteemegency _clothgbifore puting than on and check 
12 days, axel fatal nonin nang, serve mont foranaphytsook Gee p.274)_yourbedéng at Te rare won 
‘heey. or the orf, andalg react Ty tar theserptn, gather ngrewoodor tuning oer rk, 


Teka caiersof infectious deeases suchas» Caulramow an attached with eens» Wear ight-shaded tly won ebtina 
lyme date and Rocky Monta potied evr, ora sila too 267), Clean ad itor adap tk repellent, Check your ski 
Suferasof Lyme lease may dove are, ‘he rund or syrptos Get meal if and lating fer ticks at rela 
ringed "bull-y ssn at the anally deelpea sere eadhe, sf 

rk, or fv. 


304 | appenoix. narugAL oaNcers 


NATURAL DANGERS 


IN THE CASE OF SUSPECTED PLANT POISONING, you must call the emergency services 
immediately. Ifa casualty becomes unconscious, open the airway and check their breathing 
(cee p. 276). Be ready to begin CPR—chest compressions and rescue breaths (see p. 277). 

If you need to give rescue breaths, use a plastic face mask or face shield, if you have one, to 
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POISONOUS PLANTS 


protect yourself from any poison on the casualty’s mouth. When planning your trip, it is 
advisable to familiarize yourself with the poisonous plants in the region you are visiting. 
For further information regarding plant contact poisoning and ingestion poisoning, and 
‘their treatment in a survival situation, see pp. 268-69. 
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‘SCOUTS AND SCOUTING 
Boy Scouts of America 

1325 West Walnut Hill Lane 

P.O, Bax 152079, Irving, 

was 750152079 


Phone: 972-590-2000 
Fax 972-580-0813 
wowscoutingarg 


Boy Sautsof Aric prepares yuna poop 

rae ethical an meal chobes ovr ther 
times by instr in there aus of 
the Sout Oath and Law 


Girl Scouts of the USA, 
420 Ath Avenue 

New York, New York tona-2796 

Phone: 800-GSUSA-41) [800-478-7248] 
or 212-852-8000 

‘wvriscoutsorg 

‘Gi Sects tone ofthe lamest organizations 
etic specicalyto oi 1 encourages 
‘hem to develop ails an vale ich as 
eerie conscience. and efor that 
\wilsand them in good stad nth wider eri 


National Scouting Musoum 
Boy Sonuts of America, S505, 

1329 West Walnut Hill Lane, Irving. 
Tras 75038 

Phone: 800-203-2047 and 972-580-2100 
‘ema nsmuseum@inetbsa.crg 
‘wwrlosamuseum.on3 


Thismuseunatrbute tothe eh story 
ofthe Boy Scouts of Arista Festus 
Nirman Recwelat galley, virtual eaty 
‘ventures hands on aringepernncas, 
‘in acon that aces the Sut 
rroverent omits beings, 


WEATHER AND 
ENVIRONMENTAL HAZARDS 
National Oceanic and Atmospheric 
‘Adiministration (NOAA) 

1401 Constitution Avenue, NV, 

acm 6217, Washinaton, DC 20220 


Phone: 202-482-6090, 
Fac 202-4825154 
wvenaaawatchooy 


The NOMA haszeveal denarimens suchas 
‘he National Severe Star Laborato (NESL 
‘he Srm Predtn Carle SPC), toh s art 
the National Weather Sence (NWS), 2 the 
Natal Centers fr Environmental Predion 
(NCEP) The SPC provide rey, ime ard 
atcuate stermforcats, an watehes cut or 
‘ayer thunders, tomes ea an 
heavystow and Tre weather events oer the 
cenbigucus United States 


National Weather Service 
‘1225 East West Highway, Siher Spring 
Maryland 20910 
weeweweatheroav/om/severeweather/indox 
Proves weather, cole and cna fees 
ani charter fr the whole cau andthe 
‘watrsand cess acund ft Theservle of 
“anationainfrtion databace fr there cf 
ule rte, an gba ener. 


NOAA Weather Radio All Hazards 
(NWR) 

weweweatheroov/nwr 

atone etarkafadlostatie rads 
‘entinuais weather infration det fromthe 
‘eavest National Wester Service offi NWR 
troadeacs coffe Waster Service vais 
wate forecasts. and other haar ination 
28 eur aday seven day a Weck 


National Interagency Coordination 

Center (NICC) 

wwvenifeaoificeyndex him 

Tre NICC serves. focal poi for 

‘conan the rata rmbt of 

resunces such as heayaitarkrs looper, 

‘srceureers area. cmd ears and 

Rem Auioyted Weather States (RAWS) 

Forlani ae ther ses treughut 
nod State, 


‘The Forest Fire Lookout 
‘Association (FLA) 

2590 W. Versailles Drive Coeur Akne, 
sho 83815 

Phone: 208-765-1714 and 800-GRN-TREE 
malt webloskoutDimbrisnet 
wwvairecakout.ory 

TheFFLA inestigats former frestSre lcheut 
tes rere cabins and ery frst fire detection 
rretodstoeneowage gue cups and thes 
injesterig fest oie 


US, Geological Service 
Wester Distribution ranch, 

PO, Box 25286, Denver, Calorada 80225 
Phone: 302-236-7477 

worsts.g00 

This mitsopinny seas organization 
focuses on beloy, ecoraphy, sey, cosa 
Informatio, nd water as deceit athe 
tie, relevant and impartial study ofthe US 
lansape and natural rescues a haan 


DesertuSA 
‘wwnecesertusacom 

Th etate sa comorehense rescue 

far Nowth Areran deserts ard Southyest 
estatins It ees nermstion about desert 
Hares, ante nays plata animal dant 
‘them and abeut rational andstate park 


HEALTH AND MEDICAL 
Centers for Disoase Control and 
Prevention, 

1600 Clifton Atlanta, Georaia 20% 
Phone: 800-252-4636 and 882-232-4848 
Emalt eseinia@edeqoy 

wewedony 


Provides the expertise information ation, 
afl that Individual and communities nd 
{a cect their ea, nding the promion 
cofheathy ving a the ervetion ofan, 
inj, an sai. 


US. Department of Health and 
Human Services 

200 Independence Avenue, SW, 
‘Washington, DC. 20201 

Phone: 202-819-0257 

Toll Free: 1-877-696-5775 
vomwhhsgavilsastars/indexshtml 
Forinfomstion and atvce an ping with 
‘icsteran eae medal enemerses 


‘American Medical Association. 
515 N, State Stree, Chicaon, linais 60810 
Phone: 200-621-8335 
‘wwrmama-assnorg/ama/puty 
categary6z0ehiml 

“The ANA Center fr Ful Heath Preparedness 
at Disaster Respencs can imparant salon 
‘tucational rescucs for enkancing the dtr 
reparadessand response capable of bth 
Shan and tay piers 


‘American Red Cross 


National Headquarters, 
Wiashinaton DC 20008 


Phone: 80072-2767 
rou 


E Street NW. 


ora/sarvicas 
The nation reir rspeeeoreaization that 
ores ele for ecnmunties dig natura 
ad ania emergencies Tt bebagstn a 
‘Werle movement that offers rata 
urna ar ard asctace ovine 
cof warand stating rata deaterssuch 
ascarthquales 


National Capital Poison Center 
3201 New Maxico Ave Suite 310, 
‘Washington DC. 20016 

Emergeney Phone: 800 2001202 
‘wwrnpaisonorg 

Affiltet with The Gaorge Wahinton University 
esal Cente the Poon Gener cometed 
4 prover pisnings save ves, ad iit uy 
frompotsring 


‘SEARCH AND RESCUE 
National Association for Search & 
Rescue (NASAR) 

120, Centerville, 

Virainia 20120-2020 

Phone: 703-222-627 

Toll Fee: 877-893-0702 


wwnnaararg/nasar 


‘Aek-ferprft assist diate to 
‘the advancement of pefskna tray 
ard slate lnovsigein fs rated 
‘ocewoh andrea throughout the 
Und States and arn the wo 


National Institute for Urban Search & 
Rescue 

PO Box 91648, Santa Barbara, 

California 92190 

Phone: 800-767-0093 and 805-559-5086 
Coll B08-798.0169 

Ennalt nust@eaxnet 

veers 

Anor-profitonanlzaton dedicated to fing 
‘ay of sing nes by improving seater 


reeean esnonsehcughpuble awareness, 
celatratn research, an egingeig 


‘Mountain Rescue Association 
‘worms. 

Reorezents hgh sil and active mourn 
rescustaa thrush the ean, ho 
‘wero cal government autres ae 
‘hm ate deca to avrg ves tragh 
rescuand neuntain safety esto, 


International Association of Dive 
Rescue Spacialists 

2011 Narth Link Lane Fart Calin 
Colorado 8054-2712 

Phone (tl free): 800-TADRS-911 
Phone {intzrnationa): 1-970-482-1562 
Fax internationale 970-482-0803 
ewtulacrsorg 

An azeaton of ue safety ders and 
uater res prsomel win over te years 
haveedueatd and ested oroestralsn 
i120 states and 5 fosan counties 


‘Association of Air Medical Services 
526 King Sheet, Suite 15, 

Alevandila, Virgina 22314 

Phone: 703-836-8732 

Fac 703-236-8920 

vewwaamsorg 

Aninternatonal nl er pofit organization tha 
represents proviso a and surfage redial 
‘rarsprt ister and air to aera 
eveyone has aves fo ual a medal and 
critealearesuprer 


FEDERAL 

Environmental Protection 

‘Agency (EPA) 

EPA Headauarters, Avie Plos Bulg 
+1200 Pennsylvania Avenue, NIN, 
‘Washinatan, DC-20460 

EPA Hotlines Various phone numbers 

‘and websites fr assistance, 

wera govebipaaes! 
emeremergencypreparedhesshtm! 

Te EPA devon romans antennas 
preparation for checal and ther evrgences 
Inorder ob abl to essen au 

ect to evcnmentl rissa to beep the 
ul nme abut hazard ther ccna 


Federal Emergency Management 
‘Agency (FEMA) 

SOD C Street SIV, Washinatan, D0. 20472 
Phone: B00-621-FEMA3262, 

TOD TTY users can dal 1-$00-4627565 
tose the Federal Relay Service 
wwenferagey 


FEMA sims to reue the los of fe an property, 
and prtet the ourtry rem all hazards nludng 
natural ates ack fers are ther 
onmogedasters 


US. Dept ofthe Interior National 
Parks Pass 


1849. Street, Nv Weshington DC -20240 
Phone: 202-208-3100 
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Email webleam@iasdo.gou 
veal gouparkpasshtm| 

‘Yeu cantuy an antal pas fr entry into 
rational paths Frame LS Gecogral Survey 
ser and hugh the govern fetal nds 
receaton web pata at wrtreeation 


CANADA 

National Search and Rescue 
Secratariat (NSS) 

400-275 Slater Stet, Ottawa, 
Ontaria KIA OK2 

Phone (tol-fre) 1-800-727-9414 
malt inqulry@rssarca 
‘wwnenssgeca 

Anlependest government agency that 
coordinates the search-and-vesa requiem 
ofthe iar castguan, ples anspor, 
pals and meleorooyal voce 


‘Search and Rescue Volunteer 
Assocation of Canada 


5 Paradise Food Paradise, 
Newfoundland and Labradar ALL 364 
Pho (tol fred): 1-866-98aRVAC 
(0-866-9727822) 

Phone (oie): 709-268-5533 

Fac 7093681298 

malt info@sarvacca 
wunwsanvecca 

Arete profit craaization that provides 
8 ftlonal eoch-and-esue serv and 


‘Scormited io fstring the eisange of 
Information tebween ther eueservie 


‘Meteorological Service of Canada 
wwnumse-smesegeca 


Prvies infation and onus esearch 
crates cmt, neste, alrsphere 
‘aos and her rire esbex 


Environment Canada 
Tnquiry Center, 351 St. Joseph Boulevard 
Pie Vinosnit Massey Sth Floor 
Gatineau, Queber KA OH 

Phone: 1-800-668-6767 

or 819-997-2800 

Fac S19-9941412 

TT g19994.0738 

Email envicinfo@engeca 
worsen 


‘severe department commited to preserving 
an enharing the countrys envionment anit 
roving west her feasts, 
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GLOSSARY 


‘Acframe A type of shelter design in which 
the roofs suspended by a single support 
running from the front tothe back, esting 
‘nan "A"-shaped framework at elther end 
‘Air mass A large boy of arin a weather 
system that has its own tom perature 

and humidity 

Altitude sickness An lines: brought on by 
low air pressure at high attudes. 
‘Anabatic winds Dayne, upslope winds 
Amaphiylactic shock dangerous aleraic 
raactian braught an by abit or sting, 
[Attack point See Stonotoff 

‘Avalanche transceiver 4 personal beaxon 
that.can te activated to alert rescuers by 
‘someone caught in an avalanche, 


Base layer The bottom layer of clothing 
that sits directly against the skin and is 
designed ta "wick" sweat away from 

the body. 

Base rate The heart rate, as measured 
wien the body is at rest 

Beaufort scale A vay f desribing wind 
speed on land and at sea, using a scale 
from O (cain) ta 12 (hurricane) 
Belaying A rope technique used by 
climbing partners to safeguard each ather 
ivi pup tent & basic one-man tent that 
ses abl ban a a covering 

lvl bag A lage waterproof sack sultable 
for use asa tase shelter, smaller and 
lighter than a tent 

Blazes 4 general tem! for markerson 
atl 

Bola hunting device made of a rope 
vith weights attached, designed to be 
spun and throw 

Boot skiing technique for descending 
snow-covered pes withaut sks, 

Bothy bag A large waterproof ban that 
provides shelter fom the wind, ain or sun 
Bow-and-trill set One ofthe okiest 
methods of ereating a glowing ember (eal) 
for use in ightng a fire 

Boxing an abject Sax Detour. 
Breathable clothing Dlching tt alloys 
‘sweat in the form af water vapaur ta be 


carried away from the body buts, 
waterproof fram the outside so keeps 
liquids (rain oF sro) out 

‘Bungee typeof elasticated cor, often 
with nooks at elther en. 

Busheraft knife yorsatie survival knife 
sad primarily for carving, cutting, and 
splting smal log. 

‘Button compass 4 smal simple compass, 
Ideal asa back-up compas, 

Button te & method of attaching mrdage 
to fare that as na hoops or grommets 
useful In that tavolds ripping ale in the 
fabrie, maintaining any waterproof qualities 
ofthe fabric, and allows both fabric and 
cordage to be reused subsequent for 
‘other purposes 


Cairn Tall marker consisting of ple 
of rocks of varying sizes, designed tobe 
visible in og, 

(Canoe An apen-deck padle boat, for one 
‘oF more people, and equipment 
CCarabie & metal clip used for Joining 
ropes or attachment, 

Carbon monoxide & laure, orourless, 
tasteless, but highly tox gas, 
Cardiopulmonary resuscitation (CPR) 
An emergency gestem of chest compressions 
‘and reseue breaths designed to restart a 
casualty's heart and lungs, 

Cerebral oedema Accumulation of excess 
water In the bran that causes euced 
brain funtion and potential fatal swelling, 
Char cloth Cotton clot that has teen 
combusted in the absence of oxygen Used 
for lighting fre 

CChimneying A cling technique used for 
climbing up the inside of lage rock clefts 
Cirrus 8 wispy cloud that forms high in the 
sky and is mae fram ice crystals. 

Cold shock An involuntary gasp relax 
followed by hyperventilation, caused by 
sudden immersion in very cold water In 
‘some crcumstancescald shock response 
can lead to the Inhalation of water, 
clsarientation, panic, hypothermia, cardiac 
problems, and death 


‘Commando saw sil saw oonisting ofa 
serrated wire blade witha ring at each end, 
‘Compacted snow trench A shlzr du i> 
compacted snow, the excavated snow can 
becut into blocks and used to forma root 
Compass baseplate pts tb which some 
compasses are fixed, containing ational 
markings used for erentation ard nauigation 
Compass scale Scaled marklngs.on & 
compass baseplate that measure distances 
‘nia map and help in working out grid 
references. 

Compass An instrument used for 
orientation and navigation using a freely 
rotating needle that indicates the dection 
‘of magnetic north 

Coniferous tree A neele-eaved, cone 
bearing, mastly evergreen tree, such as 
pine, spruce, orf 

Continental air mass Air tat has trac 
‘ver land and carries comparatively lass 
moisture than maritime air mass. 
Contour Hines Lines ov 2 map tat show 
points of equal heat above sea leva 

thus detaling the changing height of 
natural eats 

Contour navigation Walking at & constant 
height around a high natural obstacle 
Contouring 8° Contour novation 
Contusion & bruise 

Cordage A typeof light rope an essential 
Piece of survival equipment 
COSPAS-SARSAT system / satet= 
system, made up of low-altitude earth 
cortiting(LEDSAR) and gecetatonary 
cearth-oriting (GEDSAR) sates that 
picks up signals from distress beacons. 
Cramp Painful musce spasm, often a result 
cof detycration 

‘Crampons Sikod netal plates that attach 
tw boots to pravde arp an icy surfaces. 
‘Cumulonimbus  typ2 of clus that starts 
low in the sky and builds upwards, 
producing short, heavy downpours or 
thunderstorms, 

Gummtus A tllowing,putfy clu that is 
‘generally small and a 
sunny days indicating fine 


Damper bread Yeast fre bread suitable 
for making ona campfire 

Doadfall trap in whch a weight falls 
onto the pray. Also a mass of fallen 

dead timber: 

Defensive swimming tye of swimming 
technique deslaned to keen the swimmer 
protected from obstacles in the water. 
Degree unit of latitute or lnhtude, 
equal to'Yno of acre 

Dehydration A, jow love of water ite 
body. Avery dangerous condition if not 
reversed, 

Deliberate off-set (aiming off) Dallerataly 
alming left or right ofa known feature 
Desatting kt An emergency desalination 
Lit for tuning saltwater Int fester 
Detouring Waking around an obstacle as 
method of elaring it, using a pont in the 
cdstance as a reference, 

ew point The teniperature at wich 
‘water vapour tet inthe alr book to 
bone liquid 

Dew trap 4 method of collecting dew to 
form usable water 

Digging stick A sturdy pecs of wood wth 
a pointed end 

Dipping net shin net used for seoopna 
up Tish that ae too smal ta eateh ona ln, 
Drill and flywhet  rcton- based 
metho of starting a fre 

Drip rag A rete of collecting rainwater 
ripping down a tee using cloth, 

rogue 4,22 anchor used to stable 

a vessel 

Dysentery 4 water-borne disease 
causes severe dlarhoea 


that 


Eastings Vertical ori ines on a mapr they 
increase in value the furthar east thay are 
Emergency Locator Transmitter (ELT) 
beacon that can snd a distess signal toan 
orbiting satlite ta initiate a rescue; mactly 
fer use in alrcraft 

Emrgency plan of action (EPA) 
document lft with relevant authorities 
that contain vital datals about you and 
yur intended route, should you need to 

be escund 

Emergency Position-Indicating Radio 
‘Beacon (EPIRB) A beacon that can send 
distress signal toa orbiting satlita to 
Initiate 3 rescue; mostly used at sea 


Emergency rendezvous (ERV) 
pre-determined point at whic all members 
‘of 8 group should met n the event of 
separation 

Equator An imaginary cet running around 
the Earths dlameter thats equldlstant from 
the North and South Poles at all points, 
Eskimo roll teshnigue for vghiting & 
casized kayak 


Faggot A bundle of Knding, 

Feather stick (sick that hasbeen 
feathered to use as kindling and fel 

Fighter trench & type of snow trench dug 
Into soft snow, ieally uses tarpaulin for 
the root 

Finnish marshmallow & ethos of 
‘melting chunks af ioe aver fire than 
collecting the water n a container 

Flee tin tn filed with waved carocard, 
used for lighting a campfire in dificult 
-anditions, or asa asc oankng device 

Firebase A stable, non-flammable base 

sultable for bulding campfire on 

Firofighter' lift & thos of moving 

casualty by carrying them over your 

shoulder 

Fire set A sot of components nevessary 

to generate a clowing ember that can start 

afire 

Firestee! 4 metal tar whic, wen hit 

wit a striker, produces spark for hghting 

campfires, 

Flash burn Se Srow fibaoess 

Fon effect A sry downslope wind which 

‘occurs on the le-side ofa mountain or hl 

Four-wheel drive (@WD) Assim on 

a vehicle in which drives provided by al 

four wheels rather than just cy results 

in superior traction. 

Frostbite serious condition caused 

by excessive exposure to extreme cod, 

in which body tissues actualy freeze, 

sometimes ta the bane Often starts with 

theextremities. 

Frostnip The freezing of the top layer of 

sin, usualy on the faca and extremities, 

caused by exposure ta extrame cold. Can 

develop inta frostbite i lft untreated, 


Caters Protective fatric that wraps 
around the lower leg and ankle, to keep out 
water and protec agaist sharp objects 
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‘all net 4 fishing net in the form ofa mesh 
stretched across a steam, 

Global positioning system (GPS) A ha 
helt unit that uses orbiting satelite to 
determine te user's postion accurately. 
Gourd The ste of tiolowed-out, dred 
Frutt-often used to camry water 

Grab bag A pre-prepared bag of essential 
survival equipment suitable for quickly 
Plelig up in.an emergency at sea, 

Gravity filter efectve method of 
filtering and purifying water, Inoarporated 
into battl, 

Grid boaring A hirizortl ection 
‘expressed in degrees east or west of north 
corsouth, 

Grid magnetic angle (CMA) Tie 
sifference between magnetic north and 
‘rid north expressed as.an angle 

Grid north northerly direction that runs 
eal to vercalorinas on amap Different 
from true arth becausa a map is ft 
Grid reference A meth of pinpinting 
the location ofa place or object anywhere 
‘on a map, using coordinates provided by 2 
umbered ard system printed on the map. 
Grommet 4 metalringed eyelet in clothing 
Groundsheet 4 waterproof shoot. 
Gypsy wall & mists of using 3 
round to fiter non patable wat 


inthe 


Hand jam 4 crackin a rookface suitable 
for weeding your whole hand into when 
climbing 

Handralling & method of navigating using 
Jong nar features on the landscape that 
‘unin the general direction af your travel 
such as vers, road, or paths 

Hank & small coil of cordage, 

Heat exhaustion (heat stross) 
Dehydration that results in diziness 

and profuse sweating; often a precursor 
cof haatstrake 

Heatstroke A ie-thrsatening colton 
brought-on by severe overeating, 

HELP (Heat Escape Lessening Posture) 
A posture that reduces heat-oss from the 
body when floating in water. 

Hexamine stove 2 stove tat uses 
hexamine sod fuel instead of gas or 

quid fue, 

Hot platform A mictho of mating ee over 
afireand collecting the lqud na container. 
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Hyperthermia An abnortally ish body 
temporature;patetilly fatal, 
Hyponatraomia An accumulation of excess 
water in the bey, leading toa dangercusly 
low concentration of sedi, 
Hypothermia A if-tivestoning coeltin 
caused ty exposure tacold, Symptoms 
ually anpear i the folowing order 
uncontrollable shivering (which may stop 
28 the body temperature lowers; rational 
or auto character behaviour; confusion, 
‘mood! swings, ane witheawal pale, cle 
si and slurred speech and/or stumbling 
Watching out for and counteracting the 
early symptoms may help prevent them 
dleeloping into aful-tlown potentially 
fatal condition, 

Hypoxta Inadequate levels of xyaen Inthe 
ood or hoy tissues Potentially fatal 


Toloo A shelter constructed from cut 
blocks af snow. 

Todine Achemical used to purity water 
Isobar contours ns on a weather 
chart that connect points at wich the 
barometric prossure isthe same. 


Katabatie winds Coo, ight dovnsope 
‘winds that form on clear nights. 

Kayak &close-deck: pada boat for one 
cor more people 

Kindting Smal pieces of fuel fora fre, 
‘aided to burning tinder: 

Kuk arge-lace knif from Nepal, 
sed mainly for hoping, 


Land breeze A ight-time wid that blows 
fro and to sea 

Lanyard 8 small cord or rope used for 
Securing or suspending an tam 

Latitude Te angular distance north or 
south of the Equator, in degrows along 
ameridian, 

Layering Wearing several ight layers of 
lathes rather than jst one or twa thick 
‘nes. Layers canbe ade or taken off ta 
maintain a consistent badly temperature 
Leanto A shelter witha sloping rea that 
leans against a horizontal ridgepcle 
Lee-sitle The ste that sheltered fram 
the wind 

Lensatic compass typeof compass used 
for precise navigational work, 


Longitude The angular clstance east or 
‘west arose the Earth between one 
reriian and the prime meridian at 
‘Greenwich, England, 


‘Machete A ange-bladed knife use mainly 
for chopping, approximately 45-50 
(18-20in} ona, 

‘Magnetic north Te alrection jnicated by 
‘a magnetic compass, 

‘Magnetic variation Th diferente 
beeen magnetic north and gre north, 
‘Manteling  texinique used for cling 
‘overhanging rock. 

‘Maritime air mass Ar that has tracked 
‘over the 523 typically containing moisture 
‘Mayday Tho internationally recegrized 
distress signal for 3 grave emergency 
‘Matetiess fire set Smal kit that includes 
‘everything you nad to start fie ~ tinder, 
fuel and spark device. 

‘Melting sack improvised sare that can 
hod snaw orice and is positioned close ta 
fre to provide water 

‘Meridian An imaginary are on the Earth's 
surface fram the Nerth tothe Seuth Poe, 
connecting all locations runing along ft 
(MidHayer An insulating layer of eothing 
that sits between the base layer and the 
conter layer: 

‘Motor impairment A itatlon or oss oF 
muscle contra ar mavement. 


Naismith’ Rule & metho of calculating 
the time itil take to artvaata 
destination, taking nta account distance 
and topoarapy 

‘Natural hollow natura dp inthe ground 
that can be used as an emergency shelter: 
[New World Non Eurasian and nen-African 
ragions ofthe world ~specticaly the 
Americas and Australia. 

NNoaiin & piece of wood ised to help 
support structure, raducing the amaunt 
cof cordage required, 

[Non-potable water Water that isnt 
suitable for drinking 

[Northings The nriaontal vl nes on a map, 
Increase In value the further north they are 


Oceluded front A point at which two alr 
masses meet ina weather system, 
ld World Europ, Asia and Africa 


‘Outer tayer Outer clothing ideally it 
should keep out ain but et sweat (as 
water vapourl escape 


Pace counting 4 method of determining 
stance; Involves knowing how many 
paces you take to cover a set alstance 
Pack animal ania such a a mule or 
horse used for carrying Hea loads, 
Paracord useful type of corde 
‘orjinally developed as raging lines for 
parachutes. Usually comprises an outer 
sheath ver an iner section of yar. 
Parag argeblade kif from Malaysia, 
used mainly for chopping, 

Pathogen  icroargarism, especialy 
bacteria or fun that causes disease, 
Permafrost Permanently frczen sol 
Personal Locator Beacon (PLB) / 
beacon that can transmit adistess signal 
taan orbiting satelite to intiate a rescue 
Poncho & multi-purpose waterproof outer 
cjarment mace frm one she of fabric ais 
useful for bulding a basis sheltar or bed, 
Post-holing technique for walking in 
deep snow without snow shows. 

Potable water Water sulle for drinking 
Potassium permanganate 4 chamical 
used fora variety of tasks, from iting 
fires to purifying water: 

Procipitation Moisture in a cous that may 
fall asrain, sow, oF hal 

Prismatic compass Seo Lensatic coma 
Protractor & ovce fer measuring angles 
Psychogeni shock very hah level of 
psychological and emotional stress brought 
‘on by a sudden disastor situation. 

Palle simple plastic led used for carrying 
‘equipment over snow, 

Pulmonary oedema Swelins anc uid 
‘accumulation inthelungs that causes 
potentially fatal breathing problems 
Pygmy but & dared hut made from 
cel of bent saplings or mer poles and 
thatched with natural materials 

Pygmy roll method of roling flores 
together to make cordaye. 


Quicksand A bed of loose, wet sand that 
yields easly to pressure and can engulf 
‘anything on its surface, 

‘Quinahee A asic dome-shaped, snow 
cover overnight shelter, 


Ranger flint and stool & roof flint 
which, when hit witha striker, produces 

‘a spark for iohting campires 

Recovery position The pasition an 
unconscious person shoul be placed in to 
minimize further injury and hap recovery. 
Reflector 4 device for drecting neat from 
a campfire towards shat, 
Reverse-osmosis pump A survival un 
sytem that tuts saltwater into restwvaten 
Ridgepote i ang horizontal pole that 
forms the ape ofa woot 

Romer measure 202 Comps sale 


Salting 4 salt marsh 
‘Scrambling Sining without ropes. 
‘Scrape A typeof basic shelter tult ina 
fatura hollow or depression inthe ground 
‘Sea breeze A daytitne wind that blows 
from seat lane, 

‘Secondary drowning Potetly fatal 
boloaeal changes that can take place Inthe 
lungs after person nearly crows, caused) 
bythe body's response to inhaling water 
‘Shoek A ife-threatening condition that 
‘occurs if the crulatory system fails often 
triggered by severe beeing, burs, oF 
sauen cod 

‘Show-stopper A faire it planing that 
could cause delays to or stop a trip or 
expedition 

‘Sighting mirror) adaeel component 
‘on a high-end compass used for helping in 
‘orientation and navigation 

‘Signal fre A fe speciialy designed to 
protuce lots of smoke to attract attention 
‘Signal flare A jand-Hed distress Nae that 
‘lve of orange smoke In align and a 
bright ight at night 

‘Signal mirror simi: signaling device 
that works by reflactingsunight 

Silva compass 4 typeof basi: compass 
soul for hiking, 

‘Sip well A metiod of extracting water 
trapped undar racks by sandy around, 
‘Skidoo A motorized vehicle use for 
traveling over snow and ic 
‘Slingshot 4 hunting weapon that fires 
‘small stones an is made fram a Y-shaped 
stick with an elastic trp stretched 
between the prongs. 

‘Snare A wire nonse used for tapping 
animal. 


‘Show blindness Ey clamiane caused by 
Uutravlolet loft reflected off snow or water 
‘Show cave A effective cavelke lelter 
‘lug Into compacted snow on the lee-side 
ofa 

‘Snowshoes Wicle-Soled strap-on shoes 
designed ta stop you sinking into snow, 
‘Soak A water source found cae to rivers 
‘and creeks in areas that are usally lower 
bvng than the existing water table 

Solar still method of extracting drinking 
‘water from any source of moisture by a 
rovess of evaporation and condensation, 
‘Space blanket 4 plastic blanket coves 
‘aluminum fl that can te used as a shelter 
‘ora reflective salina cele to carry, 
store, and heat water orto cookin 
‘Stand-off A tectnigue fr navigating to-8 
point that may beard ta locate, by orkntating 
from a nearty prominent feature, 
‘Standing deadwood Woo froma tree 
that has died but is stil standing 
Hazardous, as branches or the whole tree 
‘may fall, but makes excellant firewacd 
‘Stradiling climbing technique used for 
sconding wide chimneys 

Stratts Dense, ciey loud that forma 
sheet, Rain ca fal for long periods of time 
If the cloud has depth, 

‘Strobe light An etfective sanaling device 
In the orm af a rapidly ashing LED ight 
‘Survival blanket Se° Soave filet 
‘Survival kit Essential ters for survival 
carried on yaur persen. 

‘Survival straw A compact emergency 
ator purifier. 

‘Survival sult 4 waterproof, tuoyant suit 
designed for survival in open water: 
‘Survival tin An escorts, compact 

container carted on the person that 
adresses basle survival needs: protection, 
lecation, wate, and fac. 


‘Taiga & subpolar region characterized by 
coriferaus forest. 

‘Tarp Shortaned form af ‘tarpauli, a type 
cf sturdy waterprot sheet. 

‘Temperate climate & climate without 
‘extremes of temperature or rainfall 
Tetanus A potentially lethal infection 
caused by bacteria that vein sal, 
‘Throwing star An improvised four-point 
hunting weapon used for throwing at prey. 
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Tinder 4 dry, at, combustible material 
that isthe Mt ue used when lghting a fre 
Topoaraphic map & map that shows the 
main features on a landscape, ad elevation 
via. use of contour nes, 

“Tanspiration bag 4 mos of exeporatng 
condensing rd siphoning off water from 
follage vsing a plastic bag and sunight 
‘Hiangulation A tha of determining your 
location by taking brings with compass 
from recagnizabe landscape features. 

‘True north The crection af a meridian of 
longitude that converges onthe North Pole 
‘Tundea 4 polar region characterize by 
permafrost and stunted vegetation, 


Universal Euiblity Test (UET) 4 test that 
checks whether a plants safe to eat via a 

methadical process of tasting small amounts 
‘on the ln inthe mouth and inthe stomach 
LUV active purification Puriving water via 
a battery-operated utraviolet (UV) purifier, 
LUV passive purification Puriving water by 
leaving filed bottles in strong direct sunlight. 
The UV rays ventualy Kill most pathogens 


Vegetation bag S22 Tarspiration bog 
WHE rao Very high frequency rac. 
transmitter; usually used at sea 


‘Water balance The diferance between 
\watar lost from the body through sweat 
and the water taken in through drinking, 
Water purifier A device that filters and 
purifies water by pumping it through micro 
filters, chemicals, or combination ofboth 
‘Weather chart & map of major weather 
systems and thelr predict ection of travel 
Wicking material matorial that mows 
moisture away from your body to evaporate 
Wickiup 4 small ut made from strat 
poles ashe! together atthe tp, with an 
Interwoven framework covered with animal 
hides or gras 

Witch's broom A lett stick stuf with 
thin dry tarksutable Tor lighting are 
Withies The strong, exible stems of 
Plants, suchas wile, bch, ash and hazel 


Zigrzag route Method of climbing @ steep 
siope using a 2ig-2ag path toreduce the 
cffort required to achieve the climb, Also 
effective when walking down steep slopes. 
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IoT stakeholders that can participate in more than one layer. Based on their role in the loT ecosystem, 
telecom operators usually take a part in the network communication layer. In this regard, they follow 
four evolutionary business models [23 (1) selling connectivity services only; (2) selling third-party 
products; (3) selling internal products; (4) providing a broad menu of IoT products. Each of these 
IoT business models includes traditional telcos strength, i., connectivity which determines the how 
dimension of the lo business model. In this sense, our activity-based classification of oT applications 
indirectly allows the construction and distribution of performance as IoT value proposition using 
enabling technologies as Io resources in telco’s internal value chain. 


3.3. Summary of loT in 5G Service Classification 


‘The previous discussion has shown that the classification of loT applications is a complex task 
due to their numerosity and diversity. The existing classifications of loT applications pose some 
drawbacks that can be summarized as follows. The domain-based classification does not allow clear 
differentiation between IoT domains and IoT applications due to either an imprecise classification 
criterion or the diversity and unpredictability of loT applications. On the other hand, QoS-based 
classifications need to identify the common and most important performance metric for a broad range 
of loT applications. Therefore, on the basis of the literature review and IoT customer service requests, 
we have proposed a new approach to the classification of oT applications. It is based on the activity 
as new classification criterion, which denotes a main function/purpose of specific IoT application 
observed from telco’s point of view. According to the authors’ knowledge, four activities, ie., ticketing, 
monitoring, tracking, and managing /controlling, have been identified to cover reasonably foreseeable 
functions purposes of existing IoT applications. The resulting activity-based IoT application classes 
have been associated with 5G service classes in order to determine and prioritize their performance 
requirements as described in next section. Finally, the proposed classification of IoT applications was 
discussed in terms of its completeness, flexibility, and applicability to new business models, 


4, IoT in 5G Performance Requirements 


This section provides an insight into performance requirements of activity-based classes of 
IoT applications proposed in Section 3. The analysis is based on eight key performance indicators 
identified in [5,207] as shown in Table 4: data rate, mobility, latency, connection density, reliability, 
positioning accuracy, coverage, and energy efficiency. These performance indicators are usually 
well described for specific IoT applications. However, one of the main challenges of 5G is to 
support a variety of performance requirements for numerous IoT applications in a flexible, reliable, 
and cost-effective way [15]. Hence, there is a need for a comprehensive understanding of these 
requirements for activity-based IoT application classes. The 5G service classification defined the 
performance requirements for mMTC and uMTC [9]. We have assigned these requirements to 
the activity-based IoT application classes introduced in Section 3 for the purpose of proposing 
priorities of each requirement for a specific class. Three levels of priorities (high, medium, low) 
are associated with the performance requirements of activity-based classes of loT applications 
as shown in Table 4. The prioritization of performance requirements is inspired by analysis of 
related work undertaken in [213]. Some activity-based classes of IoT applications may demand 
optimization of multiple performance requirements. Table 4 illustrates the main differences between 
activity-based IoT application classes, and therefore, the need for a 5G network that enables support of 
optimal configurations for a variety of, sometimes opposite, requirements. For example, the mMTC 
tracking-based IoT application class requires support for high mobility, high positioning accuracy, and 
high connection density, while the mMTC monitoring-based IoT application class also requires high 
connection density but low mobility and low positioning accuracy. A more detailed description of 
considered performance requirements is contained in the following subsections. 
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Tnfact, every Venturer subscribes to a standard philosophy regarding the cutdoors, the 
Outdoor Code, 


OUTDOOR CODE 


As an American, I will do my best to... 


= Be clean in my outeloor manners, I will reat the outdoors as @ heritage I will take care of 
it for myselfand others. T wll keep my trash and garbage out of lakes, strearrs, fields, woods, 
and roadways, 


1 Be careful with fire. I will bul ry fires only where they are appropriate When have 
firished using a fire 1 will rake sure itis coll out, I wil leave a clear fre rng, or remove all 
evidence of my fire 


= Be considerate in the outdoors, [will ireat pubic and private property with respect. will 
use low-impact methods of hiking and camping 


1 Be conservation-minded. I willleair how tu practice good conservation of soll, water 
forests, minerals grassland, wildlife, and enetay. I will urge others to do the same, 
‘This code and those who follow it represent the highest ideals regareling the cutdoors 
and the conduct necessary to not only survive, but to enjoy ts full splendor 


Formore information on Verturng and the exting feaershp bulking program feed, lease see 
‘wwwscoutingorg/venturing 


ad BOY SCOUTS OF AMERICA 


{by Seve Aree annem setae reset cirette By Sook 
retrain telntSatcanther cones Pritula ont aye ars 


Navigation Down Under 


For 
Northern-Hemisphere Tourists 
Walkers and Scouts 
Boating and Outdoor Orientation 


1001 Ways to Extend 


Your Navigational Know-How 


2010 


Section 


1 


CONTENTS 


BIG-PICTURE TOP-DOWN— 
Global Perspective 
Sun 
Stars 
Earth 
Moon 
Wind 
Clockwise Navigation 
Anticlockwise Systems 
Revision, Overview, Explanations 


2 THE INSIDE STORY—Mental Manoeuvres—34 


Learn 

Think Interpret 

Look 

Integrate 
Orientation 
Disorientation 
Reorientation 
Lost? 


Miscellaneous: Angle; Night-time 
REALLY INTERESTING STUFF 
—Bush Navigation—————————— 56 
Nature’s Norths 
Memory & Naming Skills 
Lie of the Land 
Tracks and Bends 
DISTANCE——————————————' 90 
Progress 
Pace 
Range 
MAP and/or COMPASS 
Map Use 
Magnetic Compass Use 
Mapmaking 
Navigational Mnemonic— 
Appendices: 
Tide and Moon Dial 
Star Charts; Zodiac 
Morse Code & Rhythm Mnemonics 
Semaphore Code & Mnemonics 
Symbols for Track-Notes & Mud-maps 
A List of Star Coordinates 
Great Circles; Calendars in the Sky 
Tropical Countries 
Contents/Index——————————— 128 


Symmetry 2017, 1 of 38 


‘Table 4. Activity-based classes of IoT applications—performance requirements, 
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Tegend: 5G (Fifth Generation), mMTC (massive Machine Type Communication), uMTC (ultra-reliable Machine Type Communication), L (Low), M (Medium), H (High). 


Section 1: The Big Picture Approach 


Big-Picture Rule One: Locate a Distant Reference Direction First 


Until you Orient yourself to the bigger picture, by finding an unchanging direction to latch on to, 
‘Small-scale pictures and large-scale mental layouts cannot come together. «And the local features won't fit into the bigger perspective 
‘Your mental photographs will loat around in chaos, lke so many loose jigeav pieces, or letters in an alphabet soup, 
In choosing a Reference Direction, your first choice should be. 
‘ASTRONOMICAL — Sun, Moon, stars, planets, satellites —e.g. Locate the direction of the North Pole Star. There is an astronomical overview p32f 
Then *GLOBAL = Compass oF Botanical or Geomorphological North e.g. find Canada’s North Magnetic Pole. 
Next sCONTINENTAL — Weather Systems, radio transmitters, powerline networks, highways, sea-coast—e.9. notice the Sydney to Hobart flight path 
Then DISTANT landforms ~ Lie, Lay, Lines, Hills; Lights, etc.~e.9. the direction of the main river valley draining to the sea 
Last of all comes: ‘What you car see in front of your nose! .e. don't let your mind latch on to some unreliable or meaningless reference like 
how the cars parked, or where the wind is, or the initial direction of the trackjthe drive in/the main street, or uphill, or the way you got out of bed. 
‘If you can't see a thing beyond a few metres, and have no compass, you will need to "keep a straight line” (see p. 87) by lining up markers. 
Now that you have a reference direction, you can implement the other "Rule One's. 
‘Match what you see in front of your nose to the reference; 


‘Predict your overall trend before you start; ‘Notice your startoff direction as you start 


Visualisation is your Key Skill 


This is most especially relevant to orienting your nose, in your mind's eye, to the Bigger or Invisible Pictures, but is needed at all scales. 


Imagine where the Southern Cross is during the day; or where the cars are, now; how you got here. 
Visualise the Earth's invisible spin-axis and the weather map you saw, yesterday 
Mentally picture the Galactic spiral! ~ which clock-sense is it? or __the turnoff you need — will t be uphill? 
Remember the tropical countries under the Sun and the way back 
Describe the path of a shadow-tip in mid-Winter for what makes this place recognisable 
Picture ‘sunrise in Antarctica tomorrow morning or old blazes, in your mind, so you don't miss any 
Interpret numbers, labels and words into reality e.g, what the shape of the night-sky has to do with your global position 
Express visually ‘what each clue means ‘e.g. what "high noon” means to you right now 
Mentally photograph the map as you study it beforehand and _how the climb opened out onto the plateau. 


Mentally match — the invisible landscape trends to the reference direction and to what you see in front of your nose 
[At night, and in the rain, navigation gets to be ‘all in the rind 


By recreating the reality you cant see, you can navigate what isin front of your toes, by intelligent imagination. 


Big-Picture Orientation is a Mental Layout Acquired Beforehand 


Because the invisible picture is so large, you can do your global and continental orientation at home before you start. 
‘Travelling all day to go walking somewhere else, will hardly ater it 


‘You use: a alobe; an atlas; a roadmap of the continent ~ to learn the lay beforehand. These are layout maps... The relative positions shown are fixed. 
‘But layout views ~ as seen from above — will hardly ever be seen in your reality, first-hand. 
(dn contrast, when you come to putting yourself in the middle of the big-picture, you see the landscape first-hand, and you will need 
“Nose Navigation" ~ as seen from the ground ~ which is all about the apparent relative directions.) 
‘The alobal constants won't change as you walk, e.g. the behaviour of the Sun and stars, because everything fs s0 distant. 


‘You need extra care to visualise the Big Picture, and its meaning, because its (a) Round (global) (b) Layout (i.e. mental only) (c) Invisible (4) Big! 
Do this before you attempt to nose your way through the local scenery. 


SSmaller-scale clues can then 'fit-in', sensibly, to the larger context. 


Compass Navigation Robs You of a Global Perspective 


Flat maps must distort the true picture. Only a globe is true. Mercator-projection maps (diagram 1) distort land areas and lonaltude lines, 
In order to "preserve the straightness” (!) of @ compass course, which never was straight! 


If you glue your nose to a compass needle, to follow a compass-course, 7 
the course which looks straight on a flat Mercator map will actually take you on a spiral, Width or| 

Into either the South or North Pole (as when you keep any landmark at a diagonal). latitude 

‘The sense of the spiral (turning to your right/left) changes as you cross the Equator... on the 

Because you do need a big-picture approach, you need a global perspective. map's side 

(Here's a'go0d place to set aut the basics. v 

Remember: “Latitude equates to the distance from the Equator” — the short dimension. |A 30 spiraling heli 


“Longitude turns upon the time — how long has the globe turned since midnight") _< long for longitude > 
Here's a test: Imagine the midsummer sunset from well Down Under, looking even further South. Do you think of a tropical country in that direction? 
The following section ~ about Sun Moon Earth and Stars — aims to restore a true perspective to people who can hardly think except with a flat diagram, 
and can hardly visualise anything without divorcing it from the real landscape in front of their nose. (There is always a tropical country under the Sun.) 
Think of this ‘global orientation’ section as a global Re-Orientation ‘and don't forget, that. Global means Round! 


The Big Picture is Invisible — Your Job is to Visualise It! 


[As a matter of principle, we should work top-down 
Le. from a framework down to the detail from general to specifi, large to small, overall to local, unchanging to changeable. 

[As a matter of fact, we are lazy. The point of doing “useless” grand-scale orientation éxercises isto: 

‘make global orientation second nature — easier next time around; 

to make you forget flat pictures of a round Earth and to imagine it properly 

to give your struggling memory some comprehensive and relable framework to work within; 

to intearate what you can't see with what you can, e.g. to link different walks and areas; 

to orient to, ang to understand, the Sun's movement, and to orient to the Moon and stars and planets as @ bonus; 

to make extra clues and techniques available, e.g. to open up astro-navigation techniques; 

ta work "top-down" — to avoid jumbling up your mind 


The idea isto read the following double-pages horizontally, as one topic, ie. Sun-Sun; Stars-Stars; Clockwise-Antclockwise, 
To follow one topie through, flip over the pages and look in the corresponding positions. 
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Section 1: Big Picture; Top Down 


w= Global Re-orientation — Light-Half/Dark-Half 


Thorzon Step 1. Always Position Yourself on Top of the World. ..whether in a diagram or mentally or in reality. 
‘This makes your reorientation realistic, doesn't I? 

Look at your feet and imagine you are standing on a huge basketball in the sunlight. 

To visualise the light-hal/dark-half of the globe, carry areal ball wth you, preferably a globe of the worl. 

Imagine that everything which you see, this side ofthe horizon, is the tiny top-fraction of a huge ball 
Step 2. Face the Sun, but imagine it low down, setting, with horizontal rays coming to you, 

Notice the circle which divides day from night, passing to left and to right underneath your feet. 

“He divided light from darkness by a circle dravn on the face of the sea.” Job 26:10 

Step 3. ‘Raise’ the Sun, and its sunbeams, to their actual height. 

‘And as you do, let the darkcalf fall back behind you by the same amount 

Le. degree for degree around a round globe—one degree of fal-back for one degree of Sun-rising 
‘After this you can do your best to answer: (Help wil follow soon) What countries are seeing the Sun as horizontal? 
Le. Which countries does the ‘cirle’ pass through at the moment? Which ones are seeing the Sun rise? 

Which ones see it setting? Which parts see a 24-hour sunset, with the Sun skimming the horizon? (Use a globe) 


Your Best Reference Direction: Imagine the Sun at High Noon — Always 


(This wont work so well i the tropics) 
Night or day, your mental reference direction is North or South by the Sun. So imagine the Sun North of you (Southern Hemisphere) rain or shine 
It's the natural interpretation... of looking at your watch, and 

Of looking at the Sun, when itis not North of you. (Warning: Don't look directly atthe Sun! It will blind you!) 

ff looking at the compass. Cou don't want ta locate "Canada's magnetic pole, afterall!) 

(of judging botanical North/South (p.74a); 

fof using a map in conjunction with the landscape, 

{nd even when using the Moon 
Imagine the high-noon Sun in a real landscape — this one here! 
at al times of day oF night. 
= at the correct height, on its circular path, 
— which is ited at its rse-set angle 
Warning: horizon 
You will get disoriented 
when you cross the Equator! 


Noon height (Southern Hemisphere) 
sr ce your best guide to "North" 


North 


The 4 Bright Outer Stars of Orion Point out Where the Pot is Going 


Rigel . 
=Find N/S E/W & Equator . Saiph 
w. Hold this chart over your head : 
N : * 
Movement West <¢——— . 
‘Antilockewise around Polaris * 
‘The middle of Orion's belt wll follow through the Arrow point 
0630 hrs 
‘The north-west star of the belt —‘Mintaka’ — lies Yon the Equator’ (i.e. over the real one) 
‘The N-S position ofa star is called its 'decination’, equivalent to the latitude of a point on Earth closest to it. Betelgeuse * 
‘This is a Southerner’s view in Summer. The stars will be moving to your left en Bela *— 
‘The Pot handle down through Meissa points to Polaris Melssa 


Look for the Line Joining Sun, Moon, Planets & Zodiac Stars—the Ecliptic 


2 planets are Zodlacal Stars ars (Red) 

anays near the Sun = eo moon 

Venus (very bright whist THe Fhe carth is moving © = supter (very bright white) 

Mercury (redaish)* ECLIPTIC through space, East-around the Sun, oP 'Gaturn (Bright; yellowish) 
24 — asteroid fnay from this high point at sunset; (SH view is show 

SIZ oun slow tewards iat sunrise. (e. f ths ia NH view looking 5) 


‘The solar system — Sun and planets ~ is flat, and the Zodiac marks that plane, by design. It's the ‘edge-on’ view, which we see, from within 
‘The Moon orbits within 5° ofthat plane, and so is never far offline. The line is called the Ecliptic — a great crc. 

(it looks as straight as the horizon, unlike the diagram. See ‘Optica illusion’ in the Moon box, p.8d) 

During the day, you can orient, nat by the Sun only or the Moon only, but by the line joining them. Sometimes Venus may be visible too. 

‘You have to imagine the rotation ofthat line (more on this soan). It does not move in the same direction in which it points, but its path Is 

Up to 23°%4 tilted from that. 


Mnemonic: “Clock-wise Northern Hemisphere SWiNES” 


top view N Europeans make chronometers to follow their Sun. nO __seaeise 
37 | 4 _ They see, looking South (diagram top right)...rise in the East ; South at noon ; set inthe West. cast_—w O) ~, west 
w. “That's ‘clockwise’ (seen from above; East to South to West) for them south 
RV ‘The swines! They force us, down under, to place our clocks on the Southern wall and think behind ust 
(We see, looking North rise East, to North at noon, to West i.e, SH; anti-clockwise) _— 
wat on We 
SS St, 
s 


SS to the noon Sun 
clockwise top view 


‘Anyway, changing your direction "Clockwise", as seen from above, is turning to your right, and, ignoring the I, the mnemonic is: 
‘South, to West, to North, to East, to South or “clockwise: SWINES' 


Section 1: Big Picture; Top Down 


A mnemonic for global orientation: “True Polarity” 
“True” courses refer to the Earth's Poles — ie, the ass of rotation of the Earth — the single most directional thing on our spherical Earth. 
“True” bearings measure the angle between the course and the lonatude line ~ a North/South line which connects the poles, 
and which pasces through your location 


NP. N course 
pi this way 
“The angle is measured clockwise from ‘North’ 
Longitude lines to 360° e.g. O65°T 
“Oh Six Five degrees True (-polarity)"! 
5 
Se. Remind yourself, whenever you use “True”, by saying “True Polarity"! 


MMe MONIC. “noon sun Passes North of My Nose Down Under" It Rhymes in’ m’ (dow-nun-der) 

(Wow, Keeping your nose to North, say..) (The second parts work for both hemispheres provided you face North, not noon) 

‘Sun Rises an My Right (tothe right of North)" it Rhymes Ini” 

“Sun Sets on My Left (inthe West)” <ie Rhymes in’ e 

‘Tha’s Anticlocknise aroun the North Pole Star, f you are facing North from the SH; [Clockwise around the South Pole Star" f facing S from NH] 
“The SH horizon shifts to the right” 

“The NH horizon Never Heads right, {kmoves lf 

O- Paper Diagrams aren't Enough. 


For Southemers, loots at the noon Sun je. from SoUth of the tropics Imagination isn't enough. 


Go outside and take 2 look. 


‘Ais horizon relly moves to the right 4 (ou will need to shielé your eyes from the Sun, eg. with your hand) 


West/Set/Left__North/Nose/Noon/Down Under East/Rise/Right Let the reality sink in, 


The Two Brightest Stars Point out the South Pole Star 


Canopus and Sirius line up almost South/Nort. a 
Use the star next to Sirius (Mirzam') and the line-up is perfect. Sirius Wize 
‘The "Dog Star Sirius is the brightest star in the sky. 17 degrees S. 000 
‘The Big Dog seems to have a front leg and back leg and a tail 
. SOUTHERN 

Aludra, in the tail 9 * [> treba 009 . 7 SUMMER 

8 L- (0620 RA 
Wezen, where he wees from a (Right Ascension SIGN 

‘or star-time) 
‘Adhara, thehind leg ¢ * ‘sp irzam 
me? 
fs the nearest ’ 
bright star to Sirius * Canopus 53 degrees s. 


(Go another 37 degrees to South polestar) 


Mnemonic: “Wind? Weather Map!” 


For navigating by the wind, don’ just leave it at the level of “The wind is from over there 


* Look at the skyline “from Bruce Valley" 
* Look at the Sunshine “from 30° to the left ofthe Sun at the moment” (Don’t look at the Sun!) 

* Look at the Sun-path "a ‘sunset’ breeze” Le. from sunset (Simply imagine its rise-set path.) 
* Imagine the continent beyond the skyline “from the West Coast” 


Meld that realty to the weather map you remembered. 


Don't stop interpreting the wind until you can fit it into a Big Invisible Picture connected to that skyline over there. 


Mnemonic: Down Under, The Sun Moves ANTI-BigBENWiSE 


Look at the “ENWISE’ in the mnemonic, 


Anticlochwise Is East to North to West to South to Fost a O. 
onore thet Look down fom above ano the neaontlcretens invlved « = 
Antclochvis is tung ts your ee ntalcknie Is eNMISE w 8 © 
(it you puta ockface onthe north wall and ook atthe Sun's movement, (Dont ook atthe Sun), 
, Yat all ee thatthe Southern Hemspher’ssecondhonds ck bockwares! Leagan the Sun's movernent 
AX Soputiton the south wal facing Worthy and the Gock hands wil move- wt the Sun} 
wa-Lee inthe ropics the sun wil pass somewhere near overhead To make it seem "ant-clockvise” anyway, face North, 
wap view 
A 
s Dont get mixed up and think of Big Ben wise as clockwise. Down hee our Sun moves anti an that i ENWSE. 


Section 1: Big Picture; Top Down 


Mnemonic: “Time Tells Turning” 

What's the use of looking at your watch and spouting numbers! Atleast, glance at the Sun, or rather atts shadows (don't look directly at the Sun) 
Band then, imagine the Sun's direction at high noon as a reference direction 

“Thats what time fells you! — the Sus positon relative to ts noon direction, North/South, called the “meridian 

ihm. says "ante meridiem’ ie. "before nao, and p.m. saya "post men-clem” ie. “afer mi-day 
Midday = 12 noon (but ony In an ideal wera, becouse noon i only approximately at 12) 
‘One'pm = one hour past 12md, and so on. 
24-hour time tells you how far around the Earth has tured, since the Sun was opposite you ie. since midnight 
(and then don't forget thatthe loca significance of the time Is: progress — distance made good —“wateh” your pace) 
‘nemonic 


“Watch” the Sun (witnouticoking at) Whenever you watch your watch 
(and “watch” your steps too, for progress) 


Notice these, yesterday ~ to Guess the Time Today 


. Sunrise time (and direction) Lf you know the time, you can guess at the directions. 
. Sunset time (and direction) ‘These first 2 are symmetric around North, 
. ‘The horizontal angle of separation between sunrise and set 
: Midday time (and direction, and height) “This is halfway between, Memorise how short your shadow is. 
. ‘When did it get light enough? To see, To walk. 
. ‘When did it get to0 dark? To cook. To walk. 
How long is the usable daylight? “The day-length, between dawn and dusk. 
. How many hours of dark? 
© When did the Sun reach due East and due West? (How high?) This won't happen in winter. They are symmetric around midday. 
© Times for the Sun at magnetic East, noon, West? “These don't depend on guessing or calculating the magnetic variation 


Update yourself every week. 


The Spinning Earth Makes Circular Paths for the Sun, Moon, Etc. 
Sun, Moon, stars, planets — they all move only sighty in relation to each other during 3 day/night 
— but they all zoom around at about 15° per hour from East to Wes. 


Ithough I can draw this on flat paper as a circular path, the Equatorial path actually looks as 


‘straight as the horizon, in reality! (Southern Hemisphere view) 
[gS ‘You can now guess at ime or direction by your familiarity with the circular ‘orbits e.g 


{~The highest point of the path will be North-South of you, if you can guesstimate it 
Latitude determines the rise/set angle of the Equatorial path 
Rising and setting places are symmetrical around North, 


| 


‘Although individual rising and setting is symmetrical about North, 
whole constellations that rise vertically in mid-latitude may set ho 
and vice versa e.g. The Big Dog or Scorpio ise flat 

but dive vertically into the western horizon, 


The Moon; Rule 4: Look for It 


‘You have @ 1 in 4 chance of finding it during the day. Provided you remember to look! 
Rules 1 and 2 (like so many other navigational cues) are 

© PREDICT when and where it should be visible 

© Guess where to look ‘And Rule 3 goes with the guess: 

© LEARN from that mistake. 


Keep looking for It ts easy to miss. E.g. through the tree canopy; or rising through the horizon haze. Polaroid glasses help; you need to twist therm 


‘You will then have clues to North, East, and West 
Time of night (ie. later) 
Ocean tides 
‘Tomorrow's Moon ~ Phase; rise, set, direction, height 
Upper-ievel winds, if there are clouds about 
Hint: Measure the Sun-Moon separation with a piece of string (Don’t look directly or indirectly at the Sun!) so you know exactly where to look later. 


“VEERING” with the Sun is “Clockwise” only in the Northern Hemisphere 
“BACKING”, against the Sun’s movement, is “Anticlockwise” 
— but only in the Northern Hemisphere. 


(The terms refer to horizontal directions changing either with or against the Sun's movernent) 
“Veering and Backing” are Eurocentric images, so they can be very confusing Down Under. Don't use those words in the Southern Hemisphere! 


Say “Clockwise” and “Anticlockwise” instead 
for both hemispheres, as a matter of habit. Although these meanings too are Eurocentric, they are net confusing! 
(the terms refer to a bird's-eye view looking down from above as if onto a clock-face) 
Meteorologists and mariners stil use the terms ‘veering’ and ‘backing’ and they do mean “clockwise” and ‘anticlockwise! 
But the Sun-based image is backwards, south of the tropics 


Section 1: Big Picture; Top Down 


The sky turns 15° per hour — Use your thumb and forefinger 


“The Earth rotates once a day. Yes? That's 360° in 24 hours, yes? 
‘well that works out at 15° per hour ~ the sky spins 15°/hour to the West. 


IS° “F* that calls for recognising 15° Eg. (diagrams left, and right) ‘one hour of sunlight left" (SH) ~ 
ror Accuracy 
Free) Mestre each handspan along the Sun's “areular path, not horizontally 
Fitton tf (2) Use constant stretch =~ of arms and fingers = just stained’ for consistency \ 
ne {2) Use constant chestarm geometry Is best to use bug hands squarely infromtof you.. 


(Gytest for 15°, horizontally, against the full 360° harizon "24 spans go around the rim’ 
‘Span of, 24 times, from point-to-point right around the horizon. 
‘Adjust your hand configuration until you find one that fits the "24 Hours” recipe 
(4) Try gripping one hand with the other, or touching one, at a specified point, with the other 


+ oF, (5) Look along your shoulder, sideways, at one hand. 
My recipe for accuracy fits my arme!"4 spread fingers, wrist bent back fully (at arm’ length in frant=60em or tem/degree")' 
What do your arms require for 24 spans = 360°? 


Mnemonic: The Southern Summer Sun Sets Somewhat South 


Surprising perhaps. (If you equate North with hot’ you get caught on this.) (for Northern Hemisphere substitute ‘North’ for ‘South’ 
When the Sun comes South for summer its sunrise and sunset places alzo shift South with it 
Memory hexagon for Mid-Winter and Mid-Summer Down-Under at 37° 5. 


(top view) —-N._ (the Sun moves anti-clockwise through North) 
300° T. 60° T. ...In Mid-Winter, Down-Under, at 37°S., sunrise is at 60°T. and sunset is at 300°T. .. A 9¥4 hour day. 
In Winter the Sun will never show East or West of you 
w [AL Equinoxes ~ Mid-Autumn, and Mid-Spring ~ rise and set are East and West...2 12 hour day. 
240° 7. 120° T. .. In Mid-Summer, Down-Under, at 37°S., sunrise is at 120°T., and sunset is at 240°T. .. A 14¥s hour day. 
“The Sun will be East and West at mid-morning and mid-afternoon respectively, and mid-high — about 45°. 
380° T. Your main aim is to get familiar with the Sun’s circular path. 


Stars Leave Star-Trails «ir you photosraph them with time-exposure. 
Star-trais are bits of cices, because stars cicle around the North and South Pole-Stare, 
ite. the Earth rotates on an'N-S axl, which pints tothe Pole-stars The ple star stays fixed in poston all night (if you do) 
Southern Stars Circle Clockwise, once per right-and-day, around the South Pole Star. 
Northern Stars Circle Anticlockwise, around the North pole star, Polaris. These clack senses are the same in both hemispheres 
But Note: low Southern stars will move anti-clockwise around you, (.e. to your left around the horizon, anti-clockwise as seen 
from above you). (Clockwise ~ to your ight inthe NH) (More on tis later) 


rt helps you with global orientation to use Star COMpasses’. 

One of the clearest compasses is to blur the star circles Into full crcles then take vertical tangents to those cles. 

Inthe following diagram, the left-hand direction is "20" tothe left ofthe Ears axis (or to 60 maximum latitude) 

‘The right-hand one is "20% to the right (or to 80° maximum latitude). They are global. 

1f you follow these star directions, they wil take you right aroun the earth ina ‘straight line a big circle. 

‘You wil pass through places equa in latitude tothe star whichis overhead (p.1), 30 you can already see the 

‘maximum latitude that such 9 "great circle course’ would take you to; then It takes you back towards the equator. 
INT: You wnt get far In star-navigation, without a detailed star ist and star chart, See p. 123 fora lst. 


Mnemonic: “Wind in Your Face” 


‘The Southern Hemisphere version of Buys Ballet's Law. [Try to use unobstructed wind Le, notin a valley nor in a mountain eddy) 
"Face the wind INH, rule uses ‘Back to the wind, Sun-twist.} 
@ ——Sun-twist yourself 15°-30° [i.e anti-clockwise in S. H.] 


= to counteract landscape friction on the surface winds. 
[When the winds are impeded, they slow down, and £0 stop circling around the pressure centres, 

and start to cross the isobars, toward the low pressure (a ‘sink’ hole) at an angle of 15°-30°, si 
less at sea and over flat land, more over rough terrain.) 


© Rhyme: “Low on My Left 8/or__High on My Righ-t” 


su. 0 


“Top view of you, in the square, facing the top Sree Fage. 


Southerners Need Anticlockwise Systems 


ur clocks seem to run backwards, compared to the Sun, 
‘Our compass-bearings are measured ‘backwards’. (see p.10e) 
“Veering’ and ‘Backing’ seem to mean the wrong clock-sense. 
‘When the Sun moves forwards, all the other systems seem to push backwards. 
‘We lose the global perspective. 
[And this section is all about aiming to put that right. 
Consequently, we need a Southerners viewpoint. 


1 hope you find that the anticlockwise systems which wil follow soon are much more workable than Eurocentric systems. 
‘Some af the other systems given on this right-hand side of the page, are universal ~ they can be used in either hemisphere. 


Section 1: Big Picture; Top Down 


Global Orientation: Latitude and Polar Distance 


Step 1. Stand up on the globe again (in your mind and in reality). 


Backviews. Ss i 
Step 2. Put your left shoulder to the Equator i.e. Face East (sunrise) Facing E 

(if you are inthe northern hemisphere: face west, sunset.) 
Step 3. Mnemonic: EQUATOR on My Left equals My LATITUDE is on My LEFT, Equator Latitude —_P.D. 6n 


RISEN POLE on My RIGHT equals My POLAR DISTANCE is on My RIGHT. fonleft your Fight 
Since the South Pole is 90° latitude, it is further South from the Equator than you are, and will be on your Right, as you face East. 
Step 4, Measure the degrees of distance around the Earth's circumference as an angle atthe centre of the Earth (by sliding the globe in two). 

‘The two angles mentioned must add up to 90° 1.e. they are “complementary” angles (spelt with ane) 

If you are, say, 45° south of the Equator, then the closest pole must be 45° further south. The ‘distance’ to the Pole is 45°. 

If you are 30° south, then the South Pole will be 60° away from you. Your ‘colatitude’—or 90° minus latitude—or “Polar Distance"—is 60°. 
“The goal is to imagine those two angles — Latitude and Polar Distance ~ at the Globe's centre beneath your feet, and around the circumference, 


Mnemonic: “Sun at High Noon — How High?” 


When you navigate by the Sun, think: "Sun": the mnemonic is: "Sun at high noon — how high?” 


You look: North, there, then up there, that high.— Southern Hemisphere (cf Noon will be South in NH) (Don't look at the Sun, if tis already there!) 
It might be morning : “eis going up there” 


Itmight be noon: "See how high it gets! 
It might be afternoon: “It eame from up there” 


Visualsing the height and path of the Sun also helps you to interpret plants for ‘bush noon’ (p.74a). 
“Walking Stick North’ depends on knowing the Sun’s maximum height. (See page 305) 


On Overcast Days, Average the Brightest Sky over 1/4 hour 


If the clouds are moving fast enough, and not entirely uniform, sit still for Iong enough to see many clouds pass over. Keep pointing at the brightest 
patch of sky using some reference lke a tree, and watch to see whether you ean confidently locate the average position of brightness. 


RISE and SET Directions for a (Local) STAR COMPASS 


te as x \ “The star directions don’t change night by night or 
{ f (@) \ with longitude, but they do change with latude, 

\ { \ cerns / } J Trecitees in the diagram wil rise from the 

\ \ x | J, fenton se you've tare south 

. A — d LL rae change theirinterections mith the horton 

his tar ‘ou need to Stars which share Sunset and Moon-set Just make sure to mark sunset o landmark 

tase here ‘ow your the same star path (examples ony) nthe syne hozon 

ery night Ss dad indcatethe come’ can'betted an ary i ove to igh-ine, 

forthe seasons sual Girton a staggered tothe scheme 

wrens, therrcreuar 


times during the night to span the day 
Visible paths 


(SH view) 
(Some stars stay up all night every night; these don’t move far either, and so are good orientation value too) 


From the Moon, Locate the Sun-Moon Direct Line, Carefully. 


f 

ae The line is the Approximate Ecliptic, and being a great-circle is a straight lin 
204 eacmamiaty 

AX 


‘The Moon seems to be lit from above the ‘direct’ line tothe Sun, 
ut that may only prove that the Sun is "up" and shining down. 


Bust the illusion with a piece of string... = oe 
Caution: Don't look directly at the Suni 7 a 


> herizon 
horizon 


Prove itn 3 dimensions, by using a torch and a ball. 
When the bal, inline with the Moon, looks right, the torch direction mimics actual sunlight. 


By locating the Sua, you can guess the lime of night, and quesstimate North more reliably, 


Below horizontal because the path of the Sun is more predictable and familiar than that of the Moon. 


at night 


Mnemonic: (when you say) “COMPASS” (say) “CANADA” 


Check it out on @ globe, Locate the Queen Elizabeth Islands. 


‘To ind the Southern Magnetic Pole, (but this doesn’t work so well) 
locate the Antarctic coast south of Adelaide, at Lat. 65° S.; ong. 140° E. 


Section 1: Big Picture; Top Down 


The Angle of Rising and Setting — is Determined by Your Latitude 
“To post-cict sunrise or pre-dictsunet direction, you can use your latitude to visualise the tit at which the Sun rises 
(or'the rse-angle of a near-Equatorial Star/Moon/planet) and the deviation from straight down, at which it sets 
Remember to use vertical, not horizontal asthe expected norm. (Ta judge vertical correctly, see pl9e. To practise, see 30b) 


fie Nn ag 


At Equator at 45° Lat.N. at 4595S. at 90°. ALON. at 30° W. AL30°S. AL30°S, AL3O°N, 
This one is especially 
useful in Tasmania, 
‘The Sun's path is very nearly a straight line, despite the illusion of being circular—see p.15a. 
Hint: Whenever you see the shadow of your head, provided the Sun is not too high, you can make the “anti-Sun" rise or set positions obvious, by 
fellowing up from that shadow, to the horizon at the correct angle. In midwinter the anti-Sun wil be in a midsummer position and vice-versa. 


High Noon — How High? 


‘Answer one: the same as last week. Take a look. It changes only slowly. 
‘Answer two: within 23% degrees of your co-latitude (or ‘polar distance’) high 


Le. 90° ~ Lat, plus or minus 23Y% degrees, depending on the season. 
Mid-Summer... co-lat+23.5° (very high in the sky) 
Mid-Winter..corlat~23.5° (very low in the sky) Latitude x 


Equinoxes..co-lat (average height) angle 
Why? At Latitude, i.e at the Equator, the average Sun is 90° high at noon i.e. overhead. Yes? 

At the Poles, 90° Lat,, the Sun skims the horizon at equinoxes. Yes? 

If you need further proof (that its height is 90° minus Lat.) draw it 


S.P. and two 
parallel rays 


Polar distance angle 


‘elevation 
See how the height of the average Sun is latitude degrees below vertical’ ‘of the 
‘That's an angle of elevation of 90° minus lat, sr it? Now adjust for the Sun's seasonal movement average Sun 


‘hich is 23¥% degrees each side ofthat 


Global Star-Compasses e.g. ‘Perpendicular to’ rise and set 
‘This is one step harder and three steps better. allows ‘great-cirle” course keeping 
‘Nalobal Star-compase yields “direct, global, ‘stralghtest path’ courses ~ ones which take you around the globe and back to your starting point. 
Eg YoU take a rise or et compace-polnt and head at right anges to it andthe new horizontal direction ts global-ro longer ted to one atte. 
“Thats easier to imagine by visualizing the light half dark half ofthe Earth: All who see the Sun ga the horizon could point to it, but each would be 
pointing ina different “direction”. But f they all pointed horizontally at right anges tothe Sun, they would al be pointing in truly the same way 
Proud the Great Circle which divides day from night. The same goes Tor any Horizontal star’ Imagine the star s-a pole star, and use Rs “equator” 
‘There are many alternative star appearances, besides vise or set & you don't have to "go at right angles to’ these to set Your course 


Eg am at one star above another .y 
‘The midpoint of One star level with ‘nother | Hoc 4 
‘ne stat ising or falling verbealy x (igh in the so : 


‘Toward a star which has a 2nd star ff to one side at right angles i.e. lower. You would pass under the point you kept aiming for. 
‘You don’t need a clear sea horizon — the stars are high, and a plumb-line will suffice 

‘These guides occur every night, inthe same global direction for several seasons, then disappear for a while due to daylight, but reappear. 

‘They will occur at the same times next year. They are always worth learning more of, adding to your familiarity of favourite “Star directions’ 
“These global directions are labelled By saying how close to the poles they would take you, and you can see or guess that from the stars, see p. 7c 


‘Low’ Clouds Come Clockwise Down Under 


Inthe Southern Hemisphere 
¢Lawpreaeurereystam winds sir clockwlan sound. no your fc rots your aft you fce thal “a 
# Low cloud! (i.e belo freezing level follow the surace level lobar ie the weather map lies L " 


‘The doublesmeaning for’ Low ‘in the mnemonic reminds you ofthis. 
‘Lows’ cause more clouds than ‘Highs’, so you focus on ‘Lows. 


Le when you see the low clouds; you say iow clouds come clockwise’ and automatically imagine “Low On My Lef Plus High On My Right” 
‘The Alternative Southern Hemisphere version of Buys Ballot’s law. This new version goes like this 

Face the fow clouds (unaffected by friction—winds at 600m high are considered unimpeded), Low surface 

then shyme L= Ligh=igh. (Don't Suntwist yourset.) clouds winds (SH) 
[cf Foce the wind, (In the northern hemisphere you have to say “back tothe wind") J 
Sun-twist youself up to about 30° to counteract ftion (which makes the surface winds spiral inward to the low centre)] 


Surface winds could also be expected to be half the speed of unimpeded winds, less impediment over sea, more over land—about one third 


A Compass-Needle Continent—Swinging the Continent 


Mentally glue @ miniature continent under the compass needle, to swing with it. 


‘The idea is twofold: 1. To reprogram your mind ~ "The continent is net swinging, so... I must be!’ 
2. To orient yourself meaningfully ~ to the invisible picture 
43. To remind yourself of compass variation 


Section 1: Big Picture; Top Down 


Global Orientation: Point to the South Pole.. 
. half its polar distance below horizontal 


If you had to point “South” you need to point horizontally. sP 
But when you have to point out "the South Pole”, you must point below horizontal. 

(itis similar wen Northerners use the Rerth Pole) 
Imagine the true scale...you are on the circumference, net above it 


‘The question is: "What is the exact angle below horizontal?" 
‘The answer's : "The South Pole is HALF its polar distance below South. nb 
Example: at 45° S., you point 224 degrees below the horizon. (90-45) /2 
Example: latitude 30%; colatitude = 90-30 = 60°; half that equals 30° Down There! LEEDS A 
Example: latitude 60°; polar distance 30°; 15° below horizontal ee to 


Optical Illusion — Beware! — Use Your Shadow Not the Sun, For Direction 
tn behind onthe sgh when you look aver your night shoulder! ARd when the Sun Is exacly to Reside,” ™ 
itmonetheless seems to be ahead of you. (Every sports coach knows that when you turn your head, your body follows) 
Don't rely on where the Sun seems tobe..” USEASHADOW INSTEAD! It's also easier on your eyes 


‘And then don't get fooled by the shadow of your finger, when you throw a shadow onto your map to find the Sun's direction. 
Temay look straight but it doesn't point to the Sun, until you line it up with your fingertip while looking from directly above. 
‘The shadows will always be parallel, but the Sun’s rays will always join object to image, fingertip to fingertip-shadow. 

‘The frst diagram is illuminated from behind you. 


Tooveldeeing a tne Sum, ty Is x a 
Pineal sco etre ereatnyour es, PZ to ee 
Tabntde and ae ourvantl kiss ine avers one” “Ze ois 
Shogo i Wrong Righ' 


or 


Right Around the Horizon, Stars Move to Your Left, Down South 


Looking South, all the lower stars move lef. Its only the high Southern stars which move to your sight. 


oc a sa a Ci ta ns a 
(iad ca he bm none cee 
nae ea aa Ry vy 


East West 


Looking North, all the stars move left. ‘The same goes for Sun, Moon, Planets. 
(we see the top of the circles) 
West East 


Looking directly overhead, or behind your head, will not work! (tis all opposite in the northern hemisphere) 


Mentally Rotate the Sun-Moon Line Around Polaris 
‘Avhole line trough the sky gives a better feet for direction than a single point ~ than ether the Sun or the Moon alone — 
So jin te two and watch them rotate together during the rest of the day 


ra 
| North Pole | 


When you can see both, and you know where North is, you watch them. 
When You see only the one, you look for the other, and'so find north more exactly than by using either one's path by itself. 
‘Add in any planets to continue the process at night, then fram planet to planet or to Zodiac stars, after moonset 


(Southern Hemisphere view) 


“Bears Circle Clockwise” 
Compass Bearings are Clockwise, A Full Circle, and Eurocentric, Cee? 


In Europe the Sun moves clockwise... rom North (Where the Sun is at midnight0 hours) = O° as far as the horizontal angle involved Is concerned. 


380 East [sat about 06 hours (sunrise) or 90° True — Sun-wise or Clock-wise from North 
South at about 12 hours or 180° T (noon) 
For gy 90) 270 ‘West at about 18 hours or 270° T (sunset) —~ so you see, the bearings circle clockwise, from North, 360° 


Looking S. /_ fromsbove 
A Southerner, of course, would prefer to go 360° anti-clockwise, from South, but they didn't get a vote. 

Everyone in the world is expected to submit to the (WH) rule: compass bearings should be measured in degrees, up to 360°, from North, clockwise 
around through East ~ like the ancient Babylonians; lke the Northern temperate Sun. 

Not many people consider using 400 grads (4 right-angles of 100 grads make up the circle), oF consider going let-around, through West, 

Or even think of starting at South. So don't you dare (unless you don’t call ita compass Dearing’) 
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Section 1: Big Picture; Top Down 


The North Pole is Perpendicular to the South Pole 


Since the poles are 180° apart ~ opposite — you see them as 90° apart ~ half the are distance. 
The numbers can't work out any differently. 


Example: 10° S. Lat. = Equator is 10° North of you. South Pole is 80° away ~ the "Polar Distance”. 
0 S.P. = 40° below 5. 
North Pole is another 90° past the Equator. 
'50N.P. = (90 + 10)/2 = 50° below N. And the gap is 90°. 


{A simple way of looking at it isto say 
"Diameters yield right-angles at the circumference” 


Now go outside and point to the Poles. 


The Dark-Blue Polarisation Band Perpendicular to the Sun 
90° from the Sun there is a circle of darker sky. Bees navigate by this clue. The whole sky shows degrees of polarisation. 
‘You ean see itnaked-eye, but since itis due fo polarisation, fis much clearer through Polaroid sunglasses ora camera iter. 
Point the op of your polaroid sunglasses toward the Sun for best effec. 
“The dark blue band is narrowest highest up (in the direction of your shadow, and perpendicular to that sunbeam) and varies with visibility and haze. 
“The sky is darkest away from the Sun and away from the horizon haze and 90° from the Sun 
‘You can always guess where the Suni, trom the gradations of blue. After sunset the band is caused by the brightest part of sly. 
Example: You are in a forest at dusk. The sky is blue overhead, but the sunset direction is nat visible. Find the Sun from the bluel 
See the “Sunny Skies System” (p.19e) for how to uve the ends of the dark blue band, and its trend 


The Centre of the Rainbow is Down-Sun 


‘The shadow of your head coincides with the centre of the rainbow's circle, (Plots often see the full circle of a rainbow) 
“The radius ofthis circle is two wide hand-spans — spread out your 10 fingers fully, thumbs touching. 
Whenever you see a rainbow, treat it as a clue to "shadow-South’(p.14b) .e. relate its position to the time of day and to South. 
‘The shadow of your head is on the end of the shadow of you, of course, but when you cantt see it due to clouds, you might be able to see a rainbow. 


Identify the Stars That Pass Directly Overhead 
Each star has its own latitude, called “declination”, which Is very nearly constant. 
So the same series of tars of the same latitude will pass overhead that latitude, each right, each in turn, gach at some fixed star-ime. 
‘This is true anyuhere on the lobe. 
Use a plumb-line. The top of the plumb-line points ‘up to overhead (when looked at from any side, 20) where the ‘up’ ines cross is “overhead! 
Look past it fram 2 or 3 directions to find overhead, expecially looking North/South for ongitude-timing, and East/West for laitude-positioning 
‘Then Use a star-chart fo Identify “exactly overhead”, lautude-wise, least, if you can do this, even without a watch, ths wil fix your latitude, 
Pius or minus 9 few kilometres isthe expected maximum accuracy from using plumb-lin, 
For longitude, you need to determine the star-time at which one ofthese stars fs overhead, or atleast passing from East of you to West of you 
Greenwich (absolute) star-time, not Local (relative) startime, thats. To the nearest 20 seconds is okay. See p30. A 4 min erorts 1° error in long. 
‘Alternatively, set your reference star-time to some other longitude, eg. home, or star, or destination, or around number. 
‘This time & Position data is ife-long, give or take a few ldlomatres of predictable precessional crit per decade 


‘You can get back to that place later ~ Match the appearance and timing. I's easy to tell which way to move in order to "match up" (p22a,¢; 23¢). 
‘You need to know a star's longitude, s0 you need an almanac or list. Look down the list for bright stars with your latitude, and go look for them, 
‘You will quickly learn about having to wait for the right 'star-time’! 


Weather Fronts Distort The (Circular) Wind Circulation 


Buys Ball's law is only approximate, because of the sudden wind-shife at a cold front. 
‘ols, Ridges and Troughs are ikewise noncircular. E.g. ‘centres’ will sometimes split into two. 


col \ In the trough, crossing the ridge, 


Ridge the winds ar trning right 
SS Gees ST et stream is turing Tet (S49 
Dround the High centre 
: Trough 


‘You can't accurately say that these winds are ‘circulating’ around the Low or Hight But you can say that 


Low Inright-turning winds the clouds are forming, under the influence of a Low or a trough (SH), and 
(sH) Jeftsturning winds are under the influence of a High or a ridge—the clouds are dissipating. | Swap left and right in NH. 


Mnemonic: (Interpret a Compass Needle as) “RED HOT — WHITE FROST” 
f 


When southerners look South, it isto the "white, ley, Antarctica, frosty col, inthe shadow’. Red Tip 


Southerners are looking North to the “red, hot, tropics, dripping with sweat, in the Sun 


So when you notice the red point of the compass needle you say to yourself "red-hot! 
and try to feel boiled on that side (as if by a bon-fire), and then visualise the invisible tropics North of you. 

[And when you notice the white point (e.g, during a back-bearing) you say to yourself “white-icy cold-rosty-Antarctica” 

‘And then try to feel frozen on your 'shadow-South side’, and imagine the South Pole, e.g. point (down) tot White end 


You can also remember that the Canadian flag is red (but itis not hot in Canada). 


un 


Section 1: Big Picture; Top Down 


Global Orientation: the South Pole Star, and Polaris 
Polaris is below the northern horizon, by exactly as much as your South atitude 
jg, at 45°S, lat Polaris is below North by 43° Around tthe northem stars cree anticlockwise. 


45° (45°S Lat 
“The equivalent "South Pole Star" (a dim pinprick in the midst of dim pinpricks) is 

above the southern horizon by exactly as much as your South latitude. E.g. 30° S. = 30° above South x 

‘Around it the Southern stars circle clockwise, once per day-night 

Locating the South Pole Star, helps you in the following. 


© You can use the bright stars — Cross, Pointers, Achernar ~ as hour-hands on a 24-hour clockface. x 
© Star-paths Circle around the Pole Stars 30° { 30°S Lat 
© Soda the horizon, the Sun, the Moon and the planets — You can predict all their positions 

Finding the Pole Stars is Fundamental to Visualising Rotation, ——_—— 


+ Your Shadow Rotates with tne same clock-sense as the Sun — not surprisinaly! 
+ Shadow-Rise and Shadow-Set is opposite direction to the sun ~ not surprisingly!_J Together they can 


© MMe@MONIC: Gace the opposite direction as for the Sun mnemonic p-5b) surprise yout 
Face Shadowy South for Southern Hemisphere (Face Sunny South for Northerners) 


‘Shadow Rise is on the Right; Set is on the Left” (Same rhyme as for sunrise and sunset, but facing South, both hemispheres) 
Your Shadow Passes South of Southerners At Southern Noon (compare: “The Sun is North of Your Nose at Noon’) 
(North of Northerners at Noon} 
‘Your Shadow Moves Anticlockwise — around to Your Left — Down Under 
(Clockwise ~ Around to Your Right — in N. H.) 
(The Southern Hemisphere Horizon still shifts to the righ, in real terms. The Northern Hemisphere Horizon still Never Heads Right’) 
In adeition, notice: ‘The shadow tip moves due East, at around noon, and in a much straighter line than you expect, all during the day, 
as the shadow itself changes, from pointing to opposite Sunrise, then to pointing to South of the object, then to lying opposite sunset. 


15 Ways to Locate the South Pole Star Or the N./S. Meridian 


1. Halfway between Achernar and Epsilon Centauri (located from the six bright stars near it) Hadar 
2 Rigi Kentaurus to S., at right angles to Hadar. 

3. Beta Crucis to S., parallel to gamma-to-alpha Crucis, 5 Cross lengths... Use 2. and 3. together alk. south 
4. Beta fiydr to alpha Crucis, a far as the beta-to-gamma-Hydri length most accurate 

5. Mirzam through Canopus (*Crucis" says “ofthe Crux” i.e. ofthe Cross) 

6 Suhail through the top half ofthe False Cross through Miaplacidus (gamma looks a bit like a thin alpha twisted 90°) 
7. Make a triangle out ofthe two Magellanic clouds toward R. K. — very crude but useful 

8. Gamma Hydri to. beta Triangulum Australe — the “back” star of the Triangle 

9. Alpha Hydri to Hadar 

10, Arcturus to between the two "Pointers’(R. K. & Hadar) } These are used in reverse 

11, Spica to between the Cross and Pointers } = te locate Arcturus 

12, Midale of Corvus through middle of Cross } Spica and Corvus 


13, Atria to the star between Canopus and Achernar, alpha Dorado 
14, Peacock to Avior 
15. "Your Latitude’ degrees above horizontal, due South 


“Cusp North” — Approximate Direction from the Moon 


‘The Sun-Moon line marks the approximate Ecliptic. 
‘The “centre” of that circle of Sun-planets-asteroids is located in "Draco", 
quite near "Polaris", the North Pole Star. For a start, ignore the difference. 


Approx, 
© Join the Cusps, tip to tip N 

© Drop the line diagonally J 

© Keep going down to (near) Polaris (latitude degrees below horizontal) 

© Come vertically back up to "Moon North” (in the worst-case +/-60° “accuracy"!) 

‘You have to de this only once or twice a day. Compare it with True North and automatically adjust it fof the rest of the day. (NH is similar) 


Mariner’s “Compass Points” work on Successive Halvings 
N. NW, NE “ ye NbyE ‘Start with the nearest 


; 


NEb’E _(or'one point’) 
ra There are 32 points 
altogether on the compass. 


180° diference 


Make your own emergency protractor (e.g. as a compass, sextant or plotter) 


by folding any piece of paper, and folding it again and again, matching line to line Eb’ N One Point is approximately 
0 as to exactly halve it with every fol. cae One Palm wide 
(One more halving and you get 64 divisions, each of “100 mils” (so named and used (22 around the horizon—test it) 


because Amil is approximately 1 in 1000 e.g. 1 m in 1 km) i.e. 6400 mils around, clockwise, 17.7778 mile per degree. 
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4.1. Data Rate 


Data rate is the most important evaluation factor for generations of wireless communication 
networks [6]. It is contemplated in two ways: (1) peak data rate—defined as the maximum achievable 
data rate by the user; and (2) minimum guaranteed user data rate—defined as the minimum experience 
data rate by the user [16]. New mobile technologies are primarily driven by users’ needs for higher data, 
rates, as discussed in [8,16,99,215,216]. The expected values in 5G networks are 10 Gbps for minimum, 
peak data rate and 100 Mbps as minimum guaranteed user data rate [5]. High data rate requirements 
are mainly posed by xMBB related use cases [9] like hotspots [214] or dense urban areas where in 
‘95% of locations and time experience data rate by user should be 300 Mbps in downlink and 60 Mbps 
in uplink [100]. High data rate is also important in some activity-based classes of loT applications, 
as shown in Table 4. Medium (e.g., monitoring of parking spaces) to high (e.g., monitoring of home 
video) data rate is needed in cases of mMTC monitoring activities. High data rate can be achieved 
by using a millimeter wave (mmWave) spectrum to share multi-gigabit data in the surrounding 
environment (i, mMTC monitoring with high data rate requirement) and to recognize an object via 
cloud in real time to find the optimal driving strategy instantaneously for loT—autonomous vehicles 
application [101]. Data rates generated during transmissions of tracked medical assets, transport fleets, 
and ticked point of sale (POS) terminals is low (e.g, medium importance for ticketing and tracking 
activities in mMTC). In addition, low data rates are needed in uMTC monitoring and controlling (e.g., 
monitoring of health condition, control of driving). 


4.2. Mobility 


Mobility is defined as relative velocity between the receiver and the transmitter [16]. The 
applications of IoT pose very diverse requirements for mobility in 5G networks, which range from 
static to high mobile, even up to 500 km/h [16,102,207]. Use cases in which except ultra-high 
mobility, ultra-high traffic volume density, and ultra-high connection density are needed may be quite 
challenging for 5G networks [215], like V2X communication [5]. High mobility is a very important 
requirement for mMTC tracking activity (e.., tracking of assets in high speed trains [214]). Moreover, 
the support for high mobility is needed in uMTC management activities, if the monitor/control 
object is moving (e.g., high speed trains [207]). Low mobility is needed for ticketing, monitoring, 
and managing /controlling activities in the mMTC class, as shown in Table 4. This is the reason why 
5G networks should not assume mobility for all devices and services but rather provide mobility on 
demand [8]. 


4.3. Latency 


Latency requirements are usually expressed in terms of end-to-end (E2E) latency perceived by 
the end user [8]. 5G networks should enable “zero latency” [103] represented by the millisecond level 
of E2E latency [16,26,27,213] through significant enhancements and new technology in architecture 
aspects [6,28,214], such as device-to-device (D2D) communication [5]. The loT applications associated 
with uMTC monitoring and managing /controlling activities require low latency, as they tend to be real 
time, Required latency levels depend on the particular loT application [$,16,28], being the narrowest 
in uMTC managing/controlling activity with a value that should not exceed 1 ms [8]. For example, 
the tolerable delay for use case mobile health [215] and remote surgery application is in order of 
sub-milliseconds [213]. For V2X communications, latencies should be ultra-low for some warning 
signals [8] 


4.4. Connection Density 


Connection density is defined as the number of connected devices per unit area [16]. It can 
usually be expressed in terms of an extremely high number of simultaneous active connections, such 
as 1 million connections per square meter [207,215], or 10 to 100 times higher number of connected 


Section 1: Big Picture; Top Down 


Pole Star Locations — “(Latitude)° above and below, South and North” 


Why? Think: at 0° Lat,, they are O° high, Yes? __AL90° Lat,, they are 90° above and belaw horizontal. Yes? 
1 you feed further proof: Draw a Diagram of two parallel rays to South Pole Sta. 
South pole star 


Polar Distance 


¥ (covlatitude) 
~ --<1-:< 2:2 The elevation of South Pole Star above the horizontal 
SP > the latitude = the are-distance of Equator to you. 
(the angle, adding up to 90° with the PD, must occur twice inthe 180°) 
dn. 


Same arc-distances Same angles 


The Sun Passes Quickly Past North-South Nearer the Tropics 


Don’t get caught misjudging the Sun's horizontal direction near midday. 


This pattern shows When itis high, it maves more than 15° per hour in horizontal direction, 


the hourly change 
in Sun or shadow direction 
at 30° latitude, Mid-Summer. 


‘The Sun is East/West 
at (n00n =/+ 2 hrs 44% m.) thr 
at 82.9° high, [At other latitudes the pattern willbe dlfferent — more uniform 
‘away from the Equator, and with a different day-length, 
‘depending upon the season, 
1Le. You need to calculate each particular pattern from the 
Latitude and declination and season (as if calibrating a vertical stick sundial). 


‘This shows the 
seven hours” sunlight 
(one side of North/South), 


ven siete = eee South Pole 
Magellanic ons poree —uyatenn tPencock Star Char: 
Cloud. z wpe 
fac eh eS gration 
Mirzam . " i) — 18 hr 
Canopus —agiagtacidue 
a Avion, ofS a 
Sirus 
a NL oa “RK 
False Cross a . teh ae 
rossG : 
ee 1¥ “epsilon Centauri 
Sue tattle § ute Conus: Spica: Arcturus: respective! 


Wind-Direction-Change Rule for Buys Ballot’s Law 


If "he Low is on Your Left Or the High is on Your Right..and the wind is gradually changing: Add in this new information as follows, 
Imagine how the Low and High are moving across the ocean/continent as you reenact the wind change. 
Exaggerate the change as you twist yourself fo follow the speeded-up movement of the wind change in your face. 
Point to the two choices (let & right) while you twist, then ask yourself which of your hands is moving to the east 
Usually only one ofthe two options above — ‘Low’ or High" ~ will make sense of the general movement of the weather systems to the East. 
‘Temperate systems usually do move to the East from the West. (Both Hemispheres) 
From 0 knots (stationary highs) to 15 (average) up to 25 knats (Lows in winter). 


“Tropical cyclonic hurricanes move Westerly inially at 25-40 knots, then recurve to the pole, but the “re-enact” rule still works to show up its move 
ment 


In this way you can decide: “These winds are from a Low" or “from a High’. 

Don't, of course, confuse local winds, e.g. a sea breeze, with the more general ‘synoptic’ circulation due to the large-scale pressure systems. 

‘To further help you decide where the wind has travelled from —from your right or from your left- check out the temperature and absolute humidity 
=e. the air-mass characterises, Is the alr hot and dry, or cool and moist, or warm and humid — which one ls supported by the geography? 


Four Reference Directions — Name Them: “Rise, Noon, Set, Midnight” 


not N WS 


The trouble with "North" is that itis sometimes behind you... then you have to think backwards. 
Use all four and you always have one in front of you. Ny Sip BW. 
‘Give them meaningful names as in the tile ‘and you can picture the meaning, 


Base it on the Sun's daily movement and the effect is vivid. 
‘To flesh out the meaning even more, add in a second clue: “Rise/ Start; Noon/Hottest; Set/End; Midnight/ Coldest”. 


What this does isto take the outside picture inside with you, when you enter a new building, a hospital complex, a shopping centre 
Eg. “I'm now looking toward the mid-morning Sun direction, i.e. "after rise’ or before noon, which is warming Up’ ” 


Itis then upto you to 1) get to know the Sur's daily movement. 
2) locate the Sun’s path outside, once. 
3) keep track of your twists and turns when the Sun is not visible e.g. at night. 
Ignore the time of day or night~it is the directions which you are imagining. You use the geal Sun only as a start-up hint. 
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Section 1: Big Picture; Top Down 


Point to 2 Places on the Equator — Halfway between the Poles 


You can find the 2 Poles, apparently 90° apart, so that means you can point 45° ~ halfway ~ between the Poles, to find the Equator, 
then 90° to that for the opposite Equator (the "45°" is because the Equator is 90° from each Pole and we halve that arc). 


TE locates (1) the furthest point on the Equator from you e.g. Brazil then. 
(2) the nearest point on the Equator from you e.g. New Guinea ish 
) 


From central Australia 


Closest Equator 0° LN. 
(Pc) SP. 


Ne. Farthest Equator. Notice that it ies to your South! (Brazil) 


Shortest Shadow South - opposite righest Noon. always Imagine "Shadow-Noon” on your “Shadow South” Side 


Le, Your shortest shadow is South of you at noon. Memorise how short itis (this week). For the northern hemisphere use "North 
(shadowy North") 
(Shadow Noon is Opposite Direction to "Noon-North") H 'Noon-South” 


Imagine your shadow moving lft around fight around 
Inthe morning: South must be “ahead” of my shadow North 
‘At midday": Look —"see how short itis". Due South at noon “INerth 
After noon’: My shadow has “passed” South North 
‘To guess North from your own shadow, see "Walking stick North’. (P.30b) 
“Try to feel the icy South, freezing that side of you! North 
(5 on a caldright facing away from a camp). 
Mentally visualise: Antarctica below horizontal; an aurora above that horizon; Southern stars béhind that blue sk. Arctic; Aurore Borealis 
In the tropics, you'll have to be more observant, to know your shadow’s expected movements more accurately Northern stars 
Find the Polar Axis by Star-Trail Bisection 
‘You need to imagine the centre ofthe star-cece 
-Atypothetical Example: Lost ina stormy night! You want to find North-South, South Pole Star (latitude above horizontal) 
"You eatch the occasional glimpses of unknown stars . 
Maintain your exact position and walt for another glimpse "Ant locke around Polar Jockwise around South Pole Star) 


Ttmay only need a couple of minutes to see its direction of movement. 
‘You can also point something straight at the star and fix it in place, to see the star's movement. 
Bisect the result. It points to Polaris, orto the South Pole Star. 


You now need to know your latitude, roughly, to locate Polaris or South Pole Star y 
‘The higher the star the clearer the result ~ it will be moving West, 
‘The only ambiguity isa low star moving horizontally (to your let). Polaris 
“The Southern stars wll be moving slowly; northern ones, quickly (lautude below horizontal) 
"So you may be able to guess which is which, {also polar distance or co-decinaion away from the star, 
Northern Hemisphere is similar ~ but Polaris is visible. if you know its North latitude, called ‘decination’) 

The Rabbit Looks up Ahead at Full Moon Using the Ecliptic 
When the ‘cusps’ disappear a full Moon, the Rabbit ears and face appear, ‘approximate movement 
Band let you know which way the Moon 1s moving 
“These vows ar forthe Sothern Hemisphere where the Rabbi upright. ain, 

Inthe fist diagram, the cusps are dificult o cistingush, and sos the Rabbit. 


In the second diagram, you don’t need the cusps, because the ears show. 
‘The dashed arrows point down to near Polaris. 

AS an alternative to cusp-North, you can use the Ecliptic perpendicular to the cusps. — 
‘The other, solid arrow, falls roughly along the Eclipue, with the ight side of the Moon 
pointing to the Sun and the dark side pointing to the ant-Sun, 

‘Therefore you can judae approximate sunrise or anti-sunrise, sunset or antl-sunset 


< 


iu esau sen Heo ier fan ans arom i a Heat Goons Cnaholpace) Moor.“ i Moon 
A setting Moon in early daylight will show anti-sunrise, but after dusk will show up sunset. ‘S 
‘An easter Moon before dawn indicates sunrise, but in the p.m. wil pint to anti-sunset ay; 


“E. W. N. South” Of What!? Rule: Say What 
Say True’ and you mean ‘degrees East of True North’ 270° T = due W. 
Wite *Gee” and you mean: relative to the map grid. 270° + 270°T Both are clockwise around, but they start off from diferent directions 


'520°E means ‘(Start at)South(;come}20°(toward the)East e.9.520°E=20” to the right of the white end of the compass needle. (old system) 
Clockwise/to the Right/East-around-from-North is standard if not otherwise specified, 


+ 270° M says Magnetic’ — what a good compass should read. 
+ 270° C says ‘Compass’ — what this compass does read. 


Note that these are standard: °G' dees not mean ‘Geographical’ or "Great Circle’ or Grads’ but is recognised as “Grid 
'M’ does not mean Map’, ‘Map grid’ ete 
xy2* can not mean anti-clockwise 

‘The remaining problem is how to shift between different methods... See section 4: “East Least West Best" rule. (p.107b) 
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Section 1: Big Picture; Top Down 


Perspective Distortion — The Sun Moves in a Straight Line! 


‘The *horizon’ (at sea) seems "straight", yes? but joins to itself! This is because you see it from the centre of a circle, That's no problem yet. 
‘Two different great-cirles circling around you do cut twice, but it certainly looks strange, since looking at the gap between them, 

you see "parallel straight lines”; Vet to the left and right of that you will see them both join! 

Great Circles Intersect Twice. Nowhere does either circle seem to ‘curve’, yet they manage to meet. 

‘The Sun ‘comes up and goes down’ but is actually ‘moving’ In @ nearly straight line—as straight as the horizon. 


PUT YOUR HEAD INTO A HOOP; GET OUTSIDE; CHECK IT OUT; GET IT INTO YOUR HEAD: GET USED To IT! 
Caution: Don't look directly at the Sun. Watch your shadow and you will see that it moves in a nearly straight line from East to West. 

‘The Sun's average path ~ the ‘Equator’ up in the sky ~ where the ‘Saucepan’ (Orion; the Pot) moves ~ is a great circle 

IRintersects the horizon due East and due West. At times of year other than at Equinox, the Sun's path is still almost a great circle. 

‘The Milky Way is another maximum sized circle; and the Zodiac (i.e. the Ecliptic) is another such ‘Great Circe’ 

‘They hit the horizon twice, in opposite directions (not E/W). 

2 other ‘great circles’ you need to visualise are: Satellite paths; and the Dark Blue Band. (Star-tralls are usually ‘small circles, and do look curved.) 


Locate Polaris (and Find North) by Imagining the Centre of Circling 


This works for the Sun, Moon, planets or stars. 
, ‘You find the centre oftheir circular paths by bisecting the chord. 
yy (Northerners locate the South Pole Star, South) 


Horizon ‘The perpendicular bisector of an are or chord 
1. asses through the centre of cele 
TET ARS t — — = - Horizontal Moonrise varies quicly from day to day 
7 “Snake sure you check is exact positon. 


Don't look directly atthe Sun to do this! 


+ rolaris i, in degrees, at ‘your south latitude below horizontal” (not the horizon) — judge it carefully 
and/or, ‘polar distance (co-declination) away from the Sun’: 90°-N dec, e.g. dec=10°S 90-(-10)=100° 


The Eagle Clips the Equator, South of Altair 


Find the star 40% along the southwest side of the rhombus. 


Finding the Equator helps you % Og ‘a 


find the Ecliptic (not shown) * aa Equator 


and find where the Milky Way crosses the Equator: ‘ 


5 * AQUILA cthecoote, inthe miky way) 
Galactis Piane . 
w P *ALtaII (s nantes by to recognisable stars) 
8 a seen ram the southern hemisphere 


Steering Winds 


Mid-to-high-level (upper) winds tend to push sea-level pressure-systems along 
at half the speed of the upper winds, and in the same direction. 


‘This rule is said to work best with small, weak, less well-developed systems; and with hurricanes. 


Eg. Ifthe low ison yourleft And ifthe upper winds are coming from your left 
‘Then the storm centre might pass straight over you. 


Since the upper level winds often oscillate in the ‘Rossby Wave’, and tend to generate high and low pressure areas beneath them 
(because the ‘wave’ causes the upper winds to slow down or speed up) the High-pressure systems will on average be steered slightly toward the 
Equator, and the Lows will go slightly toward the Poles, as the systems move to the East — a rule of thumb worth remembering, 


But this extra steering-wind rule will alert you to non-average situations 


“Rise-Noon-Set-Midnight” carries its meaning across the Equator! n.s.ew. doesn. 


Name the directions according to the average outside picture. 
This isa visual system and addresses the disorientation of turning around. 
For back-bearings i.e. when you turn around: replace ‘rise’ with ‘set’, 
‘noon’ with ‘mighight (start with end, & hottest with coldest) (sh) 
e.g. ifthe old direction was "after setting” the new one will beater rising’. Anticlockwise 
When you turn right or left adjust by one of the four notches ‘e) The Setting The Rising 


‘Afternoon Noon After the rising 


‘e.g. ‘after midnight’ becomes ‘after rising’ if you turn ‘with’ the Sun, 
Note: ‘after the setting’ (or ‘before midnight’ is a direction of the evening Sun 

= S.W. ~ and can be bright sunlight, in midsummer | 

‘And ‘after midnight’ (before East’) isthe direction of the South-East Sun, ‘After the setting Midnight After midnight 

‘At Mid-Summer sunrise it ean similarly be very much bright ! 

Example: You enter a hospital with “setting” (i.e. due West) on your right, so you start 
at “midnight” (SH). You then navigate through look-alike wings, look-alike wards, and 
looksalike staircases, remaining oriented, and finally emerge, expecting “rise” on your right ~ having not looked out of a window for hours! 


1s 


(The Northerner's version needs to go clockwise!) 


Section 1: Big Picture; Top Down 


Global Orientation: Half the Arc-Distance below Horizontal 


Point out any country or place on Earth, by first finding the (arc-)distance there, and then pointing below the horizon, 
‘The method works from any place on Earth, in any direction, to any place on Earth. 
Step 1. Measure the angle around the circumference to it. E.g. guess from a globe of the world (This is an angle at the centre p#{he globe) 
Step 2. Halve it. That is how far Below Rorizontal Is. 
E.9. South Pole from 30° S. Point 30° below since itis 60° away 
E.g. Perth to Peking (which is directly North) is 32'S. to 40 N. Therefore the ‘are’ to Peking/Beljing is 72°... 16° below N 
“Try this (outside): Go through the motions of pointing out a whale circle of real places on earth, y 
from the horizon ahead of you, to the horizon behind you, using your index finger. Beijing. 
.g. point North, then down a bit to below horizontal e.g. New Guinea, now onto the North Pole, 
Continue down until pointing dowe underneath you e.g. mid North atlantic. 
At this stage you have pointed through 90°, but have pointed out 180° around the Earth. 
“Tur around to continue, (Brazil, Antarctica) bringing your finger higher and higher until itis back to horizonta\ 
pointing at the hill on the Southern skyline. 
‘Your index finger has pointed out a 360° circle (as measured from the centre of the Earth) by traversing only 180°! 
Get Hold of a Globe. Go Outside. Point Out A Few Countries, 


“ Noon ” is Not at 12 O'clock 


* High Noon ’is at ‘midday’ je. in the middle, between sunrise & sunset. And that is not‘42 noon’ or “12 midday’ but at North — Noon North. (SH) 
‘+ In summer-time high noon’ may be near 1 or 1:15 p.m. or so. If you are on Summer Time, true noon is one hour late 


‘+ Even in winter-time it may be over half an hour away from 1200 brs. This is because we use a one-hour time zone to cover 15° of longitude. 
‘Le. you may be near the next time-zone, longitude-wise, and therefore be up to one half an hour ‘out 
You can check this up if you have a map with longitude on it. The middle of the time zone is at 7¥4", 224°, etc, in steps of 15°, 
‘Then it will take 4 minutes to travel an extra degree westwards. Work out how early or late the Sun willbe in your longitude. 


+ Plus; the Sun speeds up in its ‘orbit’ ‘around’ the Earth when it is close in the Southern Summer, getting up to 20 minutes ‘fast’, by the end of 
summer; likewise it can be up to 20 minutes ‘slow at other times, in addition to the time zone effect. See the Equation of Time prediction opposite. 


“The best thing to do about this, to predict when, exactly, it will beat ‘midday’ today, is to look atthe Sun yesterday. 
(Cont! Use a shadow instead, Notice when itis due South.) Or see 26a, 


Equatorial Stars Rise and Set Due East and West 


Always 
Globally 

‘The Sun at Equinox — about March 21st, September 22nd 

‘The Pot in Orion _-—-— Mintaka, the north-west star of Orion's belt —~ the one that sets first ~ is right on the Equator 


Various dull stars — like the one south of Altair 


[A Half Moon at solstice — give or take S° or so — It must be 90° from the Sun which is at the solstice position, so that the Moon is at the 
ecliptic equinox (Equatorial) position 
Other phases can be worked out, e.g. Full Moon at Equinox, but see p. 29d on how to predict an equinexial Moon every fortnight. 


© Planets 90° from the Sun-at-soltice 
‘© The equinectial points, if you can identify them yet. One is between Spica and Regulus; the other is between Diphda and Markab. 


The Moon Cusps Push and Pull the Hour Hand Backwards,.Down South 
<i 


: Q ¢ | K 
@& = Cc ¢ 


Eg. 9pm. 4 pm 
Watch the Moon rotate during the day, and night. Tell the time from it. Update yourself once per day. 
‘The Moon rotates like this about 14¥4 degrees or 15° per hour. So its like @ 24-hour clock hour-hand running “backwards w 
‘The correct vertical to use as a reference is not at the Moon, but at the Pole Star, if you want to be accurate. 

upright 
(NH — the Moon seems to turn clockwise) Read the relative time down here... |/ 


Back-Bearings Killed Sleepy Pilots 


Back-bearings are opposite directions — "going back home" 
‘The Babylonian system of 360° in 2 circle has 8 lot to answer for, when you want to turn around! 


What is required, is to add or subtract 180° (groan)! 
But ater an all-night mission, tired navigators can‘t be relied upon to come up with the right answer. 
In World War 11, many aircrews perished from following the wrong back-bearing back. 


Happy, relaxed, but lst, 
twas a problem requiring a solution, and a simple solution was found. What is it? (page 18e) 
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Section 1: Big Picture; Top Down 


Half the Arc-Distance below Horizontal — 2 Explanations Why 


4a 2. (sosceles triangle angles...(180 ~ 20)/2) [SfQ0-(90-a)=a 
A horizontal tangent =90-a 

36° angle below horizontal | 
72° are’ around the circumference — twice the angle from the tangent ~ but why? 


20 


‘The angle at the centre te 
(used for ‘are-cistance’) Tt doesn’t matter which point 
is always double the angle ‘on the circle you use, 
at the circumference. 2 long as itis on the one side 1d 
on the larger archere— tangent point tangent 
‘you get the same angle each time. WS 
‘The tangent point ig one such acceptable point — eNPealast one. 


The “Equation of Time” Diagram 

“The real Sun moves quicker through the sky near Christmas because It is closer tothe Earth (e. we ori t quicker, elipticaly) 
Le. The Sun ‘gets ahead of its preticted average position, according to our clocks, in the New Year, 

‘and doesn't come back to average until about the end of August. 

‘ter that, during September to December, it wil be behind average. But then, in adltion, the details are complicated 
by how ie also zips quickly past (gairing on} our longitude lines near solstice ~ summer or winter when Ie is near +/-23%° latitude. 
Hare the longitude ines crowd together, only slighty, giving the maximum effect in June & December, super-Imposing upon the preceding scheme. 
‘The overall result may be graphed. Ocjaov. +16 1/3 {both hemispheres) 
See the mnemonic on p- 860 


Note that when the astronomers say "+", the Sun is behind itself; 
we look at the positon of the Sun (not directly a t!); it comes up Tate 
and we have to add (about a Yshr) to our guess at the apparent time, 

to find the clock-time. We say our clocks are ‘ast’ at predicting 
the Sun's position, but it is really the Sun which is lagging! 
cf Australia isin a 410 hr time-zone” = L0hrs ahead, or fast on Greenwich 


April 15 


1-14 1/3m Mid-Feb 


Rigel-to-Capella is a good S./N. Pair 


‘You can also see that the Pot handle points down through the middle of Orion’s belt 


‘This pair points to i 
{to Meissa and on to Polaris. The Pot ‘handle’ Is actually the seabbard of Orion's sword—seen upside down (SH) 


Polaris (and hence 
ta North, H 
when they are H 
“upright” ) Nathis | 


1 you cannot see Capella, then Bellatrix to Einath, right alongside, is also a good guide to Polaris. 


(this view isforthe | 
Southern Summer) 


‘a Auriga, The Charioteer 
| The six oclock stars are a useful N./S. pair ~ they are upright at 6 a.m. local star time, 
CAPELLA P"Menkalinan 

05:12 0600 ¢— ‘Right Ascension’, or star-time, in hours of longitude East of the first point of Aries 


Atmospheric Pressure Changes 
“The alr pressure falls before a front, and rises reasonably rapidly as the front passes. Ie fllsn a rough; rises ina ridge; falls in a heatwave inland; 
falls with alstuge (about ane milibar per 10m). 
‘The atmospheric pressure normally Auctuates by a couple of milibas every day ino twice-daily cycle Hed to the Sun (3mb inthe tropics) and the 
wind speed may vary with i. The dally pressure on average peaks around 10 a.m. and 10 p.m, being lowest at 4 a.m. and 4 p.m.; This on average, 
is sald to vary the wind speed by a couple of knots, lowest af 9 a.m, peaking 22 pum., But al ofthis ts usually masked By other weather changes 
in the temperate latitudes, Pressure fluctuation is much more significant in the tropics, with any fll (or fattening) more than a few milibars during 
summer/autumn warring you of a possible hurricane (You then look for long wavelength ocean swells preceding the storm centre). Because we 
Gant fee atmospheric pressure changes, Its very helpful to use a barometer, to detect the longer-term pressure change tend, Test your Bareme- 
ter to see that i doesnot respond to temperature changes! 


Watch the Clouds Cross the Moon 
You can detect the upper wind direction most easily by watching clouds move past some fixed point in the sky. 
oak during the night but dont forget to look during the day also 
‘The stars, high buildings, high trees and mountain tops also work wall 


The 0, 1, 2, 3, 4 Reference Directions 2 


Put these numbers onto the Rise-Noon-Set- Midnight System, so as to fallow the Sun. 


(0 = midnight, South (Southern Hemisphere) 
Le rising, East 
2 = noon, North (use South for northern hemisphere) 3 1 
3 = setting, West 
4 = midnight, South — use cycle 4 i.e. call "0 

‘This corresponds to measuring anticlockwise! from South! in decimal degrees, that is, in grads! 


100 grads = 90° so "1" = 100 grads; "4" = 400 grads or zero grads ~ add or subtract "a" at any time, o 
70.1" in this system = 10 grads, 1/10 of a ight angle; one fist at arm’s length. 
Example: In the thick bush, you see your destination but know you will soon lose sight of it. You can’t keep a straight line, so you decide to keep 
track with the D-1—2--3~"4 system and your fist. With each change of direction you update e.9. "0.6, 1.6, 1.0, 0.9..” 
For a back bearing — when you turn around ~ add or subtract 2 
‘Add 1.0 when you turn with the Sun (left), or subtract 1.0 when you turn against the Sun (right). (S.H.) 
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Section 1: Big Picture; Top Down 


Example: Point to Tahiti sun 
1's 9 a.m, summerstime, the Sun is, sy, 20° high and over Tahiti (see time-zone cher). 
First, pent horizontal toward the Sun not erect atthe Sun!) ~ that's the direct path to Tab 
‘Secondly, point below the horizon, to locate the actual direction to Tani 
Steps. Make a perpendicular from a sunbeam. Perpendicular to the Sun 's horizontal’ 
Step2 Subtract ite (present) helght (20°) from 90° 
“The are from you to Tahiti is 70° 
Explanation 
(90° the height of the Sun), the co-height, must be the ac-stance 
from you to underneath the Sun. Think of ike ths. 
Tf the Sun is 0° away from you, it will be 90° high ~ you are underneath 


20° 
horizontal 


the Sun is 
‘overtiead Tahiti 


The Sun Oscillates Seasonally between +/- 232° Latitude 


‘To approximate the Sun‘s “Declination”—or North Latitude—you approximate its variation as sinusoidal Max change 0.4° per day. 
Using a 365 day cycle: You approximate 360° as 1° per day, so for ease and accuracy of calculation you can 
and should approximate the day-number as 30 days per completed month + day of the month, f 

Eg. March 21st is 2 lots of 30 days plus 21 = "B1” days or degrees. Mar 21 


‘Then to use a sinusoidal curve, you need to run from Equinox to Equinox ~ |.e. starting at March 21, Day 81 5| 
Declination = 23.45° x sin (day number of the year ~ 81) 
Eg, 0° in September 21, six months or 180 days or degrees later; uses day no. 261. 
From solstice to solstice you can use ‘a minus cosine curve. 
Declination = 23.45° x ~cos (day number of the year + 9) cs 
since the solstice is around 10 days earlier than the New Year. 
Dee 21 solstice, is day no. 11x30 +21 = 351 "-23°%4 in December" 
Eg. + 23¥4 degrees on June 24, day no. 171. 
From this approximation you can predict noon-height (and, with the right formulae, sunrise & sunset time & direction and E./W. height, of the Sun). 


Use the Southern Cross as an Hour Hand 


‘You can visualise the rotation ofthe Southern Cross as a huge 24-hour clock hand, 
tis correct on April Fool's Day i.e. upright at midnight (at 183°T), then it gains two hours a month, or 30°. (Use the correct vertical! ~ South.) 
‘Ag.a learning aid, mark the ‘Southern Cross time’ on your calendar every month 

‘e.g. "two hours fast” at the start of May; and “four hours fast” at the end. 
“Then, anytime you are out at night, you can ask: “What's the time ~ by the Cross?” 


Picture the Southern Cross during the Day 
‘Yes itis there behind the blue sky..°If there were an eclipse now, it would show. there!” 
Wien You are navigating by the spin’ of the Earth, and by the Big Picture, the proper reference direction isthe North-South rotation axis, 
Which means: Polaris * South Pole Star. 
In practice, what we Southerners see, 1s the Southern Cross 
So if you are imagining: sunrise ~néon ~ set, oF Moon position, or a star-compass course, ora shadow-south direction, 
you ought tobe thinking! “orth — Polaris down there; South ~ South ole Star up there", then you can picture the Southern Cross as wll 


The Moon is Lit By the Sun — 


When the Moon is opposite the Sun, we must see its fully lit face... See diagram of the first man looking at the Moon, below, 
2g, 2 full Moon rising at Sunset; Setting at Sunrise; Overhead at Midnight or at least highest in the sky. Sunlight 
(A fortnight later.) 
When the Moon is near the Sun, we see only its dark backside or at most a thin crescent... See the middle man below. 
e.g. a crescent Moon Is only ever seen near sunrise or sunset. Wait until the Sun is below the horizon ~ Don't look at the Sun! 
At other times the Sun has set, taking the Moon with it, or hs risen, outshining the pale crescent nearby. 
(Aweek later...) When'the Moon is halfway between, we see half of each side... See the third figure. 
‘e.g. half a disk overhead ~ only at sunrise oF sunset; half a disk setting — only at midday or midnight. 
‘A half full Moon is misleadingly called @ Quarter Moon... since it takes four weeks to move between the four “quarters” 


oO SOnTQRE id > Ot sane” 
ow arth teen 

Moonphase, Moon poston and time of day 

bre al Goh ed sui “crescent” “Quarter 


Back-Bearing: Plus or Minus 200° Then Minus or Plus 20° 


(Or — for the very advanced sleepy student: adjust by 20° first (+/-20°) then -/+200°) a simpler solution j 


Examples: 10 is small, so make itbig, 2108, adjust back to 190° with a protractor 
290° is big, so make itsmall, 090°, then back up to 110° 
‘Advanced: 190° is middling, so boost it first, by 20°, to 210°, then remove 200° and use 10° compass, isto. @ 


240° Is middling, so try +20°, then ~200° = 030° 
When you end up with numbers greater than 360°, remove 360°. When less than zero, add 360°. 
Difficult: 10° is small first convert it, using’ +360° (= 350°) 
'350° is big so ~200" +20° = 170° Go this way! 
185° + 200° -20° = 365°, so adjust i back to 005° 


(see page 1098) 
‘There is another solution to back-bearings ~ decimal degrees — but it hasn't taken on yet. 
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Section 1: Big Picture; Top Down 


Use Latitude for a Distance Scale (Not ‘Long’-itude, Despite the Name) 


(Especially on marine charts, atlases and old maps—Newer maps are likely to have the mostly meaningless but well-scaled international map grid.) 

Latitude means “distance” from the Equator. Remember the polar “distance” 90° complement to laitude? which measured arc-distance, in dearees! 
1° of latitude = 60 nautical miles = 111 km The world's 360° around; or 360x60 = 21,600 nautical miles; or 40,000 km 

‘The circumference of the Earth determines how long a kilometre or a nautical mile is ~ at least in the somewhat outdated original definitions. 

(The N/S circumference of the Earth has proven to be closer to 40,007 km, and the E/W circumference is bloated by the Equatorial bulge.) 

One ‘kilometre’, comes from the decimal system: whereby one circle equals 400 ‘grads’; one grad has 100 divisions... 40,000 km 

Use the latitude scale on the left & right sides of a Mercator map to measure length or distance — but only at that latitude on the map. 

BBut do not use the longitude seales running across the top and bottom of the map ~ since the spacing of longitude lines should vary with latitude. 

Longitude lines must converge towards the Poles, to nothing. They span a variable distance = 1° x eos (latitude), But a Mercator map will (falsely) 

show a constant separation for longitude lines (this is to make compass courses look straight). A Mercator projection will also show a variable 

separation for latitude parallels, even though they ‘should’ be constant. This is to preserve the shape of land areas~The latitude stretching must 

match the longitude stretching. Therefore any scaling shown on the E/W spacing Is only valid for the latitude at which itis subdivided 

When @ latitude seale says 1s° or 30 n mi or 55 km, it means it, at that latitude, but when a langitude scale says 'A°, the distance meaning is missing 


Using the Declination of the Sun 


90° ~ latitude + dectination = (from horizontal) Convert "N."to + ;"S."to- e.g. 30°. 
E.g. Lat 30° S.; Decl. 20° N : Height = 90+30+20=140° or 40° (the two (opposite) heights must add up to 180°) 
Le. The more the Sun ‘declines’ away from the Equator, and the more you decline on the other side of the Equator, the more the Sun drops 
inthe sky. Alternatively, the colatitude (90-L) is the maximum height ofthe sky Equator... Then adjust for the declination, 
© Sunrise/Sunset ~ time and direction prediction 
Cosine (angle from North/South) = sine (declination) / cosine (latitude) Try dec =23°.5; lat =37°.1; 55°.67; 62°.6, fora different hexagon 
Cosine (time in degrees from noon) = ~Tan (Lat.) x Tan (dec.) 1° of longitude = 4 minutes of time. 
E.g. measure the time between sunrise & set; divide by 2; solve for Lat. (make sure to use horizontal, not horizon.) 
© East/West Sun ~ Time and height prediction 
Cosine (E-W time in degrees, from noon) = Tan (dec.) / Tan (Lat.) _@.g. 4 hrs each side of noon @ Lat 41° (Northern Tasmanian Summer) 
Sine (E-W height above horizontal) = sin (dec.) / sin (Lat.) .g. 45° high E./W. from Lat 34 1/3°; 4/~ 3h2im; Mid-Summer 
2.9. take the time when the Sun is E. & W. (opposites — you need to remember to carry G0, not 10, & to interpolate carefully) and then solve for Lat 
‘See p. B6b for a memorable laugh. Many more formulae and techniques are available, from books on astro-navigation. 


Perspective Distortion — Use the Correct Vertical 
Vertical is vertical, right? Wrong! To tell the time by the sky, take care 
“The higher a pair of points (e.g. sia) gets inthe sky, the more you have to choose which vertical is needed fora reference, to judge ‘vertical’ by. 
Each afferent reference drection wil give a diferent answer to “How vertical are those fwo points up there?” e.g, Hoon cusps, Southern Cross 
‘Aside view makes this clearer. 
2 straight Ine which looks horizontal when foking south, 
iooke diagonal in the East 


The top view also makes it very clear... line XY high up in the sky cuts 
Tatars teach different vertical a a different angle, 


s 


Don't gauge the angle of rising/setting (p9a) at anywhere other than at the rise/set horizon inthe rise/set direction. 
Don't use the nearest horizon, as your reference for which way Is up. 

‘To visualise @ constant ‘rotation’ of the stars, use Polaris or the South Pole Star as the ‘centre’ of rotation, 

Te: Use N-S longitude Tines in the sky rotating in relation to vertical at North/South. 


To Determine Upper Wind Direction from the Clouds <_ch, 


Walkin the reverse direction, while keeping a chosen cloud lined up 
fon a chosen high point. You must walle across level ground to be accurate 

Mark your starting point, then drag a line in the ground to mark your walking direction, 
‘This method works well for very slowly moving clouds. 


Other methods: Watch cloud shadows. 
Use the Moon, Venus or the Sun (only when itis very well obscured), 
Look indifferent directions at the moving clouds 
Until their motion seems neutralised~ they are moving directly toward you. 
Use binoculars, to magnify the movement (but never look towards the Sun) 


=> 


The Sunny Skies Quadrant System 


‘To orient yourself on a clear day. 


Use the two ends of the dark blue band — where it hits the herizon ~ and the trend of the middle bit ofthe band, (2.0) 
in conjunction with the Sun (but don't look directly at the Sun!) and your shadow. sun “A (Moon) 
+ No matter which way you are facing, you can detect one or two signs to orient yourself by, (cusp North) < 


‘Or atleast imagine them If you cant see the Sun just now. 
‘You don't have to look over your shoulder, which is misleading anyway. 


“The middle of the blue band is above your shadow, and at right angles to the sunbeams near you. 


The whole system rotates, during the day. aden 
If the Moon is up, add it into the system, Dark Blue 
and Moon-North too, whichis of to one side of North, and changes slowly during the day. Band End 
Combine this system with the fixed systems, of 0,1, 2, 3,4 and m.n., rise, a.m, m.d., pum, set Shadow 


Eq. In the diagram, the Sun is to the left of North, so “the Sun is afternoon’, the Moon is ‘before noon’ 
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Section 1: Big Picture; Top Down 


The Horizon Rotates to Your Right in the Southern Hemisphere 
1LFece the High Noon Sun. (Imagine if you have to, when it snot midday.) Tt moves horizontally for Right 80 Lem (SH) gO ge 
2'Reverse your perspective ~ let the Sun stand sil ang the horizon move, from Left to Right. ra * 
Imagine the horizon sliding horizontally beneath the Sun (and you shifting sideways with it) x x‘ 
3'Now imagine the Sun rising from the eastern honzon it moves up to your left then reverse perspective. 

Imagine the eastern horizon moving lagonally down and away from the Sun, twisting dovn onthe right ast goes 
Face North. Grip the whole horizon on the East and on the West, and imagine a tilted steering-wheel, 
and rotate it around the Pole Stars. Imagine a “steer right” motion 
‘The invisible steering wheel faces you diagonally upwards, wile te horizon, as if fixed (diagonally to the steering 
wie! starts off horizontal and then rotates out ofits horizontal 
4 “Keap rotating the horizon, sliding the northern horizon horizontally underneath the high noon Sun, 

and beyond, unt the western horizon eomes up claganaly to meet Your now "setUng” Sun 
‘You need to-do this outside to appreciate itn three dimensions, o have any chance of visulling it easly 
So put your clock back on the Northern wall (see Se) and say "See, we Southerners have it ight, after alll 
“the real movement ~ ofthe solid stuf ~ is clockwise” 


Tell the Time by the Compass Protractor — Tilt It Toward the Equator 


‘Take a tilted bearing of the Sun. The answer comes back as so many degrees to one side of noon-North (or noon-South in the N. H.). 
‘You then use 15° per hour to convert that to hours before or after noon-time (noon will be nearer one o'clock during daylight savings time). 


ac sn iw hapa tr Net 3c. cule om 
Be aca ne tas eiwetoes ere geee ~ Cy THE 


Step five: measure the degrees away from high-noon North, on a tilt (See “The sun passes quickly”) 


It is more accurate than using a finger-span 


‘to measure 15° per hour ea 
Le. Use the compass protractor to make a 24-hour lock face 
‘To use the compass protractor as a 12-hr clockface, see the box opposite. Pole Star 


The Southwest Corner of the Great Square is N. S. E. W. 
“hee Great Square of Pegasus only has one relly good right angle butit shows N.S. E, W. perfectly. 
Inthe Southern Hemisphere, itis the first star ofthe Square to rise. 
23 hours Right Ascension 
Note: When you hold a star chart over your head === 


= Equator — Double the Square, 


{aR aa Woe reversed io locne 
‘This nthe view forthe Southern Hemisphere 
Algenib 
ventas Om + risen 
Movement to the West —— 
Apheratz 
ce a (Southern Herisphere view) 


The Moon Rises and Sets 50 Minutes Later Each Night 
“The Moon moves quickly to the West, but 
IE progresses Eastward through the right skies, night by night, by 12% degrees a day ~ itlags the Sun or ‘moves backwards’ during the month. 
So that after 297s days its back in the same place. It moves about 27 diameters’ worth East through the stars, per 24 hours 
Gr about a diameter an hour to the east in relation tothe Sun, One ‘diameter is haf a degree, and the same a the Sun's. 
Sun, Moon, Planets and Stas rise in the Eastern half and set in the Western half, but some are quicker thon athers. The Moon i the slowest of al 
Ex, (twice-daily tides get 25 minutes later each tide, on average — half a day + 25 mins apart. 
., the 12 month lunar year gains 11 days on the 12-calendar-month year, or “one day per month except for February, on average" 
{avtalendar month equals 20.4 days; a lunar year equals 354 days, MoMths 1,3 5,7,810,12 have 31 days—1's extray % extra in 20 day months) 
‘The explanation for the Moon's “slowness” in rotating westwards with all the rest of the sky, ie. from moonrise to moonset 
(itrotates only 14% degrees per hour, not 15° like the Sun) is that it slowly revolves around the Earth to the East, 
Inthe same clock-sense asthe Earth revolves around the Sun, 


Cee ee ee ee et. Oak cant 
Turn 90°? “+/-100° -/+10°” ! — 


Hint: When sailing, you can always temporarily head either towards or away from, or side-on to, on the left or the right, a landmark from which you 
want to take a bearing, without having to change tack, Therefore you can use #/~180° or +/-90° from the boat's compass-heading. In heavy 
weather this means that you do_Aot need to leave the helm to use a hand-bearing compass, but merely sight along the lines of the boat, or cross- 
iwise along the lines of the cockpit, stem or cabin, Simply remember that the more clockwise heading is bigger than the left-hand direction 
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Section 1: Big Picture; Top Down 


Global Perspective — Rotation of the Horizon 


Each point on the horizon rotates. 
Inacirce 

‘Around in an Eastwardly sense, like all the real matter in our anticlockwise spiral galaxy 

‘Around the North-South Earth rotation axis 

Along a fixed sky-latitude cece (ie. declination circle) 

‘Ata fixed angle of rising/setting (one or the other) in relation to the fied stars 

Once per day 


Example: The “Sugarloafs" were on the left of the Sun at sunrise, but six hours later they had moved to be underneath it, by rotating around Polaris 
and now, at the end of the day, they have moved way aver to its right, and will Keep going around for the next 12 hours of night-time. 


‘To further help you visualise the motion, remember that the ground under your feet is twisting you clockwise in relation to the sky, in the SH, 
s0 that the stars, ete, near the horizon all move only to the left as they rise or fall. For the Northern Hemisphere use “anti-clockwise. right”. 


Or Judge the Time By Sight — by Mirroring the Sun Around North 
(To Make an Hour Hand on a 12 Hr Clockface) 


“alternative: Line up a pencil tip with Polaris, while making the pencil cast no shadow. With your shadowside hand, 
make your index finger ("The Hour Hand”) touch the pencil tip, and look identical on the other side of Polaris. 
‘You can make it work on the Moon or a star or a planet if ou know when they are North/South of you 
‘You can make it work for magnetic noon, to avoid using magnetic variation. 
Ie works because the Sun moves at half the speed of an hour hang, 
but the doubled: angle shown, doubles that rate of change, to match a clock’s hour-hand, 
Dont forget to tilt the compass, so that its axs lines up with the Earth axis. 


The Southern Summer Rectangle is worth Looking for — since it has four N. S. E. W. guides 
* Sirus 

North: from Pracyon, down through the Twins 

North: fram Bellatrx down through Nath 

West to East: between Bellatrix and Betelgeuse to between Procyon and Gomeisso 4 * 

West to East: Nath to between Pollux and Castor, closer to Pollux 


G (0° — Equator 
(To remember the two Twins, say “Castor & Pollux, © & B, are North & South") 


And a Triangle Pointing South 


Betelgeuse, Procyon and Sirus. 


Clouds and Con-trails and Their Winds 


Fog, which is doud clinging to the ground, usually oozes downhill Now, working upwards. 


Topographic cloud banks ~ may indicate e.g. the plateau edge or a mountain range. I.e. They cling to the topography. 
Also [ook for eagles soaring along otherwise invisible cif edges. 


© Low clouds ~ they follow the weather map isobars. Also look for sideslip of fying birds and aeroplanes. 
AAs a rule of thumb (clenched fist!) low cloud puffs are atleast three knuckles wide, alto puffs are two, and cirro puffs are one, from see level 
© Middle Calta’) cloud — the puffs look smaller, the shading, less dense, but no “iciness’ seems apparent. The clouds obscure the Sun’s outline 


somewhat. Their wind-direction is usually different from both higher and lower clouds. This wind will steer’ low level pressure systems. 
(An 850 mb level chart helps) When a change is due, the middle clouds often betray what low wind direction to expect soon. 
© High (Cirrus’) cloud — thinner; smaller puffs if puffy; icier ie. eecier, silky, flamentous; transparent, with halos & no shading. 
“The Sun's outline remains crisp when seen through cirrus. Don't focus on the Sun! 
‘The cirrus-level eloud-direction in the subtropies is usually westerly +/=45°. 
Bessure to test this in your latitude. (A'S00 mb chart helps) Try #9 catch glimpses of upper clouds through gaps in the low clouds. 


‘© Jet Con(-densation) Trails — are usually in the high band. Look for them according toa timetable, each day. 


The “SWEETHEART” Method of Orientation 


We are human, and ‘reference directions’ are not. So make them more human, more personal, more emotional. 


"Home" is not bad, “Sweetheart” is better. University 
Find something lovely about each cardinal direction. €.9. ‘our favourite holiday spot on the coast’ 
Something you love or hate, want, or fear, about each reference direction. Big Smoke Girlfriend 
‘You wil find it easier to maintain awareness of bends Holiday Spot Home 
and to interpret meaning onto the skyline — what lies beyond and behind that horizon! 
Where we got Shopping 

During one walk, these highlights are unlikely to change direction much. Fined ‘spree 

cotntry 

Cousins 
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How to Shift Your Horizon — Its Timing and Height in reiation to the sky. 


‘You can navigate by the "shape" of the sky, back to a spot where you have been before, by noticing the “position” of the moving horizon. 
(On a round earth you can shift your position and horizon 1°, or 360", by travelling 1°, or 360°, around the circumference. (111 km, oF 40,000 km) 
‘The line where the horizon cuts across the sky, varies with the latitude 8. longitude & the time of dav. Using the Sun as an exemple. 
Note: The “1° for 1°* rule for your own movervent, only applies after you neutralise the other mations, so as to be as ifthe sky is standing stil 
Eg. You need to neutralise the Sun's daily motions, by looking at the same time of day ~ sunrise, noon, 6 a.m., or 12:22 a.m., or whatever 
Eg. You also need to neutralise the Sun's Seasonal motion by looking at the same date every year — Christmas morning, June 25, or whatever. 
(Leap years can only make a difference of up to 1° — you could improve accuracy by looking only every four years.) 
Rule one: for West/East travel, remember that events like Maonrise seem to happen later to an observer further west, and. 
Earlier in the East; four minutes of time (early) for every 1° of longitude (East). (these rules work in both hemispheres) 
E.g. "Christmas Day Sunrise at camp 4 was at 6 a.m. last year, but now I see the Sun already up at 6 a.m., so to get to where we spent Christmas 
last year, we would have to go further west to make the Sun lower (the horizon higher) at 6 a.m." (Assume you are at the correct latitude) 
Rule two: The horizon drape to reveal new sky as you travel onviards — 1° for every 1° of travel — this works in any direction. 
E.g. "The Sun rose to 75° high, but here it reaches only 74¥s degrees ~ so I would need to travel a half-degree toward the Equator 
for itto be 75° again.” (This example has deliberately chosen a North South change.) 
“Then you can shift your horizon, its timing and its height, by moving around the earth, In order to match a previous timed snapshot of the sky. 


Walking in Phase with the Sun, Wind and Moon 


© Ima hot climate, walking into the Sun is unpleasant, hot and glary, especially in the afternoon, 
Speci iP you wear glostes, so... Simple West East HBTRTT Daal 

©The morning wind can be very uncomfortably cold, and itis best to plan to walk away from it, too. 
© Beach walks are more pleasant when you don't have to battle back into the afternoon sea breeze or prevailing wind; 

50 assess the forecast before you chaose a start point. 
‘© Night walks and late camps are best done in bright moonlight — simply predict the phase. 
© Spotlighting isthe easiest on a waning Moon ~ since the dark period is in the evening, not before dawn. 
© Spectacular pink full-Moons only rise at sunset, soit is best to predict such # moonrise and plan an early camp with 2 view. 


Similar considerations apply to sailing~e.g. aim to make landfall in the pre-dawn. You can identify the harbour, or the coast, NN 


Navigating by the Shape of the Night Sky 


Since the star-map ~ the background to our view of the sky ~ is unchanging, the ‘shape’ of the sky involves only the position of the horizon 
across the background of fixed stars, and the rotation of that horizon with time. 
‘The sky gives a false impression that the sky itself Is spinning, but itis we who are turning upside down! It is our horizon which is changing, 


Just as you can neutralise the Sun’s motion by looking at the same time every day (which will show up only its seasonal and longer term variations) 
and just as you could neutralise the Moon's motion, by looking at the same phase and Moontime every month (e.9. full moon rise), to show up its 
unpredictable motion, £0 too with the stars, You must look at the same star-time every night. If, in addition, you look at the stars from the 
Same spot you will notice no change at al in the ‘shape of the night sky’ or the position of the horizon —~ star motion is all predictable, with no sig- 
nificant variations. 
‘This makes the stars excellent for navigation — you simply locate the horizon in terms of the heights of the stars, the tilts of star 
groups, and the star-time of night. Eo. what star appears overhead and at what star time. 
‘Thus, to find that spot again, even much later, you need to make your horizon look identical at the identical star ime. 
CAUTION: Don't go star-navigating; rather oniy imagine doing so, until you become an expert. Understanding itis more useful than doing itt, 

All figures, Formulae and theories should be checked before you trust your safely to them, 


The Moon is “in Phase” with the Sun — Watch for It 
“The Moon progresses (12% degrees per day) contrary to the general rotation, 0. 
‘Anew Moon, fist seen ater sunce, must grow trom a crescent, n the after sunset part ofthe sky, ast separates from the Sun, Eastwards, right 
by night, more and more £0 after the new Moon. Te. 2'waxing(growing) Moon means Moonllt evenings. After fl, the Moon continues eastwards 
‘full Hoon must diminish, toa crescent, Inthe before sunrise time of night. 1.e. a waning’ Noon feaves the evenings dark, until Moonrise, predawn. 
In other words, the predawns are moonlit for the second half of the Moon month, after Moonrise, Inthe fest half, the predawns are dark, afer Moonset 

“Fe whale night is darkin the no Hoon" changeover of months 

During the day, you ask “Is the Moon ahead of or behind the Sun2” Te. Is the Moon predawn (waning) or post-sunset (waxinaY? 


Evening spotlighting —~ is best in the dark before the waning Moon rises — late in the Moon month, (Sten) 
INight-walking—is best in Moonlight after Sunset i.e. on a full Moon, or a waxing, almost full Moon. (early-mid monty .---( rw, 

(Think of the Moon as prouder of its nighttime role as it moves away, and ashamed as the Sun gets closer) ou ¢ 
Highest and lowest (‘Spring’) tides occur on or soon after a new oF full Moon. - Fe Waning Waxing-8 ¥. 
"Neap’ tides occur (when the Sun and Moon pull at right-angles to each other) at “half full Moon - (to the East) ‘ 


(Shallow waters introduce a lag of a day or three, due to friction and resonance effects.) 
‘Make it your aim to see these things all happen in phase with the Moon month, 


The Clock-Face Method for Direction 


Quicker than 360° ~ it only counts up to 12! — it communicates relative directions easly 
E.9."3 o'clock high" = “on our right — up in the sky” "9:30 from Rigel” = to the left and just above (that star) 
(Or, for horizontal directions, "5 o'clock from the Sun * = looking down-Sun, and slightly to the left “six o'clock true” = South 
[At 30° per "hour" itis easily compatible with 360° — both are Babylonian systems. 
(But don’t confuse it with a 24-hour clock face, whichis only 15° per hour. Unfortunately our locks do not use a 24-hour system, which would 
‘make them nicely travel around once per day ~ as fast as the Sun.) 
For shifting between clock face directions and 360° directions. 
First convert to or from the hour: Multiply hours by 30, for degrees. Use 12hrs=0 : 0 30 60 90; 120 150 180; 210 240 270; 300 230 360 
"36 extra” = "add 10 minutes" e.g. 255° = 0830 hre (240° = eight hours; 15° = +10+10+10) 
1s extra’ = “add 2 minutes” e.g. 258° = 0836 hrs 
When using the clock-face for compass directions, for NE, SE, SW, NW use 1:30, 4:30, 7:30, 10:30. 
“Translate 1, 2 o'clock as "(roughly) NNE, ENE," ete 
Don’ use the minute marke on the clock-face because every 6° is not very user-friendly 
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devices [29]. The performance values of connection and traffic density for various 5G services are listed 
in [8,212]. This performance requirement is highly correlated with identified activity-based classes 
of loT applications, since it is the main characteristic of mMTC. High device density brings the need 
for rapid internet protocol version 6 (IPv6) deployment, and high quality security algorithms and 
techniques, which lead to new system design and implementation, as described in [10] 


4.5. Reliability 


Reliability is the maximum tolerable packet loss rate at the application layer [105]. 5G must 
bring a reliability of 99,999% [27,30,31,212], or higher for specific use cases [212], (e.g., tele-protection 
ina smart grid network [207] or driverless cars [1006)). Reliability is the main characteristic of uéMTC 
monitoring and managing /controlling activities. Reliability will be a particularly challenging task in 
high-speed trains because of speed, load, and cell distance [16,107]. 


4.6. Position Accuracy 


Position accuracy is the maximum positioning error tolerated by the application [105]. 5G. 
should ensure accurate positioning of the device outdoors [108] with accuracy from 10 m to <1 m 
on 80% of occasions and better than 1m in indoor deployment [212]. Accuracy positioning is, 
very important in uMTC monitoring-based activities (e.g., monitoring remote cameras), and uMTC 
managing/controlling-based activities (e.g., driving) [213]. Moreover, the mMTC tracking-and 
ticketing-based activities pose high performance requirements in terms of position accuracy. 
4.7. Coverage 

Coverage requirements in 5G should provide connectivity anytime and anywhere with a 
minimum user experience data rate of 1 Gbps [32]. However, the perception of 100% coverage is rather a 
technical decision than a business one [33], which could be extended through ultra-cell deployment [31] 
and vehicle-to-infrastructure (V2I) communications [30]. Almost every activity-based IoT application 
class requires very high levels of coverage (99,999% availability) [207]. Total coverage will enable new 
unmanned aerial vehicles (UAV) to use single network connection, instead of connection steering 
mechanism, as one described in [109]. 


4.8. Energy Efficiency 


Energy efficiency is defined as the number of bits that can be transmitted per joule of energy [216] 
Compared with current wireless technologies, the energy efficiency (measured in b/J) of the 5G 
network may need to be improved by a factor of 1000 [4,7,34,110,217]. High energy efficiency is 
important in case of ticketing- and in some cases of tracking-based activities (e.g,, smart industry [205] 
or implantable medical devices [35]). Other activities, such as both mMTC and uMTC monitoring- and 
managing controlling-based activities (e.g., health condition [205]) and some tracking-based activities 
(e.g., sports wearables [205}) require medium energy efficiency. Energy efficiency is very important 
design objective for the reduction of operating costs of telecom operators, as well as for minimizing the 
environmental impact of the wireless domain [217]. On a higher layer of the network protocol stack, 
adaptive base station switch on/off algorithms use renewable energy sources to save energy [218] 
along with an energy scheduler, as in the with heating, ventilation and air conditioning (HVAC) [111] 
However, at the physical layer, adaptively switching off unused carriers is a key strategy that can be 
used to save energy from the radio-frequency (RF) transceiver chain of base stations [218]. 


4.9. Spectrum Efficiency 


Spectrum efficiency is defined as the data throughput per unit of spectrum resource per cell or 
per unit area (bps/Hz/cellar bps/Hz/km?) [216]. In order to achieve network sustainability, required 
for 5G networks [216], spectrum efficiency needs to be improved 3-5 times [20,52,216]. Minimum, 


Section 1: Big Picture; Top Down 


Latitude without Numbers 


When all you want isthe latitude, the shape of the sky can tell you, without numbers, without calculations, without a watch 
E.g. ‘Canopus overhead!, or ‘the Pot sets at 30° off vertical’ 


If all you want is to recognise appearances locally, you don't need to set your Star watch to Greenwich Time, or to know a star's longitude relative to 
Greenwich, 
E.g. set my watch to the Dog Star passing North, from home last month’. 


If you don't want calculators and trigonometry, you don't need to use them. 
Eg, The sky is behaving the same as last year, we must be within sight.” 


1am about to give you the star time and star longitude information, only for those who wish to work withthe easiest benefits from them 
Eg. "That must mean that our longitude is 150° E.’ 


Sunset Note that clockwise circuits and half-day walks 
predawn start ‘must alternate between up-Sun and down-Sun. 


Down-sun 
Greuit 


summer 
ho “nasty cold wind’ How not to 
the 3 o'clock "in your face tumnavigate 
position away a lake — 
‘nice cool breeze’ \fram the wind) from the 
in your face finish 9 pm. 


Sunrise 


‘This Assumes Southern Hemisphere 


positon 
How not to climb a hill — at the end of the day How to climb a hill St 
So cbehed pi foe th 8 moringesh ib Vo a» roan 
‘aftemoon Sun in your eyes inthe shade JY Pinte ctbace ean = 


‘You walk always in the shade, 


Matching Sky to Sky — Move wae Your Horizon 


e.g. 2 stars become upright too late? >. 


You need to move eastery x 


‘You may need a combination of A,B. and C. 


Prevailing Winds on Creek Banks 


One of the two Creek banks will often have a mud- oF rock: cliff due to prevailing wave-action, with the other bank being a mud flat 
E.g. If prevailing winds are westerly, the west bank will show less erosion. 

For more on finding the prevailing wind direction when the wind is not blowing, see section 3: “Nature's Norths 

Because prevailing wind is almost continental in scale, navigating by its a sor of Big Picture technique. 


Tips for calm weather 


1. Usten forthe wind! Sounds wil catry beter downwind e.g. surf or traffic. Remember this, at night when all else is stil and quiet. 
3. Watch the angle of mist droplet fling, (Stop sl for ths one) Or smoke rising 
3 Mulino the arto make a foo 
4. Waten the fimsiest vegetation. 
5. Look at the leaves which dangle down from the topmost leaf clusters ofa tree. 
Mnemonic: “North; Coast” Go Overseas! 

‘This isa one-off effort, s0 go tothe trouble of geting a globe, 
‘Thats what you should say, whenever you say ‘North to sort out what is truly “East” and "West of you, 
“North (Coast) is over there” — it reminds you to think, ina Great Circle straight line. 
rather to picture, the invisible picture. {wil surprise you what East and West should mean to you 
‘You should make it your business to name the North-Coast town north of you, Tole 
belore you go, By consulting a roadmap 
‘Then ofcourse, there Is the East Coast, and the South Coast and the West Coast. India ay 


Next, of course, the same must go for "North-West 
think of the North-West Coast township, and s0 on. 


‘You are not functioning properly unless you mean something when you talk! England! Wellington N. Z 
South africa! |) Macquarie Island us. 
e.g. from Australia Southeeorgia (UK) 
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Section 1: Big Picture; Top Down 


Mnemonic “The Sun Travels the Tropics” 


Le, Imagine the tropical countries and oceans which are ‘underneath’ the Sun as it moves East to West during the day — The Equatorial band. 
For Australia that means from Central America ‘Across the Pacific Ocean Past New Guinea 

On to the Indian Ocean ‘And on toward Arica 
When we in Australia see the Sun rise, itis past noon in the Americas, At our sunset, its approaching noon in ica, 
See the Reference List of Tropical Places (for The Eastern Australian Time Zone) opposite, As a help to global orientation, make it your aim to 
‘emorise these time zones in sequence. Check it out with an atlas. See the tear-out clockface diagram in the appendix. 
“The same sequence holds for any planet, or star near the Equator ¢.g. for the stars listed ‘opposite the Sun’ (below), but with different timing, 
‘You can also imagine which country the Sun Is overhead while itis night-time near you, 
or which country the star opposite the Sun is overhead while its daytime neat yOu. 
Now, with this in mind name the general North/South directions, according to the height ofthe Sun: To the Sun 
and the Shadow direction = “Cold”; Shortest shadow = “Coldest” 
‘Although the Moon, by comparison with the Sun, has a “cold” feel to it, make sure you apply the same lst of hot tropical countries to it also. 
When you see any Zodiacal body, you should think: "That is a Hot direction; It is over a Hot country.” and try to name the country 


Hot"; To noon = “Hottest”; 


Tell the Time of Night by the Star Opposite the Sun 


Such a star will be up all night — whether the night is long in winter, or short in summer — look for It Write them on your calendar. 
‘his yields the solar time, '.e. with respect to local noontime, But not the daylight-savings or summer-time, so adjust by ene hour in summer, 
January Sirius Castor, Pollux, Procyon 

February Suhail, Miapladus_Alphard Regulus This list is arranged time-wise 

March Pointers (Dubhe-Merak) Denebola_ Phecda Southern Cross__the earlier stars are correct 

‘April, Southern Cross alieth Spica Arcturus, Pointers (R.K./Hadar) at the beginning of the month, 

May Zubenelgenubi, Kochab Alphecca Antares the last stars, near the end, 

June Antares Atria Rasalhague Scorpion Sting Kaus Australis Vega Use each as a 24 hou'-hand around the South Pole Star 
duly Vega Numki ‘Altair (Aquila) Peacock Dene "The Zodiacal stars 

‘August Dene Enif (€ Pegasus) _Alnair (the ones on the Ecliptic) 

September Fomalhaut Middle of Great Square fare in italic, 

October Diphda Mirach Achernar— Hamal-Almach Only they are truly opposite the Sun. 
November Mirfak ‘This chart is true for 

December Alderbaran Capella-Rigel Saucepan Six O'clock Stars; Canopus both Hemispheres, permanently. 


Two Different Back-and-Forth-Star-Directions Give You a Position Fix 


Yes, i's just like two bearings (which are not opposite each other) from two landmarks. But because these ‘landmarks’ are so distant, 
the accuracy is only to within seeing distance. For better accuracy you would need a theodalite or sextant. 

Eg. when two stars look upright, that locates a global star-direction; a second upright pair gives you the second direction, and a position fix. 

‘To fix your latitude. you have to measure the time-lapse between the two star pairs. (Simultaneous is simplest.) So you need a plumb-line 
and also a watch. And for accurate (Greenwich) longitude fixing, you need to work in (Greenwich) star-time ~ otherwise you have only latitude 
hich is fixed. So you need either an almanac, or calculator, or star-watch, ar a work-it-out-at-home-later approach. 

‘This is equivalent to fixing which star is exactly overhead and when. To see this, look up past the top of the plumb-line to ‘overhead’ from the two 
different directions—one for each pair—to see that they must cross exactly overhead. 

‘The "xis repeated accurately over years, and every night a the same star-time, with some very small predictable drift in location and timing. 
No one else on earth can see exactly what you see right now. That's what gives you a unique position fx. 

People at the same latitude see something very similar earlier or later than you do. 

‘The best two directions to cross are Northwest/Southeast and Northeast/Southwest Top-view. 

This is because East/West star directions are time-wastinaly dificult to determine. 

‘This method is most helpful, of course, at sea, or in the desert, or as a hobby, or when lost. 


Predict the Full Moon Path According to the Time of the Year 


‘The full Moon is opposite the Sun, and is near the Ecliptc, ie. n the Zodiac (the Sun’s path through the stars) so that. 
When the Sun is In midsurnmer position-—high, and up for long time—the full Moon wil be in a midwinter position—low, and setting again quickly 
When the Sun is in the midwinter position—short days—the full Moon will be high and up for a long time ~ long nights. 

‘The two complement each other, since when one comes up the other goes down, and when one goes down the ather comes up. 

Both Sun and Moon are on the Ecliptic~not usually on the Equator—but, at the Equinoxes, the Sun is on the Equator, so the full Moon is to. 

Near Equinox, of course, the Sun and Full Moon wil rise and set in almost the same positions — East and West — and follow similar paths — 

about 12 hours each, along the Equator. The Equator and the Eclptic intersect in two opposite points — the equinoctal points. 

In other words, you can use the full Moon to visualise the Ecliptic, and to guess where the Sun is, i.e. to guess the time of night, 

(Or you can use the Sun to visualise the Ecliptic, and to guess where the full Moon will be, how high, and for how long, 


Finding North from the Moon, by its height & phase 
“The Moon wil follow a Midsummer Sun's path, or a Midwinter Sun's path, or an average height path, according to where on the Ecliptic it es. 
Because the phase ofthe Moon is determined by its relative position to the Sun, the combination ofthe time of day, the phase, and cusp-Ealiptic 
ives you an unmistakable sense of where North should be, when you see the Hoon. When you see the Moon surprisingly lo in the sky, and the 
usps confirm thatthe Ecliptc lie fart horizontal, you know that I is somewhere near North (SH), following alow and Rorzontl trajectory, rather 
than a Moon just now rising’ on a high trajectory, like a summer Sun in the East. 


One Degree is about One in Sixty tT 


‘And n® is about n in 60. ¢.9. 10° is 1 in 6 (p96a), and 6° is 1 in 10 (3 fingers wide, or 3¥% knuckle-centres, at arm's length, or ‘blink your eye’). 
‘These are handy rules of thumb for navigators. If you use an isosceles triangle, the rule is remarkably accurate for most acute angles. 


Example: "Oh I forgot magnetic variation! I've been 5° off!! Oh well, 1 wil simply adjust sideways, Isosceles 
Thave come 12 km; 1/60 of that = 0.2; times five = 4. km off" 

‘Actually 1° is 1 in 57.3 (1.75:100), predictably slightly more than 1 in 60, but as the angle increases so does the accuracy of the 1:60 rule 

“The rule (n® = n across at 60 away) Is based on: the third side of the isosceles triangle (is bvice the sine of hal the angle) 

(if you don't like numbers, try this other “handy” rule...) 6 (equilateral lots of 60° 


Rule of Fi int you! jer at som: rt 
Why is 1° slightly more than one in 60. wor 
Six equilateral triangles go all around the circle, but, as you know, 6 1/4 radii go around the circle. 

This is because the circumference, longer than the hexagon, is 2pi times the radius, or 6.283 fone radian=57.3° 

So one ‘radian’ of are, which is one radius long, but curved, wil e slightly less than 60° .e. 57.3°. : 
So ifthe radius is 60, one sixtieth of a radian will be “one in 60", and slightly less than 1°, 1/60 of © = Lin 60 F 

377 of them go around the circle. For 360 degrees around the circumference, the radius needs to be 57.3, 


‘The equivalent 1s'5/3 across at 100° (Sat 300, 167 at 1000; above 10") 4° with the more exact figure for up to 10° = 7/4 in 100 
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‘Tropical Countries and Places Under the Sun ~ Arranged in Time Zones Relative to Eastern Australian Time ~ 10 hrs ahead of Greenwich 


“12hrs. The mid North atlantic (is opposite Australia) (0 Rockhampton, Tropic of Capricorn 231° S. (Canberra 36° 5.) 
Ihr. Brasilia 16° Sao Paulo/Rlo de Janeiro 2314° 5, 1 Alice Springs, Tropic of Capricorn 

"10 hrs. Trinidad and Tobago 10° N. 2 Sulawesi 0°; Manila 15° N.; Port Hedland 20° S. 

"9" Cuba/Haiti 20° N.; Bogotd 5° N. 3 Christmas Island 10° S.; Jakarta 7° S.; Singapore 1°N. 
= Panama 8¥%s hes ahead of Australia — Cacos Islands 

“8 Galdpagos 0°; Guatemala 15° W 4 Calcutta Tropic of Cancer 231° WN 

"7 Gomez 26° S.; Mexico 2314° W. 5 Maldives Equator 

°6___ Pitcairn Island — Easter Island 25 to 27° S. (L.A. 34°N). © Gulf of Oman Tropic of Cancer 

ip of Californian Peninsula 2314°N; IDR Gigego 20°N, — Seychelles 

og 7 “Mangareva Tropie of Capricorn 7 Port of Aden 12° N.; Mogadishu 3°; Madagascar 23% . 
“4 Tahiba7% S. 8 The north of South Africa on the Tropic; Lake Victoria 0°; 
“cook Islands 11° S. Sudan/Egypt on the Tropic; Aswan High Dam 

‘3. Hawai Island, Tropie of Cancer 9 Namibian Desert coast on the Tropic; Lake Chad 14° N. 
2 FASS, 10 Timbuktu 17° N.; Accra 5° W. 

SL Noumea 21° s. See pp 132f 11 West Africa coastal bulge 15° W. 


Tell North from The Time By Using a Protractor 


Reverse the method for telling the time from the compass protractor and North. To make the zero point North. 
Make the sundial (protractor) show the correct time (one side of ‘noon’ time). Simultaneously make sure the sundial face is tilted to be parallel to 
the Equatorial Plane... Ie. For best results the tlt of the protractor according to the latitude, needs to be accurate. 

Consequently, you may find it an interesting exercise to mockup a large (bigger = better) cardboard mult-protractor 

= e.g. by marking the sides of a cardboard carton. 

Use a plumb-bob to accurately tlt the protractor, accor 


19 to your latitude. £.9. pin the plumb-line to the top, side corner, 
‘and mark 90° on the fat face, 

‘This instrument may be used to find North if you know the local time, or to find the local time if you know North, 

One side of the carton Is used for the latitude protractor in conjunction with the plumb-bob, a second side can be marked as a sun 

dia protractor. 

.g. use another (long, straight, perpendicular) pin atthe top corner of the side facing you, to cast a shadow across a 90 degree scale 

(this is for accuracy, rather than make a full 180° or 360°) 

Morning and afternoon then require separate scales; Winter-time requires that you face away from the Sun. 


For Land-Navigation, Choose the Plumb-Line Star-Pair Method tree 
Use a smooth constant diameter line, preferably thick. Make the plumb-line tall and stand far back. 
Make the cod either white or block to stand out against the sky, then maybe Nash a torch onto I | 
Pour sand around the plum, to anchor i to the ground. Avoid wind, especialy i you hang the line from a tee branch! 

Blink "the stars “on” and “of” behind the plumb-line both on it left and on Its right, by moving your head, 

Average the “start” & “finish” ies. 1.e. "It seems to line up now for the first time”. “definitely finished now". One accurate set of meas- 
urements is beter than several rough ones. One star wil gradually move over the top of the other star, and you have to pick exactly when, 
Choose well-separated stars (e.g, Rigel & Capella) 
If you want the timing to give you your longitude immediately, choose @ North/South pair (.9. Rig! & Capella) ~ (you need to know the 
star's longitude or its timing lzenfere, le. from 2 known longitude) 

© An East/West par will give you your latitude (without the need for a watch) The observation here isnot the time but whether oF not the 


fiven pair wil attain to uprightness, after the first glimpse or before the last glimpse. Beyond a certain latitude, a given star pair will always 
remain tited, less than vertical. This latter process can be time-consuming. Use a hand-held plumb-line occasionally, to check the progress. 


Predict the Moon Phases by “ N minus M ” 


Nis a number (you calculate) for one particular year (e.g. For 2004 it was *24", In Australia's time zone, for the New Moon) 
Mie the month number (e-9. Apailis“2") 

“N= Mis the day of the month for a certain fixed phase (e.g. in April 2004: 24 ~ 4 = 20th April 2004 for the New Moon) 
‘April 20 was dark all night. New Moon seems to show the most regularity. Te ‘new Moon’ is more accurately ‘no Moon’ 
Other phases happen one week later, two weeks later, three weeks later ~ “quarter” by quarter — 29Y%s days forthe whole cycle. 
(The number, N, in 2004, would be 2; 9; 17; 24, 32 approximately, for 1st; 2nd; 3rd; inal and ist quarters respectively.) You can add 29% to N. 
‘Then in 2005, the number, N, for the new Moon was 13. (l.e. in April 2005, 13 minus four equals. the ninth of April — no Moon). 
‘And in 2006 { used N= 33; 21 in 2007. The number N for the New Moon must be close to any New Moon date + M, e.g, December New Moon+12 
Check your diary’s calendar each year for the Moon phases; test and tweak a number N which works to within plus or minus one or two days. 
‘The prediction is fairly crude, but with tral and error you can come up with the best number and phase combination for that year. For 2010, itis 18. 
usually 11 days less than the year before (12 for leap year) because the lunar year of 354 days is 11 days shorter than the ordinary solar year 
1Le. a good mnemonic is: the Moon gains one day a month for every month except February (which has only 28 days). 
inte: Subtract " M'” vice for January and February, for mare accuracy on non-leap years, Alternatively, to cope better with leap years. 

Start the year a March (after the short month, February). Call January & February “months 13 & 14, but subtract 1 more for their accuracy, 
Note: The “Full Moon” is when the Moon is nearest to “opposite the Sun" and it may nat be exactly on the horizon when the Sun Is. 


Walk across Australia! 


(Substitute whatever continent is appropriate) 
Mentally ine up a wall-poster size map of the whole continent (or bigger) with the track. 
When you approach a bend, place the map on the bend, then walk all over it! 
It’s hard to miss the meaning of the bend if you bother to do ths. 
‘Your mind may not believe that itis not still going ‘straight ahead! until you force it to catch up with the facts! 


English! 
~east-around” from North, is West-around from South, in a horizontal clock-sense. An "Easterly" course means East-wards — moving tothe East. 
{An "Easterly" motion means East-wards. E.g. an “Easterly spin"-motion = “orbiting in an Easterly sense” ~ moving E around the N/'sspin-axis But. 
‘An East(eny)" wind means flowing Westwards, from the East. An “Easterly” current might be flowing Westwards, from the East, but 
an easterly tical "st” isan offct to the East. (Set is how far the tide “sets” you off track, The speed is called the tidal "if™) 
‘due "East means "exactly" East, as when a loan is “due” ~ “ight now! ‘Always double-check what someone means! 
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North/South and Noontime by Bisection (of Rise and Set) 


Rise and set are symmetrical around North/South, provided you use horizontal, and not the horizon 

Inhilly country, instead of ‘rise and set’, you should use equal height of the Sun (e.g. in NE and NW). 

“Equal height” translates as equal length shadows of an upright, straight stick or cord, onto flat ground: 
Or, better, use a bush sextant, p.27c, set to a fixed reading 

‘There are four ways to bisect two directions to find North/South — so don’t muck it up by 90° or 180°! 

‘The second diagram will work in both hemispheres — but double check the results for sense. 

‘There are also two ways to bisect the time — so don’ mix up "just before midnight’ with just after noon’ 


J knot to cast @ shadow 


‘sand settles the bob 


Itis algo hard to “bisect the time’ to find noon, whieh af course, nat at 12 noon exactly, nor at 2300 hrs exactly in summer Sunset 
“To work with hours, you need to carry 60 minutes, not 10 or 100! So be careful an crosscheck your figures. N shadow 
Be accurate or your results will not be worth the effort. yesterday; 
E.g. rise: 0529 hrs; set: 1820 hrs Add..= 2349 hrs Halve... = 1100+(60 +49)/2 = 1154%s hrs = noon, w e 


Check: total elapsed time: 1820 -0529 = 1251 = 2x0625Ys; 0529 + 0625Y: = 1154% = correct Sunrise Today 
1820 - 0625¥2 = 1154%4 = correct, 


Longitude and Latitude from the Sun 
Longitude. 


‘Try Liming the Sun for equal height each side of noon e.9. NE & NW (SH) to calculate the time of noon 
“This can tell you your Greenwich longitude, provided you know the Sun's longitude, that i, its G. H. A.— from an almanac or calculator. 
“The Sun shifts predictably at a rate of near 15°/hour westerly. Almanacs make it their business to predict its West longitude exactly. 
Of course the Sun's longitude at the time of your noon is your longitude too — since itis north of you. 


Now try timing the Sun in two opposite diractions at the same heights i.e. East and West 
You could try using the shadow of 2 plumb-bob on flat and level ground. Mark the shadow carefully 
u 2 


‘This will be most accurate in the season when the Sun reaches high — in the summer sky. 
By a series of early observations you can guess at when to make a final observation, 

Using a theodolite or bubble sextant allows you to graph the rise & fall of the Sun (or a star) and see when “same height again’ happens. 

See the ‘Bush Theodolite'for an alternative measuring method 

Latitude (There are easier ways!) 

‘You can now solve the E/W formulae for your latitude — e.g. try the formula that predicts the timing of East and West for the Sun, 


Equal-Height Stars Can Be Useful When the Sea Horizon is Visible 
For direction, use the mid-point, of two stars which appear to be of equal height. — a great circle direction Sa eee y 
For longitude, the timing isthe important bi ~ these stars should be approximately north or south of you 
For latitude, the testis whether or nat the stars do attain to equal height. — these stars willbe approximately East or West of you 


For a position fix, try to get two pairs, one north-west, the other north-east of you, for instance. 
‘Arbush quadrant is easy to make with a string ted to a stick! ~ just pull the string to length to measure or compare star heights. 
Rest your hand and chin on something solid if possible. Use your full arm’s lenath for best accuracy. __ — Tothe star 


‘You can fix your latitude by measuring the timing of two separate star-pair events 
the relative timing — e.g. ‘5S minutes apart’ ('s unique to that latitude. 

Simultaneous events are simplest, but separated events are easier for one person to time. 
You don't ‘get on the map’ with this simple method unless you have been there before. 
Unless you want alot of trigonometry no calculations are required, 

nly the observation of re-recognisable appearances. 

‘You can fix your longitude, too, by measuring any absolute timing ~ an exact star time — and so get on the map, 


Anticlockwise, to the East, is Your Best Spin-Reference Direction 


Because we use our North-South axis as our reference direction, we have to learn the spia-sense as something separate. See ‘Orientation’ p 35a. 
‘The standard viewpoint for any spiral system (e.g. a weather system, a clock-face) is from the top’, "as seen from above". Horizontal directions 
are measured “clockwise around” as you look down on them. For our’ spiral galaxy & solar system, the correct viewpoint is therefore ‘from the North’ 
Looked at ‘from the top", i.e. from the North, our Galaxy spins anti-clockwise. Or more simply, to the East. Up North’ ison the left’ of East 
‘This means that the real motions are East-around the North/South spin axis~opposite to the familiar idea that everything sets in the West. 

Because Northerners have their back to the North Pole when they see the Sun Down South of them, they see their horizon spin anticlockwise 

= that is, the hills and trees on the horizon move to the left of the Sun. They are looking “rom the top" i.e. from the North further South. 

‘Their Sun only appears to move clockwise (to their right, to the West), because itis their horizon moving—anti-clockwise (to their left, to the East). 
‘To avoid confusion, always make the distinction between real mass movement and apparent virtual rotation. And think: We spin East. 
Because we think of ‘clockwise’ and right-hand” motion as standard’, and setting “in the West" as ‘normal, i's abit ofa shock, to rethink! 


— —To the sea horizon 


When you are Down Under, on the South side, looking North at the noon Sun, you see the bottom of our Galaxy, and Solar System, and Earth, 
‘The three ‘North’ spin-axes are all very roughly aligned together, all lying in our ‘Northern Hemisphere — not 169 much Ulted from each other or 
from our own spin-axis. You mentally lift yourself further out (not "up") into space to look at (but not really down’ on) the spiral mations 
Remember that from a ‘standard’ (Northerner’s) point of view, the Southerner’s view is really "a bottom view looking upwards” ~ from the South 
half, and you have moved out further South, for a better view — with the South Polestar behind you. You should see clockwise real movements. 
‘Turn around and look Southwards at the Southern sky and you will see as if rom the top'=or atleast ‘from within, but looking South. Anticlockwise 
Remember to rethink “Up" as "to the North Pole of the spin’ 

‘Te should now be easy for you to visualise, in either hemisphere, your Southern horizon spinning anticlockwise 

+ Look also at the Moon—visualise its orbit and its spin—anticlockwise’ from N.M., But clockwise-around if you are seeing it from e.g. Australia 
‘Find the bright planets — can you ‘see’ them moving ‘anticlockwise around the Sun’ in orbit? The Ecliptic marks their path. 

* And, go further, visualise the real Sun spinning much like the Earth does, on its own N-S axis. The Sun is North of you in the Southern hemisphere, 
spinning on its own axis ‘clockwise from below’, or in the Northern hemisphere, South of you ‘anti-clockwise from above’. Use the Ecliptic’s N-S spin 
axis as 2 good guide for the Sun's, or simply use the Earth’s own axis as a rough guide — Don't look at it, but imagine its sunspots moving. 

* Keep going: The Earth hurtles through space in orbit around the Sun ‘to the left, while looking to the Sun, around a N-S axis of spin’ (Down Under, 
Teaking North) ‘to the right, relative to the Sun’ (NH) ‘anticlockwise, looking South’ (NH)—"with’ the apparent movement of the Sun, in Both cases, 
“That makes the noon horizon move in opposition to the movement of the whole Earth through space. Like the slow ‘inside’ of a spinning ball creling, 
+ Imagine the whole Earth-orbit in the sky. It’s easy when you get the hang of it. New Zodiac stars seem to emerge (invisibly) on the Sun’s West 
Side, in seasonal procession, because "the Sun is edging Eastward along the Eclptic in yearly cycle" ie. we move to the West side of the Sun and 
see behind it to the background Zodiac stars. Don't look at the Sun, but you should be able to ‘see’ this happening as if there were a star chart be 
hind the blue sky! Try just before dawn. 

+ Now, at night-time, find the centre (thickest part) ofthe Milky Way near Scorpio/Sagitarius and visualise the whole Solar System orbiting it per~ 
pendicular to that, the Sun/Earth/Moon all moving as a unit, to your left (SH) or right (NH) towards Suhail, away from Deneb, 

‘The Milky Way marks the plane of the spiraling galaxy (from which you can determine its N-S axis, blted differently fram ours) 
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Section 1: Big Picture; Top Down 


Finding Magnetic Variation by Bisecting Rise and Set 


Accuracy is needed. 


Measure the compass directions of the morning and evening Sun at equal heights ¢.9. rise & set on a flat Horizon 
Bisect the result. Eg, Rise 079° Compass Set! 271° Compass 


‘Add: 350° Halve: 175° Use the Opposite: +200-20=355° (See p.18e) 
So the Compass North must be 5° to the East of geographic North. Draw diagrams to avoid getting confused. 5°E 
Check all numbers! E.g. 355°-271°=084° 355° to 360°=5° +079" more=84° Correct. 10° 
as0°c 40°C 10°C (0r271 ~ 79 = 192° spanning = 2x96" ° 
79696 = 175° ahs 
‘opposite to (375 - 20)° sew Ase 
271° 979° Correct. 84 84 sT| 
“The compass readings are "Least", by 5° (see p 107). 
E.9. 079°C is really 084°T. (seep i4e) * 96.196 Approximate MagReticalatfonf! Iso~ lines 


A Bush Theodolite for Overnight Equal Height Observations 


od eres cto nats pangd otoconia 
Fa on neck (or banat eet knot 
iat maton cap 
{Behe ne on the ndmors pow onde hs omass det 
tele ue eve un aed 


Great-Circle Reference Star Directions 
‘You need some familiar reference points. I's 9 simple matter of going out at night, waiting around, and tracking down afew ofthese 
Look for stars which are closer fo the pole than You are, and see where they rise and fall vertically. It happens once or tice a night, per star 
“This gives you a series of great-crle star directions, already labeleg, because the "maximum latitude’ is equal to that star's ‘declination’. 
E.g, Aerux is about 30° from the pole, oF "6 latitude” If you steered towards one a ts vertcal-motion directions you would end up underneath it 

So 25 it rises or falls vertically (once each per night i visible at the time), 2s cices the South Pole Star, i lures you to 60°S latitude 
£., Asiar overhead, as the extreme limiting case Is moving East to West, iing vertically from the East and fling vertically to the West, 

meaning that you are already at the maximum latitude of thet course if you had been heading towards that star guide, now traveling E-W also 

‘Yu then have to head directly away from it (e.g. the next night) to further pursue that course. 

Heading away from that star elther East or West would take you eventually Back tonards the Equator, tke the way you travelled down there. 
‘The stars further from the pole, than you are from the Equator, make a complementary set of reference directions, by using the horizontal 
direction at right-angles to where stars ge and et. The declination ie a mescure of how close fo the pole You would pass. 

‘The stars close to the pole are unavailable. The co-declination labels ‘the maximum latitude’ 
Esq Sirus is 17° South 2 ising from the horizon, somewhere tothe South of ast, it would send you to within 17° tothe left of the South Pole 

{Tur around and i would guide you (part way) to cross the Equator and to within 17" ofthe let ofthe North Pole 


Make a Bush Psychrometer for absolute humidity and dew-point-temperature measurements 


Carry a wettable piece of material ~ dip it in water ~ hang it up to dry (inthe shade out of the breeze) — time how long it takes. 
Measure the air temperature at the same time, and cross correlate the two, to find the absolute humidity. If you calibrate the method at home, by 
graphing the results for a whole range of different temperature and humicity conditions, you will get to recognise a dry air mass from a moist ane. 
‘The piece of material needs to be non-porous, non-rotting and dark coloured — to show the drying process clearly, and to yield repeatable results, 
[Night-time minimum temperature more or less bottoms out as soon as an air mass starts to dew. The ground then wets down further instead of 
Cooling down further. The normal method of measuring absolute air humidity-the percentage of water vapour-—is by evaporatively cooling a water 
Grop in it. Tt requires wetting a thermometer bulb, fanning it vigorously (trying hard not to break it) and measuring how far you can make the "wet 
bulb temperature” "dip" below the “dry bulb (air }termperature”. The water temperature won't get all the way down to "dew point”—the temperature 
at which dew or frost will form in that air mass~unless it already is dripping wet outside. It may get a bit more than half-way, and then only when 
‘nly dew is expected~DP above 3° C. If frost is possible, i.e. when the dew point temperature is 3° or less it will dip at most half way down 
{o the dew point. Why 3°? Well, when the airs very dry, dewing will further reduce the water vapour content of stil, cold air, from a dew-point 
temperature of a few degrees above zero, down to 0°—resulting in frozen dew’. Rule of thumb for calculating dew-point from dip: 

‘When the DP is 40°C/30°/20° /10°/5°/0° then add to the ‘dip’ 0/1/2/3/4/5 quarters of the dip, to get down to the real dew point. 
If the night is Tong enough and calm enough to cool down enough, & the sky is clear enough, @ DP near zero wil result in a frost 
E.g. 15° to 10° = 5° dip, S°DP. 15° to 13° = 2°ip, 11°DP. 19° to 18° = 1°Gip, 17°V40P. (Remember that you can’t go far wrong anyway.) 


South is a Triply Better Reference Direction than North, in the South 
1. The closest geographic Pole inthe Southern hemisphere i ust over the horizon in Antarctica. Globally seen all irections pointing South are 
Convergent, whereas directions pointing North are inialy divergent, and lengthy and less meaningful. traveling North you frst cross the Equator 
Bere ft gets colder ~ so the ut-fee! meaning isles clear. The meaningful dracon, when you are In South laitudes, isto go further South to get 
‘much colder, (Its the same asin the Northern hemisphere, where going further North makes it much colder), 
‘You may Tid that in 3 place like Tasmania fr Instance, the maps seem to be upside down, because although North Isa the top of the map, the 
logical reference direction s toward the bottom af the map, where the cold place gets colder. You don't think: "This is a warm place. In which cree- 
tion does it get warmer? 
[AS a result itis easy to get disoriented by 180°, if you insist on using North as your reference direction. In addition 
2" Vihen you put South atthe top, and look South, then the Sun wll move to your ight, os f seen from the N.M., across the map as time passes, 
ior both Remispheres~and that will make the clock-to-Sun ink obvious (ike puting @ Southern clock on the S. wall to match the Sun's motion. 
Northerners especially, would find that a more natural way to view any mapas if fom further North, ooking South, to the Sun moving right. 
3: Putting South atthe top, with the Sun & Tropies behind you, leeking down onto a map, is the mathematically standard viewpoint 
= fke looking from the top of the Galaxy ~ from North to further South = the land South of you moves Anti-cockwise, to your left, to the Eat. 
You can stil orient your map normally and correc, but there is na law against habitually Viewing it rom its Northern edge, looking South. Ty i 
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Section 1: Big Picture; Top Down 


Find East/West By Delayed Bisection of the Sun and the Full Moon at rise or set 


‘To find due East (+/~10°); Bisect the sunrise and the full Moon rise — since they are of opposite declination. 
For due West (+/-10°): Bisect the sunset and the full Moon set — since they set each side of due West. 
Obviously, you need to wait about 12 hours for this method ~ its really just for your background comfort level about where things are. 
‘There is slop of 5°, since the Moon's plane of orbit is about 5° away from the Ecliptc. 


‘There is also a slop of about 24 hours, since the full Moon occurs at some time other than Moonrise or Moonset, 
plus iis hard to pick an exact full Moon, and the Maan varies in declination, e. North/South position, from day to day. 


OQ ns a 


Find North by your (non-digital) Watch-Hands 


Point the noon on the watch (not the 421) to the Sun. 


Tilt the watch axis toward Polaris as best you can judge. Now wN s s 

‘This tit matters alot, but is not usually mentioned! x a 
si Nt 

Southern hemisphere: North is in between the Sun and the hour hand. 

Northern hemisphere: The Sun isin between the hour hand and South. a Di a od 


Why?: Clocks Go Clockwise; at 30° per hour ~ twice around per day. 
For the Southern Hemisphere that mearis: — twice as fast as the Sun and opposite. 
So 'in between’ moves neither clockwise nor anticlockwise ~ it stays N/S.. AE real noon-time, the hour hand and the Sun cross over. 
For the Northern Hemisphere, the hour hand overtakes the Sun at noontime, at South 
It’s easy to visualise in fast motion, once you catch the idea ~ i’ like the hare overtaking the tortoise. 
Remember to tit the watch-face up to be parallel to the Sun's orbit, not horizontal, because a sundial shadow is not linear. 
‘You could use the middle of sunrise/sunset times to find the local actual high-noon midday time, which is needed for “point noon at the Sun". 
‘The same method can be applied to the stars, the Moon or the planets — provided you know when the one you want to use is north of you. 


Leo the Lion Looks like a Lion or Sphinx Squatting RASALAS HA 


It Has Four Lines which Show N./S. E./W. eS S aGeievet 
4 ALGEIOA 


“Two in the ‘hindquarters’; one along the ‘back’; one as the stem of the “question mark’ (Leo's mane). 


{You nave turn the > around.) For the Southern Hemisphere, turn tal upside down Map rode 
courte. 
Dosion of ovement =p. Joa E w 
$s 


To Predict the Moon’s Path, Visualise the Ecliptic minimum dectination 
For more clues on how to visualise the Ecliti, first see the overview at the end ofthis section. <2 Nhe, 23% S 
‘The Moon stays within 5° ofthe Eciptic. That helps you see where the Eciptic should be, o alternatively, ofthe Ealiptic (Solstice) 
were the Moon should be. The Full Moon is easy, and has been covered on p. 244 


Ahalf-Moon, for example, is 90° from the Sun; S0 if one is on the Equator the other is not and vice versa. Sun's yearly path E 
E.g. a half Moon in mid-winter will rise and set due E,/W. +/- 5° or so. 
Secondly, recall that the Earth's spin-axisistlted 23¥% degrees from the solar system. North to the left horizontal 


‘This is how it would look from Sydney (*), at midday, in Midsummer, i.e. at Southern Summer Solstice. 
‘The two Feat circies intersect at 23°¥2. The whole doublé-crcle rotates West over 24 hours. Ie. sunset is at 


‘Tovisualise the Ecliptic (see also p. 30d & 336), from the Sun, (Southern Spring Equinox) 
‘Since the Sun moves eastwards seasonally through the stars you can know that 0° dee 


the part of the Ecliptic which the Sun was recently on must ‘lead’ the Sun to the West. 
.g, after solstice in Southern Summer, the most Southerly part of the Ecliptic is ahead of the Sun 

to the West, and so a waning crescent Moon (to the West of the Sun) wil be higher in the sky, on average, than the Sun. (SH) 
Eg. A crescent Moon at sunset at spring equinox will look extraordinarily high over the sunset glow, because of the 23°% bit. EcliptiS 


Bearings & Tracks: “If it is Right, it is Big, in my sight” 


= Anything on my Right is Bigger than ‘ahead’. 1.c. If 1 am heading 100°, something on the right has a bearing bigger than 100°, e.g. 200°. 
‘And "Any track on my Left is too Little to look at” = Anything on my Left's Less than ahead, e.9. 20°. 
‘These mnemonics compare fixed tracks or directions, and their ‘Big and Little” measure in degrees, East-around-from-North i.e. clockwise bearings. 


[The changeover from 360° to 0° can give you trouble. Where ‘ahead’ was say 355°, 15° bigger should be ‘big’ e.g. 370° but will look really small, 
10°, Because itis nowhere near 355 in number, there should be no possible confusion, provided you think of 10° as 370°. 

“Lite” may look realy big, f 360° gets in between. £.9. where ‘ahead’ was ODS°, 15° smaller would be -10°, which is the same as 350°, which is 
nowhere near Sin number.) 


Furthermore, if A sees B on his right, relative to a fixed direction, B sees A on his right, 


provided that they use acute anoles, or they look in opposite directions e.g. facing each other. 
This could all get Confusing if you don’t remember those two provisos. See pl08c for how to put this mnemonic into practice. 
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Section 1: Big Picture; Top Down 


Find North from the Combination of the Sun and the Moon 


When you are familiar with the path of the Sun and of the Moon, and with their seasonal movements, and with the Equator and Ecliptic, 
then whenever you see the Moon up during the day, imagine where the Sun's path lies in relation to the Man's, and vice versa. 


‘This gives you two concentric circles to visualise, which of course allows you to locate Polaris (at the centre of those paths), and from there, North. 


lant North/South eo) See box de below, to know where the Moon should be. 


Find Any Other Direction Too — Using the Hour Hand 


“This method works, in theory (there are easier methods!), for any other body ~ star, Moon or planet ~ or for any other direction, 
For instance, you may notice when the Sun is due East, and how high itis; or again, when its in the direction in which you wish to head. 

Or again, you may be following a star, and of course it will move and of course you will wish to compensate for its movement, 

In these cases you substitute the time of that body being in the chosen direction for "noon", and substitute the chosen direction for "North" 
Keep the watch axis pointed to Polaris as best you can judge it 

For example: you know the Sun is West at 4 p.m. At midday it will look lke this... (SH version) West Isun e.g. at midday 


“pin ha rth oh hse ren) teen he Su (raat) ani ad” 


‘This is because the method only shows the rotational position of the body — longitude wise, Hour han| 
not its height declination wise ~ and with the eloekface being tilted, the horizontal direction, 
being pointed out is not obvious until you choose a height ide-on 


Of course, the accuracy of the method depends also upon aligning the clockface to the Equatorial plane. 


String North 
Carry a piece of string, about one metre long, to measure the angular height of the Moon, planet oF star which you intend to use later 
‘You measure it once, as a matter of preparation, then use it many times. The Moon goes out of date the most quicly, but the stars are permanent 
Put a loop knot at one end, to hols the Bottom knot, level ith the horizon or horizontal. You may have to walt, unt the height is lear 
Hold the string at arms’ length ina vertical pane tothe North-South, which fs where the star wil reach Is highest point. 
Puta second knot to show the maximum height. Ths is equivalent tothe nor’ height for the Sun. 
For the Sun you could use the shadow, and hold the string dow from the horizontal. It wil be accurate for @ week. 
Better stil, use the shadow methods s00n to be described, to avoid the temptation of looking a the Sun 


Now at other times of the day/ night, first hold the string in a vertical plane to reconstruct the expected height, then hold the string horizontally 
from that same high angle above you. Lastly, twist and turn, so that the horizontal string apparently points to the body used — Moon, star, planet. 
‘You have to twist yourself until the string is horizontal, and at the right height, and points to the chosen body. Then you are facing N-S. 
‘Actually the method approximates a slightly curved small-crcie star-path with a great-circle straight course. 

‘You can find approximate North with the string, then adjust it slightly by imagining the actual star-path as a small circle around the Pole Star. 

‘The straight string will then appear to point to just above the star, but in your imagination, it curves down to match the guesstimated star-path 
‘This isthe direct sighting equivalent to the shortest-shadow South’ methods on the next page. 


A 4 Week Position Cycle of Moonrise/set, to Find East/West 


‘The Moon, like the Sun, lies close to the Ecliptic (in the Zodiac), and completes a cycle along it (within 5°) in 27% days (not quite 28 days). So. 
‘The Moon changes position in a four-week cycle, like a speeded up year. It spends a week in each ‘seasonal’ position: High mid; low; mid; hi 
‘The Moon crosses the Equator every fortnight, rising due East and setting due West that day. Find it! Use p9c to find E/W on those days/nights. 
In alternate weeks it wil rise & set In the Midsummer then Midwinter positions for the Sun. Get to know them, and expect each one every 4 weeks. 
‘Its change of rise/set position day to day is most sensitive near the equinox position, due E/W (be careful), ands least critical a week later. 
In between times, the rise/set positions can be guessed by the day of the week, by interpolation, as a good direction guide on any day. 
“The cycle runs fast by only 1 day in 37 1/3 days. So its a continuous guide to E/W, for a month at a time, as it moves through 13 Zodiac signs. 
1 The best way to set your Moon-watch is by observation. If Moon-rise/set is too late at night, then look for Moon-set/rise during the day. 
Sunset Full Moon is a good starting point for estimating the nightly-cycle; Sunrise New Moon, for the daytime. Midsummer or Midwinter or Equinoc- 
tial full Moon are very good starting points, because the Moon will be in the anti-Sun position. Visualize the Ecliptic (through the Sun and perpen- 
dicular to the Moon cusps joined) and its shape in relation to the Equator, and use a compass. Say the fll Moon is opposite the Sun on Saturday, 
but by Monday the Moon sets due West. Every Monday for up to 5 weeks the Moonset will be in a recognisable position. E.9. W, N-W, W, S-W, W. 
On alater Monday, you will need to step back one day and say "every Sunday, for five weeks" the Moon will repeat those four positions. Adjust 
yourself by one day, as it shows itself necessary. You can simply say “Iti a Thursday Moon at the moment", expecting to have the change to "a 
Wednesday Moon” in a fortnight or 2. Keep your finger on the Moon-pulse to keep up-to-date. E.¢. Say: "It's a Spring-type Moon next Tuesday” 
+ To keep track of the weeks, here isa recipe: Call the new year e.g. ‘a Friday Winter Moon’ and adjust 1 day every 37 days, 10 days over 1 
full year, or by 4/5 of the completed months. 7, 8, 9, 10 days for after 7-, B+, Qr, 10-ber, using the Latin names; 0-7 days while inthe rest, 1-8. 
‘Perhaps you lose track of a "Wednesday Moon’ for a'couple of months, and try to start again. Track the Moon's Motion along the Ecliptic. 
‘The Moon overtakes the Sun at No Moon, gets one season ahead of the Sun within a week, atthe fist quarter’, is opposite it in another week 
(fll), and is one season behind the Sun in the 3rd quarter. There are 12 and a third months in a year, so the Moon Is moving 12 1/3 times more 
{uickly around than the Sun, in its seasonal cycie. What takes the Sun one month will take the Moon only 2¥% days. (31=2.5x12.3) 

‘Step O: Visualise the cycle. — I.e. imagine where the lines of the Ecliptic and Equator must be in relation to the Sun and Moon. 

Step 1: Place the Sun on the Ecliptic ~ Ie, estimate the time of year, and from that, the time before/after the next/last solstice/ equinox. 

Step 2: Try to visualise where on the Ecliptic the Moon must be, according to its phase. 

Step 3: Interpolate for the exact phase, and label it a‘Monday Moon’ or whatever. Check your guess with a compass if possible. 
.g. There was an eclipse of the Sun on Tues July 22 2009, 1 month after solstice. The ‘Winter Moon’ must have been "Sat night’; and for 2009 "Mon 
Eg. 23 November is one month before the SH Surnmer solstice (2 days worth of Moon motion through the stars). You can work out, for any 
phase, which phase and position to expect in 2 days. For instance, Nov 23 is late Spring, almost Summer, Southern hemisphere (with the Sun 
South of the Equator and moving further South). The Sun Is high and getting higher. Oppesite that, is a Ful Moon position (North of the Equator 
‘moving further N). It stays low in the N, getting lower. Or if itis a First-Quarter half-moon’ at that time, it will be in the ‘late-Summer- almost 
‘Auturnn’ position (approaching the Equator from the S, midhigh in the sky). Or ifthe Moon is a third quarter half-moon, it will be in an almost 
‘Spring’ position (approaching the Equator from the N). You would therefore know that, taking the last example, over the next 3 weeks, a Waning 
Crescent/ New Crescent/ Waxing Gibbous/ Past-Full Moon, wll rise E/SE/E/NE, and set W/SW/W/NW, in approximately 2¥%/9/16/23 days. 
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Sun Path Norths — Summary 


+ Noon-time: You look at your watch to see how far the Sun is away from apparent-noon-time, then look at how far your shadow must be 
from shadow-South, Near noon, the (untimed) shortest-shadow methods below aren't accurate, but this timed method can fil in the gap. 


+ Chord bisection: This works for any body e.g. the Moon. 
+ Sundial methods: You set the sundial to the right time. E.g. it the compass protractor to the equatorial plane 

+ Shadow bisection: This can work for the Moon too. Just remember to use a vertical stick on level ground, e.g, @ dry puddle 

+ Equal-height: You can use an improvised sextant/quadrant/bubble sextant. Don't forget to bisect both the time and the direction, carefully. 
+ Sun at East/West: You need to be familiar with the height &/or the time when the Sun is East or West. 

+ Equinoctial sunrise/sunset: You keep track of how far off East/West the sunrise/sunset is, at this time of year. 

+ Equinoctialrise/set angle: You can extend the Sun's path to noon, rise or set, ina straight line, using the latitude angle. 

+ Equinoctial East: Where the shadew moves to, with slight adjustments at other times of year. 

+ The Noon-shadow path is always to due East. Ths is useful for anytime near noon, say #/- 2 hours. 

+ When the Sun is very high near noon, you need to see the direction of movement of any point shadow on flat ground ~ West to East 


Locating Anti-sunrise or Anti-sunset 


Imagine a line from your head-shadow, opposite the Sun’s path, cutting the horizon at the correct rise/set angle p.9a._ //(S.H.; a.m.) 
(The Sun's path is approximately a great-citce, so now imagine a plang, edge-on along that line, cutting the level ground, p.m. would be 
Look for where the shadow would be closest to you. This approximates the Shortest Shadow South..) anti-sunset arfl up to the right 


Shortest Shadow Souths . trom catcuiatine, memorising or knowing the angle of high noon shadows, 
+ Walking-Stick North: You lean your walking-stick, so that at noon it would cast no shadow, and so that right now It caste a shadow 
Stright angles to itself a direction which is nearly West-East, Adjust (all these methods) slightly forthe season, afterwards vert 
*'dody-shacow South: You use your own shadow ip joined at ight angles to Your shortest-shadow Up (guess at is length and position). 
“This works best in the early morning and late afternoon, where a guess as to your shortest-shadw is sucient 
+ Cardboard Triangle East/West” You cut it to point to high-noon height, like the walking stick & body methods combined. 
{ Plumb-line North: You tea string triangle instead, to the right shape, and maybe attach it to your walking stick plumty 
+ Notebook North: You fip open one page from horizontal, so that i easts no shadow, and also points straight to high-noon height 
Eimultaneously. Ie: the page should be eld at the correct angle, mimicking the Sun's manirmurn height. 


‘You can discover the correct angle by observation, yesterday, (on a horizontal surface, 7 
or you can calculate that angle as “laitude degrees minus declination degrees away from vertical perpendicular is approximately East;West 


“Star-Time” Gains Four Minutes a Day 
3 minutes 56 seconds actually, by appearances; (3m 56.555s if you Use the almanec, and the fist point of Aris’, because "Aries" asi is known for 
Shor, ts nota real star, and i drifts slowly through the Zodiac) 
Stars’complete one extra orbit 360° ~ than the Sun in one year ~ 366% in 36514 days ~ so that's about 1° per day which is 4 minutes of time. 


By “time” we mean Sun-time "15° per hour on average”, in ordinary usage — a slightly varying rate in practice, 
By “startime” we mean "15 and a bit degrees per hour Spin rate ~ a constant rate" 


‘The stars outrun the Sun, night by night, by 1° on average, so the Sun seems to migrate "backwards’—to the east—through the Zodiac belt of stars 
You could say: “The Sun drags its future after it!”, meaning that the Sun sets in the West, but its future star-position shows up just to the East 


‘You can zero your star-time, by timing when a bright star (preferably one near the Equatorial belt) passes overhead, or north or south of you on a 
particular night from a known particular longitude. You then calculate star-time from °Sun-Time plus 3mS6s per day since then” including part-days 
In your detailed calculation, ata rate of 10 seconds time per extra hour ~ 1 second per six minutes. 

‘Your reference longitude becomes like Greenwich to you ~ or, alternatively, you can adjust everything back to Greenwich longitude and Greenwich 
star time. You can also buy quartz controlled star-watches or calculators. 


Adjusted Moon-Cusp North: To the Left or Right, By Moving the Sun 


“Cusp-North” can be improved, by mentally moving the Sun away from the Ecliptic onto the sky Equator. Do the adjustment once a day. Guess the 
declination of the Sun, from the season; then shift it onto the nearest bit of the Equator and the Sun-to-Moon illumination angle may tlt a lite, 
Instead of pointing to the pole star for the Ecliptic, in Draco, the new cusp-North will point more to the pole star for the Equator — Polaris. 
Eg, the midwinter Sun needs to climb 2314 degrees higher — which would tlt the cusps of the Moon (due to the shift in illumination). Diagram 4. 
Caution: The illumination angle of the Moon does not change much when the Moon is shifted onto the Equator, and not at all for a half-Moon, 
.g. a half Moon (90° from the Sun) at Equinox could be adjusted by 23° to bring it onto the Equator (It ike the Sun at Solstice), (diagram 2) 
but cusp North does not change. Being 90° from the Sun the cusps outline one and the same great-cirle. 
For the Southern Hemisphere Setting q_ (PY The Early Summer Sun 
Tooking into the sky... Equator (it also creeps east 
backwards’ — 
‘along the Ecliptic) 


Equinoctial Sun 


"i 

‘Spring Equinox 

—The Winter Ecliptc leads’ the Summer Sun. 
Cusp North moves to the left 


‘casp North does not move to the right 9) 
Beware of perspective tricks 


“By the Nose” Navigation 
(ur Mental Map is a Nose-Eye View ~ not at all ike the bied's-eye-view given by a layout map. (See “Strip Map Navigation’ p.95c) 
‘Oh yes, our mind eventually fils outa (spatialy-soli)laveut map, but inital we collect a set of (spavally confused) mental photoaraphs 
from al afferent perspectives taken from around level. Our mind doesn deal in map symbols or contour lines! 
Rather ithas seareh images, image enhancement, image recognition, tnree-dimensional Images, and memorsed relative angles. 
Consequently, a more natural method of finding your way is what I call ‘Nose Navigation’ ~ almost opposite to mapurork. 
Nose navigation uses “strip maps’ (Section 4), relative angles, and a couple of special mnemonics. 
“Because (my shadow) seemed to shift right just now; Therefore I _ must have turned left” 
Now substitute inthe (..): Ayer's Rock/Uluru; That distant cloud; The Sun; The Moon; Compass Needle; East Wind; The ROF Nul; That bight stor 
Inother words: “My Nose Turns EVERYTHING Away!" le. wen I turn my node, everything else seems to turn opposisy. 
‘This simple rule attacks head-on your insistent illusion that you have been walking “straight” ahead! 
‘And your illogical belief that “Ayers Rock has moved" Neither has your shadow "turned ight just now, simply Because your nose “hasn't maved'! 
tis not as easy as you think to apply, e.g. when you are reenacting where you thought you hai gone, in your (already confused) head 
‘The second nose mnemonic ison the opposite page 
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Section 1: Big Picture; Top Down 


Seasonal Adjustments For Equinoctial East 


Shadows move due East at Equinox, alladav. At other times of year, when sunrise/sunset is not due East/West, the Shadow path curves slightly at an 
angle away from sunrise/sunset, an angle which you should become familiar with each week. Start by assuming that the shadow is moving “East”. 
Verify this Rule: Shadow Paths Bulge toward the Hat Pole, even in the tropic, in both hemispheres. (The Sun crosses at Sept 22 & March 21°) 
Adjustment: The first guess at "Hot Pole” Needs to be Adjusted Slightly, less near noon, little or none nearer equinox, to "un-bulge" the path 
‘mid-Winter path Remember that "the Southern Sun Sets Somewhat South in Southern Summer", so that 
es opposite-Sunrise & opposite-Sunset need to come back South to point out E & W correctly 


* equinoctial path ~~ E.g. You guess East (or West in the a.m.) from the shadows movement over 1 minute, 


NH mid Summer path (twill roughly be opposite sunset/sunrise direction if you are late/early n the day) 


Equator then twist your guess a litle back to the true hot pole, and to due East (or West). 
H Lets sy itis midwine nthe Southern Hemisphere, so your shadow is Somenhere Nga 


—__*_ summer Sof you, The hot pole'is the North Poe, so tst Nort, 08 gauged from your 
equinoctial pat —————— > shadow tip, away from the shadow, back toward you (i.e. North, to the hot North pole) A 
arn tip 


Winter Visualise the bulge, then straighten it out at each end, back toward the hot pol. 


North-Finding from Two Paper Triangles © oreven from only one 


Cut out a back-to-back triangle shape and fold it along the join. Line it up as shown and 'N’ will point to Polaris 
‘1'is your South latitude (For the Northern Hemisphere use the North Latitude and swap N& S) 
°2'is the polar distance of the Sun (from the ‘depressed’ pole, N) horizor 


ie. its co-declination, oF 90°-N dec. See p. 18. 
You can set it by observation or calculation; and can fold it tothe correct angle, rather than cutting it. 
(3's a right-angle, but "2’ and the horizontal is what really matters) 
This two-triangle method works best away from noon, but nearer noon simply find the way shadows move 
‘The 'N-S' edge is parallel to the Earth’s axis and acts as a hinge around which the Sun revolves. (OO 
Sun and shadows move at right angles to that axis. 
‘You only need one of the two angles i you find the direction of shadow movement Point this edge to the Sun 
and swivel 'N-S' to be perpendicular to that. (You don't even need one angle, near noon) S (so itcasts no shadow) 
.g. Poke a straight stick into the ground, pointing at the Sun, casting no shadow; (Or use any point-shadow rotating around its point) 
BY waiting a short while, find the direction of movement at a half-way point, in mid-air |-e. maintaining an equal distance to the tp, 
{and manoevre your N-S" axis (index finger), to be perpendicular to how shadows move, then at the correct angle to the Sun and/or Horizontal 


Working the Star-Longitude Numbers 

“The reference star point, @ non-star is OPN/S;0°E/W and is called "The Fist Point of Ares” or “the Vernal Equinox" where the ‘northern spring’ Sun 
crosses the ecliptic (on March 21). Other stars are measured from that (imaginary) star, like laitude and longitude are measured from 0,0 a name- 
tess spot of ocean — each star has an almost Mixed longitude in relation to Ares 
I/S “aitude'Is called +/- Declination 
EW ‘longitude’ scaled (a) Right Aecansion — R.A. ~ of'Star Time’ — Its measured Eastemy, in hours at 15° per hour, from “Aris 

‘Or. (6) Hour-Angle ~ HA. ~ its measured Westerly, in degrees, Ike longitude, but 360° eroun, from "Ares 
“The first, RA, is designed to tellus the time ~ when the star wil show ~ since all the stars mave around westward with Aries 
‘The secon, HA, is designed to track the West longitude ofthe star in reference to the Earth, asthe star progresses West around, 
We need them both, but they are entirely equivalent to each other. 
(he only trouble is that a star hour’ of 15° is slighty faster than @ Sun hour of 15° of progress to the West.) 
Next you need to know thatthe frst point of aries was at 100° W. Earth longitude at the Beginning ofthe milennium, 
and at every turn of leap-year thereafter, at January 1.0 (midnight). Then it gains ata rate of 1.002737909, or about 1° per day on the Sun, (3m 
56s time), 2 thatthe stors turn full crle duting four seasons. "1°" is adequate accuracy inthe short term for us But not for yacht navigators 
Eg, January 31.5" 100430°+0.5° W., then you add the H.A, (or subtract 15x the RA. ours) fora parcuar star — that's the longitude where the 
Star wil be overhead For exact numbers consult an almanac, but | am concerned here with giving you an overview. 


Topographic-Level Winds 


‘This is what you feel in your face at ground level, or close to it 
Fog; Smoke; Valley Winds; Sea Breeze; Eddies; Catabatic Winds; Forest Winds; Scree-Slope Winds; Mountain Winds; Glacier Winds; Lake Winds 
‘The various thermal winds listed will ofcourse be very variable. The thermal winds flow from cooler areas, before rising in the warmer region. 
Nevertheless they may betray the slope of the land, for instance at night. For example, fog forms on calm cold nights then drifts slowly downslope. 
Being dense, fog will drift down-valley, downstream, and off-shore. You can see the location of creek outlets from the early morning beach fog, 


‘The ground-winds due to pressure systems, are affected by overall friction and therefore average out slower and less Sun-twisted than upper-winds. 
Ground-level winds form waves, foam ‘streets’, sand ripples & dunes, drag marks, snow ripples & drifts, which all may persist beyond the winds, 
and they cause lopsided bushes and salt-spray"cut’ bushes. See Section 3 for more details. 


Gusts are at diferent directions to lulls since upper winds penetrate to lower layers. 


“Nose-Navigation Needs an ‘Anti’ Mnemonic”: “Nor-West, Not-Least” 


N.O.R. West: “North on Right = Going West” or “Needle on Right = Going West” je. going into the westerty half (top diagram) 
N'O-T.Ligost: *North on the Left = Going East” or "Needle onthe Let = Going East” the eastery halt {bottom diagram) 
“This is almays true when you ae relying on ‘Needle North”, You don’t have to think any further. But, o 

Tis equivalent to ANTI-CLOCKWISE BEARINGS, which you cant read from a clockwise-marked protractor N Needle onthe Right 
“The following numbers refer to an ordinary compass — marked clock-wise, and set to O° as straight ahead 7 lea Use "NORWest™ 
{not Worth) s0 North swings left ane right instead “The compass needle might point to "045° NE" 

Ssermpe: inthe ron or fog; the needle sings meeninglessiy Sut your note s pointing NW ()] = north-west Noasew 
Example: deep ina cave network I 

Example: ona yacht, with fied hand compass The compass protractor numbers say “NorthWest, 315° Needle onthe Left 
Example: with fixed car-compess, not marked antclockiise But feareseis pang ne [PJ “se noize 
Example: making a stip map or using one 
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Section 1: Big Picture; Top Down 


Top Down Orientation 
“The Big Bang Universe bloated over billions of years; and broke into bubbles of turbulence; ll bits in each bubble orbiting each other; in milions of 
galoxies, with 20 or s0 galaxies in our lite focal cluster; 
Local galaxies, lice the Magellanic Clouds or Andromeda, glow milky just as galat-ose' says ‘milk-suger) 
Our galaxy is 2 great spiral, swing slowly, anticlockwise from above ie. Eastwards around its North-South spin-axis 
= flat like a fried egg — a great circle’, glowing as the Milky Way. The thickest milkiness, in Sagittarius, marks the Galaxy Centre. 
“The milky Way is lke the ‘Equatoral plane forthe whale spiral, seen from within, with ts northern pole star in Berenice's al (26° N. 168° W.) 
and Its Southern pole star in Sculptor (28° S. 348° W. 012° €) and our milky galaxy i, ints own turn, fl f spinning, gyrating gyroscopes, 
‘You know how 2 spinning top will pirouette with a slow-motion gyration when i tls slighty? Well, precession, as its alle, causes slow changes. 
Stars are Suns, expecially shiny in our own spiral arm ofthe galaxy (I. closest) and seemingly set solidly in space by their extremely slow mation 
So the constellation shapes are chartabe for centuries. Thelr apparent positions are gridéed out in relation to the first point of Aris, which in tur is 
fixed each yearby our Northern Spring Equinox-not a star in tie Sky, but a point which creeps along the Eaipuc, to the West. 
Hint: When you are wondering whether 2 rule holds in both hemispheres or not, ask yourself whether You are down atthe level ofthe spinning 
Earth or up Beyond that ina larger scale. Try to imagine looking at the whole globe from an outside perspective. £9. the appearance ofthe Moon 
Hits phase, eclipses, tidal forces, etc ~ is mostly independent of where we look ati from Earth — and will be te same for both hemispheres, 
jut ies apparent path ~"noon’ direction; se/set angle; etc lz seen down at Earth level ~ it changes withthe hemispheres. 


Revision, Overview and Explanations 


Closer to Home 


‘The solar system is also spinning flat, anticlockwise, but slanted — tied like a top, in relation to the Galaxy, and faster. 
Ike"top’ star ls currently in Draco, in the North. Its bottom star In the South, is the larger Magellanie cloud. 

Its ‘Equator’ is called the 'Eclipti’ — marked by the stars in the Zodiac, and the planets. In our lifetime we won't notice the Ecliptic stars change. 
Our Sun cirdes the centre of the galaxy every 225 milion years—heading toward Suhall 

‘To our sight, because we orbit it Eastwards, i. around its N/S axis, not ours, it swings Seasonally, and also edges Easterly along the Ecliptic circle, 
revealing new zodiac stars to the West of it, and placing itself diametrically opposite a series of anti-Solar stars, 

so giving us a star calendar to look for. 

Italso spins easterly, on its own axis, showing its sunspots for some days at atime. 

‘The planets lie planar, ‘wandering’ (as the Greek word plan-et says), in the Zodiac plane, circling easterly around the Sun, over a timescale of 
decades, and only ever seen very close to the Eeliptc, 

Mnemonic: Son, my very earnest mother ‘as just served us 19 platefuls. Sun, Mercury, Venus, Earth, Mars, asteroids, Jupiter, Saturn, Uranus, Nep- 
tune, Pluto. 

‘The earth is an inner planet, circling the Sun, easterly, so that the stars seem to out-run the Sun in setting West — star-time spins more speedily 
than solar time. Planets closer to the Sun than we are, are never seen far from the Sun, but outer planets can move right away from It. 


The Moon 


moves mostly on the Ecliptic but might miss that mark by as much as 5°. This 5° slant causes a precessional change taking 19 years to cycle. 
‘The Moon moves around the Earth monthly in an easterly ellipse, 
and ever eyeing us, each full Moon, isthe Rabbit, because the Moon also spins easterly, on its own axis, exactly once a month, soit stays facing us. 


‘Ra oon raves comets ant wehmware, sors fevlacis sands tne oy ach enl 22 ee mirsipen nr por dy. 
Ins asi ul the ide tty to rater each diay, alost an hour topo oral lecaly faa day deo con C 
A Tabhaon tee ands uly appt hes give or ka 7 


‘The Moon is most responsible for tidal forces, but the Sun plays Some part too, reinforcing or diminishing the Moon's effect and chanaiig the timing 
idal force attracts the nearest water the most, and the farthest water the least, resulting in two tidal bulges. ° 

When the Moon is eccentric rom our Equator, there is one big Northern bulge every 24 hours, 

and a smaller high tide every 24 hours, as the Earth spins through the bulges. 

‘There are equal bulges every 12 hours on the Equator. In between are the low tides, every 12 hours. 

‘You should be able to tell which bulge is ‘nearest’ the Moon despite delays due to friction. 

Southern latitudes will have one big bulge every 24 hours, and ene ‘small high tide’ every 24 hours, ofset fi from the NH. 

‘Try to correlate the Moon's phase, declination and height with the local tidestiming, inequality, range—e.d foon rises with the tide" 


The Moving Horizon 


Since it isthe Earth which is spinning, not the Universe, itis the horizon which rises, in the West ~ where it eclipses the Sun, 
So that the Sun only seems to set in the West. 

‘The horizon slumps in the East, so that all the sky things ~ Sun, Moon, planets, stars — seem to ‘rise’ in the East. 

[Any spots on the Northern half ofthe horizon, circle to the east around Polaris — clockwise through the sky — je. ‘seen from below’. Or, seen fram 
above, that is from the North, looking South, spots on the Southern horizon circle anticlockwise around South Pole Star i.e. seen as if from the top’ 
looking down on the Earth and its South Pole star. They hit the same stars each night, at the same angle, which is related to latitude, 

so that the fixed stars none-the-less seem to trall'small circle’ tracks through our sky, and they alvays hit their favourite horizon spéts when they 
set, always at the same angle, 

and those same stars will rise later in mirror image to that around North/South, giving rise to north-south-east-west finding by bisection. 

‘And Equatorial stars will rise/set due East/West. 

‘The southern-hemisphere horizons move to the right, the northern-hemisphere ones to the left. Looking South though, from either hemisphere, it 
will be seen as the horizon circling anti-clockwise around the South-pole star. How come? Well, the southerners see the battom of the star-crcles, 
around an elevated pole-star, the northerners see the top of the same circles, around a depressed pole-star. 


The Spinning Earth 


‘The earth is spinning like a top, on its own axis, easterly, half as fast as a "12 hour’ clock. 
‘This gives us the single most dominant direction clue on the otherwise uniformly round Earth—the North-South spin axis of the Earth. 
Spot its Equatorial Pane by the Pot. The top’ is always pointed to Polaris, Spot the South Pole Star by the Seven Superstars surrounding I. 

‘The spin generates a magnetic core more or less North/South —~ Find magnetic North in far northern Canada, 

‘The magnetic field poles generate auroral displays, anywhere near the poles. 

‘The earth is also tilted like a top, at 20 odd degrees. 

‘he tlt. gives rise to seasonal Sun height shifts, somewhat lke a sinewave (Just imagine the Earth’ tted spinaxis not changing as we orbit the Sun) 
and it tums on un-twinned top-of-the-tide bulges, twice in 24 hours, The Pole Stars are latitude® down/ up @ 0°/180° T. 

‘Any tilted top wll precess the equinoxes ~ this generates a precessional gyration of 26,000 years, 

but this time, retrogradely, ie. to the West, along the Ecliptic (3° In 200 years) — i.e. the stars ‘move’ to the East through our star-map- ori. 
Longitude has a lot to do with spin-time, seen from above the spin-axis. Eg. West longitude is how long after Greenwich, a place meets the Sun. 
When we want to mark the apparent place of the Sun in the sky, oF anything else, at any particular time, 

we can just record the latitude and longitude of the point on Earth directly ‘under’ it .e. closest to it 

But visualising that in reverse, we simply project the Equator and poles, latitude and longitude up onto the heavens to grid them out. 
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peak spectrum efficiency is 30 bps/Hz for downlink and 15 bps/Hz for uplink [32]. This is mostly 
important for the xMBB services class [212,214]. Since this performance requirement is not relevant for 
activity-based IoT application classes which are associated with the mMTC and uMTC service class, 
it has not been further considered herein. 


4.10. Summary of loT in 5G Performance Requirements 


Activity 
service clas 


based classes of IoT applications are associated with performance requirements of 5G 
,,ie., mMTC and uMTC. On the basis of the literature review, each activity-based class 
(ticketing-, tracking-, monitoring-, and managing /controlling-based class) is associated with mMTC 
service class, while the monitoring- and managing /controlling-based classes are the only ones linked 
to the uMTC service class. According to the authors’ best knowledge, there is no available literature 
concerning the uMTC ticketing- and tracking-based classes of IoT applications or such IoT customer 
service requests. 

Activity-based IoT application classes pose many performance requirements, which have been 
cd in terms of data rate, mobility (speed), latency, connection density, reliability, positioning 
accuracy, coverage, and energy efficiency. These performance requirements have been assigned 
three-level priorities (high, medium, low) for the purpose of facilitating identification of the enabling, 
technologies used to fulfill them. Based on the literature review, it was found that each activity-based 
IoT application class poses high requirements in terms of connection density except the uMTC 
managing/controlling-based IoT application class. Moreover, ticketing- and tracking-based loT 
application classes have high requirements in terms of positioning accuracy, coverage, and energy 
efficiency. Additionally, positioning accuracy is a highly important performance requirement for the 
uMTC managing /controlling-based IoT application class, whereas coverage is important for both 
uMTC and mMTC monitoring-based IoT application classes. Finally, latency and reliability represent 
highly important performance requirements for uMTC monitoring- and managing/controlling-based. 
IoT application classes. A deep and comprehensive understanding of performance requirements 
of each activity-based IoT application class may facilitate the selection of 5G enabling technologies 
needed to meet them as described in the following section. 


disc 


5. loT in 5G Enabling Technologies 


Activity-based classification of loT applications proposed in Section 3 allows telecom operators to 
identify performance requirements of each class relying on 5G service classification, as discussed in 
Section 4. However, these performance requirements cannot be satisfied for many IoT applications with 
current cellular (2nd, 3rd, and 4th generation) network technologies, since they limit their potential due 
to many issues [3], ie., protocol implementation complexity, poor coverage in non-urban environments, 
high cost of networking equipment and data transmission. In order to overcome these issues, many 
dedicated communication technologies are being installed. 

From the very beginning of IoT, many proprietary technologies, such as radio-frequency 
identification (RFID), wireless highway addressable remote transducer (WirelessHART) or Z-Wave, 
have firstappeared, and then, more generic ones, such as Bluetooth, IEEE 802.15.4, [Pv6 over low-power 
wireless personal area networks (6LoWPAN). However, none of these technologies have become a 
market leader mainly because of technology shortcomings and business model uncertainty [219] 
Hence, new solutions, such as low-power wireless fidelity (LP Wi-Fi), low-power wide area (LPWA) 
or several improvements for cellular M2M communications have become serious candidates for loT 
implementation. LP Wi-Fi is an IEEE 802.11ah standard designed to extend the application area of 
WiFi networks in order to meet IoT requirements (ie., large number of devices, lange coverage range, 
energy constrains). First performance studies indicate that this standard will support a broad range of 
M2M scenarios with a required QoS level, and enable scalable and cost-effective solutions. In addition, 
LPWA networks have been deployed for some time in the form of many different proprietary solutions 
(e.g, Amber Wireless, Coronis, Huawei's CloT, LoRa, M2M Spectrum Networks, Sigfox, Weightless, 


Section 1: Big Picture; Top Down 
Revision, Overview and Explanations 


Time is counted in cycles 
“The larger the distance scale of any motion ~ pulsation oF precession, orbit or rotation ~ the larger the time scale of the cycle of change. 
“The Universe hos been expanding its size and condensing ks matter for many billins of years (and perhaps it wil nat ‘cycle’ Ie appears static to Us 
Geological history spans bilions of years, ike the existence of our pital arm. Tn our lives we see ony a frozen frame of our spiraling Galaxy. 18 
cycles, but we cant see I The Umescale of the rotation ofthe galaxy isn hundreds of milion of years 
1m ourlifespan we see only the slightest change in relative star positons, through telescopes, cue to the ‘proper’ motions of the nearest stars. 
{tis in the nature of spiral turbulent motion that the larger rotation replicates itself inthe smaller scale, but at a faster rate. 
Each of the components of our solar system are also rotating and orbiting inthe same rotation sense asthe Galaxy. (Uranus is an exception) 
For example, the Earth rotating eastwards, orbiting the Sun eastwards, and has a Moon rotating eastvards and orbiting us eastwards 
“Anticloclawise, as seen from the North” is the single best spin you can put upon all that you see—inclucing the N/S Earth spin-axs as 
“the single best direction cue on our spherical Earth’. The tof the Earth's spivaxis gives us the year, and the Moons orl gives us the month, 
independent of our rotation. The Earth's rotation gives us our day. Star time outstrips solar time slowly. The Southern Cross clocks it correctly atthe 
dlose of March, and the Centaur soon follows. The fist point of Aries gains a touch over the stars, migrating SO seconds of are along the Ecliptc per 
Year. The vernal equinox arrives 59 seconds late for its 266th “orbit, after 365 days, requiring 24 leap years in 100 years. 365.242 days per year 
‘Atomic time, used for astronomy, is independent of all hese tilted rotations, orbits and precessions, which ar all independent of each other too. 


The Precession of the Equinoxes 


‘The actual or ‘proper’ motions ofthe stars are only of cosmological interest, because they change relative positions only over centuries. 
But history, actually our slowly gyrating Earth-spin axis, rewrites our star charts (improperly, as it were) with precessional revisionism, so that stars 
move’ slowly easterly through our star-map-reference-grid~an Earth-centred way of seeing the sky — with 26,000 years needed to complete a full 
circle precessionary Earth-wobble. This artificial mation is called “the precession of the equinoxes"— which means that our reference grid readjusts 
just a5 quickly as our earth axis of spin precesses — by five arc minutes in six years, That's why we need an almanac to predict the fixed” star posi- 
tionstt A good analogy would be the slow drift of the north magnetic pole, if we set our latitude and longitude by it~ that would yield a false or 
“improper ‘continental drift’ in addition to the proper continental drift. ‘See the appendix at p. 123, 

To visualise the Ecliptic, consider the Equator in the heavens to be geostationary, although invisible, but the Ecliptic to be lke a sinewave moving 
dally to the West along it, on the video display unit of the sky~as on a cathode ray oscilloscope—with a period of 24 hrs & an amplitude of 23°¥%, 
‘The Sun appears fixed somewhere along the Ecliptic, creeping "backwards’ on it (against the setting sky)—to the East—during the whole year 

‘To visualise the precession of ‘the Equinoxes', imagine that the points where the Ecliptic sinewave crosses the Equator (the x-axis), move 

forwards’ (withthe setting sky) — to the West, very very slowly — during the millennium. At the moment these ‘equinoctial points’ are between 
Regulus & Spica (the Autumnal Equinox), and between Diphda & Markab (the Vernal or Spring Equinox, or the 1st point of Aries, (0,0) for the stars). 
‘You might say that the Sun and the Moon and the outer planets all move West through our sky but East through the starry heavens, 


Global Weather Patterns 


‘The spinning globe makes the climate zones, and weather belt, follow the latitude bands. When the wind tries to blow, from a High, into a Low, 

In the Northern Hemisphere/Southern Hemisphere you see huge anticlockwise/clockwise spirals instead, by Corilis force. E.. the wind, tries to go 
straight ahead from the hot spin-equator to the cold spin-pole while the spinning Earth slows down beneath it (it moves slower nearer the Poles). 

In the North the wind therefore seems to "move to the right" as we see it, and in the Southern hernisohere "to the left. Circulation is the result. 
Note: Winds around a Low go against the Coriolis force. To visualise the pressure system winds at low level, Imagine placing two flat-headed screws 
pointing up, one on Japan and-one on Sydney, an ordinary rightshanded screw for Japan but a left-handed spiral screw for the Southern Her 
Sphere. Run your fingers over the threads and a right-hand thread is ike screwing a screw in or out, aleftshand thread Is opposite. 
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Ground-level winds East 


The Spherical Earth 


‘The earth is curved round, ike @ globe, 360° round — 40,000 km around (by definition ofa kilometre) 21,600 nautical miles, by definition. 
© at 400 grads in a circle that’s 100 km/orad © at 360° ina circle that's 111.1 km/degree. 

“The Equator isa “great circle’. Longitude circles are "Great Circles’ ~ passing through opposite poles, and perpendicular to all latitude lines. 
Longitude counts 360° around East or West, or 180° East and 180° West from Greenwich. 

Its North/South dividing lines mark out 24 one hour time zones of 15° each, and those North-South lines must converge on the poles, so that longi 
tude degrees are of unequal arc-length at different latitudes. 

Latitude has 90 equal degrees from the Equator to pole around the surface, which, by definition of the nautical mile, as one minute of are, makes 
60 nautical miles par degree of ‘are-distance’. 21,600 nautical miles must be the same as 40,000 km, so that's 10 km to 5.4 nautical miles. (2 to 1) 
Latitude circles are ‘small circes” 

We use them to divide the polar regions from the temperate regions (with the Arctic Cirle, for instance, marking the limits of 24-hour nights); 

and to divide the temperate regions from the tropics (for instance with the Tropic of Capricorn, wich marks the limit of "high noon’ fully overhead). 
“Polar Distance’ complements the ‘Latitude’ and reminds us that arc-distance is real distance. 


Moving the Horizon 


[At the spin-equator, on a globe, the polestars must lie horizontally, and the Equatorial spin-plane must pass East/West overhead. 
But move north/south to another latitude, and the earth being round, the horizon — which fellows you, like ‘up’ changing with you — must fall and 
rise laitude-degrees, so that one pole star falls latitude-degrees out of sight behind you and the other one, ahead, elevates latitude-degrees above 
the horizon. The Equatorial plane must also fall latitude-degrees, behind you as you move, from being overhead. Other star-latitude (declination) 
circles in the sky (e.g. star-tral circles) must also rise or fall the Same amount — latitude degrees. 

Now this same thing happens if you move in any direction, say ex degrees away, but for this let's ust temporarily freeze the spinning of the globe. 
“Horizontal” and "up’ must follow with you exactly ex degrees, and so the horizon now blocks out ex degrees of sky behind you, and reveals ex de- 
grees of new sky ahead of you. 

Looking side on, you wil see the horizon tilt by ex degrees in relation to the old skyscape, lifting behind and falling ahead, of your direction of travel 
Looking at the same star-time any night, will temporarily freeze the nightly spinning of the Earth" for you, for star navigation. 


Spherical geometry also means that if place is 2° or 20° away from you, then it must also be 1° or 10° below your horizon — half the are distance 
Eg. the North Pole on Earth is Vs x (90° minus latitude®) below horizontal, and at O° True. 


23 END OF SECTION ONE 


Section 2: The Inside Story—Mental Manoeuvres 
Navigation is More Than Navigating 


Properly done, navigation is your chance to fit yourself in to the experience of walking through the land. 
Why are you there walking?... Navigation zeroes in on the land. Do you want to sae the landscape”... Navigation opens your eyes. 
Don't you want to appreciate ecology and geography... Navigate by them! Navigation stops you “drifting off” into mindless incompetence. 
Do you want to remember the views and special places?... Navigation forces you to imprave such memories, 

So, achieve confidence wrien you are alone; tackle more dificult trips; lead others; call yourself “experienced” navigation is the key. 


Common Sense 


Navigation skills invite you into the wilderness. The wildemess isa wild place! ~ a world of dangers. Don’t go. But if you do. 
‘at least make sure your navigation skills are up to the task. 

Likewise: Don’t venture to sea with approximate star navigation techniques until you know exactly what you're doing. 

Learn much more about standard astronavigation, before you experiment with new techniques. 


Your Subconscious is Superior to Science! 


‘Your natural abilities will doa better job at keeping you oriented. Your brain is @ supercomputer. 
‘That makes it subject to the "rubbish in; rubbish out” truism. Your job Is to feed relevant data to your subconscious, not to feed, say, a calculator. 


[As far as important detail goes, your mind will ‘go for the jugular. Exact science will go for unimportant decimal places. 


E.g. I can immediately guess “about 8 km away" far more quickly than any triangulation. 
E.g. Wil any numbers ever tell you how to recognise where you are? Or how to imagine what that peak might look like from behind? 


So feed clues into your brain. It is portable, waterproof and teachable. 


Don't leave your mental map behind. 


Visual Assessment is Your Main Clue — Rely on It More 


Since noone navigates well when they "can’t see where they are going", we must be relying on visual assessment most of the time. 
“The idea is to run with that fact of life, and make sure you have a good look when you can 
(e.g. rom the lookout; while driving up; at the crest of a ridge; at the waterfall; on the bridge; in the riverbed) 
Further, bring to conscious focus what is normally subconscious, in what you see. 
[And aim to remember what you saw. (Draw it; take notes; talk It out; use visual memory skills) 
A What-to-Look-for Checklist: How far is it to the skyline? Where are the Sun, sunrise, Moon, wind and North in relation ta the skyline? 
How does the weather interact with the land ~ wind, cloud base, Sun shadow, wind shadow, cloud shadows, haze? 
‘Talk the skyline through — name its features. What do you recognise already? What does it remind you of? 
What landmarks are visible? What distances to landmarks? What sizes of hills? What isthe strike or trend of the ridges, ranges & valleys? 
What angles between landmarks? What alignments? "What valleys will your current path take you through? 
What lies in between? What slopes & shapes are showing, especially for your route? Can you see the path ahead? 1s it curved? 
What difficulties lie ahead? What easier paths are there? What clear lines of sight are there? What alignments will become visible? 
Can anyone see where you have come from? Could you recognise ‘here’ again? Can you see your destination or departure point? 
How many different vegetation types? How high ist to the skyline in each direction? How does what you see mesh with the map? 


Integrate: Jetstream, Earth Rotation & Heaven Rotation 


Imagine your global mation. Tilt yourself and try (futlely) to oppose the supersonic speed af the Earth's rotation, as if walking upon a treadmill. 
‘Alm for a Big Picture feel’ for each local direction. 
‘The idea is to go outside and walk through each of these motions until you know what it fees lke. 


(Goth hemispheres) 


When you ar .standing still or moving Westwards or ‘Eastwards ‘or Northwards or Southwards 
(read down these lists, each in turn) 
‘The Earth rotates Eastwarde rotates against you rotates with you to your right, to your left 
‘The Heavens move Westwards slowly forward ‘quickly upwards to your lett clotkwise 
The high clouds jet Eastwards zoom toward you creep ahead of you move to your right to your left 
‘oppose the heavens 
outrun the Earth 
You are being tilted to the East backwards forwards to your right, to your left 
Lean oppositely to the West forwards backwards to your lett to your right, 


Measuring angles at 1 cm per degree 


Hold the loop-knot below your eyeball 


Make the total distance 57em to 69cm Use a ruler marked in centimeters 


57.3 works best for small angles 
60 works best beyond 10° 


Orientation 


Orientation = Direction Sense 


Oriental means “the rising” ie. in the East (i.e. East from Europe!). Occidental means "the setting” i.e. in the West, 
‘Because most ancient temples faced the midyear sunrise and there were no North-pointing magnetic compasses, and since all the world 
can agree on where equinactial sunrise is, most of the rest of the world has used East, for most of Time, as their method of "orientation 
= as their cardinal direction. Imagine putting East at the top of maps, so the Sun “alls down” the page. 

Before magnets, East was the sensible choice for a standard direction. 
This Is no coincidence: “To the East” is also the watchword for the spin-sense of all our solar system parts. "North" and/or "South’ is inferior 
‘The direction of the axis of rotation doesn’t tell you the sense of rotation; But the direction of rotation, gives you the axis of rotation as wel, 
East was the more sensible choice. You didn’t lose orientation when you crossed the Equator; the Sun stil rose in the East. 
recommend that you concentrate on this when changing hemispheres, and even new, to maintain your global ‘orientation 
Orientation means direction sense, direction finding, direction recognition, placing yourself in relation to over-the-horizon landmarks, 
(Or twisting anything (e.g. your map) to the right orientation, 
‘Then again, it means starting off by getting your bearings straight. 
Orienteering means athletes running through the bush, 
Disorientation means... possible death. 


The Navigator’s Top 10 Problems; and Band-aid Solutions 

1. Not staying alert to navigation; not doing all you need to do...Talk navigation; lave navigation; practise navigation; Interpret all dues 
2. Few Clues £-g. Reir/Fog/Bhezard/ightéme/Tall grass or” Si stil, until you con see; go prepared 

dense vegetation/Lookalike landscapes 0, with a contour map; a compass; lear how to keep consistent courses 
3. Getting Lose Remember the start direction 
4 Gating Disoriented Be abe to reorient; imagine the Sun in all situations; work top-down 
5. Forgetting the Way, the bends, ete. Take @ notebook and penal tak it outloud 
6 Losing track of direction Predict the trend; use 2 compass; a notebook; integrate all direction clues 
7 Losing track of distance Predict the timing? use a wateh; use the map scale; and notebook 
& Inadequate Map- Work Learn how to use a mapy study it first 
5. Notlearning how to navigate “Take this Booklet. Practise. 

Not knowing what to look for e.g. bush north Practise being observant, atthe expense of other preoccupations. 

Not understanding e.g. the lie, contours, heavens Teach what you do know 
10. Choosing a wrong of dificult route Get directions 

ga long “shortcut” across a dense gully Dont ‘shortcut. 


Reorientation 
Reorientation isnot an automatic body sense — its an ongoing ation 
“orientation in navigation is a misnomer, since It suggests some srt of intallsaon, not tobe repeated, rather than a continuous reprocessing 
“Re-orientation” is a more accurate description of what the navigator is involved in. Continuous reorientation 
Whether its subconscious or conscious, itis something which must be gone and redone, or else you are simply not oriented, now. 
TEs not good enough simply to be "good at navigation (theary)" — you must be putting tino practice, continuously, or ele each bend will sori 
ent you 
‘The essence of reorientation is conscious interpretation of the meaning of what you are doing 
hiss, atthe best of tes, 2 bit dificult — lke mental arithmetic ~ but & must be done, or ele your brain will remain confused. 
‘You may hape that direction sense would “become automatic with practice, but the last step of conacous Interpretation must remain conscious 
‘And that Is the process which should become second-nature, You mst be aware, or You are fooling Yourself into Talse sense of SeCLH 
Delegatng to your subconscious, is abdicating your responsiblity. So bring yourself up-to-date, continuously, and 
Do not be overconfident. You are not oriented when you think you know where you are and where other things aré—but only when you ae right 
“There are so many ways to make sily mistakes: confusing alternative systems; mistakes in numbers; forgeting your lessons; optical iusions; 
instrument erors; flawed theories; trusting approximations; misidentifying a star; making logical Blunder; and, of course... beng overconfident. 


Lost? Rule One: Stop! ..getting More Lost 
STOP ~ so that you don't get deeper into trouble. (When you get yourself into a hole, stop digging’) 
BON PANIC ~ Look for reasons fot to panieI can always walk all ight or seep under that ledge, 
‘or wait out the weather, or go hungry, or enjoy Ie 


PRAY — He really does want to help the helpless. 
SIGNAL — Shout ‘Help’, "Cooee’, Whistle, Smoky fire, Heliograph, 3 of anything, SOS, CQ, Fire at night, Flashlight ass 
LISTEN — fora reply. x 


THINK p. 374 


a 


RETHINK = your journey ‘360° SOs 
SIT It Out ~ = The Simplest Way to Beat the Fog. Gather fuel for a fire. Dont try to move — you may not win. Three quick turns 
CAMP — choose a place that will be a good "base’ for further exploration. three slow turns 
SLEEP ON IT three quick tums 
STAY — in the area, where you can be found, e.g. on the track, at a hut or intersection. (with the stick vertical) 


PLAN — Implement a pre-thought-out plan e.g. Stop, Think, Navigate, Camp, Retrace, EPIRB, Stay. 
For a Start: Slow down — almost to a stop. Be slow, cautious and thoughtful, not impulsive. 


Point and Blink = 10% Shift 


In the field you simply point and blink—If you focus in the distance, the shift is about 6 degrees, which is 10% sideways. 
6° or Lin 10 Isa very useful angle to guesstimate. Point with one eye and finger, then swap eyes, to see what a 6° shift looks like in the distance. 
For repeatability you should touch your two index fingertips as you point. 

For accuracy, use a pencil tip, and know the exact figure. The instructions below will show you how to hold the pencil to get an exact result. 
‘To put the Point and Blink method an an accurate footing, measure your Inter-Pupillary Distance at Arm's Length. 

Stand behind a window, pointing through it at some distant mark on the horizon, with both your finger-tips just touching the windowpane. 

Use one eye and the same-side finger; Press your fingerprint onto the window; Swap eyes and fingers, back and forth, moving only your eyelids; 
CCheck your alignment—both your fingertips should appear to exactly overlap when focussed on the distant object. Press your second fingerprint 
tonto the glass; Measure the separation carefully 

Because the pupil is not pinpoint, it matters that you measure the practical separation at the working distance. Measure that working distance 
carefully from the corner of your eye to the window when your pointing fingers just touch it 

Compare the two distances; ie. divide the interpupillary distance by the armslength; expect about 1:10 or 6°; Find the aresine ofthat ratio for 
better accuracy. Try tout on the length of the Southern Cross. Compare it with 3 fingers, and 4 knuckles, and your binoculars’ field of view. 
Measure again on a middle-around object, as when measuring the sidesip of a vacht by pointing at the wake. Measure out the distances as a check 
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Section 2: The Inside Story—Mental Manoeuvres, 
The “Good” Navigator. You. 


If you like exploring, you can use that to advantage. Or maybe you are a good photographer, well then you will understand ‘mental photos’ 
Use your creative writing streak, in creating memorable names, or else, appreciate the action “direct, carefree and spontaneously, 


Perhaps you are the obsessive type — well then, it’s map and compass detail which will suit you. 
So whether you are the artistic type, using your visual dominance, or the cool calculating logical sort, 
‘or maybe a thinker’ doing a good job at planning, or a “doer doing, you already have many useful sls for navigation. 


Don't talk yourself down, 


‘Those handful of useful traits which are already within you, you can develop into an orientation sense. 


Think out Loud 


‘Your subconscious will be telling you "That's odd! 
‘Your conscience will be whining “Something is wrong”. 
‘Your mind will notice, before you do, “That's new’ 


When you notice something taking inside you, you need to talk back. Out loud. Don't leave it inside 


Internal Problem Antidote 
“Shouldn't we be there by now?" Ask the others. 

Have we missed the junction?” Discuss i 

Why is the Sun over there now!” Name the lurking enemy! 


You Need Excuses to Stop and Have a Good Look 
If is a local peak, say "Let's look for a minute while we have the opportunity” 
Declare a chocolate stop! 
“Takeoff your pack, adjust the padding. Adjust your sacs, air your feet, put on a Band-Aid 
Get out the maps; Identify the landmarks. Draw the relative angles to other lookout, for future reference. 
Gt out the camera and tripod. Unpack your pack on any pretext ~ noone can move until you repack! 
Make a sketch, compose a poem. Start an interesting conversation. 
Go fora swim or wash some clothes. 
Cook your main meal at midday & keep the biscuits for the late meal 


camp there. 


‘You Can't Easily Res 


it Places Left Behind — unless you first spend memorable times there. 


Visualise Familiar but Invisible Landscape in Relation to the Sun 

‘You need to filin the vol’ between the very distant reference, and what you can see, with what you know, but can’ see. 
Tle. When you get a clear view, mentally plot and remember the sky-to-and layout for later use. “if the hil disappeared, the hut would be there.” 
Mentally reconstruct any view ithich is helpful. Eg. as seen from camp, or from the start, or the peak 
Concentrate on knowing and revisuaising landscape direction trends. "if were at home, 'd see the coast.. across there” 
Do this at various times of day, paying particular attention fo direction trends in relation to the Sun’s path. 
‘Mer al, that's what our direction sense consists of—a confidence inthe real cecions just out of sigh, based on what we can see 
‘Then, when you are “bushed in’ and you see the Sun through the canopy you can say 

"An the road is running sideways tothe Sun, the valley ies entirely of tothe right, i must have swung around lef, parallel tothe ridge. 


Section 1 dealt with the Sun/noor/North in the global abstract—unrelated to the local detail 
Section 3 deals with the local detail in relation to the Sun, 

“Land to Sky" (soon, p 38d) is specially for ane time of day, and concerned mainly with particular landmarks, not whole trends. 

But now catch up with the overall game~the Sun's path, the local skyline, and the local layout are one piece for a substantial local area, 
and you need to mentally integrate them, and earry them with you, to avoid disorientation, 


Guesstimating Angles at 1 degree per cm 
First find how to make your arm’s-length 57 em, e.9. by touching your fits together infront of you 
Next, start measuring in centimetres, 
Find a tem wide fingernail. check that your fingers are 2° wide, for 2°, 4°, 6°. Are your knuckles 2 cm apart? 215° forthe big ones 
‘Namal fst withthe thumb tucked in s 9%; 10° withthe thumb showing; a palm ie one polnt 
15° and 16° may require experimentation. 20° can be spannad with the fingers. 


entity Mh 7 Ae 


“The "Blink of eye’ method also yields 6° — point to something with your finger at arm's length or with A narrower, with one eye, and blink. 
Larger horizontal angles can be visualised from between your feet of from overhead, 


36 


Orientation 


Initial Orientation is the Single Fundamental — The Get-Back Path 


“Which way do 1 g02" is more important than "Where am 17/How far2/Where is North?’ 
“How do T get back to a familiar path home?” is the real need. That means you need to orient yourself before getting lost 
‘The single most important direction is Start to Finish i.e. Which way did you leave the car park? From what recognised point? 
“Which way have T been going?” (if had to backtrack) 
Which direction did you head off in ~ toward what identifiable point? 
E.g. “Downhill”. The direction need not be horizontal. We function on ‘paths’ more than on straight lines, 
Eg. “to the lake”. The direction need not be relative to North; It does need to be something you can reverse. 
Eg. “with the Moon ahead on the left” "the long way around "to the opposite side” “away from the mid-morning Sun” 


‘Taking a map and compass is good; A watch Is nice; But the only really necessary bit of navigation you must take with you on a walk, to get you 
back when lost or disoriented, is... what direction you have travelled out, 


Initial Orientation is the Single King Principle — and the rest may not be much help without it. See the mnemonic p. 111¢ for some help. 
Which way you went is also the single biggest help for searchers—tell someone where you are going! 


How I Manage to Get Lost or Disoriented 


starting off without paying attention blindly following the track or the leader taking a minor junction 
Choosing a hard route ~ thick vegetation ‘going without a compass, or map ‘rapped by a peak or clearing (p.45b) 
falling asleep during a journey — a gap in my reckoning... waking up in a new place ‘ot noticing the “end of track" marker 
Inside a hospital complex, or a shopping centre; coming out in look-alike landscape e.g. suburbs; losing the car on city streets. 


‘Getting out of bed the wrong way or entering a town by a last-minute bend. talking; inattention; not noticing bends & junctions; losing track 
misinterpreting "directions"; forgetting them; being given wrong directions. hurrying; “short-cuts"; leaving the track 


fn riversflats near river junctions and bends preoccupied — with map-making! or any other task 
Inadequate memory e.0. in caves, the way back, the many bends Stubborn psychological disorientation syndrome: 
‘miscommunication between parties e.g. about how & when to meet ‘confusion; Blunders (see lst p. 39b) 


‘ot enough knowledge of what to look for & how to interpret what you do see visting the Northern Hemisphere 
‘minimal input technique of navigation e.g. “just follow the signs’; averconfidence .. misinterpreting the map—especiallythe scale 

new tracks, not on a map. false identification of landmark features losing confidence just short of my goal 

Unsure of distance covered navigating by creek junctions or minor dirt roads blinkered by fo9, darkness or thick forest 

‘wrong turnings; walking in an unintentional circle; overlooking junctions; net looking back. waking up on a dark night, 180° disoriented. 
too much new territory too quickly... negotiating thick bush without keeping orientation 


Voice Your Thoughts — Don’t Suppress Important Clues 


When your silent auto-pilot notices something and tres to tell you... Say It out loud. That's the trick to I. 
Tell someone. If you are alone, yes, talk to yourself. Bring it to light. 
‘You can't remember the jigsaw bits later, ualess you look at them now! Subconscious thoughts flit away like dreams, so express them first 


‘Oh I didn't expect to reach this so soon!" ? Misidentified 
North seems to have changed. It shouldn't be out there!” _Disoriented! 
Hasn't the wind swung? Does anybody agree?" Are the others asleep!" 
"The shape’s not quite right” Most probably because i's wrong! 
“The markers have stopped” 2 Off the main track 


“The same goes for run-of-the-mill clues, forgotten clue is a missing jigsaw piece when you need it, s0 say them all outloud, 
"we're crossing a divide ~ see — we are now going downhill” 
‘Creek number... four" °Marker!.. Blaze... Cut Branch! 


Back-track in Your Mind before You Back-track on Your Steps 
Lost? 


“Dont Be Afraid to Think’ 

Spend time rethinking 

“Try to reconstruct where you might have erred. Have I overrun my goal, or am T not there yet? Or am I simply offcourse to let orto right? 
Did anything ‘not make Sense’ on the way out? 


+ Work backwards from now, before you forget. 
+ Assess how successful back-tracking might prove. 
+ Don't ask “Where do you think.." but shoot for the details — ask "Why do you think, 


Each of you should draw a mud-map separately, then come together, to compare recollections. Argue out the sequence, 
+ Backetrack on your presumptions. 


Detail the facts with @ cool head and many problems will dissolve, 


Distance using Apparent Size & 6° 


‘The visual size of people, cars, houses, as measured at arm’s length, varies with distance. You know how big they are already. 
Blink your eye or otherwise guesstimate what fraction of 6° it makes, and multiply its size up by 10, plus for the fraction, to get the distance to it 
Eg. something one knuckle space wide Is 3 times further away than ifit were 6° big, and therefore is 30 times further away than its absolute size. 


Visual Angle, Size and Distance 


Find the angle, and multiply the size up by 60 in 1-per-degree. E.g. If something 1m wide looks 5° across, = itis 12m away. 0.5° means 120m. 
Find the distance from the map, and work out the size from the apparent angle, by 1 in 60. Something 10km away, 10° wide is 10/6 km across. 
Using 7/4 in 100, for accuracy because the angle is small, something 10km away and 10° across should be 1750m wide. 


Side-wise Offset 


Blink your eye at something in the distance, and it will shift across the background skyline 
Walk sideways, pacing out the distance, until it lines up with the new skyline mark. Multiply by 10 for the distance to the something. 
Alternatively, mark the new position alongside the abject, which the “blink indicates, then walk up to it and pace out the offset distance & ten-tuple 
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Section 2: The Inside Story—Mental Manoeuvres, 
Don’t Just ‘Get By’ and ‘Make Do’ 


We all have a handful of techniques we feel comfortable with. We all get lost. 


Most "How to" books necessarily are telling you how to battle uphill ~ against your natural incompetence. 
‘This is doubly true for a "How to Improve" (your navigation) book! 

E.g. "improve your memory skills" Easily said; hard to digest. 
Get used to the idea, and therefore embrace it — the idea that you, as a good navigator, should want to extend your familiar range. 


Navigation is inherently a problem (of not being able to see around corners; of nat having a magnetic sense; of not having excellent memory; ete.) 
However humans inherently do have the potential skils to cope. But do you have the guts? 


Memories are Made of Landscapes, Not Compass Needles! 


What to look for is detailed later, but for now consider. 
How to look’ 


Use your compass and map vaguely! Approximately! Lightly! 
It is safer to be aware of their meaning, rather than to be accurate but disoriented. 


Imagine you had ne map, no compass. No signposts. No highways. 
“How did the pioneers dot!" You learn how to not get lost; how to see’ what you are looking at 


nce you get oriented, then you can bury yourself in the instructions on decimal places, for accuracy when you need it. 
Otherwise numbers and recipes have an ability te preeccupy your mind and aumb your thinking. 


‘Treat your map and compass as shy — self deprecating — and turn your piercing stare away from them to what they are pointing out to you 


You Need a Road-Map To Climb a Hill! 


It is a waste of effort to realise your mistakes at the top of a hill 
wish we had brought binoculars” is all too common a regret. 
"We must remember next time to bring all ur maps" 


‘You have few such opportunities to positively identity landmarks, 
and so you should take the chance to familiarise yourself with what each hi 


looks like from every other hill 


But often, itis only your smallest-scale map ~ the roadmap — which will show you the big layout. 
Didn't anybody bring the compass?" 


1's up to you to plan ahead, to plan on making the most of your efforts. 


‘Land to Sky — Sky to Land’ Navigation Sun. Tor 
Step Zero: Leave yourself out, and your compass, ofthe scheme of things — so that the whole lifeless picture only changes slowly. \ 
“The resut is simply tee ~ You see how the Sun shines across the landscape. Remember the anges. > 
Step One: "The Tower is Na by angle, from the Sun as I see it” Both change only slowly (or rather, seem to) as you move. 4 
‘The Big Bdhus is: You can keep track of all your bends, twists & turns, by the Sun & Land working in conjunction with eac other. 


You can locate a landmark easily through the vegetation ~ you know where to expect it when it shows itself occasionally. 
i.e. You can always easily loggte the tower/peakjete, from kilometre to kilometre, in relation to the (now slightly shifted) Sun (oF Moon, wind, cloud) 


Step Two: “The Tower is from my shadow” Ths allows you to walk away from the Sun, yet stil stay oriented to the landmark. 
Step Three: “The Anti-Tower is. from the Sun” These allow you to walk away from the landmark, 
Step Four: from my shadow’ yet still "see" where itis. 


Step Five: Mnemonic: "The Landscape on the Left Lingers Longest in the Light" ~ its apparent movement as you walk, follows the Sun 
{i the Shadow’s anticlockwise shift. (SH only) i.e. you don't need to worry much about time passing, and angles changing. 
“But Landscape on the Right... soon goes wrong” — it’moves’ against the clock-sense of the Sun. (Southern Hemisphere rules) 
ile. you need to refresh your angles more often during the day. (NH: Left Loses the Light; Right is all right) 
Step Six: Rule of Thumb: “15 km away changes at 15°/hour (i.e. at about the same rate as a low midday Sun) as you walk past it at 4 kph. 
‘The Sun shift at less than 15°/hr when its rising or setting ~ so try "20 km away/12°" to match it; and "10 km/25°" if the Sun is very high 
‘Yes, you should convert the angle to "ESE" or rename it"Just S. of sunrise” for later, But the idea is to use the Sun as itis now, not North. 


Grid-line Walk — Explore in a Square Grid Pattern 


‘This only adds 20% walking effort, but lets you know where you are, and how to get back, 

and along a route of your choice, among many choices. 
‘You need to judge a given distance, well, e.g. 100 double-paces; one minute; or 100m; or by pedometer 
Choose a reference direction as Up’ or ‘ahead’. Sun-North; Compass Needle North. 

Up:weather by clouds; down-clouds. A strong wind. Distant Hill. If needed, keep a straight line by marks} 
Choose a scale to suit your ambitions, e.g. 100m squares (so that each 10m is an extra 0.1) 

‘Try to cover a whole square at a time. Use 0.5, if needed, or you ean cross at a diagonal, 140m long, 
Count forward and back progress in whole chunks, as A-Z. G.5 means 7¥s squares. 

‘after Z comes AA, AB, AC. See p84b for making sutable mnemonics. Don't lose count! That's the worst of it. 
Count right and left progress 25 +/- 0-10, ete. Minus simply means ‘backwards’ orto the let’ of the reference, 
When you have definitely decided to head back to base, remember the grid-reference. Stop counting. 

Reset the count to Zero. This is easier than trying to count backwards, using subtraction, to get back. 
Reverse the reference direction, ¢.9. to downwind, shadow South, compass South, and continue. 
When you arrive at the original rid-count, you should be within sight of home: base. ea}ao 


BO Guess the right-angles, well 
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Orientation 


Disorientation is More Dangerous than Being Lost 
because the same disorientation that wil get you lot, may then get you more ost. 
Grientation is primarily a mental picture ~ therefore — Disorientation is @ wrong mental picture. Its one and the same principe 
So Disorientation really extends to cover more than direction sense, into bewilderment and logical debiltation! 
You can be disoriented, deluded, bewildered and irrational about more than direction or position. E.9. You may misjudge which way is up/out/back. 
Ex, you may be mistaken about the ime of day, or the existence of 9 road, oF whether the promised weather front has passed you or nat 


“Lost is don't know where I am’ which is diferent from disorientation, since position sense is independent of direction sense. 
‘Again, you can know where you are on the map, but still be bewildered on the ground — not fitting In’ even if direction-wise oriented, 

‘Then again, you can be oriented, but lost — yet not necessarily worried or in difficulties — because you are oriented. 

‘You can be’disoriented unawares — even when you know where you are — i.e. not necessarily aware of the danger of loss of direction sense. 
‘To be both disoriented and lost is most dangerous, But ft is orlentation which stops you from getting lost. 


Orientation keeps your finger on the pulse. It stops you getting disoriented. In many ways it gives you a position sense too e.9. that you are in a 
particular eatehment, downwind of a known landmark, up-Sun of the overall course, Orientation of the map puts the map onto the landscape— 
Sligned to reality~so that the map can point out its riches to you. Orientation lets you know where you are, recognise places, & know the way back 


Logical Blunders — Examples 


Mistakes of category: "The last stream was flowing to the lef” (Oops!) 
“We have crossed the main raad” (Nov, the main access road is dit, whereas the main through road is bitumen, 
but you muddle them up. Or maybe you are unaware of a fork in the main road.) 
Mistakes of number: “We have passed two lakes" (which were joined behind the intervening vegetation} 
Mistakes of quantity: "We haven't changed direction” (except for one hairpin bend!) 
Ironstone may have swung the compass, when you put the map and compass on the ground ‘for extra certainty 
Mistakes of quality: "From the peak to the lake was 090°" — but the false peak you were an, gave you a false sense of accuracy, in the mist! 
“See those houses ‘across’ the river?" — Rather, see the bend on the left ~ they are on this side! 
“The island should poke out from behind the far point. Why isn it there?" (It is'the far point, of course) 
“But we have crossed the River" No, only @ main tributary, er only onto an island 
Gaps in knowledge: "We haven't seen the junction” — because you short-cut past it; around one bush is enough! 
Unexpected: E.g. there are sometimes two parallel roads — the old & the new. E.g. a stream sometimes goes underground "Mole Creek”. 
E.g. A water canal may cross catchments, E.9, "Remember the cresic junction at the base of the hill” The ‘ill was only an island, 
‘Assumption: “That will be the ridge we want up ahead, let's turnoff here” — Unprovent! 
Ah, we are back to the road!” Yes, but not the same road! 


Trust the Untrustworthy 


W's ike people. "You can* trust anybody’, but you have to trust your life to them sometimes. 


‘A-compass has dozens of potential faults, but in a fog, you trust it, impli. 
‘You yourself are less trustworthy than a compass, 

When all you have outside your own opinions are reasonably reliable external clues (like where the Sun is!) you had better trust your life to them, 
hot to yourself. 

For instance, sometimes that ‘external clue’ is someone else telling you that you are disoriented, when you don’t think so — you had better listen? 


{A digoriented person may not want to trust the ‘untrustworthy’. Don’t let that be you, 

E.g. You may find yourself twisting the map to make it line up with a mountain which doesn't really line up, except to your expectations. 
‘You prefer to believe that the map may be distorted! 

It takes practice to believe. I once spent a whole week wondering why all the trees were pointing too much to the sunset side of noon 

Twas trusting myself, not the trees, and was simply wrong about where North was. I didnt realise which was the more trustworthy. 


Lost? Rule 2: Start! Getting Unlost. Find yourself. Regain confidence. 


(After you STOP getting lost ~ Rule 1) Itis time to START NAVIGATING ~ Rule 2. (You can practise this ahead of time, without getting lost.) 
E.g. What can I see & recognise? E.g. Can I interpret the wind or sky or trees or drainage fer direction? 


+ First: Mark your spot e.g. tie up a hanky. Mark your Trail~so you can get back here, as base’. Retrace your steps, i that is the best option. 
‘Act out a Search & Rescue, looking for your lost starting point. (If you can see your surroundings, you don't have to feel lost). 


+ Explore in all directions systematically 


+ Make a map. ‘You’ in the centre. Locate yourself in the landscape. Climb a high point, to orient yourself; at night too, for lights. 
Let others find you. 

+ Leave notes about your plans. Especially at Yindable’ places e.9. a hill top. 

+ Leave clues so that searchers will nt give up for lack of clues'. Make some marks visible from the ar. 


Search out a track 
‘Ask: "Where should there be a track?" E.9. to... that peak?, a fishing spot2, any low pass through the range?, the main access valley? 


Mental Grid Map 


‘This isthe square grid method, where you simply walk, along a path of choice, and rather than following the grid lines, 
guesstimate your decimal position in the grid scheme. 
‘The beauty of itis that it constantly forces you to orient yourself to a reference direction, to notice distance, and to be aware of position, 
yet it takes nothing more than mental equipment. You should aim to practice It properly, once, and you may not want to discard I. 
Tt causes less mental strain if there are two or mare of you. Delegate the left/right to one person; the forward/back to another. 
“The one person guesstimates distances by one method, their way; The other gauges perhaps a diferent distance and with different accuracy. 
It doesn't really matter if your guesstimation mismatches, provided you remain consistent and imagine a rectangular grid. 
In adeition you need a fee! for triangle lenaths, for a 1 in 10 slope, up to a 10 in 10 slope, so you can quesstimate decimals. 
‘wou need to divert 5 in 10 to add more than 10% to the length walked. Eg. from Z0 to AO.S takes 112m across 100m squares. 
‘SMaximum extra length is a 45 degree diagonal, at 141%. _E.9. rom Z0 to Al takes 141m, These two set the feel for guessing distances 
in 9 adds one third. For 6 in 10 to @ in 10, triple the first figure as the extra 9, E.g. from AO to B0.7 takes 122m, 
If in doubt draw a 10x10 square, draw in the diagonals to each of 18 opposite points, and label the lengths as the square root of 1004? 
This lets you see the direction of each n in 10 slope, and know its length 
‘wou could use degrees, up to 45, and call them percent extra distance, with fait accuracy, but there’s no need for such figures. 
When 1 simply guessed, By eyeballing distances and directions, it brought me back home without noticeable error, after a few kilometres. 
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Section 2: The Inside Story—Mental Manoeuvres 
Walk Where the Navigators Talk — if you want to learn navigation 


Not out of earshot 
Navigation is a learning experience. 
Teworks better when you can share the process of learning with someone. 


Explore 


Explore the unexpected ~ the side tracks, You walk to explore, usually, not to exercise 


It’s No Fantasy 
Navigational know-how is not“fT were lost I could do this." but ls "What Iam doing right now, all the ume, wil stop me getting ost. 
Learning new sills and how to Interpret al the clues i the practice of navigation here and now 
Continuously poking out new clues to yourself, and to others wiling to listen, is the process of not losing yours 


Feed Your Subconscious through Your Conscious Focus 


.g. To improve distance guesstimation, focus on the finest visible distant detail. Notice the haze level, the shadow hue, the sizes you can see. 


‘To train your direction ‘sense’ (which is entirely lacking in humans) feed it all the clues you can ~ 
Sun & shadows, wind & weather, compass & landmarks, trends & bends... Don't just look at them! Put words and meanings onto what you see. 


‘To extend your memory of a sequence of turnings... use pencil and paper ‘memory’ 


‘A working rule of thumb: Bring to conscious note 
what you hope to keep track of subconsciously. 


Don't expect to be able to remember what you haven't noticed or thought about consciously. 
So learn what to look for, and how to see it 


Look into the Far Distance 
for Trig. Points; Towers. They are there to be seen, by definition. for Roads; Houses 


at night, for City glow; Auroral Lights forthe dip and strike ofthe underlying geology 
‘Assess the dificulties ahead, whenever you glimpse them e.g. a steep bank on the other side ofa lake. Use binocular. 


Look through the Haze 


What are you looking for? You want to pick: intervening ridges, Ridden gorges, distant cliffs, overhangs, false peaks, mountains or islands, the 
Moon, and the tral ahead. Those cloudy lumps are net always clouds. Those invisible peaks are there to be found 


I you don't see them right away. Wait it is the changing light conditions which show up the contours. 
E.g. Look at night, when the whole emphasis shifts, and light sources show up. 
E’g, Wait forthe haze to shit ~ it moves withthe Sun 
E'g, Wait for the haze to thicken ~ to show up the valleys — weather is changeable 
‘rain shower may show up 2 valley; cold front might clear the air of haze. 
.g, Walt for’ cloud shadow or patch of sunight to drift acress — it wil disappear into any hallows, and highlight any foreground 


Join the Invisible Big Picture To the Visible Landscape 


“The Big Picture might be invisible — e.9, the South Pole Star is “Over the South Pole in Antarctica” — but geographic “South” is quite different and 
is visible ~ "that knoll there! Join the twol 


‘The frst principle to practise, is to work top-down; but the second and more important need, is to Integrate everything 


When you put a continental or global picture onto the landscape, you have a full-scale map of the world in front of you. 
‘e.g. Point just beneath ‘that Knoll” and put your imagination Into gear...Down over that horizon are icebergs separating from glaciers with 
' Rage spiash! Can’ you feel the chill? Up there is the night-time aurora. Down there, anti-polar bears look straight up and see 
the Southern Cross whirling around overhead! And we must be on the south side ~ the cold dark side — of this hill behind us. 


‘You say: "The destination lies beyond that valley." ‘Mount Saddleback marks sunrise” 
“The track winds around behind this hil.” “The Sun skims those treetops" 
“Porpoise Bay must be yonder; Melbourne that way; and my giifiend, Sokm in that direction.” 

Integrate as you walk — in real time and place 


Cyclical Motion Divided into 12ths 
‘Any back-and-forth motions or cycles which are caused by circular orbits or sinusoidal oscillations are easily understood and followed in units of 30°. 
‘This is because 30° of rotation will swing half way across a radius from top-dead-centre, or half-way up/down from right/eft extremities, 
E.g. quick rising for 4 twelfth, then 2 tvefths in the top half of the swing, 4 quickly reversing itself, and wallowing for 2 at the bottom, 
‘You may nat see the ‘circular’ nature of a one-dimensional oscillation, yet it wil stil conform to this rule 


‘Tidal Height ‘Sun's Seasonal Latitude (or Moon's monthly position cycle; use 2¥4 days) a 
1 hour falling slowly from the top month at Northern solstice slowly coming South 
2 hours dropping rapidly to midway 2 months rapidly moving back to the Equator — to the South 
2 hours dropping rapidly from midway 22 months rapidly moving South of the Equator 
{hour dropping slowly to minimum height 1 month slowly approaching Southern solstice 
1 hour at bottom rising slowly 1 month slowly turning back to the North 
2 hours rising rapidly to midway 2 months rapidly returning to the Equator ~ toward the North 30) 
2 hours rising rapidly from midway 2 months rapidly moving North of the Equator 
{hour rising slonly to top 1 month slowly approaching the Northem solstice 
‘You can simplify that into sixths, saying: "1 sixth at the extreme; 2.0n each change; 1 at the other extreme 


Or say: “twice as long on the change”. That makes "the change’ sound ‘slower’ but it actually goes faster and for longé 
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orientation 
Which Way Did I Come In? Which Way Do I Go on? 


Have you ever interrupted your pleasant journey at a roadside pienic area and driven out the wrong way — back the way you came — and not 
‘onwards? Or you turn left instead of right when you drive “out” of a local dead-end network, into another dead-end maze? 

(OF you sat down for a rest on the track and when it's time to go, both directions look identical to you? 

t's embarrassing on the road. IVs nerve-racking in the bush! You feel struck with insanity. But I's normal enough. 


(Or when you come back to visita familiar place, it's on the ‘wrong’ side of the river! Every time you come back?! 


‘An extra external clue, like the Sun, is needed, and needed to be believed, but its really needed before you make @ fool of yourself. 


‘And you may have to undergo 're-orientation' to disvillusion yourselt 


Don't let it happen to you deep inside a cave system! 


Logical Presumption Leads to Utter Delusion 


“Think about those example “logial blunders’, about your ov falibilty, about the dependence of logic upon its basic assumptions. 
Being twitted by a logical mistake leaves you with a horrible lost’ feeling, plus a pathetic “helplessness’ about how to reorient. 


‘These are not simply mistakes of guesstimation, subject to fine-tuning! 
Once you subconsciously make a decision about how the world is, then your mind will close to the possiblity of error. 
False assumption is presumption, s0 I say "Presumption Means Delusion” 
Sich Left/Right, Yes/No, crossed/unerossed, 2, or was it 1? -bype mistakes lead to utter bewilderment, so I add 

‘and errors involving discrete categories can be especially indiscreet! 


Being amare of the phenomenon of logical blunders, is haf the battle in overcoming them, when they bite. 
Keep an Open Mind about the truth of your assumptions! 


Trust Less and Prove More 


Don't trust yourself At numbers 
Or remembering accurately 
[At judging time or distance 
Or walking ina straight line 
At identifying landmarks properly, 
Or walking back upstream, and so on. 
Don't trust A compass to be dead accurate 
‘A map to show North reliably 
‘The weather forecast 
(Old track markers 
‘Annavigational ‘ix’ 
Complicated or finely adjusted instruments. They can easily go out of adjustment, without letting you know. 
‘The point is not so much to double-check and cross-check, as to: back-up with an alternative; interpret for sense; understand; and be wary. 


The Simplest Way to Get Unlost is to Retrace Your Steps 


‘The sooner you go back to where you went wrong, the sooner you can relax. Yes that might be uphill. Yes it might be a long way. 
‘Oh T wish Thad retraced my steps earlier, while I had the chancel” 

‘You still have the chance, you probably just don’t want to. 

For instance, if you have been pushing on, hoping to find the way, you should be doubly aware of exactly where you have come, 
since you doubly anticipate the need to retrace, if you fall 

“Short” cuts have a habit of surprising you at just how fong they can turn out to be, repeatedly. 

‘A track naturally avoids gullies and obstacles, so a ‘shortcut’ is almost guaranteed to hit one square on! 


Retracing your steps may be something you can't short-cut. It isthe shortcut. It short-circults many other possibilities. 


Caution: Sometimes retracing your mistakes will only compound them—more of the same! 
‘You may sort yourself out better if there is an alternative system to try e.9. to walk back upridge if you got lest going downstream, 


Approximate Sine-Wave Values 97% accurate 
(Fram school You could have memorised that sin 30° Is 0.5 and sin 60° is 0.866, and perhaps sin 45° =0.707 777) 
“The first twelfth of an oscillation takes something half-way (0.5) to Its peak amplitude (1.0) from the midle ground (0), bythe rule of twelfths 
‘The motion is virtually linear for that frst 30 degrees. So to convert thave fist 30 degrees toa sine-value, Divide By 60. 
Tre. add at arate of @ in 30, or 1 In 0, Eg. 259/60 = 5/12 (or 0-417). Sin 25° is actually 0.423, which means we had a -0.006 err. 
Sin 15° is 0.259, but we get 0.25 (~.009 error). Sin 20° is 0.342, but we would guess 0.333. Thats about the maximum error, 0.01 low 
‘The next twelfth caries the motion from half-way to 86.685, in a curve; The extra is 36.646 oF a siope of 1.22 per degree. Let's use 87,36,1.2 
‘linear fi cuts the curve twice, and sols cose to most of ff we could add 36%, over 20%, to 0.51, to arrive at 0.97, we get +/- 0.04 
‘To the extra degrees, Add 20% ; Add 1; Call it a percentage (divide by 100). (To add 20%, add I tenth, 2 times, e.g. 55+'5.5 + 5.5 = 66) 
Eg. 60 degrees = 20 pus an exira 30; s0 start with 0.5 and ad@'0.3 then 0.03, 0.02, 6.01 to get 0.87, which fs 0.004 too much 
E'g. 40 gives 0.5 + 0.1 + 0.02 10.01 ~ 0.63, instead of 0,643, or ~0.013 errr, Sin 45 is about 0.5 plus 0.15 + 0.08 =0.69 of -0,017 
‘Formake the next approximation, use 0.87 forthe first 60 degrees, then worry about ary extra degrees 
“The last 12th is the fatish top ofthe curve, building up to the crest. It cimbs only 13.6% from 0.8665 to 1.00 In 30 degrees, ina curve 
We star at 0.97 and finish at 1.03 cut the curve twice and bestft to within 2% 
‘For the last 30° degrees Divide by 2, then 100, to gain 15%, from 0.87 to 1.02 
Eg. 80 degrees moves t20°5 then to about 0.87, then an extra 20 degrees or 0.1, yielding 0.97, 0.015 below the rel value, 0.985, 
73 vlelds 0.5 + 0.37 + 0.075 = 0.945, 0,021 below the true value 0.966. 70 gives 0.87 + 0.05 « 0,92, 0,02 below 0.940, Le. +/~ 0.02 
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Section 2: The Inside Story—Mental Manoeuvres 


Self-Motivation is Fundamental 


For a sense of direction to become "second nature” you need to train your second nature. 
Improved navigational ability boils down to... putting new ideas into practice 
(Not perfecting old mistakes! Nor leaving the right technique on the shelf) 


Don't just know about a good idea; make it yours. 
For this you need to want to improve your skill 
to foree yourself to practise your weaker points. 
‘to push yourself to develop new habits 


Which is fun, 


Enjoy the trip! 


How to Feed Your Brain 
When and where does the Sun get up? 


Get up and look (not at i!). Don't make it an academic question. 

‘You don't need an academic answer, either. You measure it with your eyeball. Perhaps draw it. 

‘That doesn’t mean "ignore the details" but *memorise the feel 

‘You do ‘measure’ it, But nat with numbers, ‘There! This early! 


Star navigation? It doesn't have to be a “trigonometrical nightmare’ 
Forusit means: Find the Southern Cross. 

Guess the time of night. 

Find the Pot. Get to know the stars 

Project their movement forward into the daytime, 


Let your brain do the calculations. Show it what to work on. 


Wait for a Change in Perspective... 
to reveal the hidden shapes and layout. 


‘As you drive up, keep re-examining the changing skyline. Continue the process as you walk. Look for ridges & valleys showing up through the 
vegetation as well as on the skyline, 
E.g. Use parallax to reveal a deeper horizon behind a hidden valley. 
Keep your eye on particular burps on the skyline. 
If there is @ deeper background, i.e. more distant, then a lump on it will show up by moving with you — 
‘more quickly than a Yoreground! horizon. You may have to look through the deep haze to even locate particular Bumps. 


Climb a tree, ora hil 
Use binoculars. Look especially forthe trail ahead, in relation to the terrain. 


It is the Changing Parall 


2X which Shows Up the Landform and its Relative Distances. 


Landmark to Landmark Network Navigation 
‘This sa permanent, unchanging, top-down, whole-region method, prepared at home, for 
1; Choose only prominent landmarks fom the map. e. Beaks witn ransmiters 
‘Ada in major ports, mouthe & coastal extremities, lighthouses, around the coast. 
Draw the network of tangles between them. -(cWhich one am inside") 
Draw the circumscribed cic foreach triangle. ("Am 1 inside or outside?") 
Label each ine In kllometres. ("What does 20km Took ke?) 


Label each horizontal angle in degrees. (“Does it look larger (inside the circie) qr smaller (outs 
Label each line with its trend-dicection. (*Am I to left or to right of track? Whic 
Cn the right ofa line you will be looking to the left of its trend to see one of the Kandmarks 
2. Keep a notebook for local peaks — smaller But locally prominent lookout. 

‘The idea here isto navigate only by landmarks, not by (favourite) law spots. 
‘You don't have to worry about whether one landmark is visible from another. Sm 
‘The idea is that even when you can’t see a landmark (as well as when you can), 
you can know where it is and how if les in the land layout, how other trends line up with Teand with other visible lines, and how you ft. 


Camp Mt 205° 


Notebook 
ap (Part of the network) 
See Section 4) 


Name Each Clue — with solid ground 


“That's Pacific Sunlight shining” = a mid-morning Sun, for Australia 
°L have an Anti-American Shadow at the moment” — pointing away from North America 
vivs a West Coast Cloud Flow’ = You cant lose your orientation 

cE love a Tropical Moon = when the Moon is North of you (SH) 
“That wind would blow straight in our back door” — “Back-Door Blow 

“Downstream from here is uphill from Port Stevens” — ‘Steven's Stream’ 

“This cif sees the Southern Lights” = "Cold cu 


“Topple-Tree Trunk would take us to True North” 


‘The next step is to add something in line with that ~ see the next page. 
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etc,), but only the LoRa Alliance, Sigfox and Weightless are involved in LPWA standardization activities. 
Despite some drawbacks which are mainly related to use of an unlicensed spectrum, LPWA networks 
are expected to become a key enabler for IoT deployment in early market rollouts and for limited IoT 
applications [219]. 

‘The appearance of these 1oT communication technologies was considered as competition to 
current cellular networks from the telco’s point of view from the start. But, in the meanwhile, 
telcos have realized that the aforementioned communication technologies can be utilized to meet the 
changing connectivity and performance requirements of IoT applications. Therefore, many dedicated 
‘communication technologies have already been deployed in various IoT applications. For example, 
(Orange, Swisscom and South Korea (SK) Telecom have built nationwide networks based on LoRa [3], 
whereas Deutsche Telekom (DT), Vodafone and all three Chinese operators have completed the rollout 
of narrowband IoT (NB-IoT), as another LPWA standard utilizing existing long term evolution (LTE) 
networks [36]. In this context, standardization and interoperability becomes critical because there is a 
need to consider a broad range of connectivity solutions as presented in Figure 4 [37]. One of those 
solutions includes satellite technologies which integrated with 5G radio technologies form the 6th 
generation (6G) standard for providing global coverage [38]. 
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Figure 4. loT performance requirements and enabling technologies. 


In this regard, standardization activities of 5G and beyond are being undertaken by several 
standards bodies, such as the Institute of Electrical and Electronics Engineers (IEEE), the 3rd Generation 
Partnership Project (3GPP), the Internet Engineering Task Force (IETF), ITU Radiocommunication 
Sector (ITU-R), and ITU Telecommunication Standardization Sector (ITU-T). An overview on these 
standards bodies and their effort to develop communication standards for 5G and beyond are provided 
in [112]. Due to the envisioned 5G applicability, these standards have defined an air interface that 
can significantly improve the performance, and network architectures that allow the deployment and 
coexistence of various 5G technologies. A detailed discussion of these technologies regarding both 
technological and standardization aspects indicates that 5G can be perceived as the main driving force 
for enabling the vision of a truly global IoT [219]. 

In this sense, the technologies described in this section will allow 5G networks to form a unified 
‘communication infrastructure for the realization of a wide range of IoT applications. These technologies 


orientation 
Disorientation — A Killer Syndrome 


Pilots have been known to fly upside down, or rigidly leaning to one side according to their mistaken belief about "up"! 
If even our natural senses are unreliable we certainly cant afford to believe In any ‘sixth sense’ of direction, or on any unproven magnetic inbuilt 
Girection-sense in humans! A trudge can dull & distort our senses, Your mind tries valiantly to maintain mental orientation that isthe problem. 
Several times each year pilots die, scuba divers get lost in sea caves, cavers fall to find the way up and cut, boatmen falsely navigate the fog, 
and bushwalkers get lost in the bush, fatally. They were not Just careless; they were probably trying hard, but in the wrong direction, stubbornly. 
Belief isan irrational master. Its force is stronger than reason. The conflict, combined with physical tiredness and sensory deprivation, is stressful 
‘We prefer to get lost rather than to rethink wrong assumptions! 
We become wilfully blind to strong contrary clues in view (Including signposts, instruments, buoy colours and numbers!) 
We magnify weak clues, to justify our delusion, This heightens the stress, because our sub-subconscious knows that we are wrong. 
We actually lie to ourselves about what the clues do say! (e.g. we change the number, colour, reading or wording in our mind!) 
‘Such irrational behaviour fs explained as defending our psyche from hurt pride and from being devastated by confusion, fear and panic. 
Don't laugh it off as “Oh, that's only for the worst case” because itis the less obvious self-delusion which wil likly trap you. 
Being human includes you — you definitely are vulnerable to being even less sensible than trained pilots! 


Casual Outings Catch You Out 
Lunprepared e.g. without a map or compass or weather forecast. 
esta! outings aiso have a habit (because exploring is interesting) of I'l go usta litle Bit further"; and turn into longer then expected full-scale 
Safaris. Exploring is ult nto the genes ofa small faction of any animal populations a group-survval insurance. But dont let Te catch you Out 


Serious trips go more reliably because you know what is needed, but you rarely prepare wel for a casual trip. 
2g. you have no pedometer or notebook and s0 don't Keep a good enough log of distance or direction, 

So Lesson Zero: Make some precaution (to avoid getting lost) every time you wander off 

‘Another unexpected casual mistake is to decide to leave the track without thinking what precautions may be require. 

“Try this. Look up and repeat after me: “God, have I forgotten anything? Is there anything I should do first?” 

Let someone know the single biggest clue: "Y'm going exploring that way", 

but then don't forget the unobvious catchthat person might also go exploring & nat tell anyone where you went. 

(Being disabled by an injury is one thing, but dying of exposure or thirst or wild animals, simply because no-one knows where you are, is another 

whole added dimension~that is probably the strongest reason for bothering to let someone know.) 

So before you go off, pass on any vital information about others, as well as about yourself. 


Trust Yourself Less 


when the compass and you disagree, for example. 
When the map shows the junction there, but you reckon it should be here, for some reason such as ‘but we've come too far! 
Or similar cases, of confusion 


‘Your reasoning sense has holes in it, big enough to outsmart yourself. 
In the end you will usually conclude “Well, was wrong, due to this very good reason), and it was how the map and compass told me it was.” 


But you don't want to admit it, at the timé, until you are proven wrong, yet again. 
‘Your reasoning is nat, despite your worship of it, the highest god in the Universe. You need to be able to criticise it freely 


Unreliable as map and compass can be, at times, itis better to trust them more and yourself less. 


More is Better — Thought, Time Care 


[A simple principle to apply isto do a better job at what is marginal 


For instance, “flat” ground nevertheless does have a slope which you can determine with care. 
‘The wind may be gentle but a litte extra time could make the difference between success or failure at determining its direction 

‘You can always double-check a casual decision, e.g. about which way the dry creek-bed flows. 

Instead of wandering in an unrecorded meandering fashion, you can mentally log your changes in direction by lining up pairs of marks. 
Sst before you leave the track, @ quick checklist can bring @ few necessaries to mind, but anly if you take the trouble. 


A little extra thought; an adequate time-allocation to each task; more faith; and that bit of extra care—will solve alot of problems. 


Moveable Position vs Fixed Orientation 


1 Tehelps to park the car in a cardinal direction, or pitch the tent North/South, since we all rely on such clues to revisualise what we left behind. 


+ But when you do try to orient yourself to something invisible such as how the car was perked when you walked off, there is a simple trap to avoid 
‘Don’ imagine the car/tent as "behind’ you and twit its Imagined orientation to suit the Sun or compass; 
Instead change its position ~ move It to somewhere other than "behind 
Mentally manipulate its placement, not its orientation only. Or else the ‘correct’ orientation will confuse you ~ nothing will make sense. 
Don’t let the Sun ‘change its direction’ ~ that isa tell-tale that you are keeping the reference position fixed behind you rather than moving it as 


you swing to left and right. 
Because we have no good tools to log changes of position or distance, we tend to neglect that half of the story in favour of maintaining orientation. 


+ As another hint on how to use a fixed orientation, e.g. North-South, so as not to let it ‘change' in your mind, imagine it as a long, huge, high, iron 
Girder bridge overarching you and your car/campsite, in the appropriate direction. Whichever way you imagine it, e.9. through-bolted to the cont 
Rent, or from one peak to another, make it so solidly fixed to the ground and impressively immovable that you feel so insigrificant yourself that 
you feel you must tur yourself around in order to pass under it 
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Section 2: The Inside Story—Mental Manoeuvres, 
Routine Mind-Shut-Down Procedures 


‘You know how you become dull and passive — when being over-taught, lectured at, just entertained, occupied in repetitive tasks, sitting in front of 
the television, falling to solve too-difficult maths problems, or being proved to be a perverse idiot against your own opinion 
‘Automatic self-defence from constant attack... involves shut-down ~ into a semi-hypnoti trance, 


Similarly, 
Walking becomes a “trudge” after about an hour without a break, depending on the load, the heat, 


and how many trudges have preceded on that day, and previous days. 
Painvrelieving opiate levels rise. Conversation takes a dive. The path sliding under your feet gets stared ata lot. 


‘Your mind is passive, plus your body is on auto, Its physiologically involved in the hypnotism. 


Mental Torpor is a navigator’s constant enemy. 
Keep the Different-to-Same-Ratio up, for both yourself and your companions, so that you can stimulate each other into full consciousness! 


Feed Your Subconscious Subconsciously 


Open your Atlas to a map of the world. Orient it and leave it pen, oriented, and in view. 
Place a magnetic compass somewhere in view at home. 

Develop a habit to Orient your watch N-S each night when you take it off, wherever you happen to sleep. 
Sleep with your head to the north each night if possible. 

Clearly visualise what direction your feet are facing before going to sleep each night. 
Imagine your body lying across a map of the continent. 


New Habits Open up New Horizons. 


“Retracing is Re-preciating” 
“This memory-aid Is something you have to tall yourself ~ to avold binding yourself and missing the goodness ofthe walk bac. 


If you are only tiillating your senses for the passing instant, by constantly seeking “new” experiences, you will develop the mind-deadly 
‘hin there — Dun that" attitude 

Familiarity breeds contempt..." know the way" doesn’t guarantee that you know much else about the way. 

‘The return journey degenerates into a dull, silent, often over-fast, boring, mindless trudge, even if you drove all day to come and see this top- 

quality location! In effec, you have walked the track twice, but looked at it only one 


‘Two solutions: 
‘Take an interest in your surroundings, to overcome passive mindlessness. 
‘Questions on your mind overcome boredom. If you have asked questions about a new place, you should be able to answer them on the way back. 


Remind yourself of the opportunity to "re-preciate™ 


Aim to Integrate. 


. Integrate daytime clues with night:time orientation—use the Moon, the place of sunset, the sunset glow later (whichis further South— 
SH), the twilight Blue Band, Venus, the Ecliptic, the skyline — anything to carry you over from daytime to night-time, 
during that awkward twilight changeover phase. 


. Integrate invisible landscape with visible landscape—work out what lies behind each hil, to picture the outside world against that skyline, 

. Read the "map checklist” and specify what each item means from your point of view—if you didn't have a map, for example. 

. Integrate the changing, with the unchangeable. .9. the Sun’s daily rotation needs to be followed, by naming its current direction, 
Same with the track; and your nose; and the wind. 

. Lntegrate one walk with another ~ don’t just carry two separate mental maps, add a third overall view. 

. Integrate each system with each other one. E.g. don’t et the map be one "world", while the walk is another, and the night sky a third. 
Join them into one whale. 

. Integrate each direction clue with each other direction clue — E.g. "The tower is just before magnetic noon from here” (3 pictures in 1) 


Eg. the boat-radar may fallin the heaviest weather, unable to penetrate the rain squalls~you need a boat-compass too. 
It is the combination of clues which stops you getting disoriented ~ if you mistake one, the others will alert you 


Notice and Match Up 


‘Notice the clues’ isthe easy half of navigation. 
Sometimes itis as simple as seeing that the track is curved. 

However, a slight curve due fo river bend can tum you in a hairpin without you realising, even if you do notice the curve. 
Until you also notice the extent of the curve, you are at the mercy of disorientation. Something more than looking is needed. 
‘You need something to orient to, like the wind or clouds or landscape. 

‘Again, it does you little good to have seen the clouds steaming by if you forgot to see where they came from. 


“Notice and Interpret is the catch-ery, which never stops. 
But when the wind stops, will you know what direction you have been going? And ‘heading for the mountain’ is fine, unless you lose sight of it 


‘Something more than single-clue orientation and interpretation is needed 


Do Notice; Do Interpret; Do Orient; Then Match up; Link it to something else. And to something else. Eg. the clouds are from the mid-morning 
Sun; The mountain is on my shadow's port bow; The river has bent from "towards the coast’ around to ‘away from the coast. 
For special examples, see inline, opposite 
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Orientation 


Un-Dis-Oriented 

‘You don't need tobe perfectly and continuously oriented! 

Tn fact itis quite hard to maintain an exact direction-sense, as soon as you turn your head, move afew steps, divert few degrees, ete."* 
You only need to be realistically confident of poston & rection 
Hence it is better to be roughly aware of many clues, than to aim for perfection, say, in location or direction, 

Eg, Moon North Is approximate, +/-GO", But fly comforting! ~ It adds to a complete picture, 

E'g, You may nat even loak a your map again, after studying Ie once, if By now you aready know what tis teling you. 
Don't aim to be perfectly oriented — just undisoriented 


.g, Hold the conversation on how to judge range; what's behind the hill; where to find moss; why you can't yet interpret lichens; and so on. 
and you can hardly miss seeing the walk. 
Eg. Run through the Start—Stop—Rest Mnemonic, p.110, as a memory challenge to all.. "What's next in it?" 
wich has the benefit of practising all its clues too. 
**AS an exercise, guess, from a distance, diagonally, where the side of your house or car points to on the horizon, then go and line it up to find out 
(Or guess which point is opposite that hillock or tree, then establish how accurate your guess was. My results: +/~ 10°; +/~ 30° when net trying. 


Trapped! By Not Looking Back 


‘fish funnelled into a fish trap may never again find the narrow entrance hidden somewhere in the large perimeter. 
Converging tracks and sudden clearings trap bushwalkers too, when they walk through an irreversible change without noticing 
"Where did our small track join onto the main route?” "Where did we hit the fence/road/pipeline/track, and turn along it 
.g. stepping into the creekbed, to explore upstream, is 8 one-way move--you may not recognise it coming back, and could overshoot. 
+ Beware of all sudden clearings. 
“Where did we emerae from the bushes: out into the clearing, onto the peak, onto the riverbank, out onto the beach"? 
Look for footprints — anyone's, but especially your own. 


+ Remember the phenomenon — and mark those junctions in your mind! Or even mark the junction an the around. 9. place a rock there. 
+ "Which tributary did we follow down? 

"which ridge did we come up on?’ More on p.635 
+ Log the distance and directions involved at such changes; junctions/clearings, before you walk on and "lose track’ 


Disoriented? Stop. Say So. Reorient! 


Be prepared to voluntarily switch from ‘certainty’ to uncertainty. 
Learn to live with falibiity. 
[AS soon as You suspect a disorientation episode, admit it. Say so, out loud. Don't miss the chance. 
‘Tell your brain off! 
"YoU know you're just guessing! You made some mistake and won't admit it! Let's work this thing out together” 


If you don't know that you are disoriented, that can be worse than being lost but oriented. 
‘You don't even have to be lost ~ Even if you know where you are now, if you are disoriented, you may walk on into trouble, rather than be looking 
ta walk out of trouble, 


Recall how often you have experienced a hard-to-shake feeling of disorientation. 


Lost? Rule 3: Do a Good Job — of walking out or staying put 


It may not be safer to stay. Well, f you decide not to stay, don’t be aimless in what you do decide to do. 


+ E.g. Retrace your steps. 
+ Keep a straight course — e.g. downstream; along the road; toward the mountain; to night lights; to the traffic noise; a chosen direction 
+ Be single-minded ~ purposeful, but not stubborn 

+ Leave a Trail — you may need to retrace. Yes, it consumes valuable time, but “don’t get more lost” 

+ Leave clues; notes ~ for others 

+ Walk quickly if you must, to cover sufficient ground, but ‘rescuers’ may not be able to keep up! 

+ Yes, your exit strategy may need to be aborted, but atleast nominate an exit strategy for the exit strategy beforetime, 


In-Line Integration 


ine! interpretation method, 


Put your preparation into something useful by using the '3-or-more-in- 


‘The wind is blowing from Port Bluster, over Hot Mill, past the carpark, fo us, and on towards the Sun. 
“The Pacific Moon is shining parallel to the highway 

‘The Mountain has Montague behind it, that cleared paddock in front of it, and that hillock in the opposite direction” 

‘The compass needle points past the Northern airport to the mainland 

‘My anti-American shadow is pointing past Penstock to Point West at the moment” 

“The stream is flowing from Mt. Big, down over Lake Low towards Mersey Mouth” 

“That Tropical Sun is over New Guinea, shining Past Alice Springs, over the intersection to me, and into the teeth of the wind! 
“The Nor‘Easter clouds are flowing from Noumea, over the Main range, to here 

“That persistent pigeon is cooing from behind camp" 


‘The effect is to turn your reference orientation directions into fixed tracks (see p71bi), making interpretation easy. 
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Section 2: The Inside Story—Mental Manoeuvres 
Navigation is Mental Work — Stay Alert 

“The tools to work with may be “map and compass" “line and direction” “time and distance” 

But any workman needs, and needs to practise. 

‘tention Observation Analysis Interpretation Preparation Concentration Memory Visualisation 

Specialist knowledge Deft application Reliability Right attitudes A store of safe and useful habits Coordination 


In other words: you get lost by lapses in applying your skills, not through lack of skills 


Mental Equipment is Very Light to Carry — You already have it; Don't forget to use it! 


Instruments Instruct the Intelligent 


Don't let the instruments — compass, clock, protractor, map — do the navigating for you. 
Rather, let them teach you, how to get by without ther. 


19. practise finding North by everything except the compass; then check your guesses with the compass. Try bush North repeatedly. 
9. Guess at “adjusted Moon North", then consult the compass. 

9. with a watch you can practise telling the time by the Moon 

9. belore you use a protractor, quess the angle. 

19. gauge the distance by eye, then check it on the map. 

E.g. attach a sundial compass to your magnetic compass, for the sole purpose of practising & checking your use of the sundial 

In general, predict and guess before observing, and learn from the results, 

‘You should always check an observation for good sense, and check any instrument, or any calculation —~ but prediction forces you to think first 
(rather than the go-to-sleep.first alternative ~ which Is to always check afterwards) 

Control your instruments — don’t put yourself onto auto-pilot — or you will Bypntise yourself into blindness. 


Look Back Regularly 
Look At how you got here ~ so that you can recognise the way back i you need it~ and can make sense of your walk 
"A the charge from one terain type to another i.e. atthe link between natural sections ofa walk ~ after you walkthrough the change. 
‘AL the directionality ofthe sky haze down low ~ the change in thickness and colour. 
"At the colours ofthe leaves, lichens & lowers ~ they change dramatically upsun/downsun, and therefore forwards/backwards 
Look Back. Attacks joining in at an acute angle — which otherwise you wort see unl you come back — which wil confuse you 
‘A the bending of the tack. 
[Athat you may have dropped or left behind! (Check each other. Anyone carrying loose items should walk in front.) 
‘At the distance come, compared tothe citance yet too. 
[tthe weather clouds stalling up on you from behind 

Can you see your starting point, and get a bearing on it? What's opposite that ~ Le. the landmark which now shows you your exact trend to date? 


Look Around 


Since turning your head while concentrating forwards, taking your eye off the ball or turning a smooth corner are all enough to thwart your direc- 
tion sense, the anti-dote is to deliberately turn your head! Keep looking around at the wider context, including behind, so you don’t lose sight of I. 


Imagine an Aerial Photograph of the Continent 
visualise exaggerated shadows iying parallel across your imagined photograph ~ connect those with your shadow and tree shadows. 
Visualize the Sun shining ikea ashight upon your imagined continent map ~ connect that Sun with the Sun you see (Dont look at It). 
Visualise the cloud shadovis moving across it ~ there's one! See? 
Drow the isobars across i, lined up withthe low clouds wind direction ~ feel iin your face. 
Superimpose 8 huge compass needle across the continent map ~ look at your needle, You should be aligned. 


Usually you avotd using any small-scale map, since itis the geal and full-scale world you want to see or visualise. 
But sometimes, imagining a map helps, €-9 
1. Your navigational map (i.e. remember what you studied!) 
‘The mental continent glued to your compass needle, to help you "{not) swing the map” 
‘The continental map you walk over at bends, to help you take in the new orientation 
‘The bird's eye/satelte view e.g. when reconstructing where you might have gone wrong and when re-enacting itn miniature 
Sleeping on'a map, with your atias open, and your compass needle showing 
‘The Road Map marked out in Regional Triangles from peak to peak. 


Making a M.U.D. M.A.P.-.a.P.-M.a.. Fora more accurate job, see Mapmaking p10ic, 103c, 106ab, 109¢. 


‘Mudmap your trip onto paper, because paper remembers better than you do. Use any scrap of paper. Take a pencil and draw you meanderings. 
Orient the paper to your expected trend (p51a Rhumb Line & pi ic 5.7.A.R.T.), so as to give you most room to map your journey. 

Mark a dot where you start from ~ probably on the edge closest to you. 

Up-arrow for a reference Direction; draw ina long one, Up-Sun is good. e.g. Up-wind; Up-shadow; Up-peak to a prominent landmark; Up-Weather 

Direction, (the Cloud flow); Up-North, By compass needle, or Up-Moon. Interpret the reference-orientation-Direction(s) before you leave. 

U:pD-ate the arrow direction(s) or interpretation as needed, e.g. as the Sun shifts slowly, in relation to the wind, or as you walk past the peak. 

Maintain a trend, a straight-line ‘leg’ p73b, Use the reference direction if possible. E.9. use the anti-peak. 

Or pick a distant mark and walk up to it somehow; Or line up two points and keep them in line (p85e,87e,89¢); Or just guess. 

‘Align the Arrow when you stop (See Map Alignment 97a-105a, 103b). Turn Around to see where you have come from, to map the directions well. 
If all other direction references fail you, Align the next leg carefully to the last leg. Be careful, because this will accumulate errors. 
‘Alignment isthe magic ingredient. But itis the extra reference A-rrow which keeps you straight and avoids those accumulated errors. 
Interpret the new alignment before you diserient yourself: "Where then is the starting-point now?” — or else you have a map butno sence, 
Don't forget to use the map on the way back keeping track of the bends and where the start point is, and the finish point. 

Pencil in the Progress Parallel to the last leg; Pencil in the las leg distance. Turn around again and pencil in the next leg direction, 

‘Guess at the distance, or pace it as you go, or use a pedometer, ora stopwatch. Add helpful notes as needed ~ p9Sc, 122 might help. 
Repeat the m.a.p. for each new leg 46 


orientation 
Avoid Disorientation: OverNavigate 


‘Your aim is surely not: ‘how to read a compass’ etc. But: "how to avoid a disorientation episode’ 
Being lost is no panic, although you try to avoid that. Being ‘disoriented! ig panic (even when there is no real need). 
‘To avoid the psychological syndrome and the real dangers of being disoriented, and lost, the most sensible attitude Is. 
‘Avoid getting disoriented in the frst place Maintain orientation 
‘Navigate carefully e.g. learn ‘how to read your compass’ etc.! _-_COvernavigate — dont rely on one theory, one skil, one faculty 
Don give in to panic, or even to anxiety 


ver-navigating when you can, makes it easier when you cart, e.9. sea-sick or injured, bushed-in, exhausted or confused, 


It is a rule in life (Murphy's Law) that things go wrong very quickly, not just one thing at a time, but al at once, compounding the difficulty 

‘As soon as you realise you are disoriented, youll probably also realise that you also don't know the time, the position of the sun, the direction of 
the wind, the direction af the clouds, or whether you can interpret the bushes for noon. Then it begins to rain, go dark, and out come the leeches, 
and you Sprain your ankle too. You could learn this law the hard way, or take my advice and do your ‘emergency’ navigating before the emergency! 


How to Get Lost — Follow the Track— A Track is a Trap-Door 


‘A track will lure you into the middle ofthe wilds. You end up depending upon it completely. 
1 suppose tracks know where they are going, but you may net, and they can't think. They are mute guides of the blind 


‘Antidote: Over-navigate. Do mare than you need to. Don’t just follow the track mindlessly. Don’t let it do the navigating for you. 


Keep your finger on the pulse e.g. How far have I come? What speed am I averaging? What landmarks can I see? 
Have I checked the compass lately? The weather? 

STAY ALERT 

STAY SKEPTICAL 


Reorientation; And a Fresh Start 


Step 0. Admit it: "I am dis-oriented!”. Say So. Stop. Decide to ‘reorient. Discuss it out loud, 
Step 1. RETHINK where you might have gone wrong. 
IMAGINE the true situation 

IMAGINE A EVE VIEW of how it ‘must’ be. Lay it all out, on the ground, in your re-enactment. 

USE THE MAP; and all the clues ~ the time, the clouds, the distance 

ACT IT QUT on foot, in miniature. “I left this way, turned. 

SAY OUT LOUD" a) Well that's where I thought it was ) Buti is really over there (e.g. that Sun there). 
Imagine the stars circling where they ought to; the coasts trending the way the compass tells you; et. 
‘Aim for a NEW START "I don't know what happened, but now I divorce the past. 


Only when “the ground shifts under your feet’, do you know that your brain has got hold of the new situation. 


How to Leave a Message 
Putit in a prominent pace (e.g. 2 hilltop; a campsite; a rock face) with prominent marker ~ bright and colourful for instance. 
+ Make ithelicoptervsible e.. in a clearing; large 
Use international distress symbols e.g. V"; Fire; 3 lots. At se9, a white flag or white stroboscopic (flashing) light 


Any bit of metal may help you scratch out a message e.g. a zipper runner; a coin; a key; e.g. onto a tree trunk. 
If net, try 2 rock, of stick, to scratch with, Next time, have paper and pen with you. 


Use spittle, or urine, to make mud, then cover the mud message, but prominently ~ e.g. when searchers remove the coat from the tepee 
they see the message. E.g, make @ flat mud pie; press in twigs to form letters; keep the rain off I 


+ A freshly dead leaf i like paper, to write on. 
+ Apiece of charcoal makes a handy black chalk. 
Brittle Yakka gum makes a bright orange powder splotch, to attract attention, and can also be used as a somewhat waterproof crayon. 


Disorientation in new territory 
Familiar teritory doesnot dlsorient you, so you must have the mental fcules to "know where you are” when you can see where you are 
‘The overload of novel suroundings must overwhelm your normal abllties to mentally keep track of small diversions and accumulated progress. 
‘These suggestions aim to make an exploration more amillar and less new’. They come from all over this book. 1 suppose the message i 
“Dont just read about the methods, take extra me and care to put them ino practic; extra "bother. Slow down; ny harder, Remember more’ 
Look back very regularly, to increase your familarty of already explores territory. If you had eyes inthe back of your head, It should a! ook 
“amiliar. Walk back over that territory before continuing, p 68b, It wil fel lke old familar ground if you bother. You could find your way through, 
and back through, an obstacle course at night without torch, if you went forward three legs and back two as a matter of habit or necessity. Thats 
5 whole journeys, Talk tothe obstacles along the way, and use a mnemonic to recognise them, and what you did about them, and how you turned, 
eave visible markers behind you, 20 looking back i hore helpful to arent you, Leave a tral it boosts your confidence, even if you dont use 
Look through the foreground into the distance to maintain contact with reference directions, Fx what you can see, expecially ahead, in your 
mind, in relation to the Sun, shadow, wind, etc, until you can pont to them from behind visual obstacles. Remember more of what you see. Inter- 
pret each clue for its relationship with your memories of how things looked. Integrate the bits into a whole. Use some distance measure 
Maintain a straight line i convenient, s0 the interpretation of where you are is transparent. Use long straight ‘legs’ s0 you can interpret your accu- 
‘mulated path more easly. Notice and remember the angles Between legs especialy. Create a mudmap, 20 you remain oriented to your start posi 
tion, and to your current positon, and to landmarks sighted along the way. Practise these and olher techniques, when it doesnt matter, for later. 
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Section 2: The Inside Story—Mental Manoeuvres 


To Work Harder, Rest Harder 


Mental alertness” may involve 


© siesta nap! 
‘© Amearly night (not a late-night campfire party ar sing-song). 
© Regular rests during the walk 


Tiredness, Exhaustion, Constancy ~ these stop you thinking efficiently, and affect your memory badly too. So do nicotine, alcohol and drugs. 


© When you are in difficulties, seep on the problem, or take your mind off it with a diversion, occasionally. 
© Forthe sake of having stimulating conversation, the whole party ought to guard their mental alertness too. 
‘© Navigation games do more than orient you, they wake you up. 


Be alert to your biorhythms—dally, monthly, seasonal—they affect your alertness or make you depressed-—all your mental faculties can be affected. 


Minds Work Best with Intelligent Questions on Them 


Where would the animals drink, and shelter? 


© Am 1 judging the scale on the map properly? How high and steep is the next climb? 
© How many creeks have we crossed? How many more to come? What is our next position-check landmark? How soon? 
© What direction will the next creek be flowing in? Could we see Mount x from here? 

© What isthe nearest escape route? To where? ‘What side-trips would people make? 

© What does this place remind me of? Why is it sandy soi? 

© Witt frost tonight or not? How fast are those cloud shadows going? 


\What is this place's own special uniqueness, and why? 
‘Anticipate, with questions, the things you want answers to. 


Look Through the Vegetation, to the Contours 


© Bushes cloud your vision. If, for example, you want to "stick to the ridge’, or want to memorise a junction, then 
look for the more permanent clues. 
like slope, creeklines, direction trends, terrain, sll & rock types, alignments, distances, context 
Of course, look at the vegetation too, but not anly at the vegetation. 


© Trees cloud the skyline. But there are gaps and lines of sight that open up as you pass by. Look through the forest forthe ridgelines, 
slopes, and horizon. As you move sideways watch the parallax-to reveal otherwise hidden contours, 

© Look through the trees, to the most distant, largest, tallest features to navigate by — you will undoubtedly cateh glimpses of these much 
‘more often than you think, if you are looking. They may be other trees, so get used to recognising individual trees. 

‘© Examine the height of the sky beneath the canopy. 
E.g. the lowest sky is “downhil’, but the lowest sky uphill is toward a pass or gap, & the highest sky downhill shovis up the ridge, 


© Forest-bound river beds are often clear of trees and give you a rare distant view. 
Stop in the middle of that rope bridge! And hang around, to look around, 


Connections to the Outside World — You Don’t Need to Feel Isolated 


Ruins connect you to the past. Earthworks and mineworkings also. Even the landscape engraves its history for you to see. 
‘AGPS connects you to satelites; a radio to a radio transmitter direction; a TV antenna points to the transmitter; a phone connects to the ari. 
‘The Sun, Moon, stars, planets + time + vertical can give you an astro-fix to connect you to latitude and longitude ~ globally 

‘The magnetic field connects you to magnetic poles, as do the aurorae, The deep blue polarisation band finds the Sun for you. So does a rainbow. 
Navigational antennae link to fight paths. Flight paths indicate airports; pipelines indicate water supplies; electricity lines go to substations. 

Paths point to points of interest. Recent tracks betray traffic. Track-markers put you on track; tracks connect to roads; roads to highways; to cities 
NNightlights betray townships and cities; traffic noise links you to highways; surf noise, to the beach. Tides tell you about the Sun and the Moon. 
River gravel shows up the upstream geology. East West gully shape shows up North; rivers connect you to the coast; ridges to peaks. 

‘Air pressure here depends upon altitude; and upon the polar front and the pressure systems. Air temperature relates to the size of the landmass. 
‘Absolute humidity tells about the proximity of oceans. Cirrus clouds show up the (westerly) upper winds. Low clouds and winds remind you of 
the isobars on the pressure map. Ground winds telegraph the topography. The radio links you to weather information. Waves, to distant storms. 
Fence lines connect you to farms; boundary lines to survey grids; trig points to maps. Smells to camp fires, marshes, farms, abattoirs, toilets, 
Seaweed, water. Stock trails lead to water; seed eating birds lead to waterholes’ the plant and insect types are tied to thelr range and the region. 
‘Vegetation is tied to altitude, latitude and aspect. Bush north indicates noon. Bush slant indicates the prevailing wind, Recent wind leaves tracks 
of yesterday. Deep soil temperature is related to altitude. ‘Why feel “lost”? 
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orientation 
OverNavigate: Equals Over-Familiarise 


Overfamiliarise yourself with your route as you walk it, the first time you walk it. 


Familiarity is the navigator’ best friend, next time. 
Le. Years later you can more easily retrace your steps. Even when the track has overgrown, 

Its an investment opportunity now, not to be wasted 

‘The extra time and effort will pay dividends, but lke all good investments you must have an interest in the future. 


E.g, Notice how and where you went wrong — mentally photograph it. 
Eg. Lay to heart the mast permanent features ~ the landscape and trends ~ not the track, its signposts, or bushes, 

‘hich may change with time, or with a bulldozer. 

.g. Mentally photograph the lie of each junction, as fa fire might burn up the signpost. 
E.g. Describe out loud your short-term memory about how you gat here, lest that familiarity fits withthe passing ofthe day. 
Eg. Have your own ‘track-notes’ book. 


How to Get Lost — Follow the Leader 


‘Aleader is like a track. You can follow him mindlessly. He ends up being a seeing guide for the wilfully blind 
‘Ask yourselves, often, this hypothetical question: What would happen ifthe navigator dropped dead? 
Could anyone else navigate competently? 
Do others know where we are? On the map? 
Could I find my own way back? Where are the cars? 

If the ‘leader’ himself gets disoriented or lost, noone will know where they are! 


‘Antidote: Teach. Learn, Test each other. Involve each other 
Demystify the magic art. Share it. Talk about it 
Listen to the debate. Look at the landmarks. Contribute, 
Don't walk fourth in line. (Rotate regularly) 


“Here, you find the way ~ I already know it* 


“As Solid As the Rocks in My Head” 


“Who am Ito argue with the Sun? to say to it 'You should be over there — not where you are!” 


‘Telling your head off is the sort of attitude you need... when you find yourself walking uphill to the campsite which you know is down by the river! 
‘when the clues are shouting at you "Something is wrong here!” 


Navigators who are disoriented prefer to believe in such remote but real possibilities as a compass error or a mistake on the map, signpost or buoy, 
or to believe in the majority opinion being wrong, rather than to believe In the closer and more real possibilty: "Perhaps itis ME who has made 
Some mistake" 


‘True, compasses & maps are notoriously prone to error, but your internal feelings, vague recollections, position/time/direction senses 
are more notoriously unreliable. 


Lost? Rule 4: DON’T Do It Again! 


Make resolutions, £.g. I will always take a compass.’ (Ite a key ring compass to my hat string and I always take my hat.) 
(also tie a whistle to my keyring) 
E.g. ‘I will buy a map/mobile-phone/EPIRB" 
E.g. ‘Iwill always leave my itinerary with friends! 
E.g. ‘Iwill learn more about navigation; take pencil and paper; practise’ 
E.g. ‘I will never go on a walk unless I have asked: “Which way am I leaving; Going in what direction?” 


Even better... Don’t wat to be forced into a sensible habit. Declare your present attitudes to be ‘not yet fit for human navigation’ 
‘and put it right, now 
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Section 2: The Inside Story—Mental Manoeuvres 


A Three-Track Mind 


Here isa trick to avoid attention-defiit syndrome in your navigating: 
Practise concentrating on two things at once. 
Your feet find the path by themselves. 
‘Your mouth talks about how good the meal wil be. 
‘Your mind seas the scenery without missing it. 


Dual tracking your mind is ke many other good things — just alittle bit too hard to persevere with under normal circumstances, 
but possible to achieve, with extra dedication. 


Don't automatically get lost into only one train of thought. 
Slate this down for practice, for the rest of your life 


Interpret! 


E.g. If ou wear a face mask in these days of extreme UV radiation, or sunglasses, you become aware of when you are walking into the Sun, 
‘The obvious interpretation, hanging on to this plece of otherwise subconscious information, is: "I must be travelling toward the Equator” 
It’s a chance to orient yourself to the new orientation. Can you see your shadow ahead of you?--you are getting closer to the pole. 
.g. You might be in a deep dark forest and see a rare bit of sun-dapple piercing the dense canopy. 
‘That means you can go over there and see the sunbeams for a direction check. 
E.g. The ‘crunch crunch’ underfoot changes to a ‘clop clop’ ~ °Oh, if this is rocky, maybe I've passed a break of slope.” 
.g. Exotic plants betray human occupation — you could look for an old access track. 
‘Asa general rule: Look for any asymmetry, and interpret it~ usualy for direction. E.g. When swimming with goggles, twinkly bubbles mean 
“upSun” ~ dull ones, "down-Sun". The wave and ripple pattern indicate wind direction. Sunbeams show up the dow-Sun direction. 
Eg. Scuba-diving: The anchor rope Shows up:/down- current; alternating current is the swish/swash from the longest wavelength waves—note 
their direction. Direct current equates with “away from my starting point". Bubbles show "up" (with some adjustment for current if needed). 
Interpret the whole story of settlement: Valleys attract farms, dams, fences, boundary roads, houses, access roads. Ie. you see a lonely fence post 
fon a mud flat, and you say “once several paddocks probably Converged ents this old watering place-loak for eld tracks near the fence post”. Lock 
for old nail-holes in the post, to find out the direction ofthe fenceline. 


Play the Field-Scientist 


‘Vary your focus-distance. 
’ herpetologist will ee snakes at his feet & frogs at 10 metres, 
2 geologist wil see the skyline, and the creekbed outcrops. 
‘An ornithologist will ook upwards, a botanist downwards. 


Scientists see more, because they know what to look for, and how. 
‘The more they look, the more they see, observe, discover, and learn i.e. the more they learn what to look for 
‘You can begin the self-reinforcing cycle in yourself by: wanting an explanation, by trying an interpretation. 
‘And, of course, don't forget to look Into the topic, Into books about it and field guides for instance. 

Be interested in all levels, in all scales and directions 


Focussing keenly will improve your navigation. 


Orientation is More Fundamental Than Position Sense 


We all carry mental recollections of recognisable spots—like a mental photo album. 
But try to mentally picture whole stretches of a country—roads, coast, range, river—with a sense of direction & relative location & linkage. 
Better isto carry a library of whole mental maps—walks, paths & layouts—not just photos of isolated spots or isolated linear features. 
‘But Best is to keep all those maps in right relation to each other in your mind. 
[As your ability improves, you facus less on spots and more on the links between spots 

less on position fixing and mora on trend analysis; 

less on Separate techniques, more on intearation 


Direction clues are only helpful if you ean coordinate them with what else you need to locate 
Positions only make mast sense if you can say how they lie, in distance & direction, in relation to other positions. 


Think in Pairs, in lines, trends and tracks 


“Two landmarks lie on a line, of known direction, and fixed track. 
We tend to see things individually, and not see the join between them. 
So try instead to get to know 

the direction of ‘camp to that moored boat, 

the bearing of "ME Big to Tower Hill, 

the angle between ‘sunset and the headland 

the trend of Razorback Ridge” 

the pointing of tree one to tree two 

the line from ‘start to finish’ 

the track from "Lake Low to River Junction’ 

the tit ofa star-pair 

the join of two subsections 


so 


Needle-North, -South, -East & -West. Identify them on the Landscape 


One of the major problems of navigating in bush, is Keeping log of estimated side-slip, distance-wise, even if you are oriented, direction-wise. 
But you can see your sideways movement, see pS3a, if you plot knawn directions nto known points on the skyline, (E.9. Magnetic N,S,E,W require 
ro numbers; E.0. your inital forward bearing is already there waiting to be used). Or Better, use points in the middle foreground landscape — 
about as far away as you intend to walk. E.g. local hillocks, towers, houses—things which wil be visible from time to ime during the whale walk, 
the closer the better. Make a note of their directions. Use these spots later to find home or your starting point. When you see them later, in relation 
to compass, you can visualise how much distance aut there you have moved and in what direction. Page 106c "Tor Thumb Parallax” shows you 
how. 


Orientation to Your Start-Finish (Rhumb) Line—by sight or compass 
Work out the start-to-fnish visual bearing to the destination if it is prominent oF toa landmark or point onthe skyline Bevand the destination 
Whenever you can see that point, you can see your left-to-right sideways posivoning, in relation to the fixed track from start to hrish, 
‘simple way to keep track of your sideways movement a least in open country, ls to choose an approximate rhumb line compass course (trom 
Start to finish) and watch it move across the landscape in front of you. £9. "The follow-me aroM is nom pointing more to the let ofthat gulch. 


Orientation to Your Finish Point, by the Parallax Method 


If you are making a one-way journey, use the same “parallax method” as above, to keep a og of the estimated sideslip, but use your destination, 
ot your start point, for your reference set of bearings. As the walk progresses, you can see yourself closing in on the correct destination. 


Exponential Anxiety — the 11:59 syndrome 


‘Your fear of being lost’ rises in inverse proportion to the need for fear, as you approach your goal in unfamiliar terrain. 
Willit be there as expected? Why haven't I got there already? Surely it should have shown by now! 
Have I overrun it?? Maybe I just didn’ recognise i? Has it disappeared? 
When will this track ever end? Will tend at all??_ Wil I have to walk all the way back’! And so on, 


Now, obviously, f you have done your homework well it will be there, where you thought it was, but maybe not exactly when you thought, so 
‘optimistically, you ‘ought to” arrive, 
Distance guesstimation is our weak point. 


Don't add needless anxiety to your background worries. Wait and see it sort itself out. 


Anxiety, fear and panic work against good navigation. 


Explore Junctions, While You Can 


It only adds @ few minutes’ pleasant diversion to travel the branch tracks which you don't want. (Especially if you can dump a heavy pack) 
‘You may never get to find out about them any other way. 
‘This includes natural junctions—of creeks & ridges~and canal junctions. 


When you are exploring, you may never retrace those exact steps, so don't say "I'l explore that on the way back" 
‘The other reason not to say that, is that you will be even more tired later. 

When you are uncertain of your position, such exploration ought to be considered “essential”, now — net later when you realise your mistake. 
Later you may speculate about what it might lead to, but now you can prove it 


In any case, as a matter of principle, explore far enough so that you don't have to repeat the foray 
Eg. walk left, until you are sure you should not go left 


“Meet back here in 10 minutes" is one way to investigate in all directions at once. 


Separated? An Agreed Plan Helps 


Example: Where did I park the car? Is it stolen or am I lost? Are the others worried yet? What will hey expect me to do? 
Example: Our driver has driven off! Why? What will we do? What will he do? 
Example: She has not returned on time! She was exploring that way. 


“Try these out. 
"We will, for atleast one hour and at most two hours, try to rejoin each other before changing to panic-plan’ 
"where we were last together, is the agreed rendezvous naw 
‘After that we check our intended destination for messages” 
"We know to communicate via a 3¢d party—a 3rd person, a 3rd place, or a message bank 
the nearest post office/petrol bowzer/pub/police statian/emergency service/Fire Brigade/bank/Red Cross/Salvation Army 
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Section 2: The Inside Story—Mental Manoeuvres 
Concentrate Outwards 


Both intraversion and extroversion belong elsewhere 
Ifyou cogitate inwardly, you become blind to the surroundings. 
When you chatter away about ether things, that’s equally distracting 
Don't spoil the special time of being outdoors. 


While itis there in front of you, look to see what isto be seen — and talk about that ~ about the history ofthe place, 
or something about it that helps to keep you oriented, to its unique nature. 


Learn not to be distracted from the main game. 


SPELL Out Numbers — Into Words 


“The idea is to express, in words, what numbers measure. Humans hate hearing numbers! So translate mathematics into user-friendly words. 
‘e.g. 270° is "West". That's much more meaningful 


10 past One ~ "Oh, it’s midday!" (in your locality, for summer-time) 10.5 km — "almost half-way” 
145° South — “sub-tropical, even temperate; halfway to the Pole" (020°T ~ just to the right of magnetic North, 


PAINT your Words — Into Pictures 


E.g. To make it even more meaningful, “West” = “Sunset!” (a word-picture)..or even better. 


"019°" = “Where the Sun is just before it reaches magnetic North’ | 


Words without meaning are like looking at the brushstrokes of an oil painting through a 
‘magnifying glass, missing the painting! 


Look at the Ground 


Soil types; rock types (p. 79a) 

Animal runs; animal footprints 

Fallen track markers; toppled-over cairns 
Human footprints e.g. yours, on the way back 


‘Examine each other's boot treads, then the boot prints. Talk them through — expressing the recognisable peculiarities. 
Praclie also on ear-tyre tenga ah prints: (p.6 2 pamaen 


If you see a deep trench or a'dry mud-hale in Tasmania, that may mean ‘an old track’ i.e. where constant traffic had refused to let the 


Vedetation grow back 
Look for Foreshortening & Overlap & Parallax 


Looking flat on to a shoreline e.g. the other side ofthe lake, means that any slight inlet or headland is probably @ maior and very sinuous feature. 
Focus sharply on it, looking for clues to depth. Don't just run on past it. Move sideways e.g. 20m, to show up the depth, by parallax. 


Make Common Sense of the Various Direction Clues 


Maybe the navigator has his eyes glued to the compass — but you, you can say “Oh we're just going upwind”. 
Perhaps you can see six landmarks — but the sensible way to see them is e.g. “We are heading halfway between Mount William and our shadows. 
Cloud direction is a good clue, but changeable from hour to hour, so there is no loss in saying "Diagonal to the Sun” which is also changeable. 


Don’t Degrade the Point of a Clue or System 


E.g. The point of a watch, isto tell you where the Sun is. (Don't look at the Sunt) 
‘The purpose of a mnemonic isto remind you to think, nat just to remember or to recite. 
‘The reason for a "midnight-rise-noon-set" system is to work with the full-circle—even when you turn corners or turn around. It images the sky 
‘The benefit ofa skyline method, is for when you cant see the skyline. You will glimpse it 10 times more often, if you are trving to use it 


‘The aim of a practical method, is to practise it, not just to know about it! 


The Aurorae 

‘The Southern and the Northern Lights are especially frequent during high sunspot years (maximum every Lt yeas... 2000, 2011, 
‘They are most prominent after michight. They are best seen in high’ latitudes (> 40°). One to three days afer a solar magnetic storm is best. 
‘The most common aurora i the most easly overlooked ~ its dmissed as a ‘pale low’ In the North or Sout, low above the horizon, 
But itis not dawn ~ that is East: It isnot from a ety ~ because it changes. Sometimes the sky will Be pale green Below and rosy above (between 
the clouds) and pierced by “searchlights’ which move left and right, slowly but visibly. Sometimes ‘curtains’ appear, shimmer and disappear sfowly. 
[Al the rays seem fo emanate from somewhere near the North or South Magnetic Pole, and it spans 20° each side or more. 

TEis an interesting direction guide 
‘You can estimate current magnetic activity by analysing sunspot activity, Never look af the Sun. Instead, throw only an image of the Sun onto 
white paper os follows. Point your binoculars atthe Sun, without looking through them! Then, os f you were throwing 9 minimum shadow of 
tne binocular barrel onto paper, and as Ifyou wil le the paper look at the Sun through the binoculars, from distance of say half 9 metre 
from the eyeplece, point the bg lens atthe Sun, Adjust is allgnment uni the sunbeams go right through rand come out a the other end where 
the smaller eyepiece lene Is. Steady the Binoculars properly, and focus the bright, ccuar, white, Image of the Sun so produced, carefuly on the 
paper, by using the focusing mechanism and/or altering the paper distance, so as to reveal tiny pars of black dts, an the paper. The larger the dts 
the bigger the storm. Caution! Looking at the Sun will amage your eyes and even looking atthe bright image on white paper requires sunglasses. 
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will bring performance enhancement which will trigger a complete revolution in almost all spheres 
of human life creating a new “everything connected” era. Future 5G networks in such an era will 
face a serious problem regarding a huge number of different service types [220]. To meet the diverse 
requirements for a huge number of loT applications, 5G introduces the concept of network slicing to 
offer programmable network instances [220]. Using network slicing, multiple independent and 
dedicated network instances can be created within the same infrastructure to run services that 
have completely different requirements for latency, reliability, throughput, and mobility [220]. This 
technology primarily targets a portion of the 5G core network, but also indicates that 5G radio access 
network (RAN) functionalities can be different for each network slice [221]. To deploy network 
slices, network functions need to be enabled on an on-demand basis, which has driven the use of 
virtualization and softwarization in 5G core network [221]. Network function virtualization (NEV) is a 
paradigm that enables that 5G network functions to run in a virtual environment instead of dedicated 
hardware [221]. The software define networking (SDN) paradigm facilitates isolation of network 
slices avoiding the traffic of one slice affecting the performance of another slice [221]. These two 
paradigms make the network much more dynamic, agile, on-demand, and flexible [222,23]. Since the 
aforementioned technologies are used to deal with a variety of 5G applications, they will not be further 
discussed. This paper will focus on technologies used to meet performance requirements for specific 
applications (inter slice performance) which are implemented in the radio access part of 5G networks. 

‘These technologies are briefly described and discussed in terms of their advantages, disadvantages, 
and research gaps. Given the fact that the realization of particular technology affects multiple 
performance requirements, tiny steps towards its implementation will allow teleos to deploy 5G 
networks, and thereby provide a performance improvement in terms of more capacity, lower laten 
more mobility, more position accuracy, increased reliability, and availability [6,214,224]. In other words, 
5G networks will accommodate many more users and devices while delivering more data [113,114] to 
each user requiring high data rates [105] in a more energy-efficient way [115,116]. 

Table 5 summarizes considered radio technologies used to implement future 5G networks being 
capable of achieving performance requirements identified in Section 4. On the basis of the literature 
review, one may conclude that the 5G radio access network is crowded with multiple technologies, 
and there seems to be a duplication of technologies, all eager to grab telco’s attention and convince 
them to buy into the particular choice. As Table 5 shows, multiple technologies and techniques can 
be used to meet each performance requirement. Since the mMTC activity-based oT classes are more 
mature, we have primarily focused on technologies used to fulfil their high performance requirements 
(i.e., connection density, positioning, and coverage). We have selected 5G enabling technologies 
considered from telco’s perspective as the most representative and promising candidates to meet these 
requirements. The implementation of these technologies will also significantly affect the fulfillment of 
uMTC service class requirements, which will lead to complete automation in all spheres of human life. 
Therefore, the following subsections will discuss these technologies in more detail with the final goal 
of identifying research gaps and providing recommendations for future work, which are summarized 
in Table 6. 


Orientation 


Orientation to Your Start Point, by the Parallax Method 
Step 1: Start off Aligned: Make a note of Needle NSEW, bearings of any other recgnisabe point, initial-bearng landmark, chumb-line landmark. 
Step 2: "The Direction Has Changed Its Mountain!” Instead of saying: "The landmark has changed its irecton”, fst say: “The direction has 
changed its landmark. .e. retain in your mind the initial bearing, then, whenever you glimpse that landmark again, you can see how far sideways 
you have moved eff that trackBy locating which landscape point that Section now points to, You estimate the sideways dlspaiy across the land, 
Because your compass needle now points to 3 certain distance tone side ofthe eriginal mark. Your jb is to estimate that distance out there 
Step 3: "I'm moving through the landscape, out there”. Imagine a thousand of you datte al over the landscape, al moving parallel, and at 
the same speed, say, at 4 km per hour. All your initial bearings to all those recognisable spots out there, are moving with you, leaving those spots 
behind at arate of 4 km per hour, and now those bearings point to new spots a calculable sistance ahead. In reverse, this lets you see how far you 
have moved sideways to any direction. Bring those distances back t@-vour feet, and see how far away from “start” you are, and how to get back. (At 
15 km range, if you are walking a 4 km per hour, you wil leave the landscape each side of you, behind ata rate of 15° per hour, but...) From the 
Satelite's point of view, you and Your directions ara (al) simply moving through the whale landscape at 4 km per Hour, no matter at whet dstonce 
[An alternative viewpoints to say that every bit of the landscape always moves "equal parallel and opposite” to your motion, relatively speaking. 
Step 4: Estimate the gap between parallel tracks—See "Advancing Position Lines” p.108a. 1. from the inilal Bearing (a track) to the new One 
by taking a new bearing & using sinfchange indirection) x new range, This converts the distances you can see, to a number of lometres, 
‘The answer, you want an answer In numbers, Is how far you have to travel at ight-anges tothe original bearing to festore the original bearing 


Nervous Nellie Navigation — Not Necessary 


‘Anticipate a problem. Do something crisp about it. Clear your mind. 


Examples: Continually looking at a compass needle ~ can be short-circuited — by dividing the route into short legs, p. 73. 
Continually gauging the distance covered — can be short-circuited — By making one prediction before you start, and waiting for it, p92 
Getting lost trying to keep track of many bends ~ is a symptom of not knowing the overall trend in the first place. 
Continually guessing where that junction might have led to, is avoided, by exploring it when you meet it. 


‘You never know when you may be totally distracted from your normal pattern of thinking ~ it is then that you will need a cleared mind, 
Plus, if you habitually allow your mind to move on to the next problem, by dealing with the last problem, you avoid ongoing confusion. 
Forethought can see the normal problems coming, and pre-empt them: 


Look for the Essentials — the ‘Directions’ 


‘You cant afford to miss them! 
.g. ‘Turn left at the Y-junction’ means someone has to be looking for it! 
E.g. ‘Head uphill after you cross the creek’ means: notice the creek bed! 
Eg. If you hit the main read you have gone too far’ means that you were talking about lunch instead! 


Directions are worth writing down as soon as you hear them: “Fist right, third left, 6 km, look for the track’ 
‘Try to give directions more sensibly: e.g. "Up Fish River Valley from the Park Boundary” 

“Try to use fixed directions e.g. "North West” "rom the lake to the Peak” “between sunrise & Mount William" 
Not variabie-or relative ones e.g. “turn left 


A Whistle-Code for Contact Calls 


Example: The track splits. 1's probably Just a detour. “T'l go left; You go right". You keep in contact by whistling, cheerfully & tuneflly 
Use your favourite tunes agreed between you 


Tosignal: "Itsme” Try: "Idid it My Way" 
"You Come to me” “Oh Come All Ye Faithful 
om coming” "Ym Coming; Ym Coming... .Old Black oe” 
The rhythm is. 
Radio Morse: CQ = Please Contact Me =" Dah-dit-dah-dit Dah-dah-dit-dah " "Cis Seasick, @ Forms Queue” "Calling Calling, All radiOs 
R= Roger ~ Received = * Dit-dah-dit "An R dits” 
Wait Dit-dahdit-it-ct * ‘await fr a bit” 
eR Come Back i.e. Recall of Party = Dah — Dah ~ Dah ~ Dah Ree-Call-All-Souls” 
Other: International Distress = XXX = Dah-<it-dit-Dah — 3 times. "all x's hurt all ex's hurt, all ex's hurt” 


S05 ~ real emergeney — di-di-di-dah-dah-dah-di-di-dt~ repeated “A bit of Save Our Souls isn? #2" 
See appendix for the full code. 


City Glow 


From out in the bush you can usually see the direction of about three cities or towns, by their night-time glow. 
‘This works best in hazy atmosphere — virtually any night! — and especially on overcast nights and when no skylight will show. 


‘You need to check a map before you go ~ for the nearby townships ~ then check the theory against the facts, 

then you can find it useful when you need i 

E.g, you can hold a straight line at night ~ relative to any recognised glow. 

Don't confuse it with aurorae, sunset afterglow, predawn Sunglow, Milky Way, asteroid belt (Zodiacal lights), headlights, local Noadlights, bushfires. 


lust remember to get up and look for what you normally don't notice. 
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Section 2: The Inside Story—Mental Manoeuvres 
Come to your Senses 
‘And it wil be surprising what comes to your senses. 


‘Smell the air — for seaweed, marshes, farms, abattoirs, smoke, smog, civilisation, scent trails, fresh wombat dung, humid alr, perfume. 
Listen occasionally. To help you hear, cup your hands to your ears. Selectively tune out the high-frequency noises to listen to the low frequencies; 
and Vice versa. Listen through the white notse, and through the silence of night. 

For occasional vehicles, trailers bumping, boats thumping, jets overfiying, thunder rumbling 

For constant traffic rumble of a highway 

For acean rollers thumping on shore. You can also often hear the difference between high and low tide, from the wave noise. 

For running water, frogs 

For wind noise 

For generators, pumps, machinery 

For farm stock 

For the crunch under your feet, changing 
Look carefully. “It is amazing what you can see, if you look". Its @ most important habit for the navigator and is very rewarding. 
.g. you read what others have scratched over the sign that says "5 hours” and discover "8 hours"; or find old track markers almost overgrown, 


TRANSFER Your Pictures into Reality 


E.g, “Sunset” = "THERE! even after sunset! 


Find the red Giow afterwards, further to the left e.g, at 8:30 p.m. 
“High noon” = Look at how short your shadow is 
“Within sight” = “Well, can you see it yet?” 
“The Pole Star is halfway up” = Do you see how the Cross doesn’t set? 

Living in the realm of theory is ike an absent-minded professor ~ who cant find his way home, or remember which way he was travelling 


Put That Experience in Your Memory Bank 
Ex, “The Pot will go down behind “Pot Hill’.” 
“didnt realise how high the Sun can get at 45° latitude! 
“You ean see the Gorge from the halvay mark, provided you climb the ridge" 
“The Southern Cross Keeps correct time at the end of Mareh — the beginning of Winter. See opposite forthe next step, 


Look, with Vengeance Aforethought 


'A bird observer doesn’t just stumble into birds, he runs them down. 
‘Anative tracker doesn't simply ‘tice’ the clues, he searches for them. 
‘Your task is to track down navigational clues, then ball them up, 


‘Your enemy is: losing conscious grip on your task i. when the trudge gets the better of your brain. 


For Practice: Express the unexpressed. It's no good to be only half aware of what is going on. 
Interpret the meaning of each clue. Tt is no good staring at a compass needle, unless you realise where you are going! 
Look outwards, to see what you ean see. 
Change 'a cursory look’ into a specific search. 
But, what exactly should you be looking for (ance you have exhausted your repertoire of clues)?? 
‘Answer: Find out! 1.e. Teach yourself. Don't wait until someone tells you. 


Preparation is the Key to Difficult Navigation 


Marine navigators in rock-strewn waters, or battling seasickness in heavy weather, or short-handed, know that the only way to cope with seat-of= 
the-pants reflex navigation isto have already prepared clear instructions about danger-bearings; back-bearings; lines of sight and distances to 
run, so that they dont need to leave the helm. 


It's the total picture, beforehand, which orients you, later 
‘They need to plan the entire passage (so as to make landfall just before dawn, for instance) according to the tidal streams and ocean currents that 


they expect to meet (since itis the current much more than the winds which affect beat-speed-made-good, even for yachts). Their key desire is to 
sail with the current, and preferably with the wind and the weather systems, avoiding the storm-season. See "Aiming-off" p36a, 


‘An hour seem such a long time to spare when you are busy at home; But when you get out on foot, relaxed, with hours to walk but no opportunity 
for desk-work, it seems that every hour not spent in preparing what could have been prepared, was a wasted hour, as far as being useful now. 


Helpful Symbols for Standardising your Chart-Work 


“The Deduced Reckoning Position’ > Lines of possible position should have the arrow on the end 
from course and distance information e.g. pointing to a landmark 
(*Ded. reckoning, oF D.R.) > __Acentral Srrow means a course. .e. travelling, not pointing 

‘One Arrow signifies the course steered through the water 
“The Estimated Position” +> A transferred Position Line, ie. advanced across the chart 
/+\, taking into account currents and leeway 
to distinguish it from simple D-R Two arrows isthe course made good over the ground 
[A known position, or a Fix (a doubly transterred position line, fora three-way fix) 
>>> ‘Three arrows is for the stream or the current, 


orientation 
Look Backwards; Think Forwards. 


You sometimes, with only a mud-map to go by, have to follow a straight line by compass or landscape, to a low-Iving, invisible feature, e.g. a tarn, 
hoping to come across it without bypassing it. Well, success will often make you feel that that is the end of the matter; "Mission Accomplished". 
Until next time! 

But look back, if you can, to a recognisable starting point, then take a compass or landscape bearing, backwards to the start. 

‘You then convert that to a forward bearing for next time. Place 2 pebbles on the ground in line, turn around and line up the landscape mark needed 
‘The result isa "Yrack", not just a direction — see p.71b ~ a ‘can't-go-wrong’ guide. 

If your beginning point isnot visible, turn around and take a forward bearing on the skyline feature you think you should have headed towards 
(andi probably did). E-g. "One span to the left of Mt. Visible". The result is only a direction from the start—a guessed-at trackbut nearly right, 


On p.424 I said only to use bearings from high points to high points, for a general navigational framework. 
But add to that, a mental ar notebook entry of the bearing from a low destination point back to visible possible starting points, when you arrive 
successfully, or of the forward course you used — preferably by the landscape itself. They are "How-to-get-to (a low point) tracks. 


(interpret) Extend Visible Reality into the Invisible Picture 


E.g. “I's boling hot in Baghdad 
“The Sun is over Townsville” 
“From the ridge the water flows down to the Gorge and eventually out to the Murphy Mouth” 
“The Earth must be rotating Easterly, from West” 


Don't be satisfied with half a meaning. 
Until the interpretation Teaves you oriented, and able to remember something, you haven't gone far enough 


See p. 71b(1) for the last word on interpreting 270T. 


To Get There Quicker, Go Slower 


\We all prefer to run ahead of necessary preparations, i.e. we prefer instant gratification to wisdom, 
We also prefer to get something unpleasant, finished, and quickly, once we have started, e.g. "can we make this bad “shortcut” work out?”. 


Don't rush! “More haste, less speed" = More care, less fluster. 
Slight panic makes you hurry. Hurry is @ recipe for carelessness in navigation, and for blunders. 
E.g. over-running the junction 
E.g. missing most ofthe clues 
E.g. taking a foolish “shortcut 
Common causes for hurry, other than anxiety, include 
Let's beat the rain/the dark" 
Let's get back on time/for lunch 
Let's Sort this out quick-smart as to where we are” 
Let's explore one more kilometre before we admit we're lost and turn back” 


Search and Rescue Signals — Noises Repeated Regularly 


(One = We are searching for someone. (Is it you?) 
Two = Iacknowledge your signal. “Okay; Roger received-and-understood; I heard that” 
‘Three = ‘Search forme. I need help.” 


Four = Recall of Search Party 


E.g. rile shots; loud whistles or horns; two boards clapped together 


End of Section 2 
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Section 3: Interesting Stuff—Bush Navigation 


Nature’s Norths 


Learn these when the sky — the astronomy Norths — is clear, s0 that you can lean on them later, (Assume S. Hemisphere 1,2,3,5,6) 


"Dew" North ~ Dew, moist sol & roads stay wetter in the shade. Frost will persist in the shadiest places, e.g dew South-West. 
‘Snow South — Snow remains higher on the shady side of an obstacle. 
Mud North ~ Halfdried mud-crusts betray the hot, wind-exposed cracked edges, with the damp mud in the shadowed places. 
Rock Noon — a whole mountain, or a crackin a rock, can show up the sunny and the shady sides. (See next box) 
— Also, in the evening, after a sunny day, you can feel the colder side of a boulder or gully 
Gully South ~ The shady bank of'a creek is steeper than the sunny side, at Teast on average, all around the world 
‘The side facing the noon Sun Is latter. The side facing the pole is steeper. This results in roads, allways and buildings ete, 
being more common on one side—the flatter side—of an East-West river than the other. In other words, creeks tend to cling to 
the Pole-facing slope of a ridge, as if they migrate equator-wards. Perhaps this is a remnant of a past geological age when the 
terasion was more marked e.g. hot days eroding the sunny side flat, with ultra-vielet light; and constant moisture and icy nights 
eroding the shady base steeply; therefore suitable mnemonics are: “lying down flat sunbaking" or “steeped in ice” (i.e 
South-facing in the S.H.). Lakeshores have steeper or flatter banks according to the same principle. 
6. Animal Orientation ~ “Barnacle South” (SH), on dark intertidal rocks ~ it shows up the wetter i.e. shadier side. 
“anthlls’ (Termite mounds) sometimes orient to avoid the heat, so the length of them is North-South 
Insects prefer the warmer side of a trunk in winter e.g. spider cocoons, ant colonies, boring grubs. 
Some spiders spin their orbs to face noon, like satellite dishes but more vertical; others face sunrise. 
Migratory flight-paths may be North/South &/or upslope/downslope. Animals fle in predictable directions, 

‘eg inland, uphill, North, upwind e.g, when faced with a fire. They often lie with thelr backs to a cold wind, 
Siesta South: Farm animals find the midday shade in a paddock. You can smell the urea. You can see the dung piles. 
(7=10 will be expanded soon) 


7. Wind West ~ part of the W in the ‘WEATHER’ mnemonic. It is designed for windswept places when the wind is nat blowing, 
‘The prevailing wind leaves its signature in the visible growth history ofthe plants, and in the landscape. 

8. Wave West — if, in the Roaring Forties, you can see the accumulated effect of ocean rollers. 

9. Botanical Asymmetry — where you sort out the competing effects of wind, light, salt, exposure. 


40. Bush Noon — you never need to be disoriented in the thick bush 
‘This works best In temperate latitudes — where the sunlight is directional 


Of course, anything to do with nature, refers to averai 
Less Natural Norths 


19 continual observations. The most variable signs are the least reliable, 


11. Magnetic North; And don't forget magnetic dip ~ the downward tlt of the magnetic lines of force, varying with latitude. 
42. Solar Panel Noon ~ Observe how we set up solar panels, and verandahs. Nature gives us the Sun, and we all follow it. 
13. Satelite Dish Noon — Geo-stationary satelites are, by nature, Equatorial 


14. Microwave dish to microwave dish — Peaks ‘naturally’ point to each other! See “landmark to landmark network navigation'p42d 


Instead of feeling bored, or gatting lost, oF being "bushed in’, you can have the valuable bonus of feeling at home in the bush, having @ 
hobby, and being oriented to the slope, Sun, vegetation, ecology, weather patterns. 
Bush skills are @ good investment for future bushwalks. So go for some experimental walks in the bush on overcast, foggy, rainy days. 


Don’t Forget to Remember, Your Way! 


Long-term memory is your best friend — so feed it. You aim for recognition, years later, through familiarity now 
‘2.9. Have you walked the track at night? both ways? twice? 
fg. Collect as much first-and-second-hand information as you can. 
e.g. Reread your track-notes occasionally before you lose the memories. 
Photographs, Maps, Track guides, Track nates, etc are all permanent on paper! but you aim for permanent memories, not records. 
|e, Mental photographs, Memorised records, What the locale call "knowledge" 
Use memory methods so you don't waste your efforts. Use the paper records to help you consolidate your local knowledge. 
To that end: Make drawings. Make your own map. Keep a diary. Make your own track directions, names & comments. Tell somebody. 
Use biro not pencil. Make a neat copy of your notes and file it. 
Look at.” means "Notice.,” means "Take note” means "Take notes” je, Take 2 notebook. 


Unlock Memorable Chapters in Your Life 


Memory is fundamental in navigation (alongside direction, distance, position sense, visualisation and alertness). 

Medium-term memory is how you find your way back, but aim also for long-term recall 

‘We remember best in definite ‘ites’ ~ location by location, 
Right, team; We have to remember this. Help me. We need to discuss it, describe it, mentally photograph it, draw its skyline, 
make it a memorable stop, time it, note it, put it nits logical place in sequence.” 


Go for the Jugular. Zero In on What Matters 


Concentrate on the crucial and take-away information 


— the crucial "directions" E.g. the sequence of junctions 
= the details that have direct orientation value .g. the visual angle between North and Start-off 
= which give relevant memories E.9. the hilltop view laying it ll out fer you 


— track notes e.g. the bearing to follow, the “directions” 
= the overall trend ~ top-down, top priority pieces of information 


~ the perspectives that fit everything into the context E.g. the surrounding trends in relation to Sun-North, 

Eg. Amental map is better than a ‘position’ on paper. 'A map diverts you from the real picture. 
Recognition outvotes names; Zero in on the most peculiar visual peculiarity 
names ‘outvote position fixes. 


‘The overall details ~ What you need to know in three years’ time, when you try again, 


are the time, distance and difficulty. 
‘The Sequence (of subsections & features) ought to be remembered... rather than e.g. ‘bearing 035° magnetic’ 
Recognising Sections of the walk. is more relevant than having a series of map positions. 
Surrounding landmarks last longer. ‘han "tum left at the red tin-can-marker” 

‘Appreciate the plants and animals; the soils, geology and climate. Instead of "Bin there; Dun that" you aim for familiarity 
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Lie ofthe Land; Tracks 
The “Lie” of The Land 


‘Think of this as the up-down part of geography. Think *Lie-Down” (versus "Lay-Out" Ie. a map layout). 
‘Think of — Drainage, Watersheds, Catehments & Divides~the accumulated results of Ages of uplift, drainage, erosion & deposition. 
= Geomorphology — it determines the shapes 
= Ecology’~ it responds to the shapes, the slopes & drainage 
~ and how they all Minto each other. 
E.g. “This north-facing slope supports warmth-loving vegetation” 
“These foothills of the main range drain Westerly” 
“The basalt uplift has generated these clayey mud flats” 
“This is an isolated hillock within the main valley” 
‘Think of the ‘lie’ as ‘down toward what general direction?” 
‘and rise’ as ‘up toward what encircling range?’ 
‘Le. Puta general trend on major rivers and ridges. Imagine the coast, where all the (now nearly parallel) ridges & rivers run offshore. 


Lift your eyes to the "Big Picture” scenery. Interpret it; Memorise its detail; Put it to good use. 


Listen to the Pioneers 


Le. listen to the place-names 


“The Great Dividing Range” I suppose this one is obvious 
Blackbird Flat” ‘This means there is a river nearby 
‘Stockyard Creek” [Aflat clearing is promised 

North Ridge" This is related to the North Arm of the River 
Huon Valley” Tehouses the longest tributary 

Boggy Plains” Down on the flats! 

Eliza Plateau" Up on the bogay flatst 

right Pass” Means a change of catchment 

East Pllinger” Teought to be East of West Pllinger 

Pelion Gap” [A saddle ~ between catchments 
‘StrathGordon It says "the Valley of” Gordon River 

“Dale” ‘Also says "Valley" 

Mole Creek’ Burrows underground 


Lie Has To Do with Water Drainage 
Look for dips in the skyline 
Ifyou find 2soak'—where water soaks out—10ok fora ridge-bound marsh uphill—where water soaks in 
Carry an artifical horizon, to reveal sight dovin-slopes,e.9. a flat plastic jr id suspended on three strings, adjusted to horizontal 
Or ay your clear plastic drink botie on the ground. Maybe ven pour out some water to see where it runs of to. Listen for frogs! 


Stick to the Track 


+f you are waiting for the rescue party 

+ When a *shorteut” looks inviting 

+ Ifyou have told someone exactly where you are going 

+ When you are nursing an ailment 

When sacred or heritage sites are at risk from tramping and erosion, rubbish, pollution, desecration, ete. 

+ When you are one more tourist in the constantly invading hordes, and "Please keep to the track” is almed squarely at you 
+ When you are in a greedy hurry for more of the same elsewhere 

+f you cant find your way out of a wet paper bag. 


Reasons for Leaving the Beaten Track 


+ Tracks often fall to meet the needs of birdwatchers, botanists, photographers and bushwalkers. Remember why you are there. 
Talk to the ranger about whether the "No Camping" sign refers to drunken car-based partes, or to scientists and bushwalkers 
too, 

You sometimes want to search out the worst routes! Easy slopes have one sort of ecosystem/niche/microclimate; 

Difficult terrain has the more unusual biology. 

+ Interaction with a bare-dirt strip is not exciting. Fan out, Tread Carefully, Go Slowly, Keep your party size small 
= then you ean appreciate the flowers, lizards, lichens, Each step is watchful ~ which forces you to see these things. 

+ A fast-track through a nice place robs you of appreciation-time, 

‘The experience passes just as quickly as the tramping to get there! 
+ Designed tracks will often steer you clear of exactly what makes a place interesting to see — clffedge views, water-edges, 


botanical hot-spots, refuge habitats, 
Isolated places often don't have tracks, and you will need to choose, navigate and negotiate your own route. 


Cross-Country Routes 
All routes are “cross-country but some don’t ave tracks to follow 
‘There are two sors of tracks ~ Unvnatural ones~artifial pathe (man & animal made) which form a simple network, 
‘and often stick clase to the contours ~ genly upslope or gently dovinslope 
‘And — natural routes (ollowing the geomorphology) which cross the contours at right angles and 


es 
3 


Section 3: Interesting Stuff—Bush Navigation 


Rock Noon 


Rocks blister and crack in the heat. In addition, ultra-violet light hastens all other erosion processes. The top sunny sides erode easily 
Conversely, the shady side is subjected to lichen growth, icing, and moisture, especially atthe base. 
Differential erosion results in tilted rocks, in asymmetry of cracks and gullies, and in various ight and vegetation effects. 


On the hot, rounded side, look for fissures, cracks, furrows, blisters and 
pock-marking — as signs of heat stress resulting in more rapid erosion. 
‘e.g. Blistered flakes leave a patch of bare rock with no lichens on it 

‘Such patches are hard to find on the shady side, 

‘Algae grow in the protected fissure under an almost blistered-off flake of rock. 

The green stain on the underside of the lake is greener on the sunny side! 

Caution: This is unreliable unless the rocks show a clearly interpretable pattern, 

Of course, use bedrock or larger boulders, since they are going to be in their original postion — not shifted about regularly. 


yer TT MSTIATHT examine the cracks — The shady side is shorp and step; the sunnyside is rounded 


Aer tie tr — tmnt 8 mir dwn on 
i Nina — rounded step-downs show a geological dip away from noon, 


Examine the colours ~ looking down-Sun you see pale, bare rock 
(where it has recently blistered) 
bare rock lichen clad looking up-Sun you See multicoioured lichens 
fon a darker background, 
~ diftuse lichen grows better on crumbly rock. 


grass ‘The sunny side will grow such lichens. 
~ thicker-bodied, textured lichens grow older 
Feel the topside vs the backside for a difference in temperature. fn the shady, non-eroding side. 


Look for green grass and moss in the shade af the rock. These are often far more rlfable than the rocks themselves. 
Beware that a fire-storm will kil lichens, moss & grass, and will blister the rock, crumble it and split chunks off 

le. some of the effects you will notice may be due to a recent fire, e.g. a firestorm from a particular direction. 

Rock noon only needs to be reliable enough to tell you which end of your improvised compass points North 


Don’t Try to Memorise Details without an Overall Framework 


It's a recipe for confusion ~ to try to keep track of every bend, every hillock, every weather change, every creek bed, every channel 
There are too many of them, They all look alike in close-up. 

SSo start with the map: Learn the major rivers and the divides first 

Go for the big names, the overall trends. 

Fit the details in by retrospect, after the big picture shows itself. 


Don’t Try to Remember Anything You Haven’t Memorised 
‘ve. put the effort in firt—don' fool yourself. There is a process fo memorising something, e.g. establishing a framework first. 
And. 
Don't try to remember anything you haven't made memorable. Dont battle uphilmake it enjoyable or emotional and it wil be easier. 
‘And..Donvt write down anything you haven" memorsed First make it memorable, then write fe down 
Notes are ot an excuse to forget to memorise something! 

Like most shortcuts, they are an enticing alternative, but they, Ike shortcus, short-change You as well. Memories are precious. 
‘And...Dor't try to remember anything you haven't expressed or narned. Ic Isa fact of life that we refer to memories by name, n words 
‘And:._Don't expect to remember detals you haven't understood, oF oraanlsed, structured, or reduced toa bare minimum prompt 

iRalvays helps to Interact with, analyse and process anything you want to remember. £9. Investigate Ie with questions on Your 

mind; erie it tach i Tt also helps to aualy set I out In your notebook with colour, shape, balance and symmetry. 


I you relax, because there isa track, or because you have a map, or you have ‘directions’ forthe trip, 
‘and maybe someone else is with you who is familar with the area, then you cease to build up your avn memories and familiarity 
‘Again you have short-changed yourself 


Write down What You Memorise! 


Does that sound like over-kill? It isn’t, It’s just good sense, 
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Ue of the Land Tracks 


Major Rivers & Ridges, vs Minor Ones 
Obviously, al water, falling of-one side of a catchment-dividing ridge, runs to the 68, via a single river mouth; Conversely, river~ 
‘mouth headlands are diviging ridges. Followed inlan, al heaclands must reach right around the rer catchment—they ara the two 
tends of the dividing ridge. The rivers and ridges forma sort of geometrically Inverse pair of systems 
‘The catchments withthe shortest creeks occur Between named River mouthe, and are called coastal’ 
Le. Al other coastal land rises to some diferent, more local, viding ridge; you may have to Undulate up and down along it on the way 
Not al reekines from a ‘major ridge’ (a catchment divide), descend all the way le. although the water may go all the way to the sea, 
the creek carrying it may not: the creek might only be a tributary, ending where it empties into aver. Simiarty not all ridges running 
off the eatcnment-dividing-idge reach al the way tothe coast~some are "dead ends’—they end ina “shoulder” cut off between two. 
reeks joining, or a a river bend Al valley-dividers are ridges, but not all ridges divide whole valleys, or even minor catchments. Those 
that come to 8 deadzend belore they reach the coast are not dividing ridges, and may be called "minor. 
All creek ines do not necessarily start on 2 dividing ridge: The cree itself might attach to a minor ridge, within the valley are. 
‘Those ridges and rivers that transect or divide whole catchments are called "major’. The narned river ought to be major line 
Uniess you look for them on the map you may not be able to notice anything special about them. 
Major rldges & rivers do however tend to stay higher and lower for longer, and often provide you wth the gentlest climbs, 
‘and they attract roadways. 
Main eidges also tend to run parallel tothe main valleys and vice versa, 


Sort it out on the Map 


+ You cannot see catchment layouts from ground level! 

+ Ifyou walk around a slope, half-way up, e.9. fllowing an aqueduct, then you cannot easily know when you cross a major 
alchment. There are many Minor ages to cross and any one of them could turn into a saddle which aivides volleys 

+ round peaks and plateaus, valleys spawn in all directions — itis hard to identify the right ones, High marshes may drain in 
Several Girections, 

+ Near a major river junction, traveling along the dividing shoulder can give a confusing alternation of views, 


between one valley and then the other. 


Catchment Divisions Snake from Coast to Coast 
Ridgetops fit parallel to and between the two highest contours marked on your map, and can be very sinuous. 
“They mark neighbouring catchment edges; & 30 theoretically you can cross the continent on Nighest ground without crossing any creek. 
Major eatchment civisions must reach the coast at point each side ofthe river mouth (except, of course, for Inland salt lakes). 


A Catchment-Division* Separates Whole Valleys 
~alled a "watershed" in Australia, unlike in USA 

Hint 1: Mark catchment divisions on your map witha pink highlighter — pink is opposite to biue-green for creekines 
Hint 2: Now forget about those new pink delineations on your map. They refer only to the layout, as sean from above. 

‘You need to imagine real, high ridges inbetween deep valleys. 
Hint 3: Now forget about those razor-back ridges in your mind. YoU need to know that they could be remarkably flat paddocks. 

~ not very eye:catching ~ look for them carefully 
A catchment division wil follow the highest flatest ground and consequently have afew marshes and puddles on it 
‘A metrerhigh bump ina paddock might separate two raindrops into two diferent 1000 km journeys In each direction, 
So you cant simply ‘walk downstream" not unt! you know where you might end up! 


Tracks are like Naughty Children 


If you take your eye off them for a moment, they will split shortcut —__p 
{as soon as they are out of your sight. et ni 

Bashar 
A shortcut is often the result ofa junction. 
‘This is because tracks often bend at a T oF ¥ junction. “€ Fork in the track 
Shortcutting is constantly encouraged at any bend, ~ missed! 


So there wil icely be an inviting well-worn shorteut there 
You can always split the party to explore both routes. 


The same is true for creeks & ridges 
Unless you stick to the bank of the riverbed, you cannat count on seeing the tributaries, and if you do stick to one side you miss the 
ther aide trbutares- Also, where a stream is braided” ito paral ingerconnecting branchets, and you follow one gutter, You are 
Easily blinded to ts tbutares Joining in from side-valleys 
Ifyou don't stick tothe main gutter or crown, you miss seeing junctions onthe far side ofthe river or ridge and ean follow a wrong 
cone. But side ridges are harder to se from the crest, just like tributaries are hard to see from the central channel! 


Explore Branches While You Can 
‘As matter of principle, its easier to explore something if you are there, than if you are not! AT 
Be quick to remember that before you walk on past. 
Remember... that you are there to enjoy the country. So put down your pack & amble off fora minute or delegate someone to explore. 
‘You may surprise yourself by siscovering @ helpful signpast ata second nearby Junction or anew access point and car park, 
Or even, that it isthe rack you should have taken just now. Sends Breed Shoricuts: A shortcut may look like ‘the junction we don't 
{Gice whien means that you may mistake the real Junction anyitay 
Avoid endlessly having to wonder later. "Buti that other junction turned east, then it might have been the lnk." ee. 
When you are there, find out fr certain 


Convergent Tracks Lead to Civilisation____ 
For example, you get lost, stumble across the track and meet @ T-junction — which branch do you take? less wider 
‘Yu ean examine any Yejunetion for signs of splitin ino two or more minor branches. worm better 


“The most acute angle ofa ¥-juncion usually points toa focus pont (e.g. downstream carpark) 
ies 
Down-Track vs Up-Track 


‘This one is not obvious, and soit may trap you. 
‘You seem to be following a well-worn path down, until you turn around and try to find your way back up. 
It is then that you discover a multitude of other tracks joining into yours at an acute angle! 
You see, people walking downhill, downstream, get channeled into the paths of least resistance, converging just like the creek lines do. 
But people walking upstream or Uphill ae faced with choices and tend to spread out into all possiblities, unt they find the right one. 
“The best path is worn in from down traffic, but that ray not make it obvious to up-traffc. 


Allow extra time when going up-stream, or climbing a steep peak, for eliminating false leads. 
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Section 3: Interesting Stuff—Bush Navigation 


Wind West 


‘Assume you are in a wind-swept place in medium to high latitudes e.9. southern Australia, where strong Westerlies prevall 


‘Win the WEATHER’ mnemonic (p.114b) then reminds you 
ff the prevailing Westerles in the high 30s, the Roaring 40s, the Furious 50s and the Screaming 60s. 


/ for ‘Weather systems come from the West’ in temperate latitudes, 
‘and "Wind in your face’ locates these weather systems for you, 
‘nid "Upper-level Westerly Wave" steers these systems to the E/NE/SE in a waving pattern. 

'A common pattem is to have a warm nor-westerly storm preceding a strong cold sou-westerly change (SH). 
and Wind-West’ reminds you to look for the lower-level prevailing Westerlies, and their effect on the bushes, landscape, etc 


‘You don’t have to be in the Roaring 40s to find a windy place and look for tell-tale signs of the prevailing wind, 
= Onshore winds near the coast, being laden with sat, leave unmistakable clues imprinted in the bushes, and on the seashore. 
= High plateaus and wide open clearings are usually windswept. 
= Gullies produce up-gully breezes and down-gully gusts. 
= Hilitops are windy. ‘To get an undistorted picture of the prevailing wind direction, goto a hillock. 


To navigate by the local prevailing wind may be more preferable locally, than to navigate by bush north. 
The prevailing wind is not as universal or reliable as bush-noon, but itcan be easily visible, audible and tangible. 


In general, the tallest trees are the best tell-tales. 
Look for wind-induced asymmetry, especially at the tree tipg and the oldest tree trunks, when you are in a wind-sheltered zone, 


Think Wind 


Distinguish in your mind the various causes of wind damage. 


+ Storm Winds — brief but furious, as a weather change hits. They may uproot trees. They are often hot and dry. 
+ Fire-storms—from the hot dry inland, or sweeping uphill. They can leave a trail of dead black fallen trees lying parallel 

+ Cold change Winds — Cold, Gusty, Strong, Persistent for a day or three; Usually south to southwesterly (S. H.). 

+ Persistent Prevailing Winds — Westerlies Waving’ between northwest and southwest in between ‘changes’. 

+ Salt Laden Onshore Winds — They ‘cut’ the exposed vegetation back to size. 

Cold Blast Winds ~ These kill of the less hardy competitor. 

+ Hot Dry Blast Winds ~ These leave only the waxy/succulent/woody species. 

+ Sand Blast Winds — They remove vegetation, carve out sandstone sculptures, and remove lichens from the exposed side. 
+ Windy Season Winds — Ask the locals what to expect at each time of year. 


Anything is Memorable 


Make it personal “Where I found the pocket knife!” 
anticipated study the map beforehand to imagine the sections 
active Do something; involve yourself 
Important Draw attention to why it should be remembered 
associated I looks like a. ; sounds like my middle name ; uphill from the mine 
creative ake up an enjoyable name 
emotional Expect to notice, then remember, decision points & anxious times 
visual €.g. symmetric, colourful, shapely 
geometric This triple-trunk matches the triangle of paths here 
Roticed Draw attention to it"See how we have just entered tea-tree ?” 
peculiar That tree looks like a trafic policeman! 
prominent The tallest tree here, see? 
Fikes ‘what aspect about if interests you? 
named €.9. "Midnight Junction” 
fitting “Power Point” where the electricity line crosses the lake 
funny “willy Wily Waterhole’ where we saw the dust-devil 
human “Betty's” 


Make Individual Memories Memorable! 
‘Te problem isan excess of information, witha shortage of enough meaning to go with each deta 
9, hilocks and creeks hove endless detail ~ you can’t hops to remember al 
Visual memory is not the problem ~ pictures are perfect ~ but recall is dificult 
(And sorting pictures out later into the original sequence is also hard.) 
You need to adé memory handles, worthwtvle mearings, specific focus, ee 
Hint!" Do something memorable there. Dance, Sing, Jump, Shout, Throw stones into the puddle. 
Make a cam, Sketch a tree, Have a meal ~ Chewing ls said to aid memory! 
Leave something of yours’ there ~ something peculiar ~ e.g. ean a stick against a tree trunk; scratch the ground. 
Inset it into a larger scheme ~ ime & sequence; lie & surroundings; an acroste poem: 
Make a game of it £-g. "Who can say whats pecllar about this creck?” 
Make it yours’ eg. Discover it. climb it. Explore i. Study i. Explain. Draw it. Mapit. Show Ito someone. Name it 
Spend time there, looking 


Remembering Trees 
‘Simply spend time looking. It may only be 10 seconds, but that is 2000% more than the usual ¥s second! 
{bot atthe Bronches, the shape, the unk, unt something strikes you 
E.9."Oh, these two Branches grow across each other” 
Eg. "The bar is ight-hand spr” 
9, "See that ant-highway going up into the hollow—it might have water in it 
Walk around it to see the shape from side-on. Characterise tits context 
Eg. “entirely shorter than that old stag’ vt branch 
9. “ree tuts on top" 


‘You get better with practice. 
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Lie ofthe Land; Tracks 
Ridges 


Ridges have gentler slopes up/down ridge i. provided you stick to the crown. 
‘The slope ‘makes’ rapidly on each lank. It is only the rdge-line which is fatter 
Ridges have nicer views. But these views are easily halved unless you walk right on the crest. 
have nice breezes, provided you are right on the crest. 
have more open and stunted vegetation plus shallower soil and more exposure to the elements. 
‘are wider and flatter than a craek bed, and thelr rocks are firmer underfoot and dry. 
‘Their run-off slides off downhill to each side 
“These advantages are also lost as Soon as You slip off the ‘crown’ of the ridge. 
Off the ridge is steep, vegetated, narrow, loose, windless, hot, humid. 
“The steepest but best way up a ridge is... up the ridge because (1) It gets even steeper off the ridge 
& (2) contouring is ‘easier But It doesn't get you ‘up’ but only into more dificult terrain, 


Ridge Names 
+ Mountain to Mountain €.9, Mount Ossa to Leoges Tor (trace it on the map) 
+ Mountain to Mouth €.9, Mount Ossa to Arthur River South Head 
+ Mountain to Headland €.9, Mount Wellington to Wrest Point 
* catchment Division .9, The Arthur-Pieman Divide 
+ Tributary Divide €.9, The South Arm Ridge 


[A ridge may not be "major" but if t divides your walk, you do want to know about it~so make up an appropriate name for it 


Mnemonic: “Ridges Rise” 


Whenever you cross a ridge don't forget to ask: "Which way does this ridge rise, in trend terms ~ to the left or tothe right?" 
It's lke asking which way water is flowing, but the truth can be obscured by local undulations in the ridge. 

Ask: "Does this ridge, if followed to the (right), end further inland i.e. upstream, or further downstream?” 

Te must correlate with the overall corresponding drainage, 


Uphill — Which Hill? Upstream — to which Divide? 


‘To Which ridge? Which plateau? Which highest ground? Just as surely as rivers reach the sea, s0 ridges reach a peak. 
Which peak?’ is the question which orients you. 
Until you know which catchments you are climbing out of and in to, you don't have a grasp of where you are. 


Sympathy and Understanding with Track Markers 


‘Take time out to explore (0.9. leap-frog fashion) from one track marker to anather. 
Always guess where a track ought to go. 

When you come across a marked trall-maybe poorly marked and/or difficult—the question arises: ‘Should we follow It or not?’ 
Intelligent guesswork helps here 


+” Where would J put a track? 
+ What isthe direction trend of the new trail? 
+ What isthe slope trend of the trail? 
What tracks & routes might you expect? 

+ What alternative access routes exist? 


E.9. uphill, heading West, may well mean: ‘to Lake West from the lower car park’ 


If you leave the track behind, because itis unclear, you may never get back onto it. 
BULIF you work with what you have (a bad track) it may be quicker in the long run. 


Old Track Markers 


Practise neticing them, before you need to. 


+ old axe-cut blazes on tree-trunks — from the original surveyors 
+ Very old paint flecks in the blazes — search for them 

Blazes and markers on the far side of the tree — look back 

+ old nai holes oF nails or rust stains — the marker has fallen off 

+ Fallen markers ~ on the ground 

+ Fallen rock cairns — the rocks blend in, but show their pale underbellies 
+ Arrows on wet rack-faces ~ the wetness obscures the scratches 

+ Sawn branches, trunks and logs from when the path was cleared 

+ Aclear line-of-sight through the trees 

Thick young growth — an unused road 

+ Smooth or shiny rocks with less lichen — worn smooth by feet 

+ Fallen trunks with a gutter worn across them — betraying foot trafic 

+ Broken branches of varying ages; bent stems e.g. bracken fronds 

+ Stumps cut off at ground: or eye-level 
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Section 3: Interesting Stuff—Bush Navigation 


Be Wind-Wise: Listen 


Listen directionally the wind-noise will be mainly from up-wind. 
‘When you think you are navigating by the beach noise, you are probably navigating by the onshore wind, and should keep track of It 
Listen through the noise — You may distinguish three frequency bands, as the rumbles emerge from the hiss, 


Listen through the silence — of night, in the stillness. Up-wind sounds carry a long way. 
Listen to the sounds (birds, traffic, house, factories) — They carry clearly from upswing only, especially the high frequencies (whistles) 


Listen to the beach noise — The ‘ise’ will be from a direction more up-wind, and closer, location- wise, 
“The ‘rumble’ will be from further amay from you and further away from up-wind direction, 
Listen to the thunder _— Air temperature zones create directional effects, so that approaching storms, which are preceded by 


ow level cold bursts of alr, have their noises refracted up and out of earshot 
(See “Tips for Calm Weather” p.234 & "Topographic Level Winds" p.25d) 


Obvious Tell-Tales: Landscape 


+ ew coastal asymmetry e.g, Temperate West Coast ocean beaches might have a kilometre of sur, but East Coast beaches are 
narrower and calmer, Trade-wind East coasts are surf beaches, but headlands with West facing shorelines wll be sheltered 

+ ays end in exposed points. Look for tal, steep, bare sandhills on the weather side, If there are tll sandhills at a narrow 
point, you wil see sandhills from both sides, so ask am t seeing the green (sheltered) backside?” 

+ Sand dunes. There are variations, but bare dunes tend tobe crass-wind and vegetated dunes tend to trend down-ind. 

+ pudates, Lagoons, Lakes, Creeks, Beaches ~ Look for wind & wave action effects e.g. dark mudflats up-wind & white sand- 
fteeps dewnwind. Shallow puddies ften occur on the downwind end ofa fat drainage. 

+ Sand ripples show steep backsides downwind, as the wind driven grains topple over the eroding crest. 

+ Gumps in sand-stretches show a long tall downwind. £9. behind dead seaweed deposited on the dry beach, 

+ Grass-clump erosion isthe reverse of sand ripples ~ look for steep bare dit and exposed roots on the exposed side 

+ comps & campsites, picnic tables & replaces, bird nests & animal shelters all avo the un-sheltered side of vegetation. 

+ Wind-shadow growthplants grow tlle inthe lee of @ mountain range, or ofa pebble, sand ridge or house 

Obvious Tell-Tales: | Windblown Objects 

+ Flotsam collects on the downwind sie of a lake (but on the sheltered side ofa coastal point). 

Tanks al downing in torms tances al dowmind nae; leaves, us and omg down in song winds, Lok 
for ribbon bark hanging in a tree downwind from is source. - 

+ Rubbish (ld dead twigs & leaves) collects behind a clump. I ae 

+ Dead fong tea blades ie cross-wind when biown against an obstacle e.g. a dump... ~— 

+ ead tong teaf blades le down-wind when blown ffom a source e.g. a tussock 

+ Broken off branchlets ie with their bia spread-out twiggy end downwind. Meadoworass tuts pulled up by grazing animals also. 

+ Feathers catch in bushes, usually on downwind branches, and mat against the up-wind side of those branches. 


The Difference between Looking at, and Seeing 


has a lot to do with involvement. 
@.g. a seed-collector will see the vigour ofthe plants and their stage of fruiting. Would you even see the plants! 
2.9. 2 hunter will see a route for stalking from behind cover. 
2.9. a photographer will se the contrast in light. 


Would you as a navigator care to notice footprints, or their absence? What about the fight-paths & contrails, oF gems in the river 
gravel? 
Navigation is your opportunity to see more. 


Search-Image 


Its possible to stare at something obvious and not see it! e.g. the pattern of wind-blown grass stems, or the peculiar geometry of a 
tree. But after some practice, you can't miss it. So train your brain to the search images before you need them. When you are fustered 
and hurried you will nt feet confident in your abilities to see something difficult, and will likely give up too soon. 


We Recognise ‘Sameness’ But Need to Describe the Differences 


‘A gum-tree is a guim-tree; but this gum tree has three trunks! 
‘A‘bend on the road! is just a bend; but this one bends away from sunrise. 
‘hillside’ looks much like all hillsides; but this one is regrowth with watties dominant. 


Don't just gaze at “the view" or “the landscape” or “vegetation”. Look past the fuzzy ‘sameness’ to the unique peculiarities. 
Unfortunately that often means: ‘Focus on the boring detail’ 


1.9. "This hillock has five dead tree trunks, totalling nine main branches’ which makes this hillock recognisable and unique. 
So. Hint: When all else fails, COUNT! (The Same goes for batanical species identifications.) 


There is often no way around a detailed look. There will nt be anything unexpected to hit you in the face ~ you must keep looking 
Until the interesting peculiarities emerge. 
E.g. "No other dirt road junction I have seen has an Acacia sapling growing in each corner.” 
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Symmetry 2017, 
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Legend: ToT (internet of Things), 5G (Fifth Generation), minWave (Millimeter wave), RAT (Radio Access Technology), FQAM (Frequency Quadrature Amplitude Modulation), FD (Fall 
Duplexing), TDD (Time Division Duplexing), SND (Simultaneous Non-unique Decoding), SSC (Sliding Window Superposition Coding), MN (Moving Network), D2D (Device-to-Device), 


_mMIMO (massive Multiple Input Multiple Output), VLC (Visible Light Communication), 


IC (Self Interference Cancelation), V2X (Vehicle to Everything), LAV (Unmanned Aerial Vehicles). 


Lie ofthe Land; Tracks 
“Shoulders Stop” 


‘A huge mountain range may end in a "shoulder" i.e. a ‘shoulder’ amounts only toa “minor ridge’ stopping within the valley. 
You will nat get to the coast by fellowing it down. (If you are on the very last ridge next to the coast it would be called 2 headland). 


‘There may also be isolated high ground within a valley, a lot like an island, and this too is doomed to end in only ‘shoulders 
Such high ground is drained by one river only, but via Several tributaries. 
Tewill have one, often low, flat connection (a Saddle) ‘uphill’ to the main Divide. 


Shoulders are Not Easy (like Ridges) To Walk on 


1. They end a spur, and so are likely to be steep, as the ridgeline plunges down to the creek bend or junction below it. 
2. They are wetter than ridge tops. Although they shed water, being convex, they are stil fed with run-off from above, as on a 
hillside. So the vegetation can easily become very thick. 


Saddle — A Flat between Hills, Sitting Astride a Ridge 


‘They are so named for thelr resemblance to the two-bumps-two-gutter horse-saddle shape, designed for two legs astride a sway-back. 
When a flat area is drained by three creeks and 20 has three ridges lifting from i, itis called a "monkey sadale" 
‘The third gutter accommodates the tail, This can cause uncertainty-of-choice for navigators! 


ATcal"is a saddle 
'A"pass" is usually a low point in a high ridge Le. itis a saddle. 
‘A gap" however may simply be a river gorge. 


Every undulation and flattening of a ridge leaves a saddle. In forest, there will be a puddle. It may also attract a campsite or a road. 
‘saddle may look like a valley crossing-a muddy dip in the path—but the two sides bath drop away, if you look carefully through the 
wall of vegetation. 


‘Weather maps show pressure ‘saddles’ between two High's and two Low's—p.11¢. 
You can also picture a saddle as a U-shaped valley going up and over a gap between two hills and continuing down the other side. 


Saddles make creek sources, but not every creek source begins as a flat saddle—any ridge or slope may spawn drainage gutters with- 
‘ut necessarily fattening out. 


Track Markers 


~ Decode the colourccode. Separate tracks often have separate colours. Reverse track markers may be of a different colour. 
~ Successive generations of track marking may be evident, or several colour-coded tracks may share one leg of the journey. 
= Triple marking, often means "End of Markers" or "End of Track”. 
= Big calens mark junctions, eampspots, features. Cairns with a stick may also indicate a junction 
~ Side-tracks are marked with something extra or different. 
~ Sticks over the track, or especially crossed sticks say "No Entry. Wrong Way. Go Back’ 
‘Av an unexpected junction, f you have to step over some branches you have probably missed the intended message. 
~ Unrneeded signposts — often mark the entrance af disused tracks. They may (or may net) be at an unexplained bend in the route. 


When You Lose the Track-Markers 


Be suspicious! Start by over-navigating beforehand — search forall track markers as a habit, even when the track is well-worn and. 
plainly visible. It gives you the practice for when the track marking does get patchy. 
Also, only then will you notice whenever the track takes an unofficial shorteut (e.9. following vehicle tracks, not the walking track). 
(Or maybe you have taken a wrong turning off the marked track and need to realise it, no matter how good the new track is. 
Whenever you lose the markers or whenever you lose the track, explore in these directions: straight ahead and straight behind. 


One or markers may singly have fen ft mata een ? 
oy eens Se a at ac mar 

room ee punter es Sen 2 

ere te has lle ety, lk pe ed oft acon ht ten. 


Backtrack to where you went wrong — to the last bend & from the last certain marker. -—< 
‘Next, explore the unexpected directions. 

Very often a marker will be placed at a bend, because of the bend, or even because of a ¥ junction. — 

‘Then explore in all directions ~ "Meet back here in five minutes” right save 50 minutes. 


Notice (with Alarm!) When... 


“The track itself deteriorates. You may be on a false track, made by people doing just what you have done 
€.9. you overran a junction or bend; you sidestepped a fallen tree without noticing. 

Boot prints, that were there before, cease. Especially on a ‘through’ track. 

‘The track gets better! This means that in back-tracking you may miss your small track and follow the other track which joins in there 

‘The country abruptly clears e.g. a beach, a peak, a clearing, a road. There may be no way to find the single small track you used. 
By the time you remember to look back, you may have lost the way back out. There may be too many paths to choose from, 

[Any barrier e.g. a beach, a road, a fence, a riverbank ~ clear or not. 
‘When you hit the barrier you do a right-angled bend, but later you may not remember exactly where you met that barrier. 

[Any catchment change i.e. crossing a ridge, or even a creek crassing—into “another part of the catchment” 


Name the enemy: Be the frst to say out loud “Abaracadabaral Peek behind you! because it’s a..(fill in the blank)” A Barrier; 
[A Ridge/River/Road Junction; A Clearing; a Down-track (or focus point); A Better/worse track; A Ridge/River crossing; A Peak. 
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Section 3: Interesting Stuff—Bush Navigation 


Light & Colour Effects 


‘This is one of the delights of nature! Chances are that you will be started, even if you know what to expect, but only if you look for it 
You need to wade out into a uniform reed-bed, preferably when the Sun is side-on to the prevailing wind, then look up- & down- wind, 
Up-wind, the tussock tips are pointing toward you. You then see between them Into the deeper shaded ody of the plant. 


+The view up-wind is dark & colourful, The best effect is from rich brown or dark green, drooping, chest-high reeds. 
* _Down-wind the tips lie Nat and reflect the sky shine at you ~ faded & bright 
“The prevailing wind may result in permanent sunbleach on one side of the grass blades. 
+ Ona windy day you will see gusts causing bright patches in a dark background, due to the same flat blade effect. 
+ To neutralise the directional lighting of the Sun, look down-Sun — to your left & right will show pale vs colourful 
+The combined effect of the Sun and the wind resultin four quadrants — darkest up-wind; shiniest downwind; greyest up-Sun. 
+ This happens even with ordinary green plants — look for it in any low, flat, wind-swept vegetation. 
+The prevailing wind doesn't need to be blowing to see its permanent effect on the plants. 
+ At sunrise in the reed-bed, you should notice a funnel-web’ effect on your right — like the circular scratches showing up 
through a sunlit window. 
+ _atother times you may simply notice that any shiny leaves on the left of the Sun tlt left, and on the right ofthe Sun tit right 
+ Looking up-wind anywhere is greener. Downwind looks more bleached — due to leaf-tip scorch, leat fading and leaflessness. 
+ Weather-side sandhills are white, Lee-side sandhills are greener, due to thicker growth, 
+ Exposed lake banks are steeper & eroded. So, sandy lagoons show white sandy vs dark muddy ends. 
+n sandy heaths, downwind shows up as windblown sand patches of erosion. Up-wind shows up as continuous plant cover. 
+ Rocks in sandy places are sandblasted pale on the up-wind side and darkened with lichens on the downwind side, 


Shiny leaves Expect some variations, 


Place Recognition 
You Recognise What You See, By What You Can't See 


Every locality fits into a context ~ the invisible surroundings. 
How long did I take to get here? How far from the turnoff? In what direction from home-base? Uphill or down or contour? 
How many creeks have we crossed up to now? 


To know where you are, you cant ignore where you are not 
e.g. "It was an all-day slog to get there, we finished the day worn out’ 
Is part of where you were, and fundamental to your memory of I. 


Landscape recognition is celative, 
“That involves your senses of time, direction, distance, dificulty, slope, topography, layout, number and network. 


‘Aspects, invisible tothe eye, which surround a place, live in your mind's eye. 


Description Requires Words 
Can You Describe All That You Can Recognise? 


E.g. a magpie. What patter is on the head? What colour legs? 
E.g. your brother — what colour eyes? what voice accent? 


Recognition” means "I need to see it before I can recognise it” 
Description” is "I can recall it to my mind and deseribe i” 


If you don’t deliberately memorise something you can only recognise it but can't describe it 
‘So thoughtful examination, notes and practice, can fill in alot of blanks. 
Repeated visits build up a Subconscious picture, but you can speed up that familiarisation process by deliberate scrutiny. 
Expressing the description in explicit words, forces your subconscious "recognition’ powers, ito a new dimension. 
Hint: Open your mouth; say: "The place where...” and see what comes out spontaneously. 
tty: “In between.” "Running alongside the 

"You probably would remember it as the time when..." 


Lie ofthe Land; Tracks 
Notice When You Cross a Catchment! 


It is a major method of navigation 
'e.9. at night; or in blizzard; or when you are lost; or in a forest; or descending from high ground; or exploring upstream, 
But you need to gat used to noticing ridges and to counting creek crossings and to matching the catchments to the map. 
Notice also, when you cross from one side to the other side ofa catchment. 
‘Ask: Is this riverbed likely to be the lowest, largest channel inthe whole catchment? 
Look for creek-line vegetation, as sometimes the only clue to the drainage pattern, 
Look for any darker patch in the road or track ar beach, as a tell-tale sign of a dry creek bed 
Look at the track ruts. If the rocks are exposed, water flows over it. If the ruts flatten out, water drains away from the track there, 
A subtle rise, dip or bend in the track can be traced to an obvious ridge or drain crossing it. Look sideways to appreciate the lie. 
‘Assess any puddle, marsh or mud hole ~ Isit a creek line or a saddle top? ~ Is it in a dip or on a crest? ~ Can you trace a gutter?; 
Notice any crest; Trace ridges to a nearby peak. 1.e. Don't get caught whingeing about the government, instead of noticing the lie 
Ridges divide: they shed water. Creeks collect: they catch water. Valleys drain: they empty into the sea. 
Rivers cut the catchment in two. 
See “Understanding Contours” for some hints — later in this section. See also p.83b. 


The Giveaway! A Change of View — Mnemonic: “Catch the View” 


“The new panorama is the tell-tale sign that you have changed catchments. 
Perhaps you are contouring around a headland and catch the new view around the corer, oF you are sidling around a ridge, 

or you are breasting the saddle, or reaching the peak, or cresting a paddock. It is the new vista that greets your eyes 

Wich tells you that something has changed. It is also the loss ofthe old valley view. 

Wel, maybe you can't see the view, but you may now be able fo see the skylight or even blue sky dovin through the trees below you. 
When climbing, you find yourself looking down instead of looking up. Your muscles, of course, tell you the same story. 

‘The deeper the new valley, the more far-reaching, on average, the new view. 


You Can’t Cross a Creek Twice from the Same Side 


1 you make wo successive crek crossings nthe same fowsens, yoUhave crossed a creek dvide into a diferent crek catchment. 
ame creek... ig { —, A Bittorent creek” 


> 


Up-creek Ten your left both times 


‘Alternating crosses: 


“The same rule can hold for ridges, but only those which slope uniformly down from high ground. 
Otherwise an unexpected crest slope, instead of being a ‘different ridge’, may alert you toa local up-trend’ on a down-sloping ridge, 


Mark Your Trail 2 pair of stones. 
“Two principles are needed 1. Trail marking takes extra time — budget frit 
And this one is widely applicable... 2. It easy when you know how, so think how! ‘2 gumnut on a rock 


Mark Your Trail Non-Permanently 
.g. when you could otherwise get lost 


+ Use what is available ~ pebbles, leaves, tussocks ~ throughout the area, for ease and consistency. 
€.9. “always look for a pair of stones”; “tie a grass blade on the top shoot of any shrub’ 


+ Leave your mark in a visible place. E.9. “look for freshly broken twigs at the base of each trunk on the path"; 
‘check the topmost leaves of anything chest-high for a mark” 
+ Leave your mark in an expected place. E.g. cross-country: Zig-2ag in straight lines between prominent features, 
0 coming back you know exactly where to look for the next markers, and searchers do too. 
E.g. hillock, to tall tree, to clearing, to outcrop. 2 cut leat 
+ Do something only slightly unnatural: (see diagrams) A gumnut on a rock; a twig through a leaf; a pair of torn leaves; 


‘grass stems bent ina consistent direction; or tied in a knot; or crumpled; a scissor-cut dead leaf; a scissor-cut fresh 
leat; bark hanging from a barkless branch e.g. gum bark in a Banksia; a twig drilled into the ground; 

2 leaf wedged into bark at eye level; a triangle of twigs; a half broken bent twig hanging in @ shrub; 

‘an opposing pair of gum leaves; a trail of sticks; windblown debris which is reversed; upturn a rock onto leaf litter 


Kah $eReoureete 


+ Deliberately plant your boot print when you can. Step on top of older footprints, deliberately. dead twig 
+ Use fresh material so that your trail may be ‘aged! according to the fading or drying e.g. of green leaves or mud. be 
+ Taya snow calm; chalk marks on rocks; cotton tied around a branch; a stick dragged in the dit; a scratch on a rock; 

bale of mud; charcoal or charcoal marks; tiny shreds of paper 
+ choose one method and stick with it, with a backup method in reserve. 
+ Double-mark a tal .g. when doubling back, by duplicating I. 

Tracking Someone Else 

+ Look forthe absence of: spider webs across the path; dew on overhanging branches. To discern a foot-path look for 


the absence of fallen branches; leaf litter; lichen & moss; old wombat dung on prominent rocks; unbroken sticks; un= 
trampled seedlings; undisturbed soil 


+ Look for the presence of freshly disturbed stones/soil crust/puddles, plus feotprints. 


+ Examine puddles: for wet edges ~ indicating a recent forward swash; examine for muddy water; look for muddy water 
In the deepest layers — indicating disturbance some time ago; for wet stems above the water ~ they have been trod- 
den in and have sprung back 


overlapping fronds across a path ~ they ‘remember’ which way they were last pushed through, 
+ Don't step on the boot-prints or tracks you are trying to decipher—you often need to look at them again, 
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Section 3: Interesting Stuff—Bush Navigation 


Botanical Tell-Tales 
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Discuss It 
Let athers open your eyes: "What can you see about this?” "Where does it remind you of?* 
‘sk Questions: “How do you know where you are?" “Could you get back Rere again next year?” 
Make a game of it: "What else can you natice from here?” 
Express the specifies: e.g. "That boot-print has zed-shaped ripples onthe right and ess-shaped ripples on the lt. 
“The heel patten is 2 smaller version ofthe front hal, as per normal." 
e.g, “This tbutary les northwest/southeast and points to the let of the peak.” 
Many aspects of navigation yield to these simple tricks... 
discuss expres tout loud make it the topic of conversation 


delegate the tasks between yourselves 
keep yourself alert 

make up your own names 

collect the details integrate them 


Collect the Details 
Identify a Specific Place by its Specific Collection of Details 


E.g. "A low conical hill n flat terrain south of Mount Cameron” 
‘That isnot ‘interesting’. ‘The bits are not ‘peculiar. But the collection of the bits is unique. 
E.g. Plant and insect species are often so similar to other family members that no one character is ‘characteristic’ enough. 
“The species wil be identified by a set of characters. 
E.g. Is this our old road?? Does anybody recognise it from last year?? but it has 
trend e.g. toward sunrise 
slope e.g. mostly uphill 
straightness e.g. cant see for more than 20m mostly! 
traffic intensity e.g. many fallen trees across it, and encroaching bushes, 
length e.g. it goes on and on and gets nowhere! 
vegetation e.g. set amongst old gums with yakkas under 
fends e.g. came from the saddle and ends up behind the peak 
If you think you recognise it, by the combined characters, you will probably be right. 
E.g. Make one name for the big tree on the crest, another to name that crest; another to describe its relative position. 
and soon you can't mistake it."the big tree with the south facing hollow on the port-side Dam-wall Ridge downstream of Tree-fern Crk. 
‘The add-on bits are part of the name of each bit je. "the Big-tree Crest” (downstream of Tree-fern Creek) (near the dam wall) 


‘The smallest collection is two, but that is a powerful combination, e.g. @ peculiar log, plus @ recognisable hollow trunk, is almost unique. 


‘The combination is the peculiarity to remember — a third peculiarity. 
‘The geometry of the combination Is a fourth and even more powerful memory aid. "This log points to that hollow 


Include What You Can't See 


For instance, have you noticed that there is na bare ground showing? That you can't see farmland? That there are ng intervening 
ridges? 
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Lie ofthe Land; Tracks 
Break of Slope/Make of Slope 


“The ‘make’ of slope is the sfpepening as you go downhill e the "slope" is a down-slope. The best views are at the most abrupt ‘make's 
‘The ‘break’ of slope is the first flattening out as you descend. The thickest soils occur below the ‘break 
oe “The make and the break refer ta pointe which separate different slopes 


Abrupt maké, pe. There is a difference between a making, or eroding slope 
ae ea 
soot wfabat hy dsp ria a ne ee a a acl 
oe ‘an also be called a make of slope 
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ai of deeiya break 


Constant slopes lie in between deposition and erosive scouring 


Breaking — concave up-wards. Concavities collect water and collect silt from above. 
You can locate and dig a dam in silted up areas. 

[A band of moisture-loving vegetation wil often separate she dlopes ‘= "break’ at water level; concave 

below it 


than what you see in cross-section! 
~ When convexity changes to concavity there is a momentary straightening — a'break of slope’ 

This is also called a ‘point of inflection’ in the curve. 
It’s not just a meaningless mathematical quirk; it betrays a set of real changes, resulting from the erosion history” > 


Scree Slopes — Tread Carefully! 
“The boulder-feld atthe base of a cif, gives you a false sense of security! 
Each rock seems so solidly jammed in place, but te whole field cou slump and slide ll the way down, If given too much ofa shake. 
‘That is why there are no old trees growing In landstide-prone slopes! 


‘The essence of a scree slope is, lke a pile of gravel: It isin a continual state of critical instability, as evidenced by the straight-edged 
slope (Mat but not level), about 36°. 36° doesn’t sound like much, but up @ sandhill it puts you on all fours! 
‘The rack surfaces look fresh. Soil doesn't accumulate 
‘Tread carefully. Distribute your weight on all fours. Tread on bigger rocks. 
base — it has hand-holds — or the seree:base ~ it has 2 solid bottom, 


Mark Your Trail More Permanently and Ostentatiously 


9, when you are lost ori trouble or in doubt 
+ Ateepee aN 


+ Mud upon a tussock — quite unnatural; A tussock upon a tussock! S 
+ Hang a piece of clothing from a prominent tree limb Ny 
Dig ahole and make a hump 


PABiy (Piveton of travel is —> ) 


Mark Your Trail Invisibly 


E.g, s0 that other walkers who are not lost, dan’ disrupt your markers, out of a sense of bush etiquette 


"One mark every 50 paces”. E.g. one pointed pebble. You may lke to use double-paces. 
TEis almost impossible to notice accidentally, but impossible to miss if you look. 

. Every 10 paces, as an option” added to your scheme — to cope with junctions and bends. 

+ Place a pebble on the ground, on the onward side of an existing cairn. You can recognise it, and scatter it, when you come 
back through the fog among 9 maze of similar eairned routes. 

+ Puta small mark atthe base of each track marker (e.g. under blazes-on-a-trunk or ribbons-on-a-branch) 
“You can easily find it, and know that you have been along that track 

. Half way between (2 markers)" or “LOm North (af a juncture)", can remove the marks from obvious view or significance. 


A pebble Code — Keep It Simple 


All codes have to be memorable to all users — complications never survive the years of disuse. 


Le. use ‘one’ to ‘Your’ enly, preferably only “two! and ‘three’. ere 
‘Tread the pebbles into the ground for clarity & permanency. be 
Upturn the pebbles for visibility, and point the stones appropriately. > es Use the smaller pebbles at the front. 


One: “r wor ere, going that way’ 
Two: "Me go that way” 

Three: "I'm lost, exploring that way 
Four: "Look for a message, there” 
Five! "Someone has seen this message" 


Square: "Don't go this way" 
Circle: “Oh” for “I'm OK” 

Bul's-eye: "T will be back here soon” 

Junction: “I have turned off (and returned, then continued)" 


Double marking: Close the pebbles up the second time past, until they touch. 


or 


Section 3: Interesting Stuff—Bush Navigation 


Combined Effects of Wind, Salt and Light 


‘When assessing wedge-shaped shrubs, leaning trunks, tilted canopies, etc, try to distinguish wind-cut from salt-cut and from light, 
lean. But beware, in any natural system, it would be easy to over-generalise from a few known specifics, 
or faisely extend an inadequate interpretation. 


Here isa typical wind-ramp. The leading edge consists of dead twigs. 
The vegetation gets greener and thicker and taller downwind, 


But you cannot easily tell whether it isthe result of salt-laden wind, or strong wind only 


‘Salt-cut will show you the direction of the prevailing onshore wind only 
Inshore, wind-ramping will show you the direction of the prevailing wind, which may be significantly different in direction. 


Botanical Asymmetry 
Plants must respond tothe wind. 


I they di hot deliberately push up-wind, we would be walking through a landscape of leaning-over plants. 
‘Therefore it must be possible to ‘read’ the effect of strong wind written into the branching history of a plant. 


The branches of a bush may grow according to the strong wind, but the leaves wil stil respond according to the asymmetrical light, 
‘The two effects may or may not be independent and you will need to examine them carefully to see the difference. 

Look for asymmetry in the green parts of a plant to show up bush-noon and look for asymmetry in the other parts for bush-West. 

1 there is a macro response to the wind, which will confuse the macro light-respanse, look for micro signs of a light response, on indi- 
vidual branchlets, 


‘You don’t “need to know your plants” beforehand. instead you examine the species which present themselves. 
You assess what responses they make to light, wind, shelter, etc. 

E.g. De the stems colour up in sunlight? If so keep looking at that 

Do the branches throw out more leaves on one side? If not look for something else. 


Extend Your Familiar Range Systematically 


Explore in every direction, in ever longer legs, radially. Leave recognisable marks alongside recognisable things. 
Then explore in concentric circles to make sure that you can recognise individual trees and rocks. 
You know you can explore further within the endless sea of scrub, if you have familiar friends’ which you have seen repeatedly. 


Markers for future recognition e.g. on your own property. 


Plant a tree Graft two branches together Suspend a forked branch into @ forked trunk 


‘Arrange logs e.g. a parallel heap Arrange rocks e.g. a cairn, or a rock on a'stump, oF a rock 10 m south of the biggest tree 
Diga trench Etchamark Paint arock Leave something solid behind 
Astake Asignpost A numbered metal tag Apath [A Campfire;place or Barbecue 


Hints 


It’s the Campsites You Don't Use, that are Easiest to Forget 


{’m forever asking: "Can anyone remember’ whether we can camp between here and there? 
‘Take notes of potential campsites. It makes your trip-planning more flexible, next time. 


In general, take the opportunity to spy out and note down potential future trips ~ side-tracks, ridges, climbs. 


Leap-Frog Walk in New Territory 


1 ike to walk 2 new track twice, anyway. It's no big difficulty to take your time, once, and achieve better familiarity, by leap-frogging, 
Explore 2 legs forward then oné leg back, and you cover the ground 3 times on the way out, once more on the way back. 

4 legs forward, 2 legs back, and ts like walking a return track 3 times, but it gives you a much more solid handle on each section 
You gain what you want, appreciation and re-preciation, and what you need, familiarity and sequence memory. 


‘The best way is to combine this with a mnemonic for each leg. See AA to ZZ for an excellent method. 
Its also a good time to mark each new leg discretely 
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Ue of the Land Tracks 


Break of Slope — And Route-Finding 


+ The first signs of an approaching ridge-top when climbing include: the change from deposition (breaking) to erosion (making); 
fue, onto outcrops; into exposure to the wind, 

+ Take a rest at the break of slope — before climbing upwards. 

+ Get your bearings at the most abrupt make of slope, where the view is clearest. 

+ Look up- and downhill for the lowest skylight beneath the trees, to reveal the change of slope 

+ Avoid contouring around the break of slope — itis tempting, but ~ itis steep and unstable. 

+ Im rocky gorges, or on any creek-bank, or around any permanent water, look for a break of slope just beneath water-level 


Te may be safer, than rock-climbing higher up, to get your feet wet, and use such ledges. The slope near the water may be less 
steep, at least on average on jagged slopes; you can't fall as far; your landing is softer (wet) ~ if you ‘Keep as low as possible’ 
+ onsteep gravelly roads, stick to the ‘crown’, or the “gutter, to avoid slipping 
“The crown will snake from side to side as the road turns. 


+ Slopes are awkward to walk on—steeper than the ridge or creek, £0, 
when you drift up onto the sides of the creek you want to follow, you will be forced further up ~ onto the ridge. 
When you drift of the crest of the ridge you want to follow, you will be forced further dawn ~ into the creek bed. 
In this way ‘minor’ detours (e.g. around an outcrop, on the ridge or in the creek bed) may result in major redirection orders! 


‘Avoid the steep bits, 


ar 
Steep shoulder (Steep) 


ee N Ww 


Keeping Track of the Bends 
Don’ just follow your nose ~ follow the bends! 
‘There have already been some hints on Keeping direction sense:"Walk across Australia” & “Integrate the Jetstream and Earth rotation” 
lus the "Sky to Land” and "Land to Lang” navigation systems (p.29e 344,384,424). 
Following track ean be mindless. But following the bends in the track means that you understand 
that you have changed direction, and by how much, 
We have an ingrained bad habit ~ that we walk'away fromthe starting pain, which is therefore behind’ us. 
Only when we turn around’ is it ahead’ of us on the track. 
We usually only noice junctions features & hunger, not sistance or direction or exact time 
“The commonest mistakes of guesstimation, are falling to notice a track curve, 
and underestimating exactly how fara gentle but insistent bend wil turn You around. .e. simple disorientation, 


Hints: Notice the bends, with vour eve on the sky or the skvline, Establish the habit of looking back. 


Desired Equipment 


= Compass — look at it often and interpret it 
+ Polaroid sunglasses — look forthe dark blue band 

+ Radio ~ use it to keep orientation if you don't have a compass 

+ Map — orient the map to the landscape, and it acts as a rough compass 


= lay a rhumbrline through the bends, as an average course, as a reference ‘track’ 


Logging Constant Diversions 


Astick or string helps you measure direction changes. 
Held at arms length, you add or subtract, as you decide to change course left and right. 
‘Thus you can revert to an intended course after a short ‘bind’ section, 

and average out the course changes even without a compass, or being able to see the Sun. 
You could use the skyline as a reference direction, or lineup two tree trunks for each change. too 


‘A rougher method is to counterbalance your diversions. 
If you go left-around the rack; next time, go right-around the tree. 


Keeping track of countless bends is one of the few mator problems in navigation 


~ like keeping a lag of distance covered, having no location sense, and trying to stay alert. 
‘So aim for an independent cross-check e.g. a landscape fx or a distance log 
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Section 3: Interesting Stuff—ush Navigation 


Think like a Plant 


E.g. Imagine you are a small ground-cover plant. In a desperate attempt to not be eaten or trampled to death you will probably branch 
‘and leaf out in all directions to simply survive... So don't expect much botanical asymmetry underfoot 


The idea is to become an amateur ecologist. For instance, you could work out the pollinators available, the dispersal mechanisms used, 
the biogeographical zones and overlaps, and the associations between species. 
Therefore think about the geology, geoform, latitude, altitude and sols. 


‘Temperature & Relative Humidity explain a lot of botany. 
E.g. very cold morning winds are also very drying wiven they warm up later in the day. 


Altitude, for instance, affects the species mix, so that with practice you can gauge your elevation above sea level 
You notice when sub-alpine species kick in e.g. Telopea (Waratah), then when true alpine species begin e.g. Riche (Scoparia). 
Individual members of genera have altitude preferences and so are helpful to distinguish altitude 

1.9. various Coffee berries (Coprosma) or Pink Berry (Cyathodes). 
1N.B. Since the prime effect of altitude is to drop the temperature, this is really a latitude-dependent temperature effect. 
Le. Going further polewards, the altitude preferences wil change, 


“Aspect' (i.e. South sloping or North facing) will be important in interpreting the presence of particular species. 


Living stresses explain simple botanical systems. 
.g. In the desert, late afternoon is the baking-hot-sunlight side (cf noon in forest). Trees will be shiny leafed — to shed excess 
light (cf searehing for more). 

So consider the prevailing winds, salt spray, max. and min. temperatures, wet season, disturbance, trampling, fire, clearing, 
introduced competition or diseases, grazing, salinity, mineralisation. 
Pioneer Species — These are the easiest to identify, because they are lonely 
‘Their preference is the saltest, hottest, driest, highest, coldest, poorest, windiest, sand-blown, most flood-prone, 
Iflife becomes too easy, other species will smother them out. Hence, look for those that don't mind the hot baking Sun, etc 


‘There isa height-suecession of plantforms grading from lowest to tallest and deepest rooted, 
Ground lichen; moss; grass; herbs; creepers; shrubs; trees; " emergents ’ 

‘The depth of soil is crucial. The taller ones shade out the humbler ones, and their deeper roots seem to starve out the shallow 
rooted ones from below. E.g. mosses need no soil and not much light, But will quicly be overgrown if these are provided. 
Other factors keeping plants humble are trampling & grazing, fire frequency and dry season. Grasses survive all these stresses 

wal 


‘Competition between species explains the more diverse vegetation, 
Eg. Lichens overrun each ather, and leave the rock surface, to become ‘leafy’ or fibrous or pendulous, 
Lush growth betrays the most comfortable living conditions. E.g. rainforest; the underside of a rock in the desert; sheltered 
microclimates — crowded with species. This is opposite to pioneer species. 
E.g. Where excess sunlight isthe ‘ving stress, lush growth will show up on the shady side. 


Draw the Skyline, the Ridge-lines, the Outlines 
Label it with the 8 main directions 
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Talk the panorama into words. *Nor-Norwest Hillock, infront of a larger hill on the let, runs down into a gully behind NE- Plateau. 
ast Mountain is behind NE Plateau and drops away behind the vegetation south of us. 
Distant Peak pokes up behind in the SW, and the closer skyline reappears in the West, 
falling steadily to the NW Dip before the larger hill” 


That took one minute. You do have time to look, notice, talk it through, and even draw it 
Marine navigators know that they have to 
Don't just imagine doing it, or doit silently, or do it half-heartedly — actually doit 
Uniike an avigator who uses a layout map to recognise roads, rivers, ranges, coastlines, et, from the air, 
‘a walker needs a nose-eye view. 
‘MAPS DON'T DRAW YOU A NOSE-EVE VIEW — SO YOU HAVE TO! 


Examine the Skyline BEFORE You Walk up to It 


‘That might mean looking behind you, six hours ago, orto left or right, right now, 
because the skyline ahead of you rapidly disappears behind foothill, just when you want a clear view of itt 


[A clear view ofthe skyline is uncommon, so you need to take advantage of any skyline view while you have it 
‘= and that is often anywhere else except where you want to look — ahead. 


Circuit walks and return trips mean that, if you haven't habitually looked at the surroundings abreast of you & behind you, 
You won't be able to recognise what you are walking up to later. 


(One way to recognise the skyline later, is to use it 
e.g. use it to keep track of bends; to keep track of progress; to disclose hidden valleys (by parallax or haze). 


[Another way is to name what you use e.g. “the hill behind the dam wall from camp 2—Dam Hill” 
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Lie ofthe Land; Tracks 
Mnemonic: “Down in the Mouth” 


‘Downstream is "Down to the Coast’. "Which coast? Which river mouth?” 
Until you have answered that, you are disoriented, 


You pass a creek-bed or a flowing stream: "Which way is It lowing?” is only half a question. "Whereis it going?” is the other halt 
You turn and head “downhil’: You think ‘Down’ ~ then say: ‘Down in the Mouth — Which mouth?” 


If you also ask "Upstream? To which ridge?" there are many possible answers because upstream is divergent. 
Nonetheless itis good to know whether a river reaches to the very edge of the valley ~ whether itis a major’ tributary, 


Which way is the flow? 


In dry, flat creek-beds, examine the tlt af the rocks... If any rock ever tilted up into the flow, it would be flipped over. 
Examine the silt build up ~ on the sheltered downstream side of any obstacle. 
Look for flood debris — matted against the upstream side of branches. 
Consult your artificial horizon, if you have one, 


eg —— 
= 


Side-view Top-view pd 


Sa 


(This is much like grass tussocks in the wind.) 


Hint Don't think "this side” & “the other side”. It only makes sense for the one main lowest riverbed. 
“Think: Up-catehment/down-catchment/cros-catchment, overall, & Port half/Starboard haf of the whole catchment in question 
{as seen from the coast, looking upstream) 
“Think plural: “the other sides"/ “another side” inthe network 


hich side’ of the river are you now? _ “Ihave crossed to another part of the drainage system" 
‘Another possible answer: Examine the map for the contour heights of each channel for the lowest one. 
“we are now in the starboard half of the catchment 


The Difference between ‘Direction’ and ‘Track’ 


‘North’ is a general orientation reference direction, But ‘North from here to there’ isa specific route 
= a ‘bearing’, “ine” oF “track. 

| “This raad points toward that Gap’ will never change 

|= itis a fixed ‘wack’ 


‘Stick toa direction’/a ‘heading’ means e.g."toward sunset! 


Hl 
i 
It can start from any point, [ch | ‘Stay 5 miles off the lighthouse’ is @ (curved) line of position 
i | = atrack. 
and sidesteps around obstacles, 1 || ‘From this stump, past that tree, to the rock’ 
without bothering to return to track ~ sticks to a fixed straight line, despite detours. 


So the final practical ‘interpretation’ of, say 270°T., 
is not West’, not ‘sunset’, nor Pot-set, not ‘THERE, not a drawing in your notebook, Not ‘How hot it must be in Baghdad!” 
but is a navigational track... “From this place to... that particular tall tree” "Then we will gta line on another point directly West” 


Le. Interpret a ‘compass course’ , finally, into accurate, achievable "legs'—"on track 


Continuous bends 

Riverside tracks are especialy sinuous, yet slowly so, so that they are deceptive. 
Beaches near headlands, and lake edges, are especilly insistent in their constant bending. 
Contours, constant horizontal anges, and constant cstance-of, areal continuously curved, Aqueduct follow contours. 

‘Consequertly we ore necessarily continually disoriented, in flloing them. 

No sooner do we get our bearings straight, than we lose them. 
Logically then, you need to orient, not by a direcuon eg. the Sun, but if at all possible, to orient by a ‘track’ 

ie. 2 paticular path onthe ground ~ it daesn't have to coincide with your own track, but often will 
‘29, from headland to headland. (The beach wil then lie wholly on one side of tis shortest distance rack’) 
A visible, noticeable, landscape track Is best e.g. the biggest rver valley around, 

‘You now can feel continuously griented to something fixed, something which you ean see & eel in your bones 
Asa second best choice, choose a fixed compass course e.g. a rhumb ine, and watch where it intersects the landscape 


Follow the bends by anticipating the trends 


Before you drive off, or plunge into the twists and turns of endless undulations, examine the map for your average course 
= to give you some averall reference track ahead of you. It may be rental, or visual, or by compass. 

You can see when you turn to the left or ight of it, ciracion-wise. You can feel it when you drift to far to one side, track-wise 
Interpret each leg meaningfully. E.g. "toward the morning Sun 

(the time of day doesn’t matter), 

E.g. "Keep Mt Wellington on my port quarter” 

E.g. "From the pine trees to the river mouth”. 

Divide the journey into recognisable sections, if t helps. 


Make this 8 first priority, before studying any details 
Preferably, mark ther lightly on the mop. Pe = ee eee 
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Section 3: Interesting Stuff—Bush Navigation 


“Mosses Mop up Moisture” 


+s "Moses graw best on the shaded side of a tree” or a rock, + where there is not enough light for competitors 
+ where there is little sol to hold the moisture,» and it doesn't dry out» and often there is too much moisture for other plants. 
Mosses actualy monopolise the moisture 


In hot places it isthe late afternoon wich is driest, so it is the sunrise side, in a sunny 
‘Nogth aon 


Note: Dead moss is black and brittle ae 
afternoon morning a 
Examine fallen logs — the shady side has a sheltered dark crevice... X. 


Summer sunset Sunrise 


mate, which isthe master side 


Ina hot climate, it may be more accurate to say, 
(si) “Moses grow best on the sheltered side” 


Examine ditches ~ One side might be scorched, the other, lush 
Examine bumps in the ground — One side is greener, with more moss and taller grass. 
Examine underneath shrubs — for the moister, mossier, greener side under the bush 
Examine intertidal rocks ~ for mose-like seavieed growths on the shady, wetter side. 


“Lichens Like Light” 


Lichens don’t mind being dried out, so sometimes they are opposite to the mosses. However, not all ichens are so robust. 
Lchens are fungi which live off algae entrapped and protected within ("Fungi Feed on Food"). They may live on mineralised substrates. 
They are therefore very colourful. So the best way to learn lichen-kes isto open your eyes to the colours of each direction 
‘You may see white bloteh lichens looking downSun but not upSun. 
Yellow blotches may all be only looking uphill, not downhill. Leafy lichens like the shady enclaves, not the Sun-drenched flats. 
Crusty greys and fibrous green might cohabit the underside of branches. *White paint” may only grow an the tap of any racks. 
Grange granite might be just above high tide level, etc 
Diffuse lichens colonise the crumbly side of a sunbaked rock. Flat-topped racks are trampled and won't have thick lichens. 
Look closely at surface colours of rocks and barks and soll-crusts- they may be due to diffuse lichens. 
Look on the branches of shrubby growth ~ the lichens will grow best on one side or the other. 
‘The idea is to start looking locally, before you need them. Its a nice hobby. And hobbies keep you awake and ebservant. 


“Fern Fronds Face the Front” i.e. the sunny side 


Looking down-Sun, you'l see an array of green topside fronds flat on. 
Looking up-Sun, you'll see more undersides & yellowness & edge-on fronds. Tt may net always show, but is clear when it does. 
Tree ferns retain their lower Branches longer on the sunlit side, and so seem to Ut toward the light. 

(But ina windy place you will notice that the permanent lean, curve &.frond-fall of ferns are downwind.) 


Make a Mental Movie 


Memorise a spectacular cliff looming closer overhead. 
‘Watch the shape change. See the foreground shift. Notice the colours and contrasts. Look at the landscape flow. 
Describe the silhouette. Peer into the deep shadows. Scan the skyline, looking at each interruption or change in trend, 
Appreciate the hazy distance. 

Follow a complete outline around, naming its shape. 


Don't forget to “record” the soundtrack! 


Initially try 2 full production only for beautiful memorable scenes. 
With practice you may find that your memories stick for more and more locations. 


Take Mental Photographs 


Familiarity and Recognition are primarily visual. Your visual impression is adequately vivid, but your recall of tis faulty, 
‘So put handles on the memory and you will be able to revisualise e.g. “where we found the weather balloon". 
To give your memory something to recall, take a detailed look 
The tricks are simply to give Ita go, and to notice the specifics: 
“The colours, shapes, skyline, peculiarities, sequences ~ Talk about them. 
Play a game: "Your turn: what else can you add to the picture 
Overlay some geometry on what you see ~ e.g. the logis parallel to the path and as far from it as the log itself s long. 
Now close your eyes and see what you can reconstruct, Open them again and notice where you were wrong or were lacking detail 
Repeat thisa few times until you could picture It in bed the next night. 


Mental photographs are, after all, your take-away memories. 
They are what names name; what "directions" talk about, what ‘recognition’ and Yamiliarity’ is based upon 


Take a Mental Photo of Each Change of Track 


‘Where one subsection ends and another starts 
= Look forward onto it, with the old terrain in the foreground and the new terrain joining on to it 
Now walk past the join, Look back, take in another view, with the old terrain now in the background, 


‘This adds vigual sequencing information to individual memories. 
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136 Enabling Technologies 


Research Gaps and Directions 


References 


sumWave band 
‘comiunication and 
largescale antenna 


{0)30 channel modeling; (2) dynamic power control (@) user scheduling and congestion contol (2) hardware imation and 
adaptive beam-steering technique; (5) design of mobility management and admission control for mmWave-based dense HetNet 
(6) design of frequency management schemes for mmWave; (7) Tactile Intemet (3) elective and efficient mmWave 
Implementation in HetNets (access and networking), 


Wide and flexible 


Dondwidth technology Heteogencous muli-RAT 


integration 


{Ty cab association 2) trali-ofloading algorithms; (3) Interference management schemes in case of Inter user and inter cal 
interference (4) ctoss-tier handover, access admission, and mobility management schemes of a mullictier HetNets, 


Cognitive radio and 
spectrum sharing 


(7) Spectrum sensing (design of cooperative frameworks, choose cooperative sxcondary users and Wransmilt cooperative 
Information) 2) develop framework and algorithms for group handolt af secondary users and security; (3) simulation of different 
attacks and scenarios to enhance security (8) in-depth performance analysis between GFDM and UFMC in CR settings 


(a) Redesign of network and management; @)anfenna and circuit design and development ofthe theoretical foundation 
(6) analyze the throughput of anetvork of randomly deployment terminal sing stochastic geometry (8) characterize the capacity 


Duplexing {band fll duplexing advantage du to IFDB in various network scenarios (3) guidelines to practical design: coving, mulation, power allocation, "71 
beamforming, channel estimation, equalization, digital interference cancelation and decoding, (6) design of 8 MAC layer 
Mulipleaccesand yy wacioam (0) Performance of SIC cancelation o ilering, on FOFDMAY (2) balance of tine and frequency dispersion and design an een 
waveform ere filter prototype for UFMC. 
: 1) Expect of wireless backdwuling on wer experince; @) exploitation oflocation dala and Rngerprinisin opting smallll 
Ademco sal a discovery in terms of time and energy efficiency; (3) interference management when integrating U2D and seal faa0) 
; (0) TDD mul-ow coordination schemes to avoid bottlenecks inthe downlink backhaul ee 
Enhanced wirsess backhaul (3) gackhaul aware association in ultra- dense deployment (3) reliability and security of the backhaul Lansiad 
‘com echtectare () Resource allocation and interference the mobile lay when Wal are hoving fom opposite dintonsy) hada 
Siniate cotbaiea decison of users more than oe tain arsive or depart, stp or pas 3) group mobility or useeson board ery highapeed a) 


‘vehicles (4) design od cooperative communication schemes; (5) deployment of moving, networks in Various vehicle envitanments 
ot ust on fixes route ralleays, 


12D communication 


(Interference management (mode selection resource allocation and power contra); 2) integration of novel reputation based 
‘mechanism for identity and avoid malicious users from multiple users in multi-hop D2D communications (3) testing of D2D 
interference management schemes in 5G scenarios (mimWave, cell densification). 


Energy related Energy harvesting {7 Iinproving energy harvesting schemes) @) simulation of propased models (3) integration with olher 5G lechnalogies Toone) 
technologies UAV () Optimal deployment, mobility and energy-efficient use af UAVS) 2) integration with other 5G technologies ca 
Dither technologies MIMO () Performance of practical mMIMO. 


TTagend: [oT (Intemet of Things), 5G (Filth Generation), mimWave (Milimetor wave), RAT (Radio Access Technology 


DaD (Device-to-Device communication), mMIMO (massive Muliple 


Input Multiple Output), 3D (Three Dimensional), HetNet (Heterogencous Network), GFDM (Generalized Frequency Division Multiplexing), UFMC (Universal Filtereel Multi Cartier), CR 
(Cognitive Radio), IFDB (in-band Full Duplexing), MAC (Medium Access Control), OFDMA (filtered Orthogonal Frequency Division Multiple Access), TDD (Time Division Duplexing), 


UAV (Unmanned Aerial Vehicle), 


Lie ofthe Land; Tracks 
The Inside of a River Bend is Flatter Ground 


“The inside of a meander may be wider, sandier, marshier or of different vegetation. 
On the outside of a meander, cliffs form, through ongoing undercutting. See also p.S6a about the steeper North bank of a river (SH). 
Consequently plan ahead and work out when to swap sides to find the easiest walking 


If the track becomes steeper underfoot, that would mean that you could be on the outside of a bend. 
Check to see whether your heading has changed with the bending river. 
If the track becomes flatter underfoot, this may indicate an inside bend (or a river junction) 


Rivers Bend! Don’t Forget to Look Backwards 


Obstacles cause creeks to change direction. Outcrops of bedrack and creek junctions, for instance, cause bends, and this may be shown 
Lp ahead of time, by ridgelines pushing in closer, as you follow a riverbed, 
Expect to meet new creek clinging to the base of any ridge or shoulder which crosses your path, and also expect to change trend. 


In addition, to that cause of bending, rivers fllow contours and so usually are on a curved course anyway. 
Furthermore, in the flats, rivers never follow a straight course but will ‘meander’ 


So if, while following a creek valley, you natice the slope underfoot changing, or the vegetation altering, watch out that the creek 
doesh't leave you, by bending away from yout 


1f you find yourself in the middle of a larger than normal river flat, suspect a river junction, and be very careful interpreting the trends. 
E.g. you may meet ‘the river’ ‘coming back toward you when you were trying to go downstream! 


‘So you can easily lose orientation while the winding river-track follows the lie of the land and gradually wends its way around corners! 


Look ahead to catch the trend — and interpret it 
Look back, to see the extent of the curve 


Rivers Meander. Ridges Run Straighter 


[A ridgetop route will often prove shorter than following a winding river. 


Keeping a Compass Course, by Legs 
You cant see far ahead, but you can line up a rock ofa bush which is inthe right compass direction, then walk up toi 
It doesn’t matter how you get there, as long as you get there. 
Repeat the procedufe, even if you can see far ahead ~ because, Ifyou are merely fllouing a compass needle or a distant landmark, 
you can “side-slip" of track 
‘Your eyes are freed from the compass needle while you walk 


[Across the creek; Up the hill; Down the ridge; Through the tussocks 


a NAA 


"Straight forward! 


Required course 


Turn Smooth Bends into Sharp Jumps 


Your brain wants something to “latch on to". A smooth bend is just the opposite! So make a series of straight-line “legs” 
You "let go" of the last leg, and make a definite jump, to “latch on to” the next leg, and your subconscious smiles, and remembers. 


E.g. ‘compass North’; then “to the tree’; to the peak’ 
N 


CCut the corners as much as you can and extend as far as you can. 


Mind Which Way You Go 


‘The related problem for your brain Is: “nothing critical is happening' 
= no Junction, no decision, no dilemma, no emotion, no change — 

‘Try imagining “Oh I hate veering left; 1 do hope the track tends right” 

“to give You some reason to judge the overall trend, to notice the bends, to remember them. 
Lay a bet as to which way a track will trend! Keep a tally, with pebbles, or by counting with the 0, 2, 2, 3, 4 system, 
‘and have a good argument about it. 

"will it reach 10097" "Will drop past 0°?" 


tree 


n 


Section 3: Interesting Stuff—ush Navigation 


Bush Noon— The Sun is Always out, If You Know How to Look 


Trees & shrubs live inthe light, day in, day out. You would expect that they should respond to the light, and lean or reach out to the 
strongest light, and throw out more branches and more leaves to the bright side. 

‘The disposition of branches and leaves stays in view even wien the Sun isn't out, and It lasts longer than a cloudy spell 

Although the Sun is a huge factor in explaining foliage asymmetry, be aware of other factors. 


+ Allake or sea can double the light intensity on one side, pulling the foliage toward it. 
+ Aclearing will let more light in on one side. 

Down slopes allow the trees to see more skylight on the down-side, and less skylight on the up-side. 

+ other trees can shield a tree from the Sun. Look especially for recently fallen ones on the ground, to explain standing branches 
+The tree itself shields its own branches, go that most growth is simply outwards, 

+ Unrelated factors like gravity, wind, and wood collecting, alter the shape of a tree. 


However, if you average out all the other influences, you should be left only with the noon-side Sun's influence ~ "Botanical Noon”. 
With adequate practice you should never again be ‘lost inthe bush” because it is the thick bush itself which will tll you where North is. 
You may have an initial hopeless feeling of I can't see any meaningful asymmetry!” but the feeling will be temporary (eventually!) 


Of course, this works best only where the Sun is always one-sided~in nontropical latitudes. 
Hint: If tree confuses you by pointing in the wrong direction, go over to It to learn why. 


False Asymmetry 


The slope of the ground False (“Chalk and Cheese") comparisons 
‘may be forcing the asymmetry, abound in Nature. True asymmetry is there too 
rather than the differential in the lighting. Your task isto sort it ll out. 

In the second diagram, there is asymmetry: 

[Als ungrassed; B Is grassed. Eg. Shaded foliage sees mostly blue skylight, 


whieh should make it long and lanky, 
‘compared to the red-end light from the Sun 


False Symmetry .g, the West side shadow is frostier for longer 
Cand D are both grassed and the East side shade is cooler in the p.m. 
True Symmetry E.g, the North side soil will be warmer deeper 
B and C are both grassed than the South side ofa thick hedge 


Dirt road whee! ruts. 


True Asymmetry pul 


‘and D are differentiated from each other. 


Ie a oc Look on the ground beneath a shrub, or log, 


for asymmetrical shade and shadow effects. 


Remembering the Sequence, Needs More Than Logic 


Logic is logical and helpful e.g. The bridge was after lunch because we were worried about the crossing over lunch. 
‘The red rock was after that, because the second creek was dry ~— it had all those beautiful red lichens in it 
‘Then the funny tree was where we had chocolate, Le. 3 o'lock stop, 
But logic by itself is not ‘sexy’ enough to be emotive and memorable. 
So deliberately add some emotion 
.9. lunch’, "worried", "beautiful", "red", “funny”, “chocolate” 
‘You may need to add a song and dance, a gimmick, a clue to the time or sequence, distance or linkage. 
‘The trouble with a memory gimmick, Is that you focus on the gimmick, nat on the memory itself. 
E.g. If you use an acrostic, remember to feel the sequence of it, as well 


DO Something NUMERICAL 


E.g. Lean one stick against “Walking-Stick Cliff” at one o'clock. 
Sing two songs at "sing-Song Pond” at two o'clock. 
Make three cairns at three o'clock at the "T(hr)ee Junction 
Make four arrows on "Four Arrow Slope” during four o'clock. 
Do it. Dont just imagine yourself doing i. 
E.g. Scratch numbers in the ground, in sequence, as you pass points of interest. 
‘e.g. "SFF" (the Sth stop, with the flat floor); "655" (six sizzling sausages—the fireplace). 


Make a SHAPE; Match the SHAPE 


Every or location in a forest track or in open country can be recognised from Its peculiar shapes. Every bend or fork can be matched 
to the forest, or the shrubs and stones, so both the bend or clearing and the surroundings can be remembered, with joy 

Locations: What does ths fallen log point to? What is parallel to it. Place something soit does make a shape. 

How many shrubs do these three trunks enclose? What face or picture can you make out of the bushes, rock, clearing and the creek? 
Do you see that line of tussocks; that clump of trees half-way up the slope; those parallel gutters; that oval of sand-dunes? Where 
does it drain? What direction between those paired stags? 

Bends: ~Look for a tree trunk leaning over at the same angle as the bend of the track, preferably leaning over the track or bend and 
in the right direction. The tree stands out from all the others because of that. (Any lear at any angle in any direction will suffice.) 
“Look for a branch pointing in the new direction, or curling, or Bending ina way which mimics the track: bend. 

Look for a log lying parallel to the new direction, or any ditch, or line of rocks, or outcrop. (It doesn’t have to match.) 

Look for a large rock nearby which fits the shape of the bend, or orient it until it does. (Matching shapes are always the best) 
Look especially at the tree trunk, or the shrub which blocks the straight line of sight ahead, or the shape of the fallen-over trunk in 
the way. £.g. "il fall into that black hole in the trunk ifT keep going straight ahead! I'l have to swerve". “I need to go around that 
round stump”. A tree right at the bend will be vsibie from both directions. 

Look for a forked branch which matches the angle of a fork in the track. A series of parallel branches at the fenceline. A couple 
of trunks leaning towards each other over the gateway. A tri-paralel set for a creek with two banks. 

Look for a branch which points downstream. Watch it forthe next 50 years as it grows, A tree recognised isa friend for life 

‘Ata noticeable uphill pitch, find a leaning tree trunk and imagine climbing up It. 

“Some leaning trunks Gan be interpreted in reverse...from top to bottom, to indicate the new direction 

‘The more you latch on to a peculiar shaped feature and the more you study its peculiarities, the better your recognition wil stick. 

Try to double up on the first peculiarity to clinch the recognisabilty. A matching pair of branches. A second confirmatory log, 

You will have to look backwards at each bend If you want it to work well forthe return trip. 

Every bend and feature is a good chance to recognise another couple of trees. You stop at the bend and look around for your “friends” 


™ 


Lie ofthe Land; Tracks 
Land-Form 


Work downwards from a Big Picture’ understanding. Start with a small-scale geology map, showing overall elevations. 
Continental-scale domes (anticlines) & depressions (synclines) explain the overall drainage and watersheds. 
Fault lines ~ shown by escarpments & cliffs — and individual ranges, interrupt the overall scheme, 
“The geological layers may be visible connecting across large distances. 
E9, pet, ae 
Range Range 


Eoey walking on this side—dont walk ps 
“against the grin’ ofthe layers. LP» 


ran 


co 
Layers become hardened and resistant to erosion when they are bent concavely upwards. They are compressed rather than fissured, 


Convex layers are fractured and easily eroded, because they have been stretched. They will have been eroded away. 
‘The present landform is 2 result of the erosion history on the previous landforms. 


Hint 

Most peaks have a steep side and a gentle side, Don't forget to make a mental note ofthat trend 

Inrelation tothe rest ofthe land and the other visible peaks 

You may notice a pattern, or simply Keep your overall bearings beter, or recognise the peak later, from afar. 


What Makes a Cliff and an Overhang? 


Reverse slope at the beach ‘The outsides of river bends 


Resistant top layer 


Water seepage at the change 


Wave action undercutting 


‘The diffs migrate outwards 
Waterfalls form at hard layers, at fault lines and at escarpments. 
Look for outerops striking across the land. 


“End the Bend” i.e. Notice the Un-Bends 


[Abend is not simply a sharp corner, not just 2 change in direction: ‘end of story! 
thas a start, a curve, anda finish, where it straightens out again. 

‘The curve needs to be named as a whole, measured 2s 2 whole, and thought of as a whole bend, 
Look for the dividing points between successive curves 2z i 


4 WAY 


a 


‘The arrows show where a curve to the right changes into one to the left, 
(27 bend), & vice-versa (an 5 bend). These are "points of inflection” 


— a straightening out, and remaining straight, is the other possibility 


Incorporate half of the straight section into each adjoining bend’ 
[At the end of each bend, reorient yourself — look behind, at the compass, at the Sun and your shadow. Point to ‘hom« 


Name the Bend, By the Trend, of its End 


rend: Left toward HE Michael 69. "Viewmont Bend” —— 
Right gua from came £9. "The Long Right bey mee — aes 
Ue info Lake Jordan 9. “Left down the Drain” 

Handedness: Hardie aroun the spur "ne West Sone Banke) =a 
Half left om the creekbed eg. "The Laft Contour” 
Clockwise Chmb 
Right oround the Send” Bends wil often alternate 

Direction “Ending with Sunset in our foce ~ Sunset Slop 
“Turning unt the Full Moon fises on our Right — Werewolf Way" 

Compass: “North Wow, to Alaska” 


Left-Sou-West” 
Add some description 
to seal the uniqueness e.g... Skyline: ‘Lone Pine Ridge" “Three Tree Hill” 
Detail 'Uphil; On the Left Bank; Just past the river crossing; at 10 a.m, 


Notice and Name Perverse Bends 
Unexplained bends, oF ones which buck the trend, deserve @ name. 
ost bends are predictable ‘S"sround obstacles — at creeks — around shoulders & outcrops _— shortcutting 
ercantouring around sloping ground = St Vjunctions — joining with disused overgrown tracks 
£9, Seaside roads wil hug the coast, go diagonally downhill But upstream (Intoa valley) and climb diagonally out oft, downstream 
~"os.a compromise between shortness and flatness 
E> Forthe same reason, tracke will often change direction at a creek crossing 


‘So name the curves that go against the flow. 
E.g. "Sinister Switch” (Latin for lef) "A Dextrous Diversion” (Latin for right) “Unorthodox Twist” (Greek: not “right” = left) 
“A Wandering a Way" “Aimless Avenue” “It shouldn'’ve gone left" “The I'm-going-on-strike Uphill Bend” 

Mind Bender" *Morally Bent” 
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Section 3: Interesting Stuff—Bush Navigation 


Higher Density of Leafiness on the Noon Side 


From underneath, next to the trunk, you can look up in all directions and see which side is leafier. 
Looking side-an you may see one solidly green side and the opposite side patchier in its cover. 
Trying te look through the foliage to the back of a shrub, you will have most difficulty on the North, 


The Lowest Leafy Branches are on the Noon-Side 


Looking from the sunny side you see a lower branch or even a wall of greenery, right to the ground, 


SER 
WA Low branches on the shady sie are often short, dead or only thinly covered with foliage. 
{ooking toward neon, you See more trunks, dead wood & grey-brown sticks, 


“It’s the Shady Side that Shrubbery Shows up” 


In practice you dont look for the noon side, but forthe absence of leaves low on the pole side. 
Looking toward noon, you see ilsdeveloped shapes. Many plants will throw out branches and leaves 
in profusion in all directions, but you seek out the ane direction whichis different ~ the one less 
densely green — where the light is in short supply. Itis the ‘light null’ for solar direction finding 
Look for where no vegetation leans: “No stems, plants, branches point in that direction’ 


Tall, Steep and Ragged Backside 


Shade-side branches often reach for the sky, and are more vertical on that side, making It steep. 
‘The noon side will be more of a smooth continuous wall of greenery from low-down upwards. 


Wedge-Shaped 


Looking away from neon, you see smooth and continuous foliage, slanted down toward you, 
<< ‘Re ‘often clinging right to the ground, like a wedge. 
Looking toward noon you see Nat tall backsides ofthe bushes. 
Hollow under the Shady Side 


You car stand closer tothe trunk, or at least see more ofthe trunk more clearly from one side. 
Down lot on the shady side is where the light matters mast. There may be space enough for 2 
branch but not ight enough. On the sunny sie you wil see leafiness deep Into the low recesses 

Imperfect Shape onthe shady side 


Many shrubs seem to adopt a perfect dome shape, until you look more closely 


iy Bee GPS on tne shody Hat. 


The backside of shrubs is often tall, untidy, and lacking leafy branches, close to the ground especialy. 


Dead Branches 

“The overall shape may be perfect, but one side is alive and green, while the other side lacks leaves. 
“Dead” South. There iso scaleeffect to dead-south: The larger bushes have more depth of foliage. 
“The more folage Up-sun, the darker down-sun Only the larger or thicker bushes work best 


Use a Type of Memory which you are Good at 
Combine the methods fr the most memorable effect. 
1g, petoral ~ join images. Make them touch or glue onto, squash or hold hands, follow logically or overlap 
= Use a stack of pictures to put incidents into sequence 
“after the Bridge we came toa red rock and then sat down for a snack at the funny tree” 
9, ditties ~ A Capital Tee of Tal Trees at Three O'clock 
E.9, invented “associations"~ a vivid or absurd image ike @ Tasmanian Tiger eating that hil 
Paint tin party related colours, with shapes and other senses involved, to give extra “hancles"/clues 
Imagine successive scenes in an invented journey/bulldngy/urnished roonystreet scene/pattern points 
Emphasise movernent, an links between stages. Make it visual, simple, exaggerated and appropriate 
“I went inside the cave and talked to te sleepy bear (Ranger) about the bearing to follow, and he 
Seid "Seek the morning sun’, s0 coming back out 1 turned to the east untl I met the keeper of the 
bridge tho said “over my dead body lies the path to right; and eft". So climbing up over him. 
E49, numbers ~ One Wooden Bridge, Two Red Rocks, Three Funny Tree. to reflet the hours of the day 
with leaden/Heaven/redden, 11 with Aladdin/pelican/caravan/a raven, 12 with elves/shelve/delve/selves 
£.9, shapes ~ Make a 10-rock pyramid atthe 10 Glock stop, an 11 stick teepee at 11; a 12 leat hexagon 
— ig. see-saw on alg at 7 and drow a see-saw in your notes It has 7 corners 
£.g, You can weave a siary, of Invented images to go withthe times of day rN 
fg. each digit looks lke 3... Ohole/bal/eye, 1 stick/pen, 2 cobra/sphinx/swan, 3 bosoms/camel, 4 yacht/picnic chair 
'S measuring scoop/heelchair, 6 bornb witha fuse/yo-Vo, 7 arrow/step, 8 shoigunjalasses, 9 balloon/comma, 
10 ball bouncing off a wall goltbal offs tee, 21 jai/stump/oalpost, 12 jai-break/cages lion. 
9, acrostic ~ 7am. 2Z.forZero Rule Zero: Don't forget to pack the linch!..7:15 A. Bend A inthe Creck 
5308 Bridge across the River at Bend 8. 745 C We didnt Cee the third bend on the map! 
Using this method, elapsed hours happen at Z,0,#,L,P,7X Ie. every four letters, 


Use the Name of the Track for the Acrostic 


Lying down tree ‘Every quarter of an hour, look for things beginning with that letter to remember that kilometre by. 
E ee! There's a bull! ‘four letters make up one hour *Use stepped word pairs, ‘Lying East-west; Exciting Exit; Extra Searches 
E e-normous bracket fungus “Do Something Alphabetical 
Swim E.g. Lie down at L; Scream at €; Examine the fungus at €; SPlash at SP 
*Make ail your names begin with that letter e.g. Pot-holes, Pines, Possum trees, Possible campsite, Photo 
P addled Across ‘rte them all down, but try to memorise the best one. 
A Iterative Detour ‘You can attempt to improve the sequencing, by taking the letters two or more at a time e.g 
D LE In the Lee of the lying down tree 
D cE EEE! 
° ES. E.S.P. told us to find the track next to the E-normous bracket fungus 
c SP Splash Splash. Had a Swim 
K “Try also to relate picture to picture in sequence e.g 
s Look at the Long hors on the Lying down tree; Enormous bull; Enormous bracket fungus, 


ripping with water... swim! 
Acrostics combine individual memories with a clear sequence ~ firstly by letter, and secondly, by overlapping one pair of letters 
with the next, and thirdly by overlapping one picture with the next. 

You have already memorised many long sequences of letters, e.g. the words of a song, which could be used as a unique acrostic, 
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Lie ofthe Land; Tracks 
Headlands, Bays, Prevailing Winds, Longshore Drift of Sand, Creeks 


Headlands are ridges. Bays are valleys. 


“The ridges determine the headiands, bays, creeks, and — look for this ~ the positon of offshore rocks and islands, 
especialy where a point” marks a change in the tend of the coastline. 


long, Reet an sene® 
AANA mA 
EW cond ditt C4 

TF eessnt on evalng wind 


Bay (Valley) 


Flat; dunes This creek charges course near its mouth 


‘The creek clings to the ‘due to the longshore drit of sand 
Pole-facing side of the 
headland 


(One main creek per bay 


Beaches — Slope, Particle Size, and Wave Energy 


Energetic erosion washes away any small particles. [A flat beach reduces the energy of breaking waves. 
A steep beach is a high enerey beach with big parties. ‘Alow energy beach is flat with small particles. 
When itis deep offshore the waves break with high energy. Sandbars and shallow sandy offshore seabeds 


‘make the waves break over a long-distance 


high eneroy well offshore 


8a, NIN I™. 
eed fat onshore 


flat offshore ‘wide overall 


Much the same seems to happen on land slopes ~ the flatter slopes have fewer rocks. I.e. the accumulated silt which is not washed 
‘away by surface water, covers up the larger rocks. 


Sea-levels have been much higher in the past, so that there will almost always be buried boulders just above the present seashore 


Look Through the Trees, to the Sky and Skyline 


‘This is a habit which stops you being befuddled by bends. You focus on the most distant thing you can see. 
+ Eg. the farthest tree trunk 


+ E.g. the skyline ~ ridges, gullies, peaks, light/dark division 
+ £.9. the clouds ~ but do stop to examine their movements occasionally! 
+ E.9. the Sun, the Moon — obviously the best, but they move too, and... don't look at the Sun! 


E.g. the dark blue polarisation band — Use Polaroid sunglasses if you are walking a forest track and can see only the sky. 
Dont forget what is abreast of you e.g. a particularly tall tree. If you need to, look behind for some reference point 


Habits take practice to develop. This one is easy, because once you appreciate it, you won't want to give It up. 
it turns many small bends into a few major trends — 


Periscope 


Climb a tree. Climb a hill Stand on somebody's shoulders. Or try this. 
Attach a mirror (bigger = better) at 45° (try to be exact) to one end of a long stif stick (e.9.@ fishing rod) 
= then scan the tree top horizon for landmarks. 


Navigating by Trees 


‘Tall trees on high ridges stand out against the sky and are visible for miles around. 
Get to know the biggest, tallest, most visible ones. 

Tndividual trees, gum trees especially, are wonderfully fingerprinted, by their branching pattern, outline, postion & orientation. 
.g. look forthe direction Between the two largest branches. This stands out like a weathercock whenever you glimpse that tree again. 
E.9. locate the relative positions of a handful ofthe best trees, s0 as to cover a wide area, 
E.g. try to note the relative direction of pairs of trees. 
Most big trees will have large branches to noon. So look for bia branches which are not pointed to noon. 


If you keep looking through the immediate green barrier for more distant (unmoving) skyline trees — 


ewe 
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Section 3: Interesting Stuff—Bush Navigation 


‘Solar-Panel’ Tilting of the Canopy Top 


Some trees may be flat-topped’, but they are not ‘level’. They tlt toward noon. Best seen from side on. 


Wedge Shaped 


Branches seem to know when to stop growing, and so manage to display 
2 fairy uniform, slanted flat wall of leaves toward the outside and especially toward the light. 


wee 


Lopsided Lean 


Branches on the backside usually reach higher to bask in the skylight. 
Branches on the front side are more horizontal, lower and longer. 
Some trees don't seem to try to compensate and simply leave their trunk behind, on one side. 


Half-Dome 


| —an extreme case of a steep back side 


oS [NOTE that all these signs work best in open woodland, not in forest understorey, but not always. 


One-Sided Leafiness 


Eg. Banksia trees 
‘Such extreme asymmetry often only occurs in the understorey —~ where light is limited. 
Eg. After a bushfire a gum tree revegetates from the trunk ~ most leafiness survives on the sunny side. 


Individual Branchlets 

~ show similar shapes to whole trees 

~ tited, asymmetrical twig patterns, one-sided leafiness, ete 

‘The effect wil show up best on the east and west sides ofa plant, where the lighting is most asymmetrical 


Bare Backbone 
Look for tan individual branchlets, on the rear-side of main branches, and sometimes on whole trees. 
You could ein your finger up the entice length on one side of many shady-side branches. 


Group Several Related Images into One 


This is a standard method of making your memory ability efficient. 
You have less items to remember—they become a few memory prompts, each to a handful of items. 
E.g. 4 groups of 4.. 6,7,8,9 am. / 10,11,12,1/ 2,3,4,57 6,7,8,9 p.m. 
‘Write each group out visually shaped e.. at the points of a square for a group of four 
‘with 2 opposite squares for a group af eight 
inside an infinity sign fora pair of items 
List the hardest to remember items, frst and last, 
Group the shapes i.e. the groups, ito another visual structure, 
Use symmetry wherever possible™it makes it éasy to recall 


‘The Start-Stop-Rest mnemonic (see Section 5. p.110) is a good example of this “clumping” technique—never more than a handful of things to 
remember, yetit leads you Into hundreds of points. 
Put the 5 for Sky at the top, and use a hexagon for the six start up points. Use a clock-face for TIME, and the compass-rose for NSEW. 
Balance it all ona triangle, for the 6 a.m. start 

Sky on Skyline (seep 110) 

T 


A 
R 
I 


PRAYER PREPARED. 


TM, NSW, 
uP 
'& Watch your Progress Forward RWEATHER. 
Lert RIGHT 
‘Show the 6 directions in 3 dimensions. Back 
Down 
3 parts for “6/A/M 
ARAMA’ aa 
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Ue of the Land Tracks 


Rock Typing 


Hardness — how easily eroded. Keep trying to scratch it until you find something just harder than it e.g. your packet knife. 
Colour = what colour silt. Scratch it against harder rock and look at the colour af the crumbs. 

Sedimentary — the components are not of local origin. Layers ~ sedimentary origins. Melted sediments ~ crystalline bands 
Sand content — grano-diorite ~ pale & silica rich. Clay content — basalt ~ dark & mineral rich. Mineral erystals in it. 


Crystallisation  — small crystals mean rapid (surface) cooling; large crystals means slow (deep earth—'plutonic’) cooling, 
Mineral content — what sort of soils does it produce? Flakiness. Behaviour in fire (Caution!) ~ it eracks, blisters or explodes! Melting pt. 
Density, Magnetism, Fracture Pattern, Transparency, Permeability, Acid Solubility evaporites and marine deposits may be limey. 
Understanding these details is a key memory aid, since it gives you more meanina to look for, to memorise and recognise. 

E.g. in basalt areas expect a more diverse & rich flora & fauna 

.g. in the sandy plains, expect rivers to run underground, trees to have deep tap-roots and to line only the dry watercourses. 

E.g. in dry Sedimentary areas, look for a harder ‘evaporite’ layer underneath 

You don't have to identify the mineral, but you should characterise the rock type. 


Soil Typing 


{Climate drives soil typing. What is the climate? 

Latitude drives climate. What isthe latitude? 

High altitude mimics high latitude. What is the altitude? 

How isthe local climate modified? Look especially for temperature and rainfall factors. 

E.g. ranges upwind? A cold landmass? Warm ocean currents up-weather? 

5S. Evaporation produces salty limey evaporite deposits, whenever the evaporation rate exceeds the rainfall rate. High-temperature 
{and wind, speed up evaporation. Flat inland areas receive less rain. Where rainfall exceeds evaporation, the soils are acidic, 
leached, and deep. Does the evaporation rate exceed the rainfall rate annually? 

6. Climate drives vegetation as well as soll types. Soll types drive vegetation. The three go together. What is the vegetation type? 

7. What is the parent bedrock? Granodiorite produces pale, sandy, fiable, well-drained, mineral poor soils, 

Basalt produces dark, clay, dense, waterlogged, mineral rich soils. 
Warmth & rainfall aid chemical weathering and erosion rates of the parent bedrock, and so produce deep sols. 

8, What are the relative constituents? Shake some soil and water together ina glass jar and leave it to stand unti itis layered. 
Organics & charcoal float. Heavy minerals, pebbles & sand sink. Silts lie on top of them; then clays. Colloids remain suspended, 
Organic remnants accumulate in soil when itis warm enough to grow plants, but cold enough not to rot them away quickly. 

The decay of organic materials then provides acids for leaching, provided that high rainfall doesn’t dilute the organic acids. 
Can you see from the sort of soils how cold and wet it has been? 

9, What are the depths & layers of soil? It is leaching which transports poorly soluble salts to lower layers, until the water table 
dilutes the acidity. Subsoil days also accumulate where leachates are deposited. Evaporites accumulate just below the surface 
land above the water table. Dry areas have poor soil depth due to slow bed-rock weathering and erosion rates. 

10, What is the soll colour? Red indieates partly leached soi! ~ iron and aluminium salts remain. Paler, ash-coloured soils are left 
behind after further acid leaching, Black soils result from poorly drained unleached soils, The importance is that leaching 

reduces fertlity due to the lack of soluble plant foods. Leaching is aided by warmth (except inthe case of limestone which 

dissolves better in colder climates) 


Bush networks 


‘The bush roadmap is made up of a network of interleaved ridges and rivers. 
Instead of a major road or a minor road, you have a main ridge or river, shorter ones, and dead-end ones e.g. a ‘shoulder 
Across roads’ is where two creeks & two ridges meet — a saddle, 

‘The seashore corresponds to a boundary fence; Peaks and islands act like townships — they are a focus of ‘roads’ and ring-routes, 


Don’t Navigate by Networks Only 


Networks are fractal ~ big creeks have little creeks running into them; walking tracks have side tracks branching off from thers; 
big ridge lines have lite ridge lines running off from them; 

dirt roads have smaller dirt roads which have stl smaller dit roads joining in. 

‘That is why itis dificult to recognise the scale of any map just by looking at the networks on it. The more detailed the map, the more 
detail there is to show up, The smaller scale the map, the more detail has to be left of 


So there will always be small creeks, unmarked roads, minor tracks and minor ridges to tempt you into thinking 
"This one is what 1s marked on the map". 
You will kely find one “exactly” where you look for it, but it may not be the right one. 
Don’ navigate simply by expectations of network junctions. 
E.g. the next creek-line has a SO% chance of being “just as I expected it — a creek-line coming in from the right” 
or if not expected, the 50% chance is that you will say “probably just not marked on the map"! 
If by chance it is actualy correct, it will only encourage you to continue navigating by network, 
‘but you won't always pick the correct one. 


Antidotes For Guessing at Network Junctions 


+ Distance covered. Accurate measurements of progress can eliminate some minor junctions which are “almost” where you 
‘expect the desired junction to be. 

+ Trend — of the junction branches. 1.e. the directions must match your expectations too. E.9. “Each side of North” 

Landmark bearings. Try to separate identical looking junctions by cross-checking their position in relation to skyline features. 

+ care 

Count, Look-alike branches are nonetheless unique, when numbered. 

= Recognition, from last time, if you had bothered to identify its peculiarities. Le. bother now, for next time. 
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Section 3: Interesting Stuff—Bush Navigation 


Branching Patterns — Examine Them tor thickness, tensth, angle, curvature 


At each node some branches, The choice of branchlet Side branches 
‘grow better than others ‘an curve a whole branch ‘ean curl around 
Usually toward the light toward noon, 

Le. stretching outwards or stiffen it bottom view Examine the ends 

‘or up-wind upwards against the wind looking up. of the branches. 

fF downwind dovin low 

Check the spacing. 

‘This enhances the bare backbone’ appearance 


‘A well-leafes branchiet will usually hormonally of the dark side of a trunk or branch. 
dominate one without buds, by active biochemical suppression. 
In this way growth can be regulated. 

E.g. horizontal decurvature 

can search out extra light Double curvature can fight gravity or wind. 


pera underoath the canepy 
: ah araches 
G2 ‘in ao ben < 
Se feaving tlle wrinkles 
SS jin the skin, 
Gun trees show asyrumety espcily easy, since they do nt tr hard 
tobe symmetrical inthe fre pace! 


Examine the main trunk itself. ‘Or the trunk may be overbalanced, by its branches 
Temay curve away from the light Tengthening, thickening and curling toward the light. 


toact as @ counterbalance 
to the heavy light-side branches, 


* 
\ £, 
SS ) a 
Length: 
Some trees "reach’ for the light Look for wrinkles 


becoming lopsided Angle: £2 ‘under the ‘armpit 
To get out from under the canor 
mar Pr. = 


where it has bent, 
‘The branches oe noon-side branches often 


(except maybe in a windy PraCe} 


Working Names — Invent Them 


E.g. Past the Little Castle Rock’ 
Up the 'Yellow-Crowned Tree’ trail 
Under the U-shaped rock face 
Between the Big-Boulder Blufs 


“40 minutes in” is @ handy name — when you recognise it, coming back out. 


‘Stupid gawky names help you remember, but even better isto do something stupid to match. 
Eg. Gallop like a galah, through the pass, and call it “Gallop Gap with Galahs Galore!” 


Standard Name Plus Personal Name 


‘Actual names last longer and are widely known. Use them. 
But make up a personalised name too. 


E.g. "Oh itis actually called "Boomer Hil’, but we call it Porridge Hill, because it lies halfway between Oatlands and the Table Tier! 
E.g. We call Wollongong "Kaus Australis” ‘coz that's where we watched Kaus Australis go straight overhead, 
E.g. Kaus Australis becomes “The Wollongong Star” 


Remembering Names 


To help you later, when the name ison the tip of your tongue’, 

Count the syllables, consonants, short vowels, long vowels, now, 

Rhyme it with something appropriate e.g. Condominium Creek has a pond of minimum seep. 
Zook at the spelt visual shape. for ascenders, descenders, double letters, symmetry. 


‘Then later run through the alphabet for a guess at the fist letter, then at the second, and so on. 
Think about anything related, ike why you went, what you ate, who you met, what you saw, the weather, the season, the news at the 
time. 

[Ask each person for these recollections. Recreate the full scene. 
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Lie ofthe Land; Tracks 
Contour Lines 


Contour lines mark horizontal ground. 
‘Assimple trick to match up the map contour lines and the landscape, isto point horizontally parallel to the ground. 
E.g. if you are in a valley, point along both creekbanks, using both hands. The steeper the valley sides, the narrower the contour angle. 


NZ conturtnes onthe map 


Horizontal ground on the creek beds 


Contour lines are like water-marks on the bank of a reservoir, lake or swimming hole, visible after the water-level has dropped. 
‘But bigger like a global flood drying up 10m at a time, leaving water-marks. 


like a photograph of It, from above. 
like herizontal sices progressively taken off from the top of the mountains, as when you slice clay with a thin wire 
‘and you look at what Is left 
like building up a model landscape one layer of cardboard at a time, from below, with progressively smaller shapes 
cet out according to the map contours. 
‘Then you draw the results on a map. 
‘They show the path you have to walk to go ‘around the contour’ so that you neither climb nor descend, 


Contour Navigation: Practise It, Before you Need It 


At night, oF in fog, ori a blizzard, you may have no other clues, but the contours, on the map, and underfoot. Try to match them up. 
Hint: Don't expect every little bump to show up on the map, but only the average smooth slope. 
Hint: Keep good track of compass direction, time & distance as your best crosscheck. Assess the wind. Use an altimeter (,GPS, radar.) 
Hint: Delegate tasks ~ map reading; course holding; distance logging; slope assessment; exploration; memory. 
Hint: To go quicker, go slower — so as to be sure. Explore the slopes to left and to right. (But don’t get lost or disoriented!) 

Flald regular conferences to check your judgments, 
Hint: Assess slopes by looking sideways, across them. They always seem so steep when you look up! 


Boat navigators in a fog, can sail toward land until they reach a predetermined depth, then sal along parallel to the coast, using the 
depth contours marked on their chart, and some method of finding the depth. Marine depth sounders rely on a good echo, but you can 
always toss a weighted line over the side to find the actual depth. Make sure to make corrections forthe depth af the depth-sounder, 
the depth of your keel, and the height of the current tide! 


Sticking to the Bush Network 


+ Walking up-ridge may perch you on an isolated hillock 

+ Walking down-stream must get you to salt water; or at least to water, civilisation, flats, roads; but also to thicker vegetation 
and a loss.of view; and sometimes to impassable waterfalls and gorges: 

+ Walking upridge, uphill, upstream lands you in steeper, drier, more jagged terrain with more open vegetation, a better view 
2nd maybe ar alongrrdge track * a pi ears 

+ Walking down-ridge will "take you to the lake’, but simply walking downhill may lead you into a heavily vegetated creek-valley 


whieh then rains into the lake! 


Natural Routes Naturally Converge 


‘That means that, in reverse, they must also diverge — which is dangerous, open to mis-navigation: 


+ Provided you don't cross catchment divides, walking downstream or up-ridge is convergent and so is safe for a one-way trip, 
but un-safe as a means of retracing your steps back to base. F.g. itis easy to climb a hill hard to retrace exactly. 
+ Walking down-ridge is divergent ~ deceptive and dangerous. 


You cannot easily see ridges peeling off below, and the map won't mark all the creeks you can see. 
If you are trying to retrace your steps or navigate from the map, you will have to be very careful 


+ Ridges converge to hilltops — so walking downridge leads you widely astray. 
+ Upstream is divergent — you don't know where you will end up, but atleast you can find your way back, 

because creeks converge toward the river mouth. 
+ Tracks & trails converge to: popular features, bridges, car parks, waterholes, homesteads, campsites, clearings, etc 


So leaving a focal point faces you with multiple choices "How on earth do 1 et outta here!” 
Coping with Divergence 

“The result of “directions” such as “You can't go wrong. You can't mis it” is thatthe tr that i, the easier its to go wrong 

"after you have found it. Retrecing your steps, or finding the desired way out, onward, can become. nightmere. 


+ Ask directions for the onward bit, not just how to get there, 
For backtracking 
+ Pay attention on the way in, despite your excitement at arriving. Note the direction of your arrival. Look back regularly. Mark 


the junctions you used, especialy from minor out onto major paths. Retrace your own tracks, 


Reverse logic 
Be like yachtemen, who should always explore harbours, shallows and tributaries a low tide “in case we do gat stuck” 
+ Explore upstream ~ a divergent labyrinth — so that you can walk downstream to return 
Provided you don’ cross water-dvides, or overshoot your starting point, "you can hardly go wrong" 
‘Anah! There's the hint: Before yoU set off upstream, peek behind you, to see when to stop “coming back downstream! 


+ Explore downridge, and climb back upridge later. Only don’t elim down anything you ean't climb back up. 
+ Explore away from a focus, so that you can converge back to it 
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Section 3: Interesting Stuff—Bush Navigation 


Isolated Vegetation Shows the Clearest Asymmetry 


E.g. Look in any clearing for downwind debris/erosion, 
‘and for up-Sun/down-Sun asymmetry at the edges, 

E.g. anisolated tree in a paddock. 

E.g. an open creek will give the bushes a clear view across the water. 

E.g. a roadway will exaggerate the light asymmetry on one side 
{and suppress it on the other. 

E.g. Look inthe wheel ruts of bush tracks for asymmetries due to wind & light. 


Examine the tallest trees — The emergent ones have a clear view of the Sun, 


[At the edge of a clearing, subtract the effect of wind. 


Closed Canopy — Look for Gaps pe ca He 


Each tree canopy might look uniform, but be blown back on the upwind side, F 
leaving a gap there, with dead branches, where it has tried to fil the gap. 

But look for a gap without dead branches and without other explanation 

= It might be ‘shady south’, which gives the tree litte incentive to cover. 

‘The tree could have spread that far by now, if it had wanted to, but hasnt. 


Tall and quick growing SAPLINGS show the most asymmetry. more vertical branching 
on the shady side 


They can be the best tell-tales of all, and the worst! 
Because they respond to clearings, slope, water-shine, nearby trees ~ be carefull 


Take extra care to average out their message, 
[Any one tree gives you 100 definite an impression! 
Back-to-back saplings may show opposite asymmetry, by shading each other. 


‘Treat the overall shape as one tree 
‘The sapling sec, arises from young forest trees shedding branches more often 

and more easily than mature trees \ 

Roadsides & Campsites reverse some effects! \) 

Examine trunks for broken or lopped boughs before interpreting! 

‘The bigger lower branches are easiest and best firewaed picking! 


“Trimmed? before camper 
‘after campfire 


Name the Subsections 


HeartAttack Hill Bust-me-gall Bend Starve-gut-Ridge Be vivid 
On-the-Double Decline Cross-the-Creeks Roller-Coaster Blackberry Bank Be Descriptive 
Left-hand Loop Clockwise Climb —_Right-around Contour "The Zed Bend Be Cheiral 

N-E Straight Into the Sun Slog West Bank Downwind Dunes Be Directional 
Long Leg. Short Stretch ‘The Middle mile Tall the Distance 
Last-legs Leg _Dinnertime Creek Sunset Strip Tell the Time 

Gn the Left of Third Hil Nine Mile Beach Five Ways Fourth Island Count 

The Bush Blocks The Rock Band Turning Point The Up-Part The Trip down Be Clever 

Rubble Ramble Possum Passage Flower Fats Aliterate 

The Birdwatching Bit The Deer Park’ The Gleriously Green Glade Be Observant 

The Monkey Saddle (three creeks) The Big Bulge Round Shoulder ‘Tight Turn Tongue _—_—: Be Shapely. 

The Breakaway ‘The Hither Side of the Hill" Round the Rim Unto the Brine Be Literary 

Brown Beach Bay ‘Wobbly Shacks (= Mount Wobbly behind the shacks) Zigzag Track Be Visual 

Perverse Reverse Inland Cusp Round the Back Out to Sea and Back Name Whole Curves 


Name the Sequence 


Fit Each Subsection into a Larger Scheme. 


+ Name the Links ‘The Cuvier Track ‘The Mount Barker Road ‘The East West Ridge 

+ Name the Junctions: Point Pass Steppes Junction ‘Tee -tree Junction 

+ Contextualise Beyond Burrowing Crayfish Ridge Cross Catchment Climb 

= overlap Sections Deer Sally to Sandy's Shore to All-Terrain Trek _ these are simultaneous 
‘Sherwood Forest’ to-Bumpy Flat to Uphill Maul _} and overlapped 50% 


Le. halfway through one section, think about how it is changing character 
ina the next obvious section, and anticipate i 


+ Time-Distance Clues +: Lunchtime Lookout The Approach Thither Heather ‘Tea Junction Ten-Mile Dam 
+ We-Linkage Downstream from Dusty Waterfall Wind-Shadow Plateau 

+ Numbers Fourth Bump Fifth Creek Tee Junction # Three 

+ Acrostic Short Steep Step in the Southern Subdivision after the Shallow Segment 
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5.1. Wide and Flexible Bandwidth Technology 


mmWave band communication and large-scale antennas are promising technologies for future 
5G networks. The mmWave band covers frequencies from 30 GHz to 300 GHz [202], and from 
an industry and wireless academia point of view, it is a unique solution for solving 5G capacity 
requirements [96]. mmWave band communications will provide high data rates [7,202,225-227] 
utilizing a much larger spectrum bandwidth that can reach up to 5 GHz [39] and by using 
directional antennas and high attenuation [40]. To provide sufficient antenna gain mmWave requires, 
implementation of large-scale antennas at the transmitter and receiver side [96]. Deployment of 
large antenna arrays with mmWave will also bring high spectral efficiency, high throughput and 
channel gain [7]. Despite all of its advantages, mmWave needs line of sight (LOS) operation [41], while 
the effective communication distance of mmWave signals is within 200 m due to the propagation 
characteristic of this frequency band [29]. Open problems associated with mmWave include three 
dimensional (3D) channel modeling, dynamic power control, user scheduling and congestion control, 
hardware limitation and the adaptive beam-steering technique, as described in [7]. The problem of 
high power consumption of a large number of antennas in an array [7], high efficiency low complexity 
adaptive antenna array processing algorithms [29] and innovative hardware architecture of large-scale 
antenna transmitters [29] still remain unsolved. A proposal of design guidelines in architectures and 
protocols for mmWave communications is presented in [42]. It is demonstrated that new mmWave 
technologies, which are under investigation for 5G communications systems, will be able to provide 
indoor centimeter (cm)-accuracy localization in a robust manner, ideally suited for Assisted Living 
(AL) [225] 

Heterogeneous multi-radio access technologies (multi-RAT) integration is specific to 5G 
networks radio design that coexists with existing networks. Since 5G networks will not be 
developed to replace current wireless networks, but rather to advance and integrate existing network 
infrastructures with new ones [217], we refer to 5G as a heterogeneous network. Multi-RAT is 
defined as the capability of a mobile network to support multiple radio access technology with 
seamless interworking among them [229]. When deployed in heterogeneous networks (HetNets), 
with traffic offloading among different RATS, multi-RAT improves capacity [230], supports better 
communication rates [34,117—119,231,252], better energy efficiency [34,117-119,231,232], and ensures 
seamless connectivity with higher QoS [230]. In designing a heterogeneous RAT, researches are finding 
solutions for cell-association and traffic-offloading algorithms [217] 

Cognitive radio with spectrum sharing is a new software defined technology, which is expected 
to improve the utilization of the congested radio frequency (RF) spectrum [43]. In 5G networks, it 
is used for designing multi-tier architectures, removing interference among cells, and minimizing 
energy consumption in the network [44-47,120,233]. Moreover, a spectrum sharing technique can 
be used along with the CR technology to integrate the 5G spectrum [48,121]. During the practical 
implementation of the CR and spectrum sensing (SS) technique researchers had to design cooperative 
frameworks, choose cooperative secondary users and transmit cooperative information during 
the spectrum sensing, further developing the framework and algorithms for the group handoff 
of secondary users and enhancing security [2]. Researchers are already working on designs of 
protocols for different IoT application, based on cognitive radio, and some of them are presented 
in [49-51,122]. Technologies in this group are used together to optimize 5G performance requirements 
(eg., a prototype of mmWave integrated HetNet in [123] and HetNet that incorporates massive 
multiple-input and multiple-output (mMIMO) and mmWave technologies [217). 


5.2. Advanced Modulation and Coding 


This technological group involves advanced modulation (ie., frequency and quadrature 
amplitude modulation (FQAM)) and advanced channel coding schemes 

Advanced modulation schemes group includes FQAM, Amplitude and Phase Shift Keying 
(APSK), Unitary Space-Time Modulation (USTM), Spatial Modulation (SM), Wave Modulation 


Lie ofthe Land; Tracks 
Contour Curves: Your Job is to Imagine the Shapes into Life 
And to Match the Lines to the Landscape 


Deep Vee "Ditches! 
= they gather water. 


eX Round ‘Shoulders ~ they shed wit 


‘The sharp points, point uprriver. (sharp/up rhymes in p) 


Peak or Depression — you can't easily tell which. Peaks are much more common. 


Hairpin 


idges’ ~ they can look parallel, tke a slope, if the edge of the map cuts them off 
Ridges usually show much rounder than this 


Parallel Slopes’ —be careful about which way is ‘up. Check that they are not the same height~on a ridge or river 


Here isa typical confusing array of parallel lines. 
“The first two are ambiguous, but seem to lead down into a valley. 
‘The valley is shown as lines 3, 4 8 5 


‘The three corners here are al sharper than the corresponding ridges. 
Downstream is tothe let. 
Imagine a deep-vee ditch 


“The shoulders and peaks shown here are all much rounder. 
Uphill is. ——p peak ——saddla ridge or peak 


Imagine a circular mound with a spur down to left and right. 


Down here, upslope to higher ground is. t a ~ 


~ 


l 


Trackless Navigation 

When you leave the bush network to cut across the natural routes, you stil navigate by them, by noticing when you cross them. 
You choose e route in relation tothe framework ~ of rdges, rivers, ond the contours that cross them at ight angles. 

Eg. "I am now going diagonally right, uphil, on the left bank, to the Ridge, then. 
You describe the sat of route you are following, and start a new subsection whenever that sort of route changes in quality 

Eg. Ary shallow creakhed marks a change from downhil fo upil 

Eg, The major break of slope on the “hilside”--marks the change between being on the hil/erest/ridge”or in the “valley 
Dont forget to ask, a8 vou cross each ‘road’ what that ridge or creek is doing, tothe left & to the right e.g. joining, spliting, rising, 
falling, aivicing mafor valleys. 


The method of Names 


“The point of this method isto bring your normally subconscious memory into conscious focus. 
You put'a name i.e. an essential description, onto each subsection, This is in addition to naming the creeks and ridges you cross. 
‘That is equivalent to supplying your own signposts & flashing lights to the landscape. But write down te other details also. 

[AS with memorising any journey there are a handful of steps: Notice; Recognise; Describe; Name; Remember; Put it into Sequence. 


Bush Networking Essentials 


[Answer up to six backbone questions about each leg, before deciding on an appropriate name for that subsection 


1, Hllewise — What Peak? — Is your direction trend in elation to it Uphill or Downhil; towards or avay? 
2, Hllside-wise — Slope ~ Choose between Upslope/Downsiope/Fiat/Cantouring, 
3. Ridgeswise — Rise ~ Upridge/Downridge/Crossridge? 
4. _Drainage-wise — Lie ~ Upstream/Downstream/Crossstream? 
5. Side-wise ~ using the standard names* — Left bank/Right bank (below the break of slope); Right flank/Left flank (above) 
“As a yachtsman going up-stream sees it — Port ang Starboard. Use these terms in your names to remind you, 
[Asa traveler going up-ridge sees it 
Ihe. the standard directions are up-stream; up-tidge; up-north; up-wind; up-ill, up-slope. 
Be carefull The right bank’ isthe ‘left flank’. You can climb to the right on the left flank (of a ridge which falls to your right) 
Walking diagonally ‘downslope’ can be ‘upstream 
6. Hand-wise — Tack — Clockwise around or Left around/On the left diagonal or Right diagonal? 


Mnemonic: (With your right index finger) touch your head (the peak); 
forehead (the slope); 
bridge of your nose (the break of slope); 

down the ridge of your nose (the ridge) 

nostrils (the drainage); 

Fight cheek (the side); 

land now look at your hand in wonderment (What is my tack?) 

‘Then point out some peculiarities, 
Now add the non-essential ~ exact measurements e.g. direction/length/time/steepness/count ~and descriptions, sequence, context: 
(Remember: don't navigate only by networks.) See opposite, for descriptive names. 
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Section 3: Interesting Stuff—Bush Navigation 


Flowers Respond to Sunlight 


Examine the stalk-lean and flower-head tilt 
€.9. of daisies. 
Look up-Sun and down-Sun to see the striking difference, whenever the Sun is low. 


Look for the first flush of flowering on the sunny side ofa flower spike 
E.g. Yakka (Kanthorshoea). The mid-morning sunlight direction gets the earliest flowers. 


Examine closed flowers to see whether they betray where the Sun last came from. 
Many flowers follow’ the Sun around, 


‘Some leafy stems seem to tilt to the noon, perhaps to point thelr Lerminal flowers into the Sun. 
E.g. Sea Spurge 


(Top view) 
Banksia pistls sprout earlier on the sunny side. 


Banksia stamens deepen in colour on the sunny side. 


Fruit Distribution and Ripening 


‘Some bushes will fertilise more flowers in the sunlight because pollinators can see them better. 


Fruit are fertilised flowers. So some species ‘set’ more fruit on the sunny side. 
Look in all directions to see which aspect presents the most flowers or fruits to view. 


Ripe’ colours are a result of sunlight e.g. apple, peach. 
Sun-ripened colours aren't confined to fruits. 

Mushrooms are often old enough to have seen some sunlight. 

‘One mushroom in the open may not help you much, but they do come in flushes, so look for a pattern 


Remember the Sequence from AA to ZZ 


— A Ready Made Acrostic of memorable unique items, with endless extension if needed. I recommend it as the pick of the mnemonics. 


You may need to remember each tree in a forest walk, or every twist in a path, oF every choice in a maze, or every square in agri. 
[AR to 22 supplies 676 diiferently named and sequenced letter pairs. 


If you turn the letter pairs into appropriate two word phrases, there is no limit to the useful memory aids. 
E.g. [could call this system the Alphabetic Zygote (of ‘letters paired’ A-2). 
‘AS with all gimmicks, Itonly works best if you study and memorise the object receiving the label 
Examine the tree for anything which could attract the label DF (damp foliage; dendritic form; dewnpointing flowers), 
‘or mentally photograph the MS munch-stop, or actually bird-watch at BW. 


It's up to you to use the letter pair in a memorable way. Don't forget to use visual, emotional, sequenced and appropriate words. 
Consistent rules help, 

(Ona pure sequence walk, begin with double letters, rather than with A-Z single leters. This makes two word phrases the consistent rule. 
In fact begin with any double letter, but especially the initials of the walk, e.9. BL for Blackmans Lagoon. 

‘Twa word Phrases e.g. AA = Ask Again, avoid the ambiguity about which other letter in the word or phrase might be emphasised. 

E.g. is Aeroplane, AE or AR or AP or AN? Was Anabolic steroids’ A or AS? 

‘Add a third word to the phrase as needed, to spell out what it means, e.g. Backwater Island turnoff 


‘The trick isto make the mnemonic match the Feature. 
E.g. if there isa plague of mosquitoes which you attack with a stick, Aaron's Almond-tree walking stick might be appropriate for AA. 
Then the need is to somehow link the previous with the next. 

E.g, AB Aaron's Budded walking stick (if you know that story), might focus your attention on the buds in the next gum-tree. 

Without a theme its difficult to pluck out your memory what ‘DF’ might have been. But Doctor's Emergency’ where you stubbed your 
toe, leads on to ‘Doctor's Ferar’ when you walk on quickly anyway, and on to "Doctor's Gasoline’ where you topped up with lunch, 


If you do a“grid-line walk’, you use A-Z to begin with, and say you move from AO to C4; you might go through A1, A2, 82, B3, C3, CA. 
The memory aid goes AO, then Ahead on 1 leg, hopping, then Across, on 2 legs, Ban-tu, Bar-three, See the three cattie?, Count to 4. 
‘Minus in cases of ambiguity, might come out as "which was 4 metres deep’, of ‘where I left 4 pebbles behind’, or ‘and Not 4 blisters’ or 
“at anything but 4pm. 

‘When you get into AD you look for a-d peculiarities to remember like “Add 4+6 wattles (to get 46)’ or “33AD crucifixion tre’ or ‘Adder- 
Death, two score of ther 

{As an alternative, name all grid squares with letters, e.g. D-G, and look for things to name, such as Dark Green; Discarded Gaiter. 


Ina maze, you could choose Long words for turning Right; Short words for turning Left, a mixed phrase for Straight Ahead. These match 
the meaning-words in length of sound, 

Maybe you need some variations: 

One, two, three or four syllables for left, right, through, reverse. 

Long first vowel sound vs short vowel sound. 

Begin with one letter and end with the other sound, e.9. Amanda, Abib, Ace, Add, Abbey. 

Let sounds take priority where needed. Eg. few words start with k, but many start with a hard C. X is hard unless you allow Ex 


Memorised sequences are most effective if revised almost on the spot, e.9. via a leap-frog walk (2 forward, one back), and on the return 
Equally, other methods are enhanced by adding this mnemonic, such as when marking a trail, writing track nates, or making 2 mudmap. 
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Lie ofthe Land; Tracks 
Contour Heights: Read the Numbers! 


Determine the Contour Interval ~ and interpret which way is ‘up’ from the numbers... Note: On maps, the numbers are printed 
to be read as if looking uphill. 


500 This first diagram is ‘every S0m*, &$ "79 
‘And "up’ is tomard the top, In the second diagram, the 
contour interval is every "10 m 
400 Zara ane Sea Teva” os 90 
lnead the absolute numbers! TUB is now downwards. 
Dee Note that major contours may be marked as thicker 60. 


Co 9. every 50 or 100 m 


‘The first isa peak; the second isa hollow. 


Marine charts show spot-depths, “soundings’, in metres and decimeters, below lowest water, with offshore depth-contours, 
Ifthe "depth" is underlined, it refers to a "drying height" of intertidal rocks. 

At sea, keep a record of the soundings as you sal in to land, preferably in a straight line, Plot them onto tracing paper or mark them on 
the edge of a ruler, and try to match the pattern to charted depths. 


Contour Spacing: Close = Steep Slope 


Wide spacing = flat land Examples: mountain plateaus; valley floors; paddocks; dunes 


Irregular contour shapes (meandering all over the map; not shown here) = very flat land 
00 

Slope 
se 
—_______idge — carefully notice when numbers are identical. The rule “Closer Equals Steeper” only holds 
a for different height levels, not for hairpin 


contours around ridges or rivers. 
Infact, “close” might equal “at” I.e. on a ridgetop 


Cliff — very close = Very steep 


‘Slope; have you worked out downhill? 


Walking “Straight” through the Bush 


+ ‘Straight’ downstream; upstream; down-ridge; up-ridge; uphill; downhill 
‘Straight’ around the contour 

+ ‘Straight’ along the path of least resistance 

+ ‘Straight’ through the obstacle course, dodging to left and right 
+The Line ‘of Best fit’ — to a chosen trend erass-country 


None of these are straight, but most are easier than ‘straight across a slope’ — crossing innumerable ups and downs! 
Most are predictable, 
The navigator simply goes last in line with a compass and logs the twists and turns, whatever course that takes. 


Why last in ine? It is a fact of life that following your nose through the bush quickly disorients the leader of the party, 


while those following behind maintain their bearings easily 
Also, to clearly show up the trend of a sinuous course, the last person can drag a long smooth string loosely behind him. 


Straight around 


Ata, 

+ Constant angle-to the (changing) Sun, Moon, star, planet, landmark e.g. keep the peak “ahead on your left" — a spiral course. 

+ Constant Distance Off — as judged by the rule of thumb — you keep a prominent landmark appearing to be a constant size 
from base to peak. The course is circular, concentric to the landmark. E.g. offshore, around a lighthouse. 

+ Constant Horizontal Angle ~ between two prominent features. This gives a cusp-like circular course. 


You can retrace these courses, but the going may well be difficult ~ crossing many streams and ridges. 


How to Walk in an Unintentional Circle 
Haven't you heard of people walking in a large circle when they are lost? 
‘They thought that they were walking in straight ine, but some hours later they recognise the same scenery! 
ve dane i; is no myth. Discover your natural drift 


Blindfold yourself. Try to walk straight across a lat. I bet you can't 
Most people have one slightly shorter leg, usually thelr left leg. 


Now try to walk across a slope, blindfolded of course, in a straight line. 1 bet you drift 
But once you realise it, you are just as likely to head uphill too much, in overcompensation, 


Don’ trust your senses in a fog. Find out by trials at home — before you find out the hard way — how fareff” you ar. 
Also find out how to properly walk in a straight line in a fog! 
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Section 3: Interesting Stuff—Bush Navigation 


Stem and Leaf Colouring 


noon sunlight. 
SS 


red 


Samphire saltbushes 


colour up Look from the top 
fon the bright side and sway side to side ‘Succulent lea redden up 
tofind the deeper colour The EoTOUF deepens on on the bright side. Look one 
Many other plants the bracts higher up" way over the flats & itis 
show red stems fon the sunny side pinker than the other way, 
or leaves ete especialy just after sunset! 


Look for a paler side, 
N.B. Older stems may show a reverse trend! The colour fades on the sunny side after having deepened more while young. 
Beware: When flower-stalks twist as they grow, the colouring or fading effect is unreliable. You can detect the twisting by the fading. 


Example: Blackberry stems and leaves redden in sunlight, staying green on the shady sid. 


New Growth is Colour Differentiated 


Looking up- or down-Sun (on a cloudy day) will show up new growth as yellowish or brownish or bluish (depending on the species) 
fn one direction more than the other. 

The sunny side will ‘green up’ the new leaves more quickly and will look more normal coloured: 

But test It out first — it may go the other way — sunlight might promote new growth, before it colours it up. 

When new growth is distributed throughout the shrub, the sunny side will often show deeper green (i.e. more of the same pigment) 
land be more vari-coloured e.g. some leaves take on a red blush or red margins in response fo the Sun. 


Revise your Memories 
after a 10 minute distraction 


after an hour, a day, a week, a month, a year e.g. for an acrostic which you wish to remember permanently 
and whenever after, when you begin to have trouble remembering 
Choose undistracted, mindless times 
€.9. while trudging or being driven, waiting or relaxing, or last thing before sleep, to run over things in your head 
‘Overpractise your mistakes. Out loud is always better. Take any opportunity to tell someone 


To Remember Formulae such as those at p. 196 
{G) Make up memorable cities, and refresh your memory, as above, before you lose them. 
(2) Read’ the formulae for sense ~ They are just shorthand for how things must behave. Ifyou don’t like maths, is probably because 


You never understood the common sense behind it, and that is probably because you never had the opportunity to see it, or developed 
the skill to read formulae. 

E.g. ‘Sin, Sin, Sin! It's High Latitudes which Declines it, for both Easterners and Westerners’ 

for: the three sine ratios in the formula. ‘sin (height E-W) sin (latitude) = sin (declination) 

i.e. as the latitude increases, the height must decrease, and vice-versa, to preserve any sin (dec) figure as constant. 

‘The formula should return zero height for zero declination, and 90° height for dec=at. 


This next one assumes that you measure the angle away from East-West (rather than from the ‘elevated pole’, as on p 19b). 
You can use ‘sine of the variation from E-W’ instead of ‘cosine ofthe angle from the pole, because ‘co-sine’ says ‘sine ofthe co-angle. 
“The sin of the increasing the sunset angle, by cause of increasing latitude, is a sign of de 

sin (Sunset angle) (multiplied by) cos (lat) sin (dec) 
Read this as: For any specific declination, as lat increases (=the cos reduces), the angle must increase, to preserve a constant sin (dec). 
You can also put in dec=0 and expect a 0° answer no matter what the lat. 
[At the Equator, declination directly determines the direction of set N or S of E-W. 


“Why bother with the E-W Sun? Because of its E-W timing! It's today or too late’ for tan; d for dec; late for lat; 
90° = Ghrs each side of noon cos (time of E-W) = tanD / tant, ‘or! for “oer* for ‘over’ 

Lat = 0 throws the calculation into a spin, because any declination other than 0 can't be E or W. Dec = 0 must return 90° for any lt. 
Dec = 90 must be impossible (it's N oF S!), but so must any dec > lat, since cosine doesn't go above 1. Those stars stay polewards 


“one New Day at a Time? Not quite, ‘cause for tomorrow's sunrise time, today’s time's not too late! 
It changes only slowly, as dec changes. cos (time of sunrise) = tan x —tanL_—_15° = 1 br. each side of noon 
0,0 must return 90°. Opposite hemispheres must return a large positive cos and hence a smaller angle, and a short day. 

‘Same hemispheres must return a negative cos, which means a long day. 

‘Too much lat, and the tropical bodies disappear altogether, as expected. Too much dec, lke a circumpolar star, and it won't even set. 


Try the Equation of Time, p.176. 
‘The First FFive months, From FFebruary, Fence-sit Four Features (halF-each side). The next 7 finish at four more features. 

=14,0,4, 0, -6,0,16, 0 Makes nice mirror patterns of the two sets of four features. Minus means a fast Sun, up early; a slow’ clock. 
FrFebruary Founders at FFFourteen; Marches up again; April crosses (its hot-eross buns); May turns 4; June double-crosses; 

July finishes work at six; August rises augustly, to zero; SSSeptember and October get up to SSSixteen; 

November and December decline a lot; December crosses at Cross-mass; January Sun decends from the cross, fast, for a new year 
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Ue of the Land Tracks 


Contour Slopes: Work Out 1 mm and 1 cm Contour Spacing 


slope fice Example: a Rise of 10 m in a Run of 100 mis a Slope of one in 10 and an angle of 5.7° 
[Tangent(angle)=rise/eun  Angle=Arctan(ise/run) } 
Run Tise/run ts technically called the “gradient” le. an up-slope, 
1) Example of 1mm contour spacing: A 1:100,000 map-scale says: Imm equals 100m (See "map scaling factors’ p.92a) 
with Som contours the slope must be SOm every 100m or Lin2 or 26°¥s 
2) Exaniple, with Lem contour spacing: 10 times less slope, in the same example, or one in 20, oF 3° 


Using these 2 reference spacings (work them out again for every new map) fit the actual contour spacing (eg 3mm) between them. 
E.g. map scale: 1:25,000 (Imm = 25m); for 10m contours, 10m rise in the 1mm run, on the map (=25m in reality) is, 

'imm contour spacing = 1 in 2.5"; (10mm contour spacing) = 1in 25; (20mm contour spacing) = 1 in $0; 

So. ‘mm means 1 in 7.5 


Reference Slopes — To Imagine the Climb with! 
Cone in one; 45°; One up / one across; On all fours! 
One Degree is ‘one in 57° (or approximately 1 in 60) So 10° is ‘one in 5.7’ — maximum for puble roads 
One in Four is 14 ~a neat coincidence to memorise So One in 40s 1.4% — maximum for 
Soe slope ~ & in 1 — more or less maximum for sand, gravel, sere, or any loose material 
Small slopes may be multiplied with approximate linear accuracy, but in an inverse foshion. 
Exampies? 2° 18 One in 30 ~ from the one in 60 rule 

“in eight is 7° — from the one in four rule 


5° is one in 11 — either from 57/5 or from 5.7 x 2 oF 1/8 of 36° see also “sine-cos chart" p.108b 
The Beaufort Wind Scale — Modified for Bushwalkers 

One in 40. contour lines absent oF rare; pleasant ambling; wind whistles through the lips; grey har relatively common 

One in 30 car engine quieter than road noise; perambulators plentiful; locomotives absent. 

One in 20 car engine noise louder than road noise; walkers plentfl 

One in 15 skin moist despite cold conditions; heavy breathing Is heard above background noise 

One in 10 eyes sting from sweat; bicycles experience cifficulty staying upright 

Gne in eight files are constant companions; car smoke exits paraliel fo the ground; mountain bikers walk 

One insix cigarette butts become less frequent; 2 wheel drives mostly absent 


One in five walkers experience difficulty making forward progress 

One in four cannot hear the sound of a cigarette being lt; lef liter easily lifted off round 

One in three sturdy walkers stagger and sway; frequent rests; slow progress; loose soll swept away 

One intwo large trees tilt at a noticeable angle to the ground; rocks experience difficulty staying in place; walkers remain upright 
only by zigzagging 

One in one toenails begin to bleed; tral bikes begin to bleed 

Two in one fingernails begin to bleed; small trees are pulled up by their roots 

‘Three in one contour lines begin to merge; danger of severe falls; you are in danger of being completely... winded! 


Walking an Exact Straight Line in Open Country 


‘Assume the visibility is limited, or the terrain dificult, or the vegetation is closed in. 


+ Lengthen the Whole Party—In Single File. Shout to the leader, if he wanders to left or right. Stop still you lose sight ofthe 
person behind you, le. do something to make sure that no one gets lost in the fog, 
+ rag a flat abject (or a person) on a long string. Tie your end of the string onto a stick, and hold it forward above your head. 


Alternatively, pivot the stick in your hand at its halfway point, and it wil point in the right direction. 
Watch that the wind doesn't blow it sideways; Stop the flat object rolling; Stop It siding downhil 
‘Try just @ slippery ishing line with no object, 


we S, ee ek Se 


‘Tie one string to either arm of the leader, and steer him properly. 0 
+ Hold the rear end of the string over a compass. 


on't let it drag at an angle) 


= Leave a trail of visible markers lined up exactly (\'\ -———f 
Yeu eed nok bk enue dopo new marr. P= 5 
ser eae es pent at C 
Leapfrog with only three marker sticks ~ take them with you Y 
t22eteg pep ine Tone Sioa Sen Soman Shad ne them up ih ech ther wth compas aval. 


+ Scratch a line into the dirt. Look back frequently. Readjust yourself 
+ Use the radio for radio direction finding. 

+ orient by Sunset glow, the wind on your cheeks, the blue band, town lights, distant noise, ete 

“To keep to a fixed “track”, manoeuvre around obstacles in a rectangular fashion, or reverse any \ diversion, 


-  Leap-frog a Straight Line by Looking Ahead 

AA. A straight line course is easily achieved visually ~ like keeping @ hundred fence posts Ina dead straight line. 

In clear open country, you simpy walk toward a new mark halfway between vou and your destination ~ no problems 
Keep the 2 lined up. When you get halfway choose another halfvay poi in line. If you can Keep sight of the more distant destination, 
this method means you only use the magnetic compass once, to locate the distant destinaton~ ten Keep a fixed track visually. 
When obstaces force you sideways off track, you can easly regain track, visually 

8. In more difficult circumstances, you cannot see far ahead and usualy rely on looking back, as above. 

But leaving markers behind you slows you down and keeps you looking around 

‘This method does not require you to look back, but requires @ simple discipline ~ leapfrogging visible marks exactly ahead of you 
Step one: Choose two datinct marks exacty in line with your desired direction 

Step two: On reaching the first mark, choose a third, sil in line. And s0 on. 

You can do this while following 9 formed track. The track wil bend from the average straight line, but youll notice that immediately. 
Le. when you don't get tothe third mark, and have to start again, You are well aware ofthe change in trend. 


You, ‘The end result accumulates errors 
* ~ o (despite the averaging process). 
~ oo + 
“2 __*_, 
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Section 3: Interesting Stuff—Bush Navigation 


Noon-Sunlight is More Vertical 


Examine needle bush (e.g. Hakea) needles, one by one. 


Some effects will be more noticeable in winter, and in higher latitudes. 


‘top side 


faded the bush 4], In summer, the ‘shady” side is actually bathed in horizontal sunlight twice a day! 
(1) bottom’ Fin winter 
‘side 
faded 
(caw) 
in Summer 


The Shedding of Bark onthe sun-Bakes side 


‘The patchwork of coloured fresh new bark shows that 


‘| the bark strips an extra layer deep on the sunny side. 
tnok aoa he craton eth Res poled ba, for aye. 
} Thebarton’ cigs higher on the shay side 
Tribal, coepe, darker and alowe more aed cde lichen. 
4 as there may be more curling shown up on the dry side, 
Al 
p) 4 


but it depends on the species. 


Where to Look for Fading or Lack of it 


“Turn leaf blades around to compare the greenness in each direction 
Find a pair facing the same direction, and twist one of them, then 


fake comparison to ace whch ie sore faded 
ee “Twist an untwisted vertical reed stem, to detect the more faded side. 
Took ot stumps and eld poste, tree trunks and fallen sticks. 
1, ty a. Acacia Eg, Sung Maaches the sunny sie of bark and dis out any screGone 
vit Eg. The darkside of he trunk wil often be gary stained 
oe eta wit dergumn secatons 
By eaves dropped into the shady 2one will ot fade and dry out so quickly 

\ it ‘The shady zone is ofiset toward the pole, 


because the sunlight penetrates deeper Gn the noon side. 


‘The broken faces of iying timber may be more coloured 
‘and less Bleached in the shade. 


Bumps and slopes, diggings and burrows, may show dead dark moss on the 
Tot side, or grass which has dried up. 


Look for a very subtle pink glow on the shady side of dead timber, which is absent or greyer and paler on the exposed side. 
‘Once your brain sees a hint of't, it becomes easier to see—so persevere. 


Bracken fronds die off from their tips, but the fronds that retain their greenness the longest are on the lowest, shady side, 
Dead thistle stems fade on the Sunny side 


‘The topsides of grass blades fade more due to being blown over flat by strong winds, and so are exposed to sunlight, wind & drying, 
Upwind edges of green bushes often show a brown wind-scorch 


Fresh diggings (echidna, bandicoot, wombat) expose soll to bleaching, Look at the steepest sides for the least faded sol 
‘Some fading is due to oxidization (exposure to ait), some to dessication (loss of humiity), some to sun- bleaching (exposure to 
Ultra-vilet). Again it will pay to study the various effects before you need to rely on them. 

‘go be aware thet diffuse lichens will give a covering colour to ert, wood, rocks, etc, which may complicate the appearances. 


Button-grass flower-stalks fade but darken on their exposed side, perhaps due to fungus. One side is dark grey; the other pale yellow. 
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Lie ofthe Land; Tracks 
Make a Clinometer — a Slope Measurer 


One person holds the loop knots apart under slight tension. He barely touches beth plumb-bobs onto the ground, to settle them, 
‘Their identical lenathe ensure a parallelogram. 
‘The second person alters the middie string until it just touches the plumb-line. 
‘The identical lengths ensure an isosceles triangle. 
The 5 cm marks represent whole degrees of slope. Use 6 m of non stretchy cord. Measure and constru 
Toop knot 


145m E.g. the slope is 119% here 


£2 Accurate from 0° up to 20° or so 
‘The method is based on the isosceles triangle rule 
(double the half-angle sine; neary linear for small angles) 
‘and on 1 in $6, You can use 1.40 to 1.50, 
but the lengths must be exactly equal 
JApprox 1.5m sm 
‘The one-man version has two foot-loops. 
Spread you feet and hold up the plumb bob. 
‘See which side the plumb leans to. 


plumb-bob 


TUT ir aa 


‘Use it occasionally, to refrash your judgment of slight slopes. 

Tt may also be used to gauge the height of landmarks or stars. (Hang the second loop knot from a sky hook; Sight along the top string; 
Steady the bobs). Used horizontally it yields horizontal angles. (Complete the string parallelogram; Sight along the two top’ strings; 
{and double the reading) 

Of course this is only for a hobby, for interest’s sake, for mathematical curiosity, not for absolute accuracy! 

‘The more you play, the more you learn 


Just Draw It 


‘The question is. 
High ground, 300 m Can I see the peak from camp? 
Draw three lines of 5, 3, 2 units 


On the map... Qpeak, 500 m elevation 


Yes} should see over the ridge to the peak’ 


camp, 200 m elevation 


Radio Direction Finding — As Good As a Compass 


AM stations — Amplitude Modulated ~ the older style, for medium distance transmissions 
— also called Medium Wave; Medium Frequency — MW; MF 


Your portable radio has an internal aerial for AM stations, which is direction sensitive, 
1 usually ies lenathuise inside the radio, as a long ferrite rod wrapped in a wire coll 
‘To make that ferrite rod horizontal, you probably need to lay the radio down fat. 

Now twist the radio to change its horizontal direction. 


When the internal ferrite rod points at the medium wave transmitter, 
the reception drops off — you have detected a “null 


‘This occurs at two opposite orientations ~ pointing away from the transmitter as wé 
(Good reception is by pointing the radio 90° avay from that null direction.) 


FM stations — Frequency Modulated ~ the newer style, of shorter distance transmission 
= Very high, Ultrahigh frequencies — VHF; UF ~ Tt does not use a ferrite rod. 

With a whip aerial, or an extensible aerial, or a long wire aerial, 

you can detect a null by pointing the aerial at the transmitter. 

‘This is for horizontally polarised transmissions, Some stations are polarised vertically 


Shortwave stations — Amplitude Modulated — higher frequencies, for longer distance transmission 
= SW; High-Frequency, HF — It usually requires an external aerial 


Use a long wire aerial; keep the ferite rod perpendicular to the long aerial 
‘The null occurs when the long aerial does not point to the transmitter — but it is perpendicular to that direction. (Opposite to FM) 
Point the long-wire aerial perpendicular to the transmitter, for a ‘nul’ 


Weak AM stations can also be used, provided you have a long wire aerial to pull them in. The exact length sometimes matters—you 
will notice the volume rise and fall in cycles as you wind the aerial back in 


‘THE RADIO "NULL" ACTS AS A COMPASS NEEDLE ~ it keeps a constant angle to the distant transmitter tower or repeater. 
You swing the radio aerial each side of the null to keep checking its direction, 

‘To avoid having to give the radio constant attention, break your course into separate lines of sight legs’) as with a compass. 

Marine navigators know that radio signal direction can be distorted by mountains, or by the signal crossing the coast at an angle, or by 
reflections off the rigging, but bushwalkers seldom have to worry about that, because they only want a constant reference direction, 
fot an exact bearing 


You could consider setting up a radio beacon so that you can always say: e.g. “The car is that way" or "Hame-base is yonder” 
End of Section 3 
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Distance 


Distance Guesstimation is a Major Problem for Walkers 


Because distance measurement is a major problem, we find it easier to ignore. 


We resort to some other method of navigation. 
If we simply, out of laziness, give up on logging our pace & distance-already-come, we waste a sensible crass-check. 


‘The first of these three sub-sections will look at the amount of distance you have covered — progress — distance made good. 


+ Elapsed distance ~ puts you on the map precisely — unless you are not very sure of your progress! or the map scale! 


+ Map scale ~ “It looked so easy on the map!” ~ Judging time, distance & dificulty is a question of reading the map 
scale properly, “How far could we get by lunchtime?". Guessing at a curved distance is always a bit ofa bluff. I you 
hear yourself saying “On the map that’s about 5 km” stop and measure from the map-scale more accurately! 


+ Sideways drift ~ is a matter of trigonometry, when you discover an error in your direction heading 


+ Upidown progress — is in another dimension. You don't need an altimeter, butit helps. (If you do take a portable 
altimeter/barometer, make sure to test it to see whether or not it reacts falsely to temperature change—put it in the 
fridge then in a warm place; then don't forget to keep adjusting it according to the atmospheric pressure changes) 


“The second sub-section is about the rate of covering distance ~ pace ~ and distance-yet-to-go. 


‘The third sub-section is about the distance you can see, but don't cover — estimating the ‘range’. How Far to That Landmark? 
.g. You can identify a peak on the map — but only if you are certain enough of the distance from you to it. 


Distance = Speed x Time 
E.g. 4km per hour x3 hours = 12 km 
Hint: Measure only elapsed, walking” time; Delegate someone to keep track of accumlated time out for stops and diversions 
Hint: Mentally bring forward your starting time e.g. "(as if) we started at 10a.m.” (You started at9, but had two, Ys hour stops) 
Eg, foam takes Ys 9 second to pass your 10'm yacht; speed equals 10/-5 = 20/1= 20 m per second 
1g, Iseom to have drited 12 km in one day = Ms kph current. Eg. The cloud shadows cover Sk in 2minutes = 1S0kph wind, 


Keep a Log! 


‘That's how mariners keep track—they write it down in the special Book. Do you carry a notebook? 


Adding Two Speeds kph current half as fast. 
Convert speed to a length (e.9. 4 kph = 4 cm) ard direction to an arow. ASwinming ee 
‘Add the two arrows, tal to ip neither order. afacross 4 ia ¥ 
Complete the tangle or quadrangle ta-to-op. over ¢ nf 
Note that i is faster to swim a river By pointing straight across and letting yourself be swept downstream, than by trying to 
stem the flow by pointing upstream. Only when the tao speeds are perpencicular do they not afect each ather e.g. the km 


per hour is not affected by the current in the first example. Or e.g., If your boat speed is 4kph ahead, and the tidal flow is Skph 
gainst you, your actual movement is backwards! (with any sideways component added in independently. 


sample: Tee asoeeds 5 TRA. = atl rogass vr fst aos the groin, sah tyr ont 


Li. Your sped dracon through the madi (ainfater) relive tothe ground + the madun's movement, 
‘ta fun ne elu cates you when &noves) = your tal spaed ond aon ever the goon 

(atty to anays apparent wind spel to aval cof, dow ony Se tree winds sed move tis way. 
Frat convert your progress aver te ground (top arrow to an opposing apporent wind (noMchand arrow opposing) 

Sere cn yr as eager (neni omamecenve AE 


moves, ‘Answer: I feel the actual ground-wind, a cross-nind (—) in my face, diagonally as shown, 


Range: Rule One: Guess 


‘Then don't trust any calculation which doesn’ agree with your inital quesstimation 
But remember that distance is deceptive over featureless terrain e.g. water/beach — we underestimate it 
Birds bob their heads to see how much an abject shifts against foreground and background. I's worth some practice. 


“Range” of Visibility — Two Halves to the Picture 


Extreme visual range” must be calculated in two bites — So Don't Forget To Add! 
e.g, when asking "Should we be able to see Ben Nevis from Brady's Peak?” range one range two 


4g at ses when you can fst see the ighthouse lens, not Just ts loom 
From a kilometre high you can see 1° of latitude 
before the curvature ofthe earth cuts your line of sight Liem wo Gham 
— e.g, you can see 2 1k high mountain from two degrees away igh 
Ifyou are on a1 kim high mountain ~ see diagram 222km 
Range Squared is Dee Height’ 
“This isan easy mnemonic. *Dee" Is dee Earths Diameter se, Extreme Range = V(DxH) see p.92e 


His your height above the intervening horizon e.g. the wave tips, or a 250m plateau. 
Since the Earth is 40,000 km around, divide by Pi to get 12,700 km diameter. 
Tange The formula is a theorem in geometry, 
about the geometric mean (the tangent) of an extended diameter and the extension length (i). 
The formula states: the square (range x range) = the rectangle (not shown: H x OH), 
Diamfter b, (Le. the range substitutes for both parts of the product, ‘geometric’ or area-wise) 
but since the height H, in reality, is yery small, therefore range? = D x H 


tangent 
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Map and Compass Work 


To “Read” a Map — Rule One: Don’t Lose Your Place! 


Get the geometry fixed in your vision — of where you are on the map e.g. “in the top right grid square, next to that lake”. 
‘And then don’t keep losing your place every time you look at the map again! 
\Whether the map is now upside-down, side-on, or whatever. 


Rule Two: Imagine Arrows, for the Sun, & Your Movement 


‘Again, visualise them geometrically, in relation to the whole map shape, from one corner of the map, for the Sun, and from 
\where you are on the map, for your movement. When your map Is properly oriented, the movement arrow will point infront of 
You, ahead, matehing the trend of your movement onwards, 


Rule Three: Get Used To Any New Map Scale 

Maps are “Fractal” They show “self-similarity across scale” 
ile. A river system will look the same on a small-scale or large-scale map ~ there is always finer detail to show. 

Arroad network isthe same ~ the smaller the scale, the more roads are left out, leaving @ similar looking network 

‘A coastline shows such self-similarity. Magrity the details and it stil looks like "a coastline 
New Map-Scales are Hard to Adjust to 
Iktakes time and testing to get used to a map scale, because they all look alike no matter what the scale. 
“To get used to the new fel of a map, check up regularly on your map-progress, until you are no longer suprised by how far 


you have or havent come 
Rule Four: Don’t Give Up! 


Don't let the combination of difficulties bluff you! 
E.g. You misjudge the scale, misjudge the Sun's direction by optical illusion, you see turns & bumps not marked on the map, 
doubt the accuracy of the map, fll to assess the slope accurately,...and so eventually. ive up in confusion! 
Problems are normal, and solving them by the map is normal too — don’t give up trying. 

‘Also See "Map Checklist” p.113— 


“L.M.N.Or P.” 


L for Landscape; M for Map; N for Compass Needle: Or for Either/Or (the big point of the mnemonic); P for protractor 
Either/Or means: Each component of map&compass work can be used alone and independently for some tasks, if desired. 
Platting compass bearings can seem complicated. This mnemonic is designed to smocth the way. 

‘Anavigational compass has a protractor independent ofits needle. The trick isto remember that! 

‘The protractor has 2 parts too (p.936). Note that some compasses have the magnet one-piece—olued onto—the protractor card 
If you get used to using each component separately, you will find map and compass work’ to be simpler. 

‘The trick is to isolate each of "LMNOrP” in turn, to avoid confusion. That includes the 2 moving parts of the protractor. 
Its hard to use more than two at a time! so know which twa you need to use at each stage. 

Eg. A'prismatic’ compass will let you see both Land & numbers (P) at the same time—to take an accurate bearing e.g. at sea. 
Eg. You can align the Map to the Landscape, without ever using a number. Or you can point the Needle to the horizon likewise. 
E.g, The Protractor may be used to assess slopes, to measure the Sun's height, to take a map bearing, to draw an angle on the 
‘map, to take a horizontal angle between two landmarks, to sight a vertical angle like a sextant (this may need two people), to 
find North from Sun-time, or to set a course to the left of the Sun. 

So don't forget to use the Protractor to its full potential, quite independently of that funny litte piece of metal rating around 
inside it. (N). 

E.g. An emergency ‘compass’ is just a floating sewing Needle, or a suspended magnet. So the protractor has little to do with 
orienting the map by the magnetic field, or with heading North by the compass needle. 


1f your navigational compass has a magnifying glass, a set-square and a graduated ruler, you should hardly get confused by 
thinking they had something to do with the magnetic field! — s0 don’t worry when you see some numbers marked around your 
compass needle — I think you learnt how to use a protractor in elementary school, didn't you? 


Working from land to compass is called "Taking a Bearing" (L#P1,N42) You use the protractor to put a number on the direction 
from map to compas is called "Getting a Heading". (MP). You then use the needle (PN) to find then follow that heading (L) 
Working from compass to map is called “Plotting a Fix". (P#M). Le. You use the protractor, ruler and set square to draw angles. 


Maps Mean: Imagine Me! — Making Mental Maps 


“The meaning of using a map is that it lines up 
= with what you see; with what you sa; with your mental maps; with what you know; with what you cantt see & don't know. 
E.g. You glimpsed the coastline as you drove in, the lie of the valleys, the drainage of the ereeks, and of course you know the 
highway that you drove in on! You can no longer see them, but itis normal to orient yourself by imagining the invisible. 

‘And then, your mental map Is still Incomplete, so that you need to use the map to add to your Imagination. 


“Map To Mind” Navigation 

“Transfer from the map both visible and invisible features back into your mental medel and mental layout 
sen fart with the Tevisible Big Pictures ~ visible on the map bet not to you 

Took atthe sky andthe skyline as you interpret the map for what las Out of sight 
2. Add inthe local yisibe features ~ visible both on the map and t you 
“hase two steps work together like lock and Key — each isnot very usefUl without the other 
‘Yet both steps are often neglected and seldom put together as @ whole. 

“The ears are now behind that notch Inthe skyline” 

“The highway runs behind that ill then turns South-East 

“That low spot marks the river we want 

‘Our camp tonight Inline between Mount Socks and the pine plantation yonder” 
When you become temporarily bushes in, or blinkered by the rain, of shut in by the dark ~ then you see whether you can 
maintain proper orientation ~ by the Invisible ~ or whether you just feal lost ~ "I carr see where Lam” 
If you do not make a mental map and orient yourself by imagining the invisible—you will be disoriented, 
even if you "can see where you are 


+ Part of the job is to look at the map in order to join your several local mental maps into one regional map. 
Remember that a map is a great memory aid, or a great memory bypass — take your choice, 
+ Rather than "put yourself on the map", put the map in yout 
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Distance 


Use the Map Scale — Don’t Just Look at It! 


Many errors of judgment result from guessing at the map distance, even when the map scale is clearly marked, 
‘The Scale is not much good down in the bottom corer of the map, fixed in place! So copy the map scale onto cardboard 
Somehow attach it to the map e.g. into a separate paper-pocket; onto a string; in the map bag. 

‘The string Is useful for measuring distance accurately. You place it over a curved path then stretch it out straight to measure it 
Point the corner of the cardboard at the starting position; position the string from there; then stretch the result along the scale. 


The Jargon 
Large-Scale” I lke a “Full-Scale Model” It shows all the deta 
Like’ large-scale simulation’ ~ it eaves out nothing. Picture @ magnified ‘Large’ maj 
Small-Scale" like 2 “Small-Scale Model. You can't se the small deta. 
Leis ike a ‘smal pilot study’ — not fll scale. Imagine a very hard to read small map-scal 
*EulsSeale" is" to 1" lke the Cosmos. "Hat-Scale et 02", “small-scale"/s “1 to.2 millon’ ike Cosmological dagrams. 
‘The bigger the second number, the smaller the fraction. The bigger the big aumber, the bigger the span on the mop. 


Map-Scaling-Factors are Meant to be Interpreted 

1:100,000 means "One unt represents 100,000 units” 

Split this into two parts: (a) 1008 (B) 1000 and use centimetres je. 1/100 m ~ 1 em: 100,000 em 

Say (a) 1/em represents 100 em ie. 1 m ~ drop off two zeros and call centimetres ‘metres’ 

‘And (b) 1 m, fom part a, represents 1000 m i.e. 1 km ~ drop off another three zeros and call metres “kilometres’ 

‘Sothe answers st cm to 1 km 

1: 1,000,000 1 mm = 1km Le, You can also drop off three (or 6) zeros and call millimetres ‘metres’ (or km) 
50,000 units makes you calculate “1/S0th of a metre’ (=2cm), so 1:50,000 must be 2em to tkmv”. Or mulbply to 2:100,000. 
1: 250,000 Tum this into 41,000,000 by multiplying both sides by four. mm to a km (since mm s 1/1000) 

oF (a) +100: em to m (i.e. dm to 10,000m na longer cm to em) (b) +10: em tolots of 10m (c) +1000: em to 10km 

the gid should be marked in 20 km squares, of 4 cm each 
‘Your compass wil be marked in cenlimetres, but perhaps leon special scales eg. 1 Inch to a mile (1: 63,360) 


Pace Your Progress — Pre-Dict It, Don’t Post-Dict It! 


‘To avoid looking at the map continually, to locate yourself continually, predict the estimated time of arrival ence, 

and relax. 

We are normally lazy about looking at our watch often, poor at calculating, on the hop, distance covered, and lazy about 
locating ourselves on the map often. Mental arithmetic is clearly noxious, So we try to avaid it. Working abstractly from time to 
distance to map, after the event is too hard for us. But we usually only resort to the watch after we begin to doubt our position. 
(See “the 11:59 syncrome” — we do doubt.) 

Something needs to be done about this! 


Consequently, the antidote to us refusing to log our distance, isto anticipate the timing instead 
Le. to work more concretely, from map (I can see that) to distance (F can visualise that) to time (I can calculate that). 


Examine the map beforehand — as a first step nota last step. You will have to do the calculation later anyway, on the 
trot! Why not do it now, calmly. 


Guesstimate the time needed to cover the distance ahead — to the next recognisable milestone. E.g. use 4kph, Yhr/km 


Look at your watch, as the last step, when you near your goal 
In this way the landscape ‘means’ time to you; "When we reach the bridge, we turn left — and that should be in 25 minutes” 
‘Your guesswork will get better too, 

‘You will find yourself looking at your watch more frequently, with the question: "Should I be there yet?" 


Anticipation Is Exciting. Back-Calculation is as exciting as the washing-up, 


Range Squared is: Dee Height” “veer is viameter 
Le, Extreme Range of Visibility = ¥(D x H) on this side ofthe horizon. Don't forget to add the "beyond the horizon’ range. 
Five round-number rules are highlighted. By playing around with some approximations, we can find some rules of thumd, 
127 is close to 128 and 125 and 11.3"; i (3-14) is close to V10 (3.16);.- hope these tricks will make the square roots easier 


40,000/pi x 40/pi km = 400 km range from 12.7 km Notice the two related doubling sequences I have given. 

'40,000/pi x pi km high = 200 km range from 3.i4km You can only see twice as far from four times the height 

12,500 km x 4/5 km = 100 km range from 800 m high 125 is five cubed 

1138 x 9/10" 100 km range from 810m 34 km from 90 m; 11.2 km from 10 m ~ 1/3 from 1/9 height 

12/500 km x 1/5 km = 50 km range from 200m high “Rule of (lesser) fives: 50 km from 1/5 km"; 

12/500 km x 1/20 km = 25 km range from 50m high Multiply or divide H by four to double or halve the range 
412¥ekm range from 12}4m, eg. from the top of a beach 


12,700krmx.0127km=12.7km from 12.7m—from a ship's deck, to the horizon, when estimating distances across open water, 
12,700 km x 1.27 km = 127 km range from 1.27 km high 1/10 from 1/100. Remember the number 127 must be 400/Pi 
100,000/8 x 10/8 km = 425 km range from 1.25 km 0.125 is 1/8 


12,800 km x 1/2,km = 80 km range from 500m high or "Rule of (greater) ives: 50 miles from 500m" 


12/800 km x 1/2" km = 40 km range from 125m high You can also derive 160 km from 2 km; 800 km from 50 km 
40,000/¥/10 x 0.4/V10 = 40 km range from 127m high = "400km from 12.7 km" = 1/10 range from 1/100 the height. 
12,800 km x 1/2 km = 20 km range from 31 m high 200 from 3.14 above. 

12,800 km x 1/2? 410 km range from 7.8 m high _..if you bother to halve 1000m seven times! 

12'800 km x 1/500 = 5 kmrange from 2m high From a dinghy/beach. 1/5 range from 1/25 height cf SOm high 
21,600 nautical mi/pi = 150 nautical miles from Pi n.ml high approximately, because 150 squared is 22500 

83! nmi x dvi, = 83 n.ml, 150km from 1 n.ml 60 x 360 / Pl is approximately 83 squared nautical miles 
12,300 km x 1km = 111 km range from 1km height 1° of latitude, from 1 km high, approx. "SS from 1/4” = 250m 


111 kam x 1/9 km '37 km range from 111m high 1/3 of the range from 4/9 of the height 
92 
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(WAM), and Orthogonal Time Frequency and Space (OTES). The FQAM is a combination of 
frequency shift keying (FSK) and quadrature shift keying (QAM) [124-126]. This modulation can 
achieve a higher transmission rate for cell edge users reducing interference at cell edge [52,234-236] 
FQAM also improves energy efficiency, which makes it adequate for MTC devices with stringent 
energy consumption requirements [124]. Due to performance advantages in terms of Frame Error 
Rate (FER) [53,236], FQAM is an ideal candidate for services with high coverage and reliability 
requirements [237]. APSK is another modulation which draws a lot of attention. It is shown that 
its main performance gain (i.e, to achieve a channel capacity very close to Shannon's) relies on 
advanced channel coding and demodulation algorithms [237]. This adds more complexity at the APSK 
transmitter and receiver. Another modulation, which does not need Channel State Information (CSI) to 
enable high throughput, is called USTM [237]. USTM and its extension (see [238]) is very useful for 5G 
services with high mobility [127] or latency and reliability constraints [239]. Other modulation schemes 
involve SM [125], and proprietary WAM and OTFS [237]. On the basis of the foregoing, researches, 
have analyzed and compared many modulation forms, but still have not found a practical guide on 
how to choose modulation in any of the 5G use cas 
Advanced channel coding techniques are used for correcting the communication errors caused 
by noise, interference, and poor signal strength [129]. Authors in [54,129,130] compared turbo, 
low density parity check (LDPC) and polar codes in decoders in contrast to 5G requirements: 
(1) maturity; (2) throughput and latency; (3) error correction capability; (4) flexibility; (5) computation 
complexity; (6) interconnect complexity; (7) high-performance flexible implementation complexity; 
and (8) backward compatibility. This comparison showed that turbo codes hold the greatest promise 
for offering high performance throughputs, latencies and error correction capabilities, as well as high 
degrees of flexibility at the lowest implementation complexity [129] in most 5G use cases. However, 
further work is needed to implement a decoder based on this code followed by detail analysis. 


5.3. Duplexing 


This technological group includes in-band full duplexing (FD) and dynamic time division 
duplexing (TDD). 

In-band FD or simultaneous data transmission and reception will provide a 1000-fold increase 
in throughput [131,240], double spectral efficiency [152,240], and reduce the air interface delay [240] 
The central research problem for the practical implementation of an in-band full-duplex radio 
is the attenuation of the self-interference signal by an adequate amount [132]. For the practical 
implementation of an in-band full-duplex radio, many aspects of network design and management 
need to be restructured, where terminals antenna and circuit design and the development of theoretical 
foundation are in focus [55]. One practical implementation of the full-duplex radio is shown in [133] 
Authors in [154] commented that for the design of a full-duplex radio, itis necessary to unify researches 
from three domains, ie,, RF circuit and system design, digital signal processing and networking, 

Dynamic TDD is the predecessor of FD transmission technology and a candidate for 
5G [133,135]. It represents a scheduling technique in which every base station (BS) is free to choose 
its own uplink /downlink (UL/DL) split [136-139]. This technique is used to adapt the allocation of 
network resources to variable traffic requirements [139,140], often found in ultra-densely deployed 
networks [141]. The dynamic TDD can significantly increase bandwidth efficiency [142] and provide 
higher throughput and low latency [141]. However, it is characterized by the severe co-channel 
interference (CCI) [141-143]. Dynamic TDD could be used in combination with D2D communication 
and in the self-backhauling scenario, as described in [55]. 


5.4. Multiple Access and Waveforms 


‘Multiple access techniques are becoming an important technology in 5G because of their ability 
to support mMTC activity-based IoT classes with urgent deploy demand [144]. They include several 
non-orthogonal multiple access (NOMA) forms: multi-user shared multiple access (MUSA) [145-148], 


Map and Compass Work. 
Look Carefully at the Fine Detail on the Map 


E.g. a kink in the track, just before a junction, may make it look “not like the map!" until... you re-examine the map. 


oh yes, tis marked like that afterall, TJust didn’t look closely enough" ———\N 


Eg, that maze of fine blue Watercourses marked — don't be a-mazesd by It look at its detail! 
Fora stronger magnifying glass, reverse your binoculars. For an even stronger magnifier, remove the eyepiece and use it 


“There is usually a magnifying glass on the compass. 


Look Carefully at the Fine Print 
9, date of compilation 18647 
Eg adjust al longitudes by + 2 minutes of arc 
E29, yearly magnetic dit 
E.g, Contour interval ~ 10 m or 100 7? 


Some Map Details are Not to Scale! 


mn 
i 
.g. Two wheel ruts might lok like a 100 m wide road on a map (if you took it seriousiy) ut 
Consequently I 
may be @ 100 m Zigzag! And... -————~ 4 —-..js net a 

Ter 7 crossroad 
and the hut is nat 


i 
1 Sat the junction 


E9. Avcascade” symbol. py 


Eg, Smooth’ bends 
= probably hide many small extra sinuous ones. E.g. ina river. 


Moral: Keep an Open Mind. Keep your eyes open for alternative interpretations. 


1 
might equally mean two huge waterfalls, 300 m apart H 
i 


Using the Protractor by Itself 
“The protractor has two sets of lines ~ the lines on the movable 0-360 protractorcirce, and the fixed “follow me” arrow, taken 
together with the edges. Line up one set with horizontal, or North, or whatever; ine the other up with the slope or angle to be 
measured. The angle in degrees clockwise is the space between the zero and the “ollow me" arrow, not the other way around 


eek 
Mountain stope oA NS Forth by sundial When the angle of the Sun 
A RSH) moves around at 15°/he) 


Dz Horizon corresponds with the time of day, 


J you must be facing North/Polaris. 
Pocket sextant ‘This may be used when the magnetic field 
's locally anomalous or untrustworthy. 
Point the edge of the compass body directly at the Sun (Tilt the compass axis to Polaris) 
‘nt it easts no shadow. (Don't look at the Sun) Reverse this to get the time from North 
If your compass fluid has a BUBBIe in it, 
it ean be used as an artificial horizon, 
Keeping a course relative to a landmark. Peak, Measuring’s horizontal angle 


Draw an angle 
‘or measure it 


i 


Mental Networks 


Cur mental maps seem to run on networking — junctions and joins; choices and destinations; routes and ‘directions’ 
Consequently mental maps are prone to logical-iype blunders 


+ Missed junctions e.g. of creeks or paths 
+ Misidentfications e.g. of segments, features or forks 

+ Poorly judged measurements of lengths or direction e.g. hairpin bends which aren't noticed 
+ Mistakes of number 


If you reread the section "Logical Blunders” (p.39b) you will notice that most can be seen as a wrongly imagined network. 
‘That's one more reason to study the real map, in order to bring your mental map up to speed. 
When we function on short term memory of mental branching directions, any shock or daze can be crucially disorienting, 


The Most Valued Map 


Js one which you have made yourself. A do-it-yourself job makes it"yours". Practise with a MUDMAP, pa6e. 


When you copy important detail from other maps onto your map_¢.9. peak elevations; track notes; waterholes, 
then your map becomes more valuable than a replacement map. 

You aid extra details e.g. campsites; walking times; side-tracks & old tracks and suddenly you prefer the old dog-eared version 
toa brand-new map! 

Sometimes itis even better to start with a blank sheet of paper. 

But since it does you no good to pinpoint your position on a blank map, unless you are at sea, 

you proceed to add in the important local details so that you can tell where you are. 


‘To copy 2 map: Copy the Grid First. ..f there is one. Add in many diagonals as guidelines. 
‘The next rule is: Get the Landmarks in their correct relative position first 


work top-down. 
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Distance 


The Psychological ‘Half-Way Point’ 


‘You have to judge and juggle several factors before you decide that you are “half-way 
.g. The "Unknown Territory" Scare-Factor (Ambition versus Safety Margin). In planning your time-budget, you can’t 
relax in a one-way journey through unknown territory, until you know you have a reasonable safety margin in hand 
50 2/3 the distance along, might be ‘half-way through the test’. Other examples. 
‘The "Point of No Return” — You tend to speed up, once committed to the next goal 
‘The "Downhill Run” — It is the quicker haf. 
‘The "Back-Track Return" — tends to be quicker i.e. the turnaround point can be after lunch. 
‘The Morning Spurt-Afternoon Hurt Syndrome ~ puts ‘halfway’ before lunch 
“The Side-Track Scheduling — if you don't explore side tracks on the way in, when you are fresh, 
‘you may not want to tackle them on the return journey. 
‘The "My Feedbag is That Way" Home-run spurt on the last day. 


When You Meet Other Walkers 


"when did you leave this morning?" = how far to your next camp, 
"Anything about the track that we should know?" 9. slow sections 
"Any deep water crossings” or other hold-ups 

Other questions, less related to walking progress and pace, are. 
‘Anyone else ahead of us? (Will there be room for us all?) 
Do you carry a track guidebook? (Can Tread it?) Do you know the forecast? 
[Any good water available on the way? Can you recommend a camp site? 
Did you pass our tents? (Are they stil there!) 

Pluck up your courage to ask what you want to know, and be prepared to share what you know. 


Advice about Walking Times — Double & Halve! 
£9, Brochures seem to add “return” or one way” by guesswork sometimes. 
So" hrs" means 3 to 12 hours unt proven otherwise. 
x, Fit young rangers saying "sx hours” may mean “for me; double it for you" or “Yor you; halve i for me: 
E., “walking time” may mean "excluding stops, rests and meals” ~ you could find yourself pushed for time. 
4. "Not far, you can't miss i, i's easy all the ay” could prove dsastous. E.9. provided you find the Hla tack’) 


20 Minutes per Kilometre — Double & Halve — Easygoing Maths 

[e-means 3 kam per hour —an easy-going overall walking pace when you include short rests, cffiult vegetation (within reason) 
and lack of any hurry ~ tourists ontrack, walkers off track. 

Obviously you need to multisly and divide by 20 to convert kilometres to minutes, oF minutes to kilometres. 


If the number is small ~ kilometres ~ multiply it up to the larger number — minutes _~ double it and add a zero. 
Ifthe number is big — minutes ~ divide it down to the smaller number ~ kilometres — halve it and subtract a zero. 
‘You could also express it as a “half a kilometre every 10 minutes" but the "20" makes the maths easy; 

‘And even simpler, to cope with the zero, express yourself in lots of 10 minutes! 

Eg. Svs kilometres will take about.. (double it, to get many minutes)...11 lots of 10 minutes 

Eg. "We've been going SO minutes — (five lots of 10 minutes) — ; that’s about... (halve it, to get a few km)...2¥4 kilometres” 


4 km per hour — Normal Walking Pace — Double and Halve! 
‘You can easily double or halve your pace. Start with 4kph as a sustainable rate of progress, and use the doublings 1,2,4,8 
km per our is someone tal walking In @ hurry. 2 km per hour is someone small dawdling, kph is for very cfu 9oing 
Coincidentally 4 km per hours 10 mile in four hours or 2! miles per hour 
Incidentally also, at 4 kph, @ landmark 15 km on your left will change direction at 15° per hour as you walk pas it 


Double, the Acute Angle, off Your Nose — For the Distance Off 
“This double-angle method puts numbers of a vey natural” method of gauging distance. 

In the first diagrams you walk from the bottom let tothe top, and watch a landmark, ahead on the right, pass you by. 

‘The distance walked = the distance off if you walk far enough to double the original angle (away from straight ahead). 


‘The inital angle must be acute. You need to maintain a straight course throughout, 20° 
‘The simplest case uses the diagonal of a square. 45° changes into 90° + 
‘The next simplest example isthe equilateral triangle. 60° changes to 120° +S 5 
Followed by the 30° isosceles triangle. 30° changes to 60° soe 
90° 
But the general case is made clear by the geometry of two equal radil in circle. 4 
Its because the angle at the centre ofa circle is double the angle atthe circumference. | 
‘The angle at the centre is the final angle—double the initial one, top view. * 


30° 
‘Ahead of you, the angle is always less than 90°. 
In the second diagrams, below, the landmark may not be ahead of you and the initial angle may not be acute. 


If you walk backwards, from top to bottom, using the top method in reverse, you get. 


Halve, Any Angle, from your Stern—For Distance Off, 
i.e In Retrospect The initial distance of, not the final distance off is what must be traveled 

‘Fhe intial ange is now the double angle, and need not be acute. 

Le. tum the Bow-angle diagrams upside-down, 

E's. 90° becomes 45°; or 120° becomes 60° becomes 30°. 


Map and Compass Work. 
Permanent Landscape is More Trustworthy Than Surface Detail! 


When what you see “doesn't match what is on the map” have the sense to distinguish between 100 m deep contours which 
would take an atom bomb to shift, and walking-track junctions which a fire could reshape. 

Professional map-makers and satelite photos rarely make mistakes ~ in landscape positioning 

But when they add the local details tis another story, 

Time changes such details also. New roads, cleared bushland, second bridges — these will mislead and confuse you. 

When your mind says: "The map is wrong!” remember that what the map says — about landscape ~ is not wrong. 


Details Added on to a Map Are Prone to Error 


Notorious for errors are: Map North; Map Scale; Roads. 
So beware of anything other than a good-quality offal government map. 


Expect The Map To Be Unhelpful 


Many important details will nt be shown on the map — you just have to expect that. 
You can often trust what is on the map; You can often trust that what you want, won't be on the map. 


Maps Do Give You 10 Times More Detail Than You Can Notice 
[After you get lost and finally sort it all out on the map, you notice... "Oh yes, silly me, those contours are upsiope not 
dowrelope! And they da show a creekline, by those sharp bends! Oh, of course, there isa peak on the right, and that 
fenceline opposite ~ I missed both of those when I first studied the map. You ean see Mount Bruce, lined up withthe lake, 
from there, but not at all from over there. And that squiggle inthe bive line, isthe halr-pin Bend that ticked me, but I should 
have realised that all rivers must drain to the north-west eventually. 

"Try to reduce your ten-fold folly to five-fold folly for next time! 


Using the Needle Alone — Emergency Magnetic Compass 


(a) lay the needle on toilet paper 
(b) lay both on a bow! of clean water 
‘The paper will wet and sink, leaving the needle afloat. You could also try sticking it through @ piece of foam. 


+ Hang any magnet horizontally, from hair of fine thread. I helps if you know which end is North-seeking 
Inthe field, test it against a Natural North, eg, Bush Noon. At home, test it an a compass. Like poles repel 


Hint understand that magnetic poles should be called 'North-Seeking’ and 'South-Seeking’ 
‘and that our "North Pole” Is a South-seeking pole! 
Np. (So that North-Pole seeking poles point to It ~ Unlike poles attract) 


‘The Earth’s internal magnet is as shown (It is slightly offline with the rotation axis!) 


—— needle on the Earth's surface has a red end labeled 'N' i.e. North-Seeking 


‘The white end is labeled 'S" 


Strip Map Navigation — Follow-Your-Nose Navigation 


ur mind definitely prefers a strip map — a sequence of “directions” to follow. (None:the-less, make a MUDMAP in conjunction) 
Our eyes definitely prefer a strip map. — "up" is straight ahead"! (See "N.O.R. West/N.O.T-Least” "Nose Navigation” p31e) 
‘A strip-map is simply @ way of formalising your track notes—every navigator really ought to do it this way. 
‘There are two good ways to make a strip map as you go: with a sheet of graph paper, working from bottom to top, and 
ina track notebook, working from top to bottom, but 

Both assume that progress arrows are up-page. You could turn your notebook side-on or upside-down to write in it 
In either case you set aside several vertical lines for each type of information, 

land set aside one horizontal line for each subsection of the journey, 

‘and a second line for descriptions and for comments, 

land a line for overall information e.9, trend, drainage, season; totals: time, climbing and distance. 
“The trick is to use symbols. ‘One vertical line for one sort of symbol e.g. compass needle direction 
(See the Symbol appendix p 122) Another line or anther sort of symbol e.g. slope-direction, and steepness 
‘his way you can cram alot of information into a small space, in a consistent and regulated manner, and be able to read it! 
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AIMING OFF by 10° — 10° is 175m per kilometre 


1° is one in 57.3, so one in 5.73 Is about 10%, (and 1 / 5.73 = .175) or 175 in 1000. (For bigger angles use the 1 in 60 rule) 

Alternatively, 2sinS® = 0.174 isosceles chord, yielding “0.174 per one" or 174 per 1000. (167m per 1000m / degree for > 10°) 

‘This is easier than working in sixes using "one In 60". [Hint: Express any ratio as “something in 1” or “in 10, 100, 10007 
Eglin 50" Becomes "2 im 100" or*200 m in 10 km” (in 20 ete 

Example: "The T-junction is somewhere ahead — about 017°, 5 km. Butso that we can't missit, we must aim off to the night 

2.9. 027°, We therefore expect to hit the road 875m to the right of the Junction” (5 lats of 175m). 

‘This is how ocean navigators find an island in an ocean: Step 1: sail N/S to the right latitude. Step 2: sail E/W to the right long. 

Don't ust head straight toward something. fit doesn’t show, you won't know which way to turn! 

Remember that a 10° error is fairly eacy to make when using a compass over rough terrain (or trackless shifting ocean)! 


STs 
sim 
one klometre Lae 
Aiming-off at Sea tae 875 m 


‘Aim-off to arrive up-current & up-wind of your destination=to make it easy to turn and sail to I. 
+ Airwolf 69to counteract leeway when sailing nto the wind: 10° in stronger winds) 15° ina storm, 

Measure the appropriate angie from the wake e.g, 6° fs how much your painting-finger-tip shifts when you change eyes 
Alm-off 6° (1in 10) to counteract a 10% (1 in 10) cross-current. This refers to the perpendicular component, compared 
fo'your speed. The rule works +/-1° up 10 36°—up to 60% erass-current.. To aveid judging components, 

+ Aimoff 12,22, 3°,4°,5°,6°, to counteract a 10% current at 10°,20°,30°,45°,60°,90° to course, either ahead or behind 

Alm-off to avoid GPS-induced collisions caused by very accurate course-holding, You should plot a course off to one 
Side of the Obvious ine on the chart, to avoid vessels Corning the other way on the same linet 


Aim Off 6° or 10% 


Blink your eyes at the destination, and when you get there, pace off the 6° offset. Ten-tuple the result for the distance there. 


1 Metre per Second is 3.6 kph 


‘This is merely a logical reference point for your calculations. (And slightly faster than “20 minutes/kilometre” (3 km per hour)) 
660 minutes x 60 secs per min is 3600 seconds in one hour, at 1 m per second, is 3600 min one hour, or 3.6 km per hour. 


(One metre is Up to your belly button ‘A child's double pace One strong fast stride 


One second is the time it takes to pronounce “Alligator One" in @ normal fast voice—don't let it drag. Follow it with "Parramatta 
‘hio", "Oodnadatta three”, (or "a thousand and four", but “alligator” keeps its speed more consistently when drowsy). 

(Get used to the rhythm of tapping your finger in time with the seconds —~ your mind subconsciously remembers the timing. 
‘Take a Watch, Perhaps a Stopwatch 
1m per second is very nearly 2 knots. 


“1 Hour Extra per 5 Hours” 


You can normally walk at 5 km per hour, on a track, on a short walk. 
But you wil sustain an average 4 km per hour, when you include fatigue, and rest stops. 


“1 Hour Extra per 500m easy climbing” 


Gentle up-climbing is tiing—allow this extra time. (We are nat concerned here with how long it takes to rock-climb!) 
Down-slope walking may speed you up, or slow you down, depending on the slope 

Dense tussock country (e.g. snow grass; button grass) is the equivalent of a climb, in its up-down-up steps. Crossing the 
Grainage can also be as tiring as climbing, ints regular climb-descend-climb-descend path 


Distance by Optical Rangefinder — accurate up to a kilometre or Three 


We are woeful at guessing distance in that range, so there are focussing devices available which are designed for I. 


Range by Parallax and a Piece of String — ory rangerinsing 
‘Animals shit thelr heads to See how much an abject shifts. Blink you eyes to see the effect; walk sideways to practice i. 
For more distant objects the very sight sideways offeet can be magnified then measured. 
‘The landmark you are measuring appears in a slightly diferent direction from each of two different viewpoint. 

Pack a long non-stretch string e.g. 2 polymer kite-string. Know is length. Mark it every 5 m before yOu 99. 

Use as aciant pair of eyes~2 long baseline~& to morc out a large square or rectangle onthe ground, one sie ata time. 
Guess at the ght-angles — they dont need fo be accurate, ust make sure to use equal tencion when you stretch the sting 
But use plumb-bab to mark the comers of the square onthe ground accurately ~ with 9 pebble 
Use the plumb-line also for accurate sifting ofthe landmark. (Vou can pack up the string once you have placed the pebbles.) 

Twice as big = four times as accurate (in measuring d) If you have enough room to move, ai for over 10 m sides. 
Range = ab/d or /s ita = b; from the similar tangles involves. Measure the shortfall d, atthe front, or the 
distant landmark parallax ‘overall, d, atthe baseline. 
parallelogram ‘an easy way to remember the formula 
isto say thatthe area Red = the area 2 
because if you shear the ab rectangle, 
Va it becomes a long thin parallelogram 
z 4 4 Rlong, and d wide, preserving ite area 


‘sa result, the formula becomes 
baseline 4 Range = Area / parallax offset, 
a A km sq.m mm 


v va ‘The Range=ab/d formula also makes sense 


‘The range should so depend on a & b and d 
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Map and Compass Work. 
“Maps Grip the Universe” 


When you swing the map in your hands, around with you as you turn, the whole Universe doesn’t follow it! ~ it doesn’t twist! 
Instead your map gets disoriented, 

Leave the map behind, as you twist! ~ leave it lined up. 

‘The map is designed to lock into the landscape, to "map onto’ it, and should be used like that, not twisted out of alignment. 


‘You need to swing the map an equal and opposite amount to neutralise what you do. 
1t's called “swinging the map” (when you leave it locked onto true North while you swing to left and to right). 


It should not be called that! 
It should be called “NOT Swinging the Map with you" 


Map work includes ‘not swinging the map’ See *Magnets Grip Maps”. The most common method is to match the map to 
‘a compass needle p.103b 


Maps mean landmarks — those landmarks there! Open your eyes ~ and line the map up with the visible landscape. plOta. 
‘Le. orient the picture ofthe land — the map — to map anto the actual land, 
Line the Grid North up with North e.g. by compass or by Sun, 


‘You may have to twist yourself, or put ‘North’ at the bottom left, but to always put ‘North’ up the top, isto divorce your eyes! 
‘Yes, you may have to read names upside dovin! Yes, itis a bother, to keep changing Its up’ every tne you turn. 

But it means that you can just lit your eyes from the map to see what it points out. And can know what lies beyond that. 

If your map is net consciously oriented, how can you be oriented, to other than what you can see in font of your nose? 


Think “+/- 5°” For Compass Bearings; 
“+/- 10°” For Following a Compass; 
“+/- 15°” For Using a Compass! 
Compass bearings *+/- 5°" 


‘Test yourselves: ASK each person in turn to nominate where "magnetic North” is on the skyline 
using one particular compass, handheld “User tnaccuracy”” 
Now try putting that compass on the ground. “Needle Instability, friction” ete 
‘Try stretching a fishing line over the needle. “We still can’t agree!” 
Next try that best method for different compasses. “Calibration and Zero Errors” 
Now try mot being very careful, with an untested compass, at night, when you are tres! 


Following a compass blind: Walk on @ fixed compass bearing for 100 m or so in a fog i.e. eyes glued to the compass. 
Repeat it e.g. turn around & see where you come back to. Give the next person a try at doing better. 

1 think it matters which eye you use and which hand you held the compass in. 

We don't necessarily walk ‘straight ahead’ when we try. We don’t necessarily point the Yollow me’ arrow straight ahead. 

We don't do very wall at integrating and averaging out any diversions around obstacles. 

Slopes play havoc with your sense of a straight’ line ahead. 


Rep Te tront person ids the route, 
pes JAY The back person guides the routevinder. 


Try this. / /\ The navigator logs the route directions taken. 


\ Zi 


Using a compass: You may plot a single line on the map, or as +/~ 5°, but mentally allow an extra +/- 10°, i.e. think +/- 15° 
(for accumulated errors, possible blunders about magnetic variation, etc). Keep the possibility of error inthe back of your mind 


Caving Strip-Maps — Come in Books 


‘A cave-directory" booklet records each separate section of a cave on a separate page. 
Eg. Make your own, 2c 


Book 


small high hole; go to page 6 

‘You may need separate booklets for different levels of the cave system. 
Main corridor 
lower level channel p.10 

Use the same symbols as before, for needle, slope, turns, ete 

Use Abbreviations: E1, £2, E3.. for Exits; Lt, L2, L3..for Light sources; Parentheses (Lt) = “Can see L3 from here 

Make up names for each section e.g. “Chamber of Horrors" 

‘Add copious notes e.g. “water level up to Yam deep” 

Forethought and cooperation is required to quickly and effectively map a warren or a labyrinth. 


Initially you make a muddy map, as you go, but then you add a neat copy into the book later 
(Gut keep your muddy copies, for next time.) 
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Distance 


Up-down Progress 


In the first diagram you can see that you are halfway up the mountain 
‘alongside of you — use the horizon to gauge your altitude, 
Note: the horizon drops below true horizontal as you go higher. 
In the second diagram your shadow is obviously halfway up the shadow 
of the hill you are on — use the shadow of the mountainside. 
‘To find your tiny shadow: 
Close one eye ~ to line up more accurately 
Look past the shadow of your head falling onto your hand 
Look for ahalo’ ~ a bright spot directly down-Sun on the plain 
Wave your raincoat around 
Well, you know where the shadow should be by now! 
‘So you don't even need to see your shadow! 


Eat Keep count of height in body-lengths 
FE} 6 _sauare-topped walking stick (G) Walk up to a stone which was horizontal from you before. 
@) Downhill can be counted by leapfrogging with two people. 
Plastic drink bottle Half-Way across? Provided you stay in one position. 
PS ‘Looking parallel from half the heiaht gives you half the distance 
oN Reversible stick (5), E-. when someone is swimming across a lake 


en Artficat Novizons stow you to matnain paral gace (0) 
AFR string poral Ep -The edge of the lake etn Fingers ow 


oe bubble in your compass Me _ ctake edge (now, halve your height 


TSE “above water e.g. by squatting down) 


Adjust Your Expected Pace 


{Three hours up, two hours down — are typical proportions, except in very steep or loose descents — 6 hours up, 6 hrs down, 
1 You walk more briskly while fresh, in the morning, than after a whole morning's walk. Pace yourself with this in mind, 
{Groups travel slower. Allow the slowest person to set the pace, because stragglers may battle or even panic if left behind. 
{Retracing your steps Is quicker, since it has fewer diversions, less interest, and no unknowns. Allocate less time to return. 


Carrying packs is not necessarily slower, on flats. If your pack is uncomfortable, you won't dawéle, or even want to sit 
‘down, and can't stop to loak at insects or flowers or to chase birds. 


{River crossings chew up enormous amounts of “fussing around’ time — organising and reorganising afterwards. 


{Beware of smoothed out "routes" marked on maps. The actual terrain may involve many obstacles and consequent slow 
‘Going and detours. The words “route only” are trying to tell you that 


|Your pace quicken surprisingly when the party alist the groove" of waking (without talking, noticing tings or relaxing 


1 Path finding can make you nervous especially in unfamiliar territory, which tends to quicken your pace without you knowing it 
‘The same person, following a leader, is relaxed — and slows down, 


‘So when you take the lead and you wonder why the others seem to fall behind, realise that you are too keen. 


Don’t Overcompensate for Slopes And Meanders 


‘The worst case for slopes is about 36° for rock scree. But that adds only a quarter to the distance shown on the map. It is far 
more relevant to say "It’s the climbing and the awkwardness which will sow us down more". 

“The worst case for obstacles is grass-tussock negotiation — but that only adds a maximum of S0% to your distance covered. 
‘An ordinary zigzag may only add 10% 


steep 


Distance by averaging Maximum & Minimum Guesses 


‘Yes itis worth doing, because it reduces the slop in your individual guesses. 
Eg. "More than a kilometre, for sure. Less than 3 km surely! Spit the difference & say 2 km 


Distance by Comparison with Some Length You Know 


E.g. The central business district—1 square mile or whatever 

Eg. old-fashioned ‘chains’ ie. cricket pitch lengths 

Eg. 100 m race; playing fields 

Eg. "a day's walk” 

Eg. that island which you can see, which the map says is 1 km long. 


Distance by Cloud Shadows — Look for Them 


Notice how quickly the cloud shadows move here (use distance/time), then look how slowly they are moving over there 
‘Time how long they take to get there. 


‘See how large they look here, and how large there. 


Look how high the cloud base is here, then compare the size of hills 
in relation to that ground-to-cloud gap, over there, 


Hint: To see which shadow attaches to which cloud, hold @ string, es 


‘to pass from Sun to shadow (past its cloud) but...Dont look directly at the Sun! 


Sound Travels Three Seconds to the Kilometre 


‘This tells you how close the lightning storm is. “(Fiash), alligator One, Alligator Two, Aligator Three, Boom!, One Kilometre! 
If you see’a flash to ground, you can find the distance there. 


Otherwise, the distance is to the nearest part of the lightning lash overhead. 
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Map and Compass Work. 
Align the Track 


Line the map up with what you see! Often that is the road ahead, or a well-marked track. 
‘This is a great trick for the car navigator when using a road map — t's s0 easy to see the linet 

1's equally helpful when following any marked track on the map with the map aligned to the landscape 
= It locates you on the map — on that bit of the map which lines up with the track. 


If you were landing a fighter jet onto an aircraft carrier in the fog, you would not want to miss the runway! 
Well, think ofthe real track as the runway on the aircraft carrier, the land as the sea around it, & the tiny map-picture of the 
track as the jet plane. 

“Twist and turn your et plane’ until it can come in to land properly. Even when you are in the fog! 


‘Assuming you have a properly oriented map, 


You ca ind where you are ont ng a3 


zl 


1 you know where you are on the readmap..] | _.Now the map is properly oriented. 


Compass Errors — Be Impressed! Be Careful! 
Electrical currents swing the needle e.g. reading the compass by torchight; untwisted pairs of DC wires e.g. marine compass 
lights; Mobile phones; GPS; radio. “impressed (BC) current” anti-corrosion systems in marinas. 
Magnets e.9. other compasses, motors, loudspeakers, clocks ironstone. Note: Iron-rich dolerite doesn’t look rusty 
Tron & Steel e.9. your pack, pocket knife, keys, wrist watch, cutlery, steel-capped boots, glasses, geology hammer, batteries, 
torch, studs, aps, pens, trig points, shed, fence, car, ironstone, buried machinery, cols of old fencing wire hall-buried in the 
ground, tools, fuel stove, internal springs, reinforced concrete, ralway lines, power pylons pipelines: Novigating in mineshaf. 
Many of these might have permanent magnetism too. Stainiss steel is often magnetic. 


User error 
Parallax ~ viewing the needle from one side; viewing the scale from side-on 
Misreading — e.g, anv scale marked every 2° is easily confused. Mis-setting the movable scale. 


Miscalculations ~ especially applying the variation the wrong way ~ adding it instead of subtracting. Confusing left and right. 
(Out of date chart of deviation. Deviation is the general name for any compass error-apart from expected, normal variation, 
Quality of Construction 

Needle instability; under-damping; over-damping; motion. Let it settle. Put it on the ground. 

Vibration ~ has unpredictable effects e.g. twisting the needle clockwise. Walking provides regular slow vibration! Motors. 
Sticky pivot — Tap the compass __Un-centred pivot 

Zero-error — the needle doesn't match the "era Miscalibration ofthe protractor 

Needle mis-magnetisation — not quite longitudinal; amateur attempts at re-magnetisation. 

Reversed polarity ~ Poor quality needles can pick up remagnetisation from nearby strong magnets without you knowing it! 
Variation The difference between True North and Magnetic North changes with time and place. The map is out of date. 
Magnetic drift of the magnatic pole — we only have ‘predictions’ or ‘trends’ of an unpredictable variation. Are you up to date? 
Latitude change ~ alters the magnetisation of surrounding fixed Iron e.g. a car body or a boat's motor or hull 

Local anomalies e.g, Tasmania is ful of ironstone dolerite, Many rocks preserve ancient magnetism. 

External magnetic felds e.g. which way a boat moors, or who moors next to it. Competing fields change or capture each other. 
Lightning strike after-afects 

Correcting mechanism out of adjustment. 


Map Folding and Map Holding 
Maps aren't forever ~ they blow over waterfalls, tear & get unreadable. 
Pack a spare 
Cover the whole surface with (non-sheinking) clear paste film 
With good-quality laminating plastic & cutting, taping and sealing, maybe itl last forever! 


Folds and Corners lose details, and wear through. 
CCut along the fold lines cleanly e.g. to A4 size 


Use @ photocopy of your own map to use in the field, to keep your original map in good condition. 


Wet maps lose details when rubbed. 
Get an A4 plastic sheet protector for the map. Tape it closed. Hang it around your neck. 


Mapwork requires bearing-lines to cross the whole map. 
‘Tape the (A¢ or other) sections back together with wide clear tape, leaving wide gaps, as shown 
You can butt the edges closely when needed; the tape will crease out of the way 
= You can refold it at will, as often as you like, and show the two most useful sides out of the many sections. 


large caps 
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Distance 


Distance by Double Pace — Test Yours 


‘A mile’ (or “thousand” in Latin) is a thousand double-paces, on forced march Le. 5.28 feet (Romans were small people) 
My dawdle double:pace is 5.25 feet. What is yours? In metres? 
‘Answer: Testi. Test it again and again. Average It. Each person is different. Relax, don't push yoursel. 
Test it again uphill, downhl laden, unladen, tired, in a hurry. 
Test it at one double-pace per second — walking by the clock. 
It helps to make a 10 m cord. Use a tape measure to make the cord, then use the cord. 
Eg. know Luse 12.5 paces (single steps) per 10 m fre, alternating 12 & 13 double places per 20 m. 
and T walk at 4.5 kph; 1 1/4 metres per second; eight seconds per 10 m. The timing varies more easily than the distance 
‘While watching the seconds tick over on my watch, and striding out in time with them, I manage 1.Sm/sec, get ire, 
and step further out. 
‘You Can Be As Accurate As You Have Been Careful. If you are full-grown, working this out once can set you up for lite. 


Tie Your Ankles Together! 


For a well-measured pace (heel to heel) use a SO cm cord, for instance, 
Count double-paces, and don’t lose count ~ see ‘finger math’ 


Test your pedometer 


Pedometers work in diferent ways, so test yours on different terrain. Your knee-lift is higher on uphill sections, and your pace 
Is shorter in rocky terrain. You can make your own pedometer from an old odometer, working off the flex of your boot, your 
hip, your walking stick, or whatever, or you can roll a small bieycle wheel along the ground, fitted with an odometer. 


Don’t Lose Count! Use Finger-Math 


Finger counting is a silent and number-free counting method — you only pronounce the number after you have finished 
counting, Count automatically, by placng your fingers dawn, each in turn, onto a hard surface. 
‘A thumb counts for five fingers, and the left-hand counts 10 per finger. 
When you run cut of digits you have 99, so you next say aloud "A hundred” and start over again with no fingers down. 
Place each finger down onto a surface, ina definite sequence: Right Index ("1"); Middle (two fingers down); Ring (3); Little 
(4); Lifeall four and put down the thumb (°S"); Leave the thumb down and put and leave down the index finger (6); middle 
(2); fing (8); ite (9); Lif all five and put down the left index finger ("10"); Then put down the right index finger again (11), 
land so on, until you nead to put down the left middle finger in place of the other five (two “tens” down, 
With practice, you can count, add, subtract, multiply and divide ~ almost thoughtiessly ~ as quickly as with an abacus. 
We are concerned here with counting single or double paces, e.9. In 3 fog, and doing s0 in lots of 10m (or 20m or 40m for 
double paces). 1.e. you count up to about 12 or 25 single or double paces mentally, and add "one more lot" to your finger tally 
If you are in a group, you can check each other's counting by stopping where you think every hundred metres is. 

$10 +10 


+10 10 Lf all your fingers off 
ere 
4 {and nod your head down 
at 
for 100’, then start again. 
+50 
+5 100 lots of 10m equals tke 
400 lots of 20 m equals 2 km 
4100 lots of 40m equals 4 km 
99 


fr 100 double paces is 1/10 of your mile 


Lighting Conditions & Eyesight 


Make allowances for optical effects 
Looking up-Sun, especially in the afternoon, you see haze (backlit dust & insects) which gives a false impression of ‘distance’ 
Looking dewn-Sun on a clear morning after rain or after a cold change (i.e. minimal haze) thingé Took close enough to touch 
[AS your eyesight begins to fail in midlife, everything seems ‘distant’ but turns out to be surprisingly close 

‘re. you have been judging distance by crispness of detail all your Ife. 


Visual Acuity is about One Minute of Arc 


Which means that you can spot a 1 m object at 3.6 km on a clear day (since one minute of arc is (1/60)° ort in 3600"), 
ile, You can see details several thousand times smaller than the distance to them. 


This is how seamen can judge distances over open water, to land, even though there are no other clues to go by. 
‘They ask: "Can I see trees? What about tree trunks? OF branches? Or leaves!" 


Lighting, Contrast, Haze and Eyesight play havoc with accuracy; But experience is @ great teacher. 
Feed your mind and memory by deliberately looking through the haze to the finest detail 
Use binoculars as a cross-check. Have competitions with your family 

Children have better eyesight, but the idea is to judge the distance according to how it looks to you. 


you can pick up. 
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Map and Compass Work 
Align the Map to the Landmarks 


Make the Map Match the Marks — if you know where you are on the map you need only one landmark 


7 N 


‘The easiest way to keep the map aligned to the landscape is by then using the direction ofthe Sun now, a very visual method. 
‘The commonest method uses a magnetic compass to find North 
‘This one-landmark method can be used whenever you can see something in the distance. 


If you don't know where you are on the map you can stil orient it to match the landscape, but you will need two or more 
landmarks identified to a0 this, 


Compass Use — Master It, but Be a Good Master. 


+ Use it to orient yourself, then put it away! 


+ Use itto orient the map or to choose a route, then put it away! 
+ Use it as a protractor. Use it as a ruler. Use it as a map scale measurer. Use it as an artificial horizon. As a set-square. 
+ Use the set square for a back-course or a side-course without altering the forward-set-course. 
+ Don't rely on it ~ use other methods of direction-holding 
+ Letit point your eyes outwards, to the horizon. 
+ Use NORWEST/NOTLEAST, if you have to stare at it ~ e.g. ina cave. 
+ Hold it 11m above rocks; 10m away from cars, sheds, ete; several item ‘lengths’ away from small items  — test it 
+ Lett point out a foreground mark as a destination, then follow a visual line of sight, 
€.9. leaptrog’ or manoeuvre by “legs’ 
+ Don't consult it again until you need to check or choose another point. 
+ Don't trust it, but trust yourself to it, when you need to. 
+ CHECK TTS ERRORS. Check it against the map by taking a bearing from a known point to a distant landmark 
+ Take a pair of forward and reverse bearings—to and from a chosen mark, to check for local magnetic field anomalies. 
+ Check your errors in using it, ¢.9. on the move; against someone else. 
+ Interpret it for orientation value, nat just for route-finding, 
+ Consult it more often than you want to, when you are ‘not using it 
+ Check your guesswork as to e.g. ‘Gully North’ or *Wind-West’ by It 
+ Take it 


Layout Map — Blind 


+ This project requires a pedometer to measure every hundred, metres or paces or something. A stop-watch could do. 


+ Use graph paper, so that each square on the graph paper represents one leg’ of 100 (or ‘1 minute's walking’) 
(Hint: Graph paper is a handy thing when making a casual mud-map of your progress, for this very reason.) 

‘Try It atleast once. Without triangulation and cross-checks you can build up the layout just by reading the compass. 

Le. Beware: This s a bottom-up method, prone to inaccuracy. After one accurate practice-run, you can do a better casual jb. 

Tachieved over 90% efficiency at coming back to my starting point after a 24 km circuit on my first try! 

(in fact I know that the 8% error was mainly only due to a few blunders in marking the wrong direction. 

Also, I only measured ‘direction’ to +/~15° since I was also testing the ‘clockface method’ of direction ~ to the nearest Yah.) 


When the compass read "2:30", I needed a reverse clockface on the map, ‘and I needed to mark 


¥ 


fone unit long 


(Hence 1 made a few left-right blunders which I had no record oft) 
You don't need a map for position-sense, if you make your own as you go. Position sense is hard to come by, otherwise, 


101 


Distance 


Line of Sight Can Be Extremely Accurate 


[But is often neglected, for far inferior methods. ‘position tine! 
E.g, locate yourself on a "position line’ as a means of marking your progress... Me! 
E.g. keep a straight line by walking to a point ¥ way between you and your next destination 


Eg. 100 fence posts can be positioned to look like one when seen end on. ~ 
Eg, fishermen can locate their offshore fishing spot again aw” 
= "The jetty is underneath Mount Lofty, and the tower is behind the Town Hall” 
‘You can sometimes consult a map to fix your position. 
Eg. You may notice that “this part of the track runs directly toward” a peak. 
see below 


Un-mappable lines abound. Choose the nearest objects in front for best accuracy. 
Eg. "That far rock lines up with this bush. Remember them!" 


Use mapped features and the accuracy is stil extraordinary. 
E.g. "The peak lines up with the intersection, but if you step only three paces left you can see the difference!’ 

‘The alignment dosen't need to be accurate, provided you can memorise the exact inaccuracy e.g. 1° to the lft of the hillside 
‘Two such alignments are needed for a fix. Look around: “What isin front of Mount William? What is behind the lighthouse?’ 


Two Opposite Landmarks 
1 more than doubles the alignments availabe to you if you have eyes in the back of your head! 
With two people, separate some distance, for accuracy, then look past each other's heads 
Walk slowiy around ina crete looking atthe horizon for possible line-ups. 
With one person, place a rock on the ground then cirle it, scanning the horizon Place a pebble to mark each feature 
“The good thing about ths method Is that one landmark cannot ‘lot out another ~ all he visible features are available to you 
‘You may use this method to stick toa direct track’ between two landmarks. 


A Slow Kilometre Cancels out Three Quick Ones 


Let’ try to keep up an average of 4 km per hour. 
First we travel 2 km in half an hour, but then we hit a slow section and manage only 1 km in the next half-hour (2 kph. 
“To counteract this we would need to triple our stow speed to 6kph for the next half-hour! 
So we then decide to stop and catch our breath for half an hour. 
‘To counteract that we would need to double our desired average speed (to Skph) forthe next Yshr!! Or kph for 6km, 
‘Le. a wasted hour takes several hours of catch-up, to regain. 
(2kph for Ye hr + 6kph for Ys hr = 4kph; Okph for Ya hr + Bkph for Ye hr = 4kph; Okph for Vahr+ 6kph for thr= 6km in 1Vshr) 


Slow sections chew up the time available, so don't dawdle, 
Quick sections cant easily repair the damage, because they don't last long. 

‘You may try to be time-efficient and walk more quickly on the easy sections i.e. hurry along the flats, 
but you car’t gain much time that way. 


To Progress Faster More Easily 
Pace Yourself — Slow Down, but Don’t Stop 


|e, Pace yourself so that you don’ need rest stops, since they ruin your time budget, and its time which determines pace. 
Itis better for your overall pace to keep walking slowly than to stop completely. 
Go slowly on the hard sections. Pick up your pace, maybe, on long flat easy sections. 
Shorten your rest stops e.g. don’t remove your packs. 
‘The old rule to cover a lot of ground quickly is: run 50, walk 50 (paces or double paces). 
Catch the paradox of it ~ to Keep going faster, go easier. 


Approximate Figures for Visual Acuity 


[At 1:1,000 "T can just count my grandchildren” You need to supply figures which work for you. 
‘At 1:2,000 you can count individual items. Multiply the size of the smallest objects you can count by 2,000, 
‘At 1:3,000 you can’t count them, E.9. people/shrubs/birds Multiply the size of the largest objects you can’t count by 3,000 
[At 1:4,000 you ean see items, but can't count them, Multiply the smallest items you can see by 4,000. 

‘At 1:5,000 you can't eee them individually. Multiply the largest details you ean't see by 5,006, 

[At 1:6,000 you can read unfamiliar letters Multiply the letter-stroke widths you can read by 6,000. 


‘At 1:7,000 you can't read unfami 
[At 1:8,000 you can read fa 
‘At 1:9,000 you can't read familiar signs 
[At 1:10,000 you cannot see that there are individual letters. 
[At 1:15,000 you can see single objects e.g. trig points against the sky. 
(of course it’s rough! T told you so in Rule 1: Guess! 
Adjust the numbers to your eyesight e.g. "I can only count to 1500". 
“The idea is to build up your subconscious guesswork. 
Eg. "I ean count to 3000 and can count house windows" try 1m x 3,000, 
Tean’t quite see heads” try 25.em x 4,000, 


Test Your Own Visual Acuit' 
Y aon 
Walk upto a signpost unt you can read it. Pace the remaining distance. 


Menire thesis ot etter strokes 
Wen do you lose sight of = dalla coin?! Can you count heads ina crowd at 600 m? an 

Setup» 1 cm test pattem of squares (fo others) to count. Ty yellow squares to. 

‘est youssfinaiferent condone ~ on an ovecart dy, in dract sunight nar, on a hazy day, and at a large distance 


Multiply the letter-stroke widths you ean't read by 7,000. 


3 km away 
km away 
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resource spread multiple access (RSMA) [1.49], sparse code multiple access (SCMA) [150-152], pattern 
division multiple access (PDMA) [153-155], interleave-division multiple access (IDMA) [156,157], 
and NOMA by power domain [158]. The NOMA is a radio access technology design for enabling 
greater spectrum efficiency [56,159-162,207], higher cell-edge throughput, relaxed channel feedback, 
and low transmission latency [99]. NOMA can be employed to enhance user fairness and to support 
massive connections with diverse QoS requirements [163]. In NOMA, there are several challenges 
and open issues, such as dynamic user pairing, the impact of transmission distortion, the impact of 
interference, resource allocation, NOMA with multiple antennas, heterogeneous networks, outage 
probability analysis, practical channel model, uniform fairness, NOMA with antenna selection, carrier 
aggregation and other challenges as discussed in [216]. There are still many challenging issues for 
SCMA, which need to be solved in future work. For example, there are several open issues in SCMA 
transceiver design [57], the optimization of algorithms for user grouping and power allocation [164], 
and further enhancement of the SCMA and MIMO combination. 

New waveforms have become a serious candidate for 5G being studied in terms of: (1) modulation 
based on pulse shaping: filter bank multicarrier (FBMC) [58], generalized frequency division 
multiplexing (GFDM) [5°], pulse shaped OFDM [165] and QAM-FBMC [241]; (2) modulation based on. 
sub-band filtering: universal filtered multi carrier (UFMC) [242], filtered OFDM (OFDM) [243] and 
resource block OFDM (RB-fOFDM) [244]; other modulation format: guard interval discrete Fourier 
transform spread OFDM (GI DFT-s-OFDM) [245], spectrally-precoded OFDM (SP-OFDM) [246] and 
orthogonal time frequency and space (OTFS) [247]. The /OFDM is seen as a potential candidate 
for IoT applications [60]. Due to narrow sub-bands and thereby pure detection performance, 
additional processing is needed [60]. Performance of self-interference cancellation (SIC) or filtering on. 
£OFDMA [60] remains a topic for further study. Additionally, it is interesting to consider the balance of 
time and frequency dispersion in UFMC, as well as the design of an efficient prototype filter according, 
to application scenarios [60]. 


5.5. Advanced Interface Management 


This technological group includes receiver advances in terms of simultaneous non-unique 
decoding (SND) and sliding-window superposition coding (SWSC). 

SND follows a rule that implies that each receiver attempts to recover the code words from 
intended and interfering senders [248]. The combination of advanced receivers and joint scheduling 
provides an improvement of over 50% in cell edge throughput without sacrificing the cell average 
throughput [5]. This gain demonstrates that if 5G networks incorporate advanced interference 
management, they will provide a virtually edgeless end-user experience [5]. 

SWSC [61,62] combines the theory concept from superposition coding without rate splitting [63], 
block Markov coding [166,167], successive cancellation decoding [63,64,168], and sliding-window 
decoding [65,169,249]. The sliding-window coded modulation (SWCM) aims to mitigate inter cell 
interference at the physical layer by achieving simultaneous decoding performance with point-to-point 
channel codes, low-complexity decoding, and minimal coordination overhead [170]. The realization of 
the theoretical concept to the practical transmission coding scheme is an important research direction 
in SWSC [5]. 


5.6. Access Architecture Related Radio Technology 


This technological group includes ultra-densification, enhanced wireless backhaul, moving 
networks, and D2D communication. 

Advanced small cell [66,123] deployment is considered to be one of the key enablers for achieving 
many of the requirements currently envisioned for 5G [67], with higher data rates [68,171,250] and 
more capacity [171-174], as most important. Higher data rates and smaller battery consumption 
can be achieved using short distances in the small cell [69]. Solving the capacity and data rate 
challenge with network densification could be very expensive in terms of equipment, maintenance, 


Map and Compass Work. 
Align the Map to Identify Landmarks 


Lift your eyes from the property aligned map back onto the landscape... “There should be a peak in the distance over that way." 
“Look for an outstation inthis direction” "Can you see the transmitter structyre??" 


‘This is "Map To Land" navigation, 


If you are on a peak, you may want to keep a copy of these relative directions in a notebook 
7 “ (especially the ones which go off your map) 


“Magnets Grip Maps” 
“This mnemonic is meant to remind you to bwist the map to the north ~ the map should be one piece with the compass needle. 


+ Place the compass on the map, 


+ Grip both the map and the compass in one hand 


+ Turn the whole map, or yourself, oF both — so that the magnetic needle points to the map's magnetic North 
‘The result is that the map is aligned to the landscape. 
Keep it that way! 


Even while you walk, and twist, and turn... This is called "Swinging the Map". ‘The Magnetic North 
‘Acone-off effort is called "Orienting the Map’. ‘marked on the map 
Swinging all three of you is called "Orienting yoursel e.g. to North. is crying out 


to be matched up with 


Align Your Map in the Dark the magnetic needle 

“The commonest way to align the map to the landscape is by a magnetic compass. 
‘The magnet ~ the compass needle ~ mustgrlp the map, magnetic North to magnetic North, 
inorder to keep the map oriented. 
(ne method is to set the compass protractor to zero ~ true North ~ and 

bet the compass edge to grid Worth/true North (see diagram) and then 

fet the magnet needle to magnetic Nerth as marked on the compass rose on the map 
‘Another method i fo ine the edge of the compass up with the magnetie North mark an the rose 

“Then you simply keep the needle point pointing to zero on the protractor. 
[A third method is to set the compass to the correct compass heading then line the protractohedge up 
(with the desired course on the map, and the needle to the protractor, then follow the compass atrow. 
‘fourth metiog isto et tre compass to the correct true course on the map, then lin the compass needle 
tip mith magnetic North on the map, then follow the arfow. - But always line up the two magnetic Northa\ 


A Compass Holder 


Rather than hanging the compass around your neck, where you hardly ever see it, you can make it constantly visible. 
For map making, itis indispensable. 
for your head 
Version 1: Aluminium wire around your neck and around the compass, lke a bib or harmonica holder. 
‘The compass cirle is grasped by a circle of non-magnetic wir. 


Version 2: Hang a flat map board from your neck, and blue-tack the compass on to the map board. 

Dil holes in the four corners of alight board. 

One string loop goes around your neck and through the two close corners. 

[Another string loop goes around your neck and through the ather two corners 

‘and has an adjusting knot init (relling hitch), 
“The compass protractor is set to O° i.e. Use Magnetic North 

Cr itis set to x° i.e. Use True North 

‘To orient the map, or yourself, turn around and face North 
For a back-bearing, turn around and use the white end of the needle to read your direction — where you have come from, 
Use the "NORWEST; NOT LEAST" mnemonic to keep you in touch with narmal orientation. See p.101¢ & 106b for how to build 
Lup a map, or keep track, blind, using such a compass holder. 
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Distance 


“Changeover Lines” of Progress — Relative Apparent Sizes 


All visual elements which surround you have an apparent size, each of which changes as you progress. 
Eg. "The hut behind us seems so tiny now, poking out from the sea of snow 
E.g. "That hill now seems to loom high above the plain" (a vertical angle). 
“Two apparent sizes will, at some stage, Become equal, at e.g. as You move away from one object, which shrinks, and toward 
Another, which expands. Simply notice "the changeover” and you have'a line of position’ to log your progress. 
“The hill is the same size as the leaning over gum tree” (a vertical angle, a diagonal angle, and a changeover line) 
‘You don't need to remember what size you measured ~ just compare them for equality! 
“The width of the patch of forest is much less than the island is across” (horizontal angles) 
“But the island alongside us is about the same width as the gap between the two" (another “changeover point") 
‘You don't get a single point fix, only a line of separation. The third and fourth diagrams each show an example. 
‘A measurement without numbers is ike saying "We are halfway there” instead of saying "4.5 km on” 
fr like waiting until you are “Exactly East of Mount Big” rather than measuring "079°C" at any time 
fr somewhat like “These two line up, if you put a hand spanin the gap" 
‘The closer the objects, the better. The more distant, the more careful you need to be! 


Use the Landscape Itself to Measure & Mark Progress 
Example: "Where I came out onto the beach, 

Sloop Rock was one island tothe right of Gannett Isiand” A 
‘Atop view shows that this is simply a line of sight, locating a pont next to the island 


| horizontal angles: AB>BC 
i / 


AB<BC 


Island = 92: i 
‘An apparent-size Rule of Thumb fo counting 1 changeoverfine, AB=BC 
‘changeover line - 7 


Distance-Off by Vertical Angle = ? 


‘The simplest range finder Isa piece of grass held at arm's stretch, (if your fingernails are too small). ANS 
Measure the apparent height of something which you ean recognise later, ARR 
then measure how many millimetres of grass was needed! 
‘You can relocate that distance-off later by its apparent height e.g. distance from a prominent peak; 
from a lighthouse seen from offshore; from any recognisable tree; or from a cliff with a clear base to measure up from. 
This is how our mind analyses the skyline heights ~ its a very ‘natural’ method. 

‘Yacht navigators will find out the height of a lighthouse from a chart, 

measure the angle with a sextant, and calculate the range by trigonometry 
‘To fbx your position requires two separate measurements e.g. two different vertical features Trizontal distance 
In theory, the plotting looks like two circular arcs intersecting, because any distance-off must give you a circle of possible 
positions. 
‘The closer the features, the smaller the circles, and the more accurate the fixing of the location. 
Confuse your frends with: "1 Inch away from the windmill, and 13 mm from the pine tree” 


Safe Distance Off 
‘You might be saling around a headland or ref, and want to maintain safety 


Without needing to know where you are you can maintain a minimum distance off 
Eg. "no higher than 1° apparent height By vertical angle” 


E.g. "keep the horizontal angle acute, between those to points" wind 
E.g. “stay outside the apparent radar range of 5 km” 
Eg. “deeper than 20 m' Discard one of the two possible positions. 


Circle-of-Position by Horizontal Angle 
Here you keep track ofthe horizontal space between {wo prominent points; or any noticeable gap; or the apparent width of an 
idond, Use a sting stretched across your lie of sigh, cr 2 stick gripped between two fits 


In this horizontal case though, unlike the vertical angle, the ‘circle’ of postion is really only a cusp ~ part of a circumference, 
Wich must pass through the twa points, and your position. 
If you are closer ~ a wide angle — the arc is flatter; a narrower angle means you are further away — a larger part of the circle 
lieS on your side of the landmarks. 
‘There isa constant angle 
at anywhere on the circumference 
wien looking at the two points 


‘You don’t need to draw this though, 
Only memorise or note the angle. 

‘To fx your position make two separate measurements e.g. one vertical angle and one horizontal angle too; or two horizontal 
angles—using three landmarks (or two vertical angles; or 2 radar range & direction from a single landmark; or use any other 
line(s) of position e.g. a compass bearing or line of sight or an advanced position line) 

Now you can relocate that buried treasure, that fishing spot, waterhole, rare plant, good campsite... simply through making a 


Couple of notches in your waking tek 
The best range-finder 


Is a theodolite/sextant — designed to measure angles very accurately. You can use them horizontally. 
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Map and Compass Work 


Align the Map to Fix Your Position 
Match the map to the landscape visually. 
(he first result isto show you geographical (true) North.) 
(The second result isto show up other landmarks.) 
‘The third result isto show up where you must be. 
Che fourth result wil be to indicate which way to continue.) 


a 


Le. Work backwards — from Land to Map. 
Gne method ts 28 follows 

Place a small pebble on the ground. 

Place other pebbles in a circle around that, 

teach one lining up with some landmark. 

Now place the map over that centre pebble. 

“Twist and shift the map until it lines up. 

Get down behind the map and visually sight over i. 

When everything ines up you must be at the centre ofthe circle 
= over the central pebble. 


‘Your position should look obvious! 


a 


A Horizontal Angle between Features Yields a Position Circle 


‘There is no need to draw this position cirde (diagram 1), and itis somewhat awkward to construct, but there are two cases which 
are well worth drawing (permanenty) on the map. 


Diagram 2. A right-angle between two peaks ~ it means that those two peaks mark the diameter of the circle ~ easy to drav. 
Diagram 3. The circumscribed’ circle of three peaks — you can see whether you are inside or outside of that circle 
‘To find the centre of the circle, use perpendicular bisector. 


‘The angle seen from the circumference is constant. Horizontal angles are larger on the inside, 


‘Smaller outside 


Ey 


[A diameter yields a right angle. 


‘Two Horizontal Angles’ Usually Fixes Your Position 


Mount Near Mount Far Guleh Gully 


=. + 
Record the information on a piece of string at arms length 
(Or dravin onto paper 
Or onto tracing paper 
Or by compass bearings* 
Or with a pair of compasses; Fold the paper against your e 
Or by angles cut into a leaf; drawn on the ground; folded into papery @E 


*you could plot back-bearings, or simply record the three directions for reference. 
‘This is @ quick, natural, accurate method which uses no numbers or circles. It's how our mind judges the horizontal layout 
Only one position on the map will produce such a pair of horizontal angles. 

If you draw the angles onto tracing paper, you can place it directly down over the map, to fit it on property. 

If You make a three-arm trio of compasses with a locknut at the pivot, you can also place this directly onto the map. 
Coastal yacht navigators find the method useful, and to measure angles very accurately they use a sextant horizontally 


In theory it piots as two intersecting circles ~ only one intersection makes sense. 
‘The nearer the landmarks, the smaller the circles, and the better the fix. Place your eye 
Just don't choose three landmarks which are already on one circle along with you! directly over the 
Wron Right 
‘You don’ have to draw these circles 
Also, if you want to find an angle from the map 
You can just read it from the map without drawing any circle 
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The Sine-Cosine Tally Method of Keeping Track, Blind 


‘This project is only “Yor experience” — i.e. you are unlikely to want to doit twice! — but you should do it once, 

‘The idea is to keep a running total of your ‘Northing’ and Easting’ from a starting point. 

1 scored 97% efficiency in getting back home, on an 11 km circult, on my first try, with an unreliable home-made pedometer! 

Its a ‘bottom-up’ method ~ for when you are walking blind ~ when you cannot work down from the Big Picture. 

With pen and paper you record your pedometer readings & directions, and update the numbers, say every hundred double 

paces. 

Eg. "Current Pedometer Reading: 1400; (time-check 1 1/4 mins; pacing check 140 m) efficiency: 90% (slightly indirect path) 
Recent Direction 005% adjustment needed +90, +8; new tally: 419, ~45; (comments: crossed a wet ditch)” 


‘The chart of ‘adjustments’ follows this box, with an example. 
200% efficiency would mean “I missed the last 100 reading” 
50% = "Thad a diversion” 110% ="l stopped at 110 ~ make the next reading 90% efficient” 
© Set it all out with headings and long columns. 
© Your judgment and arithmetic don’t need to be accurate, because the errors are likely to cancel (1) 
© Check your pedometer for each type of terrain, by time and by pacing, 
© Avoid blunders e.g. check that the direction and the adjustments are similar between two legs. 


Its quite pleasant to stop every minute or so ~ at every 100 on the pedometer ~ It keeps you alert, rested and oriented. 
Making a full map (see ‘Layout Map~Blind) is more satisfying and just as quick. 


Mariners can (either draw their tacks, or, using this method) calculate an overall course-made-good from their many compass 
legs, by first adding Up (distance x sin true course) East, and then adding up (aistance x cos true course) North, from each 
individual distance and course. 

“Their overall distance is V(sum1%4sum2#) at an angle of arc-tan(sum1/sum2). Then correct for magnetic variation. 


Rise and Run Adjustments — Sine and Cos — North and East 


Caution: These are COUNTER-Clockwise Bearings! — as seen from a compass holder. Change 
Te. The needle swings to left and to right while you point straight ahead. ‘Actual direction. (NE SE SW NW) ON E 
E.g. when the needle points to "20° East of O°", as in the diagram, ‘Adjustments. = cos sin 
“N(orth) O(n) R(ight)-West" reminds you that you are heading NNW-ish, -t ee 
otto the East. N20°W is your anti-clockwise heading Protractor Readings... 360 180 180000 100 0 
Don’t let this unusual method of measuring bearings confuse you Ninn? W.. 355 185 175 005 100 9 

‘about normal clockavise bearings 350 190170010 98 17, 

‘There are realy only 10 pairs of adjustments used in the whole table| Ahead 345 195 165015 97 26 
Thave made East positive, only to match normal bearings and 340 200 160 020° 94 34 
Map grids, which use East as positive (West as negative). 8 335 205 155025 91 42, 
Here, West is negative; East is Positive. 0 330 210 150030 87 50, 

‘South is negative; North is positive 325215145035 92 57 

Examples: North East is ++ N31S°W; 320 220 140040 77 64 
South West is ~ ~ NI35°W; 315 225 135045 71 71 
North West is +- NASW; the next figures rerun the previous ones. 
South East ig ~ + N225°W ‘310 230 130 050 g4_77 

‘The + and ~ signs tell you 3aw_(sin20 = 4 per TOO) 305 235 125 055 57 82 
how to change your tally of North and East 300 240 120060 sO 87 
Eg. 295 245115065 42 91 
4100 paces to the NNW ish, as in the diagrams is. ‘94N (c0820 = 94 per 100) 290 250 110070 34 94 

‘94 paces of Northing and 34 of Westing 285 255 105075 26 97 
Or #94, -34 20° to the West of North 280 260 100 080 17 98 


275 265.095 085 9 100 
270270090090 0 100 
e.g. Asa different example, a tally of ~640 +770 means that you are 640 paces South 
and 770 paces East of your starting point, which means that you are now N230°W from home, according to the table. 


Rule of Fingernails 


‘A pencil in your fist will be about one in 100. 
Check it out with a tape measure and calculator. .g. 1.2 em (width) / 69 cm (distance from eye) = one in 57 = 1° 

‘Adjust how you hold your arm (e.g. square infront, diagonally- or fully- on the side) and which fingernail, ete, until you find 
suitable combinations which you can remember. 

But the trick to making this useful in range quesstimations is to guess the distance away fist, then estimate the height of a 
mountain, as follows... 60 km away — use one in 60. One full nail means 1 km showing; 

'30km away—use 1 in 60 =Yakm showing; SOkm away—use 1 in 50 = 1km showing; 10km away—use 1 in 100 = 100m showing 
Reverse logic can give you the distance away, if you can see the base clearly e.g. from sea, and know the full height 


Rule of Tom Thumb 


{At various umes you have to judge parallax. fis 
‘andthe tik isto project the needed sideways movement onto the intervening landscape. 


Tom Thumb 
Imagine yourself over there on that ridge ~ Are you as thick as that tree trunk? Are you as tall as that bush? 

“To make the two landmarks line up, Imagine the distance over there in the distance. 

“T would have to walk that far sideways over there” = "I would have to walk the same distance sideways over here” 


Apparent Size 


‘The size of people, cars, houses, as measured at arm's length, varies with distance. You know how big they are already. 
‘To get a good gauge of very small angles, compare their width & height with a key or knife-blade or toothpick, held edge-on. 
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Map and Compass Work 


Which Way is North? 
Left Edge of Grid North True North; Due North; Geographical North 
Star North 
Botanical North 
Bush Noon (SH) 
‘Adjusted Cusp North 


Grid North 
Grid North Right Edge 
Magnetic North on Map 


Moon North Magnetic North currently 
Psychological North Compass North 
(Person 8) 


Compass North near my boots 
‘Snow North 
Landscape (Skyline) North 
(if my map is dis-oriented) 
Prevailing Wind North 
Yesterday's-Wind North 
Previous Landscape North 


Upper Westerties Nort 
Wind North today 
Gully North 

Rock North 

Map North (on a bad map) 
Wave North 

Dew North 

Barnacle North 

Low-Cloud North 

Noise North 


‘These are only the horizontal Norths 
Galactic North; Ecliptic North; Polaris 
are not horizontal 


Neither is the North Pole. 
Calculated North 


Reversed polarity needle 
Not included are Coast North and ether mental North, 
Psychological North 


(Person 8) 
‘A Northern Hemisphere Person Judging North by the Southern Hemisphere Sun 


‘East-least; West-Best’ Rule — Tells You Which Bearing is ‘Best’ 
“This rule works only for horizontal directions, measured clockwise 
Its forshiing between True, Grid, Magnetic & Compass bearings O-360°. 
“Least” really means “Less than the other alternative number” "Best" really means “More than the other choice’ 
‘The flloing wording the North which Is" is important, since you need to choose correcly Between a right and wrong choee! 
The "North" which iz East (clockwise) of another “North” gives the Least bearing. 
‘Any *"North” to the West (anticlockwise) of an alternative “North” yields the Best & Biggest numbers. 
‘Specifically, it's most used to shift back and forth between magnetic North and true North bearings. 
‘The wording may then be rendered: "Compass error West; compass heading best. Memerise that wording 
Because this mental arithmetic isa ifcult ask, you need to draw diagram to make the conversion dear 
Learn this reminder "Check-up-on-yourself!” diagram... And visualize it, on the real landscape in frat of you 


jorth ‘Rf North ‘8’ North ‘A’ is West of North's It yields the Best of the two bearings. 
(e.g. Ais true North, and B is magnetic North, the ‘magnetic variation’ is To the East’ 


and "the compass heading is Least”) 
Bearing A is Best (It yields a bigger number ~ East-around) 


(e.g. if the magnetic bearing is 085°, the true bearing Is bigger.. 120°) 
fing B is Least North Bis East of North ‘A: it gives the Least clockwise angle. 


It is the North which is “East” or "West"; The bearings from it are “least” or “best”. 


Numbers are meant to make sense ~ your job is to look for that sense, visually. 
Landmark 


E.g. Compass Deviation... mj eompass North points too far East e.g. by 10°, 050M = 040°Compass (-bearing is Least 
Eg. Grid Convergence Correction. IF Grd N Is 2° tilted to E of true N, O70°T = O68°G (Grid is Least, since Grid N is East) 

Eg. Map to Compass... 090° an the map means: set your compass to 100°M, when magnetic variation is 10° West (Best) 
Eg. Compass to Map... 205°M as a compass bearing = draw 220°T on the map, when magnetic variation is 15° Least 

E.g. Add the GridtoMagnetic Convergence clockwise E angle to magnetic N to get Grid N"MAG=Magnetic, Add(the GMC)=Grid” 


String Map 


This is a fun-project. As you un-do each knot later, you relive the journey! 
‘A suitable string Is builders’ twine — long, thin & strong. 
‘An extraordinary number of code variations are possible, provided you can “read” the different knots afterwards! 
Keep it simple, fora start. 
Example: Start with a slip knot. Half-hitch It every hundred paces, to keep track of distance. 
‘Tea special knot at any change ~ to remember it by. 
E.g. a strangler hiteh around some bark for "thick forest”; a thumb knot around a feather for “Water Bird Lake” 
Chain the slip loop to keep it going. Or thumb knot the loop to lock it ll up. 


‘A simple numerical code is: slip knot; +n half-htches; chain on; m half-hitches; chain on; ongoing tally. 
1h might mean something like ‘direction’ by clockface 


rm could be ‘terrain type” 
Here are some variations 


OQ 


multistury hitch 


slip knot; two half-hitches; chain-on reef knot chain-on 
thumb knot 
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Progressing A Position Line across the Map 


Situation: You catch sight of one landmark; plot a back bearing; then travel — say for 
two hours, West — before you catch sight ofa cross-bearing. You can still plot a ‘fix [ayer’s Rock Mount Connor] 
Example (fictitious): You lose sight of Mount Connor in the Northeast; and later see 

‘Ayers Rock. Your pace is 4kph. From the bearing of Mount Connor, you plot a position 
line (by a back bearing running back from Mount Connor). You must label this ‘10 a.m. 
Now shift the whole position line 2 hours to the West je. 8 km, and label it 12md 
‘To do this choose any two points on it; shife those points & km West; 

draw: a new line parallel to the old. You are now ready to plot anether back bearing 
this time from Ayer's Rock ~ to cross the advanced position line, for a ‘pinpoint ix 
‘Alternatively, you could ‘shift only Mt Connar on the map, frst 


Pinpoint “Fixes” are a Myth! 
(ule: Don't suppress uncertainty, nor reject any unwelcome information!) 

[Any ‘line’ of position looks exact. Butt comes with tnovoldable uncertainty 
and should be potted (mentally a least) as 3 wide band of likely postion.” 4 
Potential inaccuracies abound, 9. lining up the compass 

reading the compass; plotting that angle; . 

Grd north variation across the map; map distortions; "s 

Errors in magnetic variation; protractor inaccuracy 


‘You can now advance your “area of uncertainty” 
across the map, expanding it with each blind move! 
“Deduced Reckoning’ navigation at sea (i.e. “intelligent guess") 


is more a matter of keeping track of accumulated errors 
‘due to tides, leeway, inaccurate course-holding/recording/plotting” inaccurate instruments, So too on land, 


Getting Started in the Dark 


‘The task is to know what direction to head off in, when you can't necessarily see the landscape... North of me 
You need a Map & Compass. 4 mypgesttnation 
‘TAKE A MAP-BEARING — Find the desired angle, on the map, in relation to the North-South grid, 

= "About 60°, as 2 guess” 


= Use the edge of the protractor 
= Measure the angle ~ only the protractor is needed for this! 
Line up both sets of parallal ines — mapgrid lines, 
land the lines on the needle-holder-circle. 
— The protractor will display the angle between the two sets ofits paralel ines 
“55° E. of N." (It is marked clockwise) 
(This is Called Working from Map to Compass) 
SET THE COMPASS Using 5° East magnetic variation, and ignoring compass deviation 
‘Compass bearings should be ‘Least’ 
ie. 050°C 
~ adjust the ‘Follow Me’ Arrow to point to 50° (to the East of North) 
‘Twist the circle on its mounting 
— Dont alter the protractor again! 
FOLLOW THE COMPASS — Now turn your attention to the needle 
= Line it up with the ‘ero’ on the protractor, by twisting the whole instrument, 
[And by using the grid lines on the movable cirde as a guide. 
Twist yourself this time, to line up with the follow me’ arow. And off you go! 


Mnemonic: Map to Compass (= Map to Compass Course) Means Map Grid to Compass Zero; 
‘Angle the Arrow to the course target; 

Put on the correction; To Get it, use the East Least West Best Rule: 

Compare the Compass Zero to the Compass Needle; Past the Follow Me Arrow is the Course Target: 


Thinking Backwards 
“Danger bearings" alow you to stay safe, without knowing Your position accurately, but you need to think accurately 
‘As seen from the lighthouse, you must stay on the right of 315° (and to the left of 060°). Thet much is clear from the chart. 
‘Anything "othe Tight, 1s clecwise from the observer £0 fr the keeper to keep something (eg. you) on the right means to 
keep its bearing bigger than ahead. "Ahead" is poraliel to the 315° track shown, since the lighthouse Keeper is wishing to see 
you"on its ight He will be happy to see you on any bearing bigger then 315° and ess than O60° i.e. 315 to_360, 0 to 60. 
From your paint of view, that medns, that you must use Back bearings, of 135° and 240", and then keep those tracks on your 
‘ight and on your eft respectively, a8 you look in "Ahead" parallel again, But opposite tothe track shown on the chart, you 
are trying to Keep the Wrack‘on Your right. Looking in, moving yourself tothe lef will place the track further to the right, and 
‘make bearings to things on lt bigger. That means, In numbers the lighthouse wil bear more than 135" and less than 240°, 
ie Tis safe to approach at anything between 135° and 240°. Notice thatthe more/less sense is preserved with such Use 
of backbearings. < ° 
4 aTa Tight (oly sear - 


red light (dangerous) sector 


red (dangerous) sector 


Safe Harbour 
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Map and Compass Work 


Taking a Bearing from the Landscape 


+ Start with a guess e.g. “That hill is about 060°T from me! 
+ Point the follow me’ arrow to the landmark 

+ Grip and twist the movable protractor circle until the grid marks on it ~ i.e. the zero ~ line up with the compass needle 
+ Read the resulting anale off — between the zero (which is “North” Compass North in this case), and the landmark. 


‘The result should agree with your guess €.9. "The landmark lies at 065°C" je. East of Compass North I.e. clockwise from, 
‘Take a B.E.A.Ring Mnemonic: Bearings are Tracks; Expect to have to plot a back-bearing; 
‘Arrow to Landmark; Ring to Needle and Read It off. (Think: “Arrowing” to remember A) 


top view 


If ithelps you sight the landmark, hold your compass string vertically upwards from underneath the tip of the follow me arrow. 
‘The ‘Zero’ is meant to be used for ‘North’! But if you point the follow-me arrow to North and the ‘zero’ to the landmark, 
then (a) itis more awkward and (b) itis an anti-clockwise “bearing 


If you are about to use a map, you must now convert the compass bearing to a “True bearing’ 
Firstly mentally change the compass bearing to 2 magnetic bearing f you are aware of any compass deviation je. compass 
terrors. (You usually do not worry about compass deviations when bushwvalking.) 
[Next mentally convert the magnetic bearing to a true bearing using the East-least, West-best rule. 

Example: "6° variation West" (The Magnetic North is West of True) “Compass Best” so...065°C = *0S9* True” 
Lastly, physically change the protractor to read 059° when you want to draw on the map, at an angle ta the map’s True Nort. 


Draw a line on the map from the landmark in an opposite direction. Use the protractor to get the angle right 
Ifyou see a landmark North of you, you must be South of it. a 
Or, what looks "South-West of me’ must mean that you are ‘North-East of i. 
‘Think backwards! See "Back bearings: +/-200° then -/+20°" p.18e E.g. OS9°T from me to It 
Note that 1 have already converted Compass to True. 239°T fram it to me. 
One bearing yields one line of position ([rom a back-bearing plot ~ diagram 4) 
‘Two bearings from two different directions cross for a fix’ — diagram 2. 
‘Three bearings don't cross. They form a ‘cocked hat’ and Keep you humble ~ diagram 3. 
In this case, you could be anwhere nearby (which is also true for any “Fix") 
Expand your possible positions, don't try to pinpoint a “better” one. 
‘Take mare care next time, espécially on the closer i.e. the more reliable landmarks. 
Check your compass for fixed errors e.g. “always 3° too much’, 
CChoose directions which are quite diferent from each other, to get the clearest crossing 
Compass to Map Mnemonic: (Compass 8.E.A.Ring, then) Compass to Grid (or True) Correction; 
Make it a Back Bearing; Angle to Grid; Pencil to Paper—Draw Iti. (Think: *Mangle" to remember A) 


No-Number Back-Bearings 

Method 1. Use the white-tipped (South) end ofthe compass needle, when you take the bearing 
Method 2. Point the "fellow me" arrow back toward you, when you take the bearing or follow the compass 
Method 3. Line the protractor zero up with Map South, when you plot the bearing. 
Method 4. Point the compass edge tothe landmark on the map and draw your back-bearing line backwards from the landmark 

“You don't need to alter tre compass setting at all (except for the magnatic variation oF grd/magnetie convergence angle) 
Waring 1. Don't mix back-bearingshorteut-methods, or you may get 2 "double negative? 
Warning 2. Check a you do, agaist reality for sense 
Waming 3. Dan' tr fo shorcut Compass-to-True conversions atthe same time as shortcutting the back-bearing, 

or you wil get confused 


239° 
059° 
L 


Parallax While You Walk — JUST DRAW IT! 
Most hand-made maps start with a known baseline scale — a straight segment of @ known dstance 
Le. “T walked from here to there ina straight line for 1 km” — for this you may need a pedometer. 
Gri you are Captain Cook or Matthew Flinders "We sailed on (this) Bearing at (this) speed for (this amount of) time 


‘You can then add cross-bearings at any time to fix the position of distant landmarks 
= obviously at the beginning and end of the baseline are the preferred places, 

perhaps combined with one from the middle. 
‘The longer the baseline the more accurate the fix on distant marks. 


‘You really only need a protractor for this running base-line triangulation, 
(And on a Mudmap, you just eyebal the direction and draw an arrow in freehand.) 


Tq Mount Far 


Here is an example ofthe easiest sort, and the reverse of a double-angle. 
After a week at Sea, with no sight of the sky to navigate by, I was understandably over-anxious about my position, and 
“needed” a "ix"! I decided to sail toward an isolated ighthouse-island, in the hope of passing close enough to see It, perhaps, if 
we weren't too far offcourse. The winds were hurricane force, of course, and the sky was filled with salt-spray lifted off from 
the water's surface. It was dusk. Suddenly, above the mist, dead ahead, the lighthouse turned on! Alarmingly high, and close. 
Too close! 
Were we “ound” or about to be “lost? (See “Aiming Off"!) After the cheers: "What do we da? How far off are we?!" 

“Turn at right angles to it; Maintain that course; Take regular bearings until itis diagonal; Keep track of the distance run. 

‘Then resume your course. That way we can tell how far away itis 
How can you do that” said the bewildered, inexperienced navigator. 

1 replied: "I'l just draw it’ ‘O"We will pass as far away 

as the sideways distance we have run" 
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Section 5. Navigation Mnemonic 


A“Start-Stop-Rest” Navigation Mnemonic overview 
START 


‘Start" has six points, as illustrated in the diagram below. 
‘These mnemonics, €.. 5.T.A.R-T. oF S.7.0.P., will be expanded in the rest of this section—they summarise the book. 


© Start witha Prayer — “What more do I need to do to avoid getting dead?” 
© PREPARED. — — What have I forgotten to do or to take, to practise or remember? Start off oriented before you go! 
© START. — with your start-off-rend-direction, which is the single most important navigational item. Start off aligned! 
© StartonT-LM.E.  — Read your watch, and benchmark your trip. Say: “Time & Tide” as well, Because sometimes tide levels are crucial 

— Check pace & progress. Estimate the Range, because time is all about distance. 
© Start time is 6 a.m. — It's always time to look in 6 directions, plus 2—Time to Look All Around, Appreciatively, plus time to look at the Map 
© Start with N.S.E.8W. —4 sets of 4 directions. The final W is for W.E.A.T.H.ER. 


‘The final R signals that you are Ready to go. Don® start until you R! 


S.7.0.P. AStop is a Signal—Interpret the Why? of your stop: Does it Signal a change in watershed, catchment or view; 
in Trend or Terrain or Time & Tired’; 
in Orientation (embarrassment if lost, rule one: Stop); 
in Progress/Position/Placement—campsite, junctions, features? 


REST _ isbest remembered as @ mnemonic of 5 RE‘. 
RLE-O.RLEN.T. — using these letters as a mnemonic. €.g. RY re-Visualise the Invisible Big Picture, and ENT Relate yourself to Nature. 


RE-RE.LA-T.E, — re-interpret all directions to relate to each other and to the skyline, as explained below. Now don’t forget. 
RE-MEMBER — the WAY and the SEQUENCE and especially to NOTE down (in the NOTEBOOK) the NAMES, and DRAW what you need to 
RE-LAX ~ Play the Navigational Game-teach it—and 5 other games, 


‘There isa final-art to 'stop and rest" 
RE-ST-ART 1.1 re-pray; 1.2 re-prepare; 1.3 re-s.tavr.t; 1.4 resti.m.e,; 1.5 re-look (6 a.m.); 1.6 re-direct (NSEW), (which includes re-weather) 


e.g. 13 RES.TART. after a rest, on the next leg—to relate it to the last & to the starfish trend, 


‘Summary: "Start" 6 times; “Stop, and Re-st-" (with 4 new "Re-""s) 


(The Start mnemonic is a good example of the “clumping” technique 
“never more than a handful of things to remember, yet it leads you into hundreds of points.) 
Put the S for Sky at the top, where it should be, 
Use a hexagon for the 6 START up points. 
Use a clock-face for TIME, 
and the compass-rose for NSEW. 
‘Show the 6 directions in 3 dimensions. 
Balance it all ona triangle 
for the "6 a.m. start”, since it has 3 parts. Sky and Skyline 
Toward what Target; through what Terrain 
Away in what Anti-direction 
Rain catchment; Region; Ranges 


Trends 
See the boxes to fellow 
PRAYER PREPARED. 
TAME. NS.EW. 
Up 
‘Watch your progress Forward AWEATHER 
fea RIGHT 
Back 
own 
AAAAAA! enna Now read the boxes to follow, downwards. 


PR R.E.P.A.R.E.D.—A Before-You-Go Checklist so hat most of your navigating is already done, from home! 


ise Global orientation. Get a blow-up globe. Teach others. Learn (what to learn, look fer, do etc). E.g. predict the Sun. 
Learn the Mnemonics, Codes & standards e.g. SBR signals, compass directions 
Pace your paces ~ metres per minute; steps per 10 metres. Left-ight bias (blindfold). 
Research History, Ruins. Artifacts, Mines, Geology. Get geological map from the library. Landform. Soils. Climate, Windy season. Prevailing 
‘winds. Wet season. Vegetation analysis. Rare species. Biogeography. Geography ~ global neighbours; time zones; local coasts & river 
mouths. Catchments. Cardinal features — places N,5,E,W from you. Land lines on map. Place names — their meanings and history. 
‘See the next box. 
"lace names See the box after that. 
A.stronomical orientation Sleep on a map, and with a compass nearby. Point the map North. Times and directions and heights of Sunrise & set, 
Moonrise & set. Southern Cross. Pot. Sun at noon, at magnetic North/South, when East, when West, at magnetic East and West 
‘What landscape markers ({rom the map) for these directions? The star opposite the Sun, Time zone. Local noon — its exact time. 
‘The Sun's coordinate predictions. Your longitude. The “Equation of Time". Moonphase, -number and ~day of week. Tide times. 
Reminder Note your intentions~and tell someone where you are going and when you expect to be back. 
Expectations of the Weather Barometer reading. Get the Weather forecast. Follow the Changes. Buys-Ballot's law. Steering winds. 
D.irections & Familiarity Ask someone who has been there. Read track guides. Look at an aerial photograph. Go beforehand! Find your old track 
notes. Look closely on the way in. Choose a route. Plan your strategies. Coordinate the cars, the car keys, any food drops, shuttles or codes 
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Section 5. Navigation Mnemonic 


Equipment — A What-You-Might-Like-to-Take Checklist 


(in PREPARED, for “Equipment”... 


+ AMap A.compass A dlock 
+ -Anotebook and pen — for track notes. A track guide. An aerial photograph.  navigator’s handbook. 

+ Formap making — graph paper, paper, pencil, a compass-holder. A map-holder (string around neck to a..), clipboard, stopwatch. 

+ Polaroid glasses — to orient by the dark blue sky band. Radio — for RDF, weather. Mobile phone. GPS. Camera 

+ Binoculars. Pedometer. Rangefinder. Calculator. Altimeter. A sine-cosine table. 

+ Armap cover. A spare map. A navigational protractor. A magnetised needle. A sundial compass. A two-flap cardboard compass. 

+ Marker tape; Chalk; Scissors (for cutting leaves!). A clear plastic tube. A clear plastic drinking bottle (for an artificial horizon). 

+ Along piece of string (e.g. for a range-finder). Short pieces of string (e.9. fora plumb-bob). A walking stick. Someone who knows the way. 


(ein prepare) Place-Names —Learn Them—You Navigate by the Local Features! 


“Look. That's Big Split Rock and that’s Little Split Rack, Wild Dog Tier is that range over there, and this plain drains out over there, into the Ouse River 
‘You can find your way anywhere around here from those.” 


Suddenly 1 was unforgettably oriented, just like he said he was, when his dad told him. 
For me, the funny names on the map now meant something worth knowing, 


Place-names are not just names you don't know; they name places, which you ought to know, 


More accurately, place names ‘place’ you in the landscape, as well as orient’ you to it 

‘A sense of location is almost independent from your sense of direction, and is rarer to come by. 

Direction-sense places you in relation to very distant background references i.e. it doesn't ‘place’ you at allt 

Location-sense places you in relation to the immediate foreground ~ visible landmarks, catchment basins, fixed ‘tracks’, etc 
Place Names Place You 


S.T.A.R.T. off Oriented 

~ Start-off Direction? (e.9. “upstream” — the Single most important navigational knowledge ~ i ells you the return path, and the search path. 

Sky/Skyline 1c. especially according ta the "Sky (e.g. "toward the Moon; into the sunset") and related tothe Skyline 

Start-off directions forthe parallax method, pp. 519,532, e.9. to maghetle NSEW skyline or recognisable micle-ground points, or rhumb-line point 

and another set of such Bearings, taken from the map, as seen from the finish, If you are en a one-way trip. 

~ Toward what Target? Specify 2 

Track (eg downhill tothe lake") oF Trend. A shumb-line bearing is best—from stat to fnish 

Through vtat Terrain? (e.g. especialy see what the land-shapes would look like without vegetation) 
— Away from What Point? (e.g. "from the lookout carpark), and in what 

Ant-drection (6. toward tht other peak"-a skyline direction) 
= Rain Catchment — In what major 

Region? ~ as can be gauged By the surrounding 

Rances (G0. "on the main spur dividing North from South arm, dovinstream of.) 
Trend: Read the Trend of the map, for starters; then continue to Read the Trends & bends and the progres as you go on 

Read (your compass; map; watch) in Relation to the Trend, i.e. in order to follow the trend, which isthe focus ofthis mnemonic. 
Pus: Read ony other Trends, from any other places, from memory, in elation to the sky, Be able to revisualise them 2 wil 

— Revs.tawt on the next leg, t relate it tothe sarsfinsh trend) and io relate eto the previous leg 


T.I.M.E. & Distance — that’s the point 


‘TIME to Look at your Watch ~ PACE YOUR PROGRESS — the point ofthis T.I.M.E. mnemonic is distance. 
= "Watch your steps—i.e. calculate your pace from the elapsed time; 
= "Watch the Sun without looking at it, because your watch tells you where It should be. 
= TIDE times may be necessary. 


Instrument Check — watch, stopwatch, pedometer, odometer, rangefinder ~ for progress 
= Compass: Double the bow angle, or halve the stern angle p.S4e; parallax readings on landmarks. 
= (and other instruments ~ barometer, altimeter, GPS, radio null, radar, depth-sounder) 

Map-Scale Check — are you judging the scale well? ~ What is the next goal? (This M is nat for Map in general, but only for distances.) 


Estimate the Time of Expected Arrival — guess each milestone ahead of time to set you free from a nervous TIME. Nominate an E.T.A, 


Distance 


PROGRESS: can also be gauged by lines of sight and changeover lines. Use a stopwatch, or pedometer. Read the scale, 


Pact 


distance divided by time; 20min/km, double and halve = 3kph; Amps 
finger-math helps; pace yourself evenly. 


{kph 4kph normal walking pace 


RANGE: Use the letters of RANGE & FACULTIES as a mnemonic to remember the different ways of gauging distance in the distance. 
Range squared = dee height; Area divided by offset; New direction parallax; Grass-leaf vertical angle, horizontal angles too; Educated guess 

Familiar lengths, and Fingernail Rule; Acuity ef vision and Apparent sizes; Clous behaviour; Upper and lower guesses, averaged; Landseape lengths; 
‘Tom Thumb Parallax; Intervening detail & haze alters your perception of distance; Extreme range comes in twa bites; Sound travels at 1 k/3secs and 
Sidewise offsets with blinking 


150m from 1 nautical mile high; 1° latitude from km; 50 miles from 500m; SOkm from 1/5 km; Skm from 1/500 km (2 m); 42.7km from 12.7m. 


Section 5. Navigation Mnemonic 


Look in These 6 Directions — in 6 ways — Up and Down) ear or start at 6 a.m.”) 


6 Directions gto Look in UP ~ Astronomy ~ Sun Moon Calendar-Stars 
= Sky — Clouds, Contrails ~ Blue Band 
up/opun — What's up with the Weather? 
yead/Behind then DOWN —Geology  ~ Soil Type; Rock Type 
yght/Lent Clues — Animal Trails; Bootprints; Fallen markers 
Gone | 
eee | — Up-Sun — haze & glare 
= Over what tropical country? ‘Then — Down:Sun — haze, shadows, colour changes 
— Wind-wise — Up:Wind — Where on the skyline? = Down-Wind — Around what obstacle? 


= Around what pressure system? (Wind in your face) 
= From what coast/ocean? Listen; Smell 

= Up-Breeze — To what cold surface? — Down-Breeze — To what warm surface? 
What's up-Weather? Where are the steering winds coming from? 


~Land-wise 
= Up-Hill ~ To what dominant peak? 
= Point tothe dominant peak, even when its invisible, 
~ Down-Hill — antidiection? 
tum around to see what lies away from the peak — the “anti-peak", 
especially in relation to your shadow — this anti-direction has'a lt to 
do with a compass back-bearinga visible line of position, you see 
 Up-Ridge ~ To what hill/hillock? = DownsRidge ~ Down which ridge? — To what headland? 
= what offshore/underwater topography e.g. shallow reefs; islands? 
Since this mnemonic is about direction, try to point to them, 
— Up-Slope — To what ridge? = Down-Slope— Into what valley? Name them. 
[At what angle across the gradient? 
Where isthe lowest upslope skyline, under the canopy? — Where isthe highest downslope skyline, under the canopy? 
— Up-Stream — To what distant divide? — Down-Stream — What stream? To what distant mouth? 
— to what sedimented shelf; or deep-water channel? 


Summary: Above & Below (twice each) + Sun & Wind (above eye-level) + Land & Water (below eye-level) 


6 ways for “Up & Down” 


4 More Slopes 
1in4, i814; 
10° (aim off, 1m 6) is 175 m per km; 
1in6oin se (1in57.3 the eae ure, butt doesnt mule up Ineary ater afew depres, whereas 1 0 dos wll afer afew degree) 


(Lin 6 is 10°; 1 in 10 is 6°); 
‘The equivalent is 5/3 in 100, 5 in 300, 167 in 1000, for use with multiplying up with the isosceles triangle angle method. 


36°, 8 in 11, is eritically unstable. 


Multiply them up, inversely 


Look in These 6 Directions — in 6 ways — Ahead and Behind 
Look Back Regularly: Is bad weather sneaking up Behind you? (p.46e)_“Abracadabara Peek behind you" (p.63b) 
ow much has the track bent around behind you? Any acute track junctions? " Can you remember this way back? 
Compare Forwards with Backwards: Do you need a back bearing? Are you Nalfway? Is your staring point visible, to get an ant-track forwards? 


'Are there any changes in the terrain, to photograph, in your mind? Have you memorised the transition, from the far side? 
Look forward — in time ~ the forecast! What is the Estimated Time of Arrival? Look Back — in time — How far have I come? 
Look ahead and behind in Upper case Time — Could you recognise this place much later, in hindsight? — What is the history ofthis place? 
Look AHEAD — Has the view changed — into a new catchment? Look BEHIND — Have you left the old view behind — crossed a divide? 
at the tarrain, the track showing up ahead, and the difficulties = De you remember the way? Could you recognise it again? 
— Look for track markers, and for trails ahead = Look behind for hidden, reverse track markers. 
= Line up two (new) marks exactly ahead to keep your direction sense. — Look for the old lined up mark left behind. 
Is it time to choose another leg, and a pair of marks lined up to it? __Do I need to find new ones behind me? 


Mnemonic: R,S,7-U,V,W,X¥-2 Regularly Reverse your nose. Start/antiStart bearing & Snapshot-Sequence your transitions 
time (+Upper case Time); The View; Way (remember it?); XYZ: X marks the Track (Markers); the (Y&Z) Leapfrog Marks =6 ways for Ahead 8. Behind. 


Look in These 6 Directions — in 6 ways — Right and Left 
Look RIGHT Through! 1. — the bushes, tothe land-form underneath; tothe contours & bedrock 
= the canapy, to the skalight beneath i 

= the frees to the mast. dstant marks, Including other tres 
= the treetops to the ky = the Moon, couds and the blue band 
= the foreground, tothe most sistant skyline horizon, whenever you can glimpse It 
= the haze, fo the skyline detalls beyond the land horizan-use binoculars too. 

9. to barely visible mountain peaks, or a second skyline & its parallax, orto islands in the haze, or the esing Moon, 
— to the most distant thing you have LEFT BEHIND on each side! |e. Have you lett behind yet? Ist ime to choose another one? 
= Nave you left behind your: handbook; air photos; track quide; track notebook? ~ No, wel, don’ just carry them ~ Look at them! 
= Have you fet anything behind at the rest stop? Ive an Important Rabl, fo ask this each time you move. 
= Look tothe right and Te, forthe contours, the naturat‘tracks', and the behaviour of the network you are crossing and leaving behind 
Things on the right have big bearings; things on the left are lesser, than straight ahead, even Tessas you leave them behind 
= NORWest & NOTLEast ~ Non needie ‘on he lef, means you are heading roughly East. (N. On your Right = Westish) 
Summary: Right Through & Left Behind 
In summary fr ll the 6 directions make sire you Check Each One Out—Thoroughly! (6 ways each) 


uz 


Look LEFT 
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and operations [200]. With denser cell deployment come significant challenges in the design of 
a high-performance backhauling system for RAN and the impact of backhaul on radio resource 
management (RRM) [70]. However, there are in existence many interesting topics to be further 
investigated which can be grouped around several problem areas [3]: user association, backhauling, 
interference management, energy efficiency, and propagation modelling, 

Moving networks (MN) are the combination of multi-hop and vehicular communications 
concepts [69,71]. The MN deploys one or several moving relay node(s) (MRNs) [175,176,251] on 
vehicles that form their own cell(s) inside the vehicle to serve vehicular users [72]. Challenges in using 
MRN are efficient backhauling, design of efficient resource allocation and interference management 
techniques, as well as mobility management schemes to exploit the benefit of group handovers for 
vehicular user equipment (UE) devices served by the same MRN [72]. The main research challenges 
related to MN concept are associated with complexity management due to the mobility of access points 
and providing a high-rate wireless backhaul link from the moving cell to the fixed network [69] 

Enhanced wireless backhaul is one of the main challenges in hyper-dense 5G networks [34,217] 
‘The performance of wireless backhaul is dictated by the environment and traffic profile of the intended 
use case [9]. In UDN except mmWave, new approaches are needed, e.g,, interface aware routing and 
intelligent resource allocation [9], as these links may occupy part of the spectrum used in the access 
network [73]. Latency and reliability of this link are important issues to be considered being prone 
to blocking and fading [69]. In any case, further research is necessary to explore TDD multi-flow 
coordination schemes to avoid bottlenecks in the downlink backhaul [9]. The guidelines for deploying 
future 5G wireless backhaul networks in economical and highly energy-efficient ways are provided 
in [74], 

D2D communication is defined as a direct route of data traffic between spatially closely located 
mobile UE [75,177,178]. The advantages of D2D communication compared with the traditional 
cellular method include the reduction of transmission latency [73,75] and power consumption [75], 
improvements in coverage [71,76,179], spectral and energy efficiency [77], and throughput, when 
power control and resource allocation methods are used [78]. The use of D2D communications has 
an overall positive impact on system capacity in cellular environments. D2D communication brings 
challenges and complexities related to interference management [79,80], QoS requirements [79], and 
resource allocation [34,215]. The design of D2D direct communication link is still a hot topic [29] 


5.7. Energy Related Technologies 


IoT applications span a broad range of domains including home automation, healthcare, 
surveillance, transportation, smart environments, etc. One of the most important obstacles for 
implementing such an impressive scheme is supplying adequate energy to operate the network 
ina self-sufficient way without compromising QoS [180]. Since energy efficiency is of most importance 
to battery constrained IoT devices, researches have focused their work on the development of the 
device energy saving mechanisms. 

Energy harvesting is a new paradigm which uses solar, thermal, wind and kinetic energy 
sources to power sensor nodes and consequently prolong network lifetime [181]. Among different 
energy harvesting methods, wireless energy harvesting (WEH) has proven to be one of the most 
promising solution for energy aware loT devices, because of its simplicity, ease of implementation, 
and availability [180]. This concept will improve some of the 5G high network communication 
requirements, like reliability of loT communications, as presented in [182]. Authors in [252] have shown, 
that the integration of social awareness and energy harvesting in D2D communication results in higher 
system capacity. Network architectures proposed in [100,253] have shown better energy efficiency in 
5G wireless network. Researchers could work on improving this architecture and integration with 
various 5G technologies in the future. 

UAV implies a flying vehicle without the driving presence of a human pilot to control it 
on-board [113]. Drones are a possible example of UAVs, although many other robotics related 
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Plus in 2 More Directions — (1.) All, Around, Appreciatively, And At 6 L’s 


1. All your senses: Listen, Smell. Look around with your other senses. 
2. Look 360° Around for the best & worst showings of colour, shine, flowers, greenery, new growth, fern fronds, lichens, trunks, branches, dirt 
Compare Ahead with Behind, & Left with Right, & upSun with down-Sun, & up-wind, uphill, etc. for direction-dependent light and colour effects. 
B.APPRECIATE  — the scenery; the colours; the contrasts; the shapes, outlines and silhouettes; the foreground movements. 
4. An Environmental Notice Time (see later box E.N.T. in REORIENT) 
5. Any LOCAL PECULIARITIES to remember. 
6. And At —thesix L's... — Landmarks ~ distances, sizes (apparent Largeness), altiudes Use binoculars. 
= Are any familar, from other walks you have done elsewhere? 
= Do the place names make any sense? — interpret them! 
= Layout ~ relative angles, compass bearings. Am I inside or outside of major landmark cirles/triangles? 
= Lie’ slope and terrain, catchment and drainage, contours and altitude 
= Lines Catchment Dividing Ridges and Rivers; Contours at right angles to the slope; Flight Tracks 
= Ligns — ‘Same direction’ Lines of Sight, or nearly so; and ‘Opposite directions’ alignments: Am I in between? 
= the fixed Aclignments . Am I left or right of major ‘igns”? 
~ Sky-Line ~ talkit through; draw It. Cross-relate all directions to each other, and to the skyline 
Summary: ‘A’ for’a.m.': 6s, with 6L's 


..(2.) Look at the Map: a Systematic Checklist. (What ‘System’??) 
“The system is 2 examine top-down. From genera to specific detail From large-scale to smal-scale. Look for the downward progression in these. 
310 location: Latitude, Longitude, Elevation. Centre of the time:zone. The inset map showing where you are on the continent. Seale & size. The overall 
width and breadth: distance of the map coverage. Grid size e.g. 10 km squares. Where you are on the map, geometrically to0. The Starting Point. The 
Relative Location—over the horizon landmarks; coastal twns N.S.E.W. of You; something NE,NW,SE,SW of you. Radio stations. Highways. Light 
sources, Powerlines. Pipelines. Place names. Visible Landmarks. False peaks. Lines ofthe land ~ between landmarks. Recognisable hill reference 
distances. Recognisable elevations e.g. towers. Grid North; True North; Magnetic North; Magnetic Variation; Yearly Drift in Variation. 
Catchments & Divides; Catehment Size; Adjacent Catchments; River Drainage. Land shopes le. Interpret the slopes, contours, the contour interval 
‘Trends and Bends ~ ofthe coast; rivers; roads; ridges; ranges; the rack. Notice any creeks wich flow backwards Le. against the tren, and why. 
What rising ground wil be visible in each direction? Perimeter features surrounding your walk e.g. aver, a range, a road, the coast, a forest. Escape 
Toutes — unplanned exits, What are the ridgeline limits of the sub-catchment which most encloses your possible ication? What Figh points are on it? 
Possible routes, Clockwise or anticlockwise? Distances. Overall catance of your route, Milestone features, * Wake-Up © landmarks 
Initial bearings to landmarks. Inia angles to landmarks. Initial horizontal angles to landmarks. Final bearings. Rhumb-line trend from start to finish 
‘Around what Obstaces? Fine details of the route. Don't forget the fine print ~ the date and reliably ofall the map details; the grid datum for GPS 
Use; the legend of symbols; colour codes; contour ine thicknesses, 


Mark the Lines-of-the-Land On Your Map 
6 Ws for Map: 


Map Checklist (above); Map-Lines (this box); (all below...) Map Alignment; East-Least West-Best Mnemonic; Map & Compass; Map-Making Methods. 


Pre-prepare your map ~ Mark in the navigational lines which the mapmaker has left out. Most of these are permanent. 
Cardinal Tracks ~ NSEW lines. Across the whole map, from the very prominent peaks; or simply covering a local area, from the local peaks 

Alignments ~ e.g. from Peak to Peak; Tower to Town; Point to Point ~ You may see two inline, or walk in between two landmarks. 

Directions to major distant features ~ (for orientation purposes) — e.g. capital cities; coastal towns 

“The Overall ‘Track’ — the RhumbLine — from start to finish. Mark this lightly; 8/or two or three obvious overall ‘legs! 

Circles of Distance Off — e.g. 5, 10, 15 km from Mt. X. 

Circles of 90° horizontal angle ~ i.e. make two landmarks the diameter of a circle 

Cireumscribed circles around (i.e. which Just include) the triangles In the triangular grid of landmarks 

‘Transmitter to Transmitter networks ~ i.e, a triangular network of major peaks; include the distances and bearings on each line. 

Flight Paths — if you can get held of an aeronautical chart — it forms a second triangular network, 

Catchment divisions. 


vrzanmone> 


Mnemonic: Four Straight Lines; Three Circles; Two Sets of Triangles; And One Very Sinuous Set. 


Mnemonics for Map and Compass Work 
+ Map Alignment 
"RLS. tne MAS 
‘A. Align the map to Sun with an imagined Arrow, and to your course with Another Arrow 
to the Landscape; 
To Identify Landmarks and to get Fix 
G.. Grip the Magnet to the Map, and the Map to the Universe; 
IN. Not "Swinging the Map” As You Turn; 
Magnetic Needle to Magnetic Worth (in four variations, “O° to North or arrow to course, Magnetic oF True); 


‘Angles Horizontal, ft over the map; 
Align the Path like landing a Plane, or align the map by aligning the Path. 


+ Mnemonic East least, West best 
ast is Least and West is Best, tells you the North which gives the bearing that is best. .e. the biggest in number; or lesser in number. 


Map & Compass 
LMNOrP: Landscape; Map; Needle; Protractor; elther one Or two at a time, but not all three. 


Map to Compass Course, Means. 
‘Map Grid to Compass Zero; Angle the Arrow to the course target; Put on the correction; 

To Gat it, use the East Least West Best Rule; 

Compare the Compass Zero to the Compass Needle; Past the Follow Me Arrow is the Course Target. 


‘Take a B.E.A.Ring: Bearings are Tracks; (Expect to have to plot a back-bearing); Arrow to Landmark; Ring to Needle and Read it of. 
Compass to M.A.P.; Compass bearing, then Compass-to-True Correction; Make it @ Back Bearing; Angle to Grid; Pencil to Paper—Draw it in 


= MupMaP: 
‘Mudmap on paper; Mark the start point on one edge; Up-arrow for orientation (Update it); by a Reference Direction (UpDate it); 
‘Maintain a trend, a long straight leg; Align the Arrow wien you stop; Pencil in the Progress, and a new leg direction. 


+ Other Mapmaking Methods ~ Use the letters of COMPASSES: 
Copy a Map Top-Down; Own Map is Valued; Mental Map—Map to Mind Navigation; Parallax onto a Running Baseline; Accumulate the Layout Blind; 
Sine-Cosine Tally of Accumulated Eastings and Northings; String Map; Exploring a Cave System Needs a Book, of Strip Maps. 
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Section 5. Navigation Mnemonic 


“N.S.E.& W.” — the four cardinal directions, is a mnemonic of fours 


IN for "North Coast” ~ all about visualising the invisible directions. 


[Name which coastal towns are N. S. E. W. 
"Sweetheart" features Name your favourite spots NSEW of you 

Encircing horizon features —" Horizon North; Skyline South; Environmental East; Landscape West 
Which-way-am-I-going trend (chumb-line), from the map, then marked onto the terrain—e.g. to behind that hillock 


S for "Shortest Shadow South” ~ all about the path of the Sun (and Moon)~the 1234 system 
= and the Sunny Skies quadrant system 
— How the Sun, Blue Band trend & ends, and your Shadow, currently lle in relation to. 


IN Highest Noon (How High?) 
'S Shortest-Shadow Souths (SH) & the two-flaps South. Coldest South isthe best reference in the SH. String South using the Sun’s Shadow. 
E Sunrise (Where?) Anti-sunrise from a string-line to the horizon. 

W Sunset (When?); Bisect them. Anti-sunset from a string-ine in the afternoen. 


E for Equinoctial East—i.e. other things astronomical, Ete 


[Needle-North-Seeking-Northern-Canada—over Red Hot tropics! 
South Pole Star (How High?) & Southern Cross (Where?) & Star-Chart octants & Star Compasses & Star Fixes 
Ecliptic & Equator & Equinoctal Precession 

W for the motion of the Pot, setting in the West (rhyme), at the latitude angle 


W for Wind West, i.e. Natural Directions. 


NN for Nature’s Norths: Rock Noon; Botanical Noon; Solar Panel Noon; Satellite Dish North 
S for Snow South; Frost South-East; Steep Gully South; Mud-in-the-Shadow South; Dead South; Siesta South 
E for Moss East-South-East 
Wind: Upwind: scorch, erosion & flats, Downwind: shelters, debris & steeps; Noise & colour from up-wind; Rumble & skyshine from downwind, 
& Weather Directions (8 see below)—Where is Wind West? What is Upwind? Upper Winds Steer the Weather (from the West) What is Upweather? 


Summary: 4 directions with 4 variations; Then finish with W.E.ATH.ER ‘After a rest, redirect yourself. 


W.E.A.T.H.E.R. — Check for Change 


W. for Wind. Has it changed — in strength, direction, gustiness? 

for Wind — in Your Face — Low on Your Left. Low winds bring the rain, clockwise. 

for ‘Weather systems come from the West" — in temperate latitudes ~ can you make a prediction? 

for the upper level steering Westerly-Wave Winds — are they deviating much from average? Are they steering a storm toward you? 

for *Wind-West” showing up in the vegetation, for when the prevailing wind is not blowing. 

for the prevailing Westerlies (or whatever) 
, for Ephemerals ~ i.e. the clouds and contrals (don’t forget this E.!) 

Have they changed? — in height, type, wateriness, thickness, darkness _— in directions —~ steering wind directions? In relation to the Sun? 
= Examine them carefully for dissipation (ie, thinning, soft edges, layering) or for building up (hard edges and heaping). 
|A. for Atmospheric Pressure Change ~ imagine the isobars across the land from the forecast. 
‘Sometimes you can see a lowering atmospheric pressure when marsh gas starts to bubble in cold weather i.e. not due to warming. 
T. for Temperature ~ of the air-mass 
H. for Humidity — the absolute one (measure the dew point — wil it frost2). Far the relative humidity try huffing to produce a fog, or onto metal 
Does the air mass humidity & temperature, speed & turbulence let you know which direction the wind must be from? 

, for Expectations — i.e. the weather forecast — test it — is it coming true? 
R. for Rain — Willit? Right? Are you Ready to move? Grab your R.aincoat and let's go... Keep looking until itis time to S.7.0.P. fora rest. 


Oriented? No? 
Rule one: Stop! getting more lost. 
Rule two: Start! getting unlost. Start navigating! Trend And Terrain—Has it changed? 
Rule three: Stay, or Steer a Straight course. Time & Tired—Does that explain your stop? 
Rule four: Don't do it again! 


Position/Placement/Progress~has it changed? 
Have you arrived somewhere? 
Is ita named feature? A campsite? A junction? 


Have you changed view? 
Have you changed catchment? 
Interpret the Why of your stop. 


Stop -Signal: Why have you stopped? 


REST and R.E.O.R.I.E.N.T yourself 


‘Take 5; a 5 minute rest; REST is a mnemonic of 5's 
RE-RELATE; RE-ORIENT; RE-member; RE-Iax; (= the 4 new RE’ before you) RE-start. = 5 RE’s 
RE-RELATE to the skyline, 
RERE for Re-Read the map, 


Lifer Re-Late the Map to the Landscape 
Afor Astronomy-relate the Sky to the Skyline 

Tfor __Trends~imagine the Trend of invisible landscapes, in relation to the Sun, and relate your current trend to a point on the skyline 
Efor Each direction clue Re-lated to Each other direction clue, especially to the landseape/skyline shapes. 


RE.O.RELENT —RE for Re-Orient the Map to the landseape, 
= 0. for Oops! Don't make logical blunders; Have questions on your mind; notice; speak up; integrate; connect; interpret. 
Observe the Overall trends and bends. 
— RIL. for Re-Visualize the Invisible (Next checklist; and see Section 1 Astronomical Overview; Include the clock-sense mnemonic here) 
Re-late yourself to the Big Picture 
— E.N.T. for an Environmental Notice Time ~ Re-late yourself to Nature — coming up. 
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Section 5. Navigation Mnemonic 


R.I. For Revisualise the Invisible (and then Relate It to the skyline!) 
‘Work down from the Biggest Picture. Work mast on the ones you cant yet visualise. 
‘Astronomy — Visualise the path of Sun/Pot/Moor/Stars, Point tothe South Pole Star; North Pole Star; the Clock-sense of stars around each Pole 
= ‘The star opposite the Sun during the Day & during the night; the Southern cross during the day; the ecliptic; the Milky Way 
= Earth rotation; Horizon rotation, horizon tral; clock-senge of Horizon rotation clock-sense ofiow stars’ movement around horizon 
= the Moon-Sun, and Eeliptic ine; The Moon phase explaining the present tidal force. See the overview atthe end of section 1 
Global — Latitude; Polar distances; Equators; Earth Poles; Seasonal Sun height; Shadow South — visualise the surorae; Antarctica} 
= North Magnetic Pole in Canada, as a "South-seeking’ Pole; Aurorae; UneqUal Tidal Bulges. "Go Overseas” p.25e. 
= Tropical countries ~ corresponding to sunrise, noon, noon height, sunset, the country under the Sun now, the time zones 
= Light & Darke halves ~ Sunrse:/sunset-circle countries; Half the are-dstance; How the horizon is shifting due to your movement. 
Continental = Weather map isobars~visualze them across the continent — the one infront of your eyes, nd on continental aerial photo 
= Lattinal wind system and pressure system helices. 
= North Coast; N-S-E-W townships; NW-NE-SW-SE features. “Walk across the Continent” p.29e. "Compass-needle Continent” p.9e 
Local — Catchments; Divides; Mouths; Mounts; Radio Transmitters; Night Lights 
= Nearby landmarks & places & highways; Home; Car 
— Perimeter features; Escape targets & Routes ~ Bird's-eye layout of your route. 


‘The standard viewpoint is “seen from above"; + Clockwise isto your right; Compass Bearings Circle Clockwise; 
‘wrong Way Go Back! Anti clockwise is ENWISE » = SWINES That's how the Sun moves in the northern hemisphere 
Lnscrewing is an anticlockwise motion (on a right-hand helix)» = Serewing in is aright-hana’ motion (fora right-hand serew) 
724 hour clockfaces have only 15° per hour, lke the Sun = “one hour = 30" clockwise, on the 12 hr clock face method 
High pressure systems circle anticlockwise in the SH = “Low! winds come clockiise, in the SH. 
Things on the Left have a Lesser Bearini “Things on the Right have a Bigger Bearing 


ho 2 
Clock-Sense 
Mnemonic 3 


6 All the solids rotate anti-clockwise, seen from the N. 


© Low stars all around the horizon follow the Sun-sense 


‘The ground under your feet shifts anti-clockwise in NH + 
7aBb So the hoRTz0n Never Heads RIght in the NH « 
88 Wind-shift due to ground friction opposes the Sun-sense » 
9 North lies between the SH Sun and the hour hand « 


(actual noon points to Sun; clockface tilted parallel to Equator) 
10 ‘The SH Sun seems to move anticlockwise.» 


11 Nose Nav’n turns everything away NOTLEast Nth on the left=£ > 
2 ‘Shadows Follow the Sun-Sens- 


«The ground under your feet turns clockwise (SH) 

“The hoRKzon SHifts RIght in the SH 

* Coriolis forces follow the Sun sense 

The NH Sun is between the hour-hand & South 
(noon-time to Sun; axis to Polaris) 

“ The Moon goes backwards, night by night (clockwise, in SH) 

CMORWest — Neadle-North on the right = heading West 

(5G can't cross a stream twice in the same flow-sense 


13 pairs of points 
e 4 


E.N.T. for Environmental Notice Time —Orient yourself to Nature 
“Take a top-down approach. 
Geology; geo-tends; geo-marphs i.e. lanaforms; geo-Norths 
Dividing ridges; dominant peak; upstream catchment size; wind shadow; rain shadow 
Season; climate type; prevailing wind, average rainfall 
Rocks; bedrock; auterops; parent rocks e.9. upstream 
Soll types; nutrient availablity 
Soil Drainage ~ good or poor; Water Sources; groundwater? salinity 
Aspect Le. which direction does the slope face, in relation to high noon? 
Living stresses? — salt, minerals, ind, exposure, fest, heat, [ow humidity, fre, flood, wet rots, pest, diseases, competion, grazing, trampling, 
disturbance, rock istabity 
‘Vegetation type; the overall density of green, and of cellulose, and the height; dominant species; associations of plant types; diversity; 
individual species; Individual plants. Polinators avaiable; seed dspersal mechanisms operating. 
Mammals; Birds; Reptiles; Insects. Drinking water availabilty, cover for animals, hunting pressure 
‘The "Natural Norhs’~ Gully North; rock North; Bush North; insect North; Dew North; snow North; ripple North; prevaling wind North 


RE-MEMBER to Note down the Names in the Notebook 


Remember the Way, and the Sequence. 
Remember to take a Notebook. Make a neat permanent copy of your notes i.e. in ink, maybe sometime later on, In your master track notebook. 
Be Bit-wise! 

Name the subsections, junctions & links. Name the peculiarities. In the name, try to include. 


“The Why, When & Where of your stop. Link & Sequence information — time, distance, context 
Lie ofthe Land Words to indicate the direction trend, & curves ~ left or right 
Visual words ~ colour, shape, alignments, curves _Descriptive words. Collect the details. Enlist the others to describe and name it. 


Give yourself something to remember — create an acrostic; craft a creative name; sit down and write up Your track notes 
Update any acrostc alliteration, And the count e.g. ofthe creek crossings, Do something numerical. Do something alphabetical 
Be vivid, clever, memorable. Do something Shapely or Geometrical there Do something Memorable there. Do something there. 

Draw the shapes, outlines & skylines. Draw the directions of ather landmarks from any high viewpoint. Take reference photographs. 


Remember most ofall to doit all ~ don’t just recite the reminders to do it all! 
Mnemonics af Fives: Remember the Way; the Sequence; Make Notes; Invent Names; Draw What You Need to 


Re-lax, and Play — Navigation Games and Activities (5 pairs to recat) 


Walk & Talk — a night walk — a fog walk — a walk off the track — climb a hill with @ small scale map & binoculars & compass. 
“Track My Trail” Cf you want lunch, you'll have to find me — give me a quarter of an hour, then track me down"). 
Keep a compass course, blind — keep a straight course, blind — on a slope? ‘Let’ all make an acrostic to remember this track by 
‘Try Orienteering — Try making @ map of a maze of trails ~ then a string map — a strip map — or a sine/cosine tally map. 
Look & Learn — "Go to the front of the line i you spot a track marker which the others have missed” In a windy place look for wind clues, ete. 
‘Take it in turns to name a navigational or orientation clue which is visible, until you have to drop out. 
“T notice... (fil in the blank). Your turn. What extra can you add (to the description, or to the clues)?" 
Guess & Test — Each of you estimate the time of arrival; the direction to the car; the distance to a landmark ~ then check the map. 
Guess the time from the Sun, Moan, Southern Cross, or other stars, then check your watch. Use your compass to check your guesstimation of North 
from the bush, gullies, rocks, a star-trail a star-set etc. Predict the tide, or the time & direction of moonrise ~ then sit down and wait for it. Predict a 
star-set position. Find your “shortest shadow’ angle today & use it tomorrow. 
Make & Use ~ an odometer from a wheel, a pedometer, a sundial/declination compass, a portable sundial, a string rangefinder, a slope-meter. 
Measure — Try some star navigation observations — Rise & set bisection; Use a plumbing; a bush quadrant; a bush sextant, 
“Test how accurately you can each use a compass. Test each compass against the others. 
& Memorise — yesterday's acrostic. Remember all the mnemonics! Can you add to any of my checklists? Have a star identification evening 
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Appendix 


Moon-Phase & Tide-Time Dial 


This is a handy tide-predictor, based on the assumption that tides will follow the moon. It shows you where the moon will be, at high 
tide. It also tells you what the moon is doing if you know the date but haven't seen the moon for a while, The deluxe version can pre: 
dic tides and phases years ahead of time, It consists ofa series of dials rotating on a single pin. 


© The idea is that many of these concentric cardboard/plastic dials rotate together once properly adjusted, and as quickly as the Moon 
orbits the Earth. They show the Moon Phase, the Sun, the Earth and the resulting astronomical tide-producing forces. 


Each disk is loosely fixed to @ neighbour with friction (e.g. a smear of dried silicone glue) ora clip or tape or a pin, to allow adjustment. 


Set it up by observation, or by tide-table predictions. Add notes, as you accumulate information about locations, tidal range, ete. 
It can be especially useful for travellers, e.g. when fishing an unknown coast. 
If the dials are correct for any one tide (spring-tide is best), they should be correct for 
“give or take a couple of hours for the smaller effect of the position of the Sun, 

‘The effect is 43% of that ofthe Moon, and can be estimated with practice—change the hour reading to toward the Sun, or the anti-Sun, 
atte, ifthe Moon is near the Sun-anti-Sun line (no more than 45° from). Local shallow water resonance effects will aio alter the 
{actual effect of the Sun. When in doubt, around neaps, try averaging the tide-time for one or two days ahead and 1 or 2 days after 

The theory is that slosh resonance, or the Moon alone, or the Sun alone, might predict the difficult tides better. 


th 


jes thereafter * 


“The hanger (outline not fully shown) is hung from the wall and also folds down behind to receive the pin on which the dials rotate 
Ie-doubles as an indicator window, and should mark five consecutive high tides (ignoring a.m./p.m.). 

The clackface is 24-hours i.e. 15° per hour clockwise, (markings nat fully shown). Think "a.m./p.m.” for the two high tides per day, no 

‘matter what the reading says. 

Each new location visited may need the clockface to be twisted slightly to allow for local tide delays. Keep a note of such settings. 

Daylight saving requires a +/~ ihr change — to relocate the Sun forward in summer, back to normal in winter. 


|e ode | 
Ban: Oe Zon 
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‘Appendix 


« Friction-ix the Moon-windowr dial (white with grey window) to the hanger, so that it maintains its position. It covers over all the other 
Moon phases. 

“The Moon-phase diagrams (29 of them) underneath that, on a separate dial ofthe same diameter, should look right for the Southern 
Hemisphere=I-e. the Sun rising inthe East, illuminating the Moon; all the phases parallel. Make the Moon-shape highly visible from a dis 
tance. Attach the Sun to the No-Moon phase, Day 0, via a transparent link; then set the Sun to the Clockface, to indicate true noon—when 
the Sun is exactly North, 

* The optional tide-type ring (showing “neaps"), set to the Moon-phases, allows you to adjust the delay after new/full Moon, before spring 
tides. 

If you also indicate which high tide is dominant—the one nearest the Moon or the one farthest—then that will need adjustment when the 
Sun crosses the Equator. I suggest that you set the top tide for the tide when the Moon is visible, to give you a visual fel for the tide pro= 
ducing forces. 


«The date-dial is 29.5(30526805) days around—the complete lunar month~and marked clockwise from 1 to 32 (only one date is shown in 
the diagram). Dial up the date, by rotating the Sun. (For a 12-hour clocklace, you would need to double the 12.19077473° per day). 
Since the next high tide will if you are looking in the daytime) be on average that afternoon, T suggest you think of the date number as 
the middle of the 23rd"-to avoid adjusting the date hand minutely for how far through the day the next tide wil be. 


“The month window is attached to the date dial, at Day 1 of the month, if you include a month setter. 
“The optional But useful month-setter dial (markings not all shown) starts at March 1, to avoid leap-year adjustments; It makes March 32 
= April 1, April 31 = May 1, and so on~spanning approximately 11 days for the year. Restart every March 1, and reset it every month. 
Tateulate the monthly positions by the day number since March 1, avoiding an off-by-one error 
(17-9°;23.6;41.6;47.3;65.2;83.1;88.8;106.7;112.5;130.4;148.3). Set the month name to the first day of the date dia 

You can also calculate and indicate a one-year increment, 129°.6327779, a leap year, 141°.82355, and a four-year Increment, 
170°.7218865. To make an adjustment, make the old date indicated by one mark on the month dial, now line up with the increment mark 
selected, so as to indicate a date in a new manth/year/leap year cycle. 


«An optional Earth ring in the very centre, can show the entire Southern Hemisphere map (not illustrated, or NH on the reverse side), and 


be set to the right longitude. Its ixed to the hanger, and to the tide-bulge rin. 
A Second ring just behind the earth can indicate two tidal bulges, one pointing upwards (or otherwise if you want to indicate the local tidal 


delay compared to the actual ocean bulge). 


Mock it up in paper, until you understand the functioning. 
Glue those paper discs onto cardboard to trial the thing for a whil 
After deciding on improvements, make it neatly, to last for decades. 

Eg. Try getting the computer to print the dial markings onto acetate, and glue that to sheets of stiff plastic. 


You can experiment with different dial orders, e.g. the date-dial on the outside of the phase-dial 


You can make room for comments, 
2.9. By expanding the dial area showing, to say when the moon rises and sets; e.9. “light from midnight onwards"—beneath each Moon= 
phase diagram 
e.g. when and where the Sun rises and sets; Mark three horizontal lines in the background for Summer, Equinoxes and Winter. 
1Le- mark them on the backfold of the hanger piece, or on the wall. Try to match midwinter sunrise time to where the "winter horizon" cuts 


the clockface, which will also suggest the approximate direction of sunrise. 
fe.g. when and where the fist, second and third quarters set in each season; Full Moon opposite the Sun, i.e. 6 months diferent; Half 
Moon Waxing is one season ahead af the Sun; Half Moon Waning is one season behind the Sun (as far as which horizon line to use). 


You will discover that an invisible connection needs to be made between the outer top window and the inner window and dials, so that they 
do not rotate with the other dials. One way to do this is to push the pin through a piece of rubber eraser, and glue that rubber to the dal 
[Another method is to have a square pin, and key the inner dials to it, while using round holes for the rotating als. A third and simpler 
‘method isto have a transparent link from the centre, over the top of the other dials. You do not want the hanger to obscure any diagrams 
fr dials which need to be visible. 


‘The Time and Date dials are the indispensable ones. Instead of dialing up the date, you can use a normal clockface (12md always on top) 


and an hourhand to point out the next tide; you point the pointer at the date. On @ 24hour clock-faceit can be made like a + sign, to point 
fut all 4 tides that day. 


Here isthe simpler alternative version, showing an 11:30 high tie on the 19th 


‘Appendix 


Divide the Star Globe into 8 Octants—and Learn the Stars in Each 


‘The three dividing great circles are the Equator, the Ecliptic, and the Milky Way Galactic Plane 
‘A star may be North or South of each line, or on one or more of them. The lines on the backside of the globe are shown dashed. 

‘The labels refer to the three lines inthe order given. Six of the octants show in the front view with the two in parentheses on the back. 
Verity each label before you start. E.g. NSN = North of the Equator, South of the Ecliptic, North ofthe Milky Way. 

Compare with a good star chart e.g. out ofa large atlas, as ths is only a memory aid 


Polaris The Milky Way Crosses the Equator 
ft the centre of 
Procyon-Sirius-Betelgeuse 


NNS—The Great Square, ete. 


‘Summer (Northern) Solstice 
Elnath to Gamma Geminorum, 


Nss 
Aldebaran 

Betelgeuse NSN 

Bellatrx Procyon 

Menkar Gamma Geminerum 
sss SSN 

Pat ‘The Centaur 

Big Dog Antares 

Canopus Spica 

Diamond Cross Corvus 

False Crose Suhail 

‘Acamar ‘Alphard 


‘Achernar (central) 
Magellanic Clouds 
South Galactic Pole 
South Pole Star 
Diphda 

‘Ankas 

Fomalhaut 

The Crane 

Peacock 

‘The Archer 
Scorpion’s Tail 
Ate 


between SSS & SSN 
Southern Cross 
Southern Pointers 


‘South Pole Star 


‘The Southern Figure of Eight—Two Star-Circles—joined by the backbone of Canopus—Achernar—Fomalhaut, a straight line 
(not to scale; consulta star chart to verify each star, then find them in the sky) 


Fomalhaut Canopus 
Achernar ‘Acherar (find Acamar on the way) 
Canopus Fomalhaut (find Ankaa on the way) 
Sirus | 


Great Square (Hind Diphda) 
‘Avis, the Ram 

Pleiades, The Seven sisters 
Aldebaran, in the Bull 

The Pot, Orion’s belt 

Sirius, inthe Big Dog 


Orion's belt | these 3 are also straight 
Aldebaran | 

Pielades 

Aries 

Great Square 


Around the South Pole Star 
‘Canopus (find Acamar next) 
‘Achernar (find Anka next) Ach.-Fom.-Pek 
Fomalhaut form a triangle 
Grus, the Crane, with Alna'ir to find AiNair 


Milky Way 

Ch=Pointers (alpha and beta Centauris) 
Southern Cross 

Diamond Cross 


aoe Mone einen) Saree 
yyy ys Dorie ey rnycuy eee 
tint Spies) 
Setar Coss (Nn Cons, the Crow) 
Vise in ts etrey in Otober ps or mins few months. find as) 


Diamond Cross, False Cross, Canopus 
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Divide the Star Globe into 8 Octants—and Learn the Stars in Each 


“The smaller groups, and the crossover points, are worth learning, because they show you the three lines best 


NNN 
Alkaid (central) 
Capella 
Twins 
North Galactic Pole 
Big Dipper 
Little Dipper 
Polaris 
Arcturus 
Alphecca 
Rasalhague 
Draco 
Veoa 
Deneb 
Most of Leo Polaris ‘The Milky Way Crosses the Equator 
(Regulus adjoins NSN) at the extension of 
Beta-Delta Aquila (see p.15¢) 


‘Summer Solstice 
Between Aldebaran & Pollux 


‘Autumnal Equinox 
Between Spica 
‘and Regulus 


NS 
Altair ae 
Eni 

Great Square 

Mirach 

Almach 

Algol, Mirfak 

Aries 

Pleiades 

Elnath 

(Caph, Sehedar, Ruchbah) 


Spring Equinox 
between 
Diphda & Markab 


sns 
Beta Aquarius 


Winter Solstice 
Nunki to Sabike 


‘SNN 
Zubenelsherali 
Sabik 

(Zubenelgenubi adjoins SSN) 


South Pole Star 


The Zodiac i.e. the constellations along the ecliptic. In order of appearance. Not all of them are bright or obvious in shape to look at 


Mnemonic: Are Tall Twins Cancerous Leo? Virginal Liberated Scorpions Shoot Capricious Aquarium Fishes. 
Tre: Arles, Taurus, Gemini, Cancer, lon, Virgo, Libra, Scorpio, Sagittarius, Capricornus, Aquarius, Pisces 
Ram’ Bull Crab Scales Archer Goat Water-Carrier 
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Apprendix 


Morse Code & Rhythm Mnemonics 


Dit/Dah/Pause is an extremely flexible system. Adapt It to torchight, sounds, sewing stitches, body movements... lot of fun forall the family. 


if dit = one time unit; then Dah = three dits long; the di-Dah separator = one time unit; letter separator = three units long; word-separator = 6 
Write, Signal... Special Meanings (only for reference) 
A 
8 Bbi-bi-bips = Dah ai ai dit Fog Horn: 1 am under tow 
© Cis Sea-sick = Dah di Dah dit Between ships manoeuvring: 1 acknowledge your signal 
(Capital letters for a Dah syllable; lower case fora dit) i.e. You may overtake on the side you indicated 
D Dee didit - Dah ai dit Fag Horn: restricted manoeuvrability; deep draught; sailing; et. 
a) it Tam altering my course to... Starboard 
F FF Forfeit. # Fore foot a di di Dah ait 
G  GeeGeegit GoGoget — __ Dah Dah dit 1 intend to overtake you, to Starboard 
Ho netsh didi di ait {intend to turn completely around to. 
Fog Hom: Pilot vessel on duty 
1 sit ai ait Tam altering my course to... Port 
3 al Goes tay = di Dah Dah Dah 
KK forkay = Dah di Dah 
Lan ELL leph’nt /in ELLement /inéLLegant ._ di Dah di dit (draw out the Ell sounds) 
Mo MyMy = Dah Dah Fog Horn: “under power, not making way" 
N Noen = Dah ait 
© GhOhon Beast Dah Dah Dab 
Pap Goes pip i Dah Dah ait 
Q@ Forms a Queue nuke Dah Dah di Dah (to the tune of "Here Comes the Bride’—Queue up to get married!) 
Ro anRdits = oi Dah ait 
S ses ess ess ess ai i at Lam under Astern propulsion 
T Tea 2 Dan Fog Horn: “under power, making way’ 
U itisu x ii Dah 
vo oviv'v'vee 2 di didi Dah (to the tune of Beethoven's V) 
Wa White Wine 2 World War ES ‘di Dah Dah 
X EX mimics Pll ex's Hurt “ite ah ai di Dah (drawl the EX, to lengthen itn the first, not in the second) 
Yo Whyisv¥? eae ah di Dah Dah (say the is’ quickly) 
2 Zee Goes 2-2it Zees Go zi-zit __ Dah Dah di cit intend to overtake you, to Port 
0 _itisutoo (this pairs to Zed) a didiDah Dah (U umlaut or U diaresis. Invent a meaning for it.) 


: For Learning, repeat each letter thrice. 
By the time the other person recognises the first, the second has finished and he is waiting to check it out against the thir. 

No No No No No 
it Carts Four More Dah 
itis Two Two Two 
i di di Makes Three 
i di didi Four pitter patter4 (your puppy's feet) 
fit‘em ina mit (your five fingers, that is) 
Five si~ si~si~ si 
Five Seeks seven dits (=567dits drawled on the 6) 


888 bi bits (Sbinary bits ina byte) Z 
9999 nips 

Long dash Daaaaaaaash ——- €.9. (Fog Hom or car horn) before you enter a blind bend! 
Error itien't a bit of it Between yachts: "I do not understand/agree with your intention/action” 


Colon Now Here Comesin alist 1” 
Learn the next ones in pairs i.e, swap dit for dah 


‘a STOP a STOP a STOP, ((.e. dontt pronounce ‘stop’ as short) eed 
} SEMI SEMI SEM: (ice: draw! the first syllable) mage 
‘These 2 shapes are convex to the right 
GoGo comma Go Go Dah Dah di di Dah Dah <2 
2 did he Dah Dah did he? did 'e Blah Blah aide ate 
‘These 2 come in pairs normally 
‘2 Quote is a Speech bit i Dah di i Dah ait em 
(Here's the Blah Blah bit Here There's the Blah lah bit There eoeere 
‘These 2 are in the middle of a word ..hyphen and apostrophe 
eI piteh in the middle Daash (CHyphen’ starts with an ‘aitch) Bile 
+ eSaves all Those Hard bits di Dah Dah Dah Dah ait aa 
1 Slaash ¥ divide (Crawl the first vowel) Slaash is a Slaash bit There was the Whole bit _ 
A anASharp an a You could use it for "Repeat": re Peat Whole re Peat whe 
E tise a-cut(e) = ‘cute is eut short (You could use it for “Bad Reception”: cannat Hear the bits) 
fi Nya nya ny Nya Nya LINZ Gwith thumb to nose, fingers waving) “ny” sound (I use enya for "Do You reCeive Me") 


SOS a bit of ‘Save Qur Souls’ isn't it? (no letter breaks; repeat regularty) re na =- +. (Life & death only) 
XXX Come quickly Come, Came quickly Come, Come quickly Come All ex's Hurt All ex's Hurt All ex's Hurt (When you Need urgent help) 


Signals procedures, developed by hard experience, short circuit a world of miscommunications ~ stick to them. 1.e. learn them too. 


Ym Looking For Talk; QQ CQ; Calling Calling all Radios; Hear ye Hear ye All AuditOrs; Tune in Tune in Lena Me y'r Ears 
From; D, Ej De = French for from Heard of it; fm Dah-di-t ait 

Go Ahead; invitation for anyone to transmit; K Callin Now 

Breakin B, K Break in to it; Make a Break ("BK DE (identify yourself)” = “let me use this channel”) 
Starts; Attention; Message Coming Startit Start it Now Start of My bit Now. 

End of Paragraph; Pause; new thought; double dash Pause fitisNew 

wait ‘a Wait Fra bit aa ‘You could invent "Speed up All Your Work’ to pair with it 

Over; invitation for your contact to transmit Over YourTurn stop _..__.. (to start a person-to-person contact: ###DE### Over) 
End of Message in trafic; not end of contact; not clear of station the End of My bit; ‘con Clude con Clude it 

R; Roger; Received and Understood all of Message 

End of Work; but still on air; clear of contact, Ik isthe End of Work (to the tune of...here we go Out to Play) atm 

Clear ofall contacts; shutting down; Clear of Station; CL. Clearit Cear it, Clear of t 

‘Add your own signals for procedural or other matters. E.g. Please repeat my message back to me for a check” “Adjust the beam left” 

A anwand “-— anA‘mLaut It pairs to C Invent a use for it ike "i Don’ a-Gree" to be opposite to C, 1 Agree 

A anAanAtoo TI an Aan Aang strom 

Xhi Ki Khi Ki Khi = K-H-Like-H soft Kh sound (I use it for “toe. T+0, after DE“from") ef Ree Call All Souls 


0" Ohohon ait Goe= Goe= Goethe It pairstoV You could use it to say Sorry 


North American Morse is somewhat similar. There is also a Japanese version. Morse is no longer supported as International 
120 


Appendix 


Semaphore Signalling Code & Mnemonics for it 


Semaphore isa clockwise system, as viewed by the decoder, and it starts from below. 3 5 
When the two hands can't be seen, that isthe neutral position, used fora Pause 

‘The black square represents the signaller’s body; the line(s) are his arms) 

‘The numbers 1-9 and O are the same as A-1 and J, The first 7 single-arm positions MM are shown... 2 6 
You can tell the difference, because the signal “numbers coming” precedes a number, 

and a “pause” follows the end of the numbers. 


One arm, pointing up, therefore is either D or 4, D 
‘Think of God as the 4th Dimension to your life, and remember ‘up’ as "4D" 
Or ift sticks in your memory, think perversely, that "Up is fo(u)r D.own!?" 

[Learn the letters in symmetrical pairs; 


Here is 2 °B Flat” mnemonic, One arm flat is either a B (lat) or an F (flat) B 
"2 be or not 2 B?” and a °F Sixth chord” might help you remember the numbers. 


—_—i — 
Wave the C to say "Replying", Wave the E to signal “Error c 
(cf Morse °C” for “Acknowledge” 
‘The odd number positions are diagonals. 
1,3,5; 7.. One is an ACE isn't if? And Diagonal has @ G in it doesn't it? a a 


G7 chord to follow the F Flat minor 6 
‘ABC = 123 is easy enough to see, and SE follows 4D makes the E position easy 


2 Hands. 


Roger" is simply an indispensable signal to learn... it means "Yes, T understand, OK, Received” hp 
For Learning: Acknowledge every letter understood, with a Roger 
2 Hands Straight L 
‘Think “Long, then Left down = Slash down or Left up 
e 


2 hands in a catching formation, above the head. 
Shout “catch iT...” and think "..Tee—numbers coming’ 


2 Hands in aslip-catching formation, to one side. 
Shout: "HOWZ"at! 


You are meant to wave black and white flags around, 
but usually you make do with opening your palms, 


Only be careful to position yourself against a good 
uniform backaround, 
‘aitch rhymes with eight 8 4H Z 


Zhands at a right-angle 


“ya gotta have the Right PyJamas" (°P2"s) 
3 the tenth letter is used for Zero ABCDE FGHID 
is notin alphabetical order, because in the Semaphore Alphabet J comes after # P Jo 


Zhands at a right angle, Vee-shaped, up or down. 


Can you see the shapes of the lower case letters n and u in them? 
‘To attract attention wave U, to say "Message Coming’ N u 
Zhands, like a Roman Numeral Five on its side. 
and X are Roman Numerals too. The I's used for numeral 9 (IX) in semaphore 
‘The X looks like the right-half of the X 
So It sort of goes, left to right “nine, ten 9 I x 


Zhands flapping and banking. 1.e. a shallow Vee formation. 
SMY Queues" isthe clockwise mnemonic 


But YQ is not in alphabetic order (like PJ, the only two cases) 


ue da tor uw by saat —_—_ 4 
M ? S 


From the sky, down to earth come... “KiloVolts” (or “KillerVolts") 


You can follow the clockwise logic of Semaphore if you leave out the JVWXZ til last 
Pause, ABCDEFG, HIKLMN, OPQRS, TUY/, #1V, WX, Z 


Make each in turn to see the progression K 


aa 


Appendix: More symbols for Map-MAKiNG userui for mud-maps, or for track notes. 


DOR area e ‘ 2 
08x /47Y 17/743 SUYPROUVAA A £50 


In turn these are: 


[A Context Entry; Surroundings; Overall Perspective. E.9. catchment and drainage. IV's a chance for a general note. 
[A Stop. Expect reason like Lunch 

‘A Location. Expect a description. 

Crossing. This might be a crossing ofa ridge, river, road, canal, boundary. Expect notes on what is to left and right. 


Leg.” The first of the 2 main reasons for an entry: either a hew subsection (leg) or the location between two sections in its own right (next symbols) 
Overlap-section between legs. This is a memory aid, to sequence subsections, to remind you how individual sections join to each other. 
Change of legs; new subsection; = notes on the changeover, rather than on the next section, 


Junction (¥ for ¥ junction, but used also for other junctions). ‘This might be a ‘natural’ junction between ridges or creeks; or an intersection of paths. 
‘Viewpoint; Change of view; First glimpse; Last glimpse (I for Eye’) 

Comer 

Bend 

Curved section beginning; Arrow shows clock-sense. This one is 2 Right-hand bend. 

Curved section ending; Arrow should show same clock-sense as previous one. This one ends a left-hand bend. 
Change from left-curve to right-curve 

Break of slope 

Feature 

Special feature 

Ridge; Crest 


Saddle; 
Valley; creek-bed; Gutter 
Tent; Campsite 


Peake 
Fix 


cite Boundary walks: fenceline;rallwayline; road; path; crcumnavigation; shoreline 
Creek Use symbols which work for you, e.g. Rise or Set direction. Add your own, e.g. Hut 
New grid square 


The second symbol ought to show the main direct 


7 beh LETHE ST THT] 


‘Trending half left from that landmark (write the name of the landmark next to the arrowhead). Useful when following @ windy path 
Maintaining half right of downwind; 

‘Walking the crest down ridge — Progress is assumed to be ‘Up'wards on the page. 

Leg. 

Trend direction (for when the terrain is up and down, left and right) ("' for Trend), 

Named landmark; General purpose arrowhead; add the name and the bearing 

Peak 

[Antispeak direction (e.g. as mentally marked on the skyline opposite the peak) 

Up-Slope. 

(One arrow for ‘below average’; Two arrows for ‘average’; three arrows for ‘above average’ ~ low; medium; high. Use this for other things too, 
Compass needle North, modelled after the symbol for North 


\n clue, followed by subsidiary ones as a third symbol 


Up-Sun 
‘Shadow; Down-Sun 4 
Wind source; Unwind. Use the 1-2-3 code for strength. This one is ‘above average’ 1,2,3 for size and importance 

Down-stream river flow of junctions. 3 


Up-stream (to a peak) (useful when ‘downstream’ is behind you) 

Moon direction 

LUp-Ridge; The direction of the highest skyline through the vegetation, i that is all you can see. 
Down-valley. The direction ofthe lowest skyline when that is all you can see. 

General Drainage trend (down the valley to the river mouth) 

Up-Weather; Low cloud Source direction; Cloud Source (when only one set of clouds is visible) 
Down-elouds 

Alto Clouds source direction (make the circles lufier than I can show) 

Cirro-clouds source direction 

Glow at night 

Ragiosaull (from the symbol for an antenna) 

Trend of some feature lke the coast — write in the details 


‘The notebook might be set out as follows: The first line across a narrow notebook isin informal columns; the second is for written notes. 


Time 5 Reason é Trend Directions =; © Times; neces; Grid 
Flin a number Use the top symbols Use the main clue__—smake arose of others elapsed time total elapsed 29. AS 
Ifyou don't leg time last leg length 
havea wateh Start with an ‘Overall lst time lost distance 

total ime out total diversions 
Sequence is a et walking time net progress 
primary need (Use abbreviations, e.g. NWT, or dedicated columns) 


(Do your calculations here at leisure) 
Now write across the next line(s) the name; mnemonic; description; comments 

‘The description of a cross-country leg could include the side or flank, hand, clock-sense, break, steepness, difficulty, curviness,hillness, perversity, ter- 
rain, contours, topography, view, what you cant see, skyline, traffic Intensity, track-markers, their age, rock type, Sel type, vegetation, biology, colours, 
peculiarities, reference to another page of the notebook to a diagram. 

‘The more you include in the symbols, the less you need to say, and the easier itis to read later. 
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applications could be part of this application group [113]. UAVs can play a vital role in IoT scenarios 
where devices are unable to transmit over a long distance due to their energy constraints. In 
this case UAVs play the role of moving aggregators which fly toward one IoT devices, collect 
the data, and transmit it to other devices [$1]. In [183] authors presented UAV-based floating 
relay (FR) for cell dynamic and coverage improvement. Deployment of unmanned aerial base 
stations in 5G heterogeneous architecture can improve throughput [254], coverage [183-185,254], 
connectivity [184,185], and 5th percentile spectral efficiency [254]. On-demand wireless systems 
with low-altitude UAVs are in faster to deploy, more flexibly reconfigured, and likely to have better 
communication channels due to the presence of short-range line-of-sight links [186] when compared to 
terrestrial communications or those based on high-altitude platforms. The utilization of highly mobile 
and energy-constrained UAVs for wireless communication introduces many new challenges [186], 
some of them are listed in [82]. To effectively use UAVs for IoT, several challenges must be addressed 
such as optimal deployment, mobility and energy-efficient use of UAVs [81] 


5.8. Other Technologies 


Along with the aforementioned technologies, a lot of research attention is devoted to technologies, 
such as mMIMO, visible light communication (VLC), SIC, vehicle-to-everything (V2X), ete. 

mMIMO technology [73,123] promises significant gains in data rate and link reliability [187], 
reduces latency and energy [13], simplifies media access control (MAC) layer [13], shows robustness 
against intentional jamming [13], unintended man-made interface [83], and increases capacity [127,198] 
due to spatial multiplexing [123]. Reliable links are provided by benefiting from spatial diversity 
and the mitigating effects of fast fading, beamforming, and zero forcing caused by multi-user 
interference [203]. The mMIMO can be exploited to extend the coverage of higher frequency bands 
by relying on beamforming gains [200]. Other specific benefits of mMIMO system are: increased 
capacity 10 times or more with simultaneous improvement in radiated energy efficiency in the order 
of 100 times, the possibility to use inexpensive, low-power components, the reduction of latency on 
the air interface, and multiple access layer simplification [83]. The low complexity mMIMO uplink 
scheme for IoT lightweight devices is presented in [188]. The performance of practical mMIMO system. 
needs to be investigated, since the research community pays attention to analyzing the performance of 
mMIMO in an ideal channel state information assumption [73] 

VLC is a growing technology for short range, high capacity LOS optical links [189]. It uses a 
visible range of the electromagnetic spectrum (370-780 nm) which provides data transmission and 
room illumination using light emitting diodes (LEDs). Prominent features of VLC are an abundant 
license-free spectrum, the ability to provide multiple gigabit-per-second data rates, low energy 
consumption, and low implementation costs [190]. VLC is sensitive to sunlight and is not able 
to work long range without LOS. Since VLC coverage is LOS limited [84,191], this is known as 
LOS blocking [192]. With poor performance in non-line-of-sight scenarios, VLC networks fail to 
provide convenient UL coverage at the current state-of-the-art, and each AP illuminates only a small 
confined cell compared to cellular RF networks [192]. VLC applications are expected to include 
IoT, wireless Internet access, and vehicle-to-vehicle (V2V) communications, broadcast from LED, 
M2M communications, positioning systems, and navigation. The problem of how to provide mobile 
applications over VLC is still quite an open one [189]. 

SIC implementation enables low-latency applications in a cost effective manner [132]. SIC 
can be used to increase link capacity, spectrum virtualization, any-division duplexing, novel relay 
solutions, and enhanced interface coordination [132]. Practical SIC implementation is still in the 
investigation phase. 

‘V2X is the communication between a vehicle and everything with which it might interact (e.g., 
other vehicles, traffic operators and service providers). It is used in conjunction with D2D for coverage 
extension and latency reduction in 5G networks [255]. V2X communication might play a vital role in 
terms of implementing smart and efficient traffic solutions [193], improving road safety, traffic efficiency, 


Appendix: A List of Star Coordinates. 


commen Name (s) Dee. 
69.72 

"69103 

"63.10 

Kentaurus/Toliman — -60.84 
/agena *60.37 

159.69 

159.51 

‘Aspidiske — /Tureis 159.28 
‘Achernar 157.24 
Gacrux ‘sz 
Peacock 156.74 
k Velorum *55.01 
4 Velorum *54.70 
fe Centauri "53.47 
Canopus. 2nd brightest “52.70 
Mulan "48.97 
Regor 147.34 
Alna'ir "46.96 
bonus "46.88 
Suhail falSubail —-43.43 
‘Akrab/ Sargas /Rastaban Se. -43.00 
‘Ankas "42.31 
eta Centauri "42.16 
Naos “40.00 
kScorpii (not Akrab) —_-39.03, 
Shaula ‘37.40 
i Puppis "3740 
Menkent (not Menkar) -36.37 
Kaus Australis "3438 
e Scorpit “3429 
‘Ascella /Nushaba 20.88 
Fomalhaut "29162 
Aludra "29.30 
‘Adhara "28.97 
‘Antares "26.43 
Wezen "26.39 
Nunki "26:30 
Dschubba "22.62 
Diphda {Deneb Kaitos -17.99 
Mirza fMarim “17.96 
Acne Yarnebo "17.82 
Sirius {Beg (brightest)-16.72 
Sabik "15.72 
Spica 116 
zeta Ophiuci "0/57 
Saiph 09.67 
Zubenelscherali “09.38 
‘Alphara co.66 
Rigel not Rigil K. 08.20 
Alnvtak S. belt *01.95 
Ainilam = Midbelt’ = -01.20 
intake Nebelt ‘00:30 


SAKA. 


221.70 
307.83 
473.35 
340,10 
349.08 
168.07 
234.37 
220.72 
335.56 
iia 
053.60 
219.46 
228.82 
355.02 
264.01 
169.62 
237.61 
027.95 
019.34 
223.01 
095.67 
353.43 
Frriers 
239.10 
094.38 
096.60 
250.71 
148.33 
083.96 
107.46 
074.36 
015/59 
248.97 
255.34 
112.65 
252.90 
076.18 
119.91 
349.11 
264.33 
276.82 
268.72 
302.41 
358.70 
310.72 
273.06 
130.75 
218.10 
201.37 
274.80 
275.98 
277.00 


Constellation 


b Carinae 
2 Triangull Australis 
a Crucis 

8 Centauri 

b Centauri 

b Crucis 
Carinae 
Fcarinae 

a Eridani 

9 Crucis 

2 Pavonis 

i Velorum 

4 Velorum 

fe Centauri 

2 Carinae 

9 Centauri 

9 Velorum 

2 Gruis 

bonus 

1 Velorur 
theta Scorpit 

a Phoenicis 

feta Centauri 

2 Puppis, 

k Puppis 
'Seorpi 

pi Puppis 

th Centaur 

e Sagittari 

fe Scorpit 

2 Sagittari 

8 Pisels Austrinis 
feta Canis Majoris 
canis Majoris 
2 Scorpit 

6 Canis Majoris 
5 Sagitari 

6 Scorpit 

bees 

Canis Majoris 
a Leporis 

3 Canis Majoris 
eta Ophiue! 

a Virginis 

zeta Ophiuci 
keOrionis 
bLibrae 

a Hydrae 

b orionis 

21 Orionis 
 Orionis 

6 Orionis 


Precession of the equinoxes: 


Stars drift about 4° of position relative to the (0,0) reference star, in 72 years, because it moves to the WNW along the Ecliptic. See p 33b 
“The third figure will therefore become off by one after 10-20 years. E.g. Mimosa used to be ~59.59; Atria used to be 108.30 

One degree of latitude or declination 

(The actual change in Declination depends on its relationship to the Northern Spring Equinox point ~ see below.) 
One degree of SHA = 60n.ml. at the Equator; half that at 60° Lat. ; 1° reduction in 80 years is about 3 seconds later In timing per year, or 1.4 km 


max, at the Equator 


23°%8 triangle 


te 


‘60mm 


100 brightest stars 
Declination is equivalent to Latitude. -rn = South; +nn = North 
Siderial Hour-Angle is equivalent to Longitude West of Zero. 


‘common Name (3) Dec. S.HLA. Constellation 
Polaris N.Pole Star +89.26 (322.06) a Ursa Minoris, 
kochab 474.16 137.32 b Ursa Winoris 
Alderamin 62.59 040.35 a Cephei 

Duhbe $61.75 194.07 a Ursa Majoris 
Navi fein +¥60.72 345.82 9 Cassiopeiae 
Ruchbah sora ¥60.24 338.55 d Cassiopeiae 
Caph ++59.15 357-70 b Cassiopeiae 
Schedar _-/Schedir_ ©=—«=—«+56.54 349.87 a Cassiopeiae 
Merak $56.38 194.53 b Ursa Majoris 
‘Alioth $55.96 166.50 e Ursa Majoris 
Mizar (+Alcor nearby) $54.93 159.01 2 Ursa Majoris 
Phecda +¥53.69 181.54 9 Ursa Majoris 
Eltania fetamin ++51.49 090.86 9 Draconis 
Mirfak ++49.86 308.92 a Persei 

Alkaid (Benetnash 449.31 153.12 eta Ursa Majoris, 


cap “$46.00 280.83 a Aurigae 
Deneb (not Denebola) $45.28 049.64 a Cygni 
Menkalinan $44.95 270.12 b Aurigae 
Almak (mlamac —_+42.33 329.02 9 Andromedae 
Algol $40.96 312.96 b Persei 
Sadar /Sadir /Sadr $40.26 084.45 9 Cyan 

Vega +38.78 080.76 a Lyrae 

theta Auriga 437.22 270.07 th Aurigae 
Mirach 435.62 242.57 b Andromedae 
Aljanah 433.97 048.45 e Cyoni 
Castor twin 431,89 246.34 9 Geminorum 
Alpheratz —/Sirrah +29.09 357.90 a Andromedae 
Elnath ‘wath 428.61 278.43 b Tauri 
Scheat (Schert +28.08 014.06 b Pegasi 
Pollux S. twin 4428.03 243.67 b Gerinorum 
Tear 427.07 138.75 e Boots 
Alphecca Gemma_—-—++26.71 126.33 a Coronae Borealis, 
Hamal 423.46 328.20 a Arietis 
Sheratan /Sheratain. +2081 331.33 b Arietis 
Zozma (osma 20.52 191.47 d Leonis 
Algeiba +19.85 205.00 1 Leonis 
‘Arcturus 419/18 146.08 @ Boots, 
‘Aldebaran (not Alderamin) +16.51 291.01 a Tauri 
‘Alhena +16.40 260.56 9 Geminorum 
Markab 415.21 013.82 a Pegasi 
Denebola 414157 182.73 b Leonis 
Rasalhague 12:56 096.27 9 Ophiuci 
Regulus 411.97 207.90 a Leonis 

Eni 409.88 033.96 e Pegasi 
Altair ++08.87 062.31 9 Aquilae 


4407.41 271.20 a Orionis 
406.35 278.71 9 Orionis 

Procyon 05.22 245.17 a Canis Minoris 
‘Vernal Equinox, defined as fixed 00.00 000.00 ‘the first point of Aries’ 


Figures are from Epoch 2000.0. 


{i1km; so a maximum change in 0.1° over 18 years represents 11km, or about 0.6km per year, max. 


_>-Eclipic The first point of Aries moves along it at about 50 seconds of arc per year (5/6° in 60 Years) 


Declination change of 1/3 minute of are per year (20 secs of arc) 


Equator "4s" |___SHa change of 46 seconds of arc per year 202 + 462 = 50? 
6,0) 

If you set your star watch by the actual visible stars each year, you eliminate E-W ‘precession’ component, and are left with only the drift in declination. 

So itis of Some worth to be able to predict how that rate of change in declination depends on SHA. 

Obviously Stars to the North of Aries lose Northern dec, atthe ful rate. Stars to the South must gain Southern Dee. 


Stars opposite Aries (SHA= 180°) do the opposite. Stars exactly in between are unaffected (SH) 


0° or 270°), 


‘The rate forall cases follows the cosine of the SHA. E.g. stars at 60° SHA will have 50% of the full dec adjustment (of 1/3 n. mi. per year) 
‘Take care with Polaris, since itis too close to the Pole. 
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appendix: Drawing Great Circles 


First, bisect a globe 
Two equal halves. 


Put the halves back together: 
Notice the ellipse, 
The backside is dashed. 


Draw it symmetrically around the centre. 
Use flat ends to the ellipse, 


Choose the clearest perspective 
E.g. 1. Rising/ setting is 90° away, so put yourself in the centre, surrounded by a 90° circle. Z Is used for your Zenith — overhead. 
E.g. 2. Look at the Equator side-on to make it and the latitude circles straight. 

E.g. 3. Centre on the pole, to show up the polar distance. P's used for the Pole. 

Eg. 4 Curve away from the centre. Ifin doubt, draw the whole ellipse and discard the unwanted parts. 

5.A Great-circle can be drawn as a straight line. X is used to mark the position ofthe Star/ Sun/ Moon/ Planet 

6. Draw the ‘Vertex’ of the course as a tangent to the maximum latitude smal-cirde. 

7. The vertex can be drawn side-on, 


The PZX spherical triangle 

8. Deliberately avoid straight lines to show up the curve ofthe triangles 

Ba, ZX s the angular distance from you tothe star, or the co-height. 

8b. Px is the polar distance or co-detination toa point directly underneath the str. 

8c, Pz Is the polar distance or co-lattude of your position, 90° ~ Tat. 

8x. The angle 2PX, or", Isa longitude dference ~ between the SHA ofthe star and your West ongitude. A longitude difference Is a time delay 
£88, The angle PZX is 3 horizontal direction relative to P, towards X. Technically called ay “azimuth 

88C. The angle PAZ is similar but oly meaningful lf there were someone under the star, looking toward you. 

9.4, 8, Cond a,b, care used to label angles and sides of any spherical Wane; I's up to you to know which ones label what 
10. Draw a full 180° to show up the supplementary angles. 

11. Draw the Equator cutting East and West of you, 90° away. Mark any right angles, and the complementary angles. 


‘The PZX navigational triangle conforms to @ handful of standard fundamental spherical trigonometrical formulae. 


The Angle Sum ‘ab and A+B are both greater than, or both smaller than, or both equal to, 180° 
The Sine Rule: ‘ina/sin A= sin b/sin 8 = sin c/sin C= constant. Ambiguity (about obtuse angles) can be resolved by the angle sum rule. 
The Polar Triangle Rule: abeABC can all be swapped for the supplement of the opposite members. 
E.g. "8" becomes '180°—A';°B' becomes "180°—b', and the resulting formula is stil valid. E.g. the sine rule simply inverts 
The Cosine Rule: cos a= cos beosc + sinb sin ccos A 
The Polar Cosine Rule: cos A= — cos B cos C + sin B sin C cose 
‘The Four Parts (in a row) Rule: e.g. AbCa or aBCA in the triangle aBcABC or aCbACB. You can find the 4th (outer) part from the first 3 
0s (inner side) cos (inner angle) = sin (inner side) cot (other side) ~ sin (inner angle) cot (outer angle) 
Ifyou want an inner part, use the sine rule and angle sum rule to find the Sth part, then go to the half-angle rules. 
The Five Parts Rule: sin 1 cos'2 = sin 3 cos 5 + sin5 cos 3 e0s 4, where 4 isa side. It gives you any but part number 3, from the other 4 
The Polar Five Parts Rule: sin 1 cos 2™= —sin 2 cos S 4 sin 5 cos 3.cos 4, where 4 isan angle 
The Half-Side Rule, to find the middle of 5 parts, when the middle partis a side: halve each side and angle first 
tan (half side) = tan (half sum) cos (half sum) / cos (half difference) ; tan refers to sides, sin and cos to angles 
= tan (half difference) sin (half sum) / sin (half difference) but this introduces order-ambiguity because ofthe sines. 
Rule to find the middle of 5 parts when itis an angle 
cot (half angle) = tan (half sum) cos (half sum) / cos (half difference) 
= tan (half difference) sin (half sum) / sin (half difference) 


The Half-angi 


‘Make North and West positive, and East and South negative, and the formulae automatically work on PZX for angles up to 360°. 


The formulae simplify where a side or an angle is 90°, since sin 90°=1 and cos 90°=0. 

Napier's Rule: 

The rules for right-angled triangles and right-sided triangles are simplified when the 5 other parts of the triangle laid out in a pentagon, 

and the 3 parts net adjacent to the right angle are changed to their complement. 

In addition the part opposite a 90° side must have an extra negative sign, 

E.g. if Ais the right-angle, use (90°—a) as part 3, (90°~B) and (90°—C) for parts 2 and 4; if ais a 90° side, use A-90° for part 3 

Then. ‘Sin of any one part = tan tan of adjacent parts or = cos cos of opposite parts (in the pentagon of changed parts). 

Ambiguity must still be resolved by special rules: Problems occur when there are 2 or more right-angles in the tangle. 

‘Wanda! (opposite parts in the triangle, with matching letter names) are both less than or bath more than 90°. Likewise for Bb and Ce. 
If one part and any part not opposite it (i.e. not A and a, as above) are on the same side of 90°, so are all the other mismatched pairs. 
If one part and any part not opposite it (Le. not A and a) are not on the same side of 90°, neither are any of the other mismatched pair. 
“These refer to the triangle parts, not the altered pentagon parts. 
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Appendix: Calendars in the Sky — the first glimpse and last glimpse of stars 


‘~ Firstly, What's wrong with sunrise/sunset time? 
‘To know what time of year itis, you could note the ordinary standard Sun time of sunrise/set at that place (e.9. from home). 
But this is insensitive (maximum shift is about 1 minute a day), useless around solstice, latitude & longitude dependent & requires a watch 


‘You need to use apparent star time; no watches, to locate the Sun’s position on the Zodiac relative to the stars. 
“Le! what stars are up” at midhigh, oF at twilight, oF what stars are ivsily up at mid-day or sunrise or sunset 
<The Sun creeps Eastward about 1° per day along the Ecliptic (through the middle ofthe Zodiac bel) 
{that quocrupies the sensitvity to 4minutes change a day, steady year-round. 
tis ony affected by the Equation of Time, which Is a minor variably, 1/4 min day, max 
+ The Sun wil biot out each Eciptic star for about a month ata time. 
“That's 2 rough way of inding the month: cant ind The Twins” (uly). 
«Nautical tilght is when the Sun fs 10° below the horizon (about 1 hour, in Tasmania), dark enough for the bright navigational stars to 
be visible while the horizon stil shows clearly enough to be used with a sextant 
So bright stars 10-15 away from the Sun begin to be visible. That means that a bright Ecliptic star might only be invisible for 3 weeks. 
{Givi twitght is 5° below, requiring ighting; and astronomical twilght is 15° below, dark enough to be called ight, and to use a telescope) 
Ex, What stars are up at midnight, Uses the “apparent star time” of the anti-Sun, asi were. Vou need to bisect sunrise and sunset, and be up then 
Find which star fs N-5 of you (the local apparent star Ume’ at Tocal apparent midnight (= opposite noon i.e. te an-Sun stars) 
But that is ficult you need to Know the apparent noon (which Is longitude dependent), not the clock noon ~ and it stil requlres a watch 
So how can you do better? 
$ You could note the clock-time of any particular star event. 9. follow ‘Rigel over Capella’ during Summer. Eg, Antares at 10° high 
This is simple, and accurate, but it would only work for that location, no other, since longitude alters the Gock-ime of appearances. 
+ You could note the elock-time delay between any particular star-event and elther sunrise or sunset. This Is @ good method, 
Since it pinpoints sunrise or sunset more accurately than saying ‘At twit, when the stars come out, or when they fade out. 
For best results, choose which star-event directions to use, as explained below, so thot people at al lttudes see the same appearances, 
«This pinpoints the star-time-it tells you where the stars are—in relation to the apparent Sur-time (oy tying it to sunrise or se) 
+ For Rise/Set observations, you need 2 good horizontal horizon (or other fixed height-of-star) for star-rise/set to be latitude~ 
independent, and location Independent, but at hme you simply Heed a repeatable point of view of a given harzan 
‘But to get back onte the main topic: The use ofa watch can be eliminated by using twlight ‘glimpses 
* For Tuilight observations, you need dependable eyesight; & a clear sky, with no Moan or ight pollution, oF haze, to be repeatable. 
‘The idea of a glimpse’ is that itis positively there or not. And t doesnt need a waich. There are 10 or so varies. 
+ Ifyou see a star before dav, i's postvey there, or if you can see it after dark, it's not there 
+ Look tothe East before dawn and you will see a new star appearing for the first time inthe season — a first glimpse. 
‘You wil then lose sight oft due to daylight. This fs the standard star-calendar event. 
+ Look to the West after sunset and a star wil have disappeared forthe rest ofthe season — a last sighting 
‘You alimpse it briefly, before it moves into the sunset glow, and is lost to sight for weeks. 
+ Examples: The last glimpse of Spica is just ater the Septernber Equinox; Regulus is first seen just ahead ofthe September Equinox; 
‘The Equinox fs between the two, and both are on the Elite, about 25° each sie. Thats 25 days for the Sun's movement 
‘The frst glimpse of Antares is around Christmas time, since itis about 20° ahead ofthe solstice; 
‘Aldebaran reappears around the winter solstice; The Tains disappear soon after i 
‘The solstice is between these two, 25° away from each 
‘You need to check the exact dates of appearance and disappearance Because they vary with the exact lattude-this is a semilocal calendar. 
+ 1f sta-parr has blted out of alignment by the time the stars come out, you simply dont see It occur; 
rit doesn’ align before dawn, you cart see it"happen 
* Look pre-dawn forthe st date on which you can glimpse a star pair reach its proper alignment, before dawn takes over 
+ Look postsunse for the fast date on which you can see star pa attain its ght alignment, after whichis lost fr a month or so. 
+ Each day © Wester star gets closer tothe Western horizon from above. Each day arising stor gets earlier to the Eastern horizon, from below. 
* Look for the frst glimpse ofa star cleary rising or setting pre-dawn 
1 Look forthe lat glimpse of a str clearly rising or setting post-sunset 
Ifyou see it setting, ou know it; if you see itrise, you have seen it happen. 
+ wat to see whether a star reaches a known fixed height (e.9. not too far above the horizon), to make observation easier. 
* Looking ata reflection of @ star in smooth water or ol wil double ts height “above horizontal, if you want a method to work anywhere 
+ Wait unti'a stor coincides with a Known fixed direction (e.g. over the tower’). This makes i ocation-specic, But may be UseUl 
“These all have the effect of describing the height or tit or sirection of the horizon at twilight” 
Th Stor overhead ot twilight will show up as # irs/last glimpse. You look for Ty but may not happen’. Tis is attude-specifi 
‘Yu! couté nove combine the ‘glimpse’ methods and rsp Liming’ to avoid the inlstinctness of tight (but this is more latitude dependent), 
Look ‘exactly 1 hour from sunsel/ise’ to erisp up the timing ofthe “events. Any exact Ume-span atleast that long, would suffice 
‘To clinch the star-time, in a lttude-independent way, use Great-Cirele type directions (at right-angles to sunset/sunrise "a star near the Sun 
at twilight “opposite i) to ensure that people over a wide range of latitudes more or les agree in thelr observations. 
‘The standard direction fs not survise/sunset itself but"where the Sun Isat twilight which is hour tothe let (SH) the brightest part of the horizon 
* identi star-pars at right-angles to the Sun's direction at twilight 
+ or examine the rse/set of stars mear the Sun, especially those ahead or behind it, n its rising and setting path 
+ or look or stars rising, setung or simply being visible, opposite the Sun 3 twlight 
4 You can use any other'star direction, Buti wil only apply to that laitude. The Best great-circe directions are between NW/SE & NE/SW. 
‘» But the sensitivity can be further Improved, by choosing whieh twilight gives the most dally change. 
‘The nightly change (averaging 4 mins) s net the same amount through the yeor. 
Tecan be reduced to 3 orinreased to 5 ina pace like Tasmania, as the seasonal day-length varies by several hours. 
‘The change in sunrise or sunset time by up to a minute a day is overlaid onto the steady star progression. 
Look at the time of day when the most rapid change is taking place, since you want the most accurate discrimination: 
'After mid-summer, look for “first glimpses’ in the pre-dawn 
+ Nights lengthen after the summer solstice ~ more stars rise in the East than set in the West as the night-time gradually dominates 
At dawn, the Sun lingers alte longer under the horizon allowing more stars to is, in thelr reeping ahead of the Sun 
But at sunset, the Sun goes down earlier, ike the stars do, and you dont notice much change as to which stars are uP 
1 'So when the nights lengthen, look before dawn and try to see any first glimpse this season, 
Liihly te pre-dawn in Summer/Autumn is mig, but itean be quite eaiy. Use the clock-Ume delay method “rom sunset, notYo sunrise! 
‘After mid-winter, look for ‘last glimpses’ post sunset | 
+ Conversely, after the winter solstice, the increasing day length dominates over the night sky ~ more stars set and fewer stars rise. 
‘You wil lose sight of stars setting inthe West, quite easily, asthe Sun wl linger before seting, because ofthe season, 
but find it hard to see a new str rising inthe East for the fst time that year, because the Sun pops Up early. 
+ 'So wen the days lengthen, to pinpoint the time of year, look after sunset for any last olimose. 
“That's aot too late at night in Winter/Spring, an it shoUld not be too cold. Or use the cack-time "until sunrise’, to maximise the dolly gap. 
‘The overall dea Works in both hemispheres, but the optimal choices af when to look are ied tothe seasons, nat the dts 
Use ether method, when near to the solstice, or near the Tropics, or at any time you want to 
‘Around mid-winter and mid-summer, you ean happily use any ofthe 10 glimpses, or any of the clock-time methods. 
+ Near the Tropics, also, there I little differential advantage, compared with temperate latitudes, since day-Length is fly constant 


‘~ Keep a special perpetual calendar (a 365 day chart with no days of the week specified) to note down your observations; with roam for related 
Seasonal changes, like bird migrations, frosts, plantings. 
All this has lite to do with navigation, directly, but gives you practice in following the seasonal movements of Sun and stars. 
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About the Author. 


I have a big bushy beard from too much bushwalking and 
ocean sailing, but now that it has grown too grey, it is time to 
hang up my boots and write it all down. 

My dad was a ‘plane navigator during World War 2 and as a 
child I studied his manuals. Then at University I spent more 
time in studying naval navigational manuals and in bushwalk- 
ing off track, finding my way over the snow or canoeing across 
lakes, than in studying for my exams. I used the library to 
learn spherical trigonometry, then, as soon as I finished Uni, 
set out across the trackless ocean. I soon found myself invent- 
ing techniques to plug the holes in my normal abilities. I re- 
turned home years later, not knowing what I was meant to do 
in life, but as I lay there on my old bed, I knew that if I was to 
be a navigator I would like to be one like Captain Cook. He ex- 
perimented with new techniques, and with old — he described 
native sea-navigation expertise. How did they do it? Even now, 
no-one seemed to know. I immediately had a vision of one star 
above another, which kept me busy for years on great-circle 
navigation methods. 

I had honed my skills trying to teach boaties and would-be 
ocean sailors, but my biggest challenge was to teach my wife 
and children. We became a feral family for a while and walked 
every track we came across, here and overseas. Only then did 
I appreciate how much more there is to orienting yourself to 
your surroundings, than simply having a compass. 

My next inspiration came while walking the forest on a foggy 
day. I simply asked how the trees themselves would hold the 
secret to which way is which. Years of observation and testing 
later again, and this is the result. I don’t want it to die with 
me. 

I hope you too can now enjoy the magic of the science and 
love the art of exploring, even teaching yourself, before you 
too have to stop still, inside the bounds. 

Learn a little before it is too late. 
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Outline 


“Navigation Down-Under” is your complete manual of bush 
navigation and outdoor orientation for when you go off the 
well-worn track. A free pocket guide to take with you bush- 
walking is part of the pack. 

Do you know how to predict and find direction from the Moon 
by memorising just two simple numbers? Can you interpret the 
Australian bush plants for direction? You will find some never- 
before published new techniques, as well as all you need to 
know about traditional methods like Lie-of-the-Land. 

If you come from the Northern hemisphere, you'll need the 
top-down global approach, and can try some special Southern 
Hemisphere methods of direction keeping. 

Sailors will find here a valuable beginning into celestial naviga- 
tion. 

A lot of it is about how to navigate without a compass, how to 
stay oriented and how not to get lost. It is an essential course 
in basic bush awareness and orientation, for surety and safety, 
plus it also throws out the challenge that you can improve your 
already existing competence very quickly and easily. 

For Scouts or emergency search-and-rescue workers, it is a 
thorough course, advancing beyond the map and compass. Or 
perhaps you are a tour-guide and need more than course and 
distance — You'll get something more, something more like 
biogeography or ecology. 

Each page is a carefully arranged lucky dip of interesting tid- 
bits. 


Keywords 


Navigation; Orientation; Celestial Navigation; Bushwalking; 
Map and Compass; Without a Compass 
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Section 1. BIG-PICTURE TOP-DOWN pp 3-33 


General Introductory Points ig:Picture Rule One: 
3 Locate a Distant Reference Direction First 
3 Visualisation is your Key Skil 
3 Big-Picture Orientation, a Mental Layout Acquired Beforehand 
3 Compass Navigation Robs You of a Global Perspective 
3 The Big Picture is Invisible ~ Your Job isto Visualise 1! 
Global Perspective; Earth 
3 Compass Navigation Robs You of a Global Perspective 
4 Global Re-orientation — Light-Half/Dark-Half 
'5.A mnemonic for global orientation: "True Polarity” 
6 Mnemonic: "Time Tells Turing 
7 The sky turns 15° per hour —Use your thumb and forefinger 
8 Global Orientation: Latitude and Polar Distance 
9 The Angle of Rising and Setting ~is Determined by Your Lat. 
10 Global Orientation: Point to the South Pole, 

half its polar distance below horizontal 
11 The North Pole is Perpendicular to the South Pole 
12 Global Orientation: the South Pole Star, and Polaris 
13 Pole Stars~"(Latitude)® above and below, South & North 

Point to 2 Points on the Equator — Halfway between the Poles 
15 Perspective Distortion — The Sun Moves in a Straight Line! 
16 Global Orientation: Half the Are-Distance below Horizontal 
17 Half the Are-Distance below Horizontal~2 Explanations 
18 Example: Point to Tabi 
19 Use Latitude for a Distance Seale (Not ‘Long'itude) 

20 The Horizon Rotates to Your Right in the S. Hemisphere 
21 Global Perspective ~ Rotation of the Horizon 

22 How to Shift Your Horizon —Its Timing and Height 

23 Latitude without Numbers 

24 Mnemonic "The Sun Travels the Tropics" 

25 Tropical Countries and Places Under the Sun 

~ Arranged in Time Zones Relative to Eastern Australian Time 

= 10 hrs ahead of Greenwich 
2 North/South and Noontime by Bisection (of Rise and Set) 
27 Finding Magnetic Variation by Bieecting Rise and Set 

Find E/W by Delayed Bisection of Sun & Full Moon At Rise/Set 
28 Find North from the Combination of the Sun an the Moon 
29 Eastern Australian Standard Time Zone 

10 hours ahead of Greenwich 

Showing Tropical countries and places underneath the Sun 
32,33 Overview 
128, 129 Tropical countries and places underneath the Sun 
sun ‘Your est Reference Direction: 
4 Imagine the Sun at High Noon ~ always 
'5 Mnemonic: Noon Sun Passes North of My Nose Down Under 
6 Notice these, Yesterday ~ to Guess the Time Today 
7 Mnemonic: The Southern Summer Sun Sets Somewhat South 
'8 Mnemonic: "Sun at High Noon — How High?” 
8 On Overcast Days, Average the Brightest Sky over 1/4 hour 
9 High Noon ~ How High? 
10 Optical llusion ~ Beware! 

= Use Your Shadow Not the Sun, For Direction 
11 The Dark-Blue Polarisation Band Perpendicular ta the Sun 
11 The Centre of the Rainbow is Down-Sun 
12 Your Shadow Rotates with the same clock-sense as the Sun 

‘Shadow Rise and Shadow-Set is opposite direction to the Sun 
12 Nnemonie: Shadow Rise ison the Right; Set is on the Left 
12 Mnemonie: Your Shadow Passes South of Southerners 

‘at Southern Noon 
13 The Sun Passes Quickly Past North-South Nearer the Tropics 
14 Shortest Shadow South—Opposite Highest Noon. 

‘Always Imagine "Shadow Noon” on your “shadow South” Side 
15 Locate Polaris (& Find N) by Imagining the Centre of Circling 
16" Noon "is Not at 12 O'clock 
17 The "Equation of Time" Diagram 
18 The Sun Oscillates Seasonally between +/- 231° Latitude 
19 Using the Declination of the Sun 
20 Tell the Time by the Compass Protractor—Tilt to the Equator 
21 Or Judge the Time By Sight—by Mirroring the Sun Around N 

(Te Make an Hour Hand on a 12 Hr Clockface) 
22, 23 Walking in Phase with the Sun, Wind and Moon 
24'Tell the Time of Night by the Star Opposite the Sun 
25a Eastern Australian Standard Time Zone 10 hours ahead 
25 Tell North from The Time By Using a Protractor 
26 Longitude and Latitude from the Sun 
27 A Bush Theodolite for Overnight Equal Height Observations 
28 Find North by your (non-digital) Watch-Hands 
29 Find Any Other Direction Too ~ Using the Hour Hand 
29¢ String North 
430 Locating Anti-sunrise Shortest Shadow Souths 
30 Sun Path Norths ~ Summary 
31 The 2 Flaps Method for N.—Lat. & Dec. Angles Separately 
31 Seasonal Adjustments For Equinoctal East 
32, 33 Overview 
132, 133 Eastern Australian Standard Time Zone 
10 hours ahead of Greenwich 
Showing Tropical countries and places underneath the Sun 


stars 
4 The 4 Bright Stars of Orion Point out Where the Pot is Going 
44d The Ecliptic 
5 The Two Brightest Stars Point out the South Pole Star 
6 The Spinning Earth Makes Circular Paths for the Sun, Moon 
7 Stars Leave Star-Trails 
{8 RISE and SET Directions for a (Local) STAR COMPASS 
9 Global Star-Compasses e.g. "Perpendicular to’ rise and set 
410 Right Around the Horizon, Stars Move to Your Left, Down 5 
11 Identify the Stars That Pass Directly Overhead. 
412 Ways to Locate the South Pole Star Or the N./S. Meridian 
1298112 Global Orientation: the South Pole Star, and Polaris 
13 Pole Stars—"(Latitude)® above and below, South and North” 
13 South Pole Star Chart 
14 Find the Polar Axis by Star-Trall Bisection 
415 The Eagle Clips the Equator, South of Altair 
46 Equatorial Stars Rise and Set Due East and West 
17 Rigel-to-Capella is @ good S./'. Pair 
418 Use the Southern Cross as an Hour Hand 
418 Pleture the Southern Cross during the Day 
19 Perspective Distortion — Use the Correct Vertical 
20 The Southwest Corner of the Great Square is N. S. E. W. 
21 The Southern Summer Rectangle And a Triangle Pointing S. 
122 Navigating by the Shape of the Night Sky 
23a Latitude without Numbers 
23 Matching Sky to Sky — Move Only Your Horizon 
24b Stars Opposite the Sun 
24 2 Different Back-and-Forth-Star-Directions for a Position Fix 
25 For Land-Navigation, the Plumb-Line Star-Pair Method 
26 Equal-Height Stars When the Sea Horizon is Visible 
27 Great-Grcle Reference Star Directions 
128 Leo the Lion Looks like a Lion of Sphinx Squatting 
It Has Four Lines which Show N./S. E./W. 
29 String North Latitude without Numbers 
430 "Star-Time” Gains Four Minutes a Day 
31 Working the Star-Longitude Numbers 
432, 33 Overview 
118,119 Appendices: Divide the Star Globe into 8 Octants 
and Learn the Stars in Each 
‘The Southern Figure of Eight, 
The Zodiac 


122 A.Lst of Star Coordinates 
124 Drawing Great Circles, 

125 Calendars in the Sky 

Moon 

4 Look for the Line Joining Sun, Moon, Planets & Zodiac Stars 


~ the Eeliptic 
© The Moon; Rule 4: Look for It 
8. From the Moon, Locate the Sun-Moon Direct Line, Carefully. 
410 Mentally Rotate the Sun-Moon Line Around Polaris 
12°"Cusp North” ~ Approximate Direction from the Moon 
44.The Rabbit Looks up Ahead at Full Moon Using the Ecliptic 
416 The Moon Cusps Push and Pull the Hour Hand Backwards, 
Down South 
117 Watch the Clouds Cross the Moon 
418 The Moon is Lit By the Sun 
20 The Moon Rises and Sets 50 Minutes Later Each Night 
22 The Moon is "in Phase” with the Sun ~ Wateh for It 
24a The Moon Moves Over the Tropies 
124 Predict the Full Moon Path According to the Time of the Year 
24d Finding North from the Moon, by its height & phase 
25 Predict the Moon Phases by" N minus M” 
28a Find E/W By Bisection of Sun & Full Moon At Rise or Set 
28 To Predict the Moon's Path, Visualise the Ecliptic 
29a Find North from the Combination of the Sun & the Moon 
29 4 Week Position Cycle of Moonrise/set, to Find E/West 
29e Keeping Track of the Moon's Motion along the Ecliptic 
430 Adjusted Moon-Cusp North 
To the Left or Right, By Moving the Sun 
32 Overview: The Moon 
116,117 Appendix: Moon-Phase & Tide-Time Dial 
Wind See.aiso pp. 602-683 
5 Mnemonic: "Wind? Weather Map!” 
7 Mnemonic: "Wind in Your Face’ 
9. “Low! Clouds Come Clockwise Down under 
111 Weather Fronts Distort The (Circular) Wind Circulation 
13 Wind-Direction-Change Rule for Buys Ballot’s Law 
13 Steering Winds 
415 Atmospheric Pressure Changes. 
17 Watch the Clouds Cross the Moon 
49 To Determine Upper Wind Direction from the Clouds 
21 Clouds and Con-trails and Their Winds 
23 Prevailing Winds on Creek Banks Tips for calm weather 
27 Make a Bush Psychrometer 
[31 Topographic-Level Winds 
133 Overview: Global Weather Patterns 


52e The Aurorae 


53e City Glow 
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Clockwise See also Map & Compass Work 
4 Mnemonic: "Clockwise Northern Hemisphere SWINES 
6 "VEERING" with the Sun is “Clockwise” 

only in the Northern Hemisphere. 

“BACKING”, against the Sun's movernent, is "Anticlockwise” 

~ but only in the Northern Hemisphere. 
8. Mnemonic: (when you say) "COMPASS" (say) “CANADA’ 
10 “Bears Circle Clockwise” Compass Bearings are Clockwise, 

AFull Circle, and Eurocentric, Cee? 
12 Mariner's “Compass Points" work on Successive Halvings 
14°E. W. N. South” Of What!? Rule: Say What 
16 Back-Bearings Killed Sleepy Pilots 
18 Back-Bearing: Plus or Minus 200° Then Minus or Plus 20° 
20 Turn 90°? “4/-100° »/+10°" 1 
22 The Clock-Face Method for Direction 
24 One Degree is about One in Sixty 
26 Anticlockwise is Your Best Spin-Reference Direction 
28 Bearings & Tracks: “I its right, its big in my sight 
430 “By the Nose” Navigation 
32 overview 
Anticlockwise 
5) Mnemonic: Down Under, The Sun Moves ANTI-BigBENWISE 

ie, anticlocioise 

7 Southerners Need Antilockwise Systems 
9. A Compass-Needle Continent™Swinging the Continent 
11 Interpret a Compass Needle as "RED HOT—-WHITE FROST” 
13 Four Reference Directions—Name Them "Rise, Noon, Set, Midnight” 
15 “Rise-Noon-Set-Midnight” carries its meaning across the Equator! 

N.S.E.W. doesn’, 
17 The 0, 1, 2, 3, 4 Reference Directions 
19 The Sunny Skies Quadrant System 
21 The "SWEETHEART" Method of Orientation 
23 Mnemonic: *North; Coast 
23 Go Overseas! 
27 Walk across Australia! English! 
29 South is a Thiply Better Reference Direction than North, in the Sth 
31 Nose-Navigation Needs an “Ant” Mnemonic: "Nor-West, Not-Least” 
32 Overview 

ion, Overview and Explanations 

‘Top Down Orientation 
Time is counted in cycles 
Closer to Home 
‘The Precession of the Equinoxes 
‘The Moon 
Global Weather Patterns 
The Moving Horizon 
The Spherical Earth 
‘The Spinning Earth 
Moving the Horizon 


pp. 32,33, 


Section 2. THE INSIDE STORY—Mental Manoeuvres pp.24-55 
Learn 

34 Navigation is More Than Navigating 
36 The "Good" Navigator. You. 

38 Don't Just 'Get By’ and ‘Make Do’ 
‘40 Walk Where the Navigators Talk ~ if you want to learn navigation 
40 Explore It's No Fantasy 

442 Self- Motivation is Fundamental 

144 Routine Mind-Shut-Down Procedures 

‘46 Navigation is Mental Work — Stay Alert 

148 To Work Harder, Rest Harder 

50 A Three-Track Mind 

52 Concentrate Outwards 

54 Come to your Senses 

Think; Interpret 

34 Your Subconscious is Superior to Science! 

36 Think out Loud 

538 Memories are Made of Landscapes, Not Compass Needles! 

40 Feed Your Subconscious through Your Conscious Focus 

442 How to Feed Your Brain 

444 Feed Your Subconscious Subconsciously 

‘46 Instruments instruct the Intelligent 

{48 Minds Work Best with Intelligent Questions on Them 

50 Interpret! 

52 SPELL Out Numbers — Into Words 

52 PAINT your Words — Into Pictures 

54 TRANSFER Your Pictures into Reality 

54 Put That Experience in Your Memory Bank 

55 Extend Visible Reality into the Invisible Picture 

‘Angie: 

34 Measuring angles at 1 cm per degree 

35 Point and Blink = 10% Shift 

36 Guesstimating Angles at 1 degree per em 

37 Distance using Apparent Size; 

37 Visual Angle, Size and Distance & 6°; Side-wise Offset 

(G8, 39 Grid-line Walk & Mental Grid Maps) 

40 Cyclical Motion Divided into 12ths 

41 Approximate Sine-Wave Values, 


‘common Sense 


129 


Look 
134 Visual Assessment is Your Main Clue — Rely on Tt More 
136 You Need Excuses to Stop and Have a Good Look 
438 You Need a Road-Map To Climb a Hil! 
440 Look into the Far Distance Look through the Haze Wait 
440 Wait for a Change in Perspective. 
42°Retracing Is Re-preciating” 
444 Look Back Regularly. Look Around 
46 Look Through the Vegetation, to the Contours 
428 Play the Field-Scientst 
50 Look at the Ground 
52 Look for Foreshortening & Overlap & Parallax 
54 Look, with Vengeance Aforethought 
Integrate 
13 Visualisation is your Key Skill 
434 Integrate: Jetstream, Earth Rotation & Heaven Rotation 
136 Visualise Familiar Landscape Trends, Under the Sun 
438 Land to Sky ~ Sky to Land’ Navigation 
420 Join the Invisible Big Picture To the Visible Landscape 
442 Landmark to Landmark Network Navigation 
444 Aim to Integrate 
446 Imagine an Aerial Photograph of the Continent 
‘48 Connections to the Outside World 
You don't need to fee! isolated 
50 Orientation is More Fundamental Than Position Sense 
52 Make Common Sense of the Various Direction Clues 
52 Don't Degrade the Point ofa Clue or System. 
54 Preparation isthe Key to Difficult Navigation 
42e Moveable Position vs Fixed Orientation 
443e Name Each Clue ~ with solid ground 
‘44e Notice and Match up 
445e In-Line Integration 
50e Thinkin Pairs, in lines, trends and tracks 
Orientation 35 Orientation = Direction Sense 
137 The Get-Back Path is the Single Fundamental 
38e Grid-Line Walk 
'39 Disorientation is More Dangerous Than Being Lost 
439e Mental grid Map 
41 Which Way Did I Come In? Which Way Do I Go on? 
443 Disorientation — A Killer Syndrome 
442e Movable Postion vs Fixed Orientation 
‘45 Un-Dis-Oriented; 
447 Avoid Disorientation: OverNavigate 
460 Making a M.U.D. M.A.P.-m.a.p.-m.a.. 
449 OverNavigate: Equals Over-Famniliarise 
51 Needle N, 5, E & W. Identify them on the Landscape 
51 Orientation to Start-Finish Rhumb Line-by sight or compass 
51 Orientation to Your Finish Point, By the Parallax Method 
53 Orientation to Your Start Point, By the Parallax Method 
55 Look Backwards, Think Forwards 
Disorientation 
35 The Navigator's Top 10 Problems; and Band-aid Solutions 
37 How I Manage to Get Lost or Disoriented 
439 Logical Blunders — Examples 
441 Logical Presumption Leads to Utter Delusion 
443 Casual Outings Catch You Out 
445 Trapped! By Not Looking Back 
447 How to Get Lost—Follow the Track—A Track is a Trap-Door 
447e Disorientation in new territory 
‘49 How to Get Lost~Follow the Leader 
51 Exponential Anxiety ~ the 11:59 syndrome 
53 Nervous Nellie Navigation — Not 
Reorientation 
35 Reorientation 
137 Voice Your Thoughts ~ Don’t Suppress Important Clues 
139 Trust the Untrustworthy 
441 Trust Less and Prove More 
443 Trust Yourself Lese 
45 Disoriented? Stop. Say So. Reorient! 
47 Reorientation; And a Fresh Start 
449 "As Solid As the Rocks in My Head” 
51 Explore Junctions, While You Can 
53 Look for the Essentials ~ the ‘Directions’ 
58 To Get There Quicker, Go Slower 
Lost? 
‘35 Lost? Rule One: Stop! _.getting More Lost 
137 Back-track in Your Mind before You Backtrack on Your Steps 
439 Rule 2: Start! Getting Unlost. Find yourself. Regain confidence 
438e Grid-ine Walk ~ Explore in'a Square Grid Pattern 
439 Mental Grid Map 
421 The Simplest Way to Get Unlostis to Retrace Your Steps 
443 More is Better — Thought, Time Care 
45 Lost? Rule 3: Do a Good Job~of walking out or staying put 
447 How to Leave a Message 
449 Lost? Rule 4: DON'T Do It Again! 
51 Separated? An Agreed Plan Helps 
53 A Whistle-Code for Contact Calls 
55 Search and Rescue Signals — Noises Repeated Regularly 
120 Appendix: Morse Cade and Rhythm Mnemonics for it 
421 Appendix: Semaphore Code and Mnemonics for it 


Contents/index 


Section 3. REALLY INTERESTING STUFF 
“Bush Navigation pp56-89 See Also ‘Wind’ 


Nature's Norths 
56 Nature's Norths 
58 Rock Noon 
60 Wind West 
62 Think Wind 
64 Be Wind-Wise: Listen 
664 Obvious Tell-Tales: Windblown Objects 
64 Obvious Tell-Tales: Landscape 
66 Light & Colour Effects 
658 Botanical Tell-Tales 
70 Combined Effects of Wind, Salt and Light 
7 Botanical Asymmetry 
72 Think like a Plant 
72 "Moses Mop up Moisture” *Lichens Like Light” 
72 "Fern Fronds Face the Front” i.e. the sunny side 
74 Bush Noon~ The Sun is Always out, If You Know How to Look: 
174 False Asymmetry & Symmetry True Symmetry & Asymmetry 
76 Higher Density of Leafiness on the Noon Side 
76 The Lowest Leafy Branches are on the Noon-Side 
76 "I's the Shady Side That Shrubbery Shows up’ 
76 Tal, Steep and Ragged Backside" Wedge-Shaped 
76 Hollow under the Shady Side & Imperfect Shape 
76 Gaps on the Shady Half “Dead Branches 
78 "'Solar-Panel Tilting of the Canopy Top 
78 Wedge Shaped Lopsided Lean Half-Dome One-Sided Leafiness 
7B Individual Branchlets Bare Backbone 
80 Branching Patterns 
Examine Them for thickness, length, angle, curvature 
82 Isolated Vegetation Shows the Clearest Asymmetry 
82 Closed Canopy ~ Look for Gaps; Saplings 
82 Roadsides & Campsites Reverse Some Effects! 
84 Flowers Respond to Sunlight Fruit Distribution and Ripening 
86 Stem and Leaf Colouring New Growth is Colour Differentiated 
'88 Noon-Sunlight is More Vertical 
'88 The Shedding of Bark on the Sun-Baked Side 
188 Where to Look for Fading or Lack of it 
Memory & Naming Skills See Sect.5, Navigation Mnemonic 
'56 Don't Forget to Remember, Your Way! 
56 Unlock Memorable Chapters in Your Life 
56 Go for the Jugular. Zero in on What Matters 
58 Don't Try to Memorise Details without an Overall Framework 
58 Don't Try to Remember Anything You Haven't Memorised 
58 Write down What You Memorise! 
60 Anything is Memorable 
660 Make Individual Memories Memorable! 
660 Remembering Trees 
662 The Difference between Looking at, and Seeing 
62 Search-Image 
62 We Recognise 'Sameness’ But Need to Describe the Differences 
64 Place Recognition 
64 You Recognise What You See, By What You Can‘t See 
64 Description Requires Words 
664 Can You Describe All That You Can Recognise? 
66 Discuss It 
66 Collect the Details 
66 Identify a Specific Place by its Specific Collection of Details 
66 Include What You Can't See 
68 Extend Your Familiar Range Systematically 
68 Leap-Frog Walk in New Territory 
70 Draw the Skyline, the Ridge-lins, the Outlines 
70 Label it with the 8 main directions 
72 Examine the Skyline BEFORE You Walk up to It 
72 Make a Mental Movie 
72 Take Mental Photographs 
72 Take a Mental Photo of Each Change of Track 
74 Remembering the Sequence, Needs More Than Logic 
74 Do Something NUMERICAL 
74 Mateh the SHAPE 
76 Use a Type of Memory which you are Good at 
76 Use the Name of the Track for the Acrostic 
78 Group Several Related Images into One 
880 Working Narmes ~ Invent Them 
80 Standard Name Plus Personal Name 
180 Remembering Names 
82 Name the Subsections 
82 Name the Sequence 
84 Revise your Memories To Remember Formulae 
'86 Remember the Sequence ~ from AA to 2Z 


See also Wind, Section 1 


Hints 


See also p. 110 
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Lie of the Land 
57 The "Lie" of The Land 

S57 Listen to the Pioneers Lie Has To Do with Water Drainage 
59 Major Rivers & Ridges vs Minar Ones Sort It out on the Map 
59 Catchment Divisions Snake from Coast to Coast 

59 A Catchment-Division Separates Whole Valleys 

61 Ridges Ridge Names Mnemonic: "Ridges Rise" 

61 Uphill — Which Hil? Upstream — to which Divide? 

63 Shoulders Stop. Shoulders are Not Easy (ike Ridges) to Walk on 
63 Saddle ~ A Flat between Hills, Sitting Astride a Ridge 

65 Notice When You Cross a Catchment! 

65 The Giveaway! A Change of View—Mnemonic: "Catch the View” 
65 You Can't Cross a Creek Twice from the Same Side 

67 Break of Slope/Make of Slope_ Scree Slopes ~ Tread Carefully! 
69 Break of Slope — And Route-Finding 

71 Mnemonic: "Down in the Mouth” Which way is the flow? 
7AHint: Don’t think "this side” & "the other side", 

73 The Inside of a River Bend is Flatter Ground 

73 Rivers Bend! Don't Forget to Look Backwards 

73 Rivers Meander. Ridges Run Straighter 

7S Land-Form, Hint. What Makes a Clif and an Overhang? 
77 Headlands, Bays, Prevailing Winds, Longshore SandDnift, Creeks 
77 Beaches ~ Slope, Particle Size, and Wave Eneray 

79 Rock Typing Soil Typing 


Contours and Slope: 

81 Contour Lines 

1 Contour Navigation: Practise It, Before you Need It 

83 Contour Curves: Your Job isto Imagine the Shapes into Life 
And to Match the Lines to the Landscape 

85 Contour Heights: Read the Numbers! 

85 Contour Spacing: Close = Steep Slope 

885 Contour Slopes: Work Out 1 6m and 1 Cm Contour Spacing 

185 Reference Slopes — To Imagine the Climb with! 

185 The Beaufort Wind Scale ~ Modified for Bushwalkers 

87 Make a Clinometer — a Slope Measurer 

189 Just Draw It 


‘Tracks and Bends 
57 Stick to the Track 

57 Cross-Country Routes 
59 Tracks are ike Naughty Children 
59 The same is true for creeks & ridges 

59 Explore Branches While You Can 

59 Convergent Tracks Lead to Civilisation 

59 Down-Track vs Up-Track 

661 Sympathy and Understanding with Track Markers 

61 Old Track Markers 

63 Track Markers When You Lose the Track-Markers 
63 Notice (with Alarm!) When. 

665 Mark Your Trail Mark Your Trail Non-Permanently 
65 Tracking Someone Else 

667 Mark Your Trail More Permanently and Ostentatiously 
657 Mark Your Trail invisibly 

67 A pebble Code — Keep It Simple 


Reasons for Leaving the Beaten Track 


Bends 
69 Keeping Track of the Bends 
69 Logging Constant Diversions 
71 The Difference between ‘Direction’ and “Track” 
71 Continuous bends 

71 Follow the bends by anticipating the trends 

73 Keeping a Compass Course, by Legs 

73 Turn Smooth Bends into Sharp Jumps 

73 Mind Which Way You Go 

75 "End the Bend” Ie, Notice the Un-Bends 

75 Name the Bend, By the Trend, ofits End 

75 Notice and Name Perverse Bend 

77 Look Through the Trees, to the Sky and Skylines 

77 Periscope Navigating by Trees 

79 Bush networks Don’t Navigate by Networks Only 

79 Antidotes For Guessing at Network Junctions 

81 Sticking to the Bush Network Natural Routes Naturally Converge 
81 Coping with Divergence Reverse logic 

883 Trackless Navigation The method of Names 

83 Bush Networking Essentials 

85 Walking "Straight” through the Bush 
185 How to Walk In an Unintentional Circle 
'87 Walking an Exact Straight Line in Open Country 
87 Leap-frog a Straight Line by Looking Ahead 

'89 Radio Direction Finding~As Good as a Compass 


Desired Equipment 


Straight around 


Contents/index 


Section 4a. DISTANCE pp. 90-108 left-hand pages 
See also ‘Angle’ 
Progress 
Distance Guesstimation is a Major Problem for Walkers 
Use the Map Seale—Don’ Just Look at It The Jargon 
Map-Scaling-Factors are Meant to be Interpreted 
Psychological ‘Half-Way Point’ When You Meet Other Walkers 
AIMING OFF by 10° ~ 10° is 175m per kilometre 
Almingsoff at Sea; Aim Off 10% or 6° 
98 Up-down Progress 
4100 Distance by Double Pace—Test Yours Tie Your Ankles Together 
1100 Don't Lose Count! Use Finger-Math 
1100 Test your pedometer 
4102 Line of Sight Can Be Extremely Accurate 
102 Two Opposite Landmarks 
4104 "Changeover Lines” of Progress ~ Relative Apparent Sizes, 
104 Use the Landscape Itself to Measure & Mark Progress 
106 The Sine-Cosine Tally Method of Keeping Track, Blind 
106 Rise and Run Adjustments ~ Sine and Cos — North and East 
108 Progressing A Position Line across the Map 
4108 Pinpoint "Fixes" are a Myth! 


Pace 
90 Distance = Speed x Time Keep a Log! Adding two Speeds 
92 Pace Your Progress — Pre-Dict It, Don’t Post-Dict It! 

92 Advice about Walking Times ~ Double & Halve! 

92 20 Minates per Kilometre — Double & Halve — Easygoing Maths 
92 4 km per hour — Normal Walking Pace ~ Double and Halve! 

94 1 Metre per Secondis 3.6 kph “1 Hour Extra per 5 Hours” 
94 "1 Hour Extra per 500 m easy climbing 

96 Adjust Your Expected Pace 


Don't Overcompensate for Slopes And Meanders 
98 Don’t Lose Count! Use Finger-Math 
4100 A Slow Kilometre Cancels aut Three Quick Ones 
100 To Progress Faster More Easily Pace Yourself 
= Siow Down, but Don't Stop 
102 Distance-Off by Vertical Angle Safe Distance Off 
4104 Circie-of-Position by Horizontal Angle 
105b A Horizontal Angle between Features Yields a Position Circle 
105¢ ‘Two Horizontal Angles’ Usually Fixes Your Position 
106 Rise and Run Adjustments ~ Sine and Cos — North and East 
Rang 


24e___One Degree is about One in Sixty 
34-36e Estimating angles 

37e Distance using Apparent Size & 6° 

37e Visual Angle, Size and Distance Side-wise Offset 


51a & $32 Parallax methods 


90 Range: Rule One: Guess 
92 “Range” of Visibility ~ Two Halves to the Picture 

92 "Range Squared is Dee Height” 

92 "Range Squared is Dee Height” 

94 Double, the Acute Angle, off Your Nose ~ For the Distance Off 
94 Halve, Any Angle, from your Stern—For Distance Off, 

96 Distance by Optical Rangefinder 

96 Range by Parallax and a Piece of String DIY Rangefinding 

98 Distance by averaging maximum & minimum Guesses 

98 Distance by Comparison with Some Length You Know 

98 _ Distance by Cloud Shadows ~ Look for Them 

98 Sound Travels Three Seconds to the Kilometre 

4100 Lighting Conditions & Eyesight 

100 Visual Acuity is about One Minute of Arc 

102 Approximate Figures for Visual Acuity 

102 Test Your Own Visual Acuity 

104 Circle-of-Position by Horizontal Angle 


105» Horizontal Angie between Features Yields @ Postion Cree 
{05e “Two Horizontal Angles Usually Fixes Your Postion 
104° The best range-tinder 
106. RuleofFingernals Rule of Tom Thumb Apparent Size 
Section 4b, MAP and/or COMPASS pp. 91-108 right-pages 
Map Use 
Pome Helpful Chart Symbols 122 Appendix: Symbols 

38,39¢ Gridsline Walk & Mental Grid Mops 

46e Making @ M.D. MAPoma.p-map. 
91. To Read” a Hap ~ Rule Gne: Dont Lase Your Pace! 
91. Rule Two: Imagine Arrows for the Sun, & Your Movement 
51. Rule Three: Get Used Ta Any New Map Scale 
BL Rule Four: Dont Give pt 

{ook Carefly atthe Fine Detail onthe Map 
ook Carefly af the Fine Print 
Some Map Details are Not to Scale! 
ermanent Landscape is Nore Trustworthy Than Surfece Detail 
Betas Added onto 8 Map Are Prone to Gro 
Expect The Map To Be Unhelul 
Maps Do Give You 10 Times More Detail Than You Can Notice 
‘aps Grip the Universe" 
99. Align the Track 
101 Align the Hap the Landmerks 
103 Align the Map to Identify Landmarks 
105 Align the Map to Fix Your Postion 
4107 Which Way is North? 

re 


Magnetic Compass Use See also "Clockwise", Section 1 
37e Chart symbols 

91 LIM.N.OF P.” 

93. Using the Protractor by Itself 

95 Using the Neadle Alone — Emergency Magnetic Compass 


95 Hint’ Understand that magnetic poles should be called 
'North-Seeking’ and "South-Seeking 
97 Think “+/+ 5°" For Compass Bearings “+/- 10°" 


For Following a Compass; "-+/- 15°" For Using a Compass! 
99 Compass Errors — Be Impressed! Be Careful 
101 Compass Use ~ Master It, but Be a Good Master. 
103 “Magnets Grip Maps 
103 Align Your Map in the Dark 
107 "East-least; West-Best’ Rule—Tells You Which Bearing is ‘Best 
1086 Getting Started in the Dark 
108¢ Thinking Backwards 
1099 Taking a Bearing from the Landscape 
109° Plotting a (‘Compass-to-Map’) Back-Bearing 
109 No-Number Back-Bearings 
124 Appendix: Map Symbols 
Mapmaking 
“38e Grid-line walk 
39e Mental Grid Map 
46e Making a .U.0.M.A.P.-m.a.p.-m.a.p. 
91 Maps Mean: Imagine Me! ~ Making Mental Maps 
91 "Map To Mind” Navigation 


93 Mental Networks 
93 The Most Valued Map 

95 Strip Map Navigation — Follow-Vour-Nose Navigation 
97 Caving Stip-Maps — Come in Books 

99 Map Folding and Map Holding 

101 Layout Map — Blind 


103A Compass Holder 
106a The Sine-Cosine Tally Method of Keeping Track, Blind 
106b Rise and Run Adjustments—Sine and Cos—Norih and East 
107 String Map 

109. Parallax While You Walk — JUST DRAW IT! 


Section 5. Navigational Mnemonic 
7ab Group Several Related Images into One 
110 AStart-Stop-Rest” Navigation Mnemonic 
110 P.R.E.P.AR.E.D.~ A Before-You-Go Checklist 
111 Equipment A What-You-Might-Like-to-Take Checklist 

411 Place-Names; Learn Them; You Navigate by Local Features 
LIL START. off Oriented 

LIITILMLE. & Distance ~ that’s the point 

111 Distance 

111 Progress; Pace; Range 

112 Look in These 6 Directions — in 6 ways — Up and Down 

112 4 More Slopes 

112 Look in These 6 Directions — in 6 ways — Ahead and Behind 
112 Look in These 6 Directions — in 6 ways — Right and Left 

113 ..Plus in Two More Directions 

113 (1) all, Around, Appreciatively, And At 6 U's 

113 (2) Look atthe’ Map: a Systematic Checklist. What ‘System’? 
113 Mark the Lines-of-the-Land On Your Map 

113 Mnemonics for Map and Compass Work 

114 N.S.E.8 W.—the 4 cardinal directions, is @ mnemonic of fours 
114 W.E.AT.HLER. — Check for Change 

114 Stop-Signal: Why have you stopped? 

114 REST and R.E.O.R.ILE.N.T yourself 

115 RI For Revisualise the Invisible & then Relate It to the skyline 
115 Clock-Sense Mnemonic 

115 ENT for Environmental Notice Time—Orient yourself to Nature 
115 REMEMBER to Note down the Names in the Notebook 

115 Re-lax, and Play ~ Navigation Games and Activities 


pp. 110-115 


Miscellaneous 
S2e The Aurorae 
53e City Glow 

Se Helpful Symbols for Standardising your Chart-Work 


pp. 340-550 


‘Appendices pp. 116-121 
116 Moon-Phase & Tide-Time Dial 
118 Divide the Star Globe into 8 Octants 
and Learn the Stars in Each 
118 The Southern Figure of Eight 
119 Divide the Star Globe into 8 Octants 
“and Learn the Stars in Each 
‘The Zodiac 
Morse Code & Rhythm Mnemonics 
‘Semaphore Signalling Code & Mnemonics for it 
122 Symbols for Track-Notes and Mud-maps 
122 A’List of Star Coordinates, 
128, 129 Tropical countries and places underneath the Sun 
124' Drawing Great-Circles, The PZX navigational triangle 
125 Calendars in the Sky 
126,127 About the Author; Outline 
Index pp. 128-129 
Contents p. 2 


119 
120 
121 
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Eastern Australian Standard Time Zone 
showing Topica counties and places underneath te Sun 
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36°.) 


ROCKHAMPTON 23% S, 
NEW BRITAIN S°S. 


21°S. NOUMEA 1. 
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FEST SAMOA 14° S, 


18° S. FIL 


9 


{00K ISLANDS 11° S. 


23°%4 N. HAWAIL 


179%» S. TAHITE 


239188. MANGAREVA7 
TMARQUESAS 
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IR TIME 


her time zones 


3 ALICE SPRINGS 236% S 


14 MANILA 15° N. PORT HEDLAND 20° s. 
SULAWESI 0° 


SIAKARTA 7° S; SINGAPORE 1° N.; 
CHRISTMAS IS. 10° S. 
cocos isanos (2° 


16 CALCUTTA 23°16 N. 


17 macpives 0° 


18 Guit of OMAN, 


PITCAIRN /Easter Is 
25° S.-27°S, 
(34° N. Los Angeles) 


Tip of Californian Peninula 23° ¥4 N 
1s. De Revilla Gigedo 39° W. 


Gomez 26° s. 5) 
Mexico Guadalahara, 
23PMN, 


4 


Galapagos Islands 0° 
Guatemala 15° N. 


panama 8° N. 


Cuba/taiti 20° nN. 3) 
Bogota 5° N. 


Trinidad and Tobago 10°. 2 


Brasilia 16° S. 
‘Sao Paulo / Rio de Janeiro 23°¥ S. 


0 


Mid North Atlantic 23°%2 N, 


23° %N 


Seychelles 5° s 


19 Port of Aden 12° W. 
Mogadishu 3° N. 
Madagascar 23°% 5. 


20 Lake Victoria 0° 
NN limit of S Africa 23°%5, 


Sudan/Egypt; 23°% W. 
‘Aswan Dam 


'L Lake chad 14° W. 
Namibian Desert Coast 23°% S. 


2. Accra 5° N, 
Timbuktu 17° W. 


3 


West African Coastal Bulge 15° N. 


Places in capitals are less than 6 hours away from Australia. The others are on the other side of the worid 
‘View this as if from above the North Pole~the Sun "moves" clockwise, but the Earth spins anticlockwise 
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and driver convenience. To reduce traffic congestion one may use an intelligent route management 
system based on V2X communication [7]. Since it has big potential in autonomous driving application, 
the localization of vehicles in dense urban areas is difficult, so several algorithms are proposed to solve 
the problems [194]. Many V2X applications are described in existing literature [85,195]. However, 
there is still a need to design vehicular mobility management strategies in next UDN networks and to 
find a way to enhance existing connected vehicle services with V2X [86]. 

‘These technologies are highlighted as the main 5G driver in existing literature [5-7,96,207] 
Authors compare these technologies and try to implement them through prototypes, or test the 
combination of these technologies. However, other technologies exist, such as cloud-RAN [7], 
‘Coordinated Multi-Point (CoMP), White Space Spectrum [20/8], which are not in the scope of this paper. 


5.9. Summary of loT in Enabling Technologies 
Performance requirements of activity-based IoT application classes have served to identify the 


enabling technologies in the radio access part of 5G networks, which are summarized in Table 5. 
Various 5G enabling technologies have been sorted into eight technological groups: 


1. Wide and flexible bandwidth technology: mmWave band communication and large-scale 
antennas, heterogeneous multi-RAT integration, cognitive radio, and spectrum sharing; 
Advanced modulation and coding: advanced modulation schemes, advanced channel coding; 
Duplexing: in-band FD, dynamic TDD; 

Multiple access and waveform: multiple access, new waveforms; 

Advanced interface management: SND, SWSC; 

Access architecture related radio technologies: advanced small cell, MN, enhanced wireless 
backhaul, D2D; 

7. Energy related technologies: energy harvesting, UAV; 

8. Other technologies: mMIMO, VLC, SIC, V2X. 


aoe eN 


These technologies have been discussed in terms of their possibilities to meet performance 
requirements of activity-based IoT application classes and identify research gaps and directions, which 
are summarized in Table 6. 

We have highlighted technologies only used to satisfy high priority performance requirements 
of mMTC activity-based IoT application classes, i.¢., connection density, positioning accuracy, and 
coverage. We have focused on these technologies from telco’s perspective, since the area of mMTC 
activity-based oT classes is more mature, as its development has already started within LTE, while 
uMTC poses new research questions to be answered in order to achieve unprecedented levels of 
reliability needed for new applications in 5G. 

The new waveform technology may be used to fulfil the requirements of almost every 
activity-based IoT application class in terms of connection density. This technology affects the 
connection density by definition. Analysis of different modulation formats indicates that FOFDM is, 
the most suitable candidate for IoT applications with high connection density requirements. In this, 
regard, a deeper and more comprehensive analysis of FOFDM is needed in the context of different 
mMTC activities (ie., ticketing, tracking, monitoring, and managing /controlling). The result of the 
analysis to be performed should be the discovery of an optimal waveform for each activity-based IoT 
class which has to be integrated with other 5G service classes. 

Large scale antennas and advanced small cell technologies can be used to satisfy the requirements 
of ticketing-, tracking-, and uMTC managing/controlling-based IoT application classes in terms of 
positioning accuracy. Fulfilling these performance requirements is rather a business than a technical 
decision. The size of the 5G cell must be planned to meet the desired position accuracy since it is very 
important for future IoT applications, such as automated driving, remote surgery, robotics, taxis, ete. 

Wide and flexible bandwidth technologies, in-band full duplex technologies, access architecture 
related radio technologies, and mMIMO can be used to achieve the high requirements of ticketing-, 
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rasilia 16s, 1 23 
'Sa0 Paulo / Rio de Janeiro 23°¥ S. ) West African Coastal Bulge 15° N. 


Mid North Atlantic 23° YW 


Places in capitals are less than 6 hours away from Australia. The others are on the other side of the world 
‘View this as if from above the North Pole—the Sun ‘moves" clockwise, but the Earth spins anticlockwise. 
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‘This book is dedicated to my late wife, Connie. 


Preface 


much time and effort on the transmission line 

transformer (TLT). It is obvious that many trans- 
formers have been constructed and measured. This 
whole subject resulted from a work transfer back to 
our Bell Labs Headquarters in Murray Hill, New 
Jersey, from our Western Electric Branch lab at 
Allentown, Pennsylvania. 

Since my hobby was amateur radio, T decided to 
look at short vertical antennas and short radial ground 
systems. I found the TLT to be an ideal matching 
transformer for the low resonant-impedances encoun- 
tered. Furthermore, my new assignment, which 
included arranging exchange visits between our tech- 
nical staff and the outside world, gave me the opportu- 
nity to have my transformers measured on extremely 


[= often been asked the reason for spending so 


Photo 0-A. The author's XYL sitting under the W2FMI 40- 
‘meter beach umbrella antenna, 


T2i0 7200 720 7240 7250 7260 7270 7280 7250 
Frequency (MHz) 


Figure 0-1. The parameters and standing wave ratio as a 
function of frequency for the W2EMI 40-meter beach 
umbrella antenna. 


accurate transmission test sets having an error of only 
plus or minus 1 millidb! 

‘The ultimate results of my studies for a short verti- 
cal antenna in the 40-meter amateur radio band appear 
to be for a 6-foot-tall version with a large top hat. In 
shopping at a sports store, I saw the beach umbrella 
“antenna.” It was a lot of fun describing my “beach 


umbrella antenna” to the radio hams on the 40-meter 
band, Photo 0-A shows a view of my late wife sitting 
under the beach umbrella resonant in the 40-meter 
amateur radio band, Figure 0-I shows the drawing 
and the response curve of this interesting, short verti- 
cal antenna, 

Recently I was asked by Nobel Publishing to pre- 
pare a manuscript for a video/CD ROM tutorial on my 
book Transmission Line Transformers.!* Looking 
through this book as well as my second publication 
Building and Using Baluns and Ununs?, 1 found that 
they mainly contain the design and performance of 
these broadband transformers. What theory they 
included was dispersed throughout the books and, in 
reviewing all this information, I found a very simple 
‘and unified approach to presenting the theory. 

Briefly it involved classifying these transformers 
according to impedance ratios and applying 
Guanella’s “basic building block” in thei designs. In 
seeking permission from CQ Communications to use 
some of their artwork for the tutorial, the publisher, 
Dick Ross, not only obliged but recommended that | 
update Building and Using Baluns and Ununs. He 
also suggested that 1 break off the appendices on 
“Antennas and Ground Systems” so it could stand 
lone under its own cover, enabling the usual Internet 
search engines to readily locate it. As a result the two 
new books will be entitled Understanding, Building, 


and Using Baluns and Ununs and The Short Vertical 
Antenna and Ground Radial. 

‘To understand and apply these transformers, one 
must be familiar with transmission line theory, con- 
ventional transformers, and general circuit theory, 
Graduate courses in these areas are recommended. 
Considerable work remains to be done on high-pow- 
ered TLYs and low-impedance, low-ratio TLYs at fre- 
quencies beyond UHE. 

In preparing this book I found it necessary to dupli- 
cate some of the diagrams, figures, and photos of this 
book in Part Il. Since Part I is strictly on the theory 
of the broadband of the transformers, I realized that 
having some of the figures and photos near the expla- 
nations eliminated tbe chore of searching through half 
of the book for figures that relate to theory. The fig- 
ures and photos are still necessary in Part HE, howev- 
et, which is on the building and using the TLTs. 

1 wish to thank four people who were instrumental 
in making this book possible. They are Dick Ross, 
Publisher, CQ Communications, Edith Lennon, 
Editor, and Kathy Collyer and Janette C. Bailey, 
my associates. 

Jerry Sevick 

Fellowship Village 

Basking Ridge, NI 

+ There are separate References for Parts I and Il. They are 
found atthe end of each part 


Introduction 


lke transmission line transformer (TLT) trans- 

mits the energy from input to output by a trans- 

mission line mode and not by flux-linkages, as 
in the conventional transformer. As a result, the TLT 
has much wider bandwidth and higher efficiencies 
than its conventional counterpart. With proper core 
materials and impedance levels of 160 ohms or tess, 
bandwidths of about 100 MHz and efficiencies 
approaching 99 percent are possible today, matching 
50 ohms up to 100 ohms and 50 ohms down to about 
3 ohms, Future research and development, especially 
with impedance ratios less than 4:1, should make 
future TLTs operate at much wider bandwidths, 

‘The transmission line transformer first appeared apon 
the scene in 1944 in a classic paper by George 
Guanella in the Brown Boverie Review (Brown Boverie 
is a company located in Switzerland), The title of his 
paper was “Novel matching systems for high frequen- 
cies."3 The second classic paper was written by Clyde 
Ruthroff at Bell Labs and was published 15 years later 
in the Proc. of the IRE (Institute of Radio Engineers, 
which was later changed to the IEEE). His paper was 
fortuitously named “Some broad-band transformers.”4 
In his paper he introduced the [1:4 Unun. 


As seen in the Table of Contents, Part Lincludes a 
new approach to the theory of these transformers. 
Chapter 3, “TLTs with Ratios Less Than 1:4." is my 
contribution to the technology, and resulted from a 
need for a broadband TLT with ratios less than 4. 
Essentially, Part Tincludes the history. the theory, and 
the future of the TLT. The first two chapters of Part t 
present a review of 1:1 Baluns and 1:4 Baluns and 
Umuns (unbalanced to unbalanced transformers), as 
presented by Guanella and Ruthroff. Following that is 
my work on extending their approaches to TLTs with 
impedance ratios less than 1:4. Chapter 4 contains 
information on TLIs with ratios greater than 1:4; in 
particnlar, 1:9, 1:12, and 1:16 are presented. Finally, 
important parameters, such as characteristic imped- 
ances for various types of conduetors and efficiencies 
with various magnetic cores, are discussed, followed 
by a look at mistakes in the fiterature and the future 
direction of the TLT. 

‘As was mentioned in the Preface, Part II presents 
the practical side of the TLT. It is essentially an 
update of my book, Building and Using Baluns and 
Ununs. Those chapters offer complete specitications 
and numerous photos of most of the devices. 
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tracking-, and monitoring-based IoT application classes in terms of coverage. The combination of these 
technologies should be tested to find the optimal solution to meet these performance requirements. 
Since small cell deployment has an impact on required position accuracy, they should serve as a basis 
for achieving the desired level of coverage. Along with small cell deployment, mMIMO and mmWave 
technologies are present in almost every 5G prototype. 

Since this section discusses radio technologies used to accomplish performance requirements 
of mMTC activity-based IoT application classes, it can serve telecom operators and other interested. 
parties depending on their interest and potential to utilize these findings towards loT implementation 
and monetization. It describes each technology in terms of definition, advantages, disadvantages, 
and the possible impact on the performance requirements of a broad range of IoT applications that, 
drive the deployment of 5G networks. Moreover, this section can be useful to the research community 
interested in this attractive field to address recognized research gaps and directions. 


6. Discussion 


‘Telecom operators have the opportunity to capture a share of the revenue that is generated by 
IoT implementation depending on their role in the loT value chain. Regardless of their role, telcos 
have to face many technical challenges in order to meet the changing connectivity and performance 
requirements. Since current cellular networks limit numerous IoT applications, new technologies are 
being introduced leading towards 5G networks. Therefore, telcos have to focus on deploying these 
network technologies in order meet the changing requirements necessary to achieve success in IoT. 

In this regard, writing this paper was motivated by the challenge of providing an enhanced 
understanding of the scope and classification of the broad range of IoT applications in order to 
determine and prioritize their performance requirements with the goal of specifying the enabling 
technologies towards 5G networks. The aim has been to propose a new classification of loT applications, 
define and prioritize the performance requirements of such IoT application classes, and give insight 
into state-of-the-art technologies used to meet these requirements from telco’s point of view. The 
motivation that led to the focus of this paper being on IoT applications classification, performance 
requirements, and 5G enabling technologies could be explained by telco’s need for added value 
from IoT services. Hence, an analysis of oT customer service requests inspired us to propose an 
activity-based classification of IoT applications as it can, according to authors’ best knowledge, has 
allowed telcos to more precisely specify their performance requirements and 5G enabling technologies, 
thereby improving customer experience. 

In this regard, the paper fulfilled the following four objectives: (1) the identification of activities 
relevant to IoT applications and their usage as a new criterion for IoT application classification; 
(2) the specification and prioritization of performance requirements of such IoT applications classes; 
(3) the analysis of the radio technologies used to accomplish IoT application requirements; and (4) the 
identification of the research gaps and the recommendation of new research directions. 

‘Through fulfilling these objectives, we reviewed literature from the fields of IoT in 5G service 
classifications, loT in 5G performance requirements, and IoT in 5G enabling technologies. Since the first 
aim of this paper was to propose a new classification of IoT applications, the existing approaches have 
been summarized to serve as a basis to identify their drawbacks and formulate the appropriate solution 
to overcome them. In this context, we proposed a new approach to IoT applications classification, 
which was based on the activity as a new classification criterion denoting the main function/ purpose 
of specific loT application. This approach enabled a clearer and more precise positioning of particular 
application in the IoT application spectrum, as well as the determination of performance requirements 
and enabling technologies from telco’s point of view. The activity-based IoT application classification 
facilitated the specification of the performance requirements and determination of technologies which 
enable these requirements to be fulfilled. In this context, the proposed approach served as a basis for 
the simplification of the realization of particular loT application. For example, although the monitoring- 
and tracking-based applications seem to be similar, they set different performance requirements on the 


PART I— 
UNDERSTANDING BALUNS AND UNUNS 


Chapter | 


TLTs with 1:1 Ratios 


sion line transformer (TET) can be more easily 

categorized by impedance ratios than by Balun 
or Unun operation. ‘This can be shown by the “basic 
building block” of Guanella in his classic 1944 paper? 
(see Figure 1-1), althoagh he explained only the 
Balun operation when the center of the load, Ry, is 
grounded. In this case, Balun operation is assured 


T= fundamental classification of the transmis- 


when the inductive reactance of the top winding is at 
least {0 times greater than Ry/2. In other words, the 
reactance of the top winding should be five times 
greater than Ry_ at the lowest frequency of interest. 
When the characteristic impedance of the transmis- 
sion line is equal to Ry, the upper frequency limit is 
mainly determined by self-resonance for coiled wind- 
ings and the parasities in the connections, 

With toroidal cores, the inductive reactance at the 
lowest frequency of interest can be easily calculated. 
it simply involves the number of turns, N2, divided by 
the effective length, which is the circumference of 
the center of the cross section of the torrid in turn 
divided by the permeability, times the cross section 
area. This relationship is then multiplied by a con- 
stant, which brings it to the proper unit, called a 
Henry. With rod cores, there is no simple equation for 
calculating the inductance—then one has to rely pure- 
ly on experimentation. 

There are two other important functions of the 
basic building block which were not described in 


Figure 1-2. (4) Ruthroff's 1:1 
Balun high-frequency toroidal ver- 
sion model and (B) rod version, 
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Photo 1-A. Two basic forms of the 1:1 Balun. 


Photo 1-B. A typical rod-type Balun. 


Guanella’s classic paper. They are the phase inverter 
(when the top of Ry, is grounded) and the delay line 
(when the bottom of Ry, is grounded). In the delay line 
application, the voltage drop along the length of the 
transmission line is usually zero; therefore, there is no 
inductance and hence a core is required. Thus, 
Guanella’s basic building block can be considered a 
1:1 isolation transformer! In reviewing the Balun 
operation, the voltage drop is 1/2 V, and is -V, for 
the phase inverter. Because of the apparent isolation 
properties of the basic building block, it can also be 
used to change a Balun to an Unun, or vice versa. 
Since it has been shown that these transformers can 
exhibit such high efficiencies, especially when operat- 


ing at low impedance levels, two or three TLTs can be 
connected in series to obtain the desired results, 

Figure 1-2 shows two other versions of the 1:1 
Balun which appeared after 1959, Figure 1-24 shows 
Ruthroff's model and Figure 1-2B shows a model by 
some unknown amateur using a rod core instead of a 
toroid. In Ruthroff’s model, we see two inductances in 
series winding 3-4 and 5-6 forming a voltage divider 
resulting in terminal four being positive Vj/2 and ter- 
minal two being V,/2-V>. When Ry is grounded off 
its center, winding 5-6 becomes inoperative because 
of its very high reactance, resulting in a 1:1 Balun 
very much like Guanella’s. But Figure 1-2B shows 
that winding 5-6 is always in the circuit and, not only 
does it reduce the characteristic impedance of wind- 
ings 1-2 and 3-4, but it also couples the output imped- 
ance to the input impedance. In some cases, winding 
5-6 is placed between the other two. With the trifilar 
nature of Figure 1-2B, the high-frequency response at 
the 50-ohm level can vary greatly at the high end. A 
suggested design would be simply the bifilar winding 
of 1-2 and 3-4 separated from its neighboring turns by 
about the diameter of the wires used. In this way the 
low-frequency response would be the same, but the 
high-frequency response would be much improved at 
the 50-ohm level. In other words, it becomes 
Guanella’s form of the 1:1 (current) Balun. 

Photo 1-A shows two forms of the 1:1 Balun. On 
the left is Guanella’s and on the right is Ruthroff’s, 
Photo 1-B shows the radio amateur's version of 
Ruthroff’s model. As can be seen, the three windings 
are tightly coupled, yielding the undesirable results. 
Photo 1-C shows probably the latest amateur radio 
version of the 1:1 Balun. It consists of about 12 inches 
of 50-ohm cable threaded by ferrite beads. In order to 
obtain adequate isolation at the low frequency of 1.8 
MHz, permeabilities in excess of 2000 are required. 
Manganese-zine ferrite beads are, therefore, generally 
used in this case, As will be shown in Chapter 5, 
these beads exhibit excessive loss. In fact, beads have 
been known to literally fracture in this application 
because of the excessive heat. 


Photo 1-C. The coaxial 
cable “choke” 1:1 Balun. 


Chapter 2 


TLTs with 1:4 Ratios 


popular of the transmission line transformezs, 

As Baluns, they have mostly been used in 
matching center-fed antennas to either coaxial cable 
or open wire transmission lines. The 1:4 Unon has 
mostly been used in broadband amplifiers. 

The first version of the 1:4 TLT appeared in 
Guanella’s classic 1944 paper}. Figure 2-£ shows the 
high-frequency and low-frequency models of his 
Balun. In matching 50 ohms to 200 ohms, the tans- 
mission lines each see 1/2 of the load, Ry, and, there- 
fore, the characteristic impedance of each transmi 
sion fine should be 100 ohms. Since these two trans- 
mission lines are connected in paralle! on the left side, 
the result is the desired value of 50 ohms, Since 
Guanella’s TLTs sum voltages of equal delays, the 
high-frequency response is practically limited only by 
the parasitic in the connections. This assumes that the 
coiled transmission lines are not limiting the high-fre- 
quency response due to self-resonanee. 

‘The low-frequency model on the right in Figure 2-1 
shows that windings 3-4 and 5-6 are in series on the 
low-impedance side. If these windings are on separate 
cores their reactances are added in series, When oper- 
ating at low-impedance levels, allowing for shorter 
transmission lines, the two transmission lines can be 
wound on a single toroid. This resuits in a gain of two 
times in the reactances in windings 3-4 and 5-6, In 
any event, the reactances of these two windings (or 
beaded lines) should be 10 times greater than the 
input impedance. 

With reference to the basic building block discussed 
in Chapter 1, it should again be pointed out that 
Guanella's Balun can perform as a broadband delay 
ine (Unun) when terminal 2 is grounded, and as a 
phase inverter when terminal 8 is grounded, It should 
be recognized that converting Guanella’s 1:4 Balun to 
a 1:4 Unun yields exceptionally broadband widths and 
is an important design, especially for matching 50 
‘ohms to 12.5 ohms 


T: 1:4 TLT and the 1:1 TUT have been the most 


(a) 


8) 


Figure 2-1, Electrical models of the Guanella 4:1 Balun: 
(A) high-frequency, (B} low-frequency. 


In Figure 2-2A we see Ruthroft"s high-frequency 
‘model for his 1:4 Unun and his 1:4 Balun in Figure 
2-28, In his 1:4 Unun he connects the high-voltage 
side of the input impedance to the end of the bottom 
transmission line. This lifis the whole transmission 
line by the Voltage, Vj, resulting in a “bootstrap” 
effect. Since the transmission line sees 1/2 of the 
load, Ry,, its characteristic impedance should also be 
1/2, In the case of the Balun in Figure 2-2B, the 
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Figure 2-2 The Rushroff 1:4 transformers: 
(Aj Unun and (B) Balun, 
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A) 
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basic building block is connected as a phase inverter, 
In this instance the characteristic impedance should 
also be 1/2 of the load, Ry, for maximum high-fre- 
‘quency response. 

‘There are two major differences between Ruthroff's 
approach over that of Guanella’s. It is somewhat sim- 
pler because it uses only one transmission line, but it 
also has a poorer high-frequency response since it 
adds a delayed voltage to a direct voltage. Thus, when 
the transmission line is a 1/2 wavelength tong the out- 
put is zero, Figure 2-3 shows the calculated losses of 


Ruthrof’s 1:4 TLTs as a function of the transmission 
fine length and characteristic impedance, As is shown 
when the tansmission lines are 0.20 wavelength long, 
the loss is considerable. But for the radio amateur, 
usually operating below 30 MHz, 2/10 of a wave- 
length is equal to 2 meters in length, which is much 
longer than the lengths usually used in the TLTs. 
Figure 2-4 shows the low-frequency models of 
Ruthroff’s two TLTs. The model on the left is for his 
1:4 Unun, which is identical to that of the autotrans- 
former. The one on the right is for his 1:4 Balun, 


a4 
g 0a Zo= Zo (optimum) 

; 93) 7,, = 09, 1.14 xZo (optimum) 

§ 4 2540.75, 1.39 xZe (optimum) 
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Zy= 08, 20x Zo (optimum) 
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Figare 2-3, Loss as a function of nor- 
‘malized transmission line length in a 


Nivid Ruthroff 1:4 Unun for various values 


0 G08 oxy 


Normalized length of transmission tine (2/4) 


‘018 of characteristic impedance, Zo. 


Np. Ry ie 
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Figure 2-4, Low-frequency models of the Ruthroff 1:4 
transformers: (A) Unun and (B) Balun. 


Finally, Photo 2-A shows two versions of 
Guanella’s 1:4 TLTs. The top TLT is a 1:4 Balun 
matching 50 ohms balanced to 12 1/2 ohms unbal- 
anced. It uses tightly wound tums of No. 14 wire, 
yielding a characteristic impedance close to 25 ohms. 
The frequency response is flat from I 1/2 MHz to 
about 50 MHz. The upper frequency response in this 
case is limited by the self-resonance of the windings. 
On the other hand, the bottom TLT shows a Guanella 
1:4 Unun stepping down from 50 ohms unbalanced to 
12 1/2 ohms unbalanced. It uses two 25-ohm coaxial 
cables, with one covered in ferrite beads. In this 
design, the response is flat from 10 MHz to well over 
100 MHz! 
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Photo 2-A. Two Guanella 4:1 (50:12.5 ohm) Ununs: rod 


version (on the top), 1.5 to 50 MHz; beaded version (on 
the bowtom), 10 MHz to over 100 MHz. 


The result of the two methods of obtaining 1:4 
ratios can be categorized as follows: The Ruthroff 
bootstrap approach uses only one transmission line 
and can handle many applications when proper 
lengths of transmission lines are used. The Guanella 
approach always uses an added transmission line but, 
in turn, summons voltages of equal delays and, there- 
fore, has a higher frequency response. The next chap- 
ter, which covers TLTs with ratios of less than 1:4, 
carries this same theme much further. 


Chapter 3 


TLTs with Ratios Less Than 1:4 


gave the history of the TLT until about the mid~ 
dle of 1970, Some comments were made 

regarding publications in the amateur radio literature 

but they were not in anyway additions to the theory, 

In working more with these brondband-matching 
devices, it became apparent that a need existed for 
impedance ratios greater than 1:1 and less than 1:4. 
If this was possible, important ratios like 1:1.33, 


T= first two chapters of this book essentially 


Figure 3-1. Model for the analysis of the tapped bifilar 
transformer, 


4:15, and 1:2 could result in important applications 
in antenna uses and logic circuits operating in the 
usuat 50-ohm environment. These low ratios in series 
with other known TLTs result in important ratios 
never before obtained. These will be discussed in the 
next chapter. 

‘My first attempt at obtaining a low-ratio TLT was in 
experimenting with the performance of a Ruthroff 1:4 
Unun with a tap on its top winding. Figure 3-1 shows 
the schematic, Two taps were employed: one at one 
tur from terminal 3 and the other at three turns, The 
experimental results are shown in Figure 3-2, There 
are seven total trifilar turns of No, 16 wire on a 4C4 
toroid with an outside diameter of 1.5 inches and a 
permeability of 125. As is shown in the figure, the 
poorest performance occurs at the 24.5:50-ohm 
impedance level. The other two ratios exhibit wider 
bandwidth, Even though the bandwidths and effi- 
ciencies shown in Figure 3-2 are quite poor, as will 
be shown later, they are still far superior to those of 
the autotransformer, 


B & £ 8 


‘Transducer loss (48) 


poutine 


Figure 3-2, Loss versus frequency for of 
the tapped bifilar transformer, ——>= 
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network, thereby allowing the proposed approach to precisely grade the IoT applications from the 
same IoT application domain. 

Furthermore, we associated the activity-based IoT application classes with the 5G service classes, 
i, mMTC and uMTC, in order to specify and prioritize their performance requirements. It was 
determined that almost each activity-based loT application class poses high requirements in terms of 
connection density, whereas ticketing-based and tracking-based IoT application classes additionally 
require high positioning accuracy and coverage. In order to analyze these performance requirements, 
we have summarized the radio technologies used to implement the future 5G networks. The focus 
was on the technologies used to meet the aforementioned performance requirements of mMTC 
activity-based IoT application classes, since mMTC is more mature, as its deployment has already 
started, while uMTC requires further research to achieve incomparable levels of reliability needed to 
enable new applications in 5G. 

The analysis showed that new waveform technology can be used to meet the requirements in 
terms of connection density; large-scale antennas and advanced small cell technologies can be used. 
for the purpose of satisfying the requirements in terms of positioning accuracy; while wide and 
flexible bandwidth technologies, in-band full duplexing technologies, and access architecture related 
radio technologies (ie., advanced small cell, enhanced wireless backhaul, moving network, and D2D 
communication) can be used to achieve high requirements in terms of coverage. In addition, the 
conducted research study allowed us to highlight a number of open research issues that could serve the 
research community and other stakeholders interested in this contemporary and attractive field. In this, 
context, we have recognized research gaps and directions which mostly relate to network redesign 
and optimization in order to accommodate large-scale IoT applications. 


7. Conclusions 


‘The IoT paradigm has the potential to revolutionize all areas of daily life of individuals, businesses, 
and society as a whole. Telcos enjoy a central role in the paradigm of IoT because of owing 
communication infrastructure which is exposed to the numerous technical challenges due to changing 
connectivity and performance requirements of various IoT applications. These requirements cannot be 
met with the current cellular networks which create the need to introduce new types of technologies 
leading toward 5G networks as the main driver for enabling numerous IoT applications. In this, 
context, this paper proposed the activity-based classification of IoT applications and specification of 
their performance requirements in order to identify 5G radio technologies used to meet them, all from. 
telco’s perspective. Activity-based classification of IoT applications indirectly allowed the construction 
and distribution of performance, as IoT value proposition, while using 5G enabling technologies, as, 
IoT resources in telco’s internal value chain. In this context, high performance requirements of each 
activity-based IoT application class (1e., connection density, positioning accuracy, coverage) served 
as a basis to analyze various enabling technologies in radio access part of 5G network in terms of 
advantages, disadvantages, and research gaps. 

On the basis of the conducted analysis, we concluded that the following technologies can meet 
the high performance requirements of mMTC activity-based IoT application classes: new waveform 
technology (in terms of connection density), large scale antennas (in terms of positioning accuracy), 
wide and flexible bandwidth technologies, in-band full duplexing technologies, and access architecture 
related radio technologies (in terms of coverage). According to the identified research gaps, one may 
conclude that the optimal solutions for each technology are still in its infancy. This implies that any 5G 
enabling technology should be first implemented and tested through prototype construction before 
the deployment of specific loT application. Thereafter, the technology combination that meets the 
performance requirements of each activity-based IoT class should first be found. Finally, the practical 
implementation of different technological combinations may further lead to a deep and comprehensive 
analysis of QoS and QoE in the context of IoT applications 
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Figure 3-3. Trifilar bootstrap Ununs: (A) voltages in 1:2 and 1: 


in order to improve upon the performance at around 
the 1:2 fevel, a trifilar connection that is an extension 
‘of Ruthroff’s 1:4 “bootstrap technique” Unun is 
shown in Figure 3-3. Figure 3-3A shows the voltage 
relationships, including a tap on the top winding about 
8/10 the distance from terminal 5 and yielding an out- 
put voltage very close to 1.4 times the input voltage, 
V. By connecting the load, Ry, directly to terminal 6, 
the output voltage is 1.5 times the input, yielding a 
natural ratio of 4: 2.25. This ratio should suffice in 
many 1:2 applications. 

But the schematic in Figure 3-3B shows the cur- 
rents that flow in this trifitar configuration, It is inter- 
esting to note that winding 5-6 in the 1:2.25 applica- 
tion carries 2/3 of the current, while the other two 


2.25 ratios and (B) currents in 1:2.25 ratios, 


windings carry 1/3 each, This means a transmission 
line mode occurs such that winding 5-6 is shared by 
windings 1-2 and 3-4, Another view is that two trans- 
mission lines operate in parallel with one winding 
common to both. Physically this means that this very 
efficient broadband TLT is basically comprised of two 
of Guanella’s basic building blocks in parallel! From 
this model it becomes clear that the performance of 
this devise is based upon the fact that there is a direct 
voltage of V/2 from terminal 2 to ground and vo 
delayed voltages of V2. 

‘The highly effictent and broadband performance of 
this trifilar Unun is shown in Figures 3-4 and 3-5 
Figure 3-4 shows the trfilar winding on a 1 1/2-inch 
toroid with a tap yielding a 1:2 ratio, As is shown in 
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Figure 3-5, Loss versus freqnency for a 
tapped triftlar tranaformer using No. 14 
wire on a 1/2-inch diameter QI rod and 
at three different impedance levels. 
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the figure, the 50:100-ohm ratio is slightly better than 
the other two, 

‘The efficiency avd bandwidth shown here far 
exceed the I:4 Ruthroff Unun since the voltage drops 
along the lengths of the windings are considerably 
less and the canceflation due to adding a direct vott- 
age with the delayed one is considerably smaller. 
Figure 3-5 shows the same tifilar winding on a1 1/2- 
inch ferrite tod of similar permeability. Because the 
windings are tight to each other, the effective charac- 
teristic impedance concerning the top winding 5-6 is 
considerably lower. As is shown, the optimum perfor- 
mance occurs at the 24.34:50-ohm impedance level. 
‘This suggests that optimum performance at the 25:50- 
ohm impedance level for a toroidal core would proba- 
bly occur if winding 5-6 in Figure 3-3 were placed in 
between the other two. Examples are shown in Part If 
of this book. 

Another revealing part of the story is ilfustrated in 
Figure 3-6, which shows two coaxial cables, con- 
nected in parallel and in Rudhroff bootstrap operation, 
‘The inner-conductor of the top coax is tapped at 
about 8/10 the distance from the left-hand edge, 
yielding a voltage ratio of 1.4 times the input voltage, 
\V. Figure 3-6A shows the voltages and Figure 3-6B 
sbows the currents at the 1:2.25 ratio, Since the volt- 
age of each coax is 1/2 the input voltage, but the cur- 
rent in the top coax is twice that of the bottom one, its 
characteristic impedance should most likely be 1/2 
that of the lower coax. For operations at the 25:50- 


ohm impedance level, the characteristic impedance of 
the top coax should be 23 obms and that of the bot- 
tom 50 ohms, The application of coaxial cables looks 
very interesting. 

Figure 3-7 shows a Guanella approach for a coiled 
wire TLT with ratios less than 1:4. Specifically, it 
shows a basic building block in paraliel with a 
Guanella 1:4 Balun yielding a ratio of 2.25:1. The 
high-impedance side on the left shows the two TLYs in 
seties and, on the right, the outputs in parallel. Since 
Guanella's TLTs are known to have equal delays for 
equal lengths of transmission lines, the high-frequency 
response is ouly limited by parasitics in the connec- 
tious or self-resonance in coiled windings. In some 
instances, this form of TLT has been called an “equal- 
delay” TLT. If the impedance on the ieft is 100 ohms, 
the impedance on right side is 44.4 ohms. Tae opti- 
mum characteristic impedances of the transmission 
lines in this case are each 66 ohms. In matching 50 
ohms to 22.22 ohms, the optimum characteristic 
impedances should be 33 obs, For lower ratios, the 
bottom TLT in Figure 3-7 should be changed to higher 
ratios, For example, with a 1:9 ratio the final overall 
ratio becomes 1.781, and for @ 1:16 ratio in the bottom 
TLT the overall ratio becomes 1.56:1 

If the impedance on the left is 100 ohms, in the 
1.78:1 ratio the ideal charueteristic impedances should 
be 75 ohms for each transmission Jine; for the 1.56 
ratio the characteristic impedances should be 80 ohms, 
‘When matching 50 obms to tower impedances, the 
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Figure 3-7, High-frequency model of the parallel-type 
2.25:1 transformer, Connections shown are for Uniun 
operation. 


y 
wi Figure 3-8 shows two quintufilar windings of a 
F va 1:1.56 Umun, The figure on the left is optimized for 
‘matching 50 to 75 ohms and that on the right to match- 
o ing 50 to 33 ohms, Although not shown here, winding 


9-10 earries 4/5 of the input current and the other 


windings carry 1/5 each. The other point to make in 
both the trifilar and quintufilar windings is that their 
low-frequency models show considerably more wind- 
ings in series than their 1:4 counterpart. This means 
optimum characteristic impedances of the windings (or that fewer turns and, hence, shorter lengths can be 
beaded coaxes) should be 37 1/2 and 40 ohms, respec- _ employed in these bigher order windings. Proof of this 
tively, Further descriptions of these equal-delay trans- is shown in Figure 3-9, which illustrates the incredible 
formers are described in Part II, Chapter 10 of this performance at the 64:100-chm impedance level using 


Figure 3-6. Parallel coax Unun: (Aj Voltages in 1:2 and 
1:25 ratios and (B} currents in the 1:2,25 ratio, 


book and in Chapter 18 of my other TLT book.! schematic “A” in Figure 38, As is shown, only three 
re) re 
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Figure 3-8, Quintuftlar transformers with 

impedance ratios of 1:2.56: (A) depicts a 

high-impedance operation and (B) dis- ay“ ee 

plays windings configured for low-imped- | = 


ance operation. 
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Figure 3-9, Loss versus frequency for 
a five-winding transformer. 
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tums of No. 16 wire is employed on the ferrite toroid 
with a permeability of 125. This performance even 
exceeds that of the trifilar one. 

With shorter fengths of transmission line and higher 
permeabilities with smaller ferrite toroids, the band- 
widths of these multi-conductor TLT's performances 


should be vastly improved, And, finally, tapping of 
the Guanelia approach to these broadband low-ratio 
TLTs should be investigated. Since this technique is 
highly successful in the Ruthroff bootstrap approach, 
it is apparent that it should be also in the Guanella’s 
equal-delay approach. 


Chapter 4 


TLTs with Ratios Greater Than 1:4 


1m TLTs with ratios less than 1:4, as described 
F= Chapter 3, it is now possible to easily 
achieve Baluns and Ununs matching 50 ohms to 
impedances as high as 600 ohms and as low as 3.125 
‘ohms, Since TLTs can be developed with very high 
efficiencies and broadband widths, several TLTs ean 
be connected in series with their outstanding features, 
‘This chapter begins with the two TLTs that result- 
ed in high ratios using only one transformer, The 
first, shown in Figure 4-1, is the Guanella 1:9 Balun. 
Figure 4-14 is the high-frequency model and Figure 
4-1B is the low-frequency model. The desiga objec- 
tives when matching 50 ohms to 450 ohms, the char- 
acteristic impedances, Z, of the three transmission 
lines should be 130 ohms. As can be seen, each 
transmission line sees 1/3 of the load, Ry. In Figure 


4-1B, the reactance of winding 5-6 in series with 
winding 3-4, in turn, in parallel with windings 9-10 
and 7-8 should be 10 times greater at the lowest fre- 
quency of interest—S0 ohms. This transformer can 
operate even better in matching 5.5 ohms to 50 
ohms, At lower impedance levels, lower reactances 
are required. Further, higher core permeabilities can 
be empioyed since core loss is impedance level 
dependent, This transformer can also operate as an 
Unun when terminal 2 is grounded. in this applica- 
tion, a 1:1 Balun on the output of a low-impedance 
Balun on the input of a high-impedance Balun 
(matching 50 ohms to 450 ohms) would help in the 
low-frequency response. 

sure 4-2 is a schematic of a trifitar-wound TLT 
using Ruthroff’s bootstrap approach for obtaining a 


each equal 10 Vp. 


i — 
Figure 4-1. Guanella's 1:9 transformer: (A) high-frequency 4 
model and (B) low-frequency model. It is assumed that Zy = Ry/3 
and, therefore, the output voltages of the transmission fines are m 
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Figure 4-2 4 schematic diagram of a triftar transformer 
‘for obtaining impedance ratios up to 1:9. 


variety of impedance-matching raties from 1:2 up to 
1.9, In the 1:9 ratio using terminals A-D, it shows a 
direct voltage added to a double delayed voltage, 
Therefore, the high-frequency response is much poor- 
er than the other ratios, But at low-impedance levels, 
which require lower reactances and thus shorter 
lengths of transmission lines, this Unun makes a prac- 
tical multi-natch transformer for the HF band, 

Figure 4-3 is a schematic for a 1:6.25 Balun match- 
ing 50 ohms to about 300 ohms. On the left is the 
extension of Ruthroff’s technique to obtain an Unun 
with a ratio very close to 1:1.5, followed by a 
Guanella 1:4 Balun, By tapping the top winding in the 
Unup on the left, a ratio very close to 1:6 can be 
obtained. Further, by installing a 1:1 Balun in between 
these two TLTs and grounding terminal 2 in the 1:4 
Balun, a broadband 1:6 Unun results. 


151.56 UNUN 1:4 BALUN 


Figure 4-3. Schematic diagram of the series-type Balun 
with a 16.25 ratio designed to match $0 10 312.5 obs 


Figure 4-4 is a schematic of a Balun matching 50 
ohms to 600 ohms, yielding a ratio of 1:12. The Unun 
on the left is a tapped quintofilar winding, yielding a 
ratio of 1:1.33 in series with a 1:9 Guanelia Balun, A 
septufilar-wound Unun can also be used. By installing 
1:1 basic building block in between these two TLTs 
and grounding terminal 2 of the 1:9 Balun, a broad- 
band 1:12 Unum results, 

Broadband ratios of 1:16 can also be obtained with 
the Guanella approach. It would contain four transmis 
sion fines in a parallel series connection. For the 
Ruthroff approach, it would be two 1:4 Ununs in series, 
With appropriate characteristic impedances, broadband 
operation is possible at these very high ratios. 
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Figure 4-4, Schematic diagram of the series-type 1:12 Balun using a 1:1.33 Unun in series with « 1:9 Guanella Balun, 


Characterization 


Chapter 5 


@ word characterization is very familiar to 
those engaged in the research and development 
of Solid-State devices. It involves the study of 

the various components that make up the models of 

the particular devises. In the case of TLTs, we have 
two models of each transformer as previously men- 
tioned: one is the high-frequency model and the other 
the low-frequency model, The major subject of inter- 
est with the high-frequency model is the characteristic 
impedance, Zo, of the transmission tines employed. 

Having many types of transmission lines available 

Jeads to the major investigation to develop the proper 

values of characteristic impedance. It is assumed that 

the proper model has been chosen, whether it’s 

Guanella’s with its equal delays, or Ruthroff’s with 

his bootstrap application, The make-up of the magnet- 

ic cores, which are usually ferrites, is also a study of 
interest, For high-power applications, the bulk resis 
tivity becomes an important ingredient. In the low-fre- 
queney model, the reactance of the coiled or beaded 


transmission line at the lowest frequency of interest is 
the important consideration. Here, number of turns, 
permeability of the cores, and geomeiry of the cores 
all come into play. 

Since this topic covers so much temtitory, only a few 
of the major subjects can be included in this chapter. 
The first topic deals with the geometry of the cores 
and the permeability of the material. Figure 5-1 
shows three TLTs with the same windings but with 
different cores. Two are toroids and one is a rod. One 
is a powered-iron toroid with a permeability of only 
10, The other two use QI ferrite material with perme- 
abilities of 125. As is shown, the powered-iron core 
with a permeability of 10 has the poorest low-frequen- 
ey response, and the ferrite toroid with a permeability 
of 125 has the best low-frequency response of the 
three, Also clearly shown is the poorer response of a 
rod core of four inches in length compared to its 
counterpart, the toroidal core. Further, there is no sim- 
ple formula for calculating the so-called “magnetizing 
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Figure 5-1, Experimental results showing 
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the low-frequency performance of the rod ot 
transformer versus the toroidal transformer. 
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MATERIAL SUPPLIER PERMEABILITY ‘BULK RESISTIVITY 
(ohms-om} 
Qi Niza) “Alien Bradiey Bs 108 
formerly Indiana Genera!) 
Giza) Alea Bradley 300 108 
Qe Wizay ‘Alien Bradley ® 10 
H (Nizs) Allen Bradley 350 10 165 
C4 (Niza) Ferrmxcobe 1235 307-108 
3B Mnzny Revroxcuhe 2700 TOF W05 
KS (NiZa) MH&W Jeu (TDK) 200 2x10" 
KR6 (Niza) MB&W Ind (TDK) 2000) 105-08 
‘EMDS005 (NiZn) ‘Ceramic Magnetics 1400 fe 7x 10° 
‘€2025 (NiZn} ‘Ceramic Magnetics 175 Sx 108 
END (Niza ‘Ceramic Magnetics 800 108 
Cai50CNiZa) ‘Ceramic Magnetics 100 3x10" 
E (Powdered Iron) ‘Arnold Engincecing, 10 102 
‘Amidon Associates, 


‘Table $-1. Cores, suppliers, and specifications, 


inductance” when using a rod, The low-frequency 
results for this core are mainly determined experimen- 
tally, Rod cores have found favor in the past for ama- 
teur radio use because they are generally less expen- 
sive than their toroidal counterparts, 

Table 5-1 shows a listing of the vatious core materi- 
als used in my investigation, Since this goes back to 
about 1975, it is expected that some of the manufac 
turers are no longer in existence and that new sources 
are available, A particular example is the K5 material, 


which is shown in succeeding figures. Since this 
material was manufactured in Japan, it has now been 
excluded because any compound using nickel is now 
considered a serious contaminant, Other counties stil 
manufacture ferrites of nickel-zine, however, 

‘The two parameters that are important in TLs are 
baving ferrite materials that are both high in perme- 
ability and bulk resistivity. The importance of the Iat- 
ter parameter can be shown in the next two figures, 
Figure 5-2 shows the response curve of two TLTs 
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using different permeabilities and compared to an 
autotransformer with the material (Q1} of one of the 
‘PLTs. As can be seen when matching at the 100:25- 
ohm level, the K5 material has a better low-frequency 
response but a little more loss above 1 MHz. 

Figure 3-3 shows the comparisons at the higher 
impedance level of 200:50 ohms. The difference 
between KS and QI becomes larger at the higher 
impedance level, Also shown in the figure are the 
resulis of Q2 with a permeability of 40 and E with a 
permeability of only 10. 


Figure 5-4 clearly shows the expected performance 
with lower bulk resistivities. The 3C8 fertile fas a per- 
meability of 2700 and a bulk resistivity of only 
102-105, The other two curves are from KR6 with a 
permeability of 2000 and a bulk resistivity of 10-108, 
and Hat a permeability of 850 and 104-105, 

Experiments with various materials show the impor- 
tance of investigating the losses of the materials, partic 
ularly as a function of impedance level. The 3C8 mate- 
rial has been used on the so-called “choke” Balun, a 
beaded 50-ohm coaxial cable, which explains why the 
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Figure 5-4. Measurements of 3C8, 
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KR6, and H materials at the 200:50- 
ohm level, 
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Figure 5-5. Characteristic impedance, Z versus wire 
diameter for a tightly wound transformer (tight winding on 
@ S/S-inch diameter rad), 


beads have been known to fracture due to excessive 
heat. By the use of ferrites with a permeability of 
125 and very much larger cores for added dissipa- 
tion, TLTs with 50:200-ohm ratias have been known 
10 operate satisfactorily at the 10-20-kilowatt level.5 
In the investigation of various transmission fines, 
two interesting results can be shown, Figure 5-5 
shows the variation of characteristic impedance for 
tightly wound transmission lines on a ferrite rod, The 
figure shows that No. 14 wire has a characteristic 
impedance of about 25 ohms in a tightly wound con- 
figuration, By separating the bifilar windings by about 
one wire diameter or winding it around a toroid, the 
characteristic impedance approaches 50 ohms, When 
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Figure 3-6. Measured values of the characteristic imped- 
ance, Za, of siriplines versus width. 


working at impedance levels of 200:300 ohms, char- 
acteristic impedances of 100:150 ohms require extra 
spacing using Teflon” sleeving and, generally, toroids 
are used instead of rods. 

Figure 5-6 shows the experimental results of a 
stripline transmission line. As shown, characteristic 
impedances approaching 5 ohms are obtainable! With 
thinner insulation, low impedances can be obtained 
with less widths, 

Figure 5-7 shows the results of two Ruthroff TLTs 
in series using stripline matching 50 ohms to about 3 
ohms, By using two Guanella 1:4 Ununs, each using a 
transmission line as a delay Tine, bandwidths greatly 
exceeding those shown in Figure §-7 are expected, 
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Figure 5-7, Experimental results of the 12 
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different impedance levels. Note the best on 
level is at about S4:3.5 ohms. 
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Summary 


Chapter 6 


fter many talks before amateur and profes- 

sional groups, as well as during a revent liter- 

ature search on diode mixers and power split- 
ter/combiners, it became apparent thet very few really 
understood transmission line transformer technology. 
Prime examples of this misunderstanding follow. 

Figure 6-1 shows a schematic diagram of a diode 
mixer. The author states that the transformer, T-1, is 
a TLT. He assumes it is a TLT because its windings 
are owisted, But from the schematic it can be easily 
shown that T-1 has a primary and secondary winding 
like any conventional transformer in which it trans- 
mits the energy from input to output by flux link 
ages. The idea of twisting came from Ruthroff’s 
approach. He worked with very small toroids and 
fine wires, In order to keep the characteristic imped- 
ance of the transmission lines under contro! he had to 
twist the wires, 

Another author also employed a twisting of wires, 
Figure 6-2 shows the transformer, which he called a 
TLT, used in his schematic. ‘The input current, 21, 
splits into two currents, which flow out of the two sec- 
ondary terminals, The voltages of the three terminals 
are the same, Since it can be seen that the currents 
through the transformer are equal and opposite, there 
is virmally no voltage drop between its terminals 
‘because of flux canceling. Furthermore, since the 
input on the right side has an impedance half that of 
the two outputs, a 1:2 transformer is required to being 
the circuit back to 30 ohms. The 1:2 transformer used 
in the author's schematic is an autotransformer, as was 
shown in Chapter §, itis vastly inferior in bandwidth 
and efficiency to a'TLT, And, finally, the theory of the 
flux-canceling transformer is certainly not that of a 
‘TLT and requires further study. 

In reviewing the history of the TLT, we've seen that 
‘two approaches had been used untif about 1970, 

The first was Guanella’s, which for 1:4, 1:9, and 
4:16 FLTs used transmission lines connected in paral- 
Jel at the low-impedance side and in series at the high- 


Fin 


1F out 


Figure 6-1. Equivalent circuit of a double-balanced mixer 
using four diodes in a ring configuration. 


Figure 6-2. Typical power combiner/splitter circuit, 


impedance side, Essentially he summed voltages of 
‘equal delays. Therefore, his TLTs, which were essen- 
tially Baluns, had high-frequency responses only fim- 
‘ted by the parasitics. His 1:1 basic building block and 
1-4 Balun are the Baluns of choice today. 

Ruthroff, on the other hand, used Guanella’s basic 
building block for obtaining a 1:4 ratio by connect- 
ing the basic building block in a bootstrap configura- 
tion, He was able to produce a broadband 1:4 Unun, 
By connecting the basic building block in a phase- 
inverter configuration he was able to obtain a broad- 
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band 1:4 Balun, But his 1:4 TLTs summed a direet 
voltage with a delayed voltage, which eventually 
ended up in a canceling mode, thereby limiting the 
high-frequency response, For many applications not 
requiring vary large bandwidths, his simple TLTs 
are applicable. 

After 1970 advances where made, particularly with 
the 1:4, 1:2, and 1:4.5 Unun, The improved 1:4 Unun 
used Guanella’s equal-delay approach by employing 
one of the basic building blocks as a delay Tine, Since 
this transmission Tine has no voltage drop across it, no 
magnetic medium is requited. The other transmission 
Tine has the same voltage drop across it as the 
Ruthroff Unun, thus resulting in the same low-fre- 
quency response. 

‘As was shown in Chapter 3, by using a trifilar 
bootstrap approach, improved bandwidth at the 1:2.25 
ratio results, By tapping one of the conductors, @ ratio 
of practically 1:2 can be obtained, By using five con- 
ductors in a quintufilar arrangement, broadband ratios 
of 1:1.5 are easily obtained, Since the delayed voltage 
is four times the direct voltage, this TLT has even 
mach broader bandwidth than the 1:4 and 1:2 ratios. 
These ratios, again as shown in Chapter 3, can also 
be obisined by using Guanella’s equal-delay 
approach. A 1:1 basic building block in series/parallel 
with a 1:4 Guanella TLE results in a very broadband 
1:2.25 ratio, This is also called an equal-delay TLT, 
By using the basic building block in series parallel 
with Guanella’s 2:16 TLT, a broadband equal-delay 
1:1.56 ratio results. Although, to the best of my 
knowledge it has not been tried, tapping one conduc- 
tor in the basic building block, which is connected in 
series parallel with the 1:4 equal-delay TLT, could 
result in a ratio close to 1:2. The choice one makes at 
the 11.5 ratio is still not clear, 


The bootstrap approach has the advantage of using 
only one magnetic medium with all the conductors in 
a seties aiding operation, which could make this 
device very practical in many applications. 
Undoubtedly, the equal-delay method suffers at the 
low-frequency end and requires five transmission 
Jines, reducing its application, It is clear that the 1:4 
and 1:2,25 equal-delay TLT's have much wider band- 
widths than their counterparts, 

When viewing the results of the various experi- 
ments performed on the TLT, it becomes apparent that 
this technology is not suited for the vacuum tube with 
its high impedances, but for the Solid-State devices of 
today with their ower impedances. With the applica- 
tion of the equal-delay approaches of Guanella and 
the low-impedance ratios of Ruthroff’s bootstrap 
approach, the future is bright for the application of 
these broadband TLTs at low-impedance levels. With 
modern fabrication techniques, the TLY, in matching 
50 ohms down to lower impedances, should have a 
capability greatly exceeding 100 MHz! 

And, finally, for those interested in writing a com- 
prehensive text like that of the renowned Frederick B. 
‘Terman,® I suggest including the simplified and uni- 
fied approach to the theory of the very broadband, 
impedance-matching TLT shown in this book. 

In closing, I feel if necessary to include a small. tuto- 
rial on grammar, ‘The “Balun” which is well known, is 
a match between a balanced impedance and an unbal- 
anced impedance. The “Unun,” a word I coined sever- 
al years ago, came about because there was no accept- 
able term for a devive matching unbalanced imped- 
ance to unbalanced impedance, and it became quite 
tedious to continuously type the whole expression. In 
discussing this device on the air, 1 found many called 
ita U-nun—obviously the right terminology is Un-un, 
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PART li— 
BUILDING AND USING 
BALUNS AND UNUNS 


The 1:1 Balun 


Chapter 7 


Sec 7.1 introduction 


‘n this chapter f will introduce the most popular 
| ees Balun in amateur radio use—the 1:1 

Balun, This topic been discussed in the amateur 
radio literature since the publication of Turrin’s 1964 
article.8 Although Turrin’s Balun is really a version of 
Rutbroff’s, which was introduced in his classic 1959 
article,? the real beginning of the broadband [:1 Balun 
dates back to Guaneila’s classic paper of 1944.3 
Guaneila’s objective was to design a broadband 16:1 
Balun to match the balanced output impedance of 960 
hms of a push-puil, 100-watt vacuurn-tube amplifier 
to the unbalanced load of a matched 60-obm coaxial 
cable, Use of his approach for 1:1, 4:1, and 9:1 Baluns 
has produced the designs of choice. They are present- 
ly called current or choke Baluns. 

‘This chapter begins with an introduction to the tech- 
nology of transmission line transformers. Other topics 
discussed include: 1) when to use a Balun; 2) high- 
lights of significant articles in the professional and 
amateur radio literature; 3) high-power, medium- 
power, and low-power designs; and 4) isolation trans 
formers. The latter is presented here for the first time. 
"The chapter closes with a brief summary of the signif- 
icant points included within, 


Sec 7.2 When to Use a Balun 


Baluns have taken on a more significant role in the 
past few decades with the advent of solid-state trans- 
ceivers and Class B linear amplifiers with unbalanced 
outputs. That is, the voltage on the center conductor 
of their output chassis connectors varies (plus and 
minus) with respect to ground, In many cases, coaxial 
cables are used as the transmission Lines from these 
unbalanced outputs to antennas like dipoles, inverted 
‘Vs, and Yagi beams that favor a balanced feed, In 
essence, they prefer a source of power whose termi- 
nals are balanced (voltages being equal and opposite) 
with respect to actual ground or to the virtual ground 


Figure 7-1, An illusiration of the various currents at the 
feedpoint of a dipole, 1; is the dipole current and I>, the 
inverted L. (imbalance) current. 


that bisects the center of the antenna, The question 
that is asked most frequently is whether a 1:1 Balun is 
really needed. 

‘To illustrate the problem involved and to give a 
basis for my suggestions, I refer you to Figure 7-1. 
Here we have, at the feedpoint of the dipole, two 
equal and opposite transmission line currents with two 
components each—Ij and I. Also shown is the spac- 
ing, s, between the center conductor and the outside 
braid. Theoretically, a balanced antenna with a bal- 
anced feed would have a ground (zero potential) plane 
bisecting this spacing, However, because @ coax-feed 
is unbalanced and the outer braid is also connected to 
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ground at some point, an imbalance exists at the feed- 
point giving rise to two antenna modes, One lies with 
Ij, providing a dipole mode; the other lies with [y, 
providing an inverted L mode, 

If the spacing, s, is increased, the imbalance at the 
feedpoint becomes greater—giving rise to more cur~ 
rent on the outer braid and a larger imbalance of cu 
rents on the antenna’s arms, Several steps can be 
taken to eliminate or minimize the undesirable invert 
ed L mode (that is, eliminate or minimize 1). The 
obvious choice is to use a well-designed Balun that 
not only provides a balanced feed, but also minimizes 
(by its choking reactance) 17—if the coaxial cable 
does not lie in the ground plane that bisects the center 
of the dipole, The other step is to ground the coaxial 
cable at a quarter-wave (or odd-multiple thereof) from 
the feedpoint, This discourages the inverted L mode 
because any radiating element will want to see a high 
impedance at these lengths instead of the low imped- 
ance of a ground connection 

Tconducted experiments with Baluns on a 20-meter 
half-wave dipole at a height of 0.17 wavelengths, 
which gave a resonant impedance of 50 ohms, VSWR 
curves were compared under various conditions 
When the coaxial cable was in the ground plane of the 
antenna (that is, perpendicular to the axis of the anten- 
na), the VSWR curves were identical with or without 
a well-designed Balun-—-no matter where the outer 
‘raid was grounded. A significant difference was 
noted only when the coaxial cable was out of the 
ground plane, When the cable dropped down at a 45- 
degree angle under the dipole, a large change in the 
VSWR took place, This meant that the inverted L 
mode was appreciable, 

It should also be mentioned that the direction of Jp, 
the imbalance current, can depend upon the side on 
which the coaxial cable is out of the ground plane of 
the dipole. For example, if the cable comes down 
under the right side in Figure 7-1 (that is, the angle 
between the horizontal arm and the coax is less than 
90 degrees on the right side and more than 90 degrees 
on the left side), then the direction of I; can be 
reversed by the imbalance in the induced currents on 
the outside of the braid. By the same token, by having 
the coaxial cable coming down on the other side, the 
value of 1y is only increased in magnitude. 

However, feeding a Yagi beam without a well- 
designed 1:1 Balun is a different matter. Because most 
Yagi designs use shunt-feeding (usually by hairpin 
matching networks) in order (0 raise the input imped- 


ance close to 50 ohms, the effective spacing (s) is 
greatly increased. Furthermore, the center of the dri- 
ven element is actually grounded. Thus, connecting 
the outer braid (which is grounded at some point) to 
‘one of the input terminals, creates a large imbalance 
and a real need for a Balun, An interesting solution, 
which would eliminate the matching network, is to 
use a step-down Balun designed to match 50-ohm 
cable directly to the lower balanced-impedance of the 
driven element. 

In summary, if you concur with the theoretical 
model of Figure 7-1, my experiments performed on 
20 meters, and the reports from radio amatenrs using 
dipotes and inverted Vs without Baluns, then it 
appears that 1:1 Baluns are really needed for: a) Yagi 
beam antennas where severe pattern distortion can 
take place without one, and b) dipoles and inverted Vs 
that have the coaxial cable feed lines out of the 
ground plane that bisects the antennas, or that are 
unbalanced by their proximity to manmade or natural 
structures, In general, the need for a Balun is not so 
critical with dipoles and inverted Vs (especially on 40, 
80, and 160 meters) because the diameter of the coax- 
jal cable connector at the feedpoint is much smaller 
than the wavelength, 

If my model, which assumes that a part of the prob- 
Jem when feeding balanced antennas with coaxial 
cable is related to the size of the spacing, s (shown in 
Figure 7-1), then the possibility exists for using 
Umuns for matching into balanced antennas with 
impedances other than 50 ohms and with small values 
of s. For example, hatf-waye dipoles at a height of 
about «half-wave, quads, and cenier-fed 3/2-wave 
dipoles—which all have impedances close to 100 
‘chms—could very well be matched to 50-ohm cable 
by a 2:1 Unun. As I will show, they are considerably 
easier (o construct than 2:1 Baluns. Furthermore, 
Genaille'® has recently shown considerable success 
using Ununs in this kind of application, 

‘To wind up this section, I would like to comment on 
an article published by Eggers,i! WA9NEW, concern- 
ing the use of a Balun with a half-wave dipole, While 
at North Carolina State University, he conducted an 
experimental investigation of pattern distortion with- 
out a Balun at 1.6 GHz in an RF anechoic chamber 
(which simulates “free space”). Briefly, his results 
showed that, with a Balun (bazooka type), the antenna 
radiation pattern compared very favorably with the 
classic “figure-cight.” Without the Balun, the radiation 
pattern was severely distorted. 


Even though the author expressed difficulty in 
obtaining accurate measurements at this very high fre- 
quency, I have a question regarding the validity of 
performing the experiment in the first place. From the 
photograph in the article, it appears that conventional 
coaxial cable and connectors were used in the experi- 
ment. If we assume an effective diameter of 0.375 
inches for these components, then scaling up t0 3.5 
MHz (457.14 fold) results in a coaxial cable with a 
diameter of 14.28 feet! Tam quite sure that the large 
spacing, s, of 7.14 feet would bring about a noticeable 
imbalance resulting in appreciable pattern distortion 
even at 3.5 MHz. 


Sec 7.3 Highlights of Significant 
Arficles on 1:1 Baluns 


Although there have been many articles on 1:1 Baluns 
published in the professional and amateur literature, 1 
have selected for review a few that I believe have had 
the most impact on 1:1 Baluns for amateur radio use. 
As you will see, even though I consider some of the 
amateur articles significant, their impact upon the use 
and understanding of these devices has not always 
een positive. In fact, in some cases, the opposite has 
been true. 


in the professional literature 


There are actually only two significant articles in the 
professional literature that provide the fundamental 
principles upon which the theory and design of this 
class of transformers are based. It can be said that suc- 
ceeding investigators simply extended the works of 
the authors of these two articles. 

‘The first presentation on broadband matching 
transformers using transmission lines was given by 
Guanella in 1944.3 He coiled transmission lines 
forming a choke such that only transmission line cur- 
rents were allowed to flow, no matter where a ground 
was connected to the toad. His single, coiled trans- 
mission line resulted in a 1:1 Balun. Itis shown sche- 
matically in Figure 7-2A. Prior to this, RF Baluns 
were achieved by the use of quarter and half-wave 
transmission fines, and as a result, had narrow band- 
widths. Guanella then demonstrated broadband 
Baluns with impedance transformations of 1:n? where 
nis the number of transmission lines he connected in 
a series-parallel arrangement, 

Several important points should be made regarding 
Guanelia’s 1:1 Balun shown in Figure 7-2A. With 
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Figure 7-2. Two versions of the 1:1 Balun: (A) the 
Guanella Balun and the basic building block; (B) the 
Rushroff Balun as originally drawn. 


sufficient choking reactance, the output is isolated 
from the input and only flux-canceling transmission 
line currents are allowed to flow. With matched or 
very short transinission lines, the grounding of termi- 
nal 5 (actually or virtually like the center of a dipote) 
results in terminal 4 becoming +V,/2 and terminal 2 
becoming -V /2—creating a balanced output, This 
type of Balun has lately been cailed a “current” or 
“choke” Balun, A significant feature of this model is 
that a potential gradient of ~V,/2 exists along the 
Jength of the transmission line, This gradient, which 
exists on both conductors, accounts for practically all 
of the loss in these transformers because the loss 
mechanism is voltage dependent (a dielectrie-type 
loss). All transmission line transformers have some 
sort of voltage gradient along their transmission lines 
and are, thus, subject to the same type of losses. 
Furthermore, the theory and loss mechanism is the 
same whether the (ransmission lines ate coax or twin- 
ead, or coiled around cores, or threaded through fer- 
tite beads. Additionally, it was shown? that higher- 
impedance Baluns or Baluns subjected to higher 
VSWRs have more loss because the voltage gradients 
are also larger, 

‘The second significant article on broadband irans- 
mission line transformers was published by Ruthroff.? 
His (:1 Balun, which is shown as originally drawn in 
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Photo 7-A. The two basic forms of the 1:1 Balun that first 
appeared in the professional literature. The two-conductor 
Guanella Balun is on the left and the three-conductor 
Ruthroff Balun is on the right. 


Figure 7-2B, used an extra winding to complete (as 
he said) the path for the magnetizing current. Even 
though his schematic drawing appeared to look like a 
trifilar winding, his pictorial in the article clearly 
showed that the third winding (5-6) was on a separate 
part of the toroid. With an equal number of turns, it 
forms a voltage divider with winding (3-4) placing 
terminal 4 at +V,/2 and terminal 2 at —V,/2. In his 
classic paper, Ruthroff also presented his form of the 
4:1 Balun (which is also different from Guanella’s), a 
4:1 Unun, and various hybrids. Photo 7-A shows the 
two basic forms of the [:1 Balun that first appeared in 
the professional literature. The two-conductor 
Guanella 1:1 Balun is on the left and the three-con- 
ductor Ruthroff Balun is on the right. As was men- 
tioned before, the Guanella Balun has also been called 
“current” or “choke” Balun. 

Before moving on to the significant articles in the 
amateur radio literature, some mention should be 
made of the differences between the two basic forms 
shown in Photo 7-A. Guanella’s 1:1 Balun came to be 
known as the basic building block for this whole class 
of broadband transformers. This term was coined by 
Ruthroff as he showed its 1:1 Balun capability when 
the load was grounded at its center (terminal 5), and 
as a phase-inverter when the load was grounded at the 
top (terminal 4). By connecting terminal 2 to terminal 
3 and connecting the bottom of the load to ground, 
Ruthroff demonstrated his very popular 4:1 Unun. I 


call this type of arrangement the bootstrap connection, 
By grounding terminal 2, there is no potential drop 
along the transmission line and, therefore, no need for 
magnetic cores or beads. This arrangement, which 
turns out to be an important function for extending the 
high frequency performance of this class of transform- 
ers, I call the “phase-delay” connection. 

Thus, with the flexibility shown by Guanella’s basic 
building block, a 1:1 Balun is now realized that not 
only presents a balanced power source to a balanced 
antenna system, but can also prevent an imbalance 
current (an inverted L antenna current) by its choking 
reactance when the load is unbalanced or mismatched 
or when the feedline is not perpendicular to the axis 
of the antenna. 

Interestingly enough, except at the very low end of 
the frequency response of the Ruthroff 1:1] Balun 
where autotransformer action can take place, his 
Balun takes on the characteristics of the Guanella 
Balun. The reactance of the third winding becomes 
great enough to make it literally transparent. This is 
not the nature of the trifilar-wound (voltage) Balun, 
which is sensitive to unbalanced and mismatched 
loads over its entire passband because it is actually 
two tightly coupled transmission lines. This distinc- 
tion was not recognized by most of those who pub- 
lished in the amateur radio literature, 


In the amateur radio literature 


R. Turrin, W2IMU—1964 

‘The first presentation in the amateur radio literature 
on 1:1 Baluns using ferrite cores was by Tustin in 
1964.8 Turrin, who was a colleague of Ruthrofi"s at 
Bell Labs, took his small-signal design (which used 
No. 37 of 38 wire on toroids with ODs of 0.25 inches 
or less) and adapted it to high-power use. This was 
done by using thicker wire, larger cores, and (very 
importantly for high efficiency?) low permeability fer- 
rite. Ruthroff used lossy manganese-zinc ferrites with 
permeabilities of about 3000 because efficiency was 
not a major consideration. 
igure 7-3 is a pictorial and a schematic of Turrin's 
design, As you can see, the third wire (winding 3-4) is 
placed between the two current-carrying wires (wind- 
ings 1-2 and 4-5). Photo 7-B shows (on the left) his 
actual design using a ferrite core; a popular design (on 
the right) using a powdered-iron core is available in 
kit form from Amidon Associates, Inc. Both Baluns 
use 10 trifilar turns of a single-coated wire like 
Formex™ or Formvar™ on a toroid. Turrin’s design 
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Figure 7-3. (A) A pictorial of Turrin’s 1:1 Balun, and (B) 
a schematic of his Balun. 


uses a ferrite toroid with an OD of 2.4 inches and a 
permeability of 40. The Amidon Associates’ Balun 
uses a powdered-iron toroid with a 2-inch OD and a 
permeability of only 10. Both Baluns are specified to 
hhandle 1000 watts of power from 1,8 to 30 MHz. 
igure 7-4 shows the response curves for these two 
Baluns when terminated with 50-ohm loads, The 
response curve for a popular 1:1 rod-type Balun that 
uses the same schematic and wire is also shown. It has 
8 wifilar turns, tightly wound on a rod of 0.5-inch 
diameter, 2.5 inches long, and with a permeability of 
125. The rod-type Balun is shown in Photo 7-C 
Several important features should be brought out 
regarding the results shown in Figure 7-4. They are: 
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1, All Baluns had insufficient choking reactance 
and, hence, poor low-frequency responses. The pow- 
dered-iron version was especially poor. They all 
showed a drop in the input impedance and an induc- 
tive component at 2 MHz. This meant flux in the 
cores and an undesirable condition—especially for 
ferrite, which is a nonlinear material. Ferrite cores 
could not only suffer damage, but they could also gen- 
erate spurious frequencies under these conditions. In 
fact, the same condition could occur at 4 MHz with a 
VSWR of 2:1! Therefore, T don't recommend any of 
these Baluns for use on 160 or 80 meters. 

2. The major problem at the low-frequency end is 
the role of the third winding (3-4) in Figure 7-3B. It 
has been claimed!? that the third winding improves 
the low-frequency response (over the two-conductor 
Guanella 1:1 Balun) because it enables autotrans- 
former action at the low end. However, recent mea- 
surements 1 have made on two-conductor Guanella 
Baluns and three-conductor Ruthroff (or Turrin) 
Baluns, with loads grounded at their centers, show 
insignificant differences. This type of load approxi- 
mates the actual condition when feeding a balanced 
antenna system. The negative feature of the third 
winding (3-4) is that, at the low-frequency end, there 
can be insufficient reactance to prevent harmful flux 
in the core because of a direct shunting path to 
ground. With the two-conductor 1:1 Balun, the only 
flux-inducing current is that of the imbalance current 
(the inverted L mode), which is usually far smaller. 

3. Another important feature of the curves shown in 
Figure 7-4 is the effect of the characteristic imped- 
ances of the coiled transmission lines. For example, a 
bifilar winding (wires tight together) on a toroid with 
spacing between adjacent bifilar tums exhibits a char- 


Photo 7-B. Two versions of Turrin’s 
design: On the left, the 1:1 Balun that has 
appeared in the amateur radio literature; 
on the right, a 1:1 Balun that has been 
readily available in kit form from Amidon 
Associates, Inc. 
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Figure 7-4. The input impedance versus frequency, when terminated with 50 ohms, for the Turrin, typical rod-type, and 


Amidon Associates 1:1 Baluns. 


acteristic impedance of about 45 ohms. When wound 
on a rod with no space between adjacent bifilar tums, 
the characteristic impedance drops to about 25 ohms. 
With the third winding (3-4) between the other two as 
shown in Figure 7-3B, the characteristic impedance is 
raised to approximately 70 ohms in the toroidal case 
and to about 47 ohms in the rod case. If the toroidal 
Baluns were terminated in 70 ohms and the rod Balun 
terminated in 47 ohms, the high-frequency responses 
would be practically flat to at least 30 MHz. The dif- 
ference in high-frequency response between the two 
toroidal Baluns (with 50-ohm loads) is due to the dif- 
ferences in the lengths of their transmission lines. The 
transmission line on the powdered-iron core is appre- 
ciably less because the OD, as well as the cross-sec- 
tional area, is smaller. 

4, The tifilar-wound form of the 1:1 Balun also 
has an additional undesirable property. Its high fre- 
quency response is sensitive to unbalanced and mis- 
‘matched loads, This is because the third wire now 
forms two tightly coupled transmission lines. It is 
unlike the Ruthroff version shown on the right in 
Photo 7-A. In his second article,!2 Turrin pointed 
‘out this important distinction, 


J. Reisert, W1JR—1978 

‘The next significant article on 1:1 Baluns was pub- 
lished by Reisert in 1978.7 Reisert proposed winding 
some of the smaller (but still high-powered) coaxial 
cables around a 2.4-inch OD ferrite toroid with a per- 


Photo 7-C. A typical rod-type Balun. 


meability of 125. The windings also included a 
crossover, which is shown in Figure 7-5 and Photo 7- 
D. In addition, he recommended various numbers of 
turns, depending upon the low-frequency requirement. 
For example, he suggested 12 turns to cover 3.5 MHz, 
10 turns for 7 MHz, 6 for 14 MHz, and 4 for 21 and 
28 MHz. Because the characteristic impedance of the 
coaxial cable is the same as the coax feedline, the 
Balun only introduces a foot or two of extra length to 
the feedline. This is true in the HF and VHF bands 
The coaxial cables recommended in the article were 
RG-141/U, RG-142/U, and RG-303/U. 

From the articles that followed in the amateur radio 
literature, it became apparent that few recognized all 
of the important features of Reisert’s Balun. They are 
listed below. 

1. An efficient, low-loss ferrite was used. 

2. The Baluns had sufficient choking reactances for 
the various low-frequency requirements 


3. The characteristic impedance of the coiled trans- 
mission line was the same as that of the feedline, 
thus eliminating the extra transformer action of a 
length of transmission line with a different character- 
istic impedance. 

4, The Balun is a form of Guanella’s two-conductor 
1:1 Balun, which is not prone to core flux and, hence, 
saturation and the generation of spurious frequencies. 
It is also not susceptible to mismatched and unbal- 
anced loads as are the Turrin and “voltage” Baluns. 

After constructing several of Reisert's Baluns and 
comparing them with other Guanella designs, I found 
that the crossover winding had virtually no effect up 
to 100 MHz (the limit of my equipment). In regards to 
Reisert’s VSWR comparison with a rod-type Balun 
when feeding a triband Yagi beam on 20 meters, I 
found that his Balun had a lower VSWR (practically 
1:1) at the best match point. The rod-type Balun had a 
best VSWR of about 1.3:1, but ata slightly higher fre- 
quency, He attributed the higher (and somewhat flat- 
ter) VSWR curve of the rod-type Balun to its greater 
ohmic toss, Because the rod-type Baluns I have inves- 
tigated used the same low-loss ferrite that Reisert’s 
did, I suspect that the differences in the VSWR curves 
were mainly due to the mismatch loss introduced by 
the rod-type Balun, 


G. Badger, W6TC—1980 

Badger published an in-depth, two-part series!3.14 
in Ham Radio magazine in 1980 on air-core Baluns 
and Ununs. { am sure it was instrumental in advancing, 
the technology of this class of wideband transformers, 
An article by Orr!5 also shows that there are many 
other radio amateurs who see the advantages of air- 
core transformers. 

‘What are the claims for air-core Baluns over their 
ferrite-core counterparts? First and foremost, propo- 
nents of air-core Baluns claim they don’t suffer the 
consequences of saturation that leads to spurious fre- 
quencies, heating, and ultimate damage. Secondly, it's 
said that they are not subject to arcing from the wind- 
ings to the core. 

‘Whaat are the claims for the ferrite-core Baluns over 
their air-core counterparts? Simply put, they have 
wider bandwidths and are more compact. 

After reading Badger's two-part series, I found that 
my curiosity was piqued by his experimental data on 
harmonic distortion due to saturation in a ferrite-core 
1:1 Balun, Although many have expressed concerns 
regarding saturation in ferrite-core Baluns, Badger’s 
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Figure 7-5. A pictorial 
of the crossover used 
in Reisert's 1:1 Balun, 


Photo 7-D. A Reisert, WIJR, 1:1 Balun, 


data could very well provide the only results avail- 
able. He used the two-tone test method, which com- 
bined two RF sources of 2.001 and 2.003 MHz, 
amplified it to 2 kW PEP and then fed it through a 
commercial 1:1 rod-type ferrite Balun. The data 
showed considerable distortion in the 3rd order and 
9th order distortion products. In other words, appre~ 
ciable nonlinearity took place at this high power level. 

Several questions come to mind regarding these 
‘measurements. What was the low-frequency response 
of the commercial 1:1 rod-type Balun Badger used? 
From my measurements on a rod-type Balun (Figure 
7-4), 1 found a drop in the input impedance and an 
inductive component at 2 MHz. This indicates flux in 
the core and a problem when using this Balun at 2 
‘MHz, Because many rod-type 1:1 Baluns have been 
used over the years, it would have been instructive if 
he had also made these measurements at 4 and 7 
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Figure 7-6. Schematic of Badger’s 1:1 Balun with a com- 
pensating winding (1-2). Winding (3-4) is the outer-braid 
of the coax and winding (5-6) is the inner conductor. 


MHz. They would have given the readers a safe 
lower-frequency limit for these Baluns 

I wondered why Badger didn’t make similar mea- 
surements on Reisert’s 1:1 Balun, which he included 
in his articles. As noted earlier, I consider Reisert’s 
1:1 Balun a very good design! I am sure that no dis- 
tortion products would have been found at 2 MHz 
with this Balun, The end result is that Badger chose a 
poor ferrite-core design for making his comparisons. 
This helped to contribute to an undeserved reputation 
for the ferrite-core Balun. 

Badger also suggested placing an insulated wire in 
parallel with the coax winding on Reisert’s 1:1 Balun, 
He called this a compensating winding, which provid- 
ed a superior balanced output. The third winding (1-2) 
is shown Figure 7-6. Winding (5-6) is the inner con- 
ductor and winding (3-4), the outer braid. Later exper- 
iments by myself and others have shown that a well- 
designed two conductor (Guanella) 1:1 Balun has a 
completely satisfactory balanced output for antenna 
applications. Furthermore, it does not suffer from an 
unbalanced and/or mismatched load and core satura- 
tion, Incidentally, Badger’s schematic of Figure 7-6 
now adds up to four different versions of the 1:1 
Balun. They are the two-conductor version of 
Guanella’s and the three, three-conductor versions of 
Ruthroff’s, Turrin’s, and (now) Badger's. 

Badger and Orr also mentioned the Collins Balun in 
their articles, This Balun is comprised of a dummy 


length of coax wound as a continuation of the original 
coiled coax winding, Interestingly, it is connected as a 
Ruthroff 1:1 Balun (Figure 7-2B), which also uses a 
third winding. Because there is appreciable coupling 
between the two coiled windings, the Collins Balun 
should also be susceptible to mismatched and/or 
unbalanced loads, Badger claimed it was, by far, the 
best 1:1 Balun he had ever used. Again, it would have 
been very informative if he had compared it with the 
Reisert Balun (without the compensating third wire) 


M.W. Maxwell, W2DU—1983, 

One of the more significant articles on 1:1 Baluns 
was published by Maxwell* in 1983. Maxwell intro- 
duced, what he called, the “choke” Balun. Tt was 
formed by placing high-permeability ferrite beads 
‘over about one foot of small (but high-powered) coax- 
ial cables similar to the ones used in the Reisert 
Balun, Photo 7-E shows the W2DU “choke” Balun 
removed from its plastic enclosure. 

Maxwell compared his Balun with (what he 
termed) a “transformer-type” Balun by measuring the 
input impedances versus frequency when the outputs 
‘were terminated in 50 ohms. The “transformer-type” 
Balun didn't yield a true 1:1 impedance transfer ratio, 
which he claimed was due to losses, leakage reac- 
tance, and less than optimum coupling. Because 
Maxwell gave no description of the “transformer- 
type” Balun, T assumed it was the popular rod-type 
Balun shown in Photo 7-C. As you can see in Figure 
7-4, this Balun has a poor low-frequency response. 
Furthermore, it is really optimized for a load of 47 
ohms and not 50 ohms. 

What Maxwell failed to realize was that his Balun 
was a form of Guanella’s two-conductor type. That is, 
it is both a choke (a lumped element) and a transmis- 
sion line (a distributed element). Additionally, 
Guanella’s theory applies whether the transmission 
lines are coiled (about a core) or beaded, twin-lead or 
coaxial cable. From Ruthroff’s classic paper, which 
extended Guanella’s work. we became aware of the 


Photo 7-E. The Maxwell, 
W2DU, “choke” I:1 Balun 


voltage drops along the lengths of the iransmission 
ines, From very accurate insertion loss measure- 
ments,? we learned that the losses were mainly in the 
magnetic medium—and that they were related to the 
voltage levels and the permeabilities. Maxwell didn't 
take into account these latter findings. He used lossy 
high-permeability beads (2500) and assumed that the 
main loss was in the transmission line, He claimed 
that the CW power-handling capability of bis Balun 
was 3.5 kW at 50 MHz and 9 kW at 10 MAz—the 
same as the coaxial cable itself. I seriously question 
these power ratings. Ironically, it is very likely that 
Maxwell's Batun had more ral loss than the so-called 
“transformer-type” Balun! 


R.W. Lewallen, W7EL—1985 

There is very little doubt that Lewallen’s interesting 
article® in 1985 contributed significantly to the better 
understanding and design of 1:1 and 4:1 Balwns. In it, 
he coined the (now very popular) terms “voltage” and 
“current” Baluns. The “voltage” Balun, a three-con- 
ductor type, has output ports which have voltages that 
are balanced to ground. It is brought about (see 
Figure 7-6) by the voltage-divider action of windings 
(5-6) and (1-2), Because we have two tightly coupled 
transmission lines in the passband with the same 
potential gradients, terminal 6 is at +Vj/2 and termi- 
nal 4 at ~V)/2 where V, is the input voitage, The 
“current” Balun, on the other hand, 1s a two-conductor 
Balun that produces equal and opposite currents on 
the output ports for any form of load impedance. 

Lewallen conducted a series of experiments on 10 
‘meters to compare the performances of “voltage” and 
“current” Baluns under balanced and unbalanced con- 
ditions. In the unbalanced (nonsymetrical) condition, 
the dipole was lengthened by five inches on one side 
and shortened by five inches on the other side. He 
then obtained a figure of merit for both Baluns (as 
wel} as for the case without a Balun) defined as the 
ratio of the average magnitude of the currents at the 
feedpoint over the magnitade of the imbalance (the 
inverted L.) current. The magnitudes of the currents 
were obtained by cutrent-probe torids. Measure- 
‘ments were made at the antenna feedpoint and at a 
half-wave (physically) from it 

The “current” Balun consisted of 15 turns of very 
small RG-178/U coax on an FT82-61 core (a ferrite 
toroid with an OD of 0.825 inches and a permacability 
of 125). The “voltage” Balun had 10 turns of RG- 
178/U coax with a No. 26 wire in parallel (closely 
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coupled) on the same toroid. The schematic is shown 
in Figure 7-6. 

Lewallen concluded (and 1 agree) that his experi- 
ments clearly showed that the “current” Balun gave 
superior performance at every measured point in each 
experiment. However, the “voltage” Balun still 
improved the balance over the 1io-Balun case. He also 
concluded that other experiments should be performed 
in order to better compare the two forms of the Balun, 
One is to ascertain the difference when the feedline is 
placed nonsymettical with respect to the antenna (to 
induce an imbalance current into the feedline). Others 
include determining the optimum point in the feedline 
to place the Balun, and testing the various kinds of 
core and beaded Baluns. 

Although Lewalien’s article pretty much speaks to 
Badger’s proposal of adding a third wire to Reisert's 
Balun for better balance (.¢., avoid it), there are some 
comments and questions 1 have regarding his experi- 
ments and findings. They are: 

1, Why didn’t Lewallen use Reisert's Balun as the 
“current” Balun and Badger’s suggested third-wire 
design as the “voltage” Balun? These would have 
been more realistic designs for comparisons. Instead, 
he used very small structures (which will only find 
use in QRP operations) and, as such, have higher fre- 
quency capabilities. Also, because the “voltage” 
Balun only had 10 turns (and hence a shorter trans- 
mission fine and a poorer low-frequency response), it 
was favored in the comparisons on 10 meters. Had 
Lewallen used transmission lines of equal lengths on 
Reisert's cores, the differences between the two 
Baluns would have becn even more dramatic. 

2. It would also have been very useful if Lewallen 
had made comparisons between a “current” Balun that 
could handle the full iegal limit of amateur radio 
power (again like the Reisert Balun) and “voltage” 
Baluns using Turrin’s schematic (igure 7-3) with rod 
and toroidal cores which have been readily available 
for nearly three decades. 

3. Additionally, comparisons should not only be lim- 
ited to 10 meters. Because 1:1 “voltage” Baluns are 
configurations of coupled transmission lines with vari- 
ous characteristic impedances, their performances with 
mismatched and unbalanced loads are more sensitive to 
the higher frequencies than their “current” Balun coun- 
texparts. Therefore, making similar measurements on 
20 meters would also provide more useful information, 

4, Even though Ruthroff’s classic 1959 paper? has 
been the industry standard over the years, his 1:1 
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Balun design has been practically nonexistent in the 
amateur literature. Tustin mentioned its advantage 
over bis first design in bis second article.!? Bat 
‘Turrin's first design has prevailed in our amateur liter- 
ature, Because Ruthrofl’s design has the third conduc- 
tor on a separate part of the toroid, it has the balanced 
output mentioned by Badger.'? but still retains the 
flexibility of the Guanella3 Balun, In other words, as 
the frequency is increased, the choking action of the 
third wire makes it practically transparent. This 
enables it to handle any form of load impedance. It 
would have been informative if Lewallen had poimed 
this out and also noted that Ruthrofi’s 1:1 Balun, 
aithough looking like a “voltage” Balun, is really a 
“current” Balun, 

5. Lewallen and the others who have published in 
the amateur radio literature have failed to reference 
the first presentation on what are now known as “cur 
rent” or “choke” Baluns, made by Guanella? in 1944. 
Even though Guanella used coiled transmission lines 
without a magnetic core, his theory on how these 
devices work is still applicable today. 


J,S. Belrose, VEXCV—1991 

‘The last article on 1:1 Baluns J considered worth men- 
tioning was written by Belrose5 in 1991. In it, be 
described the W2DU Balun by Maxwell and how his 
technique of threading coaxial cable through ferrite 
beads could be easily applied to 4:1 and 9:1 Baluns, 

‘What immediately grabbed my attention in this arti- 
cle was the deck head (the editor's comments), which 
included highly complimentary remarks regarding the 
beaded-coax Balun. In essence, it said, “In this break- 
through article, W2DU’s peerless 1:1 current-Balun 
design serves as the basis for excellent forrite-bead- 
choke current Baluns capable of 4:1 and 9:1 imped- 
ance transformation.” 

However, if one reads the article carefully, it 
becomes apparent that this is not what Belrose said. 
His words were, “The current Balun of the type devel- 
oped by Walt Maxwell, W2DU—a Balun consisting 
of ferrite beads slipped over a length of coaxial 
cable—is the best so far devised (italics mine)” He 
did not say that W2DU's Balun was “peerless.” In 
fact, in the article he said just the opposite. He pointed 
cout that the W2DU Balun’s main disadvantage is that 
the beads are lossy at HF and heating becomes a con- 
cern when the transmitting power exceeds 125 watts! 
For high power (that is 1-kW CW), Belrose recom- 
mended Rochm’s!® designs, which use lower perme- 


ability (850) heads nearest the Balun’s balanced out- 
put (where most of the beating takes place) 

However, I do question wo of the advantages he 
claims for the W2DU Balun, They are: 

1. Its excellent power-loss and impedance-versus- 
frequency characteristics are much superior to those 
of a bifilar current Balun wound on a ferrite toroid. 

2, Ithas excellent power-handling capability, and 
can function quite satisfactorily when working into 
highly reactive loads. This is so because the magnetic 
flux produced hy currents flowing on this Balun’s 
wires cannot saturate its ferrite beads. 

Belrose ohtained evidence for advantage number | 
by comparing the input impedance and power loss 
versus frequency of the W2DU Balun with a commer- 
cial Balun when they were terminated in 50 ohms. 
‘The commercial Balun was a bifilar wound toroidai 
type used in a differential-T tuner. What Belrose 
failed to realize was that the commercia! Balun had 
heavily insulated wires, resulting in a characteristic 
impedance greater than 100 ohms. Thus, he was actu- 
ally comparing a 50-ohm transmission line with 2 
Jonger line that had a characteristic impedance in 
excess of 100 ohms! As expected, his input imped- 
ance versus frequency curve for the commercial Balun 
was even more severe ihan that of the Turin Balun 
shown in Figure 7-4, 

‘Advantage number 2 is based upon the premise 
that the magnetic flux produced by currents on the 
W2DU Balun’s wires cannot saturate the ferrite 
beads, while the windings of a bifilar wound toroidal 
current Balun can, This is an incorrect assumption 
because the magnetic flux of a two-conductor type 
Balun, like the beaded-coax or the bifilar-wound 
toroidal Balun, is generated by the imbalance (invert- 
ed L) current and hence is much lower than the trans- 
mission line currents. This is especially true with 
sufficient choking reactances. The perception that the 
toroidal type Balun still iransmits the energy to the 
output circuit by flux linkages, could very well lead 
to this mistaken impression. 

For high power beaded-coax Baluns, Belrose re- 
ferred to designs by Roehm,!® who increased the 
power capability of this type of Balun by using lower 
permeability beads near the balanced output, He also 
increased the length considerably, For operation from 
80 meters to 10 meters, Rochm used 28 inches of 
aded coax. For 160 meters to 10 meters, he used 36 
inches of beaded coax. Belrose’s suggestion of con- 
necting beaded coaxes in parallel on the low-imped- 
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Photo 7-F. Two versions of Reisert's 1:1 
Balun. The Balun on the left uses the 
crossover shown in Figure 7-5. The Balun 
on the right is continuously wound. Both 
have the same electrical performance in 
the HF band. 


ance side and in series on the high impedance side to 
obtain a broadband 4:1 transformation ratio would 
require transmission lines with characteristic imped- 
ances of 100 ohms. This means, for a high power 4:1 
Balun using beaded transmission lines, about 56 inch- 
es of beaded line would be required for the 80-meter 
to 10-meter operation and 72 inches for the 160-meter 
to 10-meter coverage. For a 9:1 Balun, it would be 
necessary to increase these lengths by 50 percent! 

It remains to be seen what Belrose would have said 
or done if he had compared the W2DU Balun of 
Maxwell’s with the W1JR Balun of Reisert’s. He cer- 
tainly couldn't claim the advantages listed in his arti- 
cle for the W2DU Balun, Would he still have claimed 
that the type of Balun developed by Maxwell is the 
best so far devised? Given the evidence, I doubt it. 


Sec 7.4 High-, Medium-, and Low- 
power Designs 

In this section I'll present my latest 1:1 Balun designs. 
Except for one Balun that appeared in the June 1993 
issue of CQ, the others appeared for the first time in 
the magazine’s April 1994 issue, Because I have 
favored Reisert’s design throughout this chapter, the 
first Baluns described here are my versions of his 
technique of coiling small (but high power) coaxial 
cable around a low-permeability ferrite toroid. For my 
wire versions, I could have used all sorts of adjectives 
to describe them like Guanella, two-conductor, choke, 
and current, However, in the process of writing this 
section, I thought Belrose’s adjectives were the most 
direct. Using his words, I call my wire versions of the 
1:1 Balun simply—bifilar toroidal Baluns. 


Photo 7-F shows two versions of Reisert’s Balun. 
The one on the left uses the crossover shown in 
Figure 7-5. Because no difference in performance at 
HF was noticed without the crossover, a continuous- 
wound version is also shown on the right. The main 
advantage in the HF band with the crossover winding 
is purely mechanical. Having the input and output 
connections on opposite sides of the toroid is not only 
‘more convenient, but it also offers a much stronger 
‘method of mounting. 

For operation from 1.8 to 30 MHz, 10 turns of small 
coax like RG-303/U, RG-142B/U, or RG-400/U are 
wound on a 2.4-inch OD ferrite toroid with a perme- 
ability of 250. If the use is limited from 3.5 to 30 
MHz, then a permeability of 125 is recommended 
because it would yield a slightly higher efficiency at 
the high end. If one wants the highest possible effi- 
ciency and limits the operation from 14 to 30 MHz, 
then a permeability of 40 is recommended, With loads 
grounded at their centers, these conditions were found 
to give ample margins (handle a VSWR of 3:1 with- 
out any appreciable flux) at their low frequency ends. 

For ease of winding, I found TY-RAP™ Cable Ties 
very useful. Two were used at each end, Removing the 
covering on the outer braid also helps. Because about 
24 inches of cable is wound on the toroid, I recom- 
‘mend you start with at least 32 inches. Of the three 
cables noted above, I found RG-303/U cable the easi- 
est to wind and connect. Although it only has a single- 
thickness braid (the others have double-thickness 
braids), its power rating is still the same—9 kW at 10 
MHz and 3.5 kW at 50 MHz. 

‘The next high power design is shown in Photo 7-G 
mounted in a 4 inch long by 3 inch wide by 2.25 inch 
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Photo 7-G. My high-power design of a bifilar toroidal 
(Guanella/current) 1:1 Balun mounted in a 4 inch long by 
J inch wide by 2.25 inch high Bud aluminum box. 


high Bud CU 234 aluminum box. It has 10 bifilar 
tums of No. 12 H Thermaleze wire on a 2.4-inch OD 
ferrite toroid. As with the Reisert versions, a perme- 
ability of 250 is recommended for 1.8 to 30 MHz, 125 
for 3.5 to 30 MHz, and 40 for 14 to 30 MHz, One 
wire is also covered with two layers of Scotch No. 92 
polyimide tape in order to raise the characteristic 
impedance to 50 ohms, With this added insulation, the 


voltage breakdown of this twin-lead transmission line 
compares very favorably with RG-8/U cable (4000 
volts). In order to preserve the spacing, the wires are 
also clamped together about every 1/2 inch with strips 
of Scotch No, 27 glass tape 3/16 inches wide and a lit- 
tle over 1 inch long. 

‘Two “economy” versions of the high power bifilar 
toroidal Balun are shown in Photo 7-H. The one on 
the left shows the windings crowded on one-half of 
the toroid. The one on the right provides the same 
positions of the input and output connections by using 
the crossover. Their performances are identical. Both 
Baluns have 10 bifilar turns of No. 14 H Thermaleze 
wire on a 2.4-inch OD ferrite toroid. The choices of 
permeability, which trade off bandwidth for efficien- 
cy, are the same as those used in the two previous 
high power designs. The word “economy” here refers 
to economy in labor—this Balun is actually very easy 
to construct. 

This “economy” Balun, which also handles the full 
legal limit of amateur radio power, has a small trade- 
off in high frequency response, Because no extra insu- 
lation is used, the characteristic impedance of two 
tightly clamped No. 14 H Thermaleze wires is 45 
ohms. With one layer of Scotch No. 92 tape, it 
increases to 50 ohms. But for most of the HF band, 
the difference in performance between Baluns using 
transmission lines of 45 and 50 ohms should be negli- 
gible. Even without the extra insulation, the voltage 
breakdown should compare very favorably with the 
smaller, high-power coaxes used in the Reisert ver- 
sions (1900 volts).. 


Photo 7-H. Two “economy” versions of the 
high-power bifilar toroidal (Guanetla/cur- 
rent) I:1 Balun. The one on the right uses 
Reisert's crossover technique. 
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Photo 7-1. Two low-power versions of the bifilar toroidal 
(Guanella/eurrent) 1:1 Balun capable of handling the out- 
put of practically any HF transceiver. The Balun on the 
left has the crossover. 


Photo 7-1 shows two low-power versions of a bifilar 
toroidal Balun capable of handling the output of prac- 
tically any HF transceiver. One has a crossover wind- 
ing and the other, a continuous winding. They both 
have 10 bifilar turns of No. 16 H Thermaleze wire on 
a 1.25-inch OD ferrite toroid with a permeability of 
250. Since efficiency is not a major problem in low- 
power use, I found no reason to suggest the other two 
versions, which use lower permeabilities. It is also 
interesting to note that two tightly clamped No. 16 H 
Thermaleze wires have a characteristic impedance 
close to 50 ohms, Therefore, this small Balun (partic- 
ularly with its short leads) has a very good high fre- 
quency response. 

Photo 7-J shows two medium-power versions of a 
bifilar toroidal Balun capable of handling the full 
legal limit of amateur radio power under controlled 
conditions—when the VSWR is less than 2:1. Being 
smaller than its larger (24-inch OD) counterpart, its 
heat-sinking capability and, hence, power rating is 
less. As before, one Balun uses a crossover while the 
other doesn’t. Each has 8 bifilar turns of No, 14 H 
‘Thermaleze wire on a 1.5-inch OD ferrite toroid. The 
ferrite permeabilities and expected bandwidths are the 
same as the other high-power Baluns. Because the 
average magnetic path length in the core is about two- 
thirds that of the 2.4-inch core, only 8 bifilar tums are 
required in order to produce a similar low-frequency 
capability. Even though the characteristic impedances 


Photo 7-J. Two medium-power versions of the bifilar 
toroidal (Guanella/current) 1:1 Balun capable of handling 
the full legal limit of amateur radio power when the VSWR 
is less than 2:1. The Balun on the left has the crossover. 


of their bifilar windings are 45 ohms, their responses 
‘on 10 meters should be somewhat better than the 
“economy” models because the lengths of their trans- 
mission lines are shorter (18 compared to 24 inches). 

‘And now a few words on what sort of efficiency one 
‘can expect in trading-off low frequency response by 
using lower permeability ferrite cores. From earlier 
studies,? it was found that the efficiency (with suffi- 
cient choking, so only transmission line currents flow) 
is related to the permeability, the voltage drop along 
the length of the transmission line, and the frequency. 
‘The higher the permeability and/or voltage drop, the 
greater the loss. Additionally, the higher the perme- 
ability, the greater the loss with frequency. It was also 
found that a permeability of less than 300 was neces- 
sary in order to obtain the very high efficiencies of 
which these devices are capable. 

Here are some efficiencies that might be expected 
from ferrites under matched conditions, based on the 
results of the studies: 

1. With 250 material, an efficiency near 99 percent 
at 1.8 MHz and 97 percent at 30 MHz. 

2. With 125 material, an efficiency near 99 percent 
at 3.5 MHz and 98 percent at 30 MHz, 

3. With 40 material, an efficiency of 99 percent at 
14 MHz and at 30 MHz. 

When a Balun is exposed to a high impedance 
resulting in a VSWR of 2:1, the voltage, and hence 
loss, increases by about 40 percent. With a VSWR of 
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Photo 7-K. Two examples of mounting the 
high-power 1:1 Guanelia Balun in enclosures 
that allow isolation transformer operation. 


4:1, the loss doubles. With a VSWR of 10:1, the loss 
is more than three-fold. Since limited data was 
obtained in this study,? these increases in losses with 
increases in VSWR could very well be even greater. 


Sec 7.5 _ Isolation Transformers 


‘As was shown in the preceding sections, the 1:1 
Guanella (current/choke) Balun is in reality a two- 
conductor RF choke, or an isolation transformer. 
However, practical Balun designs don’t usually lend 
themselves to isolation use for mechanical reasons. 
They cannot be conveniently inserted into a coaxial 
cable system. Therefore, the objective is to mount the 
“Guanella Baluns” in enclosures that will allow them 
to perform as isolation transformers. 

Photo 7-K shows two examples of enclosures that 
should accomplish the mission. The example on the 
left shows one of the high-power units mounted in a 5 
inch long by 3.5 inch wide by 2.25 inch high alu- 
minum enclosure. The output connector (on the top) is 
insulated by a 0.125-inch-thick piece of plastic. The 
one on the right shows another high-power unit 
mounted in a 6 inch long by 3 inch wide by 2 inch 
high plastic enclosure, which is available from Radio- 
Shack. The descriptions of the high-power units are 
given in the preceding section. 

These isolation transformers can be used as Baluns 
when inserted in a coaxial cable one-half wavelength 
(physically) from a half-wave dipole’ or between a 


coaxial cable and a balanced L-C tuner.!6 They 
should never be inserted in a coaxial cable system that 
presents a high impedance and, consequently, a high 
voltage. This could be harmful to the unit. 

Note that the high-power unit on the left in Photo 
7-K can also be used as a filament choke in a Class B 
linear amplifier. Its low-frequency response is much 
etter than any rod-type, assuring 160-meter opera- 
tion. Obviously, it would not be mounted in the alu- 
minum enclosure shown in the photo. In addition, the 
two layers of Scotch No. 92 tape would not be 
required because the characteristic impedance of the 
winding is unimportant and the voltages involved are 
quite low. 

By the way, the designs discussed above can be 
used as phase-inverters. Simply connect the hot lead 
on one side to the ground on the other side. 


Sec 7.6 Summary 


{In investigating the 1:1 Balun, I was quite surprised to 
see the ferrite- and powdered-iron-core designs that 
have been available in the literature and off-the-shelf 
since 1964. They not only had poor low- and high-fre- 
quency responses, but they were also susceptible to 
flux in the cores at their low-frequency ends. Further- 
more, since they only used single-coated wires, they 
were also prone to voltage breakdown. No doubt, 
these designs are responsible for the poor reputation 
that the Balun has had for many years. 


It wasn’t until 1978, when Reisert published his 
anticle, that a Balun which had all of the altributes of a 
good design became available, Namely: 

a) Its efficient because it uses a low-permeability 
core, 

b) Tt has sufficient choking reactance to meet its 
low-frequency requirement, 

©} It is not prone to flux in the core (and, hence, sat- 
uration) because it has no third winding, 

4) It has a 50-ohm characteristic impedance and 
maintains a 1:1 transformation ratio with a 50-obm 
toad 

€) Ithas a good voltage breakdown capability (1900 
volts). 

) It can handle a mismatched and/or unbalanced 
toad, 

However, succeeding investigators failed to see the 
advantages of Reisert’s design and proposed their 
own. Surprisingly, they belonged to two distinct 
groups, One group favored “air-core” Baluns and the 
other, “choke” (beaded-coax) Baiuns. 

The main argument given by the “air-core” follow- 
crs was that their Balun would never experience prob- 
Jems with saturation, while the “ferrite-core” Balun 
would, However, the Reisert Balun is a current/choke 
type Balun that could only have flux in the core due to 
the imbaiance (inverted L) current, which is much 
smaller than the transmission line currents. In fact, 
with any degree of choking reactance by the coiled 
transmission line, the imbalance current is essentially 
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negligible. Therefore, saturation is not a concern with 
a Balun like Reisert’s, In all fairness, it should be 
noted that it is a different story with the 4:1 current/ 
choke and voltage Baluns. All three of these types of 
Bafuns have a “magnetizing inductance” in their low- 
frequency modeis and hence a possibility of saturation 
with a poor design. 

‘The advocates of the “choke” 1:1 Balun claim that 
their beaded-coax Balun can’t saturate while the bifi- 
lar (current) toroidal Balun can, This is untrue; they 
are basically the same kind of structure, and neither 
has a third conduetor which could allow a flux-caus- 
ing current at the very low-frequency end, But of alf 
of the attributes listed above for the Reisert Balun, the 
first one has the “choke” Balun at a disadvantage in 
the HF band, Because its transmission line is not 
coiled about a toroid. it does not have the multiplica- 
tion factor of N2 (due to mutual coupling), where N is 
the number of tums, while the toroidal Balun does. 
‘Therefore, higher-permeabitity beads are required in 
order to obtain sufficient choking reactance. This 
results in lower efficiency, 

Finaily, it should be pointed out that the 1:4 Balun 
using the small, but high-power, coaxial cable is capa- 
ble of 5-kW operation in the HF band. Because of 
current crowding, the bifilar toroidal Balun, even with 
No. 12 wire, has shown excessive wire heating at this 
level, Therefore, No, 10 or No. 8 wire, with added 
layers of Scotch No. 92 tape in order to obtain a 50- 
ohm characteristic impedance, is recommended. 


The 4:1] Balun 


Chapter 8 


Sec 8.1 Introduction 


hapter 7 in this book discussed the most pop- 
C= of ali Baluns—the 1:1 Balun designed to 

‘match 50 ohms unbalanced to 50 ohms bal- 
anced, It not only gave a review of the history, theory, 
and design of these broadband transformers. but also 
my viewpoint on published articles advocating fater 
designs using coaxial cable wound around @ toroid, 
threaded through ferrite beads, or just plain coited in 
air (an air-core Balun). As was noted, {am in consid- 
erable disagreement with many of the claims 
advanced for these later 1:1 Baluns, 

‘Chapter 8 deals with the next most popular Balun 
—-the 4:1 Balun designed to match $0 ohms unbal- 
anced to 200 ohms balanced. Baluns matching 50 
ohms unbalanced to 12.5 ohms balanced are also 
included. It begins with a little information on the his- 
tory and design of these Baluns, followed by high- 
and low-power designs and comparisons with other 
Baluns that have been on the market or in the amateur 
literature. Guanella’s approach to the design of a 4:1 
Balun is particularly noteworthy. It not only yields an 
excellent Balun design, but also an Unua (unbalanced- 
to-unbalanced transformer) with practically the same 
performance. His design could very well be called a 
Balun/Uncen, As in the first chapter, this one aiso closes 
with a brief summary of the significant points. 


Sec 8.2 A litle History and Design 
information 

There are really only two classic papers that have 
established the principles upon which the tansmis- 
sion line transformer (the Balun being a subset there- 
of} is based, The first one was written by Guanella in 
1944, Guanefla proposed the idea of coiling a trans- 
mission Line to isolate the input from the output, 
resulting in the (now popular) current ot choke 


Balun} ‘The second was by Ruthroff in 1959, whose 
analysis of these transmission Jine transformers is the 
present industry standard. Ruthroff also introduced 
the Unun and the hybrid transformer. 

Interestingly enough, both Guanelia and Ruthroft 
hhad different approaches to their 1:f and 4:1 Balun 
designs. Guanella used a two-conduetor 1:1 Balun 
design, while Ruthroff used a three-conductor design, 
Ruthroff's third conductor (which was said to increase 
the low-frequency response over the two-conductor 
Balun}2) jay on a separate part of a toroidal core. 
Investigators who followed failed fo recognize this 
fact. Their comparisons were made with a three-con- 
ductor Balun that had the third wire in parallel with 
the other two, which then formed two coupled trans- 
mission lines. This gave rise to the term voltage 
Balun—an inferior design. 

However, the differences between Guanella’s and 
Ruthro#f’s approaches to 4:1 Baluns were even more 
striking. Guanella connected coiled transmission lines 
in a parallel-series arrangement, so in-phase voltages 
were summed at the high impedance side. His Balun 
has been called a current Balun. Rethroff, on the 
other hand, obtained a 4:1 transformation ratio by 
summing 2 direct voltage with a delayed voltage that 
traversed a single transmission line in a phase-inverter 
connection (sce Chapter 7). His Balun has been 
called & voltage Balun. The distinction between the 
operation of these two Baluns was also overlooked by 
practically everyone who foliowed. 

‘This section reviews the two different approaches 
taken by Guanelia and Ruthroff in obtaining 4:1 
Baluns. Of particular importance ate the descriptions 
of the potential drops along the lengths of the tans- 
mission lines when the loads are grounded at various 
points. These voltage drops are not only relevant to 
the obmic fosses in the Baluns, but also to their eiec- 
trical performances. These descriptions were quite 
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(8) 


Figure 8-1. Electrical models of the Guanelia 4:1 Balun: (Aj high-frequency, (B) low-frequency. 


possibly presented for the first time in the second edi- 
tion of my book Transmission Line Transformers.2 


Sec 8.2.1 Guanella’s 4:1 Balun 


Figures 8-14 and B show the high- and low-frequen- 
cy models of Guanella’s method of connecting trans- 
mission Hines in. parallel-series to obtain a 4:1 Balun. 
‘The high-frequency model (Figure 8-1A) assumes 
that the choking reactances of the coiled (or beaded) 
transmission lines are sufficient to isolate the input 
from the output, so only transmission line currents are 
allowed to flow. This occurs when the reactance of 
windings 3-4 and 5-6 (which are in series) is much 
greater than Ry (at feast by @ factor of ten.? If two 
cores ate used, the reactance is the sum of the reac 
tances of windings 3-4 and 5-6. If a single core is 
used, the reactance is twice as large because of the 
‘matua! coupling between the windings. The other 
advantage of Guanetla’s method (besides only using 
one core) is that shorter transmission lines can be 
used, resulting in better high-frequency performance. 

As with all transmission line transformers, the 
objective is to have the transmission lines see loads 
equal to their characteristic impedances, resulting in 
“flat lines.” This yields the bighest frequency 
response, Because each transmission line in Figure 
8-IA sees one half of the load, Ry, the optimum value 
of the characteristic impedance is Ry/2. Consequently, 
the input impedance, V//I,, is simply the impedance 
of two identical transmission lines connected in paral- 
Jel. It follows that the impedance transformation ratio 
is the load, Ry, divided by the input impedance. 


Because the Guanella 4:1 Balan sums voltages of 
equal delays from identical transmission lines, his 
Balun is only limited in high-frequency performance 
by the deviation of the characteristic impedance of the 
transmission lines trom the optimuin values and the 
parasitics not absorbed into the characteristic imped- 
ance of the lines, I (and practically everyone else) had 
overlooked the simple and important statement, “a 
frequency independent transformation,” which 
appeared in Guanella’s 1944 article>—a fuet that is 
evidenced by the scarcity of his designs in the litera- 
ture, Another interesting aspect of the Guanella 4:1 
Balun is the analysis of his Balun when the load is 
floating or grounded at different points. This leads to 
the determination of the voltage gradients that exist 
along the transmission fines and the various functions 
of which his 4:1 design is capable. Assuming a 
‘matched load or very short transmission lines result- 
ing in Vp = Vj, they are as follows, 


Floating Load 

With terminal 10 (which is at the center of Ry) 
floating, the potential gradient along the top transmis- 
sion line in Figure 8-1A (windings 5-6 and 7-8) is 
—-1/2V;; along the bottom transmission Line (winding 
1-2 and 3-4) it’s -3/2V, The voltage to ground on ter- 
minal 9, Vog, is —1/2V). Because the bottom transmis- 
sion line Gn Figure 8-1A) has a voltage drop along its 
Tength three times greater than the top transmission 
line, it results in three times more loss because losses 
in transmission line transformers are voltage depen- 
dent (dieleetric-type losses),? 


Even though a singte-core Guanella 4:1 Balun 
maintains the voltages (stated above) when feeding a 
folded dipole (of about 200 ohms) which has a virm- 
al-ground potential at terminal 10, it still feeds equal 
currents to each side of the antenna because of the 
series-connection at its output, Since the output volt 
ages are not balanced to ground, a reactive component 
is probably introduced into the input impedance. 
Additionally, the choking reactance of the windings 
also prevents antenna currents from flowing on the 
outside of the coaxial cable feedline, 


‘Load Grounded at Center 

When two cores are used and terminal 10 (the cen- 
ter of Ry) is grounded, the voltage gradient along the 
top transmission line in Figure 8-1A is zero, and 
along the bottom transmission line it is -V,. The volt~ 
age to ground on terminal 9 (Vg9) is also zero. In fact, 
the core for the top transmission line isn't needed. Tt 
merely acts as a mechanical support for the top trans- 
mission line, which now only operates as a delay line 
Also, all of the loss now occurs in the core of the bot- 
tom transmission line where a longitudinal potential 
gradient exists. Furthermore, the low-frequency 
response, as seen from Figure 8-1B, is now deter- 
‘mined by the reactances of windings 1-2 and 3-4. This 
means that the low-frequency response with a floating 
Joad is better by a factor of two over the case where 
the load is grounded at its center. 

But the single-core case is a different matter. Since 
the potential at terminal 9 (Vgq) wants to be at 
—1/2V, connecting a ground directly to the center of 
Rj, causes an imbalance that renders the single-core 
Balun unusable, {f the ground were placed at a point 
25 percent below terminal 8 (50 ohms from terminal 8 
with a 200-ohm load), no difference would be noted 
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from a floating load. This condition also exists when 
two cores are used, 


Load Grounded at the Bottom 

itis when the load is grounded at the bottom (at ter- 
minal 2}, that we have what is probably the most 
interesting case. The 4:1 Balun (with two cores) is 
now converted into a very broadband Unun (unbal- 
anced-to-unbalanced transformer). Because the bot- 
tom transmission line in Figure 8-1A has no potential 
drop along its length, it only acts as a delay line. The 
voltage to ground at terminal 9 (Vgo) is +V,, and the 
voltage gradient along the top transmission fine is 
+V). This results in a voltage of 2V across the load, 
‘The low-frequency response is now determined by the 
reaetances of windings 5-6 and 7-8. This is just the 
opposite of the Balun case when the center of the load 
was grounded. A single-core 4:1 Guanella Balun can 
also be converted to an Unun by putting a 1:1 Balun 
(for isolation) ia series with the 4:] Balun? 

‘There is a reason for claiming a very broadband 
response for a Guanella Unun (converted from his 
Balun)—the two in-phase voltages are now summed 
at the high-impedance side. The only other competi- 
tion for a 4:1 Unun design is that of Ruthroff’s,? 
where a direct voltage is summed with a delayed volt- 
age that traversed a single transmission line (and, 
hence, had a built-in, high-frequency cut-off), In fact, 
very little information can be found in the literature 
ona Guanella 4:1 Unun, 


Sec 8.2.2 Ruthroff’s 4:1 Balun 


Fignres 8-2A and B show the high- and low-frequen- 
cy models of Ruthrofi's approach for a 4:1 Balun, The 
high-frequency model (Figure 8-24) assumes that the 
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Figure 8-3. A pictorial of the connections for a 4:1 
Ruchroff (voltage) Balun. 


choking reactance of the coiled (or beaded) transmis- 
sion line is sufficient to isolate the input from the oui 
put, so only transmission line currents are allowed to 
flow. This occurs when the reactance of winding 3-4 
(or 1-2, because they are the same) is much greater 
than Ry (al least by a factor of ten?), 

As Figure 8-2A indicates, the transmission line is 
connected in a phase-inverter function (see Chapter 
7). That is, a Vj, voltage gradient now exists along 
the Jength of the transmission line. Therefore, the 
voltage across Ry now becomes V, + V3. Although 
Ruthroff analyzed his 4:1 Unun in his classic paper.? 
his results also apply to his Balun with a floating load, 
because both devices sum a direct voltage with a 
delayed voltage. In essence, he used loop equations on 
the input and output and transmission line equations 
to eliminate one set of variables (Iz and V2), Ruthroff 
also used a maxima technique (setting a derivative to 
ze10) to solve for the optimum characteristic imped- 
ance of the transmission line, As in the Guanella case, 
he found the optimum value to be 1/2R,. 

‘An inspection of Figure 82A shows that the left 
side of Ry (terminal 3) has a direct voltage (V,) to 
ground, and the right side (terminal 2) a delayed volt- 
age (V2) to ground, which traveled the length of the 
transmission line. Also note, that if the line is electri- 
cally one-half wavelength long, the output is zero. As 
a result, Ruthrofi's design ¢which has a built-in cut- 
off) is sensitive to the transmission fine length. 

Thave recently unearthed another interesting aspect 
of Ruthroff's design. If the center of the foad is 
grounded, the high-frequency performance is vastly 
improved. The built-in high-frequency cut-off is elim- 
inated and the Balun appears to take on the character 
of a Guanella Balun that sums voltages of equal 
delays. A closer inspection reveals that the input 
impedance now consists of two impedances in paral- 
lel: one consisting of R;/2, and the other of a “flat 
Hine" terminated by Ry /2. As a result, the currents are 
aot in phase! 


Surprisingly, when matching into a folded dipoie 
with an input impedance of 200 chms, Ruthroff’s 
Balun exhibits a high frequency response that is 
much greater than expected (see later sections). 
Because the folded dipole has a viral ground at its 
center, the Balun could very well be summing volt- 
ages of equal phases. 


Sec 8.2.3 Amateur Radio History 
and Design 


Looking back at old issues of amateur radio hand- 
books (I don’t have a complete set), 1 found that the 
first presentation on broadband 4:1 Baluns appeared 
in the 1955 edition of The ARRL Handbook. The sec~ 
tion was called “Coil Bahan.” The schematic diagram 
‘was that of Guanella’s, shown in Figure 1A. What 
surprised me was that this section appeared to use 
many of the important words contained in Guanella’s 
articte.? It mentioned that the choking action of the 
coiled transmission lines should be great enough to 
isolate the input from the outpat at the fowest freguen- 
cy of interest, It also included the requirement on the 
characteristic impedance of the coiled transmission 
lines; namely, that the characteristic impedance 
should be equal 10 R; /2, where Ry. is the load 

However, the section also included two other state- 
‘ments which are not correct in light of today’s design 
practices. One recommended that the length of the 
‘winding in each coil be equal to about a quarter wave- 
length, ‘The other stated that the principal application 
is in going from a 300-ohm balanced load to a 75- 
‘ohm coaxial line. With magnetic cores, the lengths of 
the windings are now considerably shorter than a 
quarter wavelength, and the applications include a 
host of different impedance levels. 

Recent issues of the handbooks now include the 4:1 
broadband coi! Balu (along with the same write-up 
that appeared in the 1955 issue}, and one with wind- 
ings on ferrite cores, They ate now called 4:1 air-core 
current Baluns and “just plain” 4:1 current Baluns 
Gerrite cores being assumed). Unfortunately, what is 
lacking in the description of the 4:1 current Balun is 
information on the importance of the characteristic 
impedance of the windings and the value of the per- 
meability of the ferrite cores. The literature states that 
8 to 10 turns (of No, 14 Formvar-coated, close- 
spaced-~1 guess) on a toroidal core or 10 to 15 turns 
on a rod are typical values for the HF range. Ferrites 
with permeabilities from 850 to 2500 are alse sug- 


gested. Nothing is mentioned regarding the dimen- 
sions of the cores. 

In essence, there’s very little information available 
today in our handbooks that would help one under 
stand and construct the “popular” current Balun. Even 
the choices of recommended ferrites to be used are 
found wanting. Accurate loss measurements? have 
shown ferrites with permeabilities of 850 to 2500 to 
be lossy in Balun and Unun applications. Only when 
the permeabilities of ferrites are 300 or less will 
Baluns and Ununs exhibit the very high efficiencies of 
which they are capable, 

Even though the 4:1 voliage Balun has actually had 
a shorter history than the current Balun, considerably 
more construction detail (including an actual photo- 
graph) has been available in the amateur radio hand- 
books. As far as I can tell, the first presentation took 
place between 1965 and 1968. In looking through suc- 
ceeding issues (including the 1993 issue), I find the 
write-up hasn’t changed much (if any) over the years. 
The 4:1 Balun from the handbooks and a commercial 
rod-type are described and compared with my designs 
in the succeeding sections. 


Sec 8.3 4:1 Ruthroff Balun Designs 


As mentioned above, the schematic of Ruthroff’s 
Balun is shown in Figure 8-2A. A pictorial represen- 
tation is shown in Figure 8-3. Photo 8-A (on the left) 
shows my construction of a design close to the one 
shown in the handbook’s photographs. It has 10 close- 
spaced, bifilar turns of No. 14 Formvar-coated wire on 
42.4-inch OD ferrite toroid with a permeability of 40. 
Figure 8-4 shows a plot of the input impedance ver- 
sus frequency when the 200-ohm load is center- 
tapped-to-ground (which is close to the actual case 
when matching into balanced antenna systems). As 
you can see, when compared to a design that has the 
proper characteristic impedance of the winding and 
sufficient choking, the response is very poor, 
Although this Balun has been rated at 1000 watts of 
RF power from 1.8 through 60 MHz, I would suggest 
it not be used below 6 MHz for fear of excessive flux 
in the core (especially when the magnitude of the load 
is greater than 200 ohms). Also, above 14 MHz, the 
transformation becomes considerably greater than 4:1, 

My design, on the right in Photo 8-A, has 14 bifilar 
turns of No. 14 tinned copper wire on a 2.4-inch OD 
ferrite toroid with a permeability of 125 or 250. The 
wires are threaded through No. 13 Teflon tubing with 
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Photo 8-A. Two designs of the 4:1 Ruthroff (voltage) 
Balun. The one on the left is taken from the amateur radio 
handbook. The one on the right is my improved version. 


a wall thickness of 20 mils. As you can see by its 
excellent high frequency response in Figure 8-4, the 
characteristic impedance of the bifilar winding must 
be very close to the ideal value of 100 ohms. Photo 
8-B shows two different views of my design mounted 
in a4 inch long by 3 inch wide by 2.25 inch high Bud 
CU 234 aluminum box. The Balun, which is placed 
equidistant between the top, bottom, and sides of the 
enclosure, is securely mounted by soldering its leads 
to the two feedthrough insulators and the SO-239 
chassis connector. 

It should be mentioned that if the Balun is to be 
used mainly on the lower portion of the HF band 
(including 160 meters), then the 250 permeability fer- 
rite is recommended. Even though the difference in 
low frequency response between permeabilities of 125 
and 250 doesn’t show up in Figure 8-4, the 250 per- 
meability would provide an extra safety margin (from 
flux in the core) at the low frequency end. The trade- 
off lies in giving up a little in efficiency (about | per- 
cent) for an increase in the safety margin (a factor of 
2) at the low end. 

Incidentally, the handbooks also state that the Balun 
can be used between a balanced 300-ohm point and a 
75-ohm unbalanced line, Because 1 suspected this 
tement as well, I again measured the input imped- 
ances versus frequency of both Baluns when terminat- 
ed in a 300-ohm center-tapped-to-ground load, Figure 
8-5 shows the deterioration that takes place, especially 
at the high end. Even a Balun that is well designed for 
 50:200-ohm impedance level is not recommended 
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Figure 8-4, The input impedance versus frequency 
for a 4:1 Ruthroff (voltage) Balun design from the 
‘amateur radio handbook and one optimized for the 
50:200-ohm level. The load is grounded at its center. 


Figure 8-5, The input impedance versus frequency 
for the two Ruthroff Baluns of Figure 8-4, but with a 
300-ohum load. Note the deterioration of the W2FMI 
design, which was optimized for the 50:200-ohm 
level. y 


for the 75:300-ohm level. Because the length of the 
transmission line becomes significant beyond 10 
‘MHZ, standing waves then change the impedance 
ratio due to the mismatch with the Balun’s transmis- 
sion line, My design also shows more safety margin at 
the low end. I'm surprised that these simple measure- 
ments weren't made many years ago. 

However, the Balun shown in the handbook does 
have one interesting feature. It uses a very low perme- 
ability ferrite (40), which has been shown by very 
accurate insertion loss measurements? to yield effi- 
ciencies in Baluns (and Ununs) of 99 percent at the 
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Photo 8-B. Tivo different views of the optimized version of the 4:1 Ruthroff Balun mounted in a4 inch long by 3 inch wide 


by 2.25 inch high Bud CU 234 aluminum enclosure. 


50:200-ohm impedance level! This is even a percent 
or two better than the ferrite with a permeability of 
125. Because this ferrite permeability is so low, the 
major problem lies in obtaining sufficient choking 
reactance at the lowest frequency of interest, so that 
only transmission line currents are allowed to flow. 

The design chosen (in order to exploit this very high 
efficiency) is shown Photo 8-C. It uses 14 bifilar 
turns of the same wire, as with my previous Balun 
shown on the right in Photo 8A, on two 2.4-inch OD 
cores (bound together with No, 27 glass tape) with 
permeabilities of 40. The unmounted view shows how 
the two cores are bound together by glass tape. The 
other views attempt to give an example for mounting 
the Balun, The Balun is supported by two acrylic end 
pieces which are, in turn, held fast to the enclosure by 
a long bolt. The Balun is placed equidistant between 
the top, bottom, and sides of a 5 inch long by 3.5 inch 
wide by 2.25 inch high aluminum enclosure. A few 
washers at the point where the bolt comes through the 
enclosure help to position the Balun between the top 
and bottom. 

When matching 50 ohms (unbalanced) to 200 ohms 
(balanced), the response of this Balun is practically 
the same as mine, shown in Figure 8-4 using a single 
core. From 1.7 to 30 MHz, it can certainly handle the 
full legal limit of amateur radio power with an effi- 
ciency close to 99 percent. However, if the operation 
of this Balun is restricted to the HF band only (that is, 
from 3 to 30 MHz), then it could be rated conserva- 
tively at 10 kW of peak power and 5 kW of average 
power. It would be an ideal Balun for a log-periodic 
beam antenna. 

Finally, Photo 8-D shows three different views of a 
low power 4:1 Ruthroff (voltage) Balun designed to 
handle the output power of any HF transceiver easily. 
thas 10 bifilar turns of No. 18 hook-up wire on a 1.5- 
inch OD ferrite toroid with a permeability of 250. The 
enclosure is a 2.75 inch long by 2.125 inch wide by 
1.625 inch high CU 3000-A minibox. 


Section 8.4 4:1 Guanella Balun 
Designs 

Photo 8-E shows two high-power Guanella 4:1 
Baluns designed to match 50-ohm coaxial cable t0 
loads of 200 ohms. They both use No.14 H 
‘Thermaleze wire with a covering of Teflon tubing giv- 
ing characteristic impedances very close to 100 ohms 
(the objective). Their responses are flat from 1.5 MHz 
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Photo 8-C. Three views of the very high-power 4:1 
Ruthroff Balun using two low-permeability (40) ferrite 
cores, Dimensions of the aluminum enclosure are: length, 
Sinches; width, 3.5 inches; height, 2.25 inches. 
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Photo 8-D. Three views of the low-power 4:1 Ruthroff Balun designed to handle the output of any HF transceiver. The alu- 
‘minum enclosure is a 2.75 inches high by 2.125 inches wide by 1.625 inches high CU 3000-A minibox. 


to well beyond 30 MHz. Both can easily handle the 
full legal limit of amateur radio power. 

The single-core version (on the left) has 8 bifilar 
turns on each of its two transmission lines. The dual- 
core version (on the right) has 16 turns on each core. 
The wires are clamped together with strips of Scotch 
No. 27 glass tape placed about every 3/4 inch, The 
cores are 2.4-inch OD ferrite toroids with a perme- 
ability of 250. The connectors are on the low-imped- 
ance sides. For ease of connection, the dual-core ver- 
sion has one winding clockwise and the other, coun- 
terclockwise. Also, in the dual-core case, the spacing 
between the two cores (which isn’t critical) can be as 
small as 1/4 inch. 

These transformers can also be wound with ordi- 
nary No, 14 (solid) house wire. The several samples I 


tried yielded characteristic impedances close to 100 
‘ohms (and, thus, were acceptable). The major differ- 
‘ence lies in the voltage-breakdown capability. Units 
wound with Teflon-sleeved No. 14H Thermaleze wire 
have been reported to withstand 10,000 volts without 
breakdown! Obviously, this is beyond the capability 
of ordinary house-wire. 

Photo 8-F shows a Guanella (current) 4:1 Balun 
mounted in a 5 inch long by 4 inch wide by 3 inch 
high CU 3005-A minibox. It has 14 bifilar tums of 
‘No. 14 H Thermaleze wire on each of the two 2.4- 
inch OD ferrite toroids with permeabilities of 250. 
Each wire is covered with Teflon tubing, resulting in a 
characteristic impedance close to 100 ohms (the opti- 
mum). The windings also employ a crossover after the 
seventh turn, as shown in Figure 8-6. For ease of con- 


Photo 8-E. Two high-power 
versions of the Guanella 4:1 
Balun. The Balun on the left 
uses a single core while the one 
‘on the right uses two cores. The 
connectors are on the low- 
impedance sides. 


Figure 8-6. Construction of a crossover placing input and 
‘output connections on opposite sides of the toroid. 


nection, one toroid is wound clockwise and the other, 
counterclockwise. The spacing between the toroids 
can be between 1/4 and 1/2 inch. 

‘When matching 50-ohm cable to a balanced load of 
200 ohms, the transformation ratio is constant (within 
2 percent) from 1.5 to 45 MHz. This Balun can also 
handle the legal limit of amateur radio power. It 
would probably perform satisfactorily if wound with 
ordinary No. 14 house wire (solid), or with Teflon- 
covered No. 14 tinned wire. However, the design in 
Photo 8-F has withstood peak pulses of 10,000 volts! 
Considering this fact, it might be worthwhile to take 
the extra effort and use Teflon-covered No. 14 H 
‘Thermaleze wire. 

A single-core version using two coiled transmission 
lines on a single core looks interesting and should be 
investigated. It results in balanced currents and unbal- 
anced voltages. I would use two coiled transmission 
lines with 7 bifilar turns of the same wire on the same 
core as above. 

Photo 8-G shows two low-power Guanella 4:1 
Baluns designed to match 50-ohm coaxial cable to 
loads of 200 ohms. They both use No. 20 hook-up 
wire (solid) giving a characteristic impedance very 
close to the objective of 100 ohms. Their responses 
are flat from 1.5 MHz to well beyond 50 MHz, They 
are conservatively rated at 150 watts of continuous 
power and 300 watts of peak power. They have been 
exposed to 500 watts of continuous power (in a 
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matched condition) for a considerable length of time 
with virtually no rise in temperature. 

‘The single-core version (on the left) has 7 bifilar 
turns on each of its two transmission lines, while the 
dual-core version (on the right) has 14 turns on each 
core, The wires are clamped together about every 1/2 
inch with strips of Scotch No, 27 glass tape. The cores 
are 1.25-inch OD ferrite toroids with a permeability of 
250, The connectors are on the low-impedance sides. 
As above, the dual-core version has one winding 
clockwise and the other, counterclockwise. 

Photo 8-H is a step-down version of the Guanella 
4:1 Balun and uses two ferrite rod-cores 3/8 inch in 
diameter and 3.5 inches in length. Core permeabilities 
are 125, It uses the schematic of Figure 8-1A, but with 
the generator (which is grounded) on the right side and 
the load (ungrounded) on the left side. This 4:1 Balun 
is designed to match 50-ohm coaxial cable (on the right 
side) to a balanced load of 12.5 ohms. Each rod has 
13.5 bifilar turns of No. 14 H Thermaleze wire. Again, 
for ease of connection, one rod is wound clockwise and 
the other, counterclockwise, The response is flat from 
1.5 MHz to well over 30 MHz. This Balun is fully 
capable of handling the legal limit of amateur radio 
power. The connector is on the high-impedance (50 
ohms) side. Beaded versions of Guanella’s step-down 
4:1 Balun also look very promising for operations on 
the VHF and UHF bands, The technique requires mini- 
mizing the parasitics in the interconnections. Some 
examples will be shown later, 


Photo 8-F. A 4:1 Guanelia Balun using the crossover con- 
nection of Figure 8-6 and mounted in a 5 inch long by 4 
inch wide by 3 inch high CU 3005-A minibox. 
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Photo 8-G. Two low-power versions of the Guaneila 4:1 Balun. The Balun on the 
lefi uses a single core while the one on the right uses two cores. The connectors 


are on the low-impedance sides. 


Photo 8-H. A dual rod-core 4:1 Guanella step-down Balun designed to match 50- 
ohm cable to a balanced load of 12.5 ohms. The connector is on the 50-ohm unbal- 


anced side. 


It should be mentioned again that the three dual- 
core Baluns above also make excellent broadband 
‘Ununs. They only sacrifice a litle in low-frequency 
response, However, because of their conservative 
designs, they can still handle the 160-meter band. 


Sec 8.5 Comparisons with Other 
Baluns 


After completing the study on 4:1 Baluns, I thought it 
would be interesting to characterize other Baluns that 
are commercially available, or that have been recently 
described in the amateur radio literature. My findings, 
are as follows. 


‘The 4:1 Rod-type Ruthroff Balun 

Photo 8-1 shows a photograph of the typical rod- 
type 4:1 Balun, which was practically the only one 
available for the past three to four decades. The Balun 
in the photograph is the HI-Q Balun, It is the 
Ruthroff design (now called a voltage Balun®) with 10 
bifilar turns of No. 14 wire on a 1/2-inch diameter fer~ 
rite rod 2 inches in length, In terminating this Balun 
with 200 ohms, the useful range was found to be from 
7 to 15 MHz. Below 7 MHz, the input impedance 
showed a considerable inductive component—indicat- 


— 


ing autotransformer action and flux in the core (which 
could be harmful). Above 15 MHz, the transformation 
ratio increased and became complex. The optimum 
impedance level was found when matching 100 ohms 
to 25 ohms (indicating a characteristic impedance of 
the windings of only 50 ohms). The useful frequency 
range at this impedance level increased to 3.5 MHz to 
30 MHz. 

When matching 50-chm coaxial cable to a 20-meter 
folded dipole at a height of 0.17 wavelengths (result- 
ing in a resonant input impedance of 200 ohms), the 
VSWR curve was indistinguishable from that of the 
best Guanella 4:1 (current) Baluns.° This Balun also 
presented no difficulty in handling the full power 
limit. However, on 10 meters, the difference due to a 
‘very low characteristic impedance of the coiled trans- 
mission line became evident. Figure 8-7 shows the 
poor VSWR curve of the rod-type Balun when com- 
pared to other Guanella and Ruthroff Baluns with 
characteristic impedances close to the optimum value 
of 100 ohms. The rod-type Balun with all of its inade- 
quacies, which include voltage-breakdown, is certain- 
ly not recommended. 

The high-power Ruthroff Balun is close to McCoy’s 
design.!7 It uses 11 bifilar turns of No. 14 H Therma- 
leze wire on a stack of three T200-2 cores. The wires 
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Photo 8-1. A typical 4:1 rod-type 
Ruthroff (voltage) Balun (EI-Q). 


are also covered with 20-mil wall Teflon tubing yield- 
ing a characteristic impedance close to 100 ohms. I 
differ with McCoy's design because I feel the charac- 
teristic impedance of his transmission line could be 
closer to 50 ohms. His Balun and others that use pow- 
dered-iron cores will be described further in the next 
chapter on Baluns for antenna tuners. 

The low-power units in Figure 8-7 used 14 bifilar 
turns of No, 18 hook-up wire on 1.25-inch OD ferrite 
toroids with a permeability of 250. The transmission 
lines of the low-power Baluns were just under 20 
inches, while those of the high-power Balun were 50 
inches in length, 

As can be seen in Figure 8-7, there are very small 
differences between the VSWR curves of the two 
low-power Baluns and the high-power Ruthroff 


(voltage) Balun, The differences could very well be 
attributed to the small variations in the characteristic 
impedances of the windings. Very likely, the most 
important information gleaned from Figure 8-7 is 
that, when feeding a balanced dipole with a virtual 
ground-plain bisecting it, the Ruthroff Balun takes 
on the character of a two-core Guanella Balun, In 
other words, the Ruthroff Balun loses its built-in 
high-frequency cut-off! 


Current Baluns 

1 also characterized several so-called current 
Baluns® that recently appeared on the market. ‘These 
are my findings: 

a) They are the dual-core (toroids) version of the 
Guanella Balun, which sums voltages of equal delays. 


2a 


vswe 


2 Low-power Guanelia, 
Low-power Ruthrott 


Frequency (MHz) 


Figure 8-7. Plots of VSWR curves on 10 meters for four different 4:1 Baluns. The high-power Ruthroff Balun is actually 
McCoy's design with a 100-ohm characteristic impedance winding (and is described in the next chapter). The Hi-Q Balun 
is shown in Photo 8-1. The comparisons show the importance of having the optimum value of the characteristic impedance 
of the windings and that the high-power Balun with its much longer transmission line indicates a Guanella-type operation. 
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b) The electrical performances of these Baluns are 
vastly superior to the rod-type Balun described earlier, 

¢) These Baluns should meet their electrical and 
power-rating specifications. 

4) My only criticism is that they could have more of 
a safety margin at the low-frequency end, where ex- 
cessive core flux (due to higher than expected imped- 
ances) could take place, More inductance in the wind- 
ings is recommended. 


‘The Beaded-coax 4:1 Balun 

A design in an amateur radio journalS advocated 
using beaded coaxial cable (of 100 ohms) in a 4:1 
Guanella design, Various claims were advanced for 
this approach. constructed one of these Baluns using 
No.14 wire with Teflon sleeving, resulting in the 
required 100-chm characteristic impedance. Here are 
my findings: 

a) The Balun had excellent margins at both the 
high- and low-frequency ends. The performance of 
this Balun verified the analysis (expressed earlier) 
with the high- and low-frequency models and the sub- 
sequent voltage gradients. In fact, the high-frequency 
performance exceeded the capability of my simple 
test equipment,? 

b) The major disadvantage is in efficiency. Because 
high-permeability (2500) beads are required in order 
(o obtain the required choking reactance in the HF 
band, this Balun had considerably more loss than 
coiled-type Baluns using tow-permeability (less than 
300) ferrite torvids.? A soak-test® (transformers con- 
nected back-to-back and about 500 watts applied into 
adammy foad} with the dual-core low-power unit in 
Photo 8-G showed that the smaller Balun ran consid- 
erably cooter! The beaded transmission line technique 
is recommended mainly for Baluns (and Ununs} oper- 
ating at low impedance levels or on the higher-fre- 
queney bands. 


Sec 8.6 Summary 

Unlike the 1:1 Balun, the 4:1 Balun matching 50 
ohms unbalanced to 200 ohms balanced has had no 
real standard for comparison in the amateur radio Tit 
erature. As Chapter 7 showed, Reisert’s Balun in bis 
1978 article? had all of the attributes of a good 1:1 
design, Therefore, he set a legitimate standard for 
others to follow or even attempt to exceed. Also 


shown were some of my variations in his design for 
increased efficiency and ease of construction, 

However, Chapter 8 has illustrated that the designs 
in the amateur literature (particularly the handbooks) 
are found lacking in bandwidth, or efficiency, or both, 
Ever the 4:1 Baluns on the commercial market can be 
improved. This is especially true of the rod-type 
Balun that has been available for decades! 

In the process of investigating the 4:1 Balun for my 
series of articles in CQ and Communications Quarter- 
1y, L have arrived at some designs that could provide 
the beginnings of standards for this device, They are 
included in this chapter and are: 

1. For balanced applications like matching 50-ohm 
cable to the 200-ohm balanced input impedance of 
folded-dipole or log-periodic antennas, 1 recommend 
the single-core, Ruthroff design of Photo 8-A. It is 
capable of handling the full legal limit of amateur 
radio power. For a higher-power capability and a little 
less bandwidth, [ recommend the Ruthroff design 
shown in Photo 8-C. These designs are presently 
called voltage Baluns,6 

2. For unbalanced applications like the OCED (off- 
center-fed dipole), or a dipole that could be unbal- 
anced by surrounding structures or by construction 
eors, I recommend the two-core Guanella design of 
Photo 8-E or Photo 8-F. It is a much more flexible 
unit that can operate successfully as a Balun when the 
load is grounded at its center (Figure 8-1A), or as an 
Unun when the foad is grounded at the bottom. 
Although not showa, it can even be grounded at the 
top, yielding a4:1 phase-inverter. 

3. For low-power 4:1 Baluns, there really have been 
no designs in the literature for comparisons. 
Therefore, by default, the designs in this chapter are 
suggested as standards, Applications of the single- 
core Ruthroff Balun and the two-core Guanella Balun 
are the same as their higher power counterparts. 

Tam sure there are some who don’t agree with the 
recommendations proposed above. The Guanella (cur- 
rent) Balun appears to be the main Balun of choice. 
‘The question is: Why use a two-core Guanella (cur- 
rent) Balun when a single-core Ruthroft (voltage) 
Balun will do? They both have the same power rat- 
ings! For those who disagree with my views, designs, 
or recommendations, 1 encourage them to (as the clas- 
sic TV commercial used to say) put it in writing. Then 
we will all benefit from the new information, 


Chapter 9 


Baluns for Antenna Tuners 


Sec 9.1 Introduction 


fhe 4:1 Balun, matching 50 ohms (unhalanced) 
T= 200 ohms (balanced), has found its most 

popular use in antenna tuners. Because the 
Balun rarely sees a resistive load of 200 ohms in this 
application, the primary objective is to take the bal- 
anced impedance (with respect to ground) of the input 
to an open-wire (or twin-lead) feedline and transform 
it into an unbalanced impedance which has one side 
grounded and can be transformed into 80 chms by at 
L-C matching network. This was well described in 
two CQ articles by McCoy, !718 

‘As Chapter 8 has shown, there are two different 
foums of the 4:1 Balun, One uses two transmission 
fines wound on separate cores (or threaded through 
ferrite beads in some cases) and connected in parallel 
at the 50-olam side and in series at the 200-ohm side. 
‘This design was first presented by Guanella in 1944.3 
and is presently called a current Batun.6 The other 
design, using a single transmission Tine wound around 
a core and connected in a phase-inverter configura- 
tion, was introduced by Ruthroff in 1959.° This 
design, which has recently been called a voltage 
Balun.$ is now perceived as the inferior design. 

‘This chapter presents another view of the 4:1 Balun. 
It not only includes the optimum design considera- 
tions for antenna tuner use, but also the design para- 
meters for muliband antenna systems using center- 
fed dipoles with open-wire or twin-lead feedlines. 


Also included are my views on the GSRV antenna, the 
tuner using a 1:1 Bahn before the L-C matching net- 
work, and the special cases of Ruthroff’s 4:1 design 
‘matching into a load that is actually or virtually 
‘grourided at its center, 


Sec 9.2 The Two Forms of 
Antenna Tuners 


Three of the more common items in amateur radio jar~ 
gon are VSWR, antenna tuners, and multiband anten- 
nas (especially the GSRY). These have appeared upon 
‘the scene because of the ease at which bands can now 
be changed and the narrow fimits in the range of 
matching impedances with modem rigs. 

‘The concept of using a wire antenna on many differ- 
ent bands isn’t new. Designs have been around for 
more than six decades. In fact, satisfactory cirevits 
have also been available which couple transmitters to 
balanced lines that present loads different than the 
transmitter output impedance. These were known as 
series and parallel-tuned circuits.!9 The transforming 
of a balanced impedance to an unbalanced impedance 
‘was accomplished by the isolation provided by mag- 
netic coupling. Energy was transmiteed from one cir~ 
cuit to the other by either having two coils in close 
proximity or by “link” coupling. However, these 
methods of coupling have fallen by the wayside, 
together with rock-bound rigs, plug-in coils, separate 
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Figure 9-1. The vo basic forms of the Transmatch (antenna tuner): (A} the more popular design using an unbalanced 1-~C 
network and a@ 1:4 Balun; (B) a 1-1 Balun and a balanced L-C network. 
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Figure 9-2. The avo basic forms of the 1:4 Balun; (A) the Guanella 
feurrent} Balun; {B) the Ruthroff (voliage} Balun, 
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receivers and transmitters, and (sad to say) the excit- 
ing flashing of mercury-vapor rectifiers. 

‘Today, the rransmarch is most often used to convert 
the reactive/resistive load presented by an antenna 
system to a nonreactive, grounded 50-ohm load, The 
transmatch is also commonly known as an antenna 
tuner. The isolation role, that of converting a balanced 
impedance to an unbalanced one, is now provided by 
the Balun transformer, 

“There are iwo basic forms of the transmatch, and 
they are shown in Figure 9-1. Figure 9-14, which 
shows a 4:1 Balun between the L-C network and the 
balanced transmission line, has been the most popular 
In some designs, a 1:1 Balun has been used. In either 
case, this form of antenna tuner places the burden on 
the Balua, not on the L-C network. Depending upon 
the dimensions of the antenna and open-wire (or twin- 
Jead) twansmission fine, the Balun can see very high 
impedances that may be harmful. In eum, the L-C net- 
works are simple because of theit unbalanced nature. 
Among the most popular networks are L, pi, T, 
Ultimate, and SPC types 2°73 An added advantage to 
this approach is that the Balun can be placed outside 
the operating area and connected to the L-C network 
by a coaxial cable.'7.18 

On the other hand, Figure 9-1B takes the complexi- 
ty out of the Balun and places it on the L-C network. 
With a balanced network, the 1:1 Balun should see a 
lower voltage drop along the length of its transmission 


fine (and, hence, less {oss} because its load is always 
close to $0 ohms. Additionally, the choking require- 
ments of a 1:1 Balun are considerably less than that of 
the 4:1 Balun in Figure 9-1. 

Roehmn has addressed the problexos related éo this 
form of tansmatch in an article.) In fact, he suggests 
a design using an unbalanced T newwork and a 1:1 
beaded-coax Balun, Although a balanced L-C net 
work is inherently more complex and costly, it woulé 
be interesting to see its comparison with Roehm’s 
unbalanced design, Additionally, a compatison with 
1:1 Balun using 50-obm twin-lead or coaxial cable 
wound around a fervite toroid with a permeability of 
less than 300 would also be useful. Because the 1:5 
headed-coax (choke-type) Balun requires ferrite beads 
with permeabilities considerably greater than 300, it 
has more Toss. 

In any event, the basic form of the transmatch using 
the design in Figure 9-1B looks promising and merits 
further investigation. 


Sec 9.3 Another View of the 
4:1 Balun 


This section presents my views and the results of my 
work on a 4:1 Balun designed for use in the very pop- 
ular “antenna tunes” shown in Figure 9-14. Because 
the Balun may be exposed to harmful high voltage 
conditions in this application, the efficiency and 
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Figure 9-4, Suggested model of the 4:1 Ruthroff (voltage) Balun 


when the load, Ry, is grounded at its center 


Photo 9-A. The high-power Ruthroff 4:1 Balun used in the 
comparison with other Baluns (see Figure 9-7, and Figure 8-7 of 
Chapter 8). Except for some difference in the characteristic 
impedance of the bifilar winding, it is essentially the McCoy 


4:1 Balun. 


ruggedness of the core materials are important consid- 
erations. Experiments have shown that losses in 
Baluns are related to the impedance level? (and, 
hence, voltage level), and the permeability of the 
materials. Therefore, the losses are of a dielectric-type 
and not of a current-type, as in conventional trans- 
formers. Moreover, it is well known that powdered- 
ion is a more rugged and linear material than ferrite. 
A very important question to ask is which form of 
the 4:1 Balun should be used in this application— 
Guanella’s or Ruthroff's? My conclusions may sur~ 
prise many readers, 

‘As was mentioned at the beginning of this chapter 
and above, there are two basic forms of the 4:1 Balun. 
‘They are shown in Figure 9-2A and B. Figure 9-24 
is Guanella’s approach. Tt uses two coiled transmis- 
sion lines (on separate cores) connected in parallel on 
the 50-ohm side and in series on the 200-ohm side. 
This has recently been called a current Balun.® In 
order to have “flat” transmission lines and obtain the 
highest frequency response, the characteristic imped- 
ance of the coiled transmission lines should be equal 
to the loads they see—namely, 1/2, and, in this case, 
100 ohms. 

As Guanella said in his classic paper? this Balun is 
literally “frequency independent.” At the low frequen- 
cy end, the reactance of the coiled transmission line 
should be much greater than 100 ohms (in this case) 
in order to assure that the energy is transmitted from 
input to output by an efficient transmission line mode, 
Beaded transmission lines aren't recommended for 
use on the HF band at these impedance levels because 
of excessive dielectric loss. 

Figure 9-2B shows Ruthroff’s approach, which 
uses a single transmission line connected in the phase~ 


inverter configuration (see Chapter 7). By grounding 
terminal 4, a voltage drop of -V, appears across the 
length of the transmission line. As a result, terminal 3 
is at +V, and terminal 2 is at -V,—a 4:1 transforma- 
tion ratio, 

It is when the load is actually grounded at its center 
that we see a very interesting feature of this approach. 
A simple impedance measurement will show that the 
high frequency response is vastly improved and that 
the Ruthroff (voltage) Balun appears to take on the 
character of a Guanella (current) Balun! Figure 9-3 
illustrates the measurements of the input impedance 
of a Ruthroff 4:1 Balun with the load floating, and 
when it is grounded at its center. These measurements 
(with a simple resistive bridge) were made on my 
design using a powdered-iron core, which will be 
described later. 

‘A mode! for the Ruthroff 4:1 Balun, when the load 
is grounded at its center, is provided in Figure 9-4. If 
the characteristic impedance of the transmission line 
in the 4:1 Balun is 100 ohms (the optimum value if 
the load is 200 ohms), then the generator sees R./2 in 
paralle! with a Ry /2 from a “flat” line, As a result, the 
generator sees its match of 50 ohms—even though the 
currents in the loads are not in phase! 

However, when the Balun is connected to a center- 
fed, folded dipole, or log-periodic beam antenna with 
200-ohm input impedances, the virtual ground-plane 
bisecting the antennas presents an interesting case. 
Because there is no metallic connection to the center 
of the load, the currents in both halves of the antennas 
are in phase, This is unlike the situation in Figure 9-4, 
where the current in the load on the right is delayed 
compared to the current in the load on the left. AS is 
evident in Figure 8-7 of Chapter 8, the VSWR curve 
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Photo 9-B. The Balun of Photo 9-A mounted in a $ inch 
Jong by 4 inch wide by 3 inch high minibox. 


transmission 
line 


Figure 9-5. A pictorial of the connections for a 4:1 
Ruthroff (voltage) Balun. 


for the high-power Ruthroff Balun has practically the 
same shape as those of the two lower-power units— 
even though its transmission line is more than two and 
one half times longer. 

Because the high-frequency response of a Ruthroff 
4:1 Balun with a floating load is highly dependent 
upon the length of the transmission line, Figure 8-7 
suggests that, in the virtual ground case, the Balun 
acts as a Guanella Balun which sums voltages of 
equal phases. It also suggests that the effective electri- 
cal length of the transmission line is one-half of its 
actual length. I am quite sure that this model of 
Ruthroff’s Balun was not proposed by him or by oth- 
ers that followed. However, it should be remembered 
that this condition only exists in the balanced case. 
With an unbalanced load, the Balun should introduce 
a reactive component that will limit the high frequen 
cy response. Tn the unbalanced case, the Guanella 
Balun with two cores is the Balun of choice. 


Sec 9.4 Some “Hardy” 4:1 Designs 


Photos 9-A and 9-B show two views of a Ruthroff 4:1 
Balun, much like McCoy’s design, which has been 
used in his highly popular transmatch.2? Figure 9-5 
shows a pictorial representation of the connections, It 
has 11 bifilar turns of No. 14 H Thermaleze wire on 
three (stacked) T200-2 cores. The cores are pow- 
dered-iron material with a permeability of 10. The OD 


Photo 9-C. The various 
Baluns used in the study of 
4:1 Baluns for antenna 
tuners. 


is 2 inches. The wires are also covered with a 15-mil 
wall Teflon tubing, yielding a characteristic imped- 
ance close to the optimum value of 100 ohms. 

1 differ with McCoy's design here, because the char- 
acteristic impedance of his Balun could be closer to 
50 ohms, Photo 9-B shows the Balun mounted in a 5 
inch long by 4 inch wide by 3 inch high minibox. 
Because McCoy didn’t use a thickly insulated wire, 
he wound a layer of Scotch No. 27 glass tape on each 
toroid before stacking. This was followed by another 
layer in the stacking process. With Teflon sleeving 
over the wire, the extra insulation provided by the 
glass tape could be dispensed with. 

In order to improve the low-frequency response of 
‘MeCoy’s Balun, T made a study of higher permeabili 
ty powdered-iron cores. Photo 9-C shows the various 
Baluns used in the study. The object of this study was 
to determine the best core material for a 4:1 Balun to 
be used in antenna tuners where they can be exposed 
to high impedances (and, hence, hostile environ- 
ments). I knew, as the result of very accurate insertion 
Joss measurements? that loss with ferrite materials 
was related to the voltage drop along the length of the 
transmission line and to the value of the permeability. 
Permeabilities of 40 (No. 67 ferrite) exhibited the 
lowest loss. The results taken on a single powdered- 
iron material—No. 2 material with a permeability of 
10—also showed the very same low loss. Because 
powdered-iron material has been known to be more 
rugged and linear than ferrite material, this suggested 
that other powdered-irons with greater permeabilities 
should also be investigated 

1 investigated four other powdered-irons with per- 
meabilities of 20, 25, 35, and 75. Their designations 
were Nos. 1, 15, 3, and 26, respectively. Comparisons 
were made on input impedances (with the outputs ter- 
minated in 200 ohms) and temperature rises (when 
handling 500 watts of power). The power test showed, 
convincingly, that No. 26 material was not to be used 
because it showed a definite rise in temperature while 
the other three didn’t. However, all four materials 
showed a definite lower input impedance than the No. 
2 material, which has permeability of 10. As expect- 
ed, the higher the permeability, the larger the differ- 
ence with No. 2 material. Although an input imped- 
ance measurement does provide some indication of 
loss because it appears as a shunting path to ground, a 
very accurate insertion loss measurement would pro- 
vide a more precise indication of the trade-off that can 
be made in efficiency for low frequency response. 
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Photo 9-D. An 
improved 4:1 
Ruthroff design for 
antenna tuners. 


Photo 9-E. The improved 4:1 Ruthroff Balun mounted in a 
Sinch long by 4 inch wide by 3 inch high minibox. 


Because my simple loss measurements indicated 
that the higher permeability powdered-irons had more 
Joss than the No. 2 material, I decided to design a 4:1 
Ruthroff Balun using this material—but with a larger 
core and more turns than the McCoy!7:!8 Balun. 
Although McCoy's design has enjoyed considerable 
success over the years, I felt that a larger inductive 
reactance was desirable in order to assure better per- 
formance on the lower frequency bands (particularly 
160 meters). 
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Photo 9-F. The top view of the 4:1 Balun of Photo 9-E. 


‘The specific design is shown in Photo 9-D. It has 
17 bifilar turns of No. 14 H Thermaleze wire on a 
‘T300A-2 powdered-iron core, which has an OD of 3 
inches and a permeability of 10. With this number of 
turns and a larger cross section than the three T200-2 
cores, the low frequeney response improved by a fac- 
tor of about two over the McCoy Balun, which has 10 
to 12 turns on a stack of three T200-2 cores. 
Furthermore, the wires are also covered with 15-mil 
wall Teflon tubing, resulting in a characteristic imped- 


ance of 100 ohms (the objective). This well-insulated 
‘transmission line has been reported to handle 10,000 
volts without breakdown. Figure 9-3 illustrates the 
performance of this Balun (under a matched condi- 
tion) when the load is floating and when it is center- 
tapped-to-ground, Photo 9-E shows the Balun mount- 
ed in a minibox 5 inches long by 4 inches wide by 3 
inches high. Photo 9-F shows the top view of the 
mounted Balun, 

Because the Balun with the larger core and more 
turns showed an improvement by a factor of two in 
the low-frequency response over the McCoy Balun, I 
constructed an even larger design. This is shown in 
Photo 9-G. It has 21 turns of the same wire on a 
‘T4Q0A-2 core with an OD of 4 inches and a perme- 
ability of 10. Even though Photo 9-G shows the 
toroid wrapped with Scotch No. 27 glass tape, as 
‘mentioned earlier, this extra insulation isn’t required 
because the wires are covered with Teflon sleeving. 

Figure 9-6 shows the comparisons in the input 
impedances versus frequency of these three “hardy” 
Baluns when they are terminated in 200-ohm loads 
grounded at their centers. As can be seen, the low-fre~ 
quency response of the Balun with the most turns and 
largest core is the best. Even though the Balun with 
the 3-inch core has a poorer low-frequency response, 
it is an improvement over the McCoy Balun and 
should find considerable use in transmatches. Figure 
9.6 also shows that the high frequency responses of 
these Baluns with the loads grounded at their centers 
are remarkably similar. This is especially interesting, 
as the length of the transmission line on the larger 
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Figure 9-6. A comparison of the performance of the McCoy 4:1 Balun with Baluns having larger cores and more wurns. 


Balun (with the T400A-2 core) is more than twice as 
long as the other wo (115 inches compared to 50 and 
55 inches). If it is correct that my model of a Ruthroff 
(voltage) Balun feeding a balanced antenna ot trans- 
mission line takes on the character of a Guanella (cur- 
rent) Balun because of the virtual ground, then this 
large Balun could have many applications. 


Sec 9.5 Multiband Dipoles 


Antenna tuners have been known to work well for 
some radio amateurs and not for others. This is due to 
the differences in the dimensions of their antenna sys- 
tems. With high impedances seen by the 4:1 Baluns in 
the antenna tuners, the Baluns not only fail to provide 
a good balanced-to-unbalanced conversion, but they 
can also be damaged by excessive heating. The high 
current, low impedance condition seen by the Balun 
isn't a problem. Therefore, the object in multiband 
antenna design is to provide the most favorable 
impedances for the Baluns, especially on the three 
lowest frequency bands—40, 80, and 160 meters 
Usually on the higher frequency bands, the imped- 
ances seen by the Baluns are not as high and the 
Balun’s choking reactances are greater (assuring bal- 
anced-to-unbalanced conversion). This section dis- 
cusses three cases of multiband center-fed dipole 
designs. They are 1) the “worst case” design, 2) a 
smaller design—the GSRV, and 3) a larger design. 
Others may have better designs for multiband opera- 
tion, but it’s clear that the “worst case” design ought, 
to be avoided. Figure 9-7 shows the symbols for the 
dimensions of the center-fed dipoles. 


Sec 9.5.1 The "Worst Case” Design 


Apparently, an 80-meter dipole with a quarter-wave 
open-wire (or twin-lead) feedline is a logical design 
for a multiband dipole. In Figure 9-7 this would mean 
that L; = Ly = 59 to 67 feet, depending upon the 
favorite operating frequency. If one were to use 450- 
ohm twin-lead with “open windows,” Ly would be 
diminished by 10 percent; with 300-ohm TV twin- 
lead, it would be diminished by about 20 percent. This 
would make a good antenna system on 160 meters. 
Because L, + Ly is close to a quarter-wave, the cur- 
rent at the input to the feedline is at its highest value 
and the impedance at its lowest—a very favorable 
condition for the Balun, In fact, a 1:1 Balun at the 
feedpoint would probably do a good job. 
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Photo 9-G. A large 4:1 Ruthroff design using a 4-inch OD 
powdered-iron core and 21 bifilar turns. 
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Figure 9-7. The symbols used for the dimensions of a cen- 
ter-fed dipole with open-wire feeders (or twin-lead with 
appropriate consideration of velocity factors). 


However, what does the input to the feedline look 
like on 80 meters? If 450-ohm feedline is used, the 
4:1 Balun sees a quarter-wave 450-ohm feedline ter- 
minated in approximately 50 ohms, Transmission line 
theory tells us that the Balun would see 4050 ohms— 
an impossible condition for most Baluns. The situa- 
tion becomes worse on 40 meters, where we may have 
a center-fed, full-wave dipole with a half-wave trans- 
mission line (a 1:1 matching transformer). In this 
case, the Balun could see an impedance approaching 
10,000 ohms—a more than impossible condition! 
Although high impedances would also be seen on 10, 
15, and 20 meters, the conditions are not quite as 
severe because the Balun’s choking reactances are 
usually greater and the impedances lower. In essence, 
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the “worst case” design for a 4:1 Balun is the “best 
case” design (except for 160 meters), if one still uses 
induetive coupling to a parallel-tuned cireuit.!9 


Sec 9.5.2 A Smaller Design— 
The G5SRV 


Varney,*4 GSRV, designed a multiband center-fed 
antenna system capable of operation on all HF bands 
from 3.5 to 30 MHz. In contrast to multiband anten- 
nas designed as half-wave dipoles on 80 meters (the 
“worst ease” design), the full-size GSRV antenna was 
designed as a three-half-wave antenna on 14,150 MHz 
with a 1:1 transmission line matching transformer. It 
‘was possible to accomplish this using the dimensions 
of 51 feet for Ly and 34 feet for Ly, For 450-obm. 
twin-lead with “windows,” Ly would he 31 feet: for 
300-ohm TV ribbon, Lz would be 28 feet. Con- 
sequently, the input impedance at the hase of the 
matching transmissioa line was about 100 ohms on 
14,150 MHz, and a manageable impedance for 50 or 
80-ohm coaxial cable. 

However, with a total length for Ly + Ly of 85 feet, 
the impedances at the input to the transmission line on 
40, 80, and 160 meters are also manageable, Even 
though they have a reactive component on these 
bands, they aren't so high that 2 well-designed 4:1 
Balun in an antenna tuner can’t handle them easily, 
Varney also showed that the highest impedances 
occurred on the 18-, 21-, and 28-MHz bands, How- 
ever, this doesn’t present a problem with the design 
shown in Photo 9-D because it uses an efficient core 
material, and it also has the highest reactances of its 
windings at these frequencies. 

‘Varney™ also wrote. at considerable length, on the 
unsuitability of a Balun being used to connect the 
base of the 34-foot open feeders to a coaxial cahle 
feedline. He stated that if a Balun is connected to a 
reactive load with a VSWR of more than 2:1, its 
internal fosses would increase. Varney also men- 
tioned heating of the wires and saturation of the core. 
Evidently Varney was not familiar with McCoy's 
design, which uses a powdered-iron core (with a per- 
meability of 10) that can withstand VSWRs consid- 
erally greater than 2:1-—-without showing any tem- 
perature rise, Furthermore, the wire doesn’t heat up; 
however, the core itself does via dielectric heating. 
Additionally, with sufficient choking reactance, 
Baluns can handle (equally) the resistive and reactive 
components of an impedance, 


Finally, after observing the voltage and current dis- 
tributions on all of the bands, it appears that a 2:1 
(100:50-ohm} Balun migit ke an interesting one to try 
on the GSRV antenna. It could he that many of the 
bands would not require the added matching of an 
antenna tuner, If some of the bands reguire an antenna 
tuner in order to be used, then I would suggest using a 
“hardened” Balun, That is what I call MeCoy’s 
approach, which uses efficient and hardy powdered: 
iron cores, A 2:1 Balun, comprised of a 1:2 Unun in 
series with a 1:1 Guanella (current) Balun, couid be 
easily designed and built (see Chapter 10). 


Sec 9.5.3 A larger Design 


Even though the GSRV antenna can be made to oper- 
ate on 160 meters with a suitable antenna tuner, an 
antenna system larger than the “worst case” design 
‘can provide better operation on the 40-, 80-, and 160- 
meter hands, As you might expect, an antenna system 
about twice as large as the GSRV offers these advan- 
tages, Suggested dimensions are L, = 80 feet and Ly = 
(00 feet. If the feedtine is 450-ohm twin-line with 
indows,” then Lz = 90 feet. Ifit is 300-ohm TV rib- 
bon, then Ly = 82 feet. As with the GSRY, it’s the total 
length of Ly + Lo that presents favorable or unfavor- 
able impedances to the 4:1 Balun in the antenna tuner. 
Therefore, Ly and Ly could hoth be 90 feet, as weil, 
Only very small differences in performance would be 
noticed between these two systems, particularly on 
the iower-frequency bands, Obviously, other combina 
tions totaling 180 feet are also possible. In the GSRV 
case, it’s 85 feet. 


Sec 9.6 Summary 


After reading this chapter, one might think that | 
have set this technology back a few years by advo- 
cating voltage Baluns and powdered-iron cores. 1 
have even questioned the professional literature. 
However, my conclusions were based upon three 
experimental results, These were: 1) measurements 
with my resistive bridge on input impedances of 4:1 
Ruthroff (voltage) Baluns with loads floating and 
center-tapped-to-ground, 2) VSWR measurements on 
folded dipoles with various 4:1 Baiuns (large and 
small and, therefore, with many different lengths of 
transmission lines), and 3) McCoy's success with his 
4:1 Balun, Also, as this chapter points out, it helps to 
have the dimensions of a multiband, center-fed 
dipole, and feeders favor the operation of a4} Balun 


in antenna tuners. And, yes, there is a “worst case” 
antenna design! 

As in many investigations, supplying answers to 
some questions can lead to others that appear to be 
important, Specifically, for powdered-irons, how 
would permeabilities in the 20 to 35 range perform? 
Simple impedance measurements showing lower val- 
tues on input impedances, indicate that there is more 
Joss than with & permeability of 10; but accurate inser- 
tion loss measurements ate needed in order to tell the 
complete story—the trade-off in efficiency for low- 
frequency response. 
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Finally, low permeability fervite-like No. 67 materi- 
al with a permeability of 40 looks interesting for use 
in Baluns for antenna tuners, Accurate insertion loss 
measurements? have also shown the very same high 
efficiency that was exhibited by powdered-iron having 
2 permeability of 10. With a sufficient number of 
{urns on an appropriate size core, a Balun made of this 
material could be practical. Even though the amateur 
radio literature still refers to the problem of core satu. 
ration, there has been only one recorded case. Thi 
was on 2 MHz with a tod-type 1:1 Balun where insut- 
ficient choking reactance exists,"34 


Chapter 10 


1.5:1 and 2:1 Baluns 


Sec 10.1 Introduction 


fhere are many applications for broadband 
| Baluns with impedance transformation ratios 
close to 1.5:1 and 2:1. Two applications involve 
‘matching 50-ohm cable to balanced loads of 75 or 100 
ohms, which are the input impedances of a half-wave 
dipole at heights of 0.22 or 0.34 wavelengths above 
ground. Another, is the matching of 50-ohm cable to 
the 100-ohm input impedance of a quad antenna, An 
interesting, and somewhat unexpected, application is 
the matching of 50-ohm cable directly to the input 
impedance of the driven element of a Yagi beam 
antenna of 33 ot 25 ohms. Tis would eliminate the 
common hairpin matching network presently used to 
raise their input impedances to 50 ohms. 

There are many versions of these two Batuns, They 
include: 1) high and low-power designs, 2) designs 
matching 50-ohm cable to higher or lower imped- 
ances, 3) series- or parallel-type designs, 4) single- or 
dual-core designs, 5) dual-ratio designs, and 6) HF 
and VHF designs. The series-type Baluns use an 
Unan (unbalanced-to-unbalanced transformer) in 


series with a Guanella (current) Balun, More details 
on these Ununs are provided in later chapters. In this 
chapter, you'll read about many high-power designs 
capable of handling the full legal limit of amateur 
radio power, They are optimized for sufficient mar- 
gins in choking reactance at their low frequency 
ends, and in efficiency throughout their passbands, 
Two of the 2:1 Baluns are specifically designed for 
2-meter operation 


Sec 10.2. 1.5:1 Baluns 


In this section, F'Il present two series-type 1.5:1 
Baluns (actually 1.56:1, which should be close 
enough), They both use 1.56:1 Unuas in series with 
Guaneila 1:1 Baluns, Figures 10-1A and B show their 
schematic diagrams. Figure 10-1B has an extra input 
(to a tap), which provides another ratio of 1.33:1 

The left-hand side of Photo £0-A shows a design 
using Figure 10-1A mounted in a CU 3006 minibox 
5.25 inches long by 3 inches wide by 2.25 inches high 
(RadioShack has carried a similar enclosure), The 
1:1.56 Unun has 4 quintufilar turns on a 1.5-inch OD 
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Figure 10-1, Schematic diagrams of two 1.56:1 Baluns: (A} step-up, 50:78 ohms; (B) step-down, 50:37.6 okms—connection 


A, 50:32 ohimsoconnection B, 
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ferrite toroid with a permeability of 250. Winding 7-8 


is No. 14 H Thermaleze wire and the other four are 
No. 16 H Thermaleze wire. 

The 1:1 Guanella Balun has 11 bifilar turns of No. 
14H Thermaleze wire on a 2.4-inch OD ferrite toroid 
with a permeability of 250, One wire is covered with 
Teflon tubing, resulting in a characteristic impedance 
very close to 78 ohms (the optimum value). 

‘When matching 50-ohm cable to a balanced load of 
78 ohms, the impedance transformation ratio is literal- 
ly flat (within a percent or two) from 1.5 MHz to 40 
‘MHz! You might be interested to know that (separate- 
ly) the 1:1 (75:75-ohm) Balun would make an excel- 
lent isolation transformer for 75-ohm hardline, and 
the 1.56:1 (78:50-ohm) Unun an excellent match 
between 75-ohm hardline and 50-ohm cable. 

‘The right-hand side of Photo 10-A shows a design 
using Figure 10-1B mounted in a similar enclosure 
The 1.56:1 Unun has 5 quintufilar turns on a 1.5-inch 
OD ferrite toroid with a permeability of 250, Winding 
5-6 is No, 14 H Thermaleze wire and is tapped at one 
turn from terminal 5. The other four wires are No. 16 
1H Thermaleze. 

The 1:1 Guanella Balun has 7 turns of homemade 
coaxial cable on a 1.5-inch OD ferrite toroid with a 
permeability of 250. The inner conductor is No. 14 H 
‘Thermaleze wire and is covered with Teflon tubing. 
‘The outer braid, which is from a small coaxial cable 
or from 1/8-inch tubular braid, is also tightly wrapped 
with Scotch No. 92 tape to preserve the low character- 


istic impedance. 


Photo 10-A. Baluns using the schematic 
diagrams of Figure 10-1. Balun on the left 
matches 50-ohm cable to a balanced load 
of 78 ohms, Balun on the right matches 
50-ohm cable to balanced loads of 37.6 or 
32 ohms. 


In matching 50-ohm cable to a balanced load of 
37.6 ohms (connection A), or to a balanced load of 32 
‘ohms (connection B), the response is essentially flat 
(within a percent or two) from 1.5 to 30 MHz. 


Sec 10.3 2:1 Baluns 


The 2:1 Balun lends itself to more choices in design 
than the 1.56:1 Balun, This is especially true because 
the parallel-type design, which provides a 2.25:1 
Balun with the widest possible bandwidth, can easily 
be employed. The 1.56:1 Balun is at a disadvantage 
here. This section presents many Baluns using both 
series and parallel-type designs. 


Sec 10.3.1 Seriestype Baluns 


Figure 10-2 shows circuit diagrams for two versions 
of the series-type Balun, Photo 10-B shows a design 
using Figure 10-24 mounted in a CU 3005-A mini- 
box 5 inches long by 4 inches wide by 3 inches high. 
The 1:2 Unun has 7 trifilar turns on a 1.5-inch OD fer- 
rite toroid with a permeability of 250. The output tap 
is located 6 turns from terminal 5. Winding 5-6 is No. 
14H Thermaleze wire and the other two are No. 16 H 
Thermaleze wire. 

The 1:1 Guanella Balun has 14 bifilar turns of No. 
14H Thermaleze wire on a 2.4-inch OD ferrite toroid 
with a permeability of 250. Both wires are covered 
with Teflon tubing, which results in a characteristic 
impedance of 100 ohms (the optimum value). A 
crossover, placing 7 turns on one side of the toroid 
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Figure 10-2, Schematic diagrams of two versions of the series-type Balun: (A) 1:2 (50:100 ohms) Balun; (B) 1:2.25 


(50:112.5 ohms) Balun, 


and 7 turns on the other, is used so the output and 
input are on opposite sides of the toroid. Figure 10-3 
is a drawing of the crossover. Although this technique 
has no electrical advantage at HE, the mechanical 
advantage is obvious. 

When matching 50-ohm cable to a balanced load of 
100 ohms, the response is literally flat (within 2 to 3 
percent) from 1.5 to 30 MHz. By connecting the out- 
put of the Unun to terminal 6 instead of to the tap, the 
Balun would match 50-ohm cable to a balanced load 
of 112.5 ohms with about the same response. 

Photo 10-C shows two slightly different versions of 
series-type 2.25:1 Baluns using the circuit of Figure 
10-2B. Both have the same 1.78:1 step-down Unun, 
which has 5 quadrifilar tums on a 1.5-inch OD ferrite 
toroid with a permeability of 250. Winding 5-6 is No. 
14H Thermaleze wire, and the other three are No. 16 
H Thermaleze wire. Each version also has 8 bifilar 
turns of No. 14 H Thermaleze wire on both of the 1.5- 
inch OD ferrite toroids, with a permeability of 250, 

‘The differences are: 1) the Balun on the left in 
Photo 10-C has one layer of Scotch No. 92 tape on 
one of the wires in each bifilar winding and a 
crossover after the fourth turn, and 2) the Balun on the 
right has two layers of Scotch No. 92 tape on one of 
the wires on one toroid and no extra insulation on the 
wires of the other toroid. Therefore, one of the wind- 
ings in the 1:4 Guanella Balun has a characteristic 
impedance a little less than 50 ohms and the other a 
little greater than 50 ohms, resulting in a canceling 
effect. Furthermore, the crossover isn’t used in this, 
design. The Balun on the left is mounted in a CU 
3006 minibox 5.25 inches long by 3 inches wide by 
2.25 inches high, The Balun on the right is mounted 
in a CU 3015-A minibox 4 inches long by 2 inches 
wide by 2.75 inches high. 


Photo 10-B. A series-type Balun using the schematic dia- 
gram of Figure 10-2A designed to match 50-ohm cable to 
a balanced load of 100 ohms. 


The performance of these two Baluns is essentially 
the same. When matching 50-ohm cable to balanced 
loads of 112.5 ohms, the responses are essentially flat 
(within 2 to 3 percent) from 1.5 to 30 MHz. 

From preliminary measurements on series-type 2:1 
Baluns, the Balun in Photo 10-B is the one I'd recom- 
mend for matching 50-ohm cable to balanced loads of 
100 ohms, while the Baluns in Photo 10-C would be 
best for matching to balanced loads of 112.5 ohms. 
Also, by replacing the 1.78:1 Unun in Figure 10-2B 
with a 2.25:1 Unun, and not adding any extra insula- 
tion to the windings of the 1:4 Balun, it’s possible to 
obtain an excellent Balun matching 50-ohm cable to a 
balanced load of 89 ohms. 

Figure 10-4 shows the schematic diagram of a 
series-type Balun designed to match S0-ohm cable to 
balanced loads of 25 or 22.22 ohms. Photo 10-D 
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Figure 10-3. Construction of a 1:1 Guanella Balun with a 
crossover placing the input and output terminals on oppo- 
site sides of the toroid. 


Photo 10-C. Two series-type Baluns using the schematic 
diagram of Figure 10-2B designed to match 50-ohm cable 
10 balanced loads of 112.5 ohms. 


shows two versions of this dual-ratio Balun. The 
Balun on the left, for its Unun, has 6 trifilar turns of 
No. 14 H Thermaleze wire on a 1.5-inch OD ferrite 
toroid with a permeability of 250. Winding 3-4 is 
tapped one turn from terminal 3, yielding the 2:1 
ratio, The 1:1 Guanella Balun has 6 turns of home- 
made coaxial cable on a similar toroid. The inner con- 
ductor is No. 12 H Thermaleze wire and is covered 


with Teflon tubing, The outer braid, from a small 
coax or from 1/8-inch tubular braid, is tightly 
wrapped with Scotch No. 92 tape to preserve its low 
characteristic impedance. 

In matching 50-ohm cable to balanced loads of 25 
ohms (connection A) or to 22.22 ohms (connection 
B), the response is essentially flat (within a percent or 
two) from 1.5 to 30 MHz. 

‘The Balun on the right in Photo 10-D has similar 
windings on a single 2.4-inch OD ferrite toroid with a 
permeability of 250. Its performance is quite compa- 
rable to the Balun on the left, 


Sec 10.3.2 Paralleltype Baluns 


As you saw in the previous section, the series-type 
Baluns presented here are combinations of Ununs 
with ratios of 1.33:1, 1.78:1, and 2,25:1 in series 
with Guanella 1:1 or 4:1 Baluns. The Ununs, which 
are really an extension of Ruthroff’s? bootstrap tech- 
nique for obtaining a 4:1 Unun, sum direct voltages 
with delayed voltages that traverse a single transmis- 
sion line. Therefore, the Unun eventually limits the 
high-frequency response of the series-type Balun, 

On the other hand, the parallel-type Balun is an 
extension of Guanella’s technique of summing volt- 
ages of equal delays. Instead of simply connecting 
transmission lines in parallel-series, the parallel-type 
Balun connects Guanella Baluns in paraltel-series. As 
I noted in Reference 25, two 4:1 Guanella Baluns can 
be connected in parallel-series, yielding very broad- 
band ratios of 6.25:1. This section shows how a 1:1 
Guanella Balun can be connected with a 4:1 Guanella 
Balun in parallel-series, yielding a very broadband 
ratio of 2.25:1. 

Figure 10-5 is the schematic diagram of the high-fre- 
quency model of a 2.25:1 Unun which is used for 
sis purposes. Because the current through the load 
is 3/21), the transformation ratio is (3/2)2, or 2.25:1. 
Therefore, if the impedance seen on the left side is 50 
ohms, a matched impedance on the right side is 22.22 
ohms. Because two thirds of the 50 ohms appears 
across the input of the Guanella 1:1 Balun, its optimum 
characteristic impedance is 33.33 ohms. Similarly, this 
is also the value of the optimum characteristic imped~ 
ance for the windings of the 4:1 Balun, Because the 1:1 
Balun wants to see 33.33 ohms on its output (a 
matched condition) and the 4:1 Balun wants to see 
66.66 ohms, placing these two values in parallel results 
in the confirming value of 22.22 ohms. 


If the 50-ohm generator is placed on the right side 
in Figure 10-5, the circuit becomes a step-up Unun 
matching 50 ohms to 112.5 ohms (on the left). If the 
ground is removed on the left side, the transformer 
becomes a Balun. A similar analysis as above, shows 
that the optimum characteristic impedance of the three 
bifilar windings now becomes 75 ohms. 

Photo 10-E shows a parallel-type 2.25:1 Balun 
designed to match 50-ohm cable to a balanced load of 
112.5 ohms. It has 9 bifilar tums of No. 14 H Therma- 
leze wire on each of the three toroids that have a 1.5- 
inch OD and a permeability of 250. Also, one of the 
wires on each toroid is covered with Teflon tubing, 
resulting in a characteristic impedance of 75 ohms 
(the optimum value). When operating as a Balun, the 
response is essentially flat from 7 MHz to over 45 
MHz. As an Unun, the flat response is broadened 
from 1.5 MHz to over 45 MHz. 

Because the coiled wire, parallel-type Balun didn’t 
provide any real advantage over the series-type Balun 
{in fact, the low-frequency response was poorer), I 
investigated the beaded transmission line version for 
possible use in the VHF band. Figure 10-6 shows a 
schematic diagram of one using coaxial cable. 
Obviously, twin lead could be substituted for the 
coaxial cable. Photo 10-F shows both versions. 

The top design in Photo 10-F has 4 inches of 3/8- 
inch OD ferrite beads with a permeability of 125 on 
each of the three 75-ohm transmission lines. It is 
designed to match 50-ohm cable on the right to a bal- 
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Figure 10-4. Schematic diagram of a duat-ratio series- 
type Balun. Connection A matches 50-ohm cable to a bal- 
anced load of 25 ohms. Connection B matches 50-ohm 
cable to a balanced load of 22.22 ohms. 


anced load of 112.5 ohms on the left (with the ground 
on terminal 1 removed). The transmission lines con- 
sist of two No. 14 H Thermaleze wires separated by 
the Teflon tubing covering one of them. When match- 
ing $0-ohm cable to a balanced load of 112.5 ohms, 
the response is essentially flat from 30 MHz to over 
100 MHz (the limit of my bridge). 

The bottom design in Photo 10-F also has 4 inches 
of 3/8-inch OD ferrite beads with a permeability of 
250. However, they are now threaded by homemade 
coaxial cable with a characteristic impedance of 33.33 
ohms. It is designed to match 50-ohm cable on the left 
to a balanced load of 22.22 ohms (with the ground on 
terminal 2 removed). The inner conductor of the coax 
is No. 14 H Thermaleze wire and is covered with 


Photo 10-D. Two series-type Baluns 
using the schematic diagram of Figure 
10-4 designed to match 50-ohm cable 
to balanced loads of 25 ohms or 
22.22 ohms. 
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Photo 10-E, 
Paralle!-type 
2.25:1 Balun 
matching 50- 
ohm cable to a 
balanced load 
of 112.5 ohms. 


L 


Photo 10-F. Beaded transmission line versions of the 
2.25:1 parallel-type Balun for operation in the VHF band. 
The top Balun matches 50-ohm cable to a balanced load of 
112.5 ohms, The bottom Balun matches it to a balanced 
load of 22.22 ohms, 


‘Teflon tubing. The braid is from small coaxial cable 
or from 1/8-inch tubular braid. The braid is also tight- 
ly wrapped with Scotch No. 92 tape in order to pre- 
serve the low characteristic impedance. When match- 
ing 50-ohm cable to a balanced load of 22.22 ohms, 
the response is essentially flat from 14 MHz to over 
100 MHz (again, the limit of my bridge). 


Sec 10.4 Closing Comments 

In closing, I'd like to make a couple of comments 
regarding parallel-type Baluns. 

rst, if you are interested in a 1.78:1 ratio, re 
the 1:4 Balun in Figures 10-5 and 10-6 with a 1:9 
Guanella Balun (three transmission lines connected in 


"rl, 


Figure 10-5, High-frequency model of the parallel-type 
2.25:1 transformer. Connections shown are for Unun 
operation. 


Figure 10-6. The coaxial cable version of the parallel-type 
2.25:1 transformer of Figure 10-5. 


parallel-series). This would yield an output current of 
4/31, and a ratio of (4/3)2, or 1.78:1. If you replace the 
1:4 Balun with a 1:16 Guanella Balun (four transmis- 
sion lines connected in parallel-series), the output cur- 
rent will be 5/41), with a ratio of (5/4), or 1.56: 1. 

Second, because the parullel-type Balun is really an 
extension of Guanella’s technique of summing volt- 
ages of equal delays,227 the high-frequency response 
is mainly limited by the parasitics in the interconnec- 
tions. Therefore, beaded transmission lines offer the 
best opportunity for successful operation on the VHF 
band, It is also recommended that the ferrite beads 
have permeabilities of 300 or less? in order to achieve 
the very high efficiencies of which these transformers 
are capable, 


6:1, 9:1, and 12 


Chapter 1] 


-] Baluns 


Sec 11.1 Introduction 


his chapter is a combination of two articles 1 
[ wrote for Communications Quarterly, One, on 
the 6:1 and 9:1 Baluns, appeared in the Winter 
1993 issue aad the other, on the 12:1 Balun, ran in the 
Summer 1993 issue. I combined these two articles 
here because the three Batuns discussed have much in 
common, Commonalities include: 1) They are the 
most difficult to construct and ate, therefore, the most 
expensive; 2) two of them, the 6:1 and 12:1 Baluns, 
use Ununs in, series with Guanella Baluns; 3) two of 
them use the 9:1 Guanella Balun—the 12:1 Balun 
with a series 1.33:1 Unun; 4) they are generally asso- 
ciated with two-wite transmission lines with charac- 
teristic impedances of 300, 450, and 600 ohms, 
respectively; 5) when matching 50-ohim cable to high- 
‘er impedances, they have more loss than the Baluns in 
the preceding chapters; and 6) the optimum applica- 
tion of these Baluns requires a more critical under- 
standing of the trade-offs in low-frequency response 
for efficiency, 

Like the 2:1 Balun in Chapter 10, the 6:1 (actually 
6.25:1) Balun also comes in two forms: the series- 
ype, which offers better low-frequency response in 
the HF band, and the parallel-type, which bas a vastly 
greater high-frequency capability. The parallel-type 
6:1 Balun, together with the 9:1 Guaneila Balun 
(which is also a paralle!-type), offer the potential for 
designs capable of efficient and broadband operation 
on the VHF and UHF bands. 


Sec 13.2 6:1 and 9:1 Baluns 


Many radio amateurs associate the use of the 6:1 and 
9:1 Baluns with 300-ohm twin lead feeding folded 
dipoles, 450-ohm “ladder” line feeding single or 
multi-band antenna systems, However, what is 
neglected (in some cases) is the effect of the height of 
these antennas above earth and the length of the trans- 
mission lines feeding them. 


Broadband 6:1 and 9:1 Baluns are considerably 
more difficult to construct than the more common &:1 
and 4:1 Batuns. This is especially true when matching 
50-chm cable to impedances of 300 and 450 ohms. 
Furthermore, there are some important trade-offs in 
low-frequency response for efficiency. 

From what 1 could gather “on the air” or talking to 
radio clubs, I have determined what I believe are 
probably two of the most common misconceptions 
regarding the use of these Baluns: 

1, 6:1 Baluns, In free-space, the folded dipole with 
300-chm twin-lead has a resonant impedance close 10 
300 ohms. The dipole also has this value ata height of 
about 0,225 wavelength above ground, However, it's 
only 200 ohms at a height of about 0.17 wavelength 
and 400 ohms (the maximum) and at 0.35 wavelength, 
tn many cases, the 4:1 Balun would actually do 2 bet- 
ter job of matching. 

2, 9:1 Baluns, Some are unaware of the relationship 
between the impedance at the input of a transmission 
Jine, the characteristic impedance of the line, and the 
impedance at the end of the fine, Just because a trans- 
mission line has a characteristic impedance of 450 
‘ohms doesn’t necessarily mean that a 9:1 Balun will 
perform a satisfactory match to 50-ohm cable, Far 
from it, For example, if the line is terminated by a 
half-wave dipole with an impedance of 50 ohms, the 
9:1 Balun would see 50 obms when the line is a half- 
wave long and 4050 ohms when it’s a quarter-wave 
long! Broadband Baluns cannot be designed to handle 
impedances as high as 4050 ohms. It’s very likely tbat 
a well-designed 50:450-ohm Balun would experience 
(particularly on 80 and 160 meters) harmful flux in 
the core and excessive heating because of the large 
voltage drop along the length of its transmission ines. 
This problem of presenting very high (and harmful) 
impedances to Baluns is quite prevalent with multi- 
band antenna systems, 

Clearly, there are many applications for 6:1 and 9:1 
Baluns. They not only include matching 50-chm cable 
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1:1.56 UNUN 


Figure 1-1. Schematic diagram of the series-type Balun 
with a 1:6.25 ratio designed to match 50 to 312.5 ohms. 


to balanced loads of 300 and 450 ohms, but also to 
balanced loads of 8 and 5.6 ohms, as well. Further- 
‘more, many of the designs in this chapter will perform 
almost as well in Unun (unbalanced-to-unbalanced) 
applications. The trade-off (which is usually very 
small) is in low-frequency response. Additionally, 
these Baluns could be used to exploit the low-loss 
properties of 300- and 450-ohm twin-lead where very 
long transmission lines are used. This is especially 
important at 14 MHz and above. 

In the pages that follow, I'll present a variety of 
Baluns matching 50-ohm cable to 300 ohms (actually 
to 312.5 ohms, a 6.25:1 ratio) and to 450 ohms, as 
well as 50-ohm cable to 8 and 5.6 ohms. Also includ- 
ed are two different versions of 6.25:1 Baluns. One is 
a series-type using a 1.56:1 Unun in series with a 4:1 
Guanella Balun and the other a series-parallel 


arrangement using two 4:1 Guanella Baluns, Because 
the series-parallel Balun adds voltages of equal 
delays, you'll find its high-frequency capability is 
much greater. 

‘The 9:1 Balun is a conventional Guanella Balun 
with three transmission lines connected in series at the 
high-impedance side and in parallel at the low-imped- 
ance side. Therefore, it also sums voltages of equal 
delays. Some of the comparisons and analyses of 
these 6.25:1 and 9:1 Baluns were probably published 
for the first time in my Winter 1993 Conmunications 
Quarterly article. 


Sec 11.2.1 6,25:1 Series Type 
Baluns 


Figure 11-1 shows the schematic diagram of a series- 
type Balun designed to match 50-ohm cable to a bal- 
anced load of 312.5 ohms. It consists of a 1:1.56 
‘Unun in series with a 1:4 Guanella Balun, The overall 
ratio of 1:6.25 should satisfy most of the 1:6 require- 
ments. Photo 11-A shows three examples. All three 
Baluns use the same step-up Unun that has four 
quintufilar turns on a 1.5-inch OD ferrite toroid with a 
permeability of 250. Winding 9-10 is No. 14 H 
‘Thermaleze wire and the other four are No. 16 H 
Thermaleze wire. Because this Unun sums only one 
delayed voltage with four equal direct voltages, it has 
an excellent high-frequency response. 

The Balun on the left in Photo 11-A has eight bifi- 
lar tums of No, 18 hook-up wire on each transmission 
line of its 1:4 Balun. The wires are further spaced 
with No. 18 Teflon tubing providing a characteristic 
impedance close to 150 ohms (the optimum value). 
The ferrite toroid has a 2.4-inch OD and a permeabili- 
ty of 250. When matching 50-ohm cable to a floating 


Photo 11-A. Three examples of 
series-type 1:6.25 Baluns. The 
Balun on the right, with a double- 
core 1:4 Balun, has both a balanced 
voltage and current output. The 
other two only have balanced-cur- 
rent outputs. 


41.86:1 UNUN. 


Figure 11-2. Schematic diagram of the series-type Balun 
with a 6.25:1 ratio designed to match 50 to 8 ohms. 


load of 312.5 ohms, the response is essentially flat 
from 1.7 to 30 MHz. Under matched conditions, 500 
watts of continuous power and 1 kW of peak power is 
a conservative power rating. Because the 1:4 Balun in 
this series-type 1:6.25 Balun uses only one core 
instead of two, this transformer should never be used 
when the load is grounded at its center. Also, it is not 
recommended for balanced antennas. This series-type 
Balun presents balanced currents, but does not present 
balanced voltages. 

The Balun in the center of Photo 11-A has seven 
bifilar turns of No. 16 SF Formvar wire on each trans- 
mission line on its 1:4 Balun. The wires are covered 
with Telfon sleeving and further separated by No. 16 
Teflon tubing. Like the Balun on the left, the charac- 
teristic impedance is also close to the objective of 150 
‘ohms. The toroid also has a 2.4-inch OD and a perme- 
ability of 250. When matching 50-ohm cable to a 
floating load of 312.5 ohms, the response is essential- 
ly flat from 3.5 to 30 MHz. Over this frequency range, 
this Balun can easily handle the full legal limit of 
amateur radio power. Because this Balun also presents 
balanced currents and not balanced voltages, it should 
not be used when the loads are balanced to ground or 
grounded at their centers. 

The Balun on the right in Photo 11-A has 14 bifilar 
turns of No. 16 SF Formvar wire on each of the two 
toroids of the 1:4 Balun. The wires are also covered 
Teflon sleeving and further separated by No. 16 
Teflon tubing. For ease of connection, one core is 
wound clockwise and the other counterclockwise. 
‘The two cores are spaced 1/4 inch apart with acrylic 
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sections. When matching 50-ohm cable to a 312.5 
load that is either floating, balanced to ground, 
grounded at its center, or grounded at its bottom (a 
broadband Unun), the response is essentially flat from 
1,7 to 30 MHz. Under this matched condition, it can 
easily handle the full legal limit of amateur radio 
power, Furthermore, this is a true Balun because it 
presents equal currents and equal voltages. If one 
were to measure the voltages-to-ground, when match- 
ing into a balanced load, one would find them to be 
equal and opposite. The other two 1:6.25 Baluns 
using single-core 1:4 Baluns, would have equal cur- 
rents but not equal voltages (see Chapter 8). Because 
they are easier to construct, it would be interesting to 
compare them with a true Balun, 

Figure 11-2 shows the schematic diagram of a 
series-type Balun designed to match 50-ohm cable to 
a balanced load of 8 ohms (pethaps a short-boom 
Yagi), It consists of a 1.56:1 step-down Unun in series 
with a Guanella 4:1 step-down Balun, The overall 
ratio is 6.25:1. Photo 11-B shows two examples. Both 
Baluns use the same step-down Unun, which has four 
quintufilac tums on a 1.5-inch OD ferrite toroid with a 
permeability of 250. Winding 5-6 is No. 14 H 
Thermaleze wire and the other four are No. 16 H 
‘Thermaleze wire. The interleaving of the wires is such 
that the performance is optimized for matching 50 to 
32 ohms. 


> 


Photo LI-B. Two examples of the series-type 6.25:1 Balun 
optimized at the 50:8-ohm level. The Balun on the left is 
designed to match into a floating 8-ohm load. The Balun 
ton the right is designed to match into an 8-ohm floating, 
center-tapped-to-ground or grounded load (Unun). 
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The Balun on the left in Photo 11-B bas four tums 
of low-impedance coaxial cable on each transmission 
line on the single-core 4:1 Balun, The inner conductor 
is No. 14 H Thermaleze wire, and it has two layers of 
Scotch No. 92 polyimide tape. The outer braid is from 
a small coax (or 1/$-inch tubular braid) and is tightly 
wrapped with Scotch No, 92 tape to achieve the 17- 
ohm characteristic impedance (the optimum value). 
‘The ferrite toroid has a 1.5-inch OD and a permeabili- 
ty of 250, When matching 50-ohm cable to a floating 
oad of 8 ohms, the response is flat from 1 to 40 MHz, 
Tn a matched condition, this Balun can easily handle 
the full legal limit of amateur radio power. 

‘The Balun on the right in Photo 11-B has six tums 
of the same coaxial cable on each of the two cores of 
the Guanelia step-down Balun. The cores also have a 
1.5-inch OD and & permeability of 250, The perfor- 
mance of this Balun is practically the same as the 
above with the single-core 4:1 Balun. The important 
differences are that this 6.25:1 Balun also performs 
equally well whether the load is center-tapped-to- 
ground, balanced-to-ground, or grounded at the bot- 
tom (a broadband Unun), This is the one recommend- 
ed for feeding a short-spaced Yagi beam antenna. 


Sec 11.2.2 6.25:1 ParallelType 
Baluns 

‘The 6.25:1 series-ype Baluns described in the preced- 

ing section consisted of a 1.56:1 Unun, which is an 

extension of Ruthrofi’s bootstrap approach for 

Ununs,® in series with a Gaanella 4:t Balun.? The 
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Figure 11-3. Schematic diagram of the parailel-type 
Balun fand Unun) with a 6,25:] ratio, The curvents and 
voltages are shown for analysis purposes (see text) 


upper-frequency limit for this combination is really 
set by the Unun, which sums a delayed voltage with 
four direct voltages. ‘The parallel-type 6.25:1 Baluns 
described in this section are really extensions of 
Guanella’s approach, which sums voltages of equal 
delays. Therefore, the upper-ftequency limit is mainly 
dependent upon the parasitics in the interconnections. 

‘The 6.25:1 parallel-type Balun uses two 4:1 
Guanella Baluns connected in parallel on the low- 
pedance side and in series on the high-impedance 
side, As you will see, one of the Baluns is reversed, 
giving the desited ratio of 6.25:1, Other combinations 
can produce different fractional-ratios (other than I:n? 
where nis 1, 2,3,...), ike 2.25:1 and 1.78:1, 
Because very little practical design information is 
available segarding this family of very broadband 
Baluns,°6.27 this section also includes my high-fre- 
quency analysis of the 6.25:1 parallel-type Balun. It 
should also be pointed out that very litte sacrifice in 
performance occurs whether the load is grounded at 
its center or at the bottom (as an Unun). 

Figure 11-3 shows the coiled-wire version of the 
6.25:1 parailel-type Balun, For analysis purposes, the 
voltages and currents are also shown. As can be seen, 
the top 4:1 Balun is connected as a step-dowa Balun, 
while the bottom 4:1 Balun is connected as a step-up 
Balun, The Baluns are in series on the high-imped- 
ance side (on the left) and in parallel on the low- 
impedance side on the right). As Figure 11-3 illus- 
trates, the lower f:4 Balun adds a current of 0.55; to 
the load, resulting in a total curreat of 2.51;. Thus, the 
impedance transformation ratio is 2.52, or 6.25:1. 

For maximum high-frequency response, each trans- 
mission fine should see a toad equal to its characteris- 
vic impedance. In other words, they should he “flat” 
lines. If the high side on the left is 50 ohms, then 40 
‘ohms appears on the input of the top Balun and 10 
ohms on the input of the bottom Balun, Consequently, 
the optimum characteristic impedance for all trans- 
mission fines is 20 chins. On the low-impedance side 
on the right, the top Balun wants to see 10 obms, 
while the bottom Balun wants to see 40 ohms, 
Because 10 ohms in parallel with 40 ohms equals 8 
ohms, each Balun conveniently sees its ideal load and 
a broadband ratio of 6.25:1 is obtained, 

If the Balun is required to match 50-ohm cable (on 
the right side) to a balanced load of 312.5 ohms (on 
the left side), the same analysis shows that the opti~ 
mum characteristic impedance of all the transmission 
Jines is 125 ohms. 


61, 9:1, AND 12:1 BALUNS 1 


Photo 11-C. Two beaded-line 
versions of the parallel-type 
6.25:1 Balun (and Unun). The 
top transformer is designed to 
‘match 50-ohm cable to 8 ohms. 
The bottom transformer is 
designed to match 50-ohm cable 
10 312.5 ohms. 


Because the parallel-type Balun (or Unun) sums 
voltages of equal delays and, therefore, has no built-in 
high-frequency cut-off, it has a real advantage over 
the series-type Balun on the VHF bands and above. 
Furthermore, beaded transmission lines with low-per- 
meability ferrite beads (125 and less) can be used, 
resulting in high efficiencies. On the HF band, where 
coiled windings are generally used, the series-type 
Balun is preferred because of its simplicity. 

Photo 11-C shows two beaded-line 6.25:1 trans- 
formers, The top Balun, designed to match 50-ohm 
cable (on the left) to 8 ohms (on the right), uses low- 
impedance coaxial cable lines. The schematic diagram 
is shown in Figure 11-4. It has 5 inches of 0.375-inch 
OD beads (permeability 125) on four coaxial cables 
with characteristic impedances of 20 ohms. The inner- 
conductors of No. 12 H Thermaleze wire have two 
layers of Scotch No. 92 polyimide tape. The outer 
braids, from small coaxial cable or 1/8-inch tubular 
braid, are also wrapped tightly with the same tape in 
order to preserve the 20-ohm characteristic imped- 
ance. When matching 50 ohms to 8 ohms, the 
response is essentially flat from 10 MHz to beyond 
100 MHz (the limit of my simple bridge). Under this 
matched condition, this Balun can easily handle the 
full legal limit of amateur radio power. Furthermore, it 
has practically the same performance when operating 
as an Unun (both terminals 1 and 2 grounded). In the 
Unun application, the bottom transmission line has no 
voltage along it and, therefore, requires no beads 

The bottom Balun in Photo 11-C, which is 
designed to match 50-ohm cable to a balanced load of 
312.5 ohms, has 8 inches of 0.5-inch OD beads on 
125-ohm twin-lead transmission lines. The ferrite 
beads also have a permeability of 125. The wires are 
No. 14 H Thermaleze wire and are covered with 
Teflon sleeving. They are further separated by No. 18 
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Figure 11-4, Schematic diagram of the coaxial-cable ver- 
sion of the parallel-type 6.25:1 Balun (and Unun). 


Teflon tubing. When matching 50-ohm cable (on the 
right side) to 312.5 ohms (on the left side), the 
response is essentially flat from 20 MHz to over 100 
MHz. Under this matched condition, this Balun can 
also easily handle the full legal limit of amateur radio 
power. Additionally, this transformer performs practi- 
cally as well when used as an Unun, 


Sec 11.3 9:1 Baluns 


The broadband 9:1 Balun, matching 50-ohm cable to 
a balanced load of 450 ohms, is one of the most diffi- 
cult ones to construct because high-impedance trans- 
mission lines (150 ohms) are required for maximum 
high-frequency response, and greater reactances 
are needed in order to isolate the input from the out- 
put. So one can appreciate the task at hand, this sec- 
tion also provides a brief review of the theory of 
these devices? 

igure 11-5 shows the high- and low-frequency 
models of the Guanella 9:1 Balun that connect three 
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transmission lines in series at the high-impedance side 
and in parallel at the low-impedance side. Because 
Guanella's Baluns (which can be easily converted to 
Ununs) sum voltages of equal delays, they offer the 
highest frequency capability. 

‘The high-frequency model (Figure 11-54) assumes 
there is sufficient choking reactance in the coiled (or 
beaded) transmission lines to isolate the input from 
the output and only allow transmission line currents to 
flow. Under this condition, the analysis is rather 
straightforward as it only involves transmission line 
theory, Simply stated—the maximum high-frequency 
response occurs when each transmission line is termi- 
rated in a load equal to its characteristic impedance, 
Zq, Thus, the transmission lines in the 9:1 Balin have 
no standing waves, Because each transmission line 
sees one third of the load, the optimum value of Z, is 
Ry/3. Except for parasitics in the interconnections and 
self-resonances in coiled windings, Guanella’s ap- 
proach is Literally “frequency independent,” 

On the other hand, the low-frequency analysis of the 
Guanella 9:1 Balun is most important because it 
reveals the major difficuity in designing them for low- 
oss, wideband operation. Figure 11-5B is the model 
for determining the low-frequency response. It as- 
sumes that no energy is transmitted to the load by a 
transmission line mode. Although the terminology 
and analysis is the same as that used for conventional 
autotransformers, the similarity ends when there is 
sufficient choking reactance to only allow for the effi- 
cient transmission line mode. 


As with conventional transformers, one can atalyze 
the low-frequency response of the 9:1 Balun from 
either the low- or high-impedance side. By putting the 
generator on the low-impedance side in Figure 11-5B, 
Fve chosen to analyze it from that side. With the out- 
put open-circuited, the generator sees four coiled (or 
beaded) lines connected in series-parallel. The net 
sesult is that the generator sees the reactance of only 
one coiled (or beaded) line. To prevent a shunting cur- 
rent to ground (and/or autotransformer operation), the 
reactance the generator sees should be much greater 
than Ry (at feast by a factor of 10 at the lowest fre 
quency of interest). The inductance of ihe coiled or 
beaded line that prevents the unwanted currents is still 
known as the magnetizing inductance, Ly. 

What's important to note here is that the low-fre- 
quency model of the Guanella 4:1 Balun does not 
have the series-paralle! combination of coiled or bead- 
ed lines.? Only two lines, which are in series, exist in 
its model. Therefore, for a two-core Guanella 4:1 
Balun having the same number of turns (and same 
cores) as a 9:1 Guanella Balun, its low-frequency 
response is better by a factor of two! 

Another advantage that goes to the Guanella 4:1 
Balun when matching 50 0 200 ohms, is in the num 
ber of turns that can be wound on the same cores. 
Since 4:3 Baluns require characteristic impedances of 
100 ohms (instead of 150), the width of the transmis- 
sion lines is considerably fess, thus allowing for more 
tums, Also, as will be shown later, the efficiency of 
the 4:1 Balun is greater because the potential drops 


Figure 11-8. Models of Guanella’s 1:9 Balun, The high-frequency model, {A}, assumes that Z,, = Ry/3, and therefore V, the 
‘ousput of each transmission fine, equals V;. The low-frequency model, (B), assumes to energy is transmitted to the load, Ry, 


by a transmission line mode. 
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along the transmission lines are lower (less dielectric 
loss). Finally, as you can see from Figure 11-5B, by 
also grounding terminal 2 (Unun operation), windings 
1-2 and 3-4 are both shorted—degrading the low-fre- 
quency response because Lq is reduced by one third. 

Another interesting analysis with Baluns and Ununs 
concerns the potential gradients (voltage drops) along 
the transmission lines, Because the loss with these 
transformers, when transferring the energy via a trans- 
mission line mode, is a dielectric-type (voltage depen- 
dent), the higher the gradient, the greater the loss. The 
interesting cases occur when the load is: a) floating, 
) grounded at the center, and c) grounded at the bot- 
tom (an Unun). 

Floating load. With terminal 13 in Figure 11-5A 
ungrounded, the top transmission line has a gradient 
of +V, and the bottom transmission line has a gradi- 
ent of -V). The center transmission line has a gradient 
of zero. Therefore, the center transmission line only 
acts as a delay line and doesn’t require a magnetic 
core or beads. As a result, the top and bottom cores 
(or beads) account for the dielectric loss. 

Load grounded at the center. With terminal 13 
grounded at the center of the load, the top transmis- 
sion line has a gradient of +Vj, the bottom transmis- 
sion line has a gradient of -V,, and the center trans- 
mission line has a gradient of -V,/2. This configura- 
tion results in about 25 percent more loss because of 
the extra gradient along the center transmission line. 
Incidentally, this condition exists when matching into 
balanced systems like 450-ohm transmission lines or 
antennas because they have virtual grounds at the cen- 
ter of the loads they present. 

Load grounded at the bottom. With terminal 13 
grounded at the bottom of the load (an Unun), the top 
and center transmission lines have gradients of +V), 


Photo 11-D. Three broadband 
Guanella 9:1 Baluns designed to 
match 50-ohm cable 10 450 
‘ohms. The transformer on the 
left, using No. 18 hook-up wire, 
‘can handle 500 watts from 1.7 to 
45 MHz. The transformer in the 
center, using No. 16 wire, can 
handle 1 KW from 3.5 1045 MHz, 
The transformer on the right 
(with larger cores), using No. 16 
wire, can handle I kW from 1.7 
to 45 MHz. 


The bottom transmission line has no gradient and, 
therefore, no loss. It only acts as a delay line and thus 
requires no magnetic core or beads. 


Sec 11.3.1 Some Practical 9:1 


Balun Designs 


Photo 11-D shows three versions of the broadband 
Guanella 9:1 Balun designed to match 50-ohm cable 
to 450-ohm loads. The transformer on the left has 15 
bifilar turns of No. 18 hook-up wire on each of the 
three ferrite toroids with a 2.4-inch OD and perme- 
ability of 250. The wires are further separated by No. 
16 Teflon tubing, resulting in a characteristic imped- 
ance close to 150 ohms (the optimum value). The 
cores in this Balun, as well as the other two that fol- 
low, are spaced 1/4 inch apart by sections of acrylic. 
In matching 50 to 450 ohms, the response is essential- 
ly flat from 1.7 to 45 MHz. In this matched condition, 
this transformer can easily handle 500 watts of conti 
uuous power and 1 KW of peak power. 

‘The transformer in the center of Photo 11-D has 
14 bifilar tums of No. 16 SF Formvar wire on each 
of the three ferrite toroids with a 2.4-inch OD and 
permeability of 250. The wires are covered with 
Teflon sleeving and further separated by No. 16 
Teflon tubing. The characteristic impedance is also 
close to the optimum value of 150 ohms. In matching 
50 to 450 ohms, the response is essentially flat from 
3.5 to 45 MHz. In this matched condition, this trans- 
former can easily handle | kW of continuous power 
and 2 KW of peak power. Photo 11-E shows this 
Balun mounted in a minibox 6 inches long by 5 inch- 
es wide by 4 inches high. 

‘The transformer on the right in Photo 11-D is de- 
signed to handle 1 kW of continuous power and 2 kW 
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Photo 11-E, The Guanelfa 9:1 Balun shown mounted in a 
large minibox. 


of peak power from 1.7 to 45 MHz. Because this 
transformer uses larger cores with slightly higher per- 
meabilities (2.68-inch OD and 290 permeability), 
which are not as popular as those used in the other 
two Baluns, it is much more expensive to construct. It 
has 16 bifilar turns of No. 16 SF Formvar wire on 
each toroid, The wires are covered with No. 16 Teflon 
sleeving and further separated with No. 16 Teflon tub- 
ing, In matching 50 to 450 ohms, the response is flat 
from 1.7 to. 45 MHz. 

Finally, Figure 11-6 shows the schematic diagram 
of a 9:1 Balun (or Unun) using coaxial cables wound 
around ferrite cores or threaded through ferrite beads. 
This form of the transformer is especially useful when 
matching 50-ohm cable to 5.6 ohms because the chok- 
ing reactance of the magnetizing inductance, Ly4, only 
need be much greater than 5.6 ohms. Photo 11-F 
shows two different designs. 

‘The transformer on the top has 9 1/2 turns of low- 
impedance coaxial cable on each rod. The rods are 1/2 
inch in diameter, 2 1/2 inches long, and have a perme- 
ability of 125, The low-frequency response of this, 
Balun is quite insensitive to the length and permeabil- 
ity of the rods. The inner conductors of the coaxial 
cables are No. 12 H Thermaleze wire with two layers 
of Scotch No, 92 tape. The outer braids are made 
from small coax (or 1/8-inch tubular braid). They are 
further wrapped with Scotch No. 92 tape to preserve 
the low-impedance of 17 ohms. In matching 50-ohm 
cable to 5.6 ohms, the response is essentially flat from 
1.7 to 30 MHz. The optimum impedance level was 


found when matching 40 to 4.45 ohms. The addition 
of another layer of Scotch No. 92 tape would optimize 
this transformer at the 50:56-ohm level, and the high- 
frequency response would exceed 100 MHz. This 
transformer is very efficient and should handle the full 
legal limit of amateur radio power easily. 

‘The bottom transformer in Photo 11-F is designed 
to match 50-ohm cable to a load of 5.6 ohms in the 
VHF band. It uses 3 1/2 inches of beads on three low- 
impedance coaxial cables. The ferrite beads have an 
OD of 3/8 inch and a permeability of 125. The inner 
conductors of the coaxes are No, 12 H Thermaleze 
wire with one layer of Scotch No. 92 tape. The outer 
conductors are from small coaxes or 1/8-inch tubular 
braid, and are also tightly wrapped with Scotch No. 
92 tape to preserve the low characteristic impedance. 
In matching 50-ohm cable to 5.6 ohms, the response 
is essentially flat from 7 MHz to over 100 MHz (the 
limit of my test equipment). This 9:1 Balun (which 
can be used as an Unun) can handle the full legal limit 
of amateur radio power under matched conditions, 
because of the low-permeability beads and the low- 
voltage gradients along the lengths of its transmis- 
sion lines. 


Sec 11.4 Concluding Remarks on 
6:1 and 9:1 Baluns 


One of the most important properties of broadband 
Baluns and Ununs (which all use ferrites) is their 
capability of having extremely high efficiencies. 
Knowing the loss mechanism in these transformers 
and the trade-off in low-frequency response for effi- 
ciency allows one to optimize their applications. In 
the paragraphs that follow, I'll discuss the losses and 


Figure 11-6. Schematic diagram of a coaxial cable (bead- 
ed or coiled) 9:1 Guanella Balun (or Unun). This design is 
especiaily useful in matching 50-ohm cable 10 5.6 ohms 
over a very wide bandwidth 


trade-offs involved with the transformers presented in 
the preceding sections. The approach used here should 
be applicable to all forms of transmission line trans- 
formers. This section ends with a review of two arti- 
cles that contained 9:1 Baluns. As you'll see, I have 
some rather different views on the claims made in 
these articles. 

Accurate measurements on many broadband Ununs 
have found the losses to be related to the permeability 
and the impedance level.? Permeabilities greater than 
300 resulted in excessive losses. Because these losses 
are unlike the conventional transformer whose losses 
are current-dependent, it can only be assumed that 
their losses are voltage dependent; in other words a 
dielectric-type loss. Therefore, higher-impedance 
transformers have higher voltage gradients along their 
‘transmission line and, thus, have greater losses. Addi- 
tionally, it was found that the higher the permeability, 
the greater the loss with frequency. Taking into 
account the accurate measurements and the factors 
noted above, I offer these loss values for the trans- 
formers in the preceding sections: 

1.56:1 Ununs. The 1.56:1 Ununs (either step-up or 
step-down) used in series with Guanella 4:1 Baluns to 
form 6.25:1 Baluns have the lowest potential gradients 
along their transmission lines. Voltage drops of only 
about 0.2 V,, where V; is the input voltage, exist 
along their transmission lines. Accurate measurements 
have shown losses, in a matched condition, of only 
0.04 dB. If the cores, which have a permeability of 
250, were replaced with cores having a permeability 
of 125, the losses could be as low as 0.02 dB over 
much of the passband. The low-frequency response 
would still be acceptable at 1.7 MHz, This Unun is a 
natural for matching into 75-ohm hard line when long 
transmission lines are required. 

6.25:1 and 9:1 Low-impedance Baluns. Baluns 
matching 50-ohm cable to 8 or 5.6 ohms, also have 
very low voltage drops along their transmission lines. 
Generally, they are about twice that of the 1.36:1 
‘Unun. Therefore, the losses with these Baluns should 
be on the order of 0.1 dB in their passbands. 

6.25:1 High-impedance Baluns. The losses in the 
series-type Baluns are mainly in the 1:4 Guanella 
Baluns, which have potential gradients of about 1.25 
Vj, where V, is the input voltage. From previous 
measurements at this impedance level, the suggestion 
is that the losses (with ferrites of 250 permeability) 
should be about 0.1 dB at 7 MHz and 0.2 dB at 30 
‘MHz. By using toroids with permeabilities of 125, 


6:1, 9:l, AND [2:1 BALUNS » 


the losses could be 0.07 dB and 0.15 dB, respective- 
ly, However, with a permeability of 40, the losses 
could be as low as 0.05 dB within the passband. 
However, one must consider the sacrifice in low-fre- 
quency response incurred when using these lower- 
permeability ferrites. With a permeability of 125. it's 
poorer by a factor of 2. With a permeability of 40, 
it’s poorer by a factor of 8! The 6.25:1 parallel-type 
Balun in this article uses ferrite beads with a perme- 
ability of 125 and, therefore, should have losses simi- 
lar to its series-type counterpart. 

9:1 High-impedance Baluns. As was shown in the 
preceding section, the potential gradient along two of 
the transmission lines is Vj, where V; is the input 
voltage. The third transmission line, with a balanced 
load (or as an Unun), has no potential gradient and, 
consequently, no loss in its core. Because the loss with 
the series-type Balun mainly exists in one core, the 
Joss with the 1:9 Balun should be a little less than 
twice as great, With ferrite cores of 250 permeability, 
the suggested losses are 0.2 dB at 7 MHz and 0.4 dB 
at 30 MHz. With cores of 125 permeability, the losses 
are about 0.14 and 0.28 dB, respectively. Again, by 
using cores with permeabilities of 40, the losses are 
practically negligible—approximately 0.1 dB within 
its passband. 

As in the case of the 1:6.25 Baluns above, similar 
trade-offs occur in the low-frequency response, That is, 
if 125 permeability cores are used, the low-frequency 
response is poorer by a factor of 2; with 40 permeabili- 
ty cores, it’s poorer by a factor of 8. The major differ- 
cence here is that the low-frequency performance of the 


Photo 11-F. Two versions of the coaxial-cable 9:1 
Guanella Balun (or Unun) designed to match 50-ohm 
cable 10 5.6 ohms 
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Figure 1-7. Schematic diagram of the series-rype 12:2 Balun using a 1133 Unun in series with a 1:9 Guanelta Baten, 


9:1 Balun, as seen hy its low-frequency model, isn’t as 
good as the 4:1 Balun that controls the low-frequency 
response of the series-type 1:6.25 Balun. Additionally, 
it should be pointed out that all of the suggested losses 
for the transformers in this chapter are for matched 
conditions —that is with VSWRs of 1:1. If the VSWR 
is 2:1 due to a load twice as large as the objective, the 
inpat voltage to the Balun increases by about 40 per- 
cent. Therefore, the losses should increase by close to 
the same percentage. 

In closing this section, I would like to report my 
findings on two rocent articles in amateur radio jour- 
nals that also described 9:1 Baluns matching 50-ohm 
cable to 450 ohms. One? advocated using three 150- 
ohm coaxial cables threaded through high-permeabiti- 
ty ferrite beads—a 9:1 Guanetla Balun, Because of 
the low voltage-breakdown capability of the coaxial 
cable and the high toss found by accurate measure- 
ments on Ununs using these high-permeability fer- 
rites, the design was suspect. I built a copy of the 
design and found it to be, as expected, unable to han- 
dle any appreciable power. The second article?* advo- 
cated using 14 trifilar turns of “magnet wire” on a 2- 
inch OD powdered-iron core (permeability of 10). 
This Balun was also constructed and tested. Again, as 
was expected, when matching 50-ohm cable to a 
floating load of 450 ohms, the 9:1 Batun barely 
reached a true 9:1 ratio al ? MHz. Above 7 MHz, the 
ratio became greater than 9:1 and also introduced a 


reactive component, Below 7 MHz, there was insuffi- 
cient choking reactance to prevent fiux in the core, 
My three objections to this design are: 1) a trifilar 
design has a poor high-frequency response because it 
sums a direct voltage with a delayed voltage thet tra- 
verses a single transmission fine and a delayed voltage 
that traverses two transmission lines, 2) the character- 
istic impedances of the transmission lines are only 50 
ohms (the objective is 150 ohms}, and 3) the low-fre- 
queney response is poor because of the low-perme- 
ability powdered-iron core, I do not recommend either 
of the designs in these two articles. 


Sec 11.5 12:1 Baluns 


Over the years, the broadband, 12:1 Balun has been of 
special interest 19 users of rhombic and V antennas. 
With the aid of this Balun, certain advantages over 
ulti-element arrays ean be fully exploited. Rhombics 
and Vs are easier 10 construct, both electrically and 
mechanically, and there are no particularly critical 
dimensions or adjustments. Furthermore, they give 
satisfactory gain and directivity over a 2-to-1 frequen- 
cy range. These antennas have also been found to be 
more effective in reception. Because their designs can 
present input impedances of 600 ohms, and very long 
lengths of highly efficient 600-ohm open-wire line 
can be used between the shack and the antenna, an 
efficient and broadband 12:1 Balun is a natural for 
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Photo 11-G. Top view of the high-power 12:1 Balun. 


this application. However, to my knowledge, satisfac- 
tory Baluns have not been available for this use. 

T will present two versions of a series-type Balun 
designed to match 50-ohm cable to a balanced load of 
600 ohms. One is a high-power unit designed to han- 
dle the full legal limit of amateur radio power over a 
bandwidth of 7 10 30 MHz. The other is a medium- 
power unit capable of handling approximately one- 
half the legal limit of amateur radio power from 3.5 to 
30 MHz. Both Baluns use a 1:1.33 Unun in series 
with a 1:9 Guanella Balun. 

As you will see, these Baluns are not especially 
easy to design and construct. The major difficulties lie 
in trying to obtain sufficient choking reactances in the 
coiled windings to meet the low-frequency require- 
ments, and large enough characteristic impedances of 
the windings to meet the high-frequency require- 
ments. Because a coiled winding with a characteristic 
impedance of 200 ohms (the objective) is practically 
impossible to obtain with any reasonable wire size 
and number of tums, I used the compensating tech- 
nique first described in my book. Because the char- 
acteristic impedances of the 9:1 Guanella Balun are 
somewhat less than 200 ohms, a compensating effect 
(and hence higher frequency response) can be ob- 
tained by having a higher (than the normal objective) 
characteristic impedance of the windings in the 1:1.33 
Unun. Earlier work (also described in my book) pre- 
sented a 12:1 Balun using a 1:3 Unun in series with a 


Photo LL-H. Side view of the high-power 12:1 Balun. 


1:4 Ruthroff Balun, The Baluns presented in this sec- 
tion using a 1:1,33 Unun in series with a Guanella 1:9 
Balun, are much improved designs. 


Sec 11.5.1 A High-power 


12:1 Balun 


Figure 11-7 shows the schematic diagram of the 
series-type 12:1 Balun used in both the high- and 
medium-power versions. Photo 11-G shows a top 
view of the high-power Balun. Photo 11-H shows a 
side view. 

The 1:1.33 Unun has 5 quintufilar turns on a 1.5- 
inch OD ferrite toroid with a permeability of 250. 
Winding 7-8 is No. 14 H Thermaleze wire and the 
other four are No. 16 H Thermaleze wire. Winding 7- 
8 is also tapped at 3 turns from terminal 7. 

The 1:9 Guanella Balun has 8 bifilar tums of tinned 
No. 16 wire on each of the three toroids. Each wire is 
covered with Teflon tubing and further separated by 
two Teflon tubings. The characteristic impedance of 
the windings is about 190 ohms (the objective is 200 
ohms). The ferrite toroids have an OD of 2.4 inches 
and a permeability of 250. The spacing between the 
toroids is 1/2 inch, 

In matching 50-ohm cable to a balanced load of 600 
ohms, the response is literally flat (within a percent or 
two) from 7 to 30 MHz. Within this bandwidth, it is 
capable of handling the full legal limit of amateur 
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Photo 11-1. Top view of the medium-power 12:1 Balun. 


radio power. In a matched condition, the expected 
insertion loss is about 0.25 dB. 


Sec 11.5.2 A Medium-power 
12:1 Balun 


Photo 11-1 shows the top view of the medium-power 
12:1 series-type Balun. Photo 11-J shows the side 
view. This Balun also has the same 1:1.33 Unun as 
described earlier. 

The 1:9 Guanella Balun has 11 bifilar turns of No. 18 
hook-up wire on each toroid. The wires are further sep- 
arated by two No. 18 Teflon tubings. The characteristic 
impedance of the windings is about 170 ohms. The 
toroids have an OD of 2.4 inches and a permeability of 
250. The spacing between the toroids is also 1/2 inch. 

In matching 50-ohm cable to a balanced load of 600 
‘ohms, the response varies less than 5 percent from 3.5 
to 30 MHz. Within this bandwidth, the Balun can han- 
dle about one-half the legal limit of amateur radio 
power. As with the high-power version, the expected 
insertion loss is also 0.25 eB. 


Sec 11.6 Concluding Remarks on 
12:1 Baluns 


Many of the concluding remarks from the discussion 
on 6:1 and 9:1 Baluns (See 11.4) also apply to 12:1 
Baluns; therefore, I won't repeat them here. But the 
following four remarks are specific to 12:1 Baluns 
and warrant mentioning 

First, high-impedance transmission line transform- 
ers like the 12:1 Balun are particularly sensitive to 


Photo L1-J. Side view of the medium-power 12:1 Balun. 


metallic enclosures. If a minibox were to be used, I 
‘would suggest the one shown in Photo 11-E, which is 
6 inches long by 5 inches wide by 4 inches high. 
‘Smaller metallic enclosures would reduce the charac- 
teristic impedances of the windings and affect the 
high-frequency response, Even the spacing between 
cores had to be increased from 1/4 inch (for a 50:450- 
ohm Balun) to 1/2 inch. The subchassis shown in the 
photographs were used because they provided the 
necessary electrical and mechanical support. 

Second, the 12:1 Baluns described in this section 
also make excellent Ununs, albeit with some compro- 
mise in the low-frequency response. I would suggest 
using the high-power unit only between 14 and 30 
MHz and the medium-power unit only between 7 and 
30 MHz, 

‘Third, for the readers interested in VHF operation, 1 
would suggest the parallel-type approach described in 
the earlier section on 6:1 Baluns. In this case, a 9:1 
Gnanella Balun is connected in series-paralle! with a 
1:4 Guanella Balun. This would produce a broadband 
ratio of 12.25:1. By using 170-ohm twin-lead (about 
10 inches long) threaded through ferrite beads with a 
permeability of 125, it appears that it is possible to 
‘match 50-ohm cable to a balanced load of 612.5 ohms 
throughout the VHF band. 

Fourth, by using torids with a permeability of 125 in 
the 1:9 Guanella Baluns (of the 12:1 Baluns), the 
insertion loss would be reduced by around one half 
(0.12 dB), with a trade-off in low-frequency response. 
The high-power unit would now cover about 10 to 30 
MHz, and the medium-power Balun would cover 
about 7 to 30 MHz. 


The 4:1 Unun 


Chapter ee 


Sec 12.1 Introduction 


m an analysis standpoint, the 4:1 Unun ean be 
F< to have received the most attention in the 

literature. It began with Ruthrotf’s introduction 
and complete analysis of this device in his classic 
paper published in 1959.9 Ruthroff’s paper then 
became the industry standard for this class of devices 
known as transmission fine transformers, These are 
devices that transmit the energy ftom the input to the 
output by an efficient transmission line mode, and not 
by flux linkages (as in conventional transformers). 

However 15 years earlier, Guanella had introduced, 
in his classic 1944 paper, the first broadband Baluns 
by combining coiled transmission lines in a series- 
parallel arrangement, yielding ratios of 1:n? where n = 
1, 2, 3,... and so on. It has also been shown that 
Guanella’s technique also lends itself to Ununs as 
well.? In fact, in this chapter, you will see that bis 
technique of summing voltages of equal delays 
promises to yield high-power designs capable of oper- 
ating on the VHP and UHF bands. 

‘The 4:1 Unun also exemplifies (more than any other 
transformer) the many choices that can be made in its 
design, These include: 1) Rutbroff"s or Guanella’s 
designs, 2) wire or coaxial cabte transmission tines, 3) 
coiled or beaded lines, 4) rods or toroids, 3) low- 


power or high-power designs, 6) HE, VHF, or UHF 
designs, and 7) the trade-offs in efficiency for low-fte- 
quency response or for high VSWR. The 4:1 Unun is 
the most prevalent of all the Ununs. It finds extensive 
use in solid-state cireuits and in many antenna appli- 
cations involving the matching of ground-fed anten- 
nas~—where impedances of 12 t0 13 ohms must be 
matched to 50-ohm coaxial cable. This chapter pro- 
vides information on many 4:1 Unun designs, 


Sec 12.2 The Ruthroff 4:1 Unun 


Figure 12-1 iftusirates two versions of Ruthroff's 
approach to obtaining a 4:1 unbalanced-to-unbalanced 
‘srunsformer (Unun), As can be seen, one uses a coiled 
wire transmission line, while the other ases a coiled 
coaxial cable, Depending upon the frequency, beaded 
transmission lines may also be used. 

Ruthroff’s design uses a single transmission line 
connected in, what I call, the bootstrap configuration, 
‘That is, terminal 2 is connected to terminal 3, lifting 
the transmission line (at the high-impedance side) by 
the voltage V,. if the reactance of the coiled winding 
or beaded line is much greater than Rg, then only 
‘Slux-canceling transmission line currents are allowed 
to flow. It is also apparent that the output voltage is 
the sum of a direct voltage, Vj), and a delayed voltage, 


Figure 12-1, The Ruthroff 
4:31 Unun (Rp=4Rg): (A) 
coited bifilar winding: (B) 
coiled coaxial cable 
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‘Vo, which traverses a single transmission line, This 
delay in V> eventually limits the high-frequency 
response. For example, if the electrical length of the 
line is a 1/2 wave, the output is zero. Ruthroff also 
found that the optimum value of the characteristic 
impedance of the transmission line (for maximum 
high-frequency response) is Ry /2. 

Therefore, the electrical length and characteristic 
impedance of the transmission line play major roles in 
Ruthroff’s design. Because his work was mainly con- 
cerned with small-signal applications, Ruthroff was 
able to obtain broad bands of a few tens of kilohertz. 
to over a thousand megahertz. This was possible 
because he used a few turns (5 to 10) of fine wire 
(Nos, 37 and 38) on high-permeability toroids as 
small as 0.08 inches in OD. As a result, the phase- 
delay with these very short transmission lines was 
very small, However, large-signal (power) applica- 
tions present an entirely different picture. For opera- 
tion in the HF band (including 160 meters), transmis- 
sion lines vary between one to three feet in length 
(depending upon impedance level). Consequently, 


ance Ruthroff 4:1 Ununs: 100:25- 
‘olin (on the left); 200:50-ohm (on 
the right). 


Photo 12-A. Two versions of the 
Ruthroff 4:1 (50:12.5-ohm) Unun: 
coiled wire rod (on the left); coiled 
coaxial cable toroid (on the right). 


phase-delay can play a major role, as will be seen in 
the following examples. 


Sec. 12.2.1 50:12.5-ohm Ununs 


Photo 12-A shows two examples of efficient and 
broadband 4:1 Ununs matching 50 to 12.5 ohms. The 
rod version (on the left) has 14 bifilar turns of No. 14H 
Thermaleze wire on a low-permeability (125) ferrite 
rod 00.375 inches in diameter and 3.5 inches long. The 
connections are shown in Figure 12-1A. The cable 
connector is on the low-impedance side. The response 
is flat from 1.5 to 30 MHz. In a matched condition, this 
Unun can easily handle the full legal limit of amateur 
radio power. Because a tightly wound rod Unun yields 
‘a characteristic impedance very close to 25 ohms (the 
optimum value), this is quite likely the easiest one to 
construct that covers the above bandwidth, 

The toroidal version (on the right in Photo 12-A) 
has 6 turns of homemade, low-impedance coaxial 
cable on a 1.5-inch OD ferrite toroid with a perme- 
ability of 250. The connections are shown in Figure 
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Figure 12-2. The Guanella 4:1 
Unun (Ry=4Rg): (A) coiled 
bifilar windings; (B) coiled or 
beaded coaxial cables. 


12-1B. The cable connector is on the low-impedance 
side. The inner conductor is No. 14 H Thermaleze 
wire and is covered with Teflon tubing. The outer 
braid is from a small coaxial cable (or from 1/8-inch 
tubular braid) tightly wrapped with Scotch No, 92 
tape in order to obtain the desired characteristic 
impedance. In matching 50 to 12.5 ohms, the response 
is flat from 1.5 to 50 MHz. Because the current is 
evenly distributed on the inner conductor, this small 
Unun has an exceptionally high power capability—at 
least 5 kW of continuous power and 10 kW of peak 
power (in a matched condition). 


Sec 12.2.2 100:25-ohm Unun 


In some combiner applications, an Unun matching 
100 to 25 ohms is required. The smaller toroidal ver- 
sion, pictured on the left in Photo 12-B, shows a 
Ruthroff design that can satisfy many of these require- 
ments. It has 8 bifilar tums of No. 14 H Thermaleze 
wire on a 1.5-inch OD ferrite toroid with a permeabil- 
ity of 250. One wire is also covered with a single 
layer of Scotch No. 92 tape, providing a characteristic 
impedance close to the desired value of 50 ohms. In 
‘matching 100 to 25 ohms, the response is essentially 
flat from 1.5 to 30 MHz. This Unun can easily handle 
the full legal limit of amateur radio power. 


Sec 12.2.3 200:50-ohm Unun 


When dealing with this type of Balun, the Ruthroff 
approach cannot yield the broadband response of the 
lower-impedance designs shown above. Because more 
turns are required in order to obtain the necessary 
choking reactance, and a 100-ohm characteristic 
impedance that requires more spacing between the 
wires is used, the cores must be considerably larger. 
This results in longer transmission lines. Consequent- 
ly, the high-frequency response is now limited by the 
greater phase delay of this high-impedance Unun, 

‘The larger transformer, shown on the right in Photo 
12-B is my optimized version of a Ruthroff 200:50- 


ohm Unun, It has 16 bifilar turns of No. 14 H 
Thermaleze wire on a low-permeability (250) 2.4-inch 
OD ferrite toroid. Each wire is covered with Teflon 
tubing, resulting in a characteristic impedance of 97 
ohms. Because of the long transmission line (36 inch- 
es), the impedance transformation ratio (in matching 
200 ohms to 50 ohms) varies from 4 to 4.44 from 1.5 
to 30 MHz. A conservative power rating (under a 
matched condition) is 2 kW of continuous power and 
4 kW of peak power. Because this higher-impedance 
Unun has a larger voltage drop along the length of its 
windings, its loss (a dielectric-type?) is a little greater 
than the lower-impedance Ununs described earlier. In 
a matched condition, the efficiency is about 97 per- 
cent, while the others experience efficiencies of 98 to 
99 percent. 


Sec 12.3. The Guanella 4:1 Unun 


Even though Guanella’s investigation? was directed 
toward developing a broadband Balun to match the 
balanced output of a 100-watt, push-pull, vacuum- 
tube amplifier to the unbalanced load of a coaxial 
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cable, his technique of connecting transmission lines 
in a parallel-series arrangement has only recently been 
recognized as the design for the widest possible band- 
width in an unbalanced-to-unbalanced application. 
Some have labeled his approach the “equal-delay net- 
work”.26 The major difference in Guanella’s approach 
(from Ruthroff's) is that by summing the equal-delay 
voltages of coiled (or beaded) transmission lines, he 
minimizes the dependence of the high-frequency 
response on the lengths of the transmission lines. As 
was mentioned before, Ruthroff’s method of summing 
a direct voltage with a delayed voltage that traversed a 
single transmission line has a limited application, 
especially with high-power, high-impedance Ununs 
(like 200:50 and 300:75 ohms). 

Furthermore, Guanella’s approach is also important 
in designing high- and low-impedance Baluns and 
‘Ununs with impedance transformation ratios other 
than 4:1, Connecting three transmission lines in paral- 
lel-series results in a 9:1 ratio, four in a 16:1. Also by 
connecting a fractional-ratio Unun in series with his 
Baluns, or by using various combinations of parallel- 
series transmission lines,??7 Ununs and Baluns are 
now available with a continuum of ratios from 1.36:1 
to 16:1. Moreover, these ratios now make it possible 
to match 50-ohm cable to impedances as low as 3.125 
ohms and as high as 800 ohms. A major factor in the 
success of these designs rests in the understanding of 
the low-frequency models of these various transform- 
ers.? This section looks at the 4:1 Unun using 
Guanella’s approach. As in the Ruthroff case, the opti 


Photo 12-D. Two higher-impedance Guanella 4:1 Ununs: 
100:25-ohim (on the left); 200:50-ohm (on the right). 


‘mum value of the characteristic impedances of the 
transmission lines for a Guanella 4:1 transformer is 
also Ry/2. 


Sec 12.3.1 50:12.5-ohm Ununs 


Figure 12-2 shows the schematic diagrams of the 
coiled-wire and coaxial cable (coiled or beaded) ver- 
sions of 4:1 Ununs using Guanella’s technique of con- 
necting transmission lines in parallel-series arrange- 
ments. As can be seen in Figure 12-2, the lower trans- 
mission lines are grounded at both ends and, there- 
fore, have no potential drop along their lengths. Thus, 
the coiling or beading has no effect. The core only 
acts as a mechanical support and the beads can be 
removed. In essence, the bottom transmission line 
plays the important role of a delay line. In addition, 
the low-frequency response of this form of Unun is 
solely determined by the reactance of the top coiled or 
beaded transmission line. 

The top Unun in Photo 12-C shows a rod version of 
Gnanella’s 4:1 Unun, There are 13.5 bifilar tums of 
No. 14 H Thermaleze wire on low-permeability (125) 
ferrite rods 0.375 inches in diameter and 3.5 inches 
Tong. For ease of connection, one winding is clock- 
wise and the other is counterclockwise. The cable 
connector is on the high-impedance side, In matching 
50 to 12.5 ohms, the response is flat from 1.5 to over 
50 MHz! This Unun, in a matched condition, is eapa- 
ble of handling the full legal limit of amateur radio 
power, Furthermore, with the 50-ohm generator on the 
right (in Figure 12-24) and a 12.5-ohm balanced load 
on the left (perhaps a Yagi beam), this transformer 
makes an excellent step-down Balun, 

The bottom transformer in Photo 12-C shows a 
beaded-coax version of a 50:12.5-ohm step-down 
Unun designed for 2-meter operation. It has 3.5 inch- 
es of beaded coax on the top transmission line 
(Figure 12-2B) and no beads on the bottom trarsmis- 
sion line. (Actually, the bottom rod in Figure 12-24 
can also be removed with no change in performance.) 
The beads are low-permeability (125) ferrite. The 
inner conductor of the coaxial cable is No. 12 H 
Thermaleze wire with about 3.5 layers of Scotch No. 
92 tape (two 0.5-inch tapes wound edgewise like a 
window shade), providing a characteristic impedance 
close to the optimum value, The outer braid is from a 
small coaxial cable (or from 1/8-inch tubular braid). 
This homemade coax is further wrapped tightly with 
Scotch No, 92 tape in order to preserve its low charac- 
teristic impedance, The cable connector is on the low- 


impedance side. The response of this Unun is essen- 
tially flat from 10 to 100 MHz (the limit of my 
bridge). Jt can also (easily) handle the full legal limit 
of amateur radio power. 


Sec 12.3.2 100:25-ohm Unun 


The Unun on the left in Photo 12-D is a Guanella 
version that matches 100 to 25 ohms. There are 8 
bifilar turns of No. 14 Hi Thermaleze wire on each 
1,5-inch OD low-permeability (250) toroid, One 
toroid is wound clockwise and the other is wound 
counterclockwise. One of the wires fon each toroid) 
is covered with one layer of Scotch No. 92 tape. The 
cable connector is on the low-impedance side. The 
response is fiat from 1,5 MIIz to weil over 30 MHz. 
This Unun can also handle the full legal fimit of ama- 
teur radio power. 

It is interesting to note that when used as x Balun 
(the ground removed from terminal 2), and placed in 
series (on the left side) with a 1.78:1 Unun (see 
Chapter 13), this compound arrangement provides an 
excellent Balun for matching 50-ohm coaxial cable 
directly to quad antennas having impedances of 10010 
110 ohms, 


Sec 12.3.3 200:50-0hm Unun 


‘The transformer on the right in Photo 12-D is an 
excellent Unon (or Balun with terminal 2 removed 
from ground) for matching 50 1 200 ohms. It has 14 
bifilar turns of No. 14 H Thermaleze wire on each 
low-permeabifity (250) toroid with a 2.4-inch OD, 
Each wire is covered with Teffon tubing, providing a 
characteristic impedance of 98 ohms (which is quite 
good because the optimum value is 100}, Again, for 
ease of connection, one winding is clockwise and the 
other is counterclockwise, When operating as an 
Unun or a Balun and matching 50 to 200 ohms, the 
response is essentially flat from 1.5 to 30 MHz. A 
conservative power rating (in a matched condition) is 
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5 KW of continuous power and 10 kW of peak power. 
‘This transformer has been reported to handie peak 
pulses of 10,000 volts! 


Summary 


Since its introduction by Ruthroff in 1939,9 the 4:1 
Unun has been the most popular transmission line 
transformer matching unbalanced impedances to 
uobalanced impedances, As I mentioned at the begin- 
ning of this chapter, there are many choices to consid 
er when designing these broadband and efficient 
transformers. One of the most important choices 
involves whether to use the Ruthroff or Guanella 
approach, In fact, the Guanetla design should proba- 
bly be designated a Balun/Unun. Recently, it has 
become the design of choice in the higher frequency 
bands. From the designs presented in this chapter, 1 
offer the following recommendatio 

1. For Ununs in the HF band with impedance levels 
of 100:25 ohms and lower, the Ruthroif approach is 
recommended because of its simplicity. 

2, For high impedance fevels in the HF band (like 
200:50 and 300:75 ohms), the Gusnella approach is 
recommended. 

3. For fow-impedance operation on the VHF band, 
the beaded-coax Guanella approach is recommended. 

4, For high-impedance operation on the VHF band, 
the coiled-wire Guanella approach appears to be the 
preferred choice, and should be investigated first 
Obviously, the number of turns should be reduced from 
the examples shown in this chapter because the reac- 
tance of the winding is proportional to the frequency. 

5, For high-power use on the HF band, the Ruthroff 
Umun with low-impedance coaxial cable on a toroid 
(on the right on Photo 12-A) is recommended. It is 
eagy to construct and can very likely handle more than 
5 kW of continuous power, 

6. Also, at high-impedance Jevels, one might con- 
sider using lower permeability ferrites for higher effi- 
ciencies. Look at permeabilities of 125 and 40, 


Chapter \3 


[odes 1. Sel sand 22) Unuris 


Sec 13.1 Introduction 


ittle practical design information has been 
Ls on Ununs with impedance tansfor- 

‘mation ratios of less than 4:1 (these are called 
‘fractional-ratio Ununs), However, many important 
applications can be found for efficient and broadband 
Ununs with ratios like 1.33:1, 1.5:1, and 2:1. Some 
examples include the matching of 50-ohm coaxial 
cable to; a) vertical antennas, inverted Ls, and ground- 
fed slopers (all over good ground systems), 6) 75-ohm. 
hardline cable, ¢) a junction of two 50-ohm coaxial 
cables, d) shunt-fed towers performing as vertical 
antennas, and ¢) the output of a transceiver or class B 
linear amplifier when an unfavorable VSWR condi- 
tion exists, 

These three Ununs also play an important role in 
making other useful Baluns possible, Examples given 
in earlier chapters include: a) connecting a 1.5:1 Unun 
(50:75 ohms) in series with a 1:1 Balun (75:75 ohms) 
results in a broadband 1.5:1 Balun (50:75 ohms); b) 
connecting a 2:1 Unun (50:100 ohms) in series with a 
1:1 Balun (100:100 obms) results in a broadband 2:1 
Balun (50:100 ohms); c) comnecting a 1.5:1 Unun 
(50:75 ohms) in series with a 4:1 Balun (75:300 


ohms), and d) connecting a 1.33:1 Unun (50:66.7 
ohms) in series with a 9:1 Balun (66.7:600 ohms) 
results in a broadband 12:4 Balun (50:600 ohms). 

I has been shown? that a continuem of ratios can 
now be obtained with Ununs matching S0-ohm cable 
to impedances as low as 3.125 ohms and as high as 
800 ohms, In addition, by using higher-order wind- 
ings (trifilar, quadfilar, ete.), Ununs can be construct 
ed with two broadband ratios like 1.5:1 and 3:1, or 2:1 
and 4:1. Furthermore, by tapping some of the wind- 
ings of these higher-order Ununs, multimatch trans- 
formers can be constructed with many broadband 
ratios, As a result of this class of fractional-ratio 
Ununs, a continuum of Ununs and Baluns is now 
available to match 50 ohms unbalanced to unbalanced 
os balanced impedances as low as 3.125 ohms and as 
high as 800 ohms, 

My first attempt to obtain ratios less than 4:1 was 
made by tapping one of the wires in a Ruthroff 4:1 
bifilar Unun. My experiment met with only moderate 
success.* An adequate low-frequency response with a 
4.33:1 ratio was difficult to obtain, Also, the 2:1 ratio 
had considerably greater Joss than bigher or lower 
ratios. Receutly, L found that higher-order windings 
(trifilar, quadrififar, etc.), some with taps, provide 
much wider bandwidths and higher efficiencies. This 
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Figure 13-1. Schematic diagrams: (A) matching 50 10 25 ohms (B-A) and 50 to 22.22 ohms (C-A); (B} matching 100 to 50 


‘ohms (B-A) and 112.5 to 50 ohms (C-A). 
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Photo 13-A. Bottom 
view of the 2:1 Unun 
designed to match 50 
‘ohms to 25 ohms or 22.2 
ohms (Figure 13-1A) 
The connector is on the 
low-impedance side. 


Photo 13-B. The 2:1 Unun mounted in a 4 inch long by 2 
inch wide by 2.75 inch high minibox. 


chapter describes fractional-ratio Ununs using these 
higher-order windings. 

‘The next section discusses the practical aspects of the 
2:1 Unun, This Unun is not only one of the more useful 
transformers, but it also serves as a good introduction 
to the trfilar and quadrifilar designs. What follows is 
an introduction to the most difficult fractional-ratio 
Unun—the quintufilar design, which results in very 
broadband 1.33:1 and 1.5:1 Ununs. A more complete 
discussion appears in Part I of this book. 

This chapter closes with construction tips. As you 
will see, these Ununs can be difficult to construct. 


Sec 13.2 2:1 Ununs 


Figure 13-1A shows the schematic diagram of an 
‘Unun designed to match 50-ohm cable to an unbal- 
anced load of 25 ohms (2:1 ratio with connections A- 
B) or 22.22 ohms (2.25:1 ratio with connections A-C). 
Tt has 6 trifilar tums of No. 14 H Thermaleze wire on 
a 1,5-inch OD ferrite toroid with a permeability of 


250. Winding 3-4 is tapped at 5 turns from terminal 3. 
Photo 13-A is a photograph showing the various con- 
nections. The connector is on the low-impedance side. 
Photo 13-B shows the transformer mounted in a CU- 
3015A (4 inches long by 2 inches wide by 2.75 inches 
high) minibox. In matching 50 ohms to either 25 or 
22.22 ohms, the transformation ratio is constant from 
1 10 30 MHz, 

Because the transmission lines are very short, this 
Unun does quite well as a step-up transformer. That 
is, when matching 50 ohms (on the left side) to 100 
ohms (connections A-B) or 112.5 ohms (connections 
A-C) on the right side, the transformation ratio is con- 
stant from | to 15 MHz. Because of the extremely 
high efficiency of this transformer (98 to 99 percent 
under matched conditions), this small version can eas- 
ily handle the full legal limit of amateur radio power. 

Figure 13-1B shows the schematic diagram of an 
Unun designed to match 50-ohm cable to an unbal- 
anced load of 100 ohms (2:1 ratio with connections 
A.B) or 112.5-ohms (2.25:1 ratio with connections A- 
©). It has 7 trifilar turns on a 1.5-inch OD ferrite 
toroid with a permeability of 250, The top winding 5- 
6 is No. 14 Thermaleze wire and is tapped at 6 tums 
from terminal 5. The other two windings are No. 16 H 
Thermaleze wire. Photo 13-C shows the various con- 
nections. The connector is on the low-impedance side. 
In matching 50-ohm cable to 100 ohms (A-B) or 
112.5 ohms (A-C), the transformation ratio is constant 
from 1 to 30 MHz. 

Again, because the transmission lines are very short, 
this Unun does quite well as a step-down transformer. 
In matching 50-ohm cable (on the right side) to 2: 
‘ohms (A-B) or 22.22 ohms (A-C), the transformation 
ratios are constant from | to 15 MHz. As above, this 
transformer can easily handle the full legal limit of 
amateur radio power. 

Although the quadrifilar Unun shown in the sche- 
matic diagram in Figure 13-2 and in Photo 13-D has 
an impedance transformation ratio of 1.78:1, it should 
also satisfy many of the 2:1 requirements, This Unun, 
which is designed to match 50-ohm cable to an unbal- 
anced load of 28 ohms, not only has a very broadband 
response (1 MHz to over 50 MHz), but also offers 
other possible wideband ratios that will be covered in 
succeeding chapters. 

Specifically, the Unun has 5 quadrifilar turns on a 
1.5-inch OD ferrite toroid with a permeability of 250 
Winding 5-6 is No. 14 H Thermaleze wire and the 
other three are No. 16 H Thermaleze wire. Like the 


Photo 13-C, Bottom 
view of the 2:1 Unun 
designed to match 50 
ohms to 100 ohms or 
112.5 ohms (Figure 13- 
1B). The connector is on 
the low-impedance side, 


Photo 13-D. Bottom 
view of the 1.78:1. Unuen 
designed to match 50 to 
28 ohims, The connector 
is on the low-impedance 
side, 


two 2:1 Ununs described above, this one also easily 
handles the full legal limit of amateur radio power. 

‘As with most coiled Ununs that have little spacing 
between adjacent turns, current-crowding (between 
adjacent turns) can eventually limit the power-han- 
dling capability of these devices. It's possible to 
improve the ability for handling higher currents by 
using thicker wires, or by using coaxial cables where 
current-crowding is nonexistent. Figure 13-3 shows 
the schematic diagram of a tapped-trifilar transformer 
that uses two sections of coaxial cable yielding 
impedance ratios of 2:1 and 2.25:1. Photo 13-E 
shows two trifilar toroidal transformers using low- 
impedance coaxial cables with their outer braids con- 
nected in parallel and acting as the third conductor. 
‘These transformers are conservatively rated at 5 kW 
of continuous power. 

‘The smaller transformer in Photo 13-E has 7 trifilar 
tums of low-impedance coax on a 2-inch OD toroid 
with a permeability of 290. The No. 14 H Thermaleze 
wire inner conductors have four layers of Scotch No. 
92 tape. The outer braids are made from small coaxial 
cables (or 1/8-inch tubular braid), and are also 
wrapped with Scotch No, 92 tape in order to preserve 
the low characteristic impedances. The inner conduc- 
tor of the top coax in Figure 13-3 is tapped at 6 turns 
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Figure 13-2, Schematic diagram of the quadrifilar Unun 
designed to match 50 to 28 ohms (1.78:1 ratio). 


Figure 13-3, Schematic diagram of a tapped-trifilar Unun 
that uses two sections of coaxial cable, yielding impedance 
ratios of 2:1 and 2.25:1. 


from terminal 5. When matching 50 ohms to 22.22 
ohms or 25 ohms, the impedance ratio is constant 
from | to over 50 MHz. 

The larger transformer in Photo 13-E also has 7 tri- 
filar turns, but on a 2.4-inch OD toroid with a perme- 
ability of 125. The inner conductors of No, 14 H 
‘Thermaleze wire now have a 15-mil wall of Teflon 
sleeving, yielding the low-impedance coaxial cable. 
The outer braids are the same. Because the ferrite per- 
meability is lower and the lengths of the transmission 
lines are longer than those of the smaller unit, this 
transformer’s bandwidth is not quite as good, When 
matching 50 to 22.22 ohms (this particular Unun 
doesn’t have a tapped winding), the impedance ratio is 
‘constant from 1.7 to 30 MHz. 

Although not shown, these very high-powered 2:1 
Ununs can also be easily designed to match 50-ohm 
cable to unbalanced loads of 100 and 112.5 ohms. 
This is done by using small but high-powered coaxes 
like RG-303/U, RG-141/U, or RG-142/U. 


Sec 13.3 1.5:1 Ununs 


Figure 13-4 shows three basic forms of a quintufilar 
1,56:1 Unun that should satisfy most of the 1.5:1 
requirements. As can be seen, the only difference in 
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Photo 13-E. Two toroidal transformers using coaxial 
cable and designed to match 50 to 22.22 ohms (2.25:1). 
The smaller transformer is also tapped, yielding a match 
of 50 10 25 ohms (2:1). 


the schematic diagrams is in the interleaving of the 
windings. This is done to optimize the performance of 
these Ununs at the various impedance levels. Sche- 
matic A is optimized for matching 50 to 75 ohms. 
Schematic B is optimized for matching 32 to 50 
ohms, Schematic C, while optimized for matching 40 
to 62 ohms, still yields quite broadband ratios at both 
50:75 and 32:50-ohm levels. It should be a useful, 
general-purpose Unun. 

Photo 13-F is a photograph of the bottom views 
(showing the connections) of the three different de- 
signs. They appear in the same order as the schemat- 
ics of Figure 13-4; i., a) the Unun on the left is 
designed to match 50 to 75 ohms, b) the Unun in the 
center is design to match 32 to 50 ohms, and c) the 


Unun on the right is designed to work quite well at 
both impedance levels. The SO-239 connectors are all 
on the low impedance side of the Ununs. 

Al three transformers have four quintufilar turns on 
a 1.5-inch OD ferrite toroid with a permeability of 
250. Their differences are: 

1, 80:75 ohms (on the left on Figure 13-4 and 
Photo 13-F). 

Winding 9-10 is No. 14 H Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. 
When matching 50 to 75 ohms (actually to 78 ohms), 
the transformation ratio is constant from 1 to over 30 
MHz. In matching 50 ohms (on the right side in 
Figure 13-3A) to 32 ohms, it is still constant from 1 
to 15 MHz. 

2. 32:50 ohms (in the center in Figure 13-4 and 
Photo 13-F). 

Winding 5-6 is No. 14 H Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. 
When matching 32 to 50 ohms, the transformation 
ratio is constant from 1 to over 30 MHz. In matching 
75 ohms (on the right side in Figure 13-3B) to 50 
ohms, itis still constant from 1 to 15 MHZ. 

3, 30:75 ohms; 32:50 ohms (on the right in Figure 
13-4 and Photo 13-F). 

Winding 7-8 is No. 14 H Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. In 
matching 32 to 50 ohms, the transformation ratio is, 
constant from 1 to 30 MHz. In matching 75 ohms (on 
the right side in Figure 13-3C) to 50 ohms, it is still 
constant to 21 MHz. This is quite a good general-pur- 
pose design. 
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Figure 13-4, Three basic forms of a quintufilar 1.56:1 Unun: (A) optimized to match 50 to 75 ohms, (B) optimized to match 
32 10 50 ohms, and (C) optimized to match 40 to 62 ohms, resulting in a good general-purpose design. 


Even though a small toroid (with only a 1.5-inch 
OD) is used, these Ununs are still very sturdy trans- 
formers. Because their efficiencies are so high (98 to 
99 percent), they can easily handle the full legal limit 
of amateur radio power.” Furthermore, the windings 
carrying the majority of the current (80 percent) are 
all No. 14 wire. Only when well-designed Ununs are 
subjected to very high VSWRs will excessive heating 
occur. Ununs (and Baluns) should never be exposed to 
these severe conditions. 


Sec 13.4. A1.33:1 Unun 


The circuit shown in Figure 13-5 evolved after many 
attempts were made at obtaining a broadband match 
of 50 to 66.7 ohms (1.33:1). Photo 13-G shows the 
bottom view of an actual design. The SO-239 connec- 
tor is on the low impedance side. Photo 13-H shows 
the Unun mounted in a CU-3015A minibox. 

Specifically, this Unun has five quintufilar turns on 
a 1.5-inch OD ferrite toroid with a permeability of 
250. Winding 5-6 is No. 14 H Thermaleze wire and is 
tapped at three turns from terminal 5 (Figure 13-4). It 
is also covered with one layer of Scotch No. 92 poly- 
imide tape, optimizing the performance at the 
50:66.7-ohm level. The other four windings are No. 
16 H Thermaleze wire. 

In matching 50 to 66.7 ohms (A-B), the transforma- 
tion ratio is practically constant from 1 to 30 MHz. 
The ratio only decreases by 3 percent across the band. 
In matching 50 to 32 ohms (C-A), the transformation 
ratio is constant from 1 to 30 MHz. In matching 75 to 
50 ohms (C-A), the ratio is constant from I to 15 
MHz. In matching 50 to 37.6 ohms (B-A), the ratio is 
constant from I to 15 MHz. As you can see, the Unun 
has some useful broadband multimatches. 
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Figure 13-8. Schematic diagram of a quintuftlar Unun 
specifically designed to yield a broadband 1.33:1 ratio 
(66.7:50 ohms; connection B-A). Connection C-A also 
yields a broadband 1,56:1 ratio (50:32 ohms). 


As in the cases of the other three Ununs, this 
tapped-Unun also easily handles the full legal limit of 
amateur radio power. Like the 2:1 Unun, for higher 
power capabilities, thicker wires or a three-coax 
quintufilar design can be used? 


Sec 13.5 Construction Tips 


Most of my Unun designs use the bootstrap connection 
that sums direct voltages (on the high-impedance side) 
with a delayed voltage, which traverses a single trans- 
mission line. Therefore, in order to achieve the very 
wideband responses, small toroids (which allow the 
shortest transmission lines) are used. The small 1.5- 
inch OD toroids offer this advantage. Furthermore, 


Photo 13-F. Photograph of the three differ- 
ent Unun designs shown in Figure 13-4: A) 
on the left, 50:75 ohms, B) in the center 
32:50 ohms, and C) on the right, a general 
purpose design matching both impedance 
levels quite well. 
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Figure 13-6. Pictorials of higher-order windings: (A) trifilar and (B) 


quadrifilar. 


Photo 13-G. Photograph 
of the 1.33:1 Unun 
(66.7:50 ohms). This 
transformer also has a 
broadband 1.561 ratio 
(50:32 ohms), 


quintufilar (and higher-order windings) Ununs are also 
eventually limited in their high-frequency responses by 
self-resonances. Shorter winding lengths keep these 
self-resonances well out of the HF band. For the Ununs 
in this chapter, they occur between 45 and 65 MHz, 
with Figure 13-44 having the higher value, 

There is also a mechanical advantage in using the 
smaller toroids. You'll find that the popular CU- 
3015A minibox makes an excellent enclosure for the 
15-inch OD toroid. Furthermore, because ferrite is a 
ceramic and, therefore, unaffected by moisture, no 
special precautions need be taken for out-of-doors 
use, Potting the transformer in plastic is unnecessary. 
‘One must only keep the Unun out of a pool of water. 

Because well-designed transformers have virtually 
no flux in the core, their power ratings are mainly 
determined by the ability of the transmission lines to 
handle the voltages and currents. Furthermore, it can 
be shown that the losses in these transformers are 
related to the voltage gradients along the transmission 
lines.? Thus, they are dielectric-type ferrite losses. 
This means that the efficiency can be severely degrad- 


Figure 13-7. Pictorial of a quintufilar winding. 


ed with very high VSWRs since higher voltage gradi- 
ents occur under these conditions. 

Several suggestions can be made regarding the con- 
struction of Ununs using these higher-order windings 
(tifilar, quadrifilar, ete,). They are: 

1) Make a ribbon out of the wires and wind them all 
at the same time. This keeps the wires as close as pos- 
sible, resulting in the maintenance of the optimum 
characteristic impedance of the transmission lines. I 
found that strips made with 1.25- by 0.375- to 0.55- 
inch glass tape (Scotch No. 27), clamped about every 
1/2 inch, hold the wires in place very well. The start- 
ing lengths of the wires should be about 5 inches 
longer than one would calculate knowing the number 
of turns and the length around each turn. 

2) Because work-hardening of the copper wire takes 
place in coiling it around a toroid, a pair of pliers and 


Photo 13+H. The 1.33:1 Unun mounted in a CU-3015A 
minibox. 


a strong thumb (and arms) are indispensable tools, It 
takes considerable effort to wind these transformers. 
Also, because these designs have adequate margins at 
their low-frequency ends, some space between the 
windings and the toroids can be tolerated. 

3) It is helpful to recognize the various patterns that 
appear at the ends of the windings. Figure 13-6 shows 
a drawing of the trifilar and quadrifilar patterns and 
Figure 13-7 shows the quintufilar pattern. Note that 
terminal 1 and terminal 6 or terminal 8 or 10 are the 
outside terminals of the patterns. Also, note that termi- 
nal ! is always grounded in the schematic diagrams. 

4) Tapping windings can be ove of the more diffi- 
cult tasks in constructing these transformers, Winding. 
a tapped transformer is also more difficult, I found 
that the edge of a small, fine file does the best job in 
removing the insulation. About 1/8 to 1/4 inch is 
removed around the wire. It also helps to remove 
some of the copper. Then a flat 1/8-inch copper strip 
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‘or No, 14 wire flattened on one end is soldered to the 
bare wire, The soldered connection is then rendered 
smooth using the edge of the file, Finally, two pieces 
of Scotch No. 92 polyimide tape are placed on the 
joint to insulate it from the neighboring tums. I also 
found that a tap placed one turn from the end of the 
winding is best made approximately 4 inches from the 
end of the wire (when the wire is straight). 

Finally, a comment should be made about iow- 
power Ununs, Practically afl of the transformers in 
this chapter can be easily designed for low-power use. 
Designs capable of handing the full output of HF 
‘transceivers can be readily constructed. Cores with an 
OD of 1.25 inches are recommended. The same num- 
ber of turns, but with one size smaller wire, is also 
secommended. Because smaller cores and thinner 
wires are used, these lower-power units are not only 
easier to construct, but they also have wider band- 
‘widths due to the shorter lengths of the windings. 


DualRatio Ununs 


Chapter 14 


Sec 14.1 Introduction 


atlier chapters in this book on Ununs have 
Biss: covered single-ratio transformers, 
sroadband ratios of 1.33:1, 1.S:1, 2:4, and 4:4 
were the design objectives. The 1.33:1 ratio was 
obtained by tapping a 1.5:1 (actually 1.56:1) quintufi- 
lar-wound Unun, The 2:1 ratio was obtained by tap- 
ping a 2.25:1 trifilar-wound Unun. Although these 
‘transformers can be considered to have two broad- 
band ratios (1,33:1 and 1.56:1 or 2:1 and 2.25:1), 
their two ratios were not different enough for many 
practical applications, This is especially true of anten- 
nas where the inpnt impedance varies with frequency. 
My earlier work? and an article by Genaille! have 
shown that a host of ratios (less than 4:1) can be 
obtained by tapping the bifilar winding of a Ruthroif 
4:1 Unun.? However, the bandwidibs obtained using 
this technique are quite limited with each ratio and are 
highly dependent upon the impedance level, This is 
particularly true when a rod core is used because it 


requires more turns (resulting in longer transmission 
fines) in order to obtain the necessary choking reac- 
tance that isolates the input from the output. 
Furthermore, ratios around 2:1 exhibit more loss 
because autotransformer action also enters into the 
matching process. 

By using quadrifilar and quintufilar windings on 
small 1,5-inch OD cores, and connecting them in 
snch a way that the characteristic impedances of the 
windings are near optimum, two very different and 
broadband ratios matching 50 ohms to lower imped- 
ances are obtained, Furthermore, because the trans- 
mission lines in these transformers are so very short 
(8 to 9 inches in length), these transformers do quite 
well in matching 50 ohms to higher impedances (as, 
step-up transformers). 

This chapter presents two Ununs which have two 
broadband ratios that differ by a factor of two! One 
has a 1.5:1 and a 3:1 ratio (actually 1.56:1 and 
2.78:1), The other has a 2:1 (actually 1.78:1) and a 4.1 
ratio, Also, this chapter introduces the novel tech- 
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Figure 14-1, Schematic diagrams of dual-ratio Ununs: (A) 1.78:1 connection C-A, 4:1 connection C-B; (B) 1,561] connec 


tion C-A, 2.78:1 connection C-B. 
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Figure 14-2. Pictorials of higher-order wind- 
ings: (A) quadrifilar, (B) quintufilar. 


nique of connecting these two transformers in parallel 
on their 50-ohm sides, resulting in four very broad- 
band ratios 


Sec 14.2 2:1 and 4:1 Ratios 


Figure 14-1A shows the schematic diagram of the 
quadrifilar Unun yielding ratios of 2:1 (actually 
1.78:1) and 4:1. Figure 14-2A provides a pictorial of 
its windings. On the left in Photo 14-4. you see the 
bottom view of an Unun, The cable connector is on 
the 28-ohm (1.78:1) side. This Unun has four quadri- 
filar turns of No. 14 H Thermaleze wire on a 1.5-inch 
OD toroid with a permeability of 250. 

In matching 50 to 28 ohms (connection C-A), the 
response is flat to within 1 percent from 1 to 30 MHz, 
From 1 to 50 MHz, it’s flat to within 2 percent, In 
matching 50 to 12.5 ohms (connection C-B), the 
response is flat to within 3 percent from 1 to 30 MHz. 

Because very short transmission lines are used, this 
transformer performs quite well as a step-up tr 
former. In matching 50 to 200 ohms (connection B- 
©), the response is flat to within 3 percent from 1.5 to 


10 MHz, In matching 50 to 89 ohms (connection A- 
C), the response is flat to within 5 percent from 1.5 to 
30 MHz! 


Sec 14.2.1 Construction Tips 


Start with about 14 inches of straightened wire, Form 
the wires into a ribbon with clamps of Scotch No. 27 
glass tape every 1/2 inch. I found that strips 3/16 inch 
wide and about 1.5 inches long do a good job. The 
clamps should be long enough to go around the wires 
twice. After winding, connect terminals 2 and 7. Then 
connect terminals 3 and 8. Finally, connect terminals 
4 and 5. Because work-hardening takes place quickly, 
you will find that a pair of pliers and a strong thumb 
(and arms) are necessary tools, You will also find that 
winding these exceptionally performing transformers is 
not easy. As in all endeavors, practice really pays off. 


Sec 14.3 1.5:1 and 3:1 Ratios 


Figure 14-1B shows the schematic diagram of the 
quintufilar Unun yielding ratios of 1.5:1 and 3:1 


Photo 14-A. On the left, a quadrifitar Unun with 
ratios of 1.78:1 and 4:1; on the right, a quintufilar 
Unun with ratios of 1.56:1 and 2.78:1 
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(actually 1.56:1 and 2.78:1). Figure 14-2B is a pictor- 
ial of its windings. On the right side in Photo 14-4 
you see a bottom view of an Unun. The cable connec- 
tor is on the 32-ohm (1.5671) side. This Unun has four 
quintufilar turns on a 15-inch OD toroid with a per- 
meability of 250. Windings 3-4 and 7-8 are No. 14 H 
‘Thermaleze wire. The other three are No. 16 H 
‘Thermaleze wire. Winding 7-8 also has two layers of 
Scotch No. 92 polyimide tape, which optimizes the 
1.56:1 ratio. 


Photo 14-C. The two dual-ratio Ununs connected in paral- 
lel on their 50-ohm sides providing four broadband ratios 
close to 1.5:1, 2:1, 3:1, and 4:1. The quadrifilar unit is on 
the left and the quintufilar unit ix on the right, The enclo- 
sure is a 5 inch long by 3 inch wide by 2 inch high minibox. 


Photo 14-B. The dual-ratio quintufilar Unun 
‘mounted in a 4 inch long by 2 inch wide by 
2.75 inch high minibox. 


In matching 50 to 32 ohms (connection C-A), the 
response is essentially flat (less than I percent varia 
tion) from | MHz to over 40 MHz. Without the two 
layers of Scotch No. 92 tape, the response varies by 4 
percent from | to 30 MHz. When used as a step-up 
transformer matching 50 to 78 ohms (connection A- 
©), and with the two layers of Scotch No. 92 tape on 
winding 7-8, the response is flat to within 5 percent 
from 1 to 15 MHz. Without the extra insulation on 
winding 7-8, the response is flat to within 5 percent 
from 1 to 7.5 MHz. 

In matching 50 to 18 ohms (connection C-B), the 
variation in response is less than 3 percent from | to 
40 MHz. The response is the same whether winding 
7-8 is covered with the extra insulation or not. As a 
step-up transformer matching 50 to 139 ohms (con- 
nection B-C), the response is flat to within 3 percent 
from 1 to 10 MHz (with or without the extra insula- 
tion on winding 7-8). Photo 14-B shows this Unun 
mounted in a 4 inch long by 2 inch wide by 2.75 ineh 
high minibox. The two cable connectors on the low 
impedance side could be replaced with feedthrough 
insulators for antenna use. 


Sec 14.3.1 Construction Tips 

Prepare the ribbon as was described for the quadrifilar 
Unun. If you choose to use the two extra layers of 
Scotch No. 92 tape on winding 7-8, make sure this 
winding is on the outside position of the ribbon (refer 
to Figure 14-28). 1 found the best order in which to 
connect the wires is as follows: first, connect terminal 
2 to 5; second, connect terminal 6 to 9; third, connect 
terminal 3 to 10; and, finally, connect terminal 4 to 7 
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As was mentioned before. because a small toroid is 
used in order to achieve the best response (due to 
shorter transmission lines), this transformer also 
requires considerable strength and patience in the 
‘winding process. 


Sec 14.4 Parallel Transformers 


One of the most pleasant surprises I received with 
these efficient and broadband transformers was to find 
that they can be connected in parallel on their 50-ohm 
sides and still possess the same performance levels. 
Because the loading effect of one transformer on the 
other is minimal (ike a short length of transmission 
line), the transformer that is properly terminated takes 
the power, while the other one is transparent, This lets 
you obtain four very wideband ratios with the two 
dual-ratio Ununs described in this chapter. Obviously, 
this technique eliminates one transmission tine. 
Furthermore, Baluns can also be connected this way 


for feeding, with a single coaxial cable, beams and 
dipoles with different resonant impedances. 

Photo 14-C shows two transformers connected in 
parallel on their 50-ohm sides using the two dual-ratio 
Ununs described in this chapter, As was mentioned, it 
now yields four wideband ratios very close to 1.5:1, 
211, 3:1, and 4:1. Thave used this matehing network to 
feed a host of ground-fed antennas (over a good 
ground system), In one case, Thad a 10-, 15-, and 20- 
meter trap vertical, slopers for 40 and 160 meters, a 
T2-meter verticat, and an inverted I, for 80 meters all 
matched to a single coaxial cable at the same time. Tt 
‘vas a simple matter of connecting each antenna to the 
outpat terminal that presented the best match (lowest 
VSWR). This technique is actually an extension of 
connecting dipoles for different bands, in parallel. The 
antenna that presents the correct impedance takes the 
power, and the others are essentially transparent. In 
many cases, I found that only one transformer with 
two broadband ratios performed adequately. 


Multimatch Ununs 


Chapter 15 


Sec 15.1 
B roadband multimatch Ununs capable of high- 


Introduction 


power applications have been the goal of many 

designers over the years. Some have resorted to 
using conventional aufotransformers with tapped wind- 
ings to obtain the many impedance transformation 
ratios. However, these attempts met with little success 
because of the device's limited bandwidths and effi- 
ciencies. Others (including myself)? have tried tapping 
a bifilar Ruthroff Unun.? Although these designs yield- 
ed the high efficiencies of transmission line transtorm- 
ers, they had limited bandwidths. Furthermore, their 
best bandwidths (for the various ratios) occurred at odd 
impedance levels. in other words, they didn’t meet the 
objective of broadband operation with one of the input 
or output ports at 50 ohms. 

Chapter 14 presented two Ununs which had two 
broadband ratios that differed by a factor of two, One 
had a 1.5:1 and a 3:1 ratio (actually 1.56:1 and 
2.78:1). The other had a 2:1 (actually 1.78:1) and a 
4:1 ratio. This chapter describes two multimatch 
designs that are capable of many more broadband 
ratios. For the most part, both are capable of broad- 
band operation ftom 1.7 to 30 MHz. 

One Unun has the following five ratios (which are 
close to): 1.5:1, 2:1, 4:1, 6:1, and 9:1. Because the 
two lower ratios work well in either direction (that is 


stepping up or down from 50 ohms), this design can 
match 50-ohm cable to impedances as high as 100 
ohms (actually 112.5 ohms) and as low as 5.6 ohms 
over the frequency range. As a result, it bas seven 
usable applications. Furthermore, because this is a 
transmission line transformer that cancels out the flux 
in the core, losses (in a matched condition) of only 
0.04 to 0.08 dB can be expected. 

‘The novelty in this design lies in the use of a trifilar 
winding (with one winding tapped) on a very small 
fertite toroid, resulting in the shortest possible lengths 
of transmission ines. The windings are also connect- 
ed in such a manner as to optimize their characteristic 
impedances from an overall standpoint, 

T have used the adjective ultimate to describe the 
second Unun design. Although it might be risky busi- 
ness, I assume that this design will meet one of the 
‘most common definitions for this adjeotive—namely, 
beyond which it is impossible to go. For many of us, 
the classic use of this adjective was made by Lew 
McCoy in describing his popular transmatch,2? 
Although there have been some improvements to 
Lew's design, his use of this definite (and strong) 
adjective can be said to have withstood the test of 
time. I hope my use meets with similar success. 

‘While the tapped-trifilar design provides five broad- 
‘band ratios and seven practical applications, the uiti- 
‘mate design presented in this chapter goes well 
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Figure 15-1. Circuit diagrams for the 5-ratio 
Umun: (A} diagram for analysis: (B) transposed 
windings for best overall performance. 
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Photo 15-A. Botiom 
view of the S-ratio 
Unun of Figure 15-1B, 
The upper-left lead is 
terminal C. The upper- 
right lead is terminal 
B. The lower-left lead 
is terminal H. The lead 
pointing straight down 
is grounded (terminal 
3). The lower-right 
lead is terminal L. 


beyond this number. It uses a tapped-quadrifilar 
design that yields the following 10 broadband ratios: 
1.36:1, 1.56:1, 1.78:1, 2.25:1, 3.06:1, 4:1, 6.25:1, 9:1, 
12.25:1, and 16:1. Because the four lower ratios also 
work quite well in either direction, this design offers 
fourteen applications in matching 50-ohm cable to 
impedances as high as 112.5 ohms and as low as 
3.125 ohms. It also has the advantage of using a small 
low-loss toroidal core, Additionally, the windings are 
also interleaved in a pattern that optimizes their char- 
acteristic impedance. 

However, this achievement comes at a price—diffi- 
culty. The 5-ratio Unun, which uses a trifilar wind- 
ing, is considerably easier to wind. In addition, the 
quadrifilar 10-ratio Unun has two of its windings 
tapped, while the S-ratio Unun has only one (see 
Chapter 13 on tapping windings). If you have had 
little experience in winding Ununs or Baluns, 


Photo 15-B. The high-power unit mounted in a 4 inch 
long by 2 inch wide by 2.75 inch high minibox. 


attempt simplified versions of these two multimatch 
Ununs first. These versions eliminate the tapping of 
the windings. For the trifilar Unun, the remaining 
ratios would be: 2.25:1, 4:1, and 9:1. For the quadri- 
filar Unun, they would be: 1.78:1, 2.25:1, 4:1, 9:1, 
and 16:1. 

For those interested in the design considerations of 
these broadband multimatch transformers, a brief 
review is presented in each section. These sections are 
followed by others describing high-power designs 
capable of handling the full legal limit of amateur 
radio power, Finally, the remaining sections present 
low-power designs capable of handling the output of 
any HF transceiver. Because transmission line trans- 
formers can be made so efficient in matching 50 to 
100 ohms or less, their small sizes will surprise many 
readers. Therefore, the combination of using small 
ferrite toroids with the maximum allowable perme- 
ability (less than 300) for high efficiency,? and with 
sufficient turns to meet the low-frequency objective, 
results in the excellent performance exhibited by the 
designs in this chapter. 


Sec 15.2 The 5-Ratio Unun 


Let's first look at Figure 15-1A because it is the easi- 
est form of the trifilar-wound Unun to explain, For 
example, if the input voltage to ground, Vj, is con- 
nected to terminal H, the output terminal B, has a 
voltage to ground of 3/2V . This results in a transfor- 
‘mation ratio, g, of (3/2)? or 2.25:1. This should satisfy 
most 2:1 requirements. If the output is at terminal A 
to ground, then the output voltage is 


Vy + Vi(n/2N) 
V\(1 + n/2N) 


(Bq 15-1) 
where: 

N = the total number of turns on the winding 

= the number of turns from terminal 5 


‘The transformation ratio, g, then becomes: 


WIV? 
(1+ n/N)? 


g 


(Bq 15-2) 


If the input voltage to ground, V}, is connected to ter- 
minal L, then terminal C has twice the voltage of 
V,—resulting in a 4:1 ratio. Terminal B has three 


in a 9:1 ratio. With termi- 


times the voltage result 

nal A, the output voltage is: 
Vy =2V, + V(a/N) 

=V,(2+n/N) 


(Eq 15-3) 
The transformation ratio, g, then becomes: 


g=(2+n/N)? (Eq 15-4) 


Sec 15.2.1 A High-power 


5:Ratio Unun 


After several attempts at rearranging the windings of 
Figure 15-1A for the best overall performance (opti- 
mizing the effective characteristic impedances of the 
windings), Figure 15-1B evolved. Photo 15-A shows 
the bottom view of an Unun, using the circuit of 
Figure 15-1B, capable of handling the full legal limit 
of amateur radio power, Photo 15-B shows the unit 
mounted in a CU-3015A minibox. It has five trifilar 
tums on a 1.5-inch OD ferrite toroid with a perme- 
ability of 250. Winding 5-6 is tapped at two turns (n = 
2) from terminal 5. 

If the 9:1 ratio matching 50 to 5.6 ohms (connection 
B-L) is to be used at full power, then winding 3-4 
should be No. 12 H Thermaleze wire. If not, then all 
windings can be No. 14 H Thermaleze wire, 

A listing of the expected performance across the 
band from 1.7 MHz to 30 MHz, with the various 
ratios, is as follows: 


9:1 (B-L); 50:5.6 ohms 

Ratio is within | percent! 
5.7511 (A-L); 50:8.7 ohms 

Ratio decreases by 5 percent. 
4:1 (C-L); $0:12.5 ohms 

Ratio increases by 15 percent (the greatest devia 
tion of all the ratios). 

2.25:1 

a) (B-H); 50:22.22 ohms 
Ratio decreases by 4 percent. 

) (H-B); 50:112.5 ohms 
Ratio increases by 8 percent. 
1.44:1 

a) (AH); 50:35 ohms 
Ratio decreases by 10 percent. 

b) (H-A); 50:72 ohms 
Ratio increases by 2 percent. 
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Photo 18-C. The 
low-power unit 
mounted in a 
homemade 2 inch 
long by 1.5 inch 
wide by 2.25 inch 
high minibox. 


Several comments should be made regarding the 
expected results shown above. First of all, the greatest 
deviation from a flat response at any ratio occurs 
when matching 50 to 12.5 ohms (connection C-L; a 
4:1 ratio). Tf an accurate insertion loss measurement 
was made at this ratio and impedance level, the result 
would show an insignificant difference across the 
band. Secondly, the major part of the deviations for all 
ratios occurs beyond 15 MHz (the effect of standing 
waves). Finally, the higher ratios should never be used 
to match 50 chms to 450 ohms, 288 ohms, and 200 
ohms, respectively. The characteristic impedances and 
choking reactances do not allow for broadband opera- 
tion under these conditions. 


Sec 15.2.2 A low-power 
S-Ratio Unun 


Photo 15-C shows a low-power unit mounted in a 
homemade 2 inch long by 1.5 inch wide by 2.25 inch 


Photo 15-D. The three 5-ratio Ununs together. From left 
4o right, the high-power unit mounted and unmounted, the 
low-power unit 
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Figure 15-2, Circuit diagrams for the 10-ratio Unun: (A) diagram for analysis; (B) transposed windings for best 


overall performance. 


high minibox. It has six trifilar turns of No. 16 H 
Thermaleze wire on a 1.25-inch OD ferrite toroid with 
a permeability of 250. The tap on winding 5-6 is 
located three turns from terminal 5, yielding ratios of 
6.25:4 and 1.56:1 instead of the 5.75:1 and 1.44:1 
ratios of the high-power unit. In actual use, these dif 
ferences should be negligible. 

Because this Unen has shorter transmission lines 
than its high-power counterpart, the deviations of the 
ratios across the band are even smatler. It is also inter- 
esting to note that, if No. 14 H Thermaleze wire was 
used in winding 3-4, this very small Unun could very 
well be rated at 500 watts of continuous power! 

Photo 18-D shows all three 5-ratio Ununs together. 


Sec 15.3. The 10-Ratio Unun— 
The Ultimate Mullimatch 


Figare 15-24 is presented here because it is the easi- 
est form of a quadrifilar-wound Unun to explain, With 
the input voltage, V;, comnected to the various termi- 
nals on the left (the low-impedance side), and with 
very short transmission lines compared to the wave- 
Tength, we have the following transformation ratios: 


1, V; connected to terminal A 

a) At terminal D the output voltage V, is 4/3V). 
‘Therefore, the transformation ratio, g, with connection 
ADis: 


ga 48) = 178 (Eq 15-5) 


b) At terminal F the output voltage is: 


Vo=Vi(l + 9/3N) (Eq 15-6) 
where: 
N = total number of turns 


umber of tums from terminal 7. 


‘The transformation ratio with connection A-F then 
becomes: 


= (VV)? = (1 + n/3N)2 {Eq 15-7) 


2. V, connected to terminal B 
a) At terminal E the ouput voltage is 3/2V). Thus, 
the transformation ratio with connection B-E is: 


g= (3/2)? = 1:2.25 {Eq 15-8) 
b) At terminal G the output voltage is: 
V,=Vi(1 + n/2N) (Eg 15-9) 


where n = number of tums from terminal 5. 
The transformation ratio with connection B-G 
becomes: 
B= (VV)? = C1 + n/N)? (Eq 15-10) 
c) At terminal D the output voltage is 2V). The 
transformation ratio with connection B-D is: 


g=QP2 ld (Eq 15-11) 


4) At terminal F the output voltage is: 
Vo=ViG/2 + /2N) (Eq 15-12) 


where n = number of turns from terminal 7. 
The transformation ratio with connection B-F, 
then, is: 


g= (V/V)? = (3/2 + n/2N) (Eq 15-13) 


3. Vj; connected to terminal C 
a) At terminal E, the output voltage is 3V,. The 
transformation ratio with connection C-E becomes: 


g=GP=h9 (Eq 15-14) 
b) At terminal G, the output voltage is: 
V,=Vi(2 + n/N) (Bq 15-15) 


where n = number of turns from terminal 5. 
‘The transformation ratio with connection C-G is: 


B= (VofV1P = (2 + n/N? (Eq 15-16) 


c) At terminal D, the output voltage is 4V,. The 
transformation with connection C-D becomes: 


g= 4)? =1:16 (Eq 15-17) 
4) At terminal F the output voltage is: 
Vo=ViG + n/N) (Eq 15-18) 


where n = number of tums from terminal 7, 
‘The transformation ratio with connection C-F is: 


g= (VV)? = + n/N? (Eq 15-19) 


Sec 15.3.1 A High-power 

1ORatio Unun 
Figure 15-2B evolved after several attempts at re- 
arranging the windings of Figure 15-2A for best over- 
all performance (optimizing the effective characteris- 
tic impedances of the windings). Photo 15-E shows 
‘the bottom view of an unmounted Unun using the cir- 
cuit of Figure 15-2B, The top-left lead is terminal E. 
‘The top-right lead is terminal D. The bottom-left lead 
is terminal B. The center lead (connected to the SO- 
239 connector) is terminal A, 
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Photo 15-E. Bottom view of 
the 10-ratio Unun. The con- 
nector is on terminal A. 


Photo 15-R. Three differ- 
ent views of the 10-ratio 
Unun mounted in a 4 
inch long by 2 inch wide 
by 2.75 inch high CU- 
015A minibox. 
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Photo 15-G. The 
low-power unit 
mounted in a 
homemade 2.25 
inch long by 1.5 
inch wide by 
2.25 inch high 
minibox, 


The bottom-right lead is terminal C, Below these 
three bottom leads is a ground connection (terminal 3 
in Figure 15-2B to the SO-239 connector. Photo 15-F 
shows three different views of this high-power unit 
mounted in a 4 inch long by 2 inch wide by 2.75 inch 
high CU-3015A minibox, 

This 10-ratio Unun has four quadrifilar turns of No. 
14H Thermaleze wire on a 1.5-inch OD ferrite toroid 
with a permeability of 250, Winding 5-6 is tapped at 2 
turns from terminal 5 and winding 7-8 is tapped at 2 
turns from terminal 7, 

If the 9:1 ratio (connection C-B), the 12.25:1 ratio 
(connection C-F), and the 16:1 ratio (connection C- 
D), are to be used at the full legal limit of amateur 
radio power, then I suggest that winding 3-4 be 
replaced with No, 12 H Thermaleze wire. If not, then 
these three ratios should be used at lower power levels, 
(of 500 watts continuous and 1 KW peak). It should 
also be mentioned that using No. 12 wire for winding 
3-4 adds a greater degree of difficulty to the construc- 
tion process. 

A listing of the expected performance across the 
band from 1.7 to 30 MHz, with the various ratios, is 
as follow: 


16:1 (D-C); 50:3.125 ohms 
Ratio is constant up to 21 MHz. It then decreases 
by 15 percent. 
12.25:1 (F-C); 50:4.08 ohms 
Ratio is constant. 
9:1 (E-C); 0:5.56 ohms 
Ratio increases by 5 percent. 
6.25:1 (G-C); 50:8 ohms 
Ratio is constant. 
4:1 (D-B); 50:12.5 ohms 
Ratio decreases by 5 percent. 


3.06:1 (F-B); 50:16.3 ohms 

Ratio decreases by 10 percent. 
2.2531 
a) (E-B); 0:22.22 ohms 

Ratio increases by 4 percent. 
b) (B-E); 50:112.5 ohms 

Ratio increases by 50 percent (the greatest devia- 
tion across the band of any of the ratios). 
1.78: 
a) (D-A); $0:28.1 ohms. 

Ratio is constant. 
b) (A-D); 50:89 ohms. 

Ratio increases by 15 percent. 
1.56:1 
a) (G-B); 50:32 ohms 

Ratio increases by 10 percent. 
'b) (B-G); 50:78 ohms. 

Ratio increases by 40 percent. 
1.36:1 
a) (F-A); 50:36.8 ohms 

Ratio decreases by 9 percent. 
b) (A-F); 50:68 ohms 

Ratio increases by 1.5 percent. 


Sec 15.3.2 A Low-power 
10-Ratio Unun 


Photo 15-G shows a low-power unit mounted in a 
homemade 2.25 inch long by 1.5 inch wide by 2.25 
inch high minibox. It has five quadrifilar turns of No, 
16 H Thermaleze wire on a 1.25-inch OD ferrite 
toroid with a permeability of 250, The tap on winding 
5-6 (Figure 15-2B) is at three turns from terminal 5 
and on winding 1-2; itis three turns from terminal 1 

Because the number of tumns is different from the 
high-power unit, so are the ratios that use the taps. In 
this case, they are a little larger. Specifically, the 
tapped ratios are now: 1:12.96, 1:6.76, 1:3.24, 1:1.69, 
and 1:1.44. If the taps were at two tums from termi- 
nals 5 and 1, the ratios would be a little less than those 
of the high-power unit, You can play with the equa- 
tions in the first section of this chapter and arrive at 
many different ratios, 

Because this Unun has shorter transmission lines 
than its high-power counterpart, the deviations of the 
ratios across the HF band are generally smaller. Also, 
if winding 3-4 (in Figure 15-2B) were replaced with 
No. 14 H Thermaleze wire, this low-power unit could 
very well be rated at 500 watts of continuous power 
for all ratios! 


Chapter 16 


Ununs for Beverage Antennas 


Section 16.1 Introduction 


he Beverage antenna!® is well known by 160- 

| meter enthusiasts for enhanced signal-to-noise 
ratios when there are high Jevels of interference 

and atmospheric noise. If erected properly, Beverages 
also have excellent directivity. However, they are quite 
inefficient and, therefore, not generally suitable as 
transmitiing antennas, Important considerations with 
Beverages are the terminating resistor (for the more 
common single-wire version) and the input matching 
Unun (unbalanced-to-unbalanced transformer), The 
terminating resistor and the impedance ratio of the 
Unun are determined by the characteristic impedance 
of the antenna acting as a jong transmission Jine with 
‘ove good conductor and one poor conductor (the 
earth), This fine is generally between 400 and 600 


‘ohms, and theoretically given by: 
Zo= 138 x log(dh/d) Eq 16-1) 
where: 
Z = characteristic impedance of the Beverage 
hy =height of the wire above ground 


diameter of the wire. 

‘This chapter presents low- and high-power versions 
of multimatch Ununs designed to match 50-ohm cable 
to unhalanced loads from 450 to 800 ohms, The low- 
power unit, which is capable of handling continzous 
power levels up to 100 watts, is specifically designed 
for the Beverage antenna when it is performing as a 
receiving antenna, The high-power unit, which is 
capable of handling | KW of continuous power, can be 
used with the Beverage or any other traveling wave 
antenna when used asa transmitting antenna, Also 
presented are high-power designs capable of flat 
response, including the entire AM broadcast band. 
These multimatck Ununs could be of interest to 
designers of high-power amplifiers for the broadcast 


band, A Hittle theory on how these devices are 
designed is also provided, 


Sec 16.2 A little Theory 


Transmission line transformers? (the Unun being a 
subset thereof} are known for having greater band- 
widths and efficiencies than their counterparts, the 
conventional transformers. Design considerations for 
the two types of transformers are also vastly different. 
‘Transmission line transformers use chokes and trans- 
mission lines, while conventional transformers use 
flux linkages. 

High-impedance Ununs (and Baluns), which match 
50 ohms unbalanced to impedances as high as 800 
ohms, fie at about the edge of this technology's capa- 
bility. The reasons are: 1) the windings require more 
turns because higher reactances are needed for isolat- 
ing the input from the output, and 2} they require 
higher characteristic impedances in the transmission 
lines because the loads they see are greater. Therefore, 
when winding one of these devices, you'll just ren out 
of space on your toroidal cores when trying to satisfy 
the Jow frequency and high frequency objectives. 
Incidentally, beaded transmission ines are not recom- 
mended at these impedance levels because of their 
excessive losses. 

‘There are two methods for obtaining broadband 
operation at these high impedance levels. One uses 
Guanelia’s 9:1 and 16:1 Baluns, which are converted 
to Unun operation.? The other uses higher-order 
windings (quadrifilar in this case) on a single core, 
which is ap extension of Ruthroff's bootstrap 
approach.? The Guanella approach, which uses coiled 
transmission fine connected in series at the high- 
impedance side and in parallel at the low-impedance 
side, results in very broad bandwidths—but with diffi. 
culty in meeting low-frequency objectives. Low-fre~ 
quency models? show that, with ratios above 4:1, 
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Figure 16-1. Schematic diagram of the quadrifiar design, 
using Ruthroff's approach for high-impedance, low-fre- 
quency Ununs like the Beverage matching transformer. 


some of the coiled windings are connected in parallel, 
resulting in reduced reactances. However, with the 
Ruthroff approach, all of the inductances (at the low- 
frequency end) end up mutually aiding each other. 
However, Ruthroff’s approach suffers at the high-fre- 
quency end because a direct voltage is summed with 
three voltages that traverse various lengths of trans- 
mission lines. As a result, Guanella’s approach of 
summing voltages of equal delays is preferred for the 
higher frequency bands, and Ruthroff’s approach is 
most often used for the lower frequency bands. This 
chapter presents designs using Ruthroff’s approach. 

Figure 16-1 shows the schematic diagram of a 
quadrifilar-wound Unun. If the lengths of the trans- 
mission lines are very short compared to the wave- 
length (therefore, phase delay and standing waves are 
negligible), then: 


Vy =V2=V3= Va (Eq 16-2) 
at terminal 6, 

Vo = V1, +V2+V3=3V; (Eq 16-3) 
and the impedance ratio becomes: 

g=(VyVP=9 (Eq 16-4) 
At terminal 8, it becomes: 

g=16 (Eq 16-5) 


Photo 16-A. The bottom 
view of the low-power Bev- 
‘erage antenna Unun 


The voltage at the tap in winding 7-2 is: 


V+ V5 
V1 + W/NV, = {3 +0/N) 
V,(3 + n/N) 


(Eq 16-6) 


where: 
N = total number of turns 
number of turns from terminal 7 
The impedance ratio, using the tapped winding, 
becomes: 


g=(V JV)? = + n/N (Eq 16-7) 

When the lengths of the transmission lines are sig- 
nificant, then important phase delays can occur and 
reduce the high frequency response. As you can see in 
Figure 16-1, V> travels one transmission line, V3 
travels two transmission lines, and V4 travels three 
transmission lines. Additionally, the high frequency 
response is further diminished if the characteristic 
impedances of the transmission lines are not at their 
optimum values (which is hard to do at these imped- 
ances levels). Even with these major flaws, the 
Ruthroff approach is better for Beverage antenna use 
because this antenna’s greatest advantages are on the 
lower frequency bands (80 and 160 meters). 


Sec 16.3 A lowpower Design 


Photo 16-A shows the bottom view of a S-turn 
quadrifilar-wound Unun designed to handle 100 watts 
of continuous power with constant ratios from 9:1 to 
16:1 in the 40- and 80-meter bands. It uses the 
Ruthroff approach of Figure 16-1 and is shown here 
to give the reader a method for making the various 
interconnections. For operation on the 80- and 160- 
meter bands, I would use 6 quadrifilar turns on a 1.5- 
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Photo 16-B, The low-power Beverage 
antenna Unun mounted in a 4 inch 
long by 2 inch wide by 2.75 inch high 
minibox. 


inch OD ferrite toroid with a permeability of 250. The 
bottom winding is No. 20 hook-up wire and the other 
three are No. 22 hook-up wire. Winding 7-8 is tapped 
at 2 turns from terminal 7, yielding a 11.11:1 ratio, 
and at 3 turns from terminal 7, yielding a 12.25:1 
ratio, Therefore, with outputs also at terminals 6 and 
8, this Unun matches 50-ohm cable to loads of 450, 
555.6, 612.5, and 800 ohms. 

Photo 16-B shows the unit mounted in a4 inch long 
by 2 inch wide by 2.75 inch high minibox. The output 
(the feedthrough insulator) is connected to one of the 
taps. A grounded binding post is also shown. 


Sec 16.4 Highpower Designs 


Photo 16-C shows three high-power designs. The 
one on the left is specifically designed to cover the 
frequencies generally used with traveling wave struc- 
tures like the Beverage antenna. This design has 10 
quadrifilar turns on a 2.4-inch OD ferrite toroid with 
a permeability of 250. Winding 1-2 is No. 14 tinned 
copper wire, and the other three are No. 16 tinned 
copper wire. The wires are also covered with Teflon 
sleeving. Winding 7-8 is tapped at 5 turns from ter- 
minal 7, yielding a ratio of 12.25:1. When matching 
50-ohm cable to loads of 450 ohms (terminal 6), 
612.5 ohms (the tap), and 800 ohms (terminal 8), the 


Photo 16-C. Three high-power, low-frequency Ununs using a quadrifilar design 
with Ruthroff’s approach. The one on the left is designed to cover the 80- and 
160-meter bands. The other two are designed to cover the 160-meter and AM 
broadcast bands. 


variation in response is less than 5 percent from 1.5 
to 4 MHz. At 6.5 MHz, the variation (which is an 
increase in the impedance ratio) increases to about 
20 percent. Photo 16-D attempts to provide a better 
view of the connections. 

The other two high-power Ununs in Photo 16-C are 
specifically designed to cover the broadcast and 160- 
meter bands. The one in the center has 9 quadrifilar 
turns (of the same wires as above) on a stack of two 
24-inch OD ferrite toroids with permeabilities of 250. 
The tap on winding 7-8 is now at 4 turns from termi- 
nal 7, yielding a ratio of 11.86:1. When matching 50- 
ohm cable to 450 ohms (terminal 6), 593 ohms (the 
tap), or 800 ohms (terminal 8), the response is literally 


Photo 16-D. The bor- 
tom view of the high- 
power Beverage anten- 
na Unun, 
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flat from 0.5 to 2 MHz. At4 MHy, the ratios increase 
by about 6 percent. At MHz, they increase by about 
20 percent, 

‘The Unun on the right in Photo 16-C illustrates 
another way of obtaining the same performance as 
above. In this case, the design has 12 quadrifilar 
turns (of the samme wires as above) on a 2,68-inch OD 
ferrite with a permebility of 290. The tap on wind- 
ing 7-8 is at 6 turns from terminal 7, yielding a 


12.25:1 ratio (instead of 11.86:1 as above). Although 
the performance of this design is practically the same 
as the one above (using the two 2.4-inch OD cores), 
it is a much more expensive design because the 2.68- 
inch OD core is not nearly as popular. However, if a 
broadband, high-power and high-impedance Unun 
(or Balun) is required to cover 1.5 to 30 MHz, then 
these expensive 2,68-inch OD ferrite cores are very 
likely the only alternative! 


Chapter V 


Concluding Remarks 


Sec 17.1 Introduction 


Fve often said, there is litle information that 
A= with aspects of design and applications 
of practical hardware. Most companies are 
reluctant to publish their results for fear of giving 
away their hard-earned secrets, Textbooks only con- 
tain a few patagraphs on the subject. Therefore, very 
few people fully understand this technology, and, as a 
result, itis still far from reaching its full potential, 

This book not only contains my designs, which have 
appeared in series written for CQ and Commumica- 
tions Quarterly, but also my views on other articles 
that have appeared in the amateur radio literature. 

In the process of converting and combining the arti- 
cles into appropriate chapters, one section in my arti- 
cle in the CQ, March 1993 issue entitled “Dual-Ratio 
Ununs,” stood out as having broader applications. Itis 
entiled “Reflections on Power Ratings” and is pre- 
sented here. This information is followed by a section 
on misconceptions and one on the “state of the art.” 

‘After reading this book, some might think I was 
overly critical and didn’t agree with any of the designs 
or explanations (or both) presented in the amateur 
radio literature, This is quite true, In taking this stand, 
T was hoping to provoke, in return, critical comment 
on my work. In his way, we can help our amateur 
friends—and perhaps even our professional friends— 
by advancing the understanding and application of 
these very useful transformers, 


Sec 17.2 Reflections on 

Power Ratings 
Power rating is one of the most controversial and least 
understood specifications for the transmission line 
transformer. As of today, no professional group has 
yet set the standard for this specification (as well as 
any other) for this popular class of matching trans~ 


formers. In fact, manufacturess of festites, which are 
mainly the materials used with these devices, only 
specify them for their uses as conventional transform= 
ers and inductors, or microwave devices. 

it is well known that power ratings for practically 
all conventional devices are based upon catastrophic 
failures (usually exceeding 4 voltage or cutrent limit), 
and failures over a relatively short period of time due 
to an excessive rise in temperature, 

With transmission line transformers, there are really 
two catastrophic-type failures that can occur. One is 
voltage breakdown. If the device is misterminated 
with a high impedance (especially an open circuit), a 
breakdown of the insulation can occur. This is particn- 
larly true of the 1:1 Balun (50:50 ohms) that is termi- 
nated with the very high impedance of a full-wave 
dipole or inverted V, Using heavily coated wires (but 
still maintaining a characteristic impedance close to 
50 ohms), or small but high-power coaxial cable, can 
help under these conditions, 

‘The second catastrophic failure oceurs at the low- 
frequency end of the transformer’s passband, when 
the energy is not completely transmitted to the output 
cirenit by a transmission line mode. This takes place 
when the reactance of the coiled or beaded transmis- 
sion line is not sufficient to prevent conventional 
transformer currents or shunting currents to ground. 
“Under these conditions, harmful flux can take place in 
the core or beads, Nonlinearities can also occur if the 
flux becomes appreciable. The objective in design at 
the low-frequency end is to have a margin of safety 
such that, with a termination of about three times 
(hence VSWR of 3:1) that of a matched condition,? 
no flux will appear in the core or beads, 

"The failuze due to an excessive rise in temperature. 
is the least understood of the two because it involves 
the failure mechanism in transmission line transform- 
ers when only transmission line currents are allowed 
to flow. Unlike the conventional transformer whose 


a 
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losses are current dependent (wire, eddy current, and 
lhystereis losses), the transmission fine transformer's 
Josses are voltage dependent (a dielectric-type). That 
is, the greater the voltage drop along the length of the 
transmission lines, the greater the loss. Furthermore, it 
can be shown that only low-permeabitity ferrites (less 
than 300) yield the extremely high efficiencies of 
which these transformers are capable. 

Because all transmission line transformers have 
voltage drops along their transmission lines, we must 
look at their high-frequency models to determine the 
magnitude of these drops and, hence, the temperature 
rise that can be expected, Here are some examples: 

If V; is the voltage that appears on the 50-ohm side 
of the transformer, then: 

1) For a quintufilas-wound Unun, the longitudinal 
voltage-drop is V,/5 in matching to lower impedances 
(like 32 or 18 ohms) and V,/4 in matching higher 
impedances (like 78 or 139 ohms) 

2) For a quadrifilar-wound Unun, the longitudinal 
voltage-drop is V/4 in matching to lower impedances 
Gike 12.5 or 28 ohms) and V,/3 in matching to higher 
impedances (like 89 or 200 ohms). 

3) For a trfilar-wound Unum, the longitudinal yolt- 
age-drop is V/3 in matching to lower impedances 
(ike 22.22 or 25 ohms) and V 4/2 in matching to high 
er impedances (like 100 or 112.5 ohms). 

4) For a bifilar-wound Unun, the longitudinal volt- 
age-drop is V/2 in matching to a lower impedance of 
12.5 ohms and V, in matching to a higher impedance 
of 200 ohms. 

Because the quintufilar-wound Unun has the lowest 
voltage drop, it is expected to have the highest effi- 
ciency, Furthermore, it can be seen that the highest 
efficiencies occur in matching to lower impedances. 
‘Very accurate measurements? have shown that 4:1 
Ununs, using ferrite cores with permeabilities of 125, 
have exhibited losses of only 0.02 to 0.04 dB in 
matching 50 to 12.5 ohms from 1 MHz to over 30 
MHz. Even though the Ununs in this book have most- 
ly used permeabilities of 250, and should have slight- 
ly greater losses, many use higher-order windings (tri- 
filar, quadrifilar, and quintufilar) and, hence, have 
lower longitudinal voltage drops. Therefore, they 
should have losses of only 0.02 to 0.04 dB, as well. 

When matching at the 1 kW level, the figures above 
mean that only 5 40 10 watts would be dissipated in 
the Unun, As a heatsink, these small transformers 
should be able to handle this loss easily. In fact, they 
should be able to handle several times this level of 


continuous power. Also, because they use heavily 
coated wires, their peak power ratings should be 
greater by more than a factor of two! 

Another important power rating consideration is to 
determine what happens when the transformers are 
misterminated. Because the losses being considered 
now ate diclectric-types and, hence, voltage-depen- 
dent, the harmful terminations are greater than that for 
which the transformers were designed. For example, 
if the termination is three times greater (a VSWR of 
3:1), the voltages along the transmission lines would 
increase by a factor of 1.73. This means the losses 
‘would practically double. The Ununs described in this 
series, when matching 10 impedances lower than 50 
ohms, should easily handle this mismatch. Obviously, 
‘mismatches in the range of 10:1 would resuit in much 
lower efficiencies and should be avoided. 

‘The analysis of the losses in Baluns follows the 
same pattern. The voltages are as follows: under 
matched conditions for a 1:1 Balen (50:50 ohms), 
V2; for a 4:1 Balun (50:20 ohms), V3; for a 9:1 
Balun (50:450 ohms), 1.8V); and for higher-imped- 
ance Baluns it could be 2V,. The higher voltage 
drops, together with high VSWRs, means that high- 
impedance Baluns (and Ununs) have more loss and 
require larger structures to dissipate the heat. It should 
also be pointed out that there is a tradeoff in efficiency 
for low-frequency response with Baluns (and Ununs) 
when matching 50 ohms to higher impedances like 
200 ohms, 300 ohms, 450 ohms, and higher. This is 
done by using permeabilities of 125 and lower. 

Finally, I thought it might be useful 10 give some 
general guidelines as to what efficiencies you might 
expect with Baluns and Ununs when using ferrite 
cores of beads with a permeability of 250. Here are 
some expected efficiencies when matching 50 chms to 
various loads under matched conditions: 


Loads Efficiency 

30 ohms or less 98 10 99.5 percent 
30 to 100 ohms 97 10 98 pervent 
100 t0 200 ohms 96 10 97 percent 
200 ohms and above 9310.96 percent 


‘As I mentioned earlier, these efficiencies would be 
reduced by a percent or two with a VSWR of 3:1, 
which increases the loss by a factor of about (wo. 
Also, the efficiencies can be increased by a percent or 
two with high-impedance loads (greater than 100 
ohms) by resorting to lower permeability ferrites that 


trade off efficiency for low-frequency response. In 
closing, I would like to say that high-permeability 
‘manganese-zine ferrites should be avoided because of 
their much higher losses. Furthermore, their losses are 
higbly frequency dependent, while low-permeability 
nickel-zine ferrites are not 


Sec 17.3 Misconceptions 


From recent discussions on the air and phone calls 
concerning Baluns, 1 think the most expensive mis- 
conception regarding Batuns is the assumption that a 
9:1 (450:50 obm) Balun would match 50-chm cable 
{or the output of a linear or transceiver) to 450-obm 
twin lead, without considering the effect of its texmi- 
nation, In truth, the 9:1 Balun would only see 450 
ohms if the Tine were terminated in 450 ohms. In real- 
ity, if the line were terminated in a 50-ohm dipole, the 
Balun would see 50 ohms when the line is a half-wave 
long and 4050 ohms when is a quarter-wave long. The 
9:1 Balun is clearly useless in this application, 

By far, most misconceptions regarding Baluns are 
due to the many radio amateurs who perceive these 
devices as conventional transformers that transmit the 
energy from input to output by flux linkages and not 
as transmission line transformers, which transmit 
energy by an efficient transmission line mode. This is 
clearly shown by the writers who have compared their 
“new” coaxial cable (coiled about 4 toroid or threaded 
through ferrite beads) Baluns with Baluns using wire 
transmission lines coiled about a ferrite rod or toroid, 
‘They claim their Baluns are better because the others: 
1) were limited by leakage inductance, 2) did not 
exhibit tree 1:1 impedance transformations, 3) were 
prone to core saturation, 4) added reactive compo- 
nent to the input impedance, 5) were susceptible to 
unbalanced and mismatched loads, and more impor- 
tantly, 6) had more loss, 

If the writers had accepted the correct model for 
these devices (given to us by Guanella and Ruthroff), 
which shows that they are really chokes (lumped ele- 
ments) and configurations of transmission lines (dis- 
tributed elements), then there are several parameters 
they should have considered in their comparisons. 
They are: 1) the characteristic impedances and 
Jengths of the transmission lines (the high-frequency 
capability), 2) what form of the 1:1 Balun or 4:1 
Balun is used by the other Balun, 3) the low-frequen- 
cy capabilities (safety margins), 4) power capabili- 
ties, and finally 5) efficiencies, 
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‘Now, had the writers used the proper parameters in 
their comparisons, they would have found that mis- 
‘match loss was mistaken for real (ohmic) loss; high- 
frequency response was limited by standing waves, 
and not leakage inductance ot shunting capacitance; 
the beaded-coax Balun had more loss than a well- 
designed Balun using wire or coax transmission lines 
coiled about a toroid; and that their comparisons were 
‘made with either the trifilar (voltage) 1:1 Balun or the 
Ruthroff 4:1 Balun, which are inferior designs. 

In fact, the perception that the transmission line 
transformer is actually a conventional transformer is 
so prevalent, that a new name for this class of devices 
should be considered—-broadband transmission tine 
matching networks. This name (without the word 
transformer) would help in dispelling inaccurate per- 
ceptions and in standardizing the schematic diagrams, 
It would place the coiled or beaded transmission lines 
(in the high-frequency models) horizontally, and elim- 
inate the phasing or polarity dots. 


Sec 17.4 The State of the Art 


Until very recently, the radio amateur had only two 
types of Baluns available in the literature and on the 
market, They were the so-called 1:1 and 4:1 “voltage” 
Baluns, As was shown in Chapter 7, the comparisons 
by others with new £:1 designs using coaxial cable 
(called “current” Baluns) were made with an inferior 
trifilar-wound Balun, instead of Ruthoff’s design that 
appeared in his 1959 paper and became the industry's 
standard. Ruthroff’s third conductor on his 1:1 Balun 
was on a separate part of the toroid, thus giving it 
practically the same characteristics as the Guanelta 
(“current”) Balun, These articles on newer designs not 
only gave a new language to our Baluns, but also pre- 
sented questionable statements regarding their perfor- 
‘mances, It would be interesting if the authors of these 
articles compared their Baluns with well-designed 
Ruthroff or Guanelia Baluns using 50-obm bifilar 
windings or coaxial cables on low-loss ferrite toroids 
Gess than 300 permeability), I am quite sure their 
claims would be greatly diminished. 

As was noted in Chapter 8, the 4:1 voltage Bahu 
Appeared in the amateur radio journals about 25 years 
ago (the same time as the “inferior” 1:1 voltage 
Balun). Considerable design information appeared in 
the handbooks of the time regarding the construction 
and performance of this Balun, Furthermore, this 
information also stayed the same over these many 
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years, As was shown in Chapter 8, the design was 
found lacking. However, with some rather simple 
changes, like doubling the cross-sectional area of the 
core, increasing the number of turns from 10 to 14, 
and using extra insulation on the wires to increase the 
characteristic impedance of the coiled transmission 
line from about 50 10 100 ohms (the objective}, a 
much better design emerged. In fact, for balanced 
antenna systems, this new design might well be 
described as “peerless.” 

‘A 4:1 Guanella (current) Balun has now appeared in 
our handbooks. This more flexible Balun uses two 
transmission lines wound on separate cores and con- 
nected in series at one end and in paraltel on the other. 
Literally, no design information is given on its con- 
struction, What is offered are recommendations for 
the permeability of the ferrite vores. Values from 850 
to 2500 are proposed, However, use of these high per- 
meabilities would result in lossy Baluns. 

1 also found it interesting, in my work on these 
devices, that the classic papers of Guanella? and 
Ruthroff® are still the cornerstones of this technology 
known as transmission fine transjormers. To be sure, 
some of us have extended the work of these two by 
using better measuring equipment, creating mote 
complicated configurations, and finding new applica- 
tions. However, it is apparent from the articles pub- 
lished in the amateur radio journals and discussions 
‘on the air and at club meetings that most radio ama- 
teurs still perceive these devices as conventional trans- 
formers. They don’t look at these devices as Guanella 
and Ruthroff did—as chokes and transmission lines. 
As a result, there has been a lack of good design 
information in our literature. 

There are many new and useful designs possible 
with this technology, as discussed in Part I of this 
book. They include: higher power levels, applica~ 
tions on the VHF and UHF bands and above, and 
new Baluns and Ununs with ratios other than in? 
where n= 1, 2,3... ., ete, This book presents some 


designs* and suggestions for higher-power and high- 
er-frequency applications. 

1 see two reasons for the lack of emergence in this 
technology. They are: 

1) This subject is not adequately covered in any col- 
Jege textbook, and it generally ras aot been of interest 
to academics who rightfully view their role as basic 
research and not applications. As a result, there are 
fow graduates with any skifl in the design of transmis- 
sion line transformers—in contrast to the areas of 
transmission line, waveguide, and antenna theory, 

2) The professional societies don’t receive enough 
application papers. Although much of the research 
and development work performed in industry is highly 
innovative, important to the advancement of the tech- 
nology, and certainly publishable in scientific jour- 
nals, corporations are often reluctant to allow publica- 
tion for fear of “aiding” their competition. ft has been 
stated”? that in the past few decades, the submission 
of application papers to the technical journals of the 
IBEE has declined. In fact, a survey by one of the 
technical societies showed that 85 percent of the sub- 
missions now come from universities, not industry! 

In order to assist technologies, like transmission 
line wansformers, which are far from reaching their 
potential applications, IEEE has instituted a program 
called Emerging Practices in Technology (EPT). The 
object of the EPT program is to facilitate the devel- 
‘opment of new standards by disseminating and mak- 
ing available various EPT papers to the broadest pos- 
sible audience worldwide. The papers on practices in 
various areas of technology are peer reviewed by rel- 
evant IEEE Technical Committees, and have the 
potential for standardization in the future. The papers 
(mine is Reference 36) are published by the IEEE 
Standards Press. 
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Phantom-Powered Active Loop Receive —_ 2010-03-27 
Antenna for 30 Metres 


This loop antenna was built for 30 metre QRSS reception, but tunes beyond 30 metres and might be useful for 
general narrow-band (fix-tuned) HF work. 


The Antenna 


The loop is two tums of ~3 mm multi-strand hook-up wire, wound on a large (465 mm diameter) embroidery 
frame. The coil is centre-tapped, and referenced to “ground” at that point. A polyvaricon tunes the coil to 
resonance at the frequency of interest, and a push-pull JFET buffer amplifier transforms the very high 
impedance of the parallel resonant circuit down to something suitable for what is seen through the coax from 
the receiver (and also offers some power gain at the same time to offset feed-line loss). The buffer can deliver a 
relatively large amount of power, in excess of 0 dBm. This should offer good strong-signal handling, but | have 
not measured its IP3. 
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Loop Antenna 


More gain is available by bypassing the 100 Ohm source resistors. Oscillation can occur with excessive gain. 
You can set the gain at a higher, but stable level by adding resistance in series with the bypass capacitors, 


The Bias-Tee 


To feed the DC supply to the antenna at the shack-end of the coax a simple bias-tee was constructed. As the 
frequency of operation is only mid-HF a simplistic ferrite toroidal choke and two capacitor affair was constructed 
ina small die-cast box. I was confident this construction was sufficient at the frequency of operation, but curious 
about its performance elsewhere, as such it became one of the first test subjects for my experimental scalar 
network analyser. 
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Despite having very poor "design hygiene" for high frequency response, sweeps of the bias-tee with the 
analyser suggest it offers acceptable performance across HF. There are some oddities in these measurements 
however. Fortunately they appear to be measurement equipment problems rather than excessively nasty 
behaviour of the device under test 


hitpiwwa.vk2zay.netiartici!240 ano 


snoro18 ‘Alan Yates' Laboratory - Phantom-Powered Active Loop Receive Antenna for 30 Metres 


Return-Loss urs Frequency (bias-tee) 
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Note how the measured "return-loss” exceeds the bridge directivity below 20 MHz. This is of course an illusion, 
caused by the small stray reactances of the bias-T conjugate matching the bridge for better than calibration 
reference balance. Ideally | should change the graphing software to compute error bars based on the reflection 
signal magnitude compared to the directivity established by Open-Short-Load calibration at the same frequency. 
AAs the directivity of the bridge exceeds 30 dB above a few MHz all the way to 60 MHz we can safely say the 
bias-Tee is an reasonable match over the same range displaying a return loss exceeding 20 dB the entire way. 
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5G. 


VISION 


DMC R&D Center, Samsung Electronics Co., Ltd. 


Date : February2015 

Samsung envisions'the fifth Generation (5G) 

tion era to be the beginning of aifull scale§internét.of Things (lo). 
Billions of connected devices autonomously interconnect with 
one another while ensuring personal privacy. The unprecedented 


latencies offered by 5G Networks will enable users to indulge in 
gigabit speed immersive service regardless of geographical and 
time dependent factors. This white paper introduces you to future 
services, key requirements, and enabling technologies that will 
herald in the 5G era that is expected to revolutionize the way we 
experience mobile services. 
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Transmitted Power urs Frequency (conpensated-bias-T-bath txt) 


Relative Detected Power (AB) 
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Frequency (titz) 


Transmission measurements similarly have some weirdness, Despite the test setup having 20 dB of attenuation 
in the signal path the bias-T performs the miracle of over-unity performance. Of course this |s not real! Again it 
is just conjugate matching something in the system to make the reference calibration invalid. The variation is 
only a fraction of a dB so for all intents the bias-T is near-perfect across HF and into low VHF. 


Lab Testing 


Itis rather difficult to lab test a loop antenna in a reasonable way. In particular itis extremely difficult to immerse 
itin a RF field of sufficiently controlled spatial uniformity and consistent amplitude with frequency to make 
absolute and repeatable measurements. For my initial testing a 100 mm diameter coupling loop was connected 
to the signal generator and loosely coupled to the antenna loop. Sufficient drive was applied to achieve a few 
‘dBm out of the loop buffer and into the power meter at peak of resonance. This allowed crude measurements of 
bandwidth and amplifier compression. 


More detailed investigations were made by sweeping the unit with the same experimental scalar analyser used 
to test the bias-tee. Exact amplitude measurements made in this way are fairly meaningless, as the coupling 
loop is not well matched to the generator. 10 dB of padding was placed between the coupling loop and the 
generator but as the loop was placed almost orthogonally to the antenna loop to provide weak coupling (for Q 
estimation) the coupling loop does not see much of the antenna loop loss resistance. 
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Detected Power urs Frequency (active-logp-antenna) 


Relative Detected Power (AB) 


7 8 8 10 ra 12 13 14 45 
Frequency (tite) 
The loop tunes 7.23 MHz to 12.32 MHz with the polyvaricon used. The apparent loop Q drops with frequency, 
being 55.6 at 7.23 MHz, then 33.3 at 10.33 MHz and 28 at 12.32 MHz. The loop inductance is about 4.1 uH 50 
the input impedances which match these Qs are 10 kO, 8.8 kO and 8.9 kO respectively. Wider sweeps show 
problems with the test set-up, in particular generator harmonic energy when tuned below the loop resonances. 
Neither sweeps have me feeling very comfortable about the quality of test set-up (ar the loop construction for 
that matter). The HF feed-through is probably due to the unshielded housing of the buffer amplifier and stray 
circuit capacitances. Maybe a LPF should be added to the output to suppress these responses? A HF receiver 
should reject them with no dramas, but the number of hints of internal resonances and general "complexity" of 
the baseline above and around resonance doesn't make me too comfortable. 
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Detected Pouer urs Frequency (active-loop-antenna) 


Relative Detected Power (a8) 


10 20 30 40 80 60 
Frequency cite) 


When the amplifier is left unpowered the loop leaks through RF at a lower amplitude, and the resonance Is 
shifted down in frequency somewhat. This is immediately apparent when you connect a receiver to the loop, 
even without powering it on you can peak-up the background noise level by tuning the polyvaricon. However 
once power is applied the loop must be retuned (up somewhat) for maximum background noise. Loop Q is 
degraded quite significantly in the leak-through mode, with Qs of 39.3, 17.1 and 9.1 for the test frequencies 
discussed above. Loop Q in general could be improved by weaker coupling to the JFET gates, some simulation 
could optimise the values required if the resonator usable Q was measured and the FETs well characterised. 
Noise figure would be compromised by resistive DC gate biasing, maybe use chokes? 
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Detected Power urs Frequency (Loop-on-of F-conp) 
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Relative Detected Power (a8) 
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(On thing | initially found rather disturbing about this particular sweep is the 2nd harmonic peak is absent from 

the “off” run. The 3rd harmonic peak is 15 dB different just as the fundamental is - but the 2nd harmonic "on" 

signal is smaller and 15 dB down from its level is into the -41 dB "leakage floor" we appear to be observing... All 

was revealed when | considered that the reference level here is about -12 dBm meaning the leakage is around 

-53 dBm, quite likely considering the unshielded nature of the amplifier in close proximity to the coupling loop. 


Field Testing 


For real RX testing | lashed-up the antenna on the balcony, mounted a little above railing height, and A/B 
compared it against the base-loaded vertical | use for QRSS transmission. This is *not* a very fair test, as the 
vertical is 3 metres tall, while the loop is less than half a metre in diameter and was mounted at the base of the 
vertical. Also, interaction between the antennas was “not controlled during the experiment, and experience has 
taught me this is critical for meaningful results. 


The loop is largely limited by its aperture (cross-section). Compared to my loaded vertical itis about 6 dB down, 
making it ineffective for its original design purpose (improving my QRSS RX noise floor). However, unlike the 
omnidirectional vertical it has well defined nulls which are useful for avoiding local interference. The nulls do 
help dodge some noise, but unless | make it larger or mount it higher the loop is simply not as good for QRSS. 
RX. 

For comparison purposes | have built a much larger passive tuned loop antenna. The square loop is root-2 
metres on a side in a diamond configuration (for mechanical simplicity) and is matched to the coax using a 
ferrite transformer placed near the polyvaricon that tunes the loop winding to resonance. It was not possible to 
fit the loop in the shack for Q-determination and hence the matching is at best an educated guess. Its Qis likely 
dominated by whatever the receiver input impedance reflects into the loop tank through the matching 
transformer. Experiments continue, comparing the three antennas for relative performance. More experience 
and additional test instrumentation is required before fair comparisons can be made. 


2 comments. 


Attachments 
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The Fredbox 2007-05-26 


| first heard about The G3XBM Fredbox transceiver via Solder Smoke. As soon as | saw it| just had to give ita go, Itis a very simple 
and elegant desigi. OF course it offers no bells or whistes, justa fixed TX and RX frequency, and a flea-power output on TX, but ithas 
2 special charm in its simplicity and the retro usage of AM on VHF. 


Transmitter 


| built the transmitter side first, BF199s were selected as a good candidate for the RF devices, but | lacked a crystal in the range 
specified in the original article. Instead, | used a common 16.384 MHz crystal and redesigned the circuit to be two triplers rather than 
two doublers. This crystal is a common "computer" crystal, but places the TX frequency in the high-end simplex segment. This is a bit 
too close to the pager-splattered end of the band for my liking, and doesn't match the band-plans. For now this is OK, Ill get a custom 
crystal cut eventually 

| didn’t use shielded cans or variable inductors forthe transmit coils (as specified by the article), rather | used fixed inductances wound 
on T37-6 toroid cores with bare 0.71 mm tinned copper wire. My LC resonance calculator and nH inductance meter were enormously 
helpful in making the selection and testing of the tripler and output stage resonators. Each stage was tuned with trimmer capacitors. 
twas amazingly easy to get the TX-side working, | just built each stage from the crystal to the final amp in turn, testing as | went. Each 
stage is well behaved and peaks nicaly 


Peter VK2TPM could hear the signal at his QTH several kilometres away when | connected the half-finished TX board into my flower 
otantenna. The DC input power was about 23 mW, and no special attempt was made to match the output into the load, in fact the 


Series trimmer in the matching network was absent at this point, just a fixed 12 pF capacitor was used for DC blocking, 


Upon finishing the TX circuit | did experience a bit of RF pick-up in the microphone amplifier 2nd stage. A 1 nF capacitor to ground 
discouraged its RF gain and eliminated the problem. The 2nd AF amp stage is located immediately adjacent the crystal oscillator stage 
and was picking up RF directly. The effect was not audible, but was visible on the spectrum analyser as weak 16.384 MHz sidebands 
either side of the carrier. This wasn't causing feedback, just high-frequency modulation of the signal. If nathing else it proved the 
bandwidth of the modulator, which is perhaps @ surprise considering the 100 nF decoupling on the modulated rail, however the output 
Impedance of the series madulatar emitter is so low it could deliver a few tens of mVs of HF ripple into that kind of load, 


Receiver 
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‘AS &asy as the Transmitier was, the Receiver was hard Itfought me every inch of the Way. Tspent an entire day trying to work out why 
it was simply not super regenerating from about 130-160 MHz. It turned aut to be a 10 nF decoupling capacitor on the cold-end of the 
detector resonator. The article specified 1 nF, and | originally intended to use this value, but | had a strip of 10 nF mono's on the bench, 
so | used them, At build time | did consider why 1 nF was specified in the first place, | figured it was avoid the exact problem that would 
befall my unit, decoupling resonance. (Lesson #1: Trust the original builder and your inital instinct.) When the unit wouldn't oscillate 
properly | assumed that i had damaged the capacitor on install - this is a pretty common fault, so I tested it in-place by ensuring it would 
shunt a HF signal (my standard decoupling cap test), it passed this test just fine. (Lesson #2; Test atthe frequency of operation.) 


‘My hubris about "modern components” being superior and likely "purely capacitive" at VHF turned out to be completely wrong. It took 
*hours* to work it out, but eventually I determined the entire decoupling network was resonant near the operating frequency. Much foul 
language later and | replaced the cap with a ceramic 1 nF, with its “flashing” broken off and scraped right back to the disc to minimise 
the lead length. This cured the problem, 

For the longest ime | had assumed it was the source call -and in fact the first source RFC. | used (a molded choke) was being operated 
above iis self-resonant frequency and prevented any oscillation at all. | replaced it with a few turns on a ferrite bead which seams just 
fine now, 


‘A couple of other minor annoyances/mistakes were worked through (like picking larger inductances and making the entire circult so 


sensitive to stray capacitance it was a nightmare to tune - DUH). 


Eventually the unit super-regenerated right through the region of interest and the LNA stage was constructed. Initially | put the LNA 
drain coil too clase to the detector coil and they over-coupled, This meant as | tuned through resonance on the LNA drain it would pull 
the detector so much it would shut dawn. Bugger! Moving the calls apart a litle reduced this effect to acceptable levels, but the core of 
one stil effects the other a tle. 'm happy with the current coupling, and itis actually useful to help tuning the LNA resonator. As you 
rock it through resonance it will pull the detector, and by observing the wiggle on the spectrum analyser you can tall you've got it tuned 
up. The AGC action of the detactor makes it hard to tune for maximum smoke otherwise, as the AF output doesn't change much at all 
even when the front-end isnt tuned up properly. Once you've got it nearly right you can use @ weak signal to tune for best signal to 


Right 
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Note the pagers above the 2 metre band in this spectrogram. The hump in the noise floor is the receiver super-regeneration side bands. 
The smaller peak in between is the output of the Fredbox transmitter, the leakage fram the unshielded prototype on my desk operating 
Into a 47 Ohm load, It is rather disturbing that the pager signals are ‘larger* than this local signal just a foot or twa from the spactrum 
analyser antenna, 


| used J310s for the receiver FETs, and a 2N3904 for the audio amp. Although the main design requirement for Roger appears to have 
been flea-power, | think a better AF amplifier that can drive madern low-impedance headphones would be preferable. Only Jaycar now 
carries crystal earphones with a nice soft silicone ear piece. The one | used comes from DSE and its hard-plastic- not very nice on the 
ear. | really hate these kind of earphones anyway, ll probably be rebuilding it fora low-Z output at some point, but it does work pretty 
well as-is. 


BTW: While | was in the "Special Hell" of decoupling resanance | took the RX down to the FM broadcast band, and up to the VHF-hi TV 
band. Itworks wonderfully in both, which isnt a surprise, Howevs source feedback (then a trimmer, now fixed) | 
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Haas Fagen OW the FM band. The topalogy is more Torgiving however, allowing grounding of the tuning cap: Talso bull Several diferent 
‘scllator topologies in desperation before | identified the decoupling fault, in one | got a Colpitts-ke oscillaor working with emitter 
coupled feedback to a tapped capacitor across the tank. This is something | should have thought about a “iong* time ago, Il probably 
build yet another FM broadcast regen using this topology for the detector, it seemed quite easy to control just by manipulation of the 
base voltage. 


Boxing It Up 


|'am stil tossing up between a cast Aluminium box, a custom box folded out of Aluminium sheet, or an Altoids tin. The circuit is small 
enough to just fit inside an Altoids tin butit prabably won't ft with a battery. Ill pick up a centre-off momentary-one-side switch aver the 
next week and finish off the radio one way or the other. 


Note the use of an old telephone receiver as the microphone. It is nearly as large as the entire TX board. Il have to find my electret 
mics, | know I have 2 bag of them somewhere that | got fram a Rockby sale. 

''m strongly considering rebuilding the radio, perhaps through-the-hole ta minimise its size. Although my prototype isn't tao large as-is, it 
‘would be nice to neaten it up, Maybe Ill buld it with fixed caps and variable inductors to save space tao, although shielded cans are 
about the same size, It “might” be possible to tune the multiplier stages with stretched coils and fixed caps, this would make it much 
‘more compact and save money toa if it ends up being kitted, 


More TX Power 


1am considering running the unit on 12 Volts to gat a bit more RF out, and perhaps building in a small amplifier to get it up to 1 Watt 
region. This would probably involve a rebuild of the TX side to use a 2N6427 or similar final device, and a more robust series modulator 
transistor. This won't be efficient, but is probably easier to get going than a linear amp which would need careful drive adjustment 

IM probably conduct some experiments around using a 2N7000 or VN10KM as the output device. The math suggests they may operate 
con 2 metres. I've already got them working on 6 metres in a briaf experiment last month (must dacument that. 


Comments 


Working with VHF is fun! | find ita great learning experience, especially when you get problems like the resonant decoupling cap, That 
kind of thing really pushes your understanding of the physics and teaches you a lol. 


| knaw a lot of HAMs won't touch anything above the bandwidth oftheir oscilloscopes. | can understand the frustration when something 
doesn't work, especially when you can't see why, but it really isnt that much worse at VHF. With just a diode probe you can achieve a 
lot. It does help enormously if you have VHF test equipment, for example | likely would have never noticed the HF modulation problem 
had | nat had a spectrum analyser (although the HF was visible on the collector of the modulator drive amp, and most of us have a 
CRO that can see fine near 16 MHz), 

A wavemeter can be helpful, if abit retro, especially for making sure your multipliers are tuned up right and for looking for spurs. You 
can Bulld one quite easily it only needs to be @ resonator with a detector and a LED or meter as a read-out. m a big fan of the biased 
1NS711 through the decoupled bottom of the tank call topology. For super-sensitivity you can use a MPSA18 as a DC amplifier. With a 
signal generator or dipper and a counter or scanner/receiver you can easily calibrate it It can be used like a poor-man's spectrum 
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My only adie 
parts of the 
the circuit would c 


0 trust tie physics, do the math and follow your instinct when nothing is making sense. Rebuild 
y. Measure what is actually happening and try to figure out what kind of misbehaviour in 
. That will often solve an otherwise intractable prt 


2 the observed of bi 


Update 2007-06-05 


took the Fredbox boards to the local Homebrew Group meeting. | had bath halves hooked up and talking across the room. Peter 
\VK2TPM had brought along a digital audio recorder and did an interview with many of us in attendance. You can hear what | said about 
The Fredbox on Soldersmoke 62, and even a brief snippet af audio going through The Fredbox. 


bout the 80 meter challenge, John VK2ASU talking about his transmitter modules for 

10 gate-modulatian with some input from Brian VK2TOX - something | was thinking 

XU has already produced a design doing just this). Mike VK2BMR also talks about his 
fe did of cutting the 


PCB stock that made up the extemal directional coupler box, essentially flawless, p 


Update 2007-06-09 

jeak-signal source for aligning the receiver. One of the biggest weakni 
ie significantly with Vec vanations. Powered by a 9 Volt battery near the end of 
receiver completely off-frequency despite its poor selectivity If build this circuit again I'l prot 
detector stage to avoid this problem. 


Is that it drifts in 
enough to make the 
ly put in stabilized supply for the 


We built a 
freque 


Right 
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Dawn of the 5G Era 


Fuelled by the unprecedented growth in the num- 
ber of connected devices and mobile data, and the 
ever-fast approaching limits of the 4G technologies 
to address this enormous data demand, indus- 
try efforts and investments to define, develop and 
deliver the systems and specifications for the fifth- 
Generation (5G) mobile system and services are 
well under way - signaling the dawn of the 5G Era. 


As shown in Figure 1, the number of connected In- 
temet of Things (loT) is estimated to reach 50 Billion 
by 2020 [1], while the mobile data traffic is expect- 
ed to grow to 24.3 Exabytes per month by 2019 [2] 


- - 
Things Connected 


Mobile Data Traffic 


Number of Devions 
Bytes/Month 


Zor 2019 
Year 


Figure 1 Growth in Mobile Tratfic and Connected Devices, 


‘Add to it, the impact of higher cell capacity and 
end-user data rate requirements due to emerging 
new services such as Ultra-High-Definition (UHD) 
multimedia streaming and extremely low latency 
requirements for cloud computing and storage/ 
retrieval, and it soon becomes evident that the 
current 4G systems, which are already stretched 
to near-breaking points (despite massive Wi-Fi of- 
fload), will be stretched too thin to deliver the quality 
of experience (QoE) necessary to support mobile 
experience that 5G is set to deliver. 


5G Era can be expected to revolutionize the way 
we communicate by supporting immersive applica- 
tions that demand exceptionally high-speed wire- 
less connections, a fully-realized loT, experience 
lower latency and promote both spectrum and en- 
ergy efficiency. To realize these benefits, 5G sys- 
tems will differ fundamentally from their predeces- 
sors fueling a series of groundbreaking innovations. 
Let's look at the services and the requirements that 
5G is expected to address. 


5G Service Vision 


5G services have the potential to revolutionize the 
mobile experience. Here's how: 


Internet of Things 


5G will make the “Internet of Things” a reality. With 
5G technology, a device will be able to maintain 
network connectivity regardless of time and loca- 
tion, and open the possibilty to connect all the con- 
nected devices without human intervention, For 
this, the basic fabric of the 5G system design is ex- 
pected to provide support for up to a million simulta- 
neous connections per square kilometer, enabling 
a variety of machine-to-machine services including 
wireless metering, mobile payments, smart grid and 
critical infrastructure monitoring, connected home, 
smart transportation, and telemedicine. Intelligent 
devices will communicate with each other autono- 
mously in the background and share information 
freely. This ubiquitous connectivity - a basic tenet of 
the 5G services, will truly enable loT services which 
in tum is expected to profoundly change human 
lives by connecting virtually everything 


~ Smart Home 


Dishwashers will fix themselves using information 
from peers of the same model while home appli- 
ances at home and in the neighboring homes may 
cooperate to extinguish a fire. A smart refrigerator, 
recommending a recipe of cuisine to be cooked 
with ingredients that are already in your refrigerator, 
is yet another plausible scenario. 


— Fitness & Healthcare 


Connected Health and Fitness related wearable de- 
vices such as The Samsung Gear™ Fit will record 
your athletic performance while you exercise and 
recommend the type of exercise, its duration and 
frequency per day. These connected healthcare 
devices will also send vital signs such as brain- 
wave, blood pressure and heartbeat to an expert 
system in the hospital in real-time to prevent medi- 
cal emergencies before they occur. Such time criti- 
cal applications put unprecedented requirements 
on latency, 


— Smart Store 


In large shopping malls, while many people walk 
around window shopping, vicinity to products is 
continuously tracked, usually by a server some- 
where in the cloud, Customized alerts for low priced 
product can be sent to the user's device as the user 
is detected in the vicinity of that low-priced product, 
or information of other lower prices in the nearby 
stores can be sent to the device as the customer 
spends more time in the vicinity of a certain product 
class. 
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The signal source is a Pierce oscillator driving a tuned circult which selects the VHF harmonic of interest. Because of the oscillator 
topology the crystal isnt pulled down as much as in the Fredbox circuit. The difference is farty minor for my purposes, the poor 
selactivily of the receiver makes the difference in frequency of no real consequence, There Is no active (or passive) mulipier, co the 
tuned circuit is merely extracting the harmonic energy from the oscillator. The harmonic energy avalable is very small, which is perfect 
for the application, giving an almost undetectable signal 1 metre away. 


Update 2007-06-10 


Wve boxed up the Fredbox. As discussed earlier | went with the Altoids tin, despite this not allowing the battery to also fit inside the 
enclosure, | tossed up soldering an additional tin to the back to hold the batteries, but for now I've gane with the 9-volt battery snap just 
hanging out. It will work well with 6xAA battery holders which can just be held to the box with a rubber band, 
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For the RF connect 
The Antenna is a halt larler-wave resonant (with some pruning). The former is a piece of 
duct Idered into the RCA plug centre 
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(ald fine my Stash of electret microphones, so ended Up just soldering the telephone receiver into the top of the AlloiGs tin: Ugly as 
hell, but also kinda unique. It looks somewhat ike those Vielnam-war era VHF-low walkie-talkies, 


| couldn't find a mamentary-one-side toggle switch, so a centre-off an-both-sides switch was used instead. A special dummy loadidiode 
peak-voltage probe was assembled for the final alignment, The carrier power ended up being near 25 mW on 12 Volts, on @ Volts 10 
mW just like Roger says in the article, 


Update 2007-06-11 


The 2N7000 on 2 metres experiment was a failure, it simply doesn't praduce useful power beyond 90 MHz or so. However, itis very 
usable below 70 MHz. My input network was far from optimal, so perhaps with some more work it would be possible to get it working 
higher up, and | haven't tried an VN1OKM in the same circu. 


lve also been fiddling around with grounded-base class-C multipliers. (Not just decoupled, biased base, the base actually soldered 
directly to the ground plane.) At first this seems a litle weird, but i you pull the emitter low with alink-coupling to the previous stage 
collector current will low. The advantage is excellent reverse isolation, which might help with stabilty with lass than ideal layouts and 
devices. Such a topology was apparently quite common years ago with the 2N918. 
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AD8307 RF Power Meter 2010-02-01 


At the latest ARNSW Homebrew Group meeting I had the opportunity to finally calibrate my AD8307-based RF 
power measurement head. 


Mark VK2XOF brought along his power and frequency reference equipment and gave me a bunch of calibration 
points. 
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808307 RF Power eter Calibration 
6.5 ; 


Output Voltage (Vv) 


-60 -50 ~40 30 -20 10 ° 10 20 
Signal Level (Bn) 

Data points above 13 dBm were given using the generator out of levelling-loop calibration so the slight 
‘compression approaching 20 dBm is to be expected. The levelling off below -40 dBm however is not. | know the 
noise floor of the meter (dummy-load terminated) is about 500 mV DC output, -40 dBm is about 2.65 V out, 
suggesting wideband noise from the generator was swamping the lower level spot calibration signals. 
Regardless in between the data is very consistent and lets me compute a "slope + intercept" calibration relying 
on the excellent linearity of the AD8307. The 0 dBm intercept is 5.09 Volts and the slope is 16.469 dB per Volt 
(60.7 mV per dB), Based on the 500 mV noise floor this equates to about -75.6 dBm, or about 80 dB dynamic 
range - as expected for an AD8307-based unit. 
Frequency response wise, my use of leaded resistors means it maintains its accuracy to about 250 MHz, which 
is sufficient for my immediate purposes. The circuit design itself is the W7ZOl design from EMRFD, page 7.7, 
figure 7.13. 
3 comments. 
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Antenna Experiments are Great Teaching 2008-08-20 
Aids 
With the QRSS beacon now working pretty well it is down to getting the antenna system in better order. My 


limited space gives me little chance of a full-size dipole or vertical, so loaded compact antennas have been the 
mainstay of my station 
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ae 


The Loaded Dipole 


The 30 meter compact dipole is only about § metres long. It is currently erected sloping from the guttering to the 
balcony railing. Each arm has a 2 metre radiator then a ~27 UH loading coil wound on a piece of PVC pipe 
using 1.8 mm magnet wire, followed by a roughly 1/2 metre capacitive loading element which is rolled up at the 
ends to roughly tune the antenna. Fine tuning is achieved using the matching unit at the feed point. 


2000 - 2009 Alan Yates - All Rights Reserved. 
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The Matching Unit 


The matching unit is a conventional Z-match topology. 


30 Metre Z-match AMU 


6-210 pF 
Coax In 
i |E ee Posts Out 
6-210 pF 
16 Turns = 6 Turns 


Tap 11 Turns 7120-6 Core 


The coil is 16 turns on a T120-6 core. The load winding is 6 turns over the main resonated winding. The coax 
centre feeds into the resonated winding via a 6-210 pF polyvaricon (both gangs together in parallel) at a tap 5 
turns down from the "hot" side. The cold side is returned to the coax braid. Another polyvaricon is used to 
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Achieving a match is an iterative p 
in idge off the 
s pretty go 
thas been m 


but quickly finds 


is matched simply with a 
8 UH loading inductor. The 


lyvaricon (120 pF gang only) va 
is wound on a piece of 


ing its e' 
OD PVC conduit 
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‘Once the capacitance of the whip was tuned out it appeared as almost exactly 50 ohms resistive. This took me 
by surprise, | expected a much lower value. At the time I blamed excessive ground losses, but even then that 
didn't completely make sense as on 80 metres the loss wasn't anywhere near that bad and the increase in 
radiation resistance with the higher frequency couldn't explain the high feed point impedance either. It worked 
so | choose to ignore the odd result... Big mistake, science 101; when your results and model disagree check 
both! 


Antenna Interaction 

While initial QRSS transmitting experiments were carried out on the dipole (the vertical matching not yet 
attempted), all the recent transmissions have used the vertical. The signal seems better in practice, but | was, 
curious how much the two antennas interacted, especially after the odd feed point impedance measurements of 
the vertical. When | switched over to using the vertical | simply disconnected the feed line to the dipole and 
plugged it into the vertical in close proximity. With the Z-match stil tuned-up at the feed point all seemed fine, 
but I got a very good lesson in electromagnetics when | checked the current distribution using a fluorescent 
lighting tube! 
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Such a system can be tailored to deliver a highly 
customized experience thereby greatly enhancing 
a user's shopping experience. To support such a 
scenario, massive connectivity and low latency 
technologies are inevitable. 


~ Smart Office 
In smart office environments, office appliances are 
connected with one another and will share informa- 
tion. Nearby computers and input/output devices 
can recognize a user and change the settings us- 
ing the user's preferences stored in the loT cloud, 
Printers will print out the relevant documents when 
the user passes by the printer. Almost all the office 
appliances will connect wirelessly, while exchang- 
ing massive data through wireless medium without 
noticeable delay, Alerts on the upcoming meetings, 
materials and documents relevant to that meeting 
will instantaneously become available to the user's 
device, while documents and tasks that are moai- 
fied will be automatically updated. 


— Connected Car 


Many af us use navigation services via in-car navi- 
gation systems or our smart phones to find the most 
efficient route to our destination. Vehicle diagnostic 
services are becoming attractive to obtain the in- 
formation such as battery level, fuel level or engine 
status on our smartphones. The ‘eCall’ system that 
automatically calls emergency services in case of 


an emergency exemplifies such a service. By 2020 
and beyond, more attractive services that wirelessly 
connect ‘cars’ around us with ‘things’ will emerge 
and make people in the vehicles very comfortable, 
and provide an enjoyable driving experience. For 
safer driving, sensor and camera data in a vehi- 
cle as well as supplementary information from the 
neighboring vehicles will be collected using mobile 
networks so that a potential emergency situation 
can be reliably informed to a driver in real-time and 
timely steps can be taken to avoid an actual erner- 
gency situation. This operation will eventually be ap- 
plied to self-driving cars, which can be viewed as an 
important type of ‘things’ 


Immersive Multimedia Experience 


In 2 5G environment, users will experience life-like 
multimedia streams anytime and anywhere. Users 
will feel as if they are part of the scene when they 
watch videos on their smart devices. To provide 
such an immersive experience, many obstacles 
will need to be overcome. Agilty to instantaneously 
respond to the user's thought and behavior will be 
necessary. An upcoming service that is expected 
to provide life-like experience in 5G system is UHD 
video streaming with its greatly enhanced resolution 
and clarity. Currently, UHD services over terrestrial 
broadcast are already being standardized in some 
countries. In addition, some smart phones in the 
market are now equipped with a camera module 
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Field Around Dipole Loading Coil 
(6.918 Mbytes) 
With the vertical energised with only 1.5 Watts from the beacon TX | could easily light the tube in proximity to 
both dipole antenna loading coils. Clearly the antenna was parasitically absorbing a lot of the near-field of the 
vertical, no doubt re-radiating it and distorting the pattern of the vertical. 


yA 


ield Around the Other Loading Coil 
(3.862 Mbytes) 

Experiments have just begun into the nature of the interaction, but detuning the Z-match or disconnecting it 
reduced the antenna current to negligible levels. Unfortunately this causes the feed point resistance of the 
vertical at resonance to drop enormously and offer a very poor match to the feed line. Remote signal levels, 
seen in Grabbers are inconclusive, signals seemed to improve immediately after the change, but have since 
dropped off and now appear much worse! Only careful experiments with switching the resonance on and off 
could really tell for sure if the pattern produced by the interacting antennas is "better" for some destinations or 
not. Experiments such as this are complicated to implement because of the interaction itself and how much it 
changes the feed point impedance of both antennas. For an “apples to apples" comparison the antenna 
configuration in use must match the TX property, accept all its power and not change the power the TX can 
generate (i.e, offer the same load). 


Another complication was noted, the change in return loss of the vertical caused the beacon TX internal 
temperature to change, resulting in a visible drift of the beacon frequency by several Hz. A similar effect was 
noted when a freak sleet storm detuned the antenna enormously by covering it in icy slush. This is a form of 
drift | didn't predict after having gone to quite a length to minimise direct load pulling. I did have second thoughts 
during assembly about putting the amplifier inside the same box because of its heat generation, | had hoped it 
would just help keep the beacon above room temperature - which in fact it does quite welll - but variations in 
dissipation with load condition is now something else to consider. Nature is often a very inconsiderate teacher, 
but a completely consistent one at least. No doubt people in the space program and other mission critical 
engineering applications have similar battles with what is totally obvious “after* it happens. 


Fixing the Vertical 


With the dipole no longer significantly interacting with the vertical | measured the input resistance of the vertical 
+ loading coil at resonance as almost exactly 16 Ohms. An L-network was designed to match this to the 50 
Ohm transmission line. The series inductance of the L network is small enough (370 nH) to absorb into the 
existing 7.8 uH loading inductance, leaving just the 458 pF shunt capacitance to be added. A 470 pF silver mica 
transmitting cap was soldered across the feed point allowing an excellent return loss from 50 Ohms to be 
achieved 

The feed point resistance once resonated on 80 metres was 22 ohms (must recheck this value my technique 
and instrumentation has improved since then). With a 500 milliohm radiation resistance on 80 metres this puts 
the antenna efficiency at about 2.3 % or about 16 dB down on a lossless 1/4 wave vertical. A similar calculation 
for 30 metres where the radiation resistance is about 4 ohms gives 25% efficiency or 6 dB down. 6 dB is one S- 
point - the loss is fairly trivial on 30 and not a massive deal on 80 either despite what might be called woeful 
efficiency, 

How valid is this loss figure? If we take the 16 - 4 = 12 Ohm loss resistance for 30 metres and assume half of it 


is from the inductor finite Q then the Q figure that would give 6 Ohms loss is only 83 (XL ~= +500). One hopes 
the inductor Q is better than this... Lets assume the inductor Q is at least 150 which seems reasonable, this is a 
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{ground Ios Seem reasonable? The balcony railing Is Stainless Steel which means it has a higher resistivity 
than Copper, but also a deeper skin depth as a result. Physically it isn't large enough to be a "good" ground- 
plane, so 10 Ohms does sound fairly reasonable IMO. 


For 80 metres where the XL is 1.4 kilo-ohms we have about 10 ohms more apparent loss. An inductor Q of 
about 117 gives 12 ohms of loss to add to the 10 ohms of estimated ground loss (likely not the same on 80). 
The geometry and construction of the 80 metre loading inductor could easily see its Q in this region. 
Measurement of the actual inductor Qs at the frequency of operation would be instructive to get a better 
estimate of ground loss, but it is obvious that the antenna efficiency is likely dominated by the ground losses on 
30 metres and even the best efforts to improve loading coil Q on 80 won't improve the overall system efficiency 
all that much. 


Other Notes 


Because these are narrow-band devices and matching techniques, the return-loss seen on your instruments will 
rapidly tell you if you have a harmonic energy problem. A good return loss peak (or null if you prefer) will be 
almost impossible to achieve unless the transmitter is fairly spectrally pure. 


My fluorescent tube ionises more easily than an NE-2 bulb - this was surprising. However its ionisation 
hysteresis seems larger. This is probably predictable as itis filled with an Argon/Mercury mixture rather than 
Neon and the pressure is likely quite different, but an interesting observation none the less, 


lonisation Threshold Effect 
(5.958 Mbytes) 
The imperance of the 3 metre vertical is much lower on 30 metres than on 80, hence the Q is smaller and 
tuning up is easier and less touchy. Also the RF voltage produced at the same power level is smaller so 
Polyvaricons are quite suitable in the matching network. This also means my usual method of using an NE-2 
bulb hanging off the mast clamp to tune for maximum output doesn't work. :( One of the big advantages of QRP 
is that you don't need insanely good components to withstand the voltages and currents associated with QRO 
operation, and you can't really bum yourself even from high-Z points. 


Antennas aren't magic. | know that is stating the obvious, but like most Hams | think | am a little in awe of how a 
piece of metal the right size and shape can transduce electromagnetic energy with space. The laws of physics 
still apply and even your basic AC circuit theory is usable in the antenna domain. Radiation can make it seem 
like itis different, but if you model radiation much the same as loss (an extra resistance) it all works and makes 
sense. Antennas can be extremely confusing at times, and it is all too easy to omit the major radiator from your 
modell If experience has taught me anything about antennas (or RF in general) itis that you have to measure 
everything you can, confirm your assumptions and test your model. The more | work with antennas the more | 
am driven to build test equipment, especially impedance bridges, RF ammeters and (calibrated) field strength 
meters. To me this is what Ham Radio is all about, a technical hobby of life-long learning about the 
electromagnetic force of nature. 


Leave a comment on this article. 
Attachments 

title type size 
‘Z-Match Circuit Source | application/postscript | 10.743 kbytes 
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End-Fed Half-Wave Antenna & Tuner 2007-03-11 


For the on-going 2007 ARNSW Homebrew Group Challenge work | needed a simple 80 metre antenna. As a home-unit resident the 
size of a full haltwave Is pretly impractical, but | decided to try itso | had a base-line to compare future shortened verticals to. 


While centre-fed would be the simplest to get going and probably the easiest to install in a semipermanent manner, | went with end 
feeding. | would like to have the option of using the antenna portable, where a transmission line is just something else to carry and end: 
feeding is probably the easiest to set-up. 

| read everything | could on the subject, the ARRL antenna book is good, but | found S: 


Yates AASTB's website especially useful 
Sieve explains the physics of the counterpoise well, and gave me confidence that it would indeed work as Thad planned without stray- 
RF problems. 


The Tuner 


‘A matching box was constructed, containing both a matching circuit and a resistive 50 Ohm VSWR bridge that borrows heavily from 
Dan Tayloe N7VE (et al). The matching inductor value was picked to resonate the available variable capacitor gang just below 80 
metres at maximum capacitance. The Hi-Z side floats to make it more versatile, a simple clip lead can be used to ratum the 
ccounterpoise side to the coax braid, if so desired, 


The final device tunes a resistive load of 3-7 kilo-Ohms from 3.2 MHz to 12.6 MHz. 40 metres is covered (and 30 metres too, but | lack 

transceiver for it currently), itis unfortunate that 20 matres could not be cavered as well, without switching out some of the windings, 
\WOCH switches his inductor taps, but this also changes the impedance match too much for my taste (Note that you can compensate 
Somewhat for a few kOhms of resistive mismatch and an undetermined amount of reactive mismatch withthe tuning). His circuit is 
otherwise very similar to mine (and just about everyone else's who has an intemal bridge), 


The unit was built in @ small plastic box, and it was quite @ squeeze to fit the tuner and the bridge inside, The resulting unit is very small 
and should work fine in portable operations, The tuner can be seen running about 1 Watt CW from the challenge transmitter into a 4k7 
dummy load and a neon bulb which is geting stinking hot! 
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snoro18 
This gross abuse of a Neon bulb shows the voltage step-up of the tuner and proves it can feed a high impedance load fairy efficiently. 
The Antenna 
The radiator itself is simply a half-wave lang piece of wire. | used an unzipped length of “zip cord”, a full free-space half wave length 
ut this is easily tuned out. Managing the wire while it was measured and 


(about 41.6 metres) which makes the antenna a bit reactive 
Unzipped was actually one of the more challenging parts of the projet 
minutes or so. Black plastic egg insulator N stand at Vi 
floating to allow various gear 

2 feed point 


but with the help of the XYL and the parents it took only 20 
hiyong were strung on the wire, two fixed at each end and two 
might be used as 


each free and of the wire, so eit 
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Testing 


some tral found possible to Just fit the antenna's enormous Jength on my property. The centre was strung up 
‘and the ends sloped dawn to th 9 park railing 
y's fence. T ad from, sa | took som 


and a fold 


down to the elf 
The antenna work than any Ive u 
ling around the car park as a counterps 

interpoise connector to thi 
tres, The ARNSW 


configuration may have something to do with this. | used 
just the its coax as a counterpoise too, by 

tip lead. It was very easy to tune in either way, an b 

/R-800, were normally is is barely $1 on my north-south 


th 8 


tal 40 me ans uld hear lats of DX and local QSOs, and | li to the WIA 
using my forthe first time at a good signal k down the mosquitoes got too bad to 
longer, indoors 


0 take down the antenna, itis simply 100 big to lea 
park end is also a bit of pedestrian hazard, so this an 
‘complate success, and | a 


ol for with a shortened 
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The original antenna was designed as a moderately short antenna for the 10 meter band. 


1 originally wanted an antenna that would not hit everything overhead while driving, since it was to be installed 
ona van, I came up with an antenna that extended only 1,65 meters or about 5 feet 4 inches above the top of the 
vehicle. It had a calculated efficiency of 42% when compared to a half-wave dipole. It was my hope to be able to 
install a series of different loading coils to be able to operate on the other HF bands. However, calculations 
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indicated that the antennas was simply too short to Work Well as the frequency was lowered. Something better 
was needed. 


The Evolution of the Antenna Design 


My first thought was to increase the length of the antenna below the loading coil. My reasoning was that since 
that portion of the antenna carries the highest RF current, then adding more length there would increase the 
radiation efficiency of the antenna more than would adding the same length to the antenna above the coil. 
Unfortunately, since the antenna is mounted on top of a van which is a rather high vehicle, that would place the 
coil at a dangerous height with regard to tree branches and the like. Since the loading coils were going to be 
rather heavy due to their sturdy construction, placing a heavy coil high up on a flexible support did not seem like 
a good idea. I decided to investigate what increasing the length of the upper portion of the antenna would do to 
the radiation efficiency. 


It quickly became apparent that very good results could be obtained by increasing the top whip length. As it 
turned out, this was due to two factors. First, the antenna was center loaded, and second, increasing the top whip 
length greatly reduced the coil losses due to the smaller number of turns required. This also meant that I could 
use larger wire for the coils, which further reduced the losses. It was almost like getting something for nothing! 


Since I had once a standard CB-length whip plus the magnetic mount and base spring installed on the van, I 
knew that a total height of 3 meters was workable, even though it did hit quite a number of overhead 
obstructions. I ran calculations to determine how it would work. The results were very encouraging, and 1 
promptly set out to build the antenna, I still had the CB whip, and figured that I could simply cut the top end off 
of it to get the total length of 3 meters for the completed antenna. 


While laying out all the parts on the ground to see how they would fit together, I looked at the CB whip and 
realized that I would only have to cut off about 17 inches. That seemed like a waste, and I really hated to cut that 
small amount off of a perfectly good antenna. 


Just for fun, I decided to repeat the calculations to see what would happen to the gain if I left the extra 17 inches 
on the antenna, I was surprised to find that the antenna efficiency increased between 19 and 31 percent, 
depending on frequency. The trade off, of course, was that I knew the antenna was going to hit a lot more objects 
overhead than if I trimmed the 17 inches off of it. As a test, I assembled the antenna full length and drove around 
with it for a few weeks to determined how much of a problem it would be. I decided that I could live with it, as a 
necessary price for the increased signal strength. 


This table shows the results of the calculations. Notice the large jump in gain between the original short antenna 
and the 3 meter antenna. Longer IS better! <G> 


Computed Radiation Efficiency of Center Loaded Mobile Antenna vs. 
1/2 wave Dipole Antenna 


TEST 
a OUEN 
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Construction Details 


Twas able to make use of the basic antenna design and most of the parts when constructed the final antenna. I'll 
show you in the following pictures how I did it. This is a very easy antenna to build, and you can do it with some 
simple tools and parts from the local home improvement or hardware store. 


When I made the 10 meter coil for the first 1.65 meter long antenna, I used 1/4" OD copper tube for the coil. 1 
inserted the ends of the coil into a short length of 3/8" OD copper tube and then flattened the ends of the tu 
then drilled a 1/4" diameter hole through the flattened ends so they could be attached to the antenna posts. This 


2n2018 A High Eiciency Extended Length Mobile Antenna 
Coil should have had one tore furh on it. That way, the fuirhs Would have been spaced a bit further apart, This 
would have lessened the coil losses somewhat. However, the calculated loss in power was not enough to worry 
about, so I never bothered to make a new coil for the antenna. 


See that length of clear plastic between the ends of the coil? When using a self-supporting coil like this one, you 
MUST use an insulating brace like the plastic strip shown here or the white insulator between the two antenna 
sections will fracture when you hit a big tree branch with the antenna! 


_— \ 


This is a close-up picture of one of the ends of the loading coil. 


You can see the coil tube inside the larger flattened copper tube. The larger tube added structural strength to the 
ends of the coil and provided a larger area for drilling the mounting bolt holes through the coil ends. 
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that can record video with 4K UHD quality. It is 
expected that UHD services are likely to go main- 
stream by 2020 raising an acute need for perfor- 
mance enhancement of cellular systems to support 
such services. 


Other examples of “immersive” services that will 
fundamentally revolutionize entertainment, health, 
education, and other industry sectors are Virtual 
Reality (VR) and Augmented Reality (AR) 


VR provides a world where physical presence is 
simulated by computer graphics, and the user can 
actively interact with the simulated elements, as in 
immersive sports broadcasting for instance (See 
Figure 3). Other interesting VR service scenarios 
are interactive 360° movies, online games, remote 
education, and virtual orchestra. Samsung's recent- 
ly launched VR headset called (called Gear VR), 
virtual reality video service platform (called Milk VR) 
and ‘Project Beyond,' (a 360° 3D camera with 17 
Full HD (FHD) camera modules, optimal for gener- 
ating contents for Milk VR) indicate the humble be- 
ginnings of the truly immersive experience that is to 
come in the 5G Era, 


Figure 3/_ Watching Sport Events with VR 


In an AR service scenario, computer-aided real- 
time information based on user context is graphi- 
cally augmented to the display, delivering added 
value for the user. In the future the service desk at- 
tendant no longer needs to memorize the tiresome 
details of the products. Instead, AR services will 
help to inform the price, popularity, and details of 
a given product. Figure 4 illustrates another ser- 
vice scenario - AR navigation on windshield, where 
navigation information and ather helpful notifica- 
tions (refuel reminder and nearby shop location) 
are displayed on the windshield of a car, so that the 
user can continue to focus on driving while getting 
subtle context-aware notifications about potential 
services at the same time. 


Samsung is actively involved in the development 
of 5G technologies to support these immersive VR 
and AR services, which will entertain users and pro- 
vide a truly life-like experience on the move. 


Figure 4 Driving a Car with AR Navigation 


Everything on the Cloud 


5G will provide users with a desktop-lke experi- 
ence based on cloud computing. With everything 
siored and processed on the cloud and immediate- 
ly accessed with low latency, only simple input and 
output interfaces on mobile devices are needed, 
making them lighter, thinner, fancier, and more eco- 
friendly. 


As an example, when you go shopping, the smart 
device can notify you about the arrival of new dress- 
es that you might like, ar let you know how well a 
dress in the newly incoming inventory matches with 
your liking based on your purchase history. This no- 
tification can be triggered, for instance, as you step 
into a shop, or take a picture of the dress, while the 
necessary computation to come up with the dress 
recommendation through crowd sourcing is done 
on acloud server that is potentially hatf a world away. 


Intuitive Remote Access 


Users will be able to contral remote machines and 
appliances as if they are right before them, even 
from thousands of miles away. Thanks to the reli 
able connections and near-zero latency of 5G, us- 
ers will be able to control heavy industrial machines 
remotely, or access hazardous site remotely. It will 
also help mankind in exploring areas on the earth 
that are as yet unexplored, such as the Polar Re- 
gions or parts of the ocean floor. 


5G Requirements 


In order to realize such a demanding and unprec- 
edented service vision, Samsung proposes the 5G 
rainbow requirements consisting of 7 Key Perfor- 
mance Indices (KPIs) as shown in Figure 5 


5G systems will be required to deliver an order of 
magnitude cell capacities and per-user data rate 
compared to its predecessors, Specially, 5G sys- 
tems are expected to support data rates of 10-50 
Gops for low-mobilty users. As a baseline, 5G sys- 
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A big antenna needs a serious mag-mount! 


I purchased this magnetic mount for my mobile antenna years ago over the Internet - I don't remember where I 
got it - but it holds to the roof like a barnacle on a ships’ hull. You can fold the antenna over until it touches the 
roof of the van and the mag-mount stays put. It requires two hands and a short pry-bar to get it loose. 


See all that rust on the horizontal bar? That's from a cheap steel quick disconnect I used for several years. It 
finally rusted to then point that it made intermittent contact and I decided to get rid of it. So far, I have not found 
anything strong enough to replace it. 1 have broken two fairly heavy brass quick disconnects so far. So, for now, 
I just either tie the antenna down to the roof of the van or unscrew it when I have to go into a low garage. 
Needless to say, I strongly favor outside parking spaces! 
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This picture was taken before | installed the quick disconnect. It shows the lower end of the bottom section of 
the antenna, The antenna mast sections are constructed from hard wall copper pipe, 1/2" in diameter. A brass 
plug with a 3/8" x 24 threaded hole was pressed into the end of the copper pipe and hard-soldered into place. To 
hold the plug in place during the soldering process, I rolled several grooves around the outside of the copper 
pipe as seen here. I was careful not to roll them too deeply and weaken the pipe. 
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‘A small "weep hole" is drilled through the pipe wall just above the upper end of the brass plug that was soldered 
into the pipe. The hole allows water to drain out of the antenna and not sit inside and corrode the mounting bolt. 


Water WILL get into the antenna - you can't prevent it - so you might as well make provisions to allow the water 
to drain out. 


To hold the antenna to the base spring, I used a length of threaded steel rod cut from a stainless steel bolt. After 
making sure that the threaded rod was the the correct length and that everything fit properly, I removed the 
‘mounting bolt from the base of the antenna and the base spring and used thread locking compound (OK, I used 
Super Glue, if you must know) to retain the bolt in the base of the antenna. That way I would not misplace the 
bolt when I had to remove the antenna from the base spring. 
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The Center Insulator and Coil Mounts. 


The lower section of the antenna is a 1/2" diameter copper pipe about 60 cm (24 inches) long that extends 
upward to the lower coil support, 


The support itself is made from a 1/2" sweat "T" fitting, a 2" length of 1/2" copper pipe and a 1/2" sweat cap. 
The bolts holding the coil in place are 1/4" diameter x 1-1/2" long stainless steel bolts. A 1/4" hole is drilled 
through the center of each pipe cap before soldering it in place, and the bolts are temporarily held in place by 
gently tightening the nut visible in this picture. 

The plastic center insulator is a 1/2" female-female threaded PVC coupler. 

Each end of the antenna sections that thread into this coupler has copper adapters that go from 1/2" OD copper 


pipe to 1/2" iron pipe. These fittings have a male thread on them so they will screw into the plastic coupler 
which then becomes the antenna center insulator, 


Using plumbers hard solder (not rosin core radio solder) and the proper cleaning flux, the copper components 
are soldered together. 


Next, the interior of the copper sections is thoroughly washed with clean water to remove any soldering flux 
residue and then placed in the sun or some other warm place to dry. 


When everything is dry, the nuts on the coil mounting bolts are firmly tightened, and the sections may be 
screwed into the center insulator. 
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The coil support posts shown with the 10 - 12 - 15 meter shunt strap in place. 


Note that with this shunt strap in place, the plastic strengthening strip is not needed. This is because the shunt 
strap is made from a length of heavy silver-plated copper stock. 


The top support for the loading coil is fabricated in the same manner as the bottom support. 


To hold the top whip, a 2" long length of 1/2" OD copper pipe is soldered into the "T" fitting. Another female 
threaded brass plug is inserted into the top end of the 2" long pipe section and soldered in place. 


Hey! What's that extra set of pipe fittings doing, and why are they there? (Keep reading for the answer!) 
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A (very) close up photo of those extra pipe fittings. 


T always had a problem getting the antenna loading coil lined up "just so” on the mount. When you screw the 
antenna into the mount, you never know where the loading coil will be pointing when the mounting screw is 
tight. With coaxial mounted loading coils, this is not a problem, but this antenna has the loading coil mounted 
off-center from the mast. Provision needs to be made to adjust the coil position. How come? 


Well, the loading coil must always "trail" the antenna mast; that is, the coil must be directly behind the antenna 
mast when the vehicle is moving, The reason is rather obvious - after you hit the first big low-hanging tree 
branch! If the coil happens to be in front of the antenna mast, the coil may become snagged on the tree branch 
and instantly becomes part of the local roadside litter. When the coil is mounted behind the mast, the mast 
simply slides harmlessly beneath the tree branch, the coil does not get hit, and all is well. 


In order to accomplish this alignment without resorting to the use of shim stock, various thicknesses of washers, 
and all sorts of other chicanery, I decided I had to have a way to be able to rotate the coil around the mast in 
some way. Since everything was soldered together, I came up with the idea of using a pair of threaded mating 
fittings that I could simply twist to get the alignment exactly correct. I drilled and threaded a pair of holes 
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through the outside (female) fitting so I could use a pair of stainless steel screws to lock the fittings in place after 
afier the adjustment was complete. 


‘The 40 Meter loading coil in place on the antenna, 


‘tp siwSjgy.comimabile_antennal 17124 


2n2018 A High Eiciency Extended Length Mobile Antenna 
Notice the stainless steel nut at the bottom of the coil, This nit, and another one at the top of the coil holds the 
coil on the antenna, Changing coils is easy. Simply remove the nuts at the top and bottom of the coil, swap coils, 
and replace the nuts. Tighten firmly - but not excessively ~ and the PVC plastic acts as a lock nut to keep the coil 
in place. Still, it's a good idea to carry a few spare nuts in the vehicle in case you drop one while changing coils. 


The complete Coil Set for the antenna. 


From left to right - 


Top Row: coil form made from 2" OD schedule 40 PVC pipe; old self-supporting 10-meter coil made from 1/4" 
copper tubing; plastic support spacer, used with self-supporting coils; copper shunt ring, used to tune loading 
coils. 


Bottom Row: loading coils for 160-meters, 75-meters, 40-meters, 20-meters, and 17-meters. 


The 160 and 75-meter coils are wound using #14 AWG Nylon insulated wire; all the rest of the coils are wound 
with #10 AWG THHN insulated wire. Note that no terminals are used on the coils - the wire ends are simply 
wrapped around the mounting bolts. When the coil is attached to the antenna, the wire loops are pressed against 
the copper coil mounts to make the electrical connection by the coil form when you tighten the 1/4" nuts from. 
the inside of the coil form. 
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Figure 5 5G Rainbow Requirements 


tems will provide gigabit-rate data services regard- 
less of a user's location as shown in Figure 6 and 
Figure 7. To provide this uniform QoE, 5G network 
deployments are expected to be much denser 
compared to 4G networks, so making cost-effective 
deployment is a very important requisite. 
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oe 5G 
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Figure 6 Edgeless RAN - 1 Gbps Anywhere 
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Figure 7 Data Rate Comparison of 5G with 3G and 4G 


To fundamentally support the cloud storage/com- 
puting infrastructure of the future, 5G networks will 
deliver an end-o-end latency of less than § mili- 
seconds and over-the-air latency of less than one 
millisecond (see Figure 8) - which is one-tenth 
compared to the latency of a 4G network. Critical 
infrastructure monitoring, for example, currently re- 
quires service levels achievable only on dedicated 


Wireline networks while 5G technologies offer the 
promise of making these service levels achiev- 
able over wireless networks. Likewise, low-latency 
networks will allow pre-crash sensing, enabling ve- 
hicles to sense imminent collisions and exchange 
relevant data that could salvage the situation and/or 
mitigate adverse impact of the collision. Other chal- 
lenging low-latency services that could be enabled 
by 5G could include self-driving cars, public safety 
communications systems, augmented reality, and 
“tactile internet” (3) 


E2E Latency <5 ms 


EE Latency 
Air Latency <1 ms 


A Tenth of Air Latency 


‘ir Latency’ 


Figure 8 Ultra Low Latency of 5G 


With spectral efficiency requirements set to 10 bps/ 
Hz levels (in contrast to the 1-3 bps/Hz on 4G net- 
works), 5G is also expected to deliver an efficient 
use of the spectrum by using MIMO, advanced cad- 
ing and modulation schemes and new waveform 
design (more on this in the enabling technology 
section) 


To address the ever-widening revenue gap that the 
operators and service providers are experiencing, 
5G systems are targeted to be 50 times more effi- 
cient than 4G by delivering reduced cost and ener- 
ay usage per bit. This sequentially requires low-cost 
network equipment, lower deployment costs, and 
enhanced power saving functionality on the network 
and user equipment sides. 


5G technolagies will be required to cope efficiently 
with all degrees of mobility by providing “mobility 
‘on demand’ based on each device's and service's 
needs. On one hand, the mobility of user equipment 
should be guaranteed to be at least the same level 
as the current 4G system - that is the baseline. On 
the other hand, Samsung envisions that specialized 
5G systems will support mobility at speeds ranging 
from 300 to 500 km/h 


To make the IoT Vision come true, the number of si- 
multaneous connections in the 5G system is expect- 
ed to be over 10 per unit square kilometer, which is 
much higher than that of the legacy system, 
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General Coil Construction 


The coil form is made from a length of 2" OD PVC pipe. I cut each coil form about 3/4" longer on each end than 
the spacing between the mounting bolts. NOTE: Make sure that each coil form fits easily over the mounting 
bolts before winding on the wire or you'll have problems changing coils. 


After winding the wire on each coil, an application of epoxy adhesive (J-B Kwik) was used to keep the coil turns 
in place. A coat of black spray paint was applied for appearance and to make the white plastic coil form less 
noticeable. NOTE: Apply the epoxy AFTER you have adjusted the coil to resonance. 


Ifyou just wind the wire on the coil forms directly, this will result in the coil "springing back" and becoming 
loose on the form when you release the wire after winding it. I wound several extra turns on each coil as I wound 
it on the form, then removed the coil from the coil form and then squeezed it down around a slightly smaller 
form (actually a spray can of insect repellent.) I then removed the now slightly smaller diameter coil and gently 
screwed it onto the coil form, where it remained tight enough to stay in place properly. 
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The 75-Meter coil 


The calculations indicated that I would need to use #22 AWG wire to get enough turns on the coil in the space I 
had available. The losses would have been quite high, if I used that small size wire. So, this coil is wound with 
#14 AWG wire. Since using larger wire would not allow as many turns in the same length, I could either use a 
larger diameter form (too much wind resistance and negative "eye appeal",) or a longer form, continuing the 
extra turns below the lower mounting bolt (wind resistance, and higher RF losses.) Something better was 
needed. 


Remembering my switching power supply transformer winding experience, I decided to try winding the loading 
coil for the antenna in the same manner, that is, complete the first layer of the winding in the usual manner, then 
"jump" the winding end back up towards the start of the first layer and then continue the second layer of the 
winding towards the end of the first layer of the winding. This is sometimes referred to as a"Z" winding. 


You can see the black painted bolt in the right of the photo that holds the end of the first layer of the winding. 
From that bolt, the wire that begins the second layer "jumps" back to the left of the second layer of the winding. 
The end of the second layer is brought out to one of the mounting bolt holes. You can see the epoxy that holds 
the windings in place. 
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The 160-Meter Coil 


Wound in the same manner as the 75-meter coil, the 160-meter coil required only 60% of the number of turns as 
would be needed if the windings were in a single layer. The trade off is that there are several stray resonances of 
the antenna system using this coil, but none of them cause any problems with normal operation. Since less wire 
is used in this coil than would be used in a single layer coil, the copper losses are less, but the dielectric losses 
are slightly higher due to the overlapped windings. However, the use of the "Z" winding method minimizes the 
dielectric losses as much as possible. The measured Rac loss of this coil is less than the originally calculated coil 
using #22 AWG wire. 
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Tuning Ring in place inside the 40-Meter Coil 


As it turned out, I didn't need to use it, but I found that I could insert a shorted copper ring inside the coil and 
adjust the antenna tuning plus or minus a turn or so on each coil. | also tried using various types of ferrite and 
iron tuning slugs, but found that the copper ring produced less extra loss in the coil than did the ferrite core. 
When the ring is placed parallel to the turns on the coil, it acts like a shorted turn and reduces the inductance of 
the coil. The ring fits in place by friction, and after adjusting it, it may be permanently attached with some 
epoxy. Further minor adjustments may then be made by bending the ring slightly. 
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Since this article went on-line, I have received quite a few questions about the exact construction of the loading 
coils. Although it is possible for a careful observer to look at the photos posted on this page and deduce the 
construction of the coils, it is probably a good idea for me to post a more complete description of the 
construction of the coils so the reader can more easily build them. 


In the chart below, all the coils are wound on lengths of Schedule 40 white PVC pipe. The actual end-to-end 
Iength of the coil windings is shown in the chart, Due to the thickness of the insulation on the THHN wire, the 
actual diameter of the finished coil will be close to 2.5 inches. The inductance values are what I measured on my 
completed loading coils. 


18 MHz 1.5 uHly ne 5 3.5 Inches| 2.5 Inches 

14 MHz 3.8 uHy fae 9 2.5 Inches ee 
7 MHz 16.5 uHy Fae 2 2.5 Inch nee 
amie | s5uty | run | oveaps ayer 2s nches Pao ips 
0 ES a es asteaies |” soripe 


Note that the coils for 160 and 75 meters have overlapping coil windings. This can be avoided by using smaller 
diameter wire or using a longer length coil form. Depending on where you place the top layer of wire on the first 
layer (near one end or near the center of the first layer of wire) the inductance of the coil will vary somewhat, 
and you may need to adjust the number of turns on the coil. Tuning on the lower frequency bands will be more 
critical, so you should expect to do some tuning as needed. 


Please note that these exact coils may NOT work for you in your particular situation. Factors such as whip 
length, height above ground, size of the vehicle, etc., will require tuning the antenna, either by tweaking the 
number of turns on the coils or adjusting the length of the antenna’s top whip slightly. In my case, "close 
enough" was good enough, because I planned to use an antenna tuner in my mobile station. In any case, the 
dimensions given in the chart above should get you "in the ball park", as it were. 


Tuning the Antenna 


A center loaded vertical antenna will not present a pure resistive load at the base of the antenna. Usually, a 
matching network is added at the bottom of the antenna to cancel the reactance and transform the lower than 50 
Ohm feedpoint resistance to something close to 50 Ohms. Since this antenna was designed to operate over 
several HF bands, a single matching network is impractical, Instead, I chose to connect the antenna through @ 
length of low-loss coaxial cable to an automatic antenna tuner (ATU) inside the vehicle within reach of the 
operator and out of the weather. 


To make the best use of the antenna with this set-up, the loading coils for the antenna should be tuned to 
resonance at the high end of each band. The antenna will then look electrically "short" to the tuner, which will 
then be able to tune the antenna to the desired operating frequency. If the loading coil in the antenna is tuned to a 
frequency below the top of the band, then operation above that critical frequency will cause the antenna to look 
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ON6MU's "Vipormutant" Antenna 


RE-AHFV14P 


Versatile Inexpensive Portable Multi-band Tunable Antenna 
de ON6MU 


revision 2 


[D Adchoices: RF Antenna Design) C Antenna C 2M 70CM Antenna D) 


Features 


* Only 3 meters high fully extended (effective radiating element height) 
* Less then one meter inserted (no element is larger then one meter including the tunable section) 
* Tunable without the use of an extra tuner (just switch till you get the best SWR) 
* Covers all frequencies from UHF to 7 MHz without a tuner 
* UHF (tuned by de- or increasing the length of the antenna) 3/4 2*5/8 4*5/8 
* VHF (tuned by de- or increasing the length of the antenna) 1/4 5/8 2*5/8 
* HF (tuned by switching) 
6 meters (1/4 1/2) 
10 meters (1/4) 
12 meters 
15 meters 
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17 meters 
20 meters 
30 meters 
40 meters: with large counterpoise and/or with longer radiating element, or extra tuner 
80 meters: if radiating element is > 5 meters, or with large counterpoise and/or with extra tuner 
* Works with or without cointerpoise 
* Ideal as portable or balcony antenna 
* Compact and extremly portable 
* Not too critical on the material or sizes of the elements 
* +50 watt input 
* SWL's Note: tunable on all frequencies between the bands mentioned above 


What you need to build the "Vipormutant 


* 5 (or more depending on how high you want your boom) alu tubes 
* piece of hard insulating tube (+- 7 cm), examples: plastic, nylon, bamboo. 


* some low loss RG174 50 Ohm coax 
* carbon/ferrite bead or toroid (to act as a choke) 

* a few meters of 0,75mm enamelled copper wire to make the coil 

* $0239 (PL259 female) 

* Paint, silicon, glue etc. to seal things up 

* Plastic box to mount over the coil and where we'll put the switch and $0239 connector 


* 12 position rotary switch 
a few innox hose clamps 


About the "Vipormutant" antenna 


Well yes, one must have a name HI...It is nothing more then a base coil loaded antenna, but with a selector 
direct on the base to tune the antenna 

Most of us don't have the luxury of building a 1/4, 1/2 or even a 5/8 wavelength vertical antenna for HF. We 
have to settle for something a little shorter. (A lot shorter, in the case of people following the FCC's Part 15 
rules, which limit them to 3 meters in size.) Shorter vertical antennas can give acceptable (but not 
spectacular) performance. 

I needed a highly (HF) portable antenna to use with my FT-817 which should have the highest possible 
frequency range (also VHF) and still compact enough to take along almost anywhere! The antenna should be 
versatile enough to allow further experimenting, to allow being mounted on a balcony, caravan, outdoors 
etc... So I came up with a compact vertical (dismounted no higher then 1 meter) with a "tuner" directly 
connected to the antenna radiating element (the best possible place a tuner can be) 

The "Vipormutant” tuning principle gets energy into the antenna on a wide range of frequencies, but the 
design of an antenna is what controls what happens to the RF energy from there. For some antennas, the 
antenna is simply not complete without a radial system, or at least a counterpoise. Other types of antennas 
need no RF ground system at all. Most reference books on antennas provide solid guidance on radials and 
counterpoises, but only for antennas cut to a specific frequency. When using the "Vipormutant” it will also act 
like tuner and at the best place a tuner should be: directly beneeth the antenna! So the rules have to change 
somewhat because the "Vipormutant" almost operates across the full range of HF frequencies unto UHF. It 
doesn't need a counterpoise to work, but the efficiency will increase when you do use it. 


Considerations: 


* Ifthe length of the conductor is very short compared to a wavelength (< wave/4), the electric and 
magnetic fields will decrease dramatically within a distance of one or two wavelengths. 
* It is impossible to make a small antenna to radiate as efficient like a big antenna. 
* Ground losses affect radiation patterns and cause high signal losses for some frequencies. Such losses 
can be greatly reduced if a good conducting ground is provided in the vicinity of the antenna. 
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‘The coil/tuner 


Wind 0,8mm enamelled copper wire around the isolator (+- 16mm diamter) and make a tap every xx turns 
(see fig. 2 and 3) 


Fig. 


Y 


Fig.2 /) The coil 


dimensions isn't too critical. 


Relatively short antennas behave like lossy capacitors and present a high impedance load to the transmitter 
due to the large amount of capacitive reactance that is present. The loading coil helps to tune out that 
reactance. Tuning out the reactance is important because a tuned antenna will accept and radiate much more 
power than a mismatched antenna. 


When the loading coil is installed at the bottom of the vertical radiator, we call it a "base loaded" antenna. 
Base loading requires the smallest amount of inductance to achieve resonance. 


‘The shoke 


Is made out of miniature 50 Ohm coax (rg174) that goes a few turns through the carbon/ferrite bead or 
toroid. You can also use a Snap-Together Ferrite Choke Core. 

If a ferrite is put over a cable which includes both signal and return lines, it will have no effect on the signal 
(differential-mode) current but it will increase the impedance to common-mode currents. This is because the 
differential currents, by definition, sum to zero in each wire pair and therefore there is no net magnetic field. 
If there is no field, the ferrite is invisible. But the common mode currents do produce a net magnetic flux and 
this flux is concentrated in the bulk of the ferrite, leading to an increased impedance for these currents only. 
The choke should prevent any mantle currents flowing and should decrease RFI. 


‘The effectiveness can be increased by looping the cable several times through the core, but the benefit is 
limited at higher frequencies by the stray capacitance between the turns of the cable. 
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‘The base insulator 


— 


‘The vertical radiator "driver" element and tuning box 


Tused a plastic box of 130x70x40mm. On top and bottom I drilled a hole to fit the driver element (radiator of 
+/- 40cm length)and boom (also +/- 40cm length). 


On the side I drilled a hole for the rotary switch and the SO239 connector, whilest on the opposite side I 
drilled a hole to fit a "ground" bolt where I can easily connect the counterpoise and/or ground to if needed. 


Fig 4 


Fig 5 
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This is how things are connected inside the box: 


Fig. 6 


Example 

The rotary switch is used for tuning the antenna on each band. The first position allows UHF/VHF ranges. 
Tuning is done by sliding in/out of the elements. 

The "lower" the switch (higher inductance) the lower the resonance frequency of the antenna. 
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5G Key Enabling Technologies 


Groundbreaking innovations will drive 5G tech- 
nologies to meet the unprecedented speeds, 
near-wireline latencies, ubiquitous connectivity 


with uniform QoE, and the ability to connect mas- 
sive amounts of devices with each other, all work- 
ing in unison to provide the user with an immersive 
experience, even while the user is on the move. 
Future 5G systems will encompass fundamentally 
new designs to boost wireless capacity utilizing 
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new frequency bands, advanced spectrum efficien- 
ey enhancement methods in the legacy band, and 
seamless integration of licensed and unlicensed 
bands. 


5G 


Figure 9 shows an overview of the 5G key ena- 
bling technologies, The massively higher capacity 
needs of the 5G systems will be addressed by new 
mmWave systems, high-density small cells, ad- 
vanced Multiple-Input and Multiple-output (MIMO) 
and new multiple access schemes like Filter Bank 
Multi-Carrier (FBMC). Adaptive Coding and Modu- 
lation like Frequency and Quadrature Amplitude 
Modulation (FQAM) can significantly improve the 
cell edge performance and combined with high- 
er density deployments with mult-BS coopera- 
tion will help to deliver on the promise of “Gbps 
anywhere" and Uniform QoE, Multi-Radio Access 
Technology (Mult RAT) integration including carrier 
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Figure 9 Overview of 5G Key Enabling Technologies 
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Remember, and this is important too, to seal everything up so no moisture can penetrate the antenna! 
Because the radiating vertical antenna elements are made out of separate pieces that fits inside each other 
and are tightened by hose clamps, the construction isn't waterproof. 

If you use a hollow isolating piece you need to to prevent moisture from getting inside the box (via the places 
where the elements are hold together). I've used a rubber "stopper" that fits snugly on the bottom of the 
driver element and glued tight. 


Black paint finishes the job: 


using a round box 
In my first design I used a plastic box of 50mm diameter and 9 cm heigh. On top I drilled two holes: one for 
the driver element (radiator of 40cm) and a hole for the rotary switch (as was used in the first prototype). 


fig.8: The main driver element and tuning unit finished 


This allows it to be used on almost any boom or can be extended to use with or without vertical elements! 
Ideal for experimenting! 


Featuring Today 


‘The antenna construction specs 


All elements are made out of aluminum. 
Fig. 9 
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This makes the antenna effective radiating elements a total length of 3 meters. The boom elements can be 
chosen freely and on your needs. A short one (one element of a meter), a medium sized one of several 1 
meter tubes or none at all! The bottom piece where the boom is "connected" too is 40 cm and can/could be 
put directly in the ground (if made pointed for sure). Or you could fix it in a umbrella stand. Use your 


Examples of "Vipormutant's" utilization 
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ano Vipormutant: Versatile Inexpensive Portable Muli-band Tunable Antenna, ON6MU 
Used it on a balcony: 


This could caver even the 
lowest HF-bands! 


Use it outdoors without grounding: 


Brcko wooden ple 


Use it outdoors as a shortened "dipole" balanced antenna 
(rotary switch set approx. in the middle): 
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21212018 Vipormutant: Versatile Inexpensive Portable Mult-band Tunable Antenna, ON6MU 


Frequencies below 7 MHz could easily be match 1:1 SWR if total length of the “dipole” > 4 meters 
Further tuning can be done with selecting a different impedance using the rotary switch. 
Different lengths of wire can be used (an example: one part 3 meter, the other 5 meter or more) 


Use it outdoors with ground or counterpoise: 


Radials and Counterpoises basic purposes 


1, To improve the RF ground conductivity for the ground current return path. Unless you live in a salt-water 
swamp, your ground conductivity makes a very poor path for the return of ground currents. This increases 
the ground losses and reduces the efficiency of an antenna that needs a good RF ground. 


2. To provide a counterbalance for the feed point of the antenna to reduce RF radiation back to the radio 
room. The "Vipormutant" changes the rules because there is no single frequency that you will be operating 
on, so all of the thumb rules for 1/4 and 1/2 wavelength radials don’t apply. It is possible to be either a purist 
or a pragmatist in deciding what radials to put in place. 


3. Number of radials: More is better, up to a point. In carefully controlled experiments, it has been proved 
that increasing the number of radials from 2 to 15, or from 4 to 16, produces significant increases in signal 
strength. Further increasing the number of radials to 60 only produces 1 to 2 dB of increase in field strength. 
Follow this link to see some of the empirical data. 


4. Where to put the radials: For a semi-permanent installation, it is customary to bury the radials a few 
inches down in the soil. This makes it much easier to mow and walk in the area around the antenna. 
However, some experimenters have gotten an improvement in performance by raising the radials and the 
antenna base a few inches above the soil. Raising the antenna and ground system several meters above the 
earth, for example by installing the base of the antenna on a roof-top, can improve the antenna's 
performance by reducing capacitive earth losses. 


While the "Vipormutant" will provide a good match with a poor RF ground system which will will able you to 
transmit, your antenna efficiency will be low. Nevertheless, by using a tuning circuit directly at the antenna 
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radiating element losses are kept to a miminum. Getting the greatest efficiency out of your antenna system 
needs a proper RF ground unless you're using a balanced antenna system 


The efficiency of the antenna increases by using a counterpoise. However, the antenna can be tuned perfectly 


=z 


without! 


Don't forget to check these out: 
‘ONGMU Homebrew projects 


Radioamateur related projects 


ONGMU Ham mods 


a iiiteoan ae gue 
pune ice MM 
73" 

Have fun and my best 73" 


Guy, ON6MU 
http://w 


sI.net/onému 


Comments, picture 


$ or experienc 
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9:1 Magnetic Longwire Balun / Unun 


Campleted 9:1 UnUn 
These are sometimes known as a Magnetic Longwire Balun. Its really an impedance transformer (9:1) to 
feed a high impedance, end fed (unbalanced) random wire which is likely to be a few hundred ohms, and 
transform it into something closer to a 509 (unbalanced) coaxial input, hence UnUn. It can however also be 
used as a balun by not grounding the other half of the balanced output. The toroid is a T130-2 Iron Powder 
core, with 3 x 9 turns of 18SWG enammeled copper wire, and the connections can be seen below. 


This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 


Read More 
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4500 
To Wire Antenna 


50Q 
To Radio 
or Tuner 


Ground Rod or 


9:1, UnUn - John M@UKD. Counterpoise 


The triple winding connections. 8 turns is shown here, but more turns is preferred. 10 would be ideal 


End Fed 
Antenna 


Pri: 1 turn 
Sec: 3 turn 
1:3 turns ratio 

1:9 impedance ratio 
50Q to 4502 


Ground 92 UnUn - MoUKD.com 


9:1 UnUn Schematic 


This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 


Read More 
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Completed windings 


The completed unit. 


This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 
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Antenna Here is a Dipole 


You've probably heard this phrase in many QSOs. 
Just what is a dipole antenna, and why are they so popular? 


By James W. (“Rus”) Healy, NU2L 
Assistant Technical Editor 


ipole antennas have been widely 

used since the early days of radio. 

Simplicity and effectiveness for a 
wide range of communications needs are 
the reasons for this—and they’re also the 
properties that make dipoles worthy of 
‘your consideration. There's more to build- 
ing and installing an effective dipole 
antenna system than choosing the wire and 
insulators, as you'll see. Next month, I'll 
discuss choosing the right feed line for your 
dipole, and related subjects. 


What is a Dipole? 

‘The dipole gets its name from its two 
halves—one on each side of its center (see 
Fig 1) (in contrast, a monopole has a single 
element, usually fed against ground as a 
vertical.) A dipole is a balanced antenna, 
meaning that the “poles” are symmetrical: 
‘They're equal lengths and extend in oppo- 
site directions from the feed point. In its 
simplest form, a dipole is an antenna made 
of wire and fed at its center as shown in 
Fig |. (This may look familiar: You may 
have received a QSL card with a sketched 
dipole, resembling Fig 1, to denote the 
antenna the other station used during your 
contact.) 

To be resonant, a dipole must be elec- 
tricaly a half wavelength long atthe oper- 
ating frequency. A dipole’s resonance 
‘occurs atthe length at which its impedance 
has no reactance—only resistance—at a 
given frequency. As it turns out, that 
resonant impedance range is compatible 
with many common coaxial feed lines. 
Within limits, however, resonance isn’t 
necessary for a dipole to be effective, as I'l 
explain a bit later. Resonant half-wave 
dipoles range in size from about 16 feet for 
the 10-meter band (28-29.7 MHz) to 260 
feet for the 160-meter band (1.8-2 MHz). 
See Table 1. 

‘The lowest frequency at which a dipole 
is resonant is known as its fundamental 
resonance. A dipole works best at and 
above its fundamental-resonant frequency. 
But if atotal-length limitation imposed by 
property boundaries or the spacing of avail- 
able supports keeps you from doing this, 
make the antenna as long as you can, even 
if it’s not a half wavelength. Resonances 
repeat, for half-wavelength-long dipoles, at 
‘odd multiple ofthe fundamentalresonant 


frequencies. For instance, a dipole resonant 
at 2.5 MHz is also resonant at 7.5 MHz, 
125 MHz, and so on. These higher- 
frequency resonances are known as 
harmonic resonances. 

‘As I mentioned earlier, a dipole doesn’t 
have to be resonant to work well. More 
important than resonance are good con- 
struction and efficient power transfer from 
the transmitter to the antenna. Using an 
antenna tuner, you can match dipoles that 
are far longer or shorter than resonant 
length, but the feed line plays an important 
role in efficient power transfer, as I'l dis- 


: Feed Line 


Fig 1—One of the simplest antennas used 
‘by hams, the dipole is also one of the most 
considering the relatively small 
fequires. In its simplest form, a 


Table 1 


Approximate Lengths of Half-Wave 
Dipoles for the MF/HF Ham Bands* 


Frequency Length 
284MHz 16 ft, Bin. 
249MHz 18 ft, 10 in. 
211MHz 22 ft, 2in, 
181MHz 25 f, 10 in. 
141MHz 33, Zin. 
10.1 MHz 46 ft, 4 in. 
7AMH2 65 ft, 14 in 
S6MHz 130 
1.8MHz 260 ft 


“General equation for halwave dipole lena 
FrS%59" Sf wero Cis fngih infest ane ¢ 
is requency in mogehers. fis equation 
eld good starting ports; you may have to 
PPantenna to achieve 
‘sidebar entived "Dipole 
ensrtion and Adjustment 


‘cuss next month. If you're primarily in- 
terested in operating on only one band, a 
resonant dipole is a good choice. If you’ 
interested in multiband operation with a 
single antenna, the picture isa bit different. 
In this situation, it’s a good idea to make 
the antenna resonant at the lowest frequen- 
cy you plan to use it on (that's where the 
antenna is longest, because antenna length 
is proportional to wavelength). 


‘Why are Dipole Antennas so Popular? 

For almost any kind of MF/HF opera- 
tion, dipoles are easy to build and install, 
and they give good results when put up at 
any reasonable height. ‘Reasonable 
heights” are anywhere from a few feet and, 
up, depending on the band. A good general, 
height guideline is half a wavelength or 
more, but that’s impractical for many of 
us, especially on 40, 80 and 160 meters. At 
the least, a dipole should clear any sur- 
rounding buildings, and other large obsta- 
cles, for good performance. 

Many hams do quite well with dipole 
antennas that are electrically low; for 
instance, an 80-meter dipole strung between 
two trees at $0 feet (less than a quarter 
wavelength) allows me to work Europeans. 
regularly on 80-meter CW with a 100-watt, 
transceiver. As a bonus, this antenna works 
even better at higher frequencies, where it's, 
electrically much farther above ground, as, 
tl also discuss later. 


Variations on the Theme 

Part of the beauty of dipole antennas, 
like many other simple things, is their flexi- 
bility. Dipoles can be installed in an infinite 
number of configurations other than the 
classical flat-top arrangement (Fig 1). Some 
Of the more common variations include the 
inverted V (sometimes called the drooping. 
dipole—Fig 2A {page 26));_parallel- 
‘multiband dipole (Fig 2B); sloping dipole 
(sloper—Fig 2C); vertical dipole (Fig 1, 
rotated 90°); folded dipole (Fig 2D); and 
trap dipole (Fig 2E). 

Inverted-V dipoles are probably more 
common than flat-top versions. As you 
might expect, the inverted V gets its name 
from its shape. The main advantages of i 
verted Vs are that they need only one high 
support, and that you can get more total 
wire into the same horizontal space using 
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Dipole Construction and Adjustment 


Dipoles can be made of almost any 
kind of wire or tubing, but how well 
they work and how long they last is 
determined by the quality of the parts 
and care you use in building them. 
With that in mind, here’s what it takes 
to make a dipole antenna, 

* Wire. Stranded and solid copper, 
and copper-plated steel (Copperweld), 
are the most popular types used for 
antenna construction. Don't use soft, 
‘solid copper (such as house wire) for 
long unsupported runs in resonant 
antennas; solid wire can stretch 
‘enough after installation to detune the 
antenna. Use reasonably large wire 
(no. 16 or larger) for permanent 
‘antennas. No. 18 or smaller wire is 
{generally okay for low-profile or 
temporary antennas, or those cut for 
+14 MHz or higher frequencies. There's 
little difference between antennas 
made from insulated and uninsulated 
wire, although the presence of 
insulation generally lowers the 
resonant frequency of a given length 
Of wire by a bit. Insulated wire is 
heavier and thicker, which, depending 
fn its color, can make it more or less 
visible than its lated equivalent. 
Davis RF (see “Where to Get the 
Pieces”) carries uninsulated, stranded 
‘no. 14 copper that’s made of 168 
strands of wire. This is good stuff for 
dipoles (or home-brew balanced feed 
lines) because it's very flexible and 
easy to work with, doesn't stretch, and 
resists breakage well 
Insulators. A dipole should have 
Insulators (Fig A) at its center (feed 
point) and at each end, where ropes 
(or other restraints) support the 


this configuration. This is often an impor- 
tant advantage on the lower-frequency 
‘bands, where real estate and support height 
suitable for putting up a full-size dipole are 
at a premium. Inverted Vs usually work 
‘almost as well as horizontal flat-top dipoles 
‘when the dipole’s height is the same as the 
feed-point height of an inverted V. It’s im- 
Portant to keep the antenna ends high 
enough above the ground so that people, 
vehicles and such can’t come into acciden- 
tal contact with them. 

‘Another common dipole configuration 
is the multiband parallel version. In such 
an antenna (Fig 2B), multiple dipole ele- 
ments are fed at the same point, with a 
single feed line, and supported by spacers 
attached to the longest dipole element. The 
main advantage of parallel dipoles is multi- 
band coverage with resonant elements on 
each band, allowing the use of a single 
coaxial feed line for several bands without 
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Fig A—Several varities of insulators are 
‘commonly available to hams. The lower- 
‘center ceramic unit and the plastic 
insulator on the left are current Radio 
‘Shack products. The others, and close 
variants, are available from many mail- 


_— 


antenna. The center insulator serves 
two primary purposes: (1) it separates 
land supports the feed-line conductors, 
making for strong mechanical wire 
joints that minimize stress on solder 
joints; and (2) it gives you a 
‘convenient place from which to 
‘support the dipole with a rope, if your 
dipole is center-supported. End 
insulators serve another purpose: 
‘They provide an isolated support point 
at the high-voltage ends of the 
antenna wire. (Potentials at the ends 
of a resonant dipole can be in the 
kilovolts—even with just a 100-watt 
transmitter!) 

Plastic, ceramic or porcelain 
insulators are fine for most 
applications. Home-made varnished 
hardwood is also acceptable. There's 


Where to Get the Pieces 


no need to use a special center 
insulator at a dipole’s feed point—the 
impedance, and therefore the RF 
voltage, there is low—although doing 
0 can make construction easier. 

'* Rope. Nylon, Dacron and similar 
materials are best. Avoid 
Polypropylene; it rapidly deteriorates in 
sunlight. Also avoid hemp and other 
‘natural materials. They tend to stay 
damp and rot in the center after 
getting rained on, with no outwardly 
Visible signs of damage. If you select, 
‘nylon rope, use the braided variety 
and carefully seal its cut ends by 
‘melting them with a match or cigarette 
lighter. This rope is very strong, but 
unlike Dacron, it also initially stretches 
‘as much as a few percent. 

To make a dipole that'll stay up and 
that's easy to work on, using the right 
knots is important. Learn (or relearn) 
to tie a bowline (an unsiiding loop) 
Clove hitch (for attaching rope to 
poles, tower legs, and such); a taut- 
line hitch (a sliding knot for adjusting 
the tension in a rope); and a sheet 

‘of two 


land are described in every edition of 
‘the Boy Scout Handbook and 
Felabook, as well as some merit 
Booklets (look under Boy 
Scouts of America in the Yellow 
Pages for local suppliers of BSA 
materials). Another good reason to be 
Acquainted with these knots: When (i) 
You start working on towers (or other 
Supports) and bigger antennas, these 
knots can save your Ife, not to 
mention your hardware. 
* Soldering. To make permanent 


Here's a brief list of suppliers of wire, insulators, feed line, connectors, and 
‘other items you'll need for making and installing dipole antennas. For a more 
‘complete list, see the advertisements in this and other issues of QST. 

‘* Radio Shack stores (antenna wire, coaxial cable, ceramic and plastic 
insulators, connector-sealant tape and other supplies). See 1991 catalog, page 


197. 


* Davis RF, PO Box 230, Carlisle, MA 01740, tel 508-369-1738 or 


‘800-484-4002, extension 1356 (high-flexibility antenna wire, coaxial cable, several 
varieties of prefabricated balanced line [and parts to make your own], ceramic 
insulators, aluminum tubing and other supplies). Catalog available. 


* Ocean State Electronics, PO Box 1458, Westerly, Ri 02891, tel 401-596-3080, 
fax 401-596-3500 (antenna wire, coaxial cable and connectors, 300-2 twinlead, 
insulators). Catalog available. 

* Certified Communications, Rte 2, Pitman Rd, Landrum, SC 28956, tel 
803-895-4195 (coaxial cable, balanced feed line). 

* The Radio Works, PO Box 6159, Portsmouth, VA 23703, tel 804-484-0140, 
fax 804-483-1873 (antenna wire, coaxial cable and connectors, balanced feed 


line, baluns, insulators, rope, sealant and other supplies). available. 

‘* Most major Amateur Radio equipment dealers (Amateur Electronic Supply, 
Ham Radio Outlet, and other QST advertisers) carry parts for dipole 
construction. —NJ2L 


aggregation of licensed and unlicensed bands will 
inevitably help in increasing the available system 
bandwidth, On the network side, novel topologies 
including application servers placed closer to the 
network edge will contribute to significantly reduc- 
ing the network latency, Advanced Device-to-De- 
vice (D2D) technology can help reduce the com- 
munications latency and support larger number of 
simultaneous connections in a network. 


These 5G key enabling technologies are described 
in more detail in the following sections 


mmWave System 


‘The mmWave bands provide 10 times more band- 
width than the 4G cellular-bands, as illustrated in 
Figure 10. Therefore, the mmWave bands can sup- 
port the higher data rates required in future mobile 
broadband access networks. 
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Figure 10 Potential Bands in 20-50 GHz (US) 


Unlike the below 6GHz bands, in the mmWave 
bands we have to carefully consider the wireless 
conditions such as rainfalls, snowfalls, and fogs. 
However, the amount of loss is mild for the expect- 
ed range of a 5G communication link, For example, 
atmospheric absorption lass due to H,O and O, at 
28 GHz would be around 0.02 dB at a distance of 
200 meters. Intensive rainfall (110 mm/h) results in 
about 4 dB loss at 200 meters distance. Loss due 
to heavy snow (10 mm/h) or heavy fog (visibility dis- 
tance under 50 meters) will be less than 0.1 dB, at 
all distance of 200 meters [4][5] 


In Figure 14, we show mmWave channel measure- 
ments from extensive experiments in Daejeon, Ko- 
rea [6][7]. These channel measurements were car- 
ried out at 28 GHz with a channel bandwidth of 250 
Mz, transmission power of 29 dBm and the horn 
antenna gain of 24.5 dBi for bath the transmitter and 
the receiver [6]{7} 


The path loss exponents (based on 8 meters dis- 
tance free space path loss) is 3.63 in Non Line of 
Sight (NLOS) links [6]. The mild path loss exponent 
from measurement results strongly suggests that 
mmWave communication links can be supported 
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Figure 11 mmWave Channel Measurements in Urban Area, 
Daejeon (Korea) 
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Figure 12 Adaptive Pencil Beamformina (Example) 


over 200 meters of distance, even in dense urban 
outdoor NLOS environments. Similar results are also 
reported in ray-tracing-based mmWave propaga- 
tion model [8], confirming the fact that mmWave 


connections that will stand up to wind 
and weather, you'll need a soldering 
device that can quickly heat the wires 
to be joined. A 30-W iron probably 
won't do an acceptable job with wires 
larger than no. 16; a 100-W or larger 
soldering gun is best. If you're using 
relatively heavy wire and ceramic or 
porcelain insulators, you can use a 
Propane torch (preferably with a 
Soldering tip) for soldering. (If you do 
this, heat the joint frst, then remove 
the flame and let the heat of the wires 
‘melt the solder into the hot junction.) 
Use 60/40 (or similar) rosin-core solder 
(available from Radio Shack and most 
hardware stores). Use caution when 
soldering close to plastic insulators; 
too much heat will damage them. 
Don't breathe solder or insulation 
fumes! 

* Tape, sealant and similar 
protective coverings. Protect your 
solder joints and feedsiine connections 
from the weather after soldering by 
tightly wrapping them with high-quality 
electrical tape (such as Scotch 33 or 
88) oF silicone adhesive tape, oF 
covering them with Coax-Seal (or 
equivalent). Solder joints at end 
insulators can be sufficiently protected 
by spraying them with clear lacquer, 
available from most hardware and 
home-supply stores. Weather- 
proofing propery soldered end- 
insulator joints is optional, but seal the 
Conter insulator as it you were 
planning to use it underwater. The last 
thing you want is rainwater in your 
coax! 

In dipole construction, it’s important 
to make strong mechanical junctions 


Fig B—Secure end-insulator connections 
are important to long antenna life. Top to 
bottom: Leave part of the insulation from 
the wire end to protect the wire where it 
{908s through the insulator eye; wind 

{urns of wire back on itself to 
strong mechanical connection; 
‘solder the joint; and spray it with clear 
lacquer to prevent corrosion. 


Jn the wires. An antenna that depends 
solely on solder joints to handle wind 
stresses will surely fall down sooner 
than one that's made with good 
‘mechanical connections. RF inter- 
ference can also result from 
deteriorated solder joints. Fig B shows 
how to make a solid mechanical 
connection at an insulator. 


Bringing @ Dipole “On Frequency” 

To resonate a dipole that's fed with 
coaxial cable, select a band and cut 
the wire a couple of feet longer than 
the appropriate length shown in Table 
1. Then, install center and end 
insulators and attach the coaxial feed 
line (Fig C shows how to attach 


stotion 


Fig C—Coaxial cable feeding a dipole 
antenna. The center insulator is omitted 
for clarity. When measuring and 
‘adjusting a dipole fed with coax, keep in 
mind that the stripped coax center 
‘conductor and shield lengths add to the 
‘antenna length. 


coaxial feed line to a dipole). Support 
the antenna a few feet above ground, 
measure the SWR and trim the 
antenna (equally from each end) to 
raise the resonance to the desired 
frequency. If the antenna is too short, 
splice in some additional wire, or 
attach equal amounts at the end 
insulators and let it hang from them. 
‘Copper-and-brass spiit-bolt clamps, 
made for attaching copper ground 
wires together and available from most 
home-improvement stores, are great 
for making these additions. 

Selecting supports and installing 
antennas is the subject of many other 
articles. See the references listed 
under “Further Reading” for a few of 
these. —NJ2L 


Further Reading 


For more information on antenna construction and installation, see the 
references listed below. The issues of QST cited here may be available at your 


local library; it not, contact the Technical 


Secretary at ARRL 


Headquarters (se p 9 of tis issue) fr any photocopies you need. (There is a 
nomi 


for this service.) 


.The ARAL Antenna Book, 15th ed (Newington: ARAL, 1987). If 


ing. 
‘=D. Brede, “The Care and Feeding of an Amateur’s Favorite Antenna 
Support—The Tree.” GST, Sep 1980, pp 2628, 40. 


‘+ W. Calvert, “The EZY 


‘elsewhere in this issue —NJ2L 


the need for an antenna tuner. An inherent 
disadvantage of parallel dipoles, however, 
is narrower bandwidth than single dipoles, 
provide. 

Two other fairly popular dipole varia- 
tions are the trap dipole and the folded 
dipole. Traps are tuned circuits (consisting 
of inductance and capacitance) that elec- 
tically isolate the inner and outer sections 
of the antenna at certain frequencies, 
providing multiband resonant coverage 
from a single antenna. At a trap’s resonant 
frequency, it presents a high impedance and 
therefore isolates the outer segments of the 
dipole, making the antenna electrically 
shorter than itis physically. At frequencies, 
below the trap’s resonance, it has a low im- 
pedance, which makes it transparent to RF 
(ie, it doesn’t isolate any part of the anten- 
na)... Traps aren't used only in dipoles: 
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Fig 2—Variations on the dipole are numerous: at A, an inverted ¥; at B, a multiband parallel dipole; at C, a sloping dipole (sloper); at D, 


‘a folded dipo! 
inverted-v configurations. 


Trap Yagi beams and verticals are also 
popular. Folded dipoles are a bit less com- 
mon in Amateur Radio use; they use full- 
length parallel wires shorted at the ends, 
and have feed-point impedances that pro- 
vide good matches to balanced feed lines. 
FM-broadcast receivers usually use folded 
dipoles made from TV twinlead. The 
ARRL Antenna Book and The ARRL 
‘Handbook cover trap and parallel dipoles 
in more detail (see “Further Reading"). 


The Dual-Band Dipole 

‘Two popular ham bands, especially for 
Novice and Technician Class operators, are 
those at 7 and 21 MHz. As mentioned 
earlier, dipoles have harmonic resonances 
at odd multiples of their fundamental 
resonances. Because 21 MHz is the third 
harmonic of 7 MHz, 7-MHz dipoles are 
harmonically resonant in the popular ham 
‘band at 21 MHz. This is attractive because 
it allows you to install a 40-meter dipole, 
feed it with coax, and use it without an 
antenna tuner on both 40 and 15 meters. 

But there’s a catch: The third harmonic 
of the Novice 40-meter allocation (7100- 
7150 kHz) begins at 21,300 kHz; yet the 
Novice segment of 15 meters is 21,100- 
21,200 kHz. As a result of this and other 
effects, a 40-meter dipole does not provide 
alow SWR in the 40- and 15-meter Novice 
segments without a tuner. 
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1/4 Wowlength 


Fig 3—Figuro-8-shaped capacitance hats, 
made and placed as described in the text, 
‘can make your 40-meter dipole resonate 
anywhere you like in the 1S:meter band. 


‘An easy fix for this, as shown in Fig 3, 
is to capacitively load the antenna about 
a quarter wavelength (at 21.1 MHz) away 
from the feed point in both wires. Known 
as capacitance hats, the simple loading 
wires shown lower the antenna’s resonant 
frequency on 15 meters without substan- 
tially affecting resonance on 40 meters. 
To put this scheme to use, first measure, 
ccut and adjust the dipole to resonance at 
the desired 40-meter frequency, as 
described in the sidebar called “Dipole 


land at E, at trap dipole. Dipoles of the multiband parallel, trap and folded varieties can be installed in sloping or 


‘Construction and Adjustment.”” Then, cut 
‘two 2-foot-long pieces of stiff wire (such 
as no. 12 or no. 14 house wire) and solder 
the ends of each one together to form two 
loops. Twist the loops in the middle to form 
figure-8s, and strip and solder the wires, 
where they cross. Install these capacitance 
hats on the dipole by stripping the antenna 
wire (if necessary) and soldering the hats, 
to the dipole about a third of the way out, 
‘from the feed point (placement isn’t critical) 
on each wire. To resonate the antenna on. 
15 meters, adjust the loop shapes (not while 
you're transmitting!) until the SWR is 
‘acceptable in the desired segment of the 
1S-meter band. You can make all these 
adjustments with the dipole just a few feet, 
off the ground; raising the antenna to its 
permanent height shouldn't shift the SWR 
much. Recheck the antenna’s 40-meter 
resonance before raising it, though. 


Feed-Line Considerations 

The antenna wire and insulators, how 
‘you put them together and where you string 
‘them up is only part of a dipole-based 
antenna system. Next month, I'll cover 
selecting and using a feed line for your 
dipole(s). In the meantime, I suggest that 
you have a look at the two parts of Dave 
(W51Z) Newkirk’s article, “Connectors for 
(Almost) All Occasions,” in the April and 
May issues. = 
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1:1 Voltage Balun for HF wire dipoles 


Heres a neat 1:1 50 ohm balun for use on HF horizontal wire dipoles. It uses an AM radio ferrite rod, with 
3x14 tums of wire, 10-14 turns should be good for 2-30MHz. | used 18SWG enammeled copper wire. It all 
fits in a small project box. Great for setting up portable. For 20 metres, | started with 6 metres of wire per 
element, and trimmed each down until it has minimum S.W.R. | managed to get a 1:1.1 S.W.R. on my 
desired frequency. Bandwidth from the resonant frequency is about 200KHz either way, any more needs an 
ATU. The wire and ferrite core | had already, the box, terminal plugs and SO-239 came to about £6. The 
balun can also be built on a ferrite toroid such as an FT140-43 or FT240-43. 


1:1 ferrite rod voltage balun 
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S502. 
Unbalanced 


502. 
Balanced 


1:1. Voltage Balun on Ferrite Rod - MOUKD 


Bandwidth may be increased by more spacing between each triflar turn. | didn't have room on this tny ferrite rad, but it 
performs OK, 
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FF Voltage balun (*Ruthrotf") 


WP 


10-15 trifiler burns on ferrite rod. 
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502 . 
Unbalanced 


Exere} 
. Balanced 


4:1 voltage balun ("Ruthroff") 


Schematic Diagram 
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End Fed Half Wave Antenna Coupler (EFHW) 


High voltage 


M@UKD 


The finished End Fed Half Wave antenna coupler 
Centre fed half wave dipoles make great, simple and effective antennas for the HF bands. Sometimes 
however, the centre feed is not ideal, for example when you want to use it as a vertical. Being able to feed 
the dipole from one end gives you more options on how to erect an antenna and makes portable operation 
easier. A vertical, a sloper, a piece of wire hung in a hedge are all good examples. A ground mounted half 
wave vertical has a peak radiation angle of 20°, so it makes a good choice for DX. 


| have been experimenting with feeding end fed half wave antennas matched by a parallel tuned circuit 
coupler. This article will explain my findings and reasons for constructing it the way | did. 


A dipole can be fed anywhere along its length. A centre feed gives around 709. A ‘Windom’ type off centre 
fed dipole (fed 38% along its length) provides around a 2009 feed. The feed impedance at the very end of a 
half wave is thousands of ohms, usually somewhere between 20009 to 50009, which we need to match to 
our 509 transceiver. The problem with end feeding a half wave is also its advantage. The high impedance 
means that the feedpoint has a very high voltage but low current, therefore very little ground is required. A 
very small counterpoise should be adequate from 7 to 30MHz, or you can even use the coax and transceiver 
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Below is the schematic of the final build. 


End Fed 
Half Wave 
Sec: 16t (1.5uH) 
1:8 turns ratio 
1:64 impedance ratio 
502 to 32002 
"1 
15-350pf 2 50a 
© Counterpoise/ 
Coax Ground 
Switch 
Counterpoise 


7-30MHz End Fed Half Wave Coupler - MOUKD.com 


End Fed Half Wave Antenna Coupler Schematic ~ 7-30MHz 

For calculating the length of a half wave in metres, | use 141+/(MHz) for wire elements. These dimensions 
were derived from modelling the antenna in EZNEC. | have found this calculation to work well, however it 
depends on many factors such as wire used, location etc. | have made a javascript calculator below for 
simplicity with a 15m half wave ready to go! 


Enter the frequency: 21,25 MHz 


| Calculate | 
2 
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EZNEC 


INF 


206 Freq MHz 218 
Freq 21.2 MHz 
SWR 1.062 
z 3015 at 0.11 deg 


= 3015 +) 5.208 ohms 
ReflCoeff 0.02984 at 178.15 deo, 

+= 0.02983 + j0.0009624 
RetLoss 30.548 


End Fed Half Wave (6.65m @ 21.2MHz, ground mounted) SWR ~ Actual bandwidth on the 509 side of the coupler 
will be much narrower, due to the tuned circuit we are using, This is showing the feed point SWR at 32000 
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Current along the half wave, Notice how the feedpoint is not quite 
as high impedance as the top of the antenna, 


First off, construction will be a juggle between available components and the desired band coverage. | had a 
capacitor that | wanted to use, which is a Johnson 154-2 air variable capacitor, with a range of 15-353pf. | 
would like to cover 7 to 30MHz with my coupler if possibe, so the next thing | needed to design was an 
inductor that would resonate in a parallel LC circuit at just above 30MHz when the capacitor is at 

minimum. Using this Resonant LC Calculator, | worked out that an inductance of 1.5pH will resonate at 
about 33MHz when the capacitor is at 15pf and 6.9MHz when the capacitor is at its maximum of 353pf. 
Sounds perfect to me! If you have a smaller value capacitor, for example 200pf maximum, it should still 
cover 10MHZ to 30MHz. A switch could be added to add a further capacitance of 150-200pf to 

include 7MHz operation. 


So, lets build the secondary transformer inductor first. | wanted to transform 509 to around 30009. This 
would require a 1:8 turns ratio, Impedance transformation is calculated by squaring the secondary turns ratio 
(note ratio, not actual turns) 8 is 64, 50x64=32000 (our input impedance x 82). | looked at using a T200- 

6 iron powder toroid, but the problem was 1.5uH required only 12 tums. As | wanted a 1:8 turns ratio (for a 
1:64 impedance ratio), | needed a primary of 1.33 turns, which was going to be impossible. | could have 
made it 16 turns and a 2 turn primary, but then the inductance would be too large for 30MHz. 


So, | decided to use an air wound transformer. This way, | can build it with a 16 turn secondary, and at the 
inductance | wanted by altering the diameter and/or length of the coil. Using this Air Inductance Calculator, 
| worked out that a 19mm diameter, 52mm long, 16 turn inductor should give an inductance of 1.5uH, so this 
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bands can be successfully utlized for future IMT sys- 
tems, Moreover, based on the ray-tracing, mmWave 
3D-channel model in urban scenario is proposed 
in [9]. Higher path-loss and the resulting fragile link 
is largely due to weak diffractions in the mmWave 
bands. We need to overcome these challenges in or- 
der to make outdoor mmWave communication a re- 
ality [10][11]. Fortunately, the small mmWave wave- 
length also means highly directional beamforms 
can be obtained using a large number of antenna 
elements in a smaller form factor. These adaptive 
directional beams with large antenna array gain are 
key in combating the large propagation loss in the 
mmWave [12][13][14][15], as illustrated in Figure 12. 


We have developed a mmWave beamforming pro- 
totype at the DMC R&D Center, Samsung Electron- 
ics, Korea, in order to demonstrate the feasibility 
of using mmWave bands for cellular services. We 
showed that mmWave system can mest the two key 
requirements of cellular services: sufficiently large 
geographical coverage and support for mobility in 
NLOS environments. 


With the prototype, we tested outdoor coverage 
to demonstrate the service availability in a typical 
outdoor environment for both LoS and NLOS sites. 
The tests were performed at sites surrounded by 
tall buildings where various channel propagation ef- 
fects such as reflection, diffraction, and penetration 
were present, as shown in Figure 13. We observed 
that reliable communication links are formed even 
for NLOS sites that are more than 200 meters away 
from the base station. 


Figure 13 Exemplary Outdoor Coverage Test Results 


Advances in semiconductor technology have made 
commercial mmWave systems readily available, Re- 
cent technologies of Silican-based Complementary 
Metal Oxide Semiconductor (CMOS) processes are 
capable of integrating mixers, Low Noise Amplifiers 
(LNAs), Power Amplifiers (PAs), and Inter-Frequen- 
cy (IF) amplifiers, all in a single package. A good 
example is the 60 GHz commercialized products 
with the label of Wireless Gigabit Alliance (WiGig) 
[16], and itis well recognized that cost effective im- 
plementations of subp-100nm CMOS process made 
it possible to utilize the 60 GHz bands [17]. 


GaAs Monolithic Microwave Integrated Circuit 
(MMIC) technologies are maturing fast, and they 
are becoming a dominant choice for components 
in the RF chain including PAs, LNAs, switches for 
digital attenuators and phase shifters, Voltage Con- 
trolled Oscillators (VCOs), and passive components 
from a few GHz to 100 GHz, As illustrated in Figure 
14, it is projected that the Power Added Efficiency 
(PAE) of a 5G Front End Modules (FEM) will soon 
match the PAE of taday’s commercial 4G system. 
Meanwhile, @ good Effective Isotropic Radiated 
Power (EIRP) can be achieved with the help of high 
antenna gains from a large number of antenna ele- 
ments [18][19} 
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Figure 14. Projections of 5G FEM PAE 


High performance antenna solution is an important 
piece of the 5G puzzle. The constantly varying LoS 
and NLoS propagation environment demands a 
Novel antenna which exhibits high gain as well as 
wide spatial coverage capacity. The antenna array 
comprising of multiple antenna elements must fit 
within the small form factor of a 5G mobile handset. 


Samsung has been developing innovative 5G 
phased array antennas that have near zero-foot- 
print and reconfigurable antenna modes, as shown 
in Figure 15, 
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Figure 15 The Reconfigurable 5G Phased-array Antenna 


Characterizing the biological implications on a us- 
er’s body imposed by cellular handset devices is 
one of the most important aspects that need to be 
verified prior to its commercial release. The Signal 
Absorption Rate (SAR) regulated by worldwide gov- 


1y25)2018 pa Eas al we bata Cool (EEA MOLD Bata Cacia Dig 


Winding the secondary inductor 


Onee it was wound, | tested it on an LC meter, which confirmed it was around 1.5H. You can expand or 
contract the inductor to fine tune the impedance to suit. The importance is that it remains 16 turns to match 
with the 2 turn primary. | then wound the primary coil, which had to be a slightly larger diameter so that it 
could fit over the secondary coil and provide inductive coupling. You can see the finished 2 turn primary and 
16 turn secondary below. 


The completed inductors. They have their dferences, but| will make them a happy ‘couple’ 
This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 
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| secondary and a terminal block glued to a small block of MDF for the primary. The coax is soldered to the 
primary, the terminal block is just to hold it in place. There is a counterpoise connection on the side, the 


antenna connection on the front and the capacitor, SO239 and counterpoise/coax ground switch on the rear. 
Some photos of the completed unit are below. 


completed End Fed Half Wave Coupler 
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‘The tuning contral, $0239, ground switch and on the right, the counterpoise connection. 
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this is due to extra stray capacitance. | tuned the coupler to resonance into a resistor (in my case 3.2kQ) so 
a 1:1 SWR was obtained on my chosen frequency of 21.25MHz, then | removed the resistor and attached 
the half wave antenna (6.65m) and counterpoise (66cm) from the above calculator. Without adjusting the 
variable capacitor, | had a 1:1 SWR. This confirmed that | had a resonant half wave and that | was feeding it 
at or very close to the peak voltage point and the feed impedance was around 32009. | found that a small 
counterpoise was required. Sometimes, the stray capacitance to ground was good enough on its own, 
especially on the higher bands and if the coupler was laying on the ground. If its all away from ground, | get 
consistent results using the above setup. | have had good success also by using the coax as the return, by 
connecting the ‘bottom’ of the primary and secondary together via a switch to use the coax shield and 
transceiver as a counterpoise. 


You may be able to adjust the capacitor to match the antenna if its not a perfect half wave, but then it will be 
a higher current feed and the simple ground system will be inadequate. The coupler will also not be working 
as it was designed and will be inefficient, generating heat. The coupler is a tuned impedance transformer, 


not an antenna ‘tuning’ unit. Stick to the above, and it should be a sure thing! 


Read More 
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Avhalf wave vertical for 21MHz, 6,65 metres of wire on a 9 metre fibreglass pole. The coupler is mounted 2 
metres up and attached to the top of the fence. The 67cm counterpoise just hangs down in free air. 


Below is a short video from my second test with the coupler, here on 17m. 
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END FED 6-40 Meter Multiband HF Antenna 


Introduction 


This EARC project produces an inexpensive, multiband, end fed HF antenna matchbox that is 
quick and easy to setup and use. The end fed feature adds portable convenience, but does 
present another issue. The problem with an end fed half wave antenna is that the antenna 
presents high impedance, creating a significant miss match with the usual transceiver 
impedance of 50 ohms. This miss match is significantly greater than typical tuners can 
accommodate without a matching transformer. 


This project creates a trifilar wound, 9:1 UNUN (unbalance to unbalance) toroid matching 
transformer that will match the high input impedance of an end fed antenna into the range where 
most antenna tuners can produce good performance. The matchbox handles 100 watts of 
power. This project requires an antenna tuner to achieve satisfactory SWR. If you need an 
auto tuner, we recommend the LDG line of auto tuners, shown to work well with these matchbox 
antennas, and highly rated by users. They are reasonably priced and available at most ham 
stores. 


The matchbox project uses readily available common hardware and materials listed below. 


Matchbox Parts 


‘small plastic enclosure (shown right) 

powdered iron toroid 1130-2 

20" pieces of 18 AWG solid insulated copper wire in red, green, and black 

# 8-32 x 3/4” hex head machine screws 

#8 lock washers 

#8 ring wire lugs 

#8 flat washers 

#8 lock washer/nut combination 

#8 wing nut 

S0-239 panel mount connector to fit keyed enclosure opening 
1 
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30’ #18 AWG insulated stranded wire antenna with ring lug attached Small 
amount of clear silicone caulk to secure toroid in place 


Preparing the MATCHBOxX Plastic Enclosure 


The enclosure needs one 5/8" hole for the SO-239 
connector, and one 11/64” hole for the counterpoise wing 
nut on the lower side of the enclosure. An 11/64” hole on 
the upper right side of the box facilitates antenna connector 
mounting. 


TOROID WINDING 


First, wind the three 20” pieces of insulated solid wire onto 
the toroid. Place the wires as shown green-black-red, and 
wrap the toroid 9 turns so that it looks like the photo on the 
right. Notice there are three wires extending from the left 
winding and three wires extending from the right winding. 
As the connections are completed, the steps refer to the 
specific wires by left or right and color. 


NOTE: Count turns by counting the number of times the 
wire goes thru the toroid center. 


Crimp together and solder the left black wire with the 
right red wire When the step is completed, it will look 
like the right photo. 


The next three steps should appear as shown in the first 
photo on page 3. Crimp and solder a #8 lug to the left 
red wire about 2” from the toroid. The completed lug will 
iater connect to the antenna connection bolt on the 
upper inside of the enclosure. 


‘Twist the left green wire with the right black wire. Strip 
the ends of the two wires and twist together at about 2’. 
This twisted pair will solder to the center connection of 
the SO-239 connector in a later step. 


Trim and strip the remaining right green wire at about 2". Cut an additional 2" piece of green 
wire, and crimp and solder both wires to a # 8 lug. The 2" green wire will connect to the ground 


2 


connector on the SO-239 already installed in the enclosure. Strip remaining green wire end 
3/8” and bend into a hook for 
connection to the SO-239 
ground connector. 


The SO-239 connector and 
ground lug should be installed 
through the keyed hole in the 
lower right with the mounting 

nut securely tightened. 


Solder the green and black 
twisted pair to the SO-239 

center connector. Solder the 
green wire hook to the ground 
lug on the SO-239 connector. 


From inside the box, place an 
8-32 machine screw through 
a lock washer, the # 8 lug on 
the green wire, then through 
the lower 11/64" mounting 
hole. Place a flat washer on 
the outside protruding 
machine screw followed by # 
8 lock washer/nut and tighten 
securely. Place a #8 wing 
nut on the machine screw to 
finish the counterpoise 
connector. 


Position the toroid inside the box to allow connection of the red 
antenna wire lug to an 832 machine screw and lock- washer on the 
upper box side. Place a flat washer on the outside of the box followed 
with a # 8 lock washer/nut. Tighten the nut securely. Next, place the 
wing nut on the antenna connector and your project appears as 
shown above. 


Assmall spot of clear silicone compound is used to secure the toroid from movement in the 
enclosure. The final assembly step is to secure the box cover in place with four screws. 


Preparing the Antenna Wire 


Matchbox performance will be determined by two factors: The length of the antenna wire, and 
the capability of the tuner. The length of the antenna wire should be between 24 and 60 feet for 
best performance. Additional counterpoise is not normally required, as the coax shield provides 
the counterpoise function. Wires longer than 60 feet may have excessive impedance for some 
tuners to properly match. Wires shorter than 24 feet may not radiate as effectively. A 30 foot 
insulated 18 gauge stranded wire antenna and connecting lug is included with the project and 
should meet most requirements without need for any counterpoise. 


Experience has shown that most external tuners and some internal tuners will tune 80-6 meters 
with an antenna length of 24’ to 30’. If a longer antenna is desired, the provided antenna can be 
lengthened. 


Some tuners, in particular internal tuners, may not tune the full 80-6 meter range. You may 
need to try different wire lengths to optimize your antenna configuration. If you are having 
difficulty getting your rig to tune, start with a 26’ wire. This should produce good results on at 
least 40-6 meters using the narrowest performance range of internal tuners. 


Best performance is achieved with a coax of 16’ or longer, with the coax shield providing the 
counterpoise function. Additional counterpoise is usually not required in this design, although 
the lower wing nut provides a convenient counterpoise connector if needed. The end fed 
antenna system works well in horizontal, sloper, and vertical configurations. 


Observe established safety practices when working with antennas, and avoid proximity to power 
or utility wires. Permanent installations should be equipped with appropriate static and lighting 
protection. 


Keep amateur radio safe and fun! 


Toroid Wiring Schematic 


ANTENNA CONNECTION 


Red wire 


Black wire 


Coax center 


INPUT Green wire 


coax Shield 


emmental bodies is used as a guideline to assess 
the effect of mmWave bands on a user's body. The 
SAR of an envisioned 5G (28 GHz) cellular handset 
is analyzed and illustrated in Figure 16. 


When optimally configured, the 5G beamforming 
technology enables the peak radiation of the Mable 
Station (MS) antenna to steer away from the user's 
head. As a result, the average SAR can be reduced 
by more than a factor of 10 compared to that of the 
present day 4G cellular handsets. 


The maximum SAR is expected to be further mini- 
mized in the future, as SG antenna technology con- 
tinues to evolve. 


1.9 GHz (Omni) 
tration depth = 40 ~ 45 mm, Average = 0.29, Max =1 mW/a| 
Exot the users ead | Incuding the user's head 


128 Gitz (Broadside Beamforming) 
th =3 mm, Average = 0.02, May 


3.2.mWig 


Figure 16 _ Biolosical implications on the User's Body 


Multi-RAT 


To realize the envisioned 5G services, significant en- 
hancement of per-user throughput and overall sys- 
tem capacity is required, compared with those of the 
4G system. Such an enhancement can be achieved 
through advanced PHY/MAC/network technologies 
and efficient methods of cell deployment and spec- 
trum management. In particular, utilizing a larger 
amount of system bandwidth guarantees an in- 
crease in the capacity by allocating more frequency 
resources to each user in the system. Therefore, uti- 
lizing the spectrum where huge bandwidth is avail- 
able can be considered to be the most critical issue 
for the 5G system, 


Currently, the 4G system specifies its operating fre- 
quency bands and some of them are assigned to 
cellular operators. These deployments can be ben- 
eficial since the existing 4G system will not interfere 
with other RATS. 


However, obtaining the licensed spectrum requires 
not only considerable financial investment, but also 
a significantly long period of time spent on requla- 
tory procedures. More importantly, a substantial 
portion of the licensed spectrum around 2 GHz is 
already being used, Therefore, finding a bandwidth 


that is wide enough to support the 5G system is very 
challenging, 


The recent trend in spectrum management is to 
aggregate both the licensed and unlicensed spec- 
trums to extend available system bandwidth, as 
shown in Figure 17. 
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Figure 17 _Iniegration of Licensed and Unlicensed Bands 


The unlicensed spectrum has plenty of bandwidth, 
For instance, approximately 500 MHz and 7 GHz 
bandwidths are available in the § GHz and 60 GHz 
bands, respectively. In order for the 5G system to.uti- 
lize the unlicensed spectrum, regulations imposed 
on each frequency band should be carefully recon- 
sidered, Representative examples of the regulations 
are the Transmit Power Control (TPC), Dynamic Fre- 
quency Selection (DFS), and Listen Before Talk (LBT), 


To efficiently utilize the unlicensed spectrum, we will 
develop the 5G system with the following character- 
istics. 


First, we will design PHY/MAC/network algorithms 
suitable for the nature of the unlicensed spectrum, 
Since a wide range of frequency bands are included 
in the unlicensed spectrum, each frequency band 
has its own characteristics. Hence, band-specific 
solutions will be provided 


Second, efficient coexistence mechanisms that take 
into account other RATS (e.g., WiFi or WiGig) operat- 
ing in the unlicensed spectrum will be suggested. 


Finally, techniques for interworking and integrating 
the 5G system with other RATs will be developed, By 
taking advantage of multiple RATs, the 5G system 
will be able to take advantage of the unique char- 
acteristics of each RAT and improve the practicality 
of the system as a whole. For instance, the 4G sys- 
tem is used for exchanging the contral messages 
to maintain the connection, to perform handover, 
and to provide real-time services such as VoLTE. 
The technology operating in mmWave unlicensed 
frequency band would support the gigabit data rate 
service. Multiple mmWave cells can be overlaid on 
top of the underlying 4G macro cells, as shown in 
Figure 18. 


Feedback on 6-40 End Fed Matchbox Antennas 


The antenna is amazing. | receive fantastic signal report from DX stations as well as hams around the 
country. | previously used a short version GRSV that was in an inverted V configuration on the roof of our 
house. This antenna was noisy but worked. Your antenna out performs the prior antenna and is much 
quieter. Thanks again for the fine product that your club offers. May 2012 


It took me 10 minutes to install and WOW - within 10 minutes | made my first HF contact (from CT to GA). 
And in the span of 4 hours made 3 more !!_ | was transmitting just 5 Watts from Yaesu 857ND using this 
antenna. This antenna rocks ! Thanks a ton! 73 May 2012 


The 6 - 40 Matchbox antenna works great! Easily tunes with the Z100 tuner - very low SWR's on 20m thru 
10m. Antenna was up about 45 feet on tree branch - wire length was about 52.5 feet, slight slope, 55 feet 
of coax, line isolator at radio. Work Hawaii for the very first time. Guess the antenna wanted to call 
home ::) 57 report, 100 watts, 15 Meter band, Icom 718. A great portable antenna that | will use often 
at Montrose Harbor along the lakefront in Chicago. Thank you for a fine, well made product. April 2012 


Itarrived today in fine shape. | got is up in the air this afternoon using a 31 foot radiator. Top is at 45 feet. 
Loads on all bands 80-10M with my LDG auto-tuner absolutely no problem, My first QSO was KH7X in 
the ARRL SS contest with 100W. Amazing. This thing rocks! It's a great antennal Nice jab and a great 
buy. November 2011 


| set-up my jackite pole today and tried a 68" wire with the 9:1 unun matchbox. | set it up as an inverted L 
with about 26 feet vertical and 42 feet horizontal. With my IC-703 it tuned 80 through 6 all well below 
1.5:1. | am going to leave the antenna up a few days and make a few contacts. | think the matchbox is 
terrific. October 2011 


My 6 — 40 meter end fed arrived through the UK holiday mail and | departed from my norm of a sloper and 
mounted it vertically on a 10m fishing pole. It is surprisingly effective and rewarded me with a surprise 
contact on 17m into the Falkland Islands at 20:30UT last night. January 2012 

When | attached it to a 10m fiberglass fishing pole and went vertical - wow! Easy 5/9 contacts out ta 
6,000+ miles when propagation was anything better than the worst. My simple ATU easily matches the 
antenna with SWR never greater than about 1.4 on any band itis built for. December 2012 


You can dither and procrastinate, but with this antenna, you'll be talking to the world in no time on any 
band that happens to be hot - and with your hard-earned cash hardly touched! January 2012 


Just wanted to report back that | have tossed the antenna into a tree about 20" up in an inverted vee 
shape and | am pleased to report that | can tune anywhere | need on 40-10M using the TS-590 internal 
tunerl! My first contact was on 40M within 10 minutes of erecting the antenna and was all the way to TX 
from my condo here in Mi using just 10 watts. This is by far the best HAM related investment | have made 
in a long time. Living in a condo with strict association rules, | am able to conceal this wire in a tree out 
my bedroom window and talk all over. I'm very happy and would recommend this antenna to anyone in a 
similar situation. March 2013 


Ihave had your multiband end fed antenna installed here in Singapore for a few weeks now and am very 
pleased. | used the wire from my previous antenna which is 66 feet long. It works beautifully! | have it 
hanging vertically outside my 15th story apartment window on a 5 foot horizontal pole (to get it away 
from the reinforced concrete building). A couple of fish weights on the end keep it from blowing around 
too much. | would recommend this antenna to anyone who is facing a challenging QTH. April 2013 | 
received my antenna yesterday, a quick 4 days since | ordered it. | attached it to a 31 foot pole and my 
IC-706MK2. Within minutes, | made my first contact with SA4KW in Zagreb, Croatia on 20 meters. Being 
able to reach out over 4,000 miles gives me real confidence that | have found my portable antenna. 
Thanks for your rapid response and fine product. May 2013 


In only 2 weeks of casual on-air time. If you could see how I had to zig-zag it through a big tree above the 
roof of my RV, you'd be saying like | am, "how the heck can that work? | worked 90% of the stations | 
called, and just added Mexico City on 15m that gave me a 5x9. September 2013 


Just wanted to let you know how pleased | am with my ERAC matchbox antenna. | put the EARC 
antenna in the backyard with the feed point at 4 feet and the wire sloping up to 35 feet. I have 125 feet of 
coax feed line. My transceiver's built-in antenna tuner will adjust the SWR to below 1.2 to 1 on all bands 
80-6 meters. Last weekend | worked 65 countries on 5 continents. | live in an antenna restricted 
‘community and this antenna has allowed me to enjoy ham radio again. February 2014 


lused the EARC Matchbox today. It works GREAT on 20m with a 30 ft radiator in vertical positioning, fed 
with 25ft of RG175/u coax. I've been talking up and down the east coast with 3W on SSB all afternoon! 
People ask me to repeat my power output again and again. | can't wait until | get the chance to use it at 
night, where | think itil really shine! This has a permanent place in my portable kit. Thanks for the great 
product! April 2014 


| performed a simple install in Virginia making it vertical by using a 28 foot fiber glass kite pole. Within 30 
minutes (NO KIDDING) | was receiving Lebanon on 17 meters! | also worked Russia and Eastem Europe 
that night on 20 meters. | love this antenna and | give it a 100% (5 STAR) rating. May 2014 


This little box is magic. NY, IA and NM from GA with ease on 100w June 2014 


Just wanted to let you guys know, this matchbox is wonderful. | built the matchbox, connected it to 55, 
feet of solid #14 about 20 feet in the air. My rig is a Yaesu FT-817ND connected to a MFJ-971 tuner with 
coax running between the tuner and the matchbox. So far | have worked Slovenia twice, Morocco, St. 
Helena Island, Cuba, Cost Rica, Vermont, Wyoming, Florida, North Dakota, Brazil, and Colombia. This 
setup works really well on the higher bands. Thank you for putting this design on the internet. | like it so 
much its become permanent here. September 2014 


This antenna continues to amaze me. It worked well U-shaped "indoors" with 50 watts, and now outdoors 
asasloper. It easily loads 10-40m with my TS-570s internal tuner. I'm sold on it and own two of them 
now. I'm working at least 90% of the DX | chase. | have no RFI in the shack either. November 2014 


EARC Antennas are operating in virtually every state, these countries and 
more! 


Argentina Australia Belgium Brazil Canada Chile Denmark Greece 


Hong Kong India Ireland Israel Italy Mexico Mozambique New Zealand Russia Singapore 
Sweden Tasmania United Kingdom 


ORDERING A MATCHBOX ANTENNA FROM EARC 


Volunteers of the Honolulu Emergency Amateur Radio Club (EARC) carefully assemble the 6- 
40 End Fed matchbox antennas for those who prefer not to build one. For a donation of $56 
(Including USPS priority mail shipping) club volunteers will build and deliver a 6-40 matchbox 
with a 30 foot antenna wire anywhere in the U.S., we do not ship internationally. Note that coax 
cable is not included. 


Payment by PayPal 


To pay via PayPal, make your payment to paypal@earchi.org using any major credit card, 
Include your name, mailing address, and email address with the order. 


We will ship promptly and you will ely receive the order in the US in 7 days or less. If you 
have any questions about your order, please email webmaster @earchi.org 


Thank you for your interest in the activities of Honolulu Emergency Amateur Radio Club and 
amateur radio. 
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Not 


Dimensions of the antennas presented below are either in: feet (7, inch ("), meters (m), or centimeters (cm) 


O1- Tee Antenna 
02 - Half-Lamda Tee Antenna 

03 Twin-Led Marconi Antenna 

04 Swallow-Tail Antenna 

05 - Random Length Radiator Wire Antenna 


lulian Rosu YO3DAC/VA3IUL, 


147 - KE4PT OCEF All-Band Dipole 
148 - Wire Quad Antenna for 40m 
449 - Inclined Dipole Antenna for 80m, 40m 


150 - Pyramidal Wire Antenna for 80m 
11 - Random Wire Antenna All Bands 


06 - Windom Antenna, 
07 - Windom Antenna - Feed with coax cable 
08 - Quarter Wavelength Vertical Antenna 


152 - Multiband Dipole Antenna for 80m, 40m,15m, 10m 


4153 - Slim Jim Wire Antenna for 4m 
154 - Delta Loop for 6m 


09 Folded Marconi Tee Antenna 
10 Zeppelin Antenna 

41 - EWE Antenna 

412 Dipole Antenna - Balun 

13 - Multiband Dipole Antenna 

414 Inverted-Vee Antenna 

45- Sloping Dipole Antenna 

16 - Vertical Dipole 

17 - Delta Fed Dipole Antenna 

18 - Bow-Tie Dipole Antenna 

19 - Bow-Tie Folded Dipole Antenna for RX 
20 - Multiband Tuned Doublet Antenna 

21 GRV Antenna 
22.- Wideband Dipole Antenna 

23 - Wideband Dipole for Receiving 

24 Tilted Folded Dipole Antenna 

25- Right Angle Marconi Antenna 

26 - Linearly Loaded Tee Antenna 

27- Reduced Size Dipole Antenna 

28 - Doublet Dipole Antenna 

29 = Delta Loop Antenna 

30 Half Delta Loop Antenna 

34 - Collinear Franklin Antenna 

32 Four Element Broadside Antenna 

33. The Lazy-H Array Antenna 

34 = Sterba Curtain Array Antenna 

36 - TAL DX Antenna, 

36 1.9 MHz Full-wave Loop Antenna 

37 = Multi-Band Portable Antenna 

38 - Off-center-fed Full-wave Doublet Antenna 


185 - Re-Configurable Antenna for 160m and 80m 
156 - Very Low Frequency Inverted-L Antenna 
157 - Reduced Size Half Sloper Antenna for 160m 
158 - Tree-Mounted HF Antenna 


159 - Multiband Vertical Antenna for 80m, 40m, 20m 


160 - Marconi Antenna for 136 kHz 
461 - Simple Killer Antenna for 40m 
162 - Stub-Directed V Antenna for 80m 
463 - KTONY Over-ani 
4164 - Horizontal Loop Antennas 

4165 - Ribbon J-Pole for 2m 

166 - Dual Band Ribbon J-Pole for 2m, 70cm 
167 - Square Vertical Loop Antenna for 40m 

168 - Tri-Band Quad Antenna for 20m, 15m, 10m 


169 - 3D Quad Antenna for 80m, 40m, 20m, 15m, 10m 


inder DX Antenna for 20m 


470 - Sloping Wire Antenna for 30m, 20m, 17m, 16m, 12m, 10m 
171 - Broadband Dipole Antenna with Coaxial Resonator for 80m 


172 - Resonant Feedline Dipole Antenna for 80m 


473 - Dual-Band Loading Wire Antenna for 80m, 30m 


174 - Stub Matching Antennas 
175 - J-Style Vertical Wire Antenna for 10m 


476 - Dual Band Vertical with Zep Feeders for 40m, 20m 


177 - RCA Double Doublet for 40m to 12m 
178 - RCA Spiderweb Antenna for 40m to 6m 
479 - Folded Dipole with Shorted Straps 

180 - Twin-Lead Marconi Antenna for 160m, 80m 


181 - Broadband Antenna Quarter-Wave Balun for 80m 


182 - Three-Quarter-Wave Folded Doublet for Dual-Band 
183 - Three-Quarter-Wave Folded Doublet No-Switch for Dual- 
Band 


39 Terminated Sloper Antenna 
40 = Double Extended Zepp Antenna 

41- TCFTED Dipole Antenna 

42 Vee-Sloper Antenna 

43 - Rhombic Inverted-Vee Antenna 

44 Counterpoise Longwire 

45 - Bisquare Loop Antenna 

46 - Piggyback Antenna for 10m 

47 - Vertical Sleeve Antenna for 10m 

48 Double Windom Antenna 

49 - Double Windom for 9 Bands 

50 - Collinear Trap Antenna 

51 - Short Dipole Antenna for 40m - 80m - 160m 
52 Center Fed-Zepo Antenna for 80m - 40m 
53 - All Bands Antenna 

54 All-Bands Dipole Antenna 


184 - Wideband Omni-Directional Discone Antenna 


185 - Wideband Rhombic Antenna for 40m to 10m 


186 - Pre-Cut Linear Array Antenna 3dB-Gain for 40m 
187 - X-Array Antenna 64B-Gain for 20m, 15m, 10m 

188 - Double-Bruce Array Antenna SdB-Gain for 20m, 10m 
189 - Bi-Square Broadside Array 4dB-Gain for 20m, 15m, 10m 


190 - Six-Shooler Broadside Array 7.5dB-Gain for 20m, 15m, 


im 


|191 - Triplex Flat-Top Beam 4.5d8-Gain for 20m, 15m, 10m 


4192 - Dual-Band Tilt Antenna for 20m, 10m 


193 - Super Space Multiband Dipole Antenna for 80m to 10m 
194 - Bi-Square Beam Antenna Gain=5,5dB for 10m 
196 - Cousin of GSRV Mulliband Antenna for 40m to 10m 


196 - Cayman Quad Antenna for 20m 


197 - Hentenna Gain=3dB with Bazooka Match for 6m 


198 
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55 - Multiband Z Antenna 
56 - Multiband Dipole Antenna 
57 - Five-Bands No-Tuner Antenna 
58 - Dualband Full-wave Loop Antenna for 80m-40m 
59 Loop Antenna for 10m 
60 Lazy Quad Antenna for 10m 
61 - Tri-band Delta Loop Antenna for 80m - 40m - 30m 
82 - Dual-band Loop Antenna for 30m - 40m 
63 - Wire-Beam Antenna for 80m 
64 Dual-Band Sloper Antenna 
85 - Inverted-V Beam Antenna for 30m 
66 - ZL Special Beam Antenna for 15m 
87 Half-Sloper Antenna for 160m 
88 - Two-Bands Half Sloper for 80m - 40m 
69 - Linear Loaded Sloper Antenna for 160m 
70 = Super-Sloper Antenna 
71 Tower Pole as a Vertical Antenna for 80m 
72 Clothesline Antenna 
73 Curtain Zepp Antenna for 160m, 80m, 40m 
74 Collinear Array Antenna for 40m, 30m, 20m 
75 160m Inverted Delta Loop 
76 - Half Rhombic Unidirectional Vertical for 20m to 6m 
‘7 Capacitance Loaded Vertical Antenna for 160m 
78 Fan Dipole Antenna for 80m to 6m 
79. Wire Ground Plane Antenna 
80 - Inverted Delta Loop Antenna for 160m 
81 = Inverted-L for 160m 
82 - 3000hm-Ribbon Dual Band Dipole 
83. Tri-Band Beam for 20m, 15m, 10m 
84 Mini-Horse Yagi Antenna 
85 - Backpack J-Pole Antenna for 10m, 6m, 2m 
86 - Fan-Dipole Antenna for 80m, 40m, 20m 
87 - Capacity Tuned Folded Loop Antenna for 20m 
88 - Indoor Loop Antenna for 80m to 30m 
{89 Indoor Loop Antenna for 80m 
90 Double-Delta Antenna 80m and 40m 
91 - Inductance-Loaded Shortened Dipole for 160m 
Beam Antenna for 15m 
Vertical Wire Antenna 
jack Quad Antenna for 80m 
95 - Phased Loop Antenna 
96 - Loop Antenna for TX for 160m 
97 - Moraain-Dipole Antenna for 160m and 80m 
98 ZL-Special for 20m, 15m, 10m 
99 - Biconical Antenna 
100 - Directive Delta-Birdeage Antenna for 20m to 10m 
101 - Dual Polarization Antenna for 80m and 4m 
102 - Directive 300-ohm-Ribbon Folded Dipole for 15m 
103 - Miniature Directive Antenna for 10m 
4104 - Biquad Antenna 12dBi-Gain for 2.4GHz 
105 - Dual-Rhomboid Antenna for 435MHz to 870MHz 
106 - Double-Bazooka Antenna for 80m 
4107 - J-Style Antenna 
108 - Vertical / Horizontal / Circular Polarization Antenna 
4109 - Coax Inverted-L Antenna for 80m 
110 - Indoor Compact Loop Antenna for 80m 
411 Helix Antenna 
112 - Novice Vertical Antenna for 80m, 40m, 15m, 10m 
113 Stub-Loaded Shortened Dipole for 80m 
114 - Six-Band Wire-Stub Trap Antenna for 40m-10m 
115 - Mulliband Hal-Wave Delta-Loop Antenna 
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199 - Twin Delta Loop Antenna Gain=6dB for 160m, 80m, 40m 
200 - inverted-V Beam Antenna for 30m 

1201 - FD4 Windom Antenna for 80m, 40m, 20m, 10m 

202 - Two Elements Phased Delta Loop for 40m 

}203 - Three Elements Wire Yagi for 10m 


1204 - Low Radiation Angle Full-Wave Loop Antenna for 80m 
205 - Collinear Antenna Gain=3dB for 2m 


1206 - X-Ray Monoband Antenna Gain=6,5dBd 

207 - Broadside Collinear Curtain Array for 20m 

}208 - Shrunk Loop Antenna for 80m, 40m 

209 - A/3 Multiband Dipole for 40m, 20m, 17m, 15m, 13m, 10m 
210 K3LR Sloper Antenna Gain=34B for 160m 


211 - Mini Folded Vertical Monopole Antenna for 160m, 80m, 40m] 


1212 - Three Band Dipole for 80m, 40m, 20m 
1213 - Stub Matched Dipole Antenna 

214 - Inverted-Vee Antenna with Bazooka Match 

[215 - Multiband Long Wire Antenna for 40m, 20m, 16m, 10m 
1216 - Converted Vee Antenna for 80m, 40m 

1247 - Swiss Quad Antenna for 20m, 15m, 10m 

218 - Japanese Quad Antenna for 20m, 15m, 10m 

1219 - Seven-Elements Triangle Beam Antenna for 20m 
}220 - Log Periodic Wire Antenna for 40m 

1221 - Three-Elements 90-degrees Wire Beam for 20m 
}222 - Two-Elements Wire Beam for 20m 

223 - Suitcase-Fit Dipole Antenna for 80m, 40m, 20m 
1224 - Multiband Coaxial Dipole for 80m, 40m 

225 - Vertical Log Periodic Antenna for 80m, 40m 

226 - Inverted Vertical Log Periodic Antenna for 40m 
1227 = Double Extended Zepp Antenna Gain=7dB for 15m 
1228 - Double Lazy-H Antenna G=10dB for 70cm 

1220 - Wire Log Periodic Antenna G=12dB for 15m, 20m 
230 - Five-Elements Vertical Log Periodic for 80m, 40m, 20m 
1231 - Sloping Delta Loop Antenna for 4m 

}232 - Doublet Antenna for 160m 

}233 - Log Periodic Wire Beam for 4m 

}234 - G3LDO Wire Beam Antenna for 20m, 15m, 10m 
}235 - Phased Delta Loop Array for 20m 

}236 - Dual Band V-dipole for 80m, 40m 

237 - Collinear Array 5dB-Gain for 15m 

1238 - Two-Band Quad Loop Antenna 80m, 40m 

1239 - K7CW Quad Antenna 

}240 - Broadband Short Dipole for 80m 

1241 - Off-Center Fed Dipole for 40m, 20m, 10m 

1242 - Broadband Sloper Antenna for 80m 

1243 - Two-Frequency Dipole Antenna for 80m 

1244 - Top Loaded Vertical Antenna for 160m 

}245 - Two Loop Beam Antenna for 20m, 15m 

1246 - Comer-Fed Delta Loop Antenna for 80m, 40m, 20m 
1247 - Loaded Delta Loop Antenna for 40m, 20m 

1248 - Compact Size Dipole for 80m 

}249 - JAWS 30B Gain Antenna for 40m 

260 - Inverted-V Antenna for 160m 

251 - Lazv-U Antenna for 160m 

1252 - AFV Compact Antenna for 160m 

}253 - Hot Beam Wire Antenna for 40m 

}254 - Sloping Delta Loop for 40m 

1255 - K6ED Multiband Antenna with T-tuner 

256 - Dual Band Dipole Antenna for 17m, 10m 

257 - Compact Travel Dipole Antenna for 10m, 15m, 20m 
}258 - End-Fire Antenna for 160m, 80m, 40m, 20m 

}259 - Four Band Loop for 40m, 20m, 15m, 10m 
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116 - Hybrid Vee for 20m, 17m 1260 - Carolina Windom Antenna for 80 to 10m 

117- Six-Shooter Array Antenna, Gain=7.54B 1261 - Shortened Loaded Dipole for 40m 

118 - Multiband Ground-Plane Antenna for 10m, 15m, —_|262 - Shortened Loaded Dipole for 80m 

20m 1263 - Low Radiation Angle Inverted Delta Loop for 80m 
119 - Wire Superbeam Antenna for 10m, 15m, 20m 1264 - Compact Dipole Antenna for 40m, 15m 

120 - Two Elements Delt-Loop Antenna 265 - Vertical Delta Loop for 40m to 10m 

421 - Sterba Curtain Antenna 1266 - Delta Loop Antenna for 17m 

122 - Half-Wave Vertical Zepp Antenna 267 - Bi-Square Beam Gain=3dBd for 17m 

123 - Lazy-Loop Antenna for 40m 268 -Trap Dipole Antenna for 17m,13m 

124 - Terminated Folded Dipole for 80m, 40m }269 - Hanging Unipole Antenna for 160m, 80m 

125- Short-Fat Antenna for 15m }270 - Wideband Sloping Vee Antenna - 30m to 6m 

126 - Cobra Antenna for 80m 274 - 5/8 Wavelength Antenna 

4127 - Log-Periodic Wire Antenna for 20m, 15m, 10m |272- C-Pole Vertical Antenna 

128 - 5-Element Log-Periodic Vertical Antenne for 80m, |273 - Bobtail Antenna for 30m 

274 - Bobtail Antenna for 40m 

275 - Two Elements Vertical Loop Antenna for 40m 

190 - Earth-Mover Inverted-V Antenna for 40m }276 - Double Extended Zepp Antenna for 40m 

131 - Coax-Cable Collinear Antennas 1277 - Reversible Moxon Flip Beam for 40m 

132 - Double Bobtail Antenna for 20m 278 - Spitwire Antenna for 40m 

193 - Collinear Zepp Antenna 1279 - Fork Antenna for 40m 

134 - Taylor Vee Antenna for 20m 1280 - Veebeam Antenna 3dB-Gain for All Bands 

135 - Collinear Vertical Antenna 6dB-Gain for 2m, 1.3m, |281 - Vertical Moxon Antenna for 10m 

i730m 1282 - Half-Square Antenna for 30m 

136 - Bi-Loop Antenna for 20m 283 - Rotatable Vertical Delta Loop for 20m 

137 - Wire Beam 6dBd-Gain for 10m 284 - Mini-Horse Antenna 10d8-Gain for 40m-lo-2m 

198 - Sloping Dimond Antenna 4dB-Gain for 40m }285 - Compact Moxon Antenna 5dB-Gain for 40m 

139 - Twisted Loop Antenna for 160m }286 - Two Elements Sloping Delta Loop 848-Gain for 10m 
140 - DX RX Loop Antenna for 160m 287 - Two Elements Phased Vertical Antenna 3dB-Gain for 40m 
4141 - Hentenna 3dB-Gain for 10m, 6m, 2m 

142 - VK2AAR Wire Antenna for 20m 

4143 - 2-Elements Quad Antenna for 6m 

4144 - Hula-Loop Bidirectional 6dB-Gain Antenna for 17m 


145 - Moxon Rectangle Beam for 15m-10m 


146 - Double-D Beam 4dB-Gain 


04 - Tee Antenna 
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04 - Swallow-Tail Antenna 
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06 - Windom Antenna, 
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08 - Quarter Wavelength Vertical Antenna 
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09 - Folded Marconi Tee Antenna 
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10 - Zeppelin Antenna 
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13 - Multiband Dipole Antenna 
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14-Inverted-Vee Antenna 
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Figure 18 Overlaid Network of mmWave Small Cell 
Integrated with the Underlay 4G System 


Advanced Network 


In order to meet the 5G key requirements such 
as latency and the large number of simultaneous 
connections, and to support new business models 
and scenarios for operators, technologies above 
the radio access level should also be considered. 
Therefore, we need to develop technologies at the 
system architecture level from the network point of 
view. To accomplish the 5G key requirements and 
support the increased data rate of new 5G radio 
access, 5G network will have to evolve towards a 
distributed and flat architecture 


Current mobile network architectures designate a 
dedicated node in the core network (e.g., PGW - 
Packet Data Network Gateway in 3GPP) as a mabil- 
ity anchor that allocates an IP address to the termi- 
nal, tracks terminal location in the IP topology, and 
ensures terminal's reachability by tunneling its traf- 
fic to wherever it goes. All terminal traffic is tunneled 
through the centralized node in the mobile core net- 
work. However, the undesirable consequences of 
this design include the following: 


— Increase in end-to-end transmission latency 
due to elongated data paths, 


— Additional load of backhauling and network 
processing in the core networks. 


— Low network reliability due to introduction of a 
single point of failures. 


In the 5G flat network architecture, as illustrated in 
Figure 19, user mobility is managed efficiently and 
in a dynamically scalable fashion by pushing the 
functionality to the edges of the network and even 
onto the mobile terminals (20). 


The three important benefits of this approach in- 
clude the followings: 


First, such a distributed mobility management al- 
ways provides the shortest data path between MS 
and the Intemet without traversing the core network. 
This distributed mobility management leads to a 


significant reduction of signaling and data transmis- 
sion delay. Also, low end-to-end latency require- 
ments of less than 5 ms’ for new 5G services such 
as immersive UHD video streaming, cloud gaming, 
and virtual reality, cannot be archived solely by re- 
ducing radio access latency but would also require 
a flatter network architecture design. In the flat net- 
work architecture, services which require low laten- 
cy transmission can be provided by Edge Servers 
and they can benefit from advanced network fea- 
tures which utilizes network information for optimal 
operations. 


Second, it provides a highly scalable solution com- 
pared to the centralized architecture, in which a 
single core network gateway maintains the whole 
traffic from MSs or to MSs. 


Third, it easily avoids the risk of having a single point 
offailure. In lat network architecture, the breakdown 
of one network gateway would not significantly in- 
terfere with the operations of the other gateways. 


Flexibility is considered as another key requirement 
of 5G network architecture. Software-Defined Net- 
working (SDN) and Network Function Virtualization 
(NFV) provide promising examples of programma- 
ble design technologies for realizing a flexible 5G 
network architecture. 


Figure 19 5G Flat Network Architecture 


Advanced MIMO 


One promising technology for meeting the future 
demands is massive MIMO transmission/reception 
[21], When used with multi-user precoding schemes 
such as Maximum Ratio Transmission (MRT) pre- 
coding, also known as channel conjugate precod- 
ing, massive MIMO systems experience small inter- 
user and inter-cell interferences, and consequently 
achieve significantly higher throughput than the 
state-of-the-art MIMO systems. 


One of the main challenges to build massive MIMO 
systems in practice is the limitation in the number of 
antennas that can be equipped at a BS, caused by 
the BS form factors and operating carrier frequen- 
cies 


snovo18 


Wire_Antennas_for_ Ham Radia 


15 - Sloping Dipole Antenna 
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16 - Vertical Dipol 


‘tp uivaw.qsLnetvaSiulAntenna/Wire%20Antennas%420for%20Ham%20RadioNWire_antennas_for_ham_radio.him ana7 


snoro18 Wire_Antennas_for_ Ham_Radio 


OVERKEADSUFPORT Impure qs. netva3ia 


clewans 


EARTH'S SURFACE 


17 - Delta Fed Dipole Antenna 
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18 - Bow-Tie Dipole Antenna 
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19 - Bow-Tie Folded Dipole Antenna for RX 
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For example, to horizontally install a large number 
of antenna elements (e.g., > 8) at the top of a BS 
tower operating with the lowest 4G system frequen- 
cy bands of 700 MHz, eight antenna elements with 
0.5. spacing require up to 1.7 m width, where A 
is the carrier wavelength. For the typical 4G system 
frequency bands of 2.5 GHz, fitting 32 antenna ele- 
ments with 0.5 4 spacing require up to 1.9 m width, 
Which is stil not feasible in many BSs that have only 
limited room on the tower, This practical limitation 
has motivated Full-Dimension MIMO (FD-MIMO) 
cellular communication systems, which place a 
large number of active antenna elements in a two 
dimensional grid at the BSs. 


A typical FD-MIMO deployment scenario is illus- 
trated in Figure 20, for a macro BS with 3 sectors 
equipped with 2D Active Antenna Array (AAA) pan- 
els, 


FD-MIMO simuttancously 
supports elevation & azimuth 


FO-MIMO 
5S Ba Qe 


Figure 20 Example of FD-MIMO Deployment 


FD-MIMO system can support high-order Multi- 
User MIMO (MU-MIMO), while fully exploiting the 
elevation as well as the azimuth dimension, thereby 
generating improved system throughput. 


In full buffer systerr-level evaluations, it has been 
found that 64-antenna-port FD-MIMO system 
achieves 243% average-cell and 244% cell-edge 
performance gain, compared to those of the 
@-antenna-port legacy MIMO system. In order to 
achieve the promising gain of FD-MIMO in practice, 
we need accurate beam steering and tracking in 
three Dimensions (3D). 


To steer and track the MU beams toward serving 
MSs, FD-MIMO BS should be equipped with mul- 
tiple transceivers (TRX) feeding 2D array elements, 
in which the number of TRX doubles or even quad- 
tuples compared to that of the conventional BS. 


Having a large number of TRX poses new chal- 
lenges, such as antenna calibration and complexity 
issues associated with Channel State Information 
(CSI) acquisition and precoding. 


Onthe other hand, high-order MU-MIMO introduces 
another set of new challenges, such as scheduling 


complexity and link adaptation. Furthermore, in Fre- 
quency Division Duplex (FDD) systems, other new 
challenges emerge such as pilot overhead, CSI es- 
timation complexity, CSI quantization and feedback 
overheads. 


ACM & Multiple Access 
— FBMC 


As cellular loT has been one of key driving forces 
to 5G, spectrally efficient support for heterogene- 
ous services that have quite different requirements 
is becoming ever so important. Accordingly, several 
enabling methods such as mult-RAT coexistence 
and flexible spectrum sharing have been actively 
investigated. 


Recently, FBMC has drawn much attention as an 
enabling technology for enhancing the fundamental 
spectral efficiency, though its theory has a long his- 
tory similar to that of Orthogonal Frequency Division 
Multiplexing (OFDM). 


Because of the well-localized time/frequency traits 
adopted from a pulse shaping filter per subcar- 
rier, the FBMC system can reduce the overhead 
of guard band required to fit in the given spectrum 
bandwidth, while meeting the spectrum mask re- 
quirement. 


Furthermore, the effectively increased symbol du- 
ration is suitable for handling the multi-path fading 
channels even without Cyclic Prefix (CP) overhead 
Consequently, the FBMC system can reduce the in- 
herent overheads such as CP and guard-bands in 
CP-OFDM. FBMC is also attractive in specific asyn- 
chronous scenarios, including Coordinated Mult- 
Point Transmission and Reception (CoMP) and 
Dynamic Spectrum Access (DSA) in a fragmented 
spectrum. 


However, to maintain the transmission symbol rate, 
the conventional FBMC system generally doubles 
the lattice density either in time or in frequency com- 
pared with OFDM while adopting Offset Quadra- 
ture Amplitude Modulation (OQAM). In OQAM, in- 
phase and quadrature-phase modulation symbols 
are mapped separately with halt symbol duration 
offset. Thus, so-called OQAM-FEMC or Staggered 
Multi-Tone (SMT) causes intrinsic interference that 
makes it difficult to apply conventional pilot designs 
and corresponding channel estimation algorithms 
as well as MIMO schemes as in CP-OFDM systems 
(22) 


With a base-fiter that takes the spectrum confine- 
ment and the orthogonality among adjacent sub- 
carriers into consideration, the QAM-FBMC system 
performs comparable to the CP-OFDM system 
even without the CP overhead, while the guard- 
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band overhead reduction is also available from the 
well-confined spectrum. Sophisticated receiver al- 
gorithms including channel estimation and equali- 
zation can further mitigate the multi-path fading 
channel impact without the CP. 
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Figure 21 One GAN-FBMC Symbol Generation 


~ FOAM 


One of key requirements for 5G is enhancement 
of cell-edge performance, which means that every 
user should be supported with Gigabit experience 
anywhere. Conventional approaches to enhance 
the celledge performance mainly focus on man- 
aging interference (@.g., interference cancellation, 
interference avoidance), by dealing with interfer- 
ence as a Gaussian. However, it is proved that the 
worst-case additive noise in wireless networks with 
respect to the channel capacity has a Gaussian dis- 
tribution. From this observation, one can expect that 
the channel capacity can be increased by a non- 
Gaussian interference design which makes Inter- 
Call Interference (IC!) non-Gaussian. The distribu- 
tion of ICI depends on the modulation schemes of 
the interfering BSs. Therefore, an active interference 
design for improved cell-edge performance can be 
achieved by applying a new type of modulation, 


FQAM, a combination of Frequency Shit Key- 
ing (FSK), and Quadrature Amplitude Modulation 
(QAM) can be used as an active interference design 
scheme. Figure 22 shows the signal constellation of 
16-ary FQAM that is a combination of 4-ary FSK and 
4-ary QAM, 


4-ary QAM 


4-ary FSK 


Figure 22 Example of 16-ary FOAM 


With FQAM, the statistical distribution of ICI is likely 
to be non-Gaussian, especially for cell-edge users. 
As a result, the transmission rates for the cell-edge 
users can be significantly improved. 


The statistics of ICI and the performance enhance- 
ment possibility have been proven by practical 
implementation of a system which uses FOAM. 
FQAM system environment for cellular downlink 
OFDMA networks is shown in Figure 23 and 24 
Our experimental results show that the transmission 
rates for interference-limited users in FQAM-based 
OFDMA networks are around 300% higher than 
those in QAM-based OFDMA networks [23][24) 
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Figure 23 Cell Structure with MS and BSs 
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Figure 24 Impl 


Advanced D2D 


Advanced D2D communication is an attractive 
technology that enhances spectral efficiency and 
reduces end-to-end latency for 5G. Not entirely de- 
pending on the cellular network, D2D devices can 
communicate directly with one another when they 
are in clase proximity. Hence, D2D communication 
will be used for offloading data from network so that 
the cost of processing those data and related sign- 
aling is minimized. Moreover, enhanced version of 
D2D communication was suggested lately for being 
used as special purpose such as Mission Critical 
Push-To-Talk (MCPTT) communication and Vehicle- 
to-Anything (V2X) communication. 


In advanced D2D communication, a single radio 
resource can be reused among multiple groups 
Which want to communicate with each other if the 
interference incurred between groups is tolerable. 
Hence, we can increase the spectral efficiency and 
the number of the simultaneous connection by utliz~ 
ing D2D communication in 5G. Moreover, since the 
data is directly transmitted and not going through 
the core network, the end-to-end latency can be 
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considerably reduced. Therefore, advanced D2D 
communication is quite well aligned with loT servic- 
es as shown in Figure 25. The cars can communi- 
cate with each other to exchange the information for 
safety alarm and infotainment without cellular base 
station. The home appliances communicate with 
each other for home automation service. Many ab- 
jects in proximity region can be connected to each 
other so that loT services can be accomplished 


oF (Cy) Ore 


Figure 25 Advanced D20 Communications 


Advanced Small Cell 


To achieve significant throughput enhancement 
in a practical manner, it is necessary to deploy a 
large number of cells in a given area and to man- 
age them intelligently. The 5G system is expected 
to utlize higher frequencies to take advantage of 
the vast bandwidth in the mmWave bands. Hence, 
the considerably high propagation loss of mmWave 
makes it suitable for dense small cell deployment, 
which leads to higher spatial reuse. 


Moreover, Figure 26 shows the concept of a user- 
centric virtual cell, Conventional static network to- 
pologies with a central controller have an “edge”, 
the reach of the central controller. However, a user- 
centric virtual cell that consists of a group of coap- 
erating BSs is continuously reformed so that any 
user will always find himself/herself at the “center” 
of the cell 


Distributed and self-configuring network technolo- 
gies will make it easy to deploy many small BSs in 
urban and suburban areas. In-band wireless back- 
haul can be used between BSs for cooperative 
communication, reducing the cost and complexity 
of backhaul network deployment. 


Wireless Backhaul 
Updated Virtual Cell 


Previous Virtual Cell 


Figure 26 User Centric Virtual Cellular Network 


5G Deployment Scenario 


In order to provide the ubiquitous high QoE gigabit 
accessibility, we envision an overlaid deployment of 
8G in conjunction with the existing 4G macro cells. 
The 5G small cells can be coupled with the overlaid 
4G macro cells, and the 4G macro cells will control 
the operations of the associated 5G small cells, as 
illustrated in Figure 27. In the figure, 5G BS primarily 
provides multi-gigabit per second throughput with 
high QoE to mobile users over the legacy spec- 
trum or higher spectrum like the 5 GHz unlicensed 
band and bands above 6 GHz, Meanwhile, the 4G 
BS can serve as a control channel to 5G MSs for 
supporting seamless connection anywhere over the 
legacy 4G spectrum 


5G system will need enhanced RAN technologies 
that not only utilize the legacy frequency bands 
assigned to IMT and IMT-Advanced systems, but 
also use new frequency bands. At the same time, 
5G system will also need to support seamless in- 
terworking with other RATS operating in unlicensed 
bands. 


5G.Smal BS 


Dual 
Connection 


Figure 27 5G Deployment Scenario 


Standardizations and Regulations 


As shown in Figure 28, 5G is planned to be com- 
mercialized in year 2020, ITU-R WP SD is preparing 
timelines in the vision document for standardization, 
spectrum allocation, and commercialization, in or- 
der to be on time, From the perspective of commer- 
cialization, standards for 5G should be ready by the 
year 2017 to allow 2 or 3 years for the development 
of SG products. Considering average periods of 
previous standardization, 5G standards need to get 
slarted in 2015 to make 5G standards available by 
the end of 2017. 


New frequency bands may be required to achieve 
the target performance of 5G. World Radio com- 
munication Conference (WRC)-15 agenda item 1.1 
made in WRC-12 indicates consideration for addi- 
tional spectrum allocations to mobile services on a 
primary basis and for identification of additional fre- 
quency bands for IMT purposes. 
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~ = 860". Boom material: Al, JB = wood; IJ = metal. Cross 
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Ohms; Watts _ 
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Figure 28 5G Timelines 


In light of this agenda ite, various frequency rang- 
es had been proposed and discussed in ITU-R WP 
5D in July 2013, and Joint Task Group (JTG) 4-5-6-7 
had performed compatibility studies among Various 
technologies in each candidate frequency band un- 
til July 2014 


Although bands above 6 GHz were not included in 
JTG 4-5-6-7's candidate frequency bands, WP 5D 
has been developing a new report an IMT systems 
in bands above 6 GHz, including channel charac- 
teristics and the potential usage of the bands for 
IMT systems. 


WP 5D may also provide JTG 4-5-6-7 with the nec- 
essary information regarding bands above 6 GHz 
in order to be referenced as appropriate in the draft 
text of Conference Preparatory Meeting (CPM). The 
possibility and further necessity to study the bands 
are captured in the report from JTG 4-5-6-7 to CPM 
as follows: 


“The demand of high bit rate, especialy in densely 

populated area could be accommodated in higher 
frequency bands (e.g. above 6 GHz) than those 
currently being considered in studies, however the 
technical information required for compatibiliy stua- 
jes has yet to be developed and these studies and 
proposals are being explored for future work, be- 
yond WRC-15," 


This report implies that new frequency bands can 
be added to the IMT frequency bands toward WRC- 
19, and it is likely that bands above 6 GHz can be 
one of candidate frequency bands. 


In addition, Licensed Assisted Access (LAA) study 
item has been accepted in 3GPP LTE in the second 
half of 2014, acknowledging the use of unlicensed 
bands for cellular system 


Recently, as FCC relieves SGHz band regulations 
for various unlicensed band usage, related coexist- 
ence technology between LTE and WLAN will be 
standardized in both standards. 


Further, as shown in Figure 29, Samsung is actively 
engaging in the most of global 5G research initia- 
tives, such as European 5G PPP projects of Hori- 
zon 2020, 5G Innovation Centre (SGIC) in UK, NYU 
Wireless Center in US, Giga KOREA project and 
Chinese 836 project. 


Samsung is leading various collaborations with in- 
dustries and academics over the world. In particu- 
lar, Samsung has played an important role as the full 
member of 5G PPP Infrastructure Association, the 
executive board member of 5G Forum in Korea and 
the chair of vision sub-working group for Future IMT 
(SG) in ITU-R WPSD. 


In order to have a consistent perspective on 5G with 
those of other academic institutes, we are vigor- 
ously developing 5G core technologies with several 
outstanding universities around the world. 


Figure 29 Global 5G R&D Activities 


Conclusion 


5G will usher in a revolutionary generation of mobile 
communication that provides ubiquitous multi-Gbps 
data rate regardless of the user's location. 


Significantly increased system capacity and real- 
time responsiveness of the 5G system will introduce 
life-changing services providing the users with a 
truly immersive and rich experience, The profoundly 
life-alternating world of billions of interconnected de- 
vices, the IoT, will require something as revolutionary 
as 5G to be fully realized in its fullest extent. And 
finally 5G promises to reverse the widening revenue 
gap and make it worthwhile for operators and ser- 
vice providers to invest again in innovative new ser- 
vices, and continue to propel increased productivity 
and efficiency. 
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132- Double Bobtail Antenna for 20m 


58/127 


snoro18 Wire_Antennas_for_ Ham Radia 


8 
Best swiren 


Intpsmegehnovaiod cgir 
= Tuweo 10 4 2une : - 


r _ 9183 - Collinear Zepp Antenna : 
a 
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7 435 - Collinear Vertical Antenna 6dB-Gaif for 2m, 1.3m, 73cm 7 
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137 - Wire Beam 6dBd-Gain for 10m 
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138 - Sloping Diamond Antenna 4dB-Gain for 40m 


1B Lose 
25-112) 35-112" 
3-468 
Gain - 
as-12" 5-12" 
Dimensions in Feet itpwve sno 


139 -Twisted Loop Antenna for 160m 


apse. gshnetivanul 


300 Ohm Line To 
Balun & Tuner; 
’ Any Length 


Dimensions in Feot i Ei 


4140 = DX RX Loop Antenna for 160m 


‘tp syivaw.qsLnetvaSiul/Antenna/Wire%20Antennas%420for%20Ham%k20RadioNWire_antennas_for_ham_radio.him 


e127 


snovo18 Wire_Antennas_for_ Ham_Radia 
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A= 98.26/f = (m);329/f = (fH) 56.09/f = length of diagonal in metres. 
E = 53.96/f = (my; 17/t = (ft) 184/f = diagonal length in ft 

= 560mm (22in) for 14MHz, 380mm (15in) for 21MHz and 

250mm (10in) for 28MHz tp: nevada 


146 - Double-D Beam 4dB-Gain 
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447 - KEAPT OCEF All-Band Dipole 

KEAPT OCEF Al-band Dipole Ips netvssa connector, to 
enna tuner 

y—£a9 insulator 11.5 ft (2.5m) coax cable. 
20 ft 9.4m) dipole te ferrite 29 
Cimsegeica_F teetpoint J current chokes 


(#20 of 22 stranded Teflon covered wire, 
extends from coax cable center conductor) 


KE4PT Off center end fed (OCEF) All-band Dipole 


Lengths are not critical, as long as they are not near a half wavelength on any frequency used. 
Dipole radiating length is 20¢11,5=41.5 ft, or 12.6 m, 
Coax cable may be 50 or 75 ohm on lett side of connector, short 50 ohm coax to antenna tuner. 


Use antenna tuner for operation on any ham band 40m ~ 6m, 
May be hung by Egg insulator at one end, or draped and drooped over a fiberglass pole, 


148 - Wire Quad Antenna for 40m 
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Length B, Reflector 
Length C, Reflector 
“otal, Half Reflector 
‘Resonant Frequency 
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151 -Random Wire Antenna All Bands 
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152 - Multiband Dipole Antenna for 80m, 40m,15m, 10m 
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Samsung Demonstrates World’s First 5G Data Trans- 
mission at Highway Speeds 


Record-breaking 1.2Gbps data transmission at over 100km/h, and 7.5Gbps in stationary condi- 
tions using 28GHz spectrum 


SEOUL, Korea - October 15, 2014 — Samsung Electronics Co, Ltd today announced the record-breaking 
demonstration of super-fast data transmission targeted for fifth generation (5G) mobile networks using 28 GHz 
spectrum. Samsung researchers confirmed the world's first data rate of 1.2 Gbps, or 150 MB per second on 
a vehicle cruising at over 100 km/h. This marks a significant step towards the utilization of millimeter wave fre- 
quency bands for 5G mobile networks 


The achievement was bolstered by another record-break- 
ing demonstration in which Samsung achieved data trans- 
mission speed up to 7.5 Gbps, or 940 MB per second 
when the vehicle came to a complete stop. The peak data 
rate is more than thirty times faster compared to the state- 
of-the-art 4G LTE technology. 


Back in May, 2013, Samsung revealed the world’s first 28 
GHz based 5G data transmission speed of 1Gbps at pe- 
destrian speeds. Since then researches at Samsung were 
abletto increase the maximum data rate by more than 7-fold 
and support mobility up to highway speeds. The continued 
ground breaking success underlines the company's lead- 
Figure A Achieved Data Rete in Mobile Condition (1,26bps) ership in next-generation mobile communications. 


The expectations for 5G communications will con- 
tinue to grow based on the rising demands for smart 
devices, cloud services, smart home technology, and 
Internet of Things” , said ChangYeong Kim, Head of 
DMC R&D Center of Samsung Electronics, "We are 
committed to developing innovative 5G technolo- 
gies and will continue to utilize our exceptional R&D 
capabilities as well as our diverse partnerships with 
leading companies and research centers around the 
world” 


While 5G standard has yet to be ratified, 5G networks 
are expected to feature data rates and capacity that 
are hundreds times larger compared to 4G LTE. Figure B Achieved Data Rate in Stationary 


jon (7.5Gbps) 
In order to achieve such high data rates, 5G networks will inevitably exploit frequencies much higher and less 
congested than those of which are currently used for cellular networks (typically under 3 GHz). However, if- 
ficulties such as large propagation loss at these frequency bands have prohibited the industry from utilizing 
these bands for cellular applications. To address these challenges, Samsung has applied 'Hybrid Adaptive 
Array Technology’ at 28 GHz frequency bands. 


In addition, Samsung has revealed its ‘SG Rainbow’ — seven technical requirements which are pillars to ensure 
a truly differentiating 5G user experience. The list comprises of maximum data rate, spectral efficiency, speed 
of mobility, data transmission rate at the cell boundary, the number of simultaneous connections, communica- 
tion delays, and cost. To meet these requirements, Samsung has been developing key technolagies includ- 
ing transmission technologies for high frequency bands, multiple access schemes and low latency networks 
among others. 


The company is committed to developing innovative technologies that will enable the 5G era and plans to dem- 
onstrate its capabilities at the upcoming 2018 PyeongChang and 2020 Tokyo Olympics. 
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154 - Delta Loop for 6m 


Boon 2 metres of plastic conduit 


21.5 mm (3/4") pipe clip pop riveted to the boon 


Total length of Wire 6.10 metres, 


99 cm of 75 ohm coax 
matching section 


100 mm of 40 mm white 


50 ohm coax to TXIRX = PVC drain pipe 


155 - Re-Configurable Antenna for 160m and 80m 


Fe 0 
f 


156 - Very Low Frequency Inverted-L Antenna 
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158 -Tree-Mounted HF Antenna 
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159 - Multiband Vertical Antenna for 80m, 40m, 20m 


A 5 | [ope 


160 Marconi Antenna for 136 kHz 
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162 - Stub-Directed V Antenna for 80m 
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163 - KTONY Over-and-Under DX Antenna for 20m 
Rope to front-yard tree 


Pulley to back yard tree 
Top wire 's 98.5 feet long, fed 13,5 feet from end 


164 - Horizontal Loop Antennas 
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‘comer of angle-fed (AF) configuration 


Loop Performance by Shape and Feed Point 
CreularLoop Square Loop AF Triangle Loop AF Square Loop CF Triangle Loop CF 
Gain (dH) Ely Gain(oB) Eley Gain (8) Elev Grin (8) Bev Gan 6H) Eke 
tome "383° 00" 345" 288 370 9 207 oP 
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wae: 8S 351008 9 733 ay ia 
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Mime: tite 20 403 29° Be tab 29° es 
Piowie i019 is i458 IF eae nes Ba iS 
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(eames 1 1 teas te fa itis ieee ie 
165 - Ribbon J-Pole for 2m 
300 0 Twin Load 
ta inch 
PVC pipe 37-114" 


‘Cut Out 1/4" Notch —> i 


16418" 
RG-174A Coax air 


Spllce and Short Together 


166 - Dual Band Ribbon J-Pole for 2m, 70cm 
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167 - Square Vertical Loop Antenna for 40m 


atverersy 


4168 - Tri-Band Quad Antenna for 20m; 15m, 10m 
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169 - 3D Quad Antenna for 80m, 40m, 20m, 15m, 10m 


170 Sloping Wire Antenna for 30m, 20m, 17m, 15m, 12m, 10m 
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171 - Broadband Dipole Antenna with Coaxial Resonator for 80m 


Choke Dimensions for RFD Antenna 
Frog AG213, AGS 


35 
7 
10 
4 
21 
28 


221, B tums 
22, 10 tums 
32 ft, 10 tums 
30,4 tums 
8 ft, 6-8 tums 
5 f, 5-8 tums 


Ress 
20 ft, 6-8 turns 
1S tt 6 tums 
401, 7 tums 
Bf, B tums 

6 ft 8 turns 
4, 6-8 tums 


1/42 (appr 89") 4 o9pr08 50") 
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173 - Dual-Band Loading Wire Antenna for 80m, 30m 


« Li = * 2 * 
Feeding 7.0m suit a2 
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Li, 
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475 -J-Style Vertical Wire Antenna for 10m. 
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176 - Dual Band Vertical with Zepp Feeders for 40m, 20m 


CSSSs> 


177 RCA Double Doublet for 40m to 12m 
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178 - RCA Spiderweb Antenna for 40m to 6m 


— APPROX 37 FT. 


atl 
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179 - Folded Dipole with Shorted Straps 


a cd 


180 - Twin-Lead Marconi Antenna for 160m, 80m, 
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482 - Three-Quarter-Wave Folded Doublet for Dual-Band 
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183 - Three-Quarter-Wave Folded Doublet No-Switch for Dual-Band 


$90. HM LINE 
TO TRANSMITTER 


L=67 FT, WHEN ANTENNA IS 198 FT. 
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184 - Wideband Omni-Directional Discone Antenna 
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4185 - Wideband Rhombie Antenna for 40m to1om 


LINE TOT 
eta SPACED 0” 


SPACING BETWEEN S1DE3 S.= 
TOTAL LENGTH "802 FEET 


OF 25a" OF we 38 
RICHROME Space ov 
ANG eooworm ie-wart 
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186 -Pre-Cut Linear Array Antenna 3dB-Gain for 40m, 


es + —esror—a) fp 58 a} 


azo" 


4 


200.0, RIBBON To. 
‘TRANSMITTER, ANY LENGTH 


GAIN APPROX, 3B. 
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4187 - X-Array Antenna 6dB-Gain for 20m, 15m, 10m 


[1 ——+ 0-4 —1-—_ 


DIMENSIONS 
TOM. 15M. 20M. 
n3"| 22" [92°107] 
20" | 30° | 40” 
az [avar|anar 
30] sae} 70" 


SPF 


15 AL TRANSMS3:0N LINE 

The entire array {with the exception of the 

75-ohm feed line} is constructed of 300-chm 

ribbon line. Be sure phasing lines (P) are 
poled correctly, as shown. 


188 - Double-Bruce Array Antenna S4B-Gain for 20m, 10m 


ee ee ee ee 


DIMENSION L_ 
3 


IrRansmiTTER | 


189 - Bi-Square Broadside Array 4dB-Gain for 20m, 15m, 10m 
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190 - Six-Shooter Broadside Array 7.5dB-Gain for 20m, 15m, 10m. 


bot fp tp 


‘Sear 
o 
DIMENSIONS 200. RIBBON LINE 
fom. 15M, 20M. 
CL [ees] ayer GAIN APPROX. 7.5 08 


B [iver [2aro-[ sare 


191 - Triplex Flat-Top Beam 4.5dB-Gain for 20m, 15m, 10m. 
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192 - Dual-Band Tilt Antenna for 20m, 10m 


TWO BAND (10-20 METER) TILT ANTENNA — 


VERTICAL FOR 20METERS~TILT 54° FROM HORIZON 


493 - Super Space Multiband Dipole Antenna for 80m to 10m 
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2 20.5m Copper Wie 2mm 
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194 - Bi-Square Beam Antenna Gain=5.5dB for 10m 


Feed at AF ~ Horizontal Polarization 
Feod at E= Vertical Polarization 


195 - Cousin of GSRV Multiband Antenna for 40m to 10m 
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196 - Cayman Quad Antenna for 20m 
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for assistance in any particular circumstance or emergency situation. In any important matter, you 
should seek appropriate independent professional advice in relation to your own circumstances. 
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result of the reliance on information contained in this paper. 
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Length of one side of clased reflector: 258/F = 
Spacing between loops: 118/T = 43 ft 


197 - Hentenina Gain=3dB with Bazooka Match for 6m. 


SCLDER AND TAPE. 
‘ 


7 
MaToHNe SkeTioN 


198 - X-Beam Antenna Gain=3dB for 20m 
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200 - Inverted-V Beam Antenna for 30m 
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202 - Twa Elements Phased Delta’ Loop for 40m. 
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204 - Low Radiation Angle Full:Wavé Loop Antenna for 80m 


hittp,/ww. qs! net/vaaiu/Antenna/Wire"20Antennas%20for%20Ham%20Radio/Wire_antennas_for_ham_radio.htm 


BAMBOO SPREADER LENGTHS 
18a ARE 112" FROM THE CENTER 


enna7 


snovo18 Wire_Antennas_for_ Ham_Radia 


420008 une 


SESE ESS 


— V8 Im a Capenox. 
~skoRT 


WAR Om | ARP RGN. 83°) 


1 Fee Ne 
t oe 


206 - X-Ray Monoband Antenna Gain=6.5dBd 
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207 - Broadside Collinear Curtain Array for 20m 
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240 - K3LR Sloper Antenna Gain=3dB for 160m 


hittpvwwa. qs! net/va3iu/Antenna/Wire"20Antennas%20for%20Ham%20Radio/Wire_antennas_for_ham_radio.htm eana7 


snovzo18 Wire_Antennas_for_ Ham_Radia 


Anchor Peat ot 
a0 Fast ADove Rope 
Grain S 
i 
Sto d Feat ee 
Y 
Une 
Fad Pant ‘ire 
Le RAT Fat 
Rope 


, 
eS Feat Boor ncher Pat at 
Greane tom Cover 


Tecan | aren non aT FS aT HOTT 
iH iar err rl be 
oa i ze ” +s 30 
50 ne re] 


f JEEX 


243.-Stub Matched Dipole Antenna 
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216 - Converted Vee Antenna for 80m, 40m 
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221 - Three-Elements 90-degrees Wire Beam for 20m 


222 - Two-Elements Wire Beam for 20m 
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223 - Suitcase-Fit Dipole Antenna for 80m, 40m, 20m 
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228 - Double Lazy-H Antenna G=10dB for 70cm 
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231 - Sloping Delta Loop Antenna for 40m 
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233'- Log Periodic Wire Beam for 40m. 
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234 - G3LDO Wire Beam Antenna for 20m, 15m, 10m 
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235 « Phased Delta Loop Array for 20m 
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240 - Broadband Short Dipole for 80m. 
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‘241 - Off-Center Fed Dipole for 40m, 20m, 10m 
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242 - Broadband Sloper Antenna for 80m 
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244 -Top Loaded Vertical Antenna for 160m 
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Australia’s 5G vision 


5G is the next step in the evolution of mobile wireless communications technology, promising improved 
connectivity, greater network speeds and bandwidth, and very low latency. It is the fifth generation in 
mobile technology which, at each step, has seen significant developments in communications networks: 


© 1G—The first generation of mobile phone networks were deployed in the early 1980s, providing a 
basic voice service using analogue transmission. 

‘+ 2G—In 1991, second generation networks were deployed, making the switch to digital standards 
with improved voice messaging and the introduction of the short message service (SMS). 

* 3G—The third generation launched in 2001 and introduced data services in addition to voice and 
Ss. 

© 4G—In 2009, the fourth generation protocol, Long Term Evolution (LTE), was introduced, 
supporting improved mobile broadband which saw increased capacity and speed for data. 


New capabilities of mobile communications networks enabled by 5G technology will allow for a variety 
of ‘use cases’: 


‘© higher quality and more video services provided to multiple users with full mobility, even at high 
speed 

‘© massive scale automation delivered through widespread sensor networks and multiple connected 
devices 

‘© delivery of critical communications assured by low latency and ultra-reliable networks, and 

‘© improved productivity assisted by high quality, real time data analytics. 


Unlike existing mobile communications networks, 5G networks have the potential to allow tailoring of 
requirements for each of these different use cases within the same network. 


The Government considers that 5G is more than an incremental change for mobile communications. 
Instead, it provides the underlying architecture that will enable the next wave of productivity and 
innovation across different sectors of the Australian economy. Efficient rollout of 5G and uptake of the 
services it supports has the potential to produce far-reaching economic and social benefits and support 
growth of Australia’s digital economy. This will be supported by the rollout of the National Broadband 
Network (NBN) allowing greater capabilities for the seamless delivery of services across high speed 
mobile, fixed line and fixed wireless networks, 


The Government wants to create an environment that allows Australia’s telecommunications industry 
to be at the forefront of seizing the benefits of 5G across the economy. The communications sector will 
lead the rollout of 5G networks in Australia. However, the Government can create the policy and 
regulatory environment to support a more efficient rollout, given its potential benefits to the economy. 


The Government's direction will be to support the timely rollout of 5G in Australia to enable the next 
wave of broad-based industry productivity, and support the growth of Australia’s digital economy. 


This includes immediate actions by Government that enable the communications market to intraduce 
new 5G technologies in line with international developments. These include: 


‘+ making spectrum available in a timely manner 
© actively engaging in the international standardisation process 

‘© streamlining arrangements to allow mobile carriers to deploy infrastructure more quickly, and 

‘© reviewing existing telecommunications regulatory arrangements to ensure they are fit-for-purpose. 


www.communications.gov.au 
'5G—Enabling the future economy wwwaarts.govau Page 1 of 12 
www.classfication gov.au 
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245 - Two Loop Beam Antenna for 20m, 15m 
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246 - Corner-Fed Delta Loop Antenna for 80m, 40m, 20m 
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247 - Loaded Delta- Loop Antenna for 40m, 20m 
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248 - Compact Size Dipole for 80m 
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249 - JAWS 34B Gain Antenna for 40m 
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250~Inverted-V Antenna for 160m 
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251 - Lazy-U Antenna for 160m 


pooa-a 


SUIT TOLLED TTT 
Imps wor. qe.notvail 


252 + AF3V Compact Antenna for 160m 


‘itp iivaw.qsLnetvaSiulAntenna/Wire%20Antennas%420for%20Ham%20RadioNWire_antennas_for_ham_radio.him 


aminar 


snovo18 


Wire_Antennas_for_ Ham_Radia 


eee we, 18 ene sma 


wr'is20) 


insuLaror. 


cli * 


ke | 
|! CQUNTERPOISE wine ate 
1 OM GROUND 
noe 
a sails 
25. Ht Baum rs Antena or 4m 
vot 


tan mee 


Sy 


254 - Sloping Delta Loop for 40m 
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256 - Dual Band Dipole Antenna for 17m, 10m 
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257 - Compact Travel Dipole Antenna for 10m, 15m, 20m 
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258 + End-Fire Antenna for 160m, 80m, 40m, 20m 
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259 - Four Band Loop for 40m, 20m, 15m, 10m 
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260 - Carolina Windom Antenna for 80 to 10m 
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261 Shortened Loaded Dipole for 40m 


i 


> et 


im 


hiya snail i im 


262 - Shortened Loaded Dipole for 80m 
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263 - Low Radiation Angle Inverted Delta Loop for 80m 
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264 - Compact Dipole Antenna for 40m, 15m_ 


pa nar ay 


(-msuratoa 
tre) 


1-70-1 BALUN 


Innpsiwurw.qplnetvasiol TO COAX y 


265 = Vertical Delta Loop for 40m to 10m. 
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267 - Bi-Square Beam Gain=3dBd for 17m 
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‘Department of Communications and the Arts, ‘October 2017 


The Government recognises that as 5G continues to develop, other issues relating to the technology 
will ikely emerge which may require future Government action. In particular, while there are 
opportunities for 5G to create economy-wide transformation, this will require a broader examination of 
sectoral regulatory frameworks. 


To that end, the Government will work collaboratively with industry to foster an ongoing dialogue on 
5G beyond the launch of this paper to identify and remove sectoral barriers to its successful and timely 
rollout. Through this dialogue, the Government will also look at opportunities to build on other 
Government activities, such as the national Digital Economy Strategy which will more broadly focus on 
building the productivity of sectors across the economy. 


www.communications.gov.au 
'5G—Enabling the future economy wwwaarts.govau Page 2 of 12 
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268--Trap Dipole Antenna for-47m,13m 
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Hanging Unipole Antenna for 160m, 80m 
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271 - 5/8 Wavelength Antenna 


‘itp iivanw.qsL.netvaSiulAntenna/Wire%20Antennas%420for%20Ham%k20RadioNWire_antennas_for_ham_radio.him 19/127 


snovzo18 Wire_Antennas_for_ Ham_Radia 


a5 


ny = Se 
soron SBnavolongth radiator Fler MH) 


np woe. nets 


272. C-Pole Vertical Antenna 
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1273 - Bobtail Antenna for’30m 
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274 - Bobtail Antenna for 40m 
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275 - Two Elements Vertical Loop Antenna for 40m 
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276 - Double Extended Zepp Antenna for 40m 
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277 - Reversible Moxon Flip Beam for 40m 
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278 Spitwire Antenna for 40m 
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280 - Veebeam Antenna 3dB-Gain for All Bands 
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284 - Mini-Horse Antenna 10dB-Gain for 40m-to-2m 


ur-antenna owas eects 
fee Pir ; ; 


Inipslwwew.elnotvasio 


285 = Compact Moxon Antenna 5dB-Gain for 40m 
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286 - Two Elements Sloping Delta Loop 8dB-Gain for 10m 
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287 - Two Elements Phased Vertical Antenna 3dB-Gain for 40m 
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What is SG? 


The International Telecommunication Union (ITU) is the United Nations specialised agency for 
information and communications technologies. This body decides global spectrum allocation 
frameworks and harmonises international spectrum to ensure networks and connected devices can 
communicate seamlessly. The ITU will undertake the formal, international process to identify bands for 
5G by 2020. It has developed draft technical specifications for 5G which include:? 


high data rates (1 Gbps for hotspots, 100 Mbps download and 50 Mbps upload for wide-area 
coverage) 

‘massive connectivity (1 million connections per square kilometre) 

ultra-low latency (1 millisecond) 

© high reliability (99.999% for mission critical ‘ultra-reliable’ communications), and 

‘© mobility at high speeds (up to 500 km/h i.e. high speed trains). 


In working towards these specifications, 5G represents a significant leap from the capabilities of 
previous generations and introduces a range of new technological possibilities. The success of 5G in 
delivering new technologies and services will be supported by existing communications infrastructure, 
including the NBN. This convergence of high-speed fixed-line and mobile services will collectively 
produce a consistent and ubiquitous user experience. 


The 5G economics case 


Unlike early generations of mobile networks, 5G will represent a significant shift in the 
telecommunications industry's focus away from voice and more towards mobile broadband and 
increased industrial applications. These new use cases are expected to create benefits across a range of 
sectors—including transportation, health, manufacturing and agriculture—and have varying networking 
requirements. These use cases, as identified by the industry, can be divided into the following 
categories: 


* enhanced Mobile Broadband 
© massive Machine Type Communications, and 
© critical communications. 


Enhanced Mobile Broadband (eMBB) 


MBB will deliver improved capacity to a greater number of devices. This will enable higher rates and 
volumes of data transmission per device and improve coverage to a broader range of locations. eMBB 
will ikely be the focus of early 5G deployments as it can immediately support the growing 
communications requirements for the digital economy. 


An improved mobile experience for consumers 

5G networks will give consumers a better mobile experience in more locations. Increased network 
[capacity will support more users, even in crowded areas, such as large public events, and at peak times. 
Faster network speeds will also enable consumers to view rich content in more places, supporting the 
streaming of live events and high resolution media. 


1 TU, 23 February 2017, ‘Press Release: ITU agrees on key SG performance requirements for IMT-2020', 
wuw.communications.gov.au 
5G—Enabling the future economy wawarts.govau Page 3of 12 
www classification gov.au 
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Preface 


Although we are surrounded by sophisticated computerised gadgets these 
days, there is still a fascination in putting together a few resistors, capacitors 
and the odd transistor to make a simple electronic circuit. It is really 
surprising how a handful of components can perform a useful function, and 
the satisfaction of having built it yourself is incalcuable. 


This book aims to provide a wide variety of radio and electronic projects, 
from something that will take a few minutes to a more ambitious weekend's 
worth. Various construction techniques are described, the simplest requiring 
no more than a small screwdriver, the most complex involving printed 
circuit boards. 


Originally published by the Radio Society of Great Britain, the projects were 
all chosen to be useful and straightforward, with the emphasis on 
practicality. In most cases the workings of the circuit are described, and the 
projects are backed up by small tutorials on the components and concepts 
employed. In the 21st century it may seem strange that few of the published 
Circuits use integrated circuits (chips). This is intentional ast is much easier 
to understand how the circuit works when using discrete components. 


Anyone buying the Radio and Electronics Cookbook will find that it will 
lead to hours of enjoyment, some very useful and entertaining gadgets, and 
increased knowledge of how and why electronics circuits work, and a great 
sense of satisfaction. Beware, electronic construction is addictive! 


WARNING: This book contains construction details of transmitters. 
It is illegal to operate a transmitter without the appropriate licence. 
Information on how to obtain an Amateur Radio Licence can be 
obtained from the Radiocommunications Agency, tel. 020 7211 
0160. 
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Massive machine type communications (mMTC) 


As 5G networks mature, they will support the widespread and dense deployment of sensors and other 
network-connected devices by significantly reducing their power requirements and providing flexible 
coverage across different spectrum bands. This proliferation of the Internet of Things (loT) across 
industries is expected to produce significant productivity benefits and support integration between 
sectors. 


[Supporting productivity and innovation 

[The term Industry 4.0 describes the next step in the advancement of the manufacturing sector (the 
fourth industrial revolution’). Industry 4.0 introduces autonomous systems supported by a 
combination of technologies such as loT, artificial intelligence, continued technological improvements 
and digitalisation in manufacturing. 


|Australia stands to benefit from Industry 4.0, given our world-class manufacturing sector, which 
includes several high-value industries such as medical technology and aerospace. Australian 
manufacturers can improve their productivity and international competitiveness through Industry 4.0 
processes by supporting their participation in global value chains. This is of particular benefit to SME 
manufacturers, opening them up to new markets and opportunities. SG can support Industry 4.0, by 
1g communications infrastructure that is more accessible and flexible to suit specific industry 


5G can enable innovation in other sectors such as agriculture. A challenge for Australia's agricultural 
sector is identifying how to improve productivity while balancing environmental and commercial 
constraints. Precision agriculture, which focuses on improving yields and minimising economic risks, 
seeks to provide mare control in the management of agricultural production. While precision 
agriculture requires a range of enablers—including data analysis, sensor networks and geographical 
information systems—SG can provide the supporting infrastructure for these technologies. 


Critical communications 


Low latency and ‘ultra-reliable’ communications networks will support the delivery of critical 
communications, i.e. to support public safety use and playing role in the technology ecosystem 
supporting autonomous vehicles. In addition to automation, critical communications will also help to 
support technological advancement in areas including robotics and artificial intelligence. 


|The social benefits from autonomous vehicles 

ISG networks are expected to play a role in the technology ecosystem supporting the development of 
autonomous vehicles, which will enable a number of social benefits for transportation. Traffic 
congestion, which is estimated to cost Australia $53 billion by 2031,? could be proactively reduced by 
smart city traffic management systems that are informed by machine-to-machine communications with 
jautonomous vehicles. 


Improved road safety is also expected to be a key outcome of autonomous vehicles, as the majority of 
car accidents involve human error. In the 12 months to July 2017, there were 1,235 deaths on 
|Australian roads with road trauma costing the Australian community an estimated $27 billion annually. 
|Autonomous vehicles can have a valuable role not just in terms of financial savings, but in saving human 
lives. 


? Infrastructure Australia, 2015, ‘Australian Infrastructure Audi 
2 Bureau of Infrastructure, Transport and Regional Economics, August 2017, ‘Road deaths—monthly bulletins’. 
www. communications gov.au 
'5G—Enabling the future economy wwwwarts,gov.au Page 4 of 12 
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1 A medium-wave receiver 


Introduction 


Let us start off with something that is really quite simple and yet is capable 
of producing a sense of real satisfaction when complete — a real medium- 
wave (MW) radio receiver! It proves that receivers can be simple and, at the 
same time, be useful and enjoyable to make. To minimise the confusion to 
absolute beginners, no circuit diagram is given, only the constructional 
details. The circuits will come later, when you have become accustomed to 
the building process. In the true amateur spirit of ingenuity and 
inventiveness, the circuit is built on a terminal strip, the coil is wound on 

let roll tube (as amateur MW coils have been for 100 years!), and the 
is mounted on a piece of wood. 


Putting it together 


Start by mounting the components on the terminal strip as shown in Figure 
1, carefully checking the position and value of each one. The three 
capacitors are all the same, and so present no problem. They (and the 
resistors) may be connected either way round, unlike the two semi- 
conductors (see later). The resistors are coded by means of coloured bands. 
You can refer to Chapter 7 if you have difficulty remembering the colours 
and their values. 
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Figure 2 The layout of the 
parts on the wooden base 


1. Brown, Black, Yellow 100000 ohms (RL, RS, R6) 
2. Green, Blue, Brown 560 ohms (R2) 
3. Red, Violet, Brown 270 ohms (R3) 
4, Brown, Black, Orange 10000 ohms (R4) 


‘The integrated circuit (the ZN414Z) and the transistor (the BC184) must be 
connected correctly. Check Figure 1 carefully before fitting each device 


Now wind the coil. Most tubes are about 42mm diameter and 110mm 
long. Don’t worry if your tube is slightly different; it shouldn't matter. Make 
two holes, about 3mm apart, about 40mm from one end, as shown in 
Figure 2. Loop your enamelled wire into one hole and out of the other, and 
draw about 100mm through; loop this 100mm through again, thus 
anchoring the wire firmly. Now wind on 80 turns, keeping the wire tight 
and the turns close together but not overlapping. After your 80th turn, 
make another two holes and anchor the wire in the same way as before. 
Again, leave about 100mm free after anchoring. Using another piece of 
enamelled wire (with 100mm ends as before), loop one end through the 
same two holes which contain the end anchor of the last winding, wind two 
turns and anchor the end of this short winding using another pair of holes. 
Figure 2 shows the layout. 
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With some glass paper, remove the enamel from the ends of both pieces 
of wire which go through the same holes (i.e. the bottom of the large coil 
and the top of the small coil), then twist these bare ends together. 
Remove the enamel from the remaining ends of the coil. The coil is now 
finished! 


The baseboard can be any piece of wood about 150mm square. Fix the coil 
near the back edge using drawing pins and connect the wires from the coils 
to the terminal strip as shown in Figure 2. Using short pieces of PVC- 
insulated wire (and with assistance if you have never soldered before), 
solder one piece across the two outer tags of the variable capacitor, shown 
by the dotted line in Figure 2, and then two longer pieces to the centre tag 
and one outside tag. Connect these to the terminal strip. Then solder two 
more insulated wires on to the jack socket (into which you will plug your 
crystal earpiece), the other ends going to the terminal strip. The last two 
wires (one must be red) need to be soldered on to the battery box, their 
other ends going to the terminal strip also. Make sure the red wire goes to 
the positive terminal on the battery, and is connected to terminal 9. The 
other connection to the battery goes to terminal 10. 


Attach the terminal strip to the baseboard with small screws or double-sided 
sticky tape. The other parts can be mounted the same way. 


Listening is done ideally with the recommended crystal earpiece. Don’t be 
tempted to use your Walkman earpieces; they are not the same and will 
not perform anything like as well. The receiver should work without an 
extra aerial, but one can be attached to terminal 1 if necessary. A long 
piece of wire mounted as high as possible is ideal. The Audio-frequency 
Amplifier project will enable you to use a loudspeaker with your receiver, 
using the signal from the jack socket. No circuit modifications will be 
needed! 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 
RI,RS,R6 10 kilohms (k) 


R2 560 ohms 
R3 270 ohms 
R4 10 kilohms (k) 
Capacitors 


C1, C2, C3100 nanofarads (nF) 
500 picofarads (pF) 


Semiconductors 
ZN414Z, BC184 
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Additional items 
12-way 2.A terminal strip 
22 metres of 28 SWG enamelled copper wire 
‘A few short pieces of coloured PVC-insulated wire 
Crystal earpiece 
3.5 mm jack socket 
1.SV AA-size battery and box 
Toilet roll tube 
Double-sided sticky tape or selection of screws 


Tools required 


Small screwdriver, soldering iron. 


2 An audio-frequency 
amplifier 


The components 


Before you start, you should check that you have all the components to 
hand. A list and some helpful hints are given below. 


Figure 1 The toil pattern of 
the PCB — looking from the 
track side 


. Two diodes. These are tiny glass cylinders with a band around one end, 


‘An audio-frequency amplifier 


. PCB. The plain side is the component side and the soldered side is the 


track side. Figure 1 shows the track side full size. Make the PCB from the 
pattern given in Figure 1. Otherwise, build the circuit on a matrix 
board. 


. Three resistors. Locate the gold or silver band around the resistor, and 


turn the resistor until this band is to the right. There are three coloured 
bands at the left-hand end of the resistor. Find the resistor whose colours 
are YELLOW, VIOLET, RED, and look at the resistor colour code chart 
which you will find in Chapter 7. From this, you will see that YELLOW 
indicates the value 4, VIOLET the value 7, and RED the value 2. The 
first two colours represent real numbers, and the last value is the number 
of zeros (noughts) which go after the two numbers. So, the value is 47 
with two zeros, ic. 4700 ohms. In this way, the resistor coloured 
BROWN, GREY, BROWN has a value of 180 ohms, and the last one, 
BROWN, RED, GREEN, has a value of 1200000 ohms. The ohm (often 
written as the Greek letter omega (1) is the unit of resistance. If you do 
not yet feel confident in identifying resistors by their colours, use the 
Resistor Colour Codes given in Chapter 7. 


. Four capacitors. The two small ‘beads’ are tantalum capacitors and will be 


marked 4.7 uF or 4u7, with a ‘+’ above one lead. A tubular capacitor with 
wires coming from each end should be marked 220 uF, with one end 
marked ‘+’ or. This is called an axial capacitor because the wires lie on 
the axis of the cylinder. This is in contrast to the final capacitor, where both 
wires emerge from the same end. This is a radial capacitor, and will be 
marked 474F. Again, one lead will be marked “+ or ~’. Capacitors 
marked like this are said to be polarised, and itis vital that these are placed 
on the PCB the right way round, so take notice of those signs! 


and may be marked 1N4148; this is their type number. Like polarised 
capacitors, they must be put on the PCB the correct way round! 
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Figure 2 Positions of the 
components on the printed 
circuit board (PCB) 


5. Three transistors. One should be a BCS48 (or a BC182), the other two 
should be BC558 (or BC212), 
6. One volume control with internal switch. 
. One loudspeaker. This is quite fragile — don’t let anything press against 
the cone. 
8. One PP3 battery clip with red and black leads. 


Putting it together 


Lay the PCB on a flat, clean surface with the track side downwards. It is 
always useful to compare the layout with the circuit diagram, given here in 
Figure 3. Although you can’t sce it, the D-i-Y Radio sign should be at the 
top. Compare the hole positions with those shown in Figure 2. Bend the 
resistor wires at right angles to their bodies so that they fit cleanly into the 
holes in the PCB. Push each resistor towards the board so that it lies flat on 
the board. Then supporting each one, turn the board over and splay out the 


wires just enough to prevent the resistor falling out. Then, solder each wire 
to its pad on the PCB, and cut off the excess wire. When you have more 
confidence, you can cut of the excess wire before soldering; it often makes 
a tidier joint, 
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An audio-frequency amplifier 


Now fit the four capacitors. Each must be connected the right way round, 
so look at each component, match it up with the diagram of Figure 2, bend 
its wires carefully and repeat the soldering process you performed with the 
resistors, making sure that the components are close to the board and not up 
on stilts! Fit the two diodes the correct way round, and solder then as 
quickly as you can ~ they don’t like to be fried! 


Mount the transistors about 5mm above the PCB. Make sure the correct 
transistors are in the correct places, and that the flats on the bodies match 
up with those shown in Figure 2. 


Mount the volume control so that the spindle comes out from the front of 
the board. Use a piece of red insulated wire to the pad marked + on the PCB, 
and a black piece to the pad marked -, and solder these to the tags on the 
back of the control, as shown in Figure 4. Connect the two leads from the 
battery clip to the other tags on the switch; Figure 4 will help you. Finally, 
use two pieces of insulated wire about 100mm long, twisted together, to 
connect the loudspeaker to the PCB. 


PP3 Battery Clip 
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Box clever! 


If you wish to put the amplifier into a box, there is no problem; almost any 
box that is big enough will do. All that is needed is one hole big enough to 
accept the bush of the volume control; the PCB will be supported by the 
volume control. The prototype was not fitted into a box, but mounted on an 
odd piece of aluminium, bent into an L-shape and screwed on to a wooden 
base. The loudspeaker was mounted on the aluminium panel by two small 
pieces of aluminium with 3mm holes drilled in them, which acted as clips 
around the edge of the speaker. Drill a few holes in the panel in the position 
of the speaker to let the sound get out! 


Your input signal can be connected to the amplifier with two short pieces of 
wire, but if the connection needs to be long, use screened cable, with the 
braid connected as shown in Figure 2. 


If you decide to use a different loudspeaker, make sure that its impedance 
(the resistance value marked on the back of the magnet) is at least 35 ohms 
Anything lower may damage TR2 and TR3, and will certainly run down 
your battery very quickly. You will be surprised at the uses you can find for 
this little amplifi 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI 180 ohms (0) 

R2 4,7 kilohms (k) 

R3 1.2 megohms (MQ) 

VRI 25 kilohms (0) log with DPST switch 
Capacitors: all rated at 25.V minimum 

C1, C2 4.7 microfarads (uF) 

C3 47 microfarads (uF) 

ca 220 microfarads (WF) 


Semiconductors 
TRI,TR3—_BCS48npn 
TR2 BCSS8 pnp 
D1, D2 1N4148 


Additional items 
PCB 
Speaker >35 ohms 
PP3 battery clip and battery 
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3 A medium-wave receiver 
using a ferrite-rod aerial 


Figure 1 Circuit and black 
diagrams of the radio 


Description 


The whole circuit is built on a $0 mm by 50mm printed circuit board (PCB) 
designed to fit on the inside of the lid of a plastic box, and is stuck there 
using sticky pads, the shaft of the variable capacitor going through a hole in 
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Figure 2a The PCB, solder side 
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Figure 2b The PCB, component side 


the lid. Only two pairs of leads are soldered to the board ~ one pair goes to 
the 1.5 V battery in its holder, and the other to the earphone socket. Figures 
2a and 2b show the printed circuit and the component layout double size for 
clarity. You are not obliged to build the circuit on a PCI 


Building 

1. Check and identify components. Tick the parts list. 

2. Carefully unwind the wire. Use paper to make an insulating tube (called 
a ‘former’) around the centre of the ferrite rod and secure it with 
Sellotape. Now, close-wind all the wire (leave no gaps between adjacent 
turns) around the paper former. Secure the winding with more 
Sellotape, leaving 50mm of wire free at each end for connection to the 
circuit. See Figure 3a. 

3. Solder in VC1. 

4. Solder in the integrated circuit holder. There is a notch in one end of the 
holder; this should face VC1. Solder also the wire link and the 
capacitors. Be careful to avoid solder ‘bridges’ between adjacent tracks 
‘on the PCB. 

5. Solder the battery leads. These must be connected properly - the red 
battery lead to the + (positive) area and the black lead to the — 
(negative) area. 

6. Strip bare 1m of insulation from the ends of two wires. Solder them 
between the PCB and the headphone socket (see Figure 3b). Use the end 
tabs on the socket. Using another pair of insulated wires connect the 
ON/OFF switch to the PCB tabs shown in Figure 2b. 
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Figure 1—Outline of the relationship between the technical requirements of 5G and expected services and 
applications it will deliver 


Enhanced mobile broadband 


Improved user experience 
100 Mbps connections, >1 Gbps peck dota 


3D and 4K video 


Mass connectivity Mass cloud computing 
1 million connectionsfm? 


‘Augmented reality and 
Virtual reality 
Industry apy 


‘Smart cities: ‘Autonomous vehicles. 


Mission critical Ultra-low latency. 


pplication <1 milisecond 
Lower power, lower costs High reliability 
10 year battery life 99,989% for mission critical 
communications 
Massive machine type Critical 
communications communications 


Source: Based on figure 2 from the ITU paper, ‘IMT Vision—Framework and overall objectives of the future 
development of IMT for 2020 and beyor 


www.communications.gov.au 
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‘A medium-wave receiver using a ferrite-rod aerial 


(90-turns, approx 2m long 


: 
eS 


7. Fix the elastic band. This goes through the holes at the top of the PCB, 
with the ferrite rod being slipped through the two end loops. (Note: 
although the coating on the copper wire is designed to melt away 
during soldering, it is quite common for difficulty to be experienced in 
obtaining a good soldered joint; to be on the safe side, remove the 
coating before soldering (with a small piece of sandpaper).) Carefully 
place the wire ends of the coil through the PCB just above VC1, and 
solder on the track side. 

8. Fit ICI into its holder. This should be done carefully, making sure that 
all the pins are located above their respective clips before applying any 
pressure! Make sure also that the notch on the IC (as shown in Figure 
2b) matches the notch in the holder, and faces VC1. 

9. Put battery in its holder. Listen for some noise in the headphones as 
VC is rotated. Make sure the headphone plug is fully inserted into its 
socket. 

10. Fix the working board to the lid. Use the sticky pads and apply gentle 
pressure. Fit the tuning knob, the ON/OFF switch and the earphone 
socket. 

11. Test again. If all is still working, fit the lid screws and admire your 
completed radio! 
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Parts list 


Capacitors 
1, C2 0.01 microfarad (qF) 
3, C4 0-1 microfarad (\F) 
vCl 500 picofarads (pF) 

Semiconductor 
Ici ZNAI6E. 


Additional items 
Plastic box (recommended size 76 x 64 x 50mm internal) 
8-pin DIL socket for IC1 
Printed circuit board 
‘Tuning knob for VC 
Wire link for PCB 
2m of 30SWG copper wire, self-fluxing, 

Piece of paper 25 x 50mm, to make the coil former 

Ferrite rod 70mm long by 10mm diameter, approximately 

Battery, AA size 1.5, with holder and attached wires 

Miniature earphone socket (3.5mm stereo jack) 

ON/OFF switch (push-button SPST latched or slide switch) 

4 off 100 mm insulated connecting wires, for jack socket and 
ON/OFF switch 

Pair Walkman-type earphones 

Elastic band, to attach ferrite rod to PCB 

4 off sticky pads for securing PCB to box lid 


Kits 


Ready-made PCBs may be available from Alan J. Wright, GOKRU, 
Hewett School, Cecil Road, Norwich NR1 2PL. 


A simple electronic organ 


Introduction 


This project has nothing to do with radio but, let’s admit it, any electronics 
project is good experience! Why not build this little organ — it will keep the 
children amused at least! It uses the popular NE5S5 integrated circuit, 
which contains a circuit which will periodically switch the voltage on the 
‘output pin between the supply voltage and zero. Just how frequently this 
switching occurs depends upon the components external to the integrated 
Circuit. If this switching occurs several hundred or thousand times a second, 
the change in voltage produced will generate a musical note when 
connected to a small loudspeaker. The circuit is shown in Figure 1. 


A simple electronic organ 


Figure 1 Circuit diagram 


Putting it together 

(a) Using a PCB. The job is very simple. The placement of components on 
the unsoldered side of the board is shown in Figure 2 and the design on 
the copper track is illustrated in Figure 3. Put each component, in turn, 
on the board, making sure that it lies flat on the board with its tags or 
‘wires going cleanly through the holes provided for it; then, solder the 
wires to the board, cropping them before or after the soldering, 


Figure 2 Position of components on the printed circuit board (PCB) 
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depending on your preference. If you choose to use a holder for your 
integrated circuit (highly recommended if your soldering is less than 
perfect), make sure that the end with a notch in it faces R1 and R2, as 
shown in Figure 2. Solder the two leads to the speaker to the tabs 
marked S (either way round), having looped them through the two holes 
to the right of the tabs in Figure 2. Looping them through the holes acts 
as a strain relief, ensuring that the soldered joints are not subjected to 
pulling and bending as you move the wires about. Do the same with the 
battery leads, the red lead going to the + tab and the negative lead to the 
~ tab (which also has one speaker lead already attached to it). Figure 4 
shows this in detail. Treat the loudspeaker with care ~ the cone is quite 
fragile and must not be touched. 


Battery plug 
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Figure 4 Battery plug and 
loudspeaker connections 
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A simple electronic organ 


(b) Without a PCB. This is more difficult, and you may need to enlist 
some help. Using some matrix board (such as Veroboard) is probably 
the best way of replacing the PCB. You could arrange your circuit in 
exactly the same way as in the PCB in Figure 3, using wires to replace 
the copper track. 


A simple ‘keyboard’ 
‘The keyboard is a row of solder pins along the rear edge of the PCB, one 
for each note covering the range shown in Figure 2. A flying lead with a 
small spade on it is provided to touch any of the pins in turn, producing 
any one of ten different notes. 


Testing 


Check first that cach component is in the correct place. When inserting 
the NESSS chip, first make sure that the end carrying the notch lies over 
the end of the holder with the notch; then, make sure each pin of the 
chip lies directly above the hole into which it fits, before pressing 
gently to insert the chip into the socket. Make sure the battery connec- 
tions are correct, and insert the battery into the clip. Nothing should 
happen, except for a click from the loudspeaker; touching the spade on 
any of the pins should produce a coarse note from the speaker. If nothing 
happens, check everything again; don’t assume that wires go where you 
think they go! 


After you get the first note, all the others should work, too, but they will 
sound off-tune at first. The organ needs tuning up by adjusting the 10 
preset variable resistors P1 to P10. The approximate frequency to which 
each note should be tuned is given in Figure 2; if you can beg, borrow or 
steal a frequency counter, setting up is easy. If you have a piano, the 
organ can be tuned by comparison of the notes with those on the piano. 
The frequencies are given in Hertz (abbreviation Hz), and represent the 
number of times the IC switches on and off every second. If the sound 
coming from the loudspeaker is too loud or very distorted, then try 
putting an 3300 resistor (colour code orange, orange, brown) in series 
with the loudspeaker. This is done by taking the resistor and cutting its 
leads to about 5mm; then, disconnect one speaker lead from the tab on 
the PCB (it doesn’t matter which). Solder one end of the resistor to the 
vacated speaker tab, and the free speaker lead to the other end of the 
resistor. This will limit the volume of sound from the speaker, and 
lengthen the life of your battery. If it is still too loud, try a resistor of a 
larger value, or use a smaller resistor to make it louder. 
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Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI 2.7 kilohms (k) 
RD 1 Megohm (MQ) 
PI-Ps Preset resistor 100 kilohms (k®) 
P6,P7 Preset resistor 50 kilohms (kQ) 
Ps Preset resistor 25 kilohms (k) 
P9, P10 Preset resistor 10 kilohms (kQ) 
Capacitor 
cl 100 nanofarads (nF) or 0.1 microfarad (wF) 


Integrated circuit 
Ic NESSS timer chip 


Additional items 
s Loudspeaker >60 ohms (Maplin) 

1 off battery clip (for PP3 battery) 

1 off spade terminal 

12 off solder pins *Veropins’ 

3 off 10cm lengths of ‘hook-up’ wire 


(This article is based on projects originally designed by Radio 
Scouting, Netherlands.) 
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5 Experiments with the 
NE555 timer 
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Figure 2 Veroboard layout. 
I you can read a circuit 
diagram, the project can be 
built using other methods 
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Construction 


The simplest way to mount the components is on a piece of matrix board 
(Veroboard), available from any of the good suppliers. The prototype of this 
circuit used the type of board with copper strips along the undersides these 
strips are used like the copper tracks on a PCB, to join components together. 
Firstly, cut the four strips between the positions of the pins of the IC socket, 


as shown in Figure 2. You can buy a tool for this purpose, but a small twist 
drill (about 3mm diameter) is just as good. Turn it between your fingers — 
if you use a drill you will end up with holes right through the board! Then 
solder in the IC socket (with the notch in the position shown), followed by 
the four links made with single-conductor insulated wire. Put in each 
component as shown, ensuring that C1 (an electrolytic or polarised 
capacitor) is connected correctly. When all the components have been 
soldered in, take the 555 chip and lay it on its socket, with its own notch 
lying above that of the holder. Then, making sure that each pin lies directly 
above its corresponding socket, press down gently on the chip, with the 
board supported on a flat surface. 


Testing 


Connect the circuit to a battery or small power supply, ensuring that the 
positive and negative leads are the right way round. Always use red and 
black leads here, then you are less likely to get it wrong! Switch on, Nothing 
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should happen until you short together the two test leads, when there 
should be a note from the loudspeaker. If this doesn’t happen, switch off, 
disconnect the circuit and check your wiring and soldering. Is it exactly like 
Figure 2? Are the soldered joints round and shiny? If any are dull, then 
‘sweat’ them briefly with a hot soldering iron until the solder runs, remove 
the iron, and check that they are as shiny as the rest. Check that there are 
no solder ‘bridges’ between adjacent tracks by holding your board up to a 
strong light. Then, reconnect, switch on and touch the test leads together. 
All should now work! 


Uses of your circuit 


1. As a Morse practice oscillator. Simply connect the two test leads to your 
key and, each time the key is pressed, you should hear a note from the 
speaker. The frequency of the note may be altered by putting a resistor in 
series with the key. To do this, remove one test lead from the key and 
select a resistor; connect one end of the resistor to the free test lead and 
the other to the empty terminal on your key. Selecting the value of 
resistor that you need will be a useful experiment in itself. 

2, Asa continuity tester. You can check fuses and lamp bulbs by connecting 
them across your test leads. If the speaker remains silent, the fuse or bulb 
has blown. 

3. To indicate changes of resistance. Hold the ends of the test leads in each 
hand; you should hear a low note, because of the high resistance of your 
body. Squeeze the ends harder, and the frequency of the note should rise, 
because you are now making better contact. Repeat this with damp 
hands and the frequencies will be higher still. 

4, Asa thermometer. Connect the test leads to a thermistor (a device whose 
resistance changes with temperature) and warm it with a hairdryer, or 
even in your hands, and you will hear the pitch changing with the 
temperature of the thermistor. A suitable ‘bead’ thermistor is available 
from Maplin (order code FX21). 

. Asa diode tester. Use any diode, and connect the negative test lead to the 
end of the diode marked with the ring. This is the cathode of the diode. 
The other end, the anode, should be connected to the positive test lead, 
and a note should be heard from the speaker. This does not necessarily 
mean that the diode is working — yet. Reverse the connections and 
nothing should be heard. If this is the case, the diode is working. 

6. Asa light meter. Use a photoconductive cell (a device whose resistance 
changes with light intensity) connected between the test leads. A note 
should be heard. Shading the device with your hand will increase its 
resistance and the note should decrease in frequency. A suitable device is 
the ORP12 cell from Maplin (order code HB10). 


‘There are many more applications. Do not connect the test leads to other 
s that are switched on. Your circuit, or the circuit you are connecting 
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it to could be damaged. Think of a passive device or circuit (ie. one not 
requiring a power supply or battery) where chang 
you have found another application! 


of resistance occur, and 


Parts list 


Resistors: all 0.25 watt carbon film types 


RI 4.7 kilohms (k®) — yellow, violet, red 
RD 39 kilohms (k®) — orange, white, orange 
R3 330 ohms (@) - orange, orange, brown’ 
Capacitors 
cL 100 microfarads (uF) 25 V radial electrolytic 
2-22. nanofarads (nF) or 0.022 microfarad (uF) polyester 


type with 10mm lead spacing 


Integrated circuit 
ICl NESS 


Additional items 
‘Miniature loudspeaker (preferably 35, 40 or 80 ohm) 
8-pin DIL socket for ICI 
0.1 inch Veroboard (‘stripboard’), size 11 strips by 13 holes 
PVC-covered stranded wire for test leads, loudspeaker and battery 

connections 

PVC-covered solid wire for links on the board 
A power source of between 6 V and 14 V, such as a9 V battery (PP3) 


Component sources 


Cirkit 
Tandy ~ many high street shops 


———— Sl 


‘Department of Communications and the Arts, ‘October 2017 


What is different about 5G? 


5G is expected to enable productivity outcomes across key verticals of the economy as a result of a 
range of characteristics, such as network slicing and mesh networks. However, it will need to overcome 
deployment challenges such as spectrum acquisition and coverage. This is expected to lead to new 
approaches for deployment to enable widespread 5G coverage in Australia. The industry will also need 
to develop a robust business case for 5G rollout, which will likely be demand driven, to support the 
significant capital expenditure required. 


Network slicing 


Network slicing allows operators to split their network into separate sub-networks (also referred to as 
slices), enabling them to dedicate network resources to different users and applications. Sub-networks 
can ‘slice’ the infrastructure resources from the physical network to create virtual independent 
networks. This is a significant development from previous mobile network generations, as it enables an 
operator to deliver many different capabilities by creating slices that can be tailored for the intended 
usage. For example, an operator could create a network slice for loT devices, or alternatively, a network 
slice for higher security for a higher quality of service for government or public safety uses. 


Network slicing also provides a model for infrastructure sharing between network operators. In this 
case, a single transmitter’s network could be shared with more than one operator. Given the capital 
expenditure that will be associated with 5G rollout, network slicing can provide a cost effective, short- 
term solution for operators. 


Figure 2—5G network slicing enables operators to create separate virtual networks to meet application 
requirements 


5G NETWORK APPLICATIONS 


Mission critical loT slice 


Other slices . Other applications 


Source: Based on figure 2 from the ITU article, ‘Why end-to-end network slicing will be important for 56," 
Mesh networks 


Mesh networks can be utilised to increase the range of coverage, where the ‘mesh’ is an 
interconnection among a network of devices. Only one device in the mesh needs to be connected to 
the network, which can then relay data to other nearby devices. 


‘Mesh networks not only provide the opportunity to support SG deployment but also have the 
additional benefit of providing efficient network speeds. Through dynamic routing, devices on a mesh 
network are able to seek the fastest and most reliable pathway to send and receive data. As such, this 
architecture can provide a cost effective solution for coverage in more remote areas. For example, 
www.communications gov.au 
5G—Enabling the future economy wwnwarts,gov.au Page 6 of 12 
www classification gov.au 
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6 A simple metronome 


The circuit 


Three components determine the speed at which the circuit oscillates ~ the 
speaker (LS), the resistors (VR1 + R1) and the capacitor (C1). VR1 is a 
variable resistor, so that the speed at which the oscillator operates can be 
varied. Compared with the component values of the Morse Buzzer (which 
operated at around 800Hz), these components now give an oscillation 
frequency of around 1.25 Hz, which is far too low to be heard as a note. 
What we do hear, however, is a series of clicks, as the voltage across the 
speaker changes quickly from 0 to 9V and back again. 


Figure 1 The metronome 
circuit is rather like the 
Morse oscillator 
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tre 2 The component 
wires are pushed through 
holes in the circuit board 
‘and joined together 
underneath 
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Variation of speed could be achieved by varying resistance or capacitance. 
However, as you may already know, variable capacitors have values in the 
picofarad range, not the tens of microfarads used here, so itis very simple 
to employ a variable resistor (potentiometer) to control the oscillator. You 
could use a multi-way switch to switch in one of several capacitors, as well 
as having the variable resistor, but this was found to be an unnecessary 
complication, This design operates between about 100 clicks per minute 
and 200 clicks per minute. 


Making the prototype 


‘A single piece of plain matrix board (no copper strips) measuring about 
40 x 40mm is sufficient to hold all the components except the potenti- 
cometer and switch (see later). The case can be plastic or aluminium, and 
fone measuring 65 x 100 x S0mm is about right. Make sure there are 
holes in the case beside the speaker cone to let the sound out, and larger 
holes for the potentiometer and switch. If a potentiometer is used with a 
combined ON/OFF switch, then the extra hole for the switch is not 
necessary! It is advisable to construct the circuit before putting it in the 


A simple metronome 


box, so that it can be tested to ensure that everything is working. If itis, 
then you can exercise your ingenuity in mounting the speaker, battery 
and board inside the box. A final test can be made before starting the 
calibration process. 


Calibration 


There is no ‘easy’ way to do this. The frequencies involved are too low to be 
measured with the average frequency counter, so you will need to resort to 
using a stopwatch and counting the number of clicks per minute. 


Parts list 


Resistors: 0.25 watt, 5% tolerance 
RI 10 kilohms (k0) 
VR1_ 47 kilohms (k@) linear potentiometer 


Capacitor 
cl 33 microfarads (uF) electrolytic 
‘Transistors 
TRI 2N3053 npn 
TR2 — 2N2905 pnp 
Additional items 
SI SPST ON/OFF switch 
Ls 3ohms (2) loudspeaker 


Knob with pointer for VR 
PP3 battery and connector 
Aluminium case, 65 x 100 x 50mm. 
Matrix board (plain), 40 x 40mm 
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7 What is a resistor? 


Introduction 


Materials that carry electricity easily are called conductors. They include all 
metals and salt water, for example. We use wire as a conductor, and the 
‘ease with which it passes an electric current depends upon the material, its 


thickness and its length. Silver (symbol Ag), gold (Au), copper (Cu) and 


aluminium (Al) are the best metallic conductors. Most wires are made of 
copper, although the best conductor, weight for weight, is aluminium. 


Materials that don’t carry current (or, at least, do so very badly) are called 
insulators, and they include dry wood, rubber, plastic and glass among 
their number. Wires are often coated with a layer of insulator to prevent 
adjacent wires touching and causing an accident. 


Resistors 


If there wasn't such a thing as resistance, the subject of electronics wouldn't 
exist; only infinite currents would flow and voltages wouldn't exist either! 
We need to reduce the flow of current if we are to make current do 
something useful for us. Components that resist the flow of current are 
called resistors, and they are said to have a resistance which is measured in 
ohms (0), named after Georg Ohm, who formulated the law (also named 
after him) by which the voltage and current through a conductor are related. 
His law gave rise to the formula everyone remembers: 


Tey 
R 


where [is the current flowing, measured in amps, 
V is the voltage across the conductor, and 
R is the resistance of the conductor, measured in ohms. 


From this equation, you can see that, for a constant value of voltage, V, if 
the resistance goes up, the current will go down, and vice versa. The circuit 
symbols for resistors are shown in Figure 1. You will find the upper symbol 
in older magazines; itis still preferred by many engineers. The lower symbol 
is the prevalent standard symbol. 


Resistors are made in 


eral ways, the cheapest using carbon; another type 
is usually made from a ceramic cylinder (used only as a support) on which 
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Figure 1 Circuit symbols for 
resistors 


What is a resistor? 


OR 


is placed a very thin film of metal ~ the thinner the film, the greater the 
resistance. Alll resistors are coated with a thin film of insulation, for the 
same reason we discussed earlier. 


The colour code 


Each resistor has coloured bands on it which enable us to see what value of 
resistance it has. There are normally three (but sometimes four) at one end, 
and a single one at the other (see Figure 2). The colours indicate figures, 
according to the list below. 


Colour Value Colour Value 
Black 0 Green 5 
Brown 1 Blue 6 
Red 2 Violet 7 
Orange 3 Grey 8 
Yellow 4 White 9 
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igure 2 Some examples of 
resistor colour codes; top 
47000 (4.7 kA) and bottom 
1000 
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Yellow 


No2 
Violet 


Using the colour codes is easy, once you see the logic behind it. Hold the 
resistor so that the single band is towards the right. The three colours on the 
left are read in the normal order from left to right. The first two bands 
always indicate numbers; the third band gives the number of zeros to add to 
the right of these two numbers. So, looking at the top resistor in Figure 2, 


yellow, violet, red means 4, 7, and two zeros, giving 4700 ohms! Looking at 
the lower resistor, brown, black, brown means 1, 0, and one zero, giving 
100 ohms. 


Remembering the order of the colours may be difficult at first. The colours 
from red to violet are the colours of the rainbow, in order, so if you know 
those, you're almost there! Around those colours are black and brown 
below the red, and grey and white above the violet, which you can imagine 
as getting brighter from black to white (well, almost!). It won't be long 
before you don’t need to remember them at all. 


The isolated band on the right-hand side is not part of the resistor’s value; 
it indicates its tolerance, i.e. how close it might be to the indicated value. A 
brown band indicates +1%, a red band 22%, a gold band #5% and a silver 
band +10%. For example, a resistor marked as being 100 ohms with a +5% 
tolerance will have an actual value somewhere between 95 ohms and 
105 ohms. 


Waves ~ Part 1 


8 Waves — Part 1 


Introduction 


Waves are responsible for most of the processes in life where energy is 
transferred from one place to another. Heat and light energy from the sun, 
for example, come to us as electromagnetic waves. Sound travels through 
the air as a wave; it is not the same sort of wave as light or heat, but it 
‘obeys many of the same properties. Damage is caused to coastal margins 
by the waves of the sea — again, another type of wave, but still obeying 
many of the same properties. Radio waves are of the same type as heat and 
light waves, as are gamma rays, X-rays, ultra-violet waves and infra-red 
waves. So, once we begin to understand what radio waves do, we are also 
learning about a huge chunk of physics at the same time! All these waves 
are part of the electromagnetic spectrum. The word ‘spectrum’ simply means 
‘range’, so what we have is a range of electromagnetic waves — that’s 
all! 


Sensing things 


Light waves are invisible, but our eyes can detect the effect they have on 
different materials because the waves produce an effect on the retina of the 

eye which the brain can interpret. We cannot sce heat waves 
but we can feel the effect they have on our skin, Gamma rays and X-ra 
also invisible, but their detrimental effects on human tissue are well known. 
It is not surprising, then, that we cannot see radio waves. We cannot sense 
them, either, until we produce a device upon which they have an effect. That 
device isa radio receiver; it is able to process certain characteristics of radio 
waves, and make these characteristics audible by generating sound waves 
from the loudspeaker or headphones. Other characteristics of the same 
waves may be turned into light as a TV picture on a cathode-ray tube, or as, 
a fax image on a sheet of paper. 


Visible waves 


Let's start our 


sscription with some waves that we can actually see! When 
a small stone is thrown into a pond, we see circular water waves radiating 
from the point where the stone fell into the water, as Figure 1 shows. (Notice 
that we use the word radiating, even with water waves; it is not a radio 
term, but one which describes any motion where the radius of a circle is 
increasing. In this case, it is the radius of the circular waves which is 
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igure 1 The waves move 
cout from the point where 
the stone landed 


Figure 2 A water wave, 
viewed in cross-section 
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increasing.) If you were to watch the water waves down at the water level, 
perpendicular to the direction in which they are travelling, you would se 


something like the illustration in Figure 2. 


The horizontal line represents the water level before the wave started, and 
the vertical line represents the direction in which the water is displaced at 
any instant. 


All waves are described in the same way 


‘Freezing’ the motion of the water in this way allows us to define two very 
important characteristics of a wave, characteristics which we talk about 
every day ~ wavelength and amplitude. The wavelength of a wave is simply 
the distance (measured in metres) from any point on one wave to the same 
point on the adjacent wave. Look at the diagram and you will see what is 
meant by ‘the same point on the adjacent wave’. The amplitude of a wave 


wavelengtn 


Wavelength 
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is always measured from the centre (undisturbed) position of a wave to the 
peak (or the trough) of the wave. Both these positions are shown, the arrow 
indicating that the measurement is taken from the centre to the peak or 
trough. The amplitude of a wave is defined as the maximum displacement 
of the wave from the centre position — the direction (up or down) of that 
displacement does not matter. Waves of greater amplitude carry more 
energy with them. 


If we now ‘unfreeze’ the wave, we will see it travel from left to right (or right 
to left, depending on where we are looking). The speed at which it moves is 
called its velocity, and is measured in metres per second. 


Another useful word is propagate; it means travel. We talk about radio 
waves propagating from a transmitter to a receiver. This velocity of 
propagation (for electromagnetic waves) is very fast indeed — they will cover 
300 million metres in one second. This is virtually incomprehensible, so 
think of a radio wave travelling around the earth — it can travel 7% times 
round the earth in one second! We use the symbol ¢ for the velocity of radio 
waves (which is the same as the velocity of light, of course ~ all 
electromagnetic waves travel at this speed through air and space). 


The last thing we need to know about the wave is its frequency. Imagine a 
cork floating on the water in the path of the wave; it will bob up and down. 
If we were able to count the number of times it went through its highest 
position in one second, then that number would be its frequency. Any 
periodic motion like this is said to go through one cycle each time one 
complete wave passes a point (in this case, our cork). We are thus counting 
the number of cycles per second of the cork’s motion. The unit of frequency 
is thus ‘cycles per second’; this unit is now named after Hertz, a radio 
pioneer, and is abbreviated to Hz. 


Our description of the wave is now quite simple — we need only four 

quantities: 

(a) Frequency symbol f- unit, hertz (Hz) 

(b) Wavelength symbol \ (Greek letter lambda, pronounced ‘lamb-da’) ~ 
unit, metre (m) 

(c) Amplitude symbol a - unit depends on application 

(d) Velocity symbol c ~ unit, metres per second (m/s or ms“) 


The basic formula 


Whatever may happen to a wave while it travels through different me 
(vacuum, air, brick, wood, etc.), one thing and only one thing remains 
constant — its frequency. Its wavelength, amplitude and velocity may 
change, but its frequency never does. Three of the four characteristics 
already identified are connected by the simple relationship 


c= fxr 


29 


Radio and Electronics Cookbook 


30 


Remember that c is constant if the wave travels in air or in a vacuum. This 
means that waves having higher frequencies (f large) must have smaller 
wavelengths (A small) and vice versa. You can imagine frequency and 
wavelengths being on opposite ends of a see-saw! 


Divisions of units 


Because the frequencies of radio waves are so high (despite them having the 
lowest frequencies in the electromagnetic spectrum!) we have a problem 
with writing them down. Do you write in your log book that you have just 
heard a station on 14 100 000 Hz? Of course not, you write it as 14.1 MHz, 
knowing that the prefix mega (M) means ‘one million’. The prefixes which 
you need to know (when applied to frequency) are: 


kHz kilohertz meaning 1000 Hz 


MHz megahertz meaning 1 000 000Hz 
GHz gigahertz meaning 1 000 000 000 Hz. 


Notice that the ‘k’ in kilohertz is a lower case letter. It is incorrect to write 
itas an upper case letter. “K’ is a computer-related prefix meaning not 1000 
but 1024! 


When we come on to discuss heat and light waves, we will us engths 
rather than frequencies, because of the see-saw effect — as the frequencies get 
larger and larger, the wavelengths get smaller, and hence are numbers which 
are more manageable, both to talk about and to write down! 


Bands 


Gamma rays, X-rays, ultra-violet waves, light waves, infra-red waves are all 
part of the electromagnetic spectrum, but we divide them up because they 
have different properties. This is why we divide up our radio frequencies 
into different bands. The radio waves of top-band signals (around 2 MHz) 
have completely different properties compared with those in the 20 metre 
band, so we are dividing up the radio spectrum in the same way - by 
property. 


SS 
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primary industries would benefit from this network approach by simplifying network connections and 
costs associated with deploying and managing an loT sensor network. However, the application of mesh 
networks is still highly speculative as the industry considers how they will operate in practice and in 
different environments. This may contribute to the development of new business models for 5G. 


Spectrum sharing 


Spectrum is a critical enabler of Australia’s current and future communications infrastructure. The 
specific spectrum bands and quantity of spectrum required for SG are still being considered. However, 
5G will likely require a mix of low, medium and high frequency spectrum to meet different scenarios 
relating to coverage, connectivity, and latency: 


‘© Low frequency (less than 1GHz)—providing widespread coverage across urban, suburban and rural 
areas and supporting loT for low data rate applications. 

© Medium frequency (1~6GHz)—providing good coverage and high speeds, and including the 
expected initial 5G range of 3.3-3.8GHz which has been identified as the most likely band for 
launching 5G globally. 

High frequency (above 6GH2)—providing ultra-high broadband speeds for advanced mobile 
broadband applications, and most suitable for applications in dense traffic hotspots. 


5G technologies can be expected to deliver improvements in spectral efficiency (the data rate that can 
be supported per unit of spectrum). However, the use of 5G networks for applications such as 
widespread industrial applications is likely to require significantly more amounts of contiguous 
spectrum to be made available. 


While some of the potential bands for 5G currently have unused spectrum, other bands would need to. 
be ‘refarmed’, noting that it is likely that bands currently used for 2G, 3G and 4G in Australia will 
transition over time to 5G. Refarming enables spectrum to be transitioned to the highest value use as 
required. The refarming of spectrum already held by mobile broadband operators is a commercial 
decision for those operators. 5G is also expected to provide the opportunity for ‘soft-refarming’ where 
4G and 5G technologies can both be supported simultaneously, minimising the impact to legacy devices 
during transition periods. 


Spectrum sharing, that is spectrum accessed by numerous users on a shared basis, has also been 
identified as an option for 5G technology. Spectrum sharing encompasses a range of different aspects 
of spectrum management. Spectrum can be shared by geography, time, economic priority schemes, 
code modulation, polarisation, directionality or power. Access to spectrum is divided between users so 
it can be used without interference issues. 


5G opens up new opportunities for increased spectrum sharing, through mechanisms such as network 
slicing. 5G technology is also designed to support shared arrangements, and allows for the sharing of 
the same spectrum (‘unlicensed Wi-Fi’ spectrum) with other technologies. Operators can augment their 
holdings in situations where existing exclusive holdings are insufficient to meet customer needs. 
Spectrum sharing in the 5G context is also supported by the expected use of highly directional antenna 
technology which would enable operators to operate in closer proximity without interference. 


Antenna technology and network topology 


56 will require radically different structures of networks if it is to achieve successful deployment in 
Australia. As 5G will likely utilise different frequencies, new equipment will be necessary. Additionally, 
the higher frequency 5G spectrum can only travel a small distance and will need more cells to ensure 
adequate coverage. However, antennas and equipment will be smaller, making it easier to attach these 
cells to existing infrastructure such as street lights and buil 
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9 A beat-frequency oscillator 


Construction 


Built on a small piece of matrix hoard about 80 x 50mm, the circuit can be 
fitted inside a small plastic box. For once, we don’t want to screen the 
circuit to prevent it interfering with other equipment; we twant it to interact 


Figure 1 Circuit diagram of 
the BFO 
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a=--=wiring onthe 
underside of the board 


Figure 2 Matrix board layout shown from the component side. Adjust IFT1 carefully for the best results 


2 


with our receiver! This is why we use a plastic box. Maplin Electronic 
Components supply a suitable box, complete with the matrix board to fit 
inside (order code YU46). 


Look at Figure 2 carefully before you start to build the circuit, so that you 
can position the components correctly. Firstly, inspect the intermediate 
frequency (IF) transformer, IFTI, and remove its metal screening can very 
carefully. Again, this is to allow some signal to escape from our circuit and 
enter our radio. Having done this, solder the components, using the matrix 
board as a support. Underneath the board, the components are linked by 
single-conductor, insulated wire. Take particular care with the polarity of 
the electrolytic capacitor, C3, and the connections to the transistor, TR1 (see 
Figure 1). 


The variable resistor, VR1, has a switch mounted behind the control itself, 
and the insulated leads to it from the battery should be about 10cm long. 
Connect these before fitting VR1 into the case, so that the BFO can be 
calibrated (adjusted) correctly. 


Calibration 


After a final check that all the components have been fitted and soldered 
correctly, connect the battery, switch on, and hold the transistor between 
your fingers, to check that it is not getting hot. Place the circuit close to your 


A beat-frequency oscillator 


receiver, and set RVI to mid-position. Tune your receiver to find an amateur 
B transmission; the frequencies listed below will help you in knowing 
where to look. It may sound very strange, but don’t worry. Slowly turn the 
core of IFT1 with a small, non-metallic screwdriver or with the correct 
“trimming tool’. The core into which the blade fits is very fragile, so attempt 
this process with care. When the speech sounds as natural as you can get it, 
leave the core at this position, and use RV1 to make the speech sound 
natural. 


Using the BFO 


For best results, you may have to move the BFO nearer or further away 
from your radio. At the lower end of most bands (for instance just above 
7.000 MHz. or 14.000 MHz) you should be able to resolve Morse code 
(CW) signals. If you find that the BFO signal is a little weak, solder a 15 em 
length of insulated wire to pin 2 of IFT1, and place it alongside your radio. 
This should improve signal intelligibility. When you are happy with the 
performance, switch off, drill a 10.5mm hole in the box and fit RV1, 
followed by the matrix board assembly. Screw the base to the box, fit the 
knob, and the BFO is complete! 


Where to listen 


Band Frequencies (MHz) 
15m 21.000-21.450 
17m 18.068-18.168 
20m 14.000-14.350 
30m 10.100-10.150 
40m 7.000-7.100 
80m. 3.500-3.800 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


Ri 27 kilohms (k®) 
R2 4.7 kilohms (k) 
R3 1 kilohm (k) 
R4 2.2 kilohms (k) 
VRI_ 4.7 kilohms (kQ), linear, with DPST switch 
Capacitors 
cI 100 nanofarads (nF) or 0.1 microfarad (wF), ceramic 
C247 nanofarads (nF) or 0.047 microfarad (uF), ceramic 
G3 10 microfarads (uF), 25 V radial, electrolytic 
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‘Additional items 


TRI 2N2222A npn 
IFTL ‘Toko type YHCS11100 

Box plastic, approximate size 100 x 70 x 45mm 
Board matrix, to fit inside the box 

Connector for PP3 battery 

Knob for RVI 


10 What is a capacitor? 


Figure 1 


What is a capacitor? 


Large and small 


‘We cannot go into the manufacture of capacitors here ~ after all, we are 
users of the devices, not the designers! First of all, beware of incorrect 
statements; the words ‘capacitor’ and ‘capacitance’ are not the same. For 
example, a large capacitor would be a description of one the size of a toilet 
roll. It need not have as large a capacitance as one the size of your little 
finger. A ‘large capacitor’ is one which is physically big, a “large capacitance’ 
refers to a capacitor which can store a larger amount of energy when a 
certain voltage is applied between its plates. The capacitors in a mains 
power supply are usually big and have large capacitances. High-power RF 
amplifiers may have large capacitors with small capacitances! 


Electrolytics. . . 


Electrolytic capacitors usually have capacitances of 1 uF or above. They 
differ from other capacitors in that they must be connected the right way 
round (i.e. they have positive and negative connections, just like a battery). 
‘They may explode if the connections are reversed! 


...and the others 


Other capacitors may be connected either way round, despite their names. 
We have polystyrene, ceramic, silver-mica and tantalum. Each has its own 
advantages and disadvantages, and the parts list for a project will always tell 
you which type is best. 


Storing energy 


If you were to connect a large capacitance across a 12V power supply, 
nothing would appear to happen. Removing the capacitor from the 
supply and connecting it to a voltmeter would show that the capacitor has 
12V between its ends. This shows that, while the capacitor was connected 
to the supply, energy flowed from the supply into the capacitor. We say 
that the capacitor was charged up by the supply. If you are using an 
analogue voltmeter (i.e. one with a meter and pointer), you will notice 
that the indicated voltage slowly drops until, eventually, there is no 
voltage across the capacitor. This is because the capacitor has discharged 


its energy into the voltmeter. If you had used a smaller capacitance, the 
same would happen, except that the voltage would drop to zero more 
quickly ~ the capacitor stores a smaller amount of energy because its 
capacitance is smaller. Capacitors behave like other things in life ~ a small 
car can move more quickly than a large bus — a small piccolo emits a 
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higher note than a flute — the voltages in a circuit containing a small 
capacitance will change more quickly than those in a circuit with large 
capacitance. 


Varying the capacitance 


Some capacitors are capable of having their capacitance changed manually; 
these are called variable capacitors. They work like the basic capacitor of 
Figure 1. Imagine moving the top plate of the pair a little to one side; the 
capacitance is determined, not just by the size of the two plates, but by their 
area of overlap. As this decreases, so does the capacitance. Such devices are 
limited in their capacitance, about 500 pF being the maximum value. 


AC and DC 


Because the plates of a capacitor do not touch each other, a direct current 
(DC) cannot pass between them, However, an alternating voltage on one 
plate can induce an identical alternating voltage on the opposite plate, and 
thus a capacitor appears to pass an alternating signal, even though currents 
as such, do not pass between the plates. This property of passing AC and 
not DC is very important, and a capacitor used in this way is called a DC 
blocking capacitor or, simply, a blocking capacitor. A blocking capacitor 
can be used at the same time, to couple a signal from one circuit to the next; 
here it would be known as a coupling capacitor. Decoupling capacitors are 
to be found where the capacitor is employed to remove an AC signal while 
retaining a DC component. 


Finally... 


Unlike resistors, the manufacture of capacitors renders them susceptible to 
excess voltage, so if you find a capacitor labelled 10 jF 16 V, it means that 
operating it above 16V may fatally damage the device (and the circuit 
around it). This voltage is called the working voltage of the capacitor; on 
some electrolytics, you may find it expressed as volts working (i.e. 8 uF 
450V WKG). 


Many smaller capacitors have their properties marked on them in a colour 
code, like resistors. Figure 2 shows these codes, and their meaning, and the 
table below summarises the values of the colours. 


What is a capacitor? 


Table 1 

Colour Value Voltage Voltage 
(tantalum capacitor) (polyester capacitor) 

Black 0 10 7 

Brown 1 S 100 

Red 2 = 250 

Orange 3 - s 

Yellow 4 63 400 

Green 5 16 s 

Blue 6 20 = 

Violet 7 ~ a 

Grey 8 25 7 

White 9 3 E 


Figure 2 Some capacitors 
have coloured bands or 
stripes, rather like resistors. 
‘The colour code, which is 
the same as the resistor 
code, is shown in Table 1 
‘The band shown on the 
chart as ‘Ist’ is the first 
‘number of the capacitor's 
value in pico-Farads, ‘2nd’ is 
the second number and ‘M 
is the Multiplier or number 
of noughts. For example, a 
capacitor reads from the 
top: Brown, Black, Yellow, 
Black, Red. Its value is One, 
then Nought, then Four 
‘more noughts = 100000 pF 
[also referred to as 0.1 uF or 
‘100 nF}. Its tolerance (Black) 
is 20% and the working 
voltage (Red) is 250. The 'V 
‘means the maximum 
‘working voltage. The band 
‘marked ‘T’ shows the 
tolerance, just like resistors, 
and the one marked TC is 
only used on special 
capacitors designed to 
change their value with 
temperature 


(i T 
: : 
7" sat ano T TANTALUM CAPACITORS, 
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CERAMIC CAPACITORS 
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11 Waves — Part 2 


Introduction 


We left Part 1 with the concept that radio waves are divided up into bands 
which have different properties. Not all the properties are different, 
though. We need to discuss several wave properties, so we will start with 
what happens to waves as they propagate over long distances. 


Getting weaker 


Imagine a torch battery connected to a bulb by wires about 1 metre long. 
‘The bulb lights normally. If we now take the bulb 100 metres away from the 
battery and wire it up, we would expect the bulb to be somewhat dimmer, 
which is exactly what would happen. It happens because of the resistance of 
the wires ~ the wires do not form a perfect conductor. A similar situation 
occurs with radio wat 


All waves suffer from attenuation — they get weaker the further they travel 
In cases of extreme attenuation, we need to apply some amplification before 
the attenuated wave can be used in a receiver. 


Carrying information 


When we speak over the telephone, the range of frequencies in our voices 
extends from very low frequencies up to about 15 or 20kHz. In audio 
terms, this is quite a large bandwidth (meaning a wide band of frequencies). 
For communications purposes, however, most of this bandwidth is not 
needed, and in the telephone system (and in our transceivers), this is cut 
down so that it extends from about 200Hz to 3kHz, a reduction in 
bandwidth from 20 kHz to about 3 kHz. A bandwidth of 3 kHz has been 
found to be sufficient to convey speech intelligibly which, after all, is just 
what we ni 


The radio waves coming from an amateur transmitter convey our speech 
signals over long distances. By themselves, the specch signals do not travel 
very far, so they have to be combined with a radio signal that will travel long 
distances. This extra signal is called the carrier wave (or just the carrier), 
because its job is to carry the specch signals along with it! The process of 
combining the speech (or Morse code) with the carrier is called 
modulation. 


Figure 1 stations between 
B2 and 3 receive the 
ground wave 


Waves ~ Part 2 


Wider and wider 


Sending Morse code is achieved simply by switching (or keying) the carrier 
on and off. The bandwidth of the transmitted signal is only about 100 Hz. 
Speech, with its reduced bandwidth of 3 kHz, will produce a single-sideband 
(SSB) transmitted signal with a bandwidth of 3kHz. If the same speech 
signal were used to produce an amplitude-modulated (AM) signal from the 
transmitter, it would have a bandwidth of about 6 kHz. Perhaps you can 
now understand why the bandwidths needed to produce hi-fi broadcasts 
need to be so large. TV signals need bandwidths running into tens of 
megahertz! 


Waves need aerials 


Radio waves are produced whenever changing currents flow through a wire, 
and when that wire is made in such a way as to maximise the radiation from 
the wire, it is called an aerial or antenna. The same piece of wire will receive 
radiation from other aerials; an aerial will transmit and receive. This is an 
important property of the aerial: when a current flows through it, 
electromagnetic waves are launched into the air; when electromagnetic 
waves in the air encounter the aerial, currents are produced in it. 


From the simplest transmitting aerial, waves travel in all directions, like the 
waves on the pond that we considered in Part 1. They will travel a long way 
through air and space before they become too week to be received. They 
won't travel very far into the earth, however! The earth will reflect some of 
the wave and will absorb the rest. That portion of the wave which is 
reflected will again travel through air and space until it is totally 
attenuated. 


Look at Figure 1; A represents a radio transmitter, with B1, B2 and B3 being 
receiving stations. The two arrows pointing ‘downwards’ from A represent 
two of the waves from A which just graze the earth’s surface. Waves above 
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these will travel on into space; waves below them will either be absorbed 
and reflected by the earth or received by aerials. B1 will not receive any 
signals from A, because it is below A’s horizon. B2 and B3 can receive A's 
signals because they are just on A’s horizon. Any stations between B2 and B3 
will also receive A’s signals, which are known as ground-wave signals. The 
wave at C represents one which is reflected by the ground and travels into 
space. 


This description begs the question of how signals are received from stations 
well beyond the ground-wave range. 


Mirrors in space 


Suppose that there was something, out in space, that would reflect radio 
waves. Waves from A that travel out into space could be reflected off it and 
return to earth, enabling stations such as B1 to receive A’s signals. The 
situation just described is illustrated in Figure 2. 


Meroe’ 


Just such a mirror in the sky really does exist. It is not man-made, of course! 
‘The earth is surrounded by the atmosphere, a mixture of many gases, such 
as nitrogen and oxygen. The energy contained in the radiation from the sun 
is more than sufficient to jonise these gases, thus making them into electrical 
conductors. When a gas is ionised, some of its electrons are physically 
stripped out of the atoms and are free to move about, just as the electrons 
of a metal do in a wire. Consequently, we can regard this part of the 
atmosphere (the part illuminated by the sun) as acting like a sheet of metal, 
which reflects radio signals! It is not a perfect reflector, but is sufficient to 
produce long-range (DX) radio propagation via the sky wave under the 
right conditions. (A more down-to-earth example of ionised gases conduct- 
ing electricity can be found in the fluorescent tube and the neon sign many 
gases glow when they are continuously ionised.) 


Sl 
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‘The more dense deployment of cells will also give rise to other approaches that improve the reliability 
of data transmission across a 5G network. Data may be divided into individual streams and transmitted 
through multiple antenna segments in a process called Multiple Input Multiple Output (MIMO) which 
allows for more information to be transmitted simultaneously. This technique is further empowered by 
‘beamforming’ which allows base stations to direct focused beams of energy to a specific area rather 
than dissipate the available power of a larger area. These developments will enable more efficient 
transmission and increase overall throughput. 


5G is also expected to assist the adoption of loT by further reducing power consumption through 
extended discontinuous reception. In this scenario, loT devices shift between active and inactive cycles, 
transmitting only when required. This will allow connected devices to operate for extended periods on 
a single charge, reducing operational costs. 


5G will also increase the support for a greater density of devices that would have otherwise been 
limited by the capacity on 3G and 4G networks. They will also enhance loT deployment through the use 
of network slicing to create virtual network configurations that are optimised for the low power and 
coverage requirements of loT networks. 


Business case 


For Australians to experience the benefits of SG, the communications sector will need to explore and 
develop new business cases to attract investment and support the rollout of 5G services. As 5G 
becomes an integral part of the communications ecosystem, the sector will need to be agile to respond 
to the needs and expectations of other sectors which will be seeking to take advantage of these next 
generation networks. 


While residential consumers will inevitably be attracted to the enhanced mobile broadband services 
offered by 5G, itis the industrial applications for 5G where industry expects to see the greatest 
opportunity for new business models. 


Compelling industrial applications are still to be developed. For example, industry sectors can be 
expected to seek tailored solutions for their business needs such as enhancing their local area network 
or enabling autonomous systems, and small businesses will look for low cost deployments of loT. 


Itis therefore expected that the model for 5G will be demand driven and will require the 
communications industry to foster new business opportunities. 
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‘An LED flasher 


This conducting region at the extremity of the atmosphere is called the 
ionosphere, and it exists in layers between 60km and 700km above 
the earth’s surface. When the ionosphere is sufficiently ionised, it glows; this 
is the natural phenomenon known as the aurora borealis, or the northern 
lights. 

The property of the ionosphere that enables radio waves to be reflected does 
not act in a uniform way; itis very selective about which waves it reflects, 
and which waves go straight through it and into outer space. In general, it 


reflects only those waves with frequencies below about 30 MHz ~ the HF 
bands! 


In Part 3 we will look at families of waves. 


12 An LED flasher 


Figure 1 Circuit diagram of 
the LED Flasher. Pins 1, 3 
‘and 7 of the IC are not used 
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Figure 2 Board layout 
viewed from the component 
side, The tracks are cut 
under the board where 
shown 


a2 


Assembly 


The circuit can be built on a small piece of Veroboard (the piece shown in 
Figure 2 measures 15 holes by 10 strips). Using such a board, follow these 
instructions. 


1. Depending on how far away you want the LED from the circuit board, 
solder a length of insulated wire to each lead of the LED. Use different 
colours of insulation ~ say, red and black, connecting the red lead to the 
anode (a) lead (the longer one) of the LED, and the black one to the 
cathode (k). Figure 2 shows these leads. 

2. Cut the copper tracks as shown in Figure 2, using a 3mm (% inch) 
diameter drill, rotated between thumb and forefinger, or use the proper 
tool. Make absolutely sure that the tracks are completely broken! 

3. Fit the IC holder in the correct position, using the cut tracks as guides, 
and make sure the small notch is facing towards the top of the board. 
Solder the pins to the copper tracks. 

4, Mount the capacitor, positive end to the left, so that the positive lead is 
soldered to track F, which connects it to pin 2 of the IC; the negative lead 
is soldered to the right-hand side of track E, this being connected to pin 
8 of the I 

. Solder on the battery leads, posi 
leads, positive downwards. 


c to the right, and the extended LED 


© To Battery holder 


@incicares copper trace eu at £8 F808 M8 


‘An LED flasher 


6. Check the circuit, and hold up the board to a bright light and look 
carefully for solder bridges between the tracks and pieces of copper swarf 
which may have escaped your inspection in 2 above! Remove whatever 
you find. 

7. When all seems well, put the IC into the socket, ensuring that the notch 
or dot on the upper surface of the IC lines up with the notch on the 
holder. Line up each pin on the IC with the hole below it before pressing 
gently on the IC with the board supported on a firm surface. 

8. Connect the battery; the LED should start to flash. The circuit is 
complete and working! 


If you prefer, the whole circuit (battery included) can be mounted in a small 
plastic box, with the LED mounted on a clip and protruding through the 
panel, There are many other possibilities, and it is up to you to find an 
application for your own use. 


Parts list 


Maplin code 
M3909 Integrated circuit WQ39N 
IC socket 8-pin DIL BLI7T 
LED 5mm diameter WL27E, 
100 microfarad (WF) Electrolytic capacitor (10) FB48C 
Battery holder For AA-size cell YRS9P 


Battery LSV AA cell 


Small piece of Veroboard (15 holes by 10 strips) 

Small plastic box (if required) 

LED clip (if required) 

Two lengths of coloured, insulated wire for LED (as required) 


Availability 


All parts can be obtained from Maplin Electronics Ltd. 
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13 Waves — Part 3 


Introduction 


When we talk about the spectrum being divided up into bands, this is just 
for our convenience; there are no natural divisions although, as we have 
seen, some of the properties of different bands really are different! Let's 
look at Figure 1, and see how the frequencies are divided up. 


The divisions 


© Very low frequencies (VLF) cover the range from a few kilohertz up to 
30kHz. Very long-range communication is possible, but at very small 
bandwidths. It is used for special purposes. 

© Long waves (LW) are used for medium-distance commercial broadcasting 
and have frequencies from 30 kHz to 300 kHz. 

© Medium waves (MW) are used for commercial broadcasting, and use 
frequencies from 300 kHz to about 1.5 MHz (1500 kHz). Typical range is 
about 200 km. 

© Short waves (SW) encompass both the low-frequency (LF) and high- 
frequency (HF) amateur radio bands. There are nine narrow amateur 
bands in the SW spectrum between 1.8 MHz and 30 MHz. Some of these 
bands give round-the-world communication. 

© Very high frequencies (VHF) span the range between 30MHz and 
300 MHz. Relatively short-range communication is possible. They were 
once used for broadcast TV before it moved to UHE. There are now three 


1GHe 
30kMz 300kMz SMH 30MHz —-300MHz = (1]000MHz) 400GH2 


Ire 1 Diagram of radio frequency spectrum 
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amateur bands here ~ 6 m, 4m, and 2m, Repeaters are used to extend the 
usable range of mobile stations. VHF waves are not usually reflected by 
the ionosphere, but when they are, ranges of several thousand kilometres 
are possible. Weather affects these waves on a regular basis, however. In 
addition to amateur users, the VHF part of the spectrum is also used by 
the police, the fire and ambulance services, weather satellites, and many 
others, 

© Ultra-high frequencies, sometimes called centimetre waves, cover the 
range from 300 MHz to 1000 MHz (or 1 GHz). The only amateur band 
in this range is the 70cm band, and we share it with radar, TV and 
cellular telephone users as well. 

© Microwaves begin at 1 GHz and extend to about 400 GHz. They are 
never reflected by the ionosphere, are partially attenuated by buildings, 
and are reflected from aircraft and cars. Microwave absorption in the 
atmosphere is quite significant, and rain and fog can attenuate 
microwaves quite heavily. 

© Heat, light ... Above 400 GHz we run into the infra-red bands and on 
into the visible light and ultra-violet bands. We generally take 400 GHz as 
being the limit of what we class as radio waves. 


Bandwidth again 


Complex signals need more bandwidth than simple signals. Even if it were 
possible, we would not be able to transmit a single television channel in the 
whole of the MW broadcast band! When TV used part of the VHF band, 
e channels were possible in the range from 45 MHz to 68 MHz. By 
1g TV to the UHF band, we now have 47 channels between 470 MHz 
and 855 MHz! 


It’s your choice! 


‘The number of permutations you have amongst all the modes and all the 
bands is enormous! Only you can decide what you are interested in and 
what you want to learn about. That is the attraction of amateur radio! 
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Figure 1 Some circuit 
symbols for different types 
of switch 
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Simple, but be careful! 


A switch is the simplest electronic component, but care is needed in 
choosing the correct one for the job. Here is a list of the main 
characteristics of a switch, which will help you to select what you 
want. 


1, Rating. This gives the maximum voltage and current that a switch can 
handle. For example, a 250V 1.5 switch will switch mains voltage 
at a current not exceeding 1.5 A. If the current is greater than 1.5 A, 
the switch may get hot and fail. If the voltage is too great, the switch 
may arc each time it is switched off, thus wearing away the 
contacts. 

2. Number of poles. A single switch can control many circuits; the 
number of poles tells you how many different circuits it can handle. 
See Figure 1. 

3. Number of throws. This tells you the number of positions each pole 
can have. This is best illustrated in Figure 1. The simplest ON/OFF 
switch is a Single-Pole, Single-Throw (SPST) switch. A Single-Pole, 


Single-pole, single-throw 


(also known as a changeover 
switch ie, SPCO) 


—T Double-pole, double-throw 
(also known asa 2-pole, 
2-way switch) 


—o O— Push-button switch 


—o— 
4 _ Single-pole, double throw 
oe 


Figure 2 The rotary switch 
can select several different 
circuits at once 


Choosing a switch 


Double-Throw (SPDT) switch may also be used as an ON/OFF 
switch, but is used mainly to change between two parts of a circuit, 
and is commonly known as a Single-Pole Change-Over (SPCO) switch. 
Two or more SPCO switches can be operated at once; Figure 1 shows 
an example. The two switches are said to be ganged. See also “Types 
of switch” below. 

4. Number of ways. When a switch has more than one throw, we tend to 
use the word ‘ways’ instead. This means that if a switch has one pole 
and six throws, we would normally call it a ‘I-pole 6-way’ switch. 
Such switches tend to be rotary switches, as are described below. 


Types of switch 


(a) Push-button. These are found on calculators, telephones, electronic 
games and most equipment with a digital display. 

(b) Rotary. These are switches controlled by a knob, and are turned 
instead of moved up and down. Figure 2 shows the rear of such a 
switch and its circuit symbol. The commoner types of rotary switch 
are: I-pole, 12-way; 2-pole, 6-way; 3-pole, 4-way; 4-pole, 3-way; 
6-pole, 2-way. All these switches have 12 click positions, as you may 
have guessed, but each one comes with an adjustable end-stop so that 
you can set the correct number of ways according to the contacts on 
the switch. 

(c) Slide. This switch is common on the cheaper types of radio, mainly as 
an ON/OFF or band-changing switch. They are not very rugged, but 
are small and cheap to produce. Very small types are manufactured 
for use on PCBs. 
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(d) Toggle. Available as two-way types or three-way, with a centre-off 
position. Can be manufactured to handle very high currents. 

(c) Micro-switch. These are devices which are usually operated indirectly, 
such as when the cover is removed from a high-voltage power supply, 
or when the door of a fridge is opened. The ‘micro’ part of the name 
doesn’t refer to the size of the switch, but to the small movement that 
is required to activate it. 
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15 An aerial tuning unit for a 
receiver 


un 


Figure 1 Circuit diagram of 
the Antenna Tuning Unit, 

‘showing the use of a 2-pole, 
G-way rotary switch to select 


inductors (L) and capacitors 


0 
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Construction 


. Start by di 


. Now, fit the 6-way 5 


. Firstly, you will need a simple plastic case in which to house the ATU. 


The size should be approximately 85 x 145 x 50mm. 
ling two 10.5 mm holes in the front of the case; these are for 
itch and the tuning capacitor. 


the 6-way s 


. Drill three 8 mm diameter holes in the left-hand side of the box, for the 


three sockets, coloured blue, yellow and green. 


. On the right-hand side of the box, drill two 8 mm diameter holes for the 


red and black sockets. 


itch (SW1), the tuning capacitor (VC1), and all the 
Check that the vanes of the capacitor rotate smoothly 
when the shaft is turned. 


sockets to the eas 


. Wire up the inductors (coils). Figure 1 and the wiring diagram of Figure 


2, will help with this. As you can see, each one side of each coil is 
connected to two switch connections, the other end going to VC1. 
‘older in the fixed capacitors. One end of each goes directly to the 
ground socket (black), and the other end goes to the switch. 


. Solder a wire between the green and black sockets. The output from the 


ATU comes from the red socket, and this is connected to the two tags in 
the centre of the switch, as Figure. 2 shows clearly. 

ally, connect the blue and yellow sockets to the tuning capacitor, and 
the ATU construction is complete. 


Figure 2 The internal view of the « 
adjustable brass plates, 


50 


ase shows the main tuning capacitor, VC1. This is a solid dielectric type, which has 
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How are countries preparing for 5G? 


In preparation for 5G, many countries have been taking steps to test the technology and review their 
spectrum arrangements. 


Examples of SG work being undertaken by other countries 


|The United States is clearing the 600MHz band through an incentive auction for the potential early 
deployment of 5G. The United States has also identified reforms to infrastructure deployment as a 
priority for SG rollout. Mobile network operators are also conducting trials of low-band spectrum for 
use in 5G services. 


|The Asia-Pacific Telecommunity (APT), the regional arm of the ITU, approved a recommendation for the 
luse of the 700MHz band for 5G, with 26 countries in the Asia-Pacific region identifying this band for this 
luse, including Australia, Japan, South Korea and New Zealand. 


Korea and Japan have stated their intention to use some or all of the 26.5 to 29.5GHz range to trial 
enhanced mobile broadband applications ahead of the 2018 Winter and 2020 Summer Olympics 
respectively. tt is expected that these trials will lead to commercial availability of 5G services. 


|The European Communications Commission (ECC) identified the 3.4-3.8 GHz and 26GHz band (from 
124.25 to 27.5GH2) bands for the deployment of 5G in Europe. All European countries are expected to 
select at least part of this range to launch 5G by 2020. 


In the United Kingdom, the government launched its 5G strategy in March 2017. It is funding testbeds 
Ito understand the different deployment requirements and security considerations for 5G. The United 
Kingdom is also working to make suitable spectrum available in the high (24.25 GHz-27.5 GHz, and 
lother bands above 30 GHz), medium (3.4-3.8 GHz) and low frequency (700 MHz) bands. 


Industry 5G preparations in Australia 


Australia is well positioned to harness the opportunities of 5G. Australia has an effective and 
competitive mobile communications market, with voice and data coverage available to more than 
99 per cent of the population.’ It is the top performer internationally in terms of having in place 
effective enablers—infrastructure, affordability, consumer readiness and content availability—to 
support mobile internet adoption.® 


5G trials have already commenced in Australia, with each of the main carriers working with mobile 
equipment suppliers in testing the application and limits of the technology. These trials will continue 
and will inform the communications sector on how SG can be effectively deployed for the Australian 
environment. 


+ Department of Communications and the Arts, accessed 1 September 2017, ‘Mobile phone towers’. 
5 GSM Association, 24 June 2016, ‘Global Mobile Connectivity Index’. 
www. communications gov.au 
'5G—Enabling the future economy wwwwarts,gov.au Page 9 of 12 
www classification gov.au 


‘An aerial tuning unit for a receiver 


In practice... 


Figures 3 and 4 show two different ways of connecting your aerial to your 
ATU. In each ease you will need to select each switch position in turn, and 
rotate the tuning capacitor through its full range while listening to a station, 
You should find that one switch position enables VCI to produce a peak in 
the signal strength in the loudspeaker. At this point, your aerial and receiver 
are said to be matched. Stations in the same band will probably peak with 
VCI at the same setting of SW1, but different bands will almost certainly 
require different positions of SW1. 


Figure 3 You may find that 
parallel tuning gives best 
results with your antenna 


Figure 4 In other cases, 
series tuning could be the 
‘most effective arrangement 
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Parts list 


Capacitors (all rated at 16 V or more) 
C1 220 picofarads (pF) polystyrene 
C2470 picofarads (pF) polystyrene 
C3 1000 picofarads (pF) or 1 nanofarad (nF) polystyrene 
C4 2200 picofarads (pF) or 2.2 nanofarads (nF) polystyrene 


Inductors 


Switch 

SWI 2-pole 6-way rotary 
Sockets 

4mm type, one each of red, black, yellow, blue, green 
Additional items 

Plastic or metal case, e.g. Maplin type YUS4 

Two large knobs for SW1 and VC1 


16 A simple 2 m receiver 


preamplifier 


Introduction 


ied specifically to complement the modified air-band portable (also 
described in this series), this can be used with some success on many 
receivers suffering from ‘deafness’ on VHF. 


The circuit 


An RF preamplifier is a device which improves the input signal to an 
existing receiver, enabling it to work more effectively. Because of the noise 
which is added to the signal by the preamplifier, very weak signals may not 
be usefully enhanced, but stronger signals will be improved considerably. 


ire 1 The integrated 
circuit is mounted upside 
down. Make sure you 
identify pin 1 which has a 
small dot next to it 


A simple 2m receive preamplifier 


V Groung 
(Battery =ve) 


6Jsiseoc|3 Output to 
main circuit 


board 
#60 tov 
(Battery +ve) 


This little circuit (shown in Figure 1) uses a GEC/Plessey integrated circuit 
type SLS60C. With the addition of four capacitors, it is used between your 
aerial and the aerial input of the radio’s PCB. 


Putting it together 


1, Use a small piece of prototype (matrix) board about 25mm square. Use 
an 8-pin DIL socket for the integrated circuit (don’t risk soldering the 
chip — it is seldom a risk worth taking). Figure 1 shows the connections 
to the socket, looking from underneath. 

2. Make special note of the pin numbers, so that you know how to put the 
chip into the socket when you have finished. The positive and negative 
connections to the circuit are taken from the main PCB after the ON/ 
OFF switch ~ so that the switch operates the preamplifier, too. 

3. Unsolder the lead to the radio’s telescopic aerial and connect it to the free 
end of C4, as shown. Then solder a short lead between the telescopic 
aerial and C2. 

4, Sometimes it is possible to cajole your little preamplifier into the radio’s 

plastic case, provided there is room and that you make sure that none of 

the soldered joints on your little board touch any of the metal inside the 
case when you replace the back and screw it on again. 

If there is not enough room inside, then put the preamplifier into its own 

box, with battery and switch, and its own aerial. Keep the lead from the 

preamplifier to the aerial connection of the radio as short as possible ~ 
perhaps using screened cable. 


Because your preamplifier is untuned, you will find not only that it helps 
with reception on 2 metres, but also that reception on the FM broadcast 
band is improved! 
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Parts list 


Integrated circuit 


Ic GECPlessey SLS60C 
Capacitors 

cl 1 nanofarad (nF) ceramic 

€2,C4 10 picofarads (pF) ceramic 

C3 10 nanofarads (nF) ceramic 


Additional item 
Prototype broad approx. 25 x 25mm 


17 Receiving aerials for 
amateur radio 


Introduction 


For any radio receiver to work well, it must have some form of antenna, or 
aerial. In almost all domestic transistor radios, the aerial is built into the 
set, either as a ferrite rod (which looks like a rod of dark grey metal) on 
which are wound coils of wire, or as a chromium-plated telescopic metal 
rod. Some radios have both forms of aerial, using the ferrite rod aerial for 
long waves (LW) and medium waves (MW) and the metal rod for very high- 
frequency (VHF) stations using frequency modulation. 


There’s broadcast reception... 


No aerial is perfect, and these two types are far from perfect! As in most 
mass-produced equipment, they serve their purpose, which is not critical, 
and they allow the radio to be carried around easily, because they are not 


Receiving aerials for amateur radio 


big and bulky. The broadcast stations are very powerful, usually quite close, 
and the circuits in the radio are quite sensitive, so the need for large aerials 
disappears. 


...and there’s amateur DX 


Here we have an application which, in comparison with the broadcast 
situation, couldn’t be much more different. The stations do not use much 
power, they may be half the world away, and the requirement for good 
aerials and very sensitive receivers is paramount. The aerials must be large 
and they must be as high as possible, away from buildings and trees, which 
cause reduction in signal strength, and away from man-made sources of 
interference. 


You may not have thought about this but, in general, the larger an aerial 
becomes, the longer the cable (or ‘feeder’) must be in order to reach your 
shack and the receiver inside it. Cables reduce the received signal, so what 
your aerial gains by being large, the feeder (if you're not careful) will 
loset 


A simple aerial. . . 


‘We now know that a ‘good? aerial is essential. But what is a ‘good’ aerial? 
It depends on your purse, your property and your enthusiasm! One of the 
simplest (and, incidentally, one which is not subject to the cable loss 
problem discussed above) is the Long Wire, shown in Figure 1. This is, quite 
literally, a long piece of wire going from a chimney stack to a tree or pole 


RBpe tied to tree 


Figure 1 A tree at the bottom of the garden can provide a useful antenna support. Insulators can usually be 
obtained from Tandy stores or TV aerial suppliers 
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Figure 2 An indoor antenna 
should be mounted as high 
as possible 
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at the end of the garden. The longer it is, the better. Notice that the wire 
itself is not used to loop around the tree or chimney. Rope is used for both, 
and is secured to the end of the wire using an insulator of the ‘dog bone’ or 
‘egg’ variety, to be found in profusion at rallies. 


The wire is brought into the house through a window into the shack where 
the receiver is situated. The long wire aerial is best used with an aerial 
tuning unit (ATU), which is also described in this book. One of the 
advantages of the long wire is that it can be used on several frequency 
bands. 


...and more complicated ones 


Next up the ladder of complexity is the dipole (meaning two poles, or two 
elements). One form of dipole for lower frequencies would take the same 
basic form as the long wire, except that the feed to the receiver is taken, not 
from the end, but from the centre. The wire is essentially cut into two 
halves, and the two ends at the centre are connected to one end of a coaxial 
cable, which is then taken to the receiver. A smaller form of this is shown in 
Figure 2, which is conveniently mounted in a house loft. Aerials should 
always be mounted outside for best results, but will work when mounted 
inside, and the loft space is the logical situation. 


The total length of the dipole should ideally be one-half of the wavelength 
of operation hence the term ‘half-wave dipole’. For example, a dipole for 
use on 20m should be about 10m long. Dipoles are thus ‘single-band” 
aerials. They can be modified for use on several bands, and then become 
known as ‘trapped dipoles’, having coils and capacitors at certain points 
along their lengths. 


I... insulator 


tlTo shack 


Wire fixed toroot timbers with tacks or drawing 
pins - use insulated (covered) wire 


Figure 3 Try different 
shapes of loop antenna to 
see which works best 


Receiving aerials for amateur radio 


Indoor aerials 


For flat- or apartment-dwellers, an indoor aerial is often the only solution, 
in which case the dipole of Figure 2 may be of great use. Other popular 
types include the loop aerial, of which several types are shown in Figure 3. 
The shape of the loop is of secondary importance, but it should be as large 
as possible. 


Continuous wire loop - as large as possible 


(a) 


I..insulator 


TV coaxial cable 


#1 To shack 
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Ingenuity is called for when considering indoor aerials. A dipole can be 
mounted along a picture rail or pelmet. A vertical loop of aluminium foil 
can be stuck to an inside wall and covered with wallpaper! The designs are 
limited only by your imagination, and will give you hours of listening 
pleasure 


Outdoor aerials 


If you want to venture beyond the simple long-wire discussed earlier, then 
the erection of outdoor aerials can be a bit tricky; they can be more than a 


one-man job, and can involve secking planning permission. Get some help 
advice from someone who has done it before - what about your local radio. 
club? Plenty of designs for aerials appear in RadCom, so you should never 
be short of ideas! 


The Colt 80 m receiver — 
Part 1 


Introduction 


8 the design and construction of a 
capable of good reception of amateur radio signals on the 80 
metre band. if you can solder and have some basic hand tools, at the end 
of Part 4 you will have a working receiver, in which you can take pride, and. 
start some serious listening on 80m! For testing, all you will need is 
another receiver and a multimeter. 


Description 


The radio will be built in three modules, or stages, as illustrated in Figure 1. 
Each of these is built on a printed-circuit board (PCB) or matrix board and 
can be tested in its own right. The case will need some holes drilled, and care 


will be needed to mount the PCBs in the case. 


Get to it! 


Surprisingly enough, when you are building a radio section by section 
(which is always the to start at the output and work 


Figure 1 Build your Colt 
and watch it grow. A simple 
crystal set (a) becomes a 
direct conversion receiver (b) 
and finally an 80 metre 
amateur band superhet (0) 


Figure 2 The Philips 
‘TDA7052 integrated circuit 
(10 used in the audio 
amplifier needs very few 
extra components. It has a 
signal voltage gain of 100 
times and the output is 
suitable for a loudspeaker or 
headphones 


The Colt 80m receiver ~ Part 1 


towards the input, and you can test what you have done stage by stage. You 
will see what this means as you progress with your construction, 


Every receiver needs some audio frequency (AF) amplification to make the 
sound signals big enough for you to hear. The circuit for the AF amplifier is 
shown in Figure 2. It uses the TDA70S2 integrated circuit (IC) plus a 
handful of extra components. R1 in conjunction with C2 and C3 decouple 
the battery supply, preventing any audio signals getting through to it and 
affecting other parts of the radio, when they are connected. C1 acts to 
prevent high frequencies (above the 3kHz bandwidth) going into the 
amplifier input. A volume control, VR1, is connected across the amplifier 
input, so that the amplifier can accept signal inputs over a wide range. 
Figure 3c shows the connections, which are made with screened cable. The 


59 


Radio and Electronics Cookbook 


Figure 3 It is important to 
check the component 
connections carefully. The 
diagram shows (a) tap view 
of the IC, (b) electrolytic 
capacitor and (¢) volume 
control {VR1) connected 
across the input of the 
amplifier 
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centre conductor of the left lead goes to the point marked ‘input’ in Figure 
2, the braid being connected to the amplifier earth (0'V) tag. The right lead 
to VR1 goes to whatever signal source you have for testing ~ see later. VR1 
is not mounted on the PCB. 


‘The circuit is constructed on a small PCB or matrix board. Make sure that the 
electrolytic capacitor, C3, is soldered into the board the correct way - its 
positive and negative connections are shown in Figure 3b for reference. If you 
are at all concerned about soldering the IC into the board, enlist some help, or, 
obtain an 8-pin DIL socket, which you can solder in and then carefully insert 
the chip into the socket, making sure that is the correct way round. The 
markings on the chip are shown in Figure 3a. 


‘The output leads from the amplifier go to a plastic 6.3 mm (% inch) mono 
jack socket, so that neither output lead is connected to the metal case. The 
amplifier will drive a pair of headphones or a small 8.0 loudspeaker. 


The battery leads must be the right way round also; the battery itself can be 
a PP3 or PP9, or you can use a small DC power supply. 


Testing 


First, check that all the components are in the right places, that your 
soldering is good, and that you have headphones or a loudspeaker 
connected. Set VR1 about halfway along its travel. Connect the battery. 


Indentation 
Paint stripe 
Pint 6 
(a) 2 y (b) 
3 6 
“ a 
sone 
(c) vm Rear view 
To ampli 
mosule Input 
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The Government's direction for SG 


The Government has made significant investments to improve telecommunications infrastructure in 
Australia, through the NBN and the Mobile Black Spot Program. The Government is also working to 


create a policy and regulatory environment that supports a competitive and innovative communications 
market. 


The Government recognises that 5G will enable innovation and productivity across industry sectors and 
can significantly contribute to Australian's growth and future prosperity. Therefore, the Government 
will focus on enabling the early deployment of this new generation of mobile networks in Australia and 
encourage its use in delivering new services and applications. 


The Government will support the timely rollout of 5G in Australia to enable the next wave of broad- 
based industry productivity, and support the growth of Australia’s digital economy. 


Industry expects and needs to lead the deployment of SG. However, the Government has a role in 
supporting network rollout by modernising policy and regulatory frameworks and removing barriers 
that would delay rollout and adoption unnecessarily. 


In the first instance, the Government will support the early deployment of 5G in Australia by: 


‘© making spectrum available in a timely manner 

‘© actively engaging in international spectrum harmonisation activities 

‘streamlining arrangements to allow mobile carriers to deploy infrastructure more quickly, and 
‘reviewing existing telecommunications regulatory arrangements to ensure they are fit-for-purpose. 


Making spectrum available in a timely manner 


A clear, efficient and flexible regulatory framework governing spectrum access will be essential to 
support the timely deployment of 5G networks in Australia. 


The Government is currently undertaking work to modernise Australia’s spectrum management 
framework to ensure it remains fit-for-purpose. In May 2017, it outlined its proposed reforms to the 
framework which are designed to simplify and streamline the processes for spectrum allocation and 
provide a transparent, efficient and flexible spectrum management framework. This will be the most 
significant change to the Australian spectrum management framework in the last 25 years. 


The reforms will remove barriers between licence types, and enable flexible licensing issue and 
allocation processes. This strategic approach will remove outdated processes and support the 
Australian Communications and Media Authority (the ACMA) to more effectively respond to market 
demands and new technologies, such as 5G. This will help Australia remain internationally competitive 
with a modern, innovative economy over the coming decades. 


The Government will put in place its new spectrum management framework by 2019. 


In addition, the ACMA will continue to work on making spectrum available for 5G. The ACMA has been 
investigating the use of 1.5GHz and 3.6GHz and high frequency mmWave bands in considering 
additional spectrum for mobile broadband services. The ACMA has decided to prioritise refarming of 
the 3.6GHz band over the 1.5GHz band, citing industry submissions noting this band is likely to be a 
pioneer band for early 5G deployments and the need to provide greater clarity and investment 
certainty for incumbents and potential new band entrants alike. The ACMA is currently engaging with 
industry on which parts of the 3.6GHz band should be reallocated and on what terms. This approach 
also follows international trends which have seen the 3.6GHz band commonly used for 5G trials. 


The ACMA will work to bring 3.6GHz spectrum to auction in 2018. 
www.communications.gov.au 
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The Colt 80m receiver ~ Part 1 


A slight hissing noise should be heard; touching the input lead to the 
amplifier (the centre of the three connections on VR1) should produce a 
loud buzz. Touching the shaft at the same time will make the buzz quieter. 
This is the quickest way of confirming that your amplifier seems to be 
working. The only real test is to give it something meaningful to amplify! 
See the design of our Crystal Radio Receiver for full det 


Parts list 
Resistors: all 0.25 watt, 5% tolerance 

RI 22 ohms (2) 

VRI 10 kilohms (k®) log 
Capacitors 

C1,C2 0.1 microfarad (pF) 

for) 220 microfarads (uF) electrolytic 16 V 
Integrated circuit 

Ic TDA7052 audio amplifier 
Additional item 

PCB (see below) 
Component suppliers: 

Maplin 
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The next part... 


The metal case will be marked out ready to receive the completed 
modules. 


19 A crystal radio receiver 


Introduction 


Here's a quick project to fill in a winter's evening! It was originally designed 
as a piece of test gear for the Colt receiver, but can be successfully used by 
anyone as a first radio project. Another use for it would be as test gear for 
any audio amplifier project requiring an audio input for test purposes; thi 

is ideal, as it does not require any power supply! 


Details 


‘The initial rough-and-ready test for the audio amplifier of the Colt receiver 
will have whetted your appetite; you will want to prove more conclusively 
that your amplifier works, and in a way that others in the household will 
appreciate. Buzzing noises are not convincing in this respect! You are going to 
put together a simple crystal set - the simplest type of radio that there is—and 
use it as a signal injector for your amplifier. In this way, you build a real 
medium-wave (MW) receiver which drives a loudspeaker, as an intermediate 
product of the construction of an 80 metre amateur band receiver! 


‘The circuit diagram is shown in Figure 1. It has a 60-turn coil mounted on 
a small piece of paper or card wrapped round a ferrite rod. The coil has a 
connection made to its centre-tap (the middle turn of the coil). The tuning 
capacitor, VC1, is the most expensive part of the circuit but don’t worry, it 
will be used in the final design of the receiver also! Connect the diode, D1, 
from the centre-tap to the input to the potentiometer of the amplifier circuit 
of the Colt. Be careful to connect the aerial to the vanes of VC1, and not to 
its frame, or you will experience some strange effects when you are tuning. 
If your amplifier is working correctly, you should be able to receive local 
stations on medium-waves quite well. 


If you think the crystal set will be of use to you in the future as a signal 
injector, all you will need will be another variable capacitor! If you do not 
intend to use the amplifier, a small crystal earpiece will allow you to listen. 
Walkman-type headphones will not work! 


A crystal radio receiver 


yer VCl vanes: 


Figure 1 Both sets of 
moving vanes are joined as 
shown, L1is wound on a 
ferrite rod with 32 SWG wire 
and centre-tapped. A single Vel frame Sereen 
‘winding (no tap) can be 

Used, joining D1 to the top 

of the winding 


Toaudio 
amplifier 


Parts list 


Variable capacitor 
ve1 125 + 125 picofarads (pF) twin-gang 


Ferrite rod 
‘About 100mm to 140mm long 


Diode 
D1 OA91 germanium diode 
Additional items 
Wire 2m of enamelled copper wire, between 23 SWG and 
32 SWG 
Earpiece High-impedance crystal type (only needed if you are 


not using the amplifier) 
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20 The varactor (or varicap) 


diode 


Introduction 


Many of the circuits for receivers and transmitters presented in this series 
rely upon the variable capacitor as a means of tuning. Another method of 
varying capacitance (without any moving parts) is provided by the varactor 
diode, sometimes called a varicap diode. This is a component which 
changes its capacitance as the voltage across itis varied. 


The details 


Figure 1 shows how a varactor diode might be connected to demonstrate its 
operation. Its symbol is that of an ordinary diode, with a capacitor symbol 
next to it. A variable voltage is applied across it in such a way that the diode 
is reverse-biased. This means that virtually no current passes through it- the 
positive voltage is applied to the cathode. Varactors are cheaper than 


variable capacitors, and they are tiny in comparison, very suitable for 
today’s miniature circuits. If A and B were connected across the tuning coil 
ina simple receiver (with a series capacitor to block the DC from the battery 
reaching the coil), the tuning operation would be accomplished by turning 
the knob on the 10 kilohm potentiom 


Varactors are available with different values, from less than 20 picofarad 
(pF) for VHF applications to 500 pF for medium-wave radios. They are 


he — — —- — 
Toon ale 
Vareap Dose ZS 10 thee 
B L 


Figure 1 The capacitance of the varicap diode (between A and 6) increases as the voltage is reduced, using the 


variable resistor 
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A portable radio for medium waves 


tuned usually by voltages between 2\V and 9V. For a real application of 
varactors, you should consult the circuit diagram of the Yearling 20 metre 
receiver, elsewhere in this book. 


In some circuit designs, several circuits are all tuned to the same frequency 
in order to improve the overall selectivity (the ability of the circuit to reject 
signals very close in frequency to the wanted signal). Special dual- and 
triple-varactors are available for circuits like this. Having been made at the 
same time from the same materials makes their individual characteristics 


virtually identical. Like all other diodes, they must be correctly wired into 
the circuit ~ their polarity is important. 

Changes in temperature will cause the capacitance to change which, if it 
were part of an oscillator circuit, would cause the oscillator to drift — you 
would have to keep retuning the radio! This can be corrected by using a 
special integrated circuit called a phase-locked loop (PLL). Modern TV sets 
and satellite receivers use varactors and PLLs in this way. 


Some useful varactor types 


Type No. Tuning range Description 
pEIV pr 

BB204B 4212.0 1s/12 Dual VHF 

BB212 560/0.5 22/8 AM tuning 

KVI235 450/2.0 30/8.5 Triple AM 

KV1236 450/2.0 30/8.5 Dual AM 

MV1404 1202.0 9110.0 HP tuning 


21 A portable radio for 
medium waves 


Introduction 


The ZN415E integrated circuit (IC) can be used to make a very efficient AM 
portable MW broadcast radio with a built-in loudspeaker. Here's how! 
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The circuit 


Figure 1 shows the circuit diagram of the portable radio. It’s not as 
complicated as it may appear, especially after you have got started. L1 is a 
coil of wire mounted on a ferrite rod, acting as an aerial; VC1 is a variable 
capacitor which works, with L1, to tune in different stations. IC1 contains 
Circuits of its own which boost the selected signal and it includes a detector 
which extracts the audio signal from the incoming RF signal. Earphones 
could be connected to the output of ICI (between pins 4 and 5), but the 
output would not be powerful enough to drive a loudspeaker. 


More sound 


This is where IC2, an LM386 comes in. This is a small audio power 
amplifier which produces audio signals with enough power to drive a small, 


Figure 1 The circuit diagram of our easy-to-build portable radio, Take care to mount the ICs and LED the correct way 


round 
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A portable radio for medium waves 


loudspeaker, LS1. The radio uses a 6 volt battery, which is made by 
connecting four 1.5 volt AA cells in series (4 x 1.5 V = 6V) using a battery 
holder designed for this purpose. Although a 6 V supply is ideal for IC2, it 
is far too great for IC1, which needs only about 1.3 V. This lower voltage is 
provided from the 6 V supply by TRI (an npn transistor), R2 and LEDI (a 
light-emitting diode). When current passes through an LED (see the 
description of the LED in this series) a reasonably constant voltage of 1.9V 
appears between the anode and the cathode. Because of the voltage (0.6 V) 
that always exists between the base and emitter of a working transistor, the 
voltage on the emitter is about 1.9 V - 0.6 V = 1.3 V, and this is used as the 
power supply for IC1. 


To keep the radio as simple as possible, no volume control has been fitted. 
Instead, you can use the directional properties of the ferrite rod aerial (see 
the information on ferrites in this book) to reduce the volume by rotating 
the set about a vertical axis using the handle provided. 


Putting it all together 


1, Start by covering the ferrite rod with Sellotape, or alternatively weap a 
piece of paper tightly around it, and secure it with Sellotape. Then, with 
at least 2 metres of 24 SWG enamelled copper wire, wind 75 turns tightly 
around the rod. To be safe, leave about 50mm of wire at the ends of the 
coil, then wrap the whole coil with Sellotape to hold the turns in place, 
leaving only the ends free. Then, using a small piece of sandpaper, 
remove the enamel from the last centimetre of each end of the coil. 

2. Most of the components are mounted on a piece of Veroboard (the type 
with parallel copper strips on one side). The piece used on the prototype 
measured 32 holes by 10 strips, as Figure 2 shows. Before you start 
fitting components, cut the copper strips as shown. It is easier to do it 
now than when the board is littered with components! The strips may be 
cut with a 3mm ( inch) twist drill rotated between thumb and 
forefinger. Resist the temptation to use a hand drill - the idea is just to 
cut the copper, not to drill right through the board! 

‘older the IC sockets and the other components on the board as shown in 
Figure 2. Make sure that the IC sockets are fitted with their notches 
towards the top of the board, as viewed in Figure 2. Do not insert the chips 
yet. Always keep the wires left over from cropping resistors and 
capacitors, they will come in handy at times like this: make the wire links 
that are clearly shown in Figure 2. Connect the electrolytic capacitors (C5, 
C6, C8 and C9), the transistor and the LED the correct way round; then 
check it again when you have done it! 

4, Finally, solder lengths of stranded insulated wire to act as ‘flying leads’ 

for future connection to L1, VC1, LS1, $1 and the battery connector. 

. Apart from the battery holder, everything is mounted on the case lid. 

This makes assembly and testing much easier, and eases fault-finding if 
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Figure 2 Veroboard layout for the Portable Radio. Make sure that all the wire links are included 


the need arises! At the speaker position, make one large hole or a series 
of small holes to let the sound out. The ferrite rod may be stuck to the 
lid, as may the loudspeaker. Drill holes of the correct size to fit the 
particular types of variable capacitor (VC1) and switch (S1) that you are 
using. The Veroboard may be held in position by Blu-Tack or double- 
sided sticky tape. 

6. Before inserting IC1 and IC2, connect the battery and switch $1 on. The 
LED should glow dimly (you may have to shield it with your hand in 
order to see it). If you have a test meter, check that there is about 1.3 V 
between pins 6 and 4 of ICI. If the reading is around 6 V or there is no 
glow, you may have connected the LED the wrong way round! When 
everything seems normal, switch off and disconnect the battery. Insert 
ICI and IC2, making sure that the pins are straight and lie immediately 
above their corresponding holes in the sockets, and that the notches line 
up with the notches in the holders. Then push gently downwards on each 
IC in turn until the chip is firmly seated in its socket. 

7. Switch on! By rotating the tuning capacitor, VCI, you should now be 
able to tune in many stations, rotating the radio to give you some volume 
control. 


A portable radio for medium waves 


Final touches. . . 


The handle was made with part of an old leather belt, secured to the case 
with ‘number plate’ nuts and bolts from Halfords. The loudspeaker grille is 
the lid from a pot-pourri container, and some extra holes were drilled in the 
back to improve the sound. Si off your 
radio! 


what you can find to fini 


Parts list 
Maplin order codes are given for most of the parts, but you should 
get used to using the ‘beg, borrow or steal’ technique, or to use your 
‘ever-expanding junk box. 
Maplin code 
Resistors: all 0.25 watt, 5% tolerance 
RL 68 ohms (2) Mé68R 
R2 5.6 kilohms (kQ) MSK6 
R3 10 ohms (Q) MIOR 
Capacitors 
Cl, C4 10 nanofarads (nF) or 0.01 microfarad 
(uF) ceramic BXOOA 
C2, C3, C7 100 nanofarads (nF) or 0.1 microfarad 
(uF) ceramic YR75S 
C5, C8, C9 100 microfarads (uF) electrolytic, 
at least 10V FF1OL 
co 10 microfarads (uF) electrolytic, 
at least 25.V FFO4E, 
Semiconductors 
Ic ZN41SE radio chip 
1c2 LM386 audio power amplifier Us378 
LED1 3mm green LED. WL33L 
TRI BCS548 npn transistor QB73Q 
Additional items 
Ls Miniature 8 ohm loudspeaker WBO8] 
SL Miniature SPST toggle switch FH97F 
Ferrite rod Length approx. 100mm YG2OW 
24 SWG enamelled copper wire BL28F 
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Additional items (continued) 


Vvcl ‘Tuning capacitor 140 to 300 picofarads (pF) FT78K 
Tuning knob FK41U 
8-pin DIL IC sockets (two required) BLI7T, 
4 x AA-size battery holder (long) HP94C 
PP3-type clip for battery holder HP28F 


Plastic box approx. 158 x 95x 54mm LHS1F 
0.1 inch Veroboard, min, size 32 holes 
x 10 strips JP46A 
Plus 
Stranded insulated conductor for flying leads 
Multicore solder 
‘Materials for handle and speaker grille 
Double-sided sticky tape or Blu-Tack 
Sellotape 
Glue 
Four AA-size 1.5V batteries 
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Part 2 


Introduction 


In Part 1 we constructed the audio amplifier module for the system and 
tested it in a very simple way. If you did what was suggested and built the 
simple Crystal Set to use as a signal source, you will know just how well the 
amplifier works. 


The case 


Metal cases for the project are available from Maplin, telephone 01702 554 
161 (code XB67). From the photograph on p. 72 you can see the way the 
components are mounted. The audio amplifier is seen at the top right of the 
base, to the right of the tuning capacitor VC1. The next in this series will 
deal with the variable-frequency oscillator (VFO) and VC1. The current 
part deals with preparing the case to receive the components. 


Sl 
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Actively engaging in international spectrum harmonisation activities 


There is already significant work underway globally with several countries trialling 5G, but standards for 
this new generation technology are yet to be finalised. The formal, international process to define SG is 
led by the ITU. The ITU’s Working Party 5D is responsible for shaping the standard for “futuristic mobile 
technologies” to support International Mobile Telecommunications (IMT) for 2020 and beyond.* This 
process is known as IMT-2020, 


Stakeholders such as regulatory and policy setting bodies, hardware manufacturers and governments of 
countries in which they are based will be seeking to influence the international dialogue. A key body is 
the industry-driven 3GPP which undertakes technology standardisation. Collectively, the ITU and 3GPP 
will drive spectrum harmonisation activities: the ITU, led by administrations, will focus on the spectrum 
requirements; and the 3GPP, led by industry, will concentrate on equipment and device standards. 


Industry is well-placed to lead the standardisation process particularly given its role identifying the 
application of 5G technologies. However, there is also an important role for the Government in these 
processes. This is particularly the case in the harmonisation of international spectrum arrangements 
which will have significant impact on the availability and cost of SG devices in Australia and can be 
strongly contested. 


In the past, Australia and the Asia-Pacific region have been influential in contributing to standards and 
spectrum plans that have been adopted across the world. This ensured that Australia was able to adopt 
new technologies quickly and that the Australian market could take advantage of the economies of 
scale and have a greater choice of mobile handset equipment. 


The Government will ensure strong participation by Australian in domestic and international 
discussions about 5G spectrum harmonisation. Our continued involvement provides the opportunity 
to contribute to this dialogue and secure outcomes that will benefit the adoption of 5G in Australia, 


Streamlining arrangements to allow mobile carriers to deploy infrastructure 
more quickly 


The design and deployment of mobile networks will be radically different from those of today. 5G is, 
expected to require additional infrastructure in new forms, including smaller cells and more densely- 
located antennas, particularly in the use of high-band spectrum. 


Carriers have specific powers and immunities relating to telecommunications infrastructure 
deployment and installation. These laws help carriers to rollout telecommunications infrastructure 
quickly in a nationally-uniform way, rather than having to follow state, territory and local government 
requirements. These laws have existed in their current form since 1997. 


The Government has recently consulted on proposed new arrangements that take account of 
technology developments and changes in operating practices as well as identifying opportunities to 
streamline deployment processes. Under these new proposed arrangements, mobile carriers would be 
able to rollout new communications technologies such as 5G more efficiently. 


‘The Government understands that some members of the community have expressed concerns about 
the impact on public amenity from increased telecommunications infrastructure. The Government 
considers that telecommunications providers should work with local communities to address concerns 
about their infrastructure plans and is encouraging industry to consider consultation requirements for 
future 5G networks. 


‘The Government continues to work with stakeholders and will implement the first tranche of 
changes to carrier powers and immunities following the conclusion of the consultation process. 


© ITU, accessed 1 September, ITU towards “IMT for 2020 and beyond.” 
www. communications gov.au 
5G—Enabling the future economy wwwwarts,gov.au Page 11 of 12 
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Figure 1 Fixing holes for each module are best measured from each printed circuit board or matrix board 


Figure 2 Position the slow motion drive to allow viewing of the tuning dial 
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Figures 1 and 2 show the markings for preparing the front panel and base. 
All the circuit boards and the tuning capacitor are mounted on the base 
using 10mm stand-off pillars with 6BA bolts. The board locations are 
shown in Figure 1. The front panel control positions are shown in Figure 2, 
together with the small rectangular hole for viewing the tuning dial. 


The best way to mark out the holes for the boards is to lie the boards flat 
on the base (before you've started soldering the components in) and 
marking the base through the holes in the boards. This minimises the scope 
for errors! 


A reduction drive is used between the tuning knob and the capacitor shaft. 
This is simply a gear mechanism that slows down the capacitor shaft by a 
factor of six compared with the tuning knob, and makes tuning very much 
easier. The recommended variable capacitor also has a pulley wheel 
mounted on the shaft. Glued to this wheel will be a scale marked with 
frequency and is visible through the rectangular hole in the front panel. 


The next part... 


The variable-frequency oscillator and mixer will be added to the project. 


A simple transistor tester 


23 A simple transistor tester 


igure 1 Circuit diagram of 
the transister tester 


Introduction 


Although transistors aren't used as much as they were before integrated 
circuits came along, a transistor tester is still a useful piece of test 
‘equipment to have around the shack. This design is about the simplest 
possible and will produce an indication of whether a transistor is giving any 
‘current gain; this does not necessarily mean that the transistor is perfect 
but that it is working to a certain extent. This tester will not test field-effect 
transistors (FETS). If you buy a bag of transistors at a rally, this tester is 
Useful for giving a yes/no indication of which ones go straight in the bin and 
which are kept for further use. 


How it works 


Figure 1 shows the simple wiring circuit. In order to explain the working of 
the circuit, a circuit diagram is shown in Figure 2, with the npn transistor, 
‘TRI, under test shown as part of the circuit. The pnp/npn selector switch, 
SW1, is omitted for clarity. 


0.20048 
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igure 2 Testing an npn npn pl 
transistor e ch e 


Any current that flows through the transistor, TR1, must flow from the 
battery, through the meter, M1, and through the protective resistor, R2. R2 
prevents excessive current flowing through the meter and damaging it. Even 
if there is a short-circuit between emitter and collector, the maximum 
current that will flow is given by the simple equation 


where [is the current flowing in amps, 
Vis the battery voltage, and 
R is the total circuit resistance in ohms. 


Putting in the correct values, gives 


= 0.000191 A, or 191 microamps (uA). 
47 000 ne 


‘The resistance of the meter, M1, will cut this down a little more, but it is 
in the indicating range (200 1A) of the meter. 
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A simple transistor tester 


As shown, with the push-button switch, PB1, open, a good transistor will 
not draw any current from the battery, and M1 will thus remain at zero. 
When PB1 is pressed, a very small current is injected into the base of the 
transistor. If the transistor is working, it will produce a much larger current 
between the collector and emitter, and this current will also flow through 
M1 and R2, giving a significant reading on M1, showing that all appears to 
be well. If an appreciable current flows when PBI is open, then your 
transistor is suspect. 


Don't be put off by the apparently complicated switch, SW1. It is there to 
allow the other type of transistor, the pnp type, to be tested. All it does is 
reverse the battery connections, so that the emitter goes to the negative 
battery terminal for testing an npn transistor, and to the positive terminal 
for a pnp type! 


Most transistors in common use are of the npn type, which is why Figure 2 
shows the testing of an npn type. The connections to the different transistor 
encapsulations (shapes) are given in any good component catalogue. Avoid 
the trial-and-error method to discover the connections to a transistor. This 
is unscientific, and can be very frustrating, particularly if the transistor is 
faulty in the first place! 


wire up the tester 
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Construction 


The unit can be built into a small plastic box, the components being 
soldered directly to the fixed terminals of the meter and the two switches; no 
circuit board is necessary! Use different colours of wire for the three test 
leads, and make sure you know which is which! Check the connections 
against the wiring diagram of Figure 3. When you are confident that all is 
correct, connect the battery and make sure there is no reading on the meter 
when nothing is connected to the crocodile clips! 


Find any transistor for which you know the connections and the type 
(npn or pnp). Set the npn/pnp switch accordingly. Connect the three 
clips, making sure that they do not touch each other. A small reading on 
the meter at this stage means the transistor is suspect; a large reading 
means it is not working and should be thrown away! Press PB1 and watch 
the meter; a reading greater than half of full-scale indicates a good 
transistor. If it is less than half, you may have a transistor with ‘low gain’; 
it may be usable for non-critical applications, but if you are in any doubt 
= throw it away! 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 
RI 100 kilohms (k@) 
R247 kilohms (kQ) 


Additional items 
PBI Push-button switch 
SWI DPDT (double-pole double-throw) switch 
M1 — Micro-ammeter — not less than 200 A full-scale deflection 
Crocodile clips (3 needed) 
PP3 battery and connector 
Plastic box about 10 x 7 x 3m 


Common types of transistor 
BC108, BC109, 2N2369A 


‘These are small-signal npn types, used in audio amplifiers. They are in metal 
cases (called TO18) and have a tab next to the emitter lead. Common types 
have a B or C suffix (e.g. BC109C). The C suffix indicates a higher current 
gain than those with a B suffix. The 2N2369A is specially designed for radio 
use at high frequencies. 
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2N3703, BC212L, BCY71 

‘These are pnp transistors, and so must be used with the collector and base 
negative with respect to the emitter. These three types are used in small 
amplifiers and audio oscillators. The first two have plastic encapsulations 
(TO92), while the BCY71 has a metal case (TO18). 


BFYS0, BFYS1, BFYS2 

For slightly higher powers, these are ideal. They have been used in novice 
transmitters up to 600 milliwatts (mW). The TOS case is a scaled-up version 
of the TOI8 case. They are all npn types. 

2N3055, 2N3773, TIP35C 

‘These are high-power transistors in bigger encapsulations. The thick metal 
TO3 case of the 2N305S and 2N3773 is designed to bolt to a heat sink, a 
large piece of metal which conducts the heat into the air more rapidly than 
the transistor itself can. The TIP3SC is made of plastic but has a thick metal 
tab by which it, too, can be bolted to a heat sink. 


An introduction to 
transmitters 


Introduction 


‘We usually think of a transmitter as being a ‘black box’. However, that is the 
form a transmitter takes for our use on the amateur bands. Many electrical 
Circuits are transmitters, even though transmitting may not be their 
primary function! 


Anything that emits electromagnetic energy at any frequency is a 
transmitter, from radio at the low-frequency end of the spectrum, to 
gamma rays at the high-frequency end. We all know that a magnet will 
attract certain metals and that a comb rubbed on your coat sleeve will pick 
up small pieces of paper. The former is an example of the effect of a 
magnetic field, the latter of an electric field. Electromagnetic fields are 
combinations of both types of field, and are produced whenever an 
electromagnetic wave is transmitted. 


What frequency? 


Many everyday objects have a natural frequency of oscillation. This is called 
their resonant frequency. A wine glass will ring when struck gently; an 
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empty wine bottle will sound if you blow across the top; a guitar string will 
vibrate when plucked. These are all examples of resonance, and the 
resonant frequencies will not change unless the objects themselves are 
changed physically in some way. These are resonances in sound; we are 
primarily interested in electrical resonances. 


The basic electrical resonant circuit is the combination of an inductor (coil) 
and a capacitor, as shown in Figure 1. 


©asas x102 


A pulse of energy applied to this tuned circuit will make it ring (oscillate) at 
its resonant frequency. The energy in the circuit transfers between the 
inductor and the capacitor every cycle of the oscillation. Just like the wine 
glass, its oscillation dies away because it is losing some energy to its 
surroundings ~ it is transmitting! The frequency of the resonance depends 
on the values of L and C. 


Keeping it going 

If we want to keep the circuit oscillating, rather than having it die away, we 
must supply the circuit with just enough energy to replace the energy lost 
both by radiation and by losses in the circuit itself. Because of this, you will 
find in all oscillator circuits, a transistor, valve or FET working with the 
tuned circuit to provide this extra energy. 


Asit stands, of course, even with its transistor, our oscillator will not radiate 
very far. Connecting an aerial to it, and a Morse key to interrupt the power 
supply, it would become a very low-power CW transmitter. Add a couple 
more transistors to form a radio-frequency (RF) amplifier, and you have the 
basis of a simple low-power (QRP) transmitter. 


Resonant circuits can also be made using quartz crystals; these work at the 
crystal frequency only, and this is marked on the crystal case. 


ire 2 The current path is 
interrupted when relay is 
energised as shown above 
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A tiny spark transmitter 


This is a simple piece of test gear that will increase your knowledge and 
understanding of resonance. You can use it to estimate the resonant 
frequency of most of the inductor/capacitor (LC) tuned circuits that you 
build. The circuit is shown in Figure 2. It operates around a relay. Any relay 
that operates from a 6 V to 9 V source and has contacts which are normally 
closed (i.e. closed when the battery is not connected). Fit the relay, a toggle 
switch and the battery in a metal box, and connected up as shown in the 
diagram. Some foam rubber inside the box may help to reduce the escaping 


noise of the relay. A small hole in the side of the box enables the 2-turn loop 
to emerge. This should be about 40 mm diameter, made with insulated wire. 
Switch on; there should be a loud buzzing noise from the relay. If not, you 
have probably chosen the wrong contacts on the relay! 


When it is working, bring the loop close to the aerial of a radio — it should 
produce a loud noise from the speaker! 


How it works 


When you switch on, current flows through the relay contacts and through 
the relay coil. The relay operates and opens the contacts, causing the relay 
to ‘drop out’. When it does, the circuit is completed again and the contacts 
are opened, and the cycle repeats. Each time the relay contacts open, there 
them, causing very rapid current surges through the 
¢ loop. This makes the loop transmit RF energy, very briefly. In the early 
days of radio, this type of circuit was known as a spark transmitter. 


isa small spark betwet 


2turn oop 
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the spacing between the 
loop and the tuned circuit 


Make a tuned circuit 


Use a discarded toilet-roll centre, and wind about 10 turns of enamelled 
copper wire round it, keeping each turn close to the next. Scrape off the 
enamel for about 1cm at each end, and solder a 100 picofarad (pF) 
capacitor (or a variable capacitor of about the same value) between the 
ends. The resonant frequency should be about 10 MHz. If you have used 
fewer turns or a smaller capacitor, the frequency will be higher. 


Measuring the resonant frequency 


Set up the buzzer as shown in Figure 3, with the loop around one end of 
your coil. Then make a similar loop, solder it to the end of a piece of coaxial 
cable going to the aerial socket of a calibrated receiver. Set the buzzer going, 
tune the receiver around 10 MHz, and search for the maximum noise level 
from the speaker. When you have found it, move the two loops as far away 
as possible from the main coil. This is called reducing the coupling between 
the coils, and it may result in a slightly different, but more accurate, 
resonant frequency. 


Coanal cable 
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tnder test 


2etuen 
oop) 


Variabie 


Coit eapacitsr 


ane 2-turn toop 


Parts list 


Any small relay which operates between 6V and 9V 
Metal box — do not use a plastic box! 

9 volt battery and connector 

Onioff (SPST) toggle switch 

Plastic foam, as required 


————— 
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Reviewing existing telecommunications regulatory arrangements to ensure 
they are fit-for-purpose 


The pace of change in the communications sector is impacting on the effectiveness of the existing 
telecommunications regulatory framework. In response, the Government is progressively working to 
modernise the regulatory architecture to ensure that the regulatory and policy settings flexibly respond 
to the current and future needs of the communications sector. 


In undertaking reform, the Government is cognisant that the communications regulatory framework 
will need to be sufficiently flexible to address the emergence of new technologies and business models. 


5G deployment will benefit from the Government's reform efforts, including updates to the regulatory 
framework for telecommunications and radio spectrum and modernising the ACMA. In these cases, the 
Government has been revising regulation to shift it away from the traditional vertical 
telecommunications sectors to principles based, flexible arrangements. This will provide the versatility 
necessary to account for SG developments and services. 


The Government will continue to work with industry to modernise current telecommunications 
regulatory arrangements to ensure they encourage competition and innovation in the sector. 


As with previous mobile networks, cybersecurity will be a critical consideration as 5G is deployed. 
Security will be even more so a challenge for SG, as the reliability of communications will be pivotal in 
the technology's ability to deliver benefits, particularly in the case of critical communications. 


Additionally, in providing the architecture for automation, SG networks will trigger an ever-increasing 
volume of data. While the bulk of data will be machine-to-machine communications, users will want 
assurance that their personal information is protected. User consent will be an area of growing 
complexity due to the intersection between autonomous systems and the individual. 


Industry has strong incentives to address cybersecurity risks in 5G’s new types of network deployments 


and systems, However, the Government will continue to assess cybersecurity and pr 
they evolve to ensure Australians have confidence in using SG. 


cy issues as 


Next steps 


The Government recognises the opportunities presented by 5G for economy-wide transformation, 
creating productivity benefits in sectors such as transportation, health, manufacturing and agriculture. 
However, realising the benefits of 5G in sectors other than communications will need the right sectoral 
regulatory settings. 


The Government will work to ensure that sectoral regulatory frameworks are updated to take 
advantage of 5G. The communications portfolio is well-placed to facilitate an ongoing strategic 
dialogue on 5G that will support sectors to identify and work towards unlocking the potential benefits 
of the technology. This dialogue would provide a starting point for greater engagement across 
Government and with industry and the community. 


To that end, the Government will establish a SG working group that will bring together 
representatives from across Government and industry. The working group will create a platform for 
this strategic dialogue with a mandate to seek out opportunities and emerging issues on 5G. This will 
provide better coverage across Government of the evolving policy and regulatory challenges associated 
with 56. 


www.communications.gov.au 
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25 The Colt 80m receiver — 
Part 3 


Introduction 


In Part 2 we marked out the case ready for installation of the modules 
when they are completed. In this part, the building of the variable- 
frequency oscillator (VFO) and mixer will be described. This will produce a 
type of receiver known as direct-conversion, because it converts the radio- 
frequency (RF) signal directly into an audio-frequency (AF) signal which we 
‘an hear in a loudspeaker after amplification. A block diagram of the 
system is shown in Figure 1. The modifications needed to make a full 
superheterodyne receiver will be left until later. 


The direct-conversion receiver covers the 80 metre amateur band and will 
receive both Morse (CW) and speech (SSB) signals. The audio amy 
covered in Part 1, so your Colt is rapidly taking shape! By the time your 
construction has reached the end of this part, you will have a receiver ready 
to use, even if the project is not yet complete! 


The direct conversion process 


Like most things in radio, the principles of direct conversion are not 
difficult. From the aerial, the signal we want to hear is selected by the tuned 
filter, which rejects the signals we don’t want. The signal then enters the 
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‘mixer, along with the signal from the VFO. The VEO produces a sine wave 
whose frequency can be varied across the whole of the 80 metre amateur 
band (3.5-3.8 MHz), by turning the knob on the tuning capacitor, VC1 
‘The mixer produces, at its output, twvo signals; one signal is at the frequency 
of the sum of the signal and VFO frequencies, the other is at the difference 
of the two frequencies. It is the latter that we want. Let's look at the 
numbers involved. If the signal is at 3650 kHz. and the VFO is at 3651 kHz, 
then the sum frequency is 7301 kHz, and the difference frequency is 1 kFlz 
If we feed the output of the mixer into our audio amplifier, the 7301 kHz 
signal is automatically removed (it is far too high to be considered an audio 
signal!) and the resulting 1 kHz signal is amplified and fed to the speaker, 
producing a note which we can hear! 


Building the VFO 


Figure 2 shows the circuit of the VEO. It is a tried and tested circuit, and 
should work first time. It uses a field-effect transistor (FET) for TRI, the 
oscillator itself. RFC is a radio-frequency choke, a coil of wire which will 
pass a direct current (DC) but which will prevent radio-frequency (RF) 
signals getting through. 


All VFOs have a tuned circuit which, in this case, is formed by the coil LI 
and the capacitors C1 and VC1. The frequency will also be affected to some 
extent by C2, C3, C4 and C5. Transistor TR2 is an emitter follower, a stage 
which gives no voltage gain but provides a good buffer stage, isolating the 
VFO from the effects of the stages that follow it. When building a VEO, the 
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ire 2 The variable-frequency oscillator uses a field-effect transistor (FET) 
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parts must be securely mounted. If components move, so does the 
frequency! At worst, the oscillation will become unstable and the VFO will 
be useless. Keep the component leads as short as possible - this improves 
their mechanical stability as well as their electrical stability! 


Mount the parts on the printed-circuit board (PCB) or matrix board and, 
when completed, the VFO should look like the one shown on the left in the 
photograph on p. 72. Make sure that TR1, TR2 and D1 are the right way 
round. 


On completion, check the component positions then mount it in the case as 
shown in the photograph, to the left of the tuning capacitor when viewed 
from the rear. The VFO coil, L1, will need some adjustment, but that will 
have to wait until the mixer is built. Connections to the other boards are 
made with screened cable. 


The mixer board 


So far, we have an audio-frequency (AF) amplifier and a VFO; the addition of 
a mixer board gives us a complete direct-conversion receiver for 80 m. The 
mixer circuit diagram is shown in Figure 3. Let’s follow the signal path. 


© From the aerial, the RF signal goes to the gain control potentiometer, 
RVI. This reduces very strong signals, to prevent them overloading the 

@ To sclect the required band of signals, a bandpass filter is made up of RF 
transformers TI and T2; these are tuned by C1 and C3, and are coupled 
together by C2. 


Antenna 
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ire 3 The mixer board has a bandpass filter and stabilised supply 
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© After the filter, the signal is coupled into the integrated circuit (IC) mixer 
type NE602, by the capacitor C4. Capacitors C5 and C8 decouple the 
supply line, to prevent unwanted signals on the supply from disturbing. 
the VFO operation. The use of the term decouple is exactly the opposite 
of couple; when two circuits are coupled together, the signal passes from 
one to the other; when two circuits are decoupled, signals cannot pass 
from one to the other. 

© The NE602 works with a 6V supply; it is produced here from the 9V 
supply by the Zener diode ZD1 and the resistor R1. ZD1 operates at 
6.2V, and gives a steady output for the mixer. The audio output from the 
mixer appears at pin 4 or ICI. This is taken to the audio amplifier board 
via C9 and the volume control (see Part 1). 


Care must still be taken to insert some components the right way round. 
These are the electrolytic capacitors, C8 and C9, the Zener diode, ZD1, and 
the integrated circuit, IC1. Check all component positions and make sure all 
your soldered joints are bright and shiny. 


Putting it together 


The interboard wiring, shown in Figure 4, uses screened cable; ideally, this 
should be thin coaxial cable, but screened microphone cable is suitable. The 
diagram shows how the two controls, the RF Gain and Volume, are 
connected to the boards. The leads marked ‘+9 V" are all connected to the 
battery supply via a miniature on/off toggle switch. Double check all 
connections before connecting the battery. 


Setting the VFO 


Very little adjustment is needed to get the receiver going. Firstly, the VFO 
must be adjusted to cover the required band, in this case 3.5—3.8 MHz. 


If you have a frequency counter, connect it to the output of the VEO. If you 
haven't, read this part anyway so you understand the process, then another 
means of setting the VEO will be given especially for you! Rotate VC1 until 
the vanes are fully meshed. Very carefully, adjust the core of the VFO coil 
(L1) with a plastic trimming tool so that the frequency approaches and 
settles at 3.500 MHz. When you rotate VC1, the frequency should increase 
to at least 3.800 MHz at the far end of its travel. 


In the absence of a frequency counter, borrow a communications receiver, 
set it for SSB reception (USB or LSB) on exactly 3.500 MHz. Set VC1 with 
the vanes fully meshed and turn the core of L1 in both directions until you 
hear a whistle in the communications receiver. Rotate the core so that the 
whistle reduces in frequency. It will eventually fade out at around 200 Hz; 


igure 4 Make sure that 
interconnections between 
the boards are correct, 
including cable screens 
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©prsce x168 


tum the core a little further and then leave it at that position. Rotate VC1 
right to the other end of its travel, and search for the whistle with the tuning 
knob of the communications receiver. Check that the VFO frequency is at 


least 3.800 MHz, 


Then, whichever method you are using for frequency measurement, mark 
the dial with frequency steps of SOkHz. Setting and calibration are 
finished! 


Setting the mixer 


Again, there are various ways of doing this. If you have a signal ge 
inject a signal at a frequency within the 80m band, and adjust the cores of 


erator, 


TI and T2 sequentially for maximum output. 
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If you hayen’t a signal generator, connect an aerial to the mixer input, set the 
RF Gain to maximum (fully clockwise), and find a consistent signal. Adjust 
the volume control to a comfortable level. Rotating the core of T2 with your 
trimming tool, maximise the output. Then do the same with T1, although 
this will have much less effect. Find another station, and check that the 
positions of the cores aren’t too different for a maximum signal. 


You may find that your receiver benefits from the insertion of an aerial 
tuning unit (ATU) between the aerial and the input, to compensate for the 
impedance of your aerial not being 50. A design for such an ATU is 
presented in another part of this series. If the signals are still weak, connect 
the ATU to the junction of C1 and C2 via a 100 pF capacitor. 


Try listening! 
Remember that 80m is a variable band. During daylight hours, your will 
hear Morse signals at the lower end of the band, and some British and closer 


continental stations between 3.7 and 3.8 MHz. In the evenings, stations up 
to 1000 miles away should be heard. Look for Novices around 3.7 MHz! 


Parts list - VFO board 
Resistors: all 0.25 watt, 5% tolerance 
RI 100 kilohms (k®) 
R2, RS, R6 100 ohms (2) 
R3, R4 10 kilohms (k) 
RVI 1 kilohm (kQ) linear 
Capacitors 
cl 12 picofarads (pF) polystyrene 
ory 100 picofarads (pF) polystyrene 
C3 470 picofarads (pF) polystyrene 
C4, CS 1 nanofarad (nF) polystyrene 
C6, C8, C9 10 nanofarads (nF) polystyrene 
C7 100 picofarads (pF) min. ceramic 
vc 140 + 140 picofarads (pF) variable 
Semiconductors 
TRI MPF102 FET 
TR2 BC182 npn 
DI IN914 silicon 
Inductors 
Li Toko KANK3334 
RFC ImH RF choke 
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Parts list — mixer board 


Resistors: 0.25 watt, 5% tolerance 


RI 1 kilohm (kQ) 

VRI 1 kilohm (k®) potentiometer (linear) 
Capacitors 

C1,C3_47 picofarads (pF) min. ceramic 

C2 3.3 picofarads (pF) min. ceramic 

ca 100 picofarads (pF) min. ceramic 

cs 100 nanofarads (nF) min. ceramic 

C6, C7 10 nanofarads (nF) min. ceramic 

cs 220 microfarads (uF) electrolytic 16 V 

co 1 microfarad (uF) electrolytic 16 V 


Integrated circuit 
Ic Philips NE602 or NE6O2A 


Additional items 
TIT2 Toko KANK3333 
On/off switch 
‘Miniature toggle switch 


The next part... 


‘The IF amplifier and the Beat-Frequency Oscillator will be added to convert 
the Colt into a superheterodyne receiver. 
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26 A two-way Morse practice 


system 


Introduction 


It's said that the pleasure of sending and receiving Morse code more than 
compensates for the learning effort needed. Transmitters for Morse code 
‘an be much simpler than those needed for any of the speech modes. 


Many people choose to learn sending and receiving on their own. It can be 
much more fun if you have someone to learn with you, and it is for this 
reason that the following project arose. It comprises just one small circuit, 
and you build an identical circuit for each of the people who want to learn 
with you. All the individual circuits are connected with their output leads in 
parallel, as the two-way circuit of Figure 1 shows. 


A simple circuit 


This diagram shows two identical circuits, as would be used if two people 
wanted to learn together. The circuit centres around our old friend the 
NESSS integrated circuit (IC). As it is connected here, it works as an astable 
multivibrator, a daunting name for what is essentially an oscillator. Each 
circuit is self-contained, having its own battery, Morse key, sounder and 
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ire 1 The circuit diagram shows two stations, but you could connect several more if needed 


‘A two-way Morse practice system 


plastic box. The Morse key makes and breaks the power supply to the 
Circuit, thus turning on and off the note emitted by the earpiece. The 
frequency of the note is controlled by the variable resistor RVI, resistors RI 
and R2, and the capacitor C1. The range given by RVI is approximately 
from 500 Hz to 2200 Hz. 


R3 protects the output of the IC against accidental shorting either to the OV 
or to the 9V supply rails. For best results, a crystal earpiece or high- 
impedance headphones should be used. You could try Walkman-type 
headphones, but the volume may be too low for you. 


The units may be interconnected with thin twin cable (the sort used for 
wiring doorbells) and can be comfortably separated by 25m, more than 
enough to communicate between rooms, or even with a neighbour! 


In use 


When an operator presses his key, the note is heard by himself and by 
everyone else who is connected. If more than one key is pressed at the same 
time, two or more notes are heard by everyone! It helps if each person 
adjusts his own potentiometer, RV1, to give a note which is different from 
the others. When one operator stops sending, the other can start 
immediately, without pausing to change from transmit to receive. In 
practice, this technique is known as full break-in. 


‘The current drawn by the circuit is only 10 milli-amps (mA) when the key 
is down, meaning that the life of a typical PP3 battery will be virtually its 
shelf-life! No switch is needed, because the key acts as the switch. The 
current drain will be even less if the NESSS is replaced by an ICM7555 IC. 
It has exactly the same pin connections as the NESSS, so no circuit 
modifications are needed. 


The circuit board 


The circuit is constructed easily on a small piece of Veroboard of the copper- 
strip type. Figure 2 shows the layout of the prototype, the board measuring 
18 holes by 10 strips. Be aware that there is no row ‘I’ when you are 
transferring mental images of where the parts are to real positions on the 
board! Break the copper tracks where shown with a 3mm (% inch) twist 
drill, rotated carefully between thumb and forefinger. Hold the board up to 
a bright light to make sure that the tracks are completely broken and that 
there are no fragments of copper swarf shorting adjacent tracks. Then, 
solder in the wire links shown in Figure 2, followed by the resistors, RV1, 
and the capacitors, C1 and C2, Solder the battery connector leads to tracks 
A and G, G being positive. Use insulated wire to connect from the board to 
the jack sockets used as connectors for the key and the earphones. If you use 
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Figure 2 The Morse Duet is an easy project to build on stripboard (Veroboard) 


different sized jack sockets (i.e. 2.5mm and 3.5mm) you won't plug the 
earphones into the key socket! A two-screw terminal strip is useful to 
connect the cable runs between operators. 


The key 


The circuit is designed to be used with a straight key (one that moves up and 
down). It is a requirement of the UK Morse test that a straight key is used, 
so it is very sensible to learn sending with a straight key before you try 
anything more complex! You will find many to choose from at rallies. 


Parts list 


Maplin 

For each board, you will need: order codes 
Resistors: all 0.25 watt, 5% tolerance 

RI,R2 10 kilohms (k) M10K 

R3 1 kilohm (k) MIKO 

RVI 100 kilohm (kQ) min, preset UH06G 

(horizontal mounting) 

Capacitors 

cl 22 nanofarads (nF) ceramic, 25V WX78K 

2 47 nanofarads (nF) ceramic, 25V RA47B 
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Integrated circuit 


ICL NESSS QHeew 
Additional items 
8-pin DIL socket BLI7T 
Jack plug and socket 2.5mm HE76H, HE78K 
Jack plug and socket 3.5mm HF80B, HF82D_ 
Battery type PP3 
Battery connector HE28F 
Plastic box with lid 114 x 76 x 38mm LH14Q 
Veroboard 0.1 inch with copper strips 
18 holes x 10 strips P46 
Terminal strip (two section) FE78K 
Crystal earpiece LB25C 
Morse key 


27 The Colt 80m receiver — 
Part 4 


Introduction 


In Parts 1 to 3 of this series, the design of an 80 metre direct-conversion 

iver has been described. In this final part, we are going to change the 
Circuit to operate as a superheterodyne receiver, or superhet. Most radio 
receivers are superhets, and they change the incoming signal to another 
juency, known as the intermediate frequency, or IF, before producing an 
audio signal. The use of a superhet in a good receiver is mandated by the 


Sensitivity and selectivity 


Figure 1 shows the block diagram of the rec 
will see that it is two 


fer. If you look closely, you 
similar circuits, one after the other. The incoming 
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Figure 1 This is how the different stages of the Colt go together to make a superhet receiver 


2 


signal is filtered and fed to a mixer where it is combined (mixed) with 
the signal from the variable-frequency oscillator (VFO). This oscillator 
operates at a frequency which is 455 kHz higher than the incoming signal 
from the aerial, and the mixer output is therefore at a frequency of 


455 kHz. If you are not sure about this, please refer to the s 


cction ‘The 


direct conversion process’ in Part 3 of this project. This new frequency is 
called the intermediate frequency, or IF. This frequency doesn’t change; 
the tuning is accomplished by the VFO, and the mixer output is always at 
455 kHz. The extraction of the audio signal from the IF signal is identical 
with the direct conversion process which is used in your existing 


This may seem a long-winded way of doing things, but it has its advantages. 


A recei 


must have a good sensitivity, or gain, so that it can re 


weak signals. In very general terms, it is easier to handle low-frequency 
signals than it is to handle high-frequency signals. We are changing our 
signal frequency from around 3.6MHz down to 0.455 MHz (455 kHz), 
which is much lower and can be filtered and amplified relatively easily. A 
second advantage is that it is easier to provide gain at a fixed frequency than 


at a variable frequency. Remember that the IF is fixed, and provi 
is, again, relatively simple. 


ing gain 


Our receiver also needs good selectivity, the ability to separate (or select) 


one station from another very close to it in frequency. 


his requirement is 


significantly simplified by the fact that the IF is fixed, and a good filter in the 
IF circuits can do wonders for the rejection of adjacent-frequency stations! 
Several stages of IF amplification and filtering are possible in more 


adventurous designs. 


The filtered signal at 455kHz passes to another mixer which has an 
associated oscillator, usually called a beat frequency oscillator (BFO). When 
receiving CW (Morse) signals, the BFO is usually tuned about 1 kHz above 


or below the IF 


. at 454 or 456 kHz) to produce a 1 kHz beat note as the 


audio signal. This signal is then amplified and fed to a loudspeaker or 


headphones. 


Figure 2 The IF board is 
connected between the 
mixer and audio amplifier 
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The circuit 


Figure 2 shows the circuit of the IF section shown in the photograph on p. 
94; this section is added to the existing circuit to make it a superhet. The 
existing mixer board (described in Part 3) is used as the first mixer. Between 
it and the audio amplifier is connected the new IF board. 


‘The signal output from the first mixer (at 455 kHz IF) is fed into a crystal 
filter, the most expensive part in the whole receiver. It provides the 
selectivity which makes the Colt such a good receiver. Another NE602 
mixer/oscillator chip follows the filter. The oscillator section is controlled by 
the tuned circuit in T1, the frequency of which can be altered by rotating the 
core inside the coil. Once set, it remains fixed. 


[ensce 
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At this stage you should have built the first mixer and the audio amplifier, 
and proved that they both work by using the circuit as a direct-conversion 
receiver. When you have finished constructing and checking the IF board, 
you will need to add it to your existing circuits. 


Adjusting and testing 


‘There are three pairs of connections to the IF board ~ the 9V supply leads, 
the input leads and the output leads. The IF board should be mounted on 
the metal baseplate, along with the other boards. In making the following 


connections, make absolutely sure that the braid of each piece of coaxial 
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cable is soldered to the correct connection on each board. The same applies 
to the polarity of the 9V leads. Disconnect the screened lead which 
presently goes from the first mixer board to the AF amplifier at the amplifier 
end. Connect it instead to the input of the IF board. Connect a new piece of 
screened cable from the IF output to the vacated AF input. Now connect the 
9V supply leads to the same points as the supply leads from the other 
boards. Check these newly made connections. 


You should have confidence at this point that things should be right. After 
all, you have tested the direct-conversion process and you know it works. 
All that you are now testing is the IF board. This is the attraction of building 
a receiver in modules, working from the speaker backwards, and testing as 
you go! 


The VFO and BFO need to be correctly adjusted. Mesh the vanes of the 
tuning capacitor and, using the same frequency measurement method as you 
did originally, set the VEO frequency to 3.955 MHz (which is 3.500 MHz + 
0.455 MHz, if you hadn’t guessed!). The BFO can be set using a frequency 
counter, but it is just as good to set it by listening to SSB or CW signals. A 
high-pitched hissing sound should be heard in the speaker. As you rotate the 
core, the pitch should reduce, go through a minimum, then increase again. 
Set the core at the minimum pitch position. You may want to readjust the 
two cores a little as your listening skills improve but, once you are happy, 
they will never need to be altered again! 


In conclusion. . . 


You should now have built a superhet receiver capable of excel 
I uses the same type of circuit as that found in far more advanced rece 


ent results 


A simple crystal set 


‘The superhet is far more sensitive than the direct-conversion type, and can 
weed out those elusive DX stations. You may have found that a station will 
appear at two places on the dial of the direct-conversion receiver; you will 
have no such problem with the superhet. 


Parts list 


Resistor 
Rl 1 kilohm (0), 0.25 watt, 5% tolerance 
Capacitors 
CI, C2 10 nanofarads (nF) min. ceramic 


100 nanofarads (nF) min. ceramic 
22 nanofarads (nF) min. ceramic 

1 microfarad (uF) 16 V electrolytic 
220 microfarad (uF) 16 V electrolytic 


Integrated circuit 


ICL NE602 
Additional items 

ZD1 Zener, 6.2 V 0.5 watt 

FLI Crystal filter, Murata CFM455J 

Tl Tuned inductor, Toko YHCS11100AC 


28 A simple crystal set 


Introduction 


There are many designs of crystal set - they are all ‘simple’, and even the 
most seasoned radio amateur will build one of these every so often because 
it is something that never ceases to amaze! Although using modern 
components, the design is a period piece! 
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Figure 1 Circuit diagram of 
the crystal set 
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Design and construction 


‘The circuit diagram of Figure 1 shows the simplicity of the circuit. The 
prototype was constructed on a wooden baseboard with an aluminium 
front panel, although this could be made of wood if you prefer. 


Winding the coil always causes the most groans but when finished, gives the 
most satisfaction. The construction of the coil is detailed in Figure 2. A 
discarded toilet roll centre is an ideal former on which to wind the coil. The 
coil will take up about 7cm of the length of the tube, so assuming the tube 
is about 11cm long, the ends of the coil will be about 2.cm in from each end 
of the tube. 


The aerial coil, the primary winding of this radio-frequency (RF) trans- 
former, is made from about 30 turns of 26 SWG enamelled copper wire, 
wound on the matchstick ribs. These ribs should be about 2m long, and 
are glued on top of the end of the secondary coil after the secondary coil has 
been wound. The secondary winding has 140 turns with taps every 10 turns 
for 70 turns. This coil covers most of the length of the cardboard tube. To 
make your coil-winding easier, here are some tips for completing the coil 
and still having some hair left at the end! 


© Support the reel of wire on a dowel rod or pencil, clamped in a vice or 
held rigid in a vertical position by some other means. Don’t leave it to 
trail around on the floor. 

© Have a small piece of sandpaper handy to remove the enamel from the 
copper wire, starting with the end coming from the reel. Remove about 
Jem only, until the shiny copper is visible all round the end of the 
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mounted on a cardboard 
tube as shown. Exact size is 
not too important. Try 
different taps for best results 


A simple crystal set 
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This partis the most difficult of all. Seasoned coil winders may have their 
own favourite ways of doing this, but for first-timers, play it safe and do 
it this way! Have a second bobbin (or a piece of stout card) ready, on 
which you will need to wind the wire loosely while you prepare the taps. 
Then, starting from the free end of the wire, measure 125m and, at this 
point, remove about 2cm of the enamel with the sandpaper. Bend the 
wire firmly back on itself in the middle of the bared area, and tin (cover 
with solder) the exposed copper. This is your first tap. Then repeat this 
six more times at 125 em intervals, thus giving you seven taps; wrap the 
wire as you go, on to the second bobbin or piece of card. After the seven 
taps, you are half-way down your coil so, to begin winding it in earnest, 
wind the wire carefully from the second bobbin or card back on to the 
original reel of wire. 

Looking at Figure 2, make two small holes about 3mm apart, about 2m 
down from the top of the tube, where wire C will be entering. Poke the 
end of the wire into one hole, then bring it out again through the other; 
leave about 10cm of wire on the free end. Loop this wire in and out once 
more, thus anchoring the wire firmly. 

Then, begin winding; keep the wire tight and make adjacent turns touch 
neatly. As you pass each tap, make sure it sticks outwards while avoiding 
flexing the wire too much; the wire is inherently weak at each tap. 
‘When you reach the last 10cm of wire, stop. Put two more holes, like the 
first, beside your stopping point, and anchor the end, D, of the coil in the 
same way as you did with end C. The secondary winding is complete. 
Take a break after you have completed the next step! 
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© Prepare the six matchsticks for supporting the primary coil and glue these 
every 60 degrees around the end of the coil at D. Remove the enamel 
from the free end of the new copper wire on your reel and, using your 
favourite quick-drying cement, put a drop over the wire on one of the 
matchsticks, leaving 10cm free as before. If you are using 26 SWG 
enamelled copper wire, its diameter is 0.46mm, so 30 turns should 
occupy 14-15 mm of the 20mm matchstick length. This will allow you 
to position the glued point such that the coil will be roughly in the centre 
of the matchsticks. When the glue has set, wind the 30 turns and anchor 
this end of the coil in the same way. Then remove the enamel at the end 
of the 10cm lead. 


Assembly 


‘The coil former can be screwed to the baseboard at each end, before the 


front panel is screwed to the baseboard! As the photograph on the next page 


shows, the tuning capacitor is mounted in the centre of the front panel. Five 
solder tags (or drawing pins as a last resort) should be screwed into the 
baseboard. The two to the left of the photograph are the connections to the 
earphones, the two along the rear edge have the diode, D1, soldered to 
them. One end of the diode (and, for once, you can connect the diode either 
way round!) is connected to one earphone tag. The other end has a flying 


lead of about 10cm attached to it and terminated in a crocodile clip which 
is used to connect to one of the taps on the coil. The fifth tag secures the end, 
A, of the primary coil, to which you will attach the aerial, The earth tag on 
the tuning capacitor, Cl, serves as an anchor point for the ground 
connections to B and D and to the other earphone tag. 


Use 


The longest piece of wire you have available to use as an aerial should be 
connected to the aerial tag just mentioned. If you can connect the earth tag of 
the tuning capacitor to a good electrical earth, this will help also. You should 


be able to hear something as you turn the tuning knob. Try adjusting the 
tapping connections on the coil — change only one at a time, or you will never 
find the optimum positions. You now have a fully operational crystal set! 


Simple it may be, but this circuit illustrates some important principles which 
are used even in the most expensive receivers. Firstly, the coil, L1, and the 
capacitor, C1, form a tuned circuit which resonates at the frequency of the 


station you have tuned in. This selects the signal you want to hear. The 
modulation on this signal is removed by the detector, D1, and fed to the 
earphones, which act as transducers, turning the electrical energy into sound 
energy which you can hear. It doesn’t need a battery or other power supply 
either! 


A simple crystal set 


Parts list 


Capacitors 
C1 Variable capacitor of between 200 and 500 picofarads 
(pF) maximum 
C2100 picofarads (pF) min. ceramic 


Additional items 
D1 Germanium, type OA47 or OA90 

High impedance crystal earphone (not Walkman type) 

Tuning knob 

Wooden base, approx. 110mm square 

Aluminium (or wood) front panel, approx. 80 x 100mm 

Cardboard tube (toilet roll centre), about 110mm long, 
40mm diameter 

Reel of 26 SWG enamelled copper wire for both 
windings of L1 
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29 A crystal calibrator 


Introduction 


A crystal calibrator is a device that produces oscil 
frequency which are rich in harmonics. A harmonic is an integer multiple 
of the fundamental frequency; for example, if our fundamental frequency 
was 100kHz (as it is in this circuit), there would be harmonics of this 
frequency at 200 kHz, 300 kHz, 400 kHz, and so on. These harmonics can be 
used, when picked up by any receiver, to calibrate that receiver, as the 
harmonics are quite accurate in frequency (see later for an assessment of 
accuracy). However, a gap of 100 kHz between harmonics is rather wide for 
most purposes, so we reduce this frequency to 25kHz, so that the 
harmonics are then 25 kHz apart, thus producing a much more useful set 
of marker points. A calibrator such as this is often called a crystal marker, 
producing these marker points from 25 kHz to beyond 30 MHz. 


The circuit 


‘The circuit diagram is shown in Figure 1. The circuit around TR1 is the 
fondamental oscillator, and its frequency is controlled by the quartz crystal, 
X1. Even crystal oscillators are not 100% accurate, and the small trimmer 
capacitor, TCI, is able to ‘pull’ the frequency to one which is nearer the 
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Figure 1 Circuit diagram of the calibrator which uses easily obtainable components 
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Abstract—This. paper includes design and implementation 
result of an adaptive beam forming antenna for upeoming SG and 
Internet of Things (1oT). Switched parasitic array antennas are 
low cost, small sized and compact cireular array antennas that 
steer beam in a desired by variation in switching pattern 
ff parasitic elements, The proposed antenna design has an uctive 
center clement, which is surrounded by several symmetrically 
placed parasitic clements. The designed antenna has a gain of 
8 dB and is capable of 360 degrees beam steering in steps 
fof 60 degrees each. Simulations are validated with results of 
the fabricated antenna, Antenna beam is steered by controlling 

‘ements, Future application of Electronically Steerable 
Array Radiator (ESPAR) antennas and switehed para 
sitic array antennas in next generation communication networks 
and methods for reducing size of the antenna are also highlighted. 


Index: Terms—Internet of Things, 5G, 
configurable, smart antenna, adaptive beamforming, 
Parasitic Array 


1. INTRODUCTION 


‘Smart antennas are capable of adaptive beam forming in 
accordance with the environment. Over the last three decades 
‘wireless communication has made rapid progress due to bet 
ter modulation schemes and better error correction schemes, 
Wireless communication systems are replacing the wired ones. 
‘Antenna is an integral part of wireless devices. To meet the 
ever-increasing demand of higher data rate, smart antennas 
capable of adaptive beam forming are introduced as a potential 
solution to increasing data rate and improving signal-to-noise 
ratio (SNR) in upcoming SG and Internet of Things (IoT) [1] 
By using smart antennas Equivalent Isotropically Radiated 
power (EIRP) can be increased. EIRP denotes product of the 
‘ansmit power (F) and transmit antenna gain (Gi), ie. 


EIRP = Px Gi a 


From (1), it is observed that by using a smart antenna Gs 
increases, which in turn leads to the increase in the EIRP. The 
beam of an antenna can be steered by means of mechanical 
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‘movement of a directional antenna or by electronic beam steer- 
ing. Electronic beam steering is resilient and provides more 
accurate approximation of the desired signal source. Moreover 
electronic beam steering antenna does not involve moving 
parts, Therefore, there is less wear and tear on the antenna 3s 
compared to mechanical beam steering. Generally electronic 
beam forming is achieved by using phase shifters coupled with 
an array of antenna elements. The phase of an individual phase 
shifter is varied such that there is net constructive interference 
in the intended direction of the antenna beam and destructive 
interference in all other directions [2]. Hence, electronic beam 
steering is preferred over mechanical beam steering. 
Electronically Steerable Parasitic Array Radiator (ESPAR) 
antennas use mutual coupling between antenna elements to 
steer the beams instead of phase shifters. Design of parastic 
array radiator antennas is discussed in [3], [4] in which there 
is a center active element surrounded by a circular array of 
passive elements, where each passive element is loaded with 
1 specific reactance. ESPAR antennas are smaller in size as 
compared to phase array antennas because elements have to be 
placed at a quarter of wavelength or less distance from each 
other for effective mutual coupling, Hence, ESPAR antennas 
are cost effective and space efficient. In such antennas we 
have only one active element. therefore, only one feed is 
required. Consequently, ESPAR antennas have lower losses 
(due to single feed) as compared to phase array antennas [3]. 
Previously designed antenna Electronically Steerable Para- 
sitic Raidator(ESPAR) antennas have all cylindrical element, 
including the feed element [6], [7]. In this paper we have 
proposed design of seven element ESPAR antenna with conical 
center(active element)!. Length of conical element is opti- 
mized using optimetrics in HFSS. Our proposed antenna has 
higher bandwidth as compared to previously designed ESPAR 
antennas. (6), [7]. In multiple-input-multiple-output (MIMO) 
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Enhancing Access to Rao Spectrum (EARS) 


A crystal calibrator 


correct one. TR2 is a buffer stage, which isolates the oscillator from the rest 
of the circuit. It acts as a switch, and applies a good signal (switching 
between 0 and SV) to the input of ICI. 


ICI is an integrated circuit which can be connected to do several things. It 
is connected here to divide the incoming frequency by a factor of 4, 
producing on pin 9 an output frequency of 25 kHz. 


‘The combination of R6, C4 and D1 produces a supply of 5 V for IC1; it would 
be damaged if the battery voltage were applied to it. You will no doubt be 
ready to assemble the circuit, so here is some information for you. 


Construction 


If possible, always build a circuit in individual stages, which you can test as 
you go along. It is not always easy in small projects like this, but even the 
crystal calibrator can be split into two for construction and testing. 


It is an ideal project for assembly on Veroboard of the copper-strip type; 

prototype layout is shown in Figure 2, on a board measuring 11 holes by 24 
strips. First of all, remove the copper strip at the locations shown, using a 
3mm drill rotated between the fingers. Hold the board up to the light to 
ensure that there are no pieces of copper swarf bridging adjacent strips, and 
that the copper is completely removed where it should be! Assemble the 
Circuit from left to right, but do not wire up anything around IC1. Be aware 
that the diagram shows the board from the component side. Although you 
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ire 2 Stripboard, such as Veroboard, should be cut as shown to approx. 62 x 28mm. 
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can use virtually any kind of crystal, you will need to mount it firmly. If you 
use a small one, it can be soldered directly in position on the board. With one 
ina valve envelope, you will need a B7G valveholder. Be prepared to mount 
the circuit in a metal container; the prototype used an (empty) tin of tuna! The 
valveholder mounts well on any metal case. 


Disconnect the aerial of your receiver, and replace it with about 30cm of 
wire laid near your oscillator circuit. Connect the battery and switch on. 
Tune the receiver around until you can hear a whistle on SSB. Rotate the 
tuning knob to reduce the frequency of the whistle and, as the whistle 
becomes too low to hear, you have reached one of the calibration markers, 
and your frequency will be an integer multiple of 100kHz. If you are 
already using a calibrated receiver, you will be able to verify this. Going up 
or down in frequency should locate another marker 100 kHz away, and so 
on right through the receiver's tuning range. If the signals coming from the 
Circuit are very weak, switch off the calibrator and connect another 30cm 
piece of insulated wire to the collector of TR2, and lay it close to (but not 
touching) the wire from the aerial connector. Switch on an try again; you 
should not now have a problem! If you have access to a multimeter, check 
that the voltage at the collector of TR1 is very close to 5 V. If it is close to 
9V, you have connected the diode, D1, the wrong way round! 


Having verified that the oscillator is working, you can now wire up the 
integrated circuit socket, being careful to put the notched end of the socket 
pointing towards R4, the collector resistor for TR2. 


Check your connections around IC1, and when you are satisfied that they 
are correct, line up ICI with its socket, making sure that the notched ends 
are together, and press down gently to insert the IC into its socket. Insert the 
30cm piece of insulated wire into the output socket, connect the battery and 
switch on. You should still hear whistles in your receiver, but now they 
should be 25 kHz apart, rather than 100 kHz apart. 


All that now remains to be done is to mount the circuit rigidly inside whatever 
casing your have chosen. Make sure that none of the connections under the 
board touch the metal case, and secure the valvcholder, on/off switch and 
output connector to the case. You now have a completed crystal calibrator. 


Calibration 


The simplest way to calibrate your circuit is with a frequency counter. Most 
clubs will have one of these and, if not, will know someone who has! Connect 
it to the collector of TR2, where the frequency should be 100 kHz. Do not 
connect it to any part of the circuit around TR1, or you may alter the 
frequency you are trying to measure! If the frequency is not exactly 
100.000 kHz, rotate TCI until it is (or is as close as you can get it). Now your 
calibrator is as accurate as the counter with which you have calibrated it. 


A crystal calibrator 


Accuracy 


Despite your best efforts at calibration, by whatever means, your crystal will 
never have a constant frequency. Such a thing is a scientific impossibility. It 
is usual to express the accuracy of a crystal in parts-per-million (ppm), and 
it is governed by many things, principally its temperature. You will be very 
fortunate if your circuit maintains an accuracy better than about +10 ppm. 
Expressed in figures, it means that the true frequency can be anywhere 
between 99.999 kHz and 100.001 kHz, ie. within 1Hz of the correct 
frequency. 


Although this may seem more than adequate, it is as well to remember that 
the accuracy degrades as the frequency increases. At 1 MHz the error will be 
210 Hz and at 10 MHz it will be =100Hz. At 30MHz it will be 300 Hz. 
Even so, this should be acceptable for most non-critical applications. 


Parts list 


Resistors: all 0.25 watt, 5% tolerance Maplin code 
RI 180 kilohms (k®) MI80K 
RD 15 kilohms (kO) MISK 
R3 6.8 kilohms (k®) MoKs. 
R4 1 kilohm (k9) MIKO 
RS 2 kilohms (k0) M2KO 
R6 150 ohms (0) MISOR 

Capacitors 
C1, C2, C3. I nanofarad (nF) or 1000 picofarads (pF) WX68Y 
C4 100 nanofarads or 0.1 microfarad (uF) YR75S 
cs 12 picofarads (pF) Wx4sY 
TCI 60 picofarads (pF) trimmer WL72P 

Semiconductors 
TRI, TR2 2N3904 npn QR28F 
Ic 7473 or 74LS73N dual JK flipflop YF30H 
DI S.LV 500 mW Zener QHO7H 


Additional items 
100 kHz. crystal 
B7G valveholder (found at most rallies) 


14-pin DIL IC socket BL18U 
Phono socket YWO6G 
PP3 battery connector HE28F 

PP3 battery 

On/off switch FHOOA 
Veroboard JP47B 


‘Metal case as required 
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Figure 1 Just two simple 
stages make up the circuit 
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receiver — Part 1 


Introduction 


No apologies for yet another design of short-wave radio. This is the beauty 
of our hobby — there is always something new to try. Not all circuits operate 
in the same way; not all circuits work equally well; sometimes a simple 
design suits the operator better than a complicated design. So here is 
another one for your consideration; it’s a good project for a novice, and a 
‘good one-evening project for someone more experienced. 


A basic description 


Figure 1 gives the block diagram of the receiver, which employs a 
regenerative detector, one of the earliest techniques by which excellent 
selectivity (the ability to separate two stations very close in frequency) could 
be combined with good sensitivity (the ability to pick up very weak stations) 
using a very simple circuit. The receiver falls into the category known as 
tuned radio frequency (TRF), meaning that the whole circuit (prior to the 
extraction of the modulation from the carrier) operates at the incoming 
radio frequency. In other words, it is not a superhet. 


As you can see, the regenerative detector has what is called a feedback loop, 
which feeds a small amount of the output signal back to the input. You have 
heard the effects of feedback with a public address system, when the 
microphone gain is too great — everything becomes very loud and then 
bursts into a deafening squeal! This is exactly what the feedback does here, 
except that it is carefully controlled, thus providing both gain and 
selectivity. The resulting audio is then amplified for use with headphones. 


Feedback 


Audio 
amplitier 


Regenerative 
detector 


A simple short-wave receiver ~ Part 1 


The circuit 


‘The circuit of Figure 2 shows the complete system. TR1 is an untuned field- 
effect transistor (FET) stage, and is used to match the aerial to the next 
stage. Occasionally, a regenerative detector produces unwanted signals, and 
‘TR1 also prevents them from reaching the aerial and being transmitted! The 
smaller of the two windings on T1 (the primary winding) will match a low- 
impedance aerial, the capacitor input matching a high-impedance aerial. 


Ignore TR2 for the moment ~ the next stage in the signal path is TR3, the 
detector, using another FET. The tuned circuit is formed by T2, VCI and 
VC2 (remember TR1 is untuned). The primary winding on T2 taking the 
output from TR1. The reason for having two variable tuning capacitors, 
one large, the other small, is that the large capacitor is the main tuning 
capacitor, while the small one is used as a bandspread control (for very fine 
tuning). The tuned signals are then detected (converted to audio fre~ 
quencies) by TR3. 
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ire 2 The circuit diagram showing the 10-turn potentiometer VR1. This is the regeneration control for the circuit 
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TR2 is a Q-multiplier stage. It is a Colpitts-type oscillator which uses C8 
and C9 to give feedback and produce the oscillation. C7 couples the tuned 
circuit (and the input to TR3) to TR2. The tuned circuit thus controls the 
frequency of oscillation of TR2 and the signal passed on to TR3. 


The secret of the ease of operation of this receiver is VR2, a 10-turn 
potentiometer (or helipot). The resistance wire is wound in the form of a 
helix, giving a much greater wire length than in a normal potentiometer, and 
the shaft must be turned ten times to cover the whole length. Helipots are 
very useful when very fine adjustments have to be made. Here, VR2 sets the 
regeneration (or reaction) level, depending on the type of signal you are 
receiving, as will be discussed in Part 2. 


TR4 provides the first stage of audio amplification and, after the volume 
control, VR2, the audio amplifier integrated circuit, IC1, will drive a small 
loudspeaker or headphones. 


In Part 2, the construction will be discussed, together with the choice of 
aerial, the parts list, and advice on using the receive 


A fruit-powered 
medium-wave radio 


Introduction 


This is a one-evening project that will result in a working medium-wave 
(MW) radio, and will also teach you a little about the way electricity can be 
generated from the right metals and a little (safe) acid. All you need are 
three lemons or other citrus fruit, three pieces of copper and three pieces 


of zinc (or galvanised metal) for your power supply. 


Construction 


Figure 1 shows the circuit and Figure 2 its layout on a simple ‘plug-in’ 
prototype board. The six pieces of metal are connected as shown, to wire 
the three lemons in series; use ordinary wire between each lemon and the 
next. If you have a meter to measure the total voltage, it should be about 
1.8V. Use a standard ferrite rod, and wind on it about 40 turns of single- 
conductor PVC-insulated wire. 


ire 1. Most parts are 
plugged into the board as 
shown ~ soldering is not 
required 


Figure 2 Three lemons 
power the radio, which gives 
good results for such a 
simple circuit 


A fruit-powered medium-wave radio 
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Wire up the circuit on the board as illustrated in Figure 2. Soldering is not 
required with this type of board — just plug in the components and the wires. 
Only one transistor is needed. The tuning capacitor, VC1, selects the station 
you want to hear, and DI helps to remove the carrier from the RF signal. 
‘The resulting audio signal is fed to TR1, a small transistor audio amplifier, 
which makes the signal big enough to drive a crystal earpiece comfortably. 
Walkman-type earphones will not work, so invest in a crystal earpiece 
which you can use in several other projects, too! If you use a smaller 
capacitor than that specified for VCI, you will need more turns on the aerial 
coil. 


Tests on the prototype indicated that the radio will run for about a week on 
three lemons! 
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Parts list 
Resistors: all 0.25 watt, 5% tolerance 
RI 1 megohm (MQ) 
R2 10 kilohm (kQ) 
Capacitors 
cl 1 nanofarad (nF) min. ceramic 


VC1 250-500 picofarad (pF) variable 


Semiconductors 
TRI BC107 npn (or BC108, BC109C) 
DI OA90, OA9I germanium (not silicon) 

Coil 
Li 2 metres of single-conductor insulated wire on 


a standard ferrite rod 


Additional items 
Plug-in prototype board, e.g. Maplin YRS4F 
Wire aerial at least 3m long 
Crystal earpiece 
Three juicy fruits 
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32 A capacitance bridge 


Figure 1 Simplified circuit 
of a capacitance bridge. R1 
is adjusted for minimum 
sound 


Introduction 


Itis always valuable to have a means of measuring capacitors amongst your 
test gear. Universal LCR bridges (i.e. systems that can measure inductance, 
‘capacitance and resistance) can be found at most rallies, and you can work 
your way up to owning one of these. In the meantime, a piece of home- 
made equipment gives you experience as well as resulting in a useful 
measuring instrument. 


The circuit described here is called a capacitance bridge, because it balances 
the effects of one resistor/capacitor pair against another; if one capacitor 
has an unknown value, then the other can be calculated. The basic bridge 
circuit is shown in Figure 1. To avoid having calculations to perform, this 
istrument will be calibrated by using capacitors of known values. The 
bridge is a useful way of performing measurements, because a knob is 
tured until there is a null in the signal from an earpiece or loudspeaker. 
The ear is very precise in being able to perceive nulls, which makes the 
bridge easy to use and reasonably accurate. At the null, the bridge is said 
to be balanced. 


How does it work? 


Figure 2 is the circuit diagram for this capacitance bridge. Transistors TR1 
and TR2 form an oscillator. This is the audio oscillator shown in Figure 1, 
and produces an alternating voltage which is fed to the bridge. RV1 (in the 
collector lead of TR2) replaces both R1 and R2 in Figure 1 — that part of 


capacitor 
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Figure 2 Transistors TR1 
and TR2 give an audio 
signal which is adjusted by 
variable resistor RV1 


Figure 3 Components are 
soldered together on a small 
prototype board 
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Crocodile clips 


RVI above the wiper represents R1, while that part below the wiper 
represents R2. The voltage on one side of the earpiece is determined by the 
ratio of these values, and is adjusted by rotating RV1. The voltage on the 
other side of the earpiece is determined by the ratio of C3 to Cx, where Cx 
is the unknown-valued capacitor. When these two voltages are the same, the 
bridge is balanced and there is no current through the earpiece. 


Figure 3 shows the layout of the components on the matrix board of the 
prototype. It measures 10 holes by 14 holes, and is of the plain type, i.e. no 
copper strips. All earth connections are taken to a single solder tag. When 
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Fig. 1. Seven Element switched parasitic aay antenna, ois azimuth angle 
and 0's elevation ale, 


systems there are multiple transmit and and receive antennas, 
Each receive antenna receives signal over different propagation 
channels yielding diversity gain, The MIMO technique can 
increase system throughput and reduce propagation losses. 
Similarly diversity gain can also be achieved by using smart 
antennas. In particular, we can transmit the same signal in 
‘multiple directions through directional beams, such that they 
experience different propagation channels [4]. Our proposed 
antenna is more suited for MIMO applications compared to 
previously designed model because of its higher gain and 
improved bandwidth efficiency. 

‘This paper focuses on the design of a seven element 
switched parasitic array antenna. The antenna is first simulated 
‘and then it is fabricated, Simulation results are validated 
with the hardware results. Previously done work on ESPAR 
and switched array antennas involve cylindrical monopole 
elements mounted on a ground plain [8] due to cylindrical 
‘nature bandwidth of active monopole is confined, subsequently 
bandwidth of switched array and ESPAR antennas is limited, 
Instead on cylindrical monopole element we have used ta- 
pered conical monopole, Due to tapered design bandwidth is 
‘enhanced 


IL, SWITCHED PARASITIC ARRAY ANTENNA CONCEPT 

‘The conceptual overview of the switched parasitic array 
antenna is given in Fig. 1. We have first simulated the antenna, 
‘with seven monopole elements. There is one element at center 
which is surrounded by a circular array. Feed is applied to the 
center element and it is termed as active element, whereas 
clements in the circular array are parasitic elements. Parasitic 
array antennas do not involve phase shifters, so that the 
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Antenna separation, (2) 


Fig. 2. Za, verus separation diane, 


‘manufacturing cost is less as compared to the phase array 
antennas. Each element is separated from other element by a 
quarter of wavelength, thus mutual coupling phenomena comes 
into account and there is a shift in phase of current in each 
clement hecause of this mutual coupling phenomenon. Since 
switched parasitic array antennas offer adaptive beamforming 
solution with compact size and low cost, they are likely to be 
used in future communication devices to increase data-rates 
(6), (7|, Parasitic array antennas have vast potential for usage 
in laptops, cell phones, WLANs ete. 


A. Mutual Coupling 


Mutual Coupling is basically the interaction between an- 
tenna elements in an array. Since parasitic elements are placed 
closer to each other (at a distance of \/4) there will be mutual 
coupling. This mutual coupling phenomenon is responsible for 
1 shift in phase of current induced in each element [8).The 
current induced by one antenna element in another antenna 
element [9] is given by (3) 


xl Q 


re) 


ry) 


Here Zaz is constant as it is open-circuit output impedance. 
Za, is open-circuit transfer impedenace from port 2 to port 1 
and it can be approximated by graph shown in Fig. 2, From 
equation (3), beam can be steered in the desired direction by 
‘varying the phase of current I, [10] 


A capacitance bridge 
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Figure 4 Layout of the parts inside an aluminium box. The earpiece socket is insulated from 
the case 


mounting the board inside a metal box, a long screw is used with extra nuts, 
to earth the board to the case while providing a stand-off, thus preventing 
any unwanted short-circuits between the board connections and the case. Be 
aware that a crystal earpiece must be used; low-impedance headphones of 
the Walkman type are not satisfactory. Solder two flying leads as shown in 
Figure 4, about 15cm long, terminated in small crocodile clips for attaching 
to the unknown capacitor. 


Calibration 


After checking the circuit carefully, attach the battery and switch on; a 
buzzing noise should be heard in the earpiece. This is the first sign that 
everything should be OK. If there is no buzz, switch off and recheck the 
connections. 
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You will now need a range of close-tolerance (1%) silver-mica capacitors 
covering the range 10 to 1000 picofarads (pF). Arrange the capacitors in 
ascending order and connect them to your bridge in sequence. After having 
prepared a neat piece of card or paper mounted behind the knob on the 
front panel, mark the dial at the positions of the nulls for all the capacitors. 
You have now calibrated your capacitance bridge. If you are more likely to 
want to measure larger capacitors, replace C3 by a 1 nanofarad (nF) 


capacitor, and the bridge will measure up to 10 nF approximately. 


Parts list 


RI 
R2, R3 
RVI 


Capacitors 
CI, C2 
G3 
c4 


Semiconductors 
TRI, TR2 


Additional items 
SWI 


SKI 


Resistors: all 0.25 watt, 5% tolerance 


10 kilohms (kO) 
100 kilohms (kQ) 
10 kilohms (kQ) linear 


10 nanofarads (nF) ceramic 
100 picofarads (pF) silver mica or polystyrene 
47 microfarads (mF) 16 V electrolytic 


BC108 npn 


SPST on/off switch 
Battery connector, PP3 type 

Earpiece, crystal type 

3.5mm jack socket for earpiece 

Battery, 9V PP3 

Matrix board, approx. 10 holes by 14 holes 
Aluminium case, approx. 10 x 8 x Sem 
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33 A simple short-wave 
receiver — Part 2 


Introduction 


In Part 1, the design of this receiver was discussed in some detail. Now we 
are going to put it all together and see how it works. The receiver is laid out 
on a printed-circuit board (PCB) or on a matrix board. 


Construction 


The layout of the components is shown in Figure 1. Identify each part 
separately, insert it into the holes in the board and solder carefully. Long 
leads may be cropped before or after soldering, depending on your skill and 
preference. All electrolytic capacitors, T1, T2 and IC1, must be connected 
correctly. The front-panel controls are connected to the PCB terminals 
shown in Figure 1. 


‘The layout of the controls and the placing of the board inside the case are 
matters of personal preference. The size of the prototype front panel is 
shown in Figure 2. The prototype had a slow-motion drive fitted to VC2, 
the main tuning capacitor. This required the capacitor to be fitted on its 
own small panel. The bandspread control does not need any form of 
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tre 1 Layout of the receiver circuit board 
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Figure 2 The case can be 
‘metal or made from PCB 
material 
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slow-motion drive. A tuning dial may be fitted behind the tuning knob on 
VC2 if required. The volume control, VR2, has its own on/off switch for 
the battery, which can be mounted behind the back panel, on which are 
mounted the aerial input sockets and the headphone/speaker socket. 
Check your soldering carefully, together with all the wiring between the 
board, the potentiometers and variable capacitors. When you are con- 
fident that everything is perfect, connect the battery and switch on. 


The first tests 


If you have a good aerial and are using an aerial tuning unit (ATU), use the 
low-impedance input. Excellent results are possible, though, with about 
3 metres of wire connected to the high-impedance input. Set the volume 
control to give a gentle hiss in the headphones or speaker. Advance the 
reaction control to give a definite hiss. As you tune in an AM station, the 
hiss will change to a whistle; back off the reaction until the oscillation just 
stops. The receiver is now correctly set for AM reception. 


On the amateur bands, the stations will be SSB or CW, and the reaction 
needs to be set just above the oscillation point, and will need slight 
adjustment from time to time for different qualities of signal. Juggling with 
the volume, reaction and tuning is part of the pleasure of using regenerative 


simple short-wave receiver — Part 2 


In action 


Practice is needed for best results. The regenerative receiver is renowned for 
its versatility in being able to be set up exactly for all types and strengths of 
signal. The basic receiver tunes from 6.5 MHz to 11 MHz approximately; 
this includes two amateur bands at 7.0MHz and 10.1 MHz and two 
broadcast bands. 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI, R10 330 ohms (0) 

R2,RS,R11 270 ohms (0) 

R3 22 kilohms (k) 

R4 47 kilohms (k) 

R6 3.3 kilohms (k0) 

R7, R12 4.7 kilohms (kQ) 

R8 27 kilohms (k0) 

RI 470 kilohms (k®) 

RB 2.7 kilohms (kQ) 

R14, RIS 10 ohms (0) 

R16 1 kilohm (kQ) 

VRI 10 kilohm (k®) linear 10-turn potentiometer 

VR2 10 kilohm (k®) log potentiometer 
Capacitors 

cl 27 picofarads (pF) 

C2, C18, C22 100 nanofarads (nF) 

C3, C4, C6, 

C10, C13, C14 10 nanofarads (nF) 

C5, Cl 33 microfarads (uF) 16 V electrolytic 

c 68 picofarads (pF) 

C8, C9 330 picofarads (pF) 

cis 1 nanofarad (nF) 

C16, C17, C2010 microfarads (uF) 16 V electrolytic 

€21, C23 150 microfarads (uF) 16V electrolytic 

vel 10 picofarads (pF) variable 

ver 200 picofarads (pF) variable 
Semiconductors 

TRI, TR3 2N3819 

‘TR2, TR4 BC182 

Ic LM386 

DI 6.2V 0.5 W Zener 
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Inductors 
TI 3 turns primary, 15 turns secondary, 
wound on 2-hole ferrite bead, with 28 SWG wire 
T2 2 turns primary, 17 turns secondary, 
wound on a T68-2 toroidal former, with 28 SWG 


Additional items 
Printed-circuit board 
Battery connector 
PP3 battery 
8-pin DIL socket 
8 ohm speaker or headphones (Walkman type) 
Case to suit 
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A basic continuity tester 


34 A basic continuity tester 


Figure 1 The circuit 
diagram of the continuity 
tester 


Introduction 


This little device can be built on a plug-in breadboard, and is ideal for 
testing fuses and cables, as well as doubling as a signal source for testing 
amplifiers, etc. It can even be used for testing npn transistors by replacing 
either of the transistors in the circuit, and seeing if the circuit still 
works! 


Simple and quick to build 


Using a plug-in breadboard, this circuit is so simple it could almost be built 
when you need it, and then dismantled again! If you want the circuit to 
make a different sound, the components to change are R2, R3, C1 and C2. 
Always make sure that R2 = R3 and C1 = C2, or the sound may be 
excessively ‘edgy’ and lacking in volume. 


Basically, the circuit is an oscillator which drives a little loudspeaker 
directly. The fuse or cable you are testing is connected between the crocodile 
clips. If there is a current path between the two clips, the current also flows 
through the circuit, thus operating the oscillator and producing a sound 
from the loudspeaker. 


(Battery+) 


(attery~) 
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If you want to use the circuit to produce a signal to test an amplifier, for 
instance, connect the croc clip which comes directly from the battery to the 
junction of R1, R2, R3 and R4. This supplies current to the circuit while, at 
the same time, bypassing the loudspeaker. Use the two components RS and 
C3 between the oscillator and your amplifier. The loudspeaker is bypassed 
because you will want to listen to the output from your amplifier, not from 
the oscillator! 


Remember, NEVER test any equipment which is still connected to the mains 
electricity supply. Avoid testing anything which is switched on and has its 
own power supply. You may damage both your tester and the circuit you 
are ‘testing’! 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


Ri 12 kilohms (k0) 

R2, RB 47 kilohms (k) 

R4 390 ohms (0) 

RS 100 kilohms (k®) optional 
Capacitors 

C1, C2 47 nanofarads (nF) ceramic 

G3 100 nanofarads (nF), 0.1 microfarads 


(nF) ceramic optional 


Semiconductors 
TR1,TR2 — BC108npn 


Additional items 
Ist Loudspeaker (8) 
2 crocodile clips 
Prototype circuit board 
PP3 battery connector 
PP3 battery 


A charger for NiCad batteries 


35 A charger for NiCad 
batteries 


Charging NiCads - the ampére-hour 


NiCads require charging at constant current, which means that connecting 
one across a normal power supply (constant voltage) is useless and can 
destroy it. They need pampering to the extent of needing a long charge 
(around 16 hours) at a rate dependent upon the capacity of the battery. By 
the capacity of a battery, we mean how much energy it can store. You will 
probably know that energy is measured in joules. For the purposes of 
storing energy in batteries, the joule is not the ideal unit, so we use one that 
is! This unit is the ampére-hour (Ah), and must be interpreted with some 
realism. For example, ifthe battery is rated at 2 Ah, it will deliver a current 
of 0.5 amp for 4 hours, or 0.25 amp for 8 hours. Provided the current is not 
too high, the product of the current (in amps) and the time for which it will 
flow (in hours) before the battery is flat will always be around 2 Ah, A 
workable ‘rule of thumb’ for calculating the charging current is that its 
value should be around one-tenth of the numerical value of the capacity; so, 
for our 2. Ah battery, a charging current of around 200 mA (2 + 10 = 0.24. 
or 200mA) would be used. 
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igure 1 Voltage regulator, 
arranged to produce a 
Constant current 
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Constant voltage to constant current 


Many integrated circuit (IC) chips are available for use as voltage 
regulators, i.e. they supply a constant voltage. Most of these can be 
persuaded to become constant current supplies with one external resistor! 


The voltage regulator IC usually has only three connections ~ ‘input’, 
‘output’ and ‘common’. It is designed (in the case of the LM7805) to 
produce a constant 5V output between the ‘output’ and the ‘common’ 
connections, at currents of up to 1A. If a resistor is connected between 
these, the IC will maintain 5 V across it. If you look at Figure 1, you will se 
the circuit performing this conversion. 


For the previous example, we derived a charging current of 200mA, so we 
now need to calculate the value of resistor that will produce this current. 
Using the equation which is derived from Ohm’s law: 


v v 
1 = —, from which R = —, 
R T 


where R = R1, the resistance in ohms that we are calculating, 
Vis the voltage across R1 (5 V), and 
Tis the current flowing (200 mA). 


So, 


5 
RI = — = 250. 
02 


25 ohms is not a ‘common’ or ‘preferred’ resistor value, so we must choose 
the next largest value, which is 270. This reduces the current, but only 
slightly ~ it is now 185mA. When calculating resistor values in power 
supply circuits, we must always check the power that they dissipate and 
make sure we specify and fit a suitable resistor. 
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Fig. 3. RF PCB with Analog devices ADG 904 RF switches. 
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B. Beam Steering Mechanism 


In this work the designed antenna is capable of 360° beam 
steering in steps of 60°. The beam steering is achioved by 
using two sets of 4:1 Analog devices multiplier switch ADG 
904. Fig.3 shows RF PCB designed for beam steering. Beam 
is steered towards an element which is open. The open element 
behaves as a director and shorted elements act as reflectors 
In onder to achieve a maxima at 0°, we make the element 
1 open by using RF switch IC while other elements (ic., 
elements 2,3.4,5 and 6) ate shorted. This mechanism is similar 
to Yagi-Uda antenna where elements with shorter lengths in 
front of feed element act as directors and elements at rear of 
feed element acts as reflectors [11], In Yagi-Uda antenna feed 
element is often a dipole or folded dipole 


IIL, PARASITIC ARRAY ANTENNA DESIGN 


Design parameters and mechanical design of antenna is 
included in this section, 


A. Design Parameters 


‘Antenna design parameters are tabulated and the results are 
optimized using antenna simulation tools. Ground is skirted, 
since skirted ground provides mechanically sound model for 
PCB assembly to mount at back of antenna [12]. Skirt is 4 in 
length similarly each monopole element is lambda/4 in length 
and .V/200 is its radius.Table 1 shows the design parameters 
for the seven-element switched parasitic array antenna. 
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Fig. 4. Designed seven element parse switched uray antenna 


Fig. 5 Simulated antenna model 


B, Mechanical Design 
Monopole elements are made by cutting copper wire of 
desired gauge ic lambda/200 in radius (13] and these elements 
are soldered on pin of SMA connectors. Aluminum is used 
as ground plane. Electromagnetic waves are reflected by the 
ground. Instead of using seven dipole elements we have used 
seven monopole elements mounted on the ground plane [14]. 
Ground is made hollow in order to create space for mounting 
control circuitry [15]. Fig. 4 shows designed hardware 


IV, ANTENNA SIMULATION AND PLOTS 


‘The antenna is first simulated and then simulated results 
are compared with the measured results of fabricated antenna. 
Simulated results were in line with the hardware results and 
8 dB gain was observed in simulated results as well as in 
fabricated antenna, In simulation each of the parasitic element 
is loaded with lumped port excitation, simulating opening and 
shorting [16] of monopole elements. Fig. $ shows simulated 
model. 


ire 2 The complete 
circuit including mains 
components 


A charger for NiCad batteries 


Power (in watts) is the product of the voltage across and the current through 
a device, so in this case it is given by: 


Power = VxI = 5x 0.185 = 0.925 W. 


Rather than use a 1 watt resistor operating very near its limit, itis safer to 
use a 2 watt resistor operating well within its limits. 


Looking again at Figure 1, we now have a constant-current source 
producing 185mA, when R1 is a 27 0, 2 W resistor. For use with NiCads 
requiring charging currents other than 200 mA, you will need to repeat the 
two equations above, using a new value for I. 


The full circuit and its assembly 


This is shown in Figure 2, and can be broken down into two parts. The first 
is the AC to DC conversion produced by the mains transformer, T1, the 
bridge rectifier, BR1, and the smoothing capacitor, C1. The second is the 
constant-current section already discussed. 


to ‘onsca 

250v 

SOHE °* 

No To batteries 
on charge 


Recta" | constant erent 
smaiting |“ "reguator 


The prototype was assembled on matrix board measuring 18 holes by 12 
strips, although, as Figure 3 shows, this is much larger than is strictly 
necessary. No strip cutting is needed, but make sure that IC1 and C1 are 
inserted correctly. 


‘Warning! Before you attempt to wire up the transformer and the bridge 
rectifier, be aware that you will eventually be connecting the circuit to the 
mains supply, so there are three possibilities for you: (1) get a qualified 
friend to supervise your completion and testing of the circuit; (2) get your 
qualified friend to complete and test the circuit for you; (3) replace the 
transformer and bridge rectifier with a mains adapter. 
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Figure 3 The charger can be 
built on Veroboard 


12 
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If you decide to use the mains adapter, its output is connected directly 
across C1, because TI and BR1 are now no longer needed. Make sure the 
polarity (positive and negative) is correct and that the adapter output is set 
to 12V. 


A quick test 


If you have built the mains version, make sure all connections are correct, 
and that there are no soldered joints which will touch other parts of the 
Circuit. The box must be securely closed before tests begin. The RSGB 
cannot be held responsible for damage to equipment or batteries! The 
version using the mains adapter need not be closed during tests. 


Switch on. With nothing connected to the output, the unit should run cold. 
If this is not the case, switch off and recheck your circuit. If all is well, switch 
on again and connect a DC multimeter (on the current range) across the 
output. It should indicate only a slight difference from the calculated value 
of 185mA. You can now charge your NiCads! 


Other charging currents can be set by having different values for R1, 
perhaps selectable by a rotary switch. Remember to make sure that the 
values of both resistance and power dissipation are correct, and don’t 
exceed the 250 mA rating of the transformer (or the 1 amp rating of the IC 
if you are using a bigger transformer). 


An 80 metre crystal-controlled CW transmitter 


Parts list 


Resistor 
RI As required ~ see text, 
Capacitor 
‘A 1000 microfarads (yF) 35°V electrolytic 
Semiconductors 
Ic LM7805 $V, 1A regulator 
BRI WOOS SOY, LA full-wave rectifier 


‘Transformer 
TL 9-0-9 V, 250 mA sub-min, transformer 


Additional items 
Case 
Veroboard, 18 holes by 12 strips 
Plug to suit NiCads 
Double-sided sticky tape as required 
Insulated wire for battery connections 


Maplin 
code 


FF1SU 


CRI4Q 
QL37s 


YNISR 


FG41U 


36 An 80 metre 


crystal-controlled CW 
transmitter 


Introduction 


looking for! 


A simple transmitter is ideally suited to anyone venturing into our 
marvellous hobby for the first time. If you are put off by the compl 
and prices of the ‘black boxes’ then this is the transmitter you've been 
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The circuit 


The complete circuit is shown in Figure 1. It is a single-transistor crystal 
oscillator which is keyed (switched on and off) by the Morse key in the 
+12V supply rail. The circuit first appeared in QST (the American 
equivalent of RadCom) in 1982, and has since appeared in a modified form 
in the ARRL. Handbook. The circuit can produce about 2 watts on 80m, 
and can be constructed on a piece of plain matrix board; the prototype 
board measured 7em by 3em, and its layout is shown in Figure 2 


Note that a bare copper wire runs along the bottom edge of the board to act 
as an earth wire for the relevant components. The only ‘difficult’ part of the 
construction is the winding and wiring of T1. The main winding is 38 turns 
of 26SWG enamelled copper wire, and there are two link windings of four 
turns each. Make sure that all windings are wound the correct way round 
the toroid ~ Figure 1 shows this and should be studied carefully. If the 
windings do not have the correct sense (i.e. a clockwise coil has been wound 
anticlockwise, or vice versa), or have been connected incorrectly to the rest 
of the circuit, the oscillator will not work! 


When putting components on the board, wire in the crystal socket without 
the crystal in it. Crystals do not like to be subjected to the horrors of a 
soldering iron, so keep your crystal to one side during the construction 
process! 


AF outto 
changeover 
u switen 


q rerysta 


Un 2i-turns of 225mg 
wife wound on 
150-2 toroie 


1.2 38-tuens of 265g wire wound 
on 7.50.2 torord = 2 nk windings of 
Teuens (eaen) wound with 25509 wire 


Figure 1 The simplest form of transmitter is a keyed crystal oscillator. Note that L1, C7 and CB make up a low-pass 
filter which reduces unwanted harmonics (outputs at the transmitter frequency multiplied by 2, 3, 4, etc) 
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To+!2V watey 


1 3em pertorated board 


Cimdinied onunderaide _—--—-~ wes onunderside at board 
Largeneatsinr tor TRI Ferrite bead on TRI base lead 


GI minature coasal cable 


Oe a 
9 
Toantenna socket pivot, 


‘Sntear pane! Dfroconnection 


Figure 2 Component layout is straightforward on a ‘matrix board’ it has holes but no copper strips). The dotted lines 
are the connecting wires. The lower part shows the connections for the transmit/receive switch 


‘The output filter, which comprises C7, C8 and L1, is a low-pass filter, which 
helps reduce any harmonics present in your signal. Harmonics are integral 
multiples of your transmitter frequency, so if you are transmitting on a 
frequency, f, harmonics will be present at frequencies 2f, 3f, 4f, .. . and so 
on. L2 is another inductance using 22 SWG enamelled copper on a ferrite 
toroid. The changeover switch is external to the transmitter board, and is 
used to switch your aerial between the transmitter and the receiver; its 
wiring is shown in Figure 2. 


Use a dummy load 


A dummy load enables you to test your circuit without actually transmitting 
a signal. If you haven't such a thing already, it is easy to construct one to use 
with this transmitter. Don’t use it for transmitters of more than 2 watts 
output, though. Use two 100 ohm, 1 watt resistors, connected in parallel 
across the end of a short piece of coaxial cable, terminated in a BNC, PL259 
or N-type free plug, as shown in Figure 3. Plug this into the aerial socket on 
your transmitter, plug in your crystal and connect the transmitter to a 12V 
supply. Have another receiver switched on and tuned to the crystal 
frequency. Although the radiation from your dummy load is minimal, it will 
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Figure 3 A simple 2W 
dummy load can be made 
from two 100 0 (ohm) 
resistors in parallel. the 
plug should match the 
socket on your transmitter 


Figure 4 A simple dipole 
can be very effective. For 
the 3.5MHz band, length L 
is 40 metres and height H 
should be as large as 
possible, The far support S 
can be a tree, pole or 
building. Insulators | may be 
home made from strong 
plastic and the feeder F 
should be 500 (ohm) coax 
cable 


Figure 5 Your signal is 
radiated mostly from the 
centre of the dipole so the 
ends can droop or even be 
bent but the length may 
need shortening by a few 
centimetres because the 
ground and the bends will 
detune the dipole. Cords C 
are best made from strong 
plastic rope from a sailing 
(or camping shop 
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be enough to be picked up by a receiver in the same room. Send dashes with 
the Morse key, and adjust VC1 until the received note is clean. It should not 
sound rough, or have a chirp (change its frequency during a dash or dot) 
Avoid tuning for maximum power; this is seldom the correct setting! 


You will need to put your completed transmitter in a metal box, using 
sockets for the power supply, aerial, receiver and Morse key. The sockets 
can be chosen to match your existing equipment. 


Figures 4-7 are taken from the RSGB book Practical Antennas for Novices, 
and may give you some ideas on the type of aerial to be used with your 
transmitter. 


igure 6 An ‘inverted-L’ 
takes up less space than a 
dipole and doesn’t need 
coax cable. Like the dipole, 
the end can droop or be 
bent to save space as in this 
case most of the radiation 
comes from the area around 
the top of the vertical part 


igure 7 Almost any length 
of wire more than 10m or 
so long will work (though it 
will work better the longer 
and higher itis) but an 
‘Aerial System Tuning Unit 
(ASTU or ATU) will be 
needed 


An 80 metre crystal-controlled CW transmitter 


10m 


wee to 
antenna 1(sariched) 


to antenna 2 (switched) ire 
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Parts list 


Resistor 
RI 12 kilohms (kQ), 0.25 watt, 5% tolerance 
Capacitors 
Cl 1000 picofarads (pF) polystyrene 


100 picofarads (pF) polystyrene 

680 picofarads (pF) polystyrene 

68 picofarads (pF) polystyrene 

100 picofarads (pF) ceramic 

10 nanofarads (nF) polyester 

10 microfarads (uF) electrolytic 25 V 
100 picofarads (pF) trimmer 


Semiconductors 


DI 1N4148 
TRI 28C2078 (see sources list) 

Inductors 
TL 38 turns 26 SWG enamelled copper on T-50-2 toroid, 


with two link windings of four turns 
ui 21 turns 22 SWG enamelled copper on T-S0-2 toroid 


Additional items 
Ferrite bead 
Crystal 
Metal box 
Socket for Morse key. 

This must be totally isolated from the metal 
of the box, as both connections can be at +12 V. 
Sockets for 12V supply, aerial and receiver 
Switch - DPDT 
Heat sink for TRI 
RG174 miniature coaxial cable for signal leads (see F 


3.579 MHz) and holder 


Component sources 


Special components 
28C2078 Cricklewood Electronics Ltd, 40 Cricklewood 
Broadway, London, NW2 3E° 
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37 A solar-powered MW radio 


Introduction 


What could be more ecologically friendly than a radio powered by the sun's. 
‘energy? This design is quite standard, and if you have built any of the other 
medium-wave radios in this series, then this one should present few 
problems. 


The solar panel 


‘The solar panel is to the solar cell as the battery 
a solar panel is several solar cells connected in se 
for this radio 


to the cell; in other words 
‘The solar panel quoted 
Il generate about 9V at a current of around 30mA on a 
.. The circuit will operate on a supply of around 2V, so bright 
not necessary for satisfactory operation. The volume will be less, 


The circuit 


The radio uses the ZN415E integrated circuit (IC), connected as shown 
in Figure 1, the complete circuit diagram. The signal is tuned in by the 
combination of L1 and VC1. L1 is made by winding about 35 turns of 24 
SWG enamelled copper wire on a ferrite rod. A standard ferrite rod of 10.cm 
length and 11cm diameter is used. 


Signals selected by the tuned circuit are passed to IC1, which amplifies the 
signals and removes the audio component, which is then amplified further 
by IC2 for driving a small loudspeaker. The removal of the audio 
component is the process we call detection. In addition to this, IC1 provides 
automatic gain control (AGC), which helps to keep the audio signal 
constant, even when the incoming RF signal may vary due to fading. 


The prototype board 


Veroboard (also known as matrix board or stripboard) is ideal for the 
construction of the radio. The layout is shown in Figure 2. The board size 
is 11 strips by 30 holes (please note that there is no row ‘T, so take care 
with your counting!). Using a 3mm (% inch) twist drill rotated between 
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ber. Note 


There wil exner dea 
rt 


= 


Blaste body - tchanaicz 
found tomaunt the IC 


r 2 
2 7 
a 6 Diodes, 0} and 02 
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Figure 1 The radio uses just two integrated circuits (chips) and operates at any voltage from 2 to 9V 
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RI Yotume control 


LLVCL ang VR! are not To scale 


@ Copper stevs are cut neve 
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IC) ana IC2 ate mounted iniC sockets 
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Figure 2 Follow the layout carefully, making sure that all connections are neatly soldered 
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TABLE 
MAXIMA PATTERN 7 « 
ia] Eee] EIEN] EREmER| ERMA] ERE] EIT 
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Fig. 7. Anechoic chamber results for ¢=0?. 


Fig. 6. Anechole chamber results for 0-90" (Beam in elevated because we 
ae wing monopole elements wilh Site ground) 


‘Two dimension polar plots depicts the beam steering in the 
direction of given elevation angle, theta (0) and azimuth angle, 
phi (Q). Anechoic chamber results for #=90 and $=0 and 30 
degrees are shown in Fig. 7 and 8 respectively. Using large 
‘ground plane angle of elevation is reduced closer to 900. Fig, 
66 shows anechoie chamber result for 8=90 one can observe 
‘small elevation form desired x-y axis because of ground skirt 
[17].1n simulations elevation angle of 85° is observed. Fig 
{6(a) shows antenna simulated plot for elevation angle @ and 
Fig. 6(b) shows anechoic chamber results.Anechoic chamber 
plot of Fig. 7 shows maxima at 6=0", in onder to get maxima 
at 0 elements from element number 2-6 are shorted and the 
clement 1 is opened. Similarly Anechoic chamber plot of Fig. 
8 shows maxima at @=80", in order to get maxima at 30” 
elements from element number 3-6 are shorted and element 1 
and element 2 are open. 

‘Traditional ESPAR antenna and switched parasiric array 
antenna have all cylindrical elements, including the active 
clement [3]. [4]. We have made center element conical instead 
of cylindrical. Due to conical nature of active element response 
four frequency range and improved. In order to validate the 
gain enhancement both models were simulated and results 
were compared. Fig 9. (a) shows conventional design and 
Fig. 9(b) shows simulated antenna with conical center ele- 
‘ment. Fig. 10 shows Si: plot for cylindrical active element, 
Considering Sy as cut off point bandwidth range from 
2.358 GHz to 2.51 GHz (0.152 GHz). Fig. 11 shows § — 11 
plot for centre conical element, considering 8 as cut off 
point bandwidth ranges from 2.36 GHz to 2.555 GHz (0.195 
G12), Therefore my making center element conical we have 
improved bandwidth as compared to traditional switch array 
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Fig, 9. (2) Cowentional ESPAR anteaas model with cylindrical Ceater 
Element, Fig. 0 (b) Designed ESPAR sienna with conical element for 
Bandwidth Enhancement 


parasitic antennas. Low profile design for switehed parasitic 
array antennas in also highlighted in [18] 


V. FUTURE WORK AND CONCLUSION 


5G networks will be designed for device to device, device 
to human and human to human interactions. High data rates 
are required 1o meet demands of SG systems, One of proposed 
bbands for SG is in mm-Waves range i.e from 30GHz to 60GHz 
for such high frequencies path losses are considerable and 
beam steering antennas are way forward to overcome path 


A solar-powered MW radio 


your thumb and forefinger, break the strips at the points marked with a 
cross inside a circle. Hold the board up to the light to ensure that the 
tracks have been broken and that there is no copper swarf shorting tracks 
together. 


Firstly, solder in the 8-pin DIL sockets for the ICs, making sure that the 
notches in the sockets are facing upwards, as shown on the diagram. Then, 
solder in the wire links, resistors, capacitors and diodes, making sure that 
the electrolytic capacitors (C2, C6 and C7) and the diodes (D1 and D2) are 
connected the correct way round. Use different colours of wire for the 
connections to the volume control, VR1, to avoid incorrect connections. 
Note the wiring of the tuning capacitor (VC1) shown in Figure 2; a two- 
section type is used, and both sections are wired in parallel to give twice the 
capacitance of a single section. 


There is no on/off switch — just turn the volume down when you are 
finished using the set! The solar panel can be mounted parallel to the top 
of the case, or angled to receive the maximum energy from the sun, as 
shown in the photograph. You could have a battery available as a standby 
source to use the radio after dark; any battery of between 6V and 9'V will 
do. Wire it with a simple changeover switch, so you can switch between 
solar and battery power. Ask a friend for help with this if you are not sure 
how to do it. 


You may need to adjust the number of turns on L1 to get the best results, 
but it should be possible to receive at least five stations at good volume with 
your sun-powered radio! 
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Parts list 


Resistors: 0.25 watts, 5% tolerance 


RI 3.3 kilohms (k®) 
RD 100 ohms (9) 
VRI 1 kilohm (kQ) log 
Capacitors 
C1, cS 10 nanofarads (nF) ceramic 
ror) 220 microfarads (F) electrolytic (10 V) 
C3, C4 100 nanofarads ceramic 
6 10 microfarads (WF) clectrolytic (10 V) 
C7 1000 microfarads (uF) electrolytic (10 V) 
vel 140-300 picofarads (pF) 
Semiconductors 
Ic ZNAISE (or ZN416E) 
1c2 TDA70S2 
D1,D2——IN4I48 


Solar panel 9'V at S0mA 


Additional items 
LSI 32-64 ohm miniature loudspeaker 

Ferrite rod 
24 SWG enamelled copper wire 
Plastic box, approx. 220 x 140 x 70mm 
Veroboard, cut to 
8-pin DIL sockets, 2 required 
Knobs, 2 required 
Material for speaker grille 
Connecting wire 


Maplin 
code 
M3K3 
M100R 
FW21X 


BXOOA 
FB60Q 
YR7SS 
FB22Y 
FB8IC 
FT78K 


UR70M 
UK79L. 
QL80B 
RK23A 


YT28F 
YG20W 
BL28F 
YN39N 
JP47B 
BLITT 
FD67X 
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38 A receiver for the 7 MHz 
amateur band 


Introduction 


Listening on the 40 metre band (from 7.0 to 7.1 MHz) can be very rewarding 
it is a popular haunt for HF Special Event stations, and at night there are 
signals to be heard from all over Europe. This receiver is designed purely for 
the 40m band, and is ideal for those who have built the simpler receivers 
and are looking for something a little more challenging. The more 
‘experienced constructor may prefer to build this on prototype board. 


The circuit and its construction 


Figure 1 shows the circuit diagram. The receiver will work well with 
headphones or loudspeaker. Walkman-type headphones and speakers are 
ideal for use here, 


BR, FOS 


ire 1 The receiver gives good performance on the 7 MHz amateur band as well as being simple to construct and 
align 
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Figure 2 Rear view of the 
variable resistors. Check the 
connections carefully to 
make sure the wires are 
fitted correctly 
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Signals arriving at the aerial are coupled into IC1 via gain control VR1, 
which also functions as the on/off switch. Tuning is provided by varying the 
voltage on the varactor diode (or varicap), DI. VR3 is the main tuning 
control, and VR2 is the bandspread (fine tuning) control. The varactor 
diode is supplied as a dual device, which must be cut down the middle 
carefully with a sharp knife; with the lettering upwards, the ground lead 
(OV) is on the left-hand side, as Figure 1 illustrates. 


Solder in the IC sockets first, followed by the coils. After this come the links, 
resistors, capacitors and varactor diode. Ensure that IC3, the voltage 
regulator, is wired correctly, and check the polarity of the electrolytics. The 
cxystal, X1, is very fragile, so take extra care with it. The wiring of the three 
controls is shown in Figure 2. 


Before putting the ICs in their sockets, connect up the battery and check the 
following voltages with the negative voltmeter lead connected to the 
negative terminal of the battery: 


Pin 8 Ic1 sv 
Pin 8 1c2 sv 
Pin 8 Ic4 ov 
Pin 1 Ics ov 


When all these have been found to be correct, switch off and put the ICs 
carefully into their sockets. Use wire of different-coloured insulation to wire 
up the front-panel controls. 


‘The case can be a small plastic box of size 22.cm by 15 em by 8em, with three 
10.5 mm holes drilled in the front and two 8 mm holes in the side for the aerial 
and earth connections. On one side are a 6 mm hole for the speaker socket 
and an 11mm hole for the optional external power supply. 


sae 
Lae 


oreecten 


pd 
nd) BB 
eA (Ground) (tenn input) Ear 
(sv sabiisee) pce 
co) 


A receiver for the 7MHz amateur band 


Testing and tuning 


‘The aerial for the receiver should be between 30 and 70 feet of wire, mounted 
as high as you can make it, away from trees and buildings if possible. Connect 
the battery and switch on. Adjust L1 and L2 for the best results. Tune slowly 
with VR3; you should find CW stations at the lower end of the band 
(anticlockwise) and SSB stations at the upper end (clockwise). You may find 
that it is easiest to make these adjustments before mounting the board in the 
case with double-sided sticky tape or pads. If you are planning to use an 
external DC supply, make sure itis a safety approved stabilised 9 V type, and 
disconnect the battery before you use such a supply! 


If you suspect that the tuning doesn’t quite cover the lower CW end of the 
band, try increasing C9 to 1200 pF. If it is the upper SSB end which is 
missing, decrease C9 to 820 pF. 


Ibis alw. 
and the 
book. 


's advisable to use an aerial tuning unit (ATU) between your aerial 
ceiver. A suitable design of ATU is included as a project in this 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI,R4 100 kilohms (kQ) 
R2, R3 1.5 kilohms (k®) 
RS 220 ohms (9) 
R6,R7 12 kilohms (k) 
R8 10 kilohms (k) 
VRI 4,7 kilohms (kQ) linear, with SPST switch 
VR2 4,7 kilohms (kQ) linear 
VRS 47 kilohms (kQ) linear 
Capacitors: all rated 16 V or more 
cL 470 picofarads (pF) polystyrene 5% 
ror) 47 microfarads (uF) electrolytic 
C3 47 picofarads (pF) polystyrene 5% 
ca, CS 100 picofarads (pF) polystyrene 5% 
C6, C7 100 nanofarads (nF) ceramic 
cs 2.2 nanofarads (nF) polystyrene 


C9, C10 I nanofarad (nF) polystyrene 
C11, C14 10 nanofarads (nF) ceramic 


C12 470 microfarads (uF) electrolytic 
C13 47 nanofarads (nF) ceramic 

cis 1000 microfarads (4F) electrolytic 
C16 1 microfarad (uF) electrolytic 
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Inductors 
Li Toko KANK3335R 
12 Toko KANK3333R 
13 10 pH 5%, e.g. Toko 283AS-100 
Semiconductors 
IC1, IC2__ NE602 or NE602A 
Ic3 78LOS SV, 100mA 
Ic4 TLO72 
Ics TDA70S2 
Additional items 
DI Toko KV1236 cut into two sections (one half used) 
XI 4.608 MHz (available from Cirkit) 


3 x silver knobs, one with pointer 

Plastic case approx. 22 x 15 x 8cm 

Speaker 8-32 Q, or headphones 

4x 8-pin DIL sockets for ICI, IC2, IC4, ICS 

2.x 4mm sockets (red and black) for aerial and earth 
3.5mm chassis-mounting jack socket for speaker 

DC power socket for external supply (if required) 
Prototype board 


Kits 


A complete kit is available from JAB Electronic Components. 
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39 Diodes for protection 


Introduction 


Many semiconductor devices can be destroyed in an instant if their supply 
is reversed. With the use of batteries as power sources, it is quite common 
for the battery to be connected ‘the wrong way round’, and the scope for 
damaging equipment is significant and very real. Diodes can protect 
‘equipment in several ways, and you may do worse than to consider one of 
these approaches to protect your next expensive project. 


Choose wisely! 


Alll the diode circuits given here are so simple as to invite calamity. The 
circuits are not foolproof but, with a little care, will work first time. 
Remember that a semiconductor diode has a forward voltage drop of 
between 0.5 V and 0.7, depending on its type and the current flowing. 
This will be mentioned later. 


The first thing you need to do is to insert a good multimeter int series with 
the circuit you want to protect; set the range to Amps DC, and switch on. 
Check that the circuit works properly. Then, decrease the current range on 
the meter until a good reading is indicated. Make a note of this current, as 
it is the normal running current of your circuit. 


To choose a diode, you must consult the catalogues or data sheets and 
find one where the quoted maximum forward current exceeds the current 
you have measured; preferably it should be at least twice your measured 
current. Secondly, the diode will have a peak inverse voltage (PIV); this is 
the maximum voltage it can withstand when the cathode is made positive 
with respect to the anode, ic when it is reverse-biased and not con- 
ducting. This voltage must be greater than your battery voltage, again by 
a factor of about 2. Except in the case of the bridge rectifier (see later), 
these criteria will enable the selection of a suitable diode to be made 
easily. 


The series diode 


The simplest and most obvious way to protect equipment is to insert a diode 
in the positive supply lead, as shown in Figure 1, with the diode passing 
current only when the supply is of the correct polarity. Because of the 0.6 V 
that exists across the diode, your equipment will normally operate on a 


137 


Radio and Electronics Cookbook 


igure 1 Series diode 
protection 


igure 2 Parallel diode and 
fuse 
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slightly lower voltage. If you imagine re\ 
will 


ing the supply to this circuit, you 
that the negative terminal of the battery is connected to the anode 


of the diode; the diode becomes reverse-biased and will not conduct any 
current, thus protecting the load. Your equipment will not operate when the 
battery connections are reversed. 


The parallel diode 


The circuit of Figure 2 overcomes this voltage drop. It places the diode in 
parallel with the load (your equipment) but in a normally reverse-biased 
condition so that it draws no current when the battery is correctly 
connected. Reverse the battery connections, however, and a very large 
current will flow through the diode, thus blowing the fuse! For this 
technique to work successfully, the current drawn by the diode when the 


battery connections are reversed must be much greater than the maximum 
current drawn by the equipment, in order to blow the fuse. This is usually 
not a problem, however. 


The diode bridge 


For sheer elegance, the circuit of Figure 3 takes the biscuit! It uses four 
diodes connected in the form known as a bridge rectifier. Such rectifiers 
exist, and do not have to be made up from four discrete diodes. 


ire 3 The diode bridge 


Diodes for protection 


ensce 


Follow the current round the circuit from the supply, assuming initially that 
the top wire is positive and the bottom wire negative. It flows from the 
positive supply 

(a) through D2 

(b) through the load (top to bottom) 

(c) through D4 


and back to the negative of the supply. 


Now assume that the bottom supply lead is positive and the top lead 
negative. The current flows from the positive supply 


(a) through D3 
(b) through the load (top to bottom) 
(c) through D1 


and back to the negative of the supply. 


So, whichever way round the battery is connected, the current will always 
flow the same way through your equipment! 


The circuit does have a drawback, however. Whichever way round the 
battery is connected, there are always two diodes conducting the current at 
any time. In the first case it is D2 and D4; in the second case, D1 and D3. 
This means that there is a total voltage drop of about 1.2V. If your 
equipment can tolerate that reduction in voltage, then you will not have a 
problem. 


Decoupling 


Whenever the supply rail to a piece of equipment, or even to an individual 
stage of a circuit, is broken for the insertion of a device that will drop 
voltage, strange things can happen. This is because the supply for any circuit 
is assumed to have a low resistance to DC and a low impedance to AC. 
(Impedance is the AC equivalent of DC resistance.) These two are not the 
same, and the insertion of a diode or diodes is certain to make a big 
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difference to them both. To overcome any irregularities in the operation of 
the circuit you are protecting in any of the ways described previously, the 
protected supply needs to be decoupled with a capacitor. 


If the circuit handles audio frequencies only, placing an electrolytic 
capacitor directly across the load in all three circuits should solve the 
problem. The parallel circuit of Figure 2 is less at risk than the other circui 
The size of the capacitor will be determined by the current taken by the 
circuit, and may need to be chosen within the range 100 uF to 10 000 uF, 
with a working voltage greater than the supply voltage. 


If the circuit is mainly handling RF currents, placing a capacitor of 0.014F 
across the load should prevent any problems. A second capacitor, also 
across the load, of between 10 uF and 100 uF may be needed. Again, the 
parallel circuit of Figure 2 is less at risk than the other two. 


Don't be afraid to experiment, but confine your experimenting (at first) to 
small equipment and low currents, until you get a ‘feel’ for the technique. 


An RF signal probe 


Introduction 


AA radio-frequency (RF) diode probe is a simple device which, when used 
a conventional multimeter, enables the measurement of RF voltages in 
a circuit. When constructed, this will be one of the most useful pieces of test 
equipment for the experimenter who revels in the construction of 
transmitters and receivers. 


The circuit 


Figure 1 shows the simple circuit diagram. It is almost the same as a 
common diode rectifier circuit, but with a simple change to make it more 
sensitive. The circuit is known as a voltage-doubler, and is often found in 
high-voltage supplies, with beefier capacitors and diodes, of course! Because 
we are dealing with high frequencies and smaller voltages, the diodes and 
capacitors can be physically very small. The diode circuit of D1 and D2 
rectifies or detects the RF from the probe, and any remaining AC is removed 
(short-circuited to ground) by C2. This produces, at the output, a constant 
voltage proportional to the peak-to-peak RF voltage present at the input; 
the output voltage is fed to an ordinary multimeter (on a voltage range). 
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Fig. 11. 5, plot for contr conical element switched ara antenna, 


losses [19]. ESPAR and switched parasitic array antennas 
provide a cost effective way of incorporating adaptive beam. 
forming in future 5G and internet of Things (oT) devices {20} 
However for the efficient use of ESPAR antennas in mobile 
terminals the size of the antenna system must be reduced, 
for this further research on dielectric switched parasitic array 
antennas is underway. Seven element switched parasitic array 
‘antenna is designed that is capable of dynamic beam steering 
Gain of 84B is achieved practically. Simulated results are 
in line with the anechoic chamber results. Designed antenna 
increase the channel capacity by improving signal to noise 
ratio. Gain of 848 was achieved in specified directions of 
elevation angle theta (0) and azimuth angle, phi (). Antenna 
is optimized in terms of interference reduction for its use 
in wireless ad hoe networks, operating at frequency of 245 
GHz, Bandwidth of designed antenna is 450 MHz and beam 
is steered in 360. 
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Figure 1 The diode probe 
can be made from four 
electronic components 


Figure 2 The components 
are mounted on a copper 
clad PCB 


An RE signal probe 


Di and 02 are germanium diodes 
(Chand C2 ate TOnF ceramic capacitors 


esc 


Construction 


Although the circuit layout is not critical, a description of the prototype is 
given here for your information. Figure 2 has the details. The components 
are soldered to square pieces of copper-clad printed-circuit board (PCB) 
glued to a larger piece of PCB. The larger piece serves as a ground 
connection. Use a stiff copper wire as the probe, and an insulated flexible 
wire with a crocodile clip to connect the probe to the ground of the circuit 
under test. 


Cut a piece of plain PCB, 30mm by 45mm and another of 15mm by 
45mm. Cut the smaller piece into three measuring about 15mm square. 
Stick the three small pieces to the larger piece, ensuring that there are small 
gaps between each, as Figure 2 shows. Solder the components in place. The 
connection to the multimeter should be thin coaxial cable or screened 
microphone cable. If you use unscreened cable, there may be RF pickup here 
which can lead to false readings 


Simple to use 


Using the probe is simple. Connect it to the multimeter and set the meter to 
around 10V DC - you may need to reduce this, depending upon the 
magnitude of the RF voltage you are trying to measure. Hold the probe by 
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its base, being careful not to touch any of the components. Connect the croc 
clip to a ground point on the circuit and touch the probe on the circuit point 
to be tested. If an RF signal is present, there should be a reading on the 
multimeter. That's all there is to it! 


Parts list 


Capacitors 
C1, C210 nanofarads (nF), or 0.01 microfarad (yF) ceramic 


Semiconductors 
D1,D2 Any germanium signal diode, e.g. OA91 or AAL19 


Additional items 
Stiff copper 
Insulated flexible wire 
Copper-clad PCB 
Crocodile clip 
Coaxial or screened cable 


Source 


All components are available from Maplin. 


41 An RF changeover circuit 


Introduction 


The simplest entry route to operating an HF station is to buy or build a 
f, and to add a simple CW (Morse) transmitter. In theory, this sounds 
so simple, yet in practice there is one significant hurdle to be overcome. 
How can they both share the same aerial? A manually operated changeover 
switch is the obvious solution, but it takes time to perform the switching 
operation, by which time someone else has squeezed in before you and 
contacted the DX station! This small circuit accomplishes the changeover 
lly, as soon as the transmitter is keyed. 


re 1 RF activated relay 


‘An RF changeover circuit 


How it’s done 


‘The circuit is shown in Figure 1, and uses the signal from the transmitter to 
operate a relay. A relay is a switch which is operated electrically in the 
following way. A coil of wire with an iron core is used as an electromagnet. 
When current flows through the coil, it produces a magnetic field which, in 
turn, is used to pull a set of switch contacts. These contacts will be used to 
switch the aerial from transmitter to receiver and vice versa. The relay used 
here has a double-pole changeover (or DPDT, or DPCO) switch. If you are 
confused by the different types of switch, look at the basic descriptions 
elsewhere in this book. The pole of a switch is the part that doesn’t move; in 
Figure 1, one pole is connected to L1 and the other to the aerial output. In a 
circuit diagram, the switch contacts are always shown in their normal state, 
i.e. when no current flows in the relay coil. The changeover switch is normally 
in the receive position, so we say the receive switch is normally closed, and the 
transmit switch is normally open. We choose to have the circuit in the receive 
position normally, because everyone spends a lot more time receiving than 
transmitting, The relay is energised only when you are transmitting, 


There are three RF sockets — one for the transmitter, one for the aerial, and 
one for the receiver. When the transmitter is not in use, there is a direct 
connection (via the Rx normally closed contacts of the relay) between the 
aerial and the receiver. The transmitter (which is not keyed at this time) is 
connected to a 50 ohm dummy load, RI 


When the transmitter is activated by pressing the Morse key, an RF signal 
appears at the transmitter socket. The wire carrying the signal to the relay 


Relay contacts 
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ire 2 Component details 


‘Tx contacts passes through a toroid (a ferrite coil former, looking like a 
black Polo mint), which has a five-turn coil wrapped around it. This five~ 
turn coil picks up the signal, which is then detected by D1 and D2, and 
converted to a steady voltage. C1 removes any remaining RF and C2 
provides hang. Without it, the circuit would detect the gaps between every 
dot and dash being sent, and switch the aerial over very rapidly and very 
frequently! This is not what we want. We need the relay to remain in the 
transmit condition at normal Morse keying speeds, and then return to 
receive when the sending is complete. The combination of C2 and R3 


The voltage appearing across C2 is fed to a VMOS field-effect transistor 
(FET), TR1, which acts as an electronic switch. When a voltage appears 
across C2, the FET switches on and passes a current through the relay coil, 
changing the contacts from receive to transmit. The diode, D3, across the 
relay winding protects the FET from being damaged by the large reverse- 
voltage spike which occurs across the coil when the FET switches off. 


Construction 


This is very simple ~a circuit board is not required. The prototype was built 
into an old 50g tobacco tin. All ground leads are soldered directly to the tin, 
thus supporting the components automatically. Phono sockets were used for 
the aerial, receiver and transmitter; you could use whatever connectors 
matched the rest of your station. The 12 V supply is fed through the tin 
using a 1000 pF feed-through capacitor, C3. 


The ‘dummy load’, R1, must be able to withstand the RF output power of 
the transmitter. For novice use, 4 watts is adequate. Two suggestions for 
making up R2 from standard resistors are shown in Figure 2. Six 330 ohm, 
1 watt resistors in parallel have a combined resistance of 330/6 = 55 Q at 
6W. Two 100 ohm, 2 watt resistors in parallel have a combined resistance 
of 100/2 = 50 © at 4W. 


VNIOKM — 
= 
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Suggested ways to make RI 


Figure 3 Receiver input 
protection 


‘An RF changeover circuit 


Make sure all the contacts to the relay are correct; also ensure that TR1, C2, 
D1, D2 and D3 are correctly wired. 


‘Winding the toroid, L1, is very simple. It is made from PVC-insulated hook- 
up wire. Each time the wire passes through the centre of the toroid counts 
as one turn. The wire from the transmit socket to the relay simply passes 


through the centre! Use thin 50 Q coax for the leads to the three sockets. 


What happens to the receiver? 


On transmit, the receiver is not connected to the aerial, but is only the 
separation of the switch contacts (about 0.5 mm!) away from the transmit 
ead. The receiver will pick up the transmitted signal, and there 
possibility that this signal will be enough to damage the receiver’s sensitive 
input circuits. This can be prevented with the simple addition shown in 
Figure 3. Two diodes are connected back to back across the receiver socket. 
These act as a limiter, reducing the amount of signal that can enter the 


receiver. Solder these directly between the receiver socket and the tin. 


OC Receiver | 


Déand 05... | 
Loy. IN916 or 
similar 


Warning 


‘The wiring must be thoroughly checked. If the relay switch connections are 
wrong, there is a great probability that the full RF power will be applied to 
your receiver! You can check these connections as follows. With the 12V 
supply connected, check that the relay energises (clicking sound heard) 
when the FET drain (d) is shorted to earth. Check the aerial and receiver 
connections with an ohmmeter or continuity tester. Disconnect the 12V 
supply, and check that there is continuity between the centre pins of the 
aerial and receiver sockets. Reconnect the 12 V supply, short the FET drain 


to earth again (this will not damage the FET) and check that there is 
continuity between the centre pins of the aerial and transmitter sockets. If 
these tests show correct operation, disconnect the drain shorting wire (most 
important!) and your aerial auto-changeover is ready for use! Avoid using 
the device without the lid fitted. 
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Parts list 


Resistors: 0.25 watt, 5% tolerance, unless otherwise stated 


RI 50 ohms (02) ~ see text and Figure 2 
RD 1 kilohm (k9) 
R3 10 kilohms (k®) 

Capacitors 
cl 100 nanofarads (nF), 0.1 microfarad (uF) 
C2 47 microfarads (uF) 15 V electrolytic 
C3 1000 picofarads (pF) feedthrough 


Semiconductors 


D1,D2,D4,D5_——-IN914 


D3 1N4001 

TRI VN10KM 
Additional items 

Li 137-43 toroid 


Relay 12 V DPDT (DPCO) relay 
Three sockets to suit (phono, $0239, etc.) 
Thin coax cable and hook-up wire 


A low-light indicator 


Introduction 


This is a simple one-evening project that can be built for the pure fun of it, 
or to use as the basis of a more complex project to switch your shack lights 
‘on when it gets dark! In its prototype form, it simply flashes an LED when 
the ambient light level drops to a preset point. 


Operation 


‘The heart of the circuit shown in Figure 1 is a photo-conductive cell, also 
called a light-dependent resistor (LDR), a device whose resistance changes 
according to the amount of light falling on it. In bright light, the resistance 
is low (about 1k), whereas in the dark, its resistance is very high (up to 
10MOQ). The cell is made from a semiconducting material known as 
cadmium sulphide (CdS), and is enclosed in a small plastic container. The 
semiconductor is laid on a flat insulating surface in the form of a small flat 
ribbon. The ribbon construction gives a good area of surface for a given 


igure 1 Circuit diagram 


igure 2 Component layout 
on tagstrip 


A low-light indicator 


Te 


ov 
PP3 
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length of ribbon, and the length of the ribbon is maximised by laying it out 
in a zig-zag pattern, as can be seen diagrammatically in Figure 2. In the 
dark, CdS is an insulator; when light falls on it, electrons are released inside 
the CdS, making it conduct. The more light there is, the more electrons there 
are, and the resistance falls. 


In this circuit, the LDR is connected across the 9V supply in series with a 
variable resistor, VR1. In this arrangement, the voltage that exists across the 
LDR will be determined by the light level. As the light intensity increas 
the resistance of the LDR falls, dropping a smaller voltage across it. The 


= to TRI collector 


Battery 


rece ov8 Battery ~ 


“7 


Radio and Electronics Cookbook 


148 


reverse happens when the light intensity falls ~ the voltage across the LDR 
increases. This voltage is used to drive an npn transistor, TR1, connected as 
an electronic switch. As the voltage on the base (B) rises, it will reach a point 
where TRI will suddenly start to pass current, just as an ordinary switch 
does when pressed. The current flowing through TR1 also flows through a 
flashing light-emitting diode (LED), D1 and its series resistor, R1. D1 can be 
a steadily glowing type, if preferred. If you want to make the circuit switch 
the LED on at a different ambient light level, adjust VR1. 


Construction 


‘The prototype was made on an eight-tag tagboard (Figure 2). The resistors 
RI and R2 can be laid on the tagboard for soldering, the rest of the 
‘components lying above or to the side of the board. Check the circuit after 
you have soldered everything on, then connect the battery. The LED should 
flash if you put your hand over the LDR, and VR1 can be adjusted to vary 
the point at which the LED lights. The project can be housed in a small 
plastic box with holes provided for the LDR and LED and an on/off switch 
if you want one. 


Parts list 


Resistors: all 0.25 ohm, 5% tolerance 


RI 220 ohms (0) 
R2 1 kilohm (kQ) 
VRI 22 kilohms (kQ) linear pre-set 


Semiconductors 
LDR ORP12 
TRI 2N3053 npn 
LED1 Flashing LED 


Additional items 
Plastic box 
Tagboard with 8 tags 
PP3 battery connector 


AA low-light indicator 


43 A J-pole aerial for 50 MHz 


Introduction 


For FM communication (ie. voice and data) on the VHF bands, a vertical 
aerial is used to give all-round (non-directional) coverage. This is a half- 
wave aerial which can be fed at the end, thus removing the principal 
problem with the conventional vertical centre-fed half-wave dipole, which 
is that the feeder should leave the dipole at right angles. This is no problem 
when the dipole is horizontal, but can be difficult for the vertical dipole. 


Basic facts 


ler must be connected to an aerial at a point where the impedance 
tance’) of the aerial closely matches that of the feeder. The 
difference between the two impedances gives rise to the voltage standing- 
wave ratio (VSWR), which is unity only when the two impedances are the 
same. With 50 0 feeders, the feed point of a half-wave aerial is at the centre, 
the aerial impedance is around the same value. At the end of a half- 
wave aerial, the impedance is high, so it is not a suitable point to connect a 
50 © feeder. 


Connection at this point can be effected using an RF transformer. RF 
transformers act in the same way as ordinary transformers, except that they 
are much smaller, and usually comprise wires of particular lengths adjacent 
to each other. Figure 1 is a good starting point. It shows the aerial in its 
diagrammatic form. Notice that the aerial is in the form of an elongated 
letter ‘J; this shape gives rise to its nickname - the J-pole. The quarter-wave 
RF transformer is the lower ‘U’ section below the half-wave element. At the 
bottom of the U section, the impedance is zero (this may become clearer 
later) and at the top of the U section it is high, thus matching the aerial 
impedance. The coaxial feeder cable is connected part-way up the U section, 
where the impedance is around 50.0. 


The practicalities 


Figure 2 shows the aerial as constructed. As it is about 4.5 metres high, it 
may be too high for the average house loft, but is ideal for mounting 
outside, supported by a non-metallic pole or hung from a tree branch. The 
upper half-wave section is made from 1.5mm insulated copper wire, as 
used in domestic mains wiring. The quarter-wave transformer below the 
half-wave section is made from 300 © balanced line (‘ribbon cable’). The 
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Figure 1 Overall dimensions 
of the 6 metre J-antenna 
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145em 


45cm 


wires at the bottom of the transformer section are stripped of their 
insulation, twisted and soldered. At the upper end, only one wire of the 
balanced line is soldered to the bottom of the half-wave section. The other 
wire of the pair is not connected and is left insulated. 


At the feed point of the transformer, the insulation needs to be carefully 
stripped from the balanced line. You will need a standing-wave meter (VSWR 
meter) in the coaxial line between your transmitter and the aerial, and you 
will need to adjust the position of the feed point. 45 cm from the bottom was 
the best point on the prototype, but this position is dependent upon the 
immediate surroundings of the aerial, and must be done when the aerial is in 
its final operating position. Warning: Never make adjustments to the feed 
point when the transmitter is on. Make a VSWR measurement, switch off, 
move the feed point, switch on again, make another measurement, and so on. 
You will need to aim for the lowest VSWR you can - certainly better than 2:1. 
Having found the best position, wrap all the exposed wires with self- 
amalgamating tape, to seal them against the ingress of moisture. 


Selected Papers: advanced Antenna System Technology 


Recent Antenna System Technologies for 
Next-generation Wireless Communications 


Koichi Tsunekawa* 


Abstract 

This paper describes the requirements of the antennas or antenna systems in recent high-speed and 
high-capacity wireless communication systems and the key technologies for satisfying them, It also 
explains the antennas and antenna systems being researched and developed for next-generation wireless 
communication systems. The antenna in such a system requires high gain, high-efficiency antenna ele- 
ments and a multi-antenna design. This paper introduces a high-efficiency antenna created by integrat- 
ing it with a monolithic microwave integrated circuit (MMIC) in a millimeter-wave frequency-band sys- 
tem, a multi-antenna system for the multiple-input multiple-output (MIMO) technique that enables mul- 
tiple data transmission for land mobile communication systems, and a beam-scanning antenna for satel- 
lite communication systems. It also explains the general research and development trend of antenna sys- 
tems and technical problems in each wireless system as an introduction to the other selected papers in 
this issue. 


1. Introduce 


s equipment, as shown in Fig. 1. How- 


Wireless access technologies have advanced rapid- 
ly [1] and broadband wireless communication sys- 
tems have become popular in our daily lives. An 
antenna is a very important component of a wireless 
system because it acts as the input and output inter- 
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ever, system performance is determined by the total 
performance of each component, such as the antenna 
and the radio-frequency (RF), intermediate-frequen- 
cy (IF), and baseband (BB) units. For recent high-per- 
formance wireless systems, overall system design has 
been essential. Accordingly, the antenna must not 
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How it performs 


Figure 3 shows a computer prediction of how the J-pole radiates. It is 
called a polar diagram, and shows the distribution of your transmitted 
power when viewed ‘from the end of your garden’. Most of your signal is 
sent at a fairly small angle to the horizontal; very little signal goes upwards, 
which isa good thing, of course. This also shows why the J-pole (or any 
other vertical aerial) should not be called ‘omnidirectional’, which means 
it radiates in all directions. It is omnidirectional only in the horizontal 
plane. 
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Figure 3 This polar diagram 
computed for the J-pole 
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Safety 

‘Where you mount your aerial is a matter of personal preference and the 
restrictions of height and space, but the following safety rules must be 
applied. 


1, Never fix an aerial where it may come into contact with power lines or 
telephone lines. 

2, When climbing a ladder to put up an aerial outside, make sure the ladder 
is safe and that it is secured. 

3. Don’t do this alone. Preferably have someone with you. If this is not 
possible, make sure someone knows where you are. 


Parts list 

3.00 metres. ‘1.5mm insulated copper wire 
1.50 metres 300 ohm balanced line 

As required 50 ohm coaxial cable 

As required _Self-amalgamating tape 


Measuring light intensity — the photometer 


44 Measuring light intensity — 


Figure 1 Circuit diagram of 
photometer 


the photometer 


Introduction 


Before the days of automatic ‘point-and-shoot’ cameras, a photographer 
would use a light meter or photometer to measure the light level, then 
manually convert this reading into shutter speed and lens aperture settings 
to ensure a correctly exposed negative. Modern cameras have quite 
sophisticated photometer, which control the shutter speed and iris 
settings automatically. 


A short explanation 


A simple photometer circuit is shown in Figure 1, and is based on a device 
called a light-dependent resistor, or LDR. As its name tells us, its 
resistance depends upon the amount of light falling on it. In bright light, 
the resistance is relatively low (about 1k), whereas in the dark, its 
resistance is very high (up to 10MQ). The cell is made from a 
semiconducting substance known as cadmium sulphide (CdS), and is 
enclosed in a small plastic container. The semiconductor is laid on a flat 
insulating surface in the form of a small flat ribbon. The ribbon 
construction gives a good area of surface for a given length of ribbon, and 
the length of the ribbon is maximised by laying it out in a zig-zag pattern. 
In the dark, CdS is an insulator; when light falls on it, electrons are 
released inside the CdS, making it conduct. The more light there is, the 
more electrons there are, and the resistance falls. 


©nsce ore — VRI 
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The photometer circuit 


The circuit is simply a series connection of four things ~ the battery, the 
LDR, a variable resistor and a meter. A switch is also provided. The 
combination of the LDR resistance and that of VR1 determines the current 
flowing, which is indicated on the meter. Altering the resistance of VR1 sets 
the sensitivity of the photometer ~ you may want full-scale deflection of the 
meter needle for a bright light, or for a dim light. 


It is simple to make, and a plug-in type matrix board is ideal to test the 
circuit, so that you can decide if you want to make a permanent version. 
Connect all the components in series; the only change you may want to 
make is the connection to VR1. If you find that the sensitivity control seems 
to work ‘backwards’, simply unsolder the wire from the end tag of VR1 and 
solder it to the opposite end tag. Problem solved! 


In use 


As soon as you connect up the battery, you will probably have a meter 
reading because of the daylight falling on the LDR. Shading it with your 
hand should reduce the reading. If the meter needle is hard over against the 
end-stop, turn VR1 until it indicates about half-scale. The LDR is very 
sensitive, and will read zero only in a dark room. If you put on a torch to 
see what the meter reading is, the LDR will detect the torch light, and will 
give a reading! 


Here is a simple project where you can use the photometer in an experiment 
which has an analogy in radio. Draw a circle on a large (A3 or bigger) sheet 
of paper and divide it up into 30-degree sectors, as shown in Figure 2. Draw 
a series of smaller circles which divide the maximum radius into five. Look 
at the figure if you're not sure about this. Bring the LDR away from the 
circuit by using two long, flexible wires. The experiment must be performed 
ina darkened room (preferably in total darkness). Prepare a table with two 
columns, the left-hand one headed ‘Angle (degrees)’ and the right-hand one 
“Meter reading’. Fill in the left-hand column 0, 30, 60 .. . and so on up to 
360°. 


Place the torch in the position shown, with its lens at the centre of the circle 
and pointing along the 0° line; switch it on. Place the LDR facing the torch 
and adjust VR1 until you have full-scale deflection of the meter needle. 
Suppose the meter indicates 10 units at this point. Enter this into your table 
in the 0° row. Keeping the torch the same distance from the circle centre, 
and pointing at it, move the LDR round all 30° positions and record the 
meter readings. Switch off the torch and take the sheet of paper and your 
tabulated results into daylight! 


Lay the large sheet of paper on a table with your results beside it; then, at 
each 30° interval, plot the point along the radius corresponding to the meter 
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reading. Then, join up all the points and you have what is called a polar 
diagram of light intensity. The use of the word ‘polar’ implies that the 
readings have been taken in a circle and plotted that way. 


Light waves and radio waves are both examples of electromagnetic 
radiation. The torch is designed to ‘beam’ its radiation in a particular 
direction, just like an aerial does. Hence the use of the word ‘beam’ for a 
directional aerial. If a similar polar diagram is drawn for a Yagi-type 
aerial, it will show the same general characteristics as does Figure 2, 
namely a main direction (or ‘lobe’) where most of the energy is 
concentrated, with evidence of sidelobes, indicated by ‘lumps’ on the 
otherwise smooth main lobe. 


Also in this book you will find a project for the construction of a UHF field- 
strength meter, which you could use to carry out a measurement of the polar 
diagram of a UHF aerial. 
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Parts list 


Resistor 
VRI 50 kilohms (k@) linear 


Semiconductor 
LDR1— ORPI2. 


Additional items 
‘Meter, 50 or 100 pA, 
Battery clip for single AA cell 
AA cell 


A 70cm Quad loop aerial 


Introduction 
Thi 


a description of how to make an aerial for the 70 cm band which has 
compared with the ‘rubber duck’ or the dipole aerial. It can easily be 
dismantled and reassembled, making it ideal for contest use. 


The principles 


Most aerials which comprise several similar elements arranged along a 
boom are variations of the design originated by Yagi and Uda, and which 


takes the name (for historical reasons) of the former, and is know as the Yagi 
array. Let us suppose we have a Yagi aerial beaming left to right in front of 
us. The elements get progressively shorter from the left (look at almost any 
TV aerial to see this). All the elements on a Yagi aerial are classified as 
follows: 


© The reflector — the leftmost element as we look at the array. It is the 
longest. Next to it is: 

© The driven element ~ this is the element connected to the feeder, which in 
turn runs down to the transceiver. Itis slightly shorter than the reflector. 

© Allthe elements beyond the driven element are called parasitic elements, or 
directors. They are shorter than the driven element and usually get pro- 
gressively shorter as we progress to the right along the boom. The directors 
are mainly responsible for the directivity (or beamwidth) of the array. 


‘A 70cm Quad loop aerial 


The progression from a simple dipole (a driven element in isolation) to a 
Yagi array is simple, but is nevertheless important. To make an aerial of two 
elements, a reflector (not a director) is added to the driven clement. For 
three or more elements, directors are added to the two-element design. 
Adding more and more directors soon becomes impractical, the reduction in 
beamwidth (such as it is) does not warrant the extra expense, weight and 
wind resistance that is incurred. 


Instead of using linear (straight) elements, as in the generic Yagi, this design 
uses loops. Designs using squares of wire instead of loops are known as 
‘Quad aerials, and HF designs require large X-shape frames to support the 
large squares of wire. At 70cm, however, the use of wire loops is easier, and 
they are self-supporting. 


Construction 


This is quite simple. Any type of material (metal, plastic, wood) can be used 
for the boom (the support for the elements) and for the mast. The elements 
are made from 14 SWG enamelled copper wire. 16 SWG hard-drawn aerial 
wire, which is not enamelled, has also been used with success. Thinner wire 
might result in a rather “floppy” aerial! The separate parts of the aerial are 
held together with jubilee clips (hose clips). 


The driven element is secured to the boom with a jubilee clip and a three- 
connector plastic connector block as shown in detail in Figure 1, and in the 
photograph. Cut the wire for the driven element 70mm longer than the 
700mm indicated in Figure 1. Then, using sandpaper, remove the enamel 
from one end to a distance of 20mm, and from the other to a distance of 
50mm, After forming the loop of the driven element, bend both stripped 
ends through 90°, and insert them into the first to holes of the plastic 
connector block (Figure 1), Do not tighten the screws yet. Push both ends 
into the block as far as they will go, then bend the 50mm end back on itself 
and pull the ends back through the connector block so that the end you have 
just bent goes into the third hole in the block. Now tighten the screws in the 
block and in the jubilee clip. 


Each director and the ret 


ector should be made 40mm longer than the 
circumferences shown in Figure 1. Strip the enamel, as before, from the last 
20mm at each end. Form the wire into the loop, slip the ends under the 
jubilee clip (Figure 1) and tighten it. You may find that it helps to solder the 
stripped ends together before securing the jubilee clip. 


The boom is fixed to the mast using jubilee clips and wire, as shown in 
Figure 1. Solder the feeder cable to the driven element, with the braid 
soldered to the end of the driven element which is connected to the boom 
(this applies to metal booms; with plastic or wooden designs, the feeder 
connections are not critical). 
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Figure 1 70 cm 4 element quad construction, with detail of how hose clamps are used in the construction 


You will need a plug on the shack end of your fe 


sder to suit the transceiver, 


aerial tuning unit (ATU) or the standing-wave meter (SWM) you are using. 
Always connect these in the order: transceiver — SWM — ATU — aerial. 


Testing 


Always test aerials outside and away from buildings (if possible!). This 


avoids getting misleading results. 


Use a rubber duck, or whatever aerial you usually use, and tune around to 
find a repeater or beacon signal which is consistent. Note the reading on the 
S-meter. Then, connect your new Quad loop. Rotate it to give the strongest 


varies as you rotate it. How does the 


-meter reading (don’t forget it is directional). Verify that the meter reading 
-meter reading compare with the 


original reading? Much depends on the siting of your original aerial; if you 
are comparing your Quad loop at ground level with a vertical on the 


chimney, you wouldn't expect your new aerial, 


outperform a vertical which is well elevated! 
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‘A 70cm Quad loop aerial 


‘Now a test on transmit is called for. The use of an SWR meter is essential 
here. Find a clear frequency and check that it really is clear before 
announcing your presence and carrying out the test. A reading of 1:1 is 
excellent, but any value less than about 1.8:1 would be acceptable. You can 
measure the directivity of your aerial using the field strength meter, also 
described in this series. 


Materials 


4 metres of 14 SWG enamelled copper wire 
‘Material for boom and mast 

15 amp connector block 

7 Jubilee clips 


The enamelled copper wire is available from AA&A Ltd, Sycamore 
House, Northwood, Wem, Shropshire SY4 SNN. Everything else is 
available from most hardware stores. 
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Figure 1 Construction of the 
UHF field strength meter 
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Introduction 


It is always interesting, and often useful, to know just where the radiation 
is going from your aerial. How much of your radiated energy is going in the 
general direction of the station you are in contact with, and how mucl 
being effectively wasted? Some of these questions can be answered with 
the use of a field strength meter. A field strength meter is simply a receiver, 
stripped down to its bare essentials, such that it responds only to the 
magnitude of the carrier. The use of a field strength meter assumes that the 
aerial under test is radiating a continuous carrier. Don't forget to find a 
clear frequency and identify your transt at least every quarter-hour, 
in order to comply with the terms of your licence. 


Description 


Two types of field strength meter are shown in Figure 1. You will 
recognise both circuits (Figure 1b particularly) as being types of ‘crystal 
set’ with a meter replacing the headphones. Figure 1a is a broad-band HF 
design (there is no tuning provision) and Figure 1b is tuned in the same 
way as the crystal set; with a loop of wire as an aerial, it will perform well 
in the VHE/UHE range. 


ge oasi 
ba qt 
(a) (b) 


A tuned field strength meter also doubles as an absorption wavemeter if it 
is well calibrated. Such devices are useful for detecting transmitter 
harmonics also. This design is intended for use in the UHF band, so it will 
have to be sensitive around 432 MHz. 


for Next Wireless Communications 


only have antenna elements with high-performance 
characteristics, but must also perform effectively as 
an antenna system in conjunction with the RF, IF, and 
BB units. New functions can be added through anten- 
na system design: for example, appropriate radiation 
pattern control provides a large system capacity by 
using baseband signal processing and an antenna ele- 
ment with an integrated RF circuit provides high gain 
without feeder loss, 

‘The selected papers in this issue describe the latest 
antenna and antenna system technologies for achiev- 
ing high performance. Two of the papers present 
beam-scanning antenna systems in satellite broad- 
band communication, Beam scanning is carried out 
using by two methods: one [2] uses a variable active 
device or tunable reactance device incorporated into 
the antenna element, which has high-speed electron- 
ic control while the other [3] uses mechanically con- 
trolled antenna movement, which has a very precise 
direction control function, Another paper [4] intro- 
duces an active integrated antenna system with an RF 
circuit, which provides high gain and high efficiency, 
for a high-capacity millimeter-wave transmission 
system. And two papers describe a multiple-input 


multiple-output (MIMO) antenna system for obtain- 
ing high-speed transmission and high system capaci- 
ty in the land mobile communication system from the 
viewpoints of beamforming techniques [5] and 
implementation methods [6] 

As an introduction to these advanced antenna tech- 
niques, this paper provides a general explanation of 
the requirements of antennas and antenna systems in 
recent high-speed and high-capacity wireless com- 
munication systems and the key technologies for sat- 
isfying these requirements. It also describes current 
antenna systems and NTT’s antenna research results 
for typical wireless systems. 


2, Antenna requirements in recent wireless 
communication systems 


‘The trend of wireless systems is shown in Fig. 2. 
This indicates the typical system transmission speed 
and number of antennas needed to achieve a particu- 
lar system performance for each operating frequency. 
Wireless communication systems are moving towards 
high transmission speeds and high capacity by using 


higher system frequencies to enable a wide frequency 
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Fig. 2. Advances of terrestrial wireless communication systems and their relationship to antenna technologies. 


Vol. 3 No.9 Sep. 2005 


A UHF field strength meter 


Construction 


‘The field strength meter comprises a loop of wire, 600 mm long, which acts 
both as aerial and as the tuning inductance, a diode, a capacitor, a connector 
block, a meter and a length of twin wire. All the components, with the 
exception of the meter, are fixed to a pole with a jubilee clip, as shown in 
Figure 2. The meter should have a sensitivity of between 50 pA and 100 mA, 
or a multimeter can be used. The multimeter is more flexible, as you can 
select different current ranges, giving you a range of sensitivities. 


Using the field strength meter 


Connect your meter to the ends of the twin wire from the pole. Place a hand- 
held transceiver about 2 metres away, and press Transmit. If there is no 
meter reading switch off the transmitter and check the wiring. If the needle 
attempts to go negative, simply reverse the wires to the meter. If the reading 
is too high, either move the transmitter further away, or increase the current 
range on the multimeter. Try changing the orientation of the transmitter 
aerial, and note how the signal varies. 
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To measure the polar diagram (a graph of the signal strength against the 
angle between the aerial boom and the field strength meter, plotted on polar 
axes) of a beam aerial, mount the loop as far away from the aerial as you 
can, preferably at the same height, and rotate the aerial, say 15 degrees at 
a time, and record the signal strength, until the aerial has been turned 
through 360 degrees. If you need help plotting the graph, enlist the help of 
a friend who has done it before, or one who knows about polar graphs! If 
you have already built the Photometer project, you will have measured and 
plotted the polar diagram of the light intensity from a torch. Now you will 
see the great similarity! 


Parts list 


Capacitor 100 picofarads (pF) 

Diode Germanium, OA79 or OA91 

Connector block 10, 3-way 

Wire 600 mm of 16 SWG enamelled copper 
Length of twin cable for meter connection 

Clip Jubilee (hose) clip 


Christmas tree LEDs 


Introduction 


A novelty ideal for the festive season, this circuit causes one LED at a time 
to light up around a small cardboard Christmas tree. 


Warning 


This circuit uses members of the integrated circuit family known as CMOS 
(complementary metal-oxide semiconductor). These use very little current 
and can be completed destroyed if they come into contact with the 
magnitudes of static electricity that most of us carry about when we walk on 
carpets and wear rubber shoes. You will never know if this wanton 
destruction has happened ~ all you will discover is that your circuit doesn’t 
work and that you have tested everything. To avoid this problem do the 
following things: 


Christmas tree LEDs 


1, Before you open the little packet in which each IC is supplied, touch 
something which you know to be earthed ~ the metalwork of any 
equipment which is mains-earthed, for example. Then open the 
packet. 

2. Let the IC fall gently on the bench ~ don’t pick it out with your fingers. 
Touch your earthed metalwork again. Pick up the IC and insert it gently 
into its holder. 

3. Repeat the process with the second IC. 


The circuit is safe from destruction while it is connected to the battery. 
However, when the battery is removed, the same care should be exercised 
with its handling, because there are no supply decoupling capacitors across 
each IC. 


Description 


Figure 1 shows the layout, and how the wires are connected from the circuit 
board to the LEDs around the tree. The circuit, shown in Figure 2, is quite 
complicated, so you need to be confident in your logical approach to circuit- 
building before you attempt this one! It uses two common integrated 
circuits (ICs). IC1 is simply an oscillator which provides timing pulses for 
1C2, which ‘counts’ up to a maximum of 10. The outputs of the counter are 
indicated by light-emitting diodes (LEDs); red, orange, yellow and green are 
common colours which you can use. 


‘The circuit is built on a single piece of Veroboard measuring 29 holes by 12 
strips. Be aware that there is no strip labelled ‘T, so don’t make mistakes in 
your counting! 


First of all, cut the tracks in the positions shown in Figure 1 using a 3mm. 
(% inch) twist drill rotated between thumb and forefinger. Then, solder in 
the IC sockets, the notches facing row M. Wire up and solder in the links 
and then the Veropins for the connections to the LEDs and battery. Having 
done this, the resistors and the capacitor should be fitted. When wiring the 
LEDs, each cathode (the lead adjacent to the ‘flat’ on the LED encapsula- 
tion) is connected to R4, and the anodes go to separate pins on IC: 


Testing 


Hold up your circuit board to the light and check carefully for solder 
bridges between adjacent tracks. Then check again that the wiring is correct. 
Place the ICs in their holders, with the notched ends lining up with those on 
the holders. Connect the battery, and the LEDs should illuminate in 
sequence. 

If you have no success, you are now wishing you had checked the circuit 
more carefully! Learn something from your mistake and it will not have 
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Figure 1 Christmas tree, 
component layout 


Figure 2 Christmas tree, 
circuit diagram 
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Christmas tree LEDs 


been in vain! The first thing to check is that the LEDs are the correct way 
round. If that is OK, then check the positions where the tracks are broken 
(intentionally!). After that, are the wire links in the right places ~ had you 
forgotten there is no row ‘T? Check all the wiring, then check again for 
solder bridges, and switch on again. One of these tests should have revealed 
a fault. If it still refuses to work, perhaps one (or both) of your ICs were 
damaged by static electricity, despite your precautions — or did you choose 
to ignore them? 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI 680 kilohms (k®) 
R2,R3_—__ 10 kilohms (k0) 
R4 470 ohms () 
Capacitor 
cl 0.47 microfarad (F) min, metallised polyester film 
Semiconductors 
Ic 4011 
102 4017 


Additional Items 
DI-D7_—_-Smm LEDs in choice of colours 
14-pin DIL socket for IC1 
16-pin DIL socket for IC2 
PP3 battery clip and battery 
Veroboard, Veropins 
Insulated wire for links 


165 


Radio and Electronics Cookbook 


48 An audio signal injector 


ire 1 Circuit diagram of 
the signal injector 
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Introduction 


‘An audio signal injector is a device used to test audio frequency circuits. It 
is simply an oscillator running at a frequency in the audio range, so that 
output is fed to the input of an amp will produce a sound 
in the loudspeaker if the amplifier is working. The oscillation is so rich in 
harmonics that the signal can also be heard (sounding rather different) 
jected into an RF circuit. 


‘The circuit is shown in Figure 1, and is a basic astable multivibrator, a free- 
running oscillator producing a roughly rectangular-wave output. The two 
transistors, TR1 and TR2, operating as switches, switch on and off 
alternately at a frequency around 500 Hz. The prototype was constructed 
on plain matrix board (no copper strips), as illustrated in Figure 2. 


Both transistors are type BC108, which are only a few pence each new, and 
can be found at almost any rally. You can add an on/off switch, or simply 
disconnect the battery when you are finished using it. To make the unit in 
one piece, the battery can be taped to the board, as the diagram shows. 


The probe itself is made from a short piece of stiff insulated wire, soldered 
to a tag on the board; an carth lead is also soldered to the board, and 
terminated in a crocodile clip to attach to the ground lead of the equipment 
under test. 
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Figure 2 Component layout of the signal injector 


Using it 

After checking the wiring of the circuit, connect the battery. Find a transistor 
radio that is known to work. Carefully remove the case, switch on and apply 
the probe to the centre tag of the volume control. A very loud buzz should be 
heard from the speaker, indicating that the audio circuits of the radio are 
working. Using the injector to fault-find equipment you have made yourself is 


rather more instructive and rewarding, because you know where to inject the 


signal, and you should know what to expect when you do. 


Warning 


Do not work on any equipment connected to the AC mains. Work only on 
battery-powered circuits, for your own safety. 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


R1,R4 10 kilohms (kO) 
R2, R3 330 kilohms (k®) 
Capacitors 


C1, C2, C310 nanofarads (nF) or 0.01 microfarad (uF) ceramic 
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Semiconductors 
TRI, TR2 — BC108 


Additional items 
PP3 battery and connector 
Matrix board 10cm by 3cm 
6BA solder tags 
Thick insulated wire for probe 
Crocodile clip 


Standing waves 


Introduction 


Everyone has, or should have, a standing-wave ratio (SWR) meter as part of 
his/her array of test gear. Most people know how to use it, but what does 
it really do? 


Before attempting to answer that question, we need to look at some aerial 
fundamentals. An aerial is a transducer, the word meaning ‘to lead across 
We use it whenever one form of energy is converted into another form. A 
bulb is a transducer; it converts electrical energy in the filament to radiated 


heat and light energy. Figure 1 shows the situation. 


An aerial, or antenna, is also a transducer; it converts radio-frequency (RF) 
energy in the feeder (or transmission line, to give it its proper name) into 
radiated electromagnetic energy, in the manner shown in Figure 2. The 
aerial has resistance, just like the bulb filament, and if the filament had zero 
resistance, there would be no radiated energy. In the same way, if the aerial 
had no resistance, there would be no radiation from it. 


‘Transmission lines should convey RF energy from transmitter to aerial with 
the coaxial 


the minimum power loss. A common form of transmission lin 


wre 1 The light bulb 
converts electrical energy to 
electromagnetic light energy 


Figure 2 The antenna 
converts RF current to 
electromagnetic radio waves 
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cable. As you might expect, any feeder cable has a DC resistance caused by 
the resistance of the copper wire from which it is made. It also has an AC 
resistance, caused by the capacitance between the centre conductor and the 
braid, and by the inductance of the cable itself. This means that the feeder 
has an impedance, which is constant for the particular type of cable. This is 
what we call the characteristic impedance and, for the cables used in most 
amateur radio applications, it is 50 0. 


If this impedance can be made the same as that of the aerial (itis already the 
same as the impedance of the transmitter output), then the transfer of 
energy will occur with minimum loss. If the aerial and cable impedances are 
not the same, then there is a mismatch, which causes some of the RF energy 
to be reflected back towards the transmitter. We now have a situation wher 
RF energy is flowing along the cable from the transmitter to the aerial (the 
forward wave) and, at the same time, flowing from the aerial to the 
transmitter (the reflected wave). The two waves interact along the cable and 
form a stationary pattern of voltage and current. The pattern is known as a 
standing wave, and can be visualised from the waveforms in Figure 3. The 
ratio of the maximum voltage to the minimum voltage on a given wave 
defines the voltage standing-wave ratio (VSWR), or just standing-wave ratio 
(SWR) for short. 


The SWR meter is easy to use. It is positioned in the feeder between the 
transmitter and the aerial tuning unit (ATU) if there is one, or between the 
transmitter at the aerial otherwise. Most meters have a single meter and a 
four position switch. The transmitter is first keyed and, with the switch in 
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the ‘calibrate’ position, the sensitivity control is adjusted to give full-scale 
deflection on the meter. The switch is then changed to “forward? to read the 
forward power, to ‘reflected’ to read the reflected power, and to ‘SWR’ to 
read the value of the standing-wave ratio. When there is no reflection (see 
Figure 3), the meter should read 1:1 or, simply, 1. 


Most SWR meters remain in the feeder line while the transmitter is 
operating, so the condition of the aerial and feeder can be constantly 
monitored. Problems with the aerial (such as water entering the feeder at its 
junction with the driven element) are immediately shown up. Without the 
use of the SWR meter, the situation would slowly deteriorate over several 
months and you would be left wondering why so few stations were 
answering your calls! 


50 A standing-wave indicator 
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for HF 


Introduction 


The standing-wave ratio (SWR) meter shows how well the aerial system, 
including the feeder, is matched to the output of the transmitter. This 
design does not measure SWR, but it gives an indication of when the SWR 
jum for a given system of aerial and feeder. The design is usable on 
bands from 1.8 to 28 MHz, and can be used at 50 MHz with reduced 


Selected Pupers 


band and using advanced system technology to 
achieve high quality and signal multiplexing. The 
antenna requirements for these system properties are: 

+ High-gain and high-efficiency technology 

+ Multi-antenna technology 

Increases in the gain and efficiency of an antenna 
are offset by higher propagation loss at high frequen- 
cies, so the received signal level needs to be higher. 
High gain is an age-old problem in antenna research 
and development. Multi-antenna technology 
improves the receiving signal quality and provides 
multiplexed signal transmission by using an antenna 
system that includes RF circuits, BB units, and anten- 
na elements, 


2.1 High-gain and high-efficiency antenna 
‘Theoretical and experimental antenna gain and effi- 
ciency characteristics are shown in Fig. 3. The depen- 
dences of gain and beamwidth on horn dimension 
L(A) in a relatively large antenna are explained in Fig, 
3(a) [7]. When L is more than 0.5 times the wave- 
length, the antenna’s efficiency is about 100%; a larg- 
er antenna provides higher gain. However, the high- 
gain radiation pattern leads to a narrow beamwidth, 
Therefore, a mobile terminal needs to use beam-scan- 
ning or beam-tracking techniques to follow the trans- 
mitter while the terminal moves. On the other hand, 
the efficiency decreases if the antenna size is less than 
0.5 wavelengths. The bandwidth of a linear dipole 
antenna versus its efficiency for various antenna sizes 
(D: diameter) is shown in Fig. 3(b). This graph was 
estimated from theoretical limits [8] and many exper- 


imental results. The antenna efficiency becomes 
approximately 5 dB when antenna bandwidth of 
10% is provided using a linear dipole antenna with a 
length of 0.3 wavelengths. This figure shows that the 
efficiency and bandwidth have a tradeoff relationship 
and that the efficiency drops greatly as the antenna 
size decreases. Therefore, some clever ideas for the 
antenna element structure are needed to overcome 
these weak points. 


2. 


Multi-antenna system 

A multi-antenna system has several antenna ele- 
ments, but it does not merely work as an ordinary 
array antenna. The performance requirements are sat- 
fied because the antenna system includes RF cir- 
cuits, BB units, and antenna elements. The antenna 
element technologies and the multi-antenna system 
are shown in Fig. 4. In the antenna element, a high 
gain can be achieved by improvements to the antenna 
element structure, for example, by using a new mate- 
rial, adding a parasitic element, or integrating an RF 
circuit (Figs. 4(a)-(c)). The antenna shown in Fig, 
4(c) is called an integrated antenna. It can control the 
radiation pattern as well as provide high gain by elim- 
inating feeder loss. In a multi-antenna system (Fig. 
4(d)), the radiation pattern is controlled by baseband 
signal processing, so the pattern of each wireless 
channel can be controlled by each baseband channel, 
Furthermore, it is possible to get multiplexed signal 
transmission in the space domain by baseband signal 
processing. Multi-antenna systems are generally 
called smart antennas or active antennas [9]. 
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Fig. 3. Antenna gain and efficiency characteristics. 
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Figure 1 Circuit diagram of 
the SWR meter 


A standing-wave indicator for HF 


How it works 


There are two types of wave in any feeder: the forward wave, which travels 
from the transmitter to the aerial; the reflected wave, which travels back to 
the transmitter from the aerial. The presence of a reflected wave is evidence 
that some of your transmitted power is not being radiated, but is being 
returned to the transmitter to be lost as excess heat. When aerial and feeder 


are perfectly matched, there is no reflected wave, and all the power from the 
transmitter is radiated. 


Referring to the circuit of Figure 1, a tiny fraction of the signal is removed 
by the transformer, Tl, and by the capacitors, VC1 and C1. It is then 
detected by the germanium diodes, D1 and D2, and any residual RF 
removed by the capacitors, C2 and C3. The currents through the diode and 
meter (depending on the position of switch, $1) represent the forward and 
reflected signals. VRI acts as a sensitivity control for the meter. 


It pays to shop around for a suitable meter. Surplus ty} 
recorders and hi-fi equipment are usually ideal for this purpo 
would cost several pounds. The more sensitive the meter, the more sensitive 


's from tape 
A new one 


your indicator will be. Meter sensitivity is given by the current required to 
give full-scale deflection (FSD) of the pointer. One with an FSD of between 
50 and 200 micro-amps (j1A\) is suitable for this circuit. The higher the FSD, 
the less sensitive the circuit. 


Construction 


‘The meter circuit and the sampling transformer (see Figure 2) are built and 
mounted on Veroboard of the copper-strip variety. It simplifies construction 
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but reduces the operational range of the meter to below 30 MHz because of 


the capacitive coupling between strips. The board has 13 strips by 30 holes, 
although you can reduce this if you have a smaller case. 


Firstly, cut the tracks at the three points shown, Then insert and solder 


Veropins for connections to the external components, the switch, variable 
resistor and the meter. Solder in the components starting with the resistors 


and followed by the capacitors and the diodes, ensuring that the diodes are 


inserted correctly 


Now you have to wind the transformer, TL, on a small toroidal ferrite core. 
Wind the secondary with 15 turns of 36 SWG enamelled copper wire, 


spaced 


enly over about two-thirds of the former. The turns should not 


overlap, and considerable care must be taken; the wire is very thin, will kink 


easily and will break if you apply too much tension. The ‘primary’ is an 8cm 
length of 50 0 coaxial cable which passes through the toroid on its way 


between the input and output connectors. The braid of the cable is 
connected to the case at only one of the connectors (see Figure 1); this 


prevents the screen and the metal case between the two sockets forming a 


single, shorted turn. 


The ends of the secondary winding must be carefully stripped of their 


enamel with sandpaper, before attaching the toroid to the board with cotton 


or nylon fishing line. On no account must wire be used for this! 


Solder the secondary connections of T1 to the board and thread through the 


coaxial cable ready for soldering to the connectors. 
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The case used was an aluminium box (Maplin LFO2C), but any suitable 
metal box could be used. Aluminium is preferable, as it is easily drilled with 
simple tools. Use standoff insulators to mount the board in the case. Once 
this has been done, the leads from the board to the chassis-mounted 
components can be soldered. So can the coaxial cable passing through the 
toroid. Make the lead from the input socket to VC1 as short as possible. 


Setting up 


You will need a 50.0 dummy load and a transmitter to set up your indicator. 
Connect the transmitter to SK1 and the dummy load to SK2. Set the toggle 
switch, $1, to forward and the sensitivity control, VR1, to mid-travel. 
Switch on the transmitter, and set VR1 for maximum meter deflection. 
Switch to reflected and adjust VC1 until the reading is minimum (ideally 
zero). This completes the setting up! 


Using the indicator 


For setting up an aerial, connect your circuit between the transmitter and 
the cable leading to the aerial. With $1 in the forward position, key the 
transmitter and adjust VR1 for maximum reading on the meter. Switch to 
reflected, and then adjust your ATU to give minimum reflected power. If 
your adjustments are to be made to the aerial itself, to give minimum 
reflected power, you must make a note of the reflected reading, switch off 
the transmitter, make a change to the aerial, key the transmitter, and note 
whether the reflected power is greater or less than before. Then, make more 
changes to the aerial, Never adjust your aerial with the transmitter on. 
Make your adjustments on an unused frequency, and do it as quickly as 
possible, thus avoiding (or minimising) interference to other stations. 


Parts list 


Resistors: all 0.25 watt, carbon 5% tolerance 
(or Maplin 0.6 watt metal film) 
RI,R2 27 ohms (0) 


R3 2.2 kilohms (kO) 
VRI 10 kilohms (kQ) linear 
Capacitors 


220 picofarad (pF) disc ceramic 50 VDC 
0.1 microfarad (F) dise ceramic 50 VDC 
20 picofarad (pF) trimmer 
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Semiconductors 


D1, D2 OA9I germanium 
Additional items 
SI Single-pole changeover (SPDT or SPCO) 
SK1,SK2 Coaxial sockets to suit station standards 


Veroboard ~ 13 strips by 30 holes 
Veropins (7 off) 

Amidon FT 50-43 ferrite toroid 
Meter, less than 200 wA FSD 

36 SWG enamelled copper 
Short length of UR43 or RGS8 coaxial cable 
Insulated stranded wire 


Aluminium box 
Standoff insulators for mounting the board 
Knob for the sensitivity control 


51 A moisture meter 


Introduction 


Dry rot (Merulius Lacrymans) can strike havoc in buildings, causing the 
timbers to decay and crumble to dust — hence the term dry rot. Wood is 
attacked only if its moisture content rises above 20%. 


Construction 


The circuit of the moisture meter is shown in Figure 1. The two probes 
touch the wood, and the current that flows between them depends on the 
moisture content of the wood. If the moisture is sufficiently high, the 
current, after amplification, will be enough to light the LED. 


‘The meter can be made on a piece of plain matrix board (no copper strips), 
as Figure 2 shows. The board is big enough (10cm by 2.5cm) to 
accommodate the PP3 battery, taped on. No case is needed, unless you want 


igure 1 Circuit diagram of 
a moisture meter 


Figure 2 Moisture meter, 
component layout 
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to leave the meter in a damp location for a protracted period! Make sure 
that the transistors and LED are mounted correctly. In Figure 2, the 
connections as shown to TR1 and TR2 are illustrated as if the transistors 
were transparent. An on/off switch is not really necessary, as only a vei 
small current flows when the probes do not touch anything. Use solder tags, 
screwed to the board, to act as probes. 


After the assembly is completed, check your circuit one final time, and then 
connect the battery. Nothing should happen at first. If you lick your 
forefinger and hold it across the probes, the LED should light. 
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Using it 

‘The prototype was compared with a commercial moisture meter, and the 
LED lit when the moisture was around 20%. This was quite fortuitous, as 
the point at which the LED lights depends both on the separation of the 
prol ors. 


's and on the gain of the two transis 


In addition to searching for dry rot, the instrument may be used to monitor 
the moisture in the soil of household plants. In this case, probes made of 16 
SWG copper (not enamelled) should be soldered on to the two tags, and 
should penetrate the soil to a depth of several centimetres, and R1 may 
require adjusting so that the LED extinguishes if the soil is too dry, and 
lights if the soil is sufficiently moist. If you wanted to leave the meter with 
the probes in the soil, an on/off switch would be necessary. 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI 100 kilohms (k®) 

RD 15 kilohms (k0) 

R3 180 ohms (0) 
Capacitor 

cl 0.1 microfarad (mF) polyester 
Semiconductors 

TRI,TR2 —_BC108 

LED Any shape or colour will do 


Additional items 
PP3 battery and connector 
Solder tags (2 off) for probes 
Matrix board 10cm by 2.5em 


Simple aerials. 


52 Simple aerials 


VHF aerials 


For VHF operation, the aerial should be mounted as high as possible, either 
on a mast or on a chimney. For all-round coverage on FM and the local 
repeaters, a vertical colinear is a good choice. For SSB and CW DX operation, 
a horizontal rotatable beam is needed. If satellite working is envisaged, you 
will need to contemplate mounting an elevator on top of your rotator, so that 
your beam can point in any direction, including vertically upwards! An 
advantage of satellite working is that the aerials do not necessarily have to be 
upin the air, provided you have a relatively uncluttered site. Your rotator and 
levator can be at ground level, which is good! 


If the VHF acrial is mounted on the chimney, use a double mounting 
bracket, particularly if you have a beam and rotator. Keep the TV, broadcast, 
FM and amateur aerials as far apart as possible, and keeping the feeders 
separated is also a good plan. 


The dipole aerial 


One of the simplest types of aerial for single-band operation is the half-wave 
dipole. (The name ‘dipole’ simply means ‘two poles’ or ‘two elements’, and 
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Figure 1 Layout for a dipole 
aerial 
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in this case the total length of the dipole is approximately half a wavelength 
at the operating frequency.) It is usually fed in the centre by coaxial cable as 
shown in Figure 1. The length of the dipole for the lowest frequency in each 
band is shown in Table 1. Normally, the length of the aerial will be 
‘trimmed? to be tuned to the centre frequency of the part of the band in 
which you will operate. This is done using the data in the right-hand column 
of Table 1. As an example, suppose you wanted your aerial to be resonant 
at 3.7MHz. The table gives an overall dipole length of 42.86m for 
3.5 MHz. To resonate the aerial 200kHz higher, then this length must be 
shortened by 2 x 0.595m = 1.190m, Your dipole would thus be 41.67m 
long. Remember to allow extra wire for fixing the dipole ends to the 
insulators. 


Table 1 Dipole lengths for lowest frequency of each band and the length to be 
trimmed from each to raise the resonant frequency by 100 kHz 


Band Dipole length Trim each end 
(mttz) (m) (mm/10 kz) 
18 83.33, 2190 
35 42.86 595, 
7 21.43 150 
0 1485 70 
“ 10.71 35 
1B 833 20 
a 714 5 
24 6.03 2 
28 5.36 0 
50 3.00 6 


ire 2 Possible layout for 
a dipole aerial in a confined 
space 


ire 3 Multi-band dipole 
aerial 


Simple aerials 


On the lower-frequency bands, the lengths become rather large. In this case, 
you can ‘bend? your dipole, as illustrated in Figure 2. The length of wire 
required to give an acceptable value of SWR (less than 2:1 on transmit) may 
need to be different from the calculated value, so be prepared to 
experiment! 


Dipoles are single-band aerials, although they will often work acceptably on 
the third harmonic of their design frequency: a 7 MHz dipole often operates 
reasonably well on 21MHz. It is possible to operate several dipoles in 
parallel, as Figure 3 shows. Interaction between the elements can occur if 
the spacing between them is less than about 10cm. A multi-band dipole, as 
shown in Figure 3, has the elements separated with plastic spacers, and 
drooping ends to produce maximum spacing between the elements’ ends. 
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The long-wire aerial 


This aerial is simple, cheap, easy to erect, and suits most houses and 
gardens, as Figure 4 shows. Using an aerial tuning unit (ATU), an end-fed 
Jong wire can function on several bands when used with a set of radials or 
a counterpoise. Figure 5 illustrates the setup. The length of the aerial will 
determine the bands which will be covered. 
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igure 4 Long-wire or 
inverted-L aerial 


ire 5 How to connect a 
radio to a longe-wire aerial 
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% -wave counterpoise 
wires for each band 


A wire length of 10.5 m will work on the 40, 30, 17, 15 and 12m bands. 


A wire length of 15.5m will work (with an ATU) on the 80, 40, 20 and 
12m bands and possibly (depending on your ATU) on the 17 and 15m 
bands. 


A wire length of 26.5 m will operate on all bands, but may be difficult to 
load on 10m. 


The wire lengths given here may need some adjustment because of the 
geometry of your particular house and garden. For receive-only purposes, 
the lengths are far less critical. 


In general, you cannot get a good radio-frequency (RF) earth from a first- 
floor (or higher) shack. Unless a good RF earth exists within a small fraction 
of a wavelength of the transceiver, an artificial ground comprising a single 
4 radial or counterpoise will be needed. You will need one counterpoise for 
each band you intend to use, and the wire can be concealed around the 
skirting-board of the shack, or under the carpet. Make sure that the free end 
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Fig. 4. Antenna elements and system. 


‘An example of a mobile 
communication system 
using a smart antenna in 
the base station is shown in 
Fig. 5. Independent infor- 
mation can be sent to the 
terminals, which are spa- 
tially separated, using the 
same frequency at the same 
time because each beam is 
generated for a specific ter- 
minal by using the space 
division multiple access 
(SDMA) technique. Fur- 
thermore, N multiplexed 
transmissions can be sent 
to a terminal with N anten- 


nas by utilizing the slight Fig. 5. Smart antenna system (land mobile telecommunication).. 
difference in antenna loca- 

tions in the terminal. MIMO is representative of this antenna systems can achieve very high performance 
kind of technology. The latest smart antenna systems —_ with high-level functions corresponding to the wire- 
can increase the antenna gain even ina mobile system __ less system requirements. 

and expand the service area. The designed system 

capacity can be increased by using multiplexing tech-_ 2.3. Key antenna technologies 

niques based on baseband signal processing. Multi- ‘The key technologies for achieving a high-gain, 
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Simple aerials 


Table 2 Lengths of elements for vertical antennas, radials for 
verticals and counter-poises for end-fed long wire antennas. 


Band Element length 
(tiz) (m) 
18 39.66, 
35 20.40 
7 10.20 
0 74 
uw 5A 
18 3.96 
2 34 
24 295 
28 255 


of each counterpoise is well insulated; this point can carry a very high 
voltage when you transmit; anyone coming into contact with this can suffer 
very severe RF burns. Counterpoise lengths can be read from Table 2. 


The vertical aerial 


The single-band vertical aerial is sometimes used by DX operators because 
it has a low angle of radiation, which favours long-distance propagation. 
However, it must be sited clear of obstructions and must have a good 
counterpoise or radial system. Illustrations of the vertical aerial are shown, 
and the lengths of the vertical and radial sections are given in Table 2. The 
centre of the coaxial feeder is connected to the vertical section, and the braid 
to the counterpoise or radial system, which is made up of four or more wires 
buried just below the surface and joined together near the base of the 
aerial. 


Cable entry to the house 


Bringing coaxial cable into the house by an open window must be regarded 
as a temporary measure. Wooden window frames can be drilled, one hole 
for each feeder. Make the holes slope downwards from inside to out to 
prevent rain entering, and treat these with wood preservative. Leads from 
long-wire and inverted-L aerials should be kept separate from other 
cables. 


Alternatively, a plastic pipe large enough to take all your feeders could be 
fitted into the brickwork (again, sloping downwards towards the outside). 
You may want to let a friendly builder do this for you. 
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53 A breadboard 80m CW 
transmitter 


The circuit 


‘The transmitter circuit is shown in Figure 1. TR1 is a crystal oscillator, the 
frequency of which is controlled by crystal X1. A small trimmer capacitor, 
TCI, is added to allow the frequency of X1 to be varied by a small amount. 
If adjustment of this trimmer is made possible from the front panel, itis 
useful to adjust the transmit frequency to avoid other stations already on the 
crystal frequency. The collector load resistor, R2, of the oscillator transistor, 
TRI, determines the power output; a value of 3.3kO seems to work well in 
producing an output of 3 watts. 


TRI is directly coupled to TR3, a VMOS transistor (a type of field-effect 
transistor (FET)). This acts as the power amplifier (PA) stage. TR3 should 
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ire 1 Circuit diagram of 
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give about 3W output, which is then coupled to the output by C3. The 
radio-frequency choke (RFC) providing the drain load of TRS is simply a 
few turns of wire on a ferrite bead. 


‘TR2 is an interesting addition to the circuit. It is used as a switch to ‘key’ 
the PA, TR3. The transmitter could be built without TR2, just placing 
the Morse key between the top of the RFC and the 12 volt supply. Adding 
‘TR2 is helpful, because it means that one side of the Morse key can be 
grounded (always a good thing), and some degree of shaping of the 
output RF waveform is provided by R3 and Cl. This makes the 
transmission sound a little better and reduces the possibility of spurious 


frequencies being generated and transmitted. TR2 is a pnp transistor; note 
that it is the emitter of this transistor which is connected to the positive 
side of the supply 


Some form of changeover switching is needed for the aerial. A double-pole 
changeover toggle switch can be used. See the chapter on switches, later on 
in this book. One pole is used to switch the aerial between transmitter and 
receiver; the other pole is connected in the 12 volt supply line, and is labelled 
RECEIVE/TRANSMIT ~ NETTING. Its use will be described later. In this 
simple circuit, the PA cannot work when the key is open, because the key 
breaks its supply (via the RFC). When the key closes, TR2 switches on and 
applies the 12 volt supply to the top of the RFC. C2 is a decoupling 
capacitor, which prevents any residual RF signals at the top of the RFC 
reaching TR2. 
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Building 

‘The prototype was put together as follows. Take a piece of plain printed- 
circuit board (PCB) measuring 5 cm by 4 em. Then, with a new, sharp blade in 
a junior hacksaw, draw the blade horizontally across the surface of the copper 
in order to make a pattern of 6 squares along the 5 cm side and 5 squares 
along the 4cm side. No more pressure should be applied than is necessary to 
cut through the copper! All the parts will be soldered on these pads in a form 
of surface-mount construction. To do this, each active pad (i.e. one that is 
going to have a component soldered to it) needs to be tinned. This means 
coating the pad’s surface with solder, and is carried out as follows. Place the 
hot tip of the soldering iron on to the pad, and hold it there for a second or so. 
‘Then, with the tip still in place, touch the end of your reel of solder on the pad, 
not the tip of the iron. The solder should flow evenly all over the pad, and you 
can remove the iron. The solder should solidify in a rounded, shiny blob! This 
provides a good surface for making soldered joints. 


To join component leads to the pads, cut each lead about 1 em long, and then 
bend the last 2 mm at right angles to the rest of the lead. As you did before, tin 
the 2mm length of each lead. Place the tinned portion onto the pad, and place 
the tip of your iron on the pad, close to the lead. The solder on the pad and on 
the lead will melt and run together; remove the iron and hold the component 
still until the solder solidifies. When the joint has cooled, give the lead a gentle 
tug to make sure you have a good joint (a good mechanical joint is usually a 
good electrical joint, too!). Each transistor straddles three pads, so the centre 
lead will need to be shorter than the other two. Take care here to get the lead 
lengths right — if you do, you will be surprised how much more firmly the 
transistor is held than if you just botched the lead lengths by bending them to 
fit! Make sure the connections to the transistors are correct. 

Winding the RFC is quite simple. Seven (or more) turns of thin (32 SWG) 
enamelled copper wire are threaded through a small ferrite bead. This 
requires care, because the bead is small and the wire is thin. Trim the ends to 
within about 1.cm of the bead, remove the enamel carefully with sandpaper 
and tin the bare ends, prior to soldering the choke to the board. 


After completion of the wiring, check the circuit against Figure 1. Bread- 
boarding a circuit like this has its advantages, but it can have disadvantages, 
too. One of these disadvantages is that it can make circuit checking difficult. 
For a simple circuit like this, it is not too bad! Check that no solder has run 
between the pads. Plug in your crystal for the 80 m band, and connect up the 
12.V power supply. Do not connect the Morse key yet and do not switch on 
the power. 


Testing and operating 


Clear your workbench of all metallic objects, slivers of copper, bits of wire, 
etc., switch on your power supply. With an external receiver, listen on and 


A breadboard 80m CW transmitter 


around your crystal’s frequency for a signal. Remember that the oscillator 
runs all the time and, because you haven’t yet connected the Morse key, 
your receiver is close enough to pick up the signal from the oscillator. This 
confirms that your oscillator is running. Switch off. 


Connect the station aerial to the transmitter’s aerial socket, and the receiver 
to the transmitter’s receiver socket. Connect the Morse key, put the Receive/ 
‘Transmit-Netting switch in the receive position and switch on. You should 
be able to hear stations in the normal way. Now put the switch in the 
‘Transmit-Netting position. Signals in the receiver should almost disappear, 
as the circuit has disconnected the receiver's aerial. 


Tune the receiver until you can hear your own crystal oscillator signal. This 
is known as netting, tuning your receiver and transmitter to the same 
frequency. Pressing the key will now transmit your signals when the switch 
is in the Transmit-Netting position; switch back to the receive position to 
ten for stations answering your call. As soon as you are happy that your 
circuit is functioning properly, you must build the low-pass filter circuit 
before using the transmitter regularly. 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI 100 kilohms (k®) 

RD See text 

R3 1 kilohm (kQ) 
Capacitors 

CI, C2, C3 100 nanofarads (nF), or 0.1 microfarad (WF) 

TCI 3-60 picofarads (pF) trimmer 
Semiconductors 

TRI ZTX651 

TR2 ZTX751 

TR3 VNI0KM. 


Additional items 

7 turns of 32 SWG enamelled copper on a ferrite bead 
Double-pole changeover (DPDT or DPCO) toggle 

For 80m band 


“holder HC2S type 
Sockets According to station fittings 
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54 A 7-element low-pass filter 
for transmitters 


Introduction 


The simpler the transmitter, the more likely 
fundamental frequency. Harmonics are integral multiples of the frequency 
‘on which the transmitter is designed to operate. if you think you are 
transmitting on a frequency, f, for instance, you will also be radiating the 
harmonics of 2f, 3f, 4f, ... and so on. This results in your signals being 
heard on several frequencies, spread over a very wide frequency range. You 
are also contravening the terms of your licence. To avoid this, itis always 
advisable to use a low-pass filter between your transmitter and aerial. Thi 
isa filter which will pass your signal frequency, f, and all frequencies below 
it, but will not pass attenuate) frequencies above fto any significant extent. 
The value of f is known as the cutoff frequency of the filter. 


A design of 7-element low-pass filter 


A 7-element low-pass filter (LPF) is so called because it has seven 
components, as the circuit diagram of Figure 1 shows. Filters containing 
any odd number of elements are possible: a 3-clement filter would 
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wre 1 Circuit diagram of 
filter 


A 7-element low-pass filter for transmitters 


©nsce ove 


comprise C1, L2 and C3 only, and is sometimes called a pi-network 
because the element disposition resembles the Greek letter pi (x); a 
S-element filter would comprise C1, L2, C3, L4 and CS only, and so on. 
In general, the more elements the filter has, the more effectively it 
attenuates signals above f. 


The circuit of Figure 1 is designed to have an input and an output 
impedance of 50 ©, which means that it can be placed in the aerial feed 
of any common transmitter. Filter design is a very complex business, and 
is best left to the experts. One such expert is W3NQN, who produced a 
number of computer designs of LPF using commonly available (preferred 
value) capacitors, and aimed specifically for use on amateur frequencies. 
The results of this work are condensed into Table 1. The inductors are 
wound on standard toroidal cores, and their details are included in the 
table, 


Table 1 Filter component values for each brand 


Band a7 as 126 u“ Core Wire 
metres pF pF turns turns type swe 
80 470 1200 23 2 1372 28 
40 270 680 i) 21 B72 26 
30 270 560 9 20 B76 26 
20 180 390 6 7 B76 24 
15 a2 20 2 “4 B76 ey 
10 56 150 0 " B76 2 


Making the filter 


The filter was made originally as an adjunct to the Breadboard 80m CW 
transmitter, which you will also find in this book. It uses the same 
constructional technique, based on a single piece of plain, copperclad 
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Figure 2 Layout and 
construction of filter 
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PCB, with ‘pads’ created by using a sharp blade in a junior hacksaw. The 
cuts in the copper are shown in the layout diagram of Figure 2. There are 
two ways of mounting the components: the first way is to drill small holes 
in each pad, as shown in Figure 2, and mount the components through 
the holes in the normal PCB manner; the second way is to solder the 
components directly to the pads, in the way that was described for the 
Breadboard transmitter. 


Winding the inductors is quite simple. All you need to remember is that 
each time the wire passes through the core counts as one turn. Cut off the 
spare wire at each end of each coil to about 1cm, scrape off the enamel 
with sandpaper, and tin the exposed copper. See the transmitter descrip- 
tion if you are unsure of how to do this. Note the wire links between each 
of the lower pads, forming a solid ‘ground’ for the elements. The 
prototype had a plug and socket on the ends, to match the transmitter 
and aerial terminations. 


The type of capacitor used in the design is not critical; the polystyrene 
type works well 


Radio-frequency mixing explained 


55 Radio-frequency mixing 
explained 


Introduction 
Mixers find widespread use in electronic circuitry. Many of the projects in 
this book, together with every TV set and radio in the home, contain mixer 


circuits — a good indication of their usefulness. 


Confused? 


Audio mixers (as used in recording studios and radio broadcast stations) are 
used to add or ‘balance’ the signals from various sources such as 
microphones, CD players, etc. These have nothing whatsoever to do with 
radio-frequency (RF) mixers, and should never be confused with them, 


RF mixers and beat frequencies 


Instead of adding signals (as in the audio mixer), the RF mixer multiples 
them together. As you might expect, this has an entirely different effect. The 
two signals entering the mixer beat or heterodyne with each other to 
produce signals on other frequencies. One example of this occurs in sound, 
when two musical notes of almost the same frequency are heard together. 
Instead of hearing two separate notes, the listener hears one note whose 
intensity (loudness) appears to increase and decrease. This intensity 
variation is called a beat, and its frequency is equal to the difference in the 
frequencies of the two original notes. The technique is used by musicians to 
tune their instruments. If one note is known to be a correct frequency, the 
other can be tuned to it by making the beat frequency as close to zero as is 
possible. 


Multiplying together 


The process of mixing presupposes that we have a device which will 
automatically multiply two signals together. Fortunately, this is easy; so 
easy, in fact, that it often occurs when we do not want it! Multiplying is 
achieved by any device which is non-linear; this means a device whose 
output is not a constant factor larger than its input, something that can be 
achieved by many electronic devices and circuits. 
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Figure 1 The effect of 
‘multiplying (or mixing) two 
signals together 
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Let us look now at what a mixer does in concrete terms. Suppose two 
signals, of frequencies f1 and f2 go into our mixer. These signals are shown 
in Figure 1. Putting numbers in, to make the situation clearer, suppose /1 is 
1.000 MHz and /2 is 160 kHz. The beat frequency is the difference of these: 
1.000 MHz. - 0.160 MHz = 0.840 MHz, or 840 kHz. A mixer also produces 
an output at the sum of these frequencies; in this case the new frequency 
would be 1.000 MHz + 0.160 MHz = 1.160 MHz. 


Suppose you fed the output of your mixer, operating with these input 
frequencies, into a receiver and tuned around to find what frequencies were 
present. You would find two signals, one at $40 kHz and one at 1.160 MHz, 
showing that the two ‘new’ frequencies were very real! 


In addition to drawing out the waveform of the resultant signal, as in Figure 
1, we can draw the inputs and outputs on a frequency axis, to form a 
spectrum of the signal components. This is done in Figure 2. The top two 
diagrams show the input signals at fl and /2. The bottom diagram shows 
the output signals in relation to the input signals. Depending on the type of 
mixer used, one or both of the input signals would be removed. 


Selected Papers 


high-efficiency, multi-antenna system are shown in 
‘Table 1, Antennas for the latest wireless communica- 
tion systems are required to achieve high gain and 
high efficiency. The multi-antenna systems are 
designed to make maximum use of system resources, 
especially space. 


3. Wireless systems and suitable antenna 
systems 


The kinds of wireless systems that we can expect to 


find around us in the near future are illustrated in Fig. 
6. RF-ID (radio-frequency identification) tags will be 
attached to various kinds of objects in a ubiquitous 
network and a large quantity of information will be 
gathered to provide useful knowledge to each person, 
High-speed data transmission ranging from a few 
megabits per second to 1 Gbit/s will be possible in 
mobile satellite systems, land mobile systems, and 
wireless local area network (WLAN) systems. In 
home networks, individual items of electronic equip- 
ment will be connected to each other at very high 


Table 1. Key technologies to meet antenna requirements. 
Floguirements Key technologies 
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A mixer in every radio 


Basically, a mixer is used to change a signal from one frequency to another, 
something it does without altering the characteristics of the incoming signal. 
If the incoming signal is amplitude modulated (AM), then the frequency- 
changed signal would be AM also. The same applies to FM, SSB, CW, and 
all other modulation forms you can think of. This explains why mixers are 
often called frequency changers. 


Frequency changing is the key process in the type of radio known as a 
superbeterodyne (or superhet). By mixing the incoming signal with a 
variable-frequency local oscillator as Figure 3, shows, the signal can be 
converted to the fixed frequency of a filter and amplifier. This is useful 
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because itis easier to make a very high-quality 
fixed frequency, than at a variable frequency 
All TV recei 
mixers. Both the Yearling and Colt receivers (see the relevant projects) are 
superhets, and use mixers. 


Iter and amplifier at a single 


ers and virtually all radio receivers (and transmitters) use 


A voltage monitor for a 
12V power supply 


Introduction 


If for any reason, the st ion of your main 12 volt power supply unit 
(PSU) breaks down, it is possible that a voltage much higher then the 
nominal 13.8V will be applied to your precious equipment. If you would 
like to know the instant that this occurred, and hence be able to switch 
things off before it was too late, then this circuit is what you need. It will 
give audible and visual indications if the voltage rises above 14.4, and a 
visual indication only if the voltage is reduced. 


The circuit 


‘The circuit uses three ICs and is shown in Figure 1. The circuit is powered 
by the PSU whose output is being monitored, and the circuit's immunity to 
supply line variations is secured by the 6 volt regulator, IC1. The heart of the 
circuit is IC2, an LM3914; it is a bargraph driver, which operates ten LEDs 
in a display resembling a thermometer ~ the string of lit LEDs increases in 
length as the voltage on pin 5 increases. 


‘The input voltage range on pin 5 is 1.2V maximum, making each LED 
correspond to one-tenth of this, which is 0.12 V, the step size. RI and R2 act 
as a voltage divider, so that voltages of up to the maximum of 14.4V may 
be applied to R1 without exceeding 1.2 V at pin 5. R3 sets the brightness of 
the LEDs and R4 determines the step size. 


1C3 is an opto-isolator, a device containing an LED and a phototransistor in 
one package. This enables the piezoelectric sounder to operate without 
affecting the operation of the bargraph driver. The input to IC3 is provided 
by the voltage on D8, so that if any of the LEDs at or above D8 are lit, the 


‘A voltage monitor for a 12 power supply 


‘mos oner 


Figure 1 PSU monitor, circuit diagram 


sounder will operate, indicating overvoltage. Despite the fact that some of 
your other equipment might be damaged by this overvoltage, the monitor 
Circuit itself is unaffected. 


Construction 


The prototype was built on two pieces of Veroboard of the copper-strip 
variety. The main (circuit) board measured 15 strips by 25 holes, and the 
display (LED) board measured 4 strips by 30 holes. Track cuts are necessary 
in each board. The correct places are shown for the main board in Figure 2, 
but there is sufficient flexibility in the layout of the display board for a 
prescriptive layout not to be needed. All the anodes of the LEDs are 
connected to the same strip, which makes things comparatively simple! 


For the main board, insert the Veropins and the wire links first, and solder 
them to the copper strips. Then fit the IC holders and the resistors. Fit the 
IC holders with their notches towards the top of the board. When fitting the 
voltage regulator, IC1, note than the centre lead (the ‘common’ lead in 
Figure 1) does not go to position A3; the track should be cut at A3, and the 
common lead soldered at B3. This is indicated in Figure 2 


Wire up the LED board with its ten LEDs and 11 connecting wires, each 
about 10cm long. This length depends on how far away from the main 
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Figure 2 PSU monitor, PCB 
layout 
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board you are planning to mount the display. The LEDs should have 
different colours: three orange, four green and three red, to indicate ‘low’, 
‘medium’ and ‘high’ voltage. 

Now solder the other ends of these leads to the Veropins on the main board, 
making sure that the order is correct. Finally, connect the piezoelectric 
sounder to the main board; the polarity is important, so make sure the red 
lead goes to pin 4 of IC3 and the black lead to the ground rail. If you were 
careful to fit the IC holders with their notches in the correct positions, 
match these up with the notches on the ICs before pushing home the ICs 
gently. Check your circuit for solder bridges and unwanted pieces of copper 
swarf before screwing the small heat sink to the voltage regulator, ICI. 


Testing 


(a) With a variable-voltage PSU. Set the PSU for 10V, connect the circuit 
and switch on, Increase the voltage slowly, and check that each LED 


lights up after the one before it. As the voltage exceeds about 14.4 V, the 


‘A voltage monitor for a 12 power supply 


first red LED should light and the sounder should operate. If an LED 
does not illuminate, you should immediately suspect either a dry joint or 
an incorrect LED polarity. The voltage at which the first red LED lights 
can be adjusted by varying R1; increase R1 if the LED comes on too 
early; decrease R1 if the LED comes on too late 

(b) Without a variable-voltage PSU. For your ‘variable supply’, you can use 
several AA-type 1.5V cells (or 1.2 V NiCad cells) in series. The voltages 
produced by a range of cells is shown in Table 1 - because of the lower 
voltage of NiCad cells, more of them are needed to produce a given 
voltage. 


Once the operation of the circuit has been checked, it can be fitted into a 
plastic or metal box. Only two connections are needed for the PSU. You 
may want to drill some holes in the case to increase the apparent loudness 
of the sounder. 


Table 1 Test voltages available from batteries in series 


No. of batteries Voltage, nicads Voltage, dry cells 

7 a4 105 
8 96 2 
9 108 135, 

10 2 15 

u B2 a 

2 “4 = 

B 156 s 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI 11 kilohms (kQ) see text 
RD 1 kilohm (kQ) 
R3 1.2 kilohms (k®) 
R4 18 kilohms (kO) 
Semiconductors 
Ic 17806 
1c2 LM3914 
1c3, Opto-isolator - Maplin code WL35Q 


D1-D3__ 3mm LED, orange 
D4-D7_ 3mm LED, green 
D8-D10 3mm LED, red 
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Additional items 
LS1 Piezoelectric sounder, wire leads 

6-pin DIL socket for IC3 
18-pin DIL socket for IC2 
‘Veroboard ~ two pieces for main and display boards, sce text 
for sizes 
‘Veropins 
Heat sink for IC1 
Single-core insulated wire for links 
Insulated stranded wire for interconnecting the boards 
Case as required 


57 A 1750 Hz toneburst for 
repeater access 


Warning 


This circuit uses a member of the integrated circuit family known as CMOS 
(complementary metal-oxide semiconductor). These use very little current 
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ire 1 Toneburst module, 
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and can be completed destroyed if they come into contact with the 
magnitudes of static electricity that most of us carry about when we walk on 
carpets and wear rubber shoes. You will never know if this wanton 
destruction has happened — all you will discover is that your circuit doesn’t 
work and that you have tested everything. To avoid this problem do the 
following 


1. Before you open the little packet in which the IC is supplied, touch 
something which you know to be earthed — the metalwork of any 
equipment which is mains earthed, for example. Then open the 
packet. 

2. Let the IC fall gently on the bench - don’t pick it out with your fingers. 
Touch your earthed metalwork again. Pick up the IC and insert it gently 
into its holder. 


‘The circuit is safe from destruction while it is connected to the battery. 


Circuit description 


‘The circuit is shown in Figure 1. The tone is generated by an integrated 
Circuit oscillator (ICI), whose frequency is controlled by a ceramic 
resonator, XL1. Its frequency is very high, and is divided down to the 
1750 Hz needed by the same chip. The ceramic resonator is designed to 
operate at 455 kHz, the intermediate frequency of many receivers. Because 
all divider circuits use powers of 2, we need the oscillator to run at 448 kHz 
so that when it is divided by 256 (256 = 28), we end up with 1750 Hz. Try 
it on your calculator: 


448.000 
256 


750. 


©xs0s on6r 
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Figure 2 Veroboard 
component layout 
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We use C1, C2 and R1 to pull the frequency of the oscillator away from 
455 kHz to 448 kHz. The divider chain has eight counters in it, and each 
counter divides the frequency of the signal it sees by two, giving the final 
division of 256. 


This counting process can be stopped at any time by taking the voltage on 
the reset pin (pin 12) up to the supply voltage. When the circuit is switched 
on by closing $1, pin 12 is at 0V ecause C3 is discharged. The oscillator 
runs, producing the output frequency of 1750 Hz. As time progresses, C3 
charges up through R2 and the voltage on pin 12 rises. When this has risen 
sufficiently, and in a time determined by the values of C3 and R2, the 
counter resets and stays in the reset state; no division takes place and there is 
no output. The duration of the toneburst is thus governed by C3 and R2. 


When S1 is opened, the circuit is switched off, and C3 is discharged through 
D1 and R3, ready for the next toneburst. If you have used a repeater, you 
will know that a toneburst is needed only to activate a repeater in the 
standby condition; it is not needed once a contact has been established. 


VRI adjusts the amplitude of the tone fed to the microphone, and C4 
prevents any voltage that may be present on your microphone connector 
from damaging the integrated circuit. 


Construction 


‘The prototype circuit was built on Veroboard of the copper-strip variety, 
measuring 20 holes by 14 strips. The layout is shown in Figure 2. Make the 
track cuts first, and check that there are no slivers of copper wedged 
between adjacent tracks. Then, solder in the IC socket (with the notched end 
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Figure 3 Toneburst module: 
two alternative switching 
arrangements, 
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facing towards track A), the wire links and the three Veropins. Having done 
this, solder in the resistors, capacitors and diode, making sure that D1 and 
C3 are the right way round! Using your best soldering technique, solder in 
the ceramic resonator quickly, to prevent heat damage. Recheck your 
circuit, check for solder splashes and bridges, and then gently insert IC1 into 
its socket, matching up its notch with that of the socket. 


Testing 


Set VR1 to half-way and connect a crystal earpiece to the output; apply 
power to the circuit. You should hear the tone, lasting for about half a 
second. If there is no tone, disconnect your circuit from the power supply, 
and check for dry joints in the vicinity of pin 12. Is the diode, D1, the correct 
way round? Is C3 the correct way round? Did you choose to ignore the 
CMOS safety precautions given earlier? 


Once the circuit is working, you need to decide how you are going to 
connect it to your transmitter. Two options are shown in Figure 3. If you 
have access to a point in your transmitter circuit that has between 9V and 
12V positive on it during transmit, you can use this to power your circuit. 
As the toneburst is needed only for repeaters, the switch, S1, disconnects it 
when not needed, as shown in Figure 3a. If you want the circuit to be self- 
powered, then a 9 volt PP3 battery may be used; Figure 3b shows this 
configuration. 
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The output from the circuit board is fed directly into the microphone socket, 
in parallel with the microphone itself; use thin coaxial or screened cable for 
this lead, or you may induce hum into the microphone circuit and suffer 
from RF breakthrough into the audio circuits. To adjust the setting of VR1, 
start with it at the zero output position and connect a dummy load to your 
transmitter. Slowly, increase the output while monitoring your transmitted 
signal on another nearby receiver. Make sure you do not increase the output 
so far that the signal sounds distorted. If you would prefer that the tone was 
on continuously while you made this adjustment, simply connect a wire 
across C3 remembering, of course, to remove it as soon as you have 


‘completed the test! 


Parts list 

Resistors: all 0.25 watt, 10% tolerance (or better) 
RI 1 megohm (MQ) 
R2 150 kilohms (kOQ) 
R3 12 kilohms (k) 


VR1_— 10 kilohms (kQ) horizontal preset 


Capacitors: all 16V WKG or higher 
C1, C21 nanofarad (nF) disc ceramic 
C3 4,7 microfarad (uF) tantalum bead 
ca 47 nanofarads (nF) disc ceramic 


Selected Papers 


Table 2. Wireless systems and NTT's antenna system approaches. 


‘Wain technical ends 


System features | (Srample systom, standard 


NTs antenna approaches: 


oF equipment) (using technologies in Table 1) 


‘ave tags 


‘Compact high-efficiency tag antenna 


Ultrahigh speed 
Link transmission 


Uttrawideband (UWB) 


Gib! Infrared rays (IrDA) 
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speed (several gigabits per second) wirelessly instead 
of by cables. In these wireless systems, highly func- 
tional and high-performance antennas will be essen- 
tial. Table 2 explains the main features and technical 
trend of the systems and also shows NTT’s approach- 
es to antennas and antenna systems for each high-per- 
formance wireless system. The technologies in Table 
1 that are used are indicated in parentheses. Each 
antenna system must satisfy severe specifications and 
also provide high functionality, as shown in Figs. 4(c) 
and (d). The antennas discussed in the selected papers 
in this issue are shown in blue in Table 2. The present 
status of each antenna system and research and 
development in NTT are explained below. 


3.1 Ubiquitous network antenna system. 

‘Tag antenna elements have the same problems as 
pagers or portable telephone systems that use the LF, 
UHF, and VHF bands. The antenna element must be 
as small as possible and have high efficiency in a 
small volume and in the neighborhood of various 
objects. Most antennas for passive tags using the LF 
band (13 MHz) are spiral, helical, N-turn loop, or 
meander line antennas [10] for achieving an electro- 
magnetic induction area and their gains are consid- 
ered to be very low. Bent and spiral monopole or 
dipole antennas are used in personal computer card 
wireless communication systems or in small square 
film tags using UHF-band systems [11]. The 
approach is to design the antenna and RF-IC as one 
system: in other words, the connection impedance 
between the antenna and RF-IC is designed as a 
freely selectable value instead of being restricted to 
50 Q. The same kind of technique is currently being 
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(discussed in papers In this issue 


investigated in NTT in a study of active integrated 
antennas [12]. On the other hand, the base station 
antenna can be designed by applying techniques 
developed for pagers or land mobile antennas 
because it has high-gain and beam-tilting characteris- 
tics. 


3.2. Millimeter-wave frequency band 
communication antenna system 

A high-speed wireless communication system is 
achieved by using wideband technology, so millime- 
ter-wave frequencies, which provide a very wide 
bandwidth, are attracting attention, The use of high 
frequencies also requires high output power to com- 
pensate for the huge propagation loss and passive ci 
cuit losses, so high-gain and high-efficiency antennas 
are very important in system design [13]. Millimeter- 
wave systems mainly use horn, reflector [14], or lens 
antennas [15]. Horn or reflector antennas are used in 
relatively long-range communication where the range 
is several hundred meters. A lens type antenna, which 
is integrated with monolithic microwave integrated 
circuits (MMIC) to achieve high efficiency without 
a feeding line, is mainly used for short-range trans- 
mission, e.g., for a home link system, Active inte- 
grated antenna technology in which an amplifier for 
transmitting and receiving is mounted without using 
aconnector or cables is suitable fora high-frequency- 
band system [16]. Typical antenna types for millime- 
ter-wave frequency systems are shown in Table 3. 
Horn or reflector antennas provide very high gain but 
cannot be integrated with MMICS. The lens antenna 
provides high gain and can be made into an integrat- 
ed antenna but requires adjustment to correct its 
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Semiconductors 
IC1 4060 
DI 1N4148 


Additional items 
XL XR455 
Veroboard (see text for size) 
Veropins (3) 
SI Switch (momentary action push-to-make SPST) 
16-pin DIL socket for IC1 
Single-core insulated wire for links 
Coaxial or screened cable for microphone connection 


58 A circuit for flashing LEDs 


Introduction 


There are many occasions when one’s attention needs drawing to the fact 
that something important has happened. A single red light coming on is 
seldom sufficient to attract attention, particularly if it is surrounded by 
other lights and indicators. The eye is known to be very sensitive to changes 
its peripheral vision; such changes can be brought about by movement 
or by differences in light level — a flashing light, for example. So, a circuit 
that flashes a single LED or a pair of LEDs finds plenty of uses in the 
amateur static 


Warning 


This circuit uses a member of the integrated circuit family known as CMOS 
(complementary metal-oxide semiconductor). These use very little current 
and can be completed destroyed if they come into contact with the 
magnitudes of static electricity that most of us carry about when we walk on 
carpets and wear rubber shoes. You will never know if this wanton 
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destruction has happened — all you will discover is that your circuit doesn’t 
work and that you have tested everything. To avoid this problem do the 
following things: 


1, Before you open the little packet in which the IC is supplied, touch 
something which you know to be earthed — the metalwork of any 
equipment which is mains earthed, for example. Then open the 
packet. 

2. Let the IC fall gently on the bench - don’t pick it out with your fingers. 
Touch your earthed metalwork again. Pick up the IC and insert it gently 
into its holder. 


The circuit is safe from destruction while it is connected to the battery. 
However, when the battery is removed, the same care should be exercised 
with its handling, because there is no supply decoupling capacitor across 
the IC. 


Basic description 


LEDs can be made to flash (switch on and off) by driving them from sources 
that switch on and off. Such a source is an astable multivibrator. If you have 
built or read about A basic continuity tester, elsewhere in this book, you will 
have come across such a beast before. That circuit used an astable 
multivibrator made from two transistors. This new circuit achieves the same 
behaviour from a single integrated circuit, the CMOS 4011. To give it its 
full description, the 4011 is a quad 2-input NAND gate. Quite a mouthful, 
but all it means is that inside the chip are four NAND gates, each with two 
inputs. 


ANAND gate needs a positive voltage (known as a logic 1) on both inputs 
in order to produce zero volts (known as logic 0) at the output. Two NAND. 
gates can be connected, as are A and B in Figure 1, to make our astable 
multivibrator. The combination of A and B has been described as the most 
perverse circuit in electronics; as soon as the output goes to logic 1, the 
Circuit decides that it would prefer to have a logic 0 there, and switches o 
With logic 0 at the output, the circuit now prefers to have logic 1 there, and 
so it goes on! We are going to use this continuous switching backwards and 
forwards to flash two LEDs. The rate at which A and B ‘change their minds’ 
is the frequency at which our LEDs will flash, and is controlled by the 
charging and discharging times of C1 through R2 and C2 through R1. As 
the values of RI and R2 are the same, and those of C1 and C2 are the same, 
the ON and OFF states of the circuit are the same. 


Gates C and D do not contribute to the flashing action; they act as buffers 
to isolate the LEDs from the multivibrator circuit itself. You will find in 
electronics that an oscillator is seldom used to drive another device directly; 
there is usually a buffer between it and the stage it driv 
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A characteristic of all multivibrators, astable or not, is that they have two 
outputs. In this case, those outputs are at pins 3 and 10, which are then 
buffered and appear at pins 4 and 11, respectively. When one output is at 
logic 1, the other is at logic 0, and vice versa. This means that LED1 is off 
when LED2 is on, and LED1 is on when LED2 is off, the two states 
switching backwards and forwards at the frequency of the oscillator. 


Construction 


Read the warning at the beginning of this article again. It is not intended to 
scare you off from building this, but is a genuine piece of advice which can 
save you time and irritation when all your labours result in a circuit that 
doesn’t work! That extra bit of care can make all the differen 


Veroboard (the copper strip type) is used for the layout, shown in Figure 2. It 
measures 20 holes by 12 strips. Be aware that there is no row ‘T in the layout, 
so don’t miscount when you are placing components on the board! 


Firstly, cut the tracks using a 3mm (% inch) twist drill held between thumb 
and forefinger; check that there are no slivers of copper bridging any of the 
tracks, and that the tracks have been completely cut by the drill. Solder in 
the components carefully. Leave the IC in its carrier for the time being, and 
solder in the IC socket, with the notched end facing row A. On completion, 
check the circuit carefully. If you are happy that it is correct, follow the 
instructions given earlier and fit ICL into its socket, matching up the two 
notches. Connect the battery and switch on. The two LEDs should flash on 
and off alternately. If only one LED flashes, you have probably connected 
the other one the wrong way round. Switch off, check and correct if 
necessary. If neither LED flashes, you must have a significant error in your 
circuit, which will need checking again! Or did you choose to ignore the 
handling precautions for the CMOS chip? 
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The board can be mounted near to the point where you want your flashing 
LEDs to be seen, although long leads to the LEDs are acceptable. The LEDs 
can be different colours ~ it’s all up to you now! 


Parts list 
Resistors: all 0.25 watt, 10% tolerance or better 
RI, R2 4700 ohms (9) 
R3, R4 1 kilohm (kQ) 
Capacitors 
C1, C2 47 microfarads (uF) 12V WKG 
Semiconductors 
Ic 4011 
Additional items 
LED1, LED2 Any size of LED, any colour 
SI SPST on/off 
Plastic box if needed, 8.5 by 5 by 2.5cm 
Source 
Components are available from Maplin. 
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Digital logic circuits 


Introduction 


Logic circuits form the backbone of even the most advanced computer, yet 
their basic operation can be demonstrated by a couple of switches, a 
battery and a bulb. 


Logic using switches 


Everyone reading this article will look at Figure 1 and know immediately 
how it works and be able to write down something like ‘When switch A and 
switch B are closed, the light will come on’. Without knowing it, you have 
written down a logic statement involving the so-called AND operation; the 
light comes on only when switches A AND B are ON. Below the circuit in 
Figure 1, is a table showing the only possible positions of the two switches 
and the state of the bulb for each position. This is called a truth table, and 
is frequently used in logic analysis. 


‘Switch 


Battery 
& [8 [tamp| 
on | on | or 
on | ott | oft 
ott | on | of 
on _| on | on 
©nsce ore 


Figure 2 shows a different circuit. Here, the two switches are in parallel 
rather than in series, as was the case in Figure 1. Again, if you analyse the 
circuit in words, you would say that the light will be on when switch A OR 
switch B is ON. This is an example of the OR operation, and its truth table 
is shown in Figure 2. The statement above is not complete, however; can 
you see why? The truth table will show you. The light comes on if A is ON, 
OR if B is ON, OR if A AND B are both ON. That third condition is easy 
to miss, but don’t worry about it! 
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Believe it or not, some very complicated logic is possible (in theory) using 
switches and lights, but it is highly impractical and would be very slow. This 
is where electronic logic circuits come in. 


Switches with no moving parts 


You may have come across projects in this book where 
such as"... the transistor is being used as a switch . 
used as switches, as were thermionic valves in the world’s first pro- 


statement is made 
Transistors can be 


grammable computer Colossus, at Bletchley Park. However, technology has 
moved on from valves, through transistors to logic gates, combinations of 


electronic switches designed specifically to perform logic functions. 

These act on voltage levels as their inputs and produce changes in voltage 
levels as their outputs. A positive voltage is called logic 1, and corresponds 
to a switch being ON in our previous descriptions; a zero voltage is called 
logic 0, and corresponds to a switch being OFF. The output from a logic 
gate (normally labelled Q) is also logic 1 or logic 0, corresponding to our 
light being ON or OFF, respectively, in our switch analogy. 

Many logic devices operate from a stabilised 5 V supply, and this determines 
the ideal voltages corresponding to the two logic states: 


ov, 
sv. 


logic 


logic 


The world isn’t an ideal place, so the real voltage ranges used by the logic 
gates are: 


0.0 t0 0.4, 
3.0 to S.0V. 


logic 


logic 


Figure 3 Electronic AND 
gate 


igure 4 Electronic OR gate 


Digital logic circuits 


The AND circuit of Figure 1 is now called an AND gate, and requires logic 
1 inputs on A AND B to produce a logic 1 at the output. Figure 3 shows this. 
‘The truth table is identical with that of Figure 1 — logic 1 replaces ON and 
logic 0 replaces OFF, Now compare Figure 2 with Figure 4 ~ circuits and 
truth tables for the OR function. Again, we have exact similarity. 
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There is another very common logic gate, which performs the NOT 
function. It is easy to understand. Just ask yourself the question ‘What is 
NOT logic 0”, and the answer is obviously ‘logic 1”. Similarly, logic 0 is 
NOT logic 1. A NOT gate simply changes the logic state of the input; itis 
also known (because of this behaviour) as an inverter. Its symbol and truth 
table can be found in Fig 5. Note the little circle on the output of the gate 
in Figure 5. In logic circuits, this symbol always implies inversion, or the 
presence of a NOT gate. Keep an eye open for it! 


So far, the logic functions we have discussed have all been words which we 
use in everyday language, which has made the electronic interpretation of 
them relatively easy. Now we must introduce a function for which there is 
[AND function. This means a 


no analogy in normal speech — the 
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combination of an AND gate and a NOT gate, and the sharp-eyed reader 
will have spotted the little circle added on to the normal AND gate symbol 
in Figure 6! 


To make things easier to understand, the truth table in Figure 6 has four 
columns, not three as in previous tables. The third column is the standard 
AND output — compare it with the third column in Figure 3. That is the 
output from the AND gate before it encounters the little circle that inverts 
it, so the final output from the NAND gate is the output of the AND gate, 
inverted! The third and fourth columns are the inverse of each other. 
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We can add the inverting operation to the output of an OR gate also, 
producing a NOR gate! The symbol and its truth table are shown in Figure 
7. Again, notice that the final output is that of the ordinary OR gate, 
inverted! 


‘These new functions of NAND and NOR are used more than the AND and 


OR functions because it makes other circuits easier to design using 
combinations of these gates. 


A taste of Boolean algebra 


The design of circuits using combinations of logic gates usually begins with 
a little mathematics, where the functions to be implemented are analysed. 
The mathematics used is surprisingly simple, and is a slightly changed 
version of ordinary algebra called Boolean algebra, which allows manipula- 
tion of logic functions to be made. Normal algebra has operations in it such 
as addition, subtraction and multiplication and division. The mathema- 
tician Boole found that the logical AND operation could be handled by the 
algebraic operation of multiplication (symbols x or *), and the OR 
operation by the algebraic operation of addition (symbol +). The NOT 
operation involved a new symbol, that of a bar over the input being 
inverted, such as A. 


So, our five basic logic operators can now be written in a mathematical 
form: 


AND Q=AxB 
OR Q=AsB 
NOT O=A 

NAND Q-AxB 
NOR Q=4s8. 


Using logic operations in a mathematical form enables the most complex 
logic to be designed, simplified and converted into circuit diagram form in 
a very efficient and rapid way. There are more logic operators than the five 
we have considered here but, in general, they can all be broken down into 
combinations of these gates alone! 
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60 A resistive SWR indicator 


Introduction 


When a transmitter produces some output power, we want to make sure 
that as much as possible of this power is radiated by the aerial. This often 
requires the use of an aerial tuning unit (ATU), which matches the aerial 
impedance to that of the transmitter. 


How do you know when this matching has been achieved? The most usual 
way is to use a standing-wave ratio (SWR) indicator. If the impedance of the 
aerial does not match that of the transmitter output, some of your 
transmitter power (also known as the forward power) is reflected back 
along the aerial feeder and back into the transmitter, where it cause 
heating. The forward and reflected waves interact along the fe 
produce a wave whose position remains constant, and which is therefore 
called a standing wave or a stationary wave. An SWR meter simply indicates 
forward power and reflected power, and adjustments are made to your ATU 
until the reflected power is as small as possible (ideally zero, of course). If 
there is no reflected power then, by a process of elimination, all your 
forward power is reaching the aerial! 


ler to 


Sampling the RF 


Whatever type of SWR indicator you use, it must use some sort of sampling 
circuit to pick up the forward and reflected waves. The project A standing- 
wave indicator for HE, elsewhere in this book, uses a toroidal transformer 
to separate the readings for the forward and reverse waves. This design 
differs in that it measures the voltages across resistors through which the RF 
current is passing. Its advantages are: 


(a) it uses cheap parts — four resistors, two capacitors and a diode, together 

ith a rotary switch, a surplus meter, a preset potentiometer and two 
sock 

(b) within this SWR indicator, there is always a resistive path for the RF 
current from the transmitter, formed by R1, R2 and R3; this can prevent 
damage to simpler home-made transmitters, which may be damaged 
during adjustment of the ATU when using more conventional SWR 
indicators. 
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Table 3. Antenna types for millimeter-wave systems. 
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Fig. 7. Active integrated antenna for 25-GHz system, 


‘mounting error. The patch antenna is a good element 
for integration with MMICs because it can be made 
on the same material substrates, so it does not need 
antenna adjustment. We have developed an active 
integrated antenna designed for broadband mobile 
wireless access systems using the 25-GHz band, as 
shown in Fig. 7 [12]. It exhibited output power of 
14.6 dBm and a noise figure of less than 5 dB. The 
only weakness of this integrated antenna is that high 
gains cannot be provided with one patch antenna, The 
third selected paper in this issue describes a high-gain 
integrated active antenna and high-efficiency RF cir- 
cuit for the millimeter-wave frequency band for a 
millimeter-wave communication system [4]. A high- 
gain integrated patch antenna is investigated as a par- 
sitic element to obtain a wide antenna aperture. The 
millimeter-wave frequency-band link system was 
first proposed for application to the transmission of 
uncompressed HDTV (high-definition television) 
signals in the home or in a studio. 


3.3. Land mobile and WLAN antenna systems 
The number of subscribers to land mobile systems, 

especially cellular systems, has increased rapidly, and 

users are now demanding high-speed transmission 
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for broadband Internet access. To meets these 
demands, many improvements to the land mobile sys- 
tem have been proposed such as wideband code divi- 
sion multiple access (W-CDMA), adaptive modula- 
tion, and ad hoc transmission, Recently, the utiliza- 
tion of space has become as desirable as frequency 
and time utilization [17]. Space utilization is achieved 
using a multi-antenna system with a radiation control 
mechanism, which is accomplished by a smart anten- 
na system, 
3.3.1 Typical multi 
mobile systems 

‘The application areas of multi-antenna techniques 
depend qualitatively on the system characteristics, as 
shown in Fig. 8. A fixed high-gain beam antenna does, 
not always need antenna elements, but the other tech- 
niques are achieved through various combinations of 
antenna elements, so they are provided by adaptive or 
ntegrated multi-antenna systems, as shown in Figs. 
4(c) and (d). A narrow-beam or high-gain antenna is 
used in the line-of-sight situation (where there are no 
obstacles between the transmitting and receiving 
antennas and there are few paths in the multipath 
transmission), so a beam-scanning mechanism is 
needed when a terminal moves fast, and multiple 
beams or sector beams are required when there are 
many terminals in the service area. The diversity 
antenna technique can provide a stable signal level in 
a multipath mobile environment. Beam scanning 
(with a sector beam or multiple beams) and diversity 
antenna techniques have been used fairly extensively 
from the early days of mobile communication service 
because they use only simple signal processing. How 
ever, with the rapid progress of signal processing 
technology, a desired signal can now be distinguished 
from a mixture of many signals in a multipath envi- 
ronment. The SDMA technique distributes signals 
among the terminals communicating in the service 
area. MIMO techniques enable very-high-data-rate 
communication with multiplexed transmission in 
each antenna of the multi-antenna system of the base 
station or mobile terminal. These techniques require 
more calculation as the movement speed of the 
mobile terminal increases. In these wireless systems, 
signal processing ability and superior algorithms are 
more important than the performance of antenna ele- 
ments. 
3.3.2. Research results and developed antenna 

systems 

A very small and thin planar six-sector antenna 
using a patch Yagi-Uda array with common directors 
for mobile terminals has been proposed (Fig. 9) [18], 
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meter, circuit diagram 


A resistive SWR indicator 


The only disadvantage of this form of indicator is that it must be switched 
out of circuit once the ATU has been adjusted for a particular band, 


Construction 


‘The SWR indicator is very simple to build, as most of the components can 
be mounted on the back of the 3-way rotary switch. This is shown in Figure 
1. The switch is a 4-pole, 3-way rotary type, of which only two poles are 
used. 


Input ; Output 


transmitter 
stb 


©nscs ore 


Because the other switch contacts are not being used, they can be employed 
as support tags for other components. The ground wires are all soldered on 
to the metal frame of the switch. If your switch frame is of all-plastic 
construction, then a 12 SWG copper wire run around the switch will make 
a good earth connection to the metal case for the leads shown in Figure 1 
‘The preset potentiometer used to control the sensitivity of the circuit can be 
mounted directly on the meter tag, 


Resistors R1, R2 and R3 handle the RF power during the tuning-up process. 
If you have them, use 1 watt resistors; otherwise, you can use two 100 ohm 
half-watt resistors in parallel for each of R1, R2 and R3. The meter, M1, can 
be any DC type of sensitivity around 200 pA. 


In use 


First, find a clear frequency, and without the indicator in circuit, check that 
the frequency really is clear by asking and identifying yourself. If it is, 
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connect the indicator between the transmitter and the ATU which, in turn, 
is connected to your aerial. Turn SW1 to the SET position and key the 
transmitter. Adjust VR1 until the meter reads full scale. Switch off the 
transmitter. Turn SWI to the REF position and key the transmitter again. 
Adjust the ATU until the lowest reading is obtained on the meter. Switch off 
the transmitter. For the chosen frequency, you have adjusted your ATU for 
minimum reflected power and hence the lowest SWR. You will need to 
repeat the process when you change bands, and possibly when you change 
frequency within the same band. Switching SW! to the OUT position, you 
are ready to transmit. You may have noticed that it is good practice to 
switch the transmitter off when operating SW1. Get into that habit! 


Parts list 


Resistors 
R1,R2,R3_47 ohm () 1 watt (or 2 x 100 Q, % watt, see text) 
R4 1 kilohm (k) 0.25-watt 
VRI 10 kilohms (kQ) preset 
Capacitors 
cl 1 nanofarad (nF) 
ror) 10 nanofarads (nF) 
Semiconductors 
DI 1N914 or similar 
Additional items 
sw 4-pole 3-way rotary switch, of which only 2 poles are 
used 
MI 200 pA DC 
Case 
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Figure 1 CW filter, circuit 
diagram 


An audio filter for CW 


An audio filter for CW 


Introduction 


This is a simple passive circuit (it has no power supply) that adds some 
selectivity for Morse code reception and also includes a very simple 
fer that gives a visual indication of when noise spikes are being 


The circuit 


Figure 1 shows the complete circuit. The tuned circuit of C1 and L1 resonates 
very close to 800 Hz, so initially you will have to tune a signal in carefully 
until it sounds loudest - you will soon be able to do this without thinking. The 
two LEDs connected back to back across the signal path act as a noise limiter, 
reducing the amplitudes of static crashes and noise from car ignition systems, 
etc. The LEDs blink when they conduct- this is not necessary to the operation 
of the circuit, but adds a little colour to your listening! The noise limiter does 
make listening more comfortable, though. 


DI, 02 LEDs 
© sce ovze2 


Construction 


‘The circuit layout is shown in Figure 2. Point-to-point wiring is used, with 
a small tag-strip being the only item used for the extra support of C2 and 
R1. The LEDs and SW1 support the other components. An aluminium box 
(Figure 3) is used to make the circuit tidy and usable. 
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Figure 2 wW filter, 
component layout 


Figure 3 CW filter, front 
panel 
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You must use low-impedance headphones for the circuit to perform 
properly. Plug the completed unit into the headphone socket of your 
receiver and adjust the volume so that the LEDs are just not blinking on 
normal audio. The unit should be switched out of circuit for speech 
listening; this is the purpose of the toggle switch, SWI. 


An electronic die 


Parts list 


Resistor 

Rl 10 ohms (Q), 0.25 watt, 10% tolerance 
Capacitors 

cI 470 nanofarads (nF) 

2 100 microfarads (uF) electrolytic, 16V WKG 
Inductor 

Li 82 millihenries (mH) 


Semiconductors 
DI,D2 LEDs 


Additional items 


sw DPDT. 
i 3.5mm jack socket 
PL Jack plug to suit receiver 


‘Aluminium box, approx. 11 by 6 by 2.Sem 


Source 


Components are available from Maplin. 


An electronic die 


Introduction 


Throwinga die is a venerable way of generating a ‘random’ number between 
and 6. A die is easy to lose, so here is an electronic die-throwing circuit 
which brings the technique up to date and serves as another application of 
logic circuits. if you need a reminder of the basics of logic, refer to Digital 
logic circuits. 


Warning 


This circuit uses members of the integrated circuit family known as CMOS 
(complementary metal-oxide semiconductor). These use very little current 


and can be completed destroyed if they come into contact with the 
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magnitudes of static electricity that most of us carry about when we walk on 
carpets and wear rubber shoes. You will never know if this wanton 
destruction has happened ~ all you will discover is that your circuit doesn’t 
work and that you have tested everything. To avoid this problem do the 
following 


1. Before you open the little packet in which the IC is supplis 
something which you know to be earthed — the metalwork of any 
equipment which is mains-earthed, for example. Then open the 
packet. 

2. Let the IC fall gently on the bench - don't pick it out with your fingers. 
Touch your earthed metalwork again. Pick up the IC and insert it gently 
into its holder. 


The circuit is safe from damage while it is connected to the battery. 


Description 


The circuit is shown in Figure 1. ICla and IC1b form an astable 
multivibrator, similar to that used in ‘An LED Flasher’ also in this book. It 
runs constantly, and its output is fed to IC2 via a single NAND gate, ICle. 
The other input of IC1c is held at OV by R3 and C3. Whenever one input 
of a NAND gate is logic 0 (or OV), there can be mo output from the gate, 
irrespective of what is happening at other inputs. So, despite the fact that the 
oscillator (or clock) is running all the time, its square-wave output never 
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An electronic die 


reaches IC2 until the ‘other’ input of IC1c is brought away from logic 0. 
This happens when SW2 is pressed. Pressing SW2 momentarily, as is 
normally done, charges up C3 to 9'V, putting a logic 1 on the second input 
of IClc and allowing the clock signal through to IC2. As the switch is 
released, C3 begins to discharge through R3, gradually lowering the voltage 
on pin 8 of ICc. As this voltage crosses 4.5 V (half the supply voltage), ICle 
then treats this input as logic 0, which cuts off the clock signal from IC2 
again. Thus, when SW2 is momentarily pressed, the clock signal is fed to 
IC2 for a short interval of time, before being blocked again. 


IC2 is a binary counter, and the outputs that concern us are from pins 14, 
11 and 6. Pin 14 is the most significant bit and pin 6 the least significant bit. 
See the panel for an explanation of what happens here. 


To understand these outputs, you should be able to count in binary, 
using three bits. At the start of the counting process, all the bits have 
zero values, i.e. 000. The left-most bit is called the most significant 
bit, and the right-most bit is called the least significant bit. (When 
we write numbers normally, a number 1 in the left-hand position 
represents one hundred, 1 in the middle column represents ten, while 
the number 1 in the right-hand position means one. One hundred is 
a more significant number than one, hence the nomenclature.) 


The three bits of our binary number have values, from left to right, 
of 4 (=2°), 2 (=2') and 1 (=2°). This means that a number 1 in the 
left-hand column signifies the normal number four, in the middle 
column it would represent two, and in the right-hand column, it 
would represent one. This should help you understand the patterns 


of bits which emerge as the clock waveform is counted, as the next 
paragraph explains. 


As each cycle of the clock enters IC2, it increments its internal 
counter and the values of that counter are shown by the states of 
pins 14, 11 and 6. After the first pulse, these three pins would have 
states corresponding to 001; after the second, 010; after the third, 
O11; after the fourth, 100; after the fifth, 101; after the sixth, 110. 
This sequence of 3-bit numbers represents a binary count from 1 to 
6 in ‘normal’ parlance. Thes 
conventional pattern of dots on a di 


six states are used to illuminate the 
using LEDs. 


As the clock cycles are counted, the LEDs flicker as the die is ‘rolled’. 
Resistors R4 to R7 are used to limit the current through the LEDs. When the 
counter stops, it can be in any of the positions shown in Table 1. Because of 
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Table 1 Dice number relative to counter output 


Step Pins Dice number 


the way in which the dots are grouped on the faces of a die, the wiring of 
the LEDs is simpler than it might otherwise be. You can see from Figure 1 
that there are really only three sets of connections to the LEDs ~ one from 
each bit of the counter output. When pin 14 is at logic 1, four LEDs are lit, 
corresponding to the number four. For the number five, pins 14 and 6 will 
be at logic 1. For the number one, only pin 6 is at logic 1. For three, pi 
and 6 are at logic 1, for six, pins 14 and 11 are at logic 1, and for two, only 
pin 11 is at logic 1. These conditions are summarised in Table 1. 


Construction 


Two pieces of Veroboard (of the strip type) are needed ~ one for the main 
circuit (Figure 2) and the other for the display LEDs (Figure 3). The display 
board is easier to build, so we will do that first. It measures 20 holes by 18 
strips. 


Cut the tracks as shown in Figure 3, using a 3 mm (Yinch) twist drill rotated 
between thumb and forefinger. Insert and solder the Veropins, resistors and 
the wire links. Then solder the LEDs in place, making sure their polarities 
are correct. The LEDs are mounted proud of the board (Figure 4, which will 
help when you come to fix the board into a case. 


The main board measures 32 holes by 18 strips. As before, remove the 
tracks in the places shown in Figure 2. Note that track ‘L’ is not broken 
under the position for IC2. Solder in the IC holders and the links. Solder in 
R1 and R2 vertically, and R3 horizontally. Then solder in C1, C2 and C3; 
these all being electrolytics, check their polarities. Solder in the Veropins 
and prepare the connections to those components not on the main board, 
using stranded, insulated wire. Check the circuit carefully, and read the 
handling precautions given earlier before carefully inserting the two ICs 


Figure 2 Main board, 
component layout 


Figure 3 Board for the six 
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Testing and use 


When the circuit is switched on, itis likely that the centre LED only will be 
lit. Press SW2, the ‘throw’ switch. All the LEDs should flicker, even after the 
switch is released, but only for a second or so. Then a standard pattern 
should show, signifying numbers between one and six. If this does not 
happen, switch off and check your circuit again. Are there any missing 
links? Are there any obvious dry joints (usually dull instead of shiny)? Can 
you see any solder bridges between tracks? Did you choose to ignore the 
handling precautions? If none of these results in a working circuit, try some 
fault-finding. 


© Disconnect the lead to D7 on the main board (marked ‘to pin FI’ on 
Figure 2). Touch the lead on to the positive supply rail. D7 should light. 
Now transfer this lead on to pin 4 of ICL. Ifit flickers, then the oscillator 
is running (which it should). 

© Transfer this lead to pin 10 of IC2. D7 should flicker when SW?2 is 
pressed, but should be on permanently when it is released. This means 
that the correct signals are reaching IC2 from IC1. 

© If one of the chains of LEDs (ic. D1 and D2, D3 and D4, DS and D6) 
does not light, you may have one or both LEDs the wrong way round. 


When the die is working, you may care to experiment with the values of RI 
and R2, but you should keep their values the same, i.e. RI = R2. The larger 
the values of these, the more slowly the die will appear to ‘roll’. 


Finishing touches 


On completion of the project, you will want to mount it in a smart case; any 
plastic box is suitable for this, with the display board mounted so that the 
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Fig. 8. Dependence of multi-antenna techniques on system characteristics. 
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Fig. 9. Thin and small sector beam antenna 


[19]. It has square parasitic director elements that are 
shared by two sector arrays that face in opposite 
directions, and it has a hexagonal central director ele- 
ment that is shared by all six sectors. These elements 
form three line arrays, which intersect at 60°. These 
shared elements enable the sector antenna to be com- 
pact. Experimental results showed that the fabricated 
antenna had a conical plane beam width of 63° and 
high front-back ratio of 17 dB. The creation of adap- 
tive (smart) antenna hardware has been investigated 
[20]. A novel beam combination method for wide- 
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band digital indoor communication systems such as 
WLANS has been proposed [21] in NTT. Crossed fan 
beams are used at the base station and mobile termi- 
nal. The beam combination method provides better 
transmission quality than the traditional pencil-beam 
combination and eliminates the need for complex 
beam control in the base station, Maximum disper- 
sion distributions in the transmission frequency band- 
width have been calculated using a three-dimension- 
al indoor propagation delay simulation algorithm. A 
method of designing adaptive antennas including an 


2 


‘An electronic die 


LEDs protrude through the top and are fixed to it using LED clips. The way 
in which you mount both boards to the case is entirely up to you. 


Parts list 


Resistors: all 0.25 watt, 10% tolerance, or better 
RI,R2 $600 ohms () 
R3 15 kilohms (kO) 
R4-R7 470 ohms (0) 


Capacitors 
C1,C2___1 microfarad (uF) electrolytic, 16V WKG 
C3 68 microfarads (uF) electrolytic, 16V WKG 

Semiconductors 
Ic 4011 
1c2 4029 


DI-D7 _LEDs, any size and colour 


Additional items 
sw On-off switch SPST toggle 
sw Push-to-make, non-latching 
Veroboard, 2 pieces, see text for sizes 
Veropins, 10 
Stranded insulated wire for general wiring 
Single-core insulated wire for links 
PP3 battery clip 
PP3 battery 
Plastic box to suit 
LED mounting clips (7) 
Means of mounting boards to box 


Source 


Components are available from Maplin. 
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Figure 1 Absorption 
wavemeter circuit 


222 


63 The absorption wavemeter 


Introduction 


The purpose of the absorption wavemeter is to check that a transmitter is 
radiating within the correct waveband, and to detect any spurious 
‘harmonic emissions. A harmonic frequency is an integral multiple of the 
carrier frequency — e.g. if the carrier is at a frequency f, the harmonics are 
at frequencies 2f, 3f, 4f... and so on. 


It can also be employed as a relative field-strength indicator, being used in 
experimentation with aerials. What it cannot do is to measure the 
transmitted frequency accurately; all it can do is to place the signal within 
a particular band, say the 7MHz or the 18MHz band (or their 
harmonics). 


How it works 


You may recognise the circuit of Figure 1 as a crystal set with a meter 
replacing the headphones. It is simply the parallel combination of an 
inductance with a variable capacitance, which constitutes a resonant circuit 
with a variable frequency. A dial on the variable capacitor can be roughly 
calibrated with frequency. The fixed capacitor across the meter helps to 
improve the meter reading by making it read the peak value of the carrier 
wave rather than the average value. 
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The absorption wavemeter 


When the wavemeter is situated in the vicinity of a relatively strong radio- 
frequency (RF) field, the inductor absorbs a small amount of energy from 
that field. If the circuit is resonant at the same frequency as that of the 
transmitter, an RF voltage is produced across the coil and is proportional to 
the strength of the RF field. The RF voltage is rectified, or detected (turned 
from AC into DC) by the diode and the second capacitor, and is displayed 
by the meter. 


The tuned circuit 


The formula for calculating the resonant frequency of a coil and capacitor 
is relatively simple. It is 


1 


Te’ 


where fis the resonant frequency (Hz), 
L is the inductance (H), and 
Cis the capacitance (F). 


If this formula puts you off, there is this slightly easier version: 
159 
\LC’ 


where fis the frequency in MHz, 
L is the inductance in microhenries (FI), and 
Cis the capacitance in picofarads (pF). 


When a variable capacitor is specified, it is usual to quote its maximum 
capacitance, i.e. the value when the vanes are fully meshed. When the value 
of the capacitor is small, it is usual to quote its minimum capacitance also, 
the value when the vanes are fully open. If you use a variable capacitor of 
10-100 pF with a 100 pH inductor, you will use the value of 10 pF to 
calculate the maximum resonant frequency, and the value of 100 pF to 
calculate the minimum resonant frequency, giving a tuning range of 
1.6 MHz to 5 MHz. Check it yourself! 
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Figure 1 HF absorption 
wavemeter, circuit diagram 
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wavemeter 


Introduction 


‘An absorption wavemeter is basically a simple tunable detector circuit, 
such as would be used in a crystal set, but with the headphones replaced 
by a meter, in order to indicate the strength of the received signal. 


The circuit 


Figure 1 shows the circuit of the wavemeter. It is designed to cover all the 
HE bands from 1.8 MHz to 28 MHz in four switchable ranges. There is no 
built-in method of amplification, so a sensitive meter is needed in order to 
indicate sufficiently using the available absorbed energy. The meter does not 
need calibrating, it serves to produce only an indication of the absorbed 
power, not its absolute value. 


An absorption wavemeter does not have outstanding selectivity, mainly 
because of the loading effect of the meter. This problem is ameliorated here 
(but only slightly) by the inclusion of R1 in series with the meter. It gives 


‘An HF absorption wavemeter 


improved selectivity at the expense of a slight loss of sensitivity. The 
appearance of capacitor C1 across the meter is discussed in The Absorption 
Wavemeter, in the previous section. 


Coils 


These can be purchased (see the parts list) or hand-wound on short lengths 
of PVC water pipe or conduit, and the coil-winding details are given in 
Table 1. In theory, the 100 pF tuning capacitor would cover all the HF 
bands with only three coils, omitting the 22 wH coil. Sample calculations are 
explained in the previous article. However, its inclusion avoids the common 
problem of having some bands cramped at the extreme edges of the tuning 
scales. 


Table 1 Close-wound coil values 


Luh) No of turns Span (mm) swe 


PVC FORMER OF OUTSIDE DIAMETER 25 mm 


22 9 9 20 
0 24 4 20 
2 44 “4 20 

100 110 60 26 


PVC FORMER OF OUTSIDE DIAMETER 20 mm 


22 10 0 20 
22 9 5 26 
0 32 32 20 
10 24 2 26 
2 63 62 20 
2 a 2 26 
100 134 70 26 


PVC FORMER OF OUTSIDE DIAMETER 19 mm 


22 u u 20 
22 9 5 26 
10 35 34 20 
0 25 B 26 
2 68 67 20 
2 44 2 26 
100 187 9 26 
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Construction 


Hand-wound coils, using 19-25mm PVC formers, have single-layer 
windings, with their ends secured by threading the wires through two small 
holes drilled in the formers at each end of each winding. 


You may have wondered about the use of the two-pole switch SWI, as all 
the lower ends of the coils are grounded anyway. The answer lies in the ease 
of construction, Each coil can be mounted on the tags of the switch for 
support. If you are using the commercial coils, they are small enough to be 
accommodated on a miniature rotary switch; a larger rotary switch is 
required for hand-wound coils. The specification of a 6-way switch allows 
for the addition of extra frequency ranges at little extra cost. Rotary 
switches such as the 2-pole, 6-way variety have an adjustable end-stop 
which allows the number of ways to be set anywhere between 2-ways and 
6-ways. Remove the nuts from the switch, and a ‘washer’ will fall out. It is 
not a washer, really, and has a little piece of metal bent over at right angles 
to the washer. This fits into one of 12 holes in the body of the switch, and 
prevents the shaft from turning through 360° and selecting the number of 
ways. 


Calibration 


This process needs a commercial amateur-bands transceiver, if it is to be 
done quickly and accurately. 


© Connect the transceiver to a dummy load, and connect a piece of flexible 
wire from point A in Figure 1 and wrap two or three turns around the 
cable between the transceiver and the dummy load. 

@ Turn the transceiver power level control to minimum, and set the 
frequency at 1.81MHz and the mode to FM or AM. Switch to 
transmit. 

© With the wavemeter set to its lowest frequency range (i.e. 1.8-3.5 MHz), 
rotate the tuning capacitor until maximum deflection is obtained from 
the meter needle. Write the frequency on the inner ring of the wavemeter 
scale at that point. 

© Switch off and retune the transmitter to 3.5MHz. Repeat the above 
process. 

© Repeat, using switch range 2 for 3.5, 7 and 10 MHz, range 3 for 7, 10 
and 14MHz, and range 4 for 14, 18, 21, 24 and 28 MHz. 


An alternative source of calibration signal could be an HF signal generator, 
with a single-turn loop of wire at the remote end of its cable, and the wire 
from the wavemeter brought close to the loop. 


Remember that the marks on the scale represent frequency bands, not 
precise frequencies. 
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Extending the range 


If you would like to experiment with increasing the range to the lower VHF 
band, then 50 MHz should be achievable with an additional self-supporting 
coil (no former). Try three turns of 20 SWG enamelled copper wire of 
25 mm ID (internal diameter). Wind it on some 25 mm PVC pipe, as before, 
then slide out the pipe! The same result could be achieved with four turns 


of 19 or 20mm ID, or 12 turns of 7.1mm ID. 


Parts list 


Resistor 
RI 2200 ohms (0) 0.25 watt, 10% tolerance 
Capacitors 
cl 1 nanofarad (nF) min. ceramic 


VC1 100 picofarad (pF) variable 


Inductors 
Lt 100 microhenries (H) 
12 22 microhenries (uH) 
13 10 microhenries (wH) 
14 2.2 microhenries (wH) 


Semiconductors 
DI Germanium OA91 or 1N4148 


Additional items 
SWI Rotary 2-pole, 6-way 
Moving-coil meter, 50 or 100 pA FSD (any meter 
of this sensitivity will do) 
Plastic box, approx. 150 by 80 by 50mm 
Connecting wire, coloured 


207 


Radio and Electronics Cookbook 


228 


65 A vertical aerial for 70cm 


Introduction 


end instead of the middle. Because the impedance of the dipole is hi 


that is needed is a coil, wi 
Yewavelength. (Note that the electrical length (i 
an RF signal) is not necessarily the same as the actual length.) 


Ifthe range of your hand-held transceiver is very limited, what you need is a 
aerial mounted outside. This design is a half-wave dipole fed at the 
atits 
ends (and low in the centre), a matching circuit is needed so that this high 
impedance can be matched to that of the low-impedance coaxial cable. All 
increases the electrical length of the aerial to 
. the length as it appears to 


Construction 


The aerial element and the coil are made from a single piece of 1.5mm 
welding (brazing) rod, and the dimensions are given in Figure 1. Wind the 
coil around a 4mm rod or the shank of a twist drill. The lower end is filed 
toa point and then soldered into the centre conductor of a 4-hole panel- 
mounting BNC socket. (Try to obtain a good-quality BNC socket with 
PTFE insulation — the insulation of cheaper sockets is easily damaged.) Trim 
ment to 427 mm (top of element to top of coil) after the wire has been 


the 
soldered to the socket. 


The base coil causes the aerial to be rather ‘whippy’, so a piece of Smm 
plastic knitting needle can be cut to the length of the coil and then forced 


into it. 


‘The radials are made from four lengths of 3 mm welding rod. These are bent 
and soldered into the four mounting holes of the socket, and then cut to the 


lengths shown in Figure 1. 


Testing 


Using a standing-wave-ratio (SWR) meter connected between your aerial 
and the transceiver, measure the SWR (or obtain some indication of the 
reflected power) on transmit. If it is greater than 1.5, switch off the 
‘ment, and try again. 
Repeat the process until the measured SWR (or the reflected power) is as 


transmitter, trim about 3mm off the end of the 


low as you can get it. 


Figure 1 Construction of the 
70cm antenna 


A vertical aerial for 70.cm 
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Installation 


The aerial is made waterproof by enclosing it in a 22mm diameter PVC 
waste water pipe. It is ‘weldable’, and available at plumbers’ merchants, 
usually by the metre. A coupler is slotted to take the radials (Figure 1). File 
the BNC socket as required, so that it slides inside the coupler until the 
radials poke out of the slots. Cut a length of plastic tubing which is 30 mm 
longer than the aerial, and push it into the coupler. You will then need a 
plastic bung or screw-top to waterproof the top end. 


29 


Radio and Electronics Cookbook 


230 


Plastic welding solution is now applied to the joints, sealing the aerial inside 
the tube. The coupler has been weakened as a result of making the slots, so 
it is worthwhile applying PVC tape around this joint until the welding 
solution sets. 


A support for the aerial is made from an off-cut of tube pushed into the 
lower end of the coupler and held with a self-tapping screw. 


Parts list 


1 4-hole panel-mounting BNC socket 

1m 3mm brazing rod (may be available from a small garage) 
Im 1.Smm brazing rod 

1m 22mm PVC waste water pipe 

1 22.mm straight coupler 


Plastic welding solution 


66 A UHF corner reflector 


aerial 


Introduction 


The comer reflector is a well-known design and is capable of good 
performance on the VHF and UHF bands. At UHF, the practical 
implementation of the corner reflector is an ideal constructional project. 


Some details 


Expressed quite simply, the aerial consists of a } dipole (where 2 is the 
standard symbol for wavelength, making a % dipole’ a half-wave dipole). 


Selected Pypers 


antenna configuration that is suitable for street 
microcells, considering the propagation environ- 
ment, has been described. An automatic calibra- 
tion method at the transmitters and receivers 
using the transmitting signal (ACT), which 
enables realtime calibration, has been presented 
[22]. An SDMA technique using polarization has 
also been studied [23]. The transmission quality 
of an SDMA scheme that uses vertical pattern 
and polarization control was investigated in an 
actual cellular environment. For a sector cell sys- 
tem, this configuration was shown to be effective 
based on an evaluation of the spatial correlation 
characteristics. We also found that the output car- 
rier-to-interference-plus-noise power ratio (CINR) of 
the proposed configuration was from 10 to 17 dB 
higher than that of the conventional SDMA configu- 
ration when the number of users was greater than 
four. The proposed configuration can reduce the 
antenna size compared with conventional SDMA. 
Moreover, MIMO techniques enable very-high-data- 
rate transmission using a limited frequency band. We 
have studied technologies based on the eigenmode- 
space division multiplexing (E-SDM) [24] scheme 
because it provides the theoretically maximum chan- 
nel capacity and reduces the terminal's calculation 
load. The selected papers in this issue introduce both 
theoretical and practical technologies. The fourth 
paper describes new MIMO methods with beam- 
forming to overcome problems of calculation com- 
plexity and low MIMO effect in the line-of-sight sce- 
nario [5]. The fifth paper describes the configuration 
of an 8 x 4 MIMO-OFDM transceiver and presents 
experimental results for the propagation characteris- 
tics, bit error rate (BER), and frequency utilization 


[6] 


3.4. Satellite broadband communication system 
If we want to create a seamless and flexible wire- 
less network system, then a satellite communication 
system is very important because it provides a wide 
service area, However, it has the inherent problem 
that the distance between the transmitter and receiver 
is long, so the terminal needs a larger antenna than 
ones in the land mobile system to provide high-speed 
transmission. The effective solution is to make the 
satellite dish larger to provide high gain and multi- 
beam transmission. We have studied multibeam com- 
munication satellite technology and onboard large 
deployable antennas for creating a broadband mobile 
satellite communication system [25]. An MMIC- 
based beamforming network equipment for a multi- 
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Table 4. Typical antennas in earth stations. 


Satelite | Typical satelite | Current typical earth station antenna 
catagory | system (size or langth, gain) 


na Helical (0.1 m, 2 dBi) 
LEO Linear whip (0.1 m, 0 dBi) 
oe Patch (0.1 m, .dB)) 


Parabola (0.6 - 0.9 m, 18—21 a8) 
Ico Phased patch array (0.5 m®, 14 dBi) 
N-STAR Halcal (0.8 m, 2 dBi) 

INMARSAT | Patch array (0.3 m*, 12 dB) 

Patch (0.1 m, 9 dBi) 


MEO 
GEO 


LEO: low earth orbit 
MEO: modium earth orbit 
GEO: geostationary earth orbit 


beam feeder whose weight is only 1/3 that of the con- 
ventional type was developed. We are also develop- 
ing a large, highly precise deployable antenna with a 
diameter in the over-10-m range. The mobile terminal 
acting as an earth station is also an important compo- 
nent of a broadband mobile satellite communication 
system. Typical existing antennas in earth stations are 
shown in Table 4. Various mobile terminals are 
accommodated in the satellite communication system 
by different transmission rates, and these terminals 
use various antenna methods and locations, A com- 
paratively large terminal antenna is required to han- 
dle high data transmission rates in a satellite system 
to mitigate the huge propagation loss, The high gain 
and narrow beam of a large antenna make a beam- 
scanning mechanism necessary to enable the antenna 
to follow the satellite direction as the terminal moves. 
‘The sixth selected paper describes a highly accurate 
and cost-effective auto-tracking antenna system for 
earth stations onboard vessels, using a novel incli- 
nometer that is highly accurate in acceleration distur- 
bance environments and a new systematic stabiliza- 
tion controller design process based on H control 


BI. 


4, Conclusion 


‘This paper gave an overview of the requirements of 
antennas and antenna systems in recent high-speed 
and high-capacity wireless communication systems 
and the key technologies for satisfying these require- 
ments to create next-generation wireless communica- 
tions. It also described current antenna systems and 
NTT’s antenna research results for typical wireless 
systems. 

Antennas for next-generation wireless communica- 
tions require high gain, high efficiency, and a multi- 
antenna design. A high-gain antenna can be made 


NTT Technical Re 


Figure 1 70.cm corner 
reflector antenna 


A UHF corner reflector aerial 


Nothing new in that, you might say. However, the interesting feature is the 
reflector, which is not the usual single element, but a 90° metal ‘corner’, 
acting rather like a parabolic dish as used for satellite signal reception. The 
wind resistance of this type of reflector makes it impractical so, to reduce 
the ‘windage’ quite significantly, we make the ‘corner’ from closely spaced 
rods, as illustrated in Figure 1. 


Driven element 


mount 


Ss Dipole 


driven'element 


Reflector mount 


Orsoe nats 


The reflector consists of a number of 0.6A rods, spaced from each other by 
0.14. The aerial frame can be made of metal or wood, but wood is easier to 
work with, and mounting the clements to the frame is simpler. The 
prototype was made with wood of 20 mm by 15 mm cross-section, as Figure 
2 shows. The wood was varnished for protection. The elements were made 
from 1.Smm diameter copper wire, because a large reel of the wire 
happened to be available. The wire diameter is not critical; tubing could be 
used just as successfully. 14 SWG hard-drawn copper aerial wire would be 
even better than that used in the prototype. 
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Driven 
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Driven element mount 


Tegem t 69am 


WWholes spaced at 69cm 
Figure 2 Driven element 


dimensions, together with I 6a 
boom dimensions for driven 
element and reflectors, Reflector mount Snes ore 


Construction 


This project is just as much a woodworking project as a radio project! 
Follow the instructions carefully, and you should have little trouble. 


© Cut the booms for the reflectors, as shown in Figure 2. A mitre block is 
invaluable here in producing the 45° corners. 

© Using the dimensions given on the diagram, mark the hole positions for 
the reflector elements, and then drill holes of a size which holds the 
elements firmly. 

© Cut the driven element boom according to the diagram, and mark the 
point midway along the longer side, which will assist you later in 
positioning the driven element. 

© Cut the back plate to size (about 120mm by 80mm). You may need to 
alter this size depending on the size of the U-bolt you will be using to 


clamp the aerial to the mast. 
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A UHF corner reflector aerial 


© If you want to be extra cautious in your construction, use the belt-and- 
braces approach, commonly known as ‘screw-and-glue’ to fix the booms 
to each other and to the back plate. 

© Fix the reflector booms to the back plate first, then slide in the driven- 
element boom until it will go no further, then apply the wood glue and 
screw the two ends tightly to the reflector booms. Leave for the period 
prescribed by the glue manufacturers for the glue to harden. 

Varnish the whole structure. 

© Cut the driven clement to the correct size plus a couple of centimetres (the 
reason for this will be evident in the Testing section), and fix it to the 
centre of its boom (at the position you marked earlier) with a ‘chocolate 
block’ connector to which the coaxial feeder cable will eventually be 
connected. 

© Cut and fix the reflector elements in place. If you find that these are a 
loose fit in the holes then, for each element, drill a pilot hole through the 
boom to intersect the hole for the element. File off the point of a 
woodscrew, and screw it gently into the pilot hole until it meets the 
element and grips it in place. You will now see why the point was filed 
off! Alternatively, you can glue the elements in place. 


Testing 


Place the aerial on a mast, clear of obstructions. Connect it to a transceiver 
with a length of coaxial cable, with a standing-wave-ratio (SWR) meter in 
circuit. Find a clear frequency, identify your transmission and ask if the 
frequency really is clear. If so, key the transmitter again and note the SWR. 
Do not stand in front of any aerial when it is radiating! The length of the 
driven element must be adjusted to obtain an SWR of less than 2. If you 
have to shorten the dipole, bend the ends over rather than cut them off. That 
way, if you go too far, your can lengthen them again! The dipole was 
initially cut too long intentionally, to allow for adjustment here! Bending the 
ends over also reduces the risk of physical damage to clothing, skin and 
eyes. You may like to consider applying the same technique to the reflector 
elements for that reason alone. 


Moving on... 


Once you have warmed to the idea of the corner reflector as an aerial, you 
might like to ring the changes regarding the reflector. How about replacing 
the 20 reflector elements with a wire mesh, such as garden centres sell as, 
‘chicken wire’? Choose the finest mesh if there is a choice. Some extra 
support may be needed around the edges of the mesh, but you could go on 
to make a comparison of aerial gain between the two types, using the UHF 
Field Strength Meter described elsewhere in this book. 
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Materials 


Stiff wire or thin-walled tubing for dipole and reflector 
Frame — wood, 15mm by 20 mm cross-section, lengths given in text 
Back plate — stout plywood, dimensions given in text 

U-bolt to suit mast 

Wood screws 

Wood glue 

S0W coaxial cable for feeder 

2-terminal ‘chocolate block’ for dipole connection to feeder 
Varnish 


67 A switched dummy load 


Bearing the load 


A.2W carbon film resistor is hardly going to withstand our 100 W PEP of 
SSB, so it is obvious that the design of our dummy load must be a little more 
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wre 1 Basic circuit 
diagram 


A switched dummy load 


complex than a single resistor and a switch, despite what Figure 1 might 
suggest! In fact, it uses 20 resistors, each of value 1000 © (1k). How does 
this solve our problem? 


Perhaps a little theory is in order here, but no more than is required by the 
Radio Amateurs’ Examination. 


When two equal resistors of value r are combined in parallel (i. side by 
side), the total resistance, Rr, is given by: 


So, by connecting two equal resistors in parallel, we get a combined 
resistance which is half the individual resistances. If we combine three in 
parallel, we get a third of the resistance, and so on. 


Here, we are connecting 20 resistors of 1k in parallel, so we will produce 
an overall resistance of one-twentieth of the individual resistance, i.e. 
1000/20 = 50.0, which is what we set out to achieve! 


RI 
50R 
(20 x KR 2W) 


Oras O12 


This is not the only advantage, though. Each resistor is capable of 
dissipating 2 W, so 20 of them will safely dissipate 40 W, for short periods 
at least. This power dissipation is approximately the same as 100 W PEP of 
normal speech, so the design should be capable of use in an ‘average’ 
amateur station. The power-handling ability of any dummy load can be 
improved by providing a ‘heat sink’ which helps to conduct the heat energy 
away from the resistors, thus lowering their temperature. One popular heat 
sink is a can of transformer oil, into which the resistors are immersed. This 
design uses a rather more mundane heat sink, but which is adequate for the 
job in hand. 
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Figure 2 PCB resistor 
supports 


120 x 95 


die cast aluminium box 


antenna Hf 


Earth’ PCB 


Figure 3 Switched dummy 
load, component layout 
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2 PCBs (single sided) 100 x 36mm, 20 holes 
‘earth PCB with two 3mm holes 


x 53mm To transmitter 


——~ bolt ‘earth’ PCB 
1o side of box 


2mm gap 
between —| 
resistors 


\ 


18sw9 aluminium 
20x 130mm 
bent up each end 
with two 3mm holeg 


/ 


Heat sink Twenty k 2W Two 5 x 20 x 100mm 
compound resistors ‘ceramic wall tile 
section A-A © rss ova 


A switched dummy load 


Pouring the heat away 


Two basic PCBs are needed, the details being given in Figure 2. Both 
measure 11 x 35 mm, Each has a set of 20 holes of diameter about I mm to 
take the ends of the resistors. Only one of them has two 3mm holes which 
are used for mounting the completed load. Figure 3 shows how the heat sink 
is assembled. Solder one end of each resistor into the ‘earth’ PCB, and then 
mount this to the box using the two bolts as shown in the diagram. Between 
each rank of resistors is a ‘sandwich’ consisting of an aluminium strip and 
two pieces of ceramic wall tile, to act as a heat sink for the resistors. Heat 
sink compound is used to provide good thermal contact between the 
resistors and the tiles, and between the tiles and the aluminium strip. This 
is shown in the lower part of Figure 3. Thread the loose wires of the resistors 
through the holes in the second PCB, solder into place, and crop the 
protruding wires. 


Switching 


A changeover switch must be used so that the transceiver can be switched 
between the dummy load and the aerial without unscrewing connectors. For 
most purposes, an ordinary 10.A 230V changeover switch will suffice, as 
found in many electrical shops and DIY stor 


Wire this into the circuit as shown in Figure 1 and Figure 3. Check your 
wiring, Put S1 in the ‘dummy load’ position. If you have a multimeter which 
includes an ohmmeter, measure the resistance across the socket, J1, before 
connecting it to the transceiver. It should be very near 50 ©. With $1 in the 
‘aerial’ position, there should be an infinite resistance across J1. Move your 
ohmmeter to read the resistance across J2. It should be infinite for both 
positions of $1. If all seems correct, close the box and your dummy load is 
ready for use! 


Parts list 


Resistors 
1000 © (1k) 2W carbon film, 20 required 
Additional items 
10 A 230V changeover (SPDT) switch 
S0-239 sockets, 2 required 
Aluminium box 120 x 95 x 53mm or similar 
Ceramic wall tile cut as required 
Aluminium strip, 18 SWG 
Nuts and bolts as required 
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68 A simple Morse oscillator 


Introduction 


‘components, If you have trouble in finding the bi 
source of the components for this and many other 
found with the parts list at the end of the project. 


This is an excellent project which uses the ‘junk box’ as its source of 
for this one, a good 
iF projects is to be 


The circuit 


This is shown in Figure 1, and uses an ‘unknown’ Ple 
the overall circuit extremel 


will be produced in the speaker. 


To make this circuit into a good Morse practice oscillator, it is necessary 


only to insert a Morse key into the supply rail from the battery. 


However, the 


circuit. The tone from the loudspeaker is different, 
of pins 1, 3 or 5 you us 
was used to select the tones from pin 1 or pin 3, and the Morse 


jack socket can be seen in the photograph. 


+9 
(on PP3 


Speaker 


Oscillator 
chip 


GC. Key Jack 


ire 1. Morse oscillator, -9v 


©asas ove on PP3 


chip, which makes, 
-asy to build. A 0.1 pF capacitor is connected 
between pins 7 and 8, a speaker (in the popular 8 to 25 (impedance range) 
is connected between pins 8 and 9. If a 9V battery is connected with its 
positive terminal to pin 8 and its negative terminal to pin 1, 3 or 5, a tone 


¢ is another refinement which you may care to build into the 
lepending upon which 
In the prototype, a single-pole changeover switch 
-y would 
be connected to the circuit via a small jack socket. There is no need for an 
on/off switch, as the Morse key performs that function. The switch and the 


A simple Morse oscillator 


The case 


Almost any small loudspeaker will do; the higher the impedance the better. 
The ‘impedance’ is the figure usually printed on the rear of the speaker 
magnet. It is a value given in ohms ({2). For simple circuits like this, you will 
usually find that the higher the impedance (within reason), the louder the 
sound it will produce. Speakers from old transistor radios will work, 
although their impedances can be rather low sometimes. 


Any case big enough to house the components and the battery will be 
suitable. The prototype used a ‘Walkman’-type speaker and case, and is 
shown in the photograph. 


To use the circuit, simply attach a 3.5mm jack plug to your Morse key, and 
insert it into the socket. Nothing should happen until you press the key, 
when a tone should be heard from the loudspeaker. 


Another application 


Try soldering the two wires of a ‘twisted pair’ to the 3.5mm jack plug. 
Touching the wires together produces a tone from the speaker. This simple 
circuit can then be used as a ‘continuity tester’. Touch the two wires to the 
ends of a fuse. If there is no sound, then the fuse is blown. There are many 
other such tests you could perform with this device — to check whether there 
really is a connection between one end of a wire and the other, for example. 
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Warning 


You must never make such tests on any equipment which is connected to the 
mains supply, even if it is switched off. If you want to make any such tests, 
make sure you are supervised by someone who understands what you are 


doing and is competent to advise and supervise you. 


Parts list 


Plessey oscillator chip 
0.1 pF capacitor (disc ceramic) 

Loudspeaker 8 to 25 

3.5mm jack socket (and 3.5 mm jack plug if needed) 
Single-pole changeover switch 


The Plessey oscillator chip is available from J. Birkett, 25 The Strait, 
Lincoln LN2 1JF, tel: 01522 520 767. 


John Birkett may also provide a kit of parts (the chip, capacitor and 
loudspeaker). 


A bipolar transistor tester 


Introduction 


This isa circuit which will test normal transistors, .e. npn or pnp. It has the 
advantage of being able to test devices while they are still connected in 
iginal circuits. However, when such tests are made, the circuit 
ing the transistor under test must not be switched on. 


The circuit and how it works 


The circuit runs from a 9V battery such as a PP3 or six A-type 1.5 Vc 
Alkaline cells are to be preferred, as their electrolyte leakage properties are 
better. The circuit shown in Figure 1 uses a single CMOS integrated circuit 
type 4001 or 4011. CMOS circuits require special handling precautions 
which are described in the project Christmas Tree LEDs, elsewhere in this 
book. 


using a relatively large antenna aperture, but a beam- 
scanning mechanism is needed for mobile communi- 
cations. A high-efficiency antenna can be made using 


an 


active integrated antenna, which integrates an 


MMIC with the antenna element, Multi-antenna tech- 
nology is the innovative technology that enables mul- 
tiple data transmission in space. In MIMO-type 
multi-antenna systems, the most important key tech- 
nologies are the beamforming algorithm and the 
implementation method. The solution technologies 


for 


NTT’s advanced antenna systems are explained in 


detail in the following selected papers in this issue. 
‘The technological background and the current 
research and development situation are also described 
to make the papers easy to understand, 
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Figure 1 Transistor tester, circuit diagram 


Inside the IC are four logic gates (see Digital Logic Circuits) which are all 
connected as inverters, which means that the output signal is always the 
logical ‘opposite’ of the input. The first two gates are connected as an 
oscillator; the circuit being the same as that used in An Electronic Die. 


The output of the oscillator, at pin 11, is connected to the input of a buffer 
stage, IC Ic, which helps to isolate the oscillator from the circuit that follows 
it. The buffer output appears on pin 3, which we shall label as test point A 
for future use. Another inverter, IC1d, follows this, its output at pin 4 being 
labelled test point B. 


There are two LEDs connected back to back at the circuit output. These are 
DS and D6, DS being red and D6 being green. Whatever the output of the 
oscillator at any instant, one of the LEDs must be lit and the other unlit. 
With point A positive and point B zero, the red LED is lit, when A is zero 
and B is positive, the green LED is lit. Because the oscillator output is 
repeatedly switching from one polarity to the other, the lit LED is alternately 
red and green. They switch between the two colours much faster than we 
can see, so what we think we see are both LEDs lit together. 


The two 100 ohm resistors, R3 and R4, provide the bias to the base of the 
transistor under test. When A is positive and B is zero, the base-emitter 
junction of the transistor will be forward-biased, and the transistor will 
switch on (if it is a working npn type). When the transistor is on, it 
effectively short-circuits DS (the red LED) and it extinguishes. When point 
Ais zero and B is positive, an npn transistor will be switched off and the 
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green LED (D6) will light. Thus, for a working npn transistor, only the green 
LED is lit 


If the transistor under test is a pnp type, it will switch on when A is zero and 
B positive, thus short-circuiting the red LED (D6). When A is positive and 
B zero, the transistor is off and the red LED (D5) is lit. Thus for a working 
pnp transistor, only the red LED is lit. 


To summarise, the states of the LEDs indicate the following conditions: 


@ Both LEDs apparently lit: no transistor connected, or transistor 
permanently open circuit. 

© Neither LED lit: a collector-emitter short-circuit is almost certain. 

© Red LED alone: pnp transistor in working order. 

© Green LED alone: npn transistor in working order. 


Construction 


The prototype tester was built on a piece of Veroboard measuring 15 strips 
by 18 holes. Cut the tracks using a track-cutting tool or a 3mm (% inch) 
twist drill, as shown in Figure 2. Notice that, in this diagram, there is no 
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A bipolar transistor tester 


track ‘P, so try to avoid miscounting when you translate diagram positions 
to real positions on the board. Hold the board up to a strong light to ensure 
that there is no copper swarf shorting adjacent tracks together, and that you 
have made the cuts in the correct places. 


Having done this, insert and solder Veropins for all the connections to be 
made to components not on the board itself. Then solder in the IC holder 
and the wire links. Then insert the other components in the order resistors, 
capacitors and diodes D1—D4. Some resistors are mounted vertically so that 
their connections are on adjacent tracks. Double check the diode polarities 
= it is easy to make a mistake when wiring diodes in anti-parallel! Next, 
connect up the off-board components, again making sure that the LEDs 
have the correct polarity. The probe leads for the emitter, base and collector 
should be made from different colours of wire and terminated in probe clips 
(small insulated crocodile clip: 


Check carefully for dry joints and errant blobs of solder. Plug the IC into its 
holder, ensuring that itis inserted the right way round, as shown in Figure 2. 


Testing 


Without a transistor in circuit, and the battery connected, both LEDs should 
be lit. Connect a known good npn transistor and verify that the green LED 
lights. Now simulate two transistor faults: disconnect the base lead and 
both LEDs should light; remove the transistor and connect the emitter and 
collector leads together. Neither LED should light. 


Repeat the tests with a known good pnp transistor. The results should be the 
same, except that the correct indication should now be a lit red LED. On 
your computer, make a small label of the bulleted list above, to fit on your 
tester showing the states of the LEDs and what they mean. It will act as a 
useful aide mémoire when you use the tester in future. 


Using 

‘The circuit will test transistors in isolation or in an existing circuit, i.e. prior 
to use. You can check the lead identifications in component catalogues such 
as the Maplin catalogue. The tester is ideal for going through the large bags 
of unmarked transistors that you can buy for a song at rallies. You can sort 
them into three piles - npn, pnp and dud! 
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Parts list 


Resistors: all 0.25 watt, 10% tolerance or better 
RI, R2 5600 ohms () 
R3,R4,RS 100 ohms () 


Capacitors 
C1, C2 1 microfarad (uF) electrolytic, 16V WKG 
Semiconductors 
DI-D4 1N4148 general-purpose silicon diodes 
Ds Red LED 
D6 Green LED 


Integrated circuit 
Ic CMOS 4001 or 4011 


Additional items 
Veroboard, 15 strips by 18 holes 
Veropins 
PP3 battery and connector (or 6 x AA cells in PP3 clip holder) 
Switch, SPST 
Connecting wire 
‘One each of known working npn and pnp transistors for test 
purposes. 


Source 


Components are available from Maplin. 
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70 The ‘Yearling’ 20 m receiver 


Introduction 


Published to celebrate the first anniversary of D--Y Radio, this excellent 
receiver design forms a suitable ‘second receiver project’ for those who 
have successfully completed the MW receivers earlier in this series. The 
receiver is powered from a PP3 battery or from a mains adaptor, and can 
ith the help of an experienced constructor, on a prototype board. 
gram and some of the components used are shown in the 
separate diagram. Headphones or a loudspeaker can be used and, once the 
is completed, a few simple adjustments will make the Yearling spring 


Building the receiver 


Before starting the constructional process, start by identifying all the parts. 
One by one, tick them off against the parts list. Are their values correct? The 
varactor diode is a twin type (see circuit diagram overleaf), and must be cut 
carefully down the middle, producing two devices, D1 and D2, with two 
wires each. 


First, solder the IC sockets, followed by the coils (inductors); Lt is pink 
inside the top, and L2 is yellow inside. Then, solder in the varactors; the 
lettering on D1 should be next to coil L1, and the lettering on D2 should 
face resistor R7. After those, the capacitors, wire links and resistors should 
be soldered to the board. Take care to wire the voltage regulator, IC3, 
correctly. Solder in the crystal X1 as quickly and deftly as you can ~ crystals 
do not take kindly to having their leads bent and being fried with a soldering 
iron! Make sure that the electrolytic capacitors C2, C12, C15 and C16 are 
fitted the right way round. Most electrolytic capacitors have only the 
negative lead marked. 


Figure 1 shows the rear of the front panel, illustrating the connections from 
the board and antenna socket to the controls. All normal connecting wires 
are 22 SWG or thereabouts, with insulation. Their lengths should be about 
15cm, except for the battery lead to the switch, which is about Sem. It is 
recommended that you use different-coloured wire for each connection to a 
control. Figure 2 shows this. The variable resistor section of VRS, the AF 
gain control, uses single screened cable connected to 0V (ground) at the 
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Figure 1 Rear view of the variable resistors. Check the connections carefully to make sure the wires fit the correct 
holes 
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Figure 2 It is helpful to use different colour insulated connecting wires. Wires between each variable resistor and the 
board should be twisted together to give a neat wiring outfit, 
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board end. Now fit the ICs into their sockets. Make sure that they are the 
right way round (see circuit diagram) and that each pin lies directly above 
its corresponding socket before applying gentle pressure with the back of 
the board firmly supported. 


Check that all the connections are correct (don’t assume this — check the 
ends of each wire against the circuit diagram) and that all your soldered 
joints are shiny. Lastly, drill the five 10.5 mm diameter holes for the main 
controls. On the side of the case, a 6.3 mm diameter hole is needed for the 
speaker socket, and 8mm holes for the antenna and earth sockets. The 
external power socket requires an 11mm diameter hole. 


Adjusting it 

Before you can make adjustments, and in order to hear anything on your 
Yearling, you will need to connect an antenna (aerial) to the antenna socket. 
About 8 metres of wire, preferably outdoors and as high as possible, is all 
you need to connect to the socket. Connect the 3.5 mm jack socket for the 
speaker, and a 3.5mm jack to your speaker leads. Connect a battery and 
switch on, 


1, Using a very small screwdriver or, better still, a non-metallic ‘trimming 
tool’, gently screw in the core of L2 as far as it will go, but don’t force 
it. Then unscrew it by three turns anticlockwise. 

2. Set VR1, VR2 and VR4 to mid-position and rotate the core of LI 
anticlockwise until the hissing noise you hear reaches a maximum 
intensity. Then adjust L2 for maximum noise. 

3. If you now tune carefully with the main tuning control, VR4, you should 
hear some amateur Single-Sideband (SSB) speech signals. You may have 
to adjust the bandspread (fine tuning) control, VR3, to make the speech 
sound normal. 

4. Having verified that everything is working, switch off and mount the 
controls on the front panel and the sockets on the side. To do this, it is 
much safer to disconnect all the controls and sockets, mount them in 
their final positions, and then wire them up agaii 

. Fit the front panel knobs, connect your aerial and switch on again, 
checking that everything is working. Then, locate the cluster of CW 
(Morse) signals to be found at the bottom of the 20 metre band, set the 
bandspread control to mid-position and slacken off the main tuning 
knob. Turn the knob (but not the control!) until the pointer lies a little 
clockwise of 14.0 MHz. The SSB signals should now lie roughly between 
the dial centre and 14.35 MHz. Tighten up the knob. 

6. Finally, fix the board to the rear panel, and secure the battery (if you are 

using one). Attach the rear panel to the back of the box, and you are 
finished! 
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Listening! 

Make a habit of keeping the bandspread control in its centre position when 
searching for stations; then you can adjust it either way to make the signals 
readable. Unless you have a very big aerial, it is best to have the ‘RF Gain’ 
control, VR1, at maximum. Use the ‘Antenna Tune’ control, VR2, to give 
the best signal, and control the volume with the ‘OFF/AF Gain’ control. You 
will find some excellent DX stations with your Yearling receiver, and it will 
serve you well. 


Parts list 


Resistors (all 0.25 W, 5%) 
RI, RS, R9_ 100 kilohms (k®) 
R2 10 kilohms (k) 
R3,R4 1.5 kilohms (kQ) 
R6,R8 12 kilohms (kQ) 
R7 200 ohms (9) 


Capacitors (all rated at 16V or more, tolerance at least 
what is quoted) 
C1,C5 180 picofarads (pF) polystyrene 5% 


ror) 10 microfarads (mF) electrolytic 

C3 47 picofarads (pF) polystyrene 5% 

ca 100 picofarads (pF) polystyrene 5% 

C6, C7, C8 100 nanofarads (nF) or 0.1 microfarad (4F) ceramic 
co 220 picofarads (pF) polystyrene 2% 


C10 330 picofarads (pF) polystyrene 2% 
C11, C14 10 nanofarads (nF) or 0.01 microfarad (WF) ceramic 
C12, C1S 100 microfarads (uF) electrolytic 


C13 47 nanofarads (nF) or 0.047 microfarad (uF) 
polyester, 5% 
C16 1 microfarad (uF) electrolytic 


Variable resistors 
VR1, VR3__1 kilohm (kQ) linear 
VR2, VR4 47 kilohms (kQ) linear 


VRS 10 kilohms (k®) log with switch 
Inductors 

Li Toko KANK3335R 

12 Toko KANK3334R 

13 10 microhenries (4H), 5% 
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Abstract 


The fast technology development of 5G mobile broadband (5G), Internet of Things (IoT), Big Data 
Analytics (Big Data), Cloud Computing (Cloud) and Software Defined Networks (SDN) has made 
those technologies one after another and created strong interdependence among one another. For 
example, loT applications that generate small data with large volume and fast velocity will need 
SG with characteristics of high data rate and low latency to transmit such data faster and cheaper. 
On the other hand, those data also need Cloud to process and to store and furthermore, SDN to 
provide scalable network infrastructure to transport this large volume of data in an optimal way. 
This article explores the technical relationships among the development of IoT, Big Data, Cloud, 
and SDN in the coming 5G era and illustrates several ongoing programs and applications at Na- 
tional Chiao Tung University that are based on the converging of those technologies. 


Keywords 
5G, Internet of Things (loT), Software Defined Networks (SDN), Big Data Analytics, Cloud Computing 


1. Introduction 


‘The roles of SDN, Cloud, 1oT, and Big Data in SG Networks have raised great interest recently [1]. According 
to the IEEE Computer Society (IEEE CS 2022 Report (2)), Cloud Computing (Cloud), Big Data Analytics (Big 
Data), Internet of Things (IoT), and Software Defined Networks (SDN) are among 4 of 20+ emerging technolo- 
gies as illustrated in Table 1. In the meantime, based on the report in IEEE Communications Society (IEEE 
Comsoc Technology News [3]), among top 10 trends in 2015 as listed in Table 2, 5G, Virtualization (SDN & 
NEV), everywhere connectivity for loT & IE, and Big Data are also included. Combining both reports, we can 
identify 5G, Cloud, loT/oE, Big Data, and SDN as the five most worthwhile ICTs (information & communica- 
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Semiconductors 
ICI, IC2 _Philips/Signetics NE602 or NE602A 


1c3 78L05 SV 100mA regulator 
Ic4 TLO72 Dual Op-Amp 
Ics Philips TDA7052 audio amplifier 


Additional items 
D1,D2 —__Varactor diode Toko KV1236 (cut into two sections ~ 


see text) 

x1 Crystal 8.86 MHz type (from Maplin, etc.) 

4 off 8-pin DIL sockets for IC1, IC2, IC4 and ICS 

2 off 4mm sockets aerial (red) and earth (black) 

1 off 3.5 mm chassis-mounting speaker jack socket 

1 off DC power socket for external supply (if required) 

4 off Red knobs with pointers 

1 off Tuning knob with pointer (e.g. 37 mm PK3 type) 

1 off Printed-circuit board or prototype board 

1 off Plastic case approx 170 x 110 x 6mm (e.g. Tandy 
number 270-224) 

1 off Speaker 8-32 impedance (or headphones) 


71 Adding the 80 metre band 
to the Yearling receiver 


Background 


You will have noticed that your Yearling receiver has a dial which shows 
coverage of the 80-metre amateur band (3.53.8 MHz). This band is used 
for local contacts during the day, and contacts up to about 1600 miles in 
darkness. Longer distances are possible, particularly in the middle of 
winter, 


The modifications 


Only a few extra parts are required, as you may have noticed from the parts 
list. A low-pass filter, FLI (one which passes low frequencies and rejects 
higher frequencies), is switched into the circuit on 80 m. The circuit of the 
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re 1 The circuit 
diagram shows the extra 
components for 80m 
operation. Note the 
connections to the PCB ‘a, 
‘bye and ‘a? 


Figure 2 The underside of 
the PCB. Wires are 
connected from the switch 
and filter as shown 
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Adding the 80 metre band to the Yearling receiver 


Figure 3 Internal view of 
‘the Yearling case, The filter 
FL is attached to the base 
with glue 


switch and its connections is shown in Figure 1. Before making the 
modifications, dismantle the receiver so that you have easy (and safe) access 
to the case and the track side of the PCB. 


1, The first thing to do is to drill a 6.5 mm diameter hole in the side of the 
case into which the switch fits. 

2. Then, using a sharp Stanley knife or scalpel, carefully cut the track on the 
PCB as shown in Figure 2, making a gap about 1mm wide. 

1g 10cm lengths of different-coloured insulated wire, make the four 
connections, a, b, c and d, to the PCB, as shown in Figure 2. 

4, Solder the two links on the filter, and then make the connections to the 
switch, capacitors and PCB. You will have to disconnect the existing wire 
between the RF gain control, VR1, and pin 4 of L1 on the PCB. 

5. Lastly, check your new connections carefully, then mount the switch in the 
new hole and fix the filter to the bottom of the case with a litte glue, as 
shown in Figure 3. Reassemble the circuit, and replace the back of the 
case. 


More testing! 

Firstly, switch your new switch, $1, into the 20 m position, to check that the 
original circuit still works! If you find thar the ‘Antenna Tune” control peaks 
ata slightly different position, don’t worry. 
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Now switch to 80m, and tune around the anticlockwise end of the dial; you 
should hear some SSB stations, particularly in the evenings and at weekends, 
when may people are on the air. At the other end of the travel of the tuning 
control, you should hear CW (Morse) stations. 


The Radio Society of Great Britain broadcasts amateur radio news every 
Sunday morning on or about 3.65 MHz; the table below has the details. 
Finally, a good antenna is more important than ever for 80 metre reception 
—aim for more height and length, and then consider the project concerned 
with making an Antenna Tuning Unit (ATU)! 


Parts list 


Capacitors (all rated at 16V or more, tolerance 10% or better) 


Cx, Cy 100 picofarads (pF) polysty 
Filter 
FLL Toko 237LVS1110 low-pass filter 
Additional items 
sw 2-pole 2-way (changeover) toggle switch 
7 off Short lengths of insulated wire of different colours 


The RSGB news broadcasts, GB2RS — Sunday 
mornings 


Frequency (MHz) Local time Reception area 
3.650 0900 SE England 
3.650 0930 Midlands 
3.650 1000 SW England 
3.650 1100 Yorkshire 
3.640 1130 Aberdeen 
3.660 1130 Glasgow 


The Midlands transmission is repeated at 1800 (6pm) local time on 
3.650 MHz. Alll frequencies are approximate in order to avoid interference, 
and use lower sideband (LSB). If you also have a 40 metre receiver, there are 
GB2RS news broadcasts on 7.048 MHz at 0900 local time from Northern 
Ireland and from 1100 local time from the north midlands. 
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72 How the Yearling works 


Introduction 


The Yearling was designed to provide an introduction to Amateur Radio on 
the 20m amateur band. Let's look at how the different sections (or ‘stages)) 
of a radio work, and how they fit together to form a complete receiver. 
Figure 1 shows a block diagram which you can follow and compare with 
the circuit diagram of your Yearling receiver. 


The antenna (or aerial) 


Connected to your receiver, it will pick up not only amateur 
all other signals as well! This means that the receiver has to select the one 
signal that interests you, while rejecting all the others. The following 
stages do just that. 


The RF filter 


This stage (centred around L1) selects the band of radio frequencies (RF) 
containing the signal you want, in this case, those having wavelengths 
around 20m, Signals from the 40m band, for example, would not get 
through. 


The crystal oscillator 


This is an oscillator circuit designed around a quartz crystal (X1), and has 
a very stable frequency. It produces a single, very pure frequency to feed into 
the mixer. A crystal having a frequency between 8.800MHz and 
9.000 MHz is suitable for this circuit. The oscillator and mixer functions are 
both carried out inside IC1. 


The first mixer 


Yes, this stage ‘mixes’ two signals together. In this case, the two signals are 
(i) from the aerial via the RF Filter, and (ii) from the crystal oscillator. Two 
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1 Block diagram of the Yearling, showing how the various stages fit together to make a complete radio 


hands of signals emerge from the mixer. The first is centred upon a 
frequency equal to the incoming signal frequency added to the crystal 
frequency, and the second is centred upon a frequency equal to the incoming, 
signal frequency subtracted from the crystal frequency. Look at an example 
~ if the signal is at 14MHz and the oscillator at 9 MHz, then the mixer 
outputs will be 14 + 9 = 23 MHz and 14 ~ 9 = SMHz. 


Intermediate frequency (IF) filter 


It is the purpose of the IF filter (centred around 12) to select only one of 
these two bands of frequencies emerging from the mixer. In this case, it is the 
lower band of frequencies (around 5 MHz) which we select. This is because, 
in general, lower frequencies are easier to handle than higher ones. 


Variable-frequency oscillator (VFO) 


The VFO (part of IC2) enables us to tune into a particular station, and 
operates over a band of frequencies between 5 MHz and 5.35 MHz in this 
receiver. You will notice that IC1 and IC2 are the same type of chip, so that 
you will be expecting another mixer stage to be associated with the VEO. 
You are quite right! 


The second mixer 


This mixer obeys exactly the same rules as those of mixer 1. Sum and 
difference frequencies are produced, like this. Mixing is between the 
incoming IF signals (around 5 MHz) and the VFO signals (around 5 MHz), 
producing output frequency bands centred upon 10 MHz and 0 MHz. The 
use of the words ‘band of frequencies’ throughout this explanation is 
intentional. If all the signals were pure, there would be no bands; the bands 
are produced because of one thing - the modulation imposed on the pure 
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frequencies at the transmitter. So, the ‘bands’ contain the one thing that we 
want to extract from the signal, and that is the speech or Morse code that 
the signal contains. The band of frequencies at 0 MHz is just that ~ the 
audio frequencies we want in the loudspeaker. Because of this, the audio 
frequency output of the second mixer is selected and passed on for 
amplification. 


The audio preamplifier 


Preliminary amplification of the minute audio signal which emerges from 
the second mixer is provided by IC4a, which will respond only to audio 
signals, automatically rejecting the 10 MHz signal. 


The audio filter 


‘The bandwidth of normal speech when transmitted by an amateur station is 
around 3kHz, so there is no advantage to be gained in amplifying 
frequencies greater than this. IC4b is known as a low-pass filter, because it 
passes (lets through) lower frequencies and rejects higher ones. 


The power amplifier 


ICS produces the final audio amplification and provides enough power 
(about 350 milliwatts (mW) to drive a small speaker. 


How does it work on 80 m? 


If you have fitted the 80m modification to your receiver, you are probably 
wondering how the circuit works at this different frequency. Firstly, the 
filter which you fitted selects the 80m band instead of the 20m band. The 
only other slight difference lies in the way the first mixer stage works. Its job 
is to produce sum and difference frequencies from the incoming signal and 
crystal frequencies. On 20m, it did this by subtracting the crystal frequency 
(9 MHz) from the incoming frequency (14 MHz) to produce an IF output of 
5 MHz. On 80m, the incoming frequency (3.5 MHz) is subtracted from the 
cxystal frequency (9 MHz) to produce an IF output of 5.5 MHz, which is 
still within the tuning range of the VFO in the next stage. 
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Introduction 


Having a reliable field strength meter is always useful. There are two basic 
types the tuned variety (also known as an absorption wavemeter) and the 
broad-band variety. A project centred on the tuned variety can be found in 
this book (An HF absorption wavemeter), and the way it works is also 
presented (The absorption wavemeter). This project describes an untuned or 
broad-band type which is every bit as useful as the tuned type, when 
the level of RF in which you are principally interested. 


With the possible exception of the meter, you may have all the parts needed 
in your junk box. The prototype was ished by its meter, found at a 
rally, and marked ‘Safe’, ‘Dangerous’ and ‘Explosive’ on its scale, 


How it works 


The basic field strength meter uses the circuit of a crystal set, but with a 
meter replacing the headphones. A better design, which is used here, is that 
igure 1 illustrates the voltage 


of a voltage doubler, giving more sensitivity. 
doubler circuit. 


‘The AC input shown will be our RF input, which will be explained soon. 
Diode D1 will pass the positive half of the signal and use it to charge up C1 
to the peak value of the signal. D2 uses the negative half of the signal to 
charge up C2 to the same value. Because C1 and C2 are in series, the peak 
voltage appearing across both of them (which is the DC output voltage) is 
equal to twice the peak input voltage, hence the name voltage doubler. If 
you're wondering why DC is present at the output when AC comes in at the 
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input, remember that capacitors pass AC (RF) but block DC; thus the RF is 
shorted out through C1 and C2, but the steady voltage (DC) remains across 
the two capacitors. The voltage is thus proportional to the size of the RF 
signal applied at the input. 


The circuit 


The voltage doubler is converted into a field strength meter using the circuit 
of Figure 2. A piece of wire serves as the aerial to provide an RF signal 
across the radio-frequency choke (RFC). A choke is an inductor which is 
large enough to prevent the RF passing through it — it ‘chokes’ the RF. This 
produces the maximum RF signal at the input to the voltage doubler, and 
the DC output from it is measured on the meter. 


Wire 
antenna 


ire 2 Field strength 
meter ©nsos over 


The parts used are not very critical. The RF choke can have any value 
between about ImH and 2.5mH. Almost any common diode such as 
the IN914 or 1N4148 can be used for D1 and D2. The two capacitors 
could be any value between InF and 100 nF (0.001 uF and 0.1 wF). The 
meter should be reasonably sensitive, with a full-scale deflection (FSD) 
in the range SOA to 100A. Look for VU meters at rallies ~ these 
are ideal. 


Construction 


The prototype circuit was made on matrix board. If you don’t want to use 
pins with the board, simply push the component leads through the holes 
and make the connections on the underside of the board, either with the 
excess component leads themselves, or with ordinary connecting wire. 
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All connections are under board 


Figure 3 shows how the parts are placed and connected. The matrix board 
can be mounted directly on the meter using its terminal bolts! 


In use 


Needing no power supply other than an RF signal, just connect it all up 
and leave it to work! A short length of insulated wire is enough to pick up 
some RF and display it on the meter. Using a 200A meter, about 3 
metres of wire gave a good deflection on the meter. To increase deflection, 
the wire can be wrapped around the aerial lead, provided that the wire is 
PVC covered and doesn’t come into contact with the aerial wire. 


This requires a little experimentation. Try a long piece of wire first and 
adjust its position until the meter needle kicks whenever there is a 
transmission. It is very reassuring to see the meter moving during a 
transmission. Although SWR meters also indicate power, they are usually 
set to read reverse power, and show little or no movement during 
transmission, 


B-S.P. Lin etal 


‘Table 1, IEEE computer society 2022 report. 


“Technology & Indexing Terms i 
1. Security Crose-Cuting ses 9 Multcore 17, 2D Printing 
2. Open intellectual Property Movement 10, Photonics 18, Bg Data aid Analytics 
19, Machine Lering and 
2 Sustainability 1. Networking and Interconnectivity mice aaa 
4. Massively Online Open Courses 12, Software Defined Networks 20 Life Sciences 
‘5, Quantum Computing, 13. High Performance Computing, re 
6. Device and Nanotechnology 14, Cloud Computing 2. Robotics 
7. 3D Integrated Circuits 15. Ienet of Things 
8. Universal Memory 16, Natural User Interfaces 


‘Table 2 IEEE communications society top 10 trends 2015. 
5G 
2) FIBER EVERYWHERE 
3) VIRTUALIZATION, SDN & NEV 
4) EVERYWHERE CONNECTIVITY FOR Io & lof. 
5) BIG DATA, COGNITIVE NETWORKS 
6) CYBERSECURITY 
7) GREEN COMMUNICATIONS 
8) SMARTER SMARTPHONES, CONNECTED SENSORS 
9) NETWORK NEUTRALITY, INTERNET GOVERNANCE 
10) MOLECULAR COMMUNICATIONS 


tions technologies) to watch out up to 2020 in term of their potential, convergence and applications. Figure 1 
depicts the overlapping of these five major ICT trends, It also illustrates how the infrastructure deployment of 
5G mobile broadband and the architectural integration of Cloud Computing strongly impact the development of 
oT, Big Data, and SDN. This paper explores the technical relationships of these five areas and discusses several 
ongoing programs and applications currently under development at NCTU based on these technologies. 


2. The Roles of 5G, loT, Big Data, Cloud, and SDN till 2020 


Although so far the 5G mobile broadband requirements and standard specifications are not ready yet, 5G tech- 
nology research & development are already started and some 5G features or subsystems are readily available, 
By Year 2020 the commercial 5G will be available and loT applications will be deployed everywhere with mo- 
bile broadband technology. Moreover, the Big Data generated by loT applications will become a norm and 
Cloud will be largely utilized to compute, store and virtualize network functions (NEV). Also, the underlying 
network infrastructure will adopt SDN to reduce both capital expense (APEX) and operational expense 
(OPEX), Figure 2 further illustrates the roles of 5G, loT, Big Data, Cloud and SDN and their relationships. This 
figure is modified based on the reference [4] by inserting SG mobile broadband in the center, 


3. Technical Relationships among IoT, Big Data, Cloud, & SDN in 5G Era 


Based on Figure 2, we develop Figure 3 to better explain the technical relationships among IoT, Big Data, 
Cloud, and SDN in the SG mobile broadband services (5G MBS) [5]. First, loT is capable of generating Big 
Data with four Vs: volume, velocity, variety and veracity. Then, Cloud is brought in for Big Data storage and 
processing. Finally, SDN is employed to provide more efficient and flexible networks for inter-Cloud data 
transport, Out of Big Data, Cloud, and SDN, advanced technologies such as machine learning analytics, Cloud 


Preselector for a short-wave receiver 


Parts list 


D1, D2 1N914, 1N4148 or similar 
cI, C2 10nF dise ceramic 

RFC Miniature axial choke (1 mH) 
Meter Surplus VU meter or similar 


Matrix board or similar 


Components are available from Maplin. 


74 Preselector for a 
short-wave receiver 


Introduction 


A preselector is a simple RF tuned amplifier wi serted between the 
aerial and the receiver. It provides some extra gain and may improve the 
overall performance of the receiver. This project uses a Field-Effect 
Transistor (FET) amplifier in grounded-gate mode. 


The design has a tuned circuit at both the input and output which, with 
excessive gain and poor construction, would produce only one thing — 
oscillation! So, to avoid this happening, we will have only a low gain, and 
Use a circuit which provides good isolation between input and output. The 
grounded-gate FET amplifier fulfils both these criteria. It will also cover a 
frequency range from about 7 to 30MHz, which includes most of the HF 
amateur bands. 


The circuit 


This is shown in Figure 1. The 
condary of which is tuned with capacitor VCla. The 


transformer, the 
output from the tuned circuit is taken from a tap on the secondary to the 
source of the FET. The gate is grounded (earthed) and the amplified signal 
appears at the FET drain, which is then fed to the primary of another RF 
transformer, which is tuned by VC1b. The output to the receiver comes 
from the secondary of the RF transformer. 
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ire 1 HF preselector, 
circuit diagram 
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Lia, L2a = 3 turns ©as08 01756 


Notice that the two RF transformers are identical, but they are used ‘back 
to back’, with the secondary of the first and the primary of the second being 
tuned. They are tuned with identical capacitors, fitted on the same shaft of 
a variable capacitor. We say that the two capacitors are “ganged”. Because 
L1 and L2 are the same, and VCla and VCib are the same, both RF 
transformers should be resonant at the same frequency, no matter what that 
frequency 


Construction 


The final layout should look something like that shown in Figure 2. The 
external connectors and controls being two SO-239 sockets for connection 
to your receiver and aerial, a tuning control and its associated scale, and an 
on/off switch. 


The circuit can be put together on a plain matrix board, using pins to 
anchor the components, or simply by pushing the component leads through 
the board and making connections on the underside. The layout of the 
prototype is shown in Figure 3. Mounting the board to the aluminium box 
is accomplished with bolts, solder tags and stand-off insulators. 


Check your construction against the circuit diagram and against the layout 
diagram. Wire in the PP3 battery clip, put the switch in the ‘off’ position, 
and fit the battery. Testing can be carried out without fitting the top of 
the box. 


Figure 2 HF preselector, 
front panel layout 
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Testing 


Don't fit your preselector 
preferably a fairly weak one. Disconnect the aerial and fit your preselector 


Tune your radio to a broadcast station, 


between the aerial and receiver. Switch it on and rotate the tuning knob 
slowly. You should find a position where your original station is received 
more clearly than before. If it doesn’t work at all, recheck your wiring. Is 
there a positive voltage on the drain of the FET? If not, work back towards 
the positive battery terminal. Is there a voltage at the junction of L2 and R2? 
Is there a voltage at the junction of L2 and R3? Is there a voltage at the 
junction of R3 and the battery lead? If there isn’t a voltage at that point, 
then you have probably mounted your switch upside down, and it is off, not 


ont Ir’s a common mistake. 


Calibration 


This is not obligatory, surprisingly enough. However, if having a frequency 
scale appeals to you, then using an RF signal generator (or using the services 
of a friend who has one) is the simplest solution. Feed in a weak modulated 
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Figure 3 HF preselector, 
component layout 
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signal from the generator to the preselector, and rotate VC1 until the signal 
is maximum, Mark this frequency on your dial. Repeat the process for the 
frequencies shown on the dial in Figure 2. 


If you have a commercial transceiver, feed its output into a dummy load (such 
as the type described in A Switched Dummy Load, elsewhere in this book) 
using a distinctive modulating signal such as an idling RTTY signal. Set the 
receiver to the same frequency with the preselector out of circuit. Insert it into 
the aerial lead, and search for the signal with VC1 until it gives the maximum 
deflection on your S-meter, then mark the frequency on your dial. 


Parts list 


Resistors: all 0.25 W carbon film or better 


RI 2700 
R20 150 
R3 1000 


tester 


Capacitors 
C1, C2100 nF (0.1 pF) ceramic 
vei 250/250 pF polyvaricon 

Inductors 


L1,L2 19 turns 26 SWG enamelled copper on T.50.6 toroid 
LI has a tap 4 turns from ground end 
Lla and L2a ~ 3 turns wound over previous winding 


Semiconductors 
TRI MPF102 FET 
Additional items 
Matrix board To fit aluminium box (see Figure 3) 
Aluminium box 12x 9x 3em 
Battery and connector PP3 9V 
SI SPST on/off switch 
Knob As required 
$0239 Sockets ~ 2 required 


75 An audible continuity 
tester 
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ire 1 Continuity tester, 
circuit diagram 
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The circuit 


Using only one integrated circuit, four components and a battery, this is a 
particularly simple circuit, as Figure 1 shows. IC1 is usually used to flash an 
LED from a 1.5V source, and to have a low current consumption. By 
changing the component values, IC1 is made to oscillate at audio 
frequencies, and we can hear these through the loudspeaker, LS1. Low- 
impedance speakers can be used, but result in an increased current drain, so 
the higher the impedance, the better. 


ust 


Construction 


The layout of the circuit on Veroboard measuring 7 strips by 15 holes is 
shown in Figure 2. Start by making the four track cuts which will lis 
underneath the IC. Use a track cutter or a 3 mm (% inch) twist drill rotated 
between thumb and forefinger for this. Solder the Veropins in place, 
followed by the wire link. Then solder in the IC holder, the resistor and the 
capacitors, making sure that the electrolytic capacitor, C1, is connected the 
correct way round. 


Check, with the board against a bright light, that there are no shorted 
tracks, either by large blobs of solder or by copper swarf from the track- 
cutting process. Then insert ICI into its holder the right way round. The 
probes can be ordinary connecting wire, the free ends being tinned with 
solder to prevent wire whiskers from touching components other than the 
one you are testing. 


If you are happy that the circuit and the wiring appear to be correct, fit the 
battery into its clip. Nothing should happen until the probes are touched 
together, when you should hear a note from the loudspeaker. If nothing 
happens, all you can do is to recheck your circuit, as there is nothing else to 
go wrong! 


Figure 2 Continuity tester, 
component layout 
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Any box can be used; there is no justification for a metal case, unless you 
want to make use of something, which is to hand, such as a tobacco tin. 
Alternatively, any suitable plastic box will do. 


Use 


The tester will give different pitch notes for resistances of different values. 
The higher the resistance, the higher the pitch from the speaker. Try it with 
small inductors, and you will learn to recognise the different tones produced 
by the IC. 


Safety notice 


Using the continuity tester on components in sitw is not advisable, as the 
results could be misleading, It can be dangerous to make measurements int 
situ on equipment, which is operating. If you must make such tests, always 
disconnect the equipment form its power source first. 


Parts list 


Resistor 
RI 1000 © (1k), 0.25 W carbon, 10% or better 


Capacitors 
Cl 10pF electrolytic, 16V 
20.1 pF subminiature polyester or ceramic 


267 


and Electronics Cookbook 


Integrated circuits 
ICl_— LM3909N 
Additional items 
Veroboard 7 strips by 15 holes 
LS1 64 © miniature loudspeaker 
IC holder 
Veropins 
Connecting wire 
Test leads 
1.5V AA alkaline battery 


76 An experimental 70 cm 
rhombic aerial 


Theory (but only a little) 


‘A polar diagram shows graphically the ability of an aerial to radiate (or 
receive) more effectively in one direction at the expensive of the radiation in 
other directions. Figure 1 shows the polar diagrams of two aerials, a simple 
70cm dipole and the rhombic described in this project. The dipole has the 
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‘An experimental 70 cm rhombic aerial 
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well-known figure-of-cight shape, showing a symmetrical angular behay- 
iour about the direction of the aerial and about a direction perpendicular to 
the aerial. That of the rhombic, on the other hand, is quite irregular by 
comparison, but is still symmetrical about one axis only, not two. It’s this 
asymmetry that gives the rhombic its gain, by virtue of its front-to-back 
ratio. This is the ratio of the power radiated forwards to that being radiated 
backwards. Notice the large lobe (ump) at the top of the polar diagram; this 
is the direction in which the aerial transmits best. The lobe in the opposite 
direction has been reduced significantly, allowing more power to be directed 
forwards, not backwards 


Problems 


The thombic is not found in every amateur’s back garden, despite its 
attractions. To work best each edge of the diamond shape should be about 
two wavelengths long. Hence, a rhombic for the 20 metre band could be 
about 80m from tip to tip! Another disadvantage is that, because of its size, 
it cannot be rotated. 
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It will operate well over a range of frequencies. An HF rhombic could work 
on the 7, 10, 14, 18, 21 and 28MHz bands. One for the lower VHF 
frequencies could operate on the 50, 70 and 144 MHz bands. 


Its large size is less of a problem at UHE. A portable rhombic can be made 
for 70cm which can be used with a hand-held transceiver. The aerial design 
to be described here will give a gain of up to 9 dB relative to a dipole. This 
is written as 9dBd, the second “d meaning ‘relative to a dipole’. This is 
equivalent to improving your signal by 1.5 S-points at the receiver or (and 
you may be surprised by this) by fitting a linear amplifier to your transceiver 
that would take 5W input and produce 40 W output to a normal dipole! 
Consider the relative costs of the two approaches to producing the same 
received signal. You will also receive everyone else’s signals 1.5 S-points 
better than before! 


Unlike the popular Yagi aerial, this design has no critical dimensions and 
can be folded up for transport by car or bicycle. It has a fairly high input (or 
feed) impedance, being fed usually by balanced twin feeder. To feed it with 
standard 50 © coaxial cable, a matching transformer in the form of a balun 
is required. A balun will convert the balanced (symmetrical) aerial 
impedance to the unbalanced and lower impedance of the coaxial cable. The 
details of how to build the balun, which in this case is a half-wave 


transformer, are included in the constructional details. 


Construction 


The aerial frame is made up of Lem x 2cm strips of wood fixed to a 
plywood centre using 30mm long M4 bolts, as shown in Figure 2a. The 
outer bolts fixing the front and side supports can be removed for folding 
prior to transportation, as shown in Figure 2b. 


The wires are fixed to the front and rear supports using screw connectors, 
sometimes called ‘chocolate block’ connectors. Detail X and Y of Figure 2 
show how this is done. The side supports have holes in the ends through 
which the wire is threaded. 


The aerial must be mounted in the horizontal plane using a small shelf 
bracket attached to the centre plate, using the same bolts that hold the rear 
support. The other half of the bracket may be mounted to a vertical mast 
using screws or jubilee clips (hose clips). 


The balun 


Cut a 23.cm length of coaxial cable; this is to be our half-wave transformer. 
Cut and remove 2cm from each end of the sheath. Make the braid into a 


pigtail at each end. Cut and remove 1 cm of the inner insulator from each 


ICT : Information & Communication Technology 
Figure 1. ICT major trends for 2015-2020. 
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Figure 2. Relationship among 5G, 1oT, Big Data, Cloud and SDN based on (4), 


RAN and softwarized 5G then are developed. 
As illustrated in Figure 4, SG will serve as a better gateway and transport network for IoT applications so that, 
IoT data can be delivered more efficiently and economically. In addition, oT will become one of the major 
sources of Big Data by producing large volume, fast velocity, and many varieties of data [6] as illustrated in 
igure 5. 
Finally, Figure 6 shows that Cloud can be adopted in the SG Radio Access Network (RAN) and turns it to a 
Cloud-based RAN (C-RAN). Both SDN and NFV have been applied to data center in the cloud to enable better 
load balance and resource allocation of the cloud. SDN has also been applied to 5G mobile broadband core net- 
works to enable smart routing, better traffic management and improve network resource utilization. 


© 


‘An experimental 70 cm rhombic aerial 


mises he 
atten 
¢ ata 7 
a 
BS dated 


» 


Pao 


Figure 2 Construction of the UHF rhombic antenna 


end, leaving 1 cm of the centre conductor exposed. Fasten this piece of cable 
to the chocolate block connector together with the coaxial feeder cable as 
shown in Detail Y of Figure 2. The braids of all three prepared ends are 
soldered together, but are not connected to anything else. The inner 
conductor of the feeder from the transceiver is soldered to one end of the 
centre conductor of the 23cm piece, and is connected to one end of the 
thombic by one side of the chocolate block. The other end of the half-wave 
transformer also goes to the chocolate block, where it is connected to the 
other side of the rhombic loop. 
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The opposite corner of the rhombic, as shown in Detail X of Figure 2, shows 
that the loop is broken at the chocolate block, and is ‘terminated’ by two 
600 © resistors in parallel. This makes the aerial a broad-band travelling 
wave device, and gives it its directivity and gain. There is a rule of thumb, 
which includes a safety factor, which says that the terminating resistor must 
be able to absorb one-half of the maximum transmitter output power. So, if 
you use two 2W 6000 carbon resistors (not wire-wound resistors) in 
parallel, you can use a transmitter with an output of 8 W, which is more 
than adequate for 70cm hand-helds. 


Using the rhombic 


Fit the aerial to a pole or mast in the horizontal plane, if you intend to use 
CW or SSB, but in the vertical plane if you want to concentrate on FM 
work. In the latter case, a wood or fibreglass pole is mandatory. Tune to a 
local repeater, whose signal strength you know. Rotate the aerial to face the 
repeater, and you should see that the signal strength is greatly improved! 
Verify the directional properties of the aerial by rotating it and observing the 
changes in signal strength on your S-meter. 


Water level alarm 


Introduction 


This is a simple device which, when you have built it, you begin to wonder 
how you ever managed without it! It will sound a buzzer when the level of 
water reaches a particular point, which you can set and vary at will. 


Detecting water 


Water is not too difficult to detect electrically, because it is a conductor of 
electricity. Not a good one, but sufficiently so to carry enough current to 
control a warning circuit. 


‘The circuit is shown in Figure 1. If you imagine a resistor placed between the 
ends marked ‘water detector’, the circuit is then recognisable as a transistor 
used as an electronic switch. Whether the switch is off or on depends on the 
value of this resistor. If the resistance is low, the transistor switches on and 
the buzzer sounds. If the re 's high, the transistor switches off and 
the buzzer stops. 


Figure 1 Circuit diagram of 
the water level detector 


igure 2 Layout of the main 
board 
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Construction 


‘The unit is made in two separate sections ~ the detector board (Figure 2) 
and the main board (Figure 3). The main board is plain perforated board 
(without copper strips). The components are pushed through holes in the 
main board and connected together on the underside. The battery is held on 
with sticky tape. No on/off switch is used, as the circuit consumes virtually 
no current when it is not sounding the buzzer. 


Unlike some buzzers, this type is polarised, and the red lead must go to the 
supply as shown in Figs 1 and 3. 


The detector board is a piece of standard matrix board — the type with 
copper strips along one side. It measures 9 strips by 15 holes, and is wired 
in such a way that alternate strips are connected together, as Figure 2 shows. 
This gives a greater surface area for the water to touch, thus increasing the 
sensitivity of detection. 


H}Oo0o0 0000000 boos Je: 


Copper strips on underside of board 
‘Component side of board shown 
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Figure 3 Water detector 
constructed from stripboard 
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The two boards are connected by ordinary twisted pair, enabling the 
detector to hang over the edge of the water container, with the buzzer circuit 
safely out of the way. When positioning the detector board, the left-hand 
edge (as shown in Figure 2) should face downwards, with the connecting- 
wire edge facing upwards. When the water level rises, the water causes 
current to flow between adjacent strips, and the higher the water, the lower 
the resistance between them. Eventually, the resistance will be low enough 
to turn on the transistor and sound the alarm. 


Parts list 


Resistor 
RI 10 000 © (10kA), 0.25 W 


Semiconductor 
TRI BFYS1 


Additional items 
WD1 6 V miniature buzzer (polarised) 
Battery PP3 
Battery connector 
Strip board 9 strips by 15 holes 
Perforated board 3.5 x 10cm 


A delta loop for 20 metres 


78 A delta loop for 20 metres 


Introduction 


HE aerials take up a lot of room when they are straight. Space can be saved 
them and, at the same time, giving them properties which are 
iginal linear forms. The delta loops shown in 
the accompanying diagrams have the shape of the Greek upper-case letter 
delta (A) upside down. tt can be upright, except that it is more practical to 
have the feed point at the bottom than at the top. 


Putting the loop together 


This is the design for a loop to be used on the 20 metre band. It is a very 
popular band and carries most of the amateur radio DX traffic. The aerial 
is light in weight and operates best if the top section is at least 30 ft above 
the ground, with the feeder point being about 6 ft above ground. All you 
need is some good wire, some polypropylene rope, some insulators and a 
method of matching the output of this 75 © balanced aerial to the 50 
unbalanced coaxial input of your transceiver or receiver. 


Each of the three sides must be 7.2 m long. Using tent pegs or six-inch nails, 
mark out the three corners on the lawn, making sure that each pair of pegs 
or nails is exactly 7.2m apart. Put the wire around the nails, together with 
two insulators on the wire for the two top corners. These insulators can be 
of the ‘dog bone’ variety, or of the home-made type, using a piece of flat 
plastic with holes in each end. The use of these is shown in Figure 1. Located 
at the positions of two of the tent pegs or nails, they must be secured at 
those points by any convenient means. 


Now attach a support rope to the free end of each of the insulators, ready 
for suspension, as shown in the diagrams, from any convenient supports 
(house, tower, tree, etc.). The top section of the loop could be taped to a 
continuous piece of rope between the two supports. You might like to try 
this if you think it is easier. Then, when you find some dog-bone insulators, 
you can change the design and see if there is any noticeable change of 
performance. 


Connecting to the radio 


If you are the proud possessor of an aerial tuning unit (ATU) with a 
balanced output, all you will need is a length of twin cable soldered to the 
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Figure 1 Multiband version of the delta loop connected to the ASTU using 75 © twin feeder 


ends of your delta loop and connected to the balanced output terminals on 
the ATU, as Figure 1 shows. 


Another way is to buy a ferrite-cored 1:1 balun, and use it as indicated in 
Figure 2. This produces an aerial which will operate over the whole range 
of amateur and commercial short-wave frequencies, when used with an 
ATU. 


Detta loop 
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However, since this aerial is designed to be a single-band type, there is a 
simpler answer to the problem of matching the aerial to your 50 Q coaxial 
cable - Figure 3 shows this. Make a tuned balun with a length of plastic 
water pipe, 25cm long and 4em diameter and a piece of good-quality TV 
aerial cable. TV aerial cable has a characteristic impedance of 75 0, 
compared with the 50 © of the coaxial feeder that we usually use with 
amateur radio equipment. Use the type with a brown sheath and a closely 
knit earth braid, not the type having an earth foil inside the sheath. 


The length we need for the balun is 3.8m, but always allow between 3 and 
4em extra for preparing the ends. Drill two small holes diametrically 
opposed in the top of the tube; these will be used to anchor the two ends of 
the delta loop, as shown in Figure 3. Drill another single hole in the bottom 
end of the tube, which will be used to anchor a nylon line going to the 
ground to add stability to the loop. Then, after drilling a pilot hole, drill a 
5 or 6mm hole near the top end of the tube, as shown in Figure 4. Prepare 
both ends of the coaxial cable, then feed one end into the tube, far enough 
for its ends to be soldered to the ends of the loop when the assembly reaches 
that stage. 


Now, close-wrap the cable around the tube until only about 3.cm remain, 
Holding the cable tightly, drill another 6 mm hole beside the free end of the 
cable and feed it into this hole. At this point, feed the two ends of the loop 
into the top two holes and twist it back on itself. Figure 4 shows how this 
is done. Then, solder the ends of the coaxial balun to the ends of the loop. 
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Figure 4 Construction of the 
balun 


The bottom ends of the balun are then soldered to the 50 © coax which goes 
to your shack and to the transceiver. 


Hoist the aerial into position carefully, being careful not to pull too hard on 
the support lines. Then, take the nylon line from the bottom of the balun to 
a peg in the ground. This adds stability to the aerial. 


Using the delta loop 


It is a directional aerial, as Figure 3 shows. It produces maximum power 
(and has maximum receive sensitivity) along a direction perpendicular to its 
own plane, Don't be too concerned with which direction it is pointing at 
first. Give it a try ‘on the air’ and sce how it performs. Then you can 
contemplate how to point it in your favourite direction, to the USA, or 
Australia, for example. 
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A simple desk microphone 


Experimenting 


You may want to enclose the balun in some sort of weatherproof container. 
Plastic ice cream containers are favourites for this sort of job. Seal all the 
holes where wires enter it with silicone sealant or self-amalgamating tape. 


If you have used ordinary single-strand or multi-strand wire for your aerial, 
it will stretch over time under its own weight and that of the balun. Its 
operating frequency will fall slightly as a result. If you notice a significant 
difference, then dismantle it, remeasure and fix the sides and erect it again, 
perhaps facing a different direction. You can buy pre-stretched or hard- 
drawn wire for such purposes, if you feel that periodic tweaking of your 
aerial is a chore. 


You can make a delta loop for different frequencies simply by scaling the 
lengths of wire for the loop and for the balun according to the design 
frequency. If your maths isn’t quite up to this, enlist the help of someone 
well versed either in maths or aerial design! 


A simple desk microphone 


Introduction 


A hand-held transceiver is usually the first type used by most ni 
ideal when used out of doors, in the shack or mobile. However, using one 
in the shack with an outside aerial is not the best of solutions. 


This article describes the design of a desk microphone which can be used 
ither for transceivers using a common microphone and push-to-talk (PTT) 
ine, or for those using a separate PTT line. 


It is a simple design, using the barrels of two plastic pens, the lid of an old 
coffee jar, and the plastic sheath of a DIN plug. 


Construction 


The end caps and the ink tubes should be removed from two ball-point 
pens, leaving only the two plastic shells. One of them is used for the vertical 
microphone support, while the other is used to hold the microphone 
element. 
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Figure 1 Vertical support 
made from ball-point pen 
shell 


Figure 2 The microphone 
stand base 
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‘The vertical support should have the pointed end shaped so that it holds the 
microphone support at a convenient angle, as Figure 1 shows. 


The base should be prepared next ~ see Figure 2. Four holes are required. 
Two, A and B, are small holes for the cable to be fed through. A third, C, 
is slightly larger and is used to take one of the plastic end caps. The fourth 
hole, D, is determined by the type of switch that you want to use for the PTT 
function. 


Remove 
— shaded 


AandB C tor 
for cable 


All holes D tor 
appropriate PTT 
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A simple desk microphone 


Some epoxy resin such as Araldite Rapid is used to mount the separate 
parts. Mix only a small amount at a time, and glue each part of the base 
assembly and allow to harden before moving on. Be sure to read and follow 
the instructions for the use of the glue to prevent accidents. 


Firstly, glue the end cap to the base, feeding it underneath and pushing it up 
through hole C. Then, the vertical pen body is placed over the protruding 
end cap and glued into place, making sure that the top (shaped) end is 
pointing in the right direction to hold the other plastic tube carrying the 
microphone. While the glue hardens, place the DIN plug sheath on the 
second pen body. Place and glue this pen body on the shaped top of the 
vertical support, making sure that the whole assembly is supported while 
the glue sets. What you should have now ought to resemble Figure 3, but 
without the microphone and wiring. Leave everything to set for 24 hours. 


Any switch of the press-to-make variety can be used for your PTT switch, 
but choose one which does not apply too much force to operate! If you find 
the whole assembly is too light and slides over your table, some plasticine 
can be pushed into the base when all the wiring has been completed. 
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Figure 4 Wiring diagram for 
hand-held radios 


igure 5 Wiring diagram for 
radios which use separate 
PIT lines 
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The circuit 


A small electret condenser microphone is used, powered by a DC supply. 
Most hand-held radios use a single screened lead for both the PTT line and 
the microphone audio lead. In such cases, the circuit of Figure 4 will operate 
the PTT function. Note that the PTT switch is in series with the audio lead 
from the microphone. If you find that the PTT switch does not switch your 
radio into transmit, reduce Rl from its normal value of 33 kO to 27kO. You 
should find that the original value works with most hand-helds. 


Mic 


set 
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For radios with a separate PTT lead, the circuit of Figure 5 is used. 
However, a power supply is needed for the electret microphone. This can 
be a PP3 battery, or can (in most cases) be derived from the microphone 
socket on the transceiver. You will need to consult the makers’ handbook 
for this information. Figure 5 shows the PTT switch wired in a ‘ground- 
to-transmit’ configuration, which is correct for most base-station trans- 
ceivers. If you're in any doubt about what your radio needs, consult an 
experienced friend. 
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The last connections 


The microphone clement should be connected with screened cable. Tape 
(masking or insulating) should be wound around the electret insert until it 
is a snug fit inside the DIN plug sheath. Feed the screened cable through the 
barrel of the pen until it emerges from the far end. Poke it through hole B 
and make the connections under the coffee jar lid. The components can all 
be mounted on the PTT switch or on a small piece of Veroboard mounted 
under the top surface. The output lead emerges through hole A and is of 
sufficient length to reach your transceiver. A suitable plug needs to be fitted 
to it. 


Parts list 


Resistors: all 0.25 W carbon, 5% tolerance 


RI (Figure 4) 33.000 0 (33k) 
RI (Figure 5) 1000 9 (1k) 
Capacitors 
Cl (Figure 4 and 5) 0.1 microfarads (0.1 wF) disc 
2 10 microfarads (10 uF) electrolytic 
Additional items 
SI Push-to-make 
Mic Electret microphone (Maplin type FS34W) 
Screened cable As required 
Plug ‘As required by your radio 
Veroboard If required 


PP3 battery and clip _If required 
‘Two old plastic ball-point pens 

Lid of coffee jar 

Plastic sheath from DIN plug 
Araldite or similar epoxy resin glue 
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80 Morse oscillator 


Figure 1 Circuit diagram of 
the sinewave oscillator and 
amplifier 
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Introduction 


This is not the simplest Morse oscillator to build, but it differs from the 
imple circuits in that it produces a pure note, not a coarse, rasping sound. 
People who have practised Morse using a non-sinusoidal oscillator 
sometimes find that they have trouble copying Morse code with a pure 
tone. As the pure tone is the correct way to receive Morse code, 
important that you should learn to listen to the code from a pure oscillator 
= so here’s one! 


The twin-T 


There are many oscillator circuits, and there are many variations of the 
twin-T oscillator that we are going to use. Figure 1 shows one version of a 
very useful circuit. All oscillators must have positive feedback in order to 
work. The feedback determines the frequency of the note produced by the 
oscillator. 


b 
a Bcio9 


Key 
(via socket) 


Figure 2 Component layout 
and interconnection diagram 


Morse oscillator 


Here, the feedback circuit looks like two letter Ts. If you look at Figure 1, 
one T is formed by R1, R2 and C3, the other by C1, C2 and R3— hence the 
name ‘Twin-T”. Notice that the two Ts are connected in parallel between the 
collector and base of TR1, so any signal appearing at the collector is fed into 
both Ts. What emerges is then fed back into the base, producing in turn a 
signal at the collector. And so it goes on, producing a sine wave output. 


The oscillator output is fed into an integrated circuit amplifier for output via 
a small loudspeaker. 


Putting it together 


‘The prototype was constructed on plain matrix board (the type without the 
copper strips), as shown in Figure 2. The components have their leads 
pushed through the holes in the board, and connections are made 
underneath. 


Build the amplifier circuit first, using a socket for IC1. Connect the 9V 
supply and touch pin 3 with an ordinary piece of wire. If a buzz is heard 
from the speaker, all should be well. If not, check your circuit and make 
changes until it does. 


Build the oscillator circuit, and connect its output to the volume control 
VRI via C4. Set VR1 half-way along its travel and switch on, A note should 
be heard from the speaker when the Morse key is depressed. The component 
values making up the twin-T determine the frequency of the note. Try 
varying them if you think your note is too high or too low. Whatever 
changes you make, either to the resistors or the capacitors, always ensure 
that R1 = R2 and that C1 = C2. 


Plain perforated To +9V via Wires under 
board 35 x Sem key socket board 
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Parts list 


Resistors: all 0.25 W carbon film 
RI,R2 18 000 ohms (18k) 


R3 4700 ohms (4.7K) 
R4 10 000 ohms (10 k®) 
RS 10 ohms (10 2) 

Capacitors 


C1, C210 nF (0.01 pF) 
3,C8— 47 nF (0.047 wF) 


ca 100 nF (0.1 pF) 
cs 22nF (0.022 mF) 
6 10 pF electrolytic, 16V WKG 
C7 22.uF electrolytic, 16V WKG 
co 220 uF electrolytic, 16V WKG 
Semiconductor 
TRI BC109 
Integrated circuit 
Ic 1M386 
Additional items 
VRI 10kO log potentiometer with switch 
Ls 8 01 loudspeaker 


Matrix board 3.5 x 9em 
‘Small jack socket for key input 
Box 

PP3 battery and clip 
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81 A simple 6m beam 


Figure 1 Plan view of the 
complete 50 MHz VK2ABQ 
antenna 


Introduction 


The attraction of building your own aerials is an abiding feature of our 
hobby. You can buy almost any shape or size of aerial, but one you have 
made yourself can often work every bit as well as a commercial device 
costing ten times as much. 


The design 


This aerial, designed for use on the 6m band, is essentially a two-element 
Yagi, with the elements bent in order to reduce the physical size. It is known 
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Figure 2 Centre support 
piece 
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as the VK2ABQ beam, and was designed originally for the 20, 15 and 10m 
bands, principally because of its space-saving qualities. It is made using a 
wooden frame and wire 


elements, and is ideal for portable operation. 


Tools ready? 


‘The beam is shown in Figure 1. The driven element is the one whose centre 
is fed by the coaxial cable, and lies between the two insulators marked A 
and the feedpoint at B. The reflector is also anchored at the points A, and 
lies over the upper half of the frame. 


The wooden centrepiece is used to support the cross-pieces and to mount 
the aerial on the mast, using a common shelf bracket. The cross-pieces, 
known as spreaders, can be wooden canes or dowelling, and are mounted to 
the centrepiece using cable clips and adhesive. Figure 2 shows how this is 
done. 


If the aerial is to be a permanent installation, the spreaders should be 
weatherproofed using a good-quality exterior varnish. The wire elements 
are PVC covered and fed through holes in the spreaders. 


Clip ard hole 
for coax 
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A simple 6m beam 


The end insulators are made of drilled perspex, and the wire passed through 
the two holes and twisted, as shown in Figure 3, 


Note: if you have not drilled holes in perspex before, take care! The drill bit 
must be well-lubricated because it generates a lot of heat (enough to melt the 
perspex and jam the drill). Never turn the drill for more than a few seconds 
ata time, and moisten the bit in between. Start with a pilot hole and use bits 
of increasing size until the hole is the size you want. 


Another perspex insulator is used to secure the feeder to the aerial, as shown 
in Figure 3. The feeder then passes directly to the centrepiece, where it is 
fastened with a cable clip and then passes down the mast. 
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Adjustment 


The driven element (A-B-A) in Figure 1 is fixed to the end insulators in 
such a way as to have ‘pigtails’ which are about 10cm long. Using an SWR 
meter between the aerial and the transmitter, trim the pigtails equally at 
each end for minimum SWR in that portion of the 6m band in which you 
plan to work. Make sure that the transmitter is off when you trim the ends, 
as high voltages can be present there. Always listen on the frequency before 
you transmit and, when you do, ask if the frequency is in use and identify 
. Use as little power as possible. 


yourse 


The prototype had an SWR of 1.2 at 50.2 MHz and performed well. If you 
look at Figure 1, which is a view of the aerial from above, you will 
immediately see that when the aerial is horizontal, it radiates with 
horizontal polarisation in a direction from the top of the page to the 
bottom. A metal pole or mast can be used for horizontal polarisation, but 
if you intend to use the aerial for vertical polarisation, it is much better to 
use a wooden or fibreglass pole. 


Portable use 


If you plan to operate portable with this aerial, the only real modifications 
you need are to the centrepiece and how it supports the spreaders. Instead 
of using glue and cable clips, nuts and bolts through the spreaders and 
centrepiece would allow the spreaders to be ‘hinged’ closed for transport. 


Materials 

Centrepiece Hardwood, 15 x 15 x 25mm_ 

4 spreaders 110m long (cane or 6 mm dowel) 

Wire 1.5mm PVC-covered copper 

50 OQ coaxial cable RGS8 or similar 

Cable clips 6mm (12 off) 

‘Varnish Polyurethane for waterproofing 

Tape Self-amalgamating, to waterproof all soldered joints 
Insulators. See text 


B-S.P. Linet al 


Figure 6. C-RAN architecture in 5G mobile network. 


4. Ongoing Programs and Applications at National Chiao Tung University (NCTU) 


In this section, we describe five ongoing programs and applications at NCTU that are closely related to the SDN, 
Cloud, Big Data, 1oT, and SG technologies (7|-[17]. 


4.1, Program on SDN-Enabled Cloud-Based Broadband and Wireless Network 
‘Technologies and Services 


‘This program is a national program to support the SDN Industry-Academia Cooperation, led by both NCTU and 
CHT (Chunghwa Telecom, the largest mobile & telecom operator in Taiwan) with 5 other networking and 
communications companies in Taiwan. This is a multi-year program with the target to set up a testbed for end- 
‘o-end testing and to help establish an ecosystem for local SDN industry. 

Figure 7 shows the scope of this program that covers mobile access, WiFi access, broadband core and data 
center cloud end-to-end application systems. 

Figure 8 further shows both the structure of the program and its network configuration across NCTU, CHT 
and another university National Tsing Hwa University (NTHU).The program includes research and development 
involving 4G/LTE, B4G/SG, SDN, Cloud, SDN for Wi-Fi, and SDN for WAN technologies. There are five 
sub-programs: 1) SDN broadband network technologies and services, 2) SDN mobile/wireless network tech- 
nologies and services, 3) SDN and cloud integration services and management, 4) SDN switch-related devices 
and systems and 5) SDN system integration and field trials. 

‘The program is intended to construct an SDN network in NCTU, CHT and NTHU, respectively. These SDN 
networks then will be interconnected to form a wide area SDN network in Taiwan. Eventually, we plan to have 
this end-to-end system connected to the global network. The SDN switches deployed in this testbed will be 
mostly small or medium scale due to their experimental nature. Also included in this testbed are SDN-based 
Wi-Fi access points. Cloud-based data centers will be deployed in each location of NCTU, CHT and NTHU. 
‘Three types of SDN controllers including OpenDaylight, Ryu and Floodlight are currently under trial in the 
experimental network, Our architecture assumes the scenario of multiple SDN controllers with a hierarchical 
topology on which useful SDN APPs such as load balancer, network optimizer for video delivery, network co- 
ordinator (including visualization), dynamic flow configuration, end-to-end service configuration, dynamic policy- 
based traffic engineering, and multitenant network automation can be developed and deployed. 


4.2. Program on Big Data Analytics for Network Traffic and Management Data 


In this program, we address the network performance issues with two experimental networks: BML at NCTU 
campus and ITRINET of ITRI. 

‘The architecture of the BML experimental network is illustrated in the lower part of Figure 9 that consists of 
a 4G RAN, a 4G Core and a Cloud environment. For the 4G RAN, both indoor and outdoor environment are 
taken into consideration, The left upper part of Figure 9 shows the scope of the ITRINET experimental network 
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82 An integrated-circuit 
amplifier 


Introduction 


A simple audio-frequency amplifier is a very useful building-block in many 
more advanced electronic circuits. It is also a very useful piece of test 
‘equipment. To have one spare in the shack can be a life-saver at times. 


Planning 


Get into the habit of planning your project. How do you want it to look 
when it is finished. Do you want it in a box? Do you want it ‘open-plan’, 
with all the components on view? 


The ‘minimalist’ approach to any project is simply a front panel and a 
baseboard, on to which all the components are fitted. In this case, the front 
panel would accommodate the loudspeaker, the volume control and the 
input and output jack sockets, and the baseboard would support the circuit 
board. Once you have decided these things, and know the size of the board, 
speaker and volume control, you can decided how big the panel and 
baseboard should be. 


The amplifier 


Instead of building the amplifier from discrete components (i. transistors), 
as was done in the project An audio-frequency amplifier (which you will 
find elsewhere in this book), we are going to use an integrated-circuit (IC) 
amplifier. External resistors and capacitors are still needed but, compared 
with the number of components inside the chip, these are very few 
indeed! 

The IC we are going to use is the TBA820M. The circuit may look 
complicated, but with the use of a matrix circuit board it becomes quite 
simple. Figure 1 shows the circuit diagram and Figure 2 the layout on the 
board. The external connections to the PCB are shown in Figure 3. 


To avoid having a separate switch to switch off the power supply when 
the amplifier is not being used, a volume control which incorporates a 
switch is used. 
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What power supply? 


If the amplifier is to be used only for short periods, as a test instrument, for 
‘example, then it can be run from a PP3 battery, which can be mounted on 
the baseboard. If you intend to use it often, then a connection to an external 
power supply is preferable. For this option, you may want to consider fixing 
two terminals to the baseboard for this connection. 
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Circuit evolution 


The basic circuit of one type of ATU is shown in Figure 1. On transmit, the 
input signal at L1 is coupled into L2, which forms a resonant circuit with 
C1. The signal across the resonant circuit is fed to the aerial by C2. The 
combination of L2 and C1 helps to remove signal harmonics, because they 
are not at the resonant frequency and are shunted to earth. On receive, only 
those signals which are within the pass-band of L2. and C1 will pass into the 
receiver. This improves receiver performance by rejecting many out-of-band 
signals which the simpler receiver doesn’t like. 
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C2 Output 
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For this design, the all-important resonant frequency is chosen to be in the 
80 metre band. If we want to make the circuit operate on other bands, we 
need to change either L2 or Cl. It is easy to change L2 by using a set of 
switched inductors (I3-L5) as shown attached to SI in Figure 2. Forget 
about $2 and Lé for the moment. 


Output 


Onsce ove 


When S1 is in position 1, the circuit reverts to that of Figure 1. $2 should be 
brought into circuit only when S1 is in position 1. Looking at the way the 
circuit is drawn, you can see that when S2 is in position 2, we have two coils 
in series, which is equivalent to adding more turns to L2. More turns means 
more inductance, which lowers the resonant frequency still more, and gives 
coverage of the 160m band. 


Rather than having to remember to flick $2 to the correct position and move 
SI to position 1 when we want to operate on 160m, both functions can 
be combined into one rotary switch with two wafers. This circuit is shown 
in Figure 3. 


igure 3 Two-pole switch 
for all bands 


Figure 4 L1 is wound over 
LZas shown 


Anovice ATU 


Orson on 


Inall positions of Sa except position 1, the extra coil, L6, is shorted out. The 
two halves of the switch, S1a and $1b, move together, as the shaftis turned, so 
both halves are in position 1 at the same time, position 2 at the same time, and 
so on. The two switches, $1 and $2, are said to be ganged. 


Construction 


1 is formed by winding four turns of 22 SWG enamelled copper wire over 
12, as in Figure 4, L2 already exists on the purchased former. After scraping 
the enamel off the ends of the wire (with a sharp knife or sandpaper}, one 
end of L1 must be soldered to one end of L2, as shown in Figure 4. The free 
end of L1 goes to the transceiver aerial socket. 


All components except the capacitors are assembled on the switch. Note 
that the rotor of C1 is earthed, but neither side of C2 is earthed. This means 
that the metal shaft of C2 is not earthed, and touching it will detune the 
ATU. Using a plastic knob for C2 will minimise this effect. If you decide to 
use a metal box, take precautions to ensure that no part of C2 is in electrical 
contact with the box. 


ce 
us 
(4 turns of — ‘ors 
2 
wens 
sepa) 
Seighere. -—rispin 
the earth end bhai 
cmon 


295 


Radio and Electronics Cookbook 


296 


‘The capacitors are mounted using M2.5 screws. Make sure that the screws 
do not foul the vanes of the capacitor. If your screws are too long, a few 
washers between the box and the capacitor will solve the problem! 


In use 


‘The best indication of a good match is obtained with a standing-wave meter 
between the ATU and the transceiver. The controls are adjusted alternately 
to ‘feel’ your way to a better and better match. 


For receive-only use, the same alternate adjustments are used, watching for 
the maximum signal strength on the S-meter or, for a very weak signal, 
making the signal from the loudspeaker as large as possible. 


Parts list 


Capacitors 
CI,C2 350 pF variable 


Inductors 
Lt See text 
12 274H 
13 10 pH 
14 2.2pH 
Ls pH 
16 65 nH 


Additional items 
$0239 sockets (2 off) 
SI 2-pole 6-way rotary 
Box as required 
Plastic knobs (2 off) 
Stick-on feet (4 off) 
‘M2.S screws for capacitors 
Screws, nuts and washers for mounting the input and output 
sockets. 
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Figure 1 Block diagram of 
the ceramic resonator 
controlled 80m CW 
transmitter 


CW QRP transmitter for 80 metres 


CW QRP transmitter for 
80 metres 


Introduction 
Thi 


a relatively simple transmitter design having an output of 1W. The 
design is not new, having been described before in other amateur radio 
publications. The components are all available new and the total cost 
should not exceed £15. 


The circuit 


Like other simple transmitters (see An 80 Metre Crystal-Controlled CW 
Transmitter and A Breadboard 80m CW Transmitter elsewhere in this 
book) this one is crystal controlled. This assures frequency stability, but 
limits the usefulness of the transmitter. The key to increased frequency 
coverage without a conventional Variable Frequency Oscillator (VFO) is the 
use of a low-cost 3.58 MHz ceramic resonator. The ‘pulling’ range of a 
3.58 MHz ceramic resonator covers the UK novice 80m sub-band and some 
of the CW segment below 3.525 MHz. 


A ceramic resonator is like a crystal, but not quite as stable in frequency. Its 
main advantage is its large pulling range. 


The block diagram is shown in Figure 1. It is very similar to a crystal- 
controlled transmitter, and includes an oscillator, buffer and final amplifier. 
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This amplifier is keyed, the oscillator remaining running all the time. This 
improves frequency stability because the oscillator is not being continuously 
stopped and started by the key. It is switched off while receiving, though, to 
avoid interference with the received signal. Transmit/receive switching is 
accomplished by a panel-mounted switch controlling both the aerial, 
oscillator and buffer switching, 


Figure 2 shows the transmitter circuit diagram. An unusual aspect of this 
transmitter is the use of a digital CMOS integrated circuit (IC) type 4069 for 
the buffer and oscillator stages. The IC houses six inverters, four of which 
are used in the circuit. One is used as the oscillator, two are used for the 
buffer stage, and the fourth provides an output for a direct-conversion 
receiver, should one be added at a later date. 


The frequency of the oscillator is changed by varying the capacitance in the 
ceramic resonator circuit. This is provided by VC1. 


‘The power amplifier (PA) is a small MOSFET (metal oxide semiconductor 
field-effect transistor), TR1. This is capable of providing an output power of 
2.W but, in this circuit, itis run conservatively to give 1.5 W. The output can 
be varied by changing the resistance (RS + R6) in the gate circuit. Attempts 
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igure 2 Circuit diagram of 80 metre transmitter 


CW QRP transmitter for 80 metres 


to raise the output power by decreasing the values of these resistors may 
result in immediate MOSFET failure. 


A pi-network (C8, RFC, C9) provides impedance matching to 50 0, 
together with harmonic suppression. Like all inductors in this transmitter, 
the pi-network inductor is a pre-wound RF choke. A pi-network is so 
called because the components are arranged in the shape of the Greek letter 
pi (n). 

Keying is carried out by a pnp transistor switch, TR2. Closing the key earths 
the base and supplies 12V to the collector of TR2 and to the drain of the 
MOSFET, TR1, allowing the PA to operate. 


Construction 


You must house your transmitter in a metal box, to avoid hand-capacity 
effects and the radiation of spurious frequencies. Size is not important, 
provided it is large enough to accommodate the transmitter without 
cramping the components. You may want to allow space for future 
additions such as a direct-conversion receiver, break-in keying, sidetone or 
a small power amplifier. A good size is $ x 15 x 15cm. You can make your 
own box, buy it, or even use a biscuit tin! 


Front and rear panel connectors can be fitted first. The choice of these is a 
personal matter, but a good working choice would be: 


(a) Power socket ~ 2.1 mm panel socket ~ centre pin positive. 
(b) Key socket ~ ¥, inch jack socket. 
(c) Aerial and receiver connectors ~ panel-mounting $0239 type. 


Particular attention must be paid to the mounting of the variable capacitor, 
VCI. Make sure the hole for the shaft is amply big enough, and if you use 
screws to mount the capacitor on the front panel, then make sure they are 
not too long, otherwise they will touch the vanes of the capacitor! Mounting 
can be by means of glue, sparingly applied and kept well away from the 
shaft. 


A board size of about 6 x 10cm is adequate. Component layout on the 
board is suggested in Figure 3. The prototype used ordinary matrix board, 
which is preferable to stripboard for a design like this; stripboard has undue 
capacitance between adjacent strips. Component leads are fed through holes 
in the board and are connected underneath. Make sure that leads and 
connections are rigid because, if they can move, there is always the danger 
of short-circuiting, and capacitance changes. 


To facilitate construction, servicing and testing, it is advisable to use 
Veropins for connections to the variable capacitor, transmit/receive switch, 
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ire 3 Component layout of the 80 metre transmitter. The transmit/receive switch is not mounted on the board 


and is not shown in this diagram 
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aerial and power sockets. Use screws and spacers to mount the circuit board 
to the box. Mounting the board horizontally assists troubleshooting. 


Use a socket for the IC, and observe the CMOS handling precautions given 
in An Electronic Die, elsewhere in this book. When soldering the leads to 
the ceramic resonator, do it quickly — excessive heat damages the device. The 
earth lead running acoss the bottom of the board must be connected to the 
metal case by a short length of stout wire. 


Testing 


After carefully checking your wiring, both against the circuit diagram and 
the layout diagram, it is time to test your circuit. You will need a multimeter, 
an 80m SSB receiver and a 50 © dummy load. A good design of dummy 
load can be found in the project A Switched Dummy Load, also in this 
book. An RF power meter and frequency counter will also be useful, 
although if your receiver has a digital frequency readout and S-meter, the 
latter two items are not really necessary. You will also need a 12V 1A 
power supply unit (PSU) to power the transmitter. 


B-S.P. Lin et al 


SDN Broadband Network SON Mobile /Wireless 


‘SDN System Integration and 
Technologies Technologies 


Internet 


small SDN Env. 
|, | (Small OpenFlow s/w) 


that covers a much greater area of Hsinchu County than NCTU and includes additionally ITRI (Industrial Tech- 
nologies Research Institute), HSIP (Hsinchu Science Industrial Park) and THR (Taiwan High-speed Rail, Hsin- 
chu station). The right upper part of Figure 9 illustrates how ITRINET covers various R&D buildings in the 
corporate campus of ITRI such as B11, B12, B51, etc, 

Figure 10 illustrates how Big Data analytics based on InfoSphere or Spark is performed on ITRINET for the 
purpose of network optimization, First, network traffic measurement and network management data are collected. 


CW QRP transmitter for 80 metres 


Switch the transmitter to receive and switch on the transmitter. No current 
should be consumed. Switch to transmit and check that pin 14 of ICI is 
6.8V positive. With the dummy load connected to the aerial socket, press 
the key. The voltage on TR2 collector should now be 12 V, dropping to zero 
when the key is released. 


Now check the operation of the oscillator. In transmit mode, you ought to 
be able to find a strong carrier signal with the receiver, even though the 
dummy load is connected. Adjusting the variable capacitor should change 
the frequency. At the lower end of the frequency range, you may find that 
the oscillator is unreliable in starting, because the circuit is attempting to 
pull the resonator too low in frequency. If this is the case, set the trimmer at 
the back of VCI to minimum capacitance. If your version of VCI has two 
trimmers, and you don’t know which one to set, set them both to minimum 
capacitance. If there is still a problem, reduce the value of RFCI to 6.8 or 
4.7 nH. 

In all probability, the unmodified circuit of Figure 2 will not require any of 
the changes outlined here. A coverage of 3.518 to 3.558 MHz should 


be possible, while preserving good frequency stability and reliable 
oscillation. 


A signal probe (see An RF Signal Probe, elsewhere in this book) is useful for 
checking the operation of the oscillator and PA. Alternatively, an RF power 
meter or the rei S-meter can be used. With the PA running, the unit 
should draw between 200 and 300mA. If TR1 becomes too hot to touch 
after a few seconds of transmitting, increase RS or R6 to limit the 
transistor’s heat dissipation. A small 6.3V bulb connected across the aerial 
output is a simple way to check that the PA is working. An orange/white 
glow when the key is pressed is indicative of correct operation. 


The final test is to monitor keying ‘quality’. With your dummy load 
connected, press the key and listen to the note on the receiver’s loudspeaker. 
‘Then operate the key, sending a string of dits, for example. What you hear 
should be free of chirps and clicks, as well as being stable in frequency. This 
test is sometimes better performed with no aerial connected to the receiver, 
thus preventing receiver overload and its associated plops. No problems 
should be encountered here. 


Frequency tuning 


A peculiarity of ceramic resonators is that, every now and again, their 
frequency changes abruptly by 100 Hz or so, then remains stable for some 
time. This is certainly noticeable in the received signal, but does not detract 
from the QSO and no characters are lost as a result. Try to keep the area 
around the ceramic resonator cool, to avoid temperature variations. 
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Parts list 


Resistors: all 0.25 W, 5% tolerance 


RI 
R2 


Capacitors 
CI, C7 
co 
G 
C4 
C5, C6, C10 
cs 
co 
vel 


Inductors 
RFC1 
RFC2 
RFC3 


Semiconductors 
Ic1 
TRI 
TR2 
DI 


Additional items 
‘Matrix board (se 
14-pin DIL socket 
Pointer knob 
Sockets (see text) 


10 megohms (MO) 
2200 ohms (2.2k) 
270 ohms (270 0) 

1 megohm (1 MQ) 

1.5 megohms (1.5 MQ) 
1000 ohms (1k) 


100nF 
100 pF 

47 pF 

Ink 

10nF 

560 pF 

820pF 

10-160 pF variable 


8.2uH 
10H 
2.2pH 


4069 
VNI0KM 
BC640 

6V8 Zener 


text) 


‘An audio booster for your hand-held 


85 An audio booster for your 


Figure 1 Circuit diagram of 
the audio amplifier. the 
power is derived from the 
Cigarette lighter socket and 
the fuse is inline with the 
lead 


hand-held 


Introduction 


The audio output from many hand-held transceivers and receivers usually 
leaves much to be desired, so this little amplifier was designed to increase 
the output at minimal expense. 


All that is needed is a separate amplifier and bigger loudspeaker. This is 
accomplished using a single integrated circuit (IQ, a few components, and 
a loudspeaker from the junk box. This circuit will enable the output from 
your hand-held to be heard easily in a car. 


The circuit 


This is shown in Figure 1. It uses only those components necessary to 
operate the IC amplifier. VR1 is the preset volume control, and varies the 
signal coming from the ‘External speaker’ jack on the hand-held before 
feeding it into the IC for amplification. C1 blocks any constant voltage 
present on the input. 


[[o 


TDA 
2003 


Input trom 
handheld oe +12 
rado cs thes. Samp on/ott 


py Tay fuse switen 
25 
5 
“ + 


Speaker 
aR (GW) 


rsee oe 
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Figure 2 Layout of the 
components within the box 
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The IC output comes from pin 4 and is fed via the electrolytic capacitor, C4, 
to the loudspeaker. The circuit is provided with an on/off switch, fuse and 
LED to indicate when the circuit is switched on. 


Construction 


The box is made of aluminium. This is necessary to help to dissipate some 
of the heat generated by the IC. Do not build the circuit inside a plastic box 
unless you take special precautions! The IC has a metal mounting tab with 
a hole, specifically designed to be mounted to a metal box or other metal 
heat sink. Apply plenty of heat sink compound between the tab and the box, 
tighten the nut and bolt, and then wipe off any excess compound. The box 
will get slightly warm in operation. 


The size of the box is not specified. You may want to decide on this when 
you find a loudspeaker. Choose one which will be able to handle 6W 


~ Wiees under 
Heat sink! O perforated board 
TDA 
2003 
Plainpertorated | > 3.45 
sav 
(C68 fuse) 


(LED & On/ott switch) 


To 
speaker 

Solder tags ave 

underside ©nsoa ova 


A grid dip oscillator 


output. Drill all the holes in the box first. Holes for the speaker, input phono 
socket and the LED. The amplifier can be constructed on ordinary matrix 
board, which can be mounted inside the box with screws and spacers. 


The layout is shown, for your guidance, in Figure 2. The components are 
mounted by pushing their leads through the holes in the board and making 
connections on the underside. The preset volume control, VR1, is set such 
that the hand-held’s volume control is sufficient to control the final output 
over a good volume range. Use a screened lead from the ‘External speaker’ 
jack socket to the phono plug. 


An external power supply is needed for this circuit. The normal dry battery 
which we usually use for small projects in this book will not work here, so 
you will need a proper mains power supply producing a stabilised 12 V. If 
you are going to use the unit principally in a car, then the cigar lighter socket 
can supply this voltage easily. Do make sure that the polarity is correct 
before you switch on! 


When you plug the jack plug from your booster into the ‘External 
speaker’ socket on your hand-held, its internal speaker will be muted, so 
don’t think that something dire has gone wrong! Adjust VRI for a good 
volume range on your booster, when the volume control is turned on the 
hand-held. 


Parts list 


Resistors: all 0.25 W, 5% tolerance, unless otherwise stated 
RI 15 ohms (15) 1W 
RD 220 ohms (220 ) 

R3 2.2 ohms (2.2 0) 
R4 470 ohms (470 ©) 
VRI 1000 ohms (1k ©) 

Capacitors 
cl 10 pF 25V 
C2 470 uF 25V 
C3, C5 -220nF (0.22 wF) Mylar 
ca 1000 hE 25V 
6 100 nF 25V 


Semiconductor 
LED 5mm Red 


Integrated circuit 
Ic TDA2003 
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Additional items 
‘Heat sink compound. 
Nuts and bolts 
Loudspeaker 4.0 6W. 
3A fuse 
On/off switch (SPST) 
Matrix board 4 x 6cm 
Solder tags 
Plugs and screened cable for connecting lead 
Aluminium box 
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The circuit 


The GDO uses a calibrated, tunable FET oscillator in the circuit of Figure 
1. Ithas a frequency range of 1.6 to 35.2 MHz in four ranges using a set of 
plug-in coils, shown in Figure 2. When the oscillator coil, L1, is placed near 
an external resonant circuit, some of its RF energy is coupled into the 
‘external circuit. A gain in energy of the external circuit must mean a loss of 
‘energy in the GDO circuit, resulting in a change of current through TR1, 
which is measured by the meter, M1. 


The current through TRI is of the order of 5 to 8mA, but the change 
of current may be only a few microamps. To measure a very small 


A grid dip oscillator 


Ay | ial 


po Rt 
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00k Hl 
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Figure 1 Circuit of an FET GDO. The coils are wound on DIN speater plugs, which provide both a plug-in base and a 
call former 


jamal 


Li winding 
(see caption ) 


Figure 2 Details of coil 


construction: y 
Range 1: 1.6~4.0 MHz 55 eet 

turns of 30 SWG te 

Range 2: 3.3~7.9 MHz 27 2-pin DIN 


turns of 30 SWG loudspeaker 
Range 3: 6.3~4.0 MHz 14 plug 
turns of 26 SWG 

Range 4: 11.9~4.0 MHz 7 

turns of 24 SWG. @asco vrase 


change superimposed on a much larger standing current, the method of 
offset can be used. 


One connection to the meter goes to the source of the FET, while the other 
goes to a variable offset voltage set by VR1. M1 has a full-scale deflection 
(ESD) of 100 pA. If the current through TR1 changes, the voltage across R3 
changes. When there is no resonance, the voltage at the wiper of VR1 is set 
to be very slightly greater than that across R3, and there is a 75% FSD meter 
deflection. When the voltage across R3 decreases very slightly, due to 
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external circuit resonance, a significant ‘dip’ in the meter deflection is 
produced, hence the name of the instrument. 


The circuit is not difficult to make on standard matrix board. Provided you 
can follow a circuit and translate it into a good component layout, then this 
project is probably only an evening's work. 


‘The most important part of the GDO is the tuning capacitor and its 
associated frequency-calibrated dial. New, airspaced tuning capacitors can 
cost you up to £20, so it is worth delving around in junk boxes, or scouring 
the tables at a local boot sale or rally. The tuning capacitor from an old 
transistor radio should be perfect. It may even have a slow-motion drive and 
a dial which can be remarked for the project. 


Choose a coil plug and socket arrangement that is practical. Think about 
crystal holders or phono plugs and sockets. The prototype shown in Figure 
Vand Figure 2 used 2-pin DIN plugs, with the coil wound on the outside of 
the plastic plug cover. Figure 2 shows the coil construction and the winding 
details. 


If you use a variable capacitor, VC1, with a value different from that shown 
in the parts list, then the frequency ranges will be different. This does not 
matter, as it will be taken into account during calibration. 


Posit 


on VC1 so that the dial will be easy to see and to operate, while 
locating the coil socket as close to it as possible. Figure 3 shows the 
traditional layout of the GDO.. 


Calibration 


Because the GDO also radiates a very small amount of energy, a general 
coverage receiver can be used to calibrate the dial. Don’t try to aim for great 
accuracy and clutter the dial with marks and figures! If you include C10, R7 
and R8 in your circuit, you can connect a frequency counter directly to the 
GDO and leave it in circuit all the time. 


The GDO in use 


Always try to place the external tuned circuit with its coil coaxial with the 
plug-in coil, as shown in Figs 1 and 3. If the coils are at right angles, the 
GDO may not produce any resonance. Set the offset control to give about 
75% FSD and slowly tune L1 through its whole range. If no dip occurs, you 
may have the wrong coil plugged in. When you eventually find a dip, move 
the external coil further away until only a minute dip is seen. You may have 
to retune the dip meter as you do this, but it gives a much more accurate 
reading of frequency. 


Remember that you cannot ‘dip’ a coil by itself ~ there must always be a 
capacitor present. 


Figure 3 Layout of a typical 
GDO. The dial, meter and 
the location of the coil to 
the circuit under test can all 
be viewed at the same time. 
tis shown measuring 
resonance of a tuned circuit 
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Figure 4 A wire antenna 
element can be looped into 
a single turn coil for 
increased coupling to the 
D0 
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Aerial resonance 


Figure 4 shows how to check the resonance of a dipole aerial. Disconnect 
the coax feed at the aerial and place a short piece of wire, terminated with 
crocodile clips, across the centre insulator to short together the two ends of 
the aerial. By placing the GDO close to the shorting link, a dip should be 
seen on the meter while VC1 is turned, Alternatively, a loop in the element 
can be made around the coil, as in Figure 4, or the shorting link can be made 
long enough to loop over the coil. The latter method does not require 
tampering with the mounting and tensioning of the dipole wires. 
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‘Then, data analytics methods based on machine learning, data mining and statistical modeling are applied to 
analyze the collected data. Finally, we apply the results thus generated to network performance evaluation and 
optimization by providing a feedback loop for system re-configuration, The whole operational cycle includes the 
technologies of 4G/LTE, B4G/SG, Big Data Analytics, Cloud, and Traffic Engineering, 


4.3. Application on IoT Platform Integrated with Data Generation and Data Analytics 


‘This is an application where we set up an loT platform integrated with data generator and data analytics capabil- 
ities as illustrated in Figure 11, A common challenge for 1oT/M2M service providers is how to test their large 
scale IoT/M2M applications with the near realistic data that the system will handle in a production environment. 
AAs such tests may involve not only a large number but also a large variety of sensors, deploying a testing envi- 
ronment that contains all the necessary sensors turns out to be an infeasible, if not impossible job. To tackle this 
problem, we develop a data generation method (illustrated in the lower part of Figure 11) based on streams 
generation capabilities of IBM InfoSphere and Spark to emulate data from a large number and a large variety of 
sensors, Such generated data will be sent into and processed by the applications residing on the 1oT/M2M 
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Parts list 


Resistors: all 0.25 W, 5% tolerance 


RI 
R2 
R3 
R4 
RS 
R6 
R7 
RS 
VRI 


Capacitors 
C1, C2 
C3, C4 
C5, C7, €9 
C6, C8 
c10 
vel 


Semiconductors 
TRI 
DI 
LED 


Additional items 
Li 
RFC 
st 
Mi 


Source 


100 000 ohms (100k) 
56 ohms (56 0) 

1000 ohms (1k) 
5600 ohms (56k) 
560 ohms (560 9) 
4700 ohms (4.7kQ) 
1000 ohms (1k) 
5600 ohms (5.6 kQ) 
1000 (1k) linear 


22pF 
100 pF 

100 nF (0.1 pF) 
1 nF (1000 pF) 
6.8pF 

2x 365 pF 


J304 or similar 
1N4148 


See Figure 2 
imH 

SPST 

100 nA 


Components are available from Maplin. 
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87 A CW transmitter for 160 to 


Figure 1 Transmitter circuit 
diagram 
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20 metres 


Introduction 


This very small transmitter is designed to work on any band from top band 
(160 m) to 20 m, with an RF output of 1 W. It will work on higher frequencies 
but with a reduced output. 


The circuit 


The three-transistor circuit is shown in Figure 1. It comprises a crystal 
oscillator using a BC182 transistor which drives a 2N3866 power amplifier 
(PA) keyed by a ZTX750 PNP transistor. The oscillator and PA are coupled 
by a capacitor and resistor; this provides a very small amount of positive 
bias to the PA. 


The oscillator can be used as a basic crystal oscillator but, by including a 
variable series capacitor as shown in Figure 1, the crystal frequency can be 
‘pulled’ slightly, making the oscillator a variable crystal oscillator (VXO). 


Construction 


‘The PCB layout is shown in Figure 2 and in the photograph. Although the 
prototype was built around a PCB, this circuit is equally amenable to 
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ire 2 Component placing on the PCB. The external connections are also shown 


construction on a matrix board. Populating the PCB is very simple, and you 
can expect to be able to do this in about one hour. The radio-frequency 
choke (RFC) is made by winding 10 turns of 33 SWG wire on a ferrite bead. 
‘The enamel coating of the wire is intended to vaporise when soldered into 
the board, thus obviating the need to remove the enamel manually with a 
knife or sandpaper. However, if you do have problems with the PA either 
not working or keying intermittently, it is suggested that you investigate the 
RFC connections immediately! 

If you decide to make the VXO version, you will have to cut the track 
between the crystal and earth, and connect the variable capacitor (250 pF) 
across the break. 


In use 


After performing the usual checks on the accuracy of your circuit building 
and the wiring of the external components, it is time to connect a 12V 
battery between the points shown in Figure 2. Do not switch on yet. An 
aerial needs to be connected to the output via an ATU and a crystal, of 
frequency matching that of the aerial, fitted. The variable capacitor should 
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give you a tuning range from about 14.058 to 14.064 MHz. ‘Netti 
process of tuning your transmitter to the same frequency as that of a 
received station) is achieved simply, because the oscillator is always running, 
and the leakage of the signal (despite the fact that the PA is not powered) is 
sufficient to bring the two frequencies to zero beat. 


Matching the end-fed random-wire aerial 


Warning 


‘Note that the transmitter has no filtering; harmonics are not suppressed. It 
is strongly recommended that you use this transmitter in conjunction with 
the excellent low-pass filter described in the project A 7-element low-pass 
filter for transmitters, described elsewhere in this book. 


88 Matching the end-fed 
random-wire aerial 


Longish wire aerials 


The term ‘long wire’ is usually used (incorrectly) to describe an end-fed 
aerial, How long is a piece of string? It depends what you mean by ‘long’. 
In aerial parlance, it means ‘long with respect to one wavelength’. Again, 
this depends on the band you are using. A long wire at 20m is somewhat 
different from a long wire at 160m. However, if you have sufficient real 
estate for a long wire on the 160m band it must, by definition, be a long 
wire on all the other bands, too! 
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This should put you on your guard when analysing published data about 
feed-point impedance and the directional properties of a long wire aerial. 
Such theoretical data relate to a real, ideal long wire which is straight, 
horizontal, very high above perfect (conducting) ground, and not obstructed 
in any way. So your aerial doesn’t quite match these criteria? Join the 
club! 


Don't let this dampen your ardour when it comes to evaluating what the 
longish wire can do for you. The following should explain why. 


Feed-point impedance 


‘The impedance at the end of a longish-wire aerial can vary from a few tens 
of ohms to several thousand ohms, depending on the frequency in use and 
the wire length. It is also affected by factors such as bends, height above 
ground, proximity to buildings and wire diameter. 


‘The actual value doesn’t matter, provided we can make the aerial appear to 
have a 50 1 impedance at the aerial socket of the transmitter. This process 
is what we call impedance matching, or simply matching. It maximises the 
power transfer from the transmitter to the aerial, and from the aerial to the 


‘That is why an aerial tuning unit, or ATU, is almost (but not necessarily) 
obligatory. 


The ATU 


Many commercially produced HF receivers and transceivers have single 
50 £1 coaxial sockets as their one and only means for connecting an external 
aerial. This means that an external aerial should have a 50 feed 
impedance if it is to work efficiently, and it rules out most of the aerials 
being used by amateurs on the HF bands. Some means is necessary to 
change the aerial feed impedance to ‘match’ that of the transceiver. Such 


impedance-matching, or Z-matching (because Z is the symbol for imped- 
ance, just as L is the symbol for inductance) is the réle of the ATU. 


These can be bought and will accommodate either an end-fed or a coax-fed 
aerial. They can be bought ready for use or in kit form. Whether you want 
one for receiving only, or for use with a low-power (QRP) or high-power 
(QRO) transmitter, will determine what you need and how much 
you pay. 


1 Parallel tuned 
circuit as single-band ATU 
for end-fed longish-wire 
antenna 
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A simple single-band ATU 


‘The simplest form of ATU is shown in Figure 1. It is simply a parallel LC 
(coil and capacitor) circuit, resonant at the chosen frequency, with taps on 
the coil for the aerial and the coaxial feed to the transceiver. If we assume 
the circuit is resonant, a high impedance exists at the top of the coil, and a 
low impedance at the bottom. 


We said earlier that the end-fed longish wire presented an impedance which 
was high (or at least higher than 50). This explains why the aerial is 
tapped to the coil near the top, where the impedance is high, and the 50.0 
coax is tapped near the bottom, where the impedance is low. 


End-ted 
antenna 


Tuned to 
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wave-band 
50 ohm 
toltrom 
radio 
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Because the feed-point impedance of the aerial changes with frequency, so 
must the point at which the aerial is tapped to the coil to achieve impedance 
matching. The value of C must be changed also, to ensure that the circuit is 
resonant, and the 50 tap will require tweaking also. 


Setting up an ATU is quite simple. Make up an LC parallel-tuned circuit 
consisting of 50 turns of enamelled copper wire on an empty 35mm film 
plastic container (or similar), tuned with a 500 pF variable capacitor. Make 
sure the enamel is removed from the ends of the wire before soldering, 


Solder the inner wire of the coaxial cable from the radio to the first or 
second turn of the coil from its grounded end. Then solder the braid to the 
grounded end. Connect the aerial about one-third of the way down the coil 
from the top, removing the enamel at the connection point. 


Adjust the variable capacitor for maximum noise or signal strength in the 
receiver. Then, try different tapping points from the aerial, to maximise the 
signal again, This matches the aerial impedance to that of the tuned circuit. 
Repeat the process with the coax tap, thus matching the impedance of the 
radio and the cable to that of the tuned circuit. 
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Figure 2 simple multi-band 
ATU for end-fed longish-wire 
antennas 
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You will no doubt find that the tapping process on the coil was not easily 
accomplished, especially when the enamel must be removed at each tapping 
point without shorting adjacent turns together. It is therefore logical to 
produce a design where the taps have been prepared during the winding of 
the coil, and are selected with a rotary switch. To this end, the following 
multi-band design is described. 


A multi-band ATU 


The same type of coil design around a 35mm film container is used (see 
Figure 2). The tapping points can be prepared in advance by a little 
judicious planning. Dismantle your original coil and measure the length of 
wire on it. It will be a little more than a calculation of 50 x ™D would 
suggest (where D is the diameter of the film container), due to the lack of 
tension in the coil and the wire diameter itself. You will need aerial tapping 
points at turns 1, 2, 3, 5, 10, 15, 20, 25, 30, 35, 40 and 45, corresponding 
to all the bands from 28 MHz to 1.8 MElz. The coaxial cable tap is fixed at 
turn 2 (an acceptable compromise). All the turns are counted from the 
earthy end. 


Cut another piece of enamelled copper the same length as you used 
originally. Then, with the aid of an ordinary calculator, work out the 
positions of the points where the enamel must be removed for the taps. For 
example, turn 15 will have to be made # of the way along the wire, turn 20 
tap made at # of the way along. So, if the length of wire is, say 4.7 metres, 
the two taps in question will be made at § x 4.7 = 141m and # x 4.7 = 
1.88 m from one end. This must be repeated for each of the tap positions, 
and the enamel removed ready for the wire to be soldered to it. With a 
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Matching the end-fed random-wire aerial 


soldering iron, tin each tap point while the copper is shiny, thus ensuring a 
good, low-resistance connection. Do not solder on the taps yet. 


The coil can now be wound as before. The taps can be soldered on, taking 
the lead from each one to the wafer of a single-pole 12-way rotary switch, 
the pole being connected to the aerial. 


‘The tuning of the ATU is carried out by the same 250 pF capacitor, with a 
single-pole S-way rotary switch used to select the band. Its tapping points 
will need to be chosen manually, using the method described earlier. Don’t 
attempt to make new tapping points on the coil for this — use the taps 
available on the wafer of the other rotary switch, and find which is optimum 
for each band. 


Notes 


@ For the aerial, use PVC-covered stranded tinned copper, of size 
16/0.2 mm or 24/0.2mm. 

© Make the wire as long as possible, but anything over 10m should be 
OK. 

@ Keep the wire as high as you can, in the clear and away from 
obstructions. 

© Don’t worry about bends, but don’t use hairpin bends. 

© Use a good insulator to attach your aerial ~ anything plastic will do. 

© Anchor the wire near the point of entry to the building, but use a U-bend 
to prevent ingress of water. 

© The wire can be brought in through the corner of a window, the PVC 
acting as an insulator. If you must drill a hole in the brickwork, make sure 
it slopes upwards from outside, so that water is deterred from 
entering. 

© Use a good RF earth (as opposed to an electrical earth) such as half a 
dozen bare copper wires buried under the lawn in a fan shape. They 
should be joined together at the point of the fan and strapped to the earth 
connector of your ATU. 
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‘Figure 10, Big Data analytics for Traffic engineering of ITRINET. 
Analyzing Results from oT/M2M Applications 


Generating Large Volume and Fast Velocity Streaming Data 
Figure 11, 1oT platform integrated with data generation and data analytics. 
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SWR POWER METER FOR 80 
‘THRU 10m BANDS. 
James Lee WOVAT 


Wie declining sunspots, usage of the 
lower frequency: bands is" definitely ine 
creasing. “The resulting increased QRM is 
helpful to no one and only eMeient eqtipment 
and operating procedures will rerult in. a 
maximum number of Q50's "The SWR/PWR 
imeter described here won't make you a better 
‘operator, but it eam help you be sure that you 
tre delivering the most rf to your antenna 
from your rig. Fig. 1 shows a front view of 
the meter 

‘The basic clreult is a directional coupler 
switched to sample either forwan! or reverse 
voltage ani‘ voltmetar to read this vollage. 

‘This type of coupler har an output propor: 
tional to length, power, and’ frequency. The 
longer it is, the more output it giver, Since 
it puts a small impedance "bump" in the line, 
the length of the coupler should be Timited to 
not over 1/20 wavelength at the highest fre- 
‘quency, or it may begin to contribute notice. 
ably to the SWR itself. Por a given power, 
if the frequency of the rf flowing through the 
coupler is reduced, the maximum eatpler ot 
put is reduced, This means thet you can get 


Chapter I 
What is Your SWR, OM? 


full seale readings on 10 MC with Tot less 
power than on 80 M. The meter described here 
fives half scale deflection on 10 My at maxis 
num sensitivity, with about 260 watts of for 
‘ward power. If your rig is a KW this meter 
Will Gil the requirements for SWR/PWR 


‘meacurements nicoly. Tt can be left in the Line 
a all Umer to monitor SWR or Power deliv 
tred to the antenna or other load, If desired, 
& Barker and Williamson type BIA coaxial 
switch can be used to insert the meter in the 


Construction 


‘The unit ie built in a gray hammertone 
EME type 141, box,, The dimensions of this 
ox are 3” x 4" x 0". Fig. 2 shows the parts 
placement and should answer any questions 
onceraing layout 

‘The coax directional coupler is made from a 
414° length of RG-8/U, The outer covering iz 
flit Tengthovise with & knife and ‘peeled off 
‘Take eare here not to cut into the woven braid. 
‘The woven braid is then bunched toward the 
center to loosen it, Next, a. length of £22 
fenameled wire le pnased ‘through the braid 
‘st about 24" from one end advan Under 
the braié next {9 the innet insulation, Tt is 
Drought out at the other ond, again 24” 
From the end of the shield braid. When this 
fs done, smoath the braid back to its sriginal 
position carefully to avoid. seratching” the 
‘Snamel on the #22 wire. The #22 enameled 
‘wire should lay as straight as possible under 
‘he braid. Te should have no slack nor showld 
it twist around the inner Insulation to. any 
teat dorree, The ends of the shield braid are 
rimmed’ back far enough to be soldered. 
‘Amphenol /-1Mt hoo. The inner insvlation 
{trimmed off x0 a8 to expose about 2/16” of 
the inner conductor. The inner conductors are 
‘then soldered to. Amphenol 82-1R female type 
‘chassis mount coax conbectors. ‘The ‘coupler 
may now bo set aside and the nest of the meter 
contracted 

Potentiometer Ry is mounted on 1/10" x V 
x 4" piece of bakelite tnd. positioned approsl- 
ately In the center of the box to minimise 
fapaeity to ground. ‘The metal rear cover. is 
Semoved from the ot for the satne reason 
The pot ground Teal ix to the center of the 
coax and is wire in last. The diode D, should 
be protected from damage by heat when solder 
ing ie in the circuit Long nose pliers gripping 
the leads near the body of the diode are sat 
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istectory. The directional coupler ie the Inst 
ftem soldered in place. As ean be seen in the 
photo —the conx conncetors are mounted from 
fhe inside of the box, When the 292 enameled 
leads are soldered to S. they should’ be the 
same length, and main, take care not to 
Scratch the ‘enamel or a. short circuit. may 
eeur and you'll have to do ft all over again, 


Calibration 


‘Phere are any number of ways to calibrate 
the SWR/PWIE meter, but the way most hams 
‘will use fs their own rig and a suitable dummy. 
load. ‘Though very limited in power, « 2 watt 
50. ohm resistor such as made ty Ohmite, 
IRC and others, mounted inside an Amphenal 
BASP tnale coax plug makes avery” good 
Gummy Toad, “Although nt completely. non 
indvetive, this dummy load is far superior ‘0 
ssuch real unknowns as light bulbs, clectrle 
irom heating elements, ete. This particular load 
{2 50 ohms shunted by 0 mmfd over the range 
oF 8-30 me. It is @ good dummy load—though a 
low poster one. 

‘With the hack cover off, attach the dummy. 
Toad to J2, the foad Jack. Set Ri, the Sensitivity 
Cantrol, to maximum and S, 9 FORWARD. 
Next apply ‘power by booking your rig. (or 


other rf source) to Jo, the transmitter jack. 
Make sure that the sf applied is 28-30 me, 
for, the highest frequency ‘you operate in the 
Bho me region, This meter is sensitive to fre 
‘quency. Stray ¢ ‘an other unbalances 
will have their 

Frequencies, in any event, calibrate the unit 
fon the ighest frequency sour rig will tune 


th the 8-80" me region. With power applied, 
set My so the meter reading is at least halt 
feale and switch S; to REVERSE, This will 


result i a lower meter resding. Ry should 
be adjusted for a minimum reading on 
meter, Using the suggested load, you will not 
ket n complete mall, but the mull showld not 
be much more than’ 50" ua for half scale de- 
flection in the FORWARD. position on S; 
Don’t put too much power into the dummy 
load ince excessive dissipation can ruin ik 
and change its characteristics restiy. If you 
have a higher poser dummy load whose char- 
aeteristies you Keow necuratels, by all mea 

lise it, but remember light bulb is not a 
tzood load, Once nulled, lock the nut on 
liking enre net to disturb the setting. Replay 

the back cover and using’ the dummy load, re- 
heel the null to maske eertain Uae it has not 
sifted, 


Using The Meter 


need only 
to FORWARD 


ih the line and set § 


fand S. to SWR. Adjust the sensitivity control 
fe 


at Teast a half scale reading. Then switch 
i to REVERSE and read the value. SWR 


{is then ealeulated by the fellowing’ 


Wat Ih 


swR 


or example 


Jet Tree = 500 ua and hen 
500 + 50 

swR= — ated 
‘00 — 60 

‘The meter is useful for tune-up purposes 


where exact SWR is not needed, Just keep the 
FORWARD reading ut a constant value and 
tune for minim REVERSE readings. Th 
foxtet SWE can be calculated when yeu have 
found the lowest REVERSE. postion 


The POWER position may appear to be 
ntially the same as the SWR po 

When measuring power inte 
fixed value you only 


the current Dhxough) 
Tae POWER position on 8, ly used 


Toa seale reading that is convenient. for 
hans sf onty a relative realing fe used. If a 


wt to PORWARD. Ry fs merely set 


all 


rood 50 ohtt high power dummy load is avail 
able, you may make accurate calibrations by 
Using'a VIVA plus high frequency detector 


probe and measuring the actual voltage aero=s 
{he Toads Just put a T-connector on the load 
jack Ji. Put the dummy load on one. arm of 
the “T* and read the voltage at the other arm. 


200 volts across a pure resistive load of 50 
fms is equal to 800 watts of power 


fig delivers a Key down 800 watts 
then you could set Re at D8 ma on the seate, 
ste. The scale Will not be preeisely’ linear 
particularly at low powers, but if enough re 


Hstance is used at Ts the effects should be 
Minimum. Since the coupler voltage is. fre 
fiuency sensitive one setting of Te will not 
Wold for all band, Tf desired, Ts could ba re. 
placed sith a sieiteh and a ndmber of tected 
totistors {one for each band). This would keep 
the seale factor eanstant between hands. This 

be dene for Ras wel, but complicates 
an otherwise simple device 


Operation 


Once calibated, the meter is very simple to 
ase, Just hook it in the Tine ‘at some. con- 
alias Galt ted AEA poner WH Be oak 
to FORWARD and 8, set to SWR, adjust 
R, for at least a half seale reading. Svitek 
5) to REVERSE and you will then be able to 
fontinanesly monitor your reverse power. For 
power measurements, set 8, la FORWARD 
and S. to PWR. Apply power and the meter 
Swill be monitoring your forward poster con 
Linvously. I is a screw driver adjusted ot 
Tecan be set, and locked at a point whieh al- 
lows operation on all the bands you operate 
The seale reading on each band will be difter- 
ent, but once set; thece readings ean be jotted 
flown in your log book and anv change quickly 
feted, ‘This meter ie also an excelent device 
or the antenna “tinkerer,” or if you have coax 
coupling between stages in your rig it can be 
sve to. provide proper power transfor. Best 
Aitall, iis nol expensive nor dificult to con 
towel. "Try one and you won't be without ome 


AN ETCHED CIRCUIT SWR BRIDGE 
Edd Lawrence WASSWD 


Several of these boards have been etched 
and units assembled, and all have been satis- 


factory. T have used mine, with a 200 micro 
amp moter, from a kw on the low bands 
up to a “Twoer,” with no problems with 


sensitivity 
Since Bud Miniboxes are commonly avail 
able, I scaled this board to ft into the Bud 


- 


10K 


To o1006 
derecTors 


Fig. 1. Metering circuit for she etched 
circuit SWR bridge. 


Fig. 2. Layout Jor sha pret eiewit board. 


Minibox CU 2102A or CU 30028. If you 

ant to inchide the metering in the same 
package, the CU 21034 or CU 3003A should 
be used to give more room, 


If you use the CU 21024, center the 
gone ‘connectors on the ends, I the CU 
21034, mount the connectors “8 inches from 
the open end. I used solder Tugs bent at 
right angles to mount the P. C. Board te 
the chussis. The. plotograph shows the 
mounting much better than 10,000 wards 


‘The meter sensitivity conteol cireuit shown 
hhas a wider control range than the one 
shown in the ARRL Handbook, since the 
pot shunts the meter at law settings. This 
faction could be eoentisated by putting 
fixed resistance in series with the meter 
movement, at the expense of sensitivity, 


Although the virtues of operating transmis- 
sion, Hines with low standing wave ratios 
(SWR) have been diseusted many tines in 
the past, evidently the economics of main 
taining low SWR' are not read 

particularly if the frequency of op 
Tow and the transmission live shor 
hhas been reflactad in various psoudosteshnie 
wal QSO's where many Trace been led to the 
inte disregard for standing wave satis, Most 
members. of the anxteurfrtornity exist on 
Tinted ucts at best and whon a sighifiecnt 
portion of that precions transmitted power is 
feaen ip by’ transmission line lasses and ani 
Interpreted. standing wave calioe for naueht, 
something should he done. 


apparent, 


A look a¢ the graph in Fig. L will show you 
the percentage of power rellected for various 
standing. stave ratios, For instanee, if you are 
presently tolerating an SWH of about 58:1 
{pet uncommon in maoy ham shacks), 50% 
of the power which reaches the antenna 
fs actually reflected back down the transmis: 
sion line, heating op the final tank and causing 
TVL Nor is only the transmitted signal effect: 
ed, a high SWR. will similarly degrade the 
received signal. This is particularly important 
J the reception of the extremely low level 
signals oftes encountered in DX and VATE 
fperating, Steroophonic bufs should take heed 
too. A seeont report by the IEEE: (Iastitute 
of Blectianie and Blectieal Engineers), Pro: 
fessional Group on Broadcasting noted that a 


high SW on receiver antenna inputs equses 
a eduction of stereo quality 


Atonuation vs Powel ronsmitted 


rmoters only 94% of the teansmitted power is 
delivered to the anienna if 100 fest of 
RGSA/U is in use, At 50 ane the loss has 
sky rocketed to 26 for the same length of 
Tine. However, there is ne big hooker for 
these conditions to exist: the SWR must be 
1:1. For any other value of SWR there wid 
De further line losses as shown in Fig. 4 be- 
cause standing waves have the property of 
rwoltiplying attenvation, “This graph indicates 
thst iF a Uarsmision line is operating at an 
SWE of 87:1, the line loss will be molkplied 
bby a factor of two. For the previously men- 
tioned situation on 50 me, aa additions) 24% 
Joss could be expected! with an BG8A/U Tine 
‘operating at an SWR of 3.71 
Tr should be obvious by now that the use 
‘SWI Bridge in the fine at all times is 
very advantageous in the maintenance of 
low SWE at the operating frequency. How- 
fever, contiary to popular belie, the SWR 
badge does not tell ll, Since there is loss o 
attenuation in any” length of transmission 


of 


Many of the aroateur stations on the aie 
today minke use of RCBA/U coaxial cable. Its 
excellence is proven out by its extensive use by 
te muktary, but a lool at the loss graph (Fig. 
2) for this eable indicates that i€ {8 nt Gomi- 
pletely lossless! Even at 4 me it has approt 
nately .8 db loss per 100 feet, and on six 
meters there is a loss of L4 db for the same 
Tength. look at Fig, 3 indicates that on 75 
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Line ta mulipior Ye SW, 


line, the zelleeted wave will be attenuated in 
the same matter ae the transmitted or incl- 
dent signal, Because the standing wave ratio 
5s the ratio of the incident wave to the reflected 
‘wave, attenuation of the reflected wave will 
give erroneous SWH measurements when the 
SWR bridge is conveniently located at_ the 
transmitter. Ie this loetion the bridge will ee 
the full power of the transmitter, but only a 
portion of the reflected signal. 1a some eases 
where the length of the transmission lina. it 
excessively long, the reflected wave will be 
attenuated to such a deyyee that the SWA 
will appear to be very close to 1:1, while in 
reality’ it will be a ood deal higher. This 
fact is graphically xepresented in Fi 5 


SYR vs attenuation, 


For example, 143 feet of RGSA/U at 50 
sme would result fn approximately 2 db attenu- 
ation. If an SWE bridge inserted in the line at 
‘he transmitter indicated an SWIC of 2:1, this 
graph shows that an SWI of 3:L exists at the 
fantenna. A look at Figs. 3 and 4 will indicate 
that a 9:3 db loss (2 db times 1.65 multiplier) 
‘occurs, amounting to 47% loss af transmitted 
power in transmission line lasses, OF the re- 
‘maining 83% power ariving at the antenna, 
248 will be reflected back down the line. A 
litle simple arithmetic will showt that of the 
total power transmitted, only 308 will be ra- 
diated! This simple mathematical fact should 
tmake the merits of low standing wave ratios 
immediately obvious if we wish to got the 
anost ont of one equipment. By keeping trans 
tnission Hines short and. by insoring. that the 
SWI is as close to Ist 3s practicable, line 
loscas wil be minimized, masini power 
will be delivered ta. the antenna aod more 
successful and reliable radio coxmsnieations 
‘vil zen 


CHECKING YOUR SWR INDICATOR 
Cart Drumelter WSEHC 


Many articles have been published on 
how t build and even some on how to 
calibrate a VSWR indicator. The calibration 
instructions usually tell you to terminate 
the indicator’s output with a purely-resistive 
52ohm load and then to adjust the 
so that a maximum forward and minimem 
reflected meter deflections are obtained. 
Sometimes they'll go further and tell you 
to reverse the device and recheck for op- 
posite indications 

‘This is all very well, It assures you that 
the VSWR indicator will he telling you the 
truth when it says “Alls well!” while look- 
jing. into an utterly-flat_ transmission Hine. 
Tt doesn't tell you a thing about what the 
indicator will have to say when & gets tan- 


sled up with a Tine that has a wildly-mis- 
matched termination, 

‘As most transmission Hines, in actual prac- 
tice, are terminated in Toads which are not 
only mismatched in the matter of resistance 
but also in the inclusion of a considerable 
magnitude of resctance, it would be well 
to explore the indications you'll yet under 
realistic circumstances. After all, these are 
the situations under which you'd want to 
take corrective steps. Aceurate indieations 
of undesired conditions, therefore, are im- 
perative if intelligent remedial actions are 
tabe taken. 

Fortunately, some quite enlightening tests 
are made easily. All you'll need are’ some 
lengths, of coax transmission line (the same 
as you're using ia your antenna feedline) 
equipped with male fittings at each end 
and few female-to-female junctions, Se- 
lect the frequency at which you want to 
make the test. Usually it's wise to make 
the test on the highest frequeney band you 
plan to use, With this in mind, make up 
thee one-eighth wavelength sections of 
transmission line and mount the male 
fittings on the ends of each seetion, 

If your antenna presents an unmatched 
jad to your transmission line, you may 
lect to skip over this paragraph and go 
directly to the next one. If it does rot 
(Ah, you dreamer!), you'll need another 
piece of transmission line. Tt should be fairly 
Jong, perhaps 2 half wavelength. Put a male 
fiting at one end and attach a termination, 
which is deliberately made to be a sad 
mismatch, at the other end. Don’t just mis- 
match it by using too high or too low a 
value of resistance. Throw in. some react- 
ance, too! You might use 2 resistor with an 
inductor in series. Or, you might try a ex- 
pacitor in series with the resistor. Or, you 
could we either an inductor or a expacitor 
Jn parallel vith a resistor. In faet, it would 
‘be host to experiment with all four! 

Now that you have a transmission line 
available that you know is mismatched, 
you're ready to start the test. The fist 
check (the “control”, you might call it) 
is made with everything normal. That is, 
youll have the transmitter feeding directly 
into the VSWR indicator’s transfer box and 
the transmission line (either the one to your 
antenna or the substitute Tino to the mis- 
matched load) attached to the ontput of 
the: transfer box, Note the VSWR indicated. 
Also note your transmitter: insure that 
i's tuned to resonance and is adjusted to 
4% power you can maintain throughout the 
first portion of the Jot down these 
indications. Now, insert an cighth-wave 
section between the transfer box and. the 
transmission Tine and without making any 
‘ther changes or adjustments, note the 
VSWR. Repeat these steps, adding an ad- 
ditional eighthewave section each time until 
you've used all three, Did you detect any 
Change in VSWR? If there was even the 
slightest change. your VSWR indicator is 
not trastavarthy! 

‘Now for twa more checks 
the transmitter power cuiput 
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Try varying 
Does this 


have any effect upon the indicated VSWR? 
11 it does, your VSWWR indicator is not trast- 
worthy! ‘Then try varying the twansmiteer 
cntput toning, deliberately towing the 
Stage ont of zesonance. Does this have any 
effet upon the indicated VSWR? IF it dacs, 
your VSWR indicator is not trustworthy 

Few VSWR indicators under the $150 
class ‘will pass these basie tests. TF yours 
doesn't, don't be perturbed. You have an 
instrument that stil has a useful Beld of 
aoplicatin, You can wie tas comprative 
indicator, For instance, if you're adjusting 
the gamma match at sh antenna, #1 serve 
quite well in this application, you're holding 
all of the significant variables constant, with 
the exception of one (the gamma match), 
the effect of which you want to observe 
Your tests will have shown you the para- 
meters you'll have t@ hold constant for any 
other than simple comparisons. In all prob- 
ability, you will have found that measure. 
dents taken with different (eleeteial) 
lengths of transmission fine are invalid. Als, 
its probable that, owing. to. he non-con 
sruity of diode curves, measurements ill 
Ihave to be taken at precisely the same level 
of ef power if accurate comparisons are 
be male. 

If you'll keep its very real limitations in 
rind, you'll find tbat even an inexpensive 
VSWiH indicator has excellent potentials for 
useful measimements, But don't ask it to 
ppesform at, levels that even its expensive 
Siblings can't atin! 


HOME BREW BRIDGE CALIBRATION 
Clifford Honess WSOAB 


‘This table is useful for all homebrew SWR 
bridges und gives the ‘i elected power and 
the ofall seale reading in the reflected mode, 
‘when the meter je eek mt full seale bn the fOr” 
‘ward ond, 


MINI SWR BRIDGE 
John Schultz W2EEY 


Most SWR meters today are of the coupled 
variety which can be left in a transmission 
Tine while a transmitter is operated at full 
power. However, for a number of prolonged 


B-S.P. Linet al 


platform (illustrated in the middle part of Figure 11). Finally, the data sets produced by the loT/M2M applications 
are analyzed by data analytics engines in IBM InfoSphere and Spark (illustrated in the upper part of Figure 11). 

‘The effectiveness of our data generation methodology is first verified in a people management system of a 
large factory environment. With our methodology, we are able to test our factory management loT/M2M appli- 
cation more efficiently without actually deploying a large number and a large variety of sensors. This applica- 
tion development uses both lo and Big Data Analytics 


4.4. Application on Data Analytics for Traffic Generated by Testing & Measurement 


‘The automatic Testing & Measurement (T&M) of DUT (Device under Test, including 4G/LTE SD, UE/CPE) 
for 4-Stage (namely, conformance, interoperability, operator-IOT and field trials) testing is shown in Figure 12, 

We apply the data analytics learning techniques for the classification of the DUT types by series numbers or 
id. Once the type is identified, the parameters for feature extraction can be measured by the testing and mea- 
surement equipment. An example for DUT classification is shown in Table 3. In this example, the DUT type 
relational table is a 4 * 4 table with 4 fields: 1) DUT Device Type, 2) UE capability Information (FGI), 3) DNS 
(TTL), and 4) HTTP (User Agent). This device relational table is created by applying multivariate statistical 
analytics on the network traffic flow and LTE UE connection related information. Then by extracting specific 
features, we are able to identify the types of DUT such as Dongle, Smartphone, CPE, etc, 


4G RAN Access Network 
of BML/NCTU 


Network Testing & 
Measurement 
Equipment 


‘Figure 12. Data generation by endpoints from testing & measurement, 


‘Table 3. DUT relational table, 
DUT Devic Type EFGL om TPTP-User Aged 
‘Maila.0 (Wows NT 6.1, WOW!) 
Denglea 910001186000 0101 coat a Applenkivsa7 6 (KIM Ihe Geet) 
home 3.0257 198 Sata 87 360m 
Mila. (Windows N61; WOWG!) 
Dongle B GL DOG EL 6a AppleWebKi/537.36 (KHTML, like Gecko) 


11001900 ¢p0n. ‘Chrome/a3.0,2387.124 Safar'S27 a6 
‘0101 1110 9000 1101 1101 


‘Smart Phone Toe sere dont 


a ‘Phone6,28.3 (12F70)in 


Moailla5.0 (Windows NT 6.1; WOWGA) 
27 Apple WebKit/S37.36 (KHTML, like Gecko) 
‘Chromel42.0.2357.124 Safari/S37 ann 


0101 1111 9000 1114 11a 


of 1100 1000 0000 


tune-up operations, involving antenna mateh- 
ing systems, for instance, such couplers have 
several disadvantages. 

On 160 and 80 meters, especially, a rea 
sonable amount of power is necessary to 
produce full deflection—up. to 100 watts 
with some coniigurations, With a very low: 
powered transmitter, making adjustments at 
this power level certainly may damage the 
‘output tube or tank-ereuit components with 
fa high SWR. This will not be the ease with 
higher-powered cireuits but, in any ease, a 
signal strong enough to cause needless QRM 
will be radiated, 

Another disadvantage of the coupled SWI 
moter, if itis home constructed, is that it 
must be carefully calibrated since its re- 
sponse is very dependent upon the mechani 
‘eal configuration of the coupling ciecuit. This 
is unlike the bridge-type SWI meter (de 
seribed iu this article) where a sturdard 
SWH emve may be used with a good degree 
Df avcuracy. 

The above factors, plus the fact that 1 
didn’t seed aan SWR meter continuously i 
the transmission ling, Ted me to construct 
the little resistance type SWR bridge shown 
in the photograph. It is just about as simple 
snd inexpensive a unit as ean possible be 
Dil 


ae 


ak 

Fig. 1. SWR Bridge Circuit, Seo text for volues of 

Ru Re and RoR, and R. may bo any matched value 

10k to 47 Ly and D, ore IND, INGA, 

‘yper All espacitors are die ceramic, 005 
Me, 100¥. 


Construction 


‘Two, $0-239 coax chassis connectors ave 
joined buck to back by two 1i inch threaded 
hex spacers. The two favr-lug terminal strips 
are mounted at the ends of one of the space 
ers. The wiring of diodes Dy and Deas shown 
in Fig. 1, should be such that the incidental 
voltge-measuring point appears om the 
terininal strip mounted on the “input” SO. 
239) connectar, in order to avid confusion 
jn measurement. Short leads, of course, 
should be used but hardly anything else is 
possible with only 1% inches between con 
nectors 
Some attention rust be paid to the coin 
ponents used if accurate readings are to be 
obtained. Resistor Ry must closely match the 
impedance of the coaxial line used (52 or 
75 ohms). For 58-ohm lines, a suitable re- 
sistor (within X to 1 cht) ean usually be 
found from a group of standard 10% toler- 
ance, 47-ohm resistors; and for 75-ohm nes, 
from’ a group of G8-ohm resistors, Resistors 
Ry and R, can have any value from about 
30 to 100 ohms, but i is important that they 
‘losely matched as possible. One trick 
which may be used to. affect very small 
resistance changes is to file "V" notches in 


Fig. 2 Simplified diagram of SWR Bridge: Vs rep 
Zenens incident vollage and Ve the reflected valtoge 


14 composition resistor to raise its resistance 
Two-watt units are suggested for these re 
sistors because of their longer-term stebility 
find endurance én ease toa roueh iapur power 
Ss applied. 

Resistors Hy and R, serve as linearizing 
resistors so ial almost any meter with a 
Dbasie movement of 1-mA or less ean be used 
as an indicator, The lower de voltage ranges 
fon almost any VOM will work fine. These 
resistors as well as diodes D, and D; should 
be checked to see that they match reason- 
ably well (the resistors within a few precent 
fand the dindes within a few percent for 
their forward and reverse resistance read- 
ings) 


Calibration 


There are really no adjustments that cin 
be mace to the bridge, and cabbration 
really consists of checking the balance. Fig. 2 
is the de cireuit of the bridge (a simple 
Wheutstone bridge with resistance ann), 
If the balance of the bridge is good, V 
should be the same when paints Ry’ ar 
‘opened or shorted! s0 long as V, is held eon 
stant, This canbe checked on the actual 
bridge by applying an input at the highest 
frequency of interest (8 oF 10 meters), sbort 
ing Je, and checking that incident and re- 
fleeting voltages are the sume. ‘The same is 
done with J. open. IF the woitages are not 
equal, the difference ean be taken as a jn 
ication of how agcwale the SWR readings 
swill be. If the difference is too great, Ry or 
, will have to be changed fora etter mateh 
‘oF the mounting of the components changed 
to reduce stray couplings 

A fucther check is to connect @ known 52 
‘or 75 ohm resistor across J,. The reflected 
voltage shonld, af couse, read zero 


Operation 

‘As nioled in Fig, & the actual SWH is @ 
simple fimetion of the incident and reflected 
voltage readings, Fig. 3 presents this fune 
tion in graphical form, The incident voltage 
is simply adjusted for some convenient value, 


ie ra a ea 
Fig, 1. SWR vale for slated rflacled vag: 
fending toler ai of inedeod vohage reading 


say 10 volts reading on the de scale of a 
VOM (possible with most SSB transmitters 
by adjusting the cartier balance control with 
no usdio input), The reflected voltoge is 
then read as a percentage of the incident 
voltage and the SWR found from Fig. 3, 
The input power required to operate the 
Dridge is essentially independent of freq 
ey, being about 1-2 watts maximum, 

it shouild be remembered that such a brid 
can measure only the resistive portion of an 
impedance. When using it to adjust a cir 
if a SWR minimum null but not a zero 1 
ing for reflected voltage can be obtained, 
it indicates some reactive component must 
still be present 


VSWR SUPREME 
Eb, loon wens 


One of the most vabrable tals used! by the 
smateur is the Vollage Standing Wave Ratio 
Meter. 1 ranks with the yrie-dipper andl the 
plate eurvent meter as an indispensable i 
Mrument aronmd the Tam shack, We know 
that the VSWR meter is very handy in indie 
tating relative power output when fnine & 
transmitter, particularly when the plate dip 
is not too discernable, 11 most useful, how= 
ever, in proving that the hast available salt 
hhay reached the antenna where it en day 
some good. 


Why a good match? 


Although a good capper connection is 
ame all the way to the amtenna, an efficient 


Iransler of poser may not be achieved be 
cass af mismatch bevseun the characteris. 
Le impedances ot the vations partons af 


Hus tunisia The ilesestings 
Uhing is that the “match” is different for ects 
Frogqueney” hecase th 
«sine Frenteney device 

We cu appreciate the importance of 
proper natch between the transmitter and 
The autora sehen sve are told, fo esample 
Haba VSWR of 3 tn 1 eanses a poner last oF 
reasiy 3.40 for 209 fect of HG-B/U coaxial 
Tine at 3 SMT Ta, The tables Ties 


‘antenna i essentially 


Fig, 1 Schematic of baie VSWR Mater and as 
sociated switching circuit, 


Table 1 


Power Loss Provide 1 kW 
VswR (db) at the Antenna 
Is 2 100 watts 
2 a 00 
3 28 1900 
4“ a 2000 
Ba a7 2300 
Ta co 2400 
1:1 53 3400 


‘Additsnal power noeded to componseie for @ poor 
lmpadence match between tanumiiter and antenn 
Figuros aro based upen 200 fact of RG8/U cable 
ah 20 Mie 


the real reason why we should he concerned 
with the impedance match. Notice how much 
the transmitter power would have ta be in- 
creased to make up for a poor match be- 
tween the transmitter and the antenna, In 
dently, this mateh involves ench and every 
part of the total tranmnission system inchad- 
fing connectors, antenna relay, low-pass fier 
balan, ete,, a8 well as the transmission Tine 
itself tued that particulary eritieal point at 
which it is connected to the antenna 


‘A new approach 

Most VSWR meters today are an external 
accessory to the transmitter. But this practice 
is not good, Coaxial eomcetors are expensive 
and enuse unwarranted minnatch and power 
Toss, Meter faces usually end up behind the 
transmitter or in some other inagcessible 
location. When switching from forward to 
reverse, the litle accussory box seoats aeross 
the table leaving scratches and a distraught 
operator. 

The transmitter plate current meter is no 
longer a plogsi Why should the 
VSWR meter be? (Believe it or not, plate 
meters used to be plugged in with phone 
jacks) Using the simple design deseribed 
here, the home constructor as well as the 
coromercial manufacturer ean now bold the 
VSWR meter into the transinitter ia the 
smallest possible space and at only pennies of 
cost 


Tho circuit 

Nathing is new about the eiveuit, It has 
heen adlesmately described in. the past in 
magazine articles and handbooks. Mawever, 
for the convenience of the reader, the VSWR 


Frisco 


SI" 0.0. BASS TURING 


meter cireuit is reproduced in Fig. 1 for 
hondy reference, “Terminatings resistors TT 
aml R2 should be 33 ahms for 2 50-ohm 
trunsnission fine when te physical configura 
tion. as shown heve, is used, One-half watt 
or smaller size resistors may be used, Diodes 
CRI and CR are any matched pair of sil 
con diodes or germanium. ‘The types which 
are enclased in glass cases are the easiest to 
ruse hecanse of their small size, The ohmmeter 
ccun be used to select and match the diodes 
‘of the ten-cent surplus variety found in 
vertisements in ham magazines such as 72. 
Bypass capacitors Cl and C2 are 1500 pF 
Centeala’ eype FT-1500. 


Physical components 

Parts sed in this VSWR meter are illus: 
trated in Fig. 2 The brass tubing is about 5 
to 7 inches lang and of Ye inch outside di 
ameter, ‘This size tubing fits snugly around 
the inner polyethelyne insulation from RG: 
8/U coaxial cable, About 10 inches of coax 
fs stripped of its outer jacket andl brafd. The 
inner insulation is trimmed to extend 4 inch 
past each end of the brass tubing. Two large 
solder lugs are selected ta fit aver the % ineh 
threaded shank of the bypass capacitors, 
These lugs should be of the long variety so 
they may be shaped and soldered to the 
brass tubing as shown in Fig. 3, Two B-inch 
pieces of #22 enameled copper wire are also 
rouuieed, 


Assembly 
Alter soldering: the Inuss to the brass tub 
ing ubout $ inch in from ench end, the by= 


neststaR, 330. 


A6-8/u cont canis 


Fig. 2 Gomponont parts used in mating tha VSWR sontng unit 


w 


pass capacitors are assembled to the Ings, 
Place several Sher washers under the ring, 
nuts prior to tightening them down on the 
treated shank of the capacitors, ‘This per- 


Fig, 3. Solder lug is shaped vo ‘it one-quarter way 
around the brass tubing. 


roils careful soldering of the capacitors to 
the Tugs without danger of also soldering 
the nuts in place. 

“Two small grooves are now eut 180 de- 
ssrees apart for the total length of the poly- 
cthelyne insulation, small wood carving 
owe or carefully. manipuated razor blade 
fean be used for this purpase. These grooves 
provide space for the enameled copper 
‘wire whieh is held jn place when assembling, 
as shown in Fig. 4. Prior to this operation 
the wire should be stretehed and work-hard” 
ened by jerking it between two pairs of pliers 
Be sire that the plane described by the two 
wires lies at right angles to the chassis on 
which the unit i mounted, "This permits all 
resistors and diodes to have equal lead 
Tengths. 

When the inner assembly’ has been tugged 
tune shoved into place svithin the brass tib- 
ing, the #22 wire ends are trimmed, stripped 


Fig. 4 Assombling the 
inner componan's into 
the brats tubing. 


aan soldered to their respective resistors and 
diodes. Much cate should be exeresed at 
thi pont to prevent aneting the insolation 
br damaising the neue zevoTength component 
Teal 
Application 

A completed sensing anit lov the VSWH 
rer is shown marnted on a typical chassis 
ii Fig 3. Te will be noted thie no conven 
tional box or housing is used because. the 
fotul outside of the nit is at ground sf and 
dle potential, save for the component connee- 
tions at each end. By mounting the bypass 
capacitor i the chassis, the. low-voltage 
rectiied enrrent fed to the meter switch is 


Fig, SFinthed VSWR sensing unit mounted on atypical chasis 


isolated from high-power rf on the other side 
of the chassis, Te ean readily be seen that 
the finished sensing unit ocenpies no more 
space than would be used by a coaxial Tead 
unning from an antenna relay to the antenna 
connector ont the chassis 

A forther refinement is shown in Fig, 8. 
Complete isolation of the high-power af is 
provided by the coaxial boad. Impedance 
Uiscontinnity is also minimized by ase of the 
hood. which was designed for this purpose 
andl is readily available 


Length of sensor 

The dimensions given for the length of 
the sensor clement, including its outer tub: 
jing and inner conductor, are not ctitical, 
‘They are, however, directly related to the 
pawer of the transmitter with which the 
VSWR meter is used. For example, with a 


Fig, 6 Recommended chats connaction for output 
oF VSWR mater tenting unit 


{oro 


fone kilowatt high-frequency CW transmitter 
‘and a O-1 illiammeter as the indicating 
meter, the length of the sensor can be as 
short a8 23 inches. A sensor which is eon- 
structed approximately 7 inches long, as 
illustrated in this article, will work fine with 
the same meler on a 25-200 watt high fr 
quency transmitter. If meters with higher 
current ratings are used, 2 longer sensor is 
required, and, conversely, a more sensitive 
meter would’ provide adequate full-scale 
deflection with a shorter sensor clement 
Obviously, it is impracticable to vary the 
length of the sensor clement in order to vary 
the sensitivity of the VSWR meter as a 
whole. It is for this reason that the adjusting 
resistor is provided in series with the meter 
For VHF mse, the sensor can be shorter, 

All that has been. said above can be de- 
picted graphically. Fig. 7 shows the general 


ized relationship between the sensor length 
and transmitter power with which itis used, 
‘The two curves represent diferent meter 
sensitivities. A 0-1 milliammeter offers a good 
compromise. With a 5-7 inch long sensor 
and the proper series resistor, all powers 
nuornally encountered in amateur work ean 
be hundled. However, i space requirements 
s0 dictate, a shorter sensor unit ean be em- 
ployed with some small sacrifice in acexracy 


Terminating resistor 

Small variations in_mechanieal_ construc: 
tion and lead dress will have an elfect on the 
value of the terminating resistors, Re and Re 
Also, # carbon resistor does nat display the 
same reactance nt high frequencies as its 
measured resistance at dc, The value of the 
S3-ohm resistor was therefore determined 
empirically. 

‘To verify the proper value of the terminat- 
ing resistors, the test set-up shown in Fig. 8 
is used. A radio-frequency source of appro 
mately 10 to 20 watts is required, A trans: 
mitter exciter stage operating on the 10- 
meter band is. preferred for this purpose 
Ten meters, oF even fifteen meters, will pro- 
vide better’ accuracy than one of the lower 
Frequency bancls. A duminy load is also re- 
quired. This load must be capable of dissi- 


ears : Fig. 8 Test setup for 
ikl iting Ae pops 
vthe’ the femtaa 

tof 2 WO ing rotors which aes 


Fs. 2 The seer 
aie rsatinship be 

Frese senor lngih nd 
shown for two common 
iy aed motor, move 
tanks Olfor sate yak 
os may bo used as die 
coed the toh 


i 2 3 * 
Seon Lexar (races) 


5 6 7 


pert of tha sensor ua 
{he value of the dummy 
load should match the 


fating nearly equal to 
the source paver 


puting the power of the mdin-frequency 
source used in making the test. Three or four 
Savate earbon resistors of the proper value 
in parallel to provide 52 obans will suffice if 
the power is nat left on continnonsly: 

Tz making, the test, the selector switch is 
first placed i the “lorward” position. With 
power applied, immediately adjust the sensi- 
tivity control so that the meter reads full 
scale. Upon switching to the “reverse” pos! 
tion, the meter should read near zero and be 
at or below the 1:1 calibration point on the 
rioter scale, Several resistors may be subst 
toted antil the proper value is found. The 
important thing to remember is that both of 
the resistors should be simultaneosly: sub- 
stituted and that they must be 
identical ns possible as measured on a tea 
sonably good aluneter, Lead lengths should 
ako be as short as pase and of sential 
length. 


ouRRENT 
3040 


1.9 Fullsize photomastor of the VSWR meter 
dial. A multi-purpose meter was usod in the auth 
lors transition so thet the grid ond plate curerhs 
ould aio be voed on the uppor esl 


The dial scale 

Using the stondard formula for ealeulatiog 
VSWR, it is possible to calibrate the meter 
face 28 follows: 


forward + reverse 


VSWR = Foewardd — reverse 


Fig. 9 is a full-scale illustration of a meter 
face used with the VSWR Supreme. This 
scale fits the Triplett Model 397, as well as 
‘number of other meters of the same size 
ceategory. A word of eaution—don't assome 
that the scale calibration, or linearity. will 
De the same for all makes of meters. The i 
Gividual meter movement selected should he 
checked by using the above forma, and 
marking off radials representing 448 different 
VSWR values. With the scale from your 
meter at the center of an oversized radial(s) 
deawing, i i possible to verify the angular 
pheement of each VSWR calibration point 

The VSWR Supreme is truly a novel ap- 
proach to an old standby. Using the con 
steuction methods outlined in this article, it 
is possible to fabricate the sensor unit so that 
it oceupfes the smallest possible space. ‘This 
sensor ean now be built into a transmitter 

2 take up no more room than the coaxial 
Tead which it rephices 


A SIMPLE VHF SWR METER 
John Schultz WOBEY/KEZ 


was decided to construct one that would 
ender reasonable sesults, within 10% ae 
‘suraey 07 $0, on the VIF bands, particularly 
144 and 220 Miz 

There is noting basically new inthe 
circuitry of the SWR meter to be described. 
What is different about itis that it utilizes a 
articularly simple and inexpensive method 
fof construction that yields reasonable re 
sults, Tt can be constructed as a completely 
self-contained SWR meter or only the pick- 
up element can be constructed and used 
with an external meter. The circuitry as 
shown here for the meter llizes two meter 
movements so one can read forward and 
reflected power simultaneously and avoid 
the annoyance of having 4 forward-reflected 
switch arrangement for 


single meter. 


The haart of the SWR meter is a carefully 
consruoted pickup element Detais of contirua: 
tion are dizotesed in aie Yost but the photo shows 
how elossiy the diodes and terminating reastons 
must be soldered to the pickup element. 


Pickup lement 

The “heart” of any SWR meter of the 
fefleciometer type 1s the pickup element 
Many elaborate forms for such elements 
hhaye boon devised whicl involve complicated 
mechanical construction. Sueh complicated 
construction does become necessary iT very 
accurate cesults are desired and if the meter 


is to maitain linearity over a very wid 


frequency range, However, ovee a smaller 


ig. 1. SHR meter circuit. Two identical meters 
should be used ounent range and interna! resin 


frequency range and with some minor suet 
fice in aveuracy, the construction of 2 
pickup element cin he gecatly simplified 
Basically, the pickup element should not 
eause any discontinuity i the transmission 
lune section in which itis inserted but yet be 
long. enough so enough voltage can be picked 
up in both the forward and reflected direc 
tions t make the meter usable with even 


Jow power trunsinitters 

"The pickup element | devised is shown in 
Ihe photo. It is a 2-7/8" Tong piece of 
alternate grid pre-puunched perF-board stock 
The board is about 7/16" wide and within 
this width contained 4 separate copper strips 
spaced about 1/16" of less apart. The center 
two strips are soldered together to act as the 
inner conductor continuation of 3 cosxia) 
line section, To solder the two inner steips 
togetler tack solder a hare piece of heokup 
wire between the two sirips and then cover 
the entire two strips with solder. 

Without the use of pickup wire, it will be 
nearly impossible to develop a smooth solder 
flow between the sirip. Each outer strip acts 
8s a pickup element for the SWR- meter 
circuit shown in Fig. 1, The terminating 
resistor and diode are soldered to each end 
‘of the outer strip as shown in the photo and 
ith siaimum excess lead length to the 
Sirip, The use of « heat sink on the diode is 
necessary to prevent damage duzing. solder 


Mounting The Pickup Element 
The pickup element made from the hoard 
stock is mounted between two approxi- 
nately spaced SO-239 chassis connectors, 
The center strip of he boutd is soldered ul 
each end fo the center post of the S0-239 
connector. The terminating resistor at each 
end is grounded as directly as possible to a 
ground lug held in place by one screw of the 
80-239 mounting hardware. These details 
tre shown in Fig. 2. 11 is important that the 
erminating resistor be grounded is. this 
vuoner with minimum lead length, ‘The 
enclosure in which the pickup element is 
contained should 
secommodate the SO 239 connectors so that 
when the enclosure is secured together, the 
pickup element is boxed 
surface on each side except directly above i 
Many: chassis or enclosite types afe suitable 
for this purpose and the overall size of the 
enclosure will depend. of course, 
Used and sensiivity. conteal place 


just he Wide enough to 


on the 
ment not covered here 

They 
uecuracy of the 


These details ate 


Ieeause they can be made as desired. 
uiteet the 

as the pickup element is 
ned and enclosed. The bypass 


meter as long 


properly mo 
ing of the pickup rectifier diodes must also 
he done with as short leads as possible on 
‘he bypass capacitor, As shown in Fig. 2, 
ovo lug terminal strip (one lug grounded) 


mounted on the side wall of the enclosure 
immediately at the cathode end of the diode 
will perform this task very well. The lena 
fof the IN34A diodes is such that the bypass 
capacitor vannot be connected to the sme 
ground lug used for the terminating resistor 
The leads on the capacitor would be too 
long and it will be ineffective 


Fig, 2. Center sip of vector board is soldered 9 
‘center post of S0.259, Other eompanme: are 
bounted a! ach and of board at skoxn [only one 
tnd shown here). 


Operation and Results 
The dual meter circuit of Fig, 1 reads 
ard and reflected power simultancously 

The sensitivity potentiometer is set to read 

full scale on the forwan meter and the SWR 

read directly from the rellected meter. The 
latter meter can be calibrated for various 

SWR's by the use oF small carbon resistors 

[100 to simulate 9 1-2 SWR ina 302 ine 

te}. Usually, at is only necessary to elie 

brite che reflected meter for SWR'S of 1.5, 2 

fand 3 al the frequency of interest, Calibrae 

ted ia this manner, the sevuracy of measare- 
meat will be roughly 10% and is certainly 
ood enough for most general anienaa work 

A particularly nice meter display can be 

rude if one can find a Lwo meter movement 

jo one enclosure. 1 purchased a surplus 
stereo VU meter whieh had dual 200 pA 
movements and used it in the SWR meter 
The sensitivity of the SWR meter is such 
that transceivers of the 1-2 watt output lass 
ein easily be used with it on the VHF bands 

The basic meter. of course, ean also be used 

fon the lower frequency hands as well and it 

will retwin good accuracy. The only problem 


fon the lower frequency bands is that the 
pickup stops are so short that more tras: 
mnitter power hat lo he used to activate the 
meter than is usually 
dlring anjenns experiments 
were made but probably 


No exact tests 
70-100 watts 
would be needed 10 use the meter on as low 
4 band as 80 meters, The meter was used and 
checked, however. on 40 meters. The aot 
racy of the meler remained very. good and 
Tull scale ueflection of the forward level 
mele required 4 power level of 60 watts 

an iovline type meter, it eam be left 
nently in line when used om any band 


with a minimum of los, 


DIRECTIONAL COUPLER AND VSWR 
BRIDGE FOR VHF AND UHF 
Bob Kolb WAGSNC 


The aerospace industry has fostered the 
development of many ew components and 
materials, Hams, being the kind of people 
they are, are quick to see practical appli- 
csitions for these materials that never vecur 
To design engineers. I have often heard the 
criticism that it is impractical to publish arti= 
‘les or design harn gear with those new oF ex 
pensive: materials, becuse most OM's dont 
have access to them. Yet Tye often been 
disinayed whew 1 learn of an application 
for « piece of surplus equipment after it 
is no longer available, For this reason 1 
feel that we should publish any applica 
tion that is practical regardless of how 
immediately it can be used. Sooner or later, 
the material will show up on the surphis 
market and then welll know what use ex 
be made of it 

Reliable test equipment for the VHF-UHF 
Ioands is it to come by on a low 
Dudget, The literature is full of “relative” 
measuring devices but few pieces of home: 
brew gear are engineered for repeatable 
performance, Several directional couplers 
have been built acoording to the deserip- 


Fig, |. A typical directional couple. The davico 
in the heart of a VSWR brides, and con ako be 
hed for mony ater applications. 


tion in dhis article and each has measured 
to within =.5 dil of the designed value, 
This is due in part to the mechanical rigidity 
tard close tolerance of RG-141 “eoasitube, 
No special tools are required outside of 
cheap. pair of vernier calipers. ‘The 

to make the original coupler were an 


Nieto knife, file, soldering gins, vernies 
calipers and a vise. Don't let the calipers 
scare you. If you're not aller a closely 


rated device they may: be omitted 


This UBF directional cove 
plat is very simple fo m 
ol ofl excellent perform 
‘nea on the 70 and 23 em 
bende, 


The design goal was a dlirectional coupler 
swith about 90 dB directivity inthe passe 
hand with a low insertion loss. Exch mill 
watt measuzed at the coupling arm equals 
win Tine, Such a dk 
2 good quality VS! 


fone watt through 1 
vive 35 the hea 


coupling and 38 dD directivity at 492 MHz. 

sta presented in the graph was taken se 
ing HP6OSC and GI4A signal generators 
and a Ceneral Microwave Ry F, Prnier Me 
ter, The measured insertion Toss was 0.2 dB, 

Resolution of the smallest posible VSWR 
is limited by dieeosvity. Few of the hand 
hook VSWH bridges or the low east tyne 
altactive to the CB trade achieve 
{8.20 ds dicetiity, Ths the minim dis 
‘emable VSWR is approsiately 17:1. With 
87a det, NOB NSW cn be 
neeurately mensired. 

Direstivity may be defined as the isola 
tion of arm D from enn A, over and above 
{he coupling ss show inthe Fig. 1. Coupling 
is achieved by removing part of the jacket 
between adjacent coax conductors 1 the 
inpat is at arm A, incident power ean be 
sampled 30 dH dven at sem ©. bit ap 
pews —68 dB at ann D. Reflected power 

teting arm is suphet —30 AB at ann 
D while ct cm C it's —G8 dB, Ie stands 
to reason if the dinectivity 4s lov, one cans 
not tell with certainty if be & mewuring 
incident or reflected power, Port D_ may 
Ihe sed a6 the de retire for a detector st 
port C and vice vers 

“This device will have its fundamental pass- 
band where the length exposed between the 
two lines fs X/4 Ves. wll ao ave a pas 
hoard at (2a — 1) 2/4 er or at tree, five, 
Seven, etc, times the frequency Tor whieh 
itis a quarter wove, Henoe a eoipler de- 
ged at 452 MHz is usable t 1206 AUT 

This coupler has alo been sed to mess. 
ure relative power and modulation at 2 me- 
ters where is coupling factor for incident 
power ie mpprmuiloge a0: OB It the 
tlneatvity par, eee arom 2 st be 
terminated in 50 olins, ICS rea! tid for 
thn up and. will give i good indication of 
increased poser with AML aeation ight 
dhthe rl ine. RGIAT wil handle 500 watts 
tet up to 2000 MB 


we 


‘The formula for detern 
enya iy 


ng coupling 


4 
Miz is 4.73 fuches. With an Xucto knife eut 
hwo pieces of ling 8.73 inehes long and care: 
Tully bend them so that they form the shape 
shown in Fig. 24, 


‘Clamp the bent coax into the vise 
Fike away the copper facket taking care that 
the filed surface ts smooth and flat. A belt 
or stationery” dise sander works well too, 
‘A cross section of the filed piece should 
iook like Fig. 2B, Next fit the two picees 

thet s0 that a eross section would look 
Hike a figure 8 and secure in a vise, Heat 
with "a soldering gum only. Do not use a 


torch. Avoid excessive heating. Flow solder 
hhetwoen the two lines as shown in Fig. 2C, 
The “arms” can now be ent into any ea 
venient configuration provided enough al i 
lowance is made at the ends for connector 
assembly. A good rule to follow is a mini- 


Fig, 3 Use of Kings ASI-OS-IL adaptor for ww 


connector that will accept RG 58/U can 
he used on RG 141. provided a sleeve is 
ide up fo make a snug ft in the camp. 

‘A special adaptor is made by Kings 
for this purpose and sels for 49 cents. The 
conneetor assembly is shown in Fig. 3, Three 
RG 88E/U and one RG 89C/U connectors 
were used on the coupler shown in the photo. 


. 4 gives the measured directivity and 
coupling for this type of directional coupler 
at both 70 and 23 cm. You can see that 
performance is quite satisfactory 


Fig. 5 lists a number of applications for 
a directional coupler. The detectors in the 
measuring instruments should be suitable 
for use at 500 or 1300 MHz. 


ing GR-141 with standard BNC connector, 
as — 
j 
\ ln 


Fig. 4 Coupling 


rectivity 
This device used 


‘coupling ware 


text. The only effect of the longer wavelength is fo center the curves on 432MHE inate 


S00 MH. 


mum bend radius of half an inch although 
a quarter inch radius is permissible. The 
uitely two Inches 


RG 141 has the sume cross section as RC 
‘58/0 without the vinyl jacket therefore any 


af 


piestay # meso) D7 
mca connie 


of the directional co 
fone is good a 450 and 


Fig, 5. Appliat 
fest equipment, 


or described inthe test. Unie mot i 
1300 Mee 


of hammade 


A SLOTTED LINE FOR 1250 Miz 
Silas Smith WASCHD 


SWR bridge is a very usefuland 
ctimes badly neglectedtool, Especially 
fon 1250 me with only two of three watts of 
power, you should measure your SWR and do 
Something about it if necessary. 1 recently 
joined the 23 em boys, though T have only 
Worked 1234 me so far. My frst attempt to 
inicate with WSVKQ on the other end 
after two evenings of diligent work 
neagre amount of test equipment We 


with 
‘male contact, It would have been a lot easier 


with test equipment good in the 1250 me 
rringe since most hams are not equipped 10 
measure frequency and adjust their righ at 
these frequencies, 

‘Alter that experience, 1 made the slotted 
line indicator deseribed in this article, ‘The 
cost is neat to nothing and it's easy to build, 
bot does a good job. The unit is built around 
one inch thin wall copper tube 1014" long 
(Fig. 1. This tube has a" slot eut leagth- 
wise for 72°, about % wavelength at 1250 me. 
This is ling’ enough to get a fair sampling of 
the standing wave or rill points 


‘Thee other pieces of 1” capper pipe are 
needed, Two are 5/16" long and «ue is 1¥ 
Tong. The two 5/16" pieces each have ' 

and are reshaped to fit inside the 1” 
‘These two pieces were each soldered to 1/16" 
plates as in the detail in Fig. 1. This process 
fakes two cupalike structures which should 


Fig. 1, The slotted ccaxia| line and probe for 1215 to 1300 me described In this orice, 


fit within the end of the 1° pipe. Drill nine 
Toles in each cop: four holes for attaching the 
coup t0 the slotted line, four to fit the BNC 
tonnector mounting plate and one X" bole to 
ppass the sain body’ of the cannector. File two 
fotehes for the connector ears. Yon can fasten 
the cups to the slotted tube with small sheet 
metal Serews, threaded holes or muts soldered 
Ui the back of the holes. 

The 1" x 18" plece of pipe is for the probe 
cariage, Th is cnt, lengthwise on one se, 
Slipped! over the 1" tube, centered, sol a 
Bede dled hrm ever the hin the T° 
tbe. 

The pribe i bul from 2" an * brass tb: 
ing from vour hobby shop. Al the probe end 
fan invalator froin a cue ting ail on the 
other ead isa fuck made fry an neta take 
socket, A small piece of brass tubins Ts 
tised te make the diode socket (sew detail A 
A ploce nf 22 gotige whe is inserted in the 
probe ond of the 1/16" sulin soul solved. 
AINSI diode works very wel 

Use Fig. 2 to choose the proper size for the 
line in the center. Each end uf this Hine shor 
he tapered and soldered to the cas filing as 
fn detail B. The center coninctor shoal be 
T/18" for 50 obms or 5/16" tar 73 obims, 

‘The meter used should hive range that 
permits a Full scale reading sud showlel be 
tale with some scale 


Uses: Measuring frequency 


Frequency: ean he measured with the sited 
fine in two wayse the distance etween nll 
pointy at one Half wavelength (2/2) oF the 


distance between peaks. See Fig. 3. Meas 
ing between the alls is preferable since the 
peaks ave very broad. LF your line i Bat, the 
peaks and ills may be very small, 0 von 
fay have Gr faluce a mismateh in the Bin 

Likewise, vin may’ have to induce a miismatel 


fo tet the two alls to fall within the 7!" of 
the Kine, The esiest way to induce a mise 
rage sv shoot tn the Tine. 

Messin the distance between the nulls 


sarefvlly with a centimeter rule. ‘Twice this 
Aistince divided inte. 30,000 will give you 
your Frequency in. megaeycles, Te wold be a 
ka ide to check thiv against a standard ot 
At Teast avoid operating ton clene to the edi 
of the Ind. 


Measuring VSWR 


Measuring voltage standing, 
(VSWR) with the slotted line i easy, too, We 
tre Toking fora rain of Egjgy the ninatien 
vag om Ube line, aid Eggs The rth 


wave nite 


Vswn 


is a slight complication of 
YeetOFS in Ey, ati Emin 80 that 0 fie ther, 
you must fist determine the highest volta 
Fead on tho meter, Ey and the lowest volt 

ead on the meter, Ky with the same setting 
Sif the slut resistor, as the probe earvisge Is 


slid along the live. Now, By = Ty + By il 
Buy = Ey = Ey 80 that 
Kite 
vewn = +B 


An evens simpler method ie to set the meter to 
le (108) at the li nl 


Fla, 2. Roto of ou 


ib to lines line fSriorous 


Fig 3, Lett Me 
Mecuina VSWR 


using & 


econ, This is hall the wavelon 


Fig. 5, Left, VSWR scale. Fig 6, Right, Impedonce 


Impedance measurements 


Ws a litle Ihrer to casi impeslaice, 
Int even ifs not baal if mr de it step by step 
First, consider the high impedance on your 
Tine whew your antenna is open or shurted. 
Perhaps sou don't think of itas a change in 
impedance. This is what we are lacking for 
Remeoniber that there is « defiuite elatianship 
Tevwoen impedance and feguency. Fig, 6 
shows the valtage relationship between a shet 
aol open. On a short set the prue Jor «mul 
Point, oseally the frst nll trom laid end of 
Hie slotted ive. ‘This will he our reference 
point, You will note that when the load point 
SS open there i a shift of $0" or quarter 
wavelength either side of the reference point 
This adds up to one half wavelength, Any 
lispelance between infinity anid 2270 ohms 
will ie somewhere along the half wavelenarh 
Sl the line. [twill be noted that an open i 
‘cidistant from the reference point. toward 
the generator and toward the Toad, however 
the fine bas moved towaie the lead (capac 
tive rmctance). To measure thit reactance, 
wwe replace the Toad dat we messre with 
hurt, We set our probe to the frst minimem 
realing from the ad end of the slotted line. 
Mark this spot with a seribe. This is our ref 
ferme point, Now we remove the short and 
{kd ou load aniler measitement. 18 6ill be 
hott that the voltage has maved upwaed. 
Mowe the probe toward the load. Tf the volt= 
age goes down, yun are beading in the ight 
Uireotion. TE the volinge starts to go up ekarge 
rection toward the generator, Move. the 
probe as above to the new eull yok ail nate 
the dieetion that the probe Tus been moved 

Here's a step-by-step example, Hits, youl 
need the frequency and wavelength, VSWR, 
irection of probe, alistince between refere 
fence point and new null, and iinpedance of 
the sloted line. 

Lets say as we measured: the frequency, 
the distance between the wall pois was 13 

h, so the wave 

Jenath i 24 em, The frees is 300K) 24 
1350 one 

Let's say we read 80 as a mains al 20 
88 a nina on a point seal in eneasring 
the VSWR: 


S04 30 = 109 
= 0 

js 100 

Vswk = 66 

swe = Wa 


Or set By to 100 by adljastient af they Ey 
would read 25 om the meter. VSWR of 1.60 
by Fig. 5 

Asin 
tho Td 

Lots assume the distance [roms the reference 
point to the new vulh was 2 cin. What part of 
A wwavelenaths is 2 eo? Wavelength is 24 can, 
$0, 2/24 = 083 wavelength 

This is a movement of “083 wavelengths 
toward the Toad 


i 8, Whe probe was moved tna 


Fig. 7. Smith chort for determining impedance. 


The slotted Tine used! lus att iapedance of 
50 hi, 

We are now reste plot this fafirmation 
sa the Smith chart (Fig, 7, better get oat your 


gifving, las) 
Drave the VSWR elrele at the peime conter 
swith a radius of 6 
Dssav'a line from 083 wavelength toward 
the load from the prime «enter. 
At the Jotersectiy of the circle and. Tine, 
xl 


fallow the constant resistance eile to 74 
the capswitive reactance circle to 31, Our 
Tad mpedanee thes 


%, 


= hy (74 = 31i) 
50 (74 = 311) 
= 37 ~ 185i 
there ure some of the things: your 
slotted ‘ets Tine ean do besides teling you 
that yortre op the aie A conumercial version 
would cost $750. 1 guarantee that youTl get 
your dolki's worth out-of this ane as it eosts 
loss than $1 to build. [ hope that it helps vou 
get on 1250 ine. 


SOME DIRECTIONAL WATTMETERS 
AND A NOVEL VSWR METER 
P.G. Martin G3PDAT 


Mei eon sect power 
frywency dependent Thi eo te a 


smpling circuits which detect the 
transmission fine current und voltage 


This basic profiem can he solved by the 


tise of conventional lunipe components 


instead of the distributed parameters of 
The Tine voltage can be 
csistors or two capacitors 


transmission Fine 
sampled by two 


used as a vollage divider, rather tan one 
resistor and some distributed capzcitance 
The bine current can he monitored by a 
properly designed current transformer in- 


stead! of an inductance and resistance. High 
Frequency current transformers consist of 
Primary sind secondary windings on a ferrite 
fot iron dust torovdal core, with a tow value 
of loud the secondary 
winding 


All SWR bridges and directional watt 
meters need to generate two de voltages 
proportional to the forward and seflected 
voltages or currents of the transmission line 
To achieve this one his either the current 
detector or the voltage detector providing 
antiphase signals so that addition and 
subtcaction ean be performed, 
A Frequeney-Independent Directional Watt 
meter 
M. BL Allenson G3TGD, has designed 
\watimeter using the above principles, where 
the low resistance ia the current transformer 
secondary circuit is split into two equal 
parts, The center connection is laken to the 
voliage sampling point so that som and 
difference voltages ate available at the ends 
of the transformer secondary winding, see 
Fig 1 
With two meters, this eirewit 2an be used 
as a versitile calibrated directional watt 
meter over the freqnecy range 100 KH to 
70 Miz, with an accuracy of about 10 per 


Fig 
directional watimeter due to GSTGD. The two 
‘eters indicate fonsard and reflected powers, 


1. Circuit of he basic eaqueney dependent 


cont. Precise calculations of SWRand trans 
iter efficieney can be made 

Maxinaum sensitivity with 
is less Chun five milliwatts, but with the 
ruulliplicr resistors specified in Fig. 1, full 
scale deflection corresponds to power of 1, 
10, 100 and 1000 watts, Calibration 
nonlinear, because the instrument simples 


50 KA meter 


Fig, 2 Calibrtion curves for the instrument 
described in Fig 


Fig, 3. Linear and losarthmie wale. The inborent 
advantages of the logarithmic form are samedi 
Brey oboe 


voltage, and power is proportional to voltage 
squuaed 

Unfortunately, (0 transmission line im- 
pedanees are in common use in coaxial 
systems: 50@ and 752. As itis not possible 
to design instruments whose sensitivities are 
Independent of line impedance, some com- 
ponent values must depend on the ime 
pedance in use. For simplicity, only one of 
the voltage driver resistors need be changed, 
Dut instrument calibration will be different 
By chunging the current transformer resis- 
{ors as well as one of the voltage divider 
resistors, the calibration isthe same for both 
Tine impedances. This technique has been 
adopted here, and the calibration curves in 
Fig 2, are comrect for $0 or 75 lines 
provided the resistor values in Table 1 are 
used. 


The Logarithmic Wattmeter 

‘The basic instrument can be simplified by 
including a logarithmic network so tht the 
power range switch is redundant and a single 
meter scale can be used for powers fram, 
say, one watt 10 1000 watts, A logarithmic 
seaio has the 1, 10, 100 and 1000 watt 
points equally spaced (see Fig. 3). 

The advantage of a logarithmic instru 
ment is that one can measure very low 
reflected powers und very high forward 
Powers simultancously with the same per- 
centage accuracy, without having to switch 
meter ranges. 

11 is simple to add a reasonably accurate 
wide-range logarithmic network to the meter 
in Fig. | (See Fig. 5). The basis of its 


Fig, 4. Smoothed experimental plot of the current 
Inaitage chersterietic of 2 1N4002 scan junction 
‘iodo, showing its logarithmic proper. 


‘operation is that the voltage dropped across 
a forward-biased pn junction diode is pro- 
portional to the logarithm of the cusrent 
passing through it (see Fig. 4). To reduce the 
potential dynamic range of the cireuit, = 
relatively insensitive meter is used, and = 
small resistance is added in series with the 
logarithmic diode to restore logarithmic 
form to the seale (see Fig. 6). 


ae 


ool cod 


Fig, 5 Basle wide-range logarithmic converter 


An experimental logarithmic wattmeter is 
shiown in Fig. 7, Figure 8 gives the calibra- 
tion scale for $0 or 759 lines, provided the 
correct resistors are used (Table 1). 


A Direct Reading SWR Meter 
A particularly useful device would be an 
instrument giving a direct messurement ol 
the standing wave ratio on 2 transmission 
line, independent of the absolute power 
levels or the frequency in use. Such an 
instrument, with its single meter, would be 
ideal for incorporation into transroitters and 
transceivers (especially with the physically 
small sarapling circuits associated with i). 
The swe can be expressed in terms of the 
forward and reflected voltages according to: 


br+Ey 
br-Er 


a 


We wish to generate this function elec- 
{ronically, so that outputs of the two detec- 
tors can he used (o generate a meter current 
proportional to SWR.This would be rather 
tedious, though not impossible 

Conveniently 
(1) shows that 


manipulation of equation 


Er 


WRT 
swe 


a 


which although not proportional to SWR, isa 
mathematical function of it only. Eleetzonic 
division of Ef by Ey is casily done by taking 
logarithms and subtracting. That is, 


log E 


log Bp ~ log Ey 


2 2 
Lune mpedance $0 1 
Roan Pa 2 a 
RO 20 120 


atues for 2, AE and fA to be used in 50 anc 
7580 tranamssion lines 


In Fig. 9, the two silicon diode voltages 
are proportional ta the logarithms of their 
currents, which in tara are proportional to 
ss, The 00 

diode voltages cun be subtracted directly by 
sather 


L} 
Fig, & Cireuit of the logarithmic. directional 
watimoter. D3 and D4 are matched (see tex). 


connecting a meter between them 
‘han from each one to chassis, 


The meter cannot be calibrated linearly in 
SWR, because of equation (2), and because 
the cireuit does not akeantilogarithms after 
subtracting the logarithins. The outcome of 
this Is beneficial: the SWR meter isin 
creasingly sensitive as the 

ratio approsches 1:1 
wants most sensitivity 


stinding wave 
‘This is where one 
to make the final 


Fig, 7 An oxperimenallagarithinie watemeter 
a m 


adjustments to aerial arrays, to measure the 
Variations in SWR over a bund and so on. Fig 
10, shows a calibration curve for SWR meter. 
Naturally the meter sensitivity. cannot be 
‘completely independent of the power level 


in use, Accuracy falls when the reflected 
power is less than about half x watt (hs 
corresponds to an SWR of 1,05: when the 
forward power is 1 kW) 

A differential amplifier could be added to 
the circuit of Fig. 9, to enable a less sensitive 


meter to be used, 


7 


Construction of the Instruments 

Layout of the sampling circutts is fairly 
critical, see Fig. HL The input ané output 
sockels should be seta few inches apart. ang 
Sonnected together with a short length of 
coaxial cable, The braid evust be 
grounded at one end only, so that itgcts a am 
tlectrostatic sereen between the primary and 
secondary windings of the toroidal tans 
former, Twelve turns of 24 AWG enamelled 
wire, equally spaced he circum 
ference of the ring, form the secondary 
winding. The primary is formed by simply 
threading the Ping onto the coax, 


Asta 
F159, 

types. are 
outside 


le ferrie ring is the Mullaed 
made in England, although other 
suitable, The FXIS% hasan 
duamieter of half an inch, 
designed for wideband rf applications be- 
tween § gn 20 SIflz, The min cequirement 
is that the ferrite material should maintain a 
high permeability over the frequency range 

Other components in the sampling cir 
‘cuits shoul have the shortest possible leads. 
RJ, R2 and R must he non-inductive solid 
carbon types: for high power levels (about 
100 watts) RI should consist of two oF three 
2 walt carbon resistors in parallel, VRI 
Should he a miniature skeleton potentio= 
meter to keep stray reactance to & minimum, 
although it may be dispensed with by trying 
Various fixed RD until the 
reflected indication under matched condi- 


and is 


resistors for 


Fig, 9. Complete circuit for » power independent, 
Ireueney- independent direct ceading SWR meter. 


The 


ctector diodes need to be matched 
for similar vottage drop, using the circuit in 
Fig 12. Point contact germanium types with 
a PIV rating of 80 volis or so are recom- 
mended 


Logorithime diodes should he modern 
invcurent silicon junction types, such 
as conventional rectifier diodes, The IN4002 
is specially recommended for its good logs 
Tithmie properties, Log diodes should also be 
matched with the cizcuit in Pig. 12 
‘The 0.01 UF decoupling capacitors should 
adie ceramic type 
In designing 2 toroidal transformer difer- 
cent to that specified, several factors should 
be borne in mind. AS the number of secon- 
dary turns increases, the 


self-capacitanee 
rises and causes the response to full at big 


Fig, 10, Calibvotion curve for SHR meters of the 
ype described in Fig 9, 

frequencies. Failure of this nature causes the 
reflected power indication to rise: in other 
words the directivity of the instrument ‘alls. 
If the 270 resistors ace raised appreciably sn 
value, the instruments will eventually b 
come Frequency sensitive 

‘The catio of the voltage sampling resistors 
(RI and R2) in the HF designs is determined 
by the sensitivity of the current sensing 
circuit, and the 80 sampling voltages must 
be equal in magnitude under matched con- 
ditions, VRI provides fine adjustment of the 
ratio. Absolute values of the resistors can be 
varied considerably, bearing in mind that as 
Ueir values inerease the stray capacitance 
across them may need to be compensated 
for. 

Useful Equations 

Let the fine current be 1 amps, the line 
voltage be V volls, and the characteristic 
impedance of the transmission line be Zo, 
Then V = IZ, 

If the current transformer has a ratio of 
Isa, and each of the resistors in its secon- 
dary eircult fas a value of RS, then the rf 
voltage across each of them is given by: 


va 8) 


The Voltage detector output is obviously 
Ry 


VR 


BR) Fy 0 


Willie is, oa good spproximation, 


Fg. 11. Photograph showing lsyout of sampling 
(ebuits used in am experimental sr meter, 


The misin dest equation for all the Hl 
inslnaments therefore 
RR} 

Zp 
where the valve for R2 includes the sect of 
WRI fied 

The dissipation of some of the com. 
ponents specitied is quite high. For those 
planning ilferent eireits, the following 
fauations express the disipation of RI ad 
the current transformer resistors R 
wv 


‘aq = 22 
WR watts, 


‘where Wis the Gansmitter output power 


Wer 
aim was 
In the instruments described, W(R 1) is about 
5 watts, and WR) 2 watts for a transmitter 
power of 500 watts, 


WR) 


Calibration 

Tfany of the instruments are buill exactly 
as described, and used in systems of the 
correct inipedance, the calibration given in 
Figs, 2, 8 and 10 will be sufficiently aceurate 
for most purposes. For those designing their 
own circuits, the following procedure Is 
recommended. 

Test equipment needed includes & high 
power rf source (x transmitter) and an rf 
voltmeter. The instruments can be calibrated 
With less aceusuey without the rT voltmeter. 
“The wattmeters are calibrated by feeding 
power through the meter into an appropriate 
dummy toad (30 or 752). VRI is set for 
‘minimum reflected power indication, and 
the power scale is marked acearding to the cf 
voltsge appearing across the load, If an if 
voltmeter is not available, a peak-reading 
type can be made with a diode, capacitor 
and de voltmeter. As the detector output is 
equal to the peak rf voltage applied to, 
quation (4) leads to 
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It would be difficult for most amateurs to 
‘obtain sufficient high power carbon resistars 
to calibrate an SWR meter by means of 
deliberate mismatching, An indirect method 
's therefore recommended, 


2 
4 


Fig. 12 Hoolusp circuit for matching detector 
lades for equal forward voltage op, and licen 
Junetion diodes for similar logarithmic properties 
‘The meter should be as sensitive as posibe (xy 50 
{WA fed), and should not deflect appreciably the 
‘voltage ls varied botveen zor and nine volts, 


18 


Fig, 13, Ciouit used to eaibrate SWR meters(see 
text) 


Disconnect RS and R6, Fig, 9, from the 
detectors, and connect them instead as 
shown in Fig. 13. One voltage is fixed at 
about 20 volts, and the other is varied 
between zero and 20 volts. The ratio of 
these voltages corresponds to adefinite SYR 
‘which can be determined from equation (1), 
Before carrying out this procedure, however, 
VR2 should be set for full scale deflection of 
the meter under matched conditions at the 
highest power level to be used. 


Conclusions 

All of the instruments deseribed in this 
alicle have been tested under actual 
‘operating conditions, on all amateur bands 
between 18 MHz and 30 MHz. Power levels 
used varied from 100 to 1200 watts. With 
the components specified, the instruments 
Will sustain power levels well above the 
kilowatt level for periods of tens of 
seconds 

I is hoped that by introducing frequency 
Independent directional waltmeters, one will 
be able to make useful comparisons of 
absolute power levels and accurate assess 
ments of standing wave situations. The 
logarithmic scales are an added convenience, 
and the dicect-reading SWR meter offers 
saving in meters. 


‘SWR BRIDGES USING ZERO-CENTER 
METERS 
Jolin Schultz 
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The basic coaxial cable swr meter, which 
samples both the forward and reflected 
voltages on a transmission line, is an essential 
instrument in setting up an amateur station, 
Although a lowe transmission line sw in itself 
doesn't guarantee that an antenna system 
will work, knowing what the swr is remains 
an essentiat bit of information in evaluating 
the status of the transmitierfantenna in 
face, 
The virtues of the usual coaxial line swr 
economy and simple circuitry — are 
offset by the awkwardness involved in using 
the instrument: that is, switching back and 
forth between “forward” and “reflected” 
‘switch positions and adjusting a sensitivity 
‘control for sullscale deflection in the for- 
ward position. This awkwardness of opera- 
tion is partly relieved by dual-instrument swt 
meters so the forward/reflected switch is no 
longer necessary — but the cost of the 
instrument increases. The awkwardness of 


B-S.P. Lin et al 


Another example of applying data analytics in T&M traffic is to evaluate LTE QoS, When evaluating LTE 
QoS, it is required to setup testing scenarios with different QoS levels. Traffic Flow Template (TFT) (as shown 
in Table 4) is designed to filter packets into correspondent bearers, either a default bearer or dedicated bearer, in 
LITE network. Each bearer has its own QoS level. We can establish a dedicated bearer of guarantee bit rate 
(GBR) for applications such as VoIP, or a default bearer of basic QoS level for applications like file transfer. 

‘What TET does is to filter packets into correspondent bearers according to packets” IP address, port number, 
protocol, direction. The information, however, is insufficient to differentiate among web file download, FB news 
browsing, and Line chat. We are unable to give different QoS levels to these applications, To tackle this problem, 
‘We propose a new architecture which integrates deep packet inspection (DPI) with TFT to provide a higher gra- 
nularity of QoS levels for applications. When some traffic flow has been identified as a certain application type, 
‘TET will be informed to update rules of packet filters. With this improved method, the traffic flow can be deli- 
vered through the bearer of suitable QoS level. 


4.5. Applications on Data Analytics for Traffic Flow Created by APP’s of SD 


To fulfill the Quality of Service (QoS) requirements from users, itis important to make effective use of the net- 
‘work resource, We can optimize the performance of a network by applying data analytics to traffic engineering. 
In particular, itis important to classify mobile applications traffic intended by the user with data analytics. 

‘We propose a HMM-based (Hidden Markov Model) model to classify the mobile applications. By surveying 
related work, we have realized that there are different handshake pattems of well-known application protocols. 
Also, according to the observation of some specific mobile applications, we discover that every mobile Internet 
service has its unique negotiation process at the beginning when service starts, HMM was widely used to recog- 
nize time-dependent sequences and find out unknown patterns of data, such as speech recognition, handwriting 
recognition, 
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operation can be completely relieved by 
special dual movement meters with crossing 
pointers and/or special circuitry, but then 
the cast really soars, 


Another approach is the usage of some 
erent circuitry to detect the swe which 
‘ean then activate a zero-center meter so one 
‘can peak up the antenna coupler, etc., for 
minimum swe on 2 transmission line with the 
sume ease as one tunes an FM entertainment 
receiver for a zero-conter reading on the 
iscriminator meter. In the end analysis, 
practically no Hine is set up for any specific 
‘swr, but simply for the lowest swr that can 
be achieved. So, why not make the process 
assimple as possible? Circuitry to do this has 
actually been available for many years and 
‘was especially developed for use with the 
automatic servo-tuning of military trans: 
‘milters, The zero output when tuning com, 
ditions were correct, and the plus or minus 
‘output when they were not, allowed, after 
sufficient power amplification, the activa- 

n of motors 10 tune transmitter PA task 
circuits, coupling circuits, ete, Now, with the 
economical availability of toroids and 
imported zero-center meters, zero-cenier swe 
type circuits can be applied to amateur usage 
and meet the criteria of being easy to 
‘construct and economical, They offer a reat 
shallenge to the conventional type of swe 
meter, especially when one Is using a mull 
band antenna and tunor arrangement, or just 
leaves an swe meter in a transmission line to 
verily that the line swr is holding constant, 
In the former case, one usually knows the 
approximate transmitter/tuner settings on 
teach band, and the swr meter is used to peak 
‘up the adjustments, Such peakingup, as 
mentioned before in the case of an FM 
feceiver, is certainly facilitaied by just 
hnaving to look at a zero-center meter. In the 
latter case, a zero-center meter will more 
readily reveal slight changes in transmission 
line swr feom an established norm. Perhaps 
the only place where a conventional sir 
meter is still to be preferred is when one is 


Figure 1 


Figure 2 


dealing with experimental antennas where 
extreme swrs exist and a conventional swr 
meter can help to more quickly obtain 
“ballpark” antenna coupler or loading coil 
settings. The zero-center type circuits 
‘operate on a slightly different basis than the 
conventional swr meter circuits, and just a 
briet review of transmission line operation 
will be helpful to understand the different 
basis for the functioning of the two types. 


Ifa transmission line is attempting to, 
deliver power to 2 load, both voltage and 
current values exist along the fine. If the 
antenna load Impedance is resistive and 
equals that of the line impedance, all the 
jpowor feed into the line reaches the antenna 
loss any power los in the line itself because 
Cf the line's inherent loss. If the load is not 
equal to the line impedance or rezctive, part 
fof the power the line tries to deliver is 
rejected by the load and reflected back along 
the line, This sets. upstanding waves of 
voltage and current which are not in phase 
with the original voltage and current waves 
the transmitter is trying t0 "pump" into the 
Tine 


Conventional swr meters sample a portion 
fof the voltage or current wave traveling 
towards the load and a sample of that 
traveling back from the load. The relative 
amplitude of the two samples is the swr and, 
Of course, the desired condition is that there 
be no reflected wave from the load. If there 
is no reflected power fram the load, the line 
is often referred to as being “flat.” This term 
is a bit misleading. Although the reflected 
Power may be zero under matched con- 
ditions, the power flowing 10 the load via 
the line will still set up normal sine wave 
distributions of voltage and current along 
the fine, 


Another way to sense that the load is 
‘matched to the line is to determine first of 
all chat the phase dffference between the 
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voltage and current on the line is zero and 
that the ratio of the inphase voltage and 
current is correct for the impedance of the 
line being used. If there is no reactance 
present in the toad, there will be no phase 
difference between voliage and current, 28 in 
any ac circuit feeding a resistive load. if the 
load is not only non-reactive fut also of the 
correct resistance, the ratio of voltage and 
current on the line will have a definite 
relationship correct for a given line impe- 
dance. The zero-center meter circuits are 
designed to monitor both of these line 
conditions. 


Practical Circuits 

“Two separate circuits are used to monitor 
the line conditions just described. One could 
Suitch a separate zeroenter meter between 
the two line monitor circuits but with 
imported zero-center meters available for as 
low as $1.50, itis hardly worthwhile to do 
so. (A good source of the 100-0-100uA 
raters neoded is Edlie Electronics, 2700 
Hempstead Turnpike, Levittown NY 11756, 
Their meters with order number DA798 or 
DA792 cost only $1.50 but they have a 
$7.50 mail rer minimum.) Als, for many 
installations, it is not necessary 10 use both 
Gireuits, For insiance, in a home installation 
feeding a set of various fixed antennas, it 
would probably be of primary interest’ to 
have the impedance monitor circuit 
(voltage/current ratio). Onee the antennas 
have been sot up and operate satisfactorily, 
cone would primarily just be interested 10 
nov: that some impedance condition on the 
line has not changed. In a mobile installa 
tion, where some reactance cancelling L of C 
needs to be adjusted with frequency 
changes, it would be of prime interest 10 
have the phase monitor circuit once the 
installation has been initially set up for a 
oreect impedance match, and the reactance 
cancelling camponent only needs adjustment 
during actual operation, 


Phase Moi 

Fig. 1 shows the circuit of the phase 
monitor. It is 2 basic discriminator circuit 
‘The voltage on the transmission line 10 
ground is sampled via RI. The current on 
the line induces a voltage in the windings on 
the toreid placed in the Tine which, of 
course, is 90° out of phase with the voltage 
sample. The voltage proportional to the line 
voltage is divided across R1 and R4 (CI and, 
2 are rf bypass capacitors}. The voltage 
Proportional to line current (across the 
foroid winding) is divided between R2 and 
3, Referenced to the center point of R2 
and R3, these voltages are 180° out of phase 
With respect to each other and efther one is 
90° out of phase with respect to the voltage 
across R4, The voltages across R2 and Ré 
are rectified by DI and, because of the diode 


polarity, produce a voltage with the polarity 
indicated across RS. Similarly, R3 and R4 
and D2 produce a voltage of opposite 
polarity across R6&, When the transmission 
Fine current and voltage are in phase, the 
voltages across RS and RG are equal and 
‘opposite, and the resultant voltage output 
which drives the meter is zero. For an 
‘out-of-phase condition, some output voltage 
exists whose magnitude indicates the 
amount of the phase difference and whose 
polarity would indicate whether the line 
voltage leads or lags the line current, 

One could actually calibrate the output 
meter for different magnitudes and direc- 
tions of phase difference, but this would be 
very tedious and not of real use for just 
checking the adjustment of a line for reac- 
tance cancellation, The only calibration that 
hnas 10 be checked isto excite the cireuit into 
4 resistive dummy load and to be sure that 
the zero-center feature works. If it does not, 
it indicates that some unbalance has been 
introduced during construction of some of 
the components (R2/R3 and R4/RS) are not 
closely enough matched. If the meter excur- 
sions off zero center become too violent 
with a high power transmitter, some addi- 
tional resistance can be introduced in series 
with the meter to limit the maximum 
current flow. 


Impedance Monitor 
Fig. 2 shows the circuit of the impedance 
monitor, which is also a form of dis 


ator circuit, Samples of the transmission Tine 
voltage and current when they achieve the 
desired ratio produce an output voltage from 
the circuit which is zero. As in the previous 
circuit, a toroid placed around the center 
conductor of the transmission line develops 
by transformer action a voltage proportional 
to the fine current. A sample of the line 
voltage to ground is taken via the variable 
capacitor C5, Unlike the previous circuit, 
both the sampled voltages are rectified, 
producing voltages across load resistors. R3 
and R4, without paying any attention to the 
phase ‘differences between the sample 
voltages. It is only the amplitude of the 
sample voltages which determines the ampli- 
tude of the voltage across R4 (For the line 
voltage) or across R3 (for the line current). 
Because of the diode polarities, the voltages 
across R3 and R4 are of opposite polarity. 
They will cancel when equal, producing zero 
output voltage, and since C5 is variable, this 
condition can be set to occur at any desired 
Tine voltage to current ratio. 

‘The difficulty with this circuit is that the 
sample voltages generated by the toroid 
transformers and the C5 coupling are fre 
quency dependent, The rest of the com. 
ponents in the circuit (RI/C1 and R2/C2) 
are there to help eliminate the frequency 
sensitive output of the coupling clements 
fvor 2 reasonable range. 

C5 is set with Cl and C2 at mid-range to 
provide a zero voltage output from the 
circuit on 20m when the line is terminated 


in a resistive load equal to the line impe- 
dance. Going to 10m, C2 is adjusted to 
restore balance and on 80m, Cl is used to 
restore balance. The adjustment has to be 
gone through several times before a good 
balance is achieved over the entire HF range. 
It would be possible to calibrate the meter 
with different value load resistors for differ- 
ent swis. For high value loads, the meter 
would moxe off center in the opposite 
direction for low value-loads. But, such 
calibration would only hold true for non- 
reactive loads. 


Construction 

‘Many conventional swr bridge circuits 
have been described over the last year or two 
in amateur literature where a toroid trans: 
former, rather than @ parallel wire to the 
‘center conductor of 2 coaxial line, has been 
used as a pickup element. The construction 
fof such units applies equally well to the 
circuits shown here. It is only the circuitry 
following the pickup element that is really 
different, plus the added RI pickup in Fig. 
1, or the C5 pickup in Fig. 2. Note that it 
doesn't matter on which side of the toroid 
these pickups are placed. However, as in any 
Ff circuit, all leads must be kept as direct and 
as short a8 possible. The circults shown are 
for the HF range, but by changing the toroid 
and values of the bypass capacitors, they can 
be extended, by experienced experimenters, 
into the VHE range, 


Chapter II 


How to Measure RF Impedance 


‘THE ANTENNASCOPE ~ AN EFFECTIVE 
‘TOOL, 
WR. Gurruthers V 
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There are two types of antennas, com 
mercial and amateur. A commercial antenna 
is generally designed for one frequency, has 
many acres of ground around it, no obstruc- 
tions and miles of heavy copper cable buried 
underground to provide an “effective” 
ground. These antennas work as de- 
signed — very well. The amateur antenna, on 
the other hand, is just that ~ an amateur 
‘design and construction. 

This antenna is subject to all ills, roof 
tops, buildings, trees, TV masts, house elec- 
tric wiring, telephone wires and what not 
W's a wonder they work at al! But they can 
bbe made to work and thousands of amateurs 
make them work. They make them work by 
pruning or lengthening the feeder cable and 
by using an antenna coupler, These are 
always empirical steps, the “let's cut and try 
and see what happens” method. How much 
better it would be, anda time saver too, if 
we (ested our antenns systems electrically 
and knew what was happening and then 
could take intelligent action to put the 
‘whole antenna system into resonance. 

This fact is well known ~ an antenna can 
only accept power and radiate properly 
when it is operating at its resonant fre- 
quency. This is no problem for the com- 
mercial people who operate at one fre- 
quency. ‘The amateur, however, wants to 
“roam the band” and’ may wish to operate 
over frequencies inundreds of thousands of 
cycles wide, even megacycies wide. How can 
hhe do this with a fixed antenna system? The 
answer is, he can't! But he can construct an 
fantenna system for a certain frequency and 
lake the penalty of reduced radiation when 
hhe moves far away from it. However this 
actually works very well, because each ama- 
teur has his own particuiar part of a hand in 
Which he likes 10 operate — and his friends 
tend to say there too. On this particular 
spot, the amateur works diligently to “put 
ut a good signal” 


‘The question arises ~ how can we make 
sure our antenna system is radiating well at 
the particulaf frequency we wish to usc? 
One answer is to use electrical test equip- 
meat to show us what is happening on the 
Whole antenne system, which includes the 
antenna and the feed line 


One of the most useful devices for this 
purpose is the rf bridge, generally called the 
Antennascope, It isa simple device, inexpen- 
sive to construct and very effective in 
results, It is usually powered by a grid dip 
oscillator, Such bridges should be used at the 
junetion of the feed Hine and the antenna 
and will show the resonant frequency of the 
antenna itself and the radiation resistance at 
te feed point. 

Making such meesurement up in the air is 
2 difficult thing for the average amateur and 
impossible for those whose antennas are 
supported at the ends. If we are willing, 
however, to accept « small degradation in 
results, we can use the of bridge at the 
station end if we have @ half wave, of 
‘multiple of a half wave, foed cable. At every 
hulf wave point on a feeder cable the voltage 
and current veetors are in phase, which 
simply means that the electrical condition 
seen at the end of the cable is repeated every 
half wavelength in the cable. We can use the 
vf bridge then, at the station end of the feed 
line, if we are willing to agree that the results 
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Fig. 1. 100" Feotion Test No. 1 
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will not be 100% but reasonably close to it 
The results will be affected by all the various 
factors that affect amateur antenna reso- 
nance and these effects may give us some 
peculiar results, but they can be overcome 
and the final results may be quite valuable to 

Let me give you an example to illustrate 
what I'm talking sbout and to show you 
how effective the use of the *f bridge can 
be: 


A friend of mine constructed a 40 meter 
inverted V antenna, held at the feed point 
40° up on his beam’ tower, 66" lees down to 
supports which held the ends about 8° off 
the ground. Feed line was 100" of Twin 
Amphenol cable, velocity factor 68. The 
fantenna was difficult to feed, swr was high, 
radiation was poor. He asked me to have a 
look (electrical) at it, 1 took my grid dip 
meter, rf ridge and vivm. 

‘The first thing done was to check the 
feed line length. 1/2 wave length at 7.1 MHz 
was 492x.68/7.1 or 47.1 feet. Two 1/2 
wave lengths (to get into the station) would 
be 94.2 feet 

The frst conchision was that the feed line 
was 5.8 fect too long. 

Next Test No. I was made using the rf 
bridge with resulis as shown in Fig. 1, the 
results being shown in table form and’ also 
plotted in graphical form, 

‘It was obvious from this graph that the 
antenna system was resonating outside the 


Fig. 2. 08.2 Fencing Taree. 2, 


band as shown by the dotted lines. This test 
‘was repeated and the results were taken 
down to 6.4 MHz. They showed the system 
to be resonant at 6.6 Mllz. 

‘Test No. 2 was made next using the feed 
line cut to 94.2 feet Fig. 2 shows the 
results, 

It was obvious the resonant point of the 
system wes rising, 

“Test No. 3 Was made next, cutting the 
feed line to 91.2 feet long. Fig, 3 shows the 
results, 
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Fig 3. 91.2" Fenline Test No. 
‘The resonant point was rising, but not far 
‘enough yet. 
TTest No, 4 was made using the feed 
cut to 88.2 feet long. Fig. 4 shows 
results, It was obvious that we were 


Fig. 4, 88.2" Fooitine Tex No. & 


close to the resonant frequency of 7.1 MUlz 
Which my friend wished to use. 

“Test No, § was with 85,2 fect in the feed 
line, Fig. 5 shows the results 
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Fig. 5. 95.2 Favcline Tos No, 6 


Test No, 6 was with the transmitter (300 
watts CW) and antenna coupler connected, 
‘There was no trouble in loading and no 
trouble in balancing the coupler to obtain an 
swr of to | ratio. 

‘The results on the air were interesting, 


59 reports to the Eastern half of the 
U.S, A, 5/8 reports to Germany ete. Cone 
clusion?’ The resulis shown above are not 
precise, nor can they be expected to. be 
precise. There are 100 many unknown face 
tors entering the electrical picture, such as 
those which required a shortening of the 
feed line, in this example, to somewhat less 
tian a half wave length. But the bridge 
showed us the overall picture and supgested 
‘whi was requited to be done. The on-the-sir 
resulls show that it was giving us a good 
picture and a result that was very satis 
factory for my friend’s needs 

Why not construct anf bridge and check 
you own antenna system? I suggest it will 
pay off and be very informative to you, 
showing you what your antenna system 
looks like electrically and what to do to 
bring your whole system to the resonant 
Frequency you wish (0 obtain. ... VE3CEA 


HOW TO BUILD AN ANTENNASCOPE 
Paul Franson WatCCH 


A type of simple bridge used for measur 
ing antenna impedance is called the 
Antenaascope, shown in Fig. 1, This bridge 
is designed for low power operation —agrid 
dip meter usually gives plenty of power It 
should be built very compactly with short 
leads, The potentiometer should be of high 
‘quality; an Allen-Bradley Type J is fine, ‘The 
bridge ean he calibrated with regular com 
position resistors, Simply connect the resis 
ors ia turn co the antenna terminal and 
adjust the pot until the meter reading dips to 
zero, Then mark the value of the resistor by 
the pot pointer, In use, the meter reading 
will not null completely” except for resistive 
loads, 80 it will not read zero for reactive 
antennas, Nevertheless, the minimum 
Fealing will occur at the approximate ioe 
dunce zeading, Remember that all antenna 
bridges should be used between the antenna 
and the transmission line 


Fig, 1. The Antennaseope is a simple antonne 
inmpasncn bridge. It should be constructed com 
paeely for best hi Feuer us 


‘THE MARK II] RF IMPEDANCE BRIDGE 
Mark Cholewsk? W6CRT 


Nis? fo measure the put inpedanse of that 
‘new bam? Or maybe to And cut just what 
5s the @ of the eolls im your Final? Gr even to 
fletermine how much signal is being soaked up 
by your goa? TT you ever want to Ho these, 


cr any similar jobs, then the Mark TIT RE 
Impedance Bridge is the thing for you, 

“You can bulld Ht for a total cost of wboot 
$80 fexchisive of sheet metal) andl If you fale 
Jw instructions closely, He wil) be aceuate to 
clover than 10 pereent throughout tes operat 
ing range. Unlike the more common resistive 
bridge and refleetometer methods o¢ measuring. 
Impedance, the Mark LIT operates equally well 
At resonance or far away. Ie will mesure both 
osistaneo and veretance present in resistors, 
Capacitors, inductors, antemas, sod transmis” 
fon lines at any frequency Deiwean 2 aad 20 

[Before we start inlo the actual eonatruation 
‘ofthe Mark 111, ona thing must be emphasized, 
‘Accuracy can ‘be assured only if the com 
ponents, circuit, and parts layout are sbso- 
Itely. duplicated, ‘The original instrument's 
callbzation was obtained through tedious lab- 
‘ratory techniques. Tf you make any changes, 
the calibration curves’ will no. longer epply: 
However, sf instructions are followed to the 
letter you noe! have mo. weerles abou! sees 
racy. A test model, boile by WEBIU Zollewing 
these Instructions, elieoked out to 2 pereent 
Accliracy a2 me and 1D percent at 30 me, 

Construction of the Marke Hit divides into 
three major sections: Preliminary matslwork, 
actual wiring, and calibration, Each will be 
eseribed separately. Ready? Let's yo! 


Prolirinary Metalwork 


1, Cut, drill, and bend to shape from soft 
aluminum shields $1, 82, and $3 2s shown in 
Figs. C1, C2, and C3: 
2.°Cut, drill) and tap plexiglas insulators 11, 
13, and 18 from bulk rod stock as shown in 
“gs. C4 and C3. When tapping plexiglas, wee 
Sater a Tibia. 
2. Cat, drill, bead and solder tubular shields 
BLA, S2A, and S5A a shown in Fig. C8. Cop 
bee 98 bre maybe used; aluminum should be 
Braided bectstse of slang dlMeultis 
4S Assemble shiolded resistor assembly 22/S¢ 
fas shown in Pig. C7. ‘The eopper tubing must 
be drilled out t0 clear the body of RZ. When 
soldering, hold the assembly in a vise to pro- 
fect R2 from excessive heat. 
5. Cut, dit, hend to shapo, and solder box 
shields S1B,'82B, and S3B as shown in Pig. 


ts. 
5. Dri 55 (a Six LOU unpainted chassis 
‘box) as shown in Pi. 08. 

‘Cut, drill, and bend to shape shield parti 
tion SOA ns’ shown in Fig. CD. 


Shielded Transformer 


‘While classified under the “preliminary 
antalork” section for reasons which will 
leeome obvious, construction of the shielded 
Lransformer ie" the most eritieal part of the 
entire project, Before. proceeding, read and 
se-read steps 8 through 24 and be sure that 
you understand them fully. Take epecial care 
then coldering—thyee transformers wore built 
for the original instrument before @ none 
shorted one was achieved, 

Cot to length, drill, and tap transformer 
mounting insulator Lt from 5/1Gsiach plex 
las re. 


9. Cut and dill (vo bobbinend washers ae 
shown in Fig. C12 and solder them to a Length 
laf copper tube as also shosrn. ‘Then eut hal 
‘way through the bobbin with a hacksaw. 

10. Pull the shielding from an 18-inch length 
‘of RG3A/U, Save S inches for step 19 and use 
the rest in sten 1 

1, Solder one ond of the 10-inch shielding 
Info the Usshaped slot on the bubbin end, 
using an wlominunt rod or fall dil to keep 
bie Inside of the shicdiag open. Tb must pase 


Cdashielé 83 [1 RE), 
3 Shield 3 1 RED) 


iat ‘Aline 


on off all metal 


No. 26 plastic-covered wite. CI 
burrs and solder splatters 


lastie-covered 
hookup sre om the bobbin in three lays of 16 
me each. Solder the start of the winding at 
int A (see Fig. C12) and wind in the dirce- 
Hon shown by the arrow. 
1. The last turn will end at the shielding 
‘fached in step 11. Feod the free end of the 
‘ire into the shielding, draw the turas tight, 
‘and secure the winding with plastie tape. 
1A. Cut a piece of brass oF copper shim. stock 
shown in Pig. C13 to a length which will 
Serap around the bobbin but will not allow 
the ends of the shim stock to touch each other. 
Yh. Tin the shim stock along the edges 
Af, Place the wound bobbin in a vite, wrap. 
tho shim stock around it, Tsing’ up the free 
fends of the shiny with the slot cut in step 9, 
‘and tolder the shim to the bobbin ends. Cention, 


Do not overkeat the winding; the plastic caver- 
ing melts casity and a short is alwoet impose 
ble to detect. 
37, Coaneet sn $O-239 coax connector and 
UG-I71/U heed to the shielded primary lead 
as shown in Fig. C15. 
418. Wind one turn of Y-inch 
inard copper tubing around” a1 
form, Saw the tubing as shown by “phantom 
Iines" in Fig. C14. Drill as shown in Fig. C1i 
find clean off all bures. 
19, Locate the Binch plece of shielding lett 
‘over from step 10. 
20. Using same technique as in step 11, solder 
fone end of the shielding into the Y4-ineh hole, 
Clean of all solder splaticr und burrs. 
BL Solder ene end af another length of No. 
plasti-covered hookup wire to point A (sce 
and. wind three turns inside. the 
tubing in the divection shown, 
22. Peed. the free end_of the hookup wite 
rough the shielding. Hend the tubing into 
fal shape as shown ip Fig. C1. Pull up the 
three Wurns snugly, making sure that the plas 
te coating fe undamaged, 


C7 Shield Ave 
‘any 


Sean 
(Co—Sheld com, Mat Aluminum 


BKK LM Sa 


2 


2 
ort 
Lenath 


le phone plug to the free end 
ts shows in Fig. CIS. 


Cit — sie 
Into i, Mi 
Pol 


(C1—Sheld PSIA, Mab 005 C14—Shiald PSD, 
Broit or Copper Mail eoppee 
cum imary bobbin PSI. 
rr 


Clb side vaw of panel 


ig, Zine vib 


21, Using four pieces of t-inch diameter plex 
iglos 20d as spacers, assemble the primary and 
secondary shielded windings az shovwn i Fi 
(Cis, Attach instlator TL to the transformer 
boy cementing ita the bobsin hoe with Die, 
Cement both windings to spacers with Duce 
tanh allow to dry nveenight. This somplotes the 
(ranaormer. 
25. Remove top snd bottom from the Sxil10 
ulisty Box Reniove al paint from flanges 
lean to bare metal to provide ‘dequate rf 
Sisetaing on reassembly, 
26, Remove paint from aside of bottom plate 
Tor 36 inch In from each edge 

Revove poiat tron Inside of top plate as 
jawn ix Plas C10 hy “phantom Tine” 
28, Drill the top plate as shown in Fig, CLG 


Note that dravving shows INSIDE swface o 
plate 

Ba, Got shafts of 
fo Hines length 
stor 

40, "Tap the @houcholes on the face of exch 
apacitor, using a O52 tap. Take eare nat to 
Miamage the Bret stator ates « buitom tap 
fay be necessary. Attach three type 12 insu 
tote to C1 and C2, using -ineh-longe 62 
fret screws ae shown in Fig. 3. This completes 
preliminary metalwork, 


‘Actual Wiring 


ML, Attoeh C1 and C2 to shield box 
is Wench-long G32 machine sarc, 
Stator Tugs of OL to thosa of C2 with No. 18 
Tinned avi, as shown in Fig, & 

2. Mount tw soldering Ios as shown in Pig. 
and connect remaining etator Tugs to thes, 
ssing No. 18 tinned ‘wie 

i. rest the Erie CF-108 feed-theu nto the 
fha6-inch diameter hole in $5. Suen n short 
Riu 8 thned lead frou Ue inside tervinel 
In iis invstabor to tha vwice installed Im step 
BL as shoven in Pi 


all four variable capacitors 
Remove all trimmer ea 


4. Attach shield partition S5A, using thres 
Winehlong 6-92 machine serews. One of the 
screws installed in step 32 must be temporaril 
Iorened and remove. 
Sh. Aliach four typeI inswlators to shi 
box S5 tn shaven im Figs 2 and C3. 
Bb. Attach (hve more soldering Tues to Si 
fe showin In Fig. using Ji-inehslong 652 
macbine screws. 
47 Attach Tour type 13 insulators to hield 
platform S1, using’ the 4%-inehespaced holes 
Jn Sl and G32 screws. Attach SIA to St, using 
6:32 renews from the inside of Sl. Attach the 
Female phno rocket to St in the 7/1G-inch 
Gameler hole. Attack four type Th tnaulatses, 
turing -inch- Jong 6-82 sevewts, Do ot Lighten 
the tevow in tha hole marked “Hale A” ia Dig 
Ci; this sevew will old a cable clamp Tater 
Ste Fig, 4 for details of insulator placement 
BB. Attack four type Tl insulators to shied 
platform $2, using the ‘peed holes in 
tnd. %inch-long ¢-32 screws, Attach S2A 
to 82. Attach capacitor C4 with 1cineh-long 
Betz screses, using two nus on ench serena 
shuven in Pig. 4. Aone soldering Tage une 
fe nut us shown. Allin the enpacitoy by" a 
Josten of the mounting sere adit. 
Hi. Solder a No, 18 tinned wire to the female 
pass the wire. through the 
hole in S2. Attach $2 to St with 
to the type 
ors attached to S1 in step 21, 
AUsch Cl to shield platiorm 83 using 
Secinch-long 6:92 sores with dual nats (same 
at in step 3s)- Atzaeh SOA to 83, 
4, Connect two of te stator nis of CA with 
No, 18 tinned wire a2 shown in Fig. 4. Slide 
Sheld assembly $4 into SBA. Center assembly 
Shin SUA, using a pisee of i-lnch-long insul- 
sting tubing. Make eerlain that opposite ends 
ff 84 and SBA are even as shown In Fig. 4, 
land gontent tubing in place with Duco. Solder 
the shorted end cf resistor 2 (hit is in 
Sh) ta the wine connecting stator lugs of Cl 


ey 


2. Attach shield platform $3 to 82, using 
icinehlong’ Bei. serews going into the ype 
1 insulators installed on 82 in step 38. 

43. Place a Y-inch-long 622 serew inthe 
flange of $3 az shown i Fig. 4, with a sckder- 
ing lug. Conneet this lag to the Stator lug of GS 
with No. 18 tinned wise. Using %-inet-long 
632 serews, amount a soldering ag. in Tle 
B (see Fig’ Cl) of S1 und another in $2\a5 
shown in Pig. C2. These Tage are mounted in 
fs diveetion opposite to that of the plattorm 
flanger 

SU Atéach the “unknown” ground Jus to the 
panel next to the “nknown’” coax connector 
Hole, sa shevin in Fig. C16. Attneh the "re 
ceiver” cass connector to the pansl, from the 
inside, Attach the "IND-CAP" seeich to the 
center of the panel, using an extra nu to 
Tosition the switeh an far as possible from the 
panel. Orient the switch ae shown in Fig. 5 
Place  coldering lag under each nut. Mount 
C5 and Cé; using Minch spacers between the 
eapaeitor frames and the panel. Connect the 


TRevstence boxlnboatd vs 


rotors of C3 and Ch to the lugs of the awiten 
‘with No. 15 Chned sire ae shown in Fig. 8. 
445, Solder a 2¥nzh lengeh of No. 18 tinned 
wire to. the “COMMON” terminal of. Uhe 
Ewltch. Connect the stators of C3 and. CO (> 
the reindining ewiteh terminals, as. well 03 
resitors Rd and TH, Complete connections ate 
shown in Fig. 8, 

4G, Attach the “unknown” coax connector to 


Fig, tRasclance Attombly-—inboard vew 


the panel, placing « soldering tug onder one 
mounting” ferew. Connest tho “ualenown” 
srround lg to this soldeving Tog to provide a 
ead bone 

Ti Moun panel bearings for capacitors C2 
ani Cf, Mount the special panel bearings fur- 
hishod with the Johnson Vernier Dis assem 
blies in place. Attach the tio large dials to 
sdunimy. shafts end mount the dial indieator 
in the’ position you prefer. Remove the large 
lials and dummy shetts after placing the dial 
Indicators 


Fig, S—Suitch Anembly 


(8. Mount $5 ab the Toft cide of the panel (ae 
show in Fig. €15) and mount the assembly 
fot Sl, 8d, and 85 at the right wie, See Fig. 2 
TH. Altneh shaft eouplees to the fosr eabaei= 
tors, Cht the plexiglas shafts to length and 
motant tent in place, Attach the large vernier 
dials. Set the dial of C2 s0 that jt reads "0 
fat minimum eapecity. Set the dial at CA so 
that it 'veads "00" at maximum capacity. 
‘Mount the tivo Calrad dials on the panel set. 
ting them so that they both read 0" at maxk 
‘mum eapactiy. Attach the knob to the “IND: 
CAD" suite, 


50, Connect resistor RE (270-ohm depasited- 


carbon) from the soldering lug on $2 to the 
lug in fine on S5. Connect RS (220 ohoss) and 
RA (100 ohms) to the soldering lags on 85 
‘which were installed in step 36. RS will be 
the resistor nearest the bottom of the panel. 
BL. Connect No. 18 tinned-wire lend from 
he “eatector” cone conasetar t0 the uy on) 
85. Connoct a Np. 12 (note diferent wive size} 
lead from the “unknown” connector to. the 
freo end of R2, dobe sre that R2 te no! 
shotted to any shila 

52. Attach the transformer, completed in step 
34, to the bottom of the panel as shown in Fig. 
2. Attach the coax connector ecnmoctad to the 
transformer to the patel in the "signal gene 
erator” hole. Tn tha hole between tho trant= 
Tormer and the roneetor, mount 4 eable clamp 
ty hold tho shielded primary lead. Secure the 


STuEl FEL 
ae 


thielded seooritucy toad with another lamp 
held by the loo ser installed instep 31 
58, Mount a soldering lug to SIR with a 1 
Inch-long 6.2 sere, placing the Tue in the 
direction of the box opening. 

BA. Place. Yi-inch-long 6-82 seeews in all re 
maining tapped holes in 81, $2, and 88, Start 
ing with $3. place all shield hoxes in place and 
Eocure serews. Connect a No. 18 tinned, lead 
From the soldeving lug installed in step 53 to 
the Brie feedthru on 85. Set C5 and Co to 
it-eupnelty 

“Attach “four rubber feat ta. the Bottom 
plate of the east and four more to the button 
Side of the utility sablnet, Restore the front 
Plate jn place ati seeare with the sheet-metal 
Seresea provided. ‘This completes construction 


ff the bilge, After calibration, fe willbe ready 


Calibration and Use 
we Mark HT is mull-type instrumen 
(ailapied from the Schering bridge circuit) 
can only ie used with a signal generator and 
f detocior, Hoth must be shielded; howov 

4 Heath SG-2 wil do nicely na the sigial gen: 
trator anil ang docent sommunientions toceiver 
‘will serve as the detector. For host results, 1 


should be calibrated with the signal generator 
fund receiver with which ie will be deed 

‘i. Connect the bridge tothe signal generator 
and the receiver, using esax cable from the 
ae! connectors to each 

Si, Set both the signal generator and the re 
ceiver to 2 me 

{Shore he “unknown” terminal and ground 
{erminal using « banana plag in 

tr costal short rade by soldering 
St & BLCBSD connector to the shell through 
fopper dice 

{5.'Set the “IND-CAP" awiteh to “CAP” 

(0. Set the “Reaetanee” dil to 15. 

GL; Set the “Resistance” dial to 5. 

{2 Tino the siznal generator, oni, for max- 
iow signal in the veeelver- 

Oi Using the vw small “balance” dial re- 
dice the signal nthe receiver to the lowest 
level possible: This js te txull” or "halance” 
Condition, ‘The dials will intersct, and multiple 
Sjustment il be necessary. However, 
Yeceiver and. signal gsnerator adjostnents 
dnt be tet ale during this ep 

Tr Replace the atert aero the “unknown” 
fonnector withthe 620-0hm.deposited-earbon 
Sten” resistor 

OG. Using ony the large 
fcianes” dal, nul ot. he 
Record the final reading of the 
dial. Tf thi reading is 2, you are extremely 
fckyy and he Best half of the callbration is 
‘omlete, If not, proceed with step 66 

Si. if the “resistance” dial reading” is tess 
{han 98, inerego the eapacity of C8 alghtly 
find repeat stops 60 Uhrough 65. Tf the reading 
is larger than £6, decrease the setting of CB 
And repeat steps 60 through 65. Continue this 
Droceas enti the reading comes out at 25- 

[i When capacitive calibration is. complete 
S06 the “IND-CAP™ awiteh to "IND," and the 
Sreaetance” dial to $0 

Gh Repeat steps OD through 65; if the final 
feiding of the “resistance” dal is ther than 


tance” and “re 


tuntil the reading i 95. Thie completes ealibra- 
tion, and the eurves shown here can be used 
for readings. 


Using tho Mark It 


"To use the Mark IIT, s¢t the instrument up 
1s described in step 56'of the calibration peo- 
fedure. Set the signal generator to the desired 
freauency and short out the “unknown” termi 
nnal of the bridge as deseribed in step 58, 

If you're measuring an induetive impedance, 
set the “IND-CAP” sotch to “IND,” the ee 
Aetance dial to 95, and the resistance dial to 
‘3: Null the signal with the small balance dials. 

Now remove the short and connect the un- 
known. Rebalance the bridge using the large 
ials, note the readings, and convert the read- 
ings to obms by use of the calibration curves, 

"These initial values must be corrected. The 
reactance vale ix corrected by dividing the 
valle read from tho curve by the frequency 

‘c) at Which the reading was taken. ‘The 
resistanoe vale fs correetod by abtaining. the 
‘correction Factor due wy frequency frum Pig. 
tnd multiplying the reading by this factor- 

If you're measuring a capacitive impedance, 
ot the switch to “CAP.” Then estimate the 
Fenelanee of the unknown and set the large 
Feaetance dial to a. value just larger. Set, the 
resistance dial to Sand short out the “une 
Known” eonnector. Null the signal with the 
shock and again with the wiknown, the same 
fas for an inductive impedance, 

Correct the resistance reading in the same 


manner as for an inductive impedance. How- 
ver, the reactance reading is corrected differ- 
‘ently: Subtract the value talon from the eali- 
bran curve from the value originally set on 
the reactance dial. Now divide this remainder 
by the frequency (in me) at whieh the reading 
was taken. The result is the true value of 
‘capacitive reactance 
‘A few minutes" practice will make operation 
fof the Mark THT far more simple than the de- 
directions would indiente; in practice, 
you ean make a reading: in less time’ than it 


takes to rend these paragraphs, 

Parts Substitutions and Design Changes 

Since few hams are content to build 
“Chinese copy” of eomeane else's design, a few 
swords on the effect of changes are necessary. 

‘Naturally, the Mark IIT doesn’t ropresent 
the only possible—or even necessarily the best 
—veny im which aueh a bridge eax be built. 
Any part, or all, may bo changed. However, 
any such change will invalidate the ealibration 
furves, ond if no recommended unless the 
Dullder has access to laboratory equipment. 

‘Even then, before making any substitutions, 
these three design articles should be read and 
Tully understood: 

“A Radio-requency Bridge for Impedance 
Measurenents Brom 4000 KES to 66 MCPS, 
1D. B. Sinclair, Proveadings of the L.R.E., Now 
‘vember, 1940, pues 407-502, 

A High Frequency Model of The Precision 
Condenser,” D. Sinclair, General Radio 
Experimenter, October-November, 1938, pages 
uy 
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MEASURE RF IMPEDANCE WITH YOUR 
‘SWR BRIDGE 


Warren McDowell W2400 


Jo far, the great majority of antenna 
Jimpedance bridges that we have found 

in construction articles are devices that 
function only with a low power rf source. 
‘The run-of-the-mill impedance bridge is de- 
signed to operate with a grid dipper as the 
source of rf excitation. Operation with tube 
type dippers is generally intended as the 
transistor dippers produce an rf level that is 
too low for excitation of this bridge tyre. 

‘The conventional antenna bridge cannot 
be left in the transmission line continually as 
‘excessive rf energy would soon destroy the 
device, This means that each time measure 
ment of antenna impedance is desired, the 
transmission line must be opened and the 
bridge inserted and grid dip excitation ap- 
plied. Grid dippers are not necessarily the 
most accurate rf source for a specific fre- 
{queney in en amateur band ... therefore the 
station receiver must monitor the dipper 
output for any bridge accuracy. A low 
power bridge will not often present the true 
operating impedance of the antenna... 
especially antennas with parasitic elements. 
‘A bridge that operates under full transmitter 
power will present a much more accurate 
picture of your antenna system at a specifi 
frequency. 


ig, 1, Conventional sw bridge 


Lospiration for the “In Line" full power 
bridge came from information conceming 
the standard swr bridge. Just about every 
amateur has in his possession some sort of 
sor bridge and the great majority are of the 
{ype illastrated in Fig. 1. This bridge consists 
of a section of transmission line near which 
are placed two inductors. These inductors 
are actually two bridges along with their 
associated diodes and resistors. One of the 
bridges reads forward power and ihe other 
reflected power. The resistors (Rx) at the 
end of the inductors LI and L2 are eritical 
for accurate bridge mull (balance) and there- 
fore must be the proper value for the 
specific transmission line used. For the 
average swr bridge the value for Rx is 1000 
for 7582 ine and 15082 for $08 transmission 
line. Considering that resistor Rx is critical 
for tte impedance of the line in use, varying 
the value of Rx and devising system of 
calibration for Rx would enable us to 
determine the impedance of a line when a 
null is achieved on the bridge meter 

‘The “reflected” inductor which is L1 ia 
Fig. | is the portion of the ridge circuit we 
are interested. in for impedance measure 
‘ments. The value of Rand the transmission 
line must balance the bridge for a null to be 
realized, Any variation from the above par 
ameter will mean changing the value of Rx 
0 that the bridge 
impedance value. 

By experimenting with various values of 

fance at Rx, it was determined that a 

100082 potentiometer represents a fair value. 
The 10002 potentiometer is inserted in 
place of Rx on inductor LI (see Fig. 2). This 
is the inductor with the diode pickup lo 
cated toward the load or antenna end of the 
swe bridge 

Make sure that al leads to the 10008 
potentiometer are short and that the metal 
case (shell) of the potentiometer is well 
grounded. Excessive lead length or induc- 
tance will create inaccuracy of the device. 


ain balances at a new 


‘The position of the potentiometer will be 
determined by the physical layout of your 
articular swr bridge. Tt must be set at a 
point where the shaft can be extended 
Unrough the front panel of your swr bridge. 
Allowance must also be made for a dial or 
other indicating device which can be cal 
brated in ohms (impedance) on the front 
panel. It might even be desirable to mount 
your entire present bridge in another larger 
cease so that all functions can be accom 
modated. 

Calibration of this insline bridge was the 
major problem. An ordinary grid dip meter 
will not provide sulficient excitation for 
readings. With full power applied, especially 
a kilowatt, it becomes difficult to find 
resistive dummy loads of various values to 
calibrate the bridge. Even with 100W of rf, 
proper resistive load values are not common. 

The solution to the calibration pro'lem 
came to us in the form of an (ouch!) CB 
transmitter. A CB transmitter is fortunate i 
it is able to put out 3W of rf and at the san 
time is well within the frequency range of an 
swr bridge. The most important fact i 
CB transmitter will provide adequate excita 
tion for calibration of the bridge with 
‘ordinary SW S% carbon (garden variety) 
resistors. For calibration, a good assortment 
of these resistors is necessary. Use values 
such as 5, 27, 47, 75, 100, 150, 220 and 
4702. Intermediate values can’ be then 
interpolated on your scale. The calibration 
procedure is simple...first borrow your 
neighbor's CB, then attach the SW resistors 
across the antenna coax connector of the 
bridge and excitation of the CB transmitter 
is applied to the remaining connector on the 
bridge. The bridge sensitivity should be set 
or 8 middle scale reading of the meter and 
the 10002 potentiometer is varied until you 
reach a null on the meter. Mark the value of 
the calibration resistors on the potentio- 
meter scale (dial). Do this for all of the 
available resistors and your bridge will be in 
fair calibration, 

At this point we should mention that this 
system does nol measure reactive com- 
ponents in the antenna system, If your 
antenna is reactive, either inductive or cap 
citive, the meter will present a shallow, 


LASETEE 


‘Fg. 2. The modified bridge leads to 1K pot should 
he as short as passble and shell (case) of pot 
grounded. 


a 


poorly defined null at the operating fre- 
quency. A sharp, well defined null will 
indicate a purely resistive impedance 

When using the bridge in its former 
function as an swr bridge, set the resistance 
dial to the value of your transmission line. 
‘When measuring impedance, vary the dial for 
maximum dip on the meter and read the 
resistance (impedance) directly. 

As a final point, it is wise to insert the 
swr/impedance bridge at a half-wave or an 
even multiple of a half-wavelength from 
your antenna. At half-wave points from the 
antenna, the antenns impedance is repeated. 
This will ensble your measurements to be 
much move accurste, When determing half 
wavelenglh points, lake into consideration 
Ihe velocity factor of your particular coax. 


USE YOUR GDO AND Z METER 
Denys Fredrickson WOBMW 


‘The GDO is one of the most versitile pieces 
of test equipment avaflable. Yet thes 

any hams who dont low hove or when to 
‘he one. The writer veil try to dewibe and 
‘xplain some of ts various functions. 

‘the GDO i basically variable high fre- 
aqvency oscillator with 2 frequency range of 
Spproxtmately 550 ke to 250 Me. It may also 
ipe'used as a diode detector of wave meter. 
‘The GDO gets ite name from the fact that & 
tnetee messures the grid current and. when 
the osilator circut i coupled to a resonant 
dreut reduction in gid current obtained 
‘Thins clled the grid dip. However, when it 
is wed av « wavemoter and coupled to an rf 
force, an ineresse iy current obtain at 

"The GDO snd impedance meter can be 
used to accomplish the ello 

1. Determine. the resonant. frequency of 
tuned elrentts, ineluding. antennas. 

2. Determine the impedance of civeuits,re- 
ceiver inputs and sntennas 

5. Determine the length of hal-wavelength 
or quartersvavelength transmission or tuning 
Stub lines, 

'4, Determine the “Q” of a circuit or eam 
ponent with the ald of a VIVM. 

'5 Determine the resonant frequency of 
individual calls, capacitors or crystals tht are 
svthin the Tange of the GD. 

6. Determine the sf frequency of ener 
sized le 

7. Monitor a radiated +f signal with the 
aid of headphones 

8. Neutralize rf stages 

teailatons, 
receivers and television sets. 
ino where BCL and TVI is ente 
ing the radia or television revelers 


12, Deterinine unknown inductance. 
13. Determine unknown capacitance 
Now if you will step into the lab we will 


try to demonstrate how these instruments can 
bbe put through their paces. Lets begin with 


the simple funetions and then gradually creep 
bop to thase whiel are more complex so thes 
don't seare us before we get started, 


An oscillator-detector 

Simply plug in a pair of headphones (if 
GDO has facilities for them) and "zero-beat”™ 
with the radiating signal. This then will be 
the frequency of the radiating signal 


Crystal frequencies 


Conneet a one tum loop of wire across the 
‘erystal and couple the CBO close enough to 
xget a dip of the meter when resonance is ob- 
tained, Tt is always wise to check lower fre- 
‘quencies to be sure itis the fundamental fre- 
fqueney that is being indicated. 


Frequeney determination 


Generally the GDO bas a switch which is 
used to remove the plate voltige from the 
tube. The tube will then serve the function 
‘of a diode and the meter as 2 diode load. 
When a. peak deflection of the meter is ob- 
tained this will indicate the frequeney of the 
radiating. signal 


Resonance of an RF choke 


When an sf choke is osed a « parallel o 

mt fe cut must be fee of elf ree 
tune over the operating Heqwency range of 
that cet or i'may bum ups The. popular 
Di tank circ fe an example Place © short 
Sireit across the hake and then determine 
its self resonant freqeney by coupling. the 
D0 el eh 0 Int ay the 
meter ‘when the resonant frnquency ob 
tained, 


Neutralization 


Apply plate power to the esciter stages and 
filament power’ only to the stage being neu 
tralized. Use GDO as a wavemeter ado 
ple close to the tank coil in the stage being 
neutralized. Vary the frequeney of the GDO 
until maximum teading is obtained and then 
adjust the neutralization for mininom GDO. 
‘meter reading. The cireuit heing neutralized 
‘may have to be retuned and the above pro- 
‘cedure repeated with a closer cxmpling of the 
DO to the Tank col 


IF alignment 


Tune the GDO to the desired frequency 
‘and couple it close tthe if ail to be aligned 
‘Adjnst the if coil until a dip ie observed ox 
the meter. The if coll will then be lined to 
the desited frequency 


ictance and capacitance che 


Jing 
‘ie Seratonthe-vabie Har unworn a 

ctr, eonneet (ences en, atuctince 
Sih te the C100. to fd the Fest Fe 

Aieney’ ofthe ent, WH thse known 
Salus reactance cht. wil give the vale 
Bf the capector, Sone GDO's apply chart 
‘which corresponds tothe cols supplied ‘with 
the COO os the known inductance To deter 
fie the sabe of 89 known, tdactance, 
Connect a Knows! capachance scons the cll 


and use the GDO to find the resonant fre- 
quency. Again, the reactance chart may be 
tsed or the following formula (which may be 
used for either inductance oF capacitance) for 
Fesonant iret 


1 
3948 (FE 


1 
30-48 (14) 1. 


Where f= cyeles per seconed 
dctance in henies 


C= capacitance in ferals 


‘The inductance of an air core coil can be es- 
timated by the following formula 

GN) 

Oe = Owe 


inductance in mlerohenties 
imaber af turns 

Fac ef coil in inches 
Tength of oil in inches 


Connect a condenser seross the cold so the 
lank cieuit resonates atthe desived fre- 
fqueney. Connect VIEVM. across the tuned 
éirenit and tune the GDO_ until ma 
obtained on the VIVAL. The GDO 
pling may be til a comvenien 
Vale is ebtained om the VTVM and then it 
must not be moved during the remainder of 
the test, Note the resonant frequency’ f, then 
dletne the GDO to a lower frequency” wnt 
te VIVM reads 70.7 percent of ity original 
for peak value and eal this frequency, Now 
ddetune the GO to a higher frequency unt 
the VIVM again reads 707 percent of its 
‘original or peak value and call this frequency 

“The Q is then calculated by using the fol 
Towing formula 


f 
is 
fs the center of resonant frequency 
the difference between f, tnd fe 


Parasitic oscillations 


By using a pair of headphones with the 
GDO, the parasitic oscillation frequency may 
be deterauined. Tani the power off -of the 
stage being checked xl then use GDO- ti 
Find the oireuit which resonates at the para 
silic frequency by moving the GDO. slowly 
he wiring. When 1 “dip” & observed, 
tmisten the Ginger and touch an_ngro 
point of the cirevit. If a change in the 
Observed, it indicates that itis the portion 
the circuit that would be a likely stspect, 


BOT and TVI locator 


Most of the BCI andl TVE problems cin 
only be resolved at the receiver, either by 
Sullation of filter, resistors or condensers oF 
‘ebination of all three. The problem is— 
‘where is the rf entering the voceiver? Use the 


8 


DO towel to the frequency’ which prodvces 
thes grenest nit Interference, Poe 
around vith the GDO until the mest seastive 
Spat is located which f dested by. W 

ing oF listening to. the 

After the point of entry is det 
the appropriate comrective. acto 
complet, 


‘ean be ace 


Antenna measurements, 


Space des not permit to discs all types 
Of antennas and afatments so only afew 
wil be mentioned to ve some en on the 
sco ent i it Sha 
Je mentonal that itive type comping 
should be used between the DO and antenna 
when checking ‘near the current. masimtn 
Bout ad capaci comping when checking 
tea the volkagesmasiinm pei 

‘he ‘heat antenna has gael tenendos 
apart in recent yensplon-anany hea 
ches for thos striving to-ebtan thy ax 
tum electives. Ment of th nsadaches ean 
virtually be eliminated by sing the CDO 
and Impedance meter (Zoncter). Lets take 
2 ook at 3 clement yagi aa sce what has 
to be done to obtain « pond adivsinent. The 
element lengths must be physically adjusted 
tr electrically loaded to obiain resonance at 
the desired Frequencies andthe feed point 
Jnnpedance must match the impedance of the 
tearsmsion ne. Those. two oints are not 
the only considerations, for beam. adjustment 
Dot they ate the nat important fact 
GDO ‘sn be inductively eo 


antenna ts operating position. ‘This very 
dliffcutt to doin. many eases bot let's assure 
you can, After the elements have been ad 
justed, the feed point must be adjusted to 
match the fine, The Z-meter and GDO. will 
be sed accomplish this adjustent, The 
‘meter is basically a resistance type bridge 
with a calbrated potentiometer as ane of the 
bridge ret the Zeaneter directly to 
the ant int. Couple the GDO to 
iuctively. thru a couple loops 
ected to the other terminals oF 
“Tune the GDO ta the resonant 
frequency of the eam and adjost the Zameter 
to the dip or ual, If the impedance indicated 
bby the Z-neter is not the sme we the trans 
mission Tine then readjst the matching. net- 
work and tedip the Zimeter until the imped 
ances are eat 
Now=if you can't adjust the 4 
‘operational position yon fil ean deterinine 
the sesimant frequeney and the iaapestance by 
stupding on the good old. Terra-Firma, The 
procedure iy a little more favolveal but effec: 
tive. Firt-we must have a ancans of elec 
tricaly connecting the instriments to the aie 
tena, This is best accomplished bya tans: 
inission fine a half-wave oe a multiple of 
half-wave in length, Determine the height of 
the antenna above ground and eafealate how 
many halfwave lengths of line will be re 
quired by sing the following foronsla for a 
fhalswave length of ine 


nna i the 


492) (K) 
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B-S.P. Linet al 


{In our method, we extract the packet size sequence and packet transmission direction sequence of the first 20 
packets to train the HMM model. Figure 13 shows our designed model structure of HMM. X,, is the hidden 
variable. It represents the transmission states which cannot be observed directly. Because of the unknown trans- 
mission states, we need to use observation variable ©! and O? as training features to build the mobile appli- 
cation models. Here, “n” is the sequence number of packets in a traffic flow, O} is the observation symbol of 
packets transmission direction, O; is the observation of packet size that quantizes to a certain range of packet 
size. We quantize smallest packet size to number 1 and largest packet size to number 8. The rest of packet sizes 
are then divided into six groups. 

Figure 14 shows the main process of our classification system. First, we process the collected packets by 
reading from original PCAP files, and extract the necessary field of packet header, including source IP, destina- 
tion IP, source port number, destination port number, packet timestamp, and packet size. Second, we use packet 


then packet —_the (n+) packet 


Xp: state of the n® packet (Hidden Variable) 
O% ‘the packet direction (Observation Variables) 


Of : that packet size quantizes to corresponding group 
(Observation Variables) 


PCAP File Processing 
‘Original packet > processing data 
SRC_IP / DST_IP 


+ SRC_PORT / - 


2. Feature Extraction, 
First 20 packets of each flow 

+ Packet Direction 
1: Client Server 


HMM Parameter Estimation 
+ Using EM algorithm 

Application Training Model 

* Each application has its own model 


A= (aA Bi} AY = (ty Ay By} 


4. Recognizing Process 
Find Maximum Probability 
+ Observation of testing data: O"" 


POM |2),..P(O™ |2°) 


megneyeles 
propagation einstant 
(RG is 8) 


This ian approximate length so be sure and 
cout iL extra Tong because none we wll Ra the 
tevsct, physical length. Why an exact physical 
length? A halfwave length of transmission line 
will roleet the resistance placed aerose the 
futput-at the input end of the Tine, se, iE 9 
50 fia non-reactive resistor 3 phuced eras 
fone eid of a Tall wise or analtiple Tenth 
herent, the (DO ant Zmeter wil dicate 
50 lons at the other endl nf the Tine, Cat the 
Tine somewhat bniger tha ¢ 
short one end and connoet 
ther end of the line. NOTE: Keep twin lead 
SOF the zronmd and away: from metal objects 
Set the Zmeter to zero ioypedance ane! comple 
the GDO inductively ta the Zemeter. Adivst 
EDO frequency until the hndamental He 
oeney cabses the Zemeler tv dip of indicate 
null, ‘The frequency indicated. shone be 
Jower than the desired lrequeney. Siewply aut 
‘ow inches of eable olf shot the end again 
‘and readvst the GDO, Repeat this proses 
ont the desited frequency” (shich should be 
the same as the resonant frequency of the 
antenna) is ebtained, Youu wall then hive aw 

cetrivally balfwave length of Hine or a onl 
ple thereof. 

‘Coax or tvinlead may be used for the hall 
wave Teng line when checking the impert 


ance of the aterm. Connect the Tine tothe 
Sater, eat He eofanne up ts a Opera 
Pritio and adj bath the Z-metor and CDO 
for the nul diction, Wf the anteona not 
timonnn at the deste freien, the den 
Siemwnt seul be realnted mene 
imnt and then note the Frequency. change 
“This will ive, go aha Ponsa the 
resonant Fequencychiger seth cone 
Donte element “change Nowe sda. the 
Mothite nereerk ts Hie cia. topedenee 
{ie wil be accep! sehen the Zometr 
dips atthe dened impadance with the CDO 
fel af the romonent quency of thn Antenna 
Wha dv yr 8 ot 
calle devaloped short someplace along He 
fine? Repl the whe ine seo be ton 
sspemsve Simpy cnet the Zmetee to one 
Conk af the lines aha the Zaeter for reno 
iipetiance and then ast the GDO Tor fx 
fat frequency hich al proce mall on 
the Zateten” Use this freqvency jn the for 
‘nila ven for a halfeve lengeh ne and 
etal cekulate the Tength whieh 6 be 
the distance from the inp cod othe short 
‘Aqurter wave longi ning stub can also 
be determined by wsing the procedure at 
Chilned forthe halfwave length line except 
Square wave Tine sells 0 short at the te 
It when the outpnt end is electrically open 
Kw that sce five etioned the sunrtr 
fave losin sone eu be oldag 
jist hat ef pempace does it serve, ‘The 
finarter save tuning su (ay He sometiees 
{lint} mig. be ined for twtenna matching 
VF elntostiny or matching te wats hick 
thve ifrent inpeanee. The eater wae 


aici Sa Baia 0 wing 
ee on funny lish w exthst sactnl 
Zitenra Tandoori, Tt my ako be. ued ta 
tliminate an fterferingIeemveney Tom en 
teu the TY. This i aceompltied by con 
necting quarter wave stub to the TY. a 
tesna fens which fe rt wave. io 
Tet a the interfering Feeney 

Anither ‘se forthe quarter wavelent 
svatehing. stub to pest tinny seal 
transfer betwocn the sour and aloe which 
Inve floret fmpedances. the siz source 
itpedance ses 100 cis andthe ke fnpe 
ince vas 62 cham, a7 of sqater wave. 
tenth of fine would give a good impedance 
natch, HokD just intey hein the 
seal did we come np wt Cia 72 lm bus 
tee? Simglo~snather fra wil give us ths 
inf 
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Tnpedance of quarterwave match: 
ina stu 

2,—lmpedance of the source 

7, = liapedance of the lad 


where 2) 


Very litle has been said concerning the 
various methods of DO coupling. Actally— 
nly two types of coupling are used; inductive 
tnd capacitive. Capacitive type coupling 

bbe used on shielded coux cable, the ends ol 
antenna elements and generally where the 
voltage maximum exists. ‘To obtain the great- 
fat aceuraey, the CDO should be loasely cou 
plas Parallel coupling to ndctor can be 
sed! te obtain me 


Chapter IIT 


Measuring RF Power Output 


MEASURING RF OUTPUT. 
Paul Schuctt WAGCRP 


0 your new Bandjammer S000-Q is 
rated at 752W peak power. Big deal. How 
much of this is getting out where it counts? 

i's easy to find out by inserting an rf 
ammeter in series with the line. A more 
exact reading would be to have the rf 
ammeter at the antenna input terminals, 


but that might be impractical when it 
womes to reading 1 ugh you 
vould put a diode there and « remote 


reading meter in the shack). 

Recently | found an sf ammeter at one 
of the maikorder surplus houses for $2.95 
1 installed this in alittle cabinet, put (wo 
coax connectors on the back (in and out) 
and now can read rf current in the line 
into the dummy antenna, or wherever itis 
soing 

Remember the formula Pal? R? Square 
the reading on the meter, multiply by the 
impedance of the line you're using, and 
you have the power past that point. At the 
antenns, you could determine the antenna 
resistance and take the current zeading at 
that point 
For those who have difficulty with mental 
computations and can't find a pencil, the 
following chart fives the computed. power 
fevels present in matched $0 and 70 Ohm 
coaxial lines for various levels of xf current 


RE current Power Ouxpu in Watts 
"amperes 50.0hm Line 70Ohm Line 
oS 28 W758 
15 50) 70 
20 200 280 
So 480 3 
a0 200 1320 
eo 1280 1780 

When tuning up the rig. place the 


ammeter on the antenna side of any tuning 
(oF matching devices and tune for maximum, 
current. 


en > 


Insae wiring 1 extremely simple. Note sround 
‘ee installed to insure continuity of the shield 


The completed instrument showing the coax 
connectors on the cea 


I's amazing to Jearn how much (or how 
litte) current these rigs produce. For 
instance, my Swan 250-C puts 1.354 into a 
502 tine. My friend’s SB1O1 from Heath- 
it put out 0.7A until we worked on the 
antenna — them it put out about 1.25. My 
Heathkit SB401 puts anywhere from 2 to 
6A into @ $08 Cantenna, depending on 
what band it's on 

Commercial stations determine their 
power by the antenna current. Knowing 
the antenna resistance at the operating 
frequency. they multiply that by the cur- 
rent squared, Ifthe antenna resistance is 
6242, 4A Hf would be 1 kW into the 
antenna. 126.484 would be 1 MW. 

Remember the ammeter does insert a 
lice reactance in the line (1 never leave it 
in all the time), and the calibration changes 
with frequency, although you can tell what 
side of the ballpark you are on. An rf 
ammeter in the shack makes a nice picce of 
test equipment 


20 


IT BULBS AS RF INDICATORS 
John Houser WB2GQV 


«taj spelt the sinks — a8 
"Tee ome cconean anitier 
Ure ot leh ne ov ot prides 
i low ot To. tla ana ea 
cura select ils sod payee 
dsctatsfor oon 

As tow costo pinay intrest to well 
covet 50% of thom inert In any pee 
and art have says had an abil dete 
{0 find out the whys and where's of 
Standard lightbulbs 2 power indeatrs, 
aes lath both ange See 2 
Goa esate projet and determine once and 
fora ost which bulbs might be sabe and 
wich might aot be, and abo to determine 
arether lightbulbs would make good if 
power indestors, o poor and to find out 
what precations might ave tobe taken if 
See. derided he war golne to. take this 
Towecst path of determining his ananter 
sae poes nat Un Sok 8 
expensive power output meter 

also, power ouput roses inthe bghet 
srattage rang becone gle expense co 
pared to the $2 to $5 which might be 
txpended in alight bulb indietor_ In 

porn serew bases or eaable 

for trom 134 to 254 each, and bulbs fom 
{Si te EB each, and aot move ta fou ot 
tach are necenary for up 0.3 KW power 

Table 1 Hes moet of the como types 
of eecisc lightbulbs readily vadabe, One 
Teor at ‘he able imncatey teas wy 
ch Hight bulbs might note sh good 1 
ows inatots a soe {004 sb vs 
thought fing were iat pte aie veal 
Eat Sot ty. asi cen bese 
be taken in sing ther, or the ser nay find 
he ha veioded i trantniter nd bumed 
tp afew componcais which might be 


expensive to replace, 


Variation in Resistance, Col 


‘Common Variety of Elect Light Bubs, 


19 Hot Ste 


‘Various Impedance Termination® 


uit Rating Het Ratio A. = Nominsl 2010 730. Impesinee Lands 
Ware Filement Cal to Hot "78H Lona: 3-GOW bulls m paalal, 730 
arnisy Reastance Filament Res. ‘oR 

(approx) 7-25 bulbs n paralet (708% 
18 186 1750 41010 3.0000 Lose 
2 40 iy Vo 13 4 750W bolbs in saris ine 
40 2 331 Vo 12 
6 20 219 itt £8.) Nomina! 80 t9 8582 Impedance Loads 
100 0 132 11018 250W Laoag: 4-GOW bulbs in parale!, 58.0 
150 6 a trot ‘S0OW Load: 2-150W bulbs in series, 
200 45 65 ito 14 both paraieed by 
ad 35 53 Tete 1 150W bul (359 
500 2 Ps 11013 1.0000 Loss: 2—S00W bulbs in sernes (3.60 
pe i Te tis 18 2.2508 oes 3—750W bulbs msenes (310, 


The extremely high catio of cold £0 hot 
filament resistance in all types of these bulbs 
immedtitgly, streck me as being the most 
undesirable fuetor in using them, 


It is very easy to see, for instance, that if 
‘one wished to use a 2S0W bulb for indi- 
cation on @ 250W transmitter, and he com 
puted the resistance at 250W to be $30, 
(which it is, but only when hor), he would 
assume he' had just about 3 perfectly 
‘matched indicator to plug in in place of his 
52.582 feed line. 


However, from this table, it is apparent 
that this $392 resistance is attained only at 
full briltiance and wattage, and the actual 
cold resistance is only 3.502. nother words, 
if the bulb were connected to the antenna 
terminals of the transmitter, and dhe trans- 
mitier keyed full power, the transmitter 
would be looking into nor $382, but 3.59, 
which is a lot of difference, and an extreme: 
ly low value for any pi network to match. 

For a few seconds, until the filament 
attained full brilliance, the transmitter 
would be subjected to a terrific overload, 
due to this impedance mismatch. 

‘Therefore the first. precaution which 
might be emphasized in using light bulbs 
would be nor to Key the transmitter at full 
power with a cold bulb, but to gradually 
bring the power from some lower value to 
full power as the bulb attains full brightness 
(and hot, matching resistance). 

Not until I got into this project did f 
realize the very high ratio of resistance of 
these filaments from the cold to hot state:1 
don't suppose very many people do. It also 
brings to mind how the house electric meter 
must jump every time a bulb is snapped on 
in the house, This is not an ad for those light 
dimmers being sold at all the electrical 
stores, but it ste brings to mind that power 
bills could be cut appreciably through their 
use, ie., bringing the bulb gradually to full 
bl instead of just snapping, on a 
switch, 

Getting back to the bulbs, Table 2 gives 
various configurations series, and/or 


parallel combinations which would be most 
likely to give the amateur a load for a 
particular transmitter power output, in 
‘nominal impedances near $2 and 7202 Ifthe 
configuration mentions 200W, this does not 
rican that it would be suitable for indicating 
the output of a 100W output transmitter, 
because at half brightness, the resistance 
offered by the bully is not identical to that at 
full brightness. 

While a differance of an ohm or two 
would not be serious, nor would a difference 
of as much as five, or even ten watts, at high 
power levels, at low power levels less than 
VOW, for instance, such differences would 
be seen to become increasingly serious from 
tthe matched impedance standpoint. The 
‘configurations given match quite a variety of 
standard line impedances and a wide range 
‘of power outputs. Matches can be obtained 
for RG-8, 11, 17, 13, 58 and 59 type cable." 

One may not realize without measure 
ment that the lead length of the filament 
support wires alone inside the 25~150W 
hnulbs is very close to 18 cm, Even though 
they are coiled on a 2 to } ratio, the 
filament is inductive in every sense of the 
word. At higher frequencies, the filament 
support wires would appear inductive, and 
to these factors must be added the parallel 
capacity of the serewbase shell and the 
‘central base contact wafer. Even though 
such capacity is small, it would become 
Significant at most amateur frequencies 
above the 30 MHz range. Though the 22 em 
total wire path would perhaps indicate a 
bulb could be used up to 300 MHz, such is 
snot at all the case. 

Wt is easy to we that the sometimes 
suggested trick of using a capacitor in sezies 
with a light bulb as a load should be 
approached with caution, for it would be 
very easy indeed to run into a series resonant 
circuit which might result in damage to the 
fransmitter 10 which such circuit were con 
nected 


In the course of my preparation of this 
T discussed the ramifications with 
Some of them 


article 
number of interested hams 


u 


suggested | extend the research to include 
the use of the smaller types of indicator 
(pilot) bulbs as loads for testing out trans 
‘mitters with power outputs in the IW to 
2OW range, not only just for amateur ap- 
plications, but also with @ view to using 
them a$ loads in testing FM transmitters. 

When one considers that there are well 
over 100 types of these small bulbs, rated 
from .001W to 2W, and if all of these were 
to be considered individually, it could take # 
vast amount of time ~ and eventually one 
‘would end up with perhaps only five or so of 
these bulbs that would be at all suitable, so 
such research was net included in_ this 
article, However it did open up a field in 
which there may be 4 demand for inform: 
tion and may be the subject of « subsequent 
article 


Frequency Ranges 

The use of stundard serew-base ceramic or 
steatite porcelain light bulb sockets is en- 
tirely feasible for all of the configurations 
shown and will handle all amateur bands, 
160 through 10. Naturally the leads from 
socket to socket should be as short as 
possible in either the series and/or parallel 
Configurations. 1 found these leads can be 
kept fo approximately em for such inte 
connections. Likewise, the coux termination 
lead should be kept to 2 em or less. 

If extra precautions as to lead lengths are 
observed, and the bases of the bulbs re- 
‘moved to enable connections directly to the 
stem wires, it would appear reasonable to 
suspect that these bulbs might be used for 6, 
5, and perhaps 2 meter bands, but itis also 
{quite evident the 2 meter band would be the 
practical limit 

One should be able 10 conjecture that 
light bulbs as power ef indicators are not 
duite the equal of well-designed power out- 
put meters which maintain their rated im- 
pedances over a very wide power output 
range bulbs donot - but then, they ave 
cheap in comparison, 

Visual comparison of brightness is com- 
pletely sutisfactory for comparison purposes 


For instances, a SOW bulb connected to the 
L15V mains should show the same brillience 
as one of the 500W huts as used in the | 
KW load 
‘Actually a transmitter supposedly putting 
.000W PEP is putting out something 
less than 1,000W with average voice modu: 
lation: it would be mote of the arder of 
500- 750W average power. Remember that 
the Hight bulb is only going to show average 
power outpat, not peak, and as ham trans: 
milters are limited) to 1,000W de input to 
the final amplifier, one cannot expect much 
‘more than 500-750W output (average) un 
less the efficiency of the final amplifier stage 
approaches 85% which is very unusual, 
although I am hearing lately thst certain 
high-power transistors are in development 
which will deliver such high efficiency 
figures: 2 bil above that which heretofore 
hhas been obtainable with tubes. You should 
be heering a lot more shout these super 
cfficioney transistors in the near future: and 
[expect them to be appearing in certain ham 
transmitters within year of so. 

Naturally a CW transmitter with the final 
operated Class C may deliver as much as 
850W with [,000W de input, while a DSB 
transmitter on phone could not be expected 
to deliver more than 650W with Class A or B 
modulation, 

The research and conclusions 1 reached 
fon this project brought to mind the old 
Subject of using tight bulbs in series with 
primaries of transformers to reduce th 
Secondary output voltages, which is a trick 
which ss been used for years by hams and 
others. The information contained herein 
indicates they are not only quite suitable for 
such usage, but in fact make quite ideal 
voltage regulators of a sort. 

In fact, the question immediately arises as 
to why bulbs would not make rather ideal 
voltage regulators for high vollage supplies if 
used as a variable-tesislance de regulator in 
the de leg. This again opens up « field whieh 
might bear intense investigation, 
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BUILD YOURSELF a, 
LIGHT WATTMETER 
Gn Hey 


Every week brings something new in the 
hectic field (or pasture) of electrons. Ate 
tempting to solve old problems with new com 
ponents an interesting pastime (or electronics 
fenthusiasts, but they rust be earefal not to 
Dut their foot in the wrong thing, One of the 
hew components is the eadmivn sulphide/ 
selenide photacall. A semieoadoctor sensitive to 
light is at an entirely new concept, since 
selenfura cells havo heen around for some 
lime, but the degree of seastivity makes the 
cadmium cell stand out 


Fig. 1. Circuit of Light Wettmeter, 


In measucements especially, there are many 
possible applications for cadmium photocell 
One measurement in particular is usually dif 
cult for the amateur, and this is power: meas. 
lurement, There is a way of using etdmium 
phulocells to measure power, and I call this 
tircuit a “light wattmetee”. Operation i just 
asthe name implies, that is, the power is used 
lo generate light which is measuced by. the 
photocel, 

You have probably realized by now that we 
are going to-use a light bulb as a load. Now 
this i frequently done is amateur circles, bt 
no one will go out on a limb as to its accuracy. 
Except me, We know that the ordinary Iamp 
lament has a positive temperatire ceelficient 
Fig. 5 illustrates the variction of 2 typical 
Jone Blament resistance with input power 
By keeping this in mind, fairly good accuracy 
can be had. OF course, if yoo iso a diferent 
lamp, the curve will stil apply, but the sess 
ance will be different. 

You can tun your own graph, however, by 
using the setup shown in Tig. 2. Either de or 
ac can be used, and since the lamp hes lite 
inductive oe capacitive effect, the readings 
taken will be good to better than 100 me. After 
you have a graph on the lamp you ate using, 
you can effect any kind of impedance match 
you wish, 

Using @ lamp as a load simplifies the prob- 
lem of power measurements ecause loads for 
this service are hard to come by, Rover re- 
sistors are too inductive, and when they ap- 
proich 1000 watts, they become downright 
xpensive, However, even 2 1000 watt lamp 
Is not too expensive. 

Fig. I shows the eiveuit that 1 used as the 
basis of this article. Av standard 150_ wate 
lamp was used here as a load. The photocell 
is mounted shout five inches Trom the bulb, 
‘A wooden box houses. the wattmeter, com: 
pletely sealed internally against extraneous 
light. Figs. 3 and 4 lustate the variation of 
resistance of the photocell with vaviation of 
ower applied to the lamp. Even very small 
Amounts of possor are measureable, 1 the eell 


Fig. 2, Methed of ealbrating lomp and da- 
termining resistance. 
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Response of CaS cell a 


Fig, 5. Resistance veruis power input, 150 
snot tom. 


is shielded from external light 

The wires from the input connector to the 
lamp are kept as short as posible by remov- 
ing the lamp base and. soldering. the lamp 
wires directly to the enaxial connector. Switch 
SI selects thioe ranges, which can be set by 
the builder to anything he desis. In my 
fase Lused three canges whic cover from 0.5 
watt full seale to 250 watts Tall seale, With 
photocells a 1.35 volt meveury battery 
ean be sed. instead ofthe 4 volt buttery 
shown, Also, Tonsed a 50 anieroamp meter 
because of convenience (mine), but even a 


10 ma meter will work. Don't exceed the rated 
power dissipation of the photocell, and. re 
member this may derate with ineveasing, am 
bient temperature. One thosssnd watts in a 
box can be a lot of ambient temperature, 
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Fig, 4. Calbratln curve for Light Wot 


Gotting back to the accurney, Hf L were 0 
‘ell you what the meter would read with such 
snd sueh a lamp, and a given power input, 
your calibration would be off ten to. twenty 
per cent when the construction was fnished, 
‘The best way of getting a good calibration is 
something vou've heard before; “if you want 
a job done right around here you've ‘got to do 
A yourselP, 

‘Now obviously you exn't calibrate the watt- 
eter at 14 me, because this is what you are 
frying to measure to start with, Luckily. the 
Jight from the lamp filament is primarily a 
power funetion, and it doesn't matter whether 
this is de posses, oF 100 ine power, 

So, to calibrate the wattmeter, apply ac or 
die as vou wish. Measure the input voltage and 
current, and read the meter. Make graph of 

jut power vs. meter reading, and there you 
have it. Fig. 6 is the graph that 1 use with 
the circuit in Fig 1. Keop the impedance 
vaviation in mind, and select a larap with the 
power impedance so that standing waves Won't 
fat up lets of your power. As a duinmy’ load 
land approximate power indictor this 1s not too 
cvitial, of course. But if you wish accurate 
power measurements, your impedance should 
be approximately matched, 


LOW POWER LIGHT WATTMETER 
Bill Hotsingron KICLL. 


nis article describes & very useful 

gadget for determining the xf power 
output of solid-stste VHF-UHF tins 
mitters in the difficult range te measure, 
from about 10 mW up to $ watts. It does 
not read watls directly; but by a simple 
comparison of calibrated pilot light brik 
liance, it will tell you how many watts 
you are putting out, to within less than 
5%, ft allows you to check power 
Increases and estimate your efficiency 
quite close, 
Principle Involved 

We'll start right in with this part 
because, while this unit is not by any 
means a “trick,” it does not read tf 
directly. You first light & pilot light as a 
g00d dummy load, matching it into the f 
tank circuit of your transmitter by the 
normal means, also noted here 

You then switch on a second bulb of 
the same type by means of a battery, 
controlling the light output with a $1.30 
wirewourd potentiometer in series, as 
shown in Fig. 1. This pot must he 
previously calibrated in milliwatts, as by 
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Fig. 1. The ciruit supplies the briliance “stan 
‘aara" for comparion. When the. ‘standard” 
lamp is mounted adjacent 10 the dummy load, 
the pot permis variation of tho standard 10 
match the losd, Ifthe resistance is. panel 
marked fy walle; = good power dicen. 
tehleved, 
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the method of “volts times millismperes 
‘equals milliwatts.” You then match the 
brilliance of the bulb lit up with rf or its 
dull glow at some 18 to 25 milliwatts if 
‘you're just getting your transmitter going, 

read the watts on the wattmoter dia, 
I's astonishing how well it works, haw 
repeatable it is, and how you wouldn't be 
without it once you build and calibrate it 
Brilliance Standard 

Figure 2 tells almost the whole story 
at a glance, You can, of course, put as 
‘much calibration on the dial as you have 
time for. It is quite important to orient 
the bulb faments in the same relation to 
your eyes for best matching, There isn’t 
‘much in back of the panel except one 6V 
battery which can be obiuined in any 
hardware store, 


Fig. 3 Matched pilot light Joad for the UBF 


RE Matching 

Not that it is particularly eritieal, but 
be sure and note the need for a large 
range of series capacitors for the rf pilot 
lights as you go up in frequency. This can 
bbe seen clearly in Figs. 2 and 3. The block 
diagram, Fig. 2, shows 4 6 meter setup. AS 
you g0 up in frequency the series eapaci- 
tance drops. A good matched load on 432 
MHz can be obtained as shown in Fig. 3 
I sometimes remove the tin base from the 
bulbs, but this is not an absolute neces 


"watts on 
Ls 
2 
2.25 eo 
25mw 2.5 


ig, 2. caries capacitance loads the cf indleator for comparzon, The capacitance valu will decrease 


inversely with Gequency increas. 


3 


sity, It is important to vary the amount 
fof coupling, and tlnus the series capacity, 
by spacing’ the tab capacitor closer oF 
further away from the ground plane, as 
detailed in Fig, 3. You also can use as 
mary bulbs as you can solder onto a 
tuned rf inductor, even though they don't 
all light up with the same brilliance. You 
‘can match them all up, but you don’t 
have to, Iust check the wattage, oF mill- 
wattage, of each one und add them up for 
the total. 

The number 48 or 49 bulb, listed at 
2V and 60 mA, is rated at 120 mW, and 
flows dim at about 12 to 13 mW; 30 it 
ean be used for low-power receiver oseil- 
Jators, ete. With wo other bulbs found in 
hardware stores, connected aad matched 
(o the 1f inductor, such as the PR13 (SV 
at 500 mA), you can read correctly up to 
SW. From tere on up you'e on your 
‘own, although a good variable [1SV de 
supply can be made up to work around 
50 to 100W. I generally use a variety of 
TISV. bulbs of different wattage, light 
them up with ef, and use their rated 
wattage 


YET ANOTHER LIGHT WATTMETER 
John Meisner KSCKN 


any VHF operators would like a 
cheap, accurate instrument to mea 
sure rf power. The same desire is frequent 
ly expressed by operators of the HF bands. 
Here is a very simple wattmeter which 
when used with « 500 transmission line oF 
load has all of the following desivsble 
characteristics: 


1, Easily calibrated to good accuracy 
(25%) with your multimeter and a variable 
de source; 

2. Perfectly flat from de to 450 Mia; 

3, Insertion VSWR less than 1.05 

4, Power readings in the 2 to 50 watt 
range (higher power can be measured with 
slight design changes); 

The operating principle of this watt- 
meter is stark simplicity. A pilot lamp 
acros the rf line senses a small portion of 
power in the fine and glows brighter with 
Increasing power. An appropriately locited 
photovoltaic cell connected to a micro- 
ammeter measures the light output whic Is 
proportional to the power flowing in the 
line, Of cousse a good deal of nonlinearity 
is involved in the various elements ~ both 
the lamp's resistance and its spectrum 
output change with heating; output of the 
photovoltaic cell varies considerably with 
both the amount and frequency of the 
light shining upon it. Some of these factors 
tend to caneel out however, because the 
Photovoltaic cell produces some current 


with only infro-red lamp output at low 
power levels before the lamp even produces 
a visible glow, and the cell tends to 
stturate, increasing its output quite stowly 
at more intense illumination levels. 

Probably the biggest single requirement 
of any wattmeter is that it must be capable 
of being inserted into a transmission tine 
without disturbing the operating conditions 
fn the line (Low insertion VSWR). It might 
bbe argued thal hanging 2 lightbulb across a 
transmission line will seriously affect the 
line impedance. Ordinarily, this is true, but 
the undesirable changes can be minimized 
and indeed appzoach an insignificant level 
if the resistance of the lamp filament is 
very large when compared to the line 
impedance. In general, @ factor of 15 or 
more times the line impedance is. suffi- 
ciently large to produce negligible effects. 
In the case of the suggested 10V, .014 
Ampere pilot lamp, the mismatch produced 
in the line gives a VSWR of 1.05:1 at the 
power level of 1 watt, This mismatch 
decreases rapidly with inereusing, power. Tt 
falls to well below 1,01:1 at $0 watts 
Another point of interest with regard to 
this particular choice of lemp is that itis @ 
longlife type with a Life expectancy of 
10,000 hours. This implies two advantages 
(a) The lamp will operate at well over its 
rated voltage without burnout (50.0V at 50 
watts), and (b) the interior of the lamp 
envelope will resist darkening which would 
negate the waitmeter calibration. In addi- 
tion, the filament structure of this type of 
lamp is a single-strand straight tungsten 
wire, The coiled type of filament simeture 
introduces undesirable indvetance into the 
circuit which can distort wattmeter resd- 
ings in the UBF range. 

‘The wattmeter shown is constructed in 
two boxes for the sake of convenience. The 
sensor can be located in the transmission 
line at any point ond the meter con be 
placed beside the transmilter. For test 
work, the whole unit could easily be put 
into & single box. Coaxial fittings and cable 
were used for interconnection, but since de 
only flows in this circuit, any type of 
‘wiring would be satisfactory. 

‘The photovoltaic cell used in Uhis watt 
meter is 4 unit oblained from the local 
Alied/Radio Shack store, (Cataloz No. 


|e ccs 


276-115.) Output of the cell is rated .SV at 
6 mA in sunlight 

Since the cell generates considerably 
more than 20 mA under moderate Uburaina- 
tion, a switching arrangement is incorpora- 
fed into the wattmeter to shunt it into 
progressively higher current ranges with 
increasing power. Allernatively, 1 $0 oF 
100 milliarameter could be used with less 
switching at a sacrifice of sensitivity in the 
1-3 watt range. 

Calibration of the wattmeter is a simple 
process. By solution of the formula P = 
V?/R for voltsge, the following tabulation 
is made for 2 50 Line impedance: 


VOLTAGE POWER 
(ems or do) (Watts into 509) 
7.07 1 
10.00 2 
1224 3 
14.14 4 
15.71 5 
1732 6 
1am 7 
20.00 8 
2121 9 
2236 10 
31.62 20 
38.71 30 
44.71 40 
50.00 50 


Using the tabulation, fusten a metered 
variable de supply into the wattmeter ae: 
cording to the following diagram. Now 
simply note the zeading on your wattmeter 
for eich of the selected voltages in the 
fable and tabulate this reading with the 
corresponding power in watts in a table of 
your own. It may even be possible to 
remove the front of the meter case and 
mark new calibrations directly on the dial 
‘This was not possible with some hermeti= 
cally sealed meters, It is best to disconnect 
the watimoter from the antenna feedline 
for this ealibration, If the meter is left with 
@ trinsmission line attached and the an- 
tenna happens to be fed through 2 balun 
device with near zero resistance, the power 
supply, and perhaps the balun, will suffer. 

It must be pointed out agsin that this 
power meter is intended for use either 
with 5082 cosxial line systems with low 
VSWR or with 50 dummy loods. A 
coaxial line that is not “flat” (unity 
VSWR) or a dummy antenna that does not 
look like” 500, which is the case with 


Fig. 1. Schematic diagram, 
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Fig. 2 Calitestion diogram, 


most HF loads used at VHF or UHF, may 
cause distorted power readings. If you have 
doubt about your transmitter's power out 
put when using this meter, you should 
check it while using a known SO load 
rated at the transmitter’s output frequency. 

I mentioned hefore that this power 
moter was easily adaptable to higher power 
readings, To upgrade the meter, the only 
change required is to insert the correct 
higher voltage pilot lamp having low cur 
tent, longsife specifications. Suggestions for 
some of these are the following Dialco 


Lamps: 
Part No. Max Power Level (Watts) 
24¢8, 100 
48cs 200 
OPS 340 
L20PsB 300 


A LOW COST RF WATTMETER 
Mark Leavey WASAIR 


ou say you just finished building 

2 meter rig and want to find out how 
fuch power you're running but can’ 
afford to buy a wattmeter? You've been 
calling “CQ 80 QRP” all day with your 
‘quarter-watt wonder and nobody is answer- 
ing? Then get yourselt up, go down into 
the workshop, and build yourself a nesto- 
keeno handy-dandy wattmeter. 


If we are going to build a wattmeter, 
let's consider what we want, Accuracy and 
cease of calibration, as well as simplicity in 

re The 
ate as 


meter described 
components allow, and it’s easy to build 
The calibration is logarithmic, which means 
that a simple graph is possible, and easier 
than changing the meter seal. 


prime 
here is as 


For the mathematicians 
the formulas upon which’ this devive is, 
based, and ways of modifying it: for those 
fof you who avoid math whenever you can, 
ook at the graphs and skip these few 
paragraphs, 


To spare undue coinplexity, assume 
512 line — other values ean be dealt with 
liter. Perhaps. the parameter to 
measure, and one that #8 proportional to 


power, is rf vollage, A voltmeter cin be 
ride most easily with a series resistor and 
40-1 mA meter, Now let's plunge into the 


‘actual caleulations, 


Assume W is the full-scale 


neter reading 


in watts. Z is the line impedance, Fis the 
voltage measured, 1 is the fullscale meter 
reading in amps of the basic meter, and R 
is the value of the series resistor in ohms, 


We 
the 


know that the voltage (IR) is equal to 
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Fig. 1 Logorithmie plots for determining power 
detorznining what the falhscate meter deflection wi 
value shown oa the chart by 12 R82). The lower cur 
‘ou! If youuse sO 1 mA moter 


power,” or 14.270V. 
‘age and the current (001A because the 


Now, since the volt- 


full-scale movement is 1 mA) are known, 
simple division yields 14,270. The resistor 
value, then, i 14,270 kQ. The upper 
portion of Fig. 1 is. graph that will enable 
the nonmathematician to choose the value 
of the resistor for full-scale readings up to 
4 KW, with S122 line and a 0-1 mA meter 

‘Why 4 kW with an amatour power limit 
of | kW? A Took al the bottom half of Fig, 
will explain, Although this is the eaibra- 
tion of the prototype, for 4W full scale, it 
will double for 40, 400, or 4000W. A 
half-scale reading, 0.5 mA, corresponds to 
IW (LEW, ete.), This spreads out the range 
below 1 kW. for reading and 
measuring. 

Now get out that soldering copper and 
as pliers, and build it. As the schematic 


Front view of unit 


% 


The upper curve gives resistance values for 
il be Femamber 10 multiply the series resistance 
ve wil allow you lo determine your precie power 


(Fig. 2) shows, the basic 
rectifying ype #¥ voltmeter. The prototype 


was buill im a small can of the pligin 


module variety that was serounged from 
the junkbox. About the only critical part is 
the series resistor, The capacitors in the 
prototype were mica, but ceramic disks 
would work a8 well. The diode can be a 
IN34A, 1N270, INS2, IN3BA, of just 
about anything else, Use the old him’s rule 
‘of thumb: “When in doubt, try st out!” 

Two sockets might prove more con- 
venient rather than one with coaxial tee 
as shown, Conventional minibox construc 
tion or building into a new or existing rig 
will be more than adequate. Point-to-point 
wiring is used to permit compactness and 
reduce lead length. 

“Fine,” you say, “but I don’t have 2 
hhuge mound of test equipment. How do 1 
calibrate it?” That is the beauty of it 
you don’t! If the series resistor is eeurate,, 
‘the moter will be self-calibrating to a log 
scale, Remember, you know R and Z, and 
the fullseale W. Now assume a half-scale 


ae 


Fig, 2, Schematic diagram of the simple, 
rate, and eay-to-buld rf watmeter. 


Connection to transmitter with dummy load (ne 
text) 


reading, 1=0,0005, and calculate W for 
hulescale, Plot these two points at L.O and 
0.5 mA on Fig. 1, and connect by 3 
straight line, which you may extend the 
length of the graph. 


Comsction to transmitter with aotenaa com 
cis 


Install the meter through 2 coaxial tee 
at your antenne connector, or through 
other predetermined “means, and 
(erminale with a dummy lead. The one 
seen io the picture is three [5082 eesistors 
in parallel, dipped in epoxy, shielded with 
& copper braid, and installed on a BNC 
plug. Apply power and read the meter 
That's it! The meter can be used with an 
antenna if your swr is below about 1.2:1 
So what did | promise? A low-cost, rf 
wathmeter thot is inexpensive enough for 
the Novice, practical and useful enough for 
the General, and “Extra” accurate, Go raid 
the junkbox, and add a worthwhile piece 
of gear to your shack, 


into the meter ease, though the metering 
circuit only goes up to 10W. If the maxi- 


mum is to De 2OW, the reference meter 
reading could be about 45 WA instead of 
30. The minimum power reading would be 
doubled, tq this watttmeter, the power 


range potentiometer isc 


brated and only 
ce line on the meter is used when 
nak’ The dummy SOS 
antenna resistor is rated up to 1000 Miz 
s0 is excellent Irom 450 MHz down 


F measteements, 


The runge potentiometer hal an audio 


nonlinear) taper, By eoonecting the 
“high” resistance end to the diode, the 
watt range scale is spread out quite well in 
the 0.1 DW range. The hot cartier diode, 


n HP 2900, has 2 10 PIV rating 


means that Joltage across it 


should be less than 3V for safe operation 
AL LOW of rf power, the rns voltage would 


he a little aver 22. which means a veltage 


view of TOW walt with the rf dum 
nana elamped in one corner 


Top view of low powered rf yattmeter coven 
1035 to 10W%, Bil invo.a Bx? chasis with wire 


Jivider is needed to keep the applicd diode 
voltage down to about 2V, An HP 2800 
diode with a 75 PIV rating would be more 
desirable, especially if the meter was lo be 


calibrated tor 20W maximum, his diode is 


about St and has a liltle higher capaci- 
fange, which would require a different 
shunt vapacitance across paris of Ue resis 
tor divider vice work with 
the same pave libration 

The divider should use ‘AW resistors of 


lunits are part of the rf circuit, 1s hetter 
3000 resistors in the 
10 & single 90082 2W resis: 


the #f resistance charac: 


teristic is usually better in % or YEW ty 
in cortam ranges of resistance, [very resis- 


Te 


025 to 10 RF wattmete 


ee and shunt capac 


tance which becomes part of the voltage 


divider. The diode 


jt capacitance is in 
1106 
However, nearly any combination 


at of @ W resistor 


parallel with 
in Fig. | 
of resisior sizes can be equalized within 10 
to 20% over the desired frequency range 
This divider is aeross the S082 dummy 
fintenina, $0 should not shunt 
down to less than 49 or 4822. This divicler 
has to dissipate « little ef power also. Is, 
total resistance should be at least 20 times 
as high as the dummy antenna load resistor 

The values shown in Fig. 1 are just 
about the minimum that should be used. 
Too high values makes it more dificult 10 
extend the frequency range to the upper 

id, though it can be done, as was dis 
covered in the higher-powered waltmeter 
of Fig, 2 

All diodes are poor rectifiers at applied 
Ff voltages bolow Lheir forward bias values 
‘of 300-700 mV (peak), By using 2 for 
ward de bias vollage to make the diode 
conduct at Ioest § of 10 mA, the detection 


sensitivity is increased as much as 3 oF 10 
times, This requires a small battery, a 
couple of fixed-value resistors, and an 


adjustable pot to balance this current out 


fof the meter when measuring cf powers 
below 100 mV. If the power range is 
limited to a minimum of % or SW , no bias 


circuit is needed in this LOW instrument 
The range scale in either cise las to be 
hard calibrated, 

A low-powered 
cexciler can be used a8 a IW power source 


radio transmilter or 
when calibrating the power ranee pot scale 
The transmitter can use stage detuning 10 
reduce power outputs down to the lower 
values needed, Many sw meters have watts 


‘of power calibration and one of these can 
be put in the coax line to the rf wattmeter 
for calibration service, A more accurate 
calibration can be wade by comparing the 
power readings against some reliable com- 
mercial rf wattmeter within its frequency 
range and calibration charts, This scheme is 
usually necessary for checking the calibra 
don al VHF or UHE. Another method is Lo 
use an accurate rf vollmeter across the 
dummy antenna connection to ground and 
read the power values in watts = E?/R, For 
V (sms) squared is 25: and 
js equal to $00 mW. 


example, 
divided by 3 


The Sierra 50% dummy antenna has no 
connection available at the high end of the 
resistor, which terminates in a tyne N 
fitting, The metering circuit has to connect 
to this point as close as possible by getting 
into the inner conductor of a coax fitting 
or by drilling @ 3/8 or 1 in. hole through 
the shell of the dummy antenna close 10 
the rf fitting end. This can be done and the 
first 3000 resistor in the voltage divider 
soldered fo the inner connection to the 
large 508 resistor, A long 1/8 in, diameter 
soldering iron tip 1s needed. The divider 
resistors, diode, and four .001 uF stud 
mounted bypass capacitors were all mount. 
ed sound this large hole in tapped 63 
holes for the four capacitors. Larger values 
‘of bypass capacitors can be shunted across 

1.001 4F values to ground to extend 
the frequency range down to low rf or even 
af values. For example, a 02 uF capacitor 
shunt would allow operation to 2 Miz, A 
miniature 50 or 100 uF clectrotytic shunt 
would Function at audio frequencies down 
to 300 Hz. The diode must have a low. 
Impedance path to ground over the desired 
frequency range to function as a peak 
rectifier and get as much de output voltage 
as pussible for the The 
Imicroammeter in series with a variable 
range sesistor is simply a de voltmeter. The 
diode rectifier converts rf voltage to de, so 
the diode should be equally efficient over 
the whole #f range, 

The 3~300W unit was built to use-with 
4 large dummy antenna rated up to 500 
MHl2, which is 4 massive unit external lo 
the box shown in the photographs. Quite a 
bit of rebuilding went into this device to 
make one calibration of the range poten 
tometer fit all frequencies from 450 to 2 
MHz, The input and output coax fittings 
hhad to be finally mounted so the inner 
conductor tips could be soldered together 
and the resistor divider connected to this 
point, The latter consisted of two 430082 
2W carbon resistors and a 6882 IW resistor 
jn series to a copper sheet inside of the 
aluminum box. 

‘The watt range variable resistor was a 
500 k® linear potentiometer which was 
limited to a lower value by shunting it 
from the moving arm to the diode eonnee 
tion end with 2 220 KD resistor. This eve 
4 maximum power reading of 300W when 


thes 


MP 


Fig, 2.5 (0 S0OW RE watimecar moteing evcut, Extacnad 300 or 400% daring antenns lon, 


” 


Tap wlaw of 5 to 300W metering circuit for um 
smith external high powered dummy antenna 


the reference line was drawn on the meter 
face at 12 WA. The import, low priced, 
(0-30 WA meter had a large meter scale. A. 
smaller 0-50 uA meter would have been 
usable, since the meter is used only as & 
reference. The range pot knob is adjusted 
when r! power is applied to run the meter 
reading up to the line drawn on the meter 
seale face. 

The circuit shown in Fig, 2 was equal 
ized to within about 15% error over the 
range of 2 10 450 MHz by shunting a 5 pF 
capactior across the 6882 resistor in the rf 
divider 

Calibration of this device was made at 
144 MH using a transmitter having up to 
400W available cazrier output. The meter 
luing unit was connected to a large Bird £f 
wattmeter at the external fittings of the 
latter, Several thermocouples had to be 
used ta cover the wide range of power for 
the calibration. This required reading 9 
chart curve for each Bird wattmeter read= 
ing und using comection faciors for fre 
‘quency in order 19 obtain the aetwal wales 
fof 1 power, Now, the large unit is used, 
without the thermocouples, charts, ¢f 
choke, ete. simply 
The new metering circuit connects directly 

of 


the transmitters bei: 


into the antenna fitting, with a few fee 
coax over to 


This power measuring device can be 
5022 coaxial ne to moniter 

the actual power going toward th 

The swr in the line should be low, af near 

unity, in order for the calibration to be 

reasonably aecurate 


VHF DUMMY LOAD WATTMETER 
Glen Zook K9STH 
The unit 

‘The onit described herein is similur to 
some 60 watt units which may be found ar- 
found many commercial two-way radio shops, 
‘This dummy load has provision for connec- 
tion to an external relative output meter. 
This external output meter may become an 
accurate wattmeter if the following criteria 
fare met 

1. Frequency bandwidth of #10% of cal- 
ibration frequency. 

2. RF output Kept within power disips 
tion of dummy losd. 

3. Accurate inital calibeation. 

‘These criteria may be easily met in ama- 
teur vif operation if only one band is con- 
sidered for each set of calibration data, Since 
most vhf amateurs operate on SO mbsz, 144 
mhz or 432 mhz, the * 10% frequency i 
tations may be easily met, This limitation 
rives.a 10 mbz bandwidth at 50 mhz, 29 mhz 
bandwidth at 144 mhz, and 86 mhz at 432 
mhz. ‘The limitation to the power ratings of 
the dummy load is only common sense, for 
if resistive network is overloaded, the im 
pedance may be drastically increased, caused 
by damage to the load resistors. The calibra 
tion lnnitation may be overeome ifa stan 
previously calibrated uni, or cormmerck 
is used 


The unit consists hasically of 16 220 
Ohm resistors ina series parallel arrange: 
ment. The metering circuit oonssts of a 
germanium diode pickup with nevessary rf 
Filtering. The moter movement is generally a 
vom, bul any 50a meter movement shold 
sulfive, Exact physical layout is not 
extremely critical, but It is suggested that 
te layout be made similar to the unit shown 
in the secompanying photographs. This unit 
is acceptable for 60 Watt output transmitters 
without modifieation, The power capability 
may be increased to about 200 Watts if the 
resistive network is suspended in 1 quart of 
oll, If this is done, care must be taken to 
keep the metering circuit out of the oil, The 
lead from the diode to the resistive network 
must, of course, be partly submerged. but 
keep the diode itself out of the oil. Ido not 
personally Use this arrangement, but | know 
fof (0 units which huve been in use al 
large Southeastern two-way radio shop for 


ee dal 


Fig. 1. Schematic. RI and R2 canst of eight rests 
ors each, fs parll 


several years. ‘The same shop hes incor 
porated range switch with several moter 
Shunts fos various maximum scale power 
readings. This feature is especialy useful to 
the amateur YE FM operator who may be 
working with equipment of from 5 to 250 
Watt outputs. The schematic appears as Fie, 
1, and the basic circuit for various meter 
shunts as Fig, 2 


arts layout and interior vw of Dummy Load 


External view. 


Calibration 
Calibration is best accomplished by using 
Bird “Thraline” or similar commercial vhf 
inline wattmeter, Second choice is « Bird 
““Termaline” or similar dummy load-wattme- 
ter. In both cases, a graph should be ereated 
by plotting meter divisions on the horizontal 
axis, and power on the vertical axis. The 
mmetershunt should be placed at minimum 
sistance and increased to give maximum read 
ing at the desired power level (this holds pri- 
marily true for units using the metering cir- 
cuit of Fig. 2) or, if 9 vom or viv is being 
used the range switeh should be placed on a 


ses Keno 


Fig 2 tetering shut. 
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high voltage setting and seduced a setting at 
a time until the desired reading is obtained 
The transmitter should be adjusted for vari- 
‘ous power levels on the standard wati meter 
and the voltage or current reading on the new 
meter recorded on the graph. In the case 
Where the standard meter is of the dummy 
Joad-wattmeter type, it will be necessary to 
switeh the coax from one unit to the other. 
Do not retune the transmitter, for each unit 
will present almost the same load to the trans- 
milter (50 obms). Take the reading and. ro- 
cord a§ with an inline type of meter. ‘The 
pointson the graph should now be connected 
with @ smooth curve (use of a draftsman's 


Phaummetar 49 check 


Using the Dummy Loved 
output of PH uni 


range switch i used, it will be necessary to 
calibrate for each switch position, Also, if 
soultisband use is expected, the graphs must 
‘be made for each band. Use of the wattmeter 
now requires only the connection to the 
transmitter, setting of range switch to the 
proper level, and reading the graph. 
Uses 

The uses of this dummy load-wattmeter 
are as varied as the amateur mind can devise 
One very important use is determining the 
losses of $0 ohm coax. Measure the output, 
of the transmitter at the transmitter. Then 
‘measure the output at the end of the length 
of coax. The losses in the line become ap- 
parent. The loss in db may be calculated by 
the standard power ratio formula, 10 log 9 
Power out of coux/Power into coax 

Another use is the determination of effi- 
ciency of final amplifier stages. This efficien- 
ey may be calculated by Power out (measured 
by dummy loud-waltmeter)/Power in (mea 
ured by plate current/plate voltage meter) x 
300%. A third use is determining once and 
for all which amateur really has the most 
‘output. ‘This list may be expanded by the 
builder to suit his own tastes 
Conclusion 

This dummy lond-wattmeter ie not a Bird 
“Termaline’” gor should it be regarded as a 
substitute for any other lsboratory cquip- 
rent. However, with a little care in calibra 
tion, (assuming a 5% accuracy standard is 
used for initial calibration) the accuracy 
should be within 10%, and this, my friend, 
is not bad for a wattmeter costing less than 
$10, 


B-S.P. Lin etal 


header information (5-tuple: source 1P, destination IP, source port number, destination port number, and proto- 
col) to process packets with the same S-tuple information into a unit of mobile application traffic flow, and ex- 
tract the features of each application flow. Third, in learning process, we use the extracted features which are 
quantized into corresponding symbol sequence to training the HMM-based application models for different ap- 
plications. Finally, we can identify the new traffic flow by finding out the maximum value of log likelihoods de- 
rived from different application models, 


5. Conclusion 


‘This paper presents a forward looking view of the convergence of IoT, big data, cloud, SDN technologies along 
with the arrival of SG mobile broadband networks. We intend to demonstrate the technical relationships of those 
technologies and the compelling programs and applications that can be created when two, three or more of those 
technologies converge. Due to the nature of fast evolution of ICT and the ongoing innovation of those five 
technologies, this paper should be updated on annual basis to keep the related information up to day with the 
ICT major trends. 
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Chapter IV 


Measure Your Field Strength and Frequency 


THE RF SNIFFER 
Jin Kyle KSIRN 


Every now and chen there's need to know 
if any sf ig present in a circuit, Frequency 
fan't so important—the question is simply. “Is 
there FE here?” 

‘Your grid-dipner een frequently answer this, 
if use Sn the savemeter mode, but occasion: 
fly iUs not sensitive enovieh—partieularly 1 
SoiPre working with a receiver oscillator where 
Dover fe measured ia miezowats, 

Here’ an rf Snifer whieh wil indicate the 
slightest trace of ¥¥ in a eireuit. In addition to 
checking receiver oscillators, is a. perfvet 
spudet to ensure perfect neutralization of 
tramnemitter in 

Connect the components as shown in the 
schomitie, Use longaiosed pliers as a beat sink 
between the diode and the solder joint wien 
‘niring, to prevent diode damage. Note that the 
Pickup loop of 14 gauge wire is insulaced with « 
strip of spaghetti. 


Motnt canictse and die of ba 
sth chorea) powibe lene: Altech pickae ton 
lly to eoative meter terminal is it 
‘snough todo without othar mechanieal suppor 


of meter 


sHsaa 


ae 
hie, 

ree 

ie 

Tie 


Amplifier Neatraisation—Couple the Sniffer 
to the antenna terminal seth a temporary 
to-tive link around the pickup loop. Remen 
plate ard seveen voltage from the al ami 
fer. Apply sive. Adjust” neutralization for 
tninioniim Dudieation on the Sniffer—bat don't 
txpoct to be able to get it down to aero, 


Oscillator Checking Pace the plekup tom 
not he oreiUatoe eal Hf Oe asellatars work 


Sng, the Snigter will indicate sf. Touching 
citier the geld ox plate Jeod (use nit inantatat 
tool for this test, net your fxgers) should re- 
fivee the Sniffers indication. 

Receiver ‘Troubleshaoting-—Check the oscil. 
ator ax described “above, Ti i oly, next 
cheek the mixer plate cel by placing the S 
fer pickon Toop near it. If you get-an indiea- 
ton here, move to the fast if stage and place 
the piskup loop near the plate pin of the tube 
sreutt, Proceed through the reeciver until you 
tose the indication, The trouble is somewhere 
htween the last indiestion ‘nd the point. at 
‘heh st disappeared. 

Field Strength Meter-—Conle «short ane 
tena to the pickup Joop by two tume of wire 
around the Toop. Wield strength will ho. in 
dicated in's conrparative manner by the meter, 
Te cannot be ealibrated, but proves useful i 
toning mobile or beam antennas, ee. 

SW Mensurement—(Parallel lines only). 
Move tne Sniffer long the Jie, Marke reoximnen 
ending and minimtim realinge nver t,t 
‘wavelonth, Divide minimum tain. maxima, 
‘The quntient is, roughly, your VSWR. This 
rmethod Se by nd moins’ exact, byt will 
fnte whether the Hine is under or over x 237 
SwR 

UHP Frequency Measurement — Setup 
Lecher wires. Couple the 2 Sniffer Tightly to 
the tank cieeait instead of using a Mashlight 
bulb, Use Lecher wires in normal fashion, ree 
ing Snisfer indications for maxinm and nin 
hin. ‘This mach more exact than the nor 
imal methods, 

Tmprovined Grid-Dipnertf you Inve © sie- 
hal eneritor available, it ean be ised with 
tha rf Snifier to serve asa "eril-tip™ meter 
tn’ logate resonanae for any" tani lnc 
Gouple hath. the. Benarator and the Shier 
Tightly ta the untnowen tank, Vary generator 
frenuency. A sharp rise in Sniffer indiention 
indieates the resonance poi 


‘THE PINK TICKET REJECTOR 
1. D. Taylor GW8PG 


Hr eesti sito ou wit 
the FCC because they have made a 
Inistake in tuning a frequency multiplier ot 
PA stage. For example, if the multiplier 
stage following a 3.5 Mllz oscillator is 
accidentally tuned to 10.5 MHz instead of 
‘7 MHz, the PA can be loaded on 10.5 MHz; 
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and if this is done even » short transmission 
js likely to produce an unwanted “QSL” 
from the FCC! Mistakes like this can be 
prevented by using the simple, easily but 
absorption wavemeter shows in Fig. 1 
Only one col i roquied in this meter, the 
Jow frequency range being obtained by 
switching padding capacitor in parallel 
with the variable tuning capacitor. With 
switeh $1 open the tuning range is approx 
imately 68 to 30 Mitz, and with $1 closed 
‘tis approximately 35 to 6.8 MH 

Construction of the wavemeter is sim- 
ple. Tt can be put together ina metal utility 
box, on @ wooden panel and bassboaed, ot 
‘even in a cracker can of the right sie, The 
soil can be wound on any type of % in 
diameter form. If nothing ese is handy, @ 
short length of dowel could be used. The 
coil winding consists of 7 turns of 20-g2ge 
wire, close wound. Both the tuning capaci 
tor (Cl) and the padding capacitor (C2) 
should be 300 pF components, but the 
Values of the other components are not 
critica 

‘Any meter having a full-scale dtteotion 
between 100 HA and 1 mA can be used. If 
the wavemeter is builtin a metal box, LL 
must be mounted outside the box. A 
slowmotion drive is nol needed. If CL is 
ficted with a pointer type knob and 2 
cardboard scale is cemented onto the front 
pnd, the calibration points can be writen 
fn the scale in ink 


- ‘ 


the to 


Fig. 1. L1— 7 turns 20 gago enameled copper 
ire, close wound on 9 ¥ in form; C1 — £00 pF 
Yatable capacitor; C2 ~ 500 pF fiued capacitor: 
3~ Fixed capaclion, any value batwnen 1000 
BF and 000 uP; D1 ~ Siioon of geisantaay 
nt “Moving eaikmeter (100 mA~1 mA}. 


When it came to calibrating the wave. 
meter [ thought of a simple method that | 
have not seen described bfore. I soldered 
about 2 In. of wize onto one end of Li, 
tnd about 10 ft of wire onto the other end. 
I then connected the short lead to the 
antenna (erminal of my receiver and strung 
the 10 ft of wire up ax a temporary 
untenna. I then tuned the reeciver to & 
steady signal at each frequency at which | 
wanted a calibration point, and adjusted 
C1 until the strength of the received signal 

sharply, indicating that 
the wavemeter was tuned to the frequency 
oof the signal. 1 was then able to mark this 
frequency on the cardboard tuning scale, 
‘The drop in signal strengh was very sharp 
so calibration was easy. Once enough calc 
bration points had been obtained the ten 
porary wires were unsoldered and the 
wavemeter was ready for use 

The only frequency which may require 
a lite adjustment is 30 MHz. If the 
wavemeter will not tune as high as this, 
push the top tum of coll LI about 1/8 in 
away from the other turns. This should 
reduce the inductance sufficiently; a spot 
of cement will hold the (um in its new 
position, 

To use the wavemeter for checking a 
lransmitter, bring coll LI lose to the tank. 
coil of the stage being checked, apply 
power to the stage und rotate CI until a 
maximom reading is obtained on the me 
ter. The output frequency of the stage can 
then be read off from the wavemeter 
tuning seate 


The wavemeter cap also be used as & 
radiation meter for tuning up single-wire 
antennas. If it is tuned to the cansmitter 
output frequency and placed near to the 
antenna wire, maximum reading om meter 
MI will indieate maximum output power 
from the twansmitter, 

Many readers will have realized that the 
calibration method { soggest uses the pein 
ciple of the sejector circuit. That is wy 1 
have called the little gadget “the pink 
ticket rejector"! 


A USEFUL ACCESSORY FOR THE 
HAM SHACK 
Rex Morris 


WAX 


voavay we are dealing with something wo 

‘cannot see, namely elections and plectro: 
magnotie radiation (ave only soe their effects), 
‘we ust acquire the ability to ate test equip= 
tment, in order to understand and find ou ay 
th this hnvlsfoe real, 

The piece of test equipment about to be de 
sevibed ie one of the more useful instruments 
that the amateur should have in the hack 
While hig instrament serves primarily) as 8 
field strength mnoter, It will also serve as & 
hone moniter, neutralization indicator and & 

Referring to tha circuit diagram, meter Mi 
is a senstive instrament which indiestes the 
pressure of ef when the device is used as a 


field strength meter, wavemeter or neutraliza 
‘Son indieator 

‘To use this instrument as a wavemeter, a 
plekup loop is substituted for the short whip 
Antenna st the top. Switeh SI, the band switeh 
on the right of the panel, is placed on the 
proper portion, Cail Li tunes the vhf range 
Gt approximately 80 me to 170 me (2 meters) 
T2'tines 2 me to 100 me (10 metas end es 
solar bands)."L3 tuaos to 7 ie 10-20 me (40, 
20, 15 and 10 meter bands). La tunes. from 
2 ive to7 mae (80 and A meicr bunds). With 
switeh SI on the prover tap, condenser C2, 01 

‘of panel, is used to peak the reading on 
meter MI. Using a calibrated dial, frequency 
may be read divectiy. Toggle switeh S2 is a 
high-low range switch for meter 201, providing 
a means nf ‘Keeping the meter on’ eeale wn 
Protesting. it against, urn-oat. Potentiometey 
(center of panel) is 4 vornicr shunt control, 
Also for keeping the moter on sla, 

oe Use ag a poke monitor, rf auld be fe 
int the Dupat jack with w Hele or plek-up wire 

nim he 1G sireuit ie resented to 
frequency we desire, Earphones inserted i 
jack J2 will open the meter eireuit and allow 
to monitor the sna. Switeh $2 
| the Hi position. 

Fleld strength readings: can be taken by 
wsing a short pickup antenns. Again the LC 
CGrenit should ‘be ned to resonance, Meter 
MI wil give an indieation of Meld strength 


With switeh S2 in the Mi position the meter 
i very rensttive and potentiometer RY ie a 
ariahle shunt providing: mush range of scale 
tljustinent. Pot uae aa x remote reading Geld 


Streagth muster “an external microammeter 
“vith up to 200 fect of wire) may be plugged 
into J2.'For making transmitier adjustments 


“0 


Row notice that me position on the band: 
switch SL is vacant, thie vacant positon p20 
vides a sory broad hand —low sensitivity pot 
ian for those extremely high sf felds where 
feven Ri and $2 eannot provide enangh alton 
tition 


Neutralization measurements axe made by 
coupling the instrument through a pietup fink 
to the tank eoil involved, with $2 in the Le 
Positidn. When the instrument ie tuned. to 
esonance it becomes a very sensitive rf indi 
futur, Tele se sensitive that it will readily by 
seen complete neutralization exists it 
Shears only 


Ain all simple gadgets theve are a few 
siinple construction terbniqies shich make tne 
Gifferenee between gscget and instrument, Th 
this case the Important thing to hee i mit! 
is that feom she antenna to the etpatal fe th 
FF portion, and from the ergata] to the jack J2 


Js tho de portion (with autho superimposed) 
With this in ining, construction te such, that 
the two parts are’ separated, thereby giving 
some measure of protection ftom rf energy’ 
the very sensitive microammecer A. Als nate 
the extensive use of sheve metal sexe on the 
aluminum ease, ‘The only xf wo sant s0-enter 
the ease isthe rf we are attempting t9 measure 
via the antenna jack. Note again, we have here 
fan instrament’ for" detecting electromagnetic 
Fadiution, frem approximately 170 me to 2 
We now have an instrument for: visualiing 
The usefulesr of this instrament is limited 
only te one’s ability to apply it and interpret 
the results it gives. These only came with ox 
herionce, trial and evecr and determined spp 


TWO THRU TWENTY FSM 
Howard Pyle W708 


[used «small LMB aluminum meter ea 
net with « hole for a 2" meter, any equivalent 
tabinet ean of cownse be sed. With a small 
‘enclosure such as this (4°xI") the meter oe 
fupies the face of the cabinet and all control 
ase on the rear, Using a somewhat largec 
housing both the meter and the contro] knobs 
con be placed on a front panel i you prefer 


Rather than wind up the three coils 
found that the J. W. Miller Company RF 
chokes with minor medications were admir: 
fably suited for a compact job. One each of 
thotr catalog members 4606, 4588 and 4580 
vere required to cover the three, Frequency 
spreads from 2 vheough 20 meters. The #4606 
oil should have five tums carefully removed, 
to cover the 10-20 meter bands; remove threo 
thins from #4588 for six meters and two tuens 


from the #4580 col to handle 2 meters. These 
‘ean all he resonated with a 50 pf midget vari 
able tuning capacitor; a Hammarhind HE: 
‘or the equivalent is excellent. Any of the small 
‘multi-point selector switches can be used for 
band switchiog. A JBT lever switch type $5: 
LILS will handle the job or, if you prefor 
a rotary sth you can use Mallory type 
5215) as T did, leaving two positions unused, 
(Cimight want fo add a couple of coils and try 
40 and 80 later. 

Resistors Fel and R-2 shown in the schema: 
Wie, need be only. watt. A single fshlight 
cell will serve for the battery although T chose 
14 volt mercury transistor battery to com- 
serve space. Other items shown on the sche- 
matic are obvious and all parts are readily 
available from most electronic parts. distribu: 
tos as wel from the electric sa order 

Build this litle F/S meter and know what 

‘our VHF outputs are doing. If you want t0 

check your modulation quality, « phone jack 
may be added as shown, making this Ile 
squdget eeally versatile 


Side view of the FSM 


Fig, 1 


The bendsvitching, trensistorized file 
Efeogts meter for two ‘righ twenty mater 


AN AMPLIFIED, CALIBRATED SIGNAL 
STRENGTH METER 
J. b, ffe VESCES 
cently, had the problem of tuning a 
four element quad. As you may or 
may not be aware, these beasties are sup- 
posed to be tuned from the rear for mini- 
‘mum signal. A quick check showed none of 
my friends had a signal strength meter, so 1 
prepared to degrade myself and buy one. A 
look at a few prices convinced me to build 
Since I wanted some other information 
fon the quail, like front to back ratio and the 
effect of more ot fewer elements, | decided 
to add a calibrated attenuator and enough 
gain to make a fairly wide input range. It 


also had to be cheap! 
‘The result is shown in Fig, 1 


Fig. 1, Diagram of the field strength meter. 


To use the normal rf attenuator method 
fof switched T-pads requires complicated 
shields and quite a few resistors, Also the 
attenuator has to be terminated in its char 
teristic impedance to read correctly, "To 
bypass this problem I frst detect the ef, then 
attenuate the de. This has the added advan: 
tage that the circuit i no longer frequency 
sensitive 

The incoming 1 is tuned by C1-L2. C1 
ean be any small variable, I used both 
sections of a dul 15 pF because my local 
surplus store has them for 60¢. For VHF use 
only 1 se 

L2 is wound on a plastic pill botele about 
1 in diameter and tapering to 7/8". To 
cover 13-24 MHz, I used 11 turns spacc 
over about an inch. L1 is 2 turns over top of 
L2. F tried bandswitching with another pill 
bottle fastened on the other side of the 
shield from L2. The idea was to bandswitch 


another frequency range but I find it more 
convenient to wind on coils as needed, Use 
the grid dipper to get you in the ballpark. T 
hhave used this meter as high as 72 Mllz 
without trouble. DI can be any diode, 1 used 
a IN34 beceuse I could then specify it and 
know it would work, but [tried a computer 
type which also worked. If you prefer the 
meter to peak rather than dip, reverse DI 

Rectified rf from DI is put on the top of 
RI, the calibrated attenuator. R2 in series 
with RI gives the 0 dB point at its junction. 
For a 30 dB range, R2 is 47K if Rl is 1 MQ 
This doesn’t quite fill the range but is close. 
Changing the value of R2 will change the 
range but 30 dB is considerably more than 
the F/B ratio of most beams. 

QI is a 2NSO33 FET. The high input 
impedance of QI allows us to set the 
calibration of RI directly by de voltage 
measurements on the VTVM since it does 
not draw any base (gate) current. It is a 
p-channel device. If you use an n-channel 
type you will have to change the entire 
biasing of the circuit and also reverse D1 

Q2 and Q3 form a differential amplifier 
to drive the meter. Q2 is necessary to avoid 
Toading QI and I had quite a bit of trouble 
balancing the meter against battery voltage 
changes until I added Q3, It will now 
operate from 8.59.2 volts with no trouble. 
‘The 10K pot in Q3's base centers the meter. 
‘The meter I used is a 250 WA tuning meter 
with no markings on it except a red/white/ 
blue bar. This is all you need since we 
calibrate on RI, not the meter. 


Operation 

‘The meter is quite sensitive and with a 
lwo foot antenna I could get a reading 
severtl hundred feet behind my quad at 60 
Watts input. First tune the input (which is 
quite sharp) with the attenuator set at zer 
This is the least sensitive position, Now set 
the meter for a convenient reading near the 
center scale with the incoming signal still on 
using R3. Adjust your antenna. When you 
feed it power again the reading will not be 
quite on scale on the meter but turning up 
RI will allow you to put the meter back 10 
the original position, Do not touch R3. The 
reading on R1 is now the increased gain in 
B needed to bring the signal back to its 
original strength. In other words, the de 
crease in signal strength 

Note that during measurements you need 
received signal to use RI. With no signal 
the meter will be off scale 

1 have also used the meter to. align 
oscillators and doublers in my two meter 
receiver. A probe cin be made for this from 
‘wo turns of wire on the end of a piece of 

ax. The high gain available allows the 
pickup loop to be quite far away which 
reduces detuning. Adjustments show up well 
fon the meter 


FREQUENCY MEASURING EQUIPMENT 
AT MICROWAVE FREQUENCIES 
Silas Sruith WAYVRG 


his article is not intended to give the 

theory, but rather a practical solution 
o the building and use of wavemeters at 
imicro-vave frequencies, 

In microwave work, frequency is one of 
the most important measurements. It must 
be understood the wave length in the devices 
Geseribed here is not the exact frequency 
wave length. A wellconstructed wavemeter 
that has been calibrated can be very precise 
‘They can be within 1.5 MHz at 10 GHz or 
less than half of 2 MHz at 1250 MHz 
‘Temperature has some effect on the frequen 
ey. Most commercial wavemeters are con+ 
structed of Invar, a metal that changes very 
little with temperature. Some parts are of 
Dbimmetal construction to compensate for 
temperature. For the average experimenter, 
brass and copper will have to suffice. Al- 
though silver plating is desirable, it isn’t an 
absolute necessity, Frequency at microwave 
frequencies can be measured by three meth- 
‘ods: wavemeters, slotted lines, and frequen 
‘cy comparisons. All of these methods are 
used commercially. The frequency compari 
son is usually used in the laboratory to 
calibrate the wavemeter and the slotted line. 
‘As a general rule, any method of frequency 
measurement used at lower frequencies can 
also be used at the microwave frequencies, 
but are not always practical. The resonate 
cavity as a wavemeter is used in microwave 
measurements, 

There are three types of cavity wave- 
meters: the transmission type, Fig. 1A and 
1B, the reaction type, Fig. 1C, and the 
assorption or absorption type, Fig. 1D. All 
are resonate cavities. The way in which the 
‘wavemeter is used determines the type. 

All wavemeters ure adjusted for maxi- 
mum readings except the assorption type. 
‘The assorption is adjusted for a dip in power 
output. The most popular wavemeter used 


by the beginner is the open circuited trans- 
mission line type, Fig. 2, ‘This type of 
wavemeter is the equivalent of lecher wires 
(Open circuit refers to the standing wave 
within the cavity, not the physical construc 
tion except as it pertains to the frequency 
wave length.) The practical physical dimen- 


Fig. 2. 


sions are not many. The inner circumference 
of the main tube should be less than one 
‘wave length at the highest frequency to be 
measured. The rod should be small com- 
pared to the tube, If inductive coupling is 
‘used, the inductive coupling should be close 
to the shorted end. For probe coupling, the 
probe should be close to the middle. The 
‘open circuited transmission line is generally 
used in two ways. This type can be used “in 
line? (Fig. 1B) as it has very little loss when 
it is resonated. However, it should be re- 
‘moved from the line before transmitting, as 
it will act as a narrow band filter. The half 
‘wave length is the measurement between the 
two successive points at which the generator 
will load to maximum, as the rod is inserted 
or withdrawn, 

‘Another method in the use of the open 
circuited tcansmission line ealls for the use 
of an additional circuit, as in Fig. 3. The 
circuit is a simple crystal diode detector 
connected to a microampmeter. The diode 
and condenser are usually built into the 
connector, as the leads should be kept as 
short as possible. The half wave length 
measurement is made on the rod between 
two successive maximum readings on the 
meter, as the rod is inserted or withdrawn. 
See Fig. 1A and 1B for the setup, 
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by. The quarter wave coaxial cavity con be 
either physically open or siosed, If closed, 
the closed end should extend at least 
‘quarter of an inch beyond the center con- 
ductor at its lowest frequency. The closing 
‘of the end will lower the resonate frequency. 
Probe (capacitance) coupling as used for 
coupling in Fig, 5 will shorten the center 
conductor, and loop (inductive) as used in 
Fig. 4 will lengthen the conductor. In Fig. 4 
‘we change the length of the center conduc 
tor to change its one quarter wave length. In 
Figs. 5 and 6 the center conductor remains 
the same, and we change the resonate 
frequency’ by capacitance. This method 
makes it necessary to construct the center 
conductor very short as compared to the full 
quarter wave length as in Fig. 4. These 
devices are not longer, so caution must be 
used when calibrating, The closed wavemeter 
a indicated in Fig, 7 is 8 shorted coax line at 
each end, The wavemeter uses a shorting 
plunger which is movable along part of its 
length, If used as the quarter wave coaxial 
cavity, the center conductor must be longer 
than # quarter wave length. 


Fig § 

Up to this point we have covered most of 
the wavemeters that could be used from 
around 144 MHz up to approximately 3000 
Miz 1000 MHz to 3000 MHz are usually 
called the lower microwave frequencies. If 
the inner circumference of the outer tube is 
kept less than one wavelength, these wave- 
meters will operate in the desired TM mode. 
"Theve are four ways to couple energy into 

a wavemeter, loop (Fig. 4), probe (Fig. 5), 
direct (Fig. 6) and slit (Fig, 8). The most 
‘commonly used is the loop, as it has very 
little effect upon the electric field. The usual 
methods for changing loop coupling is to 
change the size and orientation of the loop. 
Loop coupling is wsually placed in the high 
‘current area of the wavemeter. Capacitative 
‘coupling is changed by the size of probe and 
the distance from the center conductor. 
Capacitative coupling is usually placed at the 
high voltage portion of the wavemeter. As in 
Fig. 5, small probe ~ say % in. piece of No. 
22 wire, for example —may require an 
extemal voltage amplifier. The smaller the 
probe, the less effect on the resonate fre- 
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‘quency of the wavemeter. In direct coupling 
a in Fig. 6 the primazy concern is imped- 
ance, To increase the impedance, move the 
‘coupling up the line away from the shorted 
fend. To decrease ihe impedance, move the 
coupling down the line toward the shorted 
fend. Slit coupling (Fig. 8) can be « smal 
hhole oF a series of small holes or 2 slit, Its 
purpose is to allow # certain amount of 
leakage, Ia all forms of coupling, itis 
ssirable to use loose coupling, as the 
wavemeter wil have less effect on the 
system, and te Q of the circuit will be 
higher. 

Above 3000 MHz, usually only the 
tunable wavemeter is used. The eavily 1s one 
quarter wave length long. The cavity can be 
coupled in three ways: loop, probe and slit 
Because of the high frequencies, the slit is 
usually used, and the meter is most often 


Fig. 8 


kept as an assorption meter. In the assorp- 
tion method, the wavemeter should be de- 
tuned when not in use, Some of the cavity 
‘wavemeters have a little lossy material added 
to absorb some of the energy, as in Fig. 7 
Lossy material can be made from graphite 
impregnated cloth in epoxy. 

There is ome other type of wavemeter 
that can be briefly mentioned; it is the 
The reference wave- 
burt 


reference wavemeter, 
meter is of any design as described 


would be constructed more like Fig. 6. It 
can be locked when adjusted 10 a selected 
frequency and used as a reference standard. 
‘The micrometer assemblies can be made 
from any micrometer with additional pacts 
welded on, 1 constructed one using an 

and 


oversized tube over the main cavity, 
dimpled it at 
circumference watil it fit smoothly: over the 
cavity, and I used a piece of 3/8 threaded 
borass pipe gs tie main adjusting screw. Lary 
sure you can come up with 2 good one 
without any backlash. This wavemeter 
spread the 1250 MHz band out to over 100 
inches by rough measurements. 1 haven’t 
calibrated it, s0 | can't say for sure just how 
far. There ave three nice veeder root count- 
ers in the APX 6 which would make ex- 
cellent wavemeters plus sliding contact ma- 
terial. One could even use che entire cavity, 

The last method of microwave measure- 
iment that we will look at is the slotted line 


various places around 


Fig, 9 
(Fig. 9). The slotted line iss section of coax 
line along which is cut a slot. A probe, which 
Js a simple crystal detector with a one 
quarter wave length shorted stub for a de 
return path, is moved along near the center 
conductor of the slotted section, In this case 
wwe are looking for two successive minimum 
readings along the line. The distance be- 
tween these readings is one helé wave length, 
A slotted line should also be calibrated. If 
calibrated at one spot near the intended 
frequency to be measuted, a chart will not 
have to be made ~ just a K factor obtained, 
The distance betwoen two successive read- 
ings times the K factor should equal the 
frequency half wave length. There are a few 
accessories that can be either built ia or used 


Fig, 10 


externally, One i a coax attenuator shown 


in Fig. 4. Ik wil slide in and out of the other 
hull, Ik to0 ean be calibrated if one wishes. A 
S082 resistor can be uied for an impedance 
‘mateh for S082 lines if inductive coupling is 
used such as in Fig. 10 and when the loop is 
‘small. The line stretcher (Fig. 11) is usofut 
with the slotted line. It merely consists of 
tivo coax sections, one sliding into the other, 


Fig. 11 


FREQUENCY METER — 1 t9 10 GHz 
AMATEUR MICROWAVE, 
itt Hotsington KCL 


‘A quarter wave coaxial euvity is used up 
to about 5 ghz, and from there 10 over 10 
ghz the three quarter mode Is used. A 
complete explanation of these types of 
‘operation is given, 

‘The same type of unit can be used asa 
very good tuned mixer from I to 10 ghz, 
‘The Coaxial Cavity 


The basic ciceuit of the coaxial cavity is 
shown in Fig. 1. A cylindrical outer cavity 
wall eacloses a round rod some 4 inches long, 
Which is the center conductor—this center 
conductor is grounded at one end. 
‘The Shape of the Cavity 

TThe exterior shape of the cavity is shown 
in Pig.2. and is seen to be rectangular ia 
crost section, with (we thin walls and two 
thick side walls, Beliove me, this configus 
ation was not arcived at in one day! De- 
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Fig, 1. Bate coaxial cavity, 
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Fig. 2. Shape af the cavity 


signing tuners for X Band, {gaily started in 
‘with sections of thinswall round pine, the 
way TU always done on ubf. The first thing 
‘you Tun up against is, how do you make the 
diode bypass expucitor? Machine out # eur 
‘ed saddle piece to ft exaelly over the outer 
wall? Possible, but too expensive. And then 
how do you introduce the #f probe coupling, 
into the cavity? Add on a “saddle” with a 
hhole in it? ‘These considerations and others, 
such us mounting (more saddles?) led to the 
abandonment of the pipe as a shape for 
microwave cavities; bot not until a lot of 
time had been spent on the above mentioned 
items 
Diode holder and capacity 

Looking at Fig. 3. you will see the first 
answer strived at; but only after weeks and 
weeks of making different types and shapes. 
The center conductor i slightly flattened 
and drilled out to fit the diode prong. An 
8/32 copper machine serew is drilled out to 
fit the other prong, then slotted with a fine 
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jeweller’s saw, and then compressed slightly 
to an inside diameter shade less than the 
OD of the diode prong. In this way the 
copper screw will hold the diode as you 
insert it into the cavity, Believe me, that 
helps! 


‘The second answer is also evident from 
Fig. 3. os the diode bypass capacity can now 
bbe made efficient at X-Band. As mentioned 
before, you eannat “buy” a capacitor “good 
for X-Band, You can make it though, as 
shown in Fig. 3.,if the cavity body has been 
designed correctly for it. One of the thin 
wall sides of the cavily is drilled out (or 
‘machined out) just wide enough to clear the 
diode and i's holder, which is the 8/32 
sopper serew. The copper capacitor plate, 
‘which is thick enough to fake at least a hall 
dozen 2/56 threads, is drilled and tapped for 
the 8/32 screw, and clearance drilled in the 
comers for the 2/56 mounting screws. A 
soldering lug for the de connection is used 
under one of these, and a three mil (three 
thousandth of an inch) thick sheet of fiber- 
lass cut out to fit, larger than the plate 
This helps to Keep metal particles from 
lodging inside the tiny crack that might be 
there if the fibergloss sheet did not extend 
out beyond the plate all the way around. 
You can begin to see some of the detail 
needed at X-Band 


Further reusons for the rectangular crass. 
section now show up in Fig. 4., whieh details 
the Ff probe connections. This ites was also 
very troublesome in first models using pipe 


Fig. 4 RF probe connector cosa. 
walls, where “more saddles” was the only 
solution. All “saddles” are eliminated by the 
rectangular shape, Small semi-rigid eable is 
used for t Ths 

lengths with X-B: nnas connected to 
them for use as pick-ups, feeding 
duectly into the wavemeter cavity, There is 


at times an advantage in this type of “energy 
collection” (antennas) which wall be tsken 
up biter. 


Fig. 5, shows detail of the trestorent of 
the cavity end of the 11 cable, or probe. The 
outer conductor is cut away for about one 
‘quarter ined in length und removed. About a 
sixteenth or so of the Teflon is left, which is 
then removed from the center conductor. A, 
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thin copper washer (which I generally cut 
Dat of sheet copper since the hole to solder 
the eenter conductor is quite small) is thea 
soldered to the center conductor, making 
the “capacity probe", as showa in Fig, 5. 

Mylar tape or other good insulstion is 
fastened to the side of this washer facing the 
enter conductor. With this insulation in 
place you ean push the probe all the way in, 
while testing, and still not have a dead short. 
Different thicknesses of fiberglass sheet can 
also be cemented on, to make up more 
permanent types of fixed capacitors, of 
different values. 

For some uses, particularly in this one as 
8 wavenveter, loose coupling is desired, but i 
must be securely locked with the set serevs, 
otherwise your dial calibration and. fre- 
‘quency reading will suffer. 
Plunges Fingers 

Here is the most difficult item, It is 
hoped to have stock pieces made up for this 
work that you can puschase at reasonable 
‘cost. The fingers should be made of tome 
pered beryllium-copper, which is nol easy to 
work with 
ig. 6. shows some details of the plunger 
and Gngers. Lassume, having been told s0 by 
“wellinformed sources” (mechanical engi 
fneers) that these units should be made in a 
machine shop by competent machinists 
Maybe so, as the ones I have made here in 
the shack by hand tend to lose their tension 
if not handled carefully 


Fi. 6, Ptungor domi: Alena view, Outer 
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Fig. 7. shows the desired ft for these 
fingers. ‘The plunger body should be an 
vasily slideft inside the % inch cavity, and 
the center ole in the plunger after the 
fingers should also be an easy fit aver the 
center conductor. 


Two steel push rods lead back from the 
plunger through simall holes in the back end 
of the cavity (see Fig. 1.); these terminate in 
the brass block which is furnished with a 
pointer for the frequency scale. Maximum 
extension of the plunger should be up 
against the ond piece, a8 & positive reference 
point for the dia, in case of trouble after 
‘calibration, This point should be indicated 
fon the seale as “minimum frequency” in 
‘order to reset the pointer if it should ever 
become displaced after calibration. 

The diode 

At present, the diode used is an X-Band 
“pill package,” with 2 prong at each end as 
shown in Fig. 3. These are point-contact 
iodes, like the famous IN23 ceramic car- 
‘ridge types of World War Il fame, only a lot 
smaller. Referring again to Fig. 3. always 
‘make sure that the ceramic part of the diode 
is, a8 nearly as possible, in the open space 
between the inner and outer conductors. 
‘This space is where the xf is! It is also 
important to make sure that there is as mueh 
metal surface continuity as possible along 
the cavity wall, across the fiberglass sheet 
X-Band capacitor insulation onto the diode 
‘capacitor plate, and from there over to the 
lode holder and onto the metal end of the 
diode. 

‘The sf is at a maximum between the inner 
and, outer conductors, which is an air space 
of a sixteenth of an inch. and that is where 
the diode should be, 

The diode rf bypass capacitor, formed by 
the diode plate and the flat top of the cavity 
body, need only have a capacity which is 
relatively: small; anything over about 20 pF 
is sulticient, What it muse have is the proper 
eck of inducianee! The details of how this 
tact hus been covered in previous paragraphs, 
and if you follow those details you will find 
little or no sf on the ourside of the diode 
capacity plate of the de lead from i 

X-Band is not just short waves. It is rally 
short; like a quarter wave st X-Bund equals 
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9/32 of an inch as you ean plainly see, if you 
get one (or more) of those little plasti 
millimeter rulers in a stationery store for S 
or. 104, Be sure and get some, by the way, if 
you're going to do anything above two 
Fig, 8, shows the millimeter soale, with s, 
and X-Band plainly showing, 
A handy wavelengtie-treque 
included here for your convert 
useful from the kz range way up above 
id. See Fig. 9, Get Lo know the easy 
reciprocals, like | centimeter equals 30,000 
‘luz, 3 centimeters equals X-Band, 10 centi- 
moters equals S-Band (3,000 mhz), 1,000 
mhz equals 30 centimeters, ete. Very useful! 
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sare looking for standing 


hertz, and possibly higher ones, which 
should drop steadily in power 85 you go up. 
The diode itself may cause some of these if 
hit too hard with the rf input. 


Fig 11, shows the 3/4 wave mode, whieh 
is a very “natural” type of operation. Don’t 
forget that in an instrument of this.kind you 

faves and you want 
them (0 be of the greatest amplitude pos- 
sible (within reason), So, if you tune the 
cavity by the plunger so thut it measures 


Fig, 9, Wavelangth/frequoncy converter. 

UUse'of murtpiying factors Suh os those 

he boctom of the gph will cover any 
‘The 3/4 mode and harmonies 

Don’t worry about that word “mode. 
Generally when something odd takes place 


in a cavity or waveguide, certain types of 


engineers tend to fall back on obscurantism 
(1 seem to have fallen for that S64 word. It 
just_means covering up). They say, “It 
jumped mode”, or, “Spurious showed up." 

Here's the straight dope. Fig. 10 shows 
the quarter wave “mode” of operation. 
Starting at 1 ghz you will find one point of 
maximum de output, If the oscillator under 


measurement is “running hard” with lots of 


2nd and 3rd hturmonie energy content, these 


Will be found at 2 and 3 thousund mega- 


some three quarter waves on it (allowing for 
lengthloading of the diode on the frst 
quarter), you will find two peaks on the 
meter due to the situation shown in 
‘The higher the Q, and the lower the losses 
along the line, the more quarter waves ean 
be found. For the 4 inch cavity shown, three 
‘quarter waves at S-Band are the longest that 
will fit 
{A check on this operation is easy. Using 
the millimeter scale on the “dial”, take 
several readings between maximums, for 
eximple, 22, 37, 51, and 67, add the 
spacings together, whick comes to 45 mill- 
meters, divide by three (the aumber of 
ssumples), and you will find an averuge of 15 
anillimeters for the waves which are standing 
fon the center conductor (or “along the 
cavity”, if you prefer) and there you are, 15 
smillimeters for the half wave, 3 centimeters 
full wave, Which is X-Band at 10,000 
sive or 10 ghe, 
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If you find numbers which are not well 
known, you can find the frequency on the 
chart, at least close enough to put you in 
fone of the microwave amateur bands, such 
as 5,650 oF 10,500 mbz, 

Use as a Microwave Mixer 

This same type of cavity can be used 
from 1 to 10 ghz as a mixer for the front 
fend of a superhet receiver covering those 
frequencies. 

This application will only be touched on 
briefly here as the whole receiver is detailed 
inanother article in 73 Magazine. 

Fig. 12. shows how to do it, so you can 
plan on this use, and meke more than one, if 
you wish to. 

Looking at Fig, 12., you can see how 
useful it is to have ‘wo thick sides on the 
‘eavity, one for rf input and one for the local 
oscillator input. 
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Conclusion 

Thal about covers the details and some 
uses. The whole unit can be mounted on a 
piece of copper-clad, along with a 50 ma 
‘meter, the dial seale, and the centimeter- 
frequency chart. | broke down on this one 
and used a “regular” small microwave input 
connector for the rf. (Instead of an “RCA 
Phono Jack”.) For connections to other 
its, such as oscillators and multipliers, 
smal flexible cable may be used. 

Fig. 13 shows a test antenna for X band, 
not the best in the world but good enough 
for a starter, With a lens in front it really 
ick up signals. Fig. 14 shows an S band 
antenna for the 2,400 MHz amateur fre- 
‘quencies. 


LAMBDA LINES 
James Ashe W2DXH 


Over the past few years, new hinds of cov 
mercial gear and alcry surplus have made I 
quite easy to generate VILE" frequencies, Bat 
the problem of measuring the frequencies has 
tot become any easier for amateurs short ot 
callrated instruments Of course this means 
the neweomer to VHE1 What can he do lo 
Jind what ballpark o cleus radiating in, if 
there arene accurate doviceswvalable? 

{his problem eae up recenty, simple sl 
tion appeared quite by accident. It was, 50 
Simple in fat, that its simply must he the 
Teatire that has kept It out of the ham pb 
Tiatons. Another rst for 73! 

‘The traditional saltion to the rough Ire 
quency measurement problem is to make up 
fh Lecher Wire sytem There Ic some question 
about the vale of ane of tess in the modern 
Tama aback, Narrowband erst contolid 
techniques guarantee frequency and stability 
‘once the mltipiers are tuned progerly. Inthe 
old modulated oscillator days things Were not 
that stable «50 why” go tall that carpentry 
and consroition work for ‘what faliy well 
Domiacs to be a weibooce gadget? Putco 
Tiny when a ite refletion foun intendle) 
may log gt chexpet, fer and tor 
amangemet 

Ham and commercal builders of VHF gear 
tave been using tuned ste for years to match 
impedances, tune ‘out frequencies, tune. in 
cllers, ete Yet It seems to have oocured 
ery few workers indeed that it might 
Possible to cut stubs to. length accurately 
hough to serve as frequency standards. Ap- 
‘rently this_can be dane, swith an accuracy 
UF aout 5%! This compares very favorably In- 
de wt the prormance o lower deaeney 

rid dip meters and some signal generators. Its 
pretty good fora pencil and yardtick opera: 
tion: the only other items requied are some 
Understanding of baw it works and a piece of 
300 ohm twin lead, Belden #8235" recom- 
mended. You can calibrate thet new GDO for 
4292 ata cost of Just a few cents 


Theory 
Many kinds of things show a. property of 
tuning sbaely ta centalafequeney. This 
property is called resonance. We hear 
‘when a struck piece of metal ings, and see it 
tn the pendulum of an old. grandfather clock. 
‘The grid dip meter shows a drop in grid cur 
Fest of ap oscillator when a nearby resonant 
Circuit steals energy from the oscillator, And 
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fin, 1. Four kinds of tuned suén, ting the 


fundamental resonanees os, the frequency produc: 
ing the Mlustrcted voltage distibunon. This shows 
that none of them hes 6 unique resonont fe 


46 


it is the nearby resonant circuit that is the 
subject of ths atticle. 

‘The basic circuit is the quarter-wave stub, 
A little browsing around in the handbooks and 
earlier issues of 73 and other ham magazines 
will tell you lots about quarter wave stubs 
‘The important practical points are that the 
stub resonates at certain frequencies, and that 
at these frequencies it can be dipped at its 


shorted end in the same way as any other reso- 
saan eit 
That the term ‘quarter-wave’ hus to be taken 
with a grain of silt, The toned stub will be 
shorter than a freespace quarter wave, be 
the diclectric his a slowing-dovn effect 


nthe rate at which the RF bounces end 
fend along its Suppose you laid out @ mle or 
So of twir-lead and tracamited a signal, atthe 
Same time sending off a telerence: signal by 
Stace wave. The reference signal would arrive 
atthe other end fst in about 5.35 mlerore- 
nds, The twirlead signal would arive a fol 
ficroseond later, about « 20% delay. Since 
this applies even fo short lengths of tinea, 
the delsy must be talan intg account for ae 
Crate measurements. Als, thee is @ consid 
erable diflerence in velocky factors between 
iferent brads and qulitos of twinoad 
ipa av fen aed verte Ol 
tors for generating sable: VEUF frequences 
‘The various moves of escillation ae pictured 
inthe handbooks. Tuned lines will alo show 
Cvertone resonances, and in the case of large 
tincertainty, it might just happen that reaton- 
ale erors could fad to.a consistent but very 
TesulA halfwave lin will resonate at 
3 requeney {and alo at 2 3f, and 30, 
Note both kd and even multiples! AM other 
esonant lines lve 1 similar overtone eso: 
nance property, The peoble i slightly aga: 
Sted bythe conventnee of using relatively 
lng lines at the higher Frequencies hecwvse 
they. are easier to hanele, ‘The solution is to 
Gata pi fines whose, aeons of ro 
nant frequencies have only one resorance in 
Common, The recommended lengths areal 
Srave and a three-quarter wave ie 


Fig. 1 shows four basic tuned lines, Just 
wich resonance is an overtone and which is 
hot depends somevhat on the application. The 
simplest way out ofthis problem in semantics 
isto say that the tree quarter wave line really 
doesnt have that resonance at £73, ignore the 
‘quarter and Fallwave lines, and stick tothe re- 
Staining tw for test work 

"At 432. MHly a wave in free space is about 
27.3 inches leg Suppose we arousing Belden 
#5298 twin Tend, which Belden says hat 8 
‘elocity factor or propngation constant of O 
‘The twinlead wavelength than is 27-9 times 
O77 or AL inches. The alfwave stub aunt be 
105 inches long, shorted on both ends, and 
the threequarter wave sto 1573 inches ona, 
Shorted af one, ends Then are. convenient 
iengths, not fo long to use onthe workbench, 
now's short that percentage accuracy im ct 
ting becomes a big question 


Using the stubs 


‘The commercially available grid dip meters 
fare not noted for accuracy. It's commonly 
estimated that the seale ‘calibration can be 


trusted to within about 208, With some care 
calibration points taken fom tin-lead reson 
tors appear to be good to about 5%, The fist 
Dreckition 8 seeurate construction, Cut the 
Strips slighty lang, short one end of exch, and 
cut the three-quarter wave line to. length 
‘Then go more carefully at the other end of 
the hulfwave line, which must be shorted at 
hth ends. It should ot be too hard to get 
the correct lengths within one sisteenth inch. 


Whea making frequency checks, the lines 
must be held off the workbench an inch of 
tivo, Use small boxes of pieces of cardboard. 
Probably the better part of a foat distance is 
in onder i the workbench is of metal oF has 
1 copper surface. At two meters, a perceptible 
change in calibration can be detected if the 
line is hid out on a wood surface! It's very 
ood practice to make up lines for two meters 
or lower, and practice dipping them. Some 
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refinement of technique will certainly be re 
aquired before a halfeave and a three-quarter 
wave line can be made to lip at the same 
point on a standard dip meter. Onee the trick 
fs mastered, it can be éxrtied wp to the higher 
Frequencies 

The lines ate dipped in the same way as 
any coil. Because they have a very high Q. 
there will be a tendency for the dip oscillator 
{o pull. oF to seem to give different readings 
when tuning down to frequency” and tuning 
‘up to frequency. The remedy fs less coupling: 
‘move the diy meter a litte further away from 
the line and try again. Dip the stub at ite 
shorted end! 

But what was that trick for calibrating @ 
ip oscillator, mentioned earlier? Can't rake 
1p a pur of lines for each frequency, No need 
to! That's simply the reliable way for finding 
the right ballpark. When you're there, yon 
can set the lines aside, make ip another thee: 
quarter wave resonator eat for the lowest 
Frequency, and after marking that point 
the scale, tim the stub up to the next cali 
bration frequency 
when done 

‘The half-w is also useful as a tuned 
coupler. Suppose you want to tune an osella- 
{or to a particular Frequency bet have nothing 
to indicate at that frequency. Loosely couple 
the RF into one end of the half-wave stub, 
and take it out the other end with a hairpin 
loop, through a diode to a 50 nA meter. You 
will only get a reading at the resonant 
‘quency of the half-wave stub. Simple 


ZERO-BEATING WITH A FREQUENCY, 
METER 
Jim Harrison WRATBX 


After putting an LM-18 in service, 1 
found it 4 nuisance to plug in headphones 
every time it was necessary to adjust the 
corrector control to produce Zero Beat at 
fone of the crystal check points. | hooked 
up a phone plug to the plate winding of an 
audio output transformer, and. then con- 
nected a small loudspeaker to the secondary 
winding. I leave the phone plug inserted in 
the LM. phone jack at all times. After 
using this selup for a while, it occurred to 
me that the last few cycles either side of 
zero beat might not be audible, so | tried 
4 parallel hook-up off the primary side of 
the transformer. The other end of the euble 
was connected to the Vertical input of an 
oscilloscope. Now, when adjusting the 
corrector control for zero beat, you will see 
ow amplitude sine waves even after you can 
no longer hear the beat note. You tune out 
the sine waves until you have a perfectly 
straight reference line on the seope. The 
Heterodyne oscillator is then corrected to 
calibration much more accurately than trust 
ing to the ear slone. The principle is not 
new, yet the idea may ot have occurred to 
some people. Any old scope will do, as the 
frequencies are in the audio range 

Another bit of frustration occurred when 
trying to adjust the corrector knob. I would 
pass the vero heat point lime and time again, 
due to the stiffness of the control. Remem~ 
ber, these units are built for ship-board use, 
and loose controls cannot be tolerated. | 
ug up a sonal vernicr tuning dese, similar 
to. the Jackson Planetary-Vernier drive, 
(about $ to L ratio). 1 mounted this drive 
ona rightangle aluminum bracket and 
attached it to the LM using the two serews 
fon the upper right sille of the unit. Bore 
holes slightly oversize Lo allow for accurate 
alignment of the control shaft so that it 
will not bind. Cut out a portion of the 
bracket so. the “High-Low” knob can be 
moved. ‘The precise Zero beat adjustment 
‘ean now be made very easily with the re 
duction drive, 


Chapter V 


RF Signal Generators 


HAND CALIBRATE THE Bi 
FREQUENCY METER 
Carl Henry 


At present many amateurs have an oppor- 
tunity that may not repeat itself. I refer 
to the many army and navy suraiue frequency 
neers now available, through MARS and sur~ 
plus sales. ‘Many of thee meters have the 
Original eaibratiin ehast miesiug, an nee ca 
ilored virtually uselese, This is demonstrated 
raphieally by prices, the frequency meters 
‘with charts costing $100, the meters without 
charts selling for onetthird this amount 
Meters seithoot charts are worth more than 
this would secm to Indicate. TE te no great 
job t0 calibrate one of these meters, But itis 
time consuming. A litle eave f= required, but 
fot do not seed to be & super technician oF 
Heetronie engineer to do the Job. Neither Ue 
[laborate enipmient required 


Essential to the calibration are several items 
not commonly available around the shack, but 
fcasy to build,” Figure 1 ilustrates the Brat 
Feguvement.. This ie a 10 ke multieibrator, 
‘which ‘Il operate fim a 100 ke tal eal 
Drater, and ive 10 he markers up 10.20 me 
am aasuouing here that vou have ov eat bel 

Sorrow, or steal a 100 ke calibrator, this being 
A rompion item. In fact, some veeeivers have 
them built in Using thie 10 ke marker sone, 
the Bigh and of the fregdeney meer ean be 
fslibyated, Interpolation to 1 he points ithe 
possible, and if cane i dued an accuracy of 
etter than 0.005¢7 will rerults 


ae | 
ae tL fae 


Figure 1. 10 te mal 
ental Sellton providing 10 te boots with 
oquency meter 
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ig. 2 shows a simple beat detector that can 
be used with earphones to get an exact 2010 
bent. It took about ten aninites to wire up 8 
1620 (army surplus magic eye Lube) tempo 
rarily for this purpose, and it is certainly 
Worth while’ in’ the interest of increased 
accuracy. 

With sour equipment assembled, connect the 
frequency meter to its power supply. Allow 
at least one hour for preper warm-up so that 
fl ejaipment wil stabilize, ineuding the 100 
ke calibrator anil 10 he mutivibratoy. Set the 
CALIBRATE control on the frequency meter 
to center, and be especially careful not $0 

mis complete. After 
Period the 100. ke ealibrator 
should be actoot against WWY, at ae high a 
Frequency: as possible. The 10 ke multivibrator 
inst be checked to ace that it gives nine beats 
between each 100 he best. ‘This can be done 
With Jour communications receiver, and i will 
‘be eniest to do Ie on as tow a Trequency” ws 
possible, say 000 to 700 ke. "Now type several 
Sheets “Of paper, listing the high range of 
your frequency meter by 10 ke points. If you 
dre in doubt as to the vange, check it with 
Your receiver. To do this set the dial to the 
How end of 3s range, turn on the internal xta 
‘and revo in on the strongest beat at oF neue 
the low end. Turn of the internal xtal ose 
Iatoy ant find the signal from Uhe frequency 
meter with sour receiver, Note the frequency, 

‘ine Sour receiver wntil sow reKeh another 
harmonic from the frequency meter. ‘The di 
fervnee betwoen the frst and second zeadings 
ithe frequency of the meter at the low end 


In eonjanetion nih bosdphonee 


B-S.P. Linet al 
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ft ies dial, Now do the sone thingy at th 
high end, and you fave the primary coverage 
of your frequeney meter. Most have a range 
of 125 to 250 ke on the low band and 2 to 4 
me on the high band. 

‘When you write up the frequeney range by 
10 ke points, leave a space between notations, 
since you will be adding information her 
Inter, Now, using the 100 ke xtal, chocle the 
high baad of the Frequency meter ab 100 ke 
points, tisting the diat readings. Nowe go buele 
and check the dial at 10 ke points, listing all 
the dial readings. ‘The checks should agree 
with the 200 ke checks at every tenth point. 
‘This i © handy method of cross checking 
yourself. You might note that on equipment 
fof this type, always approach the final rend- 
ing from below. If you pats the zero beat 
point, don’t jockey the dial buck and forth for 

Go back below the beat by 6 ke 
or so and approach again fom below, ‘This 
procedure will help to eliminate axror from 
dial backlash, 

After your 10 ke points are all fisted, i 
terpolate to 1 ke points, ‘This is the hardest 
part of the job, and is very time consuming. 
A bigg pot of coffee and a patient and loving 

will bea big help here. The patient XYL 
‘ye replaced with an adding machine sf 
have one available, but you'll still need 
coffee. 

‘The difference betwoon cach 10 ke point 
rast be listed. Note this in the space you left 
fn your sheets. Each 1 ke will be 10% of this, 
0 add 107% to the 10 Ke listing for 11 ke, 
10% more for 12 ke, 10s more for 18 ke, 

x0 on, When you ronch the next Histod 
10 ke point, the ealeulated Usting and the 
measured listing musk agree, another eross- 
‘bok. his will tele 2000 individual dlvions, 

Afior the high band is fished, you may 
Wish to calibrate the low band im the same 
fashion. Referring to Figure 1, change the 
ievid-plate capacitors to (01 mf, "This will 
put the multivibrator at approximately 1 ke 
intervals. If you have trouble syncing the 
rmultivibrator, you may have to build another 
to operate at 10 ke, and syne the 1 ke from 
this, No trouble should ko had with a strong 
output xtal calibrator, however. Calibrate 
the mullivibratoe 2s before, except with 1 ke 
intervals instead of 10 Ke. 

A calibration bole ean De prepared when 
you finish. Te is a good ides to flo all your 
Driginal ealeulations and papers, should the 
bool: ever be destroyed. ‘The frequency meter 
Js now as good as any with original calibra 
tion book, at a good saving of money. 


HIGH ACCURACY VHF FREQUENCY 
MEASUREMENTS 
Howard Bargess WSWGE 


Acetate Frequency measurements can be 8 
problem for the amateur with a limited buclge! 
However with some home constaiction sed 
‘ewvefol operation the average ham cay make 


VIF frequency measurements to an accuracy 
better than .OOOIBE at two meters. This i the 
equivalent of measuring the distance from New 
York to Las Angeles with an error of only 
25 feet, Many cammercil units cannot equal 
this figure, The same method ean also be used 
for HE and UBF mecsuremonts, 

"There are mavy ways to measure frequency 
bot fee of them ace satisfactory for uso at tbe 
very high frequencies. ‘The well known het 
Apne frequency meter becomes sstable when 
As oselllator 3s operated at VE, It ean no 
longer be held oF read to any deiiee of aecits 
racy. ‘The oseillator ean he aperited at a kaw 
frequency and one of the harmonies used at 
VHF, but any error in the oscillator will be 
multiplied bythe mumber of the harmonic 
used. A frequeney rcter that can be held to 
within 200 hertz at 4 MHz will he of by 7.4 
Kilz at the 145 MHz harmonic 

A second method of much greater accuracy. 
uses Tow frequency exystals whieh ace reer 
feoved to known standard suck as WWV, The 
Thormonies of these oscillators will be quite 
accurate and seul far Soto the UHI eon 
However this system has sts imitations. Even 
sehen used with multivibratois and emanic 
fliers st produces nly spot frequencies, 

‘Although weither of these two methods i 
satisfactory when used alone, they can be 
combined to make an accurate and versatile 
system. If you haven't guessed it by nose, the 
system works like this. A crystal oscillator 
‘operates on & MF. This oscillator ean he Kept 
to zero beat with WWV with very litle effort 
With a simple harmonic amplifier following & 
strong markers are available every 5 MPTz far 
into the UHF region. To fil in betweon the % 
MHz points, and get full tneable coverage, all 
thar is required & to add the output of stable 
law frequency VFO to. the proper marker, 
Kxaayple: To measure 146.25 MEx fast nd 
1.35 MHz from a ealfbrated tnneable oscillator 
to the 14% MHz harmonic of the crystal The 
same results can be had by using the 150 MHz 
marker and subtracting 3.75. ML, 

‘The tuncable low frequency oseillator of this 
hietzodyne system ean he any stable, calibrated, 
‘osellator that will give the desired frequencies. 
‘A good signal generator ean be used but better 
yet is the old faithful BC-221 frequency meter 
‘The crystal oseilator that supplies the 5 MHz 
markers should be designed for high stability. 
However, even simple eeystal-controlled units 
fan be Kept zero heat with WWV for periods 
Teng enanigh to meke mast eeasorements. 


Fg, 1, Block diagram of the VHF fraqueney meter. 


Earlier we quoted figure of 00015% oF 
Detter for the ateuracy of this system, Perhaps 
wwe should ‘show how this is possible. The 
Crystal oseilator can be held to near zero beat 
‘with WWV but due to propagation errors in 
tho sigual of WWY, we can never be sure that 
four erysal is eloser'than 2 pues in 10 milion, 
‘This would bo 2 hertz of error at 10 MHz 
fr an uncertainty of 49 Hz in the 145 ME 
tmatker, The DC-221 i nonally considered to 
be O86 instroment. This would be as exror 
cof shont 1.78 kHz at 4.5 Mila, However with 
Care in calibration, and seading itis not dif 
cll to rechiew this value tv 200 bert o Tes 
Tina hetmdyne system the error of the VFO ie 
rot mitplied at VHF bist is just added fo the 
ceror of the crystal marker sed 


The total error at 2 meters i¢ 29 Hz com- 
lributed by the crystal anil 200 Fiz by the VEO. 
for a total of 329 Hz. This isa little more 
than 1.5 hertz per million hertz for a tuneable 
system, Of eaurse these values are approximate 
And with careful operation they can be re 
laced! by 50% oF move, 

In tho 146.25 MHz example used carier, 
tho VFO was required to furnish toss than 1% 
of the total output, To put it ancthar way, the 
‘nly wobble i in the smallest cog and its 
‘contrimition i $0 smvall i can't shake up the 
rmachisery too much, 

‘The cirouit shown in Figs, 1 and 2 has been 
cused for monitoriog MARS, CAP, and seversl 
fother serviees. ‘The erystal oscillator is. quite 
Stable but ean be tuned enough to zero with 
WWV. Tuning, is done with Cl. One stage of 
Ihurmonic amplification is sufficient to give 


strong signals wall ahove 150 MHz. The plate 
Circuit of this amplifier stago is tuned to the 
harmonic to be vised. This feeds cme input 


Fig. 2. Schematic of the eseilaar, multipliers and mixer for using a BC-221 on the YHIF hom bands 
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irl ofthe mixer, The other 
Be devon hy the oxtput of the BC221 fee 
quency meter. The tuned cic shown in this 
fuk reonates broadly So the 24 ME rage of 
the Be-881, ‘This Helps to boop the higher 
Harmonie of the BC'2EK out of the mixer 
"The output af the mixer Is resonated to the 
desired operating. feequeney. ‘Ths will he 
ete the oF tence the 0 nga 
Signal, The level of the output signal can be 
controlled by R6. — 
Operation of tus system is simple. The 
“cook book would read as fellows 
Ty Conte the outpt tothe ailenna of the 
VHP secetver. 
Determine the crystal harmon and VEO 
feeaveney that vl give the frequency of 
the signal to be checked 
5, Tune the VHE receiver to the signal to 
be checked 
4, Tine the BC-221 until the output of the 
frequency amonit zero beats the tee 
ceived. sil 
{Trequired, peak the tuned circuits in the 
roonitor for asin output and adjust 
A as node. 
4. The Frequency of the received. sig 
will be the ental Burnonie plus (or 
tins} the reading of the BC-2 


Many dotails cannot be covered in one story 
due to lack of space. The operator will have to 
determine the must effeceive method of 
coupling to this particular receiver. He will 
also have to explore the many combinations 
‘of frequencies which ean bo used. These and 
Inany-cther questions eawint he inchuded at 
this time. However those hw require such 
system as this will probably be capable of 
Filling these details, 

One word of caution isin order With te 
oscillators that are rich in harmonics, there can 
be many unvcanted “birdies” These present no 
problem after the operator bas gained experi- 
fence bul the new user should be very cautious. 
Many times an unwanted. beat cant be elimic 
inated at & eritial spot by changing the 9 
Trequencles that are being mie! (shift Foun 
ssn te dilference) 

Perhaps we sould enpliasine that this 
system 6 a “tade off” where the amateur ee 
trade his skill and patience for highly accurate 
measurements with simple equipment 


A TRANS 


STORIZED LM METER 
Charles Landaht WSOP 


"Dot ort ey 
about the BC-221 and LM frequency 


meters. The LM is particularly attractive 


because it if in the smaller package, With 
Hransistors replacing tubes, it has features 
rniost everyone wants ~ it is rugged, port 
able, and aceutate, lo mame a few. 1 wil 
llescribe & conversion of an LM-IS. tre 
quency meter in which field-effect trans- 
istors replace tubes; the power supply 
becomes a standard 9V transistor radio 
battery and the current drain is less than 3 
imA when all functions ate energized. In 


[eeu 


core 2 lee +OO+* 27" 


Fig. 1, Modified schematie of foqueney meter, 


addition, | offer calibration information 
‘which Will be oF interest to anyone having 
a BC-221 or LM without the official 
calibration book. T bought an LM-15 for 3 
lemptingly Jow price (Fair Radio Sales Co. 
Lima, Ohio, $14.95). The set is sold in the 
“ag 8 condition with tubes and crystal 
‘hut without calibration book, It is a good 
idea, but not necessary, to start with a set 
‘which is working before making the change 
lo FETs, Resistance measurements. will 
show if the circuits are complete. Impor- 
lant values are marked on the schematic of 
Fig. 


Smash Tubes 

The most difficult part of my conver- 
sion was getting up the courage to smash, 
the tubes! I wanted the bases for mounting 
{ransistors, Place the tubes one at atime in 
4 paper sack, hold the top closed and with 
a metal object, strike the glass through the 
paper. The flying glass is caught and 
collected for disposal. Serape and clean the 
mastic from the inside of the tube bases 
Should you choose to mount 4 transistor 

Jin the wall of each tube sox 


fan se the original wires; otherwise. un. 


solder the old wires nd rephice the needed 


jones with about 2 in. of sturdy new tinned 


The appropriate tube hase pin 
nections are shown in Fig. 2. Actually 


there is no preferred mounting scheme. Use 
Whvtever appeats to you. 

‘Check for clearance between sockel and 
walls, My conversion useil transistor sock- 
els mounted on metal plates which were 
holted to the wall of the salvaged tube 
bases. This allowed FET substitution to 
determine which ones would work best in 
the several circuits of the LM, AU FETs 
‘used are N-channel 
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Modification 
With cover removed and the LM in the 
tpright position, front panel toward you, 
fon the left side wall, look through two 
oblong machined slots and see mounted on, 
a phenolic board a $0 k& plate resistor. 
Parallel it with about 6 kS2, Turn the LM 
upside dowa, punel toward you. On the 
Underside, two resistors must be shorted 
and jumper wire made up and connected 
Short RIIS, which is a 15 kS wirewound 
resistor, quite visible on a phenolic board 
at the left of the 1000 kHz crystal can. 
Ron an insulated wire from a terminal of 
this shorted resistor to the 260-470V tap. 
contact of the link switeh, This wire can be 
about @ in, long and conveniently passes 
Through a wall slot behind the erystal 
socket. The link switch and its terminals 
are on a ph 
mont aft of the erystal socket. The jumper 
sistor, RIO9, 

fof the crystal oscillator. While’ there, 
change the 100 KO.(R109) to | MSL, Next 
Uunfasten the screws holding the phenolic 
bpoard locared to the left of de power plug, 
Tap up the hoard and short across RUOS. 
This is 20 k2 composition resisior which 
is i the plate voltage line to the audio 
ig, locate 


jolie board in the compart 


wire will cross neat the 


amplifier, Also, at the poser p 
pin 36, Short st to chassis ground. On most 
sels pin 36 is the ground return for the vio. 

The circuit was closed throueh 
external connections in a power supply. 
‘You have completed the surprisingly few 
changes needed to make the LM work an 
FETs and a 9V battery. 


tathode 


The VFO 

With FET source connected to pin 5, 
drain to pin 2, can to pin 1 (if needed), 
plug the FET into the vfo socket. Connect 


4 solid wire between terminal E109 and the 
gate of the FET. (Terminal E109 held the 
rid cap wire for the vfo tube.) Connect 
DY battery to the power plug pins, PLUS 
to 26 and MINUS to terminal 41, If you 
have a snilligrmmeter in the battery lad, i 
should read about 1.5 ma when you hur 
on the FIL and PLATE switches, Provided 
you were fortunate in the choice of FET 
you should hear a clear CW signal in your 
receiver, Set your receiver to 2 MHz or 4 
Mllz. You may need to connect a wire 
from the rf coupling post on the front of 
the LM to your receiver antenna, Rotate 
the LM dial between 0300 and 0600 on the 
readout, Your vfo will be on the low 
of 125-250 kHz or 2-4 MHz depending 
fon the position of the low or high band 
switch. The XTAL and MOD switches 
should be off, The FET selected for the vo, 
may require 4 47 KO? resistor between gate 
and chassis ground. I found this to be true 
for the RCA 3N128, 3N142,and one of the 
two 40559A FETs, On the other h 
RCA 40559A and one of 
silicon N-channel FET from  Poly-Paks 
worked beautifully without adding 47 k& 
to the gate 

Apparently junction and insulated-gate 
field-effect transistors have slightly differ- 
ent characteristics which show up in this 
peculiar vfo circuit. My own choice is the 
3N128 with the additional resistor on the 
gate. You may find it necessary to “tune” 
the source, drain, and gate resistances in 
‘order to have your vfo working well with a 
particular FET. I used potentiometers 
across the various elements to arrive at the 
recommended values. My vfo works reli 
ably from IOV down to 6V and the 
‘maximum drain current is 1.5 mA. 


Fig. 2, Suggested semiconductor hookupe for 
tube sockets 


Caution 

Other oscillator hook-ups may occur to 
you, and they will work — but the tuning 
range and linearity of the vfo will suffer! 
Linear tuning is most important, $0 stick 
‘with that shown 


‘The AFO and AF Amplifier 

The audio oscillator and amplifier 
wasn't as fussy as the vfo. [used a Radio 
Shack 276-664 FET — it is sald to replace a 
€-610 or 2N30R8. I found that the Poly- 
Paks “hobby” FET 92CUS88 will work 
equally well. In making up the socket, gate 
‘2028 to tube pin 3, source to cathode pin 4, 
‘and drain to plate pin 2. That is all there is 
to this one. Plug in the FET. When you 
next turn on the 9V power, the milliam- 
meter will barely increase @ few hundred 
‘microamps as you switch on the modula- 
tion control, At this moment a rather 
pleasant $00 Hz tone will appear on the 
vfo frequency no matter which harmonic 
you have tuned in on receiver. Your 
modulator is finished, The audio amplifier 
is too, for that matter. You just won't hear 
anything in the headphones until you 
complete the crystal oscillator and the 
mixer citeuits, 


Crystal Oscillator 

‘The reference oscillator is not much 
tronble, You have already changed the gate 
resistor from 100 k& to 1 MQ. Actually 
this change may not be necessary because 
some crystals are more active and will 
‘oscillate well with the originat resistor 
Mine went into oscillation better with the 
higher value. The FET you solect for this 
circuit can be one of Several. Mine is a 
Motorola MPF-107. 1 found the Radio 
Shack 276-112 and the Poly-Paks 2N308S 
also work, but draw more current, Which- 
ever you choose, the gate connects to base 
arid pin 5, source to eathode pin 6 through 
8 2.2 KO fesistor. Drain hooks to plate pin 
4, 

Now, when 9V is tuned on, MOD off, 
XTAL on, you should hear the crystal 
oscillator signal every 1000 kHz on your 
receiver. The milliammeter should increase 
about 1.5 mA or less when XTAL is turned 
on. If you don't hear the crystal frequency, 
bring the receiver antenna wire close to the 
crystal FET, We still haven't mide the 
connection which adds the crystal 
oscillator signal to the rf coupling pest on 
the front of the LM, Assuming you have all 
circuits in working order up to this point, 
‘we move to the mixer 


Mixer 

‘There is no single FET substitute for a 
pentagrid converter tube. The dual-zate 
MOSFET comes closest; however, use of 
fone would have defeated my goal of 


simplest conversion. Therefore, four 
N-channel FETS are needed to do the work 
Of three tubes, but what a saving in power 
supply! The mixer concerns itself only 
with beat frequencies occurring between 
the reference oscillator, vfo, or an external 
signal —all audio work, ‘Thus, a hobby 
FET was selected, 1 used the Poly-Paks 
Nechannel FET. A’ Radio Shack C-610 
replacement will aso work. Connect source 
to chassis ground through pin 6 of the tube 
socket; the drain connects to plate pin 2, 
gate to mixer grid cap wire through the lug 
in tube socket wal 

Finally, connect a capacitor (200-300 
pR) from the top of the 2.2 Ki crystal 
oscillator source resistor to the gate of the 
mixer FET (grid cap wire). You are in 
business, 

‘With 6002 phones plugged inte the LM, 
you should hear all the necessary beat 
Frequencies occurring between the vfo and 
the crystal oscillator as you tune the vfo 
through its range. XTAL must be on and 
the MOD switch off. Otherwise, the audio 
amplifier becomes the modulator and you 
hear nothing in the LM phones. 


What Next? 


With the beat notes loud and clear you 
are ready to calibrate, This is quite the 
most fun part of the work becwuse the 
linear tuning rate of the LM is almost 
unbelievable. The slow rate is due to the 
series combination of the A section of 
C109, C101, tuning LIOL or L102, The 
amount of the matter is that one revolu- 
tion of the 100-division eizeular dial pro- 
duces about 3 kHz change on 125-250, 
kHz range, and about SO kHz per revolu- 
tion on the 2-4 MHz sange. The actual 
calibration of my unit was 2.89 kHz and 
45.17 kHz per revolution 

The linearity can be checked by how 
little you need to vary the “corrector” for 
teach zero-beat checkpoint. Each LM or 
BC-221 will be slightly different. Now, 
‘when you consider that the vernier allows 
‘you to split one division into tenths, then 
It is clear that you can set a frequency to 
better than 0.5 kHz over the range of the 
Frequency meter. May I repeat 

1 dial revolution of 

100 div = 45.17 kHz 

1 division = 0.4517 kit 

1/10 div= 45 He 
‘Therefore, all you need is a checkpoint at 
which to zero the vfo and start counting 
revolutions, divisions and tenths of divi- 
sions to accurately set any Frequency with- 
in the two ranges of the vfo. I found it 
useful to construct graphs on K&E 358 
TLL graph paper. The grid is 10 X 10 (per 
0.5 in.). The paper has 20 units vertical and 
30 horizontal. This allows graphing 100 
division and leaves room for 10 vernier 


divisions on the right hand end of the 
paper. Use the crystal checkpoints listed in 
Table 1 to locate your dish settings. Once 
eraphed, a frequency ean be selected 
veclly from the etart, or, depending on the 
accursey desired, interpolated between 
checkpoints. 


‘Table f Coytal Checkpoints 


Approximate 


Dial 
KH2 VFO XTAL Settings 
Low Ban 
125 8 7 oo 
160 m3 ie 
tecss? 611780 
200 51 7035 
mm § 2 200 
280 401 agar 
High Band 
"2000 22 ong 
2250 6 9 Opa 
2600 2 5 193 
2750 40 t080 
3000 1 3 2606 
5250 43 3150 
3500 207 a 
3780 41% 4282 
000, 1 4 az 


It is obvious from this discussion that 
the low band of the LM is fabulous. You. 
can squceze down to about 3 Hz by use of 
the vernier scale. By the way, hidden 
behind to cover plates just beneath the 
corrector Knob, are high" and “low” 
padder capacitors. These were used when 
vfo tubes were replaced to bring calibration 
book values into usefulness. The padéers 
should be set near the middle of their 
range, 


Make it Hendy! 
Fasten 2 handle to the case, strap on a 
bY battery, go forth and have fun with 
your rejuvenated frequency meter. 1 use 
‘ine for its intended purposes as well as a 
Ibund-edge marker and keying monitor, 


AN LF SPOTTER 
Howard Burgess WSWGE 


If you have ever tried to find the if fre- 
‘quencies of unfamiliar and inoperative pioces 
Of surplus gear with no schemati, it is a waste 
‘of timo to tell you how rough st ean be. Even 
single if transformer from the junk box ean 
be a problem if it has no part oumber oF 
identifeation, 

Of course in some eases a grid dip meter 
ean be used to find the operating frequency. 
However, few ged dippers caver the important 
if frequencies below 2 me. To complicate 
things, if © dipper is used on shielded trans 
formet above 2 me, the resonant frequency of 
the transformer may be shifted if the shield Is 
removed 

If these problems sound familiar to you, we 
would like to suggest 2 litle gadget that’ can 
help solve them. With just two resistors, two) 


‘The if spotter, The switch fer chonging the 
cupling copacitoy st atthe upper left 
mmoried “Hi end’ "L0.°" The costs on the 
{nd ore X1 ond 2, 


capacitors, and a tube, don’t expect & to gi 
«digital read-out to all your questions, but it 
fan put you in the ball park 

‘The principle of operation is as simple asthe 
construction. The tuned eireuit in question is 
merely mede to oscillate at its resonate fre- 
‘queney. The frequency ean then be determines! 
by tuning in its radiated signal. on the: ham 
receiver. To sot the unknown coil into oscil 
‘don requives the use of «simple “two terminal” 
oscillator. Suely an axaillator is sown in the 
schematic of Fig. 1. When any tuned cizeult is 
‘connected to the two points marked X, the cit 
cit will oscillate at its resonant frequency. 

Th this oseillator the twin triede ie a tube 
such a¢ the I2ATT, The section V2. furnishes 
the nevessary feedback and eliminates the 
neal for extra cole or feedback connections, 

‘The construction is simple. The unit could 
have been bit in a larger easo with ils ov 
power supply and woul have become a nice 
piece of bench equipment. However, due to the 
few pacts required and the small ‘amount of 
plate power used (3 mils at 90 volts) it was 
built as an overgrown probe, The power is 
robbed fram another piece of test equipment 
or the receiver. 

‘Asa probe it can be used on the work bench 
to test individual coils and transformers of il 
fein be held in contact with the various trans 
Formers in a receivor. 

There is only one polat of caution that 
should be observed in construction, The lead 
from the grid contact of VI to the XI post 
should be ept as short and direct as possible 
with the least capacity to ground. This lead 
hhecames part of the oscilating tuned cenit 
and Limits the ‘upper freavency to whieh the 
‘unit wil operate 

“The coupling capacitor from the geid of VI 
ta tho plate of V2 furnishes tho Taedback ro- 
quired to maintain oscillation. To reduce the 
Tbadinge on the tuned! clreult, this eapacitor 
should be held to the smallest value that will 
sustain oscillation, Because of the wide range 
fover which this instrument operates, a switel 
is provided to change values. With the capa 
tors shown, operation is possible from about 
80 me down to well below 50 ke. ‘The larger 
vale i ised at the lower frequencies and is 
Sltched in only when requited. With oils 
of diam Q the stein poi is sound 
3 tS me. 
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‘The connectors XL and X2 can be almost 
any kind of posts. The anes shown ea the wnit 
here are banana phigs. These can, be used. as 
test points, or alligator clips can be slid over 
them for use in clipping to coil leas 

‘The meter showa is a three mil meter and is 
used to read the total plate eurrent of both 
halves of the tube. ‘This will indicate when the 
circuit is osellating, When the tester is not 
oscillating the meter will indicate a eurrent of 
about 1 mil (with 90 plate volts). Under ose 
lating conditions the meter will vise ta as mivch 
as 8 mils with a bigh Q col. The actu! amount 


Of current ig not so important as tha fact that 
the upward shift indicates that the coil is not 
‘open and is oscillating. A 5 oc 10 mil meter will 
serve the purpose just as well 

‘As the pictures show, this unit vas built in 


1 diagram of she i aporter 


0} Coremie capacitor 
30 pf mice conocer 

10 Bt Ceramic 

68 IC Fa Watt corbon resistor 


22 Ic 13 watt carbon raster 

Mintommeter instore of 2 to 10 me 

Shao" "aerion ‘Dubie. “Poie-Single Throw 

oaitch ISI 

2, onona plugs’ (x1 ond x2) 

TAT ie 

imix’ se depends on type ot meter 
‘ed 


9 pin miniotre tube secket 


a small Sx 8" x2" box. The unit wil work jst 
as woll ft ig built on a small piece of peg 
bowed with a couple of leads run out to the 
multimeter, This is for the ma in @ hurty 


When the unit is finished, apply power with 
the "X" points open (no eoil across them). Be 
‘ease of the open grid of VI, the meter will 
tlsft about, Atter the tube has had. tine to 
‘warm ap, short the X posts with a heavy piece 
ff bus nr copper. The meter ill now eomne to 
Fest somewhere around 1 mil. ‘This is the “no 
ascillation” current ana shuld be kept in mind 
a5 a reference point for future use, Now ce 
move the short and connect almost any kind of 
si LC circuit aeross the posts, The meter real 
fg will now ise from the “no osillation’ 
value indicating that the coil is eseillating Do 
hot wse the large coupling capacitor vnless 
the eet refuses to oe wth the sae 


To check « single of transformer, sll that 
is necessary isto hook one of the tuned coils 


Checking on i raneformer 


Inside view shoning extreme simolicty of 
the "Spotter." The tube is mounted ef on 
fngle fo Heep the grid lead to the” 
Troe short os poesia 


to the input terminals of the tester. Some 
transformers have a number of terminals 
Which may not go directly to the tuned 
circuit inside, ‘To obtain oscillation there 
must be both a de and an sf path between 
the (wo pots. 

WF the teansformer is one whose frequency 
falls ithe range below the broadeast ban it 
is quite convenient to have one of the surplus 
Feceivers that covers the range dow to 200 ke 
However the check can still be made with 
regular broadcast receiver. All hat is 
sary is to find the harmonics of the tess 


they fallin the broadcast band. They will be 
separated by a value equal to the frequency of 
the coil being tested. As an example, if a 
signal is spotted at 900 ke and the next one 
higher is found at 135 ke, itis a pretty good 
bet that the transformer is aperatin on 450 e 


‘operating frequency of an if 
stage it i not necessary to have the amplifier 
in operating condition or the tubes hot 
connect the two contacts across the primary or 
secondary of the transformer in question and 
wate for signs of oseillation on the. meter 
Sone translarmers have @ portion of the bias 
system inside of the can, This ean usually be 
‘overcome by connecting the tester from grid 
to round of the tube in the stage being tested. 

In addition to checking transformers it can 
also be useful in testing the range over whieh 
fa transmitter tank will tune. Just make sure 
that the high voltage is turned off and connect 
the probe across the tank to be tested. Now 
vou can tune the tank and follow ity entite 
tasable range with the receiver. If the tank 
hheing checked happens to be the final, the 
meter on the probe will indicate when the 
fantenn is brought into resonance. 

This litle tester was built to. do just one 
thing-sort out some old ifs in the junk bos. 
After we tried it we found that it would do 3 
lot of useful chores around the ham shack 
With proper care ana Feeding, it ean probably 
lear to do tricks that we baven’t even thought 
of 


430-470 kHz SWEEP FREQUENCY 
GENERATOR 
Edward Lawrence WASSWD 


Here isa simple sweep frequency generator 
for aligning the most common if strips. The 
unit has only one transistor because the sweep 
voltage is taken from the oscilloscope it is 
used with. Most general purpose oscillo: 
scopes have a sawtooth output jack. By using 
this sawtooth, the frequency is locked to the 
position of the trace. 

The oscillator is made to deviate in fre 
‘quency instep with the voltage applied to the 
hase bias circuit, either the sweep voltage or 
the de voltage applied at the control point 
If no sweep of control voltage is applied, th 
oscillator runs at the center frequency, a 
may be used as a conventional signal genera: 
tor. 

‘The 2.5 mh choke and the two 150 pf 
capacitors form 2 very broad tank circu! 
0 it is easy to FM the oscillator without a 
fereat change in amplitude. As to how the 
‘change in base voltage causes the frequency 
shift, | am not quite sure. All Tknow is that 
itis quite linear and isa positive shift (Fig. 3) 
‘That is, an increase in base voltage causes un 
increase in frequency. Also, a change in col- 
lector supply voltage wall shift the frequency, 
0 be sure to use a stable supply. 

Since an rfe is used as part of the tank 
you may have to compensate for a variation 
in center frequency by changing the 150 pf 
capacitors to some other value to get 455 
ikhz as your center value 
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If you do, then run a plot of de control 
voltage vs frequency and adjust the voltage 
divider R2 and R3 so that 1 volt P-P at the 
sweep pot wiper gives plus and minus $ khz 
(10 khz total). “This is not as hard as it 
sounds. Just listen for the harmonics on a 
broadcast band radio. Foz instance, the sec 
1d harmonic of 430 khz is 860 khz, and the 
socond harmonic of 470 khz is 940 khz, both 
handy on the BC radio. Note the de voltages 
at the control point required to obtain these 
frequencies. Take the difference and divide 
by four. ‘The answer is the P-P voltage re- 
‘quited (0 shift the oscillator plus and minus 
5 khz. Then apply a low, known ac voltage 
tothe wiper of the sweep pot with the switeh 
in the sweep applied position. Adjust the 
value of the divider resistors to get the proper 
fraction. In my case it was 0.43. 

It is advisable to ron the sweep rate as 
slowly as possible, in order to display the re 
sponse curve as accurately as possible. ‘The 
sharper the skirts, the more slowly the gener- 
‘ator must pass through the bandpass. With 
this generator, the amount of frequency devi- 
ation is controlled by the P-P amplitude at 
the sweep pot arm. If you are looking at the 
response of a regular if, you would set the 
swoop amplitude high to see the entire re- 
sponte curve, As far as an accurate display is 
‘concerned, this is fine, since the slope of the 
skirts is shallow. But if you were looking at 
the response of a sharp filter, you could not 
tolerate such a wide sweep, because the fast 
rate-of-change would tend to skew the dis- 
play. To correct this, reduce the sweep am- 
plitude to reduce the frequency deviation 
down to the edges of the skirts of the rex 
sponse curve, This reduces the rate of change 
and minimizes the skewing of the display 
Also, itis better to display the if before de 
tection, if possible, to prevent the detector 
time constant from possibly distorting the 
display, 

If you have the sweep generator set up as 
described, then it is easy to set the sweep for 
‘1 known deviation, and then procede to read 
the 3 or 6 db points from the face of the 
scope. Be sure to disable the AGC for this 
test. 

For those who aren't familiar with the set- 
‘up for obtaining the response curve display, 
refer to Fig. 2. and the following outline. 
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First, hook up the equipment asin Fig. 1 
Set horz goin for desired sweep width. Adjust 
sweep amplitude pot on generator for de- 
sired frequency range. Set output level to 
‘mid-range. Adjust the vert gain for the desir- 
ed pattern height 

If we wish to change the total frequency 
deviation and the horizontal display width at 
the same time, use the scope's hore gain con- 
‘ol. This presumes that the amplitude of the 
sawtooth output is also varied by the horz 
‘i control 

If we wish to change the frequency spread 
and not change the width of the scope dis 
play, adjust the sweep amplitude control. 
‘This allows you to take a better look at the 
sidelobes or any ripples in the passband, de- 
pending on how the controls are adjusted 

‘You don't have to use a sawtooth to sweep 
‘with if i isn't handy. 

Sixty bz can also be used, but it will pro- 
bably skew the passband you are trying to 
display, so 1 don’t recommend it. One note 
here: “when the sweep generator is first turn- 
ced on, of the setting of the sweep amplitude 
is changed, the frequency will drift for a few 
seconds. This is due to the charge on Cl 
changing to a new level, Cl i large to couple 
the low frequency sweep with as litle distor 


tion as possible. 


or HH 
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peg 


DCCONTROL VOLTS FREQUENCY 
5.86 430 
627 430 
6.69 450 
690 435, 
12 460 
733 465 
735 470 


AN ARMSTRONG SWEEPER 
Al Donkin W2EMP 


Sometime ago while experimenting with 
SSB crystal filters at 480 ke, it occurred to me 
that a manually swept Armstrong. oscillator 
with a pot coupled to the tuning capacitor 
for ‘scope sweep voltage would save point by 
point frequency measurements with a BC221 
‘while adjusting the filter for minimum in-band 
Fipple. A ezeuit’ was hutiedly developed, 
‘and the results were oven better than expected. 
Simple though it may be, Tm sure anyone 
‘who is working with crystal Alters will appr 

ciate its usefulness. The effects of tuning and 
‘didaling” were immediately visible in the i 

Dand ripple and the skirts down to about 20 
ql could be observe with ew twists ofthe 
With this encouraging experience, a sturdier 


wodel was constructed. The citcuit was as 
sembled ona small piece of Vector-board, 
With the tuning capacitor and batteries mount 
ed in #5 7x 3" aluminum chassis. An alu- 
‘minum Dracket was bent to hold the “sweep” 
pot end routed behind the tuning capacitor, 
pace to aeeomadate the mechaoieal shalt 
tanpling. ‘The Vectorboarc was also mounted 
‘on the bracket. 

The oscillator circuit is simple, using a 1 
smh rfe for the tank inductor. The range of the 
trcut as shown i about 400 ke to 500 ke, at 
enter frequeney. The tuning capacitor is a 
Hammerlund MC-50-M with two of the 
‘ator plates removed, resulting in a range of 
approximately 7-25 mmfd. An untuned amphi 
for provides snlation of the oscillator from the 
reactance of the load, I usod 2N404 transistors 
but most PNP if transistors will work 


Tn addition to sweeping exystal filters, {have 


ound box handy as a general pur 
pose low frequency oseillator and sweeper for 
Feceiver ifs. The persistency of most oscil 


Scopes produces a much better display thar 
might be expected, snd it certainly beats the 
point by paint method oF plotting filter ee 
Spomnses 
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ANEW BROOM 
Dick Gridley KOJHS 


‘This unit is a sweep generator of simple 
design, with many uses, Besides being useful for 
filter alignment, as shown in the diagram, itis 
‘useful for optimizing receiver and transmitter 
performance. 


‘The heart of the tig is an inexpensive item 
called the Vari-Cap by Internetions! Rectifier 
Corp. Two are discussed ‘here, the U8SC20 
and’ the 100802. The 688020, according to 
the manufacturer, will vary its. capacitance 
from 50 mmfdi at Jv to 25 mmfd at -200v. 
‘The 100SC2 will vary feom 600 mmfd at Iv 
to 100 tmfd at -10v. These units exch eost ess 
than $8.00. The construction is not eritieal in 
‘any. way, nor is lavout a. problem-—jast. use 
ocd "ham ‘practices. Any power supply de- 
livering. 150" de at @0 ma regulated will do. 
‘The oscillator tank must be grounded and T 
did have some trouble until T removed 

used winding from the 455 if transformer used 
for the osilitor tank. 


Sewtooth energy is applied to RI whieh 
lates the amount to be amplified by V2 
near control merely pute a portion of 
reap. ats 

ty of Varl-Cap close Lo tts 
"This citeult gives about 6 ke 


Be 
‘wieulated voltage on. the 


enter, so the 


sweep. T have ured TV horizontal o 
Ltvand increased C1 and C2 te 2003 for 85 he 
and 80 ke operation. Towerer, to get hough 
ving at low frequeney, the’ Vari-Cap. wa 
changed te. 100 SC2. For 200 ke to I me 
the GASC20 ives plenty of sweep 

A note here about scopes, Most of the aver- 
‘age do not go below If eyelee aid the aves 
Fate should be about 10 eysies, Some do not 
have a saxetooth output Jacke tt 


cked aff the syne citeult. T 
int is on the feed side of the 
sae pot through @ .25 mfd capacitor. Some 
Seopes have n couple of jack pine to add es 
pity externally, some don't You wil) find 
Fite trouble adding’ about .25 mtd across the 
slowest speed, 


‘The use of the vig is simple. Plug the lead 
from RL into the tenpe's sewtooth output 
Couple the output. from the cathode Zollewer 
feeling of V2 t9 the Mtr input through «001 
‘nl capacitor. ‘The vertical input of the sone 
B connected to the filter output through an rf 


probe. Adjust RI and RY about % open. With 
3 about 1 meshed, adjust the trimmer in th 

if can to put you in the ball pask, und then 
‘use Co for fine adjustments of frequency, Ad- 


ditional minor adjastments of RL and RZ may 
fhe necessary, OF conzee, when eed to align 
a receiver, the diode probe fe ehneceseary if 
tha input’ to tho scopo is picked off of the 
diode detector, It gues without saying that 1 
fs nsceseary to plot_an index for the scope 
bezel so that a really reference is available 
for band pass width and depth of skit. 

Sone ome now says "This is jase lke eating 
ye old TV—i7 band pass.” That itis. The only 
aifterence here is the froqweney and the sweep 
tenevator cost was June and $5.00, 

‘The unused switch, shown in the photo, was 
installed lp select ne of threo frequensies, 
However, this rig has been used on aboat six, 
Try think J ever will decide whieh three to 
lust "The unidentised Lube lea OUS used a8 a 
Tle audio osellator with cathode follower 
output 


LOW COST SIGNAL SOURCE 
Howard White VESGEW 


Pee eee. 
poration Model 80 signalgenerator has 
been the industry standard for tuning res 
Many hams have wanted to have a labo- 
ratory-grade signal source of this type but 
the $800 price tag is prohibitive, This ar- 
ticle describes a signal source that has 
many of the same features as the 80 ex- 
cept that it only costs 1% as much. Thats 
why I call this the Mode! 0.8. 

You wonder at some of the features of 
the marvelous little deviee? To briedy List, 
‘them, it has: 

© Variable output from about 80 nV 

to SU mV of rf power 

Frequency tinge from 18 to 450 

MHz so you can cover 160 through 
2% meters, 

© Crystalcontrol frequency stability. 

‘© Fairly clean output signal. 

©. SID antenna load 

Safety feature to prevent the destruc 

tion of the device in case a trans 
ritler is accidentally loaded into it 
The Circ 

The circuit is the combined brainchild 
fof many ham engineers and technicians in, 
cour local 2m FM club ~ the Toronto FM 
Communications Association. More than 
300 of these units have been built in the 
past two yeirs, so the circuit has been 
exceptionally well tested in the field 
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‘The unit consits of a single 2NS130 
NPN transistor oscillator configuration 
Other transistors, such as the 2N706, can 
bbe used in this circuit with slightly differ- 
ent biasing arrangements: however, the 
2NS130 appeared to give the cleanest 
foutpat signal 

Output level can be varied from Jess 
than 80 nV (the best we could measure) 
to 50 mV. It is controlled by a 1 k& pot 
in the transistor collector circuit. Power is 
obtained from a 1SV penlight cell by- 
passed for rf by 4 0.1 pF eapacitor. 

My present "0.8" signal source has 
been used intermittently for more than 3 
year without any degradation of output, 
However, remember to shut the unit off 
when you're finished with it; the battery 
oesn't last forever 


Fig. 1. Schematic diagram of the "Point Eight” 
‘Signal Souree, the “poor man's Modet 80." 


The unit i built on a PC board. The 
parts layout is almost exaetly the same as 
tat of the schematic shown in Fig. 1 
‘The electronic components are placed on 
the copper side of the board. The on-off 
switch-lovel control, frequency adjust- 
rent, output jack, and crystal socket are 
on the other side (Fig. 2). The unit can 
be packaged in a minibox. 

Almost any erystal in the 18-12 MHz 
will oscillate in this unit. The output is, 
rich in harmonies to 450 MHz, x9 you 
‘ean tune up any receiver from 160 to % 
meters 

The output impedance of the signal 
source is 519, a value which simulates a 
perfect antenna load co the receiver. This, 
is the manner in which this is accom 
plished: A S12, ‘AW resistor is connected 
across the terminals of an RCA phono 
jack, No physical connection is mude to 
the circuil except through the common 


Reer @_D Corer | 
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Fig. 2. Winibox layout oF the signel source 
panel 


ground of the PC board. The maximum 
output level depends on the lead lengths 
of the resistor, (The unit has plenty of 
output when the lengths axe about JA in. 
Jong.) This design has an added safety 
feature, too; If by accident you load a 
transmitter into the unit, all that is 
destroyed is the “UW resistor. 

Operation. and Uses 

These units were originally designed to 
tune up 2m FM receivers. The procedure 
fs quite simple. You connect the signal 
source to the antenni input on your 
receiver. Plug ina transmit crystal, and 
adjust the frequency control for a. zero 
reading on the discriminator. Adjust the 
output level to the desired signal strength 
(below first limiter saturation) and tune 
up the receiver, 

‘There are a myriad of other uses for 
the signal source, Using a 3.5 MHz crys- 
tal, you have a band edge marker. With 
the transmit crystals on a Twoer of any. 
other transmitter you have instant fre 
quency spotting without modifying the 
circuit of the transmitter. OF course, the 
signal souree can be used to tune up any 
receiver, peak tuned circuits, be an rt 
source for an antenna noise bridge, and so 


RECEIVER TWEAKER, 


‘Matvolm Oakes K6UAW! 


ve found that the singlemost pice of 
needed test equipment by the emateur on 
PM is a receiver alignment generator. Most 
of us, however, do not have access to a signal 
generator. (Come on now, you wouldn't 
really call that TV thing a signal generator 
would yout) 

The unit to be deseribed is a very 
functional device that will allow you to 
scrape every ounce of sensitivity from your 
recelver. The generator can be built so small 
you can carry it around in your shirt pocket. 
Compuctness, combined with its battery: 
powered portability make it ideal for sex- 
vicing mobile receivers. Stability? I's erystal 
controlled and i as good as the rock you 
plug in (you obtain the rock from your 
transmitter). Output reactance? Nearly zero 
degrees, allows proper tuning of 1 stage. ‘The 
attonuator shown does not have a greet deal 
of dynaimic range due to distributed capzcity 
‘of the potentiometer. However, I said 
Defore, the unit was “functions!” and it is 
just that, The signal can be attenuated into 
‘he aoise and brought up to approximately a 
30 wy level; overly sufficient for a normal 
alignment, 

Construction 
‘The circuit layout is not particularly 


critical, and if laid out in a manner similar to 
the schematic, no problems should be en- 
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countered. The attenuator section should be 
completely shielded away from the oscillator 
and multiplier stages, so rf leakage will not 
bbe a problem, A crystal socket should be 
provided so the unit is versatile for any 
frequency. However, if you plan on using it 
fon only one channel and can spare a crystal, 
‘build it with the erystal inside. Two glass 
piston screwdriver adjusted trimmers must 
bbe provided (to “rubber the crystal” and 
‘une the output to resonance) as front panel 
control, 

Circuit 


‘Transistor Q1 in the first stage is 8 crystal 
oscillator which is very loosely coupled to 
Q2 the multiplier. This stage is biased into 
“class C so as to multiply the 6 mhz erystal 
24 times, up to the two-meter band. (3 ma 
crystals will also work at 2 multiplication of 
48.) Another important function of this 
slage is to attenuate the oscillator output 
(about 67 volts peak-to-peak) to a level 
usable at the two-meter frequency for alien 
ment 30 to 40 uy, The potentiometer 
adjusted attenuator takes the signal down to 
‘level as desired by the operator. 

T developed this unit for use on two 
meters, Several have beon built and all work 
fine, But, for those of you who need a 
sixcneter generator, this same circuit should 
work fine with the only modification needed 
being the final tank frequency. (A few more 
turns on the coil and 2 slightly larger 
trimmer capacitor.) 

Adjustment and operation 

Connect the output of the generator to 
your rig. Plug in a erystal and tune for zero 
(ith frequency adjustment) on the diserior- 
inator (center frequency). Now, looking at 
the first limiter voltage, peak the final tank. 
Attenuste the generator as necessary to 
wold saturation of the limiter. Repeat as 
necessary until a definite peak is reached. 

If the generutor will aot ge down into the 
noise with the attenuator control, the final 
tank may be detuned as necessary to provide 
the desired range on the attenuator, 
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CITIZENS BAND ALIGNMENT AID. 
Edward Lawrence WASSWD 


It is obvious that the front end of a 
receiver should be tuned to respond equally 
well across the band, ani! tus have consis: 
tent sensitivity at any frequency in the hand, 
if, maximum usefulness is to be obtained. 
‘The usual method of insuring reasonable 
resulls is to {une at the middle, and check 
the ends. This is rather spotty, at best, as it 
would be better to check all channels, This is 
involved since you must set both frequency 
and amplitude 23 times in « single pass 
Naturally, a good sweep generator could 
be used, and the sf-mixer tracking set with 
it instead, bur this was not available to me at 
the time. ‘The circuit in Fig. 1 was originally 
4 super-regenerative receiver taken from the 
GE Transistor Manual. ‘These, 2s is well 
known, tend to spray alot of rf hack out the 
antenna, With this in mind, 1 listened with a 
communications receiver and noted strong 
modulation products about 100 kHz ubove 
and below the “cartier.” D this to be 
‘caused by the quench frequency, { belliantiy 
decided to drop the quench frequency into 
the audio range, by increasing the capaci- 
tance across the base bias resistor, Lo and 
behold! Suddenly the entire Citizens Band 
ind jumping with 2 mass of “Tine 
which at first appeared to be like 


Fig. 1. Schematle of tho alignment aid L2 is 15 
lume No, 22 tapped at 9 turns from the collector 
fend, No switch i shown, s0 remove battery when 
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‘The Internet of ‘Things (IoT) is evolving with the connected objects at an unprecedented rate, bringing about enormous 
‘opportunities forthe future loT applications as well as challenges. One ofthe major challenges is to handle the complexity generated 
by the interconnection of billions of objects. However, Social Internet of Things (SIoT), emerging from the conglomeration of lo 
and social networks, has realized an efficient way to facilitate the development of complex future loT applications. Nevertheless, to 
fully utilize the benefits of SloT, a platiorm that can provide efficient services using social relations among heterogeneous objects is 
highly required. The web objects enabled loT environment promotes SIoT features by enabling virtualization using virtual objects 
and supporting the modularity with microservices, To realize SIOT services, this article proposes an architecture that provides 
« foundation for the development of lightweight microservices based on socially connected web objects. To efficiently discover 
web objects and reduce the complexity of service provisioning processes, a social relationship model is presented. To realize 
the interoperable service operations, a semantic ontology model has been developed. Finally, to evaluate the proposed design, a 
prototype has been implemented based on a use case scenario, 


1. Introduction 


‘The Internet of Things (IoT) envisions billions of objects 
connected to the Internet that continuously generate data 
about the physical environment. Several state-of-the-art 
applications can be built using the information and services 
provided by the pervasive and heterogeneous IoT' objects. 
However, building applications based on these objects raises 
some challenges. Examples include how the growing number 
of objects will interact or coordinate to render valuable 
services, how the complexity generated by the coordination 
of objects can be handled, and how a large amount of diverse 
data sensed from the surroundings can be managed properly. 

‘Numerous promising solutions have been provided to 
handle the complexity and the heterogeneity of Io objects. 
One of the prominent approaches is to develop virtual envi- 
ronments to resolve the issues caused by the heterogeneous 
objects. Virtualization has become a key component in many 
Io architectures, in the form of either virtual objects or 


virtual entities. A virtual object (VO) is defined as a digital 
representation of a real-world object [1] and provides a way 
for the IoT services to discover and compose features that 
cannot be achieved directly with a real-world object (RWO). 
It has been realized that issues such as heterogeneity of 
dissimilar objects and scalability can be effectively resolved 
using VOs. Hence, a crucial role of a VO is to bridge the gap 
between the physical world and the virtual world by hiding. 
the physical characteristics of an IoT device and acquiring 
and interpreting its data and context. 

Another way to reduce the complexity caused by a 
large number of objects is to link these objects in a social 
network [2], which provides a more exact solution than 
using a sole individual object. This principle has given birth 
to the concept of Social Internet of Things (SloT), which 
is emerging as a new paradigm with the merger of social 
networks and oT [3-7]. It has been realized as an efficient 
way to facilitate the development of complex future IoT 
applications. It supports sharing of information generated by 
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Fig, 2, Fullsize PC board layout (ll side). 


natural noise. Then I turned on the BEO, 
which showed it to be many, many, many 
clostly spaced “carriers.” 1 presume the 
lower quench frequency develops a much 
larger bias swing on the base of the transis 
tor, FM'ing it across the entire band. This 
Stuff is concentaated in the region of 27 


Mitz, with very litle spillover into 10.04 15: 
meters, although the level across the design 
range is rather constant, The nearly constant 


Wk up 
lf the front ends of the units I was working 


is what [needed to simplify tn 


2 is the layout of me B.C. board | 
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fed to th 


battery side 
Sine 


of the 


rfe 48 4 counterpoise. Since this made it a bit 


large, 

nearby 

if signal on every channel into every CB 
100 yards, th 


fe. since this put a 


receiver within ied the use 


ally aur 

his into 4 tree too high to recover with an 
heave, and 

month in the dead of winter in a nameless 

northern city, helping every CBer for miles 

around align their sets! It only draws about 

half a milliamp from a 9 volt battery. 


Since 1 am sure many others would like 
to align their 11 meter receivers for opti 
‘mum results, [am presenting this circuit asa 
very low cost and worthwhile 
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Fig, 3. Component side parte placement. 


FET CHIRPER 
Chuck Hines K6QKL 


The Chirper is an automatically keyed, 
crystal controlled, signal source which may 
be used Lo optimize the signal-to-noise ratio 
of a receiving converter. Homebrew or com: 
mercial, converters are a common thing 
around an amateur station. And, most of the 
VHF Tribe have read thm 3 jungle of 
esoterica dealing with low noise front ends, 
the velvet beauty of FET’s on Two, noise 
generators and eternal truth, and how to 
copy 20 db below the noise by the selective 
tse of liquid helium. With a kind of re- 
Tentless evolution converters have been 
getting better and better, noise figures be- 
Come lower, and the prices of suitable front 
end devices are dropping by the hour. But 
when it comes to aligning these converters 
the scene is one of wretchedness. A black art 
at best, the job is taken up with an enduring 
combination of blunt instrument and myth 
The latter have a certain charm. Are you 
convinced your converter is in top notch 
condition because you can “hear noise” 
‘when you attach the antenna — or better 
Yet, when you plage a $0 ohm resistor across 


the input? Try putting a complete short 
across that same input. Shorts aren't much 
good 88 noise sources. You'll find the short 
gives about the same change in noise level as 
the S0 ohm termination. What has changed 
is the impedance the front end “sees”. The 
same is partially true of the noise from the 
antenna. Neither is indicative of the 
performance of the converter. Peaking the 
system up for maximum on either a weak 
signal or on noise gets you nowhere. The 
diode noise generator which every VHF 
book of substance describes is a good and 
useful tool when used properly. The assump- 
tion is that everyone already knows full well 
how to use it and does so. Few in fact do. 

'm sure you've read of it before in many 
places, but a little redundancy is in order. 
‘The noise with which you are concerned is 
‘the noise generated internally by the first 
‘tube, transistor, or other active device the 
signal encounters upon its arrival at your 
converter. By fiddling with the external 
reactances, adjusting the voltage and current 
and otherwise manipulating the things 
soldered to the device, one may minimize 
the internally generated noise. At the sume 
time the reason the front end exists is to 
amplify the signal. One usually desires as 
much amplification possible, short of smoke 
and oscillation. Minimum noise and maxi- 
mum amplification is the game. Though the 
two are not quite mutually exchisive a 
certain amount of compromise takes place 
‘Thus, the signal to noise ratio, When aligning 
1 converter's first stage every adjustment 
‘effects bork signal and noise. Given 1 con 
stant signal source coupled into the cof 
verter thru an appropriate impedance, the 
Job is finished when the front end has been 
‘adjusted for the greatest difference between 
signal and noise of which itis capable. 

The Chirper is designed to help you do all 
this by letting you see what effect each 
adjustment has on both signal and neise. The 
‘TIS34 oscillates at a frequency controlled by 
the erystal. With the constants shown, that 
can be anywhere between 8.2 and 36 Mitz 
The variable capacitor must be adjusted for 
resonance. It isn’t particularly critica) but 
its setting peaks the rf output at either the 
fundamental or some harmonic. For 6 
meters an 8.35 MHz crystal is used. A 9.0 
MHz rock will pin the meter when the 


On i 


Chirper_is connected into a 2 meter con- 
verter. The Amidon toroid is wound with 
No, 30 enameled, 40 tums for the primary 
‘and 5 turns for the secondary. After it is 
‘wound, spread the turns to fill the toroid 
and paint it with Q dope. The diode and 5 
pF coupling capacitor are connected with 
the shortest possible leads, the diode being 
grounded at the 7f connector, The harmonic 
output is excellent and quite useable at 1200 
Mhz. 

The oscillator is turned on and off by a 
multivibrator combination of unijunction 
and NPN transistor adapted from the G. E. 
Transistor Manual. The rate at which the 
multivibrator cyeles is determined by the 
large value capacitor, in this case 33 mF. The 
polarity of the capacitor is critical. Observe 
it. To increase the cycling rate, decrease the 
capacitance; and, to decrease the rate, put in 
a larger value, Mine cycles little under once 
per second, A value somewhere between 30 
‘and 40 mF should suit your needs. You are 
better off scrounging some odd value from 
defunct computer board because of the 
tolerance problem. If it says 33.2 mF, its 
probably pretty close to that value. Other 
wise you're dealing with tolerances of plus 
100% and minus SO% or something equally 
grotesque. The SOK pot determines the 
portion of the cycle during which the 
‘oscillator is On and is mislabeled rate on the 
Chirper shown. The HEP-310 is generally 
available and inexpensive, Other unijunc: 
tions were not tried. On the other hand 
almost any NPN of reasonable quality wil 
work in place of the 2N718. A number of 
2N388 and 2N3478's were tried and be- 
haved well. I's @ good place to use those 
transistors you've replaced with FET's. Use 
something with a Beta of $0 or better for 
best results. The $100 ohm resistor in series 
with the pot is for current limiting. It's 
deletion will increase battery drain with no 
increase in Chirper performance. Normal 
current from the 9 volt battery is around 5 
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Fig. 2. Test setup for converter aanmen. 


Construction is non-critical and pretty 
much a matter of taste. Mine is built on & 
piece of vectorboard and mounted in a 
Suzurando box, model M-IN. It measures 
3% X 2X4" and there is still room inside 
{or additions. It sells for 330 yen, about 826. 
‘A slide switch i used to iuen the power on 
‘and off. Paint one well of the slide switch 
with red paint ~ Testor’s Pla, a model plastic 
paint, is good — and the switch will indicate 
its position. Red for On and black for Off. 
It saves batteries. Check your work and the 
polarity of the large capacitor. Re-check the 
connections to all the semi-conductors. With 
four different kinds of devices things can 
‘become confused. Set the pot to the middle 


of its range. Insert a crystal in the socket, 
Connect the Chirper to your converter, tum 
the switch on and adjust the variable capaci- 
tor for the highest reading on your S-meter. 
‘The oscillator will turn on and off, Varying 
the pot will extend or diminish the amount 
of time the oscillator is on, Whatever you 
do, don’t connect the chirper to an external 
antenna. ‘The harmonic content is high and 
‘even at this power level is sufficient to cause 
severe interference to television receivers 
within a two block radius. 

For converter alignment, the test set-up is 
ilustrated in Fig. 2. The Chirperis fed to the 
converter thru an attenuator for two 
reasons. First, the power output of the 
Chuper is too high on six and two. You 
don't want to align with a forty over nine 
signal. Something around SS 10 S-7 is, 
desired. Second, the attenuator maintains 2 
50 chm termination for the converter, A 
converter cannot be aligned with a floating 
input impedance. Fixed and variable attenu- 
ators of excellent quality are available thru 
‘surplus and homebrew data is available. See 
73, January 67, p. 40 for one that will do 
the job. Turn’ the receiver ave off. The 
read-out options are diverse. The best is, 
probably a scope connected to the if. A 
vvwvm can be used, connected to the atidio 
‘output. And, the S-meter can be used with, 
the ave on fast, This will vary with the 
receiver and it's particular time constants 
What needs to be avoided is ave pumping 
that interferes with your readings. 

“Turn the Chirper on, adjust the attemus- 
tor for a convenient signal level. When the 


converter neutralization. If necessary, re 
neutralize the converter and go thn’ the 
‘whole thing again. Talking about it makes it 
seem somewhat complex. It realy isn't and 
the whole business won't take long once 
you've done it. It will become quickly 
spparent that highest signal level and lowest 
noise level do not coincide. You can vary the 
‘bias, voltage, etc., and observe the effects of 
each on the signal-to-noise relationship. You 
ean, in short, optimize your converter’s 
performance. 

‘A number of things can be done with the 
Chirper. There is room in the box to build 
another oscillator section connected to the 
transistor collector, operating in parallel and 
simultaneous with’ the fist oscillator. By 
appropriate choice of crystal and attenus- 
tion, both signals can be introduced into the 
converter in order to adjust the mixer for 
‘minimum cross modulation, 

Or, instead of using an oscillator at all, 
you can use the switching section of the 
Chirper to key a noise generator on and off. 
‘This has a certain attraction where an 
integrating network is used prior to a vivm. 
In this case noise is used as a signal. 

In spite of it's name, the Chirper is 
remarkably stable. Chirp becomes apparent 
from two meters or $0, but is no problem. 
Build one and take the myths out of your 
converter. 


UHF SIGNAL SOURCE 
Bitl Hotsington KICLL 


‘The UHF experimenter learns early that the 
UHF ham bands don't always furnish «signal 
when you need them, Whew 1 Ini receivers 
and converters for 432 and 1296, T fad that 1 
need a small signal_ generator for alignment 
and band spotting. Not mich pawer is needed 
for this work, so transistors are the ideal choice 
for generating the signal, This signal source is 
in three parts, a 432 source, a tripler to 1296 
and a modolator 


The 482 Driver 


I stacted with a low-cost 27 me exystal that 


oscillator i on, you're reading signal. When 1 found in sy junk box. (Never iid how it 
the oscillator is off, you're reading noise (on got there!) I sed my sal phasereversing 
the scope, vivm, Ssmeter, et). As you make Grystal circuit followed by a bunch of doublers 
adjustments on your converter, observe the Lower-priced transistors were used in the ealy 
effect on both signal and noise. Adjust for stages ant the UHF ones saved. for tater 
the greatest difference between the two. You reilly need yoo ous om 1261 Each 
Tur the Chirper off and recheck the doubler is biased from rectification of sf from 
J. 


Fis, 


sé 


Schemoti dlootam of the 432 me signal source. The trondstrs orent 
‘oles and timer UNF and VHF ‘net will work ha, 


Fig, 2. Detals of the 432 me collector o 


the previous stage. IF you need more output 
than this elreut gives yon, use less than a 1 I. 
resistor fy the emitter, hl wteh ot for high 
tollecor current. Fig. 1 shnws the schematic 
of the 432 me generator and Fig. 2 gives de- 
lulls of the 452'me collector excuit, 


Fig, 3. The tone oxilotor forthe 492 me 


‘The tone modulator 

This is a cnide moxtilator UFig. 3), but it 
‘works. The modulation transformer is hot ab- 
solutely necessary, but seems to timprove re: 
sults. You ean. apply the sodulation almost 
‘anywhere for this application, but modulating 
across the 1 k emitter resistor gave the cleanest 
Sond seth the doubler used. 


Now to 1296 
| but this tripler to 1296 just for the fun of 
‘But it worked quite well, T aormally don't 
hold with triplers at this frequency, but its 
an exsy way to get 1298 me energy from the 
432 me driver. The transistor T used was 3 
Motorola 2NILSL, It's teveral years old and 
there are better ones that are far eheaper now 
ut it does work on 1296. I conlda't get i to 
work with grounded emitter, but around 
hase is fine. Fig. 4 gives the schematic but 
Fig. 5 gives the details, which are vital The 


manner re B14 


Fig, 5. Pictorial layout of the 1296 me 


tabler 


input on 432 tunes very nicely, But I had to 
Felice the emitter resistor in the doubler to 
432 to get enough drive. It ended up at 200, 
‘ohms. ‘The collector cireut is short, but tunes 
sinaothly. ‘The 1296 me output registers 100-4 
in the 1296 cavity in the May 73, 

‘You might try a small amount of modulation 
fon the 1296 me tripler, Ako a waveguide at- 
termator. Be seeing, you on 23 em. 


CRYSTAL CONTROLLED SIGNAL 
SOURCE WITH INFINITE ATTENUATOR 
FOR 144, 432 AND 1296 MHz. 
Bill Hoisington KICLL 
ne of the most useful test-equipment 
\dgets the homebrewer can build isa 
fenal generator. The one described here is 
of commercial quality and it can be com 
pletely contained inside 2 waveguide, Posi- 
tioning, by sliding along the waveguide, 
provides a variable-strength stable signal of 
fone millivolt, one microvolt, one nanovoll, 


or less, dropping down gradually to a true 
zero, It does this ina perfectly smooth 
ashion without steps or jumps so that 
every fraction of @ decibel in lower noise 


What's more, the slide can be ealibrated so 
that FPaers Cun use the device for directly, 
measuring receiver sensitivity in tenths of a 
mierovolt, 

In building a 6 meter receiver 
for maximum absolute sensitivity 
ally nad to check especially on the first 
stage rf transistor and cireuit for minimum 
noise figure, (For this type of work you 
nuust have signal generator capable of 
heing attenuated out of sight with any 
receiver you can buy fer any money.) The 
usual generators on the market under $100 
do not do this. And many of the very 
‘expensive generators get so leaky that they 
have to be used 200 ft from the receiver 
‘At any rate, the generator described here 
‘can be made up quickly and at low cost, 
find it is stable, reliable, and infinitely 
variable 
faveguide 
The only possible difficulty might be in 
‘obtaining the piece of waveguide needed. 
The piece 1 used is 4% in, wide by 2.1/8 in, 
high, and is 24 in. tong. If you have a 
choice, get a piece a litte longer. You 
could make up this item out of brass or 
‘copper if you had £0, bevause in this case it 
is not used to carry energy but to attenuate 
it, so the worse you make it the better! 

The waveguide must nor have any holes 

land should be reasonably smooth 
inside: otherwise your dial would not read 
smoothly in attenuation, You cuuld use 
copper oF aluminum drain pipe, although 1 
ave not tried them yet. Working directly 
fon the sf, this attenuator is good for any 
jodulation, including SSB, FM. 

what have you. 


Construction 
Figure 1 shows the basic idea, When the 


Fig. 4, Schematic of the 1296 me 
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BASEBOARD, SLIDES IN & OUT 
Fig, 1. Sketch shows plan-view Isyo 


of unit inside waveguide attenuator. The oxcilator unit is 


‘mounted on a flat wood or cardboard strip that can be calibrated to give accurate indications of out- 


put signal 
30 


Fig, 2, Schematic of generator. This entite assembly about 3.4 in. inching smal BV batory and 
‘itch must be entirely ini the waveguide. No wie or rata of any kind com be brought urs. 


receiver pickup plate, you can get about 
100 mY of signal into the receiver, and i 
handy for checking diode receivers. When 
the two plates are about 8 in, apart, the 
signal is just detectable on a good receiver. 
Additional spacing between plates amounts 
to “waveguide beyond cutoff.” I do not 
believe that there is any receiver in the 
world that can pick up the signal much 
beyond the 8% in, point. 

Pretty soon in your receiver “peaking” 
‘work you get to that signal that may be 
but a tenth of a microvolt or so, and you 
begin dreaming about cryogenic front ends, 
masers, and such, AS mentioned, every 
fraction of a decibel lower in noise figure, 
very improvement in sensitivity comes out 
rigorously and relentlessly on that slide 
dial, You can easily check which of your 
low-noise transistors is really low, whether 
that MOSFET will doa better of worse job 
{or you, and in which circuit 

As you go up in frequency you may 
ave to make smaller and smaller oscil 
lators in order to fit in smaller waveguides 
fo get the cutoff effect, (That wil not be a 
problem if you read 73; the May sue 
described 4 “postage-stamp-sized” rf genet 
ator that is an ideal candidate for the signal 
source.) 


Gieuit 

A crystal oscillator, an af oscillator, and 
4 simple class A modulator do an exeellent 
Job to start with. Figure 2 shows the 
present unit as used on 6 meters, It must 
be stressed again that no wire oF other 
piece of metal may be allowed to reach the 
outside from this assembly. I'm making up 
‘another for 2 meters soon (sill my favorite 
band) and will try one on 450 a little 


Audio 
A controlied-feedback transformer 
coupled af oscillator does 2 good job in 


furnishing 4 sine wave, A Motorola 
HEPSS is used for the oscillator, with 
feedback to the base from the collector 
through transformer TI. controlled by 
resistor R2. Audio output is taken off the 
5 kQ2 winding of TH, is fod through Ra the 
modulition coatrol, and then to the base 


of af modulator Q2, Transistor Q2 is set up 


for low-power class A operation because 
not much modulation is needed for the 
signal generator. Transformer T2 is an old 
SW unit from “tube-lype portable” days 
The secondary of T2 feeds a modulated 
49 signal to Q3, the erystal-controlled SO 
Mite oscillator 

This af oscillator is one of my negative: 
feedback jobs with phase reversal in the 
crystal. A 1% in, square plate is tied onto 
the collector, radiating energy to the 
receiver pickup plate facing it inside the 
waveguide, This energy is rapidly attenu- 
ated as you move the plates apart, and 
should be impossible to detect after some 9 
(10 in, of separation, 

Once again, do not bring any wires oF 
any other metal or conductor out from the 
oscillator assembly. If you want an outside 
controlled switch of other control, bring it 
out asa wooden dowel handle 


That's about it. Tune everything up 
‘outside the waveguide on the bench; when 
you're satisfied, plug your best 6 meter 
reesiver into JI, push the oscillator plank 


along the waveguide (or rather I should say 


poll it along) away from JV, You'll get a 
urprise! Hope this helps you with your 
low-noise receiver work. It did 3 lot for me. 


LOW COST 220 MHz SIGNAL. 
GENERATOR 

Bill Hofsington KICLL 

his article describes the design and 

construction of an easy (0 build, inex 

pensive, crystal controlled signal generator 

for the 220 MHz band, including a very low 


cost attenuator that goes from a quarter volt 
down through 1/20th of a microvolt and on 
to a real zero (of rf power). It is very useful 
for receiver frontend tuneup, low noise 
fests, and as a portable field generator for 
overall antenna tests through the receiver. 
For signal identification purposes, af and FM 
‘modulation are included. 

If you really want to fight for a low-noise 
front end, this piece of equipment will be of 
sreat assistance to you, because the attenu- 
ation really is infinite and without any 
difficult bypassing or shielding. 


Design of the attenuator, 

Infinite attenuation is achieved here by 
the use of a 50¢ piece of aluminum tubing, 
as shown in Fig. 1. You cannot drive 220 
Miz signals more than a few inches down 
inside of a piece of aluminum tubing. By 
Putting everything — battery, on-off switch, 
circuit and all — on the movable generator 
strip and sliding it in and out of the tubing, 
you avoid all touchy, difficult and expensive 
bypassing, costly attentuator pots, shielding, 
etc., and. provide a simplified ‘means of 
varying the attenuation with stable, smooth, 
‘easy repeatability. Calibration is of the sfide 
rule variety and also simple as far as writing 
down the microvolts on the scale is com 
cerned 

This principle is older than radio tubes; in 
fact Sir Oliver Lodge used it in his 1890 
microwave work. 


Attenuator Construction Details 

Figure 1 tells most of the story, with 
details in Figs. 2 through 9. An adequate rf 
seal can be made at the pickup end of the 
aluminum tubing, standard TV masting, 13 
©.D,, by 2 or 4 tabs in one end as in Fig. 3 
and ‘bending them back as shown, then 
cutting off the excess tubing, Install the 
pickup, plate, output jack, amd end plate as 
shown in Fig, 11 used time-saving external 
mounts for fastening it down to the wood 
bascboard as shown in Figs. 2 through 5. 
Drill a % in. hole for a screwdriver asin Fig, 
2, and use angles for the pickup end. Figure 
2'also shows the scale in use for attenuation 
settings, and Fig. 3 shows pointer details, 
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Fig. 1 Sidevew, 220 signal gentratr and infinite attenuate. 
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Fig. 2. Top view of the 220 signal generator ond 
etal of the ealbeation pointer 


Figures 6 and 7 show pictorials of the 
layout, top view and side view. 
The Generator 

Nothing too fussy here, but attention to 
details will assure reliable af and rf oscilla 
tion at low power and low battery drain and 
good frequency nmltiplication. Figure & 
shows the schematic with the details of the 
two oscillators, the crystal in the 44 MHz 
range, and the quintupler. ‘The af uses a 
standard cireuit which, however, has one 

Conteary to a transformer 
coupled circuit, which is seldom mentioned, 
this twin-T job has a nasty trick of not 
starting every time. However a small cap 
from collector to ground cures this and 
makes it 100% reliable in that respect. The 
‘emitter being grounded, | suppose this estab- 
lishes the correct in-phase relation with the 
collector, in which both of these elements 
should be in phase. You can put a small trim 
pot af gain control between the modulator 
and the oscillator if you wish, watching out 
for de voltages of course, As shown here, 
there is plenty of modulation for signal 
identification, both AM and FM. 

Referring to Fig. 8, at the left is the af 
oscillator. It is not down symmetrically, but 
you ean note the two 22K resistors and the 
two .02 frequency settling caps, along with 
the OS and the 2.2K terminating the lines. 
All of these set the frequency, and to change 
the frequency you should vary all of them in 
at least their approximate present ratios. It 
Js around 500 cycles as shown, Do 
not forget the “starting cap” from collector 
to ground, 


Hem to wateh 


The output goes to the antenna plate on 
the forward end of the baseboard plank, 
When this plate is moved all the way in so 
that it is only % in. from the cable pickup 
plate in the end of the aluminum tube, a full 
scale reading may be obtained on a 50 
mieroamp meter on the output of a tuned 
diode detector (see Fig. 9). My first model 
here has marks on the scale (see Fig. 2) for 1 
Hf stage; 2 rf stages; mixer (feeding into a 
good if strip); mixer plus J rf, ete. At the 1 
if plus mixer, you begin to hear all the 

caters within 100 miles or so, With 2 rf 
plus mixer (followed by a sensitive if of 
course) you are really getting sensitivity 
‘This is where you put a scope in line in order 
to have an electronic comparison point for 
signal coming out of the noise purposes, and 
then can really get into the low-noise bit, if 
you have a hermit location, Just happens t 
hhuve one here. When I hear the noise of 
car, tsa visitor! 


ig. 6A. Layout, top view 


This audio Is fed to the base of the 
multiplier where it provides some AM and 
some FM modulation for signal identi 
fication purposes. When working with receiv- 
er oscillators, and in particular with high 
ratio multipliers, this is very important. It 
may also he locked into any old scope syne 
for noise figure and sensitivity comparisons. 
“The scope syne gives a reference point where 
the signal to noise ratio will always be the 
sume, without resorting to guess work. The 
crystul oscillator is my old (ried and true 
crystal phase-reversing job, which uses negs- 
tive feedback from the collector coil, which, 
after going through the crystal, Zeverses 
phase and becomes positive, thus assuring 
oscillation but only on the crystal frequen- 
cy. A HEP 75 (similar to the famous 3866) 
is used for the quintupler. A lot more output 
is noted with this powerful but smooth 
operating old faithful, still good to 450 
ME2, 


(HSPs 


Fig, 68, Tiepoint construction. 


Output 
You will see for yourself as soon as you 
start testing that the attenuator is smooth: 
working and stepless, and that true infi 
attenuation is at hand. An sf input state 
(preamp) with a noise figure a Tract 
better than another shows right away on the 
scale, For example, adjustment of the fixed 
bias voltages on the two gates of a 3N200 or 
3N201 shows right away on the scale us the 


Fig. 3. Cable end view thing 


Fig, 7. Side view of the signa generator, 220 MHz 
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Fig. 8 Schematic. Lt 
cold end. Wound on phenfoie form .6 cm 0.D. Li 
‘em long between te points. RFC ~ about 40 turns 
(ot critica) 


pushrod is moved in and out and the signal 
is locked onto the scope. This work you can 
do sight on the bench and at low cost 

‘There is quite a bit of mechanical work in 
the unit, depending on just how muck 
“finish” you want it to have. You ean also 
bring a dowel rod for “on and off" use. 
Do not, under any circumstances, bring out 
a conductor. You ean do this, but only with 
extreme amount of filtering, which is not 
part of this article. Be sure to set up the 
‘baseboard, antenna plate and battery fist, 
and get them working mechanically. With a 
drawn-out shape like this 1 generally start 
with a longer piece of copper-clad than 
needed, build from one end, and then cut 
Off what is left over. Understandably, once 
you have made the first one you can always 
see, after itis done, many ways of improving 
it, However, someone has to make the first 
fone, and that's generally my job. 
Antenna and Field Tests 

Out of the tubing, and with a small 
antenna connected vii a one turn link 


16 turns No, 26 outpu tap at 2 turns, crystal feedback tap at 4 tums, from 


turns No. 18 bare, air wound, 6 cm OD. 25 
No. 40, on phenolic form -3 am 0.0.1 cm long 


around the quadrupler coil and then to 
ground, returning L2 for maximum output, 
this little rig puts out a lot of signal on 220. 
Especially if you reduce the oscillator emit- 
ter resistor! Up to several volts of rf can be 
‘obtained ina tuned diode receiver if you push 
things along, which is around S to 10 mW. If 
you place this generator out in a field several 
hundred yards or more away, you can then 
line up your antenna on the car or house, 
cheek antenna cables, antenna input align: 
ment, and match or mismatch for lowest 
noise figure, ete. 

Front end alignment should first be done 
with a relatively broadband Ff steip on 10.7 
Miz. Be sure nothing metallic on the genera+ 
tor strip protrudes enough to touch the 
inner wall of the tubing, or “scratch” will 
‘occur in the high gain receiver. A piece of 
thin fiberglass or other insulating sheet 
wrapped around the whole generator 
movable plank is a good precaution. 

Once again I include a 220 MHz tuned 
diode detector, which is an absolute must 
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Fig, 9. Tuned diode detector, 160~460 tte 


for frequency multiplication, especially 
quintupling and such, whete the other un- 
wanted harmonies are as little as 20% away 
from the desired frequency. Figure 9 shows 
this piece of test equipment in pictorial 
schematic form. Remember, shape is of 
considerable importance as you go from 
VHF into UHF. It is quite easy to make the 
square trough line out of an old piece of 
copper clad, Or even a new piece! And this 
particular one described and shown in Fig. 9 
goes very well to over 450 MHz and thus is 
very nice for the next band also. If you 
make it just as I've shown it, it will do a 
{00d job for you. 

Calibration will present some difficulties, 
so line up some other lads sround who are 
already on these bands and get your calibra- 
tion that way. 

So good luck, friends, more coming ~ 
lot’s more! Keep reading. 


UHF SIGNAL GENERATOR 
‘Jim Kennedy KOMIO 


Several requirements wore the basis far the 
design of this signal generator: operation on 
hoth 432 me and 1296 me, high stability e¢., 
crystal control, variable «f amplitude, provision 
for inseition of various types of modulation, 
and lowest possible cost consistent with satis: 
factory opens 

Thad a 27.005 me overtone crystal left over 
from a brief period of disilusionment about CB 
and, sinee 2 times 6 is 432 which tines 336 
1206, this seemed a likely place ta start 

Fig. 1 shows the final resilt. The overtone 
oscillator is voltage regulated and is left operat 
ing at all times when the generator is on. The, 
‘crystal is mounted sindemeath the chassis to 
protect st from rapid temperature ehanges frm 
alts, ete, further enhancing the stability 

‘The use of diode multipliers at 432 me and 
1206 me greatly simplifies developing UHF rf 

Direct coupling the modulation into. the 
cathode of the last vacwam tubo multiplier 
provides a modulation input that will aecomo- 
date almost any signal from audio to video, or 
even pole, 

A four position mode switch on the front 
panel allows the choice of carrier, no carrie, 
earvier with 6 eycle modulation” and. finally 
farsi: with external mosilation, 

Construction 

Building the unit presents no special prob- 
lems except geting i all under the chassis, The 
3x Ox 2¥ chassis does’? leave much useful 


Front view of signal generator 


room to spare, but it does make for a very 
compact deviee 

The Jengths of the diode snultiplior tunel 
lines were determined primarily by the space 
available and boar only. the slightost elation 
to the wave lengths involved: hence, it was 
rnovessaty to pacl both lines with ditional 
‘capacitances in arder to resonate them prope 
Is 

‘Both lines were folded from 1/32 incl brass 
sheet stock, ‘The Inner conclwetors ate made 
from # inch benss tubing. The 432 line is 1" 
1 x7, Tho input diode is tapped onto 
the inner conductor 1H inches from the other 
ud. The sigoal output loop is abont 1% inches 
Tog. The oatpnt diode is tapped 2 inches 
fro the loop ond af the line 

‘The tuning capacitor is made by soldering 
x 10-32 nl over a hole in the middle of the 
line shell. This provides tho threads for the 
10-32 surew which actually serves as the 
vapacitor 

Round & ined disks are soldeeed to the bot 
tom of the center of the inner ender sind 
fo the end of the turning serew ta provide 
addlitiosal range 

The 1206 Tine is shnilae exewpt it iv only 
inches long, The rmaltiplier die is tapped on 
the inner conduetiy % juches from one ess 
The signal output loop is about % inches long 


Closeup showing the oscillator end vacuum 
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Lat the other endl of the line, The 
tuning eapaeitor is identical to the one used 
in the 432 line 

The 15K 10 watt resistor in the carrie OFF 
position limits the no load voltage from ex 
ceeding the ratings on the filter capacitors. 

Operation 

"The tage up of the tube stages exn be easily 
secomplished with 2 grid dipper. The UFTF 
Slages should only need to he peaked with a 
fonverter and revoivoe 

Shields on afl tubes awl a bottom caver on 
tho classi are important roqwirements TF st 
leakrge at the sigoal frequeney or fewer har 
rmapies i to he eliminated as 2 possible sontce 
Df measurement error. These were remaved for 
the photographs bot are always sed in prac 
Wie. 

For best roms it is. good idea to employ 
‘4 50 ohn (or 75 ohm as tho ease may be) pad 
beiwnen the signal, generator and the equip, 
iment-unelee test, ‘This will insure that the 
iHenetator will appear as a sesstive load as 
niuch st posible. This i necessary if the 
ieneralor Ig to duplicate tbe conditions pre: 
Sented 10 the receiver by a soo antenna 

This pad can take many forms, The ts 
easiest ways to make one would be to use 


Silfient Tengtlis of some lnsey cons, At 432 
tne higher, 20 of 90 feet of HG-58 (oF RG-59 
eins to be quite adequate for most applica: 
tions. The other approach would valve by 

oa conventional id into a 
female BNC. 6 rect hack 
Pie 2 show sch 1 pad 

Awide from receiver testing, this device has 

on 
FIGURE 2 


Fig, 2.20 db $2 ahem pad. Resistors mount 
0 ie BNC con 


6 


CClowsup view showing details of aiode multi 
pets tines 


several other uses to which it can be put. It is 
fake usefol as a sighal source for antenna tests 
wl stamay be used a8 frequency standard. 
‘Luis last use can be of great value at UHP 
because of the persistent problem of ‘ervstal 
tolerance versus’ frequency” multiplication. A 
converter can easily be 40 or 50 ke or moze 
bff of the indicated frequency at 1296 me, 
‘This can be quite a problem if you are hunting 
for a moonbounce signal thiough a 3 cps 
fier 

‘Though not shown on the diagram or in 
the pictures, i¢ was found that 30 mmfd 
variable capacitor caunected across the crystal 
war suffient to reduce 27.005 me to the 

(000... me required ta put the zenecator 
fon 499,00. and 1296.00 . . . me. Te will 
probably be necessary to retuae the osllator 
plate citcuit for best operation; some loss in 
Doutpot will be encountered bt this should 
not be a serious problem. However, if such 
operation is contemplated, it might be of some 
aaivantage to obtain a 27.002 me crystal and 
‘employ a smaller variable capacitor. 

In onder to make the frequency standard 
really something of @ standard, a 1 me call 
bration oseilator showld be employed. Some 
harmonic of the oscillator (8 me, 10 me, ete.) 
should be zero beated aguiast WWV. The 
igual generator should then be 2es0 boated 
agalnet the 27 me harmonic of the L me eal 
Tirator-prestol—a 432-1296 me frequency 
stondacd 


‘Though there aro many refinements which 
can be made, the unit described has done 
I the watted tasks asked of 
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LAB TYPE IF/RE SWEEP GENERATOR 
USING ICS 
Roy Megan K4DUC 


By fecpuie taps bey orearreie 
tor on the market starts life out at 
sround 3 or 4 MHzand ends up at 200 MHz 
‘or su, This always made analysis or display 
of 456 kHe i amplifier response character: 
istics ® tedious step-by-step plotting pro: 


‘sedure oF required time out to cig up a 
temporary gimmick to do the job, No more 
‘The sweep generator to be described here 
will do the job with ease and precision. Even 
if you do not intend to duplicate the 
instrument, you may find parts of it useful 
for other applications 


did an excellent job the rest of the way. Use 


of these tiny components made possible a 
very compact S-band assembly, 
‘The VCO 

In order to facilitate shielding and simpli- 
fy construction, electronic band switching is 
employed. Figure 3 is the schematic for the 


» rf portion of the generator. The 2N4391 
J-FET has a low ‘on’ resistance and works 


very well as a switch, One of these transis: 
tors is placed in series with each tank cirewit 


ae ae 


Fig. 1 Schematic of the C1848 IC, 


The generator covers a frequency range of 
from 400 kHz to 30 MHz in five bands. It 
cean be operated in the CW mode as well as 
swept, thus allowing it to be used as an 
ordinary signal generator. Maximum output 
is 350 mV pep across S022, When sweeping, 
the return trace may be blanked or not, us 
desired. Two calibrated dials are provided 
for setting the start and stop frequencies and 
the maximum sweep width would be the 
entire band in use, The frequencies covered 
by the five bands are: 400 to 900 kHz, 850 
kHz (0 2.3 MHz, 2 to 6 MHlz, 5 to 15 MIlz 
and 10 to 30 MHz. Sweep time is variable 
between 20 ms and 6 seconds per sweep. A 
step attenuator in conjection with a vernier 


ig. 2. Tuning the MCY648 witha single diode (A) 
and usag back-to-back diodes (0). 


control provide a maxinwm 
the output of 120 dB. An input is provided 
for a post-injection marker system built into 
the unit. Asynchronous sump with gain 
control is provided for driving the oscillo- 
seope horizontal sweep. Blanking pulses are 
also brougitt out to a connector in case they 
sare needed for synchronizing external equip- 


A New 1c 

The heart of the eenerator is a new 
Motorola IC, the MCI648 emitter-coupled 
csillator. 1k was intended for use in phase- 
locked loop systems operating in excess of 
180 MHz, but may be used im many other 
applications such as this one. The device 
provides output of high spectral purty and 
incorporates an internal age system which 
simplifies design of the sweep generator by 
climinating the need For external leveling. A 
buffer amplifier and emitter-follower output 
are also incorporated on the chip, elimina- 
ling the need for extemal amplifiers, Figure 
1's a schematic of the MCL648 IC. Figure 2 
iustrtes two methods for tuning the oseil- 
lator. The devive is packaged in a 14-pin DIP 
and requires a SV de supply. Since it was 
intended to be used with Motorola MECL It 
logic, either polarity is permissible, A pos: 

supply is used here, connected to pins | 
sand 14 with 7 and 8 grounded. 

‘Al the information covered by the data 
sheet for the MCI648 dealt with operation 
from 10 MHe up to about 180 MHL, Since 
ws interested in going 28 low as 400 kHz, | 
hud to do some experimenting with tank 
circuits, My best results were obtained with 
the use of cup cores for the two lowest 
bands. I also found that ordinary molded Fig. 5. schematic o de rf oembly using de 
iron core rf chokes of the miniature varity sicing nn of MEF mem wing de bond 
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the people and the devices based on the social relationships. 
“These relationships further promote efficient discovery of the 
objects and effective service compositions. 

Let ushavea glimpse of the application scenariosin which 
SIoT will make a profound effect on our daily life in the 
near future, Imagine a group of vehicles that form a mobile 
social network on the move when heading towards the same 
location or when they are bound in a common relationship. 
Vehicles may form diverse social communities; for example, 
small cars create a social network to share available parking 
space information or bicycles share information about the 
‘vacant paths using a network [8]. Vehicles commuting from 
home to office can join a social network to share traffic 
congestion experience, accident warnings, or other common 
information (eg., a meeting plan) with colleagues by access- 
ing their vehicles'social network. Let us analyze another SloT 
use case where a user enters a public museum with an IoT 
environment, which incorporates smart objects that exploit 
social relationships to share information. At the entrance 
to the premises, the user's smartphone is prompted with a 
beacon signal to recommenda service app installation, When 
the user grants the permission, an app is installed and a 
social agent acquires his profile and friendship details. The 
app incorporates a microservice which uses a smartphone 
object to establish a social relationship with the museum 
visit service. The museum is equipped with a network of 
smart objects that monitor the user’s location and provide 
services to enhance his/her experience such as personalizing 
the displays, assisting in the navigation, and recommending 
the relevant services. 

‘To support the above-mentioned use cases, most of the 
current IoT architectural approaches are not suitable as they 
are based on the traditional monolithic approaches, which 
further hinder the development of efficient, modular, and 
independent services that cannot scale well with the increas- 
ing user’s service demands, as already witnessed in many 
studies [9-12]. Using monolithic approaches, we cannot 
fully achieve the benefits offered by SloT including efficient 
information discovery, improved scalability, and simplified 
interconnection of objects. 

‘These limitations motivate the current paper to define 
1 design for the development of SloT based services with 
efficient and lightweight mechanisms to exploit SloT features 
for improved service provisioning. The proposed design is 
based on the microservices concept which promises a more 
solid practice of SOA. There is no particular definition of 
microservices architectural style; however, it is explained 
in [13] by Martin Fowler as “an approach to developing a 
single application as a suite of small services, each running. 
in its own process and communicating with lightweight 
mechanisms, often an HTTP resource API.” Following the 
microservices based proposed design, SloT applications can 
be developed, deployed, and maintained more efficiently and 
independently, which will promote system modularity and 
interoperability. 

‘Moreover, a SloT design needs to facilitate the efficient 
information discovery based on the social relationships 
among objects. To achieve this, incorporating the existing 
social relationship models in the proposed design can be 
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useful, However, applications with intelligent service features, 
require dynamic object selection. Therefore, objects need to 
acquire the ability to infer new relationships for intercon- 
nection with other objects in the system. This view further 
motivates the present article to develop a social relationship 
‘model based on the semantic ontology. The utilized ontology- 
based approach is highly useful to dynamically infer new 
social relationships for efficient service provisioning. 

Furthermore, to fully achieve the benefits of both, the 
SloT and microservices, selecting an loT environment is nec- 
essary where not only can the social interconnection among, 
heterogeneous objects be utilized but also the lightweight 
services can be developed to apply these relationships for 
effective loT service provisioning. To fulfill this goal, the 
Web of Objects (WoO) [14] platform has been selected. 
According to the ITU recommendation (ITU-T ¥.4452) [15], 
“the Web of Objects (WoO) is a realization way of the 
oT services, where virtualized objects (ie. virtual objects 
(VOs) and composite virtual objects (CVOs)) are connected, 
controlled, and incorporated with resources to facilitate the 
development, deployment, and operation of [oT services on 
the World Wide Web.” 

‘To exploit the opportunities provided by the above dis- 
cussed technological advancements, the main contributions 
are highlighted as follows: 


(4) This article contributes a novel design based on the 
microservices concept with lightweight and modular 
services to support the development of SIoT applica- 
tions. The proposed design involves mechanisms to 
enhance object discovery and to reduce the magni- 
tude of complexity generated due to the huge number 
of objects. 


(ii) A social relationship ontological model is developed, 
‘which helps identify the hidden and unidentified rela- 
tionships among objects with reasoning mechanisms. 


(iii) A use case with the implementation prototype based. 
‘on the WoO platform is developed to exploit the social 
relationship model, supporting the proposed design 
for efficient loT service provisioning. 


Further, to support the above contributions, virtual objects, 
serving on real-world objects, have been developed, which 
can be reusable in other services as well. CVOs are imple- 
mented, where each update of the information in the real- 
world object is reflected in the VO and propagated to the 
CVO. Also, the Social loT notion is incorporated into virtual 
objects to provide easy discovery and efficient execution 
while maintaining collaboration using social connections. 
Moreover, an experimental analysis has been carried out to 
evaluate the discovery time of VOs and the time required for 
service execution, with or without social relationships among, 
virtual objects 

“The remainder of this article is organized as follows. In 
Section 2, the related work is described, Section 3 presents the 
proposed design of the social web objects accompanied by the 
social interaction model. In Section 4, an loT environment 


Completed oF assembly seady for mounting in the 
Cabinet, plastic version of the 24439) was sed 
‘with 3 considerable savings in paris sost 

and can be tumed on by application of a 
positive voltage at the gate 

use of a strictly de-operuied remote switeh- 


This allows the 


ing arrangement, The entire assembly is built 


on a 2x 3 in. pe bourd and mounted in a 
Pomona Model 33 
3328 bottom mounting plate 
4 BAIO3 tuning diode by ITT is used to 
sweep the ostillator. Although i is intended 
i performs admirably at 
ese higher frequencies and its high capac 
tance ratio allows wide s 
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Fig 5. Pictorial demonstration of ramp generation. 


are planning to use this oscillator for 


2 more suitable diode 
According to the data 


Fig, 4. (A) Fol side oF #f pe board, (8) Location of parison component side, 
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sheet on the MCI648, typical maximum 
‘output Frequency is 225 Mit 
The vernier attensutor is a 1002 RV6 


style potentiometer mounted inside the en- 


closure. A coupling and extension shaft are 
used to bring the control out to the front 
panel, The value of the resistor at the 


botiom end of the pot will have to be 
selected so thal a cange of 20 dB is provided 
with foll swing of the control. Since end 
resistance varies from one contralto 
another, an exact value will have to be 
arrived at experimentally 
The output from the ¥CO is a square 
wave, If sine wave output is desired, the age 
characteristic may be modified by intro- 
ducing resistance between pin 5 and ground, 
The small trimmer incorporated on the 
board is used for this purpose. It was my 
however, that this may intro- 
duce instability with some MCI648s, AF 
though the trimmer was left in, the one in 
‘my unit is tured to maximum resistance 
where it has no effect and left there, It 
‘would do no harm to teave it out altogether 
since ao other changes would he needed 


If any readers are contemplating exact 
duplication of this generator, you will find 
the cap cores Fused are no longer available 
These were Ferrox-eube part number 
332P133B4-3C and are obsolete. 1 bad a 
large number of these on hand left over froma 
fnother project and saw no sense in buying 
more. 1 am of the presently 
available cup cores will make excellent sub- 
situtes. Those used here are sbout 3/8 in, in 
diameter and are uagapped. You may have 
to experiment with the number ef turns ia 
the coil to obtain the coverage you require 
One handy trick you cin pull with a cup 
core is to rotate the slots in each half sa that 
fractional turns are produced when the coil 
wires ure brought out separately through the 


ovo spaced oles, Exerting pressure on the 
core by means of che mounting screw will 
also shift the frequency and is almost like 
having a slug Co tune. fncreasing pressure 
seems 10 raise te frequency, The rf chokes 
used for the higher bands my also vary 
Slightly from piece to pieve and several may 
have o be tHied to get the desired coverage 
There isn't muh we cin do Co alter the 
Irequency where the chokes are used. OF 
course, slug-tuned coils may be used if the 
pe layout is modified, 1 do not recommend 
their use on the two lowest bands, however, 
since my resulis were rather unsitisfactory 
‘with this sort of tank circuit 

One final point would be in order before 
leaving the VCO, Note that the 10 K@ 
resistor going to the tuning diode, the 2.2 uk 
rf output capacitor and each of the 12 K2 
resistors going to the Lransistor gales are not 
‘mounted on the board, One end of exch has 
4 hole provided on the board and then the 
‘component itsel’ is used to make the con- 
‘nection to ils final destination, This saves 
bboard space and eliminates separate wires, 
The smull resistor al the bottom of the 
verier allenuator is similarly mounted be- 
ween the board and the botiom lug on the 


vontrol, These points are more clearly seen 
in the photo. Also note that the cup cores 
are fastened directly to the hoard by means 
ff 1-72 screws into threaded holes, 


‘The Ramp Generator 
In contrast with Kit-type sweep genera 


tors that use the 60 Hz line forsweeping the 
‘oscillator, Ishoratory instruments have in- 


Fig. 6 Schemetic of the samp generator cireit 


ermal eiccuitey desigaed for this purpose. In 
four ense, as WIL most sweep generators, @ 
imp is used Lo control the oscillator 

‘The circuitry has 
been arranged so that we can adjust the 
starting point (de level) of the ranip indepen- 
dently of the stopping point. ‘This simply 
the frequency at 


voltage 
uring the sweep period 


means that we can set 
which the sweep starts as well asthe 
frequency at which it stops. We can also 
control, over 8 fairly wide range, the time it 
takes fora complete sweep. In this case, the 
sweep time is continuously adjustable be- 
‘tween 20 ms and 6 seconds per sweep. 

To get a better idea of how the ramp 
generator produces the results we've de: 
scribed above, let's look at Fig. 4. Note that 
4 negative-going linear ramp (start) is com- 
bined with 2 positve-going Hinear ramp 
(stop) 10 produce the resultant zamp being 
applied to the varactor diode. If either input 
ramp is zero, the resultant will be the sme 


‘The ramp and hanking generator po ascombly. The 
Jad going to externat points wil go ia the holes 
visible on the board. 
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as the single ramp since adding zero to 
anything will not change its value. Natarally 
if both are zero, the output will be zero and 
the oscillator output frequency will be con- 
stant during the sweep period. The same is 
ite whenever both ramps are of equal 
amplitude, except that the output will be a 
steady voltage other than zero. Alsc note 
that the zesultant ramp could have a nepative 
slope if the ‘stop’ input is lower than the 
‘lar’ input, and the oseillator would ob- 
viously sweep down in frequency rather than 
up. 

“The schematic for the ramp generator is 
shown in Fig. 6, Operational amplifiers A 
‘and A2 form a triangle wave generator with 
Al acting as a threshold detector and A2as 
an integrator, One half of the triangle 
{negative-going) represents the sweep period 
while the other half represents the retrace 
time. Since a square wave is generated st the 
output of A1, we have a convenient source 
of blanking voltage built right in, This signal 
is positive during the sweep period and is 
connected to the band switch when Swept 1 
(blanked retrace) operation is selected, 
During retrace the square wave drops to zero 
and sctually disconnects the tank circuit 
until the next sweep starts. An emitter- 
follower, Q3, buffers the square wave output 
Tor external use. 

‘The output of inverting amplifier A3 isa 
positivegoing ramp during the sweep period 
and is used for both the ‘stop’ signal and 
horizontal sweep for the oscilloscope. Since 
fan additional inversion takes place in the 
output of Ad, the negativegoing ramp at 
this point is used as the ‘star’ signal, These 
tivo ramps are applied across front panel 
‘controls which have 6:1 reduction drives and 
are fitted with dials calibrated in frequency 
for the five operating bands. The outputs 
from these two pots are fed to summing 
amplifier QI, where the output will be the 
resultant camp we discussed above. Because 
the output QI is in the negative region (PNP 
transistor), & second common-base (NPN) 
amplifier is used to shift the output back to 
where it will always be positive. 

The ramp and blanking gencrator is con 
structed on a pe board 2.6 x 4.1 in, in size. 
For convenience, all the trimmer resistors 
‘were mounted along one edge, As seen in the 
photo, this board was mounted by means of 
‘wo small brackets in a vertical position with 
‘the trimmers facing up. To simplify pattern 
layout, unused pins 1, 5 and 8 on each of 
thesfour 741 opamps were clipped off right 
at the case. Color-coded wires were con 
nected fo all necessary points on the board 
before it was mounted, with the lesds made 
Jong enough to reach their destinations. For 
those interested in building this unit, a 
detailed proceduse for setling up the ramp 
‘generator will be given liter. 


‘The Mixer/Amplifier 

In order to provide a means for displaying 
frequency markers, a mixer and amplifier 
circuit was built into the sweep generator. 
The schematic for this circuit is shown in 
Fig. 6. A marker generator was not included 
inside the sweeper because other rf genera 
tors were available for use as markers and 
the added expense seemed unnecessary. Be- 
cause the mixer board was to be installed 
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inside a shielded box, de gain control was 
resorted to as with the band switching 
discussed earlier. A 2N4391 is used as a 
variable resistor to control the signal input 
to the amplifier stage, This in turn controls 
the size of the marker being displayed on the 
curve. A 2N3819 FET is used in a simple 
mixer circuit which worked the best of 
several tried, Incidentally, the PNP and NPN 


are 
Piles 


at. 


Fig. @, Portinjection marker cireust with de gein control of marker site 
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7 (A) Fol side of ramp generater board. (B) location of parts on component side 


transistors used here and on the ramp 
generator board are unknown surplus silicon 
The pe board for the mixer is 1.5 x 29 
in, and is mounted in a Bud CU-126 die-cast 
aluminum box. Note that here again some of 
the components are mounted between the 
board and their external connectors, These 
include both the 10 pF and 100 pF input 
capacitors to the 2N3819 and the 10 KO 
resistor going to the gate of the 2N4391 


‘The Power Supply 

Figure 7 is a schematic for the power 
supply. Voltage requirements for the sweep 
generator are +15V, —15V and +5V de, The 


current drawn by any of the above circuits 
30 or 40 mA maximum, 


runs no more thi 


+15 


2.2 uF/20V TANT, 


‘DEMOD, IN 


VERTICAL 


Fig. 9. (A) Foil side of ‘mixer/amplifer pe board. (5) Location of parts on component side, 


Fig, 10. (A) Foil side of power supply po board. 
(8) location of parts en component side 


making the use of small IC voltage regulators 
ideal, Motorola MFC6030 (plastic) regula: 
tors are used in each supply and are overload 
protected against accidental short circuit 
Varo type VEI8 molded bridge rectifiers, 
together with 1000 uF filter capacitors, 
supply the de input to the regulators. 
+ISV and +5V regulators are both fed from 
the same source, The power transformer was 
1 surplus unit with a 30V CT secondary, ‘The 
center tap was uncovered and the (wo leads 
separated so as to provide (wo independent 
15V windings. A small trimmer is provided 
in each supply for voltage adjustment 

The pe bourd for the power supply is 2.6 
x 4,1 in, All components but the transform= 
rare mounted on the board, The transform 
er is mounted directly on the chassis, Rela- 
tive placement of the various components 
making up the complete generator can be 
seen quite clearly in the photo 


Control Circuits 
Figure 8 is the wiring diagram for the 
control circuitry. Note that for CW op% 
tion of the generator, a de voltage is applied 
to the varacior by way of the Start pol 
order for the dial calibration to be valid in 
either mode, the 
control must be exactly the sam 
amplitude of the ramp during swept opera 
tion, As will be explained in the se 


f¢ level applied to the 
as the peak 


"he power supply pe assembly. 


procedure, the ramp will vary from a starting 
point of approximately +1.4V and peak at 
HI2V, Resistor RI in series with (he +15V 
line is selected for a +12V level at the hilt 
tnd of the pat. R2 is selected for a level of 
+LAV al the low end. The reason for the 
offset of LAV at the low end is because the 
pin fo which the tuning diode is connected 
at the MC1688, sits at this level. The source 
Of this bias is the drop developed across two 
forward-biased junctions within the IC and 
not from any external sousce. Once these de 
levels have been set for CW with the fixed 
resistors, the ramp can be made to match by 
‘means of the trimmers in the ramp generator 
circuit 

The rest of the control circuitry is quite 
straightforward. In position 2 (Swept 1) of 
the mode switch, positive pulses from the 
amp generator are fed to the band switch 
during the sweep period. When retrace oc- 
curs, the pulse drops to zero and the 
osciliator shuts off until the next sweep 
starts, In the CW and Swept 2 positions of 
the mode switch, a steady +15V is applied to 


the band switch and the oscillator runs 
continuously, 
The final function performed by the 


mode switeh is to zoute the de for CW or the 
ramp for swept operation to the tuning 
diode, The two fixed resistors are mounted 
point-to-point behind the panel since al 
points are readily accessible within every 
short distances. The fixed resistors asso- 
ciated with the marker gain control are also 
mounted the same way behind the panel 
‘The switches are ordinary rotary types and 
the potentiometers are all ordinary carbon 
controls. The Start and Stop controls as well 
as all gain controls have linear tapers. The 
Sweep Time pot is an audio taper type with 
built-in switch for ac power. 


Setting Up the Ramp Generator 

For best results, a calibrated de scope is 
required to properly adjust the ramp genera- 
tor, Test points have been provided on the 
pe bourd and short pieces of bare wite 
connected to each of these points make 
excellent tie points for the scope probe, The 
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N 


+15V 
‘OUT 


=15v 
‘our 


Fig, 11, (A) Foi sie of power supply PC board. (B) Locetion of parts on component side 


circuit may be aligned either before or after 
installation, The Start, Stop and Sweep Time 
pots can be connected at the ends of their 
respective leads if the unit is checked outside 
the cabinet 


Set all seven. trimmers. to mid-range, 
and adjust the 
Set the 
Sweep Time control to minimum resistance 
and upply power. Some sort of triangular 
wave should be displayed, Adjust R} fora 
3V p-p amplitude of the waveform, Tum R2 
fw until the negative-going portion of the 
triangle is 20 ms long. Since RI and R2 
interact, you will have to stop occasionally 
and reset R1 for proper amplitude. Once the 
ramp is set at 20 ms with the Sweep Time 
pot at minimum, the slow speed end will 
automatically be about 5 or 6 seconds with a 
TMQ pot. 


Connect the scope to TP 


horizontal for a full sweep of 20 n 


‘Transfer the scope probe to TP2 where a 
positivezoing ramp should be scen. Set the 
starting point of the ramp to zero volts by 
means of R3. Amplitude of this ramp must 
bbe 10V. If it i not, go back and adjust RI 
slightly until it is, If novessary, reset R2 for 
20 ms trace length. As soon as a 1OV, 20 ms, 


2ero-based, positive-going ramp. has 
achieved a TP2, go on to TP3 

At TPS there should he a negative-zoing 
ramp. Once again we require a 22r0 base line 
or starting point. Adjust RS to accomplish 
this, Amplitude should once again be 10V 
and is controlled by R4. On: 
1OV, zero-based, negative-zoing ramp, move 
onto TPS, 

Connect the probe to TP4 and set the 
Stop control to full ew. The Start pot should 
be at minimum setting. A positive-going 
ramp should be present at TP4. By means of 
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Fig.12 Control rout wiring schematic. 


trimmer R7, move the ramp up or down 
until the starting point is approximately 
+1.4V. Ordinarily the ramp will not go 
below zero but will fatten out as the 
positioning control is adjusted. This is due to 
clipping in the output amplifier. If the ramp 
generator is going 10 be used with another 
type of VCO, the ramp can be set to exactly 
zero if desired. In our case we can't as 
explained previously. 


Because a substantial amount of capaci 
tance change occurs in the tuning diode up 
to 12N, the final ramp amplitude is set to 
12V by means of R6. Because RG stretches 
the signal in a negative direction, R7 will 
have to be used to reset the base line at 
LAY, Other than for checking tracking, 
between the CW and swept modes, this 
‘completes the alignment procedure for the 
ramp general 

When the generator is finished, you can 
check the tracking by observing actual sig 
nals at the input to the VCO. Connect the 
scope probe to the feedthrough capacitor on 
the VCO assembly that goes to the tuning 
diode and set the Start control to maxinum, 


Switch rapidly between the CW and Swept 1 
positions of the mode switch. ‘The CW input 
‘will he a straight line sitting at +12V while 
the swept input will be a ramp peaking at 
+12V. Next, turn the Start control to 
‘minimum and again compare levels. If the 
Stop control is also at minimum, both 
signals will be straight lines at +1 4V. If 
there is any substantial difference between 
the two modes, use R6 and R7 on the 
generator board to make the ramp agree 
with the de levels, That completes all phases 
ff the ramp set-up procedure 


This bird's eye view of che interior sows the 
locaton ofa major assomble. 


Construction 

The cabinet used here is one manufac 
tured by Sorensen Flectronics in their 
Mod-U+Line series. These are the nrost 
reasonably priced instrument enclosures I've 
come across so far and I've used them for 
Several projects. This one is a Model 
MCH-5129 with a CP-129 chassis plate 
Dimensions are: 5% in. high by 12 in. wide 
by 9 in. deep. 

The Step attenuator was picked up 
surplus from Fertik’s Electronics for about 
S10. It is well made and designed for SOQ 
systems operating up to 1 GHz, It has an 
Integral female BNC ontput connector on 
the front face alone with four threaded 
mounting holes for ease of installation. The 
input connector is a BNC male at the end of 
a short piece of coax, 

Al xf assemblies are interconnected inside 
the cabinet by means of coax cables. This is 
clearly evident in the photo. 

The Start and Stop pots were mounted 
fon brackets behind the front panel so that 
Jackson Brothers type 451 1/DAF reduction 
drives could be installed for easiet tuning, 
‘The two circular dials are slightly under 2 in 
in diameter and were cut from sheet plastic. 
While operating in the CW mode, one of 
these was calibrated in pencil to provide a 
pattern for the finished product. A master 
was aid out using Rubylith® film and 
rub-on numbers, A negative of this was then 
ade using 2M reversing film, From the 


‘The finished sweep generator makes 2 profesional 
appearance 


negative a finished sel of dials was printed 
terial of the presensitized 
variety. These were cut out and stuck to the 
plastic by means of their own pressure- 
sensitive adhesive backing. The nameplate 
was made from the same material. The two 
index pointers are clear plastic with hairlines 
scored on the inside surface, They are 
mounted on spacers ditectly over each dial 
All renvaining labeling was done with tub-on 
lettering 
Vendor Addresses 
Fertik’s Electronics, 91h & Tioga Sts 
delphia PA 19140, 


Phite 


Sorensen Electronics Co,, Ine., 418 Queens 
Lane, San Jose CA 98112. 

Wescom, P.O. Box 2436, Fl Cajon CA 
92021. 


100 KHZ THIN-LINE PULSE 
GENERATOR 
James Ashe W2DXH 


Ordinary 1004tHz frequency standards ace 
usially audible up toa few tens of mesa 
hertz. A good one might be sable at 50 
MHz. The ciruit deserbed here uses a dual 
NAND gate to generate a 100 kHz signal 
whose harmonics are usable to 452 MHz or 

her. And it can be built without benefit 
of special instruments and knowledge 


The thin tine pulse 

One rather surprising result of higher 
mathematics ig that all repetitive signals 
composed of hannonically related sine 
eoxine waves. For example, the familiar 
square wave 38 composed of ' fundamental 
Frequency, which sets its basic repetition 
rate, andl of odd harmonies only of its funda 
mental, which contribute to its square cor- 
ners. If the harmonies’ amplitude or phase 
relationship is upset, the square wave is dis- 
torted. This feature makes the square wave 
very useful for amplifier testing, but its har- 
manic content is not very good for frequeney 


standard applications. 


(2) 


Exormal vow of tho 00 
line. gonarotr 


Now suppose that we start adding up sige 
nals of F, 2F, SF, and so on, phosed in so 
that they’all reinforce each other once per 
ceyele, Let's say thay are all the same ampli- 
tude. What would we get? See Fig. 1A. 


The five equal amplitude sine waves peak 
simultancously at the beginning of the fun- 
Gamental’s cycle. Everywhere else, until near 
the end of the eycle, they are more or less 
out of phase. Trying to see what will happen, 
we try adding the first two frequencies. 
Fig. 1B, the result, might suggest something 
to a mathematician. 


Boe 
DPS 


IN 


KAPAAL 


Fig. 1. Five sine waver (A) and 
result of poinbynoint addition (8) 


eveform ar 3 


As the number of frequencies is increased, 
their amplitudes tend to average to zero 
everywhere except at the beginning of the 
cycle, Here, they all add up toa short, sharp 
pulse, It follows that a short, repetitive, one- 
sided pulse should contain’ odd and’ even 
multiples of the fundamental frequency. 
An ideal thin line pulse has infinite fre 
quency content,* No real signal could meet 
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Fig. 2. Real circuit output az seen by 9 Teltronic 
illoncope. A fatter ‘cope thowr shorter 
time and sherper corners 


this spec, but a fast digital 1C ean produce 
a very Workable approximation, Fig. 2 
Shows a Tektronix 545A view of the gen- 
erator output and tests with other scopes 
indicate the real pulse has better rise time 
and sharper corners than shown here. 
this pulse is viewed on a low-perform- 
ance service variety” scope, its appearance 
will be greatly changed. There will be an 
apparent loss in amplitude, since the pulse 
‘occurs and terminates before the slow clt- 
ccuitry can properly respond. The apparent 
duration is increased, also because of the 
ing circuitry, And the fast pulse 
may exeite clzeuit resonances, 30 that the 
thin line pulse appears as a damped oscilla: 
tion, But these problems donot interfere 
with constructing the generator, hecause 
the very simple NAND ate cireuitsy eon 
twins no eritcal elements oF adjustments 


How it works 


There are four circuit svetions, shown in 
Fig. 3. A 100kHz crystal-stabilized oscilla 
tor sets the basic frequency, and a dual 


NAND gate civeuit converts the oscillator 
output to a thin line pulse. A I-Hz astable 
{generates the output marking. signal. A. 6 
Yolt de power source is provided by a vole 
age doubler zener-regolated supply. 

‘Mulivibratorosellators are not ordinarily 
very stable frequency sources. But if the os- 
Cillator is designed to. ron slightly. below 
required frequency, and an appropriate crys- 
tal ie commected. between twansstor_base 
terminals, oscillations are stabilized at the 
exystal frequency 

‘The crystal does not change the multi 
vibrator’ style of operation. It synchronizes 
the astable to fs own frequency, by trigger 
ing the OFF transistor into condition short- 
Iy) before normal RC turn-on, The ontput 
iS a squarish wave with good fall time, but a 
Tong tse time as shown in Fig. 44 

Tn passing through the first NAND gate 
the pul is squared up and becomes slightly 
lussyimmetsicnl, See Fig, 4B, A ciflerentiat 
ing network, CT and RIi,convers the square 
wave into the pulses showin in Fig. 4C. These 
pulses, applied to the second NAND gate, 
feappear as the thin line pulses shown in 
Fig. 4D. 

Since one CW signal sounds just like an- 
other and there may be several inthe vicinity 
ff check point, a marker feature is re- 
‘quired. This § provided by the 1-Hz astable, 
tthich paralyzes the second NAND gate part 
fof the time. Its base bias resisiors are un- 
qual, 

‘output signal. A switch disables the astable 
fa continuous signal is requized, Fig, 5 
shows the output when the second astable 
is operating: the output is locked in the up 


Fig, 3. Schematic of the 100 Hs thindne generate 


ig a distinctive duty cycle to the 


a: [ 
ves 


4, Signals at four critical 
sor, os dizslayed on» Tektronix 545A atellescope 
They are shown in Fimo coineidene 


condition during half of each 1-Hz astable 
eye. 

‘Sometimes an astable oscillator will refuse 
to start oscillating when it is tured on, Tt 
does nat start because both transistors are 
In’ saturation, This reduees loop gain so 
that available noise cannot be amplified 
around the loop. It would never start with- 
‘out some strong, outside interference. 

‘A pair of diodes, DI and D2, provide a 
reliable remedy. The diodes are arranged 
so that base bias must come from whichever 
collector is at the higher voltage. If both 
transistors are in saturation, their collectors 
are at perhaps 1 volt, which cannot provide 
‘enough base current to keep the transistors 
in saturation. This contradictory situation 
does not arise in the real circuit, which 
starts reliably. 

‘Additional diodes, DS through D8, appear 
inthe base circuit of the 1-Hz astable 
‘These are protective diodes. ‘The collector 
swing at turnoff of about 5 volts is con- 
veyed powerfully to the opposite base 
through the large coupling capacitors C5 
and C8. The reverse B-E breakdown voltage 
‘of these transistors is not known, so. the 
diodes are provided to prevent the turnoff 
voltage exoeeding 2 volts or so. 

DC power for the Generator circuitry 
comes from a voltage doubler supply bused 
‘90 a Tow-cuerent filament transiormer. Its 
design is conventional, but a large capacitor, 
C12, Is provided across its output to mini- 


i. 5 The second NAND gate locks init up posie 
ion part of the fime to produce an itermittent 
utpet 


mize noise on the supply line, The supply 
could be replaced with some batteries, 
shunted by a 50 xF or larger capacitor to 
absorb transients. The original breadboard 
ran very well, powered by four flashlight 
batteries, 


Construction 

‘The generator is builtin a Premier #PMC 
1008 3x5x7 inch hecvy alumioum box. Its 
top cover was refinished in light green enam- 
al, and four % inch grommets in the bottom 
piece serve as protective fect 

Tnside the box, the 6.3-volt transformer 
and cheater cord eounector are mounted on 
the left-hand wall. A pilot lamp, fuse, and 
two switehes ave mounted on the horizontal 
panel, at the extreme left. This leaves just 
enough apen space for the two eireutt boards 
which oceupy most of the box, Two banana 
jack output connectors aze placed on the 
righthand side, just below the panel 

‘The circuit boards are cut to 4k x 5 
inches, from Vector Sz inch pattern A stock 
and mounted parallel to the panel. The up- 
ppet board is spaced an inch from the panel, 
fand eatries both astable oscillator eireuite 
‘The other board is mounted one haf inch 
below, and carries the digital IC and the 
power supply eiteuitry. Assembled, the two 
boards make a sandwich with wiring sides 
together. 

‘Both boards are mounted on the sume 
four centers. These are through the second 
hole dagovally inward from each comer. 
The 1 inch 6-32 inteally threaded spacers, 
fare modified by adding short length of 
8.2 threaded shaft to one end of each, sim- 
plifying assembly. 

Component assembly on the boards is 
largely a matter of plugging in Vector 19.4 
lugs. ‘The finished produet lacks much Tel- 
ter if some thought is given to facing the 
Ig’ in one of two diceetions, Mounting and 
transistor holes should be drilled and reaned 
to size before installing lugs 

‘The general arrangement puts all wiring 
fon one’ side of the board and practically 
fall components on the ather side, This ap- 
proach seems a litle inflexible but is straight- 
forward and looks good. 

Possible board orientation problems may 
be overcome by working oot a handling and 
wiring procedure that doesn’t require eon 
stant relerence to actual components. A good 
approach assumes that the board is only 
timed over an imaginary hinge at its 
bottom edge, so that top down when one 
side is up Becomes bottom up when the 


cother side is down, This preserves left-right 
relationships. Another useful convention is 
that all supply wiring goes to leftchand end 
of components, 

Wiring is carried out one network (plus 
supply lines; ground lines: interstage Jines, 
ete) at a time, with prearranged color 
coding, Bare wire goes for short runs and 
where there is no chanee of a short. Solder 
each lug when convenient, 222 solid wice 
fits the T94 Tugs well, but flexible stranded 
wire is used for the four “lines from one 
board to the other. 

Transistors precede other components in 
to the board, because they are convenient 
position markers. They are placed in their 


Inside the assembled thinine generstor showing the 
component side of the power supply and IC board 


mounting holes in the board from the com- 
ponent side, and their leads brought to the 
9.4 lugs. Then the other components are 
mounted on the hoards. Diode and electro- 
lytic capacitor mounting polarity should be 
double checked. The T9.4 lugs may need a 
little bending before they will take a good grip 
‘on the components, but no component solder 
ing is done until everythin is installed. 
Trimmer capacitor C3 is mounted on its 
tabs just under the top panel. Then a small 
screwdriver aevess hole is drilled over it in 
the pancl, before painting, for vernier fee- 
queiey adjustment alter ital assembly. 
Certain components sre matched before 
installation. An ohmmeter and a capacitor 
checker will do & satisfactory job of select 
ing Cl and C2, and Bd and RG, for equal 
values. These components are chose alike 
for best symmetry of the 100-Hz oscillator 
operation. It might be good planning to 
Teave these components unsoldered until tus 
ing is completed, but everything else ean be 
soldered to the board at this point. Note 
that the R3 and RS sites do not got resistors 
until Inter. 
Two optional capacitor sites are tnchuded, 
These are for C4, an additional and prob: 
ably unnecessary padder aerass the crystal; 
fand CTA, which can be added to increuse 
the width of the thin line pulse. 
Apparently, the digital TC cames in a 
specially designed package for testing before 
use. To mount the IC, solder a % inch 


piece of wire in each of the T@4 
gs carying supply and signal voltages to 
the IC. Plice the IC between the twa rows 
fof Tugs, bend the wites against the proper 
terminals, and solder. No other mounting is 
required. 

The original breadboard showed a lot of 
transient noise in. its supply. circuit, ‘This 
originated from the TC, which was trying 
to get big chunks of current to manufacture 
pulses. Since the IC cannot deliver frequen- 

jes not available from the supply lines, very 
‘careful bypassing is indicated, 

High-frequency bypassing consists of C9, 

OlnF dise ceramic capacitor across the 
IC supply terminals on the witing side of 
the board, and C10, a 100 pieafarad eapeci- 
tor soldered diteetly between supply termin- 
als on the IC. ‘The eapaeitor leads are pro- 
vided with spaghettt insulation and placed for 
minimum open space between the eapacitor 
leads and the IC's supply loads. 

‘Testing before final assembly is very easy, 
because the odd appearing boatd layouts 
go together giving a structure that opens out 
like a book, The hinge is the four leads 
Detween boards, Leave transformer leads long, 
so that the circuit may be tested well free 
ofits cabinet, 

‘The upper half of the Premier box is pre- 
paced by powerful eleaner which removes 
its original paint. After thorough removal 
of the cleaner, the metal is roughened with 
wet sandpaper, rinsed. in vinegar solution 
fand then clear water, leaving a very good 
surface that does not require priming for 
excellent paint adhesion, Watch out for 
greasy fingerprints, 

Rustoleun #868 Green applied from a 
convenient spray can gives a fine finish, 
Follow instructions on the ean. After drying, 
the fresh, clean enamel will take water: 
proof India ink, applied with « Leroy draft- 
ing pen, When the ink is thoroughly dry, a 
final coat of Rustoleum #717 Clear finishes 
the job, ‘The enamel is soft at fist, but 
hardens isto coat durable in normal Tab: 


HES: 


de of the astable cri 


View of the component 
tor board 


Fig. 6. Mounting dimensions and spacer sembly 
ai 


Table of special p: 
100 Hs parallel votcnant 22 pF, shun es 
pacitance sormally designed. quart cra 
‘he following parts were obtained from Sold State 
Salar, PO. Bor 74, Somerville, Mast 02143, 
TIT: 2NA0 type dual NPN transistor 
DI, 02, 03, D4: fat pointcontact Germanium 
des ceded INS? 
DE, DS, D7, 8: fact paintcontct Siteon di 
des marlad S2MGM 
G1 sucpls digital intagrated circuit 
Sela State Sales type Gl. (comes with date 
thet] 


Tuning up 

‘The generator should be zeroed to. fre- 
‘quency before installation tn its ease. ‘This 
is a two-step process. Fist, the 100-kHz 
stable base resistances are adjusted by 
choosing resistors for RB und RS to. bring 
the oscillator frequeney within timmer range 
‘of 100 kHz, perhaps a few hundred eycles 
high at 15 MHz. Then tho timing capaci 
tor beings the frequency to acetate caine 
once with WAVY. 


To roughly zero the generator, set the 
trimmer eupncitor, C3, at aninimuen capaci 
tance. Identify WAY. on a. short-wave r0- 
ceiver, and tine around a bit to familisize 
yourself with what’s happening in the viein- 
ity, It would be nice if things are Saicly 
quiet 

Then put 4.7k resistors ioto the astable 
Doard at the RB and RS sites, tum on the 
generator, and look around for the signal 
Depending pon actual values of CL and 
C2, the signal may be on either side of 
WWY but is likely to be on the high side 
If so, try again with resistors one size larger, 
which will lower the frequeney. You should 
shortly find resistors that bring the fre- 
‘quency near enough to WWY for final zero- 
jing with the capacitor. Verify: timing range 
on both sides of WWW. 

Correct values for RB and R53 may be 
approximated very quickly if a good trig. 
ered scope is available, Try selecting re- 
sistors for a period af 11.4 raierosecands with 
the crystal removed. 


Using the thin line generator 


A breadboard test showed that (as might 
have been expected) there should be some 
way 40 distinguish generator signals from 
other CW signals, ‘The continuons/intermit- 
tent feature provides the marking, and once 
the correct sigoal is located the’ generator 
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‘ean be switched to “continuous” for accurate 
work, 

At low frequencies, the generator output 
and behavior resembles a conventional 100- 
kHz standard. The signal simply is ot as 
strong. A greater difference appears at 
higher frequencies: the original model yields 
‘an audible beat note at 80-MEz from a diode 
mixer through an inexpensive audio ampli- 
fier. And anather test shows a useble signal 
at 492 MHz: the 4,320¢h barmonie. 

Some connection ta the receiver or other 
detector is required. This is a natural con- 
sequence of a cirenit design that puts the 
signal where it belongs, rather than spray- 
ing it all over the lab, A few pieofarads 
coupling capacitance is sufficient at all fre 
quencies, 


Perhaps this cireuit ean be used for pure 
poses other than a frequency standard. Its 
moderate wnplitude bat widebasd output 
should be ideal for detecting changes. in 
receiver sensitivity over a broad tuning 
range. In fact, with a little decoupling of 
the input leads and provision of a eae out 
‘put connector the generator should do well 
as @ stable, reliable small-signal source. A 
piece of adjustable wavoguide-below-cutoff 
‘would make an excellent attennator for 
work not requiving exact measurements. An- 
cllier thought that oveurs is possible further 
development by provision of some arrange= 
iment for detecting which harmonie is actunl- 
ly being heard. 


ALL BAND BAND-EDGE MARKER 
Charles Reracr WAZHRE 


This calibrator ie complete with ite own ae 
supply, eliminating the need for taking power 
Sram the receiver. If ue gutlets are at 8 prem= 
tum at sour shack, the on-off switch ahd the 
Vine plug can he eliminated and the ae Tne 
connected across the receivers ac input so 
hat the calibrator eames cn whenever the re 
colver is tuaned on. A high density selenium 
Yectifier was eed and this contributes greatly 
tos compactness of the unit. The whole thing 
Fone very oul and even after 24 hous opera 
‘don, stil Sexe hot 

‘Wiring sen’ too eritesl, hat heey all Ten 
short ana direct. Using am octal sorbet foe a 
Sial bolder Jels you nse the umased pine as 
‘ieponts and is revowmended 

“A Petersen type Z2 st eas used hoennse 
St has @ tolerance of sm2"c, This ix one Fesson 
Why no provision is made for “yeroing” the 
Cabbestor against a standard, ‘The other is 
that there ist ang auch etandard as WWV. 
Tor ute. However, if Uhis provision is desire, 
CC, the 56 rnmTd capacitor. connected to pin 
Vat the SHG theu the TAIC resistor, enn he 


Chapter VI 


Crystal Calibrators 


rmude variable, Abs, if band edge markers are 
‘wanted for 50 me aid up, me Sts may be 
ubtitated att this function is ante nd 
Ch anade variable far “zeroing” seainst WW 
‘Thi gage ean also be too a a Xtal ae 
Livicy checker by simply rephicing the rovekes 
Rtal with the stal to he tated. Tuning your 
resaiver should get vou strong signal al he 
Stats fundtnental if fe is OK, 


Table 4 
Harmonie 
a5 me 


Band Moke 


hor Progueey 
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1.0 ine 
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280m 
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THE MULTICAL 
FR, Davisson KVL. 


What Jp the *Mulkieal"? As the nanse im. 
plies, “multi” would snggest several uses, and 
“cal” might infer a calibrator of some sort 

‘Wall, that's right, but there is slightly more 
significance to the’ name. “Mull is also a 
Sort Torm term used te describe dip flop ci 
cits knoven as multivibratos, 

By combining the basic characteristics of a 
free-running onltivibrator (astable) with eey 


" 


tal contrcl, you have a simple, stable, virtually 
insenstive-Lotemperature-changes, crystal cali- 
Drator for that receiver you have been wonder: 
ing about. 

The circuit uses no inductors and depends 
upon the orystal for the proper feedback for 
‘oscillations, ‘Temperature stability is partially 
‘due to the absence of capacitors. 

ransistr stage Qz operates with unity gain 
whereas transistor Q, operates at considerably 
more gain. Both stages are operating as feed 
‘buck simplifers. The harmonic generator diode 
By ig INIDB. Any genet purpose lode 

Ty vsing the mulivibrator circuit, the wave 
form obtained is comparatively: rich in har 
monies and enuld be used without any farther 
Kefinements, However, to insure useful har. 
‘monies through 30 MHz starting fram a 100 
Lz crystal, a harmoole generator consisting 
of Ry and D, shown fa Fig. 1 was added, The 
capacitors Cy and C, are sed strictly for 
coupling and!nave no elect on Frequency st 
slit. 

Crystals from 100 KHz up to 1 MHz may 
hie used in the Multcal wath no changes. The 
circuit will oseillte from voltages as low as 2 
volts and can be operated safely irom voltages 
as high as 20 volts, This wide range of voltage 
‘operation allows the source to be obtained 
from virtually any place. 

‘Ouiput from the calibrator may be fed at 
rectly into the receivers input, or may be 
teoupled to « short whip antenna. With a whip. 
antoana, close eaupling to the receivers input 
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use case is explained with the details of the prototype imple- 
mentation and discussion of the performance evaluation. 
Finally, Section 5 provides a conclusion of this paper. 


2. Related Work 


‘This section presents the related work with respect to the 
SloT and microservices. Further, the significance of both 
technologies pertaining to the IoT environment has been 
discussed. 


2 Social Internet of Things SloT), ‘The concept behind SloT 
is to enable smart objects to create a social network similar 
to a human social network. The objective is to exploit the 
social relationships among objects in an IoT environment 
to facilitate the effective information discovery, to promote 
the scalability, to enhance the interactive communication 
between objects that are friends, and to achieve trustworthi- 
ness [3]. 

‘The initial notion of a social network of objects was 
proposed by [16], which discussed how the wireless devices 
form social connections on the temporary bases that are 
controlled by the node owners, As the work was carried 
out before the introduction of tol, it did not consider 
the SloT concept. Later studies [5] investigated the objects 
social interaction where objects formed social networks and 
communicated with each other based on the rules already set. 

“The idea of using the Web of Things in a social ecosystem 
was presented by [I7, 18], where things were shared using 
the social network infrastructures, for example, Twitter, 
Facebook, and LinkedIn. These implementations consisted 
of objects that communicated either through the built-in 
embedded servers or through smart gateways. Further, in 
these settings, the web-enabled things owned by a person 
provided an interface to his/her social group of friends so that 
they can interact with the things using a social network. 

Lysis [19] is another good example of Social IoT platform 
based on cloud infrastructure. It uses the platform as a service 
(PaaS) model and focuses on the deployment of applications 
in the cloud space. However, dynamic inferencing of new 
social relationships from existing relationships is not sup- 
ported by this system. Moreover, making a modular interop- 
erable design by employing concepts like microservices and 
semantic web technologies is not considered in this work. 

Paraimpu [20] provided a social Web of Things platform 
to connect virtual and physical things to the web. In this 
system, the social concept only relates to humans by provid- 
ing them with the capability to share things with each other 
using a human social network. Also, virtual things are not 
considered as VOs but rather viewed as services on other [oT 
platforms. 

Using SloT at the edge of the network was investigated by 
[21] In this system, an approach was proposed to cope with 
the communication delay due to the objects being remotely 
located in the cloud. This approach exploits the computing. 
resources at the network edge to deploy virtual objects, 

‘The ThingSpeak solution was used as the basis for the 
implementation of an early SloT platform [22]. This platform 
provided the object social behavior functions incorporated at 


the centralized server. In this implementation, functions such, 
as the creation and the management of the social relationships, 
were developed. However, VO concept was limited only to the 
records in the remote database. 

Another featured SloT framework was contributed by [4]. 
‘This work presented how to combine services, devices, users, 
and their social interaction to enable interactivity, discovery, 
and recommendation of services. Social relationships have 
also been investigated in communities [23], where proposed 
framework enables the identification of communities in the 
social networks. 

Although most of the research contributions in the SloT 
domain incorporate a notion of the social association of 
objects, however, limited information has been provided 
about the social relationship model and the details on how 
that can be used by IoT' services. Furthermore, existing 
approaches are lacking lightweightand modular mechanisms 
which can be utilized by services to exploit social rela- 
tionships efficiently. In our approach, we have developed 
a semantic ontology-based social relationship model that 
provides the capability to infer new connections in a network 
of social objects, Another distinction of the proposed system. 
is a microservices based design that utilizes the developed 
social model to provide lightweight, modular, simple, and 
interoperable IoT services, 


2.2. Microservices. The microservices architecture is emerg- 
ing as a new trend among the practices of developing 
distributed web applications. To develop SOA based systems, 
microservices have become a prominent approach in real- 
world settings [24]. In the microservices based architectural 
pattern, each application incorporates a collection of small 
services which execute independently and use lightweight 
communication mechanisms [9]. The microservices are tar- 
geted for doing one thing well at a time based on the 
principle of single responsibility [25], as defined by Robert 
C. Martine: "Gather together those things that change for 
the same reason and separate those things that change for 
different reasons” [26]. Also, the microservices are conceived 
as autonomous entities, which means they can be changed 
and deployed independently of each other without requiring 
their consumers to change [24] 

In the last few years, several IoT architectural designs 
were proposed and developed. Some of these designs pro- 
vided innovative features such as the European FP7 project, 
iCore [27] which proposed a cognitive framework for IoT 
application development. This project provided an architec- 
ture with the concept of virtual objects and their composites. 
However, in iCore, services are designed using a traditional 
SOA based monolithic style, whereas the microservices 
based architecture provides a better option to develop Io 
services. Furthermore, in iCore, VOs lack the mechanisms 
to semantically represent real-world objects (RWOs), which 
limits extensibility and interoperability. 

‘To support IoT applications, microservices based archi- 
tectures are being proposed in many research initiatives and 
applied in several research projects. In [28], microservices are 
used for M2M applications, realizing the fact that monolithic 
approaches for M2M cannot provide a real solution, Another 
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Fig. 2. Suggested printed cieuit board layout for 
fhe Multicel A ives the Copper sce B The co 
ponent sige, A board for the Multcal is avolable 
fer'$1 ‘from wie Harris Company, 58 € Main 
Stet, Toriaton, Conn 


may be required at higher frequencies, (Es 
pecially at the lower voltage levels) 

For the more ambitions builders, Fig. 2 
shows the printed circuit board layout for the 
Multical, Due to its small physical size 
(1 x 2°), room can probably be found even 
in the most compact of receivers. Fig. 24 
shows the foil side, and 2B shows the parts 
placement 

So the next time you wonder about the ac- 
curacy of your zeceiver calibration, give this 
Simple eiveit a try and you'll know for sure. 


100 KHZ MARKER GENERATOR 
W, W, Davey W7CIB 


‘This useful piece of equipment generates 
usable harmonics from 100 kHz to 225 MHz. 
It is completely self contained and portable 
which makes it convenient not only to use 
in the ham shack, but also in the mobile 
unit or at a field day location, Tts use Ties 
mainly in accurately spotting band edges 
and 100 KHz. calibration points throughout 
the ham bands. 

Most modern day home receivers are 
equipped with calibrators, but these eali- 
brators are of little use when needed to 
spot frequencies on VHF and UHF conver 
ters or portable equipment. 

The generator is constructed in a 2% x 
4% x 1% inch handi-box. The parts are 
mounted on a vector board, and the enti 
unit is powered by one #216 nine vol 
battery or its equivalent 

Hints on construction First obtain some 
vector board. The piece T used was cut 
from the board supplied in a “GE experi- 
menters aid hobbyist kit.” The board must 
be cut to size before construction and will 
measure 3% x 2 inches. This will allow 
room for the 9 volt battery in the end 
the handi-box. Make sure the newly cut 
vector board will fit inside the handi-box 
before you start mounting parts. It might 
save a Tot of trimming at a later date 

The parts layout is not critical, Com- 
ponents may be arranged as shown in the 


photo or in any other arrangement suitable 
to the components you may be using T 
used sockets for the transistors, as 1 wanted 
to be able to experiment to see which 
transistors from my junk box would give 
the most output in the VHF and UHF 
bands. T ended up using the 2N404 for the 
oscillator and a 2N38i in the multiplier 
stage. I also found that Japanese 95A83 
ramistors which had been remaved from 
the if stages of «junked transistor radio, 
‘would work equally well in both sockets, 

All components are mounted on the top 
of the Veotor board with the exception of 
C4 and C5. For the most part, wiring can 
be completed with esisting leads on com 
ponents. The push-in terminals furnished 
with the GE experimenters kit were used 
for the battery connections, antenna con- 
nection and for mounting the crystal sock- 
fel. The circuit board can be mounted to 
the handi-box with three !%e inch bushings 
This eaves room for a slide switeh to be 
mounted on the cover of the handi-box. Two 
of these bushings were purposely placed at 
the end of the board to form a sort of 
socket to hold the 9 Volt battery. ‘The 
antenna output connector which is mounted 
fon the handi-box is a switcheraft 3£3501FP 
phono jack. A small hole may be drilled 


the bottom of the handi-box through which 
a screwdriver may be inserted for adjusting 
CL. For extreme accuracy C1 is adjusted to 
zero beat with WWV. 

‘A 36 inch piece of insulated wire soldered 
Into a phono plug may be inserted into the 
phono jack and used asa test antenna. The 
intensity of the markers may be varied by 


moving this test antenna near your receiver 
antenna lead-in. If you are using a coax lead 
in you can couple by drilling a small hole in 
your coax relay so that the test antenna can 
beinserted near the relay armature. You will 
find that most SWR meters provide an easy 
method of coupling to the eenter conductor 
Of the coax. AS a last resort you ean always 
couple to the receiver or converter antenna 
col 

Thave made very good! use of this gadget 
to spot frequencies in the 144 and 220 Mitz 
bands. It was well worth the time and effort 
it took to build it. 


ALL BAND FREQUENCY MARKER 
Kenneth W. Robbins WIKNI 

Cite gees aie eecneae 
useful adjuncts in any frequency deter 
‘mining situation requiring high accuracy, 
such as locating band edges, sub-bands and 
calibrating receivers. IF you've been enter 
taining thoughts about construction of one, 
4 version is described here which uses the 
new C/MOS integrated circuits powered by a 
9 volt transistor radio battery, And instead 
Of the usual rotary harmonic selector switch, 
a multipin IC connector strip and three test 
plugs serve as a miniature patch panel to 
enable various divisions of the reference 
crystal, with a maximum countdown of 256. 
"Rocks" from 100 kHz to 4 MHz oscillate 
readily in this circuit. In this model an 
FT241 xtal set to 400,000 Hz has been 
chosen for control and has usable receiver 
calibration divisions down to 2.5 kHz. The 
harmonic spectrum extends to at least 160 
MMe, the tuning limit of a transistor super 
regen used in testing. When used in densely 


ide by Output, kee 
1 400 
2 200 
4 100 
8 50 
10 40 
16 2 
20 2 
40 10 
80 5 
100 4 
160 25 
Table 


occupied HF bands, an AM beeper can be 
switched on as an identification ai, 
Referring to Fig. 1, one third of a hex 
inverter makes up a crystal controlled oscil 
lator and buffer, another third isa slow rate 
pulser and the two remaining unis function 
in the dividing section. These are all standard 
Circuits described in RCA’s COS/MOS Data 
Book #5SD-203, An emitter follower mini 
mizes loading on the IC outputs, speeds up 
rise time 10 increase harmonic content, and 
provides » low impedance output. The AM 


a 


totitste 


Fg, 1 Seberatle: 


beeper js. a simple clamp that gates rf on or 
off to following stages. 

Photo 4 shows all components mounted 
fon Vector P pattern perf-board that fits 
insite 2 Bud minibox. Sleeving 3/8" (10mm) 
long is slipped over the wire trap terminals 
Of the contact strip wo space it up from che 
board. A DPOT center-off miniature toggle 
switeh acts as one board to panel spacer 
Diagonally across from it, a 4-40 threaded 
rod conducts emitter follower output up 


through tne front panel via a 1/2" (13mm) 
insulating spacer and plastic shoulder 
washers, Two regular 4-40 screws and 
spacers complete the four corner mounting, 
This spacing allows the contact strip to 
project partly through a panel cutout so that 
ie is mechanically secure without fastening. 


Photo 2 [completed assembly) shows a 
stick-on label with patching connection cal- 
‘outs for various division ratios. If only one 
crystal is employed, labeling could indicate 
‘most used frequencies instead. A typical 
frequency ¥s division listing for this model is 
shown in Table 1. You can casily make up 
complete table of all possible ratios, remem 
bering that each CD4015 shift regisier 
divides by even numbers ONLY, starting at 2 
and ending at 16. 


Uses 10 which a marker generator may be 
put have been described before: if align 
ment, BFO, scope linearity, ete. A type that 
divides down to the audio range fke this one 
is especially useful in checking superhets. A 


2N5130 or equiv 
27% 

47k 

ate 
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229F 
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100F 
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1 18/609F trimmer 
1 cur 

1 Alco MST2050 switch 

1 Bud #0U-21 1546 mininox 
1 Vector #48028.062 perfooard 
1 216 battery 

1 Battery connector 

3 18pin IC sockers 

3 usm patch pis or aquly 

4 2opineontact stp 

‘SAE Series 7000 
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very broad and flat spectrum of overlapping. 
signals is generated and an audio tone will be 
hheard ao matter whore the set is tuned. IF its 
tracking and sensitivity ate top-notch, the S 
meter will hold steady over the tuning range. 
Tracking adjustment amounts to tweaking 
for maximum meter reading or laudest audio 
tone. Then patch for 100 KHz markers and 
check calibration, [1's a lot faster and easier 
than using a conventional signal generator 


POOR MAN'S UNIVERSAL FREQUENCY 
GENERATOR 
John Schultz W2EBY 


Ss precise frequeney control and 

measurement becomes more and more 
a patt of the amuteur adio game, the need 
develops for test instrvments that deliver a 
wile range of both rf and af signals of high 
accoracy. It would be ideal if everyone could 
have a frequency counter and a symthesizer 
lype sf and af generator but thal is hardly 
the case. Most amateurs must utihze their 
basic station gear along with selected 
accessory items ( test out and adjust 
equipment. This article desetibes avery 
useful accessory item that for a modest cost 
oes a long way toward having some of the 
expensive test equipment just mentioned, 
‘The ilem to be deseribed is somewhat like a 
sgrid-dip meter in that it is basically a simple 
ype of oseillaior bul us one gets to know 
sand use i, new uses for it are found and its 
versaliity constantly expan. 


Circuit Description 

Figure 1 shows the circuit diagrams of the 
test generator. Basivslly, it consists of a 
string of SN7490 decade counters which are 
ised ta divide dawn a selected input signal 
by 4 foctor of 10 or 2. The input signal can 
come from a] MHz master oscillator, a 
special exystal osculalor for externally usec! 
crystals or {vom any external sine-wave 
source. The special crystal oscillator which 
tases a SN7400 will operate with almost any 
hasie or overtone erystal in the hf range. It 
ean be used for crystals in the low frequency 
and lower VHF range also by a simple 


mpadification, One gate of the SN7400 
crystal oscillator is used 10 drive a LED 
‘which will indicate that the crystal is osci- 
lating soit serves as a crystal activity 
indicator as well. When an external sine-wave 
source is used, it i first coupled through a 
SN7AL21 multivibrator. This stage squares 
(off the sine wave $0 it can belter drive the 
subsequent frequeney divider chain 

The frequency divider chain is fixed, 
although one could easily switch the indi 
vidual SN7490 units to divide by different 
ratios when desired, This should. be obvious 
by noting the wiring of the divide by 2 
'§N7400 with that of the divide by 10 unit 
However, the vatiety of frequencies which 
scan be generated then with different input 
sources becomes confusing and more than 
‘would normally be needed. 

‘The fixed divider chain follows the se- 
quence: divide by 10, divide by 2, divide by 
10, divide by 10. A separate branch after the 
first divide by 10 unit goes through two 
other divide by 10 stages. In the case of the 
ulivider chain being driven by the 1 MH 
master oscillator, this results in the following 
‘output frequencies being simultaneously pre 
sent: | MHz (hasie oscillator output), 100 
kHz, $0 kHz, 10 kHz, $000 Hz, 1000 Iz 
and S00 Hz. With any other ‘frequency 
input source you can easily ealeulate what 
Frequency outputs the divider chain will 
bring in both the sf and af regions. Many 
surplus crystals will produce interesting fre- 
quencies of high stability in the af region 
that can be used for test purposes. 

When using the special erystal oscillator, 
the LED will glow to indicate that osvilla- 
tion is taking place. As shown with a 150 pk 
capacitor from one side of the crystal 
osillator cineuit to ground, the oscillator 
will work satisfactorily with hf crystals. Its 
range of oscillation can be extended to Ife 
‘well as high frequency overtone crystals by 
changing this capacitor. The value of eapaci- 
tor required in picofarads is $00 divided by 
the frequency of the crystal in MHz. This 
value need, however, to be only approx iniite 
lunless you require an absolutely square wave 
output from the unit 

When using the multivibrator input about 
2.1% to 2V peak input, either sinewave oF 
approximate square wave is required. 


Construction 

The whole unit ean be constructed on a 
piece of perforated board about 3x 2 in, 
and made completely portable if powered by 
a 4%46V battery (Burgess No.532) or just 
three D cells in series. This arrangement does 
rot provide the absolutely best stability for 
the 1 MHz master oscillator but unless you 
intend to use the unit for marker frequency 
generation in the VHF range, its a perfectly 
satisfactory arrangement, Alternatively, one 
could power the ICs from any standard 8.8V 


Fig. 1 Disgram of universal frequency ganereter. Output fraquencies shown are 


for using | Mts osilator 


regulated supply used for IC digital circuitry. 

I constructed my unit for battery 
powered operation and enclosed the unit in 
{small aluminum in-box. The output of 
‘each divider was brought to a pin jack on the 
front panel of the unit. 

One simple way lo wire the relatively 
small number of ICs involved is to purchase 
perforated howd which has hole spacing to 
fil standard DIP ond preferably with a 
copper pad still left around each hole. The 
ICs are then placed on the hoard and the 
appropriate pins which either go to ground 
bor to the 4.5V line bent in different direc 
tions, The ground line is run slong one side 
Df the IC and the 4.SV line along the other 
side and bare wire used to connect the 
appropriate pins to either line. Figure 
illustrates the wiring for one of the divide by 
10 ICs. When one starts this process on the 
board. it will be suzprising how fast the 
wiring is completed. Individual insulated 
wire jumpers are used to make the input 


output connections between ICs. The wiring 
{snot critical and using a receiver to hear the 
markers, or an audio amplifier for the lower 
Frequency outputs, ane should be able to 
determine quickly if the circuit is working 
The frequency of the 1 MILz master osci 
lator may be brought exactly on frequency 
Using the 2S pF trimmer in the cireuit and 
checking against WWV with a harmonic of 
the oscillator or by using a counter, 


Applications 

‘As T mentioned before, the applications 
that you can find for the generator really 
begin to unfold only after you have had it 
around the shack for awhile, Some of the 
applications would be 

1. A frequency marker generator for 
receiver calibration. The markers are usable 
up into the VHF range 

2. To extend the range of present rf or af 
signal generators into lower frequency rang 
than they presently cover 


Fig, 2 Perforated board wiring of ICs. One SN 7490 avid by 10 unit is chown wired. 
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3. To perform stability checks on high 
Frequency variable oscillators. The divider 
chain will always perform precisely and you 
can monitor the change in frequency of a 
higher frequency oscillator with a stable low 
frequency receiver. 

4. A frequency generator to generate 
precise ef or af square wave signals at any 
frequency desired by choosing the proper 
crystal 

5. A crystal activity checker 

6. By taking two or more of the simul- 
taneous outputs together vit mixing diodes 
and a series tuned circuit resonant at the 
desired frequency, you can also mix the 
divider outputs to generate a variety of 
Intermediate frequency outputs 


CALIBRATE THAT CALIBRATOR 
Mitchel Katz W2KPE 

‘ost modern receivers and transceivers 

Jin use today rely upon a 100 kHz 
‘exystal oscillator to calibrate the tuning 
dial, While some of the ealibrators are built 
in, others come as outboard accessories. In 
‘any event the operation of each is the 

By this time we all probably know what 
“zero beating” is, The 100 kHz oscillator 
in order to serve as a calibrator must be 
“zeroed” to some standard frequency such 
as the WWY cartier frequency on 5, 10, 15, 
20, etc. MHz. With a CW or AM receiver, 
‘we can very casily tune through the zero 
beat point, On SSB receivers because one 
Of the sidebands is missing we can only 
hhear the one side as we approach zero. The 
other side of zero is greatly attenuated and 
may possibly not be heard at all. To 
further complicate matters for us in trying 
to calibrate the 100 kHz oscillator, as we 
can only hear down to about 20 Hz, we 
‘can’t zero in any closer than this, Leaving 
the receiver at this point, we next turn on 
the 100 kHz calibrate oscillator. After a 
suitable warm up period, we turn the tune 
control of the oscillator and again adjust 
for a zer0 beat condition against the WWV. 
frequency. With this method of calibration 
wwe have several possible sources of error. 
First in zeroing WWV with the receiver 
beat frequency oscillator and then zero 
beating the 100 kHz calibrator against the 
bbfo, Each of these adjustments is limited to 
the lower limit of our hearing range, as well, 
as the fact that we are obtaining the zero 
beat at a relatively low is frequency. 

‘A more accurate method of calibrating 
the 100 kHz oscillator will now be dis- 
cussed. After the receiver and calibrator 
‘oscillator have been warmed up for about 
30 minutes, tune in WWV on a frequency, 
that produces a fairly good, steady signal 
Adjust the tuning for maximum reading on 
the S-meter. Having tuned in WWV, turn, 
off the beat frequency oscillator, Now turn 


fon the 100 kHz oscillator that is to be 
calibrated. If a harmonic of this oscillator 
{s fairly close to the WWV frequency, a 
beat note will be heard. At this time adjust 
the calibrator “erystal tune” control and 
the Semeter will start pulsing from a 
‘maximum to @ minimum value, The closer 
you get to dead center the slower the 
pausing action will become, Iti fairly easy 
to come down to | pulse per second with 
this method. If your receiver doesn’t have a 
meter, you can also hear this pulsation very 
clearly. In any event you would always 
tune for the slowest pulse rate. 

Note that with this method we have 
adjusted the calibrator frequeney harmonic, 
directly to the WV carrier rather than to 
a low if, We have eliminated one zero 
beating step, and this, together with the 
fact that we are obtaining the zero beat at 
a much higher frequency, will provide 
sreater accuracy. 

Having deseribed the method, here are a 
few points of general interest 

1. Before attempting any calibration let 
the equipment heat up for at Teast a halt 
hour to stabilize 

2. After tuning in WWV, wait until the 
400 Hz modulating tone goes off before 
adjusting the calibrator, If not, you may 
find later that you zero beat the 400 Hz 
instead of the carrier frequency! 

3. The levels produced in the receiver by 
WWV and the calibrator oscillator should 
be about equal to produce 2 good beat 
between the two frequencies 

4, Use the highest WWV frequency that 
will produce 2 good, stable signal in the 
receiver. Certainly a1 pulse per second 
beat at 20 MHz will provide greater calibra- 
tion accuracy than 1 pps beat at 5 MHiz or 
better yet than 455 kHz! The accuracy will 
bbe considerably greater and it is no more 
difficult to come by. 


A SIMPLE FREQUENCY DEVIATION 


METER 
A fequenes-ieviation meter allows one to 

read the deviation plus or minus that = 
received signal is of frequeney. Depending on 
the meter range desired and used, 3 deviation 
or ten oF 


John Reinariz KOBE 


are desired of any incoming signal and the 
fanswer must be in eyeles low or high of a 
fesized frequency. Those grinding thelr own 
ferystals or desiring to compro crystals will, 
find this devie especially useful. 


‘Two fandamental eireuite were Investigated, 
one using diodes only and the other using tran: 
sistors only. These are shown in Fig. 1 and 
2 respectively. A. 0-50_mieroampere meter 
Should be used for the diode type and 8 0-1 
rilliampere meter will serve nicely for the 
transistor type, altho 
ampere meter’ will also serve nlc 
transistor type Froqueney-deviation meter eys~ 
fen. Sileon diodes were used. for the diode 
t9pe and INI23 for the transistor type. AR 
Input voltage of 25 ir needed for the diode 
type and 7 volts or less for the transistor type 
depending on the meter sensitivity, being 2 
volts when 2 50 microampere meter is used. 

‘Whatever seale reading is desired, be it 250 
cycles low or high or 500 exeles low or high, 
the meter eover is removed and new figures are 
added below he moter seale with a 2cro in 
the center of the ceale and maximom readings 
fat each end of the teale as appropriate. Pen- 
til markings will do, The 250 eyete can be read 
to 10 eyeles per division and the 600 cycle 
seale ean be read to 20 cycles por scale divi 
fon. Each ean be read to half these values or 
5 and 10 cycles respectively. 

Tn use, you set your frequency meter, LAL 
for 221 alther 260 eycles or 600 eyeles lower 


Fig? 


than the frequency to be checked. If the fre- 
‘quency to be checked is right on, the frequeney- 
feviation meter will read tere at the enter 
fof the reale on the meter; if the frequer 
low, the meter will read Tow and if hi 
‘the’ meter ‘will read higher. The answer in 
fyeles will be the value indicated by YoUr 
hnew markings, In use the frequeney-deviation 
meter is connected aeross the high Impedance 
fcutput of your receiver in tho. cause of the 
‘lode type and. across the Tow {impedance out 
UL In the case of the translator type. 

‘In those cases where a definite frequency 
will be under observation, it wil be found 
‘advantageous to grind or obtain a crystal that 
fs adjustable to 50 eyeles low or 500 eyeles 
Tow, a8 appropiate, anil to use ie in the tran 
sistorizad ‘oscllator ‘shown in Pig. 3. Any 
fergstal holder that has am adjustabie air gap 
‘rl do, Some of the TCS surnhs e:ystal hold 
tis have a three polne aljustable top plate 
nd ane about the Best obtulmable, Since jour 


host and probably only method of adjusting 
the ecystal is by the use of your LM or BCI2L, 
he'gute that Your frequency standard is ae 
‘curate, Tis host to ue the low frequency post- 
fon and with the t me erystal ewiteh on, tune 
the moter to that partion of the desired fro. 
fqueney Teas the me park, Por instance, to set 
the LA Zor s vesding of 2,739,000 cycles, see 
fle LM on the Inv Tresuoney for 192,000 eyeles 
for TH2 be, The J me ervstal will Cura. the 
‘me part of the reading, Tn my ease T set the 
UM to TALS ke snd adjust the crystal to that 


Fig. 
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frequoney In. the adjustable TCS holder. ‘The 
transistorized oseilator holds the’ frequency 
tick a elose tolerance 1 has noe been nece 
essary to make adjustionte in works, A and 
Held push "eteh eonaicetad into the positive 
battery load allows the oscillator to be irned 
bu as, needed Wo chesk the frequency of 
‘MARS gtation on 2732 ke to an accuracy of 
plus oF minus 19 eyeles of that Frequency. ‘Phe 
Erequencyr-deviution meter is of course checked 
‘against the 440 or 600 cyele tone of WW, no 
fther ghee ia necessary singe the seale Ia 
Tinga. 


‘THE INDICATING OSCILLATOR 
Ken Brown KHOAP 


eines ofthis te gat hae been 
Rian ons tne! Eres te cae 
Seiotuct verdaan, wth teal 
Sonething Yo be dosed, With an FET, 

The sage oF In ont ta 
ipocalfaing: Tas Bo ray ea 
is canted downto tbe? Mile nore o 
Corer te lowes han bands The gh end 
tar care of 250 My easy. Ths ean be 
Mende witha tte roe efor 

tie of feldetec tanstior (FET) 
ations operation mote neal hehe ube 
el otter nee pendpa nate oe 
Howe, wer nt ed ete poe 

TR DNE221 FET ws a IN ed 
cating centr. Very tly otter FETS 
Sil go aks, The MOSFETs sho souls 

et andle 


% 4 


‘Standard banana plugs spaced % Ia. make ides! 
bases for the colle The lower frequency cols are 
\wound a palyseyrene forme. 


Chapter VII 


GDOs 


ig, 1 Inizatag osltator eit ding, 


The citcuit (Fig.1) is not eritical. How. 
ever, the sensitivity control should not be 
bypassed. Layout could possibly be im- 
proved with a slightly luger bex, allowing 
the dial to be pluved on the fave with the 
moter. IU a good idea to keep the layout 
syoumetrical as far as possible, particularly 
the tuned eicuit, This can be seen in the 
photo of the inside view, The box used was 
an LMB $32 EL with the cover reversed to 
allow for coil mounting insulator (pely- 
Stryrene of other good rf insulating 
material). The meter should be « 50 BA 
movement; otherwise, a oxter amplifier 


such as the one shown schematically in Fig 
2 will be necessary. This is no problers, 38 
this amplifier on the 


there is room tor 
circuit board 

A thumbwheel from a BC-375 tuning 
unit could be used very nicely as a dial 
Three sides have been leit clear for ease in 


placement of unit when in use. Plug-in coils 


wo 


makes for easy bank change and applica 
tion to the job at hand. Standard-spaced 
banana pins allow for use with other 
accessories, Use 5/8 in. polysteyrene tubing 
and stud-type banana pins. 

A dual banana plug can be used during 
construction for setting the spacing 
accurately. The coils shown have the pins 
wired in place for stronger mechanical 
assembly. Drill a hole for about 24 AWG. 
copper wire on each side of the pin studs 
which will lie along each side of the poly 
lubing. Use @ number 58 or 60 drill. One 
wire is enough on each pin, Form 2 hairpin 
with about an inck of wire, push it through 
the drilled holes from the outside, Now 
twist tightly with longnose pliers, eul i off 
short, but not so short a3 to allow the wire 
to untwist! Then apply several coats of 
Liguid “poly” cement, Be sure to move the 
colls frequently during the hardening 
period 10 make sure the liquid “poly” 
lows evenly over the stud and forms a 
Slight fillet with the tube. Epoxy doesn’t 
seem 16 work well with polystyrene, 
Neither Abied nor Newark list liquid poly: 
styrene any longer, bul your neighborhood 
hobby shop should be well stocked. 

The lowest frequency coil (number 1, 
0.95-2.2 MHz) was made fom a Miller 


Fig. 2 This meter amplifier wil areas the evel, 
of the signl 30 thot a lesetonstive mater than 50 
BA may bo wed. 


Interior view of oxiliator with coll attached shows construction ofthe aar"s version. 


951 ferrite 0.5 mH choke with 6 oF 8 turns 
removed — just enough to slip inside the 
poly tubing. Some reaming muy be neves- 
sary, The number 2 coil (2.2-5.4 MHz) 
was made from a Miller ferrite antenna unit 
with the slug permanently installed in the 
topend and all lugs and mounting hardware 


removed. This coil was xlso mounted inside 
the poly tubing. The number 3 coil 
(S4-13.5 MHz) consists of 32 turns of 28 


AWG enameled wire, close-wound on the 
‘ouiside of the poly tubing. All colls are 24 
in, long with windings as near the endl as 
practical. The auzber 4 eotl (27-50 Mllz) 
consists of 10 turns of 24 AWG enameled 
lose-wound, The number 5. coil 
(45100 Mitz) consisis of 2 turns of 14 
AWG enameled wire, self-supporting. The 
number 6 coil (60-270 MHz) is one 
hairpin toop 3/8 x 1 in 
A jack is provided for headphone use 
The screwdriveradjusted miniature pot is 
for zero adjustment of the meter arpplifier. 
I-can be seen in the photograph, 


THE LITTLE GATE DIPPER 
John Aggers WSETT 


ssibly you now own a efit dipper, 


and 


it completely portable? If 


but i it small, easy to handle 
‘cordless, making 
not, you will want to build this gate dip 


The cost i 


tremely low — only 
about 87. AL parts are readily obtain 


and construction is simple, The phugsin coil 
forms, using battery plugs and polystyrene 
tubing, are easy to make. 
The Circuit 

An MPF 102 FET is used ina moditied 
Colpitts circuit, Except for the #1 
where a choke is usad, the BY is fed to the 
centertap of the col 
obtain a fairly constant gate current xs the 


coil 
This is necessiry 10 
oscillator is tuned to its end frequencies 


Drain current varies from 4 to 1 mA, 
proceeding from 225 to 1.7 MHz, At the 


sume time the gate cusrent vaties from 20 
to well over 50 KA. 

From this, it is apparent dst the 
stronger the oscillations the smaller the 
drain current and the larger the gate 
current. In gate dip operation, as power is 
drawn irom the oscillator the drain current 

the gate current will 


will increase and 
decrease or dip 
Limited wavemeter operation, obtained 
by switching off the BY, is accompanied by 
slight shift in calibration. When the 
circuit picks up ef, the FET suddenly goes 
into oscillation using the rf as its battery, 
‘Thus, the amouat of rf picked up must be 
lasge enough of there will be no oscillation 
‘and no meter indication. However, despite 
these deficiencies, it is still considered 


Las 


Fi, 1.Sehematio diagram of the tittle gate 
ippor. 


useful mode of operation and for that 
reason has been included. I is only neces 
sury to wire the sensitivity control so that 
the resistance is maximum when the switeh 
isin the off position. 


Construction 

A natural finish aluminum minibox (4 x 
2-1/8 x 1-5/8 in.) is used for the meter 
case. The variable capacitor came from an 
fold transistor radio and measnred 1 3/8 x 
1/2 x 1 in, The shaft was already squared 
and tapped for # small screw. Since those 
listed in the catalogs have a plain or fat 
shaft, you will have 10 use a collar with 
setscrew, or drill and tap the shaft. The 
trimmer eapacitors are not used and should 
bbe removed. 


Tho belo gate dppor with spare coils 
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To make the coil socket you will need 
three pin receptacles from an octal socket 
two pieces of 1/8 in. Plexiglas approxi 
mately 7/8 x 3/4 in., and one battery plug 
for a pattern. The pins of the battery plug 
form a triangle, 1 shall refer to the holes at 
the base as the outside holes, Drill holes in 
one piece of plastic to match the pins of 
the battery plug. Match the two pieces of 
plastic, clamp in a vise, and drill the wo 
outside holes in the second piece, Bend the 
lug part of each socket pin to a right angle 
Slip one over each outside pin of the 
battery plug. Using this as a jig, somder the 
lug portions to the stators of the variable 
capacitor, Remove the plug, and the pieces 
of plastic should fit down over the variable 
capacitor. The lug part of the center socket 
pin is brought out between the two layers 
of plastic 

File a small noteh in the bottom piece 
to accommodate the lug. Before cementing, 
the two pieces together and to the 
make each hole slightly lager than the 
diameter of the socket pins, This will allow 
fo 


expansion when the plug i inserted 
The dial is made of 2-1/4 in, diameter 
1/8 in, Plexiplas. To give the dial a rough 
edge, for good thumb traction, | heated an 
old gear wince] and rigged up an arrangement 
to rolate the dial against it. The gear should 
have rather coarse teeth and rotate with the 
dial, or you will create flat spots. 
‘The variable 
mounted in the case. Position it so that the 
top and sides of the dial will be just about 
even with 


seilor can now be 


edges of the case, 


Motori held againat the front panel by a smal! bracket The FET isthe smal block object in the contor. 


The dia) marker is mounted on square 
aluminum posts, The top post (2 in. long) 
has 14 in. ofits length filed down to a 1/8 
in, thickness to reduce its bulky appear- 
ance. To make the hairline, scribe a line in 
a % in, wide piece of plastic and fill in with 
ballpoint pen, 


Bowe 


Fig, 2. Coll configurations for various fesquensies of reso 
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The sensitivity control 1 


dy pr 


pared for the knob shown. I 


you don't have one like it, use a dime-size 
pot and a setscrew knob. Any resistance 
from 5 to 10 kS will be fn 

Olson Electronics in a package of 


) oF Transistors Unlimited Co, ¢ 
Some modification of the meter is 
necessary. Remove the light ceil and series 
resistor. Drill two holes, spaced ¥ in, apar 
im the back of the vase to pass 4-40 


‘machine screws for easy soldering, make 


sure the heads and nuts 2 


clean and free 
of any nickel plating. The screws should be 


Jed even with nuts in order to make room 


for the battery. Solder the leads from the 


meter movement to the terminals, but b: 


‘quick because the plastic ease tends to melt 


Wiring is just & here-to-there proposi- 


tion, requiring no terminal boards or ter 
minal lugs, The FET is soldered in place 
supported by ils own leads, With reuson- 
able core you should not damage it, A, 
battery holder was found unnecessiry 
however, it is a good idea to wrap a layer 
of tape ‘or stiff fiber paper around the 
battery to prevent the metal case from 
shorting out the meter terminals, 


Coil Construction 

Figure 2 and the photo give the neces 
sary dimensions and show the parts needed 
to make the coil forms. The battery plugs 
are listed in the catalogs to fit #482 and 


FI sor ot ron 2 a 


M3 batteries. The center pin should be 
{led slightly shorter to make the plug seat 
‘evenly in the socket. While you are at it, 
file the nickel plating from the ends of all 
plug prongs. This will make for easier 
soldering 

Complete coil information is given in 
Fig, 2. However a little explanation may be 
in order. The irregular method of winding 
the #2 coil is necessary to reach 85 MHz 
and still maintain oscillation, With 4 turns 
close-wound the highest was too low. With 
the 4 turns spaced, oscillation ceased gt the 
highest frequency. The 30 AWG silk wire 
was taken from a TV flyback transformer 
The resistors in the centertap of the last 
three coils improve the meter's sensitivity 

tly. They sre mounted right next to 
the coil winding, With a slight groove fled 
inside the insulating sleeve, it should slip 
over the resistor. 

The #6 coil is layer-wound as space 
permits and scrambled wound the rest of 
the necessary turns, The top winding of all 
coils should end near the very edge of the 
coll form. ‘This will make for easier 
coupling to a tuned circuit. After the coils, 
are checked out the insulating sleeves may 
be glued to the plug base 

Allow the glue to dry for several days 
before plugging the open ends of each coil 
with a small cardboard disk. The coils are 
painted with colored lacquers. Colored 
paper between the coil and the insulating 
sleeve will probably work just as well. 
Calibration 

For calibration purposes, you will need 
another indicating oscillator or dip meter 
Operate it in the diode or wavemeter mode 
and loosely coupled to the gate dipper. T 
calibrated only 5 points on each scale plus 
any ham bands which appeared. Remember 
the dipper is not a frequency meter but 
something to get you in the ballpark. 
Conclusion 

The little gate dipper was checked 
against a well known commercial tube 
equivalent and, as near as I could tell, they 
‘were just about even. The battery should 
last for a long time because the current 
drain is extremely low. 


THE GREAT DIPPER 
John E. Boyd WAQAYP 


Test equipment is essential in the ham- 
shack, as those of us have found when we 
attempted to get that new piece of home- 
brew perking for the first time. One of the 
most useful pieces of test equipment is the 
grid dip oscillator or simply, the GDO; be- 
sides being relatively inexpensive, it is partic. 
ularly versatile. Need an indicating absorp- 
tion wave meter? The GDO will do that 
How about a modulated sigoal source? Tt 
hhandles that too. If you are interested in 
discovering, its whole variety of uses, why 


not purchase one of several books on the 
subject. 

Every item used in this GDO was selected 
with an eye toward the average home build- 
cer. There are no parts which must be spe- 
Gially purchased from the West Indies Ex- 
port Company or similar outfit. Nearly all the 
parts, except for the meter, miniature pot, 
‘and mode switch, were obtained from the 
junkbor, or rather, from several junkboxes 
IE you insist on buying. all new pars, total 
cost of the project will be about $20, 


Circuit description 

‘The g:id-dip oscillator, in this case more 
properly. termed an emitter-dip oseilator, 
ets is name from the fact that emitter cur: 
rent in_ transistor Q, decreases when the 
tuned ‘circuit Cj-by Is in resonance with 
nearby cireut. This decrease is easily seen 
by the dip af the meter indicating pointer. 

‘When stitched to the diode positon, B+ 
fs removed from the oscillator andthe in 
coming 1f is rectified by diode Dy; the volt 
ge developed across the 2k resistor is am- 
plified by the meter amplifer and monitored 
by the 0-1 mA meter. In switching to the 
signal positon, B+ is removed from the 
ameter amplifier but applied to the modula- 
tor, and 21 Kifz tone is avalable from one 
of the output jacks. In the modulated oscilla- 
tor positon, B-+ is reapplied to the oscila- 
tor, and the oscillator is modulated by the 
TE tone 

Like a patchwork quilt, this CDO was 
built using circuits from already published 
auticles of books and modified where nec- 
essary. The whole czcuit is composed of 
three separate entitios—oscillator, meter 
amplifier, and. audio tone generator. ‘The 
cireuit #8 not particularly cxtical, but lead 
Tongths and dress in the oscillator must fol- 
low good VHF practice, if stable VHF oscil 
Jation isto be maintained. 

My operating time is spent on the vasious 
bands from 28 mlz to 432 mllz. Quite natu- 
rally, when I discovered thet the CDO would 


Fig. 1. Cieuit i 
2NG18 ie NPN, and if used 
dieds De may be almost anything 
UIQ of twisted wir 


itor 
at you ha 
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Note thet 


not oscillate satisfactorily over the entire 
range from 2 mHz to 200 mH, I juggled 
values so that it would oscillate well at 216 
mHz (for tuning frequency doublers to 432 
mHz); then I tried to get as low in fre- 
quency as possible. Oscillation was vigorous 
to about 20 mHz. Coils and scales were then 
made to cover the respective ranges. It you 
don’t do any homebrewing on the VHF 
bands perhaps you will find it necessary to 


_—_ytsomen 


Internal constuction of 
the great di 
rodultor 


change the value of the emitter-collector 
feedback capacitor, and to juggle the emitter 
and base resistor values in order to. sustain 
oscillation at your desired frequencies. 


Construction 

Vector board was used, mainly because 1 
wanted to experiment with component vale 
ues; however, a printed circuit would be just, 
45 good, especially for something such as a 
club project. It can be seen from the photo- 
graph that the meter amplifier and audio 
sellator are built on separate boards, This 


is due to the fact that I built several differ- 
ter 


ent amplifiers; the layout would look n 
if they were on the same board. Pos 
of the rf oscillator and cap: 
shown in the photograph is recommended, 
but the placement of other parts is not 
ceitieal, 

Fiberglass board is used as an insulator 
for mounting the banana jacks and plugs. 
Tt cuts and drills easily and appears to work 
fine. Three banana jacks were used, the 
third jack being used merely to provide 
chanical rigidity. Tt could also be used, if 
necessary, to shunt additional capacitance 


across the emitter and collector on the lower 
frequencies. 

Because a shear and a brake were available, 
T constructed my own chassis, consisting of 
‘two U-shaped pieces of Ye” aluminum. Using 
the GDO is a breeze, for it fits the hand 
very ably; if placed on the wotk- 
Dench, it doesn’t roll off each time it is 
bumped. The completed case (1%" Hx 
"Wx GW" L) is exceptionally rigid 
and imparts a reassuringly solid feel when 
handled. Commercially available miniboxes 
could be used if you don't have facilities 
available for rolling your own, 

In building the rf oscillator, keep all the 
if leads as short as possible; especially the 
short lead from G, to Q, and from circuit 
‘ground to chassis ground. It was found that 
false dips could be completely eliminated if 
‘copper strap 4" wide was added from the 
capacitor ground lug directly to. chassis 
ground. Apparently the ground on the var 
iable capacitor C, is not quite good enough 
fat frequencies above 100 mHlz. Various 
transistors were tvied in. the oscillator; the 
PNP type 2N2398 was found to be a good 
performer, as was the NPN type 2N91B, 


oscuLeror 


Fig. 2 


“ 


1s wore wed in this Fig. 4 
‘reut could bo easly adapted to one bourd, and ovon to printed cieury 


Fig. 3. Construction of the phn ea 
The coil forme were made from tho platie con 
fainere which hold Polaroid print coat. 


However, the wse of the NPN type could 
Jead to problems with battery polarity. Ca- 
pacitor Cy is-a 1K" length of twisted wise 
positioned near the collector lead of Qs. ‘This 
Slightly modified oscillator cirenit is from a 
book describing, among other things, a tran- 
sistorized GDO which you may wish to use 
a5 a reference. 

‘To keep cost low, a 0-1 mA meter was 
used in conjunction with simple. meter 
aumphfier. If you happen to have a 050 nA 
mcter Iying ia the junior, that would work 
equally well, and the circuit could be sim- 
plified accordingly. Several_czcuits were 
but for the meter amplifier; the one chosen 
was a compromise between cost ander 
formance. A germanium transistor was used 
Ihocause it requires less voltage to turn it on 
Leakage is low, the pointer of the meter 
resting just off zero wlien no eoil is ia place. 
urther information canbe abtained. from 
Jamary 196873 Magasine, which wes the 
Source for this ezeat, 

‘A transistorized audio tone generator is 
coupled by a.2 AF capacitor to the base of 
the oscillator transistor for modulation. This 
mmodolated oscillator allows the GDO to be 
used as a versatile signal source. An output 
jack is included on the panel to allow the 
Tkilx tone to be used without 
the oseilat 


Wiking the fourpsition slide awitch for 
the greet dipper. 


work [10] provided an analysis of using microservices archi- 
tecture for large-scale distributed applications, This work 
demonstrated that significant benefits can be achieved as 
compared to generic SOA approaches when using microser- 

vices in an [oT platform for smart city applications. 

Moreover, Almanac FP7 EU Project [29] provides smart 
city services based on the IoT environment, The project 
uses microservices to employ scalability in a horizontal and 
vertical fashion, Also, in the industry, microservices have 
become a solution for developing large-scale applications. 
Nettlix, Pivotal [30], and Amazon use microservices in their 
software bases. 

‘The increased importance of microservices for the loT 
applications is due to the fact that they simplify complex 
systems. By dividing a system into smaller parts, higher 
cohesion and lower coupling can be achieved, which makes 
it highly scalable. In scenarios where requirements keep 
changing continuously, microservices can help make a system 
easily modifiable. Moreover, the major benefits that are 
envisaged when ising microservices in an loT environment 
are as follows: Microservices leverage scalability to provide a 
highly decoupled pattern and can allow scaling individually. 
“Their usefulness can be realized as when the demand for the 
requirement increases the system complexity also rises. In 
this case, a system can be supported by creating new instances 
of existing services. Microservices scalability [9] fits in three 
dimensional space, that is, horizontal scalability (typical 
scalability), vertical scalability (splitting different individual 
microservices), and z-axis scalability (splitting similar things, 
such as DB partitioning). Microservices architecture supports 
a plug-and-play behavior where system components become 
loosely coupled. To acquire new functionality or replace a 
failed service, pull the plug from one microservice and plug 
into a new microservice [31]. One of the major problems that 
oT is facing today is how to deal with the heterogeneity 
of incompatible solutions. To harmonize the heterogeneity, 
semantic web technologies with microservices are leveraged 
to provide interoperable exchange and communication of 
data. Microservices realize a decentralized and autonomous 
behavior, operating on their own priorities and schedule. This 
way, they provide several benefits for being utilized in an loT 
design. 


3. The Proposed Design of Social Web Objects 


Recently, there have been several research efforts [3-6, 
32] for defining the Social oT. This new aspect minimizes 
the complexity generated by the communication of billions 
of real-world objects and enables sharing of information. The 
social notion can be incorporated into the WoO platform 
to provide a semantically rich base for loT applications 
that can utilize real-world object relationships for efficient 
information discovery. Moreover, this section provides a brief 
introduction of WoO reference architecture in Section 3.1. 
A classification of social relationships among web objects 
(virtual objects and composite virtual objects) is discussed 
in Section 3.2 and a social relationship model is presented in 
Section 33. Further, the details of functional components for 
the proposed architecture are explained in Section 3.4 


Wireless Communications and Mobile Computing 


3.1. Web of Objects (WoO) Reference Architecture, To enable 
the deployment of IoT services on the World Wide Web, 
WoO provides a reference framework. In other words, it 
realizes the [oT services in such a way that virtualized objects 
are interwoven with resources to support the development, 
deployment, and operations of IoT services [33, 34]. The WoO 
platform provides service functionality by merging VOs and 
features of web applications. Moreover, the WoO platform 
uses semantic web technologies to enable interoperability 
among heterogeneous resources. This realization provides the 
basis for the composition and harmonization of objects to 
provide smart services in an IoT domain. Building services 
based on WoO platform using diverse technologies, including 
microservices [35], social networks, and semantic web, helps 
reduce the complexity and fosters the easy and efficient 
development of IoT applications. 

Virtualization has become a major concept in IoT to 
address the heterogeneity of diverse types of physical objects. 
VO is a digital representation of a real-world object that 
can be anything, living or nonliving, mobile or stationary, 
concrete or immaterial. In WoO, VO is defined as domain- 
specific semantic ontology based on the VO information 
model [36]. It is uniquely identified using URI and provides 
information updates on the representative real-world object. 
On the other hand, WoO also provides a notion of CVO 
which aggregates one or more VOs to enable service fea- 
tures that satisfy the application requirements. CVOs chain 
semantically interoperable VOs together. The WoO platform 
incorporates features to efficiently reuse existing VOs and 
handles the complexity generated by self-management and 
control mechanisms [37]. In the WoO, service level decides 
which CVOs and VOs will take part in creating an object, 
‘mashup to fulfill service objectives. The service logic is saved 
in the form of templates and stored in the template repository 
[38-40]. The domain expert or knowledge engineer defines 
the service templates that are used to instantiate new services. 

WoO reference architecture is shown in Figure 1. In 
this architecture, the service layer handles requests and 
provides several management functions, whereas the CVO 
level consists of functions to manage and instantiate CVOs 
or reuse the existing ones based on the provided service 
execution logic. New objects such as sensors are registered 
in the WoO platform using a registration function and their 
templates are generated to make them digitally available 
in the form of VOs. Another most important aspect is 
the semantic representation of data at three-layered WoO 
architecture [23, 39]. The database at each layer is supported 
with semantic web technologies. 


3.2, Types of Social Relationships. Previous research [3] on 
SloT has derived some basic relationship types among 
objects. These relationships are characterized as follows. 
Parental Object relationship (POR) exists between the objects 
that belong to the same batch, such as objects that are created. 
in the same production process or at the same time by a 
common manufacturer. Cowork object relationship (CWOR) 
is the relationship among objects that are grouped together 
based on some commonly shared job to be done by them. 
Similarly, colocation object relationship (CLOR) is established 
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‘There are a couple of components which 
not everyone will want to duplicate. One, the 
sub-miniature 10k pot with SPST switch, was 
chosen because avery. limited amount of 
railablo; if the unit is built on a 
larger chassis, the more commonly available 
Midgetrol could be used. The other, a four 


position switch used to select the desired 
mode, is a 29¢ variety available from Lafa- 
yette or Radio Shack. It has a peculiar 
Switching arrangement and if you duplicate 
this project, several hours of experimenting 
could be eliminated by following the pice 
torial diagram included in this article. A 
disadvantage of this particular switch is that 
the meter does not indicate in the modulated 
aseillator postion. 

Using individdal scales on each plugsin 
coil assembly greatly enhances scale leg- 
Ability, reducing the chance of reading ersor 
and speeding frequency identification. ‘This 
scheme; however, 1s not original. It was de- 
scribed in a 1957 issue of Short-wave Maga 
zine, and is currently being used on a com: 
mercial GDO. Tt requires little additional 
cffort to build the coil assembly in this man- 
nner and is, to me, well worth that extra 
effort. For want of anything else, the coil 
forms were made from the plastic tubes which 
contain the film coater supplied with each 
roll of Polaroid fin. 

Lastly, ease of tuning is accomplished 
largely through the use of a 1” skirted knob, 
Small knobs are simply too difficult to use 
comfortably. 


Calibration and operation 
1k is best to calibrate this GDO by list 
ing for the oscillator, modulated by the 1 
Kifz tone, on a general coverage receiver. 
An alternate method is to use another GDO, 
lacing one in oscillate and the other in 
Giode, tuning for either peak or dip. ‘The 
scales which were used on this’ CDO will 
if parts and layout are followed closely. 
two this unit as a dipper, place the 
‘mode switch in silat, and place the dip- 
per coil next to the coil unde test, The turns 
8f both coils should be parallel, and not at 
Fight angles to each other. To Keep from 
pulling the oscillator frequency, keep the two 
coils separated as much as possible, while 
Sill maintaining a meter dip. This assures 
that dial accuracy will be kept high. Tf a coil 
is inaccessable, twist a pair of wires togel 
cz, forming a” two tum coll on cach end 
slip this coupling link over the two coils, 
Keep in mind that a coll, when it is in a 
circuit, may not dip at the same frequency 
fs when it is out of this same circuit. 
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GREATER DIPPER — MODIFICATION 
John E. Boyd WAQAYP 


Introduction 

To the uninitiated, a grid dip oscillator is 
neither glamorous nor exotic, even if it does 
happen to be transistorized. But to those 
who have ever tried to put a coil on 
frequency, one is worth its weight in miczo- 
circuits, 

‘The original model of the Great Dipper 
proved to be a versatile, if unexciting, grid 
dip oscillator. Intended to be used mostly at 
VHF, the dipper was limited to frequencies 
above 28 MHz. To those who seldom oper- 
ate above 10 meters, the lack of frequency 
coverage below 28 MHz was a definite 
handicap. Expanding the frequency coverage 
downward extends the dipper's usefulness 
‘considerably. 

Component changes made not 
extensive, nor were the physical dimensions 
Of the unit changed. The schematic diagram 
of the modified circuit is shown in Fig. 1, 
and the pictorial diagram of Fig. 2 is included 
to supplement the photographs printed in 
the original article 
Modification 

First, the oscillator circuit board should 
bbe rotated 90 degrees from its original 
position so that transistor substitution or 
replacement can be made easily. \ micro: 
wave diode might be substituted for the 
foriginal glass computer-type diode; this 
results in better performance at VHF, but its 
effect cannot be accurately predicted, A 
IN21 of 1N23 diode could he used in pla 
‘of the 14900 called for in the schematic. 
Best oscillator performance over a wide 
Frequency range results from using a $ pF 
‘capacitor as the collector feedback coupler, 
but this was 2 compromise value, If oper 
ation is likely to be confined to either the 
HF or VHF segments of the radio spectrum, 
some experimentation with this capacitor 
should result in improved performance over 
that particular range. For experimentation, 
use a 312 pF or 4-30 pF trimmer. 


Fig. 1. Schematic of modified circuit, with com 
ponent chenger indicated by *. LI: 15-23 Mil, 
1a twine No. 20; 2244 Ritts, 5H turns No, 24, 
45.90 Mite, 14 turns No. 24; 90195 Mitte, 216 x 
5/8 in. 


Fig, 2 Pictorial view of the dipper and its eteult 
board, 


To perk up meter amplifier performance, 
the 2N388 meter amplifier is replaced by a 
2N918, a relatively high gain, low leakage 
transistor 

Although the change was not made in this 
unit, a 6-100 pF (MAPC-100) variable caps: 
citor could be substituted for the existing 
5-80 pF unit, As can be seen from the 
fullsize scales, Srequency coverage is nuztow 
fon the 13-23 MHz plugin coil. Those who 
frequently construct HF gear might benefit 
from the substitution, 
Operation 

Operation of the dipper is the sime as 
before, except the frequency range is 
greater. Another coil must he wound for the 
10-25 MHz range, but existing coils were not 
‘modified, Calibration is now different from 
before; fullsize scales are inchided with this 
article for those who do not have a generale 
‘coverage receiver or another grid dip osella- 
tor on hand for calibration. 

Osei fs still vigorous at 13 MHz, 
Which indicates lower frequencies may be 


reached with a suitable coll plugged in, 
Similarly, oscillation is still noticeable at 195, 
Miz, so operation at higher frequencies may 
be possible 

Finishing Touches 

Appearance of the dipper was improved 
after enlisting the help of a draftsman, The 
dial and meter scales were professionally 
inked. Figure 3 provides fullsize copies of 
these seales. 

“To improve the legibility of the labels and 
scales, they were inked on yellow cards 
rather than on conventional white paper. It's 
a small point, but for those who use test 
equipment frequently, the black-on-yellow 
technique results in less eye strain, 


ETCHED CIRCUIT UHF DIPMETER 
Bob Corbert WKH. 


| made thive models of the dipper. ‘They 
cover 130-175 MHz, 175-250 MHz, and 25% 

180 AHTz, The first two models use the same 
size inductor, with the 190-175 MHz. model 
tesing a Larger capacitor for lining with a ce 
amie trimmer across it. This trimmer is not 
shown in the schematic; its value is 7-45 pF 
and it should be adjusted to cover the proper 
range. 

‘The 250-180 MHz dipper uses x smaller 
inductor than the others, It also has a copper 
jumper (shown in the layout) that the lower 
Frequeney dippers don’t have 

Each dipper is complete (including the bat 
tery) except for the meter. The meters were 
omitted to save space and money, but can 


90-195 MHZ 


Bx 
a3 
% 
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13-23 MHZ 


4] 


22-44 MHZ 


included if you wish to use a slightly Jarger 


silicon transistor 
$1.90 apivee, but it likely that oth 


tra 
sistors that are even cheaper could be used. 
The 2N3478 has odd basing—the only zee 


‘ence is the short ‘case-shield leads don't 
Shorten any leads atid you're sure that you 
Keep track of the connections 
The copper side of the board for the 
dipper is shown in Fig. 2 with the com- 
ponent side in Fig. 3. Use glass or Teflon 
based board. Paper or bakelite board 
probably wouldn't be satisfactory, Trim the 
board to the proper shape with a nibbler. 
‘The inductor should be coated with coil 
dope to keep from shorting it when you nse 
a 


Fig. 1, The etened cicuit dipper is very sim- 
pla. The ‘cieuit is. aimast identical to the 
‘ne desenibed by WAICCH in the December 
196873, but the construction Is quite el 
ferent. Ch is Johnson 160108 (9 pF) for the 
‘wo higher frequency dippers, end. 160-107 
G4 pr) for the 130-180 MHz model. There 
's-a tummer across C1 in the 130-180 Mis 
model, 'see text. 


To mount the boards, youl have to cut 
thin slot near the edge of the Minibox used 
as a case. One say to do itis to dell a num: 
iber of holes of the proper size i a rex. then 
tise a file to nish the slot. You have to bend 
that side of the Minibox aut to get the hoard 
fn. Its held in place hy an exten yet of ts 
fan the shafts of the potentiometer and the 
towing capacitor, Be sure to trim the leuds 
projecting from the capper side of the board 
0 that they won't toueh the metal of the ease 
The battery is held in place with a simple elip 
made fren serapy metal 

e dipper i very easy tw ane, But before 
ta that, let's check it ont and calibrate 


es 


Fig, 3. Dial designs for the various Mie canges, ful size 


8% 


“The three dippers shown here cover 130-480 
i 


jiwnp to above 1 mA. That meas that the 
teansistor i asellating, IF you touch the coi 
the meter rexding should drop and the dipper 
nay. stop oscillating completely. Now tune the 
There should be 
1 itle variation in current, but not too much, 
Xo to calibeste the dipper 
The easiest method is 4 sensitive wave m 
at covers the range. but i 
job with a TW set. A TV 
16 Mllz (channels 7-13) for the low cab 
Then the seoond harmonies of the 
5 to 445 Mlz can be reve 


—S : lier tang 
Here's the inside of one of the dippers oS UHE TY set (470.590 MH) I sou have 
i two meter receiver, that gives you another 

vker at 146 MIF. You ean pat. on the panel 

markings with AmiTron of” Dstak rion 

The wipper should be complete now, and 

aly for te. Bring the dipper near a es 

rant creat in the dipper’ range and tone 

the Frequeney contre. Yow should get a promt 

180-175 Mix nent ep tn current when both cui are 
175-250 MHz Tied to the same frequency. The amount of 
yp depends on the setting of he pot in the 

from the tuned creat 


275-480 MHz 


SSheer OnE 
380 nme 


PHONE: 


click, You probably won't be able te get a 
zero beat at these frequencies, 

Be careful that you don't use the dipper 
around an energized transmitter of more than 
a few watts output or the dipper may 
Aamnaged. 

These dippers are simple, inespensive. anil 
non-critical fo build, After you've build thei 
youll wonder how you ever tried to bull 
UHF oquipment without « good dipper: 


UHF GRID DIPPER 
J. Fisk WA6BSO 


When building or testing equipment for the 
4420 me band, amateurs invariably run into the 
problem of, “Where am I? It becomes a litle 
‘iffeult to tll whether you ate actoally in the 
Dane or somewhere nearby. "The uninitiated 
will counter that you should be able to figure 
close enough, afterall the band is 30 me wide 
but even the experienced old timer will con: 
firm that this just isn't so 

The 420-450 me amateur band falls be 
tween the VHF and UHE television assign 
ments and there is very little to use for 
frequency reference point. I is neatly impos 
sible to tell exactly where you are without re 
sotting to expensive commercial gear of lecler 
wites. Nor is the problem confined to the % 
ineter band; when build erystal controled 
converters for 432 or 1296, its nice to knew 
that the last tripler is really wiping and not 
doubling o quadrupling. Even with a 45 or 
50 me crystal, t's quite easy to tune up on 
the wrong harmonic, Remember that « 40 rye 
‘change at 400 me i analogous to a 400 he 
change on 75 moter. 

‘There are several commercial instruments 


that fill this requirement nicely, but the cost of 
the least expensive of these would buy a pretty 
respectable all. band receiver. Occasionally 


Suitable test equipment appears on the surphis 
market, but again, the price is. prohibitive 
‘The simple UHE grid-dipper described in this 
article was desiged specifically to econo 

cally fil this need. IC covers the frequencies 


Fig. 2. The copper side of the etched circut 
board used in the dipper. This layout ts full 
Size. Use board suitable for thete frequencies: 
‘ber glass or Teflon 


Fig. 3. Component sie of the dippers. There 
ig'a 7-45 pF ceraihie trimmer aerore Cl in 
the lowest frequency modal. See the text 


2 to 5 mA amiter ino the mete 
fick, You car use a more sensitive meter ify many eases ies easiest to leave the dipper 
Soni about 400i a Teaser lial wees Ue uae teete einer came ee 

Proper scale. Put the resistor across the meter the dipper ean also be used for monitoring 
jack terminals in the dipper Mow use the AM transite by plugging a set of head 


eter for other things 
Tum on the dipper by twisting the pute 


phones inthe meter jack and adjusting the 
tuning and pot. You can also use the dipper 


Liometer knob eliekwise until it clicks, ‘The for deterenioing the frequency of another osil- 
imeter should shine very low current. Ax you lator, Simply ttme the osellating dipper 
tune the pot, the current should suddenly headphones plngged in until you hear a slight 
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Fig. 1, Sehemetic of the «f head of the UMF grid 
Siope! 


© 


from 300 to 680 me at a total cost that is 
comparable to a low-frequency ittype grid 
dipper By using junkebox party and senart 
hhorsetradesmanship this cost may’ be substan 
tially reduced. I should hasten to point out 
that substitution of parts in the tuning heal 
should be avoided if accurate did ealtbration 
is aesived. 

‘This particular grid-dipper has bee dup 
coated several times and iH each cise 


tas accurate as. the 
Funiliar hit-type geid-dipper. This is helptul 
to the ham ssho does not have access to cOm: 
rercial equipment for calibration purposes. By 
using the layout and parts described inthis 
uticle, the precabbrated! dial illustrated. in 
Fig, 8 may be vsed with a mvioimum of error 

Although an aecessory power supply, mode 
lator and indicator are included! i this design, 


Fig. 2. Power supply end modulator for the UHF grid dipper. 
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«an enterprising ham could se the power sup: 
ply ond meter presently available in any lower 
frequency tube type grid-dipper. Although 
ing a modified low-frequency dipper i sinyple 
and inexpensive, the power/imdictor how spe- 
cifically designed for the UHF tuning, head 
has several features that are not available in 
inexpensive kittype units. ‘These include in 
femal 1,000 cycle modolation, provision for 
‘external’ modulation, and voltage regulation 
‘which provides the necessary stability at the 
ultra high Frequencies. 


The of tuning head 


‘The heart of this instrument lies in the tun- 
ing head itself. There is nothing particularly 
new or diferent about the circuit, but at these 
Frequencies stray induetance and capacitance 
in elreut layout and construction will seriously 
affect the end result. All the Tead lengths must 
be as short as bumnanly possible and: physical 
circuit’ layout must. follow standard URE 
practice. One of the big problems in building 
tunable oscillators at UHF is to obtain a o 
cillator that will tune from one end of the 
ange to the other with no “holes,” frequency 
jumping or instability, The series tuned 6CW 
huvistor oscillator shosn in Fig. 1 fils these 
Fesquirements 


Insofar as possible, all the tuning head wit- 
ing is clone on point-to-point basis with the 
components mounted directly tp the 6CW4 
tube socket or button capacitor lugs as illus 
trated in Fig. 3. To obtain the desired accu- 
racy sith the precalibrated dial, this diagram 
slum be fllewed as closely as’ possible, 


To keep stray cireuit inductance to a mini- 
rum, all wiring between the coil and tube 
socket is done with one-quarter inch wide 
strips of thin copper sheet. In addition, the 
Fotor of the variable capacitor is connected to 
the 6CW4 grid (pin 4) with a short strip of the 
sme material, The only tricky part of this 
Wiring is the installation of the series capacitor 
CA. This eapacitor is « 500 picofarad button 
type mounted as shown in Fig. 5. The “S" 
shaped bracket ("A") is made from a one- 
tuarter inch wide copper strip, ane and one 
half inches long and soldered te the mounting. 
stad of the expaitor, Connection to the GCM 
plate (pin 3) is made with the soldering lug 
on top of the button 


Fig, 3. Criiol wiring orcund the 6CW4 socket, 


Fig, 4, Loyout of the toner chassis, chore cove, dal, conneetor insuletor, oscillator support and ose 


‘appar ane 


Gonnestion to the stator of the variable ca- 
pacitor is accomplished. with ancther short 
vip of thin capper as showa in Fig. 5 ("2"). 
‘This ploeo of copper is bent so i touches both 
stator meuuling pins when the uoit is assem- 
‘leds then itis soldered in place 

The oscillator and tuning mechanism are 
housed in a standard 2 3 5H % 4 inch chassis 
Tbox Tnid out as shown in Fig. 4, Although the 
suthar’s unit ie bosed on an EMB type 107 
chassis box, other mamstactorers have. sla 
larly sized boxes which are equally soitable 
‘The layout of the enclosure is stalght-forward 
and no diffculty should be found in duplicxt- 
ing ite The dul and coll secket cutouts are 
rnvide by dilling or punching round holes and 
then cutting ant the aren between them as 
shown ix the drawing, This is extly done 
wath an Adel “nibbling” twok ll of the smal 
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sets lules are drilled with « stundord # incl 
dlr to pase 4-40 screws; Siz inch Boles will 
Le requited 3f 6:32 seeaws are used. 

The dial window is cut from x sheot of 4a 
Jgh clear plastic to the dimensions shown $5 
Fig, 4. 4 haicline ie seribed in the center of 
this windows if a more distinct line se desired, 
this serine mack may ba filled in with black 
india in, Alter the tunor enclosure is com: 
pleted, this dint window is eposied in phice 
over the dial cutout 

‘The coil socket is made by installing two 
banana facks (E. F- Johnson type 108-740) on 
Xe inch centers in the Teflon connector in 
lator lustrated in Fig. 4 Gf Tellon is not 
available, Polystyzene may be used). ‘This 
“socket” is installed over the large oblong hole 
cut in the end of the chassis. The serow holes 
used for mounting the connector insulator are 
mutch-drilied to the holes in the insulator $e 
self. In this way it is properly mated to the 
enclosure, Although nylon attaching. serews 
‘were used in the original model, they are nol 
necessary and regular metalic screws wil not 
alter any of the oscilletor’s characteristics. 

To reduce stray expacity to x minimum, the 
oscillator eiveutry is mounted on an insulating 
Sheet. Teflon was used for this purpose in fhe 
original unit, but epoxy board with the enpper 
peeled of would be porlectly suitable. Sheet 
polystyzene is not too desirable in this location 
because of its susceptibility to heat. The en 
velope of the GCW4 gets very hot und the 
frmbient temperature within the confines of 
the sinall chisss is quite high, 

“the general layout of the Teflon oseiator 
support and assvelated support angle are also 
shown i Fig. 4. The angle is cut owt from & 
piece of Ye isch aluminum shoet and bent is 
vise (0 form the angle. When these wo 
Pieces are mated together, the metal angle 
‘will probably interfere with the Tower nuvistor 
socket mounting serew. It rovst be drilled cut 
using the hole in the oscilator support as & 
guide, This additional hole is not shown be- 
‘cause tte exact location will vary fom unit 
vuait and depends upon the accuracy with 
Wwhieb the parts ace Jaid out 

‘The elal mechanism is not complicated, but 
st is hard. to ascertain from the photographs 
exactly how {€ i put together. The exploded 
aeawing of Fig, 6 should help in this cespect 
‘The veruler mechanism is an Eddystone 10:1 
planetary drive that provides both smooth 


Fig. 5. Exploded view of the connections between 
fhe GCWa ond th cal sorbet. 


action and repeatability in a stall package. 
Although this unit is manufsetured in Eng 
land, it is available from many of the larger 
electronics parts houses in this eountry. 

‘Substitution of similar drives should be per- 
fectly satisfactory as long as they don’t extend 
moro than one inch beyond the front panel 
fof the tuner chassis 

The vernier drive is connected to t 
able capacitor through a inch polystyrene 
shaft 1% inches Tong and the usual "% to 
shaft couplers. Polysty ne other 
Sulator must be used here because the rotor of 


closure, the coupler at t ble capacitor 
tend of this shaft is only one-half of a standard 
coupler. A standard "% to" coupler is sawed 
jn two and one-half is epoxied to the end of 
the polystyrene shaft. Save the other half; it 
will be used for the dial drum hubs. 
itor seas designed 
it and its Me inch 
shaft must be made compatible with the 
standaed couplet, This accomplished with a 
‘bushing, made from sheet copper. A short 
piece of % inch wide, Ye inch thick copper 
strap is formed around the capacitor shaft and 
tukes up the slack between the shaft snd the 
coupler. 
The dram dial in the original 


nade from the metal top of « Johnson 
Shine Kit ({9¢ ut the lveal grocers, 
sinular closed eylinder 1-0 inches iv diame 


eter and aboot 1 icles fone shld be 
Suitable; other dhunetere wil void the, accu. 
Tacy of the precited dia. The "skit" or 
bottom ven i cutoff the metal eat at the eee 
tunferntial note and sfc holes died 
in the center ofthe top, The remataog hall of 
the 4 inch shaft coupler that was eft ove 
fwom the polystyrene shaft It then epoed 
place over the lle tv prove x dia. drum 
is Another hole i drilled nthe side of the 
can "ie Tiches from the top this provides se- 
ass to the shaft coupler on the rear end of 
the err dave F 
“The precalibrated paper dil may now be 
cemented in place Ite gor ie to comet 
A plece of ‘white paper the ste size as the 
dhal between the dial and the drum, otherwise 
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Fig. 7. The col for the UHE grid dipper. 


the label on the can will show through the 
paper dial. Rubber cement is recommended 
AAU this point to prevent excessive wrinkling 
fand distortion of the dial 

‘When all of the dial parts are completed, 
they are put together as shown in Fig. 6. 13 
alittle crowded in the small box, but all of 
the pacts will ft. However, in order to get all 
‘of the dial machinery into the box in the right 
trder, a correet assembly sequence must be 
Followed. First the polystyrene shaft and cow 
pler are inserted into the dial drum from the 
fear. Next insert the Eddystone drive assembly 
through the hole in the frant panel and mate 
ft with the end of the polystyrene shaft. Place 
the bushing over the capacitor shaft, attach 
the polystyrene shaft and tighten the coupl 
also tighten the coupler at the back end of the 
Eddystone drive thra the access hole pro 
vided in the dial dram. Install the vernier 
rive mounting screws. Now completely” mesh 
the capacitor plates, center the low edge of 
the dial in the window and tighten up the 
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dial drum hub, Disassembly: must be accom 
plished i reverse order 
"The tuning head i aitached t the indica 
tor/power yast through a fourcondutor cable 
three feet long This cable i attached to the 
box with a plastic cable clamp maunted in a 
Nhole provided "immediately adjacent to. the 
oscillator support angle and exits through a 
rubber grommeted hole at the front end of the 
nelosure. ‘There is not enough room at the 
rubber grommet 0 use a cable clamp, s0 the 
rable is eporied to point Be- 
Tore installing ‘check for 
icient clearance between it and the dial 
rum. Tt will probably be necessary to 1 
the cable along the comer of the chassis to 


atin enough clearance. 


Power indicator modulator 

‘The poswer/inlicator unit i howsed in 
standard 9-6 x 5 tnch utility box (Bud type 
‘AU:1040 oF equivalent). The layout of this 


Fig, 6. Assembly of the dil 


circuitry is not at all critical, and just about 
anything that suits the builder may be used 
‘The only particular eaution that must be ob: 
served is with the transistorized 1 ke phase 
Shift oscillator. This unit is built on a piece of 
perforated epoxy board (Vector 32418) 1.5 
fnches wide and 1-H inches long. To pre 
clude any 60 eycle pickup, this board is sit 
uated on the opposite side of the chassis from 
the power transformer. 

in the author’ case all the power/indiewtor 
eomponents were mounted on a 4x 5x | 
fnich aluminum chassis, This chassis was the 
mounted to the front panel of the utility box 
swith the phone jack and power plug mounting 
hts, Two hhege diameter holes (I-k inch) are 
punched! in the rear panel to provide access to 
the fuso holder and to pass the AC power 
plug. A chussis handle (Bud H-9168) on the 
top nd rubber feet on the bottom just abot 
complete the unit. There is one other addition 
however; five pairs of Se inch holes, drilled on 
jp inch centers along the rear edge of the top 
of the box provide convenient storage for the 
five frequency determining coll. A coat of 
spray paint and some Datak “Letraset” dr 
tvansfer labels are the Bnishing, touches. 


Calibration and operation 

Without access to existing 420 me equip. 
nent with known frequency characteristics, 
fexicl Calibration. inthis bas is impossible. 
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However, this griddipper may be checked on 
the other ranges with the aid of am all-band 
television receiver. JF the circuit layout and 
ccoustruction techniques deseribed are closely 
followed, good correlation can be obtained 
and reasonable securacy insured. The bands 
that are likely to be the furthest off 

lowest and the highest. In the lowest 
spacing is quite critical and in the highest a 
slight ‘change in length will move the fre- 
‘quency several megicycles. An accuracy of 2% 
‘at 600 me is plus or minus 12 me; close atten- 
tion to the specified dimensions should provide 

wceuracy better than this, 

‘Operation of this grid-dipper is exactly the 
same as any lower frequency unit. Tt may be 
ted in determining circuit resonance, detect: 
jing parasitic osillations or as a signal genera 
tor, Because ofits extended rorige, it has been 
found to be very useful in determining: the 
series resonance point of rf chokes and ce- 
ramie bypass capacitors. 

Th the detect mode, this unit will indicate 
rf voltages as low as 50,000 microvelts. More 
sensitive operation maybe obtained if it is 
used 2s an oseillating detector. In. this ease 
headphones are used and an audio beat note 
will be heard when the grid-dipper is tuned to 
the oscillator being checked. Inthe “upper 
frequency ranges, i is usually difficult 
taint an acta Beat note, and only a “Wek 
will be discernible when you tune by: the 
Trequeney of the unknown energy 
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When the oscillator is tamed! between 605 
sand 650 me, there is sufficient second har- 
monic energy to provide a strong reference 
Signal in the 1215'me amateur band. This is 
particulary useful in the initial tune-up of 
converters for this hand. Use of the internal 
1000 cycle moshilation aids i 
the griddipper signal from o 
that are present Throughor 


the spectrum, 


WIDE RANGE VHF-UHF DIPPER 
Bill Hoisington KICLL 


Most dippers for amateurs that T have 
seen so far, not counting the $400 ones, 
stop around’ 200 Miz just as you are about 
to enter the fascinating UHF region. We 
do have the 432 and 1296 bands, so let's 
hecome more familiar with them 

After all these years of “grid-dipping” 
we find ourselves without a grid, so it just 
becomes a “dipper”. To retain the prestige 
of a hyphenated name we can call it a 

‘dipper-generator”. Most grid-dippers. have 
‘been used as generators, but this one has 
builtin modulation, variable input-output 
coupling, controlled Q, and several other 
Interesting features. Best of all, it goes all 
the way up to 1296 MHz, 

‘When this litle unit is completed it may 
be used as a dipper for determining the 
resonant frequency of VAF and UHF cir 
cuits, as an indicating frequency meter with 
an adjustable Qemultiplier, a field strength 
meter and modulation monitor, a sensitive 
regenerative receiver, or a CW and MCW 
ignal generator. You can also use it as a 
harmonic monitor or as a frequency trans- 
fer_unit from one transmitter to another 

Several eizcuits must be considered when 
building « wide band instrument such as 
this. For example, you should change cir 
cuits around 100'MHz and again at 600 
MHz, give or take a few hundred. Below 
100 MHz coils are good; from there to 
800 MPEz you can use wave resonators, 
and after that the % wave job becomes 
rapidly the best method, up to 1300 MHz 


Plugrin rf heads 

T have made no attempt to cover the 
complete range from 130 to 1300 MHz with 
fone oscillator. By using, plug-in timers. you 
may vary the components to suit the fre- 
‘quency. On 50 Mllz for example, you may 
use a low cost transistor, a coil, and a 35 
or 50 pF capacitor. From 100 to 600 MFtz 
you we a better transistor, aX wave strap, 
and a 10 or 15 pF capacitor. In the micro- 
wave region up to 1286 Milz you use the 
best transistor you've got, wave lines, 
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Fig, |. Basie VHF/UHF oscillator 


Fig, 2. 130 9 300 MHz tuning head 


and a small butterfly capacitor of 3 to 5 
PF. 


I you break the circuit at the right point, 
i simplifies things—then the two. halves 
may be connected through a miniature 7- 
pin socket and plug az shown in Pig, 2 


All four leads ate reasonably deud 10 rf 
You can leave out some of the audio if you 
like, but its very handy to have a modu- 
lated signal. IF you're. running. wiple or 
quadruple conversion, its alee to know by 


Ws modulation which is the signal and * 


which might be a birdie, As far as dials 
are concerned-it makes calibration and 
reading a lot easier to have only one band 
or range per dial 


130 to 300 MHz oscillator 


Fig. 1 shows the basic wave circuit; 
Fig. 2 the complete rf unit swith control, 


sf output and modulation. 


make for a’ flat tuning oscillator without 
power dips as itis tuned over 2 2 to 1 range 
in frequeney, and it does just that. With 

1726 in the circuit there is a smooth 
power output curve from about one volt rf 
at 130 MHz down to % volt at 300 MHz, 
‘The Ff coupling jack Jl couples the rf 
energy both in and out, This is because 
LI acts as either a detector resonator or 
‘an oscillator resonator, as required. Actual- 
ly this of jack can be used as shown 


Fig. 2. PI is a variable link to Li and is 
plugged into Jl; JIA has a few inches of 
‘cable between the white ABS plastic front 
panel and the copper elad bakelite sub-panel. 
Because the phono plug is rotatable, & nice 
variation in rf coupling ean be obtained. The 
coax cable and JIB get the rf out to the 
front panel for easy use with antennas, 
probes, cables, ete. 

‘The emitter goes to a 1K resistor then 
through a coaxial bypass capacitor which 

As the de in and out and leaves the rf 
hehind. These feed-through type bypasses 
are very necessary—do not skimp on this 
item, 


300 to 600 MH unit 


Fig. 3 shows that this unit is essentially 
the sime as the last, except for dimensions, 
T used a 2N1141 here although many others 
will work too. It tunes smoothly from 300 
to 600 Mifz; use the variable link feature 
asin Fig. 2 


900 to 1100 MH. 


For this frequency range we need a little 
different approach. From Fig. 4 we can 
that we now have two wave lines 
fon which low-voltage points can be found 
to attach the base and collector resistors, 
Most of the K wave portion of the lines 
fon the transistor end are actually inside 
the case. The places where the base resistor 
and the 500 ohm collector resistor are at 
tached to the ¥ wave lines can be found, 
or checked, by watching the xf meter and 
touching the lines with a pencil, At the 
proper paint no change acoms in the of 
output; sometimes it even increases 
The diode circuit of Fig. 6 is not ideal 
but it works. T have several of these around 
the shack and they work very well for de- 
tecting 1296 Mhz energy. Even ordinary 
hook-up wire will support the assembly of 
Fig. 6 about X inch below the rf lines; 
you will soon find the best spot with the 
unit oscillating. The rf input jack and as- 
sociated loop L8 ave fastened go that L3 is 
in place over Li and L2, and it’s coupling 
‘can be varied in a semi-fixed fashion 
‘At this point we should mention that as 
a “dipper” the cireuit is stil working fine; 
also as a signal generator. It also serves 
as an rf detector but as the frequency gets 
up into the microwave ranges it i8 not 
quite as good as the tuned rf detectors fea- 
tured in another article in 73 Magazine. 
Ideally, you should use the dipper on micro- 
waves a5 2 modulated generator and couple 
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Fig. 4 900 f0 1120 MH otcilatorciresit. 
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Fig. 5, 1200 42 1300 MHs ercillator and layout 


it into the unknown circuit; then a probe 
attached to another tuned detector should 
tbe coupled into the unknown circu. ‘There 
sre quite a few variations using the dipper 
as an oscillator that you will find ‘useful 
if you use a ite ingen 

In the microwave detector line, my ex- 
perience indicates that the plinger tuned 
coax cavity line is the best, the tuned 
trough line next, and the cizeuit of Fig. 5 
nest best. As a’ dipper, generator and. re- 
generative receiver it is sil good at 1996 
MHz. Jost to check, I plugged an antenna 
into J1, put an audio amplifier across the 
diode 2nd copied a small transistor onila- 
tor across the room. The base bias control 
\works as a very smooth regeneration ‘con- 
trol. Smooth regeneration, a3 we will see 
Tater, i very Smportant for maximum. sensi- 
tivity when looking for harmonies and weak 
sual 


1200 to 1300 MHz unit 


Fig. 5 shows the 1296 unit; I have used 
this Circuit for many months’ as a dipper, 
varlablefrequency generator, modulated: 
oscillator source, and as a regenerative re- 
ceiver for 1296. In this circuit I used a 
negative de grounded collector return. Don't 
short the base plate to the modulator base. 
Note that one end of the diode is tied to 
the base plate; this lead is brought out 
as the minus 12 volt lead, You can also 
use it ungrounded as in Fig, 4-you can 
use a 5th lead in the 7-pin plug and keep 
the diode isolated from the minus 12 volts, 
Suit yourself, just remember that all units 
have to use’ the same leads, as they all 
plug into the single modulator 2f unit. 

T just plugged a little 12 element Yagi 
antenna into this dipper and it works nice 
‘and smooth as a regenerative receiver, 
Please note, this is only for test purposes 
around the shack. You can hear with it, 
but not that good! 

I had to put a choke in the cathode lead 
fon this one, and tune it (the choke) with 
2 piece of copper foil. A choke was needed 
in the collector lead too; after all this is 
the L-band microwave region. 

‘The xf input jack JL is mounted on a 
bakelite upright, Be careful of vertical metal 


picces attached to the base plate; they only 
teed to be two inches long or’ so to be- 
come Marconi antennas on 1296) Bring the 
bso resistor and the collector choke away 
from the Lines in perpendicular fashion— 
ithelps. 

‘The total length of the diode and its 
two leads, from ground to the tiny 001 
capscltor C2 fs about 1% inches; it is spaced 
about $/16 from the ground plane, ‘The bot- 
tom edges of the lines are about % inch 
from the ground plane. 

The transistor presently in the unit is 
1 selected 2N2998; about half of the dozen 
or s0 I have here go to 1300 MElz, a couple 
g0 to 1400, and the zest to 1100" or 1200, 

Don't be alarmed that L1 and 12 are 
longer than those of Pig. 5, the smaller 
Datterfly capacitor does that. You can make 
a choice as to capacity, Iength of ‘brass, 
and desired +f range. You can use a5 of 
10 pF capacitor for Cl, shorter lines, and 
tae over 1300 MElz. In fact, I have reached 
1600 MHz with this cireut! 


Modulation and control 


Fig. 7 shows the circuitry for bits con- 
‘rol, modulation and audio, Don't let it 
scare you. It’s just the same old deal of 
doing what has to be done for control pur- 
poses, and from then on jnst turning the 
Knobs to get what yeu want. 

T have found that a very good plug and 
jack can be made by using an ordinary 7 
pin socket anda Methode 7 pin bakelite 
plug. Unfortunately, I have never found a 
‘miniature tube with « bakelite base; they 
are always made of glass, so you will prob- 
ably have to buy the 7 pin plug 

‘The minus 12 volt lead goes to the col- 
lector meter jack and then to the minus 
12 volt of the power supply. This puts the 
Hf panel ground at minus. 19 volts and the 
audio af panel at plas 12. Of course, you 
dont have to ground the plus 12 on the 
audio panel, I just have that habit. 

The base return goes through a 5K re- 
sister and then to the bias control potenti- 
ometer. The diode de/af output goes to af 
jack J2 and the meter MI through the 
‘meter sensitivity control. This potentiometer 
fs selected to suit the meter; T have used 
4.10 K unit with a 500 microampere meter. 
Note that part of this resistor should be 
used when af output is desired, otherwise 
the meter shorts out the af. 


Audio modulation 

You might think that just about everyone 
knows how to build an audio. oscillator 
Mine did oscillate, but the tone! And the 
wave-shapes, hoo-boy! T used an af trans- 
former with’ the collector on one side and 
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Fig, & RF detection loop for haltmave orciletor. 


Fig, 7. Powar contel, medi 
cule. This leu ie used with all the rf hosde 


the base on the other. So, once again to 
the handbooks and once again practically 
aileh, T did get the idea for a phase shift 
Sscillator out of one of them, even if the 
cireuit dida't work at first. After consider- 
able experimentation I ean recommend the 
circuit shown in Fig. 7. Tt works! In addi- 
tion, the modulation may be adjusted to 
exactly 1000 MHz, This is very useful as 
many microwave test amplifiers have built- 
in narrow band af audio biters centered on 
1 KHz. There is also a modulation gain 
control. This helps if @ nice tone is desired 

‘Almost any small transistor output trans- 
former will do the job for the: af transform. 
ex, but don’t go over 400 ohms impedance 
{n the collector winding, Note the 1K re- 
sistor between the collector and the phase 
shift network; this reduces feedback to the 
base and may have to be increased or de- 
creased depending on the gain of your 
transistor at 1000 Hertz. 

T usually run the xf current (collector 
de) between one and two mils with the 
2NI726. transistors; other transistors may 
take more. A number 48 bull in the col- 
lector lead may save you a $3. transistor. 
With the 3NLL41 the rf output keeps climb- 
ing up to 4 or 5 mA collector current. You 
will readily find the best place to. operate. 
When the collector mils keep climbing and 
the rf output starts to drop off, back off! 


Operation 
Dipper 

As at general rule “dippina” is easier in 
the VHF region and gets more difficult 3s 
Sou go into the microwave region. On HE 
you couple one coil end on to the other 
on VHF yo bring it near, and on UAE 
you have to work to get” the necessary 
“coupling or use a probe. 

With nothing near the dipper, swing the 
dial through the range to make sure it has 
no dips of its own. The VHF/UHF units 
Without chokes described here donot a 
erally have such dips. Unwanted dips ean 
bre caused) by. chokes. resonant feed wire 
Tengths, metal supports, and of links and 
cables among other things 
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When you do get_a dip after coupling, 
to the unknown eireuit be sure and change 
the resonance of that circuit for & final 
check while watehing the dipper meter, If 
the test cireuit is a tuned elvevit vary the 
tuning and see if the dipper will follow it— 
it should. If all else fails, use the dipper 
as a generator, Since IL is! very difficult to 
set the far end of a cable maiched exactly 
ver much of a frequency range, expect to 
fine external dips in the dipper when using 
cable, 


Indicating frequency meter 
Always keep the transistor plugged in 
tnd the base bias at zero so the diode i 
doing the work. When you advance the bias, 
collector capacity will cause the dipper free 
queney to change a litfle-move with some 
transistors than athers 
For finding a 
regeneration by. tu 


k signal you can use 
ng up the base bias, 
hut watch out for slight frequeney changes. 
This regeneration can be very handy’ for 
finding weak oseillators or Tard-tofind rf 
energy. Use the rf input loop with care 
the Teast coupling is the best. Remember that 
some cables and terminations will detune 11. 


Field strength meter and modulation 
monitor 

‘The first part is obvious; use a small 
antenna or probe, get some signal in, and 
g0 ahead. Do not use any base bias to start 
with. TT you are working with a very weak 
signal you might have to push the bias up 
for regeneration. 

The modulation monitor is simply our 
oftendescribed system of diode detector, 
transistor amplifier, and padded earphones. 
You can actually hear what your own trans: 
amitter sounds like to others. T use it on 
every new rig and afler every cieuit change. 
You don't necd much of an antenna or 
probe when listening to your own rig: don't 
overload the diode when checking noduli- 
tion, In faet, use light #f coupling and plenty 
of audio gain to hear yourself 
hear you 


is others 


Regenerative Receiver 


Plug an audio amplifier into J2, Fig. 7 
advance the bias contro}, and tune. 1 have 
heard several UHF TV stations from Massa 
chusetis up here in Peterborough, soit is 
really sensitive, One nice feature of this eie 
teu is that the regeneration turns into. os 
cillation very: smoothly. Stability is good too 
You cin heterodyne a crystal controlled 
‘ovo meter signal and copy CW with it, Not 
had for a LA MHz bloopet! 

To transfer signals from one transmitter 
(A) to another (B), just time in A, then 
shut it off; listen for Band time it in 


That's all. Harmonie monitoring is_ easy 
just tune over the suspected range inthe 
regenerative condition. It is partiewlaly 


good hecinse only one frequency is present 
in the receiver. ‘This i not he case he 
ising a supershet cecelser for monitoring 


Signal generator 

One of the bigg features of this cireuit 
1s the presence of an ef meter sight fo the 
proper piace cireuitwise, ‘The modulation 
‘bo helps, especially when running tiple 
or queduple conversion in a receiver. The 
rodiletion eontrol 3 very convenient, at 
full on its spreads the signal across 20 or 
30 Kile on a selective receiver, For check 
ing. a difficult to get at cireuit, use a cable 
and probe, cither capacitive. or induetive, 
to get tho signal into the unkrown cieult 

Poften use one of theso units for an 
tenna and receiver tests. I just plug litle 
two element bean into the ef jack and set 
it out away from the shack; often one or 
two hundred yards away. There Is noting 
Tike tuning up preamps with vaur antenna 
system connected, Pur antena teste itis 
sed in reverse, 


EXTRA SERVICES FROM YOUR 
GRID-DIP OSCILLATOR 
W. B. Cameron WASTZA 


One of the handiest instruments around 
the average ham shack is the grid dip 
cseillator, but many hams do not get all of 
the advantages this litle instrument can 
offer. Most people know that itis useful for 
finding the resonant frequency af an LC 
circuit, or for generating a signal someplace 
in the range, although it is not quite a 
substitute for a well calibrated signal gener- 
ator in dis respect. 

Many people do nat realize chat the grid 
dip oscillator makes an excellent crystal 
calibrator ss well. The typical grid dip 
oscillator uses a two-terminal coll ind a two 
section variable capacitor, connected in the 
form of a Colpitts oscflator cizeuit, with the 
variable capacitor providing the voltage 
division for proper feedback. This same 
circuit, with a quartz crystal replacing the 
coil, becomes very satisfactory crystal 
coscillstor. In this case, the variable capacitor 
becomes a trimming capacitor capable of 
pulling the crystal on the proper frequency 
‘with considersble accuracy und also allowing 
8 fairly wide latitude togher or lower for 
checking bandpass. 

‘The meter reading gives an index of 
crystal activity, What is required is an 
adapter to match the pins of the crystal 
hnolders to the coil socket of the rid dip 
oscillator. T have made up such an adapter 
for my particular unit which consists of a 1% 
inch by 4% inch piece of masonite which 
carries two banana plugs to insect into te 
coscillstor socket, und several different sizes 
of crystal holders, all connected in parallel, 
to accommodate any crystals 1 happen to 
have around the shack. I carzy in my tool kit 
various assorted crystals. These ave me 
spot frequencies for band edges and other 
reference points on all of the amateur bands. 


(Cryst) socket adapter for grid dip osaitstor ax 
teads the unit's capably By enabling i) (0 rend 
cxyetal actly, 


In checking the higher frequency bands, T 
find it useful to add a diode clipper and have 
cone permsnently wired on the same adapter 
board. This is a N62 which simply goes 
from one side of the crystal to 4 terminal 
point at which I can attach an antenna or a 
lead to the input jack of the receiver. By sim- 
ply attaching a short length of wire anprox- 
mating a quarter wavelength al this frequen 
ey, I can provide a strong enough signal from 
the shack to enable me to check oul my 
direction finding loop in the automobile 
fifty feet away. 

In tuning up my 2 meter FM gear, I 
plug in 4 3061.25 crystal (which is the 
fwansmitter oscillator crystal for my Link 
2m PM unit) and then couple from the 1N69 
to the input of the receiver. This provides a 
signal stronger then most of the local signals 
fon the band, and adequato for initial tune 
up. For finer adjustment of the if strip, 1 
clip the fead from the 1N69 to the chassis 
close to the antenna input jack and the 
Teakage provides a signal of the order of 
-2-wV, which is useful for final adjust- 
ment of the critical tuned clreuits, the 
squelch control, and others. For best results, 
I leave the oscillator and the receiver on for 
2 half hour or so to warm up, and then with 
the variable capacitor in the eri dip osclla- 
tor, | zero-heat the incoming signal cf a station 
generally considered to be on frequency, 
‘Once this is done, | have a signal souree on 
the bench with which to check the receiver 
for passband balance as indicated on the 
microarameter connected to the discrimin- 
ator output, 


EDO TO FIND C 
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M20 eee te 
oscillator lying around, and en easy 
accessozy can allow it to be used to read 


o# 


the values of unknown capacitances up (0 
about 1000 pF. This is useful for 
unmarked surplus, those with obliterated 
markings, or to find the swing of small 
varisbles. Or we may check the best value 
found in some circuit position with a 
preset or variable, then measure this and 
substitute a near value fixed capacitor 

Figure 1 is the circuit. Ct and C2 are on 
the lid of an insulated box, carrying also 
spring terminals for CX. The capacitors 
have good knobs with pointers. Coil L can 
be half a dozen tums of stout wire, 
selfsupporting, or anything which comes 
within a convenient range of the GDO (say 
2.510 MHz) with both variables fully 
slosed. 

To calibrate, close Cl and C2 fully, 
Tne the GDO for the usual dip. Note the 
frequency on the box for future use. Take 
a few 1% capacitors, such as 100 pF, 200 
pF. and s6 on, up to 2 total of about 1000, 
PF. Clip one to CX. Open C2 to restore the 
dip on the GDO. Mark the capacitor value 
on C2 dial. Series and parallel capacitors 
sve more values, For example, 100 pF plus 
200 pF in parallel gives 300 pF, while $00 
plus 200 gives 700 pF, and so on. 

Restore C2 to its fully closed mark. 
Repest to calibrate Cl, this time using 


= | 


ig, 1, G00 tofind C, 


capacitors such as 5 pF, ete., up to ebout 
50 pF. When you see how the seales mark, 
estimate intermediate markings, to fl in 

‘Once calibration is finished, itis easy to 
find 2 capacttance value from about 2.5 to 
1000 pF. Close CI and C2. Put the GDO. 
near L and tune the GDO for dip. Clip the 
unknown capacitor across CX. Open Cl or 
C2, as appropriate, to restore the dip. Read 
off the value from che scale, That's all 
there isto it! 


GDO COIL EXTENSION 
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arid dipper is a great piece of test 

equipment and belongs wherever rf 
equipment is to be designed, constructed, or 
serviced. AIt writings on the subject seem to 
be prefaced with (his comment, and | 
hesitate to break tradition. Now that the 
formalities are over, we wil proceed with 
the subject matter, 

Probably the one mest inconvenient fea- 
ture of all grid dip meters is the physical size 
of the instrument. ‘This holds true for the 
two unit commercial models as well as the 
more common self-contained types. This not 
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Figure I: Web of Objects reference architecture. 


between objects belonging to the same location such as 
home or office. Different or same types of objects can be 
combined based on the common location or premises. On the 
other hand, Ownership Object Relationship (OOR) is formed 
among objects belonging to the same owner. Social Object 
Relationship (SOR) is another kind of relationship that is 
created among objects when they come close to each other, 
either random in time or periodically. This relationship can 
be envisaged when the owners of objects come into contact, 
with each other. Apart from the above relationships, in [41], 
the authors define the Guardian Object Relationship (GOR) in 
the Internet of Vehicles (IoV) scenario where on-board units 
of vehicles become children in relation to the super nodes 
of Road Side Units. This child and parent association gives 
«special meaning to a new hierarchical relationship. 

In addition to the relationships defined in other studies, 
we have identified few more relationships suitable for some 
diverse scenarios. These include Sibling Object Relationship 
(SIBOR) that is created among objects that belong to a 
group of friends or family members. This relationship among, 
objects extracts the property of trustworthiness based on the 
relationship of their owners. Another relationship type is the 
guest abject relationship (GSTOR) which is formed between 


objects that belong to the users in the guest role, for example, 
when a person visits a friend’ home and gets the privilege 
as a guest. The same can be applied to the objects that move 
in guest relation (GSTOR) from one place to another; they 
will have some privilege of accessibility of information as 
compared to other objects. Stranger Object Relation (STGOR) 
applies to objects that encounter the presence of each other 
in an anonymous environment such as on the go or in the 
public environment. Similar to people who meet each other 
sometimes regularly but are anonymous to each other or are 
not fully aware of each other, this relationship can be used 
among objects to form different trust levels or to form strict, 
restrictions to promote secure connections. Moreover, in 
service object relationship (SVOR), objects form a relationship 
while coordinating in the same service composition to fulfill, 
a service request. Generally, in the proposed scheme, service 
request execution generates a mashup of objects, and objects, 
that belong to the same mashup are assumed to be in SVOR. 

We believe that the above defined new social relation- 
ships are beneficial in several distinctive scenarios, For 
example, SIBOR is more useful in scenarios where trust, 
is highly important for establishing a connection. Unlike 
the more generalized relation POR, SIBOR is established 


so much that they are large but rather that 
the head will not always fit into the nooks 
and crannies which seem to be designed into 
most equipment. This situation will more 
than likely become more severe as integrated 
circuits come into more general use. AL 
lower frequencies the coil assembly is use 
ually long enough to reach to within shout= 
ing distance of the desired circvit, but as the 
frequeney is increased the dipper coil shrinks 
to perhaps an inch protruding from the ease, 
‘Try getting this even near a circuit buried 2 
for 3 in. deep in a chassis and you will fully 
appreciate the magnitude of the problem. 


There is a way of relieving the difficulty 
which requires neither a gieat deal of time 
ror expense. It is only necessary to put to 
use some basic theory which each of us was 
ed to know in orler to get a bam 
license, Required are perhaps a 3 ft length of 
small coax (RG 174/U), 6 in. of hookup 
wire and a ballpoint pen casing. The innards 
of the pen are removed, and the business end 
reamed slightly to accept the ends of a 4 in 
diameter one turn link formed of hookup 
wire. Inside the barrel of the pen the ends 
are soldered to the coax, insulated, and 
cemented in place. The remaining wire is 
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formed into a 2 turn link which fits snugly 
‘on the coil form of your grid dipper. This 
link is soldered to the opposite end of the 
coax and secured. Shrinkable tubing is per- 
fet to cover the joint, 


‘The noxt time you face this perplexing 
problem hold your head high und fear not 
Merely slip the link over the oil form, place 
‘your probe so as to allow coupling into the 
desired cireuit and proceed as usual. The only 
difference will be a more or less fixed load on 
the oscillator which doesn’t affect its ability to 
indicate resonance. As always, best results are 
obtained with minimum coupling 
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As anyone knows that has done any work at 
all on receivers, whether it is a conversion oF 
simply substituting a “hotter” tube in the front 
tend, we get to the point where we begin to 
wonder if the adaptation was worth while or 
have we been fooling ourselves. 

A noise generator using one of the noise 
diodes (IN2L or IN23) ean 3 
‘if any improvement has been made. 

‘The circuit is straight forward, by 
addition that others that T have se 
have, ‘The voltage is regulated by 
iad 

The reason is obvious to anyone who has 
worked with the simpler type of noise gen- 
erator. ‘The results are not always ‘consistent 
from measurement to measurement and from 
day to day. The voltage and earrent vary sith 
the setting of the variable resistance and dae 
to the normal aging of the battery. 

Diode 

ant line volta. 


ao not 
3 Zener 


Tn our particular 
nent it & six volts, OF course. we must 
twse-a batiery in excess of sx volts. Nine volts 


is a good value, T have found that used 
transistor radio batteries still have enough life 
inn most instanees to last for many tests, 
One of the main requisites of a noise 
generator is that it must be shielded throm 
fut. Therefore we must give some thovaht a 
to the placement of the varios components, 
A Minibox 2% ‘sun ideal size. As 
for a connector 1 used the $0-239 coaxial, 1 
fad that this connector allows more flexibility 


To ovoid excese wear end tear on the 
ode ond the Botiery 9 200 Sh 18 
shouldbe sete behween the 3» baer 
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Noise Generators 


than any other. If « direct connection to the 
receiver is desired merely attach it through 
the double connector type DKF-2 made by 
Dow Key. On the other hand if it is desired to 
have the controls of the noise generator close 
at hand merely connect a length of Coax of 
fighteen inches or so. I haven't been able to 
Aiscover that it has affected any measurements 
to any degree. 

In the construction of this noise generator 
just remember a few basic rules. Keep all 
connections as short as possible. ‘The noise 
diode and bypess condenser and resistor (50 
fr 75 ohms as the case may be) as close as 
posible to the output plug. Remember to use 
pliers to absorb the heat when soldering the 
Teas of the diodes, 

‘To mount the silicon diode, which has one 
Tange end and one small, we must improvise to 
4 certain extent. For the small end a lug from 
‘ne of the old tube sockets will do, For the 
Tange end use a small fuse eli. 

Don't be too fussy about the variable re- 
sistor, For most purposes any value from 10M 
up to 50M can be used. 

‘The battery you choose will determine the 
manner of mounting. 

No need to give detailed instructions as to 
the use of this noise generator. There arc 
ample instructions tobe found in various 
‘magazines as well as. handbooks 

.. KOON. 
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A CRYSTAL DIODE NOISE 
GENERATOR 
Karl Tipple WSTEV 


Most amateurs who do very much oper: 
ting at he higher frequencies where re: 
cuiver sensitivity rather than QRM often deter 
‘mines success eventually come tothe conclusion 
that their present reoelving equipment is not 
sue sensitive as would be desirable and that & 
cchange is in order. And once that change has 
then made, whether it takes the form of @ new 
converter or modification of existing 32 stages, 
fone nearly always wonders whether the Tew 
Feally ig better than the old. Comparisons of 
Signal steengeh with new and old. equipment 
fare erratie and unreliable at best and €o not 
necessarily give the desired information since 
the absolute output level or “S"" meter reading 
is not the problem. What is actually of con 
cern is whether the signal to noise ratio of the 
Feceiving system ‘bag been improved, Or in 
other words, does a given rf signal prodace an 
Audio output signal trom the new receiving: 
tsjuipment that i onder in comparison to the 
background noise than did the same input 
signal with the original receiving equrpment. 
It it oes, tho noise figure of the new receiving 
‘equipment is smaller (Detter) and It should bo 
possi to copy a weaker signal than before 

‘Untortunately few of us ewn or have necess 
to a signal generator of the proper frequency 
ange, with wp accurately calibrated attenic 
flor ad shielded cutput, for making the type 
‘of measurements mentioned above. For the 
‘najority of amateurs something leas expensive 
‘and more readily available ig needed. A crystal 
holse generator, which can be constructed for 
‘few dallas and which will enable anyone to 
‘make bofore and after’ comparisons of nolse 
figuro, is such a device. 

‘Briefly, the theory behind the use of the 
noise generator follows. ‘The sencitivity of a 
receiver is highly dependent on the ability of 
the rf stages fo amplify a weak signal as much 
fas possible while adding a minimum amount 
Of noise to the signal. Noice of this type will 


be heard at the receiver output as « familiar 
hiss or “rushing” sound. Now, if an external 
source of broadband or white noise (random 
nolae independent of frequency) is comected 
to the Teeciver antenna terminals, an increase 
in noise or Iss will be noted at the receiver 
‘output. And if the noise generator outpat ts 
Adjusted to provide exactly twice as much re- 
fiver output noise at existed before the applt- 
tation of the noise generator, then the gener 
tor must be providing a noise signal equal 
to that generated in the recelver. Thus, f the 
receiver can be meilified so. ae to reduce the 
folse generator signal required to double the 
receiver noise output, the nolse figure of the 
eseiver will have been. improved 

‘A noite generator of the type deseribod in 
this artiele ean not he used for measurement of 
absolute nose figure without additional cal 
trating: equipment. Tt'can, however, be used 
for comparison of noise figures. Tt enables one 
to determine whether a receiver really has boen 
Improved and it ean be used to determine 
whieh of @ number of possible modifications 
‘wil sield the Bost restlts In germs of minim 
noise fuze (maximum sensitivity), Use of the 
device will be discussod in more detall later. 

‘A basic noise generator cireut is shown in 
Fig. 1. The noise is produced by CR, a silicon 
diode of the 1N21 or 1N2S variety. These diodes 
have been’ seidely" available on’ the surplus 
smarket for several years. They are aleo readily 
available new at stall cost; however as will 
be explained later, it may be desirable to use 
a surplae diode rather Uhan 8 new one 


19000 ohm petlog taser prefered 
amy well oom indvtie roast nquel Yo 
edance 

ther parte same as Fig. 


ied to the diode from the 
battery and therefore the noise generated by 
the diode is determined by the setting 

RL, The best value for Ri ie necessarily a 
fompromise since in its maximum resistance 
position {t must limit the current to low value 
Dut it must also not change resistance 100 rap 
idly at the low resistance end of the rence 


or the normal operating range of the instru 
‘ment will be limited to only a fow degrees 70- 
fation of the RI aha. A'10,000 ohm log taper 
ot should prove satisfactory. 

"The valub of H2 should be about the same 
fs the trensoniasion line impedance, A good 
value might be 68 or 68 ohms, although IE it 
[desired to uso the noize igenarator. with 
‘equipment which normally operates from high+ 
fr impedance lines, a larger value should be 
Selected Zor R2. In this ease one might com- 
Dromice with a’valve of 100 ohms. C1 serves 
fae bypaas capacitor and may be either mlea 
F dise ceramic. 

‘A more elaborate arrangement was used in 
the construction of the unit shown in Photo. 3. 
A schematic of this generator appears in Pig. 
2. Here a tapped battery (2 peneells) was used 
to minimize the range to be covered by I. It 
should also be noted that the diode is shown 
reverse binsed in Fig. 2. Many of the surplus 
‘odes. available. have very poor reverse re 
Sistances, which will allow reverse bias opera 
tion, and ‘when operated under these co 
tions will generate considerably, more noise 
for the same bina corvent then when operated 

the more conventional configuration shown 
in Fig. 1. The diode must have « reverse re- 
sistance of only @ few thousnnd ohms or less 
iti is to work successfully in the reverse bins 
connection. ‘Therefore unlast the render ean 
bbtaln some surplus diodes and select one with 
4 Tow reverse resistance, it will probably be 
ecensary to operate the diode forward biased 
and to use the higher battery voltage of Pig. 1 

‘The meter range depends upon the battery 
voltage and the resistance of the diode in 
‘whichever connection itis used. The meter used 
In Pig. 2 was a O-i ma surplus moter, How- 
lever, if the diode is operated in the forward 
biased connection a meter of somewhat high 
fer curren! rating. will probably be needed. 
Therefore, it is suggested that a low range 
meter be obtained and if more than “ull cule 
‘current i requivod for the ded to develop suf 
Teient noise, « shunt resistance ean bo placed 
across the meter terminals to extend the meter 
ange. An inexpensive meter can be used since 
fall that {s needed is a relative indication of 
current, 


EH 


For those not familiar with the IN21-1N23 
type diodes It might be mentioned that they 
have no wire leads, ‘The anode connection is & 
‘rage ehell on one end of the unit and. the 
fathode conawetion is a brast pin at the other 
fend. Although external connectiny: wires might 
be soldered to the brass ends, there fs danger 
thatthe diode will be over’ heated and de- 
stroyed by such Lechniques, It is safer to make 
Sonnections by clamps made from small plate 


grid eaps or fahastock clips 
1K should be evident from the above diseus- 
jon ‘thet there is nothing critical about. the 
struction of a nolse generator of this kind 
fand that a number of different citeuit varia 


atively of new components the 
Tees than 8 and with a litle 

fan be reduced substantially 
ough the une of surplus parts 
Perhape ase of the nolse generator ean best 
be ilustrated by considering ‘an example of 
hoige generator application, Suppate that you 
‘ant tovnse either one of to avallable 6 meter 
Converters with your low band. xoceiver and 
that you wish to determine whieh converter 


” 


‘will provide the best weak signal reception, A. 
test fet-ap fe shown in Fig. 

‘The ne vollmeter fe used to measure the 
audio output of the receiver aod may be either 
2 multimeter or 2 VIVAL Tecan he connected 
Across the speaker terminals oF across the heasl= 
hone line. Highor voltages ean. generally be 
‘Shtained from the hendphione output and this 
connection will probably have to be used If 
's multimeter without a very Tow ac range 18 
sed 

‘The measurements can be started by measur- 
ing the we neiso output voltage from tho re- 
ceiver with the noise generator tured “of!” 

the noise wonerator should be. turned 
snd the generator level adjusted until the 
‘output micter fending has doubled. At this paint 
‘2 note should be made of the nolse generator 
3elting. The above procedure ean now be re- 
peated with the second converter connected to 
fhe receiver. Whichever recelver.converter 
combination requires the smaller noise gener= 
‘tar eurrent setting to double Uhe noise output 
js the combination that will provide the best 
‘Weak signal reception, 

‘Tao noise passed by the reveiver Se a Tone 
tion of the bandwidth of the receiver. Alzo the 
reading given by a particular output meter is 
Gependent on its bandwidth, ‘Therefore. the 
bandwidth “of the ‘receiver should not be 
changed during measurements and the same 
‘output meter should be used thoughout set 
of meastrements, 

‘The technique deseribed above ean alse be 
‘used to determine ‘which of number of 3 
amplifier tubes will give the best porformance 
‘The noise generator can be used for alignment 
of rf stages. 

For the man who constructs his own con- 
verters of receivers the device is a tremendous 
boon since such adjustments as determining the 
optimum antenna to grid coll coupling can be 
‘made simply by adjusting for maximum ine 
creato In noise whan the generator ia switched 
“ont (This technique gives tho same results 
as adjusting for minimum nolse generator 
Setting to double noise output and it ia a Dit 
asior to use when adjustments must be made.) 
If the input circuit Uses a single tapped coil 
Instead of two coils, the best tap position ean 
be determined 

‘The uses mentioned above are only a few of 
the ‘possible applications of this Rolse gen- 
erator, and for the amateur who constructs 
Iie own receiving equipment the devies is in- 
dispensable, 


‘TEMPERATURE LIMITED DIODE 
NOISE GENERATOR 


Recently Twas confronted with the necessity 
for @ good noise generator. All of the noise 
generator designs available io any of the 


amateur publications at hand were of the 
rystal diode type. The disadvantage of this 
type of instrument lies in the fact that the 
current through the diode has no simple 
relation to the noise output. Unless expensive 
calforation equipment is on hand this type of 
fZenerntor is useful only on a comparative basis. 
Consequently it was decided that a temperature 
limited diode noise generator would be built 

The noise output of 4 temperature limited 
diode noise generator is simply related to the 
current flowing through the diode The noise 
figure of a receiver may bo calculated dizecly 
from the magnitude of the current by the 
following equations? 

Noise figure in db=10 log. (20 1 R)~(2) 

Where = Tcurent though temperature 
limited diode required to make the noise out- 
put power of the receiver double the value it 
‘was with no current through the diode. 

Reantenna impedance 

The actual noise generator Is quite simple 
consisting of balf 8 GALS with a mullammetor 
in the eathode leg and the appropriate res 
ance for the antenea cireuit connected to the 
plate by means of a selector switch, The 
heater current. is controlled by a 20 ohm 
rtentiometer in series with the ester. ‘The 
Unit is battery operated for convenience. High 
Carrent capacity, small sized mercury cells 
are used throughout. ‘The whole unit is con 
tained in a 3" x 4” x 5” Minibox. 


Construction 

The resistors are mounted on the switch, 
raking the lends as short as possible. The tube 
sooket is mounted on a small bracket sereweel 
onto the side of the chassis, placed so that the 
distance from the switch ia minimum, The 
‘meter calibration potentiometer and the heater 
supply battery holders are mounted on another 
bracket placed over the meter as shown in the 
photograph. 


Opers 

‘To use the generator it is connected to the 
receiver antenna terminals, the AVC is tured 
off, and the audio output is measured with the 


B1—four Mallory RMIZ oF RMIZR in 
rier (Mfetime” of this cireit should 


Times connector 
SLOP per minitare 


generator off. The generator is then turned on 
and the eurreat through the diode is increased 
luntil the power output is double what it was 
before. At this point the voltage output will 
only be 1.41 times the original. The current 
necessary to give this noise increase is noted 
nd the noise figure calculated according to 
equation (1), oF estimated from the figures 
given in Table I. 


The unit deseribed i useful for noise 
up to 13 db at 72 ohms. For higher noise 
figures a higher current eapacity diode and a 
higher heater voltage and current supply is 
required, necessitating an ac operated. power 
supply. With a suitable power supply a 6X4 
may be satisfactorily operated up to a ncise 
figure of about 22 db. In. buth cases. the 
maximum noise 1S obiained by passing more 


than the allowable average current through the 
inde, Cansequently readings at these extremes 
should be made and the current lowered 
again in onl’ few seconds, or damage to the 
‘ide will result 

Table I shows the current readings 
various noise figures with different antenna 
impedances. 

The generator will operate satisfactorily up 
to at Teast 50 me, and probably considerably 
highs 


or’s Note: By substituting flashiight 
jes for the mercury exlls and a 20 mA 
rr instead of the 1 ma meter with a shunt 
lacrass it, the cost of comuruction can he 
preatiy reduced. 


CALIBRATED NOISE 
FOR 432 


NERATOR 


Hank Olson W6GXN 


As pointed out in previous articles—the 
lemperaturelimited noise diode isthe best 
tool for, measuring the sensitivity of one's re- 
ceiver. The measurement made with this de 
ice & “noise-igure” or "noise-faetor” and this 
is the magie number by whieh you can com 
pare your VHE or UFIF receiver with Joe's 
own the steeet, or Sam's in Mussachusets. 
These measurements will be comparable. he 
tween any two receivers because bandwidth, 
ype of detector, and other miscellancous fea 
tutes. (different for exch receiver) do not 
affect the measurement, if it's carefully made 
(that i, #€ one’s measurement of 3 db power 
increase, when the diode is ‘tured on, is 
tre). 

Past amateur articles on nolse-diodes and 
their use in nolsefactor ‘measurement have 
only: shown how #9 construct units Tor up t 
about 200 me. The noise generators described 
previously, for amateur use, have used the 

22, the diode wired 24G (3C34) 
lode wired SOLA, us their tn 
‘diodes, The 1SE and OLA have also been used 
‘occasionally: ae diode-wived triades, too. Com- 
mercial UHF noise generators use a variety 
fof tungsteneflament tubes, all of which axe a 
bit expensive for most hans. If you can lay 

hands on one of these tubes, used ot 
ttherwise surplus, by all moans employ ‘it 
in soe ae generar, Table Tia Tat of 


The tube I used is a triode, a Western 
Electric 708A, originally designed for ground 
ed-geid URE aoplifier service. ‘The arid and 
filument are vsed as the diode elenients, ignor 
ing the plate altogether; the plate, if used, 
could ‘only increase transit time and. shant 
capacity. The tube is used, as it was intended 
to be used, with the metal shell (grid 
grounded. The 50 9 load is connected in the 


filament erieuit; the flament power is fed in 
Tay means of @ concentric inductor, whieh a 


lunes out the stay eapaeity af the tube 


Fig, 1. Powersupply 


Cy, a small “tweaker,” adds in a tiny addi- 
tional capacity to make adjustment to 432 
me easiet; it makes timing to anywhere 
the 420 to 450 me band possible. Ly is con: 
structed of a 187 length of 8” copper tubin 
and has a piece of No, 20 tellon insulated 
wwite inside it. The use of teflon insulated wire 
4s only necessary because teflon will withstand 
the heat of soldering 

The effective circuit, then, is as in Figure 
2 

At 492 me, if Cek+C,=3 mmfd, then 
L, must be 0.04 ph to be parallel resonant, 
‘The reactance of either Cak+C, of Ly is 
about 100 0, so the system has a Q of 5, and 
hence will be rather broad in its noise output 
speetrum—just as we want it to be, 

‘The WE 708A tube was recently available 
from a Los Angeles surplus emporiwin at the 
price of 89 cents each oF ten for a dolar. We 
bought a buck’s worth, figuring some would 
be NG, but all were perfect and. saturat 
well, One was lost in initial test, when we 
applied too much flament voltage; it ws sub: 
sequently hack-sawed open to find out 
details ofits construction and to confirm con: 
nections. The details learned. are presented in 
Figure 3 along with its saturation 

‘The flament is a single 
sten wire through the ged helix. 
helix is perhaps 1/16” di 
fevery turn to the shell, All this adds up. to: 
ond eylindreal diode configuration, close 
cathiode-grid spacing to eat doven transit time, 
and low seid to case inductance. In short, we 
hhave a nearly ideal noise diode for a dine a 
piece 

Constriction details: The rf section of th 
generator i constricted on! any alvin 
pte bent into an L, the WE 708A. protrudes 
through a 18” round Hole to expose its fae 
ment pins next to where the UGS8A/U co 
rector is mounted on the other side of the L. 
The WE 708A is held in place by five 839 
bindingshead screws that are tapped into the 
plate. ‘The UGS8A/U has four 2000, 1 w 10- 
Sistors soldered to tt each at 90° to its neigh- 
bors to form a less inductive load wppprosimat 
ling a tesistive sheet. "Those. nesters are 
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soklered to the UGSS/U before it is mounted 
to the alu Sheet to make soldering easier 
(less heat required). Then Ly is formed aad 
soldered from the WE 708A" flanent pin to 
Cy. The center flunent lead of Ly is fed 
throughs and soldered to the other filament pi 
and to Cy. Cy is then soldered in; be sine 
this is the type called for ar a similar low ie 
uctance stand-olf ceramic. The rest is steht 
forward. Diade and power supply were each 
Duilt in ‘an LMB 140 box chassis. The details 
fof wiring the diode circuitry ave shown in 
Fig 
A word about Ry (the “fine” adjust) is 
worthwhile. Make sure this one is a 20 type 
A.B. (ohmite) molded earbon pot. if not both 
Ry and R.. This will make ‘smooth diode- 
adjustment easy; a wire wound 
ie the phte current to. vary in 
Steps because of the effect of the pots siding 


Fig, 3. Connections of TOBA, ond graph of 


tclaionp ‘between. “plat” carent ond 


contact soquenecially contacting euch wire (the 
ssime applies if you use a Varite). 
To alg on 432 me, Ce is temporarily se 


moved an a UNF id dip: meter coupled 
to Ly, osely. C, i adjusted for a dip at 432 
ime, Then Ce is teinstalled, and we should be 


ready for receiver checks 


Fig, 4 Cireuit of diode noise gonerotor. 
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The above noise generator was compared 
with a Howlett Packard 3434 noise diode us- 
ing my own 432 me converter as the "to be 
treasured” device, “The results showed less 
than 013 db dliference 

"The author wishes to thank Gene Howell, 
WARLN, for his photography of the unit 


ANOTHER WAY TO MEASURE 
NOISE FIGURE 
Jim Kyle KSIKX 


sgn ngs een sb ean alas 
ar repeating. Nobo igure is probably the 
leastwellizown measurement in any amateur 
Suton, 

‘Atleast pat of the diffclty with noite 
figure Hes in the meant usually employed to 
seasure i. While isnot too difeult to igure 
tut the pawer input to your Snal, or even the 
power output (often e surprisingly diferent 
Figure), measurement of receiver note figure 
tends fo be a complicated and somewhat ine 
Soourate procesr af bec. Ir nequres special 
caquipmest, and even then maybe no more 
Scourate than phisor-minus 100 percent. 

‘The classic means of measuring noe figure 
ts to use a noise generator and crank in aod 
tional nose ‘ni recefveroutpat & doubled 
‘This means, of course, that the Toke gen- 
extort the ely egal to th ie 
{nal note, and ifthe noize-generator output 
fr accurately known then th original noise is 
alno known. All thie has been gone into in der 
tal in another article, 

However, a noise generator with accurate 
calibration isnt 30 easy to come by, and an 
inccurate noise genertor doesnt do, much 
food. for measurement purposes. (altough 
Ife fine for tune-up) 

“There i another way to do it, which 6 ac- 
tually much more in live with amateur proc 
tice. This other way also requlres sone est 
equipment, but i might be more easy to come 


Refore we got into the dotails of the “other 
way" to measure noise figure, lets take an- 
cothior look at the reason for using noise-gure 
measurement as 2 yardstick for receiver sensi- 
tivity in the first place. 

To start, we're roally interested in the an- 
‘swor to.the question “How weak a signal ean 
T hear?” In the 330 mo range, the question 

‘be answored ditectlyhow many micro 


‘As the vhf region is entered, though, the 
fractional microvolts become alarmingly small 


"3 
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6 
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Fig. 1. Construction of T-pade 


Somebody figured out that most of the prob- 
le lay in the receivers own internal noise, 
and came up with the idea of a “perfoct™ re 
ceiver hich would have no noise at all, This 
is a noise figure of 0 db. Now by comparing 
fexisting receivers to. this perfect ideal, and 
counparing the internal noise in db, we had 
a wav of discussing receiver sensitivity 

Since we'e now talking about noise, which is 
equally present at all frequencies throughout 
the spectrum, we can gee that the amount of 
nolse present in a receiver's output is at lesst 
Partially determined by how much of the 
Spectrum we are looking at. A broad receiver 
thas more noise ontpat than a narrow one, all 
other things boiog equal. Tf you don’t beliove 
it, fiddle with the selectivity switch on your 
own rig and listen to the change of noise ont- 
ot 

‘This dependence of noise on bandwidth is 
another reason for using noise figure as @ com- 
parison. The actual amount of nlse is can- 
celled out in the comparison, leaving only the 
yolative amounts of noise in’ the “perfect” ve- 
ceiver aud tho receiver under test to he 
measured 

‘When all this became established, nobody 


8 20db pads, as well st one ench in 2-db, 
Gab, and 12-db values, 

‘Turn on both the receiver andthe signal 
generator and let them warm up. For protec: 
ton against any leakage from sizmal-generator 
to receiver through the power lines, its best 
to supply them from separate circuits and to 
lise 2 powerline fiter such as that used to 
eliminate rf interference between the power 
line and the unit. 

Connect string of six 20-db pads to the 
signal-generstor output as shown in Fig. 2, 
and adjust output of the signal generator to 
0.1 volt. IF you have @ microvolter or equiv 


Fig. 2. Test sot up 


was paying much attention to receiver band- 
‘wide and it was felt that a tone determina- 
tion of the effective noise bandwidth of a re- 
ceiver was much more complicated than the 
comparison measurement. However, io. these 
Gays of SSB and special Bers, that's nat so 
trie anymore 

As vou may have guessed by now. the 
“other method” of determining noise figure 
depends ona miosovolt’ measurement and 
Knowledge of the receiver's effective aise 
Dandwidth. ‘The only reason for coaverting 
the results back to noise figure is to. allow 
comparison with measurements made inthe 
fore conventional mann. 

With typienl ham measurement technleues, 
the results wan't be of NatlonalDureaivol- 
Standards accoraey. However, if you're rea- 
onably careful, results using tis method ill 
bbe at Teast comparable in accuracy to those 
oud with a homebrow noise geverator. 
Tends? Let's go: 

Youll need (wo items of test equipment 
(only one if you're really lucky). "These. ate 
an if signal generator covering the desired 
frequency range on fundamental output, and 
anf VIVM reasonably accurate at the de- 
Sired frequency. If you have access to a “mi 
croxolter” or similar laboratory” signal gen: 
ferator, you won't need the: VIVM. 

In addition, you'll need a whole handful 
‘of 50 ohm T-pads: these can easily be put 
together i a bury by following the sche- 
matic in Fig. 1. You'll probably need about 


Way, 


ig, 3. Note figure vas microvalts, 


alent, use only one 20-€b pad and set gon 
erator output to 1 microvot 

‘in either event, the output of the Bnal 
‘Tepad will be a 0.4 mierovolt CW signal, This 
should be more then adequate for avy reason- 
ably-sensitive reoelver to allow spotting of the 
Signal. 

Switch the reseive’s ave off and the fo 
fn, and place the selectivity switch in any 
position for which the seloctivity is accurately 
Known. The selectivity marked on the front 
ppanel will not be the effective noise hand 
Width, but you ean use it as a starting point 
to guesstimate the noise bandwidth. If your 
receiver uses a mechanical filler or other de- 
vice with approximately the same shirt se: 
lectivity, efleceive noise bandwidth will be 
about 15 times the bandwidth marked on the 
front panel. If it one of the older types sith 
seasonably broad skirts, noise bandwidth ill 
be about 3 times the marked value. Both 
these correction factors are approximate, of 
course; Hf you have any means of measuring 
lfectve noise bandwidth, use it instead. 

Tor a start, use a fairly broad selectivity 
position; this requires more signal and makes 
things a bit easier. 

‘Now tune in the signal from the generato 
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leaving yan contol at maxim bt ting 
for mchum sigel strength jst as if were 
the new atte You nest The Gl-microvelt 
Signal shold. be ess #0 Bd 

Neat sep to reduce the generator output 
by hooking im addonal Tspade until vou lo 
cate the point of “rnin dlsceribe 
nal” The 36, and. 12 db pads may be 
Hooked ‘up fo serie in any combination to 
give vou from 3 to 24 ab addtimal atten 
thon in db steps. Using another 20<b pad 
‘ell give you fom 20 to 44 db more atema- 
tin, andthe sal i se to become. too 
tweak to copy Before you Teach 44 db below 
tne-tenth of microvlt 

"The point of MDS is approximatcly equal 
toa Odb signabtocose ratio for most of us 
and is considerably easier to determine than 
Would be a true output S/N rato, When you 
find thie point, record the dy elow 0.1 mice 
vol an the teletvity Cin iloevex) eae 

‘Now switch to a diferent bandwidth on the 
ceceiver and repeat the test. Recor is rest 
fuse, For-masionmn aceorcy, repeat each of 
the tests 10 to 12 des and average the real 

"The signal level sn mrovlt corespancin 
to dy belee 0.1 snierovalt i piven fn Table 
Teste Te thre and move to Fig 2, the zap 
OF sigol vers bandwith by doko fuare 

meer the graph fom the side with ees 

sive noise bandwith, and move across ntl 
Yo intersect the line comesponsing to signal 
level ia snicovolts The laguna bres ae 
rose figure; fone passes throuth the inter: 
fection point, ead ise ge in ch froin i 
TF not, interpolate Between the ines 

In reading Fig, 3, une the 10 he-i00 eps 
scale withthe .Ol-1'anervolt sale, and the 
100" cpl eps scale wth the 001-01 mirovolt 
scale If your bandwidthsipial level combina 
tion falls of the graph tothe lef, use the 


Fig. 4 Refation of noe and signol bandh. 


Tower signal-lovel seale with the higher baad! 
‘width stale ane subtract 20 dy from the re- 
sulting noise figure, 

Ta the hoppy’ event that al your eres (and 
tour apptaxbnations) cancel eut, youll Rnd 
the noise fgure to be the same at bath the 
harrow and the broad bandwidth positions 
Hwever, its more likely that youl measure 
different noise figures at different positions oF 
the selectivity. control. T's safest to take the 
highest noise figure measured as being closest 
to eorrect, but yon eam average them if vou 
prefer. ther way, yon will probably be 
Within 1/db of the real Rgureand this i as 
cuales most nakegeneratar techniques 

‘That completes the measorement, but bec 
fore we wind this up let’ take 2 more detailed 
look at the idea of "effective noise bandwidth” 
which is such a Key part of this measurement 
technique, 

Most of us are familiar with the idea of a 
“perfect” cinve for receiver selectivity. such 


as that shown at A in Fig. 4. Hero the veeciver 
hhas equal response over the desiree! band, andl 
response drops to zero at the hand edge. Such 
4 curve is said to have a shape factor of 1, 
fand Is of eourse impossible to achiave in prac 
tee 

Now back to noise; i's sprond out equally 
cover the spectrum, A noise bandwidth of 1000 
tycles per second contains 10) times as much 
noise 2s one of 100 eps. Thus “noise Tband- 
‘width" inherently has a shape factor of | 

Since such 2 shape factor is imposible to 
achieve, it follows that “nolse bondswidth” and 
factual receiver bandwidth must differ. If re 
(ceiver handhwidth is measured at the 60 db 
points, the noise bandwidth will always be 
smaller than this receiver bandwidth. If re 
ceiver bandwidth is measured at the points 
where response érops 1 db below peak, the 
hoe bandwidth will always be greater. 

‘The mathematical expression for noise band 
width is an integral equation involving difer- 
fatial gain, which is cumbersome thing to 
solve. Tn ganeral, tho noise bandwidth of a re- 
ceiver is said to bo approximately equal to the 
bandwidth between points which are 3 db 
slown from peak response. 

In practice, ifthe shape factor (6 to 60 db) 
of the receiver is 2, the effctive noise band- 
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‘width will be approximately: 1.3. times the 
Gdb bandwidth, IF shape factor js between 
2 and 10, noise bandwidth will be approst 
imately equal to the squace root of the shape 
factor (8 to 60 db) times the Gb band: 
width, “Few receivers have shape factors 
mreater than 10. 

‘The approximations quoted earlier (1.5, 
times marked. bandwidth for SSD-selectivity 
receivers, 3. times marked bandwidth fo; 
others) are based on these relat ons. If you're 
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really interested in calibrating your reociver's 
noise bandwidth for using) this measurement 
technique, hovvever, you might take con 
verter and have it measuced for noise figure 
hy the generator technique, then run this 
technique’ backwards to determine the effec 
tive noise bandwidth of your reaviver in cach 
position of tho selectivity. cont. 

‘The technique deseribed here, incidentally, 
assumes that a0 audio filers are used follow” 
ing the detector. TF they are, all results are 
off, sineo the effective noise bandwidth will 
have been changed in an unpredictable man- 
nor by the audio fltes. 


However, you can remove the audio filters 
from the Hookup for measurement purposes, 
dltermine noise Sgure, then return the audio 
filters to the eirout and nim the measurement 
backward to find oot your effective noise 
bandwidth with filters present. Don't be sur- 
prised if it comes out fa the region from 1 to 
10 eycles per second; a good audio filter can 
work wonders with weakesignal reception. 
For additional details on this technique of 
‘measuring noise figure, you can consult Refer- 
fence Data for Radio Engineers, 4th edition, 
Published by IT&T and available from Radio 
Bookshop, or any good radar text. 


Chapter IX 


Attenuators and Dummy Loads 


LOW POWER ATTENUATORS FOR 
THE AMATEUR BANDS 

George Daughiers WB6AIG 

Wut Atexander WASRDZ 


Jn the evaluation of sf acmpliiers,fltovs and 
many other devices, 2 variable attenvator 
Indispensable. This ace deserbes attenuators 
Dultand tested by the authors, These atenv 
ators are fat from do to over 50. MHz and 
usable to over 450 MHz. They use low eost 
parts, ce very simple to build, and are snore 
Zecurate than ordinarily sequited jn amateur 
applications 

"The basio attenuator section is the sym. 
metrical pi shown in Fig. 1. Resistance values 
ave even by th elation 

R=, (VR + IVE ~1) 
R,=R,(K— D/(2VK) 

where By the characteristic impedance of 
the pad (equal to the source and load im 
pedanee) and Ki the attenuation factor, 
Piao 

TReristor values for the most commonly used 
impedance (50 olins) aze showa I Table 1 


‘Table |. Resistor values for 60:0 attenvators 


Notice that the use uf standard value 5% half 
‘watt composition esitors allows accuracy 
within 1 dB of the ealeulated value of attem 
tion and within 1 dB of the desired nominal 
value, 


‘Amateur low-power attenuator made from in 
expensive slide switches, 5% resistors ond 
fiber glass, capper clad board 


‘The attenuators are built in small channel 
boxes made of copper-clad etched eircult boar 
material. Aluminum channel boxes commer- 
ally available would probably work equally 
‘well. Small, fnespensive DPDT slide switches 
HH. Smith No, 518 cr equivalent) aze 
foldered directly to the capper board and the 
resistors are soldered to the switch terminals 
lowhich have been ent shor!) with the shortest 
leads possible. 

Two wiring variations fawe heen tried, one 
with the series resistors (Hl) mounted betwee: 


the switch wiper contacts (type B), and ane 
with all resistors connected tothe atten 
ator in terminals (type A). See Fig. 2 and the 
pphoto of the interior of the attenuator, Te was 
found that the latter arrangement, type A, 


TLE 


Detalls of attenuator construction. The top 
style, with complete ‘shelding, is" recom 
mended 


i 


Fig, 2. Two types of attenuator constuction. 
‘Type A has tower Insertion loes than ‘ype 
at high Mequencies, so A fs recommended, 
Resistors RI and R2 are 5% composition, 2 
watt. The switches ave H.-H. Smith 518 oF 
bquvalent. The connectors can be of any Sype 
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fig, 3. Insertion toss versus frequency for the 
ta types of attenuator construction: all se: 
tlons shielded (A) and ony the 20 dh section 
shielded (8). 


provided less insertion Joss than the former 
At high frequencies, so this type of construc- 
lion is recommended. Also note that dividing 
shields are desirable between input and out 
pat elements of a single section, ‘These sbields 
prevent capacitive feedthrough at the highs 
Frequencies, and are desirable on the high 
attenuation’ sections (anything over 10 4B) 
feven at low frequencies. On the low attenua- 
tion sections, very Bittle differenen is evident 
Delow VHF. See Fig. & for the attenuation 
of the attenusters up to over 450 NIHz. Build 
lng attenuators with greater than 20 4B at. 
fenvation per section by this method is not 
recommended for high frequency use 


SLUNIT ATTENUATOR, 
Ed Lawrence WASSWD 

Since the topic of “S meters” isa popular 
fone among radio amateurs, a lot of time is 
spent describing these devices, usually slong 
the lines of how generous or “Scotch” the 
meters are at the OTH of the parties in the 
QS0. After a few such QSO's, I decided to 
build an attenuator, calibrated in “S” units, 
My aim was to attain an accuraey of 1 db or 
better, using 5% Maw resistors and simple 
construction so it would be easy to dupli- 
cate 

‘As a sidolight, I started out by ealentating 
both “tee” and “pi” pads, and used “pi” 
because all values of resistance are close to 
standard values, but (especially for high 
attenuation pads) the values for “tee” pads 
can get quite small; and expensive 

I figured the values required from the 
lables in the Allied’s “Electronics Data 
Handbook”, page 8, Sth edition. (Allied 
Radio, 75e, full of good info.) 

Since "S” units are supposed to be 6 db, 1 
gure data for steps of 1,2,4 and 8 times 
That amount, or 6,12,24 and 48 db, With 
these steps, any number from 0 to 15 “S 
units of attenuation could be selected. Ho 
ewer, 8 “S” unils proved to be foo much for 
fone ‘step, as shown by the lowered attenua- 
tion at 30 MHz, due to the inherent shunt 
capacitance of the resistor used in the series 


leg, plus the stray capacitance of the switch, 
So 1 removed the 8 “$” unit step and 
installed another 4 “S" unit step, This allows 

stuation from 0 t0 11 


selected steps of atte 


“S units 

Hore are the values I ealewlated, and the 
actual values used, bsged on St ohms. The 
steps are switched in series, as required for 
the desired attenuation 


Resistance Values for 51 Ohm Attenuator 


Rt re 
"S unitgDB del actual io actual 
ie 154150 3 
2 2 me a 96 100 
42 56 405 200 
a 48 515 51 64006800 


After the altenvator was completed, the 

attenuation was measured at 3 kHz and at 30 

Miz. With the test equipment available it 

was possible 10 measure more accurately at 

30 MHz than at 3 kHz. Below is the data 
am the tests 


AttenStop —Prodicted Massured! Messure 


"S" unite OB atten DS at SAHZ at 30H 
eR RE so au2 
2 12 123 1221216 
4m 73 22 24.05 
8 49 as 475 39.11 


Now if we want ta make an educated guess 
8s to how far up we can expect good results, 
Say 1 db error out of 24 db, then we can use 
the measured error in the 48 db step 10 eal 
culate the capacitance across the series leg, 
land from thal calculate the frequency where 
the 1 db error will oceur. Go through the 
math if that is how you get your kicks, or 
take my word for it. It comes out to about 
2 pE, And this will cause a reduetion of | db 


at about 220 MHz. And since the resistor s 


of 2 lower value for the smaller steps, Uiey 
should hold their values to even higher fre- 
quencies, but I expect other factors would 
act into the aet along the line somewhere. 1 
will state that still works well at 2 meters, 

If you want to get fancy, you can always 
figure the values for 1, 2 and 3 db steps and 
have from 0 to 72 db attenuation in 1 db 
steps. 

Referring to the photos; you can see | 
butt my attenuator in a Bud Minibox 
CU-2OFA, 4X 21/8" X 1-5/8", Four 
steps is the maximum in this size box, unless 
different switches are used. Mine are Cutler 
Hammer 7592K6, The shielding was made 
from transformer strap, but could be any 
soft copper available. Try a Hobby Shop and 
et the thin sheet that i used for embossing 
it all else fail 


Shay ae 
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Here are some of the uses an attenuator 
of this type is suited for 

Checking receiver "S” meter calibration. 

Attemating signals to aid in peaking 
rocsivers and converters 

Calibrating diode voltmeters for rf meas 
surements. 

‘Checking antenna gein. Or gain of that 
utboasd rf stae. 


P, $, My "S" moter tes, just as L thought! 


‘THE BVER-USEF UL TPAD 
dim Kyle KSIKN 


Most of us have transmitters; let's hope that 
an equal qumber ol us have receivers. also. 
‘Antennas and microphones are usual statian 
fccestories, with a few determined dichasis 
haere and there clinging to the trusty old Key 
ut how many of us lieve much jn the way 
of test equipment? 

Now and then somebody pops up with a 
VOM, and aceasionally you an even find tt 
operator who uses a scape. Dut the kind of 
special-purpose test gear you find in a wel 
equipped laboratory is almost always absent 
fn the ham shack, 

Which is more of less a3 i should be, since 
were hams, not laboratory techntans. But 
with the present trends toward VHE, af least 
some specialized test year is necessary. Other 
‘wise, the regular station equipment can’t be 
fun) Lor muisinnum performance 

One of the simplest such items is a noise 
generator, for getting the VHF receiver in por 
fect tune. This gadget has been desettbed 
many’ times before, 30 we won't repest f again 
“ut we da have something whicl transforms 
the nsial uokse-generstor lashup rom so 
stem {0 on destroment capable of laboratory 


Before going into detail, le’s Took at the 
nhonnal mothe) of using & noise generator: 
you connest the generator ty the antenna 
Input, tie the converter to the reeviver, tum 
the ave of, connect a voltmeter to the detector 
load resistor in the receiver {ot put ai ae volt 
rmeter across the speaker leads), and. measine 
tho voltage prnduced lhy just noise. ‘Then you 
tun ov the generator and adjust st for a 3 db 
LA times the voltage) increase in output 
he object is to achieve the 3 db increase with 
the minimum amount of enrrent iing in the 

However, this technique of using the noise 
generator i pretty. sloppy, sinee it sssumes 
that the receiver's detector is absolutely lines 
or small signalsand this assumption is lost 
always incorrect 

Afar better technique is to lnk things up 
just as before, exeept new yint place thre 
‘Tepacls in the line between converter ancl ce 
ceiver. The T-pads on each enh of the str 
serve merely to clamp the live impedance 
50 ohms, but the ane in the center 1s built {ar 
precisely 2 db less 

Now take the 8 db pad out and take your 
reading as before with the noise generat 
off; you don't have to turn off ave or book wp 
a voltmeter. The receiver's Smeter cay be 


nised instead, since we're not measuring any 
thing with the meter itself Tt merely serves ws 
an indicator so we ean come back to the same 
point 

Thon replace the 3 db 
fon the generator, 


al the lie, torn 
nd crank it up until you 
got the same meter reading as before, Since 
you now have 3 db of added loss between 
fonverter and receiver vou must have increase] 
the noise power output of the converter by 
that same 8 db, and you could care less about 
the linearity of the detector! 

This whole method is far from new, but 
previous descriptions of it have left something 
to be desired in the way of telling. how to 
build the pad. The gadget is so simple that 
it must_ have Seemed obvious to previous 
‘writers—bat it does have its tieky points too, 

For instance, since « T-pad consists merely 
of 2 resistors, it iy pretty easy to just wire 
them up by their leads. But they axe hanging 
in the receiver antenna Tead, and presenteday 
receivers are rather sensitive. If you happen 
to find a 20-meter signal, is going to foul xp 
You mensuremients! 


Ped consteucton dotlls 


to sidestep this 
problem is to shield the pad against all ont 
side influences-but how do you shield anything, 

‘The answer here is to use diseatded 35mm 
‘ny eans, which all photographers who show! 
35anm cameras have in abundance. The Koslsk 
Tuind seem to sork best. This type has a threat 
ced cap, with a flat spot in its ceater just right 
for drliing a & inch hole to take a single-hoke 
mounting phono jack, At the other end, 
finch hole can be’ punched and lined with x 
rubber grommet for coax cable to enter 

Next step is to place the jack in the hole 
in the lid, with its solder Jug on the inside (be 
sure to clean the paint so that a good electri! 
cemninct will result). The ‘Tepadl can be as 
sembled as shown ia the dratwing with short 
‘est possible leads, and supported Dy ite lead 
‘camnecting to the jack. Thread a short length 
‘of RG-58 through the grommetted hole, aos! 
ccanneet its center conductor to the other leat 
of the pad; the shield and shunt lead of the 
pad connect to the solder lug of the fack, 


All that’s Ieft is to wice-brush the threads 
fon the film can for good contact, and serew 
the lid down tight. Presto, 2 shielded T-pad. 
A phono connector should be put on the free 
ted of the cable. 

‘You ean make up a whole bunch of these 
Jn various loss values, and get virtually any 
amount of lass you want by stringing them to- 
gether. And this has s whole lot more use 
than just using with a noise genecator 

For instances, when you want to test an an 
tonnia, arrange for a steady signal, stir 
enough to register on your Smeter with the 
back of the antenna pointed at it. Then swing 
the antenna in small steps, and bring the $= 
‘meter back to the same reading by inserting 
additional loss between converter and receiver 
‘with the T:pads, The difference between this 
and S:moter indications may amaze y00 

Gc if you are called ugon to measure the 
dlfference in signal strength between two sta 
ons, the some approach can be used. Note 
the Ssmeter reading of the weaker, then knack 
tho stronger one back to the same reading by 
putting ‘T-pads in. the converter-to-recciver 
Tine. Teed the db off the pads and add theo 
up. 

‘You can oven use this in place of an S.meter 
'F vou really: want to know the sigaalto-noise 
ratio of an incoming signal with neeuraey, take 
‘reading on noise, then knock the signal back 
to the same point. "Total up the db, and there's 

Though resistance values in the pad must 
be precise for absolute accuracy, the pad has 
an inhorent tolerance of sinall errors and you 
should have better than 2 percent aceuracy if 
Yyou use S:pereent resistors. Specifially, a 10. 
percent error in the resistance value of any 
fone anim produces less than % db error in the 
pad loss, and less than 4 pereent error in i: 
pelance, Using S-percent resistore would, of 
course, cut these error limits in half, 

Tf you want to follow the approach of using 
‘2 string of these pals for all purposes in the 
shake, i's best to make them up on a “binary” 
‘pproach since this gives you the maximum 
number of db valles with the minimum mum- 
ber of parts. A basic assortment might be two 
1 db pads, and one each of 2 db, 4 db, 8 db, 
16 db, and 38 db. Using them’ in series in 
varions combinations, you can get any whole 
‘number of db fram B to 64, which pretty well 
covers the range of values you may ever need, 
For an example, to get 50 db you would use 
the 32 db pad, the 16, and the 2. For 60 db, 
you would use the 22, the 16, the 8, and the 4 

If the ability to increase loss in 1 db steps 
seems a Dit exotic to you in view of the fact 
that 3 db is only half an S-unit, then you 
fan use a binary, progression in 3 db steps 
this takes one 3.ab pad, one 6 db, ane 12 db, 
and one 24 db. The range is from'0 to 45 db, 
3b at a time, 

For clamping a line's impedance, i's 8 good 
idea to use at least a 3 db pad and a6 db 
unit might be even better. The lower-loss pads 
pads may not have the ability to swamp out 
Impadanee variations on their other sides 

About all that’s left to make this complete 
Js a chart of resistance values for various loss 
figures. Hero it is; all ere for use with © 50 
hm line: to uso at any other impedance, 
rukiply these values by the ratio of the now 
‘impedlance to 50 ohms: 
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LOSS AMOUNT Ru, Re Rs 
"8 24 430 
2a 56 20 
33 32 130 
ie u Yoo 
Sa Is ee 
8a B ci 
12 30 2 
18 & 38 16 

Be 8 2 
Re 3 33 


COMBINATION DUMMY LOAD/ 
ATTENUATOR NETWORK 
John Schulte W2EBY 
There are_many instances when it is 
desired to use an existing transmitter as an 
cexciter unit for a high-power linear ampli- 
fer. Many such linear amplifiers require a 
drive level that is only a fraction of the 
transmitter’s output. To some degree, the 
transmitter can be detuned in order to 
reduce its output level, but this procedure is 
rarely possible when several orders of magni= 
tude reduction in the power Jevel are neces- 
sary. In such a case one can either internally 
modify the transmitter for a lower output 
fexel or use an alternator network between 
the transmitter and linear amplifier. In the 
latter case, the transmitter can be operated 
at its normal power input level anid with its 
tuning controls at their normal settings, 
‘The unit described in this articl 
tions as both an rf aitenuator and as a 


Bloyed. Bared mainly on "eandwiehing” th 


dummy load. 
transmitter to be properly tuned alone for 


The latter capability allows a 


corfect operation bsfore it is used to drives 
linear amplifier. An optional wattmeter cir~ 
cuit is included which when calibrated al- 
lows direct reading, in watts, of the full 
transmitter output or of the drive lever 
supplied to the linear amplifier. 

“The unit described was buill for use with 
4 nominal 100 output transmitter used 
primarily for SSB serviee, The construction 
used, however, can be extended to other 
power levels for transmitters operating on 
80-10 meters, Also, using the information 


Wireless Communications and Mobile Computing 


haslnstance 


(7) Sibling Object Relationship (SIBOR) 
(Gi) Service Object Relationship (SVOR) 
(Gi Stranger Object Relationship (STGOR) 
(Gv) Guest Object Relationship (GSTOR) 


ssomposedin 


—_ 


() Parental Object Relationship (POR) [3] 
(si) Colocation Object Relationship (CLOR) [3] 
(it) Ownership Object Relationship (OR) [3], 


Figure 2; Ontological model representing web objects’ relationships 


among objects from the same manufacturer having similar 
features but different behaviors. Similarly, GSTOR is suitable 
in scenarios where objects use relationships for privileged 
services. Imagine a person as a guest speaker in a conference 
with his smart devices, where he can connect to the network 
easily, and his personal devices are recognized as a guest 
(with GSTOR) in the venue network to avail free services 
like high-speed Internet, special notifications, and others. 
Stranger Object Relation (STGOR) is used in scenarios where 
objects are on the go, and to get some information, they have 
to compromise with a limited trust level, For instance, in a 
public transit system, one mobile node on the move wants 
to use crowdsourced information from another mobile node 
which is not fully trusted. Also, SVOR is useful in service 
composition specific scenarios, where object mashups are 
formed to facilitate service requirement, and itis also useful 
in a particular orchestration of objects. 

‘To model information about microservices, social web 
objects, and their relationships, a semantic ontological model 
has been developed as depicted in Figure 2, Conceptual- 
ization of objects and their social relationships in semantic 
structures are highly beneficial to infer new connections 
among a network of objects with the help of reasoning 
techniques. ‘The ontology facilitates the representation of 
objects, as well as what they measure in terms of observations, 
their processing, and functions. Web objects’ relationship 
ontology contains the concepts that define each object in 
terms of a class. The data properties are used to represent 
object values and the object properties are defined to identify 
the link between two objects in the ontology. Major concepts 
in the ontology are microservices, CVOs, VOs, and their 
social relationships. Further, microservices have an indi- 
‘vidual instance that uniquely defines a microservice abject 
and associated data with it. Similarly, CVOs and VOs are 
also instantiated and contain data properties to retain their 
values. With the increasing number of objects, 2 semantic 
ontology model is used to perform reasoning function that 
helps identify new connections. Further, to analyze the social 
relationship among objects (such as VOs and CVOs), their 
properties are provided in Table 1 


3.3, Social Relationship Model for Web Objects. At each level 
of service life cycle, objects form a social relationship with. 
each other to accomplish a service task. Codifying the rela- 
tionship among web objects can provide many benefits, such 
as efficient information discovery from related objects and 
better composition and reuse. To perceive social interaction 
between web objects, we assume every service is based on one 
or more microservices and other objects including CVOs and 
VOs, At VO level, VOs create several relationships with each, 
other based on the RWO they represent. CVOs associated 
with microservices are incorporated in relationships as well. 

Object-to-object associations are categorized as either 
vertical associations (interobject relations) or horizontal 
associations (intraobject relations) as shown in Figure 3. 
‘The relationships that flow from the bottom to the top in 
WoO based architecture are known as interobject relations 
(ie, from VO to CVO or vice versa). On the other hand, 
relationships are known as intraobject relations if they are 
generated within objects at each level such as between one 
VO and another, or within one CVO to a relative CVO. The 
newly defined relationships among objects are maintained at 
different levels, which enables information discovery more 
efficiently. I is considered that not only will the relationships, 
be maintained when two objects (ie, VOs) are used in the 
same CVO or service, but also they will be maintained if 
objects are used in different CVOs or services. 

‘As depicted in Figure 3, VOL and VO2 bind in the 
SIBOR relationship, considering the fact that they belong 
to the same family of CVOL. Similarly, VO, VOS, and 
VO6 are combined in a CWOR, as they are used in the 
same service. However, all of them do not have a common. 
family relation that makes their trustworthiness restrictive 
to some level as compared to SIBOR. Moreover, though. 
VO7 and VO8 are not used together in a service setup, 
still they form a STGOR relationship. This relationship also 
helps codify those VOs that have similarity in premises 
during a certain point in time regularly but they had never 
combined in any service scenario before. For example, if a 
person visits a subway regularly but stays very shortly, in such, 
scene, the user's smartphone VO and subway station point 


1/4 (6ab) 
1S (7ab) 

1710 (10d) 
1/20 (13db) 


supplied, the same type of attenuator/ 
dummy load can be designed for other than 
50 ofm transmission tine systems. The atten 
uustor was not designed as @ precision net- 
work in order to allow the use of inexpen- 
sive resistors. However, the attenuation 
ccharacteristies are quite satisfactory for the 
intended usage. 

Bosides its application as u power reducer 
‘when driving a linear amplifier, the unit ean 
‘be used with a transmitter whenever a quick, 
Known level of power output reduction is 
needed for operating purposes, approximate 
ain measurements, ete, 


Circuit 

Fig. 1 shows the circuit values for a 
generalized T network attenuator that can 
bbe used in any impedance unbalanced trans- 
mission line. The scaling factors are only 
shown for those power reduction levels most 
likely to be needed when driving a linear 
amplifier with a 75-200 watt transmitter, in 
order to avoid unnecessary detail. Factors 
for intermediate power reduction values ean 
bbe found by interpolation to a satisfactory 
degree or one can consult an electronics 
handbook, ‘The basis of the attenuator! 
dummy load network isto find the combina- 
tion of resistor arms that will provide the 
esired attenuation and still be able to be 
connected together to form a dummy load 
of the correct value, Fig. 2 shows one 
possible combination. Each resistor bank fas 
2 value of about 20 ohms (5 resistors of 100 
ohms each in parallel) In one position of the 
DPDT switeh, the resistor banks are formed 
into a “T" network attenuator, In the other 


Fig. 2. Circuit of one possible dummy 
Tosgiarienuator network proviging abo 18 
‘So powar reduction” Ostional wattmater 


switch position, all three banks are placed in 
series as a duminy load connected across the 
input only. ‘The resistance values which 
result are not exactly those shown in Fig. 1 
for a 10db alternator. However, they are 
close enough to be effective and some 
tailoring of the individual legs is possible 
since each of the resistor bank values vary by 
a few ohms due to the tolerance of the 
resistors used. An optional voltmeter circuit 
is also shown in Fig. 2 connected to one pole 
fof the DPDT switch. It can be used as a 
relative power output indicator or if cali- 
brated, as described later, actually measure 
the power output of tite transmitter and of 
the attenuator, 

Many variations of the basic idea are 
possible, Fig. 3 shows the use of four banks 
‘of 100 ohm resistors. All four are used to 
form an attenuator that comes reasonably 
close to the values required for Tdbattenua- 
tion in a $0 ohm system. Only three are used 
in series for the dummy load function. In 
this case only a simple SPST switch is 
necessary to disconnect the output. The 
same rf voltmeter circuit as used in Fig. 2 
may be added if desired. The switch, in fact, 
could be eliminated entirely if one were 
willing to disconnect the output termination 
in order to use the dummy loud feature, 

Whatever combination of resistance banks 
order to achieve a desired 
attenuation value and the correct dummy 
load resistance, care must be taken that each 
resistance bank has sufficient power dissi- 
pation capability. The dissipation in each leg 
of the “T” network varies according to the 
attenuation level and can be calculated by 
Ohms Law. In general, « continuous power 
rating for a resistor bank equal to about 


Eesfiguration possible with the, 100 hm 
ower reguction (7ab) whan sed at 


one-third of the SSB peak power rating 
seems to suffice, including for quick tune-up 
on CW. For keyed CW service, the power 
rating should be increased to at least one 
half the key-down power level 
Construction 

The approach of using a relatively large 
number of 2 watt composition resistors is far 
less expensive than using specific value 1/ 
non-inductive resistors of 10-30 watts power 
rating. In quantities of more than 10, IRC 
type RC2, 2 watt, 10% tolerance resistors 
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cost about 9 cents each. So, one can achieve 
40 watt unl for less than $2 resistor co 
Banks composed of these resistors work well 
up to 30 me as long as the interconnecting, 
leads are kept short. 

‘The photograph shows the construction 
used by the author for the circuit of Fig. 2. 
‘Similar construction can be used for larger 
size units as well. As shown in the photo- 
sgraph, the 15 resistors in rows of 5 each are 
sandwiched between two 1-1/8" x 1-7/8" 
pieces of vectorboard. None of the resistors 
physically touches. The wiring is done using 
the resistor leads. This construction is some 
what compact to expect full, continuous 
power dissipation from the unit but suffices 
for intermittent use. The frame measures 
24 x LA” x 1K". A cover is not absolutely 
necessary since the minor radiation that 
takes place is not important in this applica 
tion. If a cover is used, it certainly should be 
of a perforated type to allow maximum air 
flow. A SD-239 connector is used at one end 
fof the frame for the input. A dual connector 
is used at the other end, but normally one 
‘would use two RCA type phono jacks-one 
for the output and one for a meter circuit. 
‘The switch is located immediately below the 
‘output connector-a miniature Aleo MST 
type. 

Calis 

If it is desired to calibrate the voltmeter 
circuit asa wattmeter, itis necessary 0 use a 
probe and VIVM. the unit as a 
dummy load, the rf voltage is measured at 
the input and the power calculated. The SOK 
‘ohm potentiometer is used to set the meter 
at full scale for the highest power level used. 
The rf voltage is measured and the power 
level calculated in order to calibrate the 
meter for lesser power levels leaving the 
potentiometer at its “set” value, The same 
procedure is followed to calibrate the meter 
for the outpuit power level by measuring the 
output 1f voltage when the unit is used as a 
“T" attenuator and connected to a regular 
dummy load. The calibration should be 
made on the lowest frequency band used 
and rechecked on the highest frequency 
band used. Ifthe readings differ significantly 
fon the highest frequency band from those 
established, it may be necessary to add a few 
mmf capacitance across the diode in the 
voltmeter circuit in order to compensate for 
the slightest reactance present in the cireuit 


Operation 

When used between a transmitter and the 
50 ohm input of a linear amplifier, the unit 
js frst used as a dummy load for tune-up of 
the transmitter. The unit is then switched 
(vith the transmitter unkeyed) to its attene 
uuator position, In most cases, no returning 
of the transmitter should be necessary unless 
the input of the linear amplifier is partieu- 
larly reactive, 


Summary 

‘The unit described is not intended as a 
precision attenuator or power measuring 
Ulevice. However, it wall perform very well 
for ils intended’ applications and costs tar 
less than more sophisticated units per- 
forming the same functions. 


THE MINICAN 


ly Warr 


‘The Heathkit “Cantenna” has proven to be 
1a major breakthrough in the feld of dummy 
Toads for ham use. Unfortunately, # im't the 
‘most convenient thing to use on a small work 
heneh with low power rigs! Borrowing their 
idea, 1 built this lead for use with transmitters 
n the 5 to 15 watt range. The parts are few 
a Campbell soup tin can, four'one watt re- 
Sistors, a UG-234-A connector, a short piece 
915/16 inch brass tubing and transformer ofl 

Fig. 1s. sketch of the assembled unit. The 
50 obi resistance was made up of three 15 
‘ohin and one 5 ohm one watt carbon resistors. 

First sand a ean lid from a larger size ean 
until it is free of paint. Drill a # inch hole 
through the center of the lid, and a ¥ inch 
hole on the perimiter. Mount the coaxial con 
rector Owough the center hole. Solder a 1 inch 
length of 5/16 in, brass tubing over the # inch 
hole. Solder the resistors as shown. Center the 
lid on the can aud solder the lid to the can 
Use a file to remove all rough edges. Mask 
the connector with masking tape and paint the 
‘can to prevent rusting, 


Sam 


Fig. 1. Construction of the 
Minicon. Min parts are soup 
sn, ean connector ond ee 


‘The Minin in usa with the componion detector. 


Fill the can with transformer oil, A good 
avade of automatic transmission fui was used 
in -one load with no degredation in peeform- 
ance. However, it probably is not advisable as 
the fuid has a relatively Tow ignition tempera 
ture and might create a fre hazard. 

The load was tested by running it for five 
hours with an input of 15 watts of 50 MB of, 
The can became warm, but the resistor 
showed no signs of overheating. 

‘A maximum VSWR of 15:1 was obtained at 
234 Miz, The measurement was made at this 
Frequency because an automatic test set was 
available 

‘A companion ef detector unit shown in Fig. 
2 was built in a two inch seetion of % inch 
square extruded brass stock. A Dage 994-1 
BNC connector is mounted on one end for 
connecting to the RF circuit, while the DC 
‘output to the VTVM is tip jack, 


col oe 


Fig. 2. Rt detector for 
‘ute with the Minizen 


THE TINY TERMINATOR 
ine Kvte KSIRX 


AVE you ever felt the need for a dummay 
Toad which would also indicate accurately 
the actual rf output power of « transmitter? 
“You can buy auch a beastioy you knovt, The 
Bird Terncline, standard of the tsro-way come 
munication industry, shouln’s set you back 
mich more than a Conote 
fo can iso build oe at considerable 
ding, and that’s what this article fs all 


1 there's almost 
ninator"—nothing, 
“i for any transmitter, 
ays on en 
periods (3 
can ule these ratings), 
ream, the ether after the 
Fashion of the "standard light bub Toad, wll 
fallow accurate measurement of output poser 
tp past 229 me, and can he Bult in ler Uban 
(teu hours for lese tha 
‘You can see by the schematic that there's 
nothing t0 the device eletricaly the treks 
fre all mechanical, Electreally, the Tiny ‘Ter 
fninator consists of 20 (that's what we said) 


tminor modifi 
teil nat rad 
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1000-0hm L-watt resistors connected in paral- 
iol, with « crystal diode running from the hot 
fen of the composite resistor: tothe melee 
Sack nd a 27 mun(d capacitor bypassing. the 
meter. 


cally, the big problem with unit 

te the piobiem of keeping the load 
Fesistive. regardless of froquency. Resistor 
feads have snduetsnce (about 2 millimieroh- 
svies per inch) so we get rid of the leads as 
completely 28 possible. This iy done by pumch- 
ing holes in a flat. plate, passing the lead 
through the hele until the resstor is Mush with 
the plate, and soldering rapidly with a hot iron 
(an Ungar AT-vate MdO-degree tip was Used 
inn building the model shown) s0 that the re 
stor body won't cook before the leads: and 
plate are joined. 

‘The Mat plate has capacitance. ‘This is 
avoided by Keeping the plate shielded. from 
tiutade inluenees, and septrated xs far as pose 
ible trom its shield 

‘The shield, incidentally, isthe bottom of 118 
inches ‘of 8” Canada Dry cola, soldered all 
aot front resistor plate 


Audition of the erystal diode (a 1N24 was 
used, but a higher-vel tage anit Te recommended 
you ever expect 9 measure poster higher 
than & watts) and the bypass capacitor pro 
Tide the power-measuring feature, These two 
components, in conjunetion with an external 
Seltmeler of at leart 1000 ohms pet volt sent 
tivity, provide you a poak-reading ae volt- 
ster, The vellage indicated on the meter will, 
be etal to the peak value of rf voltage pres 
ent across the load. Squaring the voltage and 
Gividing by 50 (the resistance) ‘will give you 
tho poate power, Most power ratings are ix 7ms 
values rather than peak; multipying_ he in 
cated voltage by 0-707 before squaring will 
ive you the rms power output, 

‘Tho unit shown in the photor used perfor 
ated brass stock for the resistor plates; this 
happened only because a length, of the brass 
was on hand in the junkbox at the tine. A 


Tt 
is 


cut-out tin ean Ud will work equally: well and 
‘ill be much Jess expensive 

‘Not visible im the photos is the means of 
connecting the hot end of the resistor plate, 
hole wae punched in. the middle of the hot 
plate hd ® Tenath of No. 14 bare wire was 
{oldered in, then fled of Mush on the Fea sid. 
‘Phe bare wire was threaded through the ees 
connector ‘nd soldered to the center contact 
After checking for possible shorts 

‘The coax connector itself i held in place bs 
4 solder joint all around the rim of the eable 
nd aperture (eee photo). This joint, if well 
nade, provides plenty of strength. 


Earlier, we mentioned that a minor modif- 
sation would. double the power rating. That 
‘modiiention ie this: instead of Lovatt resis 
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tors, use the 2-watt variety. If you really want 
to-go high-power, so 50 2700-ohm 2-wate re- 
slators nd. have terminator which Will ab- 
sorb 100) watts continuously and 200. watts 
TCAS. However, one that big will cost mare— 
and you'll prebably have to use a coffee can 
fr the shield insted of the cole can used here, 
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NOW FROM TEXAS INSTRUMENT. 
three machines in one. 


programmable 
slide-rule calculator 


@ 10 user defined keys © 8 preprogrammed condition statements 
}@ 224 program storage locations | © 20 independent addressable memory registers 
|e 23 preprogrammed key functions @ Permanent program storage on magnetic cards 


It took TEXAS INSTRUMENTS to invent the SR-52 calculator. It took C & S MARKETING ASSOCIATES to offer it 
at a price you can afford, naw only $249.95. With such versatility and such an affordable price, you cannot afford to be 
with 


{t the problem solving power of card programability, Now solve problems in seconds that would take hours with any 


erdirary clelator or sliderulr if they could be done ata 

For more information or the answer to any question you may AMOR AUC ACRES 
eee es PO. Box 165 Algood, Tenn. 385 
Tenn. residents call (800-262-6706). Other TEXAS INSTRUMENT See id = 


models available from $49.95, _- ary. PRICE $249.95 ca 
Each TEXAS INSTRUMENT calculator comes with 2 1-year | OCHECK OMO. 000, 

CILITERATURE CINFORMATION — | 

return i or 9 rew unt Finally should you be disetisied with your | DIAL (800251-6771) 

caleultor return It within 16 days for a prompt refund, LL _INTENN, DIAL (e00-2626708) | 


warranty. Should your unit prove defective within 60 days, just 
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‘complete stock ————~ 
of the following lines :— 


@ ATLAS 

@ VHF ENGINEERING 

@ STANDARD 

@ REGENCY 

@ BOMAR CRYSTALS FOR 2MTR FM 
@ 73 MAGAZINE PUBLICATIONS 

@ OST PUBLICATIONS 

@ NEWTRONICS 

@ TEN-TEC 


Largest inventory of used equipment in the Boston area. 


TU FT Radio Electronics 


YOUR BEST 
THEFT 
PROTECTION! 


Quick Release Adapter 
for Trunk Lip Antennas 


Iss YOUR EXISTING ANTEANA & MOUNT 


MOUNTS EASILY INSIDE TRUNK WITH ONLY 2 SCREWS 


st ae INGTALLATION 
THE RADIO THEE 


$4 95 


IF YOUR DEALER DOESN'T HAVE THE FOILER 
IN STOCK, ORDER DIRECT. ADD S0¢ POSTAGE 
& HANDLING. TEXAS RESIDENTS ADD 5% SALES 
TAX. SEND CASHIER'S CHECK OR MONEY ORDER 
FOR PROMPT SHIPMENT. 

= DEALER INQUIRIES INVITED — 


Tired of 


Hs) “CB-Quality” 
ih Cables? 


INEXPENSIVE ASSURANCE OF THE MOST 
CRITICAL LINK IN YOUR 2-WAY SYSTEM! 


Regardless of hew much you spend on your radio and anna 


56-3 3.f, cable 
586 Gt. cable 

56-12 124, exble/PL 

58:20 20-1, cable/PL- 

58-201 20-4. cable, PL-259-rolder lugs 
5850 S0-t. eable/PL259's. 


REPLACE WITH SOUTHCOM CABLES TODAY 
GET THE PERFORMANCE YOU PAID FOR! 


SouthCom, Inc. 
P.O. BOX 11212 FORT WORTH, TEXAS 76109 


SouthCom, Inc. 


P.0.BOX 11212 FORT WORTH, TEXAS 76109 


Flyer 


A LE P.O. BOX 28810 
. s . DALLAS, TEXAS 75228 


Call your BANK AMERICARD or MASTER CHARGE 
order in on our 
CONTINENTAL UNITED STATES TOLL FREE WATTS: 


1-800-527-3460 
TEXAS RESIDENTS CALL COLLECT: 


214/271-0022 


Please call between 8:30 AM and 6:00 PM C.S.T. — Monday 


IM ORE TINT tinea Feiser, You ty sto eat to check stock or just an 8 
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“Tans I: Social relationship attributes, 


Social object relationships types 


‘Attributes/properties| 


Sibling object relation (SIBOR) 


Service object relationship (SVOR) 
Stranger objet relation (STGOR) 

Guest object relationship (GSTOR) 
Parental object relationship (POR) 


Colocation object relationship (CLOR) 


Ownership object relationship (OR) 


‘0, has relationship with O, — SIBOR, if objects ownership is defined as 
(0, has relationship with ©, —+ SVOR, if objects serviceStatus is defined as: 


(©, has relationship with ©, —+ STGOR, if objects’ authentication is defined as: 


(©, has relationship with ©, —+ POR, if objects’ creation is defined as: 


, his relationship with O, + CLOR, ifobjects' proximity is defined as: 


SameFamily 


SameServiceComposition 


Anonymous 


(©, has relationship with ©, —+ GSTOR, if objects’ ownership is defined as: !=SameFamily 


‘&& == GuestFriend 


SameProduction 


Neighborhood 
IM location is defined as: == SameLocation 


0, has relationship with O, ~+ OR, if objects’ proprietorship is defined as: == SameOwner 


RWO 


wor 


‘lrizontalintraobjec (intra object relation) 


Figur 3: Hierarchical social relationships of web objects 


VO or subway security camera VO may establish STGOR. 
‘This may help reuse VOs in service scenarios where only 
for short duration a VO object is required. At CVO level, 
CVO? forms two different relationships, which increases 
the level of connectivity of the CVO. CVO2 first shares a 
CLOR with CVOI and CVO3, CVO4, and CVOS together. 
Secondly, CVO2 is combined in a SIBOR with CVO3 and 
becomes in the same service family. Further, in the selected 
use case scenario described in Section 4, several other social 
interactions have also been elaborated. 


3.4, Social Web Objects Architecture. SloT envisages a system 
where the social framework will bring smart devices and 
people to interact with each other. By incorporating web 
technologies like SOA based microservices, IoT services can 
be rendered on top of the social framework. The proposed 
social web objects architecture (as shown in Figure 4) has 
been decomposed into three levels: service level, object 


virtualization level, and aggregated object virtualization level. 
At the service level, to support social relationships within 
‘web objects, several microservices have been designed, which, 
are discussed further in the following section. Moreover, 
the data management function in the proposed design helps 
each layer to interconnect with semantic databases. ‘The 
SPARQL endpoints have been defined at the service and the 
object virtualization levels that expose interfaces to retrieve, 
store, and modify RDF graphs. Several interfaces allow the 
knowledge engineer, domain expert, and the developer to 
create service templates and VOs, as well as update the RWK 
model, user profile, and policies. 


BALL Service Level Functional Components, ‘The service level 
functions handle operations from the request inception to 
the execution of services. This level is supported by some 
core functions common to be used in each service life cycle. 
‘These include the management function to handle service 
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Foreword 


If antenna gain alone is not sufficient to bridge’ the path between two stations, the 
alternative is to increase RF power. Hams have been aware of this fact since the earli- 
est days, and that is why RF power amplifier projects have always been popular. 

In RF Amplifier Classics we have assembled a collection of articles published in 
QST magazine, and its sister technical journal, QEX. The collection spans the early 
1980s through 2003 and includes many prominent authors. In those few instances 
where an author provided a design revision (or correction) after the article was pub- 
Jished, that revision is included in the article as presented in this book. 

See the leatest issue of QST for other ARRL RF design-related publications, or 
visit our on-line bookstore at www.arrLorg/catalog. Please take a few minutes to give 
us your comments and suggestions on this book. There's handy Feedback Form for 
this purpose at the back, of you can send e-mail to pubsfdbk@arrl.org. 

Our thanks to the many authors Whose work appears in this book. Without their 
willingness to share their knowledge with the amateur community, RF Amplifier 
Classics would not be possible. 


Dave Sumner, K1ZZ 
Executive Vice President 
Newington, Connecticut 
August 2004 


By Gary Breed, K9AY From QST, February 1994 


An Easy-to-Build 25-Watt 
ME/HF Amplifier 


Do you need a medium-power linear amplifier for 
SSB or CW? Congratulations—you just found it! 


Pits 252%, 1 though 30-mte, 
[class-A linear power amplifier that’s 
Simplicity itself, What makes it simple is, 
the use of a self-biased transistor module 
equiring few external components. To 
contro! harmonic output, a set of five-sec- 
tion low-pass filters is included, Power- 
supply cequirements are +28 V at 2.5 A and 
$V at 200 mA." With a gain of about 13, 
4B, a I- to [.4-W driving signal is all that’s, 
needed to deliver 25 W output. Gain is flat 
Within £0.75 dB across the covered fre: 
quency range 
If 25W isn’t enough for you, it’s easy to 
4irectly apply the design information to 
build 2 50-W amplifier—all you do is use a 
larger transistor module! Another step to- 
ward project simplicity is the availabitity 
of kits. Each ki all the major com- 
ponents for either 2 25- or 50-W version, 


Amplifier Design 

When designing a power amplifier, the 
first step isto select the right transistor(s) 
Excellent bipolar-junction transistors 
(BITS) and field-effect transistors (FETs) 
are available from well-known companies. 
such as Motorola, M/A-COM PHI, SGS- 
‘Thomson, Philips, Mitsubishi and others. 
A number of smaller companies also make 
power transistors, usually for more-spe- 
Cialized applications. MicroWave Tech. 
nology, Polyfet RF Devices, and Directed 
Energy may be company names unfamiliar 
to you, but they all make power transistors 
for MF and HF applications. 

In this amplifier, | use the SLAM-O111 
from MicroWave Technology.” 1 didn’t 
‘choose it because ofits gain, its efficiency, 
ff even its price; I sclected it because it’s 
very easy to use. The device consists of (wo 
power JFETs (the particular speciaity of 
MicroWave Technology}, operating in 
push-pull. Since JFETs behave similarly to 
triode vacuum tubes, the company dubbed 
them Solid State Triodes. SLAM (Solid- 
state-triode Linear Amplifier Module) 
devices include thick-film bias resistors in 


the package with the transistors. These re~ 
sistors set the gate bias for class-A opera. 
tion, and establish a 50-a input impedance. 
At the rated power and supply voltage, the 
push-pull output impedance is also 50 ! 
With such convenient input and output 
impedances, matching the devices to a $0-Q 
system merely requires 1:1 balun transform= 
ers atthe input and output. Because the bias 
voltage is internally generated, the only 
other external circuitry required is a suitably 
bypassed and isolated 28-V power supply, 


Circuit Description 

‘The amplitier schematic is shown in Fig 
1. The balun driving the gates of the 
push-pull transistors is a conventional 
transformer. The primary and secondary 
‘windings are each three turns of #28 wire, 
wound on a two-hole ferrite balun core of 
73 material (jt, = 2500). These transform 
ers are broadband enough to provide 1.8 
to 30-MH2z operation and offer de isolation 
‘with no additional components. The input- 
transformer primary is center-tapped and 
bypassed to provide access to the gates for 
external de bias (more on this later). 

The output transformer is constructed 
in the same manner as the input trans 
former—it’s just larger. Two ferrite beads 


HFIMF/VHF Amplifiers (1 to 54 MHz) 


of 77 material (}, = 2000) make a two-hole 
core, with primary and secondary windings 
of three urns each, using #24 hookup wire, 
‘The primary (transistor side) is cent 
tapped and bypassed to provide de voltage 
to the drains. Feeding dc through a cent 
tapped transformer eliminates the need for 
the usual bifilar RF choke seen in push-pull 
amplifiers—another reduction in the com- 
ponent count, Multiple bypass capacitor 
values (0.01, 0.1 and 10 UF) are used to 
cover the MF/HF range. That's the basic 
amplifier block: two transformers, a SLAM 
device, and a few bypass capacitors. 


Class-A Operation Notes 

By definition, transistors operating in 
class A conduct over the entire 360 degrees 
of the signal (that’s all the time, of course). 
‘This operational mode assures that the tran- 
sistor is always operating in the linear 
region of its input-to-output transfer char- 
acteristic. To do this, the device must be 
biased to handle the maximum signal at all 
times. 

Obviously, this class of operation is 
pretty inefficient, since full current is 
drawn whenever the amplifiers on. A per- 
fect” transistor operating class A can only 
bbe 50-percent efficient, and real transistors 
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Fig 1—Schematic diagram of the 25-W class-A amplifier. Unless otherwise specified, resistors are ZW, S%-tolerance carbon- 
composition or fim units. Equivalent parts can be substituted, 


‘J1—Panel-mount BNC socket. 

W2—-$0-239 connector. 

‘J8—Phono jack. 

P1—4-pin male Jones plug, 

K1—3POT relay with a 24-V de coll. A 
‘surplus Potter & Brumfield KHP series 4- 
pole relay is shown in Fig 6; one pole is. 
unused, (All Electronics catalog number 
4PRLY-24N [$4] or Ocean State 
Electronics F'12-1703-24 {810.90} are 
suitable, See the Part Suppliers List on 
pp 38-40 of The 1994 AAAIL Handbook 
for addresses and telephone numbers. 
Ed) 


do no better thap about 40 percent. This 
amplifier draws 2.5 A from a 28-V power 
supply for an input power of 70 W. When 
it is providing 25 W, it’s 36-percent effi- 
cient. (When there is no input, it's O-per- 
‘cent efficient!) 

‘To help reduce the heat generated by an 
amplifier that requires 70 W, a negative 
bias can be applied to the gates when not 
transmitting. A bias of —S V results ina 
0.25-A standby drain current instead of the 
full 2.5 A. The internal bias resistors are 
about 50 ~ on each gate, and dissipate a 
‘maximum of I W, Under these basing con- 
ditions, the resistors eack dissipate 0.5 W. 
Don’t ty f0 cut off the transistors com- 
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S1—2-pole, 7:position ceramic rotary 
‘switch, My switch is made from two 
surplus CAL 11-position switch waters and 
‘an indexing assembly providing 
‘selectable stops. The wafers are spaced 
about 1's inches apart. CAL PA-200 
series switch wafers and PA-300 series 
shaft and indexing assemblies are 
suitable (switches are available trom 
Newark Electronics; tel 312-784-8100, 
fax 312-784-5100, ext 3107, to locate 
your nearest Newark distributor) 
T1—Primary: 3 turns #28 AWG: 
secondary, 3 turns #28 AWG, center 
tapped. Core: Fair-Pite #2873002402 
balun (Amidon BN 73-2402), 


pletely with greater bias voltage? You'll 
tisk burning out the resistors 

‘Some may ask, “If class A is this power 
hungry, why use it?” Ina word: linearity, If 
you want excellent ligearity (which means 
‘minimum distortion caused by harmonics 
of intermodulation), class A is the way to 
g0. For example, all small-signal amplifi- 
ers for receivers and low-level transmitter 
stages operate class A because they must 
handle signals without distortion. How. 
ever, they operate at very fow power, so 
power dissipation is rarely an issue. This, 
power amplifier further minimizes distor 
tion by using push-pull operation, which 
cancels even-order distortion products in 


‘T2—Primary, 3 turns #24, center-tapped: 
secondary,’3 turns #24,'Core: two Fair- 

Rite #2677006301 beads (Amidon FB 77- 
6301), 

UI—SLAM-0111 uitvalinear 25-W, class-A, 
sell-biased power FET module or SLAM- 
0122, 80-W version (Microwave 
Technology, 4268 Solar Way, Fremont, 
CA 94538, to! 510-651-6700, fax 510- 
651-2208), 

Misc: RG-174 coax, enclosure (3'%s x Ia x 
51/ inches (HWO)}, heat sink (3 x 4/4 x 

1%) Inches (HWD)), PC-board material, 
knob, mounting hardware, 


the output and makes the next part of the 
design easier than usaai 


Harmonic Filter Design 

‘As mentioned previously, the amplifier 
uses several low-pass filters to cover the 
nine MF/HF amateur bands. Each filter was 
initially designed for a cutoff frequency 20, 
percent higher than the upper end of their 
respective [60, 80, 40, 30, 20, 15 and 10- 
meter ham bands. The 15-meter filter is 
also used for 17 meters, and the 10-meter 
filter for 12 meters. 

With no filtering, even-order harmon- 
ies (2nd, 4th, etc) are more than 40 dB 
below the cartier, the result of good push- 


Table 1 
Filter Circuit and Comparison of Idé 


In some cases itis necessary to parallel two 
yaues of capacitance for C1, C2 and C5 


{ters are wound with #26 AWG wire in order 
‘are wound with #22 wire 


al and Final Component Values. 


‘Ideal Filter Values ‘Actual Filter Values 
Outot Freq. C1,.C5 C3” 12,14 CI, C5 ca. 12,14 
(Miz) (oF) (BF) i) (oF) (oF) (uth) 
2% 521 2620 455, 1470 2880 441 
(1000+ 470) (2200 + 680) (50 ton 750-2) 
4.00 7611310 227 830 +430 237 
(560 + 270) (1000 + 430) (221 on T-50-2) 
876 a7 718 125430 820 4.25, 
(16 ton T-50-2) 
118 = 300518 0.900300 560 0.960 
(14 ton T-50-2) 
we 21296504220 370 0.706 
(270+ 100) (12 ton T-50-6) 
74 142 ah 0.424150 240 0.460 
(10 on T-50-6) 
864 102-178-0306 100 180 0.314 
(ton 750-6) 


smaller-value capacitors to obtain the proper 


‘The inductors are wound on T-50-2 or T-50-6 cores. Inductors for the 160- and 80-meter 


{o fit all ums on the cores; the other inductors 


poll balance using factory-matched tran- 
sistors, The 3rd and Sth harmonics are more 
than 15 dB down. To reduce the 3rd har- 
‘monic to at least 50 dB below the carrier, a 
five-section Chebyshev filter with low 
‘passband ripple is an appropriate choice. 
This type of filter has a good SWR in the 
passband, and a smooth roll-off character- 
istic, The design process began by creating 
{deal designs using a public-domain filter 
design program.* 

Ideal designs rarely correspond to stan- 
ard capacitor or inductance values that 
ccan be realized with @ discrete number of 
turns on common toroid cores. Using a ci. 
‘uit analysis program, the ideal designs 
‘were analyzed to see the effects of such 
realworld limitations on harmonic rejec- 
tion and SWR performance. 

First, the ideal component values were 
‘entered into the program, and varied #20 
percent to see which ones had the greatest 
effect on performance. Cl and CS (see Fig 
and Table 1) were found to be least sen- 
sitive o variations, L2 and LA were moder- 


Fig 3—Mechanical assembly of the 
ampliier-module PC board, aluminum 
spacers and heat sink. 


ately sensitive; varying C3 had the greatest 
effect on both passband and stopband per- 
formance. The ideal capacitor values were 
then replaced with standard capacitor 
values or—in some cases— parallel com- 
binations of two common capacitor values. 
Inductors were given the near~st value 
available for coils wound on either T-50-2 
‘or T-50-6 toroid cores. The final filter de- 
signs are the result of trade-offs between 

luctance, capacitance and filter perfor- 
mance. Table | shows the filter topology, 
along with a comparison of the original 
ideal filter component values and the val- 
tues selected for the finished unit, 


sink (see Fig 5, next page), 


HF/MF/VHF Amplifiers (1 to 54 MHz) 


Fig 2—Schematie of the filter used for 
each band. 


Construction 


T built my amplifier and low-pass filter 
modules on single-sided PC boards, using 
pads to mount the components, No holes are 
drilled (except for mounting screws) and all 
leads ate attached by soldering them to the 
pads. The PC-board patterns for the ampii- 
fier and filters are available (see Note 2) 
Fig 3 shows the amplifier-assembiy 
parts. This assembly is mounted to a heat 
sink (see Figs 4 and 5) capable of dissipat- 
ing more than 40 watts without excessive 
temperature rise. (This assumes @ worst 
case of 50-percent transmitting time, and 
watts dissipation in standby.) A cutout in 
the middle of the amplifier board allows 
placement of the SLAM device. The PC 
board leaves a conducting path around the 
ends of the SLAM to maintain a ground 
potential across the entire board. Four 
mechanical components make up the am- 
plifier assembly. The first is a 0.187: 
thick aluminum base plate to which the 
SLAM is mounted. Next are two aluminum 
O.1-inch-thick spacers, which are placed 
between the base plate and the circuit 
board. These spacers set the proper dis- 
tance from the base plate to SLAM leads, 
‘The SLAM is installed through the top of 
the PC board, and its leads are soldered to 
the traces on top of the board. 


Fig 4—The assembled amplifier- module PC board in position and secured to the heat 
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Fig 5—Rear view of the completed amplifier showing the hefty 


heat sink 


Construction is easiest if the trans- 
former connections to the SLAM are not 
soldered until after the SLAM is installed 
This eliminates the possibility that the 
transformer connections will getin the way 
when you try to solder the SLAM into 
place. As with any power device, place a 
thin coating of thermal compound between 
the SLAM and the base plate, and between 
the base plate and the heat sink. Solder 
bypass capacitors directly to the trans- 
former center tap and to the ground plan 
with the minimum possible lead lengths, 

‘The low-pass filter board is constructed 
one filter at a time. First, install the capac 
tor at the center (C3), then the inductors 
12, L4), and finally the end capacitors (Cl. 
C5), Alll inductors are wound with even 
spacing over three-quarters of the core cir~ 
cumference. Simply solder the capacitors 
to the pads and ground plane. Silver-mica 
capacitors were used in the prototype be- 
cause they were on hand. Ceramic-dise 
capacitors with 200- to $00-V ratings will 
work equally well. 

If the band switeh is located elose to the 
filter board (see Fig 6), short lengths of 
hookup wire can connect the filters to the 
switch wafers. 

A spacious box houses the filter and 
amplifier assemblies, along with a TR re- 
lay that also switches the standby bias. 
Power and relay control leads are bypassed 
where they enter the enclosure, 

Before final assembly. I gave the panels 
of the case a brushed look using a sanding 
block with oiled sandpaper. Band markin, 
for the switch (see the title-page photo) are 
drawn on a large, adhesive-backed label 
attached to the front panel 


Performance 

Amplifier gain ranges trom 12.5 to 14 
4B between 1.8 and 30 MHz. The gain flat- 
ness is basically a function of the input and 
output transformers. (It's possible to make 


the amplifier gain flat within | dB from 
I MHz to 100 MHz using transmission-line 
1-4 Chapter 1 


Fig 6—This interior view of the amplifier shows its simple and 
clean layout. The band switch is centered on the front panel 
Immediately beneath the band switch is the filer assembly. 
Behind the switch and to the left is the TR relay, K1. A four-pin 
Jones plug power connector is mounted on the rear pane! behind 
land to the left of the relay. On the bottom, near the outside lip of 
the rear panel, is J1. Above itis J2, with 3 to is right. Most of 
the rear panel—from its midale to the right lip—is oecupied by the 
SLAM IC PC board and the aluminum spacers secured to the 
heat sink mounted on the rear pane'’s exterior. Rubber feet on 
the cabinet bottom help prevent scratching the supporting surface 
beneath and keep the amplifier from sliding. The band-switch 
knob center section is 1¥%s inches in diameter; the skin flares to a 


diameter of 1% inches. 


transformers and frequency compensa 
tion.) The required drive power for 25 watts 
output is 1.0 to 1.4 wats. 

On-the-air performance is excellent 
Besides low distortion in the SSB mode, « 
small advantage of finear amplification is a 
complete absence of rise and fall distortion 
of a CW waveform, which someti 
occurs in class-C amplifiers. 


Summary 

‘This project shows how new RF prod: 
ucts can make home construction of ama 
teur equipment very casy. Home-brewers 
can benefit from @ growing trend in RF 
Product engineering: reducing develop- 
‘ment time by using “super components 
that require few external components and 
Tittle engineering time 1 design them into 
a product. 

A secondary purpose of this project is to 
show how even simple software tools can 
be used to speed up design. The programs 
used to dosign the amplifier’s low-pass fil: 
ters are inexpensive, and accurate at fre- 
‘quencies in the MF/HF bands. In this 
they made it possible to examine tradeotis 
among. stindard-value components. for 
seven different filters, without having to 
build, measure and tweak each one. 

The result is a linear power amplifier 
with good gain and performance. Its un- 
complicated design leaves little room for 
error, and no fancy test equipment is 
needed to successfully build it, Projects 


this easy can make an old-timer forget 
about the “Simpler” days of vacuum tubes! 


Notes 
Power supplies are available from Marlin P 
‘Jones 8 Assoc, me, PO Box 12685, Lake 
are FL 33408-0888, tel 407-088-8256: fox 
4-800-452-9997, 

parts iis for this project are avaliable trom 
Grestone Engineering, “PO. Box 3702, 
Tieton, CO 8076", 19 303-770-4709. Each 
kitineludes al electron and mechanical 
components for the. ampiiier module. and 
fowpace lifer assembly, inctuaind circuit 
Boards, heatsink and rotary band switch. Kits 
do not include an enclosure, connector, oF 
FHrvelay. A 25-W hi using the SLAMCOTT 
$15; 50 kt using he larger SLAM-O122 
18 8190. Ada $6 peru fr shipping. Payment 
may be made by cheek, money order VISA, 
MasterCard or American Express 

PC board patterns for the amplifier and 
fiters are avallableftgetom the ARAL. Send 
your request to the Tecnnical apartment 
Secretary, ARAL. 228 Main SUN . 
Grr o6tt 4: Wh your teauest forthe BREED 
AMPLIFIER PC/BOARD TEMPLATE, -on- 
lose a business-size envelope ‘th one 
Frst‘Class stamp, 

Suicronaye Technology, 4268 Solar Way, Fre 
‘mort, CA 94538. Their products a7@ dis 
ied by Richardson Electonics, 40¥/267 
Kesinger Road, aa, 1 60147, tot 708 
03. 


‘nuke Eils, "A Comprehensive Fits Desizn 
Program" “RF Design, uly 1991." The 
ra aval on te RE Besign 
tware SaWvice, PO Box 3702, Lito 
Boret-s7oa, tel 809-770-4700 
‘#AFOO7S!, $15 postpad). 
SNOVA, a shareware program by Robert 
Stanton, also avaiable om the RE Design 
Schware Service (pat #APD-088t $18 ppd) 
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A Compact 1-kW 2-50 MHz 


Solid-State Linear 


Amplifier 


Gpelittatehiat-power linear amplitiens 
are becoming more and more popular 
inthe field of ham radio as the prices of HF 
power transistors continue to fall. 250-W 
devices are now available for almost half 
the price they were selling for a few years 
ago. RF power FETS are still more expen- 
sive, but eventually their prices will also 
fall, although not as fast since they are still 
novelty items and the manufacturing yields 
are low due to ESD problems and require- 
rent for cleaner facilities for wafer pro- 
cessing, 


General 
It is much easier to design wideband 
power amplifiers with FETS than bipolar 
transistors mainly due to their higher input 
impedances atleast up to VHF. Their input, 
impedance also varies tess with frequency 
san that of bipolar devices and chan; 
the output load line are reflected back to 
the input to a lesser degree because of the 
much lower value of feedback capacitance 
(collector to base vs drain to gate). Practi- 
cally all RF power FETs on the market 
today are of the enhancement MOS type, 
meaning that positive voltage at the gate in 
respect to the source is required to turn the 
device on. 

‘The I-kW amplifier described here 
would be difficult, if not impossible, to 
design to cover four and ahalf octaves with 
comparable performance using inexpep- 
sive bipolar transistors. In addition, a se- 
ies of power splitters and. combiners 
would be required to reach high power lev- 
els. Biasing to class AB linear operations, 
also much simpler with FETs since the gate 
does not draw any de current, whereas a 
ccurrent equal to Ie(peak)/hge must be sup 
plied to the base of a bipolar device. One 
‘example of this and the splitter-combiner 
complexity is presented in the Application 
Note AN-758 by Motorola, Inc. 

This article features a state of the art 
extremely compact design using a pair of 


FETS rated for 600 W of power output each. 
lt would be capable of @ power output of 
1.2 KW as a push-pull circuit, but with the 
output matching employed, which is opti 
mized at around 800 W, the unit starts satu- 
rating at around | kW at a 50-V de supply, 
resulting in high IM distortion. Similarly at 
a 40-V supply, it would be usable up 10 
800 W. The type output matching trans- 
former employed allows only integers as 
1:4, 1:9, 1:16, ete. The 1:16 impedance 
ratio transformer would make the output 
matching optimized at 1400 W, which 
‘would result ina poor efticiency at 1200 W 
and lower power levels. The only way to 
compensate for this would be to adjust the 
supply voltage accordingly, in this case 
45-46 V, However, the 1:16 ratio trans, 
former of this type is physically much more 
difficult to fabricate than the lower ratio 
‘ones, and may not be available in the com, 
mercial market. 


‘The Bias Regulator 

‘The gate bias regulator (ICI in Fig 1) 
allows the main supply voltage to be varied 
fof the use of an unregulated supply while 
Keeping the gute bias voltages and the FET 
idle currents constant, Since the maximum 
operating voltage of the regulator C is only 
40 V. a Zener diode (D1) is employed to 
keep it ata safe level. The regulator supply 
terminals are separated from the main 
power supply permitting the use of a sepa- 
rate bias supply if desired, There is also an 
option for a thermistor connection to stabi- 
lize the idle currents against temperature 
changes, The thermistor should be in a 
physical contact preferably with a mount- 
ing flange of one of the FETs. The gate 
voltages are individually adjustable (RI, 
R2) making gate threshold voltage match 
ing of the devices unnecessary. In case of 
adevice failure, such as a drain-gate short 
D2 and D3 block the full supply voltage 
from being fed back to destroy the revula- 
tor. RIO, RII and C3, C4 are merely AC 
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filters to protect the regulator from possibly 
strong RF fields, To set the idle currents, RI 
and R2 must be adjusted to minimum. R3 is 
then adjusted for a regulator output voltage 
of about double the FET gate threshold volt- 
ages (ICI, pin 3). The current is monitored 
at the main supply voltage point while ad- 
justing Ri for a desired idle current, typi- 
cally 800 mA-1.0 A. R2 is then advanced 
until the current is doubled, resulting in 
‘equal idle currents for both devices. After 
this procedure, the settings of RI through 
R3 should remain until one or both FETs 
must be replaced. 


The RF Path 
The amplifier is designed to operate into 
the industry standard 50-ohm input and 
‘output interface. The impedance matching 
to the low impedance levels of the FETS is 
accomplished with broadband RF trans 
formers. Both the inpot transformer (T) 
and the output transformer (T2) are of the 
so-called conventional type in contrast to 
transmission line transformers." Both 
employ only one turn in the low impedance 
winding. T2 is far more critical than TT 
becauseitdeterminesthe efficiency and the 
high frequency end gain characteristics 
plus it must be able to handle a large 
amount of RF power. For inereased band: 
width characteristics, its low impedance, 
cone turn winding consists of three paral. 
Jeled 10-vhm coaxial cables, resulting in & 
tight and controllable coupling between the 
primary and secondary, According to for- 
mulas given in Reference 2 approximately 
twice the present 4.7 em? ferrite cross sec- 
tional area would be required in order for 
the core not to saturate withthe calculated 
127 gauss flux density. The saturation 
mainly occurs at the lowest frequencies, in 
this case at 2-3 MHz. Unfortunately most 
ferrite manufacturers do not give informa. 
tion on saturation flux densities that applies 
to applications such as this. However, itis 
Known that high permeability ferrites, in 
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Unless otherwise noted, all resistors are 
Ye-W metal film type. Ail chip capacitors 
‘except C13 are ATC type 100/2008 or 
Dielectric Laboratories type C17, 

(NOTE: The PCB mount BNC output 
connector used is type BNF34, available 
from ORA Electronics, tel 818-701-5848) 


Fig 1—Circuit Diagram—2 to 50 MHz Amplifier 2-50 MHz Amplifier Components List 


R1,R2—1 kA single-tum Trimpots 

F310 k@ single-tum Trimpot 

R4—470 0, 2 watts 

As—10.0 

RGRI2.R1G—2 ka 

R710. 

B—Exact value depends on thermistor R9 used (typically 5-10 kA) 

R9—Thermistor, Keystone RL1 009-5820-97-Di or equivalent 

R10,R11-~100 0 1 W carbon 

Fi14,R15—EMC Technology model 5308 or KDI Pyrofilm PPR 
870-150-3 power resistors, 25 

Dit N5357A oF equivalent 

02,03—1N448 or equivalent 

ICi —MC1723 (728) voltage regulator 

C1—1000-pF ceramic disc capacitor 

€2,C3,C40.1-4F ceramic dise capacitor 


C5~0.01-uF ceramic chip capacitor 

€8,C12—0.1-uF ceramic chip capacitor 

7,C8—Two 2200-pF ceramic chip capaciters In parallel each 

Co820-pF ceramic chip capacitor 

€10,C11—~1000-pF ceramic chip capacitor 

C18 0.47-uF ceramic chip capacitor or two smaller values in 
parallel 

C14—Unencapsulated mica, 500 V. Two 1000-pF units is series, 
‘mounted under T2 

L1,L2—15 nH, connecting wires to R14 and R15, 1.5 cm each 
#20 AWG 

L3—10 WH, 10 tums #12 AWG enameled wire on Falt-Rite 
Products Corp ferrite toroid #5961000401 or equivalent 

11,72—8:1 and 1:9 impedance ration RF transformers, types 
FF800-3 and RF2067-3 R, respectively (AF Power Systems, 
3038 E Corrine Dr, Phoenix, AZ 85032) 


‘general, saturate casier than low perme- 
ability materials. Thus, the lowest perme- 
ability material should be selected that will 
satisfy the minimum inductive reactance 
requirement at the lowest Irequency of 
operation. The formula to calculate this is, 
NX, = 2c, Where: X_=inductive reac~ 
tance for one tun, N = number of turns, 
Rgj., = source or load impedance. Low 
permeability material is also less lossy at 
high frequencies, resulting in less heat gen- 
erated in the transformer. T1, which must 
handle only 8-12 W of power, is made of 
higher permeability ferrite. This makes it 
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possible to make the unit physically small 
as well. In Ti, the secondary consists of 
metal tubes (see Ref 1), where three turns, 
Of the primary wire is threaded through, 
Metal tubes are also used in T2, but only to 
hold the structure mechanically together. 
At high-power levels generated with 
solid-state devices, which operate at rela- 
tively low voltages, the impedance levels 
automatically become low. This creates a 
problem for finding passive components, 
especially capacitorsto handle the high RF 
currents involved. In vacuum tube siccuits 
a similar problem exists, but in the form of 


high voltages. In this design, C14 gets the 
roughest treatment. It must be able to carry 
RF currents in excess of 10 amperes at the 
higher frequencies, although the voltage 
acfoss itis only 75 V rms. At first, several 
‘good quality ceramic chip capacitors were 
‘wed in parallel, but temperature excursions. 
caused them t0 crack resulting in AF ares 
that burned the circuit board in the area as 
well. Finally, two unencapsulated mica 
capacitors (brand names such as Unelco, 
‘Underwood, Standex, Elmenco and Semco) 
were soldered in series by attaching the 
terminal tabs together, making it a sym- 
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tnetrical structure, Since each is double the 
{otal value required and with double the 
umber of plates, this increases the RF 
current carrying capability and provides a 
larger area tobe soldered to the board metal 
foiltomake the cooling more efficient, The 
Jow impedance winding terminals are then 
soldered tothe tops of the capacitor metal 
casings, leaving the effective capacitance 
cross the winding. For further fine ning, 
an Arco (Elmenco) #469 or Sprague #GM- 
40900 compression mica trimmer can be 
soldered to the fronttop terminals of the 
transformer. Slot openings in the metal foil 
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(Fig 7) located on each side of the output 
transformer, next to the drain terminals, 
‘were provided to increase the series indus 
tance for certain highfrequency narrow- 
‘band applications, This tunes out some of 
the FET output capacitance, resulting in 
increased efficiency. At lower frequencies, 
(below 80 MHz) however, they only add to 
the IR loss and should be shorted. The loca- 
tion of C9 is also critical and should be 
placed approximately as shown in Fig 7. 
‘This will affect the input VSWR at frequen 
cies above 30 MHz, 

Bypass capacitors C10 through CI2 must 
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also be of good quality. The center tap of 
72 should be free of AF if the circuit is 
balanced, This may not always be the case, 
in which case these capacitors will aid this 
function. L3 and C13 form an additional 
filter, ensuring that no RF energy is being 
fed back to the power supply. Switchmode 
power supplies especially are sensitive 
against RF and may actuslly get damaged 
from it 

Negative feedback is provided through 
the networks LI-R14 and L2-RIS. Its pur- 
pose is to prodace a relatively flat power 
gain versus frequency response, It also 
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FiGune 4: Social web objects functional architecture. 


improves the input return Joss and helps to 
stabilize the amplifier at low frequencies, 
where the power gain would be 25-30 dB 
without it. The feedback is at its minimum, 
atthe high frequency end and at maximum, 
at low frequencies, where most power is, 
dissipated in R14 and RIS. This power is 
rmughly the difference in power input with- 
out the Feedback between 2 and 0 MHz 
assuming a constant power output (in this 
‘case 25-30 W). A simple formula for cal- 
culating the feedback resistor values as 
well as their dissipation ratings is given in 
Reference 5. Reference 5 also includes 
information on physical construction of RF 
transformers such as used here. 


Thermal Aspects 

Assuming a 50% worst case efficiency 
for the unit, each FET dissipates 500 W of 
heat in an area of | x 1.5 inch. Itis impera- 
tive that the transistors are mounted on the 
surface of a material with low thermal re- 
sistance Such as copper. This is called a 
heat spreader as it is then attached to a heat 


Fig 9—Amplifior 
mounted to the 
Heat Spreader. 


sink made of material with poorer thermal 
resistance. It should extend about one inch 
beyond the edges of the FET mounting 
flanges at least on three sides. It is even 
more practical to make the heat spreader as 
large or larger than the amplifieritself. This 
‘would allow all cireuit-board spacers o be 
an equal height of 0.125 inch. The thick- 
ness of the heat spreader should be « mini- 
mum of 0.375 inch. The heat spreader is 
then separately attached to the actual heat 
sink, which can be a 12-inch length of 
Wakefield Engineering type 4559 extru- 
sion or equivalent’. Heat sink compound 
‘must be appliod to all thermal interfaces 
and the recommended transistor mounting 
procedure should be followed, including 
the serew torque. Fig 9 shows the amplifier 
‘mounted to the heat spreader. Although the 
heat sink is not shown, one must be used 
for continuous operation and for test peri- 
‘ods longer than a couple of minutes. For 
continuous operation, two S-inch muffin 
fans under the heat siak will suffice. They 
will keep the device case temperature at 
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below 80°C, and the die temperature, 
which equals :o device thermal resistance 
x power dissipation + case temperatur 

0.13 x 500 +80, at less than 145°C, which 
is well below the 200-degree maximum 
recommended value. We must realize that 
the $00-watt dissipation is only valid when 
the unit is operated into a S0-ohm load. 
Under mismatched conditions, depending, 
fon the phase angle, the dissipated power 
may be lower or higher than this value. 


Performance 

Some of the amplifier performance 
characteristics are shown in Figs 2 through 
5. Although at 30 MHz and above all 
harmonies are 25 dB or more below the 
fundamental, an output filter is required to 
comply with FCC regulations. However, it 
can be a simpler one than required for the 
low frequencies, where the third harmonic 
may be only attenuated 12-15 dB. In push- 
pull amplifiers, the even harmonies are not 
usually a problem since they are attenuated 
by the balanced operation of the circuit, 
Information on high power low-pass filters 
for applications as this can be found in Ref- 
erence 7. These filters are automatically 
relay switched with BCD code available in 
most modern transceivers, 


Reterences 

‘The circutt hoards and other components for 
this design are available trom Communica- 
tion Concepts, ‘Ine, 808 Millsione Drive, 
Xenia, OW 45985, tel 513-429-3811) 
220-9677. 

‘Motorola, Inc, Semiconductor Sactor Applica- 
tion Notes AN-749 and AN O35, 

*hibers, AH. "Design of HE Wideband Power 
TransiomeisAmperex(Phitos)Appleaten 
Laboratory Report £08807 and ECO7213 

Blacksome, Aoderick K., ‘Practical Wideband 
RE Power Transformers, Combiners and 
Spitters,” Proceedings of RF Expo, February 
7986: 
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By Mike Kossor, WA2EBY From QST, March 1999 


A Broadband HF 
Amplifier Using Low-Cost 
Power MOSFETs 


Part 1—With only 1 W of drive, you'll get over 40 W 
out—from 160 through 10 meters! 


Minny aticisse beon writen ene 
couraging experimenters to use 
power MOSFETs to build HF RF amplifi- 
ers. That's because power MOSFETs— 
popular in the design of switching power 
supplies—cost as litle 9s $1 each, whereas 
RF MOSFET prices star at about $35 each! 
Overthe years, tucked away several of 
these articles, waiting for an opportunity to 
experiment with them. That opportunity 
came when I received a call from Al, 
W208). Al wanted a low-cost linear ampli- 
fier to use with his SW QRP transmitter 
when band conditions got poor. Ideally, the 
amplifier would generate at least 25 W on all 
the HF bands. As inquiry renewed my in- 
terest in the topic and provided the motiva- 
tion I needed to get my project underway. 
Al provided me with an extensive list of 
RF-amplifier construction articles that use 
power MOSFETs.'* These articles provided 
useful information about MOSFETS and 
general guidelines for working with them, 
including biasing, paresitic-oscillaion sup- 
pression, broadband impedance-matching 


Pcangue snd pal ample peor pee aee a 
mance ats hat Asse of 38 Went (atomic mn han <0) 
putomponerMOSretson tswosonit: | gear 

power of most of the amplifiers described in ei € 


0 
yf 


the articles drops off to 10 W or less as fre- 


juency increases just to 14 MHz. B40 = 

quency ij Is = 

An Idea Brews: 3B = 
After hundreds of hours of experimen- $2 — 

tation, Teame up with adesign that exceeds 18 

our original objective: One watt of input 3 : 


power produces over 40 W of output (after ry 
harmonic filtering) fom 160 thiough 10 

meters, To the basic amplifier, I added an 
RF-sensed TR relay and a set of low-pass Figure 1—Jim Wyckoff, ASX, “1 W In, 30 W out With Power MOSFETs at 60 M,” Hints 
filters designed to suppress harmonic out- and Kinks, QST, dan 1998, pp 50-51 
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Figure 2—Schematic of the MOSFET all-band HF amplifier. Unless otherwise specified, resistors ara '/s W, 5% tolerance 
Carton-composition or flm units. Equivalent parts can be substituted. Part numbers in parenthesas are Mouser (Mouser Electronics, 


968 N Main St, Mansfield, TX 76063; tel 800-346-6873, 817-483-4422, fax 817-483-0931; sal 


hitpywww.mouser.com}; see Note 9. 


61-C8—0.1 uF chip (140-G05022104N) 

09-47 pF chip (140:CC502N470.) 

€10~100 jF, 35 V (140-HTRL35V100) 

G81, C13—15 uF, 95 V (140MLR35V10) 

C121 uF, 50 V (140-MLRLSOV1.0) 

C14—2.2 LF, 35 V tantalum 
(581-2.235V) 

C15—0.01 uF chip (140-CC5028103K) 

616, C17—0.001 uF chip 
(140-6¢5028102%) 

O1—IN47a3A, 5.1 V, 1 W Zener diode 
(683-1N4733A) 

D4—1N4004A(589-1N4004A) 

02, DS—-1N4148 (583-1N4148) 

05—1N4744A, 15 V, 1 W Zener diode 
(889-1N4744A) 

4, J2—S0-239 UHF connector 
{623-81-120) 


K1—12 V DPDT, 960 @ coil, 12.5 mA 
(431-OVR-SH'2121) 

Li, L291) tums #24 enameted wire, 
elosely wound 0.25-in. 1D 

L331 turns #24 enameled wire, closely 
wound 0.190-in. 1D 

1, G2—IRF510 power MOSFET 
(670-1RF510) 

@3—2N3904 (610-2N3904) 

Ri, R2—10 ka trim pot (23-5000-10K) 

FS, R4—27 0, "a W (285-27) 

R61 kA. chip (263-1K) 

Rr — 4.7 KA hip (263-4.7K) 

FE—190 0 1 W (261-180); for 7 dB pad 
(5 Win, 1 W out) 

O43 61, 2 W (282-49); for 7 dB pad 
(SW in, 1 W out) 

RI10—130 02, 3 W (283-130); for 7 4B pad 
(Win, 1W ou) 
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RB, R10—900 0, '/2 W (273-300); for 
3 dB pad (2 W'in, 1 W out) 
RS—18 0, 1 W (281-18); for 3 dB pad 
(2 Win, 1 W out) 
RI1—2.4'K0, "fz W (293-2.4K) 
T1—10 bifilar turns #24 enameled wire on 
an FT-50-43 core, 
T2—10 bifilar turns #22 enameled wire on 
two stacked FT-50-43 cores, 
‘T3—Pri 2 tums, sec 3 turns #20 Teflon 
‘covered wire ‘on BN-43-3312 balun core, 
Misc: Aluminum enclosure 3.586 inches 
(HWD) (837-TF-783), two TO-220 
mounting kits (534-4724), heat-sink 
‘compound (577-1977), amplifier PC board 
(Gee Note 9), heat sink (AAVID [Mouser 
532-244609602I; see text), about two fest 
Of RG-58 coax, #24 enameled wire and 
420 Tellon-ingulated wire, 


i and comply with FCC requirements. 
ie amplifier is built on double-sided PC 
board and requires no tuning. Another PC 
board contains the low-pass filters. Power- 
supply requirements are 28 V de at 5 A, 
although the amplifier performs well at 
13.8 V de. 

Several of these amplifiers have been 
built and exhibit similar performance. Al 
thas been using his amplifier on each of the 
WE bands, logging well over 500 contacts 
in 18 months. Signal reports indicate a no- 
ticeable improvement in readability (about 
two S units on average) over his 5 W rig. No 
indications of in-stability, CW key clicks 
or distortion on SSB have been reported, 
‘To make it easy for you to duplicate this, 
project, PC boards and parts kits are avail- 
able, all at a cost of about $100!” 


An Overview of MOSFETs 

MOSFETs operate very differently 
from bipolar transistors. MOSFETs ate 
voltage-controlled devices and exhibit 
very high input impedance at dc, whereas 
bipolar transistors are current-controed de- 
vices and have aelatively low input imped- 
ance. Biasing a MOSFET for linear 
operation only requires applying a fixed 
voltage to its gate via a resistor. With 
MOSFETs, no special bias or Feedback cie- 
city is equited to maintain the bias point 
‘over temperature as is required with bipolar 
transistors to prevent thermal runaway! 
With MOSFETs, the gate-threshold voltage 
increases with increased drain current. This 
works to turnoff the device, especially at 
elevated temperatures as transconductance 
decreases and Rpsjoy (static drain-to-source 
fon resistance) increases. These builtin self 
regulating actions prevent MOSFETs from 
being affected by thermal runaway. 
MOSFETs do not require negative feedback 
to suppress low-frequency gain as is often 
resquired with bipolar RF transistors, Bipo- 
Tartransistor gain increases as frequency de- 
creases. Very high gain at de and low fre- 
‘quencies can cause unwanted, low. 
frequency oscillation to occur in bipolar 
transistor RF amplifiers unless negative 
feedback is employed to prevent it 
Low-frequency oscillation can damage bi 
Polar transistors by causing excess power 
Uissipation, leading to thermal runaway. 


MOSFET Limitations 

Of course, MOSFETs do have their limi- 
tations. The high gate impedance and the 
device structure make them susceptible to 
electrostatic discharge (ESD) damage. 
Some easily applied precautions prevent 
‘his: Use a soldering iron with grounded tip; 
uuse a wrist strap connected to ground 
through a | MQ resistor to bleed off excess 
body charge while handling MOSFETs and 
do all work on an anti-static mat connected 
{o ground via a | MQ resistor. 

The sensitivity of a MOSFET’s gate to 
static and high-voltage spikes also makes it 
vulnerable to damage resulting from para- 
sitic oscillation, This undesired self-oscil- 
lation could result in excessive gate-to- 
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‘A rear panel view showing the heat sink. 


source voltage that permanently damages 
the MOSFET’s gate insulation, Another 
MOSFET limitation is gate capacitance. 
This parameter limits the frequency at 
which MOSFET can operate effectively 
asan RF amplifier. Irecommend reviewing 
the referents of Notes 1-3 if you are inter- 
ested in more detailed information about 
MOSFETs. 


Power MOSFET RF Amplifiers 

Of the several power MOSFET ampli- 
fiers I built to check their performance, the 
fone providing the best performance is the 
push-pull design described by Jim Wyckoff, 
AA3X, in QST (see Note 3), I used IRF510, 
power MOSFETs rather than the IRFSIIs, 
specified. The performance of this power 
MOSFET amplifier design is summarized in 
Figure 1; its basic design is very similar to 
another amplifier described in the referent 
of Note 4, written 10 years earlier. That am- 
plifier uses a pair of more-expensive 
MRF138 MOSFETs designed specifically 
for RF applications. 

‘As Figure I shows, the Hints and Kinks. 
amplifier performance isexcellent from 1.8 
MHz to 7 MHz and far exceeds the pub- 
lished figure of 30 W output on 3.5 MHz, 
As frequency increases above 10 MHz, 
however, output drops off rapidly, falling 
below 10 W above 21 MHz. (These levels 
were measured after harmonic filtering.) 

Although the amplifier is identified as 
stable, my first attempt at duplicating the 
amplifier resulted in oscillations that de- 
stroyed one of the IRFS10s. I was puzzled 
by this. At first, thought the problem was, 
caused by my substitution of the slightly 
more robust IRF510 MOSFETs for the 
called-for IRF51Is, That idea proved 
wrong when my second attempt to power 
up the amplifier with TRFS11 MOSFETs, 


installed also sesulted in a blown IRFSI1 
(Thank goodness these are $1 power 


MOSFETs, not $35 RF MOSFETS!). | fi- 
nally achieved good stability when I added 
small amount of inductance in series with 
the MOSFET source to ground (just two 
turns of #24 wire, 0.125 inch diameter) 
With this added inductance, I was able to 
remove the ferrite beads from the circuit 
without any sign of instability. Ybelieve the 
substitution of the IRF510 and minimizing 
source lead inductance are the reasons 1 
obtained significantly higher RF output 
power and wider bandwidth than described 
in the referent of Note 3. This experiment 
underscores the need to observe exact con- 
struction techniques and physical layout if 
similar performance istabe expected. Even 
though T used PC board construction, I got 
significantly different results because my 
ayout was not the same as the author's. 


Modifying the Design 

Although the amplifier performed bet- 
ter than expected, its bandwidth was sig- 
nificantly less than desired. Considerable 
experimentation (and 1 do mean consiver- 
able!) resulted in the circuit shown in Fig- 
ture 2. This amplifier consists of two power 
MOSFET operating in push-pull and em- 
ploys an RF-sensed TR relay. 

During receive, TR relay KI is deener- 
tized. Signals from the antenna are con- 
nected to J2and:outed through KI toa tans 
ceiver connected 10 11. (This path loss is less 
than 0.3 4B from 1.8 MHz through 30 MHz.) 
In transmit, RF voltage from the transceiver 
is sampled by C17 and divided by R6 and 
R7. D2 and D3 rectify the RF voltage and 
charge C16, Q3 begins conducting when the 
detected RF voltage across C16 reaches ap- 
proximately 0.7 V. This energizes KI, which 
then routes the transmitted RF signal from JI 


Fig 


D325 aH 


ugpiner enzzvon oxo 


Figure 3—Low-pass fiter schematic. In some cases, the actual filter component values, 
Giffer from the calculated values of a standard 50 input filter. Such differences, 
Improve the impedance matching between the amplifier and the load. Capacitors are all 


dipped mica units. 

1, 63, C5-—1500 pF 
(8982-19-500V1500) 

©2-2700 pF (5982-19-500V2700) 

C4, C6, C8—820 pF (5982-19-500V820) 

G7, C9430 pF (5982-15-500V430) 

Gt0, C12, C1430 pF (5982-19- 
500330) 


to the input of the amplifier snd sends the 
‘output of the amplifier to the antenna at 12. 
RF-sensed relay response is very fast. No 
noticeable clipping of the first CW character 
has been reported 
T made provisions to include an RF at- 
tenuator (consisting of R8, R9 and RIO) to 
enable adjusting the amplifier input power 
to LW. (The parts list contains resistor val 
ues to reduce the output of 2 or 5 W drivers 
01 W.) The |W signal is then applied tothe 
primary of TI via an input impedance 
network consisting of L3. TI isa 
1:1 balun that splits the RF signal into two 
outputs 180 degrees out of phase. One of 
these signals is applied by CI to Q's gate. 
The other signal is routed via C2 to Q2's 
agate, The drains of QI and Q2 are connected 
to the primary of output transformer T3, 
where the two signals are recombined in 
phase to produce 2 single output. T3 also 
provides impedance transformation from 
the low ourput impedance of the MOSFETs 
to the $0 0 antenna port. De power is pro 
vided to the drains of QI and Q2 by phase 
seversal choke, T2. This isa very effective 


C11—860 pF (5982-19-500v560) 
613, C17—180 pF (5982-15-500V180) 
C15—200 pF (5982-15-500V200) 

616, C18—100 pF (5982-10-500V100) 
‘S12 pole, 6 position rotary (10YX026) 
Mise: low-pass filter PC board (see Note 9) 


method to provide power to QI and Q2 while 
presenting a high impedance to the RF sig. 
nal over a broad range of frequencies, The 
drain chokes for Q1 and Q2 are wound onthe 
same core, and the phase of one of the chokes 
{see the phasing-dot markings on T2) is re- 
versed. C9 increases the bandwidth of im- 
pedance transformation provided by T3, es: 
pecially at 21 MHz. 

“The 5 V bias supply voltage is derived 
from 28 V by Zener diode DI and current- 
limiting resistor R11. Bypass capacitors 
3, C4, C5, C6 and C13 remove RF volt- 
ages from the bias supply voltage. Gate bias 
or QI and Q2 is controlled independently. 
RI adjusts QI's gate-bias voltage via R3 
and LI, R2 works similarly for Q2 via R4 
and 12 

At Tow frequencies, the amplifiers in- 
put impedance is essentially equal to the 
seties Value of R3 and Rd. Lt and 12 im- 
prove the input-impedance match at higher 
frequencies, The low value of series resis 
tance provided by R3 and R4 also reduces 
the Q of impedance-matching inductors L1 
and L2, which improves stability. De block- 
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ing capacitors C1 and C2 prevent toading. 
the gate bias-supply voltage. 

C4 keeps transistor Q3 conducting and 
KT energized between SSB voice syllables 
or CW elements. Without C14, KI would 
chatter in response to the SSB modulation 
envelope and fast keying. Increasing the 
value of C14 increases the time K1 remains, 
energized during transmit. The reverse 
voltage generated by KI when the relay is 
deenergized is clamped to a safe level by 
Dd. DS drops the 28 V supply to 13 V to 
power 12 V relay KI. DS can be replaced 
‘with a jumper if K1 has a 28 V de coil or if 
‘you intend to operate the amplifier with a 
13.8 V de supply 


Harmonic Filtering 

Although biased for class AB linear op- 
eration, this amplifier (like others of its 
type) exhibits some degree of nonlinearity, 
resulting ia the generation of harmonics, 
This push-pull amplifier design cancels 
even-order harmonies (2f, 4, 6f, ete) in the 
‘output transformer, T3. Odd-order harmon- 
ics are not canceled, Second-order harmon- 
ics generated by the amplifier are typically 
Jess than 30 dBc (30 dB below the carrier) 
whereas third-order harmonics are typically 
only 10 dBe. FCC regulations require all HF 
RE-amplifier harmonic output power to be 
atleast 40 dBe at power levels between 50 to 
500 W. To meet this requirement, itis com- 
‘mon practice for HF amplifiers to use low- 
pass filters. Separate low-pass filters are 
needed for the 160, 80, 40 and 30 meter 
bands. The 20 and 17 meter bands can share 
the same low-pass filter. So, 100, the 15, 12 
and 10 meter bands can share 2 cominon, 
low-pass filter; see Figare 3 

‘Switching among the six filters can be a 
messy wiring problem, especially on the 
higher-frequency bands where lead lengths 
should be Kept short for optimum perfor- 
‘mance. This problem is solved by mount- 
ing all six low-pass filters on a PC board. A 
two-pole, six-position rotary switch ($1) 
mounted directly on the same PC board 
manages all filter interconnections. One 
pole of $1 connects the amplifier output to 
‘one of the six filter inputs, while SI's other 
pole simultaneously connects the corre- 
sponding filter's output to the TR relay, 
KI. Only two coaxial-cable connections, 
are required between the RF amplifier and 
the low-pass filter board, 


Next Month 

In Part 2, I'l wrap up with amplifier 
construction and adjustment, and discuss, 
the amplifier’s overall performance. See 
you then! 
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Apter components, (Mouser PA 371. 
NPRM Coan of ompier Pe boar 
tna at PC Soardnounes ch 
Cept one et ors) Prise $08 pues 
Pepsi: nronre kt ue PA 3 

Rta) sndaing of he arnt ence: 
reo Use eongcortwo YO-S50 unt 
ings AVIS hats ang oe Sona’ 


wat i compound : 
[Garpase te tt oveer ON S7t NEARED) 


Consleting of the lowpass fiter PC board, ro 
{ary switch and all PC-board-mounted capaci 
{ors {inductor cores are nor inc rice: 
S35, plus shipping. Pat t diagrams 


accompany the PC boat 
‘9 boards only are avaliable from Mouser 
Electronics: HF amplifier board, (4971- 
AMPPWE-2):fiter PC board (WOT!-LPPWE- 
2). Price $18 each, plus shipping 
‘The tollowing two Kis are avaliable trom 


‘Amidon Ine (Amidon, Ine, 240 Briggs Ave, 
Costa Mesa, CA 92626; tel 1-800-898-1883, 
“714-860-4660, fax 714-850-1163): Amplifier 
ferrite kt (Amidon PIN HAFC) containing the 
ferrite cores, balun core and magnet and 
Teton wire to wind the wranstormers for the 
HE ampiter. Price: $3.50 plus shipping. Low 
ass filler cores kt (Amidon PIN HFFLT) con- 
{alning all iron cores and wire forthe low-pass 
iter. Price: $4.50 plus ship. 

"See Motorola Application Reports 01/95, 
118215, Application Report ARSA6. 

“Thermal runaway is a condition that occurs. 
with bipolar Wransistors because bipolar tran- 
Sistors. conduct more a8 temperature in 
‘creases, the increased conduction causes an 
Inerease In temperature,.which further in 
creases conduction, etc. The cycle repeals, 
‘GnUl the Bipolar transistor overheats and Is, 
perm: damaged. 


e Kossor, WA2EBY From QST, April 1999 


A Broadband HF 
Amplifier Using Low-Cost 
Power MOSFETs 


Part 2—Let’s put the finishing touches on this all- 
band HF amplifier! 


ast month,"! I covered the history and component. Don’t apply 100 much heat toon the PC board. Use @ wrist strap con: 

levelopment of his 40 W(average)am- chip capacitors. The metalized contacts on nected to ground through a | MQ resistor 
piifer.'m sure you're anxious 10 get your the capacitor can be damaged or completely _ ta bleed off static body charge while han- 
‘amplifier finished and on the air, so let's removed if too much heat is applied. Use a dling MOSFETs, and do the work on 
“get going! 151020 W soldering itor and limit soldering an anti-static mat connected to ground via 


time to five seconds, a MQresistor. The gate input can be dam- 
Amplifier Construction Mount axial-leaded resistors, diodes and aged by electrostatic discharge! 
‘The amplifiers constructed ongdouble- remaining capacitors next. To avoid dam- When winding T3, wind the primary 


sided PC board with plated through holes to aging them, mount inductors and trans- first and add the secondary winding over 
[provide op-side ground connections. !used formers last. Ll and L2 are wound on a the primary. Be sure touse Tefion- insulated 
ipresistorsandcapacitors o simplify con- 0.25-inch drill-bit shaft. By wrapping the wire for T3's windings; the high operating 
Sinton, but leaded capacitors may work if wire around the shaft 10 times, you'll get temperatures encountered will likely melt 
Jead lengths are kept short. Fist, assemble 9'/oturns. The lastturnares only ahalfcurn standard hook-up wire insulation. 
All chip capacitors and resistors on the PC before entering the 
board. Tweezers help tohandle chipcompo- PC board. 13 is 
sents, Work with only one component value wownd on a 0.190- 
fata time (chip caps and resistors are very inch diameter drill 
{ifficult to identity!). Chip capacitor and bit with 342 turns 
resistor mounting is simplified by tinning wound the same 
tte side of the PC board trace with solder way as LI and 12. 
efor positioning the capacitor or resistor. Mounting KI is sim, 
‘Touch the soldering iron tip to the capacitor plified by first bend. 
‘oF tesistor to tack it in place. Finish mount- ing all its leads 90° 
ing by soldering the opposite side of the outward soit lies 
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‘4—RF output power comparison of the Hint and Kink 
amplifier and this design. 
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Figure 5—Etficiency comparison of the Hint and Kink ampitier 


and this one. 


Heat Sinking 

Together, QI and Q2 dissipate up to 
59 W. A suitable heat sink is required 10 
prevent the transistors from overheating and 
damage. Tused an AAVID 244609802 heat 
sink originally designed for de-to-le power 
convesters. The amplifier PC board and heat 
sink are attached to an aluminum enclosure 
by two #4-40 serews drilled through the PC 
board, enctosure and heatsink at diagonally 
‘opposite corners. rectangular cutouvin the 
enclosure allows QI and Q2 direct access to 
the heat sink. This is essential because of 
the large thermal impedance associated with 
the TO-220 package (more on this topic 
later). Mark the locations of the transistor- 
1b mounting-hole location in the center of 
the heat sink in between the cooling fins. 
Disassemble the heat sink to drill 0,13 inch 
holes for #4-40 mounting screws, OF tap 
4#4-40 mounting holes in the centet of the 
heatsink fins. 

Use mica’ insulators and grommets 
when mounting QI and Q2 to prevent the 
##4-40 mounting serews from shorting the 
70-220 package drain connections (tabs) 
to ground, Coat both sides ofthe mica insu- 


lator with a thin layer of thermal compound 
to improve the thermal conduction be- 
‘ween the transistor tab and the heat sink 
Be sure to install the mica insulator on the 
heat sink before assembiing the amplifier 
PC board to the enclosure and heat sink. 
‘The mica insulators are larger than the cot 
outs in the PC board, making it impossible 
to install them after the PC board is 
mounted, 


Low-Pass Filter Construction 
Inductor winding information for the 
low-pass filters is provided in Table 1 


Single Band 

A PC-board trace is available on the 
amplifier PC board next to amplifier output 
(3) toallow the installation of a single-band 
Iow-pass filter between the terminals of J3 
and KI’s input, J4. This is handy if you in- 
tend to use the amplifier on one band only. 
‘The input inductor of the low-pass filter 
connects from J3 to the single PC trace ad: 
JacenttoJ3. The output inductor connects ia 
series between the single PC trace to J4. The 
three filter capacitors connect from J3, 14 


Figure 6—Input SWR comparison of the two ampiiiors. 


and the PC-board trace near 33 to ground, 
This single trace is not used when muttiple 
{filters are required. Remember to remove 
the single trace adjacent to J3 on the ampli- 
fier PC board before attaching the amplifier 
board between the RF connectors on the 
enclosute’s rear panel, 


‘Multiple-Band Filters 
Using the amplifier on more than one 
band requires a different approach. A set of 


Table 1 


Low-Pass Filter Inductor Winding 
Information 


(Refer to Figure 3 in Part 1)) 


Inductor No. of 

Number Turns _ Core 
Li,L2 30 tums 750-2 
U3,L4 Be rung T-50-2 
156 16 tums 150-2 
L7,LB 14 tung T-50-2 
L9,LIo tt turns T-50-6 
Li4,L12 — Btuns —T-50-6 


Note: All inductors are wound with #22 
‘enameled wire except for L1=L4, which 
are wound with #24 enameied wire. 
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Figure 7—RF output power versus supply-vallage of tis 
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conditions. 


Figure 8—Thermal pertermance of the amplifier during key-down 
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4x low-pass filters is built on a double- 
d PC board with plated through holes 
Jopovide top side ground connections, A 
d mount, two-pole, six-position 
switch docs all low-pass filter selec 
‘ton. Silver-mica, leaded capacitors are 
in all the filters. On 160 through 
“BW meters, 750-2 toroids are used in the 
ids are used for in- 
‘00 20 through 10 meters. The num- 
‘of turas wound on a toroid core are 
ited on the toroid's OD as the wire 
ses through the core center (The ARRL 
ook ” provides complete details for 
toroids). Assemble one filter sec~ 
nat atime starting with the 160, 80, 40- 
then the 30-meter filter. With 
mounting position at your upper 
the iter input (C1) isnearthe top edge 
ithe board and the filter output (C3) is 
tthe bottom edge. The last two filters 
out of sequence? the 15-10 meter filter 
before the 20-17 meter filter) and 
“the inputsoutputs are reversed to simplify 
“the PC-board layout, The input capacitors, 
C13 and C16, are mounted on the board 
otiom edge, and output capacitors, C15 
“and C18, are on the top edge. 

‘Use care when assembling the rotary 
ich. All 14 terminals must fit through 
PC board without damaging or bending 
pins, Make sure there are no bent pins 
{you attempt assembly, Insert the 
switch into the PC board, Do not 
the rotary switch all the way into the 
d holes flush with the ground 
Ifyou do, the op flange ofthe signal 

‘may short fo the ground plane, 


a5 Adjustment 
‘Thebiasing procedures straightforward 
requires only a multimeter to complete. 
rst, set RI and R2 fully counterclockwi 
Von the gates of QI and Q2). Terminate 
-RF input and outputs with a 50 82 load. 
x connect the 28 V supply to the ampli- 
fn series with a multimeter set to the 


ly 9.5 mA (28 ~ 5.1 V) 124 KO 
9S mA), Set QI’s drain current to 10 mA, 


by adjusting RI until the 28 V supply exr~ 
rent increases by 10 mA above the idling. 
current (9.5 + 10 = 19.5 mA). Next, adjust 
R2 for a Q2 drain current of 10 mA. This 
is accomplished by adjusting R2 until the 
28 V supply current increases by an addi- 
tional 10 mA (20 29.5 mA). 


Amplifier Performance 

With a 28 V power supply and 1 W of 
drive, the RF output power of this amplifier 
exceeds 40 W from 1.8 MHz. through 
28 MHz, Peak performance occurs at 
10 MHz, providing sbout 75 W after filter- 
ing! A performance comparison between 
this amplifier and my modified version of 
the Hint and Kink amplifier mentioned 
cartier is shown in Figure 4, 

As shown in Figure 5, this amplifier 
achieves an efficiency of better than 50% 
over its frequency range, except at 7 MHz 
where the efficiency drops to 48%. In con- 
trast, the Hint and Kink amplifier delivers 
greater efficiency between 1.8 and 7 MHz, 
but it drops rapidly to only 20% as fre= 
quency is increased. 

Figure 6 compares the input SWR of the 
two amplifiers. The Hint and Kink am- 
plifier's SWR is acceptable (< 2:1) only at 
1.8MHz, This amplifier is better, however 
it, 100, exceeds 2:1 above 14 MHz. The in- 
put SWR of this amplifier can be improved 
to better than 2:1 on all bands by adding a 
3 dB pad (R8-R10 of Figure 2) atthe input 
and supplying 2 W to the pad input. This 
keeps the amplifier drive at 1 W. 

Figure 7 graphs this amplifier's RF out- 
put power as a function of drain supply 
voltage. During this test, the amplifier RF 
drive level was kept constant at 1 W. As 
‘you can see, even when using a 13.8 V de 
Supply, the amplifier provides over 10. W 
output a gain of more than 108) from 1.8 
to 30 MHz. 


Operation 

‘The amplifier requires no tuning while 
operating on any HF amateur band. You 
must, however, be sure to select the proper 
low-pass filter prior to transmitting. If the 
wrong low-pass filter is selected, damage 
to the MOSFETs may result, Damage will 
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likely result if you attempt to operate the 
amplifier on band with the low-pass filter 
selected for a lower frequency. For ex- 
ample, driving the amplifier with a21 MHz 
signal while the 1.8 MHz low-pass filter is 
selected will likely destroy QU andior Q2. 
‘The amplifier ean also be damaged by 
‘overheating. This limitation is imposed by 
the TO-20 packages in which QI and Q2 
are housed, The thermal resistance from 
junction to case is a whopping 3.5°C/W, 
This huge value makes it virtuafly impos- 
le to keep the junction temperature from 
exceeding the +150°C target for good 
reliability. Consider the following condi- 
tions: key down, 1 W input, 53 W output 
on 7 MHz(worst-case band foretficiency). 
‘The amplifier consumes 28 Vx 4 A 
122 W, of which 53 W are sent to the an- 
tenna, $0 59 W (112 W—~53 W = 59 W) are 
dissipated in QI and Q2. Assuming equal 
‘current sharing between QI and Q2, each 
transistor dissipates 29.5 W. To keep the 
transistor junction temperature below 
+150°C requires preventing the transistor 
case temperature from exceeding 46.8°C 
(150 = [3.5 x 29.5]) while dissipating 
29.5 W. Also, there is a temperature rise 
‘aeross the mica insulator between the tran- 
sistor ease and heat sink of 0.5°C/W. That 
makes the maximum allowable heat-sink 
temperature limited to 46,8 ~ (0.5 x 29.5) 
32°C. In other words, the feat sink must 
dissipate 59 W (29.5 from each transistor) 
with only a 7°C rise above room temper 
ture (25°C). Even if the junction tempera 
tures were aflowed to reach the absolute 
maximum of 175°C, the heat sink tempera 
ture must not exceed 57°C. Accomp! 
ing this requires a heat sink with a thermal 
resistance of (57 — 25) / 59 = 0.54°C/W. 
‘This is tar less than the 1.9°C/W rating of 
the AAVID 244609802 heat sink I used. 
‘The situation may seem bleak, but all is not 
lost. These calculations make it clear that 
the amplifier should not be used for AM, 
FM or any other continuous-carrier opera” 
tion. The amplifier should be used only for 
CW and SSB operation where the duty 
cycle is significantly reduced 
‘Thermal performance of the amplifier 
is illustrated in Figure 8. Data was taken 
under de operating conditions with power- 
dissipation levels set equai to conditions 
under RF operation, A RadioShack brush- 
less 12 V de fan (RS 273-243A) blows air 
across the heat sink. Key down, the miaxi- 
‘mum rated junction temperature is reached 
in as litle as five seconds as illustrated in 
Figure 8. Prolonged key-down transmis 
sions should be avoided for this reason 
Under intermittent CW conditions, the 
situation is very different. Transistor-case 
temperatures reached 66°C after operating 
four minutes under simulated CW condi- 
tions at 20 WPM (60 ms on, 60 ms of? 
‘The corresponding junetion temperature is 
4141°C (based on an equivalent RMS 
power dissipation of 21.7 W per transis- 
tor). This keeps the junction temperature 
tunder the 150°C target (see Figure 9). One 
simple way to reduce power dissipation is 
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requests and initiate service provisioning processes, the 
service discovery function to select the available services, the 
composition engine to enable service mashups, and the Real- 
World Knowledge (RWK) and situation management func- 
tion to acquire RWK and continuously maintain it. Besides 
these core functions, several microservices have been used 
to provide the plug-and-play feature in the proposed design; 
that is, in case of service failure, it is replaced with another 
one, These services include the Request Evaluator microser- 
vice which interprets a service request and matches a request 
query to the service template. The registration microservice 
registers newly added service objects to the registry. When 
1 new template is instantiated, objects are put in service, 
and to know the existence of available service instances, they 
are recorded in the service registry. The lookup microservice 
is defined to search for the required service objects using 
the semantic representation. ‘The representations available 
in RDF/OWL format are queried from the registry based 
on the request parameters. Service life cycle management 
keeps track of the states of service objects during their life 
cycle, whereas RWK management microservice is a semantic 
data processing service which processes facts about user 
preferences, profile, and situational information. 

‘To realize service provisioning, itis always not possible to 
satisfy the service requirement with a single service function. 
Service composition and harmonization features are required 
to fulfill a demanding service request. Service composition is 
not a single operation; many microservices are used to com- 
pose the individual features. One of the major components 
of the composition is the Workflow Management (WEM) 
microservice which is responsible for decomposing the ser- 
vvice requirement if no single service is available to satisfy 
the task. WEM microservice identifies the service objects 
using input and output interfaces. In this concern, it uses 
the matchmaking microservice to identify the approximate 
matches that can serve the required service functionality. 
Here, service objects are semantically represented in the form 
of ontologies. The semantic ontology alignment algorithm is 
used fo match the service up to a certain threshold level that is 
defined by the matchmaking microservice. The reuse tracker 
microservice is used to identify the current service instance 
usage by the application; it incorporates a coordination 
mechanism before instantiating any new instance, and this 
helps in service reuse by many clients. Binding microservice 
enables tying of services selected by WFM; this function 
synchronizes input and output of services in a workflow 
to produce a single service output based on the generated 
composition plan. 

Furthermore, user characterization is another important 
element to support the [oT services by matching user require- 
ments more closely. The User Profile Manager microservice 
handles many facts related to the human user. These include 
user profile, preference, context, and policies. Semantic Con- 
text Collector microservice organizes the services requested 
by the user and the context in which these services were 
requested. This helps in identifying user interest with respect 
to the service context. User context or situation helps in 
service selection more efficiently if a user requests again 
with a similar service requirement. Some microservices have 


been designed to handle user situation information; these 
microservices include situation discovery, classification, and 
recognition functions. Situation discovery is used to process 
sensor data that is provided by CVOs to prompt a situation, 
whereas machine learning algorithms are applied to remove 
the false values and data normalization is performed in case 
inappropriate triggers in the data exist. Situation classification. 
incorporates the reasoning methods and rules to generate 
a relationship over detected events and refine the missing 
knowledge between the events. Situation projection analyzes 
the events data with the help of machine learning methods 
and provides an output in the form of predicted facts that 
are related to the situation being detected. Moreover, all 
the microservices coordinate using a communication hub to 
share information with each other, 

A flow of service inception to service execution in the pro- 
posed architecture is depicted in Figure 5 where service man- 
agement is responsible for initiating the above-mentioned 
functionalities and instantiating the microservices. This pro- 
cess further results in the generation of CVO/VO mashup 
graphs to be handled by CVO management (discussed in 
Section 3.4.2) Situational information has also been used to 
improve request analysis and service provisioning, whereas 
VO management (discussed in Section 3.4.3) acquires and 
aggregates data from sensors and other RWOs, 


Social Relationship Management Microservices. To support the 
social relationships among web objects at each layer of the 
proposed system, relationship management microservices 
are defined, which support the codification of relationships 
among web objects (VOs and CVOs) and their management. 
‘These microservices are defined as follows. Group manage- 
ment microservice identifies the grouping of objects into 
specific sets based on the type and interaction of objects; it 
builds a social graph of the object relationships. Link man- 
agement microservice incorporates mechanisms to maintain 
relationships among different objects and it includes several 
other subfunctions. The first subfunction is object selection 
which involves choosing candidate objects that are likely 
to form a particular association. ‘The second subfunction 
is matchmaking service which provides exact relationship 
match based on the type of objects. ‘The third subfunction 
is the association life cycle manager, which maintains the 
relationship status between objects; it checks whether they are 
in active relation or not. It keeps track of relationship validity 
and also the duration of relationships. Relationship observer 
microservice enables the object activities to be observed, 
and it also handles the mutual sharing, which defines what 
information an object is allowed to share or use of another 
object based on the relationship among them. Relationship 
dependability recognizer microservice identifies, maintains, 
and continuously improves the level of reliability among 
objects. If objects A and B are frequently interacting and 
always perform a task together that leads to successful 
execution of an application to serve the requirements, then 
they are more likely to form a reliable relationship with each, 
other. The consistency of the relationship allows objects to 
share their information with fewer constraints as compared 
to unpredictable association among objects. Relationship 


to reduce the power-supply voltage to 
24 V. RF output power will decrease about 
10 W from the maximum levels achieved 
with a 28 V supply, 

From a thermal standpoint, the (RF510 
power MOSFET is a poor choice for this 
RF amplifier apptication. Although I must 
say L am impressed with the robustness of 
these devices considering the times I spent 
testing them key down, five minutes at a 
time, without failure. QI and/or Q2 may 
need to be replaced after a year or so of 
operation because of the compromise in 
reliability. Considering their low cost, that 
is not a bad trade-off. 


Stability 
High gain, broad bandwidth and close 
input/output signal routing (within the TR 
relay) all work against stability. With 
good load (< 2:1 SWR) the amplifier is 
Stable from 1.8 MHz through 39 MHz, 
Oscillation was observed when the trans- 
mitter frequency was increased to 40 MHz. 
The output loud match also affeets stabil- 
ity. Oscillation was observed on 27.5 MHZ 
when the load SWR was 3:1. This should 
rot be a problem since the frequency is 
outside the ham bands. I spent a great deal 
of time trying to make this design uncondi- 
tionally stable even with loads exceeding 
3:1 SWR without sacrificing output power 
(gain) at 28 MHz without success. I did 
identify some reasonable compromises, 
‘One of the easiest ways to improve sta- 
bility and the input SWR seen by the RF 
source is to add an RF attenuator (pad) at the 
‘amplifier input. An attenuator is absolutely 
required if the transmitter (driver) provides 
‘more than | W to the amplifier. R8, RO and 
R10 form an RF attenuator that attenuates 
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the transmitter drive level, but does not at- 
tenuate received signals because it is only 
in the circuit when K | is energized, To drive 
‘his amplifier with a 2-W-output transmit- 
ter requires use of a 3-dB pad, The pad 
improves the amplifier input SWR and the 
isolation between the amplifier’s input and 
‘output. The drawback is that 1 W is wasted 
in the pad. Likewise, a 5-W driver requires 
use of a 7-dB pad, but 4 W are wasted in the 
pad, (Values for R8, R9 and RO to make a 
3-dB pad and a 7-dB pad are given in the 
parts list.) Installing a pad requires cutting 
the PC-board trace under R9, otherwise RO 
‘would be shorted out by the trace. Make a 
small cut (0.1 inch wide) én the trace under 
RO before soldering R9 in position. RB and 
R10 have the same values, but may have 
different power ratings. Connect R10 be 
toveen the RF input side of R9 and ground, 
Install R8 between the amplifier side of RO 
and ground. 

‘An impedance mismatch between the 
output of a I-W-output driver and the am 
plifier input can be a source of instability. 
(Obviously, if the driving transmitter's out. 
put power is only 1 W, you can’t use a pad 
as described earlier.) If you encounter sta- 
bility problems, try these remedies: Place a 
resistor in parallel with LI and 12 10 de- 
crease the Q of the amplifier matching net- 

fork (tty values Between SO and 220 2). 
ry reducing the value of L3 or eliminating 
L3 entirely. Both of these modifications 
improve stability, but reduce the amplifier's 
output power above 21 MHz, 


‘Summary 

This project demonstrates how inexpen- 
sive power MOSFETS can be used to build 
an all-band linear HF power amplifier. Fre 


{quency of operation is extended beyond the 
limits of previous designs using the IRF510 
and improved input-impedance matching, 
Long-term reliability is recognized asacom- 
promise because of the poor thermal perfor: 
‘mance of the low-cost TO-220 package. 

If you have been thinking about adding 
an amplifier to your QRP station, this 
project is a good way t0 experiment with 
amplifier design and is an excellent way to 
become familiar with surface-mount 
“chip” components, I made arrangements, 
with Mouser Electronics and Amidon Ine 
to provide parts kits for this project at a 
discounted price (see the parts list in 
Part 1). These parts kits make it very easy 
to get started and more economical to 
“homebrew” this project. 
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Amplifier 


feed a rugged and stable amplifier for 

your multiband QRP rig? Not only has 
the design been optimized on a pricey com- 
puter program called Touchstone (by 
fexsof) for unconditional stability, it has 
factually survived a variety of poor ioads 
twas used to sweep filters with 5 W of RF. 
The gain of the Wo stage amplifier was 
measured t0 be between 28 and 30 dB in 
‘heamatevr bands, though there is another 
4B of gain around 37 MHz 

For ruggedness and ease of design, a 
Motorola MRE 137 was selected as the fi- 
tal transistor. While the MRF 138 may be 
tore linear, insufficient design informa- 
tion was available 10 ensure a stable 
design. While some amateurs will balk at 
the high cost of these devices ($24 in 
November 1991), such savings are easily 
lest if the cheaper device has a habit of 
blowing up. Also, one picks up areal clean 
$58 signal—the high-order IMD products 
are way down compared to typical bipolar 
fanplifiers. For instance, the worst IMD on 
357,14 and 28 MHz was -38 dB on 28 
Miir, with the Sth order products 61 dB 
down (relative to PEP). The device was 
putting out 5-W PEP while being biased at 
5. (26-V supply). 

Perhaps the biggest flaw is the power 
requirement— these FETS really like to see 
igholtages for best performance, and the 
MRF 137 isno exception. [biased the MRF 
137 for 0.55 A and 28.2 V. It drew 0.6. A 
then putting out 4.6 W at 28 MH2. The 
diver runs off your normal 12-V supply. 

The input amplifier shown in Fig la is 
prety straightforward—a bipolar 2NS109 
With the feedback networks adjusted to 
‘ompensate the gain of the MRE 137, A 
series network of a 470-a resistor and a 
I2-pF capacitor was tacked between the 
‘collector and ground to ensure stability s¢ 
all frequencies. The MRF 137 rolls off-a 
few AB at 54 MHz, but the bipolar ampli- 
fier adequately compensates for this gain 
Aeficiency. The input return loss is better 
then {8.dB between 1-4 and 29.9 MHz, but 
Aegrades to 12 dB at 50 MHz. The input 
SWR was not tested with poor loads 

By itself, the MRF 137 amplifier stage 


shown in Fig Ib (see next page) makes an 
excellent 16-dB gain block between | and 
32 MHz, having less than 0.5 dB of gain 
variation. The transmission line trans- 
former on the input seems to help the input 
return loss/SWR, keeping these numbers 
above 18/below 1.3 10 1 between | and 50 
MHz, I suppose that putting another trans 
mission line transformer on the output 
could be used to get a more powerful am- 
plifier with less gain over a similar fre- 
quency range, but this variation has not 
been investigated. 

‘The simplest circuit board {could think 
of was used— I cut two pads in a piece of 
double-sided circuit board for the gate and 
drain leads. Then I wrapped the edges of 
the board with copper tape and soldered it 


From QEX, May 1992 


A1.8 to 54 MHz 5-Watt 


down for good grounding, After making 
holes for the MRF 137 transistor and the 
‘mounting screws in the board and a spacer, 
made of 0.050-inch aluminum, I attached 
the spacer, the circuit board, and the MRF 
137 to a heat sink tapped with 4-40 screw 
holes. Standard ground-plane construc- 
tion was used to attach the other parts, The 
2N5109 amplifier was built on its own 
ground plane—RF amplifiers work better 
if there isn’t too much gain in one place. 
Three additional amplifiers were built by 
Mike Gruber, WAISVF, for use in the fab. 
He noted that RB had to be changed from 
4.7 kQ to 1 kQto bias the amplifiers at 0.5 
amps. Apparently, the MRF 137s he used 
have a higher gate threshold voltage. Oth- 
erwise, performance was as expected. 


“ 


say 
0 Input 


ourur 


Fig 1a—Low-level amplifier designed to compensate for the gain rolott from the power 


amplifier 


Q1—2N5109, 2.5-W heat-sinked AF transistor, f; is 1200 MHz. 
T1—16 turns bifilar #28 on FT-37-43 toroid cove, 
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Fig 1b—5-W TMOS power amplifier. 

L126 turns no. 26 enameled wire on T-44-2 
toroid, 3.9 yh. 

Q2—MAF 137 transistor. 

F9—10-k2 tun potentiometer for bias setting 

RFC1—21 tums of no. 26 enameled wire on 
FR-37-67 torlod 

72-4 tums 25-02 coax on FT-50-43 toroid core, 
The 25-0 coax is actually two 50-9 coax run 
side-byside. The prototype used RG-196/U 

UI—7@LOS 5-V regulator. 


nour 


© 


1-20 Chapter 1 


y Joel Paladino, NSAMG From QST, September 1992 


An Experimental Solid- 
State Kilowatt Linear 
Amplifier for 2 to 54 MHz 


Many kilowatt amplifiers could anchor a small boat, 
and don’t cover 6 meters. Combined with its power 
supply, this kilowatt weighs less than 35 pounds. 


is article describes progress toward 

achieving a well-defined goal: building 
the smallest possible MF/HF/VHE 
amplifier capable of atleast 1000 watts out 
put, Nicknamed the Solid State Kilowatt 
(GSKW), the project hay its roots in an 
anicle by Helge Granberg of Motorola in 
Ociober 1986 RF Design. Two water: 
cooled amplifiers of that design, built by 
Mike Staal (K6MYC) of M2, had many prob. 
lems. Some of them were device-related; 
athers, power-supply related. (More about 
these issues later.) In February 1990 I rebuilt 
‘ne of the water-cooled units using the old 
design and two new transistors. Optimized 
for 50 MHz, this amplifier could just reach 
the 1000-watt level. After using it for three 
weeks of South Pacific DXpeditioning, 1 
decided to construct an air-cooled unit. I 
spent the spring, summer and fall of 1990 
building the SSKW and getting it ready for 
another DXpedition in the fall 


Circuit Description 

Motorola's article reprint AR-347 de- 
scribes the basic amplitier design. July 
1990 QEX also carried an article about it? 
Fig 1 shows the amplifier schematic, 
Briefly, the circuit consists of two MRF1S4 
RF power MOSFETs in push-pull. Each of 
these transistors is capable of 600 watts 
‘oiput up to 100 MHz. The input and output 
transformers, 9:1 and 1:9, respectively, use 
cores of #67 ferrite material, The output 
transformer’s 1:9 ratio isa compromise that 
is optimum at about 800 watts 

Incorporating the Motorola building 
block into a DXpedition-ready package re 
quired experimentation and problem-solv 
ing.2s Idescribedat the 1991 Central States 
VHF Conference.? Here's where the sys- 
tem stands today, 


TR Switching 
The SSKW includes TR relays that by- 
s the Fig I circuitry in receive mode. 1 
designed theircontrol circuitry toeliminate 
the possibility of the high RF fields in the 
amplifier compartment causing relay 
falsing problems, and to simplifies field 
repair by keeping parts count low. The re- 
lays are sequenced to allow the output 
relay to close before the amplifier puts out 
Power. Because relays take a few millisec~ 
‘onds to operate, sequencing is necessary 10 
keep the relay from hot-switching the am- 
plifier output. (Hot-switching 1 kW will 
destroy a relay rapidly!) 

This design has two small problems. For 
the short time it akes the amplifier's input 
relay to close on switching from receive to 
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transmit, the exciter operates without a 
load. This can be remedied by delaying the 
exciter keying. The other problem is the 
relay’s closure time changes as the relay 
heats, This can be solved two ways: Use 
external electronics todo the delay, or tem- 
perature-compensate for the resistance 
change. 


‘SWR Protection 

Thaven’t yet built SWR protection into 
the amplifier. In January 1983 QST, Helge 
Granberg described an SWR-protection cir- 
cuit fora 2-10 30-MHz amplifier.* A phone 
conversation with Helge indicated that this 
circuit will work to 54 MHz, so it should 
suffice. How much mismatch the MRF154s 
can tolerate is unknown, however, sol don’t 
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6-Meters: OXpeditioning with a Difference 

Making the most of 6 meter DXpeditioning depends on 
knowing where and when to go If you want to work Europe 
from the Canary Islands summertime is best because spo- 
radic E propagation is best then If you want to work the US 
from EA8 go when fall shifts into winter to take advantage of 
east/west F2 layer propagation Its always more exciting to go 
to a rare place but not necessarily more fun’ 

‘Once you ye decided on a DXpedition site plan your travel 
fon the assumption that you Il want to stay on site for at least 
two weeks This gives you about a 50% better chance of hav- 
ing good openings within a given month 

Pay particular attention to the RF prospects of your accom- 
modations Ideally you d be able to see ocean in all directions 
that s not possible all s not lost A direct oceanic path isn t 
always the best propagation may be better over the backscat- 
ter path You ll want to get your antenna up as high as possible 
‘0 minimize radiation angle and AFI And consider EMI and NI 
possibilities carefully Some areas of the world use NTSC. 
channel 2; others, PAL on channel 1—right in the middle of 
the band! If your RF gets into a resort's CATV system you Il 
drive 60 televisions crazy rather than one or two. 

Chapter 6 of The ARAL Operating Manual covers 
DXpedition power, health, licensing and logistical concerns 
in detail so see that book for more about those topics Ill add 
one thing though I helps to find a local ham with FAX capa- 
bility as well as HF who can help youwith questions on licens- 
ing and living accommedations 

This can take 80% of the surprises out of the expedition! 


‘The author's setup at CN2JP, Rabat, Morocco. Eifcienc 
‘counts more than neatness while you're busy making 90 

‘contacts on 6 and 20.0 2:meter EME! (DXpedition photos 
courtesy of the author) 


Equipment 

What | bring and use on 6-meter DXpeditions is based 
largely on the experiences of Jim Treybig, WEJKY, in his many 
years of 6 meter DXpeditioning. The core of the approach is 
pretty much this: Run as much power as permitted and bring 
as big an antenna as possible. There are practical limits to 
this, but let your ingenuity direct your thoughts. | consider 100 
Wais a minimum, 500 watts good and 1000 watts as optimum, 
High power lets you take advantage of scatter pats that sim= 
ply won't work at 100 watts. I's very frustrating to hear a well 
equipped station that you cannot work! 


Which Antenna? 

‘A DXpedition antenna must be compact, light and repra- 
ducible The Yagi | use has six elements on a 80 foot boom. 
Optimized by Brian (K6ST!) Beezley's Yagi optimization pro- 
gram YO it's fed with a T match and a half wave balun. Its 
Boom folds down to two 40 inch sections, each 2 inches in 
diameter. Most of the element pieces ft inside the two 40-inch 
sections. The antenna is light enough to lift with one hand. 

‘A rotatable antenna is mandatory. You'll need to turn your 
anterina to find the best direction of propagation. The antenna 
‘mast, 20 feet long overall, consists of 40 inch sections of 
2zinch aluminum tubing joined with internal sleeves. The ro- 
tator is at the mast bottom and there's a slip ring at the mast 
top just below the Yagi (Having the rotator at the bottom makes 
putting the antenna up easier by minimizing weight at the 
Upper end of the mast.) 

Tuse Dacron rope for guying. How much rope should you 


Dxpeditioning would be no fun at all without antenna work! 


‘want to use the SSKW to calibrate its own 
SWR-protection circuitry! 

‘The amplifier’s output can be reduced 
two ways: by turning down the exciter 
power via amplifier-generated ALC, or by 
reducing the amplifier bias. (These are en- 
hancement-mode FETs, so positive bias is 
necessary to turn them on.) The ALC option 
is better because it does not affect the 
amplifier’s linearity. A n0-utput-load con- 
dition must shut down the amplifier as 
quickly as possible. 


Overdrive Protection 

Overdrive can destroy power MOSFETs 
instantly, so a drive limit control is essen- 
tial, A threshold detector should be incor- 
porated. The SSKW's input includes a 
5-4B attenuator so 100-watt exciters can 
drive the amplifier without damaging it. If 
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the 5-dB pad fails to attenuate, or if the 
cexciter puts out too much power, the ampli- 
fier must be shut down rapidly. 

‘The amplitier must also be shut down if 
the transistors’ flange temperature exceeds 
40°C. Shutdown can be done two ways, 
depending on how the amplifieris used. The 
first way is to justturn down the bias, which 
changes the amplifier’s linearity. The sec 
ond way is to totally turn off the amplifier. 
‘This must be done gracefully so the ampli- 
fier does not shut down while producing 
full power. The following shutdown se- 
{quence is essential; (1) Turn down the bias; 
(2) open the input relay; and (3) open the 
output relay, 


Bias 


The SSKW’s bias circuitry is straight- 
forward. R8's value must be tailored to the 


particular MRFIS4s used. If the bias de- 
creases too fast with rising temperature, 
increase the value of R8, The LM723s in- 
put voltage must never exceed 40 volts, 


Output Filtering 

Filtering must be added to make the 
amplifier comply with FCC signal-purity 
regulations, The reactance of these filters 
away from their intended passbands must, 
be taken into account. Absorptive low-pass. 
filters should be considered. Such filters 
dissipate harmonic energy as heat rather 
than reflecting it back to the amplifier an 
sistors 


Packaging 
I intended to make this amplifier as 
small and light as possible. Most of the 


amplifier’ weight is its aluminum heat sink 


{ako? Simple: Estimate what you need, multiply by 2.5 and 
ou miont make | usually bring two diameters 
eh. 


Radios 
Bring at least two radios: one for HF liaison (usually at 10 
‘melers) and another for 6 meters. | recommend maximizing 
redundancy by taking two radios that both cover 10 and 6. At 
Jeastone of the 6-meter rigs should include an excellent noise 
for power-line problems and motorbikes. It must also 
be able to drive a Kilowatt ampitier to full output on 6. (I use 
Kenwood TS-680S and one ICOM IC-575.) Receive cov- 
between 10 and 6 meters is another pius. Where it’s 
listening to nonamateur services between 45 and 
)MHiz can be very important in determining the direction of 
propagation 


‘Additional Gear 

Bring 12-volt supplies capable of operating at the line 
vwltage and frequency at your DXpedition destination. The 
‘supplies should also be able to handle wide line-voltage varia- 
{ions around nominal. Carry two of them—one for each radio, 
{modity mine by adding line filtering and fusing. Parallel a 
“standard receptacle of some kind with your supplies’ rig plug 
or cable. Two-prong, polarized Jones plugs work well. You 
‘an use them on everything for quick setup and breakdown. 

‘Bring & memory Keyer for use as a beacon and in normal 
‘CW operation. Also consider taking @ laptop computer. | now 
Use a computer for logging, taking notes, calculating beam 
headings, and determining the footprint of the sun. 


ing 
Severn! operating subjects are of prime importance, Ten- 
Ito lsor comer ist ou mast ug 16 meters Togo UP- 
fo-date propagation information and find out who's being 
heard. When you're feeling your way through a pile of sta: 
are you ca porate ice vory ao prepagain opp 
Teel yor don'tenocx 10 motes ator 
Enemelr contact procedures same ne I's very ifcult 
atngovenyre nappy anemreters when youre wnoOX vou 
pastel vice and steve hom Bick bearoncy and Je yor 
Teslokoop t won tne band gets Susy Ty foo work he 
Consens ores ardover agin especialy surg pheure 
‘Your goal is to give as many people as possible a new coun: 
Wy. Wort cach station as guicky as possible, Bort decuss 
Mines end gr sases-noltie fakes wt ges tower 
pep g hanes work you am thao fhe OS. 
J Which should you operate—phone or CW? The an- 
fer is “Probably bole Cl Henetraios wes conations 
‘betler than phone, and it gives more people at the edge of 


DXpeditioning is also about meeting people. Here's Tarik 
Skired), CN8ST, and friends. 


propagation a chance at working you. Then, when you go to 
phone, everyone who can will work you again. | favor CW. 
‘DXpedition operation because of my experiences on the non- 
DX end. 

‘Should you operate on a single frequency or split? Go 10 
split when there's a massive opening and you're being 
‘GRMed by people calling you. This usually happens during 
intense backscatter openings. Hams on the 10-meter liaison 
frequency can tell you when QAM gets too heavy. 


Conclusion 
Six-meter DXpeditioning is a blast. And the SSKW makes 


it even more fun: | can devote more weight to antennas! — 
N6AMG 


jeopper heat spreader. How much heat 
ing s needed depends on the duty eyeie 
red. decided that a duty cycle of 50% 
was acceptable. The resulting weight 
the package, 14 pounds, is very accept 
‘The SSKW is inches wide, 12 inches 
and inches high, 
‘Thekey tomaking the package light was 
ise the smallest possible heat spreader. | 
ded to use enough Mé-inch-thick copper 
surround each MRFIS4 with at least | 
‘of spreader. I machined the spreader 
and attached it to the heat sink, also 
ined fat. After attaching the copper to 
aluminum, tresurfacedthe copper again 
aransistor contact points to insure flat- 
spread a thin layer of heat-sink c 
between the copper and aluminum, 
‘another layer between the copper and 
transistors 


With two high-pressure, 24-volt fans 
blowing on the sink, the resultant duty 
cycle limit is a little less than 50%. These 
fans are in series across the amplifier’s 
50-volt supply. The small fan in the com- 
partment is a 12-volt unit that just barely 
fits. (The compartment needs to be a litle 
deeper.) A fan is necessary here, however, 
because compartment airflow dramatically 
keeps the output transformer's ferrite from 
getting hot. 

‘A heat sink with more fins and a thicker 
base, but the same fin depth, would raise 
the duty-cycle limit. (The copper spreader 
shouid be made larger as well.) These 
changes would also make the amplifier 
heavier. 


Construction Techniques 
‘A milling machine is required for 
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all of the amplifier’s heat-con 
ductive interfaces. Physical flatness is 
essential for maximum heat conductivity 
and to avoid warping the transistor cases. 

‘The Motorola bulletin specifies the torque 
of the screws on the MRF1S4s" flanges. 

Tightening these screws uniformly assures 
‘that the flanges won"t warp duringiempera- 
ture cycling. 

Ri4and RIS, the feedback resistors, are 
flange-mounted. Their beryllium copper 
leads cannot be flexed very many times be- 
fore they break. (According to their manu- 
facturer, that may be only once!) These 1wo 
resistors just barely fit, So, make sure the 
‘two MRFIS4s are separated properly. 


Power Supply 


To keep the amplifier small and light, 1 
use a switching power supply. A Lambda 
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470 


8357 9 


Except of incleates, decimal values of 
capacitance ore in meroforade (nF): 
‘others re in picofrade (pF): 
Fesistances ore In ohma: 1,000, 


oy 
1000 


Fig 1—The basic SSKW circuit can produce at least 1 KW from 2 to 54 MHz. Duplicating this circuit requires additional information not 
given here. Output filtering is also necessary to ensure compliance with FCC emission-purity rules. See the text, Motorola Application 
Note AN-287, July 1990 OEX and the 1991 Central States VHF Conference Proceedings for details. The Centra States write-up 
Includes SSKW performance graphs and spectrograms in addition to a diagram of the amplifier's relay-control circuitry. 


LFS-50-48 (net weight, 20 pounds) does the 
job, with good results. Sized at 15 inches 
long, 7.5 inches wide and 5 inches high, it 
can source 50 amperes at 50 volts. This, 
power supply produces significant radio 
noise up to 30 MHz, most of it radiating 
froin the supply’s ac-line leads, | EML-fil- 
tered the supply’s leads with good success. 
(We need better, RF-quieter switching sup- 
plies!) Because linear supplies generate 
litle or no RE EMI, they are superior to 
switching supplies for fixed-station use. 


Overshoot is a regulated power supply 
characteristic that’s particularly trouble~ 
some in switching supplies, Overshoot oc- 
curs when a regulator responds too slowly 
to keep its output voltage down in response 
to short-duration, high-current loading. Ina 
50-volt switching supply, and depending on 
the load, overshoot transients of more than 
100 volts may result. I've seen overshoot, 
destroy expensive transistors! The SSKW 
supply must be able to safely handle the 
variable power-supply demand that occurs 


during SSB and CW transmission, 

Power-supply RF sensitivity is another 
consideration. Some power supplies are sen- 
sitive to RE, Their output voltages may vary 
with the presence and amplitude of RE on 
their input and output leads. The SSKW's 
supply must be free of such effects 


Hints and Kinks 
Be careful when applying de to the 


amplifier for the first time. Do not use & 
high-current supply for initial tests, Use & 


Two Motorola MAF 154 AF power MOSFETS in push-pull make 
the SSKW perk. A 20-watt wxclter drives the amplifier to full 
‘oulput. (amplifier photos by Kirk Kleinschmidt, NTOZ) 
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Without its two 24-volt fans, the SSKW's heat sink and spreader 
would have to be much larger. 


Table 1 


SSKW Performance Versus Frequency 


uggage weight the SSKW amplifier conserves can be put to 
bef uses—2-meier moonbounce gear, for instance. Opera 
P, the author completed 20 EME contacts—Morocco’s first— 
ber 1991. On the same trip, the SSKW performed like a 
ight through 900 contacts with 6 cauntries on 6 meters. 


rentlimited, 3- or 4-ampere supply to 
ck the regulator and set the bias. The 
fer should have a reverse polarity 
diode rated at a voltage appro- 
to the supply. 
tke sure that you have a $0-ohm load 
amplifier output. The bias circuitry 
yy not act correctly if there is no load. 
increase drive, Watch the output 
and the current drain to make sure 
ey ae inline with efficiency. Ifthe input 
chs bad, check C7 and C8. If the am- 
does not achieve its efficiency capa- 
RF that doesn’t make it to the load 
itty to leave via the de input line. This 
use C12 to explode off of the under- 
‘of the board. Also, under normal op- 
the single unit Motorola specifies 
PCI2 can barely handle the RF current 
passes through it, 1 recommend paral- 
100-volt,0.05-or 0.1-HF chip capaci 
instead of using a single 0.1-F chip. 
mis difficult to analyze because 
on the underside of the board. 
‘mentioned earlier, the SSKW’s bias 


ty may have to be tailored to the 
cular MRFIS4s used. One thing not 
ted on the schematics is the addi 
jofan Arco 365 variable capacitor (C1S 

1) across C14 to cancel some of the 


inductive reactance in the output trans- 
former at 6 meters. 


Performance 

Witha 50-volt power supply, the SSKW 
can produce over 1-1 kW from 2 (054 MHz. 
AL this power level, the MOSFETs" drain 
current runs at around 40 amperes, depend- 
ing on the operating frequency. Table | 
shows amplifier performance data taken at 
six different frequencies. The SSKW can 
produce up to 1.5 KW below 30 MH 

Especially below 30 MHz, the SSKW's 
harmonic ouiput rises with output power. It 
may be possible to use only four low-pass 
filters to cover the 2 to 54 MHz range if a 
second harmonic of ~40dB can be tolerated. 
Since the transistors operate in push-pull, the 
second harmonic is usually not a problem, 

Without its 5-dB input pad and operat- 
ing with a 50-volt supply, the amplifier ex- 
hibits an input SWR of less than 2:1 (re- 
ferred to 50 ohms}throughout its frequency 
range. Only below 5 MHz does its input 
SWR exceed 1,6:1, Inserting the 5-4B pad 
adds 10 dB of return loss and keeps the 
input SWR below 1.3:1 through the 
amplifier's operating range. I have not yet 
measured the amplifier’s two-tone, 
thirdorder IMD performance. 
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Drive Power 
Freq Power Output Ip Gain Efficiency Input Vac 
(Hz) (Ww) (Ww) (A) (4B) (8) SWR (V) 
245 1000 39.1 16.1 512 1.81 50 
21.0 1000 334 168 599 1.39 50 
17 1000 32.4 168 599 1.39 50 
185 1000 92.3 177 619 1.36 50 
195 1000 41.5 171 482 1.87 50 
29 1000 39.7 154 50.4 1.51 50 
Final Notes 


For now, I ean say that my goal of a 
compact, lightweight amplifier capable of 
atleast | KW output is a reality. The SSKW 
has served me well in its intended 
DXpeditionary application, Nonetheles 
the amplifier in its present form is still ex 
perimental. Before the SSKW could be 
acceptable for general use, output filtering 
and failureproof protection circuitry would 
have tobeadded, The next generation is on 
its way. The next project? Use the same 50- 
volt supply with power FETs capable of 
covering 44 to 432 MHz, and build it into 
a similar package! 
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‘some new chip caps (the 900 series) that 
hhave higher voltage and current ratings than 
the capacitor Motorola specifies. | have 
samples but have not tried them yet. 
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By Jerry Pittenger, KBRA From QST, September 1986 


An All-Band, 1500-Watt- 
Output 8877 Linear 
Amplifier 


full-legal-limit output, can be built at home. it is, 
however, a major project requiring dedication 


this amicle is the result of a 10-month 

project to build a iegal-limit linear am- 
plifier. The amplifier uses the popular 
EIMAC_ 8877 GCX1S00A7) high-mu 
power triode that can provide a continuous 
RF output of 1500 W to the antenna 

In recent years, I have built several dif 
ferent linear amplifiers, and I must admit 
that this previous experience was neces: 
sary to obtain the results achieved with this 
project.'"T hope that by sharing this expe: 
rience, others will benefit from it. Any 
amplifier design depends on the various 
components used and individual prefer- 
ences, Therefore, you may not want—or be 
able—to duplicate this amplifier exactly 

The comment Ieceive most often fm 
the amateur fraternity is about the high cost 
to build an amplifier like this. The criticism 
is valid. This amplifier is not inexpensive 
tobuild. Plan to spend from $1000 t0 $1200 
for the RF deck, and another $500 to $600 
‘on the power supply. If you really think 
about it, though, these costs are a bargain 
when you consider the performance and 
quality of the final product and the cost of 
aan equivalent commercial unit 

This article is presented in two parts. In 
this part, I will describe the RF deck and 
power supply in general terms. Schematic 
diagrams and parts considerations are in- 
cluded. Part 2 gives detailed instructions 
for constructing the two units and consid: 
‘erations for the final testing and operation. 


Preliminary Thoughts 
Finding Parts 

Finding parts can be a big task. Even the 
most difficult parts to find. such as the 
vacuum variable capacitors, vacuum relays 
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and commitment. 


Table 1 

Recommended Tools 

* Drill press or dril fixture (with set of 
highspeed bits) 

+ Band saw capable of cutting "/einch- 
thick metal 

* Chassis punches ("/s inch to 1 Inch) 

+ Fly cutter, 2-inch radius 

*Vise 

+ Set of taps 

+ Common handtocls (screwdrivers, 
pliers, soldering iron and gun) 

+ Volt-ohmmeter 

+ Variable power supply (5-26 V, 1 A) 


+ Dip oscillator 


and door-knob capacitors are avaiiable, 
however, and appear for sale in the ads 
(QST Ham-ads and the Yellow Sheets), or 
at hamfests and flea markets 5 Probably the 
best source of parts is other hams who are 
actively building equipment. Go talk to 
these people and let them know what you 
are looking for. It's amazing how others 
Will help, and even let you into their per 
sonal stores. There are people, like myself, 
who like to build amplifiers. Once you leara 
who these individuals are, keep in touch 
‘with them, They can help find the key pats 

Parts that are not available in the sue: 
plus market can be purchased new. This 
will be necessary for some parts, such as 


= 


pes, etc. Just remember that when you 
inew commercia! amplifier, you pay 
price for every component 


god assortment of hand tools, as well 
me powerools, are necessary to com- 
is project. Table | shows the tools 1 
ined. In particular, I recommend that 
press and band saw be available, You 
doth: job without all of the tools listed, 
job will be much mote difficult 


{s probably the most valuable re- 
gefor most of us, and the one that may 
hardest to find. This project ook well 
250 hours to complete. The Key is to 
ghstep right, nd not hurry. Build the 
ier in a place where you can leave 
pjecton the table and walk away. Plan 
slep and build in discrete modul 
fanhour or so Whenever possible, and 


iy, but surely, the modules will take 
‘bis amazing how much you can 
mplsh using these small time seg- 
gs Also, great strides can be made on 
‘ora Sunday. Commitment and 

are the virtues required to fin 


RF deck is designed to be a table- 
ait (68 tle photo), The power supply 
emotely controlled and can be located 
anywhere. The amplifier design is 
don proven circuitry. Included are all 
ts equired to provide a clean signal 
las adequate protection devices for 
etal-cerumic 8877 tube. 


onto! Circuitry 
Fig 2 shows the schematic diagram for 


the amplifier control circuitry and low-volt- 
‘age power supply. The 117-V ac input from 
the high-voltage power supply enters the 
RF deck through a S-conductor intercon- 
necting control cable. Each control line is 
terminated in a pi-section filter as it enters. 
the RF deck, to prevent RF from getting 
into the control cable and power supply. 
The pisection filters are constructed as an 
independent module. 

‘The amplifier is powered up by the FIL. 
ON/OFF switch, $1. Engaging $1 turns on 
the blower, filament power and 26-V de 
power supply. The current inrush to the 
tube is limited by Ri, in series with the fila 
‘ment transformer primary. After approxi- 
mately 1 second, KI energizes and KIA. 
shorts Ri thus providing full filament volt- 
age to the tube, The KI delay is controlled 
by R2 and CI across the relay coil. R3, in 
series with the other leg of the filament 
transformer primary, is adjusted to provide 
the proper filament voltage (4.85 V ac) 10 
the tube under load. 

‘The 8877 requires a 3-minute warmup 
period to reach proper operating tempera- 
ture. A solid-state timing circuit, formed 
by QI and Q2, locks the amplifier out of 
‘operation until the warmup period has 
elapsed. When the 26 V de comes on, C2 
charges through the 500-kilohm time- 
delay adjust and 1.2-megohm resistors. QI 
and Q2 form a high-impedance Darlington 
circuit, and the emitter of Q2 follows the 
voltage rise on C2. The high-impedance 
Darlington circuit is required to prevent the 

pacitor charge from draining through the 
transistors, After approximately three min- 
utes, the potential at the emitter of Q2 
reaches 18 V at which point the 4PDT re- 
lay, K2, engages. K2A applies 26 V de to 
the K2 relay coil, removing the relay cur- 
rent load from Q2. The voltage also turns 
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‘on the TIME pilot light located on the am- 
plifier front panel to indicate that the 
warmup period is over. The same line also 
applies 26 V de to $2B of the HV-ON push- 
button switch, which, when engaged, sends 
26 V de to the RF input/output relay ci 
‘cuits. K2B connects a 100-kilohm resistor 
‘across C2 to drain the charge from C2. This 
resets the 3-minute timer should the ampli- 
fier be turned off and immediately back on. 

K2C and K2D ate wired in parallel and 
apply 117 V ac to HV-ON switch S2A to 
energize the high-voltage power supply. 
‘The high-voltage power supply can't be 
turned on even if the HV-ON switch is 
engaged until after the 3-minute warmup 
period has ended. IN/OUT switch $3 al: 
lows the amplifier to be put inthe standby 
‘mode with the amplifier turned on. Both 
HY-ON and IN/OUT front-panel push-but- 
ton switches must be engaged 10 key the 
amplifier, thereby making it impossible 0 
operate the amplifier without high voltage 
oon the tube. 

The amplifiers keyed by grounding the 
base of Q3 through the exciter TR-relay 
contact. A transistor is used to limit the 

urrent switched by the exciter VOX relay. 
his avoids a potential problem ifthe ex 
citer VOX relay sparks on closure, which 
could damage the relay contacts. The “grid 
trip” break in the relay line causes the re- 
lays to drop out if the grid trip circuit actu- 
ates from too much grid current (approxi- 
mately 120 mA). During normal operation, 
the grid trip break is shorted by a normally 
closed set of contacts on K3 (see Fig 3). 

‘When the amplifier is keyed, the output 
REF relay must be closed before drive is 
applied tothe ube—otherwise the tube will 
twansmit for a brief period without a 50- 
‘ohm antenna load. This would not only be 
harmful tothe tube, but also cause the grid 
trip circuit to actuate. Therefore, a timing 
circuit, comprised of a50-ohm resistor and 
i00-~iF capacitor, is included across the RF 
input relay K4 to allow vacuum relay KS 
time to close. The capacitor value depends 
on the relay used. Do not make the delay 
too long, since during the delay time, the 
exciter does not have a proper 50-ohm load. 
‘Check the time delay by placing alow volt- 
age across the relay contacts and monitor- 
ing the contact closure on a dual-trace 
scope. I used a delay of about 20 ms. 


RF Amplifier Circuit Design 

‘The RF amplifier circuit is shown in Fig, 
3. The amplifier uses a tuned input network 
to minimize distortion produets and provide 
1 proper impedance match between the ex- 
citer and the tube. The input network is re 
motely switched, using small DPDT relays, 
to connect the correct pi-section for the se- 
lected band. A homemade switch deck is 
mounted on the band-switeh shaft, in front 
of the subpanel, to groune the 12-V de line 
for the proper input relay as selected by the 
main band switch. On 190 meters, the switeh 
also controls a solenoid relay to add a 160- 
pF capacitance in parallel with the TUNE 
vacuum variable capacitor. 
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Figune 5: Request initiation and service execution flow in the proposed architecture 


lookup microservice incorporates the discovery algorithm 
(as given in listing of Algorithm 1) to discover the social 
relationships and maintains the list of all objects and their 
potential association rating. The rating defines the opportu- 
nity for objects to form a relationship with each other. 

“Moreover, the operation flow of social microservices has 
been illustrated in Figure 6, where VO management retrieves 
the social relationship among objects this is queried using 
link management, which uses a lookup service. Associations 
are maintained in a social relationship graph using semantic 
ontology and queried using the relation observer service. The 
social graph is also updated and maintained continuously 
with respect to changing links among objects, on the basis 
of which VOs are selected 


34.2, Functional Components in Aggregated Object Virtual- 
ization Level. Aggregated object virtualization (AV) level 
involves all the necessary functions to instantiate, manage, 
and continuously monitor CVOs. Besides, it includes the 
interface required by the service level to interact with CVO 
components. Service level provides the mashup graphs of 
CVOs and VOs that are required to fulfill a service request. 
Aggregation level also supports some core functions; these 
are categorized as CVO configuration and management to 
decompose requests from service level and manage CVO 
instances, CVO generator to instantiate CVOs, composition 
function to form CVO and VO mashups, reuse management 


to select existing CVOs that approximately match service 
requirement, and system knowledge engine to grow know!- 
edge for the optimal use of CVO resources. Further, other 
aggregation level functionalities are as follows: registration 
function records the CVO entry into the semantic CVO 
registry in the form of RDF/JSON format. CVO includes 
ontologies that specify conditions to be applied on the 
VO data. Also, at this level, templates are created by a 
domain expert or knowledge engineer, which consist of 
functionalities associated with each CVO type. Template 
management module provides an interface to include tem- 
plates to the CVO template repository and also supports 
the modification mechanism, CVOs are discovered using 
their semantic annotation via the discovery function, CVO. 
selection analyzer function provides estimated selection of 
a CVO for reuse if there is no single CVO that can exactly 
provide the required service. This is supported by similar- 
ity checking mechanism to analyze the level of similarity 
before recommending for reuse. At aggregation level, another 
important function is event processing; event streams gen- 
erated by object virtualization level are highly valuable to 
infer situational awareness and building RWK that is used 
by high-level functions. Event processing module facilitates 
processing of events and provides generated facts as output. 
Event processing is supported by CVO hypothesis analyzer 
that incorporates several hypotheses which are trained over 
data to build system level knowledge. Aggregation level also 
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An effective ALC circuit, adjustable 
from a front-panel control, is included to 
avoid overdriving the tube, This Feature is 
essential in this amplifier because the drive 
requirement is only about 80 W for 1500- 
‘W output, The ALC circuit samples the RE 
drive level through  27-pF mica capacitor 
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to generate a de voltage that is fed back to 
the exciter for drive-power control, 

The grid-trip-protection circuit shuts 
down the amplifier if grid current exceeds 
120 mA. This protects the tube from tuning, 
errors or other problems such as losing the 
antenna, or a tube flashover during opera- 


Fig 2—Ampiifier control circuit and low- 
voltage power-sunply schematic diagram. 
Part numbers shown in parentheses are 
Radio Shack 

B—Blower, Dayton 4C004- 
D1-D6—Diode, 1 kV, 2.5 A, 

FB_Ferrite bead 

K1-K4—4PDT 24-V de relay, 

Potter & Brumfield KHUT701 1 
KS—-SPDT vacuum relay, 26-V do coil 
(Q1,02—2N3053 NPN transistor. 
Q3—TIP31 NPN transistor (276-2017). 
R125 0,20 W. 


AI9—25 Q, 25 W variable, 

RFO—10 iurns no. 14 enam wire on %-in- 
diam ferrite rod 

$1,S3Alco 16TL5-11 SPST. 

S2Alco 167L5-22 DPDT. 

S4—Aleo 16TZ pilot light 

Ti—Filament transformer, 5.0 V ac, 10 A, 
Peter Dahl Co, 

1225.2 V ac, 1.0 A, Stancor P6469. 
U1—60-V, 4-A bridge rectifier 


tion, Although grid current flows through 
all paths from ground to the B - line, most 
of the grid current goes through RI. The 
current passing through RI develops a volt- 
age drop. For example, if 100 mA of grid 
‘current is drawn through RI, | voltis devel 
oped (E = IR =0.100 x 10). This voltage is 
used to turn on the transistor switch, Qi. 
When Qi turns on, the grid-trip relay, K3, 
energizes and opens the grid trip break in 
the RF relay control line to shut the ampli- 
fier down. R2 sets thecurrent level at which 
Qi turns on. The front-panel GRID TRIP 
lamp goes out ifthe trip circuit is activated 
The switch is reset by pressing 3. 

‘The plate tank circuit uses a pi 
figuration because this design provides 
approximately 20-0B better harmonic sup 
pression than the conventional pi design. 
The TUNE and LOAD capacitors are 
vacuum variable types to minimize space 
requirements and also optimize perfor- | 
mance on |2 and 10 meters where small 
capacitance values are needed to achieve 
an acceptable tank-circuit Q. The 10-10 40- 
meter tank coil is homemade from %-inch 
copper tubing that is silver plated to mini: 
mize skin resistance. The 80-meter, 160. 
meter and L-coils are toroid designs to 
minimize space, Using a toroid for the L 
coil also helps isolate the L network from 
the rest of the tank circuit because of the 
toroid’s self-shielding characteristiés, 

Metering circuits monitor plate and grid 
current, as well as filament voltage. Plate 
current is monitored by placing a meter in 
series with the B — line, Therefore, only a 
small de voltage is across the meter. An 
additional position can be included on the 
FIL/GRID meter for plate voltage, but one 
is not shown in this design because a sepa 
rate high-voltage meter is included in the 
power supply. It would be a good idea to 
icinde a high-voltage scale on the meter 
cease the RF deck is ever used with a dif 
ferent highvoltage supply. Grid current is 
monitored by measuring tne voltage drop 
across RI. R3 is adjusted to give the cor- 
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12-V de relay (275-261), 
40 tums no. 14 enam wire on ‘/-in-diam ferrite rod. 


RFC3—Choke, 1 mH, 800 mA. 

REC4—110 turns no. 20 enam wire on ‘s-in diam fiber rod. 

RFC5—Filament choke, 18 bifilar turns no. 14 enam wire on 
‘Yerin-diam ferrite rod, 6 inches long. 

PC—Three 150-ohm, 2-W carbon resistors in parallel with 2-inch 
Rorseshoe loop of "inch silver-plated strap. 

L1-L5—Seo Table 2 

‘M1,M2—Simpson Wide-Vue panel meter, 01253 bezel and 01165, 
lighting kit (See text). 

S1G-positon,2-pole switch, Racio Switch mode! 88, 19-4V, 

'$2—Solenoid-controlled switch; see text. 

S3—SPST normally closed momentary switch, Alco 16TL-14 with 

-2 red lens. 
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Fig 38—see previous page, 


rect gridcurrent meter reading, Filament 
voltage is measured by converting the ac 
voltage to de and displaying the de voltage 
on M2. The 3.1-V Zener diode expands the 
meter scale by not allowing conduction 
until the voltage reaches 3.1 V. 
‘Avvacuum relay is used for the amplifier 
‘output. The relay is small in size, quiet and 
capable of handling large RF currents. 


RF Deck Parts Selection 

Finding all the parts for the RF deck is 
‘a major task. If you are planning to build 
an amplifier, begin collecting parts as soon 
as possible. It is the first step because the 
physical layout of the amplifier will de- 
pend on the components available. Don’t 
try to exactly duplicate the components I 
used. For example, vacuum variable ca 
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pacitors come in many different shapes and 
sizes, with different mounting provisions, 
Actually, the parts you find may be better 
than the parts used in my RF deck, As an 
example, a 1500-pF vacuum variable 
LOAD capacitor would be much better 
than the 1000-pF unit I used. Therefore, use 
whatever resources you have available to 
acquire the parts— but a word of caution! 
Do not compromise too much when gath- 
ering components, If you cannot find what 
you need on the surplus market, buy the 
Parts new. Kt may cost a little more, but if 
the project is not done right, you will never 
bbe happy with the final result 


Vacuum Variable Capacitors 
Vacuum variable capacitors are often 
difficult to locate at reasnable prices, Plan 


to spend about $50 for the TUNE capacitor 
and $75 10 $100 for the LOAD capacitor if 
vacuum capacitors are used, The TUNE 
capacitor should be at least 300 pF at 7 kV, 
and the LOAD capacitor should be at least 
1000 pF at 3 kV. 

‘An air variable capacitor can be used 
forthe LOAD control, if desired, The mini- 
‘mum capacitance for the LOAD capacitor 
is 112 pF for 10 meters, which is not diffi- 
cult to obtain with an air variable type. A 
rating of 1 kV, minimum, is recommended. 
However, it is a different story for the 
‘TUNE capacitor. The minimum required 
capacitance is 26 pF. The direct inter-elec- 
trode capacitance of the 8877 tube in 
grounded-grid service is 10 pF therefore, 
the TUNE capacitor must have a minimum 
value of not more than 16 pF for 10 meters. 

This is nearly impossible with a 300-pF 
air variable, In addition, the voltage re- 
{quirements for the TUNE capacitor make 
any air variable rather large. For these rea- 
sons, a vaewum variable is recommended 
for the TUNE capacitor 


Meters 

Good-quality meters with bezels are 
sential for good appearance. The Simpson 
Wide-Vue® meters I used were purchased 
ata hamfest. The bezels were ordered di- 
rectly from Simpson because they seldom 
appear on the surplus market. Actually, al- 
most any meter movement can be used, so 
don't pass up a good meter just because it 
reads 50 V or 100 mA on the scale. Any 
meter with a movement from 100 HA to 
5 mA can be used. This allows use of ap- 
proximately 90% of the meters available on 
the surplus market. I will give instructions 
later for calibrating any meter to read what- 
ever cosrent or voltage is required. 


AF Band Switch 

Good RF band switches are very diffi- 
calt to locate. More problems are experi- 
‘enced with arcing band switches than with 
any other amplifier component. If the band 
switch selected has insufficient voltage in 
sulation, it will are to the wiper rotor on the 
high-impedance 10-meter position when 
operating on the Yower-frequency bands. I 
obtained the band switch Yor sy amplifier 
from Radio Switch Corp. The model 88 
switch isa 2-pole, 9-position unit with a 13- 
KV peak flashover/30-A contact rating. This 
switch will not arc! Its list price is currently 
$107, and it is well worth the money! 


Miscellaneous Parts and Materials 

Many of the small parts (capacitors, re- 
lays and resistors) can be purchased at 
Radio Shack. Their pats selection is ood, 
and continues to increase. You can usually 
find store around the corner in almost any 
city. Pioneer Electronics is also a good 
source for commercial-grade components.? 
Good-quality PC-board material can be 
found at almost any hamfest. Don't com- 
promise here—use G10 glass-epoxy board, 
‘As for coils? Make them. Complete “how. 
to” instructions are given later. 


The Key to continuous duty in a high- 
per linear amplifiers the power supply 
must be able to deliver the required volt- 
and current on a continuous basis, 
er supplies are usually the limiting 
sor in commercial linear amplifiers. 
AWORD OF CAUTION IS IN ORDER. 
power supply is avery dangerous piece 
fequipment! Give is proper respect. One 
te can be fatal. Use proper precau 
in the construction and testing of this, 
and be careful to build a safe unit 
Trecommend that the power supply be 
fir. The construction is not complex 
itean serve as a training ground for 
fer building techniques, particularly 
he first-time builder 


pply Design 
‘he power supply is shown in Fig 4, 
bike schematic diagram is shown in Fig 
he hypersil power transformer has 

NV 2¢ primary, and a 3300-V ac sec- 
adaty that is tapped at 2600 V. This se- 


of two output voltages allows for a 
tnd lowpower capability. An alter- 
ive to this approach is 10 include a 


primary circuit of the power trans- 
includes a step-start circuit to 
the diode bank during the in 
Of Cl, the 53-pF filter capacitor. 
atthe power supply is turned on. Two 
1, 25-W resistors, one in each leg of 
‘pimary, are shorted by time-delayed 
iysapproximately 3 to 4 seconds after 
cation of power. The more current 
mnthrough the resistors at start up, the 
voltage drop realized and this, in 
protects the diode bank, The delay is 
ided by the time constant of the $00- 
resistor and 100-F capacitor. The 
days must be de types. Those I used have 
de coils which allows power to be 
from one 117-V leg of the pri- 


mary. 1f90-V relays can’t be obtained, 24 
V de relays can be substituted. A 24-V de 
power source must be provided if this is 
done, 

‘The rectifier unit is a full-wave bridge 
with eight diodes in each leg. A 470- 
kilohm resistor and a 0.01-F, 1-kV ca- 
pacitor are wired in parallel with each di 
ode t0 equalize the voltage and protect the 
diodes from valtage spikes. 

‘The power supply is controlled re- 
motely from the RF deck, A test switch has 
been incorporated to allow the supply to 
be energized without the RF deck. A 
shorted Cinch-Jones plug must be inserted 
into a socket in the rear of the supply for 
test switch SI to operate, 

‘Two pilot lights are mounted on the 
front panel. One pilot light is on whenever 
234 ac is present in the supply. The other 
lights when the power supply is activated. 

‘A high-voltage meter is included on the 
front panel. The metering is done across a 
25-ohm, 5-W resistor in Series with the 
bleeder resistor. This voltage divider 
keeps the total high voltage off the meter. 
‘A.50-ohm, 50-W resistor in series with the 
high-voltage B+ circuit protects the tube 
and power supply from any current surge 
resulting {rom tube flashover or other 
cause. In addition, a 0.6-ohm, 1-W resis- 
tor in series with the B+ line acts as a fuse 
resistor. A large current surge will cause 
the resistor to explode—an inexpensive 
protection device should a problem occur. 


High-Voltage Power Supply Parts 
Selection 
Transformer 

It is important t0 find a good power 
transformer that can provide the proper 
operating voltages forthe tube. Remember 
that some voltage drop will occur when 
current is drawn from the transformer. The 
voltage drop depends largely on the quality 
of the transformer (core and wire size), and 
can range from 200 V to over | kV. The 
transformer should have a 234-V ac pri- 
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mary. Transformers with 117-V primaries 
are usable only if two identical units can be 
red in series to provide a 234-V primary, 
‘The secondaries can by wired in series or 
parallel, depending on the voltage require- 
ments, Remember that the transformers 
‘must be identical 

‘The required transformer secondary 
voltage depends on the fmal voltage re~ 
quirement of the tube and the power-sup- 
ply circuitry. 18 bridge rectifier is used, 
the power-supply high voltage will be 
about 1.4 times the secondary voltage. If a 
voltage doubler is used, the high voltage 
will be about 2.8 times the secondary volt- 
age. A voltage doubler requires two filter 
capacitors, or more, so if a single oil-filled 
filler capacitor is to be used, the design 
can’t be a voltage doubler. The ARRL 
Handbook contains circuits for both types 
of power supplies.* 

‘The power-handling capability of a 
transformer can usually be estimated by its 
weight. As a rule, the heavier the trans- 
former, the greater the power capability, 
‘The transformer for a 1500-W, continuous- 
duty amplifier will weigh 60-80 1b. The 
transformer used in this power supply was 
‘obtained from Peter Dahl Co. The hypersil 
design provides a good ratio of power ca- 
pability to size and weight. | have used 
several Peter Dahl transformer designs in 
the past and found them to be of excellent 
quality and reasonably priced. 


Filter Capacitor 

Enough filter capacitance is required to 
obtain good voltage regulation. What is 
enough? I have used as little as 18 MF and as 
‘much as 100 Fin power supplies. The re- 
Quired capacitance can be obtained with a 
single oil-filled capacitor or with a series 
string of computer-grade electrolyties. Ei- 
ther way, I recommend at least 25 AF be 
used, with at least a 10% voltage safety fac- 
tor. The filter capacitor used in this power 
supply is a single oil-filled unit rated at 53 
MF at SkV de, ‘The capacitor was obtained 
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Fig S—High-voltage power supply schematic diagram, Part numbers in parentheses are RadioShack, 


C1—Oll-filed capacitor, 58 uF, 5 kV, Peter Dahl Co. 
D1—Diode bridge rectifier assembly, Peter Dahl Co, see text 


D2,D3—Diode, 1 kV, 2.5 A. 
F1,F2—Fuse, 15 A, 


K1—2PDT mercury plunger relay, Dayton 6x598-3. 
k2,K3—SPOT relay, Potier Brumiteld PRD! DYO/S0VDC. 
High-voltage meter, 3¥/zinch Simpson Wide-Vue, 01253 


Mi 
bezel and 01165 lighting kit. 


Z1,22—MOV transient suppressor, 117 V ac (276-568) 


S1—SPST switch (275. 
‘S2—Modltied 6PST sw 


P2—Eight-pin Cinch-Jones connector. 


390) 


itch, Fair Radio Sales. 


Ti—Power transformer, 2600/3300-V ac sec, Peter Dahl Co. 


Miscellaneous 
lot lamp—Alco 1672, 


‘T2,T3—Transformer, 26 V ac, 300 mA (273-1386) 


6T-4 (yellow) and 6T-2 (red) lenses. 


Cabinet—CTS model MCLS 10-17-14 black and white, SPP 


P1—Two-pin Cinch-Jones socket and plug (274-201 and 274-202) 


from Peter Dahl Co, and is physically very 
small forthe voltage and capacitance rating. 


Diode Bridge Rectifier 

The full-wave, diode-bridge rectifier is 
made up with 1000-PIV diodes rated at 3 A. 
‘The unit is a commercial module sold by 
Peter Dahl Co. Each diode string is built on 
‘separate glass-epoxy board. The module 
is supplied with I-inch angle brackets on 
each end, but because of space restraints, 
the angle was removed and the module was 
mounted in a vertical position using 1wo 
Nylon boits 

Should you decide to build the rectifier 
assembly, use good-quality diodes, such as, 
HEP-170s or 1NS408s. Be sure to parallel 
each diode with a 470-kilohm resistor and 
4 0.0-HF, 1-kV capacitor. 


High- Voltage Switch 
‘The transformer has two taps om the see- 
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ondary to provide a high- and low-voltage 
capability. The front-panel VOLTAGE 
3600-4600 switch is fabricated from a 
‘-position, heavy-duty ceramic switch (Ra- 
dio Switch Corp p/n 65). The switch detent 
‘and all but the second and fifth contacts are 
removed. New stops ate fabricated from 
slass-epoxy board, Fullhigh voltage appears 
across this switch, and therefore, it rust be 
well insulated, The switchs mountedentwo 
pieces of ‘/cinch Plexiglas® to provide 

inch spacing from any chassis or panel 
ground. A fiber shaft protrudes from the 
Switch through the front panel. To protect 
the contacts, this switch must never be actu- 
ated when the power supply is on 


Construction Details 

Next month, [ will describe the unique 
construction details for building this high- 
power linear amplifier and power supply, 
Inthe meantime, should you be so inclined, 


10-14 black side panels. 


get out there and find the parts! Remember 
that you should build the power supply 
first, so concentrate on those components. 
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By Jerry Pittenger, K8RA 


‘st month I described the circuitry and 
required for the 8877 linear am- 
and high-voltage power supply. This 
nih will cover the construction of both 
The power supply construction 
are given first. Assuming that we 
all the required parts in hand, we can 
mice the physical design of the power 
.To avoid costly mistakes, it is im- 
fart to do adequate uptront planning 
the first hole is drified 


Supply Construction 
tet Selection and Labeling 
‘Any meter with a movement from 100 
105 mA can be used for the high-volt 
Ge meter. This meter measures the volt 
across the 25-ohm resistor at the 
tom (B-) end of the bleeder string (see 
$in Part 1). The more sensitive the 
ft, the higher the resistance setting of 
fariable I-kilohm calibration resistor. 
sting of the resistor is a simple 
is law problem. ‘The maximum 
prersupply voltage on the meter scale 
a current equal to the meter-move- 
ating to flow through the meter, and 
five a full-scale reading. For ex- 
g the maximum scale on the meter in 
supply is 5 kV dc. The meter has a 
movement; therefore, if the supply 
sat $ KV, 5 mA must flow through the 
dibrtion resistor and the meter for a 
scale reading. Looking at the complete 
eler string, the total resistance is the 
Mof the two 103-KG2 bleeder resistors 
lsthe 25-ohm resistor, or 206.025 ohms. 
ES KY, approximately 24 mA (5000/ 
(025) flows through the string. The 
‘of the calibration resistor, therefore, 
selected to allow 5 mA through the 
ger and 19 mA through the 25-ohm re 


From QST, October 1986 


An All-Band, 1500-Watt- 
Dutput 8877 Linear 
Amplifier 


Part 2—Here’s what you've been waiting for: 
detailed instructions for building a 1500-W RF deck 


and power supply. 


sistor, Using Ohm’s law, the value of the 
resistor should be approximately 95 ohms 
(19 mA x 25 ohms/3 mA). The required 
‘wattage rating of the resistoris 0.23 W(PR 


= 0.005 x 0.005 x 95), and a I-kQ, 2-W: 
potentiometer was used. The meter used 
originally had a 0-50 scale, The scale was 
changed to read 0 0 5 kV. 
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Fig 6—Typical computer-prepared layout drawing. Some component labels have been 


eniarged for legibility 
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Panel/Chassis Layout 

1 do all my layouts with an Apple® 
Macintosh computer. An example of this 
layout is shown in Fig 6, A manual method 
may be used, instead. Cut out a piece of 
poster board the size of the front panel or 
Chassis, as well as all the major compo: 
nents. Shuffle the pieces until you get an 
acceptable layout, This may seem like a lot 
of extra work, but “one picture’s worth 
1000 words.” You will save time inthe long, 
run by going through this procedure, and 
not have to correct errors that otherwise are 
certain to occur. The panel layout should 
be symmetrical, Align switehes and center 
meters. Make sure that components are 
properly spaced to accommodate the physi- 
‘al size of the parts behind the panel. 

‘The computer-generated or manual lay. 
outs serve as a guide during construction, 
but are by no means sacred. Once you start 
patting the parts in place, you probably will 
make minor changes. Go ahead and make 
the changes, but always update the docu- 
mentation 


Front-Panel Assembly 
You probably will not be ready to cut 
metal until you are 3 to 4 months into the 
project. Do the front panel firs, since the 
parts locations are fixed for symmetry. 
Parts behind the front panel can be moved 
to accommodate the front-panel design, 

Cover the front panel with 3-inch-wide 
masking tape. The tape not only protects 
the panel from scratches, but also provides 
away to lay out the panel with a pencil or 
pen. Before any holes are drilled, place all 
the major parts in their proper place in the 
cabinet to be sure that nothing obstructs the 
area behind the panel. Remember you have 
only one chance. Miss and it means a new 
panel, or cabinet! 

Remove the front panel from the cabi- 
net and center punch the panel where holes 
are to be drilled, as marked on the tape 
Carefully drill a’ very small hole at each 
ppunch mark to serve as a guide, then cut the 
holes to final size, Holes up to approxi- 
‘mately "/ie inch can be drilled with either a 
hhand drill ora drill press. Holes larger than 
he inch should be made with chassis 
punches. The meter hole is rectangular and 
iscut with a nibbler after drilling an access 
hole. Cut the meter hole about '/s inch 
smaller than needed and finish with a large 
file to straighten the edges. Be careful us- 
ing the file—it is very easy to let the file 
slip out of the hole and make a big scratch 
inthe panel. The meter hole doesn't have to 
be perfect since a meter bezel is used. 

After the front-panel metal work is com. 
plete, carefully remove the masking tape. 
‘The front panel should be labeled before 
‘mounting the components. Labeling is 
done with dry-transfer lettering available 
from art stores or Radio Shack. Apply the 
Inbeling by laying the letter or figure on the 
panel in tjle proper position and rubbing 
foveritwith a soft pencil, The character will 
be transferred to the panel. If a mistake is, 
made, the character can be removed with 
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masking or Scotch® tape. There is a 
mattefinish spray available to protect the 
lettering, Ido. not recommend using this 
spray. It will peel if bumped and does not 
work well 

“The parts can now be mounted on the 
panel. The cabling to the front panel is 
Connected through nylon multipin connec 
tors (available from Radio Shack) to allow 
eusy panel removal. The same technique is 
used in the RF deck 


Rear-panel Assembly 

Placement of parts on the rear panel is, 
not as critical as on the front panel. Atten: 
tion should still be paid to symmetry, how 
ever. [have found that it is best to mount 
rear-panel parts after the major parts have 
been mounted inside the cabinet. The rear 
panel is drilled and labeled in a manner 
similar to the front panel. The black rear 
panel requires white lettering. White let- 
tering kits are available at at supply stores 
and some electronics suppliers. 

Fig 7 shows the inside rear panel of the 
power supply. The control and power 
cables enter the rear pane! and are routed 
directly to bartier strips. Each terminal is 
labeled for clarity. The rear panel is acces- 
sible by removing the front panel and the 
transformer. It sounds like a big job, but it 
can be accomplished in about 10 minutes, 
It is necessary to provide good strain relief 
for the cables, Immediately inside the rear 
panel, a piece of "/:-inch aluminum angle 
stock is mounted, to which each cable is 
clamped. Large rubber grommets are used 
in the holes for cable protection, 


Major Chassis Assembly 

Power-supply components are extremely 
heavy and a good supporting structure is 
required, The '/-inch-thick bottom cover 
supplied with the cabinet is replaced with a 
Yineh-thick base plate to provide an ad- 
equate foundation, The heavy plate is cut to 
size on a commercial metal shear. After the 
transformer, relays and filter capacitor are 
mounted, rubber-wheeled casters are bolted. 
tothe bottom so thatthe supply can be rolled, 
rather than catried from place to place. 

‘The cabinet sides are formed by two re. 
movable panels. Parts can be mounted to the 
inner panel using countersunk screws and 
then covered with the -inch painted cover 
plate to provide a professional appearance. 
A ‘Ieineh-thick sheet of Plexiglas® is 
mounted above the filter capacitor t0 sup- 
port the high/low voltage switch, the diode 
bank and the bleeder resistors. The Plexiglas 
is supported by drilled and tapped holes for 
no, 6-32 countersunk screws in the rear and 
side panel. A post of '/-inch aluminum bar 
stock supports the front-left comer of the 
Plexiglas 

‘The mercury-wetted power relay is 
‘mounted on the rear panel and must be posi- 
tioned vertically. Mercury-wetted relays 
have atendency to buzz if mounted ona solid 
surface, Use a rubber grommet to make a 
bushing in each mounting hole, or mount the 
relay on a rubber pad. The stepstart relays, 
K2 and K3, are also mounted on '/-inch~ 
thick rubber sheet to minimize noise 

Once the major components are 
‘mounted, wire them together, performing as 
much testing as possible along the way. 
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Fig 7—Interior view of rear panel, Note the mercury plunger relay mounting. Relays K2 
land K3 are at the lower right 


and tear-panel components are 
d and sired before 


4, Bo have a cup of coftee and 
later when your mind is fresh 

hock the wiring one more tie. Re- 
that this power supply can be a 
device. One wrong move could be 


testing of the power supply is ac 
im three steps. Remove the 

from the primary ofthe transformer 
emporary line cord witha small 
autotransformer directly from a 
ine tothe primary. Turn the 117 
andslowly run the variable autotrans- 
up. ACIIT V, the power supply 

. This 


itor are correctly wired. Now is a 
time to calibrate the front-panel 
Using the variable auto-transtormer, 
output voltage at» level that another 


an measure accurately. For © = 
, most VOMs can measure | kV ‘ria 
ist the calibration resistor so that the by 


panel meter reads the same as the oe C=) 
(rover 


second tx checks the primary 234-V 

try, With the 234-V Tins stl ds- 
from the primary, plug. the 1A re 
polyline cord into 4 234-V shay ies 

Remember that the shorted two- “| 

plug must be inserted into the rear- 


socket, Turn the power supply on 
the test switch ancl listen for a 3-to 4: H 


nd ime delay for the step-stat relays i 
ck that 234 V appears across the two 1 
dioonnected from the primary 


figal tes is to cy the entire power TOP 
th234 V applied to the primary 
the high- and low-voltage indica- in Gaainiikana) 


‘on the front-panel meter. 


upply Performance MODULE 

‘Thedesign results in a husky supply that 

about 4.6 kV and 3.8 KV (no load) 

bigh- and low-voltage positions, re- 

¥y. [neither position the power sup- 

ps less than 400 V under full load. 

the performance you need to achieve 
ewer capability and good linearity. 


Fe 


Be 


So ROT 


:k Construction 
physical design of the RF deck re- 
planning long before construction 
‘Again, used the Macintosh com- 

foemy initial “paper design,” but the 
process can be done using paper and 
I The important thing is to lay out the 

jr components so that everything fits 
aperly before starting to drill holes and | 
imetal. Yourmust have al the major com- 
in hand before doing the physicat BOTTOM 
So you know what you have to work 


GRID TRIP BOARD 
uvoe Aidan waMod 
0A 26 90K 82 


ig 8 shows the scaled Macintosh de- Fig @—Scale layouts of the RF deck front, top and bottom views, as prepared on the 
for the front, top and bottom views of Macintosh computer, Some component labels have been enlargad for legibiity, 
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the amplifier. It is necessary to mateh the 
designs so that the front-panel controls end 
up at the right place on the panel, Every- 
thing must be drawn to scale to obtain the 
relative positions of the components. 
‘When designing the bottom and top lay 
outs, only the major circuit boards and 
components like the grid trip, input net 
work, low-voltage power supply, coils, 
capacitors and filament transformer are 
considered. The sinaller components can 
be fitted in later. It is important that the 
unit be designed with maintainability in 
mind, Every vomponent, large and small, 
must be accessible after the unit is com- 
pleted. The amplifier was constructed in 
the following steps. Each major step is dis- 
‘cussed in more detail later 

+ Fabricate, build and test all printed 
ireuin boards for the RF deck 

* Cut the holes in the front panel, 

+ Perform the major metal work on the 
subpanel and chassis plate. 

+ Mount the vacuum capacitors and 
band switch to the subpanel, 

+ Mount the PC boards, filament trans 
former and tube socket 10 the chassis plate. 

* Wire and test the under-chassis con- 
trol circuits 

‘+ Fabricate and install the RF tank cir- 
cuit 

+ Label and calibrate meters, 

+ Complete the front panel and mate is 
to the chassis and cabinet 

+ System test the amplifier with the 
power supply. 


Printed-Circuit Board Fabrication 

‘Making PC boards can be tedious, but 
with a little practice, good results can be 
‘obtained. Grouping interconnected circuits 
oon the same PC board minimizes the cable 
harness between modules in the amplifier 
In this design, nine PC board modules are 
required, 


Fig 10—In-process testing of the input-network PC board. Each 
Coll was trimmed to produce a 1:1 SWR into a 50-ohm load. Note 


the power supply required to actuate relays. 
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Fig 9—Things don't always work out. Three attempts were made to fabricate the grid-tip 
‘and bias PC board, The good board at leff was subsequently damaged, requiring a 


fourth effort 


Board Size 
aoe 
d timer 


1) Input network 
2) Low-voltage power supply ai 

circuit x6 
3) Grid-trip and bias circuit. 4" x 6" 
4) Switch bank harness interface to front 

‘panel o 
5) Filament step-start circuit 20” % 34." 
66) RF input/output relay timing circuit 

DMs" 

7) Line filters for control cable and 

blower Dy x Sue 
8) Filament-voltage-meter circuit 


Se 2" 
9) ALC circuit Tan x 2 
All boards, except nos. 4, 7, 8 and 9, are 


mounted on '/-ineh channel tothe chassis 
plate, Therefore, the PC board layouts in- 
clude & ground strip on the edges af each 
board to mount the boards to the channel 

The Macintosh computer, with a soft- 
ware package called “Draw.” was used 10 
lay out the cireuit boards. The design of PC 
boards with the computer is beyond the 


scape of this article, PC boards can 
laid out using pencil and paper. Once the 
design is laid out to scale, the layout must 
be transferred (o the board. First wash the 
board with a mild detergent to remove all 
grease and dirt. Using tape and special dry 
Uansters (Radio Shack p/n 276-1577), copy 
the design onto the board, The transfers are 
not exact, and the hand drawing only serves 
asa guide, Submerge the board into an etch- 
ing solution to remove the exposed copper. 
use ferric-chloride etchant. flood lamp 
‘over the etching tray warms the solution and 
speeds the etching process. Agitate the solu: 
tion occasionally. The final result should be 
4 nicely etched board ready for drilling the 
holes for mounting parts. Believe me, how= 
ever, it doesn’t always go ay planned, 

Fig 9 shows three tries at making the 
grid-trip and bias board. Actually the third 
board, on the left, was damaged, and a 
fourth was necessary. However, once you 
get the hang of it, it usually goes well 

After etching the board, polish it with 


Fig 14—Subpanel installation in the cabinet. Note position of 
chassis plate, vacuum variable capacitors and band switch. 
Aluminum angle stockis used Yo mount the subpanel 10 the 
chassis plate and cabinet sides, 


Sigel wool and dill the component 
ating holes witha small drill, Use dey 
asfers to label the connections required 
the boar, before mounting parts. This 
avoid wiring mistakes when the wir- 
harness is installed. Finally, mount and 
pide the components onto the board 
Test each board as much as possible 
final asserably. For example, Fis 10 
the input network being tested by 
oking up coaxial cable and runnin: 
through each section into a 50-ohm 
ny Toad. The coils were adjusted at 
istime to give a flat 1:1 SWR. A power 
is needed to energize the relay for 
ppssection being tuned. 


panel Fabrication 
‘Gover the front pane! with masking tape 
pte it from scratches, and matk the 
Hing positions of the components. 
your time with this step since itis 

edt recover if an error is made. Mark 
front panel where the holes ae tobe cut 
jerefully drill a small pilot hole fol- 
jued by the correct hole size. The holes 
the band switch, capacitor control 
is, ALC control and multimeter switch 
Pirinch diameter and can be made with 
egila dil bit. The holes for the power 
thes are “inch diameter and require 
assis punch. The meter-mounting holes 
he most difficult to make. The rectan 
cutouts are marked about "/s-inch 
Hier than required to protect azainst 
eclting. Use a nibbler to cut the hole: 
sully, then fle them to the exact size of 
imei bezels. Be careful that the file 
pest slip and scratch the panel (disas 
®.Using a larac file wll help avoid this, 


ey. 
Trecommend doing all the front-panel 


Work at one time to ensure proper 
maponent layout. When the metal work is, 
f, leave the masking tape on the 
el for protection as it will be used as a 
to locate the parts mounted be: 

id the front panel 


is and Subpanel Metal Work 
This amplifier design has very little 
work that requires moze than a hack- 
and a file. The chassis plate was pur- 
with the cabinet. The only other 
except for front and rear panels, isthe 
pel that mounts perpendicular to the 
is plate, and 3 inches behind the front 
al. The sudpanel shields the meter com: 
je fom RF and serves as a mounting 
portfortheband switch, vacuum capaci- 
gs and 80-meter toroid coil 
The chassis is mounted 3 inch 
bottom of the cabinet to allow room 
the chassis plate for the filament 
former. Therefore, the subpanel is cut 
ex 16% inches, Referring to Fig I, 
th aluroinum angle is attached with 
ews to each edge of the subpanel to pro: 
amounting flange to the chassis plate 
cabinet side walls. The top piece of 
fle stock provides a mounting surface 
piece of gold-plated finger stock that 


Is the subpanel to the cabinet top plate. 
Two large holes are required. A 3-inch- 
diameterhole is required in the chassis plate 
for the tube socket. A S-inch-diameter hole 
is cut in the cabinet top plate and aligned 
directly above the tube socket to vent the 
air flowing from the tube and chimney. Use 
a large fly-cutter. available at most hard 
ware stores. For safety, the fly-cutter should 
be used only on a drill pres—never with a 
hand drill. Therefore, if you don't have 
dril press, find a friend who has one. Be 
fore cutting the large holes, use 3-inch 
‘masking tape to cover the chassis plate and 
top panel to mark where the holes are to be 
drilled, and to protect the surfaces. For 
safety, clamp the panels onto a board and 
the base of the drill press before drilling. 

Cut a piece of perforated aluminum 
stock to be slightly larger than the hole in 
the cabinet top panel. Clean the perforated 
metal well, and spray with paint to match 
the cabinet color. Fasten the perforated 
piece to the inside top panel with several 
small countersunk screws painted fo match 
the cabinet. 


Mounting Vacuum Variable Capacitors 
and Band Switch 

‘The vacuum variable capacitors and 
band switch are mounted to the subpanel, 
bbut their control shafts must be aligned with 
the front panel design. Allow enough slack 
in the positioning of these components to 
perform precise alignment with the front- 
panel holes when the front panel is in- 
stalled, To mark the hole positions on the 
subpanel, slide the subpanel against the 
rear of the front panel while both the front 
panel and chassis plate are bolted into place 
in the cabinet. Cover the subpanel with 
‘masking tape and mark the exact centers of 


the holes for the components. Drill the two 
holes in the subpanel for the vacuum vari- 
able capacitors with hole saws, Mount the 
vacuum variable capacitors and band 
switch on the subpanel, 


Mounting Major Components to the 
Chassis Plate 

The major components (PC boards, fila- 
ment transformer and tube socket) are 
mounted toihe chassis plate as shown in 
Fig 12. The PC boards are first mounted 10 
vsinch aluminum channel using sheet- 
metal serews for easy removal. Cover the 
bottom of the chassis plate with masking 
tape. Position and mark the PC boards, fila 
ment transformer and tube socket accord 
ing to the planned physical layout. Drill the 
‘mounting holes in the chassis plate, then 
redrill the holes from the top with @ coun- 
tersink bit to allow fat-head countersunk 
screws to be used for mounting. This re- 
tains the Nat surface on top of the chassis 
plate. With the "finch channels on the PC 
bors, mark the hole positions on the bor- 
tom of each channel with a pencil, using 
the predrilled chassis-plate mounting holes 
as a template. Remove the channels from 
the PC boards, mount the channels on the 
chassis plate, and remount the PC boards 
on the channels. 


Under-Chassis Wiring 

Complete the under-chassis wiring, ac- 
cording to the schematic diagram, using 
‘Teflon®-insulated wire. The nylon con- 
rectors near the front of the chassis con- 
nect to the front-panel power switches, the 
ALC potentiometer and the multimeer 
switch. This allpws the front panel to be 
easily removed for rear-panel access. The 
small board in the front center of the chas- 


Fig 12—Bottom view of the RF deck showing placement of PC boards, transformer and 
tube socket 
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Frauxe 6: Sequence of operation required to establish a social relationship among objects, 


provides composition function which provides the basis for 
merging multiple VOs to generate single service feature and 
validation function to validate the compositions of multiple 
VOs. Moreover, the coordinator helps in resolving conflicts 
in case of simultaneous access of single CVO by multiple 
services together, 


3.4.3, Functional Components in Object Virtualization Level, 
Although IoT middleware virtualizes sensors and actuators 
in some form of virtual entities, however, in WoO, every 
living or nonliving thing can be represented in the virtual 
world, VOs are supported by an information model [14, 
15] which includes the representation of RWO that can 
be ICT or non-ICT. In the proposed architecture, object 
virtualization level includes functions to create, maintai 
and coordinate VOs such as VO generator, VO management, 
and optimization engine. VO registration function provides 
an interface to register VOs with the help of VO ownership 
management function where the VO ownership is main- 
tained. Template management function handles templates 
or loads updated ones as provided by the domain expert. 
Metadata management maintains data associated with VOs, 
as VO is a digital representative of real-world entities, there 
is a high need to store metadata information to recognize 
the class of sensed data. Use of metadata provides the real 
value of the data in the form of the context stored within 
it, Furthermore, VO data synthesizer service handles the 


discrepancies if found in the data corresponding to VO; this 
includes data manipulation and missing value rectifications. 
Conflict resolution function helps in case the same VO is 
used by multiple service instances, to resolve the conflicts. 
Also, VO access management function controls access for 
VOs in case access right information has been defined by 
the VO owner, whereas identification management module 
‘maintains identification information about VOs so that each 
VO can be uniquely identified in the system, 


344. Social Relationship Discovery and Composition. To 
identify associations among web objects within a social 
relationship graph, an algorithm is elaborated briefly. In the 
following algorithm, the microservices that are in execution 
are retrieved first, represented as ZMy; next, all the CVOs 
associated with each of those microservices are recovered 
in EMc and, further, the corresponding VO model ZMv 
is iterated, In the next step, executing the query statement 
routine returns the results denoted as T. The process of 
finding the relationships is carried out through lines (6)-(19) 
in multiple nested iterations as shown in the pseudocode of 
Algorithm 1 listing, 

Algorithm 2 facilitates the composition of objects based 
on social association types. This algorithm takes as input the 
set of object social relationships denoted by Z and registry 
entries of the objects that are currently available in the 
system, represented as Re. After the object model denoted 


sis provides an easy way to mate the 12-pin 
nylon connector going to the power 
switches with the wiring harnesses: under 
the chassis plate (see Fig 13). When mak- 
ing the PC boards, try to put all the connec- 
tions to the board on one side. This allows 
access to the boards for maintenance with- 
out removing the wiring, Tust unscrew the 
board from the channel and fold the board 
upward, 

Each wire is labeled at each end with 
numbered tags, because the Teflon wire 
used is mostly the same color. A version of 
the sckematic diagram was maintained 
with the wire aumbers noted for easy wire 
tracing. The final wiring is cabled into har- 
nesses with plastic cable ties. Don’t be 
afraid to use plenty of ties, but at first only 
put a tie every inch or two. The ties will 
undoubredly be cut several times during 
wiring to put in missing wires that are over 


Fig 14—Plate tank coll set, Above: the various coils of the tank 
Circuit. Right: the L toroid mounted on the rear of the band switch. 
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Fig 13—Bottom view of the AF deck showing harness wiring in place. 


looked, When all wiring is complete and 
tested, put a cable tie every ¥ inch on the 
‘major farnesses. 


Amplifier Tank Circuit 

‘The plate tank-coil set is shown in Fig 
14. Before making the coils, detennine the 
tankeircuit parameters for the given tube 
plate impedance, The plate impedance can 
be determined from Eq 1 


Plate impedance = plate voltage! (1.57 
plate current) (Eq) 


Assuming the amplifier runs at 60% 
elficiency, the input power required for 
1500-W output is approximately 2500 W. 
With 3200 V on the 8877 plate, plate eur~ 
rent will be approximately 781 mA. From 
Eq 1, a tank circuit designed for approxi 
rately 2600 ohms is appropriate. A table 


of pi-L network component values is con- 
tained in Hoff’s atticle, and the values 
used in this amplifier ste summarized in 
Table 2.10 

‘The 80- and 160-meter coils are wound 
‘on an assembly of three 7225-2 toroid 
cores taped together with Scotch no, 27 
glass-cloth tape. Use plenty of tape to pro- 
vide good voltage insulation from the 
cores. The 80-meter coil is wound with 11 
tums of no, 10 wire covered with Teflon 
Sleeving. The 160-meter coil is wound with 
19 turns of no. 12 wire, also covered with 
Tellon sleeving. The cores of both coils are 
mounted from 1 to 2 inches from the 
‘mounting wall on ceramic insulators. Each 
coil Is sandwiched between two pieces of 
fiberglass material held together by a ce- 
ramic standoff running through the middle 
of each toreid (see Fig 15). Wind all coils 
in the same direction (clockwise or coun- 
terclockwise), to avoid a “bucking” action 
between coils, 

The 10- through 40-meter coit is made 
from “/-ineh soft copper refrigerator tub: 
ing. Clean the tubing using fine stcel wool 
(000) until the surface is smooth and bright 
Use a piece of pipe with an OD equal to the 
desired coil ID and carefully wind the cop- 
pertubing around the pipe. After thesmaller 
diameter part of the coil has been wound, 
change the pipe to a larger diameter, and 
wind the larger part of the coil. The induc~ 
tance of the coil can be easily checked using 
a known fixed-mica capacitor with low in 
ternal inductance and a dip meter. After 
determining the resonant frequency. caleu- 
late the inductance using Eq 2. 


Inductance = 14 m PC) (Eq 2) 

Always wind the inductor with a few 
extra turns and then remove turas until the 
desired inductance is achieved. The induc- 


“9.M, Hoff, Pi Network Design for High Fre: 
quency Power Ampiiiers,” Ham Radio, Jun 
978: 


|Table 2 
IPH. Network Design Parameters (See Fig 3, Part 1) 


cr Ltd C25 

(OF) (uH) (pF) (ut) 

462 2202-2121 890181 

24a 10.99 1182445 13.4, 

13603 803.244 12.4 
55308245 t.kd 12.2 
37-205 1648312 
30 «170130070 12.0, 
2 148112080 12.0 


U4, 10-12 metors—6 tus Ycinch silver-plated copper tubing, 2-inch outside diameter, 
inches long. 10-m tap at S turns 
45-40 meters-—12 turns 'J«inch silver-plated copper tubing, 3¥/<inch outside 
ameter, 4 inches jong. 15:m tap at 2 tuens, 20-m tap at 4 turns, 40-m tap at 12 tums, 
J13, 80 meters—11 turns of no. 10 wire in Tetlon sleaving over three T225A-2 iron- 
| ponder toroidal cores taped together with Scotch no. 27 glass-cloth electrical tape. 
4, 160 meters—19 turns of no. 12 wire in Tetlon steeving over three T225A.2 toroidal 
Cor taped together with Scotch no. 27 glass-cloth electrical tape 
}15,1 coi—20 turns of no. 20 wire in Tetlon sleeving over two T300-2 iron-powder 
| toroidal cores taped together with Scotch no. 27 glass-cloth electical tape. Tap as 


allows: 


introduced by the interconnecting 

and the band switch, 

“The copper tubing is silver plated only 
the ends are configured to match the 

ting lugs in the amplifier. Silver pla 

issimple with the right materials, Go to 
graphic lab and get a couple of xa 

of used fixer solution. Fixer solution 


for silver recovery, so you may have 
“topay for it. Clean the coil by giving it 
other brushing with steel wool, wash it 
ly in a mild detergent and rinse it 
wll before plating, Put the fixer solutioz 
“inallarge plastic container and submerge 
‘thecoilinit. A bright silver plate will form 
seconds. The silver plate is not very 
‘thick, bu tis sufficient to Keep the copper 
fom tarnishing. The coil taps are small 
around clamps made from silver- 
Yeinch-wide copper strap. Plate 
bout 2inches of copper sirap, then drill a 
none end for a no. 8-32 serew. Using 
shon piece of s-inck tubing as jig, bend 
‘end sharply aroand the tubing with a 
tr of duckbill pliers. Drill a second, 
ching hole, but squeeze the clamp into 
1 tight fit around the coil stock, 
the clamp with a flat washer on each 
to provide a compression fit. The 
should fit tightly. Don’t solder the 
PS until after the amplifier is tested 
nthe tap location is verified, heat the 
amp and coil with a large solder gun and 
solder into the connection. After sol- 
rng the coil taps, spray the coil with a 
coat of clear plastic to retain the bright 
ver finish. 
The L coil is wound on a pair of T300- 
foroid cores taped together with glass 
jth ape. The coil is mounted on the back 


of the band switch and supported by the 
connections to the coil. The leads are not 
soldered to the band switch, but are held in 
place with no, 6-32 screws 

Other major considerations in the RF 
tank circuit are the TUNE and LOAD ca~ 
pacitors. The TUNE capacitor is a375-pF 
vacuum varigble. Table 2 shows that 
though this capacitor will easily cover 10 
through 89 meters, itis too small for 160 
meters, One solution is to use a 500-pF 
vacuum variable, but units in this size class 
are aot readily available in the surplus 
‘market, and you probably don’t want to buy 
41 new one at approximately $500. I solved 
the problem by switching in an additional 
160:pF capacitor in parallel with the 
vacuum variable for 160 meters 

A 24-V de solenoid, mounted on the 
subpanel, grounds a pair of 80-pF fixed 
vacuum capacitors. The solenoid is pow- 
ered by a small 12-V relay that is energized 
by the 160-meter control line on the input 
network control switch. The grounding 
strap is made from a stiff piece of brass 
stock obiained at a hobby shop. A hinge is 
made by soldering a small piece of brass 
tubing to the strap and putting a solid rod 
through the tubing. The rod is supported on 
each end by a small piece of Plexiglas and 
allowed to pivot, thus forming a hinge. A 
piece of flexible braid is connected from 
the brass strap to ground for a good con- 
nection. The strap iy held in the Open posi- 
tion by asmall spring pulling the strap back 
toward the subpanel. The contacts on the 
sirap and the vacuum capacitors are from a 
25-A power relay and soldered in place, A 
piece of '/-inch brass bar stock is used to 
‘mount the contact on the vacuum capacitor 
side and to absorb the shock from the clo- 
sure. A rubber grommet on the brass strap, 
Where the rod from the solenoid hits the 
strap, also absorbs some of the shock. This 
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Fig 15—Mounting details of 80- and 160- 
meter toroids, 


scheme works smoothly and once thought 
out, took about one evening to instal. 
The LOAD capacitor is a 1000-pF, 3- 
KV unit with a fixed 100-pF, 5-kV fixed 
mica transmitting capacitor’ in parallel. 
This provides a total of 1100 pF for 80 
meters. On 160 meters, the band switch 
adds an additional 1200 pF in parallel to 
provide a total of 2300 pF. The 1200-pF 
capacitor consists of three 400-pF mica 
transmitting capacitors in parallel 


‘Marking and Calibrating Meters 

‘Any meter with a movement from 
100 WA to $ mA can be used for the front- 
panel meters. Use two identical meters, if 
possible, for esthetic reasons. In a very 
clean environment, begin by removing any 
internal meter shunts (onammeters), or any 
series resistors inside the meter (on volt- 
meters) to obtain only the basic meter 
movement. Nothing else need be done for 
the multimeter, since the calibration resis- 
tors are a part of each metered circuit. A 
shunt resistor must be made for the plate- 
current meter. Wind about 2 feet of no. 22 
enameled wire on a 2-W resistor of any 
value over 50 ohms, soldering the wire 
ends to the resistor terminals. Mount the 
resistor across the meter terminals to form 
4 shunt, Connect the meter in series with 
another meter of known calibration and an 
adjustable power source. Trim the enam- 
eled wire | inch ata time until the meters 
read the same. Ifthe meter being calibrated 
reads t00 low, the wire is too short. When 
the meters read the same, slip a piece of 
heat-shrink tubing over the resistor and seal 
the shunt. 

Carefully remove the plastic face cover 
and the calibrated face plate from the 
meter. Do this in a clean environment be- 
cause the magnet in the meter will attract 
metal shavings that could damage the 
movement. With a peneil eraser, rub off 
the original meter lettering, but not the 
analog scale tick marks. With small dry- 
transfer letters put the new numeric scale 
fn the meter. Be careful not to bend the 
pointer when reassembling the meter. 


‘Mounting the Front Panel 
Remove the masking tape from the 
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panel, and carefully label the front panel 
with dry-transfer lettering before mount- 
ing any components. Mount the meters, 
potentiometer and switches in place, and 
complete the wiring. Wire nylon connec- 
tors to the power switches, ALC control, 
multimeter switch and meters to mate with 
the connectors in the RF deck. This will 
result in a totally removable panel 

‘When mounting the front panel to the 
cabinet, give careful attention to aligning 
the vacuum-capacitor and band-switch 
shafts. Loosen the component mounting 
screws and mate the shalts, then retighten 
the screws, Continee the alignment process 
until the controls operate smoothly 


Rear-Panel Assembly 

Upto now, nothing has been done to tbe 
rear panel. Mount the panel and decide 
where the components should mount to 
obtain short connections. Lay the rear panel 
out in the same way as the front panel, and 
cut the necessary holes. 

Mount the blower off the rear panel, 
located to allow good circulation of air up 
to the front of the under-chassis area and 
back to the tube socket. Positioning of the 
blower is not critical as long as air is not 
directly blown across the tube socket, 
‘which could cause backpressure, 

‘Mount all components to the rear panel, 
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and mount and wire the panel to the RF 
deck. ‘The rear panel is not easily remov~ 
able like the front panel, 


Testing the Amplifier and Power 
Supply 
‘Testing is the big moment ané the cli- 
max of several months’ work. First hook 
up the power-supply control cable and the 
‘ground cable, Leave the high-voltage cable 
Off. Test the control circuits to ensure that 
the power supply can be turned on from the 
RF deck and the 3-minute time delay 
works. Make suze that the tube filaments 
are on. This isn’t as easy as with a glass 
tube, which allows you to see the filaments 
glow. Let the tube run for about 10 min- 
tutes, then turn the power off. Immediately 
remove the tube and feel ifthe base is hot. 
Test the amplifier first on 20 or 40 
meters, since these bands use the midrange 
of the TUNE and LOAD capacitors. With 
high voltage applied to the tube, first key 
the amplifier with no input drive power. 
The resting idle current should be between 
100 and 200 mA on the plate-current meter. 
Now apply a little drive power to the 
tube. The plate current should rise. Move 
the I INE and LOAD controls until power 
‘output is indicated on a wattmeter. Increase 
the drive while adjusting the TUNE and 
LOAD controls to achieve about 20 mA 


grid current and 650 to 700 mA of plate 
current, to realize 1500 W output. If the 
amplifier works properly on this band. pro- 
ceed to the other bands and repeat the tests. 

Efficiency should be at least 60% on all 
bands, except perhaps 10 and 12 meters, 
where efficiency may drop to 55%. If effi- 
ciency is poor. try moving the coil taps, but 
secognize that moving the taps also 
changes the Q of the coil. Decreasing the 
inductance and increasing the capacitance 
in the tank circuit will increase the Q. The 
amplifier may provide more power output 
over a larger frequency range with a lower 
tankeircuit Q, but harmonic suppression 
will also decrease and the amplifier could 
start generating interference or not meet 
FCC standards. 

must warn you one last time. This de- 
vice could kill you in one instant if you get 
tied into the high-voltage circuit. Put a 
good ground on both power supply and RE 
deck, and treat the equipment with proper 
respect! 


Conclusion 

T have spent many enjoyable hours op- 
erating with this amplifier/power supply 
combination, with nothing but good signal 
reports. Lt was an exhausting task, but now: 
that it's Finished, I'm glad I did it, Try, 
building one and you'll see what I mean, 
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300 and 500-W 40-meter ampli- 

fiers evolved from a series of under- 
igaduate student projects at Caltech, Our 
"goal was to design an inexpensive ampli- 
“fice that amateurs can easily duplicate.! 
‘he amplifiers use inexpensive, readily 
tuailable power MOSFETs that can be 
iiven by a QRP transceiver; in our case, 
the NorCal 40A. A block diagram of our 
‘up is shown in Figure 1. The compo 
teats of the station are shown in Figure 2 

‘Our 300-W amplifier uses an Interna- 
tonal Rectifier (IR) IRFP440; the 500-W 
Amplifier employs an IRFP450. These ran- 
Soc are widely used in switching power 
‘plies, but we have not seen them previ- 
‘ily reported for use as RF amplifiers. The 
MOSFETs have a maximum drain voltage 
‘0f500 V, with maximum RMS drain cur- 
fenisof8.8 A for the IRFP440, and 14 A for 
TheIRFPS50. Both transistors are available 
from Digi-Key: The 440 costs $8; the 450 
‘oss $11 

(Class-E amplifiers are extremely effi- 
‘ent—about 90%. Because ofthe low loss, 
ocooling fan is required. NoTR switch is, 
teded; the received signal is piped 
‘rough the amplifier itself. Even without 
fanexternal filter, the amplifiers meet the 
ROC requirements for spurious emissions 
They can be built and tuned up with an RF 
Dover meter, a multimeter, oscilloscope 
fnd 2 dummy load. Tune-up consists of 
‘adjusting an input coil for matching and an 
‘alpt coil to set the power level 


Operational Classes 

In addition to the well-known Class A, 
B,andC operational modes, thee are Class 
Dand E.* In Class D and E, the devices 
‘peste as switches, half the time: com: 
fletely on, and the other half completely 
‘off. But transistors are not perfect switches, 
The MOSFETs have a resistance of about 
{when on, and a capacitance of several 
Indeed picofarads when off. Losses are 
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High-Efficiency Class-E 
Power Amplifiers 
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Part 1—With 3 to 12 W of drive, you can push 300 
to 500 W CW out of an $11 transistor! The trick is to 


use Class E. 


there isa penalty: The 


output power no 
longer depends on the 
drive power, but 


rather on the supply 
voltage. This means 
that switching ampli- 
fiers are no! linear 
amplifiers, and they 
are not suitable for 
SSB without addi- 
tional limiting and 
modulating circuits. 
However, they are 


fine for CW, FSK and 
FM. 

In aClass-D amplifier, a pai of transis- 
tors switch on and off, outof phase across an 
‘output transformer. Fred Raab, WAIWLW, 
recently developed a Class-D power amp! 
fier that produces 250 W on 40 meters with 
an efficiency of 75%.) However, Class-D 
amplifiers are relatively complex. On the 
other hand, the Class-E eircuit has signifi 
cant advantages for the homebrewer because 
only one transistor, without gate bias or out- 
put transformer, is needed, and it can be 
driven by a low-power transceiver. 


The Class-E Amplifier 
‘The Class-E amplifier was invented and 


patented by Nathan Sokal, WALHQC, and 
Alan Sokal, WAIHQB, in 1975.4 It mini 
‘izes heat loss by having as little overlap 
as possible between voltage and current, 
Figure 3 shows an idealized Class-E cir- 
cuit. As the switch opens and closes, the 
current alternately flows in the switch and 
in the load network. The switch voltage and 
current waveforms are shown in Figure 4, 
It may be easiest to understand the wave- 
forms by starting at the beginning of the 
off-time interval, When the transistor turns 
Off, the current flows into the resonant load 
network, and there is a (ransient voltage 
that rises and falls. With a properly de- 
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greatly reduced inswitchingamplifiers, but Figure 1—Block diagram of the Class-E amplifier station 
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Figure 2—The 
components of the 
Glass-€ amplifier 
station. Clockwise 
from bottom left: the 
diplexer, amplifier, 
fesonant speaker, 
NorCal 40A and 
keyed power supply. 
‘The latter houses the 
keyer and a pulse- 
stretching and 
shaping circuit. 


signed load network, the voltage returns to 
zero smoothly with zero slope. The transi 
tor switches on when both the voltage and 
the current are small, keeping losses low 
even if the switching is slow or slightly 
mistimed. Once the transistor turns on, the 
current rises smoothly until it switches off 
again, and the cycle repeats. The resonant 
oad network does limit a Class-E ampli- 
fier to single-band operation, 

For a given de input power, the power 
output of 1 90% efficient Class-E amplifier 
is three times greater, and the dissipated 
power is seven times smaller, than that of 
8 30% efficient Class-A amplifier. This 
means that for a given dissipated power, 
we can get 2/ times more power from a 
Class-E amplifier. 


The Caltech Power Amplifiers 

Both amplifiers have a common di 
‘gram (Figure 5) and PC board, but use com- 
ponents with different values. Several com- 
ponents are added to the basic Class 
circuit for matching and filtering. The 
MOSFET’s gate impedance is rather low. 
and primarily capacitive, with a reactance 
of about 4 Q. There is also a resistive com- 
ponent of about 2 Q from parasitic series 
resistance in the gate itself, and the drain 
‘on resistance that is capacitively coupled 
tothe gate. TI reduces the 50-9 impedance 
of the drive circuit to about 2 2 to match 
the low resistance of the gate and sets the 
de bias to 0 V. LI is adjusted to cancel the 
gale capacitance; the input SWR is typi- 
cally 1.5:1. Cl shunts LI at high frequen- 
cies to reduce ringing in the VHF range. 
‘The 0-V gate bias ensures that the transis- 
toris off when itis not driven, because this, 
is farbelow the threshold vokage. which is, 
about 4 V. We have never seen oscillations, 
in these amplifiers. 

C3 and L2 form a resonant network that 
produces the rising and falling voltage 
waveform needed for the Class-E ampli- 
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Figure 3—An idealized Class-E amplifier. 
‘The transistor is represented by a switch 
that opens and closes at RF. 


Figure 4—Class-E voltage and current 
waveforms. Class-€ amplifiers reduce loss 
by keeping the overlap between voltage 
and current low. 
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Figure 5—Circult diagram and parts list for the amplifiers, Mica capacitors are available 
from Newark. L2, L3 and L4 are made with #10 THWN solid, Insulated house wire sold in 
hardware stores. T1's core is an FF400-0, available from Communications Concepts 
(see Note 1 for supplier information). L1 is a Toko 10K (2.2 ui}, available from Digi-Key. 
FCI is a J. W. Miler type 5240, available from Newark. 


C110 pF, 500 V mica 

C2300 Wi, 270 pF: 500 W, 390 pF; (For 
C2 through C5, Cornell Dubilier mica 
Capacitors, type CDV19, 1 kV, 5% 

(©3300 W, 1500 pF: 500 W, 2000 pF 

(C4300 and 500 W, '100 pF 

(C5300 W, 680 pF; 500 W, 820 pF 

C6001 uF, 1 kV ceramic disc 

1, J2—BNC of $0-299 connectors 

L2H, Toxo 10K, avalable trom Digi 

‘ey. 

L2—300 W, 9 turns; 500 W, 8 tums #10 
THWN wound on 1'/«inch-OD plastic-pipe 
form; spread turns to fit holes in PC board 

13300 W, 4 turns; 500 W, 3 turns #14 
TTHYWN wound closely spaced on a. 
Yeinch-diam dail Bit 


L4—900 W, 5 turns; 500 W, S turns #14 
THWN wound on a "/=inch-diam dail bit 
form, turns spaced to occupy 1 inch 

P1-CinghJones P302AB 

(Q1—IRFP440 for 300-W amplifior; IRFP450 
for 500-W ampitier; (use International 
Reotifier transistors only) 

RFCI—40 nH, 3A 

T1—Pri: 800 W. 5 turns; 500 W 6 tus 
#26 stranded hook-up wire; wound on 
RF400-0 core, available from 
Communications Concepts 

Misc: Berquist K10-104 insulating pad 
((hermal resistance of 0.2-W, 6-4V 
breakdown rating); available trom Digi- 
key. 
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‘Figue. 6~Insice the 500-W ampifier. The large coll fs L2; L3 is 


‘He small col. The circuit board is mounted on ‘s-inch standotts. 
BNC connectors are used for the AF input and output, No harm is 
ore i tha RF input and output are accidentally interchanged, 


fier, C5 and L3 act as a notch filter for the 
second harmonic. Without the notch filter, 
Ihe second harmonic is typically between 
25 and ~30 dBe instead of the ~40 dBe 
‘atthe FEC requires on HF. In addition, 
{520d L3 transform the 50-0 antenna im- 
gedtnce o about 10.2, the appropriate load 
fora Clas-E amplifier. RFCI converts the 
‘0t0120-V de input from the power supply 
Jo acurrent source, and C6 helps keep RF 
¢2eray out of the power supply. 

‘Cf and L4 form a low-pass filter to re- 
‘move VHF harmonics. Without the filter, 
there are several harmonics at levels from 
40 to ~60 dBc in the frequency range 
fiom 130 (0 210 MHz. With the filter, the 
VHF harmonics are reduced to the -70 to 
0-48c level 


Amplifier Construction 

‘The 500-W ampfifier is shown in Fig- 
‘ue 6 with its cover removed. The transis- 
for is mounted on a 3e=4'/s-inch heat sink 
with I-inch fins (type HS50-3.0 from RF 
Pars, with a thermal resistance of 2 KW 
with no fan) with » 46-32 bolt and nut. The 
transistor generates most of the heat (about 
10% of the de power) in the amplifier, so it 
ust have good thermal contact to the heat 
sink. Because the transistor’s case reaches 
high voltages, it must be electrically iso- 
‘ted from the heat sink. We use a Kapton, 
jad manufactured by Berquist that has a 
thermal resistance of 0.2 K/W and a break- 
down voltage of 6 kV. The heat-sink 
surface must be free of burrs, and the traa~ 
sistor should Jie fat on the surface with 
minimal stress on the leads, If a torque 
screwdriver is available, International 
Rectifier recommends a mounting torque 
‘of !Oinch-pounds, The heat-sink baseplate 
isan aluminum L bracke! bent from 0.050- 
inch-thick aluminum sheet. A U-shaped 
‘enclosure cover is made of 0.016-inch- 
‘hick aluminum sheet. A hole in the cover 
allows insertion of a plastic screwdriver 
for wning LI 

Solder Q! and C2 flush to the PC board 
to reduce VHF ringing on the gate signal. 
Good electrical contact is needed between 
Q1's source lead and the heat sink, Use a 


a 


a“ 
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46-32 bolt and nut, with washer spacers so 
that the source lead does not bend. Scope 
probe pigtails soldered to QI's gate and drain 
Teads poke through holes in the baseplate, 
Rubber grommets in the holes prevent the 
pigtails from shorting to the chassis 

14, L3 and L2 are made by winding solid 
insulated wire on pipe and drill-bit forms. 
Orient the coils at right angles to each other 
toreduce coupling between them. L? as a 7 
MHz Q of 350; L3 and £4, a Qof about 170. 
For C2, C3 and C5, use only 1-kV mica ca 
pacitors—even 500-V capacitors fail spec- 
lacularly with a burst of flame. If a 1-kV, 
100-pF capacitor is not available for C4, sub- 
stitute a series-connected pair of 500-V, 
200.pF mica capacitors. For best filtering, 
mount C4 and L4 directly on the center pin 
and ground lug of 32. Mount L4 with its axis 
vertical to reduce coupling to the other cols, 


The NorCal 40A Driver 

For adriver, we use a NorCal 40A,* but 
its 2-W output is not enough to drive these 
amplifiers, Fortunately, the NorCal 40A 
can be modified to deliver greater power 
output.© We recommend 3 to 4 W drive for 
the 300-W amplifier, and 6 to 12 W for the 
'500-W amplifier. These drive levels give 
an efficiency in the 90% range (Figure 7) 
Drive levels lower than these give poor 
efficiency; higher drive levels increase the 
dissipated power without improving effi- 
ciency. Don’t drive the 300-W amplifier 
‘with less than 2.3 W, and the 500-W ampli- 
fier with less than 5 W. At these low power 
levels, the transistor may not turn on futly 
at all supply voltages, subharmonic spuri- 
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Figure 7—The measured sticiency plotted against RF input 
power. These measurements were taken with the heat sink at 
foom temperature. In operation, the heat-sink temperature rises 
and the on resistance increases, so that the efficiency drops 
‘somewhat. Recommended drive’ power for the 300-W ampitier is. 
3 to 4 W; for the 500-W amplifier, 6 to 12 W. The do input power 
‘was calculated from voltage and current measurements made 
with Fluke 87 multimeters; the RF output power was determined 
with a Bird 43P wattmeter using a 500-W element. Bird lists the 
accuracy of this wattmeter as 225 W, but we were able to 
Improve the accuracy of the measurement to an estimated 1% by 
thermal calibration. RF input power was measured with 2 
Diamond SX-200 wattmeter. 


‘ous components may be generated, and the 
amplifier may not key properly. 

‘The recommended drive powers pro- 
duce peak gate voltages of between 15 
and 20 V. International Rectifier specifies 
a maximum peak gate voltage of 20 V to 
avoid rupturing the gate. Although the 
drive levels are close to this limi, experi- 
ence shows them to be quite safe, The 
20-V limit is more appropriate for the low 
frequencies used in power supplies than 
for RF voltages. In controlled tests, we've 
pushed the 300-W amplifier to 60-V gate- 
voltage peaks, shree cimes the manu- 
factarer's voltage limit, without damage, 

Next month, we'll discuss the keyed 
power supply, keying waveform shaper 
and tune-up. Join us! 


Notes 
‘package of amplifier pats ony, including PC 
‘oard Components, connactoa heat gneand 
chases fs avaliable t cost rom Puff Distibu- 
tion, Geparment of Electncal Engrneenng. MS 
4136-95, Gateen, Pasadena, CA91T25, Brice 
$50 for US orders, $60 for foreign oraers. The 
price includes fax and shipping By surface 
frat axe payent by cheek or money over 
only {0 "Caltech-Pul” Disinbuton.” Poreign 
Shocks must be drawn on a bank with @ US 
Branch office. Please provide your Amateur 
Radional ign andepecty wn ample he 
$500 or $00 W unt) you want. For more infor 
mation, contact Galo "Yeo by "e-mall al 
fooSsystems.coltech.edu, fax ‘818-305: 
Bir. otyoucan downipad ar order tor irom: 
htip://www.systems.caltech.edu/ee/ 
Facuityiruttedge/poweramp.nimi. Wo. do 
not offer power-supply components. Those 
Barts are avaliable for Communication Con- 
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Newark lactones, (many branches tough 
Gul the US: check your eephane book for 8 
Sranch near youy, main oftice: 4001 N 
Ravenswood Ate, Chicago, I 06040-4496, tl 
00463-0976, $12-704°5100, tax 912-007 
5217; RF Pars, 495 South Pacitc St. San 
Mateos, CA 82069, 11 800-737-2787; Mouser 
Elecronies, 2401 Hwy 287 N, Manshal, TX 
$082, te 800-246-6073, 617-405.4422, tax 
617-483-0889 e-mal sales@mouser.com: 
httpslwww.mouser.com 
‘A template package is not avaiable trom 
the ARAL. 
2Historcally, amateurs have buit high-power 
‘amplifiers oth vacuum tubes rather tran rane 
Sislors to avoid complicated power-combining 
Retworks-and marly low-power transistors 
Seo bik Ekrhom, WAETO. “AF Power Ample 
iets and Projects.” Tho 1996 ARPL Hand. 
book. Chapter 13. Exceptions to this are the 
elegant designs by Helge Granberg, K7ES! 
GHBZE (Sk) AF Application Roporis, pub 
shed by Motorola n,n 1985, contains over 
20 Application Notes and Engineering Bulle. 
tins writen by Helge Granberg on arspiiers 
‘th outout pdwers of 20 to 1200 W. Gommur 
‘cation Coneepis sels the board and com 
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ponents for these ampiiiers, Radio Frequency 
‘Transistors, by "Norm Oye and. "Helge 
Granvers, published by Butterworth: 
Heineman, Boston, 1993, 18 cecummenced 
teading doe! Palading, NSAMG, adapted one 
oF Granberg’ transistor amplifiers {see °an 
Experimental Soid-State Kowal Linear Am- 
pilferfor2to 84 Mz," OST, Sep 1982, pp 19- 
35) However, nepower ransistorsalone cost 
$900! This ed us fo look fora lese-expensive 
sway to make transistor power ampiiers. 

Fred Raab, WASWLW, “Simple and inexpent 
sive. High-Eticiency “Power " Ampiiie.” 
Communications Guarteriy, Winter” 1996, 
po 57-63. 

“Hainan Sokal, WAIHQC, and Alan Sokal, 
WATHGB, “Ciass-e, A Now Clase of High: 
Eiicency’ Tuned, Single-tnded ‘Switenn 
Power Amplifiers IEEE Journal of Solid 
Slate Circuits, Vel SC-10, Jun 1975, pp 168 
‘76. This paper by tan and son sa cassic 
in he radio engineering literature, andl stil 

«tne basi elerence ortho Clase-E ampiier 

Ste NorGel 408 designed by Wayne Burcick 
'NBKR, is avaiable In Kit form for $129 rom 
Bob Dyer, KOSVIG, at Widerness Rado, PO 
Box 734, Los Altos; CA 94023-0734, 01 415: 


494-3806, http:/www.tix.net|parker/wild. 
hntml. The NorCal 40A Web address is Mt 
‘vw tix. neU-jparker/noreal.htm| 

a number ef NorCal 40 modifications were 
published in OAPp, the magazine of the 
Northern California GRP club that first mage 
the NorCal 40 kit available. For information 
fon subscriptions to QAPp and back issues, 
Contact Jim Cates, $241 Eastwood Ad, Sac: 
Famento, CA 95821, Wayne Burdick, NEKR, 
Suggests increasing the supply vollage for 
mote power, Ifyou do this, increase the volt: 
‘age raling st Zener diode D12 to accommo. 
date a larger peak collector voltage. Fer 3 W 
utput, we use an MPIF297 at Q7, the PA, To 
further increase the power to 7'W. we re 
duced L? trom 18 turns to 11 tus, and LS 
from 18 tums to 14 tuens. We replaced C45 
and C47 with S60-pF, 300-V mica capacitors, 
‘and C46 with a 1500'pF, 100:V mica capac 
or, For ather approachés to raising the out- 
ui power, see Dave Meacham, WEEMO, 5 
Watis trom your NorCal 408.” QAPp, Mar 
1995, pp 6-7, and Rlon Manabe, KN6VO, "in 
creasing the Output Power of the NorCal 40, 
‘QRPp, Jun, 1894 po 42-45, Ron reports an 
output power of 7 W 


High-Eff 
Power A 


ast month? we talked about Class-E 

amplifier fundamentals and began con- 
Ssruction of a 40-meter unit. Now we'll 
tuckle the power supply, keyed-wavetorm 
‘taper and develop some power. 


‘AKeyed Power Supply 

Nonlinear Class-E operation sharpens 
fe CW Keying envelope, causing annoy- 
“inp key clicks, To prevent this, we key the 
wer supply to shape the supply voltage. 
“Aseparate 4x 7«12-inch (HWD) enclosure 
Dauses the de supplies. a stretcher circuit 
ttat delivers a stretched pulse to the driver 
andaashaper that produces the shaped pulse 
forthe amplifier. Figure 8 shows how these 
Sicuits connect. 

So thatthe RF drive does not end before 
ihe shaping pulse, the keying pulse to the 
NorCal 40A driver is stretched a few mil 
seconds. The stretcher (Figure 9) takes a 
“yer’s CMOS logic signal and provides a 
“Tulfered keying waveform to the shaper and 
“asietched keying waveform to the NosCal 
“IA driver. De supplies (Figure 10) pro. 
‘ide [2 V de to un the ICs and 0 t0 120 V 
defor the amplifier. A wave shaper (Figure 
AU) gives this 0 0-120 V de supply voltage 
controlled rise and fall time to avoid key 
licks. Figure 12 shows the keyed power 
supply with its cover removed. 

There are other advantages to using a 
“keyed power supply to control the output 
“gover. The amplifier power dissipation is 
Tow tall supply voltage levels, so that loss 
{stept low throughout a keying pulse. Be- 
fause the keyed power supply also acts as 
a solid-state TR switch, a relay is not 
seeded, This is because the supply voltage 
is2er0 except during key down. (This fe: 
ture works welll with the NorCal 40A, 
because it, 100, does not use a relay for 
Switching.) At Zero voltage, the drain-to- 
gate capacitance in a MOSFET is quite 
Tage, and the signal from the antenna is fed 
trough the amplifier with a loss of only 
about 7 6B. The NorCal 40A reveiver sen 
Svity is excellent,® and a 7 dB signal loss 


Rutledge, KNGEK, et al. 


Part 2—Class-E operation 


iciency Class- 
mplifiers 


permits low-cost 


MOSFETs to develop considerable power. 


tion at all, A 7-dB loss 


degrades the MDS to -130 dBm, still far 
below typical 40-meter antenna noise lev- 
els of -90 to -110 dBm. On the positive 
side, with 7 dB attenuation, the receiver is 
less’ susceptible to intermodulation distor- 
tion fromother signals in the 40 meter band, 


‘Transceiver, amplifier, and power supply for 


In addition, the amplifier reduces AM 
broadcast signals by about 20 dB. The 7- 
AB loss does need to be made up atthe audio 
end. For this, we mount a 2-inch-diameter 
speaker in a cardboard mailing tube cut 10 
resonate at 650 Hz for CW reception. This 
gives a sound level that is quite adequate? 


‘a 40-meter, §00-W station. The NorCal 404 


transceiver driver is on the left, a $00-W amplifier is in the center and the power supply 


large dial controls the variable autotranstormé 


‘on the right. The ampliier's heal sink and transistor mounting screws are visible. The 


er, varying the RF output power, 


suet 
xajng se 
MS oe 
eke 
eal eo ene: © 
et 
mpl oo i eet 
seabed +L seine |= Lor sn] | (aes tate 
“rectcaye owsa — | oe 
(ou tage Cont 1 sae wt] got 
i | aout Pie 
1 ‘Shaped 
L_ ae 
aja Power Susy 


Figure 8—Block diagram showing the connections between the stretcher, de supplies, 
shaper, NorCal 40A and the Class-& Amplifier. The stretcher, the de supplies, and the 
shaper are in the keyed power supply. Power supply keying is done by a Curtis keyer IC 


(not shown) that provides a CMOS logic-level 
and application note are available from MF 
Mg 39762, tel 800-647-1800, 601-323-5869, 
mfjenterprises.com; http:/www.mhjenterpr 
can be found in recent editions of The ARAL. 
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4 during key down. The Curtis keyer IC 
Enterprises inc, Box 494, Mississippi State, 
fax 601-323-6551; e-mail mfg@ 

.com.(Keyer circuits using Curtis ICs 
fandbook.—Ed) 
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The Diplexer 

For greater reduction af spurious emis- 
sions, we recommend following the amplifier 
with a band-pass diplexer (see Figure 13) to 
terminate out-of-band spurious components 
ina 50Q load.!°Our diplexer (ina 3.5x6x10- 
inch [HWD] box) uses the equivalents of a 
100-pF series capacitor, an 1800-pF shunt ca- 
pacitor and air-wound inductors. Stretch or 
compress L2 to achieve minimum SWR. The 
measured loss of 40-meter signals was ex- 
tremely low, only 446, Our experience shows 
that adiplexercan reduce all spurious compo- 
nents to more than 55 dBe. 


Tune-Up 

Refer to Figure 3 in Part 1, There are 
two amplitier coil adjustments, First, with 
the cover on and the de input off, LY is set 
for minimum input SWR with fall RF in- 
put. Typically, the SWR can be reduced to 
1.5:1. If it cannot be brought below 2:1, try 
adding or subtracting a turn from Ll 

‘Output power is peaked by stretching or 
squeezing L2, Note: For safety, the ampli- 
fier's cover should always be attached 
when the RF drive is applied. The cover 
also significantly lowers the inductance of 
L2. Be sure (0 tun off the supply voltage 


before you touch any amplifier parts! A 
high RF voltage will burn the skin. RF 
burns are deep and heal slowly. Having @ 
keyed power supply helps here, because the 
amplifier supply voltage is zero except 
during key down. 

‘Attach a dummy load and power meter to 
32, With the RF input applied continuously, 
slowly increase the de input voltage, while 
monitoring the gate and drain voltages us- 
ing an oscilloscope with 10x high-imped- 
ance probes. (You should see waveforms. 
similar to those in Figure 15, although the 
peak drain voltage should be about half of 


Keying Pulse 
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Figure 9@—Stretcher circuit diagram. NANO gate A acts as a buffer and produces a keying pulse for the shaper. One input has an RC 
delay to prevent keying glitches when the power Is turned on. Gates B and C are connected by an RC network that causes a pulse to 
be triggered on a falling edge. R2 is adjusted to ensure that the RF output from the NorCal 40A lasts longer than the shaping Pulse, 
The components are assembled on perfboard. 
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Figure 10—Dc supplies diagram. There are two isolated supplies: one with an unregulated 0 to 120-V output controlled by an 
autotransformer, and another with a +12-V regulated output. Two bleeder resistors help keep capacitor vollages at safe levels when 
the eupply is turned off or its output reduced. The 4-A bridge rectifier is an RS404LR by Diodes, Inc, available from Digi-Key. The 
Panasonic 1000 and 2000-uF electrolytics in the filter are available from Digi-Key. The Stancor C-2686 25-mH choke is available from 
Newark, We scrounged the isolation transformer and variable autotransformer from old equipment. Look for them at swap meets, or 
purchase equivalents from Newark (Magnetek NSSM 250-VA isolation transformer and the Staco 291 3-A variable autotransformer) 
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in the figure.) The RF output should 
pinto ise, Increase the de input until the 
award RF output power is 25% of full 
. Make sure the output SWR is 1.5:1 
ess. Measure the dc input voltage, and 
LD t0 give 25% power at 60 V de. 
sits inductance and 
utput power, but usually 
the amplifier’s efficiency. Squeer- 
L2reduces the output power and usu- 
increases amplifier efficiency. 
Therease the dc input voltage unt the 
lifer reaches maximum output power. 
ie voltage should now be between 
jand 120 V, and the peak drain voltage 


of the RF-stage MOSFET should be be. 
tween 380 and 420 V. Larger peak drain 
voltages run the risk of transistor failures. 
Lower voltages may indicate an excessive 
drain current, which can lead to a failure. If 
the voltage is too high, stretch the coils a 
bit more. If the voltage is too low, squeeze 
the coils. Check the RF drive and input 
SWR again. You may find that they have 
changed somewhat and that readjustment 
is needed, Measure the de supply current 
and voltage, and calculate the amplifier 
efficiency to ensure that itis 85% or above. 
Use a 0.001-UF capacitor to bypass the 
voltmeter terminals because an RF voltage 


there can cause a significant measurement 
error. (In addition, you should realize that 
RF power meters often have error factors 
as high as 10%.) 


Keyed-Waveform Shaping 

The keying envelope is controlled by 
the three potentiometers in the shaper and 
stretcher circuits, R3 in the shaper circuit 
sets the rise time, R4 sets the fall time, R3 
also helps control the power supply droop 
2s the amplifier is keyed. R2 of Figure 9 
determines the stretch in the pulse that keys 
the NorCal 40A, so that it does not stop 
transmitting before the end of the shaped 


Ie 


(trom egre0) 


Except as indicated, decimal 

values of copacitonce are 

in microferads (uF); others 

‘ore in picoferads (pF): 

Fesiatances are in ohm 

= 1,000, Me 1,000,000 
ins Not Shown are Unused 


ote +120¥ 


201BE paps pane to 
San pie 
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To keep the supply voltage i 


11—Shaper circult diagram. A pair of optically isolated MOSFET drivers (type PV11050) turn Qt on and off to bring the supply 
‘up and down. Keying waveform rise and fall times are adjusted by R3 and Fa, which control tne current to each MOSFET 
‘The 270-0 resistors limit the LED current to a safe level. The TURN-ON potentiometay is also used to keep the overshoot from 
lnregulated power supply to a reasonable level. D1 prevents Q1's gate vollage from drifting negative. C1 and C2 are AF 

ym appearing across exposed contacls, a female socket in used at J1. All components are 


lable from Digi-Key. Point-to-point wiring on perfboard is used. 


40-Moter Diplexee 


ant 


See Coption ond Text 
for Compenant Voli 


Figure 13—Schematic of our diploxer. It uses six 150 pF 


“Fige 12—The keyed power supply with the cover removed, 

from the side. Tis mounted on the back plate, along with 
“fe fuse and connectors for the de output, a keying line to the 

al 40A and the ac line input. The TUNE switch keys the 
temple: for testing, The variable autotransformer is on the left, 
“pound to the front panel. In the center foreground, mounted to the 

plate, is L1, the 25-mH choke. Mylar sheets are taped to the 

ffooards for elactrical isolation. The large components are 

‘alached direct to the box. The iRFP340 is mounted on the bottom 
“ie tox using a Berquist K10-104 Kapton insulating pad, #6-32 
‘few and a torque of 10 inch-pounds. The other shaping circult 
‘components are mounted on perfboard. Layout is not critical 


capacitors, two 910-pF capacitors and air-wound inductors made 
Of "/inch-wide copper tape (see Note 1). 
C1-C6—160 pF, 1 kV mica 5%-tolerance (Cornell Dubilier type 
‘CDV19; available from Newark Electronics, see Note 1) 
C7, C8—910 pF (same type as above) 
EX 24 tums of /wsinch-wide copper tape, 14 Inch ID; see 
jote 1 
L2—4 turns of “he-inch wide copper tape, 1 inch ID; see Note 1. 
F1—50-0, 2-W (approx) termination, Jameco part number 71458; 
available from Jameco Electronics, 1355 Shoreway Rd, 
Bolmont, CA 94002, tel 415-592-8097; fax 415-592-2509 and 
415-595:2664) 
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R Wireless Communications and Mobile Computing 


Require: (Zp), (R,) 

(1) Output: § (social relationship graph of objects) 

(2) EM, + Load Microservices in model 

(3) EM+ Load CVOs in model 

(4) EM, — Load VOs in model 

(6) T— executeQueryStatement (My, M.,M,,Q) 

(6) for Allin pT do (iterate Microservice instance being used) 
(7) for AMO € p do (check CVO and VOs used by the Services) 


(8) if 0, ==output of Cy ina relationship set R, then 
(9) add C, to fl, 

(10) else 

(uy output of Vs in relationship set R, then 

(2) add V, to, 

(3) IN, = tag (Assign relationship tag to each object entry) 
(4) else 

(5) add O, to tly 

(16) end if 

(7) endif 

(18) end for 

(19) end for 


Auconrria 1: Social relationship discovery. 


Require: (E1), (R,), (2) 

(1) Output: C (Composite Service) 

(2) EM = Listall objects available (Microservices, CVOs, VOs) in model 
(3) T = executeQueryStatement (ZM,Q) 

(4) Z = executeQueryStatement (EM, Q') 

(5) for Allai € T do 

(6) for AlLAi eo do 

(2) if Ai = any z in Z then 


@) add Ai 10 Tl, 
(0) store Hq, 
(0) endif 

(U) end for 


(2) for Altai e i, do 
(3) if @i== any @iin Ti, then 

(lt) + ranking (Assign rank to each service) 
(5) add@ito ty 

(16) store Ty, 

(7) endif 

(18) end for 

(19) for Allaj € tly, do 

(20) if aj(RO) > then 

Q) add oj to WE 

(22) Pye assign to queue 

23) Sort Pq 


(24) Formulate Wr 
(25) end 
(26) end for 


Aucontriat 2: Composition of objects based on social relationship. 


as EM is loaded, the first step is to compose objects based the services. From line (5) to (It), first, the social relationship 
on their relationship types. This way, the SPARQL queries is searched among objects and then the found relative objects 
are executed; the first query is denoted as Q to retrieve are composed in groups. The design philosophy employed 
the available service templates and the second query is over here is to assign a ranking to each selected group 
represented as Q' to extract the relationships associated with based on the relationship type that helps in a more efficient 


Figure 14—Keying waveform of the 500-W 
amplifier at 30 WPM. The horizontal axis is 
‘10 ms per division. The rise and fall times, 
are about 3 ms. 


pulse, We recommend using a keyer with 
adjustable weighting to offset the pulse 
stretching, The potentiometer settings in 

teract somewhat, and there are variations at 
different sending speeds, s0 it is best to set 
them at the speed you commonly use. Ad- 
just the controls for rise and fall times be- 
tween 2 and 5 ms, and for a smooth keying 
envelope. Figure 14 shows keying at 30 
WPM with rise and fall times of about 3 ms. 


VHF Ringing 

In many Class-E amplifiers, ringing in 
the VHF range can be seen on the gate and 
drain waveforms (Figure 15). This ringing 
can be quite pronounced, with bumps sev- 
eral volts high on the gate or drain or both. 
‘The bumps disappear when the RF input is 
removed, and that is why we refer to this as 
ringing rather than oscillation, We have 
compared measured spectral plots with 
PSPICE simulations and believe that the 
‘waves are driven by the sudden turn-on and 
turn-off ofthe transistor, acting rather like 
the gong of a bell 

We notice two distinct time periods and 
frequency ranges for the ringing. During 
the time the transisior is on, the ringing fre- 
queney is about 80 MHz. This appears to 
be a resonance ofthe external drain capaci- 
tor combined with the internal inductance 
of the capacitor and the transistor and may 
indicate a mismatched load. The on-ring- 
ing is usually small ifthe load is matched 
$0 that the drain voltage comes smoothly 10 
zero before the transistor turns on, 

The ringing while the transistor is off 
covers a broad range of frequencies—from 
130 to 210 MHz. Ifthe output low-pass fil- 
ters removed, the ringing can be seen eas- 
ily on a spectrum analyzer at levels between 
40 and ~60 dBe. The off-ringing appears 
to be caused by a resonance of the external 
drain capacitor and its internal inductance, 
together with the transistor's internal drain 
capacitance and its inductance. The internal 
drain capacitance varies greatly with the 
drain voltage, so thatthe frequency is modu- 
Jatedas the drain voltage rises and falls. The 
low-pass filter reduces these harmonics to 
the 70 to -80 dBe range. 
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Figure 15—Drain waveform and 
finging. Oscilloscope trace of the 
gale and drain voltages of the 
300-W amplifier with 3 W drive. | 
The de supply voltage is 120 V; 

the input SWR is 1.6:1. Time 
scale is 20 ns per division; the 
transistor off and on times are 
shown. The transistor is off when 
the gate voltage is below the 
threshold, typically 4V, and on | 


= 200 when the ‘gate voltage is several 
2 vvolis above the threshold, Peak 
$ 100 | gate voltage is 16 V, and the peak 
Grain voltage is 400 V, safely 
° within the manufacturer's ratings 
ae f 20 and 500 V, respectively, 
On the Air 


‘The amplifiers meet the FCC require- 
‘ments for spectral purity [confirmed in the 
ARRL Lab-—Ed.]. NorCal 40A designer 
‘Wayne Burdick, NKR, emphasizes that it 
is important to correctly tune the band- 
pass filter following the transmit mixer to 
minimize spurious emissions from the 
NorCal 40." 

‘These amplifiers are excellent for chas- 
ing DX, schedules and “ragchews,” par- 
ticularly at this low point of the sunspot 
cycle. The amplifiers require no warm-up, 
no tune-up, and produce no fan or relay 
noise, We can vary the power from 1 W to 
full power via the variable autotransformer 
The antenna SWR should be 1.5:1 or better 
because the amplifier is not. protected 
against large mismatches. With a high 
SWR, the transistor will probably overheat. 
Check the de voltage when the amplifier is, 
delivering full power to the antenna to en- 
sure that it remains between 115 V and 120 
V. Readjust the coils if the voltage is too 
high or too low. 

‘Our most common problem has been a 
poorly mounted PA transistor. Ifthe tran- 
sistor is not flat against the heat sink, heat 
transfer is poor and the transistor becomes 
quite hot; efficiency suffers (becoming 
usually less than 85%) and the amplifier 
may notreach full power. The output power 
may also drift downward, a sign that the 
transistor temperature is increasing and 
that the transistor is under stress. 

‘Component temperature can be a good 
diagnostic tool. For the 500-W amplifier, 
‘our experience is that for CW QSOs longer 
than 30 minutes, the temperature of C3, C5 
(Figure 5) and the heat sink rises to about 
(60x C. For the 300-W amplifier, the heat- 
sink temperature is about 50x C. This is hot 
to the touch, and it can be checked with a 
lab thermometer. Thetemperature will vary 
according to your operating style, and if 
the temperature is higher than you like, you 
can add a fan, 


The Future 
We see room for improvements: pro- 
tection against antenna mismatches ané 


employment of an inexpensive keyed 
switching power supply that is as light 
weight as the amplifiers. Finally, it would 
be interesting to develop Class-E amplifi- 
ers for the other bands. We have built a 
250-W amplifier for the 20 meter band that 
exhibits an efficiency of 88% with 10 W 
drive. We believe that Class-E amplifiers 
provide amateurs with good building chal- | 
lenges and operating fun at miodest cost. 
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two-stage amplifier described in this, 
article and shown in Fig 1 is intended 
SSB/CW/Data operation on all nine HE 
msteur bands. An input (Rj,950 2) of 
put 10 mW (+10 dBm) is amplified 10 
DW (PEP of average), continuous duty, 
tha gain of 40 1.0 0B from 4.8 10 29.7 
i. Third-order, (wo-tone intermod 
ion distortion (IMD) products are 35 to 
{Bbelow 100 W, and higher-order prod- 
eisare also within the high-quality range 
amateur SSB equipment, as shown in 
12. The main goal for this amplifier isto 
gpersi¢asa driver, with low adjacent-chan: 
elinterference, for a legal-limit 1500-W 
‘amplifier. At this power level, 
fjacent-channel reduction is especially 
priant. And, of course, itis used in the 
ot mode as well. 
‘The power supply (40 V at 8 A) for the 
hepull, class-AB MRFISOMP (matched- 
if) MOSFET output stage was described 
viously (see Note 1), Six diplexer filters 
Note 2) also known as invulnerable 
files provide more than adequate har 
ie attenuation for all nine HF bands 
Miey present a broadband load impedance 
athe MOSFETs that helps to assure free 
dom from regeneration and oscillation, and 
IMD performance. resistive load 
pedance between 45 (2 and $5 is rec- 
ned for best performancs 
The MRF 150 was chosen because itis 
signed for linear, class-AB SSB opera- 
on gad because it has high gain (gm) at 
30-MH7 end of the HF spectrum, A 
sible feature of the MOSFET power 
sistor is its ability to achieve low val: 
ofthe higherorder IMD products. As 
emtioned previously, these products 
patibute to adjacent channel SSB inter- 
ference, The first stage uses high-gain, 
‘A push-pull MRF426 (matched-pair) 
that require 13.5 V at about 1.0 A 


100-W MOSFET HF 
mplifier 


From QEX, November 1999 


We had the power supply in Mar/Apr’ and the 
diplexer filters in Jul/Aug,” here’s the main event: 

a reliable FET power amplifier that needs only 

10 dBm of drive to produce a pristine 100 W output. 


from a separate supply. This supply is also 
the main supply for other system compo- 
nents. Matched pairs of both transistors are 
available for a small extra fee from at least 
two sources.*® They are both listed in the 
current Motorola manual,” 

One main idea for this amplifier is to 
operate it in @ very low-stress manner that 
helps assure a low probability of failure for 
a very long time, which offsets the initial 
cost of the high-quality transistors. The 
MRFISO is a $0-V transistor operated at 
40 V; the MRF426 js 28-V transistor oper- 
ated at 13.5 V. The required input level is, 
ow enough that most of the amplification at 
the signal frequency occurs in one gain 
block. Because of the good layout, circuit 


design and decoupling, the 40-0 gain value 
does not result in any stability problems, 

The balanced amplifier greatly reduces 
even-order harmonics—especially the sec- 
‘ond—prior toany output filtering, as shown, 
in Fig 3 for a 7.0-MHz signal. It should be 
40 dB or more below a 100-W CW signal 
Yor each amateur band, This reduction has. 
been found reliable, once achieved. The 
lowlevel signal source that drives this 
amplifier must have at Yeast $0 dB of s 
ond-harmonic attenuation, since this am- 
plifier will not suppress that harmonic. This 
is easy to accomplish, but must be consid 
cefed during the equipment system design 
(see Fig 9) and while bench-testing the 
amplifier as shown in Fig 4. 


Fig 1—The 100-W broadband amplifier. 
HF/MF/VHF Amplifiers (1 to 54 MHz) 
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Fig 2—Twostone IMD products: (A) 3.8 MHz, (B) 14.2 MHz, (C) 21.2 MHz, (D) 28.5 MHz. 


Circuit General Discussion 

Fig 5 is the schematic of the two-stage 
amplifier. It utilizes 1:1 choke baluns and 
1:4 (impedance) step-up and step-down 
transmission line (Guanella) transformers, 
‘The choke baluns significantly improve the 
balance of the input and output stages. 
Notice also that T2, T3 and T4 have tloat 
ing center taps rather than bypasses to 
ground. This is recommended to improve 
the eversharmonic balance® (verified). T4 
and TS run slightly warm as compared to 
conventional tanstormers that get quite 
hot. The 5-W feedback resistors get warm, 
but their large surface area limits their tem- 
perature rise, They also receive cooling air 
from the fan. All power resistors in the RF 
circuits are the excellent metal-oxide types 
(see Note 5) that are quite stable with age 
and temperature, and have very low reac 
tance at 30 MHz (measured), Metal-film 
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1% resisto:s are used in several critical 
locations. 

‘The first stage has resistance and induc- 
tance loading from collector to collector. A. 
powerful free-running oscillation in the 
first stage at about 32.5 MHz was being 
triggered occasionally at the moment of de 
supply turn-on while a fairly large 28.0 to 
29.7 MHz input was present. The loading 
reduces stage gain and suppresses the para- 
sitic collector circuit resonance that pro- 
duced the oscillation. It also helps 10 
flatien the amplifier frequency response. 

‘The second stage has a very low value 
of RF resistance, 15 Q, from each gate to 
ground that helps to assure stability. Be 
cause these resistors are in parallel with the 
large input capacitance of the MOSFETs, 
they also help to flatten the frequency 
response. Both stages have negative feed- 
back networks that further assure stability 


10) 


and flatness of frequency response. 

‘Two biasing networks are employed 
‘The LM317 provides a highly regulated 
‘gate voltage for the second stage. The FET 
dissipation and linearity are very sensitive 
to this voltage; the bias voltage for SSB is 
fine-tuned for best signal purity using two- 
tone tests and a spectrum analyzer. Note 
the four 562-a resistors, If the LM317 fails 
short circuit, the voltage on the FET gates 
does not exceed 6.8 V, which will not dam- 
age the gates. The large drain current that 
results {rom this Failure also does no dam- 
age because the 40-V power supply has. 
current limiting and voltage fold-back that 
prevent harmful FET dissipation. The FETs 
are thus kept well within the safe-operat- 
ing-area (SOAR) as defined in data sheets? 
(verified). It is important that each 56241 
resistor from gate to ground be permanently 
attached directly between the gate and 


puree tabs of the FETs themselves so that 
yates are never floating. Wrap the resis- 
leads around the tabs $0 that they cannot 
Yoose. This avoids accidental static 
res that might ruin them. On the other 
hand, i is better to tack and not wrap the 
gse-collector and gate-drain signal leads 
otha they can be easily disconnected, We 
tobe able to test individual segments 
ofthe citcuitry easily. In my experience, 
MRFISO has proven to be @ rugged 
Iansistor, much more so when operated 
servatively and with the power-supply 
tfeguards that | mentioned 
The LM317 provides about 5.8 V for the 
parcular pair of FETS that 1 used. Indi- 
Vidual pairs of FETs will probably require 
adjustment of this voltage for idling eur- 
at and for IMD products that resemble 
2. The adjustment procedure is described 
‘This bias value is set to emphasize the 
jon of tne higher-order products 
ther than third- and fifth-order products 
eie lower-order products do not contrib 
I¢ 88 much to adjacent channel interfer: 
in fact, an SSB speech processor will 
ake them worse anyway. The higher-order 
mduets need to be reduced and the 
150 has this capability. 
‘The 2N3906 PNP transistor is a bias- 
grent source, The value of this curtent is 
ined by the 4.7-2 resistor and the 
eto-ground voltage of the 2N3906. The 
0562-02 resistors force equal base cur- 
fas into the MRF426s, This helps 10 
‘equal performance. The 0.47-0 se 
part of a negative-feedback bias 
» If collector current increases, the 
ge across this resistor increases and 
reduces the base current. Thermal run 
y is avoided by this strategy because 


the reduced base bias restricts the current 
increase to @ small value. Because of the 
low dissipation of the MRF426s und the 
‘good heat sink, this method is very effec- 
tive, These transistors are also well inside 
their SOAR requirements. This stage is 
very linear and contributes almost nothing 
to the overall IMD produets. To verify this, 
it is necessary to tum off the drain voltage 
to the MRF150s and connect « spectrum 
analyzer across one of the 15-Q2 resistors, 
The diplexer filter method was decided 
uponafter a lot of experimentation with 
other low-pass filter methods as a solution 
that is free of problems caused by complex 


interactions between the filters and the out- 
put transistors. A special peculiar problem 
is discussed later. The MRF15O has high 
gain into the VHF region; the diplexers 
eliminated ali problems associated with this 
fact. This approach is recommended as a 
simple way to assure correct operation for 
HP amateur-band operation of these high- 
Frequency MOSFETs. | was able to get good 
enough operation with the more conven- 
tional low-pass filters, but this approach 
was by far the most satisfactory for an ama- 
teur-band amplitier, as confirmed by swept 
frequency tests at all power levels into a 
50-Q load. More about complex loads later. 


Fig $—Wideband spectrum for a 7- 


MHz signal. 
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}4~Block diagram for equipment setup, desi 


ign and testing of the MOSFET amplifier. 
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Fg S(t) Schematic diagram of a two- 
siage, 100-W ampitier. Uniess otherwise 
fpetifed, uso YW, S%-tolorance carbon 
imposition or film resistors. Resistors, 
Marked vith an asterisk are metal-oxide 
Anis. MF indicates metal-tilm resistors 
Both ihe WIF426 and MRF150 devices 

fae matchod pairs. All capacitors are 60 V, 
Inless otherwise indicated 


Frequency Compensation 

The bipolar transistors have gain val- 
es that decrease as frequency increases. 
The MOSFETS have large capacitances 
that also affect frequency-response roll- 
fl. It was « major exercise to design net- 
‘works that flatten the response from 1.8 t0 
29 MHz. Fig 5 shows the approach. The 
ifeais to compensate smoothly from input 
fooutput in such a way that neither ofthe 
Iwostayes is over-driven at any frequency. 
Thecriterion for thisis to check IMD prod- 
tts and harmonics during the design pro- 
cess, which involves approximate analysis 
(see the MOSFET Stage Simulation 
Sidebar) and negative feedback. Beyond 
about 32 MHz, the gain falls off fairly rap 
ily (but not t00 rapidly). This is also de- 
sirable 

When testing the frequency response 
sing the test setup of Fig 4, itis necessary 
measure the frequency response of the 
Signal path from tracking. generator to 
spectrum analyzer while bypassing the 
100-W amplifier. This reference cesponse 
isthen compared with the response with 
theamplifierin the path, as shown in Fig 6 
Nowe the vertical scale: 1.0 dB per divi- 
sion. For the most credible results and ease 
ofimeasurement, itis very desirable that 
theimpedance looking back from the input 
e500. 


Signal Level Testing 
We want to verify thatthe first stage is 
perating normally by measuring its RF 


Fig 6—Gain variation, 1.8 MHz to 29.7 MHz, 1.0 dB per division vertical scale—The 
ower trace Is a refesence swoep that bypasses the 100-W amplifie-—The response 
bump at low frequency is an artiact of the tracking generator, 


voltages at 4.0 MHz, The class-A first- 
stage input impedance is close to 50.Q, and 
the input level is +10 dBm, Temporarily 
disconnect the signal leads to the gates of 
the FETS. The voliage at each output of T3 
is about 1.35 V. Reconnect the gate signal 
leads, The final output over the entire range 
into an unfiltered, wide-band 50-2 load is, 
then observed using the setup in Fig 4. A 
spectrum analyzer with tracking generator 
is very valuable for this. The accuracy of 
the wattmeter should be verified or cali- 
brated by some means at both the 100-W 
and the 25-W levels (the power of each tone 
‘of a two-tone, 100-W PEP signal) in each 
amateur band. 

If the second stage is wosking correctly, 
the output power is 100 W, or 71 V RMS 
across 50 Q. These procedures assure that 
both stages are working properly and am: 
plifying as intended. Because of the varia 
tions in the fabrication of the transistors, 


+40 


Fa7—(A) drain and (B) drain-to-drain oscilloscope waveforms, 
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the total gain can vary a decibel wp or down 
despite the tse of negative feedback in each 
stage. | suggest the 3-dB attenuator at the 
input not be modified for simplicity reasons, 

The drain-to-drain load impedance of 
the class-AB output stage is 12.5 Qand the 
CW output powers 100 W, so the drain-to- 
drain ac voltage is 35.4 V. Fig 7 shows the 
dual-trace scope wavefarms (chop mode) 
‘on each drain, superimposed on the 40-V 
supply, and also the drain-to-drain wave- 
form that is confined to the linear region 
The third-harmonic content is visible. It is, 
interesting to note that although these 
waveforms show considerable non-linear- 
ity, the fundamental component is quite 
linear with respect to the gate signal level. 
also found that a S0-'¥ de supply created 
more heat, but at 100W, did not improve 
linearity enough to make it worthwhile, 
The 35.4 V ac also appears across the two 
series-connected 100-2 feedback resi 
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tors; they dissipate about (35.42)/200 = 
6.3 W, or 3.2 W per resistor (64% of the 
SW rating) 

‘A broadband, untuned power amplifier 
with flat frequency response and low distor- 
tion is not, by necessity, especially energy- 
efficient (ratio of RF output power to de 
power). The output stage is less than 40% 
Sfficient for this reason, For SSB use, where 
the average power is not more that 25 W, 
even with speech processing, this is no prob- 
len at all. For continuous key-down at 100 
W. the cooling fan is more than adequate. 

Here is an important caution about us- 
ing oscilloscope probes at the FET drains 
and the output connector: A 10:1. probe 
could be damaged (it happened to me) if 
used directly at this RF vollage level, espe- 
cially at the upper end of the HF range. Use 
instead the homemade probe described pre- 
viously (see Note 2) with a $0-02 terminat- 
ing resistor. 

‘The quality of balance is checked by 
looking at the second harmonic on a spec 
trum analyzer using the setup in Fig 4 with 
the diplexer filters out ofthe signal path. At 
100 W output, check the harmonics in each 
of the nine amateur bands. Capacitor C, in 
Fig 5 is used (if needed) to improve the 
secondharmonic phase balance on the 
higher amateur bands. If the value is not 
well below 40 dBc, use C, at one gate or the 
other to achieve 45 dB. Extra pads are 
provided on the PC board for this capaci 
tor. A value of between 22 pF and 56 pF 
should be adequate. Overkill is neither nec- 


essary nor desirable: The output filters will 
do the rest. For each decibel of power out- 
put below 100 W, the second harmonic 
normally drops about two decibels 


Construction Notes 

Fig | shows how my version of the 
amplifier is constructed. A 0.F25-inch (or 
0.062-inch) double-ciad PC board, 3.25 x 
8.0 inches, is firmly attached to the heat 
sink, [ suggest using this compact size for 
bost reproducibility. The heat sink shown 
may not be presently available from RF 
Parts (see Note 5), but f also purchased a 
Model 99 sink from CCI (see Note 6) that 
is 6.5x12 inches. This can be easily tai- 
lored to the appropriate size with band 
saw that has a metal-cutting blade. Pieces 
of angle and sheet aluminum can then be 
creatively fashioned to accommodate the 
fan (RadioShack #273-242) and the Pc 
board that contains the bias circuitry. The 
transistors are bolted directly to the heat 
sink (through cutouts in the PC board) us- 
ing heatsink compound and tapped (and 
carefully deburred) #4-40 holes. Careful 
‘mounting of the transistors is essential. The 
main PC board has small sections of copper 
removed underneath the base and collector 
tabs of the MRF426s and underneath the 
gate and drain tabs of the MRF 150s, so that 
accidental grounding is avoided. Use a 
hobby knife to define the areas and a hot 
soldering iron to peel off the copper. 

A bottom cover is advised, as shown, so 
that air is funneled through the heat-sink 


fins efficiently. For a 100-W, continuous, 
single-tone output, the exhaust air temper 
ture reaches 50°C. I used a RadioSha 
422-174 multimeter with its temperature 
probe mounted inside the fins to monitor 
temperature during the design and testing 
Phase 

“The components are mounted on a setof 
seven small PC boards, six of which are 
mounted vertically (as shown) and bolted 
to the drlled-andtapped beat sink through 
the PC board, using #4-40 screws and small 
angle brackets. Fused stiff, right angle #6 
solderlugsthat worked out very nicely. The 
seven PC boards are cut from a single 4x6- 
inch two-sided PC board, shown in Fig 8. 
The bias circuit board has a ground plane: 
the others do not. This set of boards is avail- 
able from FAR Circuits! 

T chose this method because itis easy, 
‘makes the amplifier more compact, reduces 
stray L and C that can degrade the wide- 
band frequency response and reduces stray 
couplings that can impair stability and har- 
monic balance. It also allows the ground 
plane to be one continuous surface, whick 
isa plus factor. This approach worked out 
very well and | recommend it as a simple 
Approach 


Temperature Rise 

The cooling fan is important. This 
amplifier, as designed, should have the fan 
running, and I have found that a simple and 
reliable way to keep everything safe. It has 
bbeen tested at 100 W continuously, for sev- 


Fig 8—Etching patter for a 46 inch (finished size) PC board that provides the seven individual boards, 
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MOSFET Stage Simulation 

A simplified analysis of the second 
MOSFET stage is presented (Fig A) to 
iiustrate the effect of the resistive 
negative feedback of the 100-0 resis- 
forsand the 40-pF gateto-draincapaci- 
fance. The simulation diagram shows. 
the voltagecontrolled current sources 
Wwih @ G,, of 6.0 8, which is assumed 
‘constant over frequency. The gato-to- 
Source capacitance is 360 pF and the 
Srain-to-source capacitance is 200 pF. 
‘These numbers are trom the MRF150 
data shoots. 

The frequency plot (Fig 8) obtained 
from the ARAL Radio Designer pro- 

yam shows the gain, MS21 (48), with 

wer trace) and without (middle 
race) the 100-01 feedback resistors 
The gain variation ts reduced trom 
‘bout 6 dB to about 1.5 dB. In this sim- 
plied model (good enough for this 
ftustration), the gain drop is caused by 
the capacitors, especially the 40-pF 
fapacitor whose influence is greally 
Magnified by the Miller effect. I this 
40-pF capacitance is eliminated from 
thesimulation, the requency response 
variation—even without the feedback 
fesisiors—is less than 1.0 dB, as seen 
‘9 the upper trac 

Ifthe power output at 15 Mhz is to 
be held constant, he turns rato of the 
‘output iransformer and the value of the 
feedback resistors can be manipulated 
to achieve that end. Tho simulation 
‘shows that a turns ratio of 1:2 anda 
fesisir value of 120 2 does this. The 
FFET load impedance is now 25 2 in- 
‘lead of 12.5.2. The increased voliage 
gain makes the Miller effect greater 
fdincreases the gain variation lower 
Yvave) to 2.3 dB. The drain-to-drain 
Voltage is now 50 V instead of 35 V, 
nd this results in higher drain 
‘Gency forthe MOSFETs. However, the 
‘push-pull 1: V2 -turns-ratio transmis 
fion-line transformer is not as simple 
fsthe 1:2 thal uses 25-02 coax, and for 
ine, that was the determining factor 


ooo 
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Fig A—A circuit used to analyze the PA output stage with ARD. 
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Fig B—The analysis results 


hours, The MOSFETswell separated on 
good heat sink and with efficient airtlow 
not have a temperature-controlled gate 
‘urangement because 1 did not find it 
sry at this power level. Because of 
spread in threshold voltage of indi- 
dual matched pairs, a one-time adjust- 
of gate bias is needed. The following 
le procedure is used: 
Replace R21 with a resistor decade 
set at 750 11. 
Place a0-10 A meter in the +40-V line, 
* With no signal input, switch on the 
plifier and let the current reach its final 
lue, which should reach about 1.5 A as 
FETS warm up. 
# Adjust the resistor value until DD is 
A. After each adjustment, allow time 
the FETs to reach a steady current 
i. This final value is not critical, but 
14 be within 10%, 
"*Check the two-tone IMD at 100 W 


PEP (SO W average) and make further small 
changes, if needed, to resemble the IMD 
patterns in Fig 2. 

In this amplifier, we are able 10 use the 
self-limiting feature of the MOSFET, This 
‘approach would not be appropriate in 
higher-power, higher-temperature amplifi 
ers because of thermal runaway possibilities, 
where the decrease with temperature rise of 
the gate threshold voltage exceeds the de- 
crease of the de transconduetance.!2!3 If fan 
reliability is a concern, add a thermal cutout, 
switch t0 the +40-V line, 


Load Impedance 

Swept- and fixed-freqsancy tests at 
‘many signal levels and voltage vaiuesusing 
various values of parallel conductance 2nd 
capacitive/inductive susceptancedid not re- 
veal instability problems at SWR values less 
than 2:1. A tendency to oscillate in a pec 
liarmanner occurred inthe 20,01029.7 MHz 
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range, but only with input signal applied (a 
driven oscillation) and certain values of 
drive level, supply voltages less than 30 V, 
SWR of 3:1 or more, and a certain range of 
shunt capacitance at the output ofthe ampli 
fier itself or at the output of the 12/10 meter 
diplexer. The instability shows up as a 
Christmas tree pattern in which discrete, 
uuniformly-spaced 2- to 4-MHz sidebands 
appear on the main carrier, It is due to a 
parametric effect™ involving the vohuge- 
variable capacitances of the MOSFET tran: 
sistors that is somehow enhanced by the 
shunt test capacitance, Shunt inductance did 
not produce the problem, The amplitude 
modulation of the cartier by the low-fre- 
quency oscillation is clearly visible on an 
‘oscilloscope. The low-frequency oscillation 
itself can be seen on a spectrum analyzer. At 
SWR values less than 2:1 and drain voltages 
greater than. 35 V (40 V is recommended), 
the safety margin is large. The 0.22-nH, 
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56-pF network at the output greatly assisted 
‘with this problem. A coax cable from the PA 
to the diplexer assembly that i afoot or less 
duplicates my test setup. Under these condi 
tions, there is no stability problem on any 
band caused by load-impedance values that 
my testing could identify. Actually, a 
resistive load between 45 Q and 55 is rec~ 
ommended for best SSB linearity, as men- 
tioned previously. While driving. a high- 
power linear amplifier to its rated two-tone 
SSB output, adjust its inputimpedance to 50 
resistive’ as closely as possible on cach 
band, using a $0-0_direotional wattmeter. A 
broadband (untuned) solid-state driver am 
plifier such as this one requires such atten 
tion to load value for best results as com. 
pared to pi-network vacuum-tube PAS that 
can transform a fairly wide range of com- 


plex load impedance values to the correct 
tube plate load resistance at resonance. 

It is difficult to achieve stability in a 
broadband, transistor power amplifier. 
Having done so, itis still wise to operate 
into the correct 50-Q load as closely as 
possible. The monitoring of forward and 
reflected power in Fig 9 is helpful for this 
and assures clean, stable and reliable op 
‘ration. This circuitry will cut back the 
drive level to a value that protects the out 
put stage from excessive drain current or 
gate drive. Incidentally, the first stage goes 
into saturation far below the level that 
would damage the MOSFETs. 


System Design 
Fig 9 suggests a system implementation 
of the amplifier. For the flattest frequency 


response of the complete system from 1.810 
29.7 MHz, the circuitry that drives this 
amplifier should also have a flat response 
and a 50-2 output resistance—both easy to 
achieve. If itis not perfectly flat or not ex- 
actly 50 Q, it may be necessary to slightly 
adjust the drive level on each band, which is 
not difficult. AS mentioned before, the sec- 
‘ond-harmonic production of the circuitry 
preceding this amplifier must be of suifi- 
ciently low level (50 dBe) that balanced, 
push-pull operation is necessary. Narrow 
bund resonator filters are also Very com- 
monly used for amateur-band harmonic re 
duction in low-level exciter circuitry.'5!6 
The directional coupler detects exce 
sive forward and reflected power. Both of 
these are displayed on a panel meter. The 
directional couplers forward port is also a 


Parts List 
C1—160 pF SM 
C4, 80.0033 uF, 50-V CKOS 


C5, 90.047 uF, 50-V CKOS 
C13, 25, 26, 281.0 pF, 35-V tantalum 


C2, 3, 6, 7, 10-12, 14, 20-29—-0.1 nF, 50-V CKOS 


RG, 7—12 Q, "Vs W, 5% tolerance 
R10—51 0, 2 W metal oxide 
RI1—100 0, 2 W metal oxide 
R12, 16—51'Q, 2 W metal oxide 
13, 17—100 Q, 5 W metal oxide 


C15, 16, 18, 190.022 uF, 100-V KOs 


R14, 15, 18, 19, 26, 27—-562 Q, "le W metal flm, 1% tolerance 


C17-~56 pF SM 
C24—0.1 uF, 100-v CKOS 

C27—470 uF, 35-V aluminum 

€29-—470 iF. 15-V aluminum 

D1—1N4454A or equivalent 

Li, 20.68 WH, 750-2 core, 10 turns #26 AWG 
[30.80 wH, 750-2 core, 12 turns #26 AWG 
L4—BN-43-3312, 4'/2 turns #22 hookup wire 

L5, 82.7 uH molded 

L6—0.22 wH, 750-2 core, 5 turns #26 

L7—2 FB-43-5621 cores, 1'/2 turns #12 stranded 
Q1, 2-MRF426 matched pair 

Q3, 4—MAF150 matched pair 


20215 G, Ve W imetal film 1% tolerance 
R21—767 Q. "*r W metal fm 1% tolerance, test selected 
220.47 ©, SW wire-wound 

R23—4:7 0, ve W 5% tolerance 

F24—5.6 KO, "he W, 5% 

R25—380 02," "/ W,'5% 

Ti—BN-43-202, 2s turns #32 AWG, bifilar 

TRA, B—BN-43-202, 2'/e tuins #32 AWG, biflar 

3A, B—BN-43-3312, 2'/s tums 25-0 miniature coax" 
T4a, B—(2) FB-43-5621, 1"/s tins 25-0 miniature coax" 
T5—"(2) FB-43-5621, 21/" tums 50-0 miniature coax 
Ui—LM317 adjustable voltage regulator 


Q5—2n3906 PNP Notes 
1, 3-270 Q, "fe W, 5% tolerance “Microdot 0260-4ii8-0000 available from Communication Con- 
R218 0, "fe W, 5% tolerance cepts, Inc. 


All cores are available from Amidon. 


4, 9-178 ©, fe W metal film, 1% tolerance 
Closely matched transistor pairs are from RF Parts (see Note 5). 


5, 8—3.9 Q, 4 W, 5% tolerance 
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Fig 9@—System implementation of the 100-W amplifier. 
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ee of ALC voltage. These control volt- 
‘are fed back to the appropriate gain- 
ntrolled stages in the exciter. Gain 
control of the transistors in the 100-W am- 
jer is not recommended because 
ges in base or gate bias will degrade 
lifer linearity, IMD products and pos- 
ly the flat frequency response. There are 
jer ways to accomplish the gain-control 
such as preferably in a lowlevel IF 
mplifier. With respect to IMD, we are try~ 
to control the odd-order curvature of 
MOSFET transfer characteristic— 
ally for the higher-order products— 
setting the gate-bias point. The bias 
lve is found by looking at IMD on each 
sr band and selecting the best com- 
omise value. This was discussed previ- 
lyin tis article. 
‘The diplexer filters are linked to the 
‘pand-switch circuitry so that the cor- 
ct filler is always switched in. The TR 
is at the output of the diplexers. Do 
et hot-switch the diplexer filters because 
‘might damage the inexpensive relays. 


lusion 
‘In conjunction with the power supply 
Note 1) and the diplexer filters (see 
oe 2), the amplifier described here is @ 
‘module for homebrew equipment that 
satisfy the requirements for a 100- 
ipower level, a 1.8 to 29.7 MHz band- 
th and a high-quality signal. It should 
‘trouble-ree for a very long time. The 
‘cost of the four transistors is about 

but they will last indefinitely ifeared 
br properly. The ones that I use were 
used considerably during the experimen- 
and continue to work perfectly. The 


approach that Isuggest is best implemented 
‘with diplexer filters and a preamplifier that 
has very low second-harmonic output and 
low IMDboth easy to get at +10 dBm. The 
payoff for me is excellent performance and 
reliability, once the design was completed. 
This project is suggested for the 
homebrew enthusiast who has at least some 
part-time access to lab-quality test equip- 
‘ment, Others who do not care to build may 
find the article, together with numerous 
other sources,” interesting 
information regarding MOS! 
amplifier design and test methods. 
‘Any attempt at building and testing this 
amplifier should also use the 40-V power 
‘supply in the referent of Note 1 or some 
thing similar. The automatic current limit- 
ing at8 A, the automatic reduction of drain 
voltage, the short-circuit limiting to 4 A. 
‘and the manual control down to 24 V help 
to protect the MOSFETs from mishaps that 
are bound to occur. 
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Figune 7: Use case scenario, 


composition ofservice objects (from line (12) to (18)). The last 
part of Algorithm 2 will continue to iterate to compose the 
object composition workflow by checking first the assigned 
relationship ranking with the defined threshold, and then the 
selected composition workflow graphs are sorted and stored 
in queues for service execution. 


4. Use Case and Prototype Implementation 


In this section, first, to realize IoT service provisioning based 
oon social web objects, a use case about IoT enabled museum 
environment has been presented and then the details on the 
prototype implementation are furnished. 


4.1. Use Case Scenario, This use case is based on a user 
experience in a public museum where the loT environment 
is already set up with the WoO platform incorporating web 
objects that use social relationship model and a social agent 
which obtains the user's profile and his friendship details 
from social media (as shown in Figure 7). ‘The user enters 
the premises of the museum and his smartphone is prompted 
with a beacon signal to recommend service app installation 
where he accepts the request. The phone app incorporates a 
microservice which establishes a social relationship (GSTOR) 
with museum visit service objects. The system monitors the 
interaction of the user in the museum environment; the 
installed camera network and motion detectors detect the 
user presence and this feed is collected by the museum 
visit service. The user shares his current location with the 
system, which is used by the location navigator service to 
assist him in moving around the museum by providing the 
direction to the locations where different museum items are 
situated. It is worth noticing that the VOs for museum visit 
service and location navigator service are bound in CLOR 
relationship due to the same location points. The user shares 
his social network profile which is used to acquire the list 


of friends and choices for things the user is interested in. 
‘This information is acquired by the recommendation service 
which suggests the best things to do with respect to the user's 
interests, making his visit most enjoyable, Recommendation, 
service suggests facilities available in the museum such as 
places a user should visit, cafeteria food menu, and prices 
for the day. This service also shares with the user the past 
experiences of his friends at the museum to help him get most, 
out of his visit. Moreover, personalization service provides 
special features such as adjusting contents on displays or 
optimizing the luminosity, to support users with disabilities. 
To enable these service features, objects exploit the SVOR 
relationship, Also, the fire management service maintains the 
status of all VOs that can detect an unusual fire situation in 
the museum. ‘The temperature VOs acquire readings from 
temperature sensors and smoke detector VOs get a feed 
from smoke detection sensors. These VOs form a CLOR 
relationship with each other in the common proximity. Fire 
situation monitoring CVO acquires VOs data. One or more 
(CVOs are managed by the fire management service. In case of 
a fire breakout, the fire management service executes with the 
data from the fire detection CVOs and the temperature and 
smoke detector VOs. Meanwhile, services incorporate high- 
level functionality to react on the data provided by virtual 
entities in the system. It is important to notice that sharing of 
information based on social relationships has become easy in. 
the proposed use case. That is because the user information 
and device information are communicated with social links 
of web objects and are utilized by the services 


42, Proof-of-Concept Details. To evaluate the proposed 
design, a proof of concept has been furnished, which realizes 
services based on web objects as considered in the above use 
case. These objects include, for instance, fire situation mon- 
itoring CVO to handle emergency fire breakout situations, 
location navigator CVO to find the shortest path to the user 
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From QST, June 2003 


The FARA HF Project 


Would you like an economical and relatively easy to 
build 30 W HF amplifier? For about $130 worth of 
parts you can give that QRP rig an extra 12 dB of 


Opts ofits lager and more active radio 
clubs in the Cape Cod, Massachusetts 
area is the Falmouth Amateur Radio Asso 
ciation (FARA). Some of its members are 
affectionately referred to as the “hackers” 
those who enjoy the construction phase of 
‘Amateur Radio. The renewed interest in 
tow power (QRP) radios in the 2 10 5 W 
output range resulted in the desire for a 10 
to 12.4B gain RF linear amplifier produc 

30 to 40 W of output power. Commer- 
ial amplifiers capable of being driven with 
fess than 50 W below 30 MHz are prohib- 
ited by FCC regulations." As a radio ama- 
teur, you are permitted to construct one 
amplifier per year for your personal use, 
‘The amplifier described here is relatively 
easy to fabricate, given a basic knowledge 
of electronics and some familiarity with 
hand tools. This article describes in detail 
the construction of a 12.4B, nominal 30 W 
output, 1.8 to 30 MHz RF power amplifier. 
Itis intended for 12 to 14.7 V de operation, 
making it ideal for mobile use. 


‘Amplifier Description 

The design of the amplifier is based 
upon common engineering practices. Ideas 
gathered from researching the handbooks 
published by the ARRL and The Radio 
Society of Great Britain (RSGB), as well 
as articles published in QST and other jour- 
nals formed the basis of the design. This 
amplifier uses readily available compo- 
nents...many of the earlier designs were 
based on the Motorola MRF series of RF 
devices that are no longer available or are 
prohibitively expensive. 

‘The amplifier is housed in a 5 x 7x 2 
inch aluminum box. It consists of two 
stacked circuit boards—an RF amplifier 
and a low-pass filter. The completed 
amplifier is shown in Figure 1. Figure 2 is 
the Schematic diageam of the RF assembly 
together with the amplifier and low-pass 
filler parts list and Figure 3 isthe low-pass 
filter schematic. The amplifier can be 
driven by 2 to SW at the RF input; an input 
attenuator consisting of RI, R2 and R3 
must be selected (as noted in Figure 2) to 
ensure the proper drive level @ W) for the 
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Figure 1—The completed 30 W amplifier. The band switch takes care of output low- 


pass filter switching 


push-pull (2SC2312C device types) class 
AB amplifier stage. T1 is wound ona small, 
binocular core with a 4:1 ratio as detailed 
con the schematic. The low impedance sec- 
ondary is a single turn center tapped it 
carries the bias voltage to the output tran- 
sistors. The bias voltage is derived from 
the LM317 regulator, which is operated as 
‘a switched current source. The LM317 is 
switched on when the internal PTT line is 
activated, Bias voltage is developed across 
the FES8I diode, which is in intimate ther: 
‘mal contact with the output transistors, The 
‘output transformer (T2) is also wound with 
4:1 ratio; ithas a single-turn sense wind- 
ing. The ‘single-turn feedback winding 
provides some degree of negative feedback 
to flatten the gain and stabilize the input 
impedance over the HF frequency range. 
The RC network in the input base circuit 
establishes the overall gain. The 6.8 W 
series resistors determine the gain below 
14 MHz, while the 4700 pF capacitors are 
effective above 14 MHz. 

Figure 4 shows the output power versus 
frequency characteristics of the amplifier, 


including the second and third harmonic 
response. All measurements were made | 
with an IERI600S Communications Ser- | 
Vice Monitor. In all cases, harmonies were 
greater than 40 dB down referenced to the 
fundamental frequency (~40 dBc), and the 
amplifier meets current FCC requirements 
for spectral purity.* Note thatthe gain starts 
to decrease above 21 MHz, rolling off from 

4 nominal 30 W to 20 W at 29 MHz. On 10 
meters this stil represents 10 dB of gain, a 
‘worthwhile improvement. The de voltage 
to the output transistors is decoupled by the 
pi network at the center-tapped primary of 
the output transformer, T2. This winding 
carries substantial current and should be 
‘wound with #18 Teilon covered wire, Any 
IR drop in the de circuit will severely de- _ 
grade the amplifier performance. TR | 
‘witching is provided by relay KI. The PTT 
line can be operated manually (pulled to 
ground) or RF activated switching circuitry 
can be installed to eliminate the need for 
external keying conteols. The value of C12 
3.3 uF) determines the SSB time constant 
for the RF activated switch 
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Except as indiated, decimal values of capactance 
are in mixroarads (uF), hers aren plosarads 
(pF; resistances are in ohms; k= 1,000, 


T1 Prim 27, See 17 CT on BN 43-203 Core 
‘12 piim IT CT, Sec 2T, on T- 314 Core 

with 77 Sampling Loop, 

‘Wid with #24 Teflon Wire, T2 (sec) #18 Teflon 


346.6873; www.mouse! 


www.rfparts.com. (A) denotes Amidon, Inc, 240 Briggs Ave, Costa Mesa, CA 82626; tol 200-898-1883; www. 


sre 2—The RF amplifier schematic and part list. (M) denotes Mouser Etectronics, 1000 N Main St, Mansfield, TX 76063; tel 
com, (RF) denotes AF Parts Co, 435 $ Pacific St, San Marcos, CA 92069; tel 800-737-2787. 


jon 


inductive.com. (F) denotes FAR Circuits, 18N640 Field Ct, Dundee, IL 601 18; tel 847-836-9148; www farcircuits.net. 


fF capacitor, 
{W) 140-10025-1032. 
CN—0.1 uF capacitor, 

{Wi 80-CKOSBXt04K 
122.3 uF capacitor, 

{M) 80-C340C335M5U, 

‘13-82 pF capacitor, 

‘ay 6982-15-500V88, 
G14—150 pF capacitor, 

(0) 6982-15-500V150. 
15-200 oF capacitor, 

{Wi) 5982-15-500V200, 
(C16, 17-4700 pF capacitor, 

IN) 140-50PS-4721-T8. 
(018-20—0.001 uF capacitor, 

(WM) 140-10025-1022. 
DI-D4-—1N914 diode, (M) 610-1Ng1a, 
D5, 07, 08—1N4004 diode, (M) 583- 

‘naga 
D&—FESAJT diode, (M) 625-FESEUT. 
DS—LED. green, with mount, 

() 512.HLMP4719. 

DI0—LED. red, with mount, 

(Ws) 512-HLMP4700. 


K1—Relay, 12 V de coil, DPOT, 
(M) 551-M-12USR, 
Q1, G2—Transistor, switching, 2N2222, 
(i) 511-2N22228. 
3, Q4—Transistor, RF, 28023120, (RF) 
28023126. 
RI—300 © 7 W, (M) 281-300, 
Re, R3—18 0, 1'W, (M) 281-18 
Fa, R5—6.8 ci,  W, (M) 308/250. 
Re, R7—18 0, 4 W, (M) 30825048. 
8, RO—120 ©, Ja W. (M) 30BY250- 120. 
R10—1.2 KO, 44 W, (i) 30BJ250-1.2K. 
R110 22, 4 W, (M) 30B250-10K, 
R12-14—3.3 kn, % W, (M) 30BJ250-3.3K. 
F1S—1 KO, potentiometer, 
(Mt) 581-PTC1OH-1K. 
16—27 0, 1 W, (M) 281-27. 
R17—4.7 koa, 14 W, (M) 3083250-4.7K, 
RECI—AF choke, (RF) VK-200-3R 
‘Ti—Transformer core, (A) BN-43-303. 
T2—Transformet care, (RF) T-% core, 
Ui—IC, LM317T, (M) 512-4M317T. 
Misc 
2—T0-220 mounting kit, (M) 534-4724. 


2-10-20 thermal ingulator pad, 
(M) 526-NTETP0O06, 
PC board, FARA RF amplifier, (F). 
Low-Pass Filter Board 
(Gee Figure 3 for component delineation) 
2-100 pF capacitor, 
(M) 5982-15-500V 00. 
3-180 pF capacitor, 
(M) 5982-15-500Vi80, 
3-930 pF capacitor, 
(M) 5982-15-500V330. 
2-480 BF capacitor, 
(M) 5982-15-600V430. 
1860 pF capacitor, 
(mh) 5982-15-500V560. 
3-820 pF capacitor, 
(Mt) 5982-18-500V820. 
31500 oF capacitor, 
(M) 5982-19-500V1500. 
—2700 pF capacitor, 
(Mt) 5982-19-500V2700. 
120.01 uF capacitor, 
(M) 140-10025-1022 


{eominued on next page] 
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[continuation of Figure 2] 


12—-Rolay, 12 V de coll, DPT, 
(M) 655-T7NSSD1-12, 

1—-Swich, 1 pole, 6 pos, 

(M) 10-Y¥xx026. 

HF Fier Kit, (A) HFFLT. Contains the 
‘cores and'wire necessary to build the 
low-pass filters. 

PC board, FARA LP Filter, (F) 

‘Chassis Parts 

Chassis box, Bud, (M) 563-AC-402 

Chassis cover, Bud, (M) 563-BPA-1589 

Hat sink, (M)'532-244609802 

44-40 hextype standoff, (M) 534- 
2201 


94-40 x 4 pan head screw. 

4—4-40 x ¥4 pan head screw. 

6—4-40 flat washer. 

9—4-40 lock washer. 

24-40 nut 

28-32 x M4 pan head screw. 

28-32 lock washer. 

2—BNC socket, chassis mount, 
(M) 161-9323, 

ACA-type sockst, female, chassis 
mount, (M) 161-1008. 

Switch, toggle, SPDT, (M) 10TC320. 

Jones-type socket, chassis mount, male, 
2 pin, polarized, (M) 538-13023, 


The low-pass filter assembly utilizes 
relaysto select the proper filter network for 
the various frequency ranges. Relays were 
ehosen to simplify the RF switching and to 
minimize cost, The six filters cover the nine 
amateur bands from 1,8 to 30 MHz the fre: 
quency ranges and circuit constants are as 
noted on the LPF schematic diagram. The 
inductor cores and wire to wind the coils 
are available asa kit of parts from Amidon.? 
The LIC constants are the same as those 
recommended by WAQEBY for the 
MOSFET RF amplifier in The ARRL Hand- 
book: The filters are not used when the 
amplifier is off or when the PTT line is not 
activated—this permits mulli-band listen- 
ing and limited VHF use when a wide fre- 
{quency transceiver is in use (like the Yaesu 
FT-817). There is no provision for ALC 
feedback, so caution must be exercised so 
as not to overdrive the amplifier. 


Construction Hints 

‘Although no step-by-step instructions 
are provided, a few hints will ease the 
assembly process. The circuit boards pis 
tured are the prototype assemblies; they are 
not solder-plated, However, the available 
circuit boards (from FAR’ Circuits) are 
plated but do not have plated through- 
holes, so through-holes must be pinned and 
soldered.® Detailed drawings of the PC 
boards, the parts layout, coil-winding data 
and chassis templates can be found at 
www.arrl.org/files/qst-binaries/ 
faraamp.zip. Saul, K1BI, the FARA Web- 
master has also set up a site for the project. 
Itean be found at www-falara.orgytektalk/ 
tektalkfs.html, The circuit boards as they 
appear before wiring can be seen in 
Figure 5. 


Figure 3—The low pass fiter (LPF) 


schematic. 
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Circuit Board Preparation 


# Given the large ground plane area, the 
boards mist be clean or you will experience 
{ifficulty when soldering to the foil. Plated 

they are easier to solder. 


oards are best; 
Some solder flux may improve the solder- 


Ability of the board, but be sure to use only 


rosin core sober and a non-corrosive flux, 


‘Carefully inspect all soldered connec- 
tions for cold solder joints. Good soldering 


technique is crucial to the performance of 
the amplifier. 

‘Periodically, the flux should be re: 
moved from the board during the wonstrue 
fion phase with a suitable chemical cleaner 


‘There are a number of holes to be 
drilled and pinned on each board; these are 
noted on the parts placements diagrams. 
Wires should be inserted through the 
‘board, kent into the shape of a "Z,” formed 
"flat against the board, soldered and cut 
# The four corner holes on each board 
must be sized as a clearance hole for the 4~ 
40 mounting hardware 
‘+ Components should be mounted flush 
ft 10 the board—tixed capaciters should be 
mounted as close to the foil as possible 
The large rectangular blocks on the RF 
board must be trimmed in order to mount 
the RF output transistors and the bias diode. 


Weve 
Test setup | power Supply 


FT-817, Power Output = 4.6 Watts +2 W (wity-3 28 Pad) 


FARA Amplifier Output Characteristics 


‘amplifier 


Frequeccy (Miz) RF Output WW) 2nd Harmonic (2B) _ rs Harmonic (68) 

is 23 —4a 8 

35 3 “5 83 

72 x “0 “50 

10.41 2 62 a5 

142 a “60 50 

set 3t “0 2 

a2 30 “0 “7 

249 2 60 53 

284 a “60 56 
‘Faure 4—Amplifier output data, including second and third harmonic response 


RF Amplifier Circuit Board 

A view of the completed RF board can 
be seen in Figure 6, The Toitowing sugges- 
tions pertain to the amplifier board. 

‘* Wind the secondary winding on T2 
and mount it to the circuit board first 

# The emitters of the 28C2312s (3, 
Q4) are intended to be grounded through a 
hole on the pad. The following modifica 
tion is advised—bend a thin brass or cop 
per strap into a “LI” shape and solder it on 
both sides af the board. This lowers the im- 
pedance to ground. 

‘¢ Next, mount the smaller fixed compo- 
rents, the resistors and capacitors 

#The semiconductors and the relay 
mount last 

‘ Do not mount D6, Q3 and Q4 until the 
assembly is fixed in the chassis and posi 
tioned relative te the heat sink. 


Low-Pass Filter Circuit Board 

This is a double-sided board; the revers 
side is a ground plane with clearance etches 
for the various components, The LPF board 
ccan be seen in Figure 7. It may be necessary 
to form the capacitor leads slightly to co 
form to the hole spacing. 

‘ Mount the filter components first, fol~ 
lowed by the bypass capacitors and the 
jumper wires, Refer to the schematic for 
‘component walues by frequency range. 

# The relays mount last. De aot ove 
heat their mounting pins when soldering. 

‘Do not mount the LPF assembly until 
the initial tune-up is completed. It is rec~ 
ommended that you pre-wire the band 
switch, It mounts between the twa circuit 
boards when they are installed in the chas- 


boards before wiring. The RF board is om the left and the LPF 


Figure 6—The completed AF assembly 
ris 10 the right, Note the pinned and soldered holes, 


board, 


Figure 7—The completed LPF board. Note 
the relays that are used as filter switches~ 
they are selected by the band switch. 


sis and it is difficult to get to, 


Chassis, Panel and Heat Sink 

Full size templates for the chassis and 
panel can be found on the Web site. Trim 
the templates to size and fold and tape them 
to the aluminum box and heat sink. It is 
important to center punch the holes and 
rill a small pilot hole at each location. 

large the holes to size according to the 
‘dimensions. Letter the panel with dry trans- 
fer lettering available at office supply 
stores. Spray on several ight coats of cleat 
lacquer to protect the lettering. Mount the 
heat sink and the panel components, but do, 
not mount the bandswitch at this time, 
Mount the RF amplifier board using 
couple of 4-40 flat washers as spacers be- 
tween the chassis and the circuit board at 
each comer. Install the 4-40 standoffs to 
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hold the assembly in place. Mount D6, Q3 
and Q4, using the TO-220 thermal pads and 
hardware to isolate the transistor mounting 
tab from the chassis. It is not necessary to 
isolate D6, Use RG-174 miniature coaxial 
cable for the internal RF connections. 


Tune-up and Testing 

AS this is a broadband design there is n0 
tune-up; only the bias adjustment needs to 
be set. A 12 to Id V de current limited vari- 
able supply is recommended for initial ad- 
Jjustment and testing. Use a dummy load at 
the amplifier output, Drive levels refer to 
the attenuator output, if used, 

* Connect a temporary jumper between 
the Fp and Fay pads on the RF board. 

« Preset RIS (1 k® potentiometer) $0 
that the wiper is at ground, 

+ Apply 12 V de and ground the PTT 
line (the relay should pull in). 

* Briefly drive the input 
MHz and note the power output. 

‘© Again apply 1 W and increase bias 
(R15) until the output increases about 15%. 

‘Increase drive to 2 W and note the 
power output (about 25 W). 

“Increase voltage 10 14.7 V de; note the 
output with 2 W of drive (about 35 W). 

‘Remove power; remove the temporary 
jumper; mount the band switch; connect 
and install the LPF board. Verify that the 
power output over the range of 1.8 to 29 
MHZ is as expected. A view inside the bot- 
tom of the amplifier, with the LPF board 
visible, is shown in Figure 8. 


Final Comments 

‘The FCC has placed strict limitations 
‘on power amplifiers used below 30 MHz. 
Please review the appropriate FCC reguls- 
tions before constructing this amplifier.* 
Kits offered for sale even partial amplifier 
Kits that require additional parts, are pro- 
hibited by current FCC regulations.” 

‘Construction time, assuming that athe 
‘components are on hand and the boards are 
properly prepared, is about 4 hours. SSB 
operation results in the heat sink barely 
‘getting warm, and cooling under key-down 


Lwatld 


Figure @—A bottom view inside the 
‘completed amplifier. The LPF board is 
‘mounted below the RF assembly. 


conditions is more than ndequate 
‘Approjectoof this scope is more fun when 
others participate. Harry, W2RKB, pro- 
vided the necessary prodding to get it 
started, He also fabricated the circuit 
boards and the filter assemblies for the pro- 
totype amplifiers. Dave Hosom assisted 
with the photographs. A generous thank | 
you is extended to them both. Give the 
FARA amplifier try... it's practical and 
rewarding project 


Notes 
*Fgceral Communications Commission, See 
ogo Note 1 

Shenidon Associates, Inc, 240 Briggs Ave, 
Costa Mesa, CA” 92626, 800-890-1883; 
‘www.amidor-inductive.com 
$a 2008 ARAL Handbook, po 1791-1797. | 


18N640 Field Court, Dundee, K. 
"ea Tol 847-896-9148; www-tarcircuits. 
SFederat Communications Commission, Sec 


57.3.(19). 
TSe¢ Note 6. 
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From QST, October 1990 


A Compact “Brick” for 


Meters 


fost transceivers available for the 6 
meter band provide 10 W output. This 
Power level provides satisfactory commu: 
nications during good sporadic-E open. 
ings, but is not adequate for making 
Yong-haul contacts on meteor scatter or 
uring F-layes openings. For the average 
Station, an ouiput leve? of 100 W seems to 
be a reasonable compromise between a 
YO-W exciter and a kilowatt amplifier. 
Unfortunately, 50-MHz. amplifiers in this 
power class are not readily available. 
Tegan operating on the 6-meter band a 
few years ag0, near the lowest point in sun- 
fpot cycle 21. Sporadic E kept my interest 
high. and soon it became evident that T 
seeded an amplifier. Being abuilder at hear, 
[decided to “roll my own” and began to 
search the Amateur Radio literature for de- 
Sign examples. I found very few solid-state 
lnplifiers, and only one in the 100-W class.! 
built the amplifies as specified, and I 
gol good results. My 6-meter effectiveness 
made a quantum leap! One highlight was 
working Europe with # 12-foot-boom Yagi 
‘The amplifier performed so well that sev- 
eal of my friends asked me to build them 
duplicates of it, With each revision, tried 
to add design innovations, including on- 
board TR relays, a catrier-opesated-relay 
(COR) circuit and transistor biasing, as 
well as low-pass filtering and more com- 
ict packaging. The product of these 
efforts is described in this article. At least 
Bok these units have been constructed and 
are now in use. Several of these amplifiers 
have been used on DXpeditions, in beacon 
strvice, and as drivers for kilowatt-chass 
Amplifiers, and results have been excellent 
Ifyou are looking for a low-cost 100-W 
amplifier, this proven design would make 
ice addition to your 6-meter station. This 
ircuit can also be adapted for use with an 
MRFI4O FET, which produces over 160 
Woutput with jess than 10 W drive, Sethe 
sidebar for more details 


Does your six-meter signal need some extra kick? 
This inexpensive amplifier bridges the gap from 10 


to 100 watts. 


uit Highlights 

‘The amplifier circuit, shown in Fig 1, is 
4 single-stage, 10-dB-gain, class-B design 
using the popular Motorola MRF492 tran: 
sistor. The RF circuitry is based on a test 
circuit in Motorola's RF Device Data 
book.? Input and output impedance match- 
ing is done with low-Q lumped circuits 
rather than with broadband transformers, 
The amplifier’s bandwidth is about 1.5 
MHz, which covers the DX portion of the 

-meter band with plenty to spare, And, the 
output network has a secondary dip at about 
53 MHz, allowing CW/SSB work and FM 
operation without the need to retune the 
amplifier. The narrowband nature of the 
matching networks helps reduce harmon- 
ies. A half-wave low-pass filter in the 
output circuit further reduces harmonic 
content t0 meet current FCC specifications 
(see Fig 2). 

‘Vhe COR circuit is based on a high-gain 


‘operational amplifier that provides these 
sitivity required for SSB operation. This 
circuit is mach more effective than the 
Darlington-transistor COR circuits found 
in most commercial amplifiers. It works 
well with low-power $SR rigs that do not 
have easily accessible PTT lines, although 
‘a separate PTT input is also included. 
‘The amplifier PC board? is mounted in 
4 die-east_aluminum box (Hammond 
1590, Bud CU-247 or Jameco® part no. 
85006) with an exiruded-aluminum heat 
sink bolted to the bottom. (I used a 6-inch 
length of Wakefield no. 1527 heat sink 
‘Any aluminum heat sink with. similar 
dimensions should work fine.) The com- 
pleted amplifier is operated inverted, with 
the removable lid serving as the bottom. 
The enclosure is painted flat black and 
labeled with white rub-on letering, Stick- 
on rubber feet are atached atthe earners of 
the bottom cover. The finished product 
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Fig 1—Schematic of the 100-W 6-meter amplifier. Liberal use of bypass capacitors and ferrite beads helps ensure stability and keeps 


RE out of the power supply, 

C1—10 pF, ceramic aise. 

62—0.0 uF. polyester tim. 

63, C10~0.00 HF, ceramic disc, 

C4, Co, Ca, C9, C18-C19—04 BF, 
polyester fm, 

c5~b- to 180-0F mica compression 
trimmer, Arco no. 403. 

7-000 uF, 63 V, aluminum 
electrolytic 

Cli=~120 pF, 100 V, siver mica. 

G12, C2262 pF, 100 V, sliver ica. 

G13; G14, C2050-t0 980-9F mica 
compression trimmer, Areo no. 465, 
C2125: to 280-pF mica compression 
trimmer, Arco ne. 464 

bi inaao2 

Be—1N1200 stud-mount diode, 

3, D4—1N4148. 

DSi—Green LED. 

D82—Red LED. 


looks professional, and also does a good 
job of cooling the power transistor and bias 
diode. 
Construction 

‘The amplifier is assembled on a double- 
sided printed circuit board. All RF compo- 
nents are surface-mounted on the component 
side of the PC board (sce Fig 3). The COR 
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‘FBI, FB3—Ferrite bead, Amidon no. 
849-904 or similar. 

FB2—VK-200 wide-band choke, 
‘no, 24 solid wire on Amidon no. 

B43-5111 ferrite core. 

Ji, J2—Female RF connector (UHF, BNC, 


24 turns 


1 12-V de coil, Omron 
1 2. Available trom 


"in, long. 

Gam, enc tishes tong 
‘ian i i. frist 

Qi—MAFA92, 

G2—2N2222A, 


‘components, including the relays, connect 
to traces on the other side of the board. The 
‘remaining non-component-side foil serves 
‘as a ground plane, and is electrically con- 
‘nected to the component-side ground plane 
via platedthrough holes. If you make your 
‘own PC board, you can replace these plated- 
through holes with no. 18 AWG wires 
‘soldered to both sides of the board, or, pref- 


FI—6-W bias resistor (see text), 
F2—10 Q, ‘fe W, carbon comp. 

A, RS-—10 ka, "4 W, carbon comp. 
R41 MQ, e W, carbon comp. 
F6—100-ka PC-board potentiometer. 
7-R9—1 kO, ‘a W, carbon comp, 
‘$1—OPDT miniature toggle. 
‘$2—SPST miniature toggle. 
Ui—LM358. 


Miscellaneous 

Suitable die-cast-aluminum enclosure and 
heat sink 

Pair of binding posts or other suitable do- 
supply connector. 

Two 1-x 3-n, strips of double-sided foam 
tape, 

Two LED holders. 

Sever no, 4-80 x Vs in. machine screws. 


‘erably, copper rivets such as those available 
from Frontier Microwave and Down East 
Microwave.* The relays also mount in 
plated-through holes. The PC-board pat- 
terns and part-placement overlay are avail- 
able from the ARRL. Technical Department 
Secretary.? 

Drill the case for the switches, connec- 
tors and indicators you'll use. Begin PC- 


Fig 2—Worst-case spectral display of the 
400-W 6-meter amplifier. Vertical divisions 
are each 10 dB; horizontal divisions are 
tach 10 MHz, Output power was approxi 
mately 100 W at 50.2 MHz. All harmonics 
{nd spurious emissions are at least 60 dB 
below peak fundamental output when the 
amplifier is tuned as described in the text. 
The 100-W ampiiier complies with current 
FOC specifications for spectral purity for 
fquipment in this power-output class and 
frequency range. Better spectral purty can 
be obtained by using an extemal output 
fiter (see the relerent of note 1 for a 
‘suitable fiter circuit. 


board consituction by mounting the parts 
that are soldered to traces on the other side 
af the board. This includes the COR parts 
and relays, the RG-174 jumper, and diode 
DI. Make sure that the diodes and Q2 are 
properly oriented 

The soldee-side parts are surface 
‘mounted. Keep lead lengths to a minimum 
Jo more than Vs inch) on these parts. The 


bypass capacitors should have the shortest 
possible leads, and should be surface- 
‘mounted on the PC board. 

Wind the coils using '/4- and Ye-inch 
rill bits as temporary forms. Cut the coil 
leads to "4 inch, bend them 90°, scrape the 
insulation off the ends and solder the coils, 
to the board. Some of the coils may need to 
be compressed or spread during tune-up to 
get maximum output power, so allow for 
this when mounting them. Use Fig 3 as a 
guide. Mount the mica trimmers by bend- 
ing the solder tabs parallel to the board and 
surface-mounting them. (Some trimmers 
have extra tabs that may short to the PC 
board; I cut these off with side cutters fo 
eliminate this risk.) When surface-mount- 
ing the larger components, a high-wattage 
soldering gun is useful, but be careful: The 
traces may separate from the PC board if 
excessive heat is used. 

When the PC board is complete, tempo- 
rarily place the MRF492 in its mounting 
hole in the PC board, making sure to orient 
the transistor properly (the beveled lead is 
the collector). Place the PC board inside 
the box assembly. Carefully mark the tran’ 
sistor-mounting holes and the single PC- 
board mounting hole on the enclosure, 
through the PC board. Remove the PC 
board from the case, then dill and tap these 
holes for no. 4-40 hardware, Mark and dill 
the heat sink using the enclosure as. guide. 

Drill and tap four more no. 4-40 holes, 
near the corners of the case, through the 
case and into the heat sink. Apply heat- 
sink compound between the die-cast box 


Fig 3—This inside view of the 100-W amplifior 
‘board, counterclockwise from upper lelt: the C 
networks, switches and indicators (lower let) 
_and output network (lower right). The TA relays and connectors are at the upper center, 
{and bias resistor At is justo the lef of center, 


shows the circuit's simplicity. On the PC 
(OR circuit: inpu-matching and bias 
'MRF492 (lower center); collector choke 


‘and the heat sink, then use no. 4-40 screws 
in these holes to Secure the heat sink to the 

Place the PC board into the case/heat- 
sink assembly again, and mark the location 
Of the stud-mounted bias diode. Remove 
the board and drill and tap a Ys-inch-deep 
no. 10-32 hole in the ease/heat-sink assem 
bly. The diode’s threaded stud is more than 
Yeinch long, and should be carefully cut off 
(with a hacksaw) to */s inch. 

‘The rear of the PC board must be insu- 
lated from the box assembly, because many 
of the COR-circuit traces ‘on the under- 
side of the board are not at ground poten 
tial, 1 use “frinch-thick double-sided foam 
tape to cover the soder-side traces and to 
support the board away from the case. 
Make sure the component leads are cut off 
closely at the rear of the PC board so that 
they don’t punch through the foam tape and 
short to the box assembly. Mount the board 
inside the case, then screw the bias diode 
snugly into its mounting hole in the case/ 
heat sink assembly. 

Solder the MRF492 onto the board as 
the last step. after the transistor case has. 
been mounted in the board and screwed 
into place. (This eliminates the possibility 
of cracking and ruining the $15 device!) 
Be sure to use a libcral amount of silicone 
hheat-sink compound between the transis- 
tor and the box 

Mount the front-panel LEDs, switches 
and the RF connectors of your choice tothe 
box. Any suitable RF connectors can be 
used. The connectors are wired to the PC 
board with no. 18 tinned bus-wire jumpers 
Make these as short as possible. Fused no. 
24 insulated hookup wire to connect the 
Switches and LEDs to the PC board. Fi- 
nally, mount the de-power binding posts 10 
the rear panel, These are wired t0 the PC 
board with no. 18 bus wire run through 
FT-43-801 ferrite beads. 


Initial Testing 

After the switches, LEDs and connec- 
tors have been wired, carefully check all 
connections. Make certain thatthe jumper 
from the PC board to bias diode D2 is con- 
fected! If all looks ood, connect the 
amplifier toa 13.8-V power supply capable 
of sourcing | A. (IF you have one, a small, 
current-limited power supply is best for 
testing.) If your power supply does not have 
reliable current metering, a meter capable 
of measuring 0-500 mA should be placed in 
series with the positive supply lend 

With the aniplifier tured off, turn on 
the power supply. The meter should indi- 
cate 0. Turn on the amplifier and. sate 
the total indicated current. It should be 
between 50 and 300 mA. If itis much 
greater than 300 mA, quickly tum off the 
Power supply and look for problems. 

IF the current is within these limits, you 
can go about setting the operating bias 
This involves changing the value of RI 
until the collector currem is between 75 
and 175 mA. Note that this is not wtal 
cireuit current, which includes the diode 
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Circuit 


MRF 140's gate. 


circuit needs no modifi 


desirable. —NALTA 


Using a MOSFET to Get More Power from the Bi 


ic MRF492 Amplifier 


The MRF492 amplifier circuit described in the main text is easily modified 
for use with an MRF140 VMOS power FET, which has about 15 dB gain and over 
160 W output—substantially more than the MRF492. Even the devios cases are the 
same, so the changes required to operate this circuit with an MRF140 are quite, 
straightforward. Specific details of the modifications required, including a schematic 
diagram, are available from the author for an SASE. 

‘The main differences between the devices are that the MRF140, a MOSFET, 
needs different biasing and a higher supply potential (28 V) than the MRF492, and 
is more expensive ($88 versus $15 for the MRF492, at this weting). But it 
a 28-V supply and need more than 100 W or have a 5-W exciter, the change is 
probably worthwhile. The MRF140 is easily biased with a three-terminal regulator 
(an LM317T works well), and requires very few component changes other than 
those in the bias circuit. An additional capacitor and inductor are also required at the 


uhave 


Because the modified amplifier requires a 24- to 28-V supply, different TR relays 

must be used, of, alternatively, 12-V-coil relays can be wired in series. (The COR 
because the LM358 works fine at 28 V.) 

‘Good heat sinking is more critical to amplifier performance at the higher power 

level, s0 | used a 3- x 5- inch slab of ‘-inch-thick copper between the device and 

the case as a heat spreader. A larger heat sink andior forced-alr cooling are also 


current and POWER LED current, The best 
way to measure collector current is t0 lift 
FB3 and insert a milliammeter in series 
with the collector-supply lead at that 0% 
tion, An alternative method is to use the 
Following equation to approximate collec 
tor current: 


Trorat— (Var = RI) + 
(Vee~ 11 + 10003) 


where 
Ic = collector current in milliamperes 
Vaa= measured voltage across RI 
Veo = measured supply voltage 


This equation lets you calculate collec~ 
tor current by sublracting the current 
through RI (Va, = R)) and the current 
through the POWER LED ([Voe — 1] = 
1000) from the total supply current. 

Using either method, substitute differ- 
cent resistors at RI until the collector cur: 
rent falls into the 75- to 175-mA range. In 
almost every case, a 5-W resistor of 82, 91, 
100, 110, 120 or 130 82 will bring the cur 
rent into that region, (I have never had to 
substitute more than three resistors to ar- 
rive in this bias-current range.) These 5-W 
resistors can be purchased for less than 
$0.40 each, so, although a 200-0, 5-W 
wire-wound potentiometer could be used 
for RI, all six resistors can be purchased 
for far less. And, these days, high-wattaze 
potentiometers are hard to find. 


Tune-Up 

‘When the bias current has been set, the 
amplifier can be initially wned. For this 
procedure, the amplifier should be con- 
nected to a power supply capable of deliv- 
eringat least 15 Aat 13.8 V. A power meter 
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capable of indicating at teast 100 W at 50 
MHz should be connected at the amplifier 
output, and the meter’s outpat to a 50-0 
load. It is also desirable to measure input 
power from the exciter, as well as ampli- 
fier-input SWR, but these can be measured 

ter initial tune-up if (Wo meters aren't 
available. 

Set the input-circuit trimmers (CS and 
C14) near midrange. Because the output 
circuit can be tuned several ways for the 
proper impedance transformation, it's int- 
portant to preliminarily adjust the output 
Circuit by compressing C13 all the way, 
then backing off one full turn, before be- 
ginning tune-up. Do the same for C21, then 
back €20 out almost all the way. Turn on 
the amplifier and apply about 2 W drive. 
‘The COR should sense the input RF and 
switch immediately into transmit, Using a 
nonmetallic tool, tune the two input-circuit 
trimmers for maximum power output, then 
tune the three output trimmers (C13, C20 
and C21) for peak output. These adjust- 
ments interact, so continue tweaking for 
maximum power. 

During tuning, pay attention to the tem- 
peratures of these variable capacitors. If 
heating is noticeable (especially in C13), 
reset these capacitors and start again. Limit 
key-down periods to 10 seconds, and allow 
for cooling in between, Increase drive to 
about 9 W. Output should be 95 to 105 W, 
and the output-tuning capacitors should 
be cool to the touch just after RF drive is 
removed. 

Input SWR should be less than 12:1. If 
not, adjust the input-circuit trimmers for 
the best compromise between low input 
SWR and maximum power output. The 
amplifier is now ready for operation. Some 
MRB492s seem to be “hotter” (exhibit 


more gain) than others: I have seen some 
devices produce 115 W easily and others 
strain to put out 95 W. On the air, the dif- 
ference is so slight that it can't be detected, 
For best IMD performance, I recommend 
running the amplifier at about 85 W output 
on SSB. 


FM Operation 

‘This amplifier also works well on FM, 
but the power output should be limited to 
about 75 W because of FM's more demand~ 
ing duty cycle. As mentioned earlier, the 

jer’s bandwidth characteristic is 

double-humped; if it’s tuned up at 50.1 
MI, the second hump falls in the 53-MHz 
area, allowing for SSB and FM operation 
without retuning 

Ifthe amplifier is to be used for beacon, 
CW or FM operation exclusively, I suggest 
you configure it for class-C operation, 
Efficiency in cl operation is in the 
72% range, versus 60% for class B. To con 
figure the amplifier for class-C use, con= 
nect the inductor using PB2 (the multi-hole 
ferrite bead) from Q1's base to ground, and 
eliminate all of the other bias components, 
including D2. If you like, you can add 3 
panel switch to change between class-C 
and class-B operation. 

‘The amplifier should never be operated 
class C on SSB. Doing so results in severe 
distortion, 


Conclusion 

T hope that you enjoy building this 
project, and will be motivated 10 try 50- 
MHz operation. As I write this, Japanese 
stations are being worked on the East 
Coast, and all continents are frequently 
heard. In the years to come, the regulat 
occurrences of sporadic-E openings and 
‘meteor scatter will help fill the nulls be- 
tween F-layer openings. Hurry and get in 
on the excitement on the “Magic Band”? 
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Prsneaticracticle, described a50 MHz, 
Li2s v, 250 W, class-C amplifier using 
BAJB highvoltage MOSFET de~ 
This paper describes an improved 
ession of an amplifier that is capable of 
-AB linear operation, ‘The design 
shanges required and the procedures 
volved are explained and demonstrated 
Complete descriptions of the amplifier and 
is tnsiniction are presented, as well as 
ie measured performance. 
High-voltage, high-power MOSFETs 
been shown to be very capable RF 
power amplifiers? The metat-gate archi- 
of the ARF series from Advanced 
fower Technology has raised the fre 
cy Timits for this type of device to 
MHz. The APT448A/B is typical of 
series. It has a 68,000square-mil die 
jiha breakdown voltage rating, BV,,, of 
The device is provided in the inex- 
ive TO-247 plastic package, and is 
ilsble in common-source symmetric 
Like all MOSFETS, the gate thresh- 
Woltage, V,,,has a negative tempera- 
fe eoefficient, This makes operation as a 
amplifier difficult of impossible 
‘compensation 
‘When forward biased with a constant 
fe voltage, the quiescent drain current 
asthe temperature ofthe die increases. 
fing at the typical drain voltage for 
parts, about one third of the rated 
‘the power dissipation caused by the 
sing “dq results in “hot spotting” and 
quent thermal runaway. This is an 
ble system. The dissipation increases 
mpidly that the outside surface of the 
‘does not follow internal junction 
ture well. As a result, a bias-com- 
ation scheme that uses” temperature 
easing cannot keep up with the Vi, shift, 
the device is destroyed, 
The power dissipation within the die isa 
fonction of the operating voltage. By 
fing the operating voltage, the thermal 


From QEX, May 1999 


300-W MOSFET Linear 
Amplifier for 50 MHz 


Everyone is looking to go QRO on 6 meters. 
Build this “almost a brick” to boost your signals 


from 15 to 300 W. 


oop gain can be reduced to a point where 
the gatethreshold shift can be compensated, 
‘Thermal stability can be achieved by sens- 
ing the case temperature. Linear operation 
thus becomes practical at 100 V and below 
‘While this is less than 25% ofthe rated BV,.,, 
and produces less gain, a very rugged and 
useful linear amplifier is the result 


‘Amplifier Description 

The following were the design goals for 
the amplifier: 

fequeency range SO to $1 MHz 
+ Input SWR < 15:1 
+ Gain> 134B 
+ Quiput power 300 W PEP or CW 
+ Efficieney> 50% 

+ IMD3 > 25 dB below PEP 

‘A push-pull topology was chosen for 
best output power and minimum harmonic 
content, The previously reported class-C 
design used Vy = 125 V. Since this is too 
high for reliable class-AB operation, 80 V 
was eventually chosen for this design. This 
is a compromise between gain, efficiency 
and thermal stability, 

Since the gate input impedance is very 
low, it magnifies the effects of any stray 
inductance in the gate matching circuit. In 
push-pull design, itis critical to maintain 
absolute symmetry between the two sides, 
This fact was demonstrated during the ini- 
tial design wosk. One preliminary design 
hhad a slight asymmetry in the PCB artwork, 
‘The amplifier exhibited low elficiency, hot 
ferrite in the output transformer balun and 
poor distortion characteristics with asym- 
metrical IMD product amplitudes. This 
clearly demonstrates the benefit of sym- 
metrically packaged devices. 

A multiple-aperture ferrite bead was 
chosen for the input transformer. Brass tub- 
ing was used for the secondary, and the pri- 
sary was wound inside the brass tubes to 
provide a very broadband balanced trans- 
former design With minimum leakage reac- 


tance. Several cores and construction 
methods were evaluated, and this well- 
tried design proved best 

‘The typical HF push-pull amplifier 
employs a bifilar choke to decouple the 
drain-voltage feed. As frequency and 
power increase, this Feed method becomes 
less practical because the need to reduce 
the number of windings to offset the stray 
capacity and the need to prevent core satu- 
ration comflie. In this design, a powdered- 
iron toroid was chosen for the feed choke 
core. This proved far superior to any of the 
Ferrite cores evaluated. It is inexpensive 
and easy to reproduce. 


Design 

‘Three main areas must be addressed. 
The input matching must provide a bal 
anced feed to a pair of low-impedance 
gates. The output must be matched to a 
suitable toad impedance, and then trans- 
formed to a $0-Gunbalanced load. The bias, 
must be thermally compensated to track the 
negative temperature coefficient of the 
gate bias threshold. 

The input is reasonably straightforward, 
Each gate input is 0.2 40.5, as estimated 
from the data sheet. The push-pull topot- 
ogy puts these two impedances in series, 
which makes the matching less difficult, A 
‘Smith Chart? program makes the actual 
design easy. The program used here is 
WinSmith. The two gate impedances are 
added in series, and a network synthesized 
to transform the resulting impedance up to 
50.2. The Smith Chart program only works 
with single-ended cirouits, so the center tap 
‘was added later. See Fig 1 

‘The input-transformer design was cho- 
sen for its simplicity and relative ease of 
construction. Of several attempts using 
different material permeabilities, multiple 
beads and different conductor types, this 
proved to be the best and smost consistent 
performer. The core is a Fait-Rite’ “multi- 
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Figue &: Prototype implementation components, 


intended destinations, and user profile reader CVO which 
acquires user personal information from the social media 
profile. Several other CVOs have been developed that acquire 
diverse data and metadata from VOs where each represents a 
different RWO. These VOs include a user VO, smartphone 
VO, camera VO, wristband VO, motion detector VO, and 
others that are associated with the chosen environment 
(such as CO, sensor VO, humidity VO, temperature VO, 
and light VO). Each VO has several instances; for example, 
temperature sensor instances are represented as temperature: 
Sesor0001 and temperatureSesor0002. Further VO data is 
collected and analyzed by CVOs with the rules incorporated 
in the ontologies. CVOs composed in microservices help ana- 
lyze different situations and initiate inference over data using. 
inference engines. Considering the system requirement, sev- 
eral aspects have been evaluated, including identification of 
‘web objects for effective loT service provisioning, finding the 
social relationships among web objects, efficient discovery of 
web objects based on these relationships, and composition 
and harmonization of web objects. 


43. Prototype Implementation Details. To analyze the fea- 
sibility of the proposed architecture, a prototype on the 
discussed use case has been implemented. Figure 8 illus- 
trates the components of the prototype, which constitute 
social application server (SAS), ontology management server 
(OMS), and databases to hold VO and CVO graphs that are 
supported with SPARQL endpoints. The gateway connecting. 
sensors and actuators has been incorporated in the imple- 
mentation. Additionally, user data management services are 


implemented to get user profile and preferences history along, 
with social network data, 

‘The application server comprises five major compo- 
nents: social relationship manager (SRM), service manage- 
‘ment function (SMF), situation/context management func- 
tion (CMF), preference predictor, and virtual object man- 
ager (VOM). The SMF is an entry point for the service 
request; it interprets and evaluates the service request. It 
is also responsible for matching the service request with 
the available template, SMF communicates with VOM to 
check the VO or CVO availability. A compiled list of VOs 
is provided to SMF which generates object mashups to 
satisfy the service request. The execution of VO mashup 
graph is done using microservices. The second function, 
VOM, maintains instances of CVOs and associated VOs and 
coordinates with OMS to use available ontologies in the 
system. It records the association of services and VOs and 
enables the reuse of VOs by more than one service; it also 
resolves conflicts using conflict resolution mechanism. VOM. 
is implemented using RESTful web services. Further, SRM 
is implemented to maintain object relationships in the form, 
of RDF concepts represented in ontologies. It also involves 
several microservices, each implemented for a specific task. 
For example, group management microservice is developed 
to group objects that have similar characteristics. Similarly, 
other tasks are distributed in different microservices: for 
example, link management microservice is used to iden- 
tify the dependency among objects. Relationship observer 
microservice is implemented to monitor the objects when 
they change their state at runtime, whereas to search a web 
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Fig 1—Input matching network and calculation 


Fig 2—Output matching network and calculation. 
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The type-43 material has a y, of 850. At 50 
Miz, type-61 material (j., of 125) would 
also be satisfactory. This transformer is 
essential to provide balanced drive to the 
gates of the MOSFETs. The secondary 
winding is "Zrineh brass tubing. Copper 
shim stock forms the connections to the 
brass tubing at each end of the transformer 
secondary. The two-turn primary is wound 
inside the tubing. This construction pro- 
vvides a very reproducible transformer with 
minimum leakage reactance and a very | 
broad frequency response. It would be & 
suitable input transformer for a broadband 
amplifier covering 1 to 100 MHz. | 
‘The leakage reactance of the input trans- 
former-referred (0 the secondury—is 
about 18 nif and is represented as Li on the 
‘simplified input schematic in Fig 1. The 
‘gate load is represented by the “Load R.” | 
L2and C3. Using all three parts of the gate | 
t 
| 


impedance allows proper evaluation of the 
network bandwidth. A pi network consist- 
ing of C1, TL? and C2 is used to step-up the 
ate load to the 12.5 Q needed by the trans: 
former and compensates for TI's leakage 
reactance, Notice that the net stray induc 
tance of the gate is almost enough to effect 
‘a match with a single shunt capacitor. This, 
as actually been done, but it was not easy 
(0 fit all the parts in the available space; so 
it was judged unacceptable here. To trans- 
form the network into the required balanced 
configuration, the series TL1 is split into 
‘wo equal parts; the shunt capacitors remain 
the same, and a neutral center tap is pro: 
vided at the transformer secondary 

Because of the high currents circulat 
ing in the input network, it is imperative 
that C2 be a larger-sized, class-| dielectric 
(COG or NPO) capacitor. It must be a lead- 
Tess, surfacemount chip type, of the value 
will need to be adjusted. The input tun 
capacitor, a 900 pF mica compression trimi- 
mer, is mounted directly to the end of the 
input transformer. 

‘The output network is also straightfor- 
ward, The proper load impedance for class 


value of copoctonce ‘or 
in'mierotrads (uF): 
ara pstorade (9 
us = nator (10-9) 


Sion sips 


Fig 360 MHz amplifier schematic diagram. 
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'4—Amplifir parts layout. 


Bis calculated (rom the formula: 


0.98,V74a 
2P 


L 


{Wis isthe load for each device, and Po 
“sone half of the otal ina push-pull circuit. 
xshunted by the output capacitance, Cy. 
“Avvas done for the gate circuit, both out 
wlimpedances are series-connected to rep 
at the total output impedance. The 
rest for both devices in push-pull is 
307 0 in parallel with 75 pF, half the ow 
scapacitance of a single device. Though 
design goal was 300 W PEP. the ampli 
was actually designed for a 400 W load 
= This gives a good compromise be- 
een efficiency and linearity 
na classical design, a suitable trans- 
mer would be used to set the load imped- 
ge, and either the output power or the 
ting voltage would be adjusted 10 fit 
available turns ratio, Nocmally, in a 
tage HF design, the output capaci- 
Re is ignored because itis shunted by a 
smaller load resistance. At 50 MHz, 
effects of the ouput capacitance must 
‘compensated, so a slightly differen ap- 
h was taken in this circuit 
WinSMITH was used again to design the 
it matching. See Fig 2. The output 
lance of 30 41 is rotated south by the 
cof the shunt output capacitance, C2. 
options present themselves for com- 
sation. Some additional shunt eapaci- 
ee could be added to further reduce the 
uivalent series real part to 12.5 2, 
ies L used to resonate the resulting 
SC, then a 4:1 transformer used t0 g0 to 
 D. However, building a reproducible 
4:1 balanced teansformer was very 
cult, and compensating its leakage re- 
ce further complicates the design. The 
option was used: The equivalent 
‘output capacitance was resonated 
then more series inductance was 
torotate the load all the way up to the 
tho conductance circle. Finally, a 
nt capacitor was used to resonate the 


oi. 


e2088 @ 


Fig 5—PCB artwork (not to scale, original size 8.36 (7.00 Inches). 


added X,, The extra L and shunt C form an 
L-network, which wansforms the 20-2. 
equivalent series output impedance up to 
50 Q. This results in an easily duplicated 
design with a smooth, low-Q match, 

The de feed 10 the drains is provided 
through a shunt bifilar choke. At this fre- 
quency, most ferrite materials exhibit too 
much loss to be used at this impedance level, 
A powdeced-icon core works famously here, 

The bulun-transformer function is pro- 
vided by a simple coax and wire tans- 
former. Two of the windings are provided 
by 50-62 Teflon coax, and the third balane- 
ing winding by an additional single wire. 

‘The bias network requires some expla 
nation. Power MOSFETs have normal lot- 
to-lot variations in gate threshold voltage, 
Vo, forward transconductance, Gy, and 
other parameters. A number of devices 
were checked for V,,and they were all very 
close. They were all from the same die lot 
The die lot number is marked on the pack- 
age. For comparison, devices from another 
Jot were checked and were uniformly a half 
a volt lower. Were this the case for the de- 
vices to be used in the amplifier, u de block 
would aeed to be added to each side at the 
transformer, and the bias-feed network 
duplicated for each device. Since these de 
vices were uniform, the additional compli- 


cation of individual gate-bias adjustments 
was omitted in this design 

Because the gate-bias voltage required 
to maintain a particular value of idling 
drain current decreases as the temperature 
of the die increases, itis necessary to ther- 
mally compensate the gate-bins source, ot 
the devices will “run away.” A commonly 
available NTC resistor tracks the tempera 
ture of the ease, (Refer to Fig 3.) This bias 
Circuit has beee in the literature for many 
‘yeats.* The ratio of RI to R3 in part deter- 
mines the degree of compensation. A 
smaller value of RI, ora larger value of RS, 
willincrease the thermal sensitivity. A drop 
of thermally conductive glue keeps the 
thermistor in contact with the ease. Proper 
‘operation is indicated when the set value of 
Jy does not change after the heat sink gets 
‘not from prolonged operation 


Construction 

Refer to Fig 4 for the parts layout. A 
photo master of the artwork is shown in Fig 
5. The original size of the artwork is 3.35x7 
inches. The circuit board is I-ounce-cop- 
per, double-sided he-inch G-10 PCB ma- 
terial. All four edges of the board and the 
three sides af the two rectangular cutouts 
for the transistors are wrapped with cop- 
per-foil tape that was soldered in place to 
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Fig 6—SSB IMD performance. 
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Fig 7—Amplifier efficiency and gain. 


Table 1—Amplifier Parts List 
C10—1nF, 35 V electrolytic capacitor 


Di—6.8 V, 1 W Zenor diode 
Qi ARF4aBA 
Q2—ARF4d8B 


RE—1 kO, 0.5W tO-umn trimmer 


balun core 


25 


C1—215-790 pF Arco® #469 mica compression trimmer 
2, C8, C7—1000 pF, 500 V NPO chip eap, KD9 #2020N102/501P 

€320-180 pF Arco #463 mica comptession timmer 

C4-C5, C8-C9-0.01 uF, 500 V chip capacitor 

L1-L2—=70 nH, 3t #18 AWG enameled wire 0.31-Inch diameter 0.25-inch long 
L321 #20 AWG on Fair-Rite #284301 0402 bead 1, = 850 

F3—10 ke. NTC Fenwal'® #140-10LAG-AB1 

T1—Primary 21 #20 PTFE, Secondary "/w-inch brass tube on Fair-Rite #2843010402 


2-61 bifilar #20 PTFE on Amidon #T-94-2 toroid p, = 10 
T9—31 RG-316 coax, 31 #20 PTFE on three Falr-Rite #5961001801 toroids 


if 
TL1, TL2—80-0 printed line, 0.6 inches long 


provide a low-impedance continuous 
ground plane. The two cutouts for the tran- 
sistors and the six mounting holes are the 
only holes in the board. All of the parts are 
surface mounted, which permits the board 
to be mounted directly to the heat sink 
This amplifier was built ona 7-ineh 
length of AAVID #60765 heat-sink extru: 
sion.’ Itis 3.5 inches wide, 1.5 inches deep 
and has nine fins. With 50 CFM of air 
blown across it, the devices will easily 
maintain thermal stability in a 30°C envi- 
ronment. The heat sink is not big enough 
for anything but very intermittent use with- 
ou a fan to assure adequate airflow across 
the fins. The input and output connectors 
are each secured by two #4-40 screws and 
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holes tapped into the base of the heat sink. 
A cover is recommended for safety; fairly 
high RF voltages are present. 


Power Supply 

Power for the amplifier needs to be 
fairly well regulated, since any ripple will 
show in the output signal as undesired 120- 
Hz AM. For on-air testing at the author's 
home, a very simple power supply was 
constructed using a 500 W, 120 to 240 V 
isolation transformer to drive a full-wave, 
centertapped rectifier circuit with 50,000 
IF ef filtering. Under SSB conditions, this, 
is adequate. For CW, it needs some better 
regulation or the output power will sag over 
the length of a dash, and there will be some 


detectable hum. A regulated supply ca- 
pable of providing 80 V at 6 A is needed. 


Performance 

This is the first-known, class-AB appli- 
cation of the ARF448 parts. Until now, the 
only other linear application is in a pulsed~ 
mode linear amplifier for magnetic-reso- 
nance imaging. The SSB performance was 
encouraging because these devices were 
developed to serve the ISM plasma-gen- 
eration market and no attention to linear 
performance was givenin their design. The 
IMD performance with 200 mA of quies- 
cent bias was better than expected. (See 
Fig 6.) The amplifier was tested with up to 
0.5 A of Iga. While the IMD performance 
improves somewhat at this level, the effi- 
ciency degrades significantly. 

The gain and efficiency objectives have 
been met, as shown in Fig 7. The gain is 
14,3 dBat 300 W PEP. The efficiency peaks 
at 51% at the same power. Under single- 
tone conditions, the drain efficiency is 61% 
at 250 W. The bandwidth of the amplifier is, 
determined by the input network. The 
Smith-Chart plot of the input impedance 
shows the tracks for 50, 50.5 and 51 MHz. 
‘With the network adjusted for best match at 
50.5 MHz, the SWR at the = 0.5 MHz band- 
‘width points is 1.3:1. It would be difficult 
to increase this SWR bandwidth enough to 
cover the full 4 MHz of the amateur 6-m 
band without resorting to resistive loading, 
‘which would then reduce the available gain. 


Conclusion 

‘This paper has presented a SO MHz, 300- 
W PEP linear amplifier using plastic-pack 
aged, high-voltage MOSFET transistors, 
This is the first-known implementation of a 
full-duty-cycleclass-AB amplifier using 
these transistors. The design challen; 
‘approaches to their solution and the result” 
ing amplifier performance are shown. The 
parts, construction and mechanical layout all 
have been described in sufficient detail to 
permit duplication. The new line of plastic- 
packaged RF power transistors from APT 
offers designers a new cost-effective solu 
tion for efficient layout and performance. 
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By Paul Hewitt, WD7S 


From QEX, July 2000 


A No-Bandswitch, Dual- 
Band VHF Desktop 
Amplifier 


An old design idea together with new tubes yields 
legal-limit output on 6 and 2 meters from a small 


Dietitins YH smptiners are by no 
means new in Amateut Radio. Several 
designs have appeared aver the years, both 
‘commercial and homebrew.'? The most 
recent commercial design was the Hency 
Tempo 6N2, now out of production for 
‘more than 20 years. There has never been a 
desktop capable of the new 1500-W PEP 
amateur power limit for both the 6- and 2- 
meter bands, until now. The amplitier I 
Gescribe was designed primarily for 
‘meteor-scatter and weak-signal work, but 
the conservative design of the power sup- 
ply and cooling system makes it well suited 
for EME (moonbounce) also. The 
amplifier uses a pair of Svetlana 
3CX800A7s, operating in class AB2-push- 
pull on 2 meters and AB2-parallel on 6 
meters. Features include: legal-limit out 
put, no key-down time limit, no band 
‘switching, either-or operation, 50-60 W of 
drive for 1500 W PEP output on both bands, 
small size and light weight. In an effort to 
make this design easier to duplicate, off- 
the-shelf com-ponents and materials were 
used wherever possible. If you prefer not to 
“roll your own,” Alpha Power should have 
a commercial version available soon. 


Output Tank Circuit and Construction 
Details 

Since this was a new tank design, 1 
decided to use a box-in-a-box approach for 
the layout to make adjusting and debugging 
‘much easier. This should also make dupli- 
‘cation of the tank circuits much easier for 
those of you who wish to use a separate, 
‘outboard power supply. The tank compart- 
ment (See Figs 1, 2 and 7) starts with a 
TxTx2-inch Bud chassis with two surplus 


box. 


Il-pin ceramic sockets? mounted three 
inches apart (center-to-center) and four 
inches from the rear of the chassis. The 
sockets are mounted '/s inch below the chas- 
sis in 2einch-square holes with each 
socket oriented at 45° to the hole (Fig 3). 
This is similar to an Eimac 2216 socket for 
the 8877. The Eimac #1906 chimneys were 
used in the normal manner. This is prob 
ably the upper frequency limit for this 


mounting scheme due to possible instabil- 
ity problems at UHF. One problem en- 
countered while mounting the sockets this 
way is the small amount of tube exposed 
above the chimney to grasp for removal. 
This is easily solved by connecting several 
Yeinch-wide hose clamps together end to 
end, then clamping them to the anode cooler 
to serve as a temporary handle. 

‘The front, top and sides of the tank com- 


Fig t~ 
voltage power assembly next to 


‘A top view of the amplifier. The plate transformer in the front right and high- 
‘occupy the majority of the contro} side with the blower, 


filament and control transformers sitting just behind, The tank compartmert with the 
‘cover removed shows the plate line on lis Plexiglas stand, 


VHF/UHF Amplifiers 2-9 


Fig 2—Side view of tar compartment. The 2-meter load capacitor on its ceramic 
standofis mounted to the Plexiglas stand is in the conter with the 6-meter tank coll just 
visibie below the spline shaft assembly, Tha @-meter tune capacitor on its L brackot is in 
the lower right front. 


Fig 3—Bottom view of amplifier with cathode compartment cover removed The filament 
‘choke is to the right with the 2-meter input network visible centered between the tube 


‘Sockets. Both input tuning capacitors are mounted on the rear pan 
‘meter input coils is just visible on the left. Note the use of coax for exciter lines to keep 


feouback paths minimized, 


partment are all made from '/-ineh alumi- 
num with 2x'fx've-ineh aluminum angle 
‘brackets at atl corners. The completed com- 
partment measures 7x6'Vx14'/> inches 
(WHD). The front and right-side compart- 
‘ment panels extend to the top of the main 
cabinet cover to keep inlet and oullet air 
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el and one of the 6- 


separated. The compartment cover (not 


shown) has 176 0.2-inch holes above the 
lubes for cooling exhaust. When this box is 
attached to the floor of the main cabinet, it 
leaves a 4x7-inch hole at the back before 
the rear panel is attached. This opening 
serves as access for a dip meter when 


checking the 2-meter tank resonance and 
tuning range. 

The 2-meter tank circuit consists of @ 
shorted 4/4 balanced fine section, tuned by 
4 homebrew spht-stator capacitor at the 
tube end of the line, Designing this type of 
tank circuit is made very pain-less with 
information and design exam-ples pro- 
vided in references. There are several ad- 
vantages of using a push-pull tank circuit 
instead of a parallel arrangement at 144 
MHz. In the push-pull arrangement, Coy 
and Cj, of the tubes are ia series, allowing 
atotal C,,,and C, that is one quarter of that 
with the parallel arrangement. This allows 
lower values of loaded Q resulting in 
higher efficiency and reduced compo-nent 
heating, minimizing thermal drift. The low 
value of C,y, in this case allows the use of 
a W/4 line in place of a 4/2 line, increasing 
bandwidth and decreasing size 

The line section, L2 of Fig 4, is made 
from ‘/-inch type-K copper pipe: the 
shorted end is made from one standard 90° 
copper elbow and one “street” 90° copper 
elbow. The open ends of the line are closed 
with brass plugs of the same outside diam- 
eter as the pipe, with a portion machined to 
fit inside the pipe. Standard copper pipe 
caps could be substituted for these plugs 
‘The total length of the line section is 7 
inches, from the ends to the inside of the 
shorted end. The plate-to-anode con: 
nections are made with "/-inch copper 
plate fastened between copper fuse clips 
‘on the anode connectors and threaded holes 
in the ends of the brass plugs. 

‘The line section is supported by 
Piexiglas stand and held in place by two 
copper clamps. The stators of the 2-meter 
TUNE capacitor, C3, ate sup-ported by 
'p-ineh ceramic standoffs attached to the 
Plexiglas stand (Fig 5). A ‘Vs x°hrinch ear 
from each stator attaches to a "Ve-inch-wide 
strap around each of the tubes” anode cool- 
ers. The rotor of C3 is a two-inch disk of 
Yue-inch copper, which is mounted to a 
piece of Yo28 brass all-thread rod. The 
threaded rod is held by a brass fitting 
(tapped for '/2x28) that is attached to the 
Plexiglas stand. The threaded rod is coupled 
to a sliding spline shaft consisting of 's- 
inch Plexiglas rod inside a '/-inch piece of 
Teflon rod that has been drilled through the 
center. The Teflon tube is attached to a 
short piece of "/inch stainless-steel rod 
that exits the tank compartment through a 
Yacinch panel bushing. This shaft is coupled 
to the turns counter with a synchronous 
‘gear belt (Fig 6). This shaft relocation via 
the gear belt serves only to improve the 
frontspane! appearance; it may be omitted 
if desired. 

‘The 2-meter tank circuit is coupled to 
the antenna by an adjustable reso-nant link 
The link position is adjusted by a #10-24 
serew through a threaded Plexiglas block, 
to which the link is attached (Fig 2). One 
‘end of the adjusting screw is supported by 
the top-cover angle bracket and the other 
‘end by a 2-inch-long piece of '/-inch angle 
‘mounted to the front panel of the compart- 
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Fig 4—Detalls at 2-meter input and output tank indicators and the 2-meter TUNE capacitor stators. 


Fig 5—Rear view with the plate line removed showing the 2-meter TUNE capacitor. 


ment. The link is made from Yox'/isineh 
silver-plated copper strap, covered with a 
Yuinch Teflon sleeve: itis attached to the 
Plexiglas block with four #10-32 aylon 
screws. Silver-plated coax braid attaches 


the link to the 2-meter LOAD capacitor, 
2, and the isolation relay, K3. The link 
adjustment serew is accessed through 
Yecinch hole in the main cabinet top cover 
during initial setup, then the hole is cov- 


ered with a plastic plog, 

‘As with all push-pull circuitry, the Key 
to successful operation is symmetry. All 
stray capacitance must be divided equally 
between both sides of the Tine and tubes 
Also, ty to Keep ferrous materials out of 
the tank compartment to prevent imbalance 

The 6-meter tank is normal x network 
designed fora pate-load resistance of 1150 
W with a loaded Q of approximately 22. 
‘The design parameters are shown in Table 
1, The input of the w network is connected 
to the center of the shorted end of the bal- 
anced line section where a #10-32 brass 
stud has been soldered in place. Ths i the 
low-impedance point of the line section, 
ad anything but a dead short can be 
attached here without affecting the perfor- 
mance ofthe lin.’ To verify that the phy’ 
cal center of the line is also the RF center, 
couple a dip meter to the line and tne for 
a dip around 184 Miz. Then without 
moving the dip meter (DM), touch the tip 
‘of alead pencil at points along the line until 
‘you find the spot that has the least effect on 
ihe DM. This is the attachment point for 
the plate choke and the 6-meter tank 

To keep the loaded Q of the x network 
48 low as possible, full 51-54 MHz opera- 
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Table 1—Print out of operating parameters for the 6-meter input and output networks 

‘The values for the PI matching network were calculated with Conduction Angle 1878 Degrees 

Elmer (W5FO) Wingfiela's new formulas found in the more recent Peak Grid Vollage = S68 V 

ARAL handbooks Zin @ Cathode 246 0 

FREEWARE Courtesy of KD8JQ Pin Deve (PEP) = 4.0 W 

Tiiode Ampitier Program Version 2.0 PO 6 Plate (PEP) 16000 Ww 

For Grounded Grid Operation POtoLoad (PEP) = 1697.9 W | 
(2) USER Biased 3CX800A7 at 50.0 MHz Rated for FORCED AIR DC Power Input «= = 2405.5 W 

DC Plate Volts = 2150.0 V (2500 V Max) Efficiency = 65% | 
Max Plate Voltage 21500 Power Gain = 160 a8 

Peak Plate Swing 49000 Gah io Grid Cap = «2.00 pF 

Min Plate Voltage 2500 V PlaetoGridCap = © 12.20 pF 

Plate Current Peak 3.368 A 

Plate Current 0C 1419 ® T Mateh Input Pi Match Output 
Grid Current DC 0083 & RS = 5000 RP = 115880 
Cat Current Peak 3651 & 12 = 0521 nH a 50.0 pF 
Design Piale RL 1261 Co 44924 pF u 0.2877 wl 
AL for Matching 1548 t= “oaze nn G2 = 2mopr 
Plate Dissipation 205.5 W(1600 W Max) RFC = 0.195 uH AL = S002 
Grid Dissipation 32  W(8WMax) Zn = 226-j990 aL = 220 
Cathode Bias = 82 ¥ a = “0 


tion was not attempted. The 6-meter TUNE 
capacitor, Cl, operates very near its 
‘mum capacitance because of strays and the 
Cg oF both tubes. These strays account for 
a large portion of the 6-meter tune capaci- 
tance, which causes the majority of the tank 
circulating current to flow through the 
blocking caps, C7-C8. I used parallel 
Centralab 858 “door-knobs” for the block- 
ing capacitors and I haven't experienced 
any problems. Capacitors with larger cur- 
rent ratings (such as HT-S73) would be @ 
better choice for longer duty cycles. 

‘The 3-30 pF vacuum-variable capac 
itor is mounted to the floor of the tank 
compartment with an L-bracket bent from 
Yirinch aluminum. Use the bearing re- 
tainer nut to attach the capacitor t© the 
bracket, but be sure to add shims to the 
bearing to make up for space lost by the 
thickness of the bracket, or backlash will 


Fig 6—Front view of the amplifier with front panel folded: 


nighvaliage power-supply components at 
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occur. The other end of the capacitor is 
supported by a #6-32 brass screw in the end 
‘ofthe capacitor that passes through a piece 
‘of Tefion bar stock mounted to the floor of, 
the cabinet, A #6-32 hex nut holds the end 
of L3 and a piece of Yinch strap (hich 
‘supports C7 and C8) tight tothe end of the 
vacuum cap. The other end of L3 is sup- 
ported by a /sx1-inch Teflon standoff. Sil- 
ver-plated braid ties this end tothe 6-meter 
LOAD cap, which is mounted on the 
sidewall of the tank compartment, 


Setting the Output Tanks 

The G-meter tank can be checked 
for tuning range with an SWR analyzer at 
the output connector, Connect a 1.1 kQ, 
noninductive resistor from one of the tube 
anodes to ground fo simulate the 1100-W 
plate-load resistance. You should be able 
to achieve a I:f match at both ends of the 


nd the. 
Taft 


desired tuning range. Some stretching or 
compression of L3 may be required to bring 
the tuning range to 50-51 MHz. Be sure the 
top cover of the tank compartment is in 
place, as the stray capacitance it intro- 
‘duces accounts for a portion of the tuning 
‘capacitance for 6-meters 

‘The 2-meter tank was set up entirely 


a | 


Fig 7—AF deck schematic, Unless otherwis 

‘specified, use '/. W, 5%-tolerance carbon 
A or fim resistors. See Table 3 for 

plier Contact information. 

‘13-30 pF vacuum-variable capacitor 

C2150 pF air-variable, 1400 V capacitor | 

Copier air-varicle (se text and | 


Fig 4) 

C4=325 pF airvariable, 1400 V capacitor 

5, C6—4.3-75 pF APC'styleair-variable 
trimmer capacitor 

7, C8—1000 pF, 5 kV doorknob capacitor 

‘©9250 pF, 2.5 kV feedtnrough capacitor 

DI—8.2 V, 50 W gtud-mount Zener diode, 
1N2806B 

KS—Jennings UIA SPOT vacuum relay, 
26.5 V de coll 

4, K5—DowKey model 2608 with “C* 
‘option, coax relay 26.5 V coll 

K6—SPDT telay, 10 A contacts, 24 V de coi 

LinSee Fig 4 

L2—See Fig 4 

LSB turns oF Ye>Vseinch strap, 1¥-inch 
diameter, 2 inches long 

La—See Fig 4 

15—855 inches of #14 Tetlon covered copper 
‘wire with 6 inches tied tightly 
inside La 

L6—7 turns, Yeinch 103 Yeinch long Teflon 
‘Govered #14 AWG copper wire 

{79 twins Meringh IDx1"/-inch long Tetion 
‘covered #14 AWG copper wire 

L890 turns #26 AWG enameled wire on an 
‘Amidon 1-37-17 powdered-iron core over 
Center conductor of coax 

Mi—0-2 A, 354nch Simpson panel meter 

M2—0-100 mA, 8.5-inch Simpson panel 
meter 


RFC1—6 turns #18 AWG enameled wire, 
twound on Yinch-dlameter Teflon rod 
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a dip meter inserted through the open- 
wg inthe back of the compart-ment. Set the 
output ink about "/s-inch from the top plane 
of the line; this is close to the final position 
and adds stray capacitance. To keep loaded 
Qlow, try to Set the line length so it doesn’t 
take very much tune capacitance to reso- 
nate the line at 144 MHz, Start with a line 
section a little longer than shown and care- 
fully trim it to resonance. Remem-ber that 
| inch of line length equals approximately 
10 MHz of tuning range! The tank should 
resonate at 144 MHz with about '/ inch of 
space between the plates of C3. When the 
desired tuning range is found, install a 
"Yox28 lock nut on the threaded shaft of C3 
{0 stop travet at the upper frequency limit, 
‘This will prevent accidental tuning of the 
tank to the third harmonic of 50 MHz, 
which could potentially damage the front 
end of a 2meter exciter. Remember that 
the isolation of most coax relays is very 
poor at 144 MHz: It was only 35 dB with 
the DowKey 2608 used here. For this rea- 
son, a Jennings RJIA vacuum relay, K3, 
‘was added in series with the 2-meter trans- 
fer relay. The vacuum relay disconnects the 
2-meter link from the coax and terminates 
the coax in a resistive load during 6-meter 
operation. Make sure the electrical length 
of the coax between the relays is more than 
JY10 and less than 34/8 at 144 MHz. With 
these safety measures in place, third-har- 
monic energy at the 2-meter input port was 
measured at -17 dBm during 1500-W 
6-meter operation. 


Input Networks 

The 2-meter input network consists of 
a single tuned-link, air-core transformer 
(Figs 3 and 4). This coupling method 
requires slightly more drive than a Tink- 


Fig 8 —View of the right-hand side pane! folded down the two transfer relays 
and the low-voltage power supply. The filament transformer is vieible to the right of the 


plate transfermer. Note the use of 80-mm fan covers for the cooling air inlets. 


Table 2—Operating parameters of the amplifier 
Plate voltage no load, 2350 V 
Plate voltage @ 1 A, 2150 V 
Zoro signal plate current, 35 mA 
&-Meter drive, single tone, 49 W_ 
6-Moter power output, 1420 W 
6-Meter plate current, 980 mA 
@-Meter grid current, 75 mA 
Apparent efficiency, 67.4% (feed-through power not subtracted) 
2-Meter drive, Single tone, 50 W 
jeter power output, 1275 W 
2-Meter plate current, 950 mA 
2-Meter grid current, 68 mA 
‘Apparent efficiency 82.4% (feed-through power not subtracted) 


Table 3—Parts suppliers 
Fair Radio Sales Co, Inc 

1016 East Eureka St 

PO Box 1105 

Lima, OH 45804 

tel 419-227-6573, 419-223-2196 
fax 419-227-1313 

e-mail fairadio@ weoil.com 
URL http:/www.fairradio.com/ 


Mouser Electronics 
2401 Hwy 287 N 

Mansfield, TX 76063 

tel 800-346-6873 

fax 817-483-0931 

e-mail sales@mouser.com 
URL hitp:/www.mouser.com/ 


Newark Electronics 
4801 N. Ravenswood Ave 
Chicago, IL 60640-4496 

tel 800-463-9275, 773-784-5100 
URL hittp:/www.newark.com/ 


Peter W. Dahl Co, Inc 
5869 Waycross Ave 

EI Paso, TX 79924 

tel 915-751-2300 

fax 915-751-0768 

e-mail pwdeo@pwdahl.com 
URL httpuiwww.pwdahl.comy 


Surplus Sales of Nebraska 
1502 Jones St 

Omaha, NE 66102-3112 
tel 402/946-4750, 600-244.4567 | |) 
(Orders only) 

fax 402-346-2999 

e-mail grinnell@surplussales.com 
URL http:/Iwww.surplussales.comv 
RF Parts Co 

435 S Pacific St 

‘San Marcos, GA 92069 

tel 760-744-0700, 800-737-2787 
(orders only) 

fax 760-744-1943 

e-mail rfp@rfparts.com 

URL https/nvw.rfparts.conv 


Svetlana Electron Devices 
8200 S Memorial Pkwy 
Huntsville, AL 35802 

tel 256-882-1344, 800-239-6900 
fax 256-880-8077 

e-mail sales@ svetlana.com 
URL http:/iwww.svetiana.com/ 
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‘coupled, half-wavelength resonant line, 
but saves a lot of space, Two references® 
give formulas and rules of thumb for de- 
signing his type of transformer, but it still 
‘equired a lot of “cut and tsy” before suit 
able sizes for L4 and LS were found. The 
Toaded Q of the resonant input link is ap- 
proximately 3.5 before the coupled-in re- 
sistance from the secondary modifies it, 
The degree of mutual coupling of air-core 
iransformers isan elusive value that makes 
ihe final loaded Q difficult to calculate, 
The input tuning capacivor, C5, could be 


changed to a 25-pF unit since the one used 
hhere turned out to be much larger than 
needed. Both sides of C5 are above chassis 
‘ground; it requires a nonmetallic screw- 
driver (0 adjust 

Six-meter drive and B~ are applied 10 
the center tap of L4, providing parallel 
cathode drive for 50-MHz operation. A 
common T network, with a loaded Q of 
five, matches the 50-W line to the 24.6-Q 
input impedance of the parallel tubes. All 
the cathode pins of the sockets are tied 
together with buss wire in a star pattern 


One-ineh-long bus-wire leads connect the 
ends of L4 to the center of the bus-wire 
stars on the sockets. Again, symmetry is 
all-important in balanced operation, 

Both input networks were set up with an 
antenna analyzer and two 50-W carbon 
resistors to simulate the input load imped: 
ance. Tack-solder the resistors from cath= 
ode 1 ground on each socket with the 
shortest-possible leads. Short leads are 
very important on 2 meters because Yead 
inductance and stray capacitance become 
quite significant. The resistors present 
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Fig 8—Power-supply schematic. Unless otherwise specified, use '” W, 5%-tolerance carbon composition or fim resistors. See Table 3 


BI—Dayton #4C761 squirrel-cage biower 
(C1—54 nF, 4500 V oil-filled electrolytic 


‘capacitor 
62, C3500 nF, 0 V electrolytic. 


‘capacitor 
DI-D16—1N5409 1200 PIV, 3 A Silicon 
{ootiiers, four diodes per string 

Fi, F2—26 A, 250 V ceramic fast blow fuse 
F3-3 A, 250 V tuse 

F5—2A slow-blow fuse 

Ki—DPST relay, 25 A contacts, 24 V de coil 
K2—3PST relay, 25 A contacts, 120 V ac coll 
MOv—-130 V matal oxide varistor, VISOLAS, 


Ri—1800 25 W wire-wound resistor 
2A, R2B—50 ki? 80 W wire-wound 
resistor 
3—100 2, 1 W carbon resistor 
R4-R9-—-499 kA, 1 W metal film resistor 
R10—3.9 kO, 1 W metal film resistor 
R11—1.5 kQ, 1 W metal film resistor 
1270 Q, 25 W wire-wound resistor 
13-25 2, 25 W wire-wound resistor 
14250 22, 25 W rheostat 
RiI5—5 KD, {0-tumn potentiometer 


FCI, RFC2—12 bifilar tums of #18 AWG. 
enameled wire on '/-inch-diameter 
Tetlon rod 

'$1—SPST 5 A lighted panel switch 

‘S2—Temperature snap-aise control 
Grainger # 2E245 

83--SPDT 5 A microswitch 

Ti—Peter Dahl plate transformer: 240 V 
primary, 1800 V, 1A CCS secondary 

12-240 V primary, 16 V, 5 A secondary 

3-120 V primary, 20 V. 2A secondary 

U1—LM7824 0-3 case 

2-5 A, 50 V rectifier bridge 
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FiguRE 9; Ontological model of social web objects 


object relationship, the lookup microservice is used. The 
CMF function has been developed to process the situational 
information and it selects the most suitable VOs based on 
the context. The situational information contains the current 
location of the user, location of the RWOs, and the area under 
observation. CMF helps form a VO configuration specific to 
the user current situation, Additionally, to incorporate the 
real-world facts about the user and the situation, RWK base 
has been developed which is updated continuously. This also 
helps in adapting services according to the current situation. 
VOs provided data is accumulated in RWK model and the 
reasoning engine is used to infer new facts based on the 
existing data. The last function of social application server 
is the preference predictor which provides predictions by 
using machine learning methods, To implement the learning, 
function, Weka Library [42] has been used. For the objective 
of demonstration, user preference patterns are collected from 
the social data and user preference history is used to predict 
the future patterns, 

On the other hand, OMS deals with the semantic repre- 
sentation of VOs. The first functional component of OMS is 
the ontology management service, which is used to handle 
VO and CVO ontologies and provides an interface to use VO 
graphs. Further, to manage ontologies in the developed sys- 
tem, we have used Apache Jena framework [43], and to model 


VO and CVO ontologies, Protégé [44] has been used. Models, 
generated in Protégé are utilized by ontology management 
service and stored in OWL format in semantic data stores. 

To take full advantage of ontology-based implementation, a 
reasoning engine has also been used to get extra facts related. 
to the modeled concepts, Reasoning engine helps to grow 
RWK facts stored in VO and CVO ontologies. For the proof of 
concept, the prototype has used Apache Jena inference engine 
along with Jena provided reasoner. For the deployment of 
persistent storage of the RDF data, Jena TDB has been used 
in our prototype, which is the Jena native high-performance 
triple store with API support [43]. Query manager is another 
important component of OMS which provides an interface to 
query CVO and VO ontologies saved in RDF/XML format, 
using SPARQL. Also, web services are implemented for the 
execution of SPARQL queriessuch as extracting and updating, 
RDF triples in the database. Other than SPARQL query 
processing, semantic matching of existing concepts is also 
performed. 

Moreover, to achieve interoperable relationships among 
‘web objects, a semantic ontology model has been developed 
as shown in Figure 9. The model constitutes the VO and CVO 
ontologies and their relationships. Several CVOs have been 
instantiated, for example, the location navigator, fire situation 
monitor, emergency notification, and many others that are 


25 W to the parallel 6-meter network and 
100 W to the 2-meter push-pull network. 
Con-nect the analyzer to the respective 
input ports and adjust each network for 
lowest SWR. Some adjustment of the 
6-meter input coils (L6 and L7) may be 
required to achieve a 1:1 matei. If the 
2-meter network does not present a good 
‘match, some adjustment in length of L4 and 
LS may be necessary. Agait, the covers. 
must be in place and tubes ‘must be in 
their sockets when measuring the match. 
Both filament leads and the filament choke 
‘must be in their final positions because the 
cathode-to-filament capacitance affects 
input tuning at 144 MHz. Remember, this, 
analyzer method only gets you close to the 
final tuning points; settings will be differ- 
cent under live conditions, Finally, don’t 
forget to remove the temporary resistors 
from the cathode and tank circuits after the 
initial adjustments are done. 


‘AC Mains and Low-Voltage Power 
Supplies 

Severa! protective measures are built 
into the amplifier to protect the tubes and 
the operator. The ac mains are brought into 
the amplifier with four-conductor cord to 
keep the neutral and ground separated per 
the VEC (Fig 9). Three fuses are used t0 
keep the blower’s ac source separate from 
the fused plate transformer. This was done 
s0 the blowers cool-down delay still func- 
tions after a high-voltage fault, which 
removes ac from the entire amplifier in 
dual-fuse designs. A thermal snap switch 
in the tank compartment keeps the blower 
running after shutdown or a high-voltage 
fault if the exhaust air has been above 
10°F and is not yet below 90°. This only 
happens after several minutes of continu- 
ous operation. You may want to use a 
switch with slightly higher ratings (120°F 
on, [10°F off) if your shack is often warmer 
than the 90° off point used here. The 
3CXR00A7's filaments dissipate only 20 
W each during cutoff and natural convec 
tion is more than enough to cool the tubes 
when shut off 

‘AC voltage for K2, the main control 
relay, is also taken from F3, the blower 
fuse, to make sure blower voltage is avail- 
able before the amplifier can be powered 
up. A safety switch that closes when the 
top cover is in place supplies ac to SI, the 
main power switch. Power-supply inrush 
protection is provided by KI, which closes 
approximately one second after K2 and 
effectively removes RI from the trans 
former primaries. The delay period is set 
by R3 and C3, There are two MOVs across 
the ac lines after the contacts of K2 and K1 
Arcing at the relay contacts can and will 
produce voltage spikes and spike protec- 
tion on the fuse side of K2 will not always 
save the high-voltage diode strings. and 
‘other components. Filament voltage is 
adjusted at the primary of T2 by R14, @ 
250-02, 25-W rheostat. Filament voltage is 
measured at the filament choke via two 
leads brought to the back panel of the 
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amplifier. Purists may want to measure 
voltage at the filament pins, but the low 
filament-current demand of these tubes 
makes the voltage drop between the sock- 
ets and the choke negligible, The rheostat 
also provides passive filament-inrush pro- 
tection. ~ 

The low-voltage supply—consisting of 
T3, Ul and U2—supplies regulated 24 V at 
LA. The bridge rectifier and 24-V regula- 
tor are mounted toa piece of Yexl-inch alu- 
minum angle that is placed directly in the 
cooling-air inlet path (Fig 8). 


High-Voltage Power Supply 
‘The high-voltage power supply consists 
of a Peter Dahl Hypersil plate transformer 


and a full-wave bridge rectifier with 
capacitor input filter. The supply is capable 
of producing 2150 V at {A CCS. The entire 
supply is assembled as one piece, then 
{n-stalled on the floor of the main cabinet 
next to the plate transformer (Fig 6). The 
oil-filled filter capacitor is sandwiched 
between two 3x6'-inch pieces of 
Plexiglas, in turn held together with four 
#10-24xS-inch-long flat-head screws. The 
rectifier strings and high-voltage-meter 
multiplier resistors are mounted to a 
3x6¥/s-inch PC board supported by '/s-inch 
‘spacers on the same four screws. A 3x6) 

inch piece of fiberzlass board holding the 
two bleeder resistors, B+ current limit-ing 
fesistor and B- float resistor tops off the 
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Fig 10—Layout of the blower modifications for sound reduction. 


Fig 11—View of control board. 
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Fig 12—Control schematic. Unless. 

‘otherwise specified, use "is W, 

'5ee-tolerance carbon composition or film 

resistors. See Table 3 for part-supplier 

contact information 

C1—22 uF, 50 V electrolytic capacitor 

€2—100 ué, 50 V electrolytic capacitor 

DS1—24 V lamp part of S1 (see Fig 9) 

DS2, DS3, DS5—24 V panel light 

S424 V lamp part of S1 

DS6—24 V lamp part of 82 

K7, KB, K9—DPDT 5 A DIP relay, 24 V de. 
coil 

R1—5 MQ PC-mount potentiometer 

2, R3—1 kQ PC-mount potentiometer 

S1—Normally closed momentary-contact 
lighted panel switch 

‘S2~-SPST lighted panel switch 


stack, All of the power resistors on the top 
board are mounted on one-inch ceramic 
standoffs, High voltage is routed to the tank 
compartment with test-lead wire and a 
high-voltage feed-through capacitor. The 
diode strings do not use equalizing resis- 
tors or capac-itors as they are from the 
same batch and there is plenty of PIV head 
room, Spike protection for the string is in 
the transformer primary, where it belongs, 
‘The high-voltage supply has three bleed- 
down paths for the filter capac-itor: the 
bleeder resistors, the high-voltage meter 
multipliers and a'7.5 MQ, 7.5-KV resistor 
at the terminals of the capacitor itself 
Even with these redun-dant safety mea- 
sures, never assume that they are working, 
Always follow standard safety procedures 
when working with any high voltage, in- 
cluding the ac mains: It can kill you 


Cooling 

Whole-cabinet cooling is _accomp- 
lished via a Dayton model 4C761 squirrel- 
cage blower. Cooling air is drawn into the 
cabinet at the right-hand side through two 
2"/s-inch holes, one on ach side of the plate 
trans-former. This removes heat from the 
bleeder resistors and other components be- 
fore itenters the blower inlet. The Svetlana 
3CX800A7 datasheet recommends airflow 
‘of 11 cfm at a back pressure of 0.2 inches 
(of water), for 600 W dissipation at sea 
level and 25°C inlet air temperature per 
tube. For two tubes, this is 22 cfm at 0.2 
inches for 1200 W of dissipation. At a 
1500-W output level with 60% efficiency, 
the tubes only dissipate 960 W. 

‘The socket sub-mounting method T used 
resulted in a back pressure of 0.2 inches 
with this blower, as measured on my bench 
with a home-brew manometer, Since the 
blower is rated for 43 efm at 0.2 inches (sea 
level assumed), there should be plenty of 
headroom for different elevations and inlet 
air temperatures. Remember that the above 
calculations are for continuous dissi- 
pation, while SSB and CW operation rarely 
approaches 50% of these values. 

The mounting flange at the bottom of 
the blower was cut off so the outlet can 
align with the 2-inch-tall cathode chassis. 
The blower motor was taken off its squirrel 
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cage and mounted to an aluminum L. 
bracket, The squirrel cage was mounted 10 
‘adxd-inch piece of '/w-ineh aluminum that 
supports the L bracket through a piece of 
Yerinch foam (Fig 10). This sound-isolation 
‘method was borrowed from Alpha Power 
Inc, and it works very well. 


Control Board and Metering 

The control PC board (Fig 11) is 
‘mounted on nylon standoffs just below the 
panel meters and above the row of switches 
‘and panel lights. As with most indirectly 
heated, oxide-coated cathodes, a warm-up 
period is required; for the 3CX800A7, a 
minimum of three minutes is recom 
mended. When the amplifier is turned on, 
regulated 24 V is applied to the warm-up 


Fig 13—(right) View of panel showing K1 
and K2. The bias heat sink and assembly 
is visible below the filament sheostat 
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Fig 14—Schematic of the dual keying-circult PC board. Unless othentise speciiad, use /« W, 5%-tolerance carbon composition or film 
resistors. See Table 3 for part-supplier contact information, 
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Aelay circuit consisting of QU. RI and Cl 

(Fig 12), When sufficient voliage appears 
atthe base of QI, relay K7 closes, with one 
seb of contacts latching the relay on while 
the other set of contacts resets Cl. If high- 
olla is present, Q4 is switched on and 
KBcloses, lighting DS3 and supplying 24 V 
tothe rest of the amp-lifier. Diode DI was 
added between the field of K8 and the field 
Of KT to make sure K7 closes first. The 
proximity of the control board to the mag- 
netic field of the plate transformer affects 
the timing of K7 slightly. 

With the low grid-dissipation rating of 
these tubes, grid over-current protec-tion is 
aecessary. Grid current is mea-sured 
as voltage drop across RI of Fig 7, a 10-82, 
25.W wire-wound resistor. R3 on the con- 
rok board is set to fire K9 with Q3 at a grid 
‘cuttent of 120 mA, One set of contacts 
Inches the relay on; the other set interrupts 
the 24-V line to the OPR (operate) switch, 
Cxpacitor C2—across the field of KO— 
‘stops relay chatter on voice peaks. Lamp 
DS4is part of the grié-reset switch $1, and 
itlights while K9 is energized. A second 
‘rid-current-sensing circuit, using Q2, isset 
‘Aolight DS7 on the front panel at75 mA. 
This LED is used as a grid-current warning 
fndicator and can be set at the grid-current 
Jevel you prefer. The trip points of these 
two circuits and the grid-current_ meter 
seading are ad-justed while the amplifier is 
fiscon-nected from the ac supply. 

Todo so, connect a 24-V external sup- 
plytothe 24-V bus of the amplifier afterthe 
liming circuit. Connect the positive lead of 
a variable-voltage de supply to the un- 
pounded side of RI of Fig 7 through an 
fecurate de milliammeter. Connect the 
faternal-supply negative lead to the 
shassis. With the grid-current panel meter 
fisconnected, slowly increase the voltage 
ofthe bench supply until the milliam-meter 
Itaches the set points of 120 mA for grid 
ttipand 75 mA forthe warning LED. Adjust 
R3and R2 (Fig 12), respectively, to set the 
trip points. After the trip points are set, re- 
onnect the grid-current meter and adjust 
BR (Fig 7) for fulscale reading of 

mA using the same method as for the 
tip pons: This “colds method of setung 
Bid trip points is a lot safer for the tubes 
than removing B+ and then applying drive 
toinduce grid current. 

The pane! meter, M2, serves as the high 
woltage meter as well as the grid-current 
meter. The calibration of the high-voltage 
‘portion was “roughed in” with the amplifier 
‘off and all voltages removed. A 1.5-V de 
supply was connected to the multiplier side 
‘f RIS on the high-voltage rectifier board, 
then R15 is adjusted for a full-scale read- 
ing on M2, This corresponds to a full-scale 
reading of 3000 V. Meter calibration was 
then checked witha high-voltage probe ard 
accurate DMM, after the amplifier was 
turned on. 

Plate current is measured directly in the 
Beline of the high-voltage supply, which is 
held slightly above ground by Ri2 on the 
power-supply assembly. Both meters are 


(A) 
2 pon pom Ze 
ae a ob au 


(B) 


Fig 15—Detalls of the 2- and 6-meter low-pas: 

contact information. 

50 Miz 

G1, C250 pF doorknob capacitor 

1,134 tums #14 AWG copper, "inch 
Ibx/einch tong 

L2—5 turns #14 AWG copper, ‘heinch ID 
e/yinch long, 


protected by INS4O8 diodes: wo series- 
connected diodes on the B~ bus keep it 
below approximately 1.4 V and two more 
fre connected back-to-back from the mul- 
timeter to ground 
‘There are relative-output bar-graph dis 

plays for each band above the tune and load 
controls. These displays use two LM3914 
bar-graph drivers per 20-segment display. 
‘A current-transformer pickup unit is used 
for 6 meters and a voltage-sensing pickup 
for 2 meters. The dual-bar-graph-display 
schematic can be found in Forrest Mims" 
book# and the 6- and 2-meter pickups are 
shown in Fig 7. The displays look appeal: 

ing but turned out to be more trouble than 
they are worth, since I still use external 
wattmeters while Itune, The bar-graph dis- 
plays" rapid response time would be better 
suited for plate- and grid-current meters. 


Bias and Keying 

Operating bias is developed across DI 
of Fig 7, an 8.2-V, 50-W stud-mounted 
‘Zener diode. The Zener, along with K6, R2 
and R3, is mounted on a 23-inch piece of 
0.100-inch aluminum that serves as a heat 
sink (Fig 13). The entire assembly is 
mounted on two YVs-inch Teflon stand-ofts 
con the back panel of the cabinet. The 2-A 
cathode fuse is mounted on the back panel 


5 filters. See Table 3 for part-supplier 


144 Miz. 

63, C8—25 pF doorknob capacitor 

C4, C5—40 pF doorknob capacitor 

[4-L6—3.5 turns #16 AWG silver-plated 
‘copper wire, "inch IDx/eineh ong 


alongside the ac-line fuses. 
The keying PC board is mounted on the 
rear floor of the main cabinet (Fig 8). The 
PC board contains keying circuits for both 
6 and 2 meters (Fig 14). Because they are 
identical, I'll only describe the operation of 
‘Attest, Q2 isbiased on, holding the base 
of QI low. Grounding J2 will take the base 
of Q2 low, turning it off. This allows volt- 
age to appear at the base QI, turning it on 
and energizing K5. Alternatively, applying 
+12,V toJI will asoturn QI on, keying the 
amplifier. Both keying inputs are logi 
‘compatible. The bias relay is energized 
through D1 or D2, which comprise a two: 
input OR gate. Each transfer relay is a 
DowKey #260B with the “C” option, which 
isa pair of DPDT signaling switches. Each 
of the relays’ supply voltages is routed 
through one of the opposite relay’s nor 
mally closed signaling contacts. ‘This 
mechanical EXCLUSIVE-OR gate keeps 
the amplifier from being simultaneously 
keyed on both bands. The normally open 
contacts are used to ight transmit LEDs on 
the front panel; these are mounted between 
their respective tune and load controls t0 
help eliminate confusion while tuning. 
With this type of transfer relay, input 
and output relay sequencing is obviously 
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Fig 16—The completed amplifier ready for its 
(8) back panel. 


not an option, and hot switching of the re- 
lays will result unless preven-tive measures 
are taken. One option is to key the amplifier 
and let it key the exciter. Each relay's spare 
set of signaling contacts was brought 
to the back panel for this possible use. 
Another option, which I employ, is to use an 
‘outboard keying sequencer. The sequencer 
takes care of my mast-mounted preamplifi- 
ers as well as the exciter-amplifier timing, 
A suitable sequencer can be found in the 
references.? When using separate exciters 
for each band, the spare set of signaling 
contacts can be used for audio muting of the 
unkeyed exciter while transmitting, 


General Construction Notes 

‘The entire amplifier cabinet was built 
using common hand and power tools. All 
aluminum was cut with carbide saw blades 
in a radial arm saw and table saw. Blades 
‘with a 5° negative hook angle seem to work 
best for aluminum. The main amplifier cabi- 
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fide to the mountain top. (A) Front view, 


net measures 18x16x7¥/=:inches (WDH), 
‘The plate transformer determined the cabi- 
net height. The entire cabinet is built from 
0.100-inch aluminum — sheet and 
°YorVox'heeinch aluminum angle stock. All 
outside corners are secured with #8-32 pan- 
hhead screws tapped into the angle stock, The 
area under the plate transformer and high- 
voltage supply assembly was beefed up with 
a second layer of 0.100-inch aluminum on 
the cabinet floor. A square hole cut in the 
cabinet floor provides access the cathode 
compartment; it is normally covered with a 
piece of '/w-inch aluminum. All round holes 
‘were cut with chassis punches. The cabinet 
was painted with Dupont Chromaclear, 
which is a two-step (color coat/clear coat) 
automotive paint. After the base coat was 
applied over the primer, dry transfer letier- 
ing was applied to the front panel controls 
and Brothers P-touch labels were applied to 
the rear panel, Two coats of clear Were ap- 
plied over the base coat to finish the job. 


All interior wiring was done with scrap 
Teflon-coated wire, The wiring harnesses 
were arranged so that all side panels can be 
removed and laid flat next to the chassis for 
ase of alignment and debugging. The 
intecn-al coax runs were made with Teflon- 
jelectric coax to handle these high power 
levels, most other coax falls short, particu- 
larly at 144 MHz. 


Adjustment and Operation 

Use an ohmmeter to check the ac paths 
and RF deck for possible shorts and wiring, 
mistakes, Be sure to blow out the entire 
cabinet with compressed air to remove any 
hhidden debris. Set the filament-voltage 
sheostat to maximum resistance. If you 
haven't already done so, apply 24 V froman 
external supply to the 24-V bus and check 
the timing, control and keying circuitry for 
‘proper operation. Connect the amplifier toa 
suitable ac mains supply and connect an 
accurate DMM to the filament-voltage test 
points. Connect a 2-meter exciter and 
dummy load. Turn on the main power 
switch and quickly set the filament voltage 
to 13.5 V, orslightly less. Never operate the 
filaments below the 12.9-V recommended 
minimum. Be sure to check the filament 
voltage again after Sto 10 minutes to detect 
any thermal drift in the rheostat. Verify that 
the plate is at approximately 2375 V. 

Both tank circuits should be set to the 
tuning values found during initial setup. 
After the three-minute delay has elapsed, 
key the amplifier with no drive and check 
for a cathode idling current of approxi- 
mately 30-50 mA, Apply a little 144-MHz 
rive and tune C5 in the input circuit for 
minimum reflected power. The 2-meter 
‘output link should be preset approximately 
"Yeinch above the top plane of the balanced 
fine. Still with little drive, adjust the 
2-meter tuning capacitor for maximum 
power output. Adjust the 2-meter load 
capacitor for peak output-power and then 
leave it there until you are finished. Next, 
adjust link spacing as you would a load 
capacitor. Keep increasing the drive while 
increasing the link coupling for maximum 
power output, without exceeding grid-cur- 
rent limits and while also touching up the 
‘main tune capacitor, C3. Once the desired 
output power level is reached, check the 
link coupling by slowly decreasing the cou- 
pling until a slight decrease in output power 
is observed. Then increase the coupling 
slightly past the point where output power 
peaks and grid current is reduced to within 
‘operating limits. This should be very close 
to critical coupling, which will result in 
maximum efficiency. Go back and touch 
up the input network for minimum reflected 
power. The link is now set for operation 
and any further tuning adjustments can be 
made with C2 and C3. 

‘Tune the 6-meter tank circuit the same 
way you would any other p net-work: by 
slowiy increasing drive and tuning for 
maximum power output and best efficiency 
while touching up the input network for 
lowest reflected power. Then increase 


ing until a 2% decrease in power out- 

is observed. 

With values of loaded Q betow 30 in the 
i tanks, there is no way 10 keep 
ies below the 60-4B-down figure 

ied by the FCC without outboard fil- 

ing. Harmonic filters are a very small 
to pay forthe higher efficiency. lower 
require-ment and reduced thermal 
thatthe lower loaded Q provides. I've 

4 descriptions of two suitable fil- 
from the references;"™"" they are very 
to build. The silver-mica capacitors 
inally in the filters have been replaced 
surplus door-knob capacitors for bet- 

‘power-handling capability, With both 
installed all harmonics and spurious 

als are more than 70 dB down from the 

amental, 


‘Thoughts 
amplifier was completed just be 
the summer E-skip season and was 
ately put on the air. On-the-air sig- 
reports were all good, and they com- 
Well o the 8877 amplifier I normally 
. Close in IMD testing was done with 
help of NN7DX who is located nine 
jes away, over flat ground, Results 
fed no excessive signal bandwidth 
ile our antennas were positioned to bring 
ls down to $-9 levels during 1500-W 
t testing. The amplifier runs cool to 
touch even after several hours. 
The biggest problem encountered with 
operation of the amplifier had to do with 
facing with certain exciters. Some of 


the new multiband exeiters provide mul- 
tiple antenna ports that can be configured 
for HE, 6- and 2-meter outputs, but provide 
only one buttered keying line. The ICOM- 
746 is built this way, but it does provide 
two unbuffered keying lines: one for HF 
and 6 meters and one for VHF. The ICOM- 
706-series radios also provide two unbuf- 
fered lines but only two antenna ports. Both 
of these radios require some sort of external 
switching for the keying line—and the an- 
tenna line in the ease of the '706—if this 
amplifier and an HF amplifier are both 
used. ICOM does provide band logic as a 
variable voltage at the radio’s ACC plug, 

I've designed a simple decoder/buffer that 
uses this logic and the radio's internal 
power supply to automatically switch the 
keying line between HE, 6-and 2-meteram- 
plitiers. The buffer will sink up to 3 A of 
relay current. It also selects from three 
separate ALC input lines for those of you 
that employ sequencers using the ALC line 
for transmit inhibit, The decoder is de 

scribed in “Automatic Amplifier Selection 
for the ICOM IC-746, -736 and -706MKI 
Transceivers,” QST. May 2000, pp 33-36. 

With the decoder in place, amplifier selec- 
tion with an IC-746 becomes totally auto- 
matic when changing bands between HE, 6 
and 2 meters. For the IC-706 series, an ad- 
ditional coaxial relay can switch one of the 
antenna ports between HF and 6 meters to 
allow automatic selection. The decoder 
also works with the ICOM IC-736, choos- 
ing between HF and 6 meters. Although 
not verified, I've been told that the Yaesu 


FT-847 does have separate buffered key- 
ing lines for each of its four antenna ports, 
making interface to this amplifier easy. 
Performance figures for the amplifier are 
listed in Table 2 and the completed ampli- 
fier is shown in Fig 16. Enjoy! 


Acknowledgements 

‘Thanks to Marv Gonsier, WOFR, and 
Roy Scanlon, NN7DX, for help in review- 
ing the text. 


Notes 
'C.M, Maer st, WOIG, “The Perseids Power- 
| house," GST’ Oct 1559, p 32 

2AM. Richardson, WAUCH, “A Kilowatt Ampi- 
iier for 6 and 2 Meters." QS7, June 1973, 
pie 

the surplus sockets have a builtin 0.005 wf 
gidiscreen bypass capacitor. RF Parts has 
Slimited supply of these sockels. Substiutes 
include Jonnsan #24-0311-110 (with a grid 
collet) ena Eimac SK 1800. 

4GOR. Jessop, GIP, VHF/UHF Manual, ath 
allion, (Heriorsshie, England: Rado Soct 
ely of Great Britain, 1983) Chapter 3 

SEP. Titon, WIKDQ, The Fadio Amateurs 
VME Manual, (Newington: ARAL, 1972) p17 

#8, D. Stam, Ed. The 1999 ARAL Handbook 
(Wewingion: ARAL, 1888), pp 6-46 and 6-47 

7. Myers, WIFBY, The 1975 ARAL Hand- 
Book (Newington: ARAL, 1974), p46. 

eta. Mime Il, The Forest Mims Engineer's 
‘notebook. (San Biego, Calfornia: Highixt 
Publications ine, 1992) p 107, 

The 1999 ARAL Handbook, pp 22-53 through 
25-56. 

"| Whi, GSSEK. Eiltor, The VHF/UHF OX 
Book. Vol First Edion (Buckingham, Ene 
land: Dik Publishing, 1982) p 13-35, 

UR Schelgen, KU7G, Ed. The 1999 ARAL 


Handbook, '(Newington: ARRL, 1992) 
1-37, Fig 95, 
VHF/UHF Amplifiers 2-21 


By Bob Larkin, W7PI From QST, June 2000 


An 8-Watt, 2-Meter 
‘Brickette’ 


Put 20 mW into this little amplifier and get a 26-dB 
increase in transmitted power! Although the 
amplifier was designed initially for use with the 
DSP-10 transceiver, any 20-mW-output 2-meter 
exciter can enjoy the boost! 


\¢ DSP-10 transceiver’ can be used 

with UHF/microwave transverters or as 
«a very-QRP all-mode rig on 2-meters. The 
rig’s 20-mW power output is sufficient for 
“barefoot” QSOs with locals, but that’s 
hardly a big signal at any distance, Adding 
this litle amplifier increases your fun quo- 
tient by raising the power level to 8 W, the 
high end of the QRP plateau. This brickette 
can also be used to drive an even higher- 
power, cascaded amplifier. Being a linear 
amplifier, it’s suitable for use on all modes, 
including SSB, CW and FM. 

The amplifier’s front panel is quite 
simple, consisting of five monitoring 
LEDs. Knowing that everything is working 
correctly justifies the small amount of cir 
cuitry needed to operate these lights. The 
functions monitored include de power on, 
transmit/receive status, power output, SWR 
and de overvoltage. All amplifier control is 
done atthe transceiver, Two RF cables con- 
rect to the transceiver output and receiver 
input, avoiding the need for an input relay 
in the amplifier. 

This amplifier isn’t limited to use with 
the DSP-10; any 2-meter transmitter that 
can deliver an output of 20 mW to drive the 
amplifier should work fine. In some cases, 
it might be desirable to use an input TR 
relay; there is sufficient room in the ampli- 
fier for adding one. 


Circuitry 

At the heart of this amplifier is an inte- 
grated power-amplifier module, manufac~ 
tured by Mitsubishi. Such modules are used 
in many commercially manufactured trans- 
ceivers and using one here makes amplitier 
construction and alignment simple. Within 
the module are two cascaded linear-ampli- 
fier transistors, along with their associated 
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‘The five LEDs on the Brickette’s front panel signal the amplifer’s operating status. The 
power-oulput (AF OUT) and SWR (HIGH ¥SWR) LEDs vary in brightness depending on 


the forward and reflected power levels. 


‘hing networks and biasing circuits for 
class AB operation. The module has 50-0 
input and output impedances. All we need 
to do is add a circuit to tum on the bias 
supply during transmit, install a low-pass 
filter for harmonic control and include an 
antenna-switching relay, To monitor am= 
plifier operation, we tack on some simple 
circuitry 

Refer to the schematic in Figure 1. At the 
input pin of the RF module, U1, we apply 20 
mW of drive, Blocking capacitors for the RF 
input and output ports are included within 
the module. Bypass capacitors on the three 
power leads are external, however. Ferrite 
beads, L6 to L8, prevent problems that might 
occur if RF gets on the power leads. 

An L network consisting of LI and C4 
improves the impedance match to the mod- 
ule. Adding the network increases the output 
power by about 0.25 dB. Following the am: 
plifier is a directional coupler (discussed 


later). Next is a five-pole low-pass filter. 
For simplicity, itis configured with the same 
coil and capacitor types as are used in the 
directional coupler. This filter attenuates 
the second and higher-order harmonic: 

Separate connectors are available on the 
DSP-I0 for the transmitter output and the 
receiver input. This simplifies adding the 
antenna relay for the amplifier since no 
switching is required at the amplifier input. 
A miniature relay is adequate at the ampli 
fier output, Providing an isolation of about 
30dB, the relay, along with the PIN attenu- 
ator that is part of the DSP-10, provides 
plenty of protection for the receiver. 

‘A lumped-element directional coupler, 
consisting of L2. 13 and C5 to C10, deliv 
ers power samples of the ferward and 
reflected output signals. This direction 
coupler works quite well, providing a cou- 
pling of about ~28 dB and a directivity? of 
20 dB, but only over a narrow (12-MH2) 


bandwidth. For our application, this is ad- 
equate. Two diode detectors, built around 
Dé and D7, generate low-level de signals 
Ahatindicate the forward and reflected pow. 
‘ts. These signals, in turn, are amplified by 
o sections of op amp U2. The resulting 
tages are displayed on two LEDS, green 
lor RF OUT (forward) power and red for 
MEK VSWR (reflected) power. The LEDs 
ferve as rough indicators of proper ampli- 
‘operation, 
‘The OVERVOLTAGE indicator lights 
“when the de supply voltage exceeds 14.5 V, 
doesnot automatically shutdown the am: 
pif. The idea here is to supply a warning 
imechanism. When RF is not applied to the 
Aanplifier, itis quite cesistant vo Supply over- 
¢. As Tong as the supply overvoltage 
podition sets an alarm light, an observant 
tor will defer applying RF until the 
reduced. 
Amplifier control is handled by the 
DSP-10. That transceiver has. software- 
controlled relay sequencing, providing 
45 V during transmit, Q2 and Q3 drive the 
nna relay from this control. A ferrite 
LI, and C24 keep RF at the antenna 
a from getting back into the control cir- 
sits. DIO shunts the induetive kick from the 
vated relay coil. An LED, D2 (XMIT), 
cross the relay displays the amplifier TR 
ats. 
(Q4 provides an output that can control a 
{follow-on amplifier. Phis output isan open- 
dllector, ground-on-transmit type, com- 
ble with many commercial and 
pebuilt amplifiers. Foradded driver-cir- 
protection, a reverse-voltage shunting 
, DI, is used. 


ding the Amplifier 
‘You could build the amplifier on a scrap 

board. In fact, my frst version is built 
way (see the sidebar). For many build- 
however, a PC board! is a more conve 
et Way to assemble the project and that 
Fsshown in the photos. 

This PC board is double-sided, with 
atedtnrough holes, The backside asolid 
ound plane allowing the board to be fay- 

directly to the aluminum enclosure. 
construction works very well for RE 
because a low-inductance ground 
h can be maintained throughout, reduc- 
fny interactions between the various 
sreuits. However, this mounting method 
oes not allow component leads to extend 
ad the bottom surface of the board. T 
with this primarily by using sueface- 
unt parts* and by carefully bending the 
mponent leads so they behave like sur- 
‘ee-mount pars 

Allo the chip resistors, chip capacitors, 

, surface-mount ICS and ferrte-bead 
fre soldered to their board pads con- 
tionally. Install the amplifier module 
fer the board is mounted in the box. The 
ina relay, fuse clips and the variable 
esistor all have their leads bent away from 

host, Avoid making any bends clase to 
‘component body: make the bends at 
pint about Vee inch away from the compo- 


nent body, This approach eliminates 
mechanical stress on the lead attachment, 
‘These components end up about ie inch 
above the board’ top surface after they are 
soldered in place. 

Figure 2 shows the construction of the 
four toroidal inductors, L2 through LS, Ex- 
perience shows the inductor values are quite 
repeatable if the turns are always distributes 
in the same manner around the core. As the 
turns are pushed closer together, the induc: 
tance increases considerably. The matching, 
network coil, LI, is noncritical and it should 
be wound as shown in the part list and Figure 
2; itshould need little, if any, adjustment 

he LEDs all have long leads and are sol- 
dered to the board after bending the lead ends 
by about "inch. Be sure sa keep track of the 
LEDs" longer (anode) leads: Those leads 
connect to the current-limiting resistors, 


Putting the Board in a Box 

Once the PC board is assembled, use it 
as a template for marking the hole loca- 
ns in the enclosure, a standard Hammond 
die-cast box. Mount the board flat against 
the box bottom using #4-40 hardware, Be- 
ccause there will likely be some mold marks 
‘and box-identification letters where the 
board and RF module Tie, make the 
cenclosure’s inner-bottom surface reason- 
ably flat: you can do this with 60-grit sand- 
paper. Bend the leads of the five LEDs to 
apply a slight forward pressure on the lights 
as they slide into the holes in the box front 
‘That holds the LEDs in alignment without 
needing adhesive. 

‘Take care when tightening the PA. mod: 


ule mounting screws ta be sure that no pres- 
sure is applied to the ends of the module 
cover. The leads from the module need some 
trimming, They are above the board and need 
forming to get to the board level for solder- 
ing. Don’t apply pressure at the edge of the 
module cover when doing this. You may 
rnced to hold each lead with needle-nose pli- 
esto keep from damaging the case. t should 
be possible for the leads to reach the board 
surface within '/-inch of the cover. 

Three short pieses of 50-2 coax attach 
the board to J1, 12 and J3, Solder lugs under 
the jacks provide for ground connections at 
fone end and PC-board pads take care of the 
other end of the coux. 

‘Three leads run between connectors J4. JS, 
‘and J6 and the PC board. Each of these leads 
has a bypass capacitor (C28, C6 and C27, 
respectively) at the connector. Short, low-in- 
@uctance leads are important on these 
capacitors. To help keep the RF signals inside 
the box, a small inductor Wound on a ferrite 
core (L14, L15 and L16) is placed on each 
wire. Position these inductors close to their 
connectors. If #22 or #24 stranded hook-up 
‘wire with thin insulation is used, it’s possible 
{0 wind the coils with the hookup wire. 


Turning on the Amplifier 

Now. to see it work! First, connect a 
50-2 noninductive dummy load to the 
ampiifier output.’ If you have a variable- 
voltage power Supply to use for inital test- 
ing, slowly raise the de supply voltaze from 
OV to 13.8 V. Otherwise, you'll need to rely 
‘on the power-supply fuse as protection from 
any serious construction errors when apply- 


I could justify, 


be used for both subcircuts. 


Bob Larkin, W7PUA 
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Did the Amplifier Always Look Finished? 

‘No, itddn't, Some people may be able to puta finished ampler on'a PC board and have 
it work fine. | don’t seem to be able to do that! 

‘My first step in designing the amplifier was to search for suitable RF modules, mostly 
via the Internet. Once | selected the MS7732L as having suitable power, gain and de 
‘operating voltage, | drew a schematic in my notebook. Originally, the circuit had automatic. 
shutdown for high SWR and full voltage regulation to deal with overvoltage. This looked to0 
complex. twas necessary to cut of the dive to the amplifier, and the regulator had to be 
a low-dropout type (lor these, the difference in voltage between the input and the output 
need be only a fraction ofa vit}. couldn't find an integrated regulator that met my require 
‘ments and the thought of building one using op amps and transistors used more parts than 


| opted for simplification, puting alarm lights on for SWR and overvoltage and turned the 
‘automatic part over to the operator! A new schematic resulted, not unlike that of Figure 1 
| went to the ARAL Radio Designer! and simulated the directional coupler and low-pass 
filter little playing around with the simulation showed that a single inductor value could 


Next, | built the "breadboard" version using scraps of PC board. Testing showed that 
almost everything worked as expected. The overvoltage light did not have snap action, 
though. That was caused by using a resistor where the ferrite Dead, L13, is now. | ran the 
input voltage temporary up to 16 V and everything continued to function. Nex, I left the 
ampiiier running for an hour and nothing overheated. | checked the intermodulation prod- 
ucts and harmonics and found them ta be at satisfactory levels. 

It’ was now time to layout the PC board. The experience of putting the breadboard 
together allowed a smarter final layout. The first version was on two boards and some of 
the connectors ended up on the front panel. This was all worked out for the final design 


"ARAL order no. 6796. ARAL publications are available from 
‘ARAL. See'the ARAL Bookcase elsewherein thisissue, or checkout the ARAL Web sitea AU? 


local dealer, or drecty from the 
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Faure 1—-Schematic of the 8-W ampli. 
Miresstors are 5% 1206 chips. These are 
fuatable In smal! quantites Nom Mouse! 
Bactonics (Xicon). Unless otherwise noted 
fleapactiars are either 1208 oF 0905 chips 
[ae son re beara). Capactors 

than 470 pf are NPO, while values 
om 470 pF and up are ary general 

se ceramic, such as X7A or Z8U. 

en sures ned hae are 
igeverally only afew of several tat 
Manviactore oquvatert parts. he 

piers bull without a pre-mage PC 

brad, change the chip components fo 
aged types. Component designations for 
LEDS ier rom OST siyio. Pare used 

the ample are availabe from one oF 

‘ofthe folowing sources. Source 
pireviations used i the parts Ist precede 

ompany name: (OK) bigiKey Corp. 
9 Brooks Ave S, Thet Aver Fale, ML 
01; tel 800-944-4839, 218-681-6074, 
lin .digikey.com: (ME) Mouser 
Becvonics, 958 N Main, Mansheld TX. 
tel 800-946-0073, 817-480-4422 
wee mouser.com; (3) 
BroShack—see your local distributor 
uw. radioshack.com: (FP) RF 
fs, 49 South Pacific Sy San Marcos, 
£A 98069; te! 800-737-2787, 760-784- 
hitpilwwe.rfparis.com 
7 uF, 16 V surlace-mount 
teeatoiyic (DK PCES03ICT) 

C27, Co8—470 pF, 80 V, leaded 
feramic (ME 140-50P-471K). 
Di—Yellow T1 LED (DK160-1079) 

D2, 03—Green T1 LED (DK 160-1080) 
Di; D5—Aed 71 LED (OK 160-1078), 
08,07, 09. O10—BAR74 diode (OK 
BARTAZXCT) 

S-A, 50-V power recttier, SMC 

age (DK SSACDICT) 

" 100-V power revifier, SMB 
tage OK S{s000C") 

RI-SPOT 12-V de miniature relay, 
"Onwron GSV-1-DC12 (OK 2774) 

2 #20 a 22, vlna 10: see 
gure 3 

52 nH; 5 tums, #26 enameled 
(on a 7-25-17 toro see Fagure 3. 
7,19, L10, L11, L13—Femrte SMT 

a, 1206, 600 6 at 100 MHz, Stewart 
42120686018 (OK 240-1018-1) 

Li2—Ferrite SMT bead, 3 A, 1206, 
5000 a 100 Miz, Stewart 

N20N101# (DK 240-1008-1) 

WHLIG—1.5 LH, 6 wins 422 or Hed 

ed wire on an F1-29-#9 core; 

text 

Bn2-A. $x20-mm fuse (OK F948) with 

tw clips (Dk FOs8) 

rd5, Je—Phono jacks (RS 274-346) 
JSLBNC jack (RS 278-108) 
8.5mm OD, 2.1-mm ID power 

olor (AS 274-1569) 
by, O3—FMMMT3906 PNP transistor, 
‘$0T23 (OK FMMT3900CT) 

QF MNNTa804 NPN transistor, 
s6OT29 (OK FMMTSB04CT) 

IE? 02 adjustable resistor, Bourns 
Be0H1-202 (DKIS2SH-202) 

[SRF ampliier module, Misubishi 
g77321, (RP MS77s21) 

;Q24AM dual op-amp (DK 
NAM) 

LS 5. posts aula, SO-d 

0 (DK EM7BLOSACM) 

board, enclosure 3.7x4.7 x1.3 
Hammond 1S90B8 (OK HiA152), 


Eiquee 2—Coll details. Arrange the turns on the four toroids as shown here. L2 and L3 
might need to have their turns spacing adjusted during tune-up. 
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-W Brichatte 


Power Out (W) end Currant (A) 


Power In (em) 


Figure 3—Measured power output and de-supply current as a function of drive power 
Notice that the output-power scale is not in decibels. This makes the output appear less 
compressed than i really is. The 1-8 compression paint is at about 4 W. 


Figure 4—Measured intermodulation 
distortion wih a PEP output of 8 W. 
Third-order products are down about 

28 dB from peak power, fairly typical of 
this amplifier type. Perhaps more impor- 
tant is that the fifth and higher-order 
products continue to drap aff as the ordor 
Increases. These higher-order products 
are farther fram the operating frequency 
{and thus generally more disruptive to 


nearby stations. The current drawn during 
this two-tone test was 670 mA, 


ing the full 13.8 V. At full voltage, the cur- 
rent drawn by the amplifier during receive 
should be about 10 mA. Next, set the OVER 
VOLTAGE alarm. Adjust the voltage at the 
wiper terminal of RIS 40 4.68 VU you can, 
vary the de supply voltage, the OVERVOLT- 
AGE LED should light at about 14.5 V 

When making the following adjustments, 
it is mecessary to adjust the turns spacing on 
the toroidal inductors, For safety. do this 
only when no RE drive is applied. 

‘Connect the TR control to the DSP-10 
and connect J1, the amplifier’s RF input, 10 
the DSP-10 antenna connector. InCW raode, 
increase the DSP-10's RF power slowly un- 
til he RF OUT LED (D3) glows, Then aust 
the turns spacing on 1.2 and 1.3 to extinguish 
‘the HIGH VSWR light (D4), This indicator is 
about 10 times more sensitive than the RF 
‘QUT LED, but it should be possible to extin- 
guish the HIGH VSWR LED completely, 
Continue this adjustment process while in- 
creasing the drive power. You can measure 
the voltage at the output of the SWR op amp 
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Figune Il: Smartphone VO used in the ontology. 


based on the composition of numerous VOs. ‘This develop- 
ment has been supported by OMS and semantic web tools 
such as Jena. Using OMS, CRUD operations are performed 
like create, update, and delete on CVOs and VOs using 
SPARQL. In the developed semantic relationships, two CVO 
instances, namely, “FireSitMion0001" and “PathFinder0001,” 
have been used in the code snippet provided in Figure 10, 
for fire situation monitoring and location navigation, respec- 
tively. We can see the data properties and object properties 
associated with each object to maintain the relationship 
with other objects in the system. Further, to understand the 
VO representation, a smartphone VO "SmartPhone0001" is 
shown in Figure I! with the defined properties. A list of VOs 
used in our prototype has been given in OWL description as 
shown in Figure 12, 

In the test bed environment, the sensor to the gateway 
connectivity is enabled using ZigBee and BLE, Another 
source of information that has been incorporated to provide 
user-centric service capability is SNS feed, which consists of 
‘Twitter and Facebook data collected using social media APIs. 
On the other hand, user profile and preferences are updated 
using data management service, and this information is used 
to grow RWK base. 

‘To test the prototype, an android application has been 
developed. After the user logs in to the app for WoO based 


assisted services, the app starts the configuration of services 
according to the user profile. A list of services is presented 
on the user's screen from which the user can select any 
service. These services include museum visit service, location 
navigator service, recommendation service, and emergency 
notification. The selected service starts collecting information 
with the interaction of the user or when the devices start 
pushing values about any change in the observed envi- 
ronment. Based on these observed parameters, alerts are 
generated by the app; for example, the museum visit service 
generates alerts about the available facilities in the museum. 
and the environmental conditions including the indoor and 
outdoor temperatures. On the other hand, the location nav- 
igator service helps the user to navigate around the museum, 
by showing directions to several visitor attractions. Moreover, 
the emergency notification service triggers alerts when a 
temporary fire is created to mimic an unusual situation such, 
as fire breakout. The resulting fire increases the temperature 
reading which is detected by the temperature sensor. 
change in reading is forwarded through the gateway and 
analyzed by the fire situation monitor CVO which checks its, 
threshold value and generates an emergency notification on. 
the user's app screen. Also, the recommendation service is, 
used to generate suggestions about the museum events and 
the places to visit. 


Pretty outside and pretty inside, the Brickette's construction reflects a caring hand. At 
the top-left rear the RF-amplifier module can be seen fastened to the base of th 
enclosure, which serves as a heat sink for the module. The relay is at the upper-right 
and @ kludge area ig visible at the lower right behind the front panel 


‘This rear-panel view of the 8-W Brickette shows compact but uncrowded /O connectors 


clearly labeled. 


(U2 pin 14) and continue to minimize this 
voltage, akhough the VSWR LED is not lit 

Optimize the amplifier matching by mea 
suring the power output as indicated by the de 
voltage at U2 pin 7 and adjusting LI’s tun 
spacing (and perhaps changing the value of 
(C4) for maximum output at high drive. Don't 
expect major changes with these adjustments 
as the amplifier is inherently quite well 
matched. 

‘While in transmit, check that the bias 
voltage at pin 3 of Ul is about 4.9 V and 
that the idling current with no RF drive ap- 
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plied is about 140 mA, 


Performance 

Figure 3 shows the power output and 
current level for various drive levels. The 
CW output is over 8 W for the two devices 
that [ tested, When tested with a two-tone 
input signal and an output of 8 W PEP, the 
IMD level is down 28 dB for third-order 
products and 43 dB for fifth-order products 
(see Figure 4). The strongest harmonic is 
the second (at ubout 292 MHz) and this is 
65 dB down from peak output, more than 


‘enough to meet FCC 2002 requirements.” 
Concluding Thoughts 


Several areas on the PC board have ei- 
ther a ground plane section or pads for 
‘mounting transistors, resistors and other 
components. These areas are available 10 
{you fo use for modifications or additions to 
the amplifier (perhaps you have an appli- 
cation that needs an input TR relay or you 
need a different control circuit. 

‘Now you're ready 10 get onthe air with a 
medium-sized signal. You can increase 
power even further by cascading another 
Aamplifiet. Or, use some of the signal pro- 
sessing in the DSP-10 to work deeper into 
thenoise, QRP power levels have pushed the 
idea of “working smarter instead of harder.” 
Notes 
"Bob Larkin, W7PUA, “The DSP-10:An A: Mode 

Meter Transceiver Using a OSP IF and 


PC-Gontrolied Front Panel,” OST, —Part 1 
Sept 1999, pp 33-41, —Part 2, Oci 1999, 94. 
40, —Pari 3, Nov 1999, pp 42-48. Adaitionat 


Jformation on that project is available on the 
authors Web site, http:/www.proaxl 
‘com/-boblark/dsp10.him. Any future infor 
mation about this amplifier project will be 
placed at this Web site, 

The directivity of coupier isthe ifference, in 
‘decibels, between the forward signal and the 
teflecied signal, when the coupler is properly 
terminated in Bi designed lad, nti case 
50 FS constructed from transmis= 


‘ment couplers are resticted in the frequency 
range where their isolation is high, but offer 
simplicity insteas. 

Gerber files for making the PC board can be 


‘blained from the aulhor. Alternatively, 
Lunpopulaied PC boards are avaliable trom 
Masheli Electric, PO Box 5, Eatonville, WA 
98928. Price: $20 each inthe US, $21 in 
Canada (air mail) and $22.50 (air mail) else 
where. These boards have plated through 
holes, a solder mask on the component side 
fand a sik-sereened legend, Check their Web 
site hitp:imembers.2ol.com/w7sibiw7sIb. 
htm for details, 

“See Sam Ulbing, N4UAU, "Surface Mount 
“Technology-—You Can Work with i", OST— 
Part 1, Abr 1999, pp 33-39; —Part 2, May 
1999, p 48-50; —Part 3, Jun 1999, pp 34-36; 
—Parl 4, pp 38-41, Additional comments from 
‘Avery Davis, WBARTP, can be found in the 
QST Technical Correspondence, Feb 2000, 
270. Surface-mount techniques are used for 
{he DSP-10 transceiver. Some people were 
Initially concemed about dealing with the tiny 
‘components, but after constructing he boa, 
most builders felt that went well 

‘Sa’salistactory dummy load or 144 MHz can be 
‘constructed from four 200-42, 3-8 metalox- 
ide resistors. Arrange them ir parallel around 
‘coax connector. Shor leads are important 
Do not use wire-wound resistors, 

The OVERVOLTAGE alarm triggers when the 
de supply voltage is greater than 14.5 V. an 
fadjustable de supply is avallable, you can set 
this direclly. Allernatively, set the voltage at 
the wiper of R15 to 0.360%(V ~ 0,6), where V 
is the dc supply voltage. 

Lary Price, WaRA, and Paul Rinaldo, W4Rl, 
“WARGA7, An Amateur Radio Perspective,” 
ST. Feb 1996, pp 31-34. By these rules, an 
8-W 2-meler transmitter must Suppress the 
harmonics by atleast $2 dB, Greater amounts 
of suppression are required for higher power 
levels 


By Dave Mascaro, WA3JUF 


903-MHz Linear 
Amplifiers 


Part 1—Looking for a gain block or two for your 
903-MHz station? Here are eleven of them to 
cover just about any need you may have, from a 
simple receiving preamplifier to one with 23 dB 


Bs ic, Aratewr aco band (902 
928 MHz) is becoming, well populated 
inmuny areas of the country. Propagation 
19033 cm has traits similar to both 432 MHz 
and 1296 MHz, but has characteristics all 
fis own at times, making it a very interest- 
ing band. It’s pleasantly surprising what 
yoo can do with a few watts on 903 MHz 
With high-gain loop- Yagi antennas, 
Articles have been published on trans- 
verters, amplifiers and receivers for 33 em, 
[described a 759-MHz. local oscillator’ 
intended to be used with a 144-MHz IF for 
operation on 903 MHz. If you've built the 
Iransmit section of a transverter that gets 
yoo te the 10-mW level, of if you've pur- 
Ghased a commercial transverter such as 
Down East Microwave's low-power, no: 
tune unit,? you'll need to bring your trans 
mitter power up to a usable level, Instead 
‘of showing a typical transmit-amplifier 
shale, many of which have been described 
in Amateur Radio literature, I will discuss 
leven different gain blocks, for several 
{ifferent gains and power levels, in this 


T suggest that you build each amplifier 
ints own enclosure, rather than trying to 
tuild more than one amplitierin one box to 
liminate connectors or reduce size. If you 
ae building your own equipment, you 
ppobably aren't to0 concerned about size 
land compacts. and having separate en- 
elosures makes for much easier tuning and 
troubleshooting. Many transistors wsed in 
1296-MHz projects are suitable for use at 
93 MHz; some even have more gain at 
903. 

‘Transistors with SD prefixes used in the 
following designs are manufactured by 
‘$68-Thomson Microelectronies.' Some of 
these transistors don't aperate’at 12 V, 


gain and over 4 W output! 


From QST, June 1990 


I} 


‘Again, in building your own equipment, 
‘his shouldn't be a major problem. Gains 
listed are averages for several different de- 
vices tried. All of the amplifiers can be 
driven harder than indicated—for CW or 
FM operation only—put should be used at 
‘or below their rated power output for SSB 
work. All the designs can be used at lower 
power output; they are all linear amplitiers, 


Construction 

Allo the amplifiers are built using simi- 
lar techniques. Each design uses common 
Yowinch-thiek, G-10, double-sided, fiber- 
glass-epoxy PC board for the microstrip 
circuitry. The ground-plane side of each PC 
board is unetched, 

The microstrip boards can be made 
using what I call the "X-ACTO®-etch” 
method. This involves using a piece of clear 
tape as the resist, (Four-ineh-wide clear 
{ape is available at stationery stores.) AF¢ec 
drawing the pattern on the board with a 
pencil or fine-tipped marker, cover it on 


both sides with clear tape and eut the pat- 
tem in the tape with an X-ACTO keile 
Then, remove the tape from the areas to be 
etched and etch the boards in ferric chlo- 
ride ina erock pot on low heat, Do this ina 
well-ventilated area! Etching takes about 
hali an hour without agitation. The rock 
pot is a no-mess way t0 etch boards, Only 
an inch or so of ferric-chioside solution is 
needed, OF course, you can also use a pho- 
tographie method to make boards, as T do 
for multiple or complicated boards 

ter the PC board is etched, clean it 
with steel wool and drill holes at all de- and 
und points using a no. 50 drill. No 
holes are needed for component leads, as 
all components are mounted on the micro: 
strip side of each PC board. RF grounds 
must be located as close tothe areas to be 
rounded as possible, to ensure low-induc~ 
{ance ground paths. There are atleast two 
ways to do this. One is to install a rivet 
in exch hole, flare it with an awl or ice 
pick, then flaten it by tapping with a small 
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Fig 1—Schematic of the SD1930 receive preampiifier/iow-level transmit stage. RFC and 
RFC2 consist of 8 tuins of no, 24 enam wire closewound on a 0.1-Inch-ID form (such as 


2.0.1-inch dri). Dt is a 9,1-V, Ye-W Zener, 
Mouser (part no. 244071), 


C1, a 12.5:pF trimmer, is available from 


Fig 2—Amplifier No. 1, a 10-mW-output stage that's well sulted to receiving applications, 


in prototype form. 


smc 


hammer on an anvil or other hard surface. 
Then, solder the rivets on both sides of the 
PC board. Alternatively, pieces of bus wire 
can be used for grounding, 

Because parts placement is quite 
straightforward, [ haven't provided parts 
placement drawings for all af the designs. 
The schematics and PC-board artwork 
should provide aif the guidance you'll need 
to assembie the boards. Ican help with any 
uestions that you might have when build- 
ing any of the amplifiers. 

All of the amplifiers described, except 
those operating under the 300-mW level, 
require some heat sinking. A small brass 
sheet is Sufficient for the studded parts, but 
a finned heat sink an inch or two square is 
needed for the flanged-device amplifiers. 


Fig 3—Full-scale PC-board artwork for the 
10-mW SD1230 amplifier. Black areas 
represent unetched copperfoll All parts 
{are mounted on the foil side of the board, 
Crop the finishad boards as necessary. 
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‘Thermally conductive compound is re- 
quired between the devices and their heat 
sinks. For studless devices, a small piece of 
brass shim stock soldered from the bottom 
Of the device to the ground-plane side of 
the BC board should work fine. 

‘Aneasy way to enclose an amplifier like 
those described is to make a housing using. 
double-sided PC board or brass sheet 
for the four walls and bottom cover. The 
amplifier PC board makes the top cover. 
Input and output connectors (N, BNC or 
SMA) can be bolted or soldered to the end 
walls with their center pins soldered 
directly tothe microstrip input/output lines 
jn_an end-launch configuration. When 
using PC-board material for housings, 
‘mount the side walls in such a way that the 
grounding is continuous from the connec- 
tors to the ground-plane side of the ampli 


die-cast aluminum boxes, such 
as Bud CU-123 and CU-124 and the 
Hammond 1590 series, also work great for 
enclosing these designs. Die-cast boxes 
usually provide sufficient heat sinking for 
amplifiers operating, at less than 2 W out 
put. Device studs or flanges should be 
attached directly t0 the boxes in these 
cases. All component leads must be kept as 
short as possible. This also applies to trim: 
mer caps. Mount them flush to the PC board 
So that they act as capacitors—not as in- 
ductor/capacitor combinations. Use mul- 
tiple rivets (or bus wires) to ground the 
trimmers. 


‘Components 
Use ceramic chip capacitors for the de 
blocks and high-frequency bypassing. 
Some of the larger-value bypass capacitors, 
like 0.001 uF and 0.01 4. are available in 
form also. These epoxy types are good 
for all the designs described here. [use 
inexpensive chip caps from Mouser Elec 
tronies.* Chip caps. and Johanson pistos 
trimmers are available from Microwave 
Components of Michigan.’ Transistors are 
available from RF Parts*and RF Gain, Ltd.? 
Components, rivets and PC boards are 
available from Frontier Microwave." 


Tune-Up 

In most of these amplifiers, the quies 
cent collector eurrent Ig) initially will have 
tobe checked and set with no drive applied 

‘To check bias current, disconnect the 
cold end of the collector choke and insert a 
milliammeter in series with the choke 
‘Adjust I, by changing the value of the 
collector-bias resistor or by changing the 
collector voltage. All amplifiers requiring 
12 V can be powered directly from low: 
current, 12-V de sources (a three-terminal, 
12-V regulator, for example). Amplifiers 
running on 14-18 V deor 21-23 V de-can be 
powered by an LM317T (or LM317K) ad- 
justable regulator. Set the regulated volt- 
‘age 10 a minimum, and adjust it upward 
from minimum while monitoring I., Idling 
collector current can be adjusted’ to suit 
‘your gain and power-output requirements 
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Fig 4—Schematic of the $D1933 and $0 1359 amplifiers (Amplifiers No. 2 and No, 8). All components except Q1 are common to both 


designs (see text). 
C1, C2--12.5-pF trimmer, Mouser no. 
8AAO7T 


D1—9.1-V, YW Zener. 


bs nen —o} 


Fig 5—Ful-scale PC-board network for the 100- and 250-mW amplifiers. Black areas 
Tepresent unetched copper foil. All parts are mounted on the foil side of the board. 


Amplifier No. 1: A Receive 
Preamplitier or 10-mW-Output, 
12-B-Gain Transmit Stage 

The amplifier shown in Figs | and 2 is 
@ low-power stage using an SD1330, 
Motorola MRF9O! or NEC NE64535. This 
Sage is best suited to the receiving side of 
Atransverter. With a noise figure (NF) of 
24B, it makes a fine front end by itself. 
With 2 good, low-noise GaASFET pream- 
plifierin front of it, you'll have all the sen- 
Sitivity you need in front of the receive 
mixer. For transmitting applications, 
where a tow noise figure isn't important, 
an MMIC amplifier would he better be 
feause itis a lot easier to build for the same 
resalts, 

‘The $D1330 amplifier is built on 0-10 
double sided board: the artwork appears in 


Fig 3. After etching the board, install rivets 
at the RF and de grounds, To mount the 
device, drill a hole in the PC board the size 
of Q1'S mucro-X case. This allows all four 
leads to be soldered te the microstrip with- 
out bending them, 

‘The idling current for this amplifier 
should be set to 5 mA or less for good noise 
figure. The idling current is kept constant 
for different transistors and over different 
voltages and temperatures by current-lim- 
iting resistors RI and R2 and Zener diode 
DI. Tune the input trimmer for best NF or 
maximum gain if an NF-measurement 
setup isn’t available 


‘Amplifier No. 2: 10 mW In, 100 mW 
Out 


‘The SD1333 transistor, a macro-X plas- 


REC1, RFC3—8 tums of no. 24 enam 
wire! 0.1 inch ID, closewound, 


tic-packaged device used in this design, 
delivers 100-125 mW. This device is 
apable of a reasonable noise figure (2-3 
4B) and good dynamic range, which allows 
it to be wsed as a second stage (following 
a GaAsFET preamplifier) in a receiving 
system. (Motorola's BFR9G/MRF90\! 
MRF962 also work well in this circuit; the 
BFR96 has slightly less gain.) Fix 4 shows 
the amplifier schematic and Fig 5 shows 
the full-scale artwork, 

Zener-diode bias is used for simplicity 
and some temperature compensation. Set 
the quiescent current to 40-50 mA (not 
critical) by varying R1. A pot can be used 
initially, then the pot can be replaced by a 
fixed-value resistor. Or the collector volt- 
‘age can be varied slightly, 

‘After the rivets are installed in the PC 
board, drill a hole the diameter of QU's 
molded package in the PC board. Mount 
the device in the board so its unbent leads, 
are soldered directly to the microstrip 
board. Use the small variable capacitors to 
tune for maximum gain. 


‘Amplifier No, 3: 9 dB Gain, 250 mW 
Out 

This unit i a slightly higher-power ver- 
sion of the previous amplifier, using an 
SD1359 or Motorola TRFS59 plastie-pack- 
aged device. The artwork and schematic 
are identical to that of Amplifier No. 2 
Idling current, 40-50 mA, can be optimized 
by adjusting the collector supply between 
10 and 13 V to set the stage gain 

After the PC-board rivets ure installed 
rill a hole in the PC board to accept Ql 
Mount the device in the board so its unbent 
leads are soldered directly to the mierosteip 
board. Tuning is as discussed with Ampli- 
fier No. 2 
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Fig 6~Schematic of the MSA 0204/MC5808L amplifier. 


67, C9—100-pF chip FL1—Two-stage Toko helical filter (Digi: 
C8; C10--0.01-uF ceramic disc Key no. TK23318) 


Fig 7—The 200-mW-output MSA 0204/MCSB09L amplifier. In this prototype, | used MSA, 
(0204 stages before and after the helical filter to provide addiional gain. The biasing 
components (the 7808 and associated parts) are mounted on the Outside of the 
‘enclosure for convenience 
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Fig 8—Full-scale PC-board artwork for the 200-mW amplifier. Black areas represent 
Unetched copper fol 
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RFC1—8 tums of no. 24 enam wi 
inch ID, closewound. 
REC2—1-j18 molded choke. 


‘Amplifier No.4:0.8 mW In, 200 mW 
Out 

‘The amplifier shown in Figs 6 and 7isa 
high-gain unit that can be used 10 follow 
the output of your 903-MHz. transmit 
mixer. An Avantek MSA 0204 or Mit 
Circuits MAR-2 MMIC js used for the first 
stage, followed by a Toko two-stage heli- 
cal filter.!9 (In the prototype amplifier 
shown in Fig 7, I used two MMIC stages, 
addition to the helical filter, before the 
final stage.) The output stage is an NC 
MCS809L thick-film hybrid module. This 
NEC hybrid module is one of four such 
units intended for hand-held cellular tele 
phones operating in the 800- to 960-MH2. 
range. The MC5809-series amplifiers are 
fated at 150 mW minimum power output a 
75 V de. Using a more readily available 
power source (a 7808 regulator), the 
NES8O9s I tried were linear at over 200 
‘mW output. These hybrid amps are easy to 
use and are stable into any load, 

The full-scale PC-board artwork it 
shown in Fig 8. The helical filter is used 
between stages to clean up the transmitter 
signal by filtering out the local-oscillator 
and image frequencies, but isn’t requiteé 
for applications where such filtering is 
done in other stages. A three-stage Toko 
filter! will also fit on the board, and could 
be used for better filtering. The filter leads 
are bent to the side to allow soldering tothe 
PChoard traces. See Fig 9 for parts place 
ment. 

This amplifier is easy to build and get 
working, Because both active stages and the 
filter are designed for 50 Qin and out, the 
amplifier uses 50-@ microstrip throughout 
No trimmer capacitors are needed and to 
bias adjustments are necessary—just apply 
the de voltages and the drive signal, ani 
peak the helical filter for maximum power 
output at 903 MHz! 

Because more gain is available from this 
design than I needed, | tried mixing two 
signals atthe input of the first stage. Usi 
aT connection at the input ofthe first stage, 


Tused the circuit o mix a 789-MH? local 
‘cillator with a 144-MHz IF signal. The 
903-MHz output signal was about 175 mW 
and was fairly clean. Using MMIC ampli- 
fiers for gain blocks, almost anything can 
eused as a miner 


Amplifier No. 5: 35 mW In, 350 mW 
out 


‘The amplifier shown in Fig 10 is practi- 
‘ally as simple as an MMIC amplifier. The 
transistor, an SDUS98, produces more than 
350 mW output when mounted ia a 50-82 
‘The SD1598 (originally another part 
ttumber) was designed by Bill Olson, 
W3HQT, years ago, when he was em- 
played by Solid State Microwave (now 
$GS-Thomson Microelectronics). I've 
used this transistor, which i refer to as a 
“pot 2N3866,” in amplifiers and frequency 
multipliers at frequencies from 144 MHz 
0 3.3 GHz. The SD1598 is in a studded 
package and the SD1598-1 is a studless 
package: cither style is suitable for use at 
903 MHz. I've built wwo-stage SD1598 am- 
pliers with 50-0 lines that work from 400- 
1300 Miz. Such a two-stage amplifier fits 
nicely into a 1.5 %3.6x I-inch Bud CU-123 
ihescast box. Gain is 10dB per stage at 903 
MHz and 8-9 dB per stage at 1296 MHz. 
PC-board artwork isn't necessary for 
this amplifier, as the 50-0 line can be eas- 
ily made on a piece of G-10 PC board using 
an X-ACTO knife and a straight edge. A 
‘5002 line on 0-10 PC board is about 0.1- 
GF inches wide, After cutting the edges 
‘of the 50-Q line, cut another line about a 
Quarter inch from, and parallel to, the 50-2 
line on each side of the 50-2line. Using a 
soldering iron, heat the quarterinch-wide 
ssvips between the 50-0 line and the outer 
sections and remove them with the knife or 
‘a needle-nose pliers. Leave some copper 
fear the transistor for connecting Ql's 


emitter leads to the microstripline. 

Drill a hole in the board for the transis- 
tor such that the leads of the transistor ean 
be soldered flush to the microstripline and 
ground foils. This is important: Excessive 
lead lengths drastically reduce the gain of 
this amplitier. Attach a small heat sink to 
the stud of the device. 

‘The SD1598 can be powered by a 12-to 
18-V supply, depending on the gain and 
power output required, Use an LM3177 
voltage regulator in the power supply, and 
vary the voltage to set the gain of this 
Jowlevel stage. This is an easy way to 
match the drive levels needed by the fol 
lowing stages. 

Set QI's quiescent current, I.g, to 30- 
50 mA. Vary RI to get the correct idling 
Current. This bias current is not eritical, 


and depends on the device and the collec 
tor voltage used. Tune up is simple: Adjust 
C8 for maximum power output 


Amplifier No. 6: 100 mW In, 1 W Out 

A pair of SDIS98s and a Wilkinson 
power divider/combiner combination are 
used in this design. The schematic for the 
combined amplifier is shown in Fig 11, and 
the PC-board artwork is shown in Fig 12.1 
didn’t make an effort to terminate the 75-2 
Wilkinson divider/combiner; the amplifier 
works fine as is, Power sharing between 
the two devices is excellent, and a 3-38 
improvement in power output is available 
over a single device, Saturated power out- 
jput is well over 1 W, 

The supply voltage and idling currents 
are the same as single-device Amplifier 
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Fig 9—Parts-placement diagram for the 200-mW ampliier. All parts are mounted on 
the foil side of the board. Note the locations of rivets. At each V.. lead on the MCSB09L 
(pins 5 and 9), install a 100-pF chip capacitor and a 0.01-yF dis¢ to ensure propét 
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Fig 10—The 350-mW amplifier. Glue D1 to Q1’s ceramic body for thermal composition 


§-0.001-uF feedthrough. 
{680.610 8-¢F Johanson piston trimmer 
DI—Na001 


Q1—S01598. 
FI—1.5-1.6 KO, ‘he W. 


REC1, RFC2—-8 tums of no. 26 enam 
Wire, closewaund, 0.1 inch ID. 
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Fig 11—The 2x $01898 amplifier. Glue D1 to Q2’s ceramic body for thermal composition 

C8, C9—0.6- to 8-pF Johanson piston Q1, a2—-S01598. RFC1, RFC3—8 tums of no. 26 enam 
trimmer. RIW45-1.6 KO, 2 W wire, closewound, 0.1 inch ID. 
DI—1NA001. 
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Fig 12—Full-scale PC-boart! artwork for 
the 2x SD1598 amplifier. Black areas 
= represent unetched copper foil, 
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Fig 18—The 500-mW broadband amplifier, For power levels over 500 mW output, glue D1 to Q1's ceramic body for thermal 
compensation, RFC1 and RFC2 are implemented as PC-board traces. 


Q1—SD1598 or $D1598-1 FCS~-8 tums of no. 28 enam wire, Z1-25—Microstriplines, See text and Fig 
F2—1.5-1.6 kO, Ve W ‘closewound, 0.1 inch ID, 14 
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No.5 (Fig 10). léthis amplifier is mounted 
Jnaddie-cast box, no additional heat sink 
ing is required; If not, a small heat sink 
Should be attached 10 the stud of each 
device. Adjust C8 and C9 for maximum 
power output. 


Amplifier No.7: 12dB Gain, 500mW 
‘Out 


The amplifier shown in Fig 13 is a 
‘broadband design that’s been around for 
about 6 years. Bill Olson, W3HQT, de- 
Signed it as a 1296-MHz amplifier. (The 
1296-MHz version differs in that it has a 
small piston trimmer on the output circuit, 
about an inch from Qis ceramic cap.) 

Thisamplifieris avery versatile design; 
itworks from 900-1300 MHz and has 
power gain of 10-13 dB over this range. | 
builttwo test amplifiers for this design: one 
for the studded transistor and one for the 
Mlanged version. Over a dozen different 
devices were tried in these test circuits, 
both at 903 MHz and at 1296 MHz. Classes 
A, AB, C and pulsed-class-C operation 
Were all tried, and all worked well. 

The studded SD1598 is used in this de 
sign. Full-scale artwork appears in Fig 14; 
Fig 15 shows parts placement. As with the 
‘ther designs, rivets are used at all de and 
RF grounds. After the rivets are soldered 
fn place, drill a hole in the board for the 
evice, Trim Q1's leads with scissors, then 
solder them directly to the microstriplines 
and ground foils. If the amplifier is to be 
mounted in a die-cast box, the box will 
provide sufficient heat sinking. If you use 
another mounting method, attach a small 
heat sink to QI's stud, 

Power output for SSB is 500 mW, and 


Fig 14—Full-scale PC-board pattern 
{or the broadband 500-mW SD1598 
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Fig 15—Parts-placement diagram for the broadband 500-mW SD1598 ampiier. The PC- 
board edges are not shown. All components are mounted on the foil side of the PC board 
(except those mounted to the enclosure) 


Fig 16—The two-stage, 1-W SD1598 amplifier. Glue D1 to Q2’s ceramic body for thermal compensation. 


C10—0.001-uF feedthrough. 
C11, Ci3—0.6- to 8-pF Johanson piston 
trimmer. 


Q1—SD1598 or SD-1598-1 
G2, Q3—SD1598. 
FR2) A3—1.5-1.6 KO, "Vs W. 


RFC1-RFC5—8 tums of no. 24 enam wire, 
‘losewound, 0.1 inch ID, 


VHF/UHF Amplifiers 2-33 


Fig 17—Full-scale PC-board patter for the two-stage, 1-W SD1598 ampilfer. Black 


‘areas represent unetched copper foil 


up to | W for CW and FM, depending on 
the device, In applications where the 
device will deliver over 500 mW, a IN4O0L 
(DD diode can be glued to QI for thermal 
stabilization, as shown pictorially in Fig 
15, Power gain at I W output is 7 dB or so. 
By varying R2, set QU’s lay for 30-50 mA, 
tor power levels up to 500'mW, and 15-20 
mA for higher levels 

Forlow-level stazes (up to 200mW out), 
you can use the SDI598-1 studless part in 
this circuit. Solder the studless device to 
the microstrip, then solder a piece of hobby 
brass to the device's gold-plated bottom 
area and to the ground plane. This provides 
enough heat sinking to dissipate a few hun- 
dred milliwatts, 

At903 MHz, no output trimmer capaci 
tor is required. Some improvement in the 
‘output match can be achieved by trimming 
the width of the output line by a few thou- 
sandths of an inch with an X-ACTO knife, 
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No. 8: 10 mW In, 1 W Out 
‘ond_I-watt amplifier, this one 
using a pair of SD1598"s driven by a single 
SD 1598, is shown in Fig 16. This design 
Similar to that of Amplifier No.6, with the 
addition of @ driver stage, The artwork 
appears in Fig 17. 

For the driver transistor, you can use an 
SD1598-1 studless device, as QI must pro 
Vide only a hundred milliwatts or so. The 
driveris mounted in a hole in the PC board. 
‘A small piece of brass shim stock is sol- 
‘dered to the bottom of the device and to the 
ground-plane side of the PC board for he 
sinking 

‘This amplifier runs on 14-18 V de. The 
idling current for each device is around 30- 
50-mA. Again, the supply voltage can be 
provided by an LM317T regulator. Adjust 
2 and R3 to individually set each device's 
idling current. Then, tune the amplifier by 
adjusting C11, C12 and C13 for maximum 


‘output. Vary the supply voltage to optimize 
the required power output or gain. 

‘The 2.4 x 4.4 x I-inch Bud CU-124, or 
an equivalent die-cast box, is a suitable en- 
closure for this amplifier. Mount the con- 
nectors on the ends of the box, and place 
the amplifier PC board inside the box body, 
instead of on the inside of the cover. The 
box provides sufficient heat sinking forthis 
amplifier. 

Next month, I'll describe three more 
903-MHz linear amplifiers, including two 
4-W units 


Notes 
1D, Mascaro,"A 759-MHz Local Oscillator, 
|, OEX, May 1988, pp 12-16. 

?No-tune transverlers, as well as antennas and 
microwave components, are availabe [rom 
Down East Microwave, Box 2310, RR 1, T70 
ME 04967, toi 207-948-9741, Catalog aval 
abie 

The amplifiers, inthis, article use trans: 
Istors manufactured by SGS-Thomson Micro: 
electronics, 211.” Commerce Dr, 
Montgomeryville, PA 18936, tel 215-362 
8500: 


“Mouser Electronics, 2401 Hwy, 287, N, 
‘Manstield, TX 76063, tel 617°489.4422 
Catalog available 

Exticrowave Components of Michigan, 17141 
Merriman, Romulus, Ml 48174, evening tel 
313-753-4581. Parts list avaliable. 

AF Paris, 1320 Grand Ave, San Marcos, CA 
92069, tl 619-754-0728 

78GS-Thomson Microelectronics transistors 
‘ae available through AE Gain Ltd, 100 
Menick Rd, Rockvile Center, NY 11570, tel 
800-645-2322. $50 minimum order 

® Frontier Microwave, AD 1, Box 467, Mink Ro, 
Oltsuile, PA 18942, evening tel 215-795" 
2e48. 

8. Mascaro, “A Transverter Band-Switching 
‘Bisplay and Universal Power Supply,” QEX, 
Aug 1887, pp 8-14 

available trom Digi-Key Corp, 701 Brooks 
‘ave South, PO Box 677, Thiel River Falls, 
MIN 56701:0677, tel 600-344-4539. Catalog 
available. 

11Toko fiers and other components are avail- 
‘able tm Stove Kosta, N2CEI, Box 341A, 
AD 1 Frenchtown, Nd 08825, ‘evening tel 
201-896-9584, Parts list available 


By Dave Mascaro, WA3JUF 


903-MHz Linear 
Amplifiers 


Part 2—Did you like the projects in Part 12 Here are 
three more amplifiers to suit your 903-MHz, 50-ohm 
gain-block needs. 


july 1990 


Tere plored eonarston meoas 
or building the 903-MHz linear amplifi- 
fs described in this twopart series. ‘The 
amplifiers described this month cover a 
higher power range than those in Part | 
sganing with  2-W-output design, and t 
Ishin witha pair of 4-W ousput units (one 
134B gain, the other with 23 dB pain). 


‘Amplifier No. 9: 100 mW In, 2 W Out 

The transistor used in this amplifier, an 
S$DI853. class-A device in a “strip- 
pac” flanged package, The PC-board art- 
workis shown in Fig 18. andthe schematic Fig 4@—Full-scale PC-board paltern for the 2-W SD1859 amplifier Black areas 
Appears in Fig 19. The parts-placement represent snatched copper fal 


s01ass 


Fig 19—The 2-W $1853 amplifier. RFC1 and FFC2 are implemented as PC-board traces. 


“C10, C11—0.3- to 3-pF Johanson piston 1853. Z1-25—Microstriplines, See 
AL text and Fig 18: 


times, 
Di—1N4747A 20-V, 1.W Zener 8 tums of no. 26 enam wire, 


FFO3—8 
‘clasewound, 0.1" ID. 
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Figure 13: VO discovery time with the increasing number of virtual 
objects, 


44, Performance Evaluation. ‘The proposed architecture has 
been analyzed from two different perspectives: system scala- 
bility and resource consumption. The results with respect to 
the experiments and the performance criterion are discussed 
in this section. ‘The first experiment involves the analysis 
of the time required to discover the virtual objects in the 
proposed system with or without social relationship criterion 
as shown in Figure 13. As it is apparent from the results, 
initially, o form a social graph, VO discovery process incurs 
delay due to the communication for establishing social 
relationship links. However, direct lookup for VOs in the 
registry at the start of the discovery process comparatively 
requires less time, but as the number of VOs increases, the 
delay rises, Traversing the social links to discover objects as 
the number of virtual objects grows considerably reduces the 
total lookups in the registry database. 

‘The second experiment provides an analysis of the exe~ 
cution time required for the CVOs as shown in Figure 14. 
To test this in a real environment, an android application 


/snat-service-ontalogy#LEDLight" /> 
/snart-service-ontalogy#luminositySensar"/> 
/snart-service-ontalogy#PressureSensor" /> 
/snart-service-ontology#Saart?hone"/> 
/snart-service-ontalogyi#SaartPhonsCamera" /> 
/snart-service-ontelogys#SackeSansor" /> 
/snart-service-ontalogy#SweatSansor” /> 
/seart-service-ontology#ristBand3ensor"/> 
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Ficune 14; Service execution time with the increasing number of 
virtual objects. 


has been developed. The app allows access to the parameters 
from the available VOs. When the app requires retrieving 
observations, it iterates through VOsin the repository using a 
query interface. This requires high CPU utilization with more 
execution time required to retrieve the sensor values against, 
each app generated request. This is due to the fact that the 
decision for the selection of VOs has been done at runtime; 
it requires more time to select the VO graphs, execute them, 
and get the relevant data from the VOs. However, when object 
interaction is based on the social relationship, it requires 
less time for the retrieval as friends in the social network 
share the data on other friends’ requests, which results in less, 
computation as compared with the previous scheme. 
Moreover, Figure 15 depicts the time to discover VOs 
in four different types of services. These services are the 
museum visit service, the location navigator service, the 
emergency notification service, and the recommendation 
service. The discovery time varies from one service to 
another depending on the number of VOs used. However, 
as compared with the impact of social connections, it can be 


Me 


those mounted to the enclosure). 


Fig 20—Parts-placement diagram for the 2-W SD1853 amplifier. The PC-board edges 
are not shown. All components are mounted on the trace side of the PC board (except 


Fig 21—The prototype 2-W amplifier 


diagram is shown in Fig 20, anda photo of 
my prototype appears in Fig 2 
‘After the board is etched and rivets are 
installed, cut a hole and file its edges to 
accept QI's flange. The SDI8S3 mast be 
‘mounted to a heat sink. (A Bud CU-124 or 
equivalent die-cast box is adequate.) Use a 
piece of G-10 PC board between the ampli- 
fier board and the heat sink, to allow the 
device to be mounted flush to the 
microstrip. The device flange is the emi 
ter, and a low-inductance ground cone: 
jon is a must. Make this connection by 
using a piece of copper-foil tape soldered 
to the microstrip ground plane and placed 
between QI's flange and the heat sink 
Mount the transistor to the heat sink with 
no. 4-40 screws. Use heat-sink compound 
between QI and the heat sink 
‘An LM317T (or LM317K) adjustable 
regulator can be used to supply the voltage 
required by this amplifier. Use a 10-turn 
pot for the ADJUST control; smooth 
adjustment of the supply voltage to this 
amplifier is a must, Insert a milliammeter 
in series with current-limiting resistor RI, 
and slowly adjust the regulator output up 
from minimum until the idling current is 
200-225 mA without RF drive applied. The 
exact supply voltage depends on the beta of 


Fig 22 (below)—The 4-W, 2 x SD1883 
ampitier. 

©4-C6—0.3- to 3-pF Johanson piston 
‘trimmer. 

DI—1N4747A 20-V, 1-W Zener, 

Q1, a2—sai85a, 

Ri-2-3. 0,1 W. 

RFC1, RFC2—€ turns of no. 26 enam wire, 
‘closewound, 0.1” ID. 

Z1-25—Microstriplines. See text and Fig 
23, 
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QI, the vaiue of RI, and DI’s breakdown 
voltage. Idling current can be adjusted 
slightly to optimize gain and/or power out- 
put. The supply voltage must be removed 
during receive to minimize device heating, 
Tune-up is simple. Apply drive and tune 
C10 and C11 alternately for maximum 
power output. If you have access to a return 
loss bridge or network analyzer, you may 
‘want to trim the width of Z2 to improve the 
input return loss, Verity stability (as indi- 
cated by no output and no change in supply 
current) by tuning the trimmers through 
their ranges with no input signal applied. 


Amplifier No. 10: 200 mW In, 4 W Out 

This high-gain design consists of a pair 
of SD1853s combined in a Wilkinson 
power divider/combiner. As before, I made 
no effort to terminate the 75- Wilkinson 
divider/combiner with balancing resistors. 
It worked just fine without them. Even the 
1296-MHz version, which uses the same 
board layout, worked well in this configu- 
ration. 

Fig 22 shows the schematic of this, 


Fig 23—Parts-placement digram for the 2 x $0185 amplifier. The PC-board edges are 
‘ot shown. All components mount to the trace side of the PC board (except those 


‘mounted to the enclosure). 


class-A amplifier, and Fig 23 shows parts 
placement. The PC-board pattern, the same 
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Fig 24—This prototype 4-W amplifier was built on a PC board wi 
‘spare driver stage that's bypassed with a brass strip. 


ith 


Fig 25—The 4-W amplifiers heat sink, bolted directly to the 
devices, must be positioned such that cooling air can flow over 
ittduring amplifier operation 
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Fig 26—The two-stage, 4-W, SD1S98/S01859 amplifier 
C4, C12.C14—0.3- 10 4-pF Johanson piston trimmer, 
DI 1Na747A 20-V, 1-W Zener. 
‘Qi—sp 1898. 
G2, 0S—S0 1453. 
R2-1.5-1.7 kQ, "le W. See text, Part 1, June 1990 QST, p 24, 
F—1-2 ©, 2 W. 
RFCI-RFC4—8 turns of no. 26 enam wire, closewound, 0.1” 1D. 
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as that for Amplifier No. 8, is shown in Fig 
17 (shown in Part 1). The board's driver- 
stage traces are by-passed with a brass strip 
in this amplifier, Fig 24 shows my proto- 
type mounted in @ PC-board enclosure, A 
single base-bias source, using a current- 
limiting resistor and Zener diode, feeds 
both devices. Total idling current, mea- 
sured in series with RI, is 400-450 mA. 
‘The same mounting arrangement used 
with the single-SD1853 amplifier (Ampli- 
fier No. 9) applies to this unit, The device 
flanges must have low-inductance ground 
connections. Mount the transistors toa heat 
sink about 2x3 inches with "inch or taller 
fins, as shown in Fig 25. Again, the supply 
voltage is switched on only during trans- 
mit. To tune this amplifier, adjust C4, C5 
and C6 alternately for maximum output. 


‘Amplifier No. 11: 20 mW In, 4 W Out 
A second 4-W amplifier, using a pair of 
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SD1853s driven by a single SD1598, is 
shown in Fig 26. The fmal stage is Ampli- 
fier No. 10, and the driver is the same as 
that used in Amplifier No. 8. The PC-board 
artwork is shown in Fig 175 the pars place~ 
ment can be done using Figs 23 and 16 as 
guides. 

‘The power-supply and bias adjustments 
are the same as those for the previously 
described amplifiers using these devices. 
Transistor mounting is also the same as 
before, but extra heat sinking is required 
‘with this unit because of the class of opera 
tion and the power output. 


Higher Power Output 

Higher-power devices usable at 903 
MHz are availavle from several manufac- 
turers. NEC's NEL1320 (28C3S42) pro- 
duces 18-20 W linear output at 903 MHz. 
“These devices also work on the 1296-MH2 
band. These transistors, as well as single- 


‘and dual-stage amplifiers based on them, 
are available from Down East Microwave 
(DEM). (The DEM two-stage 3318PA runs 
around 18 W output for about 1 W input), 

SGS-Thomson Microelectronics also 
makes high-power devices for the 800- to 
960-MHz. range. For example, the $1423 
isa 4-W-in, 30-W-out class AB device, and 
the SD1660 is aclass-AB transistor that runs 
‘a whopping 120 W output for about 35 W 
drive. Both of these devices run on 28 V de, 


‘Summary 

As I've shown in this two-part series, 
there’s really nothing difficult about build- 
ing your own 903-MHz equipment—from 
the local oscillator to the final amplifier. 
sase of construction is a Vast improve- 
‘ment over what it was just a few years 
ago—and the 903-MHz band’s popuiation 
hhas grown as a reflection of that. See you 
‘on the microwaves! 


By Dave WA3J 


From QST, August 1988 


5-Watt Linear Amplifiers 
for 144 and 200 MHz 


‘any hams have 2-meter and 220-N 

hand-held rigs and low-power por- 
table SSB rigs these days. Unfortunately, 
many of these radios have limited useful- 
ness because of their Jow power output. 
Also, as hand-held radios get smaller, so 
do the NiCd packs that power them—a few 
Jong-winded transmissions on high power 
and the battery is dead! The low-power 
mode is usually good only for short-range 
simplex operation, or repeater use when 
you're close to the repeater. High-capacity 
battery packs are available for most hand 
held figs, but using them takes away the 
size and weight advantage of today's 
smaller hand-held transceivers. Some rigs 
offer the option of removing the battery 
pack and plugging the unit directly into 
I2-V de, which gives you a small, light- 
weight sig, but you're still stuck with rela 
tively low power, 

The solution to this problem is the addi 
tion of a linear amplifier, An amplifier 
after the hand-held transceiver or portable 
rig that can give you 25 to 30 W of output 
power (depending on the output of the driv- 
ingrig) without imposing large weight, cost 
and current-drain constraints is a great 
addition to your VHF station. An amplifier 
also allows you to use the same low-pow- 
cred rig in the house and in the ear with 
high power output. You can mount an 
‘amplifier under the seat or in the trunk of 
your car, and minimize the possibitity of 
theft by taking the radio with you when you 
leave the car, 


Amplifier Design 
‘The amplifiers described in this article 
are capable of 25 to 30W of RF output for 
the drive power available from common 
handheld and portable rigs. The 2-meter 
and 220-MHz designs are so similar that 
wwe can describe them both in one discus- 
sion. The differences in the designs are 
covered in detail, Design, assembly, tun 


Do you need more punch from your hand-held or 
portable rig for 2 meters or 220 MHz? These little 
amplifiers can supply it! 


ing and use of the amplifiers is virtually 
identical for both versions. Both versions 
even use the same PC board! (Note that vo 
Gifferene boards are shown in the lead 
photo—they were prototypes of the fmal 
board design.) 

‘Receiving preamplifiers are included in 
both units. They, too, are quite similar, dif- 
fering only in some component values. 

‘This power amplifier uses a single 
$D1274 bipolaeteansistor manufactured by 
Thomson Components/Mostek Corp.1 The 
device is operated class AB for all-mode 
operation. Nominal de power-supply volt- 
age is 13.8. The amplifier will operate on 
any de supply voltage between 12 and 14.5 
(the typical automobile supply voltage 
range). 

The main amplifier PC board isa micro- 
stripline design on standard. sse-inch- 
thick, double-sided, G-10 fiberglass-epoxy 
board. Input and output tuning capacitors 
are provided for maximizing gain and 
power output in a given band segment. If 


desired, the amplifiers can be tuned for 
broadband operation with only a slight re- 
duction in power output across the operat- 
ing frequency range. 

‘The 2-meter and 220-MHz amplifiers 
are narrow-band designs. The 2-meter ver- 
sion gives 25 W output for 2 W of drive 
from 138 to 150 MHz, with a single tuning 
setting, When tuned for naecaw-band 
‘operation, the amplifier gives about 20 W 
‘output for | W of drive. With the Kenwood 
TH-2IAT on high power, my 2-meter 
amplifier puts out 25 W. On low power, I 
can adjust the amplifier fora maximum nar- 
row-band gain, which gives about 7 to 8 W 
output. Efficiency is 50 to 60%. depending 
on tuning and power output. 

The tuning range of the 220-MHz am- 
plifier is 200 to 230 MHz, When tuned for 
narrow-band operation, the amplifier gives 
about 16 W output for |'W of drive. Driving 
the amplifier with my ICOM IC-3AT on 
high power (about 1.5 W), the amplifier 
Puts out 20 W. With the {C-3AT on low 
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careful when mounting the power transistor—see text for precautions, In the pans list below, values for the 220-MHz version are given 
in parentheses where they differ from those in the 2-meter version. Asterisks indicate parts Not used in the 220-MHz version. 


C1-15.nF, 6-V de. 

C2—470-pF disc 

C3—2-0F silver mica, 

C4, €23, C26—270- to 470-9F silver mica 
(oF Uneico. 

©8 270-0 470-9F (100 pF) siver mica 
‘or Uneleo, 

5, C7, C14, C16, C19, C24—0.01-nF 
disc. 

C6—0.22-uF disc. 

€9—43-pF silver mica or Unelco. 

C10—Arco 404-—4 to 60 pF (Arco 403—4 
to 40 pF), 

C11, C1S—1-uF, 15-V tantalum, 

€12-180-pF (120-pF) Unelco, 

613, C18—220-pF Uneleo. 

C17—68-pE (S1-pF) Uneloo. 

C20—10-uF, 35-V electrolytic. 

C2183 pF silver mica oF Unelco. 


power (about 130: mW), I can tune the am- 
plitier to give 4W output. Efficiency is 
about the same as the 2-meter version. 
The saturated power output for both 
versions is more than 35 W in FM opera. 
tion. The maximum FM power input is 
4.W. Minimum power input for proper RF 
sensed keying operation is 100 mW. 


‘The Power-Amplitier Circuit 


See Fig |. K1 is similar to relays used 
in VCR RF circuits. I have switched up to 
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©22—Arco 4044 to 60 pF (Arco 402— 
1.8 to 20 pF) 

©25—0.1-uF disc. 

€27—0.001-nF disc. 

C34, C35—25-pF (18-pF) Uneico. 

C36—10-pF trimmer. 

D1, D2—1Na148 or INGt4, 

03, D4—3 A001 oF equiv. 

D5—ECG 581 or equiv, 

DS1—LeD. 

FB—Ferrite bead 

K1—Omron L2N203-UA-DC12 DPOT. 


relay. 
L338 tums (1 turn) no. 18, closewound, 
0.2:in. (Hsin. ID. 


Q1—Thomsor/Mostek SD1 274. 
‘Q2—MPS-A13 NPN Darlington. 

Ri, R4—1.5-KO, 4 W. 
2800-42, 10-turn potentiometer. 


40 W at2 meters and 35 W at 220 MHz.with 
these relays. They present a good match to 
50 Q. The loss through the amplifiers 
(when not in use) resulting from these 
relays is less thar ¢ dB. This is typical for 
2emeter and 220-MHy amplifiers 

In addition to switching the transmitted 
and received signals, the relays also switch 
the dc supply voltage, In the transmit mode, 
KI switches 13.8 V de to the input of the 
bias regulator, UL. The regulator IC and its 
associated resistors (R7, R8) and bias 


10-0, % W. 

5—100-0 miniature potentiometer. 

6270-0, % W. 

BI, RB—10-0, 15 W. 

Ro*—15-0, 4 W. 

RFC1, RFG2, RFC4—0.47-4H molded 
choke. 

REC3"—0.15-pH molded choke. 

REC5—6 tus (5 turns) no. 16 enam, 
‘ain. 1D. 

RFC6—Vk200/48 ferzite choke. 

S1—Miniaturo SPOT toggle. 

Ut—LM317T voltage regulator 

Miscellaneous 

2 BNC oF N connector 

44% 1%-in, heat sink 

5-A fuse and in-line holder 

2 1-in, scrap of thin sheet brass. 


(see text) 


diode (DS) supply a stiffer bias voltage to 
the base of QI than the more-common volt- 
age-divider bias networks, This low-imped- 
ance bias source keeps the bias voltage eon- 
stant over the range of RE drive levels. With 
 voltage-divider bias network, bias voltage 
‘can be upset by the base-emitter rectifica- 
tion (self bias) developed by the RF driving 
signal. In such a case, over-driving the am 
Plifier causes the base bias to decrease, 
resulting in non-bnear amplification. This 
effect is fimited with the regulator-type bias 


Fig 2—Main PC-board layout 
for the 2-meter and 220-MHz 
amplifiers. Artwork is full scale. 
Because this is a microstripline 
design, do not change the 
geometry or routing of board 
traces. The board must be 
illed for rivets, mounting 
hardware and transistor 
mounting at the locations 
marked. The transistor 
mounting hole is 0.38-in 

diam and should be drilled at 
the + near the center of the 
PC board. All other holes, 
(except for the relay-mounting 
holes near the output micro: 
stripline) are for rivets and no, 
4-40 mounting hardware, 


circuit used in these amplifiers. 

TR switching is accomplished by an RE 
sensing cireuit. A small amount of RF is 
sampled by C3 and rectified by Dl and D2, 
which turns on keying transistor Q2. Q2, 
pulls in K1, which switches the amplifier 
into the line. 

When S1 is in the SSB position, a short 
drop-out delay is added in the RF-sensed- 
keying circuit to keep the amplifier keyed 
doring briet pauses in speech, This delay is 
adjustable by varying R3. In the FM post 
tion, no delay is needed. SI does not change 
the class of operation of QI—it merely 
switches in the delay circuit 

The switching relays are wired so the 
amplifier can remain in-line at all times, 
with or without the supply voltage con- 
nected. Applying the supply voltage allows 
you to use the amplifier and preamp. With: 
(ut the supply voltage connected, all trans. 
mitted and received signals pass through 
the amplifier 

‘The spectral output of these amplifiers 
fs quite good, but to ensure clean signals, 
T'veadded filters to the output of each unit 
Although there isn’t much extra room for 


the filter components inside the amplifier 
cabinet, you can mount them on the back 
cover or in another small enclosure, The 
filters, shown in the title photo, are very 
simple to build and tune, 


Construction 
Each amplifier consists of two PC 
boards: the power-amplifier board and the 
preamp board (if used). Afterthe PC boards. 
are etched, boles are drilled with a no. 50 
bit for installation of tinned grounding tiv. 
ets at all RF and de grounds (see Fig 2)2 
Install the rivets on the board as follows 
After inserting the rivets, flare the inserted 
end with an awl. Next, flatten the rivet by 
tapping it lightly with’ hammer, using an 
anvil or other sotid surface under the PC 
boardas a support. Solder the rivets on both 
sides of the PC board, Alternatively, pieces 
of wire can be soldered through the board. 
burbecause the wires will not be flush with 
the board, mounting the heat sink may be 
difficult 
Drill the holes for QI and the board- 
mounting screws as indicated in Fig 2. No 
mounting, 


holes are needed for eompones 


because all parts are mounted on the trace 
side of the PC board. All the components 
except the preamp board are mounted next. 
(The preamp board is mounted after the 
amplifier has been tested, 10 prevent pos 
sible damage to the preamplifier.) Connect 
a piece of miniature 50-Q Teflon® or 
RG-58 coaxial cable between KI and the 
amplifier-input mierostripline (see Fig 3). 

After drilling or milling holes for QU in 
4 suitable heat sink (see Fig 4), tap the 
‘mounting holes in the heat sink for no. 4-40 
hardware, and mount the PC board to the 
heat sink. Trim the four leads of QI to about 
half their original length to make mounting 

‘QI can be mounted in one of several 
ways. The distance between the underside 
of the Ieads of QI and the heat-sink mount 
ing area of Q1 is larger than the thickness 
of “hein, G-10 board material. Because of 
this, the heat sink must be milled (see Fig 
4), or small pieces of copper or brass must 
be soldered under each lead of QI to make 
up the difference in height. Alternatively, a 
second piece of G-10 material can be cut 
to the same size as the amplifier PC board 
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Fig —Parts-placement diagram for the VHF amplifiers. All parts are mounted on the foll-trace side of the PG board. The power- 
transistor mounting stud passes through the board and into the heal sink, D5 Is epoxied to the ceramic cap of Q1. F2 (30sure 
potentiometer) is epoxied to the PC board as indicated, with the pins facing up.0 


and used as a spacer between the PC board 
‘and heat sink. 

Be careful not to crack the hady of Qt 
witere the lead of the device meet it—this 
can release beryllium-oxide (BeO) dust, 
which is lethal. The leads of the transistor 
can be bent down slightly to the PC board 
without affecting RF performance, but 
never force them in the opposite direction 
alter the transistor has been tightened to the 
heat sink. Mount the transistor to the heat 
sink first, then solder is leads co the board, 
and not vice versa, Use thermally conduc 
tive compound between QI’s mounting 
surface and the heat sink 

Cut a piece of hobby-store sheet brass 
about as wide as the bias regulator IC and, 
twice as long as the body of the device. This 
will be a heat sink for the bias regulator 
‘When mounting the regulator IC, use ther- 
rally conductive compound between it and 
the brass sheet, and between the brass and. 
the main PC board. After tightening the IC 
hardware to the PC board, bend the brass, 
sheet in a U shape over the IC, leaving 
‘enough clearance for heat to escape between 
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the IC and the brass heat sink, This heatsink. 
arrangement can he seen near the bottom 
center of each amplifier in the lead photo: 
graph, 


The Preampliier Circuit 

The high gain and low noise figure (NF) 
of a GaAsFET preamp are not necessary in 
amplifiers in this power class, 1 designed 
the preamp circuit (Fig 5) 10 use an inex. 
pensive U3}0 FET, fe has more than enough 
gain to overcome the losses of the amplifier 
switching circuits and the feed line to the 
amplifier. The preamp has more than 12. dB, 
gain and noise figure of abou 2 dB. 

Witen $2 is closed, K2 closes, activat- 
ing the preamplifier by applying the de 
supply voltage to the drain circuit of Q3 
and to the preamp ON LED. DS2, In the 
transmit mode, Kt switches off the supply 
voltage to K2, allowing K2 to drop out 

‘The preamp circuit is optional. and 1 
didn’t include it on the main amplifier PC 
board. If you're nor going t build the 
preamp, solder foilstape or wire jumpers 
between the two points on the main ampli- 


fier PC board where the preamp connects 
during assembly, 


Building the Preamplifier 

‘The schematic of the preamplifier cir 
cuit is shown in Fig 5. As mentioned 
earlier, although some component values 
differ between the 2-meter and 220-MHz 
versions, the (wo are essentially the same 
in all ogher respects, Components that have 
different values for the two versions are 
marked with asterisks on the schematic 
and the parts list. Unlike the main ampli 
fier PC board, most preamp components, 
fare mounted through the board and sol- 
dered on the bottom side. The PC-board 
layout and parts-placement diagrams are 
shown in Figs 6 and 7, respectively. 

As with most FET VHF preamplifiers, a 
shield is necessary between the input in- 
ductor and the active device. Solder a pieoe 
of serap brass sheet to the ground roil b= 
tween these circuit elements. (This preamp 
shield can be seen in the right-hand ampli= 
fier in the lead photo, just behind L.1.) 

‘After building the preamplifier, tune it 
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Fig 4—Heat-sink drilling dimensions for the 


VHF amplifiers. Overall heat-sink size isn't 


eiiteal, but should be close to the dimensions shown. As an alternative to milling the 
beat sink to accept Q1, a piece of "Vien. double-sided PC-board material can be used as 


2 shim. Be careful not to stress the transist 


for maximum gain with a signal generator 
ran on-the-air signal. If one is available 
to you, use @ noise-figure meter and tune 
the preamp for best NF. 


Bullding the Output Filters 
built the output filters for each ampl 
fier on scraps of PC-board material. The 
sonstruction is shown in the title photo. 
After building the filters, it’s a 00d idea to 
tse some silicone sealant on the coil (espe- 
cially in the 2-meter filter) to hold the coil 
turns in place, Install the filter ina suitable 
enclosure, or in the amplifier cabinet, 
‘Totune the filters, you' llneed areceiver 
capable of receiving the second harmonic 
of the fundamental (288 MHz for the 2- 
meter filter, and 440 MHz for the 220-MHz 
filter), and a signal generatos or an on-the- 


(or leadsto-body connections during mounting, 


air signal. Connect the filter between the 
antenna (or signal generator) and the 
receiver, and tune C36 for minimum sec- 
ond-harmonic signal level 


Enclosures 

Tused the main amplifier PC board as 
the top cover for the unit (with the heat sink 
‘mounted on it). !made the sides and bottom 
cover of the enclosure from PC-board 
material. The side walls are soldered to the 
amplifier board, and the bottom cover is 
attsched to the side walls with small brack- 
ets (also made of PC-board material) 
soldered to the bottom cover. Alternatively, 
the amplifier can be mounted in an alu 
num enclosure. 

Although I used BNC connectors for RF 
input and output, N connectors can also be 


used. Make the connections from the input 
connector to the PC board with a piece of no, 
16 wire or a '/i-inch-wide strip of brass to 
the input microstripline. Atthe output, con- 
rect de-blocking capacitor C26 between the 
microstripline and the antenna connector. 
Check the board for proper component 
placement and good solder joints, and get 
ready to tune up the amplifier! 


‘Amplifier Tune-Up 

‘As with the amplifier-cireuit design and 
description, the tune-up procedure is very 
similar for both. The only difference is the 
exeiter you use. Here's how to tune either 
version. 

Disconnect RFCS from the base of QL 
Connect a voltmeter to the free end of 
RFC4. Apply 13.8 V de to the amplifier 
supply voltage leads. Using the voltmeter, 
verify that RS is mounted so that output of 
Ul increases with clockwise rotation of RS. 
‘Turn RS fully counterclockwise (minimum 
Ul output voltage). Reconnect RFCS. 

Set the quiescent (no-drive) current to 
Ql as follows: Disconnect one end of RFC6 
and connect an ammeter in series with it 
Apply 13.8 V de to the amplifier through a 
5-A fuse. Turn the preamp off. Do not apply 
RF driveduring this adjustment. Using aclip 
lead, ground the collector of Q2. This should 
actuate KI. Check the TX LED, DSI, for 
operation. (If KI actuates and the TX LED 
does not light, the LED may be installed in 
reverse.) Slowly adjust R5 for an idling cur- 
rent (through RFC6) of 75 to 100 mA. The 
amplifier should be stable; instabilities are 
indicated by erratic variation of QU's quics- 
cent current as R5 is adjusted. 

Disconnect the ground lead of Q2. QI's 
collector current should drop to zero. Ifthe 
collector current does not drop to zero, the 
amplifier is unstable. If all is well, remove 
the ammeter and reconnect RFC6. If the 
amplifier is unstable, cheek all bypass ca- 
pacitors and solder connections. 

‘Apply about 100 mW of drive to the 
amplifier and check that the COR and 
delay circuits work properly. Adjust C10 
and C22 for maximum power output 
Increase drive power and retune for 
Moximum output, After fmal assembly, 
‘une the amplifier forthe desired frequency 
and power level. 


Final Assembly 

‘The preamplifier board can now be in- 
stalled on the main PC board. Mount the 
preamp on its edge (refer to the title photo 
and Fig 3) and solder the input and output 
microstriplines in place. Solder the ground 
foil of the preamp board to the ground foil 
of the main board in a few places to support 
the preamp board. Connect $2 and DS2 to 
the preamp board with hook-up wire (see 
Figs 5 and 6 for connection points). Apply. 
power and check for proper operation of 
82, K2 and DS2, 

‘The enclosure can now be painted if you 
wish. Use masking tape to cover the con- 
nectors and heat sink. (Mount the LEDs and 
switches after painting.) You may want to 
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Fig 5—Schematic of the preampiier 

circuit, K2 is identical to K1 on the main 

‘amplifier board. S2 and DS2 are mounted 

fon the front panel of the amplifier. Jn the 

parts list below, values for 220-MHz 

Version are given in parentheses where 

they differ from those of the 2-meter 

version. 

©28, C28, C33—-0.01-nF disc. 

€30—2-pé silver mica. 

31, C32—20-pF timmer. 

Ds2--LED, 

De—t Na0o1 

U1, L2-S tums (4 turns) no. 18 enam, 
On. ID. 

K2—Omron LZN203-UA-DC12 DPDT 
relay. 

‘a3—Uai0 FET. 

RIO—1.5k0, "4 W. 

Rit 91-02, % W. 

RFC7, RFC8—0.47-1H molded choke. 

S2—Miniature SPDT toggle 

Miscellaneous 

1x Je-in. strip of thin sheet brass 
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PC board, most of the preamplilier components are mounted on the non-trace side of the 
board, 
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Fig 7—Parts-placement diagram for the VHF preamplifier. Mount all components on the 
Uunetched ground-plane side except for C30 and C31, Use a drill to clear the foll away 
{rom all mounting holes on the ground-plane side of the board (except for through-board 
ground connections). Solder all ground cannections on both sides of the PC board (see 
{ext for rivel-instaliation instructions). Solder a brass-strip shield to the ground foil 
between L1 and Q3 on the component side of the PC board. 


add stick-on rubber feet to the bottom cover 
to keep it from sliding around and being 
seratched, 


with my Kenwood TH-21AT hand-held 
and ICOM IC-2028 SSB/CW transceiver. 
Tse one in my shack and one mobile— 
both at more than 25 W output, I drive the 
220-MHz version of the amplifier with an 
ICOM IC-3AT (in its high-power mode), 


Amplifier Operation 
The 2-meter amplifier works very well 
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Limit the amplifier power output to 
25 W during linear operation. All SSB 
amplifiers have a rated linear power out: 
Put that should not be exceeded, even 
though the amplifier may be driven above 
that level, To keep your signal clean, do 
not overdrive any amplifier. For exciters 
with fixed power outputs that would over 
drive the amplifier, use the loss of a length 
of RG-58, or a discrete attenuator, between 
the radio and che amplifier to prevent over- 
drive. The gain ofthe preamplifier (ifused) 
will overcome the attenuator or cable loss 
during receiving 

‘When using any amplifier or transverter 
in the shack, itis a good practice to “hard 
key" it, Hard keying is simply forcing the 
amplifier or transverter into the transmit 
mode with a switch closure or an applied 
voltage. To do this, run a keying line from 
the exciter to the amplifier, (Ground the 
collector of Q2 to hard key these amplifi- 
ers.) Ladded a phono jack to the 220-MH2 
amplifier to facilitate hard keying, If a 
positive voltage is used for keying, @ 
2N2222 transistor inverter can be used 
between the transceiver and the collector 
of Q2 (see the inset in Fig 1). 


‘Summary 

These amplifiers have served me well 
in the car and at home. After building one 
of these amplifiers, you'll probably find 
what I did: They're so handy to have 
around, and so easy to build, that you can’t, 
build just one! 


Notes 

{Thomson Components/Mostek Corp, Sem 
conductor bivision, commerce Dr, 
Montgomeryville, PA'8966. Thomson tran’ 
Sisow are avaiable through RF Gain Li 
4100 Merrick Rd, Rockvile Genter, NY 11570, 
{ol 516-596-8868 or 800-645-2002. 

2The following parts are available from Fron. 
tier Microwave, RD 1 Box 467, Oltsvile, AA 
18942: 100s tinned rivets: $2; relays (K1, 
2). 2 for $8, Prices! incuge shipping. The 
ARRL and GST In no way warrant ins offer, 


By Davi 


D. Meacham, W6EMD 


From QST, April 198: 


A High-Power 2-Meter 
Amplifier Using the 
New 3CX800A7 


Tired of hearing exotic DX on 2 meters but not being 


the 3CX800A7 triode recently an- 

nounced by Varian EIMAC has a plate 
Aissipation rating of 800 W and modest 
‘cooling requirements. Its oxide cathode 
gives high emission with only 20 W of 
‘eater power. With full ratings up to 350 
MHz, this tube is a scaled-up version of 
the 8874 — a proven performer in amateur 
and commercial gear 

“The amplifier described here is based on 
design presented by Raymond F. Rinaudo, 
W6ZO, in January 1972 QST. Most of the 
changes in the new amplifier (Fig, 1) are 
designed to accommodate the larger size of 
the 3CX800A7 and its attendant higher ca 
pacitances and currents. A plate-current 
neler is not included because my station 
power supply isalready well metered. How- 
ever, there is room on the front panel of the 
amplifier for a plate-current meter if an- 
other builder wishes to add one. Other 
changes to Rinaudo’s design are minor 


Construction 

‘The amplifier chassis is mounted on a 
standard 19-inch wide, 544-inch-high alu: 
minum rack panel (Bud No. SFA-1833).! A 
$x 13x3-inch aluminum chassis (Bud No. 
AC-422) is spaced 1'/ inches behind the 
panel by two aluminum end brackets. 
A 3! x 4! x I-inch aluminum chassis, 
(Bud No. AC-1402) houses the input cir- 
cuitry and is mounted on the larger chassis, 
between it and the front panel. The right- 
hand end bracket has a large lip on the rear 
for mounting the heater transformer 
and connectors. Fig. 2 shows mechanical 
details of the chassis and end brackets. The 
eabinet chosen is a lightweight aluminum 
unit made by TenTee (No. 19-0525). 


able to work it? Build this ampli 


ier, and you'll transform 


your pip-squeak signal into a real rockcrusher. 


Input Circuit 
In the cathode-driven configuration, the 
input impedance of the 3CX800A7 appears 
sa nominal capacitance of 26.5 pF in par- 
allel with a resistive component that varies 
with operating conditions but is typically 
about 49 ohms. The computerdesigned in- 
put circuit of this amplifier operates at a 
loaded Q of about 2.1. It can be set any. 
where in the 2-meter band for a VSWR 
of less than 1.3:1. Cl and C2 are predomi 
nantly matching and tuning controls, 
respectively: there is some interaction 
between them, however. When the input is 
tuned at 144.5 MHz, the input VSWR will 
he less than 1.4:1 from 144 t0 145 MHz, 
The tube socket is an EIMAC SK-1900 
ora Johnson part No. 124-311-100. Its cen- 
ter is mounted 2 inches from the end of the 
input box, adjacent to the mounting 
bracket. The tube pins and input circuit are 
cooled by asmall amount of air admitted to 
the input box from the pressurized output 
box. Three holes, made with a no. 50 drill, 
provide adequate flow. These holes are 
spaced in a close triangle and are located 


diagonally across from the variable capaci: 
tors. Air exhausts through the tuning holes, 
Fig. 3 shows details of the input circuitry, 

‘The heater circuit includes two chokes, 
feedthrough capacitors, the filament trans 
former, a voltage-dropping resistor and a 
switch. The chokes are wound with a turn- 
to-turn spacing of about one-half the wire 
diameter. They are self-resonant (parallel 
resonant) just above the 2-meter band, 
Nominal heater voltage for the 3CX800A7 
is 13.5 V. The closest available commer- 
cial transformer has a 14.0-V secondary, 
so R3 is used in the primary. Switching is 
set up so that the blower must ke on before 
the heater can be activated, Conversely, 
this arrangement allows the blower to be 
left on after switching off the heater—a 
highly recommended practice, 

Cathode bias is provided by a 5.1-V 
Zener diode, D3. RI prevents the cathode 
voltage from soaring if the Zener fails. F2 
will blow if excessive cathode current is 
drawn, R2 nearly cuts off plate current on 
receive. Because the grid is at de ground, 
the negative supply lead must be kept above 
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‘Without social relationships — With socal relationships 
Service L = Services 


Service? Service 4 


Figure 15: VO discovery time for four different services with or 
without social relationship utilization. 


“Without social relationships — With socal relationships 


1 Service 1 1 Service 3 


Service 2 Service 4 


FiguRe 16: Task completion time required for each service with or 
without social relationship exploitation, 


realized that the services can considerably reduce the time 
of object discovery and execution by using the relationship 
model. ‘This is due to the fact that with social association 
among web objects a service does not have to query the 
registry for all VOs and rather VOs in the same social graph 
are utilized. Also, VOs collected observations are shared to 
save the service time for probing each VO. To view this, 
Figure 16 shows the overall time required for services to 
execute their tasks. An important factor to notice here is that 
the overall task completion time is also affected when social 
links are used to collect observations from VOs that are used 
in the service execution. 


5. Conclusion 


‘The Internet of Things is bringing the next technological 
revolution by connecting billions of objects on the earth and 
providing intelligent loT services, However, italso carries two 
most important challenges: the first one is the complexity of 
handling a huge number of heterogeneous objects and the 
second one is how to deal with the monolithic approaches 
for providing services over existing IoT infrastructure. To 
address these challenges, we have proposed an integrated 
design based on the principles of SloT, where the complexity 
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has been handled using socially connected web objects; 
to overcome the monolithic approaches, microservices that 
can compose new service features independently have been. 
adopted. In the proposed design, a social relationship model 
has been presented, which enables the efficient discovery of 
‘web objects and reduces the complexity of service provision- 
ing process with the algorithms to discover and compose web 
objects. A semantic ontology model has also been developed 
to realize the interoperable social interaction among hetero- 
geneous objects. Finally, a prototype implementation based 
ona use case scenario has been demonstrated; to evaluate the 
system with respect to the performance issues, experimental 
results pertaining to the VO discovery and service execution 
time have been rendered. 


Details of Notations Used in Algorithms 


Bip: Service object ontologies based on 
semantic representation where ¢) isa 
replacement for M,, which represents 
microservices M, which represents CVO 
and M, are VO ontologies 

TI: Collection or list of all relationships that 
are retrieved from service objects, 

Tiy: List of the objects that do not have a 
relationship or are not associated 

§; Social relationship graph of abjects 

U: Correlation union of templates 

U7: Allservice objects returned in response to 
the query request 

7: Allobjects returned in response to the 
query request 

u: The single instance iterated from the 
collection of microservices 

M: Data model based on the specified 

ontology, where EM, represents service 

data model, EM, represents context data 
model, and user profile model is 
represented as EM, 

SPARQL query to retrieve the available 

service templates for user rating 

SPARQL query to retrieve the relationship 

associated with services 

+ Registry entries of service objects 

Cy: Relationship associated with CVO 

Vj: Relationship associated with VO 

Ri: All possible relationships that can be 
associated with CVO 
All possible relationships that can be 
associated with VO 

O,: Iterator object instance for iterating the list 
of CVO and VO objects 

Z: Set of objects’ social relationships 

oi: Iteration item of the lst of service objects 

Ai: An instance of iteration items in the list of 
service objects 

1h, List of all matched service items 

@i: An instance of iteration items in the list of 
matched service items 
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Fig, 1 — Schematic diagram of the SCXB00A7 ampiter. 


B1 — Blower (Dayton 40012 or equiv.); s0e text. 

C1, C2 —1.7-14.1 pF air variable (E. F. Johnson 189-505-4 or 
equiv.) 

€3—500pF, 1.KV dise ceramic. 

C4, 05, C6 ~ Ceramic feedthrough, 1000 pF, 500 V 
(Erie 357-001) 

C7 — EMI feedthrough titer, 1500 pF, 2.5 KV (Erie 1280-060). 

C8, C9 — 50 pF, 7.5 KV, NPO (HEC HT-50 852) 

C10, C11 — See text. 

D1, b2 — 1Na001. 

D3'— Zener diode, 5.1 V, 10 W (1N3996A), 

DS1 — NES1 in holder with bull-in dropping resistor. 

F1— Slow-blow fuse, 2 A (Buss MDL-2 or equ) 

F2—1.5 A fuse (Buss AGC 12 or equiv). 

J1 — BNC bulkhead feedthrough connector (UG-492 A/U), 


“2 Type N female connector pat of C10 assembly — see 
tex) 
43, J — High-voltage connector (Millen $7001 or equiv.) 
Lite tums no. 16 tinned wire, ‘/-in ID, "ein tong. 
L2— 6 tums no. 16 tinned wire, “in 1D, "hein tong. 
LG — Plata ling, 1%/« in wide, 8s in long, See text and Fig. 4 
Fil, 4 — 200 ohms. 12 W. 
Re'— 10 ko, 12.W. 
3 — 35 ohms, 12 W. 
5 — 50 ohms, 50 W. 
RCI — 1.0 jt choke, 300 mA (Miller 4802) 
REC2, RFC3— 11 turns no. 20 HF wire on Yin Nory! rod 
RFC4'— 10 turns no. 16 tinned wire, "/=in ID, 1%/sin long, 
Ti — Filament transformer, 14,0-V, 2-A secondary 
(Triad F-215x or equiv.) 


ground for grid-current metering by ML 
R4 keeps the negative side of the plate 
supplyirom rising if MI, DI and D2 all 
open up. DI, D2 and C3 protect the meter 
from transients and RF voltages. 


Output Circuit 
‘The output tank circuit isa silver-plated 
quarter-wave strip line (Fig. 4) foreshort- 
ened by the tube, loading and wning 
capacitances at, and near, its open end. It 
operates at a loaded Q of approximately 
20. The silver-plated anode collet (Fig. 4) 
is made of 0.062-inch-thick brass sheet 
‘with Teeh-Etch 134B finger stock soldered 
oon the inside. it is supported by two 
‘Teflon® standotts Ys-inch in diameter and 
1 inch long. At the far end of the line, 
silver-plated shorting block contacts the 
chassis and the strip line. This. block 
(Fig. 4) is made from ’/w-inch-thick brass 
1'5/ inches wide and | inch high. EIMAC 
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CE-800 fimger stock is screwed and then 
soldered on both top and bottom, The chas- 
sis and stripline are both slotted to allow 
Sie inch of shorting-block travel to set the 
tuning range of the capacitive-tuning 
paddle, A I-inch-long Teflon standoff sup 
ports the center of the line. 

The tuning (C11) and loading (C10) 
paddles are 1°/.-inch-diameter dises made 
from silver-plated, ‘/is-inch-thick brass, 
They are spaced 1°% inches center-to-cen- 
ter. The output loading paddle is nearest the 
tube, and its center is 1'/e inches from the 
tube cooler surface, Spacing between the 
paddle and line during operation is about 
0.135 inch. The output taning boss, EIMAC 
part No. 720362, is tapped for a 
‘4-28 threaded rod. The output loading con- 
trol and output connector are two separate 
EIMAC assemblies combined into one unit 
‘They are available from EIMAC as Support 
Assembly No, 720361 and Sliding Probe 


Assembly No. 720407. For this amplifier, 
the outer conductor was lengthened to reach 
the front panel. The grid collet is also avail- 
able from EIMAC as part No, 720359. 

In addition t0 RFC4 and feedthrough 
capacitor C7, an energy-absorbing resistor 
(R5) is wired in series with the de plate 
supply. This resistor will protect the tube 
and power supply in the event of a 
highvoltage arc. It provides necessary pro 
tection while dissipating only 12.5 W at 
500-mA de plate current. 


Cooling 

The blower specified provides a mea~ 
sured 25 CFM airflow through the output 
box and tube cooler at 0.42 inch of water: 
column static pressure. This amount of 
cooling is sufficient for 800 W of plate dis. 
sipation at sea level with inlet air tempera- 
tures upto 35°C. Itisadequate for the same 
dissipation at 5000 feet of altitude with 


itlet-air temperatures up to 25° C. 

‘Not evident from the photographs is the 
‘are taken to separate outgoing hot air from 
incoming cool air. This is accomplished by 
the addition of a simple dividing wall 
inside the cabinet running from the rear 
‘chassis cover of the output box to the rear 
‘of the cabinet. The material used is rigid 
fiberglass insulation — the kind you cat 
With a saw. It provides a measure ofblower- 
noise suppression im addition to assuring 
00 inlet air 

Hor air leaving the anode cooler is di- 
fected to a homemade “honeycomb” RFI 
filter through a chimney made from rolled- 
up Teflon sheet, The filter is made of brass 
tubing and sheet with the honeycomb 
material soldered in place. See Fig. 5 for 
construction details. This filter acts as 9 
waveguide-beyond-cutoff having high 
‘tenuation at 144 MHz, 

The equation for calculating attenuation 
‘Wy this type of filter is, 
A= 32 Did (Eq. ) 
where A, = aperture attenuation (4B), D = 
Aength of pipe, and d = inside diameter of 
pipe. In this case, the “pipe” is each cell of 
the honeycomb. The basic material for the 
honeycomb is cadmium-plated brass heat- 
tadiator core.? Eack hexagonal-shaped cell 
has widen detween flat sides (diameter) of 
0.100 inch, The material is %-inch thick. 
Plugging these values into the equation 
yields an A, of 160 dB—more than enough! 
From a practical standpoint, it is usually 
sufficient to make cell length at least three 
times the nominal cell diameter. 


Tune-up 

Initial work may be done with a dip 
meter, particularly on the output circuit 
With che tube in place, but with no voltages 
applied, the shorting block on the end of 
the plate line should be set to give a paddle- 
tuning range that straddles the desired 
operating frequency. Bear in mind that 
when the tube is “hot.” the resonant fre- 
guency will be somewhat lower than it is 
without electron flow. 

‘The input-tuning capacitor can be dip- 
smeter resonated with the matching capaci- 
{or set at one-half mesh for a start. Further 
‘work here must be done “hot” witha VSWR 
‘measuring device on the input. 

Set the initial spacing between the out- 
‘pot paddle and the plate line to'/-inch. Con- 
feet the output to a 50-ohm dummy load 
‘capable of handling at least 700W at 144 
Mz through an accurate VHF wattmeter, 
‘such as a Bird model 43. Connect 2 driver 
‘capable of delivering about 20 W to the in- 
pot through a VSWR-measuring device. 

‘The heater of the 3CXBOOAT should be 
sun for at least three minutes before apply- 
ing plate voltage. After the warm-up, short 
the TR terminals and apply about 1000 V to 
the plate. This should result in a small 
amount of idling plate current. Next, apply 
enough drive to produce a rise in plate cur- 
rent, and adjust the plate tuning for a peak 
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Fig 2—Mechanical details of the chassis and end brackets. The end brackets are made 


from 0.032-in aluminum, 6082 alloy or softer. 


in output power. Now tune and matci the 
input circuit for minimum input VSWR. 
Next, adjust the output loading paddle for 
‘maximum power output while keeping the 
plate current dipped with the plate tuning 


paddle. Apply full plate voltage and higher 
drive power, and then repeak the output 
tuning and loading controls. Touch up the 
input tuning and matching, and the ampli- 
fier is ready for service. 
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Fig 5—Mechanical details of the exhaust 
air RFI filter. The honeycomb material is 
soldered inside a 2%/in OD, 0.065-in wall 
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Fig 4 — Mechanical details of the plate 
line, anode collet and shorting block. 
or The plate line is made from 0.032-in- 
vane 1-86" thick silver-plated brass, although 
— 4 copper or aluminum (5082 alloy or 
solter) of the same thickness may be 
Used. The lip on the plate line is 
screwed to the one end of the blocking 
capacitors. The anode colle, which ig 
made from 0.062-in-thick silver-plated 
brass, is screwed to the other ends ot 
the biocking capacitors. Tech-Etch no. 
14B finger stock soldered around the. 
Inside of the anode coilet grips the 
‘SCX800A7. Finger stock on the silver 


good contact between the chassis and 
Plate line. 
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Fig 6—Various views of the completed 3CX800A7 amplifier. 


Fig 7—Rear view of the amplifier with the 
plate-compariment cover in place, Note 
the honeycomb RFI filter at the hot-air 
exhaust 


Table 1 
Operating Conditions for the 
3CXB00A7 Amplit 

Plate supply voltage 2200 
Zero-signal plate current” 65 mA 
SSingle-tone phate current 500 mA 


Grid bias (Zener bias) 5.1 V 
Single-tone grid current” 40 mA 
Driving power 18.5 W 
uiput power 707 W 
Gain 15.808 
Efficiency" 64% 
"Values ay vary considereby fom tube to 
lube. 


*-Aciual tube efficiency is about one percent 
higher because of power loss in the 50- 
‘hin series resistor in the plate lead (FS), 


A few words of caution are in order. Re 
member that the heater voltage must never be 
applied without the blower running, and that 
the heater must warm up at least three min- 
utes before applying plate voltage. Never 
exceed 60-mA de grid current, even during 
tune-up. Also, because of the relatively low 
_rid dissipation of the 3CX800A7, RF drive 
must never be applied unless plate voltage is 
applied to the tube and a suitable load is con- 
nected to the output. Following these simple 
rules will substantially increase tube life and 
amplifier reliability 


Typical Operating Conditions 

With Zener-diode bias, the 3CX800A7 
is best operated in Class AB2 for linear 
service. The data in Table I represent mea- 
sured performance in finear service at 144 
MHz, Complete data sheets are avilable 
from EIMAC. This amplifier is easily ca- 
able of conservative operation at 700-W 
output. Two of these tubes will run at the 
1500-W output legal limit 

This amplifier uses straightforward 
construction techniques and is easily du- 
plicated. Any builder will be rewarded with 
great deal of satistaction and a reliable 
amplifier. 


Not 

mmm = in x 25.4; m = fx 0.9088. 

20ne source for the honeycomb radiator core 
‘material is Technit West Division, 320 North 
Nopal St, Santa Barbara, CA 93103. 
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From QST, December 1994 


The Quick Powerhouse 


Tired of missing a new grid square while waiting for 
your amplifier to warm up? Build this almost-instant-on, 
1.2-kW linear power amplifier for 2 meters. 


's that typical, early summer afternoon, 

when, out of the blue comes co-channel 
interference to the low-band (channels 2 
through 6) TV channels. Time to turn on 
the 2-meter receiver. Whoops! There's @ 
sporadic-E opening, and stations are boom- 
ing in from over 1000 miles away. Quickly, 
Thit the switches to warm up my linear 
amplifier. Time marches on, and now the 
amp is ready—only took 3 or 4 minutes 
But that juicy, far-away clatter via sporadic 
Eis gone! Woe is me! 

Having had this happen more than once, 
Iwas delighted to find that Eimac was pro 
ducing anew tube with an almost-instant- 
warm-up filament that functions well at 
‘2 meters—the 3CX120027." The 27 is dif 
ferent from the 3CX 12007 by virtue of its 
external grid ring, redesigned anode assem- 
bly and a 6.3-V ac filament, One advantage 
tothe 3CX 120027 is the wide range of plate 
voltages that can be used, from 2000 to 
5500. This amplifier looks much like the 
easily duplicated W6PO design.” except for 
the plate collet and the addition of some 
control circuitry. The plate collet is adepted 
from the W6PO 222-MHz design.® The RF 
deck is a compact unit, designed for table 
top use (Figure 1). Table I gives some data 
con the 3CX1200Z7; Table 2 lists CW oper- 
ating performance for this amplifier. 


Input Circuit 
The tuned-filament T network matches 
the 50-2 drive source te the filament input 
impedance, providing a very low input 
SWR. Tuning is easy and docile. Grid 
bias is provided by an 8.2-V, 50-W Zener 
diode. Cutoff bias is provided by a 10-2, 
25-W resistor. A relay on the control board: 
shorts out the cutoff-bias resistor, to place 
the amplifier in the TRANSMIT mode. 

T didn’t use a tube socket. Instead, 1 
bolted the tube directly to the top plate of 
the subchassis, using the four holes (drilled 
tocleara #6 screw) in the grid flange. Con- 
nections to the heater pins are via drilled 
and slotted brass rods. The input circuit is 
contained within a 3'/2x6x7'-inch (HWD), 

hassis (Figure 3), 

Chapter 2 


Figure 1—Ths table-top 
2-meter power amplifier 
Uses a quick-warm-up 
tube, a real plus when 
the band suddenly 
‘opens for OX and you 
want to join in 


Table 1 
3CX120027 Specifications 
‘Maximum Ratings 

Plate voltage: 5500 V 

Plate current: 800 mA 

Plate dissipation: 1200 W 

Grid dissipation: 50 W 


Table 2 
CW Operating Data 

Plate voltage: 3200 V 

Plate current (operating): 750 mA 
Plate current (idling): 150 mA 
Grid current: 165 mA 

BC Power input: 2400 W 

RF Power output: 1200 W 

Plate dissipation: 1200 W 
Efficiency: 50% 

Drive power: 85 W 


Input reflected power: 1 W 


Control Circuit 

The control circuit (Figure 4) isa neces- 
sity. It provides grid overcurrent protec 
tion, keying control, and filament surge 
control. To protect the tube filament from, 
stressful surge current, a timer circuit 
places a resistor in series with the primary 
of the filament transformer, After four sec- 
nds, the timer shorts the resistor, allow- 
ing full filament voltage to be applied. C2 
and R4 establish the time delay. 

Another timer inhibits keying for a total 
of 10 seconds, to give the internal tube tem 
peratures a chance to stabilize, CI and R3 
Getermine the time constant of this timer, 
After 10 seconds, the amplifier can be 
keyed by grounding she keying line. When 
the amplifier is not keyed, it draws 20 
plate current. When keyed, idle current is 
approximately !50 mA, and the amplifier 
only requires drive to produce output, A 
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Figure 3—This view of the cathode-circult compartment 
‘and filament chokes. 


shows the input tuned circuit 


Figure 2—Schematic diagram of the 2- 

meter ampiifier 

C1-C4—100 pF, 5 kV, type 850 

51000 pF, 5 kV 

(C6—Anode-tuning capacitor; see text and 
Figure 6 for details 

(C7—Output-loading capacitor; see text and 
Figure 7 for details 

©8-C10—1000-pF siver mica, 500 V 

C11—30-pF air variable 

C12—0.04 uF 1 kV. 

Di—1000 PiV, 3-A diode, 115408 or equiv 

D2—8.2-V, 50:W Zener diode, ECG 5249A, 

J1—Chassis-mount BNC connector 

‘J2—Type-N connector fitted to output 
‘coupling assembly (see Figure 7) 

U1, L2-Plat lines; see text and Figure 6 
for details 

L35 tno. 14, Yeinch diameter, close 


wound 
LA=3 tno. 14, */einch diameter, ‘/-inch 
spacing 
RFCI—7 t n0.14, Shinch diameter, 1% 
inch long 


RFC2, RFCS—10 t no. 12, 
ich diameter, 2 inches long 

Ti—Filament transformer. Primary: 120 V; 

secondary: 6.3 V, 25 A, center tapped 

Available from Avatar Magnetics 

(Ronald C. Williams, WOJVF, 240 

Tamara Tral, Indianapolis, 1N 46217, 

817-783-1211); part number AV-539 
Mi—Grid miliammeter, 200 mA de (ull 

scale 

M2——Cathode ammeter, 2 A de full scale 
MOTI —140 free-air cfm, 120-V ac 
blower, Dayton 4442 or equivalent. 

‘Sourees for some ofthe “hard to get parts” 

Fair Radio Sales, 1016 € Eureka, Lima, 
(OH 45802, tel 419-227-6573; 

Surplus Sales of Nebraska, 1502 Jones 
Street, Omaha, NE 68102, tel 402-346- 
4750, 


safety factor is built in: the keying circuit 
requires +12 V from the high-voltage sup- 
ply. This feature ensures that high voltage 
is present before the amplifier is driven, 
‘The grid overcurrent circuit should be 
set to trip if grid current reaches 200 mA. 
‘When it trips, the relay latches and the 
NORMAL LED extinguishes. Restoration 
requires you (o press the RESET switch. 


Plate Circuit 

Figure 5 shows an interior view of the 
plate compartment.The anode collet is pat- 
terned after the one used in the W6PO 222. 
MHz. amplifier. The differences are small 
‘A 4x247«-inch tuning capacitor plate and a 
2x2-inch output coupling plate are cen- 
tered on the collet.These parts are the same 
size and shape asthose used on the 2-meter 
W6PO amplifier. The remaining difference 
is the diameter of the hole for the 
3CX1200Z7 anode. Sufficient clearance 
‘must be left for the fingerstock. The hole 
diameter will be approximately 3°% inches, 
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Figure 4—Schematic diagram of the amplifer-control circuits. 


63~0.47-uF, 25-V tantalum capacitor 

1D1-D5—1N400i or equivalent | 

D&—1N4007 or equivalent 

DS1—Yellow LED 

DS2—Green LED 

DS3—Red LED 

K1—Keying-inhibit relay, DPOT, 12-V de 
‘col, 1-A contact rating (RadioShack 


K4—Grid-overcurrent relay, DPOT, 
42-V de coil, 1-A contact rating 
(RadioShack 275-249 or equivalent) 

Q1, Q2, Q5—2N2222A or equivalent 

‘Q3_-MPF 102 or equivalent 

(Q4--2Ng8I9 or equivalent 

Si—Normally closed, momentary 
pushbutton switch (RadioShack 
275-1849 or equivalent) 

Ti—Power transformer, 120-V primary, 
18-V, T-A secondary 

U1—+12 V regulator, 7812 or equivalent 
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C1-C4 and the 
output coupling 
assembly. 


as amar 1 Yee 
meaner tee same i 
eae" = 
tt Figure 7— 
et H-+-| | Blgue 7 
at 2 the output 
rats coupling 
~ [olf LJ} ft sesomy 
wre | © Md yer 
aa Ni 
at bene : 
Figure 6—Plate line details. ns 
20¥ is) 
oo! 
a nev 
+ 
ny 7 
inv savee 
wey 
ay 
+ as 
PA J 
ne os %SEcono Tae 
tev 
pk 
(YYY 1p a2 
t 
i eee ee 


Figure @—Schematic diagram of the high-voltage power supply recommended for use with the power amplifier. 


D1-D4—Strings of 4 each, 1000-PIV, 3-A 
diodes, 1N5408 or equivalent 

KI—OPST relay, 120-V ac coll, 240-V-ac, 
20-A contacts (Midland Ross 

187-821200 or equivalent) 

K2—SPDT miniature relay, 12-V de coil 
{Radio Shack 275-248 or equivalent) 

Mi—High-voltage meter, 5 kV de full scale 


(1-mA meter movement used with series 
resistors shown in drawing) 

MOT1—Cooling fan, Torin TA-800 or 
equivalent 

Q1~2N2222A or equivalent 

Q2—MPF102 or equivalent 

S1—20-A hydraulicimagnetic circuit 
breaker (Potter and Brumfield 
W68X2Q12-20 or equivalent) 


T1—High-voltage power transformer, 
240-V primary, 2250-V, 1.2-A secondary 
(Avatar AV-538 or equivalent) 

T2—Stepdown transformer, Jameco 
4112125, 240-V to 120-V, 100 VA 

T3-Power transformer, Jameco 104379, 
120-V primary; 16.4 V, 1-A secondary 
(halt used) 
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Figure 6 is a drawing of the plate line and 
Figure 7 isa drawing of the output coupling 
asssembly. 


Cooling 

The amplifier requires an air exhaust 
through the top cover, asthe plate compart- 
ment is pressurized. You can fashion a 
chimney from a 3'/-inch waste-water cou: 
pling (black PVC) and a piece of '/2-inch 
thick Teflon sheet. The PVC should extend 
down from the underside of the amplifier 
cover plate by 1's inches, with the Teflon 
sheet extendiag down °/s inch from the 
bowcom of the PVC. 

The base of the 3CX1200Z7 is cooled 
by using bleed air from the plate compart- 
Ment, which is directed at the tube base, 
through a/e-inch tube set into the sub-chas” 
sis wall at a 45° angle 

‘The recommended blower will supply 
more tban enough air for any temperature 
zone. A smaller blower is not recom- 
mended, as it is doubtful thatthe base area 
will be cooled adequately. The 3CX 120027 
filament draws 25 A at 6.3 V! It alone 
generates a great deal of heat around the 
tube base seals and pins, so good airflow is 
critical 


Construction 
‘The amplifier is buily io a 12x12x10- 
inch enclosure, A 12x10-inch partition is 
installed 7'/ inches from the rear panel. The 
area between the partition and the front pane! 
contains the filament transformer, control 
board, meters, switches, Zener diode and 
miscellaneous small parts. Wiring between 
the front-panel area and the rear panel is 
through a /=-inch brass tube, located near the 
shorted end of the right-hand plate line. 

High voltage is routed from an MHV jack 
‘on the rear panel, through a piece of RG-59, 
just under the shorted end of the left-hand 
plate line, The cable then passes through the 
partition to a high-voltage standoff insula- 
or made from nylon, This insulator is 
fastened to the partition near the high-volt- 
tage feed-through capacitor. A 10-2, 25-W 
resistor is connected between the insulator 
and the feed-through capacitor. 

‘The plate lines are connected to the de- 
blocking capacitors on the plate collet with 
1/ex2-inch phosphor-bronze strips, The 
bottom of the plate lines are attached to the 
sides of the subchassis, with the edge of the 
L-shaped mounting bracket flush with the 
bottom of the subchassis. 

‘When preparing the subchassis top plate 
for the 3CX1200Z7, cut a 2"Yfeinch hole 
in the center of the plate. This hole size 
allows clearance between the tube enve- 
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Table 3 
Power Supply Specifications 
High voltage: 3200 V 

Continuous current: 1.2 A 
Intermittent current: 2 A, 
Step/Start delay: 2 seconds 


Jope and the top plate, without putting 
stress on the envelope in the vicinity of the 
grid Mange seal 

Exercise care in placing the movable 
tuning plate and the movable output cou- 
Pling disc, to ensure they cannot touch their 
fixed counterparts om the plate collet. 


Operation 

‘When the amplifier is first turned on, it 
cannot be keyed until: 

* 10 seconds has elapsed 

+ High voltage is available, as confirmed 
by presence of +12 V to the keying circuit 

Connect the amplifier to a dummy load 
through an accurate power meter capable 
of indicating 1500 W full scale. Key the 
amplifier and check the idling plate cur 
rent. With 3200-V plate voltage, it should 
be in the vicinity of 150 mA. Now, apply a 
‘small amount of drive and adjust the input 
tuning for maximum grid current, Adjust 
the output tuning until you see an indica- 
tion of RF output. Increase drive and adjust 
the output coupling and tuning for the 
desired output. Do not overcouple the out- 
put; once desired output is reached, do not 
increase loading. 

When you shut down the amplifier, 
leave the blower running for at least three 
‘minutes after you turn off the filament volt- 
age. I found the 3CX1200Z7 to be an 
excellent tube. [tried it with exessive drive, 
plate-current saturation, excessive plate 
dissipation-—all the abuse it’s likely to 
encounter in amateur applications, { had 
rio problems, but I don’t recommend you 
repeat these tests! 


A Companion Power Supply 

A good, solid-state high-voltage power 
supply is @ necessity to ensure linearity in 
SSB operation. Specifications of the power 
supply I built are given in Table 3. Figure 
8 isa schematic diagram of the supply. A 
power supply for a high-power linear 
amplifier should operate from a 240-V cir- 
cuit, for best line regulation. I have speci- 
fied a special, hydraulic/magnetic circuit 
breaker that doubles as the main power 
switch, [don’t recommend you substitute a 
regular switch and fuses for this breaker, as 


fuses won’t operate quickly enough to pro 
tect the amplifier in case of an operating 
abnormality. The bleeder resistor diss? 
pates about 100 W, so I included a small 
fan to remove the excess heat 


Power Supply Construction 

The power supply can be built into a 
I7x13x10-inch cabinet. The power 
transformer is quite heavy, so use '/e-inch 
aluminum for the cabinet bottom, and rein 
force it with aluminum angle for extra 
strength, The diode bridge consists of four 
legs, each containing five diodes. 


Power Supply Operation 

When the front-panel breaker is turned 
on, the two, 25-0 resistors in the primary 
circuit limit inrush current as the filter 
capacitor charges. After two seconds, K1 
activates, shorting both resistors and allow- 
ing full line voltage to be applied to the 
transformer, 

As with all high-vattage power supplies, 
you must be extremely careful! Before 
‘opening the cabinet, remove the ac-line 
plug from its receptacle, and confirm that 
the filter capacitor is discharged before 
working on the supply. 


Conclusion 

This amplifier is a reliable and cost- 
effective way to generate a big 2-meter sig: 
nal—almost as quickly as a solid-state 
amplifier. 

‘To ensure that the output of my amplifier 
‘meets current spectral purity requirements, 
Tuse a high-power version of the half-wave 
‘output filler that appears as Figure 16 on 
page 39-10 of the 1993 and 1994 editions of 
The ARRL Handbook. Although 1 did not 
make spectral measurements of the output, 
can run full output whife my wife Mary 
Lou watches TV in a nearby room of our 
home. 

Another suitable filter is the one that 
appears in the 1990 ARRL Handbook (Fig- 
ture 150, on page 31-72) as part of the 
description of “A Legal-Limit 2-Meter 
Tetrode Amplifier.” 


Notes 

"Suggested retail price of the 30X120027 is 
3005, You can oblain it from: Henry Rado, 
2080 § Bundy Dr Los Angeles, CA 80028, te 
510-820-1294; Richardson Electronics, 40 W 
267 Ketinger Aa, La Fox, IL 60147, tcl 708- 
208-2200: RF Paris, 438 South Paciic 81 
San Marcos, CA 92069, tel 819-744-0700, 

2W.- Orr, Editor, Radio Handbook, 23rd ed. (ine 
‘danapolis: Howard W. Sams and Co, 1987), 
po 18°2 through 18-7 

‘This project is also described in the Radio 
Handbook, pp 48-11 through 18-18. 


By David Munyon, W7DVB From QST, September 1984 


A Cathode-Driven 
Tetrode for 6 Meters 


Stability, power, low cost: is this what you're looking for 
in a 6-meter do-it-yourself project? If so, look what's 


Nhe advantages of grounded-grid ampli- 
fiers are numerous and have been 
proven over the years. They include: sim- 
plicity of design, good thirdorder IMD. 
characteristics, inherent stability (gener- 
ally without the need for neutralization) 
and noncritical tuning. The only require- 
ment is abundant driving power. Usually, 
this isa small price to pay, unless the driver 
‘you imtend to use is one of the many popu: 
lar, low-power (10- to 25-W-output) VHF 
transceivers. Also, with the tremendous 
increase in the use of 100%-duty-cycle 
modes such as RTTY snd SSTV, many of 
us would rather not operate our exciters at 
half to full bore while driving an amplifier 
Ifyou're willing to sacrifice only one of the 
aforementioned advantages—simplicity 
—the remaining attributes of grounded- 
‘grid operation can be made available at a 
Considerable reduction in driving power, 


Enter the Tetrode 
For many years, tetrodes (most often 
connected as triodes) have been used in 
grounded-grid circuits, But we have good 
reasons t0 consider the tetrode as a cath- 
ode-driven performer in its own right, 
First, the drive requirements are reduced 
‘A4-400A requires 40W of drive power for 
full output when triode connected. Only 
half that amount is needed to drive ns class: 
ABI counterpart, The second reason is, 
cost. Tetsodes are still available as hamfest 
and surplus items ata fraction of their origi- 
nal cost. (Some of the newer triodes cost 
more than the exeiters that drive them!) 
But not all tetrodes can be triode con- 
nected, All of the external anode family 
of tubes, and a few others, have internal 
geometry that allows the control grid dissi 
‘pation te be greatly exceeded if the tube is 
operated ay a triode. Therefore, those tubes, 
should be cathode driven only’as tetrodes. 
The usual way 1 do this is 10 ground the 


here! 
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‘control and screen grids (0 RF with low- 
inductance bypass capacitors, and then 
place operating voltages on them, The cath- 
ode can be driven it @ normal fashion, and 
the tube operated in any class consistent 
with linear service, Class-AB | has the low- 
est drive requirememts and is the easiest 
with which to work, 


Tetrode Vs. Triode 

I concede that the addition of a screen 
element complicates the overall circuit, 
especially if the screen-circuit provisions 
are made properly. But, the circuit need be 
no more complex than that of its grid 
driven equivalent, The cathode-driven tet 
code requires grid bias and a well-regulated 
screen supply. Also, there is nocorrect way 
to load atetyode without a meter to monitor 
the screen-grid current. This device is in- 
valuable and should not be omitted for the 
sake of economy, 


No discussion of the sereen-grid circuit 
‘would be complete without som 

of an overcurrent-protection ci 
eral solutions have been offered in the past 
(ncluding the use of ne protection circuit), 
and each has its disadvantages. Sensitive 
relays are expensive and their use can 
have an adverse effect on sereen-valtage 
regulation, Current-limiting supplies do an 
excellent job of protecting the tube, but do 
not inform you When something is wrong, 
Since sereen current is extremely sensitive 
to minot plaie-valtage excursions and 
plateloading conditions, the builder has to 
be absolutely certain that these are correct, 
and that plate voltage is always present with, 
sereen voltage, if the screen-protection 
cuit isto be eliminated. The protection cir- 
cuit is well worth the small cost involved, 
‘This amplifier incorporates an inexpensive 
and simple cireuit that contains none of the 
disadvantages mentioned eatlier, 
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Wireless Communications and Mobile Computing 


Ug: List of all matched ranking 

Ranking value assigned to a service object 

gj: Iterator item for the ranking list 

x: Threshold to rank a service object 

WE Workflow for the composition of service 
objects 

Pq: Priority queue to store ranked object 
instances 

RA: Assigned relationship ranking. 
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Fig. 1 — Schematic 
diagram of the 
S-meter amplifier 

RF section. Unless. 
othemnise specified, 
resistors are VeW, 
10%-tolerance types. 
Feedthrough 
capacitors have 
500-V ratings; bypass 
Capacitors are 
dise.ceramic, 1-KV. 


Ci — 470-pF, 2 5-kV dise-ceramic (see 
text). 

C2, C3 — 0.001-F, 500.V silver mica 
(Ca — Part of tube socket assembly (see 
text) 

(C5 —500-pF, 5-ky ceramic (Centralab 
‘8588-500 oF equiv.) 

C6 — See text (approx. 6 pF). 

C7 — 140-pF air variable, receiving type. 

C8 — 75-pF ceramic (Centralab 850S-75N, 
‘oF equiv) 

LY) turns no, 14 bare wire, Yo-inch- 
ia, 12 inches long, tapped one turn 


from hot end. 
12 —6 turns no. 10 bare wire, 1-inch-dia, 
‘Vie inches tong. 

RFC1— 15 turns no. 16 enameled wire 
closewound on a ‘/xinch-dia ferrite rod. 
RFC2 — 1% inches no. 22 enameled wire 
close-wound on a %-inch-dia. Teflon® 


tod. 
RECS — Ohmite 250 (or equiv. 5-10 wH 
RF choke) 


V1 socket — Eimac SK-600 or SK-620. 
V1 chimney — Elmae SK-806. 


Fig Screen overcurrent protection circu 


D11, Di2—1-V, 2.5-A silicon diodes. 
D14--4-A, 200-V SCR (Jameco C10681, 
ECG 5455 or equiv) 
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it, Resistors are 1/2-W, 10%-tolerance types. 


K2—DPDT 12V de relay, 1-A contacts 
(see text) 


‘A Cathode-Driven 4CX250B 

T became aware of the cathode-driven 
tetrode years ago while trying to get a 
4-100 to wotk on 50 MHz. The results 
were so good that, when it came time to 
build an amplifier for my new solid-state 
transverter, I decided that building a grid- 
driven amplifier would be a giant step 
backward. 

‘The 4CX250B isan excellent tube for 6- 
meter use. This tube has a high plate-dissi- 
pation rating for its small physical size, has 
reasonable power-supply requirements, 
and requires approximately 10 W of drive 
in a cathode-driven, class-ABI configura- 
tion, (If much more drive is available, an 
appropriate attenuator must precede the 
input circuit.) The only differences be- 
tween this design and its grid-driven 
equivalent are the filament/cathode and 
control-grid circuits 


Filament/Cathode Circuit 

In Fig. 1, notice that the cathode and 
fone of the filament connections are tied 
together. Normally, the isolation created 
by the physical separation of the two ele- 
‘ments is sufficient to ensure stability, and 
a filament choke would not be required. I 
felt that this would not be the case on 50 
MHz, and a call to Eimac confirmed it. At 
Bill Orr's recommendation, I tied the cath- 
ode and filament together, and fed the 
filament through a choke. The cathode 
impedance is approximately 120 ohms. In 
the interest of best linearity and minimum, 
drive requirements, a tuned input circuit is 
used. The tank coil is tapped to present an 
input impedance of 50 ohms. 

‘There are many sockets designed for use 
with this Family of tubes. I recommend that 
you use one that incorporates a built-in 
Seren bypass capacitor (1100 or 2700 pF); 
either one will do. A few of these types of 
sockets are so constructed that the four 
cathode pins are grounded internally; do 
not use one of these. An Eimac SK-600 or 
SK-620 socket is recommended. The four 
cathode pins (2,4, 6, 8) and one of the fila- 
‘ment pins (7) of the socket must be wired 
together to form one low-induetance con- 
nection. The easiest way 10 do this is to 
carefully bend pins | and 3 parallel to the 
cchassis, and then strap together pins 2,4, 6, 
7 and 8. Make certain that this strap forms 
a complete circle around the socket. For 
strap material, I use some stretched 
and flattened shield braid removed from 
RG-58 coaxial cable. All connections 
made to the cathode, or the filament (pin 
7), can be made anywhere along this ring, 
See Fig. 2 for details. 


Grid Circuit 

The tube grid is accessed through the 
socket center connector and is bypassed to 
ground by C1. The capacitance of C1 is not 
as important as its physical size. C1 should 
be a high-voltage, disc-ceramic type (2 kV 
‘or more), whose body nearly spans the dis- 
tance between the connection points. This, 
provides for an absolute minimum lead 
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Fig, 4 — Power-supply section of the 6-meter amplifier. Unless otherwise specified, 
esistors are YW, 10%-tolorance types; feedthrough and bypass capacitors have 500-V 


ratings. 

181 — Squircel-cage blower, 56 CFM 
(minimum), 117-V ac motor. 

01-010, incl. — 1-kV, 2.5-A silicon diodes. 

Dia— 87-V, 5-w Zener diode. 

Ki — aPDT 12-V de relay, 5-A contacts, 

K3— SPST 234-V ac relay, 3-A contacts 
(sve text). 


length. Use a solder lug on the grid pin, and 
solder the other capacitor lead directly to 
the inside ofthe air duct on the tube-socket 
bottom, 

When my amplifier was first tested, 1 
found thatthe plate current idled at about 
40:mA, and was completely independent of 
grid voltage. This self-biasing was traced 
{o a parasitic in the grid circuit, and was 
efiminated by the addition of a series-con- 
nected resistor, RI. If you wish to 
experiment, RI should be a "/-W, earbon- 


T1— 117-V primary; 6-V. 2.6-A secondary 
(see tox). 

T2— 1174 primary; 580-V ct, 75-mA 
Secondary with 6.3- and 5-V filament 
windings (see tex!) 

T3— 117 primary; 12-V. 1-A secondary, 


composition resistor with a resistance value 
that is the minimum required for complete 
stability. RI should be placed as shown in 
Fig. 2; I found that a 3.9-ohm resistor kept 
my amplifier unconditionally stable. 

In the interest of stability, don't use 
cchokes in place of R2 and R3 in the grid 
and screen circuits. MI, the grid-current 
meter, can have a range of from 0-1 mA to 
0-20 mA or so, and is included only to en- 
sure that grid current is never drawn, and 
the operation remains class-AB 1 


Screen Circuit 

Relay contacts K2B are part of the 
sereen overcurrent-protection circuit, the 
operation of which will be discussed later. 
Because the 4CX250B draws negative 
sereen current on occasion, the sereen-cur- 
rent meter should ideally be of the zero- 
center type. As these meters are expensive 
‘nd not readily found, a standard meter can 
be pressed into service by using bleeder 
string, R4. Notice that 15 mA of bleeder 
‘current is drawn through the meter When- 
ever K2 is open (normal). This offsets 
the actual zero reading of the meter to the 
15-mA position and allows a negative cur- 
rent of 15 mA to be metered. This is more 
than adequate for the 4CX250B. If a zero- 
center meter is used, R4 may be eliminated 
unless the screen supply shunt regulator is 
replaced by a series regulator. In that case, 
the bleeder would be necessary to offset 
the effects of secondary emission. 

For the overcurrent-protection citcuit 
(Fig. 3), an SCR (DI4) seems to be @ natu- 
ral. A very small gate voltage, developed 
across R7 by the screen current, turns on 
the SCR and causes K2 to close. This 
removes screen voltage from the tube and 
grounds the screen, preventing further 
abuse. A second set of relay contacts (K2C) 
isused to light a front-panel-mounted LED. 
DI4 continues to lock out the screen volt- 
age until the SCR is reset by removing its 
anode voltage. This is done by momen- 
tarily pushing the RESET switch, S3. 

DII, C15 and the filament windings of 
72 provide de power for a 12-V relay 
at K2. A relay with a different voltage rat- 
ing can be used if this supply is modified 
accordingly. The value for R7 was found 
experimentally by substituting a variable, 
low-voltage supply for the screen supply, 
A.0-100 mi meter and load resistor Were 
placed in series with R7, and the voltage, 
slowly increased until the gate threshold 
‘was reached and the SCR fired. The thresh 
old current was noted, and R7 varied until 
the desired current would trigger the SCR. 
With R7 equal to 9.1 ohms, the SCR fired 
consistently at 45 ma. 

Since 15 mA of the current drawn 
through R7 will be bleeder current, this, 
allows 2 maximum of 30 mA for screen 
current, which is well below the 12-W 
sercen dissipation rating for the tube. Note 
that the entire overcurrent-protection cir- 
cuit is hot with screen voltage, so proper 
precautions must be taken during construc- 
tion. [built the protection circuit on a PC 
board, but it could have just as easily been 
chassis-mounted using terminal strips 


Construction 

‘The amplifier is built on a3%8% 17-inch 
‘chassis; a 3 x 5 x 7-inch chassis houses the 
output network components. A 10'/ x 19+ 
inch rack panel is used for the amplifier front 
panel. The general physical layout should be 
followed, a itis well dictated by the flow of 
the circuit. All RF leads should be kept as 
short as possible, especially the bypass ca- 
pacitor leads. Keep the de feads cabled and 
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Fig 5—The final-amplifier-compartment cover has been removed for this photo. 


as far away as possible from the RF leads. 
Most power-supply components are 
‘mounted on a fiberglass terminal board that 
is secured against the side of the chassis. 
K3, D9, Cl I and RS (Fig. 4) constitute 
a time-delay circuit for filament inrush- 
current protection, and can be included if 
‘you feel that this is important. As it stands, 
the delay is approximately I second, which 
is more than ample. The 234-V ac relay is, 
used on de, and closes at about 70 V. The 
charging rate of CII is controlled by its 
capacitance and the ohmic value of RS, and 
can be varied by changing their values, 
Ideally, the input and output relays 
should be coaxial types; however, I used 
single open-frame, SPDT type and encoun- 
tered no problems. The center pole is used 
for control (KIC), as that increases the iso- 
lation between the input and output cir- 
cuits. In grid-driven amplifiers, I have 
never been able to use an open-frame relay 
for input and output switching, Because of 
the lower gain of this cathode-driven 
amplifier, I find no evidence of feedback or 
instability. Don't use plug-in type relays in 
their original form for KI. Remove the 
case, plug and connecting wires, and 
bolt the relay directly to the chassis. Use 
coaxial-cable braid to make the RF con- 
nections. The power supplies (Fig. 4) are of 
standard design. They may be replaced by 
‘any supplies yielding similar voltages, and 
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need not reside on the same chassis as the 
amplifier, The high-voltage supply should 
produce 2-KV de under load. Si turns on all, 
supplies, including the external high-volt 
age supply. S2, the STANDBY/OPERATE, 
switch, supplies power to KI, which allows, 
the amplifier to be placed in operation; oth- 
erwise, the amplifier is simply bypassed. 

Ifa6.3-V ac filament transformer is used 
for TI, R6 will have to be.included to drop 
the filament voltage to 6 V. The ohmic value 
‘of R6 will have to be determined experimen- 
tally. Use a resistor with the highest wattage 
rating practical for good voltage stability 
‘With an accurate voltmeter, measure the fila- 
‘ment voltage atthe tube socket with the fila 
‘ment choke in place, as there will be a slight 
voltage drop across the choke, Nothing will 
cause a4CX250B to "go south’” quicker than 
high filament voltage, and that means any- 
thing in excess of 6 V. 

The filament choke (RFC1) consists of 
15 bifilar turns of no. 16 enameled wire 
wound on half of an Amidon '/:-inch-diam- 
eter ferrite rod. The rod can be cut to a 
proper length by filing # small groove 
around its circumference, and then break- 
ing it clean, Cover the rod with heat-shrink 
lubing or electrical tape before and after 
winding the choke. This will keep the rod 
and winding together, and make it self-sup- 
porting by its four leads, 

‘The meters I used all have 0-1 mA 


movements and homemade shunts. The 
original meter-face calibration marks were 
carefully erased, and new ones applied 
using dry-transfer labels. Most such labels 
are ideal for panel marking, but are bit too 
large for meter-face use. Your local statio- 
nery store should have transfers with 
sinaller-sized numbers. During amplifier 
‘operation, care should be taken to avoid 
accidental contact with the plate-voltage 
moter, as it has high voltage on it 

Mast VHF amplifiers have a highe 
than-necessary Q in the output circuit 
because of the use of high minimum 
capacitance air-variable capacitors. This is 
acceptable providing the rest of the output 
components are heavy-duty types and can 
handle the higher circulating currents, (Fhe 
small vacuum variable I used is admittedly 
first class, and it may not be used by many 
other builders.) Rather than using an air 
variable capacitor, a homemade two-dise 
system isa preferred choice. If youcan find 
4 neutralizing capacitor with plates of 2- 
inch diameter or so, that would be ideal. If 
{you must use an air-variable capacitor, use 
One with the least minimum capacitance; 
remove all unnecessary plates leaving just 
enough to do the job, 


Tune-Up 

Before the tube is placed in the socket, 
close SI and check that all of the operating 
voltages are correct. Ground the bottom 
‘end of the bias string at KIC, and check 
that the BIAS potentiometer range will 
supply —SD to -69 V; then set it at 55 V. 11 
should be connected to the external-circuit, 
control jack of your exeiter so that it is 
grounded when your exciter is keyed. Open 
Sl and make certain all voltages have bled 
down, then install the tube, Close $1 and 
82. After the tube warms up, with no drive 
applied, key the exciter and adjust the 
BIAS potentiometer so that the plate idling 
current is exactly 100 mA. 

While the tube is idling, rotate all the 
tuning controls throughout their respective 
ranges. If there are no sudden plate-current 
increases, the amplifier is stable. With a 
small amount of drive applied, tune the 
GRID and PLATE controls for maximum 
‘output. Once you are satisfied that both 
Of these controls will provide resonance, 
apply full drive and retune the plate 10 
resonance. Increase loading slowly, retun- 
ing the PLATE control each time, until a 
screen current of 5 mA (the meter actually 
reads 20 mA) is indicated. Observe how 
sensitive the screen current is to the opera 
tion of the LOAD control, and that it is 
by far the best indicator of plate resonance. 
If grid current is indicated, you're over- 
driving the amplifier. 

Adjust the drive level and the plate 
TUNE and LOAD controls so that the 
platecurrent meter indicates 250 mA and 
the screen-current meter indicates 5 mA at 
resonance. Under these conditions, this 
amplifier develops a power output of about 
310 W. With modulation, voice peaks 
Should not exceed 150 mA on the plate- 


‘current meter, and a smaif amount of nega- 
tive screen current is normal, 


Summary 

‘This amplifier has been in operation 
now for over a year, and all reports of its 
‘operation have been Complimentary. Thope 
that this amplifier will be duplicated by 


Fig 6—A bottom view of the 6-meter amplifier. The screen-protection circult is mounted 
‘onthe PC board to the right of the tube Socket 


many who had previously resigned them- 
selves to grid-driven designs. Much of the 
‘material presented here is general enough 
to encourage interest in the cathode-driven 
tetrode as a viable alternative to the 
grounded-grid triode. I will be glad to an 
swer all letters of inquiry regarding this 
amplifier; please include an s.a.se 


Fig 7—Spectral photo of the 6-meter 
amplifier without external filtering. Vertical 
divisions are each 10 dB; horizontal 
divisions are each 50 Miz. The 
fundamental (second pip from the left) has 
been notehied approximately 40 d by 
means of notch cavities to prevent 
analyzer overload. The seventh harmonic 
is approximately 48 dB below peak 
fundamental output. 


Fig 8—The addition of a simple fiter (see 
Fig 9) at the ampifier output provides for 
‘excellent harmonic attenuation, and its use 
is recommended. all conditions are 
‘otherwise the same as these of Fig 7. 


Fig @—This simple harmonic-suppression 

filter, or one of similar characteristics, 

should be used at the output of the 

amplifier. The filter may Be contained in a 

Die 21/4 x Sin (HD) aluminum Box. 

©16-C19, incl—110 pF, 1-kV siiver-mica 
capacitors. 

13, L5—4 turns no. 14, Yel, Ye in 
Tong. 

La—B turns no. 14, "he 


ID, sin tong, 
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By John Ree 


weloJ 


From QST, August 1987 


A UHE Amplifier-from 


Scratch 


Maes ee cauinment, designs 
involve undefined reactance. For 
example, the self-inductance of a variable 
capacitor, or simply the method of attach- 
ing a 50-ohm cable to the circuit may 
constitute reactance that is critical to the 
operation of the circuit. The result is that 
complete success in duplicating a circuit is 
not likely unless the components and lay- 
out are exactly the same as in the original. 
‘This is nearly always a limiting factor for 
the do-it-yourselfer wanting to duplicate a 
project. This class-C UHF amplifier project 
uses homemade components that anyone 
can assemble. Tests show that their use has 
resulted in little or no compromise in the 
performance of the amplifier over a design 
using far more expensive commercial 
parts. My amplifier shows more than 45 W 
‘outpu with less than 2W input a 435 MHz 
‘The output stage efficiency is approxi 
mately 60%, and includes a double-tuned 
filter for improved spectral purity 

The key to this design isthe glue-down 
stripline technique I have used in many 
other UHF projects.! This method permits 
easy modification of stripline parameters 
for optimizing circuitry. Striplines are cut 
from double-sided, glass-epoxy PC board 
having the same dimensions that you would 
choose using the etched-PC-board method. 
One side of the stripline is smeared with 
glue (Radio Shack all-purpose adhesive, 
64-2307) and firmly pressed against the 
common base PC board. Parts can be sol- 
dered tothe stripline immediately (without 
‘waiting for the glue to dry). No de connec: 
tion is required between the glveline foils, 
and changes ean be made within minutes 
by lifting the glue-down stripline with a 
knife and replacing it with one having 
altered dimensions. This. project gives 
another example of how stripline param- 
eters can be Varied to optimize a circuit: 
homemade variable capacitors. 
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Combine PC-board material, transistors and glue—what 
do you get? Two watts in and 45 watts out at 435 MHz! 


it Details 

See Fig 1. The two-stage amplifier 
uses an MRF641 (driver) and an MRF646 
(Final)? They were chosen primarily 
because of their availability in the surplus 
market. These are controlled-Q devices 
with a combined minimum gain of 12.6 dB. 
Although the output stage is rated at 45 W, 
typical saturated output with a 13.6-V col- 
lector supply is about 60 W (including drive 
power) 

‘The home-brew compression-type vari- 
able capacitors, shown in Fig 2, dictated 
the overall design. I made them as small as 
possible (to minimize selfinductance), but 
kept them large enough to provide the nec 
essary capacitance. The nominal /i-inch- 
square compression plate results in a maxi- 
mum capacitance of about 10 pF. The 
material used for the capacitor plates is 
0.031-inch-thick Reynolds sheet alumi- 


num, which is available at most hardware 
and “home-supply stores. [Hobby store 
sheet brass works well inthis application, 
is also commonly available, and is far 
easier fo solder; i is a good alternative to 
aluminum—Ed.] The capacitor dielectric 
material is 2.7-mil polyethylene from a 
Dow Ziploc® heavy-duty freezer bag. 
Although I have tested this dielectric at a 
much higher voltage than itis subjected to 
in this application (at a high-impedance 
point in a vacuum-tube VHF amplifier), 
double thickness is used asa safeguard. The 
nsulator between the adjustment screw a 

compression plate is made from plastic 
polymer, Most clear plastics used for miss 
cellaneous household applications are of 
this type. I use plastic from a box used in 
packaging a tube of Grumbacher acrylic 
artists paint. Glass-epoxy insulation 
will work also, but at the higher-voltage 


ok 
rogue “TBs 


i) Pen L EA 
(see Text) 


Fig 1—Schematic of the 435-MHz 45-W amplifier. 


C1-C11—Homemade capacitors: see text, 
‘and Fig 2 for details 

C12, C17—4.7-uF, 35-V electrolytic. 

613, 15, 16, 18, 20, 21—0.001-nF, 50-V 

disk ceramic. 

C14, 19—0.1-nF, 50-V disk ceramic. 


applications (especially at C10 and C11) 
there will be some loss and component 
heating. 

Once I settled on the capacitor configu: 
ration, the input and output stripline char- 
acteristics were determined experimentally 
for optimum matching to Ql and Q2. The 
related glue-down stripline and pad details, 
are shown in Fig 3. The L2 L4/-inch-wide 
striplines act as RF chokes, making the 
inductance associated with the subsequent 
disc-ceramic capacitors uncritical. The 
pads include a number of the capacitor sta- 
tors (Cl, C4, C5, C6, C7 and C9). Foils 
which contact stator-adjustment screws are 
reamed out fo approximately ‘/t-inch diam- 
ler to isolate the no. 2-56 screw from the 
stator. did this with a large drill (/s-inch), 
Screw contact with the bottom foil may also 
cause adjustment irregularities, so the Foil 
was reamed appropriately. The stator plates 
ust be completely deburred to prevent 
puncturing the plasticbag dielectric. 

The amplifier output is coupled through, 
€9 to a I:1 inductively coupled, double- 
tuned filter. This 50-ohm filter consists of 
two striplines that are mounted parallel to 
each other and close together above the 
base PC board, as shown in Fig 4. Their 
close positioning establishes the necessary 
‘mutual coupling. Each line is tuned to reso- 
nance with a variable capacitor, 

As indicated in Fig 1, de-supply 
decoupling is identical for both stages. The 
0.1-nF disk capacitors eliminate a bother- 
some low-frequency instability mode. RF 
chokes following these capacitors include 
‘two-turn sections with pencil-lead cores to 
minimize the possibility of parasitics. The 
4.7-uF capacitors eliminate low-frequency 
power-supply instability problems, 


J1—Female BNC connector. 

L1-L5—Glue-down stripiines; see text and 
Fig 3 for details 

L6, L7—Alit-gap stiplines; see text and 
Fig 4 for detail. 


P1—Male BNC connector. 

(Qi—MAF641 

Q2_MAF6ds. 

FC—10 turns, no. 26 enameled copper, 
‘wound, */-in diameter, 
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Fig 2—Variable-capacitor construction detais. The “rotor” plates are made from 0.031- 
Inch Reynolds aluminum sheet stock and polished with $20-grit sandpaper to ensure that 
no burrs are left that may puncture the dielectric material. Plate center holes are “/-inch 
diameter. Connections are made to the capacitors by means of no. 26 tinned copper 
wire, tightly wrapped (and crimped in a vise) around the tab on the capacitor and 
soldered to the appropriate circuit board connection. Make these connections carefully 
to ensure good electrical contact. See text for dotails on the dielectric and washer 


materials, 


Assembly 

‘The transistor-lead configurations are 
slightly modified to accommodate the glue- 
down striplines. Both the base and collec~ 
tor leads are bent up into an S shape so 
that the Jead will overlap the stripline by 


approximately 1/16 inch when the transis: 
tor and stripline are mounted flush with 
the base PC board, The leads are only 
0.005-inch thick and can be bent easily with 
long-nose pliers. Care must be taken to 
minimize stress at the lead-ceramie june- 
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Fig 9—Give-down stator pad construction details. Slots are cut with a hacksaw and then polished with a pattem file. The material is| 
0.062-inch-thick double-sided glass-epoxy circuit board material.® After cutting and filing, the pads must be polished with fine steel 


‘a9! to remove any burrs 


tions, Also, ‘fz inch of each emitter lead 
must be cut off with scissors to allow room 
for the glue-down pads. 

Details of the mounting arrangement 
are shown in Fig 5. My transistor mounting 
method was dictated by the dimensions 
of an old "/-inch-thick aluminum panel 
(with many miscellaneous holes), which 
I pressed into service as a heat sink, First 
1 mounted each transistor on separate 
aluminum subbases. I then fastened the 
sub-bases to the heat sink. Thermally con- 
ductive compound is used between the 
transistors and the subbases and beiween 
the sub-bases and the heat sink. This ar- 
rangement permits removal of the heat sink 
‘without disturbing the transistor mountings 
‘when I need access to the bottom PC-board 
foil, Note that the base PC board cutout 
includes notches at the base and collector 
leads of the transistors to prevent shorting 
16 the common foil. 

Detailed assembly like that shown in 
Fig 6 is easy once the transistors are 
mounted. Simply smear glue on the pads 
and fit them into position, Start by posi- 
tioning LI, followed by the CI stator, then 
C1, C2 and C3. Drill holes in the base PC 
board forthe no. 2-56 capacitor-adjustment 
serews as you go along. At the same time, 
solder the no, 2-56 nuts on the reverse side 
(using a screw to hold them in position) 
Bend the capacitor tabs to make certain the 
plates will be flush with the stator, insert- 
ing the capacitor dielectric as the final step. 
‘Make certain the dielectric has been pushed 
in between the capacitor plates as far as 
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possible (maximum safety margin), and 
use an awl to puncture the dielectric at the 
adjustment-screw position. The adjust- 
ment screw can then be easily started 
through the dielecisi. 


Operation 
UHF transistors are great devices, but 


they can be damaged permanently with just 
one voltage transient. For example, an ac 
cidental short by a probe during a trouble- 
shooting exercise, or the discharge of a 
probe capacitor at the transistor’s base lead 
can be disastrous. Another common prob- 
lem is instability that causes selfoscillation 
‘and excessive collector voltage (no insta- 
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Fig 4—Construction details of the double-tuned output filter. The assembly Is supported 
by copper brackets and parts of the variable capacitors. 
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Fig 5—Pictorial of transistor mounting method. The same scheme Is used for both the 
river and final transistors. 


bil 
described here), These poss 


lector supply to 5 V (orless) during tune-up, 


range), Following alignment at 5 V, 


'y modes ate evident in the amplifier surprising how little readjustment is 
le failure quired when the collector potential is in- 

modes can be avoided by limiting the col- teased to 13 V, (If you can't reduce your 
power supply voltage, you may want (0 use 

4s practically all instability modes will be &2N3055 as a pass transistor, driving it with 
evident at this lower potential (particularly an LM317T regulator [Radio Shack 276- 
if the input drive is varied over a wide 2041 and 276-1778, respectively].) This 
is low-voltage test procedure is mentioned in 
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Fig 6—Circuit board layout of the completed amplifier. Begin construction by measuring 


the center-to-center distance from Qi to Q2 and then mount the transistors, working 


away from them as you mount the other components. Use great care when mounting and 


soldering the transistors into the circuit to avoid damaging them. The PC board 


measures Vs in. x 6 in, and is made from double-sided, glass-epoxy material (Meshna 


PCB2B—see note 1). 


Motorola Application Note AN-548A.9 


Initial Tune-Up 

‘The dummy load/power-measuring as- 
sembly and narrow-band peak detector 
pick-off assembly used in tune-up are the 
Same as the ones that I used with my 15-W 
transmitter The dummy load consists of 
ten /-W resistors connected in parallel and 
arranged in acitcle to minimize self-induc- 
tance, Power measurements were made by 
calibrating dummy-load temperature rise 
with a de input (ambient air-lemperature 
conditions, no forced-air cooling). This 
information is theo compared to the 
temperature rise of the dummy load result- 
ing from the RE output of the amplifier. 
The “thermistor” used for measuring the 
temperature rise is a IN34A (reading the 
reverse resistance) 

Under key-down conditions during 
alignment, I place a blower at the chassis 
end to assist the limited heat-sink eapabili- 
ties of the amplifier. Also, the dummy load 
requires forced-air cooling, as it becomes 
very hot in about «wo minutes under 
keydown conditions 

Miscellaneous lengths of RG-8/M and 
RG-58 were used as attenuators to increase 
power measurement capability of this sys- 
tem.) In testing the 45-W amplifier, I used 
4 total cable attenvation of 6.4 dB. This 
increases the power-measurement capabil- 
ity by 44 times 

With a 5-V collector supply and 2 W of 
drive, first tune the input capacitors for 
‘maximum QI collector current, then tune 
the remaining capacitors for ‘maximum 
power output. The output should be about 
8 W. Increase the collector supply to 13 V; 
minor readjustment will probably be re 
quired. My final measurements showed an 
output of 48 W. 


Summary 

This is a well-behaved amplifier. After 
completing an experimental version on the 
breadboard, I built a new assembly using 
the data in this article. Alignment of this 
final model was completed without any 
problems, and operation is Mawless, The 
glue-down stripline technique is very reli 
able in this application, and is simple to use. 


Notes 

"J, Reed, “A Simple 495-MHz Transmitter, 
QS, May 1985, pp 14-18, 45, 

2 These transistors are available from AF Parts 
Gompany, 1320-18 Grand Aye, San Marcos, 
GA'92008, tel 619-744-0728 

This note is reproduced in Motorola RF Device 
‘Data (fourth edition, first printing, 1986) on 
apes 6-6 rough 685 Fhus Pooks ava 
ble ftom Motorola Literature Distribution, PO 
Box 20912, Phoenix, AZ 85036, tel 602-994- 
6561, Cost is $4.75 (plus 15 percent of the 
total for shipping. 

See note 1. 

My 43§-MM2 measurements indicated that the 
RG-a/MAlusedhas anattenvationof9.008 per 
100 feet (specified as 7-5 0B per 100 feet at 
400 M2): the RG-58 has 15.348 per 100 eet 
(specified as 12.0 48 per 100 feet at 400 MHz). 

available trom John J. Meshna, Jt. Ine, 19 
‘Allerton St, Lynn, MA 01904, tel 617-595- 
2e75, 
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By Tarmo Tammaru, WB2TMD From QST, May 1982 


A Solid-State 6-Meter 
Linear Amplifier You Can 


Build 


the new breed of 8-10 10-W, solid-state 

vhf transceivers offer compactness and 
relative freedom from TVI. However, there 
are times when 10 W will not do the job. 
This amplifier can correct thyt situation. I 
used it during the September vhf QSO party 
and was able to work every station I heard, 
except one. 

‘The transistor used in the amplifier is a 
Motorola MRF-492, which is designed for 
uuseas an fm amplifier in the “vhf low" pub 
fic-service band. In this service, the nomi 
nal output is rated at 75 W with a 12.5-V 
collector supply. The manufacturer's data 
sheet shows a maximum output of 120 W at 
I6V. Hence, inssbservice, I feltit would be 
safe to operate at the 100-W PEP level from 
a 13.5-V supply. Although no numbers 
are given, the MRF492 is claimed to have 
“load mismatch capability at high line and 
sf overdrive.”! 


Circuit Description 

‘The amplifier schematic diagram is 
shown in Fig. 1. Since I do not believe in 
“reinventing the wheel,” the output match- 
ing network was taken directly from the 
Motorola data sheet. This network, incor- 
porating L2 and L3 in the signal path, 
should provide excellent harnionic rejec- 
tion, The network transforms the 50-0 load 
impedance to the optimum transistor load 
(0.6 + 0 ©. Nove that this unit, like most 
rf amplifiers, does not have a 50-2 output 
impedance. We simply adjust the output 
network to obtain the rated power into @ 
50-02 load. Fig. 2A is an amplifier output 
spectral display. While the harmonic sup- 
pression is good, additional filtering is 
required before using the unit on the air. A 
simple, 5-pole, lowpass filter was placed 
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Does your 6-meter signal need a little more punch? 
This amplifier will solve your problem—without 


breaking the bank! 


at the amplifier output, and the resulting 
spectrum is shown in Fig. 2B. The low-pass, 
filter circuit is given in Fig. 3 

Because the data sheet does not give val- 
ues for input impedance in Class B service, 
the input circuit was derived basically by 
trial and error (the second version worked). 
‘The T matching network transforms the 
highly capacitive input impedance of 
approximately 1 © to a 50-Q nonreactive 
Toad for the exciter. 

In a Class B amplifier it is necessary to 
forward bias the base-emitter junction. 
There are basically two ways of doing 
this: the shunt diode method, and the 
‘emitter-follower method. The latter method 
undoubtedly results in lower inter-modula- 
tion products, but I have destroyed too many 
transistors using that method to ty it with a 
$20 device. Forward bias is achieved by 
using the shunt regulator diode DI. This di- 
‘ode must be connected to the same heat sink 
as the MRF492, QI. The voltage across DI is 


adjusted to give @ QI collector current of 
100 mA with no drive applied. Do not at 
tempt to set the bias point by measuring the 
base voltage of QI — use a milliammeterin 
the collector supply lead. I used an un- 
marked, surplus, 15-A rectifier diode for DI 
Almost any diode will work, including 
power Zeners. I prefer a siud-mounted di- 
‘ode because it is easy to place in contact 
with the heat sink, Just be sure the polarity 
is such that the cathode is connected to the 
case. Several Motorola application notes 
specify a 1N4997 for this application 
Unfortunately, this is a press-fit device. in 
any case, the heat sink must be grounded, 


Parts Procurement 

Al parts, with the possible exception of 
an adequate heat sink, are readily avail- 
able, The MRF492 has recently been 
advertised by Westcom? and Semiconduc 
tor Surplus.° RFC is a Nytronics shielded 
ferrite choke, designed to reduce coupling 


Fig. 1 — The schematic diagram of the amplifier circuit board. Decimal valve capacitors 
are disc ceramic and oolarized caoacitors are electrolytic. Resistors are 10% carbon 


‘ype. 

C1 — 9+t0 180-pF mica compression 
‘vimmer, Arco 463 oF equiv. 

62, C4, C5 — 50- to 380-pF mica 
‘compression trimmer, Arco 465 or equiv. 

(€3 — 80- to 480-pF mica compression 
trimmer, Arco 466 or equiv. 

D1 — 15:4, 50-V rectifier diode (see text) 

Fo — Forrita bead, Radio Shack 273-1571 
assortment or equiv. 

L1=2t. of no, 14 bare copper wire, 
*izcinch iD, 2i-inch long. 


H 


(A) 


L2— Halt loop of no. 14 bare copper wire, 
je inch high, "/ Inch long (see 
photograph). 

L3—2 Lon. 14 bare copper wire, 

Shavinet iO, "/einch long. 

Q1— Motorola rf power transistor, 
MAF492, 

RFCi — 6.8 1M, Nytronics SWD 6.8 or 
equiv. (soe text) 

RFC2— No. 16 enameled wire, close 
‘wound over full length of a 330-2, 2-W 
carbon resistor 


@) 


Fig. 2 — The amplifier output matching network provides some harmonic suppression 
(A). To further reduce harmonies, a simple low-pass filter should be used (8). With the 
fiter, au harmonics and spurious signals are more than 60 dB befow the carrier, thus. 
‘meeiing current FCC spurious emission requirements far commercial equipment. In 
these displays, the carrier ievel has been raduced by means of a notch filter to avoid 
analyzer overload. Vertical divisions are each 10 dB and the horizontal divisions are 
each 50 MHz. These measurements were made in the ARAL lab. 


between the base and collector circuit. The 
J.W. Miller 9250-682 should be as good. A 
toroidal inductor of 1 t0 10 WH would also 
be suitable, since itis across an impedance 
of 1 Q. Arco trimmers should be available 
from your local jobber. I used a surplus heat 
sink, measuring 3'/2 x 4'/ x 1's inches, 
which is quite adequate for ssb.* Anything 
much smaller will require a fea, Remem- 
ber, it must be flat om one side. A replace- 
‘ment heat sink for any of the 80- to 100-W 


2-meter ampli 


The Circuit Board 

All the components shown in Fig. 1 
‘mount on, or through, the circuit board 
(Fig. 4). Use double-sided glass epoxy 
board and cut away narrow channels to 
separate the various land (foil) areas. To 
form the channels, use a steel ruler and a 
sharp utility knife to cut through the foil. 
Next, pull a hot soldering iron along the 


Fig. 3 — A simple low-pass filter for use 

with the 6:meter amplifier. The design 

Information for this iter was taken from 

the 1982 ARAL Radio Amatour's 

Handbook. |t the filter is mounted outside 

the amplifier cabinet, it should be enclosed 

Jn.a metal box for shielding 

©6, C7 — 82-pF, 1000-V sliver-mica 
capacitor. 

L4, L6— 41. of no. 14 enameled wire. 

Yheinch ID, Minch iong with "inch leads 
(approximately 0.1 ur), 

L5—6t of no. 14 enameled wire, 
1D, "inch iong with Ye-inch feads 
(approximately 0.2 uH), 


inch 


strip of foil to be removed. You should see 
it curl up and away from the board. Start at 
one end, and pry up with the knife if it gets 
stuck. You will have to drill two holes, 
slightly more than "vs inch in diameter, 
through the board to provide clearance for 
QI and DI. Use a small round file to make 
the two clearance areas for the flanges of 
QI. Connect the ground foils on the top 
and bottom of the board together by plac 
ing short lengths of wire through holes 
drilled in the board. Place the wires close 
to the transistor emitter tabs and near each 
comer of the board. Use pieces of the same 
type of wire you used to make the induc- 
tors, and drill the holes just large enough to 
pass the wire. Solderthe wire on both sides, 


Assembly 
Make sure you have all the parts on hand 
before you solder anything to the board, 
‘This will ensure that everything fits prop- 
erly, To keep the inductors in place, f 
drilled holes through the beard and stuck 
the ends of the wee into the holes, You will 
have to remove the foil from around these 
holes on the bottom of the board to keep 
from shorting the inductors to ground. A 
large drill bit works fine for this, Center the 
board on the heat sink, and drill the mount= 
ing holes for Q1 and Dl. Although you may 
be able to use screws and nuts to attach QI 
and DI (depending on the heat sink design), 
a better method is to tap the holes for the 
desired screw thread. Mount the board to 
the heat sink near the corners, shimming it 
with washers to the same depth as the QL 
Mounting flange. Drop Ql in from the top 
Of the board, The tabs of Ql should rest just 
above the top of the board when the flange 
is in contact with the heat sink. Do not put 
any upward pressure on the transistor tabs. 
Never cut orfile an rf power transistor body 
— they contain berillium oxide. Its highly 
toxig in powdered form and could be in- 
haled of absorbed through the skin. 
Fasten QI to the heat sink before sol- 
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Fig 5—Schematic diagram of the bias-adjust circuit and other components not mounted 
On the circut board, Oecimal-value capacitors are disc ceramic, and polarized units are 
electrolytic type. Resistors are wire-wound type. 


D2—20-A, 50-V rectifier diode. 
RFC3—One turn of wire through a TV 


dering it in place. Use thermal grease when 
mounting QI and DI. Be sure to solder the 
full length of the tabs to the board, right up 
to the body of the transistor. This is espe: 
cially important for the emitter tabs, 
because nanohenrys of inductance here 
translate to decibels of gain loss. 

Break off the little tabs on the sides of 
the mica compression trimmers. Bend the 
‘ends of the mounting terminals with pliers 
to aid in soldering the trimmers to the 
board. In doing this, be sure the adjusting 
serew will not touch the board when itis all, 
the way down. C2, C3 and C4 should be 
‘oriented so that the screw is connected to 
the ground end of the capacitor. For CI and 
CS let the screw end be the 50-0 side, 


Putting It All Together 

Tinstalled the circuit board and heat sink 
on the back wall of a 3! x 6 x 10-inch 
Minibox. This is much larger than neces- 
sary, but does provide room for relays and 
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balun core (part of Radio Shack 273-1871, 
assortment or equiv.) 


4 receiving preamp for an eventual remote 
installation, | usually discard the top (plain 
U-shaped) half of these boxes and bend up 
a new piece that fits over the other half, 
instead of sliding into it 

Fig, 5 shows the biasing circuit and other 
chassis mounted parts. Control schemes for 
use with a transceiver are described by 
Kapplin’ and Ridpath® (also see the ARRL 
Radio Amateur's Handbook). D2 does not 
have to be heat sinked. Itonly has to last long 
tenough to blow the fuse in case the wrong 
supply polavty is inadvertently applied. On 
the other hand, the 50-Q bias adjust control 
(Ri) getsquite warm, and should be mounted 
to the enclosure. In wiring the bias circuit, 
attach one wire from RI to DI and another 
wire from DI to the bias point on the circuit 
board; all other connections are made to the 
circuit board. If RI were connected to the 
circuit board, with a strap going to DI, you 
‘would almost certainly damage the transis- 
tor if the strap to DI broke. 


Fig 4—Full-scale circuit-board pattern and parts-placement guide for the 6-meter amplifier. Black represents those areas where copper 
has been removed by cutting or etching. The 10-ohm base resistor is connected between the base and ground foils, and is positioned 


Alignment 

It is necessary to set the bias before 
aligning the rf circuits. For an initial check, 
iscoanect the wire between DI and the cir. 
cuit board (RI is connected to D1). Apply 
power and measure the voltage acsoss DI 
It should be possible to lower it to 0.65 V, 
or less, by varying RI. Set RI for the low- 
est voltage and connect the wire from DI to 
the circuit board. Now reduce the resistance 
of RI until the collector current is 100 mA. 
Be sure you are measuring collector cur. 
rent and not total supply current (you have 
about 300 mA flowing into D1). 

For aligning the simmers you will need, 
at least, an SWR indicator and a 50-0 
dummy load. You will, of course, not know 
how much power you are getting unless 
you also have a watimeter. Connect the 
amplifier output to a dummy load and 
apply about | W of drive to the input 
through the SWR indicator. Adjust Cl and 
C2 for an SWR of 1:1. With CS snug, but 
riot tight, adjust C3 and C4 for minimum 
collector current. With the SWR indicator 
or wattmeter connected between the 
output and the dummy load, adjust all the 
trimmers for maximum output. If more 
than one setting gives the same power, pick 
the one that corresponds to the lowest col- 
lector current. Slowly bring up the drive 
and keep readjusting all the trimmers. With 
8 W of drive you should get an output of 
400 W. The collector current will be ap- 
proximately 15 A. Readjust the input for a 
1:1 SWR at full power. This may, or may 
not coincide with maximum gain and you 
may have to compromise. 

During testing you might consider 
using a harmonica to generate a multitone 
signal to reduce the average power dissi 
pation (keep the speech processor off). If 
‘at any time the heat sink gets so hot you 
cannot hold your hand on it for five sec- 
nds, let it coo} off. As a rough indication 
of power output, I found that at 100 W, a 


Interior view of the 6-meter amplifier showing the parts arrangement used by the author. 
The input matching network is at the right of the photo. 


Drake DL 300 dummy losd become too hot 
to hold after two minutes of key-down 
operation. To prevent rfburns, do not touch 
the dummy load while rf power is applied 
To maintain linearity, adjust the output 
circuits for 100 W, even if you are going to 
operate at 75 or 80 W. evaluated the am- 
plifier linearity by making two-tone IMD 
measurements with a spectrum analyzer. 
‘Ata PEP output of 100 W, the third-order 
products were 25 dB below the PEP. At 
80-W PEP they were down 30 dB. In over 
100 contacts, [ have not received any ad- 
verse comments on the signal quality 


Notes 
Motorola ine., Motorola Rf Data Manual, 2nd e4 
(Phoenix, AZ: Motorola Inc., 1980), p. 6-15. 
2wesicom, 1320 Grand Ave., San Marcos, CA 
92069. 

Semiconductor Surplus, 2822 N. dend St., No 
1, Phoenix, AZ 85008, 
yn = inches x 25.4, 

58, kappiin, 


‘257 March 1961, pp. 19-21 
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By Wilson Hoag, WA5O 


Build A 6-Meter 
“Mini-Lini” 


Tired of being a QRP station? Boost your low-level 
signal with a pair of sweep tubes. 


Ji 2% power enough for equality on 6 
meters? Perhaps, but it has long been my 
contention that some stations are more 
cequal than others! One of the great features 
of 6 meters is the ability to make contacts 
‘with just a few watts when the band is open. 
As solar activity begins to decline, band 
‘openings will be shorter and less frequent, 
This amplifier will add punch to your QRP 
signal 

The current offerings of solid-state 
6-meter transceivers and transverters pro- 
vide operating ease and good signal quality, 
but at the expense of rf power output. This, 
coupled with the paucity of linear amplifi- 
ers, resulting from the infamous amplifier 
ban, has caused an overall reduction in the 
average power output on 6 meters, 

‘When I acquired my first solid-state rig 
(am IC-551) some time back, my tendency 
‘was to use its scan feature to locate a signal 
and then work the station with a 240-watt 
tube-type rig. A minorpanic occurred when 
the tube rig “rolled over and died” midway 
through the *79-’80 F2 season, The Mini- 
Lini resulted from that panic. 


Design Approach 

‘The amplifier was designed to be com 
patible with common power supplies, use a 
readily available tube, provide push-to- 
talk operation with the IC-551 and have 
Approximately the same rf output as most 
lube-type transceivers. Fortunately, a de- 
sign incorporating most of these features 
had been developed by Ed White, 
WASRIA.! ‘The major changes I made were 
in the methods of switching and bias 
adjustment. The tube used is the 6JB6, 
which is inexpensive, available and “happy” 
at 50 MHz The biasing arrangement, an idea 
borrowed from Doug DeMaw,2? allows the 
tubes to be matched for safe parallel opera- 
tion, This amplifier provides about 50 watts 
of output when driven by a 10-watt exciter 
More than one year of almost daily use has 
been trouble free and productive (42 states, 
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From QST, April 1982 


including KH6 and KLT, plus JA and sev. 
eral Europeans) 


Circuit Details 

‘The circuit is conventional and typical 
of many low-band amplifiers. The original 
design used acapacitive input, but [thought 
that the parallel-tuned input method shown 
in Fig. I would provide more output when 
used with other QRP drivers, This was 
proven in practice: The amplifier delivers 
about 20 watts of output when driven by an 
IC-502. The potential problem of operat- 
ing unmatched tubes in parallel has been 
avoided by biasing each tube individually, 
Component values shown will allow cov- 
erage of the entire 6-meter band, 

The output network will not reject har- 
‘monic energy, and the second harmonic, as 
measured in the ARRL lab, was less than 
40 dB below the fundamental (Fig. 2). This 
‘works out to a healthy 5 mW at 100 MHZ. 


Most fm receivers in the neighborhood will, 
detect this easily. FCC requirements for a 
commercial amplifier at this frequency are 
to have all spurious radiation at least 60.dB 
below the fundamental 

To meet this requirement (and to pre 
vent a lot of RFT complaints) a 7-pole 
Chebyshev low-pass filter was built from 
data given in the 1982 Radio Amateur’s 
Handbook, pages 6-1 and -12. Details of 
afilter with 0.01-dB of ripple and a 60-MHz 
cutoff frequency are given in Fig. 3. The 
coils can be wound on toroids, or be air- 
core types. Amidon T44-10 (or larger) 
cores should be adequate. The number of 
turns required will depend on core size or 
coil diameter, and can be calculated from 
data given on pages 2-12 and 2-30 of the 
Handbook. This filter reduced the second 
harmonic output to more than 65 dB below 
the fundamental (completely gone for all 
practical purposes). See Fig. 4. 
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separate 6.3.V supply, 

C1 — 50-pF miniature air variable, 
Cardwell 148-4 or equi 

02, C3 — 220-uF electrolytic, 50 V. 

(C4 — 25-pf air-variable, wide-snaced 

Hammarlund HF3OX or equiv. 

(C5 — 100.pF air variable, Johnson 149-5, 
‘or equiv. 

DI — 1NS14. 

D2,D3—1A, 50v. 

at, 13 — 80-239, 

2 — Phono Jack. 


Fig 2—Spectral display of the amplifier 
output. Vertical divisions are each 10 4B, 
‘and horizontal divisions are each 10 MHz. 


1 — Spat 12.V de col, ype prefered 

or KRPTaDG. : 

LT Bums no. 14 enameled wire, Y= 
Ingh ID tne long, tapped at 
approximately Ys urns. 

eee me no. 12 enameled Wire, 1 
ineh 1 x22 inches long. 

132 tum no. 12 enameled wie, Ye 
neh 1D inch long 

mA=- 0-390 mA do meer. 

MOT — Trev Yan motor, 


Construction 

It should be possible to duplicate this 
amplifier for $40 or less, depending on the 
status of your junkbox. Oddly enough, the 
tube sockets proved to be the most difficult 
component to locate, since they are not 
a common catalog item. The 6JB6 uses a 
9-pin NOVAR socket, and the best source 
turned out to be a shop that specialized in 
TV replacement parts. Tuning capacitor C4 
is 2 junkbox item of questionable parent- 
age. Any spacing greater than about 0.060 
inch (mm = inches x 25.4) should be okay. 
RADIOKIT of Greenville, New Hamp- 
shire would be a good source for all of the 
variable capacitors, 

My amplifier is constructed on an $ 


Fig. 1 — Schematic diagram of the 6-meter linear amplifier. The tube filaments can be wired In seties, eliminating the need for a 


P11 — Chassis-mount octal plug 

@1 — NPN power transistor, TIPS or 
‘equivalent, (RS no, 276-2017), 

Ri, R2 ~ 10-k0, 2-W potentiometer. 

RFC1 — 300-1 choke with fertite bead 
‘on the ground lead, 

RFC2 — 83 tums no, 28 enameled wire on 
‘a inch diameter ceramic form, The 
coll is 2 inches long. 

21, 22 — 1 turn no. 16 enameied wire on 
AT-Q, 2. resistor 


10 x 2'/ inch chassis (BUD AC-1418) for 
a base, with 8 x 8-inch end panels. The 
panels were flanged with '/2x '/-inch alu- 
minum channel for attachment of 4 cane. 
metal cover for safety and TVI protection. 
Component placement is not critical, but 
all component leads should be as short as, 
possible. The resulting layout was deter- 
mined largely by some mid-project design 
changes aimed at making the unit compat- 
ible with a newly acquired IC-502. Visible 
oon the lower-right front panel are potenti- 
fometers that were reserved for control of 2 
planned rf-operated T-R relay. 

The tube sockets are modified slightly to 
‘ground the necessary tube elements. Copper 
‘washers, cut from flashing copper, fit inside 
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the inductors. 


Fig $—Schematic diagram of a 7-pole Chebyshev low-pass filter. 
Capacitors are siiver-mica units, combined in parallel or series to 
obtain the design values. The text has information about winding 


Fig 4—Spoctral 
display of the 
amplifier output with 
fa 7-pole Chebyshev 
filter. Vertical 
divisions are each 
10 d8, and 
horizontal divisions 
are each 10 MHz, 


Fig 5—Bottom view of the amplifier chassis. Note the washers 
fon the tube sockets, used to provide a ground connection for 


the appropriate pins, 


the pins on the underside of the sockets. Pins 
1,4,7, 8 and 9 are bent over and soldered 10 
the washer, The washers are grounded to the 
chassis with short pieces of no. 14 wire on 
‘opposite sides of the socket. Pins 2 and 6 of 
both tubes are bypassed to ground by con- 
necting 0.005-HF dise-ceramic capacitors 
from these pins to the copper washers (Fig. 
5). The control grids are raised above de 
‘ground while providing a path for rf return. 
also permits us to apply a de bias to the 
control grid. This will establish the class 
of operation and cut the tubes off during re- 
ceive, if desired. 

Coils L1, L2 and L3 are wound with 
solid TW-insulated house wire from the 
local hardware store. I stripped the insula- 
tion from the wire before winding LI and 
2, but left it on L3 to prevent accidental 
contact with L2. The inside diameters 
shown are more the result of available 
cylindrical shapes than any electrical cal- 
culation. Coil spacing was adjusted, with 
the tubes in place, using a dip meter to 
ensure resonance at the proper frequency. 

Heat-dissipating plate caps and a small 
fan provide cooling for the tubes. See Fig. 
6. No thermal distress has been evident 
under any operating condition. The fan can 
be wired through SI or S2, depending on 
‘whether cooling is desired during standby 
‘operation. Power connections to the fan 
should be isolated from the chassis. 

‘A possible modification, shown on the 
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Fig 6—Top view of the Mini-Lini chassis. Large heat-dissipating 


plate caps and a fan help maint 


schematic diagram, involves the use of a 
3pdt relay for K1. The ground legs of RI 
and R2 can be wired throvgh one of the 
normally open contacts. This lifts the po- 
tentiometers above ground in the receive 
mode, applying full bias voltage and cut- 
ting off the tubes. 

‘The bias voltage source and relay driver, 
are “hard wired” on a small piece of perf 
board, The signal for T-R switching is 
applied to J2. This + 8-V signal is obtained 
from pin 6 of the IC-551 accessory socket. 
For use with other rigs, a9-V battery, wired 
through a foot switch, works well. Current 
drain on this battery is low. An rf-operated 
T-R relay could be used in place of the 
directly keyed one described in this article. 
S2 disables the relay driver by removing 
the 12.6-V ac source in the standby posi- 
tion to permit straight-through operation. 


‘Tune-Up and Operation 

Initial tune-up is simple and ordinary. 
Connect a dummy load and the power 
supply to the appropriate jacks. Any high- 
voltage power supply that has an output of 
750- to 1200-V de should be satisfactory. 
Turn on SI and allow the heaters to warm 
up for a minute or more. Switeh $2 to turn 
onthe other voltages. Actuate K1 to ground 
the bias resistors, RI and R2. Adjust RI 
and R2 to obtain IS mA of idling current 
for each tube (30 mA total). 


‘cool operation of the tubes. 


Connect the exciter to the amplifier 
through an SWR indicator. Actuate KI and 
apply a small amount of drive, Adjust the 
position of the tap on Ll for minimum 
SWR. Be sure to remove all voltages each 
time you move the tap position! 

‘Next, apply drive to the amplifier and 
adjust Cl, C4 and C5 for maximum power 
‘output. For those lacking a wattmeter, an 
SWR indicator set in the FORWARD posi 
tion can be used in the line between the 
amplifer and the dummy load, 


Conclusion 
‘The Mini-Lini should be ideal for those 
looking for more output from their solid-state 
rigs. Typical operating parameters are 50 
‘watts out for 10 watts of drive, with 1050-V 
<dconthe plates. Reportsof signal quality have 
been complimentary. Enhance your “equal- 
ity” and come join the fun on 6! I would be 
happy to answer any questions about the 
amplifier — enclose an 8.a.c., please. 


Not 

"The design was taken from personal corre- 
‘spondence with Ed White, WASAIA 

2D, DeMaw, “Some Ground Rul 
‘Tube Linear-Amplitier Design, 
1968, p. 30, 

8p, DeMaw, "Some Thoughts About TV Sweep 
"jubes," OST, Feb. 1980, p. 11 

“D. DeMaw and J. Rusgrove, "An AF-Sensed 
‘Antenna Change-over Relay,” QS7, Aug. 
4976, p. 24 
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Fig. 1 — Schematic diagram of the amplifier. 

7 — 50-19 (1.4:m)/min blower, Ripley Sk2754-24 or equiv. 

Ci, C2 — Air-variable capacitor, 15 pF, E.F. Johnson 189-0565: 
(00%, 160-0107-001 or equiv. 

C3-C5, incl. — Feedthrough capacitor, 500 pF, 300 V. 

€6-C8, incl. — Homemade “flapper” capacitor. Details of 
Consiruction in text and Fig. 3. 

69, C10 — Electrolytic capacitor, 500 uF, 25 V. 

D1'— 50-watt, 8.2-volt Zener diode, IR 2:9307-C or equiv. 

2.D5, incl. — 1-A, 1000-PIV diode, 1N4007 or equiv. 

D6 — 50-watt, 21-volt Zener diode (optional — see tex!) 

Fi, F2 — 3AG fuses. 

4J1'— Chassis mount BNC female connector, UG-1094/U. 

‘J2 — Chassis mount N female connector, UG-58A/U 

8 — High-voitage connector, Millen 37001 

V4, 48 — Power connectors, as available, 

46, u? — RCA phono jacks. 

Kt Time-dolay relay, 80 second, normally open contact, 
‘Amperite 115NO30T. 

K2 — Control relay, 28-volt coil, 1-A 4pdt contacts. 

K3, K4 — Coaxial relays equipped with suitable connectors. Ka 
‘should have N connectors, K3 may be BNC or N. 
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Li — 2% tums no, 16 enam. wite, inch (19 mm) long, */xinch 
(6 mm) ciametor 

L2—"Tetume no. 18 enam. wire, “inch (16 mm) long, Ys inch 
(6 mm) diameter 

Mi—"T-mA meter movement with shunt to provide 600-mA ful 
3cale. deflection, 

M2-— 1-mA meter movement with shunts to provide 90-ma (ard 
urent) and S-€V (plate voltage) full-scale detection. 

Ra Grid-current shunt, 

RFO1 — 10 turns no. 18 enam. wire, close wound, Ys inch 
(6 mm) siameter. 

AFO2, HFCS— 10 tums no, 16 enam. wire, close wound, Ys nch 
(enim) diameter. 

AFGE™ 5 turns no. 16 wir, one inch (25 mm) long, Ys inch 
(6 mm) diameter. 

$1 "Toggle switch, spst 

82 — Togo switch, spst 

83 — Rotary switch, single pole, three position. 

54 — Toggle switch, spst (optional, see tex!) 

1 — Filament ansformer, 6.3-vol, -A, Stancor P-6466 or 
equiv 

12" Transtormer, 12.6 volts, 1A 


By Stephen J. Powlishi 


From QST, October 1979 


Grounded-Grid Kilowatt 
Amplifier for 432 MHz 


Stable, linear operation for tropo or moonbounce DX... 
that’s the end result of this project. 


Tp the last few years I've built several 
Thigh-power 432-MHz amplifiers that 
sed tubes from the 4CX250 family. While 
worked well in Chass C, their perfar- 
+e when biased for linear operation left 
pmething to be desired. My previous ex- 
nce with grounded-grid triode ampli 
on2 meters was $0 good that I decided 
try the same approach on 70 cm, An 
imac 8874 high-mu triode was selected 
er this design and a crude prototype was 
it ina few evenings. After the design 
as verified, the amplifier described in this 
le was built. It is stable, compact and 
livers over 500 watts output While re- 


quiring only a high-voltage supply and a 
source of about 2 watts of drive, The 
amplifier has been trouble free in over three 
years of heavy usage. 


Circuit Description 

‘A schematic diagram of the 432-MHz 
Kilowatt is given in Fig. 1. WI is a half- 
wavelength stripline which is tuned and 
loaded by C6 and C7 respectively. Plate 
choke RFCS is connected at the approxi- 
imate electrical center of the plate line. C8 
functions as the plate-bypass capacitor. 
The half-wavelength cathode line is com- 
prised of W2, L2 and C2. Ll and Cl serve 


to match the tube input impedance to the 
amplifier S0-ohm input. As the grid is 
‘grounded for de as well as rf, DI is used to 
develop operating bias at the cathode, R3 
is switched in to supply near-cutoff bias 
during standby periods. MI is used solely 
to monitor plate current in the high-volt- 
age supply negative-return Lead. M2 is 
switched to read grid current, high voltage 
and relative output. The latter Fonction is 
by means of an external Jine sampler.! 
With the exception of the multimeter func- 
tions the metering and bias circuits are 
similar to those in a 220-MHz amplifier? 

‘Separate coaxial relays attached to the 


igh-power uhf amplifier. The toggle switches contro! filament power and standby/operate functions respectively. Multimeter 
jon i selected with the switch located between the meters, while the plate tuning and loading controls are at the right. Modem 
‘and homemade meter faces give the amplifier a commercial appearance. 


VHFAIHE amol 


input and output terminals allow the amps 
fier to be switched in and out of the line in 
amanner popular with hf amplifiers. Time 
delay relay K1 prevents the amplifier from 
being switched into service for 90 seconds 
after the tube heater is energized, allowing 
the element to reach operating temperature. 
‘A normally closed contact of K2 applies 
full voltage to the heater during standby 
periods. The voltage is reduced during 
operation as recommended by the manu- 
facturer, 


Construction 

Plate and cathode-compurtment con- 
struction is from 0,032-inch (0.8-mm) thick 
aluminum sheet attached to \Vs-inch (13- 
mm) aluminum angle stock, Some angle 
stock may be anodized, giving the surface 
4 dull appearance. This material must be 
lightly sanded to remove the anodized 
metal, which isa poor conductor. Holes are 
drilled in the angle stock to allow attach- 
ment of the covers; these are tapped for 
no, 4-40 serews. Details of the 10.5 x 4 x 
3-inch (267 x 102 x 76-mm) plate compart- 
ment may be seen in the top view photo. 
Construction of the cathode compartment 
is similar, and may be seen in the photo of 
the underside, It measures 4.x 4x PA 
inches (102 x 102 x 44 mm). The alumi- 
rum brackets holding the rf enclosures to 
‘he front panel also serve as end covers for 
‘he compartments. Compartment spacing 
from the panel is four inches (102 mm). A 
$'/.% 19-inch (133 483-mam) rack panel is 
used. 

‘The plate line was fabricated from a 
piece of #/ie-inch (1.6-mm) thick brass. Fig. 
2 gives detailed information for making the 
Tine. In addition to brass. lines were made 
from copper, both unplated and silver 
plated, with ho discernible difference in 
efficiency. Double-sided G-10 printed cir- 
‘uit board would probably work as well. 
Best thermal stability was obtained with 
the unplated solid-copper line. The line 
is supported by 15-inch (38-mm) long ce 
ramic insulators, although standoffs made 
of Teflon will also serve. C6 and Cl are 
made from beryllium-copper sheet. Details 
of theic construction appear in Fig. 3. These 
“flappers” ace moved with fishing line 
which is tied to “Jsinch (6.4-mm) fiber 
shafis. ‘These shafis may be seen in the 
underside view. 

“The anode collet (Eimac no. 008294) is 
secured 10 the bottom of W1 with standard 
60/40 solder. Use no. 4-40 screws and nuts 
to hold the collet in place during the solder- 
ing operation. The grid collet (Eimac no. 
882931) is attached to the chassis with 
tight no. 4-40 machine serews and nuts. A 
poor ground connection for the grid will 
greatly increase the amplifier drive require- 
rents or make the unit totally inoperative. 

8, the plate-bypass capacitor, is made 
from two brass plates, one mounted on 
either side of the plate compartment, A 
{.005-inch (0.13-mm) thick piece of Teflon 
sheet is used for the dielectric material 
While this Teflon thickness may seem 


Top view of the ampitier, with the plate compartment cover removed, The tube, plate 
line (W2) and RFC4 may be seen at the top of the photo. Note the large number of 
holes drilled in the plate compartment to receive the cover hold-down screws. A tight 
Seal is required to prevent rf and air leaks. 


‘This bottom view shows the cathode compartment and the shatts for CB and C7. A cover 
Is placed over the cathode compartment during tuneup and operation. 


inadequate, itis rated at 1000 volts per mil 
(0,03 mm) thickness. Itis necessary to coat 
the dielectric with Dow Corning type 
DC-4 silicone grease to fill in any imper- 
fections in the surface that might allow a 
Teakage path and subsequent capacitor 
breakdown. This silicone grease has di- 
electric properties similar to Teflon* A no. 
8 (4-mm) brass screw is used to hold the 
plates in place, and also acts as the bigh- 
voltage feedthrough terminal. A 3/8-inch 
(10-mm) diameter washer was sliced from 
a Teflon rod and used to center the screw in 
the hole. Fig. 4 gives details of the remain- 


“alternatively, an Erie 2498-001-XSU0-102M 
1000-pF 4-KV feedthrough capacitor may be 
used. This component. is available (rom 
‘ARGOS, P.O. Box 546, East Greenbush, NY 
‘2061 


Fig 2—Dimensions of the plate line are 
given here. The line may be constructed 
from "hesinch (1.6-mm) thick copper or 
brass. Comers of the line should be filed 
to give a *he-inch (5-mm) radius. 
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From QST, March 1985 


A Quarter-Kilowatt 23-cm 
Amplifier 


Imagine, a linear amplifier with great efficiency and 
long-term stability that is super quiet and small in 
size. Sounds like HF? Not exactly... 


Tomer is nothing moe frustrating 
than having to dig vhsough construc 
tion article to find out exactly what pertor- 
mance you can expect from the finished 
product. $o here itis: 

1) Grounded-grid 7289/2C39 cavity 
amplifier, single tube. 

2) Linear operation (what you put in, 
you get out, only more of i) 

3) Covers 1240 10 (300 MHz 

4) Power. gain ranges froth 12-20 dB 
depending on output power, input power, 
Joading, anode voltage and grid bias volt. 
age, 

5) 50-ohm input and output — no stub 
tuner required. 

6) Power output greater than 200W 
‘with about 12-W drive, 

‘This is Part 1 of a two-part acticte 
In this installment, I describe the design 
and construction of the RF deck. Part 2 
describes power-supply construction, test~ 
ing and operation, 

This amplifier is a tried and proven 
éesign, Much development work has gone 
into this project. The amplifier works well, 

reliable and can be duplicated, More than 
50 of these amplifiers have been built to 
date. I have successfully worked many 
1296-MH2. EME (earth-moon-earth) sta- 
tions with one of these amplifiers and a 
384-clement loop-Yagi array during the 
‘past year. Amplifiers of this design were 
‘used on both ends ofthe first California-to- 
Hawaii QSO on 1296 MHz. Anather unit 
bas logged more than 20,000 hours of con- 
tinuous operation at he KHOHME beacon. 


General Design Approach 
Acavity amplifier is similarto a conven 
sional amplifier designed for lower frequen: 
es. The tube anode excites a resonant 
sSreuit, and power is in turn eeupled into a 
Joad, usually 30 ohms. Instead of using coils 
and capacitors, as at lower frequencies, the 


cavity provides the resonant circuit neces 
sary to tune the amplifier output 

‘The anode cavity of this amplifier is a 
squat cylinder. Cylinder height is set by 
mechanica tube requirements, The inside 
diameter of the cylinder sets the highest 
resonant frequency. Any capacitance added 
from the top to the bottom of the cavity will 
lower its resonant frequency, a5 will 
increasing the cavity diameter. 

This amplifier uses “M-inch-thick cop- 
pet plates for the cavity top and bottom, 
and a thick-wall aluminum ring, cut from 
tubing, for the walls." This heavy construc- 
tion virtually eliminates all resonant-tre- 
quency variations caused by thermal and 
mechanical changes. 

Fig. 1 is a schematic diagram of the 
cavity amplifier. The circuit is simple. 
Filament yoltage and cathode bias enter the 
RF deck through feed-through capacitors 


(C4, C5) and RFC\ and 2, High voltage is 
fed to the anode through RFC3, C8, the 
anode bypass capacitor, is homemade from 
Teflon® dielectric sandwiched between a 
copper plate and the chassis 

‘The input pi network easily tunes the 
entire band at any power level. it is made 
from vwo Johanson piston trimmer capaci- 
tors and a “coil” made from copper wire. 
An input cavity is not necessary at 23 cm, 

Output coupling is through a rotatable 
loop that serves as a variable loading 
control. This allows amplifier-runing flex- 
ibility; it may be tuned for maximum gain 
or for maximum power. Light loading can 
produce stable power gains of up to 20 4B, 

Amplifier tuning is accomplished with 
a homemade cylindrical coaxial capacitor 
with Teflon dielectric (C6), There are no 
moving metal parts to cause erratic perfor- 
mance. The Teflon rod/tube screws in and 
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Fig, 1 — Schematic diagram of the 23-cm 

amplifier. 

C1 ~ 3.pF dipped mica capacitor. 

C2, G3 1- to 10-pF piston trimmer 
‘capacitor (Johanson no. 3957, 5201 or 
equiv.) 

C6 — Anode-tuning capacitor. See text 
and Fig. 11 

C7 — Anode-bypass capacitor. 80 pF. 
Homemade from copper plate and Teflon 
sheet. See text and Figs. 5, 12 and 15. 

C8 — Dise ceramic, 0.0047-uF, 3-xV 
‘capacitor. 

Jt — 5mm SMA connector, chassis 
mount, female, 

J2 — Modified Type-N connector. See text 
and Fig. 7. 

4J3 — Femaie chassis-mount BNC 
‘connector. 

Li= Loop of no, 18 bus wire soldered 
between C2 and C3, See Fig. 15. 

L2— Output-coupiing loop. Part of output- 
‘connector assembly. See text and Fig. 7. 

RFC1, RFC2 — 5 tums no, 20 bus wire, 
pinch ID. 

AFC9— 3 tums no. 20 bus wire wound on 
‘a 20-ohm, 1-W carbon-composition 
resistor. 


out of the coaxial capacitor, increasing or 
decreasing the capacitance by changing the 
amount of Teflon dielectric inside the cyl- 
inder. With the rod all the way in, the 
electric is all Teflon; with the rod all the 
way out, the dielectric is all air 

Teflon has a relative dielectric constant 
(relative to air = 1) of 2.05, which means 
that the value of the capacitor with the 
rod all the way in is twice the value of the 
capacitor with the rod all the way out, Full 
capacitance will pull the resonant fre- 
quency of the amplifier down to 1240 MHz, 
Use of only one tuning adjustment means. 
the amplifier will have more gain because 
‘cavity shunt capacitance has been mi 
mized. 
‘Thermal Considerations 

“The cavity walls are formed by a thick- 


‘wall aluminum ring, which is sandwiched 
between two thick copper plates. RF and 
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Fig 2—Complete dimensions for the alumin 


thermal properties of these wo metals are 
reasonably close, whereas brass is rather 
poor in both respects. The 7289/2C39 
tube used in this amplifier is being run at 2- 
22 times its normal dissipation rating; 
therefore it’s important to have acavity that, 
remains thermally stable. 

Most previously described amplifiers 
have used sheet brass in their construction. 
‘This has usually meant constant retuning 
of resonance to maintain output power at or 
near maximum. 

‘The copper and aluminum construction 
in this amplifier has solved all thermal sta 
bility problems. The amplifier can easily 
bbe run key down for over an hour at 200-W 
‘output without retuning. This, of course, is 
‘obtained only with a good tube and water 
cooling. A practical water cooling system 
will be described in Part 2 of this article. 

Water cooling keeps the internal struc~ 
wre of the tube thermally stable. When air 
cooling is used for output levels of 100 to 
150 W, output power fluctuations are a 
direct result of internal tube changes. These 
changes vary from (ube to tube and must 
be tested for. In some cases, otherwise 
perfectly good RF tubes have had poor ther- 
mal stability. Such tubes can make good 
drivers at lower power levels. 


“Using Simple Hand Tools Will . 

Hand tools are great if you are skilled 
and patient. Mest people want to hurry up 
and finish their new project. If that’s you, 
then have a machine shop make all of the 
parts, leaving you only the final assembly. 
It should cost about $200. The parts are not 


jum template, 


difficult to fabricate, but the process is time 
consuming. If you have the time and 
patience to do it yourself, this amplifier can 
be very inexpensive, 


Gathering the Materials 

All of the materials used in this ampli- 
fier are fairly common and should be avail- 
able from suppliers in most metropolitan 
‘areas. Some suppliers have “short sale” 
racks, where they sell odd pieces cut off 
standard lengths or sheets at reduced 
prices. The parts for this project are small 
enough to be fashioned from cutoff stock. 
Surplus-metal houses have some great 
buys, so start there if one is nearby. 

“The key to successfully completing this 
project is careful layout work before cut- 
ting or dilfing any parts. Invest in a can of 
marking dye, a sharp scribe, an accurate 
rule, vernier calipers and several center 
punches. These tools are available at any 
machinists" supply shop. The marking dye 
will make cutting and filing lines much 
easier to see. Measure all dimensions as 
carefully as you can and then recheck them 
before cutting. Mark with a sharp scribe 
because the sharper the scribe, the finer the 
‘marked line, and the finer the marked Tine, 
thecloser your cut will be to where it should 
be. Remember—the accuracy of your 
drilted holes is only as good as your center- 
punching ability, so use a fine punch 
for the first mark and then a bigger one to 
enlarge the mark enough for drilling, 

Access to a drill press is a must. It's 
extremely difficult to drill holes accurately 
with a hand drill. Although they are 
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not absolutely necessary, you should have 
access to a lathe or milling machine. 

Other tools that will aid you with this 
project are a nibbling tool, aset of punches, 
‘anew set of files and some sharp drill bits 
If you don’t already have one, purchase a 
file card to clean metal shavings out of your 
files as you work. Clean, sharp files are 
faster and more accurate to work with. 
You'll also need an assortment of sandpa- 
per for the final finish work, 


‘The Template Approach 

highly recommend fabrication of a 
single template for marking and drilling the 
anode plate, anode bypass capacitor, cav- 
ty ring, grid plate and front panel. The 
template shown in Fig. 2has all of the holes 
for these parts. If you use the template, 
you'll only have to make the careful mea 
surements once — after that, it's simple to 
‘mark and drill the rest of the parts. 

The template approach offers several 
other advantages. A template makes it 
much easier to maintain accuracy between 
the anode plate, cavity ring, grid plate and 
front panel; these parts will fit perfectly 
because they were al drilled from the same 
master. The template approach also makes 
ipossible to set up a small production line 
if you decide to build more than one of 
these amplifiers and combine them for 
higher power, or if a friend wants to build 
fn amplifier along with you. 

See Fig. 2 for complete template dimen- 
sions. Start with a piece of '/isinch-thick 
sluminum stock that is larger than you need 
fand degrease it with soap and water. Dry it 
off and spray it with marking dye. Scribe a 
4-inch square en the stock and cut the tem- 
plate to size. A shear will make this job 
uch easier, but it can be cut with hand 
tools and filed to size. 

Carefully measure and scribe all holes. 
Note that holes A ard B are on the circum 
ference of circles, Use a compass to scribe 
the circles, and then locate the holes. After 
you have marked and checked all holes, 
enterpunch and drill them. The holes 
should be drilled with a 'vs-inch or smaller 
bit, Recheck all measurements. Ifyou goof, 
start again. The time you spend making the 
Aemplate as perfect as you can will save 
you much time and aggravation when you 
make and assemble the other parts. 

‘When you finish the template, mark the 
front side for future reference. ‘All plates 
made from the template are marked and 
Arlled from the front side (as viewed from 
the front panel). 


Making the Copper Plates 

Once you have completed the template, 
hn will be easy to make the copper plates 
The anode plate, grid plate and anode- 
bypasscapacitor plate are all made from 
Ye-inch-thick copper. See Figs. 3, 4 and 5 
for the dimensions of these pieces. 

Measure and cut the three plates to the 
‘proper dimensions. Carefully break (deburt) 
All sharp edges to avoid small cuts to your 
fingers and hands. 


Fig Drilling details for the anode plate. 
See Fig 2 for additional information on 
hole location. 


Fig 4—Drilling details for the grid plate. 
See Fig 2 for additional information on 
hole location. 
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Fig 5—Drilling details for the anode 
bypass capacitor plate. See Fig 2 for 
additional information on hole location. 


Clean the plates with alcohol and spray 
them with marking dye. Clamp the alumi- 
num template to each plate, and carefully 
scribe the correct holes. Remember that all 
plates do not have the same holes. The an- 
cde plate uses holes A, B, C, F and H; the 
arid plate uses holes A, C, D, Gand H. The 
anode-bypass-capacitor plate uses holes B, 


E and H. 

Use a small center punch to punch all 
holes lightly. If they then look accurate, 
enlarge them enough for drilling. 

Copper isn’t the easiest metal to work 
with, Its very stringy, and drilling it can be 
frustrating. You'll need the proper drill bits 
for best results. Special drills can be pur- 
chased, or you can use a grinder to care~ 
fully remove the sharp points on the outer 
edge of the cutting surface of each side of 
a standard drill bit. This will eliminate any 
tendeney for the copper to grab. Practice 
on an old bit and be sure to grind it sym- 
metrically. Modified drill bits can still be 
used on aluminum and other metals 

‘Always start with a smaller drill end 
‘work up to the final hole size. It's safer and 
more accurate. The larger holes can be cut, 
with a flycutter, or you can drill a series of 
smaller holes around the inside of a larger 
hole and file to finish. Either way is fme. 
Use lots of cutting fluid to lubricate the 
drill bit, and wear safety glasses and an old 
shirt, Remember, some cutting fluids are 
rot to be used on aluminum, 

Start with a n0.50 (0.070-inch) or 
smaller bit and drill pilot holes at each of 
your punched marks. The details for fin- 
ishing each hole are listed in the drawings. 
‘Some holes are countersunk or tapped, Pay 
attention to the details, and take your time. 

When you are through drilling, you 
must deburr each hole. Copper is soft, so it 
tends torise up around the hole during drill- 
ing and deburring. Use a flat file for the 
initial cut, and then remove any remaining, 
‘material with a countersink, File the cop- 
per plates flat again; aflush fit on both sides 
of the aluminum ring is important. 

When all copper work is done, you 
should be able to stack the plates and see 
all pertinent holes align correctly. Enough 
tolerance is included in the dimensions to 
accommodate minor errors. After the holes 
are drilled, it can be difficult to tell which 
side of each plate is which, so mark the 
front side of each plate with a permanent 
marker. 


Machining the Ring 
The aluminum ring that forms the 
cavity wall is cut (sliced) from a length of 
3ifeinch OD tubing with a %s-inch wall 
ihickness. See Fig. 6. The tubing ID is 
about 2"/ inches. ‘The dimensions of the 
ring are the most critical in this amplifier. 
Tolerance of the ring thickness is = 0.005 
inch to maintain full band coverage 
‘The ring can be hacksawed or band- 
sawed out of the tubing, but lake extreme 
care to be accurate. Cutting tubing straight 
easy. Clamp the tubing t0 prevent 
ng on the band saw. The Final finish 
best done on a lathe or milling 
‘machine, but careful filing will work, 
Once the ring is the correct thickness, 
deburr the sharp edges and spray it with 
marking dye. Notice that the outside and 
inside diameters are not concentric. This is 
normal for large tubing. Lay the ring flat 
and fm the thickest wall section. Scribe a 
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Fig 6—Details of the 
cavity ring. See Fig 2 for 
additional information on 
hole location, 
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tong taps don’t exist. The inside of the ring 
doesn't need to be polished. 

The hole for mounting the output con- 
nector can now be drilled. There are (wo 
ways 10 mount this connector, and either 
scheme works ime. Read ahead to the sec~ 
tion on making the output connector for 
more information. The first method of 
‘mounting the connector involves tapping the 
ring with a no. -24 tap and using a lathe 
to cut matching threads on the output con- 
nector coupling sleeve. Large taps are ex- 


pensive, but a tap and die for Type-N con- 
rectors are handy if you do much building, 

If you don’t have access to a lathe or a 
large tap, the second method is easier. 
‘Make the output connector coupling sleeve 
from ‘/s-inch-OD brass or copper tubing, 
and drill the ring to just clear it. Then drill 
and tap the grid-plate side of the ring above 
the output connector to accept a setserew. 
Also, drill a clearance hole in the grid 
plate for the setscrew. Use the setscrew 10 
secure the outpur connector. 


Output Connector 

‘A. standard Type-N_ chassis-mount 
female connector (silver plated) is used for 
the output probe/connector. See Fig. 7. 
First, remove the flange with a hacksaw 
and file flush with the connector body. 
‘Next, make the output-coupling sleeve that 
is right for your application (threaded 
orunthreaded, depending on how you fab- 
ricated the ring). The sleeve will be the 
ssame length in either case. The output-cou- 
pling loop is fashioned from a piece of 
0.092-inch-thick copper sheet that is “fs 
inches wide. Bend it to the dimensions 
shown in Fig. 7. We will solder the output 
‘connector together later. 


Grid Compartment 
‘The grid compartment measures 2 
inches square by 1'Vs inches high, See Fig, 
8, It is made from brass and can be sawed 
‘out of square tubing or bent from sheet. 
‘The cover can be made from any material 
Tuse two small PC boards (Fig, 9) for 
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Fig 7—Output-probe/connector assembly 
details. 


Tine across the wall at this point, across the 
‘center of the ring and across the wall on the 
‘other side. The scribed Tines on each side 
of the ring will be used to align the tem- 
plate, The output connector will be placed 
at the thick wall section, 

Carefully align notch I on the template 
with the line scribed on the thickest wall 
section on the ring. Clamp the template 
onto he ring. Mark each of the 11 holes 
labeled A on the template. After you mark 
the holes and remove the template, check 
alignment with the copper plates just in 
case. If everything lines up, center punch 
alleleven holes on one side of the ring only, 
and drill each hole completely through the 
ring, Use lots of cutting fluid. File the ring 
flat before and after deburring, taking care 
‘ot to change the wall thickness. Tap each, 
hole to accept no. 4-40 machine screws, 
Each hole will have to be tapped to a depth 
of at least % iach from both sides because 
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Fig @—Input-compartment details. 


Fig 9—Cathode and filament PC-board 
elails 


holding the fmger stock that makes contact, 
vith the filament pin and cathode ring on 
the 2C39 tube. These boards are cut from 
Yucinch-thick, double-sided G-10_glass- 
epoxy stock, The copper pattern is identi- 
cal for both sides of each piece. Mark and 
Grill or file the holes first, and then cut the 
boards to size. Small boards are difficult to 
hold while drilling them, Mark each side of 
each board and score the copper foil with a 
sharp knife. 

‘The unwanted copper can be removed 
easily by heating the foil with a soldering, 
iron and lifting it off. Use a flat file to 
ddeburr the boards, Do not use a countersink 
because the copper foil must be as close 10 
the holes as possible to facilitate soldering 
the finger stock in place. 

The input connector that L use is a S-mm. 
SMA type. Thisis an excellent RF connec 
tor, especially for low-power UHF appli- 


cations. 1 highly recommend use of an 
SMA, but any small screw-on connector 
will do, If you really feel you have to use a 
BNC then do so, but it’s a lousy connector 
at frequencies above 200 MHz. Remember 
to move the connector hole to accommo- 
date its larger size. 

‘The input connector must be as close as 
possible to the first input capacitor. The 
lead length of the input de blocking eapaci- 
tor must be as short as possible. The 3-pF 
capacitor is series resonant at 1200 MHz 
only with short ("/e-ineh or less) leads, 


cellaneous Bits and Pieces 
There are still several small, but very 
important parts to fabricate, The front pane! 
use is shown in Fig, 10. It is made from a 
piece of ‘Ve-inch-thick aluminum sheet. 
ome builders may wish to mount the 
amplifier on a rack panel. Wash and dry 
your front-panel material and spray it with 
‘marking dye. Clamp it to the template and 
‘mark the holes. Check the hole alignment 
with the copper grid and anode plates. If ll 
lines up correctly, center punch and drill 
the holes. The only front-panel control is 
for the anode tuning capacitor, which is 
adjusted by a ‘Veinch shaft protruding 
through a "-inch panel bushing in hole C. 
‘The anode tuning collar, shown in Fig. 
JIA, is made from a piece of '/:-inch OD 
brass rod. This rod has a %-inch hole 
drilled through its center, and it is turned 
downto “hs-inch OD for half its length. The 
inside of the '-inch-OD end is tapped to a 
depth of '/ inch to accept '/-24 threads. 
This collar will be inserted into hole C on 
the grid plate. 
Fig. IIB also shows the anode tuning 
post. It is simply a length of *hz-inch-OD 


brass rod that inserts into hole C on the 
copper anode plate. This rod will form one 
plate of the anode tuning capacitor. 

The anode tuner (Fig. 11C) is machined 
froma piece of Yh-inch-OD Teflon rod. One 
end of the rod is drilled out with a no. 21 
drill. The outer wall of this end is threaded 
with a no. %s-24 tap. This is the end that 
will thread into the anode tuning collar and 
slip over the anode tuning post. The other 
cend is turned down to fit inside a '/-inch 
shaft coupler 

Fig. 12 shows the remaining parts. The 
tuning shaft (A) is made from a piece of 
‘fecinch brass rod. A coupler (B) to connect, 
the tuning shaft to the anode tuner may be 
purchased or made. This also applies to the 
front-panel spacers (C). The Teflon dielec: 
tric for the anode bypass capacitor (D) is 
made from 0.010-inch-thick Tetlon sheet 
Use the template to locate holes B and H. 
Teflon washers and inserts (F) are used to 
insulate the mounting hardware for the 
anode bypass capacitor from the chassis. 
The inserts are made from '/s-inch-OD 
Teflon rod. The washers are made from 
Teflon sheet. Sharpen a piece of “V+-inch 
aluminum tubing and chuck it up in a drill, 
press. This tool will cut neat, round wash: 
‘ers from the sheet, 

‘The box that encloses the anode com= 
partment (Fig. 13) is fabricated from a Bud 
‘AU-1083 utility cabinet. Clean the chassis, 
and spray it with marking dye. Secure the 
template to the side of the enclosure that 
contacts the anode plate and scribe the 
holes labeled F. Make sure that these holes 
line up with the holes on the copper anode 
plate. If they do, center punch and drill 
them to size. If air cooling is used, the 
blower will mount to this box, 
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Fig 10—Front-panel details, 


Fig 11—Anode-tuning capacitor details. 
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Fig 12—Miscellaneous parts necessary to complete the ampifier. 
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Fig 19—Anode-enclosure details 


Soldering the Subassemblies 

Once all copper and brass parts are 
Grilled and deburred, they should be 
cleaned with alcohol and Scotch-Brite”, a 
nonmetaffic pot cleaner, and washed in 
alcohol again, Set the pieces aside and 
avoid touching them. Fingerprints will in- 
hibit soldering. 

Thave found that the best way to solder 
the heavy brass and copper parts is to first 
build the soldering fixture shown in Fig. 
14. This soldering fixture, made from '/2- 
inch-thick aluminum plate, will evenly heat 
the entire assembly to be soldered. Even 
heating will allow you to do a much better 
soldering job than you could otherwise. 

‘The soldering fixture should be pre- 
heated on a stove or hot plate until bits of 
solder placedon its surface just melt. At this, 
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Fig 14—Dimensions of the soldering 
fixture. See Fig 2 for more information on 
hole location. 


point, reduce the heat slightly. Avoid exces- 
sive heat. Ifthe copper parts placed on the 
fixture suddenly turn dark, its 100 hot. 
Solder the grid plate assembly first. You 
will need the copper grid plate, grid finger 
Stock, anode tuning collar and’brass input 
compartment? Look at the drawings again 
to be sure that you know which parts g0 
‘where. Insert the grid finger stock into hole 
H on the grid plate. As viewed from the 
front-panel side, the curved fingers will 
protrude out the back side, away from you. 
Apply liquid or paste fux and set the grid 
plate in the soldering fiature, The finger 
stock will fit in hole H in the fixture, allow- 
ing the grid piate to rest flush with the su 
face of the fixture. Next, apply flux to the 
anode tuning collar and insert it in hole C of 
the grid plate, Part of the tuning collar will 


slip into hole C in the soldering fixture 
Make sure the collar seats flush with the 
tid plate, The flux should start to bubble 

Carefully apply solder directly to the 
joints of the installed parts. The solder 
should melt almost immediately and flow 
bright and smooth, Next, place the square 
brass. input compartment in place and 
apply flux. In a few seconds, it can be sol- 
dered by running solder around the joints, 
inside and outsie. If you have trouble get- 
ting itt flow on both sides, merely tap the 
brass box aside (‘/sinch) and return ittoits 
original position 

‘Now comes the hard part — getting the 
soldered assembly away from the heat 
without disturbing the alignment. A pair of 
forceps is recommended, but long. pliers 
will do. Carefully lift the assembly off the 
soldering fixture and set on a cooling rack. 
Do this without moving any part. The cool- 
ing rack can be any two pieces of metal that 
will allow clearance for the protruding 
parts. You can expedite cooling by using 
an ordinary hair dryer in the “cool” posi- 
tion to gently blow air across the assembly. 

While the grid assembly is cooling, 
assemble the output connector. See Fig. 7 
Place the modified Type-N female connec- 
tor, threaded end down, on the soldering fix- 
ture, Apply flux to the top and install the 
output coupling sleeve. Allow both pars 
to heat before applying solder. Carefully e- 
move the soldered output connector fom 
thefisture, When thas cooled, seer one end 
OF the oop tothe center pin ofthe N connec 
torand the othero the output coupling sleeve 

Now place the anode plate on the sol- 
dering fixture and allow to heat. Apply flax 
to hole C. Insert the anode tuning post 
Chosineh-OD brass tube) and allow to heat 
apply solder. Remove the parts and cool 
Next, solder the finger stock in hole H on 
the anode bypass capacitor plate.? 

‘This completes the work with the sol- 
dering fixture. Be sure to let it cool off 
before handling! Save the fixture for future 
construction; you never know when you 
might want it again 

‘The anode plate and the anode-bypass- 
capacitor plate must be filed and thea 
sanded flat on their butt surfaces to assure 
that there are no solder bumps or sharp 
points to puncture the Teflon dielectric. 
This must be done after soldering. The 
Teflon sheet is adequate insulation for 
many times the anode potential of thi 
amplifier, but only if the surfaces it sepa 
rates are smooth! 

Next, clean the cathode and filament PC 
boards. Install the fmger stock in hole Hof 
the cathode board. Apply flux to both sides 
of the board. Heat with a hot iron and apply 
solder around the circumference of hole 
soldering the finger stock on both sides 
of the board. Use the same technique 10 
install the filament pin.* 

After all parts have cooled, use a spray 
can of flux remover to clean them. Slight 
scrubbing with Scotch-Brite pot cleaner 
will finish them nicely. Congratulations: 
‘You have finished the pieces and are now 


x 


Fig 15—Assembly details for the filament 
‘and cathode boards (A), the anode-bypass. 
apacitor (B) and the input pi network (C). 


ready to bolt the amplifier together. 


Silver Plating 

Over the years, many people have 
pushed silver plating as the only way to go. 
You may wish to silver plate the amplifier 
components before soldering them to- 
gether, but I do not think it’s necessary. 1 
tan several tests to prove how much vai 
‘us types of plating affect performance of 
this amplifier. Remember that the RF skin 
conductivity of aluminum and copper is 
pretty good at 23 cm; they are much better 
than brass. 

Four amplifiers were built for this test. 
They were plated as follows: 

1) Nickel plated 

2) Tin plated 

4) Silver plated 

4) Unplated 

‘There was no difference in performance 
among the tin-plated, silver-plated and 
Uunplated versions. The nickel-plated am- 
plifer exhibited 3-dB less gain 

Inother words, it is not necessary to sil- 
ser plate this amplifier; however, it does 
improve appearance by making the parts a 
similar color. Silver does tarnish, espe- 
cially with fingerprints. The decision to 
plate or not to plate is up to you. 


Assembly 

Alter fabrication of all parts, assembly 
issimple. Figs. 15 through 17 show assem- 
bly details. Loosely fasten the grid and 
anode plates to the ring. Mount the input 
‘eonnector and capacitors on the input com- 
ren: Loosely install the cuhode and 
fiament boards and their respective spac 

. See Fig. 15A, 
‘Now insert 2 7289/2C39 tube. This wall 
center up all finger stock. Place the Teflon 
‘anode tuner in its collar on the grid plate 

screw it most of the way in, Now tighten 
‘of the screws. The 7289/2C39 tube 
ald slide in and out smugly, and the an- 
tuner shauld screw in and out smoothly. 


Fig. 16-—The completed. cavity ring and 
anode plate with anode tuning post 
soldered In place are shown at A. The 
photo at B shows the gr plate with finger 
Stock, input compartment and anode 
tuning collar soldered in place. The 
completed anode tuner 18 at the right. 

G shows the cavity ring attached to the 
anode plate. The anede-bypass capacitor 
is ready for installation. At D, the interior of 
the cavity as seen from the grid plate side 
Is visible. The output probe/connector 
assembly is installed. The anode bypass 
‘capacitor and anode enclosure have been 
installed on the anode plate. 


Fig 17—AL A, the interior of the completed 
input compariment js visible. The photo at 
B shows the interior of the anode 
‘compartment with the anode bypass, 
FCS, C8 and J3 installed 


‘The Teflon shect and anode bypass 
capacitor plate can be installed now (Fig. 
15B). Assemble the temaining input com- 
ponents, the filament feed-through capaci- 
tors and RFCS (Fig. 15C). Screw the 
‘output probe into the cavity ring (or pushin 
the probe and tighten the setscrew, depend 
ing on which method you chose). Install 
the high-voltage connector and other parts 
in the anode box. Mount the amplifier on 
the front panel and install the anode tuner 
shaft. This completes the assembly. Part 2 
of this article will describe a complete 
power supply for the amplifier, a practical 
water cooling system, testing procedures, 
microwave radiation safety hazards, and 
amplifier tune-up and operation, 


Notes 

Nin = in x 25.4 
me linger stock fortis project ig manulac- 
Wired by insument Spedaties,#.0.00x A 
Selaware Water Gap, PA 18207. Contact 
{hem oro name ofthe closest detour. 
‘The pan mumters for ths amplifier are 
nooo bypass capactor plate no. S1-70K, 
Gneplateno. 97-14A: cathode bare, no. 97: 

820K; tiemont board, no. 97:280% 
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By E. Angle, N6CA 


From QS: 1985 


A Quarter-Kilowatt 23-cm 
Amplifier 


Part 2—Last month, we described the design and 
construction of a 23-cm cavity amplifier. This 
installment describes the rest of the components 


you complete Construction of the 

cavity amplifier described in March 
OST, you are ready to assemble the rest of 
the components needed to put it on the air 
This month, I will discuss the filamet 
and high-voltage supplies: a whisper 
high-efficiency water-cooling syste! 
ing and hookup; and, finally, tune-up and 
operation, 


Power Supplies 
The filament and bias supplies for the 

cavity amplifier are shown schematically 

in Fig, 1, The manufacturer's specification 


needed to put it on the air. 


for the 7289/2C39 filament is 6.0-V ac at 
TA. Ihave found that the use of a standard 
6.3-V ac, I-A transformer only slightly 
increases the tube emission without much 
loss of tube life, The filament should be 
allowed to warm up before operating the 
amplifier, so the filament, bias and high- 
voltage supplies incorporate separate pri 
mary switches, 


Biasing 

Many biasing schemes baye been pub- 
lished for grounded-grid amplifiers. Fig. 1 
shows a bias network that satisfies all of 


the following operating requirements: 

1) external bias supply referenced to 
‘ground 

2) low-power components 

3) variable bias to accommodate tube- 
to-tube variations 

4) TR switchable with relay contact or 
transistor to ground 

5) bias-supply protection in case of a 
defective or shorted cade. 
provides a variable bias-voltage 
adjustable by RI, The output of U2 
drives the base of QI, which is used to 
increase the current-handling capability of 
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Fig 1—Schematic diagram of the cavity-amplifer filament and bias supplies. All resistors are '/-W carbon types unless otherwise 


noted. 

J1—Female chastis-mount photo connector. 

T1—Filament transformer. primary, 117 V; 
secondary, 6.3V at 1 A. 

T2—Power transformer. Primary, 117 V; 
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‘secondary, 24 10 28 V at 50 mA or 
‘greater. 
Ui—Bridge rectitier, 50 PIV, 1 A, 
U2— Adjustable terminal regulator 


(LMS17T or equiv.) 

Zi, 22—20-V unipolar metal-oxide varistor 
(General Semiconductor SA20 or equiv.) 
(two 20-V, 1-W Zener diodes. 
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ALTERNATE PRIMARY ciRCUT 
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Fig 

C1-C4—Electrolytic capacitor, 360 uF, 
450 V. 

D1-D4—Slicon rectifier, 1000 PIV, 9 A. 

Fi—High-voltage fuse, 2 kV, 1 A 


the bias supply. QI must be mounted on 
beat sink. J1 is connected to the station TR 
switching system so that RI is grounded on 
transmit and disconnected on receive. The 
approximate range of the bias supply is 6 to 
20 V. Z| and 22 provide protection for QL 
incase of a shorted tube. The amplifier can 
be run without ZI and 22 if you keep the 
mode voltage below 1100 V. 


High-Voltage Power Supply 
‘A safe, reliable high-voltage power sup- 
ply is desesibed here. Of course, you can use 
any readily available AY supply; keep in 
mind, however, that the 7289/2C39 anode. 
potential should never exceed 1400-V de at 
fullload and that the amplifier will withstand 
1900-V de at low cathode current and cut- 
off-bias conditions. For maximum power 
output, assuming adequate drive power is 
available, anode voltage under full load 
should be about 1200- to 1400-V de. 

Fig. 2is a schematic diagram of the high- 
voltage supply. A power transformer (T2) 
that delivers 900- to 1050-V ac is ideal. The 
1ype of rectifier circuit used will depend on 
the type of transformer chosen, Each leg of 
the rectifier is made from two 1000-PIV, 
4A silicon diodes connected in series. Each 
diode is shunted with a 0.01-F capacitor 
to suppress transient voltage spikes, and a 
470-KQ2 equalizing resistor. 

Filtering is accomplished with a string 
of four 360-1, 450-V electrolytic capaci 
tors connected in series. R3-R6 equalize 
the voltage across each capacitor in the 
string and serve as bleeder resistors. OF 
course, a single oil-filled capacitor may be 
used here if available. Whatever type of 
filter you ust, the total capacitance should 
deabout 80 AF at a voltage rating of atleast 
1500-V de. This value allows adequate 
“droop” of the anode voltage under high- 
current Joads to protect the amplifier in 


Schematic diagram of the amplifier high-voltage supply. 


‘J1—Chassis-mount female BNC or MHV 
connector. 

R-R6—Wirewound resistor, 40 KO, 11 W. 

T1—Variable autotransformer, 500 VA. 


case of RF overdrive or a defective tube, 


Protective Circuitry 

‘Some type of start-up protection should 
be incorporated in the primary. Fully dis 
charged filter capacitors look like a dead 
short at supply turn-on. Initial surge cur- 
rent (until the capacitors charge) may be 
high enough to destroy the rectifiers. RI 
and R2 provide some surge-current limi 
ing, but either of the two primary configu- 
rations shown in Fig. 2 should be used. T1, 
a variable autotransformer (Variae and 
Powerstat are two common trade names), 
is ideal. In addition (o allowing you to bring 
the primary up slowly (and charging the 
capacitors gradually), it also allows full 
conttol of amplifier output power by vary 
ing anode voltage. 

‘The second method, a “step-start” sys- 
tem, uses a resistor in the T2 primary to 
limit the turn-on surge current. When the 
capacitors have charged, KI is energized, 
shorting out RII and applying full voltage 
to the T2 primary. 

FI and R7 protect against high-voltage 
are-overs or short circuits, If sustained 
overcurrent is drawn, FI will open and re~ 
move B+ from the RF deck. Use a high- 
voltage fuse here; standard fuses may arc 
‘when blown and not interrupt the B+ -R7 
provides current limiting to protect the 
amplifier and power supply in case of a 
high-voltage are. 


Safety 
An HV meter should always be used t0 
monitor the status of the power supply. The 
values for R8-R10 shown in Fig, 2 will give 
1 1500-V de full-scale reading on a 0-1 mA 
meter. RG-58 or -59 coaxial cable should 
bbe used for the high-voltage interconne: 
tion between the power supply and the RF 
deck. Ground the shield at both ends for 


T2—High-voltage transformer. Primary, 
4117 V; secondary, 900 to 1050 V at 
00 mA. 


safety and a good de return, 

Safety must be observed when working 
with all power supplies. These voltages are 
lethal! Always disconnect ac power and 
then discharge the filter capacitors before 
working on the power supply. Never guess 
or make assumptions about the status of a 
power supply. Assume it is hot 


Metering 

‘athode-current monitoring is all that’s 
really necessary for observing amplifier de 
performance. Cathode current (I) is the 
sum of the plate (Ip) and grid (Ig) currents, 
Normally, when this amplifier is driven to 
300- or 400-mA Ix, the grid current will be 
around 40 to 50 mA, The inclusion of a 
grid-current meter is not really necessary 
and only makes biasing and TR switching, 
complicated. 


Cooling 

Desired output power and the level of 
drive poweravailable wil dictate what type 
of cooling to use. For intermittent duty 
(SSB, CW) at output levels les than 50 W, 
air cooling is satisfactory. Any. small 
blower may be easily mounted to the 
aluminum box surrounding the tube anode. 
For high-duty-cycle modes and/or output 
levels greater than 50 W, water cooling is 
highly secommended. Greater than twice 
the normal air-cooled output power can be 
obtained from a water-cooled tube, and 
water cooling is quiet. 


Tube Moditication and Water Jacket 

‘The first step is to remove the ait radi 
tor from the tube. The air radiator screws 
‘on, $o it may simply be unscrewed without 
damage to the tube, 

First, place ahose clamp around the tube 
anode. Secure the radiator fms in a vise and 
grip the hose clamp with a pair of large 
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Fig $—Details of the solder-on water 
jacket. 
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Fig 5—Detalls of the water-cooling system, Recommended pumps are: (1) Little Giant 
Pump Co. Model 1-42A or larger, available from most hardware stores; or (2) Calvert 
Engineering, Cal Pump Model 875S (160 gal/h), available from Calvert, 7051 
Hayvenhurst Ave, Van Nuys, CA 91406, tel. 213-781-6029. The flow indicator (Mode! 
15C; requires two "/=-inch NPT adapters) is available from Proteus Industries, 240, 


Fig 4—Detalls of the screw-on water 
jacket 


pliers. Gently unscrew the tube from the 
radiator. If the hose clamp slips slightly, 
tighten it, 

‘Some 7289/2C39 tubes use an air radia- 
tor that is attached with setscrews. To 
remove the radiator, simply remove the 
setscrews and pull the radiator off. 

The air radiator will be replaced with a 
‘water jacket that allows water to be circu- 
lated past the tube anode and through a 
radiator, where it is cooled and circulated 
past the tube anode again. I have success~ 
fully used two different types of water jack- 
ets; both are described here. 

‘The water jacket shown in Fig. 3 will 
work with any type of 7289/2C39. [tis fab- 
ricated from a I-inch-OD copper tubing 
‘cap and two short pieces of "/s:-inch-OD. 
brass tubing. The copper tubing cap should 
be available from a local hardware store or 
plumbing supply house. Brass tubing is 
available from many hobby stores and 


the copper cap so that the 
brass tubing isa snug fit. Thoroughly clean 
the parts until they shine. Push the tubing 
into the holes in the end cap and degrease 
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Polaris Ave, Mountain View, CA 94043 tol, 415-964-4163, 


the assembly with alcohol. Using plenty of 
flux, solder the seam around each section 
of tubing. Allow the jacket assembly to 
cool. 

‘Meanwhile, thoroughly clean the 7289/ 
2€39 anode to a bright finish. Check the 
‘water jacket for fit, In some cases, you'll 
have io use a 0.005- to 0.010-inch-thick 
copper shim to fill the gap between the 
copper cap and the tube anode. This shim 
helps eliminate pin holes in the solder. 

Using plenty of flux, solder the water 
jacket to the tube anode. Solder it quickly 
with a hot, high-wattage iron, Allow the 
tube to cool in the air after soldering to 
avoid thermal shock and possible break- 
age. After the tube has cooled, use plenty 
of aicohol to remove all traces of flux from 
the tube and water jacket. 

‘The second type of water jacket is shown 
in Fig. 4. This jacket will work only with 
7289/2C39 tubes that have a screw-on air 
radiator. It is designed to thread onto the 
tube anode just like the airradiatordid. This 
jacket is machined from a piece of 
é-inch aluminum rod. The water inlet and 
outlet tubes are made from */x-inch-OD, 
‘J-inch-ID aluminum tubing that is epoxied 
in place. A rubber gasket seals the jacket 
against leaks. 

Ifyou have access to lathe, you should 
have no trouble duplicating the jacket. You 
could have one made up ata local machine 


shop. Complete screw-on water jackets are 
also available from the author. 

After you unscrew the air radiator from 
the 7289/2C39, check for and remove any 
burrs from the tube anode. The anode sur- 
face must be flat if the rubber gasket is tebe 
effective. Screw the water jacket onto the 
tube. Tighten by hand only. Do not use any 
tools, or you could damage the tube or 
jacket! Do not use the water inlet and outlet 
tubes for leverage—they have thin walls 
and break easily 


Water System 
Fig. 5 depicts the complete water-cool- 
ing system. Recommended pumps and 
accessories that have proven reliable and 
effective are listed in the caption, 

Any small pump, such as a fountain 
pump, that can deliver 160 to 200 gallons 
per hour can be used here, Most inexpen- 
sive pumps are not self-priming, which 
‘means that they won't pump water if they 
have air in the rotor, Although water can be 
forced through the pump for the initial 
prime, my system uses gravity priming. The 
water reservoir is a 2-foot length of 3-inch- 
OD plastic pipe that is available from hard- 
ware or plumbing stores. The outlet is at 
the bottom, and the inlet about halfway up 
the column. The inlet is located here to 
eliminate aeration that ionizes the water 
and reduces its effectiveness. The outlet 


Microwave Radiation Safety 

Intense RF radiation concentrated on body tissues can 
produce heat damage; the extent and penetration wit depend 
On the radio frequency In use and on exposure duration. You 
should be aware of the approximate intensity of RF radiation 
of the transmitting equipment and antennas you come in 
Contact with 

RF intensity is commonly expressed in milliwatts per 
‘square centimeter (W/cm), whichis the power lowing away 
from a source through a unit sampling or interception area at 
some specified distance. Although the United States as yet 
has no federal RF protection standard, a useful interim quide 
is the 1982 standard of the American National Standards 
institute (ANSI”82). The most stringent level in this standard 
Is mWiom? for frequencies between 30 and 300 MHz. Above 
300 Miz, the protection level rises untilit reaches 5 mWicm? 
at 1500 MHz. Beyond 1500 MHz, the recommended level 
femains at 5 mWicm?, These levels represent the average 
ower density allowed over any six-minute period and are for 
the sum of al polarizations from a given source, 

‘At 1296 MHz, where one wavelength (2) equals 23 om, a 
thick resonant dipole feeding a calibrated power meter with 
matched coaxial cable (itself tree of pickup) may be used to 
‘obtain an indication of power density. A reasonably fossless 
resonant dipole has an effective aperture of 2/8; at 23 em this, 
is 66 m2, The power meter reading in miliwatts, divided by 
66, is the indicated power density. For this to be a reliable 
indication, the dipole must be positioned far enough from the 
FF soures fo be ints far field. Fora small source, the distance 
should be atleast h/2, and here that would be about 120m (45 
inches). The dipole should be oriented for alignment with the 
dominant polarization. Note that the power meter must be 
Capable of readings well below 1 mW. 

‘This arrangement would be useful for checking leaks along 
the coaxial route that the high power (here 250 W) takes to a 
toad, be it dummy load or antenna, Cable connectors may not 
tee tightly secured, or they may be faully. For equipment op- 
erating in the SHF region, waveguide flanges may not be 
clamped propery. 

Direct measurement of electric field strength near an 
antenna (with a calibrated instrument, preferably one with the 


indicating meter shielded and possibly positioned at the 
center of the sampling dipole) is another way to check 
for adequate protection. A field strength of 60 V per meter 
(Vim) corresponds to 1 mW/em?; 134 Vim corresponds to 
5 mWiom2, Ata distance 60 cm (2 feet) from an isolated dipole 
fed with 26 watts, the field strength would be about 
80 Vim. Ths isa far-field field strength forall frequencies where 
the half wavelength is less than 60.cm, or for frequencies above 
250 MHz. For tu 250 watts applied to the dipole, the 60 Vim 
level occurs at a distance of 1.8 meters (6 feet), and at this 
distance this holds for al (cequencies above 80 MHz. 

‘With SSB or CW keying, the fields during Amateur Radio 
operation are highly intermittent, and usually include consid- 
erable pauses oF intervals for listening. These factors reduce 
the average power density over the six-minute averaging 
period, 

Further information on AF safety and protection estimates 
can be found in Chapter 7 of The Satellite Experimenter’s 
Handbook, published by the ARAL. The following rules of 
good practice for RF protection are recommended: 

* Never operate an RF amplifier with equipment shielding 
removed. 

+ Never handle antennas with RF power applied 

+ Never guess that AF levels are safe. Take the time to 
consult a reliable reference for an estimate, or measure lev- 
els carefully. Allow a “cushion” of about 6 dB (factor of four in 
power density). If possible, borrow an RF radiation monitor 
{after learning how to use it), or consult with a ham whois well 
informed on RF protection. 

* Never look into an open end of a power waveguide; never 
point a powered directive antenna (a beam or a paraboloid, 
for example) toward people. Keep all VHF and UHF transmit: 
ting antennas as high as possible, distant from humans. 

* Use good-quality, well-constructed coaxial cable and 
connectors to avoid RF leaks, 

+ Think RF and electrical safety first; test later! 

+ Watch QST for news on RF measurement techniques 
and progression, protection standards and proposed federal 
and state RE regulations —David Davidson, WiGKM 


dieectly feeds the pump. The pump and the 
reservoir outlet port should be mounted in 
the same plane. The pump should be ori- 
ented so that air bubbles will rise into the 
impeller output port and can be blown out 
fonce the pump starts running, 


Flow Indicator and Heat Exchanger 
Water cooling is best described as 
uper quiet.” There is no noisy fan to 
reassure you that the tube is receiving 
adequate cooling. If water flow is reduced 
or cut off during amplifier operation, tube 
Gamage is virtually assured. 

Flow interlocks and switches to shut 
down the amplifier if water flow is reduced 
are hard to find and expensive. Flow indi 
cators, however, are inexpensive and 
reliable. A flow ‘indicator has a spoked 
rotor that tums as water passes through the 
unit. If the wheel is turning, there is water 
flow; if not, you have a problem. Changes 
in flow rate can be observed by watching, 
forspeed changes inthe rotor. A small lamp 
illuminates the flow indicator, making it 
easy 10 see rotation. The How indicator 
should be mounted where it can be seen 
from the operating position and monitored 
during operation, 

Heat exchangers, or radiators, remove 
the heat from water ay it pusses through. 


For this application, a small automobile 
aransmission-oil cooler works great. Most 
auto- parts stores and speed shops have 
18 good selection, Pick one that is similar 
in size and aspect ratio to a whisper fan 
(approximately 4 x4 x 1 inches), Some 
come with mounting brackets. Look for a 
cooler with the input and outpat ports on 
the top so air bubbles will rise tothe op and 
move on without becoming trapped. 
‘Trapped air degrades cooler performance. 

If you use the amplifier for high-duty- 
cycle modes such as ATV or FM, or for 
long, slow-speed CW transmissions (EME, 
for example), you should use a small axial 
‘whisper fan to increase the effectiveness of 
the heat exchanger. A fan isn’t necessary 
during normal operation, or even for sus 
tained operation at moderate power levels, 
but I highly recommend one if you plan 
prolonged operation at maximum power 
Locate the fan so the warm exhaust air 
\woo’t heat up other equipment 


Hoses and Fittings 

‘Most hardware stores carry a complete 
line of brass fittings and adapters that can be 
used for this project. Brass, however, will 
eventually corrode and pollute the water 
supply. Plastic fittings are cheaper and don't 
corrode, but they are harder to find. Recre- 


ational vehicle suppliers are my main source 
for these parts. They are used extensively in 
drinking water systems for mobile homes 
and travel trailers. Procure the fittings when 
you have the rest of the parts in hand, as 
there are many variables 10 consider. 

You can use any relatively soft, thin- 
wall vinyl tubing for all water lines. The 
‘main runs are made from "/-inch-ID hose, 
while Viinch-ID stock is used to connect, 
Wo the 7289/2C39 water jacket. The 
‘i-ineh-ID tubing fits snugly over the 
°}-inch-OD inlet and outlet tubes on the 
water jacket, sono clamps are required. All 
‘other hose connections should be secured, 
with stainless-steel clampsto prevent leaks, 
‘Any leaks mean air in the system and dete- 
rioration of cooling performance. 


Safety 

The tube anode, and hence the water 
Jacket and water, are in direct contact with 
the high-voltage supply, so some safety 
precautions must be observed. Approxi- 
mately 12t0 18 inches of tubing should run 
between the 7289/2C39 jacket and any 
other component in the cooling system 
This will allow enough resistance in the 
water to provide adequate current limiting, 
should the water contact any components, 
‘that are grounded 
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Fig 6—Performance graph of the water-coo| 


It is best to ground the water supply at 
the pump. Do this by replacing a short sec- 
tion of the tubing that runs tothe flow indi- 
cator with a piece of brass or copper 
tubing. Solder a wire to this metal tubing 
and connect the other end of the wire to 
your station ground, Use at least 24 inches 
Of vinyl tubing between the anode cooling 
jacket and the ground point. 

On the warm-water side of the 7289/ 
2C39, run 12 inches of vinyl tubing to a 
‘small metal fitting or short section of metal 
tubing, and then another 12 inches of vinyl 
tubing to a grounded point (this can be at 
the heat exchanger), You can measure the 
water leakage current to ground by placing 
a microammeter between the metal fitting 
that connects the two vinyl hoses and 
ground. Leakage current should be less 
than 10 WA with clean water and an anode 
potential of 1 kV. As the water ages, the 
eakage current will rise; when this hap- 
pens, replace the water. 

Grocery stores carry distilled water for 
use in steam irons. It may be deionized and 
not truly distilled, but it works fine for 
about four to six months in this applica 
tion. Filters can be purchased from scien- 
tific supply houses, but they're not really 
worth buying because deionized water is, 
so cheap. 

Do not use tap water under any circum- 
stances! When you turn on the water sys. 
tem for the first time, run a gallon of water 
through it for half an hour to wash out fab- 
rication impurities. Replace with clean 
water before using the system to cool the 
amplifier. 

‘Water was chosen because it’s inexpen- 
sive, nontoxic, nonflammable and easy to 
clean up if you have a leak. Better liquid 
coolants are available, but they are toxic. 
Don't use them! 


Cooling Performance 

Thave used water-cooling systems for 
several years with no problems whatso- 
ever. Fig. 68a graph of several transmit/ 
receive cycles on a water-cooled, 500-W 
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ling system. 


output, 23-cm power amplifier. For this test, 
Tused two of the amplifiers described in this 
artide coupled with a pair of hybrid combin- 
crs. This particular cooling system used 1 
gallon of water. Experiments indicate that, 
during extended operation, the water tem 
perature rises only 30° to 35°F above ambi- 
ent room temperature. Typically, the tube 
anode and water average 10° to 15°F above 
ambient during casual operating. 

Flow rates in this system are typically 
Ys gallon per minute per tube, which is 
‘more than adequate, At this rate, more than 
300 W of dissipation from a single ineffi- 
cient 7289/2C39 were required to boil the 
water in the water jacket. The water should 
not be allowed to boil because this will heat 
the rubber gasket 


Tubes 

It is not really necessary to buy a new 
7289/2C39. Used tubes can be found sur- 
plus for around $1 to $5 and, in many cases, 
will perform as well as a new tube. Most 
used tubes have been sitting around for 
several years, so it’s good idea torun them 
through the dishwasher to clean them up 
and then run the filaments for about 24 
hours. This will restore operation in many 
ff you buy a new tube, you should be 
aware that the 7289/2C39 is being run far 
in excess of its ratings in this amplifier. 
The manufacturer's warranty will not cover 
tubes run in this application. 

Contrary to popular opinion, glass tubes, 
will work. Physically, they are not as rug- 
ged as the ceramic version, but the glass- 
to-metal seal seems to provide better shelf 
life than the ceramic seal, The glass tubes 
make great driver tubes and will work fine 
for power levels up to 100-W output. Pulse 
tubes (7815, 7211) are not recommended 
because of their poor thermal stability at 
high power levels. Also, they generally are 
30 to 40 MHz lower in resonant frequency 
in this amplifier compared to the 7289/ 
2C39, Some 7289 tubes can be as much as 
30 MHz lower in frequency. Minor length 


adjustment of the anode-tuning post may 
be required to accommodate amplifier and 
tube differences. 


Tube Insertion 

Extreme care must be exercised when 
inserting the 7289/2C39 tube. Never force 
the tube in place, as damage (bending) 
of the cathode finger stock may result 
Observe the layout of the finger stock to 
get an idea of how the tube inserts. Care- 
fully position the tube so it is straight as 
you gently push. It should slide in snugly 
‘without any solid resistance. 


Testing 

After you have completed all of the 
parts for the amplifier, it’s time to test 
everything before hooking it all together. 
‘Test the water-cooling system by turning it 
‘on and watching for steady water flow as 
indicated on the flow meter. The tube and 
water jacket can be removed from the cay 
ity amplifier for this test. 

Check all of the power-supply voltages 
first without connecting them to the RF 
deck. Then, without the tube in place, hook 
the bias and filament supplies to the cavity 
and check the voltages again at the tube 
fmger-siock connections. Connect the 
high-voltage supply to the RF deck and 
bring the voltage up slowly with a variable 
autotransformer. Monitor the high voltage 
fon the anode-bypass-capacitor plate 
and look and listen for any possible arcing. 
between the anode-bypass-capacitor plate 
and ground, Use extreme care when mea- 
suring and testing the high-voltage supply. 
If everything looks okay with the power 
supplies, shut them off and disconnect, 
them, 

‘You can make a safe, low-power test of, 
the cavity resonance without applying any 
voltage, With the tube in place, insert a 
inch-long coupling loop on the end of a 
ee of coaxial cable between the spring. 
ngers of the anode down into the cavity. 
Connect the amplifier output probe/con- 
nector toa device capable of detecting low- 
level RF at 23 em (for example, a spectrum 
analyzer or microwattmetcr). Feed a sig 
nal from an L-band signal generator into 
cable attached to the wire coupling loop 
that you inserted into the cavity. Set the 
signal generator for various frequencies 
in the 23-cm band and tune the amplifier 
anode tuner, There will be sharp peak in 
‘output at cavity resonance. 

This testing method can be used to 
determine cavity tuning range, anode-by- 
passcapacitor effectiveness and resonance 
Of various tube types for use in this ampli- 
fier. Any cavity amplifier can be tested 
completely without ever applying high 
voltage. The better your test equipment, the 
easier the amplifier is to test. If all dimen- 
sions were followed strictly, the amplifier 
will tune as designed. 


Amplifier Hookup 
Installation and operation of this 
amplifier is relatively straightforward, but 
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ABSTRACT 


Multiple antenna technologies have 
received high attention in the last few 
decades for their capabilities to improve the 
‘overall system performance. Multiple-input 
multiple-output systems include a variety of 
techniques capable of not only increase the 
reliability of the communication but also 
mpressively boost the channel capacity. In 
addition, smart antenna systems can increase 
the link quality and lead to appreciable 
interference reduction. 


I. Introduction 


Multiple antennas technologies proposed 
for communications systems have gained 
much attention in the last few years because 
of the huge gain they can introduce in the 
communication reliability and the channel 
capacity levels, Furthermore, multiple 
‘antenna systems can have a big contribution 
to reduce the interference both in the uplink 
and the downlink by employing smart 
antenna technology. 

To increase the reliability of the 
communication systems, multiple antennas 
can be installed at the transmitter or/and at 


the receiver. Alamouti code is considered as 
the simplest transmit diversity scheme while 
the receive diversity includes maximum 
ratio, equal gain and selection combining 
methods. Recently, cooperative 
‘communication was deeply investigated as a 
mean of increasing the communication 
reliability by not only considering the 
mobile station as user but also as a base 
station (or relay station), The idea behind 
multiple antenna diversity is to supply the 
receiver by multiple versions of the same 
signal transmitted via independent channels. 

On the other hand, multiple antenna 
systems can tremendously increase the 
channel capacity by sending independent 
signals from different transmit antennas. 
BLAST spatial multiplexing schemes are a 
‘good example of such category of multiple 
antenna technologies that boost the channel 
capacity. 

In addition, smart antenna technique can 
significantly increase the data rate and 
nprove the quality of wireless transmission, 
which is limited by interference, local 
scattering and multipath _ propagation. 
Through shaping the antenna radiation 
pattern and adaptively adjusting the antenna 
weight vector, smart antennas improve the 
communication link quality by increasing 
the received signal power and suppressing 
the interference. 


45 with any amplifier, several precautions 
must be followed. If these are adhered to, 
the amplifier will provide years of reliable 
service 

‘The amplifier is designed to be operated 
in a 50-ohm system and should never be 
tured on without a good 50-ohm load con- 
nected to the output connector. Never op- 
erate it into an antenna that has not been 
tuned t0 50 ohms! 

Drive power to the amplifier should 
never exceed 15 W. Never apply drive 
[power in excess of 1 W ualess all operating 
voltages are present and the tube is biased 
‘on. Otherwise, the tube grid-dissipation 
rating will be exceeded and you will prob- 
ably ruin it 

‘As in all TR-switched systems, some 
type of interlock or sequencing of transmit 
and receive functions should be incorpo- 
rated. In most systems, the sequence for 
going into transmit is something like this: 
First, switch the antenna changeover relay 
from the receiver to the power amplifier. 
Next, bias the power amplifier on. Last, key 
the exciter and apply drive to the amplifier. 
To go to receive, unkey the exciter, remove 
‘operating bias from the amplifier and switch 
the antenna relay back to the receiver. 

If the antenna relays are switched while 
the power amplifier is operating and put 
ting out power, damage to the relay con- 
tacts and/or the amplifier is likely. If there 
isa momentary removal of the antenna 
while the power amplifier is biased on, 
oscillation may occur, This ean damage the 
TR relay, the tube or even the receive 
preamplifier. 


Tune-up and Operation 

This is it — the big moment when you 
will see your project come to life! Connect, 
fan accurate UHF power meter and a 
50-ohm antenna or load to the amplifier 
‘output connector. A Bird Model 43 watt- 
meter with a 100- or 250-W, 400-1000 
MHz slug will give reasonable accuracy, 
depending on the purity of the drive signal. 
Apply filament power and tube cooling, 
‘and allow 3 10 5 minutes for the filaments 
to warm up. Turn on bias supply (the 
amplifier will draw maximum current if the 
anode voltage is applied without bias) 
Apply 300 to 400 V to she anode. There 
should be no current flowing in the tube 
indicated om the cathode-current meter. 
Ground J1 on the bias supply to apply trans- 
mit bias and observe cathode current. As 
RI, the bias control, is turned clockwise, 
‘quiescent idling current should increase. 
Set for about 25 mA. 

Apply 1 W of RF drive power. Turn the 


Fig 7—Performance of the cavity amplifier 
Under different drive and plate-current 
‘conditions, 


anode tuner while observing the RF output 
power meter and (une for maximum out- 
put. The output should go through a pro- 
nozaced peak at’cavity resonance, Adjust 
(C2 and C3 on the input tuning network for 
maximum amplifier output. If possible, use 
a directional wattmeter between the driver 
‘and the amplifier input to check that best 
input SWR and maximum amplifier output 
‘occur at roughly the same setting. 

Depending on the amount of drive 
power available, you may want to tune the 
amplifier for maximum power output or 
maximum gain. Fig. 7 shows what you can 
expect from different drive levels, 

Once the amplifier is tuned for best in- 
put SWR and maximum output with | W of 
drive, anode voltage and drive power can 
be increased. Increase both in steps; be sure 
to keep the anode tuner peaked for maxi- 
mum output power. When you get to the 
100-W output level, very carefully read. 
just the input circuit for maximum output 
‘The inpat capacitor closest to the cathode 
iscritical and should need to be rotated less 
than 90 degrees maximum. Maximum out- 
put power will be roughly coincident with 
best input SWR. 

Increase the drive power and keep the 
anode tuner peaked for maximum output 
Increase the drive until you reach the 
desired output level, but do nor exceed 
400-mA Ix! At 1400-V de and 350-mA Ix, 
‘output power with a good tube should be 
about 230 to 250 W. At lower anode volt- 
ages, Ig will be higher for the same output 


power. Higher anode voltages result in 
higher gain, lower drive levels, lower grid 
carrent and lower plate current for a given 
‘output power. 

‘The anode tuner’s tuning rate is ap- 
proximately 5 MHz per turn. Clockwise 
rotation of the tuner lowers the resonant 
frequency of the cavity. This control will 
require readjustment as you make large 
frequency excursions within the 23-cm 
band (for example, if you go from 1296 
‘weak-signal work (o the 1269-MHz satel- 
ite segment), You should also check the 
input SWR if you move more than 15 MHz, 
Generally, amplifier tuning does not 
change much after initial setup. You should 
be able to turn it on and use it without re- 
tuning as it heats up. Slight adjustments 
may be necessary, however, depending on 
cooling, inherent thermal differences from 
tube to tube and duty cycle of the operating. 
mode. Always keep the anode tuner peaked 
for maximum output, and check it from 
time to time, especially while you are first 
learning how the amplifier operates. 

‘The output loading control is the output 
connector and probe assembly. Loading is 
changed by minor rotational adjustment of 
the N connector. First loosen the jam-nut 
(or setscrew) slightly, While observing 
‘output power and keeping the anode tuner 
peaked, rotate the loading control +30 de- 
grees maximum for greatest output power. 
This should be done only once and should 
not need repeating unless another tube is 
installed, Even then it may not be required 


Conclusion 

This cavity amplifier for the 23-cm band 
is capable of safe, reliable operation at 
output powers in excess of 200 W, More 
than 50 of these amplifiers are in opera- 
tion, and you can build one, too. 1 would 
Jike to thank Mike Stahl, K6MYC, Bill 
Troetschel, K6UQH, William Jungwirth, 
AAGS, Lem Moeschler, W6KGS and Jo- 
seph Cadwallader, KOZMW, for their help 
and encouragement during’ the develop- 
‘ment of this project. 
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2-W, 13-cm Amplifier 


his amplifier uses a resistively stabi- 

lized Hewlett Packard ATF-44101/ 
AT-8 140 power GaAs FET running class A 
to provide 14 dB of gain and a 2-W output. 
It wasn’t too difficult to choose the 
device—there aren't that many linear 
devices that cover the 2.3 GHz band at this 
power level. Unfortunately, it is fairly 
pricey; the circa 1990 price was around $90, 
But since this transistor has been around a 
Jong time, it may be available surplus. Sev 
eral hundred were sold at the bargain price 
of $3 each about a year and a half ago. f 
bought a few—I should have bought more, 

Even if you do buy your FETs at bargain, 
prices, you still will want to ensure that they 
are biased safely. As has been pointed out 
many times in the literature, having. the 
negative gate bias supply fail while the 
drain supply is applied may result in the 
destruction of the device. Thus, designers 
have devised elaborate protection schemes 
to shut off the drain supply if the gate sup. 
ply fails 

Fig I shows a simpler power-supply cir 
cuit. The drain supply is controlled by an 
ordinary 723 voltage regulator with current 
limiting. The current limiting protects the 
device—instead of the expensive FET get 
ting hot and seif-destructing, the cheap TIP 
30 power transistor gets warm. Doing this 
eliminates the need for complex shutdown 
circuits 10 handle a failed bias supply. 
While there are more modern regulator 
chips than the 723, they aren't significantly 
better for this application. In fact, some are 
“improved” to the point where they are 
tougher to use. For example, chips with 
better current-sensing cireuits often require 
special low-value resistors. While you 
ccould use the copper wire table in the ARI. 
Handbook to make your own low-value 
resistors from wire, it makes more sense to 
me to use a 723 with standard, readily avail- 
able parts. 

‘The gate bias supply is produced by an 
NESSS timer running as an oscillator and 
driving a voltage inverter. An LM337 ad- 
justable 3-terminal voltage regulator con- 
trols the gate supply. Now, you have t be 
a little careful using adjustable voltage 
regulatorswith bias supplies. While 1 
haven't experienced this myself, it is 
entirely possible that a noisy potentiometer 
could momentarily present an open circuit 
between the wiper and the resistance ele 
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ment. Conceivably, in some circuits, this 
could result in voltage spikes at the output 
of the voltage regulator as the voltage is 
adjusted. The cure for this is to wire the 
potentiometer so that it never presents an 
open circuit, even with an intermittent 
wiper, as I've done with R9 in Fig I 

For some other GaAs FET circuits, it 
may be advantageous to use an active-bias, 
supply which operates inside the feedback 
loop of the current limited supply. This, 
allows the bias point to be unaffected by 
temperature variations. The current limit- 
ing acts asa failsafe, protecting the transis 
tor if a more negative gate supply voltage 
is unable to turn off the transistor. I've 
successfully used this circuit when only a 
milliamp of bias current was needed. Due 
to the high current required by the gate cir 
‘cuit of the 2-W amplifier, I decided it was 
impractical to active-bias the FET in this 
pplication: the ICL7660 can’t provide the 
needed cusrent. But there are highercurrent 
versions of this chip, for those who don’t 
mind the price. 


AF Design 
[found the AT-8 140 rather difficult to 
set unconditionally stable. Lended up plac- 


ing @ 10041 chip resistor from gate to 
ground, which resulted in pretty good st 
bility, except around 2.3 GHz. Unfort- 
nately, it doesn’t appear possible to de 
decouple this resistor without adversely 
affecting stability, so quite a bit of bias 
current is needed. Because of this, it is 
conceivable that you may find a FET that 
reeds too much gate voltage for a typical 
10041 chip resistor to handle. Whether 
this is the case with a particular FET 
depends on both the threshold voltage and 
the transconductance of the device. The 
threshold voltage can vary quite a bit, 
particularly in older devices, though the 
‘manufacturers have tightened up this speci- 
fication in recent data books, Worst case 
would be a large negative tiveshold volt- 
age and a high transconductance. Stacking 
chip resistors in parallel might be a solu 
tion, though this might also invite un 
‘wanted parallel resonance effects, similar 
to what is seen with paralleled capacitors. 
While in-band stability is not too eriti- 
cal, since the source and load impedance 
‘matching is usually pretty good at the oper- 
ating requency, I used a series resistor in 
the gate decoupling line to make the ampli- 
fier unconditionally stable, according to 


Table 1—Measured Ampl 


Input to Driver AT 8140 AT 8140 
MGF 1801 Output Output Gain 
river 

(8m) — (dBm) (dBm) (a8) 
“70 87) 198144 
00 25 266 141 
30 155 207142 
40 5 308143 
50 17531714 
60 184 0-326 142 
70 192 3330144 
80 203 339 «13.6 
90 21200341134 
10.0 221 346 125 
13.0 24200389 10.7 


ier Performance 


‘The 1-48 compression point is at 4.1/3.2 dBm output. 
Comparing measurements made using an HP8583E spectrum analyzer against those 
made with an HP 453B/8481A power meter, a signal that measures 4.7 dBm on the 
spectrum analyzer reads out as 3.8 dBm on the power meter. The values listed are 
from the spectrum analyzer, taking into account & 30.2-dB, 25-W Bird attenuator 
inserted between the amplifier and the analyzer. 


#01015 


O current uit | 2 


Compensation {x3 


410 10 15V 


Pischerge 
Prec 
Treat 


Tigger 


OND _Voltege 


Gate Supply 


Rs 


Ye 
7 
(current 
Regulated) 


Drain Supply 


Yo 


tur 


500 54 ey 
Tentohur 


Fig 1—Power supply for the 2-W, 13-cm ampliier. 


the computer model, This series resistor 
also improved the input match bandwidth, 
an important consideration if you don't 
‘want to tune the amplifier. Of course, im- 
proving the bandwidth with resistance also 
reduces the gain. The loss isn't too bad, 
however, secing as this design is within a 
few dB of the maximum stable gain the data 
sheet specifies. The design was optimized 
with 150 Q of series resistance, but I de- 
cided that such a high value was unwise 
To accommodate such a high series resis- 
tance, itis entirely likely that the negative 
supply voltage would have to be more 
negative than the VGS limit. Then, if the 
10041 resistor were to fail opencircuited, 
the supply could damage the gate of the 
transistor. For this reason, I chose to use a 
‘5041 series resistor. I didn’t reoptimize the 
design for 50 @ of series resistance, since 
the likely improvement was small com- 
pared to the variations I've seen when op- 
timizing the univ on the bench. 

Finally, 1 discovered that additional 
gate circuit bypassing was required at 
‘audio frequencies to prevent the circuit 
from oscillating. This was done with 2 
I-UF capacitor thatis not shown in the com> 
puter model. This frequency range wasn’t 
covered by the model. 

Several dB of additional saturated output 
power was obtained by modifying the out- 
ut network with foil tabs. AT-8140s satu~ 
rate at about 2,2 W output with around 200 
mW of drive. An advantage to optimizing 
the circuit by modifying the 5041 striplines 
at the input and output of the amplifier is that 
the stability should not be adversely af- 
fected, But the board does have to be made 
larger to accommodate such tuning, 

‘The original design was optimized 
using Microwave Harmonica, with the re~ 
sults shown in Table 2 and Fig 6, After 1 
tweaked the output network (0 get maxi 
mum output power, entered the changed 
circuit components into the computer and 
analyzed the circuit, resulting in the analy- 
sis shown in Table 3 and Fig 7. Table 1 
shows the performance of the circuit in its 
final configuration. 


Construction Notes 
To ground the drain bypass capacitor 
and the gate resistor, [cut slots in the board 
‘and connected the pads to the ground plane 
with |-mil coppes fail. Copper foil was also 
used to connect the gate bypass eapacitor, 
although in this case I trimmed the board 
so that it wasn’t necessary to cut a slot. 
For high-quality grounding without lots 
of tiny screws, I decided to try using a heat 
spreader made out of I-mil copper foil. I 
cut a hole in the circuit board for the FET 
and then carefully soldered the foil across 
the hole in the circuit board, waking care not 
to put any solder where it would interfere 
with heat-sinking action, I didn’t want any 
air pockets, as they are extremely poor con- 
ductors of heat. Then, after attaching the 
board to a piece of 0.25-inch sheet alumi 
hum With suitably lapped holes, [ used a 
seribe to punch holes for the 0-80 screws to 
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Fig 3—Schematic diagram for the 2-W ampitir. 

C1, C2—10-pF, high-quality porcelain chip Jt, J2—SMA jacks, 
‘capacitors. | used 55-mil capacitors, ‘Q1—Hewlett Packard ATF-44101/AT-8410, 
although 100-mil capacitors should work medium power GaAs FET. This device 
just fine ‘must De properly heat-sinked, 

63, C5—1000-pF NPO chip capacitors 

C4—1-pF, 16-V tantalum capacitor. 
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‘The absolute maximum channel 
temperature is 175°C. The case-to- 
junction thermal resistance is 23°C/W. 

TRLI-16—Microstriplines etched on 0.031- 
inch-thick, ¢, = 2.55 Teflon circuit board, 


‘Table 2—Microwave Harmonica Analysis 
(Original Circuit) 


get 


Sy 


‘Table 3—Microwave Harmonica Analysis 
(Optimized for Output Power) 


aE 


Fig 4—Parts placement diagram for the 
2.W ampitier. Points labeled XX should 
bbe connected to the ground plane using 
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Fig 5—Etching pattern for the 2-W amplifier. Use 0.031-inch-thick, , = 2.56 Tetlon circuit 
board. 
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Fig 6—Microwave Harmonica analysis of the ercuit's S 
parameters after computer optimization, 


Fig 7—Atter the oulput network was optimized on the bench for 
maximum output power, Microwave Harmonica produced this, 
analysis of the resulting circuit. 


mount the FET, Ideally, clean holes would 
be punched into the copper, but I couldn't 
figure out a way to do that with the tools I 
have available. I used 0-80 screws, which 
are the largest screws I’ve found that will 


fit in the mounting holes. While I’ve used 
smaller screws in the past, I prefer using. 
the largest screws possible since taps gen- 
erally get tougher to use as they get smaller. 
{ built one amplifier using 0.125-inch thick 


(6061 aluminum, but found that to be too 
thin 10 easily make the tapped holes for 
attaching the connectors and brass strips, 
although the finished mounting plate was, 
stiff enough, 


Microwave Amplifiers 3-17 


By Al Ward, WBSLU. 


From QST, December 1985 


1296-MHz Solid-State 
Power Amplifiers 


Explore the DX possibilities of the 23-cm band with 


ith the ever-increasing number of 
ready-to-go 1296-MHz transverters 

available on the market today, there is a 
great demand for a simple and economical 
way to generate higher power than the 
typical 0.5 10 | W output these transverters 
Provide. If I W o¢ less is used to drive a 
typical 2C39/7289 stripline or cavity 
amplifier, the low output power soften dis- 
appointing. A tube-type amplifier run with 
KV on the plate typically offers a gain of 
10 dB. This means that, at best, you can 
‘expect 5- to 10-W output from your I-W or 
less input 

‘A popular way of generating higher 
power isto cascade two tube-type amplifi- 
ers for 50- 10 100-W output. Were T will 
show you an alternative: two solidsiste 
amplifiers that can replace the tubetype 
driver amplifier and provide 10- to 20-W 
‘output—enough to drive a two-tube ampli- 
fier to full output 

The NEC NEL1306 and the NELI320 
1300-MHz power transistors are an eco- 
nomical solid-state approach to generating 
moderate power levels (10-20W) at 1269 
and 1296 MHz. These amplifiers can be 
used for terrestrial or sateite work. When 
OSCAR 10 was designed, it was thought 
that 10 W into a modest gain antenna 
(20 4Bi) would produce usable signals 
from the sateffite. Unfortunately, there 
were some problems, and the sensitivity of 
AO-10 was not as originally expected for 
the Mode-L uplink. These amplifiers can, 
however, be used as a driver for a higher” 
powered tube ampiifier for Mode-L. ser- 
Vice, If all goes according to plan with the 
launch of AMSAT-OSCAR Phase liiC. 10 
to 20 W with a 20-dBi gain antenna will 
produce acceptable downlink signals 

‘The NEL1306 is rated for 6-W output at 
1296 MHz at the I-B compression point; 
the NEL 1320 is rated at 20 W. These de 
‘vices offer several advantages for amateur 
experimenters. They were designed for 
collector voltages of 12- 10 13.6-V de, 
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these modern amplifiers. 


making them ideal for ponable and mobile 
operation. Although the price may seem 
high to someone familiar with HF pans, 
these devices are less expensive than most 
microwave power transistors. The NEL 

1306 is in the $26 price range. while the 
NEL 1320 costs about $42. California East- 
ern Laboratories makes these transistors. 
avaiiable in sing! 
don’t have to be 
your hands on them.* 

‘The performance of the amplifiers T 
built and tested is shown in Table 1. The 
NEL1306 is a good buy. With 1.5-W input, 
6- to 8-W output can be achieved. When 
the amplifier is tuned up at lower power 
levels, power gain can be as high as 10 dB, 
With 200-mW drive from my homemade 
‘sansverter, an output power level of 2 W is 
attainable? 

Power gains as high as 17 dB are pos- 
ible with a two-stage amplifier (an 
NEL1306 driving an With a 
mere 200 mW of drive, 10-W output is 
possible. When the pair of amplifiers is 


driven with 1 W and tuned for maximum 
power output, the 1-dB compression point 
of 18 W will be achieved, 


Circuit Details 

‘The basic design, shown schematically 
in Fig, 1, is an adaptation of a circuit 
described in the NEL1300 series dats sheet, 
‘The design incorporates 30-ohm quarter- 
wavelength microstriplines on the input 
and output. C3, C4, C7 and C8, along with 
LI, form a pi network that matches the low 
input impedance of the device to 50 ohms. 
CS, C6, C9 and C10 and the 30-ohm trans- 
mission line (L2) form an output pi 
network that maximizes power transfer to 
50 ohms. C10 is not aiways necessary, de- 
pending on variations among devices and 
circuit-board material 

designed the amplifiers for 0,031-inch- 
thick, double-sided glass-epoxy circuit 
board. A 30-ohm line in this dielectric 
equates to a line width of 0.121 inch, which 
is equivalent to the width of the collector 
and base leads of the NEL1300 series 


Table 1 
Typical Operating Conditions for the 1296-MHz Solld-State Power 
Amplifiers 

Device NE130681-12 NEL192081-12 

Pot-oB TW. 18 

compression 

point) 

Gain (1-48 6 dB typ. 5 dB typ 

compression 

point) 

Collector 40-50% 40-50% 

efficiency 

Idling current 50. mA 150 ma 

Ip @1dB 1.18 308 

compression 

point 

Veo 135 138 

Power input 14.9 W 405 W 


npur| 


+9180 


11000, M1080 920, 


EXCEPT AS INDICATED, DECIMAL VAWES OF 
‘CAPACITANCE ARE I MICROFARADS 9} 
[OTHERS ARE IN’ PICOFARADS (pF OF J 
RESISTANCES ARE IN OHMS; 


Fig. 1—Schamatic diagram of the NEL1906 and NEL1320 1296-MHz solid-state power amplifiers. The schematic is identical for both 
versions. Component values are the same except as noted. 


C1, C2, C11, C17—10-pF chip capacitor. 

3, C4, C5, C6—3.6- to 5.0-pF chip 
Capacitor. 

C7, C8—1.8- t0 6.0-pF miniature trimmer 
‘capacitor (Mcuser 24AA070 or equiv, 

See tox) 

9, C10—Same as C7 and C8 for the 
'NEL1306 ampitier. For the NEL1320 
version, 0.8- to 10-pF piston trimmers 
are used (Johanson 5200 series or 
equiv). 


612, C14—100-pF chip capacitor 

13, C15—0.1-uF dise ceramic capacitor. 

C16-10-uF electrolytic capacitor. 

D1—1N4007 diode. 

Li, L2--80-ohm microstrpline, 
‘lewavelength long (see text) 

QI—NEC NELI3088t-12 (6 W) or 

NEL132081-12 (18 W) transistor. 

1—B2- to 100-0 resistor, 2-W minimum, 

Vary for specified idling current. 


‘ourpur 


Fig 2—Parts-placement diagram and fullsize etching pattern for the solid-state 
1286-MHz power amplifiers. All components mount On the etched side of the board. 
‘The same PC boards are used fos each version 


210-2, '/.-W carbon-composition 
‘seeistor with “zero” lead length. See text. 

R3-~15-0, 1-W carbon-compasition 
resistor. 

RFCI—3t no. 24 wire, 0.125 inch ID, 

‘spaced 1 wire diam. 

RFC2—It no, 24 wire, 0.126 inch ID, 

spaced 1 wire diam 

RFC3—1-4H RF choke; 48t no. 24 enam. 

close-spaced on a T50-10 toroid core, 


devices. This minimizes the 
between L1, L2 and QI. 

Bias is provided by RI, R2 and DI. RL 
‘can be optimized, if desired, t0 adjust the 
collector idling current, 

Tselected RECL and RFC? by choosing 
the lowest possible reactance that will not 
affect power gain or output power. The RF 
chokes and the 10-pF bypass capacitors 
afford adequate decoupling at the fre- 
quency of operation. The values of RFC! 
and RFC2 are purposely made different to 
avoid oscillations caused by bias-choke 
coupling, : 

After building several of these amplifi- 
‘ers, [noticed that the transistors sometimes 
generated low-frequency spurious signals. 
Although these signals were very low in 
amplitude and caused no problems, they 
were annoying. I found that I could elim 
nate them by keeping the high-frequency 
RF chokes in the collector circuit as small 
as possible and adding the parallel 
R3/RFC3 combination, as well as bypass 
capacitors C14, CIS, C16. RFC3 must be 
capable of handling 1 A for the NEL1306 
and 3 A for the NELT320, so made special 
RF chokes to withstand the current. 


Construction 


Identical construction techniques are 
‘used for bath amplifiers, Most of the com- 
ponents are mounted to the PC board, and, 
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the board and transistor are mounted to an 
aluminum base plate made from '/-inch- 
thick stock. PC-board layout is shown in 
Fig. 2. Two separate boards are used—one 
for the input side and one for the output— 
and they are mirror images of each other. 
‘The copper is retained on the bottom side 
and serves as a ground plane. The grounded 
areas on the top side must have a good 
connection to the bottom ground plane for 
low-inductance grounding of the transistor 
emitter leads, matching capacitors and bias 
circuitry. Etched PC boards and partial 
parts kits for this project are available from 
AGA Engineering. 

Several effective methods of connect- 
ing the top and bottom ground planes are 
summarized here. 

1) Plated-through holes at the critical 
‘grounding areas mentioned earlier. 

2) Use of pins or screws that penetrate 
through the circuit board into the alumi- 
num base plate at the critical areas. 

3) Use of “wrap-around” foils on all 
edges of the ground plane. 

Plated-through holes are often used in 
the commercial and military electronic 
marketplace but are not so easily repro- 
duced in the average builder's circuitboard 
shop. I've found that the best technique for 
the home builder is a combination of meth- 
ods 2 and 3. First, wrap thin copper or brass. 
foil around the board edges and then solder 
the foil to the top and bottom. Sometimes 
called “shim stock,” thin sheet metal is 
often available from hobby shops or metal 
suppliers. Next, drill holes through the 
oard and use no, 4-40 screws to tie the 
circuit board to the base plate atthe critical 
areas shown in Fig. 2. 

‘The transistor must be mounted so that 
its leads lie flat against the PC board. This 
poses a slight problem, since the transistor 
Teads protrude from the device 0.165 inch 
‘above the bottom of the flange, and the PC 
boards are only 0.031 inch high. There are 
couple of way's around this problem. They 
‘work equally well, so choose the method 
that is easiest for you. 

If you have access to a machine shop, 
you can mill out a 0.240-inch-wide by 
(0,090-inch-deep slot in the aluminum base 
plate to clear the transistor flange. This is a 
simple task on a milling machine, and you 
can probably find a local machine shop that 
will do small jobs when business is 
slow. The other method is to mount the 
transistor to the base plate and use a piece 
‘of 0,090-inch-thick aluminum sheet to 
bring the inpvt and output PC boards up to 
the right height, The 0.090-inch dimension 
allows a wrap-around foil and solder 
buildup of 0.040 inch, maximum. 

Tused I-inch-long screws to secure the 
transistor to holes drilled and tapped in the 
aluminum base plate. The extra screw 
length that protrudes from the bottom of 
the base plate allows the use of an external 
hneat sink, which is suggested if continuous, 
operation is desired, 

‘The clearance holes in the NELI300 
devices are for no. 4-40 hardware, I drilled 
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Fig 3—Construction details for the solid-state 1296-MHz power amplifiers. See text for 


additional information, 


‘out the holes to accept no. 6-32 screws to 
‘uke the assembly more rugged, although 
this may not be necessary. Be careful if 
you decide to drill out the holes to accept 
no. 6-32 hardware; the transistor flange is 
soft copper, and you could damage the 
device. Use a small vise to hold the transis- 
tor flange during the drilling operation, 

Solder the components to pads on the 
board using surface-mounting techniques. 
Silver solder (2%) is recommended for the 
chip capacitors, but SN63 will work fine. 
Usea 15-Wiron and solder quickly to avoid 
burning the metallization off the capacitors. 

‘The transistor leads should be soldered 
in place only after the circuit boards and 
transistor have been firmly bolted down to 
the base plate. This is necessary to mini- 
mize any buildup of stress in the transistor 
leads. Chip capacitors C3, C4, C5 and C6 
should be soldered directly onto the leads, 
of QI to ensure the shortest possible lead 
Tength, Keep D1 close to QL. Thermal com- 
pound will enhance heat transfer to DI to 
ensure minimal drift in idling current with 
temperature changes. 

In the original design of these amplifi- 
cers, Johanson piston-trimmer capacitors 
(5200 series or equiv.) were used for C7, 
€8,C9 and C10. These capacitors are fairly 
large, and in some instances the coupling, 
between the bodies of C8 and C9 was 
enough to cause an in-band oscillation. 
‘Smaller variable capacitors should be used 
if at all possible. I've used 2 1.8- to 6.0-pF 
miniature ceramic trimmer capacitor, 
Mouser Electronics part number 244.4070, 
in the input and output networks of the 
NEL1306 amplifier and in the input net- 
work of the NELI320 amplifier with no 
performance degradation.* I did use the 
Johanson piston trimmers in the output 
network of the NEL.1320 amplifier because 
‘of the high RF currents involved. 

The PC board makes use of end-launch 
SMActype connectors. Fig. 3 illustrates. 
this technique. Four-hole, flange-mount 
SMA connectors can be mounted to the 
edge of the base plate using two of the four 
mounting holes. Drill and tap the base plate 
for no, 2-56 hardware. Be careful—it's 
easy to accidentally cross-thread orover- 
torque the no. 2-56 hardware. 

Analternative approach is to mount the 


amplifier in an aluminum die-cast box (Bud 
CU-124B or Hammond 1590B) and run 
miniature 50-ohm coaxial cable such as 
RG-174 from the amplifier board to the con. 
‘nector. The amplifiers shown in Figs. 4 and 
S use standard SMA connectors mounted to 
the walls of the metal box. BNC or Type-N 
connectofs should work equally as well 
‘When preparing each end of the coaxial 
cable, try to keep the pigtail leads as short as 
possible (Ye inch of less); otherwise the 
‘mismatch will be difficult to tune out, 

T compared the performance of an am- 
plifier with end-launch connectors to that 
of another that used the approach just de: 
seribed. I could measure no difference in 
gain or 1-dB compression point. 

Considerable effort was put forth to make 
‘gate the amplifiers are stable. The devices 
have fairly high gain at the frequency of 
‘operation, so layout and good construction 
practices are very important. Here are some 
construction hints that can help ensure am- 
plifier performance and stability. 


1) Use the smallest (physical) size vari- 
able capacitors that will still handle the RF 
current, 

2) Use wrap-around ground foils as 
noted. Grounding screws are required atthe 
critical RF-ground areas near the shunt 
variable capacitors, shunt bypass capaci 
tors and QI emitters 

3) Connest braids from the coaxial- 
cable jumpers to the same ground as the 
shunt Variable capacitors. 

4) Use as little lead length as possible 
‘on R2—Iess than ‘Ye inch, 

5) In some instances when the large pis- 
ton trimmers are used, a shield approxi- 
mately ‘Ve inch high mounted on top of QL 
and grounded via the mounting screws can 
improve isolation between C8 and C9. 


Tune-up and Operation 

Measuring RF power at 1296 MHz can 
be difficult. I used a calibrated 20-dB 
directional coupler along with enough at- 
tenuator pads to allow power to be read 
with a Hewlett Packard HP430C power 
meter and an HP477B thermistor mount 
Even better is the HP431 power meter with 
its associated HP478A thermistor mount (a 
newer version of the HP430C that does not, 


Fig §—The NEL1320 amplifier is virtually identical to the 
NEL1306 version of Fig 4, except lor the capacitors on the output 
strip line, C10 was not necessary om this version. 


Fig 4—This NEL1306 amplifier was built inside a die-cast box. 
Miniature coaxial cable runs to the connectors. 


suffer from temperature-drift problems). 
Bird offers several low-power elements for 
the popular model 43 in this frequency 
range. Bird 400-1000 MHYz elements are 
common, and Mey can be weed with de- 
creased accuracy. 

‘Begin initial Setup of each amplifier by 
terminating the input and output in good 
'50-ohm loads. I recommend that you use a 
fuse in the collector lead of QI to protect 
the device until you are sure everything is 
working normally. Start with all capacitors 
at minimum. Apply 12-10 13.5-V de to the 
Vcc and bias terminals. The collector idling 
‘ureent should be as shown in Table I. Vary 
the value of RI for correct idling current 

‘or the NELI306 amplifier, start out 
with 50 to 100 mW of drive. Adjust the 
output network for maximum power out- 
put and then peak the input network for 
‘maximum output power, Increase drive 
and repeak both matching networks for 
rated performance as shown in Table 1 
Similarly, start out with approximately 1 
Wot drive for the NEL1320 and follow the 
same procedure. After a minute or two 
of operation at maximum power output, 


remove RF drive power and check 10 see 
that the collector idling current has not 
increased more than 25% over the initial 
setting. Keeping D1 in close contact with 
QI will minimize drift in idling current 
with temperature changes 

If you're going to use transistor switch 
ing to apply de to the power amplifier 
stages during transmit, consider the follow- 
ing technique. Apply 13.5-V de to the Vec 
terminal during receive and transmit, Use a 
series transistor switch 10 apply 13.5-V de 
to the bias terminal during transmit. A 
power transistor capable of carrying only a 
few hundzed milliamperes of bias current, 
2s opposed t0 several amperes of collector 
current, will be required. More important, 
the voltage drop across. the transistor 
switch in the Vcc line will be eliminated. 
This will ensure maximum power output of 
the NEL1300 devices by keeping Vec at 
13.5-V de 

Switching the bias port off during 
receive is important for another reason. 
Normally during receive periods, the am- 
plifiers left unterminated. Sometimes the 
Input por is also left apen. Depending on 


the length of the unterminated S0-ohm 
cable on the amplifier ports, the unit may 
show signs of instability if it is drawing 
idling current. 

‘Several amateurs in the Dallas area have 
duplicated these amplifiers with no prob- 
lems, Other amplifiers of this desiga are in 
use in different parts of the country. The 
NEL1300 series amplifiers offer a Simple 
and inexpensive means of generating me- 
dium power on 1296 MHz. You'll be 
amazed 2 what you can work with 18 W 
that you can’t with 1 W. 

Uwish to thank everyone who offered 
technical advice, especially Wes Atchison, 
WASTKU, for helping with the construction 
and evaluation of the prototype amplifiers 


Notes 

NEC transistors are available from Califomia 
Eastern Laboratories, 3260 Jay St, Santa 
Clara, CA 95050, tel. 408-988-3500, 

2Camplete construction details for this trans- 
‘verler may be loundin Chapier 22 atthe 1966 
‘ARAL Handbook. 

°A& A Engineering, 7970 Orchid Dr., Buona 
Park, CA 80620, tel. 714-521-4160 

“Mouser Electronics, 11493 Woodside Ave., 
‘Santee, CA 82071, tel, 619-449-2222. 
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By Ward Silver, NOAX 


From QS7, September 2003 


Amplifier Care and 
Maintenance 


With few moving parts, your amplifier can be 
easy to overlook. Here are some ideas for taking 


mplifiers come in all shapes and sizes, 

Jarge and small, ight or heavy, tube or 
solid-state, VHF or HF. Regardiess, they 
all needa little TLC from time totime. They 
can cost as much as top-of-the-line radios, 
so it’s important that they geta little main- 
tenance on a regular basi. 

While this article focuses on amplifiers 
that use vacuum tubes, many of the ideas 
presented here can and should be applied to 
‘any amateur amplifier—HF or VAE/UHF. 
Solid-state amplifiers operate at lower 
voltages and generally have fewer points 
of failure, but they still need occasional 
maintenance. 


Safety First 

i is important to review good safety 
practices,' Tube amplifiers use power sup- 
ply voltages well in excess of 1 kV and the 
RF output at full throttle can be hundreds 
of volts, as well. Almost every voltage in 
‘an amplifier ean be lethal! Take care of 
yourself and use caution! 

© Power Control—Know and control 
the state of both ac line voltage and de 
power supplies. Physically disconnect line 
cord: and other power cables when you are 
not working on live equipment. Use a lock- 
out on circuit breakers, Double-check vi- 
sually and with a meter to be absolutely 
sure power has been removed. 

© Interlocks—Unless specifically in- 
structed by the manufacturer's procedures 
todo so, never bypass or “rig” an imerlock. 
This is rarely required except in trouble 
shooting and should only be done when 
absolutely necessary. Interlocks are there 
to protect you, 

© The One-Hand Rule—Keep one hand. 
in your pocket while making any measure- 
ments on live equipment. The hand in your 
pocket won't give current a chance to flow 
through you. It's also a good idea to wear 
shoes with insulating soles and work on dry 
surfaces. Current can be lethal even at mil- 


care of amplifiers. 


iampere levels 
physics. 

© Patience—Repairing an amplifier 
isn’tarace, Take your time. Don’t work on 
equipment when you're tired or frustrates 
Wait several minutes after turning the 
amplifier off to open the cabinet —capaci- 
tors can take several minutes to discharge 
through their bleeder resistors, 

© A Chicken Stick—Make this simple 
safety accessory shown in Figure I and use 
it whenever you work on equipment in 
which hazardous voltages have been 
present. The ground wire should be heavy 
duty (12 gauge minieaum) due to the high 
peak currents (hundreds of amperes) 
present when discharging a capacitor or 
tripping a circuit breaker. When equipment 
is opened, touch the tip of the stick to every 
exposed component and connection that 
you might come in contact with, Assume 
‘nothing—aceidental shorts and component 
failures can put voltage in places it 
shouldn't be, 

© The Biddy System and CPR—It's al- 
ways a good idea to use the buddy system 


don’t tempt the laws of 


when working around any equipment that 
hhas the potential for causing serious injury. 
‘The buddy needn't be a ham, just anyone 
‘who can be aearby in case of trouble. Your 
buddy should know how to remove power 
and administer basic first aid. Since hams 
work around electrical equipment fre- 
quently, it would be a good idea to have 
your buddy or someone in the household 
know CPR, as well.? 


Cleantiness 
The first rule of taking good care of an 
amplifier is cleanliness. I realize that 90 
percent of ham shacks have just failed the 
first rule. Amplifiers need not be kept spar- 
kling new, but their worst enemy is heat 
Excess heat accelerates component aging 
tand stresses those expensive tubes. and 
transformers. There are two areas to keep 
clean—the inside and the outside. 
Outside the amplifier, you need to pre- 
vent dus} and obstructions from blocking 
the paths by which heat is removed. This 
‘means keeping all ventilation holes free of 
the ever-present dust bunnies, pet hair and 
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Figure 1—The “chicken stick’ is a great way to ensure that everything inside the 
amplifier that should be discharged actually is. It can be a life saver. 
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Fig. 1. Multiple antenna technologies. 


Besides, on-line calibration technique is 
also adopted to correct the errors due to the 
distortions and nonlinearity of the radio 
frequency components in the antenna array 
system, 


Fig. | summarizes the different multiple 
antenna technologies and some 
examples of these technologies. 


ives 


This paper is organized as follows: in 
section II we present multiple antenna 
diversity schemes employed at _ the 
transmitter or/and at the receiver. Spatial 
multiplexing presented by BLAST schemes 
is detailed in section II. Section IV 
dedicated to some advanced multiple input 
multiple-output (MIMO) systems including 
multi-user MIMO — and cooperative 
communications, While techniques related 
to the smart antennas such as phased 
antenna array, switched beam antenna array, 
and adaptive antenna array are described in 
Section V. Finally, we conclude in Section 
VL 


is 


Il. MIMO Diversity 


In communication systems, we have to 
increase the reliability of the communication 
operation between transmitter and receiver 
while maintaining a high spectral efficiency. 
The ultimate solution relies in the use of 
diversity, which can be viewed as a form of 
redundancy [1]. There are many diversity 
techniques that can be applied to 
communication systems; we mention herein 
time diversity, frequency diversity, and 
spatial diversity or any combination of these 
three diversities. In time diversity, the same 
information-bearing signal is transmitted in 
different time slots where a good gain can be 
achieved when the duration between the two 
slots, in which the symbol 
transmitted, is greater than the coherence 
time of the channel. In frequency diversity, 
the same  information-bearing signal 
transmitted on different subcarriers where a 
good diversity gain can be achieved when 
the separation between subcarriers is greater 
than the coherence bandwidth. 


same is 


is 


insects. Fan intakes are particularly sus- 
ceptible to inhaling all sorts of “goop.” Get 
out the vacuum cleaner and clean not only 
the amplifier, but the surrounding areas. 
Don’t even think about letting liquids any- 
where near the amplifier. One spilled cup 
of coffee can cause hundreds of dollars of 
damage. 

Keep papers or magazines off the 
amplifier-—even if the cover is solid metal. 
Paper acts as an insulator and keeps heat 
from being radiated through the cover. 
Amplifier heat sinks must have free air cir- 
culation tobe effective. There should be at 
least a coupe of inches of free space sur- 
rounding an amplifier on its sides and top. 
If the manufacturer recommends a certain 
clearance, mounting orientation orair flow, 
follow those recommendations. 

Just as the outside needs to be kept 
clean, so does the inside. High voltage 
(HV) circuits attract dust like erazy. The 
‘dust slows heat dissipation and will even- 
tually build up to the point where it ares or 
carbonizes. Our friend the vacuem cleaner 
should make another appearance te remove 
any dust or dirt. If you find insects (or 
worse) inside the amp, try todetermine how 
they got in and plug that hole. Window 
screening works fine to allow airflow while 
keeping out visitors. While you're clean- 
ing the inside, this is a great time to per- 
form a visual inspection as described in the 
next section, 

Vacuuming works best with an attach- 
ment commonly known as a “crevice 
ccleaner.” Figure 2 shows a crevice clean- 


ing attachment being used with a small 
paintbrush to dislodge and remove dust. 
Don’tuse the vacuum cleaner brush attach- 
‘ment; they're designed for floors, not elec- 
tronies. Some vacuums also have a blower 
‘mechanism, but these rarely have enough 
punch to clean as thoroughly as a brush. 
Besides, that dust you blow all over is g0- 
ing to wind up in some other equipment, so 
it's best to take it out of circulation, so to 
speak. The brush will root dust out of tight 
places and off components without dam- 
‘aging them or pulling on connecting wires. 

If you can’t get a brush or attachment 
close enough. a spray can of compressed 
air will usually dislodge dust and dirt. If 
Yyou use a rag or towel to wipe down panels 
‘r large components, be sure not to leave 
threads or int behind. Never use a solvent 
‘or spray cleaner to wash down components 
unless the manufacturer advises doing so: 
you might leave behind a residue or dam 
‘age the component 


Visual Inspection 

Once the amplifier has been cleaned, 
it’s time for a visual inspection, Remove 
any internal covers or access panels 
and...stop! Get out the chicken stick, clip 
its ground lead securely to the chassis and 
touch every exposed connection. Now, 
using a strong light and possibly a magni- 
fier, look over the components and 
connections. Amplifiers have far fewer 
‘components than transceivers do, so it's 
quite feasible to look at every component 
and insulator. Look for cracks, signs of 


Figure 2—A small paintbrush and a vacuum cleaner crevice attachment make dust 
removal easy, 
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arcing, carbon traces (thin black lines), dis- 
coloration, loose connections, melting of 
plastic, and anything else that doesn’t “look 
right.” This is a great time to be sure that 
mounting and grounding screws are tight. 
‘While you're in there, does anything smell 
burnt? The nose can quickly detect the 
odors of toasted transformer, cooked ca- 
pacitor or roasted resistor. Learn the smells. 
of healthy and not-so-healthy components. 

Make a note of what you find, repair, or 
replace—even if it’s absolutely nothing. If 
you don’t keep a shack notebook, start one. 
‘A simple spiral notebook with notes about 
‘maintenance, wiring, color coding, antenna 
behavior and so forth can be a big time- 
saver. 


Electrical Components 

‘An amplifier contains many heavy-duty 
HY and RF components. These can be ex- 
pensive and hard to replace, so it’s impor- 
tant that you take good care of them. Let’s 
start with the power supply. 

There are three basic parts to amplifier 
power supplies—the a¢ transformer and 
line devices, the rectifier/filter and the 
metering/regulation circuitry. Transform- 
ers need little maintenance except to be 
kept cool and be mounted securely. Line 
components such as switches, circuit 
breakers and fuses, if mechanically sound 
and adequately rated, are usually electri- 
cally okay, as well. 

Rectifiers and the capacitors that filter 
the HV de require occasional cleaning, 
Look for discoloration around components 
‘mounted on a printed circuit board (PCB) 
land make sure that all wire connections are 
secure. HV capacitors are generally clec- 
trolytic or oil and should show no signs of 
leakage, swelling or outgassing around ter- 
minals. 

Located at the output of the filter, com- 
ponents that perform metering and regula- 
tion of voltage and current can be affected 
by heat or heavy dust. If there has been a 
failure of some other component in the 
amplifier—such as a tube—these circuits 
can be stressed severely. Resistors may 
survive substantial temporary overloads, 
but may show signs of overload, such as 
discoloration or swelling 

‘Amplifiers contain two types of re- 
lays—control_and RF, Control relays 

witch ac and de voltages and do not handle 
input or output RF energy. The usual prob- 
lem encountered with control relays is oxi- 
dation or pitting of their contacts. A bur- 
nishing tool can be used to clean relay 
contacts. Ina pinch astrip of ordinary paper 
can be pulled between contacts gently held 
closed. [Avoid the temptation to over-clean 
silver-plated reley and switch contacts, as 
the author points out later, It is easy to re- 
‘move contact plating with excessive polish- 
ing and while silver-plated relay and switch 
contacts may appear to be dark in color, oxi- 
dized silver (black) isstill agood conductor. 
Once the silver’s gone, it's gone; contact 
erosion will then be pervasive —Ed.] IF 
Visual inspection shows heavy pitting or 


discoloration or resistance measurements 
show the relay to have intermittent contact, 
quality, itis best replaced. 

RF relays are used to perform transmit 
receive (TR) switching and routing of RF 
signals through or around the amplifier cir 
cuitry. Amplifiers designed for full break- 
operation will usually use a high-speed 
vacuum TR relay. Vacuum relays are sealed 
and cannot be cleaned or maintained, When 
you replace RF relays, use a direct replace- 
ment part or one rated for RF service with 
the same characteristics as the original. 

Cables and connectors are subjected to 
heavy heat and eleetcical loads in amplifi- 
ers. Plastics may become brittle and con- 
nections may oxidize. Cables should re~ 
main flexible and not be crimped or 
pinched under clamps or tie-downs. It’s a 
ood idea to gently wiggle cables while 
Watching the connections at each end for 
looseness or bending. Connectors can be 
unplugged and reseated once or twice to 
clear oxide on contact surfaces. Carefully 
inspect any connector that seems loose. Be 
especially careful with connectors and 
cables in amplifiers that have RF decks that, 
are in separate enclosures from those of 
their power supplies. Those interconnects 
are susceptible to both mechanical and 
electrical stress and you don’t want an en- 
ergized HV cable loose on the operating 
desk. Check both the soldered electrical 
integrity and the mechanical stability of 
those cables and make sure they are tightly 
fastened. 

‘AS with relays, switches found in am- 
plifiers are either conizol function orien- 
lated or RF routers. Adequately rated con- 
trol switches, if mechanically sound, are 
usually okay. Bandswitches are the most 
‘common RF switch—usually a rotary phe~ 
nolic or ceramic type, A close visual in- 
spection should show ne pitting or oxida- 
tion on the wiper (the pat of the switch that 
rotates between contacts) or the individual 
contacts. Arcing or overheating will 
quickly destroy rotary switches. Figure 3 
isa photo of a heavy-duty band switeh that 
has suffered severe damage from arcing. 
Slight oxidation is acceptable on silver: 
plated switches. Phosphor-bronze contacts, 
‘can sometimes be cleaned witha light serub 
from a pink pencil eraser, but plating can 
be easily removed, so use caution with this 
method and be sure to remove any eraser 
crumbs. Rotary switch contacts cannot be 
replaced easily although individual wafer 
sections may be replaced if an exact match- 
ing part can be obtained. 

‘Amplifiers use all types of capacitors 
and resistors. When replacing them, be sure 
touse a part rated for the use to which it will 
be put. Voltage and power-handling ratings 
are particularly important, especially of 
those handling high RF currents. An RF tank 
capacitor replacement should be checked 
earefully for adequate RF voltage and cur- 
rent ratings, not just de. HV resistors are 
generally long and thin to prevent arcing, 
fcross their surfaces. Even if a smaller (and 
cheaper) resistor has an equivalent power 


rating, resist the temptation to substitute it 
Ina pinch, a series string of resisters of the 
appropriate combined value can be used to 
replace one HV unit, Don't use carbon re- 
sistors for metering circuits, use metal or 
carbon film types. The carbon composition 
types are too unstable, 

If you are repairing or maintaining an 
old amplifier and manufacturer-specific 
parts are no longer available, the ham com: 
‘munity has many sources for RF and HV 
components, Fair Radio Sales and Surplus 
Sales of Nebraska are familiar names.’ 
Hamfests and Web sites such as www. 
cham.net or www.kidwu.net/hamtrader 
often have amplifier components for sale. 
‘You might consider buying another ampli- 
fier of the same type in non-working con- 
ition for parts use. 


Tubes 

The single most expensive component 
in an amplifier is usually the vacuum tube 
that performs the amplification, Good 
‘maintenance of tubes starts with proper op- 
eration of the amplifier. Follow the 
‘manufacturer's instructions for input drive 
levels, duty cycles, tuning and output 
power level. Frequently check all metered 
voltages and current to be sure that the 
tubes are being operated properly and giv- 
ing you maximum lifetime. Penta Labs has 
fan excellent Web page on maintaining 
power tubes,! 

The internal mechanical structures of 
tubes generally do not deal well with me- 
chanical shock and vibration, so be gentle 
The manufacturer may also specify how 
the amplifier is to be mounted, so read the 
operating manual 


arcing, 


Figure 3-The band switch section on the left elearly shows the signs of destructive 


Tubes generate a lot of heat, so it's im- 
portant that whatever cooling mechanism 
employed is kept at peak efficiency. Air- 
‘ways should be clean, including between 
the fins on metal tubes. All seals and chim- 
neys should fit securely and be kept clean 
Wipe the envelope of glass tubes clean af- 
ter handling them—fingerprints should be 
removed to prevent baking them into the 
surtace. 

‘On metal tubes that use finger-stock 
contacts, be sure the contacts are clean and 
make good contact all the Way around the 
tube. Partial contact or dirty finger stock 
can cause asymmetric current and heating 
inside the tube, resulting in warping of in- 
ternal grids and possibly causing harmon- 
ies or parasitics. 

Plate cap connections and VHF parasitic 
suppressors should be secure and show no 
signs of heating. Overheated parasitic sup- 
pressors may indicate that the neutralization 
circuitis notadjusted properly. Inspect socket 
contacts and the tube pins to be sure all con: 
nections are secure, particularly high-current 
filament connections. Removing and insert- 
ing the tubes once or twice will clean the 
socket contacts. 

Adjustments to the neutralizing net- 
work, which suppresses VHF oscillations 
by negative feedback from the plate to grid 
circvil, are rarely required except when you 
are replacing a tube or after you do major 
rewiring or repair of the RF components. 
‘The manufacturer will provide instructions 
‘on making these adjustments. If symptoms 
of VHF oscillations occur without chang- 
ing a tube, then perhaps the tube character 
istics or associated components have 
changed. Parasitic oscillations in high- 
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power amplifiers can be strong enough to 
cause arcing damage, Perform a visual in- 
spection prior to re-adjusting the neutral 
izing circuit 

Metering circuits rarely fail, but they 
play a key part in maintenance. By keeping. 
a record of “normal” voltages and currents, 
‘you will have a valuable set of clues when 
things go wrong. ‘This is perfect informa- 
tion for the shack notebook. Record tuning 
settings, drive levels, and tube voltages and 
currents on each band and with every an- 
tenna. When things change, you can refer 
back to the notebook instead of relying on 
memory. 


Mechanical 

While the amplifier is primarily an el 
tronic beast, it has a significant number of 
mechanical parts that affect its well-being. 
‘Thermal cycling and heat-related stresses 
can result in mechanical connections loos- 
ening over time or material failures. 

‘Switch shafts, shaft couplings and panel 
bearings all need to be checked for tight 
ness and proper alignment. All mounting 
hardware needs to be tight, particularly if 
it supplies a grounding path, Examine all 
panel-mounted components, particularly 
RF connectors, and be sure they're at- 
tached securely. BNC and UHF connec- 
tors that are mounted With a single nut in a 
round panel hole are notorious for loosen- 
ing with repeated conneci/disconnections. 

Rubber and plastic parts are particularly 
stressed by heat, If there are any belts, 
‘gears or pulleys, make sure they're clean 
and that dust and lint are kept out of their 
lubricant. Loose or slipping belts should 
be replaced. Check O-rings, grommets and 
sleeves to be sure they are not brittle or 
cracked. If insulation sleeves or sheets are 
used, check to be sure they are covering, 
what they're supposed to, Never discard 
them orreplace them with improperly sized 
or rated materials. 

Enclosures and internal shields should 
all be fastened securely with every required 
screw in place. Watch out for loosely ove 
lapping metal covers. If a sheet metal 
screw has stripped out, either drill a new 
hole or replace the screw with a larger size, 
taking care to maintain adequate clearance 
around and behind the new screw. Tip the 
amplifier from side to side while listening 
for loose hardware or metal fragments, 
which should all be retrieved, 

‘A great time {0 clean the front and back 
ponefs and get gummy finger deposits off 
before they cause permanent finish damage 
is during maintenance. If the amplifier is, 
missing a foot on the cabinet or an internal 
shock mount, replace it. A clean unit with a 
‘complete cabinet will have a significantly 
higher resale value than a dirty, grubby one, 
soit’s in your interest to keep the equipment 


Shipping 

When you are traveling with an ampli- 
fier or shipping it, some care in packing 
will prevent neediess damage, Improper 
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packing can also result in difficulty in col 
Tecting on an insurance claim, should dam- 
age occur. The original shipping cartons 
are a good method of protecting the ampli 

fier for storage and sale, but they were not 
made to hold up to frequent shipping. If 
you travel frequently, it is best to get a 
sturdy shipping case made for electronic 
equipment.’ 

Some amplifiers require the power 
transformer to be removed before shipping. 
Check your owner’s manual or contact the 
manufacturer to find out. Failure to remove 
it before shipping can cause major struc- 
tural damage to the amplifier's chassis and 

Tubes should also be removed from 
their sockets for shipment, It may not be 
necessary to ship them separately if they 
can be packed in the amplifier's enclosure 
with adequate plastic foam packing mate 
rial. If the manufacturer of the tube or 
amplifier recommends separate shipment, 
however, do it! 


Cleaning and Maintenance Plan 

This discussion should have given you 
plenty to think about, It's easy to deter 
maintenance, but as with a vehicle, pertor- 
mance and lifetime are improved if a regu 
lar program is put into place. For amateur 
use, there is little need for maintenance 
more frequently than once per year, there 
is a period of the year in which you are 
most active, put a note on the calendar 
about six weeks in advance to “open the 
hood,” giving you time to obtain and re- 
place any components, 

Consider the maintenance requirements, 
of your amplifier and what its manufacturer 
recommends. Sit down with your ampli- 
fier’s manuals and make up a checklist of 
‘what major steps and tools are required, 
When maintenance time rolls around, 
‘you'll be prepared and be able to perform 
the job in the most efficient manner. 


Troubleshooting 

‘A benefit of regular maintenance will 
be familiarity with your amplifier should 
‘you ever neod to repair it. Knowing what it 
looks (and smells) like inside will give you 
a head start on effecting a quick repair. 

‘The following discussion is intended to 
illustrate the general flow of a troubleshoot: 
ing effort, not be a step-by-step guide. Fig- 
ture 4 shows a moderately-high-level 
troubleshooting flow chart. Before starting 
on your own amplifier, review the amplifier 
manual’ “Theory of Operation” section and 
familiarize yourself with the schematic, If 
there is a troubleshooting procedure in the 
‘manual, follow it, of course. 

‘You might be surprised how many “am- 
plifieris dead” problems turn outto be sim- 
ply a lack of ac power. Before even open- 
ing the cabinet of an unsesponsive 
amplifier, be sure that ac is really present at 
the wall socket and that the fuse oF circuit 
breaker is really closed. Assuming that ac 
power is present, trace through any inter- 
nal fuses, interlocks and relays all the way 


through to the transformer primary termi 
nals. 

Hard failures in a high voltage power 
supply are rarely subtle, so it’s usually 
clear f there is a problem and what compo- 
nents are involved. When you repair a 
power supply, take the opportunity to 
‘check all related components. If al! defec~ 
tive components are not replaced, the fail- 
tures may be repeated when the circuit is re- 
energized, 

Rectifiers may fail open or shorted. 
test them using a DVM diode checker. An 
open rectifier will result in a drop in the 
HY output of 50 percent or more but will 
probably not overheat or destroy itself. A 
shorted rectifier failure is usually more 
dramatic and may cause additional rectifi 
ers or filter capacitors to fail. If one recti 
fier in a string has failed, it may be a good 
idea to replace the entire string as the re- 
maining rectifiers have been subjected to a 
higher-than-normal voltage. 

High voltage filter capacitors usually 
fail shorted, although they will occasion- 
ally lose capacitance and show a rise in 
ESR (equivalent series resistance). Check 
the rectifiers and any metering compo- 
nnents—they may have been damaged by 
the current surge caused by a shorted filter. 
Power transformer failures usually mani- 
fest themselves by insulation failures with 
consequent arcing of the windings, Either 
can result in the unmistakable aroma of 
overheated transformer, A failed trans- 
former is generally not repairable. 

Along with the HV plate supply, tet- 
rode screen supplies occasionally fail, too. 
‘The usual cause is the regulation circuit 
that drops the voltage from the plate level 
Operating without a screen supply can be 
damaging to a tube, so be sure to check the 
tube carefully after repairs, 

Ifthe power supply checks out okay and 
the tube"s filaments are fit, check the rest- 
ing or bias current. It is excessive or very 
low, check all bias voltages and de current 
paths t0 the tube, such as the plate choke, 
screen supply (for tetrodes) and grid or 
cathode circuits, 

Having exhausted power supply and de 
problems, you will then urn o the RF com- 
ponents or “RF deck.” There is a natural 
tendency to forge ahead and swap in a 
known-good tube or tubes. Don't! Tubes 
are expensive and if the problem is else- 
where, you may damage the spares. Wait 
to swap tubes until you are sure that the 
tube is likely to be defective. 

‘Check the input SWR to the amplifier. 
If it has changed (you did write down the 
‘normal SWR and drive levels, didn’t you?) 
then you likely have a problem in the input 
circuitry or one or more tubes have failed. 
Perform a visual check of the input cir 
cuitry and the band switch, followed by an 
‘ohmmeter check of all input components. 

If input SWR is normal and applying 
drive does not result in any change in plate 
current, you may have a defective tube, 
tube socket, or connection between the in- 
put circuits and the tube. Check the TR 
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Figure 4—This moderate-tevel flow chart is a good way to identity amplifier problems 
Quickly in lieu of a misplaced or nonexistent manufacturer's troubleshooting procedure. 


control circuits and relay. If plate current 
changes, but not as much as normal, try 
adjusting the output tuning circuitry. I this 
hhas little or no effect, the ube may be de- 


fective or a connection between the tube 
and output circuitry may have opened. If 
retuning has an effect, but at different set- 
tings than usual, the tube may be defective 


or there may be a problem in the tuning 
circuitry. A visual inspection and an ohm- 
meter check are in order. 

The key to finding the trouble with your 
ampiifieris tobe careful and methodical, and 
to avoid jumping to false conclusions or 
making random tests, The manufac-turer's 
customer service department will likely be 
helpful if you are considerate and have taken 
careful notes detailing the trouble symptoms 
ané any differences from normal operation, 
There may be helpful guidelines on the 
manufacturer's Web pages ot fom other 
Internet resources. Sometimes there is more 
than one problem—they work together to act 
like one very strange puzzle. Just remember 
‘that most problems are very simple and can 
be isolated by careful, step-by-step tests, 


‘Summary 

Amplifiers have been part of ham radio 
for many years. They are simple, reliable 
pieces of equipment that respond well to 
basic care and common sense. Take the 
time to know your amp—inside and out, If 
you take care of it, it will reward you with 
reliable service and maximum tube life: 
time. 


Notes 

‘Chapter 8 othe curcont ARAL Handbook for 
Radio. Conmunicanons. Is an excellent 
Source of safety Information, Avatabie rom 
‘Yur local deals orthe ARPL Bookstore. OF- 
Serine 1981 (solcover), no. 1948 (hard 
covet) Telephone tolsitee In the US 888 
Srrrabed, er 866-594-0990" fax 260-595. 
2803; "worm arr org/shopi: 
arriorg 

®ingtuctions for OPA can be found at: about- 
the-web.com/spiritworks/webikaiser/ 
humifaduit him 

Stwo sourees of HV and AF parts include Sur 
plus Sales of Nebraska (wi ; 
om) and Fair Rado Sales (www 
‘Som). Others can bg oundat tne AARL Tech: 
ical Intormation Service ‘database (www. 
Srrorghiststing.tim) 

Penta Labs, "Tube Maintenance & Education” 
(www.pentalaboratories-com) 
maintenanee.asp) 

Spalcan (www-pelican-shipping-cages.com) 
‘and Arvi!(wuwanvilsite-com} make excel 
‘ent shipping cases cutable for caring am- 
Piles and fain equipment 
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nally, in spatial diversity, the same 
information-bearing signal is transmitted 
or received via different antennas where 
the maximum gain can be achieved when 
the fading occurring in the channel is 
independent (or low correlated). In the 
receiver, diversity gain can be achieved by 
combining the redundant signals arriving 
via independent (or lowly correlated) 
channels, 


Fig. 2 shows some possible combinations 
of transmit diversity which can be 
achieved when employing multiple 
transmit antennas, 


In the following section, we present some 
famous space-time block codes applied at 
the transmitter side, We present also the 
combining techniques used when different 
versions of the information-bearing signal 
are received. Finally, we present a scheme 
that includes transmit and receive 
diversities. 


2.1 Space Diversity at the 
‘Transmit Side 


‘The basic idea of the use of transmit 
diversity is to reduce the mobile station 


Speceine Oversty 


Space equene Overy 


(MS) receiver complexity while improving 
the detection performance. 

The pioneering work in the transmit 
diversity was done by Alamouti where he 
proposed his famous 21 space-time code, 
Alamouti scheme achieves diversity gain 
while requiring only a linear decoder. 

Later on, Tarokh et al, proposed a 
generalized theory of the _ complex 
orthogonal space-time codes. Based on 
‘Tarokh work, more than two antennas can 
be used and the code rate can be fractional. 

In the following we present the two 
different types of space-time codes, 


2.1.1 Complex Orthogonal Space- 
Time Codes 


For this type of space time codes, the 
following conditions must be satisfied 


@ Square transmission matrix (number 
of transmit antennas N, equal to 
number of used time slots m) 

@ A unity code rate (number of used 
time slots m equals to number of 
transmitted symbols J) 

® Orthogonality of the transmission 
‘matrix in the time and space 
domains (SS"=S"S) where S" is 


the conjugate transpose of $ 


SpeceTimefrequncy Dery 


Fig. 2. Transmit diversity. 
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Dedication 


Dedicated in memoriam to Johnnie Harper Thorne, KANFU: 
a friend and colleague for nearly 30 years who is sorely missed. 
Johnnie was a genius who knew some real smoke about antennas. 

Killed by a drunk driver. 


From the Publisher 


‘The fourth edition of this book is published in memory of Joe Carr who 
passed away shortly after completing his manuscript. Joe was a valuable 
member of the McGraw-Hill family of authors and the electronics 
community as a whole. He will be missed by us all 

Scott L, Grillo 
Bditor-in-Chief 
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Introduction to 
the fourth edition 


I WAS WITH GREAT PLEASURE THAT I WROTE THIS FOURTH EDITION OF PRACTICAL 
Antenna Handbook. The original intent when the first edition was planned was to 
provide the reader with a practical, yet theoretical, book that could be used with 
only a minimal effort to actually design and install radio antennas. It was assumed 
that the readership would possess a wide range of levels of antenna sophistication, 
from the novice “newbie” to the professional engineer. That assumption proved to be 
correct as I have received letters from a wide variety of people. 

‘The success of the three previous editions of Practical Antenna Handbook has 
been most gratifying. Clerks in radio stores told me that this book was outselling 
other titles 2:1. They confirmed that the types of people who buy the book meet the 
profile above. It was with surprise and delight that I noted that clerks in one radio 
store could cite the MeGraw-Hill catalog number from memory, when they could not 
do that for other antenna books. 

While the sales are deeply appreciated (they are an honor), there was one com- 
ment that stood out. The salesman at one radio store introduced me to an instructor 
from a U.S. Government communications school. He typically bought twenty copies 
of Practical Antenna Handbook at a time for use by his students in a training class. 
He told me that the reason why he selected my book over others was “...it's the only 
book on the market that people can give to a secretary, or clerk-typist, and expect 
them to be able to put up a working half-wavelength dipole two hours later.” And, he 
stated, in his business that could literally happen any time, 


ix 
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Antennas have changed a lot over the years. Figure I-1 shows how antennas 
were between 1913 and 1940. This facility was the first U.S. Navy radio station 
(NAA) in Arlington, VA. Those two 600-and 400-ft towers were taken down in 1940 
to make room for National Airport (Washington, D.C.), The towers were reassem- 
bled in Annapolis, MD, where they lasted until recently. 

Antenna technology has changed since 1940, In preparing this fourth edition of 
Practical Antenna Handbook all previous material was reviewed for accuracy and 
relevance. Additional material was added for the following topics: 


* Wire antenna construction methods 
+ Antenna modeling software (iminiNEC, WinNEC, and EZNEC for Windows) 
* Antenna noise temperature 


Antennas for radio astronomy 
Antennas for Radio Direction Finding. 


Thope that you find this fourth edition as useful as the previous three editions. 
And thank you very much for honoring me by spending your hard-earned money on 
my book. 

Joseph J. Carr, MSEE 


1 'The NAA callsign as since been reassigned to the VIF station at Cutler, ME. 
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1-1 Massive antenna towers at Navy “Radio Arlington” (1913-1940). (Courtesy of 
the NAA) 
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CHAPTER 


Introduction to 
radio broadcasting 
and communications 


RADIO BROADCASTING AND COMMUNICATIONS SEEMS TO HOLD A STRANGE KIND OF 
magical allure that attracts a wide variety of people and holds them for years. There 
is something fascinating about the ability to project yourself over vast interconti- 
nental distances. 

Radio communications have been with us now for the entire twentieth century 
and into the twenty-first. Experiments are on record as early as 1867, and by the tum 
of the century “wireless telegraphy” (as radio was called then) sparked the imagina- 
tions of countless people across the world. Radio communications began in earnest, 
however, when Guglielmo Marconi successfully demonstrated wireless telegraphy as 
a commercially viable entity. The “wireless” aspect to radio so radically changed com- 
munications that the word is still used to denote radio communications in many coun- 
tries of the world. Marconi made a big leap to international fame on a cold December 
day in 1903, when he and a team of colleagues successfully demonstrated trans- 
atlantic wireless telegraphy. Until that time, wireless was a nejghborhood—or eross- 
town at best—endeavor that was of limited usefulness. Of course, ships close to 
shore, or each other, could summon aid in times of emergency, but the ability to com- 
municate over truly long distances was absent. All that changed on that fateful day in 
Newfoundland when Marconi heard the Morse letter “S” tickle his ears, 

Wireless telegraphy was pressed into service by shipping companies because it, 
immediately provided an element of safety that was missing in the prewireless days, 
Indeed, a ship that sank, leaving its erew and passengers afloat on a forbidding sea, 
was alone. Any survivors often succumbed to the elements before a chance en- 
counter with a rescue vessel. Some early shipping companies advertised that their 
ships were safer because of wireless aboard. It was not until 1909, however, that 
wireless telegraphy proved its usefulness on the high seas. Two ships collided in the 
foggy Atlantic Ocean and were sinking, All passengers and crew members of both 
ships were in imminent danger of death in the iey waters. But radio operator Jack 
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Binns became the first man in history to send out a maritime distress eall. There is 
some debate over which distress call Binns transmitted, but one thing is certain: It 
‘was not “SOS” (today’s distress call), because SOS was not adopted until later. Binns 
probably transmitted either “CQD” or “CQE,” both of which were recognized in 
those days before standardization. Regardless of which call was sent, however, it was 
received and relayed from ship to ship, allowing another vessel to come to the aid of 
the stricken pair of ships. 

Allradio prior to about 1916 was carried on via telegraphy (Le, the on-off keying of 
‘a radio signal in the Morse code). But in 1916 some more magic happened. On a little 
hill in Arlington, Virginia, on a site that now overlooks the Pentagon and the U.S. Marine 
Corps base called Henderson Halt, there were (and still are) a pair of two-story brick 
buildings housing the naval radio station NAA (callsign since reassigned to the VLF sta- 
tion at Cutler, ME). On a night in 1916, radio operators and monitors up and down the 
Atlantic seaboard—from the midwest to the coast and out to sea for hundreds of 
miles—heard something that must have startled them out of their wits, for crackling out 
of the “ether,” amidst the whining of Alexanderson alternators and “Z2ZCHHT” of 
spark-gap transmitters, came a new sound—a human voice. Engineers and scientists at 
the Naval Research Laboratory had transmitted the first praetical ampliturle-modulated 
(AM) radio signal. Earlier attempts, prior to 1910, had been successful as scientific 
experiments, but they did not use commercially viable equipment. 

Although radio activity in the early years was unregulated and chaotic, today it 
is quite heavily regulated. Order was brought to the bands (don’t laugh, ve who tune 
the shortwaves) that was lacking before, Internationally radio is regulated by the In- 
ternational Telecommunications Union (ITU) in Geneva, Switzerland through the 
treaties arising from World Administrative Radio Conferences (WARC) held every 
10 to 15 years. In the United States, radio communications are regulated by the Fed- 
eral Communications Commission (FCC), headquartered in Washington, D.C. 

Amateur radio has grown from a few thousand “hams” prior to World War I to 
‘more than 900,000 today, about one-third of them in the United States. Amateur op- 
erators were ordered off the air during World War I, and almost did not make a eome- 
back after the war. There were, by that time, many powerful commercial interests 
that greedily coveted the frequencies used by amateurs, and they almost succeeded 
in keeping postwar amateurs off the air. But the amateurs won the dispute, at least 
partially. In those days, it was the frequencies with wavelengths longer than 200 m 
(ie., 20 to 1500 kHz) that were valuable for communications. 

‘The cynical attitude attributed to the commercial interests regarding amateurs 
was, “put ‘em on 200 meters and below . . . they'll never get out of their backyards 
there!” But there was a surprise in store for those commercial operators, because the 
wavelengths shorter than 200 m are in the high-frequency region that we now call 
“shortwaves.” Today, the shortwaves are well-known for their ability to communicate 
over transcontinental distances, but in 1919 that ability was not suspected. 

Tone heard an anecdote from an amateur operator “who was there." In the 
summer of 1921 this man owned a large, beautiful wire “flattop” antenna array for 
frequencies close to 200 m on his family’s farm in southwestern Virginia. Using 
those frequencies he was used to communicating several hundred miles into eastern 
Ohio and down to the Carolinas. But, in September 1921 he went to college to study 
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Fig. 3. Alamouti scheme example with QPSK modulation, 


‘As said before, the simplest complex 
orthogonal space-time code isthe 
Alamouti code which uses two transmit 
antennas and one receive 
Furthermore, Alamouti scheme requires 
that the fading channel envelope remains 
constant over two time slots, 


antenna, 


Fig. 3 shows an example of the encoding 
process of Alamouti scheme with QPSK 
modulation [2], [3] 


Fig. 4 shows the receiver structure used 
for decoding the combined received 
symbols 


Channel 
Estimation 


+ a ee; 


MaximureLiketinood 


Combiner 


Fig. 4. Alamouti code receiver. 


At the receiver the following signals are 
received (with applying the complex 
conjugate to the received signal at t:) 


n 

‘ a) 
a 
multiplies the 


symbols by the Hermitian 
of the channel matrix (for 


‘The 
received 
transpose 
simplicity, we consider that channel is 
perfectly estimated). The output of the 
linear combiner is then given by 


linear combiner 


Maximum-Likelihood (ML) decoder is 
then applied to get the transmitted symbols. 
‘As one can see, the simplicity of the 
receiver is due to the spatio-temporal 
orthogonality of the transmission matrix, 


‘A complex orthogonal space-time code 
using 4 of 8 antennas was proposed by 
‘Tarokh et alin [4], 


2.1.2 Generalized Complex 
Orthogonal Space-Time Codes 
‘The search for space-time codes with more 


than two antennas was started by Tarokh, 
Jafarkhani, and Calderbank, Their work 
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electrical engineering at the University of Virginia in Charlottesville. When he re- 
turned home for Thanksgiving he noticed that his younger brother had replaced the 
long flattop array with a short dipole antenna. He was furious, but managed through 
great effort to contain the anger until after dinner. Confronting his brother over the 
incredible sacrilege, he was told that they no longer used 150 to 200 m, but rather 
were using 40 m instead. Everyone “knew” that 40 m was useless for communications 
over more than a few blocks, so (undoubterlly fuming) the guy took a tum at the key. 
He sent out a “CQ” (general call) and was answered by a station with a callsign like 
“8XX." Thinking that the other station was in the Sth U.S. call distriet (WV, OH, MD 
he asked him to relay a message to a college buddy in Cincinnati, OH. The other sta- 
tion replied in the affirmative, but suggested that“... you are in a better 
position to reach Cincinnati than me, Lam #RENCH 8X." (Callsigns in 1921 did not 
have national prefixes that are used today.) The age of international amateur com- 
munications had arrived! And with it came a new problem—the national identifiers in 
call signs became necessary (which is why American call signs begin with K, W, or N). 

During the 1930s, radio communications and broadcasting spread like wildfire 
as technology and techniques improved. World War II became the first war to be 
fought with extensive electronics. Immediately prior to the war, the British devel- 
‘oped anew weapon called RADAR (radio detection and ranging; now spelled radar) 
This tool allowed them to see and be forewarned of German aircraft streaming across 
the English Channel to strike targets in the United Kingdom, The German planes 
were guided by (then sophisticated) wireless highways in the sky, while British fight- 
ers defended the home island by radio vectoring from ground controllers. With night 
fighters equipped with the first “centimetric” (Le., microwave) radar, the Royal Air 
Force was able to strike the invaders accurately—even at night. The first kill oc- 
curred one dark, foggy, moonless night when a Beaufighter closed on a spot in the 
sky where the radar in the belly of the plane said an enemy plane was flying. Briefly 
thinking he saw a form in the fog, the pilot cut loose a burst from his quad mount of 
20-mm guns slung in the former bomb bay. Nothing, Thinking that the new toy had 
failed, the pilot returned to base—only to be told that ground observers had re- 
ported that a German Heinkle bomber fell from the overcast sky at the exact spot 
where the pilot had his ghostly encounter. 

Radio, television, radar, and a wide variety of services, are available today under 
the general rubric “radio communications and broadcasting.” Homeowners, and 
other nonprofessionals in radio, can own a receiver system in their backyard that 
picks up television and radio signals from satellites in geosynehronous orbit 23,000 mi 
out in space. Amateur operators are able to communicate worldwide on low power, 
and have even launched their own “OSCAR” satellites. 

Some people had written off the HF radio spectrum in recent years, citing satel- 
lite technology as the reason, But the no-code license for amateur radio operators, 
which does not carry HF privileges, has proven to be a stepping stone to higher 
class licenses, which do. Also, the shortwave broadcasting market received a 
tremendous boost during the Gulf War. When the troops of Operation Desert 
Shield and Desert Storm were assembling to take back Kuwait from the Iragis, the 
sales of shortwave receivers jumped dramatically. And, following January 16, 1991, 
when the forces started pouring across the border into the actual fight, the sales 
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skyrocketed out of sight. One dealer told me that he couldn't keep receivers in 
stock, and that he had sold out most models. ‘That interest seems to have matured 
into long-term interest on the part of a significant number of listeners and new 
ham operators. 

‘The antenna is arguably one of the most important parts of the receiving and/or 
transmitting station (Fig. 1-1). ‘That is what this book is all about. 


1-1 This AFM broadcast antenna 
tower bristles with two-way 
antennas. 


2 


Radio-wave propagation 


‘THE PROPAGATION OF RADIO SIGNALS IS NOT THE SIMPLE MATTER THAT IT SEEMS AT 
first glance. Intuitively, radio signal propagation seems similar to light propagation; 
after all, ight and radio signals are both electromagnetic waves. But simple inverse 
square law predictions, based on the opties of visible light, fall down radically at ra- 
dio frequencies because other factors come into play. In the microwave region of the 
spectrum, the differences are more profound because atmospheric pressure and 
water vapor content become more important than for light. Por similar reasons, the 
properties of microwave propagation differ from lower VHF and HF propagation. In 
the HF region, solar ionization of the upper reaches of the atmosphere causes the 
kind of effects that lead to long-distance “skip” communications and intercontinental 
broadeasting, This chapter examines radio propagation phenomena so that you have 
a better understanding of what an antenna is used for and what parameters are im- 
portant to ensure the propagation results that you desire 


Radio waves 


Although today it is well recognized that radio signals travel in a wave-like manner, 
that fact was not always so clear: It was well known in the first half of the nineteenth 
century that wires carrying electrical currents produced an induction field sur- 
rounding the wire, which is capable of causing action over short distances. It was 
also known that this induction field is a magnetic field, and that. knowledge formed 
the basis for electrical motors. In 1887, physicist Heinrich Hertz demonstrated that 
radio signals were electromagnetic waves, like light. Like the induction field, the 
electromagnetic wave is created by an electrical current moving in a conductor (e.g, 
awire). Unlike the induction field, however, the ruiiated field leaves the conductor 
and propagates through space as an electromagnetic wave. 
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‘The propagation of waves is easily seen in the “water analogy.” Although not, 
a perfect match to radio waves, it serves to illustrate the point. Figure 2-1 shows a 
body of water into which a ball is dropped (Fig. 2-1). When the ball hits the water 
(Pig, 2-1B), it displaces water at its point of impact, and pushes a leading wall of wa- 
ter away from itself. The ball continues to sink and the wave propagates away from 
it until the energy is dissipated. Although Fig. 2-1 shows the action in only one di- 
mension (a side view), the actual waves propagate outward in all direction 
concentric circles when viewed from above. 

‘The wave produced by a dropped ball is not continuous, but rather is damped 
(Ge, it will reduce in amplitude on successive crests until the energy is dissipated 
and the wave ceases to exist). But to make the analogy to radio waves more realis- 
tic, the wave must exist in a continuous fashion, Figure 2-2 shows how this is done: 
a ball is dipped up and down in a rhythmic, or cyelie manner, successively rein- 


1) 


Surface of water 


Leading wave forms at instant 
object strikes water 


eo 


Leading wave moves radially outward 


Notes: A Amplitude of leading wave 
B Corresponds to 1 cycle of oscillation 


2-1 Aball dropped into water generates a wavefront that spreads out from the point of orig. 
inal disturbances. 
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forcing new wave crests on each dip. The waves continue to radiate outward as 
Jong as the ball continues to oscillate up and down. The result is a continuous 
wave train. 

‘There are two related properties of all waves that are important: to radio waves 
as well: frequency (f) and wavelength (A). The frequency is the number of oscilla- 
tions (or eyeles) per unit of time. In radio waves, the unit of time is the second, 80 
frequency is an expression of the number of cycles per second (cps). If the period 
of time required for the leading wave to travel from point "js one second 
(15), and there are two complete wave cycles in that space, then the frequency of 
the wave created by the oscillating ball is 2 eps 

At one time, radio frequencies (along with the frequencies of other electrical 
and acoustical waves) were expressed in cps, but in honor of Heinrich Hertz, the unit 
‘was renamed the hertz (Hz) many years ago. Because the units are equal (1 Ha = 
eps), the wave in Fig, 2-2 has a frequency of 2 Hz. 

Because radio frequencies are so high, the frequency is usually expressed in 
kilohertz (kHz—1000s of Hz) and megahertz (MHz—1,000,000s of Hz). Thus, the 
frequency of a station operating in the middle of the AM broadcasting band can be 
properly expressed as 1,000,000 Hz, or 1000 kHz, or 1 MElz, all of which are equiva- 
lent to each other. Radio dials in North America are usually calibrated in kHz or MHz 
In Europe and the rest of the world, on the other hand, it is not uncommon to find 
radio dials calibrated in meters, the unit of wavelength, as well as in frequency. In 
most equations used in radio antenna design, the proper units are hertz, kilohertz, 
and megahertz, 


2-2 Bobbing ballon a 
string demonstrates 
Is 
eneration action, 
7 B 


[ChapO2 Care 4/10/01 1:39 PM Page & ce 


8 Radio-wave propagation 


‘The wavelength of any wave is the distance between like features on the wave- 
form. In the case of Fig, 2-2, the wavelength (2) is the distance between successive 
positive peaks. We could also measure the same distance between successive nega- 
tive peaks, or between any two similar features on successive waves. In radio wor 
the wavelength of the signal is expressed in meters or its subunits. 

‘The wavelength is proportional to the reciprocal of the frequency. The wave- 
length of any wave is related to the frequency so that,fA =v, where fis the frequency 
in Hz, iis the wavelength in meters, and » is the velocity of propagation in meters 
per second (ni/s). Because radio waves propagate at the speed of light (which is also 
an electromagnetic wave), approximately 300,000,000 m/s in both free space and 
the earth's atmosphere, the lowercase letter c is used to represent velocity (rather 
than v), so you can rewrite this expression in the form 


¢ _ 300,000,000 


fue= 5 a) 


ueene Daoeters 
‘These equations are sometimes abbreviated for use with the units kHz and MHz: 


300,000 


Fae a [2.2] 
Sots aa [2.3] 


You can get an idea of the order of length of these waves by solving Eq. 2.3 for 
several different frequencies: 100 kHz, 1 MHz (in the AM broadleast band), 10 MHz 
(in the shortwave bands), and 1000 MHz (microwave bands). If you work the 
equations, then you will find that these wavelengths are 3000 m (100 kHz), 300 m 
(1 MHz), 30 m (10 MHz), and 0.3 m, or 30 em (1000 MHz). You can see from these 
numbers why 1 MHz is in what is called the medium-wave band, 10 MHz is in the 
short wave band, and 1,000 MHizis in the microwave (‘very small” wave) band. At 
100 kHz, which is 0.1. MHz, the wavelength is 3000 m, so this frequency is in the long- 
wave band. 

‘The place where the water analogy falls down most profoundly is in the nature of 
the medium of propagation, Water waves move by moving water molecules; water 
is said to be the medium in which the wave propagates. At one time, scientists could 
not conceive of the “action at a distance” provided by radio waves, so they invented 
a hypothetical medium called ether (or aether) for propagating electromagnetic 
waves (such as radio waves and light). It was not until the late nineteenth century 
that American physicists Michaelson and Morley proved that the ether does not exist. 
Nonetheless, radio enthusiasts still refer to the “stuff” out of which radio waves arrive 
as the “ether.” This terminology is merely an archaic, linguistic echo of the past, 


The electromagnetic field: a brief review 


‘A great deal of heavily mathematical material can be presented about electromag 
netic waves, Indeed, developing Maxwell's equations is a complete field of study for 
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specialists. In this section, you will not use this rigorous treatment because you can 
refer to engineering textbooks for that: depth of information. 'The purpose here is to 
present a descriptive approach that is designed to present you with a basic under- 
standing of the phenomena. The approach here is similar to the learning of a “con- 
versational” foreign language, rather than undertaking a deep study of its grammar, 
syntax, and context. For those whose professional work routinely involves electro- 
‘magnetic waves, this treatment is hopelessly simplistic. For that I make no apology, 
because it serves a greater audience. The goal here is to make you more comfortable 
when thinking about the propagation of electromagnetic fields in the radio portion of 
the electromagnetic spectrum. 

Radio signals are transverse electromagnetic (TEM or EM) waves exactly like 
light, infrared (IR), and ultraviolet (UV), except for frequeney. Radio waves have 
much lower frequencies than light, IR, or UV, hence they have much longer wave- 
lengths. ‘The TEM (EM) wave consists of two mutually perpendicular oscillating 
fields (see Fig, 2-3) traveling together in phase, One of the fields is an electric field 
and the other is a magnetic fletd. 


Radio-wave intensity 
‘The radio wave is attenuated (i.e, reduced in apparent power) as it propagates from 
the transmitter to the receiver, Although at some very high microwave frequencies, 
there is additional path loss as a result of the oxygen and water vapor content of the 
air. At other frequencies other losses exist. Radio waves at all frequencies suffer 
losses due to the inverse square law. Let's take a look at that phenomenon. 

‘The electric field vector falls off in direct proportion to the distance traveled. 
The E field is measured in terms of volts per meter (V/m), or in the subunits mil- 
livolts per meter (mV/m) or microvolts per meter (1V/m). That is, if an E field of 


2.3, Hlectromagnetic wave consists of right angle electric and magnetic fields, 
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10 V/m erosses your body from head to toe, and you are about 2m tall, then an 
electrical voltage is generated of (2 m)x(10 V/m), or 20 V. The reduction of the E 
field is linearly related to distance (i.e., if the distance doubles the E-field voltage 
vector halves). Thus, a 100 m\V/m E field that is measured 1 mi from the trans- 
miter will be 50 mV/m at 2 mi 

‘The power in any electrical system is related to the voltage by the relationship 


24) 


where 


Pi the power in watts (W) 
Ris the resistance in ohms (Q) 
Eis the electrical potential in volts (V) 


Inthe case of a radio wave, the R term is replaced with the impedance (Z) of free 


space, which is on the order of 377 Q. If the E field intensity is, for example, 10 V/n, 
then the power density of the signal is 


P oe 0.265 Wim 


26.5 mWeme (2.5) 


‘The power density, measured in watts per square meter (W/m#), or the subunits 
(e.g, mW/em), falls off according to the square of the distance, This phenomenon is 
shown graphically in Fig. 2-4. Here, you can see a lamp emitting a light beam that 
falls on a surface (A), at distance L, with a given intensity. At another surface (B), 
that is 2L from the source, the same amount of energy is distributed over an area 
(B) that is twice as large as area A. Thus, the power density falls off according to 
I/d2, where d is the difference in distance. This is called the inverse square law. 


Isotropic sources 
In dealing with both antenna theory and radio wave propagation, a theoretical 
construct ealled an isotropic source is sometimes used for the sake of eompari- 
son, and for simpler arithmetic. You will see the isotropic model several places in 
this book, An isotropic source assumes that the radiator (i.e., an “antenna”) is a 
very tiny spherical source that radiates energy equally well in all directions. The 
radiation pattern is thus a sphere with the isotropic antenna at the center. Be- 
cause a spherical source is uniform in all directions, and its geometry is easily de- 
termined mathematically, the signal intensities at all points can be calculated 
from basic geometric principles. 

For the isotropic case, you can calculate the average power in the extended 
sphere from 


P, 


P 


(2.6) 
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Lamp 


2-4 Asa wave propagates, it spreads out according to the inverse square law, Le., the area 
Of B is 4 times that of A because itis twice as far from the source, 


where 


P,, is the average power per unit area 

Pris the total power 

dis the radius of the sphere in meters (.e., the distance from the radiator to the 
point in question) 


The effective aperture (A,) of the receiving antenna relates to its ability to col- 
lect power from the EM wave and deliver it to the load. Although typically smaller 
than the surface area in real antennas, for the theoretical isotropic case A, = 2/4m. 
‘The power delivered to the load is 


[2.7] 


By combining the two previous equations, the power delivered to a load at dis- 
tance d is given by 


[2.8] 


where 


P, is the power to the load 
‘is the wavelength (c/F’) of the signal 


From these expressions, there can then be derived an expression for ordinary 
path losses between an isotropic transmitter antenna and a receiver antenna: 


P, 
Ly = 10 log () 12.9] 
. 


aa 
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or, by rearranging to account for individual terms: 


L, 


jay = (20 log d] + (20 log Fy) + & [2.10] 


where 


Ly is the path loss in decibels (AB) 
dis the path length 

F yyy i8 frequency in megahertz (MHz) 

keis.a constant that depends on the units of a as follows: 
k = 32.4 if d in kilometers 

16.58 ifd in statute miles 

7.80 if d in nautical miles 

37.87 if d in feet 

7.55 if din meters 


‘The radiated sphere of energy gets ever larger as the wave propagates away from, 
the isotropic source. If, at a great distance from the center, you take a look at a small 
slice of the advancing wavefront you can assume that itis essentially a flat plane, as in 
Fig. 2-5. This situation is analogous to the apparent flatness of the prairie, even though 
the surface of the earth is nearly spherical. You would be able to “see” the electric and 
magnetic field veetors at right angles to each other in the flat plane waveftont. 

‘The polarization of an EM wave is, by definition, the direction of the electric 
field. Figure 2-6A shows vertical polarization, because the electric field is vertical 
with respect to the earth. If the fields were exchanged (as in Fig, 2-6B), then the EM 
wave would be horizontally polarized. 

‘These designations are especially convenient because they also show the type 
of antenna used: vertical antennas produce vertically polarized signals, while hori- 
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FIELD 
VECTORS 


> 
> 2.5 When viewed as a plane, the 
>» fields appear at right angles to 
. each other. 
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has built the basis for a theory of 
generalized complex orthogonal designs. 

Generalized complex orthogonal designs 
are distinguished from Alamouti code by 
the following 


@ A. non-square transmission matrix 
(number of used time slots # number 
of Tx antennas) 

@ A fractional code rate (number of 
transmitted symbols < number of 
used time slots) 

@ Orthogonality of the transmission 
matrix is only guaranteed in the time 
sense. 


‘As a consequence of these characteristics, 
the spectral efficiency is reduced and the 
number of time slots over which the 
channel should be constant is increased. 


The transmission matrix of a generalized 
complex space-time code with 3 antennas, 
4 transmitted symbols and 8 used time 
slots is given by [5] 


e) 


In the literature, more research was done 
to increase the rate of the space-time codes. 
For more details refer to [6] 

Table 1 summarizes the difference 
between Alamouti and space-time code 
characterized by the transmission matrix 
Gs 

These shown coding schemes can be 
transmitted in the space-time domains, 
space-frequency domains or in space- 


frequency-Time domains, These coding 
schemes are thus known as ST, SF, and 
STF coding, respectively [7] 


2.1.3 Cyelie Delay Diversity (CDD) 


CDD can be considered as a very simple 
transmit diversity scheme, CDD can 
achieve transmit artificial frequency 
diversity by selecting appropriate transmit 
delays. In this method, multiuser diversity, 
obtained by scheduling based on 
frequeney domain channel response, can 
be improved by adjusting the delay spread 
(at the transmitter) which is done by 
controlling the delay values dependent on 
the channel condition [8], [9] 


2.2 Space Diversity at the 
Receive Side 


In space diversity at the receive side, 
‘multiple antennas are used in the receiver 
with sufficient spacing between antennas 
in such a way mutual correlation between 
antennas is reduced and as consequence 
diversity gain is increased [10]. To get 
diversity gain at the receiver, received 
signals from different antennas are 
combined. There are four combining 
methods, namely, select combining (SC), 
maximal-ratio combining (MRC), equal- 
gain combining (EGC), and. square-law 
combining, The first three schemes are 
linear while the last requires a non-linear 
receiver. 


Fig. 5 shows a simplified block diagram 
of the linear combining schemes which 
differ in the weighting vector w, In SC, the 
signal at the branch with maximum signal 
to noise ratio (SNR) is selected and other 
received signals are discarded, 

‘The weighting vector w = (Wr, Way «+ 
Wu) is the N" column of the identity 
matrix of size M where the N* branch has 
the maximum SNR. 
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Direction of travel p= 


Nl 
oll 


2-6 Wave polarization is determined by the direction of the electric field lines af force: 
(A) vertical polarized electromagnetic wave; (B) horizontally polarized wave. 


zontal antennas produce horizontally polarized signals, At least one text erro- 
neously states that antennas will not pick up signals of the opposite polarity. Such 
is not the case, especially in the high-frequency (HF) and lower very high- 
frequency (VHF) regions, At VHF, ultrahigh frequency (UHF), and microwave fre- 
quencies a loss of approximately 20 to 30 dB can be observed due to cross- 
polarization. 

An EM wave travels at the speed of ight, designated by the letter ¢, which is about 
300,000,000 nvs (or 186,000 mi/s). To put this velocity in perspective, a radio signal 
originating on the sun's surface would reach earth in about 8 minutes. A terrestrial ra- 
dio signal can travel cond. The velocity of the 


around the earth seven times in ane § 


[ChapO2 Care 4/10/01 1:39 PM Page 14 $ 


14 Radio-wave propagation 


wave slows in dense media, but in air the speed is so close to the “free-space” value 
ofc, that the same figures are used for both air and the near vacuum of outer space in 
practical problems. In pure water, which is much denser than air, the speed of radio 
signals is about one-ninth that of the free-space speed. This sare phenomenon shows 
up in practical work in the form of the velocity factor (V) of transmission lines. In 
foam dielectric coaxial cable, for example, the value of Vis 0.80, which means that the 
signal propagates along the line at a speed of 0.80c, or 80 percent of the speed of light. 

‘This coverage of radio propagation considers the EM wave as a very narrow “ray” 
or “pencil beam” that does not diverge as it travels. That is, the ray remains the same 
width all along its path. This convention makes it easy to use ray tracing diagrams, 
Keep in mind, however, that the real situation, even when narrow-beamwidth mi- 
crowave signals are used, is much more complicated, Real signals, after all, are slop- 
pier than textbook examples: they are neither infinitesimally thin, nor nondivergent, 


The earth’s atmosphere 

‘The electromagnetic waves do not need an atmosphere in order to propagate, as 
you will undoubtedly realize from the fact that space vehicles can transmit radio 
signals back to earth in a near vacuum. But when a radio wave does propagate in the 
earth's atmosphere, it interacts with the atmosphere, and its path of propagation is 
altered. A number of factors affect the interaction, but it is possible to break the 
atmosphere into several different eategories according to their respective effects 
on radio signals. 

‘The atmosphere, which consists largely of oxygen (O,) and nitrogen (N) gases, 
is broken into three major zones: troposphere, stratosphere, and ionosphere (Fig. 
2-7). The boundaries between these regions are not very well defined, and change 
both diumally (over the course of a day) and seasonally. 

‘The troposphere occupies the space between the earth's surface and an altitude 
of 6 to 11 km (4 to 7 mi). The temperature of the air in the troposphere varies with 
altitude, becoming considerably lower at greater altitude compared with ground 
temperature. For example, a +10°C surface temperature could reduce to ~55°C at 
the upper edges of the troposphere. 

‘The stratosphere begins at the upper boundary of the troposphere (6 to 11 km), 
and extends up to the ionosphere (=50 km). The stratosphere is called an isather- 
‘mal region because the temperature in this region is somewhat constant, despite al- 
titude changes. 

‘The ionosphere begins at an altitude of about 50 km (31 mi) and extends up to 
approximately 300 km (186 mi). The ionosphere is a region of very thin atmosphere. 
Cosmic rays, electromagnetic radiation of various types (including ultraviolet light 
from the sun), and atomic particle radiation from space (most of these from the sun 
also), have sufficient energy to strip electrons away from the gas molecules of the 
atmosphere. These freed electrons are called negative ions, while the O, and N mal- 
ecules that lost electrons are called positive ions. Because the density of the air is 
so low at those altitudes, the ions ean travel long distances before neutralizing each 
other by recombining. Radio propagation on some bands varies markedly between 
daytime and nighttime because the sun keeps the level of ionization high during 
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tadio propagation in the ionosphere is affected by a number of different physical factors: cosmic rays, 
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daylight hours, but the ionization begins to fall off rapidly after sunset, altering 
the radio propagation characteristics after dark. The ionization does not occur at 
lower altitudes because the air density is such that the positive and negative ions are 
numerous and close together, so recombination oceurs rapidly. 


EM wave propagation phenomena 


Because EM waves are waves, they behave in a wave-like manner. Figure 2-8 illus- 
trates some of the wave behavior phenomena associated with light and radio waves: 
reflection, refraction, and diffraction. All three play roles in radio propagation. 

Reflection and refraction are shown in Fig, 2-8A. Reflection occurs when a 
wave strikes a denser reflective medium, as when a light wave strikes a glass mir- 
ror. The incident wave (shown as a single ray) strikes the interface between less 
dense and more dense mediums at a certain angle of incidence (a,), and is re- 
flected at exactly the same angle (now called the angle of reflection (a, ). Be- 
cause these angles are equal, a reflected radio signal can often be traced back to 
its origin 

Refraction occurs when the incident wave enters a region of different density, 
and thereby undergoes both a velocity change and a directional change. The amount 
and direction of the change are determined by the ratio of the densities between the 
two media, If Zone B is much different from Zone A, then bending is great. In radio 


Line perpendicular 
To surface 


2-8A. Reflection and refraction 
phenomena, 


(Note: a, = 4) 
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systems, the two media might be different layers of air with different densities, It is 
possible for both reflection and refraction to occur in the same system. Indeed, more 
than one form of refraction might be present. These topies will be covered in greater 
depth shortly. 

Diffraction is shown in Fig. 2-8B. In this case, an advancing wavefront encoun- 
ters an opaque object (e.g. a steel building). The shadow zone behind the building 
is not simply perpendicular to the wave, but takes on a cone shape as waves bend 
around the object. The “umbra region” (or diffraction zone) between the shadow 
zone (“cone of silence”) and the direct propagation zone is a region of weak (but not 
zero) signal strength. In practical situations, signal strength in the cone of silence 
rarely reaches zero. A certain. amount of reflected signals scattered from other 
sources will fill in the shadow a little bit. The degree of diffraction effect seen in any 
given case is a function of the wavelength of the signal, the size of the object, and its 
electromagnetic properties, 


Propagation paths 

‘There are four major propagation paths: surface wave, space wave, tropospheric, 
and ionospheric. The ionospheric path is important to medium-wave (MW) and HF 
propagation, but is not important to VHF, UHF, or microwave propagation. The space 
wave and surface wave are both grownd waves, but they behave differently enough 
to warrant separate consideration. The surface wave travels in direct contact with 
the earth's surface and it suffers a severe frequency-dependent. attenuation caused 
by absorption into the ground, 

‘The space wave is also a ground-wave phenomenon, but it is radiated from an 
antenna many wavelengths above the surface. No part of the space wave normally 
travels in contact with the surface; VHF, UHF, and microwave signals are usually 
space waves. There are, however, two components of the space wave in many cases: 
direct and reflected (see Fig. 2-9). 

‘The tropospheric wave is lumped with the direct space wave in some texts, but it 
has properties that actually make it different in practical situations, ‘The troposphere 


2-8B Diffraction phenomena, 
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‘Tropospheric path 


Jace wave propagation. 


is the region of earth's atmosphere between the surface and the stratosphere, or 
about 4 to 7 mi above the surface, Thus, most forms of ground wave propagate in the 
troposphere. But because certain propagation phenomena (caused mostly by 
Weather conditions) only occur at higher altitudes, tropospheric propagation should 
be differentiated from other forms of ground wave. 

‘The ionosphere is the region of earth's atmosphere that is above the strato- 
sphere. The peculiar feature of the ionosphere is that molecules of air gas (O, and N) 
can be ionized by stripping away electrons under the influence of solar radiation and 
certain other sources of energy. In the ionosphere, the air density is so low that ions 
can travel relatively long distances before recombining with oppositely charged 
ions to form electrically neutral atoms. As a result, the ionosphere remains ionized for 
Jong periods of the day—even after sunset. At lower altitudes, however, air density 
is greater and recombination thus occurs rapidly. At those altitudes, solar ionization 
diminishes to nearly zero immediately after sunset, or never achieves any significant 
levels even at local noon. 

Ionization and recombination phenomena in the ionosphere add to the noise 
level experienced at VHF, UHF, and microwave frequencies, The properties of 
the ionosphere are important to microwave technology because of the noise con- 
tribution. In satellite communications, there are some additional transionos- 
pherie effects. 


Ground-wave propagation 


‘The ground wave, naturally enough, travels along the ground, or at least in close 
proximity to it. There are three basic forms of ground wave: space wave, surface 
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wave, and tropospheric wave. The space wave does not actually touch the ground. 
Asa result, space wave attenuation with distance in clear weather is about the same 
as in free space (except above about 10 GHz, where H,O and O, absorption increases 
dramatically). Of course, above the VHF region, weather conditions add attenuation 
not found in outer space. 

‘The surface wave is subject to the same attenuation factors as the space wave, 
but in addition it also suffers ground losses. These losses are caused by ohmic re- 
sistive losses in the conductive earth, In other words, the signal heats up the 
ground. Surface wave attenuation is a function of frequency, and it increases 
rapidly as frequency increases. Both of these forms of ground-wave cornmunti 
tions are affected by the following factors: wavelength, height of both the receiv- 
ing and transmitting antennas, distance between the antennas, and the terrain and 
weather along the transmission path. Figure 2-10 is a nomograph that can be used 
to calculate the line of sight distances in miles from a knowledge of the receiver 
and transmitter antenna heights. Similarly, Figs. 2-11A and 2-11B show power at- 
tenuation with frequeney and distance (Fig. 2-11A) and power attenuation in 
terms of field intensity (Fig, 2-11B), 

Ground-wave communications also suffer another difficulty, especially at VHF, 
UHF, and microwave frequencies. The space wave is like a surface wave, but itis ra- 
diated many wavelengths above the surface. It is made up of two components (see 
Fig. 2-9 again): the direct and reflected waves. If both of these components arrive at 
the receiving antenna, they will add algebraically to either increase or decrease sig- 
nal strength. There is always a phase shift between the two components because the 
two signal paths have different lengths (ie., D, is less than D, + D,). In addition, 
there may possibly be a 180° ( radians) phase reversal at the point of reflection 
(especially if the incident signal is horizontally polarized), as in Fig. 2-12. The fol- 
lowing general rules apply in these situations: 


+ Aphase shift of an odd number of half wavelengths causes the components to 
add, increasing signal strength (constructive interference) 

* A phase shift of an even number of half wavelengths causes the compo- 
nents to subtract (Fig. 2-12), thus reducing signal strength (destructive 
interference). 

© Phase shifts other than half wavelength add or subtract according to relative 
polarity and amplitude, 


You can characterize the loss of signal over path D, with a parametric term n that 
is defined as follows 


[2.11] 


where 


‘is the signal loss coefficient 

SS, is the signal level at the receiver in the presence of a ground reflection com- 
ponent 

5, is the free-space signal strength over path D, if no reflection took place. 


> 
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Power in 

Free-space field 

1 Watt radiated 

received on. 
half-wave antenna 

For 1,000 watts radiated add +30 dB 
For 10,000 watts radiated add +40 dB. 
For 100,000 watts radiated add +50 dB 
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211A Power ina free-space field (normalized to 1 W), 


You can calculate as follows: 


nt =4 sin? 


or 


[2.12] 


nh J 
n=2 an ( ‘) (2.13 


2D, 


‘The reflected signal contains both amplitude change and phase change. The 
phase change is typically m radians (180°). ‘The amplitude change is a function of 
frequency and the nature of the reflecting surface. The reflection coefficient can be 


characterized as 


y=pe* [2.14] 
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‘yis the reflection coefficient 
pis the amplitude change 
is the phase change 


j 


the imaginary operator (V=1) 


For smooth, high-reflectivity surfaces and a horizontally polarized microwave 


signal that has 
close to -1 


allow angle of incidence, the value of the reflection coefficient is 


‘Table 1. Comparison between Alamouti and generalized complex space-time codes. 


Space-time | Number of | Number of 
code ‘Txantennas | transmitted 
symbols, | 


‘Number of | Orthogonality | Rate= Vm 
used time | of Tx matrix 
slots, mt 


2 2 Spatio- 
temporal sense 
G 3 4 8 Only temporal 12 


‘Table 2. Comparison between diversity combining schemes. 


Scheme | Requiring CST ‘Ouiage Probability Application 
FO) 
3e No 7 constraints 
al No constraint 
MRC Yes No constraints 
I-e* 
EGC Yes No closed form for M>2 No constraints 
SLC No 5 FSK or DS-CDMA 


As one can see, the SC scheme does not 
require any channel information except 
that of SNR. On the other hand, MRC 
and EGC schemes require the channel 
state information (CSI) or a part of it 
(channel envelope, phase, delay). MRC 
scheme weights the received signals 
according to their reliability; a more 
reliable signal has a high weight while a 
less reliable signal has a small weight. 
Also, the channel phase distortion is 
compensated. Finally, signals are aligned 
then combined. On the other hand, EGC 
scheme can be viewed as a simplified 
version of MRC where signals are 
weighted equally (ie. the weighting vector 
w = [1 1, ....1]) then aligned before 
being combined coherently. In practice, 
the phase at different branches can’t be 
often estimated. So, EGC and MRC can’t 
be employed. In such situations, square 
law combining (SLC) can be applied to 
obtain spatial diversity without requiring 
phase estimation, Unlike linear combining 
schemes, SLC scheme can only be applied 
to modulation schemes which preserve 
some sort of orthogonality including 


frequency-shift keying (FSK) or direct- 
sequence CDMA [5], [11] 

Table 2 summarizes a comparison 
between combining schemes. It is known 
that, from a performance point of view, 
MRC is optimum and gives the best 
performance among the pre-described 
combining schemes, 


a 
ea 


Fig, 5. Simple block diagram of linear 
combining schemes, 


2.3 Combined Transmit/Receive 
Diversity 


Spatial diversity schemes explained in 
the previous two sections can be combined 
together to achieve diversity at both 
receive and transmit sides. An example of 
such a hybrid spatial diversity scheme is 
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‘The phase change of the reflected signal at the receiving antenna is at least m ra- 
dians because of the reflection. Added to this change is an additional phase shift that 
is a function of the difference in path lengths. This phase shift can be expressed in 
terms of the two antenna heights and path length. 


Anh), 7 
s=m+(Sp [2.15] 


Acategory of reception problems called multipath phenomena exists because 
of interference between the direct and reflected components of the space wave. The 
form of multipath phenomena that is, perhaps, most familiar to many readers is 
ghosting in off-the-air television reception. Some multipath events are transitory in 
nature (as when an aircraft flies through the transmission path), while others are 
permanent (as when a large building, or hill, reflects the signal). In mobile commmn- 
nications, multipath phenomena are responsible for reception dead zones and 
“picket fencing.” A dead zone exists when destructive interference between direct 
and reflected (or multiply reflected) waves drastically reduces signal strengths. This 
problem is most often noticed at VHF and above when the vehicle is stopped; and 
the solution is to move the anterina one-half wavelength (which at VHF and UHF is 
matter of a few inches). Picket fencing occurs as a mobile unit moves through stuc- 
cessive dead zones and signal enhancement (or normal) zones, and it sounds like a 
series of short noise bursts. 

At VHF, UHF, and microwave frequencies, the space wave is limited to so-called 
line-of-sight distances. The horizon is theoretically the limit of communications dlis- 
tance, but the radio horizon is actually about 15 percent farther than the optical hori- 
zon (Fig. 2-13). This phenomenon is caused by refractive bending in the atmosphere 
around the curvature of the earth, and it makes the geometry of the situation look as 
if the earth's radius is % the actual radius, 

‘The refraction phenomenon occurs at VHF through microwave frequencies, but 
not in the visible light spectrum, because water and atmospheric pressure (which re- 
lates to the effects of atmospheric gases on microwave signals) become important 
contributors to the phenomenon. The K factor expresses the degree of curvature 
along any given path, while the indew of refraction n measures the differential 
properties between adjacent zones of air 

‘The K factor, also called the effective earth's radius factor, is defined according 
to the relationship of two hypothetical spheres, both centered at the exact center of 


2:13 Phenomenon by which 
“greater than line of sight” 
communications occurs, 
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the earth. The first sphere is the earth’s surface, which has a radius r, (2440 nmi or 
6370 km). The second sphere is larger than the first by the curvature of the signal 
“ray path,” and has a radius r. The value of is approximately 


[2.16] 


Avvalue of K’= 1 indicates a straight path (Fig. 2-14); a value of > 1 indicates 
a positively curved path (refraction); and a value of K’< 1 indicates a negatively 
curved path (subrefraction). The actual value of K varies with local weather con 
tions, so one can expect variation not only between locations, but also seasonally. In 
the arctic regions, K varies approximately over the range 1.2 to 1.34. In the “lower 
48” states of the United States, K varies from 1.25 to 1.9 during the summer months 
(especially in the south and southeast), and from 1.25 to 1.45 in the winter months, 
‘The index of refraction 7 can be defined in two ways, depending on the situation. 
When a signal passes across boundaries between adjacent regions of distinetly dif- 
ferent properties (as occurs in temperature inversions, etc.), the index of refraction 
is the ratio of the signal velocities in the two regions. In a homogeneous region 7 
can be expressed as the ratio of the free-space velocity c to the actual velocity in the 
atmosphere V: 


[2.17] 


At the surface, near sea level, under standard temperature and pressure condi- 
tions, the value of 7 is approximately 1.0003, and in homogeneous atmospheres it 
will decrease by 4 x 10 per mile of altitude, The units of 7 are a bit cumbersome in 
equations, so the UHF/microwave communities tend to use a derivative parameter, 
N, called the refractivity of the atmosphere: 


N=(n-1)x 10° [2.18] 


y 


2414 Refraction changes path length, 
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‘The value of N tends to vary from about 280 to 820, and both » and N vary with 
altitude, In nonhomogeneous atmospheres (the usual ease), these parameters will 

y approximately linearly for several tenths of a kilometer, All but a few microwave 
relay systems can assume an approximately linear reduction of » and N with in- 
creasing altitude, although airborne radios and radars cannot. There are two meth- 
ods for calculating N: 


7 4810eH1, 
(& \ ee a ) [2.19] 
and 
77.6 (3:73 x 10, 
N ua ( F [2.20] 
where 


is the atmospheric pressure in millibars (1 torr = 1.3382 mbar) 

Tis temperature in kelvins 

e, is saturation vapor pressure of atmospheric water in. millibars 

H..i8 the relative humidity expressed as a decimal fraction (rather than a 
percentage) 


Ray path curvature (K) can be expressed as a function of either n or N, provided 
that the assumption of a linear gradient d, /d,, holds true: 


[2.21] 


or 


[2.22] 


For the near-surface region, where d,/d,, varies at about 3.9 x 10 m, the value 
of K'is 1.33. For most terrestrial microwave paths, this value (K’ = % = 1.33) is called 
a standard refraction, and is used in calculations in the absence of additional 
data. For regions above the linear zone close to the surface, you can use another ex- 
pression of refractivity: 


N,=Ne~Cdhe—te [2.23] 


where 


1, is the refractivity at 1 km altitude 
‘i, is the height of the receiver antenna 
‘i, is the height of the transmit. antenna 
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L,(NIN,) 
NY, is the refractivity at altitude 
Nis the refractivity at the earth's surface 


For simple models close to the surface, you can use the geometry shown in 
Fig. 2-15, Distance d is a curved path along the surface of the earth. But because 
the earth’s radius r, is about 4000 statute miles, and it is thus very much larger than 
a practical antenna height /, you can simplify the model in Fig. 2-15A to that in 
Fig. 2-15B. The underlying assumption is that the earth has a radio radius equal to 
about % (K = 1.33) of the actual physical radius of its surface. 


Earth's surface 


2415A Geometry for calculating radio distances. 


2-15B Simplified geometry 
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‘The value of distance d is found from the expression, 


d=VIrIiy [2.24] 


where 


dis the distance to the radio horizon in statute miles 
r, is the normalized radius of the earth 
}i, is the antenna height in feet, 


Accounting for all constant factors, the expression reduces to 


d=14l4 Vig 12.25] 
all factors being the same as defined above. 


Example 2-1 A radio tower has a UHF radio antenna that is mounted 150 feet 
above the surface of the earth, Calculate the radio horizon (in statute miles) for this 
system. 

Solution: 


d=1414 (ht 
= (1.414) (150 £1)!" 
(1.414) (12.25) 


= 17.32. mi 
For other units of measurement: 
hagy = 1.23 Ving nami 12.26] 
and 
hy, = 1.30 Vig em 12.27] 


Surface-wave communications ‘The surface wave travels in direct contact 
with the earth's surface, and it suffers a severe frequency-dependent attenuation be- 
cause of absorption by the ground, 

‘The surface wave extends to considerable heights above the ground level, al- 
though its intensity drops off rapidly at the upper end, ‘The surface wave is subject 
to the same attenuation factors as the space wave, but in addition, it also suffers 
ground losses. These losses are caused by ohmic resistive losses in the conductive 
earth, and to the dielectric properties of the earth, In other words, the signal heats 
up the ground. Horizontally polarized waves are not often used for surface wave 
communications because the earth tends to short-circuit the E-field component. On 
vertically polarized waves, however, the earth offers electrical resistance to the 
E-field and returns currents to following waves (Fig. 2-16). The conductivity of 
the soil determines how much energy is returned. Table 2-1 shows the typical con 
ductivity values for several different forms of soil 
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JE 


Ground currents 


2-16 Distortion of vertically polarized electric field by lossy ground resistance. 


‘Table 2-1, Sample soil conductivity values 


Dielectric Conductivity Relative 
‘Type of soil constant (siemens/meter) quality 
Salt water 81 5 Best 
Fresh water 80 0.001 Very poor 
Pastoral hills 14-20 0.03-0.01 Very good 
Marshy, wooded 12 0.0075 Average/poor 
Rocky hills 14 10 Poor 

sandy 0.002, Poor 
Cities 0.001 Very poor 


‘The wavefront ofa surface wave is tilted because of the losses in the ground that 
tend to retard the wavefront's bottom (also in Fig. 2-16). The tilt angle is a function 
of the frequency, as shown in Table 2-2, 


‘Table 2-2. Tilt angle as a funetion of frequency 


Frequency (kHz) Tilt angle ratio Earth/seawater (degrees) 


20 2.07 4372.08 
104 13,4/0.13 
64 


20,000 25 


Surface-wave attenuation is a funetion of frequency, and inereases rapidly as fre- 
queney increases. For both forms of the ground wave, reception is affected by these 
factors: wavelength, height of both the receiving and transmitting antennas, dis- 
tance between antennas, and both terrain and weather along the transmission 
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path. In addition, the surface wave is affected by the ground losses in Table 2-1. Be- 
cause of the ground loss effects, the surface wave is attenuated at a much faster rate 
than the inverse square law. 

Ground-wave propagation frequency effects The frequency of a radio signal 
in large measure determines its surface-wave behavior. In the very low-frequency 
(VLF) band (<300 kHz), ground losses are small for vertically polarized signals, 
s0 medium-distance communications (up to several hundred miles) are possible 
In the medium-wave band (300 to 3000 kHz, including the AM broadcast band), 
distances of 1000 mi are possible with regularity—especially at night. In the high- 
frequency (HF) band, ground losses are more considerable, so the surface-wave 
distance reduces drastically. It is possible, in the upper end of the HF band (3000 
to 30,000 kHz) for surface-wave signals to die out within a few dozen miles. This 
phenomenon is often seen in the 15- and 10-m amateur radio bands, as well as the 
11am (27-MHz) Citizen's Band. Stations only 20 mi apart cannot communicate, 
but both can talk to a third station across the continent via ionospheric skip. 
‘Thus, the two stations close together must have a station more than 2000 mi away 
relay messages between them, 

‘Tropospheric propagation ‘The troposphere is the portion of the atmosphere 
between the surface of the earth and the stratosphere (or about 4 to 7 mi above the 
surface). Some older texts group tropospheric propagation with ground-wave prop- 
agation, but modern practice requires separate treatment. ‘The older grouping over- 
looks certain common propagation phenomena that simply don't happen with space 
or surface waves. 

Refraction is the mechanism for most tropospheric propagation phenomena. 
The dielectric properties of the air, which are set mostly by the moisture content 
(Pig. 2-17), are a primary factor in tropospheric refraction. Recall that refraction 
occurs in both light or radio-wave systems when the wave passes between mediums 
of differing density. Under that situation, the wave path will bend an amount pro- 
portional to the difference in density. 

‘Two general situations are typically foune—especially at UHF and microwave 
frequencies. First, because air density normally decreases with altitude, the top of 
a beam of radio waves typically travels slightly faster than the lower portion of the 
beam, As a result, those signals refract a small amount, Such propagation provides 
slightly longer surface distances than are normally expected from calculating the 
distance to the radio horizon. This phenomenon is called simple refraction, and was 
discussed in a preceding section. 

A special case of refraction called superrefraction occurs in areas of the world 
where warmed land air goes out over a cooler sea (Fig. 2-18). Examples of such areas 
have deserts that are adjacent to a large body of water: the Gulf of Aden, the southern 
Mediterranean, and the Pacific Ocean off the coast of Baja California are examples, 
VHF/UHF microwave conumunications up to 200 mi are reported in such areas. 

‘The second form of refraction is weather-related. Called ducting, this form 
of propagation (Fig. 2-19) is actually a special case of superrefraction. Evaporation of 
sea water causes temperature inversion regions to form in the atmosphere—that is, 
layered air masses in which the air temperature is greater than in the layers below it. 
(Note: air temperature normally decreases with altitude, but at the boundary with an 
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2-17. Refraction in the troposphere. 


inversion region, it increases.) ‘The inversion layer forms a “duct” that acts like a 
waveguide. In Fig. 2-19, the distance D, is the normal “radio horizon” distance, and 
D, is the distance over which duct communications ean occur 
~ Dueting allows long-distance communications from lower VHF through mi 
crowave frequencies, with 50 MHz being a lower practical limit and 10 GHz being an 
ill-defined upper limit. Airborne operators of radio, radar, and other electronic 
equipment can sometimes note ducting at even higher microwave frequencies. 
‘Antenna placement is critical for ducting propagation. Both the receiving and 
transmitting antennas must be either (1) inside the duct physically (as in airborne 
cases) or (2) able to propagate at an angle such that the signal gets trapped inside 
the duct. The latter is a function of antenna radiation angle, Distances up to 2500 mi 
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2-18 Superrefraction phenomena, 


‘Tropospheric wave Temperatiy, 
inversion 


2419 Ducting phenomenon, 


or so are possible through ducting. Certain paths where frequent. ducting oceurs 
have been identified: the Great Lakes to the Atlantic seaboard; Newfoundland to the 
Canary Islands; across the Gulf of Mexico from Florida to Texas; Newfoundland to 
the Carolinas; California to Hawaii; and Ascension Island to Brazil 

Another condition is noted in the polar regions, where colder air from the land 
‘mass flows out over warmer seas (Fig, 2-20). Called subrefraction, this phenomena 
bends EM waves away from the earth's surface—thereby reducing the radio horizon 
by about 30 to 40 percent 
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2.20, Subrefraction phenomena, 


All tropospheric propagation that depends upon air-mass temperatures and hu- 
midity, shows diumal (i.e,, over the course of the day) variation caused by the local 
rising and setting of the sun. Distant signals may vary 20 dB in strength over a 24- 
hour period. These tropospheric phenomena explain how TV, FM broadcast, and 
other VHF signals can propagate great distances, especially along seacoast paths, at 
some times while being weak or nonexistent at others, 

Diffraction phenomena Electromagnetic waves diffract when they encounter 
a radio-opaque object. The degree of diffraction, and the harm it eauses, is frequency 
related, Above 3 GHz, wavelengths are so stnall (approximately 10 em) compared to 
object sizes that large attenuation of the signal occurs. In addition, beamwvidths 
(@ function of antenna size compared with wavelength) tend to be small enough 
above 3 GHz that blockage of propagation by obstacles is much greater. 

Earlier in this chapter, large-scale diffraction around structures (such as build- 
ings) was discussed. ‘The view presented was from above, so it represented the hori- 
zontal plane. But there is also a diffraction phenomenon in the vertical plane. Terrain, 
or man-made objects, intervening in the path between UHF microwave stations (Fig, 
2-214) cause diffraction, and some signal attenuation. There is a minimurn clearance 
required to prevent severe attenuation (up to 20 to 30 dB) from diffraction. Caleula- 
tion of the required clearance comes from Huygens-Fresnel wave theory. 

Consider Fig. 2-21B. A wave source A, which might be a transmitter antenna, 
transmits a wavefront toa destination C (receiver antenna). At any point along path 
A-C, you can look at the wavefront as a partial spherical surface (Z;-B,) on which all 
wave rays have the same phase. This plane can be called an isophase plane. You can 
assume that the d,/d,, refraction gradient over the height extent of the wavefront is 
small enough to be considered negligible. 

Using ray tracing we see rays r, incoming to plane [B,-B,], and rays 1, outgoing 
from plane (BB, . The signal seen at C is the algebraic sum of all rays r,,. The signal 
pattern will have the form of an optical interference pattern with wave cancellation 
occurring between », waves that are a half-wavelength apart on [B;-B,]. The ray im- 


aa 


the 2x2 Alamouti/MRC MIMO. system 
[12]. 


III. Spatial Multiplexing 


As shown in the previous section, 
MIMO diversity can be used in the 
transmitter or the receiver sides or in both 
to increase the reliability of the 
communication, In this section we talk 
about spatial multiplexing schemes which 
are for goal to increase the channel 
capacity. 

‘The most known spatial multiplexing 
schemes are the BLAST family which 
includes Vertical-BLAST, Diagonal 
BLAST, and Turbo-BLAST. The acronym 
BLAST stands for “ 


jell Laboratories 
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ALLL 


3.1 Diagonal-BLAS' 


D-BLAST was originally proposed by 
Foschini [13]. In D-BLAST, the symbols 
to be transmitted are arranged on the 
diagonals of the space-time transmission 
matrix where elements under the diagonal 
are padded with zeros. Fig. 6-a depicts the 
structure of the D-BLAST transmitter for 
four transmit antennas. At first, the bit 
stream is de-multiplexed into four parallel 
streams which are encoded and modulated 
independently. Encoded-modulated 
streams are cycled over time, Equation (4) 
is an example of the transmission matrix 
when using four transmit antennas, 


0 0 0 
o 0 

Ge eG “) 

Sica Sac Sax 


ae 


eveust 


ma 
1H 


erTuposuast 


Fig. 6, Transmitter block diagrams for BLAST family using four transmit antennas, 
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2.21A Terrain masking of VHF and higher-frequency signals, 


pact points on plane [B-B,] form radii R,, ealled Fresnel zones. The lengths of the 
radii are a function of the frequency and the ratio of the distances D, and D, (see 
Fig. 2-21B). The general expression is 


[2.28] 


where 


R,, is the radius of the nth Fresnel zone 
Poyi8 the frequency in GHz 

D, is the distance from the source to plane BB, 
D, is the distance from destination to plane B, 
‘Nis an integer (1, 2, 3,...) 

‘Ma constant of proportionality equal to 


ITSifR,, isin meters and D,, D, are in kilometers and 
72.1 ifR,, isin feet and D,, D, are in statute miles 


If you first calculate the radius of the critical first Fresnel zone (,), then you 
can calculate the nth Fresnel zone from 


R,=RVa [2.29] 


Example 2-2 Calculate the radius of the first Fresnel zone for a 2.5-GHz signal 


at a point that is 12 km from the source and 18 km from the destination. 
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R,= 073) VOD AD 
R, = (17.8) (2.88) 


9.4m. 


For most terrestrial microwave systems an obstacle clearance of 0.6, is required 
to prevent diffraction attenuation under most normal conditions, However, there are 
conditions in which the clearance zone should be more than one Fresnel zone. 

Fading mechanisms Fading is defined as a reduction in amplitude caused by 
reduced received signal power, changes in phase or polarization, wave cancellation, 
or other related problems that are not caused by a change in the output power level or 
other parameters associated with either the transmitter or its antenna system. You 
would not ordinarily think that line-of-sight radio relay links would experience 
fading, but that is not true. Fading does, in fact, occur, and it can reach levels of 30 dB 
in some cases (20 dB is relatively common). In addition, fading phenomena in the 
VHF-and-up range can last several hours, with some periods being reported of sev- 
eral days in duration (although very rare). There are several mechanisms of fading, 
and these will be dealt with in this section, HF fading eaused by ionospheric mecha- 
nisms will be covered later. 

Any orall of the mechanisms shown in Fig, 2-22 can occur in a given system. In all 
cases, two or more signals arrive at the receiver antenna (2,). Ray A represents the 
direct path signal that is, ideally, the only signal to reach the destination. But itis also 
possible that a signal, in an elevated layer or other atmospheric anomaly, will cause 
refraction or subrefraction of the wave creating a second component, B. If this second 
signal arrives out of phase with A, then fading will occur (signal reinforcement— 


2, 


layer 


2-22 Multiple paths for signal to take between transmitter and receiver. 
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in phase—an also occur), It is also possible to see subrefraction fading, as in D. ‘The 
classical multipath situation represented by ray C and its reflected component: is 
also a source of fading, 

‘These mechanisms are frequency-senssitive, so a possible countermeasure is to 
use frequency diversity. Hopping over a 5 percent frequency change will help 
eliminate fading in many eases. In cases where either system constraints, or local 
spectrum usage prevents a5 percent delta (change), then try for at least 2 or 
3 percent, 

Over ocean areas or other large bodies of water there is a possibility of encoun- 
tering fair weather surface ducting as a cause of facing. These duets form in the mid 
latitudes, starting about 2 to 3 km from shore, up to heights of 10 to 20 mi; wind 
velocities are found in the 10 to 60 km/h range. The cause of the problem is a com- 
bination of power fading, due to the presence of the duet, and surface reflections 
(see Fig, 2-23). Power fading alone can occur when there is a superrefractive duct 
elevated above the surface. ‘The duct has a tendency to act as a waveguide andl focus 
the signal (Fig. 2-24). Although the duct shown is superrefractive, itis also possible 
to have a subrefractive duct 

Attenuation in weather Microwave communications above about 10 GHz suf- 
fer an increasingly severe attenuation because of water vapor and oxygen in the at- 
mosphere. Figure 2-25 shows the standard attenuation in dBm for microwave 
frequencies. Note that there are several strong peaks in an ever-increasing curve, Set- 
ting a system frequency in these regions will cause poor conumunications or will re- 
quire a combination of more transmit power, better receiver sensitivity, and better 
antennas on receiving and transmitting locations. The curves shown in Fig. 2-25 
assume certain standardizing conditions. Rain and other weather conditions can 
severely increase the attenuation of signals, In addition to attenuation, radar exhibits 
severe clutter problems when signals backscatter from rain cells, 
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2.23 Multihop interference. 
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2.24 Wave interference, 


Tonospheric propagation 

Now let’s tum your attention to the phenomenon of skip communications. Ionos- 
pherie propagation is responsible for the ability to do intercontinental broadeasting 
and communications. Long-distance radio transmission is carried out on the high- 
frequency (HF) bands (3 to 30 MHz), also called the shortwave bands. These fre- 
quencies are used because of the phenomenon called skip. Under this type of prop- 
agation, the earth's ionosphere acts as though it is a “radio mirror.” Although the 
actual phenomenon is based on refraction (not reflection, as is frequently believed), 
the appearance to the casual observer is that shortwave and low-VHF radio signals 
are reflected from the ionosphere, The actual situation is a little different 

‘The key lies in the fact that this radio mirror is produced by ionization of the upper 
atmosphere. The upper portion of the atmosphere is called the ionosphere because it 
tends to be easily ionized by solar and cosmic radiation phenomena, The reason for the 
ease with which that region (80 to 300 mi above the surface) ionizes, is that the air den- 
sity is very low. Energy from the sun strips away electrons from the outer shells of oxy- 
gen and nitrogen molecules. The electrons become negative ions, while the remaining 
portion of the atom forms positive ions. Because the air is so rarified at those altitudes, 
those ions can travel great distances before recombining to form electrically neutral 
atoms again. As a result, the average ionization level remains high in that region. 

Several sources of energy will cause ionization of the upper atomosphere. Cos- 
mic radiation from outer space causes some degree of ionization, but the majority of 
ionization is caused by solar energy. 

‘The role of cosmic radiation was noticed during World War II, when British radar 
operators discovered that the distance at which their equipment could detect Ger- 
‘man aireraft was dependent upon whether or not the Milky Way was above the hori- 
zon. Intergalactic radiation raised the background microwave noise level, thereby 
adversely affecting the signal-to-noise ratio. 
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Events on the surface of the sun sometimes cause the radio mirror to seem to be 
almost perfect, and this situation makes spectacular propagation possible, At other 
times, however, solar disturbances (Fig. 2-26A) disrupt radio communications for 
days at a time. 

‘There 
tions: electromeymetic radiation and charged solar particles. Most of the radia- 
tion is above the visible spectrum, in the ultraviolet. and x-ray/gamma-ray region of 
the spectrum, Because electromagnetic radiation travels at the speed of light, solar 
events that release radiation cauise changes to the ionosphere about 8 minutes later 
Charged particles, on the other hand, having a finite mass must travel at-a consider- 
ably slower velocity. They require two or three days to reach earth 

Various sources of both radiation and particles exist on the sun. Solar flares can 
release huge amounts of both radiation and particles. These events are unpre 
dictable and sporadic. Solar radiation also varies over an approximately 27-day pe 
riod, Which is the rotational period of the sun. The same source of radiation will face 
the earth once every 27 days, and so events tend to be somewhat repetitive 

Solar and galactic noise affect the reception of weak signals. Solar noise can also 
affect radio propagation and act as a harbinger of changes in propagation patterns. 
Solar noise can be demonstrated by using an ordinary radio receiver and a direc- 
tional antenna, preferably operating in the VHE/UHF regions of the spectrum (150 to 
152 MHz frequently is used). Aim the antenna at the sun on the horizon at either 
sunset or sunrise. A d 
slides 


two principal forms of solar energy that affect shortwave commnuniea- 


amatic change in background noise will be noted as the sun 


across the horizon, 


26A. Solar event that can affect radio propagation on earth, 
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Sunspots A principal source of solar radiation, especially the periodic forms, is 
sunspots (Fig. 2-268). Sunspots can be as large as 70,000 to 80,000 miles in diame. 
ter, and generally occur in clusters. The number of sunspots varies over a period of 
approximately 11 years, although the actual periods since 1750 (when records were 
first kept) have varied from 9 to 14 years. The sunspot number is reported dail 
the statistically massaged Zurich Smoothed Sunspot Number, or Wolf Number 
dio propagation via the ionosphere. The 


‘The number of sunspots greatly affects r 
low was in the range of 60 (in 1907), and the high was about: 200 (1958), 

Another indicator of ionospheric propagation potential is the solar flux inde 
(SFP. This measure is taken in the microwave region (wavelength of 10.2 em, or 
2.8 GHz), at 1700 UTC at Ottawa, Canada, The SFI is reported by the National Insti 
tute for Standards and Technology (NIST) radio stations WWV (Fort Collins, CO) 
LWWVH (Maui, Hawaii). 

The ionosphere offers different properties that affect radio propagation at dif 
ferent times. Variations occur not only over the 11 year sunspot eycle, but also diuur- 
nally and seasonally. Obviously, if the sun affects propagation in a significant way 
then differences between nighttime and daytime, and between surumer and winter 
must cause variations in the propagation phenomena observed. 

The ionosphere is divided, for purposes of radio propagation studies, into various 
ayers that have somewhat different properties. These layers are only well defined 
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in textbooks. However, even there you find a variation in the precise altitudes of the 
layers above the earth's surface. In addition, the real physical situation is such that lay- 
ers don't have sharply defined boundaries, but rather fade one into another instead. 
‘Thus, the division into layers is somewhat arbitrary. These layers (Fig, 2-27) are des- 
ignated D, E, and F (with F being further subdivided into FI and F2 sublayers), 

D layer The D layer is the lowest layer in the ionosphere, and exists from 
approximately 30 to 50 mi above the surface, This layer is not ionized as much as the 
higher layers, because all forms of solar energy that cause ionization are severely 
attenuated by the higher layers above the D layer. ‘The reason for this is that the 
Dlayer is much more dense than the E and F layers, and that density of air molecules 
allows ions to recombine to form electroneutral atoms very quickly. 

‘The extent of D layer ionization is proportional to the elevation of the sun, so it 
will achieve maximum intensity at midday. The D layer exists mostly during the 
warmer months of the year because of both the greater height of the sun above 
the horizon and the longer hours of daylight. The D layer almost completely disap- 
pears after local sunset, Some observers have reported sporadic incidents of D layer 
activity for a considerable time past sunset. The D layer exhibits a large amount of 
absorption of medium-wave and shortwave signals (to such an extent that signals 
below 4 to 6 MHz are completely absorbed by the D layer). 

E layer The E layer exists from approximately 50 to 70 mi above the earth's 
surface, and it is considered the lowest region of the ionosphere that is important to 
radio communications. Like the D layer, this region is ionized only during the day- 
light hours, with ionization levels peaking, at midday. The ionization level drops off 
sharply in the late afternoon, and almost completely disappears after local sunset. 

During most of the year, the E layer is absorptive and it will not reflect radio 
signals, During the summer months, however, E layer propagation does occur. A 
phenomenon called “short skip” (.e., less than 100 mi for medium wave and 1000 mi 
for shortwave signals) occurs in the E layer during the summer months, and in equa 
torial regions at other times 

A propagation phenomenon associated with the E layer is called sporadic E 
propagation. This phenomenon is caused by scattered zones of intense ionization 
in the E layer region of the ionosphere. The sporadic E phenomenon varies sea- 
sonally, and it is believed to be caused by the bombardment of solar particles. Spo- 
radic E propagation affects the upper HF and lower VHF region. It is observed 
‘most frequently in the lower VHF spectrum (50 to 150 MHz), but it is also some- 
times observed at higher frequencies. The VHF bands oceasionally experience 
sporadic E propagation. Skip distances on VHF ean reach 500 to 1500 miles on one 
hop—especially in the lower VHF region (including the 6-m band). 

Flayer The F layer of the ionosphere is the region that is the prineipal cause of 
long-distance shortwave communications. This layer is located from about 100 to 
300 mi above the earth's surface. Unlike the lower layers, the air density in the 
F layer is low enough that ionization levels remain high all day, and decay slowly af- 
ter local sunset. Minimum levels are reached just prior to local sunrise. Propagation 
in the F layer is capable of skip distances up to 2500 mi on a single hop. During the 
day there are actually two identifiable and distinet sublayers in the F layer region, 
and these are designated the Fl and F2 layers, The F1 layer is found approximately 
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2.27 Classification of the earth's atmosphere for radio propagation, 
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Table 3. MIMO systems diversity orders. 


10 Configuration versity order 
‘STBC NEN, 
BLAST Ni-Na1 


The first diagonal of § is transmitted via 
the first antenna; the second diagonal is 
transmitted via antenna 2, and so on 


3.2 Vertical-BLAST 


A simplified version of D-BLAST was 
proposed by Wolniansky known as 
Vertical-BLAST or V-BLAST [14]. In V- 
BLAST, incoming data stream is de- 
multiplexed into /V; streams each of which 
is encoded and modulated independently 
and sent on an antenna of its own, V- 
BLAST high-level diagram is depicted in 
Fig. 6-b where four antennas are used at 
the transmit side. Compared to D-BLAST, 
V-BLAST does not include eycling over 
time, the complexity is significantly 
reduced. In addition, unlike D-BLAST, V- 
BLAST does not include any space-time 
wastage, At the receiver, transmitted 
symbols can be decoded using ordered 
serial interference-cancellation (OSIC) 
detector. For the OSIC to work properly, 
the number of receive antennas N, must be 
at least as large as the number of transmit 
antennas, 


3.3 Turbo-BLAST 

Turbo-BLAST was first described by 
Sellathurai and Haykin [15]. The Turbo- 
BLAST transmitter structure is depicted in 
Fig. 6-c. The data stream bits are firstly 
demultiplexed into N, parallel streams 
which are encoded independently using 
the block encoder (outer encoder) (ie. 
channel coding). The output streams of the 
outer encoder are__—_interleaved 
independently and passed to the inner 
encoder. The mission of the outer encoder 
is to achieve random-layered space-time 
(RLST) coding. 


The structure of the RLST encoder, with 
periodical cyclic space-time interleaving is 
depicted in Fig. 6-d. For optimal 
performance of the RLST code, the 
receiver should employ the maximum a 
posteriori probability (MAP) decoding 
algorithm. Nevertheless, the complexity of 
the MAP decoding algorithm is very high 
(increases exponentially with ,). To 
decrease the complexity of the receiver, 
the near-optimal turbo-like receiver can be 
used. This near-optimal turbo-like receiver 
is known as iterative detection and 
decoding (IDD) receiver 

Before going further, we list in Table 3 a 
comparison between diversity order of the 
different space-time coding and the 
BLAST family schemes. 


IV. Advanced Topics 


4.1 Single and Multi CodeWord 
MIMO 


In single codeword (SCW) MIMO, an 
encoded packet is distributed across many 
streams to form the MIMO transmission, 
Feedback is used to control the rank of the 
MIMO transmission (number of streams 
used) as well as the overall rate of 
transmission. In multiple codeword 
MIMO, several separately — encoded 
packets are transmitted independently over 
the multiple streams. Here the rate of each 
stream can be controlled with feedback 
[16] and [17] 


4.2 Single-User MIMO and 
Multi-User MIMO 
In single-user MIMO, already explained 
techniques in previous sections are used 
where the channel capacity grows linearly 
with min(N1, Nr) [18] 
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100 to 150 miles above the earth's surface, and the F2 layer is above the F1 extend- 
ing up to the 270- to 300-mi limit. Beginning at local sundown, however, the lower 
regions of the F layer begin to deioniae because of recombination of positive and 
negative ions. At some time after local sunset, the F and F2 layers have effectively 
merged to become a single reduced layer beginning at about 175 mi. 

‘The height and degree of ionization of the F2 layer varies over the course of the 
day, with the season of the year, and with the 27-day sunspot eycle. The F2 layer be- 
gins to form shortly after local sunrise and reaches maximum shortly before noon. 
During the afternoon, the F2 layer ionization begins to decay in an exponential man- 
ner until, for purposes of radio propagation, it disappears sometime after local sun- 
set. There is some evidence that ionization in the F layer does not. completely 
disappear, but its importance to HF radio communication does disappear. 


‘Measures of ionospheric propagation 

‘There are several different measures by which the ionosphere is characterized at 
any given time, These measures are used in making predictions of radio activity and 
long-distance propagation. 

The critical frequency and maximum usable frequency (MUP) are indices 
that tell us something of the state of ionization and communications ability. ‘These 
frequencies increase rapidly after sunrise and international communications usually 
begin within 30 minutes. 

Critical frequeney F, The critical frequency, designated by F,, is the highest 
frequency that can be reflected when a signal strikes the ionosphere as a vertical 
(90° with respect to the surface) incident wave. The critical frequency is determined 
from an ionogram, which is a cathode-ray tube (CRT) oscilloscope display of the 
height of the ionosphere as a function of frequency. The ionogram is made by firing 
a pulse vertically (Fig. 2-28) at the ionosphere from the transmitting station. The 
critical frequency is that frequency that is just sufficient to be reflected back to the 
transmitter site. Values of F can be as low as 3 MHz during the nighttime hours, and 
as high as 10 to 15 MHz during the day. 

Virtual height Radio waves are refracted in the ionosphere, and those above a 
certain critical frequency are refracted so much that they return to earth. Such 
waves appear to have been reflected from an invisible radio “mirror.” An observer on 
the earth's surface could easily assume the existence of such a mirror by noting the 
retum of the “reflected” signal. The height of this apparent “mirror” is called the vér- 
tual height of the ionosphere. Figure 2-29 shows the refraction phenomenon by 
Which a radio wave is bent sufficiently to return to earth. Virtual height is deter- 
mined by measuring the time interval required for an ionosonde pulse (similar to 
that used to measure critical frequency) to travel between the transmitting station 
and a receiving station (Fig. 2-30). A radio signal travels at a velocity of 300,000,000 
ns (the speed of light). By observing the time between transmitting the pulse and 
receiving it, you can caleulate the virtual height of the ionosphere. 

Maximum usable frequency (MUF) The ma.rimum usable frequency is the 
highest frequency at which communications can take place via the ionosphere over a 
given path. The MUF between a fixed transmitter site and two different, widely sepa- 
rated, receivers need not be the same, Generally, however, the MUF is approximately 
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3 times higher than the critical frequeney. Both the MUF and the critical frequency vary 
‘geographically, and they become higher at latitudes close to the equator. 

tis general rule that the best propagation occurs at frequencies just below the 
MUF. In fact, there is a so-called frequency af optimum traffic (FOT) that is ap- 
proximately 85 percent of the MUF. Both noise levels and signal strengths are im- 
proved at frequencies near the FOT. 

Lowest usable frequency (LUF) At certain low frequencies, the combination 
of ionospheric absorption, atmospheric noise, miscellaneous static, and/or receiver 
signal-to-noise ratio requirements conspire to reduce radio communications. ‘The 
lowest frequency that can be used for communications, despite these factors, is the 
lowest usable frequency. 

Unlike the MUF, the LUF is not totally dependent on atmospheric physies. ‘The 
LUF ofa system can be varied by controlling the signal-to-noise ratio (SNR). Although 
certain factors that contribute to SNR are beyond our control, the effective radiated 
power (ERP) of the transmitter can be changed; a 2-MHz decrease in LUF is available 
for every 10-dB increase in the ERP of the transmitter, 


Ionospheric variation and disturbances 
‘The ionosphere is an extremely dynamic region of the atmosphere, especially from a 
radio operator's point of view, because it significantly alters radio propagation. ‘The 
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dynamics of the ionosphere are conveniently divided into two general classes: regular 
variation and disturbances. This section covers both types of ionospheric change. 

Tonospheric variation ‘There are several different forms of variation seen on a 
regular basis in the ionosphere: diurnal, 27-day (monthly), seasonal, and 11-year 
cycles. 

Diurnal (daily) variation ‘The sun rises and falls on a 24-hour eycle, and be- 
cauise itis the principal source of iononization of the upper atmosphere, you can ex- 
pect diurnal variation. During daylight hours the E and D levels exist, but these 
disappear at night, The height of the F2 layer increases until midday, and then it de- 
creases until evening, when it disappears or merges with other layers. As a result of 
higher absorption in the E and D layers, lower frequencies are not useful during day- 
light hours, On the other hand, the F layers reflect higher frequencies during the 
day. In the 1- to 30-MHz region, the higher frequencies (>11 MHz) are used during 
daylight hours, and the lower frequencies (<11 MHz) at night. 

27-day cycle Approximately monthly, this variation is caused by the rotational 
period of the sun. Sunspots are localized on the surface of the sun, so they will face 
the earth only during a portion of the month. As new sunspots are formed, they do 
not show up on the earthside face until their region of the sun rotates earthside. 

Seasonal cycle ‘The earth’s tilt varies the exposure of the planet to the sun on 
a seasonal basis. In addition, the earth's yearly orbit is not circular; it is elliptical. As 
a result, the intensity of the sun's energy that ionizes the upper atmosphere varies 
with the seasons of the year. In general, the E, D, and F layers are affected— 
although the F2 layer is only minimally affected, Ion density in the F2 layer tends to 
bbe highest in winter, and less in summer. During the summer, the distinction between 
F1 and F2 layers is less obvious, 

11-year cycle ‘The number of sunspots, statistically averaged, varies on an ap- 
proximately 11-year eycle. As a result, the ionospheric effects that affect radio prop- 
agation also vary on an 11-year eycle. Radio propagation, in the shortwave bands, is 
best when the average number of sunspots is at its highest. 

Disturbances Disturbances in the ionosphere ean have a profound effect on 
radio communications—and most of them (but not all) are bad. This section will 
briefly examine some of the more common forms, 

Sporadic E layer A reflective cloud of ionization sometimes appears in the 
E layer of the ionosphere; this layer is sometimes called the E, layer. It is believed 
that the E, layer forms from the effects of wind shear between masses of air moving 
in opposite directions. This action appears to redistribute ions into a thin layer that 
is radio-reflective, 

Sporadic E propagation is normally thought of as a VHF phenomenon, with most 
activity between 30 and 100 Miz, and decreasing activity up to about 200 MHz. How- 
ever, about 25 to 50 percent of the time, sporadic E propagation is possible on fre- 
quencies down to 10 or 15 MHz, Reception over paths of 1400 to 2600 mi are possible 
in the 50-MHlz region when sporadic E is present. In the northern hemisphere, the 
months of June and July are the most prevalent sporadic E months. On most days 
when sporadic E is present, it lasts only a few hours. 

Sudden ionospheric disturbances (SIDs) ‘The SID, or Dellinger fade, mech- 
anism occurs suddenly, and rarely gives any warning. The SID can last from a few 
minutes to many hours. It is known that SIDs often occur in correlation with solar 
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flares, or “bright solar eruptions,” that produce an inunense amount of ultraviolet ra- 
iation that impinges the upper atmosphere. The SID causes a tremendous increase 
in D layer ionization, which accounts for the radio propagation effects. The ionization 
is so intense that all receiver operators on the sunny side of the earth experience pro- 
found loss of signal strength above about 3 MHz. Itis not uncommon for receiver own- 
ers to think thetr receivers are malfunctioning when this occurs. ‘The sudden loss of 
signals on sunny side receivers is called Dellinger fade. The SID is often accompa- 
nied by variations in terrestrial electrical currents and magnetism levels. 

Tonospheric storms The ionospheric storm appears to be produced by an 
abnormally large rain of atomic particles in the upper atmosphere, and is often pre- 
ceded by SIDs 18 to 24 hours earlier. These storms tend to last from several hours, 
toa week or more, and are often preceded by two days or so by an abnormally large 
collection of sunspots crossing the solar disk. ‘They occur, most frequently, and with 
greatest severity, in the higher latitudes, decreasing toward the equator. When the 
ionospheric storm commences, shortwave radio signals may begin to flutter rapidly 
and then drop out altogether. The upper ionosphere becomes chaotic; turbulence in- 
creases and the normal stratification into layers, or zones, diminishes 

Radio propagation may come and go over the course of the storm, but it is 
mostly dead. The ionospheric storm, unlike the SID, which affects the sunny side of 
the earth, is worldwide. It is noted that the MUF and critical frequency tend to re- 
duce rapidly as the storm commences. 

An ionospheric disturbance observed in November 1960 was preceded by about 30 
minutes of extremely good, but abnormal, propagation. At 1500 hours EST, European 
stations were noted with S9+ signal strengths in the 7000- to 7300-KHz region of the 
spectrum, which is an extremely rare occurrence. After about 30 minutes, 
the bottom dropped out and even AM broadcast band skip (later that evening) was 
nonexistent, At the time, the National Bureau of Standards" radio station, WWV, 
‘was broadcasting a “W2" propagation prediction at 19 and 49 minutes after each hour 
(which is terrible!) It was difficult to hear even the 5-MHz WWV frequency in the early 
hours of the disturbance, and it disappeared altogether for the next 48 hours. This sig- 
nal’s fade-out occurred during the weekend of the annual ARRL “Sweepstakes” contest. 


Tonospheric sky-wave propagation 
Sky-wave propagation occurs because signals in the ionosphere are refracted so 
much that they are bent back toward the earth's surface. ‘To observers on the sur- 
face, it looks like the signal was reflected from a radio mirror at the virtual height of 
the ionosphere, The skip distance is the surface distance between the transmitter 
point (A in Fig, 2-31) and the point where it returns to earth (point C in Fig. 2 
‘The grownd-wave zone is the distance from the transmitter site (A in Fig, 
where the ground wave fades to a low level, below usefulness (point B in Fig. 2 
The skip zone is the distance from the outer edge of the ground-wave zone to the 
skip distance, or the distance from B to C in Fig. 2-31. 

It is possible for the sky wave and the ground wave to interfere with each 
other at some frequencies, under some circumstances. When this happens, the 
sky wave has a relative phase that depends on its path length (among other 


* Now the National institute of Standards and Technology 
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2.31, Relationship between ground wave and different cases of sky wave. 


things), so it will arrive at some seemingly random phase relative to the ground 
wave. Thus, the sky wave can selectively strengthen or cancel the ground wave, 
giving rise to a type of fading. 

Incident angle One of the factors that affects the length of the skip distance is 
the incident angle of the radio wave. This angle is partially a function of the fre- 
quency, and partially a function of the natural radiation angle of the antenna (ct,) 
‘The frequency effects are seen as a function of the ionization level and how much a 
given frequency is refracted 

‘The antenna radiation angle is the angle of the main vertical lobe with respect to 
the earth's surface; itis partially a function of its design, and partially of its installa- 
tion configuration. For example, a %-wavelength vertical antenna tends to have a 
lower angle of radiation than a “-wave vertical antenna. Similarly, the dipole’s angle 
of radiation is a function of its height above ground. 

Figure 2-22 shows how the angle of radiation affects skip distance. Low-angle-of- 
radiation signals tend to travel farther with respect to the earth's surface before re- 
fracting, so they produce the longest skip distances. Higher angles of radiation have 
shorter skip distances because they tend to return to earth more rapidly. In summer- 
time, some high-frequency bands (e.g,, the 11-m—27 MHz—Citizens Band) offer high- 
angle “short skip” during the summer, and longer skip during the other months. At 
higher angles of radiation, there will he a critical angle wave and escape angle waves 
that are not returned to earth. These waves are not used for terrestrial communica- 
tions or broadcasting. Figure 2-38 shows the difference between single-hop skip and 
multihop skip, as a function of incident angle. It is generally true that a multihop trans- 
mission is more subject to fading, and is weaker, than a single-hop transmission. 


‘Using the ionosphere 

The refraction of high-frequency and some medium-wave radio signals back to earth 
via the ionosphere gives rise to intercontinental HF radio communications. This phe- 
nomenon becomes possible during daylight hours and for a while after sunset when 
the ionosphere is ionized. Figure 2-34 reiterates the mechanism of long-distance 
skip communications. The transmitter is located at point 7, while receiving stations 
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2.32. Sky.wave propagation as a function of antenna radiation angle. 


Tonosphere 


Receiver, 


2.33, Single-skip and multihop-skip communications. 


are located at sites R, and R,, Signals 1 and 2 are not refracted sufficiently to be re- 
fracted back to earth, so they are lost in space. Signal 3, however, is refracted enough 
to return to earth, so it is heard at station R,. The skip distance for signal 3 is the dis- 
tance from T to R,. At points between 7 and R,, signal 3 is inaudible, except within 
ground-wave distance of the transmitter site (7'). This is the reason why two stations 
40 mi apart hear each other only weakly, or not at all, while both stations can com- 
municate witha third station 2000 mi away. In amateur radio cireles, itis common for 
South American stations to relay between two U.S. stations only a few miles apart. 
For an example of this problem, listen to the Inter-American and Halo Missionary 
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Nets on 21.290 MHz (15 m) daily from about 17002 to 21002 (ending time depen- 
dent upon traffic), 

Multihop skip is responsible for the reception of the signal from transmitter T at 
site R,, The signal reflects (not refracts) from the surface at R,, and is retransmitted 
into the ionosphere, where it is again refracted back to earth. 

Figure 2-35 shows a situation where skip signals are received at different dis- 
tances depending upon the angle of radiation of the transmitting antenna. A high 
angle of radiation causes a shorter skip zone, but a lower angle of radiation results in 
a longer skip zone, Communication between any particular locations on any given 
frequency requires adjustment of the antenna radiation angle. Some international 
shortwave stations have multiple antennas with different radiation angles to ensure 
that the correct skip distances are available. 

Great circle paths A qreat circie is a line between two points on the surface of a 
sphere, such that it lays on a plane through the earth's center and includes the two 
points, When translated to “radiospeak,” a great circle is the shortest path on the sur- 
face of the earth between two points. Navigators and radio operators use the great cir- 
cle for similar, but different, reasons, The navigator’ reason is in order to get from here 
to there, and the radio operator's is to get a transmission path from here to there. 

‘The heading of a directional antenna is normally aimed at the receiving station 
along its great circle path, Unfortunately, many people do not understand the con- 
cept well enough, for they typically aim the antenna in the wrong direction. For ex- 
ample, [live near Washington, D.C., which is on approximately the same latitude as 
Lisbon, Portugal. If catch a lift on Superman's back, and he flies due East, we'll have 
dinner in Lisbon, right? Wrong. If you head due east from Washington, DC, across the 
Atlantic, the first landfall would be west Africa, somewhere near Zaire or Angola 
Why? Because the great circle bearing 90° takes us far south. The geometry of 
spheres, not flat planes, governs the case. 
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2-35. Skip propagation, 


Figure 2.36 shows a great circle map centered on the Washington, D.C, area. 
‘These maps, or computer tabulations of the same data, can often be purchased for 
your own location by supplying your latitude and longitude to the service company 
that does the job. By drawing a line from your location at the center of the chart to 
the area you want to hear, and then extending it to the edge of the chart, you will 
obtain the beam heading required, 

Long path versus short path The earth is a sphere (or more precisely, an 
oblate spheroid), so from any given point to any other point there are two great cir- 
ele paths: the fong path (major are) and the short path (tninor arc). In general, the 
best reception occurs along the short path, In addition, short-path propagation is 
more nearly “textbook,” compared with long path reception. However, there are 
times when long path is better, or is the only path that will deliver a signal to a spe- 
cific location from the geographic location in question, 

Gray line propagation The gray line is the twilight zone between the nighttime 
and daytime halves of the earth. ‘This zone is also called the planetary terminator 
(Fig, 2-37). It varies up to +23° either side of the north-south longitudinal lines, de- 
pending on the season of the year (it runs directly north-south only at the vernal and 
autumnal equinoxes). ‘The D layer of the ionosphere absorbs signals in the HF region. 
‘This layer disappears almost completely at night, but it builds up during the day: Along 
the gray line, the D layer is rapidly decaying west of the line, and has not quite built up 
east of the line. 

Brief periods of abnormal propagation occur along the gray line, Stations on ei- 
ther side of the line can be heard from regions, and at distances, that would other- 
wise be impossible on any given frequency. For this reason, radio operators often 
prefer to listen at dawn and dusk for this effect. 


Scatter propagation modes 


Jonospheric scatter propagation oceurs when clouds of ions exist in the atmos- 
phere. These clouds can exist in both the ionosphere and the troposphere, although 
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2-36 Azimuthal map centered on Washington, D.C. (Courtesy of The ARRL Antenna Book: ) 
the tropospheric model is more reliable for communications. Figure 2-38 shows the 
mechanism for scatter propagation. Radio signals from the transmitter are reflected 
from the cloud of ions to a receiver location that otherwise might not receive it. Seat- 
ter propagation oceurs mostly in the VHF region, and it allows communications over 
extended paths that are not normally available. 

There are at least three different modes of scatter from ionized clouds: backseat 
ter, side scatter, and forward scatter. The backscatter mode is a bit like radar, in that 
the signal is retumed back to the transmitter site, or to regions close to the transmitter 
Forward scatter occurs when the reflected signal continues in the same azimuthal di- 
rection (with respect to the transmitter), but is redirected toward the earth's surface. 
Side scatter is similar to forward scatter, but the azimuthal direction might change 

Unfortunately, there are often multiple reflections from the ionized cloud, and 
are shown as “multiple scatter” in Fig. 2-38. When these reflections are able to 


For multi-user MIMO, which is of high 
interest research topic, it was shown that 
for N, transmitting antennas (at the base 
station) and N, users, the same overall 
capacity can be achieved. This later work 
was encouraged by applying dirty paper 
coding [19] where results showed that if 
the transmitter knows the interfering 
signal, then the channel capacity will not 
be affected by the presence of the 
interference [20]. On the other hand, 
multi-user MIMO — can integrate 
beamforming to apply spatial division 
multiple access (SDMA). 


4.3 Cooperative Communication and 
Virtual MIMO 

In cooperative communication, a mobile 

can act as both a user and relay. As 

consequence, mobile sends to the base 


g-— o 


Usert 


station its own data bits and some of other 
mobiles (sometimes called partner) 
information bits. Fig. 7 shows a 
cooperative cellular system where for 
simplicity we consider three cooperative 
users and one base station [21]. As 
depicted in Fig. 7, user 1 cooperates with 
users 2 and 3 to send its own information, 
As a result, the overall cooperative system 
can be seen as virtual-MIMO (V-MIMO) 
and in the above example it is 3*Nps 
MIMO system (for the uplink) where Nis 
is the base station’s number of receive 
antennas. Users 2 and 3 can simply 
amplify and forward user 1 received 
information or detect and forward [22 
Another method of cooperation is the 
coded cooperation where different coded 
portions are sent via different fading 
channels [23] 


Fig. 7. Cooperative communication and virtual-MIMO. 


4.4 Pre-Coded MIMO with Rank 
Adaptation 


44.1 Per Antenna Rate Control 
(PARC) 


PARC can be considered as a closed-loop 
MIMO system where transmitter uses 
channel quality indication (CQU) fed by 
the receiver to select the best modulation 


and coding schemes per antenna. Fig. (8) 
shows a general PARC transmitter 
structure with 4 transmit antennas [24], 


44.2 Per Group Rate Control 
(PGRC) 


In PARC, a CQI feedback is necessary for 
each transmit antenna, This increases the 
uplink overhead. 
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2.37. The planetary terminator (“gray line") provides some unusual prop: 
agation effects. (Courtesy of MFJ Enterprises.) 


Higher layer 


Multiple seatter 


peers VAN 
Y = 


‘Transmitting 


Receiv 
antenna. ae 


antenna 


2-38 Various modes of scatter propagation, 


53 


[ChapO2 Care 4/10/01 


—o— 


54 Radio-wave propagation 


reach the receiving site, the result is a rapid, fluttery fading that can be of quite pro- 
found depths. 


‘Auroral propagation 
‘The auroral effect produces a luminescence in the upper atmosphere resulting from 
bursts of particles released from the sun 18 to 48 hours earlier: The light emitted is 
called the northern lights and the southern lights. The ionized regions of the at- 
mosphere that create the lights form a radio reflection shield, especially at VHF and 
above, although 15 to 20 MHz effects are known, Auroral propagation effects are 
normally seen in the higher latitudes, although listeners in the southern tier of states 
in the United States are often treated to the reception of signals from the north be- 
ing reflected from auroral clouds, 


Meteor scatter propagation 

When meteors enter the earth's atmosphere, they do more than simply heat up to 
the point of burning, The burning meteor leaves a wide, but very short duration, 
transient cloud of ionized particles in its path. These ions act as a radio mirror that 
permits short bursts of reception between sites correctly situated. Meteor scatter re- 
ception is not terribly reliable, although at least two companies offer meteor scatter 
communications services for users in the higher latitudes, 


Other propagation anomalies 

‘The ionosphere is a physically complex place, and even the extensive coverage in 
this chapter is not sufficient to do it justice. Indeed, entire books are available on the 
subject, and it is a valid engineering subspecialty, It is therefore not surprising that a 
number of propagation anomalies are known. 

Nonreciprocal direction If you listen to an amateur band receiver on the East 
Coast of the United States, you will sometimes hear European stations—especially 
in the late afternoon. But when you try to work those stations there is no reply what- 
soever. They simply don't hear you! This propagation anomaly causes the radio wave 
to travel different paths dependent on which direction it travels; Le., an east--west 
signal is not necessarily the reciprocal of a west-east signal. This anomaly can occur 
when a radio signal travels through a heavily ionized medium in the presence of a 
magnetic field, which is exactly the situation when the signal travels through the 
ionosphere in the presence of the earth’s magnetic field. 

Another anomaly seen in the radio literature of the 1930s is the Radio Lux- 
embourg effect. It is named after the radio station where it was first noticed. Ina 
nonlinear ionosphere, it is sometimes noted that the modulation of superpower 
(Le., > 500,000 W) shortwave broadcasters will be transferred to the carrier of a 
weaker signal in the same or nearby band. The interehange noted in the 1930s 
when this phenomenon was first discovered was between Radio Luxembourg and 
Britain's British Broadcasting Corporation (BBC) overseas outlets. 


aa 


|Chapd2_Care 


4/10/01 


i:4l PM Page 55 ce 


EM wave propagation phenomena 55 


Propagation predictions 

Propagation predictions for the VLF through low VHF bands are published each 
month in several magazines, Ham radio operators often use those in QST magazine 
ig. 2-39), while SWLs and others tend to prefer those published in magazines such 
as Monitoring Times. These charts relate the time of day in Universal Coordinated 
‘Time (UTC, formerly, GMT) and the frequency for transmission to different parts of 
the world. 


Fading 

Skip communications are not without problems. One phenomenon is fading (Le., a 
variation in signal strength as perceived at the receiver site). This problem can 
sometimes be overcome by using one of several diversity reception systems. Three 
forms of diversity technique are used: frequency diversity, spatial diversity, and 
polarity diversity. 

In the frequency diversity system (Fig. 2-40), the transmitter will send out two 
or more frequencies simultaneously with the same modulating information. Because 
the two frequencies will fade differentially, one will always be strong. 

‘The spatial diversity system (Fig, 2-41) assumes that a single transmitter fre- 
queney is used. At the receiving site, two or more receiving antennas are used, 
spaced one-half wavelength apart. The theory is that the signal will fade at one an- 
tena while it increases at the other, A three-antenna system is often used, Three 
separate, but identical, receivers, often tuned by the same master local oseillator, are 
connected to the three antennas. Audio mixing, based on the strongest signal, keeps 
the audio output constant while the radio-frequency (RF) signal fades. 

Polarity diversity reception (Fig. 2-42) uses both vertical and horizontal po- 
larization antennas to receive the signal. As in the space diversity system, the 
outputs of the vertical and horizontal receivers are combined to produce a con- 
stant level output, 

Another form of fading, selective fading, derives from the fact that fading is a 
function of frequency. The carrier and upper and lower sidebands of an AM signal 
have slightly different frequencies, so they arrive out of phase with each other. Al- 
though this type of facing is lessened by using single-sideband (SSB) transmission, 
that does not help AM users. In those systems, some people use a filtering system that 
eliminates the carrier and one sideband; it then reconstitutes the AM signal with a 
product detector. 

SSB receivers with stable local and product detector oscillators, and a sharp 
intermediate-frequeney (IF) bandpass filter, can be used to reduce the effects of dif- 
ferential fading of AM signals because of the phasing of the lower sideband (LSB), 
upper sideband (USB), and carrier components. Carefully tune the receiver to only 
one sideband of the signal, and note when the heterodyne beatnote disappears. The 
correct point is characterized by the fact that you can then switch among USB, LSB, 
and continuous-wave (CW) modes without changing the received signal output 
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ediction charts appear in magazines such as QST every month, 
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CHAPTER 


Transmission lines 


TRANSMISSION LINES AND WAVEGUIDES ARE CONDUITS FOR TRANSPORTING RF SIGNALS 
between elements of a system. For example, transmission lines are used between an 
exciter output and transmitter input, and between the transmitter input and its out- 
put, and between the transmitter output and the antenna. Although often erro- 
neously characterized as a “length of shielded wire,” transmission lines are actually 
complex networks containing the equivalent of all the three basic electrical eampo- 
nents: resistance, capacitance, and inductance. Because of this fact, transmission 
lines must be analyzed in terms of an RLC network, 


Parallel and coaxial lines 


‘This chapter will consider several types of transmission lines, Both step-function 
and sine-wave ac responses will be studied. Because the subject is both conceptual 
and analytical, both analogy and mathematical approaches to the theory of trans- 
mission lines will be used. 

Figure 2-1 shows several basic types of transmission line, Perhaps the oldest.and 
simplest form is the parallel line shown in Figs. 3-1A through 3-1D. Figure 3-1A 
shows an end view of the parallel conductor transmission line. The two conductors, 
of diameter d, are separated by a dielectric (which might be air) by a spacing S. 
These designations will be used in calculations later. Figure 3-1B shows a type of 
parallel line called twin lead. ‘This is the old-fashioned television antenna transmis- 
sion line. It consists of a pair of parallel conductors separated by a plastic dielectric. 
‘TV-type twin lead has a characteristic impedance of 300.0, while certain radio trans- 
mitting-antenna twin lead has an impedance of 450 Q. Another form of twin lead is 
open line, shown in Fig. 3-1C. In this case, the wire conductors are separated by an 
air dielectric, with support provided by stiff (usually ceramic) insulators. A tie wire 
(only one shown) is used to fasten each insulator end to the main conductor. Some 
users of open line prefer the form of insulator or supporter shown in Fig. 3-1D. This 
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3-1A. Parallel line transmission line (end view), 


(Bnd view) 


3+1B Twin-lead transmission line 


3-1C Parallel line construction details, 


Insulator 


3+1D_ Horseshoe parallel line spreader 
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form of insulator is made of either plastic or ceramic, and is in the form of a U. The 
purpose of this shape is to reduce losses, especially in rainy weather, by increasing 
the leakage currents path relative to spacing S. 

Parallel lines have been used at VLF, MW, and HF frequencies for decades. Even 
antennas into the low VHF are often found using parallel lines. The higher imped- 
ance of these lines (relative to coaxial cable) yields lower loss in high-power appli- 
cations. For years, the VHP, UHF, and microwave application of parallel lines was 
limited to educational laboratories, where they are well suited to performing exper- 
iments (to about 2 GHz) with simple, low-cost instruments. Today, however, printed 
circuit and hybrid semiconductor packaging has given parallel lines a new lease on 
life, if not an overwhelming market presence. 

Figure 3-1E shows a form of parallel line called shielded twin lead. This type of line 
uses the same form of construction as TV-type twin lead, but italso has a braided shield- 
ing surrounding it, This feature makes it less susceptible to noise and other problems 

‘The second form of transmission line, which finds considerable application at 
microwave frequencies, is coawial cable (Pigs. 3-1F through 3-1L). This form of 
line consists of two cylindrical conductors sharing the same axis (hence “coaxial”, 
and separated by a dielectric (Fig. 3-LF). For low frequencies (in flexible cables) 
the dielectric may be polyethylene or polyethylene foam, but at higher frequencies 
Teflon and other materials are used. Also used, in some applications, are dry air and 
dry nitrogen. 


Outer Dielectric 
shield’ 
3-1E Shielded twin-lead transmission line 
Pa¥allel 
conductors 
Outer, 
conductor 
3:1 Coaxial cable (end view) 
Inner 
Dielectric conductor 
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Several formns of coaxial line are available. Flexible coaxial cable is perhaps the 
most common form. The outer conductor in such cable is made of either braid or foil 
(Fig. 3-1G). Television broadcast receiver antennas provide an example of such cable 
from common experience. Another form of flexible or semiflexible coaxial line is /el 
cal line (Fig 3-11) in which the outer conductor is spiral wound. Havdline (Fig. 
3-11) is coaxial cable that uses a thin-wall pipe as the outer conductor. Some hardline 
solid dielectric 


coax used at microwave frequencies has a rigid outer conductor and 
Gas-filled line is a special case of hardline that is hollow (Fig. 3-1J), the center 
conductor is supported by a series of thin ceramic or ‘Teflon insulators. The dielec 
tric is either anhydrous (Le., dry) nitrogen or some other inert gas 
Some flexible microwave coaxial cable uses a solid “air-articulated” dielectric 
(Pig. 3-1), in which the inner insulator is not continuous around the center con- 
ductor, but rather is ridged. Reduced dielectric losses increase the usefulness of the 
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Fig. 8. Per Antenna Rate Control (PARC), 


To solve this problem, PGRC is used 
where a feedback is required per group of 
antennas. This reduces the feedback 
information while maintaining almost the 
same performance of PARC [24] 


4.4.3 Per User Unitary Rate Control 
(PURC) 


PU’RC is a multi-user closed-loop MIMO 
system, Each user feeds back the CQI to 
the base station, The base station uses the 
QI to determine the modulation and 
coding schemes per user. In addition, base 
station can apply unitary pre-coding and 
adaptively select the number of transmit 
antennas (rank adaption) [25]. 


V. Smart Antennas 


5.1 Introduction 


Smart antenna was born in the early 
1990s when well developed adaptive 
antenna arrays originate from Radar 
system, Later, Smart antenna technique is 
applied in wireless 
system, Recently, Smart antenna technique 
has been proposed as a promising solution 
to the future generations of wireless 
communication systems, such as the 
Fourth-Generation mobile communication 
systems, broadband 
networks, where a wide variety of services 
through reliable high-data rate wireless 
channels are expected, Smart antenna 
technique can significantly increase the 
data rate and improve the quality of 


communications 


wireless 


access 


wireless transmission, which is limited by 
interference, local scattering and multipath 
propagation [26], [27]. Smart antennas 
offer the following main applications in 
high data-rate wireless communication 
systems (28), [29] 


@ Spatial Diversity 

@ Co-channel interference reduction 

@ Angle reuse or space division 
multiple access (SDMA) 

‘@ Spatial multiplexing 


Smart antenna system canbe 
categorized into three main groups: 
Phased antenna array system, switched 
beam systems, and adaptive antenna array 
system. To match the characteristics in 
each radio frequency chain of the 
transmitter and receiver, on-line 
calibration is required in smart antenna 
systems, On-line calibration technique 
can compensate the errors such as the 
distortions of radio frequeney 
components due to small environment 
changes, the nonlinear characteristics of 
mixer, amplifier and attenuator, /Q 
balance errors, ete. 


5.2 Phased Antenna Array System 


Phased antenna array is a group of 
antennas in which the relative phases of 
the respective signals feeding the antennas 
are varied in such a way that the effective 
radiation pattern of the array is reinforced 
in a desired direction and suppressed in 
undesired directions, 
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shielded coaxial cable (Fig. 3-1L) provides an 
sure of protection against radiation from the line, and EMI from outside 
ources, from getting into the system. 


Stripline, also called microstripltine (Pig. 3-1M), is a form of transmission line 
used at high UHP and microwave frequencies. The stripline consists of a critically 
ed conductor over a ground-plane conductor, and separated from it by a dielee- 
tric. Some striplines are sandwiched between two groundplanes 
from each by a dielectric 


and are separated 
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Transmission line characteristic impedance (Z,) 


‘The transmission line is an RLC network (see Fig, 3-2 
impedance Z, also sometimes called a surge impedance. Network analysis will 
show that Z, is a function of the per unit of length parameters resistance R, con- 
ductance G, inductance L, and capacitance C, and is found from 


0 it has a characteristic 


= joes Bl 
VG+jac (sy 
where 
2, is the characteristic impedance, in ohms 
Ris the resistance per unit length, in ohms 
Gis the conductance per unit length, in mhos 
Lis the inductance per unit length, in henrys 
Cis the capacitance per unit length, in farads 
is the angular frequency in radians per second (2nF) 
Stripline w Dielectric 
KR 3-1M_ Stripline transmission 
i line | 
a a: ae ee 
Groundplane 
G 
Then: Z, 


2. Equivalent circuit of transmission line. 
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In microwave systems the resistances are typically very low compared with the 
reactances, so Eq. 3.1 can be reduced to the simplified form: 


[3.2] 


Example 3-1 A nearly lossless transmission line (R is very small) has a unit 
length inductance of 3.75 nH and a unit length capacitance of 1.5 pF. Find the char- 
acteristic impedance Z,. 

Solution: 


10° ni 
1P 
(LapPx iF) 


75x10" 'H 


y 15x10" F 


(3.75. it ) 


= V2.5 x 108 = 500 


‘The characteristic impedance for a specific type of line is a function of the con- 
ductor size, the conductor spacing, the conductor geometry (see again Fig. 3-1), and 
the dielectric constant of the insulating material used between the conductors. The 
dielectric constant e is equal to the reciprocal of the velocity (squared) of the wave 
when a specific medium is used: 


[3.3] 
where 
e's the dielectric constant (for a perfect: vacuum e = 1.000) 
v is the velocity of the wave in the medium 
(a) Parallel line 
[3.4] 
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where 
2, is the characteristic impedance, in ohms 
eis the dielectric constant 
Sis the center-to-center spacing of the conductors 
dis the diameter of the conductors 


(b) Coaxial line 


[3.5] 
where 
Dis the diameter of the outer conductor 
dis the diameter of the inner conductor 
(©) Shielded parallel tine 
z ) 13.6] 
where 
A=s/d 
B=sD 
(d) Stripline 
(3.71 


where 


e, is the relative dielectric constant of the printed wiring board (PWB) 
Tis the thickness of the printed wiring board 
Wis the width of the stripline conductor 


‘The relative dielectric constant e, used above differs from the normal dielectric 
constant of the material used in the PWB. ‘The relative and normal dielectrie con- 
stants move eloser together for larger values of the ratio W/T, 

Example 3-2 A stripline transmission line is built on a 4-mm-thick printed 
wiring board that has a relative dielectric constant of 5.5. Calculate the characteris- 
tic impedance if the width of the strip is 2 mm. 

Solution: 
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( 4mm 
2mm 


In practical situations, we usually don’t need to calculate the characteristic im- 
pedance of a stripline, but rather design the line to fit a specific system impedance 
(e.g., 50.0), We ean make some choices of printed circuit material (hence dielectric 
constant) and thickness, but even these are usually limited in practice by the avail- 
ability of standardized boards. Thus, stripline width is the variable parameter. Equa- 
tion 3.2 can be arranged to the form: 


wa Sth [3.78] 
ZNe 


‘The impedance of 50 Q is accepted as standard for RF systems, except in the 
cable TV industry. The reason for this diversity is that power handling ability and low 
loss operation don't occur at the same characteristic impedance. For example, the 
‘maximum power handling ability for coaxial cables occurs at 30 2, while the lowest 
loss occurs at 77 ; 50 @ is therefore a reasonable tradeoff between the two points. 
In the cable TV industry, however, the RF power levels are minuscule, but lines are 
long, The tradeoff for TV is to use 75 Q as the standard system impedance in order 
to take advantage of the reduced attenuation factor 


Transmission line characteristics 

Velocity factor 

In the section preceding this section, we discovered that the velocity of the wave (or 
signal) in the transmission line is less than the free-space velocity (ie,, less than the 
speed of light). Further, we discovered in Eq. 3.3 that velocity is related to the di- 
electric constant of the insulating material that separates the conductors in the 
transmission line. Velocity factor » is usually specified as a decimal fraction of c, 
the speed of light (3 x 10* nV/s). For example, if the velocity factor of a transmission 
line is rated at “0.66,” then the velocity of the wave is 0.66c, or (0.66) (3 x 10* m/s) 
= 1.98 x 10° mvs. 

Velocity factor becomes important when designing things like transmission line 
transformers, or any other device in which the length of the line is important. In most. 
cases, the transmission line length is specified in terms of electrical length, which 
can be either an angular measurement (e.g., 180° or m radians), or a relative measure 
keyed to wavelength (e.g., one-half wavelength, which is the same as 180°). The 
physical length of the line is longer than the equivalent electrical length. For exam- 
ple, let's consider a 1-GHz half-wavelength transmission line. 

Arule of thumb tells us that the length of a wave (in meters) in free space is 0.30/F, 
where frequency Fis expressed in gigahertz; therefore, a half-wavelength line is 0.15/P, 


aa 
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At | GH, the line must be 0.15 m/1 GHz = 0.15 m, Ifthe velocity factor is 0.80, then the 
physical length of the transmission line that will achieve the desired electrical length 
is [(0.15 m) (w)/F = [(0.15 m) (0.80)//1 GHz = 0.12 m. The derivation of the rule of 
thumb is “left as an exercise for the student.” (Zin: It comes from the relationship be- 
tween wavelength, frequency, and velocity of propagation for any form of wave.) 

‘There are certain practical considerations regarding velocity factor that result, 
from the fact that the physical and electrical lengths are not equal. For example, in 
a certain type of phased-array antenna design, radiating elements are spaced a half- 
wavelength apart, and must be fed 180° (half-wave) out of phase with each other. 
‘The simplest interconnect is to use a half-wave transmission line between the 0° 
element and the 180° element. According to the standard wisdom, the transmission 
line will create the 180° phase delay required for the correct operation of the an- 
tenna. Unfortunately, because of the velocity factor, the physical length for a one- 
half electrical wavelength cable is shorter than the free-space half-wave distance 
between elements. In other words, the cable will be too short to reach between the 
radiating elements by the amount of the velocity factor! 

Clearly, velocity factor is a topic that must be understood before transmission 
lines can be used in practical situations. Table 3-1 shows the velocity factors for sev- 
eral types of popular transmission line. Because these are nominal values, the actual 
velocity factor for any given line should be measured. 


Table 3-1. Transmission line characteristics 


Velocity factor 
‘Type of line Z,(ohms) 0 

in. TV parallel line (air dielectric) 00 0.95 
1:in, TV parallel lin (air dielectric) 450 0.95, 
‘TV twin lead 800 0.82 
UHP TV twin ead 300 0.80 
Polyethylene coaxial cable * 0.66 
Polyethylene foam coaxial cable . 079 
Airspace polyethylene foam coaxial cable * 0.86 
‘Teflon . 070 


+ Varinus impedances depeuing upen eae type, 


‘Transmission line noise 
‘Transmission lines are capable of generating noise and spurious voltages that are 
seen by the system as valid signals. Several such sources exist. One source is the 
coupling between noise currents flowing in the outer conductor and the inner con- 
ductor. Such currents are induced by nearby electromagnetic interference and other 
sources (e.g,, connection to a noisy groundplane). Although coaxial design reduces 
noise pickup, compared with parallel line, the potential for EMI exists. Selection of 
high-grade line, with a high degree of shielding, reduces the problem, 

Another source of noise is thermal noises in the resistances and conductances. 
‘This type of noise is proportional to resistance and temperature 
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‘There is also noise created by mechanical movement of the cable. One species 
results from the movement of the dielectric against the two conductors. This form of 
noise is caused by electrostatic discharges in much the same manner as the spark 
created by rubbing a piece of plastic against woolen cloth. 

A second species of mechanically generated noise is piezoelectricity in the di- 
electric. Although more common in cheap cables, one should be aware of it. Me- 
chanical deformation of the dielectric causes electrical potentials to be generated. 

Both species of mechanically generated noise can be reduced or eliminated by 
proper mounting of the cable. Although rarely a problem at lower frequencies, such 
noise can be significant at microwave frequencies when signals are low. 


Coaxial cable capacitance 
A coaxial transmission line possesses a certain capacitance per unit of length, This 
capacitance is defined by oe pF 


Tog (Did) m 


[3.8A] 


A long run of coaxial cable can build up a large capacitance, For example, a 
common type of coax is rated at 65 pF/m, A 150-m roll thus has a capacitance of 
65 pF/n x (150 m), or 9750 pF. When charged with a high voltage, as is done in 
breakdown voltage tests at the factory, the cable acts like a charged high-voltage 
capacitor. Although rarely (if ever) lethal to humans, the stored voltage in new 
cable can deliver a nasty electrical shock and can irreparably damage electronic 
components. 


Coaxial cable cutoff frequency F, 
The normal mode in which a coaxial cable propagates a signal is as a transverse 
electromagnetic (TEM) wave, but others are possible—and usually undesirable. 
There is a maximum frequency above which TEM propagation becomes a prob- 
Jem, and higher modes dominate. Coaxial cable should not be used above a fre- 
quency of 


-—*5 om [3.88] 
(D+d) Ve 


where 
Fis the TEM-mode cutoff frequency 
Dis the diameter of the outer conductor, in inches 


dis the diameter of the inner conductor, in inches 
e is the dielectric constant 


When maximum operating frequencies for cable are listed, it is the TEM mode 
thatis cited. Beware of attenuation, however, when making selections for microwave 
frequencies. A particular cable may have a sufficiently high TEM-mode frequency, 
but still exhibit a high attenuation per unit length at X or Ku bands. 
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Transmission line responses 


In order to understand the operation of transmission lines, we need to consider two 
cases: step-function response and the steady-state ac response. The step-funetion 
case involves a single event when a voltage at the input of the line snaps from zero 
(or a steady value) to a new (or nonzero) value, and remains there until all action 
dies out. ‘This response tells us something of the behavior of pulses in the line, and in 
fact is used to describe the response to a single-pulse stimulus. ‘The steady-state ac 
resporise tells us something of the behavior of the line under stimulation by a sinu- 
soidal RF signal 


Step-function response of a transmission line 

Figure 3-3 shows a parallel transmission line with characteristic impedance Z, con- 
nected to a load impedance Z,. The generator at the input of the line consists of a 
voltage source V in series with a souree impedance Z, and a switch S,. Assume for 
the present that all impedances are pure resistances (ie. R +0). Also, assume 
that Z, =Z,, 
When the switch is closed at time 7’, (Fig. 3-4A), the voltage at the input of the 
line (V,) jumps to V/2. In Fig, 3-2, you may have noticed that the LC circuit resem- 
bles a delay line circuit. As might be expected, therefore, the voltage wavefront 
propagates along the line at a velocity v of 


[3.9] 
where 
vis the velocity, in meters per second 
Lis the inductance, in henrys 
Cis the capacitance, in farads 
<1 
si 
©) 
+ th 


3.3, Schematic example of transmission line. 
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At time 7, (Fig, 3-4B), the wavefront has propagated one-half the distanee L, 
and by T,, it has propagated the entire length of the cable (Fig. 3-4C). 

If the load is perfectly matched (ie., Z, = Z,), then the load absorbs the wave 
and no component is reflected. But in a mismatched system (Z, is not equal to Z,), 
a portion of the wave is reflected back down the line toward the generator. 

Figure 3-5 shows the rope analogy for reflected pulses in a transmission line. A 
taut rope (Fig. 3-5A) is tied to a rigid wall that does not absorb any of the energy in 
the pulse propagated down the rope. When the free end of the rope is given a verti- 
cal displacement (Fig. 3-5B), a wave is propagated down the rope at velocity v (Fig, 
3-5C). When the pulse hits the wall (Pig. 3-5D), it is reflected (Fig. 3-5E) and prop- 
agates back down the rope toward the free end (Fig. 3-5F) 

Ifa second pulse is propagated down the line before the first pulse dies out, then 
there will be two pulses on the line at the same time (Pig. 3-64). When the two 
pulses interfere, the resultant will be the algebraic sum of the two. In the event that 
a pulse train is applied to the line, the interference pattern will set up standing 
waves, an example of which is shown in Fig, 3-6B. 


Reflection coefficient 


The reflection coefficient T of a circuit containing a transmission line and load im- 
pedance is a measure of how well the system is matched. ‘The absolute value of the re- 


aa 


Phased antenna array system is usually 
utilized in radio frequency (RF) or 
intermediate frequency (IF) with the 
system central frequency larger than 10 
GHz, such as. satellite communication 
system [30]. There are two main different 
types of phased arrays, also. called 
beamformers. There are time domain 
beamformers and frequency domain 
beamformers. 


5.3 Switched Beam System 


The switched beam method is considered 
as an extension of the current sectorization 
scheme. In the switched beam approach, 
the sector coverage is achieved by 
multiple predetermined fixed beam 
patterns with the greater gain placed in the 
centre of a beam [30]. When a mobile user 
is in the vicinity of a beam, then the 
signals at the output ports will be given as 
in (5), This enables the switched beam 
system to select the signal from the output 
port corresponding to that beam, As the 
mobile moves to the coverage of another 
beam during the call, the system monitors 
the signal strength and switches to other 
output ports as required. A basic switched 
beam antenna architecture is shown in Fig, 
9, And Fig. 10 illustrates the produced 
antenna pattern with 4 antennas, 


v= 0GOYL(0G(4) (5) 
where y(t) is the total signal appearing at 
port i, s(t) is the signal source, [()) is the 
interfering signal source located at 
arbitrary angles 0, G; is the transfer 
function between signal source along the 
main beams and their corresponding 
output ports, Gy is the transfer function 
between interference signal / and port i 


Fig.9. Functional block diagram of 
switched beam system. 


signal ampitade 


eT) 
‘sgl ezeton [degre] 


Fig.10. Produced antenna pattern of 
switched beam system with 4 antennas. 
Switched beam systems can offer 
several advantages, including 


@ Low complexity and cost, Since 
switched beam system only requires a 
beamforming network, RF switches, 
and simple control logie, they are 
relatively easy and cheap to 
implement. 

@ Moderate interaction with base 
station receivers. In _ practice, 
switched beam system can simply 
replace conventional sector antennas 
without requiring significant 
modifications to the radio base 
station antenna interface or the 
baseband algorithms implemented at 
the receiver. 

@ Coverage extension, The antenna 
array aperture gain will boost the link 
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3-68 Sianding waves, 


flection coefficient varies from —1 to +1, depending upon the magnitude of reflection; 
T= Oindicates a perfect match with no reflection, while -1 indicates.a short-circuited 
load, and +1 indicates an open circuit. To understand the reflection coefficient, let's 
start with a basic definition of the resistive load impedance Z = R + j0: 


¥ 
T [3.10] 


where 


Z, is the load impedance R + j0 
Vis the voltage across the load 
Tis the current flowing in the load 


Because there are both reflected and incident waves, we find that Vand [are ae- 
tually the sum of incident and reflected voltages and currents, respectively. There- 
fore: 


[3.114] 


[3.118] 


where 
V,, is the incident (Le., forward) voltage 
Viccis the reflected voltage 
J,,, 18 the incident current 
Tis the reflected current 
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Because of Ohm's law, you can define the currents in terms of voltage, current, 
and the characteristic impedance of the line: 


Lg [3.12] 


he [3.13] 


(The minus sign in Eq. 3.13 indicates that a direction reversal has taken place.) 
‘The two expressions for current (Eqs. 3.12 and 3.13) may be substituted into 

Eq. 3.11 to yield 
v, 


‘nc + Ve 


pal DL [3.14] 
7 


4, 
‘The reflection coefficient is defined as the ratio of reflected voltage to incident 
voltage: 
Vout 
ry [3.15] 


Using this ratio in Eq. 3.14 gives 


[3.16] 


Example 3-3 A 50/-Q transmission line is connected to a 30-Q resistive load, 
Calculate the reflection coefficient P, 
Solution: 


(50 Q) ~ (30 ) 
(50Q) + B02) 
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Example 3-4 In Example 3+ 
flected voltage. 

Solution: 

Ir 


, the incident voltage is 3 V rms. Calculate the re- 


then 


ry, 


= (0.25) (8 V) = 0.75V 


‘The phase of the reflected signal is determined by the relationship of load im- 
pedance and transmission line characteristic impedance. For resistive loads (Z = R + 
j0): if the ratio Z,/Z, is 1.0, then there is no reflection; if Z,/Z, is less than 1.0, then 
the reflected signal is 180° out of phase with the incident signal; if the ratio Z,/Z, is 
greater than 1.0 then the reflected signal is in phase with the incident signal 
In summary: 


Angle of 


reflection 
No reflection 
180° 

o 


‘The step-function (or pulse) response of the transmission line leads to a power- 
ful means of analyzing the line, and its load, on an oscilloscope. Figure 3-7 shows 
(in schematic form) the test set-up for time domain reflectometry (TDR) mea- 
surements. An oscilloscope and a pulse (or square-wave) generator are connected in 
parallel across the input end of the transmission line. Figure 3-7B shows a pulse test 
{ig built by the author for testing lines at HF. ‘The small shielded box contains a TTL 
square-wave oscillator circuit. Although a crystal oscillator can be used, an RC timed 
circuit running close to 1000 kHz is sufficient. In Fig. 3-7B, you can see the test pulse 
generator box is connected in parallel with the cable under test and the input of the 
oscilloscope. A closer look is seen in Fig. 3-7C. A BNG “tee” connector and a double 
male BNC adapter are used to interconnect the box with the Scope. 

If a periodic waveform is supplied by the generator, then the display on the os- 
cilloscope will represent the sum of reflected and incident pulses. The duration of 
the pulse (.e,, pulse width), or one-half the period of the square wave, is adjusted so 
that the returning reflected pulse arrives approximately in the center of the incident 
pulse 

Figure 3-8 shows a ‘TDR display under several circumstances, Approximately 
30 m of coaxial cable, with a velocity factor of 0.66, was used in a test setup similar 
to Fig. 3-7. The pulse width was approximately 0.9 microseconds (jis). ‘The hari- 
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Oscilloscope 


Pulse 
generator 


3-7A. Time domain reflectometry setup, 


3-7B ‘Test setup for impromptu time domain reflectometry, 
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3-7C Close-up of RF 
connection: 


| ™~ 
Abd 


rr a 


348A. Idealized TDR pulse. Small “pip” 
‘on top is reflected signal 
interfering with forward pulse. 


0.9 ps 


which, in this 


zontal sweep time on the ‘scope was adjusted to show only one pulse 
case, represented one-half of a 550-kHz square wave (Fig. 3-8B) 

‘The displayed trace in Fig. 3-8B shows the pattern when the load is matched to 
the line (Z, = Z,). A slight discontinuity exists on the high sicle of the pulse, and this 
represents a small reflected wave. Even though the load and line were supposedly 
matched, the connectors at the end of the line presented a slight impedance diseon- 
tinuity that shows up on the ‘scope asa reflected wave. In general, any discontinuity 
in the line, any damage to the line, any too-sharp bend, or other anomaly, causes a 
slight impedance variation, and hence a reflection. 
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f- 3-8B TDR pulse with no significant 


reflection 


Notice that the anomaly occurs approximately one-third of the 0.9-us duration 


(or 0.3 us) after the on 


of the pulse. This fact tells us that the reflected wave ar 


rives back at the source 0.3 ps after the incident wave leaves, Because this time pe 
riod represents a round-trip, you ean conclude that the wave required 0.3 is/2, or 


0.15 us to propagate the length of the line. Knowing that the velocity factor is 0.66 
for that type of line, you can caleulate its approximate length: 


Length = cv? [3.17] 


(3x 108s 


x (0.66) x (1.5 x 107 s) 


which agrees “within experimental accuracy” with the 30 m actual length pre 
pared for the experiment ahead of time, Thus, the TDR setup (or a TDR instru- 
ment) can be used to measure the length of a transmission line. A general 


equation is 


=e [3.18] 


where 


L 


s the length in meters 
s the velocity of light (3 x 108 m/s) 


v is the velocity factor of the transmission line 


7, is the round-trip time between the onset of the pulse, and the first reflection 


Figures 3-8C through 3-8H show the behavior of the transmission line to the 
stepfunction when the load impedance is mismatched to the transmission line (Z, 
not equal to Z,). Figure 3-8C shows what happens when the load impedance is less 
00.52,). The reflected wave nd 


than the line impedance (in this c inverted, 
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38C Z,<Z, 


BSD 2,52 


sums with the incident wave along the top of the pulse. The reflection coefficient can 
be determined by examining the relative amplitudes of the two wi 

‘The opposite situation, in which Z, is 2Z,, is shown in F 
reflected wave is in phase 
shown. The ¢ 


D. In this case, the 
with the incident wave, so it. adds to the incident wave as 
for a short-circuited load and an open-circuited load are shown in 
Figs. 3-8E and 3-8F, respectively. The cases of reactive loads are shown in Figs. 3-8G 
8H, The waveform in Fig. 3-8G resulted from a capacitance in series with a 
Q (matched) resistance; the nm in Fig, 3-SH resulted from a 50-Q resis 
tance in series with an inductance 


‘The ac response of the transmission line 


When a CW RF signal is applied to a transmission line, the excitation is sinusoidal 
(Fig. 3-9), so it becomes useful for us to investigate the steady-state ac response of 
the line. The term steady-state implies a sine wave ¢ 


onstant amplitude, phas 


and 


Goa 
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38H Z, = 506K 


3-9 AC-excited transmission lin 


plied to the input of the line, it propagates along the line 


frequency. When ac i 


a given velocity. The ac signal amplitude and phase will decay exponentially 


V,= Ve [3.19] 
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where 


V, is the voltage received at the far endl of the line 
Vis the applied voltage 

Lis the length of the line 

y is the propagation constant of the line 


‘The propagation constant y is defined in various equivalent ways, each of which 
serves to illustrate its nature. For example, the propagation constant is proportional 
to the product of impedance and admittance characteristies of the line: 

y= VEY [3.20] 
or, since Z=R +j Land Y=G +) @C, we may write: 


Vike july (G+ jue) [3.21] 


You can also write an expression for the propagation constant in terms of the 
line attenuation constant a and phase constant B: 


y=a+jB 13.22] 
Ifyou ean assume that susceptance dominates conductance in the admittance 
term, and reactance dominates resistance in the impedance term (both usually true 
at microwave frequencies), then we may neglect the & and G terms altogether and 
write: 
y=jo VLC [3.23] 
We may also reduce the phase eonstant B to 
B=oVLC [3.24] 
or 
B=0Z,0 — rad/m 13.25] 
and, of course, the characteristic impedance remains 
%,= VLC [3.26] 
Special cases 
‘The impedance “looking into” a transmission line (Z) is the impedance presented to 
the source by the combination of load impedance and transmission line characteris- 


tic impedance. Below are presented equations that define the looking-in impedance 
seen by a generator (or source) driving a transmission line. 


aa 


budget, which could be translated to a 
coverage extension, 


54 Adaptive Antenna Array 
System (AAA) 


Adaptive antennas date back to 1959. 
The original work was attributed to L. C. 
Van Atta’s work, Electromagnetic 
Reflection. Since then, adaptive 
beamforming techniques have been 
employed to remove unwanted noise and 
jamming from the output, mainly in 
military applications. With the thriving 
commercial wireless communication 
industry and the ~—_advaneing 
microprocessor technologies, the adaptive 
beamforming techniques have found their 
applications in commercial wireless 
communications. With powerful digital 
signal processing (DSP) hardware at the 
base-band, algorithms could control 
antenna beam pattems adaptively to the 
real signal environment, forming beams 
towards the desired signals while forming 
nulls to co-channel interferers. Thus, the 
system performance is optimized in terms 
of link quality and system capacity [31]. 

Adaptive antenna array can be utilized in 
the transmitter side, which is known as 


transmit beamforming (TXBF) or in the 
receiver side, which is called receive 
beamforming (RXBF). 


5.4.1 Transmit Beamforming (TxBF) 


‘The implementation of adaptive antenna 
array technique in a handset is difficult 
with today’s hardware due to its 
limitations in size, cost, and energy 
storage capability, while it is feasible to 
adopt antenna arrays at base stations, 


Transmit beamforming provides a 
powerful method for increasing downlink 
capacity [32]-[35]. The idea of TXBF is 
similar to the pre-coded MIMO technique 
but with different strategies to calculate 
the transmit weight vector. TxBF adjusts 
the antenna main lobe towards to the 
desired user and reduce the interference to 
other users. A simple illustration of TxBF 
is shown in Fig. 11 


Fig. 11, An illustration of TXBE, 


Eigenvector TxBF Algorithm 


Eignenvector TxBF algorithm is widely 
used for TXBF. The eigenvector of the 
spatial covariance channel matrix. is 
calculated as 

R,=2H ©) 
where R,, is the autocovariance matrix of 
the desired user's signal, and H is the 
spatial covariance channel matrix. The 
eigenvector da: Which corresponds to the 
largest eigenvalue will be selected as the 
weight vector [36]. One example of beam 
pattern for 4 uniform linear array elements 
is shown in Fig 12 
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‘The case where the load impedance, and line characteristic impedance, are 
matched is defined by 


Z,=R,+i0=Z, 


In other words, the load impedance is resistive and equal to the characteristic 
impedance of the transmission line. In this ease, the line and load are matched, and 
the impedance looking in will be a simple Z = Z, = Z,. In other eases, however, we 
find different situations where Z, is not equal to Z,, 


1. Z, is not equal to Z, ina random-length lossy lin: 


[3.27] 


Z, + Z, tanh (yl) 


2,+ 2, tanh (yl 
Ze zal 1 Ze a 


where 


Zis the impedance looking in, in ohms 

Z, is the load impedance, in ohms 

Z, is the line characteristic impedance, in ohms 
Lis the length of the line, in meters 

is the propagation constant 


2. Z, not equal to Z, ina lossless, or very low loss, random-length line: 


2,,+32, tan (BD) 


Z, +32, tan (BD, least 


Equations 3.27 and 3.28 serve for lines of any random length. For lines that are ei- 
ther integer multiples of a half-wavelength, or odd-integer (Le., 1, 3,5, 7,.., ete.) mul- 
tiples of a quarter-wavelength, spectal solutions for these equations are found—and 
some of these solutions are very useful in practical situations, For example, consider 


3. Half-wavelength lossy lines: 


2,,+ 2, tanh (al) 


2-@)| G47, tanh (a) 


[3.29] 


Example 3-5 A lossless 50-Q (Z,) transmission line is exactly one-half wave- 
Jength long and is terminated in a load impedance of Z = 30 + /0. Calculate the input 
impedance looking into the line. (Note: in a lossless line a = 0.) 

Solution: 


R 


2,,+ 2, tanh (al) 
7 [ Z, +2, tanh (al) 
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30 + 50 tanh [(0) ()] 
2-com 50 +30 tanh [(0) (m)] } 

30 +50 tanh (0) 
= coo] 50 + 30 tanh (0) ] 
=m (F*5) 

50+0 


= (60 Q) (80/50) =302 


3-5 we discovered that the impedance looking into a I 
very low loss) half- wavelength transmission line is the load impedance: 


Z=%, [3.30] 


‘The fact that line input impedance equals load impedance, is very useful in cer 
tain practical situations. For example, a resistive impedance is not changed by the 
line length. Therefore, when an impedance is inaccessible for measurement pur- 
poses, the impedance can be measured through a transmission line that is an integer 
multiple of a half wavelength, 

Our next special case involves a quarter-wavelength transmission line, and those 
that are odd integer multiples of quarter-wavelengths (of course, ever integer mul- 
tiples of a quarter wavelength obey the half-wavelength criteria), 


4. Quarter-wavelength lossy lines: 


+4, coth (al) 


Z, +2, coth (al) ear 
and 
5. Quarter-wavelength lossless or very low loss lines: 
ay 
ers [3.32] 


From Eq. 3.32, you can discover an interesting property of the quarter-wave- 
length transmission line. First, divide each side of the equation by Z, 


zl 


[3.33] 


[3.34] 
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‘The ratio 2/Z, shows an inversion of the load impedance ratio Z,/Z,, or, stated 
another way, 


[3.35] 


Again, from Bq. 3. 
transmission lines: 
I 


Vz, 
1-7, 13.36] 
then 
22,=VE, [3.37] 
which means 
Z,=V 13.38] 


Equation 3.38 shows that a quarter-wavelength transmission line can be used as 
an impedance matching network. Called a Q section, the quarter-wavelength 
transmission line used for impedance matching requires a characteristic impedance 
Z,—it Z's the source impedance and Z, is the load impedance. 

Example 3-6 A 50-Q source must be matched to a load impedance of 36 Q. 
Find the characteristic impedance required of a @ section matching network. 

Solution: 


2-Vii, 
= VG0D) (362) 
= VI800 & = 42.0 


6. Transmission line as a reactance: Reconsider Eq. 3.28, which related im- 
pedanee looking in to load impedance and line lengthy 


ne cay) Zetia foe 
A=) Z, + j@,, tan (Bl) 2 


Now, for the case of a shorted line (Le., Z,, = 0), the solution is 


(0) +94, tan (BD, | ee 


2-@) [z +500) tan BD) 
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2=@) a (3.41) 
Z=jZ,tan (BD [3.42] 

Recall from Eq. 3.25 that: 
B=WZ.C [3.43] 

Substituting Eq. 3.43 into Bq. 3.42 produces 
52, tan (@2Z,CD [3.44] 
o 

Z, tan (2m FZ,Cl) [3.45] 


Because the solutions to Eqs. 3.44 and 3.45 are multiplied by the j operator, the 
impedance is actually a reactance (Z = 0 + jX). It is possible to achieve almost any 
possible reactance (within certain practical limitations) by adjusting the length of 
the transmission line and shorting the “load” end. This fact leads us to a practical 
method for impedance matching, 

Figure 3-10A shows a circuit in which an unmatched load is connected to a 
transmission line with characteristic impedance Z,. The load impedance Z, is of the 
form Z = R « jX, and, in this case, it is equal to 50 —/20. 

A.complex impedance load can be matched to its source by interposing the com- 
plex conjugate of the impedance. For example, in the case where Z = 50 — 20, the 
matching impedance network will require an impedance of 50 + j20 9. The two im- 
pedances combine to produce a result of 50 Q. The situation of Fig, 3-L0A shows a 
matching stub with a reactance equal in magnitude, but opposite in sign, with re- 
spect to the reactive component of the load impedance. In this case, the stub has a 
reactance of +/20 €2to cancel a reactance of ~j20 Q in the load, 

A quarter-wavelength shorted stub is a special case of the stub concept that, 
finds particular application in microwave circuits. Waveguides (Chap. 19) are based 
on the properties of the quarter-wavelength shorted stub. Figure 3-10B shows a 
quarter-wave stub and its current distribution. The current is maximum across the 
short, but wave cancellation forces it to zero at the terminals. Because Z = Vil, when 
I goes to zero, the impedance becomes infinite. Thus, a quarter-wavelength stub has 
an infinite impedance at its resonant frequency, and redundant acts as an insulator, 
‘This concept may be hard to swallow, but the stub is a “metal insulator.” 


Standing wave ratio 


‘The reflection phenomenon was noted earlier during the coverage of the step- 
function and single-pulse response of a transmission line; the sane phenomenon also 
applies when the transmission line is excited with an ac signal. When a transmission 
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R=500 


4, =50 


p00 


Shorted 
matching 
stub (X 


ie 


20.9) 


3-10A. Stub matching system. 


line is not matched to its load, some of the energy is absorbed by the load and some 
is reflected back down the line toward the source. ‘The interference of incident (or 
“forward”) and reflected (or “reverse”) waves creates standing waves on the trans- 
mission line. 

Ifthe voltage or current is measured along the line, it will vary, depending on the 
load, according to Fig. 3-11. Figure 3-11A shows the voltage-versus-length curve for 
a matched line (Le., where Z, = Z,). The line is said to be “flat” because the voltage 
(and current) is constant all along the line, But now consider Figs. 3-11B and 3-11C. 

Figure 3-11B shows the voltage distribution over the length of the line when the 
load end of the line is shorted (i.e., Z,, = 0). Of course, at the load end the voltage is 
zero, which results from zero impedance. The same impedance and voltage situa- 
tion is repeated every half-wavelength down the line from the load end toward 
the generator. Voltage minima are called nodes, and voltage maxrime are called 
antinodes. 

‘The pattern in Fig. 3-11€ results when the line is unterminated (open) (i.e., 
Z,, = 3). Note that the pattern is the same shape as Fig. 3-11B (shorted line), but 
the phase is shifted 90°. In both cases, the reflection is 100 percent, but the phase 
of the reflected wave is opposite 

Figure 3-11D shows the situation in which Z, is not equal to Z,, but is neither 
zero nor infinite. In this case, the nodes represent some finite voltage, V,,,., rather 
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Tas: 


3+10B Quarter wavelength stub. 
Length 


than zero, The standing wave ratio (SWR) reveals the relationship between load 
and line. 

Ifthe current along the line is measured, the pattern will resemble the patterns 
of Fig. 3-11. The SWR is then called ISWR, to indicate the fact that it came from a 
current measurement. Similarly, if the SWR is derived from voltage measurements it 
is called VSWR. Perhaps because voltage is easier to measure, VSWR is the term 
most commonly used in most radio work. 

‘VSWR can be specified in any of several equivalent ways: 


1. From incident voltage (V,) and reflected voltage (V,) 


vty, 
VSWR = 7, [3.46] 
2. From transmission line voltage measurements (Fig. 3-11D). 
¥ 
VSWR pe [3.47] 
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8. From load and line characteristic impedances: 


(Z,>Z,) VSWR=2,/2, [3.48] 
(Z, <2.) VSWR =2./2, 13.49] 


4. From incident (P,) and reflected (P_) power: 


[3.50] 


[3.51] 


It is also possible to determine the reflection coefficient F' from a knowledge of 
VSWR: 


YSWR-1 


VSWR+1 (882) 


‘The relationship between reflection coefficient and VSWR is shown in Fig, 
3-11. 

VSWR is usually expressed as a ratio. For example, when Z, is 100 Q and Z, is 
50.0, the VSWR is Z,/Z, = 100 0/50 Q = 2, which is usually expressed as VSWR = 2:1 
VSWR can also be expressed in decibel form: 


VSWR = 20 log (VSWR) [3.53] 


Example 3-7 A transmission line is connected to a mismatched load, Calculate 
both the VSWR and VSWR decibel equivalent if the reflection coefficient Tis 0.25. 
Solution: 


i4r 
1-F 


(a) VSWR = 


(0) VSWR, = 20 log (VSWR) 
= (20) (log 1.67) 
= (20) (0.22) = 


3 dB 
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i 
A 
; ‘ . 
0 M mM x ‘Toward 
: 
rY 
Z1= 0 
B 
F + t > 
; a 
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Load cach 


3411 Voltage versus electrical length: (A) 


‘hed impedances, (B) 


0, (©) 2, = infinite, 
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end 


3-11 Continued: (D) Z, not equal to Z,, 


‘The SWR is regarded as important in systems for several reasons, The base of 
these reasons is the fact that the reflected wave represents energy lost to the load. 
For example, in an antenna system, less power is radiated if some of its input power 
is reflected back down the transmission line, because the antenna feedlpoint imped- 
ance does not match the transmission line characteristic impedance, The next sec- 
tion covers the problem of mismatch losses, 


Mismatch (VSWR) losses 

‘The power reflected from a mismatched load represents a loss, and will have impli- 
cations that range from negligible to profound, depending on the situation. For ex: 
ample, one result might be a slight loss of signal strength at a distant point from an 
antenna, A more serious problem can result in the destruction of the output device 
in a transmitter. The latter problem so plagued early solid-state transmitters that 
designers opted to include shutdown circuitry to sense high VSWR, and turn down 
‘output power proportionally. 

In microwave measurements, VSWR on the transmission lines (that intercon- 
nect devices under test, instruments, and signal sources) can cause erroneous read- 
ings—and invalid measurements. 

Determination of VSWR losses must take into account two VSWR situations. 
Figure 3-9 shows a transmission line of impedance Z, interconnecting a load imped- 
ance Z,, and a source with an output impedance Z.. There is a potential for imped- 
ance mismatch at both ends of the line. 

Inthe case where one end of the line is matched (either Z, or Z,), the mismatch 
loss caused by SWR at the mismatched end is, 


[3.54] 
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which from Eq. 3.52 is, 


ML =—10 log (1-T*) [3.55] 


Example 3-8 A coaxial transmission line with a characteristic impedance of 50 
Qis connected to the 50-0 output (Z,) of a signal generator, and also to a 20-W load 
impedance Z,.. Calculate the mismatch loss 

Solution: 

(@) First find the VSWR: 


VSWR =2Z/2, 
= (50 )/(20.9) = 2.51 


(b) Mismatch loss: 


10 log [1 — (0.43)*] 
10 log [1 — 0.185] 

10 log [0.815] 

10) (0.089) = 0.89 


When both ends of the line are mismatched, a different equation is required: 
ML = 20 log (1 * (1, xT] 13.56] 


where 


Tis the reflection coefficient at the source end of the line, 
(VSWR, - 1)(VSWR, +1) 

Tr, is the reflection coefficient at the load end of the line, 
(VSWR, ~D/(VSWR, + 1) 


Note that the solution to Eq. 3.56 has two values: (1 + (P,P)] and [1 - (P,P,)} 

‘The equations reflect the mismateh loss solution for low-loss or “lossless” trans- 
mission lines. This is a close approximation in some situations; however, itis insuffi- 
cient when the line is lossy. Although not very important at low frequencies, loss 
becomes higher at microwave frequencies. Interference between incident and re- 
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Fig, 12. Example beam pattern of 4 antenna elements in a sectorized system for a single 
sector (main beam direction is 240°) 


‘Transmit Adaptive Array (TxA) 
Algorithm 


‘Transmit adaptive array (TXAA) is a 
technique in which the user periodically 
sends quantized estimates of the optimal 
transmit weights to the BS via a feedback 
channel, The transmitter weights are 
optimized to deliver maximum power to 
the user. The optimal transmit weights are 
given by 


w=H"/HH" fa} 


where w is the transmit weight vector and 
His the channel matrix. 

‘The weights are normalized so that the 
total transmitted power is not altered. In 
the case of multipath channels emanating 
from each antenna, the optimal weights 
will be given by the principal eigenvector 
of the channel correlation matrix HH 


5.4.2 Receive Beamforming (RxBF) 


Beamforming also can be applied in the 
uplink to improve the link quality and 
suppress the co-channel interference, 
which is known as receive beamforming 


(RxBF). Through RxBF, smart antenna 
system can receive predominantly from a 
desired direction (direction of the desired 
source) compared to some undesired 
directions (direction of interfering sources). 
‘This implies that the digital processing has 
the ability to shape the radiation pattern to 
adaptively steer beams in the direction of 
the desired signals and put nulls in the 
direction of the interfering signals. This 
enable low co-channel interference and 
large antenna gain to the desired signal, 

Based on the reference signals adopted 
in the beamforming algorithms, RxBF can 
be classified into spatial reference 
beamforming (SRB), temporal reference 
beamforming (TRB), and signal structure 
reference beamforming (SSRB). 


Spatial Reference Beamforming 
(SRB) 


Spatial reference beamforming method 
is sometimes referred as direction of 
arrival (DOA) method. SRB estimates the 
direction of arrival of the signal based on 
the spatial reference signal, using any of 
the techniques like multiple signal 
classification or estimation of signal 
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flected! waves produces increased current at certain antinodes—which increases 
‘ohmie losses—and increased voltage at certain antinodes—which increases dielec- 
tric losses. It is the latter that increases with frequency. Equation 3.57 relates re- 
flection coefficient and line losses to determine total loss on a given line. 


Loss = 10 tog ( [3.57] 


where 


Loss is the total line loss in decibels 

Vis the reflection coefficient 

ris the quantity 104") 

Ais the total attenuation presented by the line, in decibels, when the line is properly 
matched (Z, = Z,) 


Example 3-9 A 50-0 transmission line is terminated in a 30-0 resistive imped- 
ance, The line is rated at a loss of 3 dB/100 ft at 1 GHz. Calculate (a) loss in 5 ft of line, 
(b) reflection coefficient, and (¢) total loss in a 5-ft line mismatched per above, 


Solution: 
3B : 

(a= GAB x5 = 0.1508 
wr 

= 20/80 = 0.25 
@n=108 

= 1900 

= 100) = 1.04 


1.04 — (1.04) (0.068) 


( 

[ 

[ 1,082 ~ 0.063 | 
(roi2as) 
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1.019 
= 101 (Set) 


= 10 log (1.046) 
= (10) (0.02) = 0.2 dB 
Compare the matched line loss (A = 0.15 dB) with the total loss (Loss = 0.2 4B), 


which includes mismatch loss and line loss. The difference (Le., Loss — A) is only 
0.05 dB. If the VSWR was considerably larger, however, the loss would rise. 


4 


CHAPTER 


The Smith chart 


‘THE MATHEMATICS OF TRANSMIS (TAIN OTHER DEVICES, BECOMES 
cumbersome at times, especially in dealing with complex impedances and “nonstan- 
dard” situations, In 1939, Phillip H. Smith published a graphical device for solving 
these problems, and an improved version of the chart followed in 1945. ‘That graphic 
aid, somewhat modified over time, is still in constant use in microwave electronics, 
and other fields where complex impedances and transmission line problems are 
found. ‘The Smith chart is indeed a powerful tool for the RF designer. 


Smith chart components 


‘The modern Smith chart is shown in Fig. 4-1. It consists ofa series of overlapping or- 
thogonal circles (ie., cireles that intersect each other at right angles). This chapter 
will dissect the Smith chart, so that the origin and use of these circles is apparent, 
‘The set of orthogonal circles makes up the basic structure of the Smith chart, 


‘The normalized impedance line 
A baseline is highlighted in Fig, 4-2, and bisects the Smith chart outer circle. This 
line is called the pure resistance line, and forms the reference for measurements 
made on the chart. Recall that a complex impedance contains both resistance and 
reactance, and is expressed in the mathematical form: 


Z=R2jX [4.1] 


‘Copyright 2001 - the MeGraw-Hill Companies 95 
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where 


Zi the complex impedance 
Ris the resistive component of the impedance 
Xs the reactive component of the impedance* 


‘The pure resistance line represents the situation where X = 0, and the imped- 
ance is therefore equal to the resistive component only. In order to make the Smith 
chart universal, the impedances along the pure resistance line are normalized with 
reference to system impedance (e.g., Z, in transmission lines); for most microwave 
RF systems the system impedance is standardized at 50 Q. In order to normalize the 
actual impedance, divide it by the system impedance. For example, if the load im- 
pedance of a transmission line is Z,, and the characteristic impedance of the line is 
Z,, then Z = Z,/Z,, In other words, 


za hsik [42] 
Zz, 

‘The pure resistance line is structured such that the system standard impedance 
is in the center of the chart, and has a normalized value of 1.0 (see point A in Fig, 4- 
2). This value derives from the fact that Z,/Z, = 1.0. 

‘To the left of the 1.0 point are decimal fraction values used to denote imped- 
ances less than the system impedance, For example, ina 50-0 transmission line sys- 
tem with a 25-0 load impedance, the normalized value of impedance is 25 0/50 Q or 
0.50 (*B" in Fig. 4-2). Similarly, points to the right of 1.0 are greater than 1 and de- 
note impedances that are higher than the system impedance. For example, in a 50- 
system connected to a 100-0 resistive load, the normalized impedance is 100 0/50 
, or 2.0; this value is shown as point C in Fig. 4-2. By using normalized impedances, 
you can tse the Smith chart for almost any practical combination of system, and load 
and/or source, impedances, whether resistive, reactive, or complex. 

Reconversion of the normalized impedance to actual impedance values is done 
by multiplying the normalized impedance by the system impedance. For example, if 
the resistive component of a normalized impedance is 0.45, then the actual imped- 
ance is 


2= Coyenas) 2) [4.3] 
= (0.45) (50 Q) [4.4] 
=2250 [4.5] 


‘The constant resistance circles 
‘The isoresistance circles, also called the constant resistance circles, represent 


points of equal resistance. Several of these circles are shown highlighted in Fig, 4-3. 
‘These circles are all tangent to the point at the righthand extreme of the pure resis~ 


“According to the standard sign convention the inductive reactanee (i positive (4) and te eapael- 
tive reactance (X,) is negative (-). The term X in Eq. 41 above is the tfference between the two reae- 
tances 
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tance line, and are bisected by that line, When you construct complex impedances 
(for which X = nonzero) on the Smith chart, the points on these circles will all have 
the same resistive component. Circle A, for example, passes through the center of 
the chart, so it has a normalized constant resistance of 1.0. Note that impedances 
that are pure resistances (ie., Z=R +0) will fall at the intersection of a constant re- 
sistance circle and the pure resistance line, and complex impedances (1e., X not 
equal to zero) will appear at. any other points on the circle. In Fig, 4-3, circle A 
passes through the center of the chart, so it represents all points on the chart with a 
normalized resistance of 1.0. This particular circle is sometimes called the unity 
resistance circle 


‘The constant reactance circles 

Constant reactance circles are highlighted in Fig. 4-4. The circles (or circle seg- 
ments) above the pure resistance line (Fig. 4-41) represent the inductive reac- 
tance (+X), and those circles (or segments) below the pure resistance line (Fig. 
4-4B) represent capacitive reactance (-X). In both cases, circle A represents a 
normalized reactance of 0.80. 

One of the outer circles (ie., cirele A in Fig, 4-4C) is called the pure reactance 
circle. Points along circle A represent reactance only; in other words, an impedance 
of Z=0 = JX (R= 0). 

Figure 4-4D shows how to plot impedance and admittance on the Smith chart 
Consider an example in which system impedance Z, is 50 Q, and the load impedance 
is Z, = 95 + j55 Q. This load impedance is normalized to 


4 
Zz Z, [4.6] 
95 + j55 Q 
502 [4.7] 
=194s14 148] 


An impedance radius is constructed by drawing a line from the point repre- 
sented by the normalized load impedance, 1.9 +,j1.1, to the point represented by the 
normalized system impedance (1.0) in the center of the chart. A circle is con- 
structed from this radius, and is called the VSWR circle. 

Admittance is the reciprocal of impedance, so it is found from 


[4.9] 


Because impedances in transmission lines are rarely pure resistive, but rather 
contain a reactive component also, impedances are expressed by complex notation: 


Z=R2jiX [4.10] 
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Fig. 13, A general structure of SRB. 


‘parameters rotational 
techniques algorithms or their derivatives. 
‘They involve finding a spatial spectrum of 
the antenna/sensor array, and calculating 
the DoA from the peaks of this spectrum 
[7]. A general architecture of SRB 
algorithm is shown in Fig. 13. The general 
steps of SRB method are shown as 
follows: 


via invariance 


@ Dod Estimation 
© Arbitrary Array: MUSIC, ete 
© Linear Array: ESPRIIT, ete. 

@ Beam Synthesis 
© Gram-Schmidt, ete 

@ Combining 


© EGC, MRC, Wiener Filter, ete. 


Multiple signal classification (MUSIC) 
algorithm estimates the DoA of the 
desired signal by using an eigen-space 
method based on a spatial reference 
signal. MUSIC requires intensive 
calculation of eigenvalues. and 
eigenvectors of an autocorrelation matrix 
of the input vectors from the receiving 
antenna array. A general step of MUSIC 
algorithm is shown below: 


Collect received samples and 
estimate the covariance matrix of the 
received samples. 

Perform eigen-decomposition of the 
covariance matrix, 

Calculate spatial spectrum, 

Estimate DoA by locating peaks in 
the spectrum, 


Estimation of signal parameters via 
rotational invariance techniques 
(ESPRIT) is also well known for the SRB 
method. In addition, ESPRIT has many 
important advantages over MUSIC 
algorithm [38] 


@ No knowledge of the array geometry 
and element characteristics are 
required, 

Much less complex on computation, 
No calibration of the array is required. 
‘The algorithm simultaneously 
estimates the number of sources and 
DoA's 
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where 


Zis the complex impedance 
Ris the resistive component 
Xi the reactive component 


Inorder to find the complex admittance, take the reciprocal of the complex im- 
pedance by multiplying the simple reciprocal by the complex conjugate of the im- 
pedance. For example, when the normalized impedance is 1,9 +j1.1, the normalized 
admittance will be: 


(4.11) 
[4.12] 
[4.13] 
= 122A! _ 439 jo.23 [4.14] 


One of the delights of the Smith chart is that this calculation is reduced to a 
quick graphical interpretation! Simply extend the impedance radius through the 1.0 
center point until it intersects the VSWR circle again. This point of intersection rep- 
resents the normalized admittance of the load. 


Outer circle parameters 

‘The standard Smith chart shown in Fig. 4-4C contains three concentric calibrated 
circles on the outer perimeter of the chart, Circle A has already been covered and it 
is the pure reactance circle. The other two circles define the wavelength distance 
(B) relative to either the load or generator end of the transmission line, and either 
the transmission or reflection coefficient angle in degrees (C). 

‘There are two scales on the wavelength circle (B in Fig 4-4C), and both have 
their zero origin on the left-hand extreme of the pure resistance line. Both scales 
represent one-half wavelength for one entire revolution, and are calibrated from 
O through 0.50 such that these two points are identical with each other on the circle. 
In other words, starting at the zero point and travelling 360° around the circle brings 
‘one back to zero, which represents one-half wavelength, or 0.5 A. 

Although both wavelength scales are of the samme magnitude (0) — 0.50), they are 
opposite in direction. The outer scale is calibrated clockwise and it represents wave- 
lengths toward the generator; the inner scale is calibrated counterclockwise and 
represents wavelengths toward the load. These two scales are complementary at 
all points. Thus, 0.12 on the outer scale corresponds to (0.50 — 0.12) or 0.38 on the 
inner scale. 


aa 
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‘The angle of transmission coefficient and angle of reflection coefficient 
scales are shown in circle C in Fig, 4-4C. These scales are the relative phase angle be- 
tween reflected and incident waves. Recall from transmission line theory (see Chap. 3), 
that a short circuit at the load end of the line reflects the signal back toward the gen- 
erator 180° out of phase with the incident signal; an open line (i.e., infinite imped- 
ance) reflects the signal back to the generator in phase (Le., 0") with the incident 
signal. These facts are shown on the Smith chart by the fact that both scales start at 
0° on the right-hand end of the pure resistance line, which corresponds to an infinite 
resistance, and it goes halfway around the eircle to 180° at the 0 end of the pure re- 
sistance line, Note that the upper half-circle is calibrated 0 to +180°, and the bottom 
half-cirele is calibrated 0 to -180°, reflecting indictive or capacitive reactance situa- 
tions, respectively. 


Radially scaled parameters 
‘There are six scales laid out on five lines (D through G in Fig. 4-4C and in expanded 
form in Fig. 4-5) at the bottom of the Smith chart. These scales are called the radi- 
ally scaled parameters—and they are both very important, and often overlooked. 
With these scales, we can determine such factors as VSWR (both as a ratio and in 
decibels), return loss in decibels, voltage or current reflection coefficient, and the 
power reflection coefficient 

‘The reflection coefficient I is defined as the ratio of the reflected signal to the 
incident signal. For voltage or current: 


ts 22 4.15 
” Ee oe 
and 
ra 2 4.16) 
oe at, 
Power is proportional to the square of voltage or current, so: 
(4.17) 
or 
Prot 
Tie = Boe [4.18] 


Example 10 W of microwave RF power is applied to a lossless transmission 
line, of which 2.8 W is reflected from the mismatched load. Calculate the reflec- 
tion coefficient. 


[4.19] 
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2.8W 


= OW 4.20] 


= 0.28 [421] 


‘The voltage reflection coefficient P is found by taking the square root of the 
power reflection coefficient, so in this example it is equal to 0.529. These points are 
plotted at A and B in Fig. 4-5. 

Standing wave ratio (SWR) can be defined in terms of reflection coefficient: 


mawic teh 
vswe = +7 [4.22] 
or 
[4.23] 
or, in our example, 
1+ VO28 
VSWR= ]_—Va5 [4.24] 
140,520 
rT (4.25) 
[4.26] 
or, in decibel form, 
VSWR,,, = 20 log (VSWR) [4.27] 
= 20 log (20) [4.28] 
= (20) (0.510) = 10.2 dB [4.29] 


‘These points are plotted at C in Fig. 4-5, Shortly, you will work an example to 
show how these factors are calculated in a transmission line problem from a known 
complex load impedance. 

Transmission loss is a measure of the one-way loss of power in a transmission 
line because of reflection from the load. Return loss represents the two-way loss, 50 
it is exactly twice the transmission loss. Return loss is found from 


Loss, = 10 log (Tyr) [4.30] 
and, for our example in which F,,,, = 0.28, 

Loss,,, = 10 log (0.28) [4.31] 

= (10) (0.553) =-5.53 dB [4.32] 
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This point is shown as D in Fig, 4-5. 
‘The transmission loss coefficient can be calculated from 


uc = +t 4.33 
© TT on 
or, for our example, 
o 1+ (0.28) 
mic = 209) (4.34) 
188 in 
= 18-178 (4.35) 


‘The TLC is a correction factor that is used to calculate the attenuation caused 
by mismatched impedance in a lossy, as opposed to the ideal “lossless,” line. ‘The 
‘TLC is found from laying out the impedance radius on the loss coefficient scale on 
the radially scaled parameters at the bottom of the chart 


Smith chart applications 


One of the best ways to demonstrate the usefulness of the Smith chart is by practi- 
cal example. The following sections look at two general cases: transmission line 
problems and stub matching systens. 


Transmission line problems 
Figure 4-6 shows a 50-02 transmission line connected to a complex load impedance 
Z,, of 36 + j40 Q. The transmission line has a velocity factor v of 0.80, which means 
that the wave propagates along the line at % the speed of light (¢ = 300,000,000 m/s) 
The length of the transmission line is 28 cm. The generator V, is operated at a fre- 
queney of 4.5 GHz and produces a power output of 1.5 W. See what you can glean 
from the Smith chart (Fig, 4-7) 

First, normalize the load impedance. This is done by dividing the load imped- 
ance by the systems impedlance (in this ease, Z, = 50 ©): 


36 +340 
eer [4.36] 
= 0.72 +08 [4.37] 


‘The resistive component of impedance Z is located along the 0.72 pure resistance 
circle (see Fig. 4-7). Similarly, the reactive component of impedance Z is located by 
traversing the 0.72 constant resistance circle until the +j0.8 constant reactance cit- 
cle is intersected. This point graphically represents the normalized load impedance 
Z = 0.72 + 0.80. A VSWR circle is constructed with an impedance radius equal to the 
line between 1.0 (in the center of the chart) and the 0.72 + j0.8 point. 


aa 


[ChapO4_Care 4/10/01 1:33 PM Page 110 € 


110 The Smith chart 


Zo 250.0 


28.em, 
4.5 GHa = 4.5 X 109 Ha 
500 

500. 

7, = 36 + j40 

Po=15W 


4-6 ‘Transmission line and load cirenit, 


Ata frequency of 4.5 GHz, the length of a wave propagating in the transmission 
line, assuming a velocity factor of 0.80, is 


ae = [4.38] 
_ Gx 108 mvs) (0.80) [439] 
4.5 x10" Hz ° 
2A x 108 ns 
"4.5 x 10" Hz 0) 
= 0.053.m x 4008" ~5.5.em (4.41) 


m 


One wavelength is 5.3 cm, so a half-wavelength is 5.3 cnv/2, or 2.65 cm. The 
28-cm line is 28 ci/5.3 em, or 5.28 wavelengths long, A line drawn from the center 
(2.0) to the load impedance is extended to the outer circle, andl it intersects the eir- 
cle at 0.1325. Because one complete revolution around this circle represents one- 
half wavelength, 5.28 wavelengths from this point represents 10 revolutions plus 
0.28 more. The residual 0.28 wavelengths is added to 0.1325 to form a value af 
(0.1825 + 0.28), or 0.413. The point 0.413 is located on the circle, and is marked. A 
line is then drawn from 0.413 to the center of the circle, and it intersects the VSWR 
circle at 0.49 —j0.49, which represents the input impedance Z,, looking into the line, 

‘To find the actual impedance represented by the normalized input impedance, 
you have to “denormalize” the Smith chart impedance by multiplying the result by Z,; 


a 
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Z,, = (0.49 ~ 0.49) (50) [4.42] 


=245-j245Q [4.43] 


It is this impedance that must be matched at the generator by a conjugate match- 
ing network. 

‘The admittance represented by the load impedance is the reciprocal of the load. 
impedance, and is found by extending the impedance radius through the center of 
the VSWR circle until it intersects the circle again. This point is found, and repre- 
sents the admittance ¥ = 0.62 — 70.69. Confirming the solution mathematically: 


(4.44) 
ood 0.72 ~ j0.80 
= 072+ 70.80 * 0.72 —j0.80 (4.45) 
_ 072-3080 9 699 60 
= ABS) _ 0.62-0.69 [4.46] 


‘The VSWR if found by transferring the “impedance radius” of the VSWR circle to 
the radial scales below. The radius ((1.72 — 0.8) is laid out on the VSWR seale (top- 
‘most of the radially scaled parameters) with a pair of dividers from the center mark, 
and we find that the VSWR is approximately 2.6:1. The decibel form of VSWR is 8.3 
AB (next scale down from VSWR), and this is confirmed by 


VSWR. = 20 log (VSWR) [4.47] 
= (20) log (2.7) [4.48] 
= (20) (0.431) = 8.3 dB [4.49] 


‘The transmission loss coefficient is found in a manner similar to the VSWR, us- 
ing the radially scaled parameter scales, In practice, once you have found the VSWR 
you need only drop a perpendicular line from the 2.6:1 VSWR line across the other 
scales. In this case, the line intersects the voltage reflection coefficient at 0.44, The 
power reflection coefficient P,,. is found from the seale, and is equal to F*. The per- 
pendicular line interseets the power reflection coefficient line at 0.20. 

‘The angle of reflection coefficient is found from the outer circles of the Smith 
chart. The line from the center to the load impedance (Z = 0.72 + /0.8) is extended 
to the angle of reflection coefficient in degrees circle, and intersects it at approxi- 
mately 84°. The reflection coefficient is therefore 0.44/84°. 

‘The transmission loss coefficient (TLC) is found from the radially sealed para- 
meter scales also, In this ease, the impedance radius is laid out on the loss coeffi- 
cient scale, where it is found to be 1.5. This value is confirmed from: 

14 Tye 


TT, 


ve 


[4.50] 
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Fig, 14. A general structure of TRB. 


Temporal Reference Beamforming 
(TRB) 

Temporal Reference Beamforming 
shown in Fig. 14, is a method used to 
create the radiation patter of the antenna 
array by adding constructively the phases 
of the signals in the DoA of the desired 
user, and nulling the pattern of the 
interfering users based on the temporal 
reference signal [39]. Based on the 
temporal reference signal and some 
predefined adaptive weight calculation 
criterion, some adaptive algorithms such 
as LMS (Least Mean Square), RLS 
(Recursive Least Squares), and DSMI 
(Direct Sample Matrix Inverse) algorithms, 
are used to adjust the weight vector of the 
antenna array to improve the link quality, 
‘The general characteristics of TRB are as 
follows: 


@ Good performance 
channel environment 

@ Computationally inexpensive 

Requiring Training sequence 

@ Difficult to apply TxBF because of 
the absence of DoA information 


in multipath 


Criterion of 
Calculation 


Adapt Weight 


In the minimum mean-square error 
(MMSE) criterion, the weights are chosen 
to minimize the mean-square error (MSE) 
between the beamformer output and the 
temporal reference signal, While in the 
maximum — signal-to-interference ratio 
(MSIR) criterion, the weights are chosen 
to directly maximize the _signal-to- 
interference ratio. (SIR). And The 
‘minimum variance (MV) criterion chooses 
the weights that minimize the variance of 
the output power. All the above three 
criterions has the same form of 


W, = ARV ) 


Where R'is the inverse of the covariance 
matrix of the interference signals received 
in the antenna array and V is the antenna 
array propagation vector [40] 

Let us assume that d(t) is the 
transmitted temporal reference signal and 
R, is the covariance matrix of interference 
signals at the output of the beamformer. 
The calculation of f for MMSE, MSIR 
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_ 1+ 20) 

~ T= @21 [4.51] 
1.20 

=o79 715 [4.52] 


The return loss is also found by dropping the perpendicular from the VSWR 
point to the REN LOSS, dB line, and the value is found to be approximately 7 dB, 
which is confirmed by 


L058, = 10 log (T,.) 4B [4.53] 
= 10 log (0.21) eB [4.54] 
= (10) (0.677) aB [4.55] 


7 dB =-6.9897 4B [4.56] 


‘The reflection loss is the amount of RF power reflected back down the trans- 
mission line from the load. The difference between incident power supplied by the 
generator (1.5 Win this example), P,, ~P,, =P,,,and the reflected power, is the ab- 
sorbed power (P,); or in the case of an antenna, the radiated power. The reflection 
loss is found graphically by dropping a perpendicular from the TLC point (or by lay- 
ing out the impedance radius on the REFL. LOSS, dB scale), and in this example 
(Pig. 4-7) is—1.05 dB. You ean check the calculations: 
‘The return loss is ~7 dB, so 


7 a= 10104 ( 2 4.57 
ese ee) 
7 ( Pa ) 

-1=10 log | [4.58] 
at oy — ) 4.59) 
10 ~°8\ TS watts rae) 

P 

roy Fer 
or" = TW reaol 
ae 4.61 
aS TSW Saas 
(.2)0.5W) =P, [4.62] 
03W=P.y [4.63] 
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‘The power absorbed by the load (P,) is the difference between incident power 
P,,. and reflected power P,,. If 0.3 W is reflected, then that means the absorbed 
power is (1.50.3), or 1.2 W. 

‘The reflection loss is ~1.05 dB, and can be checked from: 


[4.64] 
14.65] 
14.66] 
795 == —fa 
0.785 = 14.67] 
(1.5 W) x (0.785) =P, 14.68] 
12W=P, 14.69] 


Now check what you have learned from the Smith chart, Recall that 1.5 W of 4.5- 
GHz microwave RF signal was input to a 50-Q transmission line that was 28 cm long, 
‘The load connected to the transmission line has an impedance of 36 +j40. From the 
Smith chart: 


Admittance (load) 0,62 -j0.69 
VSWR 26:1 
VSWR (aB): 830B 
Reflection coefficient (Z) 0.44 
Reflection coefficient (P) 0.2 
Reflection coefficient angle 84 degrees 
Return loss, -7 dB 
Reflection loss =1.05 dB 


‘Transmission loss coefficient 1.5 


Note that in all cases the mathematical interpretation corresponds to the graph- 
ical interpretation of the problem, within the limits of accuracy of the graphical 
method, 


Stub matching systems 
A properly designed matching system will provide a conjugate match to a complex 
impedance, Some sort of matching system or network is needed any time the load 
impedance Z, is not equal to the characteristic impedance Z, of the transmission 
line, In a transmission line system, it is possible to use a shorted stub connected in 
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parallel with the line, at a critical distance back from the mismatched load, in order 
to effect a match. The stub is merely a section of transmission line that is shorted at 
the end not connected to the main transmission line. The reactance (hence also sus- 
ceptance) of a shorted line can vary from ~A to +4, depending upon length, so you 
can use a line of critical length L,, to cancel the reactive component of the load im- 
pedance. Because the stub is connected in parallel with the line it is a bit easier to 
work with admittance parameters, rather than impedance. 

Consider the example of Fig, 4-8, in which the load impedance is Z = 100 + j60, 
which is normalized to 2.0 + /1.2. This impedance is plotted on the Smith chart in 
Fig. 4-9, and a VSWR circle is constructed. The admittance is found on the chart at 
point ¥ = 0.37 ~j0.22. 

In order to provide a properly designed matching stub, you need to find two 
lengths. L, is the length (relative to wavelength) from the load toward the generator 
(see L, in Fig, 4-8); L, is the length of the stub itself. 

‘The first step in finding a solution to the problem is to find the points where the 
unit conductance line (1.0 at the chart center) intersects the VSWR circle; there are 
two such points shown in Fig. 4-9: 1.0 + j1.1 and 1.0 ~ j1.1. Select one of these 
(choose 1.0 + 1.1) and extend a line from the center 1.0 point through the 1.0 +j1.1 
point to the outer circle (WAVELENGTHS TOWARD GENERATOR). Similatly, a 
line is drawn from the center through the admittance point 0.37 — 0.22 to the outer 
circle, These two lines intersect the outer circle at the points 0.165 and 0.461. The 
distance of the stub back toward the generator is found from: 


0.165 + (0.500 -0.461) & [4.70] 


S&S Matching stub 


4-8. Matching stub length and position, 
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= 0.165 + 0.089 2 [4.71] 
204% [4.72] 


‘The next step is to find the length of the stub required. This is done by finding 
two points on the Smith chart, First, locate the point where admittance is infinite 
(far right side of the pure conductance line); second, locate the point where the ad- 
mittance is 0 - j1.1. (Note that the susceptance portion is the same as that found 
where the unit conductance circle crossed the VSWR circle.) Because the condue- 
tance component of this new point is 0, the point will lay on the ~/1.1 cirele at the in- 
tersection with the outer circle, Now draw lines from the center of the chart through 
each of these points to the outer eircle. These lines intersect the outer circle at 0.368 
and 0.250, The length of the stub is found from 


(0.368 — 0.250) [4.73] 
= 0.118% [4.74] 


From this analysis you can see that the impedance, Z = 100 + j60, can be 
matched by placing a stub of a length 0.118% ata distance 01,2044, back fram the load. 


The Smith chart in lossy circuits 

‘Thus far, you have dealt with situations in which loss is either zero (i., ideal trans- 
mission lines), or so small as to be negligible, In situations where there is apprecia- 
ble loss in the circuit or line, however, you see a slightly modified situation. The 
VSWR circle, in that case, is actually a spiral, rather than a circle. 

Figure 4-10 shows a typical situation. Assume that the transmission line is 
0.604 long, and is connected to a normalized load impedance of Z = 1.2 +j1.2. An 
“ideal” VSWR circle is constructed on the impedance radius represented by 1.2 + 
1.2. Aline (A) is drawn, from the point where this circle intersects the pure resis- 
tance baseline (B), perpendicularly to the ATTEN, 1 dB/MAJ. DIV. line on the ra- 
dially scaled parameters. A distance representing the loss (3 dB) is stepped off on 
this scale. A second perpendicular line is drawn, from the -8 dB point, back to the 
pure resistance line (C). The point where line C intersects the pure resistance line 
becomes the radius for a new circle that contains the actual input impedance of the 
line, The length of the line is 0,604, so you must step back (0,60 — 0.50)A or 0.12, 
‘This point is located on the WAVELENGTHS TOWARD GENERATOR outer circle 
Aline is drawn from this point to the 1,0 center point. The point where this new line 
interseets the new circle is the actual input impedance (Z,,)-The intersection 
occurs at 0.76 +j0.4, which (when denormalized) represents an input impedance 
of 38 +720 0. 


Frequency on the Smith chart 
A complex network may contain resistance, inductive reactance, and capacitive reac- 
tance components. Because the reactance component of such impedances is a fune- 
tion of frequency, the network or component tends to also be frequency-sensitive. 
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You can use the Smith chart to plot the performance of such a network with respect 
to various frequencies. Consider the load impedance connected to a 50-Q transmis- 
sion line in Fig, 4-11. In this case, the resistance is in series with a 2.2-pP capacitor, 
which will exhibit a different reactance at each frequency. The impedance of this net- 


work is 
r-() (4.75) 
oc 7 
or 
2=50- dace) [4.76] 
And, in normalized form, 
- 1 [4.7] 
cr i) =500 
' H 50+ 0 
| Pres 
5), 
' ; ia c=220F 
\ 
i 1 ar 
! i BaFG Pot 
L wall 


Xolly = Xch 


fas 
2 0.72 
3 = 0.48 
a = 0.36 
5 =i 
o = joa 


4-11 Load and source impedance transmission line circuit. 
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=10- Sap [4.78] 
1p 2728x108 ina 
=10- “ [4.79] 
Or, converted to gigahertz, 
aa19- Td [4.80] 


‘The normalized impedances for the sweep of frequencies from 1 to 6 GHz are 


therefore 
Z=1.0-j1.45 [4.81] 
Z=1.0-j0.72 [4.82] 
Z=1.0 70.48 14.83] 
Z=1.0-j0.36 [4.84] 
Z=1.0 30.29 14.85] 
Z=1.0~j0.24 [4.86] 


‘These points are plotted on the Smith chart in Fig. 4-12. For complex networks, 
in which both inductive and capacitive reactance exist, take the difference between 
the two reactances (Le, X = X, —X,.) 
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and MV criterions are summarized in 
Table 4, 


Adaptive Beamforming Algorithm 


The least mean square (LMS) algorithm 
uses the temporal reference signal to 
update the weights at each iteration, In the 
LMS algorithm, we are searching for the 
optimal weight that would make the array 
output either equal or as close as possible 
to the reference signal, which is the weight 
that minimizes the MSE. Since the MSE 
has a quadratic form, moving the weights 
in the negative direction of the gradient of 
the MSE should lead us to the minimum of 
the error surface, The weight update 
equation is shown in (9) [30] 


w(t+l=wit)-ux(t+De” (9) 


where 11 is a constant, called the step size, 
which determines how close the weights 
approach the optimum value after each 
iteration and it controls the convergence 
speed of the algorithm. Andis the error 
signal between the temporal reference 
signal and the received signal at the 
beamformer output, x(t+1) is the received 
signal vector at the antenna array at time 
Hd 

‘The main drawback of the LMS 
algorithm is that it is sensitive to the 
scaling of its input. This makes it very 
hard (if not impossible) to choose a step 
size 1 that guarantees stability of the 
algorithm. The normalized least’ mean 
square (NLMS) algorithm is a variant of 
the LMS algorithm that solves this 


problem by normalizing with the power of 
the input. The weights updating function 
of NLMS algorithm is shown as 


—4 _x(e" (10) 


w(t +1) = w(t) +. 
a+ 


Recursive least square (RLS) algorithm 
is derived to overcome the drawback of 
slow convergence speed in the LMS 
algorithm, when the eigenvalue spread of 
the correlation matrix R of received signal 
vector x is large. RLS algorithm replac 
the step size 41 with the inverse of R. The 
weights are then updated using (11), 


wit+lD=w(t)-R'x(t+De" (11) 


Performance 


Fig. 15 
among LMS, NLMS, and RLS algorithms, 


comparison 


Fig. 15 shows a simple performance 
comparison of the above three algorithms 
in OFDMA system under the Rayleigh 
fading channel with 8 antenna elements 
[41]. From this figure, we see that RLS 
algorithm performs best due to its faster 


CHAPTER 


Fundamentals 
of radio antennas 


AN UNFORTUNATE OVERSIGHT IN MANY BOOKS ON RADIO ANTENNAS IS A LACK OF 
coverage on the most basic fundamentals of antenna theory. Most books, including 
the first draft of this one, start with a discussion of dipoles, but overlook that, certain 
physical mechanisms are at work. An antenna is basically a ransducer that. converts 
electrical alternating current oscillations at a radio frequency to an electromagnetic 
wave of the same frequency. This chapter looks at the physies of how that jab is ac- 
complished, 

‘The material in this chapter was adapted from a U.S. Army training manual on 
antennas and radio propagation. Although unfortunately no longer in print, the man- 
ual contained the best coverage of basics the author of this book could find. Given 
that U.S. government publications are not protected by copyright, this information 
can be brought to you in full 


Antenna fundamentals 


The electric and magnetic fields radiated from an antenna form the electromagnetic 
field, and this field is responsible for the transmission and reception of electromag- 
netic energy through free space. An antenna, however, is also part of the electrical 
circuit of a transmitter (or a receiver); because of its distributed constants, it acts as 
a circuit containing inductance, capacitance, and resistance. ‘Therefore, it can be ex- 
pected to display definite voltage and current relationships in respect to a given in- 
put. A current through it produces a magnetic field, and a charge on it produces an 
electrostatic field. These two fields taken together form the induction field. To gain 
a better understanding of antenna theory, a review of the basic electrical concepts of 
voltage and electric field and of eurrent and magnetic field is necessary. 
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Voltage and electric field 
When a capacitor is connected across a source of voltage, such as a battery (Fig. 
5-1), it is charged some amount, depending on the voltage and the value of capaci- 
tance. Because of the emf (electromotive force) of the battery, negative charges 
flow to the lower plate, leaving the upper plate positively charged. Accompanying 
the accumulation of charge is the building up of the electric field. The flux lines are 
directed from the positive to the negative charges and at right angles to the plates. 

If the two plates of the capacitor are spread farther apart, the electric field 
must curve to meet the plates at right angles (Pig. 5-2). The straight lines in A 
become ares in B, and approximately semicireles in C, where the plates are in a 
straight line, Instead of flat metal plates, as in the capacitor, the two elements can 
take the form of metal rods or wires. The three-dimensional view in Fig. 5-3 de- 
picts the electric field more accurately. In A of Fig. 5-3, the wires are approxi- 
mately 30° apart, and the flux lines are projected radially from the positively 
charged wire to the negatively charged wire. In B of Fig, 5-3, the two wires lie ina 
straight line, and the flux lines form a pattern similar to the lines of longitude 
around the earth. To bring out the picture more clearly, only the lines in one plane 
are given, 

Assume that the sphere marked # in Fig. 5-3B isa transmitter supplying RF en- 
ergy. The two wires then can serve as the antenna for the transmitter. RF energy is 
radiated from the antenna and charges move back and forth along the wires, alter- 
nately compressing and expanding the flux lines of the electric field. The reversals 

5, in polarity of the transmitter signal also reverse the direction of the electric field. 


Capacitor 


poo > 


5-1 Charges on plates of a capacitor. 
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5-2 Electric field between plates at various angles, 


5:3, Electric field between wires at various angles. 


When a charge is put on the plates of a capacitor by means of a battery, an elec 
tric field is set up between its plates, ‘The flow of charge from source to capacitor 
id to be charged to 
e charged capacitor 


ceases when the capacitor is fully charged, and the capacitor is 


a voltage equal, and of opposite polarity, to that of the source. 
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can be used as a source of entf since it stores energy in the form of an electric field, 
‘This is the same as saying that an electric field indicates voltage. The presence of 
an electric field about an antenna also indicates voltage. Since the polarity, and the 
amount of charge, depend on the nature of the transmitter output, the antenna volt- 
age also depends on the energy source. For example, if a battery constitutes the 
source, the antenna charges to a voltage equal and opposite to that of the battery. If 
RF energy is supplied to a half-wave antenna, the voltage across the antenna lags the 
current by 90°. The half-wave antenna acts as if it was a capacitor, and it can be 
described as being capacitive. 


Current and magnetic field 
A moving charge along a conductor constitutes a current and produces a magnetic 
field around the conductor. Therefore, the flow of charge along an antenna also will 
be accompanied by a magnetic field, The intensity of this field is directly propor- 
tional to the flow of charge, When the antenna is uncharged, the current flow is max- 
imum, since there is no opposing electric field, Because of this eurrent flow, a charge 
accumulates on the antenna, and an electric field builds up in increasing opposition 
to the emf of the source, ‘The current flow decreases and when the antenna is fully 
charged, the current no longer flows. 

‘The magnetic field in the space around a current-carrying device has a specific 
configuration, with the magnetic flux lines drawn according to a definite rule (Fig. 
5-4). Whereas, in the electric field, the electric lines are drawn from a positive 
charge to a negative charge, in the magnetic field, the flux lines are drawn according 
to the left-hand rule. ‘The direction of current flow is upward along both halves af 
the antenna. The lines of magnetic flux form concentric loops that are perpendicu- 
lar to the direction of current flow. The arrowheads on the loops indicate the direc- 
tion of the field. If the thumb of the left: hand is extended in the direction of eurrent 
flow and the fingers are clenched, then the rough circles formed by the fingers indi- 
cate the direction of the magnetic field, This is the left-hand rule, or convention, 
Which is used to determine the direction of the magnetic field. 


Combined electric and magnetic fields 
When RF energy from a transmitter is supplied to an antenna, the effects of charge, 
voltage, current, and the electric and magnetic fields are taking place simultane- 
ously. These effects (Fig. 5-5) have definite time and space relationships to each 
other. Ifa half-wave antenna is used, the relations between charge and current flow 
can be predicted, because of the capacitive nature of this antenna, ‘The voltage will 
lag the current by 90°, and the electric and magnetic fields will be 90° out of phase. 
With no electric field present (no charge), the current flow is unimpeded, and the 
magnetic field is maximum, As charge accumulates on the antenna, the electric field 
builds up in opposition to current flow and the magnetic field decreases in intensity. 
When the electric field reaches its maximum strength, the magnetic field has de- 
cayed to zero, 

A reversal in polarity of the source reverses the direction of current flow as well 
as the polarity of the magnetic field, and the electric field aids the flow of current by 
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Direction of 
current flow 


5-4. Magnetic field about a 
half-wave antenna 
(left-hand rue) 


Direction of magnetic 
field 


discharging. The magnetic field builds up to a maximum, and the electric field dis- 
appears as the charge is dissipated. The following half-cycle is a repetition of the first 
half-cycle, but in the reverse direction. ‘This process continues as long as energy is 
supplied to the antenna. The fluctuating electric and magnetic fields combine to 
form the induction field, in which the electric and magnetic flux maximum intensi- 
ties occur 90° apart in time, or in time quadrature, Physically, they occur at right 
angles to each other, or in space quadrature. To sum up, the electric and magnetic 
fields about the antenna are in space and time quadrature 


Standing waves 
Assume that it is possible to have a wire conductor with one end extending infinitely, 
with an RF transtnitter connected to this wire. When the transmitter is turned on, an 
RF current in the form of sine waves of RF energy moves down the wire. These 
waves of energy are called traveling waves. The resistance of the conductor gradu- 
ally diminishes the amplitude of the waves, but they continue to travel so long as the 
line does not come to an end. 

‘The antenna, however, has some finite length. Therefore, the traveling waves 
are halted when they reach the end of the conductor, Assume that the RF transmit- 
ter is turned on just Jong enough to allow one sine wave of energy to get on the line 
(Pig. 5-6A). This traveling wave is moving down the antenna toward the end. When 
the wave reaches the end of the conductor, the current path is broken abruptly. With 
the stoppage of current flow, the magnetic field collapses. A voltage is induced at the 
end of the conductor that causes current to flow back toward the source, as in Fig, 
5-6B. The wave is reflected back to the source, and, if a continual succession of 
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5-5 Electric and magnetic fields 90° out of phase 


‘ent. down the line, waves will be reflected in the same continual pattern. 
‘The wave moving from the transmitter toward the end is called the incident wave, 
and its reflection is called the reflected wave. 

A continuous flow of incident waves results in a continuous flow of reflected 
waves. Because there is only one conductor, the two waves must. pass each other 
Electrically, the only current that actually flows is the resultant of both of these 
waves. The waves can reinforce or cancel each other as they move 

When they reinforce, the resultant wave is maximum; when they cancel, the re- 
sultant wave is minimum, Ina conductor that has a finite length, sich as an antenna, 
the points at which the maxima and minima of the resultant wave occur (Fig. 5-6C) 
are stationary. In other words, the maximum and minimum points stand still, al- 
though both the incident and reflected waves are moving. The resultant wave stands 
still on the line, only its amplitude being subject to change, Becat 
resultant is referred to as a standing wave. 

The development of the standing wave on an antenna by actual addition of the 
traveling waves is illustrated in Fig. 5-7. At the instant pictured in A, the incident and 
reflected waves just coincide. The result is a standing wave having twice the ampli- 
tude of either traveling wave. In B, the waves move apart in opposite directions, and 


se of this effect, the 
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5.6 Traveling wav 


's on an antenna and a typical resultant wave. 


the amplitude of the resultant decreases, but the points of maximum and minimum 
do not move. 

When the traveling waves have moved to a position of 180° phase difference, the 
resultant is zero along the entire length of the antenna, as shown in C. At this instant, 
there can be no current flow in the antenna, The continuing movement of the trav- 
eling waves, shown in D, builds up a resultant in a direction opposite to that in A, ‘The 
in-phase condition of the traveling waves results in a standing wave, in E, equal in 
amplitude, but 180° out of phase with the standing wave in A. 

Ifthe progressive pictures of the standing wave are assembled on one set of axes, 
the result is as in Fig. 5-8. The net effect of the incident and reflected waves is appar- 
ent. The curves are lettered with reference to Fig. 5-7. As the traveling waves move 
past each other, the standing wave changes only’ its amplitude. The fixed minimum 
points are called odes, and the curves representing the amplitude are called loops. 

‘The concept of the standing wave can be applied to the half-wave antenna with 
reference to either current or voltage distribution at any instant. This application is 
possible because there are traveling waves of both voltage and current, Because volt- 
age and current are out of phase on the half-wave antenna, the standing waves also 
are found to be out of phase. 
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5-8 Standing waves. 


Voltage and current distribution on half-wave antenna 
When an RF transmitter is feeding a half-wave antenna, positive and negative charges 
move back and forth along the antenna (Figs. 5-9 and 5-10). The first picture shows 
the position of the charges at some arbitrary time, 7,. The RF charges being observed 
are at the ends of the antenna, and there is a maximum difference in potential be- 
tween the ends, A and B, The remaining illustrations show the instantaneous positions 
of the charges at regular intervals of 22,5° throughout a complete cycle. 

‘To the right of each instantaneous position of the charges are curves represent- 
ing the current and voltage at that particular time for any point on the antenna, 
For example, at time 7,,, the positive and negative charges are at points A and B on 
the antenna. The voltage between these points represents a maximum difference of 
potential. The current, being 90° out of phase in respect to the voltage, is every- 
where zero, These distribution curves are standing waves derived in the same man- 
ner as those covered in the previous paragraph. 

‘The next illustration shows the position of the charges at time 7). ‘The standing 
wave of current isa relative maximum at the center of the antenna. This current loop 
has nodes that remain at the ends of the antenna, and it is, therefore, 90° out of 
phase with the standing wave of voltage. 

AUT, and T,, the charges move closer together, and the standing wave of voltage 
slowly decreases in amplitude. Conversely, the current loop increases in magnitude. 
When the charges meet after 90° of the RF cycle (7,), the effect is that of having the 
positive and negative charges cancel. The voltage loop accordingly is zero every- 
where on the antenna, and the current loop rises to its maximum value, unimpeded 
by any charge on the antenna, 

Attime 7,, the charges have passed each other, each charge having maved past 
the center point of the antenna. The polarity of the voltage loops is reversed, and 
they build up in the opposite direction, keeping the node always at the center point 
of the antenna. The reversal of polarity is shown in the charge positions at 7, 7,, and 
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5-9 Voltage and current distribution in terms of positive and negative charges, 


convergence speed than LMS and NLMS 
algorithms. 


Signal ructure Reference 


Beamforming (SSRB) 


SSRB method is based on inherent 
structure of the transmit signal of the 
implicit kind reference signal. Algorithms 
such as blind beamforming, least squares, 
and constant modulus algorithms, are 
based on the SSRB method. SSRB method 
is robust against different propagation 
conditions and does not require the array 
manifold knowledge. But the convergence 
problem becomes the main drawback of 
the SSRB method 


VI. Conclusions 


In this paper we introduced the multi 
antenna technologies which canbe 
considered as one of the most vivid area of 
research, Multiple antenna technologies 
were categorized into two main groups 
where in the first group we introduced 
some techniques related to spatial 
diversity and spatial multiplexing by 
outlining the gain achieved by these 
schemes. Furthermore, we introduced the 
smart antenna techniques and the up-to- 
date research progress in this field. 

‘The advantages of multiple antenna 
systems make of them a very strong 
candidate to increase link reliability, 
increase channel capacity and reduce 
interference in both uplink and downlink, 
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T,, The separation of the charges also is accompanied by a decrease in the amplitude 
of the current loop. 

From 7, to T,, the charges move out to the ends of the antenna. During this time, 
the voltage loops increase and the current loops decrease in amplitude. At time T,, 
which occurs 180° after 7,, in the RF cycle, the charges have moved to opposite ends 
ofthe antenna, Compare the picture in 7, to the picture in 7,. It is seen that the neg- 
ative charge is now at point A and the positive charge at point B. Because the posi- 
tions of the charges have been reversed from, to T,, the voltage loops in T, are 180° 
out of phase, compared with the loops in 7, 

From T, to T;, in Fig. 5-10, the movement of the charges is shown in the oppo- 
site direction, the current loop reaching a maxinwum at 7,,. When the entire RF ey- 
cle is completed at time T,,, the charges have returned to the positions that they 
occupied at 7,, The distribution curves of voltage and current also are in their origi- 
nal conditions. The entire process then is repeated for each RF eycle. 

Standing waves of voltage and current ‘The distribution curves of the current 
and voltage are standing waves. This means that they are the resultants obtained by 
adding two traveling waves. The two traveling waves are associated with the positive 
and negative charges. ‘The wave caused by the negative charge can be called the in- 
cident wave and the wave caused by the positive charge the reflected wave. This, 
however, is clearer when the concept of negative and positive charges is used. 

‘The positive charge, taken at time 7, in Fig. 5-9, produces a traveling wave of 
voltage, shown by the dashed line in Fig, 5-14. The negative charge at the opposite 
end of the antenna produces an identical traveling wave (dash-dot curve). These 
two add together to produce the 7, voltage distribution curve, which is the resultant 
wave of Fig. 5-9A. Both of these waveforms are identical, being the standing wave 
of voltage at time T,, All of the following distribution curves of Fig. 5-11 are pro- 
duced in the same manner. They are the standing wave resultants caused by the 
traveling waves accompanying the charges. 

In Fig. 5-11B, each of the traveling waves has moved 45°, the positive traveling 
wave moving to the right and the negative traveling wave moving to the left, ‘This 
time corresponds to T, in Fig, 5-9. The standing wave produced corresponds to the 
voltage distribution curve at 7, The standing waves of current are produced in the 
same manner. The current curves at D, B, and F of Fig, 5-11 correspond to times 7, 
7, and T, of Fig, 5-9. 

Standing waves of voltage In Fig. 5-12A, voltage standing waves oceurring at 
different times are brought together on one axis, AB, representing a half-wave an- 
tenna. Essentially, these are the same curves shown progressively in Figs. 5-9 and 
5-10 as voltage distribution curves. They can be used to determine the voltage at any 
point on the antenna, at any instant of time. For example, if itis desired to know the 
variations of voltage occurring at point Y on the antenna aver the RF eycle, the vari- 
ations are graphed in respect to time, as shown in Fig, 5-12B. At 7,, the voltage at Y 
is maximum, From 7, through 7;, the voltage decreases, passing through zero at 7, 
‘The voltage builds up to a maximum in the opposite direction at 7, returning 
through zero to its original position from 7, to T,, 

Between 7, and T,,, therefore, an entire sine-wave cycle, ¥, is reproduced. This 
is also true of any other point on the antenna, with the exception of the node at X. 
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5-11 Standing waves of voltage and current 
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5-12. Standing waves of voltage at-a point on the antenna, 


‘The peak amplitude of the sine wave produced at any point depends on its position 
on the antenna, The nearer the point is to either end, the greater its peak amplitude. 

Standing waves of current The standing waves of current occurring at vari 
ous times through the RF cycle are assembled ona single axis in Fig, 5-13. This axis, 
AB, represents the half-wave antenna, If the current variations at point Y from 7), to 
7,, are graphed in respect to time, the result is the sine wave in Fig, 5-13B. This is 
true for any point along the antenna with the exception of the nodes at the ends. The 
current has its greatest swing at X, the center of the antenna. Comparison of the 
voltage variation curve (Fig. 5-12A) with the current variation curve (Fig. 5-13A) 
shows the voltage curve leading the current curve by 90° at ¥. This relation can be 
expected on any half-wave device 
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5-13, Standing waves of current at a point on the antenna. 


‘Measurement of standing waves In Fig, 5-14, the standing waves of voltage 
and current J are indicated along the antenna. There are current nodes at A and 2 
X. These standing waves are found on any half-wave antenna. 
fective value (0.707 of peak) of the ac signal can be used 
‘es present on the half-wave antenna. 


and a voltage node 
Atmeter that indicates the ¢ 
to measure the standing wa 


Velocity of propagation and antenna length 
romagnetic waves travel at a constant velocity of 300,000 km (or 


In free space, e 
approximately 186,000 mi) per second. The RF energy on an antenna, however 
moves at a velocity considerably less than that of the radiated energy in free space 
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5-14 Standing waves measured 
‘with a meter, 


because the antenna has a dielectric constant greater than that of free space. Because 
the dielectric constant of free space (air or vacuum) is approximately 1, a dielectric 
constant greater than 1 retards electromagnetic-wave travel. 

Because of the difference in velocity between the wave in free space and the 
wave on the antenna, the physical length of the antenna no longer corresponds to 
its electrical length. The antenna is a half-wavelength electrically, but somewhat 
shorter than this physically. This is shown in the formula for the velocity of electro- 
magnetic waves, 

Vafa [5.1] 


where Vis the velocity, f is the frequency, and is the wavelength. Since the fre- 
quency of the wave remains constant, a decrease in the velocity results in a decrease 
in the wavelength. Therefore, the wave traveling in an antenna has a shorter wave- 
length than the same wave traveling in free space, and the physical length of the an- 
tenna can be shorter 

‘The actual difference between the physical length and the electrical length of the 
antenna depends on several factors. A thin wire antenna, for example, has less effect 
on wave velocity than an antenna with a large cross section. As the circumference of 
the antenna increases, the wave velocity is lowered, as compared with its free-space 
velocity. The effect of antenna circumference on wave velocity is illustrated in the 
graph of Fig, 5-15. 

Other factors are involved that lower wave velocity on the antenna. Stray capaci- 
tance, for example, increases the dielectric constant andl lowers wave velocity. This ea- 
pacitance can be caused by the line connecting the antenna to the transmitter, the 
insulators used to give physical support to the antenna, or nearby objects made of 
metallic or dielectrie materials. The change in velocity resulting from stray capacitance 
is called end effect because the ends of the antenna are made farther apart electrically 
than they are physically. End effect is counteracted by making the physical length 
about 5 percent shorter than the electrical length, as expressed in the formula 


(5.2) 


where J is the physical length in feet and f is the frequency in megahertz, This for- 
mula is accurate for all practical purposes in determining the physical length of a 
half-wavelength antenna at the operating frequency. 
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‘The capacitive end effect also slightly changes the standing waves of voltage and 
current, When the standing waves are measured, itis found that the nodes have some 
turrent is necessary to charge the stray ea- 
of end effect. 


value and donot reach zero, because some 
pacitance, The standing waves measured in Fig, 5-16 show the re 
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5-16 Impedance along half-wave a 
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Resonance, resistance, and impedance 

‘The antenna is a circuit element having distributed constants of inductance, capaci- 
tance, and resistance, which can be made to form a resonant circuit. The half-wave 
antenna is the shortest resonant length of antenna. However, antennas which are 
two of more half-wavelengths can also be resonant, Such antennas are said to oper- 
ate on jatrmonies, If an antenna is four half-wavelengths at the transmitter fre- 
quency, it is being operated at the fourth harmonic of its lowest resonant frequency. 
In other words, this antenna is a half-wavelength at one-quarter of the frequency 
of operation. An antenna operating on the third harmonic is shown in Fig. 5-7. 

Resistance A current flowing in the antenna must contend with three kinds of 
resistance. With the antenna considered as a radiator of energy, the power expended 
in the form of radiation can be thought of as an /*R, loss. R, is called the rautiation 
resistance. With the antenna considered as a conductor, a certain amount of energy 
is dissipated in the form of heat. In this /*R, loss, R, is the ohmic resistance. There 
is also an J2R loss because of the leakage resistance of dielectric elements, such as 
insulators. This R usually is included in the ohmic resistance. 

‘The purpose of the antenna is to dissipate as much energy as possible in the 
form of radiation. The energy dissipated by the radiation resistance, therefore, is 
the useful part of the total power dissipated. Because the actual power loss depends 
on the ohmic resistance, this resistance should be kept as low as possible. In the half- 
wave antenna, the radiation resistance is large compared to the ohmic resistance, 
and most of the available energy is radiated. 'The half-wave antenna is, therefore, a 
very efficient radiator for most purposes, 

For a half-wave antenna fed at the center point, the radiation resistance is equal 
to 73 Q. The reference point is the center of the antenna at the time of peak eurrent 
flow. Ohmic resistance is referred to this point. The total resistance is of importance 
in matching the antenna to a transmission line. 

Impedance Because the half-wave antenna has different conditions of voltage 
and current at different points, and because impedance is equal to the voltage across 
a circuit divided by the current through it, the impedance will vary along the length 
of the antenna. If is divided by /at each point of the voltage and current curves in 
Fig. 5-16, the result is the impedance curve, Z. The impedance is about 73 Q at the 
center point and rises to a value of about 2500 Q at the ends. 

‘The impedance of the half-wave antenna usually is considered to be the imped- 
ance as seen by the transmitter at the input terminals. This impedance consists of 
both resistance and reactance. If the antenna is cut to a length of exact resonance, 
the reactance is zero and the impedance is purely resistive. However, if the antenna 
is longer or shorter than resonance, reactance is present, When the antenna is made 
shorter, capacitive reactance is present; when the antenna is made longer, inductive 
reactance is present. 

‘The impedance at the antenna input terminals is important in terms of power ef- 
ficiency, If the transmitter is feeding a nonresonant antenna, a power loss is caused 
by the reactive component of the antenna impedance. Conversely, if the frequency 
of the transmitter is changed, the electrical length of the antenna also changes. If the 
frequency is made somewhat higher, the electrical length is made greater, and in- 
ductive reactance is added to the impedance. If the frequency is lowered, the elec- 
trical length is shortened, and capacitive reactance is added to the impedance. 
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High-frequency 
dipole and other 
doublet antennas 


A MYTH AROSE IN RADIO COMMUNICATIONS CIRCLES SOME TIME AGO, PEOPLE CAME TO 
believe (especially in the ham and CB communities) that large antenna arrays are 
absolutely necessary for effective communications, especially over long distances, 
Overlooked, almost to the point of disdain, were effective (but simple) antennas that 
can be erected by inexperienced people and made to work well. The simple dipote, 
or doublet, is a case in point. This antenna is also sometimes called the Hertz, or 
hertzian, antenna because radio pioneer Heinrich Hertz reportedly used this form 
in his experiments. 

‘The half-wavelength dipole is a balanced antenna consisting of two radiators 
(Fig, 6-1) that are each a quarter-wavelength, making a total of a half-wavelength. 
The antenna is usually installed horizontally with respect to the earth’s surface, so it 
produces a horizontally polarized signal, 

In its most common configuration (Fig. 6-1), the dipole is supported at each end 
by rope and end insulators. The rope supports are tied to trees, buildings, masts, or 
some combination of such structures. 

The length of the antenna is a half-wavelength. Keep in mind that the physical 
length of the antenna, and the theoretical electrical length, are often different by 
about 5 percent. A free-space half-wavelength is found from 


492, 


Ina perfect antenna, that is self-supported many wavelengths away from any ob- 
ject, Eq. 6.1 will yield the physical length. But in real antennas, the length calculated 
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6-1 Simple half-wave dipole antenna 


above is too long, The average physical length is shortened by up to about 5 percent 
because of the velocity factor of the wire and capacitive effects of the end insulators, 
A more nearly correct approximation (remember that word, it's important) of a 
half-wavelength antenna is, 


ft [6.2] 


where 


Lis the length of a half-wavelength radiator, in feet 


Fy, i the operating frequency, in megahertz 


Example Calculate the approximate physical length for a hal-wavelength di- 
pole operating on a frequeney of 7.25 MHz 
Solution: 


468.9 


‘ute 


468 


fi = 64.55 ft 


or, restated another way: 


L = 64.6.6 in 


Itis unfortunate that a lot of people accept Eq. 6.2 as a universal truth, a kind of 
immutable law of The Universe. Perhaps abetted by books and articles on antennas 
that fail to reveal the full story, too many people install dipoles without regard for 
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reality. The issue is resonance. An antenna is a complex RLC network. At some fre- 
quency, it will appear like an inductive reactance (X = +/X,), and at others it will 
appear like a capacitive reactance (¥ = —jX,). At a specific frequency, the reac- 
tances are equal in magnitude, but opposite in sense, so they cancel each other out: 
X,—X,= 0. At this frequency, the impedance is purely resistive, and the antenna is 
said to be resonant, 

‘The goal in erecting a dipole is to make the antenna resonant at a frequency that is 
inside the band of interest, and preferably in the portion of the band most often used by 
the particular station, Some of the implications of this goal are covered later on, but for 
the present, assume that the builder will have to customt-tailor the length of the an- 
tenna. Depending on several local factors (among them, nearby objects, the shape of 
the antenna conductor, and the length/diameter ratio of the conductor) it might prove 
necessary to add, or trim, the length a small amount to reach resonance. 


The dipole feedpoint 


‘The dipole is a half-wavelength antenna fed in the center. Figure 6-2 shows the volt- 
age (V) and current (J) distributions along the length of the half-wavelength radia- 
tor element. The feedpoint is at a voltage minimum and a current maximum, so you 
can assume that the feedpoint is a current antinode. 


At resonance, the impedance of the feedpoint is R, = VJ. There are two resis- 
tances that make up R,,. The first is the ohmic losses that generate nothing but heat 
when the transmitter is turned on. These ohmic losses come from the fact that con- 
ductors have electrical resistance and electrical connections are not perfect (even 
when properly soldered). Fortunately, ina well-made dipole these losses are almost 
negligible. The second contributor is the radiation resistance R, of the antenna, 
‘This resistance is a hypothetical concept that accounts for the fact that RF power is 
radiated by the antenna. The radiation resistance is the fictional resistance that 
‘would dissipate the amount of power that is radiated away from the antenna, 


— 25000 
(end) 
6-2 Graph of current, voltage, 4 ~ 
and impedance along, 
half-wavelength dipole. - rit 
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For example, suppose we have a large-diameter conductor used as an antenna, 
and it has negligible ohmic losses. If 1000 W of RF power is applied to the feedpoint, 
and a current of 3.7 A is measured, what is the radiation resistance? 


[6.3] 


[6.4] 


16.5] 


It is always important to match the feedpoint impedance of an antenna to the 
transmission-line impedance. Maximum power transfer always occurs (in any sys- 
tem) when the source and load impedances are matched. In addition, if some applied 
power is not absorbed by the antenna (as happens in a mismatched system), then 
the unabsorbed portion is reflected back down the transmission line toward the 
transmitter. This fact gives rise to standing waves, and the so-called standing wave 
ratio (SWR or VSWR) discussed in Chap. 3. This is a problem to overeome. 

Matching antenna feedpoint impedance seems to be simplicity itself because the 
free-space feedpoint impedance of a simple dipole is about 73 Q, seemingly a good 
match to 75- coaxial cable, Unfortunately, the 73-2 feedpoint impedance is almost 
a myth. Figure 6-3 shows a plot of approximate radiation resistance (R,) versus 
height above ground (as measured in wavelengths). As before, we deal in approxi- 
mations in Fig. 6-3; in this case, the ambiguity is introduced by ground losses. 

Despite the fact that Fig. 6-3 is based on approximations, you can see that radi- 
ation resistance varies from less than 10 Q, to around 100 2, as a function of height. 
At heights of many wavelengths, this oscillation of the curve settles down to the free- 
space impedance (72 2). At the higher frequencies, it might. be possible to install a 
dipole at a height of many wavelengths. In the 2-m amateur radio band (144 to 148 
MHz), one wavelength is around 6.5 ft (e,, 2 mx 3.28 ft/m), so “many wavelengths” 
is relatively easy to achieve at reasonably attainable heights. In the 80-m band (8.5 
to 4.0 MHz), however, one wavelength is on the order of 262 ft, so “many wave- 
lengths” is a practical impossibility. 

‘There are three tactics that can be followed. First, ignore the problem alto- 
gether. In many installations, the height above ground will be such that the radiation 
resistance will be close enough to present only a slight impedance mismatch to a 
standard coaxial cable, The VSWR is calculated (among other ways) as the ratio: 


1.Z,>R; 
VSWR 


- 16.6] 
z i 
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vswr - 2 [6.7] 
Zz ‘ 
where 


Z, is the coaxial-cable characteristic impedance 
A, is the radiation resistance of the antenna 


Consider an antenna mounted at a height somewhat less than a quarter-wave- 
length, such that the radiation resistance is 60 Q. Although not recommended as 
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ood engineering practice (there are sometimes practical reasons) it is nonetheless 
necessary to install a dipole at less than optimum height. So, if that becomes neces- 


sary, What are the implications of feeding a 60-Q antenna with either 52- or 75-Q 
standard coaxial cable? Some calculations are revealing: 
For 75-Q coaxial eable: 
4, 
VSWR =F 16.8] 
16.9) 
For 52- coaxial eable: 
[6.10] 
(6.11) 


In neither case is the VSWR created by the mismatch too terribly upsetting. 

‘The second approach is to mount the antenna at a convenient height, and use an 
impedance matching scheme to reduce the VSWR. In Chap. 23, you will find infor- 
mation on various suitable (relatively) broadbanded impedance matching methods 
including Q-sections, coaxial impedance transformers, and broadband RF trans- 
formers. “Homebrew” and commercially available transformers are available to cover 
most impedance transformation tasks. 

‘The third approach is to mount the antenna at a height (Fig. 6-3) at which the 
expected radiation resistance crosses a standard coaxial cable characteristic imped- 
ance. The best candidate seems to be a height of a half-wavelength because the ra- 
diation resistance is close to the free-space value of 72 Q, and is thus a good match 
for 75-2 coaxial cable (such as RG-L1/U or RG-59/U). 


The dipole radiation pattern 


‘The radiation patterns of various antennas are covered in this book. Some basic the- 
ory of patterns is repeated at each section, not to fill space, but rather to drive home 
a point and refresh reader memories. We keep harking back to the concepts direc- 
tivity and gain (which are actually different expressions of the same thing). 
Antenna theory recognizes a point of reference called the isotropic radiator 

‘This device is a theoretical construct consisting of a spherical point source of RF ra- 
diation in all directions (see Chap. 2). It is truly omnidirectional (“all directions 
because it creates an ever-expanding sphere as the RF wavefront propagates out- 
ward, Antenna gain is a measure of how the antenna focuses available power away 
from a spherical wavefront to a limited number of directions (two, in the case of the 
dipole). Thus are related the concepts directivity and gain. 
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Always keep in mind that directivity and gain are specified in three dimen- 
sions. Too many times, people simplify the topic too much by publishing only part of 
the radiation pattern (azimuth aspect). In other words, the reader is given a pattern 
viewed from above that shows the directivity in the horizontal plane. But a signal 
does not propagate away from an antenna in an infinitely thin sheet, as such presen- 
tations seem to imply; rather, it has an elevation extent in addition to the azimuth 
extent. Thus, proper evaluation of an antenna takes into consideration both hori- 
zontal and vertical plane patterns, 


Figure 6-4 shows the radiation pattern of a dipole antenna in free space “in the 
round.” In the horizontal plane (6-4A), when viewed from above, the pattern is a “figure 
Antenna 


End view of 
vertical plane 
(rotated 90° 
from solid figure) 
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‘Top view of 
horizontal plane 
(rotated 90° 
from solid figure) 


6-4. Idealized dipole radiation pattern 
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8° that exhibits bidirectional radiation. Two main “lobes” contain the RF power from the 
transmitter, with sharp nulls of little or no power off the ends of the antenna axis. This 
pattern is the classical dipole pattern that is published in most antenna books. 

Also shown, however, is the vertical plane pattern for a dipole antenna in free 
space, Note that when sliced in this aspect the radiation pattern is circular (Fig, 6-4B). 
When the two patterns are combined in the round, you can see the three-dimenstonal 
doughnut-shaped pattern (Fig, 6-4C) that most nearly approximates the true pattern 
of an unobstructed dipole in free space 

When a dipole antenna is installed close to the earth's surface, not in free space, 
as is the case at most stations, the pattern is distorted from that of Fig. 6-4. Two ef- 
fects must be taken into consideration. First, and most important, is the fact that the 
signal from the antenna is reflected from the surface and bounces back into space. 
‘This signal will be phase-shifted both by the reflection and by the time required for 
the transit to occur. At points where the reflected wave combines in phase with the 
radiated signal, the signal is reinforced; in places where it combines out of phase, the 
signal is attenuated. Thus, the reflection of the signal from the ground alters the pat- 
tern from the antenna. The second factor is that the ground is lossy, so not all of the 
signal is reflected; some of it heats the ground underneath the antenna. Thus, the 
signal is attenuated at a greater rate than the inverse square law, so it further alters 
the expected pattern, 

Figure 6-5 shows patterns typical of dipole antennas installed close to the earth's 
surface. The views in this illustration correspond to Fig, 6-4B, in that they are look- 
ing at the vertical plane from a line along the antenna axis. Therefore, the antenna is 
represented by R in each case shown. Figure 6-5A shows the case for a dipole 
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6-5 Vertical extent of dipole antenna at (A) 4 wavelength, (B) % wavelength, and (C) 4 wavelength 


above ground. 
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installed at 1/8 wavelength above the surface. For this antenna, most of the RF en- 
ergy is radiated almost straight up (not very useful). This type of antenna is basically 
limited to ground wave and very short skip (when available). The second case (Fig. 
6-5B) shows the pattern when the antenna is a quarter wavelength above the earth's 
surface, Here the pattern is flattened, but it still shows considerable energy in the 
vertical direction (where it is useless). Finally, you can see the pattem obtained 
when the antenna is installed a half-wavelength above the surface. In this case, the 
pattern is best for long-distance work because energy is redirected away from 
straight-up into lobes at relatively shallow angles. 


‘Tuning the dipole antenna 
‘There are two issues to address when tuning an antenna (any antenna, not just the 
dipole): resonance and impedance matching. Although frequently treated in the 
literature as the same issue, they are not. This seetion deals mostly with the process 
of tuning the antenna to resonance. Although not all forms of antenna are resonant, 
the dipole is an example of a resonant antenna, 

‘There is a lot of misinformation abroad concerning the tuning of antennas. Per- 
haps much of what is believed comes from the fact that VSWR is used as the indi- 
cator of both impedance matching and resonance. Quite a few people honestly, but 
erroneously, believe that the VSWR can be “tuned out” by adjusting the length of 
the feedline. That myth probably derives from the fact that voltage or current sens- 
ing instruments are used for VSWR measurement, and these are affected by trans- 
mission line length. But that fact is caused by a weakness in the instruments, not by 
radio physics. 

‘There is only one proper way to tune a dipole antenna: adjust the length of the 
antenna elements, not the transmission line. It was in order to make these adjust- 
ments that we purposely dic not initially tell you to solder the electrical connections 
at the center insulator. 

Resonance The indicator of resonance is the minimum point in the VSWR 
curve. Figure 6-6 shows a graph of VSWR vs, frequency for several different cases. 
Curve 4 represents a disaster: a high VSWR all across the band. The actual value of 
VSWR can be anything from about 3.5:1 to 10:1, or thereabouts, but the cause is 
nonetheless the same: the antenna is either open or shorted; or it is so far off reso- 
nance as to appear to be open or shorted to the VSWR meter. 

Curves B and C represent antennas that are resonant within the band of inter- 
est, Curve B represents a broadbanded antenna that is relatively flat all across the 
band and does not exhibit excessive VSWR until the frequency is outside of 
the band. Curve C is also resonant within the band, but this antenna has a much 
higher Q than curve B. In the naive sense, the broadbanded antenna is best, but 
that statement is true only if the broadness is not purchased at the expense of 
efficiency, Losses tend to broaden the antenna, but also reduce its effectiveness, 
So, if broad bandedness is purchased at the risk of increased loss, then it is less 
than desirable 

Curves D and £ are resonant outside the band of interest. The curve marked D 
is resonant at a frequency on the low side of the band, so the dipole is too long. In 
this case, you need to shorten the antenna a bit to raise the resonant point inside 
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6-6 VSWR versus frequency for several cases. 


the band. Curve £ represents an antenna that is resonant outside the upper limit 
of the band, so this antenna is too short, and must be lengthened. Because this sit- 
uation is possible, the antenna elements are typically made longer than needed 
when they are first cut 

How much to cut? That depends on two factors: how far from the desired fre- 
quency the resonant point is found, and which band is being used. ‘The latter re- 
quirement comes from the fact that the “frequency per unit length” varies from 
one band to another. Look at an example of how to calculate this figure. The pro- 
cedure is simple: 


1. Calculate the length required for the upper end of the band. 

2. Caleulate the length required for the bottom end of the band. 

3. Caleulate the difference in lengths for the upper andl lower ends of the band. 

4. Calculate the width of the band in kilohertz by taking the difference between 
the upper frequency limit and the lower frequency limit. 

5. Divide the length difference by the frequency difference; the result is in kilo- 
hertz per unit length. 


Example 6-1 ¢: 
for 15 m. 
Solution For 80 m (3.5 to 4.0 MHz) 


lculate the frequency change per unit of length for 80 and 
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= 138.7 8 


8, Difference in length: 133.7 ft 117 ft = 16.7 ft 
4, Prequency difference: 4000 kHz —3500 kHz = 500 kHz 
frequency 500 kHz, 


5. Calculate TF jengin * rer a = 30 Hat 


Por 15 m (21.0 ~ 21.45 MHz): 
468 


1 fg= GOR ang 
2. Lg= BS = 22.20 8 


3, Difference in length: 22.29 ft - 21.82 ft = 0.47 ft 
4, Convert to inches: 0.47 ft x 12 in/ft = 5.64 in 
5, Prequency difference: 21,450 kHz — 21,000 kHz = 450 kHz. 
frequency 450 kHz 
unit length © 5.64 in 
At 80 m, the frequency change per foot is small, but at 15 m small changes can 
result in very large frequency shifts. You can calculate approximately how much to 
add (or subtract) from an antenna under construction from this kind of calculation. 
If, for example, you design an antenna for the so-called “net frequency” on 15 m 
(21,390 kHz), and find the actual resonant point is 21,150 kHz, the frequency shift 
required is 21,390 — 21,150, or 240 kHz. To determine how much to add or subtract 
(asa first guess) 


6, Calculate = 80 kHain 


1. The factor for 15 mis 80 kHa/in, which is the same as saying 1 inv80 kHz 
2, ‘The required frequeney shift is 240 kHz. 
3, Therefore: 

Lin 


ea =2. —tin_ 
Length change = 240 kilz x = 16.12] 


Bin [6.13] 


Each side of the antenna must be changed by half of the length calculated above, 
or 1.5 in, Because the first resonant frequency is less than the desired frequency, the 
length should be shortened 1.5 in. Once the length is correct, as proven by the VSWR 
curve, the connections at the center insulator are soldered and made permanent, 
and the antenna rehoisted to the operating level. 

Impedance matching ‘The difference between resonance and impedance 
matching is seen in the value of the VSWR minimum, While the minimum indicates 
the resonant point, its value is a measure of the relationship between the feedpoint 
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impedance of the antenna and the characteristic impedance of the transmission line, 
Earlier in this chapter you learned that 


1.Z,>R; 
VSWR [6.14] 
2.Z,<R; 
(6.15) 
where 


Z, is the coaxial-cable characteristic impedance 
R, is the radiation resistance of the antenna 


Although knowledge of the VSWR will not show which situation is true, you ean 
know that there is a high probability that ove of them is true, and you can experi- 
‘ment to find which is the case, Of course, if the VSWRis less than about 1.5:1 or 2:1 
then forget about it—the improvement is not generally worth the expense and cost. 
When coupled to a transmitter that is equipped with the tunable output network 
(most tube-type transmitters or final amplifiers), then it can accommodate a rela- 
tively wide range of reflected antenna impedances. But modern solid-state final am- 
plifiers tend to be a little more picky about the load impedance. For these 
transmitters, a coax-to-coax antenna tuning unit (ATU) is needed. 


Other dipoles 


‘Thus far, the dipoles covered in this chapter have been the classic form, in which a 
half-wavelength single-conductor radiator element is connected to a coaxial trans- 
mission line, This antenna is typically installed horizontally at a half-wavelength 
above the earth's surface (or wherever convenient if that is impossible). This section 
looks at other forms of the dipole, Some of these dipoles are in every way the equal 
of the horizontal dipole, and others are basically compensation antennas in that they 
are used when a proper dipole is not practical. 


Inverted-vee dipole 
‘The inverted-vee dipole is a half-wavelength antenna fed in the center like a dipole. 
By the rigorous definition, the inverted-vee is merely a variation on the dipole 
theme, But in this form of antenna (Fig, 6-7), the center is elevated as high as possi- 
ble from the earth’s surface, but the ends droop to very close to the surface, Angle a 
can be almost anything convenient, provided that a > 90 degrees; typically, most in- 
verted-vee antennas use an angle of about 120 degrees. Although essentially a corm 
pensation antenna for use when the dipole is not practical, many operators believe 
that itis essentially a better performer on 40 and 80 m in cases where the dipole can- 
not be mounted at a half-wavelength (64 ft or 80) 

By sloping the antenna elements down from the horizontal to an angle (as shown 
in Fig. 6-7), the resonant frequency is effectively lowered. Thus, the antenna will 
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6-7 Inverted-vee dipole. 


need to be shorter for any given frequency than a dipole. There is no absolutely rig- 
orous equation for calculation of the overall length of the antenna elements. Al- 
though the concept of “absolute” length does not hold for regular dipoles, it is even 
less viable for the inverted-vee, There is, however, a rule of thumb that can be fol- 
lowed for a starting point: Make the antenna about 6 percent shorter than a dipole 
for the same frequency. The initial cut of the antenna element lengths (each quarter 
wavelength) is 


ft 6.16) 
Fate me) 

After this length is determined, the actual length is found from the same cut- 
and-try method used to tune the dipole in the previous section, 

Bending the elements downward also changes the feedpoint impedance of the 
antenna and narrows its bandwidth. Thus, some adjustment in these departments is 
in order. You might- want to use an impedance matching scheme at the feedpoint, or 
an antenna tuner at the transmitter. 


Sloping dipole (“sloper” or “slipole”) 
The sloping dipole (Fig, 6-8) is popular with those operators who need a low angle 
of radiation, and are not overburdened with a large amount of land to install the 
antenna, This antenna is also called the sloper and the slipole in various texts. ‘The 
author prefers the term “slipole,” in order to distinguish this antenna from a sloping 
vertical of the same name. Whatever it is called, however, it is a half-wavelength di- 
pole that is built with one end at the top of a support, and the other end close to the 
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dt 


6-8 “Slipole” or “sloper.” 


ground, and being fed in the center by coaxial cable. Some of the same comments as 
obtained for the inverted-vee antenna also apply to the sloping dipole, so please see 
that section also. 

Some operators like to arrange four sloping dipoles from the same mast such 
that they point in different directions around the compass (Fig, 6-9). A single four- 
position coaxial cable switch will allow switching a directional beam around the eom- 
pass to favor various places in the world. 


Broadbanded dipoles 
One of the rarely discussed aspects of antenna construction is that the length/diame- 
ter ratio of the conductor used for the antenna element is a factor in determining the 
bandwidth of the antenna. In general, the rule of thumb states that large erass-sec- 
tional area makes the antenna more broadbanded. In some cases, this rule suggests 
the use of aluminum tubing instead of copper wire for the antenna radiator. On the 
higher-frequency bands that is a viable solution. Aluminum tubing ean be purchased 
for relatively small amounts of money, and is both lightweight and easily worked with 
ordinary tools. But, as the frequency decreases, the weight becomes greater because 
the tubing is both longer and (for structural strength) must be of greater diameter 
On 80 m, aluminum tubing is impractical, and at 40 m it is nearly so. Yet, 80 mis a sig- 
nificant problem, especially for older transmitters, because the band is 500 kHz wide, 
and the transmitters often lack the tuning range for the entire band, 

Some other solution is needed, Here are three basic solutions to the problem of 
wide-bandwidth dipole antennas: folded dipole, bowtie dipole, and cage dipole. 
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6-9 Directional antenna made 
(Top view) of four slopers (top view). 


Figure 6-10A shows the folded dipole antenna. This antenna basically consists 
of two half-wavelength conductors shorted together at the ends and fed in the mid- 
dle of one of them. The folded dipole is most often built from 300-Q television an- 
tenna twin-lead transmission line. Because the feedpoint impedance is nearly 300 Q, 
the same type of twin lead can also be used for the transmission line. The folded di- 
pole will exhibit excellent wide-bandwidth properties, especially on the lower bands 

A disadvantage of this form of antenna is that the transmitter has to match the 
300-Q balanced transmission line, Unfortunately, most modern radio transmitters 
are designed to feed coaxial-cable transmission line. Although an antenna tuner can 
be placed at the transmitter end of the feediine, itis also possible to use a 4:1 balun 
transformer at the feedpoint (Fig. 6-108). This arrangement makes the folded dipole 
reasonable match to 52- or 75-Q coaxial-cable transmission line. 

Another method for broadbanding the dipole is to use two identical dipoles fed 
from the same transmission line, and arranged to form a “bowtie” as shown in Fig. 6-11 
‘The use of two identical dipole elements on each side of the transmission line has the 
effect of increasing the concluctor cross sectional area so that the antenna has a slightly 
improved lengthvdiameter ratio. 

‘The bowtie dipole was popular in the 1930s and 1940s, and became the basis for 
the earliest television receiver antennas (TV signals are 3 to 5 MHz wide, so they require 
a broadbanded antenna). It was also popular during the 1950s as the so-called Wonder 
Bar antenna for 10 m. It still finds use, but it has faded somewhat in popularity. 

‘The cage diople (Fig. 6-12) is similar in concept, if not construction, to the 
bowtie. Again, the idea is to connect several parallel dipoles together from the same 
transmission line in an effort to increase the apparent cross-sectional area. In the 
case of the cage dipole, however, spreader disk insulators are constructed to keep 
the wires separated. The insulators can be built from plexiglass, lucite, or ceramic. 
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6-10B Folded dipole fed with coaxial cable, 
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6-11 Bowtie dipole 
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6-12 Cage dipole. 


They can also be constructed of materials such as wood, if the wood is properly 
treated with varnish, polyurethene, or some other material that prevents it from be- 
coming waterlogged. The spreader disks are held in place with wire jumpers (see in- 
set to Fig, 6-12) that are soldered to the main element wires, 

Atactic used by some builders of both bowtie andl cage dipoles is to make the el- 
ements slightly different lengths. This “stagger tuning” method forces one dipole to 
favor the upper end of the band, and the other to favor the lower end of the band. 
‘The overall result is a slightly flatter frequency response characteristic across the 
entire band. On the cage dipole, with four half-wavelength elements, it should be 
possible to overlap even narrower sections of the band in order to create an ever 
flatter characteristic. 


Shortened coil-loaded dipoles 

‘The half-wavelength dipole is too long for some applications where real estate is at a 
premium, The solution for many operators is to use a coil-loaded shortened dipole 
suich as shown in Fig. 6-13, A shortened dipole (i., one which is less than a half- 
wavelength) is capacitive reactance. There is no reason why the loading coil cannot 
be any point along the radiator, but in Figs. 6-13A and 6-13B they are placed at 0 per- 
cent and 50 percent of the element: length, respectively. The reason for this proce- 
dure is that it makes the calculation of coil inductances easier, and it also represents 
the most common practice. 

Figure 6-13C shows a table of inductive reactances as a function of the per- 
centage of a half-wavelength, represented by the shortened radiator. Itis likely that 
the percentage figure will be imposed on you by the situation, but the general rule 
is to pick the largest figure consistent with the available space. For example, sup- 
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6-13, Shortened or loaded dipole. (A) inductors at feedpoint; (B) inductors midway along elements, (C) 
‘chart of reactances for coils; (D) commercially available coils; () homemade coil based on commer 
cial coil stack. 
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pose you have about 40 ft available for a 40-m antenna that normally needs about 
65 ft for a half-wavelength. Because 39 ft is 60 percent of 65 ft, you could use this 
value as the design point for this antenna. Looking on the chart, a 60 pereent an- 
tenna with the loading coils at the midpoint of each radiator element wants to see 
an inductive reactance of 700 ©. You can rearrange the standard inductive reac- 
tance equation (X, = 6.28 FL) to the form 


X, x10 
628F 


6.17] 


where 


Ly, i8 the required inductance, in microhenrys 
Fils the frequency, in hertz (Hz) 
‘is the inductive reactance calculated from the table in Pig, 6-13C. 


Example 6-2 Calculate the inductance required for a 60 percent antenna op- 
erating on 7.25 MHz. The table requires a reactance of 700 Q for a loaded dipole with 
the coils in the center of each element (Fig, 6-15B) 

Solution: 


x 108 


wt SBF 16.18] 
_ (700) 40% 
* (6.28) (7,250,000) (6.19) 
7x 108 
“Gesu 16.20] 
=154uH 16.21] 


‘The inductance calculated above is approximate, and it might have to be altered 
by cut-and-try methods. 

‘The loaded dipole antenna is a very sharply tuned antenna, Because of this fact, 
you must either confine operation to one segment of the band, or provide an antenna 
tuner to compensate for the sharpness of the bandwidth characteristic. However, ef- 
ficiency drops, markedly, far from resonance even with a transmission line tuner. 
‘The function of the tuner is to overcome the bad effects on the transmitter, but it 
does not alter the basic problem. Only a variable inductor in the antenna will do that 
trick (at least one commercial loaded dipole once used a motor-driven inductor at 
the center feedpoint), 

Figures 6-13D and E show two methods for making a coil-loaded dipole antenna. 
Figure 6-18D shows a pair of commercially available loading coils especially designed 
for this purpose. The ones shown here are for 40 m, but other models are also avail- 
able. The inductor shown in Fig. 6-13E is a section of commercial coil stock con- 
nected to a standard end or center insulator. No structural stress is assumed by the 
coil—all forces are applied to the insulator, which is designed to take it. 
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Inductance values for other length antennas can be approximated from the 
graph in Fig. 6-14. This graph contains three curves for coil-loaded, shortened 
dipoles that are 10, 50, and 90 percent of the normal half-wavelength size. Find 
the proposed location of the coil, as a percentage of the wire element length, along 
the horizontal axis. Where the vertical line from that point intersects with one of the 
three curves, that intersection yields the inductive reactance required (see along 
vertical axis). Inductances for other overall lengths can be “rough-guessed” by in- 
terpolating between the three available curves, and then validated by eut and try. 


Tunable dipoles 

Dipoles are resonant antennas, so they naturally tend to prefer one frequency over the 
others. The VSWR will be quite low at the resonant point (assuming no feediine mis- 
match problems), and will rise at frequencies above and below resonance. If the an- 
tenna is a high-@ model, then the effect is quite profound, and it might render the 
antenna nearly useless at frequencies on the other end of the same band (especially 
where moclern transmitters equipped with VSWR shutdown circuitry are used). Figure 
6-15 shows a method for overcoming this problem. Here is how it works, 

‘An antenna that is too long for the desired resonant frequency will act induc- 
tively (Le,, it will show a feedpoint impedance of the form Z = R + JX, ). To counter- 
act the inductive reactance component +/X,, itis necessary to add a bit of capacitive 
reactance ~,.This approach is taken in tuning certain antenna forms and it can be 
used with dipoles to make the antenna tunable over a range of about 15 percent of 
the frequency. 

‘The tunable dipole of Fig, 5-16 is longer than other dipoles and it has an overall 
length of 


505 


L 
Fs 


(6.22) 


Note that the velocity constant is 505, rather than the 468 that is used with or- 
dinary dipoles. 

‘The required capacitive reactance, which is used to electrically shorten the an- 
tenna, is provided by C,. In one effective design that I've tested, the capacitor was a 
500-pF transmitting variable type. When the Heath Company was making kits, they 
offered an antenna tuner based on this idea. It was a motor-driven 500-pF variable 
capacitor inside of a weather-resistant metal-shielded case. The Heath tuner can be 
used on inverted vees and dipoles (if a center support is provided). A low-voltage 
(which is necessary for safety reasons) de motor drives the shaft of the capacitor to 
tune the antenna to resonance. 


Stacked dipoles 
Figure 6-16 shows a double dipole (.e., two half-wavelength dipole antennas 
spaced a half-wavelength apart). ‘The transmission lines are connected in parallel at 
the receiver. This antenna provides about 3-dB gain over a single dipole, and it adds 
a bit of fade protection because two side-by-side antennas provide a bit of space di- 
versity (see the end of Chap. 2 for information on diversity reception) 
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6-15. Blectrically reducing the length of a dipole antenna by placing a capacitor at the feedpoint 
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6-16 Phased dipoles provide a 3-4B gain over single dipole. 


‘The two dipoles are supported by a common structure consisting of ropes (R) 
and end insulators (1) to support masts on the ends. In the center, a half-wavelength 
space is taken up by a rope so that the structure is maintained, The space is deter- 
mined by 


492 
Space, [6.23] 
Pye 
and, for the dipoles, 
Length... [6.24] 
Prow 


The stacked dipole gets a bit lengthy on low-frequency bands, but is easily 
achievable by most people on the upper HF bands. 
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‘The feedlines for the two dipoles can be connected directly in parallel and fed 
from the transmitter, provided that the antenna tuning unit will support one-half the 
normal expected impedance. Alternatively, a box can be provided that ineludes a 
matching transformer for 1:2 ratio. These can be built like a balun transformer on a 
toroidal core. A trifilar winding is used. Alternatively, a phasing box can be built that 
will allow altering the directionality of the antenna by 90°. This is done by using the 
switching circuit to reverse the sense of Ly. 


Off-center-fed full-wave doublet (OCED) antennas 


An antenna that superficially resembles the Windom is the off-centerfed doublet 
(OCFD) antenna of Fig. 6-17. It is a single-band antenna, although at harmonies it 
will begin to act as a resonant, standing wave, longwire antenna. The overall length 
is one wavelength long: 


16.25] 


‘This antenna works best at heights of at least 2/2 above ground, so practical con- 
sidlerations limit it to frequencies above about 10 MHz (1., 30-m band). The feed- 
point of the antenna is placed at a distance of 4/4 from one end, and is a good match 
for 75-Q coaxial cable, A 1:1 balun transformer at the feedpoint is highly recom- 
mended, The pattern of a 1. antenna is a four-lobe “cloverleaf,” with the major lobes 
being about: 53° from the wire. The gain is about 1 dB. 
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6-17 Off-center-fed L-vire antenna. 
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Off-center-fed nonresonant sloper (OCFS) 


Perhaps more viable for many people is the nonresonant off-center-fed sloper 
(OCFS) antenna of Fig. 6-18, This antenna consists of a wire radiator that must be 
longer than 32/2 at the lowest frequency of operation. The feedpoint is elevated at 
least 4/4 above ground at the lowest operating frequency. The antenna is fed with 
75-Q coaxial cable. The shield of the coax is connected to a W/4 resonant radial 
(counterpoise ground). There should be at least one radial (more is better) per band 
of operation, 

‘The far end of the radiator element is sloped to ground, where itis terminated in, 
a 270-2 noninductive resistor. The resistor should be able to dissipate up to one- 
third of the power level applied by the transmitter. 


Double extended Zepp antenna 


‘The double extended Zepp antenna (Fig. 6-19) provides a gain of about 2 dB over a 
dipole at right angles to the antenna wire plane. It consists of two sections of wire, 
each one of a length, 

600 

F, 
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Deseo [6.26] 
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6-18 Terminated sloper antenna 
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6-19 Double extended Zepp antenna, 


‘Typical lengths are 20.7 ft-on the 10-m band, 28 ft on the 15-m band, 42 ft on the 
20-m band, and 84 ft on the 40-m band, 

‘The double extended Zepp antenna can be fed directly with 450-0 twin lead, es- 
pecially if a balanced antenna tuner is available at the receiver. Alternatively, it can 
be fed from a quarter-wavelength matching section (made of 450-Q twin lead, or 
equivalent open air parallel line), as shown, and a balun if coax is preferred. The 
length of the matching section should be 


ge 16.27] 
se 

‘The double extended Zepp will work on several different bands. For example, a 

20-m-band double extended Zepp will work as a Zepp on the design band, a dipole on 

frequencies below the design band, and as a four-lobed cloverleaf antenna on fre- 


quencies above the design band. 


Collinear “Franklin” array antenna 


Perhaps the cheapest approach to very serious antenna gain is the collinear Franklin 
array shown in Fig, 6-20. This antenna pushes the dipole and double extended Zepp 
concepts even farther, It consists of a half-wavelength dipole that is center-fed with a 
4:1 balun and 75-2 coaxial cable, At each end of the dipole, there is a quarter-wave- 
length phase reversal stub that end-feeds another half-wavelength element, Each el- 
ement is a half-wavelength (7/2) long, and its length ean be calculated from 


[6.28] 


vole 


F, 


‘The phase reversal stubs are a quarter-wavelength long, or one half the length caleu- 
lated by Eq. 6.28. 
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6-20, Wire collinear antenna. 


‘The version of the “Collinear” shown in Fig, 6-20 has a gain of about 3 dB. There 
is no theoretical reason why you can't extend the design indefinitely, but there is a 
practical limit set by how much wire can be held by your supports, and how much 
real estate you own. A 4.5-dB version can be built by adding another half-wavelength 
section at each end, with an intervening quarter-wavelength phase reversal stub in 
between each new section, and the preceding section. Once you get longer than five 
half-wavelengths, which provides the 4.5-dB gain, the physical size becomes a bit of 
a bother for most folks 


The TCFTED dipole 


‘The tilted, center-fed, terminated, folded dipole (TCFTED, also called the T'FD or 
‘TTFD) isan answer to both the noise pickup and length problems that sometimes af- 
fect other antennas. For example, a random-length wire, even with antenna tuner 
will pick up considerable amounts of noise. A dipale for 40 m is 66 ft long. 

‘This antenna was first deseribed publicly in 1949 by Navy Captain C. L. Coun- 
tryman, although the U.S. Navy tested it for a long period in California during World 
War Il. The TCFTFD can offer claimed gains of 4 to 6 dB over a dipole, depending on 
the frequency and design, although 1 to 3 dB is probably closer to the mark in prac- 
tice, and less than 1 dB will be obtained at some frequencies within its range (espe- 
cially where the resistor has to absorb a substantial portion of the RF power). The 
main attraction of the TCFTFD is not its gain, but rather its broad bandedness. 

In addition, the TCFTFD can also be used at higher frequencies than its design 
frequency. Some sources claim that the TCFTFD can be used over a 5 or 6:1 fre- 
queney range, although my own observations are that 4:1 is more likely, Nonetheless, 
a 40-m antenna will work over a range of 7000 to 25,000 kHz, with at least some de- 
cent performance up into the 11-m Citizen's Band (27,000 kHz), 

‘The basic TCFTFD (Fig. 6-21) resembles a folded dipole in that it has two par- 
allel conductors of length L, spaced a distance WV apart, and shorted together at the 
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ends, The feedpoint is the middle of one conductor, where a 4:1 balun coil and 
75-Q coaxial-cable transmission line to the transceiver are used. A noninductive, 
390-0 resistor is placed in the center of the other conductor. This resistor ean be a 
carbon-composition (or metal-film) resistor, but it must not be a wirewound resistor 
or any other form that has appreciable inductance. The resistor must be able to dis- 
sipate about one-third of the applied RF power. The TCFTFD can be built from or- 
dinary no.14 stranded antenna wire. 

Fora TCPTFD antenna covering 40 through 11 m, the spread between the con- 
ductors should be 19% in, while the length L is 27 ft. Note that length L includes 
one-half of the 19-in spread because it is measured from the center of the antenna 
element to the center of the end supports. 

‘The TCFTFD isa sloping antenna, with the lower support being about 6 ft off the 
ground. ‘The height of the upper support depends on the overall length of the an- 
tena. For a 40-m design, the height is on the order of 50 ft 

‘The parallel wires are kept apart by spreaders. At least one commercial TCPTFD 
antenna uses PVC spreaders, while others use ceramic. You can use wooden dowels 
of between Lin and %in diameter; of course, a coating of varnish (or urethane 
spray) is recommended for weather protection. Drill two holes, of a size sufficient to 
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pass the wire, that are the dimension WV apart (119 in for 40 m). Once the spreaders 
are in place, take about a foot of spare antenna wire and make jumpers to hold the 
dowels in place. The jumper is wrapped around the antenna wire on either side of 
the dowel, and then soldered. 

‘The two end supports can be made of 1 x2 in wood treated with varnish or ure- 
thane spray. The wire is passed through screw eyes fastened to the supports. A sup- 
port rope is passed through two holes on either end of the 1x 2 and then tied off at 
an end insulator. 

‘The TCFTFD antenna is noticeably quieter than the random-length wire an- 
tenna, and somewhat quieter than the half-wavelength dipole, When the tilt angle is 
around 30°, the pattem is close to omnidirectional, Although a little harder to build 
than dipoles, it offers some advantages that ought not to be overlooked. These di- 
mensions will suffice when the "bottom end” frequency is the 40-m band, and it will 
work well on higher bands. 


Vee-sloper antenna 


‘The vee-sloper antenna is shown in Fig, 6-22. Itis related to the vee beam (covered 
in Chap. 9), but it is built like a sloper (Le,, with the feed end of the antenna high 
above ground). The supporting mast height should be about half (to three-fourths) 
of the length of either antenna leg. The legs are sloped downward to terminating 
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6-22 Vee-sloper antenna, 
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resistors at ground level. Each wire should be longer than 1) at the lowest operating 
frequency. The terminating resistors should be on the order of 270.0 (about one-half 
of the characteristic impedance of the antenna), with a power rating capable of dis- 
sipating one-third of the transmitter power. Like other terminating resistors, these 
should be noninductive (carbon composition or metal film), 

‘The advantage of this form of antenna over the vee beam is that it is vertically 
polarized, and the resistors are close to the earth, so they are easily grouncled 


Rhombic inverted-vee antenna 


A variation on the theme is the vertically polarized rhombic of Fig. 6-23. Although 
sometimes called an inverted vee—not to be confused with the dipole variant of the 
same name—this antenna is half a rhombic, with the missing half being “mirrored” in 
the ground (similar to a vertical). The angle at the top of the mast (@) is typically 
290°, and 120 to 145° is more common, Each leg (A) should be >A, with the longer 
lengths being somewhat higher in gain, but harder to install for low frequencies. A 
requirement for this type of antenna is a very good ground connection. This is often 
accomplished by routing an underground wire between the terminating resistor 
ground and the feedpoint ground. 


Multiband fan dipole 


‘The basic half-wavelength dipole antenna is a very good performer, especially when 
cost is a factor, The dipole yields relatively good performance for practically no in- 
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6-23 Inverted-vee antenna. 
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vestment. A standard half-wavelength dipole offers a bidirectional figure-8 pattern 
onits basic band (.e., where the length is a half-wavelength), and a four-lobe clover- 
leaf pattern at frequencies for which the physical length is 34/2. Thus, a 40-m half- 
wavelength dipole produces a bidirectional pattern on 40 m, and a four-lobe 
cloverleaf pattern on 15 m. 

The dipole is not easily multibanded without resorting to traps (covered in 
Chap. 8). One can, however, tie several dipoles to the same center insulator or balun 
transformer. Figure 6-24 shows three dipoles cut for different bands, operating from 
a common feedline and balun transformer: Al-A2, B1-B2, and C1-C2. Each of these 
antennas is a half-wavelength (1e., Liq = 468/F yy.) 

‘There are two points to keep in mind when building this antenna, First, try to 
keep the ends spread a bit apart, and second, make sure that none of the antennas 
is cut as a half-wavelength for a band for which another is 32/2. For example, if you 
make Al-A2 cut for 40 m, then don't cut any of the other three for 15 m. If you do, 
the feedpoint impedance and the radiation pattern will be affected. 


The counterpoise longwire 


‘The longwire antenna is an end-fed wire more than 2A long. It provides consider- 
able gain overa dipole, especially when a very long length can be accommodated. Al- 
though 75- to 80-mn, or even 40-m longwires are a bit difficult to erect at most 
locations, they are well within reason at the upper end of the HF spectrum, Low-VHF 
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band operation is also practical, Indeed, I know one fellow who lived in far southwest 
Virginia as a teenager, and he was able to get his family television reception for very 
low cost by using a TV longwire (channel 6) on top of his mountain 

‘There are some problems with longwires that are not often mentioned. Two 
problems seem to insinuate themselves into the process. First, the Zepp feed is a bit 
‘cumbersome (not everyone is enamored of parallel transmission line). Second, how 
do you go about actually grounding that termination resistor? If it is above ground, 
then the wire to ground is long, and definitely not at. ground potential for RF. If you 
want to avoid both the straight Zepp feed system employed by most such antennas, 
as well as the resistor-grounding problem, then you might want to consider the 


counterpoise longwire antennas shown in Fig. 6-25. 
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6-25A Longwire with 1/4 radials used as counterpoise ground at feedpoint and terminating resistor. 


Wire = 2. Jong 
*adiat 
a an 
41 balun 
Rope _ EL transformer El Rope 


end insulator 
rope support 


75.0 
coaxial cable 
to receiver 
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A counterpoise ground is a structure that acts like a ground, but is actually elec- 
trically floating above real ground (and itis not connected to ground). A groundplane 
of radials is sometimes used as a counterpoise ground for vertical antennas that are 
‘mounted above actual earth ground. In fact, these antennas are often called ground 
plane verticals. In those antennas, the array of four (or more) radials from the shield 
of the coaxial cable are used as an artificial, or counterpoise, ground system. 

In the counterpoise longwire of Fig. 6-25A, there are two counterpoise grounds 
(although, for one reason or another, you might elect to use either, but not both), 
One counterpoise is at the feedpoint, where it connects to the “cold” side of the 
transmission line. The parallel line is then routed to an antenna tuning unit (ATU), 
and from there to the transmitter. The other counterpoise is from the cold end of the 
termination resistor to the support insulator. ‘This second counterpoise makes it 
possible to eliminate the earth ground connection, and all the problems that it might 
entail, especially in the higher end of the HF spectrum, where the wire to ground is 
of substantial length compared with 14 of the operating frequency. 

A slightly different scheme used to adapt the antenna to coaxial cable is shown 
in Fig, 6-25B. In this case, the longwire is a resonant type (nonterminated). Nor- 
mally, one would expect to find this antenna fed with 450-Q parallel transmission 
line. But with a 2/4 radial acting as a counterpoise, a 4:1 balun transformer can be 
used to effect a reasonable match to 75-Q coaxial cable. The radial is connected to 
the side of the balun that is also connected to the coaxial cable shield, and the other 
side of the balun is connected to the radiator element. 
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CHAPTER 


Vertically polarized 
HF antennas 


IN PREVIOUS CHAPTERS, YOU HAVE FOUND THAT THE POLARITY OF AN ANTENNA IS THE 
direction of the electrical (E) field. Because the transmitted signal is an orthogonal 
electromagnetic wave, the magnetic field radiated from the antenna is at right angles 
to the electric field. The direction of the electric field, which sets the polarity of the 
antenna, is a function of the geometry of the radiator element. If the element is ver- 
tical, then the antenna polarity is also vertical. The signal propagates out from the ra- 
diator in all directions of azimuth, making this antenna an “omnidirectional” radiator 

Figure 7-1 shows the basic geometry of the vertical antenna: an RF genera- 
tor (transmitter or transmission line from a transmitter) at the base of a radiator of 
length L. Although most commonly encountered verticals are quarter-wavelength 
(L = 4), that length is not the only permissible length. In fact, it may not even be 
the most desirable length. This chapter covers the standard quarter-wavelength 
vertical antenna (because it is so popular), and otherlength verticals (both 
greater and less than quarter-wavelength). 

‘The quarter-wavelength vertical antenna is basically half of a dipole placed ver- 
tically, with the “other half” of the dipole being the ground. Because of this fact, 
some texts show the vertical with a double-line ghost radiator, or image antenna, in 
the earth beneath the main antenna element. Figure 7-1B shows the current and 
voltage distribution for the quarter-wavelength vertical. Like the dipole, the quarter- 
wavelength vertical is fed at a current loop, so the feedpoint impedance is at a mini- 
mum (typically 2 to 37 Q, depending upon nearby objects and design). As a result, 
the current is maximum and the voltage is minimum at the feedpoint. As you will 
see, however, not all vertical antennas are fed directly at the current loop. AS a 
result, some designs require antenna tuning units to make them match the antenna 
impedance to the transmitter output impedance, 

Figure 7-1C and 7-1D show the two basie configurations for the HP vertical 
antenna. Figure 7-1 shows the ground-mounted vertical antenna. The radiator 
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My, Radiator 
7-1C Simple coaxial-fed vertical 

antenna, There is a slight 

mismatch, but it usually is 

within tolerable limits, 
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element is mounted at ground level, but it is insulated from ground. Because the 
antenna shown is a quarter-wavelength, it is fed at a current loop with 52-Q coaxial 
cable. The inner conductor of the coaxial cable is connected to the radiator element, 
and the coaxial cable shield is connected to the ground. As you will see shortly, 
the ground system for the vertical antenna is critical to its performance. Normally, the 
feedpoint impedance is not 52 Q, but rather is somewhat lower (37 Q). As a 
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result, without some matching there will be a slight VSWR, but int most cases, the 
VSWR is a tolerable tradeoff for simplicity. If the antenna has a feedpoint impedance 
of 37 Q, whichis the value usually quoted, then the VSWR will be 52 Q/37 9, or 1411 

A vertical mounted above the ground level is shown in Fig, 7-1D. This antenna 
is equally as popular as the ground mounted. Amateurs and CB operators find it 
easy to construct this form of antenna because the lightweight vertical can be 
mounted at reasonable heights (15 to 60 ft) using television antenna slip-up tele- 
scoping masts that are reasonably low in cost. A problem with the non-ground-level 
vertical antenna is that there is no easy way to connect it to ground, The solution to 
the problem is to create a counterpoise (artificial) ground with a system of quarter- 
wavelength radials. 

In general, at least two radlials are required for each band, and even that number 
is marginal. The standard wisdom holds that the greater the number of radials, the bet- 
ter the performance, Although that statement is true, there are both theoretical and 
practical limits to the number of radials. The theoretical limit is derived from the fact 
that more than 120 radials returns practically no increase in operational effectiveness, 
and at more than 16 radials, the returned added effectiveness per new radial is less 
than is the case for fewer radials. That is, going from 16 to 32 radials (doubling the 
number) creates less of an increase in received field strength at a distant point than 
going from 8 to 16 radials (both represent doubling the density of the radial system). 
‘The practical limit is 16 radials. 

‘The radials of the off-ground-level vertical antenna can be at any angle. In Fig. 
T-LD, they are “drooping radials” (ie., the angle is greater than 90° relative to the ver- 
tical radiator element). Similarly, Fig, 7-1E shows a vertical antenna that is equipped 
with radials at exactly 90° (no common antenna has radials less than 90°). Both of 
these antennas are called ground plane vertical antennas. 

‘The angle of the vertical’s radials is said to affect the feedpoint impedance and 
the angle of radiation of the vertical antenna, Although those statements are un- 
doubtedly true in some sense, there are other factors that also affect those para- 
meters, and they are probably more important in most practical installations, 
Before digging further into the subject of vertical antennas, take a look at the sub- 
jects of angle of radiation and gain in vertical antennas. 


Angle of radiation 


Long-distance propagation in the HF region depends upon the ionospheric phe- 
nomena called “skip.” (See Chap. 2 for a more extensive explanation.) In this type 
of propagation, the signal leaves the transmitting antenna at some angle a, called 
the angle of radiation, and enters the ionosphere where it is refracted back to 
earth at a distance D from the transmitting station. 'The signal in the zone between 
the outer edge of the antenna’s ground-wave region and the distant skip point is 
weak or nonexistent 

‘The distance covered by the signal on each skip is a function of the angle of radi- 
ation, Figure 7-2 shows a plot of the angle of radiation of the antenna, and the dis- 
tance to the first skip zone, The angle referred to along the vertical axis is the angle 
of radiation away from the antenna relative to the horizon. For example, an angle of 
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7-2. Effect of radiation angle on skip communications. 
10° is elevated 10° above the horizon, Shorter distances are found when the angle of 
only a few hundred miles. 


radiation is increased. At an angle of about 30°, for example, the distance per skip is 
Although you might expect on firs 


t blush to see a single line on the graph, there is 
actually a zone shown (shaded). This phenomenon exists because the ionosphere 
is found at different altitudes at different times of the day and different seasons af 
the year. Generally, however, in the absence of special event phenomena in the 
ionosphere, you can expect from 1500 to 2500 mi per bounce in the HF bands for low 
angles of radiation, Note, for example, that: for a signal that is only a degree or two 
above the horizon the skip distance is maxirmum, 
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At distances greater than those shown in Fig. 7-2, the signal will make multiple 
hops. Given a situation where the skip distance is 2500 mi, covering a distance of 
7500 mi requires three hops. Unfortunately, there is a signal strength loss on each 
hop of 8 to 6 dB, so you can expect the distant signal to be attenuated from making 
multiple hops between the earth’s surface and the ionosphere, For maximizing dlis- 
tance, therefore, the angle of radiation needs to be minimized. 

So what is the ideal angle of radiation? It is standard—but actually erroneous— 
wisdom among amateur radio operators (and even commercial operators, it turns 
out) that the lower the angle of radiation, the better the antenna. ‘That statement is 
only true if long distance is wanted, so it reflects a strong bias toward the DX com- 
munity. The correct answer to the question is: “It depends on where you want the 
signal to go." For example, I live in Virginia, If want to communicate with stations 
in the Carolinas or New England, then it would behoove me to select a higher angle 
of radiation for radio conditions represented in Fig. 7-2 so that the signal will land 
in those regions. But if I wanted to work stations in Europe or Africa or South Amer- 
ica, then a low angle of radiation is required. Because of the difference between 
performance of high and low angles of radiation, some stations have two antennas 
for each band: one each for high and low angles of radiation. 

Figure 7-3 shows a signal from a hypothetical antenna located at point 0, in or- 
der to show what angle is meant by “angle of radiation.” The beam from the antenna 
is elevated above the horizon (represented by the horizontal “tangent to horizon" 
line). The angle of radiation a is the angle between the tangent line and the center 
of the beam. This angle is not to be confused with the beamwidth, which is also an 
angle, In the ease of beamwidth, we are talking about the thickness of the main lobe 
of the signal between points where the field strength is ~3 dB down from the maxi- 
mum signal (which occurs at point P); these points are represented by points X and 
Yin Fig, 7-3. Thus, angle 6 is the beamwidth, and angle a is the angle of radiation, 


Gain in vertical antennas 


Vertical antennas are considered omnidirectional because they radiate equally 
well in all directions, “Gain” in an antenna is not the creation of power, but rather a 
simple refocusing of energy from all directions to a specific direction; gain therefore 
infers directivity. According to the convention, then, the vertical antenna cannot 
have any gain because it radiates in all directions equally .... gain infers directivity. 
Right? No, not really. Let's develop the theme more carefully. 

Again consider the idea of an isotropic radiator (the word isotropic means 
equal power in all directions). Consider a spherical point source radiator located at 
point O in Fig. 7-4, Whatever the level of power available from the transmitter, it will 
be spread equally well over the entire surface of the sphere as it radiates out into 
space away from point O. If you measure the power distributed over some area A at 
a distance R from the source, then the power available will be a fraction of the total 
power: 

total available power x A 
total surface area of sphere 


val = 
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7-3. Side view of vertical extent radiation pattern, 


or, in math symbols; 


P 
amt [7.11 


where 


P. is the power available per solid degree 
is the total radiated power, in watts 
rris the radius of the sphere (i.e, the distance from O to P) 


A practical rule of thumb for this problem is to calculate from the surface area of the 
sphere, Ifyou perform the right calculations, you will find that there are approximately 
41,253 square degrees on the surface of a sphere. By calculating the surface area of the 
beam front (also in square degrees), you can find the power within that region. 

Now for the matter of gain in a vertical antenna. ‘The vertical is not gainless be- 
cause it does not, in fact, radiate equally well in all directions. In fact, the vertical is 
quite directional, except in the horizontal (azimuth) plane. Figure 7-5 shows the ra- 
diation pattern of the typical free-space vertical radiator. The pattern looks like a gi- 
ant doughnut in free space (see solid pattern in Fig. 7-5). When sliced like a bagel, 
the pattern is the familiar circular “omnidirectional” pattern. When examined in the 
vertical plane, however, the plane looks like a sliced figure-8. The “gain” comes from 
the fact that energy is not spread over an entire sphere, but rather it is concentrated 
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: 


7-4 Spherical or “isotropic” radiation pattern. 


to the toroidal doughnut-shaped region shown. Therefore, the power per unit area 
is greater than for the isotropic (truly omnidirectional) case 


Non-quarter-wavelength verticals 


‘The angle of radiation for a vertical antenna, hence the shape of the hypothetical 
doughnut radiation pattern, is a function of the length of the antenna. (Note: Length 
in terms of vertical antennas is the same as height, and is sometimes expressed in 
degrees of wavelength, as well as feet and/or meters.) Figure 7-6A shows the ap- 
proximate patterns for three different-length vertical antennas: quarter-wavelength, 
half-wavelength, and “wavelength. Note that the quarter-wavelength antenna 
has the highest angle of radiation, as well as the lowest gain of the three cases. 
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7-5. Vertical antenna radiation pattern. 


7-6A. Vertical radiation pattern as a funetion of element length: Ideal 


The issues and challenges surrounding 5G 


The telecoms industry is currently in the process of designing the technologies that are due to take 
over from 4G, which is still being deployed today. A great deal of work is thus underway to prepare 
these “5G” technologies. 


To prepare for the arrival of this new generation of technologies, Arcep wanted to take a detailed 
look at the industry to better understand what is in the works. This report is the fruit of the 
interviews and research that Arcep conducted over the course of 2016, and which the Authority 
wanted to publish as a way to contribute to the public debate over 5G. 


Its aim it to provide as objective and exhaustive an overview as possible, and deliver a concise, 
informative snapshot of the work that is currently underway on the future generation of mobile 
networks, 


This report reflects the views of the stakeholders who were interviewed, but in no way represents 
Arcep’s positions on or roadmap for SG. Arcep awarded in 2015 the 700 MHz band and is currently 
working towards licensing the 3.5 GHz band, both of which have been identified as 5G bands. Arcep 
is also working with the Direction générale des entreprises and the Agence nationale des fréquences 
‘towards enabling spectrum for 5G 


Arcep would like to thank all of the entities (listed on the last page) who agreed to take part in this 
process, and who were willing to contribute to the regulator's investigation into the development of 
4G’s successor. Arcep is dedicated to sustaining an ongoing dialogue with the market, and invites all 
interested parties to provide information on the matter or to share their reactions to this report, by 
contacting Arcep's Mobile and Innovation Directorate at the following address: SG@arcep.{r. 
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‘The ¥-wavelength antenna is both the lowest angle of radiation and the highest gain 
(compared with isotropic). 

‘The patterns shown in Fig, 7-6A assume a perfectly conducting ground under- 
neath the antenna. However, that is not a possible situation for practical antennas; 
all real grounds are lossy. The effect of ground losses is to pull in the pattern close 
to the ground (Fig, 7-6B). Although all of the patterns are elevated from those of 
Fig. 7-64, the relationships still remain: the %wavelength radiator has the lowest 
angle of radiation and highest gain. 

‘The feedpoint impedance of a vertical antenna is a function of the length of the 
radiator. For the standard quarter-wavelength antenna, the feedpoint radiation re- 
sistance is a maximum of 37 Q, with only a very small reactance component. Figure 
7-7 shows the approximate feedpoint impedances for antennas from nearly zero 
effective length to 120° of length. 

Antenna length expressed in degrees derives from the fact that one wavelength 
is 360°, Thus, a quarter-wavelength antenna has a length of 360°/4 = 90°. To convert 
any specific length from degrees to wavelength, divide the length in degrees by 360. 
‘Thus, for a 90° antenna: 90°/360° = ¥ wavelength, The graph in Fig. 7-7A shows the 
antenna feedpoint impedance, both reactance and radiation resistance, for antennas 
from 60 to 120°; Fig. 7-7B shows the radiation resistance for antennas from near zero 
to 60°. Note that the radiation resistance for such short antennas is extremely small 
For example, an antenna that is 30° long ("You = 0.083 wavelengths) has a resistance 
of approximately 3.Q. It is generally the practice on such antennas to use a broadband 
impedance-matching transformer to raise the impedance of such antennas to a higher 
value (Pig. 7-8) 


7-6B Accounting for ground losses. 
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7-7A Antenna impedance as a function of antenna length, 
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7-78. Radiation resistance as a function of antenna length, 


The ground system for the vertical antenna 


‘The vertical antenna works well only when placed over a good ground system. Chap- 
ter 28 gives details of proper ground systems for all radio antennas, verticals in- 
cluded, so only certain specifies are included here. The reader should also exan 
Chap. 28, however, in order to get a firmer grasp of the problem, 

‘The usual way to provide a good ground for a vertical is to use a system of radi- 
als such as Fig, 7-94. This case shows a view (from above) of 16 quarter-wavelength 
radials arranged to cover the full cirele around the antenna, Bach radial is a quar- 
terwavelength, so it will have a length (in fact) of 246/F',,,. All of the radials are 
connected together at the base of the antenna, and the ground side of the tr 
mission line is connected to this system. The radials ean be placed either on the sur- 
face or underground. One friend of the author built an extensive radial system on 
the bare dirt when his house was built, so when the sod was installed he had a very 
high-quality underground radial system. 
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7-8 Impedance matching through 
broadband transformer, 


Goax to 
transmitter 


Broadband 
RF matching 
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Ifyou decide to use an aboveground radial system, however, be sure to prevent 
people from tripping over it. There might be liability implications for people who 
trip and injure themselves, even when the person is an intruder or trespasser, 

Some experts prefer to place a copper wire screen at the center of the radial 
system. The minimum size of this screen is about 2m square (6 x 6 ft). Connect it 
to the radials at the points shown using solder. Other experts will drive ground 
stakes into the ground at these points. Still another method is shown in Fig. 7-9B. 
‘This case shows a “spider web" of conductors shorting the radials at points a meter 
or two from the antenna, Again, some authorities recommend that ground rods be 
driven into the earth at the indicated points. 

‘The exact number of radials to use depends in part on practical matters (how 
many can you physically install?). Use at least two radials per band, with four per 
band preferred for simple, low-cost systems. However, even four is considered a 
compromise case, The general rule is: the more the better. But it's also true that 
there is a law of diminishing returns as the number of radials is increased. Figure 
7-9C shows the approximate field intensity (mV/m) as a function of the number of 
radials, Notice that the field intensity does not increase as rapidly with the number 
of radials above 20 or so. Note that the Federal Communications Commission re- 
quires AM band (550 to 1700 kHz) stations to use 120 radials, but that number is not 
necessary for amateur stations. A practical upper limit of 16 radials is usually ac- 
cepted for amateur radio work, and four radials work quite well. 
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7-94. Comprehensive ground system for vertical antenna. 


For vertical antennas mounted above ground, there is an optimum height above 
ground for the base of the antenna. This height is a quarter-wavelength above the 
actual ground plane. Unfortunately, that distance might not be the height above 
the surface. Depending upon ground conductivity and groundwater content, the 
height can be exactly a quarter-wavelength above the surface or slightly lower. The 
point is found from experimentation, and will, unfortunately, vary over the year if 
climatic changes are usta 


Variations on the vertical antenna theme 


‘Thus far, the vertical antennas have been standard quarter- or wavelength models. 
‘This section looks at several variations on the theme, Consider Fig. 7-10. This antenna 
is the vertical half-wavelength dipole, The vertical dipole is constructed in exactly the 


Chap07_Carr 


4/10/01 2:50 PM 


188 Vertically polarized HF antennas 


7-9B “Spider web" ground system, 


same manner as the horizontal dipole, but is mounted in the vertical plane, In general 
the section of the radiator that is elosest to the ground should be connected to the 
shield end of the coaxial cable transmission line. 

Like the horizontal dipole, the approximate length of the vertical dipole is eal 
culated from 


(7.21 


where 


Ly is the length, in feet 
Fy, is the operating frequency, in megahert: 


Example Calculate the length of a half-wavelength vertical dipole for oper 
tion ona frequency of 14.250 MHz in the 20-m amateur radio band. 
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7.9C. it ofineresing the numberof ion Hold strength 
Solution: 
468, 
Fra 
468 
> = 82.8 ft 
14.250 


Note: The 0.8 ft part of this caleulated length can be converted to inches by 
multiplying by 12: 0.8 x 12 = 9.6 in. 
Bach leg of the vertical dipole is one half of the calculated length, or 


32.8 ft 

y= ian 

‘The vertical dipole antenna is used in many locations where it is impossible to 
properly mount a horizontal dipole, or where a roof- or mast-mounted antenna is 
impossible to install because of logistics, a hostile landlord, and/or a homeowners’ 
association. Some row house and town house dwellers, for example, have been suc- 
cessful with the vertical dipole. In the 1950s and 1960s, the vertical dipole was pop- 
ular among European amateurs because of space restrictions found in many of 
those locations. 

‘The construction of the vertical dipole is relatively straightforward. You must 
find or build a vertical support structure, In the case shown in Fig, 7-10, the support 
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7-10. Vertical half-wavelength dipale 
Coax antenna. 
to XMTR 


Support 


is a wooden or PVC mast erected for that purpose. Ropes and insulators at either 
end support the wire elements from the ends and keep the antenna taut. If the 
neighbors are a problem, then try to find some white PVC pipe that will make a fine 
flagpole and be patriotie—with a vertical dipole hidden inside of the pipe. In other 
cases, if your home is not metal-sided, and if it is high enough, then a support from 
the roof structure (or soffits) will make a proper mount. 
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One problem with the vertical dipole, and one that liability-conscious people 
need to consider, is that a high-impedance current node is found at the ends of a 
half- wavelength dipole, Anyone touching the antenna will likely receive a nasty RF 
bum (or shock) from this antenna. 

Acoarial vertical is similar to the vertical dipole (and, in fact, it can be argued 
that it isa form of vertical dipole) in that it uses a pair of vertical radiator elements, 
In the case of the coaxial vertical antenna, however, the radiator that is closest to 
the ground is coaxial with the transmission line and the main radiator element. An 
example is shown in Fig. 7-114. An insulator at the feedpoint separates the two 
halves of the radiator; in most cases, itis of smaller diameter than the coaxial sleeve 
(also called the shield pipe in some publications). The reasons for this arrange- 
‘ment are not entirely electrical, for the most part, but mechanical, The coaxial ea- 
ble transmission line passes through the sleeve, and is itself coaxial to the sleeve. 

‘The overall length of the coaxial vertical antenna is a half-wavelength, which 
consists of two quarter-wavelength sections, Both the radiator and the sleeve are 
quarter-wavelength. The length of each is found (approximately) from 


234 


{7.3] 


or 


(7.4) 


Fate 


You should recognize these as similar to the equation used previously to caleulate 
half-wavelength antennas, but reduced by a factor of 2. 

‘The coaxial vertical antenna was once popular with CB operators, and as such 
was called the collinear antenna. In some cases, you can find hardware from these 
antennas on the hamfest or surplus markets, and the pieces can be modified for 
amateur radio use. In the situation where a 10-mm-band antenna is being built, itis a 
simple matter to cut the 11-m CB antenna for operation on a slightly higher fi 
quency. In the case of the lower-frequency bands, however, it is little more diffi- 
cult and itis likely that only the insulator and mounting assembly are salvageable 
Keep in mind, however, the fact that adjacent sizes of aluminum tubing are de- 
signed such that the inside diameter (1D) of the larger piece is a slip-fit for the out- 
side diameter (OD) of the smaller piece. You can, therefore, connect adjacent sizes 
of aluminum tubing together without the need for spectal couplers, ete. With that in 
mind, salvaged insulator assemblies can be cut off with just 6 to 10 in of the former 
radiator and sleeve, and new radiators from “adjacent size” tubing installed. 

‘The configuration shown in Fig. 7-114 is the manner of construction used by 
commercial antenna manufacturers for VHF and CB collinear vertical dipoles, but is 
alittle difficult for amateurs (unless they happen to own a machine shop) to make 
the center insulator. For those people, some other method is indicated before this 
antenna is practical, 
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7-ALA Construction of the 
vertical coaxial 
antenna 


Figure 7-11B shows a construction method that has been used by amateurs 

with good results. The radiator and shield pipe (sleeve) are joined together in an in 
lating piece of thick-wall PVC plumbing pipe, Lucite, or plexiglass tubing; 6 to 10, 

ede. 

A gap of about 2 in is left between the bottom end of the radiator pipe and the 


top end of the shield pipe in order to keep them electrically insulated from each 


in of tubing are né 
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other, and to allow the coaxial cable to be passed through to the outside world. A 
hole in the insulator pipe is drilled for this purpose. 

‘The aluminum tubing pieces for the radiator and the sleeve are fastened to the 
insulator with at least two heavy machine screws each. One of the machine serews on 
each can be used as the electrical connection between the coaxial cable and the pipes, 
provided that a larger hole is cut in the insulator at that point to admit the washer 
that provides the electrical pathway between the screw head and the alurninum pipe. 
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Ifyou depend upon the machine screw touching the pipe at the edges of the hole cut 
for it, then there will probably be intermittent connection and all of the aggravation 
that ensues, 

Mounting of the homebrew coaxial vertical antenna can be a “pain in the neck.” 
Normally, this antenna is mounted high in the air above ground, so some form of sup- 
port is needed, Fortunately, you can use small-area metal supports connected to the 
sleeve for this purpose. Figure 7-11C shows one method for mounting that is popu- 
lar A pair of television antenna standoff mounting brackets are used to support the 
sleeve. Those brackets can be bought in sizes from 6 to 24 in, Note that a 2x 4 piece 
of lumber is used between the building wall and the brackets. This wood serves as an 


Top, 
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insulator, so it should be varnished or painted. It is held to the wall with lag bolts, 
wing bolts, or some other effective method of anchoring. Keep in mind that the 
forces on the brackets inerease tremendously during wind storms! 

Itis possible for the two vertical antennas shown previously to become a shock 
hazard to anyone who touches them, Both of these antennas are half-wavelength 
radiators and are of the dipole form of construction. The center point is used for 
feeding the antenna, so it forms the low-impedance point in the antenna. As a 
result, the ends of the antenna, one of which is close to the ground, are the high- 
impedance points—hence the voltages at those points within reach of prying hands 
playing in the yard can be high. It is wise to either mount the antennas so far above 
the ground that they cannot be reached, or build a small nonconductive fence 
around the bottom end of the antenna. 


Vertical antenna construction 


‘There are two general cases for installing vertical antennas: ground-level-mounted and 
non-ground-mounted. This section takes a brief look at both forms of mounting. We will 
concentrate on installation of homebrew verticals rather than commercial, because itis 
assumed that the vendors of such antennas will provide their own instructions 

‘The ground-level-mounted vertical is shown in Fig. 7-12. The typical vertical an- 
tenna is 8 to 40 ft high. Thus, although the actual weight of the antenna is small, the 
forces applied to the mounting structure (especially during windstorms) can be quite 
high. Don't be fooled by the apparent light weight of the antenna in this respect. 

‘The mounting structure for the vertieal antenna can be a metal or wooden 
fence post buried in the ground. At least 2 ft of the fence post should be above 
ground. In the case of Fig. 7-12, a 4 x 4 wooden fence post is used as the mount- 
ing, but the principles are similar for all forms of post. A fence post hole is pro- 
vided that is at least 2 ft deep. In some cases, it might be possible to use a 
L-f-deep gravel fill topped with back-filled dirt, In other cases, especially where 
a steel fence post is used, a concrete plug is placed at the bottom of the hole 
over a d-in layer of gravel. 

‘The antenna radiator element is installed onto the fence post using standoff 
insulators. Unfortunately, these insulators are difficult to find, so they might have to 
be omitted. Given that varnished or painted wood is not a terribly good conductor, 
it is not unreasonable to bolt the radiator directly to the 4 x 4 fence post. Use %o-in 
(or larger) bolts, and make them long enough to fit completely through both the an- 
tenna element and the 4 x 4 post. Thus, 6-in-, 7-in-, or 8-in-long Yin bolts are the 
candidates for this job. Use at least two bolts, one at the bottom of the antenna 
radiator element, and one near the top of the fenee post. A third bolt, halfway be- 
tween the other two, would not be out of order. 

If the antenna is quarter-wavelength, then no matching is generally necessary. 
Although the feedpoint impedance is not exactly 52 Q, it is close enough (37 92) to 
form a reasonable match for 52-Q coaxial cable (with VSWR = 1.4:1). The center 
conductor of the coaxial cable is connected to the radiator element, while the shield 
is connected to the ground system. In the example shown in Fig. 7-12, two ground 
methods are used. First, an 8-ft ground rod is driven into the earth at the base of the 
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antenna; second, a system of quarter-wavelength radials is used. Remember that 
the ground system is absolutely essential. 

‘A method for installing a vertical antenna above ground is shown in Fig. 7-13, 
In this case, a wooden support (2 x4 or 4 x4) is installed in a manner similar to Fig, 
7-12, but with a deeper hole to counter the longer length. Alternatively, the wooden 
support is affixed to the side ofa building wall, shed, or other preexisting structure, 
Once the support is arranged, however, the method of attachment of the radiator 
element is the same for the previous case, so that will not be repeated here, 

Electrical connections to the antenna are also shown in Fig, 7-13. Because the 
antenna is above ground level, an electrical counterpoise ground consisting of a sys- 
tem of radials is absolutely essential; at least two radials per band must be provided. 
A small L bracket is used to support the radials and to provide an SO-239 coaxial 
connector for the coax. This connector is a chassis-mounted type with its center 
conductor connected to the radiator element. The shield of the connector is con- 
nected to the bracket, so it is also connected to the radial system, 

In some installations, the antenna support structure will require guy wires to 
keep the structure stable. Do not use the radials as guy wires. The type of wire that 
normally works well for radials is too soft, and too easily stretched, for guy wire ser- 
vice, Use regular steel guy line, available where TV antenna supplies are sold, for 
this antenna, Make the lengths nonresonant, and break the guy lines up with egg in- 
sulators, if necessary, to achieve the nonresonance, 


Wavelength verticals 


Figure 7-14 shows the configuration for the wavelength vertical antenna, Such an 
antenna generally gives a lower angle of radiation than the more common quarter- 
wavelength radiator, so presumably it works better for long distance, 

‘The radiator of this antenna is made from 0.5-in to 1.5-in aluminum tubing. 
Again, remember that adjacent sizes fit together snugly to form longer sections. 
‘The physical length of the %wavelength radiator is found from 


(7.5) 


or, in meters, 
180 


Fie 


(7.6) 


‘The radials are the usual quarter-wavelength, and are made of no. 12 or no. 14 
copper wire, These lengths are found from: 


246 


i (7.7) 


Pe 
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7-13. Details of feeddpoint circuit on vertical 


Chap07. 


4/10/01 


Wavelength verticals 199 


Radiator 
element 


Mg Ridials 
Goax to 
XMTR 


7-14 Using a Q section to match the 


‘eedpoint impedance of a vertical antenna, 


or, in meters, 


(7.8) 


‘The feedpoint impedance of the %-wavelength antenna is about 16002, not a 
good match for the ordinary coaxial cables that are routinely available on the ama- 
teur market. Some form of impedance matching is needed. 

One option is to use a broadbanded RF transformer. These transformers will 
work throughout the HF spectrum, and match a wide variety of impedances to the 
50-2 standard system impedance. 

Another option, especially for a single-band antenna, is to use a coaxial cable 
impedance transformer, such as shown in Fig. 7-14. The transformer consists of two 
sections of coaxial cable joined together, shown as L, and L, in Fig. 7-14. The 


lengths are found from 


17.9] 
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or 
{7.10} 
and 
(7.11) 
(7.12] 


Grounded vertical antennas 


‘The vertical antennas presented thus far in this chapter are called series-fed verti- 
cals, because the generator is essentially in series with the radiator element. Such 
an antenna must be insulated from ground, The other class of vertical is the shamnt- 
fed vertical, which is grounded at one end (Fig. 7-15). There are three methods of 
shunt-feeding a grounded vertical antenna: delta, gamma, and omega. All three 
matching systems have exactly the same function: to form an impedance transfor- 
mation between the antenna radiation resistance, at the feedpoint, and the coaxial 
cable characteristic impedance, as well as cancelling any reactance in the system, 
‘The delta feed system is shown in Fig, 7-15. In this case, a taut feed wire is con- 
nected between a point on the antenna, Which represents a specific impedance on 


7-1SA_ Delta-fed grounded vertical 
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the antenna, and an antenna tuner. This method of feed is common on AM broadcast 
antennas (which are usually—perhaps always—verticals). Although you would 
think that the sloping feed wire would distort the pattern, that is not the ease, ‘The 
distortion of the pattern, if any, is minimal, hence it can be neglected. 

‘The gamma feed system is shown in Fig, 7-15B. This method is commonly used 
by amateurs to feed Yagi beam antennas, so it is quite familiar in the amateur radio 
world. The feed system consists of a variable capacitor to tune the system, and a 
‘matching rod that parallels the antenna radiator element. It is important that the 
rod not be anywhere near a quarter-wavelength, or it would become a vertical 
antenna in its own right, and in fact would resemble the so-called J-pole antenna. 
A review of the garuma mateh is given in Chap. 12, The omega feed (shown in Fig, 
7-15C) is similar to the gamma match except that a shunt capacitor is used. 


Conclusion 


The vertical antenna is a viable alternative for many situations, especially where 
real estate is at a premium. Contrary to popular opinion, the vertical antenna works 
‘well when installed properly and when due consideration has been given to matters 
such as the grounding and angle of radiation desired. 


7-15B Gamma-fed grounded vertical 
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Introduction: the vision for 5G, creating an ultra-connected society 


5G wants to be the disruptive generation, the generation that no longer only caters to the needs of 
mobile operators and consumer communications, but which opens up new prospects and enables an 
extremely wide diversity of applications and use, unified within a single technology. 5G is setting 
itself up as an enabler of the digitisation of society and the economy. 


The idea that is starting to take shape behind the notion of 5G is that it will not mean just an increase 
in transmission speeds, as has been the case with previous generations. 


Consumer mobile communications, video downloads and the use of mobile apps account for the bulk 
of 4G networks’ radio resources usage today. With 5G, the goal will be to enable a much broader 
spectrum of uses and a much greater diversity of users. 


5G is targeting a wide variety of sectors, which will not necessarily have anything other than this 
technology in common, but which are central pillars in a society: energy, healthcare, media, industry 
and transportation. 


Figure 1. 5G driving industrial and societal changes 


The energy sector, for instance, has undergone a great many changes and developments over the 
past several years in terms of energy production, storage and transport. Rising fossil fuel costs, the 
introduction of renewable energy sources and markets being opened up to competition have all 
helped usher in new kinds of energy product and new stakeholders ~ both independent companies 
and ordinary citizens ~ to the energy marketplace. The objective with 5G will thus be to enable better 
management of these networks (smart grids, smart agriculture, factories of the future) and their 
interconnections, to achieve more efficient and more agile distribution. 


*5G Empowering vertical industries. White Paper, 2016, https://5e-pop.eu/wp 
content/uploads/2016/02/BROCHURE 5PPP BAT? PLodf 
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Multiband and 
tunable-wire antennas 


COMMUNICATIONS OPERATORS REQUIRE MORE THAN ONE BAND, AND THAT MAKE 
the antenna problem exactly that—a problem to be solved. Amateur radio, commer- 
cial, and military operators are especially likely to need either multiple antennas for 
different bands, or a multiband antenna that operates on any number of different 
bands. This situation is especially likely on the high-frequency (HF) bands from 3.5 
to 29.7 MH, 

Another problem regards the tunability of an antenna, Some amateur bands are 
very wide (several hundred kilohert2), and that causes any antenna to be highly vari- 
able from one end of the band to another. It is typical for amateurs to design an an- 
tenna for the portion of the band that they use most often, and then tolerate a high 
VSWR at the other frequencies, Unfortunately, when you see an antenna that seems 
to offer a low VSWR over such a wide range, it is almost certain that some problem 
exists that reduces the @, and the antenna efficiency, to broaden the response, How- 
ever, it is possible to tune an antenna for a wide band. It is also possible (now that 
amateurs have new HF bands) to use a single antenna between them, and then tune 
the difference out. For example, designing a single antenna for 21/24 MHz, 14/18 
MHz, or 7/10 MHz should prove possible. 

In this chapter we will take a look at both problems: the multiband and the tun- 
able antenna. 


Multiband antennas 


Although a triband Yagi or quad beam antenna will undoubtedly work better than a 
wire antenna (when installed correctly!), the low-budget amateur operator need not 
lament any supposed inability to “get out” on wire antennas. To quote an old saying: 
““Better’ is the enemy of ‘good enough.” Or, to put it in terms of Carr's law “If it's 
‘good enough’ then don't waste a lot of energy fretting over making it ‘better’ unless 
you really want to make it a lot better.” 
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Trap dipoles 


Perhaps the most common form of multiband wire antenna is the trap dipole 
shown in Fig. 8-1A. In this type of antenna, one (or more) pairs of parallel resonant 
traps are placed in series with the quarter-wavelength elements of the dipole. The 
purpose of the traps is to block their own resonant frequency, while passing all 
other frequencies 

In the example of Fig. 8-1A, a 10-m trap isolates the first 8 ft or so (quarter- 
wavelength on 10 m) so that the antenna resonates on that band. A 40-m or 15-m 
signal, on the other hand, passes through the traps andl uses the whole length of the 
antenna, (Note: A half-wavelength 40-m dipole works as a 3/2-wavelength antenna 
on 15 m.) 

‘The overall length of the trap dipole will be a little less than the natural “non- 
trap” length for the lowest frequency of operation. At the low frequencies, the 
traps add a little inductance to the circuit so that the resonant point is lower than 
the natural resonant frequency. In general, most trap dipoles are just a few per- 
cent shorter than nontrap dipoles at the same band. The actual amount of short- 
ening depends upon the values of the components in the traps, so consult the 
data for each trap purchased. Where more than one pair of traps is used in the 
antenna, make sure they are of the same brand and are intended to work 
together. 

Another solution to this problem is shown in Fig, 8-1B. This type of antenna ac- 
tually has two or more half-wavelength dipoles fed from the same transmission line, 
In this illustration, a total of three dipoles are fed from the same 75-0 transmission 
line, There is no theoretical limit to how many dipoles can be accommodated, al- 
though there is certainly a practical limit. For one thing, there is a mechanical limit 
to how many wires are supportable (or desirable) hanging from any given support. 
‘There is also an electrical limit, although it is less defined. Having a lot of dipoles in- 
creases the possibility of radiating harmonies and other spurious emissions from 
your transmitter. 

‘The 75-Q coaxial cable is connected to the center feedpoint of the multidipole 
either directly or through a 1:1 balun transformer, as shown in Fig. 8-1B, Bach an- 
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8-1B Multiband dipole consists af several dipoles fed from a common feedline. 


tenna (4-A, B-B, or C-C) is a half-wavelength, Therefore, the overall length is found 
approximately from the standard dipole expressions: 


Overall length (A +A, B +B, or C +0): 


468 
Ly [8.1] 
Praw 
or, for each element alone (A, B, or C): 
234 
»o 1821 
Fra 


As always, close to the earth's surface, these equations are approximations, and 
are not to be taken too literally. Some experimentation will probably be necessary to 
optimize resonance on each band. Also, be aware that the drooping dipoles (B and C 
in this ease) may act more like an inverted-vee antenna (see Chap. 7) than a straight 
dipole, so the equation length wil be just a few percent too short. In any event, a lit- 
tle spritzing with this antenna will yield results. 

Some amateurs build the multiple dipole from four- or five-wire TV rotator lead. 
‘That type of wire is used to control antenna rotators, and has either four or five par- 
allel wires in a flat arrangement similar to lamp cord. Cut each wire to the length re- 
quired for a band, and strip off any unused portions. 

Another possibility is the link-tuned dipole shown in Fig, 8-1C. In this situation, a 
single conductor is used for each half of the dipole, or actually inverted vee. ‘The con- 
ductors are broken into segments A, B, and C (or more, if desired). Bach segment is 
separated from the two adjacent sections by inline insulators (standard end insula- 
tors are suitable). Segment A is a quarter-wavelength on the highest frequency band 
of operation, A +B is a quarter-wavelength on the next highest band of operation, and 
A+B +C isa quarter-wavelength on the lowest frequency band of operation. 

‘The antenna is “tuned” to a specific band by either connecting, or disconnecting, 
a similar wire (see inset) jumper across the insulator that breaks the connection be- 
tween the segments. Bither a switch or an alligator clip jumper will short out the in- 
sulator to effectively lengthen the antenna for a lower band. Some amateurs use 
single-pole 110-Vac power line switches to jumper the insulator. Although I have not 
tried this method, it should work. 
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8-1C_ Multiband inverted vee uses shorting links to change bands, 


A big disadvantage to this type of multiband antenna is that you must go out into 
the yard and manually switch the links to change bands, which probably explains 
why other antennas are a lot more popular, especially in northern latitudes. 


Tuned feeder antennas 


Figure 8-2A shows the tuned feeder type of antenna. This antenna can be used from 
80 through 10 m, but it requires a special tuner and a length of parallel transmission 
line. There are two ways to get parallel transmission line: make it or buy it. Using no, 
14 or 12 wire, and specially made insulators (also called spreaders), you can make 
300-, 450-, or 600-Q parallel transmission line, But that's a pain in the plusch be- 
cause you can also buy parallel line rather cheaply. I paid $16 for 100 ft of 450-0 
line recently. 

One form of parallel line is ordinary TV-type twin lead, which has an impedance 
of 300.Q. This line will take up to about 250 W, although some people use it at higher 
powers (not recommended!). The antenna of Fig. 8-2A uses 450-9 parallel line. You 
can buy insulated 450-0 twin lead (see Fig. 8-2B) that can be handled as easily as'TV 
twin lead—and a lot more easily than open (uninsulated) parallel line. 


The G5RV multiband dipole 


Figure 8-3 shows the popular G5RV antenna. Although not without some problems, 
this antenna is very popular. It can be used either as a horizontal dipole, a sloper, or 
an inverted-vee antenna (which is how I used it). The dipole elements are each 51 ft 
long, The feedline can be either 300- or 450-2 twin lead. For 300-82 cases, use 29 ft 
of line, and for 450-02 line, use 34 ft. One end of the parallel transmission line is con- 
nected to the antenna, and the other end is connected to a length of 50-2 coaxial 
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cable. Although most articles on the GRV claim that any length of 50-Q line will 
work, J. M. Haerle (HF Antenna Systems: The Easy Way) recommends that the 
50-Q segment should be at least 65 ft long, 

Haerle is a little caustic in his comments on the GSRY, but his criticism is well 
taken. If you don't have a parallel transmateh, then the GSRV will work (especially if 
your rig can tolerate a 3:1 VSWR on some selected frequencies). Otherwise, use the 
antenna of Fig, $-2A (or a transmatch with the GSRV). 
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Figure 8-4 shows the once-popular end-fed Zepp antenna, This antenna is a 
“monopole” in that it uses a half-wavelength radiator, but it is fed at a voltage loop 
rather than a current loop (Le., the end of the antenna rather than the center). A 
450- or 600-2 parallel transmission line is used to feed the Zepp antenna. Although 
the line can theoretically be any length, practicality dictates a quarter-wavelength 
because of the fact that the antenna is fed at a high RF voltage point 

‘The Zepp (as shown) is a single-band antenna unless the transmission line is fed 
with a good, widerange transmatch, or other antenna tuner unit. The antenna tuner 
required is a balanced type, although a standard transmatch with a 4:1 balun trans- 
former at the output will also work well. Using the Zepp on many bands is easy, but 
keep in mind that it is voltage-fed, and (at frequencies for which the parallel line is 
not an odd integer multiple of a quarter-wavelength) there will be a high-voltage 
node at the transmatch, That raises the possibility of “RF in the shack”—“hot” snip- 
pets of RF on the grounded chassis of station equipment (including microphones, 
Where it is uncomfortable when touched to the lips). 


Feeding parallel transmission line 


Parallel transmission line is balanced with respect to ground, but coaxial cable is 
unbalanced to ground (.e., one side of the coax is usually grounded). Asa result, 
the standard amateur transmitter output will not drive parallel (balanced) feedline 
properly. You need to do one of two things: (1) buy (or build) an antenna tuner that 
is balanced on the output and unbalanced on the input or (2) convert a standard 
"coax-to-coax" transmatch or other form of antenna coupler to “coax-to-balanced” 
configuration. In some cases you can use a 4:1 balun transformer at the output of the 
coaxial cable tuner. Keep in mind, however, that some tuner manufacturers recom- 
mend against this practice. If you use the standard tee-network (or SPC) transmatch 
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8-4. End-fed Zepp antenna. 
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then it is possible to make a balun for this purpose from some no,12 formar or 
enamel-covered wire and either a ferrite toroid or a short piece of PVC plumbing 
pipe. Figure 8-5 shows a balun coil construction project. Use 12 turns of no.12 form- 
var or enameled wire over a 1-in outside diameter piece of PVC pipe or tubing, 

Next, we have the so-called longwire antenna. I use the term so-called because 
not all long wire antennas are truly longwires. A true longwire is longer than two 
wavelengths at the lowest frequency of operation. In Fig. 8-6 we see a longwire, or 
‘random-length,” antenna fed from a tuning unit. If the antenna length Lis greater 
than a quarter-wavelength, then the tuner consists of a single series capacitor (see 
below); and if it is shorter than a quarter-wavelength, the tuner is a series inductor. 
‘The standard tuner for this type of antenna, regardless of length, is a simple L-see- 
tion coupler (also shown), which can be selected for L-section, series-L or series-C 
operation, 

‘The Windom antenna (Fig, 8-7) has been popular since the 1920s. Although 
Loren Winclom is credited with the design, there were actually a number of contrib- 
utors. Coworkers with Windom at the University of Ilinois were John Byrne, B. F. 
Brooke, and W. L, Everett, and they are properly cocredited. The designation of Wi 
domas the inventor was probably due to the publication of the idea (credited to Wi 
dom) in the July 1926 issue of QS7 magazine. Additional (later) contributions were 
rendered by G2BI and GMIIAA (Jim MacIntosh). We will continue the tradition of 
crediting Loren Windom, with the understanding that others also contributed to this 
antenna design. 

‘The Windom is a roughly half-wavelength antenna that: will also work on even 
harmonics of the fundamental frequency. The basic premise is that the antenna ra- 
diation resistance varies from about 50 © to about 5000 2, depending upon the 
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Coax. 


8-6 Random-length (aka, if erroneously, “longwire") antenna, 


selected feedpoint. When fed in the exact center, a current loop, the feedpoint im- 
pedance will be 50 Q; similarly, end feeding the antenna finds a feedpoint impedance 
of about 5000 Q. In Fig. 8-7A the feedpoint is tapped away from the center at a point 
that is about one-third the way from one end, at a point where the impedance is 
about 600 . 

‘The Windom antenna works well—but with some caveats. For example, the an- 
tenna has a tendency to put “RF in the shack” because of the fact that it is voltage- 
fed. Second, there is some radiation loss from the feedline, Finally, the antenna 
works poorly on odd harmonies of the fundamental frequency. 

‘The antenna tuning unit can be either a parallel resonant, link-coupled LC tank 
circuit (See inset to Fig. 8-7); or a reversed pi network. In the case of the Windom, 
the pi network is turned around backward from the usual configuration: C, is at the 
low-impedance end of the network, so it is larger than C,. Design a pi network (see 
programs at end of book) to match 50 @ on the transmitter end and 600.Q on the an- 
tenna end. 

A reasonable compromise Windom that reduces feedline radiation losses is 
shown in Fig. 8-7B. In this antenna a 4:1 balun transformer is placed at the feed 
point, and this in tum is connected to 75-Q coaxial transmission line to the trans- 
mitter. A transmatch, or similar antenna tuner, is then connected between the trans- 
mitter and the transmission line, 
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Healthcare, transportation and media are sectors that are bound up with our fellow citizens’ daily 
lives: any improvements in these sectors thus have a clearly visible impact. The introduction of 
robots to perform specialised surgical operations, of video on demand or the advent of new 
connected features in cars have already improved our daily lives. 5G is promising to go several steps 
further in all of these areas: it would enable remote medical diagnoses and operations in real time, it 
would democratise streaming of 360° 3D video, it would provide users with a vast selection of video 
content with a picture quality better than ultra high-definition (4K, 8K...). The automotive universe 
could rely on these new networks to help cars make decisions without human involvement, and also 
communicate with one another (this is already possible, for instance, with the first experimental fleet 
of fully autonomous taxis being tested on the streets of Singapore by the firms nuTonomy and 
Grab’), with reaction times that are compatible with the demands of high-speed travel. 


In terms of factories of the future, the improvements brought by 5G are primarily targeting the 
introduction of new generations of connected robots, the interconnection of production sites and 
the much heavier use of smart sensors to improve industrial processes. Generally speaking, the aim is 
to achieve ubiquitous communication between machines, a process that is already well underway. 


One thing that it is crucial to understand, through the few examples listed above whose demands 
might seem mutually incompatible, is that depending on the sector or the application, the network 
properties and the functionalities required will not be the same. Service providers - whether they are 
today’s mobile operators or other market players ~ will need to be capable of adapting their network 
to demand, occasionally in real time. 5G will thus be not so much a universal technology as a 
polymorphous, or multi-faceted technology, capable of adapting to any use, up to and including the 
most demanding ones, 


hhtto://nutonomy.com, 
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CHAPTER 


Longwirte 
directional antennas 


YOU'VE HEARD I? DOZENS OF TIMES: THE RANDOM-LENGTH LONGWIRE ANTENNA IS THE 
‘perfect solution to awkward antenna problems. Whether it's a lack of real estate, 
cranky landlords, or a profound lack of dollars, the randont-length longwire will do the 
job for you. Right? Well, now, that depends on who you ask, and what they did to make 
it work— or not work. One person says the longwire is not worth a plugged nickel; 
another is very ho-hum about it because his “kinda works”; still another is enthusias- 
tie because hers is installed correctly and it works better than anything “since sliced 
pickle and liverwurst sandwiches.” Over the years my various living arrangements 
have forced me to use longwires at many QTHs, as well as on Field Day. Why does the 
random-length longwire have such a varied reputation? Before we answer that ques- 
tion let's find out (for those who came in late) just what is a longwire antenna, 
As an aside, let me point out that random-length wire antennas (less than 2A) 
are not true longwire antennas. However, common (if erroneous) usage compels 
the inclusion of both types. 


Longwire antennas 


Longwire antennas are any of several types of resonant and nonresonant. antennas, 
Any given longwire antenna may be both resonant and nonresonant, depending upon 
the operating frequencies used. In the “old days,” when I was first starting in amateur 
radio, most resonant longwires were resonant over all HF bands because those bands 
were harmonically related to each other. But with the addition of the 10-, 18-, and 
24-MHz band segments, that relationship no longer holds true for all cases, 

Figure 9-1 shows the classic random length, nonresonant longwire antenna. It 
consists of a wire radiator that is at least a quarter-wavelength long, but is most of- 
ten longer than a quarter-wavelength. The specific length is not eritical, but it must 
be greater than a quarter-wavelength at the lowest frequency of operation an- 
ticipated. If you have a 90-ft wire, it will work on all HF bands above 3.5 MHz. In 
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most installations, the wire is no.12 and no.14 copperweld, or hard-drawn copper 
wire. I have successfully used both no.12 and no.14 house wire, but because it is 
solid (not stranded) it is not the best material. Stranded wire lasts longer in the 
wind, because solid wire fatigues and breaks quicker 

‘The longwire antenna is capable of providing gain over a dipole and a low angle 
of radiation (which is great for DX operators!). But these advantages are only found 
when the antenna is several wavelengths long, so it occurs only on typical HF anten- 
nas in the 21- through 29-MHz bands. 

‘The longwire is end-fed, and therefore has a high impedance, except in those 
cases where the radiator happens to be quarter-wavelength. Because of this fact, it 
is necessary to use an antenna tuner between the low-impedance transmitter out- 
put (usually limited to 50- to 75-Q impedances) and the antenna. You can buy any 
of several commercial antenna tuners, or make one yourself, Figure 9-2 shows a 
typical antenna tuner for longwires. It is an L-section coupler consisting of a series 
inductance and a shunt capacitance, both variable. The inductor ean be home- 
made, or it can be made from a B&W miniductor (3029 is suitable). Alternatively, 
you can buy a used roller inductor from a hamfest. If you opt for the homemade or 
miniductor alternatives, then an alligator clip lead (short!) connected to one end 
of the coil can be used to short out unneeded turns when adjusting the inductance, 
Iprefer the roller inductor method, because it allows the whole “shootin’ match” to 
be installed inside a shielded cabinet, helping the TVI/BCI (television interfer- 
ence/broadcast interference) situation, 
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9-2, L:-section coupler. 


‘The capacitor (also available from the same sources) should be 150-pF to 250- 
pF maximum capacitance high-voltage variable. So-called transmitting variables are 
usually ok if the plate spacing is at least in. 

‘Tuning of the longwire is simplicity itself. If the tuner does not have a built-in 
VSWR meter, then install one in the line between the transmitter output and the 
tuner input, Adjust both L, and ©, (they are a bit interactive so do it several times) 
for the lowest VSWR. If you use the alligator clip method, turn off the darn trans- 
mitter before adjusting the clip position—RF burns are nasty! 


So what's the problem? 
Ok, so we have decided to install a longwire. How do we make it work? First, make 
sure that it is long enough. The bare minimum lengths for HF bands are 70 ft for 
3.5 MHz and up, 34 ft for 7 MHz and up, and so on. In general, the longer the better. 
‘The second problem is a good ground. ‘The importance of a good ground cannot be 
underestimated, and it accounts for about: 99 percent of the difference in reported 
performance of longwires. 

A good ground consists of a short wire to either one very long ground rod or mul- 
tiple ground rods spaced a couple feet apart. An important factor is the length of 
the ground wire. It must be considerably less than a quarter-wavelength. Use no.10 
stranded wire (several parallel lengths) or braid. 

When I was in college I lived on the second floor of a whacky student boarding 
house in Norfolk, VA. The ground was 24 ft away, and that made “short ground wire” 
a joke—and my longwire nearly inoperative, But I figured out a way around the 
problem. A quarter-wave radial was dropped out the window (see Fig. 9-3). Use 
more than one radial if possible. In one case, when the landlord was particularly 
cranky, I tacked the radial to the baseboard of my room (insulated on standoffs at the 
far end to protect against the high RF voltages present). It worked well! 
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Anew product also comes to the rescue of those reader-hams who cannot put up 
a good longwvire. The MFJ Enterprises (Box 494, Mississippi State, MS, 39762, 1-800- 
647-1800) model MFJ-931 artificial RF ground is installed in the ground line (see Fig. 
9-4) and is used to tune the ground wire. Adjust the capacitance and inductance con- 
trols for maximum ground current as shown on the built-in meter. Be sure to follow 
the instructions, however, because high RF voltages can appear on a nonresonant 
ground wire. I wish I'd had one of these when I was in that. whacky boarding house: 
discussing existentialist poetry can't hold a candle to DXing. 
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When is a long wire a longwire? 

For many years, the longwire has been a popular form of antenna, It is cheap, it is 
easy to construct, and—although reports vary—it has the potential to perform well 
Properly constructed, it has a lot of utility. But. what is a real longwire antenna? In 
past columns, I have used the term to mean an antenna such as Fig, 9-1. This form of 
antenna is popularly called a longwire if it is more than a quarter-wavelength. I and 
other authors have used the term longwire to mean this antenna, but that's not rig- 
orously correct. A true longwire is an antenna that is many wavelengths long, or to 
be a little more rigorous, an antenna that is more than two wavelengths long. Al- 
though I will still use the term longwire for both forms of longwire antenna, proper 
rigor requires Fig, 9-1 to be called a “ranclom-length antenna.” 


True longwire antennas 


Figure 9-5 shows the true resonant longwire antenna. It is a horizontal antenna, and 
if properly installed, itis not simply attached to a convenient support (as is true with 
the random length antenna). Rather, the longwire is installed horizontally like a di- 
pole. The ends are supported (dipole-like) from standard end insulators and rope. 
‘The feedpoint of the longwire is one end, so we expect to see a voltage antinode 
where the feeder is attached. For this reason we do not use coaxial cable, but rather 
either parallel transmission line (also sometimes called open-air line or some such 
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name), or 450-2 twin lead, The transmission line is excited from any of several types 
of balanced antenna tuning unit (see Fig, 9-5). Alternatively, a standard antenna 
tuning unit (designed for coaxial cable) can be used if a 4:1 balun transformer is 
used between the output of the tuner and the input of the feedline. 

What does “many wavelengths” mean? 'That depends upon just what you want 
the antenna to do. Figure 9-6 shows a fact about the longwire that excites many 
users of longwires: It has gain! Although a two-wavelength antenna only has a slight 
gain over a dipole; the longer the antenna, the greater the gain. In fact, it is possible 
to obtain gain figures greater than a three-element beam using a longwire, but only 
at nine or ten wavelengths. 
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9-6 Antenna length versus gain over dipole 
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What does this mean? One wavelength is 984/F yy, ft, so at 10 m (29 MHz) one 
wavelength is about 34 ft; at 75 m (3.8 MHz) one wavelength is 259 ft long. In order 
to meet the two-wavelength criterion a 10-m antenna need only be 68 ft long, while 
a 75-m antenna would be 518 ft long! For a ten-wavelength antenna, therefore, we 
would need 340 ft for 10 m; and for 75 m, we would need nearly 2,800 ft. Ah me, 
now you see why the longwire is not more popular, The physical length of a nonter- 
minated resonant longwire is on the order of 


_ 492,(N— 0.025) 


[9.1] 
Fro 


(Wis number of half-wavelengths in the radiator elements.) 


Of course, there are always people like my buddy (now deceased) John 
‘Thorne, K4NFU. He lived near Austin, TX on a multiacre farmette that has a 1400- 
ft property line along one side. John installed a 1300 ft longwire and found it 
worked excitingly well. He fed the thing with homebrew 450-Q parallel (open-air) 
line and a Matchbox antenna tuner. John's longwire had an extremely low angle of 
radiation, so he regularly (much to my chagrin on my small suburban lot) worked 
4L, VK, and other Southeast Asia and Pacific basin DX, with only 100 W from a 
Kenwood transceiver. 

Oddly enough, John also found a little bitty problem with the longwire that text- 
books and articles rarely mention: electrostatic fields build up a high-voltage de 
charge on longwire antennas! Thunderstorms as far as 20 mi away produce serious 
levels of electrostatic fields, and those fields can cause a buildup of electrical charge 
on the antenna conductor, ‘The electric charge can cause damage to the receiver. 
John solved the problem by using a resistor at one end to ground. The “resistor” is 
composed of ten to twenty 10-MQ resistors at 2 W each. This resistor bleeds off the 
charge, preventing damage to the receiver, 

A common misconception about longwire antennas concerns the normal radia- 
tion pattern of these antennas, I have heard amateurs, on the air, claim that the max- 
imum radiation for the longwire is 


1. Broadside (Le., 90°) with respect to the wire run or 
2. In line with the wire run 


Neither is correct, although ordinary intuition would seem to indicate one or the 
other. Figure 9-7 shows the approximate radiation pattern of a longwire when 
viewed from above. There are four main lobes of radiation from the longwire (A, B, 
C, and D). There are also two or more (in some cases many) minor lobes ( and F) 
in the antenna pattern. The radiation angle with respect to the wire run (GE) is a 
function of the number of wavelengths found along the wire. Also, the number and 
extent of the minor lobes is also a function of the length of the wire. 
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Nonresonant single-wire longwire antennas 


‘The resonant longwire antenna is a standing wave antenna, because it is untermi- 
nated at the far end. A signal propagating from the feedpoint, toward the open end, 
will be reflected back toward the source when it hits the open end. The interference 
between the forward and reflected waves sets up stationary standing current and 
voltage waves along the wire 

A nonresonant longwire is terminated at the far end in a resistance equal to its 
characteristic impedance. Thus, the incident waves are absorbed by the resistor 
rather than being reflected, Such an antenna is called a traveling wave antenna. 
Figure 9-8 shows a terminated longwire antenna, The transmitter end is like the feed 
system for other longwire antennas, but the far end is grounded through a termi- 
nating resistor R, that has a resistance R equal to the characteristic impedance Z,, af 
the antenna (ie., R = Z,). When the wire is 20 to 30 ft above the ground, Z, is about 
500 to 600 2. 

‘The radiation pattern for the terminated longwire is a unidirectional version of 
the multilobed pattern found on the unterminated longwires. The angles of the 
lobes vary with frequency, even though the pattern remains unidirectional. ‘The 
rectivity of the antenna is partially specified by the angles of the main lobes, It i 
teresting to note that gain rises almost linearly with mA, while the directivity 
function changes rapidly at shorter lengths (above three or four wavelengths the 
rate of change diminishes considerably). ‘Thus, when an antenna is cut for a certain 
low frequency, it will work at higher frequencies, but the directivity characteristic 
will be different at each end of the spectrum of interest. 

A two-wavelength (22) pattern is shown in Fig. 9-7. There are four major lobes 
positioned at angles of #36° from the longwire. ‘There are also four minor lobes— 
the strongest of which is -5 dB down from the major lobes—at angles of #75° from 
the longwire. Between all of the lobes, there are sharp nulls in which little reception 
is possible, As the wire length is made longer, the angle of the main lobes pulls in 
tighter (Le., toward the wire). As the lobes pull in closer to the wire, the number of 
minor lobes increases. At 5A, there are still four main lobes, but they are at angles 
of #22° from the wire. Also, the number of minor lobes increases to 16, The minor lobes 
are located at #47°, #62°, #72°, and #83° with respect to the wire. The minor 
lobes tend to be -5 to ~10 dB below the major lobes. When the longwite gets very 
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9-8 Longwire (greater than 2A) antenna is terminated in a resistance (typically 400 to 800.0). 
Radials under the resistor improve the grounding of the antenna, 


much longer than 5A, the four main lobes begin to converge along the length of the 
wire, and the antenna becomes bidirectional. This effect occurs at physical lengths 
greater than about 202, 

In general, the following rules apply to longwire antennas: 

+ On each side of the antenna, there is at least one lobe, minor or major, for each 
half-wavelength of the wire element. For the overall element, there is one lobe 
for every quarter-wavelength. 

© Ifthere are an even number of lobes on either sitle of the antenna wire, then 
half of the total number of lobes are tilted backward, and half are tilted for- 

ard; symmetry is maintained. 

© If there are an odd number of lobes on either side of the wire, then one lobe 
on either side will be perpendicular to the wire, with the other lobes distrib- 
uted either side of the perpendicular lobe. 


Vee beams and rhombic beams 

Longwire antennas can be combined in several ways to increase gain and sharpen 
directivity, Two of the most popular of these are the vee beam and the rhombic an- 
tennas. Both forms can be made in either resonant (unterminated) or nonresonant 
(terminated) versions, 

Vee beams ‘The vee beam (Fig, 9-9) consists of two equal-length longwire 
elements (wire 1 and wire 2), fed 180° out of phase with each other, and spaced 
to produce an acute angle between them. The 180° phase difference is inherent in 
connecting the two wires of the vee to opposite conductors of the same parallel con 
ductor feedline. 
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9-94. Ravliation pattern of vee beam antenna consists of the algebraic sum of the two longswite 
patterns that make up the antenna. 


‘The unterminated vee beam (Fig. 9-9A) has a bidirectional pattern that is created, 
by summing together the patterns of the two individual wires. Proper alignment of the 
main lobes of the two wires requires an included angle, between the wires, of twice 
the radiation angle of each wire. If the radiation angle of the wire is f, then the appro- 
priate included angle is 2B. To raise the pattern a few degrees, the 28 angle should be 
slightly less than these values. It is common practice to design a vee beam for a low 
frequency (e.g., 75-/80- or 40-m bands), and then to use it also on higher frequencies 
that are harmonies of the minimum design frequeney. A typical vee beam works well 
over a very wide frequeney range only if the included angle is adjusted to a reasonable 
compromise. It is common practice to use an included angle that is between 35° and 
90°, depending on how many harmonic bands are required. 

Vee beam patterns are based on an antenna height that is greater than a half- 
wavelength from the ground, At low frequencies, stich heights will not be practical, ancl 
you must expect a certain distortion of the pattern because of ground reflection effects, 

Gain on a vee beam antenna is about 3 dB higher than the gain of the single-wire 
longwire antenna of the same size, and it is considerably higher than the gain of a 
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dipole (see Fig. 9-9B). At three wavelengths, for example, the gain is 7 dB over a di- 
pole. In addition, there may be some extra gain because of mutual impedance 
effects—which can be about 1 dB at 5A and 2 dB at 82, 

Nonresonant vee beams Like the single-wire longwire antennas, the vee beam, 
can be made nonresonant by terminating each wire in a resistance that is equal to 
the antennas characteristic impedance (Fig. 9-10). Although the regular vee is a 
standing wave antenna, the terminated version is a traveling wave antenna and is 
thus unidirectional. Traveling wave antennas achieve unidirectionality because the 
terminating resistor absorbs the incident wave after it has propagated to the end of 
the wire, In a standing-wave antenna, that energy is reflected backwards toward the 
source, so it. can radiate oppositely from the incident wave. 

Rhombie beams The rhombic beam antenna, also called the double vee, 
consists of two vee beams positioned end-to-end with the tips connected. The uni- 
directional, nonresonant (terminated) rhombie is shown in Fig. 9-11. The untermi- 
nated resonant form gives approximately the same gain and directivity as a vee 
beam of the same size, The nonresonant rhombic has a gain of about 3 dB over a 
vee beam of the same size (see Fig, 9-9 again) 

‘Two angles are present on the rhombic antenna, One-half of the included an- 
gle of the two legs of one wire is the filt angle ($), while the angle between the 
two wires is the apes angle (8). A common rhombic design uses a tilt angle of 
70°, a length of 64 for each leg (two legs per side), and a height above the ground 
of LIA, 
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9.98 Gain versus length of vee beam and rhombic beam antennas, 
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Resultant pattern 


9-10 Nonresonant vee beam antenna. 


‘The termination resistance for the nonresonant rhombic is 600 to 800 0, and 
must be noninductive. For transmitting rhombies, the resistor should be capable of 
dissipating at least one-third of the average power of the transmitter. For receive- 
only rhombies, the termination resistor can be a 2-W carbon composition or metal- 
film type. Such an antenna works nicely over an octave (2:1) frequency range, 


Beverage or “wave” antennas 
‘The Beverage or wave antenna is considered by many people to be the best receive 
antenna available for very low frequency (VLF), AM broadcast band (BCB), medium 
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9-11 Terminated thombic antenna, 


wave (MIW), or tropical band (low HF region) DXing. The Beverage was used by RCA 
at its Riverhead, Long Island (NY) station in 1922, and a technical description by Dr. 
H, H. Beverage (for whom it is named) appeared in QST magazine for November 
1922, in an article titled “The Wave Antenna for 200-Meter Reception.” In 1984, an 
edited and updated version of the 1922 article appeared in the same magazine. In 
1921, Paul Godley, under sponsorship of the American Radio Relay League, journeyed 
to Scotland to erect a receiving station at-Androssan. His mission was to listen for ar- 
ateur radio signals from North America. As a result of politicking in the post-World 
War I era, hams were consigned to the supposedly useless shortwave (A < 200m), and 
it was not clear that reliable international communications were possible, Godley went 
to Scotland to see if that could happen; he reportedly used a wave antenna for the task 
(today, called the Beverage), 

‘The Beverage antenna is a longwire of special design, more than one wavelength 
(1d) long (Pig. 9-12), although some authorities maintain that >0.5A.is minimally suf- 
ficient. The Beverage provides good directivity and good gain, but is not very efficient, 
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As a result, it is preferred for receiving, and is less useful for transmitting. This is an 
example of how different attributes of various antennas make the Law of Reciprocity 
‘an unreliable sole guide to antenna selection. Unlike the regular longwire, which is of 
a different design, the Beverage is intended to be mounted close to the earth's surface 
(typically < 0.12); heights of 8 to 10 feet is the usual prescription, 

Figure 9-12 shows the basic single-wire Beverage antenna, It consists of a single 
conductor (no.16 to no.8 wire, with no.14 being most common) erected about 8 to 10 ft 
above ground. Some Beverages are unterminated (and bidirectional), but most of them 
are terminated at the far end in a resistance equal to the antenna’s characteristic im- 
pedance Z,. The receiver end is also terminated in its characteristic impedance, but 
generally requires an impedance matching transformer to reduce the antenna imped- 
ance to the 50-0 standard impedance ised by most modern transmitters, 

‘The Beverage works best in the low-frequency bands (VLF through MW) 
although at least some results are reportedly relatively easy to obtain up to 25 m 
(15 MHz). Some questionably successful attempts have been made at making 
Beverage antennas work as high as the 11-m Citizens Band or the 10-m harn band 
(29.7 MHz) 

‘The Beverage antenna works on vertically polarized waves arriving at low angles of 
incidence. These conditions are normal in the AM BCB, where nearly all transmitting 
antennas are vertically polarized. In addition, the ground- and sky-wave propagations 
found in these bands (VLF, BCB, and low HF) are relatively consistent. As the fre- 
quency increases, however, two factors become increasingly dominant. First, the likeli- 
hood of horizontal polarization increases because of the size of a wavelength at those 
frequencies, The polarization of the received signal not only changes in those bands, but 
does so constantly when conditions are unsettled. It is the strong dependence of the 
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Beverage on relatively constant vertical polarization that makes me suspect the claims 
of Beverage-like performance above the 25- or even 31-m bands. 

The Beverage depends on being erected over poorly conductive soil, even 
though the terminating resistor needs a good ground. Thus, one source claimed that 
sand beaches adjacent to salty marshes make the best Beverage sites (a bit of an 
overstatement). Figure 9-13 shows why poorly conductive soil is needed. The E-field 
vectors are launched from the transmitting antenna perpendicular to the earth's sur- 
face. Over perfectly conducting soil, the vertical waves would remain vertical. But 
over imperfectly conducting soil, the field lines tend to bend close to the point of 
contact with the ground. As shown in the inset of Fig. 9-13, the bending of the wave 
provides a horizontal component of the E-field vector, and this provides the means 
of generating an RF current in the conductor wire. 

A debate among Beverage antenna fans regards the best length for the antenna. 
Some sources state that the length can be anything greater than or equal to 0.52, yet 
others say greater than or equal tol is the minimum size. One camp says that the 
Jength should be as long as possible, while others say it should be close to a factor 
called the maximum effective length (MEL), which is 


[9.2] 


where 


MEL is the maximum effective length, in meters 
{Ais the wavelength, in meters 
Kis the velocity factor, expressed as a percent 


Misek, who may well be the leading exponent of the Beverage antenna, uses 
numbers like 1,62 to 1.7 over the 1.8- to 7.3-MHz region, and 0.53), to 0.562 on fre- 
quencies lower than 1.8 MHz. Doctor Beverage was once quoted as saying that the 
optimum length is 12. 

Like the longwire antenna, the Beverage needs a termination resistor that is 
connected to a good ground, This requirement might be harder to meet on Beverage 
antennas because they work best over lossy ground, which doesn't make a very good 
ground connection. As in the longwire case, insulated or bare wires, a quarter-wave 
length long, make the best radials. However, a substantial improvement in the 
ground is possible using just bare wires measuring 15 to 20 ft long (which is much 
less than 2/4), buried in the soil just below the surface (far enough to prevent ero- 
sion from bringing it to the surface). Many articles and books on Beverages show 
ground rods of 2 or 3 ft long, which borders on the ridiculous. Poor soil requires 
longer ground rods, on the order of 6 to 8 ft. Copper-clad steel makes the best rods. 

In addition to the radials and ground rod, Misek also recommends using a wire 
connection between the ground connection at the termination resistor, and the 
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9-13, Performance of Beverage antenna over different values of ground conductance. 


ground connection at the receiver transformer (see again Fig. 9-12). According to 
Misek, this wire helps to stabilize the impedance variations at higher frequencies, 

Installation of the Beverage antenna is not overly critical if certain rules are fol- 
lowed. The antenna should be installed at a height of 6 to 10 ft off the ground, and it 
should be level with the ground aver its entire length. Ifthe ground is not flat enough 
to make a level installation possible, then try to use a height that is 6 to 10 ft above the 
average terrain elevation along its run, A popular installation method is to erect 16-ft 
4x4 lumber, such that 3 to 4 fare buried ina conerete-filled posthole, Use lumber 
that is treated for outdoor use (ie., pressure-treated lumber sold for decks and 
porches. The wire can be fastened to the 4 x 4 posts using either ceramic standoff 
("beehive") insulators or electric fence insulators (which some people deem prefer- 
able). Try to use one contiguous length of wire for the antenna, if possible, in order to 
avoid soldered splices andl joints. 

One of the Beverage installation difficulties shared with the longwire is the need 
to slope down toa point where a termination resistor can be easily installed close to 
the ground. While the longwire ean be sloped over a large portion of its length, the 
Beverage should be sloped downward only aver the last 60 ft or so. 
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Steerable notch Beverage antennas 
‘A Beverage erected with two wires—parallel to each other, at the same height, 
spaced about 12 in apart (Fig. 9-14), with a length that is a multiple of a half-wave- 
length—is capable of null steering. That is, the rear null in the pattern can be 
steered over a range of 40° to 60°, This feature allows strong, off-axis signals to be 
reduced in amplitude so that weaker signals in the main lobe of the pattern can 
be received. There are at least two varieties of the steerable wave Beverage (SWB). 

If null steering behavior is desired, then a phase control cirenit (PCC) will be 
required—consisting of a potentiometer, an inductance, and a variable capacitor in 
series with each other. Varying both the “pot” and the capacitor will steer the null 
You can select the direction of reception, and the direction of the null, by using a 
switch to swap the receiver and the PCC between port A and port B. 
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9-14 Beverage antenna with a steerable null 
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CHAPTER 


Hidden and 
limited-space antennas 


ONE OF THE MOST SIGNIFICANT IMPEDIMENTS TO AMATEUR RADIO OPERATORS, CB 
operators, and shortwave listeners is the space available for their antennas. In 
many thousands of other cases, the limitation is less one of space, but of regula- 
tors. More and more subdivisions are built with covenants on the deed that pro- 
hibit the buyer from installing outdoor antennas. Once limited to townhouse 
developments, where that breed of contemptible vermin (called the Homeowners 
Committee) routinely intruded on the affairs of people who mistakenly think they 
“own” their townhouse (ownership implies right of use, which is limited by the 
covenants). These onerous covenants are now routinely placed on single-family 
dwellings as well. In fact, it is the single most serious threat to amateur commu- 
nications people in the country today. Other homeowners are no longer angered 
by the restriction on antennas because their television reception is now carried to 
them via cable systems in most parts of the country. Even where cable is not avail- 
able, most users can install a moderately sized television antenna in their attic, or 
use rabbit ears. In other cases, the townhouse comununity will install a single mas- 
ter TV antenna and then distribute signals to each unit. ‘The result is that the am- 
ateur radio operator, CB operator, and shortwave listener are left to fend for 
themselves without assistance from neighbors. 

In this chapter we will examine some of the alternatives available to those read- 
ers who have either a limited space situation (such as a small city lot), or are unable 
to move out of a subdivision where there are stupid rules against outdoor antennas, 
The suggestions contained in this chapter are not universal, and indeed the author 
recommends that you adapt, as well as adopt, these recommendations, and come up 
with some of your own. Creativity within the constraints of the laws of physies gov- 
ering radio antennas is encouraged. 
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Hidden antennas 


A hidden antenna is one that is either completely shielded from view or disguised as 
something else, Alternatively, you could also inelude in this category antennas that 
are in semniopen view, but which are not too obvious (except to the trained and dili- 
gent eye). Some people have opted for “hidden” longwires made of very fine wire 
(no. 26 enameled wire is popular). The user will install the wire in the open, high off 
of the ground (as in an apartment installation), and operate without anyone know- 
ing the difference. One chap used no. 22 wire suspended between two 16-story 
apartment house buildings that were 100 yards apart. He had one of the best work- 
ing longwires in town until a windy day when the whole thing came down, No one 
was injured; but had someone been hurt, there might have been a lawsuit. Hidden 
antennas must be designed with an eye toward causing others no harm. It is neither 
ethical nor smart to place others at risk in enjoying our hobbies. 

‘The dipole is a popular antenna with both shortwave listeners and amateur ra- 
dio operators. Indeed, for the CB operator who wants to get on the air from an apart- 
ment or townhouse (or restricted single-family home), the dipole can represent a 
respectable alternative. 

As you learned in Chap. 6, the dipole is a horizontal wire (or pipe) antenna that, 
is a half-wavelength long and fed in the center (ideally) with 75-@ coaxial cable. In 
the “townhouse” dipole, it is possible to build the antenna entirely inside the attic of 
the building. The length of the dipole is given approximately by 


Lo [10.1] 


Ifyou do some quick calculations you will find that antennas for the 10-, 13-, 15-, 
and (possibly) even 18- and 20-m bands, will fit entirely inside the typical townhouse 
attic, This statement is also true of the 11-m citizen's band antenna: It will fit inside 
the standard townhouse attic. But: what about the lower frequency bands? 

Figure 10-1 shows a possible solution to the use of the lower frequencies in the 
townhouse situation, The two quarter-wavelength arms of the dipole are ideally in- 
stalled in line with each other, as was shown in the chapter on horizontal antennas. 
But in a sticky situation we can also install the dipole with the arms bent to accom- 
modate the space available. In this example, only one of many possible methods for 
accomplishing this job is shown. Here each quarter-wavelength section is composed 
of two legs, AB and CD, respectively. Ideally, segments B and C are the longest di- 
mensions. Also, if possible, make segments A and D equal lengths. Another method 
is to reverse the direction of one end leg, say for example D, and run it to the other 
corner of the building over the peak of the roof. 

‘The author is almost. hesitant to offer only one drawing, despite space con- 
straints, in the fear that readers will take the offered pattern as the only authorized 
version, or solution. In reality, you might not be able (for a variety of reasons) to use 
the exact pattern shown (so ad lib a little bit) 

How about performance? Will the constrained dipole of Fig. 10-1 work as well as 
a regular dipole installed a wavelength or two off the ground and away from objects? 


aa 


1 5G objectives 


Ever since the first real mobile telephone call, 44 years ago’, mobile technologies have been evolving 
steadily and their performances have improved exponentially: as mentioned earlier, calling services 
and later texting and finally the mobile internet and the use of multi-service mobile applications have 
characterised the evolution of mobile networks and the transition from one generation to the next. 
The birth of LTE technology and the fourth generation (4G), coupled with the widespread use of 
smartphones and tablets, have driven a massive increase in the amount of mobile data traffic being 
relayed over the networks. 


The use of a mobile handset and its applications is now an integral part of our fellow citizens’ daily 
habits. Portable connected devices are increasingly powerful: in many instances they have replaced 
users’ landline telephones, cameras, computers and even televisions. Today, 5 million videos are 
watched on YouTube and 67,000 images uploaded to Instagram every minute (see Figure 3). 
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Figure 3. What we do over the network taday in one minute 


The latest Mobility Report® from Ericsson indicates that traffic on mobile networks almost doubled in 
a single year, and that over the next five years it will have increased to 10 times what it is today. New 
solutions must therefore be found to meet this demand, and to optimise how resources are used. 


The increase in the number of applications available, their diversification and the improved quality of 
mobile networks have all contributed to driving up demand, the emergence of new uses (connected 
objects, drones, etc.) and new users. 


*0n 3 April 1973, Motorola's Martin Cooper made a call from the corner of 56" street in New York City with the first mobile 
phone. 
* inttns://www.eriesson.com/res/docs/2014/5g-what-is-tfor.odf 


ttnss//wwnw ericsson, com/assets /local/mobilty-report/documents/2016/ericsson-mobility-report-november-2016.o4f 
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One possible 
solution 


10-1 Installing dipole in attic 


Ina word: no, But that is not the problem being solved; getting on the air at all is the 
present problem. You will find that the pattern of the constrained dipole is distorted 
compared with that of the regular dipole. In addition, the feedpoint impedance is not 
going to be 73 Q (except if by fluke), so you will be required to use an antenna tuner 
of some kind, You are well advised to read the chapter on antenna instruments and 
measurements so that you can be prepared to figure out any feed problems that crop 
up—as well they might. 

‘The wire used in the constrained dipole (or other forms of attic antenna) should 
be mounted on TV-type screw-in standoff insulators. Almost any outlet that sells TV 
antennas, or installation parts, will have them. These standoff insulators are also 
available in many hardware stores, and department stores that sell TV antennas or 
“Harry and Harriet Homeowner” supplies, in addition to electronics parts suppliers. 
Do not simply tape the wire to the wooden underside of your roof. The reason is sim- 
ple: in a poorly tuned antenna, voltages can get high enough at the ends to produce 
corona effects; arcing could be a fire hazard. Also, use insulated wire to avoid acci- 
dental contact in the event that someone is in the attic when you are operating. Be 
aware that the insulation might affect the propagation velocity of signals in the wire, 
so it will slightly alter the required length. 
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Another alternative for the attic antenna, and one that avoids some of the prob- 
Jems of corona effects, is the nonresonant loop shown in Fig. 10-2. Although speci- 
fied as a top view, the loop can be installed in the configuration that best uses the 
space. In fact, the best performance will be bidirectional when the loop is installed 
vertically. In this case, a large loop (as large as can be accommodated in the space 
available) is installed in the attic, Again, use standoff insulators and insulated wire 
for the installation. 

‘The giant loop is fed with parallel line, and is tuned with a balanced antenna tun- 
ing unit. As was true with the constrained dipole, the performance is not to be 
equated with the performance of more regular antennas; but, with the prospect of 
not being on the air at all ...! Once again we have a compromise antenna for a com- 
promising situation. 

Another ploy is the old “flagpole trick” shown in Fig, 10-3. Some developments al- 
low homeowners to vent their patriotism by installing flagpoles—and flagpoles can be 
disguised antennas. In the most obvious case, you can install a brass or aluminum flag- 
pole and feed it directly from an antenna tuning unit. For single-band operation, es} 
cially on the higher frequencies, you can delta-feed the “flagpole” unobtrusively, and 
call your flagpole a vertical antenna. But that is not always the best solution. 

Figure 10-3 shows two methods for creating a flagpole antenna, and both de- 
pend on using white PVC plumbing pipe as the pole. The heavier grades of PVC pipe 
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10-2 Large loop antenna. 
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are self-supporting to heights of 16 to 20 ft, although lighter grades are not self- 
supporting at all (hence are not usable). 

Figure 10-3A shows the use of a PVC flagpole in which a no. 12 (or no. 14) wire is 
hidden inside, ‘This wire is the antenna radiator. For some frequencies, the wire will be 
resonant, and for others, it will surely be nonresonant. Because of this problem an an- 
tenna tuning unit is used either at the base of the antenna or inside at the transmitter, 
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Ifthe wire is too long for resonance (as might happen in the higher bands), then place 
a capacitor in series with the wire. Various settings may be required, so use a multi- 
section transmitting variable that has a total capacitance selectable to more than 1000 
pF. Alternatively, use a vacuum variable capacitor of the same range. 

In cases where the antenna is too short for resonance, as will occur in the lower 
bands, insert an inductance in series with the line to “lengthen” it, Another alterna- 
tive is to use an L-seetion tuner at the feedpoint, 

A good compromise situation is the use of a 16-ft length of “flagpole” pipe witha 
16-foot wire embedded inside, The 16-foot wire is resonant at 20 m, so it will perform 
like a vertical antenna at those frequencies. The tuner will then accommodate fre- 
quencies above and below 20m. 

Another alternative is the version shown in Fig. 10-3B. In this case the wire ra- 
diator is replaced with a section of aluminum tubing. A wooden or plastic insert is 
fashioned with a drill and file to support the alurninum tubing inside the PVC tubing, 
One way to make the support is to use a core bit in an electric drill to cut out a disk 
that fits snugly inside the PVC tubing, Rat out the center hole, left by the core bit pi- 
lot, to the outside diameter of the aluminum tubing. he support can be held in place 
with serews from the outside, or simply glued in place. 

‘The problem of operating with a hidden antenna is a serious challenge. But with 
some of these guidelines and a little creativity, you can get on the air and enjoy your 
amateur radio hobby. 


Limited-space antennas 


Many people live in situations where it is permissible to install an outdoor antenna, 
but it is not practical to install a full-size antenna. I once lived in a house that was 16 
ft wide and 37 ft long, on a 33 x 100-ft lot. Very few full-sized antennas could be in- 
stalled on that lot because of the space constraints. Beam antennas were out because 
county laws required that the antenna not hang over the property line. Although ver- 
tical antennas were possible, there was a period of time when I used other antennas 
that were easier to install, In this chapter, you will examine some of the options open 
to those with limited space for amateur radio, CB, or SWL antennas 

Once again we return the simple dipole as the basis for our discussion. In Fig. 
10-4, you see several alternatives for installing an outdoor antenna in a limited space. In 
Fig. 10-44, the slanted dipole (or stipole) antenna uses the standard dipole configura- 
tion, but one end is connected to the high point of the building, while the other is an- 
chored near the ground. The coaxial cable is connected to the midpoint of the antenna 
inthe usual manner for regular dipoles. If the end of the dipole is within reach of peo- 
ple on the ground, then they may get-a nasty RF bum if the antenna is touched while 
youare operating. Take precautions to keep people and pets away from this lower end. 

Another method is the vee dipole shown in Fig. 10-4B. In a regular dipole i 
stallation, the ends of the antenna are along the same axis (in other words, at an 
angle of 180°). In the example of Fig. 10-4B, however, the angle between the ele- 
ments is less than 180°, but greater than 90°. In some cases we might want to bend 
the elements, rather than install them in a vee shape, Figure 10-4C shows an an- 
led dipole with four segments, For the best performance (but not as good as that 
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of a regular dipole), make A = D and B = C, In all three examples, Figs. 10-44 
through 10-4C, you can expect to find the length needed for resonance varies 
somewhat from the standard 468/F,,,, value, and that the feedpoint impedance is 
other than 73 Q. Also, the pattern will be distorted with respect to the regular di- 
pole. Although these antennas do not work as well as a properly installed dipole, 
the performance is sufficient to allow successful operation. 
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House, tree or 
other structure 


Ground 
10-44. Sloper dipole 


Another limited-space wire antenna is the (so-called) half-slope shown in Fig. 
10-4D. Although single-band versions are often seen, the example in Fig. 10-4D is a 
multiband version. Resonant traps separate the different band segments. 'This an- 
tenna operates like the vertical, but itis not omnidirectional. Also, the feedpoint im- 
pedance will be different from the regular vertical situation, If the impedance varies 
too much for comfort, insert an antenna tuner, such as the Transmatch, in the coax- 
ial line between the transmitter and the antenna. 

Figure 10-5 shows another antenna that's useful for limited-space situations, Al- 
though it is easily constructed from low-cost materials, the antenna is also sold by 
several companies under various rubrics including “cliff-dweller,” “apartment 
house,” “townhouse,” or “traveler's” antennas, ‘The antenna consists of a 4- to 16-ft 
section of aluminum or copper tubing. Some of the commercial antennas use a tele- 
scoping tubing that can be carried easily in luggage. As was true with the longwire, 
the window-sill antenna is tuned to resonance with an L-section coupler. 

‘The L-section coupler must be tuned to produce the lowest possible VSWR, so 
either an RF power meter or a VSWR meter must be installed in the coaxial cable be- 
tween the transmitter and the tuner. Again, a good ground (or radial system) will 
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10-48 Vee dipole, 


greatly improve the operation of this antenna. The performance should be consider- 
ably less than that of a good longwire, but it will work DX for you even on lower fre- 
quencies. Once again it is not the best antenna made, but it will get you on the air 

Figure 10-6 shows the use of a mobile antenna for a fixed or portable location. 1 
used this type of antenna at one QTH to good effect. Mount a mobile antenna, such 
as the Hustler, on the window sill, or other convenient mount (at least one amateur 
radio operator uses one mounted on the roof of the house). Grouncling is essential 
for this antenna, as was also true for the longwire and window-sill antenna (Fig 
10-5). The operation of this antenna is improved by installing at least two radials per 
band as a counterpoise ground. My installation worked well, even though only two 
radials were present. 

directional rotatable dipole is shown in Fig. 10-7. This antenna is made from a 
pair of mobile antennas connected “back-to-back” on a horizontal length of 1 x 2 
lumber and fed in the center with a coaxial cable. The end pieces of the mobile an- 
tenna set the resonance, and you must recognize that adjusting one requires a coun- 
tervailing adjustment of the other as well. 

‘Two examples of helically wound antennas are shown in Fig. 10-8. In this type 
of antenna, an insulating mast is wound with a half-wavelength of antenna wire, The 
overall length of the antenna is considerably less than a half-wavelength, except at 
the highest frequencies, In order to dissipate the high voltages that tend to build up 
at the ends of these antennas, a capacitance hat is used. ‘These “hats” are either disks 
(pie tins work well) or rods of conductor about 16 to 24 in long. The version shown 
in Fig. 10-84 is a vertical antenna, and like other verticals, it must be installed over 
either a good ground or a counterpoise ground. The version shown in Fig, 10-8B is hor- 
izontally polarized. 


aa 


ChaplO_Carr 


4/10/01 2:42 PM Page 240 


240 Hidden and limited-space antennas 


Rope 


Center insulator 


Insulator 


10-4 Bent dipole 


Insulator 


___Band traps 


Insulator 


Rope 
G 


10-4D_ Sloper trap vertical 


Chaplo. 


4/10/01 2:41 PM Page 241 


Limited-space antennas 241 


4- to 16-foot pine 


Wooden wedge 


Window sill 


10-5 Window sill antenna. 


Mobile 
Mobile Onoess 
Metal ‘mount — 


plate 


Coax 


Wooden support: 


Window sill 


10-6 Use of mobile antenna as a window sill antenna, 


ChaplO_Carr 4/10/01 2:41 PM Page 242 


242 Hidden and limited-space antennas 


Two mobile 


132 Word 


Mounting Pipe flange 


pipe 


10-7 Use of two mobile antennas as a rota 


able dipale, 


Short adjustable 
whip for tuning 


4 to 20 foot 
PVC pipe wrapped 
with M2 of #12 or 
#14 wire 


10-84. Helically vertical antenna 


Goax 


5G is at the crossroads of these news uses; it aims to better and simultaneously satisfy this 
tremendous variety of needs and these new demands, through a unified technology that takes this 
diversity into account at the design stage. 


The advent of 5G could have a significant impact not only in the technical realm, but also on different 
countries’ economic and social development. As indicated in the introduction, 5G targets a very large 
number of sectors and, through society's digitisation, is expected to contribute to countries’ 
economic growth. 


To give an example, according to a report produced by InterDigital Europe, Real Wireless, Tech4i2 
and Connect (Trinity College Dublin)’, this new technology will require a great deal of money and a 
great deal of work, but will generate €113.1 billion in profits per annum for the European economy 
by 2025. 


1.1 Technical specifications of 5G 


The specifications for a new generation of mobile telephony are set primarily by two bodies: 
ITU (International Telecommunication Union) and 3GPP (3" Generation Partnership Project). 


ITU is the United Nations agency devoted to information and communications technologies. It carries 
out research and studies through its Working Party 5D, the sub-group responsible for the overall 
radio system aspects of international mobile telecommunications (IMT). In 2013, this group began 
working on defining the characteristics of the new IMT standard, IMT-2020 (5G) (cf. 1.3), as it had 
done back in the early 2000s to define 4G (IMT-Advanced). Further details on the roadmap 
established for this work can be found in Annex 1, the objective set by ITU-R being to complete its 
analyses by 2020. 


Parallel to the work being done by ITU are the studies being conducted by 3GPP. The 3" Generation 
Partnership Project was created in 1998, and its members include seven standardisation bodies, 
several hundred industry players, associations and public organisations. It is responsible for 
developing and maintaining technical specifications for mobile telephony standards®. When a new 
standard is being defined by ITU, 3GPP works on the technical solutions that make it possible to 
achieve the objectives set by ITU. 


Although 5G is one of the most widely debated topics inside international and European bodies 
today, no standard has yet been defined by 3GPP. The draft of Release 15, the first SG standard from 
3GPP, is still in the works: definition of the new architecture began in December 2016 and work on 
the New Radio (NR) interface is set to begin in March 2017. A first Release of the standard should be 
validated in September 2018 to meet the more urgent demands; a second Release (3GPP Release 16) 
will then be published in March 2020. All of these elements are addressed in more detail in Annex 1. 


It should also be said that the transition from one generation to the next takes place gradually. LTE 
will continue to evolve alongside NR, and these two standards will likely be very complementary 
initially. In particular, for pioneer SG rollouts LTE shall probably remain the master of the network 
and control the NR antennae. Moreover, some of the objectives set for SG could be achieved thanks 
to functionalities or technologies introduced in 3GPP Releases 13, 14 and 15 that will not be proper 
to 5G, but rather evolutions of 4G (which some refer to as 4.9G or LTE Advanced Pro). 


” http://ic.interdigital.com/fle/Index?KeyFile=36051369 
GSM for 2G, UMTS for 3G and LTE for 4G 
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CHAPTER 


Directional phased 
vertical antennas 


‘THE VERTICAL ANTENNA IS A PERENNIAL FAVORITE WITH RADIO. COMMUNICATIONS 
users. The vertical is either praised, or cursed, depending upon the luck of the 
owner, “DXability” is usually the criterion for judging the antenna’s quality. Some 
amateurs can't get out of their backyards with a vertical, and they let everyone 
within earshot know that such and such a brand is no good. Yet, another person rou- 
tinely works New Zealand or Australia on 15 m using exactly the same brand of ver- 
tical. The proper installation of vertical antennas is dealt with in another chapter, so, 
for the present, let's look at another problem attributed to vertical antennas 

‘That problem is that vertical antennas are omnidirectional in the azimuth aspect; 
that is, they send out and receive equally well from all directions. Some people moan 
that this pattern dissipates their power, and gives them a weaker signal “out where it 
counts” (true). However, the main disadvantage of the omnidirectional pattern is noise 
(QRN and QRM). “QRN" is natural noise from thunderstorms and other sources 
“QRM” is man-made noise, and can consist of other stations or the many assorted forms 
of electrical filth that pollute the airwaves. All forms of noise, however, have one thing 
in common: they are directional with respect to the station. In other words, if you could 
null signals coming from the direction of the noise source (or undesired station), you 
would be able to hear desired stations much better. A directional antenna performs this 
task, so let's look at some vertically polarized directional antennas. 

Although most amateurs seem to think that the effective radiated power (ERP) in- 
crease that the directional antenna gives them is the real reason to own one, the main 
benefit is actually on receive, Think about it for a moment, With anywhere from 100 to 
1500 W available, the increase or decrease in signal strength (due to the directivity of 
the antenna) results in a minimal difference on the receive end, especially during good 
DX conditions. If we rotate the directional pattern, to null out interference, then we 
usually find that the change in our signal strength perceived by the other guy is small; 
the S meter reading of the desired station is minimally affected; but the amplitude of 
the interference source is greatly attenuated! The overall effect is an apparent increase 
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inthe other guy’s signal, even though the S meter tells a slightly different story. The im- 
provement of signal-to-noise ratio (SNR) is tremendously improved. 


Directivity and phasing 


So, how does a vertical antenna owner get the benefit of directivity without the kilobuck 
investment that a beam or quad costs? The ustal solution is to use phased verticals, AM 
broadeast stations, with more than one tower, are using this type of system (although 
for different reasons than hams). The idea is to place two or more antennas in close 
proximity and feed them at specific phase angles to produce a desired radiation pattern. 
‘A lot of material is available in the literature on phased vertical antenna systems, and it 
is far too much to be reproduced here, There are “standard patterns” dating from be- 
fore World War Il that are created with different spacings and different phase angles of 
feed current. In this chapter, we will consider only one system. 

Figure 11-1 shows the patterns for a pair of quarter-wavelength vertical antennas 
spaced a half-wavelength (180°) apart. Without getting into complex phase shifting 
networks, there are basically two phasings that are easily obtained: 0° (antennas in 
phase) and 180° (antennas out of phase with each other) 

When the two antennas (A and B) are fed in phase with equal currents (Fig, 11- 
1A), the radiation pattern (shown somewhat idealized here) is a bidirectional figure 8 
that is directionally perpendicular to the line of centers between the two antennas; this 
pattern is called a broadside pattern. A sharp null exists along the line of centers (A-B), 

When the antennas are fed out of phase with each other by 180° (Fig, 11-1B) 
the pattern rotates 90° (a quarter way around the compass) and now exhibits direc- 
tivity along the line of the centers (A-B); this is the “end fire” pattern, The interfer- 
ence cancelling null is now perpendicular to line A-B. 

It should be apparent that you ean select your directivity by selecting the phase 
angle of the feed currents in the two antennas. Figure 11-2 shows the two feeding 
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11-1B Pattern of two radiators out of 
phase, spaced a half-wavelength 
apart 


., ‘To transmitter 


112A. Feeding a phased array antenna in phase. 


systems usually cited for in-phase (Fig, 11-2A) and out-of-phase (Fig. 11+ 
tems. Figure 11-2A shows the coax from the transmitter coming to a coax tee con- 
neetor. From the connector to the antenna feedpoints are two lengths of coax (L, 


sys- 


and L,) that are equal to each other, and identical. Given the variation between 


coaxial ca spect that it would work better if the two cables were not merely 
the same length (L, = ,), but also that they came from the same roll. 

‘The second variation, shown in Fig. 11-28 a 180° phase 
shift between antenna A and antenna B, when length L, is an electrical half-wave- 
length. According to a much-publicized theory, the system of Fig. 11-2B ought to 


supposedly produce: 
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11-28 Feeding a phased array antenna out of phase 


his claim is false. It seems 


produce the pattern of Fig. 11-1B—yet experience shows 
that there are several problems with the system in Fig, 11-28. 

First, coax has a property called velocity factor (V,), which is the fraction of the 
speed of light at which signals in the cable propagate. The Vis a decimal fraction on 
the order of 0.66 to 0.90, depending upon the type of coax used. Unfortunately, the 
physical spacing between A and B is a real half-wavelength (Ji, = 492/F), but the ca- 
ble length is shorter by the velocity factor [L,' = (V, x 492) /F' 

Consider an example. A 15-m phased vertical antenna system will have two 
11-ft radiators, spaced 22 ft apart (approximately, depending upon exact fre- 
quency). If we use foam coax, with V, = 0.80, the cable length is 0.8 x 22 ft, or 
17.6 ft. In other words, despite lots of publicity, the cable won't fit between the 
towers! 
cond, the patterns shown in Fig, 11-1 are dependent upon one condition: the 
n are the same impedance, and are fed 


antenna currents are equal. If both of the 
from the same transmitter, then it is reasonable to assume that the currents are 
equal—right? No, wrong! What about coax loss? Because of normal coax loss, which 
increases at higher frequencies, the power available to antenna B in Fig. 11-1Bis less 
than the power available to antenna A. Thus, the pattern will be somewhat distorted, 
hecause the current produced in is less than the current in A, when they should be 
equal 

The first problem is sometimes fixed by using unequal lengths for cables L, and 
L, (Pig. 11-2A), and using it for the out-of-phase case, For example, if we make L, 
one-quarter wavelength and L, three-quarter wavelength (Fig. 11-2C), antenna A is 
fed with a 90° phase lag (relative to the tee connector signal), while antenna B is fed 
with a 270° phase shift. The result is still a 180° phase difference. Unfortunately, we 
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have not solved the current level problem, and may have actually made it worse by 
adding still more lossy cable to the system. 

‘There is still another problem that is generic to the whole class of phased verti- 
Is. Once installed, the pattern is fixed. This problem doesn't bother most point-to- 
point commercial stations, or broadcasters, because they tend to transmit in only one 
direction, But amateurs are likely to need a rotatable pattern. Neither the antennas in 
Fig. 11-14 nor that in Fig, 11-1B is rotatable without a lot of effort—like changing the 
coax feeds, or physically digging up the verticals and repositioning them. 

Fortunately, there is a single solution to all three problems. Figure 11-3 shows a 
two-port phasing transformer made from a toroidal balun kit. Use the kind of kit that 
makes a 1:1 balun transformer. Although we are not making a balun, we will need 
enough wire to make three windings, and that is the normal case for 1:1 baluns. Amni- 
don Associates and others make toroidal balun kits 

Wind the three coils in triflar style, according to the kit instructions. The dots in, 
Fig. 11-3 show the “sense” of the coils, and they are important for correct phasing; 
call one end the “dot end” and the other end the “plain end” to keep them separate 
Ifthe dot end of the first coil is connected to-/, (and the transmitter), then connect 
the dot end of the second coil to the 0° output (J,, which goes to antenna A). ‘The 
third coil is connected to a DPDT RF relay or switch. In the position shown, S, 
causes the antennas to be 180° out of phase. In the other position, the “sense” of the 
third coil is reversed, so the antennas are in phase. 

Another phasing method is shown in Fig, 11-4, In this scheme, two convenient 
but equal, lengths of coaxial cable (J., and L..) are used to earry RF power to the an- 
tennas, One segment (L.,) is fed directly from the transmitter’s coaxial cable (L.,) 
while the other is fed from a phasing switch. The phasing switch is used to either by- 
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113A. Phasing transformer circuit, 


pass or insert-a phase-shifting length of coaxial cable (L.,). For 180° phasing use the 
following equation to find the length (L,): 


492 Vp 


Faw 


ft (14) 


where 


Lis the length of L, in feet 
Vpis the velocity factor (a decimal fraction) 


Fy i8 the operating frequency, in megahertz 


Some people use a series of switches to select varying amounts of phasing shift 
from 45° to 270°. Such a switch allows them to select any number of other patterns 
for special situations 


360° directional array 


The phased vertical antenna concept can be used to provide round-the-compass 
control of the antenna pattern. Figure 11-5A shows how three quarter-wavelength 
verticals (arranged in a triangle that is a half-wavelength on each side) can be used 
to provide either end-fire or broadside patterns from any pair (4-B, A-C, or B-C) 
Any given antenna (A,B, or C) will be grounded, fed at 0°, or fed with 180°. The 
table in Fig, 11-5B shows the relative phasing for each direction that was labelled in 
Fig. 11-5A. Either manual phase changing or switch-operated phase changing can be 
used, although the latter is preferred for convenience. Some international showcase 
broadcasters use antenna arrays formed into two or more concentric circles of verti- 
cal elements, with one element at the center, Selection of elements and phasing de- 
termines directivity and gain, 
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This same momentum occurred when making the transition from 3G (Release 4) to 4G (Release 10, 
first Release of IMT-Advanced): the first LTE specifications (Releases 8 & 9) do not achieve all of the 
ITU targets for 4G, and reprised many of the characteristics of the most advanced form of 3G at the 
time. 


The synergies between the successive generations, the absence in most instances of a great initial 
jump in performances between generations, and the race between competitors to outperform one 
another and be the most innovative, can often lead operators and equipment suppliers to give a 
“commercial” name to each generation of mobile telephony. For instance, in the United States AT&T 
had called its HSPA network 4G, while in France it is a 3G+ network. 


So in all likelihood the first SG networks deployed on a large scale will be 4.9G systems, using carrier 
aggregation, massive MIMO (Multiple-Input Multiple-Output) and Network Function Virtualization, 
or NFV (cf. trials conducted in in France, detailed in Section 1.5.3). These technologies, which will be 
explored in greater detail further on, represent more of an evolution of the fourth generation than 
an actual transition to 5G, which will occur when disruptive technologies such as NR carriers in 
millimetre bands, non orthogonal multiple access (NOMA) and mabile edge computing (MEC) can be 
put into place. 


In addition to this commercial race, equipment suppliers - often backed by their respective 
government at home, notably in the United States, Japan and South Korea ~ want to get a head start 
in defining and testing 5G technologies, in the hope of establishing themselves as the technological 
leaders in international standardisation bodies. Here, the precocity of the first rollouts announced 
South Korea (5G deployment for the Winter Olympics in 2018 in Pyeongchang) and Japan (5G 
deployment for the Summer Olympics in Tokyo) would justify the supposition that only a small 
portion of 5G technologies will be used, and that these rollouts will be based more on 4.9G or pre-SG 
technologies. 


hhtto://esacom.com/eaper/intel-5e-technology-mm-wave frequencies 
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CHAPTER 


Directional beam 
antennas 


‘THE DIRECTIONAL BEAM ANTENNA DOES SEVERAL JOBS. FIRST, IT PROVIDES AN APPARENT 
increase in radiated power, because it focuses available transmitter power into a sin- 
ale (or at worst limited) direction. For this reason, a bidirectional dipole has a gain 
of approximately 2 dB over an isotropic radiator, Add one or more additional ele- 
ments, and the focusing becomes nearly unidirectional, which increases the effec- 
tive radiated power (ERP) even more. Second, the beam inereases the received 
signal available at the inputs of the receiver. Antennas are generally reciprocal, 50 
they will work for receiving as they do for transmitting. Finally, the directivity of the 
beam antenna allows the operator to null interfering stations. In fact, itis the last at- 
tribute of the beam that is most useful on today’s erowded bands. Allin all, if your 
funds are too little to provide both increased RF power and a good antenna system, 
then spend what is available on the antenna—not on the power 

In this chapter we will focus on directional antennas that can be built relatively 
easily. It is assumed that most readers who want a triband multielement Yagi will 
prefer to buy a commercial product, rather than build a homebrew model. The ma- 
terial herein concentrates on homebrew projects that are within the reach and 
capabilities of most readers. The first of these is not a beam antenna at all, but 
rather a rotatable dipole. 


Rotatable dipole 


‘The dipole is a bidirectional antenna with a figure-8 pattern (when viewed from 
above). The dipole isa half-wavelength and is usually installed horizontally, although 
vertical half-wavelength dipoles are known, Although the length of the dipole is too 
great for rotatability at the lower bands, it is within reason for the higher band. For 
example, the size of the halfwave dipole is approximately 16 ft on 10 m and 22 ft on 
15 m, Even the 83-M length on 20 m is not unreasonable for amateur constructors, 
‘The length of the dipole is found from 
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468 
Fa 
‘This length is approximate because of end effects and other phenomena, so 
some “cut and try” is required. 
Example 12-1 Find the length of a dipole antenna for a frequency of 24.930 
MHz in the 12-m amateur radio band, 
Solution: 


12.1) 


468 
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iy 
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14.930 MHz 


‘The half-wave dipole is fed in the center by coaxial cable. Each element of the 
dipole is one-half of the overall length (or, in the example given, about 9.4 ft. 

Figure 12-1 shows rotatable dipole that can be designed for use on 15, 12, and 
10 m. The radiator elements are made from 10-ft lengths of ¥-in aluminum tubing 
‘The tubing is mounted on “beehive” standoff insulators, which in turn are mounted 
ona 4-ft length of 2 x 2 lumber: The lumber should be varnished against weathering, In 
areal pinch, the elements can be mounted directly to the lumber without the insulators, 
but this is not the recommended practice. 

‘The mast is attached to the 2 2 lumber through any of several means. The pre- 
ferred method is the use of a 1-in pipe flange, These devices are available at hardware 
stores under the names floor flanye and right-angle flange. 

‘The 10-ft lengths of pipe are the standard lengths available in hardware stores, 
so it was selected as being closest to the required 22 ft for 15 m. A 0.14-pH loading 
coil is used at the center, between the elements, in order to make up for the short 
length. The dimensions of the coil are 4 to 5 turns, 0,5-in diameter, 4-in length, For low 
power levels, the coil can be made of no. 10 (or no. 12) solid wire—and, for higher lev- 
els, Yin copper tubing, 

‘There are two basic ways to feed the antenna, and these are shown in details 
‘Aand B in Fig, 12-1. The traditional method is to connect the coaxial cable (in parallel) 
across the inductor: This method is shown in Fig. 12-1, detail A.A second method is to 
link couple the coil to the line through a one- to three-tum loop (as needed for imped- 
ance matching). This is the method that would be usedl for a toroidal inductor: 

Lower frequencies can be accommodated by changing the dimensions of the 
coil. The coil cannot be scaled, simply because the relative length of the antenna 
changes as the frequency changes. But itis possible to cut and try by adding turns to 
the coil, one turn at a time, and remeasuring the resonant frequency. Adding induc- 
tance to the coil will make the antenna usable on 17 mand 20m, as well as on 15 m. 

Another method for building a rotatable dipole for lower frequencies is to in- 
crease the element lengths. On 17m, the overall length is approximately 27.4 ft, s0 
each element length is 13.7 ft long. This length can be achieved by either of two 
methods, First, adjacent sizes of aluminum tubing are designed so that the smaller 
will be a slip-fit inside of the larger. What constitutes “adjacent sizes” depends on the 
wall thickness, but for one common brand, the %-in is adjacent to the ¥,in size. You 
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12-1 Rotatable dipole antenna, Inset A shows conventional feed; inset B shows transformer feed. 


can use two smaller lengths to make the larger lengths of pipe, and cut it to size. This 
method is only available to those readers who have a commercial or industrial met- 
als distributor nearby, because the 16-ft lengths are not. generally available from 
hardware stores. 


Bands higher than 15 m (Le., 12 and 10 m) ean be accommodated by using the 
10-ft lengths of tubing, but without the inductor. The tubing is cut to the desired 
half- wavelength size and used directly 


Yagi beam antennas 


A Yagi antenna is one member of a class of directional beam antennas that are pop- 
ular in the HF bands. Figure 12-2 shows the pattem (viewed from above) typical of 
the beam antenna. The antenna is located at point P and fires signals in the direction 


shown by the arrow. The beamwidth of the antenna is the angle a between the points 


‘on the main lobe that are —3 dB down from the center point C. 
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Direction of 
propagation 


‘Main lobe 
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12-2 Pattem of beam antenna, 


Sidelobe 


Backlobe 


A perfect beam antenna will have only the main lobe, but that situation occurs only 
in dreams. All real antennas have both sidelobes and backlobes, also shown in Fig. 12-2. 
These lobes represent wasted power transmitted in the wrong direction during trans- 
ission and interference opportunities while receiving, The goal of the antenna 
ris to increase the main lobe while decreasing the sidelobes and backlobes. 
Figure 12-3 shows, schematically, the basic Yagi-Uda antenna (usually called 
simply Yagi). The driven element is a simple half-wavelength dipole fed in the 
center. There are two additional elements: reflectors and directors, These are 
called parasitic elements because they are not directly excited by RF, but rather, 
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they receive energy radiated from the driven element and then reradiate it. The 
reflector is placed behind the driven element, and is typically about 4 percent 
longer than the driven element. ‘The director is placed in front of the driven ele- 
ment (relative to the direction of propagation). The director is typically about 4 
percent shorter than the driven element. Although there is no fixed rule regard- 
ing the number of either reflectors or directors, it is common practice to use a sin- 
gle director and a driven element for two-element beams, and a single reflector 
and a single director, in addition to the driven element, for three-element beams. 
Again, additional reflectors can be added for four- and more element beams, but 
standard practice calls for addition of directors instead. 
‘The length of the elements is given by 


[12.2] 


where 
Lis the length, in feet, 
Fy), is the frequency, in megahertz 
Kisa constant 
The spacing of the elements is typically from 0.15 to 0.308 wavelengths, al- 
though 0.2 and 0.25 are the most common values, 


Direction of 
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12-3 Basic Yagi-Uda antenna, 
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Example Calculate the approximate element lengths for a three-element 15- 
‘m beam designed to operate on a frequency of 21.39 MHz 
Solution: 


1. Driven element (A 


478 


2. Reflector (K = 


492 
21.39 MHz 
2B ft 


ft 


3. Director (A = 461.5): 


461.5 
21.39 MHz 
= 21.58 ft 


ft 


K 


4, Element Spacing (K = 142): L 


- we 
21.39 MHz 
64 ft 


ft 


‘The elements of a rotatable beam antenna can be built ina manner similar to the 
rotatable dipole described earlier. In the beam antenna, however, a boom is needed 
between the elements to support them. The boom can be made of metal or wood. In 
the case of a metal boom, the driven element must be insulated from the boom, even 
though the parasitic elements ean be mounted directly to it. In general, itis usually 
better to use wood as a matter of convenience. Metal boom antennas can be obtained 
from commercial sources, The wood boom is easy to build and maintain, even though 
a little less durable than a metal boom, 

‘The feedpoint impedance of a dipole is on the order of 72. in free space, al- 
though the actual impedance will vary above and below that figure for antennas 
close to the earth's surface. In addition, adding parasitic elements reduces the im- 
pedance even more. The feedpoint impedance of the antenna is too low to be 
directly fed with coaxial cable, so some means of impedance matching is needed, 
Some people feed the antenna through an impedance matching balun transformer. 
Figure 12-4 shows the gamma match system. The driven element of the Yagi is not 
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broken in the center, as in the case of the simple dipole. ‘The outer conductor, or 
shield, of the coaxial cable is connected to the center point of the driven element. 
‘The center conductor is connected to the garima match element, The dimensions of 
the gamma mateh are 


1, Gamma match length: 1/10 
2, Gamma match director: D/s 
3, Spacing of gamma mateh from driven element: L/70 


where 

Lis the length of the driven element 

Dis the diameter of the driven element, 

‘The capacitor in series with the center conductor of the coaxial cable has a value 
of approximately 8 pF per meter of wavelength at the lowest frequency in the band 
of operation, or approximately, 


2400 


pr [12.3] 


F, 


‘The capacitor must be a high-voltage transmitting variable type. In general, the 
gamma match capacitors are either air or vacuum variables. 

‘There are three aspects to the adjustment of the Yagi antenna. Resonance is de- 
termined by the length of the element. The length is increased or decreased in order 
to find the resonant point. This point can be determined by the use of a noise bridge, 
VSWR meter or other means. The capacitor, and the shorting bar/elamp, are ad- 
justed to match the impedance of the antenna to the transmission line impedance. 
For the dimensions shown, the coaxial cable should be 52 Q (RG-58 or RG-8), 

Itis not necessary to use tubing or pipes for the antenna elements in order to obtain 
the benefits of the Yagi beam antenna, An example of a wire beam is shown in Fig. 12-5. 
‘The wire beam is made as if it were two half-wavelength dipoles, installed parallel to and 
about 0.2 to 0.25 wavelengths apart from each other. Although tultielement wire bears 
are possible, the two-element version is the most common. Perhaps the most frequent 
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12-4 Gamma feed provides impedance matching 
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use of the wire beam antenna is on the lower bands (e.g,, 40 m and 75/80 m) where ro- 
tatable beams are more difficult to build 


20-m ZL-special beam 


The antenna shown in Fig, 12-6 is a close relative of the Yagi beam. It consists of a 
pair of folded dipoles, mounted approximately 0.12 wavelengths apart. The elements 
are 30.5 ft in length, and the spacing is 7.1 ft. The elements can be built from alu- 
minum tubing if the antenna is to be rotatable. Alternatively, for a fixed antenna, the 
elements can be made of 300-0 television-type twin lead. If the tubing type of con- 
struction is selected, then make the size of the tubing, and its spacing, sufficient for 
300-Q parallel transmission lines, according to 


2s 


Z=276 log [12.4] 
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12-5 Wire beam useful for low frequencies 
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12-6 ZL-special beam antenna 


1.2 5Guse cases 


Three main use cases (defined by ITU, under IMT-2020), with their respective ~ and potentially 
mutually incompatible ~ demands are in the process of taking shape, and will make it possible to 
meet the sector-specific needs referred to in the introduction. 


1, mMITC ~ Massive Machine Type Communications: A very large number of connected devices 
with disparate quality of service requirements. The objective of this category is to provide a 
response to the exponential increase in the density of connected objects; 

2. eMBB ~ Enhanced Mobile Broadband: ultra high-speed connection indoors and outdoors, with 
uniform quality of service, even on the edges of a cell; 

3. uRLLC — Ultra-reliable and Low Latency Communications: this use case has stringent 
requirements for capabilities such as latency and packet-loss, to ensure increased reactivity. 


Enhanced Mobile Broadband || Capacity Enhancement 
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Figure 5. 5G use cases” 


The first group (mMTC) primarily encompasses all Internet of Things related uses. These services 
require broad coverage, lower energy consumption and relatively slow transmission speeds. What 
5G will deliver compared to existing technologies is the ability to connect objects that are spread out 
ina very dense fashion across a given area. 


Enhanced mobile broadband (eMBB) concerns all of the applications and services that require 
increasingly fast connections, for instance to watch ultra high-definition (8K) videos or to stream 
virtual or augmented reality applications wirelessly. 
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where 

Z, is the impedance of the line (300 22) 

S'is the center-to-center spacing of the parallel conductors on the elements 

dis the diameter of the conductors 

‘The two halE-wavelength elements of the ZL-special are fed 135° out of phase 
with each other. The feedline is connected to one of the dipoles directly; and then to 
the other through a length of 300-@ twin lead that has an electrical length of about 
45° (V8). 

‘The feedpoint impedance is on the order of 100 to 150 2, so it will make a good 
match to either 52- or 75-Q coaxial cable if a 2:1 impedance matching transformer is 
used, 


Cubical quad beam antenna 


‘The cubical quad antenna is a one-wavelength square wire loop. It was designed in 
the mid-1940s at radio station HCJB in Quito, Beuador. HCJB is a Protestant mis- 
sionary shortwave radio station with worldwide coverage. The location of the station 
is at a high altitude. ‘This fact makes the Yagi antenna less useful than it is at lower 
altitudes. According to the story, HCJB originally used Yagi antennas. These anten- 
nas are fed in the center at a current loop, so the ends are high-voltage loops. In the 
thin air of Quito, the high voltage at the ends caused corona arcing, and that arcing 
periodically destroyed the tips of the Yagi elements, Station engineer Clarence 
Moore designed the cubical quad antenna (Fig. 12-7) to solve this problem. Because 
it is a full-wavelength antenna, each side being a quarter wavelength, and fed at a 
eurrent loop in the center of one side, the voltage loops occur in the middle of the 
adjacent sides—and that reduces or eliminates the arcing, 'The elements can be fed 
in the center of a horizontal side (Figs. 12-7A and 12-8A), in the center of a vertical 
side (Fig. 12-8B), or at the comer (Fig. 12-8C). 

‘The antenna shown in Fig. 12-7A is actually a quad loop rather than a cubical 
quad. Two or more quad loops, only one of which needs to be fed by the coax, are 
used to make a cubical quad antenna. If only this one element is used, then the an- 
tenna will have a figure-8 azimuthal radiation pattern (similar to a dipole). The quad 
loop antenna is preferred by many people over a dipole for two reasons. First, the 
quad loop has a smaller “footprint” because it is only a quarter-wavelength on each 
side (A in Fig. 12-7A). Second, the loop form makes it somewhat less susceptible to 
local electromagnetic interference (EMD. 

‘The quad loop antenna (and the elements of a cubical quad bear) is mounted 
to spreaders connected to a square gusset plate. At one time, carpets were wrapped 
around bamboo stalks, and those could be used for quad antennas. ‘Those days are 
gone, however, and today it is necessary to buy fiberglass quad spreaders, A number 
of kits are advertised in ham radio magazines. 

‘The details for the gusset plate are shown in Fig. 12-TB, The gusset plate is made 
of a strong insulating material such as fiberglass or ¥-in marine-grade plywood. It is 
mounted to a support mast using two or three large U bolts (stainless steel to pre- 
vent corrosion). The spreaders are mounted to the gusset plate using somewhat 
smaller U bolts (again, use stainless steel [J bolts to prevent corrosion damage). 
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12-8 Feed options for the quad, 


‘There is a running controversy regarding how the antenna compares with other 
beam antennas, particularly the Yagi. Some experts claim that the cubical quad has 
a gain of about 1.5 to 2 dB higher than a Yagi (with a comparable boom length be- 
tween the two elements). In addition, some experts claim that the quad has a lower 
angle of radiation, Most experts agree that the quad seems to work better at low 
heights above the earth’s surface, but the difference disappears at heights greater 
than a half-wavelength. 

The quad can be used as either a single-element antenna or in the form of a 
beam. Figure 12-9 shows a pair of elements spaced (1.13 to 0.22 wavelengths apart. 
One element is the driven element, and it is connected to the coaxial-cable feedline 
directly. The other element is a reflector, so itis a bit longer than the driven element. 
A tuning stub is used to adjust the reflector loop to resonance, 

Because the wire is arranged into a square loop, one wavelength long, the actual 
length varies from the naturally resonant length by about 3 percent, The driven 
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12-9 Quad beam antenna. 
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013k = 850.220 


element is about 3 percent longer tha 
lengths of the wire elements are 


the natural resonant point. ‘The overall 


1005 
1, Driven element: (12.5) 
2. Reflecto 12.6) 
975 
3, Director: L= ft 2.7) 


One method for the construction of the quad beam antenna is shown in 
Fig. 12-10. This particular scheme uses a 12 x 12-in wooden plate at the center 
bamboo (or fiberglass) spreaders, and a wooden (or metal) boom. The construc- 
tion must be heavy-duty in order to survive wind loads. For this reason, it is prob- 
ably a better solution to buy a quad kit consisting of the spreaders and the center 
structural element 
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More than one band can be installed on a single set of spreaders. The size of the 
spreaders is set by the lowest band of operation, so higher frequeney bands can 
be accommodated with shorter loops on the same set of spreaders, 

‘This quad antenna is an example of a multielement, large loop antenna. Additional 
information on large loops, but not in a beam antenna array, is found in Chap. 14, 


Inverted bobtail curtain (Thorne array) 


is a fixed array consisting of three individual quarter- 
5 spaced a half-wavelength apart, and fed from the top by a 
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shorting element or wire. The inverted bobtail curtain, or Thorne array, consists 
of an upside down bobtail curtain as shown in Fig. 12-11, The radiator elements are 
each a quarter-wavelength long, Their lengths are found from 
246 
L= ft [12.8] 


Fae 


‘The lengths of spacing between the elements are exactly twice above the value, 
or 


[12.9] 

‘The antenna is fed at the base of the center element, through a parallel resonant 
tuner. The capacitor is a 100- to 200-pF transmitting variable, while the inductor is 
set to resonate at the band desired (with the capacitor at half to three-quarters full 
capacitance). A loop or link coupling scheme connects the tuner to the transmission 
line, 

An alternate feed method (Pig. 12-12) worked out by the late J, H. Thorne 
(KANFU/5), feeds the end elements from the shield of the coaxial cable, and the cen- 
ter element of the array is fed from the center conductor of the coaxial cable. A coax- 
ial impedance-matching section is used between the cable transmitter and the 
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12-11 Inverted bobtail curtain. 
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CHAPTER 


Antennas for 
shortwave reception 


ALTHOUGH MOST OF THIS BOOK ADDRESSES ANTENNAS FOR TRANSMITTING, THERE 1S A 
certain body of material that. pertains purely to receiving antennas. This material 
also needs to be addressed, and that is the funetion of this chapter. There are two 
readers in mind for this chapter. First, and foremost, is the shortwave listener 
(SWL). Second, however, is the amateur radio operator who wants to either use a 
separate receiving antenna on the main station receiver or use an ancillary receiver 
(common among DXers). 


The law of reciprocity 


Antennas possess a property called reciprocity. That is a fancy way of saying that an 
antenna works on reception the same way it does for transmission. Although articles 
occasionally appear in the literature claiming an HF or VHF design which violates the 
law of reciprocity, to date all have depended on either variable definitions, false 
premises, or faulty measurements. There is even a school of thought that falsely 
argues against antenna reciprocity based on an ionospheric anomaly in which prop- 
agation depends on the direction traveled (see the end of Chap. 2). The bottoru line 
of reciprocity, for the SWL, is that every antenna described in this book ean be also 
used with equal results on receive, For example, a half-wavelength dipole works 
equally well as a receiver antenna, or as a transmitter antenna. 


Which properties are important? 


Selecting a receiver antenna is a function of several factors. Assuming that you 
want more than a simple longwire (which we will deal with shortly), you will want 
to home in on the properties desired for your particular monitoring application, Is 
the antenna to be fixed or rotatable? Do you want omnidirectional or directional re- 
ception? In which plane? What about gain? 
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What about gain? What is gain, for that matter? The concept of antenna gain de- 
rives from the fact that directional antennas focus energy. Two kinds of gain figure 
are often quoted: gain referenced to a dipole antenna on the same frequency, and 
gain relative to a theoretical construct called an isotropic radiator: In the isotropic 
case, the reference radiator to which the antenna is compared is a spherical point 
source that radiates equally wel in all directions. The dipole exhibits a figure-8 radi- 
ation and reception pattern. 

‘The gain of an antenna is merely the ratio (usually expressed in decibels) of the 
power radiated in a given direction by two antennas (ie., the reference antenna and 
the test antenna). If an antenna gain is listed as “8-dB gain over isotropic,” this 
‘means that, in the direction specified, the power radiated is 8 dB higher than the 
same total power applied to an isotropie radiator. 

So, of what use is antenna gain? Two answers immediately present themselves 
First, by accumulating more signal, the antenna essentially makes your receiver 
more sensitive. Note that the gain of the antenna does not create a higher powered 
signal, it merely increases the apparent signal power by focusing energy from a given 
direction, And, note well that gain implies directivity, Any antenna that claims to 
provide gain, but that is truly omnidirectional in all planes, is a fraud. ‘The funda- 
mental assumption is that gain implies directivity 

‘The concept of directivity (hence also of gain) is often taken to mean horizon- 
tal directivity, which is the case of a dipole antenna. But all forms of antenna radi- 
ate in three-dimensional space. Azimuth angle of radiation, and elevation angle of 
radiation, are both important. Certain 2-m vertical antennas are listed as “gain an- 
tennas,” yet the pattern in the horizontal direction is 360°—implying omnidirec- 
tional behavior. In the vertical plane, however, lost energy is compressed into a 
smaller range of elevation angles, so gain occurs by refocusing energy that would 
have been radiated at a higher than useful angle. 

‘The second application of directivity is in suppressing interfering signals. On. 
the regular AM and FM broadcast bands, channelization permits receiver selectiv- 
ity to overcome adjacent channel interference in most cases. But in the HF amateur 
radio and international broadcast. bands, channelization is either nonexistent, 
poorly defined, or ignored altogether. In these cases, interfering “adjacent” channel 
signals can wipe out a weaker, desired station, Similarly, with cochannel interfer- 
ence (ie., when both stations are on the same frequency), two or more signals 
compete in a “dog fight” that neither will ever totally win, Consider Fig, 13-1A. As- 
sume that two 9540-KH signals, 8, and 5, arrive at the same omnidirectional ver- 
tical antenna, Either both signals will be heard, or the stronger signal will drown 
out the weaker signal 

Now, consider Fig. 13-1B, Here, a dipole is used as the receiving antenna, soa lit- 
tle directivity is obtained. The main lobes of the dipole are wide enough to provide 
decent reception of signal S,, even though the antenna is positioned such that S, is 
not along the maximum line (dotted). But the positioning shown places the interfer- 
ing cochannel signal (S,) in the null off the ends of the dipole, so it weakens it con- 
siderably. The result will be enhanced reception of S,. In Fig. 13-1B, the idea is not 
to exploit the ability of the gain antenna to inerease the level of S,. Indeed, by plac- 
ing the antenna as shown, we are not getting S, levels as high as might otherwise be 
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Ultra-reliable and Low Latency Communications (uRLLC) include all of the applications that req} 


an 


extreme reactivity and very strong message transmission guarantees. The sectors where these 
requirements are particularly prevalent are transportation (reaction time when an accident occurs, 
for instance) and medicine (telesurgery), and when digitising manufacturing processes in general. 


To implement these three use case, ITU established eight key performance indicators’ (KPI) to 
specify, quantify and measure the characteristics of IMT-2020 (5G) systems: 


Peak data rate (Gbit/s); 

User experienced data rate (Mbit/s); 

Spectrum efficiency (bit/Hz); 

Device mobility (km/h); 

Latency (ms); 

Connection density (number of connected/accessible objects per km?); 
Network's energy efficiency; 

Area traffic capacity (Mbit/s/m?) 


* Added to these eight classes, five new indicators were defined and are currently being examined: reliability, mability 
Interruption time, bandwidth, maximum spectrum efficiency, 5" percentile spectrum efficiency. 
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Which properties are important? 
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possible, The idea here is to place the unwanted signal (S,) into the “notch” in order 
to make it considerably weaker. Note that the notch is sharper than the peak of the 
main lobe, Ifthe dipole is placed on.a mast, with an antenna rotator, this ability is in- 
creased even more 

‘Another antenna parameter, of considerable interest, is angle of radiation a, 
which (by reciprocity) also means angle of reception, Because HF propagation over 
Jong distances is created by skip phenomena, the angle at which the signal hits the 
ionosphere becomes extremely important. Figure 13-2 shows two situations from 
the same station, Signal 5, has a high angle of radiation (a,), so its skip distance (D,) 
is relatively short. On signal S,, however, the angle of radiation (a,) is low, so the skip 
distance (D,) is much longer than D, 

So which situation do you want in your antenna? The impulsive answer would be 
the long distance angle of radiation (a), but that is often wrong, The correct answer 
is: “It depends!” The desired angle of radiation is a function of whether you want to 
receive a station from point A or point B. 

‘The angle of radiation of the antenna is fixed by its design, that is, by antenna 
physics. The desired angle is a function of the ionospheric properties at the time of 
interest, and the operating frequency. For this reason, some well-equipped radio 
hobbyists have several antennas, of differing properties, to enhance their listening, 


Connection to the receiver 


It's simply too naive to state, I suppose, but let's do it anyway: An antenna must be 
properly connected to the receiver before it can be effective. If your antenna uses 
coaxial cable, and the receiver accepts coax, then no discussion is needed: Attach 
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13-2 Skip phenomena dependence on angle of radiation. 
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the proper coax connector and plug in, But in other cases, non-coaxial-cable anten- 
nas are used, 

‘There are two major forms of antenna input connector used on shortwave re- 
ceivers, One form uses two (or three) screws intended for either wrapped wire leads 
or spade lugs, while the other is one or more varieties of coaxial connector. This sec- 
tion covers how each type is connected to a single-wire antenna lead-in. 

Consider first the screw-type connector (Fig. 13-3A). Depending upon the de- 
sign, there will be either two or three screws. If only two screws are found, then 
one is for the antenna wire and the other is for the ground wire. These screws will 
be marked something like “A/G” or “ANT/GND,” or with the schematic symbols for 
antenna and ground. 

‘Three-screw designs are intended to accommodate balanced transmission lines 
suich as twin lead, or parallel ladder line. Shortwave listeners can sometimes use or- 
dinary ac line cord (called 2ipcord) as an antenna transmission line. Zipcord has an 
impedance that approximates the 75-Q impedance of a dipole. When parallel lines of 
any type are used, connect one lead to Al and the other to A2. Of course, the ground 
terminal (G) is connected to the earth ground 

For single-lead antenna lines connect a jumper wire or bar (i.e., a short piece of 
bare no. 22 solid hookup wire) between A2 and G. This jumper converts the bal- 
anced input line to unbalanced. The A2/G terminal is connected to earth ground, 
while Al is connected to the single-lead antenna wire. 


13-3A. Connection of wire antenna to balanced antenna terminals on receiver, 
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On receivers that use an SO-239 coaxial connector, we can use either of two tech- 
niques to connect a single-lead wire. First, we can obtain the mating PL-259 plug, and 
solder the antenna lead to the center conductor pin. The PL-259 connector is then 
serewed into the mating SO-239 chassis connector. Regardless of the type of coaxial 
connector, however, the mate can be used for the antenna lead wire. But for SO-239 
connectors another alternative is also available. Figure 13-38 shows a “banana plug” 
attached to the lead wire and inserted into the receptacle of the SO-239. 


DANGER! 


Certain low-cost receivers, especially older vacuum-tube models, have a so-called 
acide or transformerless internal de power supply. On most receivers, the de com- 
monis the chassis, which also serves as the RF signal common. But on ac/de mod- 
els the neutral wire of the ac power line serves as the de common, and it is kept 
floating as a “counterpoise” ground above the chassis ground used by the RF sig- 
nals. A capacitor (C; in Fig. 13-4) sets the chassis and counterpoise ground at 0- 
V RF potential, while keeping the counterpoise isolated for de and 60 Hz ac. A 
danger exists if either the ac plug is installed backwards or someone plugs the 
socket in the wall incorrectly (often happenss!). Even if C, is intact, a nasty shock 
can be felt by touching the antenna ground (G or GND) terminal. The capac- 
itive reactance of C, is about 2.7 MQ for 60-Hz ac, so at least a “bite” is going to 
happen. But if that capacitor is shorted, which is likely on older receivers, then 
the bite is considerably worse, and might even prove fatal. The problem, in that 
case, is that reversed ac line polarity will set the hot line from the ac socket on the 
ground lead. The least to expect is massive fireworks and a possible fire hazard; 
the most to expect is a fire, and your possible electrocution, 

The usual advice given to owners of such radios is to make sure that C, is in- 
tact before using the radio. I prefer a better solution: buy, install, and use a 
120:120 Vac isolation transformer to isolate your receiver from the ac power lines, 
Such a transformer is standard practice in repair shops, and it should also be stan- 
dard practice in your house. 


13-3B Connection of wire antenna to coaxial 
input receiver. 


Banana plug 


[Chapl3_Care 


as1a/or 


334 PM Page 277 


Wire antennas 277 


c 
6.001 wP 


Earth 
ground Chassis 
round 


Counterpoise power common 


as 
115 Vac power 


13-4 Dangerous form of antenna/receiver circuitry. 


Wire antennas 


‘This section reviews simple wire antennas that are suitable for the reception of 
shortwave signals, although not necessarily for transmitting. Once again, you are re- 
minded that the law of reciprocity permits you to use any transmitting antenna 
found in other chapters for receiving also, 

Figure 13-5 shows the common receiving longwire. The antenna element should 
be 30 to 150 ft in length. Although most texts show it horizontal to the ground (and 
indeed, a case can be made that performance is better that way), it is not strictly 
necessary. If you must slope the wire, then it is doubtful that you will notice any re- 
ception problems, 

‘The far end of the wire is attached to a supporting structure through an insulator 
and a rope. The support structure can be another building, a tree, or a mast installed 
especially for this purpose. Chapter 28 deals with antenna construction practices. 

Wind will cause motion in the antenna wire and its supporting structure. Over 
time, the wind movement will fatigue the antenna wire and eause it to break, Also, if 
a big enough gust of wind (or a sustained storm) comes along, then even a new an- 
tenna can either sag badlly or break altogether, You can do either of two things to re- 
duce the problem. First, as shown in Fig. 13-5, a door spring can be used to provide 
a little variable slack in the wire. The spring tension is selected to be only partially 
expanded under normal conditions, so wind will increase the tension, and stretch 
the spring. Make sure that the spring is not too strong to be stretched by the action 
of wind on the antenna, or no good is accomplished 


a 
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13-5 Longwire SWL antenna, 


Another tactic is to replace the spring with a counterweight that is heavy enough, 
to keep the antenna nearly taut under normal conditions, but not so heavy that it 
fails to move under wind conditions. In other words, the antenna tension should ex- 
actly balance the counterweight under normal conditions, and not be too great that 
it stretches the antenna wire excessively. 

‘The antenna wire should be either no, 12 or no, 14 hard-drawn copper, or Copper- 
weld stranded wire. The latter is actually steel-core wire, but has a copper coating 
on the outside, Because of skin effect, RF signals flow only in the outer copper coat- 
ing. Soft-drawn copper wire will streteh and break prematurely, so it should be 
avoided, 

‘The downlead of the antenna must be insulated, and it should also be stranded 
wire (which breaks less easily than solid wire). Again, no. 12 or no, 14 wire should be 
used, although no. 16 would be permissible, The point where the downlead and an- 
tenna are joined should be soldered to prevent corrosion of the joint. Mechanical 
strength is provided by proper splicing technique (see Fig. 13-6). Do not depend on 
the solder for mechanical strength, for it has none. 

‘There are several ways to bring a downlead into the building, First, if you can 
tolerate a slight crack in the junction of the sash and sill, then run the wire under- 
neath the sash and close the window, Alternatively, you can buy a flat strap connec- 
tor to pass under the window. This method is electrically the same as running the 
lead, but is mechanically nicer. Chapter 28 deals with several methods, and should 
be consulted. 


Grounding 


‘The ground lead should be a heavy conductor, such as heavy wire or braid. The 
shield stripped from RG-8 or RG-11 coaxial cable is suitable for most applications, 
For reception purposes only, the ground may be a cold-water pipe inside the house. 
Do not use the hot-water pipes (which are not well grounded) or gas pipes (which 
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13-6 Construction details, 


are dangerous to use). Also, be aware that residential air conditioner liquid lines look 
like copper cold-water pipes in some cases, Don't use them, Chapter 29 deals with 
grounding, 

‘The lightning arrester is a safety precaution, and it aust be used! Its purpose is 
to supply an altemative path to ground in the event of a lightning strike, Although at 
least one text calls the arrester optional, itis not. Besides the obvious safety reasons 
(which are reason enough), there are also legal and economic reasons for using 
the arrester. Your local government building anor fire codes might require a light- 
ning arrester for outdoor antennas. Also, your insurance company might not honor 
your homeowner's policy if the lightning arrester (required by local code) is not 
used. The antenna lightning arrester is riot optional, so use it 

WARNING! DO NOT EVER ATTEMPT TO INSTALL AN ANTENNA BY CROSS- 
ING A POWER LINE! EVER! NO MATTER WHAT YOU BELIEVE OR WHAT YOUR 
FRIENDS TELL YOU, IT’S NEVER SAFE AND IT COULD KILL YOU. 

‘The rest of this discussion touches on antennas, other than the receiver long- 
wire. Because construction details are similar, we will not repeat them. You are, by 
the way, encouraged to also read Chap. 28 to glean more details on antenna con- 
struction methods, 


‘The flattop antenna 
‘The “flattop” antenna is shown in Fig, 13-7. This antenna is a relative of the longwire. 
with the exception that the downline is at the approximate center of the antenna 
section. The fattop should be at least a half-wavelength (492/F,,.) at the lowest fre- 
quency of operation. The advantage of the fattop is that it allows the maximum use 
of space in the configuration shown, 


Vertical antennas 


It is also possible to build shortwave listener antennas in vertical polarization. 
Figure 13-8 shows one version of this type of antenna, The support (which could 
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13-7 Flattop SWL antenna, 


totter TT 


= Support 
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be a tree or building) should have enough height to be at least a quarter- 
wavelength on the lowest frequency of operation. The antenna is fed at the base 
with coaxial cable. The center conductor of the coax is connected to the antenna 
element, and the shield is connected to the ground rod at the base of the structure, 
You are encouraged to see Chap. 10, which deals with limited space and hidden an- 
temnas, for a different version of this antenna, It is possible to install the wire (or 
multiple wires of different lengths) inside of a length of PVC plumbing pipe. The 
pipe serves as the support structure, and the conductors are placed inside. 

Different lengths of conductor are required for different bands of operation. You 
can caleulate the length (in feet) required for quarter-wavelength vertical antennas 
from L,: Figure 13-9A shows how several bands are accommodated from, 
the same feedline on the same support structure. In this particular case eight differ- 
ent antenna elements are supported from the same tee bar. Be sure to insulate them 
from each other, and from the support structure. Again, PVC piping can be used for 
the support. Another method for accommodating several different bands is to tie the 
upper ends of the wires to a sloping rope (as in Fig. 13-98), 


Wire directional antenna 


‘A directional antenna has the ability to enhance reception of desired signals, while re- 
jecting undesired signals arriving from slightly different directions. Although 
directivity normally means a beam antenna, or at least a rotatable dipole, there are cer- 
tain types of antenna that allow fixed antennas to be both directive and variable, See 
Chap. 7 for fixed but variable directional antennas and Chap. 11 for fixed and non-vari- 
able directive arrays, Those antennas are transmitting antennas, but they work equally 
well for reception. This section shows a crude, but often effective, directional antenna 
that allows one to select the direction of reception with pin plugs or switches, 

Consider Fig, 13-10. In this case, a number of quarter-wavelength radiators are 
fanned out from a common feedpoint at various angles from the building, At the near 
end of each element is a female banana jack. A pair of balanced feedlines from the 
receiver (300-0 twin lead, or similar) are brought to the area where the antenna el- 
ements terminate, Each wire in the twin lead has a banana plug attached. By select- 
ing which banana jack is plugged into which banana plug, you can select the 
directional pattern of the antenna. If the receiver is equipped with a balanced an- 
tenna input, then simply connect the other end of the twin lead direction to the 
receiver. Otherwise, use one of the couplers shown in Fig. 13-11 

Figure 13-11A shows a balanced antenna coupler that is tuned to the frequency of 
reception, The coil is tuned to resonance by the interaction of the inductor and the ca- 
pacitor: Antenna impedance is matched by selecting the taps on the induetor to which the 
feedine is attached. A simple RF broadband coupler is shown in Fig. 13-11B. This trans- 
former is wound over a ferrite core, and consists of 12 to 24 tums of no, 26 enameled 
wire, with more turns being used for lower frequencies, and fewer for higher frequen- 
cies. Experiment with the number of turns in order to determine the correct value. Al- 
ternatively, use a 1:1 balun transformer instead of Fig. 13-11B; the type intencled for 
amateur radio antennas is overkill powerwise, but it will work nicely. 
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1,3 Jump in performance compared to 4G networks 
‘As mentioned in Paragraph 1.1, the deployment of SG is likely to take place in two stages: 


1. The first 5G rollouts will deliver better performances, but as a continuation of what is being 
provided at the time by 4G systems which will continue to evolve as well (4.5G, 4.96); 

2. Performances will continue to improve with the gradual introduction of disruptive 
technologies, such as the use of millimetre wave frequencies. 


This gradual rollout is very similar to the way in which 4G was introduced, as the performances 
obtained with pioneer deployments were relatively similar to those supplied by existing 3G networks. 


ITU defines the 4" generation of technologies, called IMT-Advanced, by the values for the eight KPI 
listed above, as indicated in the following chart. The 5" generation, called IMT-2020, is represented 
as well. Here, it should be noted that the official ITU definition of 4G in fact corresponds to what 
commercial rollouts supplied later on, under the name 4G+ or LTE-Advanced. 
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Figure 6. Comparison between 4G and 5G with respect to the eight key performance indicators” 


According to these objectives, 5G must be able to provide a user experienced data rate and a peak 
data rate that is respectively 10 and 20 times higher than what is currently available. The maximum 
connection density will be multiplied by 10 and latency divided by at least 10 (the target point-to- 
point latency is 1 ms, compared to 30 to 40 ms today). 


* Recommendation ITU-R M.2083-0 (09/2015), hnttos://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M,2083-0-201509- 
IPDF-E.odt 
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13-9B Multiband wire vertical SWL antenna: fan style 
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13-10 Directional SWL antenna (view from above). 


The antenna of Fig. 13-10 works by phasing the elements so as to null, or en- 
hance (as needed), certain directions. This operation becomes a little more flexible 
if you build a phasing transformer, as shown in Fig. 13-11C and 13-11D. Windings L, 
L,,and L, are wound “trifilar” style onto a ferrite core. Use 14 turns of no. 26 enam- 
eled wire for each winding, The idea in this circuit is to feed one element from coil 
L, in the same way all of the time. This port becomes the 0° phase reference. The 
other port, B, is fed from a reversible winding, so it can either be in phase or 180° out 
of phase with port A. Adjust the DPDT switch and the banana plugs of Fig, 13-10 for 
the best reception. 
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13-11C Phase-switching antenna matcher 
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CHAPTER 


Large wire loop antennas 


‘THERE ARE TWO BASIC FORMS OF LOOP ANTENNAS: SMALL AND LARGE. THESE TWO TYPES 
have different characteristics, work according to different principles, and have dif- 
ferent purposes. Small loops are those in which the current flowing in the wire has 
the same phase and amplitude at every point in the loop (which fact implies a very 
short wire length, i.e, less than 0.24), Such loops respond to the magnetic field com- 
ponent of the electromagnetic radio wave. A large loop antenna has a wire length 
greater than 0.2A, with most being either A/2, 1A, or 2A. The current in a large loop 
varies along the length of the wire in a manner similar to other wire antennas, 


d/2 large loops 


‘The performance of large wire loop antennas depends in part on their size. Figure 14-1 
shows a half-wavelength loop (ie., one in which the four sides are each 4/8 long). ‘There 
are two basic configurations for this antenna: continuous (8, closed) and open 
(S, open). In both cases, the feedpoint is at the midpoint of the side opposite the switch. 

‘The direction of the main reception, or radiation lobe (ie., the direction of max- 
imum reception), depends on whether S, is open or closed. With S, closed, the main 
lobe is to the right (solid arrow); and with S, open, itis to the left (broken arrow). Di- 
rection reversal can be achieved by using a switch (or relay) at S,, although some 
people opt for unidirectional operation by eliminating S,, and leaving the loop either 
open or closed 

‘The feedpoint impedance is considerably different in the two configurations. In 
the closed-loop situation (i.e., 8, elosed), the antenna can be modeled as if it were a 
half-wavelength dipole bent into a square and fed at the ends. The feedpoint (X,—X.) 
impedance is on the order of 3 kQ because it occurs at-a voltage antinode (current 
node). ‘The current antinode (Le. Jj..) {Sat 5,, on the side opposite the feedpoint, An 
antenna tuning unit (ATU), or RF impedance transformer, must be used to match the 
lower impedance of the transmission lines needed to connect to receivers, 

‘The feedpoint impedance of the open-loop configuration (5, open) is low because 
the current antinode occurs at X,—X,, Some texts list the impedance as “about: 50 ©,” 
but my own measurements on several test loops were somewhat higher (about 70 ©), 
Ineither ease, the open loop is a reasonable match for either &2- or 75-Q coaxial cable. 
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14-1 Half-wave square loop antenna with reversal switch, 


Neither A/2 loop configuration shows gain over a dipole. The figure usually 
quoted is —1-dB forward gain (ie., a loss compared with a dipole), and about 6-dB 
front-to-back ratio (FBR). Such low values of FBR indicate that there is no deep 
noteh (“null”) in the pattern, 

A lossy antenna with a low FBR seems like a born loser, and in most cases it is 
But the X/2 loop finds a niche where size must be constrained, for one reason or 
another, In those cases, the X/2 loop can be an alternative. ‘These antennas can be 
considered limited-space designs, and can be mounted in an attic, or other limited- 
aceess place, as appropriate. 

A simple trick will change the gain, as well as the direction of radiation, of the 
closed version of the A/2 loop. In Fig. 14-2, a pair of inductors (L, and L,) are in- 
serted into the circuit at the midpoints of the sides adjacent to the side containing 
the feeripoints. These inductors should have an inductive reactance X, of about 360 
Qin the center of the band of operation. The inductance of the coil is 
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sa SSP (14.1) 
2H 


t 


where 
Lys the coil inductance, in microhenrys (nH) 
Fis the midband frequency, in hertz. (Hz) 


Example Find the inductance for the coils in a loacled half-wavelength closed- 
loop antenna that must operate in a band centered on 10.125 MHz, 

Solution: 

[Note: 10.125 MHz = 


(0,125,000 Hz] 


fi 2.6 x 10° 
‘wt “Bae (10,125,000 Hz) 


7H 


‘The coils force the current antinodes toward the feedpoint, reversing the direc- 
tion of the main lobe, and creating a gain of about +1 dB over a half-wavelength 
dipole. 

‘The currents flowing in the antenna can be quite high, so when making the 
coils, be sure to use a size that is sufficient for the power and current levels antici- 
pated, The 2- to 3-in BAW Air-Dux style coils are sufficient for most amateur radio 
use. Smaller coils are available on the market, but their use is limited to low-power 
situations. 


Maximum, ae 


reception Dx 


14-2 Use of inductive loading to reduce the size of antenna, and make the pattern more 
uniform, 
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1) large loops 


If size is not foreing you to a d/2 loop, then a 1X loop might be just the ticket. It 
produces a gain of about +2 dB over a dipole in the directions that are perpen- 
dicular to the plane of the loop. The azimuth patterns formed by these antennas 
are similar to the figure-8 pattern of the dipole. Three versions are shown: the square 
loop (Fig. 14-3), the diamond loop (Fig. 14-4), and the delta loop (a.k.a. D-loop and 
triangle—Fig, 14-5), The square and diamond loops are built with \/4 on each 
side, and the delta loop is N/3 on each side. The overall length of wire needed to 
build these antennas is 


[14.2] 


‘The polarization of the three loop antennas is horizontal, because of the location 
of the feedpoints. On the square loop, moving the feedpoint to the middle of either 
vertical side will provide vertical polarization, Similarly, on the diamond loop vertical 
polarization is realized by moving the feedpoint to either of the two adjacent apexes, 
On the delta loop, placing the feedpoint at either of the two other apexes produces 
a diagonal polarization that offers approximately equal vertical and horizontal polar- 
ization components. 


14-8 Quarter-wavelength square loop (single-element quad), 
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14-4 Bottom-fed loop, 
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14-5 Delta loop antenna, 
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The feedpoint impedance of the 1A loop is around 100 Q, so it provides a slight 
mismatch to 75-0 coax and a 2:1 mismatch to 52-0. coax. A very good match to 52-0 
coax can be produced using the scheme of Fig. 14-6. Here, a quarter-wavelength 
coaxial cable matching section is made of 75-@ coaxial cable, The length of this ca 
ble should be 


246V 
“TF, [14.3] 
where 
Lge 8 the length, in feet (ft) 
Vis the velocity factor of the coax 
Fo is the frequency, in megahertz (MHz) 
The impedance Z, of the cable used for the matehing section should be 
z= [14.4] 


ToX; and X2 
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Figure 7. Representation of the “average user experience data rate” KPI for 4G and SG and “Peak data rate” KPI 
for 3G, 4G and SG 


{As the successor to 4G, the objective for 5G will also be to provide: 


- An extremely reliable network, with more consistent performances regardless of the user's 
position with respect to the base station; 

- _ Astable connection, even when travelling (at speeds of up to 500 km/h); 

Greater network energy efficiency (with batteries that consume up to 100 times less power). 


The following table summarises the target performances for 5G and those currently available with 
4G: 
Performances/Generation 4G 5G 
Peak data rate (Gbit/s) i 20 
2. User experience data rate 
(Mbit/s) 10 100 
3. Spectrum efficiency 7 = 
@._ Speed (km/h) Baa a 
5. Latency (ms) a5 a 
6. Connection density (number ofF 
objects/km?) 10° 10° 
7. Network energy efficiency ia aan 
Moa 
8. _ Area traffic capacity (Mbit/s/m*) a ia 


Table 1. Comparisons between 4G and 5G performances 
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where 
Z, is the characteristic impedance of the coax used in the matching section, in 
ohms 
Z, is the feedpoint impedance of the antenna, in oluns 
Z. isthe source impedance (ie., the 52-Q characteristic impedance of the line to 
the receiver in standard systems) 


When Eq. 14.4 is applied to this system, where Z, 
2Z,= VG) G29) 


2, 2, = 100.0: 


(14.5) 


‘This is a very good match to 75-9 coaxial cable, 


Demiquad loop antenna 


‘The deriquad is a single-element 1 quad antenna. The length of the antenna is, 
like the cubical quad beam antenna (see Chap. 12), one wavelength. Figure 14-7 
shows a type of demi-quad based on the tee-eross type of mast. 

‘The impedance-matching section is a quarter-wavelength piece of 75-0 coaxial 
cable (RG-58/U or RF-11/U). The length of the matching section is determined from: 


246V 


[14.6] 


where 
Lis the overall length, in feet 
Py. is the frequency, in megahertz 
Vis the velocity factor of the coaxial cable (typically 0.66, 0.70, or 0.80) 


Delta loop 


The delta loop antenna, like the Greek uppercase letter “delta” (A) from which it 
draws its name, is triangle-shaped (Fig. 14-8). The delta loop is a full wavelength, 
with elements approximately 2 percent longer than the natural wavelength (like the 
quad). The actual length will be a function of the proximity and nature of the under- 
lying ground, so some experimentation is necessary. 'The approximate preadjust- 
‘ment lengths of the sides are found from: 


437 
Fe 
206 


Fave 


14.7] 


by (14.8) 


‘The delta loop antenna is fed from 52-Q coaxial cable through a 4:1 balun trans- 
former. The delta loop can be built in a fixed location, and will offer a bidirectional 
pattern, 
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14-7 Demiquad antenna 
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14-8 Delta loop antenna, 


Half-delta sloper (HDS) 


‘The half-delta sloper (HDS) antenna (Fig. 14-9) is similar to the full delta loop, ex- 
cept that (like the quarter-wavelength vertical) half of the antenna is in the form of 
an “image” in the ground. Gains of 1.5 to 2 dB are achievable, The HDS antenna 
consists of two elements: a X/3-wavelength sloping wire and a M6 vertical wire (on 
an insulated mast), or a V6 metal mast. Because the ground currents are very im- 
portant, much like the vertical antenna, either an extensive radial system at both 
ends is needed, of a base ground return wire (buried) must be provided. 

‘The HDS will work on its design frequency, plus harmonies of the design 
frequency. For a fundamental frequency of 5 MHz, a vertical segment of 33 ft and a 
sloping section of 66 ft is needed. ‘The lengths for any frequeney are found from 

A328 
ig [14.9] 
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and 


A 164 
6 OF, 


[14.10] 


‘The HDS is fed at one corner, close to the ground. If only the fundamental 
frequency is desired, then you can feed it with 52-Q coaxial cable. But at har- 
monies, the feedpoint impedance changes to as high as 1000 Q. If harmonic oper- 
ation is intended, then an antenna tuning unit (ATU) is needed at point A to 
match these impedances 


Bisquare loop antenna 


The bisquare antenna, shown in Fig. 14-10, is similar to the other large loops, ex- 
cept that it is V2 on each side, making a total wire length of two wavelengths. 'This 
antenna is built like the diamond loop shown earlier (Le., it isa large square loop fed 
at an apex that is set at the bottom of the assembly). In this case, the loop is fed ei- 
ther with an antenna tuning unit (to match a 1000-Q impedance) or a quarter-wave- 
length matching section made of 300-0 or 450-Q twin-lead transmission line. A 1:1 
balun transformer cormects the 75-2 coaxial cable to the matching section. 
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14-9 Half-delta loop antenna. 
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‘The bisquare antenna offers as much as 4-dB gain broadside to the plane of the 
antenna (ie., in and out of the book page), in a figure-8 pattern, on the design fre- 
quency. It is horizontally polarized. When the frequency drops to one-half of the de- 
sign frequency, the gain drops to about 2 dB, and the antenna works like the 
diamond loop covered previously. 
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Chapter 


Small loop 
receiving antennas 


Radio direction finders andl people who listen to the AM broadcasting bands, VLF, 
medium-wave, or the so-called low-frequency tropical bands are all candidates for a 
small loop antenna. These antennas are fundamentally different from large loops and 
other sorts of antennas used in these bands. Large loop antennas have a length of at 
least 0.54, and most are quite a bit larger than 0.5. Small loop antennas, on the other 
hand, have an overall length that is less than 0.22A, with most being less than 0.10%. 

‘The small loop antenna responds to the magnetic field component of the electro- 
magnetic wave instead of the electrical field component. One principal difference be- 
tween the large loop and the small loop is found when examining the RF currents 
induced in a loop when a signal intercepts it. Ina large loop, the current will vary from 
one point in the conductor to another, with voltage varying out of phase with the cur- 
rent. In the small loop antenna, the current is the same throughout the entire loop. 

‘The differences between small loops and large loops show up in some interest- 
ing ways, but perhaps the most striking is the directions of maximum response—the 
main lobes—and the directions of the nulls, Both types of loops produce figure-8 
patterns but in directions at right angles with respect to each other. The large loop 
antenna produces main lobes orthogonal, at right angles or “broadside,” to the plane 
of the loop. Nulls are off the sides of the loop. The small loop, however, is exactly the 
opposite: The main lobes are off the sides of the loop (in the direction of the loop 
plane), and the nulls are broadside to the loop plane (Fig. 15-1A). Do not confuse 
small loop behavior with the behavior of the loopstick antenna, Loopstick antennas 
are made of coils of wire wound on a ferrite or powdered-iron rod. The direction of 
maximum response for the loopstick antenna is broadside to the rod, with deep nulls 
off the ends (Fig. 15-1B). Both loopsticks and small wire loops are used for radio di- 
rection-finding and for shortwave, low-frequency medium-wave, AM broadcast 
band, and VLF listening. 

‘The nulls of a loop antenna are very sharp and very deep. Small changes of point- 
ing direction can make a profound difference in the response of the antenna, If you 
point a loop antenna so that its null is aimed at a strong station, the signal strength of 
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15-14. Large loop antenna. 


the station appears to drop dramatically at the center of the notch. Turn the antenna 
only a few degrees one way or the other, however, and the signal strength increases 
sharply. The depth of the null can reach 10 to 15 dB on sloppy loops and 30 to 40 dB 
on well-built loops (30 dB is a very common value). Ihave seen claims of 60-dB nulls 
for some commercially available loop antennas. The construction and uniformity of 
the loop are primary factors in the sharpness and depth of the nul 
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15-1B Loopstick antenna, 


At one time, the principal use of the small loop antenna was radio direction-find- 
ing, especially in the lower-frequency bands. The RDF loop is mounted with a com- 
‘pass rose to allow the operator to find the direction of minimum response. The null 
was used, rather than the peak response point, because it is far narrower than the 
peak. Asa result, precise determination of direction is possible. Because the null 
is bidirectional, ambiguity exists as to which of the two directions is the correct 
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direction, What the direction-finder “finds” is a line along which the station exists. If 
the line is found from two reasonably separated locations and the lines of direction 
are plotted ona map, then the two lines will cross in the area of the station, Three or 
more lines of direction (a process called triangulation) yields a pretty precise 
knowledge of the station's actual location. 

‘Today, these small loops are still used for radio direction-finding, but their use 
has been extended into the general receiving arena, especially on the low frequen- 
cies. One of the characteristics of these bands is the passibility of strong local inter- 
ference smothering weaker ground-wave and sky-wave stations. As a result, you 
cannot hear cochannel signals when one of them is very strong and the other is 
weak. Similarly, if a cochannel station has a signal strength that is an appreciable 
fraction of the desired signal and is slightly different in frequency, then the two sig- 
nals will heterodyne together and form a whistling sound in the receiver output. ‘The 
frequency of the whistle is an audio tone equal to the difference in frequency be- 
tween the two signals, This is often the case when trying to hear foreign BCB signals 
on frequencies (called split frequencies) between the standard spacing, The direc- 
tional characteristics of the loop can help if the loop null is placed in the direction of 
the undesired signal 

Loops are used mainly in the low-frequency bands even though such loops are 
either physically larger than high-frequency loops or require more turns of wire. 
Loops have been used as high as VHF and are commonly used in the 10-m ham band 
for such activities as hidden transmitter hunts. The reason why low frequencies are 
the general preserve of loops is that these frequencies are more likely to have sub- 
stantial grouind-wave signals, Sky-wave signals lose some of their apparent directiv- 
ity because of multiple reflections. Similarly, VHF and UHF waves are likely to reflect 
from buildings and hillsides and so will arrive at angles other than the direction of 
the transmitter. As a result, the loop is less useful for the purpose of radio direction- 
finding. If your goal is not RDF but listening to the station, this is hardly a problem. 
‘Assinall loop can be used in the upper shortwave bands to null a strong local ground- 
wave station in order to hear a weaker sky-wave station. Finally, loops can be useful 
in rejecting noise from local sources, such as a “leaky” electric power line or a neigh- 
bor's outdoor light dimmer. 

Let's examine the basic theory of small loop antennas and then take a look at 
some practical construction methods. 


Grover’s equation 


Grover’s equation (Grover, 1946) seems closer to the actual inductance measured in 
empirical tests than certain other equations that are in use. ‘This equation is 
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where Z,,,, is the inductance, in microhenrys (1H) 
‘a is the length of a loop side, in centimeters (er) 
is the loop width, in centimeters (crn) 


~$- 


1.4 Network slicing and software-defined networks 


It is vital to understand that the set of indicators listed in Section 1.3 determine a set of peak 
performances for 5G. It will not, however, be possible to achieve all these peak values 
simultaneously: not every requirement or use case is compatible, so a trade-off will need to be made 
when defining categories of use that each have their own performance envelope, notably for the use 
cases described in Section 1.2 (mMTC, eMBB and uRLLC). This is the principle of network slicing: each 
slice has its own set of KPI, which is a trade-off tied to the target use. On a 5G system, the network 
properties will need to adapt to the chosen environment. 


The following diagram positions the three main use cases listed in Section 1.2. with respect to the 
eight key performance indicators listed above. 
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Figure 8. Key performance indicators for the three 5G use cases" 


So for applications that require enhanced mobile broadband (eMBB), such as 4K, 8K or 3D video or 
virtual reality, a certain number of performance indicators, such as spectrum efficiency, peak data 
rate and area traffic capacity, can be reached only at the expense of others, such as latency or 
connection density. 


On the flipside, when a massive simultaneous connection of connected objects (mMTC) needs to be 
managed, the network will concentrate its resources and use the technologies required to achieve 
this task, but will not be able, for instance, to use spectrum as efficiently or to guarantee low latency. 


Lastly, when ultra-reliable and low latency communications (URLLC) are required, the number of 
simultaneous connections, data rates and spectrum efficiency may be reduced. 


This flexibility, or ability to adapt, that network slicing brings can only be achieved thanks to the 
softwarisation and virtualisation of a sizeable number of network components (cf. 1.5.2) ~ a process 
referred to as Software-Defined Networking (SDN) and Network Function Virtualisation (NFV). 
Behind these acronyms is a common idea, namely to use as many generic and reconfigurable 
components as possible, rather than bespoke ones that are permanently dedicated to very specific 
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‘nm is the number of turns in the loop 
K, through K, are shape constants and are given in Table 15-1 
Inis the natural log of this portion of the equation 


Air core frame loops (“box” loops) 


‘A.wire loop antenna is made by winding a large coil of wire, consisting of one or more 
turns, on some sort of frame, The shape of the loop can be circular, square, triangu- 
Jar, hexagonal, or octagonal. For practical reasons, the square loop seems to be most 
popular, With one exception, the loops considered in this section will be square, so 
you ean easily duplicate therm, 

‘The basic form of the simplest loop is shown in Fig. 15-2. This loop is square, 
with sides the same length A all around. The width of the loop () is the distance 
from the first turn to the last turn in the loop, or the diameter of the wire if only one 
turn is used, The turns of the loop in Fig. 15-2 are depth wound, meaning that each 
turn of the loop is spaced in a slightly different parallel plane, ‘The turns are spaced 
evenly across distance B. Alternatively, the loop can be wound such that the tums 
are in the same plane (this is called planar winding). Ineither case, the sides of the 
loop (4) should be not less than five times the width (B). There seems to be little dif- 
ference between depth- and planat-wound loops. The far-field patterns of the differ- 
ent shape loops are nearly the same if the respective cross-sectional areas (1rr* for 
circular loops and A* for square loops) are less than X°/100. 

‘The reason why a small loop has a null when its broadest aspect is facing the sig- 
nal is simple, even though it seems counterintuitive at first blush. Take a look at Fig. 
15-3. Here, we have two identical small loop antennas at right angles to each other. 
Antenna A is in line with the advancing radio wave, whereas antenna B is broadside 
to the wave, Bach line in the wave represents a line where the signal strength is the 
same, ie., an “isopotential line.” When the loop is in line with the signal (antenna A), 
there is a difference of potential from one end of the loop to the other, so current ean 
be induced in the wires. When the loop is turned broadside, however, all points on 
the loop are on the same potential line, so there is no difference of potential between 
segments of the conductor, Thus little signal is picked up (and the antenna therefore 
sees a null) 

‘The actual voltage across the output terminals of an untuned loop is a function 
of the angle of arrival of the signal « (Fig. 15-4), as well as the strength of the signal 
and the design of the loop. The valtage V, is given by 


Shape K, K, 
‘Triangle 0.006 0.135 
Square 0.008 0.33 
Hexagon 0.012 01.135, 
Octagon 0.016 0.0715 
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15-2A A simple loop antenna, 


2nANE; cos (a) 
» 


where V, is the output voltage of the loop 
Ais the area of the loop, in square meters (m*) 
is the number of tums of wire in the loop 
£, is the strength of the signal, in volts per meter (V/m) 
is the angle of arrival of the signal 
2 is the wavelength of the arriving signal 
Loops are sometimes specified in terms of the effective height of the antenna. 
‘This number is a theoretical construct that compares the output voltage of a small 
loop with a vertical piece of the same kind of wire that has a height of 
2nNA 
Hg y 


Ifa capacitor (such as C, in Fig, 15-2) is used to tune the loop, then the output 
voltage V_ will rise substantially. The output voltage found using the first equation is 
multiplied by the loaded @ of the tuned cireuit, which can be from 50 to 100: 


1p — 2EANI £08 (a) 
° iN 


Even though the output signal voltage of tuned loops is higher than that of un- 
tuned loops, it is nonetheless low compared with other forms of antenna, As a result, 
a loop preamplifier usually is needed for best performance 
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15-8 Two small loop antennas at right angles to each other. 
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15-4 An untuned loop antenna 
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Transformer loops 


It is common practice to make a small loop antenna with two loops rather than just 
‘one. Figure 15-5 shows such a transformer loop antenna. The main lop is built ex- 
actly as discussed above: several turns of wire on a large frame, with a tuning capac 
itor to resonate it to the frequeney of choice. ‘The other loop is a one- or two-turn 
coupling loop. This loop is installed in very close proximity to the main loop, usually 
(but not necessarily) on the inside edge not more than a couple of centimeters away. 
‘The purpose of this loop is to couple signal induced from the main loop to the re- 
ceiver at a more reasonable impedance match. 

‘The coupling loop is usually untuned, but in some designs a tuning capacitor 
(C)) is placed in series with the coupling loop. Because there are many fewer turns 
‘onthe coupling loop than. on the main loop, its inductance is considerably smaller. As 
a result, the capacitance to resonate is usually much larger. In several loop antennas 
constructed for purposes of researching this chapter, I found that a 15-turn main 
loop resonated in the AM BCB with a standard 365-pF capacitor, but the two-turn 
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15-5 A transformer loop antenna. 
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coupling loop required three sections of a ganged 3 x 365-pF capacitor connected in 
parallel to resonate at the same frequencies, 

In several experiments, I used computer ribbon cable to make the loop tums. 
This type of cable consists of anywhere from 8 to 64 parallel insulated conductors 
arranged in a flat ribbon shape. Properly interconnected, the conductors of the rib- 
bon cable form a continuous loop. It is no problem to take the outermost one or two 
conductors on one side of the wire array and use them for a coupling loop. 


Tuning schemes for loop antennas 


Loop performance is greatly enhanced by tuning the inductance of the loop to the 
desired frequency. The bandwidth of the loop is reduced, which reduces front-end 
overload. Tuning, also increases the signal level available to the receiver by a factor 
of 20 to 100 times, Although tuning can be a bother if the loop is installed remotely 
from the receiver, the benefits are well worth it in most eases. 

‘There are several different schemes available for tuning, and these are detailed 
in Fig, 15-6. ‘The parallel tuning scheme, which is by far the most popular, is shown 
in Fig. 15-6A. In this type of circuit, the eapacitor (C,) is connected in parallel with 
the inductor, which in this case is the loop. Parallel resonant circuits have a very high 
impedance to signals on their resonant frequency and a very low impedance to other 
frequencies, Asa result, the voltage level of resonant signals is very much larger than 
the voltage level of off-frequency signals, 

‘The series resonant scheme is shown in Fig. 15-6B. In this circuit, the loop is 
connected in series with the capacitor. A property of series resonant circuits is that 
they offer a high impedance to all frequencies except the resonant: frequency (ex- 
actly the opposite of the ease of parallel resonant circuits). As a result, current from 
the signal will pass through the series resonant cireuit at the resonant frequency, but 
off-frequency signals are blocked by the high impedance. 

‘There is a wide margin for error in the inductance of loop antennas, and even the 
precise-looking equations to determine the required values of capacitance and in- 
ductance for proper tuning are actually only estimations. The exact geometry of the 
loop “as built” determines the actual inductance in each particular case, As a result, 
it is often the case that the tuning provided by the capacitor is not as exact as de- 
sired, so some form of compensation is needed. In some cases, the capacitance re- 
quired for resonance is not easily available in a standard variable capacitor, and some 
means must be provided for changing the capacitance. Figure 15-60 shows how this 
is done. The main tuning capacitor can be connected in either series or parallel with 
other capacitors to change the value. If the capacitors are connected in parallel, then 
the total eapacitance is increased (all capacitances are added together). Ifthe extra 
capacitor is connected in series, however, then the total capacitance is reduced. The 
extra capacitors ean be switched in and out of a cirenit to change frequency bands. 

‘Tuning of a remote loop can be a bother if it is done by hand, so some means 
must be found to do it from the receiver location (unless you enjoy climbing into the 
attic or onto the roof). Traditional means of tuning called for using a low-rpm de mo- 
tor, or stepper motor, to tum the tuning capacitor. A very popular combination was 
the little 1- to 12-rpm motors used to drive rotating displays in retail store show 
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15-6 Various tuning schemes: (A) parallel, (B] series resonant, (C} series or parallel 
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windows. But this approach is not really needled today. We can use varactor voltage- 
variable capacitance diodes to tune the circuit 

‘A varactor works because the junction capacitance of the diode is a function of 
the applied reverse-bias voltage. A high voltage (such as 30 V) drops the capaci- 
tance, whereas a low voltage increases it. Varactors are available with maximum ea- 
pacitances of 22, 33, 60, 100, and 400 pF. The latter are of most interest to us 
because they have the same range as the tuning capacitors normally used with loops. 

Figure 15-7 shows how a remote tuning scheme can work with loop antennas. 
‘The tuning capacitor is a combination of a varactor diode and two optional capaci- 
tors: a fixed capacitor (C,) and a trimmer (C,). The de tuning voltage (V) is pro- 
vided from the receiver end from a fixed de power supply (V+). A potentiometer 
(R,) is used to set the voltage to the varactor, hence also to tune the loop. A de block- 
ing capacitor (C.) keeps the de tuning voltage from being shorted out by the receiver 
input cirenitry, 


The sports fan’s loop 


OK, sports fans, what do you do when the best game of the week is broadcast only 
on a low-powered AM station and you live at the outer edge of their service area 
where the signal strength leaves much to be desired? You use the sports fan's loop 
antenna, that’s what! I first learned of this antenna from a friend of mine, a profes- 
sional broadcast engineer, who worked at a religious radio station that had a pip- 
squeek signal but lots of fans. It really works—one might say it's a miracle, 

‘The basic idea is to build a 16-turn, 60-cm* tuned loop and then place the AM 
portable radio at the center so that its loopstick is aimed such that its null end is 
broadside of the loop. When you do so, the nulls of both the loop and the loopstick 
are in the same direction. The signal will be picked up by the loop and then coupled 
to the radio's loopstick antenna. Sixteen-conductor ribbon cable can be used for 
making the loop. For an extra touch of class, place the antenna and radio assembly 
ona dining room table lazy Susan to make rotation easier. A 365-pF tuning capacitor 
is used to resonate the loop. If you listen to only one station, then this eapacitor can 
be a trimmer type. 


Shielded loop antennas 


‘The loop antennas discussed thus far in this chapter have all been unshielded types. 
Unshielded loops work well under most circumstances, but in some cases their pat- 
term is distorted by interaction with the ground and nearby structures (trees, build- 
ings, ete.). In my own tests, trips to a nearby field proved necessary to measure the 
depth of the null because of interaction with the aluminum siding on my house. Fig- 
ure 15-8 shows two situations. In Fig. 15-8A we see the pattern of the normal “free 
space” loop, ie., a perfect figure-8 pattern. When the loop interacts with the nearby 
environment, however, the pattern distorts. In Fig. 15-8B we see some filling of the 
noteh for a moderately distorted pattern. Some interactions are so severe that the 
pattern is distorted beyond all recognition, 
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15-8A A normal “free space" loop. 


LOOP, 


15-8B Filling of the notch. 


‘The solution to the problem is to reduce interaction by shielding the loop, as in 
Fig. 15-9. Loop antennas operate on the magnetic component of the electromagnetic 
wave, so the loop can be shielded against voltage signals and electrostatic interac- 
tions. In order to prevent harming the ability to pick up the magnetic field, a gap is 
left in the shield at one point. 

‘There are several ways to shield a loop. You can, for example, wrap the loop in 
adhesive-backed copper-foil tape. Alternatively, you can wrap the loop in alurninum 
foil and hold it together with tape. Another method is to insert the loop inside a eop- 
per or aluminum tubing frame. Or—the list seems endless, 


Using a loop antenna 


Most readers will use a loop for DXing rather than hidden transmitter hunting, navi- 
gation, or other RDF purposes. For the DXer, there are actually two uses for the 
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15-9 Shielding the loop. 


loop. One is when you are a renter or live in a community that has routine covenants 
against outdoor antennas. In this situation, the loop will serve as an active antenna 
for receiving AM BCB and other low-frequency signals without the neighbors or 
landlord becoming PFJs (“purple-faced jerks" 

‘The other use is illustrated by the case of a friend of mine. He regularly tunes in 
clear channel WSM (650 kHz, Nashville) in the wee hours between Saturday evening 
(Grand Ole Opry” time) and dawn. However, this “clear” channel of WSM is not re- 
ally so clear, especially without a narrow filter in the receiver. He uses a loop antenna 
to null out a nearby 630-KHz signal that made listening a bit dicey and can now tape 
his 1940s-1950s vintage country music. 

It is not necessary to place the desired station directly in the main lobes off the 
ends of the antenna but rather to place the nulls (broadside) in the direction of the 
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tasks. This evolution towards software-based systems has been in the works for several years, but is 
now becoming possible thanks to improved performances from all of these reconfigurable 
components, including those that are the closest to the elementary tasks of wireless communications 
(detection, baseband coding, bitstream management, frequency handover, signal processing, etc.). 


1.5 Technological building blocks to achieve the objectives 


1.5.1 — Airinterfa 


Several, sometimes competing radio access technologies are currently being examined. Some have 
already been pre-implemented by equipment manufactures and can be used in trials, notably 
massive MIMO and NFV. Others, such as NOMA modulation and mobile edge computing (MEC), will 
no doubt take longer before they are ready to be used. In any event, a consensus ~ which could be 
painful for certain suppliers whose investments will be lost — will need to be found when defining 5G 
standards, to ensure the systems’ interoperability. 


The technologies currently being examined are the following: 


-  Millimetre wave frequencies: the use of millimetre wave frequencies constitutes one of the 
disruptive 5G technologies. The term refers to the frequencies above 6 GHz which have 
never been considered for mobile fronthaul network rollouts, for reasons of technological 
maturity and propagation quality. To meet the demand for ever increasing data rates and 
traffic volumes, new bands with very wide channels (over 100 MHz per user) will need to be 
employed: millimetre wave frequencies could provide this spectrum resource, and in certain 
cases their use would make it possible to achieve the data rates listed in Table 1. 
Comparisons between 4G and 5G). In exchange, to be able to use these frequencies all of the, 
required, miniaturised low-cost technologies will need to be developed, and ensure a level of 
energy consumption that is compatible with portable devices (amplifiers, coders, signal 
processing, antennae, etc). In particular, because of millimetre waves’ poor propagation 
quality, each cell will have limited coverage and so require the use of beamforming 
(described below) to better focus the power transmitted by the antenna. 


= Massive MIMO (Multiple Inputs ~ Multiple Outputs): this technology involves the use of a 
large number of smart micro-antennae, located on the same panel (between eight and 128 
today, but the number will increase with the use of frequencies above 6 GHz). The appeal of 
using massive MIMO is twofold: first, the technology makes it possible to increase data rates, 
thanks to spatiotemporal multiplexing; second, it makes it possible to focus energy on a 
device to improve its link budget, thanks to beamforming. 
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offending station that. you want to eliminate. So what happens if the offending sta- 
tion and the desired station are in a direct line with each other and your receiving lo- 
cation is in the middle between them? Both nulls and lobes on a loop antenna are 
bidirectional, so a null on the offending station also will null the desired station in the 
opposite direction, 

One method is to use a sense antenna to spoil the pattern of the loop to a car- 
dioid shape, Another method is to use a spoiler loop to null the undesired signal. The 
spoiler loop isa large box loop placed 1 to 3 ft (found experimentally) behind the re- 
ception loop in the direction of the offending signal. This method was first deseribed 
by Levintow and is detailed in Fig. 15-10. The small loopstick may be the antenna in- 
side the receiver, whereas the large loop is a box loop such as the sports fan's loop. 
‘The large bos loop is placed about 33 to 100 cm behind the loopstick and in the di- 
rection of the offending station. The angle with respect to the line of centers should 
bbe 60° to 90°, which also was found experimentally. It is also possible to use two air 
core loops to produce an asymmetrical receiving pattern. 


Sharpening the loop 


Many years ago, the Q-multiplier was a popular add-on accessory for a conumunica- 
tions receiver. These devices were sold as Heathkits, and many construction projects 
could be found in magazines and amateur radio books. The Q-multiplier has the ef- 
fect of seeming to greatly increase the sensitivity of a receiver, as well as greatly re- 
ducing the bandwidth of the front end. Thus it allows better reception of some 
stations because of increased sensitivity and narrowed bandwidth. 

A Q-uultiplier is an active electronic circuit placed at the antenna input of a re- 
ceiver: It is essentially an Armstrong oscillator, as shown in Fig. 15-11, that does not 
quite oscillate. ‘These circuits have a tuned cirenit (L./C,) at the input of an amplifier 
stage and a feedback coupling loop (L.). The degree of feedback is controlled by the 
coupling between L, and L,. ‘The coupling is varied by varying both how close the 
two coils are and their relative orientation with respect to each other. Certain other 
circuits use a series potentiometer in the L, side that controls the amount of feed- 
back, 

‘The Q-multiplier is adjusted to the point that the cireuit is just on the verge of 
oscillating, but not quite. As the feedback is backed away from the threshold of os- 
cillation, but not too far, the narrowing of bandwidth occurs, as does the increase in 
sensitivity. It takes some skill to operate a Q-multiplier, but itis easy to use once you 
get the hang of it and is a terrific accessory for any loop antenna. 


Loop amplifier 

Figure 15-12 shows the circuit for a practical loop amplifier that can be used with ei- 
ther shielded or unshielded loop antennas. It is based on junction field effect tran- 
sistors (JFET) connected in cascade. The standard common-drain configuration is 
used for each transistor, so the signals are taken from the source terminals. The 
drain terminals are connected together and powered from the +12-V de power 
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a” 
15-11 A Qamultiplier, 


supply. A 2.2-F bypass capacitor is used to put the drain terminals of Q, and @, at 
ground potential for ae signals while keeping the de voltage from being shorted out. 

‘The two output signals are applied to the primary of a center-tapped trans- 
former, the center tap af which is grounded. To keep the de on the source terminals 
from being shorted through the transformer winding, a pair of blocking capacitors 
(C,,C,) is used. 

The input signals are applied to the gate terminals of Q, and Q, through de 
blocking capacitors C, and C,..A pair of diodes (D,, D,) is used to keep high-ampli- 
tude noise transients from affecting the operation of the amplifier. These diodes are 
connected back to back in order to snub out both polarities of signal 

‘Tuning capacitor C, is used in lieu of the capacitor in the loop and is used to res- 
onate the loop to a specific frequency. Its value can be found from the equation given 
earlier, 

‘The transistors used for the push-pull amplifier (@,, Q,) can be nearly any gen- 
eral-purpose JFET device (MPF-102, MPF-104, ete.). A'practical approach for many 
people is to use transistors from service replacement lines, stich as the NTE-312 and 
NTE-316 devices, 
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Special problem for VLE/LF loops 


A capacitance is formed whenever two conductors are side by side. A coil produces 
capacitance as well as inductance because the turns are side by side. Unfortunately, 
with large multiturn loops, this capacitance can be quite large. ‘The “distributed ca- 
pacitance” of the loop causes a self-resonance with the inductance, The loop does 
not work well at frequencies above the self-resonant point, so it is sometimes impor- 
tant to raise the self-resonance to a point where it does not affect operation at the 
desired frequencies. 

Figure 15-13 shows a solution that raises the self-resonant point. The turns are 
broken into two or more groups and separated by a space. This method reduces the 
effective capacitance by placing the capacitances of each group of wires in series 


with the others, 
SPACE SPACE 


a a a 


WINDINGS 


15-13 Raising the self-resonant point. 
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Coaxial-cable loop antennas 


One of the more effective ways to make a shielded loop is to use coaxial eable, Fig- 
ure 15-14 shows the circuit of such a loop. Although only a single-turn loop is shown, 
there can be any number of turns. One reader made a 100-kHz LORAN (a navigation 
system) loop using eight turns of RG-59/U coaxial cable on an 8-ft diameter. 

Note the special way that the coaxial cable is connected. ‘This method is called 
the Faraday connection after the fact that the shield of the coax forms a Faraday 
shield, At the output end, the center conductor of the coaxial cable is connected to 
the center conductor of the coaxial connector, The coax shield is connected to the 
connector ground/shield terminal. At the other end of the loop, the shield is left 
floating, but the center conductor is connected to the shield, Note very carefully that 
the center conductor at the far end is connected to the shield at the connector, not 
at just any convenient point: 


To 
RECEIVER 


15-14 A coaxial-cable shielded loop. 
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Chapter 


Small transmitting 
loop antennas 


Small transmitting loops are those which are less than one-third wavelength (\/3) 
according to Hart (1986) or between 0.044 and 0.10 according to Belrose (1993) 
Other sources claim that loops up to about 0.200 are small. The key characteristic is 
that the current is equal in all points of the loop rather than varying with loop length 
the way the current in a large loop (or other antenna) does. 

One of the parameters of the small loop antenna is a very low radiation resis- 
tance (it is a function of the area of the loop). The radiation resistance of the small 
loop antenna is less than 1.0 and often considerably less than this figure (e.g., 0.05 
9). This means that the copper or aluminum losses of the antenna must be kept 
very, very low. For suich reasons, it is common to assemble the small transmitting 
loop antenna from 1- to 4-in copper or aluminum pipe. For this reason, the square 
(Fig. 16-1A) or octagon (Fig. 16-1B) shapes are preferred, The reason this is true is 
purely mechanical: The square loop ean be built with 90° elbow joints, and the octa- 
gon can be built with 45° elbow joints. For antennas whose circumference is greater 
than /8, standard ’/-in copper pipe can be used in construction, but for smaller- 
sized loops, larger-sized copper piping is used. 

‘The small transmitting loop tends to be highly inductive in its reactance. Values 
of inductive reactance to 1000 © are not unusual, although closer to 100 Q is the 
norm, Because of this inductive reactance, the small transmitting loop antenna is 
tuned by one or more series capacitors, 

A sample loop was modeled by Belrose (1993). It was 1 m in diameter and was 
made of 2.54-em (1-in) copper pipe, For this loop, the gains were 


10MHz 2.88 dBi 
1M/MHz 0.22 dBi 
21MHz 1.14 dBi 
30MHz 1.42 dBi 


Note that the gains were all less than that of a dipole (12,15 dBi) but in the up- 
per regions of the frequency spectrum were quite decent. Even at. 10 MHz, the I-m 
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16-1 Small transmitting loop antennas: (A] square, [B) octagon, 


small loop antenna was only ~5.03 dBi less than the dipole. The loop probably would 
show similar gains up to the point of self-resonance 

Calculations of the current and voltage within the loop are substantial. The loop 
impedance at 10 MHz is 0.088 1 161 Q. This means that a 150-W transmitter, cer- 
tainly modest for these frequencies, would produce 41 A circulating inside the loop 
and a voltage across the tuning capacitor of 6600 V, As Belrose (1993) warns: “Don't 
touch your loop when transmitting!" 

‘The tuning capacitor in Belrose'’s loop should be rated for at least 10,000 V to 
guard against anyone using more than 150 W. Keep in mind that a power of 500 W will 
produce potentials across the capacitor of 30,000 V, so you will need a capacitor with 
at least '/-in spacing. A L-in spacing is good for about 75,000 V. It is probably best to 
use a vacuum-variable capacitor for the tuning capacitor of a small loop antenna if you 
can afford one. Regardless, the loop power should be kept under control! 

‘The Q of the antenna at any given resonant frequency is very, very high. For the 
1.m loop antenna deseribed earlier, the Q at 10 MHz was 1824, which resulted in a 
bandwidth of 5.5 kHz (although in practice it is twice this amount before VSWR tol- 
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erances on the transmitter are exceeded). Regardless, the bandwidth of the 
resonated loop is tiny, so some means must be provided for retuning the loop as 
you shift frequeney. If you do not shift frequency, then the loop can be tuned and 
forgotten, but for the rest of the radio fraternity, perhaps a remotely tuned capacitor 
is in order. Getting a large capacity variable in the voltages that are required for op- 


eration with a good power level is a bit tricky. 


Design equations 
‘The design equations developed by Hart (1986) are as follows: 


Radiation resistance (R,): 


3.88 x 10° (FAA) 


Loss resistance (R,): 


9.96 x 10'S VF 
D 
Efficiency (n) 
Ry 
1B +R, 


Inductance (L): 


L= 1.9 X 10°S (7.353 log,, 


— 6.386) 


Inductive reactance (X,)} 


Tuning capacitance (C): 


2nPX, x 10" 
Quality factor (Q): 
= 
on AF 
Bandwidth (AF): 


Distributed capacitance (C,): 


Capacitor voltage (V,): 


(16.1) 


116.2] 


(16.3) 


(16.4) 


(16.5) 


(16.6) 


[16.7] 


(16.8) 


[16.9] 


[16.10] 
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where 
Ais the area of the loop, in square feet (ft2) 
Sis the length of the loop conductor, in feet (ft) 
Dis the diameter of the conductor, in inches (in) 
Pis the applied transmitter output power, in watts (W) 


Some sample loop antennas 


The Patterson (1967) loop antenna is shown in Fig. 16-2. It is made from 1.5-in cop- 
per tubing. Segments are cut and are joined together by eight. 45° elbow joints, giv- 
ing the octagon shape, Each segment is 0.5 ft long. ‘The tuning is accomplished by 
three capacitors, two of which are a split-stator unit (two capacitors on the same 
shaft). The tuning control is the split-stator capacitor, whereas the loading control is 
a single capacitor 


16-2 A Patterson loop antenna 


_— 


Figure 9. Example of the use of a beamforming antenna to connect Wi-Fi access points’ 


- Full Duplex: in classic systems, transmission and reception takes place either on different 
frequency bands, i. frequency division duplexing (FDD) used an all mobile network bands in 
France, or at different times: time division duplexing (TDD), the top contender for LTE 
wireless local loop networks in France, The full duplex is intended to enable the simultaneous 
transmission and reception of data, on the same frequencies, at the same time and in the 
same location.” 


TIME-DIVISION —FREQUENCY-DIVISION FULL 
‘DUPLEX DUPLEX uPLex 


@) @ @ 


% 


FREQUENCY BAND 


Figure 10. Illustration of full-duplex, compared to FDD and TDD” 


- NOMA Multiplexing (Non Orthogonal Multiple Access): LTE uses what is referred to as 
orthogonal multiplexing, with each device using a portion of the resource blocks in a unique 
fashion at any given time. For SG to provide improved spectrum efficiency compared to 4G, 
the plan is to use non-orthogonal multiplexing methods, whereby several users can use the 
same frequencies at the same time. A distinction can be made between several users by 
assigning different codes to each user ~ referred to as SCMA or sparse code multiple access ~ 
a combination of 36's code division multiple access (CDMA) and 4G's orthogonal frequency 


* httos://www slideshare.net/100001290086432/massive-mimo 
The basic operating principle is the following: an antenna sends a signal at the same time as itis receiving signals coming 
from devices in the cell. However, the signal received by the antenna is a combination of the signal sent by itself and signals 
‘coming from the devices (everyone is “talking” at once). As it knows which signal t itself has sent, the antenna can subtract 
it during digital processing from the ones it received. So only the signals received from the devices remain 


» htto://compens.columbia.edu/bi 
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Another loop antenna is shown in Fig. 16-3. This antenna has a Faraday feed s3 
tem rather than a eapacitor-coupled feed system, as did the Patterson loop. The tun- 
ing is accomplished by C,, the series tuning capacitor. The requirement must be met 
that D/D, = 5 

Still another loop is shown in Fig. 16-4. This loop reties on magnetic coupling to 
perform the coupling of the transmitter. In this loop antenna, the coupling is via a 
small coupling loop and 50-0 coaxial cable to the transmitter. Capacitor C, is used to 
resonate the loop, whereas capacitors C, and C, serve the purposes of loading and 
resonating the coupling loop. According to Mozzochi (1993), the voltages and cur- 
rents with respect to the capacitors are 


1800 VP 116.11] 
Vig = 18 VP 116.12] 
7 VP 116.13) 
22 VP [16.14] 


21 VP 116.15] 


Dt 


"1 


16-3 A loop antenna with a Faraday feed system. 


a 


[Chapl6_Carr 4/10/01 3:48 PM Page 324 p 


324 Small transmitting loop antennas 


ct 


16-4 A loop antenna with magnetic coupling, 


15 VP [16.16] 


‘The radiation patterns for the loop antenna are shown in Fig. 16-5. Note that, 
four elevations are given (0°, 20°, 45°, and 60°) 

‘The bottom line is that small transmitting loop antennas are not very good for 
those who can afford to put up a better antenna, but for those whose tight quarters 
permit only a small transmitting loop, they are quite viable. 
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CHAPTER 


Antenna modeling 
software 


One of the significant contributions of computer technology to antenna design is the 
improvement of modeling and simulation. Modeling and simulation are used in a 
wide variety of applications, including management, science, and engineering, We 
can now model just about any process, any device, or any cirenit that can be reduced 
mathematically. The purpose of modeling, at least in engineering, is to do the design 
cheaply on the computer before “bending metal.” The old “cut and try” method 
works, to be sure, but it is costly in time and money (two things perpetually in short 
supply). If performance issues and problems can be solved on a computer, then we 
are time and money ahead of the game. Also, modeling and sinmulation make it pos- 
sible to look at more alternatives and to gauge the effect of a change in an antenna 
design before the change is made. 

Modeling is used not just in engineering but also in other processes. Organiza- 
tions and management consultants use modeling and simulation to study their oper- 
ations and find the most efficient way of doing things. I saw an example where an 
inefficient truck terminal and warehouse operation was improved significantly by 
modeling on a Windows desktop computer. The operators modeled the existing 5 
tem and several alternative systems, and found that one particular rule (involving 
bulk deliver trucks such as tankers and dry bulk carriers) was jamming up the nor- 
mal package deliveries at the warehouse dock. They could have tried different sets 
of rules over a couple of years, collected lots of data, presented scores of viewgraphs 
to management committees, and still have overlooked the actual cause of the prob- 
lem, The model showed the problem in only a few minutes, however. 


What is a model? 


Models are no big mystery. If you have fingers and can count, then you can make 
models. In fact, you probably do make models mentally, ¢.g., when you look at how 
much cash you have in your pocket when confronted with several different purchase 
choices but cannot afford all of them. The “model” is the “what if” considerations 
that lead to your selection. 


‘Copyright 2001 - the MeGraw-Hill Companies 307 


[Chapl7_Carr 4/10/01 3:46 PM Page 328 $ 


328 Antenna modeling software 


Youngsters in the schools are learning that the equations and formulas they 
Jearn in algebra and trigonometry are “models.” This designation was not used when 
Twas in school, but it is an apt description in most eases, 

One of the earliest modeling methods for the masses was the computer-based 
spreadsheet program. Software such as Microsoft Excel can be used to test various 
scenarios by entering different values into the cells. I have seen spreadsheets used 
for the originally intended business applications, as well as engineering applications 
(including antenna design), 

Antenna modeling software tends to use the “method of moments,” in which 
each wire in the system is broken into 1 to V segments, and the current in each seg- 
ment is calculated, 


Some common programs 


Some years ago an antenna modeling program came on the scene. Developed by the 
Navy, this program used numerical methods to perform the complex calculations 
needed to model an antenna. Called the Numerical Electromagnetic Computation 
(NEC) program, a smaller version soon became available known as miniNEC (which 
runs on PCs). You can download miniNEC-3 from several sources in the amateur ra- 
dio newsgroups in the United States or United Kingdom, or from the Navy Postgrad- 
uate School Web site. A miniNEC-4 version is also available, but Tunderstand that it 
requires a license to use and cannot be exported without a permit from the U.S. gov- 
ernment. 

‘There are also a number of private vendors who offer the miniNEC at a price. 
Some of the better vendors offer their own versions, based on the miniNEC concept, 
‘but with some value added to make it worthwhile to buy theirs instead of using the 
“freebie” version. 

‘The miniNEC programs model wire antennas using the coordinate system 
shown in Fig. 17-1. This is a standard three-dimensional Cartesian coordinate sys- 
tem in which the y axis is horizontal, the 2 axis is vertical, and the « axis is orthogo- 
nal to both the y and 2 axes, The idea is to specify the starting and ending points of 
the wires making up the antenna in terms of the xyz coordinate system. Figure 17-2 
shows a single-Wire antenna laid out in the x axis. This axis is in the horizontal plane 
but orthogonal to the y axis. The antenna designer will specify X, and X,, which are 
the starting and ending points of the wire. 7 

‘The antenna can consist ofa large number of wires, although the larger the num- 
ber, the longer is the processing time, Bach wire is broken into a number of different 
segments for calculation purposes. 


NEC-4 

‘The NEC-4 software is the latest in the NEC series and is proprietary to the Univer- 
sity of California, from whom a license must be obtained to use it, Because of na- 
tional defense considerations, an export license is required to take NEC-4 overseas. 
‘The NEC-4 software will produce modeling of underground radials, elements of 
varying diameter, and carefully constructed close-spaced parallel wires. 
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17-1 XYZ coordinate system for NecWin modeling software 


EZNEC Professional 

Roy Lewallen, W7EL, provides the EZNEC Pro software. This software has an option 
for NEC-4, provided that the license is obtained from the University of California 
(again, export restrictions apply). 


GNEC 

Nittany-Scientific makes a version of NEC-4 known as GNEC. It permits the use of 
catenary wires, helices, networks, and other possibilities. Outputs include 3-D, polar 
plots, and rectangular plot graphs, as well as a large array of tabular reports, 
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17-2 Example of a single wire laid out on XYZ coordinate system. 


NEC-2 

‘This is a high-capability version of the NEC software, and it is in the public domain. 
It is limited to antenna elements of constant diameter, although some software 
providers who base their wares on NEC-2 provide corrections for multidiameters. It 
is fitted with the Sommerfield-Norton ground model for modeling horizontal wires 
close to the earth's surface, 


NECWin Plus 


‘This software is provided by Nittany-Scientific. It features true spreadsheet geome- 
try. The software also offers stepped-diameter corrections, a gain-averaging test, a 
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CAD file (*dxf), 2-D and 3-D plots, 2-D and 3-D antenna views, and certain graphic 
outputs. There are two versions, NECWin Pro and NECWin Basic (NECWin Basic is 
reviewed in this chapter) 


EZNEC for Windows 

Roy Lewallen’s EZNEC for Windows is available in both NEC-2 and NEC-4 versions, 
although the NEC-4 version requires a license from the University of California to 
operate. It offers 2-D and 3-D plots, 3-D plots with 2-D slicing, ground-wave output, 
steppedl-diameter correction, and various shorteuts to antenna modeling, ‘The stan- 
dard EZNEC is limited to 500 segments (the Pro version handles a much larger num- 
ber of segments). 


Expert MiniNEC 

‘This new version of MiniNEC can handle sharp angles in antenna geometry directly 
and handles antennas close to the ground much more accurately than MiniNEC. Sev- 
eral versions of Expert MiniNEC are available from EM Scientific, These are 
MiniNEC for Windows and MiniNEC Broadcast Professional. 


MiniNEC 

MiniNEG Version 3.13 is the latest of the public-domain MiniNEC code. It runs on a 
PC in the DOS mode. It handles element lengths of changing diameter. Horizontal 
antennas must be at least 0.2A above ground for accurate results to occur. 


NEC4Win95 

Orion (Canada) offers a Windows 95/98 version of MiniNEC known as NEC4Win95. 
It offers spreadsheet antenna geometry input, pull-down boxes for all other antenna 
parameters, and a pattern-plotting routine that includes lobe identification and 
bandwidth. 


NECWin Basic 
Many amateur and professional users have been increasingly dissatisfied with the 
commercial miniNEC-based antenna modeling programs on the market (mostly be- 
cause they only run in the DOS environment and are clumsy to use). A low-cost Win- 
dows-based modeling program is NecWin Basic for Windows. This program appears 
to be a DOS-based NEC engine run with a Windows graphic user interface written in 
Visual Basic 3.0. The vendor offering NecWin Basic for Windows is Nittany Scientific, 
Ine. [Airline Highway, Suite 361, Hollister, CA, 95023-5621; phone: (408) 634-0573; 
Web site: www. nittany-scientific.com). The basic version (which I test drove and 
now use) costs less than $100, and there is a professional version for a higher price. 
NeeWin Basie for Windows allows you to specify the geometry of the antenna in 
the «rye coordinate system. This process is made a lot easier by the fact that it uses 
a “spreadsheet-like” grid (Pig. 17-3). Once the geometry is entered, you can select 
from several different ground situations (including “none” for free-space calcula- 
tions), the operating frequency, and units of measure used for the antenna wires 
(meters is default). You also can customize the calculations using the “Output” but- 
ton, Once the geometry and parameters are entered, you can visualize the geometry 
in “stick form’ using the “Eye” button on the toolbar. ‘The “Traffic Light” button 
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performs the NEC calculations, whereas the “Polar Coordinates” button ereates the 
elevation and azimuth pattern graphics. When you “Save Screen” in the “File” menu, 
you will produce a bitmap (*.bmp) file of the pattern, 

‘The particular geometry entered in Fig. 17-3 is for a long-wire antenna (Fig. 
17-4) that is two wavelengths long and has a quarter-wavelength radial used as a 
counterpoise ground. There are no wires in the y and © planes, so the values of ¥,, 
¥,,2,, and Z, are zero. The antenna is deseribed with the coordinates X, = 0,000 and 
X= 14.56 m. The operating frequency is set to 25-MHz on another screen, When 
the NEC calculations are made and the patterns displayed, the azimuth (Fig. 17-5) 
and elevation (Fig. 17-6) patterns can be printed out, 


14500 ODOM) AW 1S 10 


17-3. NecWin screen, 


Jeo a 


17-4 Off-center fed doublet antenna, 
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division multiple access (OFDMA) or by playing on the difference in users’ signal to noise 
ratios (power domain NOMA%, illustrated below). These are the two methods chosen for NR. 


Bit et Des 
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Figure 11. illustration de multiplexing power domain NOMA™ 


- QAM256: as with many modern communication systems, 4G uses quadrature amplitude 
modulation (QAM). In 4G this modulation can achieve QAM64, which means that six bits of 
information are being transmitted (2° = 64) at any given time. On wireless systems, the main 
limitation on QAM order is the signal to noise ratio: when a large amount of information is 
sent all at once, its transmission will be very sensitive to disruptions (a bit lke trying to talk in 
a noisy environment: it is easy to understand “yes” or “no” but harder to understand more 
complex sentences). Thanks to an improved link budget, via antenna or signal processing 
technologies, 5G modulation could reach QAM256, i.e. eight bits of information being 
transmitted at any given time, which translates into a 33% increase in maximum capacity 
under ideal conditions. This improved modulation will also be deployed on advanced 4G 
systems. 

-  loT waveforms: new waveforms are being explored for the future deployment of 5G loT in 
mobile bands. But although mass market IoT is one of the main challenges put forth for 5G, 
no concrete results have yet been made public. Operators” are starting to deploy new 
standards (EC-GSM or Extended Coverage GSM, LTE-(e)MTC or enhancements for Machine- 
Type Communications, NB-loT or NarrowBand loT) which were defined by 3GPP in Release 
13 but, as they are based on 2G and 4G, they do not deliver the performance levels, notably 
in terms of autonomy, coverage and density, that are compatible with the targets set for 
future 5G networks. 


1.5.2 Network architecture 


As with air interfaces, new network architectures are also being explored: 


-  Software-defined networking (SDN) and network functions virtualisation (NFV): these two 
functionalities extend beyond the scope of 5G networks per se. They are part of an overall 


** The basic operating principle is the following: either User 1 (U1) with a good signal to noise ratio and User 2 (U2) with a 
less good signal to noise ratio. The antenna sends a high power Signal 2 to U2, and superimposes a weaker Signal 1 aimed 
at UL. U2 will only see S2 as $1 is drowned out by the noise. U1 will decrypt S2 then delete it from the signal received, to 
create a higher quality S1, thanks to a better signal to noise ratio. 


+ nttps://www anritsu,com/en-AU /test-measurement/technologies/5g-everything-connected/5g-everything-connected: 


detail 


* htto://www vodafone, com/content/index/ what /technology-blog/nbiot-commercial-launch-spain, htm! 
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Long-Wire 
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17-5 Modeled horizontal pattern, 


NecWin Basic for Windows also will print out a data table of the frequency, wave- 
length, and VSWR. You can set the starting frequeney, number of calculations, and 
step frequency. 

If there is any criticism of the NecWin Basic for Windows program, it is that it 
does not graph the VSWR versus frequency curve. This isa little harder in Visual 
sic 3.0 than in later versions, but users who also have Microsoft Excel on their com- 
puters can hand enter the numbers from the NecWin Basic for Windows output 
report and get a chart similar to Fig. 17-7. 

‘The low price of NecWin Basic for Windows makes it useful to amateur radio op- 
erators, shortwave and scanner enthusiasts, and other amateur antenna builders. If 
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17-6 Modeled vertical pattern. 


you are serious about antennas, then you need to obtain this software, It will perform 
well for many professional users, as well as student users in schools. However, pro- 
fessional users might want to consider buying the higher-priced NeeWin Professional 
for Windows version. 


EZNEC for Windows 

Roy Lewallen, W7EL, produces the EZNEC for Windows software, The software ex- 
tends Roy's earlier work on DOS versions of EZNEC but is still based on the NEC-2 
engine (a NEC-4 professional version is available for those with the required license 
from the University of California), 

Figure 17-8 shows the basic window that opens when you open an antenna pro- 
ject (in this case, a 10-MHz dipole). Given in the active window are file name, fre- 
quency, wavelength (in meters), number of wires and segments, number of sources, 
number of loads, transmission lines, ground type, wire loss, the units being calculated 
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17-8 Basic window of EZNEC for Windows. 
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(meters, feet, ete.), plot type (azimuth, elevation), elevation angle, step size, a ref- 
erence level, andl an alternate SWR Z. 

‘There are command buttons to the left of the main window. These include Open, 
Save As, Currents, Sto Dat, Load Dat, FF Tab, NF Tab, SWR, View Antenna, and FF 
Plot. The “View Antenna” button provides a view of the rye coordinate system along 
with the wires (Fig. 17-9). The “FF Plot” button plots the far field of the antenna, 
and the “SWR” button plots the SWR curve based on parameters you give it (starting 
frequency, stopping frequency, frequency step) 

‘The “View Antenna” window is shown in Fig. 17-9. ‘This antenna view provides 
the.xyz coordinate system, along with the wires. There are scroll bars to the left of 
the main window where the antenna appears that are used to vary the image 
to better see it. A series of three “Reset” buttons resets the image to the initial 
setting. 

If you wish to plot the radiation pattern (azimuth or elevation) of the antenna, 
then press “FF Plot” in the main window. The result will be as shown in Fig, 17-10. 
Some data appears in the lower window on the plot. ‘The data in this case are eleva- 
tion angle, outer ring gain, slice gain maximum, front-to-side ratio, beamwidth, side- 
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17-9 View Antenna window of EZNEC for Windows, 
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17-10 Result of pressing “FF Plot” button in main window of EZNEC for Windows. 


lobe gain, front/sidelobe, cursor azimuth, and gain, You can print out the plot of the 
radiation pattern with either the data present or the data hidden, 

One of the really nice things about EZNEC for Windows is the availability of 
VSWR plots without going to the professional edition, Figure 17-11 shows the plot 
for the dipole under consideration. Note that the data given include the starting fre- 
quency, the SWR at the starting frequency, the impedance at the starting frequency, 
the reflection coefficient at the starting frequency, and the source impedance. 
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CHAPTER 


VHF/UHF transmitting 
and receiving antennas 


‘THE VHE/UHF SPECTRUM 18 COMMONLY ACCEPTED TO RANGE FROM 30 MHz 10 900 MHZ, 
although the upper breakpoint is open to some differences of opinion. The VHF 
spectrum is 30 MHz to 300 MHz, and the UHF spectrum is 300 MHz to 900 MHz, 
Above 900 MHz is the microwave spectrum. These bands are used principally for 
local “line-of-sight” communications, according to the standard wisdom, However 
with the advent of OSCAR satellites, the possibility of long-distance direct eommu- 
nications is a reality for VHF/UHF operators. In addition, packet radio is becoming 
common; this means indirect long-distance possibilities through networking, For the 
low end of the VHF spectrum (e.g,, 6-m amateur band), long-distance communica- 
tions are a relatively common occurrence. 

In many respects, the low-VHF region is much like the 10-m amateur band and 
11m Citizens Band: skip is not an infrequent occurrence. Many years ago, I recall an 
event where stich skip caused many a local police officer to skip a heart beat. In those 
days, our police department operated on 38.17 MHz, which is between the 6-m and 
10-m amateur bands, They received an emergency broadeast concerning a bank rob- 
bery at a certain Wilson Boulevard address. After a race to the county line, they dis- 
covered that the reported address would be outside of the county, and in fact did not 
exist even in the neighboring county (a number was skipped). The problem was 
traced to a police department in a southwest city that also had a Wilson Boulevard, 
and for them the alarm was real 

‘The principal difference between the lower frequencies and the VHF/UHF spec- 
trum is that the wavelengths are shorter in the VHF/UHF region. Consider the fact 
that the wavelengths for these bands range from 10m to 1 m for the VHF region, and 
from 1 m to 33 em for the UHF region. Most antenna designs are based on wavelength, 
so that fact has some implications for VHF/UHF antenna design. For example, be- 
cause bandwidth is a function of lengtlvdiameter ratio for many classes of antenna, 
broadbanding an antenna in the VHF/UHF region is relatively easy. If, say, 25-mm 
(ie., Lin) aluminum tubing is used to make a quarter-wavelength vertical, then the 
approximate L/D ratio is 790 in the 8-m band and 20 in the 2-m band. This feature is 
fortunate, because the VHF/UHF bands tend to be wider than the HF bands, 
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Another point to make is that many of the mechanical chores of antenna design 
and construction become easier for VHF/UHF antennas. One good example is the 
delta impedance-matching scheme. At 80 m, the delta-mateh dimensions are ap- 
proximately 36 x 43 ft, and at 2 m they are 9.5 X 12 inches. Clearly, delta matching 
is a bit more practical for most users at VHF than at HF. 


Types of antennas usable for VHF/UHF 


‘The concept “VHF/UHF antenna” is only partially valid because virtually all forms 
of antenna can be used at HF, MW, and VHF/UHF. The main limitations that distin- 
guish supposedly VHF/UHF designs from others are mechanical: there are some 
things that are simply much easier to accomplish with small antennas. Besides the 
delta match mentioned previously, there is the ease of construction for multiele- 
ment antennas. A 14-element 20-m beam would be a wonderful thing to have in a 
QRM-laden DX pile-up, but is simply too impractical for all but a few users because 
of its size. If you look on embassy rooftops around the world you will see many- 
element Yagi and log periodic HF antennas supported on massive towers...and 
some of them use a standard Size 25 tower (common for amateur use) as the 
antenna boom! A 14-element 80/75-m Yagi approaches impossibility. But at 2 m, a 
14-element Yagi beam antenna can be carried by one person, in one hand, unless 
the wind is acting up. 

Safety note Lange array beams, even at VHF/UHF, have a relatively high 
“windsail area,” and even relatively modest winds can apply a lot of force to them. I 
once witnessed a large, strong technician blown off a ladder by wind aeting on a mod- 
est, ‘suburban’ sized, TV antenna, It can happen to you, too. So always install an- 
tennas with a helper, and use hoists and other tools to actually handle the array. 


Lower band antennas on VHF/UHF 


Between 1958 and 1962, a friend and I had access to a radio club amateur radio sta- 
tion in a Red Cross chapter house in Virginia. ‘The “antenna farm” consisted of a 14- 
element 2-m beam, a three-element triband HF beam (10, 15, and 20 m), and a 
five-band (80 to 10 m) trap dipole. All of the coaxial cables came into the station 
through a wall; they were kept disconnected and shorted out when not in use be- 
cause of the senior Red Cross official's concern over lightning, 

One night, attempting to connect the 2. beam to the Gonset “gooney box” 2-m 
AM transceiver, my friend accidentally used the cable from the five-band trap dipole in- 
stead. We worked a lot of stations that contest weekend, and scored lots of points. Later, 
we discovered the error, and asked a more technically competent adult (we were 
teenagers), “Why the good reports?” He then gave us a lesson in longwire antenna the- 
ory. A good longwire is many wavelengths long, Consider that a half-wave antenna on 2 
mis 80 nv2 m or 40 wavelengths shorter than an 80-11 half-wave antenna. ‘Thus, the 
80-m antenna, counting foreshortening of physical lengths because of the traps, was on 
the order of 35 to 38 wavelengths long on 2 m. We had a highly directional, but mmulti- 
lobed, pattern. 
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Similarly, 40- to 10-m and 80- to 10-m trap verticals are often usable on 
VHF/UHF frequencies without any adjustments. Similarly, Citizens Band 11-m an- 
tennas, many of which are %-wavelength (18 ft high), will sometimes work on VHF 
frequencies. Check the VSWR of an HF antenna on 2 m with a reliable VHF/UHF 
VSWR meter (or RF wattmeter) to discover the truth about any particular antenna. 
Always use the low-power setting on the transmitter to limit damage in cases where 
the specific antenna is not usable on a specific frequency. 

‘The lesson to be leamed is that antennas are often usable on frequencies much 
higher than the design frequency, even though useless on nearby bands. Care must be 
exercised when initially checking out the antenna, but that is not an inordinate difficulty. 


VHE/UHF antenna impedance matching 


‘The VHF/UHF antenna is no more or less immune from the need for impedance match- 
ing than lower-frequency antennas. However, some methods are easier (coax baluns, 
delta match, ete.) and others become either difficult or impossible. An example of the 
latter case is the tuned LC impedance-matching network. At 6 m, and even to some 
limited extent 2 m, inductor and capacitor LC networks ean be used. But above 2m 
other methods are more reasonable. We can, however, mimic the LC tuner by using 
stripline components, but that approach is not always suited to amateur needs. 

‘The balun transformer makes an impedance transformation between balanced 
andl unbalanced impedances. Although both 1:1 and 4:1 impedance ratios are possi- 
ble, the 4:1 ratio is most commonly used for VHF/UHF antenna work. At lower fre- 
quencies it is easy to build broadband transformer baluns, but these become more of 
a problem at VHF and above. 

For the VHF/UHF frequencies, a 4:1 impedance ratio coaxial balun (Fig. 18-1A) 
is normally used. Two sections of identical coaxial cable are needed. One section (A) 
has a convenient length to reach between the antenna and the transmitter. Its char- 
acteristic impedance is Z. The other section (B) is a half-wavelength long at the 
center of the frequency range of interest. The physical length is found from 


904 


iA [18.1] 


where 


Lis the cable length, in inches 
P,,, is the operating frequency, in megahertz 
Vis the velocity factor of the coaxial cable 


‘The velocity factors of common coaxial cables are shown in the following table, 


Coaxial cable velocity factors 


Regular polyethylene 0.66 
Polyethylene foam 0.80 
‘Teflon 0.72 
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Lo 


5904 V 


SOY inches 
Pye 


Z. 
18-1A Coaxial 4:1 balun transformer 
Example 18-1 Calculate the phy 


made of polyethylene foam coaxial cable. 
Solution: 


ical length required of a 146-MHz 4:1 balun 


5904 V 


process of network upgrades taking place today and already available with 4G technology 
(4.96). The nevertheless remain a key enabler of 5G: 
© SDN (Software-Defined Network) is designed to disassociate the network's control 
plane from its data plane, these two planes traditionally being linked and distributed 
in a set fashion in the network (see diagram below). Controlling the network, a task 
previously assigned to specialised and unscalable hardware components, is 
centralised in the form of software on more powerful servers and, in theory, free of 
equipment manufacturer specifications. This enables the deployment of high value- 
added services (load balancing, smart routing, dynamic configuration, etc.) in 
disparate environments. 


GE comroiPtane 
[EE me Pene 


Figure 12. Centralisation of the control plane in a software-defined network” 


o_NFV, which builds upon SDN, is used to virtualise, in other words to replace hardware 
designed specially to perform certain key network functions (firewall, network core, 
interfaces between different systems...) with software on a server, to accelerate 
rollouts and enable rapid changes and upgrades. 

-  CloudRAN: this functionality, also know as centralized-RAN, requires a very different network 
architecture to what we find today. It is an evolution of SDN: the base stations’ signal 
processing units, currently installed at the base station level, are moved to the cloud and 
centralised. They communicate with the network radio heads, located closer to the antenna, 
over an optical fibre network (Radio over fibre technology). This centralisation makes it 
possible to obtain a complete overview of all of the stations deployed and to coordinate 
signal processing and manage interference between cells and devices 


* hytto://wwrw-igm.univ-mly.fe/~de/XPOSE2014/software-defined networking/sdn htm! 
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(5904) (0.80. 
= 7" 46 MHz 


4723.2 


32.4 in 


146 MHz 


A mechanical method of joining the coaxial cables is shown in Fig, 18-1B. In this, 
example, three SO-239 coaxial receptacles are mounted on a metal plate. This arrange- 
‘ment has the effect of shorting together the shields of the three ends of coaxial cable. 
‘The center conductors are connected in the manner shown. This method is used es- 
pecially where a mounting bracket is available on the antenna. The lengths of coaxial 
cable need PL-259 coax connectors installed in order to use this method. 

‘The “delta match” gets its name from the fact that the structure of the matching, 
element has the shape of the Greek letter delta, or a triangle, Figure 18-2 shows the 
basic delta match scheme. The matching element is attached to the driven element 
of the antenna (symmetrically, about the center point of the antenna). The width 
(A) of the delta mateh is given by 


(18.2) 


While the height of the match (B) is 


L [18.3] 


‘The transmission line feeding the delta match is balanced line, such as parallel trans- 
iission line or twin lead, The exact impedance is not terribly eritical because the dimen- 
sions (especially A) can be adjusted to accommodate differences. In general, however, 
either 450- or 600-0 line is used, although 300- line can also be used. Figure 18-28 
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18-1B Practical implementation of 4:1 balun using cormectors, 
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shows a method for using coaxial cable with the delta match, The impedance is trans- 
formed ina 4-1 balun transformer (see Fig, 18-14). ‘The elements of the delta match can 
be made from brass, copper, ar aluminum tubing, or a bronze brazing rod balted to the 
‘main radiator element. 

A stub-matching system is shown in Pig, 18-3. In this case, the impedance trans- 
formation is accomplished despite the half-wavelength shorted stub of transmission 
line. The exact impedance of the line is not very critical, and is found from. 


2, = 276 logy [18.4] 


a 


‘The matching stub section is made from metal elements such as tubing, wire, or 
rods (all three are practical at VHEYUHF frequencies). For a in rod, the spacing 
is approximately 2.56 in to make a 450-0 transmission line. A sliding short circuit is 
to set the electrical length of the half-wave stub. ‘The stub is tapped at: distance 
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18-3 Stub matching 
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from the antenna feedpoint that matches the impedance of the transmission line. In the 
example shown, the transmission line is coaxial cable, so a 4:1 balun transformer is used 
between the stub and the transmission line. The two adjustments to make in this sys- 
tem are: (1) the distance of the short from the feedpoint and (2) the distance of the 
transmission line tap point from the feedpoint. Both are adjusted for minimum VSWR. 

‘The gamma match is basically a half delta match, and operates according to sim- 
ilar principles (Fig. 18-4). The shield (outer conductor) of the coaxial cable is con- 
nected to the center point of the radiator element. The center conductor of the 
coaxial cable series feeds the gamma element through a variable capacitor. 


VHE/UHF antenna examples 


Although it is probably not necessary to reiterate the point, VHF/UHF antennas are not 
substantially different from HF antennas, especially those for the higher bands, How- 
ever, for various practical reasons there are several forms that are specially suited, or at 
least popular, in the VHF/UHF bands, In this section we will take a look at some of them, 


Coaxial vertical 

‘The coaxial vertical is a quarter-wavelength vertically polarized antenna that is pop- 
ular on VHF/UHF. There are two varieties. In Fig. 18-5A we see the coaxial antenna 
made with coaxial cable. Although not terribly practical for long-term installation, 
the coax-coax antenna is very useful for short-term, portable, or emergency applica- 
tions. For example, a boater found himself adrift, and in dire trouble, after a storm 
damaged the boat. The mast-top VHF antenna was washed away, leaving only the 
end of the coaxial cable dangling loose. Fortunately, the boat operator was a two-way 
radio technician, and he knew how to strip back the coaxial cable to make an im- 
promptu coaxial vertical. 

‘The coax-coax antenna shown in Fig. 18-5 uses a quarter-wavelength radiator 
and a quarter-wavelength sleeve. The sleeve consists of the coax braid stripped back 
and folded down the length of the eoax cable, The maximum length is found from the 
equation below (actual length is trismed from this maximum), 
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18-4 Gamma matching, 
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18-5A Coaxial vertical based on coaxial 
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Seal with 
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Fong (18.5) 


‘The antenna is mounted by suspending it from above by a short piece of string, 
twine, or fishing line, From a practical point of view, the only problem with this form 
of antenna is that it tends to deteriorate after a few rainstorms. This effect ean be 
reduced by sealing the end, and the break between the sleeve and the radiator, with 
either silicone RV or bathtub caulk. 

A more permanent method of construction is shown in Fig, 18-5B. The sleeve is, 
a piece of copper or brass tubing (pipe) about 1 in in diameter. An end cap is fitted 
over the end and sweat-soldered into place. The solder is not intended to add me- 
chanical strength, but rather to prevent weathering from destroying the electrical 
contact between the two pieces. An SO-239 coaxial connector is mounted on the end 
cap. The coax is connected to the SO-239 inside the pipe, which means making the 
connection before mounting the end cap. 
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‘The radiator element is a small piece of tubing (or brazing rod) soldered to 
the center conductor of a PL-259 coaxial connector. An insulator is used to pre- 
vent the rod from shorting to the outer shell of the PL-259. (Note: an insulator sal- 
vaged from the smaller variety of banana plug can be shaved a small amount with 
a fine file and made to fit inside the PL-259. It allows enough center clearance for 
Y-ineh or %,-ineh brass tubing.) 

Alternatively, the radiator element: can be soldered to a banana plug. The normal- 
size banana plug happens to fit into the female center conductor of the SO-239. 


Collinear vertical 

Gain in antennas is provided by directivity, In other words, by taking the power radi- 
ated by the antenna, and projecting it into a limited direction, we obtain the appear- 
ance of higher radiated power. In fact, the effective radiated power (ERP) of the 
antenna is merely its feedpoint power multiplied by its gain. Although most antenna 
patterns are shown in the horizontal dimension (as viewed from above), itis also pos- 
sible to obtain gain by compressing the vertical aspect. In this manner itis possible to 
havea vertical antenna that produces gain, Figure 18-6 shows a collinear gain antenna, 
with vertical polarization and a horizontally omnidirectional pattern. Incidentally, 
when mounted horizontally the pattern becomes bidirectional. 

‘The collinear antenna shown in Fig, 18-6 is basically a pair of stacked collinear 
arrays. Each array consists of a quarter-wavelength section A and a half-wavelength 
section C’ separated by a quarter-wavelength phase reversing stub B. The phase re- 
versal stub preserves in-phase excitation for the outer element (referenced to the 
inner element) 

‘The feedpoint is between the two elements of the array (Le., between the A sec- 
tions). The coaxial-cable impedance is transformed by a 4:1 balun transformer (see 
Fig. 18-14). Alternatively, 300-0 twin lead can be used for the transmission line. If 
this alternative is used, then the use of UHF shielded twin lead is highly recom- 
mended, If the transmitter lacks the balanced output needed to feed twin lead, then 
use a balun at the input end of the twin lead (i.e., right at the transmitter) 


‘Yagi antennas 
‘The Yagi beam antenna is a highly directional gain antenna, and is used both in HF 
and VHF/UHF systems. The antenna is relatively easy to build at VHF/UHF. In fact, 
it is easier than for HF systems. The basic Yagi was covered in Chap. 12, so we will 
only show examples of practical VHF devices. A 6-mn Yagi antenna is shown in Fig. 
18-7. This particular antenna is a four-element model. ‘The reflector and directors 
can be mounted directly to a metallic boom, because they are merely parasitic. The 
driven element, however, must be insulated from the metal boom. 

‘The driven element shown in Fig. 18-7 is a folded dipole, While this is common 
practice at VHF, because it tends to broadband the antenna, it is not strictly neces- 
sary, The dimensions of the driven element are found from Eq. 18.4. Set the equation 
equal to 300 Q, select the diameter of the tubing from commercially available 
sources, and then calculate the spacing, 

Example 18-2 Calculate the spacing of a 300-Q folded dipole when Yin tub- 
ing is used in its construction. 
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18-8 ‘Two-meter vertical beam, 


‘Two-meter yagi 
Figure 18-8 shows the construction details for a six-element 2-meter Yi 
tenna. This antenna is built using a2 x 2-in wooden boom and elements made of either 
brass or copper rod. Threaded brass rod is particularly useful, but not strictly neces 
sary. The job of securing the elements (other than the driven element) is easier when 
threaded rod is used, because it allows a pair of hex nuts, one on either side of the 
2X 2:in boom, to be used to secure the element, Nonthreaded elements can be se- 
cured with RTV sealing a press-fit. Alternatively, tie wires (see inset to Fig. 18-8) can 
be used to secure the rods. A hole is drilled through the 2 X 2 to admit the rod or tub- 
ing. The element is secured by wrapping a tie wire around the rod on either side of the 
2X 2, and then soldering it in place. The tie wire is no, 14 to no. 10 solid wire 
Mounting of the antenna is accomplished by using a mast secured to the boom, 
with an appropriate clamp. One alternative is to use an end-flange clamp, such as 
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Figure 13. Illustration of CloudRAN™ network architecture 


- Optimised content delivery, using a mobile content delivery network (mobile CDN): 
corresponds to a set of servers working together in a transparent fashion to optimise the 
delivery of content to end users over wireless (mobile or Wi-Fi) networks, with high 
availability and performance. With 5G, the objective for these CDN is to cache content close 
to users, notably thanks to predictive algorithms, to offload traffic from the networks and 
decrease latency. 


- ME (mobile edge computing): MEC is an evolution of mobile CDN whose purpose, in 
addition to bringing data closer to devices, is to provide devices with an accessible computing 
power with very low latency, within a very specific area for demanding applications. This 
technology makes it possible to locate a portion of the network's intelligence (managing local 
critical applications and performance analysis) at the base station level. The “antennae” will 
be capable of analysing a certain number of data, and so to make decisions very quickly. 

-  Device-to-device: D2D is a direct form of communication between two nearby devices, 
which does not require the data to travel over the cellular network. Device-to-device 
communication is not new, as technologies such as Bluetooth and Wi-Fi direct already enable 
it. But a new mesh networking technology will be introduced with 4.9G and later 5G network 
rollouts: LTE-direct. Far more energy-efficient than its predecessors, this technology will have 
a range of up to 500 metres and geolocation capabilities to enable communications. This, 
technology will be very useful for low latency V2V(vehicle-to-vehicle) or V2X 
(vehicle-to-everything) communications and for certain public-security related uses. 


15,3. 5G:a multi-technology generation cohabitating with existing networks 
As stated earlier, 5G is not meant to replace 4G overnight. In practice, the devices will undoubtedly 


be multi-modal: still connected to the 4G network, which will provide extended coverage for pioneer 
rollouts, then transitioning to SG networks when they become available. 


While 4G and 5G frequencies will probably be initially segregated, in all likelihood devices will rapidly 
become capable of aggregating 4G and SG carriers and, further down the road, 4G carriers will be 
encapsulated in 5G ones. 
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is sometimes used to support pole lamps, ete. ‘The mast should be attached to the 
boom at the center of gravity, which is also known as the balance point, If you try 
to balance the antenna in one hand unsupported, there is one (and only one) 
point at which it is balanced (and won't fall). Attach the mast hardware at, or 
near, this point in order to prevent normal gravitational torques from tearing the 
‘mounting apart. 

‘The antenna is fed with coaxial cable at the center of the driven element, Or- 
dinarily, either a matching section of coax, or a gamma match, will be needed be- 
cause the effect of parasitic elements on the driven element feedpoint impedance 
is to reduce it. 


¥-wavelength 2-m antenna 
‘The Ywavelength antenna (Fig. 18-9) is popular on 2 m for mobile operation be- 
cause it is easy to construct, and it provides a small amount of gain relative to a di- 
pole, The radiator element is %-wavelength, so its physical length is found from: 


= 280 


[18.6] 


Fun 


‘The ¥-wavelength antenna is not a good mateh to any of the common forms of 
coaxial cables, Either a matching section of cable, or an inductor match, is normally 
used, In Fig. 18-9 an inductor match is used. The matching coil consists of 2 to 3 
turns of no. 12 wire, wound over a ¥-in OD form, /-in long. The radiator element ean 
be tubing, brazing rod, or a length of heavy “piano wire.” Alternatively, for low-power 
systems, it can be a telescoping antenna that is bought as a replacement for portable 
radios or televisions. These antennas have the advantage of being adjustable to res- 
onance without the need for cutting, 


J-pole antennas 
‘The J-pole antenna is another popular form of vertical on the VHF bands. It ean be 
used at almost any frequency, although the example shown in Fig. 18-10 is for 2 m. 
‘The antenna radiator is ¥-wavelength long, so its dimension is found from 
8838 5 


L Fann [18.7] 
and the quarter-wavelength matching section length from 
2952 | 
‘e [18.8] 


‘Taken together the matching section and the radiator form a parallel trans- 
mission line with a characteristic impedance that is 4 times the coaxial cable im- 
pedance. If 50-Q coax is used, and the elements are made from 0.5 in OD pipe, 
then a spacing of 1.5 in will yield an impedance of about 200 Q. Impedance match- 
ing is accomplished by a gamma match consisting of a 25-pF variable capacitor, 
connected by a clamp to the radiator, about 6 in (experiment, with placement) 
above the base. 
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Groundplane 
‘The groundplane antenna is a vertical radiator situated above an artificial RF 
ground consisting of quarter-wavelength radiators. Groundplane antennas can be ei- 
ther /-wavelength or ,-wavelength (although for the latter case impedance match- 
ing is needed—see the previous example). 

Figure 18-11 shows how to construct an extremely simple groundplane an- 
tenna for 2 m and above, The construction is too lightweight for 6-m antennas 
(in general), because the element lengths on 6-m antennas are long enough to 
make their weight too great for this type of construction, The base of the an- 
tenna is a single SO-239 chassis-type coaxial connector. Be sure to use the type 
that requires four small machine serews to hold it to the chassis, and not the 
single-nut variety. 

“The radiator element is a piece of ¥,-in or 4-nim brass tubing, This tubing can be 
bought at hobby stores that sell airplanes and other models. ‘The sizes quoted just 
happen to fit over the center pin of an SO-239 with only a slight tap from a light- 
weight hammer—and I do mean slight tap. If the inside of the tubing and the con- 
nector pin are pretinned with solder, then sweat soldering the joint will make a good 
electrical connection that is resistant to weathering, Cover the joint with clear lac- 
quer spray for added protection. 

‘The radials are also made of tubing. Alternatively, rods ean also be used for this 
purpose. At least four radials are needed for a proper antenna (only one is shown in 
Fig. 18-11). This number is optimum because they are attached to the SO-239 
mounting holes, and there are only four holes. Flatten one end of the radial, and drill 
a small hole in the center of the flattened area, Mount the radial to the SO-229 using 
small hardware (4-40, ete.) 

‘The SO-239 can be attached to a metal L bracket, While it is easy to fabricate such, 
a bracket, it is also possible to buy suitable brackets in any well-equipped hardware 
store, While shopping at one do-it-yourself type of store, I found several reasonable 
candidate brackets, The bracket is attached to a length of 2  2-in lumber that serves 
as the mast. 


Halo antennas 

One of the more saintly antennas used on the VHF boards is the halo (Fig, 18-12). This 
‘antenna basically takes a half-wavelength dipole and bends it into a circle. ‘The ends of the 
dipole are separated by a capacitor. In some cases, a transmnitting-type mica “button ca- 
pacitor is used, but in others (and perhaps more commonly), the halo capacitor consists 
of two 3-in disks separated by a plastic dielectric. While air also serves as a good (and per- 
haps better) dielectric, the use of plastic allows mechanical rigidity to the system. 


Quad beam antennas 
‘The quad antenna was introduced in the chapter on beams. It is, nonetheless, also 
emerging as a very good VHF/UHF antenna. It should go without saying that the an- 
tenna is a lot easier to construct at VHF/UHF frequencies than it is at HF frequen- 
cies! Figure 18-13 shows a modest example 

‘There are several methods for building the quad antenna, and Fig. 18-13 repre- 
sents only one of them. The radiator element can be any of several materials, 
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Feedpoint 
19-12 Halo antenna. 


including heavy solid wire (no. 8 to no. 12), tubing, or metal rods. ‘The overall 
lengths of the elements are given by: 


Driven element: 


ie [18.9] 
Reflector 

L [18.10] 
Director 

L [18.11] 


‘There are several alternatives for making the supports for the radiator. Because 
of the lightweight construction, almost any method can be adapted for this purpose. 
In the case shown in Fig, 18-13, the spreaders are made from either 1-in furring 
strips, trim strips, or (at above 2 m) even wooden paint stirring sticks. The sticks are 
cut to length, and then half-notched in the center (Fig. 18-13, detail B). The two 
spreaders for each element are joined together at right angles and glued (Fig. 18-13, 
detail C). The spreaders can be fastened to the wooden boom at points § in detail C. 
The ustial rules regarding element spacing (0.15 to 0.31 wavelength) are followed. 
See the information on quad antennas in Chap. 12 for further details. Quads have 
been successfully built for all amateur bands up to 1296 MHz, 
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VHE/UHF scanner band antennas 


‘The hobby of shortwave listening has always had a subset of adherents who listen ex- 
clusively to the VHF/UHF bands. In those bands are found a rich variety of services 
from commercial two-way radios, police and fire systems, and others. Many of these 
people are serious DXers, but others have a little of the voyeur in them (they like to lis- 
ten to what's going on in the community by monitoring the police frequencies). As long 
as they neither respond to the scene of a police or fire action, nor use the information 
gained from monitoring in an illegal manner, they are perfectly free to listen in. 

A few people have an unusually practical element to their VHF/UHF listening, At 
least one person known to the author routinely tunes in the local taxicab company’s 
frequency as soon as she orders a cab, She then listens for her own address, She 
knows from that approximately when to expect the cab, 

In the early 1960s, when all VHF monitor receivers were crystal-controlled (and 
relatively expensive), the listener had a very limited selection of frequencies to 
choose from. Having worked in various shops that sold those receivers, I can recall 
that most of our customers tended to be police officers, fire fighters (or volunteers), 
or journalists covering the local crime news. However, modern scanners operate on 
both major VHF bands (low and high), plus UHP bands and others. 


Scanner-vision antennas 


‘The antennas used by scanner listeners are widely varied, and (in some cases) over- 
priced. Although it is arguable that a total coverage VHF/UHF antenna is worth the 
money, and it probably is, there are other possibilities that should be considered. 

First, don't overlook the use of television antennas for scanner monitoring! The 
television bands (about 80 channels from 54 MHz to around 800 MHz) encompass 
‘most of the ordinarily used scanner frequencies. Although antenna performance is 
not optimized for the scanner frequencies, itis also not “zero” on those frequencies, 
If you already have an “all channel” TV antenna installed, then it is a simple matter 
to connect the antenna to the scanner receiver. (Note: if the antenna uses 300-2 
twin lead, then install a 4:1 balun transformer that accepts 300 Q in and produces 75 
Q out. These transformers are usually available at TV shops, video shops—inchuding 
videotape rental places—and Radio Shack stores.) 

‘The directional characteristic of the TV antenna makes it both an advantage 
and a disadvantage to the scanner user. If the antenna has a rotator, then there is 
no problem. Just rotate the antenna to the direction of interest. However, if the an- 
temna is fixed, and the station of interest is elsewhere than where the antenna is 
pointed, then there is a bit of a problem, Nevertheless, some reception is possible 
for at least three reasons. One is that the main beam of the antenna is not infinitely 
thin, so the station of interest might well be within the beam—even if off the point 
a little bit. Second, there are always sidelobes on an antenna. These are areas out- 
side of the main beam that offer reduced, but nonzero, reception characteristics, 
Finally, the sidelobes and main lobe of the antenna are optimized for the TV bands, 
and may not obtain the same directivity on certain scanner frequencies. It is, 
therefore, possible that a TV antenna will have an unusual lobe in the direction of 
interest for the scanner channel, 
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The TV antenna also offers other possibilities. The hardware and electronics 
normally found useful on TV antenna systems, are also useful for scanner antennas: 
‘The use of the mounting hardware is obvious, but less obvious is the use of compo- 
nents such as multiset couplers, impedance transformers, and wideband amplifiers 
For example, Fig, 18-14 shows two scanner antennas joined together into a single 
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transmission line using a two-set coupler. Although intended to allow two television 
sets to receive a signal from the same antenna, the device also works to combine two 
antennas into a single transmission line, Two popular TV uses include two antennas 
for different: directions and VHF and UHF antennas that share the same downlead, 
Be sure to buy a weatherproof model if you intend to mount the coupler on the 
antenna mast (the correct place for it) (Fig, 18-15). 

‘TV antenna amplifiers are used to increase the weak signal from a distant station 
to a level compatible with the TV receiver. Because these amplifiers are wideband 
designs, they will also work well for the seanner bands that are inclusive within the 
54- to 800-MHz TV bands, Some models are intended to be part of the antenna, while 
others are mounted indoors, some distance from the antenna. The basic rule of 
thumb is to place the amplifier as close as possible to the “head end” of the system 
where the antenna is located, This situation will permit signals to be built up to a 
level considerably above the noise level before being attenuated in the transmission 
line losses, 

‘TV/FM receiver folded dipoles made of twin-lead transmission line also work 
well at other VHF/UHF frequencies. Figures 18-16A and 18-16B show the details of 
their construction, 


Scanner skyhooks 


Other antennas not to be overlooked are the CB, or amateur radio, high-frequency 
(shortwave) antennas. Many amateur radio operators use their 80-m dipole antenna 


Downlead —_| u=5 


18-16A Receiver folded dipole antenna made of 
200 0 twin lead. 


18-16B Poles made of twinlead trans- 
mmission VHF frequencies. 


4G is still being deployed, and its technological evolution and certain building blocks will be used by 
both the first 5G networks and advanced 4G networks. To wit, the latest trials conducted in France 
are allowing 4G networks to perform better thanks to the use of pre-5G technologies: 


- Bouygues Telecom, in partnership with Huawei, managed to achieve a peak data rate of 
1 Gbps thanks to the simultaneous use of four-carrier aggregation (800 MHz, 1800 MHz, 
2100 MHz, 2600 MHz) and more powerful modulation (256 QAM)"; 


- Inthe coming weeks, Orange will be launching a massive MIMO (16x16) trial with Nokia”. 


In addition to the strong integration between 4G and 5G, the new generation will no doubt also 
continue convergence efforts between frequency bands governed by exclusive licences ~ i.e. bands 
that are allocated exclusively to an operator, such as mobile operators ~ and unlicensed frequency 
bands, governed by a system of general authorisation (e.g. Wi-Fi bands), which already began in 4G 
with LTE-LAA (Long Term Evolution ~ License Assisted Access) and LTE-LWA (Long Term Evolution ~ 
Wi-Fi Link Aggregation). 


LTE-LAA is characterised by the aggregation of one or several LTE carriers, used in licensed bands, 
with other LTE carriers employing unlicensed 5 GHz Wi-Fi bands. To guarantee cohabitation with very 
widespread Wi-Fi networks whose deployment pattern is unpredictable, it uses LBT (Listen Before 
Talk) technology to listen to the radio channel before transmitting, in order to determine whether or 
not a frequency is available. 


LTE-LWA consists of an aggregation of LTE carriers in licensed bands with Wi-Fi traffic. To achieve 
this, the LTE cell and Wi-Fi access point need to be connected: the Wi-Fi traffic is sent to the cell 
which sends back the entire aggregated link on the 4G core network. This technology is particularly 
well suited to indoor environments with small cells, a system which, as detailed in paragraph 3.3 
below, will lend itself well to 5G deployments. 


+ hetps://www.corporate.bouyguestelecom fr/wp-content/uploads/2016/05/Communiqu’4C3%A9 -Bouygues-Telecom-et 
Huawei-Technologies-C3%ASalisent-un-test-de-d94C3%A9bit-4G-5sC394A0-plus-de-1-Ghps pour la-premi%sC33¢ABre-fols: 
en-Europe-de-lOuest pdf 

3 https://networks.orange fr/actualites/actualites-des networks/orange-et-nokia-partners-pour-developper-lesfuturs 
serices-52 
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on 2m (144 to 148 MHz) and find that it has the gain and directivity characteristics 
ofa longwire antenna, Similarly, with vertical “ham” and CB antennas, they have ap- 
parent gain on some VHF frequencies and will at least perform to some extent 
on others. 

Even the lowly “random length” wire antenna used for your shortwave re- 
ceiver ought to turn in decent performance as a VHF/UHF longwire antenna, 
‘These antennas are simply a 30- to 150-ft length of no. 14 wire attached to a dis- 
tant support. 

Figure 18-17 shows two variants to an antenna that is popular with VHEVUHF re- 
ceiver operators: the drooping dipole. ‘These antennas are similar to the inverted 
vee dipole, in that they consist of two quarter-wavelength radiator elements. Unlike 
the ordinary dipole, the ends of the radiators, in the single-band drooping dipole of 
Fig. 18-17, are lowered. The drooping dipole can be made using an SO-239 UHF 
coaxial connector as the support for either stiff wire, brass hobbyist tubing, or braz- 
ing rod elements cut to X/4 each, The antenna can be made into a multiband, or very 
wideband, antenna by connecting several pairs of drooping dipoles in parallel, as in 
Fig. 18-178. 


18-17A Drooping dipole, 


18-178 Multiband drooping dipole 
80.239 
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18-18A._ Vertical dipole, 
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‘The vertical dipole (Pig, 18-I8A) also finds use in the VHEYUHF region, Each 
element is \/4 long, and its physical length can be found from 


2832, 
Fe 

This antenna can be built with the same types of materials as the drooping dipole. Al- 

though several different construction techniques are popular, the method of Fig. 18- 

18B is probably the most popular with homebrew builders, 

A groundplane antenna for VHF/UHF frequencies is shown in Fig. 18-19. The 
antenna sits on an L bracket mounted to a 2 x 4-in wooden mast or support. The L 
bracket can be manufactured for the purpose, or purchased at Happy Harry's hard- 
ware emporium, The base of the antenna is a chassis-mount SO-239 UHF coaxial 
connector. A quarter-wave radiator element is made from in brass tubing, or 
brazing rod, soldered to the center conductor pin of the SO-239. Similarly, radials 
can be made from the same type of material, but soldered directly to the body of the 
80-239 (this action connects it to the coaxial cable shield). ‘The four mounting 
holes of the SO-239 make reasonable anchors for the radials. Solder them for elec- 
trical integrity 
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A coaxial vertical can be made from L-in brass tubing or copper plumbing pipe, 
and either brazing rod or brass tubing (Fig, 18-20). ‘The sleeve is fitted with an endl 
cap that has an SO-239 mounted on it (see inset). The radiator element can be made 
with a mate to the SO-239, namely the PL-259 coaxial plug, The radiator element is 
soldered to the center conductor, and it is insulated from the shield. You can buy 
coaxial whips with this type of construction, so you may not have to actually build 
the radiator element. 

Additional gain, about +3 dB, can be achieved by stacking VHF/UHF antennas to- 
gether, Figure 18-21 shows a typical arrangement in which two half-wavelength dipole 
antennas are connected together through a quarter-wavelength hamess of RG-59/U 
coaxial cable. This harness is shorter than a quarter wavelength by the velocity factor of 
the coaxial cable: 
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18-19 Construction of VHF groundplane for receivers 


[18.13] 


where 
Lis the length, in inches 
Vis the velocity factor (typically 0.66 or 0.80 for common coax) 


Fyn, is the frequency, in megahertz 


‘The antennas can be oriented in the same direction to increase gain, or orthog. 
onally (as shown in Fig, 18-21) to make it more omnidirectional, 

Because the impedance of two identical dipoles, fed in parallel, is one-half 
that of a single dipole, it is necessary to have an impedanei 
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18-21 Stacking VHF antennas, 


made of RG-58/U coaxial cable. This cable is then fed with RG-59/U coax from 
the receiver 

There is nothing magical about scanner receivers that require any form of 
antenna that is significantly different from other VHF/UHF antennas. Although the 
designs might be optimized for VHF or UHF, these antennas are basically the same 
as others shown in this book. As a matter of fact, almost any antennas, from any 
some scanner operators. 
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CHAPTER 


Microwave waveguides 
and antennas 


‘THE MICROWAVE PORTION OF THE RADIO SPECTRUM COVERS FREQUENCIES FROM ABOUT 
900 MHz to 300 GHz, with wavelengths in free-space ranging from 33 cm down to 
1 mm, Transmission lines can be used at frequencies from de to about 50 or 60 GHz, 
although, above 5 GH, only short runs are practical, because attenuation increases 
dramatically as frequency increases. There are three types of losses in conventional 
transmission lines: ohmic, dielectric, and radiation. ‘The ohmic losses are caused 
by the current flowing in the resistance of the conductors making up the transmis- 
sion lines. Because of the skin effect, which increases resistance at higher fre- 
quencies, these losses tend to increase in the microwave region. Dielectric losses 
are caused by the electrie field acting on the molecules of the insulator and 
thereby causing heating through molecular agitation. Radiation losses represent 
loss of energy as an electromagnetic wave propagates away from the surface of the 
transmission line conductor. 

Losses on long runs of coaxial transmission line (the type most commonly used) 
cause concer even as low as the 400-MHz region. Also, because of the increased 
losses, power handling capability decreases at high frequencies. Therefore, at higher 
microwave frequencies, or where long runs make coax attenuation losses unaccept- 
able, or where high power levels would overheat the coax, waveguides are used in 
lieu of transmission lines, 

What is a waveguide? Consider the light pipe analogy depicted in Fig. 19-1. A 
flashlight serves as our “RF source,” which (given that light is also an electromag- 
netic wave) is not altogether unreasonable, In Fig. 19-1A the source radiates into 
free space and spreads out as a function of distance. The intensity per unit area, at 
the destination (a wall), falls off as a function of distance (D) according to the in- 
verse sqpuatre law (MID*), 

But now consider the transmission scheme in Fig. 19-1B. The light wave still 
propagates over distance D, but is now confined to the interior of a mirrored pipe. 
‘Almost all of the energy (less small losses) coupled to the input end is delivered 
to the output end, where the intensity is practically undiminished. Although not 
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19-1 Waveguide analogy to light pipe. 


perfect, the light pipe analogy neatly summarizes, on a simple level, the operation 
of microwave waveguides, 

‘Thus, we can consider the waveguide as an “RF pipe” without seeming too 
serenely detached from reality. Similarly, fiber-optic technology is waveguidelike at 
optical (IR and visible) wavelengths. In fact, the analogy between fiber optics and 
waveguide can withstand more rigorous comparison than the simplistic light pipe 
analogy. 

‘The internal walls of the waveguide are not mirrored surfaces, as in our optical 
analogy, but are, rather, electrical conductors. Most waveguides are made of alu- 
minum, brass, or copper. In order to reduce ohmic losses, some waveguides have their 
internal surfaces electroplated with either gold or silver, both of which have lower re- 
sistivities than the other metals mentioned above. 

Vaveguices are hollow metal pipes, and can have either eircular or rectangular 
cross sections (although the rectangular are, by far, the most. common). Figure 19-2 
shows an end view of the rectangular waveguide. The dimension a is the wider di- 
mension, and b is the narrower. ‘These letters are considered the standard form af 
notation for waveguide dimensions, and will be used in the equations developed in 
this chapter 


Development of the rectangular 
waveguide from parallel transmission lines 


One way of visualizing how a waveguide works is to develop the theory of waveguides 
from the theory of elementary parallel transmission lines (see Chap. 3). Figure 19-34 
shows the basic parallel transmission line which was introduced in Chap. 3. The line 
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consists of two parallel conductors separated by an air dielectric, Because air won't 
support the conductors, ceramic or other material insulators are used as supports 
‘There are several reasons why the parallel transmission line per se is not used at 
microwave frequencies. Skin effect increases ohmic losses to a point that is unac 
ceptable. Also, the insulators supporting the two conductors are significantly more 
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19-2 Rectangular waveguide (end view). 
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lossy at microwave frequencies than at lower frequencies. Finally, radiation losses 
increase dramatically. Figure 19-38 shows the electric fields surrounding the con- 
ductors, The fields add algebraically (either constructively or destructively), result- 
ing in pinching of the resultant field along one axis, and bulging along the other. This 
eometry increases radiation losses at microwave frequencies. 

Now let's consider the quarter-wavelength shorted stub. ‘The “looking-in’ im- 
pedance of such a stub is infinite. When placed in parallel across a transmission line 
(Wig, 19-44) the stub acts like an insulator. In other words, at its resonant frequency, 
the stub is a metallic insulator, and can be used to physically support the transmis- 
sion line. 

Again, because the impedance is infinite, we can connect two quarter 
wavelength stubs in parallel with each other across the same points on the 
transmission line (Fig. 19-4B) without loading down the line impedance. This 
arrangement effectively forms a half-wavelength pair, The impedance is still infi- 
nite, so no harm is done, Likewise, we can parallel a large number of center-fed 
half-wavelength pairs along the line, as might be the case when a long line is sup- 
ported at multiple points. The waveguide is analogous to an infinite number of 
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Quarter-wave stub analogy 
extended, 


2 5G development initiatives 
With a view to keeping the many promises being made for 5G, a number of initiatives are currently 


underway around the globe to promote its development. Below, we detail the foremost initiatives 
put forth by the players with which Arcep met as part of its investigation. 


2.1 Government initiatives 


The prospect of significant socio-economic repercussions generated by 5G (possible revenue of close 
to $225 billion a year” by 2025) combined with many countries’ desire to establish themselves as 
technological leaders and make their companies more competitive, have propelled a multitude of 
government initiatives around the globe, aimed at encouraging the mobile ecosystem to begin the 
work and make the investments required to drive the rapid construction of the first SG networks. 


A selection of the largest initiative is detailed below. 
2.1.1 InEurope 


5G-PPP 


The 5G Public Private Partnership (5G-PPP) is dedicated to 5G research and development, created on 
the initiative of the European Commission in 2013, with a budget de €700 million in public funding. 
The main objectives set by 5G-PPP are: 
- Create stronger ties between the economic players and academic bodies devoted to the 
telecommunications sector over R&D projects, along the entire value chain; 
- Reduce technological dependence on the United States and Asia while sustaining a strong 
global market; 
= _ Regain technological leadership, notably in disruptive technologies, by promoting standards 
in international bodies; 


- Allow innovative business models to emerge; 


Facilitate large-scale experimentation. 


The results of this work will help clarify the 5G action plan (see below}, and fuel the standardisation 
work that is currently underway. 
To achieve its ambitions, 5G-PPP has initiated three stages of work, financed by the European Union, 
whose roadmap is in sync with the main international initiatives (3GPP and ITU, cf. Figure 14) 

- The first stage which is currently underway, will last until mid-2017; 

= Asecond stage focused on systems optimisations, from the end of 2017 to mid-2019; 

- And finally a full-size trial stage from 2019 to 2020. 
Deploying 5G by 2020 will require Europe to develop leading edge technologies, globally approved 
standards and especially to achieve consensus over the most suitable frequency bands. This funding 
and these projects ~ involving a great many researchers from more than a hundred companies and 
the finest R&D centres in Europe ~ are thus vital. 


* httos://www abiresearch,com/press/abi-research-projects-5e-worldwide-service-revenue 
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center-fed “half-wave pairs” of quarter-wave shorted stubs connected across 
the line. The result is the continuous metal pipe structure of the common rectan- 
gular waveguide (Fig, 19-40). 

On first glance, relating rectangular waveguide to quarter-wavelength shorted 
stubs seems to fall down, except at the exact resonant frequency. It tums out, how- 
ever, that the analogy also holds up at other frequencies, so long. as the frequency is 
higher than a certain minimum cutoff frequency. The waveguide thus acts like a high- 
‘pass filter. ‘There is also a practical upper frequency limit. In general, waveguides sup- 
port a bandwidth of 30 to 40 percent of cutoff frequency. As shown in Fig. 19-5, the 
center line of the waveguide (which represents the points where the conductors 
are in the parallel line analogy) becomes a “shorting bar” between segments, and that 
“bar” widens or narrows according to operating frequency. Thus, the active region is 
still a quarter-wavelength shorted stub. 

Below the cutoff frequency, the structure disappears entirely, and the wave- 
guide acts like a parallel transmission line with a low-impedance inductive reactance 
shorted across the conductors. When modeled as a pair of quarter-wavelength stubs, 
the a dimension of the waveguide is a half-wavelength long. ‘The eutoff frequency is 
defined as the frequency at which the a dimension is less than a half-wavelength. 


Propagation modes in waveguides 


‘The signal in a microwave waveguide propagates as an electromagnetic wave, not as 
a current. Even in a transmission line, the signal propagates as a wave because the 
current in motion down the line gives rise to electric and magnetic fields, which be- 
have as an electromagnetic field. The specific type of field found in transmission 
lines, however, is a transverse electromagnetic (TEM) field. The term transverse 
implies things at right angles to each other, so the electric and magnetic fields 
are perpendicular to the direction of travel. In addition to the word “transverse,” 
these right-angle waves are said to be “normal” or “orthogonal” to the direction of 
travel—three different ways of saying the same thing: right-angledness. 
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Boundary conditions 

‘The TEM wave will not propagate in a waveguide because certain boundary condi- 
tions apply. Although the wave in the waveguide propagates through the air (or in- 
ert gas dielectric) in a manner similar to free-space propagation, the phenomenor 
bounded by the walls of the waveguide, and that implies certain conditions must be 
met. The boundary conditions for waveguides are 


1. The electric field must be orthogonal to the conductor in order to exist at the 
surface of that conduetor, 
2. The magnetic field must not be orthogonal to the surface of the waveguide, 


In order to satisfy these boundary conditions the waveguide gives rise to two 
types of propagation modes: transverse electric mode (‘TE mode), and transverse 
magnetic mode (TM mode). The TEM mode violates the boundary conditions 
because the magnetic field is not parallel to the surface, and so does not occur in 
waveguides. 

‘The transverse electric field requirement means that the E field must be per- 
pendicular to the conductor wall of the waveguide. This requirement is met by use 
ofa proper coupling scheme at the input end of the waveguide, A vertically polarized 
coupling radiator will provide the necessary transverse field, 

‘One boundary condition requires that the magnetic (H) field must: not be or- 
thogonal to the conductor surface, Because it is at right angles to the E field, it will 
meet this requirement (see Fig. 19-6). The planes formed by the magnetic field are 
parallel to both the direction of propagation and the wide dimension surface. 

As the wave propagates away from the input radiator, it resolves into two com 
ponents that are not along the axis of propagation, and are not orthogonal to the 
walls. The component along the waveguide axis violates the boundary conditions, so 
it is rapidly attenuated. For the sake of simplicity, only one component is shown in 
Fig. 19-7. Three cases are shown in Fig. 19-7: high, medium, and low frequency. Note 
that the angle of incidence with the waveguide wall increases as frequency drops. The 
angle rises toward 90° as the cutoff frequency is approached from above. Below 
the cutoff frequency the angle is 90°, so the wave bounces back and forth between the 
walls without propagating. 
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19-6 Magnetic fields in waveguide. 
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19-7 
Frequency effect on propagating 


C. Low frequency 
(approaching cutoff) 


@ = Z of incidence 
@ = Z of reflection 


Coordinate system and dominant mode in waveguides 
Figure 19-8 shows the coordinate syste 
in microwave discussions. The a and b dimensions of the waveguide correspond to 
the.x and y axes of a cartesian coordinate system, and the 2 axis is the direction of 
wave propagation, 

In describing the various modes of propagation, use a shorthand notation as 
follows 


used to denote dimensions and directions 


Tx 


where 
x is E for transverse electric mode, and M for transverse magnetic mode 


‘mis the number of half-wavelengths along the c axis (Le., a dimension) 
mis the number of half-wavelengths along the y axis (Le., b dimension) 
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The TE,, mode is called the dominant mode, and is the best mode for low atten- 
uation propagation in the z axis. The nomenclature TE,, indicates that there is 
one half-wavelength in the a dimension and zero half-wavelengths in the b dimen- 
sion. The dominant mode exists at the lowest frequency at which the waveguide is a 
half- wavelength. 


Velocity and wavelength in waveguides 
Figures 19-9A and 19-9B show the geometry for two wave components, simplified 
for the sake of illustration. There are three different wave velocities to consider with 
respect to waveguides: free-space velocity ¢, group velocity V,, and phase veloc- 
ity V,, The free-space velocity is the velocity of propagation in unbounded free space 
(Le,, the speed of light ¢ = 3 x 10° mvs) 


<< 


TE 
TM 


19-8 Rectangular waveguide coordinate system, 


‘hapl 


4/10/01 3339 PM Page 3 


378 Microwave waveguides and antennas 


19-9A Antenna radiator in capped wa 


19-98 Wave propagation in waveguide. 


The group velocity is the straight line velocity of propagation of the wave down 
the center line (z axis) of the waveguides. The value of V, is always less than c, be- 
cause the actual path length taken, as the wave bounces back and forth, is longer 
than the straight line path (Le., path ABC is longer than path AC). The relationship 
between ¢ and V, is, 


V,=csina [19.1] 
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where 


V, is the group velocity, in meters per second 
cis the free-space velocity (3 x 10" m/s) 
is the angle of incidence in the waveguide 


The phase velocity is the velocity of propagation of the spot on the waveguide wall 
where the wave impinges (e.g., point B in Fig, 19-9B). This velocity, depending upon 
the angle of incidence, can actually be faster than both the group velocity and the speed 
of light. The relationship between phase and group velocities can be seen in the beach 
analogy. Consider an ocean beach, on which the waves arrive from offshore at an angle 
other than 90°, In other words, the arriving wavefronts are not parallel to the shore. 
‘The arriving waves have a group velocity V,, But as a wave hits the shore, it will strike a 
point down the beach first, and the “point of strike" races up the beach at a much faster 
phase velocity V,, that is even faster than the group velocity. Ina microwave waveguide, 
the phase velocity can be greater than c, as can be seen from Eq. 19.2: 


e 
V,= 


[19.2] 


sina 


Example 19-1 Calculate the group and phase velocities for an angle of inci- 
dence of 33° 
Solution: 


(@) Group velocity 
V,=csina 
(3 x 105)(sin 33°) 
= (3 X 10°)(0.5446) = 1.6 x 10° m/s 
(b) Phase velocity 
V, = olsina 
= (8 X 10* mvs)/sin 33° 
= (8 X 10° mis)/(0.5446) 
= 5.51 x 10° m/s 
For this problem the solutions are 
c= 8X 10"ms 
V,= 5.51 x 10° mis 
V,= 16 x 10° mis 


We can also write a relationship between all three velocities by combining Eqs. 
19.1 and 19.2, resulting in 
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o=VVV, 119.3) 


In any wave phenomenon the product of frequency and wavelength is the ve- 
locity, ‘Thus, for a’TEM wave in unbounded free space we know that: 


PA [19.4] 


Because the frequency F is fixed by the generator, only the wavelength can 
change when the velocity changes. In a microwave waveguide we can relate phase 
velocity to wavelength as the wave is propagated in the waveguide: 


yadke 
faa 


(19.5) 


where: 


V, is the phase velocity, in meters per second 

cis the free-space velocity (310° m/s) 

is the wavelength in the waveguide, in meters 

A, is the wavelength in free space (c/F), in meters (see Eq. 19.4) 


Equation 19.5 can be rearranged to find the wavelength in the waveguide: 
VA, 
he [19.6] 

Example 19-2. A 5.6-GHz microwave signal is propagated in a waveguide. 
Assume that the internal angle of incidence to the waveguide surfaces is 42, degrees 
Calculate (a) phase velocity, (b) wavelength in unbounded free space, and (c) wave- 
length of the signal in the waveguide. 

Solution: 


(a) Phase velocity 
c 


» “sina 
3X 10" ws 
sin 42° 


3X 10* mvs 


Tag A X 10" mvs 


(©) Wavelength in free space 


= (3 X 10° m/s)/(5.6 x 10" He) 
= 0.054 m 
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(©) Wavelength in waveguide 


(4.5 X 10° m/s) (0.054 m) 
Se = 0.08 m 
BX 10" m/s 

Comparing, we find that the free-space wavelength is 0,054 m, and the wave- 
length inside of the waveguide increases to 0.08 m. 


Cutoff frequency (F.) 


‘The propagation of signals in a waveguide depends, in part, upon the operating 
frequency of the applied signal. As covered earlier, the angle of incidence made by 
the plane wave to the waveguide wall is a function of frequency. As the frequency 
drops, the angle of incidence increases toward 90°. 

‘The propagation of waves depends on the angle of incidence and the associated 
reflection phenomena. Indeed, both phase and group velocities are functions of the 
angle of incidence. When the frequency drops to a point where the angle of inci- 
dence is 90°, then group velocity is meaningless. 

We can define a general mode equation based on our system of notation: 


oF ( a y+( 5 y (19.7) 


where 


_ is the longest wavelength that will propagate 

a, bare the waveguide dimensions (see Fig. 19-2) 

m,n are integers that define the number of hi 
and b dimensions, respectively 


vavelengths that will fit in the a 


Evaluating Eq. 19.7 reveals that the longest TE-mode signal that will propagate 
in the dominant mode (TE,,) is given by 
A= 2a [19.8] 


from which we ean write an expression for the cutoff frequency: 


[19.9] 


where 


Fis the lowest frequency that will propagate, in hertz 
cis the speed of light (3% 10° m/s) 
ais the wide waveguide dimension 
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Example 19-3 A rectangular waveguide has dimensions of 3X 5 em, Caleu- 
late the TE,, mode cutoff frequency. 


Solution: 


(3 x 108 mvs 


Im 
TOO em 


@) (5 em x 


3x 10" ms 


@O.05m) ~ 3 GHz 


Equation 19.7 assumes that the dielectric inside the waveguide is air. A more 
generalized form, which can accommodate other dielectrics, is 


1 fm 
wa WH Po 
where 
eis the dielectric constant 
wis the permeability constant 
Por air dielectries, u = u, and e =e,, from which 
(19.11) 
Vig, is 


‘To determine the cutoff wavelength, we can rearrange Eq. 19.10 to the form: 


[19.12] 


One further expression for air-filled waveguide calculates the actual wavelength 
in the waveguide from a knowledge of the free-space wavelength and actual operat 
ing frequency: 


[19.13] 


where 


A, is the wavelength in the waveguide 
Q’ is the wavelength in free space 

F is the waveguide cutoff frequency 
Fis the operating frequency 
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Figure 14. SG PPP vs. 3GPP and ITU roadmaps” 
5G action plan 


‘As a complementary measure, on 14 September 2016 the European Commission launched its 5G for 
Europe Action Plan to bolster investments in SG infrastructure and service rollout efforts in the 
Digital Single Market between now and 2020. This action plan sets out a clear roadmap for pul 
and private 5G investments inside the EU. 


The Commission has proposed the following measures to achieve this plan: 


- Align roadmaps and priorities for a coordinated 5G deployment across all EU Member states, 
targeting early network introduction by 2018, and moving towards commercial large scale 
introduction by the end of 2020 at the latest. 

- Make provisional spectrum bands available for 5G ahead of the 2019 World Radio 
Communication Conference (WRC-19), to be complemented by additional bands as quickly as 
possible, and work towards a recommended approach for the authorisation of the specific 
5G spectrum bands above 6GHz. 

- Promote early deployment in major urban areas and along major transport paths. 

- Promote pan-European multi-stakeholder trials as catalysts to turn technological innovation 
into full business solutions. 

- Facilitate the implemental 
innovation. 


n of an industry-led venture fund in support of SG-based 


Unite leading actors in working towards the promotion of global standards. 


5G Empowering vertical industries. White Paper, 2016, httos://5g-pop.cu/wo: 
content/uploads/2016/02/BROCHURE 5PPP BAT? PLodf 
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Example 19-4 A waveguide with a 4.5-GHz eutoff frequency is excited with a 


6.7-GHz signal, Find (a) the wavelength in free space and (b) the wavelength in the 
waveguide 
Solution: 


(a) 
A= oF 
3x 10°1ws 
io Hz 


6.7 Gla x Tae 


Sx 10m iiag 
~erx ion: ~ 0M8m 


@) 


0.0448 m 
1 4.5 GH y 
67 GH 
0.0448 m 
1-067 


= 2048 _0.196m 


0.23 


‘Transverse magnetic modes also propagate in waveguides, but the base TM,, 
mode is excluded by the boundary conditions. Thus, the TM,, mode is the lowest 
magnetic mode that will propagate. 


Waveguide impedance 


All forms of transmission line, including the waveguide, exhibit. a characteristic im- 
pedance, although in the ease of waveguide itis a little difficult to pin down concep- 
tually, This eoncept was developed for ordinary transmission lines in Chap. 3. For a 
waveguide, the characteristic impedance is approximately equal to the ratio of the 
electric and magnetic fields (H/F), and converges (as a function of frequency) to 
the intrinsic impedance of the dielectric (Fig. 19-10). The impedance of the wave- 
guide is a function of waveguide characteristic impedance (Z, ) and the wavelength 
in the waveguide 
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F, Frequency 
19-10 impedance versus frequency 
(19.14) 
Or, for rectangular waveguide, with constants taken into consideration: 
120nd 
——ae 19.15] 


The propagation constant B for rectangular waveguide is a function of both 
cutoff frequency and operating frequency: 


[19.16] 


B= wen i-(Fe 


from which we can express the TE-mode impedance: 
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(19.17) 


and the TM-mode impedance: 


[19.18] 


Waveguide terminations 


When an electromagnetic wave propagates down a waveguide, it must eventually 
reach the end of the guide. If the end is open, then the wave will propagate into free- 
space. ‘The horn radiator is an example of an unterminated waveguide. If the wave- 
guide terminates in a metallic wall, then the wave reflects back down the waveguide, 
from whence it came. The interference between incident and reflected waves forms 
standing waves (see Chap. 3). Such waves are stationary in space, but vary in the 
time domain, 

In order to prevent standing waves, or more properly, the reflections that give 
rise to standing waves, the waveguide must be terminated in a matching imped- 
ance, When a properly designed antenna is used to terminate the waveguide, it 
forms the matched load required to prevent reflections. Otherwise, a dumray loud 
must be provided. Figure 19-11 shows several types of dummy load. 

‘The classic termination is shown in Fig, 19-11. The “resistor” making up the 
dummy load is a mixture of sand and graphite. When the fields of the propagated 
wave enter the load, they cause currents to flow, which in turn cause heating, 
‘Thus, the RF power dissipates in the sand-graphite rather than being reflected 
back down the waveguide 

Assecond dummy load is shown in Fig, 19-11B. The resistor element is a car- 
bonized rod critically placed at the center of the electric field. 'The E field causes 
currents to flow, resulting in /7R losses that dissipate the power. 

Bulk loads, similar to the graphite-sand chamber, are shown in Fig. 19-11C, D, 
and E. Using bulk material such as graphite or a carbonized synthetic material, these 
loads are used in much the same way as the sand load (ie., currents set up, and /3R 
losses dissipate the power) 

‘The resistive vane load is shown in Fig, 19-11F, The plane of the element is or- 
thogonal to the magnetic ines of force. When the magnetic lines eut aeross the vane, 
currents are induced, which gives rise to the [°R losses. Very little RF energy reaches 
the metallic end of the waveguide, so there is little reflected energy and a low VSWR. 

‘There are situations where it isn't desirable to terminate the waveguide in a 
dummy load, Several reflective terminations are shown in Fig. 19-12. Pethaps the 
simplest form is the permanent end plate shown in Fig. 19-124. The metal cover 
must be welded or otherwise affixed through a very-low-resistance joint. At the sub- 
stantial power levels typically handled in transmitter waveguides, even small resis- 
tances can be important. 

‘The end plate (shown in Fig. 19-12B) uses a quarter-wavelength cup to reduce 
the effect of joint resistances. The cup places the contact joint at a point that is a 
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19-11 Dummy loads: (A) sand-graphite chamber; (B) resistive rod; (C) wedge. 
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Permanent plate at end 
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& End terminations, 


Removable short circuit 


Actual short here | 


Cc 5 


Half wave channel 


Adjustable plunger 


> quarter-wavelength from the end. This point is a minimum-current node, so 128 
losses in the contact resistance become less important 
‘The adjustable short circuit is shown in Fig. 19-120. ‘The walls of the waveguide 
and the surface of the plunger form a half-wavelength channel. Because the metallic 
end of the channel is a short circuit, the impedance reflected back to the front of the 
plunger is zero ohms, or neatly so, ‘Thus, a virtual short exists at the points shown 
By this means, the contact (or joint) resistance problem is overcome 


Waveguide joints and bends 


Joints and bends in any form of transmission line or waveguide are seen as imped 
ance discontinuities, and so are points at which disruptions occur. ‘Thus, improperly 
formed bends and joints are substantial contributors to a poor VSWR. In general, 
bends, twists, joints, or abrupt changes in waveguide dimension can deteriorate the 
VSWR by giving rise to reflections. 

Extensive runs of waveguide are sometimes difficult to make in a straight line 
Although some installations do permit a straight waveguide, many others require di- 
rectional change. This possibility is especially likely on shipboard installations, 
Figure 19-13 shows the proper ways to bend a waveguide around a corner. In each 
case, the radius of the bend must be at least two wavelengths at the lowest fre- 
queney that will be propagated in the system. 

The “twist” shown in Fig. 19-13B is used to rotate the polarity of the E and H 
fields by 90°. This type of section is sometimes used in antenna arrays for phasing 
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the elements. As in the case of the bend, the twist must be made over a distance of 
at least two wavelengths. 

When an abrupt 90° transition is needed, it is better to use two successive 45° 
bends spaced one-quarter wavelength apart (see Fig, 19-13C). The theory (behind 
this kind of bend) is to cause the interference of the direct reflection of one bend, 
with the inverted reflection of the other. ‘The resultant relationship between the 
fields is reconstructed as if no reflections had taken place. 

Joints are necessary in practical waveguides because it simply isn't possible to 
construct a single length of practical size for all situations. Three types of common 
joints are used: permanent, semipermanent, and rotating. 

To make a permanent joint the two waveguide ends must be machined 
extremely flat so that they can be butt-fitted together. A welded or brazed seam 
bonds the two sections together. Because such a surface represents a tremendous 
discontinuity, reflections and VSWR will result unless the interior surfaces are milled 
flat and then polished to a mirror-like finish. 

Asemipermanent joint allows the joint to be disassembled for repair and main- 
tenance, as well as allowing easier on-site assembly. The most common example of 
this class is the choke joint shown in Fig. 19-14. 

One surface of the choke joint is machined flat and is a simple butt-end planar 
flange, The other surface is the mate to the planar flange, but it has a quarter 
wavelength circular slot cut at a distance of one-quarter wavelength from the wave- 
guide aperture. The two flanges are shown in side view in Fig. 19-14A, and the 
slotted end view is shown in Fig, 19-14B, The method for fitting the two ends to- 
gether is shown in the oblique view in Fig. 19-14C. 
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19-14 Choke joint. 


Rotating joints are used in cases where the antenna has to point in different, 
directions at different times. Perhaps the most common example of such an applica- 
tion is the radar antenna. 

The simplest form of rotating joint is shown in Fig. 19-15. The key to its opera- 
tion is that the selected mode is symmetrical about the rotating axis. For this reason, 
a circular waveguide operating in the TM,, mode is selected. In this rotating choke 
Joint, the actual waveguide rotates but the internal fields do not (thereby minimizing 
reflections). Because most waveguide is rectangular, however, a somewhat more 
complex system is needed. Figure 19-16 shows a rotating joint consisting of two eir- 
cular waveguide sections inserted between segments of rectangular waveguide. On 
each end of the joint, there is a rectangular-to-circular transition section. 

In Fig, 19-16, the rectangular input waveguide operates in the TE, , mode that is 
most efficient for rectangular waveguide. The E-field lines of force couple with the 
circular segiment, thereby setting up a'TM,, mode wave. ‘The TM,, mode has the re- 
quired symmetry to permit coupling across the junction, where it meets another 
transition zone and is reconverted to TE, , mode. 


Waveguide coupling methods 


Except possibly for the case where an oscillator exists inside a waveguide, it is nec- 
essary to have some form of input of output coupling in a waveguide system. There 
are three basic types of coupling used in a microwave waveguidle: capacitive (or 
probe), inductive (or loop), and aperture (or slot) 

Capacitive coupling is shown in Fig. 19-17. This type of coupling uses a vertical 
radiator inserted into one end of the waveguide. ‘Typically, the probe is a quarter 


Chapt 


4/10/02 


3:39 PM Page 391 


Waveguide coupling methads 391 


wavelength in a fixed-frequency system, The probe is analogous to the vertical an- 
tennas used at lower frequencies, A characteristic of this type of radiator is that the 


E field is parallel to the waveguide top and bottom surfaces, ‘This arrangement satis- 
fies the first boundary condition for the dominant TE, , mode. 

‘The radiator is placed at a point that is a quarter-wavelength from the rear 
wall (Pig, 19-17B). By traversing the quarter-wave distance (90° phase shift), be- 
ing reflected from the rear wall (180° phase shift), and then retraversing the 
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19-15 Basic rotating joint 
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Probe (capacitive) coupling. 
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quarter-wavelength distance (another 90° phase shift), the wave undergoes a to- 
tal phase shift of one complete cycle, or 360°. Thus, the reflected wave arrives 
back at the radiator in phase to reinforce the outgoing wave. Hence, none of the 
excitation energy is los 

Some waveguides have an adjustable end cap (Pig. 19-17) in order to aceom- 
modate multiple frequencies. The end cap position is varied to accommodate the dif- 
ferent wavelength signals, 

Figure 19-17D shows high- and low-power broadband probes that are typically 
not a quarter-wavelength except at one particular frequency. Broadbanding is ac- 
complished by attention to the diameter-to-length ratio. The degree of coupling can 
be varied in any of several ways: the length of the probe can be varied; the position 
of the probe in the E field can be changed; or shielding can be used to partially 
shade the radiator element 

Inductive, or loop coupling, is shown in Fig. 19-18. A small loop of wire (or other 
conductor) is placed such that the number of magnetic flux lines is maximized, 'This 
form of coupling is popular on microwave receiver antennas, in order to make a 
waveguiide-to-coaxial cable transition, In some cases, the loop is formed by the pig- 
tail lead of a detector diode that, when combined with a local oscillator, downcon- 
verts the microwave signal to an IF frequency in the 30- to 300-MHz region. 

Aperture, or slot eoupling, is shown in Fig. 19-19. This type of coupling is used 
to couple together two sections of waveguide, as on an antenna feed system. Slots 


The European Commission has given every EU country a certain number of ambitious, numerical 
targets. One core objective for 5G is thus to have at least one major city in every European country 
outfitted with this new generation mobile system by 2020, and coverage of every city, motorway and 
high-speed railway lines by 2025. This comes in response to announcements from South Korea and 
Japan which are both promising large-scale 5G demonstrations, respectively, at the Winter Olympics 
in Pyeongchang in 2018 and the Summer Olympics in Tokyo in 2020. 


2.1.2. Worldwide (examples in the US, South Korea, Japan and China) 


The race is already underway between countries to be the first to begin large-scale 5G trials, and 
later to introduce commercially available services, so much so that they are willing to employ pre- 
standard technical specifications. 


Several countries are therefore working on standards and seeking to reach a consensus with one 
another to achieve international backing for the technical specifications that will satisfy their needs, 
and earn them the best possible return on the investments made thus far. This in turn is creating a 
certain turmoil, for instance, over the frequency bands that would be the best candidates for 5G. 


The United States” 


5G is seen as an unprecedented opportunity for economic growth, with a tremendous impact on 
education, job, transportation, etc. According to the US federal regulator, the FCC (Federal 
Communications Commission), the following three elements in particular need to be the prime focus 
of attention: spectrum, infrastructure and the backhaul network: 


= Spectrum: in July 2016, the FCC voted to free up and to open up nearly 11 GHz of high 
frequency spectrum to be used for fixed and mobile broadband applications: 3.85 GHz of 
licensed spectrum in the 27.5 ~ 28.35 GHz and 37 - 40 GHz bands, as well 7 GHz of unlicensed 
spectrum from the 64 - 71 GHz band. The FCC's stated goal was to provide the assurance and 
clarity for investments in the telecoms sector. Verizon welcomed this decision, and plans on 
achieving the first rollouts in 2017, with trials already underway in several cities around the 
country (cf. 3.3). 

- Infrastructures: The FCC believes that 5G must be underpinned by a robust infrastructure 
network capable of handling already heavy traffic that could potentially increase 
exponentially in the coming years. It will interact in a hybrid fashion between traditional 
towers with macro cells and small cell deployments, as well as distributed antenna systems. 
With an eye on the deployment of new towers, the FCC resolved to reduce, or eliminate in 
certain cases, the regulatory restrictions on installing facilities and antennae that will have 

very little impact “on historic properties” (tower re-use, small antennae, indoor installations, 

etc.) 

-  Backhaul network: Because 5G systems will require very high-power backhaul networks, the 
FCC is in the process of reforming and updating the regulations governing data services 
markets, including wireless backhaul solutions. The FCC is seeking to protect this market 
while also creating competition, so that competitive and high quality backhaul network 
solutions can emerge. 


» Forging Our 5G Future — Federal Communications Commission: https://www.fec.gow/5G 
* httos://apos. fee gov/edocs public/attachmatch/DA-16-900A1_Red.odf 
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can be designed to couple either electric, magnetic, or electromagnetic fields. In 
Fig. 19-19, slot A is placed at a point where the E field peaks, so it allows electrical 
field coupling, Similarly, slot B is at a point where the H field peaks, so it allows 
‘magnetic field coupling. Finally, we see slot C, which allows electromagnetic field 
coupling, 

Slots can also be characterized according to whether they are radiating or non- 
radiating. A nonradiating slot is cut at a point that does not interrupt the flow 
of currents in the waveguide walls, The radiating slot, on the other hand, does inter- 
rupt currents flowing in the walls. A radiating slot is the basis for several forms of 
antenna, which are discussed at the end of this chapter. 


Coaxial cable 


19-18 
Loop (induetive) coupling, 


demain 


for loop 


19-19 Slot coupling. 
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Microwave antennas 


Antennas are used in communications and radar systems at frequencies from the 
very lowest to the very highest. In both theory and practice, antennas are used until 
frequencies reach infrared and visible light, at which point optics becomes more im- 
portant. Microwaves are a transition region between ordinary “radio waves” and “op- 
tical waves,” so (as might be expected) microwave technology makes use of 
techniques from both worlds. For example, both dipoles and parabolic reflectors are 
used in microwave systems. 

‘The purpose of an antenna is to act as a transducer between either electrical 
oscillations or propagated “guided waves” (Le., in transmission lines or waveguides) 
and a propagating electromagnetic wave in free space. A principal function of the an- 
tenna is to act as an impedance matcher between the waveguide, or transmission 
line, impedance and the impedance of free space. 

‘Antennas can be used equally well for both receiving and transmitting signals 
because they obey the law of reciprocity. That is, the same antenna can be used to 
both receive and transmit with equal success. Although there might be practical or 
mechanical reasons to prefer specific antennas for one or the other mode, electri- 
cally they are the same, 

Inthe transmit mode, the antenna must radiate electromagnetic energy. For this 
job, the important property is gain G. In the receive mode, the job of the antenna is 
to gather energy from impinging electromagnetic waves in free space, ‘The important 
property for receiver antennas is the effective aperture A, , which is a function of the 
antenna’ physical area. Because of reciprocity, a large gain usually infers a large ef- 
fective aperture and vice versa. Zffective aperture is defined as the area of the im- 
pinging radio wavefront that contains the same power as is delivered to a matched 
resistive load across the feedpoint terminals 


The isotropic “antenna” 


Antenna definitions and specifications can become useless unless a means is pro- 
vided for putting everything on a common footing, Although a variety of systems ex- 
ist for deseribing antenna behavior, the most common system compares a specific 
antenna with a theoretical construct, called the isotropic radiator 

An isotropic radiator is a spherical point source that radiates equally well in all, 
directions. By definition, the directivity of the isotropic antenna is unity (1), and 
all antenna gains are measured against this standard. Because the geometry of the 
sphere and the physies of radiation are well known, we can calculate field strength 
and power density at any point. These figures can then be compared with the actual 
values from an antenna being tested. From spherical geometry, we can caleulate 
isotropic power density at any distance from the point source: 


[19.19] 
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where 


P, is the power density, in watts per square meter 
Pis the power in watts input to the isotropic radiator 
Ais the raciius in meters at whieh point power density is measured 


Example 19-5 Calculate the power density at a distance of 1 km (1000 m) 
from a 1000-W isotropic source. 
Solution: 
P 
anh 


000 W) 
n (1000 m)* 


= 7.95 X 10° Win’ 


‘The rest of this chapter covers antenna gains and directivities that are relative 
to isotropic radiators, 


Near field and far field 

Antennas are defined in terms of gain and directivity, both of which are measured 
by looking at the radiated field of the antenna. ‘There are two fields to consider: near 
field and far field. The patterns published for an antenna tend to reflect far-field 
performance. The far field for most antennas falls off according to the inverse 
square law, That is, the intensity falls off according to the square of the distance 
(/R9), as in Bq. 19.19, 

‘The near field of the antenna contains more energy than the far field because of 
the electric and magnetic fields close to the antenna radiator element. The near field 
tends to diminish rapidly according to a /R* function. The minimum distance to the 
edge of the near field is a function of both the wavelength of the radiated signals and 
the antenna dimensions: 


(a [19.20] 


where 


7ryq i8 the near-field distance 


dis the largest antenna dimension 
is the wavelength of the radiated signal (all factors in the same units) 


Example 19-6 An antenna with a length of 6 cm radiates a 12-cm wavelength 
signal. Calculate the near-field distance. 


aa 
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Solution: 


r 
aa 


‘Antenna impedance 
Impedance represents the total opposition to the flow of alternating current 
(e.g., RF), and includes both resistive and reactive components, ‘The reactive eom- 
ponents can be either capacitive or inductive, or a combination of both. Impedance 
can be expressed in either of two notations: 


=VEF EX) [19.21] 
or 
2=R2ix [19.22] 


Of these, Bq. 19.22 is perhaps the more commonly used in RF applications, The 
reactive part of antenna impedance results from the magnetic and electrical fields 
(close to the radiator) returning energy to the antenna radiator during every cycle. 
‘The resistive part of impedance consists of two elements: ohmic losses R, and ra- 
diation resistance R,, The olunic losses are due to heating of the antenna canduc- 
tor elements by RF current passing through, as when current passes through any 
conductor. 

‘The radiation resistance relates to the radiated energy. An efficieney factor k 
compares the loss and radiation resistances: 


R, 


k - [19.23] 


R+R, 


‘The goal of the antenna designer is to reduce R, to a minimum. The value of R_ 
is set by the antenna design and installation, and is defined as the quotient of the 
voltage over the current at the feedpoint, less losses, 


Dipole antenna elements 
‘The dipole is a two-pole antenna (Fig, 19-20) that can be modeled as either a single 
radiator fed at the center (Fig. 19-20A) or a pair of radiators fed back to back 
(ig, 19-20B). RF current from the source oscillates back and forth in the radiator el- 
ement, causing an electromagnetic wave to propagate in a direction perpendicular 
to the radiator element. The polarity of any electromagnetic field is the direction 
of the electrical field vector (see Chap. 2). In the dipole, the polarization is parallel 
to the radiator element: a horizontal element produces a horizontally polarized sig- 
nal, while a vertical element produces a vertically polarized signal, 


~$- 
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19-20A Basic dipole antenna showing propagation. 


19-208 Basic dipole antenna 


Figure 19-21 shows the radiator patterns for the dipole viewed from two per- 
spectives. Figure 19-214 shows the pattern of a horizontal half-wavelength dipole as 
viewed from above. This plot shows the directivity of the dipole: maximum radiation 
is found in two lobes perpendicular to the radiator length. ‘The plot in Fig. 19-21B 
shows the end-on pattem of the dipole. This omnidirectional pattern serves for a 
vertically polarized dipole viewed from above. The end-on pattern of a horizontal di- 
pole would be similar, except that itis distorted by ground effects unless the antenna 
isa very large number of wavelengths above the ground, 


a 
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Dipole 
19-21 
Dipole pattern (horizontal) 
19-218 


Dipole pattern (vertical). 


A microwave dipole is shown in Fig, 19-22. The antenna radiator element con- 
sists of a short conductor at the end of a section of waveguide. Although most low- 
frequency dipoles are a half-wavelength, microwave dipoles might be either a 
half-wavelength, less than a half-wavelength, or greater than a half-wavelength, de- 
pending upon application. For example, because most microwave dipoles are used to 
illuminate a reflector antenna of some sort, the length of the dipale depends upon 
the exact illumination function required for proper operation of the reflector. Most, 
however, will be a half-wavelength. 


Antenna directivity and gain 

‘The dipole discussed illustrated a fundamental property of the type of antenna gen- 
erally used at microwave frequencies: directivity and gain. These two concepts are 
different but so interrelated that they are usually discussed at the same time. Be- 
cause of the directivity, the antenna focuses energy in only two directions, which 
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means that all of the energy is found in those directions (Fig, 19-214), rather than 
being distributed over a spherical surface. Thus, the dipole has a gain approximately 
2.1 dB greater than isotropic. In other words, the measured power density at any 
point will be 2.1 dB higher than the calculated isotropic power density for the same 
RF input power to the antenna. 

Direetivity The directivity of an antenna is a measure of its ability to direct 
RF energy ina limited direction, rather than in all (spherical) directions equally. As 
shown in Fig. 19-21A, the horizontal directivity of the dipole forms a bidirectional 
figure-8 pattern, Two methods for showing unidirectional antenna patterns are 
shown in Fig. 19-23. The method of Fig. 19-23A is a polar plot viewed from above. 
‘The main lobe is centered on 0°. The plot of Fig. 19-238 is a rectangular method for 
displaying the same information, This pattern follows a (sin <)e function or, 
for power, {(sinx)/z}- 

Directivity D is a measure of relative power densities: 


Pr 
D [19.24] 
Or, referenced to isotropic, 
p--% 19.25) 
= 119.25] 


where 


Dis the directivity 
Pro. i8 the maximum power 


P.is the average power 
® is the solid angle subtended by the main lobe 
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O-Degrees 


adB BW 


Main lobe 49.934, 


Directional antenna pattern (top 
view), 


Qyv Sidelobe 
i 


Backlobe 


a= 8.4B beanwwvidth, 


‘The term @ is a solid angle, which emphasizes the fact that antenna patterns, 
must be examined in at least two extents: horizontal and vertical, 

‘A-commion method for specifying antenna directivity is beamwidth (BW). The 
definition of BW is the angular displacement between points on the main lobe (see 
s. 19-23 and 19-238), where the power density drops to one-half (~3 dB) of its 
maximum main lobe power density. This angle is shown in Fig. 19-234 as a. 

In an ideal antenna system, 100 percent of the radiated power is in the main 
lobe, and there are no other lobes. But in real antennas certain design and installa- 
tion anomalies cause additional minor labes, such as the sidelobes and backlobe 
shown in Fig, 19-234. Several problems derive from the minor lobes. First is the loss 
of usable power. For a given power density required at a distant receiver site, the 
transmitter must supply whatever additional power is needed to make up for the mi- 
nor lobe lasses. 

‘The second problem is intersystem interference. A major application of direc- 
tional antennas is the prevention of mutual interference between nearby cochan- 
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ne! stations. In radar systems, high sidelobes translate to errors in detected tar- 
gets. If, for example, a sidelobe is large enough to detect a target, then the radar 
display will show this off-axis target as if it was in the main lobe of the antenna. 
‘The result is an azimuth error that could be important in terms of marine and aero- 
nautical navigation, 

Gain Antenna gain derives from the fact that energy is squeezed into a limited 
space instead of being distributed over a spherical surface. The term gain implies 
that the antenna creates a higher power when, in fact, it merely concentrates the 
power into a single direction that would otherwise be spread out over a larger area. 
Even so, itis possible to speak of an apparent increase in power. Antenna-transmitter 
systems are often rated in terms of effective radiated power (ERP). ‘The ERP is the 
product of the transmitter power and the antenna gain. For example, if an antenna 
has a gain of +3 dB, the ERP will be twice the transmitter output power. In other 
words, a 100-W output transmitter connected to a +3-dB antenna will produce a 
power density at a distant receiver equal to a 200-W transmitter feeding an isotropic 
radiator. There are two interrelated gains to be considered: directivity gain G., and 
power gain G, 

‘The directivity gain is defined as the quotient of the maximum radiation inten- 
sity over the average radiation intensity (note the similarity to the directivity defini- 
tion). This measure of gain is based on the shape of the antenna radiation pattern, 
and can be calculated with respect to an isotropic radiator (D=1) from: 


4nP, 


[19.26] 


Sidelobes 


19-28B Graphically presented pattern, 
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where 


Gis the directivity gain 
is the maximum power radiated per unit of solid angle 
is the total power radiated by the antenna 


‘The power gain is similar in nature, but slightly different from directivity gain; it 
includes dissipative losses in the antenna, Not included in the power gain are losses 
caused by cross-polarization or impedance mismatch between the waveguide (or 
transmission line) and the antenna. There are two commonly used means for deter- 
mining power gain: 


[19.27] 


and 


[19.28] 


where 


P, is the maximum radiated per unit solid angle 

P_ is the net power accepted by the antenna (i.e., less mismatch losses) 

is the average intensity at a distant point 

P-is the intensity at the same point from an isotropic radiator fed the same RF 
power level as the antenna 


(Equations assume equal power to antenna and comparison isotropic source.) 
Provided that ohmic losses are kept negligible, the relationship between direc~ 
tivity gain and power gain is given by: 


[19.29] 


(All terms as previously defined.) 

Relationship of gain and aperture Antennas obey the law of reciprocity, 
which means that any given antenna will work as well to receive as to transmit, The 
function of the receiver antenna is to gather energy from the electromagnetic field 
radiated by the transmitter antenna. The aperture is related to, and often closely ap- 
proximates, the physical area of the antenna, But in some designs the effective ap 
ture 4, is less than the physical area A, so there is an effectiveness factor n that must 
be applied. In general, however, a high-gain transmitter antenna also exhibits a high 
receiving aperture, and the relationship ean be expressed as 


4nAn 
a 


[19.30] 


Japan 


Japan wants to demonstrate its SG leadership by deploying the first commercial 5G network that 
complies with international technical specifications, in time for the Summer Olympic Games in Tokyo 
in 2020, 


According to the Radio Policies Towards 2020” report, published in June 2016 by Japan's Ministry of 
Internal affairs and Communications (MIC), the 3600-4200 MHz, 4400-4900 MHz and 27.5- 
29.5 GHz bands were selected to be the SG candidate bands on a national scale. Although other 
bands are also being investigated, with a view to WRC19, 5G rollouts are already planned in the 
3600 - 4100 MHz, 4405 - 4895 MHz and 27.5 - 28.28 GHz bands as early as 2017 in Tokyo, and will be 
built out in 2018 and 2019. 


China 


Like Japan, China too wants to prove its leadership with the first commercial rollouts in 2020. The 
first trials will be conducted that year in the 3400-3600 MHz band. The 3300 - 3400 MHz, 
4400 - 4500 MHz and 4800 - 4990 MHz bands are also under consideration and currently being 
investigated. For higher speeds, the country plans on using spectrum around the 25 GHz and 40 GHz 
frequencies, 


South Korea 


South Korea, meanwhile, has set its sights on a pre-commercial 5G service that would be ready in 
time for the 2018 Winter Olympics in Pyeongchang. Several trials are already underway to prepare 
for full scale demonstrations in several South Korean cities, including Pyeongchang and Seoul. The 
country's three national mobile operators are hoping for spectrum in the 26.5 ~ 29.5 GHz bands. 


South Korea’s largest mobile operator, SK Telecom, has announced a plan for conducting 
interoperability tests with Qualcomm and Ericsson, as well as outdoor trials of the new air interface 
based on the 3GPP NR standards that are being developed today. These trials and experiments will 
be carried out in the second half of 2017. 


If the goal of these trials is to help accelerate the specification of the new NR air interface, which is 
part of the work being done on 3GPP Release 15, it has not yet been specified which frequency bands 
will be used for these trials, 


2.2. Ahost of private initiatives — a few examples 


5G Open Trial Specification Alliance 


In early 2016, South Korean operators KT and SK Telecom, Japanese carrier NTT DoCoMo and 
‘American carrier Verizon formed the 5G Open Trial Specification Alliance to carry out collaborative 
5G trials. 


Due to be conducted between 2016 and 2018, the aim for these trials is to provide a common 
platform for operators, for exchanging results and shared assessments of the different 5G network 
components and elements. One of the operators’ objectives is to help accelerate the definition of 
standards and specs, and to enable economies of scale. The findings of these evaluations will provide 
input for 3GPP discussions, adding simulations to the experimental data produced by the 
partnership. 


* htto://wwrw.2sma,com/spectrum/wo-content/uploads/2016/08/MIC_ Spectrum -for-5G-MIC-Kunlko-OGAWA.pdf 
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where 


A, 1s the effective aperture 
nis the aperture effectiveness (n=1 for a perfect, lossless antenna) 
is the wavelength of the signal 


Horn antenna radiators 


‘The horn radiator is a tapered termination of a length of waveguide (see Fig. 19-24 
(A-C) that provides the impedance transformation between the waveguide imped- 
ance and the free-space impedance. Horm radiators are used both as antennas in 
their own right, and as illuminators for reflector antennas. Horn antennas are not a 
perfect match to the waveguide, although standing wave ratios of 1.5:1 or less are 
achievable, The gain of a horn radiator is proportional to the area A of the flared 
open flange (A = ab in Fig. 19-248), and inversely proportional to the square of 
the wavelength: 


104 


(19.31) 


where 


Ais the flange area 
Ais the wavelength (both in same units) 


‘The —3-dB beamwidth for vertical and horizontal extents can be approximated 
from: 


Vertical 


BIN 
So dearees [19.32] 


RS 


Rectangular Pyramidal Conical 


A B Cc 


19-24 Hor radiators 
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Horizontal 
a degrees [19.33] 


where 


©, is the vertical beamwidth, in degrees 
is the horizontal beanwwidth, in degrees 
a, bare dimensions of the flared flange 
dis the wavelength, 


A form of antenna, related to the horn, is the cavity antenna of Fig, 19-25. In this 
type of antenna, a quarter-wavelength radiating element extends from the wave- 
guide (or transmission line connector) into a resonant cavity. The radiator element 
is placed a quarterwavelength into a resonant cavity; and is spaced a quarter- 
wavelength from the rear wall of the cavity. A tuning disk is used to alter cavity di- 
mensions in order to provide a limited tuning range for the antenna. Gains to about 
6 GB are possible with this arrangement. 


Reflector antennas 
At microwave frequencies, it becomes possible to use reflector antennas because of 
the short wavelengths involved. Reflectors are theoretically possible at lower fre- 
quencies, but because of the longer wavelengths, the antennas would be so large 
that they become impractical, Several forms of reflector are used (Figs. 19-26 and 
19-27). In Fig. 19-26 we see the corner reflector antenna, which is used primarily in 
the high-UHF and low-microwave region. A dipole element is placed at the “focal 
point” of the comer reflector, so it receives (in phase) the reflected wavefronts from 
the surface. Hither solid metallic reflector surfaces or wire mesh may be used. When 
mesh is used, however, the holes in the mesh must be 4,-wavelength or smaller 
Figure 19-27 shows several other forms of reflector surface shape, most of which 
are used in assorted radar applications. 


Parabolic “dish” antennas 
‘The parabolic reflector antenna is one of the most widespread of all the microwave 
antennas, and is the type that normally comes to mind when thinking of microwave 
systems. This type of antenna derives its operation from physics similar to optics, 
and is possible because microwaves are in a transition region between ordinary radio 
waves and infrared/visible light. 

‘The dish antenna has a paraboloid shape as defined by Fig. 19-28. In this figure, 
the dish surface is positioned such that the center is at the origin (0,0) of an.r-y co- 
ordinate system. For purposes of defining the surface, we place a second vertical 
axis called the directrix (y") a distance behind the surface equal to the focal length 
(u). The paraboloid surface follows the function y*= dur, and has the property that 
a line from the focal point to any point on the surface is the same length as a line 
from that same point to the directrix (in other words, MN = MF). 

If a radiator element is placed at the focal point F then it will illuminate the 
reflector surface, causing wavefronts to be propagated away from the surface in 


a 
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phase. Similarly, wavefronts, intercepted by the reflector surface, are reflected to 
the focal point 

Gain The gain of a parabolic antenna is a function of several factors: dish di- 
ameter, feed illumination, and surface accuracy. The dish diameter D should be 
compared with its depth, Surface accuracy refers to the degree of surface ir 


gular 
ities. For commercial antennas, ¥-wavelength surface accuracy is usually sufficient 
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19-27 Reflector antennas. 


although on certain radar 
tighter. 

‘The feed illumination refers to how evenly the feed element radiates to the re- 
flector surface. For circular parabolic dishes, a circular waveguide feed produces op- 
timum illumination, and rectangular waveguides are less than optimum. The TE,, 
mode is desired. For best performance, the illumination should drop off evenly from 
the center to the edge, with the edge being 210 dB down from the center. The diam- 
eter, length, and beamwidth of the radiator element (or horn) must be optimized for 
the specific F/d ratio of the dish. The cutoff frequency is approximated from 


intennas the surface accuracy specification must be 


175,698, 
Se [19.34] 
where 

Fugou is the cutoff frequency 
dis the inside diameter of the circular feedhom 
‘The gain of the parabolic dish antenna is found from. 

DT [19.35] 

x 


where 


Gis the gain over isotropic 
Dis the diameter 

is the wavelength (same units as D) 

kis the reflection efficiency (0.4 to 0.7, with 0.55 being most common) 
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‘The —3-dB beamwidth of the parabolic dish antenna is approximated by 


70% 


BW [19.36] 
D 
and the focal length by 
a [19.37] 
16d 


For receiving applications, the effective aperture is the relevant specification 
and is found from 


kn(Di2y* [19.38] 


‘The antenna pattern radiated by the antenna is similar to Fig. 19-238, With hom 
illumination, the sidelobes tend to be 23 to 28 dB below the main lobe, or 10 to 15 dB 
below isotropic. It is found that 50 percent of the energy radiated by the parabolic 
dish is within the —3-dB beamwidth, and 90 percent is between the first nulls on ei- 
ther side of the main lobe. 
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19-28 Ray tracing shows operation of parabolic antenna. 
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Ifa dipole element is used for the feed device, then a splash plate is placed 
¥-wavelength behind the dipole in order to improve illumination. ‘The splash plate 
must be several wavelengths in diameter, and is used to reflect the backlobe back 
toward the reflector surface. When added to the half-wave phase reversal inher- 
ent in the reflection process, the two-way quarter-wavelength adds another half- 
wavelength and thereby permits the backwave to move out in phase with the front 
lobe wave 

Parabolic dish feed geometries Figure 19-29 shows two methods for feed- 
{ng parabolic dish antennas, regardless of which form of radiator (horn, dipole, ete.) 
is used. In Fig, 19-29A we see the method in which the radiator element is placed at 
the focal point, and a waveguide (or transmission line) is routed to it. This method 
is used in low-cost installations such as home satellite TV receive-only (TVRO) 
antennas. 

Figure 19-298 shows the Cassegrain feed system, This system is modeled after 
the Cassegrain optical telescope. The radiator element is placed at an opening at the 
center of the dish. A hyperbolic subreflector is placed at the focal point, and it is 
used to reflect the wavefronts to the radiator element. ‘The Cassegrain system re- 
sults in lower-noise operation because of several factors: less transmission line 
length, lower sidelobes, and the fact that the open horn sees sky instead of earth 
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19-298 Parabolic antenna Cassegrain feed. 


(which has lower temperature); on the negative side, galactic and solar noise might 
be slightly higher on a Cassegrain dish. 

Figure 19-30A shows the monopulse feed geometry. In this system, a pair of ra- 
diator elements are placed at the focal point, and fed to a power splitter network that 
outputs both swm and difference signals (Fig. 19-30B). When these are combined, 
the resultant beam shape has improved —3-dB beamwidth as a result of the alge- 
braic summation of the two. 


Array antennas 

When antenna radiators are arranged in a precision array, an inerease in gain occurs. 
An array might be a series of dipole elements, as in the broadside array of Fig. 19-31 
(which is used in the UHF region), or a series of slots, horns, or other radiators. The 
overall gain of an array antenna is proportional to the number of elements, as well as 
the details of their spacing. In this, and other antennas, a method of phase shifting 
isneeded. In Fig, 19-31, the phase shifting is caused by the crossed feeding of the el- 
ements, but in more modern arrays, other forms of phase shifter are used. 

‘Two methods of feeding an array are shown in Fig. 19-32. The corporate feed 
method connects all elements, and their phase shifters, in parallel with the source. 
The branch feed method breaks the waveguide network into two (or more) separate 
paths. 

Solid-state array antennas Some modern radar sets use solid-state array an- 
tennas consisting of a large number of elements, each of which is capable of shifting 
the phase of a microwave input signal. Two forms are known: passive (Pig, 19-33A) 
and active (Fig. 19-338). In the passive type of element, a ferrite (or PIN diode) 
phase shifter is placed in the transmission path between the RF input and the radia- 
tor element (usually a slot). By changing the phase of the RF signal selectively, it is 
possible to form and steer the beam at will. A 3-bit (Le., three discrete state) phase 
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shifter allows the phase to shift in 45° increments, while a 4-bit phase shifter allows 
22,5" increments of phase shift. 

‘The active element contains, in addition to a phase shifter, a transmit power am- 
plifier (1 or 2 W) and a low-noise amplifier (LNA) for receiving, A pair of transmit/ 
receive (T/R) switches select the path to which the RF signal is directed. ‘The total 
output power of this antenna is the sum of all output powers from all elements in the 
array. For example, an array of one thousand 2-W elements makes a 2000-W system. 


Slot array antennas 
A resonant slot (cut into a wall of a section of waveguide) is somewhat analogous, if 
not identical, to a dipole, By cutting several slots in the waveguide, we obtain the ad- 
vantages of an array antenna in which the elements are several slot radiators. Slot ar- 
ray antennas are used for marine navigation radars, telemetry systems, and the 
reception of microwave television signals in the Multipoint Distribution Service 
(MDS) on 2.145 GH. 

Figure 19-34 shows a simple slot antenna used in telemetry applications. A slot- 
ted section of rectangular waveguide is mounted to a right-angle waveguide flange. 
An internal wedge (not shown) is placed at the top of the waveguide and serves as a 
matching-impedance termination to prevent internal reflected waves. Directivity is 
enhanced by attaching flanges to the slotted section of waveguide parallel to the di- 
rection of propagation (see end view of Fig. 19-34). 

Figure 19-35 shows two forms of flatplate array antennas constructed from 
slotted waveguide radiator elements (shown as insets). Figure 19-35A shows the 
rectangular array, and Fig, 19-35B shows the circular array. These flatplate arrays 
are used extensively in microwave communications and radar applications, 

‘The feed structure for a flatplate array is shown in Fig. 19-35C. The antenna el- 
ement is the same sort as shown in Figs. 19-35A and 19-35B. A distribution wave- 
guide is physically mated with the element, and a coupling slot is provided between 
the two waveguides. Energy propagating in the distribution system waveguide is 
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The alliance’s founders hope to attract a number of industrial partners to the platform, including 
other carriers, equipment suppliers, chipset makers, etc. Several of the founding operators’ 
equipment suppliers are already involved in the scheduled trials. 


The trials will cover multiple frequency bands, both above and below 6 GHz. 
Verizon 5G Technical Forum 


The Verizon 5G Technology Forum (VSGTF) was created in late 2015 by Verizon, in cooperation with 
its partners Cisco, Ericsson, Intel, LG, Nokia and Qualcomm. The goal of the collaboration is to 
provide a platform for testing radio interface specifications in the 28 and 39 GHz bands. 


The first fruit of this collaboration, in July 2016 Verizon announced the completion of the first 
specifications of their 5G radio interface. These specs should enable the different parties involved to 
develop interoperable solutions and so to help drive forward the definition pre-standards. 


Even though they run the risk of developing solutions that are not compatible with 3GPP or ITU 
standards, Verizon believes it has a solid enough grasp of the overall concepts being discussed in 
those bodies. The tests carried out in several US cities were thus able to validate substantially greater 
capacities than 46, 


Orange/Ericsson 


Orange and Ericsson have been working together since October 2016 on developing 5G use cases 
and services, as well as demonstrations. The purpose is to develop technological building blocks, 
conduct trials and pilot projects for a range of use cases, including multi gigabits/s wireless internet 
access in suburban and rural environments, the Internet of Things and connected cars. 


Their collaboration made it possible to achieve 15 Gb/s in a laboratory environment, notably thanks 
to the use of massive MIMO and beamtracking using centimetre waves. The collaboration will also 
focus on the transition from 4G to 5G solutions, notably in terms of reducing costs and improving 
energy efficiency, and on the use of SDN and NFV technologies. 


Since January 2017, the partnership has included PSA (Peugeot) to carry out trials on connected cars. 


5G-ConnectedMobi 


5G-ConnectedMobility is a consortium formed by Ericsson, BMW, Deutsche Bahn, Germany's three 
mobile operators, Deutsche Telekom, Telefonica Deutschland and Vodafone, the 5G TU Dresden 
laboratory, the BAST research institute and BnetzA, with the goal of galvanising and accelerating 5G 
R&D in Germany. 


5G-ConnectedMobility thus plans on supplying a digital motorway infrastructure and real application 
environment to be able to test V2V (vehicle-to-vehicle) technologies as well as solutions for digitising 
railway infrastructure. 


To this end, 5G-ConnectedMobility operates with the help of an independent network infrastructure 
that is not connected to any commercial network. The Ericsson mobile network devoted to this 
project makes it possible to run live tests: Ericsson thus obtained permission from regulator BNetzA 
to employ spectrum in the 700 MHz band in the Nuremberg area. 
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19-84. Slot antenna (front view), 


coupled into the antenna radiator element through this slot. In some cases metallic 
or dielectric phase-shifting stubs are also used in order to fine-tune the antenna ra- 
diation pattern. 


Microwave antenna safety note 


Microwave RF energy is dangerous to your health. Anything that can cook a roast 
beef ean also cook you! The U.S. government sets a safety limit for microwave ex- 
posure of 10 mW/em* averaged over 6 minutes; some other countries use a level 
one-tenth of the U.S. standard. The principal problem is tissue heating, and eyes 
seem especially sensitive to microwave energy. Some authorities believe that 
cataracts form from prolonged exposure. Some authorities also believe that genetic 
damage to offspring is possible as well as other long-term effects as a result of cu- 
mulative exposure 

Because of their relatively high gain, microwave antennas can produce hazardous 
field strengths in close proximity—even at relatively low RF input power levels. At 
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least one technician in a’TV satellite earth station suffered abdominal adhesions, solid 
‘matter in the urine, and genital dysfunction after servicing a 45-m-diameter 3.5-GHz 
antenna with RF power applied, 

Be very careful around microwave antennas. Do not service a radiating an- 
tenna, When servicing nonradiating antennas, be sure to stow them in a position 
that prevents the inadvertent exposure of humans, should power accidentally be 
applied. A Radiation Hazard sign should be prominently displayed on the an- 
tenna, Good design practice requires an interlock system that prevents radiation in 
such situations. “Hot” transmitter service should be performed with a shielded 
dummy load replacing the antenna, 
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CHAPTER 


Antenna noise 
temperature 


RADIO RECEPTION IS ESSENTIALLY A MATTER OF SIGNAL-TO-NOISE RATIO (SNR). SIGNALS 
must be some amplitude above the noise floor of the system in order to be received 
properly, All electronic systems (receivers and antennas included) have inherent 
noise, even if there is no power flowing in them. One of the goals of the antenna 
designer is to minimize the noise so that weak signals are not obscured. One of the 
basie forms of noise seen in systems is the thermal noise, Even if the amplifiers in 
the receiver add no additional noise (they will), there will be thermal noise at the input. 

Ifyou replace the antenna with a resistor matched to the system impedance that is 
totally shielded, there will still be noise present. The noise is produced by the random 
motion of electrons inside the resistor, At all temperatures above absolute zero (about 
—273.16°C) the electrons in the resistor material are in random motion. At any given in- 
stant there will be a huge number of electrons in motion in all directions, The reason 
why there is no discernible current flow in one direction is that the motions cancel each 
other out even over short time periods. The noise power present in a resistor is 


P, = KTBR [20.1] 
where 


P, is the noise power, in watts 
T'is the temperature, in kelvins (K) 

Kis Boltzmann's constant (1.38 X 10" K) 
Bis the bandwidth, in hertz 

Ris the resistance, in ohms 


Note: By international agreement is set to 290 K. 
Consider a receiver with a 1-MH bandwidth and an input resistance of 50 Q. The 
noise power is (1.38 X 10" K) x (290 K) x (1,000,000 Hz) x (50.Q) = 2 x 10-" W. 
‘This noise is called thermal noise, thermal agitation noise, or Johnson noise. 
A resonant antenna can be modeled as an impedance consisting solely of a resis- 
tor with a value equal to the feedpoint impedance, If an antenna has a 50-0 feedpoint 
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impedance, then it will generate exactly the same amount of thermal noise as a re- 
sistor of the same value. 


Noise factor, noise figure, and noise temperature 


‘The noise performance of a receiving system can be defined in three different, but 
related, ways: noise factor F', noise figure (NF), and equivalent noise tempera- 
ture 7’; these properties are definable as a simple ratio, decibel ratio, or kelvin tem- 
perature, respectively. 


Noise factor (F,) 
For components stich as resistors, the noise factor is the ratio of the noise produced 
by a real resistor to the simple thermal noise of an ideal resistor. The noise factor of 
a radio receiver (or any system) is the ratio of output noise power P._ to input noise 
power P. 


(20.2) 


In order to make comparisons easier, the noise factor is usually measured at the 
standard temperature (7') of 290 K (standardized room temperature), although in 
some countries 209 K or 300 K is commonly used (the differences are negligible) 

It is also possible to define noise factor Fin terms of output: and input signal-to- 
noise ratios: 


S 
5 [20.3] 


where 


S,,is the input signal-to-noise ratio 
5,, is the output signal-to-noise ratio 


Noise figure (NF) 

‘The noise figure is a frequently used measure of a receiver's “goodness,” or its de- 
parture from “idealness.” Thus, itis a. figure of merit. The noise figure is the noise 
factor converted to decibel notation: 


NF = 10 log F, [20.4] 
where 
NF is the noise figure, in decibels 


Fis the noise factor 
LOG refers to the system of base 10 logarithins 


Noise temperature (T_) 


‘The noise “temperature” is a means for specifying noise in terms of an equivalent 
temperature. Evaluating the noise equations shows that the noise power is directly 
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proportional to temperature in kelvins, and also that noise power collapses to zero at 
the temperature of absolute zero (0 K). 

Note that the equivalent noise temperature 7. is not the physical temperature 
of the amplifier, but rather a theoretical construct that is an equivalent tempera- 
ture that produces that amount af noise power. The noise temperature is related to 
the noise factor by 


Th=(@-DT, 120.5) 
and to noise figure by 
7 =KT tog (NE\_1 [20.6] 
7 Toe (Fr) é 


Noise temperature is often specified for receivers and amplifiers in combination 
‘with, or in leu of, the noise figure. The noise temperature concept is also applied to 
antennas where it is related to the amount of thermal noise generated by the resis- 
tive component of the antenna feedpoint impedance. 

‘The antenna-receiver system will be afilicted by three different noise sources 
external to the receiver. The first is the thermal noise temperature of the feedpoint. 
impedance (7,). The sky exhibits a noise temperature that. depends on where the 
antenna main lobe is pointed. Similarly, the ground has a noise temperature that 
consists of components reflected from the sky as well as components of its own 
caused by whatever thermal agitation exists. In a typical system (Fig. 20-1) the 
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20-1 Contributors to antenna noise temperature. 
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main lobe will be pointed toward the sky noise source, while the sidelobes will pick 
up noise from the ground. The total noise temperature of the antenna is, 


Pp = MX Tyg) + ECL = MIP gs + Ty 120.7] 


where 


77,,,.18 the equivalent noise temperature of the antenna 
Tr, is the noise temperature of the sky 

Tr, is the noise temperature of the ground 

{T, 1s the feedpoint resistance noise temperature 

Mis the fraction of the total energy that enters the main lobe 

£is the fraction of sidelobes that are viewing the ground (only one of several 
sidelobes is shown in Fig. 20-1) 
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CHAPTER 


Antennas for radio 
astronomy 


FOR CENTURIES ASTRONOMERS HAVE SCANNED THE HEAVENS WITIE OPTICAL TELESCOPES, 
But today, astronomers have many more tools in their bag, and one of them is radio 
astronomy. The field of radio astronomy emerged in the 1930s and 1940s through the 
work of Grote Reber and Carl Jansky, Even during World War IL, progress was made 
as many tens of thousands of operators were listening to frequencies from de to near 
daylight (well, actually, the low-end microwave bands). British radar operators noted 
during the Battle of Britain that the distance at which they could detect German air- 
craft dropped when the Milky Way was above the horizon. 

Although there is a lot of amateur radio astronomy being done, most of it re- 
quires microwave equipment with low-noise front ends, However, there are several 
things that almost anyone ean do. 

‘The topic of antennas for radio astronomy can include nearly all forms of direc- 
tional gain antenna. It is common to see Yagis, ring Yagis, cubical quads, and other an- 
tennas for lowerfrequeney use (18 to 1200 MHz). Microwave gain antennas can be 
used for higher frequencies, Indeed, many amateur radio astronomers appropriate TV 
receive-only (TVRO) satellite dish antennas for astronomy work. In this chapter we will 
cover some antennas that are not found in other chapters, at least not in this present 
context, 


Jupiter reception 


Jupiter is a strong radio source (next to the sun, it's the strongest in the sky). It pro- 
duces noiselike signals over the spectrum 5 to 40 MHz, with peaks between 18 and 
24 MHz, One source claims that the radio signals come from massive storms on the 
largest planet's surface, apparently triggered by the transit of the jovian moons 
through the planet's magnetic field. ‘The signals are plainly audible on the HF band 
any time Jupiter is above the horizon, day or night. However, in order to eliminate 
the possibility of both local and terrestrial skip signals from interfering, Jupiter DX- 
ers prefer to listen during the hours after 2100 [or whenever the maximum usable 
frequency (MUF) drops significantly below 18 MHz] and local surmp, Listen to the 
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amateur 17- or 15-m bands. If you hear zilch activity, then it's a good bet that the 
MUF has dropped enough to make listening worthwhile. Even during the day, how- 
ever, it is possible to hear jovian signals, but differentiating them from other signals 
or solar noise is difficult. 

So what do you need to DX Jupiter? It would help to have a decent radio receiver 
that works well over the range 18 to 24 MHz, Some cheaper radio receivers are not 
desirable, but most modern communications receivers are fine. The radio signals are 
rising and falling “swooshing” noises. The chances of receiving a signal from Jupiter 
are about 1 in 6, according to several radio astronomers. 

‘The antenna can bea simple dipole cut for the middle of the 18- to 24-MHz band, 
which happens to be a 15-m amateur radio band antenna. The antenna should be in- 
stalled in the normal manner for any dipole, except that the wire must run east-west 
in order to pick up the southerly rising planet. 

Figure 21-1 shows a broadband dipole that covers the entire frequency region of 
interest (18 to 24 MHz) by paralleling three different dipoles: one cut for 18 MHz, 
one cut for 21 MHz, and one cut for 24 MHz, The dimensions are 


195i 24MHe 
D23R 21 MHz 
26h = 18MHz 


ome 


‘There are several approaches to making this type of antenna, One is to use 
three-conductor wire, and cut the wires to the lengths indicated above. Another is to 
use a homemade spacer to spread the wires apart. 


Ring antenna 


Another popular jovian radio antenna is the ring radiator, two versions of which are 
shown in Fig. 21-2. This antenna is made of a 5-ft-diameter loop of ¥-in-diameter soft- 
drawn copper plumbing pipe. The single-ended version is shown in Fig, 21-2A. In this 
antenna the loop is open-ended. The center conductor of the coaxial cable feedline is 
connected to one end of the ring radiator, while the coax shield is connected to the 
chicken wire ground plane. ‘The balanced version (Pig. 21-2B) has an RF transformer 
(2) at the feedpoint. 

‘The ring radiator antenna should have a bandpass preamplifier. The preamp is 
needed because of the low pickup of this kind of antenna, and that preamp should 
be mounted as close as possible to the antenna. The bandpass characteristic is ob- 
tained by filtering. The idea is to get rid of terrestrial signals in the adjacent bands. 
‘The typical preamplifier is broadbanded (which is what we want), so will pick up 
not only the desired signals but others as well (which is what we don't want). Even 
a 5-W CB transmitter a few blocks away can drive the preamplifier into saturation, 
so it's wise to eliminate the undesired signals before they get into the preamplifier 
In the case of the single-ended amplifier, a single-ended preamplifier is used. But 
for the balanced version (Fig. 21-2B) a differential preamplifier is used. 

‘The loop (both versions) is mounted about. 7 or 8 in above a groundplane made of 
chicken wire, metal window screen, copper sheeting, or copper foil. The copper sheeting 


aa 


3. The challenges of 5G 


In this part we explore the different challenges that lie ahead for 5G, which emerged from the 
interviews that Arcep conducted over the past several months. 


3.1 New business models focused on vertical markets 


3G and especially 4G technologies were designed primarily for the superfast mobile internet. 5G 
continues on in this direction, but also wants to target what are known as vertical markets, which 
encompass several segments, including: 


- Connected vehicles, not only to deliver entertainment and information to passengers, but 
also to guarantee safety via communications both between vehicles and between vehicles 
and infrastructure; 

- Factories of the future; 

- Smart cities with requirements in the areas of public transportation (similar to the needs of 
connected vehicles), the environment, managing buildings and energy consumption; 

= Medicine, healthcare and robot-assisted telesurgery; 

- Smart grid flow monitoring and management (electricity, gas, water, etc.). 


This section will focus in particular on the connected car and factories of the future segments. 
Because of their current and future macro-economic context, along with the plurality and 
effervescence of the pioneer work being done in these areas, these two segments constitute the 
main avenues of 5G development in vertical markets. Smart cities and smart grids have already 
begun to soar through existing Internet of Things (loT) technologies. 


3.44 The automotive sector 


The car is an extremely common form of transportation, and safe driving is a fundamental 
consideration: human error is the number one cause of all transport accidents. The transportation 
sector wants to use technological innovations to tackle this problem, and to continue to make 
transportation more efficient, more sustainable and safer. 

There are three areas in which technological progress could help improve automotive transportation. 
5G could have a role to play in all three, but particularly in the first two: 


- Provide in car internet connectivity, to deliver entertainment to passengers; 


- Provide access to driver assistance information, to reduce accidents and improve the fluidity 
of traffic; 


- And, finally, the ability to make cars autonomous, thanks to arti 


ial intelligence algorithms. 


The first area is just an extension of the developments occurring today around 4G. The aim is to give 
passengers access to their messaging services, to the internet, to multimedia content, online gaming, 
etc, The increased connection speeds promised by 5G will improve the use of all of these services. 


The second area aims to make cars more intelligent by using information that was not previously 
available to them. This in turn will help improve the safety and efficiency of the networks as well as 
help drivers make the right decisions, and adapt to driving conditions. Such connected vehicles could 
have access to information about dangers on the road (slow or stopped cars, traffic jam warnings, 
indications of where construction is taking place on the roads, weather conditions, emergency 
braking, emergency service vehicles approaching, etc.) or regarding signage (signalling/signage on- 
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21-1 Wideband dipole such as might be used for Jupiter reception. 
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21-28 Ring radiator: balanced. 


or fois best, but costs a lot of money, and turns ugly green after a couple weeks in the el- 
ements, If you use screen, make sure that it is a metallic screen. Some window and porch 
sereening material is made of synthetic materials that are insulators, 

Figure 21-3A is a mechanical side view of the ring radiator antenna, while Fig 
21-3B is a side view. The antenna is mounted above the screen with insulators, These 
can be made of wood, plastic, or any other material, The frame holding the ground- 
plane screen (Fig, 21-3B) can be made from 1 x 2-in lumber. Note that the frame has 
interior crosspieces to support the antenna, as well as the outer perimeter. ‘The 
larger outer perimeter is needed because the screen groundplane should extend be- 
yond the diameter of the radiator element by about 10 to 15 percent. 


DDRR 


‘The directional discontinuity ring radiator (DDRR) antenna is shown in Pig. 21-44, 
while a side view showing the mounting scheme is shown in Fig. 21-4B, Itis typically 
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21-44 DDRR antenna, 
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21-4B  DDRR antenna: side view 


mounted about 1 ft off the ground (I/=12 in). The DDRR consists of two sections, 
one vertical and one horizontal. The short vertical section has a length equal to the 
height Hof the antenna above the ground. One end of the vertical segment. is 
grounded. The horizontal section is a loop with a diameter D. 

‘The conductor diameter # is at least 0.5 in at 28 MHz, and 4 in at 4 MHz, Because 
of the loop, some people call this the hula hoop antenna. One author recommencls 
using a 2-in automobile exhaust pipe bent into the correct shape by an auto muffler 
dealer. The far end of the loop is connected to ground through a small-value tuning 
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capacitor C,. The actual value of C, is found experimentally and is used to resonate 
the antenna to a particular operating frequency. 

‘The feedline of the DDRR antenna is coaxial cable connected such that the 
shield is grounded at the bottom end of the vertical section. The center conductor is 
connected to the ring radiator a distance F from the vertical section. The length F 
is determined by the impedance that must be matched, The radiation resistance is 
approximated by 


262018 


1) 


where 
A, is the radiation resistance, in ohms 
His the height of the antenna off the ground 
Ais the wavelength 


(Both Hand d are in the same units.) 
‘The approximate values for the various dimensions of the DDRR are given below 
in general terms, with examples in Table 21-1 


D 0.0780 

Ho O.11D 

Po O25 

2 05todin 

G See Table 21-1 
‘Table 21-1. Examples of dimensions for DDRR 

Band (MHz) 

Dimension is 4 75 15 50 150 
G (in) 16 75 3 18 1 
©, @F) 1501007585 10 6 
Fin) 12 6 6 5 1 05 
Hon) es om on 6 ee 
1G) 3% 1B 5 146 
En) 5 42 1 05 02% 


‘The construction details of the DDRR are so similar to those of the ring radiator 
that the same diagram can be used (see Fig. 21-3 again). 


‘The normal attitude of the DDRR for communications is horizontal. However, for 
Jupiter radio reception, the antenna groundplane screen can be tilted to 
face Jupiter's point in the sky. 


Helical antennas 


‘The helical antenna (Fig. 21-5) provides moderately wide bandwidth and circular 
polarization. Because of the polarization some people find the helical antenna to be 


aa 
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particularly well suited to radio astronomy reception. The antenna (of diameter D) 
will have a circumference C of 0.75) to 1.34. The pitch of the helix (S) is the axial 
length of one turn, while the overall length L=NS (where N is the number of turns) 
‘The ratio S/C should be 0.22 to 0.28A, At least three turns are needed to produce 
axial-mode main lobe maxima. 

‘The diameter or edge of the groundplane G should be on the order of 0.84 to 
1.14 if circular and/or square, respectively. The offset between the groundplane and 
the first turn of the helix is 0.12, 

‘The approximate gain of the helical antenna is found from 


Gain = 11.8+10 log (C°NS) dBi [21.2] 
‘The piteh angle & and turn length y for the helical antenna are given by 
= tan (3) [21.3] 
s 
and 
y= VaQDets [21.4] 


‘The beamwidth of the helical antenna is, 


K 


[21.5] 
NS 
where 
is the beamwidth, in degrees, 
Nis the number of turns 
Sis the pitch, in wavelengths 
Cis the circumference, in wavelengths 
Kis 52 for the ~3-dB beamwidth and 115 for the beamwidth to the first null 
in the pattern 


‘The short section between the helix and the groundplane is terminated in a 
coaxial connector, allowing the antenna to be fed from the rear of the groundplane. 
‘The feedpoint impedance is approximately 140.0. 


Multiple helical antennas 


Stacking helical antennas allows a radiation pattern that is much cleaner than the 
normal one-antenna radiation pattern, Italso provides a good way to obtain high gain 
with only a few turns in each helix. If two helixes are stacked, then the gain will be 
the same as for an antenna that is twice the length of each element, while for four 
stacked antennas the gain is the same as for a single antenna 4 times as long. Figure 
21-6 shows a side view of the stacked helixes 

‘The feed system for stacked helixes is a little more complex than for a single he- 
lix. Figure 21-7A shows an end view of a set of four stacked helical antennas, Ta- 
pered lines (TL) are used to carry signal from each element and the coaxial 
connector (B). In this ease, the coaxial connector is a feed-through “barrel” SO-239 
device at the center of the groundplane (B). A side view of the tapered line system 
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21.8 Helical antenna, 
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21-6 Dual/quad helical antenna, 
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21-7 Frontal view of quad helical antenna. 
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is shown in Fig. 21-7B, The length of the tapered lines is 1.06A, while the center-to- 
center spacing between the helical elements is 1.54. The length of each side of the 
groundplane is 2.54. In the case of Fig. 21-7, the antenna is fed from the front of 
the groundplane, 


Interferometer antennas 


‘The resolution of an antenna is set by its dimensions a relative to the wavelength 
of the received signal. Better resolution can be achieved by increasing the size of the 
antenna, but that is not always the best solution. Figure 21-8 shows a summation 
interferometer array. Two antennas with aperture a are spaced S wavelengths 
apart. The radiation pattern is a fringe pattern (Fig, 21-9). This pattern consists of a 
series of maxima and nulls. The resolution angle & to the first mull is 

Sa 


[21.6] 


573 


‘The interferometer can be improved with additional antennas in the array. Pro- 
fessional radio astronomers use very wide baseline antennas, With modern commu- 
nications it is possible to link radio telescopes on different continents to make the 
widest possible baseline, 
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21-8 Interferometer array. 
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board vehicles, speed limits on vehicles, failure to heed signage/safety precautions at crossings, 
request for right-of-way at traffic lights for designated vehicles, green light optimal speed advisory, 
etc.). Other services, such as information on refuelling or recharging stations, vulnerable road user 
protection, managing street parking and traffic information, and smart guidance, could also prove 
useful. It is still not clear whether, to achieve this, vehicles will simply exchange information with 
each other or if connectivity with infrastructure will be required along the roads to optimise vehicles’ 
behaviour. In both instances, 5G could have a role to play. 


Of the many initiatives that are already underway we can begin with an example from France: the 
SCOOP@F™ (cooperative intelligent transport systems) project coordinated by the Ministry of the 
Environment, Energy and the Sea, and which unites local authorities and R&D centres. Launched in 
February 2014, new partners subsequently joined the initiative, including Orange and Austrian, 
Spanish and Portuguese partners. As it is a European project, it receives 50% of its financing from the 
European Commission, and cross-tests are conducted with Austria, Spain and Portugal. SCOOP@F is a 
pilot rollout project for cooperative intelligent transport systems; it aims to deploy 3,000 vehicles on 
2,000 km of roadway spread across five locations: Ile-de-France, the Ad motonway, the Isére, and ring 
roads in Bordeaux and Brittany. Its main objectives are to improve road safety and the safety of 
roadway workers, achieve more efficient traffic management, reduce pollution, streamline 
infrastructure management costs and participate in defining the car of the future. 


In addition, in early 2017, mobile carrier Orange, equipment supplier Ericsson and car-maker PSA 
Group signed a partnership agreement”, as part of the “Towards 5G” initiative, to conduct technical 
trials relating to 5G. The aim of this alliance is to test the different paths of technological evolution 
from 4G to 5G to meet the needs of connected cars, notably in terms of intelligent transport systems 
(ITS), for safer driving and new on-board services. 


The third area concerns the emergence of autonomous vehicles. A number of projects are underway 
in this area, The first step is to outfit vehicles with algorithms that enable it to make decisions quickly 
based on their environment. This requires a large number of sensors to deliver a full “understanding” 
of what is happening around the vehicle. Without pre-judging the technologies that will ultimately be 
employed to achieve this, as with a human driver (see above), the car could take advantage of 
connections with other vehicles on the road and with an infrastructure, to have access to all of the 
aforementioned information. 


3.1.2 Industry 4.0 


Competitiveness does not depend solely on innovation and the evolution of products, but also on 
modernising businesses and their means of production. According to certain studies carried out in 
2015™, the digital transition in Europe will enable enterprises to increase their revenue by more than 
110 billion euros a year over a five-year period. 


A great many countries have set out a strategy for modernising their manufacturing infrastructure 
(l'industrie du futur in France™, Industry 4.0 in Germany...) of which one aspect will involve digitising 
processes and trade. The European Commission itself introduced measures in 2016 for strengthening 


* htta://www scoop develappement-durable.gouv fr/spip.php?page=sommaire 


* http://www orange.com/fr/Press-Room /communiques-017/Ericsson-Orange-et-le-groupe-PSA-partners-pour-la 
voiture-connectee-en-5G. 


® pwC, “Industry 4.0: Opportunities and challenges of the industrial internet” (2015), and Boston Consulting Group, 
“Industry 4.0: The Future of Productivity and Growth in Manufacturing Industries” (2015) 


* htto://www.economie,gouy frfiles/files/PDF/industrie-du-futur_dp.odt 
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Adjusting, installing, 
and troubleshooting 


antennas and 
transmission lines 


ANTENNA AND TRANSMISSION LINE MEASUREMENTS SHOULD BE MADE WHEN THE ANTENNA 
is first installed and periodically thereafter. If some difference in operation is noted, 
the same measurements should be repeated. Many antenna measurements are diffi- 
cult to make with any degree of aceuracy. There are some things about antennas that 
can and should be measured, however, regardless of the difficulty. For example, 
VSWR and the resonant frequency of the antenna are readily accessible, It's also pos- 
sible to measure the impedance of the antenna feedpoint, You can measure the 
VSWR either with a special VSWR meter (often built into transmitters or antenna 
tuning units), or by using an RF wattmeter 

By frequency stepping through the band and testing the VSWR at various fre- 
quencies, one can draw a VSWR curve (Fig. 22-1) that shows how the antenna per- 
forms across the band, ‘The resonant frequency is the point where the VSWR dips to 
a minimum (which may or may not be the much sought-after 1:1), 

You can use the resonant frequency to figure out whether the antenna is too long 
(resonant frequeney lower than the hoped-for design frequency), or too short (reso- 
nant frequency above the design frequency). Figure 22-2 shows all three situations, 
Curve A represents the desired or ideal curve that is centered on the desired fre- 
queney F,, Ifthe antenna is too long, however, the resonant frequency will be shifted 
downward towards F,, and curve B will be observed. Similarly, if the antenna is too 
short, curve C will be found as the resonant frequency shifts upband to F. 

But resonant frequency and VSWR curves are not the entire story because they 
don't tell us anything about the impedance presented by the antenna. One cannot 
get the VSWR to be 1:1 unless the antenna impedance and transmission line imped- 
ance are the same. For example, a dipole has a nominal textbook impedance of 73 Q, 
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Fy 


FREQUENCY 


22-1 VSWR-vs-frequency plot 


22.2 VSWR-vserequency plot for three frequencies. 


so it makes a very good mateh to 75-2 coaxial cable. But the actual impedance of a 
real dipole may vary from a few ohms to more than 100.9, For example, if your an- 
tenna exhibits a feedpoint impedance of (say) 25.Q, using 75-Q coaxial eable to feed 
it produces a YSWR=75/25~3:1. Not too great. Measuring the feedpoint impedance 
is therefore quite important to making the antenna work properly. 

‘There are any number of instruments on the market that will aid in making an- 
tenna measurements. Some of them are quite reasonably priced (or can be built), 
while others are beyond the reach of all but the most ardent and well-endowed en- 


a 


[Chap22_Carr 


4/10/01 


3:56 PM Page 435 ce 


VSWR analyzers 435 


thusiasts. In this chapter we will look at a newer breed of more universal instrument 
called the SWR analyzer. 


VSWR analyzers 


One basie premise in this chapter is that the instruments used for measuring VSWR 
must be accessible to people who don't have a commercial or ham operator's license, 
as well as those who do (we must remember our SWL and scanner friends), Some of 
the instruments used by hams meet that requirement, but a relatively new breed 
of instrument called the SWR analyzer provides a lot of capability to the SWL, sean- 
ner operator, and harm radio operator alike. It uses a low-power RF signal generator 
and some clever circuitry to measure the VSWR of the antenna, One model also mea- 
sures the feedpoint resistance. 

‘The MPJ-259 VSWR analyzer (MFJ Enterprises, Ine., P.O. Box 494, Mississippi 
State, MS, 39762) is shown in Fig. 22-3, This instrument combines a VSWR analyzer 
with a digital frequency counter, and operates over the range 1.8 to 170 MHz. A band 
switch is set to the desired band, and then the tue control is set to the desired fre- 
quency. The meter will then read the VSWR at the design frequency. Alternatively, 
you can adjust the tune control until the minimum VSWR is found. This frequency is 
the actual, versus the desired, resonant frequency af the antenna. The front panel 
of the MFJ-259 has two meters, SIR and RESISTANCE. The SWR meter is ¢: 
brated up to 3:1, with a little uncalibrated scale to indicate higher SWRs. 

‘The resistance meter is calibrated from 0 to 500 Q, which is consistent with the 
SWR range. ‘Iwo controls on the front panel are tune and frequency (a band 
switch). The MFJ-259 has a digital frequency meter to measure the operating fre- 
quency of the internal oscillator. This frequency counter can also be used to measure 
the frequency of external signal sources. (Do not connect the counter to the output 
ofa transmitter; the instrument will be destroyed.) The top end of the MFJ-259 has 
a number of controls and connectors, An SO-239 UHF-style coaxial connector is pro- 
vided for the antenna connection, A BNC coaxial connector is provided to apply ex- 
ternal signal to the frequeney counter, while a push button input switch is available 
to switch the counter from internal to external signal sources. Another push button 
switch is used to set the gate timing of the counter (a red LED on the front panel 
blinks every time the gate is triggered). The tuning is from 1.8 MHz to 174 MHz, 
while the counter will measure up to 200 MHz 

‘The MFJ-259 will work from an external 12-Vde source, or from an internal bat- 
tery pack consisting of eight size-AA standard cells. MFJ recommends that either 
alkaline or rechargeable batteries, rather than ordinary zine-carbon cells, be used in 
order to reduce the possibility of leakage that. can damage the instrument (this is 
good practice in all battery-powered instruments), 

Unlike many lesser SWR meters, this instrument is not fooled by antennas that 
have impedances consisting of both resistance and reactance elements. An example 
in the manual demonstrates an impedance of 25-+/25 9 (ie., R is 25 @and reactance 
is also 25 Q). When connected to a 50-Q load one might be tempted to think 
the VSWR is 1:1, and some cheaper meters will so indicate, But the actual SWR is 
2.6:1, which is what the MFJ-259 will read. 
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MFJ HF/VHF SWR ANALYZER 
18-170 MHz 
MODEL MFJ-259 


FREQUENCY COUNTER 
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TUNE FREQUENCY 
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22.3 MPJ.259 VSWR anal 


The resistance measurement assumes a resistive load (Le., the measurement is 
made at the antenna’s resonant frequency), and is referenced to 50 Q. The VSWR 
and resistance measurements should be consistent with each other. If the VSWR is 
2:1, then the resistance should be either 100 Q (100/50 = 2:1) or 25 0 (50/25 = 2:1) 
If the resistance is not consistent with the VSWR reading, then you should assume 
that the impedance has a significant reactive component and take steps to tune it 


out 
In addition to antenna measurements, the MPJ-259 is equipped to measure a 
wide variety of other things. It will measure the velocity factor of transmission line, 
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help in tuning or adjusting matching stubs or matching networks, measure capaci- 
tance or inductance, and determine resonant frequency of LC networks. 


Doping out coaxial cable 


When you install an antenna, or do a bit of preventive maintenance, or find the an- 
tenna is not working properly, one thing to check is the transmission line. Two ba- 
sic measurements are popular. Figure 22-4 shows how to make ohmic checks. The 
cable consists of an inner conductor and an outer conductor (shield). With termi- 
nals A and B open there should not be any resistive path across the input terminals 
(as shown). Ifa high resistance is seen, then there might be some contamination 
in the system, or the insulation has failed, permitting a current path. A low resis- 
tance indicates a short circuit. If the cable has been cut, or an object passed 
through, or the connector is messed up, then a short can result 

If terminals A-B are shorted together, a low resistance should be noted. If not, 
then itis likely that the center conductor is open. Of course, if connectors are on the 
line, either the shield or center conductor could be at fault, 

‘The other issue is loss of the transmission line. Cable losses get higher as cables 
age, so low loss on installation does not guarantee low loss later on. Losses in new ¢a- 
les run from 0.2 dB/100 ft at 4 MHz. At 30 MHz the losses are 0.7 dB/100 ft to 
2.6 dB/100 ft. At VHE/UHF frequencies the losses rise considerably 

Figure 22-5 shows a test setup for coaxial cable. It is necessary to know the 
length of the piece of coax under test, For ease of calculations a 100-ft 


OHMMETER 


(COAX BEING TESTED. 


22-4 Ohmmeter used to test coax, 
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22-5 Altenuation test for coax. 


should be used. Two RF power meters (M, and M,) are used to measure the input 
power to the line (/M,) and the delivered power (/M,). The difference in power deter- 
mines the loss. The loss is 


10554 ~ 10 10g ( 


[22.1] 


where 


Loss is the loss of the cable, in dB 
P,,, is the power reading on M, 
P’, is the power reading on M, 


If the cable length is 100 ft, then you already have the loss in dB/100 ft. But if 
length Lis anything other than 100 ft, then you need to make the following calculation: 
<p Loss, 


1088 agg X 100 [22.2] 
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Antennas for radio 
direction finding (RDF) 


RADIO DIRECTION FINDING IS THE ART AND PRACTICE OF ECTHER LOCATING YOURSELF OR A 
radio station by using a directional radio antenna and receiver. When the FCC wants 
to locate an illegal station that is transmitting, they will use radio direction finders to 
triangulate the position. Ifthey find the bearing from two stations they will locate the 
station at the intersection. However, there is a fair degree of ambiguity in the mea- 
surement. As a result, radio direction finders typically use three or more (hence 
“rriangulate’) sites, Each receiving site that ean find the bearing to the station re- 
duces the overall error. 

At one time aviators and seafarers relied on radio direction finding, It is said that 
the Japanese air fleet that attacked Pearl Harbor, Hawaii, on December 7, 1941 
homed in on a Honolulu AM radio station. During the 1950s and early 1960s AM ra- 
dios came with two little circled triangle marks at the 640-KHz and 1040-kHz points 
on the dial. These were the CONALRAD frequencies that you could tune to in case 
of a nuclear attack (right before you kissed your butt good-bye, I suspect). All other 
radio stations were off the air except the CONALRAD stations. The enemy was pre- 
vented from using these frequencies for RDF because the system used several sta- 
tions that transmitted in a rapidly rotating pattern. No one station was on the air long 
enough to allow a “fix.” The result was a wavering sound to the CONALRAD station 
(which we heard during tests) that would confuse any enemy who tried to DX his 
way into our cities with nuclear weapons. 

Radio direction finders based on the AM broadcast band (BCB) looked a bit like 
Fig. 23-1. A receiver with an S meter (which measures signal strength) is equipped 
with a rotatable ferrite loopstick antenna to form the RDF unit. A degree scale 
around the perimeter of the antenna base could be oriented toward north so that the 
bearing could be read. 

Loopstick antennas have a figure-8 reception pattern (Fig. 23-24) with the max- 
ima parallel to the loopstick rod and the minima off the ends of the rod. When the an- 
tena is pointed at the signal, maximum reception strength is achieved, 
Unfortunately, the maxima are so broad that it is virtually impossible to find the true 
point on the compass dial where the signal peaks. The peak is too shallow for that 
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23-1 Radio direction finding (RDF) receiver using a loopstick antenna. 
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23-2A Pattern of loopstick antenna: not oriented towards 
signal 
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28-28 Pattern of loopstick antenna: oriented towards signal. 


purpose. Fortunately, the minima are very sharp. You can get a good fix on the di- 
rection of the signal by pointing the minima toward the station. This point is found 
by rotating the antenna until the audio goes to zip or the S meter dips to a minimum 
(ig, 23-28), 

“The loopstick is a really neat way to do RDF—except for one little problem: The 
darn thing is bidirectional. There are two minima because, after all, the pattern is a fig- 
ure 8. You will get exactly the same response from placing either minima in the direc- 
tion of the station. As a result, the unassisted loopstick can only show you a line along 
which the radio station is located, but can't tell you which direction it is, Sometimes 
this doesn't matter: If you know the station is in a certain city, and that you are gener- 
ally south of the city, and can distinguish the general direction from other clues, then 
the line of minima of the loopstick will refine that information. A compass helps, of 
course. Shortly we will take a look at an impromptu radio direction finder using a 
portable radio. 

‘The solution to the ambiguity problem is to add a sense antenna to the loopstick 
(Gig, 23-3), The sense antenna is an omnidirectional vertical whip, and its signal is 
combined with that of the loopstick in an RC phasing circuit. When the two patterns 
are combined, the resultant pattern will resemble Fig. 23-4. This pattern is called a 
cardioid because of the heart shape it exhibits. This pattern has only one null, so it 
resolves the ambiguity of the loopstick used alone. 
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23-3 Addition of sense antenna overcomes di 
rectional ambiguity of the loopstick 


28-4 Cardioidl pattern of sense-plus-loopstick antennas, 


competitiveness in Europe, in which 5G could play a significant role. This included earmarking 
500 million euras for the Horizon-2020™ research programme. 


The advent of new technologies (4G, fibre and soon 5G) and new services (the Internet of Things, the 
cloud, big data) should facilitate businesses’ digital transition, 5G in particular is expected to be a 
very versatile technology, capable of undergirding a very wide array of uses, and could go a long way 
in furthering companies’ transition to digital technologies and solutions. 


3.2 Spectrum harmonisation 
5G is emerging as a technology that will use both low frequencies (f<1GH2), high frequencies 


(1 GHz <f <6 GHz) and, for the first time ever in consumer networks, very high frequencies referred 
to as “millimetre wave” frequencies (F> 6 GH2). 


This spectrum diversity is entirely bound up with the promises of 5G: extended coverage (low 
frequencies), ultra high speeds (very large channels in very high frequency bands), low power 
consumption. Furthermore, satellite services will also contribute to the development of this new 
technology, especially in areas that are difficult to cover and to provide backhaul solutions. The 
satellite industry is thus taking an interest in 5G, and wants to be involved in defining these new 
generation network. 


3.2.1 Millime 


wave frequenc 


The “millimetre” band, also referred to as millimetre wave spectrum, aka frequencies above 6 GHz, 
are essential to enabling 5G to mark a departure from 4G, for the reasons cited in Section 1.5.1. 


At the latest World Radiocommunications Conference (WRC-15 in Geneva), a conference under the 
aegis of ITU whose objective is to change the way frequencies are allocated between users, 
discussions over the definition of future mobile bands made it possible to focus future 5G studies, for 
millimetre wave frequencies, on a certain number of bands situated between 24 GHz and 86 GHz 
(33.25 GHz identified in total): 24.25 - 27.5 GHz, 31.8 - 3.4GHz, 37-43.5 GHz, 45.5 - 50.2 GHz, 
50.4 - 52.6 GHz, 66 - 76 GHz, 81 - 86 GHz. 


It is important to stress that, even if the above-listed bands have been identified as “SG bands”, at 
this stage there is no way to know whether they can actually be used to deploy this new generation 
system: only the results of technical studies will make it possible to establish the constraints and 
rules of compliance, and to validate the feasibility of these hypotheses. 
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Figure 15. Millimetre wave frequencies identified at WRC-15 


Contrary to the conclusions of the Conference, which reflect European recommendations, the United 
States and certain Asian countries (South Korea, Japan) have decided to perform SG trials in the 
28 GHz band, and equipment suppliers such as Qualcomm and Samsung, have begun manufacturing 
28 GHz- band products. 


* httos://ec europa,eu/orogrammes/horizon2020/en/what-horizon-2020 
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Field improvisation 


Let's suppose you are out in the woods trekking around the habitat of lions, tigers, 
and bears (plus a rattlesnake or two for good measure). Normally you find your way 
with a compass, a Geological Survey 7.5-min topological map, and a Global Position- 
ing System (GPS) receiver. Those little GPS marvels can give you real good latitude 
and longitude indication. But what happens if it breaks or a bear eats it? ‘The answer 
to your direction finding problem might be the little portable AM BCB radio (Fig, 23- 
5) that you brought along for company. 

Open the back of the radio and find the loopstick antenna, You will need to know 
which axis it lies along, In the radio shown in Fig. 23-5 the loopstick is along the top 
of the radio, from left to right. In other radios it is vertical, from top to bottom, Once 
you know the direction, you can tune in a known AM station and orient the radio un- 
til you find a null. Your compass can give you the bearing, If you know the approxi- 
mate location of the station, then you can reverse the compass direction from it and 
mark the line on the topo map. Of course, it's still a bidirectional indication, so all you 
know is the line along which you are lost 

But then you tune into a different station in a different city (or at least wide 
enough from the line to the other station to make a difference) and take another 
reading. Your approximate location is where the two lines cross. Take a third, fourth, 
and fifth reading and you will home in pretty tight. If you were smart enough to plan 
ahead, you will have selected candidate stations in advance and located their lati- 
tude and longitude. Alternatively, you would have bought the topo map that covers 
their location as well as where you want to hike, and from those maps you can find 
the latitudes and longitudes of the distant stations. 
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23-5 AM portable radio. Dark bar represents position and direc 
ton of internal loopstick, 
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Regular loop antennas 


Regular wire loop antennas (Fig. 23-6) are also used for radio direction finding. In 
fact, in some cases the regular loop is preferred over the loopstick. The regular loop 
antenna may be square (as shown), circular, or any other regular "n-gon” (e.g, 
hexagon), although for practical reasons the square is easier to build. The loop has 
pretty decent inductance even with only a few turns. One loop I built was 24 in 
square (A in Fig. 23-6) and had, if I recall correctly, about 10 turns of wire spaced 
over a 1-in width (B in Fig. 23-6). It resonated to the AM BCB with a standard 365- 
pF “broadeast” variable capacitor. 

When you use a regular loop antenna be aware that the antenna has a figure-8 
pattern like the loopstick, but it is oriented 90° out of phase with the loopstick an- 
tenna. In the regular loop the minima (nulls) are perpendicular to the plane of the 
loop, while the maxima are off the sides. In Fig, 23-6 the minima are in and out of 
the page, while the maxima are left and right (or top and bottom) 


Fox hunting 


An activity popular with ham radio operators in the 1960s was “fox hunting.” A 
fiendishly clever ham (the “fox") would go hide with a mobile or portable trans- 
miter (usually on either 10 or 75 m). The “hunters” would then RDF the fox’s brief 
transmissions and try to locate the transmitter. If you could locate the antenna, 
you located the station (according to the most common set of rules). Sometimes 
the hunt got a little wild as hunters raced each other (a no-no) in the final stretch. 

One friend of mine had an interesting experience. He drove a 1949 Plymouth that 
\was painted hideous dark green with fire-engine-red hub caps. It looked just plain aw- 
ful (especially since the paint looked like it was put on with a whisk broom!). He used 
a Gonset converter linked to the AM BCB receiver installed in the car: ‘The antenna 
\was a wire loop on the end of a broom handle, similar to Fig, 23-7. The antenna was 
‘mounted about where you would expect the left-side rear view mirror to be located. 
He could reach his hand out the window and rotate the antenna while listening for the 
minima on the receiver. Worked rather well, and he wor some fox hunts, 

‘The fox hunts in his area were usually held on Saturday or Sunday morning, and, 
after it was all over the whole crew would get to a restaurant for brunch or beer or 
something. One morning, however, my buddy with the hideous green car was racing 
down a residential street to be the first to the transmitter. Others were in the area, 
and the end game was in motion. Unfortunately, a little old lady called the police 
complaining about a“...nut racing up and down the street in a strange car waving a 
cross out the window.” Breakfast had to wait that morning, I bet. 


Shortwave and AM BCB “skip” RDF 


Radio direction finding is most accurate over relatively short distances. If you can 
use the ground wave, then all the better (which is what you use during daylight 
hours for nearly all AM BCB stations). Skip rolls in on the AM BCB after local 
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sundlown, so you can hear all manner of stations all up and down the dial, You can RDF 
distant stations. Some rather interesting sites have turned up when SWL DXers RDF'ed 
some of the infamous “numbers stations.” Those stations transmit either CW or voice 
numbers groups, and are believed to be sending messages to spies around the world. 
RDPing by DXers has located some of these transmitters at, well, “interesting” sites, 

Unfortunately, there are some problems with skip RDFing, When we look at 
propagation drawings of skip in textbooks we usually see a one plane view. The cur- 
vature of the earth shows, as does the transmitter and receiver site, A “pencil beam” 
radio signal travels at some angle up the ionosphere, where it is “reflected” (actually, 
it's a refraction phenomenon but looks like reflection to an observer on the surface) 
back to earth. We can tell from the drawing that the angle of incidence equals the an- 
ale of reflection, just like they told us in high school science classes. Oops! The real 
‘world is not so neat and crisp, however: 

Inthe real world the wave might encounter a different ionization density along its 
path of travel and therefore be deflected from its original path. It might return to 
earth at a location offset from the direction it appears. If we look at the true bearing 
from the receiver site to the transmitter site, and then note the azimuthal angle of ar- 
rival of the signal, we note that something is amiss. 

Actual reflection also causes some problems, especially when RDFing a station in 
the high end of the HF band or the VHF/UHF bands. Radio waves will reflect from ge- 
ological features such as mountains, as well as man-made structures (e.g., buildings) 
Ifthe reflection is strong enough it might appear to be the real signal, and cause a se- 
vere error in RDFing. Be wary of RDF results when the “skip is in.” 


Sense antenna circuit 


Figure 23-8 shows a method for summing together the signals from an RDF antenna 
(Such as a loop) and a sense antenna. ‘The two terminals of the loop are connected to 
the primary of an RF transformer. This primary (J,,) is center-tapped and the center 
tap is grounded. The secondary of the transformer (L.,,) is resonated by a variable ca- 
pacitor C,. The dots on the transformer coils indicate the 90° phase points, 

‘The top of Lis connected to the sense circuit, and to the receiver antenna in- 
put. The phasing control is a potentiometer (R,). The value of this pot is usually 10 
to 100 kQ, with 25 kOQ being a commonly seen value. Switch S, is used to take the 
sense antenna out of the circuit. The reason for this switch is that the nulls of the 
loop or loopstick are typically a lot deeper than the null on the eardioid pattern, The 
null is first located with the switch open. When the switch is closed you can tell 
by the receiver S meter whether or not the correct ull was used. If not, then reverse 
the direction of the antenna and try again. 


Adcock antennas 


‘The Adcock antenna has been around since 1919 when it was patented by F. Adcock, 
Figure 23-9 shows the basic Adcock RDF array. This antenna consists of two center- 
fed nonresonant (but identical) vertical radiators. Each side of each element is at 
least 0.14 long, but need not be resonant (which means the antenna can be used 
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28-8 Sense circuit for a loop/sense antenna RDF. 


over a wide band). The elements are spaced from 0.12 to 0.754, although the exam- 
ple shown here is spaced (0.125). 

‘The Adcock antenna is vertically polarized, so it will respond to the vertically 
polarized wave very much like loop or phased array antennas of similar size. The hor- 
izontally polarized wave, however, affects all elements the same, so the currents are 
essentially cancelled, resulting in no pattern, ‘This characteristic makes the Adcock 
antenna suitable for high-frequency shortwave RDFing 

‘The pattern for an Adcock antenna is shown in Fig. 23-10. This pattern was 
generated using the NecWin Basic for Windows program (Chap. 17). The example 
antenna is a 10-MHz (30-m band) Adeock that uses 1455-m elements (total 2.91 
mon each side), spaced 4 m apart, The pattern is a traditional figure-8 with deep 
nulls at 0° and 180°, The antenna can be rotated to find a null in the same manner 
as a loop. 


Watson-Watt Adcock array 


Figure 23-11 shows the Watson-Watt Adcock RDF array. It consists of two Adcock 
arrays arranged orthogonally to each other, It is common practice to arrange one Ad- 
cock in the east-west direction and the other in the north-south direction. These are 
fed to identical receivers that are controlled by a common local oscillator (LO). The 
outputs of the receivers are balanced, and are used to drive the vertical and hori- 
zontal plates of a cathode-ray oscilloscope (CRO). Figure 23-12 shows the patterns 
achieved by signals of various phases arriving at the Watson-Watt array. The patterns 
of Figs. 23-12 and 23-128 are made from signals 180° out of phase, while the 
signal of Fig. 23-12C has a 90° phase difference. 


a 


4/10/01 3:55 PM Page 448 


448 Antennas for radio direction finding (RDF) 


os 01252, >| 
Fh = 
on ota, 
yi] j_y¥ 
xT 1— 
oa 04k 
ax a 
¥ ¥ 


23-9 Adcock array RDP antenna. 


23-11 Watson-Watt Adcock array 
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23-12 Patterns for different signals on the Watson-Watt array. 


Doppler RDF antennas 


Figure 23-18 shows the basic 
fect was discovered in the 


»pt of a Doppler RI nna. The Doppler ef- 
neteenth century. A practical example of the Doppler 
effect is seen when a wailing ambulance siren is approaching you, and then passes 
you and heads away from you. 'The wailing pitch will rise as the sound source ap- 
proaches, and then fall as the sound source recedes in the opposite direction. 

Ina radio system, when the antenna and signal source move with respect to each 
other, a Doppler shift is generated. This shift is proportional to the relative speed dif- 
ference. The Doppler RDF antenna of Fig. 23-13 uses a rotating antenna. The signal 
approaches from a single direction, so there will be a predictable Doppler shift at any 
point on the circular path of the antenna. The magnitude of the phase shift is 

Rak 
s= 


[23.1] 
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23-13 Doppler antenna. 


where 
Sis the Doppler shift, in hertz 
Ris the radius of rotation, in meters 
wis the angular velocity of the antenna, in radians per second 
Fis the carrier frequency of the incoming signal, in hertz 
cis the velocity of light (3 x 10° m/s) 


In theory this antenna works nicely, but in practice there are problems. One of 
the big problems is getting a large enough Doppler shift to easily measure. Unfortu- 
nately, the rotational speed required of the antenna is very high—too high for prac- 
tical use. However, the effect can be simulated by using a number of antennas, 
arranged in a circle, that are sequentially scanned. The result is a piecewise approx- 
imation of the effect seen when the antenna is rotated at high speed. 


Wullenweber array 


One of the problems associated with small RDF antennas is that they have such a small 
aperture that relatively large distortions of their pattern result from even small anom- 
alies, Follow that? What it means is that the pattern is all messed up by small defects. 
If you build a wide-aperture direction finder (WADF), however, you can average the 
signals from a large number of antenna elements distributed over a large-circumfer- 
ence circle, The Wullenweber array (Fig. 23-14) is such an antenna. It consists of a cit- 
cle of vertical elements. In the HF band the circle can be 500 to 2000 ft in diameter. 

A goniometer rotor spins inside the ring to produce an output that will indicate 
the direction of arrival of the signal as a function of the position of the goniometer. 
‘The theoretical resolution of the Wullenweber array is on the order of 0.1°, although 
practical resolutions of about 2.8° are commonly seen. 
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23-14. Wullenweber RDF array. 


Time difference of arrival (TDOA) array 


Ifyou erect two antennas with distance d apart, then arriving signals can be detected 
by examining the time-of-arrival difference. Figure 23-15A shows an example signal. 
If the advancing wavefront is parallel to the line between the antennas, then it will 
arrive at both antennas at the same time. The TDOA is zero in that case, But if the 
signal arrives at an angle (as in Fig. 23-18), it will arrive at one antenna first. From 
the difference between the time of arrival at the two antennas we can discern the di- 
rection of arrival 

‘There is an ambiguity in the basic TDOA array in that the combined output will 
be the same for conjugate angles, i.e, at the same angle from opposite directions, 
‘This problem can be resolved by the system shown in Fig, 23-15B. The signals from 
ANTI and ANT? are designated V, and V,, respectively. These signals are detected 
by receivers (RCVR1 and RCVR2), and are then threshold detected in order to pre- 
vent signal-to-noise problems from interfering with the operation. ‘The outputs of the 
threshold detectors are used to trigger a sawtooth generator that controls the hori- 
zontal sweep on an ostilloscope. 

‘The two signals are then delayed, and one is inverted. The reason for inverting 
one signal is to allow the operator to distinguish them on the CRT screen. The rea- 
son why this is necessary is the ambiguity. If the antennas in Fig, 23-15 are arrayed 
east to west, then the line perpendicular to the line between them is north to south, 

If we designate north as 0°, then the signal shown arrives at an angle of 330°. 
‘That means it will arrive at ANTI before it arrives at ANT2. A signal arriving from a 
bearing of 30° will produce the same output signal, even though it arrives at AN'T2 
before ANTI. All signals of bearing 0 <r < 180° will arrive at ANT? first, while all 


_— 


Meanwhile Europe, following the publication of an RSPG (Radio Spectrum Policy Group within which 
France is represented by ANFR) opinion’, decided to focus its first studies on the 26 GHz band 
{pioneer band), then on the 32 GHz and 42 GHz bands. Later, studies will be carried out on 
introducing 5G in all of the other bands identified by WRC-15. 


The rapid choice of the 26 GHz band as the pioneer band was made to enable economies of scale for 
equipment production, since it is very likely that dual-mode equipment, i.e. compatible with both the 
26 GHz and 28 GHz band, will be available for pioneer rollouts”*. 


In France, the 26 GHz band is already being employed for a variety of uses: mobile operators’ 
wireless fixed links (4G infrastructure links), fixed satellite service systems and ground stations for 
space services. Studies will therefore need to be conducted to take these services into account, and 
define either the cohabitation or migration of applications to other millimetre wave frequencies. 


3.2.2 Frequency bands below 6 GHz 


a The 3.4-3.8 GHz band 


It will not be possible for 5G to run entirely on millimetre wave frequencies: the propagation 
qualities of these bands make it difficult to achieve widespread coverage, particularly in more 
sparsely populated areas. In addition, these bands are still lacking in technological maturity when it 
comes to delivering consumer market communication services. As a result, a “core” band below 
6 GHz needs to be identified: one that provides sufficiently large channels to enable future 5G 
operators to provide innovative services and a higher quality of service than with 46. 


The 3400 - 3800 MHz band appears to be a good candidate. 


First, it has already been harmonised for ultrafast mobile services inside the European Union. Initially 
the 3400 - 3600 MHz band and later the 3600 - 3800 MHz band were identified as the “IMT” bands 
(for high-speed mobile). Second, they have a great deal of available spectrum (up to 400 MHz). 
Lastly, technological advancements (antenna and signal processing) make these frequencies 
compatible with their use to establish macro cells, and not only microcells. To give an example, it 
emerged from the interviews conducted by Arcep that coverage with this band could be similar to 
coverage with the 2.6 GHz band, the core 4G frequency band. 


This analysis has been confirmed by the European Commission (in its 5G mandate to RSCOM™) and 
by RSPG™ which consider the 3.4 - 3.8 GHz band as the only credible 5G band for deployments taking 
place before the end of 2020. 


In France, the band is assigned to Arcep, in a priority fashion, for the 3400 - 3600 MHz frequencies 
{and in a non-priority fashion to the Ministry of the Interior and the Ministry of Defence), and 
exclusively for the 3600 - 3800 MHz frequency bands. It is used for wireless local loop and satellite 
applications. 


The compatibility of future uses with current applications is being examined by the Electromagnetic 
Compatibility Advisory Committee, which is chaired by the National Frequency Agency and of which 


*htto://rsng-spectrum.eu/wp-content/uploads/2013/05/RPSG16-032-Opinion_5G.pdf 
%* The tuning range is vital here: a system capable of regulating its frequency from 26 to 28 GHz appears entirely 
technologically achievable within the timeframe for the first 5G millimetre wave deployments, This would have been less 
true if a switch between 28 and 32 GHz were required. 
* hetpss//circabe,europa.eu/sd/a/448de765-51de-Aic8-bGe0-S6ed6a_1d0bca/RSCOM16-40rev3%4205G%20draft_ mandate ¢ 
EPT.pdf 

tto://rspe-spectrum.eu/wo-content/uploads/2013/05/RPSG16-032-Opinion 5G.pd 
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23-15. Time difference of arrival (TDOA) RDF array. 
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23-15B Block diagram of typical TDOA cireuit. 
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signals 180 <r < 260° will arrive at ANTI first. Yet both will produce the same blip 
on the oscilloscope sereen. The solution to discerning which of the two conjugate an- 
gles is intended is to invert the ANT! signal. When this is done, the ANTI signal falls 
below the baseline on the CRT screen, while the ANTS signal is above the baseline. 
By noting the time difference between the pulses, and their relative position, we can 
determine the bearing of the arriving signal, 


Switched-pattern RDF antennas 


Suppose we have a unidirectional pattern such as the cardioid shown in Fig, 23-16. If we 
can rapidly switch the pattern back and forth between two directions that are 180° 
‘apart, then we can not only discern direction, but also we can tell whether an off-axis 
signal is left or right. This feature is especially useful for mobile and portable direction 
finding. 

In Fig, 23-16 we have three different positions for a signal source. When the sig- 
nal source is at point A, it will affect the pattern to the left more than the pattern to 
the right, so the meter will read left. If the signal source is at point B, on the other 
hand, the signal affects both pattem positions equally, so the meter reads zero, Fi- 
nally, ifthe signal arrives from point C, it affects the right-hand pattern more than 
the left-hand pattem, so the meter reads right. 

Figure 23-17 shows how such a system can be constructed. This system has 
been used by amateur radio operators with “rubber ducky” VHF antennas and a sin- 


A B c 
e e e 


28-16  Switched-pattern RDF system, 


a 


[Chap23_Carr 


4/10/01 


3:55 PM Page 455 ce 


Switched-pattern RDF antennas 455 


23-17 Double-ducky RDF system based on the switched-pattern system. 


gle receiver, where it is commonly called the double-ducky direction finder 
(DDDF). The antennas are spaced from 0.25 ) to 1A apart over a good groundplane 
(such as the roof of a car or truck). If no groundplane exists, then a sheet metal 
groundplane should be provided, 

In Fig. 23-17 we see the antennas are fed from a common transmission to the re- 
ceiver. In order to keep them electrically the same distance apart, a pair of identical 
half-wavelength sections of transmission line are used to couple to the antennas, 

Switching is accomplished by using a bipolar square wave and PIN diodes. The bipo- 
lar square wave (see inset to Fig, 23-17) has a positive peak voltage and a negative peak 
voltage on opposite halves of the cycle. The PIN diodes (D, and D,) are connected in op- 
posite polarity to each other: Diode D, will conduct on negative excursions of the square 
wave, while D, conducts on positive excursions, The antenna connected to the conduet- 
ing diode is the one that is connected to the receiver, while the other one is parasitic. The 
active antenna therefore switches back and forth between ANTI and ANT2. 
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‘This antenna is coupled to the receiver through a small-value capacitor (C,) so 
that the square wave does not enter the receiver. This allows us to use the transmiis- 
sion line for both the RF signal and the switching signal. An RF choke (RFC, is used 
to keep RF from the antenna from entering the square-wave generator. 

‘The DDDF antenna produces a phase modulation of the incoming signal that has 
the same frequency as the square wave. This signal can be heard in the receiver out- 
put. When the signal’s direction of arrival is perpendicular to the line between the 
two antennas, the phase difference is zero, so the audio tone disappears. 

‘The pattern of the DDDF antenna is bidirectional, so there is the same ambigu- 
ity problem as exists with loop antennas. The ambiguity can be resolved by either of 
two methods. First, a reflector can be placed 4/4 behind the antennas. This is at- 
tractive, but it tends to distort the antenna pattern a little bit, The other method is 
to rotate the antenna through 90° (or walk an L-shaped path). 


Conclusion 


Radio direction finding can be very useful for locating RF noise sources, illegal sta- 
tions, and other RF sources. It can also be used to locate yourself if you can get bear- 
ings on at least two stations. The lines of bearing will cross at a location approximately 
where you are standing—try it, you'll like it. 
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CHAPTER 


Impedance matching 
in antenna systems 


ONE OF THE FIRST THINGS THAT YOU LBARN IN RADIO COMMUNICATIONS AND 
broadcasting is that antenna impedance must be matched to the transmission line 
impedance, and that the transmission line impedance must be matched to the out- 
put impedance of the transmitter. The reason for this requirement is that maximum 
power transfer, between a source and a load, always occurs when the system imped- 
ances are matched. In other words, more power is transmitted from th 
the load impedance (the antenna), the transmission line impedance, and the trans- 
mitter output impedance are all matched to each other. 

Of course, the trivial case is where all three sections of our system have the same 
impedance. For example, we could have an antenna with a simple 75-Q resistive 
feedpoint impedance (typical of a half-wave dipole in free space), and a transmitter 
with an output impedance that will match 75 Q. In that case, we need only connect 
a standarcl-impedance 75-2 length of coaxial eable between the transmitter and the 
antenna. Job done! Or so it seems. 

But there are other cases where the job is not so simple. In the case of our “stan- 
dard” antenna, for example, the feedpoint impedance is rarely what the books say it 
should be. That ubiquitous dipole, for example, is nominally rated at 73 Q, but even 
the simplest antenna books tell us that value is an approximation of the theoretical 
free-space impedance, At locations closer to the earth's surface, the impedance 
could vary over the approximate range of 30 to 130 9 and it might have a substantial 
reactive component 

But there is a way out of this situation. We can construct an impedance-match- 
ing system that will marry the source impedance to the load impedance. This chap- 
ter examines several matching systems that might prove useful in a number of 
antenna situations. 
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Impedance-matching approaches 


Antenna impedance can contain both reactive and resistive components. In most 
practical applications, we are searching for a purely resistive impedance (Z = R), but 
that ideal is rarely achieved. A dipole antenna, for example, has a theoretical free- 
space impedance of 73 9 at resonance, As the frequency applied to the dipole is var- 
ied away from resonance, however, a reactive component appears. When the 
frequency is greater than resonance, then the antenna tends to look like an inductive 
reactance, so the impedance is Z = R +X. Similarly, when the frequency is less than 
the resonance frequency, the antenna looks like a capacitive reactance, so the im- 
pedance is Z = R — JX. Also, at distances closer to the earth's surface the resistive 
component may not be exactly 73 , but may vary from about 30 to 130 Q. Clearly, 
whatever impedance coaxial cable is selected to feed the dipole, it stands a good 
chance of being wrong. 

‘The method used for matching a complex load impedance (such as an antenna) 
toa resistive source (the most frequently encountered situation in practical radio 
work) is to interpose a matching network between the load and the source (Fig. 
24-1). The matching network must have an impedance that is the complex conju- 
gate of the complex load impedance. For example, if the load impedance is R + jX, 
then the matching network must have an impedance of R - jX; similarly, if the load 
is R JX then the matching network must be & + jX. The sections to follow look at 
some of the more popular networks that accomplish this jab. 


L-section network 

‘The L-section network is one of the most used, or at least the most published, an- 
tenna matching networks in existence: it rivals even the pi network. A circuit for the 
L-section network is shown in Fig. 24-2A. The two resistors represent the source 
(R,) and load (R,) impedances. The elementary assumption of this network is that 
R, <R,, The design equations are 


Ry <Ry and 1<Q<5 [24.1] 
SOURCE MATCHING DEVICE LOAD 
Bosiive eae Compe 
outpater a impedance 
source impedance smears load 
Zs Zi 
Us=R 


R+gX, then Z', 
RIX, then Zi, 


R-iX 
RAN 


24-1 ‘Transmitter, matcher, and antenna system. 
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Ry> Ry 


c 
24-2. (A) L-section network; (B) reverse L section; (C) inverted L-section network. 


X, = 6.28FL =QxR, [24.2] 


[24.3] 


[24.4] 


[24.5] 


You will most often see this network published in conjunction with less- 
than-quarter-wavelength longwire antennas. One common fault of those books and 
articles is that they typically call for a “good ground” in order to make the anten- 
nas work properly. But they don’t tell you (1) what a “good ground’ is and (2) how 
you can obtain it, Unfortunately, at most locations a good ground means burying a 
lot of copper conductor—something that most of us cannot afford, In addition, itis 
often the case that the person who is forced to use a longwire, instead of a better 
antenna, cannot construct a “good ground” under any circumstances because of 
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landlords (and/or logistics) problems. The very factors that prompt the use of a 
longwire antenna in the first place also prohibit any form of practically obtainable 
“good ground.” But there is a way out: radials, A good ground ean be simulated 
with a counterpoise ground constructed of quarter-wavelength radials. These radi- 
als have a length in feet equal to 246/F,,,,, and as few as two of them will work 
wonders. Another form of L-section network is shown in Fig. 24-28. This circuit 
differs from the previous circuit in that the roles of the L and C components are re- 
versed. As you might suspect, this role reversal brings about a reversal of the im- 
pedance relationships: in this circuit the assumption is that the driving source 
impedance R, is larger than the load impedance R, (Le., R, > R,). The equations 
are shown below: 


[24.6] 


[24.7] 


[24.8] 


Still another form of L-section network is shown in Fig, 24-20, Again, we are as- 
suming that driving source impedance R, is larger than load impedance R, (ie., R, > 
R,). In this circuit, the elements are arranged similar to Fig. 24-2A, with the exeep- 
tion that the capacitor is at the input rather than the output of the network. ‘The 
equations governing this network are: 


R,>Ryand1<Q<5 [24.9] 
= 6.28FL = V(R.R,) = (RF [24.10] 
pees: [24.11] 

629FC X, 
Cc (24.12) 
Le [24.13] 


o2aF 


‘Thus far, we have considered only matching networks that are based on indue- 
tor and capacitor circuits. But there is also a possibility of using transmission line 
segments as impedance-matching devices. Two basic forms are available to us: quar- 
ter-wave sections and the series matching section. 
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Pi networks 

‘The pi network shown in Fig. 24-3 is used to match a high source impedance to a low 
load impedance. These circuits are typically used in vacuum tube RF power ampli- 
fiers that need to match low antenna impedances. The name of the circuit comes 
from its resemblance to the Greek letter pi The equations for the pi network are: 


>Ryand 5 <Q<15 [24.14] 


Q> (24.15) 
(24.16) 
Ry 
Xq= 
a= 
RAQ+ GX, 
eal [24.17] 


Split-capacitor network 

‘The split-capacitor network shown in Fig. 24-4 is used to transform a source impedance 
that is less than the load impedance. In addition to matching antennas, this cireutt is 
also used for interstage impedance matching inside communications equipment. The 
equations for design are 


Ri<R, [24.18] 


[24.19] 


[24.20] 


24-3 Pinetwork RL 


Ry> Ry 
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RS Cw 24-4. Split-capacitor network. 


Ry <Ry 


* (24.21) 


1 
Okan ) [24.22] 


Transmatch circuit 


One version of the transmatch is shown in Fig, 24-5. ‘This circuit is basically a com- 
bination of the split-capacitor network and an output tuning eapacitor (C,). For the 
HF bands, the capacitors are on the order of 150 pF per section for C,, and 250 pF 
for C,, The collar inductor should be 28 pH. The transmatch is essentially a coax- 


to-coax impedance matcher, and is used to trim the mismatch from a line before it 
affects the transmitter 


Ra 245. Split-capacitor transmatch network. 
R Cw 


Arcep is a member: exclusion zones, protecting certain locations tied to long-term use of satellite 
solutions, need to be set up. Military radiolocation systems operating below 3.4 GHz also need to be 
protected. 


b) Other bands below 6 GHz 
The bands being used today for 2G, 3G and 4G could be used for future 5G deployments. 


Refarming 2G, 3G and 4G could be a delicate undertaking, however, because of the duplexing 
methods they use. Most mobile communications in Europe use FDD (Frequency Division Duplexing)” 
‘to exchange information. Technical discussions over 5G are nevertheless anticipating that TDD (Time 
Division Duplexing)”” will be the chief, if not sole, form of duplexing used for this new generation, 
notably because it makes it possible to adjust bandwidth to data rates and because it is particularly 
efficient when beamforming is used. 


For 5G networks, using already harmonised mobile bands will thus require in-depth technical studies 
to define the terms and conditions of use and sharing with existing services. On this point, the ECC 
(Electronic Communications Committee“) decided to assess the potential of certain already 
harmonised bands, notably the 700 MHz and the L band (1427-1492 MHz). 


In France, Arcep allocated the 700 MHz band to mobile operators in late 2015. Even if the country's 
four operators all obtained frequencies in this band, only Free Mobile, which has no blocks of 
800 MHz spectrum, decided to begin its rollouts in the band using LTE (4G) technology. 


Arcep is currently analysing the contributions to its public consultation, addressing among other the 
3.5 GHz band, that ended recently. 


The L band (1427-1518 MHz), which was defined to be used exclusively in SDL (Supplemental 
Downlink) mode, could be considered to meet the constant demand for ever higher data rates and 
the greater increase in downlink traffic, compared to uplink traffic. In France the band is used by 
wireless fixed links authorised by Arcep, by the Ministry of Defence for mobile services (excluding 
aeronautical) and by the Ministry of the Interior. Using it for 4G or 5G would therefore suppose 
‘moving the above-mentioned uses over to other bands. 


3.3 Increasingly small cells 


Today, mobile network rollouts are essentially based on the use of macro base stations: installations 
that are equipped with high-power antennae deployed to guarantee coverage for a relatively wide 
area, providing good quality of service. Network configurations are evolving constantly: new radio 
base stations are installed on a regular basis to increase the networks’ capacity, to better meet users’ 
needs in terms of indoor and outdoor coverage, and to improve quality of service. 


However, this continually growing demand for capacity already requires operators to increase the 
density of their networks with smaller and smaller cells. 


5G — which will probably bring about a sizeable increase in data traffic, and which will use millimetre 


wave frequencies whose propagation capabilities are weak — will no doubt require the widespread 
deployment of low-power base stations (small cells). 


* a technique that consists of sending and receiving data simultaneously, but on two different frequency bands. 
* a technique that consists of sending and receiving data on the same frequency band but at different times. 


The European body that specifies the technical terms and conditions governing the use of frequency bands, which are 
then set by European Commission decisions. 


Autorité de régulation des communications électroniques et des postes 30/41 
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Perhaps the most common form of transmatch circuit is the tee network shown in 
Fig. 24-6. This network is lower in cast than some of the others, but suffers a problem. 
Although it does, in fact, match impedance (and thereby, in a naive sense, “tunes out” 
VSWR on coaxial lines), it also suffers a high pass characteristic. The network, there- 
fore, does not reduce the harmonic output of the transmitter. The simple tee network 
does not serve one of the main purposes of the antenna tuner: harmonic reduction, 

An alternative network, called the SPC transmatch, is shown in Fig. 24-7. This 
version of the circuit offers harmonic attenuation, as well as matching impedance 

Figure 24-8 shows commercially available antenna tuners based on this trans- 
match design, The unit shown in Fig. 24-8A is manufactured by MFJ Electronics, Ine 
It contains the usual three tuning controls, here labeled transmitter, antenna, and 
‘inductor. Included in this instrument is an antenna selector switch that allows the op- 
erator to select a coax antenna through the tuner, to connect input to output (coax) 
without regard to the tuner, select a balanced antenna, or connect an internal dummy 
load. The instrument also contains a multifunction meter that ean measure 200 W or 
2000 W (full scale), in either forward or reverse directions. In addition, the meter op- 
erates as a VSWR meter. 


24-6  Tee-network transmatch, A 


24-7, Improved transmatch offers 
harmonic attenuation, 
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Figures 24-8B through 24-8D show an imported tuner from the United Kingdom. 
‘This instrument, called the Nevada model, is a low-cost model, but contains the three 
basic controls, For proper operation, an external RF power meter, or VSWR meter, is 
required. The tuner is shown in Fig, 24-8B; also shown is a Heathkit transmatch an- 
tenna tuner. The rear panel of the Nevada instrument is shown in Fig. 24-8C. There 
are SO-239 coaxial connectors for input and unbalanced output, along with a pair of 
posts for the parallel line output. A three-post panel is used to select which antenna 
the RF goes to: unbalanced (coax) or parallel. The internal circuitry of the Nevada is 
shown in Fig. 24-8D. The roller inductor is in the center and allows the user to set the 
tuner to a wide range of impedances over the entire 3- to 30-MHz HF band. 


24-8A MFJ antenna tuner. 


24-8B Author's Heathkit antenna 
tuner and the Nevada 
tuner from the United 
Kingdom, 


24-8C_ Rear of Nevada tuner. 
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= 


24-8D Inside of Nevada tuner. 


Coaxial cable BALUNS 

A balun is a transformer that matches an unbalanced resistive source impedance 
(such as a coaxial cable), to a “balanced” load (such as a dipole antenna). With the 
circuit of Fig. 24-9, we can make a balun that will transform impedance at a 4:1 ratio, 
with R, = 4>R,. The length of the balun section of coaxial cable is, 


92 


[24.23] 


where: 


Ly is the length, in feet 
Vis the velocity factor of the coaxial cable (a decimal fraction) 
Fy, is the operating frequency, in megahertz 


Matching stubs 
A shorted stub can be built to produce almost any value of reactance. This fact ean 
be used to make an impedance-matching device that eancels the reactive portion of 
a complex impedance. If we have an impedance of Z = R + j30 9 we need to make a 
stub with a reactance of -j30 2 to match it, TWwo forms of matching stub are shown in 
Figs, 24-10 and 24-10B, These stubs are connected exactly at the feedpoint of the 
complex load impedance, although they are sometimes placed farther back on the 
line at a (perhaps) more convenient point. In that case, however, the reactance re- 
quired will be transformed by the transmission line between the load and the stub. 


ca 
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J24-9 Coaxial balun transformer. 


Load 
impedance 


Matching 
stub 


24-10A. Stub match scheme. 


¥ 


‘Transmission 
line to 
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Load 
impedance 


24-108 Coaxial stub matching. 


Quarter-wave matching sections 
Figure 24-11 shows the elementary quarter-wavelength transformer section connected 
between the transmission line and the antenna load. This transformer is also some- 
times called a @ section. When designed correctly, this transmission line tran 
former is capable of matching the normal feedline impedance Z, to the antenna 
feedpoint impedance Z,. The key factor is to have available a piece of transmission 
line that has an impedance Z, of 


[24.24] 


Most texts show this circuit for use with coaxial cable, Although it is certainly pos 
sible, and even practical in some cases, for the most part there is a serious flaw in s- 
ing coax for this project. It seems that the normal range of antenna feedlpoint 
impedances, coupled with the rigidly fixed values of coaxial-cable surge impedance 
available on the market, combines to yield unavailable values of Z,, Although there are 
certainly situations that yield to this requirement, many times the quarter-wave sec- 
tion is not usable on coax 


cable antenna systems having standard impedance values. 

On parallel transmission line systems, on the other hand, it is quite easy to 
achieve the correct impedance for the matching section. We use the equation above 
to find a value for Z,, and then calculate the dimensions of the parallel feeders, Be- 


p- 
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A 


Load 
impedance 


‘0 | S91 Qsection 2411 Quarter-wavelength @ section. 


ca 


KI 


cause we know the impedance, and can more often than not select the conductor di- 
ameter from available wire supplies, you can use the equation below to calculate 
conductor spacing: 


Dx 10% 


4 [24.25] 


where 


Sis the spacing 

Dis the conductor diameter 

Zis the desired surge impedance 

From there you can calculate the length of the quarter-wave section from the 
familiar 246/F,,.D and S are in the same units. 


Series matching section 

‘The quarter-wavelength section, covered in the preceding section, suffers from 
drawbacks: it must be a quarter-wavelength and it must use a specified (often non- 
standart!) value of impedance. The series matching section is a generalized case of 
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the same idea, and it permits us to build an impedance transformer that overcomes 
these faults. According to The ARRL Antenna Book, this form of transformer is ea- 
pable of matching any load resistance between about 5 and 1200 Q. In addition, the 
transformer section is not located at the antenna feedpoint. 

Figure 24-12 shows the basic form of the series matching section. There are 
three lengths of coaxial cable: L,, L,, and the line to the transmitter. Length L, and 
the line to the transmitter (which is any convenient length) have the same charac- 
teristic impedance, usually 75 9. Section L,, has a different impedance from L, and 
the line to the transmitter. Note that only standard, easily obtainable values of im- 
pedance are used here. 

‘The design of this transformer consists of finding the correct lengths for L, and 
Ly, You must know the characteristic impedance of the two lines (50 © and 75 2 
given as examples), and the complex antenna impedance. In the case where the an- 
tenna is non resonant, this impedance is of the form Z = R  jX, where R is the re- 
sistive portion, X' is the reactive portion (inductive or capacitive), and j is the 
so-called imaginary operator (.e., square root of minus one). If the antenna is reso- 
nant, then X= 0, and the impedance is simply R. 

‘The first chore in designing the transformer is to normalize the impedances: 


[24.26] 


[24.27] 


[24.28] 


‘The lengths are determined in electrical degrees, and from that determination 


wwe can find length in feet or meters. If we adopt ARRL notation and define A = tan 
L,,and B = tan L,, then the following equations ean be written: 
IZ, -Re 
Ly Ly Ly 
Ry Re 


24-12. Series matching section, 


== 
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itttys hs — OS [24.29] 
= BOUND 
_ 4 IN = GIR) xB 4X 
tan L, =4 =A ee [24.30] 
where: 
4 
4, 
no Th 
"7, 
Constraints: 
2,>2, VSWR [24.31] 
2,<2,NVSWR [24.32] 
It, <0, then add 180° 
IfB'< 0, then Z, is too close to Z, 
2, nok equal to Z, 
2, WSWR<Z, <Z.V/VSWR 
Physical length in feet 
[24.33] 
[24.34] 
where 
984 x velocity factor 
= Frequency in megahertz [24.35] 


‘The physical length is determined from arctan A and aretan B, divided by 360 
and multiplied by the wavelength along the line and the velocity factor. 

Although the sign of B can be selected as either — or +, the use of + is preferred 
because a shorter section is obtained. In the event that the sign of A turns out nega- 
tive, add 180° to the result. 

‘There are constraints on the design of this transformer. For one thing, the im- 
pedance of the two sections L., and L, cannot be too close together. In general, the 
following relationships must be observed: 


aa 
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Either 
Z,,>4,xSWR [24.36] 

23% seat 

‘SWR ee 


Ferrite core inductors 


‘The word ferrite refers to any of several examples of a class of materials that behave 
similarly to powdered iron compounds, and are used in radio equipment in the form 
of inductors and transformers, Although the original materials were of powdered 
iron, and indeed the name ferrite still implies iron, many modern materials are com- 
posed of other compounds. According to the Amidon Associates literature, ferrites 
with a permeability « of 800 to 5000 are generally of the manganese-zine type of ma- 
terial, and cores with permeabilities of 20 to 800 are of nickel-zinc. The latter are 
useful in the 0.5- to 100-MHz range. 


Toroid cores 


Atoroid is a doughnut-shaped object, so one can reasonably expect.a toroidal core to be 
an inductor (or transformer) form, made of a ferrite material, in the general shape of a 
coughnut. The type of core must be known for application purposes, and is given by the 
type number. The number will be of the form: FT —2:r - nn, where FT means ferrite 
toroid and describes the shape, 2:r indicates the size, and rn indicates the material type. 
‘The Fin FT is sometimes deleted in parts lists, and the core defined as a “T-axe-nn.” 

A chart is provided by Amidon that gives the dimensions, and a description of the 
properties of the different types of material, along with a lot of other physical data, 
‘Some of these data are also available in the annual ARRL publieation The ARRL Hana- 
book for the Radio Amateur (the same material has appeared in earlier editions also) 

‘Tables are derived in part from both Amidon and ARRL sources. From these ta- 
bles, you ean see the sizes and properties of various popular toroids. ‘These tables, 
incidentally, are not exhaustive of either the variety of toroids available, or all of the 
properties of the toroids mentioned. Using the nomenclature mentioned, a T-50-2 
core refers to a core that is useful from 1 to 30 MHz, has a permeability of 10, is 
painted red, and has the following dimensions: OD = 0.500 in (1.27 em), ID = 0.281 
in (0.714 em) and a height (ie., thickness) of 0.188 in (0.448 em), 


Toroidal transformers 

A magazine reader once asked a question of this author concerning the winding pro- 
tocol for toroidal transformers as seen in textbooks and magazine articles. My eorre- 
spondent included a partial circuit (Fig. 24-13) as typical of the dilemma. ‘The 
question was “How do you wind it?" and a couple of alternative methods were pro- 
posed. At first I thought it was a silly question because the answer was “obvious,” 


aa 
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A 
oy 
Joey 


Ferrite toroid 


24-13. Broadband RF transformer. 


and then I realized that perhaps I was wrong, and to many people the answer was not 
at all that obvious. 

‘The answer to the question is that all windings are wound together in a “multifi- 
Jar" manner, Because there are three windings, in this ease we are talking about “tri- 
filar” windings. Figure 24-13B shows the trifilar winding method. For the sake of 
clarity, | have patterned all three wires differently so that you ean follow them. This 
practice is also a good idea for practical situations. Since most small construction 
projects use no,26, 110.28 or no.30 enameled wire to wind coils, I keep three color 
of each size on hand, and wind each winding with a different color [Note: for trans- 
mitting antenna transformers use no.16, no.14, no.12, or no.10 wire). Otherwise, la- 
bel the ends with adhesive labels. 


To satisfy demand and enable the introduction of 5G, estimates indicate at least 10 small cells per 
macro base station in urban settings”, where cells are already today relatively tightly meshed to 
handle traffic density. 


Here, the players that met with Arcep raised several questions that will no doubt need to be 
answered when considering the ubiquitous deployment of small cells. 


3.3.1 Taxation 


The current regulatory framework stipulates that base stations whose power requires an opinion, an 
agreement or a statement from the National Frequency Agency (ANFR) are subject to a flat tax on 
network companies (FER). The amount of the tax varies according to transmission power, the type 
of installation and the deployment location. For a deployment in an urban area, the tax stands at 
€1,607/year/installation for a base station with an effective isotropic radiated power (EIRP) of more 
than SW (a COMSIS agreement from ANER is required to be able to transmit) and €160.70 €/ 
year/installation for an EIRP of between 1W and SW (declaration to ANFR is required to be able to 
transmit). 


5G small cells will likely use variable transmission powers of between 1W and 25W. In light of rollout 
density forecasts, hence the number of small cells to install, some of the stakeholders that Arcep met 
with raised the question of possibly adapting this tax in such a way as to enable massive small cell 
deployments without generating an equally massive increase in the total tax amount. 


This process is already underway, notably with a view to decreasing taxes on base stations in 
locations that are hard to cover: Act No. 2016-1888 of 28 December 2016 on the modernisation, 
development and protection of mountain regions thus exonerates mobile base stations built in 
mountain regions between 1 January 2017 and 31 December 2020 from paying the IFER tax. 


3.3.2 Access to elevated and “semi-elevated” locations 

To perform their deployments successfully, mobile operators have traditionally needed to install 
their base stations in elevated locations (towers, rooftops, etc.). This will continue to be true with 5G 
networks, but will be even more challenging for two main reasons: 


1. 5G antennae will probably be larger (in the m® range for some) than current 2G, 3G or 4G 
antennae, because of the above-mentioned massive MIMO processing that will require the use 
of a very large number of radiating elements. Moreover, additional antennae compatible with 
new 5G bands will no doubt also need to be deployed. So the re-use of existing masts could 
very well be problematic, and new (possibly collocated) transmission sites will need to be 
found. 

2. This search for new sites will also need to be carried out to install small cells in semi-elevated 
locations, but with extra care as the density of these installations will undoubtedly be high: 
operators will thus be required to deploy their equipment on urban furniture and 
infrastructures such as bus shelters, lampposts, public buildings, billboards, etc. 


As a result, public authorities will need to keep a close eye on the matter and, if necessary, adopt 
measures that will facilitate 5G rollouts. 


htto://www.lemag-numerique.com/wp-content/uploads/2015/10/WP_-Souverainete Telecoms PetitesCells FINALodf 


“FER = Imposition forfaitaire sur les enterprises de réseaux 


Autorité de régulation des communications électroniques et des pastes ayat 
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‘The dots in the schematic, and on the pictorial, are provided to identify one end 
of the coil windings. Thus, the dot_and no-dat ends are different from each other, 
and it usually makes a difference to circuit operation which way the ends are con- 
nected into the circuit (the issue is signal phasing). 

Figure 24-14 shows two accepted methods for winding a multifilar coil on a 
toroidal core. Figure 24-144 is the same method as in Fig. 24-188, but on an actual 
toroid instead of a pictorial representation, ‘The wires are laid down parallel to each 
other as shown previously. The method in Fig, 24-14B uses twisted wires. The three 
wires are “chucked up” in a drill and twisted together before being wound on the 
core. With one end of the three wires secured in the drill chuck, anchor the other end 
of the three wires in something that will hold it taut, Some people use a bench vise 
for this purpose, Turn on the drill at slow speed and allow the wires to twist together 
until the desired piteh is achieved, 

Be very careful when performing this operation. If you don't have a variable 
speed electric drill (so that it can be run at very low speed), then use an old-fash- 
ioned manual hand drill. Ifyou use an electric drill, then wear eye protection. If the 
wire breaks, or gets loose from its mooring at the end opposite the drill, it will whip 
around wildly until the drill stops. That whipping wire will cause painful welts on the 
skin, and can easily damage eyes permanently. 

Of the two methods for winding toroids, the method of Figs. 24-13B and 24-144, 
is preferred. When winding toroids, at least those of relatively few windings, pass the 
wire through the “doughnut hole” until the toroid is about in the middle of the length 
of wire. Then, loop the wire over the outside surface of the toroid, and pass it 
through the hole again. Repeat this process until the correct number of turns is 
wound onto the core. Be sure to press the wire against the toroid form, and keep it 
taut as you wind the coils 

Enameled wire is usually used for toroid transformers and inductors and that type 
of wire can lead to a problem. The enamel can chip and cause the copper conductor to 
contact the core. On larger cores, such as those for antenna-matching tranformers (and 
baluns used at kilowatt power levels), the practical solution is to wrap the bare toroid 
core in a layer of fiberglass packing tape. Wrap the tape exactly as if it was wire, but 
overlap the tums slightly to ensure covering the entire circumference of the core. 

On some projects, especially those in which the coils and transformers use very 
fine wire (e.g. no.30), you may experience a tendency for the wire windings to un- 
ravel after the winding is completed. ‘This problem is also easily curable, At the ends 
of the windings, place a tiny dab of rubber cement or R'TY silicone sealer. 


24-14 Winding a toroidal transformer / 
A) parallel wound, 
B) twist wound. 
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Mounting toroid cores Now that you have a properly wound toroidal inductor 
or transformer, it is time to actually mount it in a cireuit being constructed. There 
are three easy ways to do this job. First, you might be able to ignore it. If the wire is 
heavy enough, then just use the wire connections to the cireuit board or terminal 
strip to support the component. But if this is not satisfactory, and in mobile equip- 
ment (or wherever else vibration is a factor) it won't be, then try laying the toroid flat 
onthe board and cementing it in place with silicone seal or rubber cement. The third 
method is to drill a hole in the wiring board and use a screw and nut to secure the 
toroid. Do not use metallic hardware for mounting the toroid! Metallic fasteners will 
alter the inductance of the component and possibly render it unusable, Use nylon 
hardware for mounting the inductor, or transformer 

How many turns? Three factors must be taken into consideration when mak- 
ing toroid transformers or inductors: toroid size, core material, and number of 
turns of wire.The toroid size is selected as a function of power-handling capability, 
or for convenience of handling. ‘The core material is selected according to the fre- 
queney range of the circuit. The only thing left to vary is the number of turns. The 
size and core material yields a figure called the A, factor. The required value of in- 
duetance and the A, factor are used in the following equation: 


IL, 
N=100 [24.38] 
Nis the number of turns 


Ly is the inductance in microhenrys 
Ais the core factor, in microhenrys per 100 turns 


where: 


Example Calculate the number of turns required to make a 5-H inductor on 
aT-50-6 core. The A, factor is 40, 


Solution: 
N=100 [4 
A, 


a 


2100/2 
40 


100 /O125 
= (100) (0.35) = 35 


Don't take the equation value too seriously, however, because it is my experience 
that a wide tolerance exists on amateur-grade ferrite cores. Although it isn't too much 
ofa problem when building transformers, it ean be critical when making inductors for 
a tuned circuit. When you find that the tuned circuit takes considerably more (or 
less) capacitance than called for in the standard equation, and all of the stray capac- 
itance is properly taken into consideration, then it may be that the actual A, value of 
‘your particular core is different from the table value. 


a 


[Chap24_cCarr 


4/10/01 


352 PM Page 475, $ 


Ferrite core inductors 475 


Ferrite rods 
Another form of ferrite core available on the market is the rod, shown in Fig 
24-154. This type of core is used to make RF chokes, such as the RFC used in the 
vactim tube filament lines of a linear amplifier power tube (Fig. 24-15B). They are 
also used for baluns by some people. The two windings are wound in a bifilar man- 
ner over the ferrite rod. Of course, the wires used must be heavy enough to carry the 
filament current of the tube. As was true in the toroidal transformer, I use two dif- 
ferent wire colors in order to make it easy to identify windings 

Ferrite rods are also used in receiving antennas. Although the amateur use is not 
extensive, there are places where a ferrite rod antenna (or “loopstick") is used. For 
example, in radio direction finding antennas, it is common to see the ferrite loop. 
Also, some amateurs report that they use a loopstick receiving antenna when oper- 
ating on crowded bands, such as 40 and 75m. The small loopstick has an extremely 
directional characteristic, so itis eapable of nulling out interfering signals. Of course, 
you would not want to use the loopstick for transmitting, so some means must be 
found for transferring the antennas over between the transmit and receive functions. 

‘Mounting ferrite rods Ferrite rods can be mounted in several ways, two of which 
are analagous to the methods used on toroids. We ean, for example, mount the rod using 
either its own wires for support or by using a dab of cement or silicone sealer to fasten it 
tothe board. Although we eannot use simple nylon screws the way we can on toroids, we 
can use insulating cable clamps to secure the ends of the rod to the board, 


Toroid broadbanded impedance matching transformers 
‘The toroidal transformer forms a broaddbanded means for matching antenna imped- 
ance to the transmission line, or matching the transmission line to the transmitter, 
‘The other matching methods (shown thus far) are frequency-sensitive, and must be 
readjusted whenever the operating frequency is changed even a small amount. Al- 
though this problem is of no great concern to fixed-frequency radio stations, it is of 
critical importance to stations that operate on a variety of frequencies, 

Figure 24-16A shows a trifilar transformer that provides a 1:1 impedance ratio, 
but it will transform an unbalanced transmission line (e.g., coaxial cable) to a 


B 


camo Re choke 


A Filaments 


24-15 Ferrite rod inductor (A) construction, (B) use in amplifier 
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balanced signal required to feed a dipole antenna. Although it provides no imped- 
‘ance transformation, it does tend to balance the feed currents in the two halves of 
the antenna. This fact makes it possible to obtain a more aceurate figure-8 dipole ra- 
diation pattern in the horizontal plane. Many station owners make it standard prac- 
tice to use a balun at the antenna feedpoint. 

‘The balun shown in Fig. 24-16B is designed to provide the unbalanced to balanced 
transformation, while also providing a 4:1 impedance ratio. Thus, a 300 Q folded dipole 
feedipoint impedance wil be transformed to 75 © unbalanced. This type of balun is often 
included inside antenna tuners, including all three models shown in Figs. 24-8A and 24- 
8B. A variable (or at least settable) broadbander transformer is shown in Fig, 24-16C. In 
this case the output winding is tapped, and the operator selects the correct tap needed 
to provide the desired impedance ratio, The usual turns ratio criterion applies. 

Another multiple-impedance transformer is shown in Fig. 24-16D. In this case, 
the operator can select impedance transformation ratios of 1.5:1, 4:1, 9:1 or 16:1. A 
commercial version of this type of transformer is shown in Fig, 24-168. It is manufac- 
tured by Palomar Engineers, and is intended for vertical antenna feeding in the HF 
bands. It will, however, work well on antennas other than simple verticals. A top view 
of the vertical antenna feeding transformer is in Fig, 24-16F. 
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CHAPTER 


Mobile, emergency, 
portable, and 
marine antennas 


MOBILE OPERATION OF RADIO COMMUNICATIONS EQUIPMENT DATES BACK TO ONLY A 
little later than “base station” operation. From its earliest times, radio buffs have at- 
tempted to place radio communications equipment in vehicles, Unfortunately, two- 
way radio was not terribly practical until the 1930s, when the earliest applications 
were amateur radio and police radio (which used frequencies in the 1.7- to 2.0-MHz 
region). Over the years, the land mobile and amateur radio mobile operation has 
moved progressively higher in frequenicy because of certain practical considerations. 
‘The higher the frequency, for example, the shorter the wavelength; and, therefore, 
the shorter a full-size antenna, On the 11-m Citizens Band, for example, a quarter- 
wavelength whip antenna is 102 in long, and for the 10-m amateur band only 96 in 
long, At VHF frequencies, antennas become even shorter. As a result, much mobile 
activity takes place in the VHF and UHF region. 

‘The amateur 144-, 220-, and 440-MHz bands are popular because of several 
factors, not the least of which is the ease of making % and %-wavelength antennas. 
Because low-cost commercial antennas are available for these frequencies, how- 
ever, we will not examine such antennas in this chapter. Rather, we will concen- 
trate on high-frequency antennas. 


Mobile HE antennas 


High-frequency (HF) mobile operation requires substantially different antennas than 
VHP or UHF. Quarter-wavelength antennas are feasible only on the I1- and 10-1 
bands, with some argument in favor of 13 m as well. But by the time the frequency 
drops to the 21-MHz (15-m) band, the antenna size must be approximately 11 ft long, 
and that is too long for practical mobile operation. Because of practical considerations 
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‘you must limit antenna size to 8 or 9 ft; in the amateur radio bands the 8-ft antenna is 
‘most popular because it is resonant on 10 m. At all lower frequencies, the 8-ft whip 
hecomes capacitive, and therefore requires an equal inductive reactance to cancel the 
capacitive reactance of the antenna. 

Figure 25-1 shows three basic configurations of coil-loaded HF antennas for fre- 
quencies lower than the natural resonant frequency of the antenna. In each case, the 
antennas are series fed with coaxial cable from the base; point A is connected to 
the coaxial cable center conductor, and point-B is connected to the shield, and the car 
body (which serves as ground). The system shown in Fig, 25-14 is base-loaded. Al- 
though convenient, there is some evidence that the current distribution is less than 
optimum, The version shown in Fig. 25-1B is center-loadled, and results in an im- 
proved current distribution, This configuration is probably the most common among 
commercially available HF mobile antennas, although the cail is often located slightly 
above the center point, Finally, we see the top-loaded coil system in Fig. 25-1B. In all 
three cases, the point is to use the inductance of the coil to cancel the capacitive 
reactance of the antenna. 

A modified version of the coil-loaded HF mobile antenna is shown in Fig. 25-24. 
In this configuration the loading inductance is divided between two individual coils, 
L,andL,, Coil L, is adjustable with respect to the antenna, while L, is fixed; coil L, 
is tapped, however, in order to match the impedance of the antenna to the charac- 
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Ly 
25.2A Practical mobile antenna 
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L, resonates, L, matches 
impedance. 
COAX to Ls 


RIG or RCVR 


teristic impedance of the coaxial-cable transmission line. When tuning this antenna, 
two instruments are needed: a field strength meter and a VSWR meter. ‘The field 
strength meter gives a relative indication of the amount of power radiated from the 
antenna, while the VSWR meter helps determine the state of the impedance match. 
A pair of relative field strength meter projects are discussed later in this chapter. 

Variations on the theme are shown in Figs. 25-2B and 25-2C. A helical whip is 
shown in Fig. 25-28, In this configuration, the inductor is distributed along the 
length of a fiberglass antenna rod. The conductor is a wire that is helically wound on 
the fiberglass shaft, An adjustable tip sets the antenna to resonance. The length of 
this tip can be set by a local field strength meter. Fixed versions of this type of an- 
tenna are very popular on the Citizens Band where they may be as short as 30 in, or 
as long as 48 in. There are also some amateur radio commercial antennas based on 
this concept. 

‘The other variant is shown in Fig, 25-2C. In this case, the lower end of the radiator 
consists of a metal tube topped with a loading coil. An adjustable shaft at the top end is 
used to tune the antenna to resonance. This form of antenna is popular among commer- 
cial makers of HF mobile antennas, such as the Hustler: The fixed shaft tends to be uni- 
versal for all bands, while the coil and adjustable shaft form a separate “resonator” for 
each band. Multiband operation of this form of antenna can be accomplished by using a 
bracket such as shown in Fig, 25-2D. Although early versions of this scheme were home- 
brewed, several manufacturers currently make factory-built versions. The idea in Fig, 


25-2D is to mount. tWo or more resonators to a common fixed shalt. 
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3.3.3 5G networks’ regional coverage and backhaul 


Ensuring regional connectivity will be one of the challenges for this new generation of mobile 
networks, 


The diversity of use-cases envisioned for future SG networks, the geographical distribution of which 
is not yet precisely known, must be factored in when addressing coverage issues. 


The higher frequency bands that are being put forth for future 5G networks, along with the 
potentially very substantial bandwidth consumed by these new uses, pose the question of the 
regional foothold of these networks. As a matter of fact, mobile networks have never before 
employed such high frequencies whose use will require a large number of relay antennae to be 
installed. 


Moreover, connecting the 5G installations to the network will push to the fore the question of the 
cost of connecting them via optical fibre, which will no doubt be necessary in most instances to 
ensure the expected quality of service. The industry needs to design the technologies that will make 
it possible to minimise the cost of 5G rollouts in rural areas. 


3.4 Net neutrality issues 


European regulation on safeguarding an Open Internet“, adopted by the European Parliament and 
Council on 25 November 2015, for which European regulators required an additional nine months to 
specify the rules governing its application, introduces the principle of net neutrality as one of the top 
priorities in the standardisation hierarchy. 


Net neutrality is an overriding principle that guarantees equal treatment for all data traffic on the 
internet. In particular, it excludes any form of discrimination with respect to the source, the 
destination or the content of data flows. 


On 30 August 2016, BEREC (the Body of European Regulators for Electronic Communications) 
published guidelines for national regulators on the enforcement of the European Open Internet 
regulation®. 


During the BEREC public consultation“ on its draft net neutrality guidelines, several enterprises and 
electronic communications sector stakeholders took the opportunity to deliver a clear-cut point of 
view in their “SG manifesto for timely deployment of 5G in Europe”. This manifesto aims at warning 
public authorities against a too restrictive approach to traffic management, and especially of the 
supposedly negative effects that, in their opinion, an overly strong enforcement of net neutrality 
could have on the 5G rollout roadmap. 


Regulation (EU) 2015/2120: http://eur-lex.europa.cu/legal-content/FR/TXT/PDF/?uri=CELEX:32015R21208from=EN 
Internet service providers (ISP) can emplay reasonable traffic management measures for certain categories of traffic, 
under non-discriminatory conditions and provided they are transparent, proportionate and justified by objective technical 
requirements, and not used to serve their own commercial interests, ISPs can also distinguish certain services, called 
specialised services, from their internet access service, without them affecting the latter, provided these services have 
specific, objective transit requirements. 


 htto://www.berec.europa.eu/ 


* htto://telecoms.com/wo-content/blogs.dir/1/files/2016/07/5GManifestofortimelvdeploymentofSGinEurope.pdt 
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A common problem with all coil-loaded mobile antennas is that they tend to be 
very high @ antennas. In other words, they are very sharply tuned. The VSWR tends 
to rise rapidly as the operating frequency departs from the frequency to which the 
antenna is tuned; as little as 25-kHz change of operating frequency will detune the an- 
tenna significantly. Although an antenna tuner at the output of the transmitter will 
reduce the VSWR toa point that allows the transmitter to operate, that type of tuner 
is merely a line flattener that does not fully address the problem. The actual problem 
is that the antenna is not resonant. The efficiency of the antenna drops off rapidly as 
the frequency changes. ‘The only cure for this problem is to readjust the resonator's 
adjustable shaft as the band segment is changed (not merely the band, but the band 
segment). Unfortunately, this solution requires tools, and the operator must get. out 
of the vehicle in order to do a good job of retuning. Another solution is to use a 
motor-driven variable inductor for the loading coil. Several manufacturers offer both 
base-loaded and center-loaded coils that are either motor-driven or relay-selectable 
to permit frequency changing from the operator's seat. 


Tuning HF mobile antennas 

Although the procedures for tuning certain specific antennas might be different 
from those given below, the basic prineiples are the same, and can easily be adapted 
to any given situation. There are two situations to consider. First is the antenna in 
which there is either a single adjustable (or tap-selectable) loading coil, or a fixed 
loading coil and an adjustable shaft resonator. Second is the case ( Fig. 25-2A) where 
there is an adjustable or tapped coil in series with a tapped impedance-matching coil 
at the base 

Case no. 1. In this case, we assume that the antenna has a single adjustment, 
either a shaft resonator or adjustable coil, In this case we need to use a field strength 
meter (FSM) to measure the relative field strength of the radiated signal. The an- 
tenna resonator is adjusted until the radiated field strength is maximum. Of course, 
this procedure must be done in steps, keying the transmitter after each adjustment to 
see what happened. Alternatively, a VSWR meter can be used to set the resonator 
toa minimum VSWR. 

Case no. 2, Here, we have a coil at the base that is fixed with respect to the an- 
tenna radiator element, but is tapped with respect to the coaxial cable from the 
transmitter. A second coil is also used in the antenna (see Fig. 25-2), which can be 
either in the center or at the top. This coil is adjustable for setting resonance. Alter- 
natively, this coil may be fixed, and an adjustable resonator shaft may be used to set 
operating frequency. In this type of antenna the upper coil, or resonator shaft, is ad- 
justed to resonance by using a field strength meter. The lower coil is adjusted for 
minimum VSWR, Both adjustments are needed to complete the job. 


Field strength meters 
A field strength meter (PSM) is an instrument that measures the radiated field from 
an antenna, Commercial engineering-grade instruments are calibrated in terms of 
either watts/square centimeter or volts/meter, and are used for jobs such as broad- 
cast station “proof-of-performance” tests and other professional jobs. For adjusting 
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antennas, however, a considerably different instrument is sufficient. This section 
describes two simple, passive (which means no de power is required) field strength 
meters usable for adjusting HF radio antennas, including both CB and amateur 
radio antennas, 

‘Two forms are shown in Fig, 25-3; both are basically variations on the old-fash- 
ioned “crystal set” theme. Figure 25-3A shows the simplest form of untuned FSM. 
In this circuit a small whip antenna (used for signal pickup) is connected to one 
end of a grounded RF choke (RFC). The RF voltage developed across the RFC is 
applied to a germanium diode detector; either IN34 or INGO ean be used. Silicon 
diodes are normally preferred in signal applications, but in this case we need the 
lower contact potential of germanium diodes in order to improve sensitivity (V, is 
0.2 to 0.3 V for Ge and 0.6 to 0.7. V for Si). A potentiometer is used both as the 
load for the diode and as a sensitivity control to set the meter reading to a conve- 
nient level. 

‘The untuned version of the FSM is usable even at low powers, but suffers from, 
a lack of sensitivity, Only a certain amount of signal ean be developed across the 
RFC, so this limits the sensitivity. Also, the RFC does not make a good impedance 
match to the detector diode D,. An improvement is possible by adding a tuned cir- 
cuit and an impedance-matching scheme, as shown in Fig, 25-3B. In this case a vari- 
able capacitor C, is used as a tune control. The tuning capacitor is parallel resonant 
with inductor L,. A tapped capacitive voltage divider (C,/C,) is used to provide im- 
pedance matching to the diode. Figure 25-3C gives values of capacitance and induc- 
tance for various bands. 

Operation of the tunable FSM is simple and straightforward. Set the sensitivity 
control to approximately half-scale, and then key the transmitter; adjust the tuning 
control (C,) for maximum deflection of the meter pointer (readjustment of the sen- 
sitivity control may be needed). After these adjustments are made, the tunable FSM 
works just like any other FSM. 
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25-3A Simple field strength meter. 
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Antennas for emergency operations 


Some time ago, I met an interesting character at a convention. As a medical doc- 
tor, he was a medical missionary working at a relief station in Sudan. Because of his 
unique business address, he was able to discuss mobile and portable antennas for 
communications from the boondocks. His bona fides for this knowledge includes 
the fact that he is licensed to operate on both the amateur radio bands, and as a 
landmobile (or point-to-point) station in the 6.2-MHz band. The desert where he 
travels is among the worst in the world. The path they euphemistically call “road” 
is occasionally littered with camel corpses because of the harsh conditions. The 
doctor's organization requires him to check in twice daily on either 6.2 MHz or 
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3.885 MHz (which some missionary hams in Africa use as an unofficial ealling fre- 
quency). If he misses two check-ins in a row, then the search and rescue planes are 
sent up. As a result of his unique “house calls,” he does a lot of mobile and portable 
operating in the lower-HF region of the spectrum, His problem is this: How do you 
reliably get through the QRM and tropical QRN with only 200 W PEP and a stan- 
dard loaded mobile antenna? 

Another fellow I once met works in Alaska for a government agency. He faces 
many of the same problems as the doctor in Sudan, but at close to 100° colder. He 
frequently takes his 100-W mobile rig into the boondocks with him in a four-wheel 
drive vehicle. Again, with only 100 W into a poor-efficiency loaded mobile antenna, 
how does one reliably cut through the interference to be heard back at the home- 
stead? 

An earthquake, or hurricane, strikes your community. Antenna towers collapse, 
tribanders become tangled masses of aluminum tubing, dipoles are snarled globs of 
no.14 Copperweld, and the rig and linear amplifier are smashed under the rubble 
of one comer of your house. All that remains is the 100-W HF rig in your car. How do 
you reliably establish communications in “kilowatt alley” with a 100-W mobile driving 
8 75-W loaded whip? Of course, you always got through one way or another before, 
but now communications are not for fur—they are deadly serious. Somehow, the 
distant problems of a Sudanese missionary doctor and a KL7 government forester 
don't seem too very far away. 

For these operators, communications often means life or death for someone, 
pethaps themselves. Given the inefficiency of the loaded whips typically used as mo- 
bile antennas in the low-HF region, the generally low power levels used in available 
mobile rigs, and the crowded band conditions on the 80-, 75-, and 40-m bands, it be- 
comes a matter of more than acaclemic interest how you might increase the signal 
strength from your portable (or mobile) emergency station. Anything we can do, 
easily and cheaply, to improve the signal is like having money in the bank, Fortu- 
nately, there are several tricks of the trade that will help us out in a pinch. 

Figure 25-4 shows a typical mobile antenna for a low-HF band. Because quarter- 
wavelength antennas on these frequencies are 30 to 70 ft high, full-size vertical whip 
antennas are not practical, In fact, at frequencies below 10 m, full-size whips are not 
generally used, Short antennas exhibit capacitive reactance, so we add a loading coil 
(inductor L in Fig. 25-4) to the radiator to make up the difference (its inductive re- 
actance cancels the capacitive reactance of the antenna). 'The inductor in such a 
loaded antenna can be placed almost anywhere along the radiator, although base-, 
center-, and top-loaded designs predominate. The actual inductance needed varies 
somewhat with coil placement, as does antenna performance. The “resonators” used 
on commercial low-HF mobile antennas are loading coils encapsulated in a weathertight 
housing, 

‘The mobile configuration is inefficient by its nature, and little can be done to im- 
prove matters, Of course, an antenna-matching device or tuner will help in optimiz- 
ing the power transfer to the antenna, and should always be used in any event 
(especially with solid-state final amplifiers, which don’t tolerate VSWR as easily as do 
tube finals). In the portable configuration, however, we can both improve the per- 
formance of “mobile” antennas and look into antenna options not open to the mobile 
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25-4 Basic mobile antenna 
marginal cases, 


stem often proves unsatisfactory in 


operator. We can make a basic assumption for these improvements: The operator 
needing emergency or urgent communications is not driving down the interstate 
somewhere, but is stopped in the back country and needs to call out 

In cases of emergencies on most highways, we are in range of some repeater, 50 
we would use a VHF band (probably 2 m) to contact police or other emergency ser- 
vices through a repeater autopatch. In fact, with the wide availability of repeaters 
around the country it behooves any amateur, backpacking or four-wheeling into re- 
mote areas, to be familiar with repeater locations and frequencies, From hilltops, 
especially, it is often possible to hit repeaters from a surprisingly long distance. | 
have seen hand-held 2-m rigs trigger mountain top repeaters from the mountains of 
southwestern Virginia, and presume that other areas of the country are as well off 
repeaterwise, ‘This chapter deals with HF rigs, especially those operating in the 
lower end of the HF spectrum, in situations where a temporary antenna must be 
erected, 

Most amateurs, who have low-HF mobile rigs, will testify that getting out is a 
pain in the mike button, Antenna efficiencies are simply too poor. One factor in this 
dismal equation is that the vehicle body makes a very poor antenna ground system. 
One could, I suppose, carry a supply of 6- or 8-ft copper-clad steel ground rods, and 
a Sb sledge hammer to drive them into the earth wherever a portable station is 
needed. Somehow, that solution doesn't seem too appealing at this point! Besides, 
have you ever tried to remove an effective 8-ft ground rod from the ground? Forget 
it, it too much pain for too little gain. A better solution is to provide a counterpoise 
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groundplane, as shown in Fig, 25-5. In Fig, 25-5A we see the electrical situation and 
connection, while in Fig. 25-5B we see the mechanical scheme for a specific situa- 
tion: A groundplane consists of two or more (even one helps) quarter-wavelength ra- 
dials connected to the antenna ground point (.e., where the coaxial cable shield 
connects to the vehicle body). The radials are made of no. 14 wire, so are relatively 
easy to stow. 

Figure 25-5B shows a workable system that will improve the performance of a 
mobile rig in stationary situations, The mobile antenna uses the normal base mount 
attached to the rear quarter panel of the car adjacent to the trunk lid, An all-metal 
grounding-type binding post is installed through an extra hole drilled in the base 
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insulator (See Fig, 25-5C). Radials for portable operation are attached at this point. Al- 
though the binding post is small, it easily accommodates two no. 14 radials. The owner 
used the vehicle for camping, and the radials were used to improve antenna efficiency, 
Idon't believe the dramatic accounts enthusiastically reported by the owner of the car, 
but my own Field Day experience (and the testimony of the Sudanese missionary doc- 
tor) lead me to expect: considerable improvement over the unaided loaded whip, 

A potential solution to the inefficiency problem is to replace the mobile antenna 
with a more efficient, but stowable, antenna that can be brought out and erected 
when needed. One candidate is a surplus military HF whip antenna, Intended for 
Jeeps and communications trucks, these antenna/tuner combinations are collapsi- 
ble and are as efficient as any on the market. Although my Alaskan friend could use 
such a surplus find, my Sudanese friend could not. He told me that Americans in the 
boonies, even (perhaps especially) missionaries, are always suspected by pin- 
headed local authorities of being agents of the dreaded “Cuban Invasion Authority.” 
Showing up “out there” with obviously military radio equipment serves only to seal 
that belief! 

‘The common dipole is often looked down upon by the owners of massive array 
antennas, but those old-fashioned antennas are capable of turning in some impres- 
sive results. The dipole is made by connecting two quarter-wavelength pieces of wire 
to a coaxial-cable transmission line. One length is connected to the center condue- 
tor, and the other is connected to the shield of the coax. In a pinch, zip (Le., lamp) 
cord and twisted pairs of hookup wire will do for a transmission line, Figure 25-6 
shows the common dipole and the normal equation for determining approwimate 
length, The actual length is found by trimming length until the VSWR drops to its 
lowest point, a nicety that might not seem altogether important in an emergency. 
‘The ends of the dipole must be supported on trees, masts, or some other elevated 
structure, Unfortunately, mounting points aren't easily found. My Sudanese friend 
doesn't see many trees! 

Figure 25-7 shows another alternative antenna that works well for portable op- 
eration. Based on the dipole, this inverted-vee dipole does not require two end sup- 
ports but rather a single center support, The length of each leg is 6 percent longer 
than for a nominal dipole. Because the application is both emergency-related and 
temporary in nature, we can get away with construction methods that would be un- 
thinkable in more permanent installations, 
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25-7. Portable inverted-vee antenna. 


‘Three problems present themselves. First, the antenna must be portable for 
backpackers, or stowable in the case of those people who motor into the back coun- 
try. Size and Weight are major constraints in both cases, even though the vehicular 
case is a lot easier to work with than the backpacker. Second, what materials and 
‘means of construction are needed for the mast? ‘Third, how is the mast supported? 
Because the answer to the third question depends in part on the answer selected for 
the second, we will deal with it first. The first question is avoided at this point be- 
cause I have selected the vehicular case. 

One alternative is to use a telescoping TV antenna mast to support your an- 
tena, We can either mount a mobile whip and its associated radials at the top, or in- 
stall an inverted-vee per Fig. 25-7. These masts collapse to 6 or 8 ft in length, but ean 
be slipped up to heights of 18, 25, 30, 40, or 50 ft, depending upon the type selected. 
Keep in mind, when shopping for these masts, that the larger models are consider- 
ably heavier than shorter models, and they require two or more people to install 
them. Erecting a 40- or 50-ft telescoping mast is not a single-person job, even though 
you might: know someone who has done it. I've done it, and won't do it again! Even 
the 30-ft models are a bit hairy to install alone. 
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Another mast that can be used for the inverted vee is made from PVC plastic 
plumbing pipe. If it can be carried on or in the vehicle, then lengths up to 10 ft are 
available. Longer lengths are made at the site of erection by joining together 10-ft or 
shorter sections with couplings (also available at plumbing supply outlets). Be care- 
ful of using PVC pipe that is too small, however. PVC pipe is relatively thin walled, 
and it is therefore flexible, Sizes below 1.5-in diameter will not easily stand alone 
without guying. While a single 10-ft section might: be self-supporting, two or more 
sections together will not support themselves and the weight of the antenna. Guying 
can be accomplished with ropes, or on a temporary basis, heavy twine, 

Still another alternative is to carry steel TV antenna masts. Available in 5- and 10-ft 
lengths, these masts are flared on one end and crimped on the other, so that they ean 
be joined together to form longer lengths. In addition, the same sources that sell these 
masts also sell the guy wire rings that help support the mast when installed. There is 
also a variety of rooftop mounting devices that aid also in ground mounting the antenna. 

Tused the TV mast solution on Field Day expeditions for many years. ‘The in- 
verted-vee antenna is, of course, a natural for this solution, Once, however, we used 
a Hustler mobile antenna mounted at the top of a 20-ft mast, with four radials, and it 
Worked surprisingly well with the 30-W limit for extra points credit then available for 
Field Day contestants, 

‘There are, then, several alternatives for masts that slip up, snap together, or are 
otherwise easily unstowed and installed. Let's now turn our attention to base mount- 
ing schemes that can be used to support the mast. Of course, ina life or death pineh, 
you could always just pile rocks around the base, or hold the darn thing up as you 
transmit. But a little forethought could eliminate those problems easily. 

One of the first solutions I'l deal with was seen on the Outer Banks of North Car- 
olina, and was provided to me by a CB operator. Surf fishers on the Outer Banks use 
four-wheel drive vehicles to get out on the beach (to the surf, where the big sea bass 
lurk). Welded to either the front or rear bumper attachments are steel tubes (see 
Fig, 25-7) used for mounting the very, very long surf casting rods they use to catch 
fish. The CB operator had a 20-ft mast consisting of two 10-ft TV mast sections 
mounted in one of the rod holders. At the upper end of the mast was his 11-m 
groundplane antenna. The same method of mounting would also support similar arn 
ateur antennas, inverted-vee dipoles, or VHF/UHF antennas, 

Given that the antenna installation will be temporary, lasting only a few hours or a 
couple of days in the worst case, we need not worry about long-term integrity, 
or the practicality of the installation. Mounting the mast to the back of a four-wheeler or 
pickup truck with a pair of U bolts is not terribly practical if you must move the vehicle, 
but works nicely if you plan to camp (or are stranded!) for a few day's 

For lightweight masts, up to about 25 ft, the base support could be an 
X-shaped base made of 2X 4-in lumber (Fig, 25-8A), or even a Christmas tree 
holder. Alternatively, a TV antenna rooftop tripod mount (Fig. 25-8B) is easily 
adopted for use on the ground. None of these three alternatives can be depended 
upon for self-supporting installations, and must be guyed even if used for only a 
short period. Again, because of the temporary nature of the installation, aluminum 
or wooden tent pegs can be used to anchor the guy wires. Although they are insuffi- 
cient for long-term installations, they work fine for the short run 


~$- 


BEREC’s opinion“, in response to the contributions to the aforementioned public consultation, 
recalls that the rules of net neutrality are technology neutral and therefore apply to SG networks. 
Moreover, BEREC guidelines clarify that network slicing which networks will need to use to respond 
to the different use cases (mMTC, eMBB, uRLLC) planned for this new generation (cf. 1.4) system, 
may be used to deliver specialised services”. 


The subject of net neutrality as it applies to future 5G networks is still very much open and 
unexplored, but new analyses could be performed parallel to the work being done on defining 5G. 
Arcep is open to discussion and will also work, within BEREC, towards bringing the required clarity to 
the ecosystem. 


* htto://berec.europa,eu/eng/document register/subject_ matter/berec/download/0/6161 -berec-report-on-the-outcome: 
of-the-publl_O.pdf 
‘# http://berec.europa.eu/eng/document_register/subject_matter/berec/download/0/6160-berec-guidelines-on-the- 


Implementation-b O.pdf - footnote 26 
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Another problem 


Field Day is a reasonably good training ground for people who anticipate operating 
radio equipment under primitive conditions, If you pay attention to the sometimes 
humorous foul-ups seen while getting on the air from atop High Peak Mountain in 
Goose Bump National Park, then you might avoid some of the same mistakes when 
foul-ups mean more than a quick drive to the nearest town, You will learn, for exam- 
ple, which simple tools are a must for constructing and repairing simple antermas 
(including the 12-Vde soldering iron that runs off the vehicle battery). You will also 
learn a bit about electricity needed to run the rig, 

‘Two alternatives present themselves. First, you could use 12 Vde from the vehicle 
electrical system, which makes sense with the current crop of 12 Vde HF rigs on the 
‘market. Or, you caulld operate from 120 Vac generated by a light plant generator, 

When boondocking in a four-wheeler (or other vehicle), it is wise to use a dual 
battery system such as shown in Fig, 25-9, Iwo separate 12-Vde auto batteries 
(preferably high ampere-hour capacity) are connected essentially in parallel with 
the alternative charging system. Diodes D, and D, are rated at 100 A, 50 V peak in- 
verse voltage (PVD), and are used to isolate the two batteries from each other. Diode 
assemblies such as this can be built, or purchased from van conversion and recreational 
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25-9 Diode pack allows changing two batteries from system charger. 


vehicle shops. Van and RV owners’ use is the same as yours: It's a darn shame to run 
down the battery needed to start the vehicle just by operating your rig, You not only 
cannot start the vehicle in such a case, but cannot muster enough power to call for 
the wilderness equivalent of “Triple A.” 

One experienced boondocker I met in southern Arizona totes either a 450-W 
Kawasaki or 500-W Honda mini light plant generator in the back of his Bronco. These 
models are surprisingly lightweight and quiet operating, One of the generators has a 
12-Vde, 8-A outlet that can be used to charge a dead battery. The other has only the 
110-Vac outlet, but can be used for battery charging if a small charger is provided 
Simple 10-A battery chargers can usually be bought at auto parts or accessories 
stores, for about $60. 

Operating radio communications equipment successfully under primitive condi- 
tions depends upon two major factors: available electrical power and a proper, effi- 
cient, antenna system, Although dealing in detail with the means of obtaining power 
in remote locations is beyond the scope of this book, we have provided some ideas 
from which you can start planning your own “survival” radio system, 


Marine radio antennas 


Radio communications considerably lessened the dangers inherent in sea travel, So 
much s0, in fact, that the maritime industry took to the new “wireless telegraphy” 
earlier than any other segment, of society. In the early days of radio, a number of ex- 
citing rescues occurred because of wireless. Even the infamous 8.8. Titanic sinking 
might have cost less human life if the wireless operator aboard a nearby ship had 
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been on duty. Today, shore stations and ships maintain 24-hour surveillance, and 
vessels can be equipped with autoalarm devices to wake up those who are not on 
duty. Even small pleasure boats are now equipped with radio communications, and 
these are monitored around the clock by the U.S, Coast Guard, 

‘The small shipboard operator can have a selection of either HI single-sideband 
communications or VHF-FM communications, ‘The general rule is that a station must 
have the VHF-FM, and can be licensed for the HF SSB mode only if VHF-FM is also 
aboard, The VHF-PM radio is used in coastal waters, inland waters, and harbors. These 
radios are equipped with a high/low power switch that permits the use of low power 
(1 Wtypically) in the harbor, but higher power when under way. The HF SSB radios are 
‘more powerful (100 W typically), and are used for offshore long-<tistance communica- 
tions beyond the line-of-radio-sight capability of the VHP-FM band. 

‘The problems of antennas on boats are the same as for shore installations, but 
are aggravated by certain factors. Space, for one thing, is less on a boat so most HF 
antennas must be compensation types. Also, grounds are harder to come by on a 
fiberglass or wooden boat, so external grounds must be provided, 

A typical powerboat example is shown in Fig. 25-10. The radio is connected to a 
whip antenna through a transmission line (and a tuner on HF), while also being 
grounded to an externally provided groundplate, Over the years, radio grounds have 
taken a lot of different forms. For example, the ground might be copper or aluminum 
foil cemented to the boat hull. Alternatively, it might be a bronze plate or hollow 
bronze tube along the center line of the boat, or along the sides just below the water 
line, The ground will also be connected to the engine. Careful attention must be paid 
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to the electrical system of the boat when creating external grounds to prevent elec- 
trolytic corrosion from inadvertent current flows. 

On sailboats the whip antenna (especially VHF-FM) might be mast-mounted as 
shown in Fig. 25-11. The same grounding scheme applies with the addition of a metal 
keel or metal foil over a nonmetallic keel 

‘The whips used for boat radios tend to be longer than land mobile antennas for the 
same frequency. The VHF-FM whip (Fig. 25-12) can be several quarter-wavelengths 
and take advantage of gain characteristics thereby obtained, Whips for the HF bands 
tend to be 10 to 30 ft in length, and often look like trolling rods on power boats. You will 
also see Citizens Band radios on board boats, and the CB antennas are also whips. It is 
not a good idea to rely solely on CB for boat communications, because it is a lot less 
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25-12. VHE-FM boat antenna | | 


likely to be useful in emergencies. Also, some boaters use amateur radio sets, often 
illegally, for emergency communications in lieu of a proper HF-SSB unit. 

Longwire antennas also find use in marine service. Figure 25-13 shows two instal- 
lations. The antenna in Fig. 25-13A shows a wire stretched between the stern and bow 
by way of the mast, The antenna is end-fed from an antenna tuner or “line flattener.” 
‘The longwire shown in Fig. 25-13 is similar in concept, but runs from the bottom to 
the top of the mast, Again, a tuner is needed to match the antenna to the radio trans- 
mission line, Notice that the antennas used in this manner are actually not “longwires” 
in the truly rigorous sense of the term, but rather “random length” antennas, 

‘The format of the tuner can be any of several designs, shown in Fig, 25-14, The 
reversed L-section coupler shown in Fig, 25-144 is used when the antenna radiator el- 
ement is less than a quarter-wavelength. Similarly, when the antenna is greater than 
a quarter-wavelength, the circuit of Fig. 25-14B is the tuner of choice. This cireuit is a 
modified L-section coupler that uses two variable capacitors and the inductor. 
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25-14 Antenna tuners for 
broad HF antennas, 


Finally, we see in Fig, 25-14C the coupler used on many radios for random- 
length antennas. Two variable inductors are used; L, is used to resonate the antenna, 
and L, is used to match the impedance looking back to the transmitter to the system 
impedance. In some designs, the inductors are not actually variable, but rather use 
switch-selected taps on the coils. The correct coil taps are selected when the opera- 
tor selects a channel. This approach is less frequently encountered today, when fre- 
quency synthesizers give the owner a selection of channels to use. In those cases, 
either the antenna must be tuned every time the frequency is changed, or an auto- 
matic (or motor-driven) preselected tuner is used. 
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‘The line flattener (Fig. 25-15) is a standard transmatch antenna tuner that, 
flattens coaxial-cable transmission line for VSWR. This type of tuner is especially 
useful for transmitters with solid-state finals that are not “happy” with high VSWR. 
Some of those designs incorporate shutdown circuits that reduce (and then cut 
off) power as the VSWR increases. The line flattener basically tunes out the VSWR 
at the transmitter. It does nothing to tune the antenna, but only makes the trans- 
mitter operable. 
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Antennas for low- 
frequency operation 


LOW-FREQUENCY OPERATION (£.G., 160- AND 75/80-METER BAND) POSES CERTAIN 
difficulties for the antenna. Of course, the first thing that springs to mind is 
the large size of those antennas. A half-wavelength dipole is between 117 and 
133 ft long on. 75/80 m, and on 160 m it is about twice that length. On my own sub- 
urban lot, I cannot erect a half-wave 75/80-m band antenna and stay within the 
property lines. 

A similar situation is seen with vertical antennas. Although a 40-m vertical (33 ft 
high) is not an unreasonable mechanical job, the 66 ft 75/80-m vertical (never mind 
the 120-ft 160-m vertical) is a nightmare. In addition, the local authorities might not 
require any special inspections or permits (check!) on the 33-ft antenna, yet impose 
rigid and very exacting requirements on the higher structure, On suburban or urban 
lots, a typical 40-m antenna might well be able to fall over and still not cross the 
property line—or come in close proximity to power lines, A longer antenna, how- 
ever, almost inevitably suffers one—or the other—problem when it falls 


Grounding 


Still another problem involves grounding. ‘The ground system of a higher-frequency 
vertical antenna can be installed using 4/4 radials buried a few inches below the sur- 
face, But that same idea becomes problematic when the radials are 66 or 125 ft long, 
Burying half a dozen 125-ft radials might remind your neighbors of the Galloping 
Gung-Ho Gopher—and not to their amusement! 

‘There are, however, some solutions to the problem—without having you buy 
a farm in the flatter regions of the midwest. For example, the length problem can 
be solved by using one of the bent dipoles covered in Chap. 10. No, they are not 
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as effective as an antenna that is correctly installed. But they will serve to get you 
on the air. Some of them work surprisingly well. 

‘The ground radial problem can be solved by bending the radial system around 
your property (Fig. 26-1). You will never have to cross your neighbor's line. And, as 
for the gopher track appearance, it is not necessary to work sloppily, and you can in- 
stall radials so that nary an eye, practiced or otherwise, can see their location, 


Shortened vertical antennas 


‘The biggest problem for most low-frequency DXers, as you have seen, is the exces- 
sive size of antennas for those frequencies; it is “not for nothing” that those AM 
broadcast band (<1.6 MHz) towers are usually hundreds of feet tall. But there are 
ways to shorten an antenna—not for free, because the TANSTAAPL' principle still 
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26-1 Methods for laying out low-frequency radials in a cramped space. 
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applies—to a point where it becomes mechanically possible. Let me reiterate once 
again that these compensation antennas will not work as well as a properly installed 
full-sized antenna, but they will serve to get you on the air on frequencies where it is 
otherwise utterly impossible. Several different compensation configurations are 
popular, and these are shown in Fig. 26-2, 
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26-2, Inductance loading of vertical antennas: (A) center; (B) tap; (C) base; 
(D) linear or length-loaded; (B) linear hairpin-loaded. 
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‘The basic foundation for these antennas is a very short vertical antenna. The 
“standard” vertical antenna is a quarter-wavelength (4/4) (Le., 90° electrical length), 
and it is unbalanced with respect to ground. 

Recall that a vertical antenna that is too short for its operating frequency (Le., 
less than 4/4) will exhibit capacitive reactance. In order to resonate that antenna, it 
is necessary to cancel the capacitive reactance with an equivalent inductive reac- 
tance, such as |X,,| = |X,,|. By placing an inductance in series with the antenna ra- 
diator element, therefore, we can effectively “lengthen” it electrically. Of course, 
‘what is really happening is that the effects of the lower operating frequency are be- 
‘ing accommodated (i.e., “cancelled out”) of a too-short antenna. 

An antenna that is reactance-compensated for a different frequency is said to be 
loaded, or in the case of a very low frequency antenna, inductively loaded. Three 
basic forms of loading are popular: discrete loading, continuous loading, and lin- 
ear loading. 

Discrete loading means that there is a discrete, or lumped, inductance in series 
with the antenna radiator (Figs. 26-2A through 26-2C). These antennas are so con- 
structed that a loading coil is placed at the center (Fig. 26-2A), top (Fig. 26-2B), or 
bottom (Fig. 26-2C) of the radiator element, 

You will recognize these configurations as being the same as those found on mo- 
bile antennas. Indeed, low-band mobile antennas can be used in both mobile and 
fixed installations. Note, however, that although it is convenient to use mobile an- 
tennas for fixed locations (because they are easily available in “store bought” form); 
they are less efficient than other versions of the same concept. The reason is that the 
mobile antenna, for low frequencies, tends to be based on the standard 96- to 102-in 
whip antenna used by amateur operators on 10m or Citizens Band operators on 11m. 
In fixed locations, on the other hand, longer radiator elements (which are more effi- 
cient) are more easily handled. For example, a 16- to 30-ft high aluminum radiator 
element can easily be constructed of readily available materials. The 16-ft element 
can be bought in the form of one or two lengths of 1- to 1.5-in aluminum tubing at 
do-it-yourself outlets, 

A problem seen with these antennas is that they tend to be rather high Q, so the 
bandwidth is necessarily narrow. An antenna might work in the center of a band, but, 
present a high VSWR at the ends of the band, and thus be unusable. This problem is 
solved by making the inductor variable so that slightly different inductance values 
can be selected at different frequencies across the band. For the base-loaded version 
(Fig. 26-2), this is particularly easy: a rotary inductor (perhaps motor driven for re- 
‘mote operation) can be used. For the other configurations, a tapped fixed inductor 
can be used instead, Each tap represents a different inductance value. Either clip 
connectors, or relay connections, can be used to select which tap is used. 

A continuously loaded antenna has the inductance distributed along the entire 
length of the radiator (Fig. 26-2). Typical of these antennas is the helically wound 
verticals in which about a half-wavelength of insulated wire is wound over an insu- 
lating form (such as a length of PVC pipe or a wooden dowel); the turns of the coil 
are spread out over the entire length of the insulated support. 

Linear loading (Fig. 26-2) is an arrangement whereby a section of the an- 
tenna is folded back on itself like a stub. Antennas of this sort have been successfully 
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built from the same type of aluminum tubing as regular verticals. For 75/80-m 
(3.75-MHz) operation a length of 30 ft for the radiator represents 41°, while a nor- 
‘mal 4/4 vertical is 90°. The difference between 90° and 41° of electrical length is 
made up by the “hairpin” structure at the base 


Shortened horizontal antennas 


‘The same strategies that worked for vertical antennas also work for horizontal an- 
tennas, although in the horizontal case we are simulating a half wavelength (180°) 
balanced antenna—rather than a 4/4 tunbalanced antenna, Figure 26-3 shows several 
different shortened, low frequency antennas that are based on the same methods as 
the verticals shown previously. 

Figures 26-3A through 26-2C show discretely loaded dipole antennas. Figures 
26-34 and 26-3B are center-loaded versions, and Fig. 26-3C is a center (of each ele- 
ment) -loaded version, In each case, it is assumed that the radiator elements are the 
same physical length. In the example of Fig. 26-24, the coil is tapped to provide a 
match to either 52- or 75-Q2 transmission line. In some variants, the shield of the 
coaxial-cable transmission line is connected directly to the junction of the coil and 
one radiator element, and the coax center conductor is connected to the tap that 
best matches the impedance of the line, 

‘The impedance-matching problem is solved a little differently in Fig, 26-38. In this 
type of antenna, the coil is used to center-load the dipole, but the transmission line is 
connected to a link wound on the same formas the loading inductor: The turns ratio be- 
tween the loading inductor and the coupling link determines the impedance match, 

“hairpin” linear loading scheme is shown in Fig. 26-3D. This design is basically 
the same as for the vertical case, but it is balanced out of respect for the design of 
the dipole, This type of design is used for both the driven and parasitic elements on 
some commercial 40-m beam antennas. In addition, some “add-on” 40-m dipoles 
(designed for beam antennas that were intended for operation at frequencies in the 
20-1 and higher bands) use this method. Such antennas are essentially rotatable 
dipoles. 

‘The continuously loaded dipole of Fig. 26-3E is constructed like the helical ver- 
tical (Le., about a half-wavelength of insulated wire is wound over the entire length 
of an insulated rod or pipe of some sort). The winding can be either broken at its 
center point to accommodate the feedline, or link-coupled to the transmitter, or re- 
ceiver, as shown in Fig. 26-3F. Of the two feed methods, the most popular appears to 
be the type that breaks the winding into two pieces. 

‘The form of continuously loaded dipole in Fig. 26-36 has a combination of the 
two methods of feed. The distributed loading coil is broken into two sections, as 
is often done on continuously loaded dipoles. But in this case, a portion of the 
overall inductance is made by using a discrete inductor that is part of a toroidal 
transformer 7. The length of the wire used for the continuous loading coil is 
somewhat shorter (find by experimentation) than otherwise would be the case 
because of the inductance of the transformer secondary. Transformer 7, can be 
wound using the same sort of toroidal ferrite or powdered iron core used for 
Balun transformers, 
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26-3 Inductance loading of a dipole: (A) center loading with impedance tapped coil, 

(B) center loading with transformer coupling; (C) loading at center of ele 


ments; (D) linear loading (hairpin); (E) linear or length loading; (F) trans. 
former coupling. 
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Loaded tower designs 


Many amateur radio stations and other services use a rotatable beam antenna on top 
ofa tower. Typical towers are from 30 to 120 ft in height. In my locality, towers to 30 ft, 
or less than 3 ft above the roof line, whichever is taller, can be erected without a per- 
mit as long as they are attached to the house and will not fall onto a power line, or 
across the property line, in a catastrophic failure. Higher towers must be erected un- 
der a mechanical permit, and properly inspected by the county. These towers typi- 
cally support a two-element (or more, three is popular) Yagi /Uda beam antenna, or 
a quad, or some other highly directional antenna. But they ean also be treated as a 
vertical antenna under the right cireumstances. 

If the tower is close to 66 ft high (which is a popular height for amateur radio 
towers), then the tower (already 4/4) can be used as a resonant vertical on 75/80 m. 
‘The same tower can also be used on lower frequencies if proper antenna tuning unit 
(ATU) components are provided. 

Figure 26-4 shows a situation in which an 80- to 110-ft tower is insulated from, 
ground, and is considered a random-length vertically polarized Marconi antenna. 
Like other such antennas, it is fed by a simple L-section, or reverse L-section, ATU. 
Note the approximate values of the inductors and capacitors in each configuration, 
and also their relationships. On the 40- and 75/80-m versions, the tower is too long, 
80 a series capacitance and shunt inductance are used for the ATU (Le., Reverse L- 
seetion coupler). On the other hand, the tower is too short for 160 m, so the indue- 
tor and capacitor are reversed. 

‘There is only one small problem with the design of Fig. 26-4: Compared with 
grounded towers, insulated towers are expensive to buy and install, In addition, 
lightning protection is probably better in the grounded tower. So how do we work a 
grounded tower? See Fig, 26-5. In this antenna, the tower is grounded at its base, If 
the tower is mounted to a eonerete pedestal (the usual arrangement), then a sepa- 
rate ground rod and ground wire adjacent to the pedestal must be provided. Con- 
crete is not a good insulator, but it is also not a good conductor. A delta feed system 
is used with this antenna, ‘That is, a single wire from the ATU is connected to a point 
on the antenna where an impedance match can be achieved. It is important that the 
ATU be spaced away from the tower base (as shown), and the wire must be run 
straight to the feedpoint on the antenna, This system is an example of several possi- 
ble shunt feeding systems. 


Random-length Marconi 


One of the old standbys for all bands is the random-length Marconi antenna, Such an- 
tennas consist of a length of wire, typically (but not always) less than W/4, and fed at 
‘one end with coaxial cable and an L-section coupler (Fig. 26-6). The antenna radiator 
element can be angled in any direction as needed, but it works best if the radiator is 
either as horizontal, or vertical, as possible (for pure polarization). ‘The usual situa- 
tion, however, is to run the wire at an inclined angle, or with about equal portions hor- 
izontal and vertical (see the inverted L) which yields complex polarization. 
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26-4 Method for impedance matching a tower antenna, 
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26-5, Delta matching a grounded vertical tower antenna 
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‘The L-section coupler shown in Fig. 26-6 is set up for the case where the an- 
tenna radiator element is less than 2/4 (.e., a series inductor and a shunt capacitor) 
Ifthe antenna is longer than 2/4 on some frequency, then reverse the positions of the 
capacitor and inductor. 


Inverted-L antennas 

Another popular antenna for low frequencies is the 4/4 inverted-L (Fig, 26-7). In 
this type of antenna, two sections are erected at a 90° angle with respect to each 
other; one vertical and the other horizontal. One way to think of this antenna is bent 
2/4 vertical, although some people liken it to a top-loaded vertical. The feedline can 
be 82- or 75-0 coaxial cable, 

Itis generally the case that the sections of the inverted-L are equal in length (U8 
each), but that is not strictly necessary. As the vertical section becomes longer (with 
overall length remaining at 2/4), the angle of radiation depresses. 

One popular method of construction is to use a tower for the vertical section, 
and a run of wire for the horizontal section. If you already have a 60-ft tower to ac- 
commodate the beam antenna used on higher frequencies, then itis relatively easy 
to build an inverted-L antenna for 160m. 
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26-7. L-section quarter-wavelength antenna, 
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The linearly loaded “tee” antenna 
“tee” antenna consists ofa horizontal radiator element fed at the center with a sin- 
gle conductor wire (not coax) that is a quarter-wavelength long, and goes away from 
the radiator at a right angle, Such antennas were popular prior to World War Il in the 
United States, although popularity fell off in the late 1930s as other types (and rea- 
sonably priced transmission lines) became available. The tee is possibly one of the 
oldest forms of radio transmitting antennas, Like other antennas at low frequencies, 
however, it is far too long for easy use in most locations, 

We can, however, linearly load the tee by folding the ends of the radiator back on 
themselves to form the zigzag pattern of Fig. 26-8, Popular in Europe for some time, 
this antenna can provide reasonable performance on the lower frequencies without 
using too much horizontal space 

‘The radiator element consists of three sections that are each about 2/6 long 
(L, = 164/Fy,,), and spaced 8 to 12 in apart; they are parallel to each other. The 
quarter-wavelength transmission line is connected to the center point of the mid- 
dle section of the radiator element. 

Figure 26-9 shows how the linearly loaded tee antenna could be built using wire 
for the radiator elements. Spreaders made of 24-in-long 1 x 2-in lumber (treated 
against the weather), plastic, or some other synthetic material can be used. Each 
spreader has three holes drilled in it spaced about 10 in apart. Spreaders A and B are 
end spreaders, and are identical—except for being upside down with respect to each 
other. In each case, one of the radiator element conductor sections is terminated, 
while the other passes through to the back of the spreader to join the center radia- 
tor element, The other spreaders are used either for center support, as in C (note 
the transmission line attachment), or for interim support between the center insula- 
tor and the end insulators, 
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Annex 1 Definition and standardisation work 

‘A new generation of mobile telephony is defined primarily by two bodies: ITU (International 
Telecommunication Union) and 3GPP (3" Generation Partnership Project). These two, respectively 
public and private, organisations are dedicated to defining the objectives, standards and technical 
specifications of the new technology in question. 


mu 


The first large-scale 5G commercial rollouts are expected to take place in 2020. As mentioned earlier, 
the exploratory phase ~ which provides an opportunity to determine demands and identify the most 
promising techniques and technologies for these future 5G networks — has already begun. Although a 
number of organisations and consortia are involved in defining 5G, 3GPP will very probably be the 
central standardisation body for its technical specifications. 


Whatever the case may be, ITU (International Telecommunication Union) is vital to defining the 
technologies and standards that govern any new generation of IMT (International Mobile 
Telecommunications) at the global level. 


‘These IMT standards are established with the involvement of public authorities and industry players, 
and have provided the framework for the evolution of mobile communication services around the 
world, since the beginning of IMT standardisation, with IMT-2000 (3G, UMTS), then IMT-Advanced 
(4G, LTE-A) and more recently IMT-2020 (SG). 


198s 20002003, 20122015 2020 
SQ Adopted iMe2000 Vision IMEAdvanced INT-2020, IME2020 
BLMIS Rec ITU-R Rec. ITU-R Rec. ITU-R Vision 


Figure 16. Timeline of IMT developments and deployments” 


‘The advent of an IMT standard typically occurs in three main stages : a vision stage, a development 
stage and a deployment stage. 


‘The vision stage - whose completion is marked by a document that is usually called a Vision 
Recommendation ~ is the stage during which ITU sets the framework and objectives for the future 
technology. The aim of this document is generally to define what the new technology will be in a 
more or less concrete fashion, what its characteristics will be, the uses it will enable, etc. Whether for 


“Recommendation ITU-R M.2083-0 (09/2015), httns://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2083-0-201509- 
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CHAPTER 


Measurements and 
adjustment techniques 


‘THIS CHAPTER EXAMINES SOME OF ‘THE INSTRUMENTS AND TECHNIQUES FOR TESTING 
antenna systems, whether brand new installations, or in troubleshooting situations 
on older antenna. The basic radio system is shown in Fig. 27-1. We have several ele- 
ments in the system: transmitter, low-pass filter, impedance-matching unit, a coaxial 
relay if the receiver is separate from the transmitter, and the antenna, Connecting 
these elements are lengths of transmission line. In most modern radio systems below 
the microwaves, the transmission line is coaxial cable. 

‘The low-pass filter and matching unit may be considered optional by some, but, 
some designers regard them as essentially standard equipment, especially for HF 
and low-band VHF systems, The low-pass filter has the job of removing harmoni 
from the output signal that could interfere with other radio systems or radio andl TV 
broadcast reception, It will pass only those frequencies below a certain cutoff point, 
‘The impedance matching unit is used to “tune out” impedance mismatches that 
cause the transmitter to see an excessive VSWR. These units are common in VP, 
MW, and HF communications stations, as well as AM broadcasting stations. The 
matching unit also provides additional attenuation of the harmonics, so it makes the 
output even cleaner than is possible with the low-pass filter alone. 

Another reason to use the matching unit is to allow the radio transmitter to 
put out the maximum allowable RF power. Modern solid-state final amplifiers are 
not tolerant of VSWR. In addition, these units use fixed-tuned low-pass filters for 
each band rather than the wide-range pi networks common on vacuum tube 
transmitters. Solid-state transmitters usually include a feedback automatic load 
control (ALC) that reduces output power when a high VSWR is sensed. ‘The 
VSWR cut-in knee begins around 1.5:1 and completely shuts off the transmitter 
when the VSWR gets high (typically above 2.5:1 or 3:1). The external T/R relay is 
not used on most modern systems because the receiver and transmitter are typi- 
cally housed inside of the same box. The coaxial relay was used in days past, when 
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27-1 Basic communications radio station setup, 


a separate receiver needed to use the same antenna. In addition, many modern 
solid-state equipments use PIN diode T/R switching, 


Transmission lines 


‘The transmission line is not merely a wire that carries RF power to the antenna. It is 
actually a complex circuit that simulates an infinite LC network. There is a charac- 
teristic impedance Z,, also called surge impedance, which deseribes each transmis- 
sion line. This impedance is the square root of the ratio of the capacitance and 
inductance per unit of length, When a load having a “resistive-only” impedance equal 
to the surge impedance of the transmission line is connected, then we will see max- 
imum transfer of power between the line and the antenna. 

We cannot deal extensively with transmission-line theory here, and refer the 
reader instead to previous chapters, We must, however, have at least some idea of 
what the circuit looks like. Figure 27-2 shows a model of a transmission line in which 
Z, is the surge impedance of the line, R, is the load impedance of the antenna, and 
R, is the output impedance of the transmitter. In a properly designed system all 
three impedances either will be equal (Z, = R, = R,) or a matching network will 
make them equal. = 

We must consider the electrical situation along the transmission line in order to 
understand the readings that we see on our instruments, Figure 27-3 shows several 
possible situations. These graphs are of the RF voltage along the line, with voltage on 
the vertical axis and transmission line length (expressed in wavelengths of the RF 
signal) along the horizontal axis, When the system is matched (Z, = R,), the voltage 
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27-2. Equivalent circuit of transmission line. 


{s the same everywhere along the line (Fig. 27-8). ‘This line is said to be “flat.” But 
when Z, and R, are not equal, then the voltage varies along the line with wavelength. 
In mismatched systems, not all of the power is radiated by the antenna, but rather is 
reflected back to the transmitter. The forward and reflected waves combine alge- 
braically at each point along the line to form standing waves (Fig. 27-38). We can 
plot the voltage maxima (¥,,,.) and minima (V,,,.). Keep this graph in mind for a few 
minutes because you will refer again to it when we deal with VSWR. 

‘Two special situations occur in transmission line and antenna systems that yield 
similar results. The entire forward power is reflected back to the transmitter (none 
radiated) if the load (Le., antenna) end of the transmission line is elther open or 
shorted. The voltage plot for an open transmission line (R, is infinite) is shown in 
Fig. 27-3C, and that for the shorted line is shown in Fig. 27-3D. Note that they are 
very similar to each other except for where the minima (V,,,, = 0) oceur. The minima 
are offset from each other by 90° (Le, quarter-wavelengt). 


Calculating standing wave ratio 


‘The VSWR can be calculated from any of several bits of knowledge. Even if you don't 
have a VSWR meter, therefore, itis possible to determine VSWR. If the antenna load im- 
pedance (R,) is not equal to Z,, then we can calculate VSWR from one of the following: 


IfZ, is greater than Ry: 
vsWR=—* (27.1) 


If, is less than Ry 


VSWR [27.2] 
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Voltage along line versus line electrical length: (A) flat line with matched impedance; 
(B) unequal impedances; (C) open load; (D) shorted load, 
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We can also measure the forward and reflected power, and calculate the VSWR. 
from those readings: 


‘ 1+ VP) 
VSUR= TVET 127.3] 


where 


‘VSWR is the voltage standing wave ratio 
P, js the reflected power 
Bis the forward power 


If we can measure either the voltage maximum and sninimum, or the current 
maximum and minimum, then we can calculate SWR: 


v 
vswR = [27.4] 


Finally, if the forward and reflected voltage components at any given point on 
the transmission line can be measured, then we ean caleulate the VSWR from: 


es 
VSWR = [27.5] 


where 


V;is the forward voltage component, 
V is the reflected voltage 


‘The last equation, based on the forward and reflected voltages, is the basis for 
many modern VSWR and RF power meters, 


Impedance bridges 


We can make antenna impedance measurements using a variant of the old-fashioned 
Wheatstone bridge. Figure 27-44 shows the basic form of the bridge in its most sen- 
eralized form. The current flowing in the meter will be zero when (Z,/Z,) = (Z/Z,). 
If one arm of the bridge is the antenna impedance, then we can adjust the others 
to make the bridge null to make the measurement. A typical example is shown in 
Fig. 27-4B. The antenna connected to J, is one arm of the bridge, while R, is a sec- 
ond. The value of R, should be 50 @ or 75 9, depending upon the value of the 
expected antenna impedance. The choice of 68 Q is a good compromise for meters 
to operate on both types of antennas. The other two arms of the bridge are the reac- 
tances of C,, and O,,, which is a single differential eapacitor. Tune C, until the me- 
ter is mulled, and then read the antenna from the dial. At least one instrument allows 
the technician to plug in a resistor element equal to system impedance, 

Calibrating the instrument is simple. A series of noninduetive carbon composition 
resistors having standard values from 10 to 1000 Q are connected across J,. The meter 
is then nulled, and the value of the load resistor is inscribed on the dial at the point, 
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[Chap27_Care 


as10/01 


4:03 PM Page 521 2 


The RF noise bridge 521 


‘The basic circuit of Fig. 27-4B is useful only to measure the resistive component 
of impedance, We can modify the circuit as shown in Fig. 27-4C to account-for the re- 
active component, An example of a commercial hand-held radio antenna impedance 
bridge is shown in Fig. 27-5 


The RF noise bridge 


This section explores a device that was once associated only with engineering labo- 
ratories, but turns out to have applications in general communications servicing as 
well: the RF noise bridge. It is one of the most useful, low-cost, and often over- 
looked test instruments in our armamentarium, 

Several companies have produced low-cost noise bridges: Omega-T, Palomar 
Engineers, The Heath Company, and, most recently, MFJ. The Omega-T and the 
Palomar Engineers models are shown in Fig. 27-5. The Omega-T device is a small 
cube with minimal dials, and a pair of BNC coax connectors (antenna and re- 
ceiver). The dial is calibrated in ohms, and measures only the resistive component 
of impedance. The Palomar Engineers device is a little less eye appealing, but does 
everything the Omega-T does; in addition, it allows you to make a rough measure- 
ment of the reactive component of impedance. The Heath Company added their 
Model HD-1422 to the lineup. And the latest entry is the MFJ-204B antenna bridge. 

Over the years, some people have found the noise bridge very useful for a vari- 
ety of test and measurement applications, especially in the HF and low-VHF regions. 
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27-5 Commercially available amateur noise bridges. 
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‘Those applications are not limited to the testing of antennas (which is the main job 
of the noise bridge). In fact, although the two-way technician (including CB) or am- 
ateur radio operator, will measure antennas, tuned circuits, and resonant cavities 
with the device, consumer electronics technicians will find other applications 

Figure 27-6 shows the cireuit of a noise bridge instrument. The bridge consists 
of four arms, The inductive arms (L.y, ane L.,,) form a trifilar wound transformer over 
a ferrite core with L,,,80 signal applied to L,, is injected into the bridge circuit. The 
‘measurement consists of a series circuit of a 200-Q potentiometer and a 120-pF vari- 
able capacitor. The potentiometer sets the range (0 to 200 Q) of the resistive com- 
ponent of measured impedance, while the capacitor sets the reactance component 
Capacitor C, in the unknown arm of the bridge is used to balance the measurement 
capacitor. With C, in the cireuit, the bridge is balanced when C is approximately in 
the center of its range. This arrangement accommodates both inductive and eapaci- 
tive reactances, which appear on either side of the “zero” point (ie., the midrange 
capacitance of C). When the bridge is in balance, the settings of R and C reveal the 
impedance across the unknown terminal 

A reverse-biased zener diode (zeners normally operate in the reverse-bias mode) 
produces a large amount of noise because of the avalanche process inherent in zener op- 
eration. Although this noise is a problem in many other applications, in a noise bridge it 
is highly desirable: the richer the noise spectrum the better the performance. The spec- 
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27-6 Noise bridge circuit 
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IMT-Advanced, the commonly used technical abbreviation attributed to the definition of 4G, or IMT- 
2020, the abbreviation attributed to definition of 5G, the vision stage lasts around three years. 


Recommendation ITU-R M.2083-0 was published in September 2015, bringing to a close three years 
of work performed by ITU-R (Working Party 5D) on defining the framework and objectives for IMT for 
2020 and beyond. It is this document that today serves as the basis of the different 5G research and 
standardisation work being done around the globe. 


Next comes the standards development stage, based on the conclusions of the vision stage. 
Regarding IMT-2020, this development and standardisation work is already underway, and ITU plans 
on having completed it by 2020 to be able to satisfy the most pressing needs of the ITU members and 
organisations that want to deploy 5G as quickly as possible. This is all the more challenging as the 
development stage will last only five years, compared to 15 years for IMT-2000 and nine years for 
IMT-Advanced. 


The different deadlines set for IMT-2020 within ITU can be found in Figure 17. The spectrum 
identification phases (indicated by the black triangles) coincide with the World Radiocommunications 
Conferences, of which the latest was WRC-2015 and the next is WRC-2019 (see 3.2). 
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Figure 17. Stages and expected deadlines for IMT-2020™ 


All of the work that ITU is conducting on IMT-2020 is following a roadmap that is detailed in Figure 
18, with the completed stages indicated in green and those to come in blue. The work that is 
underway today concerns 5G spectrum aspects, prerequisites and assessment criteria, along with the 
ferent technical studies and proposals, which are a prerequisite to the standardisation phase of 
the work. 
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trum is enhanced because of the 1-kHz square-wave modulator that chops the noise sig- 
nal. An amplifier boosts the noise signal to the level needed in the bridge circuit. 

‘The detector used in the noise bridge is a tunable receiver covering the fre- 
quencies of interest. The preferable receiver uses an AM demodulator, but both CW 
(morse code) and SSB receivers will do in a pinch. The quality of the receiver de- 
pends entirely on the precision with which you need to know the operating fre- 
quency of the device under test 


Adjusting antennas 
Perhaps the most common use for the antenna noise bridge is finding the impedance 
and resonant points of an HF antenna, Connect the receiver terminal of the bridge 
to the antenna input of the HF receiver through a short length of coaxial cable as 
shown in Fig, 27-7. The length should be as short as possible, and the characteristic 
impedance should match that of the antenna feedline. Next, connect the coaxial 
feedline from the antenna to the antenna terminals on the bridge. You are now 
ready to test the antenna. 

Set the noise bridge resistance control to the antenna feedline impedance (ust- 
ally 50 to 75 Q for most common antennas). Set the reactance control to midrange 
(zero). Next, tune the receiver to the expected resonant frequency (F.,.) of the 
antenna, Turn the noise bridge on, look for a noise signal of about $9 (will vary on 
different receivers), and if—in the unlikely event that the antenna is resonant on the 
expected frequentey—you will find yourself right in the middle of the mull, 

Adjust the resistance control R on the bridge for a null, e., minimum noise as ind 
cated by the S meter. Next, adjust the resistance control C for a null. Repeat the adjust- 
ments of the R and C controls for the deepest possible null, as indicated by the lowest 
noise output on the S meter (there is some interaction between the two controls). 
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27-7, Connection of noise bridge. 
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A perfectly resonant antenna will have a reactance reading of zero ohms, and a 
resistance of 50 to 75 Q. Real antennas might have some reactance (the less the bet- 
ter), and a resistance that is somewhat different from 50 to 75 Q. Impedance-match- 
ing methods can be used to transform the actual resistive component to the 50- or 
75-Q characteristic impedance of the transmission line, ‘The results to expect: 


1. If the resistance is close to zero, then suspect that there is a short circuit on 
the transmission line, Suspect an open circuit if the resistance is close to 200 
2 

2, Areactance reading on the X, side of zero indicates that the antenna is too long, 
while a reading on the X,, side of zero indicates an antenna that is too short. 


An antenna that is too long or too short should be adjusted to the correct length. 
‘To determine the correct length, we must find the actual resonant frequency F, ‘To 
do this, reset the reactance control to zero, and then slowly tune the receiver in the 
proper direction—downband for too long and upband for too short—until the null is 
found. Ona high-@ antenna, the mull is easy to miss if you tune too fast. Don't be sur- 
prised if that null is out of band by quite a bit. The percentage of change is given by 
dividing the expected resonant frequency F),,, by the actual resonant frequency F, 
‘and multiply by 100: 


Fg x 1008 


Change = 


(27.6) 


Connect the antenna, noise bridge, and receiver in the same manner as above. 
Set the receiver to the expected resonant frequency (ie., approximately 468/" for 
half-wavelength types and 234/F for quarter-wavelength types). Set the resistance 
control to 50 Q or 75 Q, as appropriate for the normal antenna impedance and the 
transmission line impedance. Set the reactance control to zero. Turn the bridge on 
and listen for the noise signal. 

Slowly rock the reactance control back and forth to find on which side of zero 
the null appears. Once the direction of the null is determined, set the reactance con- 
trol to zero, and then tune the receiver toward the null direction (downband if null 
is on X, side and upband if tis on the X,, side of zero) 

A less-than-ideal antenna will not have exactly 50- or 75-0 impedance, so some 
adjustment of R and C to find the deepest null is in order. You will be surprised how 
far off some dipoles and other forms of antennas can be if they are not in “free 
space,” (Le., if they are close to the earth's surface) 


Nonresonant antenna adjustment 
We can operate antennas on frequencies other than their resonant frequency if we 
know the impedance: 


55 
Xo=X=Ggrgq ~ 2840 R771 
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59,155 
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Now, plug “X” calculated from Eq. 27.7 or 27.8 into X, = X/F where Fis the de- 
sired frequency in MHz. 


Other jobs 

‘The noise bridge can be used for a variety of jobs. We can find the values of capaci- 
tors and inductors, determine the characteristics of series- and parallel-tuned reso- 
nant cireuits, and adjust transmission lines. 

‘Transmission line measurements Some antennas and non-noise measure- 
ments require antenna feedlines that are either a quarter-wavelength or half-wave- 
length at some specifie frequency. In other cases, a piece of coaxial cable of specified 
length is required for other purposes: for instance, the dummy load used to service 
depth sounders is nothing but a long piece of shorted coax that returns the echo at 
a time interval that corresponds to a specifie depth, We can use the bridge to find 
these lengths as follows: 


1. Connect a short circuit across the waknown terminals and adjust Rand X for 
the best null at the frequency of interest. (Note: both will be near zero.) 

2. Remove the short circuit 

3. Connect the length of transmission line to the euknown terminal—it should 
be longer than the expected length, 

4, For quarter-wavelength lines, shorten the line until the null is very close to 
the desired frequency. For halE-wavelength lines, do the same thing, except 
that the line must be shorted at the far end for each trial length. 


‘The velocity factor of a transmission line (usually designated by the letter V in 
equations) is a decimal fraction that tells us how fast the radio wave propagates 
along the line relative to the speed of light in free space. For example, foam dielec- 
tric coaxial cable is said to have a velocity factor of V = 0.80. This number means that 
the signals in the line travel at a speed 0.80 (or 80 percent) of the speed of light. 

Because all radio wavelength formulas are based on the velocity of light, you 
need the V value to calculate the physical length needed to equal any given electri- 
cal length, For example, a half-wavelength piece of coax has a physical length of 
(492.x V)/F yy, feet. Unfortunately, the real value of Vis often a bit different from the 
published valtie, You can use the noise bridge to find the actual value of V for any 
sample of coaxial cable as follows: 


1. Select-a convenient length of the coax more than 12 ft in length and install a 

PL-259 RF connector (or other connector compatible with your instrument) 

on one end, and short-circuit the other end. 

Accurately measure the physical length of the coax in feet; convert the “re- 

mainder” inches toa decimal fraction of a foot by dividing by 12 (e.g., 32 f¢8in= 

32,67 ft because 8 in/12 in = 0.67). Alternatively, cut off the cable to the nearest 

foot and reconnect the short circuit. 

Set the bridge resistance and reactance controls to zero. 

4. Adjust the monitor receiver for deepest null. Use the null frequeney to find 
the velocity factor V = F'L/492, where Vis the velocity factor (a decimal frac- 
tion); F'is the frequency in megahertz; and L is the cable length in feet. 
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Tuned circuit measurements An inductor/eapacitor (LC) tuned “tank” cir 
cuit is the circuit equivalent of a resonant antenna, so there is some similarity be- 
tween the two measurements. You can measure resonant frequency with the noise 
bridge to within +20 percent (or better if care is taken). This accuracy might seem 
poor, but itis better than you can usually get with low-cost signal generators, dip me- 
ters, absorption wavemeters, and the like. 

Aseries tuned circuit exhibits a low impedance at the resonant frequency and, 
a high impedance at all other frequencies. Start the measurement by connecting the 
series tuned circuit under test across the uknown terminals of the dip meter. Set 
the resistance control to a low resistance value, close to zero ohms, Set the reac- 
tance control at midseale (zero mark). Next, tune the receiver to the expected null 
frequency, and then tune for the null. Make sure that the null is at its deepest point 
by rocking the R and X controls for best null. At this point, the receiver frequency is 
the resonant frequency of the tank circuit. 

A parallel resonant circuit exhibits a high impedance at resonance and a low 
impedance at all other frequencies, The measurement: is made in exactly the same 
manner as for the series resonant circuits, except that the connection is different. 
Figure 27-8 shows a two-turn link coupling that is needed to inject the noise signal 
into the parallel resonant tank circuit. If the inductor is the toroidal type, then the 
link must go through the hole in the doughnut-shaped core and then connect to 
the unknown terminals on the bridge. After this, proceed exactly as you would for 
the series tuned tank measurement. 

Capacitance and inductance measurements The bridge requires a 100-pF 
silver mica test capacitor and a 4.7-H test inductor, which are used to measure in- 
ductance and capacitance, respectively. ‘The idea is to use the test components to 
form a series-tuned resonant. circuit with an unknown component. If you find a res- 
onant frequency, then you can caleulate the unknown value. In both cases, the series 
tuned circuit is connected across the wnknown terminals of the dip meter, and the 
series tuned procedure is followed. 


‘To noise 
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‘To measure inductance, connect the 100-pF capacitor in series with the un- 
known coil across the unknown terminals of the dip meter. When the null frequency 
is found, find the inductance from 


[27.9] 


where 


Lis the inductance, in microhenties 
Fis the frequency, in megahertz 


Connect the test inductor across the unknown terminals in series with the un- 
known capacitance. Set the resistanice control to zero, tune the receiver to 2 MHz, 
and readjust the reactance control for null, Without readjusting the noise bridge 
control, connect the test inductor in series with the unknown capacitance and re- 
1 now be calculated from: 


tune the receiver for a null. Capacitance ca 


5389 


[27.10] 


where: 


Cis in picofarads 
Fis in megahertz 
b- "i F 
Dip oscillators 
One of the most common instruments for determining the resonant frequency of an 
antenna is the so-called dip oscillator or dip meter. Originally called the grid dip 
meter, the basis for this instrument is the fact that its output energy can be absorbed. 
by a nearby resonant circuit (or antenna, which is an electrically resonant LC tank 
circuit). When the inductor of the dip oscillator (see Fig. 27-9) is brought into 


27-9 Dip meter. 


Chap27_Carr 4/10/01 4:03 PM Page 528 


528 Measurements and adjustment techniques 


close proximity to a resonant tank circuit, and the oscillator is operating on the 
resonant frequency, then a small amount of energy is transferred. ‘This energy los 
shows up on the meter pointer as a slight “dipping” action. The dip is extremely 
sharp, and is easily missed if the meter frequency dial is tuned too rapidly. 
Antennas are resonant circuits, and can be treated in a manner similar to LC 
tank circuits. Figure 27-10A shows one way to couple the dip oscillator to a vertical 
antenna radiator, The inductor of the dipper is brought into close proximity to the 
base of the radiator. Figure 27-10B shows the means for coupling the dip oscillator 


Radiator 


Dip meter 


27-10A. Direct coupling the 
dip meter Lo antenna. 


Mount ~ |_-—~J 
Dip meter coil 


es 
oop 
‘Coax to antenna s+ 
23 tum 
Toop 
\ 27-10B Coupling the dip 


meter to coaxial 
cable. 


ee 


fate connector at 
Feedpoint 


[Chap27_Care 


4/10/01 


4:03 PM Page 529 ce 


Selecting and using RF wattmeters and antenna VSWR meters 529 


to systems where the radiator is not easily accessed (as when the antenna is still 
erected). We connect a small two- or three-turn loop to the transmitter end of the 
transmission line, and then bring the inductor of the dipper close to it. A better way 
is to connect the loop directly to the antenna feedpoint. 

‘There are two problems with dip meters that must be recognized in order to best 
use the instrument. First, the dip is very sharp. It is easy to tune past the dip and not 
even see it, To make matters worse, it is normal for the meter reading to drop off 
gradually from one end of the tuning range to the other. But if you tune very slowly, 
then you will notice a very sharp dip when the resonant point is reached. 

The second problem is the dial calibration. 'The dial gradations of inexpensive 
dip meters are too close together and are often erroneous. It is better to monitor the 
‘output of the dip oscillator on a receiver and depend upon the calibration of the re- 
ceiver for data 


Selecting and using RF wattmeters 
and antenna VSWR meters 


A key instrument required in checking the performance of, or troubleshooting, radio 
transmitters is the RF power meter (or “wattmeter”). These instruments measure the 
‘output power of the transmitter, and display the result in watts, or some related unit, 
Closely related to RF wattmeters is the antenna VSWR meter. This instrument also 
amines the output of the transmitter and gives a relative indication of output power. It 
can be calibrated to display the dimensionless units of voltage standing wave ratio, 
Many moder instruments, a couple of which will be covered as examples in this chap- 
ter, combine both RF power and VSWR measurement capabilities, 


Measuring RF power 
Measuring RF power has traditionally been notoriously difficult, except perhaps in 
the singular ease of continuous-wave (CW) sourees that produce nice, well-behaved 
sine waves. Even in that limited case, however, some measurement methods are dis- 
tinctly better than others. 

‘The peak voltage of a waveform is 100 V (Le., peak-to-peak 200 V). Given that 
the CW waveform is sinusoidal, we know that the root mean square (RMS) voltage is 
0.707 V. The output power is related to the RMS voltage across the load by 


, 


(27.11) 


where: 


is the power, in watts 
Viy.i8 the RMS potential, in volts 


Z,1s the load impedance, in ohms 


If we assume a load impedance of 50 Q, then we can state that the power in our 
hypothetical illustration waveform is 100 W. 
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We can measure power on unmodulated sinusoidal waveforms by measuring ei- 
ther the RMS or peak values of either voltage or current, assuming that a constant- 
value resistance load is present, But the problem becomes more complex on modu- 
lated signals. 'The various power readings on a Bird model 4311 peak power meter, 
the peak (PEP) and average powers, vary markedly with modulation type 

One of the earliest forms of practical RF power measurement was the thermo- 
couple RF ammeter (see Fig, 27-11). This instrument works by dissipating a small 
amount of power in a small resistance inside the meter, and then measuring the heat 
generated with a thermocouple. A de current meter monitors the output of the ther- 
mocouple device, and indicates the level of current flowing in the heating element. 
Because it works on the basis of the power dissipated heating a resistance, a ther- 
mocouple RF ammeter is inherently an RMS-reading device. Because of this fea- 
ture it is very useful for making average power measurements. If we know the RMS 
current and the resistive component of the load impedance, and if the reactive com- 
ponent is zero or very low, then we can determine RF power from the familiar ex- 
pression: 


P=EKR, [27.12] 


‘There is, however, a significant problem that keeps thermocouple RF anmeters 
from being universally used in RF power measurement: those instruments are highly 
frequency-dependent, Even at low frequencies, it is recommended that the meters 
‘be mounted on insulating material with at least ¥-in spacing between the meter and 
its metal cabinet. Even with that precaution, however, there is a strong frequency 
dependence that renders the meter less useful at higher frequencies. Some meters 
are advertised to operate into the low-VHF region, but a note of caution is necessary. 
‘That recommendation requires a copy of the calibrated frequency response curve 
for that specific meter, so that a correction factor can be added (or subtracted) from 
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the reading. At 10 MHz and higher, the readings of the thermocouple RF ammeter 
must be taken with a certain amount of skepticism unless the original calibration 
chart is available 

We can also measure RF power by measuring the voltage across the load resis- 
tance (see Fig, 27-12). In the circuit of Fig, 27-12, the RF voltage appearing across 
the load is sealed downward to a level compatible with the voltmeter by the resistor 
voltage divider (R./R,). The output of this divider is rectified by CR, and filtered to 
de by the action of capacitor C, 

‘The method of measuring the voltage in a simple diode voltmeter is valid only if 
the RF signal is unmodulated and has a sinusoidal waveshape. While these criteria 
are met in many transmitters, they are not universal. If the voltmeter circuit is peak 
reading, as in Fig, 27-12, then the peak power is 


[27.13] 


‘The average power is then found by multiplying the peak power by 0.707. Some 
meter circuits include voltage dividers that precede the meter and thereby convert 
the reading to RMS, and thus convert the power to average power. Again, it must be 
stressed that terms like RMS, average, and peak have meaning only when the input 
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27-12. RF voltmeter “wattmeter.” 
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RF signal is both unmodulated and sinusoidal. Otherwise, the readings are meaning- 
less unless calibrated against some other source. 

It is also possible to use various bridge methods for measurement of RF power. 
Figure 27-13 shows a bridge set up to measure both forward and reverse power. This 
cireuit was once popular for VSWR meters. ‘There are four elements in this quasi- 
Wheatstone bridge cireuit: R,, Ry, R,, and the antenna impedance (connected to the 
bridge at J,). IF R,. is the antenna resistance, then we know that the bridge is in bal- 
ance (e., the null condition) when the ratios R,/R, and R/R,,, are equal, In an ideal 
situation, resistor R, will have a resistance equal to R,,, , but that might overly limit 
the usefulness of the bridge. In some cases, therefore, the bridge will use a compro- 
mise value such as 67 Q for R,. Such a resistor will be usable on both 50- and 75-0 
antenna systems with only small errors. ‘Typically, these meters are designed to read 
relative power level, rather than the actual power. 

‘An advantage of this type of meter is that we can get an accurate measurement of 
VSWR by proper calibration. With the switch in the forward position, and RF power 
applied to.J, (XMTR), potentiometer R,, is adjusted to produce a full-scale deflection on 
meter M,. When the switch is then set to the reverse position, the meter will read re- 
‘verse power relative to the VSWR. An appropriate VSWR scale is provided. 
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27-13 A bridge arrangement to measure both forward and reverse power. 
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3GPP 
Based on ITU Recommendations, 3GPP has played a major role in the success of LTE over the past 
several years, which has been the fastest growing cellular technology to date: never before has a 


new radio standard been adopted and deployed as rapidly and as widely from the finalisation of the 
first version of its standardisation (for LTE Release 8, in December 2008). 


For the first time, under the LTE acronym, the en industry agreed on a single new 
technology (contrary to 3G where 3GPP and 3GPP2 co-exist, each backing their version of 3G 
standardisation that complies with IMT-2000 criteria), and so enabling unprecedented economies of 
scale and momentum in the ecosystem. 


After Release 8, the work performed by 3GPP has been centred on the following strategic areas: 


- Enhancing LTE radio standards to further improve capacity and performance; 
- Enhancing system standards to make LTE and EPC (Evolved Packet Core, the core LTE 
network technology) available to new business segments; 
- Introducing improvements for system robustness, especially for handing exponential 
smartphone traffic growth. 
‘These areas of focus have made it possible to map out the general path of evolution from LTE to 
LTE-Advanced (Releases 10 to 12) and later LTE-Advanced Pro (Releases 13 and 14) while awaiting 
5G. 


‘The ambitiousness of 5G requirements, the tight timeline “imposed” by the market, along with the 
different national tendencies have pushed 3GPP to define two stages of specification work: 


1. A first stage that will end in the second half of 2018, with the termination of Release 15, and 
which will address the most urgent matters with respect to commercial requirements; 
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A significant problem with the bridge of Fig, 27-13 is that it cannot be left in the 
circuit while transmitting because it dissipates a considerable amount of RF power 
in the internal resistances. These meters, during the time when they were popular, 
were provided with switches that bypassed the bridge when transmitting. The bridge 
was only in the cireuit when making a measurement. 

An improved bridge circuit is the capacitor/resistor bridge in Fig. 27-14; this eir- 
cuit is called the micromateh bridge. Immediately, we see that the micromatch is 
improved over the conventional bridge because it uses only 1 Q in series with the 
line (R,). This resistor dissipates considerably less power than the resistance used in 
the previous example. Because of this low-value resistance, we can leave the micro- 
match in the line while transmitting. Recall that the ratios of the bridge arms must 
be equal for the null condition to occur. In this case, the capacitive reactance ratio of 
CC, must match the resistance ratio R,/R,,,. For a 50-0 antenna, the ratio is Yo, and 
for 75-Q antennas it is % (or, for the compromise situation, %). ‘The small-value 
trimmer capacitor (C.,) must be adjusted for a reactance ratio with O, of ¥, ¥, oF Ka, 
depending upon how the bridge is set up, 

‘The sensitivity control can be used to calibrate the meter. In one version of 
the micromateh, there are three power ranges (10, 100, and 1000 W). Bach range 
has its own sensitivity control, and these are switched in and out of the circuit 
as needed. 

‘The monomatch bridge circuit in Fig. 27-15 is the instrument of choice for HF. 
and low-VHF applications. In the monomatch design, the transmission line is segment 
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27-14 Micromatch wattmeter. 
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27-15 Monomatch wattmeter. 


B, while RF sampling elements are formed by segments A and C. Although the origi- 
nal designs were based on a coaxial-cable sensor, later versions used either printed 
circuit foil transmission line segments or parallel brass rods for A, B, and C. 

‘The sensor unit is basically a directional coupler with a detector element for 
both forward and reverse directions. For best accuracy, diodes OR, and CR, should 
be matched, as should R, and R,, The resistance of R, and R, should mateh the trans- 
mission line surge impedance, although in many instruments a 68-0 compromise re- 
sistance is used. 

‘The particular cireuit shown in Fig, 27-15 uses a single de meter movement to 
monitor the output power. Many modern designs use two meters (one each for for- 
ward and reverse power) 

One of the latest designs in VSWR meter sensors is the current transformer as- 
sembly shown in Fig. 27-16. In this instrument, a single-turn ferrite toroid trans- 
former is used as the directional sensor. The transmission line passing through the 
hole in the toroid “doughnut” forms the primary winding of a broadband RF trans- 
former. The secondary, which consists of 10 to 40 turns of small enamel wire, is con- 
nected toa measurement bridge cireuit (C, + C, + load) with a rectified de output. 

Figures 27-17 and 27-18 show instruments based on the current transformer 
technique. Shown in Fig. 27-17 is the Heath model HM-102 high-frequency 
VSWR/power meter. The sensor is a variant on the current transformer method. This 
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27-16 Current transformer wattmeter, 


27-17. Amateur radio RF wattmeter, 


instrument measures both forward and reflected power, and it can be calibrated to 
measure VSWR, 

‘The Bird model 43 ‘Thruline RF wattmeter shown in Fig. 27-18 has for years 
been one of the industry standards in communications service work. Although it is 
slightly more expensive than lesser instruments, itis also versatile, and itis accurate 
and rugged. The Thruline meter can be inserted into the transmission line of an 
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27-18 Bird model 43 RF wattmeter. 


antenna system with so litle loss that it may be left permanently in the line during 
normal operations. ‘The Model 43 Thruline is popular with land mobile and marine 
radio technicians. 

‘The heart of the Thruline meter is the directional coupler transmission line as- 
sembly shown in Fig. 27-194; it is connected in series with the antenna, or dummy 
load, transmission line. The plug-in directional element can be rotated 180° to mea- 
sure both forward and reverse power levels. A sampling loop and diode detector are 
contained within each plug-in element, The main RF barrel is actually a special coax- 
ial line segment with a 50-Q characteristic impedance. The Thruline sensor works 
due to the mutual inductance between the sample loop and center conductor of the 
coaxial element. Figure 27-19B shows an equivalent circuit. The output voltage from 
the sampler (e) is the sum of two voltages, e, and e,,. Voltage e, is created by the 
voltage divider action of R and C on transmission line voltage £. If R is much less 
then X,,, then we may write the expression for e, as 


[27.14] 


Voltage e,,, on the other hand, is due to mutual inductance, and is expressed by 
=I @) £M [27.15] 


We now have the expression for both factors that contribute to the total voltage 
e, We know that: 


e=6, +e, [27.16] 


so, by substitution, 


[27.17] 
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At any given point in a transmission line, £7is the sum of the forward (E,) and re- 
flected (B,) voltages, and the line current is equal to 
ree [27.18] 
a i 
where Z, is the transmission line impedance. 
We may specify e in the forms 
joM(QE,) 
— [27.19] 
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and 


[27.20] 


‘The output voltage e of the coupler, then, is proportional to the mutual inductance 
and frequeney (by virtue of jwM). But the manufacturer terminates R in a capacitive 
reactance, so the frequeney dependence is lessened (see Fig. 27-19C), Bach element is 
custom-calibrated, therefore, for a specific frequeney and power range. Beyond the 
specified range for any given element, however, performance is not guaranteed. ‘There 
are a large number of elements available that cover most commercial applications. The 
Thruline meter is not a VSWR meter, but rather a power meter. VSWR can be dete 
mined from the formula, or by using the nomographs in Fig. 27-20. Some of the Thru- 
line series intended for very high power (Fig. 27-19D) applications use an in-line coaxial 
cable coupler (for broadcast-style hardline) and a remote indicator 
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27-20. Forward versus reflected power graphs. 
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Dummy loads 


A dummy load is a substitute antenna for making measurements and tests. In fact, 
British radio engineers often refer to dummy loads as “artificial aerials.” There are 
several uses for these devices. Radio operators should use dummy loads to tune up 
on crowded channels and (only then) transfer to the live antenna. 

‘The other use is in troubleshooting antenna systems, Suppose we have a system, 
in which the VSWR is high enough to affect the operation of the transmitter. You can 
disconnect each successive element and connect the dummy load to its output. If 
the VSWR goes down to the normal range, then the difficulty is downstream (i.e, to- 
ward the antenna). You will eventually find the bad element (which is usually the an- 
tenna itself), 

Figure 27-21 shows the most elementary form of dummy load, which consists of 
one or more resistors connected in parallel, series, or series-parallel so that the total 
resistance is equal to the desired load impedance. The power dissipation is the sum 
of the individual power dissipations. It is essential that noninductive resistors be 
used for this application, For this reason, carbon-composition or metal-film resis- 
tors are used. For very low frequency work, it is permissible to use special counter 
wound wire low-inductance resistors, These resistors, however, cannot be used over 
a few hundred kilohertz, 

Several commercial dummy loads are shown in Figs. 27-22 through 27-24. The 
load in Fig, 27-22 is a 5-W model, and is typically used in Citizens Band servicing, 
‘The resistor is mounted directly on a PL-259 coaxial connector. These loads typically 
work to about 300 MHz, although many are not really useful over about 150 MHz, A 
higher-power version of the same type is shown in Fig. 27-22B. This device works to 
the low VHF region, and dissipates up to 50 W. I have used this dummy load for ser- 
vicing high-VHF land mobile rigs, VHF-FM marine rigs, and low-VHF land mobile 
rigs. Very high power loads are shown in Fig. 27-23, ‘These devices are Bird Ble 
tronics “coaxial resistors,” and operate to power levels up to 10, 30, and 40 kW. 
‘These high-power loads are cooled by flowing water through the body of the resistor 
and then exhausting the heat in an air-cooled radiator. 

Our final dummy load resistor is shown in Fig. 27-24. The actual resistor is 
shown in Fig. 27-244, and a schematic view is shown in Fig, 27-24B. The long, high- 
power nonincluctive resistor element is rated at 50 Q, and can dissipate 1000 W for 
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27-22. CB-style 5-W dummy load. 
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27-228 15-W dummy load. 


27-23. Termaline RF wattmeter. 


JA. Drake DL-1000 dummy load. 


several minutes. If longer times, or higher powers, are anticipated, then forced air 
cooling is applied by adding a blower to one end of the cage. The device is modified 
by adding the BNC sampling jack. This jack is connected internally to either a two- 
turn loop, made of no.22 insulated hookup wire, or brass rods that are positioned 
alongside the resistor element. It will therefore pick up a sample of the signal so that 
it can be viewed on an oscilloscope, or used for other instrumentation purposes. 
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27-24B HF dummy load with pickup loop, 


2. Asecond stage that will end in December 2019, which marks the end of Release 16, which 
address the other use cases and prerequisites identified in the IMT-2020 Vision 
Recommendation. 


The Work Plan for Release 15, the first set of 5G specifications, was ratified at the plenary meeting of 
the TSG#72 (Technical Specification Group #72) 3GPP working groups in June 2016. This plan includes 
a set of intermediate tasks and checkpoints to steer ongoing work in the different groups. This Work 
Plan sets out the transition from current studies to the standardisation phase of the work: 


- Starting in December 2016: beginning of standardisation work by TSGSA2 (Technical 
Specification Group System Architecture); 

- Starting in March 2017: specification begins for the 5G NR (New Radio) interface in the TSG 
RAN (Technical Specification Group Radio Access Network). 
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Figure 19. Roadmap for 3GPP standardisation groups” 


If 5G is viewed as the technology capable of transforming society, and even of ushering in the next 
industrial revolution by impacting multiple (vertical) sectors with new business models and in a way 
that benefits the economy, notably in Europe, in all likelihood it will initially be driven forward by 
eMBB (Enhanced Mobile Broadband, cf. 1.2). 


With this in mind, 3GPP defined the framework for Release 15, stage 1 specifications of SG 
standardisation, as detailed earlier, whose work will focus on the following: 


- Standalone and Non-Standalone NR operation: the Standalone version to work 
independently of LTE technology, and the Non-standalone NR being highly interoperable 
with LTE™. 
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CHAPTER 


General antenna 
mechanical construction 
techniques 


ANTENNA INSTALLATION CHORES VARY IN COMPLEXITY FROM THE SIMPLE, WHICH A 
teenager, with no assistance, can execute properly and safely, all the way up to large- 
scale projects that are best left to professional antenna riggers. If your only antenna 
installation chore is a dipole handing between the peak of your house roof and a 
nearby tree, then little need be said besides “Be careful.” 

‘The purpose of this chapter is to cover both wire and intermediate installation 
Jobs that can be done by amateurs if instructed properly. Keep in mind when plan- 
ning an installation, however, that the information given herein is merely informal 
guidance. Always have your plans reviewed by a professional mechanical or struc~ 
tural engineer licensed to practice in your state. In many locales, there are good in- 
surance reasons for this step. Also, learn and abide by local mechanical, electrical, 
and building codes. It is simply not worth the pain, and risk, to skirt around local 
laws. 


Antenna erection safety 


Before dealing with the radio and performance issues, let's deal first with a few an- 
tenna safety matters. You do not want to be hurt either during installation or during 
the next wind storm. Two problems present themselves: reliable mechanical in- 
stallation and electrical safety, 

Radio antennas are inherently dangerous to erect if certain precautions are not 
followed. It is not possible to foresee all the situations you might face in erecting an 
antenna. I would like to give you all possible warnings, but this is not even possible. 
You are on your own and must take responsibility for installing your own antenna. I 
can, however, give you some general safety guidelines. Knowledge of what you face 
and some hard-nosed, sound judgment, modulated by a little bit of common sense 
are the best tools on any antenna job. 
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One rule that is an absolute is that no antenna should ever be erected where the 
antenna, the feedline, or any part thereof crosses over or under a power line or pole 
transformer—ever! ‘This is a “no kidder"—dlon't do it. Every year we read sad news in 
magazines or newspapers about a colleague being electrocuted while installing or 
working on an antenna. In all these tragic cases, the antenna somehow came into con- 
tact with an ae power line. Keep in mind one dictum and make it an absolute: 

‘There is never a time or situation when it is safe to let an antenna contact the elec- 
trical power lines! 

‘This advice includes dipoles and other long wire antennas “thrown over” sup- 
posedly insulated lines, as well as antennas built from aluminum tubing. The excuse 
that the power lines are insulated is hogwash. Old insulation crumbles on contact 
with even a thin wire antenna, Don’t do it! The operant word is never! 

Power lines look insulated, but there are often small breaks or weakened spots 
(especially more than a couple days after installation) that can bring the antenna 
into eontact—lethal contact—with a “hot” power line, Every year or so we hear 
about an SWL, scanner/monitor buff, or ham operator being killed by tossing an an- 
tenna wire over a power line. Avoid making yourself into a high-powered resistor— 
it might blow your “life fuse. 

And the same rule applies to situations where the antenna can fall onto a power 
line if it fails mechanically. You have to examine the situation to see if there is any 
possible way for that antenna or its support structure to fall onto a power line if it 
breaks in any way whatsoever. Figure 28-1 is a diagram of my lot in Virginia. A 23-ft 
mast is erected at the back of the house, and its 23-ft “fall radius” is plotted. It should 
not intersect either the power lines or the cable TV line, even when it fails and is 
wind-whipped. 

Note that the antenna could fall over the property line onto the next lot to the 
rear, After consultation with the other landowner and the county mechanical in- 
spector, it was determined that my rear fence is sufficient protection for the other 
homeowner. Because it is technically on my land, the fence damage is my responsi- 
bility. However, should the other homeowner change his mind or a new horneowner 
buys the place, then my antenna may have to be moved. 

Another caution is that you must be physically fit to do the work. While the on- 
the-ground portion of the work is usually not too strenuous, any climbing at all, even 
on ladders, can be taxing, Antenna materials are deceptively lightweight on the 
ground, but when you get up on even a small ladder, they are remarkably difficult to 
handle, Attempting to manhandle a 22-ft vertical once wiped my back out to the ex- 
tent that I needed 800-mg of ibuprofen three times a day for about a week—and I 
consider myself lucky that the pain hit me after I had dismounted the ladder. Be- 
sides, if you could see me, you would wonder why a man my size was on any ladder 
in the first place! 

Before using a ladder, learn how to use a ladder. A lot of homeowners, whether 
putting up antennas or painting the upstairs windows, fall off ladders that were being 
used incorrectly. There is a right way and a wrong way to use each of the different 
types of ladder; learn to use them correetly. 

If the wind blows even a few kilometers per hour, the danger is magnified con- 
siderably, I recall a friend, who is a large, strong “bear of a man,” attempting to install 
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28-1 Antenna installation on suburban lot. 


a 26-element television “all channel” rotatable antenna on the roof of his two-story 
beach house. He wanted to be able to pick up Richmond, VA; Norfolk, VA; Washing- 
ton, DC; and Baltimore, MD, on television, plus scanner bands, from his beach house 
on the Chesapeake Bay. The antenna was handled easily with one hand on the 
ground and with no wind blowing. But up on the roof, it was a different story! “Big 
AI" was on the peak of the roof when an off-shore gust of wind came up suddenly and 
caught the antenna. It acted like a hang glider and pulled Al off the roof, plunging 
him down two stories to the patio below. He fractured his pelvis and busted a leg. 
‘Two months of orthopedic casts and a year of physical therapy followed—not to 
mention lost wages. Expensive TV antenna, reckon. Be carefull 

One good rule is to always work under the “buddy system.” Ask as many friends 
as are needed to do the job safely, and always have at least one assistant, even when 
you think you can do it alone. 

Always use quality materials and good work practices. Antennas, being poten- 
tially dangerous, always should have the best of both materials and workmanship in 
order to keep quality high. It is not just the electrical or radio reception workings 
that are important but also the ability to stay up in the air and be safe. 

When planning an antenna job, keep in mind that pedestrian traffic in your yard 
possibly could affect the antenna system. Wires are difficult to see, and if an antenna 
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wire is low enough to intersect someone's borly, then it is possible to cause very se- 
rious injuries to passersby: In the United States, even when the person is a trespasser 
(or even a burglar!), the courts may hold a homeowner liable for injuries caused by 
an inappropriately designed and installed antenna. ‘Take care for safety not only of 
yourself but also of athers. 

Consider a typical scenario involving a four- or five-band trap vertical antenna 
(Pig, 28-2). It will be 18 to 26 ft tall, judging from the advertisements in magazines, 
and will be mounted on a roof or mast 12 to 30 ft off the ground. Consider the case 
of a 25-ft-tall trap vertical installed atop a 15-ft-high telescoping TV antenna mast. 
‘The total height above ground will be the sum of the two heights: 15 ft + 25 ft = 40 
fi. The tip of the vertical is 40-ft above ground level. You must select a location at 
Which a 40-ft aluminum pole ean fit—and fall. This requirement limits the selection 
of locations for the antenna. If this is done, then a wind storm cannot result in a 
shorted or downed power line if the antenna falls over. 

When installing a vertical antenna, especially one that is not ground-mounted, 
make sure that you have help. It takes at least two people to safely install a standard 
HF vertical antenna, and more may be needed for especially large models. If you are 
alone, then go find some friends to lend an arm or two. Wrenched backs, smashed 
antennas, crunched house parts, and other calamities simply do not happen as often 
ona well-organized work party that has sufficient hands to do the job safely. 

‘The second issue pertaining to installing antennas is old-fashioned mechanical 
integrity. Two problems are often seen. First, you must comply with local building 
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28-2 Mast-mounted vertical antenna. 
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codes, regulations, and inspections. The local government has a reasonable interest 
and absolute right to impose reasonable engineering standards on the electrical and 
mechanical installation of radio antennas. The second issue is that it is in your own 
best interest to make the installation as good as possible. Consider the local regula~ 
tions as the minimum acceptable standard, not the maximum, 

Both these mechanical integrity issues become extremely important if a prob- 
Jem develops. For example, suppose that a wind or snow storm wrecks the antenna, 
plus part of your house. Your insurance company may not pay off if your local gov- 
emment requires an inspection and you failed to get one. Make sure that the me- 
chanical and/or electrical inspector (as required by the law) leaves a certificate or 
receipt proving that the final inspection was done. It could come in handy when dis- 
puting the insurance company over damage. 

A quality installation starts with the selection of good hardware for the installa- 
tion. Any radio-TV parts distributor who sells TV antenna hardware will have what 
you need in most cases, I used Radio Shack standoff brackets, ground pin, and a 19- 
ft telescoping mast in one installation. Wherever you buy, select the best-quality, 
strongest materials that you can find. Opt for steel masts and brackets over alu- 
minum, no matter what the salesperson behind the counter tells you, Keep in mind 
that although salespeople can be knowledgeable and even helpful, you, nat they, are 
responsible for the integrity of the installation. 

Local government One necessary reminder is that your local government 
might have some interesting ideas—legal requirements, actually—concerning 
your antenna installation. The electrical, mechanical, and zoning codes must be 
observed. There is a great deal of similarity between local codes because most of 
them are adaptations (even adoptions) from certain national standards. But there 
are enough differences that one needs to consult local authorities. Indeed, you 
may need a license or building permit to install an antenna in the first place. 

One problem that SWLs and scanner/monitor buffs face in the United States is 
that their antennas are not protected by the Federal Communications Commission, 
as are ham antennas, Local governments have limited rights to regulate ham anten- 
nas—only “reasonable” mechanical and electrical standards can be imposed. It may 
be illegal for you to install any type of antenna. 

Save all paperwork regarding your building permit, including the inspection cer- 
tificates, decals, letters or papers, and the original drawings (with the local building 
inspector's stamps). Ifa casualty occurs, then your insurance company may elect not 
to pay off if you have violated an electrical, mechanical, building, or zoning code. 
This advice may be overlooked by an enthusiastic antenna builder, but it could prove 
to be a costly oversight if something bad happens. 

In some jurisdictions, there might be another limitation on antenna location. 
Some local governments have a requirement that the antenna be able to fall over and 
land entirely on your own property. About 30 years ago, a Maryland county required 
that antennas be installed double their own length plus 50 ft from the nearest prop- 
erty line—until a local ham radio club sued on grounds that about 99.99 percent of 
the rooftop TV antennas in the county were noncompliant. In one humorous scene, 
a group of amateur radio operators went down to the county offices and asked for 
about: 50,000 complaint forms. They filled out several thousand against homeowners 
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with TV antennas before they were stopped by the county officer. Before installing 
any antenna, check with the local building codes! 


Wire antenna construction 


Volumes have been written on wire antennas. Indeed, many of my antenna books 
spend a lot of space on the topic, What seems to be missing in many books is details 
on the mechanical aspects of wire antenna construction and installation. Although 
some books cover the mechanical details, much is often missing, Let's take a look at 
some of the basics, 


The basic wire antenna 

Wire antennas come in a bewildering variety of forms, but for our purposes, the 
‘standard model” is our old friend the half-wavelength horizontal dipole (Fig. 28-3), 
‘The overall length (A) in meters is found from 144/F,,,,. Each element (B) is one- 
half the overall length, or 72/,,,.. The antenna’s nominal feedpoint impedance at 
resonance is 73 Q, so it is a good match to standard 75-0 coaxial cable. It is common 
practice to use a 1:1 balun transformer at the feedpoint in order to balance currents 
and keep the pattern according to textbook predictions. 


Center insulators 
It was onee common (but poor) practice to strip a few centimeters of coaxial cable, 
part the braid and center conductor, and connect them to each side of the dipole. We 
could then wonder why the darn thing fell down in the next wind storm, Even if you 
elect to not tise the balun transformer, a ready-made center insulator is a must. Fig- 
ure 28-4A shows a common form of center insulator for use with dipoles and other 
wire antennas, There is an 0-239 UHF coaxial connector on the bottom to accept 
the feedline and two eyebolts mounted with solder connectors for the antenna ele- 
ments on the sidewalls. At the top is a small eyebolt that is used to strain-relieve the 
system, or to hang it from a center support (as when inverted-V dipoles are built) 
A larger form of center insulator is shown in Fig. 28-4B. ‘The enlarged down sec- 
tion indicates that this device contains either a 4:1 or 1:1 impedance ratio balun 


28-3 Dipole antenna. 
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284A Center insulator. 


transformer. The 1:1 size is recommended for ordinary dipoles, whereas a 4:1 unit is 
used for folded dipoles and certain other wire antennas. 

Connections to the device, whether straight center insulator or balun form, are 
shown in Fig. 28-5. For simplicity, only one side is shown (the other side is identical), 
‘The elements (B in Fig, 28-3) typically are made of no. 12 or no. 14 antenna wire 
‘The best wire is stranded and is copper-clad steel core wire (Copperweld). 

‘The end of the antenna wire is passed through the eyebolt and then doubled back 
and twisted onto itself 7 to 10 times. The remainder of the wire is then soldered to the 
terminal, Some people prefer to use a separate “pigtail” wire to connect the antenna 
element to the solder terminal, Itis fastened to the antenna element wire between the 
T- to 10-tum twist and the eyebolt. 

When preparing the center connector/balun, it is good practice to use steel wool 
or sandpaper on the solder lug to remove oxidation, Oxidation makes it hard to sol- 
der and forces you to use too much heat to make a good connection. Also, be sure to 
have a large pair of pliers to erimp the wings of the solder Ings onto the wire. 

Solder assists in making a good connection at the solder lugs, but the erimp 
should be good enough to do the job, The solder then provides corrosion protection. 
Also, tin the 7- to 10-tum twist section with solder. This does not increase the 
strength or provide better electrical connection—it is protection against the corro- 
sion that will occur with copper wires 

Note Use only resin-core solder for antennas! Typical solder is 50/50 or 60/40 
leaeV/tin ratio and may be labeled “radio-TV" or “electronic” or something similar, 
Plumber's solder is acid core and will destroy your antenna within a short time after 
it is erected. 
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28-4B Balun/center insulator. 


Figure 28-6 shows the dipole installed. ‘The ends of the two wire elements are 
connected to end insulators, which are in tum supported by rope to a vertical sup- 
port (e.g., mast, tree, roof line of the house, etc.). Although shown nice and straight 
here, the actual installation will droop a bit in the center due to the weights of the 
center insulator or balun, the coaxial cable, and the wire itself. Gravity! 

Note that the coaxial cable is formed into a 15- to 25-cm loop just below the coax- 
ial connector to the center insulator or balun, ‘This forms a species of RF choke to keep 
currents from flowing in the outer shield and improves the pattem. The coaxial cable 
loop is bound together with black electrician’s tape or some similar adhesive medium 
and then fastened to the top eyelet with stout string or fishing line for strain relief, 
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28-5 Center insulator/balun connections. 


Support rope 

‘The support rope selected should be large enough to provide support but small 
enough to fit through the holes of the end insulators. Cotton rope is singularly un- 
suited to this task because it weathers poorly and will rot through in short order. Ny- 
lon rope, sail rope, and parachute rope are perhaps the best types, especially if a 
particular lot has been tested for high tensile strength. Remember, the wind loading 
of your antenna, even a short dipole, can be tremendous! 


End insulators 
End insulators come in a large variety of shapes and sizes (I have even seen one chap 
use old toothbrushes, suitably drilled, of course). The main categories, however, are 
represented in Fig. 28-7. The version in Fig. 28-7 is the standard form, whereas 
that in Fig. 28-7B is an “egg” insulator. The egg insulator has two sets of wire grooves 
and through-holes that are orthogonal to each other (only one set is shown). Wire 
passes through one hold and set of grooves, and the supporting rope passes through 
the other hole/groove set. 

‘The standard form shown in Fig. 28-7 has a number of grooves or ridges cut 
along the body. These grooves are intended to lengthen the electrical path between 
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- Target use cases: starting with Enhanced Mobile Broadband (eMBB) as well as Low Latency 
and High Reliability to enable some URLLC (Ultra-reliable and Low Latency Communications, 
cf. 1.2) use cases. 

- Simultaneous examination of frequency ranges below 6 GHz and above 6 GHz. 


Release 16, the second phase of 5G specifications, will then focus more on other segments such as 
mMTC (Massive Machine Type Communications, cf. 1.2), for instance, to tackle loT use cases that 
require higher quality of service than what LPWAN (Low-Power Wide-Area Network)” can provide. 


In its non-standalone version, the NR control plane is LTE’s. in other words, the 4G network controls the SG carriers and 
spreads users across the different bands and technologies. 


* Sigfox and LoRa LPWAN 
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ends of the insulator and therefore serve to reduce losses in the insulator. Typical 
materials used to construct insulators include ceramic, glass, nylon, and plastic 

Figure 28-8 shows the connections to the end insulator. The electrical connec- 
tions to the antenna wire are the same as for the center insulator. The only proviso 
here is that for transmitting antennas, it is wise not to leave any sharp points stick- 
ing up. The end of the dipole is at high RF voltages, so sharp points tend to cause 
corona sparking, Cut off any extraneous leads that form sharp points, and then 
smnooth the whole affair down with tinning (Le., solder) 

‘The rope is treated in a similar manner as the wire, but it must be knotted in 
some manner that tends to pull together as the rope is pulled into tension. Some 
people use the “hangman's knot,” but this seems a bit excessive 


Strain relief of the antenna 
Figure 28-9 shows a method of strain relief for the center insulator or balun, This 
point is at the highest tension and probably is the weakest because of the number of 
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28-9 Strain relieving the center insulator or balun. 


connections and things that ean break, A suspension rope is run between the an- 
tenna’s vertical supports, parallel to the antenna wire. It is tied to the top eyelet on 
the center insulator or balun by a short bit of rope about 15 to 20 em long, 


Special case of the folded dipole 


‘The folded dipole (Fig. 28-10) is a special case of the half-wavelength horizontal di- 
pole. It consists of two close-spaced conductors shorted together on the extreme 
ends. One of the conductors is split in the center and used as the feedpoint. The 
feedpoint impedance at resonance is around 280 0, so it makes a good match to 300- 
Q television antenna twin lead. The usual practice is to build the entire antenna and 
feedline out of twin lead. An alternative (as shown in Fig, 28-10) is to provide a 4:1 
balun transformer at the feedpoint to match 75-0 coaxial cable. Despite the fact that 
300-0 ‘TV twin lead is disappearing from the market, the folded dipole maintains a 
certain following among SWLs and hams. 

‘The problem is how to install the antenna such that the terribly weak 300-0 twin, 
lead wires do not break at the slightest provocation. Figure 28-11 shows a solution 
used by one fellow (admittedly a fine worker in plasties and other materials). He 
fashioned a center insulator and the end insulators from a piece of strong Lucite 
material, 

‘The 300-0 TY twin lead is prepared as shown in Fig. 28-11A. The antenna ele- 
‘ment is notched in the center (break along the bottom) for about 1 to 1.5 cm. A hand 
punch is used to place two or three holes in the center insulation on either side of 
the break. Bither a large-size leather punch or a paper punch can be used to make 
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28-11 Center insulator for ribbon cable folded dipole: (A) cable preparation, (B) front/back 
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the holes. In a test, I was able to make the required holes using a hand-operated pa- 
per punch, but it required a large force (and turned my hand temporarily purple!). 

‘The center insulator is shown in Fig. 28-11B. It is made from a piece of strong, 
plastic, Lucite, or other insulating material. Two identical sections, front. and back, 
are needed. A number of 5-mum holes are drilled into both pieces at the points shown 
to clamp the twin lead. A pair of solder lugs is provided to make connections be- 
tween the antenna element and the transmission line (either twin lead or leads from 
abalun). The serews and nuts used to fasten the two halves of the insulator are made 
of nylon to prevent interaction with the antenna, 

‘Aside view is shown in Fig, 28-110. Note that the twin lead causes a gap that can 
catch water, It also makes it possible to break one or both insulators by overtighten- 
ing the nuts. In order to prevent this, a gasket of similar material is glued into the 
space as filler. The gasket material should be about as thick as the twin lead 

Ifyou opt for a balun transformer, then it can be wired to the downleg of the tee 
insulator using the holes that normally would clamp the twin-lead transmission line. 

‘An end insulator for twin-lead antennas is shown in Fig. 28-12. It is constructed 
ina similar manner to the center insulator. Two scenarios are possible. The first, and 
that used in a test antenna, is to make the clamping fixture from metal such as 3- to 
6-1 brass or copper stock. The ends of the antenna wires are shorted, so this is not 
a great problem. 

An end insulator is then used with a rope in the normal manner. A chain-link sec- 
tion is used to fasten the clamping fixture and the end insulator. I attempted this 
with a nylon chain link, about 1.5 X 2.5 in, from a do-it-yourself hardware store. It 
vwas only with a bit of difficulty that the ends were pulled apart, slipped into both the 
end insulator and the clamping fixture, and then reclosed. 

‘The second approach is to make the clamping fixture out of the same material as 
the center insulator. It then becomes the end insulator, so the other end insulator andl 
that cursed chain link can be ignored. If you opt for this approach, itis a good idea to 
smiooth and polish the rope hole on the clamping fixture to prevent chaffing of the rope. 


Masts and other supports for wire antennas 


‘The end supports of the antenna can be anything that provides height: a mast, a tree, 
or the roof line of a building. Figure 28-13 shows the use of a mast, but either of the 
other forms of support could be used as well. The support rope is not tied off at the 
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28-13 Mounting mast schemes, 


top, as is true in all too many installations, but rather is brought down to ground level. 
‘This approach facilitates raising and lowering the antenna for maintenance and tuning, 
Be sure to provide enough “dead slack” to make lowering the antenna feasible. 

‘The antenna support rope is connected to a spring on one end and a counter- 
weight on the other end, ‘The spring should be stout enough so that itis only slightly 
extended when the full weight of the antenna places it in tension. I have used door- 
springs for this task, but only the stoutest varieties. 

‘The counterweight should be just enough to balance the weight of the antenna 
and keep it not quite taut. As wind moves the antenna up and down, the counter- 
weight raises and lowers, thereby reducing the chances of straining the antenna 
wires to their limit, Any number of counterweights can be used. I have seen a num- 
ber of types: drapery cord weights, a small bucket of rocks, a gaggle of fishing 
weights, and (in one case) a burned-out automobile starter motor (the mounting 
hole on the front boss of the motor was ideal for accepting the rope). 

Figures 28-144 and 28-14B show two methods for making the connections at the 
top of the mast. Although eg@ insulators are shown here for the sake of fairness (the 
alternate form was shown earlier), either form can be used. A pulley is mounted on 
the top of the mast with a link section and a stout eyebolt that passes through the 
mount, In the case of a tree, I have used a steel band of the type used to mount TV 
antennas to house chimneys. By making the down rope a closed loop, you gain the 
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28-14 Two alternate pulley systems for wire antenna mounting, 


ability to raise and lower the antenna, But do not let a loose end slip, or you will be 
chasing the rope up the mast as it slips through the pulley. 

Pulleys work nicely, but they are mechanical contraptions that tend to fail ocea- 
sionally, When they fail, the rope gets stuck. Pulleys also can corrode rather badly, 
with the same end result, All in all, a pulley is not the best solution for most people. 

Figure 28-15 shows a better way. In this approach, a U-bolt is fastened to the top 
of the support mast. If the U-bolt is made of brass, then all the better, for it will not 
corrode. The rope can be passed through the U-bolt as in the pulley system but with- 
out the mechanical failure problem. Be sure to install the U-bolt all the way up to the 
threads so that the rope will not chafe against therm, 

‘The method shown in Fig. 28-16 can only be used by a horse lover! This method 
uses a brass stirrup in place of the U-bolt, If you have switched to cars or trucks and 
no longer need your horse stirrups, then perhaps this is a viable means of attaching 
the support rope to the top of the mast. 
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Installing vertical antennas 


Despite continuous (and mostly untrue) stories of very poor performance, the four- 
or five-band commercially manufactured trap vertical antenna remains one of the 
most popular amateur radio “antlers” in the HF bands. They are economical com- 
pared with directional rotating beam antennas, easy to erect, and do not have to oc- 
cupy a lot of real estate (the “footprint” of the vertical ean be very small, especially 
ifyou bury the radials), Unfortunately, a misinstalled vertical is both dangerous and 
a very poor performer. This section cavers both problems in order to give you a good 
chance of success. 


Electrical installation 


Figure 28-17 shows the usual form of multiband trap vertical antenna. Each trap 
(TR1-TR3) isa parallel resonant LC tank circuit that blocks a certain frequency but 
passes all others. In Fig, 28-17, 7R/ is the 10-m trap, TR2 is the 15-m trap, and TRI 
is the 20-m trap. No 40-m trap is needed because the antenna resonates the entire 
length of the tubing on 40 m, Each section (except perhaps the 10-m seetion) is ac- 
tually a little shorter than might be expected from the standard quarter-wavelength 
formulas. This is because the traps tend to act inductively and so lessen the length 
required to resonate on any given band. 

‘The vertical antenna manufacturer might give suggested lengths for the various 
segments between traps. Do not make the mistake of assuming that these are ab- 
solute numbers. They are only recommended starting points, even though the liter- 
ature packed with the antenna may suggest otherwise, Loosely (meaning do not 
tighten the clamps too much) but safely install the antenna, and then adjust each 
segment for resonance, Start with the 10-m band, and then work each lower-fre- 
queney band in succession: 10-15-20-40, ete. After each lower band is adjusted, 
recheck the higher bands to make sure that nothing has shifted, because there might 
bea little interaction between bands. Once the antenna is properly resonant, tighten 
the clamps, and make the final installation. I know this is a pain in the neck, and 
‘means putting the antenna up and taking it down a couple of times, but it pays divi- 
dends in the end. | failed to do this once and found that the 15-m band was useless; 
it resonated at 19.2 MHz. 

Radials make or break a vertical antenna; they form the ground plane for the an- 
tenna. AM broadcast stations typically use vertical antennas and must have 120 ra- 
dials for the ground plane, Antenna reference books usually contain a graph plotted 
to show the effectiveness of radials and demonstrate a decreasing return on invest- 
ment after about 32 radials, For amateur work, I recommend not less than 2 radials 
per band, and preferably 4, arranged so that they are equally spaced around the an- 
tena. If you cannot space them correctly, never fear; they will work anyway. On a 
four-band antenna, this means 16 radials, which really is not a lot. Of course, the gen- 
eral rule is that the more radials, the better is the antenna, at least up to the point 
where diminishing returns are realized. 

‘The radials are made of no. 14 wire and must be a quarter wavelength 
(246/F,,.). Figure 28-18 shows how to mount the radials on a mast-mounted (or 
roof-motinted!) installation, and Fig, 28-19 shows radials in a ground-mounted situa- 
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tion. I do not recommend radials on the surface for ground-mounted antennas. It is 
too easy for a guest or even a trespasser to trip over the radials, and this eould land 
you in court. Wire radials can be buried using a spade tip to cut a 3-to 4-in slit, and 
they even make for a better ground. 


Ground mounting verticals and masts 
In the preceding section, the essential assumption was that the antenna is mounted 
above ground, ona mast or other support. In this section you will take a look at the 
methods of ground mounting the antenna or its mast. The same mast ideas are also 
useful for erecting supports for dipoles and other wire antennas, 

Figure 28-20 shows a standard chain-link fence post used as a support for either 
a vertical antenna or a mast (which could be metal, PVC, or wood). The typical fence 
post is 1.25 to 2.00 in outside diameter and made of thick-wall galvanized steel. Thus 
such a pipe makes a tough installation, Some authorities believe that the pipe will 
last longer if painted its entire length (especially the underground portion) with a 
rust-inhibiting paint such as Rustoleurn. 
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28-18 Feeding the mast-mounted vertical antenna, 
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28-19 Feeding the ground-mounted vertical antenna. 


The beauty of the fence post as an antenna support is that itis relatively easy to 
install, and supplies are obtained easily from hardware stores, The post is mounted 
ina concrete plug set at depth D in the ground (see again Fig. 28-20). ‘The depth D 
is a function of local climate and local building codes. In the absence of local regula- 
tions to the contrary, make the hole at least 24 in deep (or more). The depth is de- 
termined by the 10-year depth of the frost line in your area, a figure well familiar to 
local building experts. Keep in mind, however, that shallower depths may be leg. 
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28-20 Fence post mounting 


fence posts, but installation of a vertical antenna (or mast) on top of the fence post 
changes the mechanical situation considerably. 

‘The hole can be dug with a post-hole digger tool or an earth-auger-bit tool. The 
latter often can be rented in either gasoline engine, electrical motor, or manual ver- 
sions from tool rental stores. 

Once the hole is dug, place about 4 in (or local requirement) of gravel at the bot- 
tom of the hole, This gravel can be bought in bags from hardware stores for small 
jobs. The post is installed at this point and made plumb (.e., it is made to sit vertical 
in the hole). Gravel can be used to force the post to remain upright: as the job is fin- 
ished. On top of the gravel is a concrete plug that fills the hole to at least 4 in below 
the surface. ‘The rest of the hole is backfilled with dirt, unless you want the plug to 
extend all the way to the surface, Do not put anything on top of the post for at least 
4 days or whatever period of time the concrete manufacturer recommends. Concrete 
needs time to cure, and 4 to 7 days seems to be the recommended period of time. It 
is probably a good idea to install the post one weekend and then complete the an- 
tenna installation the following weekend, 
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Chain-link fence posts tend to be about 4 ft high, and this is sufficient: for instal- 
lation of masts for inverted-V and dipole support. However, for vertical installation, 
make the height 7 of the post about 18 in (otherwise, the antenna tries to act differ- 
ently from the instructions). 

Ifthe antenna is a standard vertical with the usual form of offset base (as shown 
in Fig, 28-20), then use either the mounting brackets that come with the antenna or 
U-bolts fastened around the fence post. Never use a single mounting point; always 
use at least two-point mounting to prevent the antenna from pivoting and shearing 
off the mounting hardware, 

Figure 28-21 shows how to mount a2 x 4 mast to a fence post. Good-quality 2 
% 4 lumber can be purchased in lengths up to 20 ft, although, 8-, 10-, 12-, and 16-ft 
lengths are the most commonly available (in my area, 16- and 20-ft lengths have to 
be bought: at professional “contractor” lumberyards rather than those which serve 
homeowners). The 2 X 4 selected should be kiln-dried and pressure-treated. It also 
should be painted in order to minimize the effects of weathering on the mechanical 
integrity of the installation. Good-quality 2 x 4 lumber is relatively inexpensive, but 
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the less costly material (which is only marginally less costly than the best) will warp 
and ruin the installation within 1 year. 

‘The 2 4 is attached to the fence post using U-bolts. A2 X 4 serap is used as a 
wedge to take up the difference between the post and the mast. In some installations 
the U-bolt will go around the perimeter of the 2 x 4, whereas in others a pair of holes 
will be drilled in the 2 X 4 to admit the U-bolt arms. ‘The U-bolt must be at least ‘/- 
in no. 20 thread, and either a “/vin bolt or a °/-in bolt is highly recommend if the 
‘mast supports any significant weight. Some installers like to place a brick at the base 
of the 2 X 4, This support bears the static and dynamic loads (ie., gravity andl wind) 
that eventually would cause the mast to list because of the eccentric loading on the 
footer. The auxiliary purpose is to keep the butt end of the 2 x 4 off the ground and 
thereby prevent rot. Some additional mechanical stability might be afforded by re- 
placing the brick with a cinder block that is filled with conerete. Another approach is 
to install a pressure-treated 4 x 4 of the sort used to support decks (Fig. 28-22) 
Hardware stores and lumber yards sell the specially treated 4 X 4 posts and the eon- 
crete for the footers. These footers are dropped onto a gravel bed at the bottom of a 
hole (see the preceding section for a discussion of how deep the hole must be). A 
typical deck footer has a plastic or heavy-duty metal mount to support the 4 4. AE 
ter the footer and mount are installed, the hole is backfilled with soil. Some people 
prefer to backfill, at least to a point above the mount, with builder's gravel (of the 
same sort as used beneath the concrete footer), or concrete can be used for maxi- 
mur stability 


Installing towers 
Antenna towers are used extensively in amateur and cornmercial radio conmmunica- 
tions systems for a very obvious reason: Antennas tend to work better “at altitude” 
than on the ground. Amateur operators tend to install 30- to 100-ft towers, although 
the 40- and 50-ft models probably predominate for practical (and in some areas 
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legal) reasons. Local laws vary considerably, from one area to another. Be sure to 
consult the bureaucracy before erecting a tower. 

In my own area, a 30-ft tower that is physically attached to a two-story house 
does not need a permit or inspection (but must be constructed according to certain 
regulations), although anything mounted away from the house (or at a height 
greater than 30 ft, if attached to the house) requires a permit and the usual me- 
chanical inspection. The law requires that an inspection be performed when the hole 
for the footing is completed and 4 in of gravel is on the bottom. The inspector will 
take a yardstick and measure both the depth of the hole and the depth of the gravel. 
A final inspection is performed when the antenna is installed, Prior to all this mess, 
a permit must be obtained (which means drawings submitted). 

Several different types of towers are used by amateurs, Some are square-base de- 
signs, and others are triangular-base designs. At least one commercial model is a 
round pipe that has a rotator at the base, In this model, the entire tower turns when 
the antenna is rotated, Several tower configurations are seen commonly. Figure 28-23 
shows the fixed form of tower. This type of tower costs the least, and a case can be 
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made for it also being the most stable. It is made of 10-ft sections and an 8- to 12-ft 
top section that contains the thrust bearing for the antenna mast and rotator mount- 
ing platform, Some fixed towers are self-supporting up to a point, but the use of guy 
wires is always recommended unless a firm mounting point (against the side of a 
building, for example) is provided about 18 ft above the surface. The fixed tower cant 
be made to tilt over at the base by using a hinged baseplate on the mounting pedestal 

‘The tilt-over tower is shown in Fig, 28-24. This type of tower uses the same sort 
of construction as the fixed model but is hinged at a point between one-third and 
one-half the total height. A winch at the base drives a steel wire that is used to raise 
or lower the tower between fully extended and fold-over positions. 

Still another configuration is shown in Fig, 28-25. This type of tower is the slip- 
up variety. A wide base section supports a smaller movable upper section. A winch is 
used to lift the upper section into its fully extended position. Typical examples will 
raise from a low position of 20 ft, to a height of 40 ft or so when fully extended (or 
20/50 ft). When the tower is fully extended, it is locked into place at the bottom of 
the upper section with steel bolts. A lot of shear force is applied to these bolts, so it 
is wise to use several very hard stainless steel bolts for the lockdown, 

‘There is a serious danger inherent in the design of the slip-up tower: the guillo- 
tine effect. If the upper section comes loose while you are working on it, it will come 
plummeting down the shaft formed by the lower section and shear off any arms, legs, 
or other body parts that get in the way. Whenever you work on this form of tower, 
use steel fence posts (or similar pieces of metal) as a safety measure (Fig. 28-26); at 
least two should be used, and both should be attached securely at both ends with 


28-24 Fold-over tower. 
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rope, The purpose of the rope is to prevent the safety pipes from working loose and 
falling out. ‘These pipes are used in addition to, not instead of, the normal bolt fas- 
teners that keep the antenna tower erect. 

The antenna tower, regardless of its configuration, is typically installed on a 
buried pedestal made of conerete (Fig. 28-27). The construction must follow local 
Jaws, but there are some general considerations to keep in mind. The surface area of 
the pedestal is 242 to 362 in. The top surface is fitted with either a fixed or hinged 
baseplate (which must be installed before the concrete sets). ‘The depth of the 
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pedestal and the depth of the gravel base tend to reflect the local frost line. Regardless 
of how genteral local law is, good advice is to make the pedestal at least 28 in deep— 
even if local law permits less. 

Raising the tower can be accomplished by either of two methods, although, in 
my opinion, only one of them is safe. Figure 28-28 shows a method by which the 
tower is laid out on the ground and then raised witha heavy rope over a high support 
(such as the peak of the house roof). ‘This method is dangerous unless certain pre- 
cautions are taken. For example, a support must be placed beneath the antenna as 
it is raised. ‘This requirement means that a constantly increasing height of the tower 
demands a constantly increasing lower support. 

‘The end-over-end method of raising a tower is shown in Fig, 28-29. A “gin pole” 
is required for this job. The gin pole is a length of pipe fitted with a pulley at the top 
and a pair of clamps at the bottom. The gin pole is clamped onto the top end of the 
highest section so that it can be used to raise the next 10-ft section into place, where 
it can be bolted down. The gin pole is then raised to the top of the newly installed 
section, where the operation is repeated again. ‘The end-over-end method is pre- 
ferred by tower manufacturers and is the method recommended by most of them, 

‘The antenna tower will be most stable if guy wires are installed at appropriate 
places determined by the tower mannfacturer. Although many people are inclined to 
install towers “free standing” and some towers are advertised as such, it is always 
good practice to use guy wires attached to at least one point (or more, for tall tow- 
ers). Use at least four guy wires on a square tower or three on a triangle tower (one 
in each direction). Figure 28-30 shows two methods for securing the guy wires to the 
ground. One approach is to bury a heavy conerete or metal “deadman” weight un- 
derground. Alternatively, use at least one 4- to 6-ft pipe (1 to 1.5-n in diameter) 
buried up to a length of 12 to 24 in (18 in is shown in Fig. 28-30). 

Note It is absolutely essential to use safety belts when climbing a tower. Use 
two belts that are completely independent of each other so that no “single-point fail- 
ure” can eliminate the belt's function. Always keep one belt fastened to the tower; 
when climbing, unhook one belt and move it up on the tower, and then disconnect 
the other only when the first is reattached. Be sure to inspect the belts prior to use. 
Leather and metal wear out and break, and you do not want to find that failure at 50 
ft up. Also, do not buy cheap belts. 
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Figure 10. Illustration of full-duplex, compared to FDD and TDD. 


Figure 11. Illustration de multiplexing power domain NOMA 


Figure 12. Centralisation of the control plane in a software-defined network... 


Figure 13. Illustration of CloudRAN network architecture... 
Figure 14. SG PPP vs. 3GPP and ITU roadmaps 


Figure 15. Millimetre wave frequencies identified at WRC-15... 


Figure 16. Timeline of IMT developments and deployments 


Figure 17. Stages and expected deadlines for IMT-2020.. 


Figure 18. WP 5D work programme... 


Figure 19. Roadmap for 3GPP standardisation groups. 


Autorité de régulation des communications électroniques et des postes ayat 


29 


CHAPTER 


Grounding the antenna: 
What is a good ground? 


‘THE SUCCESS OF FAILURE OF A RADIO ANTENNA SYSTEM OFTEN (PERHAPS USUALLY) 
hangs on whether or not it has a good RF ground, Poor grounds cause most anten- 
nas to operate at less than best efficiency. In fact, it is possible to burn up between 
50 and 90 percent of your RF power heating the ground losses under the antenna, in- 
stead of propagating into the air. Ground resistances can vary from very low values 
of 5 O, up to more than 100 @ (5 to 30 Q is a frequently quoted range). RF power is 
dissipated in the ground resistance. The factors that affect the ground resistance in- 
clude the conductivity of the ground, its composition, and the water content. The 
ideal ground depth is rarely right on the surface, and depending on local water table 
level might be a couple meters or so below the surface. 

Itis common practice among some amateur radio operators to use the building 
electrical ground wiring for the RF antenna ground of their station, Neglecting to in- 
stall an outdoor ground that will properly do the job, they opt instead for a single 
connection to the grounded “third wire” in a nearby electrical outlet. Besides being 
dangerous to work with, unless you know what you are doing, this is also a very poor 
RF ground. It is too long for even the low RF bands, and radiates RF around the 
house in large quantity. Stations that use the household electrical wiring as the radio 
ground tend to cause TV interference, broadcast interference, and other electro- 
magnetic interference both in their own building and in nearby buildings, 

Fortunately, there are some fixes that will help your situation, We can reduce 
the ground resistance by either altering the composition of the earth surrounding the 
ground point, or by using a large surface area conductor as the ground point. 

Figure 20-1 shows the traditional ground rod used on small radio stations, in- 
cluding amateur stations. Use either a copper (or copper-clad steel) rod at least 6 ft 
long (8 ft preferred). Electrical supply houses, as well as amateur radio and eommmu- 
nications equipment suppliers, also sell these ground rods. Do not use the nonclad 
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steel types sold by some electrical supply houses. They are usable by electricians 
when making a service entrance ground on your home or workplace, but RF appli- 
cations require the low skin resistance of the copper-clad variety. The rod need not 
bbe all copper, because of skin effect. forcing the RF current to flow only on the outer 
surface of the rod. Try to use an 8-ft rod if at all possible, because it will work better 
than the shorter kind. Do not bother with the small ‘TV-antenma 4-ft ground rods; 
they are next to useless for HF radio stations, Drive the ground rod into the earth un- 
til only 6 in or so remains above the surface. Connect a ground wire from your 
station to the ground rod. 

‘The ground wire should be as short as possible. Furthermore, it should be a low- 
inductance conductor. Use either heavy braid (or the outer conductor stripped from 
RG-8 or RG-11 coaxial cable) or sheet copper. You can buy rolls of sheet copper from 
‘metal distributors in widths from 4 in up to about 18 in. Some amateurs prefer to use 
‘Tin-wide foil that is rated at a weight of 1 Ib/linear ft. Sweat-solder the ground wire 
to the rod. You can get away with using mechanical connections like the electricians 
use, but you will eventually have to service the installation when corrosion takes its 
toll, I prefer to use soldered connections, and then cover the joint with either 
petroleum jelly or acrylic spray lacquer. 

Another alternative is to use a copper plumbing pipe as the ground rod. The pipe 
can be purchased in 8-ft through 16-ft lengths from plumbing supply shops or hard- 
ware stores. The pipe selected should be }in or larger. Some people report using up 
to 2-in pipe for this application. ‘The surface area of the hallow pipe is greater than 
that of a solid rod of the same diameter. Because of certain current flow geometries 
in the system, however, the ground resistance is not half the resistance of a rod af 
the same diameter, but is nonetheless lower. 

Driving a long pipe into the ground is not easily done, Unlike the copper-clad 
steel rod, the pipe has no compression strength and will deform when you hit it 
with a hammer or other driving tool. To overcome this problem (see Fig. 29 
you can use a garden hose as a water drill. Sweat solder a tee joint on the top end 
of the pipe, and then sweat-solder a faucet fitting that matches the garden hose 
end on one end of the tee joint. Cap off the other port of the tee joint, Use the tee 
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joint as a handle to drive the pipe into the ground. When water pressure is ap- 
plied, the pipe will sink into the ground as you apply a downward pressure on the 
tee handle, In some cases, the pipe will slip into the ground easily, requiring only 
a few minutes. In other cases, where the soil is hard or has a heavy clay content, 
it will take considerably greater effort and more time. When you finish the task, 
tum off the water and remove the garden hose, Some people also recommend 
unsoldering and removing the tee joint 


Altering soil conductivity 


‘The conductivity of the soil determines how well, or how poorly, it conducts electri- 
cal current (Table 29-1), Moist soil over a brackish water dome conducts best 
(Southern swamps make better radio station locations), and the sand of the western 
deserts makes the worst conductor. Figure 29-3 shows a method for reducing the 
soil electrical resistance by treating with one of two chemicals: copper sulfate or 
common rock salt. The rock salt is one of several salt materials used for snow and ice 
‘melting in snow-prone areas of the country. If you cannot locate rock salt in a hard- 
ware store, then look for a store that sells ice-cream-making supplies. Rock salt is a 
principal ingredient in the process (but not the product), 
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‘Table 29-1, Sample soil conductivity values 


Dielectric _ Conductivity Relative 

‘Type ofsoil constant (siemens /meter) _ quality 
Salt water al 5 Best 

Fresh water 80 0.001 Very poor 
Pastoral hills 14-20 0.03-0.01 Very good 
Marshy, wooded 12 0.0075 Aversge/poor 
Sandy 10 0.002, Poor 

Cities, 36 0.001 Very poor 
4-to Bain 
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29-38 ‘Trenching pattern, 


Figures 2 id 20-38 show side and top views (respectively) of a slit trench 
method of applying the chemical treatment, Dig a 6- to 10-in-deep trench, about 12 to 
24 in from the ground rod. Fill that trench with a 4- or 5-in layer of rock salt. or copper 
sulfate. Cover the remaining depth with soil removed when you dug the trench, Water 
the trench well for about 15 minutes, The treatment will need to be repeated every 12 
to36 months, depending upon local rainfall and soil composition. 

Figure 29-30 shows an alternative method: the salt pipe. Use either copper or 
PVC plumbing pipe, up to 4 in diameter (although 2 to 3 in is easier to work). The 
overall length of the pipe should be at least 18 to 24 in, although longer is useful. 
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Drill a large number of small holes in the pipe (no hole over % in), sparing only the 
end that will be above the surface, Fill with rock salt or copper sulfate and cap off 
both ends. 

Install several salt pipes around the ground rod. Installation is best accom- 
plished with a fence posthole digger. Drop the salt pipe into the hole and backfill 
with water. Remove the top endeap and hose down for about: 15 minutes. Refill the 
pipe occasionally to account for the salt leaching out 


Multiple ground rods 


‘The key to a low-resistance ground is the surface area in contact with soil, One means 
for gaining surface area, and thereby reducing ground resistance, is to use multiple 
ground rods, Although multiple 4-ft rods are better than a single 4-f¢ ground rod, the 
use of 6- or $-ft rods is recommended even in cases where multiple rods are used. 

Figure 29-44 shows the use of three ground rods in the same system. ‘The 8-ft 
rods are placed 12 to 18 in apart for low- and medium-power levels, and perhaps 
30 in for higher amateur power levels. An electrical connection is made between 
the rods on the surface using either copper stripping or copper braid. The con- 
nections are sweat-soldered in the manner deseribed above, with the feedpoint at 
the center rod. 

Figure 29-4B shows a more complex system with a larger number of rods laid 
out in an array. ‘The rods are arrayed about 24 in apart. As in the previous case, the 
rods are electrically connected (by braid or foil) on the surface, Again, connection to 
the system is made from the rod at the geometric center of the array. 


Radials/counterpoise grounds 


‘The effectiveness of the ground system is enhanced substantially by the use of ra- 
dials either above ground or buried under the surface. Figure 29-5 shows a vertical 
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antenna with three different forms of radials: aboveground, subsurface, and ground 
rod. It isnot unreasonable to use both radials and a ground rod. Note (from Chap. 7) 
that vertical antennas are relatively ineffective unless provided with a good ground 
system, and for most installations that requirement is best met through a system of 
ground radials, 

An effective system of radials requires a large number of radials. Although as few 
as two quarter-wavelength resonant radials will provide an improvement, the best per- 
formance is to use more, Broadcasters in the AM band (550 to 1640 kHz) are advised 
to use 120 half-wavelength radials. Installing more than 120 radials is both expensive 
and time-consuming, but does not provide any substantial improvement, For amateurand 
small commercial stations, use a minimum of 16 quarter-wavelength radials 

Above ground, the use of insulated wire is recommended, but not required. Be- 
low ground, noninsulated wire is preferred. Although some sources claim that any 
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ize wire from no, 26 up to no. 10 can be used, it is best to use larger sizes in that 
range (Le.,no. 14 through no. 10). Either solid or stranded wire can be used. 

‘The layout for a system of radials in a vertical antenna system is depicted in a 
view from above in Fig. 29-6. Here, the radials are laid out in a uniform pattern around 
the antenna element. This coverage provides both the lowest resistance and the best 
radiation pattern for the antenna, Solder all radials together at a corumon point, 
which might be the ground or mounting rod used to support the vertical antenna. 


Station grounding 


It does no good to provide a topflight ground system, such as those shown earlier in 
this chapter, if the connection between the station equipment and the ground sys 
tem is substandard. Figure 29-7 shows a method used by the author to good effect. 
On the back of the operating position is a sheet of copper, 7 in wide, running the 
length of the equipment platform. This form of copper, in the 1-Ib/sq ft weight, is 
used on older houses for roofing flashing, Each piece of equipment is connected to 
the ground sheet through a short length of braid harvested from RG-8 or RG-11 
coaxial cable shield. RF accessories, such as the low-pass TV interference filter (if 
used—it should be) are mounted directly to the copper sheet. In one installation, the 
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29-6 Radial pattern. 


author was able to drop the copper sheet down from the table to connect directly to 
the ground system outside the building, The run was less than 40 in, But in other 
cases, a short length of braid wire will be more practical, 


Tuning the ground wire 


An alternative that some operators use is the ground wire tuner. ‘These instruments 
insert an inductor or capacitor (or a LC network) in series with the ground line, You 
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Equipment 


FS Amplitier 


[Low-pass filter [Spout filter 


29-7, Ground system inside shack. 
‘Tin. wide 

Tlbisq 

copper sheet 


S. 
To 
ground rod 


adjust the ground line tuner for maximum ground current at the operating fre- 
quency. MFJ Electronics, Inc., Mississippi State, MS, makes one of these devices. 


Conclusion 


A high-quality, low-resistance ground might seem costly to install, but in reality it 
pays rich dividends in the functioning of your antenna. Don't overlook the quality of 
the ground, or you might be in the position of being penny wise and pound foolish. 
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A 

absorbed power (P_), transmission 
lines, 113-114 

absorption of microwaves, 38 

“Adcock antennas, 446-447, 448, 
449 

Adeoek, F., 446 

adjustable plunger or short-cireutt 
‘termination, microwave wave~ 
guides and antennas, 388, 388 

adjustinent techniques (See mea- 
surement and adjustment 
‘veclniques) 

admittance, 100, 105, 112-114 

air core frame loops (*box" loops), 
903-808, B04 

sirarticulated line, 62-63, 68 

airborne radio, 

-Alexanderson alternators, 2 
aluminum ys. copper radiators, in 
high-frequency dipoles and 

doublets, 154 

AM radio, 47, 55 

Beverage or “wave” antenna in, 
‘224-228, 226, 228, 229 

vertically polarized HF antennas 
in, 186 

radio direction finding (RDF) 
antennas in, 439 
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AM/FM broadeast antenna tower, 4 
amateur radio, 2, , 29, 4, 55 
Joop antennas, simall receiver-type 
in, 302 
‘multiband and tunable-wire 
antennas in, 203 
vertically polarized HF antennas 
in, 176, 179, 186 
arumeter, 590, 530 
amplifier, for loop antennas, small 
receiver-type, 13-316, 316 
amplitude modulation (AM), 2, 8,29 
angle of ineidence, 16, 16 
angle of radiation, 50, 214, 274, 274 
angle of reflection, 16, 16, 75 
angle of reflection coetTicient, 108, 
106, 112 
angle of transmission coefficient 
circle, Smith charts, 108, 106, 
angled or bent dipole antenna, 
15-287, 240 
antenna matching tuner, 
antenna noise te 
4T-A20 
antenna tuning unit (ATU) (See 
‘also tuning), 463-464, 464, 
465 
in (V2 large loop antennas, 287 
in high-frequency dipoles and 
doublets, 152, 172 
in longwires, 214 
in multiband and tunable-wire 
antennas, 210 
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antenna tuning unit (ATU) (Cont): 
in vertically polarized HF 
antennas, 173 
antinodes, 87 
aperture and aperture (slot) cou- 
pling, waveguides and anten- 
nas, 390-303, 398, 402-103 
apex angle, shombic beam long- 
wite, 223 
approximation, in high-frequency 
dipotes and doublets, 142-143, 
arcing, 233 
Armstrong oscillator circuit, 313, 
315 
array antennas 
branch feed systems for, 409, 412 
corporate feed systems for, 408, 
412 
‘atplate array antennas, 411, 413, 
414, 415 
phase shifting in, 400,412, 413 
slot array antennas, 411-419, 418 
solid-state array antennas in, 
408-411 
\Watson-Watt Adcock array anten- 
nas, 447-450, 449, 450 
astronomy (See radio astronomy 
antennas) 
atmospheric layers andl radio prop- 
‘gation, 14-16, 15, 18, 
40-434 
atmospheric pressure vs, radio 
propagation, 25, 
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attenuation, 9-10, 28, 82, 96, & 
3T7 

attic-installed antennas, 282-234, 
233 


auroral propagation, 4 

‘automatic lead control (ALC), 515, 

azimuth aspect, high-frequency 
dipoles and doublets, 147 


B 
Dacklobes in microwave wave- 
guides and antennas, 400, 400, 
401 
backscatter, 52 
balanced transmission line, in 
‘multiband and tunable-wire 
antensias, 208-209, 209 
(See also baluns) 
baluns: 
‘coaxial cable, 465, 466 
{in directional phased vertical 
antennas, 249 
in high-frequency dipoles and 
doublets, 155, 171, 171 
in longwires, 171, 171 
‘multiimpedance, 476, 477 
in multiband and tunable-wire 
antennas, 208-209, 208, 210 
strain relief for, 53-554, 554 
tapped, 476, 477 
in VHE/UHF transmiting/ 
receiving antennas, 341-946, 
342, 343 
bandh, 
{in loop antennas, smal transmitter 
type, 320-821, 220 
in VHF/UHF transmitting/receiving 
antennas, 389 
basic radio aystem, 515, 516 
battery chargers/battery packs, 
126, 493-104, 494 
beam antennas: 

‘cubical quad beam antennas, 
263-267, 264, 266, 267 
inverted bobtail curtain (Thome 

array) antenna, 267-269, 268, 
269 
‘quad beam VHE/UHF antenna, 
856, 958, 359 
VHP/UHE transmittingtecelving 
351, 352 
262, 259, 265, 
351, 252 
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beam antennas (Cont): 
‘AL-special bean antenna, 20-1, 
262-263,262 
beamwidth: 
mlerowave waveguides and 
antennas, 400, 400, 401 
parabolic “dish” antennas, 407 
bends in microwave waveguides 
‘and antennas, 388-390, 389, 
390 
bent dipole antenna, 236-287, 240 
Beverage or "wave" antenna, 
224-228, 226, 228, 229 
‘grounding of, 227-228, 228 
Installation of, 228 


rnaxinum effective length (MEL) 
in, 297 
steerable notch Beverage 
antennas, 229, 229 
Beverage, HLH, 225, 
Binns, Jack, rst maritime radio 
distress call, 1-2 
bidiectionality ofloopsticks in 
RDF antennas, 441 
bisquare loop large antenna, 
296-207, 297 
boundary conditions in microwave 
‘waveguides and antennas, 
5-76 
“bowtie” dipoles, 154, 195, 156, 
361, 
“box” loops, 303-305 
branch feed systems for array 
‘antennas, 409, 412 
bridges: 
Impedance bridges, 519-521, 520, 
521 
noise bridge, 521-522, 621, 522, 
523 
RF noise bridge, 5 
RF power measurement using, 
2, B82 
British Broadcasting Corporation 
(BBC), 54 
broadiand impedance matehing, in 
high-frequency dipoles and 
doublets, 146 
broadtanded dipoles, 154-157 
broadside radiation pattern in 
directional phased vertical 
antennas, 246 
Brooke, EP, 209 
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burn or shock hazard through, 
‘antennas, 191, 195, 215, 
279 
Byme, John, 209 


e 

cable TV, 67 

cage dipoles, 164, 155, 167, 157 
call signs, 3 

capacitance, 126, 138, 526-627 


‘ecasial cable, 69 
Joop antennas, sna receiver. 
type, 317 
Joop antennas, small transmitter 
type, 821 
‘transmission lines, 64 
capacitance tuning af laop 
antennas, small receiver-type, 
307-00 
capacitive (probe) coupling in 
‘microwave waveguides and 
antennas, 390-893, 392, 
capacitive antennas, 126 
capacitive reactance, 140 
in high-frequency dipoles and 
doublets, 143, 
inwpedance matching and, 458 
using Smith charts, 100, 102, 
ig 
capacitors, 124-126, 124 
in longwires, 215, 
in loop antennas, small receiver- 
type, 804, 307-309 
in loop antennas, simall transnitter- 
type, 220, 921 
in Yagi antennas, 
ceardioid radiation pattern of sense 
antenna in RDF antennas, 441, 
442 
tesian coordinate system used 
In modeling software, 828, 329, 
330 
(Cassegrain feed for parabolic “dish” 
antennas, 408-409, 409 
cavity antennas, 404, 405 
center insulators, 548-550, 549, 
550, 551 
characteristic impedance (%, 
of Beverage antenna, 226 
of longwires, 223 
of microwave waveguides and 
antennas, 383-384 
of transmission line, 64-67, 89 
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charge, 124126, 124, 12% 
151-187, 182, 183 
charged solar particles vs. propaga 

tion, 3 
choke joints in microwave wave 
guides and antennas, 389, 390 
‘circular loop transmitter antenna, 
923 
Citizens’ Band (CB) radio, 29, 48, 
166, 176, 191, 841, 496 
‘coaxial cable, 59, 61-62, 61, 62 
baluns, 405, 466 
capacitance in, 69 
characteristic impedance of, 
ceonsial vertical scanner antenia 
using, 265-368, 367, 368 
cutoff frequency (F.) of, 69 
doping out, 437488 
Faraday connection in, 918 
Faraday shield in, 318 
length of, calculating, 498 
oop antennas made using, 318, 
318, 
losses in, 969, 438 
‘matching section of, quarter: 
wavelength coax, 292, 
‘multiband and tunable-wire 
antennas and, 208 
testing, 437-438, 487, 438 
velocity factor (V,) of, 248 
vertical coax VHF/UHF antenna, 
S469, 347, 348 
‘coaxial vertical antenuias, 191-194, 
192, 193 
coaxial vertical seanner antenna, 
365-888, 367, 368 
ceachannel interference in loop 
antennas, stall receivertype, 
302 
call-loaded mobile antenn 
480-481, 480 
collinear “Franklin” array antenna, 
165-166, 166 
collinear vertical VHE/UHF 
840,950 
commercial operators, multiband 
and tunable-wire antennas, 208 
complex admittance, Smith charts, 
105 
complex conjugates in impedance 
‘matching, 458 
CONALRAD station frequencies, 
499 


‘ana, 
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conductance of transmission lines, 
64 
conductivity of soi, 
cone of silence, 17 
constant reactance cireles, Smith 
charts, 100-105 
constant resistance circles, Smith 
charts, 77-100, 99 
construction tectiniques (See in 
stallation and construction 
techniques) 
constructive interference, 19 
continuous loading in low- 
frequency operation antenn: 
503, 504-505, 506 
continuous wave (CW), 55 
‘continuous wave trains, 7,7 
coordinate system to denote 
dimensions in microwave wave 
guides and antennas, 376-877, 
377 
coordinate system used! in model- 
Ing software, 328, 329, 330 
copper plumbing pipes as ground 
rod, 574 
copper sulfate to alter soll conduc 
tivity, B75-576 
copperweld wire, 214 
core material of transformers, 474 
comer reflector antennas, 404, 
405, 406 
corona effects, 29 
conporate feed systems for array 
antennas, 409, 412 
cosmic radiation noise, 97 
counterpoise grounds, 577-579, 
579 
in emergency operations antennas, 
487-188, 488 
in longwire, 170-172, 171 
coupling loop antennas, 806-307, 
306 
‘coupling methods for micros 
Waveguides and antennas, 
890-893 
CQDICQE distress calls, 2 
critical angle, 48 
critical frequeney (F.), 43,44 
cross-polarization, 13 
‘cubical quad beam antennas, 
263-267, 264, 266, 267, 421 
current, 123, 126, 128, 129, 
131-187, 182, 183 
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current (Cont): 
in directional phased vertical 
antennas, 248 
in (42 large loop antennas, 289 
in high-frequency dipoles and 
doublets, 143-145, 143. 
in loop antennas, large designs, 
299 
in Joop antennas, 
type, 299 
in oop antennas, 
type, 320 
standing wi 
137, 139 
in vertically polarized HF antennas, 
173,174 
{in toop antennas, small transtnitter- 
type, 323 
‘current standing wave ratio 
CISWR), 88 
current transformer wattmeter, 
54-538, 585, 536, 597 
cutoff frequency (F 
in microwave waveguides and 
antennas, 381-83 
in parabolic “dish” antennas, 406 
ceyeles per second, 7 


D 
D layer of ionosphere, 41, 42, 46, 
5 
D oop (14) large antenna, 
290-203, 201 
darmping, 6 
dead zones, 23, 
Dellinger fade, 46-47 
delta feed mateh systems: 
in low-frequency operation 
‘antennas, 507, 509 
in VHF/UHF transnitting/receiving 
antennas, 343, 344, 
delta loop (14) large antenna, 
290-203, 291, 295 
delta-fed grounded vertical 
antenna, 200-201, 200 
\demiquad! loop large antenna, 299, 
204 
depth wound loop antennas, small 
receivertype, 303 
design equations for loop antennas, 
small ranstuitter-type, 
21-22 


destructive interference, 19 


small receiver 


small transmitte 


ves of, 134, 1385, 136, 
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‘diamond loop (14) large antenna, 
290-2083, 201 

dielectric constants, 198 

dielectric loss, 369 

dielectric properties of air, 20-90, 
30 

diffraction, 16-17, 17, 32-3 

ip oscillator/aip meter, 52 
527, 528 

dipoles and doublets, 141-172, 14 

‘aluminum vs. eopper radiators in, 


1 

angled or bent dipole, 296-237, 
240 

antenna tuning unit (ATU) for, 


152, 172 

approsiination of, 142-143, 

atte installation of, 

azirwuth aspect of, 147 

baluns in, 155, 171, 171 

“bowtie” dipoles in, 154, 155, 156, 
361, 

broadband impedance matching 
in, 146 

broudbanded dipoles in, 154-157 

cage dipoles in, 154, 155, 197, 187 

capacitive reactance in, 143 

center insulatora, 548-550, 549, 
550, 551 

collinear “Franklin” array antenna 
in, 165-166, 166 

counterpoise Iongywire in, 
170-172, 171 

ceurtent in, 143-146, 148 

directivity in, 146-247 

double dipotes in, 160 

double extended Zepp antenna in, 
164-165, 165 

drooping dipole scanner antenna 
in, 363, 968, 

electrical vs. physical length of, 
M1, 142-143, 149-151, 160, 
162 

emergency operations antennas, 
490, 490 

fend oF egg insulators, 551-553, 
553. 

feedpoint in, 143-146, 256-257, 
237 

floor anges mounting hardware 
in, 256 

folded dipole, 154-155, 156, 36: 
‘962, 554-556, 585, 556 


M238 
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dipoles and doublets (Cont) 
ln tn, 146-147 
‘ground plane verticals in, 1 
Height of antenna vs. radiation 
patterns in, 148-149, 148 
height of antenna vs. resistance in, 
145-146, 145 
Iidden and imited-space antennas, 
209-234, 298 
high models of, 160 
high-frequency dipoles and 
doublets, 141-172, 142, 
Impedance and impedance mateh- 
ing in, 143-146, 149, 151-1 
155, 297 
lnuduetive reactance in, 143, 157, 


installation plan for, 652 
insulators for, 141 
549, 550, 551, 5 
Inverted-vee dipole in, 15: 
153, 490-401, 491 
Jsotropie radiation in, 146 
length of, 141, 142-143, 149-151, 
160, 7 
Inited-space designs for, 236-244 
loading coils in, 157-160, 157 
losses in, 143-146 
rmlerowave waveguides and anten- 
nas and, elements of, 896-398, 
397, 399 
mounting of, 141, 233, 256 
multiband fan dipole in, 169-170, 
170 
off-center fed full-wave doublet 
(OCED) in, 163, 163 
off-center fed norwesonant sloper 
(OCFS), 164, 164 
onic loss in, 143-146 
‘ominidieetionality of, 146, 
phase reversal stubs in, 165 
(Q-lactor in, 160 
Q-sections in, 148, 
uliation pattems of, 146-152, 
a7 
radiation resistance in, 143-146 
uliators of, 141 
reactance in, 143 
resistance in, 143-146, 145 
janee in, 143, 149-151, 150, 
7 
shombie inverted-vee antenna in, 
169, 169) 
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dipoles and doublets (Cont, 

right-angle flange mounting hard- 
ware in, 256 

RLC networks and, 143 

rotatable dipole antennas, 
242, 255-257, 257 

shortened col-loaded dipoles in, 
157-100, 158 

shortwave reception antenuas, 


sloping ('sloper" or “sipale”) 
dipole in, 153-154, 154, 155, 
236, 288 
space diversity in, 160) 
stacked dipoles in, 160-168, 162 
stagger tuning of, 157 
standing waves andl standing wave 
ratio (SWR) in, 144 
train relief in, 553-54, 54 
support ropes for, 551 
three-<imensional (ideal) radia 
ton pattern of, 147-148, 147 
tilted, center-fed, terminated, 
folded dipole (TCFTED or T + 
24FD, TTFD) in, 166-168, 
transformers for, 146 
‘tunable dipoles in, 160 
‘tuning of, 149-152 
vee dipoles, 236, 289 
vee-sloper antenna in, 168-16} 
168 
vertical dipole scanner antena in, 
364, 364, 365 
vertical plane radiation pattern of, 
148-149, 148 
voltage in, 143-146, 143 
voltage standing wave ratio 
(VSWR) in, 144, 146, 149.151, 
150, 160 
‘wavelength measurement of, 
1-14 
wire antenns 
548 
Zepp antenna in, 164-165, 165, 
aL 
direct vs. reflected space waves, 
17-19, 18, 
direction of radio waves, 54 
directional array, 260-degree 
phased, 250-254, 


basic design, 548, 


258, 254 
directional beam antennas, 
55-260 
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directional beam antennas (Cont. 
cubical quad beam antennas, 
17, 264, 266, 267 


effective radiated power (ERP) in, 
255 

electromagnetic interference 
(aM, 2 

feedpoints, 256-297, 257 
2601-261, 261, 263, 265 

floor flanges mounting hardware 
in, 258 

sanunia mateh feed system for 
180-261, 261 

insulators, 256 

inverted bobtail curtain (Thome 

) antenna, 287-269, 268, 


length of, 255-257, 259-260 
mounting of, 256 


‘quad loop antennas in, 269-267, 
264, 266, 267 

right-angle lange mounting hard- 
ware in, 256 


rotatable dipole as, 255-257, 287 
Yagi antennas as, 257-282, 259, 
265 
Yagi-Uda antenna as, 
‘ZL-special beam antenna, 20-1, 
(3.262 
directional discontinuity ring radia- 
tor (DDIR) antenna, 424-4 
426.4270 
directional phased vertical antennas, 
245-254 
broadside 
in, 246, 
current in, 248 
iiectivity of, 246-250 
effective radiated power (ERP) in, 


uation pattern 


245-246 

feed phasing table for, 25at 

feedpoint in, 247-248, 247, 248 

Tength of, variable lengths in, 
148-240, 249 

noise in, 245 


‘omnidireetionality of, 245 

phase-shifting circuit for, 252 

phasing in, 246-250 

phasing switch in, 249-250, 25 

radiation patterns in, 246-250, 
246, 247 

signal-to-noise ratio (SNR) in, 246 
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directional phased vertical 
antenuias (Cont) 
360-degree directional array, 250, 
253, 2541 
three-element, 250, 258 
transformers in, 249-250, 250, 
251 
‘wo-port phasing transformer for, 
249-250, 250, 251 
velocity factor (V,) of coax in, 248 
directional wire antenna, for short- 
Wave reception, 281-286, 284 
directivity: 
in directional beam antennas, 
in directional phased vertical 
antennas, 246-250 
in high-frequency dipoles and 
doublets, 146-247 
in microwave waveguides and 
antennas, 395, 397, 398-408, 
400 
in shortwave reception antennas, 
27a 
in VHF/UHF transnitting/teceiving 
antennas, 49) 
directivity gain (G.,) in microwave 
Waveguides and antenmas, 
401-102 
directors, Yagi antennas, 258-259 
directrix, parabolic “dish” antennas, 
40 
discrete loading in low-frequency 


operation antennas, 608, 
5DL-5I 

dish antennas (See parabolie “ish 
antennas) 


distance between antennas, 28 
distance calculation, for radio, 
27,26 
distress calls, 2 
distributed capacitance, 
antennas, 
1 
disturbance, ionospheric, 45-47 
diurnal (See time-of-day 
variations) 
diversity propagation/reception, 
55-58, 57, 58, 160 
dominant mode in microwave 
waveguides and antenmas, 
Es 
Doppler antennas, 450-451, 451 
double dipotes, 160 
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double ducky direction finders 
(DDDF), 455-456, 455, 

double extended Zepp antenna, 
164-165, 168 

double vee longwire antennas, 223 

double-shielded coaxial, 63, 68 

doublet antennas (See high 
frequency dipoles and doublets) 

drooping dipole scanner antenna, 
363, 363 

drooping dipole rauttiband 
antennas, 205 

“drooping radials,” in vertically po- 
Jarized HP antennas, 176, 17 

ducting, 29-91, 81, 36 

dummy loads, 385-388, 386, 
‘40-542, 540, 641, 542 

Xing using loop antennas, small 
receiverype, 311-313 


E 

E layer of ionosphere, 41, 42, 46 

effective aperture (A,), 11, 394, 
407 : 

effective Earth's radins factor (K 
factor), 23-27 

effective height of antennas, 304 

effective radiated power (ERP), 45 

in directional beam antennas, 

{in directional phased vertical 
antennas, 245-246 

in microwave waveguide 
antennas, 401 


id 


in VHE/UHF transnitting/receiving, 
antennas, 349 
efficiency, in loop antennas, small 
1 


transmittertype, 
2-feld components, 27 
electric Held, 128, 124-1 
127, 128) 
in longqwites, 219 
in microwave waveguides and 
antennas, 383, 895-396 
in vertically polarized HF antennas, 
17a 
electrical installation, vertical 
antennas, 560-561 
electrical vs. physical length, 
137-140, 189 
of high-frequency dipoles and 
doublets, 141-143, 149-181, 
160, 162, 
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‘electrical vs. physical length 
(Cont9: 
impedance matching and, 
470-471 
of longwires, 213-2 
1 
of transmission line, 67-68 
electromagnetic Helds, 8-16, 9, 
123, 135-127 
electromagnetic interference 
(EMD, 268 
‘electromagnetic radiation ys. prop- 
gation, 29 
electromagnetic waves, 
electrostatic fields/discharge, in 
Tongwires, 219 
eleven-year cycle of radio propaga- 
tion, 46 
EM Scientifie, 391 
‘emergency operations antennas, 
485-403 
battery packs for, 493-494, 494 
coumterpoise ground plane for, 
487-18, 488 
uipoles in, 480, 490 
‘grounding and ground systems 
Tor, 487-488 
Increasing signal strength from 
portable/mobile stations for, 
486 
Inverted-vee dipote in, 490-491, 
491 
‘mobile antennas and, 486-487, 
487 
‘mounting of, on vehicles, 491-492 
‘multiple radials from vehicle- 
‘mounted antenna for, 488, 489 
radial-o-mobile-antenna cone 
ton detail in, 488, 489 
repeaters and, 487 
telescoping antennas for, 491 
temporary antenna construction 
Tor, 487-488, 488 
temporary mast mount for, 492, 
493 
‘VHF band for, 487 
end effect, 138-139 
fend or egg insulators, 551-559, 558 
end plates/end terminators, in 
inerowave waveguides and 
antennas, 385, 388, 388 
‘eni/-fed longwire, 21 
cend-fed Zepp antenna, 


14, 217-219, 
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environmentalinatural noise 
(QRN), 245 

erecting antennas safely, 543-548 

escape angle, 48 

ether, 8 

Everett, WL, 209 

Expert MiniNEC modeling soft- 
‘ware, $31 

EZNEC for Windows modeling saft- 

131, SS1-397, 335, 336, 


EZNEC Professional modeling soft- 
ware, 329 


F 
F layer of fonosphere, 41-43, 42, 46, 
fading, 35-96, 85, 55-58, 55 
Dellinger fade, 46-47 
selective fading, 55 
fan dipole, multiband, 169-170, 
170 
far field calculations in mierowave 
‘waveguides and antenaas, 
895-206 
Faraday connection, 318 
Faraday shield, 318 
Federal Communications Commis 
sion (FCC), 2 
feed geometries for parabolic “dish” 
‘antennas, 408-409, 408, 409 
{ed illumination in parabolic “dish” 
‘antennas, 406 
feeding transformer, 476,477 
feedpoints: 
‘V2 large loop antennas, 287-288 
dipoles, 256-257, 257 
directional beam antennas, 
57, 257, 260-261, 261 
directional phased vertical 
antennas, 247-248, 247, 248 
high-frequency dipoles and 
doublets, 143-146 
longwires, 217-218 
multiband and tunable-wire 
antennas, 204, 210 
fone/1A large loop antennas, 292 
quad beam antennas, 263, 265, 
vertically polarized HF antennas, 
197, 198, 
Yagi antennas, 260-261, 261 
fence posts as supports for verti: 
‘antennas, 581-565, 568, 564 
fortite core inductors, 471-477 
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forsite rods, 475, 475 

{Aber optics, 370 

field strength meters (FSM), for 
mobile HP antennas, 483-485, 
484, 485, 4851 

field strength, 21, 22 

figure of merit, 418 

filters, 55, 615 

five-cighths-wavelength antennas, 
197-200 

2:meter VHF/UHF antenna, 353, 
354 

vertical antenuia, 181, 182 

{lagpole-installed antennas, 
‘26-296, 295, 237 

fatplate array antennas, 411, 413, 
414, 415 

flattop antennas, shortwave recep- 
tion, 279, 280 

oor flanges mounting hardware, 


ffux, magnetic, 126, 127 
FM, marine radio antennas, 495 
{old- or tlt-over tower, 567, 567 
folded dipole, 154-155, 156 
installation of, 554-556, 585, 556 
tilted, center-fed, terminated, 
folded dipole (TCFTED or 
‘FFD, TTFD) in, 166-168, 
167 
\VHEUHF antennas, 962, 362 
forward power, 538, 589 
forward seatter, 52 
‘fox hunting” antenna, 444, 445 
Franklin” array antenna, 165-166, 
166 
free space, 14, 19, 21, 67-68, 
197-138 
free-space velocity (C) in micro- 
wave waveguides and antennas, 
377, 380 
frequency, 2,7, 
in microwave waveguides and 
antennas, 973, 374, 375, 376, 
0, 383-384, 984 
using Smith charts, 117-121, 119, 
120 
tilt angle vs, 28, 281 
VHF/UHF transmitting/receiving 
antennas, $39, 341 
VSWR vs., 434497, 485 
frequency diversity, 36, 85, 57 
frequency modulation (FM), 22 
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Index 591 

frequency of optimum traffie ‘ground losses, vertically polarized grounding and ground systems 
(FOT), 45, HF antennas, 183 (Cont.) 

Fresnel zones, 33-84, 84, 35 ‘ground plane vertical antennas, tuning ground wire, 580-581 

Fundamentals of radio antenn: 172, 176, 177 in vertically polarized HF anten- 


23-140 ‘ground rods, 57! nas, 176, 185-187, 195-197, 
575, 577, 578 196 
G ‘ground stakes and guy wires, 570, _groundplane VHF/UHF antenna, 
G5RV multiband dipole antenna, 572 6, B87 
206-208, 207 ground wave, 17-29, 18, 47-48, groundplane seanner antenna, 364, 
ain: 48,302 366 
in N/2 large loop antennas, ‘ground-mounted vertical antennas, group velocity (V,) in microwave 
288-289, 289 562 waveguides afd antennas, 
in high-frequency dipoles and grounded vertical antennas, 77-379 
doublets, 146-147 200-201 Grover’s equation, for loop anten- 
in longwires, 214, 218, 218, 22: ‘grounding and ground systems, nas, small receiver-type, 
in loop antennas, stvall transmitter. 581 802-303, 303 
type, 319-320 se antenna, s guy wires and ground stakes, 570, 
in microwave waveguides and 228 572 
antennas, 394-395, 398-403 copper plumbing pipes as ground 
in microwave waveguides and H 
antennas, vs. aperture in, ‘copper sulfate to alter soil “hairpin” loading scheme, 505, 506 
402-403 conductivity in, 575-576 half-delta sloper (HDS), 295-296, 
in parabolic “dish” antennas, ‘counterpaise grounds, 577-579, 296 
405-408 579 half-slope vertical antenna, 238, 
in shortwave reception antennas, in emergency operations antennas, 240 
27 487-188 half-wave antennas, 126, 181, 182 
in vertically polarized HF antennas, ground rods for, 573-574, 574, ‘current distribution in, 131-187, 
179-181 574-975, 875, 577, 578 132, 133 
in VHF/UHF transmitting/receiving in hidden and limited-space electric vs, physical length of 


antennas, 349 
alactic noise, 99, 421 


antenuia, 137-189, 189 
impedance matching in, 139-140, 


‘gamma match feed system: 139 
in Yagi antennas, 260-261, interference and, 578 standing waves and, 129 
261 length of ground wires in, 574 voltage distribution in 131-197, 
in VHF/UHF transmitting/receiving in longwires, 215-216, 216 132, 133 
antennas, 346, 346 inv low-frequency operation anten-—half-wavelength line, 83 
ganna rays, alo VHF/UHF antenna, 356, 358 
‘gamma-fed grounded vertical in marine radio antennas, hardline, 62, 62 
antenna, 200-201, 201 495-494, 495, 496 harmonies, 140, 209, 210, 515 
as-lled line, 62, 63 radials for, 577-579, 579, 580 height of antenna, 19, 20, 25, 28 
host radiator, vertically polarized “salt pipe” to apply chemical soll- distance caleulation for, 26-27, 26 
LH antennas, 173 conductivity improvers, in high-frequency dipoles and 
sin pole to raise towers, 570, 572 doublets, vs. radiation pat- 
Global Positioning System (GPS), iter soil conduetivity in, terns in, 148-149, 148 
443 575-876 in high-frequency dipoles and 
GNEC modeling software, in shortwave reception antennas, doublets, vs. resistance in, 
9-830 277, 278-279, 279 145-146, 145, 
‘araphite-sand dumgay Joad in {in loop antennas, small receiver- 


microwave waveguides and type, 804 
antennas, 385 station grounding, 579-580, 581 in vertically polarized HP antennas, 

ray line transinission, 51, 88 trenching to apply chemical soil- 181, 187 

seat circle paths, 50-51, 52 conductivity improvers, helical antennas, 427-428, 429 

sre dip meter, 527-529, 528 576, 576 hoelial line, 62 
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592 Indew 

helical whip mobile antenna, 481, horizontal low-frequency operation impedance and impedance mateh- 
482 antennas, 505 ing (Cont. 

helically wound antennas, 289, horizontal polarization, 12-13 matching stub systems for, 

243 27, 55, 173 463-466, 466, 467 

hertz as unit of frequency, 7 Beverage antenna and, 226-2 matching units for, 15, 

Hertz or hertzian antenna (See Helically wound antennas and, in microwave waveguides and 
high-frequency dipoles and 239, 242, 243, antennas, 383-384, $84, 104, 
doublets) horn antenna radiators, 403-404, 1 

Hertz, Heinrich, 5, 7 403 ‘multi-impedance balun for, 476, 

heterodyning, Huygens-Fresnel wave theory, 32 477 

‘hidden and lnited-space antennas, {in multiband and tunable-wire 
231-244 1 antennas, 210 

angled or bent dipole, 236-237, FPR losses in microwave waveguides noise and, 417-18 
240 ‘and antennas, 85 normalization of impedance in, 
attic-installed, 23% image antenna, vertically polarized 469-470 
dipoles as, 282-234, 288, HF antennas, 173 in 1A large loop antennas, 
‘agpole installation for, 234-2 imaginary operator ()),22 292-293, 292 
Impedance and impedance match- pl networks for, 461, 461 


8-289 ing, 140, 488, 457-477, ‘quarter-wave matching (Q see- 
antennas, 238, 525 tion) sections for, 487-468, 


antenna tuners for, 463-464, 464, 468, 469 
helically wound antennas as, 299, 465 radials in, 460 
242, 248 antennas, 189, 189 series matching section for, 
L-section couplers in, 298-239 approaches to, 458-462, 458 468-471 
limited-space designs for, 286-244 in Beverage antenna, 226 using Smith charts, 110-112, 111, 
longwires as, 232 (capacitive reactance in, 458 115, 119-121, 119 
‘mobile antenna used as windowsill. characteristic impedance (Z,) of using Smith charts, impedance 
mounted, 239, 241 transmission line andl, 64-67 radius in, 100 
‘mounting of, 233 mn coaxial cable baluns, 465,466 using Smith charts, normalized, 
nonresonant loop antennas as, complex conjugates in, 458 Impedance line in, 95-87, 98 
284-255, 234 in dipoles, 237 SPC transmateh network in, 463, 
‘rotatable dipole antennas as, electrical vs. physical length cal- 463 
242 celations in, 470-471 split-capacitor networks for, 
safety issues for, ‘feeding transformer for, 476, 461-462, 462 
sloping (sloper” or “slipole”) 477 stub matching systems for, 115 
dipole ns, 238, 288 ferrite core inductors in, 471-477 tapped balun for. 476, 477 
vee dipoles as, ferrite rods in, 475, 475 tee-network transmatch for, 463, 
voltage standing wave ratio ‘grounding and, 459-460 463 
(VSWR) in, 238 in high-trequeney dipoles and toroid broadbanded transformers 
‘window-sill antennas as, 23 doublets, 143-146, 149, for, 475-477, 476 
igh frequency (HF), 151-162, 155 tornid cores and, 471, 472 
85, 37, 41, 48,61, 170-171, 203, impedance bridges in, 519-621, toroidal transformers and, 
79-485 520, 521 ATL-AT5, 472 
gh-frequency dipoles and dou- Impedance matching network in towers, 507, 508 
blets (Soe dipoles and doublets) (Q sections) in, 85 transmatch cifcuits for, 462-471, 
high-power RF wattmeters, 538, Inductive reactance in, 458 462 
538, L-section network for, 458-460, in transmission ines, 71, 72, 
1high-Q dipotes and doublets, 160 459 82-86, 109, 110-112, 111, 112 
hinged baseplate tower, 566-567, in A/2 large loop antennas, in vertically polarized HF anten- 
538, 287-288 nas, 173, 175-176, 183, 184, 
history of radio broadcasting and int longwires, 214, 223 186, 195-197, 199-200, 199 
‘comununcations, 1-4 in low-frequency operation, in VHF/UHF transmitting/receiving 
hopping, 36 antennas, 805, antennas, 41-346, 942 
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5G Core Service & Performance Requirements 


An industry "Vision for 5G" is now established and supported worldwide. Services and 
performance requirements have been identified, and the industry is moving into the 
development and implementation phases with a view to commercial launch of 5G 
mobile service around 2019 and fixed wireless access using mmWave radio from 
2017. To meet these schedules, leading operators — especially Tier 1s with high ex- 
pectations and aggressive deployment timelines - are working to moke their net- 
works 5G-ready ahead of commercial deployment. 


This white paper argues that with a 5G-ready technology strategy, operators can 
prepare for rapid 5G service launch in a way that optimizes theirinvestment in next- 
generation IP and mobile core platforms over the next three years. Specifically, it 
discusses 1) how 5G services drive a requirement for an IP services fabric to connect 
the distributed cata centers that will host 5G network functions, content and appi- 
cations and 2) the development of cloud-native, service-orientated core networks 
for advanced 4G and 5G networks. 


5G Services 


Development of the 5G system architecture, and associated core network, is being 
led by 5G service requirements. Figure 1 shows the output from the 3GPP SMARTER 
study group that has investigated the service dimensions of 5G. 


ensions 


—-- — —— - 


Figure 1: Service Dimensions in Future 5G Networks 


Source: 3GPP SMARTER 
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Index 593 
Impedance and impedance match- installation and construction Intensity of radio waves, 10 
ing (Cont) techniques (Cont): interference, 19, 96, 86, 37, 573 
Wheatstone bridge in, 519-521, folded dipole instalation, electromagnetic interference 
520 594-956, 555, 556 (EMD, 261 
in Yagi antennas, 260-261, 261 {our/4x4 support posts for, 665, in angwires, 214 
Impedance bridges, 519-521, 520, 565 in loop antennas, small receiver- 
521 gin pole to raise towers, 570, 572 type, 302 
Incident angle, 48 sround-mounted vertical antennas, in mlerowave waveguides and 
Incident power (P,) of transmission 561-565, 562 aantenuas, 400-401 
ines, 89 uy wires and ground stakes, 570, in shortwave reception antennas, 
incident waves, 128, 134 572 272, 273, 274 
Index of refraction, hinged baseplate tower, 566-567, interferometer antennas, 431, 431, 
inductance, 526-527 538 432 
ferzite core inductors in, insulators, 548-550, 649, 550, _intermedinte frequency (IF), 
4TL-aTT 561-555, 551, 553 International Telecommunications 
Grover's equation in, 802-203, ‘mast-mounted vertical antenna, Union (TU), 2 


546, 560-561, 546, 561, 662 inverse square law (VD), 9-10, 
‘masts and supports, 554-5 11, 369-270 
557, 558 inverted bobtail eurtain (Thorne 
pedestals for towers, 568-570, array) antenna, 267-269, 268, 
In Joop antennas, small transinitter- 569 269 
type, 221 pert, zoning, and regulations, nverted-L antenna, 610, 510 
in transinission lines, 64 BATS inverted-vee antenna, rhombi, 
induction fields, 5, 123, 127 pulley system for mounting, 169, 169 
inductive (loop) coupling in 597-558, 558 inverted-vee dipole, 152-153, 158 
microwave waveguides and ralsing towers, 570, 570, 572 ‘emergency operations antennas, 
antennas, 390-893, 393 safety Issues, 543-B48 490-491, 491 
Inductive loading in low-frequency __slip-up tower, 567-968, 568, 569 multiband and tunable-wire 
operation antennas, 508, stirrup-end mounting hardware, antennas, 205, 206 
4-505 558, 559 ionization, 5, 14-16, 15, 18, 87, 4 
Inductive reactance, 140, strain reef, 558-954, 554 46,47, 51, 62, 54 
In high-frequeney dipoles and support ropes, 551 Jonograms, 43 
doublets, 143, 157, 158, suburban lot installation plan, 645 ionosphere, 14-16, 18, 18, 37, 
15-160, 161 {over installation, 585-572, 588 40-43, 42, 176) 
impedance matching and, 458 U-bolt mounting hardware, 558, _jonospherie disturbances, 
in A/2 lange loop antennas, 559 SAT 
288-280, 280) vertical antenna installation, Jonospheric propagation, 17-18, 18, 
In Joop antennas, small transinitter- 560. STA, 176 
type, 319, $21 wire antenna, basic design, 548, jonospherie scatter propagation, 
using Stnith charts, 100, 101, 117 548 51-4, 53 
infrared (IR) radiation, 9 insulators (or spreaders), Jonospheric storms, 47 
installation and construction tech- 549, 550, 551, 951-5 ionospheric variation, 4547 
niques, 483-438, 543-572 in Beverage antenna, 28 Josthermal region of atmosphere, 
center insulators, 548-950, 549, in dipoles, 256 14,15 
550, 551 in directional beam antennas, 256 isophase plane, 22 
electrical installation, vertical in high-frequency dipoles and {sopotential line, loop antennas, 
antennas, 560-561 doublets, 141 small receiver-type, 303 
fend or egg insulators, 551-659, ‘in microwave waveguides and isoresistance circles, using Smith 
553 antennas, 971-872 charts, 97-100, 99 
fence posts as supports for verti- in multiband and tunable-wire isotropic antenna waveguide, 
cal antennas, 561-565, 563, antennas, 206 04403 
564 in vertically polarized HF antennas, backlobes in, 400, 400, 401 
{old- or til-over tower, 567, 667 175, 195 beamwidth in, 400, 400, 401 


~$- 


1376860 index Care 4/13/01 12: 


1PM Page 594 ce 


594 Index 
isotropic antenna waveguide V2 large loop antennas, 287-289, loading (Cont) 
(Cont) 288, 289 in low-frequency operation anten- 
dipole antenna elements and, 4 inverted-L antenna, 510, 510 nas, loaded tower designs for, 
06-98, 397, 999 Law of Reciprocity, 226, 271, 394 507 
directivity n, 397, 998-409, 400 10 tank cteuit, 526, 526 loading coils, dipoles and doublets 
sin in, 398-403 leakage resistance, 140 ln, 157-160, 157 
ain vs. aperture in, 402-409 left-hand rule, 126, 127 Jong path transtnission, 51 
{impedance in, 896 length of antenna elements Jong wave band, 8 
interference and, 400-401 in coaxial eable, 438 longwires, 213-229 
near field andl fu Geld caleutations in dipoles, 141, 142-143, 149-151, angle of radiation in, 214 
in, 195-3106 160, 22, 255-256 antenna tuning unit (ATU) in, 
‘ohne loss in, 896 in directional beam antennas, 173,214 
radiation patterns and, 255-257, 259-260 apes angle in, 228 


radiation resistance in, in directional phased ver Daluns in, 171,172 
sidelobes in, 400, 400, 401 tennas, variable lengths in, Beverage or “wave” antenna in, 
Isotropic radiation: 15-249, 249 224-298, 226, 228, 229 


in high-frequency dipoles and in high-frequency dipotes and capacitors fo, 
doublets, 146 doublets, 141, 142-14 characteristic impedance in, 223, 
in microwave waveguides and 149-151, 160, 6 226 
‘antennas, 304 in longwires, counterpoise, 170-172, 171 
{n shortwave reception antennas, 218, 221, 223, double vee antennas, 
272 in low-frequency operation electrical vs. physical length of, 
in vertically polarized HF antennas, antennas, 504 ‘19-214, 217, 218-219, 291 
179-181, 181 in microwave waveguides and electrostatic fies and electric 
isotropic sources, 10-14 antennas, charge in, 219 
ISWR (See current standing in multiband and tunable-wine nuded longoire, 217-219, 217 
wave ratio) antennas, 204 feedpoint in, 217-218 


in vertical antennas, 504 Aagpole installation of, 234-236, 
J in vertically polarized HF antennas, 235,297 
‘Ipole antennas, 201, 358-858, 181, 183, 184 gain in, 214, 218, 218, 228 

355 in VHF/UHF transmitting/receiving ground plane verticals in, 172 
sansky, Carl, 421 antermas, 339 rounding of, 215-216, 216 
JPET amplifier for loop antennas, in Yagi antennas, 259-260 as hidden and limited-space 

small recelvertype, 313-316, Lewallen, Roy, 329, 331, 384 antennas, 232 

316 licensing, 3 impedance and impedance 
Johnson noise, 417 light, speed, 8, 9, 19-14, 39, matching in, 214, 228, 296 
joints and bends in microwave Imited-space antennas, 231-244 inductors for, 214 

‘waveguides and antennas, line attesmation constant, 82 interference and, 214 

388-100, 989, 990 line Mattener tuner for marine radio Lesection coupler for, 214, 216 
JIupiter reception antenna, antennas, length of, 219-215, 218-219, 218, 

421-422, 428 line-of-sight 221,22: 

23-24, 29, 965, ‘as marine radio antennas, 497, 
K linear loading in low-frequency 498 
K factor, 23-27 ‘operation antennas, 504-505 maximum effective length (MEL) 
Iilohertz as unit of frequency, 7 linearly loaded tee antenna, 611, in, 227 
Ku bands, 69 512 ‘as multiband and tunable-wire 
link-tuned dipole, mutiband and antennas, 208, 210 
L ‘tunable-wire antennas, 205 non-resomantsingle-wire longwite 
L-scetion coupler,214, 215, loaded tower designs, 507 antennas in, 220 
lading, 608, 504-505, 506 ‘nonresonant vee bears, 

Lesection network for impedance gqtomatic load control (ALC), 516 93, 224 

matching, 458-460, 459 in low-frequency operation anten- quarter-wavelength, 214, 217 

nas, 603, 504-505, 506 radials for, 215, 
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Index 595 
longwires (Cont) Joop antennas, large design (Con): loop antennas, small receiver-type 
radiation patterns in, 219, 220, impedance and impedance mateh- Cont.) 

230-221, 22 Ing in, 292-298, 292 preamplifiers for, 304 
randonvlength type, 213-214, 214 impedanee in, 287-288 (Q-multipliers for, 318, 915 
resonant vs, non-resonant types inductive reactance in, 288-289, radiation pattems in, 208-00, 

in, 213, 289 800, 301, 303, 313 
rhombic beam, 221, 223-224, ‘M2 lange loop antennas in, radio diteetion finding (RDF) 

225 287-289, 288, 289 using, $01 
safety issues in, 215 loss in, 288-289, 289 ‘remote tuning in, 307-809, 310 
as shortwave reception antennas, nulls in, 299-300, 300, 301 self-resonant point in, 317, 817 

277-278, 278 (2A) large loop antennas, series resonant tuning in, 
as standing wave antennas, 220 290-295, 290, 291 ‘807-309, 308 
steerable notch Beverage antennas orthogonal bes in, 299-800, 300, shape constants in, 803, 903t 

and, 229, 229 301 sharpening of, 313 
terminated antennas as, 220,221 radiation patterns in, 287, shieliled loop antennas as, 
tiltangle in, 223, 299-300, 800, 301 309-911, 811, 312 
transmission line for, 217-218 square loop (1A) large antenna, split frequencies in, 302 
fraveling Wave antennas in, 220, 290-295, 290 spoiler Ioop for, $13, 314 

293 Joop antennas, small receiver-type, sports fan's Loop as, 309 
tue longwire antenna, 217-219, 209-318 transformer loops in, 306-307, 806 

27 (See also loop antennas, large ‘triangulation of radio signal using, 
tuning of, 214, 215, 218) design; loop antennas, small 802 
vee beam, 221-223, 222 transmitter-type) tuning of, 304, 307-809, 308, 
VHF/UHF transmnitting/receiving alr core frame loops (*bex" loops) 312-313 

antennas, ‘40-241 in, 308-209, 804 UHE, S02 
voltage standing wave ratio amateur radio, 302 use of, SL1-313. 

(VSWR) in, 215, amplifier for, 313-816, 816 vvaractor tuning in, 308, 310 
wavelength-measurement in, 217, angle of arrival of signal in, vollage VHF, 302 

218-219 vs. 308, 305 \VLF/LE loops, special problems in, 
\window-sill antennas, 238, 241 Armstrong oscillator circuit fo aly 
Wire used in, 214 319, 915 voltage in, 308, 9044 
Zepp antenna in, 164165, 165 capacitance and capacitors in, Joop antennas, small transmitter. 

“ooking in” impedance, 82-86, 372 304, 307-809, 817 type, 919-825 

loop antennas, 129, 131 ‘capacitance tuning of, 307-808 (See also loop antennas, large 

Joop antennas, large design, ‘coaxial cable loop antennas, $18, designs ; loop antennas, small 
287-207, 299 318 receivertype) 

(See also loop antennas, small ‘cochannel interference, 302 bandwidth of, 320-921 
receiver-type; loop antennas, coupling, loops in, 306-307, 306 capacitance and capacitors in, 
small transmitter-type) ‘current in, 298 820-921 

antenna tuning unit (ATU) in, 287 depth wound loops in, 803 ‘capacitor voltage in, 821 

bisquare loop large antenna, DXing using, S11-313 ‘ireular loop transmitter antenna 

296-207, 297 effective height of, 304 an, 225, 828 
current in, 289) Faraday connection and Faraday current in, 320, 923, 
delta loop (1A) large antenna shield in, 318 ‘design equations for, 321-822 


290-2983, 201 Grover's equation in, 02-909, 303 distributed capacitance in, 
delta loop large antenna, 299, 295 hight of, 904 efficiency in, $21 
emniquad loop antenna, 298,294 inductance in, 307 gain in, 319-820 
diamond loop (1A) large antenna, —_isopotential line in, 803) inductance in, $21 
290-2983, 201 low frequency (LE), 902 induetive reactance in, 319, 
{eedpoints in, 287-288, 292 nulls in, 299-300, $00, 301,903, loss resistance in, 321 
ln in, 288-289, 289 305 ‘octagonal loop transmitter an 
half-delta sloper (HDS), 295-296, parallel tuning of, 307-309, 808 ‘enna in, 319, 820, 322, 822, 
296 planar windings in, 303 823, 824 
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Joop antennas, small transmitter. low-frequency operation antennas matching stub systems, 465-466, 
type (Comt): (Cont.y: 466, 467 
Patterson octagonal loop transmit- impedance matching in, of towers, maximum effective length (MEL), 
ter antenna as, 122, 322 507, 508 2 
‘quality factor (Q) in, 820-921 Inductance loading of vertical ‘maximum usable frequency (MUP), 
radiation patterns in, 324, 825 antennas in, 503 48-45, 47 
railiation resistance in, 19,21 inductive loading in, 808, 504-505 Maxwell's equations, 8-9 
resistance in, $19, 821 lnverted-Lantenna for, 510,510 measurement and adjustment tech- 
square loop transmitter antenna ——_-/4 inverted-L antenna for, 510, niques, 433-438, 515-542, 
in, 319, 320 510 antenna adjustment in, 523-524 
‘tuning capacitance in, 220-21 length of vertical antenna in, 504 automatic load eantro! (ALC) in, 
voltage in, 820, 923 Tinear loading in, 508, 504-505 51 
voltage standing wave ratio Tinearly loaded tee antenna for, Dasie radio system in, 515, 516 
(VSWHY in, 511, 512 bridge to measure RF power in, 
loss, 11-12, 19, 2 loaded tower designs for, 507 02, B82 
in coaxial cable, 438 Joading in, 503, 504-505, 506 ‘capacitance measurement in, 


in high-frequency dipoles and ial layout for, 502, 502, 526-527 
doublets, 143-148, random-length Marconi antenna current transformer wattmeter In, 
in A/2 large loop antennas, for, 507-510, 509 534-538, 585, 696, 537. 
285-289, 289 shortened horizontal antennas for, dip oscillator/dip meter in, 
Joss coefficient seale in, 109 505 29, 527, 528 
in microwave waveguides and shortened tee antenna, 511,618 dummy loads in, 540-542, 540, 
antennas, 396 shortened vertical antennas for, 541, 542 
in multiband and tunable-wire 502-505, 508 filters in, 515 
antennas, 210 shunt feed systems in, 507 Forward power in, 538, 639 
in Smith charts, 108-109 lower sideband (LSB), 35 arid dip meter in, 527-529, 528 
in transinission lines, 83-84, lowest usable frequency (LUF),45 harmonies in, 515, 
high-power RF wattmeters for, 
in vertically polarized HF anten- ML 58, 538 
nas, 183 gnetie felds, 123, 126, 127, 128, impedance bridges in, 519-521, 
loss coefficient scale, 109, 112-118 in microwave waveguides and 520, 521 


loss resistance, in loop antennas, antennas, 875-876, 978, 383, impedance in, 5! 
small transtitter-type, S21 895-896 Inductance measurement in, 
lossy circuits, Smith charts, 117, magnetic Dux, 12 526-5 
1s ‘man-made noise (QRM, 245 LC tank circuit in, 526, 526 
low frequency (LE), 421 Marconi, Guglielmo, 1 matching unit in, 515 


loop antennas, small receiver. marine radio antennas, 1 inleromateh watlmeter in, 583, 
type, 02 494-497, 497 533 
low-frequency operation anten- Citizens Band radios and, 496 ‘monomatch wattmeter in, 
nas, BOL-BI3 ‘grounding and ground systems 533-584, 584 
VHP/UHE transtittingteceiving for, 495-1965, 495, 496 nonresonant antenna adjustiment 
antennas ., 339 HF SSB mode in, 495 4-525 
low-frequency operation antennas, Line Hattener tuner for, 500,500 parallel resonant circuits in, 526 
501-513 Jongwire antennas, 497, 498 power in, 515, 531-532 
continuous loading in, 508, tuners, 497-500, 499, 500 power-frequency calibration in, 
504-505, 506 VHF-FM use in, 495 58, 538 
delta feed systems in, 507, 509 whip antennas for, 496-497,497 reactance testing/adjustment in, 
diserete loading in, 503, 504-505 _mast-mounted vertical antenna, 524 
‘grounding and ground systems ‘546, 546, 560-561, 561, 562 reflected power in, 538, 589 
Tor, 501-503, 502 masts and supports, 556-559, 557, resistance testing/adjustment in, 
hairpin’ loading scheme in, 505, 558 Baa ADA 
506 ‘matching section, quarter. resonance testing/adjustment in, 
impedance matching in, 505 wavelength coax, 202 4 
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Index 597 
‘measurement and adjustment microwave waveguides and microwave waveguides and 
techniques (Cont.) antennas (Comt.) antennas (Cont.) 
RF noise bridge in, 521-622, 621 corporate feed systems for, 409, ‘ohmic loss in, 369, 371, 996 
RF power measurements in, 412 parabolie “dish” antennas as, 
529-539 ‘coupling methods for, 390-93 404409, 407, 408, 409 
RF wattmeters for, 529-639, 581 cutoff frequency (F._) in, 881-383 phase shifting in, 409, 412, 418 
series tuned circuits in, 526 dielectric loss, 369 * phase velocity (V,) in, 97, 379, 
‘surge impedance (Z) in, 516 dipole antenna elements and, 380, r 
thermocouple for RF ammeter in, 896-398, 397, 399 pipe analogy of, 369-870, 370 
530, 580 directivity gain (G,) in, 401402 power gain (G_) in, 401-402 
transmission lines in, 516-517, 525 direetivity in, 395,397, 898-403, propagation exnstant (B) in, 384 
tuned circuit measurements in, 400 propagation modes in, 373-381 
826 dominant mode in, 376-877 ‘quarter-wavelength shorted stub 
tuning antennas in, 524 dummy loads in, 385-388, 386 ys., J72-973, 372, 973, 374 
voltage measurement in, 531 effective aperture (A,) in, 304 radiating vs. nonradiating slots in, 
voltage standing wave ratio effective radiated power (ERP) in, 


(VSWR) in, 515, 517-519, 529, 401 


electric fields in, $83, 395-396 radiation patterns and, 397, 398 
Wheatstone bridge in, 519-521, ‘end plate in, 385, 388, 388 radiation resistance in, 296 
520 Mlatplate array antennas, 411, 413, rectangular waveguide using 
‘medium wave (MW), 8, 17, 29, 48, 414, 415 parallel transmission lines and, 
1, 224-228, 226, 228, 229 {ree-space velocity (C) in, 877, 880 870-373, 871 
meteor seatter propagation, 54 frequency in, 373, 374, 875,376, reflector antennas, 404, 405, 406 
micromatch wattmeter, 533, 593 880, 83-884, B84 resistive vane dummy load in, 385 
microwave transmissions, 3,5, 8, gain in, 394, 395, 99840 rotating joints in, 390, 391 
17,18, 19, 22, 23, 29, 30,32, gain vs. aperture in, 402403 safety issues, 413-415, 
40, 61, 68, 368) kraphite-sand dumauy load in, 885 semipermanent joints in, 389 
microwave waveguides and anten- group velocity (V,) in, 377, shielding in, 392 
nas , 369-415, 421 arama ® sidelobes in, 400, 400, 401 
(See also parabolic “dish” horn antenna radiators in, sskin effect in, 369, 371 
antennas) 403-404, 408 slot array antennas in, 411415 
adjustable plunger or short-circuit R Josses in, 415 
termination in, 388, 388 impedance and impedance match- solid-state array antennas in, 
antenna design using, 394 ing in, 383-384, 394, 396 408-411 
aperture (slot) coupling in, inductive (loop) coupling in, ‘terminations for, 385-388 
890-895, 393 890-393, 393. ‘transducer action of, 394 
aperture in, 402-403 insulators in, 371-872 ‘transverse electric made (TE 
array antennas in, 408411 interference and, 400-401 mode) in, 375 
attenuation in, 377 inverse square law (1/D*), ‘transverse electromagnetic (TEM) 
backlobes in, 400, 400, 401 369-370 fields in, 373 
bbeamvidth in, 400, 400, 401 isotropic antenna waveguide, ‘transverse magnetic mode (TM 
boundary conditions in, 875-376 394-403 mode) in, 375 
branch feed systems for, 409,412 isotropic radiation in, 394 velocities in, 877-381, 378 
capacitive (probe) coupling in, Joints and bends in, 388-390, 389, voltage standing wave ratio 
890-99, 392 390 (VSWR) in, 388 
cavity antennas, 404, 405 Jaw of reciprocity and, 394 wavelength in, 377-381, 978 
characteristic impedance in, Tength in, 392 wedge dummy loads in, 385, 386, 
ag84 losses in, 396 387 
choke joints in, 389,390 ‘magnetic fields in, 375-376, 375, _mullitary radio, multiband and 
coordinate system to denote 383, 995-396 tunable-wire antennas, 203 
dimensions in, 376-377, 977 materials used in, 370. MiniNEC modeling software, 331 
comer reflector antennas, 404, near field and far field calculations miniNEC-9/miniNEC-4 for model- 
405, 406 in, 395-396 ing software, 328-329 
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“mirroring” of radio waves, 48, 54 
‘mismatch (VSWR) losses, transnds- 
sion lines, 91-84 
mixing, 63 
‘mobile HF antennas, 479-485 
ccoll-oaded antenna as, 480-481, 
480, 351 
‘eld strength meters (FSM) for, 
483-485, 484, 485, 4850 
helical whip antenna as, 481, 482 
‘multiband top-loarled antenna as, 
481, 482 
Q factor in, 483 
radial-to-mobile-antenna connec 
ton detail in, 488, 489 
resonance in, 483 
top-loaded antenna as, 481, 482 
tuning of, 483-485 
voltage standing wave ratio 


(VSWR) in, 483, 
used as windowsill mounted, 239, 
241 
‘modeling software for antennas, 
327-238 
‘coordinate system used in, 
329, 330 


Expert MiniNEC, 331 

EZNEC for Windows, 391, 
834-807, 885, $36, 337 

EZNEC Professional, 329 

GNEC, 329-390 

MiniNEC, 381 


NECAWiNg5, 331 

NECWin Basic, 391-934, 382 

NECWin Plus, 380-331 

‘Numerical Electromagnetic Com. 
putation (NEC) programs in, 

28 

radiation patterns displayed in 
BZNEC for Windows, 336-237, 
337 

radiation patterns displayed in 
NECWin Basic, 282, $38, 384 

voltage standing wave ratio 
(VSWR) modeling in, 333, 885 

voltage standing wave ratio 
(VSWR) modeling in, 337, 898 


‘monomateh wattmeter, 533-634, 
534 

‘monopulse feeds, parabolic “dish” 
antennas, 409, 410 
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:monthly variations in radio propa- 
sation, 46 
Morse code, 1, 2 
‘mounting (See also construction 
‘and installation techniques) 
Beverage antenna, 228 
dipole, 285, 256 
directional beam antenna, 256 
emergency operations antenna, on 
vehicles, 491-492 
fence posts as supports for 
vertical antenna, 861-565, 
563, 564 
floor flanges in, 256 
hidden and limited-spave antenna, 
3 
high-frequency dipole and 
doublet, 141 
‘mast-mounted vertical antenna, 
546 
pulley system for, 557-558, 558 
right-angle flange hardware in, 
6 
shortwave reception antenna, 
278, 278 
stirrup-end hardware in, 858, 559 
temporary mast mount for 
emergency antenna, 492, 498 
U-bolt hardware, 558, 559 
vehicle-mounted emergency 
antenna, 491-492 
vertically polarized HF antenna, 
186, 189-190, 194-195, 194, 
195-197, 196, 560-565, 561 
VHP/UHE transtnitting/receiving 
antenna, 347 
rmulti-impedance balun, 476, 477 
‘multiband and tunable-wire 
‘antennas, 208-212 
‘antenna tuning unit (ATU) for, 
210 
balanced transmission line and, 
208 
balancing tine, 208-209, 209 
baluns for, 208-209, 209, 210 
‘coaxial eable in, 208 
poles in, 204-205, 205, 
fend-fed Zepp antenna in, 208, 208 
feeding parallel transmission line 
for, 208-212 
feedpoint in, 204, 210 
GSRV multiband dipole antenna 
in, 206-208, 207 


~$- 


smultiband and tunable-wire 
antennas (Cont. 
harmonies in, 210 
impedance in, 210 
Insulators (spreaders) in, 206 
inverted-vee dipole for, 205, 206 
Jength of, 204 
Iink-funed dipote for, 205, 
ongwires for, 209, 210 
lasses in, 210 
‘quad beam antennas for, 203, 
random-length longwire 
1, 208, 210 
transformers for, 210, 211 
‘ransmatches in, 208-200, 209 
trap dipoles in, 204-206, 204, 205, 
tunability of, 203, 
tuned feeder an 
207 
‘tuning of, 205 
voltage standing wave ratio 
(VSWR) and, 203 
Windom antenna as, 209-2 
Yagi antennas as, 203 
‘multiband fan dipole, 169-17 
‘multiband top-loaded mobile 
antenna, 481, 482 
‘multifilar windings in transformers, 
472 
multihop communication, 23, 49, 
49-50 
multihop interference, 36, 96 
multiple helical antennas, 
429, 430 
multiple radials from vehicle 
mounted antenna, 488, 489 


N 

NAA radio station, 2 

National Bureau of Standards (See 
‘National Institute of Standards 
and Technology) 

national identifiers in call signa, 3 

National Institute for Standards 
and Technology (NIST), 40, 47 

Naval Research Laboratory, 2 

near fleld and far Held calcula 
in microwave waveguides and 
antennas, 895-396 

NEC-2 modeling software, 330 

NEC4Win95 modeling software, 381 

NECWin Basie modeling software, 
31-34, 382 


ntennas 


nas in, 206, 


0, 211 


170 
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NECWin Plus modeling sofware, Numerical Eleetromagnetie Com- parallel resonant circuits, 526 
130-381 putation (NEC) programs, 328 parallel tuning in loop antennas, 


Nittany-Sclentific, 329, 830, 331 807-109, 808 
nodes, 87, 129 oO parasitic elements in Yagi antennas, 
noize, 37, 68-69 1Alarge loop antennas, 290-298, 258-259 
antenna noise temperature as, 290, 291 paths, 17-18, 18 

417-420 ‘octagonal loop transmitter antenna, Patterson octagonal loop transmit 


contributors to antenna noise 319, 920, 222, 822, 923, 824 ter antenna, 292, 922 
Temperature and, 419-420, olfcenter-fed full-wave doublet pedestals for towers, 548-570, 569 
419 (OCED), 163, 168 permits, zoning, and regulations, 

environmentalinatural noise off-center-fed nonresonant sloper BAT-58 
(QRN) in, 245 (OCFS), 164, 164 phase, 126, 128 
Agure of merit and, 418 olunic oss, 143-146, 969, 971, 996 phase constant, 82 
Impedance and, 417-418 ‘tunic resistance, 19, 27, 140 phase control circuit (PCC), 229 
ohunson noise in, 417 folnameter, coaxial eable test, phase reversal stubs, collinear 
‘man-made noise (QRND in, 245 497-488, 487 “Franklin” array antenna in, 
noise bridge in, 521-522, 521, Ohm’ la, transmission lines, 74 165-166, 166 
522, 523 fed grounded vertical antenna, _phase shift, 19, 21-28, 129, 409, 
noise factor (F,) in, 418 200-201, 202 412, 418, 450-451, 451 
noise figure (NF) in, 418, ‘ominicirectionality: phase velocity (V, )in microw 
noise temperature (1',) in, in high-frequency dipoles and waveguides ahd antennas, 
418-420 . doublets, 146 ‘379, 380 
omnidireetionality vs,, 245 noise ws., 245, phase-shufting circult, directional 
piezoelectric, 69 in shortwave reception antennas, phased vertical antennas, 252, 
RF noise bridge in, 278, 278 252 
signal-to-noise r in vertically polarized HF anten- _phase-switching antenna matcher, 
246 nas, 173, 179-181 shortwave reception antennas, 
‘sky noise sources, 419-420 open line, 59 284, 285 
‘ermal agitation notse, 417 Orion, 831 phasing box, shortwave reception 
tuermal noise in, 417-420 ‘orthogonal lobes, in loop antennas ‘antennas, 284, 286 
in transmission lines, 68-69 299-900, 800, 301 phasing switch, directional phased 
in Yagi antennas, 261 OSCAR satelite communications, vertical antennas, 249-250, 252 
noise bridge, 521-522, 521, 522, 3,839 phasing transformer, 249-250, 250, 
523 out-of-phase waves, 22 251 

noise factor (F,), 418 phasing, phased radials, directional 

noise figure (NF), 418 P phased vertical antennas, 

noise temperature (7.), 418-420 parabolic “dish” antennas, 404-409, 246-250 

znonreciprocal direction propaga- 407, 408, 409, 421 pi networks, 461, 461 

ton, 54 Deamvvidth in, 407 “picket fencing," 23 

nonresonant antenna adjustment, Cassegrain feed in, 408-409, 409 pieaoelectrcity, 69 
24-525 cutoff frequency in, 406 planar windings in loop antennas, 308 

‘nonresonant loop antennas, directrix in, 404 planetary terminator, 51, 58 
M235, 284 effective aperture in, 407 plunger or short-circuit termina 

nonresonant single-wire longwire feed geometries for, 408-409, tion, microwave waveguides 

antennas, 0 408, 409 and antennas, 88, 388, 
‘nonresonant vee beam longwite {eed illumination in, 406 polarity, 126-127, 131, 184 

antenna, 223, 224 ln in, 405-408 reversal of, 126-127, 181, 134 
normalization of impedance, 95-97, monopulse feeds, 409, 410 

98, 460-470 ray tracing showing operation of, 

northern lights, 54 407 in Beverage antenna, 226-227 

null steering, 229) splash plates in, 408 in directional phased vertical 

‘nulls, in loop antennas, 299-300, SV coordinates in, 404 antennas (See directional 

800, 301, 303, 805, parallel lines, 59-63, 60, 65-66 phased vertical antennas) 


> 


‘1376860_index Care 4/13/01 12: 


600 Index 


polarization of radio waves (Cont) 
in vertically polarized HF 
antennas, 173-202 
polarization diversity, 55, 58 
power, 11, 21, 140, 515, 581-632 
In RF power measurements, 
520-539 
in vertically polarized HF 
antennas, 180 
power density, 10 
ower fading, 36 
power gain (G)) in microwave 
‘waveguides and antennas, 
401-40: 
ower-frequency calibration in, 
538, 538 
preamplifiers for lop antennas, 
804 
predictions of propagation, 65, 56 
‘propagation constant (B), 82 
384 
propagation modes in microwave 
‘waveguides and antennas, 
73-381 
propagation of radio waves, 5-58 
propagation predictions, 55, 56 
pulley system for mounting, 


557-558, 558 


pure reactance circle, Smith charts, 


100, 103, 
pure resistance line, Smith charts, 
95-97, 98 


Q 

(Q-multiptiers for loop antennas, 
stnall receiver-type, 313, 815, 

QRM noise, 245, 

QRN noise, 


quad beam VHF/UHF antenna, $56, 


858, 359 

‘quad beam antennas, 

‘quaul loop antennas, 2 
266, 267 

‘quality factor (Q), 85, 160, 
820-21, 489 

quarter-wave matching (Q section) 
sections, 85, 146, 199-200, 199, 
467-468, 468, 469 

‘quarter-wave vertical polarized HF 
antenwa, 173 

‘quarter- wavelength longwires, 214, 
217 

‘quarter wavelength lines, 84-85, 


3 


267, 264, 
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‘quarter-wavelength shorted stub 
“looking in” impedance in, 372 
inerowave waveguides and anten- 

nas vs, 972-373, 972, 878, B74 
transmission lines and, 86, 87, 88 
quarter- wavelength vertical 

antenna, 181, 182, 183, 187 


radar, 3,30, 52 
radial-to-mobile-antenna connection 
deta, 488, 489 
radially sealed parameters, Stith 
‘charts, 106-109, 107 
radials: 
n grounding and ground systems, 
79, 579, 580 
mn impedance matching, 460 
in longwires, 215, 
in low-frequency operation anten- 
nas, 502, 502 
‘multiple, from vehiole-mounted 
antenna for, 488, 489 
radial-to-mobile-antenna connec 
tion detail in, 488, 489 
in vertically polarized HF anten- 
nas, 176, 186, 189, 560-561 
radiated fields, 5 
radiating vs. nonradiating slots, 
microwave waveguides and 
antennas, 393 
radiation angle, 30, 48-60, 50 
radiation loss, 369, 872 
radiation patterns: 
in Adcock antenna, 449 
in beam antennas, 251 
ceardioid, 441, 442 
in directional phased vertical 
antennas, 246-250, 246, 247 
YZNEC for Windows modeling of, 
337 
in high-frequeney dipoles and 
aT 
In isotropic antenna waveguide, 
897, 998 
in A/2 ange loop antennas, 287 
0-221, 


im loop antennas, large desians, 
299-800, 300, 301 

in loop antennas, small receiver- 
type, 28-100, 300, 801, 03, 
318 


radiation patterns (Cont,) 

‘loop antennas, small transinitter- 
type, 824, 325 

Jn loopstick antennas, 439, 440, 
441 

NECWin Basic modeling of, 
333, 834 

in sense antennas, 441, 442 

in switched-patt 
451156, 454 

in vertically polarized HF anten- 
nas, 178-181, 181, 182 

in Watgon-Watt Adeock array 
antennas, 450 

in Yagi antennas, 257-258, 258 

radiation resistance, 140 

in high-frequency dipoles and 
doublets, 143-146 

in loop antennas, simall transinitter- 
type, 819, 821 

in microwave waveguides and 
antennas, 396 

in vertically polarized HF antennas, 
189, 184, 185 

radiators, high-frequeney dipoles 

and doublets, 141 

radio astronomy antennas, 421-432 

directional diseantinuity ting 
radiator (DDRR) antenna in, 
424-497, 426, 4271 

helical antennas in, 427-428, 429 

interferometer antennas in, 431, 
431, 432 

Jupiter reception antenna, 
421-422, 428 

‘multiple helical antennas in, 
438-491, 429, 430 

423, 424, 


summation interferometer array 
antenna, 431, 431 
radio direction finding (RDF), 
489-456 
Adcock antennas for, 446-447, 
448, 449 
AM brosdeast band (BCB) in, 439 
bindirectionality of loopsticks in, 
a 
‘cardioid radiation pattern of sense 
antenna in, 441, 442 
CONALRAD station frequencies 
and, 439) 
Doppler antennas, 450-451, 451 
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radio direetion finding (RDF) 
Cont.) 

double ducky direction finders 
(DDDF) in, 455-456, 455 

fox hunting” antenna in, 444, 445; 

Global Positioning System (GPS) 
and, 443 

improvisation of, using portable 


Joop antennas in, sinall receiv 
type, 301 
loopstick antennas in, 489-440, 
440 
‘measurements in, 433 
radiation patterns of loopsticks in, 
439, 440, 441 
regular wire loop antennas for, 
4d, 445 
“rubber ducky” VHP antennas in 
451156, 455, 
‘Smoters in, 439 
‘sense anterina for, 441, 442, 446, 
447 
‘shortwave and AM BCB “skip” in, 
erent 
switched-pattern RDF antenna in, 
45166, 454 
time difference of arrival (TDOA) 
array antenna in, 452154, 
453 
triangulation of radio signal in, 
439 
‘Watson-Watt Adcock array anten- 
‘nas in, 447-150, 449, 450 
Wwide-aperture direction finder 
(WADF) in, 451 
Wullenweber array antennas in, 
451, 452 
Radio Luxembourg effect, 5 
radio system, 515, 516 
radio veetoring, 
radio wave configuration, 5-6 
random-length longwires, 209, 210, 
218-214, 214, 507-510, 509 
ray tracing, 32-25, 407 
reactance, 140, 524 
(See also capacitive reactance; 
induetive reactance) 
in high-frequeney dipoles and 
doublets, 143 
‘Smith chats, 109, 117 
‘Smith charts, capacitive reactance 
in, 100, 102 
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reactance (Cont.): 
Smith charts, constant reactance 
circles in, 100-105 
‘Smith charts, inductive reactance 
‘in, 100, 101 
‘Smith charts, pure reactance 
ciele in, 100, 103 
in transmission lines, 85-86, 109, 
525 
in vertically polarized HF antennas, 
188, 184 
Reber, Grote, 421 
receivers, 123 
reeiprocity, law, 226, 271, 894 
recombination phenomena, 18 
rectangular waveguide using paral- 
Tel transinission lines, 870-373, 
371 
reflected power (P.), 89, 
reflected waves, 198, 134 
reflection, 16-17, 21, 22, 50, 52, 
161 
reflection coefficient, 21, 22 
‘Smith charts, 108, 106, 106-109, 
113,114 
transmission lines, 
14 
reflection loss, 119-114 
reflector antennas, 404, 408, 406 
reflectors, Yagi antennas 


1-79, 89, 112, 


refraction, 16-17, 16, 29-24, 24, 
29-20, 30, 48 

refractivity of atmosphere, 24-27 

regular wire loop antennas, 444, 
445 

remote tuning, loop antennas, stall 
receiver-type, 307-209, 310 

repeaters for emergency operations 
antennas, 487 

resistance, 27, 140, 969, 434-497, 

23-624 

inv high-frequency dipoles and 
doublets, 143-146, 145, 

in Joop antennas, small transmitter- 
type, 319, 821 

in Staith charts, constant or isore- 
sistance circles in, 97-100, 99) 

in Smith charts, pure resistance 


in Smith charts, unity resistance 
cree in, 100 
in transmission lines, 64,52 
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resistance (Cont. 
in vertically polarized HF 
antennas, 183 
resistive vane dummy load in 
rmferowave waveguides a 
antennas, 385 
resonance, 140, 
in dipoles, 237 
in high-frequency dipoles and 
doublets, 143, 149-151, 150 
in mobile HF antennas, 483, 
resonant frequeney, 433 
resonant ¥s. non-resonant long- 
wites, 213 
return Joss, 108-109, 118, 114 
RF ammeter, 530, 530 
RF noise bridge, 521-522, 521 
RF power measurements, 
520-59 
RF wattmeters, 529-599, 581 
‘homie beam longwire antenna, 
221, 223-294, 225 
shombic inverted-vee antenna, 169, 
169 
right-angle flange mounting hard- 
ware, 256 
ring antenna, 
425 
RLC networks, 59, 143 
rotatable dipole antennas, 
242, 255-287, 257 
rotating joints in microwave wave- 
guides and antennas, 390, 391 
“rubber ducky” VHF antennas, 
454-456, 455 


Ss 
‘S meters in RDF antennas, 439 
safety issues, 543-548 
‘bums or shocks from RF through, 
vertical antennas, 191, 195 
‘hidden and limited-space 
antennas, 233 
longwires, 215 
microwave waveguides and anten- 
nas, 413-415 
shortwave reception antennas, 
276, 277, 279 
VHF/UHF transmitting/receiving 
antennas, 340 
alt pipe” to apply chemical sotl- 
conductivity improvers, 
576-577, 877 


29-494, 428, 424, 


7 
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salt to alter soil conductivity, 
575-576 

satellite communications, 9,389, 421 

scanner band VHE/UHF antennas, 
360-968 

scanner skyhook VHF/UHF 
antennas, 362-68, 363 

seanner-vision antennas, 360-362, 
361 

scatter propagation, 51-54, 88 

seasonal variations in radio propa 
gation, 24, 40, 41, 46, 51, 178 

selective fading, 55 

self-resonant point, loop antennas, 
small receiver-type, S17, 317 

semipermanent joints in microwave 
waveguides and antennas, 389 

sense antenna in RDS, 441, 442, 
446, 447 

series matching seetion, 468-471 

series resonant tuning, loop anten- 
nas, small receiver 
807-309, 308 

series tuned elreuits, 526, 

series-fed vertical antennas, 200 

shape constants, lop antennas, 


small receiver-type, 303, 303t 
shielded loop antennas, 308-311, 
311, 312 


shielded parallel line, 
Impedance of, 66 


shielded twin lead, 61, 61 


shielding in microwave waveguides 


and antennas, 3 
shocks hazards from RF through 
antennas, 191, 195, 215, 23 


short path transmission, 51 

short skip, 41 

short-circuit termination, in 
inerowaye waveguides and 
antennas, 988, 988 

shorted lines, 87 

shorted stubs, transinission lines, 
86, 87 

shorted stubs (See stub matching 
systems) 

shortened coil-loaded dipoles, 
157-160, 158 

shortened tee antenna, 511, 513 

shortwave and shortwave reception 
antennas, 2-4, 8, 97, 41, 54-85, 
271-2865 
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shortwave and shortwave reception 
anteruias (Cont): 

angle of radiation in, 274, 274 

antenna matching transformer in, 
281, 285 

antenna matching tuner in, 281, 
285, 

connection to receiver in, 
274-276, 275, 276 

dipole as, 272, 278, 274 

directional wire antenna in, 
281-286, 284 

directivity of, 272 

flattop antennas for, 

‘gain in, 272 

grounding for, 27 
279 

Interference and, 272, 278, 274 

Jsotropie radiation i, 

Jaw of reciprocity in, 271 

Jongwire antennas for, 2 
278 

mounting for, 

‘multiband wire vertical antennas 
for, 281, 282, 283 

omnidirectionality in, 272, 273 

phase-switching antenna matcher 
in, 284, 285 

phasing box for, 284, 286 

properties of importance in, 
271-274 

radio direetion finding (RDF) 
antennas for, 444-446 

safety Issues in, 2 

skip propagation and, 27 

transformers i, 

vertical antennas for, 279- 
280, 282, 283, 


8, 277, 278-279, 


sidelobes in microwave wave- 
guides and antennas, 400, 400, 
401 
signal-to-noise ratio (SNR), 97,4 
248 
simple refraction, 29 
single-sidebanedl (SSB), 
skin effect, 369, S71 
skip distance, 47-48, 48, 47 
skip propagation, 5, 29, 37, 41, 
47-48, 48, 49, 51,55 
radio direetion finding (RDF) 
antennas and, 44446 


5, 495, 


skip propagation (Cont,) 
shortwave reception antenaias 


and, 274 
vertically polarized HF antennas 
and, 176-179, 178 


VHF/UHF transmitting/receiving 
antennas and, 339 
skip zone, 47-48, 48 
sky noise sources, 419-420 
sky wave, 47-48, 48, 49, 302 
skyhook VHF/UHF antennas, 
162-308, 368 
slip-up tower, 567-568, 568, 569 
sloping (“sloper" or *slipole”) 
dipole, 153-154, 154, 155, 296, 
238 
half-delta sloper (HDS), 295-254 
296 
off-center-fed nonresonant sloper 
(OCES), 164, 164 
vee-sloper antenna in, 168-169, 
168 
slot array antennas, 411413, 413 
Smith charts, 95-121, 96 
absorbed power (P.) in, 113-114 
adinittanee in, 100/112, 114 
angle of reflection coefficient 
cinele in, 108, 1065, 112 
angle of transmission coefficient 
circle in, 108, 106 
applications for, 109-121 
capacitive reactance in, 100, 102, 
uy 
complex admittance in, 105 
‘components of, 95-109 
constant reactance circles i, 
100-105 
‘constant resistance cireles in, 
97-100, 99 
frequency in, 117-121, 119, 120 
impedance and impedance mateh- 
ing, 110-112, 111, 115, 
119-121, 119 
impedance radins in, 100 
inductive reactance in, 100, 101, 
ut 
isoresistance circles in, 97-100, 
99 
Joss coefficient scale in, 109, 
1124113 
lossy cireuits and, 117, 118 
normalized impedance line in, 
95-97, 98 


The chart maps closely to the now famous triangle representation of 5G services 
made up of enhanced mobile broadband (eMBB), low latency and mission critical 
‘communications and massive machine-type services (mMTC). However, it adds two 
important axes: a dedicated eV2x axis for vehicular services and, significantly, a 
network operations axis. 


The dedicated operations axis is important because it makes explicit that automa- 
tion is fundamental to 5G. To address new commercial opportunities, operators 
need the ability to create service-specific "network slices” that extend end to end 
across the infrastructure. Automating set up and management of these ‘network 
slices," including configuration of the underlying IP network, is critical to the 5G 
business case. 


These service dimensions incorporate many different performance requirements. 
Figure 2 shows IMT-2020 performance targets, developed by the ITU, for 5G. To the 
left, these are shown in comparison fo IMT Advanced (4G). To the right. pertor- 
mance requirements are mapped to the three major use-case categories. 


Figure 2: IMT-2020 Performance Targets 
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Source: TU Recommendation ITU-R M.2083-0, September 2015 


Probably the most influential factor on 5G physical network deployment will be the 
low-latency requirement, To deliver services over a wide-area network (WAN) with 
a consistent 5-10ms roundtrip time is extremely challenging and will drive a new sys- 
tem architecture deployed on a distributed cloud infrastructure. 


A5G-Ready Network Investment Strategy 


‘Operators now have a good idea of what 5G will look like in scope and a reasona- 
ble view into the initial deployments models. Development of normative standards 
for SG new radio (NR) and the next-generation core network (NG Core) is underway 
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‘Smith charts (Cont) spoiler loop, oop antennas, small stub matching systems (Cont) 
pure reactance circle in, 100, 103 receivertype, 813, 314 in VHF/UHF transmitting/receiving 
pure resistance line i, 95-97,98 sporadic E propagation, 41, 46, antennas, 345-345, 345 
radially scaled parameters in, sports fan's oop antennas, small voltage standing wave ratio 
106-109, 107 receiver-type, J09 (VSWR) in, 115, 117 
reactance in, 109, 117 spreaders, multiband and tunable- wavelength ealeulation in, 115, 
reflection eoefficient in, 104-100, wire antennas, 206 subrefraction, 31, 32, 96 
ud square loop (1A) large antenna, sudden ionospheric disturbances 
reflection losa in, 113-114 290-208, 290 (Sis), 4647 
return Joss in, 108-109, 113, 114 square loop transmultter anten summation interferometer array 
standing wave ratio (SWR) in, 108819, 820 antenna, 431, 431 
stub matching systems problems stacked dipoles, 160-163, 162 sunspots vs. radio propagation, 
solved using, 109, 114-117, stagger tuning in high-frequency 40-41, 40, 43, 46,47 
115, 116 dipoles and doublets, 157 superrefraction, 29, 31, 26, 
ssusceptance in, 117 standard refraction, 25 support posts, 965, 565 
transmission line problems solved standing wave antennas, 220 support ropes, 551 
using, 108-114 standing wave ratio (SWR), 434 suburban Jot installation plan, 545 
transmission loss coefficient in high-frequency dipoles and surface waves, 17-19, 18, 27-2 
(TLE) in, 112, 114 doublets, 144 surge Impedance (See character- 
transmission loss in, 108-108 in Sraith chaets, 108 Istic impedance) 
tunity resistance eircle in, 100, in transmission lines, 86-9190 susceptance, Smith charts, 117 
‘voltage standing wave ratio standing waves, 87, 127-131, 190, switched-pattern RDP antenna, 
(VSWR) circle in, 100, 104, 131 454156, 454 
112, 114, 115, 117 current, 134, 195, 196, 137,189 SWR analyzer, 434 
wavelength caloulation in, 110, in high-frequency dipoles and 
15 doublets, 144 T 
wavelength circles in, 108, 105 ‘measurement of, 137, 138 60-degree directional array, 250, 
‘Smith, Phillip H., in transmission lines, 71, 72, 73 253, 2541 
soll conductivity, 27,28, 575-577, voltage, 134-136, 188, 186,139 tapped balun, 476, 47 
ét, 576, 977 station grounding, 579-580, 581 tee antenuias, 511, 512, 618 
solar lares vs.radio propagation, stationary waves, 128 tee-network transmatch, 463, 463 


87, 99, 46-47 steady-state ae response, transinis- Teflon, 61, 6 
solar us index (SFI), 40 son lines, 70, 72-82, 81 telegraph, 1, 2 
solar storms, 47 steerable notch Beverage antennas, telescoping antennas, emenency’ 
solid-state array antennas, 408-411 229, 229 ‘operations, 491 
808, 2 step-funetion response, transmis- television, 3, 32 
ssouthem lights, 54 sou lines, 70-71, 70, 71 television interference/broadcast 
space diversity, high-frequency _stirup-endd mounting hardware, Interference (TVUBCD, 214 
dipoles and doublets, 160 558, 559 television-seanner VHE/UHE 
‘space quadrature fields, 127 storms, ionospheric, 47 ‘antennas, 960-362, 361 
space waves, 17-19, 18 strain reef, 553-554, 584 ‘temperature effect on propagation, 
sspark-gap transmitters, 2 stratosphere, 14, 18, 18 29-22, 32 
spatial diversity, 55, 57 stray capacitance, 188 temporary antenna construction, 
SPC transmatch network, 463, 468 stripline or mierostripline, 63, 64, emergency operations, 
“spider web" ground system, 66-67 487-488, 488 
vertically polarized HF antennas, stub matching systems, 114-117, temporary mast mount for emer 
185, 188 115, 465-466, 466, 467 geney antennas, 492, 498, 
‘splash plates, parabolic “dish” impedance matching in, 115 terminated longwire antennas, 220, 
antennas, 408 length of stub calculation in, 221 
split frequencies, loop antennas, 17 ‘terminations for microwave wave 
stall receiver-type, 802 shorted stubs, 114 guides and antennas, 385-388 
split-capacitor networks, 461-462, Smith charts for, 109, 114-117, terrain effects, 28, $2, 98 
462 115, 116 ‘thermal agitation noise, 417 
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‘thermal noise, 68, 417-420 transformers (Cont.) transmission lines (Cont.) 
thermocouple for RF ammeter, 530, in directional phased vertica lectrival vs. physical length of, 
530 antennas, 249-250, 250, 251 68. 
‘Thorne array antenna, 267-269, feeding type, 476, 477 ‘equivalent circuit for, 64, 516, 517 
268, 269 ferrite rods in, 475, 475. gas-filled line as, 62, 63 
‘three-dimensional (ideal) radiation in high-frequeney dipoles and half-wavelength line as, 83 
pattern, dipoles and doublets, doublets, 146 hardline as, 62, 62 
147-148, 147, ‘multi-impedance balun and, 476, helical line as, 62 
tilt angle of surface wave, 28, 28¢ ATT impedance and impedance mateh- 
tilt angle, rhombic beam longwire, in multiband and tunable-wine ing, 71, 72, 82-86, 109-11: 
223 antennas, 210, 211 aL 
tilted, center-fed, terminated, smultifilar windings in, 472 impedance matehing network 
folded dipole (TCFTED or in shortwave reception antennas, (Qsection) in, 85 
‘TED, TTFD), 166-168, 167 281 incident power (P,) in, 89 
time difference of arrival (TDOA) tapped balun and, 476, 477 inductance in, 64 
array antenna, 452-454, 453 toroid core mounting in, 471.472, installation tips for, 433-438 
time domain reflectometzy (TDR), ant insulators in, 61 
75-19, 76, 7, 78, 79, 80, 81 toroid broadtianded, for imped- Joad impedance in, 109-110 
time quadrature fields, 1: ance matching, 475-477, 476 longwires and, 217-218 
time-of-day variations in radio toroidal type, 471-475, 472 “looking-in” impedance of, 82-86 
propagation, 14,16, 82,9941, in transformer loop antennas, Joss coefficient seale in, 112-113, 
43, 46,51, 178 306-207, 806 Joss in, 83-84, 91-94, 69 
top-loaded mobile antenna, 481, twifllar windings in, 472 measurement and adjustment 
482 turns in, 474 techniques for, 516-617, 525 
toroid broadbanded transformers, in VHF/UHF transmitting/ mismatch (VSWR) losses in, 
ATSATT, 476 receiving antennas, 341-346, 1-94 
toroid cores, 471, 472, 474 342, 343 ‘multiband and tunable-wire 
toroidal transformers, 471-475, windings in, 472-473, 473 antennas and, feeding, 
472 transmatch circuits, 208-209, 209, 208-212 
towers, 588, 565-572, 462-471, 462 nodes in, 87 
{fold- or tilt-over, 567, 567 transmission lines, 59-94, 516-517 noise and, 68-69 
gin pole to raise, 570, 571 absorbed power (P_) in, 113-114 ohmie Joss in, 360 
guy wires and ground stakes for, adjustments to, 433-438 ‘Ohm's law and, 74 
| 572 admittance in, 112, 114 ‘open line as, 5S 
hinged baseplate, 588, 566-967 airarticulated line as, 62-63, 68 parallel lines as, 50-63, 60, 65-66 
impedance matching in, 507, 608 angle of veflection in, 75 phase constant of, 82 
low-frequency operation anten- antinodes in, 87 propagation constant of, 82 
nas, loaded tower designs far, attenuation constant of, & Qsection in, 85 
5807 balanced transmission line and, ‘quarter-wavelength lines as, 84-85 
‘masts and supports for, 556-559, 208 quarter-wavelength shorted stubs 
557, 558 cable TY, 67 in, 86, 87, 88 
pedestals for, 568-570, 569 capacitance in, 64, 6 radiation loss in, 69 
raising of, 570, 870, 571 characteristic impedance (2), reactance in, 85-86, 109, 
safety issues in, 543-548 64-67, 89 . rectangular waveguide using 
slip-up, 567-668, 568, 569 coaxial cable, 59, 61-62, 61, 62, parallel type, 970-373, 371 
transducer action, microwave 66, 69, 208 reflected power (P,) in, 89 
waveguides and antennas, 394 (See also coaxial cable) reflection coefficient in, T1-79, 88, 
transformer loop antennas, conductance in, 64 112, 14 
806-07, B06 current standing wave ratio reflection loss in, 113-114 
transformers, 199-200 CSWR) in, 88 resistance in, 64, 52° 
‘core material in, 474 ‘cutoff frequency (F,) in, 69 responses in, 70-94 
‘current transformer wattmeter in, dielectric loss in, 36 return loss in, 113, 114 
54-598, 535, 596, 537 double-shielded coaxial as, 63,63 RLC networks and, 5 
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transmission lines (Cont. traveling waves, 127, 128-1 twin lead, 
shielded parallel line as, 66 1st ‘two-meter Yagi VHF/UHF antenna, 
shielded twin lead as, 61, 61 trenching to apply chemical soil- 852-53, 852 
shorted lines and, 87 conductivity improvers, 576, ‘two-port phasing transformer for 
‘shorted stubs, 86, 87, L14 576 directional phased vertical 
(See also stub matching systems) triangle loop (1) large antenna, antennas, 249-250, 250, 251 
skin effect in, 369 290-299, 291 
Smith charts for, 109-114 triangulation of radio signal, 302, UW. 
standing wave ratio (SWR) in, a3) U-bolt mounting hardware, 558, 
85-91, 90 tvifilar windings in transformers, 472 559 
standing waves in, 71, 72,73, 87 tropical band, Beverage or “wave” ultrahigh frequency (VHF), 13, 
steady-state ac response in, 70, antenna in, 224-228, 226, 228, 17-19, 23, 29, 32, 39, 61 
79-82, 81 229 in Joop antennas, small receiver- 
‘step-funetion response in, 70-71, troposphere, 14, 15, 29, 51 type, 302 
70,71 tropospheric propagation, 17-19, in VHF/UHF transmitting) 
stripline or microstripline as, 63, 18, 29-33 receiving antennas, 339-368 
64, 66-67 troubleshooting tips, 433438 ultraviolet (UV) radiation, 9, 39 
stub matching systems (See stub true longwire antenna, 217-219, —_umbra region, 17 
matehing systems) Bu unity resistance circle, Smith: 
surge impedance (Z.) in, 516 tubing construction of vertical charts, 100 
‘time domain reflectometry (TDR) dipole,1 Universal Coordinated ‘Time (UTC), 
measurements in, 75-79, 76, tunability, 55 
77, 78, 79, 80, 81 wire antennas, 203, upper sideband (USB), 
transmission loss coefficient tunable dipoles, 160 
(TLE) in, 112, 114 tunable-wire antennas, Vv 
troubleshooting tips for, tuned circuit measurements, 526 varactor tuning, in loop antennas, 
433-438 tuned feeder antennas, 206, 207 small receiver-type, 309, 310 
twin lead as, 59, 60 tuning, 524 variation, ionospheric, 4547 
velocity factor of, 67-68, 681,625 antenna matching tuner in, 281, vee beam longwire antennas, 
voltage minima and maxima in, 87 285 221-293, 222 
voltage standing wave ratio of ground wires, 580-581 vee dipole, 236, 239 
(VSWR) in, 88-94, 99, 112, of high-frequency dipoles and vee-sloper antenna, 168-169, 168 
114,517, 518, doublets, 149-152 velocity factor (Vp), 14, 525 
waveguides vs,, 86 of longwires, 214, 216, 215 of coax, 248 
wavelength caloulation in, 110 of loop antennas, small receiver. of microwave waveguides and 
‘transmission loss, using Smith, type, 304, 307-309, 308, antennas, 377-381, 378 


charts, 108-109 312-319 of transmission lines, 67-68, 68¢ 
‘transmission loss coefficient (TLC), of marine radio antennas, velocity of propagation, 8, 13-14, 


112, 14 497-500, 499, 500 37-199, 199 
‘transmitters, 123 of mobile HF antennas, 483-485 vertical antennas (See vertically 
‘transmitting antennas, small loops of multiband and tunable-wire polarized HF antennas) 
(See loop antennas, small antennas, 203-205 vertical coax VHB/UHF antenna, 
‘ranstaitter-type) e reception antennas, 846-349, 847, 348, 
transverse electtie mode (TE. vertical dipale seanner antenna, 
‘modle) in microwave wave- fuuning antennas, 203 364, 365 
uldes and antennas, $75 tuning capacitance and capacitors, vertical extent radiation pattern, 
transverse electromagnetic (TEM) loop antennas, small transnitter- vertically polarized HF anten- 
elds, 9, 69, 973-375 type, 220-921 nas, 179, 180 
transverse magnetic mode (TM tums in transformers, 474 vertical plane radiation pattern, 
mode) in microwave wave- ‘TV receive-only (TVRO) satelite high-frequency dipoles and 
uldes and antennas, 375 dishes, 421 doublets, 148-149, 148, 
‘rap dipoles, 204-206, 204, 205 twenty-seven day cycle of radio _vertical polarization, 12-13, 18, 
traveling wave antennas, 220, 228 propagation, 46 28, 55, 173 
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vertical polarization (Cont) vertically polarized HF antennas vertically polarized HF antennas, 
Beverage antenna, 22 (Gont.) (Cont) 
helically wound antennas, 289, Half-wave vertical dipole in, shunt-fed vertical antenuias in, 200 
242, 249 187-191, 190 skip propagation and, 176-179, 
vertically polarized HF antennas, _half-wavelength antenna, 181, 182 178 
173-203 height of antenna in, 181, 187 “spider web" ground system for, 
vertically polarized HF antennas, helically wound antennas, 289, 185, 188, 
173-203, 174 2, 248 tower installation, 588, 565-572 
above-ground mounted, 197 Image antenna in, 173 transformers in, 199-200 
angle of radiation in, 176-179, 178 impedance and impedance match- tubing construction of vertical 
antenna tuning units (ATU) in, 173 ing, 173, 175-176, 183, uipole,192-194, 198 
coaxial vertical antennas in, 184, 186, 195-197, 199-200, vertical coax VHF/UHF antenna, 
101-194, 192, 193 199 846-349, 347, 348, 
coaxial vertical seanner antenna installation of, 560-572 vertical dipole scanner antensia in, 
in, 365-368, 367, 368 insulators in, 175, 195 564, 364, 965 
coaxial-fed, 178 ‘sotropie radiation in, 179-181, vertical extent radiation pattern 
collinear vertical VHF/URF 181 in, 179, 180 
antenna, 349, 350 {pole antennas in, 201 VHF/UHF transmitting/receiving 
collinear vertical antennas in, length of, 181, 183, 184 ‘antennas, 340-341 
191-194, 192 Iited-space designs, 238,240 voltage in, 173, 174 
construction of, 195-197 losses in, 188 voltage standing wave ratio 
‘current in, 173, 174 low-frequency operation antennas, (VSWR) in, 176, 195 
delta-fed grounded vertical 502-505, 508 window-sill antennas, 238, 241 
antensia in, 200-201, 200 rmast-mounted, 178, 194-195, Yagi antennas and, 201 
directionally phased (See 194, 546, 560-561, 561, 662 very high frequency (VHF), 13, 
directional phased vertical mounting, 186, 189-190, 194-197, 17-19, 23, 29, 30, 32, 39,41, 46, 
antennas) 194, 196, 560-385, 561 Ba, 68, 170-171 
“drooping radials” in, 176, 177 xnon-ground-nounted, 195, 197 ‘emergency operations antennas 
electric fields in, 173 non-quarter-wavelength verticals and, 487 
electrical connections for,197, in, 181-185, Joop antennas, stall receivertype 
198, 560-561 ‘omega-fed grounded vertical and, 302 
feedpoint circuits for, 197, 198 antenna in, 200-201, 202 marine radio antennas and, 495 
fence posts as supports for verti omnidirectionality in, 173, vertically polarized HF antennas 
‘al antennas, 561-965, 563, 179-181 and, 19 
564 power ealeulation in, 180 VHF/UHF transmitting/receiving 
fAve-cighths-wavelength antenna, Qsections in, 199-200, 199 antennas and, 339-368 
181, 182, 183, 197-200 quarter-wavelength antenna, 173, very low frequeney (VLF), 29, 55, 
four/4x4 support posts for, 56 181, 182, 183, 187 61 
565 radials used in, 178, 186, 189, Beverage or ‘wave" antenna in, 
gain in, 179-181 0-561 224-298, 226, 228, 229 
‘gamuma-fed grounded vertical uliation pattems in, 178-181, VHF/UHF transmitting receiving 
antenna in, 200-201, 201 181, 182 antennas, 819-968 


ghost radiator i, 17 uiation resistance in, 183, 184, balun in, 941-346, 342, 848 
‘ground losses in, 183, 185 bandwidth of, 839 
‘ground plane vertical antennas in, reactance in, 183, 184 beam antennas in, 349-852, 951, 
176,177 resistance in, 183 352 
ground-mounted, 176, 195-19 safety Issues, burs or shocks “bowtie” dipoles in, 861, 362 
196, 561-365, 562 from RF through vertical citizens’ band antennas as, $41 
grounding and ground system for, antennas, 191, 195 ‘ccasial vertical antenna fot, 
15-187, 188, 195-197, _serles-fed vertical antennas in, 846-349, 347, 348, 
200 ‘coaxial vertical scanner antenna 
half-slope vertical antenna, 238, shortwave reception antennas, In, 865-68, 367, 968, 
240 ‘9-281, 280, 282, 288 collinear vertical antenna, 349, 350 
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VHF/UHF transmitting/receiving VHF/UHF transmitting/receiving voltage (Cont): 

antennas (Cont. antennas (Cont): in vertically polarized HF 
delta feed match for, 343,344, 345 voltage standing wave rallo antennas, 195 
design limitations in, 340 (VSWR) in, 341 in VHF/UHF transmitting/receiving 
iirectivity in, 349 wavelength in, 239) antennas, 41 
drooping dipole scanner antenna ag antennas in, 349-952, 351, 952 in Vagi antennas, 261 

in, 368, 968, Virtual height, 43, 44, 45) 
effective radiated power (ERP) in, voltage, 123-120, 191-197,182,  W. 

say 133, 531 water analogy of radio wave propa- 
five-cighths-wavelength 2aneter (See also voltage standing wave gation, 6-7 


antenna for, 359, 354 ratio) Watson-Watt Adeock array antes 
folded dipoles in, 362, 362 in high-frequency dipoles and nas, 447-450, 449, 450 
frequency spectrum of, 339, 941 doublets, 143-146, 143. wattmeters, 529-539, 681, 583, 
gain in, 349 lag, 126 584, 595, 586, 597, 538 
‘gamma match system for, 46, in loop antennas, small receiver. waveguides, 86, 369-415 
346 type, 303, 304 (See also tuicrowave waveguides 
‘sroundplane antenna for, 356,357 in Joop anterwias, small transmitter: and antennas) 
‘sroundplane seanner antenna in, type, 290, 823 ‘wavelength calculation, using Sraith 
364, 366 sminima and masina of (See anti- charts, 108, 105, 110, 115 
halo antenna for, 356, 358 nodes; nodes) wavelength, 7-8, 28 
Impedance matching in, 341-946, standing waves of, 134-186, 195, high-frequency dipotes and 
342 136, 139 doublets, 141-142 
4L-pole antenna for, 353-855, 885 in vertically polarized HF anten-_longwires, 217, 218-219 
length af, 339 nas in, 178, 174 microwave waveguides and 
line-of-sight communications and, voltage standing wave ratio antennas, 377-381, 378 
339 (VSWR), 88-91, 99,515, YVHE/UHF transmitting/teceiving 
Tongwires as, 340-841 BIT-B19, 529, 6: antenais, $29 


{ow frequency (LF) vs. 330 caloulation of, 517-519 “wave” antenna, 224-228, 226, 
lower band antennas on VHEVUHE, — EZNEC for Windows modeling of, 228, 229 


40-341 ‘weather-related propagation 
‘mounting, $47 frequency vs., 434437, 495 phenomena, 28, 36 
OSCAR satellite communications in hidden and limited-space wedge dummy loads, in microwave 
and, 339 antennas, 238 waveguides and antennas, 385, 
quad beam antenna for, 356,358, in high-frequency dipoles and 386, 387 
359 doubletsin, 144, 146, 149-151,  Wheatstone bridge, 619-521, 
fety issues in, 340 150, 160 520 
satellite comununications and, 339 in longwires, 215, whip antennas for marine radio, 
scanner band antennas, 360-368 in Joop antermas, small transmitter- 496-497, 497 
‘scanner skyhook antennas in, type, 290 ‘wide-aperture direction finder 
962-968, 363 ‘measurement of, 433, 435-437, QWADF), 451 
scanner-vision antennas in, 436, 529, 592 windings in transformers, 472-473, 
60-982, 361 ‘in microwave waveguides and 473 
size of, as limiting factor, 840 antennas, 388 Windom antenna, 209-210, 
skip propagation in, 389 {in mobile HF antennas, 488 21 
‘stub matching system for, in multiband and tunable-wire Windom, Loren, 200, 
S56, 345, antennas, 203 window-sill antennas, 238, 241 
transformers in, 341-346, 342, NECWin Basic modeling of, 333, wire antenna, baste design, 548, 
43 335 548 
two-meter Yagi antenna, 352-1 using Smith charts eircle, 100, ‘wire used in longwires, 214 
352 04, 112, 114, 115, 117 wireless telegraphty, 1-2 
vertical antennas as, 340-841 in stub matching systems, 115,117 Wolf Number, 40, 
vertical dipole scanner antenna in, in transmissfon lines, 91-94, 112, World Administrative Radio 
S64, B64, 865, 114,517, 518 Conferences (WARC), 2 
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Willenweber array antennas, 451, Yagi antennas (Cont): Yagi antennas (Cont): 

452 sgamoma match feed systern for, VHF/UHF transnuitting/receiving 
WW radio station, 40, 47 260-261, 261 antennas, 349-352, 351, 
WWVH radio station, 40 Impedance matching in, 260-261, 352 

261 Yagi-Uda antenna, 258 
x length of, 259-260 
X bands, 69 noise and VSWR in, 261 Zz 
scray radiation, 39 parasitic elements in, 258-259 -Zepp antenna, 164-165, 165, 
‘quad beam antennas ys., 265 rat 
Y wliation patter of, 257-258, 258  end-fed multiband, 208, 208 
‘Yagi antennas, 209, reflectors in, 258-259 zipcon, 275, 
42 ‘owo-meter Yagi VHF/UHF antenna, — ZL-special beam antenna, 20-11, 
‘capacitors in, 261 352-953, 352 262-2683, 262, 
directors in, 258-259 vertically polarized HF antennas, Zurich Smoothed Sunspot 
{eedpoints, 260-261, 261 201 Number, 40 
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‘The software and information an this diskette (collectively referred to as the “Product”) are the property of The 
(McGraw-Hill Companies, Ine, (MeGraw-Hill) and are protected by both United States copyright law and interna 
‘onal copyright treaty provision. You must treat this Product just ikea book, except that you may eopy it into a com 
puter to be used and you may make archival copies of the Products forthe sole purpose of backing up our software 
and protecting your investment from loss 

‘By saying “ust like a book,” MeGraw-1hll means, for example, that the Product may be used by any number of peo- 
ple and may be freely maved fram one computer location ta another, so lnyg as there is no possibly ofthe Product 
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‘MeCraw-Hll warrants the physical diskette(s) enloged herein to be free of defeets in materials and workmanship 
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Limited Warranty covering the physical diskette(s) only (and not the software or in-formation) and is otherwise 
‘expresely and specifically disclaimed. 
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with the first specications — and the first "compatible" pilot deployments expected 
in mid 2018. Although there is uncertainty about the details of the specifications 
under development, the industry has already undertaken significant R&D work on 
5G candidate technologies, making itis possible for operators to pursue a 5G-ready 
network strategy with a reasonable degree of confidence that they will be able to 
rapidly deploy 5G, at scale, as the technology becomes commercially available. 


From an IP and core network perspective, five fiers of a SG-ready investment strat- 
egy are, from the ground up, as follows: 


1. Develop a distributed data center footprint. The Central Office Re-architected 
as Data Center (CORD) model provides a good reference. The idea is for oper- 
ators to develop physical assets located close fo the edge and transform them 
into distributed data centers. The edge location is critical for low-latency 5G 
services and, as Mobile Edge Computing (MEC} shows, the edge-cloud is valu- 
able in many networking scenarios - its not solely & 5G investment. In time, the 
distributed data center wil also come to support Cloud RAN (C-RAN) and Vir- 
tual RAN (V-RAN) hub sites and will host core network functions, such as aistrib- 
uted user-plane nodes. 


2. Create an "IP Services Fabric” for 5G with software-defined networking (SDN) 
control. Edge-cloud locations running 5G network functions and services will re- 
quire high-performance, secure connectivity. Investment in wide-area SDN is 
aiready underway to create an "IP services fabric” that connects centralized 
data centers, distributed cloud locations and cell sites. This IP services fabric 
provides routing, security, service chaining, redundancy and orchestration. 
Again, this investment is, in many aspects, not unique to 5G, but common to 
high-performance networking at the cloud edge. 


3. Invest in cloud-based Evolved Packet Core (EPC) and NG Core. With a distrib- 
tuted cloud infrastructure, itis logical to redesign core network functions to take 
advantage of this asset to meet the strict latency requirements of 5G services 
and efficiently manage data traffic. Some aspects of NG Core are already rea- 
sonably well understood, (for example, control- and user- plane separation or 
‘CUPS'}, while others remain works in progress (for example, mobility and session 
management). In general, expect control-plane separation to apply across the 
5G architecture, from radio to core 


4. Use network slicing for a service-optimized core. Network slicing is an important 
bridge from a 4G core to anew 5G core and is a key component of a SG-ready 
network investment strategy. In this model, virtual network functions (VNFs) are 
created per service and data is routed vic an optimized processing path across, 
the network. By isolating services into virlual network slices, operators can offer 
better security, more efficient transport, optimized core network processing and 
appropriate service quality. A network sice created for an Intemet of Things 
(lof) customer, for example, may support both 4G and 5G access networks. 


5. Automation and service orchestration. Automating network operations pro- 
vides the ability to launch new services rapidly, to reach new market segments, 
to evaluate success/tailure quickly, and then to modify, scale and repeat. Sig 
nificant progress is being made in applying service orchestration to 4G-Long 
Term Evolution (LTE) networks, especially where software-based core networks 
are deployed. Network sicing is a good example of the need for automation 
because there will be many more logical entities to commission, provision and 
manage." Automated service orchestration” is c good, tangible example of 5G- 
ready functionality, 
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An 80-Meter Inverted V 
for Field Day 


It’s that time of year again when por- 
table operation isa delight. Here isa full 
sized low-frequency antenna that you can 
put up in the field or at home without any 
help. 

A Field Day antenna for 80 meters 
should be light, portable, inexpensive, ca- 
pable of easy erection without any special 
equipment, and it should not contain any 
fragile parts 

Of course, the antenna must perform 
adequately. 

The popular inverted V suggests itself 
as an answer to these requirements, It can 
be constructed so that it guys itself, mini- 
mizing the inevitable exasperating tangle 
of rope and wire, and it requires only one 
‘mast. Like all dipoles the inverted V can be 
fed atthe center with Iow impedance line, 
and elements for several bands can be con~ 
nected in parallel at the feed point of the 
antenna, 

The inverted V shown in the photo- 
graphs and sketches is simple, easily man- 
aged (20 minutes to erect, 10 minutes to 
dismantle) and costs under $15 for all com 
ponents. Notonly isitaconvenient antenna 
for portable operation, but it can serve as a 
fine permanent antenna for the home sta 
tion as well. In fact, that’s what has hap- 
pened to the inverted V pictured; it's been 
in use in the back yard of VESDPC ever 
since Field Day, 1967. 


Assembly 

Asshown in Figure 1, the antenna support 
consists of three 10-foot sections of 1'/1-inch 
‘TV mast. One end of each of the two lawer 
sections is swaged, permitting all three sec~ 
tions to be force-fitted together. Hooks of 
music wire were installed in the top section, 
so that the element wire and feed line could 
be easily coiled for storage, 

‘The center insulator (Figure 2) is made 
of maple; however, if this wood cannot be 
found, birch or fir can be used instead. 

Figure 2 shows how the center insulator 
‘was drilled and Figure 3 shows how the feed 
Jine and antenna element were attached, 
Dimensions are obviously not critical, and 


The inverted V as it looked this past winter 
In the author's backyard. 


Upper portion of the 80-meter inverted V 
as it appeared at the Field Day site 


the sketches are intended to show in a gen- 
eral way how the insulator was made, not 
to give precise detail. Just be careful where 
you drive the screws! 

‘Softwood (pine) was picked for the end 
insulators (Figure 4) because itis adequate 
for the application and easier to work with 
than maple. Fragile ceramics should not be 
used in place of the wood insulators, 

‘The 80-meter element (Figures 3and5)is 
made from small-gauge, Teflon-insulated, 
stranded Copperweld that was bought at a 
surplus outfit. This wire is worth looking for; 
it’s tough, durable, light, and easy to handle. 
foperation on both 80 and 40 i desired, the 
builder can connect a 40 meter element to 
points A and B in Figure 3.! 

‘The feed line can be 50-ohm coax, 72- 
‘ohm coax or 72-ohm Twin-Lead. I chose 
the latter because it is low cost, light- 
weight, very flexible, easy to store, and 
because it lends itself to such outrageous 
techniques as being tied in knots; however, 
since most transmitters have coax output, 
either a balun or an antenna coupler must 
be used between the feed line and the trans- 
mitter to maintain balance.* If elements for 
‘more than one band are to be used, the an- 
tenna coupler is preferred because it will 
reject harmonics of the transmitting fre 
quency that might fall in the range of one 
or more of the paralleled antennas. 


Raising and Lowering 

‘Transporting the antenna to and from 
the Field Day site is easy. Tape the three 
mast sections together, wrap them with 
cloth to protect the car's finish, and tie the 
‘works between one of the door handles and 
the rear bumper. Ifthe antennaextends past 
the back ofthe car, don’t forget to tie ared 
flag on the end of the bundle to alert other 
drivers. 

Upon arrival at the Field Day site, un- 
pack the antenna and join the TV masts to- 
ether. The three-section support is light 
enough to be “walked up” by one man, if 
the wind is under 10 miles per hour: how- 
ever, priorto the antenna raising, you must 
put stakes into the ground, determine the 
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Figure 1—The makings of the inverted-V 
‘center support. 


Figure 2—An X-ray view of the center 
insulator. 


Figure 3—Detalls of how the feed line and 
element wires should be attached to the 
center insulator, and @ top view of the 
installed insulator. 


Figure 4—A sketch of one of the wooden 
fend insulators, Two insulators are required 
for each dipole used. 


Foed Line 


Ground Level Layout 
for Antenna Legs of 


Wire—86" 
Ropes" 
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Ts foe Flelé Layout and WeikingUp Operation 


A sideview of one of the wooden 
fend insulators. 


Figure 5—By using the dimensions and layout shown in the upper right comer of the 
‘sketch—so that ground stakes could be installed and proper length guys attached 
between them and the mast—the author was able to raise his 80-meter inverted V 
without any help, For other element lengths than shown, one man can easily put up the 
antenna by using simple geometry to determine the amount of rope required and the 
locations of the stakes. 


exact length the guys will be when the an- 
tenna isin its operating position, and attach 
the guys to the stakes (Figure 5). 

Ifhelp is available, it won't be necessary 
to install stakes or measure guys prior to 
putting up the antenna. Have the helpers pay 
‘out each half of the antenna element and 
keep slack out of the wire as the mast goes 
up. Station the men about 45 degrees off the 
line of the mast as it lies on the ground, and 
then, once the mast is up, have the helpers 
walk around to the final positions shown in 
Figure 5. The last few degrees of “walking 
up" is where your control is poorest. 

With the rear guy (feed line) in your 
hhand, move quickly and smoothly past top 
dead center and promptly and firmly apply 
back tension on the antenna element. Once 
the feed line is snubbed, you can easily 
correct the mast for lean by lifting the base 
and putting it where it suits you. If you are 
fortunate enough to have three helpers, 
there is no problem at all. Give the third 


‘man the feed line, station him as far away as 
possible from the mast and antenna ele- 
‘ment, and have him take up the slack as the 
‘mast goes up. 

‘Base supportcan be little o nothing. The 
mast, which is now permanently erected in 
my back yard, rests directly on the grass. Tt 
‘was moved a couple of inches during each 
mowing operation, and no apparent harm 
came to the lawn. 

Lowering the antennas brutal but quick. 
Release the back guy (feed line) and let the 
‘whole system fall. Ifthe ground is reason- 
ably flat, this will be OK. But ifthe ground 
is very rough, the pipe may take a set as it 
strikes the ground. Under such conditions, 
it would be better to use helpers to reverse 
the erecting procedure. 

‘The antenna has been left up fora period 
of several months, during which there have 
been many autumn storms and a severe ice 
storm. Ithas shown no signs of distress, and 
it has performed normally when wet or 


loaded with ice, The small size of the in- 
verted V's parts has led to little wind and 
ice loading and is probably the main reason 
for the antenna’s durability 


‘though dimensions for an 80-meter inverted 
V are given in Figure 5, these aron't naces- 
erly the optimum gimansions for every in- 
Stallaio: there are too many variables In. 
‘civ ineantena ntiobe ued wits 
Iransmatch and open-wite lin, iis best to 
xpertnentaly determine he ength ofthe ne 
‘ered. This can be done by starting with an 
overall length equal to about 825 dvided by 
the frequency in megahertz, The ends ofthe 
inverted V should then be trimmed untl the 
SWE minimum alte operating requency 
[Asimpler method's deserved in footnote 2 
2A 8 wgement, especially for mul 
‘Dand operation, can be achieved by vsing @ 
transmatch and either 300-orm Twin-Laador 
‘Soonm LadderLine. Only one dipole 
‘sbout 100 feet ong length notetical)~isall 
that le necessary To cover all tho: amaleur 
Bands between 35 and 20 MHz. 
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By John C. Allred, WSLST From QST, October 1961 


-Z-UP Antenna for 
75 and 40 


Full-size dipoles for the 75- and 40- 
meter bands occupy more space than is, 
conveniently available on the 75 by 113- 
foot lot at WSLST. The increasing popu- 
larity of the “drooping,” or inverted-vee, 
dipole antenna among amateurs led us 10 
investigate it for our somewhat crowded 
conditions. Based on the electrical design 
of Glanzer,! this system has performed 
meritoriously at WSLST. Requiring only 
‘one support, it was surprisingly easy to 
erect, gives a satisfactory s.w.r. over the 
phone bands and, importantly, the cost was. 
less than thirty dollars complete. A plan- 
view sketch is shown in Figure 1 


‘The Mast 
The mast is a telescoping Channel- 


+ Glanzer, “The Inverted V-Shaped Dipole,” 
QS7, August, 1960. 


| 


Figure 1—WSLST's layout for effective 40- 
and 80-meter antennas on a small lt. The 
two “drooping” dipoles are fed in parallel 
with a single coax line. Nylon-iine 
extensions are used 10 reach convenient 
anchorages. 
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master, capable of S0-foot height, but ex- 
tended only to 35 feet, Extending the upper 
sections to less than their full lengths gives 
rigidity to the mast, and has apparently 
eliminated the need for guys on each sec- 
tion, as recommended by the manufacturer. 
‘To date this mast has withstood gusts of 50 
miles per hour without a shudder; itis yetto 
be tested in a real gale, however. 

As shown in Figure 2, a9-foot length of 
3.inch pipe is cast in concrete with 6 feet of 
its length extending above ground. Three 
pairs of clamps, such as those used on 
chain-link fence, secure the mast to the 
upright standard. During erection, these 


Figure 2—The mounting for the antenna 
mast. The 8-foot pipe is guyed temporarily 
While the concrete is poured, 


clamps are loosened and all three lie at the 
base of the standard, so that the mast need. 
only be lifted about 6 inches to be pat in 
place, When the mastis in place, the clamps 
are raised and tightened, 


Rigging 

Except for the antenna conductors, all 
rigging is of nylon line of S00-pound test. 
Ahalyardis reeved through a pulley of sut- 
able size which is wired securely to the top 
ofthe mast, The two ends ofthe halyard are 
made fast to a harness snap which, in tn, 
supports the center of the antennas. Provi- 
sion ofthis halyard has proved tobe a great 
convenience in permitting inspection ofthe 
antenna connections and the adjustment of 
tension in the wires without the necessity 
for lowering the mast. 

‘Nylon line has a tendency to ravel at its 
ends but this problems easly solved. Most 
fastenings were made with twohalfhitches, 
followed by sewing the end of the line to 
itself with thread, as shown in Figure 34, 
and doping with one of the quick-drying 
model-airplane cements 

Some weeks after the initial instala- 
tion, it became apparent that some addi- 
tional stabilization of the mast against 
occasional strong northerly winds would 
be desirable. Accordingly a nylon line was, 
run from the harness snap at the top of the 
‘mast to @ convenient anchor in the back 
yard, which happened to be the top of the 
children's swing set. Experience seems to 
show that the antenna wires, together with 
the additional nylon line, stabilize the mast 
against aerodynamically-excited vibra- 
tion, without any appreciable strain on the 
antennas, 


‘The Antennas 

As shown in Figure 3, the two antennas 
are connected in parallel at the top of the 
‘mast. The lower ends are connected to con- 
venient tie points so that the two legs of a 
given antenna are more or less ina straight 
line, To our great surprise, very litle effect 
is produced by moving the ends of the an- 
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Figure S—The halyard and feeder arrangement. The coaxial cabl 
with polyethylene tape connections are made. The harness snap of A al the end 
‘of the hoisting halyard engages the bridle between the two Insulators in B. 


Figure 4—SWA curves as indicated by a 
*Monimatch’-type SWR indicator, 


tennas either horizontally or vertically 
There is apparently negligible electrical 
interaction between them as indicated by 
the s.wr. bridge. 

Pruning of the antennas is, as always, 
desirable. In our case, the optimum lengths 
of each leg turned out to be 33 feet 9 inches 
for 40 meters and 59 feet 6 inches for 75 
meters. Figure 4 shows the performance of 
the antennas on 40 and 75 as measured by 
a Heath s.w-r. bridge, Although the anten- 
nas tune sharply, they are usable over the 
entire phone band in each case, and it would 
be difficult to imagine a better performer 
fon the lower-frequency bands than this 
simple antenna system. 
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rom QST, May 1972 (Hints & Kinks) 


A Zip-Cord Special 


Antenna 


Recently I found myself in need of an 
80-meter antenna to help me keep in touch 
with some of my friends back home while 
operating portable in Arizona. The antenna 
and feed line were not readily available, 
but I remembered that one of my friends 
had recommended zipeord as a substitute 
feed line for a dipole, provided low power 
was used. Going one step further, I felt the 
entire antenna could be made of this low- 
priced material. I purchased 80 feet of zip 
cord at @ local hardware store (at 4 cents a 
foot) and peeled it apart for 60 feet. This 
‘gave me the required 120 feet for a dipole, 
plus a 20-foot feed line which was taped to 
prevent further splitting, The feeder was 
fastened to a 2x4 which was used as a cen- 
ler support, The ends were extended as far 
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as possible, then tied with heavy cord to a 
fence that was in the trailer park where 1 
was staying, This made a slight inverted-V 


‘To reach the desired frequency of 3935, 
kHz it was necessary to shorten the antenna 
somewhat. I did this by folding three feet 
‘on each end of the dipole back upon itself. 
This enabled me to keep skeds with many 
“7s” at home. 

Having met with success on 80-meters I 
immediately began to eye the 40-meter 
band for possible use. I then measured out 
32 feet from the center and cut the wire 
there, then tied a knot in the two pieces, 
leaving a couple of inches of bare wire 
dangling. Now for forty meters, I merely 
disconnect the wires and reconnect them 


for 80 meters, 

As the ARRL Antenna Book states, a 
40-meter dipole will often present a good 
match at 15-meters, and this one is no ex- 
ception; I have worked many stations 
across the country on 15 meters with low 
power while using this simple antenna. 

‘The Handbook or Antenna Book has not 
recommended this type of feed line in many 
years, though using a twisted pair at one 
time was usual practice in feeding a dou- 
blet. But, when the need is there for a quick 
and easy antenna, Idon’tthink you can find 
an easier one as long as you remember to 
use low-power transmitters (100 watts or 
Jess) and trim the wire for a low value of 
SWR. — Frank S. Wise, W7O¥C 


The 5G Core Network 


The new 5G core network is now reasonably well understood: It will be “cloud-na- 
"it will make extensive use of network sicing, and it will operate in concert with 
‘a new model-driven service orchestration layer. The industry can therefore start to 
develop NG Core products that can be adapted as standards emerge and solidity. 


From a practical perspective, for the initial deployment, operators can support SG 
radio access on a "5G-ready" EPC and then migrate to a new NG Core over time. 
In both cases, the "IP services fabric" provides SDN-controlled connectivity and re- 
lated IP services, across « distributed cloud infrastructure. 


Virtualized & Cloud-Native Mobile Core 


Operators have made good progress on virtual EPC over the past couple of years. 
The largest networks now support more than 15 million subscribers (AT&T has discussed 
this publicly); some progressive operators have started to refresh their main EPC net- 
works using multivendor network functions virtualization (NFV) (e.g.. Docomo, Etisalat); 
and others (e.g., Vodafone} have deployed virtual core elements for loT services. 


Figure 3 shows two migration paths to a "cloud-native" 5G core. The blue line shows 
a virtualized 4G core as a stepping stone to a "5G-+eady" core and then a full SG 
core. The grey line shows a more conservative option where the operator scoles the 
classic EPC in the near-term and then makes a bigger leap to 5G later. 


Figure 3: A Preliminary Cloud-Based 5G Architecture 
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Source: Heavy Reading 


Theres debote about what exactty “cloud native” means, particulary in the context 
of stateful telecom network functions. Nevertheless, Heavy Reading's established 
view is that operators that deploy virtual EPC — even at small scale - gain experience 
in how these systems work, how to operate them, and how to evolve them, and 
that in tum will give them a sustainable advantage in the longer-term transition to 
software-centric 5G mabile networks 
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By Jerry Hal 
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rom QST, March 1 


Zip-Cord Antennas- 
Do They Work? 


Zip cord is readily available at hardware 
and department stores, and it's not expen- 
sive. The nickname, zip cord, refers to that 
parallel-wire electrical cord with brown or 
White insulation used for lamps and many 
small appliances. The current price is about 
6 cents a foot in hundred-foot rolls in most 
parts of the U.S. The conductors are usu- 
ally no. 18 stranded copper wire, although 
larger sizes may also be found. Zip cord is, 
light in weight and easy to work with. 

For these reasons, zip cord is frequently 
used as both the transmission line and the 
radiator section for an emergency dipole 
antenna system, The radiator section is 
‘obtained simply by “unzipping” or pulling 
the two conductors apart for the length 
needed to establish resonance for the oper- 
ating frequency band, The initial dipole 
length can be determined from the equation 
{= 468/f, where f is the length in feet and 
f is the frequency in megahertz, (It would 
be necessary to unzip only half the length 
found from the formula, since each of the 
two wires becomes half ofthe dipole.) The 
insulation left on the wire will have some 
loading effect, so a bit of length trimming 
may be needed for exact resonance at the 
desired frequency. 

For installation, many amateurs like to 
use the electrician's knot shown in Figure 
atthe dipole feed point to keep the trans- 
rission-line part of the system from unzip- 
Ping itself under the tension of dipole 
suspension. This way, if zip cord of suffi- 
cient length for both the radiator and the 
feed line is obtained, a solder-free installa 
tion can be made right down to the inpat 
end of the line. Granny knots (or any other 
variety) can be used at the ends with cotton 
cord to suspend the system, You end up 
with a lightweight low-cost antenna sys- 
tem that can serve for portable or emer- 
gency use. 

But just how efficient is a zip-cord an- 
tenna system? Since itis easy to locate the 
materials and simple to install, how about 
using such for & more permanent installa- 
tion? Upon casual examination, zip cord 
looks about like high-quality 72-ohm bal- 


Basic Amateur Radi 


: Parallel power cord is readily 


available and is easy to work with. How efficient is it 
when used at radio frequencies? Well, that depends. 


anced feed line. Does it work as well? Ask 
several amateurs these questions and 
‘you're likely to get answers ranging all the 
‘way from, “Yes, it’s a very good antenna 
system!” to “Don’t waste your time and 
money — it’s not worth it!” Myths and hear- 
say seem to prevail, with litle factual data. 
‘The intent of this article is to rectify that 
situation. 


Zip Cord as a Transmission Line 
Inorder to determine the electrical char- 
acteristics of zip cord as a radiofrequency 
transmission line, we purchased 1 100-foot 
roll and subjected it to tests in the ARRL 
laboratory with an rfimpedance bridge. Zip 
cord is properly called parallel power cord. 
‘The variety purchased was manufactured 
for GC Electronics, Rockford, IL, being 18- 


Figure 1—This electrician’s knot, often used 
inside lamp bases and appliances in lieu of 
a plastic grip, can also serve to prevent the 


section of a zip-cord 


gauge, brown, plastic-insulated type SPT- 
1, GC cat.no. 14-118-2G42, Undoubtedly, 
minor variations in the electrical character- 
istics will occur among similar cords from 
different manufacturers, but the results pre- 
sented here are probably typical 

As the first step, we checked the physi- 
cal length of the wire. GC generously 
provided nearly 4 feet over the specified 
100-ft length, and the extra length was 
promptly lopped off, 

We wanted to avoid measurement errors 
that might arise from coiling the wire on the 
supply spool (inductance between turns) or 
laying it out on the vinyl-tiled cement-slab 
floor (capacitance toa large surface), so the 
second step was to suspend the wire in a 
Tong hallway, about a foot or so below the 
false ceiling. Cotton twine was used for the 
supporting material. Undaunted by snide 
comments from fellow staff members about 
cheating the telephone company out of in- 
stallation work and facetious suggestions 
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that we use two paper cups and a string for 
our intercom, we continued with prepara- 
tion for the tests. 

With a General Radio 1606A rf imped- 
ance-measuring bridge, we made measure- 
‘ments at the input end of the line on 10, 15 
and 29 MHz, while the far end of the line 
‘was terminated first in a short and then in 
‘an open circuit, We did notice during mea- 
surements that our readings changed some- 
‘what as people walked in the hallway, es- 
pecially during the 29-MHz tests. After @ 
seemingly endless period of shooing away 
would-be helpers who disrupted measure- 
ments by grabbing the line, hanging ob- 
jects on it, and so forth, we finally arrived. 
at a set of readings considered to be sat 
factory for our purposes. From there, a bit 
of work with an electronic calculator and a 
‘Smith Chart told us what we wanted to 
know —the electrical characteristics atra- 
dio frequencies. 

‘The results? Well, as the saying goes, I 
have some good news and some bad news. 


First, the Good News 

If ever you need a balanced 105-ohm 
transmission line, then zip cord is the stuff 
for you! Its characteristic impedance was 
determined to be 107 ohms at 10 MHz, 
Aropping in value to 105 ohms at 15 MHz 
and to a slightly lower value at 29 MHz, 
‘The nominal value is 105 ohms at hf. The 
velocity factor of the line was determined 
to be 69.5 percent, 

‘Thisteported change inimpedance with 
frequency may raise a few eyebrows, but it 
is a fact that most lines do not exhibit a 
constant characteristic impedance across a 
range of frequencies. However, this writer 
has not previously encountered any line 
which was not “flat” between 3 and about 
‘50MHz. Zip cord may be exceptional from 
this standpoint, especially considering that 
the insulating material was not chosen for 
its qualities at rf. 


‘And Now the Bad News 

‘Who needs a 105-ohm line, especially to 
feedadipole? Most of us know thata dipole 
infree space exhibits feed-pointresistance 
‘of 73 ohms, and at heights above ground of 
less than 1/4 wavelength the resistance is 
even lower. An 80-meter dipole at 35 feet, 
for example, will exhibit feed-point resis- 
tance of about 40 ohms. Thus, for aresonant 
antenna, the SWR in the zip-cord transmis- 
sion line can be 105/40 or 2.6:1, and maybe 
even higher in some installations. Depend- 
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Figure 2—Attenuation 
‘of Zip cord in decibels 
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ing on the type of transmitter in use, the rig 
‘may notlike working into the load presented 
by the zip-cord antenna system. 

But the really bad news is still to come~ 
line loss! Figure 2isaplotof line attenuation 
in decibels per hundred feet of line versus 
frequency. Chart values are based on the as- 
sumption that the line is perfectly matched 
(Gees a 105-ohm load as its terminating im- 
pedance). For lengths other than 100 feet, 
‘multiply the figure by the actual length in 
feet and then divide by 100, 

In a feed-line, losses up to about one 
decibel or so can be tolerated, because at 
the receiver a 1-dB difference in signal 
strength is just barely detectable, But for 
losses above about 1-dB, beware. Remem- 
ber that if the total losses are 3 dB, half of 
your power will be used up just to heat the 
transmission line, 

‘Based on this information, we can see 
that a hundred feet or so of zip-cord trans- 
mission line on 80 meters might be accept- 
able, as might 50 feet on 40 meters. But for 
JTonger lengths and higher frequencies, look 
‘out! The losses become appreciable 


‘Adaitional losses over those charted in Figure 
‘2uilloccur when standingwaves are present. 
See Giisc, “What Dees Your WR Coat 
You?* January 1979 OST. Troubl 
Gan use a80- or 75-ohm Sivfinatument to 
measure the SWRin zip-cord ine accucataly. 


‘What About Zip Cord Wire as the 
Radiator? 

For years, amateurs have been using or- 
inary copper house wire as the radiator 
section of an antenna, erecting it without 
bothering to strip the plastic insulation. 
Other than the loading effects ofthe insula- 
tion mentioned earlier, no noticeable 
change in performance has been noted with 
the insulation present. And the insulation 
does offer « measure of protection against 
the weather. These same statements can be 
applied to single conductors of zip cord. 

‘The situation ina radiating wire covered 
with insulation is not quite the same as in 
two parallel conductors, where there may 
be a leaky dielectric path between the two 
conductors. In the parallel line, it is this 
current leakage which contributes to line 
losses. The current flowing through the in- 
sulation on a single radiating wire is quite 
small by comparison, and so as a radiator 
the efficiency is high. 

‘Now back to the original question: How 
efficient is a zip-cord antenna system? 
Well, that does depend, on the length of the 
wire used for the feed-line section and on 
the frequency. Ina pinch on 160, 80, 40 and 
perhaps 20 meters, communications can 
certainly be established with this kind of 
antenna, For higher frequencies, especially 
with long line lengths for the feeder, you're 
on your own. 


rom QST, April 1973 (Hints & Kinks) 


Piggyback Antenna For 
The Ten-Meter Band 


Most amateurs from Novices on up use 
dipole antennas for the eighty- and forty- 
meter bands. In many cases, these two an- 

tennas were all the Novice needed since the 
fifteen-meter band could also be covered 
with the forty-meter dipole. 

However, with the advent of the new 
ten-meter subband for Novices, a simple 
and inexpensive method of getting the 
needed coverage is to use a “piggyback” 
antenna. It can be easily added to an exist- 
ing dipole, eliminating the need for 
additional supports or feed lines. Also, it 
will have no effect on either an eighty- or 
forty-meter dipole, 

Of course, performance will not be as 
‘good as that obtained with a beam, but it 
should not be sold short either. A KH6 was 
worked during a recent contest with a 
ower output of 1.8 watts. — Robert M. 
May, Il, WASDEG 
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By James E. Taylor, W20ZH 


From QST, Augu: 


RFD-1 and RFD-2: Resonant 
Feed-Line Dipoles 


During several decades of operation on 
the 80-meter band, I have encountered 
number of hams who need an antenna sys: 
tem that is efficient, simple to construct, 
and yet can be deployed easily in difficult 
locations. The resonant feed-line dipoles 
described here provide an excellent match 
to the transceiver without a separate an- 
{enna tuner. They are easily transported on 
plastic cord reels, The basic design is ex- 
tensible to other bands—all ofthis without, 
a dangling feed line to contend with! 

Consider some realistic situations en- 
countered by fellow hams in their efforts to 
get on 80 meters: 

Scenario 1: You live on a small subur- 
ban lot with trees, but there is no way to 
stretch a straight 120-foot-long dipole with 
a feed line, 

Scenario 2: Your small backyard ends 
atthe edge of a steep decline. A radiator 
wire could be snaked through the trees, but 
running a separate feed line is out of the 
question. 

Scenario 3: You live in a high-rise 
building and could secretly stretch a wire 
upward or downward, but theres no way to 
install a feed line. 

Scenario 4: You're going on vacation to 
the mountains and you know that your cot~ 
tage is nestled among hundred-foot-high 
ppines You can take along a how and arrow 
and cord, but then what would you do? 

In response to these problems, I began 
to search for a universal solution under the 
following ground rules. (1) No separate 
antenna tuner would be required, (2) the 
antenna could be deployed with no more 
difficulty than stringing up a length of coax 
and (3) the antenna could be easily stored 
and unwound from a cord reel without a 
tangle of cable and wire. 

Several years ago I used a 10-meter ver- 
tical linear coaxial sleeve antenna, as 
shown in Figure 1. A vertical dipole is con- 
structed from a quarter-wave whip and a 
quarter wavelength of shielding braid. Its 
feed line passes through the braid, yielding 
a simplified geometry. Although this con- 
cept could be adapted to 80 meters, who 
wants to deal with 60 feet of shielding 
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This unique design offers simplicity and general 
utility. In short, these are “reel” great antennas for 


the HF bands. 


braid? The important lesson I learned was 
that the RF current has no trouble traveling. 
up the inside ofthe coax and making & 180° 
turn to travel back on the outside of the 
braid! 

Because this is true, perhaps we don’t 
need the separate outer braid. Why not just 
use the outside of the coax itself? If we do 
this, however, how do weletthe RF “know” 
when it should stop flowing and reflect 
back toward the center of the radiator, as it 
did when it came to the end of the added 
braid in the 10-meter vertical? The current 
on the outside of the coax shield is called 
“common-mode” current—there is no 
counteracting equal and opposite current 
as there is inside the coax. One design ap- 
proach utilizes the primary function of a 
balun transformer: to place in unbalanced 
reactance in the path of this common-mode 
current without affecting the desired 
balanced transmission line currents. The 
development of this conceptis discussed in 
the Appendix. 

‘The common-mode current on the coax 
shield is transformed by @ quarter-wave- 
Jength stub to maximum near the trans~ 
ceiver. It was not surprising to note 
experimentally that a coil of a few turns 
placed atthe fed end of the dipole decreases 
the resonant frequency of the system sub- 
stantially (because of the added inductive 
reactance), However, an unexpected divi- 
dend of this is that, at the resonant fre- 
quency, an almost perfectimpedance match 
{0 the 50-ohm source is realized! Now we 
have the design for our simplified antenna 
system! We can increase the resonant fre- 
quency by moving the coil along the cable 
away from the current maximum while re- 
taining the perfect match. And at the same 
time we can decrease the common-mode 
ccurrent on this part of the line, because of 
the coil’s inductive reactance. For the val- 
ues chosen, the coil is near self-resonance 


from the distributed capacitance of the coil 
windings. The equivalent parallel-resonant 
circuit serves to increase the reactance at this 
point in the antenna, which assures a reflec- 
tion when the RF reaches this viral end of 
the dipole, To my knowledge, this configura- 
tion and method of resonating is unique and 
novel, and [refer to it as a T choke, 


Constructon, Installation and 
Adjustment 

‘The simple arrangement of the resonant 
coaxial lineardipole is shown in Figure2.The 
dimensions and test results are for a nominal 
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Figure 1—A vertical linear coaxial sleeve 
antenna far 10 meters, 


frequency of 3.95 MHz. To dramatize the 
simplicity of the antenna, I list all required 
parts in Table 1 

The coaxial cable connector is as- 
sembled at the input end of the coax for 
connecting to the transceiver. The center 
‘conductor of the far end ofthe cable is con- 
nected to the antenna wire to form a hook 
and eye, and is securely soldered. This junc- 
tion is potted in the center of a short length 
‘of PVC pipe to form a robust center insula- 
torassembly. Atthe outset, 13 turns of cable 
can be wound on the cord reel at # point 
approximately 59 feet plus 25 inches from 
the center of the dipole. The 13 turns can 
then be taped in place on the reel with duct, 
tape or equivalent, The remaining coax and 
wire can now be wound on the reel for ease 
of transporting. To avoid kinks when un- 
winding, secure the end of the wire and ro- 
tate the reel, keeping the wire and coax taut. 

Ground losses are a great enemy of an 
HF antenna, especially at the lower fre- 
quencies, s0 place the dipole for 80 meters 
as far above the ground as possible! After 
installation, check the resonant frequency 
with a noise bridge or an SWR meter. If 
these construction details are followed, the 
resonant frequency should be approxi- 
‘mately 3.95 MHz. If the resonance indica- 
tion is indefinite or if the resistance is not 
lose 10 50 ohms, adjust the self-resonance 
‘of the coil by moving the turns slightly on 
the reel. This alters the inter-turn capi 
tance, permitting adjustment of the reflec- 
tion of RF at the end of the dipole. During 
this adjustment, remember that the greatest 
effectis between the inputand outputturns, 
where the voltage difference is greatest. If 
‘you want to lower the resonant frequency 
of the antenna, remove the tape and rotate 
the reel to increase the 25-inch distance, 
thereby increasing the length of the dipole. 
This is done in « manner to retain the 13- 
tur coil—you are winding and unwinding 
equal lengths of cable. When the desired 
resonant frequency is attained, you are 


ready to operate! This is a broadband an- 
tenna,and not much adjustment isrequired. 

‘The 13 turns is mentioned only as a 
nominal coil size. Ihave used both I-turn 
and 13-turncoils. Self resonance can be ad- 
justed as mentioned earlier. As the number 
‘of turnsis increased, the initial 25-inch dis- 
tance will be decreased. For example, in 
ny test installation a change from 11 turns 
to 13 tums altered this distance required 
for resonance from 68 inches to 25 inches. 
A greater impedance at this point serves to 
improve the isolation of the dipole from 
round, 


‘The RFD-2 for Two-Band Operation 
‘The preceding construction information 
isfor an antenna dedicated to a single ama- 
teur band, the RED-1. With a slightly dif- 
ferent configuration, referred to as the 
RED-2, the RFD-1 design can be extended 
to cover the 40-meter band without 
severing the coaxial cable. Conversion 
from 80 to 40 meters and back requires only 
a few minutes, The RFD-2 design allows 
‘you to change operation to 40 meters for a 
Tew days without permanently altering the 
80-meter lengths, In other words, the total 


Table 1 

RFD-1 Parts List 

1-118-foot length RG-8X (minifoam) 
coaxial cable 

1-59-foot length no. 12 stranded or 
Copperweld wire 

4-PL-259 male coaxial cable connec- 
tor 

1-10-inch-diameter cord reel 
(Doscocil mode! no. 32500 or 
equiv.) 

4-3:Inch length of 1/2-inch OD PVG 
pipe (for center insulator) 

1-Epoxy potting compound (sutficient 
to fill pipe) 


dimensions of the 80-meter coaxial feed 
line dipole are retained but operation is, 
adapted to 40 meters. This is done simply 
by winding coaxial cable on reels. This is, 
readily achieved by altering the winding of 
the coax on the original reel and then add- 
ing a second coil near the far end of the 
dipole. Once the values have been estab- 
lished, this band change is accomplished 
simply. 

The RFD-2, as it has evolved at 
W202H, is shown in Figure 3. Total di- 
mensions are given in Figure 3A. The 
length of the feed line has been increased 
from that of the RFD-1 to 143 feet to make 
allowance for the cable used in the 13-turn 
coil. This assures an isolating stub which is 
approximately 1/4 Aon 80 meters, and at 
the same time permits a stub length that is 
closeto 1/4 .on 40 meters, thereby achiey- 
ing the desired high impedance for 
isolation on both bands. Also, the no, 12 
terminating antenna wire has been replaced 
by a length of coaxial cable—the outer 
Jjacket provides insulation so the coax can 
now be coiled to provide the desired dipole 
length on 40 meters, 

As pointed out earlier, a self-resonant 
coil is used to assure a high coefficient of 
reflection at the fed end of the 80-meter 
dipole, For other bands it is necessary to 
calculate the approximate number of turns 
required to approach self-resonance. A 
suitable winding for 80 meters was deter- 
mined to be 13 turns on a 6-inch diameter 
reel, so the numbers for other bands can be 
obtained by a simple scaling calculation. 
Details are given in the Appendix. For guid- 
ance in adapting the design for the other HF 
bands, the approximate number of turns for 
the terminating coils is shown in Table 2, 

For wavelengths shorter than 40 meters 
it may be desirable to use a radiating sec- 
tion longer then 1/2 A. The length either 
side of center can be any odd number of 
quarter wavelengths. For example, on 20 
meters the radiator could be 3/2 2 (three 
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Figure 2—The RFD-1 (resonant feed-line dipole) antenna for 80 meters. 
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Figure 3—The RFD-2 antenna can be configured for either of two bands. Shown at A is the setup for 80 meters, and at B for 


40 meters. 


quarter waves either side of center). De- 
pending upon the antenna orientation, the 
additional radiation lobes may be advanta- 
geous. Also, the unused conductor lengths 
at the ends are less apt to cause trouble 
because of parasitic excitation from the 
main radiator. 


Arrangement and Construction 

FromTable 2, for the 40-meter band we 
need to reduce the resonant coil atthe input 
‘end of the dipole tonine turns, and we need 
to move the coil along the coax to a point 
slightly more than 32 feet, 2 inches 
from the center. This is haif the dipole 
length calculated for 7.26 MHz with an 
allowance for tuning adjustment, using the 
dipole-length approximation equation L = 
468/fyqye: As with the RFD-1, this coil es- 
lublishes the desired, high impedance atthe 
fed end of the dipole. 

In addition, we need to establish a high 
impedance at the far end of the dipole be- 
cause, in this case, the desired end of the 
40-meter dipole does not coincide with the 
end of the conductor. This is because we 
‘want to retain the full length of the conduc- 
tor measured for the 80-meter band, rather 
than cutting it. The desired high impedance 
reflecting termination is achieved by use of 
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Table 2 
Scaling of RFD-1 to Other Bands 


Band Frequency Tus 
160m 1.90 19 
80m 3.95 13 
40m 7.26 9 
30m 10.12 8 
20m 14.29 ia 
7m 18.14 8 
15m 21.38 6 
12m 24.96 5 
10m 28.65 5 


second, 9-turn, self-resonant coil of coax. 

Figure 3B shows the RFD-2 configura- 
tion for 40 meters. A cord reel can be used 
for the second coil, although any suitable 
insulating 6-inch diameter form can be 
used. I wound the coil in two layers using a 
1-gallon windshield-washer-fluid bottle. 
After the windings had been properly ad- 
justed, I taped them in place with duct tape, 
tand slipped the coil off the form so it be 
came self-supporting. 

As with the RFD-1, it is desirable to 


place the antenns as high above ground as 
possible to reduce ground losses nd to belp 
achieve low-angle radiation, if that is de- 
sired. The dipole does not have to be in- 
stalled ina straight line, andif youcan gain 
appreciably greater height by bending it, 
this may be a desirable compromise 
After the antenna with its two coils is 
erected, measure the resonant frequency 
using a noise bridge or an SWR meter. If 
the construction details have been fol- 
lowed, the resonant frequency should not 
be far from the nominal value of 7.26 MHz. 
‘The resonance point and the input resis- 
mice can be shifted moderately by both 
changing the 14-inch offset distance and 
changing the inter-turn spacing of the coils. 
‘The greatest effect is produced by chang~ 
ing the spacing between the input and the 
‘output tums (that is, between coil turns 1 
and 9). This is because the voltage differ- 
‘ence, and therefore the change in capaci- 
tive influence, is greatest there. 


Results 

My experience in developing antennas is 
thatthe ood concepts really “want work,” 
and this antenna was no exception. Noise- 
bridge measurements with the RED-1 indi- 
‘cated an input resistance at resonance of 


49 ohms, and from a practical standpoint 
the SWRis I:1, An H-field antenna probe 
‘was used to evaluate the power radiated at 
the center ofthe dipole compared with that 
atthe current loop near the feed-point. The 
current ratio was 5.5 to 1, which corre- 
sponds to & power ratio of 30 to 1, or 15 
decibels. This indicates that the coils very 
effective in attenuating the common-mode 
current flowing back toward the feed point. 

For the RFD-2 with the 40-meter dimen- 
sions shown in Figure 3B, the initial reso- 
nance point was within the 40-meter phone 
band and the SWR was essentially 1:1. 
Slight adjustment brought the resonant fre- 
‘quency up to the desired value, and the in- 
utresistance was very close to 50 ohms. A 
salient characteristic of the RFD antennas 
is the ease with which an impedance match 
is attained. It-appears always to be easy to 
get a reflected power indication of zero. 
This is probably because the common- 
‘mode current on the shield of the coax is 
indistinguishable from the desired radiat- 
ing current—in other words, the common 
mode is used rather than avoided. 


Appendix 

‘When the separate outer braid of the 
antenna shown in Figure 1 is removed, 
there must be some way to let the RF 
“know” when it should stop flowing on the 
shield ofthe coax and reflect back toward 
the center of the radiator. A balun box that 
T made up for another purpose is one ap- 
proach: 30 turns of bifilar winding on an 
‘Amidon T-200-2 iron-powder. toroidal 


core. The turns formula for such a balun 
transformer is 


desea (WH) 


T. * 


where 
T=no, of turns 
‘A, = inductance index (microhenries 
per 100 turns) 


From this, the inductive reactance for 
unbalanced current is 
2nfT A, 
Lk 
A 10" 


x 
4 


Ata frequency of 4 MHz, this 30-turn 
coil has an unbalanced reactance of only 
270 ohms. We would need about ten of 
these in series to support the RF field at the 
end of a dipole antenna! 

‘An alternative method involves plac- 
ing a toroidal isolation transformer in the 
coaxial line at the fed end of the linear di- 
pole. I actually wound such a transformer 
‘on two stacked T-200-2 cores, to provide a 
I-KW power capability. This configuration 
worked, after fashion, but the impedance 
match was less than desired, probably be- 
cause of excessive capacitance between 
secondary and primary windings. How- 
ever, before I took steps to control this, @ 
simpler approach came to mind, 

‘We need to isolate the transceiver from 
the fed end of the dipole, so why not cut the 


coaxial feed line tobe a quarter wavelength 
Jong? (This length is measured in free- 
space, not in the line.) This serves to 
twanform the high impedance ofthe fed end 
of the dipole to the low impedance at the 
‘grounded transceiver. Any unused portion 
of this approximate 60-foot length of coax 
‘ean be Wound in acoil and used for further 
isolation and, as itturns out, for tuning the 
system to resonance, 


Scaling for a Second Band 
For coverage of a second band, we 
‘would like tohave the same inductive reac- 
tance that we had for the 80-meter coil. 
From handbooks, the inductance of a 
coil of assumed dimensions is 


L=an? 


where 
A 


a constant determined by the coil 
‘geometry 

N= number of turns 
‘Thus, we have for the reactance 


X, = 2nfL. = 2nfAN? 


For equal reactances we can calculate Nz, 
the new number of turns, at frequency f3, 
from Nj, the known number of turns at fre~ 
quency, by the equation 


NyANy 
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By Jerry Hall, K1PLP From QST, September 1974 


Off-Center-Loaded Dipole 


Antennas 


In these times when much of our amateur 
population lives in urban areas, the subject 
of shortened antennas for the lower fre- 
quency amateur bands isa very popular one. 
Physically short ground-mounted vertical 
antennas with lumped-constant loading to 
make them resonant can be quite 
efficient radiators, if a good radial system 
has been installed. This has certainly been 
evidenced in Sevick’s series of recent QST 
articles.! To many amateurs, however, the 
“hitch” in constructing such a system is the 
installation of a good radial system. It must, 
be admitted that for the “top” amateur 
bands, 160 and 80/75 meters, an efficient 
system of buried radials requires a sizable 
amount of real estate, even for a physically 
short radiator. On the average city-size lot, 
50 ar 75 by 120 to 150 feet, it’s almost im- 
possible to install s highly efficient radial 
system for 80/75 meters, much less for 160 
meters, when structures like @ house and 
pethaps a separate garage exist, Or to some 
amateurs, just the thought of burying hun- 
dreds or maybe thousands of feet of wire is 
enough to turn off any enthusiasm for the 
project, What's the alternative? A dipole 
type of antenna with lumped constant load- 
ing. At modest heights, 30 or 40 feet, such 
an antenna will prove to be quite satisfac 
tory if it is physically longer than about 0.2 
wavelength. Shorter lengths may also be 
used, at reduced efficiency. Suchan antenna 
can be fed directly with 50-0 coaxial line, 
and itcan be operated with no earth ground. 
(Of course the chassis of the transmitter and/ 
or receiver should be grounded adequately 
for protection against shock hazard.) 
Nearly all of us are familiar with the 
concept bebind the use of inductive load- 
ing. A vertical antenna whichis shorter than 
a quarter wave (or a dipole antenna which 
is shorter than a half wave) will exhibit ca- 
pacitive reactance at its base (or center) 
feed point, To cancel such capacitive reac- 
tance, a coil having the proper inductive 
reactance may be connected in series with 
the base feed point ofthe vertical. The same 
result will be obtained through the use of 
two such coils for a dipole, one coil con- 
nected in series with each half. It is not 
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necessary for the inductor tobe installed at 
the feed point, however. Infact, greater ra- 
diating efficiency results through improved 
ccurrent distribution if the inductor is lo- 
cated along the radiator some distance 
away from the low-impedance feed point, 
vig, in the manner of a center-loaded 
mobile whip antenna. Figure 1 shows this 
concept extended toa dipole element, with 
off-center loading. The inductors resonate 
the antenna to the operating frequency, but 
do little actual radiating themselves. (This 
isincontrasttohelically wound or continu- 
ously loaded elements, where a long thin 
inductor isthe radiator as well asthe load- 
ing element.) 

‘In the antenna represented by Figure 1, 
there are many variable factors to be coi 
sidered when a practical antenna for a 
given frequency is being constructed, Of 
primary consideration from an efficieney 
standpoint is the overall length, shown as 
dimension A. Another consideration for ef- 
ficiency is the distance of the coils from 
center, dimension B. The longer the overall 
Jength (A), up to a half wave, and the far 
ther the loading coils are placed from the 
center (B), the greater is the efficiency of 
the antenna, However, the greater is dis- 
tance B (for a fixed overall antenna size), 
the larger the inductors must beto maintain 
resonance. Theoretically, if the coils were 


placed at the outer ends of the dipole, they 
should be infinite in value to maintain reso- 
nance. Capacitive loading of the ends, e 
ther through proximity of the antenna to 
ther objects or through the addition of ca- 
pacitance hats, will reduce this requirement 
lo a more practical value, 


‘What Inductance Values? 

As a matter of personal interest, this 
writer has been doing experimental work 
for a number of years with off-center 
loaded antennas. One big drawback to such 
experimentation was the ever-present need 
for a large amount of cut-and-try work to 
arrive at resonance whenever a new set of 
dimensions was to be used, Probably the 
‘number of pruned-off turns from coil stock 
from such experiments, if straightened out, 
and soldered end to end, would make up 
several full-sized half-wave antennas for 
the 160-meter band, Therefore, most of the 
writer's work of late inthis area has been in 
going through paperwork exercises, look- 
ing for a way whereby at least “ball-park” 
values of inductance needed for a particu- 
lar system could be calculated, 

‘The equation contained in the Mobile 
chapter of The ARRL Antenna Book for de- 
termining the capacitance of a vertical an- 
tenna shorter than a quarter wavelength 
looked promising in early computations, 
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Figure 1—A dipole antenna lengthened electrically with off-center loading coils. For a 
fixed dimension A, greater efficiency will be realized with greater distance B, but as B is 
increased, L must be larger in value to maintain resonance, 


and, indeed, it became the basis for 
the calculation procedure which finally 
resulted, 

This procedure has been found to 
produce results much closer than mere 
"ball-park” values for the necessary induc- 
tance ~ for wire antennas “in the clear” at 
moderate heights, the final inductance val- 
ues found by cut-and-try pruning for low- 
est SWR at the desired frequency have been 
so close to the value from calculations that 
a laboratory bridge was necessary to me: 
sure the difference. The results are equally 
good for elements using tubing. Once the 
needed inductance value is determined by 
calculations, it is generally found suff 
cient to obtain coil dimensions from an 
ARRL LIC/F Calculator (see LaPlaca*) or 
by equation, Any significant pruning which 
has been found necessary could always be 
attributed to objects in proximity to the 
‘ends of the antenna. 

‘The complete set of calculations is ex- 
pressed in the mathematical relationshi 
below as Eq. 1, presented here primarily 
for mathematics buffs or those having ai 
cess to electronic computers. 

‘This equation yields the inductance re~ 
quired, in microhenrys, for single-band 
resonance of a shortened antenna of & pat- 
ticular physical size at a given frequency, 
for a specific position of the loading coils 
from the center of the antenna, To spare the 
reader the task of performing some rather 
tedious calculations, Figure 2 has been pre- 
pared from Eq, 1. The curves of the chart 
hhave been normalized, and may be used for 
any frequency of resonance. The chart is 
based ona halfwavelength/diameter ratio of 
the radiator of approximately 24,000. (This 
corresponds to No, 14 wire on 80 meters or 
No 8 wire on 160 meters.) For “thinner” 
conductors, the required inductance will be 
‘somewhat greater than that determined from 
Figure 2, and less inductance will be re- 
quired for “thicker” conductors. 

‘The use of the chart is as follows: Atthe 
intersection of the appropriate curve from 
the body for dimension A and the proper 
value for the coil position from the hori- 
zontal scale atthe bottom of the chart, read 
the required inductive reactance for teso- 
nance from the scale atthe left. Dimensions 
‘Aaand B are shown in Figure 1, and for use 
‘with the chartare expressed as percentages. 

wension A is taken as percent length of 
the shortened antenna with respect to the 
length of aresonant half-wave dipole of the 
same conductor material. Dimension B is 


(Eq. 1): 


where 
Ly = inductance required for 
esonance 
In= natural log 
frequency, megahertz 
A= overall antenna length, fect 
B = distance from center to each 
loading coil, feet 
D = diameter of radiator, inches 


taken as the percent of coil distance from 
the feed point to the end of the shortened 
antenna. For example, resonating an an- 
tenna which is 50% or half the size of a 
half-wave dipole (one-quarter wavelength 
overall), with loading coils positioned mid- 
‘way between the feed point and each end 
(30% out), would require loading coils 
having an inductive reactance of approxi- 
mately 950 ohms at the operating. fre- 
quency. If the antenna is hung “in the 
clear,” and if the length/diameter ratio of 
the conductor is near 24,000, inductance 
values as determined from the chart will be 
very close to actual values required. (Eq. 1 
above takes the diameter ofthe radiator into 
account, and thus may be used for any 
length/diameter ratio.) For practical pur~ 


poses, dimension B may be taken as that 
distance from the center of the feed-point 
insulator to the inside eye of the loading- 
coil insulator, and dimension A as the eye- 
to-eye distance inside the end insulators 
(which are not drawn in Figure 1). 
Proximity of surrounding objects in indi- 
vidual installations may require some prun- 
ing ofthe coils, and the exact amount of final 
inductance required should be determined ex- 
perimentally, Ifthe antenna is hung in in- 
verted-V style, with the ends brought near the 
cath, the required inductance will almost 
always be somewhat less than that deter- 
‘ined from the chart orequation. A grid-dip 
meter, Macromatcher, (See Hall and 
Kaufmann®) or SWR indicator may be used, 
during the final adjustment procedure. 


Each %, Ohms 
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Figure 2—Chart for determining approximate inductance values for off-center-loaded 
dipoles. At the intersection af the appropriate curve from the body of the chart for 
gimension A and the proper value othe col poston trom the horizontal sale atthe 
bottom af the chart, read the required inductive reactance for resonance from the scale 
at left. See Figure 1 regarding dimensions A and B. 
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Practical Antennas 

Although one mighterect an inductively 
loaded antenna that is cut fora single ama- 
teur band, itis possible to use the antenna 
itself for two, three, or more bands of op- 
eration, if provision is made to lower the 
antenna for band changes. A simple rope 
halyard and pulley arrangement at one of 
the supports will do the trick, Figure 3A 
shows a 3-band antenna of this nature, for 
160, 80, and 20 meters. If the insulators 
shown are left open, with nothing bridging. 
them, the antenna is a simple half-wave 
dipole cut for 14.18 MHz, (The 48.5-foot 
lengths act merely as support wires, and 
have negligible effect on operation of the 
antenna.) If the insulators are bridged with 
short lengths of antenna wire, the antenna 
becomes a center-fed 80-meter dipole, 
resonant at about 3.6 MHz. For 160-m op- 
eration the 20-meter insulators may be 
bridged with loading coils to resonate the 
antenna at 1,8 MHz, as shown in Figure 3A. 
Burndy or other manufacturers’ “Servit" 
type of electrical connectors may be used, 
for ease in making band changes quickly, 
as shown in Figure 4. 

‘The calculation procedure for determin 
ing loading-coil values for the antenna of 
Figure 3A, using the chart of Figure 2, goes 
like this. operation is desired on 1.8 MHz, 
the length of a full-sized half-wave dipole 
is found from the relationship 468/f to be 
260 feet. The 130-foot length of Figure 3A 
represents 50% of this size, meaning that 
the dimension-A curve marked “50%” in 
Figure 2 is to be used. The position of the 
coils is 16.5/(16.5 + 48.5) x 100 or 25% of 
the distance out from center, dimension B. 
From the intersection of 25 (horizontal 
scale at bottom), and the 50% curve, the 
required inductive reactance is read from 
the scale at the left of Figure 2 to be 
650 ohms. The inductance, L, is 650/2nfor 
57.5 mictohenrys, if No. 8 wire is to be 
used, For smaller diameter wire, the induc- 
tance should be somewhat larger. (Caleu- 
lations from Eq. 1 for No. 12 wire indicate 
the required inductance is 60.99 iAH.) 

‘The radiation resistance of a shortened 
antenna loaded to resonances less than that 
of a full-sized antenna, Further, the short- 
ened antenna is “sharper,” meaning that the 
change in reactance versus frequency is 
greater. In other words, the shortened an- 
enna actsasa tuned circuit having abigher 
@ than a full-sized antenna, To check 
these characteristics, the line input imped- 
ances for the antenna of Figure 3A were 
measured with a laboratory bridge, and the 
electrical line length at the measurement 
frequency was then taken into account to 
determine the impedance at the antenna 
feed point. The antenna was constructed of 
No. 12 wire and hung at a height of 50 feet, 
as a “flat-top” radiator. 

‘The solid curve of Figure 3B is a plot of 
the feed-point impedance versus frequency 
for this antenna. The plot on Smith Chart 
coordinates is more meaningful than a 
simple SWR-vs.-frequeney curve because 
the magnitudes of the resistive and reactive 
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components are shown, as well as the sign 
of the reactance, (Capacitive reactance is 
negative, plotted to the left of the vertical 
center ine, and inductive reactance is posi- 
tive, plotted to the right.) In this presenta- 
tion, « 50-ohm nonreactive impedance will 
‘appear atthe exact center ofthe chart. The 
SWR in 50-ohm line for a given frequency 
may be determined by first noting the dis- 
tance from the center of the chart to the 
particular impedance ploton the curve, and 
‘next measuring this same distance down the 
vertical center line from chart center (a 
drawing compass is helpful for this task), 
and finally dividing 50 into the value rea 
atthat point on the centerline. For example, 
the SWR at 1.8 MHz equals 120/50 or 2.4, 
as indicated by the segment of the 2.4 SWR 

ircle in Figure 3B. Itmay be seen that reso- 
hance (zero reactance) occurs at approxi- 
mately 1810 kHz, where the resistance is, 
about 22 ohms. The SWR at resonance is 
2.33:1, and elimbs to 3:1 at 1825 kHz. At 


1850 kHz, the SWR is 10:1. Without any 
matching provisions the antenna is rela- 
tively sharp, as mentioned earlier. If one 
sets the usable bandwidth as the frequency 
range where the SWR is 3:1 o less, i is 
approximately 35 kHz, or 1.9% of the 
resonant frequency. As far as efficiency is 
concerned, ohmic losses are low, and the 
antenna is good performer on 160 meters. 
Because of its horizontal polarization, it 
has proved to be most effective at night, 
and stations several hundred miles away 
have been worked with S-9 reports re- 
ceived for the 50-watt signal. 

Fora comparison ofimpedances the bro- 
ken curve of Figure 3B isa plot of measured 
impedances ofa full-size half-wave dipole, 
260 feet long overall, hung in place of the 
Shortened antenna, From this curveitmay be 
seen that resonance occurs at 1810 kH2, 
‘where the resistance is 59 ohms. The 3: 
‘SWR bandwidth for the half-wave antennas, 
in the order of 60 kHz, or 3.3% of the reso- 
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Figure 3—At A, an 80-meter dipole loaded for 160-meter operation. The inductors are 37 


tums of coll stack having a 3-inch diameter 


‘and 10 tums per inch (B&W 8035). AtB, the 


impedance plot of this antenna installed at a height of 50 feet (solid curve), and the plot 


af a 160-m hall-wave dipole (broken curve), 


Migrating 5G RAN From EPC to NG Core 


ASG-ready core strategy is determined, in part, by how the operator plans to intro- 
duce 5G radio. There are two basic possibilities: operate 5G RAN using an EPC or 
using a new NG Core. In practice, operators with plans to launch 5G early are likely 
to start with an EPC and migrate to NG Core over time, as shown in Figure 4 below. 


- 
Figure 4: Migrating 5G RAN from EPC to NG Core 
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Source: 3GPP TR 38.801 v0.4.0 
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The diagram is taken from the most recent version of the 3GPP “Study on New 
Radio Access Technology” (TR 38.801), which willinform development of standards 
in Release 15. Several permutations of the architecture are under consideration 
however, in simple terms, to the left, the new 5G base station (gNB) user-plane 
interface connects directly to 0 4G EPC, while the control-plane functions, such as 
tracking, paging, etc., are provided by an evolved 4G base station (eNB), which in 
tum also connects to the EPC. In this scenario, the EPC requires little or no modifica- 
tion, making this « fast and simple way to deploy 5G radio from a core perspective. 


Overtime, both 4G and 5G base stations can migrate to. a new NG Core, which will 
provide both control- and user-plane functions. At this stage, NG Core becomes 
the primary core network for 4G and 5G access, as shown to the right in the dia 
gram. This is conceptually similar to how EPC supports 3G and 4G access networks. 


Note that in cases where 5G radio is deployed for fixed wireless access, there is no 
need for an LTE RAN fo provide coniral-plane functions to the 5G user device: a 
standard EPC is sufficient, although it would need to provide session management 
forthe 5G access. Some of the first SG deployments are expected to use this model. 


: A Key Bridge to 5G 


Network slicing is one of the key bridges between the 4G and 5G core. To support 
diverse service types, operators wil use multiple Core networks deployed as "network 
slices’ on a common IP services infrastructure. The idea, shown in Figure 5, is to create 
Virtual core network instances (or “sices’) dedicated to different services. Each sice 
can be optimized for the traffic profile and the commercial context of the associated 
service —for example, loT, public safety, mobile virtual network operator (MVNO), con- 
nected car, voice over WiFi or enterprise services. Network sices can be two dimen- 
sional in the sense that they can be both service- and customer-specific. 
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nant frequency. Itis interesting to note on this, 
‘curve that the SWR at resonance is 1.18:1, 
and that itis a somewhat lower value, 15:1, 
at a frequency a few kilohertz above reso- 
nance. (Measurements were made every 5 
kHz across this band, but plot points are 
shown only for 25-KHz increments to avoid 
crowding of the data.) This evidence refutes 
theoft-heard statement thatthe SWR-vsfre- 
quency curve is always lowest at antenna 
resonance. Points to remember are that the 
‘SWR ina transmission line is completely de- 
pendent upon the characteristic-impedance 
value of the line in use. Using a line of differ- 
ent impedance may shift the position of the 
SWR curve along the frequency axis in a 
simple SWR-vs.-frequency plot, Thisis defi- 
nitely true in this case — if the 160-meter 
half-wave dipole were tobe fed with 75-ohm 
line, the lowest SWR would occur at a 
frequency about 5 kHz below antenna reso- 
nance, whereas with 50-ohm line the lowest 
SWR is at a frequency slightly above reso- 
nance. The reason this happens is that the 
resistive componentof theimpedance, which 
consists of the radiation resistance plus any 
loss resistance, is not constant with fre- 
quency, even overa rather narrow frequency 
range. It must be acknowledged that the if 
ferences here are very slight, however, and 
for practical purposes the frequency of low- 
est SWR is (within a few kilohert2) the reso- 
nant frequency of the antenna, 

‘Another point concerning the SWR val- 
ues bears noting. The values as determined 
from the plots in the manner described 
above are quite accurate, haying been de- 
termined by measurements with laboratory 
equipment, Incontrast, measurements with 
simple SWR indicators usually cannot be 
relied upon for anywhere near the equiva- 
Tent accuracy. 

For example, the author owns a com- 
mercially manufactured SWR indicator of 
the Monimatch type (see McCoy*) which, 
under a particular set of conditions, indi- 
‘cates a 2.5:1 SWR in a line where labora 
tory measuring equipment shows the true 
SWR to be 4:1. A significant difference! 
Herein lies another reason why impedance 
plots on Smith Chart coordinates are more 
meaningful than a simple SWR-vs.-fre- 
quency curve — greater accuracy may gen- 
erally be expected. 


A Halt-Size 80-Meter Antenna 


Figure 5A shows the 3-band concept de- 
seribed earlierasitcan be applied to 80,40, 
and 20 meters. Its overall length is 66 feet, 
nota difficult length to use on a small lot. 
This antenna was constructed for 80-m 
operation with a design-center frequency 
of 3.55 MHz, using No.12antenna wire and 
40-uH loading coils—27 turns of stock 
having adiameter of 3 inches and apitch of 
10 turns per inch (tpi). Feed-point imped- 
ances versus 80-m frequency for the an- 
tenna, hung ata height of 50 fect, are shown 
by the solid curve at B of Figure 5. Actual 
resonance occurred at3.54MHz, where the 
resistance was about 26 ohms. The band- 
width within which the SWR is 3:1 is 


Figure 4—Copper 
electrical service 
connectors, sold under 
fone trade name of 
Servit, provide a simple 
‘means of installing the 
loading coils. The 
antenna wire and the 
fends of the coll wires 
should be finned to 
Prevent corrosion. In 
addition, a protective 
coating of acrylic spray 
may be used at each 
Connection. 
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Figure 5—At A, a 40-meter dipole loaded for 80-meter operation. For resonance at 
8,55 MHz the calls should be approximately 40 iH (27 turns of stock); 3.75 MHz, 
35 uH (24 turns); 8.9 MHz, 31 Hi (22 turns); and 4.0 MHz, 29 uH (21 tums). The 
are circulated inductance values for No. 12 antenna wire, Coll stock referenced above 
is S-inch diameter, 10 turns per inch (B&W 3035). At B, the impedance plot of the 
8,85-MHz version (solid curve) and of an 80-m half-wave dipole (broken curve), 
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(60 kHz, oF 1.69% ofthe resonant frequency. 

Also shown in Figure 5B, by the broken 
curve, are the feed-point impedances of a 
half-wave dipole, 132 feet overall length, 
hung in place of the shortened antenna. 
Resonance occurs at 3.54 MHz, where the 
resistance is 43.5 ohms and the SWR is 
LL1S:1."The broader nature ofthe half-wave 
antenna is exhibited by the “tighter” curve 
which swings closer to the 50-ohm center, 
point of the chart than the shorter, loaded 
antenna. The SWR at 3.5 MHz is 1.6:1 and 
remains below 3:1 to 3.67 MHz, 


Capacitive and Inductive Loading 

‘One would assume that « combination 
of capacitive and inductive loading might 
provide a different feed-point impedance 
than would inductive loading alone, be- 
cause of different current distributions in 
theradiators, To check out this assumption, 
theantenna of Figure 5A was used asa“test 
bed’ for comparative measurements, Ca- 
pacitance hats were attached at different 
points along the 17-foot lengths of wire 
‘utside the coils, and the coils were pruned 
to reresonate the antenna at about the same 
frequency as before. The impedance mes 
surements were then repeated, 


Dangling End Sections: 

First, “hats” consisting of 18 inches of 
No. 12 wire were affixed to the antenna 
‘ends and permitted to dangle. This lowered 
the resonant frequency to 3435 kHz. By 
calculations, this was approximately the 
same effect as that of extending the 17-foot 
portions of the antenna by the same amount 
asthe dangling lengths, so it would sera to 
make litle difference whether short sec- 
tions of extra length are added inside the 
supporting insulators or are at the ends, 
suspended at right angles to the main an- 
tenna wire 

‘The inductors were reduced from 40 to 
36.5 jH (25-turn coils replaced the original 
27-tumn coils), and resonance occurred at 
about 3575 kHz. At this frequency the resis- 
tance was 26 ohms and the SWR 1.90:1. The 
3:1-SWR bandwidth, 64 kHz, is 1.79% of 
the frequency of resonance. The impedance 
plot for this arrangement is shown as Curve 
A in Figure 6. The resistance at resonance 
for this antenna is identical to that with the 
coils alone, and the bandwidth is only 4 kHz 
greater, 64 kHz vs, 60, From these results, 
fone would conclude that the main advan- 
tage offered by the “danglers” is a small 
saving of space over a flat-top antenna, 


Capacitance Hats Near Loading Coils: 
‘Next the dangling end sections were re- 
moved and a pair of capacitance hats was 
formed, each from two 36-inch lengths of 
No. 12 solid wire, The two wires fora single 
hat were attached at their centers to the 
antenna wire at a point just outside one of 
the loading coils. The hat wires were then 
bent radially to form an X at right angles to 
the antenna wire, like four spokes of a 
wheel with the main antenna wire at the 
hub. The diameter of the X-shaped hat was 
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Table 1 


Characteristics of various loading techniques, 66-foot 80-m dipole. 


Approx. feed- 
point resis- 

Loading tance, resonance 
40-uH coils only 26 ohms 
‘36,5-uH coils, 18° 26 

dangling ends 
36” hats outside 23 

32.5-uH coils 
30-4H coils, 25 

36” hats at ends 
None (1/2 dipole) 435 


3:1-SWR band- 
SWRat wiath, % of 
resonance resonant freq, 
1.9211 1.89 

1.90:1 1.79 

2.18:1 1.68 

1.98:1 2.05 

115 Greater than 3.6 


Coil positions for each loaded antenna were 16 feet from antenna center. All antennas 
‘were constructed of No, 12 wire and installed at a height of 60 feet. 


thus 36 inches, The second hat was placed 
in a like manner just outside the second 
coil. Bundy connectors were used to affix 
the hat wires. The resonant frequency of 
this configuration with the original 40-wH_ 
Jouding coils was found to be 3290 kHz. 
‘The effect of adding the hats was about the 
same as that of extending the 17-foot 
Tengths to 19 feet. 

‘When the inductors were replaced with 
23-turn coils (32.5 WH), the antenna reso- 
nated at about 3.575 MHz, the resistance 


being 23 ohms, The SWR at resonance is 
2.151, and the 3:1-SWR bandwidth fr this 
‘configuration is 60 kHz, 1.68% of the reso- 
nant frequency. The impedance of this ar- 
rangement versus frequency is shown by 
Curve B of Figure 6. 

Itis surprising to note that, by the stan- 
dards of most amateurs, the characteristics 
of this antenna are not as good as those of 
the same length antenna with loading coils 
alone. The SWR at resonance for the an- 
tenna with combination capacitive and in- 


Figure 6—Curve A is the impedance plot of the antenna of Figure 5A with 1.5-foot 
dangling end sections added and the call trimmed to restore resonance near the original 
‘frequency. Curve B is a plot of the same antenna with X-shaped capacitance hats added 


at a paint 
‘reestablish resonance). 


ist outside the loading coils (dangling sections removed and colls trimmed to 


Figure 7—Impedance plot of a 66-foot dipole using a combination of off-center inductive 


loading and 
arrangement offered the greatest bandwidth 


ductive loading is higher (2.15 vs. 1.92), 
and the 3:1-SWR bandwidths are the same, 
(60 kHz. Perhaps a significant factor here, 
though, is that the diameter of the capaci 
tance hats used for these measurements 
‘was small, only 011 wavelength, Support- 
ing much larger hats presents mechanical 
problems with wire antennas, however, as 
even these were a bit flimsy and would re- 
Quire reshaping after gusty weather. 


Capacitance Hats at Antenna Ends: 

Finally, the X-shaped capacitance hats 
were moved to the outside ends of the an- 
tenna, just inside the end insulators, With 
the original 40-WH coils, resonance ap- 
peared at 3215 kHz. From calculations, it 
\Was as if the 17-foot end sections were ae- 
wally 21 feet long. With 30-1H coils (22 
turns) in place, the resonant frequency was 
3560 kHz, At this frequency the resistance 
was 25 ohms and the SWR 1.98:1. The 3:1- 
'SWR bandwidth is 73 kHz, or 2.05% of the 
resonant frequency, The impedance plot of 
this antenna is given in Figure 7, 

It is interesting to note that the position 
land shape ofthe plotfor thisantenna on Smith 
‘Chart coordinates is nearly identical to that, 
forthe same length antenna with loading coils 
only, the solid curve of Figure 5B. For this 
antenna, however, the plot points for 25-kHz 
frequency increments appear closer together, 
which accounts forthe increased bandwidth, 


Conclusions: 
‘The measured characteristics of these 
various configurations of loading for the 80- 


acitive end loading. Of al the shortened configurations trier 


this 


‘meter antennas are tabulated in Table 1. Re- 
‘member that the overall “fat-top” length of 
each antenna arrangement, is 66 feet, and that 
the loading coils are always positioned 16 
feet each side of the center of the antenna, 
being pruned for resonance at approximately 
3550 kHz. Forcomparison, information fora 
half-wave dipole is also included. 

Of the various arrangements, capacitive 
end loading decidedly provides the greatest 
bandwidth, excepting the full-size half-wave 
antenna, of course. Although there are slight 
differences in the resistance value at reso- 
hance, all are of the same order of magnitude. 
‘These values, as well as those for the 160-m 
antenna discussed earlier, tend to confirm a 
broad rule of thumb that the writer has for- 
mulated for this type of antenna: The feed- 
point impedance value at resonance is 
roughly proportional to the length of the an- 
tenna. That is, a loaded antenna which is half 
the size of a half-wave dipole will have ap- 
proximately half the radiation resistance of 
the full-sized antenna 

Eq. 1 given earlier or the chart of Figure 
2 allows one to calculate loading-coil val- 
ues for antennas with loading coils only. 
Additional capacitive loading is not taken 
into account. Calculating the effects of 
various capacitive loading arrangements 
appears tobe difficult, and work remains to 
bbe done in this area. 


‘Multiband Antennas with Loading Colls 

All of the foregoing material has been 
devoted to the loading of an antenna for 
resonance ata single frequency. Resonated 


a5 described, the antenna is electrically a 
half wave in length. Itwill, however, oper- 
ate well on higher frequencies — frequen- 
cies at which it is an odd multiple of half 
waves, in electrical length .. three half 
waves, five half waves, etc. Because of the 
Jumped loading of the shortened antenna, 
these higher frequencies will likely not be 
Closely related to odd-order harmonies of 
the fundamental frequency, as the case 
‘would be for anonloaded radiator. (For ex- 
ample itis well-known fact that a 7-MH2 
half-wave dipole operates well on its third 
harmonic, 21 MHz) 

‘A loaded dipole will become an electri- 
eal 3/2-2 antenna at some frequency below 
that which is three times the fundamental 
resonant frequency. Depending upon the 
overall antenna length, coil value, and coil 
position, it is possible for an 80-meter 
loaded dipole to become a 3/2-A performer 
on 40 meters. With such an arrangement, 
one would have a dual-band antenna with- 
cout requiring the use of traps. The idea can 
bbe expanded upon to arrive ata loaded an- 
tenna without traps which will operate on 
‘more than two bunds. This scheme offers 
considerable constructional simplification 
as compared with trap arrangements 

‘The multiband loading-coil concept has 
been recognized for better than half a cen- 
tury, but little use ofthe technique has been 
made by amateurs. Some years ago a-very 
good article on the subject a was published 
by William Lattin, W4JRW.* That atile is 
recommended reading for anyone interested 
in more details on the concept. Supplemen- 
tal information has been published by 
Buchanan.* Attempts by this writer to cal- 
culate antenna sizes andcoil values for dual- 
‘band antennas have met with some success. 
From calculations and experiments to date, 
it appears that with only two loading coils 
(one each side of center), the antenna must 
always be greater than a half wave in physi- 
cal length for the higher of the two fre- 
quency bands. In other words: any 80/40 
‘meter arrangement, for example, apparently 
would need to be longer than 66 feet from 
tip otip. However. much work also remains 
to be done in this area 
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By Frank Wit 


AIH 


From QST, September 19: 


A Simple Broadband Dipole 
for 80 Meters 


A conventional coax-fed, half-wave di- 
pole doesn’t provide a low SWR over the 
entire 80-meter band—an inconvenience 
for those of us who like to operate phone 
and CW on that band. Several approaches 
to overcoming this limitation, short of an 
antenna tuner in the station, have been de- 
scribed." The antenna system described 
here is simpler than any of its predecessors 
and has the following features: 


+ A.2:1 SWR or better is achieved over all 
‘or most of the 80-meter band. 

*Antenna length and appearance are the 
same as those of a conventional 
half-wave dipole. Consequently, it's 
lightweight and has small wind and ice 
loading, 

*The antenna configuration permits multi- 
band operation with a single feed Tine, 
‘The losses due to broadband matching are 

acceptable. 

*The cost is about the same as a conven- 
tional half-wave dipole, 


All the SWR date given in this article 
\were measured atthe transmitter end of the 
feed line, The reference impedance is 500, 
since most equipment is designed for this 
impedance, The term antenna system as 
used throughout this article includes not 
only the radiating wire, but also the feed 
line, balun (if used), any lightning-protec~ 
tion measures, antenna tuner and so forth 

The dipole antenna itself is not broad- 
band; the system uses a broadband match 
‘The key broudbanding clement of this 
antenna system is the transmission-line 
resonator: Part of the transmission line 
compensates for the reactance presented by 
the dipole away from its resonant fre- 
quency. This part ofthe line is a multiple of 
an electrical half wavelength. Another part 
of the line presents an appropriate source 
impedance to the transmission-line resons: 
tor (TLR). 

First I'll describe. version of the broad. 
band antenna system, along with some 
practical results. Then I'll cover the impor- 
‘unt matter of antenna-system loss, Follow- 
ing that are some variations to suit specific 
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Turn your existing 80-meter dipole into a broadband 
antenna by simply modifying the feed line. Multiband 


operation is an option. 


requirements, and a method for using the 
antenna for several bands. I'll also com- 
pare transmission-line-resonator broad- 
banding to other broadbanding methods. 


‘The 80-Meter Broadband Antenna 
System 

Figure I shows the simple broadband an- 
tenna system as used at my station. The an- 
tenna proper is acenter-fed half-wavelength 
dipole. The transmission line is segmented 
info one electrical wavelength of 50-02 coax 
and an electrical quarter wavelength of 75-02 
coax. The calculated and actual Tengths are 
shown in Table 1. Lengths were calculated 
using the formulas given later inthis article, 
using a center frequency (F,) of 3.75 MFiz 
and VF (velocity factor) of 0.66. The actual 
Tengths resulted after I performed the tuning 
procedure described later. Manufacturing 
Variations from the published cable velocity 


factors, and some stretching of the coax, con- 
tributed tothe differences between actual and 
measured values. (The actual lengths were 
‘measuredon untensioned cable.) Theanteana 
is installed as an inverted V with a 140° in- 
cluded angle and an apex height of 60 feet. 
The wire size is #14, but is not critical 


Table 1 
Calculated and Actual Lengths of 
the Broadband Dipole Antenna at 
ANH 


Calculated Actual 
1/42. Coax 433tect 43.3 feet 

YACoax 173.1 feet 170.5 feet” 
Dipole «124.8 fest ~—*122.7 feet 


“Includes 11 inches for balun, 


centers 
Halt Wove Dipole 


Bown 


Tronsiason~Line 
Resonctor 


se 


1/4, 75.0 
Reni 


Figure i—One form of the simple broadband antenna system. It resembles a con- 
ventional dipole except for the 1/4-wavelength, 75-2 segment. Points A and B are 
discussed in the text 


This system's SWR (atthe transmitter) 
5 a function of frequency is shown in Fig- 
lure 2. For comparison, the SWR for the 
same dipole fed with about 5/4 wavelengths 
(24 feet) of RG-213 coax is also shown, 
(Thisisthe same total length as the RG-213, 
and RG-11 segments used inthe broadband 
system.) The broadband system's 2:1 SWR 
bandwidth is 2.2 times that of the conven 
tional system—and the only difference is 
the feedline configuration! 

‘The radiating properties of the broad- 
band antenna over the 80-meter band are 
‘essentially identical to those of adipole cut 
for any specific frequency in the band, 
Also, since the antenna system is designed 
fora 50-0 transmitter, the feed-line length 
may be extended by adding the required 
length of 50-2 coax between the transmit- 
ter and the quarter-wave segment (point A 
in Figure 1). 

‘A 1:1 current balun should be installed 
atthe antenna’s feed point. use the balun 
‘on general principles. Often it provides no 
visible difference in operation, but the 
balun does minimize feed-line radiation, 
You can determine whether your antenna 
needs a balun by measuring the SWR ver- 
sus frequency with and without a balun 
installed. If the balun is not needed, the 
two sets of data will be identical 


Antenna-System Losses 

It’s important to know the losses in any 
antenna system. This is especially true for 
broadband antennas, because loss alone 
‘can broadband an antenna system. As the 
next section shows, the configurations 
presented in this article do not yield a sig- 
nificant loss penalty. Although other loss 
contributors exist in antenna systems, we 
will focus on the primary ones: feed-line 
loss and mismatch loss, Other losses, such 
as omic loss in the antenna wire, are the 
same for both the conventional and broaé 
band systems described here. 

Feed-line loss is the easiest to under- 
stand. Itis unavoidable, and is lowest when 
the feed line is flat (when the line SWR is 
close to 1:1). At HF, feed-line loss results, 
primarily from ohmic losses in the copper 
conductors. 

‘Mismatch loss occurs when the imped- 
ance seen by the transmitter is not the 
‘complex conjugate of the transmitter’ im- 
pedance (when the line SWR at the trans- 
mitter is not 1:1). For a 50-0 transmitter, 
the mismatch loss is 0 dB when the load 
impedance is 50 0. When the load imped- 
ance is not 50.0, the mismatch loss can be 
made to be 0 dB if s transmitter with a tun- 
able output stage (such as a conventional 
tube-type linear amplifier) is tuned for a 
conjugate match. Anantennatunercan also 
provide this match. In this case, however, 
the antenna-tuner loss (perhaps as much as 
1 GB) replaces the mismatch loss in the 
total-loss equation. That subject isn’t dis- 
cussed here. 

If you don’t use an antenna tuner and 
the transmitter has a fixed-tuned 50-2. 
output, loads that present the transmitter 


with an SWR under 2:1 are highly desir- 
able. The impact of high SWR on mismatch 
loss will become clear in the next section. 

‘Loss must be kept in perspective. All of 
the broadband antenna systems described 
here have a worst-case total loss ofless than 
3 dB—not enough to notice in many 80- 


Figure 2—Measured SWRA v 
frequency for the broadband and 
‘conventional antenna systems. 


Meath Lom (8 


meter QSOs. (If the loss is 3 4B, half of the 
transmitter’s output power is radiated and 
half is lost elsewhere.) The main effect of 
loss is stress on system components: that 
fon the transmitter due to the mismatched 
load, and that on the transmission line due 
to heating, 


Variations 

‘The broadband antenna system 
described above is well-suited for the i 
stallation at my station, where the distance 
between the shack and the antenna is rel 
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Figure 3—Antenna-system configurations 
{or long feed-line runs. The solid lines are 
'SWR; the dotted lines are feed-line loss; 
land the dashed lines are feed-line loss 
plus mismatch loss. At A, a conventional 


(75.0) followed by 1 A of RG-213; and at 
C, a 1/4-3. segment of AG-11 Is followed 
by 1 2 of RG-11 (one 5/4-A piece of RG- 
14). The total feed-line length in each 
case is 216.4 feet. 


3538 37 38 39 40 
Freausney (Wit) 
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Figure 4—Antenna systems for high power 
‘and shorter feed-line runs. The solid lines, 
‘show SWR; the dotted ines represent 
feedline loss; and the dashed lines show 
feedsline loss plus mismatch loss. At A, 
the feed line is RG-213; at B, i's a 1/4-. 
section of RG-11 followed by two para- 
lielad 1/2-A lengths of RG-213: at C, a 
1/4-2, segment of RG-11 is followed by two 
paralleled 1/2-2 lengths of RG- 11, and at 
D, 1/422 of RG-11 Is followed by 1/2- of 
FG-213. The total feed-line length in each 
case is 129.8 feet. 
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tively long (more than 200 feet) and be- 
‘cause [use a 1-kW amplifier, Other feed- 
line combinations are better suited to other 
installations. Some of these are shown in 
Figures 3 through 5, along with calculated 
‘SWR and loss data, From this information, 
you can select an appropriate feed-line 
‘combination for your needs, 

The figures also show the characteristics 
‘of conventional dipole antenna systems, If 
you compare them, you'll see thatthe trans- 
mission-line resonator provides broad- 
banding without a significant loss penalty. I 
haven't tried all these combinations, but 
based on myexperience, they should perform 
as predicted in most situations ifthe radiator 
doesn't deviate significantly from the model 
Tused in my calculations: a dipole 125 feet 
long, 40 feethigh, and made of #14 wire. This 
model is based on data provided by Walt 
Maxwell, W2DU, in hisbook, Reflections.31 
chose his data since itis typical of many 80- 
meter installations, 

Al of the broadband antenna systems 
use a 1/4-wave section and either a 1/2- or 
| -wavelength section, Figure 3 illustrates a 
system for long feed-line runs. It uses 
RG- I1 and RG-213 cable and should be 
considered for all power levels, Figure 3B 
covers the case shown in Figure I and used 
a my station, The feed line of Figure 3C is, 
continuous length of RG-11 cable 5/4 
wavelengths long. The transmission-line 
resonator isthe I-wavelength section of the 
cable nearest the antenna. 

‘This approach would also work with sur- 
plus 75-0 CATV Hardline. A 3/4, 5/4 or 
7/4), section of 1/2-inch Hardline yields 
less than 2 dB feed-line loss plus mismatch 
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Figure 5—Antenna systems for low power 
and shorter feed-line runs. The solid lines 
show SWR; the dotied lines represent 
feedline loss; and the dashed lines show 
{aed-line foss plus mismatch loss. Al A, 
the feed line is AG-58; at B, i's a 1/4-% 
section of RG-59 followed by 1/2 4 of 
FIG-58, The total feediine length in each 
case is 129.8 feet, 
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loss over the entire band, and less than 1 4B 
‘otal loss over any 300 kHz of the band. This 
configuration is particularly attractive to 
contesters and DXers, hecause even a fairly 
long line7/4 2 is 372 feet of 1/2-inch CATV 
Hardline—gives low loss and a very good 
‘match over, say, the 3.5- to 3.8-MHz range. 

‘Three broadband antenna systems are 
shown in Figure 4. All of these are candi- 
dates for applications requiring shorter 
feedline lengths. Figures 4B and 4C show 
the performance realized when cowx cables 
are paralleled to achieve a low equivalent 
characteristicimpedance. Figure 3B, which 
results froma I-wavelength RG-213 trans- 
mission-line resonator, and Figure 4B, are 
very similar. The latter system uses the 
same amount of cable, but it’s cut in half 
‘and parallel-connected. This will become 
clear in the sidebar, “How It Works,” The 
configuration in Figure 4D is attractive be- 
cause of its simplicity. 

Lower-power applications without 
Jong feed-line runs can use RG-58 and RG- 
59 coax. Figure 5B shows how excellent 
bbroadbanding is achieved with a remark- 
ably simple feed line. Again, no loss pen- 
alty results from the broadbanding, 


Adjusting the Broadband Antenna 
‘System 

‘The antenna system is easy to build and 
adjust. First calculate the lengths (in feet) 
of the transmission-line segments: 


_2459VF 
= 41) 


(Bq 2) 


(Eq 3) 


where 


qarerlength of quarter-wave segment 


Lair length of half-wave segment 
La = length of full-wave segment 
VE = velocity factor 


Fy =center frequency in MHz 


A good starting point forthe dipole wire 
length (in fet) is: 


467 


Laie Fe 


(E44) 


For the 80-meter application, I suggest 
using an F, of 3.75 MHz. It’s a good idea to 
cut the wires so that the overall length is 
4 feet longer than necessary, in case you 
need to lengthen the wire during tuning. 
Pass 2 feet of the extra wire through each 
end insulator and wrap it back around the 
antenna wire 

To tune the antenna system, you'll 
change only the dipole and transmission- 


line-resonator lengths. The best approach, 
is to build the antenna system as I have 
outlined here and to measure the SWR at 
the transmitter end of the system. Any tilt 
or frequency offset in the SWR character- 
istic can be removed by increasing or de~ 
creasing the dipole or transmission-line 
resonator length. Start by changing the 
Iength of the dipole, To improve the SWR 
atthe high end of the band, the dipole must 
be shortened; to improve the SWR at the 
Tow end of the band, the dipole must be 
lengthened. Progressively add or subtract6 
inches from both legs of the dipole until the 
SWR curveissymmetrical about the center 
frequency. 

Frequency offset may be required 10 
center the SWR characteristic in the 80- 
meter band. You can move the entire curve 
along the frequency axis without causing 
asymmetry by changing both the dipole and 
transmission-line resonator lengths using 
the following equation: 


3750-AF 
Liew Lou “rat (E45) 

AP is the required frequency offset in 
kilohertz, Shortening the dipole and reso- 
nator moves the curve center up in fre- 
quency, and lengthening them moves the 
center down, The length of the quarter- 
wave segment need not be changed, since 
the SWR characteristic is not very sens 
tive (0 its length 


Lightning Protection 

Every antenna system should be de- 
signed to minimize the likelihood of alight- 
ning strike. One part of this is keeping all, 
parts of the antenna proper at ground po- 
tential. The grounding should be done our- 
side the shack, by means of a good ground 
rod. 

I recommend that you install a coaxial 
lightning protector, which bleeds any static 
charge from the center conductor, at point 
B of Figure 1. The protector (and therefore 
the feed-line shield) should be connected 
toa high-quality ground rod (the kind elec- 
tricians use) driven § feet into the ground. 


Conversion of Existing 80-Meter 
ps 
‘A study of the cases shown in Figures 3B, 
4D and SB suggests that it’s possible to easily 
convert many existing 80-meter half-wave 
dipole antennas. Because the most popular 
way to feed an 80-meter dipole is with a 50- 
Qcoaxial feed line, the conversiontoabroad- 
band antenna systems straightforward. First 
trim the dipole for resonance at about 3.75, 
MHz. Then cut the 50-0 feed line at a mul- 
tiple of an electrical half-wavelength (3t3.75, 
(MHz) from the antenna, Calculate this length 
using Eq 2 or Eq 3, Add the 75-Q quarter- 
wave section, then complete the run to the 
shack (if necessary) with 50-0 coax. Then 
use the tuning procedure described earlier 0 
optimize the system, 


Multiband Operation 

Most broadband 80-meter antenna sys- 
tems are usable only on the 80-meter band, 
because the broadbanding elements do not 
allow efficient power transfer on other 
bands. This is not true with the approach 
described here, since the structure consists 
only of a center-fed dipole and a transmis- 
sion line. Moreover, the transmission-line 
segments are close {0 multiples of an elec 
trical half-wavelength near 40 meters and 
other bands. This opens the possibility for 
paralleling other half-wave dipoles with the 
80-meter dipole and sharing the feed line 

To minimize their interaction, the vari- 
ous dipoles should be spaced from each 
other away from the feed point, Of course, 
some interaction will occur and you must 
tune the multiband system to meet your 
requirements. [recommend first tuning the 
80-meter broadband system and then the 
next-highest-frequency dipole, and so 
forth, Only the 80-meter antenna will be 
broadband, but such broadbanding is not 
required on the other bands. Figure 6 shows 
the result of adding a 40-meter dipole to the 
Figure 1 antenna, Each dipole leg is 34.4 
feet long. Note that the SWR on 80 meters 
changes very little compared to Figure 2. 
No change was made to the 80-meter di- 
pole or the transmission line. 

‘The multiple-dipole approach described 
above achieves resonance on several bands 
and eliminates the need foran antennatuner 
oon those bands. Of course, if you use an 
antenna tuner, operation on all HF bands 
should be possible, but this arrangement is 
usually not as effective as the multiple- 
resonance antenna system described here 
because the feed-line loss is much higher, 


Comparison with the Coaxial 
Resonator Match 

How does the simple broadband dipole 
described here stack up against other ap- 
proaches for achieving a good match overthe 
entire 80-meter band? The coaxial resonator 
‘match broadband dipole*? represents one of 
the more efficient designs published to date, 
It achieves broadband matching at the an- 
tenna by the integration of 1/4 wavelength of 
coaxial cable as a part of the antenna, 

Since the coaxial-resonator match 
achieves a good match at the antenna, the 
‘SWRon the feed lineis low and the feedline 
loss is about the same as its matched loss, 
However, the coaxial cable in the match 
itself increases the system loss. The net 
results that the total loss is about the same 
with the coaxial-resonator match, but the 
SWR al the transmitter is lower, never ex- 
ceeding about 1.6:1 between 3.5 and 4 
MHz, Once the SWR is less than 2:1, how- 
ever, a lower SWR has little value unless 
you'reusing a transmitter that significantly 
Teduces power at such SWRs. 

Note that the approach described in this 
article uses a thin wire for the antenna, Most 
other broadbanding approaches use addi- 
tional wires or radiators made partly from 
‘coaxial cable and are vulnerable to damage 
from wind and ice loading. Their additional 


How It Works 

A fundamental way of achieving a 
broadband match to a resonant dipole 
antenna involves a parallel-tuned LC 
network and an appropriate source 
resistance. In an RF Design article,” | 
described the method for designing 
‘such networks, even with lossy reso- 
nators. The top of Figure A shows the 
‘equivalent circults of the antenna and 
‘matching network. The bottom of Fig- 
ure A illustrates the corresponding el- 
‘ements in the antenna system, 

‘Tha role of the resonator is played 
by the transmission-line segment near- 
estthe antenna. It must bea multiple of 
‘an electrical half-wavelength. The 
uarter-wavelength"Q"-section, made 
from 75-0 coax, transforms the 50-0 
transmitter reactance to 112.5 0 
(75#/50=112.5).1 won't go into the de- 
sign details here; they're the subject of 
another article,"Broadband Matching 
Using the Transmission-Line Resona- 
tor,” in preparation for The ARRL An- 
tenna Compendium, Volume 4. 

Forthe structure of Figure A to yield 
‘a broadband match, the characteristic 
impedance of the 'transmission-line 
resonator and the transmitter resis- 
tance must be within a range of values, 
Fortunately, commonly used transmis- 
ssion lines, which are available in 50- 
and 75-0 ‘characteristic impedances, 
work well in this application. The 
broadband systems of Figures 3 
through 5 show the usefulness of this 
approach. 


Figure B makes another significant 
point. For this application, the network 
Parameters of a one-wavelength 
transmission-line resonator (top) are 
similar to those of a half-wavelength 
‘resonator (bottom) with half the char- 
acteristic Impedance of the upper 
resonator. Parallel-connecting two 
identical cables is a convenient way of 
achieving lower characteristic imped- 
ances. This explains the similarity of 
Figures 38 and 4B andthe similarity of 
Figures 3C and 4C.—AlTH 


“*F. Witt, “Optimum Lossy Broadband Match: 
ing Networks for Resonant Antennas,” A 
Desig, Apr 1990, pp 44-51 and Jul 1880, 
P 


) 
Figure A-Lossy broadband-matching- 
network equivalent cicult (lop), and 
Corresponding simple broadband 
antenna system elements (botiom). 
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Figure B-These two transmission-tine resonators behave essentially the same 
in this application. The characteristic impedance of each cable segment is the 
‘same, making the characteristic Impedance of the lower resonator half that of 
the upper one. 


weightand complexity are also limitations. 
From the above comparison, the simple | 3 
broadband antenna system has, by its very 
simplicity, an edge over the coaxial resonator 
match, at least in applications where the sim- 
plerapproach is feasible. Because of the limi- 
tations of available coaxial cables, the oppor- | 1 . 
tunity forasatisfactory designisconstrained. | ° 38 37 38 39 
‘Onthe otherhand, the coaxial resonstormatch ves sae 
hhas more adjustment parameters, is useful Frequency (ta) 
‘overamuchbroaderrange of pplicationsand Figure 6 Measured SWR for the 60. and 
yields the lowest SWR over the band. 40-meter multiband antenna system, 
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ple broadbanding technique I've 
described here capitalizes on the common 
availability of coaxial cables that fit the ap- 
plication. tovercomesthenarrow bandwidth 
limitations of a conventional 80-meter, half- 
‘wave dipole without significant disadvan- 
tages. Even parallel dipoles for other bands 
may be fed with the same feed line. 

‘The limitation of available coaxial cable 
parameters can be overcome by using the 
fransmission-line resonator as a resonant 
transformer. Applying this technique is de- 
scribed in an upcoming ARRL Antenna 
Compendium article, “Broadband Matching 
Using the Transmission-Line Resonator.” 

‘This work has benefited from the sup- 
port and encouragement of my wife, Bar- 
bara, NIDIS. Also, I must credit Andrew 
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Griffith, W4ULD, for helping to turn my 
attention to the approach described here, 
After reading my QST article on match 
bandwidth of resonant antenna systems,* 
‘Andy noted that antenna systems should be 
‘viewed from their match to a 50-02 trans- 
mitter, even ifthe feed line does not have a 
'50-Q characteristic impedance, He showed 
examples of the narrowing of match band- 
width to make his point. In my response, 
published with Andy's letter in QS7,? 1 
pointed out that match bandwidth of an 
antenna system may actually be increased 
by selecting the right cable length and char- 
acteristic impedance, As an example, I 
showed in Figure 3 of that correspondence 
the large match bandwidth of a dipole fed 
with a 5/4-wavelength, 75-8 RG-11 cable, 
‘Note that this is the same case shown in 
Figure 3C of this article, Thank you, Andy! 
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Once More With the 80-Meter 
Broadband Dipole 


With reference tocarleritems by KITD 
and W7ZOI in QST, itis possible to design 
4 simple, adjustment-free matching net- 
work that will make an 80-meter dipole 
have a reasonable SWR across the band.! 
When using Hayward's RLC model of the 
dipole, a simple parallel-tuned. circuit 
across the antenna feed point gives ess than 
2:1 SWR across all but the bottom 10- to 
20-kHz of the band, as shown in Figure 1 

‘This method does require-a source im- 
pedance of 140 ohms, so a broadband 
‘matching transformer wil be needed atthe 
input. 1seeno reason why you couldn't just 
tap the input down on Land use LI as an 
autotransformer to accomplish the imped- 
ance matching function. In fact, although I 
hhave not tried it, it may be possible to in- 
clude the balanced-to-unbalanced rans- 


1), Hall. “The S 


ch for a Simpla, Broadband: 

‘80-Meter Dipole,” QST, Apri 1883, p. 22. 

2W. Hayward, “Limitations to Broadband i 
dance Matching." Technical Correspon- 
fence, QST, July 1864, p. 45. 


formation inthe same coil, as shown in Fig- 
ure2. To tune this network, use a dip meter 
with no antenna connected. Then instal the 
network on the antenna and adjust the input 
tap for the best compromise SWR across 
the band, 

By choosing a lower characteristic im- 
pedance, you can get much better SWR 
over a narrower bandwidth (Figure 1). Re- 
tune both the antenna and the network to 
center the response on either the phone or 
CW portion of the band. 

‘You can get better SWR in both the 
fullband and narrow-band case by adding a 
series-tuned circuit to the input (Figure 3). 
‘The improvement is marginal, however, 
and complicates the impedance step-up ar- 
rangement, so it is probably not worth the 
effort Irwould be better o take Haywards 
suggestion and make the antenna itself in- 

rently more broadband, One method isto 
fatten” the elements by using a wire cage 
arrangement or similar. Of course this 
‘would change the values of Zo, L1 and Cl. 


‘The original graphs for Figures 1 and 3 
were drawn with an HP-87. I would be 
happy to send a copy of the rogram to any- 
fone who sends me an .1.s.e.—Alan Bloom, 
NIAL 


Pont 


Figure 2—Proposed method of feeding a 
balanced antenna with unbalanced line. 
The shielded conductor of the coax lr 
‘must be connected at the exact center of 
the coll, which is an electrically neutral 
point in the antenna system. 
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Figure 1—Calculated reflection coefficient and standing-wave 
rallo vs, frequency for a single-wire dipole and dipoles with 
lumped constants (C1 and L1) at the feed point. 
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Figure &—Calculated reflection coefficient and standing-wave 
ratio vs. frequency for an antenna wi 
‘constants a the feed point (C1-L1 and C2-L2, respectively). 
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‘shunt and series lumped 


For the curve where Zo equals 
90 ohms: 
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By Robert C 


From The ARRL Antenna Compendium, Vol 2 


Fat Dipoles 


Antennas without problems make radio 
communications enjoyable. I design over- 
seas radio stations for a living, so I'd rather 
not have to fight my own ham station when 
just relaxing and rag chewing, Fat dipoles 
do the things I want. They match the coax 
line well overa wide band, and they launch 
the signal remarkably well 


Theory 

‘Making a dipole conductor thicker than 
normal with respect to wavelength will in- 
crease the bandwidth and modify the work- 
ing impedance of the antenna, The trick is 
to make a dipole “fat” in such a way that it 


may be easily constructed from cheap ma- 
terials, be highly efficient and at the same 
time arrange things so that it will match the 
transmission line from the lower band edge 
to the upper band edge, 

T started with the assumption that my 
band of interest would be the 80/75-meter 
‘band. From end to end, this requires a 13% 
‘bandwidth to the 2:1 SWR points for my 
‘broadband-solid-state final. lalso assumed 
that this antenna was going to be at a nomi- 
nal height of 30 feet or 0.11 wavelength 
above ground. The calculations indicated 
that a dipole built of four quarter-wave- 
length no. 14 wires (0.064 inch) with a 


spacing of 0.0114 wavelength would pro- 
duce the necessary results. The correct 
length would have to be 0.45 wavelength to 
match a 50-ohm line. 


Length = 442.5/f feet, 
Width = 11.25/f feet 
Height = 112.5/f feet 
where f= center frequency in MHz. 


Construction 

Very few problems will be encountered, 
in building this simple fat dipole if you fol- 
ow the drawing (Figure 1). First you will 
need five good insulators. I prefer egg type 
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le with construction details of the spreaders. See Table 1 for the length and spreader dimensions (A). 


Figure 5: Dedicated Packet Core Network Slices 


+ Virtualization enables 
multi-tenant and single- 
tenant private core 
networks 


* "Slices" configured 
according to service 
type & traffic profile (« 


* Multiple options to steer 
user traffic into a core 
network processing path 


+ Mechanisms in 3G/4G 
include APN routing, 
MoCN, DECOR 


Source: Heavy Reading 


loT is an example of how operators can use "slicing’ to support a 5G-ready core 
strategy. Since many of the core network design parameters are similar between 
4G and 5G, investment in a software-based IoT core network can be made with 
the expectation that the same core (with software updates) will also support loT 
services on SG in future. Moreover, because devices from both access types will 
connect to a common IoT core, operators will be able to develop integrated 
4G/5G oT strategies that optimize investment and enable them to go to market 
with narrowband loT services before 5G specifications are released and radio 
equipment is deployed. 


5G will, naturally, bring more capabilities to network slicing. Most importantly, itis 
expected that the slice will rin end fo end across the RAN, Core and transport net- 
work. Radio is typicaily deployed as a shared resource, which means that 5G slicing 
will involve advanced self-organizing network (SON) capabilities and hierarchical, 
siice-aware scheduling on the air interface. On the network side, the operator can 
Use SDN fo reserve resources for the network sie on the IP services fabric. 


NG Core for 5G 


Anew core network offers important benefits, particularly for services with demand- 
ing performance requirements, and is an important part of the 5G architecture. The 
high-level view of the NG core network architecture, as it looks in September 2016, 
according to TR 23.799 (the Technical Report on the NextGen System Architecture} 
is shown in Figure 6 


The chart shows the primary elements of the new 5G system architecture, including 
the device (UE), the radio access network (NG-RAN) and the core network that 
‘comprises the contro-plane (NG-CP) and user-plane (NG-UP) functions. The sepa- 
ration of control and user planes is a direct extension of the "CUPS’ concept being 
developed for advanced EPCs in 4G networks and is another example af how op- 
erators can invest in 5G-ready core network designs in the near term, 
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insulators but there is no critical problem 
here. One insulator is for the center of the 
dipole and the others are for the four ends. 
You will need four 3-foot-long broom 
sticks or I-inch wood or plastic rods with 
good weatherproofing. I painted mine with 
Auto undercoating but outdoor paint or var- 
nish should also work. Copperweld wire is, 
very desirable because it won't stretch and 
change the tuning of your antenna. This 
type of wire is available through advertise 
ments in QST. The same source may also be 
able to supply the essential wide-band 
balun transformer and coax, Either the RG- 
58 or RG-8 types of coax cable are satisfac- 
tory but the latter requires more support 
because of its greater weight. 

Measure your wire carefully and leave 
enough extra so that the insulators can be 
attached. The final length will need to be 
the calculated value, from insulator wire 
end to insulator wire end, After building 
the four-wire section, attach dowel rods as 
shown to act as spreaders, Fasten each rod 
in place with pieces of wire threaded 


Table 7 


Dimensions and Bandwidths on 
Various Bands 


Frequency Length, Spacing (A), Bandwidth, 
MHz ft Rt MHz 


19 23359 0.252 
37 188 05 

745. © 62 48 0.951 
14175 31208 1.885 
21.225 0.53 2.823 
28.860 0.38 3.837 


through the holes and then wrapped around 
the antenna wire. Wrap these spreader 
wires tight enough so that the rods will not 
slip out of place. Snip off projecting wire 
ends wherever they occur to prevent RF 
corona power loss, Then, using either wire 
or rope, make a bridle to hold the ends of 
the antenna. 

Last, solder the balanced end of the 
balun transformer to the dipole. Each wire 
from the balun should go to the pair of wires 


‘on the same side of the dipole. The solder 
job should be of the best quality and perma- 
nent because it is hard to repair later. The 
coax needs to be connected to the 
unbalanced side of the balun. If you use 
large-diameter coax (3/8 inch) then think 
about ways to support the weight, Perhaps 
apiece of nylon rope from the dipole center 
insulator to the coax will help take the load, 
‘but I'll leave the details of the problem up 
to you. After this final construction step, 
hhaul the antenna up in the trees, using care 
that no twists are allowed, 


Operation 

For once I had a 75-meter antenna that 
worked better than predicted. The SWR 
was 1.6:1 o better from 3.5 to 4.0 MHz. 
Better yet, reports received were excellent 

ith my old 100-watt solid-state trans- 
ceiver. Moving up and down the band gave 
no loading problems from the broadband. 
final. The fat dipole is just what I needed 
for a good, relaxing rag chew after @ hard 
day with the 500-KW rig at the offiee. 
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The Off-Center-Fed Dipole Revisited: A Broadband, Multiband Antenna 
From August 1990 QST 


Improved Feed for the Off-Center-Fed Dipole 
From May 1996 QST (Technical Correspondence) 


Off-Center-Fed Dipole Comments, Part 2 
From October 1996 QST (Technical Correspondence) 


Off-Center-Fed Dipole Comments, Part 3 
From October 1996 QST (Technical Correspondence) 


Choke the OCFD 
From September 1997 QST (Technical Correspondence) 


By John Belrose 


VE2CV and Peter Boul 


ne, VESKLO 


From QST, August 


The Off-Center-Fed Dipole 
Revisited: A Broadband, 
Multiband Antenna 


The search for a simple broadband, 
multiband antenna with acceptable SWR 
over the entire 80/7Smeter band continued 
with the publication of the article by Witt, 
IIH, in April 1989 QST. This inspired 
author Belrose, VE2CV, to reopen his files 
om the “Windom antenna,” or, more prop- 
erly, the off-center-fed dipole. Particularly 
since the opening ofthe 10, 18 and 24-MHz 
bands, this time-honored, somewhat con- 
troversial antenna is attracting a revival in 
interest and usage because ofits multiband 
characteristics. Thus, the off-center-fed di- 
pole deserves an update. Certainly, most 
North American radio amateurs have not 
heard about the German yersion of this 
antenn 


Even though it is one of the simplest 
antennas, the drooping dipole (a dipole with 
drooping ends, popularly referred to as an 
inverted V) is effective on 80 meters. For 
good DX performance, the apex of an 80- 
meter drooping-dipole antenna should be as 
high as possible above ground (at least 15 
meters [50 feet}), because the antenna’s 
vertical radiation angle decreases. with 
height above ground. The arms of an 80- 
meter drooping dipole should not be too 
close to the ground (say, greater than 3 m 
{10 ft). The input impedance (R, + jX,) of 
4 drooping dipole depends on the operating 
frequency, the length of the dipole, the angle 
between its arms, the dipole’s height above 
ground, and-particularly the resistive 
component-on the conductivity of the earth 
beneath the antenna. The included angle be- 
tween the arms of an 80-meter drooping 
dipole should be about 127°, since, in this 
configuration, the antenna's pattern is di- 
pole-like, and its input impedance is about 
500 forantenna eights typicelly employed 
by radio amateurs. The principal dsadvan- 
tage of such an antenna is that its SWR band- 
width-less than 200 kH2-is too narrow to 
cover the 80/75-meter band. 

The broadband performance of an an- 
tenna can be improved through the use of a 


matching network at the feed point, This 
network ean comprise discrete components 
(ee Hall," Hayward, Bloom,’ Hately,‘and 
Li, et al); or transmission-line stubs 
(Snyder, Hansen,’ and Witt"). Authors Li, 
etal give a microcomputer program for the 
design of LCR networks for broadband 
matching 

‘Another way toimprove broadband per- 
formance isto use two dipoles fed in pa 
Jel: one dimensioned for the middle of the 
lower half ofthe band, and the other for the 
middle of the upper half of the band. The 
rooping-dipole configuration is ideal for 
this arrangement, since the ends of the two 
dipoles can be fanned (for angular separa- 
tion) in either the vertical or horizontal 
plane, An alternative is to use an off-cen- 
ter-fed dipole, which, in addition to 
broadbandedness, has multiband perfor- 
mance characteristics. This article is con- 
cemed with such an antenna, 


The “Windom Antenna” and Single- 
Wire Feed 

The original Windom antenna (devised 
in 1928-29), named after Loren Windom, 
W8GZ, the amateur who wrote a compre 
hensive article about it,? employed single 
wire feed at a point of 1/6 to somewhat over 
177 of the antenna length from the center 
(see Figure 1A). Windom reported on a de- 
tailed experimental study by colleagues 
John Byrne, W8DKZ, Edward Brooke, 
W202, Jack Ryder, W8DKI, and Prof W. 
Everitt of the Ohio State University Dept 
of Electrical Engineering. They found that 
if ammeters were placed on the antenna, 
with the single-wire feeder at the position 
just described, the current distribution on 
the dipole was sinusoidal and symmetrical, 
with no discontinuity in the vicinity of the 
feed point, and no standing wave on the 
feeder. Clearly, the feeder was terminated 
in its characteristic impedance. 

This article did not discuss pattern, and 
itwas many years beforethe computational 
tools for predicting pattern were available. 


Parfitt and Griffin! have recently analyzed 
the single-wire-fed dipole (the Windom 
antenna), and their results show, as antici- 
pated, that radiation from the feed wire does 
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Figure 1—Two versions of the off-center- 
dipole. At A, the original “Windom 

antenna"-actually a Hertz (1/2 2) 

‘excited via a single-wire feeder, 

dipole off-center-ted via bal 

‘The single-wire-ted vor 


‘appeared in ARRL publications beginning 
inthe late 1950s, 
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modify the antenna pattern, primarily at 
low elevation angles with the horizon, The 
feed line for their modeled antenna was 
vertical.!" The pattern was basically dipole- 
like, with squint away from the broad- 
side, Currenton a wire, whether uniform (a 
traveling wave) or sinusoidal (a standing 
wave) leads to radiation, unless the radia- 
tion that results from this feedwire current 
is canceled by an equal amplitude, out-of- 
phase current on an adjacent parallel wi 
(asin abalanced transmission line), For the 
‘Windom antenna, feeder radiation could be 
significant, depending on the arrangement 
and the length of the transmission line, 

‘The Windom antenna was widely used 
during the 1930s and into the 1940s. For 
‘example, in author Belrose’s experience, 
the British Columbia Forest Service were 
using the single-wire, off-center-fed dipole 
in the mid-1940s. It was a simple antenna 
that was easy to tune and match with the m. 
network employed in the output circuit of 
their transmitter. 


‘The Off-Center-Fed Dipole and 
Balanced Transmission Line 

AA later version (1940s) of an off-center 
fed dipole (miscalled Windom) employed 
300-0 ribbon feed at a point 1/3 of the an- 
tenna length from one end (see Figure 1B). 
Such an arrangement was the first antenna 
used by author Belrose for operation on the 
80, 40 and 20-meter bands in the 1940s. 
Scholle, DJ7SH, and Steins, DLIBBC, have 
more recently modified this antenna, devis- 
ing a double-dipole version that provides a 
‘ood match to 50-2 ine on all Amateur Ra- 
dio bands from 3.5 through 28 MHz [See 
the Appendix for translations of this article 
‘and that cited in Note 13~Ed. Note that their 
‘double-dipole version provides. good imped- 
tance match to coax on the 21-MHz. band, 
which te single-dipole 80-meter antenna did 
not. A double-size version provides 1.8-MHz. 
coverage as well? 

Scholle and Steins added a shorter off- 
center-fed dipole in paralle! with the longer 
element, and employed a 50-2 feed coaxial 
cable with a 300- to 50-0 (6:1) balun lo- 
‘cated atthe feed point, Table | summarizes 
information available on the element 


Table 1 


‘Summary of Element Lengths for Published Off-Center-Fed-Dipole 


Designs 
Figure 18 Version 


.69-DL double-cipole version 


eq-DL double-sized, double-dipole version 


‘Author's double-dipole version, (balanced 
ine feed, Figure 4) 


18.5 m (44.29 ft) 27.94 m (91.67 ft) 
19.8 m (48.28 ft) 


27.7 m (90.88 tt) 
4,69 m (15.39 ft) 


19.38 m (30.77 H) 


25,88 m (84.91 ft) 
4,69 m (15.99 ft) 


151.77 m (169.85 ft) 
8.98 m (30.77 ft) 


23.9 m (76.44 ft) 
6.78 m (22.24) 


48.2 m (158.19 ft) 
19.56 m (44.55 ft) 


lengths for single and double off-center 
fed dipoles. Since the dipole must be reso- 
nant on harmonic frequencies, its length 
‘must be somewhat longer than optimum for 
the 75-meter band, as noted by Scholle and 
Steins. Itis apparent from their SWR curves 
that the resonant frequency of their antenna 
is less than 3,5 MHz. 

Inthe arrangement employed by Scholle 
and Steins, the longer elements were hori- 
zontal and the shorter elements sloped (the 
included angle between the arms of which 
was A=100°), The authors’ version was a 
drooping-dipole configuration (A™127°) 
with the angle between the arms of the two 
dipoles approximately 45°. This antenna 
was fed with two 15-meter (50-foot) 
lengths of RG-62A (foam dielectric) co- 
axial cable configured as a balanced trans- 
‘mission line." 

We fabricated a single off-center-fed 
dipole (dimensionally identical with the 
longer element of the Scholle and Steins 
“double dipole”) and used it as a Field Day 
antenna (in 1985) for 75/80 in. The stimu 
lus for this, and for carrying out a detailed 
study, was a search for a simple all-band 
antenna conducted for the Canadian Na- 
tional Institute for the Blind. We experi- 


mented with 4:1 and 6:1 baluns, primarily 
because 4:1 baluns are easier to come by 
(more on baluns later). The antenna was 
operated in a drooping-dipole configura- 
tion (A=127°), with the apex (which, in our 
‘case, was the feed point) at about 12 meters 
(40 feet), (In retrospect, we should have 
positioned the center ofthe antenna at apex 
height, since in this configuration the cur- 
rent maximum on the antenna (for 80-meter 
operation} would be at maximum height.) 
Extensive impedance and SWR measure- 
ments were made. To facilitate this, we 
employed a low-loss (foam-dielectric) co- 
axial feeder consisting of a 32.3-meter 
((106-foot) length of Belden 8214 (velocity 
factor, 0.8.) This feeder was 1/2 2 long at 
3.5 MHz, | 2. at 7 MHz, and so on. High- 
‘quality commercial baluns (made by An- 
tenna Engineering, Australia'®) were used 
between the feed line and the antenna. 
Figure 2 shows our SWR measurements 
forthe 80/75-meter band, With the 6:1 balun 
in line, the 2:1 SWR bandwidth was 3.47 
to 3.93 MHz—broadbanded, indeed. The 
'SWR was even lower on 40 and 20 meters, 
and ess than 2:1 forthe lowerhalf of the 10- 
meter band; see Figure 3. Clearly, these 
‘bandwidths are not in accord with simple 


Drooping Di 


pole 


Center-Fed versus Off-Center-Fed 
Dipol 

‘Acenter-fed dipoleiisa resonantan- 
tennaatits fundamental frequenoy*(f) 
and at fp, Sfp, 7fy and so on, whereas 
an off-center-ted dipole is resonant at 
fo, 2p, fo, Bly, and its bandwidth (ap- 
Parently) is greater. As a low-band, 
multiband antenna, this off-center-fed 
dipole has advantages over the cen- 
ter-fed dipole, but a disadvantage (or 
advantage, depending on the antenna. 
configuration and one's point of view) 
is that feeder radiation can contribute 
to the antenna’s resultant radiation 
pattern. The use of a current balun 
minimizes feeder radiation —VE2CV 
and VE3KLO 
“The frequency at which 


8 12 A long, 


22 Chapter 2 


gs 
2 
kt toa contr-Fo 
, ; Fe 1/2 Seopa ey 
Frequency (MHz) 


Figure 2—SWR vs frequency for a single off-center 


3d dipole employing different balun 


{421 and 6:1) atthe feed point, compared with a center-fed 1/2: dipole, Both antennas 
Were operated in & drooping-cipole configuration, 


SWR 


6:1 Bolun 


Frequency (MHz) 


72 


“ 

3 
—— == 

oun 
1 T 
14.00 410 1420 1430 14.38 
Frequency (Mie) 
© 
3 
oe 
a 
Nar Balun 


Frequency (MHz) 


29 30 


© 


Figure —SWR vs frequency for the off-center-fad dipole of Figure 2 at 40, 20 and 10 


meters. 


theory.!” Fifteen-meter data are not shown 
because this single off-center-fed dipole 
‘was not resonant on the 15-meter band. 
The 4:1 balun provided somewhat 
sharper resonances and lower SWR at reso- 
nance in the 80/75- and 40-meter bands, 
but a low SWR was not obtainable in the 


20-meter band, The measured impedance 
at resonance in the 80/75-meter band with 
this balun was exactly 50 Q; hence the 
antenna’s effective feed-point impedance 
was 200 Q. This explains why the mini- 
mum SWR with the 6:1 balun was 1.5:1; 
the 6:1 balun, however, seems tobe abetter 


‘compromise if operation on other bands is 
‘wanted. 

As noted, we employed high-quality 
commercial baluns (from the AEA Model 
250 series). Radio amateurs have several 
alternatives in this connection; these in- 
clude using a 4:1 balun and 75-Q coax; or 
purchasing or winding your own 6:1 balun 
(see Orr, W6SAI') and using 50-0. coax. 

‘Aside from impedance matching, how- 
‘ever, there are other factors to consider in 
feeding an off-center-fed dipole and select- 
ing a balun for this service. Next, we ad- 
dress some of these aspects, 


Balun and Feeder Considerations 

Inthe autumn of 1989, we decided tohave 
another look at off-center-fed dipoles. Be- 
cause ofthe multiple-resonant-frequency re- 
sponse of the double off-center-fed dipole, 
wwe decided to explore the potential of this 
antenna system for broadband frequency 
coverage. If used with a suitable antenna- 
system tuning unit (ASTU), a double off- 
center-fed-dipole system could perhaps be 
used on any frequency from 1.8 to 30 MHz, 
Since conventional baluns do not perform 
satisfactorily into reactive loads, we decided 
to eliminate the balun, atleast insofar as the 
‘antenna and its feeder were concerned. We 
fed our antenna with abalanced 190-Qtrans- 
mission line consisting of two 15-meter (50- 
foot) lengths of RG-62A (foam-dielectric) 
coaxial cable as shown in Figure 4 and 
described in the work cited in Note 15, 
Teflon-dielectric cable would have been 
preferable because of Teflon’s superior in- 
sulating characteristics but 95-2, Teflon- 
dielectric coax is unavailable 

We started out with a single dipole ele~ 
ment dimensioned to 1/2 2 at 2 MHz. This 
antenna exhibited an antiresonant response 
(very high input impedance, measured at 
the transmitter end of the transmission line) 
at 7.6 MHz. Next, we installed the shorter 
dipole and dimensioned it to minimize the 
system's impedance at 7.6 MHz, Figure $ 
shows the system's impedance v frequency. 
Except for a narrow band of frequencies 
near 6 MHz, the input resistance fell in the 
range of 20 to 400 Q; and the input reac- 
tance fell in the range 4/100 to ~) 

‘This double off-center-fed dipole s 
rather easily tuned and matched, since its 
reactance is low. 

Figure 6 graphs antenna currents for a 
transmitter output power of 100 W. The 
antenna system was tuned using an un- 
balanced T network, with a ferrite-beed 
current balun of the type described by Max- 
well!? between the ASTU and the antenni 
A balanced T network patterned after that 
described by Belrose was initially used 
since this is the type of ASTU that, in prin- 
ciple, should be used to tune and match a 
balanced antenna system. Unfortunately, 
however, this tuner employed a standard 
toroidal-core balun—a voltage balun, which 
applies almost-equal voltages to the wires 
of abalanced feeder. Even though the balun 
was on the “tuned side” of the ASTU—a 
practice we recommend—and the ASTU it- 
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Figure 4—A double-dipole, off-center-fed 
antenna with a balanced coaxial 
feader. The longar dipole is dimen: 
to 1/2 i, at 2 MHz; the shorter dipole i 
dimensioned to minimize the system at 
7.6 MHz. See toxt. 


Figure 5—Impedance (input resistance [R 
In} and input reactance [X in)) vs frequency 
for the antenna shown in Figure 4, 


Figure 6—Transmission-ine currents (peak 
‘aluos for 100-W transmitter output power) 
forthe antenna shown in Figure , tuned by 
teane of an unbalanced T network and a 
ferrite-bead-choke (W2DU) current balun, 
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Figure 7—Transmission-tine currents (peak values for 100-W transmitter output power) 
{ot the Figure 4 antenna, tuned by VEZCVs Balanced tuner, which employed a voiage 
lun. 
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Figure 8—At A, a 4:1, ferrite-bead current balun; at B, connections to the balun end of 
the dual-coax-balanced feed line. 


self was balanced, we found that the trans- 
‘mission-line currents (1, and J, in Figure 4) 
differed greatly in amplitude at some fre- 
quencies, The difference may surprise you; 
it did us (see Figure 7). 

Foran antenna that is asymmetrical with 
respect to its feeder-such as an off-center- 
fed dipole-a current balun must be used, 
since this type of balun forces almost equal 
currents into each conductor of the bal- 
anced line. This is necessary if transmis- 
sion-line radiation is to be minimized. 1f 
these currents are exactly equal, there will 
be no difference in current flowing in the 
ground lead (I,,,). which connects the 
braids of the coax to the tuner ground. Any 
currenton this lead is then due to radiation- 
coupled current (I,) induced on the outside 
surface of the coaxial shield. Clearly, we 
want this current to be small (to minimize 
radiation from the transmission line), and 
indeed it is small except at frequencies 
below 3 MHz (see Figure 6). (Our antenna 
was suspended from a bracket at the 12- 
meter [40-foot] level on a 21-meter [70- 
foot] aluminum-lattice mast. In the final 
analysis, reradiation by this mast should be 
considered because current may have been 
induced on the mast surface.) 


Off-Center-Fed Dipoles for the 
‘Amateur Radio Experimenter 

‘The off-center-fed dipole used by au- 
thor Belrose in the 1940s was fed with 
300-82 twin lead via a balanced ASTU that 
‘was link coupled to a balanced (push-pull) 
power amplifier. There was no concern 
about balun losses and what type of balun 
to use because the system contained no 
balun, 2° 

‘The authors’ double-dipole, off-center- 
fed antenna employed a balanced coaxial 
feed line. This antenna was attractive for 
the authors because it could be used 
throughout the HF range if fed via a suit- 
able matching network, If you decide to 
fabricate and try an off-center-fed dipole 
system, we suggested that you dimension it 
in accord with the Scholle and Steins ver- 
sions, which are optimized for the amateur 
‘bands. Furthermore, we suggest that you 
feed such an antenne with a balanced trans- 
mission line, We have used dual RG-62A 
cables to make a balanced 190-0 line, but 
one could use paralleled RG-63 (125-0) 
coaxial cable, which would make a bal- 
anced transmission line more in accord (2, 
=250 Q) with the traditional 300-2-twine 
lead feeder. In such a system, the balun, 
and the ASTU (if required), can be in the 
shack to allow experimentation in achiev- 
ing balanced current feed and reducing 
losses in the balun, Whatever method you 
use, feed your off-center-fed antenna via a 
current balun. 

‘A shield-choke current balun can be 
constructed by slipping ferrite beads (—43 
or ~73 material) over a length of coaxial 
cable. (Depending on the beads obtainable 
and the diameter of the cable you use, you 
‘may need toremove the cable’souterjacket 
and install the beads directly around the 
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Figure A—Double Windom. 
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Figure B—SWR curves for the eight-band double Windom. [These curves do not covar 
all US amateur frequencies because allocations in the FRG aiffer fram those in the US— 


Ed) 


shield.) As described in the work cited at 
Note 19, Walt Maxwell, W2DU, used 50 
beads of no. 73 ferrite (Amidon no. FB-73- 
2401, Palomar FB-24-73 or equiv) on a 
piece of Teflon-dielectric cable to make a 
practical, low-loss, 1,8-1o-30-MHz balun 
about 12 inches long," Such a balun, how~ 
ever, isa 1:1 transformer—not very useful 
for the present application, where imped- 
ance transformation is also required. A 4:1 
balun of similar type (see Note 20) can be 
constructed by using two equal lengths of, 
RG-62 (95-0) coaxial cable, each fitted 
with ferrite beads. The inputs to these two 
coaxial-cable baluns are connected in par- 
allel, and the outputs in series (see Figure 
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8). This makes a center-tapped 4:1 balun, 

Our antenna feeder has a center tap: the 
braid of the balanced coaxial transmission 
line. The braids of the transmission-line 
‘cables can be grounded to the center tap of 
the balun, or to the ASTU (or transceiver) 
ground. Connecting them to the transceiver 
ground is the better arrangement because 
the transmission-line currents are better 
balanced, and the braid currents less. (For 
the braid-to-ASTU-ground connection, the 
braid current is measured in the wire 
connection to the balun center tap; in the 
braid-to-transceiver-ground case, the braid 
current is measured in the connection tothe 
‘equipment ground.) 


Performance 

Our single-element Field Day antenna 
worked well for us; as previously noted, 
however, we employed it only on 80/75 
meters. On this band, it is essentially a 
1/2-2 dipole with unconventional feed. At 
higher frequencies, the pattern develops. 
lobes because the dipole acts as. long-wire 
antenna, Provided that this directivity co- 
incides with directions of interest, the 
off-center-fed dipole is a good, simple 
broadband/multiband antenna, 

‘The authors’ 1989 (double-dipole) ver- 
sion, while not designed specifically for 
‘Amateur Radio communication, has been 
used on various amateur bands (during the 
‘winter of 1989-90). It works, but how well” 
‘We checked into various nets on 75 and 40 
meters. On 75, for instance, we checked 
into the ONTARS (Ontario Amateur Radio 
Service) net, and the Newfoundland Phone 
Net (1730 EST), two regions at quite dif- 
ferent distances from the Ottawa area. The 
reports received were comparable with 
those given to other stations by net control. 
On the 160-meter band, we found that we 
could work stations we could hear, pro- 
vvided that they were running comparable 
power (100 W) and their local noise levels 
were reasonable. We have not yet deter- 
mined the antenna’s gain and pattern 
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APPENDIX 


‘A Double Windom Antenna for Eight 
or Nine Bands 

‘This work, which originally appeared as, 
two articles in cq-DL, was translated from 
the German by Dr. George Elliott Tucker, 
WASNVIL. 


Part 1: A Double Windom Antenna for 
Eight Bands 

By Hubert Scholle, DJ7SH, and Rolf 
Steins, DLIBBC 

‘The asymmetrical dipole antenna devel- 
‘oped and deseribed by Windom (W8GZ) in 
1929 has been used by many amateurs for 
‘many years as the FD4, This has also been 
the case in Germany. 

We discovered in an older periodical 
(ORV) the explanation by F. Spillner 
(DJ2KY) that this antenna, with the addi- 
tion of a small one-band Windom for 15 m, 
can be used as a five-band Windom. After 
the installation of the additional elements, 
this antenna worked very well fortwo years 
at DLIBBC. 

‘With the opening of new bands (10, 18 
and 24 MHz), the thought occurred to try 
out a new extension of the FD4 to eight 
bands (3.5 to 29.7 MHz). 

What worked for 21 MHz must also be 
possible for 10 MHz, 

‘So we took off the 21-MHz extension to 
‘my antenna and hung two elements of 4,69 
and 9,38 m (15.39 and 30.77 fi), respec- 
tively, on the FD4 and stretched these 
downwards from insulators as an inverted 
V (Figure A), 
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Figure D—Top view of the nine-band double Windom, [The elements are positioned to 
reduce coupling between the antenna’s two off-center-fed dipoles. Ed] 


‘To calculate the length we used the for- 
mula: 


Lin= 142.5 +f (Eq A) 


Whatever would work for 30 m should 
also work on 15 m. 

As suspected, it worked. 

As a by-product, it turned out in the 
‘measurements that this double Windom 
resonated just as well on 18 MHz and 24 
Miz. So oureight-band Windom came into 
being with really simple means, 


Construction 

‘Thanks to our neighbors, we were able 
toextend the basic antenna (FD4) 0 its full 
length. 

AtDLIBBC it was installed about 6.9m 


(22.63 ft) above the ground, rising to about 
8 m (26.25 ft) at each support point. At 
DJ7SH it hung about 5 m (16.4 ft) above 
the ground and partly ran over a garage 
roof. Both extension legs were stretched 
downwards as an inverted V with an angle 
of about 100°, Changing this angle allows 
the whole antenna tobe easily tuned during 
final adjustments 

‘Afier construction, the first measure- 
ments showed that because ofthe length of 
the 30-m elements, the 80, 40 and 20-m 
bands each had a resonance point that was 
shifted towards the low end of the band. 
‘This effect was eliminated by lengthening 
slightly the 30-m section, so the resonance 
points fell more in the middle ofthe bands. 

With this adjustment, the resonance 
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Figure E—SWR curves for the nine-band Double Windom. 


point on 30 m shifted slightly towards the 
end of the band, but this can be tolerated. 

With all measurements of the Windom, 
it was very clear that how the feed line ran 
played a decisive role. 

According to our results, it must be 
stressed that the feed line must run first ver- 
tically downwards from the feed point to 
the ground and only then to the shack, as 
otherwise the entire antenna may be 
detuned. This is especially the case when 
theheightof the antennais under 10m (32.8 
ft), The 50-ohm-coax feed at DLIBBC was 
pulled through an old garden hose and then 
buried under the lawn. 

“The lower antenna height at DJ7SH had 
the result that, with the first construction 
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attempi, the precalculated length of the 30- 
smelements was exactly right. The antenna 
delivered on all eight bands atthe first go, 

‘As can be seen from the SWR charts 
(Figure B), at DLIBBC the match on 40 m 
tumed out somewhat less favorable. How- 
ever, this was immediately fixed by chang- 
ing the antenna height slightly. At DJ7SH, 
no resonance curve ran above 1.5:1, which 
was the goal since neither station uses an 
antenna tuner. 


Performance 

First contacts were made with both an- 
tennas. These showed that the antennas had. 
1a good degree of performance for a long 
wire, Especially the downwards sloping 


extension elements have a clear advantage 
over the horizontal basie antenna for DX. 

With the first try on 30 m, many con- 
tacts were made withthe US (Eastand West 
coasts) with signal reports between S6 and 
7 while running 100 W. 

‘At present, we cannot make a concrete 
statement about contacts within Europe. 

This article makes no scientific claims, 
‘but intends to stimulate the long-wire en- 
thusiast, and especially the friends of CW. 


Part 2: Adding Another Band 

Because the response was unexpectedly 
great to the publication of the above in cq- 
DL, we went to work again on anextension, 
as it was worthwhile to add 160 m. 

With a half wavelength at 1.835 MHz, 
we calculated the basic length of the an- 
tenna to be 77.65 m (254.75 ft). We tapped 
the antenna at 25.88 m (84.9 ft) from one 
end and fed it with 50-ohm coax through a 
6:1 balun. The basic antenna of this length 
was installed horizontally sa eclning L 
‘at DLIBBC. The additional elements, 
lengths of 4.69 and9.38 m (15.39 and 30. 7 
fi), were attached at the balun. This addi- 
tional Windom for 10 and 21 MHz was, 
again stretched downwards as an inverted 
‘V with an angle of about 100°. Here the 
additional Windom was mounted so that 
its elements were not extended in the 
same direction as those of the reclining L, 
which gave sufficient decoupling (Figures 
Cand D), 

For the feed, the Fritzel company made 
available for testing anew 6:1 balun, series, 
83, which can also handle high power. The 
‘SWR charts (Figure E) were obtained with 
the wire lengths given in the preceding 
paragraph. In case builders experience 
slight resonance shifts, these can be bal- 
anced out by lengthening or shortening the 
additional Windom. 


Performance 

First contacts were made with the an- 
tenna installed at DLIBBC. Here it was 
once again shown that the antenna has a 
good degree of performance for a long 
wire, especially for 1.8 and 3.6 MHz within 
Europe. The additional Windom again had 
the degree of performance described im the 
first part of this article. 

‘The authors welcome questions and ex- 
change of information. (When writing, 
please include return postage.) 
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Figure 6: High Level View of NG Core Architecture (Proposed) 


Freak Application 
Management | UDM AF | Ape 
(Persistent) Function 


NG7 NGS 


‘Mobility Management 


no-ce Lim [sw J[ cr || secretin, 


Network Slice 
Selection Function 


AU || cm u ‘Authentication, Authorization 
Charging Management 
Lawful Intercept 


Nex NG: NG4 


NG3 NG6 Data 
UE NG-(R)AN NG-UP Network 


Source: 3GPP, Adapted from TR 23.799 v0.8.0, September 2016 [Figure 7.2.4-1) 


Its interesting to compare this new functional architecture with the existing EPC. 
Figure 7 maps the new NG Core elements to their equivalent in EPC. It shows signif- 
icant overlap between the EPC and NG Core and provides confidence that today’s 
state-of-the-art EPC is reasonably close to the next-generation core in terms of func- 
tionality, albeit that the interfaces and protocols will change/evolve. 


Figure 7: Mapping NG Core & EPC Functions 
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From QST, May 1996 (Technical Correspondence) 


Improved Feed for the 
Off-Center-Fed Dipole 


By Richard A, Formato, KIPOO 


‘Theoretical data suggest that the com- 
monly used feedpoint for the off-center-fed 
dipole (OCFD) may not be the best. The 
OCFD is an attractive multiband antenna 
because it's simple, inexpensive and re- 
quires no antenna tuner. Improving its per- 
formance simply by moving the feedpoint 
makes the antenna even more attractive. 
This note illustrates how the feedpoint in- 
fluences antenna performance by analyzing 
‘computer-modeled SWR data for three dif- 
ferent feedpoint locations. 

‘The OCFD (shown schematically in Fig- 
ure 1), consists of a single wire radiator of 
length L, fed off center a distance D from 
‘one end. The usual implementation uses a 
“fs feed,” that is, the RF source is located 
one-third of the way from the end, so that 
D = Li. Why the feedpoint should be lo- 
cated there is not exactly clear. The ninth 
edition of The ARRL Antenna Book,' for 
example, observes that there is not much 
theoretical justification for this choice. Nev- 
ertheless, the /»feed is accepted practice for 
building an CFD. 

Design details for a '/s-feed three-band 
OCFD (80, 40 and 20 meters) appear in the 
17th edition of The ARRL Antenna Book. A, 


‘The ARRL Antenna Book, 9th Esition 
(Newington: ARAL, 1960), pp 191 to 182, 


Table 1 


SWR Versus Feedpoint Placement 
(see Figure 1) 
Feedpoint 
Distance D (m) _SWR 
40 Metors 
8.65 


2 
6.98 2. 
3.65 2 
20 Motors 
8.85 2. 
6.98 4 
3.65 1 


8.85 12 
6.98 213 
3.85 13 
8.65 2.2 
6.98 22 
385 24 


4:1 current balun at the feedpoint matches 
this antenna to any length of $0-0 coax. 
More recently, Bill Wright, GOFAH, de- 
scribed a four-band, '/-feed OCFD (40, 20, 
15 and 10 meters) fed with 300-2 Indder 
line. Matching 50-0 coax requires a 4:1 
balun on 40, 20 and 10 meters, and a 1:1 
balun on 15 meters. Four-band operation, 
therefore, requires switching bsluns. An- 
other minor limitation is that the ladder-line 
length can be only an odd multiple of the 
wavelength at 21 MHz because the line is 
used as an impedance transformer. A sim- 
pler approach to achieving four-band opera- 
tion isto feed the OCFD at a different point 
along its length, 

T computer-modeled a 21.03-meter (69- 
foot) long, 0.2053-cm-diameter (#12 AWG) 
OCED in free space. The dimensions are the 
same as those in the GOFAH design. Free- 
space results are a good approximation for 
antennas high enough above the ground 
(typically a significant fraction of a wave- 
length). The band-center SWR was com- 
puted on 40, 20, 15 and 10 meters at the 
antenna-inpat terminals for a feed system 
impedance of 200 2, The theoretical values 
Of input resistance and reactance were used 
to calculate SWR (the antenna was not as 
sumed to be tuned). Because the feedpoint 
impedance is 200 @, a 4:1 balun is required 
to feed the antenna with 50-2 coaxial cable. 
‘The results for three different feedpoints 
appear in Table 1 

For the conventional ‘/-feed (D = 
6.98 m), the 40 and 10-meter SWR values 
are slightly over 2, while the 20-meter 
SWR is about 1.75. In marked contrast, the 


*R. Dean Straw, NEBV, Editor, The ARAL An- 
fenna Book, 17th Edition (Newington: ARAL, 
1984), pp 7:20 10 7-21. 

Bill Wright, GOFAH, “Four Bands, Ott Cor 
‘QST, Feb 1296, p'85, 
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Figure 1—The basic off-center-ted dipole 
(CFD), 


15-meter SWR is off the scale (the actual 
value > 20). Itis this behavior that makes a 
special fed system necessary on 15 meters, 
a complication that can be avoided by mov- 
ing the feedpoint. 

‘When the OCFD feed is located 8.65 
‘meters from one end, the 40, 20, and 10- 
‘meter SWRs are somewhat higher than they 
are with the '/ feed, but the 15-meter SWR 
is very low (= 1.2). Moving the feedpoint 
1.67 meters closer to the antennas center of 
the antenna results in a much better average 
SWR. And, more importantly, special 
matching is not required to achieve SWR 
2.5 at the antenna terminals on all bands. 
Balun and coaxial cable losses, which are 
inevitable, reduce the SWR at the coax in- 
put to even lower levels. For most installa- 
tions, it is probably reasonable to expect 
SWR at the transmitter to be less than 2 on, 
all bands. 

With the feedpoint located 3.65 meters 
from one end, the SWR on 40, 20 and 15, 
meters is excellent. The 40-meter SWR is 
only slightly above 2, and the 20 and 
15-meter SWRs are below 2. The highest 
SWR occurs on 10 meters, where it’s ap- 
proximately 2.4. Because the SWR is re- 
‘duced by feed-system losses, it will be less 
than 2.4 at the coax input. And, because 
balun and cable losses increase with fre- 
‘quency, the SWR reduction will be greatest 
on 10 meters where it is needed most. Feed- 
ing the sntenna 3.65 meters from one end 
‘may well provide the best overall four-band 
performance. 

Ina specific implementation, the OCFD, 
like any antenna, must be tweaked for opti- 
mum SWR. This is accomplished by adjust- 
ing the feedpoint location. Other antennas, 
nearby metallic objects, and the earth are 
typical factors that influence antenna per- 
formance. Since these factors are not in- 
cluded in the computer model, they must be 
dealt with empirically by adjusting the an- 
tenna on-site, The data presented here pro- 
vide a starting point for experimenting with 
different feedpoints, Depending on the to 
tal antenna length L, height above ground, 
earth electrical parameters, and feed sys 
tem Zo, it should be possible to operate & 
single OCFD on four or more bands without 
an antenna tuner or special feed arrange- 
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ment. It's apparent that the OCFD's SWR 
varies dramatically as the feedpoint is, 
moved, and thatthe commonly used /s-feed 
isnot necessarily the best. Other feedpoints 
may therefore produce a better antenna. 
Dean Straw, NOBV, Senior Assistant 
Technical Editor, comments: 
T'vemodeled what Richard describes and 
find that he's basically correct in his asser~ 
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tions. However, I would add a couple of 

caveats: 

+The SWR across an individual band will 
vary. For example, the 40-meter SWR will 
rise above the level he describes atthe ends 
of the band, because it is a rather large 
‘band, percentage-wise. This antenna is no 
different from an ordinary center-fed 40- 
meter dipole in that sense. 

+ The azimuth patterns for this OCFD will 


not be symmetrical, as is the case for any 
such off-center-fed antenna, This is noth- 
ing new, but should still be mentioned, par- 
ticularly for those hopeful folks who want 
2 “one-thing-to-all-people” antenna. 

+ The ham who tries this approach on 30, 17, 
or 24 meters may burn out the 200:50-2 
balun transformer. The SWR is very high 
indeed on those bands. 


From QST, October 1996 (Technical Correspondence) 


Off-Center-Fed Dipole 
Comments, Part 2 


By Richard A. Formato, KIPOO 


In an earlier correspondence," Isuggested 
that the conventional “'/,-feed” used for the 
off-center-fed dipole (OCD) isnotthe best 
choice, This letter provides additional in- 
formation, and responds to comments made 
by Dean Straw, NOBV, at the end of that 
correspondence. Before addressing. the 
‘comments, it is important to examine in 
more detail the SWR data which are the 
basis of my earlier letter. Figure 1 plots 
computer-modeled free-space SWR for the 
prototype 21.03-meter long, 0.0253-cm- 
diameter OCFD. SWR for a 200-0 feed 
system impedance was calculated at the 
antenna-input terminals every 50 kHz for 
source frequencies from Sto 30 MHz. Three 
feed-point locations were modeled, 3.65, 
6.98 ('/s feed), and 8.65 meters from the 
end of the antenna; the curves are labeled 
accordingly. 

‘The most important features of the SWR 
curves are the locations of minima and 
maxima, and the corresponding SWR. 
"Richard A. Formato, K1POO, “Improved Feed 


Tor the Olf-Center-Fed Dipole” OST, May 
1996, page 76. 


Table 1 

‘SWR Minima 

3.65m 8.98 m ("/rfeed) 

Freq Freq 

(MHz)  SWR (MHz) SWR 
6.95 127 7.05 2.03 
1415 1.70 14.05 1.82 
2120 191 ——— 

2825 118 «2830 1.30 


8.85 m 

Freq Band 

(MHz) SWR (Meters) Fe 
7.08 249 40 7.18 

14.00 161 20 1420 

25 11418 21.20 

2825 141 10 28.85 


Table 1 lists minimum SWRs and the fre- 
quencies of the minima for the three feed 
points. For reference, the right-hand col- 
‘umns list the corresponding amateur band 
and its approximate center frequency. 

‘The main point of my previous corre- 
spondence was that the 3.65 and 8.65-meter 
feeds might permit four-band operation 
‘without a matching network, because these 
feed points each result in four SWR minima 
between 5 and 30 MHz (see Figure 1). By 
contrast, the 6.98-meter SWR curve has only 
three minima in that range. The ‘/s-feed an- 
tenna cannot possibly operate on more than 


three bands without some sort of matching, 
which is why the GOFAH design? requires 
two baluns and a specific transmission line 
Tength for 15 meters 

How feasible four-band operation is de- 
pends only on where the minimum SWRs 
occur relative to the ham bands, and how 
low the SWR is across the bands, Table 1 
shows that the prototype OCFD has SWR 
minima very close to the 40, 20, 15 and 10- 
meter bands. With some on-site tweaking, 


BW 


ht, GOFAH, “Four Bands, Off Center” 
‘sr, 65, 


'eb 1996, 
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Figure 1—A plot of computer-modeled free-space SWR for the 
prototype 21.03-meter long, 0.0253-cm-diameter OCFD. SWA for a 
200-11 feed system impedance was calculated at the antenna-input 
terminals every 50 kHz for source frequencies from 5 1o 30 MHz. 


Frequency (Mie) 


Figure 2—A plot of the prototype OCFD's SWR from 100 kHz 
below to 100 kHz above the 40-meter band In S-kHz steps, 
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itis reasonable to expect that this antenna, 
fed either 3.65 or 8.65 meters from the end, 
could provide good SWR across all four 
amateur bands withouta matching network. 

The prototype OCFD dimensions were 
chosen because they correspond tothe GOFAH 
design, thus permitting direct comparison with 
that antenna, not because they are optimized 
in any way. Infact, the prototype dimensions 
are not optimum for a four-band OCFD. In 
free space, the frequencies at which SWR 
minima occur, and the depth ofthe minima, 
ate determined by three parameters: radiating” 
clement length and diameter, and feed-point 
location. Changing any one ofthese changes 
both the frequencies of the SWR minima and 
the minimum SWR values. 

Optimizing a four-band, free-space 
OCFD comes down to determining a set of 
antenna parameters that produces anaccept- 
ably low SWR (typically less than 2) across 
the 40, 20, 15, and 10-meter bands. Al- 
though I have not determined optimum pa- 
rameter values, the very good predicted 
performance of the prototype antenna sug- 
‘ests that still better performance is almost 
certainly achievable, The purpose of my 
first letter was to encourage experiments- 
tion with OCFD designs, which would hope- 
fully advance the state of the art by 
producing near-optimum designs. 

‘Turning nextto the comments atthe end 
of my first correspondence, they are ad- 
dressed as follows: 
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‘SWR Variation Across a Band 

In terms of SWR behavior, the OCFD is 
much different from an ordinary center-fed 
dipole (CFD). The CFD is intentionally cut 
(tuned) to place minimum SWR within the 
band, which is why SWR increases toward. 
the ends ofthe band (moving away from the 
minimum). An OCFD may or may not ex- 
hibit this behavior, depending on where its 
SWR minima occur. To illustrate, Figure 2 
plots the prototype OCFD's SWR from 
100 kHz below to 100 kHz sbove the 
40-meter band in 5-kHz steps. The SWR 
does not increase toward each end of the 
band. Ifthe SWR minimumis either outside 
or at one end of the band, as it is in Figure 
2, the SWR will increase in one direction 
(upordown band), but decrease inthe other, 
{quite unlike an ordinary CFD. The OCFD's 
SWR will increase at both band edges only 
when its SWR minimum is inside the band, 
which generally is not the case. 


Azimuth Pattern 

‘The OCFD does indeed have an asym- 
‘metrical azimuth pattern, because the radi- 
ating element is not symmetrical about the 
feed point. But feeding the OCFD 8.69 
meters from the end provides a higher de- 
‘gree of symmetry than the conventional '/s- 
feed. Locating the feed 8.65 meters from 
one end should result in a more symmetri- 


cal azimuth pattern than the conventional 
feed, not less. Of course, feeding the OCFD 
3.65 meters from the end increasesits asym- 
‘metry compared to the '/-feed, so that the 
pattern for this implementation would be 
expected to be less symmetrical. Even so, 
pattern asymmetry is not necessarily unde- 
sirable, Many operators may want to take 
advantage of the OCFD’ pattern by orient- 
ing the antenna to radiate in a preferred 
direction. This consideration applies to any 
antenna, even to the single-band CFD, 
which is an extremely poor radiator in the 
direction of the antenna axis at low to mod- 
erate take-off angles. 


Operating the OCFD Out-of-Band 

Regardless of where the feed is placed, 
or how it is implemented, certainly no at- 
tempt should be made to operate a 40, 20, 
15, 10-meter OCFD on any other band. 
High SWR conditions may very well result 
in balun damage. 

‘The data presented here provide additional 
insight into the advantages of feeding the 
‘OCED stpointsotherthan /s ofits length from 
the end, With computer-models for wire an- 
tennas widely available, it should be possible 
to optimize the OCFD in free space and over 
typical ground so that multiband operation is 
achievable without a matching network. 


Off-Center-Fed Dipole 
Comments, Part 3 


By Roy 0. Hill, Jr, WAPID 


QST's May 1996 Technical Correspon- 
dence column article “Improved Feed for 
‘The Off-Center-Fed Dipole” contained a 
statement that surprised me: “Why the feed 
ppoint should be located ['/ ofthe way from 
the end] is not exactly clear. The ninth edi- 
tion of The ARRL Antenna Book, for ex- 
ample, observed that there is not much 
theoretical justification for this choice,” It 
seems to me that there is plenty of theore 
cal justification, Lam not an electrical eng 
rect, and Iam going to keep this simple. 
won't say anything about computer simula- 
tions, ground effects, reactance, unbalanced 
feed-line currents, of adding 15-meter cov- 
erage; and [ will use the lowest frequencies 
on the 80, 40, and 20-meter bands with full 
awareness thatthe frequencies actually used 
will be higher than that. 

Thirty or 40 years ago, it was more or 
less generally accepted thatthe impedance 
ofahalf-wave antenna was about 4kQ atthe 
ends, about 72 02 atthe center, and that the 
impedance along the antenna could be accu- 
rately represented by a straight line on semi- 
log graph paper. Using these premises, 1 
plotted the impedance along a half-wave 
3.5-MHz antenna on the graph of Figure 3. 
Then I added 7.0 MHz end 14.0 MHz plots 
for the same antenna, 

Allthree lines cross attwo points atabout 
the 280-0 impedance mark. These two 
points ares ofthe way (within 0.1 preent- 
age point as I measure it) from the ends of 
the antenna. The antenna can be fed with 
300-0 line at either of the triple-crossing 
Points and it will work on all three frequen- 
cies, Youcould miss the exact crossing point 
(or change the frequency) somewhat and 
still have an impedance between 150 and 
{600 ©, which would present an SWR less 
than 24—an allowable value for most trans- 
mitters, All this was pretty widely known in 
the 1950s. What happened to it? Was all the 
old low-tech knowledge thrown out when 
the modera high-tech stuff came along? 


“This is only accurate If the impedance is purely 
resistive. With reactive impedances, It is 
‘entirly possible to have an SWR higher than 
2—Zack Lau, KHBCP 
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Figure $—impedance plot of an OCFD for 3.5, 7 and 14 MHz as a function of distance (in 
i. 


feat) from either 


Also, the article mentioned that the 
“'/p-feed” antenna requires no antenna tuner. 
‘That is true, of course, for loading the an- 
tenna, but back in the days I’ve been talking 
about, the ARRL was stressing that you 
should nor use a multiband antenna without 
‘an antenna tuner because of the danger of 
harmonic radiation, Do we nat worry about 
harmonic radiation any more? 

A little over 30 years ago, using as a 
guide a graph like the one shown in Figure 
3, but using frequencies more like those on 
which I would be operating, I put up an an- 


tenna fed with 300-0 ribbon 80 feet from 
fone end and 44 feet from the other. I have 
used this antenna ever since. I do use an 
antenna tuner with it, The system works fine 
and causes no RFI or TVI. 1 used similar 
antennas for about 12 years before that, at 
other locations. 

1 just coulda’t pass up that “not much 
theoretical justification” quoted from an 
ARRL publication without comment. The 
‘Ys feed has, not only plenty of theoretical, 
justification, but plenty of practical justifi- 
‘ation—from use. 
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From QST, September 1997 (Technical Correspondence) 


Choke the OCFD 


By Dale Gaudier MOAOP/K4DG 

After reading with interest Richard 
(KIPOO) Formato's technical correspon- 
dence," I would like to share some obser- 
vations made in the course of modeling, 
then constructing, an off-center-fed dipole 
(OCED) using K1POO's design suggestions. 

I first modeled KIPOO's designs (over- 
all Iength of 68 feet 5.5 inches or 21.03, 
‘meters) with feed points at 3.65 meters (11 
feet 10.5 inches, or 17.4%) and 8.65 meters 
(28 feet 2 inches, or 41%) from one end 
using Roy (W7EL) Lewallen's EZNEC 
V1.0. Using K1POO’s design criteria (a 
nominal feed point impedance of 200.9) the 
free-space SWR curves were a good match 
for those set forth in his correspondence. 

Based on the model data, it appeared that, 
the design with a feed point at 3,65 meters 
(17.4%) from one end gave the best results 
overall for all four bands (40, 20, 15 and 
10 meters). 

[ then built an antenna based on the 
3.65-meter-feed-point model. Lconstructed 
the dipole conventionally of #14 AWG. 
stranded copper wire and mounted it ap- 
proximately 33 feet (10 meters) sbove 
ground, A commercial 4:1 balun at the feed 
point allows matching the 200 © antenna 
feed point to a 50 Q coax feed line. 1 used 


Richard Formato, K1POO, “Oft-Center-Fed 
. Part 2," Technical Corre- 
‘spondence, QST, Oct 1996, pp 72-73. 
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Table 1 
Results without the RF Choke 
Band — Minimum 2:1 SWR Range 
(meters) (MHz) (MHz) 
40 85 (SWR >>3) 
20 1447 ¥9.250 - 15.500 
15 21.58 20.420 - 22.350 
10 29.69 28.550 - 30.480 


Table 2 
Results with the RF Choke 
Band Minimum SWR 2:1 SWR Range 


(meters) (MHz) Minima (MHz) 

40 7.00 1.1 6.850- 7.220 
20-1410 -1.2 13.520- 14.420 
18 21.22 1.1 -20.420-22.340 
102834 1.427.460 -29,050, 


an SWR analyzer attached to the feed line 
to measure the antenna’s resonance and 
SWR. The results are shown in Table 1 
‘The SWR minimum and 2:1 SWR range 
for the 10 meter band were higher than 
desirable for an antenna whose purpose is 
to minimize the need for a tuner. However, 
the real puzzle was the lack of resonance 
anywhere near the 40 meter band! The 
SWR minimum around 8.5 MHz was nei- 
ther pronounced nor deep, and certainly not 
what was predicted by computer modeling. 
I tried pruning the two dipole legs. This 
only caused the 8.5-MHz SWR minimum to 
shift somewhat. Pruning did not produce an 
acceptable (<2:1 SWR) minimum anywhere 
in the 40 meter band; it also decreased the 
20, 15 and 10-meter band SWR minima. 
Itoccurred to me that the effects I was 
observing might be due to unequal currents 


flowing at the feed point (possibly due to 
the asymmetrical design of the OCFD). 1 
made a simple RF choke by coiling several 
turns of the RG-8X feed line close to the 
feed point and balun. After some initial ad- 
justments of the choke diameter and num- 
ber of turns, Ihad my 40-meter resonance! 
(See Table 2.) The coil is 5'/ turns of 
RG-8X with an inside diameter of 9 
inches (24cm). Note that the 40-meter band 
minimum and 2:1 SWR range can be raised 
by removing part of a turn from the RF 
choke. 

As is apparent, the OCED design of 
KIPOOis surprisingly broadband, and with, 
alittle adjustment, will cover virtually all of 
the 40, 20, 15 and 10-meter bands with an 
SWR of 2:1 or less. However, an RF choke 
appears to be necessary for this design to 
work on its fundamental frequency. 


ATrap Collinear Antenna 
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Antenna Traps of Spiral Delay Line 
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Build a Space-Efficient Dipole Antenna for 40, 80 and 160 Meters 
From July 1992 QST 


Trap Construction Information for Al (W8NX) Buxton’s July 1992 Dipole 
From September 1992 QST (Technical Correspondence) 


Two New Multiband Trap Dipoles 
From August 1994 QST 


A Center-Fed “Zepp” for 80 and 40 
From May 1966 QST 


All-Band Antenna 
From March 1967 QST (Technical Correspondence) 


Multiband Antennas Using Decoupling Stubs 
From December 1960 QST 


“All-Band” Antenna 
From December 1954 QST (Hints & Kinks) 


Three-Band Matching System for a Forty-Meter Doublet 
From January 1975 QST (Hints & Kinks) 


A“Z” Antenna for the 10-160 Meter Bands 
From December 1979 QST (Technical Correspondence) 


Compact Multiband Antenna Without Traps 
From November 1981 QST 


Five Bands, No Tuner 
From June 1995 QST 


The NRY: A Simple, Effective Wire Antenna for 80 through 10 Meters 
From March 1993 QST 


By Wesley M. Bell, W7QB From QST, August 1963 


A Trap Collinear Antenna 


Simple 3-Band Radiator with In-Phase Elements 


‘This antenna covers the 15, 20, and 80- 
meter bands. On the two higher frequency 
bands the antenna operates with two ex. 
tended half waves in phase thereby realiz- 
ing some gain over the dipole operation of 
a conventional trap antenna, 


‘As your ARRL Handbook tells you, 
broadside gain overadipole approximately 
equivalent to doubling transmitting power 
may be obtained by using a center-fed an- 
tennaabout 1'/, wavelengths long (extended 
double Zepp). Advantage of this is taken in 
the three-band trap antenna shown in Fig- 
ure 1. The basic antenna is a dipole for 80 
meters. The traps isolate sections of ap- 
proximately 1'/« wavelengths for 20 and 15 
meters. Since the center ofa 1'/e wavelength 
wire is notata current loop, wire is added in 
the form ofa short open-wire feeder to make 
the total length about 1'/ wavelengths, 
thereby bringing a current loop at the point 
where the system is fed by coax line, A 
balun is used to couple the unbalanced line 


to the balanced antenna system, 


Trap Construction 

The coil and capacitor specifications 
given under Figure 1 should be adequate 
for transmitters running at 100 watts input 
or less. For higher power, the inductance 
and capacitance values should be the same, 
butcoils should be wound with heavier con- 
ductor, and capacitors should be of the 
transmitting type, such as the Centralab 
850SL type. [made my own coils by wrap- 
ping a2'/-inch form with waxed paper and 
‘winding the turns with double strands of 
No. 18 wire, unwinding one strand and ce- 
menting the remaining turns with strips of 
model-airplsne glue. When the glue was 
dry, the completed coil was slipped off the 
form, Atleast one full extra turn should be 
‘wound to allow for pruning, 

‘As shown in Figure 2, the capacitor is 
placed inside the coil, and the terminals of 
both capacitor and coil soldered to the 
heads of brass machine screws, These 


screws serve to hold the assembly central 
in a plastic waterproof container as shown 
in Figure 3. The container is the 1-pint size 
commonly found filled with chip dip, ice 
cream, potato salad, oysters and whatnotin 
grocery stores. The screws are fastened in 
the top cover and bottom of the container 
with nuts. The container is suspended from 
an insulator at the appropriate point in the 
antenna by short lengths of wire dropped 
from the insulator to the mounting screws, 
where they are secured by a second set of 
nuts, 

‘After mounting the traps in the contain- 
ers, they should be resonated to the desig- 
nated frequencies by carefully pruning the 
coils while checking with a grid-dip meter. 
‘The strain insulator with its wire wraps 
‘must be included, as shown in Figure 3, 
since the insulator capacitance isin parallel 
with the trap capacitor. (See ARRL Hand~ 
book.) As resonance is approached, final 
adjustment can be made by forming what is 
left of the last turn into a hairpin, and bend- 
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Figure 1—Sketch showing the approximate dimensions of the trap call 
the approximate wavelength equivalents (electrical length) are shown on the right side. Frequencies and appro: 


for the cer 


‘operation or lower frequency for c.w.-only operation. 


C1, C2—25-pf. 6000-volt disk ceramic. See 
Approx, 2 H-4/ tums No. 18, 2'/-inch 


long, or 5 turns No. 18, 2-inch diam., 16 tpi. See text, 


ir. Wire lengths shown on left side are 


terms of feet, while 
ate wire lengths are 


8 of the three bands as a compromise for full-band coverage. it may be desirable to increase frequency for phone-only 


xt Le<Approx. 5 jH.—8 turns No. 18, 2%/inch dia., a inch long, or 


diam.,*/s inch 
Z,—1 to 1 balun, 


@ turns No. 18, 2-Inch diam. 16 ipl. See text. 
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Figure 2—Trap components ready to be 
mounted in weather-proof container. 


ing or twisting the hairpin to alterits induc- 
tiverelationship to the main partof the coil, 


Antenna Adjustment 

Antenna resonance can be checked by 
shorting the ends of the 7-ft. open-wire line 
and coupling to a grid-dip meter. Initially, 
the wire lengths should be made foot or so 
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Figure 3—The completed 21-MHz trap and 
its supporting insulator ready for checking 
with a grid-dip oscillator 


longer than the lengths shown in Figure 1. 
Start out with the 21-MHz sections only. 
anchoring the outer end of each wire sec- 
tion to one side of a 21-MHz trap insulator 
and connecting it to one side of the trap. An 
additional insulator should be attached 
temporarily between the other side of the 
trap insulator and the antenna-supporting 


rope. Then gradually shorten the wire until 
the grid-dip meter shows the desired reso- 
‘nant frequency, 

‘Then add the second sections and traps 
and adjust similarly for the desired fre- 
‘quency in the 14-MHz band. The end sec- 
tions of wire are then added and adjusted to 
show resonance at he desired frequency in 
the 3.5-MHz band, 

In making the antenna adjustments, do 
not adjust the traps after they have once 
been set with the g.d.o.; change only the 
lengths of the wire sections. Devote plenty 
of time and patience to the adjustments, The 
job just can’t be done correctly in a few 
minutes. 

Tuse a center supporting pole, and the 
balun is enclosed in a weather-proof box 
‘mounted at the top of the pole. 

Results with this antenna have been 
‘good. Using it in “ inverted-vee” fashion, 
with one pole at the center and the ends 
attached to bushes, fences, clotheslines, or 
whatever else might be handy, I changed 
directions by simply walking the ends 
around to different positions. Without half 
tying, I worked 44 countries with a DX- 
60. I'm moving to the country soon where 
plan to put up several of these antennas. 1 
hope to add reflectors too. (Well, a guy can, 
dream, can’t he?) 


By William J. Lat 


From QST, November 1972 


Antenna Traps of Spiral 
Delay Line 


Most “traps” used in amateur radio 
multiband antennas are made of lumped 
inductance and capacitance in parallel. 
These consist of inductors made of coil 
stock of No. 12 or No, 14 wire and ceramic 
capacitors having voltage ratings up to 
15,000 volts de, which are relatively ex- 
pensive. Vacuum capacitors would be the 
best, of course, but are also rather expen- 

Another type of trap has a capacitor 
made of two pieces of aluminum tubing 
arranged with a small-diameter tube inside 
1 larger tube. Some have polystyrene di- 
electric, others air dielectric. The ARRL 
Handbook has a very complete description 
of these types. 

‘Quarter-wave stubs of transmission line 
‘can be used for isolating sections of an an- 
tenna.! Loading coils canbe used to modify 
the harmonic responses of a doublet to the 
second, third, fifth, seventh, and so on, to 
obtain a multiband antenna. However, the 
use of loading coils is quite complicated if 
more than two bands of frequencies sre 
desired. Traps tuned to the desired reso- 
nant frequencies make it much easier to 
adjust the lengths of the antenna sections, 
and also to obtain closer spacing between 
bands than can be obtained with loading 
coils, 

Since quarter-wave sections of trans- 
mission line can be used as decoupling 
stubs forisolation of sections of an antenna, 
the idea occurred that perhaps quarter- 
wave sections of spiral delay line (SDL) 
might be used to make a very simple trap, 
without lumped capacitance. Spiral delay 
line is coaxial line with a helical inner con- 
ductor. 


Construction of SDL Traps 
Figure I shows the coil which isthe he- 
lical inner conductor of the spiral delay 


‘Lattin, “Multiband Antennas Using Decou- 
Bling Stubs,” QST, December, 1960, p. 23. 
Lattin, "Multiband Antennas Using Loading 

Calls” QS, Apri, 1961, p. 43. 


line, along with the polystyrene tubing and 
end pieces for the coil, and the aluminum 
tube. The completed assembly is shown in 
the title photograph and Figure 2. 

For a 28.5-MHz trap, a coil of No. 12 
magnet wire was wound on a "/-inch rod, 
37 tums, close wound. The coil was 
removed from the '/=inch rod and it 
sprang out to about */inch OD. The coil 
was 3!/sinches long, Enough wire was used 
to allow end wires straightened out to be 2 
inches long on each end of the coil. Two 
pieces of ’4-inch OD polystyrene rod cut 
Yerinch thick were drilled in the center to 
fit over the No, 12 wire ends and one was 
slipped over each end of the coil. This coil 
was placed inside a piece of 1-inch OD 
¥einch ID polystyrene tube 4'/s-inches 
long, and a piece of 1'/-inch OD x 1-inch 
x 4'/-inch long aluminum tube slipped 
over this. The assembly was held together 
with No, 6-32 x ‘/ieinch screws in holes 
drilled and tapped just far enough into the 
polystyrene end pieces to hold the screws 
in place. The short for this quarter-wave 
section of spiral delay line was made with 


Figure 1 — The parts used in 
the make-up of a W4JRW 
SDL trap, 

Hi, H2 — End pieces of 
Yfcinch length of inch 
OD Polystyrene rod with 
center hole for No. 12 wire, 

H3 —1-inch OD x inch 1D. 
polystyrene tube, length one 
inch greater than that of coll 
turns of Li 

H4—1'/rinch OD x 1-inch ID 
aluminum tube, length equal 
to that of H3, 

L1— Close-wound coil of No. 


turns information. 


a solder lug under one screw with wire 
soldered between it and one end of the coil, 
as shown in the photographs, 

The curve in the graph, Figure 3, shows 
the number of turns of No. 12 wire required 
for quarter-wave sections of the above con- 
struction. A close-wound coil of No. 12 
‘magnet wire has approximately 12 turns per 
inch. The length of the assembly for a par- 
ticular frequency can be determined ap. 
proximately by dividing the number of 
tums on the coil by 12 to get the length in 
inches, 

The traps were adjusted to frequency 
through the use of a grid-dip meter (checked 
fon a receiver for accuracy of each fre- 
quency). The coil can be changed quite eas 
ily to the desired frequency by trimming 
tums fan extra turn or two is put on for this 
purpose. The coil can also be wound with 
spacing between turns and compressed 
or expanded to get the trap exactly on 
frequency. 

After the assembly is completed and 
tuned to frequency, the coil can be sealed in 
the polystyrene tube with polystyrene ce- 
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Key Capabilities of the Next-Gen System Architecture 


In addition to proposed architectures, the Technical Report provides guidance on 
the features and services NG Core should support. It identifies 19 key issues for the 
Next-Gen System Architecture, which can be grouped into four categories: 


* Flexible Deployment: Including network slicing, user-plane network selec- 
tion, network function granularity (e.9.. decomposition of VNFs and service 
chains), interworking and migration, « policy and charging framework. 


* Flexible Access Support: Including variable core/access splits, a flexible 
authentication framework (with varying credentials according to device- 
type, use case and policy), support for relays and multi-hopping, improved 
network discovery and selection mechanisms. 


+ Connectivity: Including session management, mobility management, a 
Quality-of-service (QoS) framework and service and session continuity (e.g 
across accesses) 


* Adapting Existing Capabilities: Including network/service capability expo- 
sure, multicast and broadcast, IP Multimedia Subsystem (IMS) support, off- 
network communications (e.g... ad hac networks for public safety) 


Implementation of these capabilities is tightty inked to both the design of the NG 
Core and the underlying IP service infrastructure. The 3GPP specifications do not 
reference connectivity services, but, in practice, there is a close relationship. 


A Distributed 5G Services Fabric 


The infrastructure onto which 5G will be deployed should support multiple, cemand- 
ing use cases. This drives a need for a high-performance wide-area IP services fabric 
controlled (or "orchestrated') by SDN. This IP services fabric should provide connec- 
tivity between many different distributed data centers in a meshed architecture 
that provides resiliency and scalability, and should be programmable such that it 
can support dynamic, service-specific network slices. In effect, the IP services fabric 
makes distributed centers act in a unified manner —i.e., behave as one integrated 
data center. The concept is shown in Figure 8. 


The design of the distributed IP services fabric is formed by the variety of use cases, the 
requirement for low latency and high availabilty, and the need to scale efficiently. 
In tandem, the mobile network architecture will evolve to a more distributed model. 
To meet 5G service requirements, NG Core will be deployed using the "CUPS" model, 
with user-plane nodes hosted at distributed data center locations, and control- 
plane nodes at more centralized locations, interconnected by the IP services fabric. 


Service orchestration will generally be domain specific, with SDN-controlled IP ser- 
vices, cloud resource management, NFV lifecycle management and end-user ser- 
vice orchestration, all operating quas’independently ina layered architecture. Co- 
ordination between the layers will use "cross domain orchestration” to ensure a net- 
‘work slice contains all the networking components needed to deliver the service. 


Depending on how the architecture evolves, there will be a need to support highly 
accurate, 1588v2-based timing (frequency and phase) within this IP services fabric. 
Virtual RAN/Cloud RAN is an example on the network side that benefits from accurate 
network timing. On the customer side, itis expected that some market segments, such 
{as the financial industry, will also require timing to be incorporated into network slices. 
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Figure 2—Assembly of the SDL 

traps. See Figure 1 and text for 

identification of parts not listed 
below. 

‘A1—Solder lug and short 
length of wire assembled and 
soldered to short one end of 
H4 to one end of L1. 

‘A2, A3—See text. The screw at 
‘A2 must not contact the wire of 
u 


ment or coil dope. An inert gas 

could be sealed inside quite eas- 

ily, but there seems to be no par- 
icular advantage to this, 


‘Trap Ratings and 
Performance 

‘The thickness of the polysty- 
rene tube used was 1/8 or 0.125 
inch, The average voltage rating for poly- 
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styrene is given in various handbooks as 
500 volts per mil (,001 inch). This would 
be 62,500 volts for the thickness of 1/8 
inch. The maximum power rating of these 
traps has not been determined. They have 
been used with a2-kW PEP ssb transmitter 
without any failures from either voltage 
breakdown or heating. Larger wire, poly: 
styrene tubing, and aluminum tubing can 
be used, of course, but the curve of Figure 
3 will be different. Formulas for character~ 
istics of spiral delay lines can be found in 
radio handbooks and textbooks in which 
this type of line is described. 

The resonant impedance of the traps 


Figure 3—Resonant frequency of spiral- 
delay-line trap versus number of tums in 
cil 


‘was measured and found to be approxi- 
mately 100,000 ohms. For comparison, a 
trap made of No. 12 wire and a ceramic 
capacitor gave about the same resonant 
impedance. Several lumped-constant 15- 
meter traps borrowed from triband beams 
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Figure 4—At A, dimensions for a 2-band 
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spiral 
7.2 MHz (not drawn to scale). AtB, the measured S\ 


line antenna, resonant at 3.9 and 
/R values with this antenna 


Were measured and values from 16,000 to 
28,000 ohms were found! 

The SDL traps can be used in beam an- 
tennas, of course, with suitable mechanical 
modifications to fit the aluminum tube used 
in the beam. Spiral delay line can be used 
for other purposes, such as matching trans. 
formers, phasing, and any place wherecoax 
line is used but short dimensions are 
needed. The Zo (characteristic impedance) 
is a function of wire size, diameter, and 
spacing of the helical coil, dimensions of 
the insulator and external aluminum tube. 
‘Measurement with an rf bridge indicated a 
Zo of about 250 ohms for the construction 
used in these traps. 

Figures 4 and 5 give the dimensions of 
two doublet antennas experimented with 
here. The antenna of Figure 4 has two 
7.2-MHz traps and resonates at 3.9 and 
7.2MHz. The antenna of Figure S has eight 
traps, two each for 1 meters, 1S meters, 20, 
meters, and 40 meters. Resonances are at 
3,9,7.2, 14,3,21.3, and 28.6 MHz, The flat- 
op portions were made of No, 12 solid 
copper wire. The feeder used was RG-8/U. 
No balun was used in our experiments. It 
was found that if a trap was not tuned ex- 
actly to frequency, it could still be used by 
changing the wire lengths in the antenna 
adjacent to the trap to get the desired an. 
tenna resonance. An antenna shortened and 
using traps is sharper in resonance than a 
full-length doublet, This is generally very 
well known, but perhaps bears repetition. 

SWR curves are also shown in Figures 4 
and 5 for these two antennas. During mea- 
surements, the antennas were supported in 
the center about 30 feet high and were 20 
feet high at the ends. Measurements were 
made at the transmitter with 100 feet of 
RG-8/U coax between the transmitter and 
the antenna, 

Itis advisable to support doublet anten- 
nas atthe center as well as at the ends, with. 
strain relief at the ends — a simple arrange- 
ment of a screw eye, plastic rope, and 
a sash weight or a brick will do.* Since 
RG-8/U coax is fairly heavy, the center 
support is helpful to reduce the strain on 
the antenna, The breaking load of No. 12 
copper wire is given in handbooks as 197.5, 
pounds for soft or annealed wire and 261.6 
pounds for medium hard-drawn wire, In a 
hhigh wind any type of support such as trees, 
towers, push-up masts, and so on, may 
move a few inches, putting thousands of 
pounds of tension on a wire stretched be- 
tween them. Is there any ham who hasn’t 
broken a wire antenna stretched between 
two trees when no strain reliefs were used? 

‘One spiral-delay-line trap was tested 
with a hoist and concrete blocks for weight 
and didn’t break at 200 pounds. As the No. 
12 wire used in the antenna was softer than 


3 [EDITOR'S NOTE: To reduce wear and even- 
tual breaking of the plastic~ope halyard, @ 
pulley should also be used: large-dlamet 
{ypae sold in hardware stores as clothes 
Pulleys are economical and quite satisfac 
toy. 
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Figure 5—At A, the measured SWR values for a S-band SDL antenna and at B the 


‘dimensions for this antenna, 


the No. 12 magnet wires in the SDL traps, 
it appeared that the antenna wire would 
probably stretch before the wire in the 
raps, We have had the antenna up for al- 
‘most two years, supported by three large 
trees, with strain reliefs at the ends. The 
antenna was not damaged at all by an 85- 
mph wind during a storm which bent the 
top section of our guyed crank-up tower 
into an inverted U shape with the triband 
‘beam hanging down, We did have one ice 
storm, but it wasn't severe enough to lift 
the strain-relief weights at the ends of the 
antenna. 

If one desires, he can make the traps 
stronger by using two screws 180 degrees 
apart at each end, or even three screws at 
120-degree spacing, Also the ends could be 
‘made of copper-weld wire soldered to the 
inner coil. The materials are not difficult 10 
‘obtain. Most cities now have plastic supply 
distributors, and also aluminum tubing sup- 
pliers. The magnet wire can be obtained at 
1a motor repair shop or from an electrical 
supply distributor. 
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By A. C. Buxton, W8NX 


From QST, 


ly 1992 


Build a Space-Efficient 
Dipole Antenna for 40, 80 


and 160 Meters 


A new trap design, using only RG-58 and PVC pipe, 
yields better space efficiency than conventional 


‘These days more than everbefore, many 
hhams who want to work the low bands need 
an effective antenna that fits ona small lot. 
Il show you how to build a shortened di- 
pole for 160, 80 and 40 meters using im- 
proved coaxial-cable traps that I call Super 
‘Traps. The antenna, which covers the three 
ham bands below 7.3 MHz, is about the 
same length as a fullsize 80-meter dipole. 
Ifyou install the antenna as an inverted V 
with @ 90° included angle, the baseline 
length is 88 fect, The antenna uses traps 
that are easily constructed, rugged and 
weatherproof. They use no exposed capaci- 
tors or inductors. 

‘You can feed the antenna directly with 
balanced 75-2 line or via a 1:1 balun with 
either 50- or 75-2 coaxial cable, Feed-line 
length is noteritical. The antenna resonates 
at 1,865, 3.825 and 7.225 MHz. | installed 
such an antenna on my lotas an inverted V, 
with the apex 38 feet high and the ends at 
about 15 feet. 

‘As part of this project, I developed a 
BASIC-language computer program! for 
trap design; a listing is available from the 
ARRL.? You can use this program to de- 
sign these traps for frequencies of your 
choice, but you don’t need a computer to 
make the antenna described here. 
gure I shows the antenna layout. The 


coaxial traps. 


antenna is made of #14 stranded wire and 
two pairs of coaxial traps. Construction is 
conventional in most respects, except for 
the high inductance-to-capacitance (Li 
rato that results from the unique trap con- 
struction. Two recent QST articles give tips 
on dipole construction and feeding*4 
‘The traps use two-layer windings of the 
core (dielectric and center conductor) of RG- 
‘58coaxial cable. Coaxial cable with lexible, 
rugged stranded-wire center conductors is 
preferable to that with a more brittle solid 
Wire center conductor. Figure 2 shows the 
traps, The 3.8-MHz trap is shown with the 
wentherproofing cover of electrical tape re- 
moved to show the construction details. 


Precautions and Trap Specifications 
With this trap-winding configuration, 
there are two thicknesses of core dielectric 
material between adjacent turns, which 
doubles the breakdown Voltage of the traps. 
The transformer action of the two windings 
gives a second doubling of the trap-voltage 
rating. Thus, the trap voltage rating is 5.6 
kV (four times RG-58's 1.4-KV rating) 


Conventional coaxial-cable traps made of 
RG-58 have a rating of 2.8 kV. 

‘The 7-MHz traps have 33 tH of indue- 
tance and 15 pF of capacitance, and the 
3.8-MHz traps have 74 lH of inductance 
and 24 pF of capacitance, The trap Qs are 
over 170 at their design frequencies, as 
measured on a Boonton Q meter. 

‘These traps are suitable for operation at 
the I-kW power level. When making the 
traps, do nav use RG-8X or any other foam 
dielectric cable. Winding such cables on 
small-diameter forms causes the center 
conductor to migrate through the dielectric 
toward the inside, decreasing the break- 
down rating and compromising trap perfor- 
mance. The core diameter also differs from 
that of RG-S8. 


Construction 

Although these traps are similar in many 
‘ways to other coaxial-cable traps, the shield 
‘winding of the common coax-cable trap has 
been replaced by an outer winding that fits 
snugly into the grooves formed by the inner 
layer. Capacitance is reduced to 7.1 pF per 
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Figure 1—The shortened dipole resonates in the SSB portions of the 40, 80 and 160-meter bands. The antenna is 124 feet long, 
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Figure 2—The improved coaxial-cable traps use two layered windings to provide an 
Unusually high inductance-to-capacitance ratio, higher Q, and twice the breakdown 
voltage of single-layer traps, The 3.8-MHz trap is shown without its protective electrical- 
tape wrap to show the details of trap construction. This construction method makes for 
simple, lightweight, rugged and weatherproof traps. 


foot, compared to 28.5 pF per foot with 
conventional coax traps made from RG-58. 
‘Trap reactance can be up to four times 
‘greater than that provided by conventional 
coax-cable traps. 

The coil forms are cut from PVC pipe 
available at plumbing-supply stores. The 
7-MHz trap form is made from 2-inch-ID 
pipe with an outer diameter of 2.375 inches, 
‘The 3.8-MHz trap form is made from 3- 
inch pipe with an outer diameter of 3.5 
inches. The 7-MHz. trap uses a 12.3-turn 
inner winding and an 11.4-turn outer wind- 
ing. The 3.8-MHz trap uses a 14.3-turn in- 
ner winding and a 13.4-turn outer winding. 
All turns are closewound, The inner-trap 
frequency is 7.17 MHz. and the outer-trap 
frequency is 3.85 MHz. 

If you are unable to get PVC forms of 
exactly the same diameters as those called 
for here, compensate for the effect of form- 
size differences by taking advantage of the 
fact that the number of turns varies in- 
versely with the form diameter. Thus, ifthe 
form diameter you use is, say, 5% larger 
than mine, reduce the number of turns by 
5%. If necessary, add or remove fractions 
of atu at the end of the outer winding. If 


you have @ computer, you can use the 
BASIC programs? to calculate the exact 
‘number of turns for other form diameters. 
Stay as close as you can to the prescribed 
diameters because too much deviation 
changes the loading effect of the traps. A 
small change in trap loading may require a 
change in the Iengths of the tip segments 
beyond the tra 

Use a #30 (0.128-inch diameter) drill 
for the feed-through holes inthe PVC coil 
forms. The start and end holes of the 7-MHz 
traps are spaced 1.44 inches center to cen- 
ter, measured parallel tothe trap centerline, 
‘The holes in the 3.8-MHz traps are 1.66 
inches apart. Wind the traps with a single 
length of coax core. The unspliced lengths 
are 17.55 feet for the 7-MHz traps and 
28.45 feet for the 3.8-MHz traps, These 
lengths include the trap pigtails and a few 
inches for fine tuning. 

Strip the jacket from the coax. This is eas- 
fly done using a wood vise with wide jaws to 
hold the cable while cuting the jacket longi- 
tudinally witha sharp knife orrazor. The coax 
‘outer conductor (braid) is best removed by 
pushing (not pulling) it off. 

Use electrical tape to keep the turns of 


the inner-layer winding closely spaced dur- 
ing the winding process. This counteracts 
the tendency of the tension in the outer- 
layer winding to spread the inner-layer 
tums, Stick the tape strips directly to the 
coil form before winding and then tightly 
Joop them over and around the inner layer 
before winding the outer layer. Use six or 
‘more tape strips for each trap. 

If possible, check the resonant frequen- 
cies of your traps with a dip meter. Try to 
‘maintain an accuracy of 50 kHz or better. 

For low-noise reception, erect the an- 
tenna as close {o horizontal as possible. If 
yyou let the ends of the antenna droop to- 
‘ward the ground, as T have done with my 
inverted-V installation, you may have to 
accept a somewhat higher noise level in the 
interest of structural simplicity and reduced 
baseline length. Some feel that the inverted 
V configuration is better for DXing than a 
horizontal dipole atthe same height. Foran 
inverted V with 2 90° included angle (legs 
that slope downward at 45°), you'll need a 
minimum apex height of about 55 feet and 
baseline length of 88 feet. Get the apex as 
hhigh as you can and keep the ends at least 
10 feet above the ground for safety. 


Configuration and Performance 
Trade-Offs 

‘You seldom get something for nothing, 
This antenna proves no exception to that 
rule, As with all trap dipoles, this one has 
less-than-ideal bandwidth due to the load- 
ing effect ofthe traps, This isthe price paid 
for multiband coverage and physical short- 
ening. This antenna covers 65 kHz of 160 
meters, 75 kHz of 80 meters and the entire 
40-meter band with SWRs under 2:1, The 
‘bandwidth limitations on 160 and 80 meters 
can be largely offset with an antenna tuner, 

It is also important to recognize that 
the traps are used in low-current portions, 
of the antenna, minimizing FR trap losses. 
A relatively high radiation resistance is 
therefore also retained, 

Good luck with your low-band antennas! 


Notes 
“| wrote the program in GWBASIC 3.2. It uses 
goneriz BASIC commande and can be easy 


Sonveried for use with computers ot 
ISM PCs and compatibles. 
Fora copy ofthe BASIC program, send abusi- 
ness-size SASE to the ARAL Technical De- 
armen! Secreiary, 225 Main St Newinglon, 
ah 


7 06111-1494. Request the July 1992 ST 
BUXTON BASIC PROGRAM listing, 

J, Healy, “Antenna Hers isa Dipole,” QST, Jun 
1981, pp 23-26 

44, Healy, “Feeding Dipole Antennas,” QST; Jul 
4981, pp 22-24 

See note 2 
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From QST, September 1992 (Technical Correspondence) 


Trap Construction Information 


for Al (W8NX) Buxton’s July 
1992 Dipole 


Several readers have written asking for 
clearer instructions on how to build the 
antenna traps described by A. C. Buxton, 
WSNX, in his July 1992 QSTarticle, “Build 
1 Space-Efficient Dipole Antenna for 40, 
80 and 160 Meters.” For those of you who 
didn’t write, but aren’t sure how to build 
the traps, here's what you need to know. 

‘The trap-winding technique is decep- 
tively simple, Each trap is simply com- 
prised of one winding atop another, wound 
in the same direction. First, drill four holes, 
in the form for wire entry and exit, as de- 
scribed in July QST. Starting from inside 
the form, pass the wire through the hole 
labeled “1” in Figures | and 2, Wind a layer 
of the inner conductor on the form. Then, 
run the wire end down through a second 
hole into the form (just below the one la- 
beled “EXIT” in Figure 2) and, inside the 
form, bring the wire back to a point adja- 
cent to where the first winding started. 
Bring the wire up through the hole marked, 
“2" and wind another layer on top of the 
first, in the same direction as the first wind. 
ing. Pass the wire down through the hole 
labeled “EXIT” and you're done, The tape 
you see in the photos, described in the ar- 
ticle, helps hold the bottom winding’s turns 
together and the top winding in place as 
‘you're assembling the trap. 

‘The wires passing through holes in the 
form are strain-relieved, but use the two 
mounting holes you drilled in the form to 
support the trap, just to be on the safe side. 
—Rus Healy, NI2L 
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Figure 1—An inside view of a WaNX two- 
layer trap shows how the windings enter 
and exit the form. Two holes at each end. 
of the form pass the windings into and out 
of the form. 


Figure 2—An outside view of a partially 
ssembled WANX trap. The botiom 
winding starts at hole “1” and reenters the 
form just below the “EXIT” hole, The wire 
then comes back through the inside of the 
form to hole "T,” and is used to make a 


‘Second winding atop the firs. It reenters 
the form at the “EXIT” hole. 


By Al Buxton, W8NX 


From QST, August 1994 


Two New Multiband Trap 


Dipoles 


W8NX details a new 
coax trap design used in 
two multiband antennas; 
one covering 80, 40, 20, 
15 and 10 meters, and 
the other covering 80, 
40, 17 and 12 meters. 


Over the last 60 oF 70 years, amateurs 
have used many kinds of multiband anten- 
nas to cover the traditional HF bands. The 
availability of the 30, 17 and 12-meter 
bands has expanded our need for multiband 
antenna coverage. A fortunate few have the 
space and resources for multiband anten- 
nas like rhombics or long Vs, but many 
hams have employed inverted-L long wires 
or parallel dipoles. Old-timers will recall 
the affcenter-fed Windom of the '30s-the 
first version using a single-wire transmis~ 
sion line, and the later design using 
two-wire feed line, Overthe years, random- 
length dipoles with open-wire feeders and 
associated tuners have been used success- 
fully as multiband antennas, The GSRV 
‘multiband antenna is aspecialized example 
of this approach. 

‘The log periodic array represents akind 
of brute-force approach to the goal of 
achieving coverage of multiple HF ham 
bands. It seems inefficient because of the 
large gaps between our relatively narrow 
amateur HF bands. 

‘Over the last few decades, two factors 
have affected the development of multi- 
‘band antennas—the popularity of low-im- 
pedance (usually 50-Q) coaxial feed lines, 
and the appearance of untuned, 50-00 solid- 
state amplifiers. The impedance of an 
antenna is relatively low only at its funda- 
mental frequency and at odd-orderharmon- 
ics, Although antenna tuners are often 
necessary to resonate an antenna system, 
the quest for expanded multiband coverage 


with simple antennas continues. 

Atthe end of the 1930s, adifferenttech- 
nological approach appeared in the form of 
resonant traps in antennas. The Mims Sig- 
nal Squirter is the grandfather of modern 
day tribanders.* This article discusses in 
detail an innovative trap design employed 
in two multiband dipoles. 


‘One WENX Trap Design—Two 
Multiband Dipoles 

Two different antennas are described 
here. The first covers 80, 40, 20, 15 and 10 
meters, and the second covers 80, 40, 17 
and 12 meters. Each uses the same type of 
WENX trap—connected for different 
modes of operation—and a pairof short ca- 
pacitive stubs to enhance coverage. The 
new WBNX coaxial-cable traps have two 
different modes: a high- and a low-imped- 
ance mode. The inner-conductor windings 
and shield windings of the traps are con- 
nected in series in the conventional manner 


for both modes. However, either the Iow- 
or high-impedance point can be used as the 
trap’s output terminal, For low-impedance 
trap operation, only the center conductor 
turns of the trap windings are used. For 
high-impedance operation, all turns are 
used, in the conventional manner for a trap. 
‘The short stubs on each antenna are strate 
gically sized and located to permit more 
flexibility in adjusting the resonant fre- 
quencies of the antenna, 

Figure 1 shows the configuration of the 
80, 40, 20, 15 and 10-meter antenna, The 
radiating elements are made of #14 
stranded copper wire. The element lengths 
are the wire span lengths in feet, These 
lengths do not include the lengths of the 
pigtails at the balun, traps and insulators 
‘The 32.3-foot-long inner 40-meter seg- 
‘ments are measured from the eyelet of the 
input balun to the tension relief hole in the 
trap coil form. The 4.9-foot segment length 
is measured from the tension relief hole in 


aa 


123 5F 


123 pF 


Figure 1—A WBNX multiband dipole for 80, 40, 20, 15 and 10 meters. The values shown 
(123 pF and 4 wH) for the coaxial-cable traps are for parallel resonance at 7.15 MHz. 
“The low-impedance output of each trap is used for this antenna. 
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Figure 2—A W8NX multiband dipole for 80, 40, 17 and 12 meters. For this antenna, 
the high-impedance output Is used on each trap, The resonant frequency of the traps 


1s 7.15 MHz. 


the trap to the 6-foot stub, The 16,1-foot 
‘outer-segment span is measured from the 
stub to the eyelet of the end insulator, The 
‘coaxial-cable traps are wound on PVC pipe 
‘coil forms and use the low-impedance out- 
put connection. The stubs are 6-foot lengths 
of 1/8-inch stiffened aluminum or copper 
rod hanging perpendicular to the radiating 
elements. The first inch of their length is 
bent 90° to permit attachment to the radia- 
ting elements by large-diameter copper 
crimp connectors. Ordinary #14 wire may 
be used for the stubs, but it has a tendency 
to curl up and may tangle unless weighed 
down atthe end. Trecommend that you feed 
the antenna with 75-Q coax cable using a 
good 1:1 balun. 

‘This antenna may be thought of as a 
modified W3DZZ antenna’ (shown for 
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Figure 3—Schematic for the WENX 
‘coaxial-cable trap. RG-59 is wound on 
a 2feinch OD PVC pips. 


many years in various ARRL publications) 
with the addition of capacitive stubs. The 
Iength and location of the stub give the 
antenna designer two extra degrees of free- 
dom to place the resonant frequencies 
within the amateur bands. This additional 
flexibility is particularly helpful to bring 
the 15 and 10-meter resonant frequencies 
to more desirable locations in these bands. 
‘The actual 10-meter resonant frequency of 
the W3DZZ antenna is somewhat above 
30 MH, pretty remote from the more de- 
sirable low frequency end of 10 meters. 
Figure 2 shows the configuration of the 
80, 40, 17 and 12-meter antenna, Notice 
that the capacitive stubs are attached im- 
mediately outboard after the traps and are 
6.5 feet long, 0.5 foot longer than those 
‘used in the other antenna, The traps are the 
same as those of the other antenna, but are 
‘connected for the high-impedance output 
mode. Since only four bands are covered 
by this antenna, itis easier to fine tune it to 
precisely the desired frequency on all 
bands. The 12.4-foot tips ean be pruned to 
particular 17-meter frequency with little 
effect on the 12-meter frequency. The stub 
lengths can be pruned to « particular 
12-meter frequency with little effect on the 
17-meter frequency. Both such pruning ad- 
justments slightly alter the 80-meter reso- 
nant frequency. However, the bandwidths 
of the antennas are $0 broad on 17 and 12 
meters that little need for such pruning 
exists. The 40-meter frequency is nearly 


Figure 4—Construction details of the WaNX coaxial-cable trap. 
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independent of adjustments to the capaci- 
tive stubs and outer radiating tip elements. 
Like the first antennas, this dipole is fed 
with @ 75-0 balun and feed line 

Figure 3 shows the schematic diagram 
of the traps. It explains the difference be- 
‘ween the low and high-impedance modes 
of the traps. Notice that the high-impedance 
terminalis the output configuration used in 
most conventional trap applications. The 
Jow-impedance connection is made across 
only the inner conductor turns, correspond- 
{ng to one-half of the total urns ofthe trap. 
‘This mode steps the trap's impedance down 
to approximately one-fourth of that of the 
high-impedance level. Thisis what allows 
single trap design to be used for two differ- 
ent multiband antennas, 

Figure 4 isa drawing of a cross-section 
of the coax trap shown through the long 
axis of the trap. Notice that the traps are 
conventional coaxial-cable traps, except 
for the added low-impedance output termi- 
nal. The traps are 8 close-spaced turns of 
RG-59 (Belden 8241) on a 2%/-inch-OD 
PVC pipe (schedule 40 pipe with a 2-inch 
ID) coil form. The forms are 4'/s inches 
long, Trap resonant frequency is very sen- 
sitive to the outer diameter of the coil form, 
so check it carefully. Unfortunately, not 
all PVC pipe is made with the same wall 
thickness. The trap frequencies should be 
checked with a dip meter and general cov- 
erage receiver and adjusted to within 50 
KHz of the 7150 kHz resonant frequency 
before installation. One inch is left over at 
‘each end of the coil forms to allow for the 
coax feed-through holes and holes for ten- 
sion-relief attachment of the antenna radi- 
ating elements to the traps. Be sure to seal 
the ends of the trap coax cable with RTV 
sealant to prevent moisture from entering 
the coaxial cable. 

‘Also, be sure that you connect the 32.3- 
foot wire element at the start of the inner 
conductor winding ofthe trap. This avoids 
detuning the antenna by the stray capaci- 
tance of the coaxial-cable shield, The trap 
‘output terminal (which has the shield stray 
capacitance) should be at the outboard side 
of the trap, Reversing the input and output 
terminals of the trap will lower the 40- 
meter frequency by approximately 50 kHz, 
but there will be negligible effect on the 
other bands 

The title-page photos show a coaxial- 
cable trap. Details of the trap installation 
are shown in Figure 5. This drawing ap- 
plies specifically to the 80, 40, 20, 15 and 
10-meter antenna, which uses the low-im- 
pedance trap connections. Notice the 
lengths of the trap pigtails: 3 to4 inches at 
each terminal of the trap. If you use a dif- 
ferent arrangement, you must modify the 
span lengths accordingly. All connections 
can be made using crimp connectors rather 
than by soldering. Access to the trap's inte- 
rioris attained more easily with a crimping 
tool than with a soldering iron. 


Antenna Patterns 
‘The performance of both antennas has 
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Figure 5—Additional construction details for the WNX coaxial-cable trap. 


been very satisfactory. Iam currently using 
the 80,40, 17 and 12-meter version because 
it covers 17 and 12 meters. (I have a 
tribander for 20, 15 and 10 meters.) The 
radiation pattern on 17 meters is that of 
3/2-wave dipole. On 12 meters, the pattern 
isthat of a5/2-wave dipole. At my location 
in Akron, Ohio, the antenna runs essentially 
east and west. itis installed as an inverted 
V, 40 feet high at the center, with 2 120° 
included angle between the legs. Since the 
stubs are very short, they radiate little 
power and make only minor contributions 
to the radiation patterns. The pattern as 
fourmajorlobes on 17 meters, with maxima 
to the northeast, southeast, southwest, and 
northwest. These provide low-angle radia- 
tion into Europe, Africa, South Pacific, 
Japan and Alaska. A narrow pair of minor 
broadside lobes provides north and south 
coverage into Central America, South 
‘America and the polar regions. 

‘There are four majorlobes on 12 meters, 
siving nearly end-fire radiation and good 


Jow-angle east and west coverage. There 
are also three pairs of very narrow, nearly 
broadside, minor lobes on 12 meters, down 
about 6 dB from the major end-fire lobes, 
On 80 and 40 meters, the antenna has the 
usual figure-8 patterns of a half-wave- 
length dipole. I have some pattern distor- 
tion and input impedance effects from 
aluminum siding on my house, Neverthe- 
less, DX is easily workable on either of 
these antennas using @ 100-W transceiver, 
when the high-frequency bands are open. 

Both antennas function as electrical 
half-wave dipoles on 80 and 40 meters 
with alow SWR. They both function as odd 
harmonic current-fed dipoles on their other 
‘operating frequencies, with higher, but still 
acceptable, SWR. The presence of the stubs 
‘can either raise or lower the input imped- 
ance of the antenna from those of the usual 
third and fifth harmonic dipoles. Again, 1 
recommend that 75-Q, rather than 50-2, 
feed line be used’ because of the 
generally higher input impedances at the 


harmonic operating frequencies of the 
antennas, 

The SWR curves of both antennas were 
carefully measured. A 75 to 50-02 trans- 
former from Palomar Engineers was in- 
serted atthe junction of the 75-2.coax feed 
line and my 50-0 SWR bridge. The trans- 
former prevents an impedance discontinu- 
ity, with attendant additional undesired line 
reflections appearing at the 75 to 50-Q 
junction. The transformer is required for 
accurate SWR measurement ifa 50-0 SWR 
bridge is used with # 75-G2line. No harm is 
done to any equipment, however, if the 
transformer is omitted. Most 50-0 rigs 
operate satisfactorily with a 75-2 line, al- 
though this requires different tuning and 
load settings inthe final output stage ofthe 
rig or antenna tuner. I use the 75 to 50-Q 
transformer only when making SWR mea- 
surements and at low power levels. The 
transformer is rated for 100 W, and when I 
run my -kW PEP linear amplifier the trans- 
former is taken out of the line. (1 
hope my absent-mindedness doesn’t catch 
up with me some day!) 

Figure 6 gives the SWR curves of the 
80, 40, 20, 15 and 10-meter antenna. 
Minimum SWRis nearly 1: Lon 80 meters, 
1.5:1 on 40 meters, 16:1 on 20 meters, and 
1.5:1 on 10 meters. The minimum SWR is 
slightly below 3:1 on 15 meters, On 15 
‘meters, the stub capacitive reactance com- 
bines with the inductive reactance of the 
‘outer segment of the antenna to produce a 
resonant rise that raises the antenna input 
resistance to about 220 Q, higher than 
that of the usual 3/2-wavelength dipole. 
An antenna tuner may be required on this 
band to keep a solid-state final output stage 
happy under these load conditions. 

Figure 7 shows the SWR curves of the 
80, 40, 17 and 12-meter antenna, Notice 
the excellent 80-meter performance with & 
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meter antenna, installed as an inverted-v with 40-M apex and 
120° included angle between legs. 


included angle betwee 


Figure 7—Measured SWR curves for an 80, 40, 17 and 12-meter 
antenna, installed as an inverted-v with 40-H apex and 120" 


n legs. 
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Table 1 

Trap 

Frequency (MHz) 38 7.18 14.18 181 21.9 289288 
High Zout(a) 101124 19916578 179186 
LowZout(a) 83 103. 125197 a# 149185 
Table 28 

Trap Loss Analysis: 60, 40, 20,15, 10-Meter Antenna 

Frequency (MHz) 38 715 «14.18 «21388. 
Radiation Efficiency (%) 96.4 70.8 «= 98.4 88.9 100.0 
Trap losses (dB) “016 -15 0.02 -0.01 0.003 
Table 2B 

Trap Loss Analysis: 80, 40, 17, 12-Meter Antenna 

Frequency (MH2) 38 715 181 (4.9 

Radiation Erficiency (%) aos 905 99.3 © 89.8 

Trap losses (dB) -05 -04 -0.03 0.006 

nearly unity minimum SWR in the middle Trap Losses and Power Rating 


of the band. The performance approaches 
thatof a full-size 80-meter wire dipole. The 
short stubs and the very low inductance 
traps shorten the antenna somewhat on 80 
meters. Also, observe the good 17-meter 
performance, with the SWR being only a 
Tittle above 2:1 across the band. 

But notice the 12-meter SWR curve of 
this antenna, which shows 4:1 SWR across 
the band, The antenna input resistance ap- 
proaches 300 Q on this band because the 
Capacitive reactance of the stubs combines 
with the inductive reactance of the outer 
antenna segments to give resonant rises in 
impedance. These are reflected back to the 
input terminals. These stub-induced reso- 
nant impedance rises are similar to those 
‘on the other antenna on 15 meters, but are 
even more pronounced. 

‘Too much concern must not be given to 
SWR on the feed line. Even if the SWR is 
as high as 9:1, no destructively high volt- 
‘ages will exist on the transmission line. 
Recall that transmission-line voltages in- 
crease asthe square root ofthe SWR in the 
line. Thus, 1 KW of RF power in 75-0 line 
corresponds to 274 V line voltage for a 
1:1 SWR. Raising the SWR to 9:1 merely 
triples the maximum voltage that the line 
must withstand to 822 V. This voltage is 
well below the 3700-V rating of RG- 11, or 
the 1700-V rating of RG-59, the two most 
popular 75-82 coax lines. Voltage break- 
down in the traps is also very unlikely, As 
will be pointed out later, the operating 
power levels ofthese antennas are limited 
by RF power dissipation in the traps, not 
trap voltage breakdown or feed-line SWR, 
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Table 1 presents the results of trap Q 
‘measurements and extrapolation by a two- 
frequency method to higher frequencies 
above resonance. I employed an old, but 
recently calibrated, Boonton Q meter for 
the measurements. Extrapolation to higher 
frequency bands assumes that trap resis~ 
tance losses rise with skin effect according 
to the square root of frequency, and that 
trap dielectric losses rise directly with fre- 
quency. Systematic measurement errors are 
not increased by frequency extrapolation, 
However, random measurement errors in- 
crease in magnitude with upward frequency 
extrapolation. Results are believed to be 
accurate within 4% on 80 and 40 meters, 
‘butonly within 10 to 15% at 10meters. Trap 
Qs shown at both the high- and low-im- 
pedance trap terminals. The Q at the low- 
impedance output terminals is 15 to 20% 
lower than the Q at the high-impedance 
‘output terminals. 

1 computer-analyzed trap losses for 
both antennas in free space. Antenna-input 
resistances at resonance were first calcu- 
lated, assuming lossless, infinite-Q traps. 
‘They were again calculated using the Q 
values shown in Table 1. Theradiation effi- 
ciencies were also converted into equivs- 
Tent trap losses in decibels. Table 2A 
summarizes the trap loss analysis for the 
80, 40, 20, 15 and 10-meter antenna and 
Table 2B for the 80, 40, 17 and 12-meter 
antenna, 

The loss analysis shows radiation effi- 
ciencies of 90% or more for both antennas 
on all bands except for the 80, 40, 20, 15 


and 10-meter antenna when used on 40 
meters. Here, the radiation efficiency falls 
to 70.8%. A 1-kW power level at 90% ra- 

ation efficiency corresponds to 50-W dis- 
sipation per trap. In my experience, this is 
the trap's survival limit for extended 
kkey-down operation. SSB power levels of 1 
KW PEP would dissipate 25 W or less in 
ceach trap. This is well within the dissipa- 
tion capability of the traps. 

‘When the 80, 40, 20, 15 and 10-meter 
antennais operated on 40 meters, the radia 

ion efficiency of 70.8% corresponds to a 
dissipation of 146 W in each trap when, 
1 kW is delivered to the antenna, This 
sure to bum out the traps—even if sustained 
for only short time, Thus, the power 
should be limited to less than 300 W when 
this antenna is operated on 40 meters under 
prolonged key-down conditions. A 50% 
CW duty cycle would correspond to a 
600-W power limit for normal 40-meter 
CW operation. Likewise, a 50% duty cycle 
for 40-meter SSB corresponds to a 600-W 
PEP power limit for the antenna. 

T know of no analysis where the burnout 
‘wattage rating of traps has been rigorously 
determined. Operating experience seemsio 
be the best way to determine trap burn-out 
ratings. In my own experience with these 
antennas, I've had no traps burn out, even, 
though I operated the 80, 40, 20, 15 and 
10-meter antenna on the critical 40-meter 
band using my AL-80A linear amplifier at 
the 600-W PEP output level, I have, how- 
ever, made no continuous, keydown, CW 
operating tests at full power purposely try- 
ing to destroy the traps! 


‘Summary 

Some hams may suggest using a differ- 
cent type of coaxial cable for the traps. The 
de resistance of 40.7 © per 1000 feet of 
RG-59 coax seems rather high. However, 
T’ve found no coax other than RG-59 that 
has the necessary inductance-to-capi 
tance ratio to create the trap characteristic 
reactance required for the 80, 40, 20, 15 
and 10-meter antenna. Conventional traps 
with wide-spaced, open-air inductors and 
appropriate fixed-value capacitors could be 
substituted for the coax traps, but the con- 
venience, weatherproof configuration and 
cease of fabrication of coaxial-cable traps is 
hard to beat. 


Notes 
'L. Vamey, “The GSRV Multiband Antenna... 


ups 
lum, Vol. 1, p 

2M. Mims, “The Mims Signal Squirter," QST, 
Dac 1938, p 12, 

Five Band Antenna," The ARAL Antenna 
Book, 16th Edition, pp 7-10 10 7-11. 
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A Center-Fed “Zepp” for 
80 and 40 


‘The center-fed “Zepp” antenna is re- 
viewed by W4NML, showing how com- 
plete coverage of asinglebandis made easy 
by using old concepts, Although the author 
shows how to use the Zepp on 80 and 40, 
only, the system can be used from 80 
through 10 meters by employing an all- 
band transmatch, 


Multiband antennas fed with resonant 
feeders were very popular in the pre-coax 
cable days. This article is presented to re- 
view a good, but seemingly forgotten sys- 
tem. This antenna should be of interest to 
traffic and contest operators, and to the 
casual operator who likes to use both the 
ew. and phone portions of the 80- and 40- 
meter bands. 

Oursections.s.b.netmeets on 3965 kHz 
and the c.w. net meets on 3575 kHz. Many 
schemes were tried to make one antenna 
usable on both ends of the band so that a 
low s.w.r. could be maintained while se- 
curing efficient operation at the different 
frequencies. None of the antennas tried 
would permit an excursion of more than 
300 kHz without a serious s.w.r. problem 
between the transmitter and the line. Get- 
ting from 80 to 40 meters with such an an- 
tenna was even more perplexing. The 
writer's dilemma was finally solved by the 
installation of the old reliable center-fed 
Zepp antenna, 


Choosing the Dimensions 

In order to use the antenna on 40, 75, 
‘and 80 meters, tuned feeders are required”. 
So that the feeders can be matched to the 
transmitter, a transmatch is used at the 
“shack” end of the line. Parallel tuning is, 
used to minimize the complexity of the 
transmatch. This requires thatthe transmis 
sion line presents a high impedance to the 
transmatch on both bands. 

‘The chartsin the handbooks did not give 
‘set of Zepp antenna dimensions that were 
suitable for the author's installation. Be- 


‘Center-ted Antennas, A.F.A.L. Antenna Book, 
‘Chapter 6 


Fast QSY for the Phone-C.W. Operator 


cause of the existing tower, which would 
permit the antenna to be supported at the 
‘50-foot level, and because the ham shack 
‘was adjacent to the tower, the prescribed 
feeder lengths were not practical. A graph 
‘was plotted to show the frequency extremes 
to which the antenna would be tuned, show- 
ing the minimum and maximum impedance 
points across the bands. It was determined 
that the combined length of one leg of the 
feed line and one section of the dipole 
would be 114 feet.? A length of 53 feet was 
used for the feed line and each leg of the 
driyen element was cut to 61 feet. 

To broaden the antennas response, the 
driven element's effective area was made 
larger by paralleling two lengths of No. 12 
copper wire as shown in Figures 1 and 2, 
With this arrangement, the Qof the antenna 


Tis length is gonarally 145 fest for operation 
Inthe 3.5-1030-MHz.ange when the antenna 
ISmountedhortzontally (no droop), away trom 
steel towers, and wit asinglewire den el 
‘ement.~Eattor 


is lower, permitting the operator to QSY 
approximately 200 kH. without readjust: 
ing the transmatch. 


Construction Notes 

‘The driven element and the feed line are 
made from No. 12 copper wire. The 4-inch 
wide ceramic spreaders used to hold the 
feeder wires apart are made by the E. F. 
Johnson Co. Light-weight poly spacers are 
‘used to spread the driven-element wires and 
are sold as TV “clothespins” by the Telco 
Co. (Figure 2), All of the spreaders are at- 
tached to the No, 12 wire by short pieces of 
No. 18 copper wire, The distance between 
the spreaders is 4 feet for both the driven 
element and the feed line. 

Sections of 1 x4-inch lumber are used to 
hold the feeders away from the steel tower 
(Figure 3). Each piece is 24 inches long, 
notched at one end, and is fastened to the 
tower with U-bolts, Porcelain telephone 
type insulators are attached to the feed-ine 
end of each board, offering low-loss anchor 
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Figure 1—Layout of the 2-band Zepp antenna. Dimensions for each part of the antenna 
are shown. Feed point is anchored to one of the wooden support arms (See Figure 3) 
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Distributed Data Centers 


To provide access network services, telecom operators have a physical footprint — 
in the form of central offices, base station contraller sites and transport aggregation 
sites - that they can convert into distributed or micro data centers. 


Depending on the service requirements, these data centers can be used fo termi- 
nate access connections using virtualized edge functions and become the obvious 
place to host iatency-sensitive content and applications. For centralized cloud pro- 
viders, this capability is harder to replicate unless they build out an extensive physi 
cal footprint or partner with an access provider, and, therefore, this strategy provides 
operators with a potentially important and sustainable competitive advantage. 


The “edge cloud" model will be critical to 5G and is the subject of detailed R&D 
across the industry. As an example, @ preliminary architecture developed by the 
Superfluidity project (a European 5G research project) is shown in Figure 9. Wark on 
this particular project, which is academic in focus but contains several industrial 
partners, is scheduled to finish by the end of 2017. 


As the name implies, the project aims to achieve supertiuidity in the network: the 
ability to instantiate services on the tly, run them anywhere in the network (core, 
‘aggregation, edge} and shift them transparently to different locations, This is the 
essence of the "IP Services Fabric” for 5G. In this new network, operations will oiso 
need to move from a "ted light, take action” model to an automated model 
where the orchestration and associated next-gen operations support system 
{SS} detect and fix problems with the IP and NFV layers, and re-optimize the net- 
work accordingly. 
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Figure 2—Detalls showing how the driven 
element spreaders are attached to the No. 
12 wire. No. 18 copper wire is wrapped 
above and below each spreader to hold it 
in place, 


points for the transmission line. The up- 
Permost support arm, at the 50-foot level, 
is used as a mount for the center of the 
driven element, 

The far ends of the antenna are sup- 
ported by 30-foat TV masts. A pulley and 
halyard arrangementis used for raising and 
lowering the ends of the antenna, Because 
the end supports are not as high as the feed 
point of the antenna, the dipole has a slight 
droop, but this does not seem to impair the 
performance. 

The transmission line is broughtinto the 
‘operating position by means of feed: 
through insulators, mounted on a plywood 
strip which fits undera partially raised win- 
dow. Insulated No. 12 house wire is used 
between the feed-through insulators and 
the transmateh. 


Transmatch 


Ideas for the author's tuner (Figure 4) 
were taken from the excellent transmatch 


Figure 3—Wooden support arms hold the 
transmission line away from the tower. 
Teleptione-type insulators are mounted at, 
the end of each board to make the feed 
line secure, 
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Figure 4—Schematic diagram of the WaNML transmatch 


,—100 pt. per section transmitting 
Variable. (Split stator type with 0.175-inch 
spacing between plates.) 

C;—800-pt. variable capacitor(0,078 
‘Spacing or greater) 

4J,-$0-299 coax connector. 

U—56 tums, 8-inch diam., 8 turns per inch 
Coil. S, taps are 9 tums from ends of coll 
for 80 meters, and are 22 turns from ends 


article by McCoy.? Band changing is made 
possible by a large ceramic switch (origin 
unknown) which was obtained at a 
hamfest, An identical switch is used for 
selecting the taps for the feed line (Figure 
5). Coil L; contains 56 turns of No. 14 wire, 
is 3inches in diameter, and has 8 turns-per- 
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of coll for 40 meters, S» taps are 5 turns 

{rom ends of col for 80 meters and 17 

turns from ends of coll for 40 meters, (Air 

Dux 2408T or Polycolls 1779 usable.) 

8 tums of Air Dux 2408T (center 
portion of L;) 

S,, S-—Ceramic rotary, 2 poles, 2 
Positions, 2 sections, 


inch (Air Dux 2408T). A stationary link, 
L, at the center of Ly, contains 8 turns of 
No. 14 wire and is a part of the Air Dux coil 
from which L, is made. The link is tuned 
with a 300-pf.. variable capacitor. The au: 
thor did not have a unit of the correct type, 
so two 150-pf. capacitors were parallel: 
connected (mounted under the chassis). Ca. 
pacitor C, isa 100-pf-per-section variable 


Figure 5—Top- 
chassis view of 
the transmatch, 
G, is mounted 
under the 
chassis, 


with wide spacing. To give L, some rigid- 
ty, itis mounted on plexiglass tube which 
is supported by the frame of C, with stand- 
off insulators. 


Results 

While using clip leads, the correct tap 
points for the feeders were found by operat 
ing the transmitter through a Collins wattme- 
ter and tuning C, and C, for zero 
reflected power. The transmatch permitted 
the transmitterto see” 50 ohmsin any part of 
eitherband, Afterestablishing the correct tap 


points for the feed line, permanent connec- 
tions were made between L andtheswitches. 

Next, the tuner was used with the 
30L-1 amplifier at an output level of 700 
watts, After a 30-minute QSO, no evidence 
of coil heating could be detected, 

‘When compared to other antenna sys- 
tems used by the author, the new skywire 
showed improved performance. It was be-~ 
lieved that some sacrifice in efficiency 
‘would result from changing to the new an- 
tenna, Happily, it was found that we could 
have our cake and eat it too! Extended use 


indicated that the performance was, indeed, 
better than with previous antennas used 

T wish to thank three friends for their 
help in making this article possible: 
K4WWN for his tower climbing and pho- 
tography work, K4ADK for building the 
transmatch cabinet, and Roy LeCrone for 
additional darkroom and photographic 
assistance. 

Although this antenna system is an old 
standard, itmay be the answer to your QSY 
problems. The cost is nominal and the re- 
sults are most rewarding. 


Chapter3 3-15 


From QST, March 1967 (Technical Corr 


All-Band Antenna 


With reference to the article on @ Cen- 
ter-fed Zepp for 80 and 40 in May 1966 
ost: 

1 set out to accomplish several things 
with an antenna to be installed on @ Cali 
fornia lot which runs east-west: 

1) One pole. 

2) No guys 

43) Good for short skip up and down the 
‘West Coast on 80, 75 and 40 meters. 

4) Throw lobes across populated DX areas 
on 20 and 15 meters with a fairly low 
radiation angle. 

5) Allow some onmidirectional DX on 40 
meters. 

6) Keep away from anything with critical 
antenna length or critical tuning, 

7) Minimum cost. 

Figure I shows the arrangement lended 
up with, Results have been exceptional for 
1 simple system of low height. 

Tuse No. 14 wire for the antenna. The 
feeders are also No. 14. The center is 
‘mounted on an unguyed wooden pole about 
34 feet high. Each section of the antenna is 
655 fect long and the ends are only 14 feet 
high. Thirty-foot feeders are used with se- 
ries tuning on 80 and 40 and parallel tuning 
on 20, 15 and 10 meters, Loading from 3.5 
to30MHzis excellent and not at all critical 
in tuning. The fact that the feeders are less 
than 1/8 wave on 80 allows reactance to be 
tuned out in the feeder-tuning arrangement 
on that band. The antenna is a bit long for 
the high end of 75 meters, but tuning there 
is good (this length was picked because of 
the slightly longer physical length required 
on the upper bands for end effect), 

Thave the antenna itself running east- 
west, giving some directivity north-south 
for QSOs with short skip up and down the 
west coast on 80 and 40 meters (it was 
found in an earlier antenna ... vertical .. 
thata vertical was not satisfactory forhigh- 
radiation-angle short-skip operation). On 
20and 15 the lobes tend to cut across major 
population DX areas. The tilt of the wire, 
which lowers the vertical radiation angle 
plus apparently some lobe addition, seems 
to give better results in the desired DX 
directions on 20 and 15 meters than 33- 
feet-high half-wave horizontal antennas 
oriented in the correct directions. Quite a 
bitof omnidirectional DX hasbeen worked 
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on 40 meters, undoubtedly because of the 
antenna tilt, DX operation on 15-meterc.w. 
has been really exceptional. Quite often I 
hook a DX station through the pileup when 
local beam stations miss (power output is 
about 150 watts), Since 10 has opened up I 
have used the antenna quite a bit on that, 
band with very good results for both North 
‘American and DX contacts. 

As a result of playing around on 160 
‘meters with the bottom of the feeders con- 
nected together and working the antenna: 
aT" against ground, [decided to see what 
happened when it was operated as a top- 
loaded vertical on 80 and 40 meters. The 
feeders were tied together and the antenna 
worked against a ground consisting of two 
8-foot rods in water-soaked earth. On 80 
this places the maximum-current point di- 
rectly at the top of the vertical section (1/8 
‘wave long) and on 40 gives the effect of a 
1/4-wave vertical with maximum current 
atthe bottom, This arrangement gave much 


better results than the Zepp where low- 
angle radiation was required, and less 
effective results than the Zepp where me- 
dium- and high-angle radiation was re- 
quired, Anexception is directly offthe ends 
on 80 meters, where the vertical and Zepp 
seem to give the same results. The Zepp 
arrangements therefore now used for short 
and medium skip on 80 and 40 and the ver- 
tical arrangement for long skip or DX. In 
receiving, the signal-to-noise ratio de- 
creases greatly with the vertical arrange- 
ment (vs horizontal), thus somewhat 
offsetting the overall advantage of the ver- 
tical for DX operation. If this condition is 
extreme, I use the Zepp for receiving and 
the vertical for transmitting, for DX opera- 
tion. Itappears thatthe vertical transmitter 
‘and horizontal receiver is by far the best 
DX arrangement for metropolitan areas, 
bbut most likely the vertical for both would 
be best for rural areas where the QRN is 
lower. ~ Dave Hardacker, WOPIZ 
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Figure 1~The W6PIZ all-band antenna. Power is applied through a series~ or parallel- 
tuned link-coupled matching circuit at X-X for operation on 3.5 through 30 MHz (see 
text). For 2 MHz, and also for certain types of work on 3.5 and 7 MHz, points X-X can 
be connected together and the antenna worked against ground, 
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From QST, December 191 


Multiband Antennas 
Using Decoupling Stubs 


‘Since W4JRW obiained a patent on this 
multi-frequency antenna system nearly ten 
years ago we can't call it “new,” but at 
Teast it should be welcome news to those 
secking a simple way to get good radiation 
‘on several bands, Shorted 1/4-wavelength 
stubs provide rf, insulation and also serve 
1s part of the antenna, 


Since amateurs usually desire to oper- 
ate on more than one band, several methods 
have been devised to use'a single antenna 
onseveral bands. The earliest arrangements, 
employed various combinations of feeder 
lengths, antenna lengths, and series or par- 
allel tuning of the coupling circuit. Later 
on, the use of parallel-tuned “traps” with 
lumped constants which act as insulators at 
4 particular frequency was invented,! A 
practical arrangement of this system for 
amateur use was developed? and isin rather 
wide use. 

Ieis well known that the parallel-tuned 
circuitand quarter-wavelength shorted stub 
of Figure 1 are very similar electrically. 
Both configurations show a high imped. 
ance across points A and B, However, if a 
stub is connected to an antenna in this man- 
nerit does not act a8 an insulator but rather 
as a phase changer. The collinear antenna 
tuses such stubs to operate a series of 
halfwave sections in phase, 

‘There isa different connection possible 
for the stub, that is from A to C, which will 
result in insulator action or decoupling in 
an antenna.’ For instance, shorted stubs a 
quarter wavelength long at 28 MHz can be 
attached to the ends of a 28 MHz dipole as, 
in Figure 2. The 28 MHz dipole is effec 
tively isolated or decoupled from the bal- 
ance of the antenna which can be made long 
enough to resonate at 14, 7 or 3.5 MHz. If 
another pair of stubs is added for 14 MHz, 


"Morgan, “A Muliraquency Tuned Antenna 

4, System” Electronics, August, 1940. 

Buchanan, “The Mulimaich Anienna System; 
‘ST, Match, 1955. 

3 Lattin, Patont No, 2,535,298, 


Substituting Transmission Line Sections for Lumped- 
Constant Traps 


Figure 1—A parallel-tuned circuit has a high Impedance at its resonant frequency, and 
580 does a '/«wavelength shorted transmission line. 
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Figure 2—A two-band antenna for 28 MHz and some lower frequency. The center 
portion is an ordinary 10-meter dipole. The shorted stubs are '/« wavelength long at 
28 MHz and look like an open circuit at that frequency when connected to the dipole 
as shown. Extensions on the ends of the stubs can be used to resonate the antenna 
at any frequency less than half of 28 MHz, 
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Figure 3—Construction and dimensions of an antenna for 10 and 20 meters using 300- 
ohm tubular Twin-Lead for both the dipole and stubs. Either a 60- or 75-ohm 
transmission line can be connected at the center of the dipole, 
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(8) For 10, 20, 40 Meters 
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(6) For 10, 20, 40, 80 Metare 


Figure 4—Dimensions of stub-decoupled antennas for 10, 20 and 40 meters and 10, 20, 40 and 80 meters made of {ubular Twin-Lead, 
Either antenna can also be used on 15 meters where the 40-meter section is “/« wavelength long. 
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Figure 5—From top to bottom, SWR 
characteristics of the antennas shown in 
Figures 3, 4A and 4B. A 50-ohm coaxial 
transmission line was used, and the 
measurements were made with 
Micromatch, 


there will be isolation at both 28 and 14 
MHz, and a 10-20-40-meter or 10-20-80- 
meter antenna can be made. 

‘The stubs can be made of open-wireline, 
‘Twin-Lead, or coax. Their lengths can be 
found from the formula 


246% Velocity Factor 
Frequency(MHz) 

‘The over-all length of an antenna con- 
taining decoupling stubs will be somewhat 
less than the figure given by the usual for- 
mula for a half-wavelength dipole — 
Length (feet) = 468/Frequency (MHz). For 
instance, an antenna for 10 and 20 meters 
must be 29 feet, 10 inches long for reso- 
318 Chapter 3 


Length (feet)= 


Figure 6—A stub-decoupled antenna for 40 and 80 maters. In this case wires must be 
hung from the ends of the 40-meter dipole to resonate the antenna in that band, 


nance atthe lower frequency, whereas the 
formula gives a length of 33 feet. 

If open line with a velocity factor of 
nearly unity is used for the stubs, the over- 
all length of a two-band antenna would be 
nearly a full free-space wavelength at the 
higher frequency and the whole antenna 
‘would resonate at something less than half 
that frequency. Very fortunately, the ve~ 
locity factor of 300-ohm tubular Twin- 
Lead (0.8) gives such lengths forthe stubs 
that, in most cases, adding the stub makes 
the antenna resonate at just half the origi- 
nal frequency. 

Figure 3 shows how tubular Twin-Lead 
ccan be used for the antenna itself as well as 
the stubs and includes dimensions for 10- 
and 20-meter operation. The foam-filled 
type of Twin-Lead is recommendedto keep 
out moisture. Lengths for three- and four- 
band antennas using the same construction 
are given in Figure 4. Figure 5 indicates the 
standing-wave ratios observed across vari- 
fous bands when these antennas were fed 
with 50-ohm coax. 

The antenna of Figure 6 can be used 
when only 40- and 80-meter operation is 
desired. Since the 40-meter portion is not 
‘made up of stubs it must be longer than the 
antenna of Figure 4A. However, the isolat- 
ing stubs must still be 1/4 wavelength long 
(allowing for velocity factor), and the 
whole antenna would resonate’ at a fre- 
quency below 3.5 MHz if the stubs were 
simply added to the ends of the 7-MHz di- 


pole. To get around this, the dipole is short- 
ened until the whole antenna tunes to 80 
meters. Then resonance at 40 meters is re- 
stored by adding extra lengths of wire atthe 
stub junctions, These wires are short and 
can just hang down from the antenna as 
shown. 

‘Any of the antennas which will operate 
oon 40 meters can be used on 15 meters as 
the 40-meter stubs will be approximately 
3/4 wavelength long and will provide 
‘decoupling . The result is equivalent to op- 
erating a 7-MHz dipole at three times its 
resonant frequency, and we have found the 
s.wr. is usually not lower than 3 to 6 when 
using 40-meter antennas of any type on 15 
meters, 

‘The power rating of the antenna will 
depend on the insulation at the stub junc- 
tions. These junctions can be painted with 
corona dope and covered with vinyl tape. It 
has been our experience over several years 
thatthe insulation will not break down with 
a kilowatt-input transmitter, 100 percent 
modulated, except when wet or very damp. 
In this case, the input should be reduced to 


¢ Theoretically, a center-led antenna 
working on its third harmonic shouldn't be 
more than 

resistance than on 
‘would expect an s.w.r. on the order of 2 10 
‘Vrather than such high figures. ~ Ed, 
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Figure 7—Dimensions and suggested 
‘construction for coaxial, ground-plane and 
tubing dipole antennas for 10 and 20 
meters. The arrangement in A might be 
mounted with standoff insulators attached, 
to the 11/«Inch sections near the center of 
the antenna. The dipole in C could be 
‘closed at the center and fed with a gamma 
or *T-matching system. Similarly- 
constructed parasitic elements could be 
added to make multiband beam, 


perhaps 500 watts unless special precau- 
tions have been taken to seal up the junc- 
tions at the openends of the stub. Of course, 
‘on the lowest band for which the antenna is 
designed the stubs do not have voltage 
across them and will not be subject to 
breakdown or flashover. The high voltage 
across the open end of a stub occurs only at 
the resonant frequency of that stub, 

Figure 7 shows the construction of sev- 
eral 10 and 20-meter antennas which have 
been built and the dimensions required for 
resonance in these bands. The spacing be- 
tween the rods forming the shorted stubs is, 
not critical—the same lengths were ob- 
tained with I-inch instead of 1/2-inch spa 
ing. Insulators should be made of low-loss, 
material. Reflectors and directors for a 
multiband beam could be made up the 
same way. 
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From QST, December 1954 (Hints & Kinks) 


“All-Band” Antenna 


Figure 1 isa sketch of an “all-band” an- 
tenna system that I have been using with “a 
success for some time. The idea is not a 


new one, having appeared in QST at least Lc 

10 years ago, However, I feel that there are Se 

many newcomers tice that time. who | po— 
out 


‘would be interested in a simple system that 
ccan be fed with a single 70-ohm transmis- 
sion line 

‘The arrangement consists of dipoles, cut 
for each band and connected in parallel at 
the center. Although I have not checked 
standing-wave ratios, the results seem to 
indicate thatit gets out as well asa bunch of 
individually-fed doublets. If you haven't 
tried it, you're in for some surprises.—R, L. Figure 1-Skatch of WBMOK‘s “al-band” antenna, Egg insulators are used at points “A’ 
Cope, WSMOK through *F.” 
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From QS 


january 1 


75 (Hints & Kinks) 


Three-Band Matching 
System for a Forty-Meter 


Doublet 


‘A common method for energizing a 
half-wave antenna is to feed itat the center 
with parallel-conductor TV lead-in, or 
Twin-Lead as tis usually called, and to use 
aan open stub for matching the 50-to 70-2 
antenna resistance to the 300-0 impedance 
of the line. However, this technique, as 
described in the latest edition of The ARRL 
Antenna Book, generally gives proper 
matching on only one band. 

After a number of trial-and-error calcu- 
lations on a Smith Chart, along with lots of 
cut-and-try experimenting, I devised a 
three-stub matching scheme so that I could 
operate my 40-meter doublet on 40, 20 and 
15 meters. Figure | illustrates this method, 
and gives the lengths of the stubs and their 
positions along the feed line. The dimen- 
sions shown are for standard Twin-Lead, 
with a yelocity factor of 0.82. All of the 


stubs are open at the ends and are made 
from the same type of line as the feed line, 
Note that the two lower stubsare connected 
at the same point on the feed fine. 

‘The length of the longest stub is fairly 
critical, Itshould first be cut to 17 feet and 
then trimmed no more than two inches at a 
time, until the SWR is minimum in the cen- 
ter or the desired portion of the 20-meter 
band. The feed fine can then be matched 
with a 4:1 broad-band balun to a 75-0 co- 
axial cable from the transmitter. With my 
antenna, the described matching system 
gives an SWR of less than 2.5 to I over all 
of the three bands, with minimum values of 
1.3 to 1 on 40 and 15 meters, and 1.7 t0 1 
on 20 meters. As with any multiband an- 
tenna, one must guard against harmonic ra- 
diation. ~ Frank Stuart, K7UUC 
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From QST, December 1979 (Technical Correspondence) 


“Z” Antenna For the 10- 
160 Meter Bands 


One of my interests in ham radio is de- 
signing and constructing antennas for both 
general amateur use and for the Army 
MARS system. For the amateur who has 
limited space, T have designed a “Z" an- 
tena that covers the bands from 10 through 
160 meters. It is easily constructed from 
wire. Spreaders for the transmission line 
are fabricated from Lucite strips or 
Plexiglas rods. (Refer to the yellow pages 
of telephone directories for the names of 
dealers who handle Plexiglas orthe equiva- 
lent.) For two no. 14 wires, a 2-inch (51- 
‘mm) spacing is adequate 
Although a height of 100 feet (30 
meters) is indeed desirable for this antenna, 
hams who settle for elevations between 
30 and 50 feet (9 and 15 meters) will still 
‘obtain good results. The angles o: between 
the wire segments will depend on indi- 
vidual situations such as the placement of 
trees or other supports. Generally, the 
wider the angle, the better the performance. 
WINH, the New Hampshire SCM, who 
into antennas, says my design is 
“FB.” My evaluation of the antenna is that 
the"aerial” is great—JohnN. MacInnes III, 
WBIFPD 
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160-10 Meter 
Jronemetsh 


‘A.10- to 180-meter horizontal Z antenna, 
Inexpensive no. 14 copper-clad (electric 
fence) wire may be used. For complete 
information on open-wire transmission 
lines, 808 The ARAL Antenna Book, any 
recent edition, 


By Taft Nicholson, WSANB/AARGA\ From QST, November 1981 


Compact Multiband 
Antenna Without Traps 


Looking for an inexpensive, easy-to-build, portable 
antenna to use with your tube-type transmitter? This 
first cousin of the GSRV may be the aerial of your 


Do you need an antenna for portable 
‘operation? I do! My preference is for mak- 
ing things as simple as possible. I don'tlike 
taps and matching units. The antenna 
shown in Figure 1 has no traps, needs no 
matching unit for the 10-,20- and 40-meter 
bands (when used with vacuum-tube PAs), 
is lightweight and installs easily, What 
more could you ask for? 


Construction 

Construction is simple, Cut two lengths 
of stranded copper wire (such as Radio 
Shack 278-1292) to 44 feet, 2 inches each 
(m= ft 0.3048). Attach 36 feet, 8 inches 
‘of 300-ohm twin lead as shown in Figure 1 
Coaxial cable attaches to the other end of 
the twin lead at the points marked A and B 
in the diagram. [ wound 7 feet, 2 inches of 
RG-58/U coaxial cable into an rf choke to 
minimize problems with rf flowing on the 
outside of the coaxial cable. This length of 
cable in the choke evolved from an attempt 
to match the antenna to the transmitter for 
‘operation on 15 meters. 

‘Alternatively, you could use open-wire 
feeders in place of the twin lead. If you 
choose that method, you will need to miake 
the section 42 feet, 6 inches long. Or you 
could attach the twin lead or openwire con- 
ductors to @ matching unit, When using a 
matching unit, there i no particular merit 
in the lengths given in the diagram, 


‘SWR 

‘The SWR of the antenna is less than 3:1 
on 10, 20 and 40 meters. Thave no difficulty 
loading transmitters with tube-type PAS 
(eg., Galaxy V, Swan 350 or Drake T4X), 
‘This antenna will work with some transmit- 
ters on 15 meters, but tuning is quite critical, 

However, 80-meter operation is a 
problem. [have not been able to obtain full 
‘output power with these transmitters on 
frequencies below 3.750 MHz, The SWR 
measures between 5:1 and 8:1 for the 
lower part of the band. I constructed a 


dreams, 


loading coil to go between the choke and 
the twin lead (Figure 2). The coil consists 
of 44 inches of twin lead wound on a 7/8- 
inch diameter form (my left thumb). Once 
the coil was wound, I removed it from my 
thumb and used electrical tape to secure it 
For 80-meter operation, attach ends C and 
Dio the choke and ends E and F to the twin 
lead. Remove the coil for operation on the 
other bands, Banana plugs and sockets can 
be used (0 facilitate the insertion and re- 
moval of the coil. 


442" Insloted ona 
Strended Copper Wee 


Installation 

The antenna should be as high as practi- 
cal. I've had satisfactory results with the 
center of the antenna only 25 feet above 
ground, with the ends tied to fences or other 
convenient supports. Telescoping TV mast 
sections make s good support if nothing else 
is available, The legs of the antenna serve as 
two of the guy wires. One or two additional 
guy supports should be added (nonconduct- 
ing material such as nylon rope is best). 

‘This compact multiband antenna works 
satisfactorily on all bands from 20 through, 
80, and 10, meters. It has no traps and re- 
quires no matching unit when used with 
tube-type equipment. I have used it for por- 
table operation in and out of the country. It 
is easy to pack, carry and erect. Perhaps 


Figure 1—Diagram of the compact 
multiband antenna. For 80-meter 
operation the loading coil is inserted at 
points A and B, Banana plugs and jacks 
may be added here to facilitate insertion 
‘and removal of the loading col. 


ies you might want to try one. I think you'll 
like it! A brief discussion of the theory of 
operation follows in the appendix, 
3618" Twin Lead 
fron twr-teos | | G00.) (Editor's Note: A description of the GSAV ap- 
f'n Font Necr pears in the RSGB Aladio Communications 
Tronaitter Handbook. Gray described itn the June Ie 
rn sue of Ham Radio Horizons, & similar design 
ond Here (see Was depicted in he Collins Radio manuals of 
the 19305.) 
£2" of 
Re-s8/u Caste Wa 44” of 300-0nm 
Mound inte ® Tin-Leed’ on teal! 
RF Choke $0. Ral one 
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Figure 2—Loading coll for 3500-3750 kHz 
operation. Points E and F on the coll are 
Connected to the coaxial cable. Points C 
and D are connected to the twin lead. 
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Central Office Re-architected as a Data Center (CORD) 


There are several industry and service provider initiatives to define the architecture 
for SDN-enabled distributed data centers, The Central Office Re-architected as a 
Data Center (CORD) initiative hosted by the Linux Foundation is one example of 
how operators aim to make better use of these assets. 


According to the CORD initiative, AT&T alone operates 4,000 to 5,000 central offices, 
each serving 10,000 to 100,000 residential, enterprise and mobile customers. These 
central offices contain fragmented vendor hardware with multiple physical appli- 
ances installed per site (AT&T said it has 300+ unique appliances deployed in its cen- 
tral offices nationwide). The opportunity is to re-architect these central offices to 
support edge cloud infrastructure and deploy VNFs in place of appliances. 


Each CORD location will be connected using an SD-WAN, making it possible to 
load-balance content and NFV workloads across the distributed cloud using the 
same Superfuidity concepts discussed above. In the CORD case, the facus is on 
the ONOS controller, but in the sense that thisis a generic architecture, multiple SON 
controller options are viable and attractive. Note that for /O-intensive workloads, 
the selection of an edge location should consider the physical transport resources 
available at the site. It would not make sense, for example, 1o deploy a 5G user- 
plane node for fixed wireless access in a central office that does not have a high 
bandwidth connection to the Intemet. 


In March 2016, the Linux Foundation announced the M-CORD initiative for mobile 
operators, backed by AT&T, Sk Telecom, Verizon, China Unicom and NIT Commu- 
nications. It highlighted three key aspects of the architecture, saying that it: 
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Appendix 

This multiband antenna evolves from 
‘two connected transmission lines with criti- 
cal length and ratios of surge impedances. 
‘The system is self-resonant at a fundamen- 
tal frequency and at most of the even har- 
monics and several of the odd harmonics, 
‘The first five are 2nd, 4th, Sth, 7th and 8th. 

Consider the transmission lines in 
Figure 3, 


‘The two lines are of equal length, “f” 
and different surge impedances, Z, and Z,. 
Looking into the lines: 


tan(2nt/2) 


reactance looking into open line 
'=reactance looking into shorted line 


From the theory of resonant circuits, we 
know if we connect the lines the system 
will be resonant at all frequencies 
where X,=Xs provided the two reac- 
tances are of equal value and opposite 
signs. The open and shorted line provide 
this condition except at some harmonics. 

Joining the lines as depicted in Figure 4 
we find that 


ze 
Taalemeray ean nel) 

Be tan (2nt/h}=tan (360°¢/R) 
Zz - 


Ifthe angle 2né/A is made 60°, then the 
amplitude ofthe tangent at 120° or second 
harmonic will be the same. This will be 
true for 240° (4th harmonic) and 300° (Sth 
harmonic). Similarly, these harmonic re- 
sponses will continue at discrete angles 
above 360°, e.g., 7th, 8th, 10th, L1th, 13th, 
14th and so on. The signs of the tangents 
‘wash out when squared. 

The angle 2nt/2. becomes 60° by mak- 
ing ¢ = N6 (1/6 of a wavelength) at the 
fundamental frequency. 

Zo 
zy 


tan? (360°%1/6) 


=tan? 60°=(1.73)=3 

‘Therefore Z, = 32,. This equation 
sakes practical the multiband antenna be- 
cause Z, can represent the antenna proper 
and Z, can represent the resonant feeder. 

7%, for the antenna may be computed 
from formulas in radio engineering hand- 
books or textbooks. For a piece of wire 
above the earth and parallel to it as shown 
in Figure SC. 
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Figure $—Two identical lengths of trans- 
‘mission line. Looking into the lines, the 
‘opposite ends are open and shorted at A 
and B, respectively. 


Figure 4—The two transmission lines from 
Figure 3 are joined to form one tin 


138 log (11879) = 562 ohms 

‘This value is not critical. One can use 
300-chm twin lead or 400-ohm open line 
with 

If the wire size had been no. 18, 

Zo 


2-=605 ohms 


If we use no. 12 wire, then we would 
hhave 562 ohms on one side and + 562 ohms 
on the other side. 


a 


=11240hms 


174.6 inches 


‘good results. The harmonics will be dis- 
placed somewhat, but with variable tuning 
of the transmitter the system can be brought 
on frequency. 

The above indicates that Z,/2 varies 
‘with antenna height, wire size and configu- 
ration. The function is logarithmic and a lot 
can be done to the antenna before Z, 
changes very much, The inverted V works 
well: just use the Z,/2 formula for a hori- 
zontal wire and Jet h be the average hefght 
of the inverted V. A formula for surge im- 
pedance can be worked out for most any 
configuration, including a vertical. If the 
reader is interested in feeding a vertical 
antenna, he is referred to LaPort,! which 
has the fundamental information for find- 
ing surge impedance or characteristic 
impedance of antennas. 

‘The system could be used for a single- 
ended antenna fed with a balanced 
transmission line with a balun at each end. 
Another possibility for a vertical is the use 
of atwo-wire, grounded, open transmission 
line, as discussed in LaPort’s book.? The 
srotind system would be critical 

‘When experimenting with these multi- 
band lines, it is convenient to have some 


co) cy 


Figure S—At A and B, the open portion of 
the transmission line evolves into the flat 
top portion of the antenna. AtC, diagram 
ilustrating the formula for calculating 2, 
for the antenna. 
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Figure 6—Angular position chart useful for 
determining “stock numbers" to apply to 
the chart, 


“stock” numbers to apply to the lines (see 
Figure 6). One-sixth of a wavelength is one- 
third of a half wavelength, A convenient 
length for a half wave on 80 meters is 135 
feet. One-third ofthat is 45 feet or)/6 for 80 
meters. One-sixth of a wavelength on 40 
meters is 22-1/2 feet. When you are design- 
ing an antenna, these lengths need to be 
‘multiplied by the propagationconstant ofthe 
line, After construction and testing, the di- 
‘mensions can be pruned for end effect, etc. 

‘When operated as a transmission line, 
the system as described may have applica- 
tion inend-feeding half-wave antennas, es- 
pecially two half waves in phase. The 
system transforms a high impedance to a 
ow impedance as a quarter-wave line will; 
however, it will do this at several even har- 
‘monics, in contrast tothe quarter-wave line 
that is only responsive to odd quarter 
wavelengths, 

‘The author wishes to thank Walt Max- 
well, W2DU, for his detailed analysis of 
the theory section of this article, 
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By Bill Wright, GOFAH From QST, June 1995 


Five Bands, No Tuner 


Reading “The Doctoris IN" (QST, Janu- 
ary 1995) reminded me that the search con- 
tinues for a simple backyard antenna, A 
wire dipole antenna fed at the center with 
450-Gladder line isa good choice, The lad- 
der line keeps your losses low—even at 
‘moderately high SWRs. All you need is an 
antenna tuner and you're in business. No 
coils or traps necessary. 

Butcan you do away with the tuner and 
still keep the ladder line? That would cer- 
tainly make life simpler. To achieve this, 
your transceiver needs to “see” an imped- 
ance that looks reasonably close to 50.2. on 
as many bands as possible. Without an an- 
fenna tuner acting as the middleman be- 
tween the 450-02 ladder line and your 50-Q 


Enjoy some of the advantages of a multiband, 
ladder-line-fed antenna without an antenna tuner. 


Table 1 


Calculated SWRs for a 94-foot 
Dipole Fed with 41 Feet of 450-0 
Ladder Line 


Note: Although the antenna is cut for the 
‘GW portions of the band, expect similar 
results at other frequencies. 


Frequency 
356 

7A 

142 

18.1 

243 


28 


450-R Loder Line 4") 


191 Balun 


50-0 Cosa Coble 


Figure 1—The wire dipole antenna is 94 feet in length. if you don't have 94 feet of open 
‘space, don't hesitate to droop the ends of the dipole to make it tit. Feed the antenna with 


41 feet of 450-0 ladder line that is connected 
radio, use 50-0 coax. 


toa 1:1 balun, From the balun to your 


radio, this could be a problem. 


Can It Be Done? 

A few years ago I attempted to design an 
antenna that would work on several HF 
‘bands from 80 to 10 meters. Full details 
were published in the spring 1992 edition 
of SPRAT, the journal of the G-QRP club. 

My inspiration was the venerable 
GSRV. I took a 94-foot-long dipole and fed 
itwith ladder line (see Figure 1). By cutting 
the ladder Line to-a specific Iength and us- 
ing a 1:1 balun to make the transition to 
coaxial cable, I found that I could get close 
to 50-2 (and thus achieve reasonably low 
‘SWRs) onat least five bands: 40, 20, 17,12 
‘and 10 meters (see Table 1), 

‘The on-air results were better than T ex- 
pected. My radio was happy and Ididn’tneed 
to meddle constantly with an antenna tuner. 

Ofcourse, you'll need an antenna tuner to 
work the bands where the SWR exceeds 3:1 

‘A simple tuner will do the job, though. 
Because you're using unbalanced coax 
ahead of the balun, you won't need one of 
the more expensive tuners designed for 
balanced feed lines 

Forbestresults, put yourantennaashigh 
as possible. If the ends must bend down- 
‘ward to accommodate the size of your lot, 
don’t worry. Run the Iadder line to your 
balun and take your coax from there to your 
radio. Keep the coax portion as short as 
possible. 


Conclusion 

By eliminating the antenna tuner com- 
pletely, you lose the flexibility of loading 
your ladder-line-fed antenna on virtually 
Any band. In return, however, you gain the 
‘convenience of operating on several bands 
without making tuner adjustments each 
time you change frequency. Yourlosses are 
held to-a minimum, which means that most 
of the power your radio generates is radi- 
ated by your antenna, Not a bad compro- 
mise! Of course, the results Lachieved will, 
vary when used at other locations. Stil, it's, 
simple, fun project in the experimental 
spirit of Amateur Radio. 
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By Rick Olsen, NGNR 


From QST, 1993 


The NRY: A Simple, Effective 
Wire Antenna for 80 through 


10 Meters 


Hams' thoughts ultimately turn to anten- 
nas, Soit was with mea while ago, Thad just 
moved to the emerald beauty of the Pacific 
Northwest and began pondering the 160- 
foot-tall Douglas firs in my backyard. Thad 
considered putting up a crank-up tower, but 
decided that neighbors, architectural com- 
mittees and erank-ups don’t mix, Then 1 
thought about topping atree. Nope-Imoved 
hhere because I love these tres. 

I started sniffing around for alternatives 
obtained a copy of fellow ARRL Techni- 
cal Advisor Roy (W7EL) Lewallen’s an- 
tenna modeling program, ELNEC, along 
with a copy of The ARRL Antenna Book, 
and began to incubate the seeds of what 
‘would become my most enjoyable antenna 
project since I built a four-element quad 
back in 1974, 

Hanging ropes from big trees is not a 
new idea.!? 1 began by pacing off the dis- 
tances between the monsters in my yard s0 
T would know how much space I had to 
‘work with and how I could optimally direct 
‘my signal o places like Europe, Africa and 
the Caribbean. 

Next came the selection of a configura 
tion, Because the trees are approximately 
120 feet apart, my first choice was a 
multielement collinear array. But a good 
friend, Terry Conboy, N6RY (in NRY, I'm 
the NB and he’s the RY), suggested stack- 
ing a pair of extended double Zepps. filed 
his suggestion away in my memory for the 
time being. I started my analysis 

The ARRL Antenna Book, on page 8-32, 
describes the basic function ofthe collinear 
array. In sum, it concentrates energy per- 
pendicular to the wire, hence the term 
broadside array. This antenna’s physical 
layout and pattern are shown in Figure 1 
Such an antenna's gain can be increased 
by varying the end-to-end spacing of the 
elements.® 

Chapter 8 goes on to explain three- and 
four-element arrays. Disappointment set in 
when I sized a four-element in-line array 
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Known as a broadside collinear curtain array, this 
antenna is simple to build, rakes in DX signals and 
has gain over a dipole on all the bands it covers! 


for 20 meters: It wouldn't fit between the 
trees! What would fit, however, was a 
“two-aver-two.” In fact, depending on the 
vertical separation, this array might even 
have some gain over the four-element col- 
linear arrangement,+ 

“My choice was made, I wanted to maxi- 


mize performance on 20 meters and take 
what I could get on the other bands. Ichose 
two I-A, center-fed wires vertically spaced 
5/8 apart. According to ELNEC, with the 
array 100 feet high at the top and modeled 
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Figure 1—A two-element collinear array 
(A), also known as two half-waves in 
phase, is merely two half-wave wire. 
elements placed end to end. This antenna 
has about 1.5 dB gain over a dipole in the 
same surroundings, and B shows its tree- 
space pattem. 


Figure 2—At A, the physical layout of and 
‘current distribution on an extended double 
Zepp (EDZ), a special case of the two- 

ray shown jn Figure 
xhibits more gain than 
the Figure 1A antenna because 
lengthening the elements to 5/8 7. has the 
‘same effect as spacing the element ends 
‘of two collinear half-wave elements 0.28 
apart. (See Note 3.) ALB, 
azimuth-plane patter in free sp 
antenna has about $ dB gain over a dipole 
in the same surroundings. 


over lossy ground, this antenna’s gain is 
approximately 12 dBi.’ Not bad! The only 
problem is that this antenna’s 20-meter 
feedpoint impedance is very high 

Reenter NORY and the extended double 
Zepp. Take a look at Figure 2A. The ex- 
tended double Zepp is simply a 1.25-A, 
center-fed wire (two end-to-end 5/8-A ele- 
ments). There's a hidden message here! 
Have you found it? 

Well, at firs, I didn’t either. Terry ex- 
plained to me that the extended double 
Zepp (EDZ) is essentially two half-wave 
collinear elements spaced just over 1/4. 
apart, The extended double Zepp's added 
gain over two half waves in phase comes 
not from the extra 0.28 2. of wire between 
them, but from the increased end-to-end 
spacing of the outermost pair of halfwave 
‘elements. (Radiation from the inner 0.28-2 
actually works against that from the outer 
halfwaves, but the gain increase from the 
new element spacing more than overcomes 
this disadvantage.) Figures 1B and 2B are 
similar, The EDZ has broader lobes and 
useful smaller lobes, both of which are at- 
tractive for a fixed array, 

Sure enough, it was right in front of me 
all the time in the Antenna Book (page 8- 
34, fifth paragraph), In fact, the whole 
‘darned array was right in front of me in 
Chapter 8! | just needed some help piecing 
itall together. I modeled this array every 
‘way I could imagine, looking for the best 
possible performance. My wife didn’t see 
me inthe evenings fortwo weeks! Figure 3 
shows the final configuration. 

Figures 4, 5 and 6 show some of the re- 
sults of my modeling. I used a design fre- 
quency of 14.2 MHz, a height of 100 feet 
above ground (for the top wire), elements 
made of #14 copper wire, and ground coef- 
ficients typical of the Pacific Northwest. 
Alll the elements in this array are fed in 
phase, as described in a bit, 

‘As the figures show, the antenna’s gain 


and patterns are impressive. On the 80-and 
40-meter bands, the antenna has remark~ 
ably dipole-like patterns and gains and 
seems to work at least as well as adipole in 
the same heightrange. On the higher bands, 
itworks much better than a dipole. Its pre~ 
dicted gains in my installation are 9, 11 and 
144Bi at7, 10.1 and 14 MHz, respectively. 
‘At 18.1 MHz (Figure 6) and above, the ar- 
ray begins to take on long-wire properties 
It has several major lobes in directions 
closer to the wire axis, which the lower- 
frequency patterns don’t provide. 

To help you evaluate the NRY's pat- 
terns, Figures 4-6 superimpose the patterns 
of halfwave dipoles cut for 10.1, 14 and 
18.1 MHz, respectively, on the NRY's pat- 
terns, These comparisons assume that the 
dipoleis the same height as the NRY’s feed 
point (halfway between the elements, or 
about 22 feet lower than the top wire), and 
‘over the same ground. 

‘You may wonder about this antenna’s 
effectiveness as a function of height. Ac~ 
cording to the Antenna Book, arrays like 

have the best gain when the lower ele- 
ment is at least 1/2 A above the ground 
(33 feet at 14 MHz). And, ofcourse, as with 
all horizontally polarized antennas, this 
array's radiation angle decreases as you 
raise the antenna, which makes for better 
DX performance. The bottom line is that 
for DX work, you don’t have to get the ar- 
ray up 100 feet for itto work well—you just 
need to put it up as high as you can, For 
closer-in coverage, it will work well at 
lower heights. 

‘Another advantage of this array is that 
its feed-point impedances are manageable. 
To maintain my goal of broadband use, I 
decided to feed the antenna as shown in 
Figure 3. This is the “lazy-H” configura- 
tion described starting on page 8-37 of The 
ARRL Antenna Book. The attractiveness of 
this configuration is that it doesn’t rely on 
specific phasing-line lengths to work prop- 
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erly. To the extent made possible by the 
different mutual impedances between each 
element and the ground, the phase relation- 
ship between elements remains constant 
regardless of frequency. 


Final Dimensions 

‘The antenna's physical dimensions (86 
feet, 10 inches long and 43 feet, 5 inches 
high, not counting insulators) are easy to 
remember because the height is half the 
length. Because the antenna is basically 
1.25 (5/4) A long, center-fed and vertically 
spaced 5/8 A apart, you caneasily scale itto 
whatever band you like. For instance, to 
scale it to 10 meters, divide all the dimen- 
sions by two (28 MHz/14 MHz. = 2). 


Construction 

Now forthe really fun stuff: putting this 
thing up in the air! Building the antenna is 
breeze. It took me all of about an hour to 
cut and solder the wires and attach the teth- 
ers. The harder part was preparing the trees. 

If you have a friend like Bernie 
Olshausen, NERUX, you have it made, 
He's a crack shot with a slingshot, similar 
to that described by Wade Calvert, 
WASEZY, in QST a couple of years back.® 

‘Once Bernie landed the fishing lines 
over the right tree limbs, the nextjob wasto 
pull up some lightweight twine (we used 
seiner twine—the stuff fish nets are made 
of) with the fishing line. This is important; 
rope sometimes snagsasit goes over limbs, 
and you don’t wantto try to pull itover with, 
6-pound-test fishing line! With the twine, 
we pulled up some 800-pound-test nylon 
rope with a palley on one end, using an- 
other piece of nylon rope through the pul- 
ley to act as a catenary for the array. 

It's important (o use a strong, weather 
resistant catenary rope to hang the array, 
because the antenna loses its desirable 
properties quickly when it takes on the 
shape of a V. You can expect a 2-dB gain 
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Figure 3—The broadside collinear curtain array—the NAY—in its final configuration, This 


intenna is cut for 20 meters, bu 


works well on all 


e HF ham bands, The array hangs 


‘rom a catenary rope Via three short lengths of twine. The lower end insulators are 
‘Supported by ropes to those of the top wire, and the center insulators are joined by the 


phasing 
Is made of 


e same type of i 


which is 43 feet, 5 inches of parallel-wire feed line. The feeder to the radio 
connected at the halfway point on the phasing line. 


Figure 4—The NRY's 14-MHz azimuth- 
lane pattern with the bottom wire at 56.5, 
feet and top wire at 100 feet. For compar- 
Ison, the shaded part shows the pattern of 
a haif-wavelength, 14-MHz dipole at 78 feet 
(the same helght as the NRY’s feed point). 


Chapter 3 3-27 


vat gle 16" 


ate og 


‘eeton fa 


Figure 5—The NRY's 10.1-MHz azimuth- 
plane patton withthe bottom wire at 86.5 
feet and top wire at 100 feet. For compar- 
ison, the shaded part shows the pattem ot 
half wavelength, 10.1-MHe dipole at 78 
{feet (the same height as the NAY's feed 
point) 


decrease at 20 meters with a 20° variance 
from the flat-top configuration. The rope, 
therefore, must be strong enough to mini- 
mize droop and maintain integrity in the 
sun and wind. We'll get back tothe rope in 
a minute. 

For the phasing harness I used low-loss, 
300-02 twinlead. Any parallel-wire feeder 
should work fine. Don't use coaxial cable 
in the feed system. It's too heavy, unbal- 
ances the array and has very high loss when 
‘operated at a high mismatch.” 

To assemble the feed system, 1 used 
porcelain insulators and equal lengths of 
300-0 line. I then cut the #14 antenna wire to 
the proper length and soldered it to the feed 
system in a standard dipole configuration, 

‘Next came the tethers. For an antenna 
almost 87 feet wide and 43 feet tall, you 
need to provide some means of maint 
ing the proper element spacings. I used 
‘equal lengths of seiner twine (nylon or 
dacton rope would also work fine) 10 
vertically space the element ends. I also 
attached plenty of line to the lower end in- 
sulators so I could tie them to the appropri- 
ate fence posts once the antenna was in the 
air, See Figure 3. 

‘The catenary rope is the trickiest part. 
The antenna won't hang right if you don't 
attach the top three insulators in. the right 
spot. I know—I did it wrong the first time! 

Tut a piece of catenary rope 95 to 100 
feet long and carefully marked the center. 
Next, I measured the distances from the 
center to each end of the array. (The array 
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Figure 6—The NRY’s 18.1-MHz azimuth- 
plane pattern with the bottom wire at 56.5 
{eet and top wire at 100 feet. For compar- 
ison, the shaded part shows the pattern of 
a halt 18.1-MHz dipole at 78 
feet (the same height as the NY's feed 
point). 


itself is a handy measuring line.) Then I 
added about 10 more inches and marked 
the line. I'l tell you why in a minute. 

‘Then I cut three pieces of twine, each 
about 24 inches long, At the center of the 
catenary rope, I carefully opened the rope 
‘weave and passed about 6 inches of twine 
through it, then let the catenary rope retake 
its natural shape. Wrapping the twine 
around the rope several times on either side 
Of the joint relieved the tension placed on 
the rope introduced by passing the twine 
through it." I then tied the other end of the 
twine to the top center insulator so that the 
spacing between the rope and the insulator 
is 12 inches. 

After doing that, I attached the twine at 
the end marks on the catenary rope in the 
same manner. The distance to the end insu- 
Iators is 18 to 20 inches. This causes the 
ends to hang off the rope at an angle and 
provides strain relief. 

If you use a braided rope (with a weave 
you can’t open to pass twine through it), 
‘one good alternative is to use insulators in 
the catenary rope (at the points where I at- 
tached the twine) as tie points for the array. 

Now you're ready to haul the antenna 
up on the lanyards. Consult your US Navy 
‘Marlinspike Seamanship manual (just kid- 
ding, of course) and join the ends of the 
catenary to the lanyards that are hopefully 
by now through the pulleys, up in the trees, 
Use a strong knot that won't slip. 

Before hoisting the array into the sky, 
‘make sure that the connections to the feed 


hhamess at the top and bottom are the same 
(ic, thatthe left elements both attach to the 
same wire in the twinlead). This thing does 
not work right if the top and bottom are fed 
180° out of phase! 

Now you're ready to haul it up and con- 
nect the feed line to the antenna tuner. 
Check to make sure that the symmetry and 
top-to-bottom wire spacings are within rea- 
sonable limits, then tie the bottom tethers 
off so that the bottom wire is as flat as you 
can make it. 


You're Donel 

This is quite an effective antenna. I've 
installed two of them: One is boresighted 
on the Middle East and works like 
‘gangbusters into Europe as well; the other 
favors the Caribbean and most of the US. In, 
the first three months after putting them up, 
T worked 105 countries on CW, including 
somerare ones, witha 100-watt transceiver. 
I’m surprised at how easily I can bust pile- 
‘ups—especially on 30 and 20 meters. 

T hope you have an opportunity to try 
this array on for size. Don’t limit yourself 
to just the backyard, either: It's great Field 
Day antenna, to say the least, It also comes 
in handy for emergency work where you 
need a gain antenna, 

You don’t have to be a rocket scientist, 
to design effective antennas! Your old 
friend The ARRL Antenna Book, and other 
ARRL publications, like Walt (W2DU) 
Maxwell's Reflections, the Handbook, the 
Antenna Compendium series and Wilfred 
Caron's Antenna Impedance Matching, are 
serious reference guides and sources of 
‘numerous ideas. Itdoesn’thurtto have your 
favorite untenna-modeling software loaded, 
‘on your PC, either! 


Notes 

"D. Brede, “The Care and Feeding of an 
‘Amateurs Favorite Antenna Support—the 
“Tree,” OST, Sep 1989, pp 26-28, 40. 

24. Hall ed, The ARAL Antenna Book, Chapter 
'22 and pp 4-3 and 15-3. 

The AAIL Antenna Book Fig 8-8, p 8-32, 
ilustrates how gain varies with the spacing of 
the two adjacent element ends, 


‘upwards of 6.5 dBi gain is obtainable. 
dBi means decibels relative to an isotropic 
radiator (point soures) in free space. It doos 


ot denote gain relative to a point source 
above real ground, or @ dipole in any sur- 
Foundings: 

®W, Calvert, “The EZY-Launcher 
1951, pp 34-35 

7 The ARAL Antenna Book shows how coaxial- 
‘cable loss vanes with matched ioss and SWA 
In Fig 18, p 24-18. (The Antenna Book also 
Gontn abl ofmachedion pes 10 eet 
‘as functions of frequency and esble typa in, 
Fig 26, p 24-18) 

*1f you use bralded rope for the catenary, ye 

need to use another method to secure the 

‘Sainer twine to the catenary rope. 
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By John Gr 


From QST, March 1982 


Dual Full-Wave Loop 
Antenna 


Achieving gain from an antenna at 7 and 
3.5 MHz normally requires arather srge piece 
of realestate, a high tower or both. To obtain, 
significantly improved performance over a 
dipole at these frequencies, and to do it inside 
an average city lot, is « goal worth pursuing! 
‘With this in mind I decided to replace my in- 
verted-V dipoles on 7and 3.5 MHz witha dual, 
full-wave loop antenna, one inside the other. 

had noticed the strong signals on 7 MHz 
from Pat Kearins, W7UI (now a silent key), and 
from Carl Winter, W6OAW, on 3.9 MHz, and 
was interested to find that both were using full- 
wave loops. Both signals would pin my S-meter 
and my QTHis well over 200 miles from either 
sation, The antenna at W7UI was a loop sus- 
pended by avery high supporting structure. This 
Toop resembled square, with one comer facing 
up, one facing the ground, and the other two 
comers pulled outward by guy wires. 

My attention was attracted to a horizontal 
Joop antenna used by another ham on 3.9 MHz 
that produced extremely trong signals. twas a 
square loop, 65 feet on a side, with each leg 
parallel tothe ground but only 1$ feet high. Fed 
by a tuned line, it functioned well, but it was 
most effective for relatively short ranges, up to 
200 miles oF so 

‘Of more interest to me, however, was the 
75-meter rectangular loop used at W6OAW. I 
Tearned that this was a dual antenna, ie. a 
full-wave rectangular loop for 3.9 MHz sus- 
pended about 40 feet above ground, with an- 
‘other full-waye loop for7 MHz inside the first, 
in the same plane. The 3,9-MHz loop is 
closed circuit, whereas the 7-MHz loop is an 
‘pen circuit, This permits operation on 10, 15 
and 20 meters as Well as 40 meters when used 
with open-wite feed line and a matching net- 
work. The outer loop is fed with coaxial cable. 


Design Planning 

Jn considering loop antennas for my 
lot, which is 75 feet wide by 125 feet deep, 1 
found that I could use two 40-foot high pipe 
‘mats, 130 feet apart along a diagonal across my 
Tot duplicated the W6OAW arrangement, ex- 
cept that I bung the antenna vertically and made 
both loops closed-circuit designs. I could use 
them only onthe bands for which they were cu, 
7.2 MElz and 3.8 MHz. Esch is fed with a quar 
ter-wave matching section of RG-59/U, which 
provides 50-ohm match for the RG-8/U cables 
leading in to my operating position 


Construction 

See Fig. 1 for construction details and di- 
mensions. Matching the 104-ohm antenna im- 
ppedance tothe 50-obum line impedance requires 
| quarter-wave coaxial line having a character- 
istic impedance of 72 ohms. The formula for a 
ewave section is 


246 
Foye (Eq. 1) 

This result must be multiplied by the 
velocity-factor of the coaxial cable, 0.66 for 
RG-59/U 73-ohm cable. The quarterwave 
section was determined to be 42.7 feet for 
3.8 MHz and 22.6 feet for 7.2 MHz. These 
connect to RG-8/U cables fora 50-ohm match 
to the transceiver. 

‘The top section of the 3.8-MHz loop is fed 
atthe center because ofthe length ofthe quar- 
ter-wave line, but the shorter matching sec- 
tion for the 7.2-MHz loop allows me to feed 
the bottom portion of that antenna, 

‘The inner loop is supported from the comers 
of the outer loop by means of nylon rope and 
suitable insulators. Iris best 10 use lightweight, 
high-quality insulators and wire no larger than 
no. 14 to reduce the weight ofthe array. Pulleys 
(and rope) will be required at the tops of the 40- 
foot poles and also atthe 18-foot level. The fact, 


thatthe bottom horizontal seetion ofthe antenna 
narrowly misses the top of my house roof seems 
to have no deleterious effect on its operation 

‘Measure the antenna sections carefully, 
and cut them to length. Pay particular atten” 
tion to locate the feed point atthe exact center 
of the horizontal wire sections, This provides, 
horizontal polarization, Feeding the loop at 
the center of either vertical section will pro- 
Vide vertical polarization, 


Tuning 
Iftrimmingisneeded to resonate the antenna 
to your favorite operating frequency, cut or add 
‘equal length pieces at each yertcal section, Do 
‘ot shorten the sides othe point at which the top 
andbottom sections arelessthan0.1 wavelength 
apart. Careful pruning ofthe horizontal sections 
‘would be required if such a problem develops. 
Tnformation given to me by those using this 
antenna seems to confirm my results. A typi- 
ceal comment is “Boy are you ever loud!” A 
‘gain of 1.8 dB overa dipole is claimed for this, 
type of antenna. The principal difference ap- 
pears to be a lower angle of radiation. While 
itis possible to work stations off the ends of 
the antenna, maximum radiation occurs broad- 
ide to the element. What I like about the an- 
‘enna is the ability to hear weak stations. Ibis 
outstanding in this regard. 
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Fig 1—Dimensions for the dual full-wave loop antenna. Input impedance is on the order 
of 104 ohms. A quarter-wave matching section of RG-58/U is used to provide a match to 


50 ohms. 
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From QST, July 1994 


A Gain Antenna for 


28 MHz Give your 10-meter signal 


Although in coming years the 10-meter 
band won't provide the excitement it did at 
the peak of sunspot cyele 22, DX openings 
will still occur, especially during spring 
and fall. And who knows? With the large 
number of 10-meter operators and wide 
availability of inexpensive, single-band 
radios, the band may be the hangout for 
local ragchews that it was before the advent 
of 2-meter FM. 

T'd like to present a simple antenna for 
10 meters that provides gain over a dipole 
oor inverted V. Similar designs have been 
published before, but because I never hear 
them on the air, T think they must not be 
fully appreciated. The antenna is a reso- 
nant, rectangular loop with a particular 
shape. Itprovides 2.1 dB gain over adipole 
at low radiation angles when mounted well, 
above ground. This represents a power i 
crease of 62%. The antenna is simple to 
feed-no matching network is necessary. 
‘When fed with 50-Q.coax, SWR is close to 
1:1 at the design frequency. SWR is less 
than 2:1 from 28.0 to 28,8 MHz for an an- 
{enna resonant at 28.4 MHz. 

‘The antenna is made from #12 wire (see 
Figure 1). For horizontal polarization at 
28.4 MHz, the loop is 73 inches wide and 
146 inches high (just larger than 6x12 feet). 
Feed the antenna at the center of the lower 
wire, Coil the coax into a few turns near the 
feedpoint to provide a simple balun. A coil 
diameter of about foot will work fine. You 
can support the antenna on a mast with 
spreaders made of bamboo, fiberglass, 
‘wood, PVC, or other nonconducting mate 
rial. You can use aluminum tubing both for 
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antenna. 


Figure 1—Construction details of the 
410-meter rectangular loop antenna. 


a boost with this simple 


support and conductors, but you'll have to 
readjust antenna dimensions for resonance. 

This rectangular loop has two advan- 
tages over a resonant square loop. First, a 
square loop has just 1.1 dB gain over a di- 
pole. This is a power increase of only 29%. 
Second, the input impedance of a square 
Joop is about 125. You must use a match- 
ing network to feed a square loop with 
50-0 coax. The rectangular loop achieves 
gain by compressing its radiation pattern in, 
the elevation plane. The azimuth pattern is, 
slightly wider than that of a dipole (it’s 
about the same as that of an inverted V). A 
broad pattern is an advantage fora general- 
purpose, fixed antenna. The rectangular 
loop provides bidirectional gain over a 
broad azimuth region, 

You should mount the loop as high as 
possible. To provide 1,7 dB gain at low 
angles over an inverted V, the top wire 
must be at least 30 feet high. The loop will, 
work at lower heights, but its gain advan- 
tage disappears. For example, at 20 feet the 
loop provides the same gain at low angles, 
as an inverted V. 

‘A small, 3-element Yagi can provide 6 
4B gain over a dipole and great rejection of 
signals to the rear, Ifyou can install a beam 
and rotor, you'll find it much more effec- 
tive than a loop. But for a simple, cheap, 
gain antenna that can be thrown together 
quickly, the rectangular loop is hard to beat. 

Note: I used the AO 6.0 Antenna 
Optimizer program to automatically opti- 
‘mize the dimensions of a rectangular loop 
for maximum forward gain and unity SWR. 
Tused NEC/Wires 1.5 to verify the design 
with the Numerical Electromagnetics Code. 


From QST, July 1968 (Technical Correspondence) 


“Lazy Quad” 


10-Meter 


Among your readers that like to tinker 
with antennas there may be some that would, 
like to ry the antenna shown in Figure 1. The 
basic idea came from a station using a some- 
‘what similar configuration on 15 meters, and 
Imake no claim of originating the idea. How- 
ever, [have never heard of anyone using the 
‘antenna on 10 meters. Since it is currently 
‘nameless, and has features similar to both a 
Lazy H and a quad, perhaps it should be 
‘known as a “Lazy Quad.” 

‘The major advantages of the antenna 
are: (1) extreme simplicity, (2) feasibility 
of installation on a light unguyed pole, (3) 
small horizontal space requirements (as 
compared to a horizontal dipole), (4) low 
QRN in receiving (as compared to a verti- 
cal dipole), (5) ability to withstand high 
wind loads and (6) broadband operation. 

‘When looking at loop 1 we see a hori- 
zontally-polarized full-wave loop radiating 
broadside, with maximum currents along 
the top and bottom horizontal wires H, and 
H,. When looking at loop 2 we see a similar 
horizontally-polarized loop with maxiinum, 
ccurrent on wires Hy and H,. When looking 
at wires H, and H, we notice two in-phase 
horizontal wires spaced a half wave, both 
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Figure 1—WGPIZ's “Lazy Quad" for 10 
‘msters. The loops are No. 14 wire, with 
the horizontal sections mounted an B-foot, 
lengths of 1x2 wood. The adjustable stubs 
are of the same type wire and are selt- 
‘supporting since the length Is only 6 
inches. The antenna at WEPIZ fs mounted 
‘on an unguyed wooden pole 32 feet high 


carrying maximum current. Minimum cur- 
rents appear on the vertical portions of the 
loops where the tuning stubs are inserted, 

Loperate mostly on 10-meter c.w. and 
hhave the antenna peaked at 28,050 MHz. In 
my specific case the length of each stub is 
6 inches for this frequency, Loading is al- 
most constant from 28 to 30 MHz. 

‘The coax feed line is run straight down 
the pole (wood) to the ground, and there is 
little antenna effect on the feeder. 

Results have been consistently better 
than had been obtained with vertical or 
horizontal dipoles previously installed at 
the same effective height atthe same loca- 
tion. Indications are that it outperforms 
some beams of the same approximate 
height, perhaps because of the broad verti~ 
cal pattern (which allows longer QSOs 
under critical skip conditions), as com- 
pared to the beams. 

Perhaps some of your readers might be 
urged to try this basic idea with a reflector 
of the same basic configuration as the 
driven element. It would appear that the 
Double Lazy Quad would be anything but, 
Inzy in operation. — Dave Hardacker, 
WoPIZ 
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By Doug DeMaw, W1FB and Lee Aurick, W1SE 


From QST, October 1984 


The Full-Wave Delta Loop 
at Low Height 


Property size and antenna-support 
height are ever-present concerns ofthe ur- 
ban amateur. Many good antennas are un- 
tried because the radio amateur is unable to 
imagine how a large wire antenna could be 
squeezed onto a small lot, Certainly, this is 
typical inthe case of full-wave loop anten- 
nas. But there is no rule that dictates using 
a symmetrical loop. It can be distorted 
rather severely without spoiling the perfor- 
mance. The same philosophy is appropri- 
ate with regard to height above ground and 
the planein which the antenna i erected. In 
‘most instances, a less-than-optimum full- 
wave loop will outperform a dipole or in- 
verted V antenna that is close tothe ground 
in terms of wavelength. Itis possible that 
such a loop will give comparable or better 
performance than a yertical antenna that is 
less than 90 degrees (with respect to 
ground), or one with a substandard ground 

‘We wanttodiscuss the Practical consider- 
ations of loops that can be supported from 
low supports on small pieces of property. 
‘The results we have obtained are noteworthy 
‘with respect to all-around “solid” communi- 
cations within and outside the USA. Perhaps 
you will be inspired to unroll some wire and 
try loop at your QTH, 


Some Loop History 

Loops were used first as receiving anten- 
nas, While single-and multituen small loops 
worked well for receiving, they were not 
satisfactory for transmitting: They were in- 
efficient in terms of gain, and the feed 
impedance was generally a fraction 
cof an ohm, making them difficult to match, 
‘The losses were significant. But, it was pos- 
sible to use a compact loop’ (less than 
0.5 wavelength) for receiving in place of a 
fullsize version that could require thousands 
of feet of conductor. One of us owned a 
portable broadcast-band receiver in the 
1930s. The loop antenna was stored in the 
lid of the cabinet, and needed to be mounted 
atop the radio during reception periods! The 
radio was heavy: it weighed 91 pounds, in- 
cluding the various dry batteries. 
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You'll be surprised at the results you'll get from a 
full-wave loop at low heights. 


Receiving loops continued to be useful 
for many years in the commercial services, 
especially for LF and VLF applications 
Amateurs also used them (and continue to 
do 50) for improved reception on 160 and 
80 meters. The signal-to-noise ratio of re- 
ceiving loops is markedly better than that 
of vertical antennas, and they are direc- 
tional.! Many successful 160-meter DXers 
‘owe their success to the use of receiving 
loops with low-noise preamplifiers, Prac 

cally, these loops are the next best thing to 
Beverage antennas.? 


Loop Characteristics 

What are some of the advantages of a 
closed, full-wave loop? Perhaps number 
fon the list is the lack of need for a ground 
screen, The matter of effective height 
above ground is still a consideration, but 
‘we need not lay a ground-radial system as 
would be the case with a vertical antenna. 
Consideration number 2 is that a full-wave 
loop (depending on the shape) has some 
gain over a dipole. Number 3 relates to 
noise factor. A closed loop is a much “qui- 


eter” receiving antenna than are most ver- 
tical and some horizontal antennas. 

To illustrate this point, the 160-meter 
antenna at WIFB is a Y/-wavelength in- 
verted-L with twenty "/i-wave radials 
Since this is essentially a vertically polar- 
ized antenna, it is noisy (man-made and 
atmospheric noise). There are times when 
an $9 signal is unreadable because of the 
ambient noise being S9 or greater in 
strength, Upon switching to the 75-meter 
Delta loop, the same signal will rise above 
the noise by 1 or 2S units, while the noise 
and signal will drop well below $9. For ex- 
ample, the received signal may drop to $6 
‘onthe loop, but the noise will decline to $4. 

Feed-point selection will permit the 
choice of vertical or horizontal polariza- 
tion, Various angles of radiation will result 
from assorted feed-point selections. The 
system is rather flexible when we want 10 
maximize close-in or faraway communica- 
tions (high angle versus low angle). Figure 
illustrates various configurations that can 
be used. The arrangement at C is used at 
WISE, and the shape at D is being applied 
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Figure 1—Various configurations for a full-wave Delta loop. Radiation angles and 


polarization are affected by the feed-point placement and location of the ap 


+ Will use the same CORD principles of elastic commodity cloud and SDN to 
bring data center economies and cloud agility to the mobile edge. 


+ Will demonstrate integration of aisaggregated/ virtualized RAN, cisaggre- 
gated/virtualized EPC and mobile edge services. 


* Will partner with the SDN controller groups to accelerate adoption of open 
source SDN and NFV solutions and realize the benefits of the cloud. 


Given the timing of the work, we expect M-CORD and similar initiatives to turn their 
focus toward "5G-ready" core networks as the architecture, interfaces and proto- 
Cols for NG Core become more clear. A common CORD and M-CORD implemen- 
tation, with the same architecture and foundational technologies, will create a 
00d foundation for fixec-mabile network convergence, enabling access agnostic 
services - an important objective of many operators pursuing 5G. 


Mapping Mobile Core to Distributed Cloud 


The NG Core for 5G and EPC for advanced 4G networks must be mapped to the 
distributed cloud architecture. One approach would be to simply deploy more 
packet gateways (and mobility controllers) at the edge of the network to meet ca- 
pacity and performance demancs 


The challenge with this is that today’s centralized packet core deployments are 
characterized by complex integration with surrounding network functions, such as 
policy, charging, IMS, SGi-LAN and routing services. By moving this model to the 
edge, the operator would, in effect, have to “distribute complexity,” which is costly 
to deploy and, in particular, to manage. To meet 5G performance, scalability and 
automation requirements, a new architecture for packet core is needed that will 
make operation in the edge cloud infrastructure simpler and faster. 


There ore many aspects to this new architecture. Part of the solution is CUPS, as is 
currently being developed for 4G-LTE core networks. This involves extracting the con- 
frok:plane functions from the gateway to leave a simpler, user-plane node. The gate- 
way thus is "spit" into S/PGW-U and $/PGW-C components that can that can scale 
independeentty, as shown in Figure 6 above. A key benefit of the architecture is that 
the control plane, and all the associated complex interactions, can be centraized, 
While the user plane is distributed across the IP services fabric and scaled as required 
by the traffic load. This is shown in Figure 10. 


Depending on the scaling needs, the S/PGW-U functions deployed at the edge 
data center can be implemented in several different ways: on a router, on a white 
box switch (potentially), on an existing PGW platform, as a virtualized function, or as 
part of a vRouter. Virtualized user-plane nodes can more easily be placed at the 
‘optimal location, as determined by the use case and this flexibility is a strong argu- 
ment to deploy S/PGW-U nodes as VNFS rather than as hardware functions. 


The $/PGW-C components would similarly be deployed as virtualized functions on 
acloud platform, typically at a more centralized location. There may be an oppor- 
tunity to collapse MME, SGW-C, PGW-C functions and perhaps other 3GPP control 
plane functions into some form of unified "mobility controller’ node. This has the po- 
tential to simplify operations and this same model is being pursued for NG Core, 


In this architecture, virtualized SGi service LAN components can be placed where 
appropriate for the traffic coming from the distributed user-plane nodes. For exam- 
ple, some SGi functions could be on router-based compute blades, or on COTS x86 
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at WIFB. Both antennas are cut for 80- 
meter operation. The bandwidth at reso- 
nance is on par with that of a dipole. A 
‘Transmatch is used for matching the sys- 
tem to the transmitter in those parts of the 
band (75 and 80 meters) where the SWR ii 
too high to deal with. 

‘Our loops are not deployed in a vertical 
plane, owing to the lack of tower height. A 
60-foot tower and 50-foot tree support the 
WISE antenna. A single 50-foot tower is 
used at WIFB. Both loops are tilted away 
from the supports at roughly 45 degrees 
(Figure 2). This shows the present WIFB 
system. The loop is broadside northeast and 
southwest for maximum radiation in those 
directions at 80 meters. More on this later. 

When these low-to-the-ground experi- 
‘ments began in the summer of 1983, we 
were joined by Bill Martinek, W8JUY, 
near Traverse City, Michigan. Bill experi 
‘mented with various loop configurations 
so that he and W1FB could make signal 
comparisons locally and afar. He finally 
adopted the WISE format with the apex 
down (Figure 1C, with the flat top strung. 
between two 50-foot trees), In orderto keep 
the loop completely vertical (not sloping), 
he chose a triangle that was not equilateral 
‘The upper side of his triangle is substan- 
tially longer than the two downward sides. 
His signal on 75 meters is consistently 10 
to 20 dB stronger than with his inverted V. 
‘The point ofthis discussion isthat you need 
not use an equilateral triangle if it will not 
fit on your property. Erect whatever you 
ccan, then give ita try! 


Feed Methods 

‘A Q section is used for feeding the 
WISEioop. A Q section isa quarter-wave- 
Jength ine with an impedance that issome- 
where between the antenna feed impedance 
and that of the feed line. Calculation is a 
simple matter: 


Z (Q section) = JZ Z2obms 


where Z1 isthe antenna impedance, andZ2 
is the feeder impedance in ohms. In this 
case, assuming approximately 100 ohms 
forthe antenna. feed impedance, we would 
have 100 x 50 = 70.7 ohms for the Q- 
section impedance. This represents a close 
‘match to 52-ohm coaxial cable. The Q-sec- 
tion length (made from RG-59/U) can be 
determined from L(feet) = 246 V/f(MHz), 
where V is the velocity factor of the co- 
axial line for the matching section. (The 
length should be verified using a dip 
meter.) For operation atthe WISE-chosen 
frequency of 3.825 MHz, the calculation 
calls for a Q section of 42 feet 5 inches 
Figure 3). 

Open-wire feed is used at WIFB (Fig 
6B) fo permit multiband operation through 
10 meters. Unfortunately, a short ran of 
RG-8/U was needed to bring the feed line 
tothe ham station-under the driveway. The 
coaxial cable was buried in the ground for 
thisreason. A homemade 4: toroidal balun 
transformer (two stacked T200-2 Amidon 
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Figure 2—A tilted Delta loop for 80 meters is used at W1FB. The tower height is only 50 
feet. Homemade open-wire line is used as the feeder to permit multiband use with 
vertical polarization and a low radiation angle. 
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Figure 3—At A is the feed method used at W1SE. A coaxial Q section closely matches 
the 100-ohm feed impedance to a 52-ohm coaxial line. lilustration B shows the WiFB 
feed arrangement, Open-wire line, a balun transformer and a short length of RG-8/U. 
‘cable permit multiband use with a Transmatch. Ideally, the open-wire line would 
‘continue all the way to the Transmatch, and the balun transformer would be located at 
the Transmatch, 
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Figure 4 — Two methods for using a full 
‘change from a closed, full-wave loop to the 
‘ground screen is requiret 


rst configuration seen here. The method at 


at the electrical point opposite the feed point. A relay could be used for this purpose. 


cores and Teflon-insulated no, 14 wire) was 
enclosed in a weatherproof box and 
mounted on one of the support poles for 
the 450-ohm open-wire line. The RG-8/U 
was run underground from that location 
(about 25 feet). Ideally, the openwire line 
would have been brought into the house, 
where it would be matched to the station 
gear with a Transmatch. Fortunately, the 
SWR at loop resonanceiis 1.3:1 without the 
‘Transmatch in use. 


Performance 

‘This is the part of our article that many of 
you have been waiting to read. Well, the 
‘WIFB results have been entirely gratifying. 
‘The loop replaced an inverted V with an apex 
height of 50 feet. This led to a pronounced 
improvement in all-around communications 
‘on 75 and 80 meters out to 500-600 miles. 
Bu, the loop proved tobe very effective also 
for DX communications to Europe on 80 
‘meters. The first version was that of Figure 
1B. Although the antenna was outstanding 
for close-in 75-and 80-meter work, itoffered 
dismal DX performance. The configuration 
at D of Figure 1 seems to offer a good com- 
promise in performance for local and DX 
work. The theoretical launch angle to the 
horizon atthe loop fundamental frequency is 
10 degrees, as reported by VE2CV ina letter 
to WIFB. This assumes that the loop is 
erected vertically and at a reasonable height 
above ground. 

Harmonic operation of the loop, as de- 
picted in Figure 1D, is superb. At times it 
outperforms the trap tribander atop the 
tower during DX operation to Europe and 
Altica. The loop shows an average 6-dB 
signal increase on 20 and 15 meters in the 
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favored direction, owing to the gain and 
ower radiation angle of the loop. Radia 
tion at the harmonics is in the plane of the 
loop rather than broadside toit. This makes 
it ideal for contacts into Africa. It is 
pethaps the most effective 40-meter DX 
antenna that has been used at WIFB from 
northwest lower Michigan. The Trans- 
match is required on all harmonic frequen- 
cies other than 18.111 MHz, where W1FB 
has been conducting propagation studies 
with Bill Orr, WESAL, Prose Walker 
WA4BW, Bob Haviland, W4MB and Stu 
Cowan, W2LX, under special experimen- 
tal/research licenses (KM2XQV). The loop 
has worked very well on 24.9 MHz as well 
during these tests. At 18.111 MHz, the 
SWRis 1.4:1, 

‘The operating results at WISE also indi- 
cate that a tilted loop, close to the ground, 
functions quite well. With loop resonance 
at 3825 kHz, the 2:1 SWR points occur at 
3734 and 3934 kHz, respectively. This 
200-kHiz bandwidth spectrum can be shifted 
‘up ordown the band by lengthening or short- 
‘ening the loop conductor and Q section 
cordingly. From the WISE location in 
‘Newington, the loop has delivered impres- 
sive performance for local and DX work. 

‘A.40-meter Delta loop was constructed 
for use at WISE after noting the fine per- 
formance of the 80-meter system. It was 
cut for resonance at 7016 kHz, This model 
was erected in a completely vertical for- 
mat, using 143 feet3 inches of wire, The Q 
section is 23 feet 2 inches long. The apex 
(feed point) is 4 feet above ground. The 
‘SWR on 40 metersis ess than 2:1 across all 
of the band, The 80- and 40-meter WISE 
oops showed resonance slightly apart from 


loop at haif frequency. A switching arrangement could b 


plied at the feed point to 
performs as a '/«-wavelength radiator, but a 


‘Method B is satisfactory as a Y/zwavelength open loop for half-frequency use. It requires opening the loop 


the design frequency, perhaps because of 
the proximity of the antennas to ground. 
Resonance on 40 meters was checked as 
7050 kHz. Both loops are performing bet- 
ter for local and DX contacts than any of 
the many antenna types tested at WISE. 
‘We would be even more impressed if we 
could elevate our Delta loops so the lower 
portions were a half wavelength or greater 
above ground, 


In Conclusion 

‘There is no rule that dictates the shape of 
a full-wave loop. The triangular format is 
convenient for mounting the radiator. Ifthe 
apex is at the top, only one high support 
structure is needed. You may have one or 
‘more tall tres that can be used as supports, 
Circular, square or rectangular shapes have 
been used by many amateurs and the results 
‘were good. Certainly, a loop is an impres- 
sive receiving antenna, in terms of noise 
reduction, In some urban locations, that 
may be more important than transmitting a 
“death-ray” signal! There is something to 
bbe said about the age-old expression, “If 
‘you can’t hear “em, You can't work ‘em.” 

‘An 80-meter Delta loop can be used on 
160 meters by adopting one of two simple 
methods (Figure 4) A closed loop does not, 
however, offer good results when the over. 
all ength isa half wavelength. Either of the 
techniques in Figure 4 will work, but the 
method at A requires a ground radial sys- 
tem for best results, 
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From The ARRL Antenna Compendium Volume 5 


A Triband 75/40/30-Meter 
Delta Loop 


ve been using horizontally mounted, 
ccoax-fed Delta Loop antennas on 75 meters 
for many years. I've found them to be su- 
perior to dipoles—they are generally qui- 
eter on reception (perhaps because they are 
de-grounded), exhibit broader bandwidth 
(typically less than 2:1 SWR over more 
than 200 kHz using a coaxial matching 
section), and are often more easily adapt- 
able to available tree supports. They also 
don’t fall down very often when installed 
correctly! 

Outside of using an antenna tuner, a 
265-foot-long 75-meter loop doesn’t lend 
itself to working other bands-and I don’t 
have a tuner. So while listening to a virtu- 
ally dead 75-meter phone band one day and 
wishing I had a way to hit 30 meters for a 
long-overdue dose of CW, I had a brain- 
storm, Why not use traps? I'd homebrewed 
coaxial traps based on Sommer's article! 
several times in the past, and I knew they 
Were easy to make and adjust. 


‘The Traps 

‘A quick examination of the latest incar- 
nation of my 75-meter loop found it to be a 
reasonably equilateral triangle (alittleover 
85 feet perleg). [calculated that a 30-meter 
dipole should be something over 46 feet in 
total length (465/frequency in MHz), Itap- 
peared to be a simple enough matter to sta- 
tion some homebrewed coaxial traps 23 
feet on each side of the feedpoint. A little 
‘more calculating found that it might even 
be practical to put in a pair of 40-meter 
traps as well 

Sommer gives auseful set of nomographs 
for computing trap dimensions on PVC pipe 
forms, using either RG-58 or RG-174 coax 
(the former capable of handling a kW with 
few problems). I opted for the Iarger cable. 
‘The 30-meter traps each require 46.8 inches 
of coax on a 1.62-inch OD section of PVC 
(6.75 tums). The 40-meter versions each use 
61 inches of coax on a 2,25-inch OD PVC 
section (6.0 turns). Both PVC sections can 
bbe any convenient length. I used four-inch 
Tong pieces. 


WB4DFW wanted to use his Delta Loop on other 
bands besides 75 meters, so he installed some 
coaxial traps. He also reveals an effective technique 
to prevent breakage when support trees sway in the 
wind. 
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Figure 1—Overhead view of the Triband 75/40/80-meter Delta Loop, which WB4DFW 
‘mounted 40 feet off the ground. The traps were constructed with RG-58 coax. See text, 
for winding details. 
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1 wound the 30-meter traps in less than 
an hour and inserted them in the loop an- 
tenna 23 feet either side ofthe feedpoint. A 
quick SWR check found them resonant well 
below the bottom of the 30-meter band, but 
spacing the turns slightly apart and secur- 
ing them with electrical tape raised the 
resonance easily enough, with the SWR 
bottoming out at 1.2:1 at 10.125 MHz. 

‘The 40-meter tcaps went together with 
similar ease. Placement in the existing an- 
tenna was a litle more challenging than with 
the firstset of taps. The loading caused by the 
30-meter traps made determining the physi- 
cal location for the 40-meter traps uncertain 
Grebenkemper notes that traps in ahalf-wave 
antenna endto pull” anantennatoward.reso- 
nance, even if they are not placed at exactly 
the optimum location, So, I simply took the 
formula length for 40-meter resonance, gen 
cerously subtracted the physical length of the 
‘coax in each of the 30-meter traps and in- 
stalled the 40-meter traps accordingly 

The approach was unscientific, but 
SSWR was 1.3:1 at7-1 MHz.on the first ty 
Dumb luck, I guess, and I opted to make no 
further adjustments, The final antenna lay- 
cutis shown in Figure 1, and a close-up 
photo of a trap is shown in Figure 2. 


‘The Matching Section 

The ARRL Handbook notes that the typi- 
cal impedance of a full-wave loop antenna 
is on the order of 100 2, or about a 2:1 
SWR presented to a 50-0 feed line at reso- 
nance, The original WB4DFW 75-meter 
Delta Loop used a quarter-wavelength co- 
‘axial matching section (also described in 
the Handbook) between the feedpoint and 
the coax going to the shack. The matching, 
section is merely 40.1 feet of RG-59 75-2 
coax [(465/3.85)/2 %.66, the velocity fa 
tor] and transforms the load of the antenna 
very close to the 50-Q characteristic im- 
pedance of the RG-8X feed line I use. 

Talso use a five-turn loop of the match- 
ing section coax to form an RF choke near 
the antenna feedpoint to minimize feed-line 
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Figure 2—Ciose-up photo of one of the 40- 
meter traps. The ends of the coax cable 
Used in each trap have been sealed 
against moisture with silicone caulking. 
See text for construction detalls, 


Figure 3—Photo of one of the support 


‘system springs, with rope used to limit 
total stretch. The rope is twice the length 
of the unstretched spring, 


radiation. The matching section has no per- 
ceptible effect on the new 40 and 30- 
meter antenna SWRs (checked empirically 
by temporarily removing the section and 
feeding the antenna directly with the 50-9 
coax), 50 it has been left in service 

‘What effect did allthis have on my origi- 
nal 75-meter loop? As one might expect, 
the resonant frequency dropped as a result 
of the traps’ loading effects (nearly 200 
KHz). But pruning about 8 feet off the far 
apex end of the loop brought my normal 


1,2:1 resonant SWR back to my regular 
3\842-MHz stomping grounds. 


Keeping It Up in the Air 

Here in South Carolina, pinesare. great 
source of antenna support but their sway- 
ing during summertime thundershowers 
ccan wreak havoc on long, unprotected wire 
antennas. Over the years, I've found a 
simple shock-absorber system using a 
run-of-the-mill screen-door spring placed 
between a support rope and each antenna 
insulator can save a lot of grief. See Figure 
3 for a closer look at the details. 

‘A special aspect of my system is theem- 
ployment of a "strain limit rope” in parallel 
with each spring. This piece of rope, ap- 
proximately twice the length of the un- 
stretched spring, keeps swaying pines from 
overly taxing the spring and gives a nice 
visual reference for gauging how much ten. 
sion the antenna is operating under. It also 
provides a fail-safe for the inevitable cor- 
rasion-caused failure of the spring after 
several years aloft. It makes a fine bird 
perch, too, 


So, How Does It Play? 

Performance on all three bands has been 
‘most satisfactory. The 2:1 SWR bandwidth 
of the 30-meter section far exceeds the band 
edges. Similar 40-meter bandwidthis about 
100 kHz (noticeably narrower than dipoles 
T've used, and I suspect partially attribut- 
lable to my guesswork on the 40-meter trap 
placement). The 75-meter bandwidth is 
‘now approximately 150 kHz (slightly nar- 
rower than before the traps were installed). 
‘Signal reports both ways on all three bands, 
are comparable to any other non-direc- 
tional HF antennas I've used. 


Notes and Reterences 

"Robert C. Sommer,“Optimizing Coaxial Cable 
“Traps,” QST, Doc 1984, pp 38-42. 
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From QST, March 1989 (Hint 


& Kinks) 


A Two-Band Loop for 
30 and 40 Meters 


After trying to find a way to place @ 
30-m delta loop inside an existing 40-m 
loop, {remembered an article in All About 
Cubical Quad Antennas! describing a 
heh, or “Mini X-Q." loop. The gain of 
this antenna was said tobe about | dB more 
than a 1-2. loop. installed a large, ceramic 
SPST knife switch inthe center of the delta- 
Joop's bottom leg (see Fig 11). With this 
switch open, the full-wave, 40-m Toop be- 
comes a 1'-A, 30-m loop! The resonant 
frequency of this arrangement was 10.5 
MHz. By adding 18-inch wires to the loop 
at both sides ofthe switch, Tobtained reso- 
nance at 10,125 MHz 

Since the bottom of the loop is only 12 
ft above ground, it's a simple matter to 
reach the band switch from ground level. 
(Caution: High RF voltage appears at the 
switch when the antenna is used for trans- 
mitting on 30 m.) Incidentally, the loop 
also works well on 15 m (SWR under 2:1 
across the band) when set for 40 m, and I 
have used the 30-m configuration success- 
fully on 80 m with the help of an antenna 
tuner.—James Brenner, NTE 


'W Orr and 8, Cowan, All About Cubical Quad 
“Antennas (Wilton, 7: Radio Publications, 
4970), 
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Fig 11—Jim Brenner's 30- and 40-meter loop. Note the 18-inch tuning wires used to 
lower the antenna's 30-m resonance from 10.5 to 10.125 MHz. The antenna Is top-ted 
Via a */-A 40-m matching section, See text, 
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rom QST, April 1990 (Hints & K 


‘s) 


Feeding an 80-Meter Delta 
Loop at 160 Meters 


After reading “The Full-Wave Delta 
Loop at Low Height,”" I found a satisfac 
tory method of feeding an 80-meter loop at 
160 meters. See Figure 1, C1 tunes the an- 
tenna to act as 84+) resonator and allows 
the SWR at the feed point to be no more 
than 1.1 to 1 across the 160-meter band. 
—Roy C. Koeppe, KOXK 


'D, DeMaw and L. Aurick, QST (Oct 1984, 
pp 24-28), 
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Figure 1—Roy Koeppe enjoys satisfactory 
160-meter operation with an 80-meter 
delta loop by feeding the loop as shown 
here, On 80 through 10 meters, Roy takes 
C} out of the circult and feeds the oop via 
its open-wire feed line and a balanced 
tuner. 


The Extended Double-Zepp Antenna 
From June 1938 QST 


Try an Extended Double-Zepp Antenna 
From February 1992 QST (Hints & Kinks) 


Notes on Wire-Antenna Construction 
From March 1992 QST (Hints & Kinks) 


Collinear Arrays 
From The ARRL Antenna Book 18th edition 


By Hugo Romander, W2NB From QST, June 1938 


The Extended Double- 
Zepp Antenna 


Simple Antenna Structures Having Improved Gain 


he questions of antenna directivity and 
antenna “gain” are becoming increas- 
ily popular in discussions on antenna 
systems among amateurs, and it would 
therefore seem proper to preface an article 
dealing with directive antenna arrays witha 
‘warning, or perhaps a reminder, that one 
cannot have high gain and radiate in all di 
rections a the same time. To most amateurs 
this isan obvious fact, but it may not be as 
well known that this principle is almost 
equally important in the vertical plane. 
Those of us fortunate enough to have avail- 
able large open spaces in which to hang 
wires will find long-wire antennas, such as 
the “V" and the horizontal diamond, the 
easiest way to obtain high gain, but the ra- 
diation from such antennas is restricted in 
the vertical plane fully as much as in the 
horizontal plane. The result may well be thet 
inthe very direction such an antenna is sup- 
posed to work best, a simple horizontal 
oublet wil putin afar better signal a cer- 
fain distances 
Tt would seem, therefore, that the most 
practical antenna for a variety of distances 
is one with a fairly wide radiation pattern 
in the vertical plane." The “stacking” of 
clements or the use of long wires is not 
recommended for distances under 1000 
miles, except for the very short distances 
normally reached by the ground wave. The 
‘most universal high-gain antenna must re- 


1 Although this viewpoint appears tobe op- 


posed fo that expressedin thearticle “Simple 
Birectional Arrays. Using Hal fe. 
ments," by N.C. Stavrou, In May, 1998 OST 


there is no cual contct, As ine present 
author points out, te broad vor 
{erste sto be preterrad when the antenna is 
{olave optimum results over aortas walla 
long distances: the former arte 
cerned with long-distance. Iransmissions, 
‘whore tha lowest possibla angle gives best 
Fesults Under neatly all conditions. The type 
afer besa on natural wil ba 
<otermining factor In any event, the simpler 
cure arena aly to be foo sharp in 
sither plane for salsfactory general wor 
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and Horizontal Diversity 


strict its radiation in the horizontal plane 
only and its height above ground must also 
be considered to obtain the best compro- 
mise in the vertical plane. It is the purpose 
of this article to discuss the merits of 
simple antenna array which combines these 
desirable features. 


‘THE DOUBLET 

Let us discuss, firs, the simple doublet, 
since this antenna will serve admirably as 
our basis of reference or comparison, To be 
more specific, consider this doublet as sus- 
pended horizontally and fed at one end in 
the time-honored fashion of the Zepp 
feeder, as in Figure 1A. Ignoring, for the 
‘moment, the fact that the open-ended feeder 
wire will be at somewhat higher potential 
than the other feeder wire and will there- 
fore radiate, the horizontal radiation pat- 
tern about this doublet, if you'relucky, will 


be about as shown on Figure 2, Of course, 
it is assumed the antenna is sufficiently re- 
mote from power-line wires and house 
plumbing to be unaffected by such linear 
conductors, since our problem is compli- 
cated enough without having to consider 
the mutual impedance between our doublet 
and the neighbor's b.c.1. antenna! 

‘This pattern of the horizontal doubletis, 
no doubt, familiar to most amateurs. Less 
familiar, perhaps, is the vertical radiation 
pattern (in the direction of maximum hori- 
zontal radiation) as shown in Figure 3. Here 
i is assumed that the height of the doublet 
above ground is one-half wavelength and 
that the earth has perfect conductivity. For- 
tunately, even the relatively low-conduc- 
tivity soil and sand on Long Island reflect 
ahigh percentage of the horizontally polar- 
ized waves radiated at angles less than SO° 
to the earth's surface. Such reflected 


Figure 1—Basic 
‘Antenna Configurations 
(A) The half-wave 
Zopp: (8) Double Zepp 
fr “to hal 

phase (0) Petonded 
Souble-Zepp. 
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Figure 2—Horizontal 
pattem (relative field 

strength) of a doublet 
half-wave antenna, 


Figure 3—Vertical-plane 
pattern for a horizontal 
antenna, "/=-wave above 
perfect earth in direction 
‘of maximum radiation. 


Figure 4—Horizontal 
paitern of a double- 
Zapp or two halt- 
‘waves in phase. 


‘waves, combining with the direct radiation 
from the antenna within the range of verti- 
cal angles in which we are most interested, 
are responsible for a maximum gain of 
nearly 6 db over the same doublet in “free 
space”; that is, without the presence of the 
earth, 

This gift of 6 db must not be taken too 
much for granted, however. Consider the 
fact that most amateur communications at 
high frequencies utilize vertical angles 
ranging from 10 degrees to'50 degrees. That 
6 db must, therefore, come from radiations 
reflected from the earth's surface quite 
some distance from the doublet, and in the 
desired direction of transmission. If the 
ground slopes sharply upward, orhouses or 
Wires are in this area, it becomes question 
able, indeed, whether any great portion of 
the available 6 db is realized. This is espe- 
cially true for the lower angles of radiation, 
bout usually nothing can be done about this 
situation, so let us see if we can make up for 
our ground reflection losses by increasing 
the horizontal directivity. 


‘THE DOUBLE-ZEPP 

By the simple expedient of attaching an- 
other doublet tothe open-ended terminal of 
the Zepp feeder, as in Figure 1B, and hang- 
ing this doublet parallel and coaxial with 
the original doublet, an appreciable gain 
may be obtained. The horizontal radiation 
pattern will be as shown in Figure 4. The 
gain should measure about 1.9 db, corre- 
sponding to a5S percent increase in power. 
This antenna is widely used among ama- 
tours and is popularly known as the 
“double-Zepp” antenna, or “two half-waves 
in phase.” A fair amount of gain and a re- 
‘duction in interfering signals fromend-wise 
directions is easily realized, but the gain is 
rather disappointing, since it would seem 
one is entitled to 100 percent gain in power 
when doubling the number of radiating 
‘members. 

‘The reason why only 1.9 db is realized 
with the double-Zepp is made clear only 
after a mathematical study of the situation, 
Briefly, the close proximity of the two dou- 
blets causes a mutual coupling between 
them, and this coupling (mutual imped- 
ance) has an adverse effect on the radiation 
resistance insofar as gain in the broadside 
directions concerned, Obviously, the thing 
to do is to move the doublets further apart, 
‘but this complicates the method of feed. A 
much simpler way of obtaining increased 
gain was evolved by Mr. A. A. Alford, of 
Mackay Radio and Telegraph Company, 
from the principles discussed in Mr. G. H. 
Brown’s article on broadcast antennas in 
the Proceedings of the LR.E, for January, 
1936, Mr. Alford presented this idea in a 
paper delivered at an LRE, meeting in 
Washington. 


EXTENDED DOUBLE ZEPP 

‘The gain of the double-Zepp may be in- 
creased from 1.9 to 3.0 db by the simple 
expedient of increasing the length of each 
doublet until its electrical length is 0.64 


Figure 5—Horizontal 
pattern of double 230- 
degree Zepp 


wavelength instead of 0.5 wavelength. In 
electrical degrees the double-Zepp consists 
of two 180-degree elements; the extended 
double-Zepp for maximum gain should 
consist of two 230-degree elements. See 
Figure IC. In this way the power gain may 
be increased from 55 per cent to 100 per 
cent, The gain decreases rapidly for exten- 
sions beyond 230 degrees, and therefore, 
when operating over aband of frequencies, 
each ofthe two elements should not exceed 
240 degrees for the highest frequency. The 
horizontal pattern for the double 230-de- 
agree Zepp is shown in Figure 5. The verti- 
cal pattern in a plane perpendicular to the 
antenna will be the same as forthe simple 
doublet. 


ANTENNA IMPEDANCE 

The impedance of this antenna at the 
termination of the transmission line is of 
interest, since it has an important bearing 
on the standing-wave ratio of current or 
voltage inthe line, and it will be compared 
with that ofthe ordinary double-Zepp. The 
double 180-degree antenna presents an im- 
pedance of approximately 4400 ohms of 
almost pure resistance as a termination for 
the transmission line. This value will be 
slightly affected by the size of wire used in 
the antenna and, to.a moderate extent, by 
the height above ground or the influence of 
nearby conductors, and so the “free space” 
value is given for No, 14 wire. With this 
antenna and a 600-ohm surge-impedance 
Tine the ratio of maximum to minimum cur- 
rent along the line will be 4400 divided by 
600, or 7.3. Incidentally, the terminating 
resistance of the simple Zepp-fed doublet 
is about 12,000 ohms, resulting in a stand- 
ing wave ratio of 20 on our 600-ohm line. 
For calculation of the surge impedance of 
the line the reader is referred to The Radio 
Amateur's Handbook. 

‘The impedance at the center of the 
double 230-degree antenna is not a pure 


resistance, and hence its effect upon the 
transmission line be such that maxima or 
minima of voltage and current along the 
line will not be odd multiples of a quarter 
wave from the antenna, as with the ordi- 
nary Zepp or double-Zepp antennas. As 
might be expected, the current or voltage 
maxima will be shifted towards the an- 
tenna, since the two doublets are longer 
than normal, and this shiftis approximately 
0.13 times the wavelength. Atany rate the 
antenna impedance is such thatthe equiva- 
Tent pure resistance at any voltage maxi- 
mum will be about 6000 ohms; that is, the 
standing-wave ratio will be 10 on a 600- 
ohm line, 

Knowing the standing-wave ratio, it 
becomes an easy matter to calculate the in- 
put resistance to the transmission line if it 
was cut, Iet us say, at any current maxi- 
mum. Thus, for the simple Zepp-fed dou- 
blet, this resistance would be 600 divided 
by20, or 30 ohms. Forthe ordinary double- 
Zepp antenna this resistance would be 600 
divided by 7.3, or 92 ohms. For the double 
230 degree antenna this resistance would 
bbe 600 divided by 10, or 60 ohms. Those 


‘who do not use correcting stubs or other 
methods to obtain a “flat” line (standing 
wave ratio of 1), but who cut their trans- 
‘mission lines at the maximum current point 
after the manner of the “tuned feeder,” will 
find these figures useful in calculating the 
power output of their transniiters. 


FEED LINES 


However, the use of flat lines, in ama- 
teur circles usually referred to as untuned 
lines, is becoming increasingly popular as 
their merits are more generally known, and 
the figures given are essential in caleulat- 
ing the length and position, for example, of 
correcting stub, the latter being one of the 
simplest devices for reducing the standing- 
‘wave ratio to unity. A discussion ofthe use 
of the correcting stub may be found on pege 
307 of the Handbook (15th edition) where 
a table indicates the lengths and positions 
of the stub for various standing-wave ra- 
tios, The shorted stub or “loop” will gener- 
ally be most practical, and some idea of 
dimensions may be obtained from the fact 
that when using the double 230-degree 
‘Zepp on 14,200 kHz the stub should be 3.5, 
feet long: that is, it should be composed of 
the same kind of wire as is used inthe trans- 
mission line this wire being 7 feet long and 
bent to form a U-shaped rectangle with « 
‘width equal to the transmission line. At the 
frequency mentioned, where each extended 
doublet is 43 feet long, the correct location 
for the stub will be about 8 fect from the 
antenna. 

Ordinarily the best place to introduce 
power into an antenna is at a point 
symmetrically located with respect to the 
‘opposite ends of the system. This will not 
always be practical, because of space limi- 
tations, and hence it may become neces- 
sary t0 feed the extended double-Zepp 
antenna at one end in true Zepp fashion. 
Some sacrifice in gain will result, due, for 
the most part, to unequal distribution of 
current between the two doublets and to ra- 
diation from the feeder because it has an 
unbalanced load. Physical dimensions of 
feeder, extended doublets, and phasing stub 
are shown in Figure 6, Note that the phas- 
ing-stub length is shorter than a quarter 
‘wavelength, but by an amount not exactly 
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Figure 6—End-ted double 230-degree Zepp 


with 600-ohm non-resonant transmission line, 
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servers deployed at the distributed site, while others could be in the central data 
center or close to Internet peering points. The selection of the site for the SGi func- 
tions is carried out by the central orchestration system, which steers traffic into ser- 
vice chains on a per subscriber, application, bearer, device or combination basis. 


Figute 10: Distributed User-Plane at Edge Data Centers 
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Source: Affimed Networks 


This model of discrete control- and user-plane functions is expected to be funda- 
mental to 5G and the NG Core. In this sense, CUPS can be viewed as an important 
part of a 5G-ready investment strategy. 


A 5G-Ready Core Is Now a Priority 


The industry now has a reasonable view of 5G service requirements, and progressive 
operators with aggressive deployment fimelines are now working to prepare their 
networks for rapid deployment of 5G when equipment is available. This is diving 
investment in the critical IP services network needed to connect the edge cloud 
locations that will run 5G network functions, content and services, 


On the mobile core side, development of cloud-native, service-orientoted core net- 
works for advanced 4G and 5G networks is underway. Network slicing provides a 
conceptual bridge between 4G and 5G investment and facilitates a faster insertion 
of new services into the network. Similorly, CUPS provides a reference for NG Core 
and the new 5G network architecture, With a 5G-ready technology strategy, oper- 
ators can prepare for 5G service launch in a way that optimizes their investment in 
next-generation IP and mobile core platforms over the next three years. 
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equal to the extension of each doublet be- 
yond a half wavelength. This discrepancy 
is due to interaction between the doublet 
wires and the wires of the phasing stub. 
Again a reference frequency is given to 
simplify calculation of lengths at other 
frequencies by inverse proportion. The fig- 
ures given should be regarded as approxi- 
mations, and tests made individually to 
‘determine dimensions and positions of im- 
portant elements, 


ANTENNA ADJUSTMENTS 

One of the most effective methods of 
adjusting an antenna system is to use the 
transmitter to excite, at the desired fre- 
quency, another antenna stretched out, per- 
haps temporarily, atleast 8 or 10 feet from 
the ground. This “exciter” antenna should 
preferably be at least one-half wavelength 
away from the antenna to be adjusted. Ifthe 
two are parallel to each other, so much the 
better, Using the end-fed extended double- 
Zepp antenna as an example, the first con- 
siderations the length of each doublet, and 
this brings up the problem of “end-effect.” 
‘We have approximately solved this by cut- 
ting our doublets 5 per cent short of the 
theoretical length. Actually the end effect, 
which normally exists only at the ends of 
the antenna, depends on the wire size and 
the size ofthe insulator fitting (ifmetal caps 
are used), as well as the frequency. More- 
over, the end-effect does not vary quite as 
rapidly as a direct function of the wave- 
Tength, so that if an end-effect of 1 foot is 
‘correct at 14,200 kHy, itis more nearly 1,5 
feet than 2 feet at 7100 kHz. 

‘The theoretical “uncorrected” length of 
cach half of an extended double-Zepp an- 
tenna at 14,200 kHz. is 44.3 feet, The end- 
effect may be no more than I foot, but since 
it is better that the antenna be a little too 
short than too long, let's make the correc- 
tion 1.3 feet, so that each half will be ex- 
actly 43 feet long. At the center insulator 
which separates the two halves a “stub” 
must be connected, if the system is to be 
cend-fed, Now, this stub will, tke the form 
of a transmission line shorted at the end 
‘opposite from the antenna, and for the fre- 
quency under consideration its shortest 
length will be about 12 feet. Since its our 
intention to make this transmission line 
somewhat longer than the anticipated 
proper position ofthe short in order to per- 
mit locating the correct position by sliding 
the short up ordown, and furthermore since 
12 feet will ordinarily not bring the prob- 
able correct shorting point a a convenient 
distance from ground, it will be more prac- 
tical to add any multiple of a half wave- 
ength (34 feet) tothe transmission line and 
do the shorting experiment ata point along 
the line accessible from the ground. 

With all this done and with the Zepp 
feeder not attached to the main antenna 
(why not use itto feed the exciterantenna?), 
power may be fed to the exciter antenna 
and with a sensitive rf, instrument con- 
nected inthe short on the “stub,” a position 
of the short may easily be found where 
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‘maximum current flows, This assumes that 
the main antenna has been hauled up into 
its normal operating position. Note this 
‘maximum-current position ofthe short and 
measure in exact multiples of one-half 
‘wavelength from this pint towards the an- 
tenna, thus arriving af the nearest point to 
the antenna at which a short may be placed. 
This will give the shortest possible center 
stub, OF course itis not necessary thatthe 
center stub be made that short, since very 
litte loss will be incurred if iti left a half 
wave or even a wavelength longer—that i, 
if the wire is not smaller than No. 14. The 
Zepp feeders may now be attached tocither 
end of the antenna, as it is now ready for 
operation. 

“The method of adjusting the center stub 
{ust outlined is also useful where itis de~ 
sired to feed any ofthe antenna forms 
cussed above with an untuned transmission 
Tine—that i, a transmission Tine term 
nated by its surge impedance. Using the 
example cited in the previous paragraph, 
let us assume the point of maximum cur- 
rent through the short has been found and, 
after soldering a piece of wire across the 
line at this point, the extra length of trans- 
mission line is chopped off, The two-wire 
Tine from the transmitter may now be 
tappedinabove this shortedend ofthe stub, 
and it is only a question of position of the 
feeder tap from the shorted end to termi- 
nate the line properly, See Figure 7. This 
point will be approximately 3,3 feet from 
the short for a 600-ohm transmission line 
Of course, when allthis is done, we will 
have the same transmission ine with cor- 
recting stub discussed earlierinthis article. 


LINE-CURRENT MEASURING 
DEVICES 

The same principle holds true for the 
double Zepp and for center feeding the 
simple doublet, the only ambiguous point 
being that of knowing when the transmis- 
sion line from the transinitter is connected 


atthe right distance from the closed end of 
the stub, The transmission line will be prop- 
erly terminated when there is no appre- 
ciable variation in voltage or current along 
the line, and hence some method must be 
used which will detect any variation in volt- 
age or current. Simplest of all is the old- 
fashioned wood-covered lead pencil, for 
with this device bright ares may be drawn 
from either wire and the voltage at any one 
point judged by comparison with the volt- 
age at another point, This method has the 
disadvantage of being both crude and ti- 
able to error due to the presence of second. 
or higher-order harmonics in the output 
from the transmitter. A little better is the 
small neon bulb, but this is also a voltage- 
operated device and subject to harmonic 
distortion, Then there is the current- 
squared galvanometer with a few small 
turns of wire connected to its terminals, 
these turns being coupled to either line. 
This device is quite good if one is careful 
touse constant coupling to the wire, butits 
disadvantages are that coupling between 
the meter and line is both inductive and ca- 
pacitive, causing the meter to read differ- 
ently according to how itis held up to the 
line, and that the meter will also be influ- 
enced by harmonics. 

‘The most satisfactory device seems to 
be a sensitive galvanometer in a miniature 
tuned circuit coupled to the line. Such a 
device combines sensitivity with freedom 
from harmonic distortion, but the effects of 
‘capacity are still there to some extent. The 
tuned circuit should therefore be carried. 
along the line with its position relative to 
the plane of the two wires maintained con- 
stant, See Figure 8. Checking along one of 
the two wires only is usually sufficient, but 
if one suspects an unbalance exists, the 
other Tine should also be checked. If the 
antenna system is reasonably symmetrical, 
unbalanced currents will most likely be due 
toimproper coupling to the transmitter, but 
that is another story. At any rate, if a eur- 
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Figure 7—Center-fed double 230-degree Zepp with 600-ohm transmission Ii 
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Figure 8—Portable line-current indicator. 


rent maximum (voltage minimum) appears 
at the junction of transmission line and 
stub, the connection to the stub is too near 
the shorted end, and if the current is a mini- 
mum the opposite, of course, will be true. 
If the current maximum or minimum ( 
‘suming standing waves actually exist) does 
not occur near the stub, there has been a 
slip-up somewhere in the procedure, for 
this will be evidence that the stub itself did 
not tune the antenna to resonance. 


PARASITIC ELEMENTS 

The use of spreaders several feet in 
length to support each end of a “flat-top” 
antenna composed of two wires is again 
becoming popular, and for @ good reason, 
Gains of around 5.5. db fora bi-directional 
array and around 7 db for a unidirectional 
array are thus made possible, One of the 
‘most promising arrangementsis that of two 
double-230-degree antennas supported 
parallel to each other only 0.2 wavelength 
apart, as illustrated in Figure 9. Antenna A 
isexcited by the transmitter using the same 


technique as when exciting asingle double- 
230-degree antenna, Antenna B may be 
tuned by proper positioning of a short on 
its stub to become either a director ora re- 
flector. In fact, this stub might be extended 
by multiples of a half wavelength to enter 
the operating room where, by means of a 
single switch the shorting position may be 
changed from that corresponding to a di- 
rector to the position corresponding to a 
reflector, thus reversing the directivity of 
the antenna system. Information as to the 
gain of such an antenna system when one 
antenna is used as a director is not avail- 
able, but when itis used as a reflector and 
adjusted to give a minimum signal to the 
rear, the signal forward will be 7 db better 
than a simple doublet, and the signal back- 
‘wards will be 7 db less than from adoublet, 
resulting in a front-to-back ratio of 14 db. 
Adjustment of the reflector shorting bar 
should be on the basis of minimum back- 
ward signal from the antenna, or minimum 
signal received froma station in that direc- 
tion when using the antenna system for re- 
ception, since this adjustment can be made 
more accurately than one resultingin maxi- 
‘mum front signal. This will minimize QRM 
for both transmitting and receiving. The 
same principles hold true when adjusting 
the auxiliary antenna for use as a director. 

If adjustments of the auxiliary antenna 
are to be made when transmitting and an 
ammeter is temporarily inserted in the 
shorting bar, minimum backwards signal 
will occur for the reflector when the short 
is moved slightly further from the antenna 
than that position corresponding to maxi- 
mum current through the short. For the 
director, optimum conditions will be 
obtained when the short is slightly closer 
to the antenna than the maximum shorting 
current position, From this it can be seen 
that the proper adjustment of the auxiliary 


Figure 9@—Double 230-degrae Zapp with parasitioreflactor-director. 


antenna is quite critical and certainly very 
important. Since field strength instruments 
are not generally available, a receiver fit- 
ted with a signal strength indicator of some 
sort located within a few miles of the 
tenna and in the desired direction should 
prove to be the next best thing. Connecting, 
‘your own receiver to the antenna, with the 
other fellow transmitting, is perhaps even 
more practical in search for that minimum- 
signal adjustment, 

‘The presence of the auxiliary antenna 
only 0.2 wavelength away from the driven 
antenna and adjusted properly for maxi- 
‘mum forward or backward radiation will 
obviously affect the radiation resistance 
and impedance of the driven antenna. As a 
result, ifthe auxiliary antenna is left open- 
circuited and the stub on the driven antenna 
is adjusted in accordance with the method 
previously given, this adjustment will not 
‘be correct when the auxiliary antenna is, in 
‘tur, properly tuned. Moreover, the imped- 
ance of the driven antenna will differ 
slightly according to whether the auxiliary 
antenna is tuned as a director or as areflec- 
tor. If quick change from reflector to 
directoris contemplated, some sort of com- 
promise is indicated in the adjustment of 
the stub on the driven antenna, From prac: 
tical standpoint, however, the adjustment 
of the auxiliary antenna should be made 
first, be it reflector or director, with the 
driven antenna excited by the two-wire 
‘transmission line without a correcting stub. 
‘This may require temporary adjustment of 
the transmission-line length, either physi- 
cally or by means of series coils or con- 
densers, to bring a low-impedance point at 
the coupling coil tothe transmitter in order 
toload the later satisfactorily. In fact, ifthe 
line length from antenna to transmitter is 
not more than a wavelength or so, the re- 
duction in line losses resulting from the use 
of a correcting stub is hardly worth the 
trouble of installing it, The point is, if a 
“flat” line is desired, adjustments of the stub 
at the driven antenna should not be made 
Until after the auxiliary antenna has been 
tuned to give the desired radiation pattern. 


LARGER COLINEAR ARRAYS 

Now let us suppose our backyard is big 
enough to hang up more than two doublets, 
end toend, Aninteresting possibility would 
be a four-element array of 230-degree ele- 
‘ments. But here the principles of the ex- 
tended double-Zepp must be carefully con- 
sidered in designing the length of each 
‘element and the length of the phasing stub 
separating them. The actual arrangement 
will be as shown in Figure 10, Both degrees 
and dimensional designations are used to 
indicate the electrical and physical length 
of each element, The length of the stubs 
indicated is approximate only and must be 
adjusted for best results, The lengths of the 
various antenna elements as shown, how- 
ever, may be assumed correct, The trans- 
mission line can be tapped on to any of the 
stubs, but connection to the center one will, 
sive the greatest gain. 
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Figure 10—Four-slement array with 250-degree 


‘The principle of the design shown for 
four elements is to provide the same sepa- 
ration in space between each doublet cen- 
ter as is provided between the two doublet 
centers in the double-230-degree antenna. 
Each phasing stub will, of course, be 
considerably shorter than a quarter wave- 
Jength, and when adjusting their length to 
tune the whole antenna to resonance, all 
three stubs must be made the same length; 
that is, if one is shortened two inches, the 
other two must also be shortened by two 
inches, assuming they were all the same 
length to start with. 

This may prove to be an awkward and 
tedious method of adjustment, but the pro- 
cedure may be simplified by adjusting the 
Tength of the center stub only as a first 
approximation. The use of an “exciter” an- 
tenna temporarily rigged nearby is as- 
sumed. [fit is found the center stub must be 
shorter than the other two stubs by 3 feet, 
for instance, in order to obtain maximum 
current through its shorting bar, the other 
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nts, 


two stubs should be shortened by 1 foot 
and new position found for maximum 
current through the center stub. This new 
position should correspond closely to equal 
length forall three stubs. This procedure of 
tuning the four-element array should be 
followed even though a stub at the center 
will not be used, finally, its place being 
taken by the transmission line itself. Such 
‘connection will result in standing waves 
along the line and it will have to be “tuned” 
to permit easy coupling to the transmitter 
or receiver. 

‘The horizontal pattern of the four-ele- 
mentarray just described will have two ma- 
{jor lobes at right angles to the antenna and 
several minor lobes of small amplitude. The 
gain in actual practice has proved to be 
reater than anticipated, and probably is 
more than 7 db. The major lobes will be 
‘muuch narrower than for the double-230-de- 
sree antenna, thus requiring more careful 
“aim” in erecting the array, or provisions 
for swinging it about. Itis assumed this ar- 


ray, as well asthe others described, is hung 
horizontally. It may be hung vertically, of 
course, but the possible restrictions dae to 
sharp directivity in the vertical plane should 
then be considered, In general, the horizon- 
tally polarized antenna will prove most 
practical, chiefly because the ground reflec- 
tion usually encountered with vertically 
polarized radistionsisinferior, and because 
high masts are not often available. 

The adjustment of the antennas de- 
seribed in this article may seem a bit 
involved as compared with the simple dou- 
blet or the double-Zepp antenna, but the 
extra gain thus made available should 
make their use worthwhile, For that matter, 
the double-230-degree antenna need not be 
tuned at all, its construction being made in 
accordance with the dimensions given and 
the transmission line tuned to fit the trans- 
mitt, In this respect the simplest of all 
directive antennas, size and gain also taken 
into consideration, is the extended double- 
Zepp. 


From QST, February 1992 (Hints and Kinks) 


Try an Extended Double- 
Zepp Antenna 


Although the extended double Zepp 
(EDZ) antenna (Figure 1) has been in just 
every antenna handbook since the year one, 
hams seldom use it, Its overall length is 
1.28 wavelengths (1.28 2), and it's bi- 
directional broadside, Fed with open-wire 
line and a balanced antenna tuner, an EDZ 
also makes a fine multiband antenna. Let's 
look at an extended double Zepp for 17 
meters. We can calculate the overall length 
of its two wire elements with the formula 
984 
TOMA <1 28=lengthinfeet (Eq 1) 
Using this formula, an 18.15-MHz EDZ 
works out to be 69.4 feet long. At this fre- 
quency, the EDZ exhibits, 3 dBd gain [AB 
page 8-34]! in a figure-8 pattern with two 
major and four minor lobes. It still per- 
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forms usefully, when operated on several 
bands lower in frequency than 17, how. 
ever. At20 meters, a 17-meter EDZ acts as 
two slightly long half waves in phase, ex- 
hibiting between 1,6 and 2 dBd gain [AB 
page 8-32], At 40 meters, it’s a slightly 
ong 's-A dipole [AB page 2-16,2-17,3-11 
and 3-12]. All of these modes are diree- 
tional broadside if the EDZ.is positioned at 
least 'Ys-A high at 40 meters [AB pages 3-8 
and 3-9]. At 15 meters, it exhibits a four- 
leaved-clover pattern, with minor lobes 
broadside; at 10 and 12 meters, it's close to 
two full waves in phase and produces a 
pattern similar to that at 15 meters. It can 


"This and the other AB references in this item 
tofrfopages in G. Hall a, The ARC Ar- 
enna Book, 16th ed (Newington: ARAL, 
4904), 


even be used as a short 75-meter dipole~ 
not bad for a 70-foot piece of wire. 

Scaled for 28,7 MHz~43 feet, 10 inches 
Jong—the extended double Zep gives a 
3-dBd-gain, figure-8 pattern at 10 meters 
and a similar pattern with a bit less gain at 
12 meters. Itactsas two halfwavesin phase 
at 15 meters, with about 1.6 dBd gain and 
afigure-8-pattern, At 17 and 20 meters, it’s 
somewhat long for a half-wave dipole; a 
tuner can make it work at 40. On all of these 
bands, assuming that it’s at least 2) high 
at its lowest band of operation, the 
10-meter EDZ is directional broadside. 

There's nothing magic about the ex- 
tended double Zepp. Its a tried-and-true 
dipole that offers useful gain at its design 
frequency and good multiband perfor- 
mance, -Bob Baird, W7CSD 


Figure 1—Evolution of the extended double Zepp antenna. At A, the classic Zepp—a 
"Jesh wire end-fed via an open-wire feeder operated with one of is two wires unter- 


‘minated. (Antenna lore telis us that this feed method received its name from its use in 
zeppelin radia installations.) Commonly, Zapp systams use a feeder langth of '/. 3. (or 
‘an odd multiple thereof) to transform the antenna’s high feed-point impadance to a low 
impedance at the feeder terminals. Assuming efficient feed, this system exhibits 0 dBd 
galn-that sno gain relative toa halt-wave ipole cut forthe same frequency and 

B shows a double Zepp, also known as two half waves in phase or (incorrectly) a 
‘center-fed Zepp. This Is a form of collinear antenna because each Y/s-A wire acts as an 
element, and because both elements lle along one line. I's also a dipole—a full-wave 
dipole that exhibits about 1.6 dB gain relative to a half-wave dipole in the same 
position. As with the Zepp, feeders cut to an odd multiple of Y« A make for least hassle 
feed with the double Zep, but a good balanced antenna tuner should be able to 
handle whatever impedance appears at the feed-line input terminals. 

‘A double Zepp becomes an extended double Zepp when you make its wires 0.64 1 
{ong instead of 0.5 2. Its gain increases, too—to about 3 di relative to a 
dipole in the same position and cut for the same frequency. 

‘The rough feed-point impedances shown here are for wire elements (fatter elements, 
‘such as those made of aluminum tubing, will lower these values somewhat) and. 
‘convey only the resistive portion of the antennas’ impedance. For more on the 
extended double Zepp antenna, see The ARRL Antenna Book and J. Reh, “An 
Extended Double Zepp Antenna for 17 Meters,” QST, December 1987, pp 25-27. 


Chapter 5 


57 


QST, March 1992 ( 


Notes on Wire-Antenna 
Construction 


Robert J. Zavrel, W7SX, seconds last 
month’s extended-double-Zepp hint as he 
reports on how he keeps three EDZs high in 
trees for world-encompassing coverage 
(Figure 1) at 80, 40 and 20 meters—Ea. 


Whatisa terminal DX hound to do when 
he suddenly moyes to a rural area and has 
access to the stuff dreams are made of: sev- 
eral 100-foot-plus ponderosa pine trees 
atop a gentle rise ina reasonably clear area, 
only 500 feet from his house? The answer: 
Wire antenna arrays! A few months spent 
confronting the practical problems of 
installing three extended-double-Zepp an- 
tennas in these trees has yielded some 
solutions that I'd like to share. 
Counterweights. Although my pines are 


Figure 1—Proving the multiband effectiveness of the extended-double-Zepp antenna, “The W7SX Wire Farm* consists of thret 
ponderosa pines that form a nearly equilateral triangle atop a small rise. (Total cost fort 


center-fed wires supported by th 


wonderful supports for wire antennas, they 
have a few minor disadvantages, Among 
these is the fact that they sway in the wind. 
Because too much tensioncan snapantenna 
‘wires and supporting cordsin strong winds, 
a wire-antenna engineer must compensate 
for variable tension in a horizontal wire 
antenna strung between two of these ma- 
jestic plants, The textbook solution to this 
problem involves installing pulleys where 
the wires meet the trees. Ropes attached to 
the wire-end insulators pass over the 
pulleys and connect to counterweights 
hanging near the ground. Installed with an- 
tenna-to-counterweight lines of sufficient 
length, such a system also allows the an- 
tenna to be raised and lowered without fur- 
ther climbing. 


the north, the horizon is essen 
antennas function on the system's thre $ 
‘You're not a second-class citizen just because your best 
antenna is a dipole. You can easily set the patter 
fad horizontal wire antennas by adj 
the wires as high as possible, keeping them away from nearby 
objects, use a tuner and oper 
have a blast! Surrounding ter 
‘antenna’s DX performance. 


My system includes three extended 
double Zepps, each fed with 450-0, low-loss 
‘TV twinlead, Including its supporting lines, 
each EDZ spans 165 feet. Counterweighting 
the ends of these antennas serves two pur- 
poses: Itkeeps tree movement from snapping, 
them, and it keeps their wires reasonably 
horizontal, Buthow much weight isrequired, 
and what should the weights consist of? 
Charts exist for computing tension necessary 
to keep a singlewire span taut, but the pres- 
ence of a twinlead feeder atthe span's center 
renders such charts useless, 

Enter experimentation! I strung the ex- 
tended double Zepp, minus feed line and 
plus pulleys, between the two trees at about 
15 feet above ground. Next, I weighed the 
feed line. Then I located an object of simi- 


id gain of. 
ting thelr length. Get 


ire line for multiband feed, 
may greatly influence your 


nd 


Zopp, LW = 


gain over a hall 


Table 1 
The W7SX Extended Double Zepp Trio 
Band/Antenna Mode 
Length Height += 80. 40.20 
Antenna 1 azt =f sD LD EDZ 
Antenna2 BOR SBTT sD LD EDZ 
Antenna 164 ft Bett iD eDz LW 


‘SD = short dipole; LD = long dipole; EDZ = extended double 
Ng wire (dipole legs 1 2. or more in length). 
Because a dipole longer than '/s A exhibits gain over a hall- 
wave dipole in the same position, these three antennas exhibit 
e dipole in all but the SD mode. 
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Figure 2—Bob Zavrel uses a triangular 
relay box to switch feeders betwoen 
antennas mounted in a triangular pattern; 
4 square box in this situation twists 
feeders, en-couraging 


antenna sway to 
break feeder wires. (W7SX photo) 


Jar weight, put it in a plastic bag, tied the 
bag at the antenna feed point, and experi- 
mented with various weights, Two 15-Ib 
weights kept the antenna wire horizontal 
without overtension, 

Next, I needed to construct multiple 


Figure 3—A combination feedthrough 
Insulator/strain relist made of fasteners 
land two plexiglass plates, 


15-Ib weights at minimum cost—weights 
that had to be long and narrow to avoid col- 
lisions with the supporting trees and other 
nearby objects. I decided that slumpblock 
bricks inside a 2 x 4 wood frame would be 
satisfactory. (Slump blocks are long, nar- 
row and about 12 lbs each; some are just as 
wide as a standard 24.) Including bricks, 
Wood and nails, each weight cost me about 
$1.50, so the price was right—and 2 x 45 
‘can be easily drilled for attaching rapes. 
The relay box. A square relay box cen- 
tered between three antennas twists the 


antennas’ open-wire feeders at the feed 
points. I solved this problem for a triangu- 
Jar, relay-switched vertical array and my 
three-EDZ system by building triangular 
relay boxes (Figure 2). (Use redwood, ce- 
dar or cypress and weatherproof the box 
‘with sealant.2) Plexiglass platesand screws 
insulate the feeder wires from the box, con- 
tinue the feeders to the relays and provide 
strain relief (Fiureg 3) 

Results with the system. Using a 600-W 
amplifier, I often get through pileups first 
‘on long path. Short path to Europe is more 
ifficultbecause the ground slopes slightly 
upward in that direction. My blissful en- 
counters with nature's gift to the RF enthu- 
siast continue!-W7SX 


'Soe Volume 3 of The ARAL Antenna 
Compendium. 

in my work with wie antennas, | discovered 
2 reference on wood that may be of interest 
to amateurs: Wood Handbook: Wood as an 
Engineering Material (Washington, DC: US 
Department of Agriculture, rev 1987), 466 
pages (for sale by the Superintendent of 
Bocuments, US Government Printing Ofc, 
Washington, DC 20402). This text describ 
‘among many mechanical and structural 
Considerations, electrical qualities of wood 
that come into play when wood supports are 
used in FF Tields 
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Collinear Arrays 


Collinear arrays are always operated 
with the elements in phase, (If alternate el- 
‘ements in such an array are out of phase, 
the system simply becomes aharmonic type 
of antenna.) A collinear array is a broad~ 
side radiator, the direction of maximum ra- 
diation being at right angles to the line of 
the antenna, 


Power Gain 

Because of the nature ofthe mutual im- 
pedance between collinear elements, the 
feed point resistance is increased as shown 
earlier inthis chapter (Figure 9), For this 
reason the power gain does not increase in 
direct proportion to the number of ele- 
‘ments, The gain with two elements, as the 
spacing between them is varied, is shown 
by Figure 38. Although the gain is greatest 
when the end-to-end spacing is in the re- 
gion of 0.4 to 0.62, the use of spacings of 
this order is inconvenient canstructionally 
and introduces problems in feeding the two 
elements. As a result, collinear elements 
are almost always operated with their ends 
quite close together-in wire antennas, usu- 
ally with just a strain insulator between, 

With very small spacing between the 
‘ends of adjacent elements the theoretical 
power gain of collinear arrays is approxi- 
mately as follows: 


2 collinear elements—1.6 dB 
3 collinear elements—3.1 dB 
4 collinear elements—4.2 dB 


More than four elements are rarely used. 


Directivity 

‘The directivity of a collinear array, ina 
plane containing the axis of the array, in- 
creases with its length. Small secondary 
lobes appear in the pattern when more than 
‘two elements are used, but the amplitudes 
of these lobes are low enough so that they 
are not important, Ina plane at right angles 
tothe array the directive diagram sacircle, 
no matter what the number of elements. 
Collinear operation, therefore, affects only 
E-plane directivity, the plane containing 
the antenna. At right angles to the wire the 
pattern is the same as that of the individual 
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1/2-2, elements of which itis composed. 

‘When a collinear array is mounted with 
the elements vertical, the antenna radiates 
‘equally well in all geographical directions. 
‘An array of such “stacked” collinear ele- 
‘ments tends to confine the radiation to low 
vertical angles. 

If collinear array is mounted horizon- 
tally, the directive pattern in the vertical 
plane atright angles tothe array isthe same 
as the vertical pattern of a simple Ys-A an- 
tenna at the same height (Chapter 2). 


‘TWO-ELEMENT ARRAY 

‘The simplest and most popular collinear 
array is one using two elements, as shown 
in Figure 39. This system is commonly 
known as “two half-waves in phase.” The 
‘manner in which the desired current distri- 
bution is obtained is described in Chapter 
26. The directive pattern in plane contain- 
ing the wire axis is shown in Figure 40, 


Depending on the conductor size, 
height, and similar factors, the impedance 
atthe feed point can be expected to be inthe 
range from about4to 6 KO, for wire anten- 
nas. If the elements are made of tubing 
having a low Mdia (wavelength to diam- 
eter) ratio, values as low as 1 K&Q are repre- 
sentative. The system can be fed through 
anopen-wiretuned ine with negligible loss 
for ordinary line lengths, or a matching 
section may be used if desired 


‘THREE- AND FOUR-ELEMENT 
ARRAYS 

‘When more than two collinear elements. 
are used it is necessary to connect “phas- 
ing” stubs between adjacent elements in 
order to bring the currents inal elements in, 
phase. It will be recalled from Chapter 2 
that in a long wire the direction of current 
flow reverses in each '/s-A section. Conse- 
‘quently, collinear elements cannot simply 


Figure 38—Gain of two 
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Figure 33—A two-slement 
collinear array (two half- 
waves in phase). The 
iransmission line shown 
‘would operate as a tuned 
line, A matching section 
can be substituted and a 
onresonant line used if 
desired. 


beconnectedend toend; there must be some 
‘means for making the current now in the 
same direction in all elements. In Figure 
4A the direction of current flow is correct 
in the two left-hand elements because the 
transmission line is connected between 
Them, The phasing eth Between tesegond FAO A0_Fros-spaoa E- 
and third elements makes the instantaneous for the two-element 
current direction correct in the third ele- _colinear array of Fig 39. 
‘ment. This stub may be looked upon simply The axis of the elements 
as the alternate s-h section of a long-wire _ ie along the 90°-270" 
antenna folded back on itself to cancel its line. Ths is the horizontal 
pattern at low wave 

radiation, In Figure 41A the parttotheright Efttes when the array is 
of the transmission line has atotal lengthof _horzontal The array 
thre half wavelengths, thecenterhalfwave gas approximately 1.6 
being folded back to form a's i phase-re- 48d (3.8 dB), 
versing stub. No data are available on the 
impedance atthe feed point in this arrange- 
‘ment, but various considerations indicate 
that it should be over 1 kA. 

‘An alternative method of feeding three 
collinear elements is shown in Figure 41B. 
In his case power is applied at the center of 
the middle element and phase-reversing 
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Figure 41—Three and four-slement collinear arrays. Altemative methods of feeding a thre 
‘These drawings also show the current distribution on the antenna elements and phasing 
substituted for the tuned line by using a suitable matching section. 


loment array are shown at A and B. 
lubs. A matched transmission line can be 
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stubs are used between this element and 
both ofthe outer elements. The impedance 
at the feed point in this case is somewhat 
‘ver 300 0 and provides a close match to 
300-0 line, The SWR will be less than 2 10 
1 when 600-0 line is used. Center feed of 
this type is somewhat preferable to the ar- 
rangement in Figure 41A because the sys- 
tem as a whole is balanced. This assures 
‘more uniform power distribution among the 
elements. In A, the right-hand element is 
likely to receive somewhat less power than 
the other two because a portion of the fed 
power is radiated by the middle clement 
before it can reach the element located at 
the extreme right. 

A four-clement array is shown in Figure 
AIC. The system is symmetrical when fed 
between the two center elements as shown, 
‘As in the three-element case, no data are 
available on the impedance at the feed 
point. However, the SWR with a 600-2line 
should not be much over 2 to 1, Figure 42 
shows the directive pattern of a four-ele- 
ment array. The sharpness of the three- 
clement pattern is intermediate between 
Figures 40 and 42, with four small minor 
lobes at 30° off the array axis. 

CCollinear arrays can be extended to more 
than fourelements. However, thesimpletwo- 
element collinear array isthe type most used, 
since it lends itself well to multiband opera- 
tion, More than two collinear elements are 
seldom used because more gain can be ob- 
tained from other types of arrays, 


‘Adjustment 

Inany of the collinearsystems described 
the lengths ofthe radiating elements in feet 
ean be found from the formula 468/fy, 
The lengths of the phasing stubs can be 
found from the equations given in Chapter 
26 for the type of line used. Ifthe stub is 
‘open-wire lin (500 to 600 0 impedance) it 
is satisfactory to use a velocity factor of 
0,975 in the formula for a 1/4-2 line, On- 
the-ground adjustmentis, in general, an un- 
necessary refinement. If desired, however, 
the following procedure may be used when 
the system has more than two elements. 

Disconnect all stubs and all elements 
except those directly connected tothe tran 
mission line (in the case of feed such as 
shown in Figure 41B leave only the center 
clement connected to the line). Adjust the 
elements to resonance, using the still-con- 
nected element. When the proper length is 
determined, cut all other elements to the 
same length. Make the phasing stubs 
slightly long and use a shorting bar to ad- 
just their length. Connect the elements to 
the stubs and adjust the stubs to resonance, 
‘as indicated by maximum current in the 
shorting bars or by the SWR on the trans- 
mission line. If more than three or four el- 
ements are used itis best to add elements 
two ata time (one at each end ofthe array), 
resonating the system each time before & 
new pair is added. 


‘THE EXTENDED DOUBLE ZEPP 
‘An expedient that may be adopted to 
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Figure 42—E-plane 
pattem for a four-element 
collinear array. The axis of 
the elements lies along the 
'90°-270" line. The array 
‘gain is approximately 4.2 
Bd (6.4 dBi). 


Figure 43—The extended 
double Zep. This system 
gives somewhat more gain 
than two "rh collinear 
elements. 


paitern for the extended 
pp of Fig 43. 
is also the horizontal 


a 
the elements lies along 
1 


90°-270" line, The 
yy gain is approx- 
imately 3 Bd, 


330, 30 
< 
09, : Cy 
270) G 20 
240) 20 
210 180 
780 


270] 


obtain the higher gain that goes with wider 
spacing in a simple system of two collinear 
clementsis to make the elements somewhat 
longer than "Vs, As shown in Figure 43, 
this increases the spacing between the two 
in-phase 'i-h sections at the ends of the 
wires The section in the center carries a 
current of opposite phase but if this section 
is short the current will be small; it repre- 


sents only the outer ends of a 's-) antenna 
section, Because of the small current and 
short length, the radiation from the center 
is small. The optimum length for each ele- 
‘ment is 0.64 A, At greater lengths the sys- 
tem tends to act asa long-wire antenna, and 
the gain decreases. 

‘This system is known as the “extended 
double Zep.” The gain over a Vs-A dipole 


is approximately 3 dB, as compared with 
approximately 1.6 dB for two collinear 
Ye: dipoles. The directional pattern in the 
plane containing the axis ofthe antenna is 
shown in Figure 44. As in the case of all 
other collinear arrays, the free-space pat 
tem in the plane at right angles to the an- 
tenna elements is the same as that of a Vs- 
2 antenna—circular. 
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About Affirmed Networks 


Affirmed Networks’ NFV solution has become the standard for the world's top mobile 
operators, who are embracing new business models and building new revenue 
streams by making the transition to virtualized architectures. The company’s tech- 
nology portfolio includes the Affirmed Mobile Content Cloud, the Affirmed Wi-Fi 
Gateway (serving as a TWAG/TWAP and an ePDG}, Affimed Service Automation 
Platform (ASAP) and Affirmed Virtual Probe and Analytics Solution. These virtualized 
solutions have come to represent the present and the future of virtualized mobile 
networks with extreme scalability, remarkable flexibility, comprehensive network or- 
Chestration and future-proof solutions for a 5G-ready architecture. Please find more 
information at www.affimednetworks.com 


About Juniper Networks 


Juniper Networks (NYSE: JNPR) isin the business of network innovation. From devices 
to data centers, from consumers fo cloud providers, Juniper Networks delivers the soft- 
ware, silicon and systems that transform the experience and economics of network- 
ing. The company serves customers ond partners worldwide. Additional information 
‘con be found at www.juniper.net, or connect with Juniper on Twitter and Facebook. 
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By Glenn Rattman: 


Beam 


‘This article describes a practical design 
foratwo-element, horizontal wire Yagi for 
the 75/80-meter band using just two sup- 
port towers. Designed with DXing and con- 
testing in mind, this radiator-and-reflector 
combination features moderate gain and 
good front-to-back ratio, combined with 
instant beam reversal and band-segment 
(mode) switching, Ituses tuned feeders and 
‘a balanced-output antenna tuner at the op- 
erating position for matching at the trans- 
mitter. Remote relays at ground level 
hhandle reversal and parasitic-tuning re- 
quirements, taking advantage of the conve- 
nient properties of half-wave transmission 
lines. 

I designed this antenna empirically, be- 
fore PC-modeling programs were readily 
available, I've confirmed that it really 
works, through years of successful 80- 
meter operation. Later, I verified this with 
computer modeling. Figure 1 shows the 
general layout of my system. 


Background 

Atmy former location Thad two towers, 
70 and 100-feet high, fairly close together 
on a half-acre of property. There was an 
assortment of quads and Yagis for 10-40 
meters," but as is often the case with all- 
band DXers, the 80-meter antenna was an 
afterthought. Through the years I experi- 
mented with many types, looking for the 
“silver bullet” antenna for 80 that would 
finally make this challenging band a plea- 
sure (0 operate 

Each season numerous magazine ar- 
ticles and endless discussions by experts 
extolled the virtues ofthis or that magic 80- 
meter DX antenna. I even tried some of 
them: a diamond quad loop, a delta loop 
(bottom-fed or corner-fed), a pair of para- 
sitic deltas, phased quarter-wave slopers 
(tilted ground planes), a 2/4 vertical with 
lots of radials. always came back to abasic 
truth: with the tower heights available, and 
faced withthe reality of rough, rocky, lossy 
earth, my 95 foot high inverted-V dipole 
‘was usually as good as-orbetterthan—any 
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The K6NA 80-Meter Wire 


Ever get crunched in a DX pileup on 80/75 meters 
by K6NA? Lots of folks have! K6NA reveals the 
secrets behind his two-element “killer” Yagi. 


ofthe “trick” antennas Thad spent hundreds 
of hours building. As a bonus, usually the 
dipole was quieter on receive 

Even Jim Lawson, W2PV, in an early 
QST article about broadbanding an 80- 
meter antenna, mentioned almost in 
passing that his high (110-foot) inverted-V 
was superior to his four-element phased 
vertical array, at least on transmit? What I 
observed about 80-meter DXing in the 
1970s was that most attempts using verti- 
cally polarized systems to achieve low- 
angle radiation were not satisfactory. This 
‘was due to excessive ground losses (both 
near-field return-current losses and far- 
field reflective losses); in addition, verti- 
cals were generally noisy on receive, 

Neither vertically polarized antennas 
nor relatively low horizontal antennas were 
really getting thejob done, I resolved to 
‘construct my next station thinking about the 
80-meter band from the start."High and 
horizontal” would be the goal 


Design Criteria 

My new station would have two main 
towers, each 140 feet high. Because I had 
all-band contesting in mind, there would be 
‘numerous other antennas on the towers. I 
‘wanted to put a three-element 40-meter 
beam on top of one tower and a large 20- 
meter Yagi on the top of the other. Though 
itlikely would be an excellent performer, a 
rotating beam of some type for 80 meters 
was ruled out because I did not want to dedi- 
cate the top of one tower to it. Also, there 
was the near-certainty of difficult mainte- 
nance problems with such a gigantic an- 
tenna. Instead, I settled on a design for a 
fixed-wire beam. These would be the main 
criteria for reliable, day-to-day operation: 


* Oriented properly for best results in both 
DX and domestic contests 

+ Moderate gain, with a wide lobe for good 
‘azimuth coverage 

‘Instant beam reversal with a decent front 
to-back ratio 

+ Near-instant band-segment (phone or 
CW mode) switching, especially for ca- 
sual, daily DXing 

+ Easy, low-loss matching anywhere in the 
band 

‘+ Horizontally polarized to minimize both 
ground-reflection losses and noise on 

+ High enough to produce reasonably low 
angle radiation 

+ Reliable and easy to maintain without 
disrupting other antennas on the towers, 


Design Discussion 

‘Some discussion ofthese interrelated de- 
sign criteria will aid in understanding the 
trade-offs and choices I made while plan- 
ning this antenna. For example, from San 
Diego the typical short path to Europe on 80 
meters is nor the expected true Great-Circle 
path of about 25°, Rather, the short path 
toward Europe is almost always a “bent” or 
skewed path, where signals pass to the south 
‘or southeast ofthe highly absorptive auroral 
oval, propagating by means of a scatter 
mode that uses ionized patches over the 
central Atlantic Ocean. Consequently, our 
pseudo short-path heading toward Europe 
is commonly 50° to 90° in azimuth. Occa- 
sionally, European signals on 80 meters 
arrive in California from the southeasterly 
direction, Rarely, around the time of the 
Equinox, they may even arrive by scatter 
path from straight south, as reported by 
some rotary beam users in California. 
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Figure 1—The antenna farm at KGNA, showi 


the 80-meter wire beam installed on the pair of 140-foot towers, using 35-foot long) 


‘crossarms made of aluminum tubing and fiberglass. The rearward truss and upper truss wires make each crossarm rigid. For clarity, 


the tower guy wires are not shown, 


I decided to orient the two support tow 
ers so that the reversible wire beam, slung 
between the towers on a pair of horizontal 
crossarms, would point at 60°/240°, This 
‘would provide good coverage across the 
USA and into Europe (both short and long 
path), Africa, the Caribbean and South Pa- 
cific areas, which together make up about 
85% of my annual QSOs on 80 meters. 

{could builda simple ewo-element pars- 
sitic design, using 2/2 elements on a rea- 
sonable boomlength of about 35 feet, or 
282 Figure 2B shows that such a design 
has a half-power azimath beamwidth of 
about 74° inthe azimuth plane. 1 was will- 
ing to accept the slightly lower gain and 
front-to-back ratio compared to a three-el- 
ement design (which would be more difi- 
cult mechanically), or a two-wire phased 
array using double-extended Zepp ele- 
‘ments. The Zepp would require the towers 
tobe placed about 350 feet apart. Either of 
these antennas conceivably would provide 
more gain, but atthe price of reduced azi- 
muthal coverage, A reversible, all-driven 
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array has the additional disadvantage that 
its phasing and matching networks become 
overly complicated to make it work prop- 
erly at both ends of the band. 

‘To achieve the twin requirements of 
‘easy mode-switching and beam reversal, I 
decided to construct a symmetrical, two- 
element Yagi beam. The elements are 
identical dipoles, self-resonant near 
3.675 MHz. This frequency is about 3% to 
4% lower than the phone operating area 
around 3.800 MHz, meaning that each ele- 
‘ment could be used as a reflector in the 
phone band with no additional loading. 
Each dipole is fed with 1/2 of open-wire 
Tine, These lines come together in a relay 
box at ground level, Power is appliedto one 
or the other driven element, and a short is 
applied across the base of the remaining 
feedertto force the remaining clementto act 
as a parasitic reflector. 

‘To operate near 3.5 MHz, the reflector 
simply is retuned to about 3.4 MHz, using 
an inductor in place of the direct short in 
the relay box. Supplying RF to the relay 


box is accomplished using low-loss, open- 
wire feeders. A balanced-output tuner in 
the shack is simply touched up to move 
between phone and CW subbands, and to 
accommodate the change in SR. There is, 
no requirement for an exact match at the 
line input to the driven element because of 
the low-loss transmission lines. 

‘With the erossarm supports mounted at 
130 ft, the dipoles are about V2 high and 
thus produce fairly low-angle radiation. A 
horizontally polarized antenna is less re- 
sponsive to man-made noise sources, 
which have alarge vertical component, The 
height allows 2/2 lines to reach downto the 
sswitchbox near ground level, All switch- 
ing relays are in this weatherproof box, 50 
the system is reliable and easy to maintain, 
No inaccessible relays or matching net- 
‘works are up at the elements, where fail- 
ures might occur. 


Construction 
No doubt, the 80-meter wire beam can 
bbe built and integrated into many existing 
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Figure 2—Patterns for the K6NA 80-meter wire beam 
at an average height of 125 feet over flat ground. At 
A, elevation pattern and at B, azimuth patiem at 15° 
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prevents the tensioned antenna 
advantages for antenna-farm man: 


multi-tower systems. I had the luxury of 
planning the tower and guy arrangement 
well in advance of building the antenna. 
‘This helped make erection and maintenance 
simpler. Such planning contributes to con- 
venient erection of other antennas too! 
Figure 3 shows the recommended two- 
tower layout that has served very well for 
this and other projects. Through symmetry 
of guy-anchor placement, any forces due to 
loading by wire antennas or temporary 
trams are balanced out. Note that each 
tower has an opposing, backward-facing 
‘guy exactly inline with its counterpart and 
parallel with the centerline of the towers, 


When the 36-foot crossarm is mounted 
about 10 feet below the top ofthe tower and 
the topmost guy bracket, the ends extend 
out beyond and above the sloping, upper 
guys. This arrangement keeps the dipoles 
in the clear, allowing them to be raised and 
lowered using ropes and pulleys with mini- 
mal guy-wire interference, without having 
to remove or move the crossarms. 

This tower/guy layout also presents two 
parallel tower faces on which to mount the 
booms and to correctly orient the wire 
tenna, Non-parallel tower faces can work, 
but the mounting brackets would be more 
complex and some advantages of symme- 


13 trom bending the crossarme inward. The tower-guy placement geometry provides several 
sment! See text. 


try would be lost. For safety, significant 
sideloads should be distributed across at 
least two tower legs. In addition, guys pass- 
ing through the central area between the 
towers would complicate the raising and 
lowering of the wire antennas, so this 
should be avoided if possible. 

Another advantage of the layout in Fig- 
ure 3 concerns the overall use and mainte- 
nance of other antennas inthe system. Note 
that the 140-foot towers are 136 feet apart, 
and the guy radius (distance from tower to, 
each ofits guy anchors) is 105 feet. These 
facts, together with the generally unclut- 
tered work area between the towers, make 
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down ropes provide a stable truss/a\ 


Figure 4—Photo of one of the crossarms (booms) mounted on the tower. The truss 

system and. 80-meter folded cipoles are visibie, Not hat the truss, dpoles and pul 
system 

top of the tower is a full-sized three-element 40-meter beam. 


‘each crossarm. The large Yagi at the 
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Photo showing mounting method for installing the 80-meter crossarm and 
{russ pips, The horizontal riser prevents the crossacm from 

Collapsing when the side load (antenna tension) is applied. Note how a plate wit 
russ pipe to one of the tower legs, while the ather 


is secured with an L-shaped bracket and U-bolts to the mounting plate for the crossarm. 


it convenient to run a temporary tram wire 
anchored atthe base of one tower tothe top 
(or anywhere along the length) of the other 
tower. The tram can be used to raise the 80- 
meter crossarmsthemselves,ortomove thet 
HEF Yagis. Ifan upper-mast-mounted beam is 
to be erected, the 80-meter wires first can be 
lowered easily to the ground. Ifthe ram has 
to reach only to the area of a side-mounted 
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‘beam, the wire antenna may stay in place 
above it. 1 can detach the 80-meter feeders 
from the feed-through insulators at the 
switchbox, and pull them away from the vi- 
cinity of the tram wire, ifnecessary. 


Crossarms and Trusses 


I made each crossarm (boom) using alu- 
minum and fiberglass. In orderto eliminate 


the possibility of “boom resonance” that 
might interfere with nearby HF Yagis and 
to keep the 80-meter wire ends away from 
metal conductors, only the middle 14 feet 
of crossarm is made of -inch OD, 1/4-inch 
‘wall aluminum. This section is stiff and 
very strong. 

‘The outer extensions are fiberglass tub- 
ing, each about 11 feet long, for a total 
crossarm length of 36 feet. Surplus vault- 
ing poles were used but other types of 
fiberglass would also be suitable. The fi- 
berglass should be wrapped with high-qual- 
ity black tape (such as Scotch 33 or 88) to 
prevent decomposition due to ultraviolet 
radiation. At the end of each fiberglass 
pole, Imounted a six-inch sleeve of alumi- 
‘num tubing, before drilling aclearance hole 
for the forged eyebolt used to secure the 
pulley used to hoist each dipole. 

Each crossarm is clamped to the tower 
face using an aluminum plate and muffler 
clamps. See Figures 4 and Fig 5. Once in 
place, the erossarm is made rigid by means 
cf dual truss system. When the dipolesare 
erected and tension is applied, the 
erossarms cannot collapse. The top and 
back truss system and dipole pull-ropes 
together transfer all the balanced forces to 
the tower. 

‘Layout of the truss system can be seen 
in Figures 1, 4 and 5. The horizontal riser 
behind the tower is the key to the truss sys- 
tem. This rigid support is a six-foot length 
of 1'/sinch OD, 1/4-inch wall aluminum 
pipe, extending horizontally about five feet 
beyond the back leg of the tower. This 
“sideways riser” is anchored to the 
crossarm mounting plate with aright-angle 
bracket, and to the back tower leg by means 
of U clamps and a flat plate. The back- 
truss lines connect to eyebolts on the outer 
fend of the riser using tumbuckles and 
shackles 

‘The various truss lines and dipole pull- 
ropes are coiled and individually taped to 
the crossarm prior to erection. After the 
crossarm has been raised and installed, the 
back-truss riser pipe is brought up ‘and 
clamped into the tower from the back side. 
‘Then, the crossarm is firs trimmed to hori- 
zontal by attaching the top-truss lines to 
the tower legs and adjusting the turnbuck- 
Jes until the erossarm looks good, much like 
Yagi boom truss is adjusted. Then the 
backiruss lines are untaped from the 
crossarm, one at a time, and connected to 
the far end of the horizontal back-truss 
pipe. This is an interesting maneuver, 
which should be accomplished only by an 
experienced climber/tigger! The turnbuck- 
les are adjusted initially for moderate ten- 
sion. Properly adjusted, the result is a 
‘crossarm that doesn’t sag downward or fold 
inward when antenna tension is applied. 

‘After the truss system has been rigged, 
the installer untapes one of the coiled-up 
dipole pull-ropes, which has been pre- 
rigged to extend along the arm to the outer 
crossarm pulley and back again to the vi- 
cinity of the tower. By attaching either a 
Weight or tag line to the thimble, the di- 


pole-end of the rope is released to hang ver~ 
tically from the pulley. The rigger then pays 
out the coiled rope until a ground man can 
reach the thimble end to attach the dipole 
insulator. The pull-ropes ultimately are 
‘brought to the tower legs through pulleys 
and thence brought down to ground level. 
‘The angle of the pull-ropes completes what 
is essentially a four-point guy on each end 
of the crossarm (antenna tension, back- 
‘russ, up-truss, and angled pull-down rope).. 
‘This configuration presents a stable struc- 
ture when the dipoles are raised and ten- 
sion applied. 

Tmust emphasize that all subassemblies 
should first be fabricated and fitted to the 
tower at ground level. Make sure that all, 
plates, clamps and hardware mate to the 
tower, referenced to diagonal braces, 
‘welds, or leg bolts, Premark the tower legs 
up at the target location ahead of time to 
preclude surprises on the tower! 


Construction of the Dipoles 

‘Two-wire folded dipoles were selected 
to help bring the feedpoint impedance up 
closer to the characteristic impedance of 
the feeders and to improve bandwidth. This 


helps minimize tuner adjustments when 
moving within a subband, but there is no 
need to go overboard trying to effect a per- 
fect match at the load. 

Each folded dipole is built with #14 
stranded, non-stretch copper wire. The two 
parallel wires are held apart by seven hori- 
zontal spreaders located aboutevery 20 feet 
along the wire length. These spreaders of 
black Deirin are 1/2-inch diameter rod, 18 
inches long (See Figure 6). They are held in 
position by tie wires, as are the ribbed end 
insulators. Iused an unbroken length (about 
260 feet) of wire for each two-wire dipole, 
‘making the free ends come together at the 
center-feed insulator. The free ends of the 
Wires and feeders are tied to the center in- 
sulator for strain-telief, and then the loose 
‘ends are soldered. This technique prevents 
breakage, because soldered connections 
(which are weaker due to wire heating) are 
not under strain, or flexing, After each di- 
pole is assembled on flat ground, it should 
be stretched temporarily at low level be- 
tween the towers in order to check the 
symmetry and mechanical behavior. When 
adjustments are complete, the feeder can 
bbe soldered to the antenna. 
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Figure 6—Foldad-dipole center feedpoint with stabilizing cradle. The cradle encourages 


stability in the large, two-wire dipoles, preventing twist. S¢ 
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‘There is little point in making any sort 
of analyzer measurements at five feet off 
the ground because the results will be mis- 
leading. When the dipole is installed in the 
clear at a half-wavelength in height, it will, 
perform as predicted. However, just to be 
sure, I grid-dipped one dipote at its final 
height through the half-wave line. I had 
first built the 2/2 transmission line and had 
checked for resonance near 3.650 MHz 
with a grid-dip meter, When the first dipole 
and its feeder are on frequency, the second 
dipole and feeder was cloned and the array 
was erected. The dipoles at K6NA are sbout 
130 feet long. 


Feed Line Construction 

Each feed line was constructed using 
old techniques but modern materials. Mini- 
‘mum weight is very important. The lines 
were made about 130 feet long, using #16, 
prestretched solid copper wire, Spacers are 
1/4-inch Delrin rods, three inches long and 
spaced every four feet along the feeder. 
Spacers were notched and drilled, and held 
in position using #18 copper tie wires 
through the holes. The result isa very light- 
‘weight, low-loss feeder with a characteris- 
tic impedance of about 575 2.4 To mini- 
‘ize sag in the dipole, avoid using heavy 
ceramic spacers, 

‘A good technique for constructing the 
long, open-wire feeder is to stretch two 
‘wires tightly between the towers about four 
feetabove the ground, Space the wires three 
inches apart ina plane parallel to the earth. 
Precut all the tie wires and make a simple, 
four-foot long, interval-measuring rod 
from apiece of wood or tubing. With all the 
spacers, tie wires, rod and long-nose pliers 
ina tool bag, the installer begins atone end, 
moving easily along the line, installing 
spacers atthe correct intervals. The feeder 
‘wires sit in the notched ends, while the tie 
‘wires pass through the holes and are twisted 
in place over the feeder wires. When com- 
plete, the suspended line isin a good posi- 
tion for checking resonance with a grid-dip 
meter, assuming the line is insulated from 
the towers. The final length of each feeder 
described here is about 128 feet and each 
weighs less than three pounds. 

Some additional comments about 
feedpoint construction will be helpful to 
those planning assembly of such a large, 
wide-spaced folded dipole and associated 
feeder, Initially, the dipole was built with 
upper and lower wires, as depicted in most 
antenna books. An 18-inch Delrin rod con- 
nected the lower feed insulator to the upper 
wire in order to distribute the weight of the 
feeder onto both wires and to maintain cor- 
rect spacing. This worked, but with unfore- 
seen side effects. When the dipole was 
raised under tension, the result was a half- 
twist in the parallel wires about halfway 
back toward the end insulator. This twist 
was not due to “live” or “kinky” wire! The 
twist was due to a catenary sort of effect. 

‘The solution to the twist problem is to 
avoid the upper wire/lower wire configura- 
tion, and allow all the spreaders (including 
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the center spreader) to lay over into the 
horizontal plane. To encourage this, a 
simple cradle was constructed to distribute 
the weight of the feeder at the center of the 
two antenna wires. This forces the wires 
(and all the other balanced spacers) toform 
a plane parallel to the earth. Fig 6 shows 
the centering cradle below the Delrin rod. 
‘The feeder passes over the cradle insulator 
(ie wires take the load) and continues up to 
the feedpoint. Small Dacron lines tie the 
cradle insulator to the other end of the rod, 
keeping the load centered. These large 
folded dipoles have been well behaved, 
even in high winds. 


Remote Switching 

plywood “doghouse” wasconstructed 
under the antenna center, and mounted 
about four feet above ground for conve- 
nience, Fig 7 is a schematic ofthe switch- 
ing network housed in the box. Two DPDT 
relays control the direction of the beam 
pattern. The main feeder connects through 
KI and K2 to one dipole, while the other 
dipole becomes. phone-band reflector due 
to the short across K3. Inthe shack, switch 
SI activates KI/K2 for reversal. S2 is a 
phone/CW selector switch that allows K3 
to retune the reflector elemento about 3.4 
MHz by means of an inductor, Relays are 
large, ceramic-base open-frame types. 

‘The center-loading inductor for a CW 
reflector is best chosen experimentally. A 
coil is connected across K3, $2 is set for 
(CW, and the tuner inthe shack is adjusted 
fora match low in the CW band. From the 
tuner, a coax cable is routed temporarily 
‘back (othe switchbox. At the box, the tem- 
porary coax feeds a receiver, which is used 
to monitor signals arriving off the back of 
the antenna around 3.515 MHz. A variable 
tap is moved along the coil until the best 
front-to-back ratio is obtained. After a pe- 
riod of testing, the tap can be soldered. 
With the dipoles. self-resonant around 
3.650 MHz, a CW reflector coil of about 17 
MH was required. This consisted of » 2- 
inch OD coil, 2¥-inches long, on which 
‘were wound about 25 turns of #16 wire. 


Operation and Maintenance 

‘The 80-meter wire beam performs as 
expected, Typical F/B is 11 to 14 dB on 
both phone and CW modes. For high-band 
operators accustomed to quiet bands with 
low atmospherics, this level of F/B may 
not seem like much, However, on a consis 
tently noisy band like 80 meters, this kind 
of rejection on receive is very important. 
The high wire beam makes it possible to 
work Tong-path Europeans (southwest 
heading, before sunrise in San Diego) ona 
regular basis in the winter months, due to 
effective rejection of storm noise over 
North America. The antenna performance 
is roughly comparable to that of a nearby, 
two-element rotary beam (195 feet high) at 
N6ND—we hear and work many of the 
same weak stations during DX sessions, In 
domestic contests, reports from the East 
Coast are excellent on both modes. 


66 Chapter 6 


‘The wire beam has been very reliable 
for over 10 years. The first version of the 
antenna used # 16 solid-copper wire for the 
elements, and there was a broken wire or 
two after perhaps six years. The antenna 
‘was rebuilt in 1992 with #14 stranded wire 
and has been perfect since then. The orig 
nal dipole pull-ropes of black, 1/4-inch 
polypropylene lasted about seven years 
before they were replaced. Black Dacron, 
readily available from several OST adver- 
tisers, would be an excellent replacement 
for the pull-ropes, butt is more expensive 
than polypropylene, Do not use any color 
except black, and do not use polyethylene 
lines for permanent antenna supports. 


‘Antenna Comparisons and Modeling 

Recently, I wanted to investigate this 80- 
‘meter wire beam using computer modeling. 
By comparing the predicted performance of 
this antenna with that of several other com- 
mon types of 80-meter DX antennas, the 
relative merits of each can be described 
briefly. Example antennas were modeled 
over average earth, with adielectric constant 
of 13 and a ground conductivity of 5 mS/m. 
Gain figures listed are referenced to an iso- 
tropic antenna in free space. 

Fig 8A shows the elevation pattern of 
the wire beam 125 feet high over real earth, 
compared to single horizontal dipoles at 
heights of 125 and at 70 feet. Peak radia 
tion for the Yagi occurs at 28°. The 
azimuth pattern shown in Fig 8B isat 15°el- 
evation, because low elevation angles are 


required for success on most DX paths from 
Southern California, For example, the W6 
short path to Europe supports signals be- 
tween 8° and 18° elevation, essentially 
100% of the time. The Yagi has about 5 4B 
of gain over the high dipole. 

‘Note that a single high dipole is an ex- 
cellent DX performer, and likely will beat 
any sort of beam antenna on a 70 to 80-foot 
tower. In addition, a high dipole has better 
rejection of local (high-angle) signals, s0 it 
will be a superior DX receiving antenna. 
Inspection of Figure 8A indicates that the 
high wire beam probably will outperform & 
70-foot high dipole by nearly 10 dB at low 
elevation angles. 

‘Some people might say: “With 140-foot 
towers, you should be using quad loops!” 
Not so fast. Figure 9A shows that with the 
top of adiamond-like,full-wave loop at 135 
feet, the 1/2 dipole at 125 feet is superior 
by at least 1 dB at all angles lower than 40°, 
in spite of the small stacking gain expected 
from the loop. The expected gain from the 
bigger loop cannot be realized fully be- 
cause the upper and lower wires are at 
drastically different heights (in terms of 
fractional wavelengths) relative to each 
other and the earth. This prevents proper 
phase addition, Further, the average height 
of the loop is lower, which results in & 
hhigher peak angle of radiation. The dipole 
has better high-angle rejection, too, and 
should be better on receive. If both anten- 
nas were up a couple of wavelengths on 80 
meters, the quad loop would beat the 
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Figure 7—Schematic of the feed system for the reflector-type, 80-meter wire Yagi. With 

{wo identical dipoles tuned at 3.850 MHz, only three relays and one inductor are needed 
to shift the antenna instantly from the phone fo the CW subband, and to switch the beam 
direction. The relays are open-frame DPDT relays with ceramic insulation, S1 is a DPST 


switch used to reverse the beam direction by 
tune the parasitic element as a CW reflector. 
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Figure @Comparison of patterns for K6NA two- 
‘element Yagi at 125 fest with two dipoles, at 125 
‘and at 70 feat heights. At A, elevation pattern 


‘comparisons and at B, azimuth pattern comparisons. 
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Figure 9—Comparison of elevation responses for full- 
wave diamond-shaped loop, K6NA two-slement Yagi 
and a single horizontal dipole. The Yagi and dipole 
are at a height of 125 feet and the loop’s apox is at 
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dipole...but who has  550-foot tower? 
How about a pair of half-wave slopers 
(that is, tilted vertical dipoles) tied from 
the tops of the 140-foot towers one M2 
and fed in phase for broadside gain? 
See Figure 10A. All the antenna books 
show the phased-sloper array to be a 4 dB. 
gain, low-angle monster. The author had 
this exact antenna up for a few months in 
1980. Itperformed fairly well, but was very 
responsive to powerline noise. For com- 
parison, a single horizontal dipole was 
‘hung between the towers a few feet above 
the top ends of the slopers. With this single 
dipole, my local noise level dropped by 8t0 
10 dB, and stations in New Zealand re- 
ported aconsistent transmit advantage over 
the sloper array. This was a real eye- 
opener. As seen in Fig 10A, the high wire 


beam buries the phased slopers by 7 dB at 
the peak angle of 28°, and by 5 dB at 15° 
elevation! 

‘The famous W8JK is a bi-directional, 
all-driven wire beam made from «wo di- 
poles fed 180° out of phase. At 125 feet in 
the air, this antenna has excellent rejection, 
of high-angle signals, and is only slightly 
down from the peak gain of the Yagi con- 
figuration. See Figure 11A. It requires no 
relay box. For DXing, itis inferior to the 
Yagi because there is no way to reject sig- 
nals (noise) off the back. Years ago, the 
ssuthor fed the two new folded dipoles as a 
WRIK for a few months prior to building 
the switchbox. It performed much like the 
patterns show, but once the switchbox was. 
available to configure the array as a Yagi 
with good F/B ratio, the W8JK configura- 


tion was abandoned. However, a W8IK 
antenna 100-feet high in Kansas City 
would be an outstanding Sweepstakes 
antenna. 

Figure 12 compares the horizontal wire 
‘beam to a similar antenna with inverted-V 
clements with 290" included angle. The V- 
style gain is down a bit and the pattern is 
not as clean, But if you have a single tall 
tower and install this antenna (only one 
crossarm is required), you will be in the 
95th percentile of effective 80-meter 
DXing antennas. 

‘In Figure 13 the K6NA Yagi is com- 
pared to a quarter-wave vertical mounted 
over average ground. Since there are less 
losses dueto ground reflection characteris- 
ties, horizontal polarization allows the 
‘Yagi to outperform substantially the verti- 

Chapter 6 6-7 


2B Soper gy 


ie 


RY 
NS 


by the mainly vertically polarized sloper system. 


dipoles fed in phas 
a Single horizontal 


18° Bevation 
Pare 


Figure 11—Comparison of elevation responses for a 

horizontal WAJK array and the K6NA two-element Yagi, 

‘both at height of 125 feet. As might be expected, the 

uniectionl Yagi has gtin ver the bidirectional WELK 
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cal at all angles of interest, even down to 
10®. In most locations, the vertical will be 
noisy on receive, An extensive local ground 
sereen (or elevated radials) will not make 
‘any significant change in the pattern rela- 
tionship depicted here, Only by installing 
the vertical in, say, a saltwater marsh ex- 
{ending perhaps 100 would its low-angle 
performance be improved substantially.® 

‘The “Four-Square” has become popu- 
Jarin recent years. Figure 13 also shows the 
beautiful pattern of this array, along with 
that of the two-element beam and a single 
vertical. In a quiet location this vertical 
system with a switching matrix makes @ 
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terrific receiving antenna, allowing full 
azimuth coverage in four directions. How- 
‘ever, the horizontal wire Yagi still bas su- 
perior gain at all elevation angles of inter- 
est—note the 4 dB advantage at 15°—and 
the Yagi likely will be quieter on receive in 
all but the most remote locations. The re- 
‘marks in the paragraph above about at- 
tempts to improve the lowangle perfor- 
mance of the /4 vertical also apply to the 
Four-Square array. 


Conclusions 


Someone once said: “All antennas 
work... some more so.” The sometimes- 


large differences seen during model com- 
parisons can be misleading, as we know 
from our day-to-day operating. Propa- 
gation, pileup dynamics, and operatorskills, 
(one skill is picking a quiet location...) are 
important factors that determine 80-meter 
DXing success. Virtually every antenna 
discussed in the comparison section of 
report is a “good” antenna, The author's 
first 180 countries on 80 meters were 
worked with an inverted-V dipole at 70 feet 

If all supports are available, a horizon- 
tally polarized, gain antenna will certainly 
provide a statistical increase in perfor- 
‘mance over the others, In lieu of really tall, 


90 Blin. 


to a similar antenna using inverted-V dipole elements with 
2.90” included angle. The inverted-V configuration loses 
in and directivity compared to the fully horizontal 
jipole Yaih, but the loss is only about 1 dB. The inverted- 
V style may be quite practical for those with a single, 
high tower. 
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Figure 13—Comparison of KENA Yagi to both a single 
round-mounted 1/4 vertical on average ground 

{iith's dielectric constant of 19 and a conductivity of 

5mS/m), and a “Four Square” phased vertical array. 

Each vertical is assumed to have 120 radials, an “optimal” 


towers, awell-installed vertical systemcan satisfaction using homemade open-wire 


be an excellent antenna, especially in a 
‘quiet receiving location. As the computer 
models show, height above ground is the 
most significant variable when designing a 
Jowband station using horizontally polar- 
ined antennas. [Hills help too!—Ea.] 

Itis hoped that some of the construction 
techniques for the crossarms, wire anten- 
nas, and feed lines described in this report 
will stimulate others to build even better 
horizontal arrays. You will enjoy special 


lines, and a 40-year old Johnson Matchbox 
tuner makes anice addition to your modern 
shack. 

The author would like to thank H. Shep- 
herd, W6US, for his valuable advice re- 
garding wire antennas and open-wire 
feeder construction; R. Craig, N6ND, for 
‘mechanical suggestions; E. Andress, 
W6KUT, for manuscript review; and 
N6ND and J. McCook, W6YA, for model- 
ing assistance. 


Ground system. Again, fared ground losses are Pest, 10 man 
Setrmental to verteals over poor ground. es 
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Energy harvesting power for the Internet of Things 


Energy harvesting wireless technology easily interconnects thousands of individual devices in a system, opening up 
unlimited processing and monitoring applications. © 


Lauren Gi Minel, EnOeeen Obarhaching (Munich), Germany 
onaaz013 


Energy is everywhere within reach; itjust needs to be 
harvested. This is the principle of energy harvesting 
‘Today, energy harvesting wireless solutions are 
already wall established in the commercial building 
futomation sector. But the technology ts ust getting 
started. New application fields for batteryess, 
wireless communication will be found to further 
tenhance the world around us. 


Based on energy harvesting wireless technology, a 
wide range of energy-autonomous applications are 
Currently available for connected buildings that use 
‘motion, light, or temperature differences as their 
nergy source such as batteryless switches 
inteligent window handles; temperature, moisture, 
and ight sensors; presence detectors, heating 
valves; and smart hame systems. However, bulding 
automation is by no means where energy harvesting 
wireless ends. 


Multiple interconnections = 


answer is by energy harvesting, and the reason is simple: Liberating sensors from external power, making them energy- 
‘autonomous, opens up unlimited processing and monitoring applications where cables or batteries represent an ot 
insurmountable hurdle. These features make energy harvesting wireless technology the ideal communication standard to 

easly and reliably interconnect thousands of individual devices in a system, as well as network them with other wireless 
protocols. 


. “Today, energy harvesting wireless technology is widespread, providing M2M 
PIGSEMEHERIAAE solutions in the building automation sector and bridging the contro of ight, - 
PST e2eM HVAC, and other fields of building technology to smart buildings, smart metering, 

and energy management systems. This isthe stating point to actuate further 
applications that lead fo the oT in the long term. The fllowing four categories 
Show what this could look tke. : 


\ 
‘ 
\ 
Everybody’s talking about the Intemet of Things (107). But how should bilions of communicating devices be powered? The : 
n 
' 


Monitoring and control 


Wireless and batteryless technology significantly eases energy monitoring and ‘ 
control in buildings with lite intervention into the existing systems. The wireless 
devices are highly flexible to install so that individual components, wall switches, 
‘sensors, and relay receivers can be easily networked to orm an intaligent 

system without complex cabling. In addition, dispensing with batteries eliminates 

the burden of maintaining the devices’ energy supply in a ragular time period, 

which can be up to each year 


‘An example for such a flexible automation system is HVAC control. Here, a thermostat, VAV (variable air volume), ofan coll 
Controller receives information related to occupancy, temperature, humidity, window position, or CO, from the respective 
batteryless sensors and controls the opening and closing of valve actuators for radiators, or dampers for VAV systems. At the 
same time, the controller sends status information to a central building automation system, and receives control messages 
{rom the BAS. This enables the building to be monitored from a central location that can be remote from the building itself, and 
building. wide settings, such as holiday shutdown, to be implemented. Enormous progress is also being made on the product 
side, leveraging advancements in eneray harvesting. Self-powered radiator valves generate energy from the difference in 
temperature between the hot water and the surrounding ait. This energy powers the communication with a contraller or BAS 
system, and turns the valve ise. Without cables or batteries, these wireless devices are especially easy fo instal, and they 
require no maintenance, 


In further optimized systems, central equipment such as boilers or air handling units are integrated into the wireless 
communication system, enabling scalable HVAC generation, visible and controllable over the Intemet on a PC, tablet, or 


|ttps:www.csemag.con/home/single-article/energy-harvesting-power-for-the-internet-ofthings/8e949580956201d39e7ec 1cb4b9f9ec html M4 
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Construct a Wire Log- 
Periodic Dipole Array for 
80 or 40 Meters 


My desire to work DX and obtain DXCC 
certification caused me to build my first 
antenna in the early 1960s, I needed a di- 
rectional antenna that had reasonable gain, 
‘wasinexpensive, lightweight and rotatable, 
and could be assembled with stock items 
found in large hardware stores. My choice 
of antennas then was the cubical quad. I 
had much success DXing with different 
quads, and I quickly earned DXCC certifi- 
cation. Quads are excellent antennas, but 
the ones I built lacked the mechanical sta- 
bility needed in southern Louisiana, I soon 
leamed this when they were ruined by hur- 

‘After my fourth quad was destroyed 
some years later, I purchased a triband 
Yagi and forgot about building antennas . 
until the day I had a QSO with Ansyl 
Eckols, YVSDLT. What started as a nor- 
‘mal QSO that day in the late 1970s led to a 
full-fledged experiment with the design, 
construction, erection and use of log-peri- 
odic dipole arrays made of wire. At that 
time, YVSDLT was using a triband log- 
periodicdipolearray (LPDA) for20, 1Sand 
10 meters. What immediately piqued my 
interest was that his beam was made of 
Wire, and that his signal had outstanding 
quality and strength. 

During the QSO, I asked Ansyl for 
construction details of his antenna, His re- 
sponse was generous, He mailed me dia- 
grams, schematics and photographs of the 
LPDA that he had named Telerana. 
(He subsequently published his design in 
QST.") After reading and studying all of his, 
data, 1 was convinced that his design had 
the mechanical stability to withstand hurri- 
canes, and Lbegan plansin my mindto build 
a copy of Telerans. 

began a search ofthe literature, read- 
ing all of the LPDA articles that I could 
find2* By the time I gathered and read 
several references, three years had passed. 
Sunspot activity had diminished and band 


These log-periodic dipole arrays are simple and 
easy to build. They are also lightweight, strong and 
inexpensive. The design parameters can be used to 
construct antennas for the other ham bands. 


conditions weren't as good. Openings on 
10 and 15 meters were few and of short 
duration, and future conditions would be 
worse. I did not duplicate the Telerana for 
these reasons, but decided instead to apply 
the LPDA theory to the design of wire 
LPDAS for use on the 160, 80 and 40-meter 
bands. By making some preliminary calcu- 
lations I found that an LPDA for 160 meters 
would be too large to fit my lot size, but, 
LPDAS for 80 and 40 would fit. However, 
it would not be possible for me to rotate 
these LPDAs. 


LPDAs for 80 and 40 Meters 

Iplaced the same criteria on the LPDAs 
that I had placed on the quads-that they 
have reasonable gain, be inexpensive and 
lightweight, and that they could be as- 
sembled with stock items found in large 
hardware stores. This article is written to 
detail the design, construction, erection and 
use of wire LPDAS for the lower frequency 
bands. Figure 1 shows one method of in- 
stallation. You can use the information 
presented here as a guide and point of ref- 
ference for building similar LPDAs. 


Figure 1—Typical 
4-element log- 
periodic dipole 
array erected on 
a tower, 
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If space is available, the antennas canbe 
“rotated” or repositioned in azimuth after 
they are completed. A 75-ft tower and a 
clear turning radius of 120 ft around the 
base of the tower are needed, ‘The task is 
simplified if only three anchor points are 
used, instead of the five shown in Figure 1 
Omit the two anchor points on the forward 
element, and extend the two nylon strings 
used for element stays all the way to the 
forward stay line. 

For the design procedure, refer to The 
ARRL Antenna Book.® By using the formu- 
las given there and other data inthe text, all 
of the dimensions can be obtained and the 
LPDAS will take shape on paper. The de- 
sign results are summarized in the conclud- 
ing section ofthis article, The next step is 
to fabricate the fittings; see Figure 2 for 
details. Cutthe wire elements and feed lines 
to the proper sizes and mark them for iden- 
tification, Afterthe wires are cut and placed 
aside, it will be difficult to remember which 
is which unless they are marked, When you 
have finished fabricating the connectors 
and cutting all ofthe wires, the antenna can 
be assembled. Use your ingenuity when 
building one ofthese antennas; itisn't nec- 
essary to duplicate my LPDAs exactly. 

‘The elements are made of standard no, 
14 stranded copper wire. The two parallel 
feed lines are made of no. 12 solid copper 
coated steel wire, such as Copperweld. This 
will not stretch when placed under tension. 
‘The front and rear connectors are cut from 
1/2-in-thick Lexan sheeting, and the feed- 
line spacers from 1/4-in Plexiglas sheeting. 

‘Study the plans carefully and be famil- 
iar with the way the wire elements are con- 
nected to the two feed lines, through the 


front, reat and spacer connectors. Details 
are sketched in Figure4, Connections made 
this way prevent the wire from breaking. 
Allof the rope, string and connectors must 
‘be made of materials that can withstand the 
effects of tension and weathering. Use ny- 
Jon rope and strings, the type that yachts- 
‘men use. Figure 1 shows the front stay rope 
coming down to ground level ata point 120 
ft from the base of a75-ft tower. Itmay not 
be possible to do this in all cases. In my 
installation I put a pulley 40 ft up in a tree 
and ran the front stay rope through the pul- 
ley and down to ground level at the base of 
the tree. The front stay rope will have to be 
tightened with a block and tackle at ground 
level. 

Putting an LPDA together is not diffi- 
cult ifitis assembled in an orderly manner. 
tis easier to connect the elements to the 
feeder lines when the feed-line assembly is 
stretched between two points. Use the 
towerand a block and tackle, Attaching the 
rear connector to the tower and assembling 
the LPDA at the base of the tower makes 
raising the antenna into place a much sim- 
plertask. Tie the rear connector securely to 
the base of the tower and attach the two 
feeder lines toit. Then thread the two feed- 
line spacers onto the feed line, The spacers 
will be loose at this time, but will be posi- 
tioned properly when the elements are con- 
nected. Now connect the front connector to 
the feed lines. A word of caution: Measure 
accurately and carefully! Double-check all 
‘measurements before you make permanent 
connections. 

Connect the elements to the feeder lines 
through theirrespective plastic connectors, 
beginning with element 1, then element 2, 


and so on. Keep all of the element wires 
securely coiled. If they unravel, you will 
have a tangled mess of kinked wire. Check 
that the element-to-feeder connections 
have been made properly. (See Figure 4.) 
Once you have completed all of the ele- 
ment connections, attach the 4:1 balun to 
the underside of the front connector. Con- 
nect the feeder lines and the coaxial cable 
to the balun. 

You will need a separate piece of rope 
and a pulley to raise the completed LPDA 
ino position. First secure the eight element 
ends with nylon string, referring to Figures 
1 and 3. The string must be long enough to 
reach the tie-down points. Connect the 
front stay rope to the front connector, and 
the completed LPDA is now ready to be 
raised into position. While raising the an- 
tenna, uncoil the element wires to prevent 
their getting away and balling up into a 
mess, Use care! Raise the rear connector to 
the proper height and attach it securely to 
the tower, then pull the front stay rope tight 
and secure it. Move the elements so that 
they form a 60-degree angle with the feed 
lines, in the direction ofthe front, and space 
them properly relative to one another. By 
adjusting the end positions ofthe elements 
asyou walk back and forth, you wll beable 
to align all the elements properly, Now it 
time to hook your rig to the system and 
make some QSOs. 


Performance 

‘The reports I received using the LPDAs 
were compared with an inverted-V dipole. 
All of the antennas are fixed; the LPDAs, 
radiate to the northeast and the dipole to the 
northeast and southwest. The apex of the 
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Figure 2—Pieces to be fabricated for the LPDA. At A, the forward connector, made from 1/2-inch Lexan. At B, the rear conné 
‘rom 1/2-inch Lexan. At C is the pattem for the feed-ine spacers, made from 1/4-inch Plexiglas. Two of these spacers 


required. 
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dipole is at 70 feet, and the 40-and 80-meter 
LPDAs are at 60 and 50 feet, respectively. 
‘The gain of the LPDAs isin the range of 7 
to 9B over the dipole. This was apparent 
from some of the reports received: “The 
quality of the audio on the log is superior to 
the inverted V." “The signal on the log is 
much stronger and steadier than the V, 
about 10 dB.” “The LPDA does not fade, 
‘but fading conditions are present on the 
inverted V." During pileups, I was able to 
break in with afew tries on the LPDAs, yet 
itwas impossible to break in the same pile- 
ups using the dipole. 

During the CQ WW DX Contest I was 
able to break into some big pileups after a 
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few calls with the LPDAs, Switching to the 
dipole, found itimpossibie to break in after 
many, many calls. Then, after I switched 
back to the LPDA, it was easy to break into 
the same pileup and make the QSO. 
“Think ofthe possibilities that these wire 
LPDA systems offer hams worldwide 
They are easy to design and to construct, 
real advantages in countries where com- 
mercially built antennas and parts are not 
available at reasonable cost. The wire 
needed can be obtained in all parts of the 
‘world, and cost of construction is low! If 
damaged, the LPDAs can be repaired eas- 
ily with pliers and solder. For those who 
travel on DXpeditions where space and 


‘weight are large considerations, LPDAs are 
lightweight but sturdy, and they perform 
well. They'll even withstand a hurricane! 


Calculations for Log-Periodic Dipole 
Arrays 

Design constants and the results of de- 
sign procedures follow. (Terms are defined 
at the end of this section.) 


1 0.845 

o 0.06 

6, 0.152 

cola = 1548 

a 32.86° 

Gain = 7.5 dBi (5.35 dBd). [By slop- 
ing the elements forward, 
the gain may be increased 
3 to 5 B over this figure. 
Ed] 

0 0.065 

B, = 1.39; see note 10. 

R 70 


Fed with 50-ohm coaxial cable and a 4:1 
balun 


For the 80-meter antenna, 


fn 4d 

fl 33 

Boo= 124 

By = 172 

Dn = 298.18 i 

Do 2 4842 

N 4.23 (rounded to 4) 
a 149,09 ft 

Ro 70 ohms 

h 62.4 

a 2.667 x 103 
hia 23400 

Zu 937.26 ohms 
Z 80.72 ohms 


dy = 17.89 ft 
See Table 1 for calculated array dimen- 
sions. 


For the 40-meter antenna, 


fn 15 

fl 69 

B 1,09 

B 151 

Drone 142.61 ft 

Lv 18.57 ft 

N 3.44 (rounded to 4) 
a 71.30 ft 

Ry 70 ohms 

h 32.727 

a 2.667 x 109 
ha 12273 

Za, 859,82 ohms 
Zz 81.76 ohms 
q 8.56 ft 


= 
See Table 1 for calculated array dimen- 


Definitions of Terms 


B operating bandwidth = fn/f1 
fn highest frequency, MHz 

1 lowest frequency, MHz, 

t design constant 

= relative spacing constant 
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Figure 4—Details of electrical and mechanical connections of the elements to the feed 
line. Knots in the nylon stay lines are not shown, 


Gi = value of 6 for optimum gain 

o mean spacing factor 

a apex half-angle 

By bandwidth of the active group. 
See note 10. 

B, structure (array) bandwidth 

Is ‘boom length for N elements 

N ‘number of elements 

a longest element = 492/11 

Aya = longest free-space wavelength 


= 984/f1 

Zy = characteristic impedance of 
feeder 

Ry = _ mean radiation resistance level, 
of required input impedance 

of active region 

average characteristic imped- 

ance of a dipole 


hyo 
= 1 (8-235) 


h clement half length 
a radius of element 

t Tength of elements 

a ‘spacing between elements 
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From QST, October 1986 (Technical Correspondence) 


Input Impedance of 
LPDA Antennas 


The log-periodic dipole array (LPDA) 
has intriguing possibilities, some of which 
have beenexplored by Uhl.( Unfortunately, 
some misleading information in The ARRL 
Antenna Book has kept the subject from 
bbeing more accessible to the amateur.? The 
design procedure called out by The Antenna 
Book and by Rhodes refers to graphs of Ro, 
the mean antenna input resistance, versus 
the log-periodic design parameters + and 
«a. It would appear that Ry is dependent 
solely on these parameters; such is not the 
case. As shown by Eq? and 4, Ro is depen 

dent on t, 6, Z4, and Zp, This relationship is 
demonstrated by Carrel. The graphs in 
question are from the seminal experimen- 
tal study of the LPDA by Isbell, and are 
used to demonstrate the effect on Ry of 
changing t and o; Z,, and Z were con- 
stant.’ Since t and ¢ are usually chosen to 
provide the desired antenna geometry and 
directivity (gain), Ry should be controlled 
by either Z,, or Zy. Zay is usually con- 
strained by mechanical considerations, 
which leaves Zo as the easiest parameter to 
adjust for desired Ry. 

‘The erroneous procedure determines Ry 
from a graph, The correct procedure is to 
calculate the necessary Zy based on the 
desired Ro, For most practical LPDA an- 
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tennas, this results in a Z of less than 100 
ohms, if an Ro of 50 ohms is chosen. Im- 
pedances in this range are difficult to 
achieve with open-wire line, the kind nor- 
mally used in an LPDA, because thick con- 
ductors and/or close spacing are needed, 
For this reason, it is usual to design for a 
higher Ry and use an impedance-transform- 
ing balun between 50-ohm coaxial cable 
and the antenna feed point. This is the 
method chosen by Uhl. Assuming a 4:1 
balun, an antenna-input impedance of 200 
ohms is required. Zp is then calculated (us- 
ing Eq 9 and 11 from page 6-25 of The 
ARRL Antenna Book) as follows: 


(E42) 


200,(—__200__ 
20\| 301065) (937.26), 
= 298.26 ohms 

The actual impedance of the feed line 


used by Uhl can be computed from the for- 
mula on p 3-16 of The ARRL Antenna Book: 


revs (35) 


where Sis the spacing between conductors, 
0.75 inch, and d is the conductor diameter, 
0.081 inch forno, 12 AWG wire. Therefore: 


Z, 


‘0 (Eq 3) 


2(0.75))_ 


Although this appears to be consider- 
ably in error, recasting Eq 1 to solve for Ry 
based on the true value of Zp gives: 


é 39.86 

” Zo iy 349.86 
eV 8(0.065)(937.28) 

= 224.17 ohms (Bg 4) 


which, when transformed by the 4:1 balun, 
results ina load impedance of 56.04 ohms, 
this is close to the design impedance. From 
this, we can infer that the actual Z, used is, 
not critical, although it isn’t negligible, 
either. 

‘The design Zy values listed in the Uhl 
article are incorrect, since they were pro- 
duced using the erroneous procedure from 
The ARRL Antenna Book. The values 
should be 298.26 and 308.56 ohms for the 
'80-and 40-meter antennas, respectively. In 
addition, Rp could be made closer to the 
design value of 200 ohms by using a differ~ 
ent feeder spacing to change the feeder 
impedance. From Eq 2: 


s-($)io20™-( 298) gam 
=0.488inch 


Rounding this value to 0.5 inch results 
ina Z, of 301.26 ohms and an Ro of 201.46 
‘ohms for 80 meters and 196.62 ohms for 
40 meters. These translate to load imped~ 
ance of 50.37 and 49.15 ohms, respec- 
tively—Jon Bloom, KE3Z 


From QST, August 1980 (Technical Correspondence) 


The WA1AKR 40- and 
5-Meter Slopers 


Several amateurs have suggested that I 
submit a description of my sloper antenna 

for publication in “Hints and 
Kinks.” Other amateurs may be interested 
in this adaptation of the 89K beam, Con- 
struction information is shown for both the 
75- and 40-meter bands, 

As shown in the accompanying dia- 
gram, the array has two half-wave sloping. 
‘elements joined by a 1/8-wave, 300-ohm 
phasing line. Transposing the phasing line 
should bring the element currents into 
phase. I find the antenna is broadbanded, 


Ta spp tse tao teed for = 
‘Transmatch pelea 

TF one desires to suspend an additional a" 
sloper from the tower for a directional VA Coane 
change, installation of remote switching at aL ee 


the top of the tower will permit the use of a 
single transmission line. Otherwise, sepa- 
rate transmission lines will be required. 
Ends of the antenna are suspended by u 
ropes with the tops placed roughly 1 foot, 
away from the tower. An angle of 45 de- 
Brees between the antenna and ground 
should be maintained, Do not use an angle 
greater than 50 degrees, Resonance with 
the dimensions shown should occur near 
3.8MHz for the 75-meter sloper and 7,150 
for the 40-meter antenna, = anchor "3 a 
How well do my antennas work? Thave vonoms A 
contacted stations “across the pond” while 
‘competing with the big boys who sport When Carl Bissonnette, WATAKR, chases DX he uses a sloper like the one illustrated. 
three and four-element beams. [have also Cat's arrangement is fashioned alter the famous BJK beam, The feed system resembies 
experienced little difficulty in working that of the ZL Special 
‘VKsand ZLs,—Carl Bissonnette, WAIAKR 


Ro- ef) 
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From QST, June 1983 (Hint 


Inexpensive 30-Meter 
Beam Antenna 


In about two months of operating on 
the new 30-meter band [have worked all 50 
states and over 50 countries. My antenna is 
simple but effective, It is a rotatable 
inverted V beam. Figure 1 shows the con- 
struction details, The antenna boom is sus- 
pended from a tree branch about 50 feet in, 
the air. The antenna can be rotated 360° 
simply by moving the two ground stakes. 
All of the materials to build this antenna 
cost me less than $25. 

Eq. 1 gives the driven element length, 


Eq, 2 gives the director length, and Eq. 3 
gives the element spacing that I used. 


DE. length = 476/fyy. (Eq. 1) 
(Bq. 2) 


(Eq. 3) 


‘The feed-point impedance is around 30 
‘ohms, [used a matching transformer made 
by connecting two 1/4-A, sections of RG- 
59/U coaxial cable in parallel. One end of 
the transformer connects to the antenna, 


and the other end goes to $0-ohm cable to 
the shack, Figure 1B shows how this is 
wired. Perhaps the easiest method to join 
the two pieces of 75-ohm cable is to use 
coaxial T connectors. You should use a 
balun atthe antenna feed pointto prevent ff 
from flowing on the outside of the shield 
braid. 

Talso built an antenna of this type for 40. 
meters, and it works great. I guess the key 
wordis rotatable! —Jon Ferrara, NSDWR, 
Chattanooga, Tennessee 
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Figure 1—Construction details for a 30-meter inverted V beam are given at A. A coaxial-cable impedance-matching transformer 


shown at B. 
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By Roy W. Lewallen, W7EL From QST, June 1984 


Try the “FD Special” 


Antenna 


While the Field Day “juices” were low- 
ing last year, my Field Day partners and I 
ecided to become more competitive with- 
out compromising our general philosophy: 
Use all homemade gear, packitin to thesite, 
and don't let operating interfere with watch- 
ing the scenery, Since most of our gear 
ready ran the accepted QRP power limit of 
10-W de input and had been designed to 
provide high output efficiency, the antenna 
Seemed like the reasonable point of attack 
(ourhigh quality superheterodyne receivers 
have not been the limiting item). The con- 
straints dictated that an antenna be light- 
weight, portable and easy to putupItshould 
also have substantial gain, 

Because of our West Coast location, the 
front-to-back ratio was not a concern. But 
having a reasonably wide lobe toward the 
East was. We desired a low SWR because 
of the relatively high loss of our RG-58/U 
and/or RG-174/U feed line, We were inter- 
ested only in the CW portion of the band, 
but this antenna works well overall of the 
band. It seemed that 20 meters would be 
‘our main “money-maker,” so we designed 
the antenna for that band. It can be scaled 
for other bands, too. 


‘The Research 

Although a number of antenna types 
might have done the job, I settled quickly 
on a horizontal, close-spaced, driven 
array. Experience has shown that driven 
arrays are generally more tolerant of im- 
perfect construction and erection than are 
parasitic arrays. Experience and much mea 
urement have convinced me that horizon- 
tal arrays outperform vertical ones in the 
high-frequency bands, except perhaps from 
an exceptional location, In addition, we 
didn’t want the nuisance of establishing a 
decent ground system— which most verti- 
cal arrays require. 

‘The theoretical gain and front-to-back 
ratio of 2-element arrays with 1/8-wave- 
Jength spacing between the elements are 
shown in Figures 1 and 2. Note the lower 
curve of Figure 1. Tt shows the effect of 
losses on the gain (losses don’t affect the 


Looking for an antenna that’s simple, inexpensive, 
lightweight and easy to install? Here’s one that fits 


the description. 


front-to-back ratio, and change only the 
scaling of the pattern). Figure 3 shows the 
patterns of arrays with 135, 160 and 180- 
degree relative spacing. All are drawn to 
the same scale, The 1/8-wavelength spaced, 
135-degree-fed array is frequently called 
the “ZL Special.”! The close-spaced, 180- 
degree-fed array is known as an “8JK."> 
From 135 to 160 degrees, phasing was 
chosen because of the combination of rela- 
tively high insensitivity to loss, reasonable 
gain and wide forward lobes. Note that the 
gain stays about the same in this range, 
ensuring good performance if the phasing. 


isn’t exactly as predicted. Actually, it’s 
much easier to generate and maintain pre- 
cise 180-degree phasing than the angles 
I've chosen — particularly over a wide fre- 
quency range. 

There's one major flaw (usually fatal) 
ina simple analysis like the one presented 
here: It assumes that equal-magnitude cur- 
rents are flowing in the elements. This is 
not easy to realize, for even in arrays with 
elements spaced 1/2 wavelength or greater, 
mutual coupling has a profound effect on 
‘element impedances. This changes them 
dramatically and unequally, as a rule. This 
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Figure 1—Curves that show gain versus phase angle for two-element arrays with 1/8- 


wavelength spacing, 
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Figure 2—Theoretical F/B ratio for a two-element array with 1/8-wavelength spacing 


impedance change is a function of not only 
“mutual impedance,” but also the relative 
magnitudes and phases of the currents 
flowing in the elements. In an array as 
closely spaced as these, coupling is so inti- 
‘mate that it could be argued that the term 
“driven array” isa misnomer. Forexample, 
the feed-point impedances of the elements. 
in a 1/8-wavelength-spaced array, assum- 
ing equal currents can be made to flow, are 


Phase Angle Loading Lagging 
Between Currents Element Element 
(Degrees) (Ohms) (Ohms) 
135 28—j46 28 + j46 
160 13-}22 13+ j22 
180 9+j0 9+ j0 


This shows quite a change from the 74+ 
4j0 ohms value that each element exhibits 
when it is not coupled to another element, 
‘The fact thatthe resistive parts of the two- 
element impedances are equal, and the 
reactances are equal in magnitude, is a pe- 
culiarity of the particular element spacing 
chosen, For other spacings they will be 
‘unequal, and the reactances can be differ- 
ent in magnitude, as well asin sign, 

‘This mutual coupling isn’t undesirable; 
in fact, it's essential for obtaining gain i 
the presence of rather severe pattern can- 
cellation that is common in these closely 
spaced arrays. The lowerimpedances cause 
more element current to flow for @ given 
power input, thereby increasing the fields 
from the elements. In these arrays, the in- 
creased field strength is sufficient to com- 
pensate forthe fact that the fields from the 
‘elements don't add in phase in any direc- 
tion. They partially or completely cancel in- 
stead. But, the lower feed-point impedances 
make them more sensitive to losses, and the 
low resistance with relatively high reac- 
tance makes them tricky to feed properly. 

‘Why do these different and reactive feed 
impedances make feeding the arrays so dif- 
618 Chapter 6 


ficult? The first problem is that, with few 
exceptions, the magnitude of current out of 
a line not terminated in its characteristic 
impedance won't be equal to the current 
into the line. In classic “If you can't fix it, 
feature it!” fashion, this impedance-trans- 
forming property is put to good use in the 
form of the 1/4-wavelength Q section.” The 
second (and almost always overlooked) 
difficulty is that, again with only a few 
exceptions, the phase delay of current in 
‘an imperfectly terminated transmission line 
doesn’t equal the electrical length of the 
line, This effect isn’t minor: The phasing 
of a casually designed array can easily be 
off by tens of degrees. In one design 1 in- 
vestigated, an 80-degree line produced 139 
degrees of phase shift, 


The Solution 

‘There are anumber of approaches toward 
correct feeding of an array. My choice was 
to investigate some simple feed systems to 
see ifany would yield results that came close 
tothe desired characteristics. !wrotea com- 
puter program that would solve, iteratively, 
for element-current magnitude and phase 
angle, plus feed-point impedances for this, 
one type of array, given the array specifics. 
Several configurations looked promising, 
and one of the simplest proved adequate. 
‘This was an array of two folded dipoles that 
were self-resonant, spaced 1/8 wavelength 
apart and connected by a taut piece of 300- 
‘ohm TV ribbon with one half twist. The feed 
impedance was close to 50 ohms resistive. 
There was some inductive reactance that 
could be corrected by adding two small- 
value capacitors at the feed point, The ele 
‘ment current ratio was 1.13:1, with element 
phasing that was 154 degrees. This was not 
the 124 degrees one might expect from the 
56 electrical degrees of line — assuming a 
velocity factor of 0.8 — minus the 180 de- 
agrees caused by the half twist. 

Tt was this array that we used for Field 


Figure Dipole array patterns for 135, 
460 and 180-degree relative phasing at 
148 spacing. Curves A,B and C. 
respectively, represent these conditions. 
‘Add 8 dB fot dd. These curves are based 
‘on the array being fed with equal currents. 
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Figure 4—Element current ratio (A) 
‘and phase angle (B) as a function of 
frequency. 


Day, with very good results (see section on 
performance). However, when the array 
was reconstructed at the home QTH, a dra- 
matic rise in SWR was noticed when oper- 
ating the antenna at other than the low end 
of the band. Computer analysis showed 
that, above the design frequency, the phase 
angle increased. This caused a substantial 
lowering of the element feedpoint imped- 
ance, plus narrowing of the forward lobe. 
‘The analysis also showed the antenna to be 
‘well-behaved below the design frequency. 
‘Consequently, a similar array was designed 
figuratively speaking) for 14.5 MHz, Tt 
gave good results over the 20-meter band, 


Figure 5—Caloulated antenna patterns for 
the high and low ends of the 20-meter 
band. Add 5 d8 for dB, 


Element phasing varies from 135 degrees 
at 14.0 MHz.to 148 degrees at 14,35 MHz, 
with current ratios from 1,04 to 1.13:1 (see 
Figure 4). The gain can be calculated as 
fairly constant from 4.5 to 4.6 dBd across 
the band. Again, the array feed-point im- 
pedance can be corrected easily to provide 
alow SWR. The calculated patterns for the 
antenna at the top and bottom ends of the 
20-meter band are shown in Figure 5. These 
take into account the changes in element 
phasing, spacing, current magnitude and 
element self-impedance with frequency. 


Construction 

‘The antenna is made from quality 300- 
ohm TY line to the dimensions given in 
Figure 6, Sketches ofthe insulators are pro- 
vided in Figure 7. They are made from scrap 
pieces of epoxy-glass PC-board mat 
This results in ruggedness and minimum 
weight. The spreaders are re lable 
10-foot lengths of “I inch’ in OD) 
schedule 40 PVC pipe, The capacitors are 
used only to provide a good match to 50- 
‘ohm feed line: They don’t otherwise affect 
the performance of the array. Small 500-V 
mica or monolithic ceramic units may be 
used for power levels up to a few hundred 
watts, since they are at a relatively low- 
voltage part of the system. Open-ended 
stubs could probably be substituted for the 
capacitors, if desired. I recommend that a 
balun transformer be used with this an- 
tenna. Attempts to measure the impedance 
of one element of this array resulted in a 
‘unique experience — the first substantial 
evidence of the need to use a balun trans- 
former. The antenna-bridge readings var- 
ied greatly as the measuring equipment 
was moved, or as I placed my hand around 
the feed line. This ceased when I added a 
balun transformer. The phenomenon is ex- 
plained by Maxwell in a recent paper.’ 
Nearly any style of balun transformer will 
prevent the unwanted flow of current on 
the coaxial cable outer conductor. I use a 
choke type of balun transformer. Itconsists 
of 10 turns of small-diameter coaxial cable 
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Figure 6—Electrical dimensions for the W7EL array (A). Illustration B shows how the 
antenna is assembled on spreaders of PVC pipe. 
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Figure 7—Detalls for the antenna insulators used in the two-element 20-metar array. 
‘The drawing at A shows how the TV ribbon is affixed to the feed-point/phasing-line 
insulating block. The example at B provides details for the end insulators. 
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smartphone. 


forming tasks 


‘Alarm systems ara a second field that batteryless wireless 
technology is opening up, due to its specific features. Here, the 
reliably requirements are much more stringent than those 
required for lighting controls. A system failure not only means a 
malfunction but also can cause much more serious consequences 
{or other systems that depend upon the equipment being 
‘monitored. I's a fact that more malfunctions are caused by battery 
failures than by the electronics, especially in large systems. Energy 
harvesting overcomes this issue, 


‘There are already various batteryless wireless water detectors 
avalable that use miniaturized solar calls or mation energy 
converters to power wireless signals that report water leaks in 
areas such as water supply networks in spacious industrial 
{aciias, In the AFRISO universal module, for example, the 
EnOcean wireless signal immediately sends the leakage information to a gateway controler or directly to a valve, causing the 
main water pipeline or the affected supply ine to be shut of. A notification is sent to the user's smartphone or smaripad at the 
‘same time to inform the user about the incident. In addition, the water valve can be opened and clased, independent of 
leakage notifications, by GSM connection via smartphone or smartpad, 


Embedded processing 


‘A major requirement of today's and the future energy supply is the Smart Grd. It's intended to network centralized and 
‘decentralized energy suppliers, including private homes producing electricity by photovoltaic installations, to aninteligent 
system that provides energy only when needed, updating in real time. This requires continuous data flow and processing from 
al involved parties, which means from millions of information points. 


‘A-key component is smart metering systems. To work reliably and cost-eficiently,interoperabilty between the meters is 
‘supplied by different manufacturers; this is why smart metering calls for standardized technologies. Consaquently, the 
members of the EnOcean Alliance have defined a specific device communication protocol, the Automated Meter Reading 
(AMR) profile for batteryless wireless devices. Smart meter systems based on this open protocol are already available from a 
hhumber of manufacturers. For example, Eltako meter components read and transmit the current electricity, water, and gas 
consumption, including accumulated meter figures, by means of energy harvesting wireless technology located at a variety of 
points inside a building. BSC software monitors and displays the current mater readings and compares them against default 
values. This makes all relevant data available for systems processing for intelligent energy management on demand. 


Bridge to the cloud 


Via similar gateways, the standard-based eneray 
harvesting technology can also communicate with 
Ethemel, Wi-Fi, GSM/UMTSICDMA, and other 
networks for integration in cloud services. Here, all 
data collected by batteryless wireless sensors is 
encrypted and transmitted to a cloud service over the 
Internet. The gateways connected to a control and 
visualization software by TCPIIP that can be used to 
control all relay receivers and sensors biirectionall. 
‘Some manufacturers have developed a cloud 
solution that offers energy management as a servic, 
Therefore, faclity managers, building owners, and 
businesses can monitor important inventory, 
equipment, assets, and energy-related information 
{rom anywhere at any time, via the cloud. Critical 
building-related data is automatically pushed to the 
cloud, freeing owners and managers from the aften- 
Challenging coordination and expense of hosting on- 
site servers, 
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(One of the major advantages of such a cloud-based 
solution Is that the management system arrives. 
completely precommissioned from the manufacturer 
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land ongaing device commissioning is expertly dane 
6 behalf ofthe client and pushed out from the cloud. 
The users are granted unlimited access to their remote, dedicated virual server with their own IP address, accessible from a 
‘desktop or smariphone — the perfect precondition or a deeply connected worid of an IoT. 


‘The energy harvesting market is growing and multiplies on a year-by-year basis. Forecasts show that this trend will continue, 
especially as the next generation of energy harvesting wireless solutions is just around the corner to pave the way to the 
Internet of Things, 


Laurent GiaiMiniet is CEO of energy harvesting wireless solutions provider EnOcean and previously spent 20 years with Texas 
Instruments (TI), where he held several management positions including General Manager for Low Power RF Products 
(PRP), 


Related News: 
@ Energy harvesting for Internet of things - 02.07.2014 01:48 
Consumer market will drive industrial Internet of things for manufacturing - 06.03.2014 11:43 
@ How the intemet of Things will affect consulting engineers - 02.01.2014 11:35 
@ IP-al-the-way is the way to go - 23.07.2013 01:28 
6 Integration: Lighting and HVAC systems - 16.04.2013 01:30 


‘tps: www.csemag.con/home/single-article/energy-harvesting-power-for-the-interet-ofthings/8e949580956201d39e7ec tcb4b9f9ec:. html 
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Figure 8—SWR curve obtained at the end 


of a 45-foot length of RG-58/U coaxial 


cable. 
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wound on a ferrite toroid core. The OD is 
approximately 1'inches, and itis mounted 
atthe feedpoint insulatorby means of small 
nylon cable ties. 

If you use the array for portable opera 
tion, a8 we did, the 10-foot spreaders are 
‘out ofthe question, at least in their original 
form, We cut ours in half for “packing in,” 
then used PVC cement to glue them to: 
ether at the FD site. PVC pipe couplings 
were used to join the sections. The glue 
container was enclosed in polyethylene 
sandwich bags, just in case a leak devel- 
oped. At the end of our FD exercise, we 
used the saw blade of KOED's Swiss army 
knife to cut the PVC pipes again for easy 
transport, The spreaders were glued to- 
gether again for use at the home station. 
‘The antenna is held horizontal easily by 
attaching apiece of twine to the nondirectly 
driven element insulator. This counteracts 
the weightof the feed lin that is connected 
to the other element. 


Performance 

‘The “FD Special” has been in use at 
WTEL for some time, Array gain has been 
compared to that of an inverted V at the same 
height. The calculated performance values 
appear correct within the measurement ca- 


pability, The front-to-back ratio has not 
been measured. The SWR at the end of 45 
feet of RG-58/U feed line is shown in Figure 
8. The SWR is important only when a lossy 
line feeds the array, or when it is driven by 
an intolerant transmitter (with built-in SWR 
shut down), which is now the norm, 

Perhaps the most revealing performance 
indication was provided by a person who 
encountered us several times on 20 meters 
during Field Day. He was operating for 
another, very competitive local club. After 
the exercise he remarked,"The only reason 
Thelieve you guys were running an honest 
10 Wiis that know Wes Hayward (W7ZO1) 
was there.” Indeed, we used 10 W or less 
input while operating—and 0 W while 
watching the mountain scenery! 


Notes 
IMy apologies tothe rst person who described 
of named this antenna, I dont know fs hs- 
{ory (See LA. Moxon, Two-element Driven 
‘rays." OST: July 1982, p28.) 

lames after WB, Or iohn Kraus, “Antenna 
‘Arayswith Closely SpacedElemenis” Proc. 
In Fob. 1980. 

The ARAL Antenna Book 

IRL, (862). 

‘ram = nx 25.4; m = 1x 0.0348. 

SW. Maxwell “Some Aspects of the Balun Prob- 
fem" OST. March 1383. 


By Riki Kline, 4X4NJ rom QST, February 1985 


Build a 4X Array for 160 


Meters 


Is yourlament a common one—noroom 
{for an effective DX antenna on 160 meters? 
This complaint is voiced frequently by 
amateurs who live in urban areas, or who 
are programmed toward horizontal wire 
antennas. But, a number of successful top- 
bband operators have adopted the philoso- 
phy, “If you can’t go out, go up!” It is no 
secret that a physically short vertical an- 
tenna is generally more effective than a 
horizontal antenna that is close to the 
ground electrically, at least for DX work. 

My 4X array is electrically rotatable. It 
is compact and is effective as a low-angle 
radiator, Let's examine how my antenna 
evolved from some basic designs. I will 
also cover the practical details of construc- 
tion and system performance, 


‘The Tilted Ground-Plane Look 

The tilted ground plane is almost iden- 
tical to the usual vertical, The physical 
format of this antenna resembles a four- 
conductor ground plane, The major differ- 
ence is that the radiating elements tilt up 
toward the supporting structure. The 4X 
array contains four sloping ground planes. 
Each of the slope wires is 100 feet long. 
They are supported atthe high end by an 
80-foot tower. A four-element, 20-meter 
Yagi antenna is atop the tower. 

Each of the sloping wires is fed sepa- 
rately near ground by means of a tapped- 
coil matching device (Figure 1) that is 
returned to radial wires and ground rods. In 
effect, each radiator isa ground-plane ver- 
tical antenna that is slightly less than 0.25 
wavelength. The matching inductor pro- 
vides resonance and effects an impedance 
match to the coaxial feed line. 

believe that the metal tower and 20- 
meter antenna may possibly be functioning 
asareflector because the Yagi antenna and 
tower combined with ground wires are 
resonant slightly below 1,8 ME. 


‘Two Tilted Ground-Plane Verticals in 
Phase 


Thad excellent results with one sloping. 
vertical. Next, [installed a second system 


in the opposite direction. Switching be- 
tween the {wo antennas (north-south 
sloping radiators) showed considerable 
front-to-back ratio (a relative reading of 
15-20 dB). Subsequently, I connected the 


Low-angle radiation and electrical rotation of 
directivity are the features of this vertically polarized 
top-band antenna. If you are interested in 160-meter 
DX, this system could be your secret weapon. 


two antennas in phase. This gave a bidirec- 
tional pattern, east and west. Although [did 
not gather extensive data on the perfor- 
mance, I observed a 6-dB signal improve- 
ment with stations about 700 miles to the 
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Figure 1—Basic tilted ground-plane vertical. L has 25 tums of heavy conductor (see 


text); 
above ground. 


ingth is 5'/ Inches, and diameter is 3 inches. Radiator Is tapped 15% ums 
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‘east, Some of you may want to explore the 
possibilities further. Figure 2 shows the de- 
tails of the two-element phased system. 


The 4X Configuration 

‘Two more tilted ground-plane verticals 
were added, thereby providing east-west 
sloping radiators (Figure 3). A switching 
and phasing arrangement was added to my 
4X array. It allows me to feed any of the 
slope wires separately, adjacent pairs in 
phase, or all four wires in phase. When 
using adjacent pairs in phase, maximum 
radiation is along a line that bisects the 
angle between the two antennas (NE, SE, 
‘SW or NW directions). When I feed all four 
wires in phase I note that the radiation is 
essentially omnidirectional. All of the 
unfed radiators are resonated to serve as 
reflectors. This concept is described in The 
ARRL Antenna Book My switching net- 
‘work is shown in Figure 4, 


Phasing Networks 

Most phasing methods call for long 
lengths of non-50-ohm coaxial cable.* I 
found this economically prokibitive. This 
negative factor inspired the approach Tam 
using. 

Each of my radiators is fed by means of 
115 feet of RG-213 coaxial cable (formerly 
Figure 2—Two tiled ground-plane antennas that can be fed separately or in phase. The  RG-BA/US0-ohm line). The coil atthe base 
eed method is shown in Figure 1, with the method of Figure 7 used for feeding the oe aac Wick ie al GE GAC a ane 
meena aaa nance and SWR as the remaining three 

. The verticals to be fed in phase have 
their transmission lines connected in paral- 
Tel through a suitable network for changing 
the reflected impedance back to 50 ohms. 
\ cA | Mynetworts arshown in Figures 7 and 


‘Tapped-Coil Matching 

By using inductance and no intentional 
parallel capacitance for my matching coils, 
Tamable to obtain greatereffective antenna 
‘bandwidth because of reduced Q. Stray ca- 
pacitance and antenna capacitance to the 
tower and ground are present, however. All 
electrical connections are soldered. A 
simple rain cover is used over each coil to 
protect it from moisture and dirt. The ab- 
sence of switches, variable capacitors and 
rotary inductors enables construction of a 
highly reliable matching system without 
the need for weatherproof boxes. 

‘This system is relatively easy to tune to 
obtain nearly identical performance from 
each antenna branch. This becomes a 
necessity when using “brute-force” paral- 
lel feed in the phased-pair and omnidirec- 
tional modes. Otherwise, the power 
distribution and phasing would be dis- 
turbed. This would distort the radiation 
pattern, Large-diameter, heavy-conductor, 
air-wound coils are best for this job, Two 
of my coils are made from silver-plated 
1/4-inch-diameter copper tubing. The two 
remaining coils are made from large, flat 
conductor material of the kind found in 
some rotary inductors 

used a dip meter to adjust the coils for 
resonance (coaxial cables disconnected). 
Figure 3—The 4X array as viewed from above the tower, My coaxial cables were tapped initially one 
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Figure 5—Chart that shows SWR versus. 
frequency in kilohertz, 
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Figure 6—Directivity pattom of the array. 
The pattem is a composite average of 
‘measurements made while receiving 10 
different stations. There is no apparent 
difference between the two directive 
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Figure 4 Switching eystem for the 4X aay. L1 tough La inclusive, ar described in 


the text. At, A2 anc 


Care connected to the matching circuit shown in Figure 7. B1, B2 


land C are connected to the matching circult shown in Figure 8. St is a heavy-duty 
‘ceramic rotary switch, five poles, nine positions. J1~J5, inclusive, are coaxial connectors 


of the bullder's choice, 


third ofthe way up from the ground ends of 
the coils. Final ap placement is made while 
feeding power to the antenna and observ- 
ing an SWR meter. Alligator clips make 
this an easy matter to accomplish. When 


the SWR bottoms out atthe same frequency 
for all four radiators, remove the alligator 
clips and solder the coil taps in place. Some 
interaction between the four antennas will 
‘occur, so make certain that all of the taps 


modes—single radiator or phased pair. 


are where they belong before soldering 
them, 


Reflector Tuning 

‘The radiators not being fed are used as 
reflectors. This is done by switching small, 
inductors in parallel with the ends of the 
coaxial feed lines. My inductors contain, 
three or four turns of no. 16 wire wound 
around the center part of a 3/8-inch-diam- 
‘eter ferrite rod from a built-in AM broadcast 
receiver antenna, The coils are adjusted to 
give a resonance that is four percent lower, 
than the resonant frequency of the radiators. 


Ground Conditions 
‘The efficiency and performance of the 
antenna depends on the quality of the 
ground system, Note 3 provides a good ref- 
erence for ground systems, and a bibliogra- 
phy, Each of my radiatorsis worked against 
4 counterpoise that contains two or three 
1/4-wavelength wires, bent to fit in the 
boundaries of my property. In addition, 1 
use a 10-footrod in the ground, Water pipes 
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Figure 7—Phased-pair matching network. 
Cis a 1000-pF variable, rated at 1000 V 
(or greater. LIs 30 alrwound turns of heavy 
‘conductor (see text), 7 inches long and 
‘3% inches in diameter. 


and all other available underground metal 
objects are tied to my ground system. You 
should try to extend your radials in the di- 
reetion of the preferred radi 


Insulators 

‘The top ends ofthe radiators contain high 
RF voltage. I use 15-inch-long Plexiglas 
strips as insulators, after having problems 
with 8-inch-long commercial plastic insula- 
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Figure 8—Network for omnidirectional use. 
Cand L are the same as for Figure 7. 


tors. Moisture and air pollutants caused these 
problems. The present insulators need to be 
cleaned periodically, High-quality glass in- 
ssulators ofthe type used aboard ships should 
be excellent and, with luck, should not re- 
quire periodic cleaning, 


Receiving 
‘The antenna directivity enhances recep- 
tion by rejecting signals from unwanted 


directions, 1 was encouraged when I 
compared my 4X array to an 800-foot un- 
terminated Beverage antenna that is 
bidirectional NW and SE. In the past, the 
Beverage wire showed an 8-10 dB S/N ad- 
vantage over the tilted north vertical alone. 
During long-haul QSOs to North America, 
the 4X array, used in the phased-pair mode, 
‘comes within 3 dB of the S/N ratio pro- 
vided by the Beverage. 


In Conclusion 
Many European stations tell me my 
als are as strong as local ones. On oc- 
casion they remark that I have the loudest 
signal on the band. 

It’s a pleasure to have a directional ar- 
ray on top band. I simply turn a knob to 
rotate the pattern — much faster than amo- 
tor can rotate a typical beam antenna! The 
4X array is compact and can be supported 
by the existing HF-antenna tower. I hope 
that some of you will try this antenna, and 
look forward to hearing from you about 
your results, 


Notes 
‘mn = ft x 0.8048; mm = in x 25.4; km = mi x 
09, 


1984), p, 8-12. 
ter DXing (Greenville, NH 
tions Technology, 1976). 


By Rod Newkirk, W9BRD 
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The "BRD Zapper: 
Quick, Cheap and Easy 
“ZL Special” Antenna 


‘Working Europe from Chicago with low 
power on 21 MHz, using an indoor, 
bent-ends W8IK bidirectional wire beam 
(Figure 1)', is fairly straightforward fun, 
Voltage feed via a 1/4 stub, gamma- 
matched to coax, is hard to beat for spartan 
simplicity. No worry about balancing ele- 
‘ment currents, no nitpicking with element 
lengths. Just make the whole system sym- 
metrical and dip it to your favorite fre- 
quency by adjusting the stub-shorting 
point. The 81K has a similar pattern and 
good gain all the way from the fundamental 
to the second harmonic, so it's really a 
‘multiband antenna. You can roll the whole 
thing up in three minutes when it's not in 
use, 

‘One problem: The bidirectional charac- 
teristics ofthe 8JK cause my ears to be flat- 
tened regularly by undesired signals from 
the direction opposite Europe. Unless 
you're in the geographical center ofa three- 
‘way QSO, the unused lobe of this antenna 
can be anuisance. Question: Isit feasible to 
convert easy 180° bidirectionality to tricky 
135° unidirectionality without resorting to 
clumsy center-feeding, multi-wire-dipole 
elements, balanced-gammas, etc? 

Yes—because there's a unidirectional 
ZL Special lurking in our little JK, The 
principal difference between the W8)K and 
the ZL Special lies in the phasing: In the 
89K, the elements are fed 180° out of phase; 
in the ZL Special, they're driven 135° out 
of phase. Therefore, instead of feeding the 
antenna nearthe stub’s shorting point, we'll 
need to feed it /16 from the stub's shorted 
‘end. That's where the feed path to one ele- 
ment is /8 (45°) longer or shorter than the 
other, which, after the stub's 180° phase 
reversal, produces the 135° phase shift that 
‘were looking for between the elements 

‘You can find the proper feed point on 
the stub by “sniffing” signals of known 
origin along one side of the stub with the 
insulated center conductor of some coax 


Here’s a multipurpose directional wire antenna that 
has its origins in Kraus, Windom and Newkirk 


(who?-Ed.). 


hooked toa receiver. (Start looking for this 
point by measuring 1/16 up from the bot- 
tom of the stub.) It’s refreshing to hear 
Europeans rolling in while mostof the mur- 
derous rearward signals now barely budge 


the § meter! Directivity is reversed at the 
opposite stub point (Figure 2) 

So he's in there all right, that ZL Spe- 
cial, but coaxing the wily rascal out for an 
honest day's work is a challenge. The ZL 


Twn-Leod 
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Figure 1—W9BRD's WAJK wire beam for 21 MHz, made to fit the dimensions of the 


townhouse bedroom th 
lengths should be clos 
the element spacing 


It occupies. its dimensions aren't critical, although the element 
to 1/2 (total, each), the stub should be 1/4 or odd multiples, and 
‘should be close to 2/8. At the botiom of the stub, connect 


th stub 


Wires and the coax braid together, alter resonating the system as outlined in Note 2. The 
42-inch tap distance and 100-pF variable capacitor constitute a gamma match that 


brings the stub impedance to 50 2. 
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Figure 2—The antenna of Figure 1 configured for unidirectional operation with 135° 
‘element phasing. Resonate the system as described in Note 2 and connect the coupler 
‘very short wire to one leg of the stub about /16 above the stub-shorting point. The 
‘coaxial choke is needed to ali feedsline radiation, which can ruin the rearward null 
that this system provides. 


\ \ 
ALR 
Wey 
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L Choke (see text) 
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Figure —Matching-network and coaxial-choke details for the ‘BAD Zapper. L consists 
of 10 turns of no. 16 wire, 1" in. di alr core, space wound, For 100 W or less, 
broadcast-type variable capacitors are suitable. Adjust the inductor-tap point for lowest 
‘SWR. The coaxial choke is made of 30 turns of RG-88 wound on a ferrite rod, 


Special has a very sharp null in one direc- cessive leakage would put us right back at 
tion when the element phasing is right, but the mercy of those loud signals from the 
unbalancing the stub could costus that null. other direction. Therefore, the coupler must 
Fortunately, when the system is resonant, be builtin the most compact form possible, 
the 135° tap point has a moderately high mounted right at the stub, and isolated to 


resistive impedance, making for easy 
‘matching of the antenna to 50-0 coax viaa 
T network (Figure 3). 

Pattern distortion through incidental ra- 
tion and pickup must be minimized. Ex- 
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keep the feed line from distorting the pat- 
tern, Such isolation is done at W9BRD via 
@ home-brew coaxial choke made of 30 
tums of the antenna’s RG-S8 feed line 
wound on @ ferrite rod just before the 


‘matching network, 

Because feeder radiation could upset the 
stub balance—and thus spoil the antenna’s 
rearward null—the single-wire run from the 
matching network to the antenna had better 
be no more than an inch or two. Here, I'm 
borrowing on the single-wire-feed theme by 
Windom. Any circuitry above the choke 
will behot with RF, soa bulky meters-bells- 
and-whistles matching unit will not do. It's 
best to use a compact, barebones, dedicated 
network. Run the stub all the way down 
from the flat top if possible. Incidentally, 
the tap point on the stub corresponding to 
the best rearward null is higher on the stub 
for element spacings wider than 2/8. Sys- 
tem Q is also lower with wider spacings, 
but gain is maximum at 1/8. 

AAs for the stub itself, TV twin lead is 
okay indoors, but close-spaced, end-fire 
elements mean high voltages and currents 
If the stub is to be longer than a quarter 
‘wavelength (odd multiples only) or outside 
in the weather, low-loss, open-Wire line is 
‘a must, You can run the stub of an outdoor 
version directly into the shack for handy 
directivity reversal 

Though we've been talking horizontal, 
this setup should be equally interesting asa 
vertical. By the way, when the elements are 
placed horizontally, ane above the other, 
135° phasing accentuates radiation and re- 
ception athigh angles. Neat forlocal traffic 
nets, Sweepstakes and Field Day! 


Notes 
"Dr John D. Kraus, WEUK, fi 


fenna in three articles in Radio magazine 
4937 and 1939, and in Proceedings of the 
IRE, Feb 1940. 

*The easiest way to do this is with a dip meter 
Jab a straight pin into each leg of the stub 


‘near the bottom, 
stem by bring- 
ing the dip motor close to the shorted pins. 
Locate resonance using the dip meter and 
‘measure the dipsmeter traquency on your re- 
‘ceiver. Move the pins up or down the stub and 
Tepeat the process until the antenna is reso- 
hhant at or near your frequency ‘of Interest, 
‘When you've dont this, cutthe stub strip and 
‘soldera shortinthe wires where the pinewere 
Tocated at resonance, 

301 course, this antenna can be cantar fed in 
either Its bidirectional or unidirectional 
modes. Such fal tops are deseribedind. Hall, 
Ed., The ARAL Antenna Book, 15th 20, 
{ Newington: ARAL. 1986), Chapler 8, and 

jevoldere,, LowBiand OXing (Newington: 
ARRL, 1987), pp 2-101 through 2-102. 


From The ARRL Antenna Book 18th Edition 


Combination Driven 


Arrays 


Broadside, end-fire and collinear ele- 
ments can readily be combined to increase 
gain and directivity, and this is in fact usu- 
ally done when more than two elements are 
used in an array. Combinations of this type 
give more gain, ina given amount of space, 
than plain arrays ofthe types just described. 
‘The combinations that can be worked out 
are almost endless, but in this section are 
described only a few of the simpler types 

‘The accurate calculation of the power 
gain of a multi-element array requires a 
knowledge of the mutual impedances be- 
tween all elements, as discussed in earlier 
sections. For approximate purposes it is 
sufficient to assume that each set (collinear, 
broadside, end-fire) will have the gains as 


want 


wa 


Natona 


~/ 


given earlier, and then simply add up the 
gains forthe combination. Thisneglects the 
effects of cross-coupling between sets of 
elements. However, the array configura 
tions are such that the mutual impedances 
from cross-coupling should be relatively 
small, particularly when the spacings are 
1/4 4 or more, so the estimated gain should 
be reasonably close to the actual gain. 


FOUR-ELEMENT END-FIRE AND 
COLLINEAR ARRAY 

‘The array shown in Figure 1 combines 
collinear in-phase elements with parallel 
out-of-phase elements to give both broad- 
side and end-fire directivity. Itis popularly 
kknown as a “two-section W8IK" or “two- 
section flat-top beam.” The approximate 
gain calculated as 
described above is 
6.2 dB with 1/8-A 
spacing and 5.7 dB 
with 1/4-2 spacing, 
Directive patterns 


Figure 1—A fou 
elements and parallel end-fire elements, 
WAJK array. 


rent array combining collinear broadside: 
popularly known as the 


are given in Figures 2 and 3. 

‘The impedance between elements at the 
point where the phasing line is connected is 
of the order of several thousand ohms. The 
SWR with an unmatched line consequently 
is quite high, and this system should be con~ 
structed with open-wire line (500 or 600.2), 
if the line is to be resonant. With 1/4-A el- 
cement spacing the SWR on a 600-Q line is 
estimated to be in the vicinity of 3 or4 to L 

To use a matched line, a closed stub 
3/16 4 long can be connected at the trans~ 
mission-line junction shown in Figure 1, 
and the transinission line itself can then be 
tapped on this matching section atthe point 
resulting in the lowest line SR. This point 
‘can be determined by trial. 

‘This type of antenna can be operated on 
two bands having a frequency ratio of 2 10 
1, if-a resonant feed line is used. For ex- 
ample, if designed for 28 MHz with 1/4-2 
spacing between elements it can be oper- 
ated on 14 MHz as a simple end-fire array 
having 1/8-A spacing, 


Figure 3—Vertical pattern for the four-element ante 
1 when mounted horizontally. Solid curve, hel 
‘curve, height 1 2 above a perfect conductor. 


horizontal pattern, 


of Figure Fig 
t Ve A: broken 


‘2—E-plane pattern for the antenna shown in Figure 1 
‘The elements are parallel to the 90°-270° line In this diagram. 
Less than a 1° change In half-power beamwidth results when 


the spacing Is changed from ‘Js to "742. 
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Figure 4—Four-element broadside array (“lazy H") using collinear and parallel 
elements. 


Figure 6—Vertical pattern of the four-element broadside antenna of Figure 3, when 
mounted with the elements horizontal and the lower set '/: . above a perfect conductor. 
“Stacked” arrays of this type give best results when the lowest elements are at least 

‘Ye; high. The gain is reduced and the wave angle raised if the lowest elements are 
close to ground 


FOUR-ELEMENT BROADSIDE ARRAY 

‘The four-element array shown in Figure 
4is commonly known as the “lazy H." It 
consists of a set of two collinear elements 
and a set of two parallel elements, all oper- 
ated in phase to give broadside directivity. 
‘The gain and directivity will depend on the 
spacing, as in the case ofa simple parallel- 
element broadside array. The spacing may 
bbe chosen between the limits shown on the 
drawing, but spacings below 3/8 2. are not 
worthwhile because the gain is small. Esti- 
mated gains are as follows 


3/8-2. spacing —4.4 4B 
12-4 spacing—5.9 4B 
518-2 spacing—6.7 4B 
3/4-A spacing—6.6 dB 


Half-wave spacing is generally used. Di- 
rective patterns for this spacing are given 
in Figures 5 and 6, 

With 1/2-A spacing between parallel el- 
ements, the impedance at the junction of 
the phasing line and transmission line is 
resistive and is in the vicinity of 100 0. 
With larger or smaller spacing the imped- 
ance at this junction will be reactive as well 
as resistive. Matching stubs are recom- 
‘mended in cases where a nonresonant line 
is to be used. They may be calculated and 
adjusted as described in Chapter 26. 

‘The system shown in Figure 3 may be 
used ontwo bandshaving @2-to-1 frequency 
relationship. It should be designed for the 
higher of the two frequencies, using 3/4-A, 
spacing between parallel elements. It will 
then operate on the lower frequency as a 
simple broadside array with 3/8-A spacing. 

‘An alternative method of feeding is 
shown in the small diagram in Figure 3. In 
this case the elements and the phasing line 
must be adjusted exactly to an electrical half 
wavelength. The impedance at the feed point 
will be resistive and of the order of 2 KO. 


Figure 5—Free-space directive diagrams of the four-element antenna shown in Figure 4. At A is the E-plan 
Jes when the antenna is mounted with the elements horizontal. The axis of 
8. At B is the free-space H-plane pattern, viewad as if one set of elements Is above the other trom the ends of the 


directive pal 
the 80°-270 
elements. 
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More on “Half Slopers” and Half-Sloper Variation for 160 Meters 
From December 1979 QST (Technical Correspondence) 


ATwo-Band Half-Sloper Antenna 
From June 1980 QST 


The KI6O 160-Meter Linear-Loaded Sloper 
From April 1986 QST 


The Super Sloper 
From December 1995 QST 


The Inverted L Revisited 
From January 1983 QST 


160-Meter Antennas 
From July 1991 QST (Technical Correspondence) 


ATruly Broadband Antenna for 80/75 Meters 
From April 1986 QST 


Improved Broadband Antenna Efficiency 
From August 1987 QST (Technical Correspondence) 


Simple, Effective, Elevated Ground-Plane Antennas 
From June 1994 QST 
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Cearn to solder successfully! 
Alan Winstanley 
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From QST, December 1979 (Technical Correspondence) 


More on “Half Slopers” 


The July 1979 QST article on quarter- 
wave slopets has prompted me to write you 
oon the subject. [have had considerable ex- 
perience using them on 160 and 80, and I 
have tried them on 40. 

‘The first one I know who used this type 
antenna was W3AU. His success with the 
system on 160 caused him to recommend it 
to W7RM and me. The original configura- 
tion used more than one sloping element 
fed in parallel against the tower. It re- 
sembled a top-loaded vertical with a simu- 
lated ground system. All my results have 
supported the view that this is an omni- 
directional, vertically polarized radiating 
system, even when only one sloping ele- 
ment is used. 

All the antennas of this type I have tried 
hhave been at my father’s station, W6UA, 
and have been on a single tower, The tower 
is 82 feet (25 m) high, approximately 1'/: 
feet (0.45 m) in uniform triangular cross 
section, and has a single set of guys at the 
70-foot (21.3-m) level. The guys are 
broken with insulators at about 20-foot in- 
tervals, and the top section of each guy is 
electrically connected to the tower. The 
base has whatever insulation the concrete 
provides and there are 10-, 15-and 20-meter 
‘Yagis on top of the tower. (Thisis an AB105 
tower, the same as is used by W3AU and 
W7RM.) 

‘The first antenna of the type in question 
was tried on 80 meters. It was attached at 
the 60-ft level, so that top-loading effects 
of the guys, as well as the rotaries, were 
probably effective, The attached wire came 
off at 30° to vertical and was trimmed for 
minimum VSWR. The resultant length was 
within 2 feet of the formula length, and the 
antenna then had a VSWR less than 1.5 
from 3.5 to 4.0 MHz. It worked well on 
transmit but was extremely noisy on re- 
ceive. The original wire sloped east, so 1 
put up an identical system, attached to the 
same tower level, sloping west. Electrical 
characteristics were nearly identical, and 
no directivity difference between the 
two could be detected either on transmit or 
receive, 

This is logical considering how little of 
the antenna current in the sloping wire has, 
any horizontal component, other antenna 
systems used on 80 at W6UA have been 


dipoles, inverted Vs, and a delta loop. The 
‘quarter-wave sloper is better than any of the 
others for transmitting, but it is poor on re- 
ceiving. Ihave taken down all but the two 
slopers. They are used for transmitting and 
receiving, with frequent use of a 40-meter 
collinear antenna on receiving weak signals. 
Talso tried this system on 40, with a wire 
attached tothe towerat 30 feet, coming off at 
30°. Perhaps because there was so much 
tower electrically above the attachment point 
at Ieast half « wavelength — this one was 
much harder to tune, The wire length, which 
Was very critical, was some feet shorter than 
expected, and the VSWR behavior across the 
bband less benign. Not much time was spent 
oon this particular antenna because it seemed 
no better than a 2/2 vertical. Both worked 
well, but neither was the equal of the col- 
linear types available, 
‘The most recent quarter-wave sloper 
system I have used has been on 160 meters. 
My first attempt was a single sloping ele- 


‘ment from the 75-foot level. This places 
‘whatever contribution there is from the top 
‘guy sections below the point of attachment, 
Teouldn’t get this antenna to match by al- 
tering the length of the sloping wire, even 
while making rather severe adjustments, 
‘There did seem to be some promise for the 
system, so the next season I used two slop- 
ing elements of about the “correct” length 
and fed the arrangement with a matching 
network at the bottom of the tower, with 
300-ohm twin-lead going up the tower 
(Figure 1), This was the best antenna have 
used on 160 at W6UA. Previously I had 
used an inverted V, a center-fed 80-meter 
dipole ut 90 feet anda A/2 inverted L. Since 
the wires must come off the tower at about 
49-50° to vertical, the rationale of using 
two wires instead of one was to attempt to 
cancel the horizontal current component, 
As a matter of curiosity I tried adding a 
third wire and could find no change in set 
ting of the matching components or in the 


50-0 to ¥mtr 


Veaiea 


“win Lead 


Figure 1—llustration of the arrangement used at WEUM for a 160-meter halt sloper. 
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overall effectiveness. Using some rough 
estimates of component values required for 
‘matching, length of feed line, etc, Lcaleu- 
late the feed impedance of the antenna 
self to be approximately 100-/300 obm: 
My estimate of how well this antenna 
performs must be tempered by the realiza- 
tion that conditions during the past two 
years have been much worse than the pe- 
riod before. During the 160-meter contest, 
openings to W1, W2 and W3 have been 
marginal. I have worked nothing with this 
antenna I hadn't worked before, but the 
impression remains that the antenna is bet- 
ter than those used earlier. It has done @ 
consistent job into the Caribbean, SA, Pa- 


cific and Japan, as well as across the USA. 
Receiving remains a problem because of 
the noise. [have taken down the 160-meter 
version of this antenna. If I put it up again 
1 will definitely install some auxiliary re- 
ceiving antennas. 

‘The net result seems to be that this is an 
effective antenna. Getting & good match di- 
rectly into coax appears easier ifthe sloping 
wire is more nearly vertical and if there is not 
too much loading above the attachment point. 
‘The system should be more efficient, upto a 
point, asthereis more vertical structureabove 
the feed point. There isno compelling reason 
toinsist upon using aresonant configuration. 
ThenextattemptT make on 160mightwell be 


with the existing 80-meter system, fed at 60 
feet and with 80-meter sloping elements, but 
using a transmission line and matching net- 
‘work at the bottom of the tower as before. 

Given that the antenna does work, the 
areas I feel need further investigation are 
better characterization and description of it 
for different parameters, ¢,g., measurement 
of the feed impedance as a function of fre- 
quency for different sloper attachment 
points, lengths, angles and conditions of 
top loading, I would also like to see the eur- 
rent flow on all of the structure mapped via 
probe. Ifsome of the results are forthcom- 
ing I hope to see them in an early issue of 
OST. — Charles Weir Jr., WOUM 


From QST, December 1979 (Technical Correspondence) 


Half-Sloper Variation For 


160 M 


I read the July QST article by WICF 
with great interest. I enjoyed it very much 
and learned something, 

‘A few days ago I was looking at my 80- 
meter sloper and it occurred to me that by 
using a loading coil and some more wire it 
‘would work on 160. So [took a4-inch diam- 
eter coil of 10 turns of no. 10 wire out of the 
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junk box, attached the coil to the farend of the 
half sloper, added about 30 feet of wire and 
ran the wire to the comer of my garage. The 
noise bridge indicated it was too short, so I 
added another 10 feet. Presto! Resonance at 
1830 kHz with an SWR of 1.1:1, 

1 think that by using a larger (higher 
inductance) loading coil, the added wire 
‘could be shortened considerably without 


seriously affecting the 2-to-1 SWR points 
‘on the curve 

Thave not made too many contacts on 
160 yet, as there is very little activity this 
early in the season around here. I have had. 
several contacts though, always getting at 
least as good a report as I have given. 
—Philip True, W7AQB. 


By Gary 


Myers, K9CZB. 


From QST, June 1980 


A Two-Band Half-Sloper 
Antenna 


‘The popularity of the half-sloper an- 
tenna seems tobe increasing, as evidenced 
by recent articles in QST.'9 This type of 
antenna has some worthwhile advantages, 
particularly for the lower frequency opera- 
tor — low-angle radiation for antennas of 
modest height, compactness and simplicity 
of construction. On the minus side, narrow 
bandwidths and difficulties in resonating 
the system have been reported. 

The antenna system tobe described here 
evolved from a simple-minded attempt to 
design a two-band half sloper for 80- and 
40-meter operation. A trap-type of antenna 
was selected as the design basis because of 
previous experience with rap antennas and 
because the inductive loading of the trap on 
the lower-frequency band allows a 
somewhat shorter overall length. The same 
inductive loading, however, was also ex 
pected to increase the antenna Q and 
thereby further decrease the bandwidth. For 
this reason I was prepared to experiment, 

It is well that I was so prepared because 
the final form of the antenna bears little 
resemblance tothe initial concept. But most 
interesting —andexciting—is the impres- 
sive bandwidth on 80 meters. 


The Design 

A diagram of the two-band half-sloper 
antenna system is shown in Figure 1. Itcan 
beseen that there is no obvious quarterwave 
dimension in the entire system. In fact, the 
radiator itself is a nonresonant device. 

Initial attempts to prune the wires to 
resonance resulted only ina mound of wire 
clippings and one frustrated amateur. After 
many hours of cut-and-try experimenta- 
tion, accompanied by a growing, gut-level 
appreciation for what apparently was hap- 
pening, the magic combination of wire 
lengths and trap component values was 
found. Impedances of 40 —/80 ohms at 7.2 
MHz and 60 —j40 ohms at 3.6 MHz were 
‘measured with a noise bridge. It was then a 
simple matter to cancel outthese capacitive 
reactances with an inductor. 

For convenience, the inductor was 


When an off-the-wall empirical design like this works 
well, suspicion and skepticism are warranted. Maybe 
you'll agree that this sloper idea is an exception! 


placed in the transmission line, rather than 
at the feed point — final “tweaking” of the 
system is more easily performed on the 
‘ground than at 40 feet (12.2 m) in the air. A 
Smith Chart exercise shows that the SWR 
‘on the transmission line between the feed 
point and inductor L is 5:1 at 7.2 MHz and 
2:1 at 3.6 MHz. When RG-8/U is used, the 


or 


Garment 7288) 


Figure 1—The two-band halt sloper. To 
shield the transmission line from the 
antenna field, the ine is routed up the 
Inside of the support mast, which is 
(grounded. Inductor L is needed to 
resonate the system. 


additional loss incurred because of these 
‘SWRsis less than 0,5 dB at 7.2 MHzand is, 
almost nonexistent at 3.6 MHz, 


Performance 

‘This antenna performs very well. Op- 
eration at K9CZBis primarily 80-meter ew, 
with some 40-meter ssb. Power output is, 
nominally 100 watts. Signal reports on 80, 
have been uniformly good, with comments, 
such as UR LOUDEST 9 ON BAND AND VY. 
FB SIG, VY STRONG. Voice operation on 40, 
has also resulted in good signal reports, 
although the praise has not been so lavish. 
This is my only 80/40-meter antenna, so 
direct comparisons were not possible. 
However, it appears to greatly outperform 
two previous antennas, a 160-foot end-fed 
wire and a trap dipole, both strung 30 feet, 
above ground. All in all, itis about what I 
expected from a half sloper. 

This kind of performance is nice, but 
nothing to write an article about, since that 
has already been done. The real perfor- 
mance story about this antenna can be 
summed up in one word: bandwidth, A 
glance at the SWR curves in Figure 2 will 
‘open the eyes of any 80-meter operator. As 
faras I know, this is unheard-of bandwidth 
forsuch a simple and compact antenna. Itis, 
‘real treat to QSY 400 kHz And see the 
'SWR meter needle barely move. This isn’t 
alow-Qantenna—it'sano-Qantenna! The 
bandwidth on 40 is far less impressive and 
is, in fact, similar to what has been reported, 
previously for half slopers. 


Construction 


During experiments with prototypes of 
this antenna, I noticed some sensitivity to 
feed-line placement and length. Therefore, 
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Figure 2—Loading chara 
measured with a noise bridge. 


in later versions I ran the feed line up the 
inside of the support mast to shield it from 
the antenna field, This precaution seems to 
be effective, for no such sensitivity has 
been observed since. (Iean'thelp but won- 
der if this might improve the behavior of 
any cantankerous half sloper.) Ifa nonme- 
tallic support is used, or if there is no pos- 
sibility of placing the feed line inside the 
support, double-shielded coaxial cable 
should Serve equally well, provided the 
outer braid is connected to the inner braid 
at the top of the tower and a ground is con- 
nected to the outer braid at the hottom of 
the tower. 

T used standard 10-foot TV mast sec- 
tions for my support, simply because they 
were on hand. This results in a very flimsy 
and flexible mast in a 40-foot length, 
though. The first 20 feet must be doubled 
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istics of the antenna. The SWR curves w 


determined from a Smith Chart, impedance values were 


up with ong U-bolts if the mast is to be covered in The ARRL Antenna Book:* A 
walked up. The price of six sections of TV novel and inexpensive method of trap con- 
mast is about the same as a 36-foot tele- struction hasbeen described by 
scoping push-upmast,butthe latterismuch ~WB9OQM.° I built my trap using the 
sturdier and far easier to erect, If support _ method shown in Figure 3. Traps made in 
materials are not already on hand, the tele- this fashion are much stronger than they ap- 
scoping mast is the better choice. I should pear, I've never had one break, even in high 
mention that [took the trouble to bond all winds that caused property damage, In this 
sections of mast together electrically to antenna, however, the radiator also serves 
ensure good conductivity and to guard as one of the top guys. For that reason the 
against TVI from rectification at joints af- trap was reinforced. Two 3/16-inch thick 
ter inevitable corrosion sets in. The base of pieces of plastic were used with three Iay- 
the mast should be grounded. Effects from ers of glass cloth and epoxy sandwiched 
the guy wires can largely be avoided by between them. A rotary wire brush serves 
‘breaking them into nonresonant lengths well to rough up the inner surfaces of the 
with straininsulators placed at themastand plastic to ensure good adhesion, However, 
every 19 feet thereafter. fone may use coarse sandpaper for that pur- 
‘The inductance and capacitance values pose. Glass cloth and epoxy are sold as a 
shown in Figure | mustbe used forthe tap. repair kit in many hardware stores. 
Construction techniques for the trap are ‘Before the antenna wires are connected, 
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the trap must be tuned to resonance. A dip 
meter or noise bridge can be used to mea- 
sure the resomant frequency. Start with 
about 30 inches of RG-8/U for the coaxial 
capacitor. After connecting itto the coil, as 
shown, 26 or 27 inches of braid will re- 
main, At this point, the resonant frequency 
should be below 7.0 MHz Trim the braid 
atthe far end, alittle ata time, sniping off 
the center conductor as you go. Recheck 
the resonant frequency each time, As 7.2 
MHziis approached, continue trimming the 
braid, but stop cutting the center conduc- 
tor. To increase the leakage path, the poly- 
ethylene dielectric should extend beyond 
the braid 1/8 to 3/16 inch (3.2 to 4.8 mm) 
when the trap is resonated at 7.2 MHz. Very 
close to 24 inches of braid should remain at 
completion. Tightly tape this end with sev- 
‘eral layers of plastic electrical tape. 

"The component values for this trap are 
exactly the same as those used in the 
W3DZZ trap dipole, so there are several 
commercially made traps that may be sui 
able for this antenna, Traps made forafive- 
‘band, two-trap dipole, 108 feet long should 
have the proper values of capacitance and 
inductance, 

In any antenna system, the radiator feed 
point impedance repeats itself every half 
wavelength along the transmission line. 
Inductor L must be inserted in the trans- 
mission line ata half-wave point in order to 
exactly cancel the capacitive reactance of 
this antenna system. Itis, of course, advan- 
tageous to place L as close to the feed point 
as possible in order to minimize losses. A 
half wavelength at the lower frequency is 
as close as you can get without going to the 
feed point itself. The 90.2-foot length of 
RG-8/U shown in Figure 1 is an electrical 
half wavelength at 3.6 MHz for solid poly- 
ethylene dielectric coaxial cable only. If 
cable having a velocity factor other than 
0,66 (c.g, fam-dielectric coaxial cable) is 


sturdy trap, The coaxial capacitor should be taped to the antenna 
It is not necessary to enclose the trap. 


used, this length will have to be recalcu- 
lated from the equation 


f= 402 V/3.6 feet 
(Feet x 0.305 = m) 


In this equation, V is the velocity factor of 
thecabletobe used. Only RG-8/U orasimi- 
lar type such as RG-213/U should be em- 
ployed for this section of the transmission 
line in order to keep the losses low. If you 
don't mind a dB or so of loss on 40 meters, 
RG-58/U is acceptable. The loss on 80 
‘meters will be negligible in any case. 

‘The value of inductor L should be 1.75 
HH, but I recommend that a coil having 
about 3-H inductance be used to allow 
some latitude for final tune-up of the sys~ 
tem. I mounted 12 turns of a no. 3018 
Miniductor (1' inch in diameter, 8 turns 
per inch) in a small Minibox with SO-239 
coaxial connectors placed at each end. Af- 
ter tapping the coil for the best SWR curve 
on 40 meters, the entire assembly was 
sealed and waterproofed with bathtub 
caulk. 


Tune-up 

As seems to be characteristic of half 
slopers, this antenna can be very touchy to 
tune up. If the length of transmission line 
between the radiator and L is not an exact 
integral multiple of a half wavelength at 
3.6 MHz, tune-up can be a real “can of 
‘worms,” Since the oft-quoted value of 0.66 
for the velocity factor of standard RG-8/U 
is only anominal value and can vary appre- 
ciably from brand to brand (in cheap cable 
from lot co lot, this length should be deter- 
‘mined with a noise bridge 

If a noise bridge is not available, the 
following procedure may be tried. Cut this 
section of cable about 6 feet shorter than 
the calculated length. Prepare a section of 
RG-58/U, 12 feet long, with solderless con- 
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Figure 4—SWR curve for 40 meters, 
‘showing the effect of tapping L an 
adjusting feed-line length between L and 
the transmitter to obtain the bast SWR 
curve. Such adjustments have litle effect 
‘on 80-meter characteristics. 


rectors on each end. Connect it to both the 
shortened feed line, using a PL-258 double 
female connector, and to L. Tap L to obtain 
the best combination of SWRs at 3.6 and 
7.2 MHz, Record the SWR figures and tap 
position, 

‘Now shorten the RG-S8/U by 6 inches 
and repeat — and repeat — until you are 
certain you have passed through the point 
where the SWR values simultaneously bot- 
tom out at both frequencies. Prepare 
length of RG-S8/U (from the same Jot) ex- 
actly as long as the best experimental 
length, using permanent coaxial connec- 
tors. Seal and waterproof all connections. 
RG-S8/U is recommended for relative ease 
of pruning. If you don’t mind unsoldering a 
PL-259 each time, RG-8 could be used. 
However, the additional loss from such a 
short section of RG-58/U will be infinitesi- 
‘mal at these frequencies. 

This procedure is obviously tedious, but 
itis necessary to obtain good performance 
(on 40 if a noise bridge is not available. In 
fact, some adjustment of this section of 
transmission line may be necessary even if 
a noise bridge is used to measure the elec~ 
trical length to obtain optimum two-band 
performance, The exact half wavelength 
should always be used as a starting point, in 
any case. 

‘Strangely enough, the above procedures 
fare necessary only to optimize 40-meter 
performance. My experience has been that 
merely cutting the half-wavelength section 
of transmission line to the calculated 
length, then tapping L to obtain the best 
SWR at 3.6 MHz, is sufficient to obtain a 
ratio of 2:1 or less over the entire 80/75- 
meter band. So tune for 40, and 80 should 
take care of itself. 

‘Once the antenna system has been reso- 
nated, it may pay to experiment with the 
value of L and the length of transmission 
line between L and the transmitter. Chang- 
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ing these values will change the shape of 
the 40-meter SWR curve somewhat, By so 
experimenting, you may be able to tailor 
the shape of the 40-meter SWR curve to 
your operating preference, Don't expect 
miracles, though, for the range of adjust- 
ment seems to be small, Figure 4 illustrates 
the results of such an effort, These adjust- 
ments will have very little effect on 
80-meter bandwidth within the range of 
acceptable SWR on 40 meters. 


Further Thoughts 

‘The first prototype was constructed 
close to my house, and I was therefore con- 
‘cerned that the performance might not be 
reproducible, The next prototype was 
‘erected in a far comer of my yard, over 100 
feet from the house and even further from 
any other structures or conductors. The fi- 
nal version was similarly located. Except 
for final tune-up parameters, all three be- 
haved almost identically, even though a 
‘number of physical changes was made each 
time. Asa final test of the soundness of the 
design, I built scaled versions for 40/20 and 
20/10 meters. They exhibited very similar 
characteristics, although all parameters of, 
the system seem to become very critical as, 
the design frequency is increased. 
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‘The frst two 80/40-meter systems were 
built using a30-foot mast, yet their behav- 
ior was not markedly different from the fi- 
nal version with 8 40-foot mast. Since the 
masts an electrical part ofthe system, and 
since proximity to ground must play some 
role in the performance of the antenna, 
other heights, and supports thathave beams 
attached, may yield different results 

The reactance of the trap at 3.6 MHz is 
245 ohms. Therefore, there is a possibility 
of constructing an 80-meter-only version 
of this antenna by using a 10.8-H induc- 
tor in place of the trap. This has not been 
tried, however. 

‘Scaling up to 160/80 metersis an attrac- 
tive possibility. Conceivably, amast height 
as low as 50 feet could be used. A starting 
point would be the doubling of all wire 
Tengths, and using a 16.4-H coil with a 
120-pF capacitor for the trap to preserve 
the 245-ohms reactance at 1.8 MHz. 

There also seems tobe a possibility that 
4 slight increase in trap capacitor value, to 
resonate the tap at 7.1 or 7.15 MHz, might 
allow better coverage of 40 ew, but prob- 
ably at the expense of the phone portion of 
the band. Such a change might have litle 
effect on 80-meter bandwidth, but another 
round of cut-and-try could prove necessary 


Conclusions 

At this point, this is still an experimen- 
tal design, Further development may 
eventually allow a cut-to-formula type of 
‘construction, but until that happens, be pre- 
pared to experiment. The dimensions given 
in Figure | will put you in the ball park and 
should yield immediate results on 80. 

‘The convenience of Transmatchless 
operation overall of 80/75, plus a reason- 
able portion of 40, coupled with an excel- 
lent radiated signal, is ample repayment 
even for many hours of cutting and trying, 
Once tuned up, this antenna is very well, 
behaved and enjoyable to use. [ would like 
to hear from others who construct antennas 
based on this design. 
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By Deane J. Yung} 


From QST, April 1986 


The KI60 160-Meter 
Linear-Loaded Sloper 


No room for a top-band antenna? Try this one on for size! 


After having good success using my linear- 
loaded, inverted-L antenna over the winter 
1984-85 160-meter season, I decided to try 
linear loading on a different type of 160-meter 
wire antenna." Thavehad considerable success, 
with a quarter-wave sloper on 80 meters, but, 
my city-sized lat isn't deep enough to accom- 
‘modate a full-sized sloper for the 160-meter 
band. About 120 feet would be required forthe 
sloper to be 10 feet off the ground at the low 
end: I have about half that distance to work 
With. Linear loading solved the problem. 

‘This antenna provides an effective band- 
width of about 70 kHe with an SWR of 2:1 or 
less. At the design frequency of 1.840 MHz, 
SWR is 1.1:1 with 50-ohm feed line and no 
‘matching network or tuner. 

Although the individual dimensions are 
not critical, the sloping wire and the ladder 
line mustresonate atthe desired frequency. If 
the sloping wire is less than 65 feet long, the 
ladder must be longer, and Vice versa, If you 
use a different length for the sloping wire, 
‘you will need to experiment a bit to see how 
much to add or remove from the ladder 
length. 


Construction 

‘My sloper is hooked onto the tower at 
about the 5-ft level using a strain insulator 
(see Figure 1). The coaxial-cable feed fine is 
securely taped to one towerleg, and the shield 
is connected to the tower leg with a radiator 
hose clamp. The tower is grounded at the base 
with several ground rods. The center conduc~ 
torofthe coaxial cable is soldered tothe sloper 
atthe strain insulator and is ped for weather 
protection where the center conductor and 
shield separate, 

The ladder portion of the antenna is made 
‘with the same type of wire as the sloping por- 
tion, The ladder spacers are made of 3/8-inch, 
hardwood dowels that have small holes drilled 
1 inch from each end to hold the wires. The 
dowels should be soaked or sprayed with a 
‘wood preservative, prior to assembly, for 
weather protection, Plastic spreaders could 
also be used, if desired. The wires are firmly 
tied to the dowels with waxed lacing twine or 
similar material where the wires pass through 


Top-Linear-Loaded 
Antenna," CO, Apr 


"D Wunaling, “The Ki 
160 Meter Inverted ‘ 
1985, pp 38-38. 


the holes. The dowel spacing can be adjusted, 
with some difficulty, after the dowels are tied. 
‘One end ofthe ladder is tied tothe tower with 
heavy monofilament fishing line, with the other 
end tied to-a tree or whatever else is handy. The 
tie-off lines are fanned vertically to keep the lad- 
der fromtwisting andshouldbetensionedenough 
toeliminate any sagging in the ladder. Monofila 
‘ment fishing fine provides some cushioningifthe 
supporting tree sways or ifthe wind is strong, 


Adjustment 

Initially, the ladder should be a few feet 
longer than shown, to allow for adjustment. 
‘The resonant frequency should be checked, 
and a few inches removed ata time fom the 


tower end of the ladder until the desired fre- 
‘quency is achieved. At this point, the wires 
should be soldered together and then taped to 
the end dowel. Itappears that there must bean 
BF beam, or something similar, on the tower 
for any quarter-wave sloper to work properly. 
This sloper is no different in this respect, Fi- 
nally, the antenna, particularly the sloping 
section, should be kept as far as possible from, 
surrounding guy wires and other objects, 

This antenna requires no ground system, 
balun or matching network over its opera 
tional bandwidth. The linear-loaded sloper is, 
simple to construct and easy to adjust, and its 
performance is superior to my linear-loaded, 
inverted L. 


ot 


ecto 


/ 


Cote 


Tice Came 
i 


inate —~ 


fe tere Us 
Mo. 14 to 18 AW 
Ineuoted: Strondes 


to Dawe! 


/ No Sete! 2 
i Someciion 


Monofement 
ening 


Wonetment 
Fisting Une 


"SO-T Goes to Rade 
Grounded 


= fewer 


Figure 1—Construction details for the KI6O 160-meter linear-loaded sloper. 
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By Roger Sparks, W7WKB From QST, December 1995 


The Super Sloper 


You can imagine my surprise when 
ELNEC" revealed that a parasitic element 
can be combined with a long wire to form 
4 whole family of directional antennas. 
‘There on my screen, I was looking at useful 
combinations not found in that bible of 
antennas, The ARRL Antennu Book. V had 
been exploring combinations of full-wave 
parasitic elements with wire arrays. How 
faroff center can slide a parasitic element, 
Twondered? “A lot,” was the answer com- 
ing from ELNEC [and confirmed by 
EZNEC—Ed,|. As offset aclosely spaced 
(0.015 t0 0,046 2) parasitic element by 1/8 
to 5/8 4, a whole family of antennas ap- 
peared (See Figure 1), 

{call the configuration a Super Sloper 
because the pattern resembles that of the 
well-known sloper, but it is greatly en- 
hanced (see Figure 2). Super Slopers pro- 
vide gain inthe direction from the tall the 
short pole. The amount of gain depends on 
antenna length, or more exactly, on the num- 
ber of half wavelengths in each element 

Like slopers, Super Slopers require two 
supports, one tall and another shorter. At 
‘my station, and inthis article, I considered 
only nonconductive supports. Other build- 
ers can explore the possibilities of Super 
Slopers suspended from metal towers. Su- 
per Slopers are very inexpensive to build 
(if you already have suitable supports) 
‘They require only wire and a few feet of 
PVC pipe. 

Unlike stopers, Super Slopers have high 
feedpoint impedances. A matching net- 
work is required when feeding a Super 
Sloper with a 50- line. The result is @ 
broadband, low-Q antenna (Figure 3) 
Don't think ofthis as just one antenna, but 
rather a whole family of antennas, one for 
each half wavelength of added length, 


Technical Concepts 

Ifyou just want to build an antenna, skip 
ahead tothe Practical Antennas discussion, 
Those with a technical inclination can con- 
tinue here, and they may even want to take 
look atthe discussion of long-wire anten- 
nas in The ARRL Antenna Book, 

‘An antenna is called a long wire if itis 
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Dramatically improve the front-to-back of a sloper. 


Table 1 
Spacing and Phase Angle for 
Various Antenna Lengths 


At the spacings listed, the current in the 
resonant parasitic element is equal to 
driven-element current +10%. (Derived 
from ELNEC, under free-space conditions, 
0.25-4 offset, at 7.1 MHz.) 


Phase 
Antenna Length Spacing Angie 
a) @) (degrees) 

os 0.048 -156 

10 0.030 —147 

15 0.023 -144 

20 oo1e 142 

25 0015-142 

30 0015 144 
Table 2 


Impedance and SWR versus 
Frequency (Figure 5) 


Frequency  SWR_ Impedance 
(riz) (200-2) 

44.0 1.54 293 + 48 
144 4:25 248 +13 
442 416 17247 
143 178 127 + 4 
144 261 107 4/119 


‘one wavelength or longer. The radiation 
pattern can be described as the surfaces of 
two opposed cones that are coaxial withthe 
wire and have their apexes meeting at the 
feed-point. The apex angle becomes 
smaller and the lobes grow stronger a 
tenna length increases. An azimuth plot of 
radiation pattern for single long-wire an- 
tennas over ground shows four principal 
lobes atow radiation angles. There are two 
principal lobes, in one direction, when the 
antenna is terminated in a matched, resis 
tive load. 

ELNEC shows that a parasitic element 
added toa single long-wire antenna creates a 
snidirectional radiation patter sinilarto that 
created by a resistive termination. Energy 
eliminated from the back goes into useful 
forward gain, The parasitic element can be 
tuned as either a director or a reflector? 

Experience with Yagis (and many other 
applications of parasitic elements) led me to 
believe that all parasitic elements must be 
nearly a half wavelength long and located 
within the span of the driven element. That 
conceptis completely incorrect. Parasitic e 
ements can be any resonant length and offset 
from the driven element, as long as there is 
adequate coupling between the elements 

Here's how Super Slopers produce 
front-to-backratio (F/B) and gain, The best 


1/42 offset Shown 


Nonconductive 
Pole Specing —/ 
0.02 to 0.06% 


Porosite Element 


meso 


riven 
lament 


Figure 1—Drawing of a Super-Sloper antenna showing nomenclature, This Is a 3-4/2 


model. See Figure 7 for construction details. 
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Outer Ring = 10-3046 
Mos Galn = 10,30 481 


Elevation Pict 


(©) Asimuth Angle= 40.0¢eg 


Figure 4—Paitems of a 3-1/2 antenna with 0.96-) offsat and 
‘spaced 0.04-A oriented flat at '/s A vs sloping from '/s A to 0.045 A, 
A shows the elevation patterns at 0°; B shows the azimuth 
pattems; C shows elevation plots at azimuth=40°, 


the currents in the driven and parasitic 
Wires, as seen from a distant location where 
a pattern null is desired. A phase difference 
‘of 180° means that the signals completely 
cancel each other, if each element delivers 


cequal signal strength. A phase shift of 90° is 
possible with a 1/4-A offset, andthe remain- 
ing 90° phase shift can come from the tuning 
(length) of the parasitic element. the fields 
cancel in one direction, they will reinforce 
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Figure 3—A plat of impedance and SWA varaua frequency for the 2-4/2 antenna 
described in Table 6, placed as described in Figure 6. The data source is NEC/WIRES 


1.5 (see Note 3). 


in some other direction, to produce gain. 
By increasing the phase angle ofthe cur- 
rent in the parasitic element, the angle of 
maximum cancellation can be moved. This 
is particularly useful in Super Slopers be- 
‘cause the principal lobes of long wires lie 
at some small angle to the direction of the 
wire. From Table 1, notice that the current 
in a resonant parasitic element has about 
—144? to -156° phasing, which is about 
right for correct reverse-lobe canceling. 
If we want each element to deliver equal 
signal strengths to distant location, nearly 
equal currents must flow in both the driven 
and parasitic elements: The coupling be- 
tween elements must be very close. Table 1 
suggests the approximate spacings for 
‘currents to be equal within +10%. (The an- 
enna also has gain at closer spacings 
because gain is affected less by unequal 
currents than is F/B.) 
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Designing a Super Sloper 

‘When placed near (and parallel to) the 
ground, Super Slopers show twin-lobed 
azimuth patterns with a null, often 104B or 
greater, on the axis of the wire. This center 
null can be filled by tilting the wire, with 


the low end in the direction of the null. 
Figure 4 shows the effects of tilting. 
‘When the antennais ited, the end of the 
parasitic element can become closer to the 
ground than that of the driven element. 
‘When considered as two separate antennas 


Element Spacing versus Phase Angle, Relative Current, Impedance, Gain 


Table 3 

and Lobe Angle 

Derived trom ELNEC free-space model, 14.2 MHz, 
Phase Impedance 

Spacing Angle Relative of Driven 

0) (degrees) Current Element 

O01 1361.62 205-230 

002 1411.29 128/138 

003-144 111 108-84 

00s = 149097 80-59 


-A/2 elements, offset 0.25 2 


Lobe 
Gain Angle 
(dBi) (degrees) 
49848 
55448 
57848 

61 48 


Gain and Lobe Angle 


Angle, Relative Current, impedance, 


Derived from ELNEC, free-space model, 14.2 MHz, 2-1/2 elements, spaced 0.02 2. 


Notice how litte gain changes with dite 


Phase Impedance 
Offset Angle ‘Relative of Driven 
(a) (degrees) Current Element 
O19 =167— 1.08, 19-54 
015 418 48-01 
02 1.26 a9—/135 
0.28 129 128-198 
03 138116 134-111 
035 «138 «= 0g83 128-70 
Os 13471 108-14 
Pattern Reversal Begins 

05-26 025 83+ 48 
8 38 131 126-57 
o7 43 4171 192=/180 


nt offsets. 


Lobe 
Gain Angie 
(dBi) (degrees) 
57. 48 

567 48 

58 48 
55748 

56 48 
55848 

5A ery 

30 54 

52 8 

40 64 


atdifferent heights, the driven and parasitic 
elements will not have the same pattern 
‘This reduces performance, but locating the 
parasitic element so that its end height 
equals that of the driven element can solve 
the problem. That is, increase the spacing 
toplace the parasitic elementend above that 
of the driven clement. Models give this 
design 1 to 2-dB gain advantage over more 
closely spaced antennas, but construction 
is a greater mechanical challenge. 

‘The driven element is fed at « current 
antinode, 1/4 2 from an end, The antennas 
can be miade to exhibit a wide range of feed 
resistances: 20 to 300 © or more (see 
Tables 2, 3 and 4), High resistances and 
wide offsets combine to produce low SWR 
and useful gain over an unusually great 
bandwidth (Table 2). I've used 1/4-2 
‘matching lines (using RG-62, a 93-0 line), 
4:1 baluns and ladder lines to successfully 
match the antenna at high impedances. 

You can vary the antenna length (gain 
increases with length), height, offset, phas- 
ing and spacing as needed. These many 
variables would be difficult to work with if 
each were a critical adjustment, but fortu- 
nately, they are not critical. Tables 1, 3, 4 
and 5 show the tolerant design features of 
these antennas, From these tables, we can 
observe several trends: 

+ Current balance greatly affects F/B, with 
less effect on gain. 

+ Phase angles change very slowly with 
antenna length. 

+ Gain changes very little with changes of 

‘current and phasing 
+ Gain varies by a litle over 1 dB with a 

spacing increase from 0,01 to 0.04 i. 

+ Gain is nearly constant with offsets moy- 

ing from 0.1 to 0.8 2. 

Good F/B is casy to achieve, even 


Frog=1425Miz 142uHe 


eter Ring = 6.00081 
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Duter Ring = 6.000 


Azimuth Plt Mot Goh = 5.572031 


deg 


Asimuth Plot 
evoton Angle= 15.009 


Figure 5—A radiation pattem over a range from 14.0 to 14.4 
MHz. The pattem ig that of a 3-1/2 antenna with 0.36 }. offset, 
with the ends at '/s A and 0.045 A, See Table 2 for the SWR 


tabulation, 
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Figure 6—Pattem plots over a frequency range from 7.0 to 
7.3 MHz, The antenna is 2-1/2, with 0.25-) offset and 0.04-”, 
spacing. The driven element is 1.02-2 long 


the director is 0.98-% 


long. See Figure 3 for an SWR curve. 


though the antenna is designed forbest gain 
or easy construction. Improved F/B ratios 
and reverse-oriented patterns are possible 
from designs optimized at specific frequen- 
cies. Computer modeling isthe best way to 
optimize reverse patterns. Figures 5 and 6 
show some possible patterns and how the 
patterns vary with frequency. Table 2 and 


Figure 3 show predicted SWR, 


Practical Antenna: 

Table 6 describes Super Slopers con- 
structed at my station (refer to Figure I for 
nomenclature). The principal difference be- 
tween the two 3-2/2, 20-meter antennas in 
Table 6 is the increased offset from 


Angle, Relative Current, Gain and 
Lobe Angle 

Derived from ELNEC, under free-space conditions with 14.2 MHz, 2-2/2 elements, spaced 
0.02 2 apart. 

Percent Phase Lobe 

Short Angle ‘Relative Gain Angle 

@ (degrees) Current (dB) (degrees) 

° “40°«1300=«(«554 48. 

1 42 014783349 

2 “10715350281 

3 “89 «1434.70 52 

4 “751280 ah 88 

5 “8510541958 

Table 6 


Working Antenna Dimensions 


Use a 4:1 step-down transformation to match 50-0 line 


Antenna Number 1 2 3 
40m 20m 20m 
2 3 3 
Driven (tt) 1393 1065 105.6 
Director (ft) 1343 1040 1022 
Offset (ty? «9437S BB 
Spacing (ft) 6 1818 
Feedpoint (ht 34.3 «17.5 17.28 


“Length expressed as a multiple of 2/2. 
Offset is 1/4, except for antenn 


4 5 6 
20m 15m 10m 
2 2 2 
To 48 34.5 
64S 828 
75 15 «86 
184.0 1.0 
75 118 88 


where the offsot is 0.31 2, 


+Feedpoint and offset are both measured from the high end of the driven element, 


“+ Poroitic Ovectr 


0.25 190.300 Note} 


tte. | 


2" t0 3/4" 
Pvc Pipe 


“riven Bement 
Length = WB! 


(0.25 Al Versions 


{galn oF F/8 roto. Begin 
Xe Wawlenath 


Note . Spreader length is 2° longer 
‘than epocing. Mrs 
‘rough hole aled In aprecaors 
Note 2, Tension member is 2” longer 
‘on 0.60 xapecing. Nees ore threaded 
‘rough holes willed "from each and 
4 Length must be ed)ustd for optimum 


Length = Ne 


Note 2 
VE 03/4" 


PVC Pipe 


0 threaded 


wih angina ive i Toe 


Figure 7—A method of constructing the long” 


pacers reduce the tendency ofthe wires To twist inthe wind 


17feetto22 feet. This changes the phasing, 
resulting ina slightly improved F/B ratioand 
slightly improved gain. Thetrade-offisanar- 
rower pattern and a longer antenna 

‘A 60-foot mast supported the 3-2/2 and 
2-N2 20-meter versions. They were 
‘mounted back-to-back and tilted to fill the 
center null. Another 3-A/2, 20-meter unit 
‘was mounted from a 38-foot mast. The 40- 
meter version sloped from 60 feet down to 
6feet. Allantennas performed as predicted, 
Additional height at either end definitely 
increases low-angle radiation, but it re- 
duces high-angle radiation, 

Figure 7 shows how I assembled and 
spread the wires. The departure from 
straight lines (as depicted in Figure 1) has 
zo practical effect on the antenna, Be sure 
to place the director over the driven ele- 
ment when erecting the antenna. A director 
placed at the side will skew the pattern, 
favoring the side of the director. Keep the 
‘Super-Sloper support lines tight to mini- 
mize sagging. Severe sagging leads to im- 
proper phasing and degraded results, I put, 
4 support under my 40-meter Super Sloper 
at midspan, but I just pull the 20-meter 
antenna support lines tight, The two ele- 
ments have a tendency to twist and wrap 
together in the wind. You can prevent this 
by using two support ropes at the low end 
or by using spacers as on transmission 
lines. Both methods work well. Super 
Sloper performance suffers from excessive 
ground losses when the low end sat ground 
level. I strive for an antenna slope (tilt 
angle) of 10° to 20° and a minimum height 
of 6 feet. Higher is better. 

‘A-200-8 feedpoint impedance is easily 
transformed to 502 with a4:1 balun. Lad- 
der line and a tuner are another option. 
Referto The ARRL Antenna Book for other 
methods of transforming high feed imped- 
ances to values acceptable for modern 
transceivers. Do not feed the Super Sloper 
directly with coax unless the coax is part of 
‘an impedance-matching section. 


Results and Conclusions 
I've built and used six Super Slopers 

very successfully. The F/B is often dra- 

matic. A difference of six S units is not 

lncommon when switching between two 

antennas built to favor opposite directions. 
‘This family of antennas has not yet been 

well researched and studied, Use an an- 

tenna modeling program before building 

designs that are substantially different (eg, 

longer or made from tubing) from those 

described in Table 6. 

Notes 

TELNEC, and its successor EZNEG, are com- 
uter antanna modeling programs available 
From Roy Lewallen, WEL. The deserption 
tee forthe antenna plots shovinin this afc 
fare available asa’ sell-exiracting archive 
fils named SUPSLOPE EXE. The fle can 
bbe found-on the Internet (FTP. to. OAK. 
‘OARLAND.EDU, directory pubyhamradial 
rivqst-binaries). 

®Parastoelomants offset more than 1/2 rom 
‘the criven element, become 

SNECIWIRES 15's 4 compute 
ing posram avalabe rom Gran Boe, 
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By 


hn F. Lindholm, W1XX 


From QST, January 1983 


The Inverted L Revisited 


City dwellers, don’t despair. Here is a good 
160-meter antenna that should fit on your lot! 


T'll never know what inspired me to 
makea few contacts inthe ARRL 160Meter 
Contest. My antenna was made by tying 
together the open-wire feeders of my 80- 
meter dipole. The performance was not 
fantastic, but it was the first step in getting 
me “hooked” on the “gentlemen's band.” 
Working three dozen European stations 
from a friend's house got my interest up, 

‘My friend has a good 160-meter antenna 
system ~ and lots of property to fit it on! 

Returning tomy 60x 150-foot lot made 
me feel depressed.! I suffered all winter 
while listening to the others working VKs, 
ZLsand even JAs at daybreak. What could 
do to improve my signal? 

Many hours the following summer were 
spent trying to figure out how to cram 
160-meter antenna within the confines of 
my small lot. Space restrictions dictated 
that my wire be no longer than a standard 
80-meter dipole. I began to consider alter- 
native antennas. 

‘Shunt feeding my 50-foot tower was 
investigated but dismissed for various rea- 
sons. This arrangement would require dis- 
connecting the shunt feed when cranking, 
down the tower, and all guy wires would, 
have to be broken up into nonresonant, 
lengths with insulators. Additionally, my 
cables would have tobe rerouted to ground 
level. Ithen considered a full-length dipole 
originating in a neighbor's yard three 
houses to the east, crossing my property 
and finally terminating in the yard two 
houses to the west! This idea was rejected, 
‘The legal negotiation fees would have run, 
into six figures! After much head scratch- 
ing, I settled on the inverted L, an antenna 
made popular by the grand master of 160- 
meters, Stew Perry, WIBB. I credit Stew 
for coming to my rescue! 


The Inverted L 

‘The inverted L was selected because it 
requires no more space than an 80-meter di- 
pole andi could utilize my 50-foot erank-up 
tower for attachment, The vertical partis 50 
feet long, and the horizontal part measures 
130 feet, for an overall length of 180 feet 
(Figure 1). This makes the antenna approxi- 
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mately 3/8 A, with the horizontal part pro- 
iding top-loading. WIBB advises making 
the vertical section as ong as possible (de~ 
pending on tower height), and that an over- 
all length of 160 to 180 feet works well 


Construction 
With a bow and arrow, I successfully 
attached the far horizontal end of the an- 


{enna {o the top of a 60-foot fir tre. From 
there, I ran the wire back to the top of the 
tower, where I bracketed a 30-inch-long. 
‘two-by-four with an insulator screwed in 
the end (Figure 2). No. 14 Copperweld 
‘wire is used for the horizontal section, and 
no. 10 copper wire is used for the vertical 
section, which is spaced about 2 feet from 
the tower, These two wires are soldered to- 


Far Wore Rota (128) 


Figure 1—The W1XX inverted Lis arranged in this manner. 


Figure 2—Detall of how the antenna Is mounted to the top of the tower. TV-mast clamps 
are used to secure the wooden insulator. 


Figure S—A ground rod at the tower base 
serves as a physical support for the 
insulator, and as an rf ground. Radial 
Wires are connected to the rod by means 
of a ground us, as described in the text, 


‘gether at the insulator. 

‘A plumb line was used to locate a point 
‘on the ground directly below the 90° bend 
in the “L.” At this point, a 10-foot copper- 
clad ground rod was pounded into the earth, 
leaving 18 inches sticking ut. A two-by- 
four is clamped to the ground rod by means 
of TV-mast U bolts. The lower end of the 
vertical wire is attached to an insulator that 
is screwed into the top of the wooden block 
(Figure 3). Next, I stripped some coaxial 
cable (RG-8/U) of its outer braid and used 
this to make a ground bus around the an- 
tenna base, One side of the open-wire trans- 
mission line is soldered to the base of the 
vertical antenna element, and the other side 
{o the bus, which is attached to the ground 
rod with a clamp. This bus also serves as 
connection point for the radials, So far, 
less than an afternoon of work had been 
invested, 


Radials — the More the Better 

The next day, my objective was to in- 
stall radial wires, which are necessary 
because the inverted L is essentially a 
top-loaded vertical radiator. Previous 
meditation convinced me that several radi- 
als would fit on my lot. I'd make them fit! 
All radials were cut 10 1/4 2 (125 feet), 
using scrap wire. About 300 feet of surplus 
telephone ground wire provided a good 
start, Stripping some old coaxial cable with 
1 single-edged razor blade produced two 
radials from one length of wire (outer and 
center conductors). My technique for ra- 
dial installation consisted of creasing the 
carth with a spade and shoving the wire in; 


a 
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Figure 4—SWR curve for the inverted L, with the Transmatch adjusted for an SWR of 1 


at 1820 kHz, 


afterwards the turf was pressed back into 
place with my heel, 

‘With space a problem, it may be impos- 
sible to place all your radials in a straight 
line; don’t worry, because itis not neces- 
sary. My installation followed s zigzag 
path to avoid fixtures like the house and 
driveway, WIBB advises putting some ra- 
dials under the horizontal part of the an- 
tena, Unfortunately, the location of my 
garage prevented this. Initially, only four 
radials were planted, but more were added 
later. As with all vertical antennas, the 
‘more radials you can putin the ground, the 
better the performance! 


Matching System 

Voltage-fed antennas approximately 
°Ye-Along, such asthe inverted L, will have 
a fairly high feed-point impedance. They 
will also exhibit inductive or capacitive 
reactance, depending on whether the an- 
tenna is slightly longer or shorter than 
Yoh. Since the inverted L does not have a 
50-ohm impedance, a matching system is 
needed. To make tuning adjustments 
easier, [opted for locating the Transimatch 
in the shack, using open-wire line to the 
antenna, Being able to adjust the antenna 
match conveniently isrecommended, since 
the SWR climbs rapidly as you shift fre- 
quency, For example, adjusting the 
Transmatch for a 1:1 SWR at 1820 kHz 
produces an SWR of 2.4:1 t 1800 KHz (see 
Figure 4), With the Transmatch located in 
the shack, you can easily adjust for a 1:1 
'SWR no matter where you operate in the 
‘band, My Transmatch consists of a plug- 
in, link coupled coil and variable capaci- 
tors all scrounged at flea markets. Any of 
the configurations found in the ARRL An- 
enna Book should work wel. 


Performance 

Doesthe antenna work? Having no com- 
parison antenna, my conclusions are sub- 
jective, But I've been on the air enough to 
know when, as they say, “it plays.” With 
‘only four radials in place, my first night of 
operation yielded plenty of U.S. contacts, 
plus a Caribbean DXpedition on the first 
call, Subsequently, many European st 
tions have been worked from my northeast 
location with good signal reports. Contest 
activity has yielded some respectable 
scores, including many QSOs with the Car- 
ibbean, and South and Central America — 
even Antarctica! 

By adjusting my Transmatch, 1 made 
limited tests with the Lon 75-meter ssb. 
Comparisons were made to a 75-meter di- 
pole at 50 feet. For signals close in, the L 
‘was down by some 3 to 5 dB, but equal or 
superior to the dipole for signals from east- 
em Europe. Apparently, the 160-meter 
inverted L also provides a low angle of ra- 
diation on this band too. On bands higher 
than 75 meters, the radiation angle will be 
tilted upwards, rendering the antenna inef- 
ficient for DX’ work. This phenomenon is 
explained in The ARRL Antenna Book? 

Giving up the 160-meter band for lack 
of sufficient real estate is unwarranted. 
With the inverted L, you can work Top 
Band from your urban lot. Installation is & 
breeze, and the performance is admirable. 
‘Now what's your excuse for missing out on 
the excitement of 160 meters? 


0.2048, 
The ARAL Antenna Book, 14th ed. (Newington 

‘ARAL, Inc., 1982), pp. 4-1 through 4-6, 
ibid, pp. 2-23 through 2-24, 
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160-Meter Antennas 


A recent QST article! described two 
160-meter inverted-L antennas. The total 
length of one of the antennas (the vertical 
¢lement and the horizontal arm) is approxi 
mately 1/4 2; the other antenna is 1/2 2 
long. The current-driven 1/4-A antenna re- 
‘quires a fairly extensive ground screen to 
realize good radiation efficiency. On the 
other hand, the voltage-driven 1/2-h an- 
tenna requires only a ground stake-or no 
ground atall. Here's some additional infor- 
mation to aid you in selecting between 
these alternatives, 

Because the current distribution ofthese 
two antennas is quite different, the radia 
tion characteristics are also different. That 
explains why some signals are “. . . very 
loud or very weak,” depending on station 
distance, propagation conditions and which 
antenna is being used, 

In the captions forthe figures illustrat- 
ing the two antennas, it’s stated that the 
support poles could be metal or Wood, Be- 


eos! 


) 


cause the vertical element ofthe inverted L 
runs parallel—and rather close to—the sup- 
port pole, one may wonder whether if the 
pole is metal, tis proximity will influence 
antenna performance. 

‘The three antenna types I'l discuss are 
illustrated in Figure 1; they are (A) the 
V4- inverted L; (B) the U/2-A inverted L; 
and (C) the Tantenna. Figures 2 and 3 show 
the calculated? radiation patterns for the 
two inverted-Lantennas, assuming average 
ground (6 =3 mS/m, € = 13). The support 
poles are trees (or other wooden supports) 
50 feet tall. Note thatthe horizontal arm of 
the antenna is close tothe ground, in terms 
‘of wavelength (0.1 4), and that, in this case, 
ELNEC overestimates the gain of horizon- 


see 


rasteue 


) 


Figure 1—Sketches for simple wire 

8 for 160 meters (1.9 MHz); A, 
ed LB, ‘ard inverted L; and C, 
iT antenna, 
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tally polarized antennas at aheight of 0.1 4 
by about 3 4B. 

‘The reason the patterns are so different 
isbecause the vertical antenna element car- 
ries @ heavy current when the antenna 
lengthis 1/42, whereas the vertical antenna 
element carries only a small current when 
the antenna length is 1/22. Hence, there is 
a great difference between the vertically 
and horizontally polarized components of 
the radiation field for these two inverted 
Ls, The former antenna has a monopole- 
like pattern, whereas the later antenna has 
a dipole-like pattern 

‘The lengths given in Figure 1 are those 
for resonance at 1.9 MHz, DeMaw’s di- 
‘mensions give wire lengths that are a bit 
too short for resonance (according to 
ELNEC). (In practice, one would trim the 
antenna length for resonance.) 

If you want to work DX, itis advanta- 
‘geous to deploy an antenna that has a dee} 
‘overhead null in its radiation pattern. This 
minimizes high-angle sky-wave signals, 
noise and interference, and improves the 
signal-to-noise ratio of distant weak sig 
nals. The T antenna exhibits this featur. 
Figure IC provides dimensions for a T an- 
tenna with a resonant frequency of 1.9 
MB; the radiation patterns are given in 
Figure 4. This antenna’s radiation field is 
almost entirely vertically polarized. 

For these plots, the antenna was inthe 
X-Z plane (Zis the vertical axis and 0° azi- 
muth is in the + X direction), The 0° azi- 
math for the inverted Ls is the direction 
thatthe horizontal arm points (away from 
the feed). There is a slight azimuthal pat- 
tem asymmetry for these antennas because 
the anienna structure is not symmetrical 


Figure 2—Radiation patterns for Figure 
{W's antenna over average ground. The 
radiated field is dominantly Vertically 
polarized—a monopole-lke pattem. The 
‘absence of an overhead null in the vertioal- 
plane pattern (compare Figure 2A with 
Figure 4A) is due to the horizontally 
polarized component ofthe field radiated 
by current on the antenna’s horizontal arm. 


conta as (A) Brat haya aso 


own at women) 


Figure 3—-Raclatio pattoms for Figure 

1B's antenna over average ground. The 

radiated field is dominantly horizontally 

polarized in the plane broadside to the 

antenna, and vertically polarized in the 
lane of the antenna—a dipole-lika 


rack 
Sievaion angie, 35°10. 


Figure 4— Radiation patterns 
1C’s antenna over ave 
radiated field is almost 
polarized. The horizontally px 
‘component of the field radiated by 
fon one horizontal arm of the T is canceled 
by that radiated by the other arm. 


with respect to the feed. 

The effect of a well-grounded metal 
support tower was also studied, Surpris- 
ingly (to me), the effect is rather small, 
particularly for the 1/4 A inverted L. and 
1/4 2.T antennas. The effect on the imped- 
ance of the 1/2-A inverted L looked at first 
to be significant, but this is only because a 
small change in the resonant frequency of 
the antenna (the metal tower couples reac- 
tance into the antenna system and so 
changes the system’s resonant frequency) 
results in a significant impedance change 
at frequencies near the anti-resonant fre- 
quency. Only alight retuning of the match- 
ing circuit is necessary; the ra 
patterns are affected relatively li 
6¥/-foot nonconductive rope connecting 
the top ends of the horizontal arm to the 
support towers is assumed. For 50-foot 
support poles, it matters little (for 160- 
‘meterantennas) whether the polesare metal 
or wood, 

But this is not the case if the support 
toweris also the mount fora20-meter Yagi, 
because the tower and Yagi are much more 
nearly resonant than the tower alone. In this 
cease, the tower carries @ heavy current 
(0.8 A compared with the 1-A base current 
in he 1/4-A inverted L). Because the phase 
of the tower current is +145° with respect 
to the phase of the current on the vertical 
element of the inverted L, the antenna’s 
vertically polarized field is almost can- 


is 1547 ~j2635 Q, compared 
with the inverted L’s impedance of 14 0 
with tree support.—John S. Belrose, VE2CV 
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By Brian L. Wermager, KOEOU 


A Truly Broadband 
Antenna for 80/75 Meters 


With declining sunspots and poor con. 
ditions on the higher HF bands, 80 meters 
has suddenly become very popular. But, 
unfortunately, many hams are not able to 
use this band to its full potential. It offers 
every kind of ham activity from CW to 
phone, from nets and ragchewing to great 
DXing, but many hams are too limited by 
the frequency range of their antennas to 
enjoy this band completely. 

Antenna-matching networks are one 
answer, but they spoil the advantage of the 
no-tune feature of modern transceivers. 
Matching networks also are often less ef: 
fective than many hams think; they intro- 
duce losses, The losses can be significant 
fat some settings which provide a match. 
With these things in mind, I decided to try 
some ideas that might give me a more 
broadhanded antenna. ‘The prime require 
ment was that it be fed with common 50- 
‘ohm coaxial cable, with no traps, coils or 
capacitors. 

First, I ried a quarter-wave sloper. This 
antenna worked very well, with a band~ 
width of 300 kHz between the 2:1 SWR 
points, It still, however, limited me from 
operating CW DXatthe bottom of the band 
and the phone nets at the top of the band. 
‘There had to be a better antenna, 

‘Antennas can be broadbanded by using 
large-diameter elements. With this in mind, 
I began experimenting with two-wire 
slopers, attached to a common feed point, 
but with the wire ends fanned out fromeach 
other. (See Figure 1.) This seemed to help, 
>but not as much as I had hoped. It did, how. 
ever, shorten the length required for the 
sloper. For those with a short tower, this 
idea could make an 80 or 160-meter sloper 
possible when a single-wire sloper would 
be too long. 


The Fickle Finger of Fate Strikes! 
While I was trying one of these two-wire 
antennas at a low height on my tower, the 
SWR was less than 2:1 from 3.5 to 4.0, 
MHz! After several attempts to get it 10 
work the same way at the top of the tower, 
I discovered that these results could be at- 
tained only when my old quarter-wave 


7-16 Chapter 7 


From QST, April 1986 


Have you been dreaming about an antenna that will 
do justice to your no-tune, solid-state transceiver by 
letting you operate across the entire band from 3.5 
to 4.0 MHz? Then this may be the antenna for you! 


sloper was at the top of the tower and 
‘grounded to the tower. (See Figure 2.) The 
two antenna elements were obviously in- 
teracting with each other, broadening the 
bandwidth tremendously. Further pruning 
of the lengths of both the sloper and the 
two-wire element resulted in the amazing 
SWR curves shown in Figure 3 


What's Going On? 

| will leave the question of why it works 
to the experts. (See the sidebar to this ar- 
ticle—Ed.) Like a true ham, I subseribe to 
the old saying, “IF it works, leave it up and, 
don’t mess with it.” My guess, however, is, 
that itis something like one-half of a two- 
element log periodic secking its mirror 


Figure 1—Arrangement of the original KOEOU experiment. The coaxial cable shield is 
‘connected fo the tower, with both wires of the two-wire element connected to the center 
‘conductor. The wires are spread approximately 8 feet at the ends and are each 


approximately 52 feet long, 


The Mini-Numerical Electronics 
Code (MININEC) analyzes thin-wire 
antennas, solving an integral equation 
representation of the electric fields 
using a_method-of-moments. tech- 
nique. MININEC solves for the cur- 
rents, impedance and patterns for an- 
tennas composed of wires in arbitrary 
orientations in free space and over 
perfectly conducting ground. 

The impedance at the feed point 
calculates to be 79.4 + /1858.8 ohms. 
This assumes a perfect ground be- 
neath the structure and simply a-foot 
extension of the tower above the con- 
nection of the upper wire. In practice, 
the impedance will be affected by both 
the ground conductivity and the top- 


‘The MININEC Analysis of the KOEOU Three-Element Half Sloper 


oading etfect of a beam antenna atop 
the tower. 

‘Afair amount of current flows in the 
top section above the upper wire con- 
nection point. Top loading will affect 
the phase of this current, which will be 
reflected as a change in impedance at 
the feed point. In ather words, the cal- 
culated data is not absolute. Use itas 
an approximation only. 

Arelatively high current lows at the 
base of the tower to ground—more 
than in any other part of the system, 
This indicates that a good earth con- 
nection, and even a radial system, 
would offer highest efficiency. 

‘The antenna patterns, Figures A, B 
and, are also approximations. Polar- 


lzation is predominantly vertical~at low 
angles it may be considered to be al- 
most completely vertical. Broadside to 
the direction of the wires, the polariza- 
tion becomes horizontal at high radia~ 
tion angles, le, above 75 degrees. At 
60-degrees elevation, the vertical 
component is almost 16 dB greater 
than the horizontal, The vertical com- 
ponent increases significantly at lower 
elevation angles, beingin excess of 30 
{dB above the horizontal component at 
a5-degree elevation. These figures all 
apply in a direction broadside to the 
wires. Inthe direction of the wires, both 
“front” and "back," the radiation is en- 
tirely vertically polarized.—Gerald L. 
Hall, K1TD 


Asimuth Potts: 


) 


‘at The Horfzon 
30° Up from The Horizon 
10° Up trom The Herzen 


the values shown, 
dB to the values shown. 


‘Add 6.0 dB to the values shown, 


Figure A-Antenna azimuth radiation pattern for the KOEQU three-element half sloper antenna. Values are in dBi. Add 6.0 dB to 
Figure B—Antenna elevation radiation pattern, in the direction of the wires, for the KOEOU antenna. Values are In dBi, Add 6,0 


Figure C—Antenna elevation radiation patter, in a direction broadside to the wires, for the KOEOU antenna. Values are in dBi. 


age in the grounded tower. The top ele- 
‘ment is tuned for the lower portion of the 
band and the two-wire element for the up- 
per portion. In fact, there is a little SWR. 
“bump” in the middte of the band that seems 
to give further evidence of this. 


How Well Does It Work? 

Although Ihave no way of scientifically 
plotting the antenna pattern, itdoes seem to 
be vertically polarized. Good DX perfor- 
‘mance from the antenna seems to verify 
this. Because many contacts have been 


made in all directions, the antenna prob- 
ably has a fairly omnidirectional pattern, 
On-the-air comparisons with a quarter 
wave sloper across town show that the 
antenna performs at least as well as the 
sloper. It also seems to have a little less 
noise on receive than the sloper. 


Getting One Up for Yourself 

If you have a tower over 40 fect high, 
you should be in business. The element 
dimensions will vary according to the 
height of your tower. My friend Kelly 


Davis, KD7XY, constructed one of these 
antennas on his 50-foot tower so we could 
see how the dimensions would change. 
“Measurements of his antenna are shown 
in Figure 4 
Ttis interesting to note tha the height of 
the feed point on the tower does not appear 
to be critical at all. The angle of the wires 
inthe two-wireelement does not seem tobe 
critical either. The sloper element, how- 
ever, should come down benween the two 
Wires ofthe lower element. The sloper angle 
isabout 45 degrees, As you attemptto get the 
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Figure 2—The antenna as constructed at KOEOU, The tower is 70 feet high. The feed 
point is as described in Figure 1 and Is 15 feet above ground level on the tower. The 
Sloper element is 74 feet long, is connected to the tower at the top end and slopes to a 
point 11 feet above ground level at the end. 


Figure 4—The antenna installation at KD7XY. The tower is 50 feet high. The sloper 
‘element is attached at 46 feel, is 78 fest long, and is only 1 foot above ground level at 
the end. The two-wire element is 53 feet long and is attached to the tower at 13 feet 
‘above graund level Like KOEOU's antenna, itis virtually “flat” across the band; highest 
measured SWR is 1 
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Figure 3—SWR measurements for the 
antenna at KOEOU. The highest SWR 
measurement between 3.5 and 4,0 MHz 
ie 12: 


lowest possible SWR from the antenna, re- 
member that the angle of the sloper to the 
tower and its distance from the ground at the 
end will have an effect on the bandwidth. 
Because these antennas can be pruned from 
the ground, the trial-and-error method is easy. 
‘When pruning the antenna, remember thatthe 
two elements are cut for different frequen- 
cies. Changing the length of the top element 
cchanges the performance atthe lower part of 
the band. Changing the lengths of the two- 
wirelementschangesthe performance at the 
top part of the band, Don't give up until your 
antenna SWRis, at the very most, 15:1 from 
band edge to band edge. 

Use good insulators at the ends of each 
of the three wires, I used nylon fishing line 
at first, but one foggy, wet night the wire in 
the top element burned through in three 
places. It surprised me that there could be 
such high currents in a part of the antenna 
not even connected to the feed line, but I 
should have known better. Remember also 
that other objects around the antenna, such 
as other antennas or guy lines, could ad- 
versely affect antenna performance. Keep 
the antenna as much in the clear as possible, 


‘Some Untried Ideas 

Thope others will ry some modifica 
tions to this antenna. For example, there 
should be no reason why a single wire for 
the bottom element won't work. My small 
city lot doesn’t give me roomtotry asingle 
wire, as it would surely need to be longer 
than the two-wire element. I wouldalso like 
to see someone try cutting the top element, 
forthe high end of the band, and the bottom 
element forthe low end. This could shorten 
the sloper element for someone with & 
shorter tower and may even give the an- 
tenna some gain in the direction of the two- 
wire element, It might also be possible to 
construct an antenna for another band in- 
side of this one (40 meters, for example). 
‘The same feed point could be used, but with 
‘another sloper element for the second band. 
Another possibility is to construct the a 
tenna with two dipoles. Itis my guess (and 
only a guess), that itis the merging of the 
‘ends ofthe elements that causes the 50-ohm 
impedance of the antenna, 

‘Winter gives us the best conditions on 
the 80/75-meter band. You can be ready to 
use the whole band with this simple-to- 
construct and very broadband antenna. 


rom QST, August 1987 (Technical Corespondence) 


Improved Broadband 
Antenna Efficiency 


When Brian Wermager’s article. “A 
‘Truly Broadband Antenna for 80/75 
Meters,” arrived at HQ, I wanted to see if 
the antenna worked as well as claimed be- 
fore publishing the information in QST-! 1 
stopped tuning the antenna when the SWR 
was less than 1,6 across the entire band, 

For working DX the antenna seemed to 
Work as well as, or better than, a dipole at 
50 feet, Casual contacts were not difficult 
to make, but in contests, it was a different 
matter. The results were satisfactory, but 
could “satisfactory” be changed to “out 
standing"? 

‘The key toimproving the efficiency ofthis 
antennais found in the sidebar accompanying 
the article. The MiniNumerical Electronics 
‘Code (MININEC) computeranalysis doneby 
Gerald Hall, KITD, shows that: “A relatively 
high current flows at the base of the tower 10 
ground—more than in any other part of the 
system. This indicates that a good earth con- 
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Figure 1~Graph showing SWA vs 
frequency for the KOEOU 80/75-meter 
antenna. The lower curve depicts results 
before adding ground radials; the upper 
‘curve was plotied after adding radials and 
retuning the antenna, 


nection, and even a radial system, would of- 
fer highest efficiency.” 

A system of radial wires improves an- 
tenna efficiency by cutting ground resis- 


tance losses, The decreased resistance in 
ground losses will also narrow the antenna 
bandwidth. The question now becomes: Is. 
the narrowing of the bandwidth too much? 
decided to investigate that question next. 

With help from my brother-in-law, Iin- 
stalled 42 radials around, and bonded to, 
the tower base. As expected, SWR in- 
creased across the entire band, After I 
retuned the antenna, the SWR was below 
2:1 across the entire band (see Figure 1). 
As for results, DX stations are typically 2 
to6 S units strongeron the KOEOU antenna, 
than on the dipole at 50 feet. Contest QSOs. 
are now a reality. I am not the loudest East 
Coast station on the band, but I am very 
pleased with the performance of the broad- 
band antenna, (The dipole has been re- 
moved and stored!) —Chuck Hutchinson, 
KSCH 


B. Wermager. “A Truly Broadband Antennafor 
‘80/75 Meters,” QST, Apr 1988, pp 23-25, 
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By Thomas Russell, N4KG From QST, June 1994 


Simple, Effective, Elevated 
Ground-Plane Antennas 


‘This article describes a simple and ef- 
fective means of using a grounded tower, 
with or without top-mounted antennas, 3s 
an elevated ground-plane antenna for 80 
and 160 meters. 

Grounded towers have been used as 
shunt-fed verticals on the low-frequency 
amateur bands for many years. Generally. 
they required a gamma- or omega-type 
matching network and an extensive radial 
system for efficient operation. Recent com- 
puter studies reveal that simple elevated 
radial systems consisting of only four wires 
can produce results equivalent to 120 bur- 
ied radials. Typically, these antennas are 
modeled as isolated monopoles. Presum- 
ably, grounded towers could be used with 
‘an appropriate shunt-fed matching network. 

T've found an even easier method! 


From Sloper to Vertical 


Recall the quarter-wave length sloper, 
also known as the half-sloper, It consists of 
an isolated quarter wavelength of wire, slop- 
ing from an elevated feedpoint on a grounded 
tower. Best results were usually obtained 
when the feedpoint was somewhere below a 
top-mounted Yagi antenna, You feed asloper 
by attaching the center conductor of acoaxial, 
cable to the wire and the braid ofthe cable to 
the tower leg. Now, imagine four (or more) 
slopers, but instead of feeding each individu- 
ally, connect them together to the center con- 
ductor of a single feed line, Voila! Instant 
elevated ground plane. 

Now, all you need to do is determine 
how to tune the antenna to resonance. With 
‘no antennas on the top of the tower, the 
tower can be thought of as a fat conductor 
and should be approximately 4% shorter 
than a quarter wavelength in free space. 
Calculate this length and attach four insu- 
lated quarter-wavelength radials at this dis- 
tance from the top of the tower. For 80 
meters, a feedpoint 65 feet below the top 
of an unloaded tower ig called for, The 
tower guys must be broken up with insula 
tors for all such installations. For 160 
meters, 130 feet of tower above the 
feedpoint is needed, 

That's a lot of tower to dedicate to a 
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Here’s an easier and better way to use your 
grounded tower as a vertical antenna on 160 or 80 


meters. 


single-band antenna, especially for some- 
fone with limited real estate, What can be 
done with a typical grounded-tower-and 
‘Yagi installation? 

‘A top-mounted Yagi acts as a large ca- 
pacitance hat, top loading the tower. Fortu- 
nately, top loading is the most efficient 
means of loading a vertical antenna. The 
amount of loading can be approximated by 
using an empirical formula developed by 
John Devoldere, ON4UN.! 

Devoldere found that the electrical 
height of a top-loaded tower can be ap 
proximated by: 


Le038F(u+/38-H7500) (Ea) 
where 
iris the approximate electrical length in 
cope 


F is the frequency in MHz 


\J, Devoldere, Antennas and Techniques for 
‘Low Band DXIng (Newinglon: ARFIL, 1984), 
Table 1 


Effective Loading of Common Yagi 
Antennas 


Antenna Boom Equivalent 
Length S$ Loading 
(feet) (area, fe) (leet) 

aL20 24 788 «39 

5115 26 62435 

4L15 20 450031 

3115 18 38428 

5L10 24 38s 28 

4L10 18 288k 

3L10 12 192 20 

THT (24 — 40 (estimated) 

TH 14 — 27 (estimated) 


His the height of the tower under the 
Yagi in feet 
Siis the area of the Yugi in square feet 


To check Eq 1, consider the case of no 
antenna on top, where S = 0. Then L = 
0.38 x 3.6 x 65=88,9°, whichis very close 
to the desired 90° quarter wavelength, 

The effective loading of a Yagi is the 
portion of the equation under the radical. 
‘The examples in Table 1 should give us an 
idea of how much top loading might be ex- 
pected from typical amateur antennas. The 
{erm H/S00is ignored as insignificantcom- 
pared with 28 

‘The values listed in the Equivalent 
Loading column of Table I tell us the ap- 
proximate vertical height replaced by the 
antennas listed in a top-Ioaded vertical an- 
tena, To arrive at the remaining amount 
of tower needed for resonance, subtract 
these numbers from the nonloaded tower 
height needed for resonance. Note that for 
all but the 10-meter antennas, the equiva- 
Tent Ioading equals or exceeds a quarter 
wavelength on 40 meters. For typical HF 
Yagis, this method is best used only on 80 
and 160 meters. 


Construction Examples 

Consider this example: A THT Yagi 
mounted on a 40-foot tower. The TH7 has 
approximately the same overall dimensions 
as a full-sized 3-element 20-meter beam, 
bbuthas more interlaced elements, lestimate 
its equivalent loading to be 40 feet. At 3.6 
MHz, 65 feet of tower is needed without 
Joading. Subtracting 40 feet of equivalent 
loading, the feedpoint should be 25 feet 
below the TH7 antenna 

Tran 10 quarter-wavelength (65-foot) 
radials from a nylon rope tied between 
tower legs at the 15-foot level, to various 
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Figure 1—At A, an 80-meter top-loaded, 
reverse-fed elevated ground plane, using a 
40-foot tower carrying a TH7 triband Yagi 
antenna. At, dimensions of the 3.6 MHz 
matching ntwork, made from RG-59, 


supports 10 feet high. I tied nylon cord to 
the insulated, stranded, 18-gauge wire, 
without using insulators. The radials are all 
connected together and to the center of an 
exact half wavelength (at 3.6 MHz) of 
RG-213 coax, which will repeat the antenna 
feed impedance atthe other end, Figure lis 
a drawing of the installation. T used a 
Hewlett-Packard low-frequency imped- 
ance analyzer to measure the input imped- 
ance across the 80-meter band. 

‘An exact resonance (zero reactance) 
was seen at 3.6 MHz just as predicted. The 
radiation resistance was found to be 17 2. 
‘The next question is how to feed and match 
the antenna, 

‘My approach to 80-meter antennas is to 
tune them (0 the low end of the band, use 8 
low-loss transmission line, and switch an 
antenna tuner in line for operation in the 
higher portions of the band. With a 50-0 
line, the 17-0 radiation resistance repre- 


sents 23:1 SWR, meaning that an antenna 
tuner should be in-line for all frequencies. 
For short runs, it would be permissible to 
use RG-8 or RG-213 directly to the tuner. 
Since I have a plentiful supply of low-loss 
75-Q CATV rigid coax, I took another ap- 
proach. 

T made a quarter-wave (70 feet x 0.66 
velocity factor = 46 foot) 37-2 matching 
line by paralleling two pieces of RG-59 and 
connecting them between the feedpoint and 
a nun of the rigid coax to the transmitter. 
‘The magic of quarter-wave matching trans- 
formersis that the input impedance (R,) and 
output impedance (R,) are related by 


ZP=RxR, 


ForR,= 179 andZ,=370,R,= 
an almost perfect match for the 75-0 
CATV coax. The resulting 1.6:1 SWR at 
the transmitter is good enough for CW op- 
eration without a tuner. 


The Proof is In the Log 

How effective is this antenna? Well, I 
used to install a 60-foot aluminum tower 
and 100 radials, 100 feet long in a clear 
one-acre field every winter, and remove it 
every spring for mowing. The top-loaded 
reverse-fed elevated ground-plane antenna 
‘has replaced that antenna with no regrets, 
My only other 80-meter antenna is adipole 
at 110 feet broadside to Europe and the 
South Pacific, 

use the elevated ground plane for South 
Africa, South America, the Caribbean, 
parts of the Pacific and Asia, both long and 
short path. With it I have worked every- 
thing I can hear, with 1200 W output, in- 
cluding HL (rare in Alabama); HS; UA9; 
UAG; UI; UF; UL; most of the VK9s; XV; 
281; ZS8MI; ZS9; 3Y5X; 8Q; 9M2; and 
9V1. While running 5 W output. Ihaveeven 
worked two IAs with this antenna, which 
‘may say more for its effectiveness than 
anything else, 


Will It Work on 160 Meters? 

You bet it will, but it takes another 
tower. For the 160-meter band, a resonant 
quarter-wavelength requires 130 feet of 
tower above the radials. That's a pretty tall 
order. Subtracting 40 feet of top loading. 
for a 3-element 20-meter or TH7 antenna 
brings us toa more reasonable 90 feet above 
the radials, Additional top loading in the 
form of more antennas will reduce thateven 

Recently, a friend moved tothe country, 
and he needed a 160-meter antenna in 
hurry for an upcoming contest. He had 
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Figure 2—A 160-meter antenna using a 
75-foot tower carrying stacked triband 
Yagis. 


stacked TH6s on a 75-foot tower. I sug- 
gested he try fourelevated radials at 10feet 
above ground, witha tuner if necessary. He 
connected four radials about 120 feet long 
and a piece of RG-58. The SWR measured 
under 2:1 and he worked everything he 
heard in the contest. Figure 2 is a drawing 
ofthis installation, 

‘Another friend had a 120-foot tower 
with no antennas ont, He ran four elevated 
radials at 10 foct and obtained an SWR 
below 1.5:1 with a 50-0 feed line, During 
the contest, he even beat out some big guns. 

Elevated ground-plane antennas work! 
‘This simple, reverse-feed system makes it 
possible to feed grounded towerseasily and 
efficiently 
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Ungrounded Beverage Antennas 
From The ARRL Antenna Compendium Volume 4 


A Receiving Antenna that Rejects Local Noise 
The K9AY Terminal Loop-A Compact, Directional Receiving Antenna 
From September 1997 QST 


Hum Problems When Switching the K9AY Loops 
From May 1998 QST (Technical Correspondence) 


From September 1995 QST 


By Brian Beezley, K6STI rom The ARRL Antenna Compendium Volume 4 


Ungrounded Beverage 
Antennas 


Beverages are amazing receiving anten- 
nas. A good Beverage can turn a signal 
barely audible on your transmit antenna 
into solid, QS copy. A Beverage antenna 
(named after 1920s inventor H. H. Bever- 
age) isa long, low wire used for receiving. 
They're most popular on the 160, 80, and 
40-meter bands. Although occasionally 
pressed into service, Beverages are much 
{00 lossy for regular use as transmitting 
antennas, 

‘Conventional Beverages are fed against 
ground. Although very long wires may de- 
velop a few dB of front-to-back ratio, 
unterminated Beverages are essentially bi- 
directional. Terminating a Beverage 
through aresistance to ground atthe far end 
creates a highly unidirectional pattern 
Beverages typically are 1 to 15 feet high 
and 1 to 4 wavelengths long. 

Beverages are broadband, traveling- 
wave antennas, Power traveling toward the 
feedpoint is absorbed by the receiver, while 
that traveling in the opposite direction is 
absorbed by the termination resistance. 
Standing waves can't develop. Because 
waves traveling toward the feedpointaccu- 
malate substantially in phase, while those 
arriving from other directions tend to can- 
cel, the azimuth pattern of along Beverage 
is highly directive. Beverages are non- 
resonant antennas and can be used over 
wide frequency range 

A very useful Beverage variation uses 
two parallel wires, with one grounded at 
the farend. Waves traveling toward the far 
end reflect and return to the feedpointdif- 
ferentally as transmission-line currents 
With suitable termination and switching 
circuitry atthe feedpoint, you can receive 
signals from either direction, A two-wire 
Beverage thus can replace two single-wire 
antennas. 

For simplicity, I'll consider just single- 
wire Beverages here 


Eliminating Ground Connections 


Beverages normally connect to ground. 
atthe feedpoint and far end. See Figure 1A. 


So you've heard how Beverages can help you hear 
better on the lower bands, but you're still not 
convinced they're worth the bother. K6STI analyzes 
the Beverage, especially an easy-to-construct 


“ungrounded” version. 


However, obtaining a good, reliable ground 
can be difficult. A short ground rod may ex- 
hibit thousands of ohms resistance to ground 
‘when installed in dry sil or when corroded, 
Since Beverages require a termination resis- 
tance of just several hundred ohms, @ poor 
far-end ground can grossly misterminate an 
antenna and destroy its pattem. A. poor 
feedpoint ground can reduce signal levels 
and encourage coax-shield pickup. You can 
use multiple ground rods, a ground screen, 
fo a ground-radial system to lower ground 
resistance, but this greatly increases the work 
required to install a Beverage 

‘A ground connection isn't essential for 
Beverage operation. You can place the ter- 
mination resistance about one-quarter wave- 
length from the farend ofthe wire. Since the 
impedance of «quarter-wave wire isow and 
resistive, the remainder of the wire just sees 
the termination resistor in series with alow 
resistance. Similarly, you can feed a Bever- 
age about one-quarter wavelength from the 
near end. Both ends of the wire are left un- 
connected. See Figure 1B. 

Ungrounded Beverages are simple to 
install and have stable properties, Their 
radiation patterns often are superior to 
those of their grounded counterparts be- 
cause they don't suffer unwanted response 
from vertical wires. (This response can be 
reduced by lowering wire height. One way 
to do this is to slant the feed and termina- 
tion wires over a long distance.) 

The only real disadvantage of un- 
grounded Beverages is that they're fre- 
quency-dependent. For example, the low- 


impedance, quarter-wave wire sections 
become high-impedance, half-wave sec- 
tions at twice the design frequency. I'll 
show you how to multiband an ungrounded 
Beverage later. 


Antenna Modeling 

While you can use a MININEC-based 
antenna- analysis program to model Bever- 
age antennas, you'll have to settle for ap- 
proximate results at best. The MININEC 
algorithm uses _perfect-conductivity 
‘ground during current calculations, Ittakes 
lossy ground into account only later when 
calculating radiation patterns. Because 
Beverages are so close to ground, their 
ccurrent distribution is strongly affected by 
ground characteristics, NEC's Sommer- 
feld-Norton ground model takes ground 
dielectric constant and conductivity into 
account when calculating wire currents. 
This lets you accurately analyze antennas 
in close proximity to earth. Iused the NEC/ 
Wires 1.0 program to obtain all results pre- 
sented here, I modeled antennas over aver- 
age-quality earth (dielectric constant= 13, 
conductivity = 5 mS/m), 


Wire Height 

Figures 2A and 2B shows the azimuth 
and elevation patterns for a 1000-foot long, 
10-foot high, ungrounded Beverage on 160 
meters. The antenna uses # 18 wire and & 
650-9 termination resistance. It's fed and 
terminated 120 feet from each end, The 
remarkable pattern is better than that of 
‘many HF Yagis. 
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Figure 1—Single-wire Beverage antenna feeding and termination configurations. At A, 
conventional method is shown using slanted-wire terminations. At B, ungrounded 
Beverage is shown with matching Wanstormer and terminating resistor inserted 1/4 in 
{rom either end of wire. At C, ungrounded Beverage using full span of wire by employing 


perpendicular “tals” at both ends. The tails function as elevated counterpoise radials at 


460 meters. 


Figure 3 shows the azimuth pattern of a 
similar Beverage I foot above ground. The 
termination resistance for this antenna is 
7502 and it’s fed and terminated 125 feet 
from the wire ends. The pattern is even 
sharper than that of Figure 2. Outpat is 
about 1 dB lower. 

If you're tempted as I was to just lay a 
Beverage on the ground, take a close look 
at Figure 4, This is the Beverage of Figure 
3 but just 1 inch off ground (NEC provides 
accurate results for wire heights down to 
within several wire radii of ground), While 
still useful, the pattern has degraded con- 
siderably. Signal output ss quite abit lower. 
(Nevertheless, some users report excellent 
results from on-the-ground Beverages. 
Don’t hesitate to try one if it's your only 
option.) 

In the West you can just lay an un- 
‘grounded Beverage in the chaparral a few 
fect off ground. In the East you can unroll 
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‘one on top of a foot or two of snow (snow 
has very low dielectric constant and con 
ductivity and should be transparent to RF 
at low frequencies). Beverages like these 
are very easy to install (no support poles or 
ground rods). You can roll one out just be- 
fore a contest. 

Occasionally a Beverage may have to 
clear a height-sensitive area. Figure 5 
shows what can happen when wire height 
varies. The first 200 feet of this antenna is 
3 feet high (chaparral height). Next, a 50- 
foot section slopes from 3 to 15 feet. This 

isfollowed by a 200-foot span 15 feet high, 
8 50-foot downslope, and finally the re- 
‘mainder ofthe wire at 3 feet. This model is, 
similar to a Beverage used by K6TQ w! 
must clear an agricultural area with pro- 
‘duce trucks. While the rear part of the p 
tern is relatively unaffected, the height 
variation causes a large sidelobe bulge. It 
doesn't matter much if your Beverage is 
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Figure 2—Azimuth and elevation patterns 
at 1.83 MHz for 1000-foot long un- 
{grounded Beverage mounted 10 fest off 
flat ground with average conductivity and 
dielectric constant. The worst-case re 
ward lobes are better than 18 dB down 
‘compared to peak response. Note that the 
gain is only -9.52 dBi at 10° elevation, 
peaking at ~6.22 dBi at about 30° 
elevation. Ifthe transmission line to the 
receiver is very long, a preamplifier may 
be needed, 
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Figure $—Azimuth response for 10° 
‘elevation angle at 1.88 MHz or 1000-foot 
tong ungrounded Beverage mounted only 1 
foot off flat ground, Compared tothe higher 
antenna in Figure 2, this low Beverage has 
about 1 dB less gain, but the worst-case 
backlobes are suppressed even bette. 
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Figure 4—Azimuth response for same 
antenna as in Figure 3, except that the 
height is now only 1 inch off ground. The 
rearward pattem suffers and the gain fails 
about 5.4 dB compared to the Beverages 
in Figures 2 and 3 


high or low, but try to keep the height as 
constant as possible. 


Wire Length 

igure 6 shows the azimuth pattern of a 
2000-foot ungrounded Beverage. The ter- 
‘mination resistance is $50 Q. The pattern 
ofa very long Beverage like this may be too 
narrow for complete coverage of a general 
direction, 

Figure 7 shows the pattern of a 500-foot 
ungrounded Beverage. The termination re- 
sistance is 1100 Q. While much broade 
than the patterns of longer antennas, it's 
still quite directive and can provide a sub- 
stantial receive improvement. 


Feeding Ungrounded Beverages 

Conventional Beverages usually are fed 
with an autotransformer having a3:1 turns 
ratio. This matches a 450-0 impedance to 
50 2. Ungrounded Beverages typically 
inave an input resistance of 500 to 1000 Q 
(roughly equal to the termination resis- 
tance) and an input reactance of up 10 
100. Anexact impedance match isn'tim- 
portant; abetter match just delivers a higher 
signal. Although usually not required to 
improve signal-to-noise ratio, a receive 
preamplifier can equalize Beverage and 
transmit-antenna signals for easier direct, 
comparisons. 

Both grounded and ungrounded Bever- 
ages can be sensitive to unwanted coupling, 
at the feedpoint. If you connect coax 
through an autotransformer to a Beverage, 
the outside of the coax shield can become 
part of the antenna system if it exhibits an 
impedance similar to or less than whatever 
connects to it. It’s the same thing that can 
happen with @ coax-fed dipole. To prevent 

use a matching transformer with sepa 
primary and secondary windings and 


Figure 5—Azimuth response at 1.83 MHz 
for 1000-foot long, variable hei 
Lungroundad Beverage. The sidelobes at 
‘90° and 270° are larger than the antenna 
in Figure 2, but the pattern and gain are 
siill quite acceptable. 


Jow interwinding capacitance. This will, 
isolate the outside of the coax shield from 
the antenna, Alternatively, you can use an 
autotransformer followed by acurrent-type 
balun, (Because the feed tail of an un- 
grounded Beverage is likely to provide a 
Iower-impedance termination than a typi- 
cal ground rod, these Beverages should be 
less sensitive to coax-shield pickup.) 


Terminating Ungrounded Beverages 

Optimal termination resistance depends 
fon wire length, height, diameter, and 
‘ground constants. The termination resis- 
tance normally just affects the rear part of 
the pattern. I's easy to find the optimal 
value by modeling the exact geometry of 
your antenna with NEC. If you use long 
spans of wire with considerable sag, model 
the sag using multiple wires 

‘You can determine optimal termination 
resistance experimentally using a signal 
source to the rear of the antenna. Simply 
adjust the termination resistance for mini- 
mum signal. 

(Actually, minimum response directly 
to the rear isn't quite optimal for most de- 
signs. This condition usually causes the 
pattern to degrade slightly over a broad 
region elsewhere. Nevertheless, adjusting 
for minimum response is close enough for 
all but the most fanatical Beverage enthu- 
sist.) 


Multibanding Ungrounded Beverages 

If you provide a termination resistance 
‘one-quarter wavelength from the far end 
for each band of interest, you can use a 
Beverage on several bands. At the near end, 
use a separate quarter-wave tail for each 
band and connect them in parallel at the 
feedpoint. 

Figure 8 and Figure 9 show 160-meter 
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Figure 6—Azimuth response at 1.89 MHz 
for 2000-foot long ungrounded Beverage 
mounted 10 feet over flat ground. The 
gain is almost 5 dB higher than that of 
Figure 2, and the backlobes are all 
suppressed in excess of 23 dB. This is a 
(great 160-meter receiving antenna, but 
‘must be oriented carefully at desired 
receiving bearing because of narrow 
frontal labe. 
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Figure 7—Azimuth response at 1.83 MHz 
for 500-foot long ungrounded Beverage 
‘mounted 10 feet over average ground, 
‘The gain is almost 7 dB less than Figure 2 
‘at 10° elevation. The side lobes are large, 
‘even though the rear lobes are well 
suppressed. 


and 80-meter patterns of « 1000-feot-long,, 
10-foot-high, dualband Beverage. This an~ 
tenna uses a'700-Q resistor 63 feet from 
the far end and a 350-0 resistor 125 feet 
out. The two termination resistances pro- 
vide near-optimum performance on 160. 
‘The backlobe of the 80-meter pattern is 
suboptimal but the sidelobes are still well, 
down, I didn’t experiment much with ter- 
mination-resistance values or positions. lL 
bet both can be improved. 

Another alternative is to use a single 
termination resistance with multiple qua 
ter-wave tails. The resistor value will be- 
optimal on just one band since antenna 
length isn’t constant in wavelengths. But 
the value won’ tbe far off on any band if the 
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ing a 700-0 resistor 63 feet from the tar 
‘end, and a 350-0 resistor 125 feet out. 


Figure &-Dualband Beverage on 1.88 Miz, 
us 


Figure $—Dualband Beverage on 3,5 MHz, 
using same terminations as in Figure 7. 
‘The termination is not optimal for this band, 
but stil yields desirable directivity. 
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Figure 10—Ungrounded Beverage, 

11000 feet long with two 1/4 perpen-dicular 
termination “tals.” Pattern from 
ungrounded Beverage in Figure 2 is 
‘overlaid for comparison. At A, the 
‘azimuthal pattems at 10° el 

‘shown; at B, the elevation pattern: 
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Figure 11—Azimuthal pattem for un- 
grounded Beverage, 500 feet long with 
{wo 2/4 perpendicular termination tails. 


wire is long. For best performance on all, 
bands, use a separate resistor for each tail 


Perpendicular Tails 

‘The ungrounded Beverages described 
so far really don’t make optimal use of the 
entire antenna length. Although they con- 

ute power, the near- and far-end quar- 
ter-wave tails don’t support traveling 
‘waves. If space permits you can feed and 
terminate against a pair of quarterwave 
wires perpendicular to each end. See Fig- 
ure IC. This effectively lengthens the Bev- 
‘erage by one-half wavelength, Essentially 
the perpendicular tals form two, two-wire, 
elevated radial systems. 

Figures 10A and 10B shows the azimuth 
and clevation patterns fora 1000-foot-long, 
10-foot-high Beverage with perpendicular 
tails, with the patterns from Figure 2 over- 
laid for comparison. This antenna uses a 
500-2 termination. The pattern is some- 
‘what narrower than that of Figure 2 and the 
backlobes are even smaller. The elevation 
plot shows that overhead response is about 
10¢B less with perpendicular tails and that 
the forward lobe cants at a lower angle, 

Since the quarter-wave tails of a 500- 
foot Beverage comprise half its length, you 
might expecta more dramatic improvement, 
for perpendicular tals on this antenna, Fig- 
ure I shows the pattern of a 500-foot-long, 
10-foot-high Beverage with perpendicular 
tails. This antenna also uses & 500-0 termi- 
nation. Side response is down quite a bit 
from Figure 7 and forward response is2 dB 
greater. 

‘While they provide better performance, 
designs with perpendicular tails are more 
‘complex and occupy additional space. You 
‘can make better use of the additional space 
by phasing two Beverages with in-line tails 
to obtain a much better azimuth pattern . 
bt that's another story. 


By Brian Beezle 


From QST, September 1995 


A Receiving Antenna that 
Rejects Local Noise 


Noise can make a ham’s life miserable 
on any amateur band, As we approach the 
minimum of the sunspot cycle, many hams 
are discovering that noise can be particu- 
larly frustrating on the low bands. In sum- 
‘mer, static crashes caused by thunderstorm 
lightning can totally mask weak signals on 
the 160, 80, and 40-meter bands. During 
other seasons, pawer-linenoise, noise from 
household appliances, and incidental ra- 
dation from home electronic products of- 
ten limits reception, 

‘A recent QST article by Floyd Koontz, 
WA2WVL, describes a small receiving 
antenna for the low bands that provides a 
cardicid directional pattern. This pattern 
can reduce noise and QRM from the rear. 
As I marveled at the elegance and simplic- 
ity of Floyd's design, I realized that the 
antenna did have one shortcoming: Be- 
‘cause it is vertically polarized, the antenna 
responds strongly to local noise propagated 
by ground waves. I wondered whether it 
‘was possible to devise a receiving antenna 
to better reject local noise 


The Ground Wave 

Most hams who operate HF are familiar 
with the sky wave (or space waye) that's 
responsible for long-distance ionospheric 
propagation. See Figure 1A. The space 
‘wave has two components: The direct wave 
propagates along a straight line from the 
{transmit antenna toward the ionosphere, 
‘The ground-reflected wave bounces off 
the earth’s surface and heads in the same 
direction, 

The space wave also exists for local 
propagation, as shown in Figure 1B, The 
direct wave travels in a straight line be- 
tween the transmit and receive antennas, 
while the ground-reflected wave takes 4 
midpoint bounce, But when the antennas 
are close to ground, the direct and reflected 
‘waves nearly cancel, leaving a very small 
residual space wave. When the antennas 


Simplicity and performance combine to give birth to 
a compact antenna you'll want to have! 


are right at the earth's surface, the waves 
cancel completely. So what makes local 
communication possible? Answer: A third 
wave, called the surface wave, that exists 
for antennas close to ground. This wave 
diminishes in intensity as you increase an- 
tenna height. The surface wave exists only 
near the surface of the earth. The combina- 
tion of the direct wave, the ground-re- 
flected wave, and the surface wave is called 
the ground wave.? 

Surface-wave intensity varies with 
frequency and ground conductivity. It's 
stronger at low frequencies and for highly 
conductive ground. But the most important 
property of the surface waves its polariza- 
tion sensitivity. The surface wave is much 
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Figure At, the direct. and around 
‘ellected components of the space wave 
for ionospheric propagation. AtB, the 
space-wave components for local 
propagation. 


‘weaker for horizontal fields, For example, 
‘on 80 meters the broadside ground-wave 
response of a short piece of wire is 
about 34 dB lower when oriented horizon- 
tally, The difference is about 42 dB at 
160 meters. 

‘The surface wave makes local AM radio 
broadcasting possible. Because of the poor 
propagation of horizontally polarized 
ground-wave signals, AM broadcasters 
universally use vertical polarization. The 
‘same phenomenon causes vertical anten- 
ras to pick up much more local noise than 
horizontal antennas do. Even if a noise 
source has a stronger horizontal compo- 
nent, by the time the field reaches the 
receive antenna, the vertical component 
almost always dominates. 

These facts suggest that the first 
requirement of a receiving antenna with 
low response to local noise is insensitivity 
to vertically polarized radiation, the domi- 
nant component of the ground wave, 
Surprisingly, simply avoiding the use of 
vertical wires isn't enough. An antenna 
composed only of horizontal wires can still, 
respond to vertical fields. 


A Low Dipole 
Figure 2 shows the ground-wave re- 
sponse of an 80-meter dipole 10 feet high 
‘An easy-to-install, inconspicuous dipole 
like this is sometimes used for receiving 
when the transmit antenna is vertically 
polarized. The pattern shows the electric 
field strength 10 meters above ground at a 
distance of 1000 meters for an input power 
of 1 KW (the dipole exhibits the same pat- 
tem on receive). This geometry might be 
representative of that for a noisy power 
pole. Although the pattern may look simi- 
lar to that of a free-space dipole, 1 think 
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Figure 2—Azimuthal plot of the ground 
wave response of a 10-fool-high 80-mater 
dipole. The input power to the antenna is, 
1 KW, The peak electric field is shown. 


10 Feet High 
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Figure 3—Azimuthal plot of 
Wave response of two parallel dipoles 10 
feet apart, 10 feet high and fed out of 
phase. The input power to the antenna is 
1 kW. The peak electric field is shown, 


‘you'll be surprised to know thatthe wire is 
Driented broadside to the pattern null. A 
low dipole actually responds to ground- 
wave fields best off its ends! 

Here's an explanation for this peculiar 
behavior: The dipole has no response to the 
vertical component of a broadside ground 
wave because the electric field is perpen- 
dicular to the wire. The antenna responds 
only to the weak horizontal component, 
‘The vertical component also is perpendicu- 
lar to the mirror image of the antenna 
formed by the ground-reflected wave. But 
away from broadside, the dipole, itsimage, 
orboth, have a nonvanishing projection in 
the vertical plane. This enables the dipole 
to respond to the vertical component of a 
ground wave. In addition, lossy earth 
‘causes the surface wave to develop a radial 


8-6 Chapter 8 


component in the direction of propagation, 
‘Away from broadside, the radial compo- 
nentalso projects onto the wire and induces, 


current, The vertical and radial components 
induce maximum current when the surface 
wave arrives in line with the wire. 

‘When compared to a quarter-wave ver- 
tical with four radials elevated 10 feet 
above ground, the low dipole has a 12.5 dB 


sky-wave signals arriving at 20° elevation 
from their weakest direction (also off the 
tends), the dipole has 10 dB lower response 
than the vertical, Therefore, the low dipole 
has a signal-to-noise ratio advantage of 2.5 
4B for signals and noise arriving from their 
‘worst-possible directions. In the most fa- 
vorable directions broadside to the wire, 
the S/N advantage peaks sharply at 26,1 dB. 

Raising the dipole broadens the broad- 
side S/N peak and improves S/N off the 
ends. For example, for signals arriving at 
20° elevation, a dipole at 50 feet has an 
SIN advantage over the reference vertical 
of 6.3 dB in line with the wire and 25.6 dB 
broadside. If you have just a single noise 
source and you can rotate a high dipole, 
you should be able to come within a few 
ecibels of the latter figure most of the 
time. But when multiple noise sources in 
different directions arise (typical for 
power-line noise intimes of low humidity), 
rotating the antenna won't help much. The 
SIN advantage of the high dipole then is 
likely to be near the worst-case figure. 

These numbers illustrate the advantage 
of horizontal receiving antennas and sub- 
stantiate the notion long held by amateurs 
that “verticals are noisy.” But you can 
reduce ground-wave noise much more ef- 
fectively if you don’t rely on a simple hori- 
zontal wire, 


Canceling Ground-Wave Components 
Although a horizontal wire responds 
only weakly to a broadside ground wave, 
its response is substantial off the ends. If 
you could somehow eliminate the end 
response, you'd be left with the low broad 
side response and whatever residual 
response developed at intermediate angles. 

Figure 3 shows the ground-wave re- 
sponse of two parallel dipoles 10 feet apart 
and 10 feet high fed out of phase. The phas- 
ing cancels everything arriving off the ends 
of the wires. The end nulls combine with 
the low broadside response to create a re~ 
sidual cloverleaf ground-wave pattern. The 
peak of the cloverleaf is 9.3 dB down from 
the peak end-response of a single dipole.* 
(Wire losses are ignored here to illustrate 
the cancellation principle.) 

‘This antenna is just a very-close-spaced 
WAIK endfire array. Although it makes a 
ood receiving antenna for the low bands, it's 
pretty large, And there's still considerable 
ground-wave pickup in the cloverleaf peaks. 
If the wires somehow could remain parallel 
for all directions, it might be possible to 
achieve complete cancellation of the vertical 
and radial components of the ground wave. 


In some sense, the sides of a circular 
loop are parallel everywhere. Current am- 
plitude and phase vary little in small loops 
‘of regular shape. Therefore, the currents in 
‘opposite sides of such loops are nearly 
‘equal and out of phase. Unlike a W8IK ar- 
ray, a small horizontal loop does not have 
‘null anywhere along the ground, But its 
ground-wave response is uniformly low in 
all directions because the antenna responds 
only tothe weak horizontal component. EV- 
exything else cancels out (or nearly 50). 

‘A small loop usually is defined as one 
with a total conductor length of less than 
0.1 2, But unless you use large-diameter 
conductors to minimize RF resistance, loops 
this small are inefficient, A preamplifier 
‘may be needed to overcome receiver noise. 
‘You can increase the outpat of a loop by 
increasing its size, but the larger you make 
it, the less constant the current becomes. 
‘This reduces groundwave cancellation. 

‘The antenna of Figure 4 overcomes this 
difficulty by using two feedpoints, each on 
‘opposite sides of the loop to force current 
balance, One of the phasing lines is twisted 
tomaintain proper phase.’ This loop can be 
made quite large and still exhibit very low 
response to ground-wave noise. 


Detot of Feed Point 


Figure 4—Basic diagram of the 80-meter 
low-noise loop antenna showing detail of 
the feedpoint arrangement. The antenna 
Measures 25 feet on a side, |s 10 feet 
high, and made of #14 wire. It's fed at 
Sppesite comers with phasing lines made 
of #14 wire spaced 1.5 inches. A small 
{errite transformer at the junction of the 
the antenna to 


Capacitance of about 40 pF is required) in 
series with the antenna-side winding 
resonates the loop at 3.5 MHz. 


A Practical Design 

‘The 80-meter loop of Figure 4 has a pe-~ 
rimeter of 0.36 A. It's 25 feet on a side, 10 
feet high, and made of #14 wire It's fed at 
‘opposite corners with phasing lines made 
of #14 wire spaced 1.5 inches, A small fer- 
rite transformer at the junction of the phas- 
ing lines matches the antenna to 50 & and 
also functions as a balun. A trimmer ca- 
pacitor (about 40 pF is needed) in series 
with the antenna-side winding resonates 
the loop at 3.5 MHz, 

‘The ground-wave response of this par- 
ticular loop is shown in Figure 5 and its 
sky-wave response in Figure 6. For signals 
arriving at20°elevation, the worst-case sky- 
wave response is 20.5 dB below that of the 
reference vertical. This signal level is quite 
usable on 80 meters without a preamp, Be- 
cause the loop reduces ground wave noise at 
least 45.14B, S/N improvement is 24.6 4B 
forthe worst-case combination of signal and 
noise directions. if you use a preamp and 
adjust for equal signal levels, ground-wave 
noise will be four S units lower on the loop 
‘no matter what direction it comes from! For 
signals arriving at higher angles, S/N en- 
hancement approaches 30 dB. 

Both the ground-wave noise pattern and 
sky-wave signal pattern are very uniform 
‘in azimuth, The antenna is essentially om- 
nidirectional with an overhead null, just 
like a vertical, An overhead null is useful 
for reducing _near-vertical-incidence 
skywave signals from nearby stations. (The 
loop rejects their ground-wave signals 
along with local noise.) 

Although the S/N performance of this 
loop is not particularly sensitive to height, 
you can increase output level substantially 
by raising the antenna well above ground. 
For example, if you raise the loop to 
‘50 feet, the output increases 15.2 dB for 
signals arriving at 20° elevation. At this 
height, the output level is only 5.3 dB be- 
low that of the reference vertical. You'll 
never need a preamp with a loop this high. 
‘The S/N advantage drops 0.1 dB. At a 
height of 20 feet, output increases 7.2 4B 
and S/N drops 0.6 dB. 

‘You can shrink the loop to 10 feet on 3 
side. The S/N advantage increases 0.5 dB, 
but the signal level drops 6.5 dB. You can 
raise the signal level 3.4 dB by doubling 
the loop side lengths to 50 feet, but the SIN 
advantage then drops 7.9 4B. You can thus 
trade-off loop size, S/N enhancement, and 
signal level. Ifyou use smaller wire, output 
drops. For example, it's 1.7 dB lower for 
#2 wire. 

Although this loop is « narrowband de- 
vice and must be carefully resonated, the 
resonance is much broader than that of a 
typical small loop. You can get away with 
a single capacitor setting for both 3.5 and 
3.8 MHz if you're willing to accept some- 
what lower signal levels. The capacitor 
setting does not affect the patterns or 
skywave-to-ground-wave ratio—it simply 
alters output level, 

‘The input resistance at the junction of 
the phasing lines varies over a wide range 


with loop size, height, and phasing-line 
characteristic impedance. The input resis- 
tance is about 40 Q for the loop of Figure 4 
ata height of 10 feet. A transformer using, 
atype-77 ferrite core (such as an FT-82-77, 
FT-114-77 or FB-77-1024) with 9 turns of 
any size enameled wire on the coax side 
and 8 wire turns on the antenna side pro- 
vides a good match to 50-Q coax.® The in- 
put resistance drops to about 20.2 when the 
loop is raised to 20 feet and to about 15.2 
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Figure 5—Azimuthal plot of the ground- 
wave component of a 25-foot-square, 
‘80-meter loop at a height of 10 fest. The 
input power to the antenna is 1 KW. The 
‘peak electric field Is shown. 
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Figure 6—The sky-wave responses of the 
10-foot-high, 25-foot-square, 80-meter 
loop. At A, the azimuthal plot; at B, the 
elevation plot. 


at 50 feet. Use 13 turns of wire on the coax 
side for 20 feet and 15 for 50 feet. 

‘Although the optimum transformer 
turns ratio varies with antenna height, litle 
output is sacrificed if you use a fixed ratio. 

For example, output is only 1 dB less 
than optimal when a loop designed for 
10 feet is used at 50 feet. If you're deter- 
mined to obtain the best possible match, 
use 16 turns of wire onthe coax side and tap 
the winding for lowest SWR (alternatively, 
a switch can be used to select any of two or 
more taps). Use the lowest possible power 
when measuring SWR. It's easy to punc- 
ture the dielectric of a small trimmer ca- 
pacitor with a momentary blast. 

‘The antenna’s resonant frequency shifts 
when the phasing lines get wet. I'youuse true 
copen-wire line with plastic spacers, the fre- 
quency shift will be less than 100 kHz. But if 
you use 450-82 line with segmented polyeth- 
Ylene dielectric, the resonant frequency de- 
‘reases more than 200 kHz. when the line 
becomes thoroughly damp, Although this 
won't affect signal-to-noise ratio, output 
drops in the desired frequency range, You 
may be tempted o try phasing lines of 300-02 
twinlead routed inside PVC tubing to avoid 
‘moisture effects, but line impedances this low 
‘work only for smaller loops. 

This antenna should be constructed as 
symmetrically as possible to maximize can- 
cellation of the vertical and radial compo- 
nents of the ground wave. Make the loop 
perfectly square and accurately align it in 
the horizontal plane. Cut the phasing lines 
to the same length. Although these loops. 
perform well near houses, fences, and tow- 
ers, try £0 install the antenna as far from 
other conductors as possible to maximize 
current balance. Use the shortest possible 
leads to interconnect the matching compo- 
nents. Although it's probably unnecessary, 
ike to split the antenna-side transformer 
winding and put the tuning capacitor in the 
center to promote equal currents in the 
phasing-line conductors. 

‘To minimize the number of supports, a 
loop about 17 feet on a side can be con- 
structed using a 20-meter quad spreader. 
‘You can mount the spreader well up on & 
tower to increase output. Alternatively, you 
may be able (0 eliminate supports alto- 
gether by stringing a loop in your attic or 
garage. However, the current balance of 
indoor loops may be degraded by electrical 
wiring, plumbing, heating ducts, or other 
nearby conductors. 


On-the-Air Performance 

Ed_ Andress, W6KUT, located in the 
San Diego suburb of Poway, constructed a 
Joop 21 feet ona side and 10 fet high. Ed's 
Tecation is subjected to strong, chronic 
power-line noise. On 80 meters, Ed uses a 
pair of phased quarter-wave verticals for 
transmitting. We used the verticalsasarefer- 
ence when evaluating the loop. A 20-B 
preamp was available. With the preamp, sig- 
nals near loop resonance were about equal to 
those from the verticals. 

The loop performed as expected. It 
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dramatically enhanced the signal-to-noise 
ratio of most sky-wave signals. Sometimes, 
the verticals did better during a momentary 
change in propagation; occasionally a 
particular noise arose that the loop didn’t 
attenuate much. But overall, the loop was, 
far superior, It made little difference on 
strong signals. It made listening to moder- 
ately strong signals much more pleasant. It 
Jetus copy weak signals that were buried in, 
the noise and unreadable on the verticals, 

‘During times of no detectable powerline 
noise, we often noticed a curious effect: 
‘The loop still enhanced signal-to-noise ra- 
tio by one or two S units, making copy of 
‘moderately weak signals more pleasant. On 
these occasions, we were unable to hear the 
telltale, raspy buzz of power-line noise (or 
any other noise signature) when we listened 
with the transceiver's AM detector. Unless 
noise happens to arrive at low angles and 
signals at high, there's no reason for the 
loop to enhance skywave S/N. We believe 
that the unidentified noise is local and 
propagates by the ground wave. We specu- 
late that it may be the sum of hundreds of 
weak man-made noise sources in the 
densely populated suburb. (The superposi- 
tion of a large number of noise sources 
lends to be characterless even when the 
individual sources aren't.) 


Total Ground-Wave Cancellation 

I.you stack two ofthese loops vertically 
‘and bring both feed lines nto the shack, you 
ean form a deep null on the horizon forall 
azimuth angles by combining the signals 
with a fixed amplitude and phase offset. 
Except for azimuth-response irregularities 
‘caused by nearby conductors and small el- 
‘evation-angle differences due to range, this 
system will cancel all ground-wave compo- 
nents. This noise canceler was to have been 
the original subject of this article, However, 
a single component loop worked so well in 
practice that I decided total ground-wave 
cancellation was overkill. 
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‘Comparison with Other Antennas 

A conventional, single-feedpoint, small 
loop about two feet on a side—oriented 
horizontally —yields roughly the same S/N 
‘enhancement asthe loop of Figure 4, How- 
ever, output will be down about 46 dB from 
the reference vertical. You'll need a low- 
noise preamp with @ loop this small unless 
your receiver has a very low noise figure. 
Still, even with preamp, a conventional 
small loop makes an attractive, low-profile 
alternative. You must construct a low-out- 
putantenna like this carefully toavoid stray 
pickup. A single capacitor setting won't 
provide good output levels on both phone 
and CW. 

‘The WA2WVL cardioid antenna 
attenuates thunderstorm static and ground- 
wave noise to the rear. If you're seldom 
troubled by omnidirectional local noise, it 
should make a more effective receiving an- 
tenna than the loop described in this article. 
‘The cardioid also requires fewer supports 
and less space, As a bonus, it’s inherently 
broadband. 

If you have room for a two-wavelength 
Beverage, it wil outperform the WA2WVL, 
cardioid on sky-wave noise and should re- 
<duce ground-wave noise arriving more than 
45° off boresight by at least 15 dB. If local 
noise near boresightisn’ta problem, along 
Beverage can tremendously improve your 
receiving capability 

The easiest way to improve reception 
‘on 80 or 160 meters is to use the most sen- 
sitive horizontal antenna available at your 
antenna switch, Many hams with 80-meter 
verticals find that switching to a 40-meter 
dipole or beam improves copy of weak sig 
nals even though the antenna is nowhere 
near resonant on 80 meters, When just a 
single noise source is active, you should be 
able fo null it by broadsiding a 40-meter 
rotary. 

Scaling the Antenna to Othe 
Frequencies 
While I've used the 80-meter band for 


illustration inthis article, it's easy to scale 
the design to other frequencies. Simply 
multiply lengths, heights, transformerturns 
and capacitor values by the number you get, 
when you divide 3.5 by the arget frequency 
in MHz, 

‘That said, I don't recommend this an- 
tenna for use above 40 meters, If you're 
‘using a vertical antenna on the upper HF 
bands, do yourself a favor and replace it 
with the highest horizontally polarized an- 
tenna you can manage. Not only will your 
receive noise decrease, your transmit sig- 
nal almost certainly will improve due to 
higher ground-reflection gain.” (Excep- 
tion: If your vertical radiates over saltwa- 
ter, Keep it!) If you're already using a 
horizontal wire oa upper HF, I think your 
next antenna project should be a rotary 
‘beam rather than a receiving loop. 


Notes 

" Floyd Koontz, WA2WVL, “Is this Ewe for 
You?" QST, Feb 1985, pp 31-93, 

® Frederick Terman, Radio Engineers' Hand- 
‘book, 1st ed (New York: McGraw-Hill, 1943), 
pp 674-709, 

°MININEC-based antenna-analysis programs 
‘do not compute the suriace wave, nor can 
they accurately model antennas close to 
ound. | used NEG 2.0 with Its sur. 

face-wave and Sommerteld-Norton ground 


Sitmodele assumed average ground chara: 
{entice (slelectic constant 13, conductivity 
5 msi). 

4A small cloverleat peak requires very close 
wire spacing. For example, he peak 6 down 
only 8.4 dB for a spacing of 60 feet 

‘the feed arrangement slike that of an Alford 

Iniaet thelow-nelee recevingantenna 

‘really fs just a variant of the VHFIUMF loop 
‘devised by Andrew Alford fora diferent pur- 
pose in 1840. See Terman, pp 814-815. 

Don't be tempted to eliminate the transformer 
‘and connect 5-2.coax directly aloop. The 
{ransformer functions as.a current balun. It 
keeps noise current induced on the coax 
shield from entering the receiver. Justa litle 
pickup by the shieldcan pollute the low-noise 
utput ofa loop. 

7For example, on 20 meters, ahorizontal dipole 
‘only 35 feet high has 3106 dB broadside gain, 
‘over @ vertical dipole at low angles over 
average ground, 


By Gary Bree! 
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From QST, September 1997 


The K9AY Terminated Loop— 
A Compact, Directional 


Receiving Antenna 


Low-band operators are _ always 
looking for ways to improve their hearing. 
‘Asalow-band fan, Lwasimpressed with the 
EWE antenna developed by Floyd Koontz, 
WA2WVL.!2 Koontz shows us how to 
build a compact, directional antenna—a 
design that quickly became very popular. 
But when Isat down at the computer to fig- 
ure out the best way to install my own 
EWEs, a surprising new design emerged 
from my modeling experiments. 


Ladies and Gentlemen... 

Allow me to introduce you to the termi- 
nated loop, & concept that further shrinks 
the space required for a good receiving an- 
tenna without sacrificing performance! Fig- 
ure | compares the real estate requirements 
of my four-direction loop system to that of 
aan equivalent EWE array. The new system 


Wish you had enough room for an effective low- 
band receiving antenna? You do! This four-direction 
system fits in a 30-foot circle! 


is not only smaller, it’s easier to install, 
needing only one support instead of five. 
‘The terminated loop (see Figure 2) is 
physically and electrically quite simple, It 
consists of a wire loop of any convenient 
shape (diamond, delta, etc), hung from a 
single support and with a ground rod at the 
bottom, A 9:1 impedance-matching trans- 
former connects from one end of the loop to 
‘ground; a terminating resistor connects the 
other end of the loop to ground. This an- 
tenna is directional, favoring signals arriv- 


ing from the feed point end, rejecting by 
several S units any signals arriving from 
the end connected to the terminating resis- 


tor, Rreaw. 
Here's the real news: A very small termi- 
nated loop maintains its directional pattern. 


Asthe loop’s size gets smaller, however, the 
desired signal strength is also reduced, The 
antenna described here is small enough to fit, 
into a corner of almost any backyard, The 
loop could be made smaller, but I wanted 
to collect enough signal energy so that 
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Figure 2—The basic design of a single loop in an easy-to- 


Figure 1—A comparison of the real estate needed for four 
EWEs and the KAY Loop system shows that the loops need. 
‘only "the area of the EWEs, yet they provide the same 
directional patterns. 


construct quasideta oop contiuraton. Exchanging the feed 
point and termination reverses the patter. A four-direction system 
ses two of these loops installed at right angles to one another 
(as shown in Figure 1) and a relay controlled switching system. 
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Figure 3— 
Construction detai 
ofa terminated loop, 
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‘even a modest preamp (such as those in- 
‘cluded in most HF rigs) can be used. More 
information on the antenna’s operation can 
be found in the sidebars “How Does the 
‘Terminated Loop Work?” and “Summary 
of Characteristics.” 

To cover all directions, two loops using 
ond ig the same support are oriented at right 
angles to each other. Each loop provides 
reception from two directions when the 
feed point and termination are reversed, 
for a total of four separate patterns. Here 
are all the details you need to build the 
K9AY Loop antenna system, including a 
relay-controlled pattern-switching system 
that uses the coaxial feed line to carry 


95) Tronaormer 


the switching system control voltage 


Figure 5—Schematic of the relay box located at the base of the system. The relays, 
‘switch between the two loops, reversing the feed point and termination connections. 


How Does the Terminated Loop Work? 

‘The terminated loop was developed after examining the 
behavior of the EWE. In theory, the EWE Is a terminated 
hal-loop. High-frequency directional couplers such as those 
Used in the well-known Bird Thruline wattmeters are con- 
structed similarly, just much smaller." My analysis deter- 
mined that a terminated full loop, fed and terminated to a 
single ground point at bottom center, behaves the same way 
as a hall loop. 

How does a single loop achieve a directional pattern? By 
the way it responds to the electric (E) and magnetic (H) field 
‘components of the arriving electromagnetic wave, Let's say 
we have a signal arriving at the loop from one end. As the 
wave passes, the loop’s wire intercepts the E-field like a 
short vertical antenna, creating a voltage at the feed point. 
‘As expected from a vertical, the E-field response is amni- 
directional. 

‘The magnetic field works differently. The H field is at right 
angles to the E field and induces a current as it passes 
through the loop. The voltage developed across the termI- 
nating resistor by that current Is combined with the E-field 
voltage. If the wave arrives from the feed point end, the 
voltages add in phase. If the wave arrives from the opposite 
direction, the voltage is 180° out of phase with (and sub- 
tracted from) the E-field voltage. To maximize the front-1o- 
back ratio, the terminating resistor must have a value that 


balances the voltages created by the two field components 
s0 that their sum is close to zero. 

The resulting pattern is @ cardioid with a single null. With 
an optimum terminating resistor, the null can reach 40 dB or 
more in depth—that's more than six S units! The null is not 
at ground level, but at 20 to 55° elevation, depending on the 
shape of the loop and local ground conditions. Unless you 
build a short, wide loop or a tal, skinny oop, the null will be 
at 30 to 40° elevation, very convenient for reducing QRM 
from in-country stations. 

Ground is an essential part of the antenna—its resis- 
tance is part ofthe circuit. I ground conductivity is known at 
your location, it can be included in the computer modeling 
parameters. However, ground conditions can change over 
a short distance and vary with seasonal changes and mois- 
ture content. If you find that the antenna does not perform 
‘as modeled, adjustment of the terminating resistor value 
may be needed, as noted in the article. 

Ground does not need to be lossy, as is the case with a 
Beverage antenna. The loop has directivity even with per- 
fect ground, This means that you can install it ever any ype 
of ground, including a buried radial system (as long as it's 
not 100 close to another structure).—Gary Breed, KAY 


“Instruction Book, Model 43 Wattmé 
Solon, OH. 


, Bird Electronic Corp, 
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Let’s Build It! 

First, gather the following materials to 
construct the loops: 

# Two lengths of wire about 85 feet each. 
Although almost any wire size will do, 
#14 copperis probably the bestforalong- 
lasting installation 

+ Ten simple insulators—anything from 
old toothbrush handles to fancy porce- 
lain insulators will do. 

* A three or four-foot length of copper 
piipe—the ground rod doesn’t need to be 
driven deeply—a depth of three to four 
fect is suficient. Because copper-plated 
steel rods eventually ust, I prefer to use 
'/,0r /-inch-diameter copper water pipe. 

+ One support 25 feet above ground—my 
antenna hangs from a limb of a Georgia 
Pine, but anything that gts the top of the 
loops up about 25 feet will work. The 
‘wooden A frame support described in The 
ARRL Handbook and Antenna Book isan 
excellent choice, A metal mast can be 
‘used, but make it only as long as neces- 
sary and insulate it from ground. Lurge 
metal objects affect the antenna’s per- 
formance, so install it in the clear. 


*You'll also need some rope—nothing 
fancy, just something strong enough to 
keep things in place. 

‘Now, grab your tools and head for the 
backyard, Attach the midpoint of each wire 
length to an insulator that will be posi- 
tioned atthe top of the loop. The two loops 
must not touch each other, so leave some 
room between their insulators. I separated 
my insulators with about a foot of rope. 

Aligned directly under the tops of the 
loops, drive & ground rod, leaving a foot or 
so above ground as an attachment point. 
Using short ropes or wires, connect four 
insulatorsa few inches away from this post 
to receive the lower ends of the loops. 
Leave a foot of wire fora pigtail aftertwist- 
ing the ends of the loop wires around the 
insulators. Figure 3 sketches the important 
installation details, and the photo of Figure 
4 shows how my system is installed. 

‘The lower comers of the loops are sup- 
ported by insulators and ropes tied off t0 
nearby trees, fence posts, orstakes driven into, 
the ground. Pull out the comers with enough 
tension to maintain the loop shapes. At this 
point, the major mechanical work is finished 


rs = No Connection 
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ire 6—Schematic of the control box located in the shack. The control voltage to 
‘operate the relays is delivered via the coaxial line. 


‘Summary of Characteristics 


‘When choosing a specific configuration or location for your K9AY Loop system, 
consider this list of characteristic: 

‘= Like all antennas, this one can be affected by nearby metallic objects or struc- 
tures, Do your best to keep the antenna in the clear, away from your tower, house 
and power lines. 

‘= Noise reduction in this antenna is achieved mainly by the directional pattern, 
although being grounded offers some reduction of wind, rain and snow static. Com- 
pared to the typical omnidirectional vertical or low inverted V, the reduction in 
‘overall noise and interference can be dramatic. 

* The maximum circumference of the loop is a little over ‘/: 2 at the highest 
frequency of operation. If the loop is larger, the E and H-field responses of the 
antenna can no longer be balanced. Smaller loops (or same-size loops at lower 
frequencies) retain the directional patter, which makes this an excellent antenna 
for AM broadcast reception. Unfortunately, the received signal voltage is propor- 
tional to the area enclosed by the loop, so sensitivity decreases rapidly as the 
antenna becomes smaller. Unless you have a very good preamp, keep the loop 
ssizes near the maximum, 

‘= The T-Loop is not just a low-frequency antennal It can be used at high frequen- 
cles for shortwave listening, or to provide improved reception over an omnidirec- 
tional antenna such as a vertical. Just scale the size to the desired frequency using 
the guidelines presented in the accompanying article.—Gary Breed, K9AY 


and you should have something resembling. 
fan eggbeater, as shown in Figure 1, 


‘The Relay Box and Controller 

Figure 5 shows the relay circuit used to 
switch the feed and termination points of 
the loop wires, House the components in a 
weatherproof box having external connec- 
tion points for the four ends of the loops, a 
coax connector for the feed line and a 
‘ground-wire attachment. 

K1 is a DPDT relay that switches be- 
tween the two loops. K2, another DPDT 
relay, swaps the connections of the termi 
nating resistor and matching transformer, 
thereby reversing the pattern, Relay power 
is supplied via the coaxial feed line. C1 
‘keeps the control voltage from reaching the 
‘antenna, and C2 provides an RF ground for 
the transformer. 

‘Most builders will likely choose to ori- 
ent the loops for northeast/southwest and 
northwest/southeast directions. The relay 
box has four switching modes, one foreach 
direction: 1) northeast, when neither relay 
is energized; 2) southeast, when KI only is, 
energized; 3) southwest, when K2 only is, 
energized and 4) northwest, when both re~ 
lays are energized. Switching is accom- 
plished using a single power connection 
through steering diodes D1 and D2, DI al- 
ows KI to operate when +12 Vis applied, 
while D2 blocks the voltage from reaching, 
K2. When ~12 V is applied, K2 operates, 
but not K1. When 12 V ac is applied, the 
diodes rectify it to operate both relays. 

The matching transformer is a 9:1 im- 
pedance, 3:1 turns ratio type that should be 
familiar to many readers, Five trifilar turns, 
of ordinary hookup wire are wound on & 
3/.-inch-diameter (0,825 inch) 43 material 
toroid, The terminating resistor (Rrzpaq) 
value will be between 390 to 560 2, de- 
pending on your band preference. With 
average ground conductivity, a value of 390 
Q provides the optimum F/B at 160 meters, 
while 560 2 optimizes the loops for 80, 
meters, A value of 470 Q splits the differ- 
ence for“pretty good’ performance on both 
bands, I chose to optimize the antenna for 
160 meter operation, so used 2 390 Qrresis- 
tor. Use an Rypayy Power rating of at least 1 
W in case some transmitter power ends up 
being coupled to the loops. I use a 2-W 
carbon resistor, but two parallel '/-W or 
four '/i-W units of appropriate ohmic value 
ccan also be substituted, 

Figure 6 is a diagram of the control box 
thatis located in the shack. One 12 Vac trans 
former provides the ac relay power and feeds, 
two half-wave rectifiers and filter capacitors, 
to generate +12 V. One SP4T switch selects 
the proper voltage to apply to the coax, The 
RF choke and 0.1 iF capacitor keep the RF 
and control voltage separated atthe shackend.. 

Once the control unit and relay box are 
built and operating properly, mount the relay 
‘box at the ground rod and connect the four 
‘ends ofthe loops to their proper terminals. A 
length of 50. coax carries the signal and 
power between the antenna and the switch 
box in the shack. I highly recommend keep- 
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Elevation Pot 
‘Azimuth Angle = 0.0 Deg. 


Figure 7—Vertical radiation pattern of the loops along the plane 


of the loop, 


ing the coax on the ground (buried is better) 
to minimize pickup of noise or energy 
coupled from your transmit antenna. A re- 
ceiving preamplifier is almost certainly 
needed, either your rig’s internal preamp 
oor an external preamp, 


Evaluation and Adjustment 

‘Next, verify that the antenna is working 
correctly. Some listening is probably what 
you'll do first, but fading makes it almost 
impossible to determine the antenna’s ac- 
tual performance, Atbest, you will be able 
to confirm that the antenna has reasonable 
directivity 

More accurate listening tests can be per- 
formed several ways. The best way isto enlist 
the aid ofa nearby ham whose station is very 
close to beingin line with one of thetwo loops. 
such help is not available, the next-best op- 
tion is to identify 2 local AM radio station 
high in the band (1400-1600 kHz) and use 
that as your test signal. Switch the loops to 
their various directions. Ifthe test station is 
directly in line with one loop, you should see 
a front-to-back (F/B) ratio of about 2 to 3 § 
units a5 the antenna is switched toward and 
‘away from the station. You won't see a huge 
FYB because the deepest nullisup at 30t040°, 

Local ground conductivity can affect 
performance. You might not getan optimum 

ern at your particular location with the 
jormal-value” terminating resistor. If you 
aren't getting the expected performance, 
substitute a 1 kO potentiometer for the ter- 
minating resistor and adjust it for best F/B 
while listening to your test station. Then, 
measure the pot’s resistance and install a 
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Figure &—Horizontal radiation pattern of the loops at 30° 


elevation. 


fixed-yalue resistor of the same value. 


Antenna Performance 

‘The vertical pattern of the antenna, in 
line with the loop, is shown in Figure 7. 
Figure is the azimuth pattern at 30° elev 
tion. Modeling was done using W7EL's 
EZNEC program,’ which uses NEC-2 to 
evaluate the antenna over “real” ground.* 
Listening tests confirm that these modeled 
patterns are close to the as-built antenna 
performance. Much of the on-air pattern 
evaluation was done by listening to AM 
broadcast stations and to WWV on 2.5 
MHz, because the pattern of the antenna 
changes little over this frequency range 
Stations at exactly the right distance and 
directions have verified the deep null off 
the back. For example, New York City area 
radio stations are exactly in line with my 
northeast/southwest loop, and show 40 dB 
F/B ratio when the arival angleis justright! 

‘The frontofthe paternisquitebroad, with 
‘maybe one § unit F/S. The advantage ofthis 
antenna is its rearward null, which reduces 
local noise and distant QRM. I installed my 
system just 2/4 weeksbeforethe 1996 ARRL 
160Meter Contes, soitgotathoroughevalu- 
ation in a short time. During the contest, 
changing the pattern direction often made the 
difference between Q5 copy and a busted 
contact. For example, pointing southeast to 
hear Caribbean stations reduced stateside 
QRM by 20r3 S units, enough to easily hear 
the DX through unruly pileups. 


Higher-Performance Ideas 


The compact size of the K9AY Loop 
‘makes it easy to build more than one for a 


‘multielement array. Installing two of them 
in a broadside/endfire combination is one 
option, but a really ambitious approach 
would be to install a four-square! This ar- 
ray would have a substantial F/B over a 
wide angle, along with a much narrower 
front lobe than a single loop. The space re- 
quired for this high-performance array is 
far less than what is needed for Beverages. 
If you try this, remember to switch the in- 
dividual loops to the desired direction as 
you switch the feed system. 


‘Summary 

If you want improved reception on the 
Jow bands and don’t havea lot of room, the 
terminated loop is an excellent choice. Itis 
small, easy to build and its directional pat- 
tern makes DX much easier to hear. 


Notes 

"Floyd Koontz, WA2WVL, “ls This Ewe for 
You?" OST, Feb 1995, pp 31-33. 

"Floyd Kooniz, WAZWVL, "More EWES for 
You," OST, Jan 1996, pp 32-34 

SEZNEC 1.0 by Roy Lewallen, W7EL, PO Box 
16658, Beaverton, OF 97007; tel: 503-646- 
‘2885, fax: 503-671-9046, 

“The modeling accuracy of antennas with 3 
‘direct connection to ground is somewhat un- 


inating resistor than this mod 
indicates. The plots presented here are ty 
“Dest ft” between modeled and observe 


Photos by the author. 


From QST, May 1998 (Technical Correspondence) 


Hum Problems When 
Switching the K9AY Loops 


By Gary Breed, K9AY 

Tam pleased to report that many hams 
have successfully built the receiving an- 
tenna described in the September 1997 issue 
of QST.' Thad some concern that variations 
in local ground conditions and nearby struc- 


tures could reduce the antenna’s perfor- 
mance, but the performance I obtained 
seems to be readily duplicated. 


‘Gary Br 
Loop—A, Compact, 
Antenna,” GST; Sep 1997, pp 43 


Loop 1 
sw se 
Loop 2 

nw se 


o:1 transformer 


te 
2 contol 
oo > 
mH 


aril. 


Figure 1—A revision of the schematic shown in Figure § of the September 1997 OST 


‘There is one problem that needs to be 
addressed. When the loops are switched to, 
the northwest direction, an ac voltage is 
sent down the coax to the relay box. A few 
hams have reported hum or distortion, 
‘when the antenna is switched in this direc 
tion, Two explanations are possible: a 
ground loop due to widely separated an- 
tenna and station grounds, or modulation 
of the core of the matching transformer. 
‘The presence of hum was not evident in my 
prototype, but to avoid either cause of the 
problem, I recommend using a separate 
three-conductor control wire to operate the 
relays. The power is solely 12 V de, and no 
‘current flows through the transformer. The 
modifications are shown in the accompa- 
nying figures, which can replace Figures 5 
and 6 in the original article 

Secondary benefits of this arrangement 
include the option of using an existing 12 V 
power supply to provide the operating volt- 
age, and the ability to use an additional 
conductor to carry power to an antenna- 
mounted preamplifier. 
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Figure 2—Changes to Figure 6 of the original article, 


Chapter 8 8-13, 


Ie 
v. 
Ie 


A Skyhook for the ’90s 
From May 1997 QST 


Balloon Skyhooks 
From August 1997 QST (Technical Correspondence) 


The Clothesline Antenna 
From July 1998 QST 


A Variable-Frequency Antenna 
From July 1949 QST 


Honey, | Shrunk the Antenna! 
From July 1993 QST 


By Don Daso, K4ZA From QST, May 1997 


A Skyhook for the ’90s 


Some History, as Introduction 

By 1936, the Zeppelin company was 
without rival in the design, construction 
and operation of rigid airships. Flying suc- 
cessfully around the world, providing regu. 
lar passenger service between Germany 
and South America, the Graf Zeppelin air- 
ship was nonetheless unsuited for the hard- 
ship of crossing the North Atlantic. The 
Hindenburg was designed and built for this 
route, This huge airship was one ofthe larg 
est flying machines the world has ever 
known, Her crash and destruction at 
Lakehurst on May 6, 1937, ended the era of 
passenger transport by aitship.* 

Later, growing up on a farm near Ak- 
ron, sometimes saw the Goodyear airships 
passing silently overhead, Twenty-odd 


Figure 1—K4ZA fastens the antenna and 
tether to the miniature blimp prior to launch, 


‘The terms concerning lighter-than-alr (LTA) 
‘raft are often misapplied, Webster's Nint 
Collegiate Dictionary Indicates that dirigible, 
airshipand blimp all denote an LTA with steer- 
ing and propulsion capabilties. Hence, the 

‘terms donot strictly apply tothe kytoon, which 
has neither steering nor propusion systems. 

Nonetheless, blimps so commonly used by 

manufacturers, sellers and users ta describe 

the kytoon that we continue that usage here, 
as wall. Ed. 


Is your group looking to put up a BIG vertical antenna 
for Field Day? The crew at N4ZC started their own air 
corps. Their full-size 160-meter quarter-wavelength 
vertical is not supported by hot air! 


s 


buildings, power lines or trees. 
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years after the Hindenburg disaster, 1 be- 
gan to experiment with balloons myself— 
originally using surplus weather balloons 
to support wires, and more recently, with 
small blimps holding contest antennas. 
Many hams have considered using balloons, 
or kites for antenna supports. Indeed, they 
come closer than anything else to that 
“skyhook” we all jokingly referto on occa- 
sion. Yet, each one has limitations. 


The Kytoon 

Balloon-supported antennas tend to lose 
altitude in the wind, however slight. Kites 
‘cannot fly without wind. Satisfactory ser- 
vice from either support requires a 
limited range of wind and weather condi- 
tions—something that’s not too common. 
Combining features from each—the bal- 
Joon and kite—solves several of these 
limitations. Indeed, the Kytoon is a small, 
inflatable blimp-shaped balloon with kite- 
like surfaces that cause it to fly into the 
wind. An early Kytoon—with a rigid skel- 
eton—is registered with the US Patent Of- 
fice and enjoyed some success as a 
skyhook. (See Bibliography for further in- 
formation.) 

Today, the early Kytoon’s bladder-and- 
frame construction has been replaced by 
completely inflatable balloons, made from 


Figure 3—Here’s, 
‘our miniature 
version of the real 
thing—fresh out of 
the box and ready 
for infiation. 


2 to 3-mil polyurethane film (see Figure 
1). Brilliant skin colors are common be- 
cause these miniature blimps are intended 
for advertising purposes. These small 
blimps are available from various sources, 
with prices varying according to size— 
typically from 10 to 30 feet long and start- 
ing at $300. [Beware: Many suppliers spe- 
cialize in advertising Kytoons and sell 
them for twice the price of those sold for 
scientific uses.—Ea.] 

The plastics used in their construction 
have been specially formulated for high 
elasticity, helium retention and paint appli- 
cation, Helium (2 safe, inert gas) is avail- 
able from party suppliers or welding supply 
‘companies, One tank will easily support an 
antenna for the typical contest weekend. If 
you have some room, but maybe not the 
resources to put up a full-sized radiator, 
consider a tethered Kytoon. As a modern 
antenna support, these miniature blimpsare 
the skyhook of the '90s. 


Tethered Flight 

Most hams considering these small 
blimps as antenna supports concentrate on 
their antennas, This natural inclination can 
create problems, Most hams have little 
knowledge or experience with the basic 
principles of LITA flight, knots and rigging 


Figure 4—Vertical antennas are real-estate intensive. K4ZA and KF4HK install radials in 
the horse pasture at N4ZC’s contest station. 
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rules, with FAA regulations, with weather 
and especially with how these all relate to 
tethered flight. It’s a complex process and 
serious business tolift an antenna aloft with 
small balloon or blimp. 

These blimps consist of a closed enve- 
lope of gas—usually helium—thatis lighter 
than the atmosphere, Gas balloons can only 
descend by losing lift (that is, by venting 
fas) or when some force overcomes their 
lift (retrieval by tether or powered flight), 
‘As.agas balloon rises, it will reach an equi- 
librium altitude, where it will remain until 
the lift-to-weightratio changes. These prin- 
ciples—which are mostly associated with 
larger, cargo-carrying blimps—are impor- 
tant, especially because our balloon will be 
tethered. As with any tower or antenna 
project, use common sense and make safety 
your highest priority! 

Because space is three-dimensional, any 

‘skyhook” can turn in the air—rotating in 
three axes: a longitudinal roll, a lateral yaw 
and a vertical pitch, The shape of these 
blimps allows them to “fly” in the wind, 
countering these motions, and the tether 
allows the blimp to move easily enough 
within those three axes. Generally, you will 
experience something like Figure 2. 

A 10 to 12-foot blimp is sufficient for 
most antennas suitable for low-band 
use, Most blimp applications will be for 
160 meters, because the sheer size of effec~ 
tive antennas for this band makes them dif- 
ficult (and costly) to erect. A 10 to 
12-foot-long blimp of 3 to 4 feet in diam- 
eter holds about 70 cubic feet of helium 
and is capable of lifting two pounds. This is 
sufficient for an effective 4/4 wire vertical 
for 160 meters. 


Setup, Antenna and Ground 

You'll need & working area on the 
ground to inflate your blimp. A 20x20-foot 
area should suffice. It's important to pro- 
tect the thin skin of the balloon. I usually 
lay the balloon out on a tarp to prevent any 
stubs or twigs from poking the plastie skin 
(see Figure 3). While the plastic seems 
sturdy and elastic, I'm always careful and 
treat the balloon gently. [hold the helium 
tank upright, and I usually lash it securely 
toa two-wheeled dolly, o I can move itto 
the field easily. Follow the manufacturer's 
inflation direetions carefully (each will be 
slightly different, 

Tnflation temperature is important: If 
possible, inflate the balloon at the same 
temperature it will experience in flight. 
Helium comes out of the tank cold. With 
rising temperatures, it expands quickly in- 
side the balloon, Sunlight and warm air 
cause further expansion. (In very hot 
‘weather, a balloon loses some ofits lifting 
power, but this is usually not a problem.) 
Donot overinflate the balloon, Finger pres- 
sure will barely dent the surface of a 
properly inflated polyurethane blimp. Pay 
special attention while closing the neck of 
the blimp. With many blimps, you can sim- 
ply fold the neck back onitself several times 
and then fasten it in place with heavy rub- 


Figure 5—WAAUNZ and K4ZA work Inside 
the large copper ground ring installing the 
food system. 


ber bands (folding them, if necessary) to 
provide a tight, leak-free fit. Refills are 
‘much easier when rubber bands, rather than 
knotted rope, seal the balloon, 

Use a quality ball-bearing swivel be- 
tween the end ofthe tether and the balloon’s 
attachment line. This allows the blimp to 
easily turn into the wind. Fishing line works 
well as a tether; so do some kite lines and 
‘other synthetic ropes. I've used 100-pound 
fishing line and "/-inch nylon rope. 

Stranded wire is lightweight antenna 
conductor. Aluminum welding wire is light 
and strong enough to use. (I use phosphor- 
bronze wire that was originally intended 
foruse with the “Gibson Girl” rescue unit's 
kite- or balloon-supported antenna. It 
comes on a small reel, The irony, weight 
and low cost appeal to me.) To save time, 
‘measure and mark the antenna length be~ 
fore construction begins. I have found no 
instances where the addition of a tether 
created 1 problem, in launch, retrieval or 
during flight, The antenna has never bro- 
ken; and our balloon has never broken free. 
Obviously, it’s simple insurance, and you 
don’t want your antenna wire touching 
power lines or other hazards, which might 
happen with a runaway blimp. 

The original installations at N4ZC were 
all within a working pasture (see Figure 4). 
On-ground radials were easier to install 
than elevated radials, albeit more labor- 
intensive (easier because they need no sup- 
ports, labor-intensive because it requires 


more radials—4 versus 60). A large diam- 
eter ring of copper water pipe served as the 
radial connection point and made solder- 
ing easier, The ring also created a work 
space to stand in during set up and launch 
(see Figure 5). (Future installations will 
use a high, central wooden post, with at- 
tachment points for the antenna, tether and 
four elevated radials.) Our installation is 
over 150 feet from the nearest tower (the 
20-meter array). RG-213 runs from the 
feed point to the base of that ower, where 
it connects to Hardline running to the 
shack. 


Hints 

Always wear gloves when launching 
and retrieving the blimp. Let the blimp rise 
slowly; retrieve it slowly. The lift can be 
terrific, and the antenna wire and tether can 
easily cut your hands. Always have helpers 
coil up the antenna and tether on spools as. 
‘you walk the balloon down. (I recommend 
‘eeling in the blimp daring daylight hours 
W's a tempting target, and we hear gun- 
shots in the woods all the time at N4ZC’s 
somewhat country location. Make certain 
‘winds cannot push the blimp into nearby 
objects, even when it's near the ground.) 

FAA regulations for flying tethered 
bballoons—those under five pounds in 
‘weight—are clear: No person may operate 
‘kite or balloon in a manner that creates & 
hazard to persons, property or other air- 
craft. 

‘Avoid all dangerous situations: opera- 
tion near airports, in wetor stormy weather, 
near electric power lines, over public 
streets or areas congested with people or at 
extreme heights (which is probably the first 
thing a ham will think of). Use common 
sense and play it safe. Using less than the 
legal limit with a single '/ vertical sup- 
ported by a10-foot blimp, I've been able to 
work any station heard on 160 meters. 


Sources 
Here are names and contactinformation 
fortwo suppliers ofthese inflatable blimps: 
Toy-Tex Novelty Company, 7315 N 
Linder, Skokie IL. 60077. 
‘The Blimp Works, 156 Barnes Airship 
Dr, Statesville NC 28677. 


Annotated Bibliography 

There's a wide variety of upplicable in- 
formation and material available, but not 
much has appeared in Amateur Radio pub- 
lications. This is new territory, in many 
‘ways, that's worthy of further experimen- 
tation, I recommend the following books 
and articles for further reference and 
study—before buying, building and flying: 


R, Carleton Greene, WSPWU, “More On 
Balloon Supported Antennas,” OST, 
Nov 1940, pp 38, 39 and 82. One of the 
earliest articles on using meteorological 
balloons as antenna supports, complete 
with lifting charts 

David T. Ferrier, WILLX and William G. 
Baird, WORCQ, “A New Kind of Sky- 
hook,” QS7, Oct 1946, pp 24-25. The 
‘original use, as best I can determine, of 
the Kytoon as an antenna support. Al- 
though focused on emergency or Field 
Day use, the final line ofthe article pre- 
sents this challenge: “Perhaps long-wire 
vertical antennas can now be exploited 
with outstanding results." 

Stan Gibilisco, WIGV, “Balloons as An- 
tenna Supports,” The ARRL Antenna 
Compendium, Volume 2, (Newington 
ARRL, 1989). A brief overview of the 
topic, with good descriptions and sev- 
eral safety tips. 

“Maxwell Eden, Kiteworks, (New York: Ster- 
ling Publishing Company, 1989). Anex- 
cellent book about kites of all kinds 
including building and flying them. 
It's filled with tips and techniques. 

Will Hayes, The Complete Ballooning 
Book, (Mountain View, California: 
World Publications, 1977). Although 
focused on large hot-air balloons, the 
history, basics of flight and safety chap- 
ters are well worth your time. It also in- 
cludes the FAA regulations. 

John Belrose, VE2CV, “A Kite-Supported 
160- (or 80-) Meter Antenna,” QST, Mar 
1981, pp 40-42. A unique application of 
the Parafoil—a special type of kite. In- 
teresting tips and techniques applicable 
to blimp-supported antennas. 

“160-Contest Results," QST, Jun 1976, 
pp 71-74. Pictures and text from W8LT, 
the Ohio State University Amateur 
Radio Club, using an original Kytoon to 
support a vertical antenna 
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‘om QST, August 1997 (Technical Correspondence) 


Balloon Skyhooks 


By Jack M. Hughes, WB6SOL 

1 appreciated and enjoyed “A Skyhook 
for the '90s."! The company I work for, 
TCOM, L.P., has been doing this sort of 
thing commercially since 1981, but on a 
‘much larger scale. Since 1972, TCOM, L.P. 
hhas been an authority on and builder of aero- 
stats.? We manufacture and market an aero- 
stat system called the Tethered Aerostat 
Antenna Platform (TAAP). 

VLF and LF transmitters and receivers 
are used by the military and governments 
worldwide forhigh-reliability communica: 
tion of strategic information. A typical an- 
tenna system for VLF/LF communication 
is a complex array of wires suspended on 
insulated towers that take months to erect, 
and place into operation. A unique scheme 


‘Don Daso, K4ZA, “A Skyhook for the '90s," 
‘OST, May 1997, pp 31-33, 

Zaerostats are es: 
‘dynamically 
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for the rapid deployment of a complete 
VLFILE (up to 100 kW) communications 
system uses the TAAP. 

‘An acrostat is employed to elevate an 
encapsulated vertical antenna/tether to a 
height approaching one quarter wave- 
length for the frequency in use. At VLF, 
this technique enables the system to oper- 
ate with a high antenna-radiation effi- 
ciency unobtainable by other land or sea- 
based antennas. 

‘The radiated-power efficiency is further 
enhanced by the installation of a simple 
groundplane consisting of eight radial 
‘wires emanating from beneath the moor- 
ing-system trailer. The radial ends are se- 
cured by ground rods and copper wire. The 
entire system—antenna/tether, aerostat, 
mooring system, transmitter and equipment 
shelter—is designed to be transportable by 
land, air or sea and to be rapidly erected at 
aselected site. 

‘The aerostat is a helium-filled, aerody- 
namically stable tethered balloon typically 
32 meters long. Its antenna/tether is com- 


posed of Kevlar with optional fiber optics 
and two concentric outer sheaths of alumi- 
num braid. The Kevlar construction pro- 
vides up to five times the strength ofa simi- 
lar-weight steel cable. A fiber-optic core 
provides for secure communication be- 
tween the ground and the aerostat, and 
the double-aluminum sheaths act as the 
diating elements—as well as a path for the 
400 Hz electrical power to the aerostat. 

‘The aerostat is launched and retrieved 
ata rate of 200 feet per minute and it does 
not vent helium. In addition to the helium 
chamber, it uses an air-filled ballonet sys- 
tem that expands and contracts depending 
con the outside air pressure tokeep the aero- 
statrigid atall times. Itcan operate in winds 
of up to 50 knots and will survive in winds 
of greater than 70 knots. The system is de- 
signed tofly continuously for up to21 days 
before replenishing it with helium. 

Tcommend author Don Daso forhiscre- 
ativity and resourcefulness. He seems to 
hhave just as much of a thrill as we do in 
handling LTA vehicles. 
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The Clothesline Antenna 


Dry your laundry or work DX. Could this be the first 


Every once in a while, you run across an 
idea that seems so simple, 50 obvious, you 
can't believe it hasn't been done before 
Surely (you say to yourself), you're not the 
first person in the universe to have thought 
of this 

‘That's the case with the Clothesline 
antenna and me. While mulling over a va- 
riety of ideas for an antenna suited to my 
apartment, I started drawing some graphs 
of sine waves at various frequencies. One 
thing led to another and [ wound up with a 
terrific solution for my antenna needs— 
and it was one that I haven't found any 
references to anywhere. AS far as I'm co 
cerned, I've invented the Clothesline. Still, 
T'm not going to be surprised if someone 
shows me that it’s been done before! 

But even if this antenna design has been 
around since hydrogen, it may still be new to 
‘you. And even if you have seen something 
similar to the Clothesline, this design may be 
wortha second look. For hams na variety of 
situations, this could be just what the doctor 
ordered to cure your DX dilemma, 


What It Is ... And Isn't 
T will tell you what the Clothesline is, 


dual-purpose antenna? 


but first I'l tell you what it is not. The 
Clothesline isn't some dubious trick for 
loading up sn actual clothesline with 12 
cubits of RG-213 looped four turns to the 
foot around your washing machine. This is 
an antenna, it works all the HF bands, and 
it gets great results. It doesn’t need a tuner 
because it’s dead-on resonant on the 160, 
80, 40, 20, 15 and 10 meter bands. A tiny 
‘tweak will bring in 12 and 17 meters, too, 

It’s remarkably easy to build. There are 
no traps, no stubs, no loading coils, no vari- 
able or fixed capacitors, no screws, no 
clamps, and you don’t haye to drill any- 
thing. This antenna is so simple to put up, 
ithurts, The Clothesline consists of little 
‘more than a piece of wire, a center insula- 
tor, some feed line, anda couple of $2 hard- 
‘ware-store fittings, 

Too good to be true, you say? What's 
the catch, you ask? 

Well, you do have to adjust this antenna 
for most band changes. But before you get 
{oo excited by the word “adjust,” i'm not 
talking about unwrapping yards of black 
{ape to getat a loading coil, or tweaking the 
bare shaft (whoops, hot side—sorry!) of a 
50-year-old fleamarket variable capacitor. 


No, the Clothesline makes band changes 3 
piece of cake. When you see how easy itis, 
you're going to chuckle! 


The Concept 

The easiest way to explain how the 
Clothesline works is to lead you through 
the simple reasoning Iused to come up with 
the thing, I started with a drawing like the 
one in Figure 1. It shows a simple dipole 
for 80 meters, It's 132 feet long and fed in 
the middle with coax. Next drew the graph 
of the voltage distribution along the an- 
tenna (at its fundamental resonant fre- 
quency). Note the voltage is at a maximum 
(with Teference to ground) at the antenna 
ends. That's important for any dipole ra- 
diator. The ends of the antenna have to 
correspond to the high voltage points of 
the curve, 

already knew that the curve the volt- 
age wave describes is a quarter of a full 
cycle—a quarter wavelength—on each 
half of the antenna. And that the distance 
between the two places where the voltage 
is highest, or in other words, from one end 
of the antenna to the other, ise plus '/— 
a half wavelength. That's why they call it 
a half-wave dipole. 

Talso understood why the feed point is 
in the middle. It’s located precisely where 
the voltage curve is lowest with respect to 
ground. To me, an antenna is just like a 
transformer—it transforms the low imped- 
ance coming out of the coax up to the im- 
pedance needed to couple to the cosmos, 
Come in low, go out high, So much for the 
plain dipole. 


a Weltage Curve 


Feod Paint (A) 


Le (Minimum Voltage) 


Figure 1—The voltage distribution along an 80-mster dipole 
antenna. Note that the voltage is at maximum (with respect to 
‘ground) at the ends of the antenna. 


a 


TWAT LAST PAIR OF LONG JOHNS YOU 
REELED OUT MOVED MY FEEDPOINT 
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Figure 2—Take the 80- 
meter dipole shown in 

Figure 8 and overay tho 
voltage distribution for a 


7-MHz signal. Note how 
the 7-MHz feed point (B) 
has shifted to the left 

of the 3.5-MHz feed 


I then dropped a 7-MHz voltage curve 
over the original 3.5 MHz length (see Fig- 
ure 2). Because the new frequency is a 
whole multiple of our original frequency 
(.SMHzx2=7MHz),thereisstill awhole 
number of half wavelengths from one end 
to the other, so the voltage peaks are still at 
the ends. This means this same length of 
wire will resonate at7 MHz, which means 
it will radiate perfectly well at this fre- 
quency (00. 

But I noticed right away that something 
had changed from our earlier situation—the 
point where the voltage minimum crossed 
ground was no longer in the middle. There 
Were now two such points, neither of them 
anywhere near the middle. So the antenna 
was resonant—the voltage peaks were at the 
ends—but my original feed point was now 
useless! Alright, I reasoned. If I shift the 
feed line to the new minimum I'll have the 
perfect setup—high voltage atthe ends, low 
voltage atthe feed point. Look out DX, here 
Teome! 

T thought about how far I'd moved the 
feed point. Looking at the curve, you can 
see that from (A) to (B) is a quarter wave- 
Tength at the new frequency, right? We 


point (A). 


doubled the frequency, which means wecut 
the old wavelength in half. So what used to 
be a quarter wave at the old frequency. 
from the middle to one end—will be twice 
that, or one-half wavelength, at the new 
frequency, And I wanted to get the feed 
point over to the new location at point (B), 
soT move it half that half—a quarter wave- 
ength—over to the new minimum at (B), 

Talso realized that I'd added a quarter 
wave to the right half of the antenna, 
making the right-hand side '/splus'/.wave- 
lengths, or a total of /« wavelengths long. 
Since */s on the right plus '% on the left 
equals 1, I now had a full-wavelength an- 
tenna with some gain compared to adipole, 
fed one-quarter wavelength from one end. 

kept going. I doubled the frequency 
again, and the same thing happened. The 
voltage peaks would stay at the ends, but 
T'd sce the feed point moving further to the 
left by one-quarter wavelength at the 
new frequency for each time I doubled 
frequency. 

Itried it for other multiples—by 3,5, 6, 
7 and s0 on, Just as I expected, I always 
wound up with some whole number of half 
waves, and voltage peaks at the ends, ALT 


ever had to do was to move the feed point 
to the new quarter-wave point of the an- 
tenna, And for that matter, for any band 
other than 80, I had a choice of feed point 
Each higher-band antenna had more than 
one voltage minimum point in its length, 
and I could feed at any one! 

‘Now I drew a bunch of these curves like 
the ones shown in Figure 2 for 80, 40, 20, 15 
and 10 meters. I dropped reference lines 
down from each voltage minimum to show 
‘where the feed points would lie along this, 
single piece of wire, depending on the fre- 
quency. Because there are multiple feed 
points for each of the higher bands, I could 
see thatany time I want to change frequency, 
Twould just shiftto the closest feed point for 
the next frequency, and away we go! 

But so what? How was I going to make a 
simple antenna with all these feed points? For 
that matter, what was simple about an an- 
tenna with all these feed points anyway? The 
answer was, “nothing.” What about a single 
feed point that somehow travels or slides, 
along the antenna o anywhere I want to 20? 
Could I make that happen? 1 was looking out 
the window at my 40-meter folded dipole 
‘when T came up with the answer, 

Other than the fact that it's fed with 
300-Q line rather than coax, the folded 
dipole is almost identical to the standard 
dipole, It resonates over the same lengths 
at the same frequencies, so my marvelous 
(but yet to be invented) multi-band, sliding 
feed-point antenna would be just as com- 
fortable with a folded dipole 132 feet long 
‘sit would be with a plain dipole. But what 
‘about the sliding feed point? 
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‘3—The Clothesline antenna. Just set (A) or (B) to equal a quarter wavelength at your 
‘multiple of your base frequency (most HF ham bands are), your antenna is tuned. You can 


ting frequency. As long as ite a 
sure Out your favorite bands, peak 


them by observing the SWR, and put color marks or tags on the bottom wire. Roll up to the mark and you're ready to couple to the 


cosmos! 
86 Chapter 9 


‘What would happen with my folded di- 
pole if just grabbed the feed line and tried 
to slide it along toward one end? It hit me: 
If the endpoints were run over pulleys the 
feed point would effectively slide! Itwould 
just run along the bottom of the antenna to 
‘anywhere you cared to put it. As far as the 
electrical nature of the antenna is con- 
cerned, absolutely nothing has changed— 
except the position of the feed point! And 
there it was—the birth of the multi-band, 
sliding feed-point antenna, otherwise 
known as the Clothesline! See Figure 3. 

But wait a minute, I thought, It's a 
clothesline. It can’t possibly work. t's too 
simple! 

Yet no amount of poking about on paper 
could find fault with it. Still very skeptical, 
{ strung up a miniature version (for 10 and 
20 meters) running down my hallway. It 
worked! It loaded like a breeze, with the 
feed about 8 feet from the end on 10 meters 
and about 16 feet from the end on 20 meters, 
just where those graphs said it should. 
‘bought some decent wire, a couple of 
tic pulleys, 75 feet of 300-2 twin lead, and 
threw one upon the rooftocover 40 through 
10 (66 feet is all the horizontal space Ihave 
up there). Within a couple of days I had 
racked up dozens of DX contacts on every 
band. Most remarkable was the apparent 
ain on the higher bands. I consistently 
surprised other stations (and myself) with 
my signal strength, usually trading equal 
signal reports and getting lush praise from 
guys running far greater power and fancier 
antennas, My 100 W and a Clothesline are 
reaching the world! 


How to Build and Use the Clothesline 

Measure out enough wire for twice the 
lowest frequency. If this happens to be 80 
meters, you'll need 2 x 132 feet (plus a bit 
for trimming). String it up like a clothes- 
line, using nylon or rope leaders to attach 
the plastic pulleys to their supports. Just 
‘make sure that all the wire is used, so that 
the antennais full-length, You ean use long 
leaders if you want to hang one end off 
distant support, Run each end of the wire 
through the pulleys top-to-bottom, attach 
the two ends to a center insulator and hook 
up your feed line. That's it! 

If you're building a version for 80 or 
160 meters, you'll want to install a third 


little pulley to ride along the top run, at- 
tached by a short piece of cord tothe center 
insulator, to help keep the top and bottom 
runs of the antenna roughly parallel, Build 
it for 40 as the lowest frequency and you 
won't even need this little extra, 

‘There isa full stof feed points between 
the middle of the antenna and half-way out 
tocitherend, soif you want to keep the feed 
line short, you can cut it to provide just 
‘enough slack to move within this range. Al- 
temnatively, because different feed points 
for the same frequency can affect the gain 
pattern, you may want the flexibility of 
having a choice of feed points for each fre- 
quency, and decideto leave more line slack, 
Losses in twin lead are so much lower than 
in regular coax, you can use all you want 
(within reason). Do be careful to stand it 
off from any metal itencounters on the way 
into the shack. 

Inside, the simplest way to match the 
twin lead to your rig is with a balun, Tuse 
6:1 balun (o get the impedance down to 
the 50.0 my radio likes. A 4:1 balun works 
fine too, though the 6:1 usually presents a 
better match. Both baluns are sold by = 
number of OST advertisers. Ditto for the 
300-0 twin lead. 

Speaking of the shack, if yours is on an 
upper level at your home, consider setting 
the Clothesline up with’ one end near a 
shack window. You'll be able to reach out, 
retune (that is, haul in the line), then go 
‘back to your rig to check your SWR meter. 

Ifyoudon'thave this luxury, don’tsweat 
it, calibrated my Clothesline by setting my 
rig on tune-up power for each band, and 
going up to the roof of my apartment build- 
ing to peak the antenna with afield-strength 
‘meter. I confirmed each setting by checking 
the SWR back in the shack. On every band 
tuned for, it was well below 1.5:1. As 1 
found each feed-point setting, 1 marked 
them with various colored indelible mark- 
ers for each band. Now when I want to 
change bands, I just go up to the apartment 
roof, run the Clothesline out to the right 
color, and I'm tuned! It takes seconds. 

Icanimagine other settings where you'd 
tun the Clothesline right outside a window, 
outto some convenient support. Or vertical, 
up or down the side of a building, a tree, or 
a flagpole (tie a flag to it, if you like). If 
you're camped out in suburbia with diffi- 
cult, anti-antenna neighbors, a detachable 


feed line using alligator clips makes it the 
perfect disguised antenna. Who’s going to 
suspect a clothesline? You could even use it 
during the day to... wait fort... dry clothes! 
You could even make it out of your standard, 
sgarden-variety hardware-store clothesline 
it—plasti pulleys, vinyl-covered wire, the 
‘works. ‘This makes the Clothesline the only 
hham antenna kit I know of that you can buy 
complete (minus the feed line) from your lo- 
cal hardware store. (Ina perfect world, your 
Jocal hardware store would stock twin lead.) 
‘Yes, Tow I said atthe beginning that this 
wasn'ta trick forloading up a real clothestine 
and I've been true to my word. This is an sn- 
tenna that happens to look like a clothesline. 

Tmentioned covering 17 and 12 meters. 
If you cut the original length to resonate 
just a little up from the bottom of 80, at 
3.615 MHz, the fifth harmonicis smack dab 
‘on 17 meters. Cut it to 3.55 MHz and har- 
monic number seven is on 12 meters. In 
fact, these are such minor variations that 
you can surely find a convenient center fre- 
quency on 80 that'll put you right where 
‘you want to be on all bards. Though you 
don’ tneedit, atuner(eitherin or out-board) 
ccan get you right down to zero reflected 
power. Remember, feeding with twin lead 
or other balanced lines keeps your losses 
way down, s0 a little elevated SWR at the 
band edges is no big deal. 

T’m now thinking about some kind of 
‘motor drive that'll permit me to tune up 
from inside the shack. My first reaction to 
this idea was, if'm going to getinto motor 
drives and the like, is that any simpler than 
beam? I now think the answer is “yes.” 
The drive would be simpler, in that 1 
wouldn't need any position feedback—all 
need to do is watch my reflected power 
meter to know when I've hit resonance. It 
doesn't need a whole lot of travel because 
a full range of feed points is available over 
just a quarter-length of the antenna, As 
well, few beams are all-band, And since the 
antenna you can put up is always simpler 
than the antenna you can't, for those of us 
in apartment settings where a beam or 
other, more complex antenna systems are 
‘out of the question, x motorized Clothes- 
line might well be worth the effort. I've got 
1 sneaking suspicion that, somewhere out 
there, there's a cheap, off-the-shelf drive 
unit with “Clothesline” written all over it! 
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By Ralph O. Williams, W8AJC 


A Variable-Frequency 


Antenna 


Multiband transmitters and  band- 
switching receivers make it easy for us to 
jump from band to band, but the antenna 
has not kept pace. Many of us are prevented 
from operating on several bands by the 
thoughts of the multiplicity of antennas 
demanded by the conventional approach to 
multiband work. Here, to go with the VEO, 
isthe VFA —tunable to resonance from the 
operating position. Itcovers 11, 10, 6and 2, 
and all the television and f.m, bands in be- 
tween, with the optimum performance all 
along the line. Ideas for the lower frequen- 
cies are included, too. 


Ithas been the writer's lifelong ambi- 
tion as a radio amateur to have a universal 
antenna; one that would not only work on 
several bands, but also tune within a band, 
providing optimum operating conditions on 
any frequency. The memory of endless trips 
to the rooftop or out to the mast to lower the 
antenna.and cut off or splice on afew inches 
of wire to hit a special spot in the band is, 
still fresh in mind. The old Zepp was pretty 
good but itrequired spaced feeders and tun- 
ing at the transmitter end, The half-wave 
aerial split in the center for a72-ohm trans- 
mission line required no tuning at the 
station end but necessitated a different an- 
tenna for every band. Often the resonant 
frequency of these antennas varied widely 
from the values indicated by the formulae 
because of conditions not always apparent, 
and under some circumstances it was diffi- 
cult to get adequate loading over an entire 
band. As the years passed matching sys- 
tems were introduced, and they, too, are 
usually one-band devices. With all their 
disadvantages the antenna systems were not 
too bad back in the days of crystal control, 
‘but now we have VO and often operate 
anywhere within the band, It goes without 
saying that what we need to go with VFO is 
good VFA! 

‘The group, other than amateur, most in 
need of a VFA, is that vast population try- 
ing to receive the various television and f.m. 
channels on a single antenna, A good half- 
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One to Ten Meters with a Single Antenna System 


wave dipole will outperform most of the 
existing elaborate receiving antennas pro- 
viding, of course, itis possible to adjust the 
antenna accurately for each channel. 

For years I have been giving thought to 
‘ways and means of feeding out and retriev- 
ing wire to make an adjustable center-fed 
half-wave antenna. The increased use of 
the VFO and the advent of television and 
fm, broadcasting have made such an an- 
tenna practically a necessity. The folded 
dipole makes it a possibility, with rigging 
less complicated than the dial drives on 
some broadcast receivers! Itis the purpose 
of this discussion to describe a remotely- 
controlled center-fed antenna capable of 
continuous adjustment from band to band 
and within the bands, using an untuned 
transmission line. 


The Folded Dipole as a VFA 

‘The folded dipole lends itself admirably 
torigging with cords and pulleys o that the 
length of the flat top may be varied simply 
by pulling down on the feeders (see Figure 
1). If the spacing between the center pul- 
leys is adjusted so that the characteristic 
impedance of the two parallel conductors 
is 300 ohms the feeders will match 
300 ohm ribbon regardless of their length 
and the length ofthe antenna. In this way, 
we have a tuned antenna with a flat line for 
any frequency, accomplished without re- 
sorting to sliding contacts at any point in 
the system. Figure 2 showsa practical hand- 
operated rigging that will enable the experi- 
menter to make a set-up and observe its 
characteristics. Antennas of this type may 
bbe made large or small but itis suggested 


Figure 1—Basic principle of the adjustable folded dipole. Dipole and feeder section are 
made of one plece of fiexible wire. Antenna length is changed by pulling dawn on the 
feeder at point X. Spacing of the pulleys at the center is such that the characteristic 
impedance of the feeder section Is 300 ohms. Twin-Lead is connected at points A and B. 


that the beginner make up small models for 
2 and 6 meters, or simply for the £m. and 
television bands, to prove the merit of the 
antenna. 

‘The photograph and Figure 3 show the 
details of an experimental working model, 
made long enough to tune to 10 meters, but, 
designed so it could be pulled down to a 
flat-top length of only a few inches. The 


Figure 2—Hand-operated version of the 
variable-frequency antenna mounted on 

‘a wooden frame. To minimize mounting 
space, the feeders are folded back over 
ratio pulleys, F. The 300-ohm line 
‘connects at A and B. With this arrange- 
ment the vertical movement of pulley F Is. 
equal to the end movement of the antenna 
pulleys. The supporing fishlne or sash 

‘cord must be taut 


Practical working 
‘model of the folded- 
dipole VFA of Figure 
used at WBAJC. 
Tho system is 
operated by the 
servo motor at the 
base of the mast, 
and is controllable 
from the operating 
positon. 


tuning was fairly sharp and the results over 
conventional antennas for the reception of 
fm, broadcasting were gratifying. A con. 
siderable improvement was noticed even 
within the 88-108 MHz f.m, band when the 
receiver was tuned to different stations and, 
the antenna adjusted for maximum re- 
sponse. It was a real thrill to couple the 
feeders to the 10-meter transmitter and 


watch the plate milliammeter go up as the 
antenna came into resonance, and then pass 
through, and return for maximum; then 
without changing antennas, to switch on the 
fim. broadcast receiver, fun the antenna 
downto about four and ahalffeetto pick up 
a Detroit station. It was interesting to ob- 
serve the effects on the received signal 
strength asthe antenna was shortened from 
resonance at 10 meters othe proper length 
forthe fm. band, withthe receiver tuned to 
a station on 98.5 MHz. Reception was pos 
sible with the long antenna and became 
{good as the flat top hit fourteen feet (three 
half waves), falling off toa very sharp null 
at 121.5 inches (critical) after which itre- 
turned to full signal strength at 96.25 
inches, approximately a half wave for the 
received signal. This ability to tune to an 
extremely critical null might find applica- 
tion in the elimination of an undesired, 
strong nearby signal under certain receiv- 
ing conditions. 

“Theusesto which acontinuously-variable 
antenna may be put are limited only by the 
‘operator's imagination, Once the mechanical 
details have been worked out they may be 
used singly orin multiple, as antennas or re- 
flectors, driven by common or separate servo 
‘motors and in various phase relations. Such 
antennas may be used for transmitting or re- 
ceiving, or for special applications such as 
field operations covering a wide band of 
frequencies, signal-strength measurements, 
targettransmittersforlining up rotary beams, 
and antenna studies, Their greatest commer- 
cial application will no doubt be in the fm. 
and television fields where simplified ver- 
sions, adjustable from the receiver, should 
find wide acceptance 


Sos Cora 


Screen Door Spring 


Reversble Servo Motor 


Figure 3—Diagram of the remotely-controlled antenna shown in the photograph. This 
sytem is now in use at WBAJC for 28 MHz and up. I may be reduced toatl top 


a few inches, 
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Other Types of Adjustable Antennas 

Although the folded doublet lends itselt 
‘most easily to continuous adjustment it 
right also be desirable to have a variable 
center-fed half-wave antenna suitable for 
use with coaxial or other low-impedance 
feeders. This may be done by the use of pul- 
Jeys, insulators and wire, butrequires a sid- 
ing contact atthe center where the wind-up 
drums are located, and unless operated fre- 
quently it is subject to all theills of exposed 
slip rings. This type of antenna is shown in 
Figure 4 and although at present, untried at 
WBAIC, it may prove worth-while on the 
lower frequencies, filling the long-felt need 
for a tunable 80-meter antenna that will 
work on 40 and 20 also! 


Folded-Dipole Design 

Useful information relative to the de- 
sign of folded dipoles may be found in the 
ARRL Handbook for 1948, War Depart- 
ment TMI-466, RCA's little book A 
Practical Analysis of U.H.F. and ina paper 
byW. VanB. Roberts appearing inthe RCA 
Review for Jane, 1947, page 289. The ar- 
ticle by Roberts, in which he tells of the 
work done by his group at Princeton during 
the war under Government contract for the 
study of the folded dipole, is very helpful 
in providing the reader with # mechanism 
for analysis of the antenna. The literature 
indicates that spacing of the conductors 
composing the flat top should be close, in 
the order of 1/100 wavelength. Since our 
antenna is to have flexible conductors iti 
desirable to work with a type of wire that 
has a large diameter for low rf. resistance, 
and at the same time has a high degree of 
flexibility. Such a conductor may be com- 
posed of insulated wire with a braided cop- 
per shield, the shield acting as the antenna 
and thus combining large area with good 
flexibility. The rest of the design is based 
upon available materials, with emphasis 
upon methods and mechanical devices for 
carrying out the function of varying the 
length ofthe fat top and handling the feed- 
ers, Refinements in both electrical and me- 
chanical aspects will result from continued 
development. 


Construction 


‘When considering the construction of a 
tunable folded dipole many arrange- 


ments using springs or cords and pulleys 
will come to mind and itis up to the indi- 
vidual to select the method best suited to 
his particular use. In the beginning I tried a 
variety of springs, shock cords and weights 
tohold out the ends of the flexible antenna 
‘wire, but each of these methods had its own 
drawbacks and they all had the disadvan- 
tage of having to pull against a spring to 
shorten the antenna and depend upon the 
spring to pull it back out again, Metal 
springs come into resonance at certain fre- 
‘quencies. Itried metal-spring sash supports 
which would extend about 40 inches 
but they came into resonance in their ex- 
tended positions and were not very smooth 
in operation. 

It was finally decided to use cords and 
pulleys so arranged as to be in mechanical 
equilibrium and use the servo motor or 
other means only for the purpose of adjust- 
‘ment. This required less power in the servo 
and while itcalls for more pulleys the result 
‘was smoother adjustment. I have found it 
convenient to support the antenna from the 
ends by means of insulated pulleys on a 
wood or other nonconducting structure. If 
the dipole is to be operated in a horizontal 
position there is no objection to using a 
vertical metal support pipe, but horizontal 
metal rods or pipes should not be used. For 
ong antennas a center support must be pro- 
vvided for the feeder pulleys and the wind- 
up mechanism, The ends may be supported 
by poles, trees or buildings. 


Servo Motors 

‘The servo motor shown in the photo- 
‘etaph is from a surplus Azon bomb tail as- 
sembly. Ithas plenty of power and may be 
reversed at wil, It requires a 4-wire cable 
to the battery or other d.c, source. The cur- 
rent consumed is small and since the time 
of operation is also small a few dry cells 
will provide power for operation over a 
long period of time. Contained within the 
unit are two selenium rectifiers placed there 
to short circuit reverse currents to prevent 
sparking. They may be removed and in- 
serted in a30-voltac. line to the unit where 
they will provide sufficient d.c. for its op- 
eration, Reversal may be obtained at the 
station end by means of a double-pole 
double-throw toggle switch. Many other 
similar slow-speed servo motors are avail- 


Figure 4—A suggested arrangement for an adjustable motor-driven dipole suitable for 
Use on the lower amateur bands. Reels D; and D, reel in the antenna wire, while Dp 
Blays out braided sash cord. The assembly is made from a Signal Corps reel, Type "RL 


42-8, ttted with tree reel, Type M236, al aval 
antenna reels are fastened to the cord reel by me 
‘Vand 2 connect I 


the center insulation. Brush 


le onthe surplus market. The 
‘of stand-off bushings secured to 
72-ohm line running to the 


transmitter. Success of this system depends upon maintenance of good contact at the 


brushes, 
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able on the surplus market, most of them 
reversible, and varying in size and power 
requirements. In some cases where d.c. is, 
notavailable advantage may be taken of the 
gear train by connecting a universal cou- 
pling to the motor end and driving with a 
reversible universal fan or vacuum-cleaner 
motor operated from 115 volts a.c. 


Sources of Mat 


Antenna wire should be light, durable, 
flexible, of large diameter and a good con- 
ductor, Forease of adjustment it should pull 
around a one-inch pulley readily. Super- 
flexible stranded copper wire of large di- 
ameter would be quite heavy whereas an 
insulated stranded wire, if size 20 or so and 
covered by a braided tinned-copper shield, 
‘would be light in weight, adequately flex- 
ible and of sufficient diameter. Belden No. 
8885 shielded grid wire having an o.d. of 
0. Linch has been found satisfactory. Too- 
stiff wire will make the system unwieldy. 

Pulleys mustbe free-running for smooth 
‘operation and have as little friction as po: 
sible. A number of different kinds of pul- 
leys normally available at hardware stores 
were tried and all had mechanical imper- 
fections. Usually, though they seemed free- 
running when tried at the store, they turned 
outto have prohibitive friction when loaded. 
and in the system, Since the number of pul- 
leys required is fairly Inrge and the 
accumulated friction may be excessive, 
ball-bearing pulleysare recommended. The 
first ones used here were homemade and 
turned out of fiber and used small ball 
bearingsinthe center. Theball bearings had 
Ycinch holes and a ‘/e-inch 0.4. and were 
obtained from disassembly of surplus gear 
trains, bomb sights, computers and other 
equipment so plentiful on the surplus 
market, Later I found a source of one-inch 
aircraft pulleys (AN-210-1A) with ball- 
bearing centers. Air Associates sells them 
for $1.25 each but the surplus market offers 
them at a lower figure, Pulleys may be 
found in all sorts of surplus aircraft control 
equipment and sometimes it is cheaper 
to buy a unit containing several pulleys 
than to buy them separately, Homemade 
hardwood pulleys turned out of maple and 
boiled in paraffin and using 
Yieinch brass axles should be satisfactory. 
‘The important thing is to have good low- 
friction bearings. 

‘Twisted rope will cause the pulleys to 
tur over and twist and short out the aerial; 
therefore it is recommended that braided 
sash cord or clothesline be used. This, when 
properly fed through the pulleys, will not 
cause twisting. A nice size that fits avail- 
able pulleys is a light braided clothesline 
Yieinch in diameter, Of course any flexible 
insulating line may be used such as dial 
cable, fishline or upholsterer’s. twine. 
Spring loading to prevent slipping because 
of stretching is advisable in some cases. 

Limit Switches: If the antenna is not 
visible from the operating point Micro- 
Switches may be 50 placed that when the 
end of travel of the antenna is reached the 


circuit will be opened and the motor will, 
stop, it being possible then to reverse itand 
run it to the other limit where another 


switch will furnish protection from 
overtravel. The switches should not be con- 
nected in the common lead to the motor but 


inthe circuit controlling that direction only. 
(Switches and associated wiring must be 
placed so as not to interfere with the clec- 
trical operation of the antenna.) 


Conclusion 
‘The examples shown are but a few of 


many possible ways of setting up remotely- 
controlled variable-frequency antenna 
systems. It is hoped that this article will 
serve as a basis for further development of 
adjustable antennae for amateur and com- 
mercial use, 
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By Rod Newkirk, WSBRD. From QST, July 1993 


Honey, I Shrunk the 
Antenna! 


Think small! Communicate with multiconductor 


Great energy and ingenuity go into ef- 
forts to hoost the effectiveness af compact 
transmitting antennas—compact meaning 
configurations with circumferences of '/s 
wavelength or less. By this definition, a 
40-meter design could be a square with 4- 
foot sides. In the following discussion, I 
depart slightly from the square. I prefer 
3¥/> feet high by 4'/ feet wide, suspended 
inthe vertical plane, for convenience in my 
antenna’s location. 

‘The traditional small-loop approach is 
to insert capacitance in series with a one- 
turn loop, tune it to the desired frequency, 
and then attempt to feed power to it as ef~ 
ficiently as possible-no simple matter. The 
fantenna’s Q is astronomical, current and 
voltage are monstrous, bandwidth is razor 
sharp, and its radiation resistance is ridicu- 
ously low. This lossy situation can be 
improved by reducing the resistance of the 
loop material through the use of piping, 
foil, etc, but the resulting plumbers’ night- 
mares are hardly worth the pains. 

‘A more promising avenue toward prac- 


—+ 


sip 


Figure 1—The three-turn loop antenna for, 
40 meters. Each capacitor is about 40 pF 
{o resonate and match the antenna to 3 
50-01 feed line 
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miniature loop antennas. 


simple compact antennas would 
appear to be in the direction of varied con- 
figuration. The goal is to “cool” the system 
with better power distribution, and at the 
same time simplify the feed. For example, 
vast improvement in the key parameters is 
possible by application of the venerable 
“folded dipole” technique. This can be 
done by adding one more turn, tuned iden- 
tically, connecting the two turns in series, 
and re-resonating the antenna, Now, look 
ing into one of the twin current nodes, the 


Increasing Multiturn Loop 
Efficiency 


Lots of hams use small loops in 
situations where they can't erect a 
larger antenna. Making contacts with 
these antennas largely depends on, 
high radiation efficiency. Here are 
some things you can do to increase 
cfficiency and effectiveness of such 
antennas: 

* Use large-diameter copper wire. 
Keep the copper surface clean, Tin- 
plated wire is noticeably worse than 
Copper in this application because of 
skin effect-most of the RF travels in 
the tin, which is far lossier than 
copper at RF. 

* Use low-loss capacitors. The kay 
here is minimizing dielectric loss, 
which is most favorable in vacuum- 
and air-dielectric capacitors, You can 
also parallel several capacitors to 
decrease losses. 

Increasing the wire size used in 
these loops raises the antenna Q, 
narrowing the bandwidth and increas- 
ing the voltages and currents present. 
For this reason, you may have to use 
higher-quality capacitors than those 
Used in the experimental versions it 
you increase the wire size. 

Remember that high voltages can 
exist on a multiturn loop antenna’s 
wires at power levels of a few tens of 
watts or more. Thus, it's best to keep 
the antenna well away from other 
objects. —Aoy Lewallen, W7EL 


input impedance will have roughly qua- 
rupled. The one-turn loop’s skimpy 5 or 
6 Q rises to approximately 25 Q. Adding 
yet another such turn doubles this to about 
5082-aconvenient match to common coax. 
See Figure 1. As with the folded dipole, 
‘more than four turns are unprofitable; di- 
minishing returns raise the input imped- 
ance. litle faster than ohmic resistance. 
Note that the tuning capacitances, each 
about 40 pF, must be kept nearly equal for 
overall system balance. 

Construction techniques, conductor 
‘material, insulation and components now 
become less critical because voltage peaks 
and current nodes are distributed through- 
‘out the system. [use ordinary zip cord, two 
lengths entwined, giving four available 
turns, For proper continuity, the four wires 
‘on each side of the loop are clearly tagged, 
atalligator-clip connectors, tp and bottom, 
centers. For 7 MHz, one turn is left open (at, 
top and bottom), but will become useful on 
the lower bands as discussed later, A more 
classy construction might feature braided 
hook-up wire of contrasting colors, Small 
ceardboard spreaders at the clips keep adja 
cent capacitors separated, 

Midget receiver-type capacitors are 
adequate for CW power output up to 
100 watts. One of these should be conve- 
niently variable, preferably a double-gang, 
or splitstator type, for tweaking the system, 
to the desired center frequency as indicated 
bya: 1 SWR. At7 MHz, each capacitance 
is about 40 pF in my antenna, so the old 
war surplus Hammarlund APC midgets 
do nicely. Bandwidth can approach that 
of @ normal linear dipole if a slightly 
higher center frequency SWR is accepted 
by stagger-tuning. 

Excellent 40-meter results indicated 
that the same loop, dimensions unchanged, 
could havea shot at 80 meters. At3.5 MHz, 
itbecomes truly a miniloop, only ‘is wave- 
length in circumference, Adding the fourth 
turn (Figure 2) raises the feed impedance at, 
aslightly higher rate than ohmic resistance, 
so I included it. Armed with a bargain bag. 


The Ingredient Called Belief 


Even though my busy family ife 
keeps hamming ime rare, the time | 
spend hamming has to be spent 
right. The idea isnt Just to get on the 
air and contact anyone anywhere— 
that’s too easy. The idea is to do 
something a hair off-the-wall and see 
ifanyone shares the same orbit. So 
I'm one of those guys who calls CO 
GAP for ten minutes at 10149.5 kHz 
even as game clogs the band's low 
‘end—someone who looks for (and 
expects) ragchews on 9560 at noon, 
And so | naturally was the guy to call 
‘a Sewalt, 3x2 x1 CO at 7138 kH2 at 
around 10 PM one night last fall 
‘when the broadcasters had long 
since muscled straight-thinking 
NovTechs off to safer terrain. And co 
‘naturally was of course immediately 
answered by W9BRD. 

Tt figures. We've worked on 
sohedile many times before, but he 
and he's the father 'm the son— 
have never had to prearrange each 
new “frst contact” after changes of 
station setup or locale. Chance is too 
facil a word for this, but then | haven't 
looked too hard for a better word, 
either. | don’t need to; we just do our 
individual quirky things and click. 

This time, we both had new setups: 
{dust relocated the armful of gear 
constituting my “shack" to the Bedroom 
and was taking to alow. dipole through 
100+ feet of mongrel coax: he was 
‘tying out an indoor, largely below- 
around loop antenna—one of the 
Versions shrunken inthis article—with 
just a few tens of watts, tunneling past 
those steamroller broadcast signals as 
soundly as any medium-scale ham 
signal from Chicago. 

Enjoying the magic of yet another 
first contact, | hardly gave his setup 
2 Second thought. But you may 
wonder if such antennas really work. 
Gooch's Paradox explains it thus: 
“RF gotta go somewhere.” Seeking 
to soothe the linearless, towerless. 
masses who toll with “only 100 
watts," Newkirk’s Tiresome Chant 
puts it, "Successful MF/HF radio 
Communication may proceed at 
astoundingly low received-signal 
strengths.” Reduced to generic 
essentials, i's this: The most 
important single factor in success 
with whatever you use is overcoming 
your own disbeliet —David Newkirk, 
watz 


‘of small 1-kV ceramic capacitors, Ireached 
3.6-MHz resonance with a value of 100 pF 
for each of the four capacitances. One ca- 
pacitor was then replaced with an old 
broadcast-style, two-gang 300-300-pF 
variable for tweaking. I measured the feed 
impedance, at the center of one of the four 
tums, at about 18 Q-well within the range 
of simple gamma matching. So another 
jJjunk-box broadcast variable, three 350-pF 
gangs paralleled, was suspended at the 
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Figure 2—Extending the Fig 1 concept to 
{80 and 160 meters requires adding 
another turn to the antenna and increasing 
the capacitances, See the text or 
‘capacitor values. 


loops top center. Only about 650 pF was 
needed for a 1:1 match to coax after a 30- 
inch gamma lead was dangled to atap at the 
center of one side of the feed turn. Then the 
system was tweakable over the entire 
80-meter CW range. The remaining ce 
ramic capacitors get slightly warm at 80 
watts, which indicates significant power 
loss. These capacitors should be replaced 
with low-loss units for best performance, 
but I left them alone for my experiments. I 
easily contacted the East Coast and as far 
west as Arizona in the following few 
nights on the air, 

My next inclination, as you may sur- 
mise, was to try the little gem on 160 
meters. A four-foot-square transmitting 
loop for 1.8 MHz? I wasn’t overly optimis: 
tic, Years of tinkering at WOBRD had failed 
to produce a decent indoor compact 
antenna, even of much larger size, for top- 
band work. But Idug into my bag of ceram- 
ics and gave it a go. The four-turn loop, 
now only '/s: wavelength in circumference, 
resonated at about 1,8 MHz with four 
350-pF capacitors. One of these was re- 
placed with an old broadcast-type 500-pF 
variable for tweaking the center frequency 
between 1.8 and 1.85 MHz. I double- and 
triple-checked the measured feed imped- 
ance—16 Q. Now I knew it would work. 
‘The gamma-match SWR dipped to 1:1 at 
about 800 pF using the same lead, tap and 
broadcast capacitoras on 80 meters. Imme- 
diate solid 40-watt CW QSOs with WNW, 
KC4WWV, WKOB and W4VZB were most 
ratifying 


Variations and the Higher Bands 

If such a ‘/iwavelength loop can 
function at 80 meters, the same should be 
true at 20 meters. So I wound a 1-foot- 
square, three-turn model on a cardboard 
box, hung it on a wooden bulkhead, and 
resonated it to 14.050 MHz with three 
50-pF ceramic capacitors, This time, i 
stead of the usual fudging capacitor, I 
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Figure 3—At A, the 90/20-meter loop; at 
B, the 15/17-mater version, and at C, the 
‘10-meter variant. 


spaced the tums 1'/s inches apart, Center~ 
frequency tweaking thus could be done by 
uniformly edging the turns away from or 
toward each other. This spacing approach 
works fine for box-wound loops, but for 
the lower bands, I prefer closewound zip 
cord. Input impedance turned out to be 
about 11 2—I should have used a fourth 
turn—and gamma coupling worked okay, 
as on 80 and 160, The 1:1 feed-line dip oc 
curred with 2 120-pF series capacitor, with 
‘a gamma lead of 13 inches. In my installa- 
tion, this antenna is no low-angle DX ra- 
diator, to be sure, but I've received $9 re- 
ports during many stateside QSOs. Anyone 
for a 3-inch-square 2-meter version? 

Antennas smaller than necessary are 
interesting stunts that help prove a 
design, However, for the lowest HF 
‘bands I recommend the largest practicable 
circumference. 
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For operators limited to indoor installa 
tions, floor-to-ceiling height is usually the 
limiting size factor. Thus, a cooler 7-foot 
by 9-foot job, requiring much smaller 
resonating capacitances, should be a natu- 
ral for 80 and 160. 

Incidentally, the configurations de- 
scribed are quite well balanced. Although 
in my tests the antennas were placed within 
tweaking distance of the operator, no shack 
RFT showed up on any band at the 80-watt 
level. Careful symmetry helps, notwith- 
standing the dangling gamma lead on 80 
and 160. The coax feeder should run down 
and away from the top-center feed point, 
equidistant from the vertical sides. A balun 
‘or coaxial RF choke might seem applicable, 
‘but found such isolation unnecessary. The 
directivity pattern for such a loop is 
the usual figure-8, with most radiation in 
the plane of the loop. However, there will 
be sharp nulls perpendicular to the loop's 
plane, which you should take into account 
when placing your antenna. 

‘My prime purpose here is to treat loops 
of “Mewavelength circumference or 
smaller, but you may desire to use the same 
3'h-foot by 4'/: foot dimension on the 
higher HF bands, as I do. The hook-ups 
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shown in Figure 3 perform well on 30 
through 10 meters. Each provides a direct 
match to 50- coax. True, almost any old 
piece of wire gets QSOs on 10.1 MHz. and 
above, but a balanced loop radiator is hard 
to beat for indoor hamming. A few hints 
and observations: 

+ At 10.1 and L4 MHz (Figure 3A), just 
two turns are sufficient to reach a feed im- 
edance of about 50.0. The two approxi- 
mately 20-pF capacitance values are 
slightly higher for the 30-meter band, 

* For 17 and 15 meters (Figure 3B), the 
oop must be made electrically smaller by 
splitting it symmetrically. Two split turns 
and four equal capacitances then bring a 
close 50-62 match. Note that the feed point 
is moved to the center of one of the four 
vertical sides. Capacitances are in the 15- 
pF range. 

+ On 12 and 10 meters (Figure 3C), one 
split turn will suffice for a near-50-0 
‘match, with two capscitors of about 12 pF. 
Here, splitstator midgets can ease adjust- 
ment by minimizing hand capacitance, but 
it’s a fancy junk box that includes them. 
‘The old APC midgets, whose rotors have 
little more mass than their stators, will 
maintain enough system balance. 


Cautions and Conclusions 

Like any indoor antenna, the loops I 
describe here generate substantial electro- 
magnetic fields in operation. Thus, they 
have considerable potential to generate 
FI. For this reason and to prudently avoid 
placing yourself or others in large RF 
fields, you should keep all antennas as far 
from consumer electronic devices and 
people as possible, and use the least 
RF power necessary to conduct the desired 
communications. ‘The current editions 
of The ARRL Handbook and The ARRL 
Antenna Book cover this subject in more 
detail? 

‘A final comment: For overall results 
with compact antennas, like almost any 
skyhook, the higher above ground the bet- 
ter. In my case, radiation and reception 
strongly favorhigher skywave propagation 
angles. All antenna configurations I de- 
scribe here were tested and operated in a 
cellar ham shack, where half of the system 
is below ground level! 


Notes 

"See the sidebar, “increasing Mutiturn 
Effcioney, forsomeiseas on optimizing suc 
an antonna's performance 

2See Chapter 9 of the Handbook and Chapter 
*otthe Antonna Book, 


~ THE ARRL $4.00 


hf antepfia articles ~ 
and theory presentations 


The ARRL 
Antenna Anthology 


Edited by 
Marian S. Anderson, WB1FSB 


American Radio Relay League, Inc. 
Newington, CT 06111 


Copyrignt © 1978 by 
‘The American Radio Relay League, Inc. 


Copyright secured under the Pan-American 
Convention 


Intemational Copyright secured 


‘This work is Publication No, 36 of the Ragio 
‘Amatour's Library, published by the League. 
‘All rights reserved. No part ofthis work may 
be reproducad in any form except by waitton 
Permission of the publisher. Al rights of 
franslalion are reserved 


Printed in USA 
‘Quedan reservados todos los derechos 


Library of Congress Catalog Card Number: 
79-7105 


$4.00 in USA 
$4.50 elsewnere 


Foreword 


What type of amateur antenna best suits your needs? 
Does the available space on your property permit the in- 
stallation of an effective DX antenna? Is there a com- 
promise antenna system that will provide acceptable 
results over short and long distances while being 
reasonable in price and modest in complexity? No doubt 
you have come to grips with these matters repeatedly 
since obtaining your amateur license. So, where does one 
tum to find the answers to these sometimes perplexing 
questions? What one pre-eminent source might one consult 
among all of the antenna booklets published for 
amateurs? Why, OST, naturally! 

This anthology contains what the ARRL hq. staff con- 
siders the best of the QS7 antenna articles and theory 
presentations in recent years. The contributions of 
numerous amateur authors and designers are contained in 
this volume for your convenience. This publication was 
developed not only to serve as a compilation of good 
articles, but to reach those amateurs who do not have 
access to past issues of the League’s official monthly 
journal, OST. 

The editors of this booklet have attempted to select the 
types of antennas that have greatest appeal to those who 
like to construct their own radiators, and for the many 
amateurs who can't justify the expense of purchasing 
commercial counterparts. A book of this type contains 
something for everyone who enjoys building and ex. 
perimenting with antennas. But, if you aren’t a builder you 
will still enjoy the hours of interesting reading provided by 
these works. 

We wish to extend our gratitude to those QS7 authors 
Whose articles have been selected for publication in this, 
volume. Their enthusiasm, ability and generosity typifies 
clearly what Amateur Radio is all about. Should you have 
some original antenna ideas of proven performance, send 
an article to the ARRL, describing your work. Not only 
may your story be published in QST7 — it might appear in 
a future edition of this book. 


Richard L. Baldwin, W1RU 
Goneral Manager 
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Chapter 1 


Vertical Antennas 


One of the most practical antennas for use 
where limited space exists is the vertical. 
This type of antennaisparticularly usefulto 
amateurs who live in dense urban areas 
‘where city lots are traditionally small. The 
same general restriction prevails for those 
‘who dwell in apartment buildings. In such 
locations itis often easier to go “up” withan, 
antenna than to erect one horizontally. But 


the virtues of vertical antennas extend 
beyond the foregoing considerations: 
“Verticals,” as they often are called, are 
relatively inexpensive, easy to erect’ and 
are capable of performing well for lo- 
cal (stateside) and DX work. A vertical 
antenna exhibits a low angle of radia- 
tion when worked against a good ground 
system. This makes it an effective DX 


type of antenna, 

This chapter contains reprints of some 
popular vertical-antenna systems that have 
appeared in QST during recent years. For 
the most part, the presentations contained 
herein have been “lifted” in their entirety, 
‘thus making it unnecessary forthe readerto 
research the original articles for additional 
information, 


A Two-Band Vertical for the Novice 


Build this inexpensive Novice antenna. It is easy to construct and is made from 


readily available materials 


problems, the author st out to design a0 
Sntenna for him that could be used on 40 
and 13 meters, His previous antenna wasa 
borizontal “V" whose performance wasn't 
worth the time took to putt up. Because 
Of his narrow property, the angle between 
the two wires was only around 40 degrees, 
no doubt causing considerable signal 
Cancelation. Horizontal antennas” were 
ruled out, so the best antenna for him was 
vertical 

Knowing (or caring) litle about muti 
band traplonded antennas, twas decided 
the simplest antenna would be a garter 
wavelength vertical on 40 meters. After 

fle paper work, and using formulas given 
The ARRL Antenna Book, the correct 
length would be3! feet 1inches(9.70m) for 
7.175 Mz, This length would also work as 
8 3/4ewavelength antenna on 15 meters, 
providing to-band coverage. However, 2 
32-foot (9.75-m) vertical antenna made 
roof-mounting too dificst! Mounting the 
‘ertical tothe side of the house alleviated 
many guying and support problems 


Materials 


The first concern was what to use for 
antenna materials. Being almost 32 feet 


high, the vertical would need strength, so 
the writer thought of steel tubing, but that 
was much too expensive. With conduit 
there aren't enough sizes offered, and that 
left only one more material — aluminum 
tubing, The latter comes in just about any 
size desired, and the author had no trouble 
in finding just what he wanted. Going tothe 
nearest aluminum dealer, the author found 
his stack to be more than ample.! 

In order to keep the cost minimal, the 
author decided to make the base piece from 
I-inch (25-mm) diameter thin-wall tubing. 
Into 12feet(3.66:m) ofthis was inserted 12- 
foot piece of 7/8-inch (22-mm) diameter 
thin-wall tubing, This piece was telescoped 
2 feet (0.610 m), then bolted and clamped 
{after theend had been slit twice by a pair of 
tin snips). It was necessary to use hose 
clampsonthe tubing because the galvanized 
bolts didn't provide a good bond between 
the pieces. The top section was 13-1/2-foot 
(4.L-m) piece of 3/4-inch (19-mm) diame- 
ter thin-wall tubing inserted far enough 


tos Note: TV mast material i ako well sited 
for verticals and comes i 


into the lower piece to make the overall 
antenna length about 31 feet, 10 inches 


(9.70 m). Because of its large size, all the 
work must be done while the antenna is 


Hore i the base mount, installed on these of the 
house. The two white wives coming aut from the 
‘ase are the radials, 
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Fig. 1 —Datalis for making the base-mounting action ofthe verti 


lying on the ground. Then, the antenna 
rust be disassembled and put up piece by 
piece. (Do not attempt to put the antenna 
up in one piece! While the weight isn't 
excessive, the tubing cannot stand the 
strain) 


Putting It Up, 

‘The original base bracket was made from 
3/4-ineh (19-mm) pine, but during the first 
Tain the Wood got wet and the bracket 
‘turned out to be a very poor insulator. So 
the unit was redesigned to use two pieces of 
1/8-inch (3-mm) thick sheet aluminum, a 
large grommet, and # ceramic standoff 
insulator (see Fig. 1). 

‘Assembling the two-band vertical was 
quite simple. First, @ 4-foot (1.22-m) stake 
‘as driven into the ground about 2-1/2 feet 
(0.76 m), and about four o: fiveinches (102 
‘or 127 mm) away from the side of thehouse, 
Next, the bottom section (with the bracket 
attached) was slipped over the stake and 
tightened in place with the U bolts. Thenthe 
second section was inserted into the first, 
clamped and bolted in place. A support 
bracket was made from scrap aluminura, 
and a large grommet was installed on it to 
insulate the antenna fromthe brace (see Fig. 
2). This assernbly was then attached to the 
side of the house (nearthe gable) with wood 
screws. Last, the third section was forced 
‘through the grommet in thesecond bracket, 
and was then inserted into the second piece 
and clamped. (Ifadjustment of resonanceis, 
desired, it is better not to bolt the final 
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section). A suitable cap was mounted ontop 
of the antenna to keep out moisture. 


Tune Up 
RG-58/U coax was then connected 
between the transmitter and antenna with 
an SWR bridge in the ine, and power was 
applied at 7175 kHz. The SWR was foundto 
be 3:1. This was without any ground system 
on the antenna, In order to obtain a better 
match and reduce the SWR, it wasapparent 
thata pround system was required 
According to The ARRL Antenna 
Book, two methods of making a suitable 
‘ground system can be used. One way is to 
connect the coax outer shield directly to 
round at the base of the antenna, via a 
ground rod. However, this doesn't work 
(oo well unless the soil is exteemely 
conductive (his wasn't). The other method 
is to make up some sort of artificial ground 
in the form of radials, 
‘Theauthorcutaradialfromsomesurplus 
wire to the same length as the vertical 
section attached the radial tothe baseplate 
and the SWR dropped to 2:1. Unknown to 
the author atthe time, The Antenna Book 
says that the radials should be 2.5 pereent 
longer than the vertical itself, so actualy, 
they should have been made 32-eet 7-3/4" 
inches (9.95-m) long. A second radial, 
similar to the frst, was attached and the 
SWR dropped further (to about 1.41) 
When the soil was wet, suchasafierarainor 
after watering, the SWR takesanosediveto 
Jessthan I 21, Since the property space was 
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Fig, 2~ Datals or the support bracket 


limited, two radials were all that could be 
used. Ideally, the most perfectsystem would 
consist of a metal disk, one quarter 
wavelength in radius, buried a few inches 
below the earth's surface, but this approach 
is rather impractical! But if the antenna’ = 
to beerected inanarea away from bull 
and guyed, a ground system could be made 
of chicken wire or other similar material 
However, the more radials, the better the 
artificial ground. Also, they should be laid 
out in as nearly a spoke-like pattern as 
possible. Hy-Gain recommended for their 
AVQ series antennas that a radialsystem be 
used consisting of at least two radials for 
each band used. However, for this 
installation the 40-meter radials operate on 
‘heir third harmonic at 15 meters, requiring 
but one set of wires? 

The length specified makes the antenna 
resonant at about 7175 kHz on 40 meters, 
On 15 meters, at the third harmonic, the 
antenna is resonant at about 21,425 kHz, 
but power was applied asiowas21,105kHz, 


‘Editors note: Actually, any mais, regardless of 
‘engi, will Belp the perform ofthe sytem. Al 
‘wien used on IS meters, he antenna would be thee 
(quarter wavelengths long with low-impedance 
feed, approximately 50 ohms However the angle ot 
radiate rom the antenna wl be Bighr than that 
fa quarter wavelength vertical) 


“The support bracket, as cescsibod in Fig, 2 


Preface 


In 1996 when the world wide web was still very young, I launched the first and most 
detailed website ever describing the practical skills of electronic soldering, and my Basic 
Soldering Guide quickly became the #1 web site of its kind in the Google search engine. 


Thanks to its in-depth reference text and the unequalled high-quality close-up 
photography showing soldering step by step, many quickly learned the essential stages 
needed to make a solder joint successfully. Even novices who had never tried soldering 
before, gained the skills and confidence needed to acquire this skill. 


My Basic Soldering Guide became a key go-to online guide for soldering, and I’ve 
enjoyed receiving encouraging feedback ever since from the likes of the US Air Force, US 
Marines, US Coastguard, Honeywell trainers, Atomic Energy authorities, Australian 
aeronautical suppliers, UK colleges and universities, trainees and many more around the 
world, 


In association with Antex (Electronics) Ltd., the leading UK manufacturer of 
electronic soldering equipment, I’m delighted to bring you this updated Basic Soldering 
Guide containing over 80 all-new colour photographs, more background, more detailed 
information and lots more practical hints and tips. 


I've revisited various areas of the guide and refreshed them, taking onboard readers’ 
queries and nearly 17 years of online feedback, experiences and answering reader’s 
questions. With the help of all-new photography, I’m sure you’ll master the skills needed 
to solder electronics successfully using this updated guide. 

I welcome feedback and comments, and readers can reach me via my website 
www.alanwinstanley.com or Email me at alan@epemag.demon.co.uk 

Alan Winstanley 
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and the SWR appeared to beonly I.4:1, well 
within tolerable limits. Bandwidth on both 
Novice bands was essentially flat. 


Additional Information 
Total cost will depend greatly on the 
individual’ ability to scrounge parts. Ifthe 
builder prefers to purchase the principal 
materials, this list will be useful 
3—pieces thin-wall aluminum tubing, I~ 
(25-mm), 7/8- (22-mm), and 3/4-inch 
(19-mm) diameters. 12 (3.66 m), 12 
(3.66 m) and 13-1/2 feet(4.11 m) long, 
respectively, 
U boits 


1-$0-239 connector. 
The other material, including three bolts 
and nuts, six wood screws, two grommets, 
two hose clamps, wood and aluminum for 
brackets, ground stake, and cap will vary 
from no cast to few dollars, dependent on 
available materials. If used or surplus 
tubing is available one could save a 
substantial amount of money. 

In this instance, the top of the antenna 
extends about 16 feet (4.88 m) above the 
peak of the roof, but because of the bracing 
no guy wires were necessary. Ifthe antenna 
is to be erected in a high-wind area, guys 
made from nonconducting monofilament 


fishing line (or other nonconducting line) 
could be used, 

The owner has received nothing but 
glowing reports so far. Running about 70 
watts input, the first CQ on 40 metersraised 
W9SVJ in northern Indiana from Glendale, 
CA. His report, RST 589, On 1S meters the 
‘owner has worked ZL3JC, AX7SM and 
JHIEZZ, and received very good reports, 

This vertical has no gain, and probably 
couldn't come near a Yagi or a quad in 
performance, but for an antenna costing 
less than $10 it does one heck of an FB job, 
This material was originally presented in 
OSTPy Jerry Arnold, WASMEP, 


Build This Novice Four-Band Vertical 


Putting your first amateur station together can be an expensive proposition. One 
way to cut costs is to keep the antenna simple. Here’s how to shave the price 
and provide four-band operation. 


s operation with one antenna acceptable 
if it covers the 80-, 40-, 15- and 10-meter 
bands? For anew Novicetthat'sa reasonable 
approach, The author's backyard is smaller 
than that of most urban homes, so full-size 
dipole or inverted-V antennas were out of, 
the question, Not owning a tower (yet! 
seemed that a ground-mounted vertical 
antenna would be worth trying. 

‘After reading The A RRL Antenna Book, 
it was decided that a ground-mounted 
vertical antenna would be easiest to build. 
Some radial wires could be buried, and the 
metal fence which encloses the backyard 
could also be hooked up to enlarge the 
ground system. The author preferred this 
type of antenna to one installed above 
‘round, because radials of specific lengths 
for each of the four bands would have been 
needed for a roof-mounted, groundplane 
type of vertical. The buried wires for the 
ground-mounted antenna could be any 
convenient length, as long as the available 
space would permit. From what was read 
about these antennas, the author believed 
that reasonable performance could be had 
ceven ifthe ground radials weren't numerous 

{ long, although generally the more, the 
better 

With the help of WIFB some used 
aluminum tubing was purchased that would 
telescope together and give the author a 25- 
foot (7.62-meter) antenna. The wall 
thickness of the tubing is 0.058 inch (1.5 
mm). Three 10-foot (3.05 m) sections are 
used. The largest diameteris | inch (25 mm). 
The center telescoping section has a 
diameter of 7/8 inch (22 mm) and the top 
piece of tubing has a 3/4-inch (19-mm) 


The completed 4-band vertical antenna used at 
WBIFSB. The Boxal the base of tha antenna 
Contain a loading coil. 


diameter, This material, plus hose clamps 
for holding the sections together, came to 
$8. An old ceramic rotary switch, a coaxial 
connector, a feed-through bushing, and a 
piece of Air Dux coil stock were acquiredat 
a flea market for an additional $3. Two 
medium-size, ceramic standoff insulators 
were donated by WIFB. He said they cost 
him SO centseach at aswap session. Allthat 
remained to collect wasa weatherproof box. 
for the loading coil, some 50-ohm coaxial 
cable and six U bolts, The author's OM, 
Bob, found some used I-1/2-inch (38-mm) 
steel pipe which is 7 feet (2.13 m) long. Iti 
used as a support for the vertical 


Constructing the Antenna 


‘A lawn-edger tool was used to makestits 
in the lawn, out fromthe base of theantenna 
toward the edges of the backyard. The slits 
were cut toa depth of 2inches (51 mm), A, 
total of 10 radials were buried in the slits, 
Some are only 15 feet (4.57 m) in length, 
‘while others are 25 feet (7.62 m) long. The 
metal yard fence was bonded together as, 
needed, using wire jumpers between the 
fence sections. A single buried wire joined 
the fence to the common ground pointatthe 
base of the antenna, 

The OM drove the steel pipe into the 
ground toadepth of4feet(1.23m),leaving3 
feet (0.91 m) above ground forattachingthe 
vertical antenna and weatherproof box. 
Construction details are showa in Fig. 3 

Although a wooden box could have been 
used to house the loading coil, switch and 
other hardware, an old electrical housing 
that the author's OM had in his junk box 
was used (Fig. 4.). It was drilled and 
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Fig. 8 — Dimensional drawing ofthe four-band Novice antenna. The top ends ofthe two lower tubing 
Enetions are sil four timos each by means of hack saw, This perils eight joint when the hose clamp 
is compressed. The vertical fsatlached to one meta plate with Ubolts. The large stancoft insulators 
‘ith metal foot connect this plate oa, pairof small ones. Th ator are attached to the steel suppor 
pine by means of wo U bolls, The metal box suis afixed to he steel pipo with two U bots. The band 
witch is asingle-potethree-posiion ceramic water type. L1 can bea Sinch (127-mm) length of 8 &W 


3029 Miniductor 2-172 inches (64 mm) in clametor, 
alternative mounting methogs. 


punched on the bottom surface to hold the 
feedthrough bushing, coaxial connector, 
‘switch and ground terminal for the radials. 

WIFB designed the antenna, but he 
‘wasn't sure that an acceptable impedance 
match could be had on all four bands 
without a complex matching network. It 
was decided to try his idea, so the 
installation was completed. 


Adjusting the Vertical 

‘The author helped her OM install the 
antenna, then called WIFB for some 
assistance in tuning thesystem. He thought 
we could tune the vertical for 40 meters and 
make it work okay as a 3/4-wavelength 
vertical on 15 meters. For use on 80 metersit, 
would be fairly short (63 feet or 19.20 mis 
the correct length for 3.7 MHz), With base 
loading it should offer adequate service out 
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{Sturnsperinch of no. 12 wire. Saetext for 


to a few hundred miles on 80 meters, 
Finally, it would operate as a 3/4- 
wavelength vertical on 10 meters, 

‘A homemade SWR indicator was 
hooked in the coaxial line at the base of the 
vertical.! A small amount of transmitter 
power (5. W) was applied at 3725 kHz and 
the 80-meter switch lead was touched onthe 
turns of the coil until minimum reflected 
power was indicated (Fig. 3). An SWR of 
I:1 was obtained. The wire was then 
soldered in place on the coil. Next power 
was fed to theantenna on 7125 kHz,andthe 
440-meter switch lead was touched to the coil 
turns until an SWR of I:1 was read. While 
using the same coil tap power was supplied 
to the antenna on 21.1 MHz and the SWR 


WDeMaw, “A QRP Man's RF Power Meter” OST, 
Tune 1073 


Fig. — Closeup view ofthe 
‘The aluminum bing is afixed toa meta plate 
‘Tho latter is attached to the ron suppor pipe by 
moans of two surplus standoff insulators, Small 
Sluminu plates ae tached tothe ends of the 
insulators fo permit them tobe fastened tothe 
iron pipe by means of U bolts. The radial wires are 
‘connected tothe Bottom ofthe eaitnousing box 


Fig, 5— The author checks the SWR ofthe 
nlenna during tinal agjustment of the system. 


checked. It was approximately 3:1. By 
moving the coil tap just one turn we were 
able to getan SWR of 1.5:1 on 15 meters. A 
recheck on 40 meters followed. The SWR 
for that band was less than 2:1 —not a bad 
compromise! The coil was bypassed entirely 
for operation on 10 meters: an SWR of 2:1 


Fig. 8 Interior view ofthe collhousing showing 
the switch, foedthrough Bushing, coaxial 
connector and graund post or the radials. The 
Coll shown isa piece of Ar Dux stock with 2 
{apered pitch. Iwas ebiained ata flea market, 


was indicated at 28,000 kHz. The length of, 
the overall antenna for operation on 28,100 
KHz should be 25 feet or 7.62 m (3/4 


wavelength radiator). However, the switch 
leads inside the coil housing add to the 
antenna length. Ifan SWR oflessthan 2:1 is 
desired, break the 1-meter switch lead and 
insert 2 100-pF air variable capacitor. The 
unwanted reactancecan betuned out by this 
means and a low SWR will result. 

‘Opening and closing the cover of the 
metal box had only a minor effect on the 
SWR. Atlastanon-the-airtestofthesystem 
was possible. Fig. showsthe interiorof the 
coil and switch housing 


Results 

Good signal reports have been received 
oon all bands. The first QSO on 40 meters 
netted an RST 599 report from North 
Carolina and many similar reportsfollowed 
on 80, 15 and 10 meters. The author feels 
that a WAS award is not too far away now 
that this antenna is in operation, 


‘An Alternative 

‘There are many ways you can duplicate 
this design using substitute materials. For 
example, clectrical conduit with couplers 
between the sections should be satisfactory 
in place ofthe aluminum tubing. Theentire 


The Cheapie GP 


structure could bemade from2x4inch (51 x 
102mm) lumber. If that is done, the 
radiator could even be a 25-foot (7.62 m) 
piece of no. 10 wire, supported onthesideot 
the wood with standoff insulators. 

Instead of the mounting method shownin 

ig. 3, the vertical pipe could probably be 
inserted into a 2-foot (.61-m) length of PVC 
tubing, then clamped tothe mounting plate, 
‘This would eliminate the need for the two 
standoff insulators, Better still, four or five 
‘wraps of Teflon sheeting 10 mil or0.25mm 
thickness) could be placed over the bottom 
tend of the vertical before clamping it in 
place on the mounting plate. Teflon ean be 
purchased at most plastic-supply houses. 

The author hopes this idea is useful to 
other Novices who are trying to keep the 
budget within reasonable limits. Thiswriter 
likes the way theantennais working. Others 
should have good luck with this antenna 
also. Oh, by the way, the ground radials are 
made from various scraps of wire. The size 
isn’timportant, and theycan be insulated or 
bare. There is quite an assortment of wire 
types buried in the lawn! This material was 
originally presented in QST by Marian 
Anderson, WBIFSB. 


Keeping an ear on 10 and 15 meters? With the trend of rising solar flux, 15 
meters “opens” nearly every day — 10 meters occasionally. Don't miss these 
openings. Build a Cheapie GP! 


Spray es obo hone 


antenna is essentially the same in all 
horizontal directions as shown in Fig. 7. 
In Fig. 7B the approximate vertical or E- 
plane pattern of theantennaisshownforthe 
antenna mounted one-quarter wavelength 
above ground. As can be seen, maximum 
radiation occursat the low angles above the 
horizontal plane of the antenna. The 
antenna hasan overhead nullsolittleeneray 
is radiated at high angles. This does not 
detract from the usefulness of the antenna, 
since DX signals seldom arrive at high 
angles on these bands. Instead, maximum 
radiation isconcentrated at the lower angles 
whereitwill be moreeffective. Conversely, a 
horizontal dipole mounted one-quarter 
wavelength or less above ground will have 
maximum radiation straight up or nearly 
so. Lower-angle radiation will not occur 
unless the dipole is raised to a height of one~ 
half wavelength or more above ground. [fit 
is not possible to mount your horizontal 
antenna a half wavelength above ground, 
the vertically polarized groundplane is 
perhaps the logical choice over a dipole. As 
a general rule, the higher the groundplane 


can be located above power lines, 
hhouse wiring and the like, the better it will 
perform. 


A Duo-Band System 

For the antenna to perform properly on 
two bands, it must function as a separate 
groundplane vertical on each band. This 
requirement is met quite simply in the case 
Of the radials since four radials ave used for 
each band. The 10-meter radials are 8 feet, 
5 inches (2.56 m) long and the 15-meter 
radials are II feet, 7 inches (3.53 m). When 
the antenna is operated in the [0-meter 
‘mode, the 15-meter radials have litle effect 
oon the system. Similarly, when the antenna 
is used on 15 meters, the 10-meterradialsdo 
not appreciably alter the operation of the 
antenna, The effect of theadditional radials 
isto changeslightly thefeed point resistance 
and theresonant frequencies of theantenna, 

‘The vertical member of the antenna must, 
fact as 2 quarter-wavelength radiator on 
both 10.and 15 meters. To accomplish this 
a trap is inserted in the 15-meter vertical 
section. Its approximate location is a 
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Fig. 7—(A) Horizontal or H-plane patter ofthe 
‘roundplane. (8) Approximate vertical or E-plane 
pattern of he antenna 
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Fig. 8—Consteuctiona deals ofthe duo-band 
‘antenna system. 
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A photographot the base assembly The SO-280 
‘eeanial connector and hood can be seen in the 


bbe coated with varnish or simiar mater 


‘close-up vow ofthe trap. The leads from the 


Conxal-cable capacitor should be soldered 
Airacty tothe pigtails ofthe coll. These 

‘connections should be coated with varnish ater 
they have been secured under the hose clamps. 


lO-meter quarter wavelength above the 
‘base, The trap has a high impedance on 10, 
meters, thereby electrically divorcing the 
top section of the antenna when it 
operated on that band, The length of the 
O-meter section (section below the trap) is 
somewhat shorter than that of a simple 10- 
meter-only quarter-wavelength vertical 
This is because the trap and top section of 
the duo-band system add top loading to the 
10-meter portion of the antenna, reducing 
the length required for quarter-wavelength, 
resonance. A coaxial-cable capacitor anda 
coil made from copper tubing form the trap 
‘which is resonant at approximately 28.150 
MHz. On 15 meters the trap has a low 
impedance, effectively connecting together 
those portions of the antenna above and 
below the trap. The overall length ofthe 15- 
meter radiator is a bit shorter than a simple 
quarter-wavelength radiator would nor- 
mally be for that band. Thisis because at 21 
MHz the trap introduces inductance into 
the radiator — similar to the effects of a 
loading coil. 


Construction 

‘The vertical section of the antenna is 
mounted to a 3/4inch (19-mm) thick piece 
of plywood board that measures 7 X 10 
inches (178 mm X254 mm). Several coats of, 
exterior varnish orsimilar material wll help 
protect the wood from inclement weather. 
Both the mast and theradiatoraremounted 
to the pieve of wood by means of TY U-bolt 
hardware. The vertical is electrically 


isolated from the wood with a piece of 1- 
inch (24-mm) diameter PVC tubing. A piece 
approximately 8 inches (203 mm) long is 
required, and tis oftheschedule-80variety. 
To prepare the tubing it must be slit along 
the entire length ononeside. Ahacksawill 
‘work quite well. The PVC its rather snugly 
‘on the aluminum tubingand will ave to be 
“persuaded” on with the aid of « hammer. 
The mast is mounted directly to the wood 
with no insulation. An $0-239 coaxial 
connector and four solder lugsaremounted 
toan L-shaped bracket madefromapieceof 
aluminum sheet. A short length of test 
probe wire, orinner conductor of RG-58)U 
cable, is soldered totheinnerterminalofthe 
connector. A UG-106/U connector hood is 
then slid over the wire and onto the coaxial 
connector. The hood and connector are 
bolted to the aluminum bracket. Two wood 
serews are used to secure the aluminum 
bracket to the plywood as shown in the 
drawing and photograph. The free end of 
the wire coming from the connector is 
soldered to a lug which is mounted to the 
bottom of the vertical radiator. Any space 
between the wire and where it passes 
through the hood is filled with GE silicone 
glue and seal or similar material to Keep 
moisture out. The eight radials are soldered 
to the four lugs on the aluminum bracket 
The two sections ofthe vertical member are 
separated by a piece of clear acrylic rod. 
Approximately 8 inches (203 mm) of 7/8- 
inch 22-mm) OD material is required. The 
aluminum tubing must beslitlengthwisefor 
several inches so that theacrylierod may be 
ingerted. The two pieces of alumsioum 
tubing are separated by 2-1/4 inches (57 
mn). 

The trap capacitor is made from RG-8/U 
coaxial eable and is 30.5 inches (775 mm) 
long. RG-8/U cable has 29.5 pF of 
capacitance per foot and RG-S8/ U has28.5 
pF per foot. RG-8/ Ucableisrecommended 
over RG-58/U because of its higher 
breakdown-voltage characteristic. The 
braid should be pulled back 2-inches (51 
mm) on oneend ofthe cable, and the center 
conductor soldered to one end of the coil. 
Solder the braid tothe other end ofthe coil 
Compression-type hose clamps are placed 
over the eapacitor/coil leads and put in 
position at the edges of the aluminum 
tubing. When tightened securely, the 
clamps serve a two-fold purpose — they 
keep the trap in contact with the vertical 
‘members and prevent the aluminum tubing 
from slipping off the acrylic rod. The 
coaxial-cable capacitor runs upward along 
the top section of the antenna. This isthe 
side of the antenna to which the braid ofthe 
capacitorisconnected. Acorkorplasticeap 
Should be placed in the very top of the 
antenna to Keep moisture out 


Installation and Operation 

‘The antenna may be mounted in position 
using a TV-type tripod, chimney, wall or 
vent mount. Alternatively, telescoping, 
‘mast or ordinary steel TV masting may be 


used, in which case the radials may be used 
as guys for the structure 

‘Any length of S0-ohm cable may be used 
to feed the antenna. TheSWR at resonance 
should be on the order of 1.2 to 1.5:1 on 
both bands. The SWR is not 1 because the 
feedpoint resistance is something other 
than $0 ohms — closer to 35 or 40 ohms, 
Nearby metallic objects may also have an 
effect on the impedance of the antenna, 
The antenna is resonant at approximately 
21.150 MHz and 28.150 MHz. 


Some amateurs place too much 
importance on obtaining a “no reflected 
power” reading on their SWR indicators, 
Most bam transmitters will load into lines 
which exhibit an SWR of up to 2:1, the 
exception being some of the new broad- 
band, no-tuning transmitters. To demon- 
strate how little effect an SWR of L.5 or2:1 
will have on the system, consider the 
following: Ifthe antennas fed with 100 feet 
(30.48 m) of RG-8/U cable and if the 
antenna is perfectly matched to the line(an 


SWR of 1), the power loss along the cable 
will be approximately 0.98 dB on 10 meters. 
Ifthe SWR on the line is increased to 15:1 
the additional loss on the line due to the 
higher SWR is less than 0.1 dB. Ifthe SWR 
is increased to 2:1, the additional loss over 
that ofthe matched condition will be on the 
order of 0.2 dB. This amount of loss is 
insignificant, and for this reason a compli- 
cated matching network is not necessary. 
‘This material was originally presented in 
OST by Jay Rusgrove, WIVD. 


A High-Performance, 20-, 40- and 80-Meter 


Vertical System 


Urban dwellers with small lots take heart! Here are the details for building your 
own Dx-effective three-band mini-vertical antenna. Cost-conscious amateurs 
will be happy with the low cost of this system 


‘n another article on vertical antennas,’ 
We tried to point out some fundamental 
characteristics of ground-mounted 
verticals, namely: (1) a good image plane is 
necessary for efficient operation, (2) a 
vertical over a good image plane compares 
favorably with a dipole at an elevation of 
one-half to one wavelength, (3) a short 
vertical compromises little in the way of 
performance. 

This paper describes a highly efficient, 
three-band vertical system for 20, 40nd 80 
meters, using elements of the ozder of an 
eighth wavelength. The system consists of 
an 80-meter verticalin parallel witha20/40- 
meter trap vertical. Actually, either the 80- 
meter or the 20/40-meter vertical can be 
constructed and used alone if one is not 
interested in triband operation. The input 
impedances of both antennas are 12-1/2 
ohms and they use the same 4:1 matching 
transformer? The antennas also use the 
same radial system consisting of 100 radials 
of no, |Saluminum wire 50 eet (15.24 m)in 
length (a lesser number of radials can be 
used as is discussed later in the article) 
Because of expected lower sunspot activity 
and, hence. poorer propagation conditions 
on the higher bands, the 40- and 80-meter 
portions of this antenna system, in 
particular, should prove very effective in 
DX communication overthe next few years, 

The first part of this paper deals with the 
design and tune-up considerations of the 
80-meter element; the second part with the 
20/40-meter element and the Way itis used 
with the 80-meter vertical forming an 
efficient triband systero, This is followed 


by reports on performance. Reference is 
also made to other alternatives for a 
multiband vertical system. 


80-Meter Vertical 

The two considerations in designing the 
80-meter element of this vertical system 
were: (I) 2 good bandwidth for a 
reasonable height (a height one person can 
hhandle); and (2) proper spacing between 
the 80’ and 20/40 portions such that 
coupling is negligible and both can be used 
lover the same radial system. 

Prior to building the shortened vertical 
described in this article, two others were 
constructed and tested on the air. One was 
 22-foot (6.71 m) vertical? which had a 65- 
kiz bandwidth. The other was a trap 
vertical* with only a 20-kHz bandwidth. 
Both of these antennes were used 
separately over the same image plane of 
100 radials and were efficient radiators 
‘Therefore, the main reason in going to a 
slightly longer antenna was simply to 
obtain a broader bandwidth. The eighth- 
wavelength vertical on 40 meters from the 
previous works promised considerable 
improvement by adding only a few fect. 
The results are shown in Figs. 9 and 10. 
‘The total height turned out to be 29 feet 
(8.83 mr). This resulted in a bandwidth of 
about 140 KHz, a little more than twice the 
bandwidth of the 22-footer (6.71 m). 

‘The vertical, in Fig, 9, uses a 20-foot 
(6.10-m) section of thick-wall aluminum 
tubing. (It was used some years agoas a gin 
pole for erecting a beam on a 40-foot (12.2 
1m) tower.) An 8-foot (2.44 m) extension 


‘Tho riband verical showing the polypropviene 
guys which providean entra margin of suppor. 


was constructed with I-inch~ (25-mm) 
tubing bolted in place using spacers for 
centering. The insulator at the bottom is 
phenolic tubing with a canvas base.*It has 
2 1/2-inch (13-mm) thick wall, is 9 inches 
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Close-up o thabase ofthe tiband vertical antenna. 


(229 ma) long and has an ID of I inch ( 
mm). The bottom aluminum tut 
supporting the antenna is 3-1/2 feet (1.06 
1m) long with 2-1/2 feet (0.76 m) of it placed 

‘cement. The diameter of the hole in the 
ground is about 1 foot (0.31 m). Even 
though this construction could probably 
be self-supporting, three simple 
polypropylene guys -at’ about the 7-foot 
(2.13-m) jevel are used for extra margin of 
Support. The radials tthe top use 1/2-inch 
((3-mm) aluminum tubing? The base 
loading consists of 12-1/2turns of a B&W 
3029 coil! Actually, 14 turns are on the 
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coll. A shorting stub, as showin in the close- 
up picture of the base of the two antennas, 
is used for adjustment. To place the 
minimum SWR near the low end of the 
Phone band, where much of the DX is 
‘worked, 1-1/2 turns were shorted out. The 
final number of turas employed depends, 
to some extent, on the number of radials 
used in the image plane, A simple check is 
to set the shorting tap at some convenient 
point, like 12 or 13 turns, and plot the 
SWR. If the minimum value appears too 
high in frequency, then add about a halfa 
tum of coil. This half turn chould change 


the position of the minimum SWR value 
by about 50 kHz. As can be seen in Fig. 10, 
the minimum value of SWR is practically 
T:L and occurs at 3.840 MHz, This also 
verifies the input impedance value of 12- 
1/2 ohms, as expected from the previous 
work on short verticals 


20/40-Meter Vertical 
mn extending the operation ofa vertical 
system over other bands, many 
alternatives are available, A trap vertical 
with @ 12-1/2-ohm input impedance can be 
connected in parallel with the 80-meter 
vertical, Alternatively the trap vertical can 
bbe designed to present an impedance of 50 
‘ohms and thus be connected to the input 
side of the 4:1 transformer. If broadband 
operation is desired on only 80 and 40 
meters, then one-eighth wavelength 
verticals on both bands can be used." 

For this work, a 20/40-meter trapped 
vertical having an input impedance of 12- 
1/2 ohms was used. It offered a rather 
simple mechanical form of parallel 
operation as is shown in Fig. 9 and the 
close-up picture. The bandwidth on 40 
meters of 155 kHz appeared acceptable, 
This bandwidth can be extended by about 
50 percent by using the 50-ohm design of a 
‘trap vertical 

Inthe first attempt of parallel operation, 
the 20/40-meter vertical was placed only 
14 inches (355 mm) away from the 80- 
meter vertical. The coupling appeared 
excessive. The S0-meter vertical was 
detuned by approximately 50 kHz. The 
20/40-meter vertical also required 
excessive base loading in order to present 
an acceptable input impedance. By 
<oubling the spacing between the verticals 
to 28 inches (711 mm), the interaction 
between them became negligible. The final 
values of heights and loadings were 
practically the same as if the elements were 
perating alone. 

The adjustment of the 20/40-meter 
vertical is somewhat more complicated 
than the 80-meter vertical. An impedance 
bridge, as described in the ARRL 
Handbook, is of considerable help. In this 
case, there are two degrees of freedom: (1) 
varying the number of turns at the base, 
and (2) adjusting the lengths of the vertical 
sections 

Basically, the tuning is as follows: The 
tap is set at about 5-1/2 turns and the 20- 
eter section adjusted to give an 
acceptable value of SWR, both in position 
Jn the band and in magnitude. If the 
impedance is too high, itcan be lowered by 
increasing the number of turns and 
lowering the height of the 20-meter section 
for resonance. After this, the 40-meter 
portion is then tuned. A piot of the SWR 
vs. frequency can iramediately pve an 
indieation of the necessary adjustment of 
the section above the 20-meter trap. Ifthe 
minimum value appears too low in 
frequency, a shortening of the top section 
is required. In no case should large 
‘adjustments be made. A change of a few 


Tabte1 
‘Some Results With Triband Vertical 


Dato Station Contacted W2FMI Signat 
Report 
SNS KSLWLYVS 59+ 1008 7 
43 wastuy 58+4068 7 
44 zeISP so 1“ 
44 WaaURE 694008, 4 
4n3 KvaHW s9+1049 r 
59 Kevi¥ 8 4 
se walzx s9+5068 4 
sn2 weou so+ 4 
SA? VKSPE 567 4 
SA7 WAINY 59+208 4 
5/22 VKSPB 59+ 1008 
5/23 2138 sr8 4 
ser waBOL 59+2008 4 


Frea.(Mte} Input Power Comments 


‘$88 (Poek) 
2kW very, vary strang signal 
‘only one signa stronger — 


he used a Yagi at 120 eet 
(36.581) 

2kW superior to anything on 
bang 

2kW —_vory, very niee signal 

2kW ost signal on wnole 
band 

2kW loudest on band 

2kW KIGZLandtare only 
‘ones they hoar 

2kW —_strongost (very 
consistent signal) 

2kW tremendous signal 

2KW remarkably strong 

2kW outstanding, certainly 
‘one of best 

2kW really amazing 

2kW —oneot thestrongest he's 
heard for some time 
pinned he S meter 

200W very potent — Stronger than 


‘most locals — couln be- 
Hove you were using 200 W 


inches has considerable effect. If the input 
impedance on 40 meters appears too low, 
then the 20-meter section has to be 
Tengthened. This requires that the whole 
procedure be repeated. In any case, the 
initial adjustment should be started on the 
highest band of the trap vertical 


Results 
Short verticals have been used by the 
author during the past year with 


considerable success. Many DX contacts 
were made on 40 meters with antennas 
varying in length from 6 to 33 feet (1.83 to 
10.05 m). Since an extensive ground 
system was used, very little difference in 
effectiveness was noticed between the 
antennas.'! This even includes redesigned 
trap verticals. As was stated before, the 
objective of the present investigation was 
to design a three-band vertical system 
which not only yielded competitive 
antennas on the lower bands, but one that 
was capable of covering a considerable 
portion of 80 meters. As was seen, a 
separate one-cighth wavelength antenna 
connected in parallel with a trap vertical 
not only gave a bandwidth on 80 meters of 
140 KH where the SWR was less than 2:1, 
but was short enough to not require 
considerable help in erection. 

Duringall this time of operation of short 
verticals on 40 meters, and as of this 
‘writing, including several months on 60 


meters, very few signal reports were 
received which did not indicate one of the 
best signals on the band. Table 1 gives 
some of the reports and comments 
received. In only three specific cases on 40 
‘meters have the short verticals been bested 
by other antenna systems. One is shown in 
Table 1 where KSLWL/YV6 reported a 
stronger stateside signal by an amateur 
using a Yagi at 120 feet (36.58 m). The 
other cases include a comparison with 
W2GO of Linden, NJ. On 40 meters, 
VKSPB reported 6 dB and VK2WC 1068 
in favor of W2GO's signals. He was using a 
two-element Yagi at 60 feet (18,28 m). The 
elements were 4-1/2 feet (13.56 m) in 
length and the boom, 20 feet (6.10 m). On 
80 meters, only one other station received a 
stronger report on direct comparison. This 
was by W2HCW, when comparing my 
signals with VKSPB. The difference was 2 
to 3S units. His antenna was an 80-meter 
Yagi at 120 feet (36.58 m). 

Invariably, most amateurs were 
surprised by the performance of these 
verticals. In many instances, questions 
were asked regarding the’ minimum 
number and length of radials required for 
efficient operation of ground-mounted 
verticals. As was noted in previous 
articles, the answer depends to some 
extent on the conductivity of the soil at the 
respective locations. Poorer soils not only 
require more radials, but ones that are also 


Fig. 10 — Standing wave ratio ws. requency for 
the 20, 40+, and 80-meter vetlel antenna 
system. 


considerably longer. Although more 
experimental work is required in this area, 
it appears that about 50 radials, 0.2 
wavelength long, should generally give 
good operation. Thelossin this case will be 
approximately 1 to 2 ohms. Doubling the 
number to 100 radials should reduce the 
Toss to less than 1 ohm. It should be noted 
that even I to 2 ohms of loss are 
appreciable with these short antennas since 
their radiation resistances are only 12-1/2 
ohms. 

Again, the author would like to 
acknowledge the help, encouragement, 
and interest shown by the many amateurs 
during our experimental studies on 
verticals. Very few antenna laboratories 
can boast of a greater number of willing 
and competent field stations. In particular, 
we would like to thank Al Jones, W2GO, 
for his considerable help in obtaining 
comparative reports in Australia and New 
Zealand. ‘This material was originally 
presented in QST by J. Sevick, W2FML. 
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A Multiband Vertical Radiator 


An efficient multiband radiator with no traps and no loading coils? Impossible; you 
can't build one without them and have it work! “Oh, yes, sure you can.” | doubt it. 
“You wanna bet? Come on, I'll show you.” 


you this vertical antenna system was 89- 
percent efficient but had only six radials? 
(Efficiency is defined as the ratio of 
radiated power to total power delivered to 
the antenna.) No, it's no joke. The vertical 
antenna that is described here is designed 
to work against ground systems that are 
less than optimum. 

By increasing the radiation resistance by 
about 200 ohms, we have been able to 
improve the effectiveness substantially of a 
vertical radiator with a poor ground 
system. The value of 200 ohms was selected 
as the feed-point radiation resistance 
because a toroid autotransformer with a 
14 ratio will match 50-ohm coax line very 
nicely, An added bonus when using such an 
arrangement is the Faraday screen effect 
that reduces noise pickup from being 
transferred to the feed line. The noise 
reduction over conventional network was 
determined to be about 6 dB. See Figs. 11 
and 12. 

‘The system is based on a 135-degree 
antenna height. The radiation resistance at 
the base of the structure is about 200 
‘ohms, ideal for our matching system. And 
at the same time the radiation pattern 
retains a reasonable form. The 10-meter 
groundplane on top of the structure acts as 
top hat. On 7 MHz the phase loops cause 
the antenna to look like a fat radiator and 
between the two, top hat and phase loops, 
the electrical height of the antenna is raised 
to within the tuning range of the toriodal 
loading network, On 14 and 21 MHz the 
phase loops keep the instantaneous current 
fon the structure in phase and eliminate 
high-angle lobes. When the system is 
switched to operate on 28 MHz, the 
groundplane at the top of the structure is 
fed through the coax line running up the 
ower portion of the structure,” 


Construction and Tuning 


‘The photographs and the drawingsshow 
how the antenna is constructed. The system 
‘was designed so that “storcbougit” items 
could be used for the assembly, rather than, 
fabrication of the antenna components. A 
list of required parts is given in Table 2 
‘The tuning adjustments of the system are 
very noncritical. Tuning can be done with 


"The ARRE Antenne Book, 13 Ed Se Fig.2 
the accompanying text om pag 


and 
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an SWR indicator. The best sequence is to 
start with the highest frequency and work 
down. The 28-MHz groundplane used as a 
top hat can be adjusted before itis attached 
to the rest ofthe antenna. The Radio Sback 
H-meter groundplane that we used comes 
with a hairpin or “beta” match. With a 
short length of 50-ohm coax for the feed 
line, the groundplane should be adjusted 
for the lowest SWR in the 10-meter band, 
After the groundplane has been adjusted 
and attached to the top of the antenna, the 


This multiband ralator, just over 36 feet 
(10.87 m) tal operates Om five amateur bends, 80 
‘through 10 meters 


Tante2 

Parts Requlred tor the Multiband Vertical 

Radiator 

'3—I0-t (3.05 m) lengths TV mast: cio Shack 
15.5006, 


‘wire: Raia Shack 278-7268, 


4.—Amidon Balun ki (208 Fig. 12) 
4} SAlminum box for tuner, 

1284148 591m) lengts of AG-8/U cosxiine 
48 (2.4m) seations of aluminum tubing foe 

Fig. 11). 

41 Bebe insulator: sot din 
1 —200-9Feepactor, ai 
Mise. — Seetext and figures. 


(ryt 
la, surplus 


‘entire system can be raised into position for 
final tune-up on the lower frequencies. 
At this point the SWR indicator should 
be inserted in the 50-ohim feed line from the 
transmitier, as close to the antenna 
matching network at the base of the 
structure as possible, Allthat remains isthe 
adjustment of the 200-pF capacitor. The 


‘anim 
este 


mae 


aks) 


ro ease LonDER 


ax seuo:sem) \ OVerworx (Pie 2) 


Notes 


1} Radio Shack 27-Miz groundplane cut to 
Gimersions shoven. Radlels ar at right 
angle and conreciad to mast 
“Three neavy-dity 10-f (305m) sections 
Wines 
Phase loops, sections of telescoping 5/8- 
{18-mem) end Vetneh (Sem aluminum 
{bing spaced 4-12 Inches (114 mm) from 
mast, See tex 
Soh coax such as AG-A/U. At upper 
‘era connect canter conductor to top 
®lement, braid to groune-plane slements 
‘Cannact awer end to bese lesaar network 
Fig 12) 


2 
3 


4 


Fig. 11 — Dotais ofthe muttisane radiating 
sirdcture. See Table 2for parts ist tis very 
Important trata uniform spacing be maintained 
forthe phasing loops, which may be supported at 
the bettom by shel brackets. Ta support the 
upper portions of these loops, the author Used 


Sind the main radiator tubing. Horemads 
Plexiglas spacers may also Be used. 


‘The base of the multiband antenna system, The 
200-pF capacitor ofthe matching network is 
‘mounted inside a weatherproofed box. and the 
Bo-moter loading calls mounted outside. The 
porcelain knife switches for bandswithing are 
‘ountad outside he aluminum Dox under a 
Homemade hinged cover. The structure itself is 
‘supported by a 10-fot(3.05-m) wooden post sot 
2 eet (0.61 mn the ground (conerate optional 


tuning will be different for each band. On 
21 MHz the capacitor will be only about 
five percent meshed, on 14 MHz about 
half, and on 7 MHz nearly fully meshed, 
The capacitor on 3.5 MHz, along with the 
3.5-MHz coil, can be adjusted to whatever 
Section of the band you wish to work. The 
bandwidth will be about 400 kHz with less 
than 2:1 VSWR. To switch bands, all that 
is required is to set the double-pole, 
double-throw switch for the proper band 
and adjust the 200-pF variable capacitor. 

All of the antennas constructed s0 far 
were cut to the dimensions shown in Fig. 11 
and have not required any change. They 
have been installed in a wide variety of 
locations and the system design has been 
broad enough in tolerance to handle all of 


Although heavy-duty insulators were used to 
‘support the radiating mast from the post as 
‘shown here, experience’ indicated that 
insulators are ot required. The author suggests 
that a modified pair of chimney-mount brackets 
be astoned tothe post wit ag screws. Ashort 
Tength of PVC pipe or Mylar fim may be placed 
‘around the mast where its supported, I you feat 
necessary to have the ma (od from the post. 


them, The writer’s antenna has been in 
operation since 1972 and has performed 
exceptionally well. In the first year on the 
air, I managed to work 100 countries with 
less than 250 watts. In several experiments, 
with just the six radials, we made 
comparative tests between this design and a 
properly matched quarter-wave vertical 
over the same radial system. The radiation 
‘efficiency was about 60 percent for the 
quarter wave vs. 89 percent for the “little 
monster.” In the far field the signal 
improvement was better than 6 dB. 

‘Now there are eight of these antennas on 
the air, and several more are under 
construction. All of the hams who have 
built the antenna have had comparable 
results to mine. 


Fig. 22— Schematic diagram ofthe base loading 

‘network The connection tothe mast pase should 

bbe made with ashort wie, no longer than ane 

foot (031-m). Tho 200-pF capacitor should have a 

‘minimum of 1/16-inch (1.6-mm) plate spacing. 

UY —0-meter loading col, 0.67 aH; turns of 
‘aluminum grounding wie, inch (76-mm) 


‘81 —Dpat, heavy-duty porcelain knife 
‘witches from the local hardware store wil 
Sufice, one for each pole 

1 — Biflar- wound toroidal autotransformer, 
14 ratio; 1 tums spaced around 2-inch (S1~ 
rm) 1D toroidal core: Ammon Balun Kit oF 
‘equ. (Amidon Associated, 12033 Otsego 
St, North Hollywood, CA $1807). 


‘There are three hams to whom this 
author would like to give credit. They 
helped in testing and measuring the system 
and encouraged me to get it down on 
paper. They are Bob Crawford, WA6RYZ; 
Frank Scott, W6WOP and John 
Campbell, WENVY. This material. was 
presented originally in QST by A. E. 
Collins, K6VV. 
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A Triband Vertical Antenna 


Keep your vertical antenna simple. Operate three bands without using traps! 


quarter-wave type, which radiates well and 
iseasily matched toa coax feed line, but has 
the weakness that it is a single-band 
antenna. Methods of adapting a vertical for 
multiband operation include the use of 
traps, loading coils and elements of 
different length fed in parallel. The antenna 
system tobe described here wasarrived at by 
treating separately the problems of design- 
ing the antenna and of designing the 
‘matching system, 

‘The antenna design was easy. A height of 
22 feet (6.71 m) is optimum for a vertical 
‘antenna for 10, 15 and 20, and several 
commercial verticals are of this height. t 
corresponds to about five-eighths wave- 
length on 10 meters. Greater height results 
in reduced low-angle radiation on 10, 
besides being more difficult to erect. A 22- 
foot (6.71-m) vertical gives betterlow-angle 
radiation thana quarter-wave verticalonall 
three bands and is especially good on 10 
meters. 

‘The antenna consists of 2 eet(6.71 m) of 
300-ohm twin-lead, with both conductors 
tied together, held’ about an inch from a 
bamboo pole by means of small blocks of 
insulating material spaced every two feet or 
so along the pole and held in place with 
plasticelectricaltape. The poleisguyed with 
nylon fishing line, and the antenna is 
operated against a groundplane of four 
‘quarter-wave radials foreach band. The use 
of twinlead rather than a single wire 

imulates a thicker conductor and reduces 
the impedance, making the antenna easier 
to match. Even so, the antenna impedances 
are vastly different on the three bands. The 


Tables 


‘Approximate impedances al base of 2-foot 
(7 1-m) ground-planevertical antenna 


Frequency “Resistance ——-Reactance 
34.250 MHe iOoonms +200 ohms 
21375 MHz y2000nme 

20.500 Mie ‘oohms 

Tables 


Impedances at input end o27.8-oot (8.47) 
‘matching section of 300-ohm twintead, 
terminated by the impedances listed in Tal 


3. 


Frequency ‘Resistance —_‘Reacianco 
14250MHz ——SBohms. #177 ohms 
2ua7sMMz Sens ohms 

28500 MHz = 7S.0hme © 28? ebms 
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Fig, 13 ~The ulband vertical antenna system, 


‘A Vertical radiator, 22 (6.71) of 300-ohm, 
‘wielead with conductors in paral. 

8 —Four radials, each consisting ot 1/4 ot wire, 
for each band (12 wires in al). 

(© = Matching section, 27.8 t (847 m) of $00- 
‘ohm twinlead, 

0 Reactance unit 00 Fig. 14 

E—75-ohm coax to transmitter, any length 


Fig. 14 —Reactance-unit ecu. 

Li 0.86 aH; 7 turns no. 16 (or hoavier, 
"sinch (26-mm) dia, inch (26-mm) winding 
length 

G1 0p air trimmer et 10 23.1 pF 

(62 — 100-pF ale trimmer set to 41.7 BF 


presumed values of impedance ae listed in 
Table 3. These values are taken from 
published data! and assume a cylindrical 
antenna of specific radius operated against 
& perfect ground. The antenna i not 
‘ylindrical, and it operates against a wire 
‘groundplane, so that the impedances listed 
‘must be considered approximate only. The 
results obtained indicate that they are at 
least fairly close. 

If the three antenna matching imped- 
ances are normalized to 300 ohms and 
plotted on a Smith chart, it can be seen that 
itis possible to obtain a reasonably good 
match to a coax line on any of the three 
bands by using an appropriate length of 
300-ohm line as a matching section 
connected between the antenna and the 
coax line. What is not possible isto find a 
single length of line that will provide 
suitable matching on all three bands. 


\ordan, F.C, Bectromagnetc Waves, ond Radlotng 
‘Shutems, Figs 112 and 13, New York: Prentice 
al ne, 1950, pp. 48253, 


It tums out, however, that a 27.8-foot 
(8.47 m) section of 300-ohm line having the 
0.82 velocity factor which is usual fortwin- 
lead has interesting characteristics. Such a 
section of line, connected to an antenna 
having the impedances listed in Table 3, has 
the input impedances listed in Table. This 
combination of antenna and matching 
section is shown in Fig. 13. 

It will be noted, first of all, that this 
combination may be used asit stands on 1S 
‘meters and fed with any usual coax. Whatis 
even more interesting, however, is that the 
input resistance is near 75 ohms on all three 
bands, though on 10 and 20 there is also 
considerable reactance. If'a reactance unit 
could be made which had just the correct 
value of reactance to cancel out the input 
reactance of the matching section on all 
three bands, the unit could be connected in 
series with the matching-section input and 
the system fed with 75-ohm coax onall three 
bands. 


Resctance Units 


Can such a unit be made? Certainly! It's 
not hard at all. Itconsists of asimpleseven- 
tur coil and two trimmer capacitors and is 
shown in Fig. 14. The trimmers are most 
easily adjusted with the aid of a grid-dip 
meter before the reactance unit is installed, 
CI should be set so that LICI resonates at 
35.85 MHz, and C2 can be subsequently 
adjusted by temporarily connecting it in 
parallel with LIC1 and varying it uatil the 
‘combination resonates at 21.37 MHz. 

With the reactance unit adjusted as de- 
scribed, the antenna when first assembled 
showed SWRs of 2.1, 1.4, and 1.5 on 10, 15, 
and 20 meters respectively. Connecting the 
unit into the feed system apparently in- 
creased jits shunt capacitance somewhat, 
for 2 small reduction in the value of CL 
‘changed the SWR readings to 1.3, 15, and 
1.4. These values could probably have been 
improved still more by further adjustment 
of Cl and C2, but it was not considered 
worth the trouble. If it is undertaken it 
should be borne in mind that the adjust- 
ments interact, but that CI has its greatest 
effect on 10 meters and C2 0n 20 meters. In 
any case itis not possible to obtain a perfect 
1:1 match with this antenna system. 

An SWR of 2, however, which can easily 
be bettered on ail three bands, is within the 
loadingcapability ofalmostany transmitter 
and causes an additional loss over a 
perfectly matched linc of less than half adB 
even when the transmission lineis verylong, 
Since such a change in signal strength is 
undetectable, an SWR of 2isin practice as 


good as an SWR of 1, as far as losses are 
concerned, 


A Few Notes 

A few observations are in order. The 
matching section has a fairly high SWR 
(between 4:1 and 8:1), and it should be 
spaced well clear of metal objects and 
should not have sharp bends. TY standoffs, 
are useful here. Itis important that thesame 
side of the matching section beconnectedto 
the coax shield and to the groundplane. If 
such a thing were available, 300-ohm coax 
would probably be preferred for the 
matching section, but for medium power 
(180 watts PEP) TV-type twin-lead forthe 
matching section and receiving-type 


trimmers in the reactance unit have proved 
satisfactory. The parallel circuit LICI does 
not operate at its resonant frequency, and 
thus high circulating currents are not 
encountered, High power might necessitate 
heavier components, The reactance unit 
needs protection from the weather and can 
be built into a small plastic box and sealed 
with plastic electrical tap 

Although the antenna is matched atthree 
widely separated frequencies, it is not 
matched at intermediate frequencies and is 
thus nota broad-band antenna in the usual 
sense. Nevertheless, itis broad enough for 
normal ham use. The SWR remains below 
2:1 over the entire 15-and 20-meter bands, 
and also between 28.3 and 29.4 MHz.on 10. 


All SWRs mentioned in this article have 
been measured at the transmitter and are 
thus probably alittle optimistic. Transmis- 
sion-line losses are not known, but thelineis 
not long (about 40 ft. [12.19 mp, and itis 
doubtful that the SWRs at the reactance 
unitare much higher thanthosemeasuredat 
the transmitter. 

‘This antenna is no match for a quad ora 
Yagi, but it has provided numerous 
transatlantic QSOs on all three bands, 
Because of its effectiveness, convenience, 
and the cheapness and availability of 
everything used initsconstruction,itshould 
appeal to many hams. This material was 
originally presented in QST by Frank A. 
Regier, ODSCG. 


A Multiband Groundplane Vertical Antenna 
with Tuned Feeders 


Who says tuned feeders are used only with horizontal wire antennas? Go multiband 
with a simple vertical radiator by using a tuned-feeder system — and do it with 


ease! 


experimented with several versions of this 
antenna and has found them to be most 
satisfactory. The antenna shown in Fig, 15 
provides not only outstandingperformance 
on 10, 15and20meters, but performanceon 
40 and 80 metersequivalent to most mobile~ 
antenna installations. Full efficiency on 
these latter bands can be realized by making 
the vertical and radial portions. propor- 
tionately longer. 

The antenna system consists of the 
radiating element, groundplane radials, an 
open-wire feeder of any convenient length,a 
‘Transmatch capable of either series or 
parallel tuning, and an antenna SWR 
bridge. This combination is shown in Fig, 
16. 


‘Antenna and Radial Lengths 

‘The author preferred to cut the antenna 
for resonance on one particular ham band 
(20 meters), but itis not necessary that the 
antenna be resonant on any band. Efficien- 
cy will suffer, of course, on bands where the 
length is significantly shorter than one~ 
quarter wavelength. Whatever the length 
cchosen for the antenna, the radials should 
bbe of about the same length. 


Construction 


Constructional details are shown in the 
sketch of Fig. 15. In the event the specified 


Fig. 15— Sketch of WAVON's eimpla multiband 


aluminum tubing is not available, thin- 
walled galvanized electrical conduit, 
aluminum conduit, or copper pipe may be 
used. 

It is recommended that the vertical 
element not be supported by drilling holes 
through the tubing, as this will substantial 
ly weaken the structure, An alternative 
mounting arrangement is shown in Fig. 
17. The insulators are porcelain standoff 
types with a lag-screw insert. They will be 
found at electrical supply houses (also at 
Sears), and are sometimes referred to as 
“saddle” type insulators. The hose clamps 
are stainless-steel gear type. 


Adjustment 

Operation of the antenna is simple. The 
‘Transmatch (a suitable one, including 
SWR bridge, is described in the ARRL. 
Handbooks) and SWR bridge are connect- 
ed, and the tuning network adjusted for 


Fig, 15— Recommended setup for coupling antenna tine o low-impedance transmitter output. 
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STANDOFF. aurea 


\ 


NOSE CLAMPS: 


adits ate 
aluminum tubing, 


‘maximum forward and minimum reflected 
power, Initially, it will be necessary to 
determine experimentally whether series or 
parallel tuning is required forthe particular 
combination of band, feeder length, and 
antenna length selected 

‘The tuned-line-fed groundplane vertical 
antenna gives excellent performance, 
can be easily constructed in just a few 
hours even by a beginner, requires @ mini- 
mun of installation space and costs less 
than $5, excluding the Transmatch and 
‘SWR bridge. Thetunedcircuit of the Trans- 


match provides excellent discrimination 
against harmonic output fromthe transmit- 
ter. Ease of construction and portability 
make this antenna an ideal one for Field 
Day use. 

In case one wonders about the mismatch 
between the line and the antenna, thesecret 
is in the use of open-wire line. The loss in 
such a line with an SWR of 25:1, at 10 
meters, is less than the loss in RG-S8/U 
when the latter is matched. This material 
was originally presented in QSTby Arthur 
S. Gillespie, Jr., KATP. 


A Helically Wound Vertical Antenna for the 


75-Meter Band 


“Around and around she goes, and where she comes out — nobody knows.” 
True, perhaps, with a wheel of fortune, but with a helically wound vertical the rf 
comes out effectively for DX and local work! 


1 order to have a full-size vertical 
antenna for the 75-meter band, theantenna 
would have to be around 65 feet (19.81 m) 
tall. That, alone, would require guying, oF 
some other means of support which would 
result in a structure with no aesthetic 
appeal to any nonhams (who comprise 
almost 100 percent of the author's 
neighborhood). By using a _ helical 
configuration, the overall antenna heights 
reduced, thus eliminating the need for 
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guying. With the helically wound antenna, 
more equal current and voltage 
distribution is accomplished (as compared 
with a lumped impedance from a loading 
coil). Asa result, a better radiation pattern 
is produced. With this system very little 
reactance has to be cancelled out, 
eliminating the need for an overly large 
“top bat.”! This antenna willeasily takethe 
full legal power limit. 

Construction details for the antenna are 
shown in Fig. 19. The following is a list of 
parts used in constructing the antenna 
system, 


1 —20-ft (6.10-m) section of 4-inch (102- 
mn) OD plastic pipe (obtained at local 
plumber) 

130 ft. (39.62 m) no. 12 plastic-insulated 


‘Bites Not: Some form of metal top hat should be 
Connected to he Int turn of the driven element at 
the high-impedance end of the radiator. Extremely 
high levels of voltage cas develop atthe end ofthe 
helix, sometimes causing the tp ofthe antenna 10 
‘burn. Thetophattendsto lower the Qofthe antenna, 

he fae end. At 
asin pet ramiccone insu 

tor works well in this application J 


‘ 


FeeorHnoueH 
ease Insucaton 
Coton 

AsceMeLY 


Lock oF wooo 
USED To Fasten 
TOP war TO" PoLE 


10" (254mm) TOP HAT SOLDERED 
10 ENO "OF ANTENNA WIRE 


40° 2" 2" (3,08m X Simm X Simm) WITH 
SHIMS USEO FOR INTERNAL. BRACING 


FEEDTHROUGH INSULATOR 


492 


ant, Lenor « 422 


= 423" (37.49m) 
WIND FULL HALE WAVE OF 


Nov? ‘Puasric ins” copren 
{Soulo) WIRE EQUALLY 
SPECEO AROUND THE SUPPORT 


LEAVE gorroM sero 
To RELEASE WATER 


19, 10"(3.05m) ono. 
Mois sovoene 


Fig. 19 — Construction details ofthe hetcaly wound antenna, 


solid copper wire (allow a little extra, 

about? ft. (0.61 mp) 

— 10-in. (254-mm) disk ofsheet metal top 

haat; stop ata sheet metal or furnace re- 

airman —I got this free) 

260 ft. (79.25 m) no. 14 solid bare copper 
wire (I used only four radials in this 
system use as many as you have room or 
money for) 

203g, ft. (1.8689. m) of marine plywood for 
base 


2 — 2 X 2 10-4. (3.05 m) sections, for 


internal bracing 

1 — 84ft (2.44-m) copper ground rod (for 
radial junction) 

‘The cost can be reduced considerably ifall 

materials are readily located or already 

owned. 

Fig. 18 shows the results of SWR 
measurements. The SWR indicator used to 
make the measurements was a Midland 
model. ‘The antenna was adjusted for 
minimum SWR at resonant frequency with 
the tuning capacitor at the base. The 


frequency for this antenna is 3995 kHz with 
123 feet (37.49 m) of wite wound on the 
support and one 8-ft. 2.44-m) ground rod 
and four 65-t (19.8i-m) radials. There are 
numerous configurations possible with this 
system including a broadcasting favorite 
such as phasing two or more structures, I 
forgot to mention . . . give the entize 
structure one or two coats of marine 
to seal the turns. This material was 
originally presented in QST by Gary L. 
Ellingson, WADWHE. 
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The Ground-Image Vertical Antenna 


The name of the game with vertical antennas is the “ground system.” Not just 
any hastily contrived radial ground will do the job right. Read these details for 
building an effective ground that provides positive results. 


Fasten ai 
at the modest height of 40 feet (12.19 m) isa 
compromise (a 20-meter beam should be 
higher to be really effective), itstillcan bean 
obstacle 10 good neighborly relations, at 
least if your neighbors don't appreciate the 
ecological beauty of such an installation. 
Moreover, even that modest sort of an 
installation presents quite a number of 
‘engineering problems. 

This report presents the results ofthe first 
phase of an investigation to find a less 
conspicuous but equally effective antenna 
for use at a new location. The author hopes 
it will provide suggestions for those faced 
with a similar problem, At the least, it may 
be of some value to those with a general 
interest in the subject of antennas. 

‘This first part of this section deals briefly 
with theoretical considerations, the second 
with experimental results on quarter~ 
wavelength and_five-eighths-wavelengtt 
verticals, and the third on the test 
equipment. It should be pointed out at the 
‘outset that theinformation presented here is 
the work of a hobby and as such cannot be 
exhaustive. It is hoped that others will 
repeat some of the experiments, extend the 
work, and report the effect in practice of a 
‘groundplane system above 3 MHz. To my 
Knowledge such practical data have not 
been reported. 


‘Theoretical Considerations 


‘A beam antenna possesses the advantage 
‘of gainand directivity, Nevertheless, its DX 
capability is determined primarily by its 
vertical radiation pattern. A large portion 
of the radiated energy should be directed 
between 5 and 25 degrees from the 
horizon.!? Horizontally polarized anten- 
nas yield lower angles of radiation with 
increase in height above the ground. Thisis 
a result ofthe interference pattern created 
by reradiation from the earth's surface. 
Since the earth is a somewhat conducting 
medium, the electre field tangential to the 
surface must be approximately zero. This 
“boundary” condition is brought about by 
theinduced surface currents which reatean 
electric field of opposite phase. This field 
then combines constructively and destruc- 
tively with the initial radiation from the 
antenna. A model for this condition is an 
image antenna of opposite phase below the 
earth's surface as a depth equivalent tothe 
hheight above the surface.” In order to get a 
lobe below 15 degrees, the antenna height 
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‘The 20-reter vertical antenna inthe foreground, 
and the 26-00% 7 86-) test tower. 


plate and aretieg cown with aring made from 
opper tubing 


‘must exceed a wavelength, This is greater 
than 60 feet (18.29 m) on 20 meters. 

On the other hand, a vertical antenna, in 
theideal case, possesses an image which sin 
phase to produce a lobe tangential to the 
carth’s surface. Only when the antenna 
length is increased to a wavelength, or 
multiple thereof, does the tangential lobe 
disappear. This is true whether the antenna 
is on the ground or suspended in space. 
‘Therefore, a vertical beam, ie.,an array of 
vertical antennas coupled together with an 
appropriate feed system, on the surface of 
thcearth, seemed to bethe logical choivefor 


the new installation since it would appearto 
meet the following objectives: The system 
should 

1) Exhibit a minimum profile. 

2) Be easy to install and tune, 

3) Offera low angle of radiation. 

4) Not require a large outlay of money. 

‘The author proceeded,. therefore, 10 
construct an array with four vertical 
elements. When the tests were begun, it 
immediately became apparent that the 
simple procedures the writer was using were 
inadequate to cope with such a complex 
system. The author had to start anew to 
develop a test procedure and to build some 
suitable test equipment. The logical step 
‘was to backtrack toasingleverticalantenna 
and use itasa standard on which to develop 
some basic test standards. As discussed 
subsequently, the writer found that 
relatively simple equipment, e.g., a simple 
impedance bridge, a field-strength meter, 
and a test oscillator, gave this author all of 
the data about the system that he needed, 

Itisimportant to note that a true ground- 
image antenna differs substantially from a 
ground-plane antenna system which relies 
merely on a few A/4 radials above the 
ground. A trueground-imagesystemresults 
‘when a sufficient number of radialsareused 
and an image of only the vertical section is, 
sufficient to describe it. Considerable 
information‘s* is available on ground- 
image systems for verticals operating below 
3. MHz, The results have shown that some 


‘ / x 
Des eremcrae 
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ine inside diameter ofthe ground and antenna 
tubing 


Tables 


Comparison of responses of 1/4-wavelangth and 
S5/e-wavelength vertical antennas at low radiation 
angles. Data were taken by fela-strength meter 
‘mounted on awooden tower ata distance of 7.5 
‘wavelengths a 14.25 MMs, Fild strangth (e) Is 
normalized to maximum value obtained with $/0- 
wavelength case, 
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‘The riband tap vertical antenna. which has an 
‘overall neight of only 12.5 foot (381 m) With the 
System of 40 radials, parfrmance of his antenna 
‘0n 20 meters was about the ame as hat ofthe 
‘and 8/8-wavelength vertical elements 


100 radials of 4/2 in length, buried just 
below the surface, provide an adequate 
ground system. At higher frequencies, the 
dielectric effect of the earth becomes 
important, resulting in severe discrimina- 
tion of radiation or reception at very low 
angles.* At low angles, the waves not only 
suffer by absorption, but also byachangein 
phase which results in destructive interfer- 
‘ence, Since little specific information was 
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Fig. 20—The input impedance of a20-meter 
‘uarter-nave vertical antenna as a function of the 
‘numberof radials 0-wavelength long. The four 
fang eightsagals consisted of bundles o ive 
‘ries of no 18. guage. The s0-radil point was 
‘blainod by fanning out the eight bunctes. 
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Fig. 21— The improvement of low-angle 
‘radiation of aquarter-wavelength vertical 
antenna on 20 motors as function of the number 

‘aed racals. A test oscillator was mounted on 
‘wooden tower ou wavelengths away at an 
‘lovation angle of six degrees {rom the base of 
the were 


available at higher frequencies, the objec- 
ive of the present work was to measure the 
input impedance and vertical radiation 
pattern at low angles ofa verticalantennaas 
a function of the number of radials, inorder 
to determine the feasibility of a vertical- 
array system as a competitor to beams at 
high elevation. The results of the tests were 
most gratifying. The author found that 
many of the “rules of thumb” which have 
developed and have been perpetuated tothe 
point where they are practically taken for 
‘granted were more myth than truth, 


Experimental Results 

‘The classical paper on radial systems, 
which reports experimental results at 1 and 
3 MHz, indicates that a large number of, 
radials 0.44 long should be used. This 
appeared to be a good starting point for a 
20-meter vertical. Accordingly, tocheckthe 
‘number of radials needed, this author used 
eight bundles of wires, each 25 feet (7.62m) 
long, and each made up of five no. 18 
copper wires. Each bundle was bolted toa 


Fig. 22 — The result of intertacing /2-wavelength 
rials ina perioulr rection. Gata we 
‘biained by using atest oscilaior on a wooden 
tower eight wavelengths away, at an elevation 
angle of 8 Gegrees from the base o the vertical. 
‘The resus Indlese the advantage of onger wires 
andthe possibilty of directional pcoperties ofa 
‘onsymmerical radial system. 


5X |/4-inch (127 X 6-mm) aluminum plate 
a shown in the photograph. The writer 
‘was then able to use each bundieasa radial, 
measure the input impedance of the 
system, and then separatethe bundles, wire 
by wire, to increase the numberof radialsin 
the system, 

Fig. 20 shows the input impedance as a 
function of the number of radials used. 
Measurements were made with a simple 
impedance bridge. (Its construction is 
discussed late.) Theantenna wasresonated 
before each measurement was made, and 
the difference between the 40-radial system 
and the radial system resulted only by 
fanning out the bundles of wires. This 
technique points out another important 
feature of ground ystemsand refutesoneof 
the old myths: since the current carried by 
the radial system isequally divided amongn 
radial elements, each radial is required to 
carry only 1/n of the total current. This 
‘means that relatively small diameter wire is 
perfectly adequate. 

Moreover, it was found that atthe higher 
frequencies itis best to keep the radials near 
the surface of the ground. Radials buried 
more than a few feet become less effective! 
Thus, you should not rely on the old 
admonition that radials should be 6 feet 
(1.83 m) down to be effective. This writer 
found that burying the wires slightly blow 
the surface isthe best way of installing the 
system. Mechanically the radials can be 
nailed down, electrically they are most 
effective, and esthetically they provide litle 
interference toa healthy stand of grass 

Itwill be seen from Fig. 20 thatthe input 
impedance for a vertical antenna is 
drastically affected by the number of 
radials. Many radial wires are necessary to 
prevent an excessive loss of power and to 
providea convenient input impedance, 
20 also shows the theoretical impedance 
iimit for an antenna having an effective 
height-to-radius ratio of 300:1.” 
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Fig. 21 shows the effect on low-angle 
radiation as a function of the number of 
radials. These data were obtained by 
placing a test oscillator on wooden tower, 
four wavelengths away. A photograph 
shows the 20-meter vertical and the 26-foot 
wooden test tower. 

The effect of using longer radials in a 
particular direction is shown in Fig. 22. 
Radials of no. 18 wire, 3/2 wavelengths 
Jong, were put down between theexisting40 
radials. The spacing between the longer 
wites was five degrees. The considerable 
improvement indicates the need for longer 

and the directional properties a 
groundplane could give. 

‘A. 5/Swavelength vertical was also 
constructed and tested. It consisted of a 40- 
ft. (12.19-m) telescoping aluminum pole 

a loading coil of eight turns of no. 12 
wire with a diameter of 25 inches (64 mm). 
‘The comparison in low-angle radiation ata 
distance of 7.5 wavelengths is presented in 
Table 5. A ficld-strength meter was 
mounted at different heights on the 26-foot 
(7.93-m) tower. The groundplane for these 
data consisted of the 40 0.4-A radials plus 
the I1 3/2-d ones. Measurements were 
taken in the direction of the added longer 
radials. The results show the improvement 
in low angle radiation offered by the 5/8-A 
vertical. The input impedance of this 
longer antenna was found to be 76 ohm. 


‘On-the-Air Checks 


From these experiments and measure- 
ments theauthor decided tosettleona I/4- 
antenna with approximately 40 radials. The 
tallation is shown in the photograph. 
This writer then proceeded to makeon-the- 
airteststo compareits effectiveness with an 
inverted-V antenna having its apex at 0. 
wavelength, and witha 5/8-A vertical using 
the same ground system. Surprisingly, the 
1/4-A vertical seemed to peviormjust aswell 
as the much taller 5/8-A vertical, Thiscould 
result from the fact that most signals arrive 
after several hops and the optimum lobe 
angle is probably as high as 15 to 20 
degrees.'® At that angle, the A/4 antenna 
actually enjoys an advantage. With prac 
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cally all DX contacts, the verticals had a 6- 
to 8-4B improvement over the inverted V! 
‘The only exceptions were at intermediate 
distances and for local contacts, At about 
‘500 or 600 miles, the inverted V with its 
higher angle of radiation gave etter results. 
Locally, the verticals gave far superior 
performance. Improvements of 10to 154B 
were recorded. A triband trap vertical 
antenna was also tested on 20 meters and 
found to be practically the same in 
impedance and performance, This antenna 
had an overall height of only 12.5 feet (3.81 
m)t 

‘Test Equipment 

‘A. most interesting aspect of antenna 
‘measurements is that the equipment can be 
rather simpleand in manycasesconstructed 
from items mostamateurshavein theirjunk 
boxes. All that is really needed is some 
standard to compare with, such as a 
‘wattmeter or an $ meter that is known to 
have reasonable accuracy. This writer has 
used both —the wattmeter ina Drake L-4B 
linear amplifier and the S meter in a R-4B 
receiver. 

The impedance bridge shown in the 
photograph was patterned after the one 
shown in the ARRL Handbook. Care was 
taken in shielding the input and output 
circuits, The meter was mounted externally 
in order to minimize stray pickup. A 
calibration curve was obtained at 14.25 
MUlz by using many carbon resistors of 
known values as the load. 

‘Thefield-strength meter isa simplediode 
detector and de amplifier. The instrument 
was constructed to cover the 10-,15-and 20- 
meter bands. Its meter was also mounted 
‘externally, The antenna length for thefield- 
strength meter was determined by the 
strength of the availablefield. Inadditionto 
these pieces of test equipment, a 20-meter 
transistorized crystal oscillator was used for 
many of the tests. 


Conclusion 

‘The performance ofa verticalantennaon 
the ground is highly dependent upona good 
ground system, and, properly installed, the 


antenna can be a very good perfo 
indeed for DX and local contacts. This is 
particularly true at the higher frequencies 
where the dielectric property of the earth 
plays a major role, Forty radials of no, 18 
wire, 0.44 long, will increase the total 
radiated power by about 3 dB. Radials can 
be thin ifa sufficient number are used. The 
thought of using thick wires buried deeply, 
probably a carryover from lightning 
grounds, is not valid at higher frequencies. 
‘The idea of using only fourburied radials, as 
‘commonly recommended, saseriouserror, 
and if this article does nothing more than 
eliminate that misconception, this author 
‘will be satisfied. Since the electric field only 
penetrates the ground for afoot ortwoatthe 
higher frequencies, the radial wires nced be 
buried only as deep as necessary to escape 
children’s fect and the lawn mower. Finally, 
these results fromthe ingleverticalantenna 
indicate that a vertical array could be a 
competitor to the more elaborate horizon- 
tal beams and warrants further invest 
tion. This material was originally presented 
in QST by Jerry Sevick, W2FMI. 
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The W2FMI Ground-Mounted Short Vertical 


Just because the vertical is physically short doesn’t mean it won't provide excellent 
results in DX work. Theory says it can be done. Here’s how! 


A se tes, ey 
designed and installed, approaches. the 
efficiency of a full-size resonant quarter- 
wave antenna, Even a six-foot (1.83 m) 
Vertical on 4 meters can. produce an 
exceptional signal, Theory tll us that this 
Should be possible, but the practical 
achievement of such result requires an 
tnderstanding ofthe problems of ground 
losses, loading, and impedance matching. 
“This paper covers design principles which 
axe applicable to al of our amateur bands. 


Background 

Earlier work by the author! on the 
radiation efficiency of a ground-mounted 
vertical resulted from the desire to designa 
simple, inexpensive, low-profile DX beam 
for 20 meters. This first work reviewed the 
theoretical considerations involved and 
pointed out that a good ground system is 
essential to achieve efficient operation of a 
resonant quarter-wave antenna. The 
second work applied these results to a 20- 
meter beam.” In the process of trying to 
extend the result ofthese investigations to 
the 40-, 80- and 160-meter bands, and to 
possible multiband operation, the need 
arose to understand the operation of a 
shortened vertical and the effects of 
different loading schemes on the input 
impedance. 

“The first part ofthis paper deals with the 
theoretical considerations ofashort vertical 
antenna and the experimental procedures 
involved in measuring the various para- 
meters. This is followed by experimental 
results which show the trade-offs involved 
in shortening antennas by various loading 
schemes. Finally, specific designs are given 
for the 40-and 80-meter bands. 


‘Theoretical and Experimental 
Considerations 

‘There are several old familiar axioms in 
Amateur Radio that are not completely 
understood by the amateur. The author 
refers specifically to the two sayings: Make 
the antennaas ong as ossibleanderectitas 
high as possible, and, A full-size beam is 
better than a smaller beam, and a tall 
vertical is always better than a short one. 
The first axiom is particularly relevant to 
horizontal antennas, where height is most 
important for reliable DX operation.> 
Increasing the length tends to increase the 
gain in certain directions. But with the 
vertical antenna, taking it off the ground 
and feeding it at a voltage point (like the J 


‘Tho matching notwork and base hard 
showing 115 radials withthe 6-foot (1.88-m) 
‘ori. Tha pl network s covered with aplastic 
bao. 


‘The 10-oo!(805-m),40-metar vortical designed 

foran input mpadance of 125 ohms inorder to 
: ransformer. The top hat 

(1.22 m) and the coll 

foot (0.31 m) below, has 14 turns, 

12 baz0 is the Wanstormer and 


“The author with the 6-foot (1.82-m),Ao-mete 
vertical 


antenna) in order to eliminate radials can 
result in poorer performance because of 
increased earth loss.43 More experimental 
‘work remains to be done on this phase of 


vertical antennas. The second axiom noted 
above is generally true, but misinterpreted 
by many. The author refers to those 
important properties: power gain — 
important in transmitting and capture 
cross-section — important in receiving. 
(Power gain is the gain, in magnitude, 
‘compared to an isotropic radiator; cross- 
section is a fictitious area related to the 
ability of the antenna to intercept the 
radiated power and make itavailable to the 
receiver for detection.) As will be seen 
below, very little is compromised in these 
properties by shortening the antenna. 

‘The short antenna has been defined as 
cone that is small compared toa wavelength. 
Ina more exact form, itis defined insucha 
‘manner as to simplify the mathematics in 


the theoretical calculations. King*has used 
the following inequi 
where 


as the definition 


half-length of a center-fed antenna 
for the height of a ground-mounted 
vertical. 

A= the wavelength 


oh is actually a quantity whichis used to 
express the height ofan antenna in terms of 
an angle in radians. Thus, this quantity is 
independent of the frequency. Since 40 


Tables 
Inductive Loading 
1) Base Loading 


NoolTure” Pus 
7 26H Sin. 14Sohms 
» 0 Wen Sin, © 7 50hms 
©) 2 sit Tin. 580nms 
4) 4 13H 4 ohms 
°) 18 Bit10i. 2 ohms 

2) Midpoint Loading 
‘No.of Turns” Pa 
2) 6 2ait Sin. 28.50hms 
on 24M in. 2520hms 
2 5 19M Bin. 18Sohms 
3 38 15 Bin. 1230hms 
2) 2 14M Gin 1050nms 

3) Three-Quarter Point Loading 
Novof Turns” Fas 
a) 10 zit din. g250hms 
38 zn 26. ohms 
2 2 ain Zin, Z3S0nms 
3) 2 fot 2in, 22 ohms 


"B&W 3028, 24/2 nda, 6 TP, no. 12 wire. 
f= 0.9048 
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Table7 
‘Top Hat and Distributed Loading 
1) Top Hat Loading (4-spoked wheal with 1/8-inch Al wire rien) 


Diameter i Fas 
a) an 30te10in 34 ohms 
bat 26K Tin 3250nms 
eat 2a 30 onms 
a 7H 198 2in Zsonms 
° 4 23h Ain 29.40nme 
2) Distributed Losding (Helical Antenna) 
No.of Tune Paw TopHatat1.5% 
Above Col! 
om rt 8 ohms titaia, 
b) 105 rit 10 ohms — 2ftala 
2) 13 7A ‘6 ohms 2 
3 75 7 Tsohms 4 
“spoked who 
a= 0.3088-m 
Tables 
Parameters ofthe 40-Meter Short Vertical Designs 
Total Height Aaa No. Turns* Dia. Top Bandwidth 
(ohms) a 
6 ok 35 4 7 rookie 
Bv2t 75 atin. bolow top hat 
euah 7S 8 4 00k 
(0n7 fhdowel 
$-5/8In. ina 
wh se 4 125 kets 
1 below tophat 
istiom 1257 4 saan 
atbase 


“Except for hella! entenna, coll wire is samo.as shown in Tablo 6 
1n=0304em 


meters was used mostly for experimental 
results presented in this article, the 
inequality above assures accurate theoreti- 
cal calculations for verticals of 11 feet (3.35 
m) or less. 

The theoretical results show that the 
power gain for a very short antenna, even 
less than I-foot (0,31-m) high on 40 meters, 
is 1.5.7 This increases slowly to 1.513 foran 
I -foot (3.35-m) antenna. These gainsareto 
be compared to about 1.62 for a resonant 
quarter-wave vertical. It can be seen that 
this difference amounts to less than 0.4 dB 
(0r0.07 § unit, based on 6 dB per S unit. 

In a similar fashion, the capture crass- 
sections differ by relatively small amounts. 
For the very short antenna, a cross-section, 
value is 0.119 X2, while for the quarter-wave 
vertical it is 0.13 A2, This is surprising to 
om : 4" many since it is difficult to visualize a 
y vertical of a foot or two (0.31 oF 0.61 m) in 

height on 40 meters, having practically the 

same receiving ability asa 33-foot 10.06-m) 
‘ quarter-wave antenna! 

But the important property of a short 

vertical that makes its capture cross-section 

nearly the equivalent of afull 1/4-A antenna 

isits very small value ofinputresistance. Fig 

> 23 shows the theoretical curve and the 40- 

meter experimental results for the input 

resistance of ground-mounted verticalasa 

function of height.* The experimental data 

were obtained by essgntially canceling out 

thecapactve reactant ofthe verticalbyan 

inductance at the base of the antenna and 


ed 


kage te = 
Saga. 


Eight-and-one-nalt-foot (259-m) helical antenne 
using a2oot (0.81) top hat 1-1/2 oot (0.46 m) 
above the 7-toot (2.12-m) helix. The 75 turns have 
Approximately a-inch (76-mm) pitch below the 
‘midpoint and’ S-inch (28-m¥m) pitch above, Very 
Iie diffrence was notes in reversing tne 
pitches. The input impedance was 7.5 ohms 
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ase of the vertical antenna with 60 radials. The 
aluminum diekis 1S inches (0.38 mn diameter 
19d 1/4 inch (Gm) thick. Sly tapped Noles for 
20 aluminum hex-head bol's form the outer 
fing and 20 orm the inor ring. The Insulators 
polystyrane material with a t-neh (25-mm). 
lametar. Also showin is the impedance oridge for 
‘measuring input resistance. 
Originally, circular wires wore used to connect all 
facials together. These were positioned every 2 
foot (0.8% m), starting from the antanna base. 
‘Then, one al atime, they wore removed, 
‘meanwile koeping @ check onthe antenna 
Fadiation asistanon, There was spparent 
‘change in the radiation resistance, 80 t was 
‘concluded thatthe interconnecting ings of wire 
‘wore not needed in the ground system. 


‘Construction details forthe top hats. For 
diameters of 4and 7 feet (122and 2 13m), 1/2- 
Jnch (13-mmn) aluminum tubing was used. The 
those clamp i of stanlars steel Tha est ofthe 
hardware al aluminum. 


measuring the resistive value with an 
impedance bridge. Since anextensive, low- 
loss radial system was used, the resistance 
‘measured was actually that of the antenna 
itself, which is called the radiation 
resistance. 

Fig. 24 shows the input resistance of a 
quarter-wave resonant verticalasafunction 
of the number of radials. At the 115-radial 
point, the input resistance approaches the 
theoretical value of 35 ohms, whichstrongly 
indicates low earth loss and, hence, reliable 
data in short antenna measurements, The 
picture also shows the base hardware for 60 
radials. The wire is 15-gauge aluminum, 
‘There is nothing sacred about 15 gauge. No. 
22 wire, or even no. 28, would be just as 
00d. 


RADIATION RESISTANCE VS. HEIGHT 
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INPUT RESISTANCE VS. NO.OF RADIALS 
(40 METER DATA 


Fig. 24— Input resistance ofa qua 
‘ground-mounted resonant vertical as afunction 
‘tthe numberof rah 


It should also be noted that very little 
difference was noted whether 0.2-A oF 0.4: 
radials were used. At 16 radials, the results 
are practically identical, Infact, thiscurveis 
also similartothe one obtained on20 meters 
Which was reported earlier? More work 
remains to be done on the trade-offs in 
performance versus length of radials for 
‘ground-mounted verticals.® 


Experimental Results 


In designing a shortened vertical beam 
for 40, 80 or 160 meters, a most important 


Fig. 28 — Theoretical cure and experimental results forthe radiation resistances function of height 


consideration is the value of the input im= 
pedance of the driven element. As seen in 
Fig. 23, a shortened vertical using base 
loading has an extremely low value, 
particularly at one-eighth wavelength and 
less. This input impedance is then usually 
lowered in the presence of other elementsin 
1 beam array. The resulting very low value 
of input impedance makes it difficult to 
design matching networks. Therefore, an 
experimental investigation was undertaken 
to sce what increases in radiation resistance 
could be obtained by other methods of 
loading, ic, top hat, three-quarter point, 
ridpoint, and distributed (helicalantenna). 
The resulis of these experiments are shown, 
in Fig. 25. Table 6 shows the individual 
points forinductive loading and Table 7 for 
top hat and distributive loading. Several 
interesting points were brought outby these 
‘experimental results. Fig. 25 shows that 
top-hat loading yielded the largest value of 
radiation resistance fora particular height. 
Surprisingly, the helical antenna!" yielded a 
‘value less than midpoint loading. Thethree- 
quarter point and midpoint loading curves, 
were not extended to lower values of height, 
because data were very difficult to obtain 
below the points shown on the respective 
‘curves. The combinations of inductances 
and lengths below the heights shown on 
these two curves were probably beyond 
resonant conditionsatthefrequencyusedin 
the measurements. The other curves were 
extended by dashed lines indicating no 
difficulties were encountered in the 


measurements and other lengths were very 
possible 

‘Another interesting aspect ofthe top-hat 
loading curve is that a four-spoked wheel 
approaches to a good degree a solid 
Doubling to cight spokes only improvesthe 
loading by about nine percent as noted in 
Table 7. Thus, afew radials on the top of a 
vertical are very effective. 

Four radialsat the base, approximatinga 
‘ground system, are practically useless as 
noted in Fig, 24. Also, it can be seen from 
‘Table 7 that the reduction in length because 
of top-hatloadingisapproximatelyequalto 
twice the diameter of the disk. 

On 160 meters, top hats have been made 
with sloping wires or struts with success.” 
Because of theslopingnatureofthistop hat, 
some cancellation of the antenna current 
takes place, thus reducing the radiation 
resistance further. 

Although the curves in Fig. 25 were 
obtained from experiments at 7.21 MHz, 
these data can be applied to the other bands 
by proper scaling. For example, by 
doubling all dimensions, including’ the 
number of turns of the loading coils, the 
radiation resistance values would apply ata 
frequency of 3.6 MHz. By increasing the 
dimensions by only 1.85 instead of 2, the 
results would then apply to a frequency of 
3.9 MHz. In like manner, a proper scaling 
factor could be used to apply these results 
to 8 portion of any of the amateur bands. 


40- and 80-Meter Short-Vertical Designs 


‘As was stated before, a most important 
consideration in designing short verticalsis 
a knowledge of the input resistanceand how 
it-varies with different types of loading. The 
objective is to obtaina resistance value large 
compared to earth losses, so that efficient 
operation is obtained. In the author's 
specific case, using 115 radials, practically 
no earth loss was measured, and, hence,any 
radiation resistance above a few ohms 
assured good operation andan opportunity 
to verify the theoretical predictions for very 
short vertical antennas. 

‘Since a broad-band, bifilar, 4:1 step-up 
transformer was available from previous 
work," the first design was for the shortest 
vertical having an input resistance of 12.5 
ohms. From the curves of Fig. 25, it 
appeared that a 16-orI7-foot(4.88-or5.18- 
‘m) antenna with a coil of some 13 turns 
(extrapolated from Table 6) at 8 or 9 feet 
(2.44 or 2.74 m) from the base would 
provide the proper impedance at 40 meters. 
Further, twas decided that some 7 or 8feet 
(2.13 or 2.44 m) of length above the coil 
could be replaced by an eight-spoked top 
hat havinga diameter of 4feet (1.2m). The 
actual design that resulted, after proper 
tuning, is shownin the picture. Theantenna 
hadatotal height of oly 10feet(3.05m)and 
a 14-turn coil placed 1 foot (0.31m) below 
the top hat. This height was about one foot 
(0.31 m) higher than first expected, but 
upon careful examination it was noted that 
the top hat also reduced the radi 
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resistance, while replacing a section of the 
vertical portion. Therefore, the height had 
to be increased somewhat when considering 
top-loading effects. Also shown ina picture 
are the construction details for the top hat. 

‘Two other shortened verticals for 40 
meters were investigated. One wasan8-1/2- 


It had a 14-turn coil, 6 inches (152 mm) 
below the top hat and an input impedance 
of only 3.5 ohms. Matching was accom- 
plished with the 4:1 transformer and the pi 
network, A picture of the antenna and 
matching network is shown, 

‘A larger 40-meter vertical antenna was 


RADIATION RESISTANCE VS. HEIGHT 
FOR VARIOUS TYPES OF LOADING 
(40-METER DATA) 


Fig, 25 — Experimental results of cadation 
fesistance asa function of height of antenna for 
‘various ypes of loading (40-meter dat). 


‘swt VS. FREQUENCY 
—_ 


Fig. 28 — Standing wave ato of various short 
verticals compared toa resonant quarter-wave 
fanienna Thesisteenth-wavelength antenna Is 
the -1/2-400t (2.5m) helical design, tne twolth- 
wavelength isthe 1-foot(3.05-m) antenna, and 
the eightn-wavelength isthe 15-foot 10-inch 
(488-m) antenna. (All hree are deseribed inthe 
text) 


foot (2.59-m) helical using a 4-foot (1.22- 
m) top hat and 75 turns ona 1-5/8-inch (41- 
mm), 7-foot (2.13-m) long, wooden dowel. 
‘The input impedance was 7.5 ohms and it 
was matched with a standard pi network, 
Pictures are shown with the network, 
Several tests were made by doubling the 
winding pitch below and above the 
midpoint, keeping the number of turns 
constant, with very little difference in 
results. 

‘The second antenna, also for 40 meters, 
using a 7-foot (2.13-m) top-hat, resulted in 
‘a matched vertical only 6 feet (1.83 m) 
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‘SWR VS, FREQUENCY 
(G-FoOT 40-METER VERTICAL) 


Fig. 27 — Standing wave ratio of the 6 foot (1.83- 
‘m) vortical using 87-100 (2.13-m) top hat and 14 
turns of loading 6inchos (182 mm) below the top 
hat 


SWR VS. FREQUENCY 
{W0-METER” 22 FOOT ANTENNA) 


in 


Fig, 28 — Tho standing wave ratio for the 22-4oot 
(67I-m, 8o-meter voricl 


also investigated. It had a 4-foot (1.22-m) 
top hat and 7 turns of base loading which 
resulted ina height of 15 feet 1Oinches (4.83 
‘m) (approximately 1/8 wavelength) andan 
input impedance of 12 5ohms. Thepurpose 
of this design was to compare its low-angle 
radiation and bandwidth" with the other 
antennas, Table 8 shows the parameters of 
these various short vertical designs. Fig. 26 
shows the SWR curves of three ofthe short 
antennas compared to a quarter-wave 
resonant vertical and Fig. 27 shows the 
SWR of the 6-foot (1.83 m) antenna. 

‘As can be seen by the SWR curves, 
shortening an antenna generally decreases 
its bandwidth. Also by comparing the 8- 
1/2-and 6-foot (2.59 and 1.83-m)antennas 


top-hat loading appears to affect the SWR 
the least. It should also be noted that an 
cighth-wavelength antenna appears tohave 
a reasonable bandwidth and would prob- 
ably result in a practical beara design. "5 

‘And finally, the four short-vertical 
designs described above were compared 
with a resonant quarter-wavelength anten- 
na for low-angle radiation and on the air 
with other amateurs signals. The low-angle 
radiation measurements were madeatthree 
‘wavelengths in distance and at heights of 1, 
3, 6and 8 feet (0.31, 0.91, 1.83, 2.44 meters). 
This relates to vertical angles of 0.15, 0.45, 
0.90 and 1.2 degrees, respectively. All 
‘measurements were made under matched 
conditionsand withaconstant 100 wattsfed 
into the antennas under test. Innocase were 
there any appreciable differences noted in 
the field strength measurements. Infact, the 
6-foot (1.8m) antenna seemed to give 
slightly higher readings! These measure~ 
‘ments certainly tend to verify the theory on 
the power gain predicted for short verticals. 
On-the-air checks were again very gratity- 
ingand exciting. Over 200 contacts with the 
6 foot (1.83-m) antenna strongly indicated 
the efficiency and capability of a short 
vertical, Invariably at distancesgreaterthan 
+500 oF 600 miles, the short verticals yielded 
excellent signals. 

‘As was stated previously, all of the 
results obtained by measurements on 40 
‘meters can be scaled, by the appropriate 
ratios of frequencies, to other bands. This 
was tried out on 80 meters. Since a 7-foot 
(2.13-m) top hat was available (instead of 
aan 8-foot [2.44-m] one), the height turned 
out to be 22 feet (6.71 m) instead of 20 
(6.10 m). The loading coil had 24 turns and 
‘was placed 2 feet (0.61 m) below the top 
hat. On-the-air results duplicated those on 
440 meters. The bandwidth was 65 kHz (half 
of the 40-meter value) as shown in Fig. 28. 


Conclusions 


Several interesting results came out of 
this investigation which, even to one 
schooled in antenia theory, are difficult to 
believe. The author refers specifically to the 
ability of very short verticals to radiate and 
receive as well as a full-size quarter-wave 
antenna. The differences are practically 
negligible. But, as was seen, the trade-offs 
are in lowered input impedances and 
bandwidths. However, with a good image 
plane and a proper design, these trade-offs 
‘can be entirely acceptable. 

‘As a result of this investigation, other 
problems were noted which indicate the 
need for further experimentation. The 
writer refers specifically to the trade-offs 
encountered when shortening the radials 
(to. 0.1 wavelength, for example), the 
efficiency of ground-mounted versus 
elevated verticals as a function of height 
above ground, the characteristics of a 
multiband vertical over a low-loss image 
plane, and a shortened vertical beam using 
‘elements of the order of an eighth wave- 
length. 
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Conclusion 


Another point should be mentioned in 
‘elation to the results reported here. Even 
though they were obtained on short, 
ground-mounted verticals, they are valid 
for center-fed verticals or horizontal 
antennas as well, The only differences are 
that the impedance values should be 
doubled and the effect ofthe imageantenna 
accounted for. 

‘The author would like to acknowledge 
the support of many amateurs for their fine 
words of encouragement and excellent 
reporting during on-the-aircontacts. Inthis 
study, some 350 amatcurs reported on 
comparisons between signals from these 


short verticals and those of other stations. 
‘This material was originally presented in 
QST by Jerry Sevick, W2FMI. 
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(457 mm) above the helix in order to terminate the 
Upper tums with sufficient capaciivevectance, 

Ingeeferene i footnote 1, p. 44. 
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“ 1S defined asthe range in frequency where 
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"Se footnote 2 


Optimizing Vertical Antenna Performance 


Do you have tower restrictions, a small yard or patio, almost no room for antennas? 
If so, here are some suggestions for making your signal bigger in spite of the 


handicaps. 


IP sere sr ami siti 
conversation among amateurs; the interest 
ing articles by John Stanley, K4ERO/HC1! 
and Roger Hostenback, WSEGS,? on the 
optimum grounding of vertical antennas 
hhave led the author to communicate these 
thoughts on the subject. Obstacles at the 
author's present location (typical of many 
suburban dwellings) place severe limita- 
tions upon where ground wires can be 
placed. These obstacles are large boulders, 
areas of concrete, the house, vegetable and 
flower beds, and the neighbors’ property 
lines. It has not been possible to lay out 
radials of uniform length or of uniform 
angular distribution. Nevertheless, the 
author has had successful results” with 
vertical antennas. Although the writer must 
make a number of statements which are 
based upon fragmentary evidence and are 
lacking in scientific rigor, they should be 
useful for suggesting how others might 
proceed to optimize their particular 
situations. 

‘The writer has three very dissimilar 
vertical antennas. Much of the discussion 
will pertain to their individual ground 
systems, although strictly speaking they 
cannot be independent; a change of the 
grounding conductors of one vertical is 
bound to affect the others. For brevity the 
writer shall not discuss the methods of 
impedance matching of the antennas as this 
is a topic thoroughly covered elsewhere. 
‘The author shall mention someproblemsof 
using dissimilar antennas ina phased array, 
although the results are preliminary. 


‘The three antennas are (1) a shunt-fed 
crank-up tower having a three-element 
triband Yagi_on top, the height being 
variable from 27 ol fet (8.23 to 12.50); 
Q) a 40-foot (12.19-m) insulated base 
loaded antenna consisting of @ 30-foot 
(9.141) pipe mast topped by a whip, 
located approximately 70 feet (21.34 m) 
south of the tower and hereafter referred to 
as the “south antenna"; (3) about 20 feet 
(6.10 m)east of thetower,a vertical antenna 
termed the “north antenna,” which was 
described in an earlier QSTrarticle. Fig. 29 
shows the layout. The north antenna has 
been used with various heights up to 40 feet 


(12.19 m) but in the presentexpe 
used in its “summer” configurs 
height of 25 feet (7.62 m) and with a 7/14- 
MHz trap located 10 feet (3.05 m) fromthe 
base. For 3.5-MHz operation additional 
loading is supplied at the base. 


‘The Grounding Systems 

None of thethree verticals have anything. 
approaching an optimum ground system; 
while the south antenna has the best on 
paper, it is not necessarily the best in 
performance. When the south antenna was 
fist placed into operation the grounding. 
system consisted of about 200 feet (60.96) 


How do you ground a vertical antenna when th 
isno ground? 


Optimizing ground-wite curents is well worth the 
time and etfort require. 
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so'u2.20m) 
is. ant 


Fig, 20—The WaXF backyard, with antenna farm, 


Fig. $0 — Suggested substitute for @ thormo- 
‘couple ammel 


of wire distributed among a few conductors 
which went out more or less radially. One 
was about 60 feet (18.29 m) long, the others 
30 feet (9.14 m) or less. On 7 MHz. the 
performance was generally inferior to that 
ofa horizontal hall-wavedipole 30feet (9.14 
m) above ground. Later, the ground system 
was augmented to utilize about 1000 feet 
(304.80 m) of wire, and the vertical then 
began outperforming the dipole 

While the author foresaw Stanley's 
statement that possibly not all of this 
additional wire would be effective, it was 
assumed that any wiresadded at least would 
donno harm, and the writertriedto put wires 
in the entire immediate area of the antenna, 
‘subject to the constraints mentioned above. 
Several of the radials have bends to avoid 
obstacles, In a few cases a single wire goes 
ut from the antenna to a junction some 
distance away, and then several wires fan 
‘outward from the junction. Three wires are 
‘connected at the farendstoa ewsquare feet 
of chicken wire, Where the wires arc in 
shrubbery they areabove ground; otherwise 
they arcan inch or two (25.or51 mm) below. 
None of the additional wires were aslongas 
60 feet (18.29 m), and the lengths were 
generally determined by the obstacles they 
encountered. Haphazard as this system 
was, the improvement was spectacular. 

While making this change in the south 
antenna’s grounding, theauthorcarried out 
two simple experiments. First, when 
operating at 7 MH¥z, a 33-foot (10.06-m) 
Piece of wire was added, which in freespace 
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‘would be 1/4 long, but which whenlaidon 
the ground would be longer (in. wave- 
lengths). The writer connected it to the rest 
of the ground system through a thermo- 
couple ammeter, and read the current while 
ig power. With this wire then cut in 
‘out as separate radials in 
opposite directions, it was found that the 
total current increased. Cutting these 1/8-A 
pieces in half and distributing the resulting 
fragments as four radials indizections at 90 
degrees to each other caused the total 
‘current to decrease. These observations led 
the author to conclude that for a given total 
amount of wire the most efficient layout 
‘would be radials having lengths of about 
1/8 a free-space wavelength. This conclu- 
sion is consistent with Stanley's Table 1.! 
In the other experiment, the author also 
used a 33-f00t (10.06-m) piece of wire, but 
half of it was no. 34 and half no. 12 wire. 
With the thick end adjacent to the antenna, 
the current was higher than with the wire 
turned around so that the thin end was 
adjacent. The experiment showed that wire 
diameter is of some consequence, and itis 
more important to have heavy conductors 
close to the antenna. 


‘The Tower and the North Antenna 


Grounding of the tower is very heteroge- 
cous; frst ofall, of course, the bottom of 
the tower is buried in the groundsomeS feet 
(2.44 m). There aretwo radialsabout 25feet 
7.62 m) tong going in a more or less 
southerly direction, then ashort wire going 
to.a water faucet on the wall ofthe house 
Finally, and probably most important, 
there isa wire that goes northward about 20, 
fect (6.10 m) and makes a junction with the 
middle of a 120-foot (36.58-m) east/ west 
wire. The eastern end of this wire is located 
at the common corner with the property of 
the neighbor to the northeast and at that 
point is bonded to his extensive chain link 
fence. About 25 feet (7.62 m) west of this 
bond to the fence, there isa junction witha 
southward wire which is connected to the 
base of the north antenna. Otherwise, the 
grounding system of the north antenna, 
consisting. of a few radial wires, is as 
‘described in the earlier OST article. 

Some observations were made by 
‘connecting a thermocouple ammeter and a 
selection of capacitors and inductors in 
series with various conductorsconnectedto 
the base of the tower. On3.5 MHz, with the 
wire that goes tothe fence, theauthorfound 
a very strong resonance using a 300-pF 
capacitor. No such resonance was found 
with this wireof MHz nor on 1.8 MHz, nor 
did there seem to beany resonance withany 
of the other wires. 

No attempt has been made to bond the 
upper and lower sections of the tower 
(here they telescope) together. No such 
bonding seems necessary, except inthe rare 
case of an extremely strong wind, when 
there is some receiver noise resulting from 
oor conductivity between the sections, 
Cranking the tower up and down seems to 


have little effect upon the degree of 
impedance mismatch. 

n3.5 MHz, using a power of about 150 
watts, the author had contacts all over the 
world using this shunt-fed tower, usually 
not cranked all the way up. The south 
antenna has also given fairly good account 
of itself, but withits thousand feet (304m) of, 
radial wires its performance is still not quite 
as good as that of the tower with its meager 
“black magic” grounding. 

On 7 MHz, the behavior of the tower is. 
the reverse even though the impedance 
match is somewhat superior to that on 3.5, 
MHz. The performance, despite the good 
match, is farinferiortothesouthantenna or 
even the north antenna. Offhand, one 
‘would expect the performance, such asitis, 
to be better with the tower cranked down to 
minimum height, when it would be close to 
1/44, but the few reports received on theair 
indicate better performance is obtained at 
‘maximum height. The overall performance 
of the tower on 7 MHz is a complete 
mystery. 

‘The author has used the tower on 1.8 
MHZz only rarely, but has worked as far as 
1000 miles, even though there isa very bad 
impedance mismatch on the feed line. One 
of the author's future projectsistocurethat, 
since the tower may be magic on the top, 
band, too! 


What if You Don't Have 
a Thermocouple Ammeter? 


‘The preceding discussion has, the author 
hopes, suggested that individuals may be 
able to optimize their ground systems by 
‘measuringthecurrentsin individual ground 
wires. In this regard the writer has been 
fortunate in having available a number of | 
thermocouple ammeters, instruments not 
commonly available in ham shacks. 
However, it was found easy to make a 
Substitute which can serve to measure 
relative current and to detect resonances, 
‘Take a short length of twin-lead, speaker 
cord orsimilar cable, about afoot (0.305m) 
long. Connect one wire of the pair in series 
with the circuit to be studied (the ground 
wire). Connect the two ends of the other 
Wire of the pair to a semiconductor diode 
and a sensitive de meter in series (Fig. 30. 
For convenience and for reproducibility in 
results, coil the cable up and secure it to a 
terminal board. 


Using Dissimilar Antennas in a 
Phased Array 

‘The author can use any two of the three 
verticals asa phased array byconnectingthe 
feed lines in parallel at the transmitter. In 
the shack the author has aswitchboard that 
canswitchadditional lengths oflineinseries 
with one antenna or the other. The writer 
does not attempt to change the impedance 
match at the bases of the individual 
antennas, but does generally retune the 
transmitter as the phasingischanged. Some 
of the effects observed must beattributed to 
variations in impedance mismatches rather 


than to basic changes in directivity, 
Nevertheless, some gain can usually be 
obtained by combining the verticals in one 
‘way or another. 

Inthe use of two dissimilar antennas, two 
questions arise which may not apply when 
identical antennas are used. First, is there 
really an advantage in using thetwoofthem 
ina phased array over usingthe better ofthe 
two alone? The relevance of this question 
may beseen by onsideringthe extreme case 
where one is very much better than the 
other. Insuch a case the field strength ofthe 
poorer one is so much les that theres litle 
difference whether itis in or out of phase 
with the field ofthebetterone,andtherecan 
be litte or no observable dircctional effect 
‘when the two are used together. Further- 
more, the power supplied to the better 
antenna is cut in half while the other half of 
the power is largely wasted. 

This simple argument suggests that in 
‘most cases the two antennas should be 
nearly equal in the field strengths they 
produce iftheyareto beeffectiveina phased 
array. However, the actual situation is 
sufficiently complex thatexceptions may be 
found. For one thing, the better antenna 
may have “blind” directions in its pattern 
because of obstructions, and the poorer one 
may help to fill those in, Also, the 
impedance effects which have been men- 
tioned before are hard to predict. The 
author can only suggest that one may findit 
worthwhile to try using two such antennas 
together, and may find unexpected advan- 
tages in some directions. 

‘On 3.5 MHz the north antenna is 
generally much poorer than the tower. 
However, insomedirections observers have 
consistently reported a small gain in using 
the two together over the tower alone 
Incidentally, it should be mentioned that 
observations made on receiving are not 
reliable tests, partly because of impedance 
effects. Also, some of thenoisereccived may 
be generated locally and its effect may mask 
the true pattern of the array. The only 
reliable evaluation is by transmitting to 
distant observers. 

‘The second question concerning dissim- 


two antennas. The relative phase of the field 


of anantennaisniot determined solety by the 
length ofthe transmission line connectingit 
to a transmitter. The impedance of the 
‘antenna usually contains a reactive com- 
ponent, and its presence gives risetoa phase 
shift. With two identical antennas these 
Phase shifts are the same and do not affect 
the relative phase between the two anten- 
nas, which is determined only by the 
difference in feed-line lengths. With 
dissimilar antennas these phase shifts are 
‘generally not identical, and they may varyin 
different ways with shifts in frequeney or 
with variations in the moisture content of 
the earth. Not unrelated was a discovery 
‘made when changing the grounding of the 
south antenna from 200 feet (60.96 m) of 
wire to 1000 (304,80 m). There was a 
substantial change in the phasing when it 
was used in an array with the tower. 

‘The author has experimentally answered 
this phasing question by setting up a small 
probe antenna at a point equally distant 
from thetwoantennasand connect 
field-strength meter. The line lengths are 
varied until a minimum (usually quite 
sharp)is observed. Thenitisknownthatthe 
antennas are 180 degrees out of phase, and 
the array is a bidirectional end-fire one 
(W8IK). Ifthe author adds orsubtracts 1/2 
A of line from one antenna, the antennas 
should be in phase and « maximum should 
be observed. The experimental observa- 
tions are in agreement with such predic- 
tions. If length of line equal in electrical 
wavelengths to the spacing between the 
antennas is then added or subtracted from 
thefeed line ofoneofthem, thecombination 
approximates a unidirectional end-fire 
array. The favored direction is away from 
the element which has the longer equivalent 
feed line (larger phase shift from the 
transmitter), 

To reiterate, the results with phasing 
dissimilar verticals are very preliminary, 
and there islittlethat can besaid aboutthem 
except for the fact that at times very 
noticeable gains over using the better single 
antenna are observed 


Vertical Versus Horizontal Antennas 

The author used some horizontal 
antennas and observed the differences in 
performance between them and the vertical 


antennas at a particular location. Horizon- 
tal antennas were not tried on 7 and 3.5 
MHzany higher than 30feet(9.14m)above 
‘ground, however. 

‘The first foothills of the Rocky Moun- 
tains rise up immediately to the west of the 
author's QTH, the nearest ones subtending 
a vertical angle of about 10or 15 degrees. As 
expected, propagation to the west isusually 
difficult, To the east there are some power 
wires running north and south, The land 
slopes off to the north, and has a line-of- 
sight view for 12 miles from the base of the 
antenna tower. 

‘The writer findsa tendency for horizontal 
antennas to be superior to the west, overthe 
‘mountains, and for verticals to be superior 
to the east, Standard theory explains these 
findings as follows: Probably many of the 
signals coming over the mountains are 
scattered by the surface of the ground. 
‘Those familiar with advanced electromag- 
netic theory remember that accordingto the 
Fresnel equations, the reflection coefficient 
js greater when the wave is polarized with 
the electric vector parallel to the surface 
(e,, horizontal). Therefore, this seattered 
radiation is probably horizontally polar- 
ized. On the other hand, the electric field 
from the vertical antenna is perpendicular 
tothedirection of the power wires andisless 
disturbed by them than the field of a 
horizontal antenna. 

Although very few firm results were 
presented, the author hopes he has 
suggested some procedures which will help 
those facing restrictions on grounding 
systems they can use. With a little 
persistence and ingenuity, they should be 
able to build effective ‘antennas. It is 
possible to evaluate simple arrays yourself 
and to improve their performance accord- 
ing to your own communication require- 
ments. This material was originally 
presented in QSTby Yardley Beers, WOJF. 
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Some Plain Facts about Multiband Vertical 


Antennas 


Does engineering jargon, page-long equations and references to the EEE 
Proceedings have you gnawing your nails in frustration? Take heart, for these 
bits of knowledge about multiband vertical antennas are given in plain lingo. 


Dies scoion vit srs 
and old-timers for that matter, it becomes 
apparent that there is considerable confu- 
jon as to what exactly a multiband vertical 
antenna is. The confusion concerns the 
method of feed, how much mismatch one 
can expect, how many radials are required, 
how the particular antenna is built for 
‘multiband use, plus some other points. 

Thisarticle breaks the subjectintosimple 
language and provides the reader with 
sufficient expertise to assure him that he 
won't wind up with a system he really 
doesn’t want. Before goingintoadiscussion 
of the different types of multiband 
“verticals” we will offer some simple 
antenna facts. 


‘Some Basic Theory 

‘The term “multiband antenna” hascome 
to mean many things to hams. With trap 
antennas, tapped coils, random wires, and 
so forth, there is plenty of reason for the 
confusion. Simply, a multiband antenna is 
one that can beused on morethan one band. 
How we make it work on different bandsis 
another story. 

Basically, any piece of wire of any length 
can be classed as a multiband antenna. For 
example, a length of wire feet (1.22m)long, 
could by used on any amateur band, from 
160 meters on up. But how well the piece of 
wire would work is a completely different 
matter, 

In the feed point of any antenna there is 
radiation resistance. The energy supplied to 
anantenna is dissipated in the formof radio 
waves and in heat losses in the wire and 
nearby insulating materials. The radiated 
energy is the useful part, but so far as the 
transmitter is concerned it represents a 
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power consumption just as much as does 
the energy lostin heating the wire. In either 
case the dissipated power is equal to P 

the case of heat losses, R isa real resistance 
(ohmic losses), but in the ease of radiation, 
Ris an assumed resistance. This fictitious 
resistance isthe radiation resistance. This 
brings us to our firstimportant point about 
roultiband antennas. 

‘Whenever one reduces the size length) of 
an antenna physically, the radiation 
resistance is reduced also. As an example, 
assume we have a 20-meter quarter-wave 
antenna, which is approximately 16 feet 
(488 m) long. Let's imagine we made tout 
of no, 40. wire, which has a resistance 
of about 1 ohm per foot, (0.31 m). The 
radiation resistance of a resonant quarter- 
wave vertical operated against a perfect 
ground is on the order of 35 ohms. In this 
case, the feed-point impedance of our 
antenna would be roughly 35 ohms in 
radiation resistance plus 16 ohms in ohmic 

tance. If we were to feed 51 watts into 
thisantenna 16 watts would bedissipatedas 
heat (lost power) and the remainder — 35 
watts — would be radiated. Now, suppose 
Wwe use this same antenna on 80 meters, As 
mentioned above, when we reduce the size 
of an antenna physically the radiation 
resistance is also reduced. On 80 meters our 
6-foot (488-m) antenna would have a 
radiation resistance on the order of | ohm! 
However, we would still have the ohmic 
resistance of 16 ohms. t doesnt take much 
figuring to realize that just about all of our 
power Would be lost as heat 

‘Of course we wouldn't use no. 40 wire for 
such an antenna. More likely the antenna 
would be made from aluminum tubing and 
the ohmic losses would be very low, but 


probably still more than the radiation 
resistance. There is an old axiom in 
Amateur Radio that offers some pretty 
good advice: Always make the antenna as 
Tong as possible and erect it as high as 
possible. Also, theresa joke that goes with 
that axiom — ifsuch an antenna stays up, it 
is too small! 

‘At this point we have only mentioned 
radiation and ohmic resistance in the 
antenna {eed point. These are the two 
resistances that exist when the antenna is 
resonant. When theantennaisnotresonant, 
there is reactance present in the feed point. 
Reactance is also expressed in ohms, but it 
isn’t a real resistance in the sense that power 
can be dissipated therein. We won't go into 
a long discussion on reactance because it 
would take up too much space. Anexcellent 
explanation can be found in the League 
publication, Understanding Amateur 
Radio. Simply, reactancecan belikened toa 
gate or door that stopsorhindersthe lowof 
current into a circuit. When an antenna is 
‘operated at some frequency other than the 
resonant frequency there will always be 
reactance present. Keep in mind that with 
any antenna, multiband or otherwise, we 
always have a condition on some band or 
frequency where the antenna is not 
resonant. Therefore, there will be reactance 
at the feedpoint. 


‘Types of Vertical Antennas 

The basic and most popular type of 
vertical is one that is a quarter wavelength 
long and is operated against ground or ina 
groundplane configuration. The antenna is 
usually made from tubing and the radials 
are wire. An ideal groundplane (simulated 
earth ground) would beasheet of metal with 


Fig. 81 — A typical multiband verial antenna. A 
description ofthe system s gion in tha tox. 


radius of one-quarter wavelength or more. 
However, this is only practical at vhfso the 
customary method is to use wires as the 
radials. Probably the number one question 
asked about groundplaneantennasis, “how 
many radials are required?" The answer is 
simply, the more radials used, the better the 
antenna will perform, at leastuptoacertain 
point. This should not beconstruedtomean 
that an antenna with only two or three 
radials won't work, Such an antenna will 
work, but for maximum performance one 
should consider 40 or more radials. Ifthe 
reader is interested in performance data for 
a few radials versus many, he should read 
the article in QS7 by Sevic 

The feed-point impedance of quarter- 
wave groundplane is on the order of 35 
ohms. The impedance can be raised by 
Grooping the radials down until a 50-obm 
match is obtained. Exactly how much 
droopis required depends on the number of 
radials. 

‘The quarter-wave groundplane is essen- 
tially asingle-band antenna. However,a40- 
meter quarter-wave vertical canalso be used 
om 15 meters, a happy circumstance for the 
Novice. In this case, a 40-meter quarter 
‘wave works out to bethree quarter waveson 
15 and any odd multiple of quarter waves 
will provide a relatively low-impedance 
feed, 


Multiband Verticals 


When we get into the field of multiband 
verticals we find that considerable confu- 
sion exists. As pointed out previously, any 
antenna can be calleda multiband antenna, 
but how we get power into such an antenna 
is another matter. 

Up until the ‘50s any amateur multiband 
antenna was a system that usually consisted 
of an antenna, tuned feeders, and an 
antenna coupler. In the early'50s more and 
‘more amateurs started to use coaxial cable 
for feeders, along with band-switching 
transmitters. The next logical step was the 
use of a multiband antenna system that 
required no adjustments and always 
presented a matched condition to the feed 
line — in other words,an antenna thathada 
50-ohm feed-point impedance on every 
desired band and frequency within a given 


band. A logical development was the 
multiband trap antenna, 

By inserting traps in an antenna it was 
possible to make an antenna “look” like a 
resonant half-wave dipole in whichever 
band was used; or, in the ease of multiband 
verticals, making the vertical look like a 
resonant quarter-wave antenna for the 
desired band. However, and this is 
important as far as the newcomer is 
concerned, to our knowledge there is no 
multiband trap antenna that will provide a 
perfect match on all bands, regardless of 
‘what some antenna manufacturers may tell 
you. Many hams havespent countless hours 
trying to adjust trap antennas for that 
“perfect” match when actually, it is just 
about impossible to obtain such a condi- 
tion 


‘Nontrap Multiband Verticals 

Several antenna manufacturers sell 
‘multiband antennas that consist of a 
vertical piece of tubing, usually 160 20 feet 
(4.88106.l0m)long, Thetubingisused with 
Lat the ground end, By making 
fc taps and adjustments on the 
‘oil the antenna can be matched (or closely 
matched) on any given bend. This type 
antenna has no traps. This in turn means 
that the coil aps and adjustments must be 
altered when one changes bands. Some 
misguided amateurs buy these antennas 
expectingall they need dois putthemupand 
the antenna will work on all bands, 
automatically. Let’s make one point clear 
suchanancennaisamultiband antenna, but 
requires adjustment at the antenna when 
‘one changes bands. 

Of course, the next question should be, 
“iftheantennaisthatsimpleean'tI build my 
own?” Yes, itis a very simple multiband 
antenna to make and install. Two or three 
sections of inexpensive 10-foot (3.05-m)TV 
mast sections can serve as the vertical 
radiating element, The mast can be 
supported on an insulator, such as a 
beverage bottle, and the mast guyed with 
nylon line. Fig. 31 shows a diagram of the 
antenna system. LI should be acoil madeof 
bare wire, no. 12 or 14, so that it can be 
tapped at every turn. A convenientcoil size 
is 2-1/2 inches (64 mm) in diameter, six 
tums per inch (25 mm), such as B& W 
3905-1 stock, The number of turns re- 
Gquired, assuming 80 meters as the lowest 
band to be used, should be about 30 curns 
with an antenna length of 25 fet (7.62 m). 

‘Adjustment of the antenna requires the 
use of an SWR bridge. Connect the coax 
line across a few turns of Land makea rial 
position of the shorting tap. Measure the 
SWR, then try various positions of the 
shorting tap until the SWR reaches its 
lowest value. Then vary the line tap 
similarly, This should bringthe SWR down 
to a low value, Small adjustments of both 
taps should provide an SWR close to 1. If 
not, try adding Cl and repeat the adjust- 
‘ment procedure, varying Cl each time until 
a match ig achieved. Radial will enhance 


Fig 82— Drawing ofthe theoretical multiband 
trap vertical. In commercial practice, certain aps 
may be grouped together, giving the impression 
‘that only a single trap is used 


the performance of the antenna. The 
number of radials is up to the individual 
amateur. 

‘Trap Verticals 

As mentioned earlier, traps can be 
installed in 2 multiband vertical. These 
traps are usually parallel-tuned circuits and 
the objective is to make each section of the 
antenna work as a quarter-wave vertical or 
‘odd multiple thereof on the desired band, 
Fig. 32 shows an example of this type 
antenna, 

‘The purpose in using this type antenna 
to provide a system that always presents a 
matched condition for the feed line. 
Unfortunately, there is so much interaction 
between varioussectionsof theantenna that, 
it is impossible to come up with a perfect 
match oneach band. Whatisan acceptable 
‘match is another story. 

‘Amateurs as a whole are inclined to 
attach too much importance to an SWR of 
1. They feel that if their SWR bridge isn’t 
showing an absolute zero reflected power 
that something is horribly wrong and they 
won't work out. The plainfactisthatusinga 
feed Tine such as RG-8/U (assume a 100- 
foot [30.48 m] length) one could have an 
SWR of as much as 5:1 and have no 
appreciable loss in the system. However, 
there is one clinker in this thinking! 

In many instances commercially made 
transmitters and transceivers are designed 
by the manufacturer to work intoa $0-ohm 
load only. They don’t allow much leeway 
from this figure, When there is a mismatch 
in the antenna system, it can become 
impossible to load and tune the final 
amplifier of the transmitter. There just isn't 
enough tuning range in the tank circuit of 
the amplifier to handle the reactance that 
may be present in the load. There is a way 
around this problem however, and that is 
using a Transmatch in the feed line to 
disguise the mismateh.? The Transmatch 
can be adjusted so that the transmitter 
“sees” a S0-ohm load regardless of the 
mismatch at the antenna, 


‘The Harmonic Problems 

‘Another consideration should be men- 
tioned. As pointed out earlier, anyantenna 
can be a multiband antenna,’ By the same 
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token any harmonics generated in the 
transmitter that reach the antenna can be 
radiated. It is true that a single-band 
antenna willreject harmonicenergy, but iot 
completely. In the case of a multiband trap 
antenna there is no rejection of some 
harmonics, simply because the antenna is 
designed to be resonant on all hf amateur 
bands. The solution to this problem is the 
use ofa selective circuit installed in the feed 
line. A Transmatch is such a circuit and 
should provide adequate harmonic rejec- 
tion. 


‘Some Other Thoughts 

The question is frequently asked, 
“Should I mount my vertical onthe ground, 
or get the base up in the air?” Getting the 
antenna up in the clears always better than 
having it mounted at earth level and 
surrounded by rain gutters, house wiring, 
tees, power lines and so forth, However, 


getting the vertical antenna up intheairalso 
means that radials, as many as possible, 
should be used. The average installation if 
there is such a thing) usually consists of 
three or four radials (or more) cut for the 
lowest operating frequency. Such a system 
should give a good performance. 

‘Another important matter is that of the 
earth ground. When verticals are mounted 
at ground level the ground losses can be 
very important. Too many amateurs buy 
their verticals, get a S-foot (1.52-m) long 
TV-type ground rod and drive it into the 
earth atthe base ofthe antenna. They think 
this provides a good ground connection. 
‘As a matter of fact, the TV-type ground 
rods are practically worthless for amateur 
work. A good ground rod isthe type used 
by the power company for home installa- 
tions. This is a rod that is heavily 
galvanized, 5/8 inch (16 mm) in diameter, 
and about 10 feet (3.05 m) long. The 


amateur should be able to buy these rods 
from any wholesale electrical supply house, 
If possible, tie your ground connection to 
the water-system piping, assuming metal 
piping is used. 

You'll hear the statement from fellow 
hams that verticals are poor antennas and 
radiate poorly in all directions. This isn't 
true, because a vertical can by a good 
antenna, but you have to give it a fighting 
chance. This material was originally 
presented in QST by Lewis McCoy, 
WIIcr. 


'Sevick, “The Ground-lmage Vertical Antenna” QS 
“ly 1971 Also appears elewhere in thi chapter, 

*Acaitabl Frasmateh ie deseribd in the tratsistoa 
Tine chapet of any edition of The Radio Amateurs 
Handbook 


Shunt-Feeding Towers for Operation on the 
Lower Amateur Frequencies 


The 160- and 80-meter DX antenna you've dreamed about may already be 
standing on your property — just waiting to be used as a DX vertical. Read this 
presentation and learn how to shunt-feed your tower on 1.8 and 3.5 MHz! 


beam antennas for 14 MHz or higher 
frequencies hes obvious advantages for the 
amateur who wantstoworkalllowerbands, 
I a good ground system is installed, the 
result may be a very effective antenna for 
DX work on 80 and 160. Theshortertower 
installations may work very well on 40 
meter, ifthe effective height above ground 
is less that 5/8 wavelength. Beyond this 
height the radiation angle goes higher, and 
the effectiveness for DX goes down, 

‘The shunt-fed tower is at its best on 160, 
where a full quarter-wavelength vertical 
antenna is rarely possible. Almost any 
tower height can be used. If the beam 
structure provides some top loading, so 
much the better — but anything can be 
‘made to radiate, if itis fed properly. Aself- 
supporting, aluminum, erank-up, tilt-over 
tower is used at WSRTQ with a THODXX 
tribander mounted at 70 feet (21.34 m). 
Measurements showed that the entire 
structure has about thesame properties asa, 
125-foot (38.10-m) vertical. It thus works 
quite well on 160 and 80 in DX work 
requiring low-angle radiation. Itcanalso be 
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Close-up view ofthe base of the shunt-fed tower, 
showing tha two bottom arms and thelr 


used on 40, but results are rather poor 
because of high radiation angle, WBSFKX, 
with a 37-foot (11,28m) tower and a 21 
MHz beam, finds that shunt feed on 40 
enables him to work DX that heneverknew 
existed before. 


Preparing the Structure 
Usually some work on the tower system 
must be done before shunt-feeding is tried, 
Metallic guys should be broken up with 
insulators. They can be made to simulate 
top loading, if needed, by judicious 
placement of the first insulators. Don't 
overdo it; there is no need to “tune the 
radiator to resonance” in this way. If the 
tower is fastened to a houseat a point more 
than about one-fourth of the height of the 
tower, it may be desirable to insulate the 
tower from the building. Plexiglas sheet, 
1/4-inch (6-mm) or more thick, can be bent 
to any desired shape for this purpose, ifit is 
heated in an oven and bent while hot. 

All cables should be taped tightly to the 
tower, preferably on the inside, and run 
downto the ground level. Itis not necessary 
to bond shielded cables to the tower 


Heightot —Wira-to- Tuned 
Wireto- Tower jeot 
Tower Spacing Gamma 
Connection (in) Capacitor 
oy 

Cy 2 180 pF 
78 2 1255F 
o 8 200 pF 
88 2 225 pF 

” “4 400 9F 


Tables 
‘Shunt-Feed Detalls for Several Towers Used on 160 Metors 
Heigm = “Top-Hat” Average 
Station of (Beams) Height or 
Tower Beam 
(cr 
WsrTa 69 THEO 70 
KSPFL 86, Stacked 95 
40,20, 15, 
som 
beams 
Kepuz 64 THEO 66 
KekAS 70 THEOKX 77 
WiceR 80 ast 55 
20-MDx 
Weasel 
420.2048 m 
Yin =25.4mm 


electrically, but there should be no 
exceptions to the down-to-the-ground rule, 

No rf problems have developed with 
rotators, beam traps, or even TV sets where 
the TV antenna is part of the radiating 
structure, as is the case at WBSFKX. His 
only precaution was use of coax on the TV 
antenna. It would be well to proceed with 
caution, as every installation could be 
<ifferent in this respect. 

‘Though the effects of ground losses are 
less severe with the shunt-fed vertical than 
with the simple quarter-wave antenna, 
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Fig. 33 — Principal details of the shunt-fec tower 
1 WSATA, The 160-mole 29d, elt side, 


alursinum tubing. The otver arms have stand-off 
Ingulators at ther outer ede, made of 038 
(31-9 lengths ofp 

‘connection for 60/7, right 
2B foot (8.59 m), Dut two: 
‘used. to permitadjustment of matching with largo 
‘changes In requency, 


‘Though variable capacitors are shoven in Fig 3, 
they were all eplaced with fixed-value units 
‘exceptone, which s inside a plastic box at the 


good system of buried radials is very 
‘desirable. The ideal would be 120 radials, 
each 250 feet (76.20 m) long, but fewer 
and or shorter ones must often suffice. You 
can sneak them around corners of houses, 
along fences or sidewalks, wherever they 
‘ean be puta few inches under the surface, or 
even on the earth surface. Aluminum 
clothesline wire is used extensively at 
stands up well. Neoprene- 
inum wire may be safer in 
highly acid soils. Contact with the soilis not 
important. Deep-driven ground rods, and 
connection to underground copper water 
pipes, are good, if usable 


Installing the Shunt Feed 

Principal details of the shunt-fed tower 
for 80 and 160 meters are shown in Fig. 33. 
Rigid rod or tubing can be used for the feed 
portion, but heavy gauge aluminum or 
copper wire is easier to work with. Flexible 
stranded no. 8 copper wire is used for the 
160-meter feed at WSRTQ, because when 
the tower is cranked down, the feed wire 
‘must come down with it, Connection is 
made at the top, 68 feet (20.73 m),througha 
4-foot (1.22-m) length of aluminum tubing 
clamped to the top of the tower, horizontal- 
ly. The wire is clamped to the tubing at the 
outer end, and runsdown vertically through 
standoff insulators. These are made by 


fitting 12-inch (0.31-m) lengths of PVC 
plastic water pipe over 3-foot (0.91-m) 
lengths of aluminum tubing. These are 
clamped tothe towerat [5to20-foot(4.57t0 
6.10-m) intervals, with the bottom one 
about 3 feet (0.91 m) above ground. The 
lengths given allow for adjustment of the 
tower-to-wire spacing over a range of about 
12to 36inches (0.31 to 91 m),forimpedance 
matching. 

‘The gamma-match capacitor for 160s a 
250-pF variable with about 1/ 16-inch (1.6- 
mm) plate spacing, which isadequateforthe 
power levels presently authorized. The 
‘omega match used for 80 and 75 permits 
retuning for large excursions in frequency 
encountered in using both ew and phoneon 
this band. Two capacitors are required, 
‘each about 150 pF, with plate spacing of 
about 3/16 inch (4.8 mm), if full power 
used, They can be mounted in plastic 
refrigerator containers for protection 
against the weather. Use well-insulated 
knobs to avoid rf burns during the 
adjustment process 

Separate 50-ohm lines run underground 
to the station. The shield side of their 
connectors should be grounded to the base 
of the tower and to the buried radials as 
directly as possible. 


‘Tuning Procedure 

Itis suggested thatthe 160-meter wire be 
connected to the top of a structure 75 feet 
(22.86 1a) tall or less, Note, from Table 9, 
that the monsterat KSPFL wasfed at 75feet 
(22.86 m) above ground. Mount the 
standoff insulators soastohaveaspacingof 
about 24 inches (0.61 m) between wire and 
tower. Pull the wire taut and clamp it in 
place atthe bottom insulator. Leave alittle 
slack below to permitadjustment ofthe wire 
spacing, if necessary. 

‘Adjust the series capacitor in the 160- 
‘meter line for minimum reflected power, as 
indicated on an SWR meter connected 
between the coax and the connector on the 
capacitorhousing. Make tis adjustment at 
a frequency near the middle of your 
expected operating range. Ifa high SWR is 
indicated, try moving the wire closer to the 
tower. Just thelowerpartof the wirenced be 
moved for an indication as to. whether 
reduced spacing is needed. If the SWR 
drops, move all insulators closer to the 
tower, and try again. Ifthe SWR goes up, 
increase the spacing. There will be a 
practical range of about 12 to 36 inches 
(0.31 to.91 m). If going down to I2 inches 
(0.31 m) does not give 2 low SWR, try 
connecting the top a bt farther down the 
tower. If wide spacing does not makeit, the 
omega match shown for 80-meter work 
should be tried. No adjustment of spacing 
is needed with the latter arrangement 
Which may be necessary with short towers 
or installations having little or no top 
loading. 

The two-capacitor arrangement is also 
useful for working in more than one25-kHz 
segment ofthe 160-meter band. Tune up on 


Vertical Antennas 35 


the highest frequency, say 1990 kHz, using 
the single capacitor, making the settings of 
wire spacing and connection point perma- 
nent for this frequency. To move to the 
lower frequency, say 1810 kHz, connect the 
second capacitor into the circuit and adjust 
it for the new frequency. Switching the 
second capacitor in and out then allows 
changing from one segment to the other, 
with no more than a slight retuning of the 
first capacitor, 

‘The omega match is recommended for 
80-meter operation, because of the wide 
tuning ange required. It was found thatthe 
point of connection could be at 28feet (8.53 
tm), using a single support at the top of the 
first tower section. This served as @ mount 
for the second standoff insulator for the 
160-meter feed, as wel 

A 40-meter feed, not shown, was 
connected at about 20 ect (6.101) up, with 
about 8 inches (203 mm) spacing between 
wire and tower. 


‘Substituting Fixed-Value Capacitors 


Depending on the frequencies used and 
the matching problems in a given installa- 


tion, it may be possible to put fixed-value 
capacitors in place of some or all of the 
variables shown in Fig. 33, and then switch 
them remotely, or by hand, when changing 
frequency. This was done at WSRTQ. The 
160-meter gamma capacitor is now a fixed- 
value, 1S0-pF type designed for high rf 
current service. It does not have to be 
‘weatherproofed, and it gives a satisfactory 
match over the small frequency range used 
on this band. 

‘Two or three similar capacitors connect- 
ed in series are used in covering the cw and 
phone frequencies in the 80-meter band. 
Operation around 3800 kHz requires about 
50 pF in the omega (parallel) capacitor, so 
the three 150-pF units are used in series. 
Moving to cw operation near 3500 kHz 
requires about 75 pF, so only two 150-pF 
capacitors are used ‘in series. The only 
variable now in the system is the 150-pF 
capacitor mounted in the plastic refrigera- 
tor box at the base of the tower. It is the 
series or gamma capacitor in the 80-meter 
feed. Even this could be replaced with a 
fixed unit, asithas been found unnecessary 
toadjustitinthecourse of normal operation 
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of the station, if only small changes in 
frequency are madein using the twomodes. 

Because every tower installation is likely 
to be different fromevery other one insome 
respects, the values and dimensions given 
here may be subject to change, but the 
general principles should hold, Proofof this 
was found in the May 1975 issue of Ham 
Radio,' wherein W40Q describes shunt- 
feeding in very similar terms. He also 
presented estimates of the electrical height 
of various tower-beam combinations that 
prospective shunt-feed users should find of 
interest, 

It is hoped that this information will 
inspire others to try shunt-feeding their 
towers. This method offersan effective way 
to fire up on the lower frequencies that is 
useful to many who may have wanted to 
work these amateur frequencies but have 
shied away from doingso because of limited 
antenna space. This material was originally 
presented in QSTby Earl W. Cunningham, 
K6SE. 


"Tue, “Shunt-Fed Vertical Antennas" Ham Radio, 
May 1975 


This 160-meter vertical antenna could be just the one for you, if you reside on 
property of city-lot size or are a mobile operator. You can make it from readily 
available, inexpensive material 


Jnspiration for the design offered here 
resulted in part from the author's survey of 
antennas in use by 160-meter operators, 
worldwide, An extensive report was 
compiled, which filled a loose-leaf note- 
book! A’ boil-down of the most useful 
information resulted in an II-page report 
which was made available to numerous 
amateurs. Subsequently, the writer was 
encouraged to submit some of the data for 
publication. Approximately 60 operators 
were polled. The following information 
from that inquiry should be of interest to 
those who are curious about “preferred” 
antennas for top-band use. 

‘Question 1: “If you could put up any 
antenna for 160, what would it be?” Result: 
60% favored verticals, 30% said horizon- 
tals, and 10%pindicated mixed feelings. (The 
term “vertical” includes various configura- 
tions — 1/4, 1/2, and 5/8 wavelength, 
vertical arrays, and inverted Ls.) 

Question 2:"*Comparing antennas that 
an average ham could build, do you prefer 
verticals or horizontals for 1607" Result: 
10% said vertical, 17% favored horizontal, 
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59% inverted L, 2% horizontal and vertical, 
2% inverted V, and 3% had no opinion. 
Reasons given for the responses were, 
“Because of signal comparisons and past 
experience. A backyard-compatible vert- 
cal is more effective than a backyard- 
‘compatible horizontal.” 

Question 3:“Do you operate mobile on 
160? If so, what is the antenna used?” 
Result: Three used base-loaded verticals, 
eight used center-loaded ones, and one em- 
ployed a Heliwhip. Some of the operators 
used capacitance hats. Other questions in 
the survey dealt with receiving antennas, 
types of soil and terrain, besides requesting 
complete details ofthe present transmitting 
antenna. 

Fig. 34 shows some of the vertical 
systems used when the poll began in 1969, 
‘Additional configurations used by suecess- 
ful 160-meter operators are illustrated in 
Fig. 35. It can be seen that a great deal of 
useful “backyard theory” is represented in 
the systems shown. The experience and 
trials of others can save countless years of 
experimenting with antennas (not that 


some of us can’t use the exercise)! It is 
hoped that these data will be of value to 
future 160-meter operators. 


‘The Minooka Special 

The following is a description of an 
effective vertical antenna for 160 meters, 
designed with these objectives in mind: 

1) Highly effective for 160-meter DX 
and local work. 

2) Easy to build and adjust 

3) Very economical 

4) Fits neatly into back yard. 

5) Reasonable bandwidth. 

©) Good for portable and DXpedition 
work. 

7) Can be scaled down for mobile 
operation 


‘The resultant antenna (Fig. 36) is top 
loaded inductively and can be built by any- 
one from readily available material. Onlya 
dip meter and SWR indicator are needed 
for tune-up. Many versions were built and 
tested, ranging from 7-foot (2.13-m) 
mobile types to 60-foot (18.29-m) backyard 
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Fig, 34— tilustrations of verieally po 


ized 160-meter antennas used by various operators for OX and 


Joeal work. Land G values are not specifies in some of he examples because the data ware not 


furnished by he users. 
Table 10 
Hot No.2 No.2 No.4 No.5 No.8 
x si an an at ist 3 Sin, 
(152m) 43m) (122m) (122m) TBM)—(OBDM) 
y att 15in, ahein, att Min ait 
(061m) — Btn) —(LO7M)—(12Am)_—BBmm)._—- (BLM) 
Zz ‘Aslong a8 possible 
wr No.2 No.8 = No.8 N016 Nat (No.2 
Sze 


Heres a S0-oot (18.24-m) version of the 
Minooka Special tis tuned romotely at K9SKX 
‘ands used on 169 through 20 maters, Nyion or 
Polypropylene guy lines shouldbe used, 


or DXpedition models. They have been 
used with good results from 20-foot 
(6.10-m)-wide backyards in cluttered Chi- 
cago, to vast beaches on Carribean islands, 
and in South America. The fixed-tuned 
bandwidths vary from 10 kHz for mobile 
versions, to 50 kHz for the larger fixed- 
station models (SWR 2:1 or better). 


Construction 


The physical layout of the antenna is 
centered around the use of 3/4inch (19- 
mm) diameter rigid PVC water pipe. This 
sturdy tubing has an outside diameter of 
1 inch (25 mm), The inner diameter pro- 
Vides an “interference fit” for 1/2-inch 
(13-mm) EMT conduit (thinwall), A3/8-24 
nut is driven into a S-inch (127-mm) length 
of conduit, then aligned and braized into 
position. Next, the conduit is taper-ground 
and polished on the opposite end, then 
driven into the PVC tubing (see table of 
dimensions). 

In the construction of mobile antennas 
another piece of conduit is driven into the 
bottom of the PVC coil form and a 3/8-24 
bolt is brazed into the bottom end. The bolt 
‘will mate with standard mobile antenna 
mounts, For larger versions of the antenna 
the PVC material can be mounted in TV 
masting, or whatever. A standard 8-foot 
(244-m) stainless-steel_whip between 3 
and 8 feet (0.91 and 2.44 m) in length 
can be screwed into the top section. For 
home-installed versions of the antenna a 
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Vertical Antenna: 


Close-up viow ofthe top section ofa col 
fssombly, This unt was used during mobile 
‘operation forever three years (40,000 miles or 
64.374 km), 


% 


‘A mobileversion ofthe Minooka Specials shown 
‘mounted on the author's ear 


{A portable vorsion ofthe 160-meotor vertical 
lantonna.fewas used by WEYYG ana WOUCW at 
HDBK in January 1875, 
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INVERTED L 
(FOLDED UNIPOLe! 


OFF=CENTER-FED HORIZONTAL, 


Fig. 35 — Examples of aeitional antonnas for 160 meters which proved elective for long-haul work 


3. or 4foot (0.91- or 22-m) piece of 
thin-wall tubing can be used in place of the 
whip. This will save on the cost of 
materials, and will eliminate the need to 
have brazing done. The coil wire should be 
soldered to the conduit to assure a good 
electrical connection, 


Adjustment 

Pick a set of dimensions from the table 
which suits your application, but add afew 
inches more of coil turns (all turns close 
wound) than are recommended, This will 
allow leeway for pruning the system to 
resonance. 

To simplify adjustment it is suggested 
that the system be assembled first with only 
the coil and top section (no base section). 


Place the antenna where itis in the clear (on 
the car or fixed-station site), and where it 
‘can be tuned against the proposed ground 
system — car body or ground radials, 

‘A three-turn link should be connected 
temporarily between the lower end of the 
coil and the ground system. This will permit 
rough tuning of the system to resonance by 
inserting a dipper coil into the link and 
adjusting the coil turns on the antenna until, 
dip is noted in the desired part ofthe band, 
Upon completion of the pruning the 
constructor can, if he wishes, cover the coil 
with weatherproof tape or shrink tubing 
‘The antenna should be tuned for roughly 
2000 kHz if the entire band is to be used, 
‘Adjust the resonance for 1850 kHz if only 
the low segment will be utilized. 


a 


Fig. 96 — Eectrcaldotalls ofthe Minooka 
‘Special, Table 10 gives specific information 
onearning dimensions X,Y and Z. 2 may vary in 
Size rom 1to 20 turns, and L3 wll contain 
botwoen Sand 10 tune, typically. L2and LS are 
‘made from no. 18 wit, spaced VBinch (Sm) 
Dotween turns. The col damotor i 11/2inches 
{@armm). Role to text for tuning instructions. 


Erect the antenna with all ofits parts — 
coil, top and bottom section — and insert 
inductors L2 and L3 of Fig. 36 as shown, 
With L3 temporarily out of the system, 
adjust L2 for the lowerest value of SWR 
obtainable at the desired operating fre- 
quency. Then, place L3 back in the circuit 
sand adjust it for an SWR reading of 1. 
Addition ofthe base ectionlateron will not 
affect the resonant frequency of the overall 
system materially, provided thebasesection 
does not exceed, say, 60 feet (18.29 m). 

The foregoing steps are used also in 
adjusting the mobile version of theantenna. 
However, because of the small size it is 
possible to adjust the antennnain completely 
assembled form. Only L3 of Fig. 36 is 
needed for mobile antennas. The main coil, 
Ll, is adjusted for resonance, then L3 isset 
for lowest SWR. L3 can be mounted inside 
the trunk or under the bumper in a 
‘weatherproof enclosure. 

For fixed-station operation it is recom- 
mended that a good ground system be 
employed. One should use at least 10 
radials of, say, no. 18 or larger wire, 10 to 
50 feet (3.05 to 15.24 m) in length. If you 
can manage 40 radials, 60 feet (18.29 m) in 
length, all the better! 


Concluding Comments 

Three fixed-station versions of the 
Minooka Special have been tested and 
used at W9UCW. Each was compared 
against the regular antenna, which is a 
one-quarter wavelength vertical (130 feet 
[39.62 m] high), and operates against a 
radial system that contains 12,000 feet 
(3657.6 m) of wire. Theshort verticals were 
always inferior to the big antenna by 


approximately 5 dB. 

Using version no. 4 from the table(4-foot 
[1.22-m] base section), the author worked 
Wls through W6s from the mobile setup. 
‘The rigwasan HW-18transceiver. Contacts 
werealso made with VP9 and KV4stations 
from the car. 

While DXing from San Andres (HK9) 
reports were received of signal strengths 
exceeding S9 plus 20 dB from Maine to 
Washington. Good reports were received 
from Europe also. 

Because the loading coil acts as an rf 
choke at 3.5 MHz and above, several 
versions of the antenna have been used 
successfully from 160 through 20 meters 
with an appropriate L-network matching 
section installed at the base ofthe system, 
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\[Edor’s Note: The reader shouldbe aware that 1/4 
‘wavelength radials (r longer onc) are recommend 
‘edorbestfficiency inasystem of this kind. Detailed 
information on the subject is piven in The A RRL 

Antenne Book. {Mh Edition. The recomendations 
tlven bythe author are no doubt Based on the lack 
St space available ie the typical urban let, aeound 
Sigh his sigh was established. See Hil, “The 
Grounds Beneath Us.” RSGB Bullrin, June 1966) 


Inexpensive 5/8-Wave Vertical Antenna 
with Coaxial Transformer 


Ts mtr ay emt 5 
wave vertical antenna (inspired by WOJP's 
results) consists of a supporting structure 
thade from sections of 25-inch (51> SI- 
mm) lumber on which four lengths of 300- 
chm TV ribbon areaffixed. ach section of 
ribbon line isl fet Ginches(12.65m) long. 
‘length ofthis line attached teach side 
‘surface of the 2 <2 support mast, then the 
fads (‘op and bottom) of all four line 
Sections are connected in parallel to forma 
Single vertical conductor. The coar-line 
Gimensions are near those of W2ITH, and 
areshownin Fig 37. TheSWR varies froma 


1 


Fig. 87 — Coax-tine vanstormer tor 2:meter 8/8- 


flicker of reflected power at 14,000 kHz to 
15:1 at 14,350 kHz. (The next task is to get 
that lowest-SWR point shifted to 14,275 
kHz.) The whole thing is leaning against a 
tree, almost vertical, and seems to work 
well. This material was originally pre 

sented in QST by Robert J. Earl, 
WIDRV. 


Reterences 
"Beers, “Short Antena fr the Lower Frequencies,” 


1970. 
for Vollage-Fed 
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A Backyard 160-Meter Vertical 


A tert tan ws tai on 
atthe author's QTH this winter. The same 
could be said for many ather amateurs and 
the simple antenna described here may be 
of interest. 

Some of the oldtimers wil tll the 
newcomer (0-160 meter that the best 
Antenna for local and DX_ work is the 
vertical. Since a full-size vertical would be 
very large, the questions findingatype that 
will timoaclosey packed residentitarea, 

Asastarter,thewritertook anold-f00t 
(12.194) telescoping mast and insulated i 
from the ground, (This can be done by 
settingiton top ofalargesof-drink bot, 
or clamping it to.a wooden post) The 
antenna was edatthebate with RG-S8A/U 
St-ohm coaxial cable. The shield was wired 
toa radil system anda pround rod. A hint 
for the radials — buy some aluminum 
clottestine and euta number of sis in your 
yard witha Nat spade. Next, push the wire 
imo the slis and tamp the grass back 
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Fig. 98 — A space-saving verlical for 160 meters. 
‘White not always possible, ls desirable to have 
the wires forthe top na run of at right angles 10 


together. If there are any swampy parts of 
the ard, theseseemtomakethe best ground 
areas. 

Rather than using a loading network at 
the base of the antenna, the author 
constructed a eapacitive hat to load ita the 
top instead. Thetop hat wasmadefromfour 
$0-foot(15.24-m) pieces of wire strung out 
from the top of the mast in guy-wirefashion. 
‘They are connected electrically to the top, 
and stretched until they are as close as 
possible toa 90-degree angle with respectto 
the mast 

‘The system described works well with a 
40-foot (12.19-m) mast, but other lengths 
could beused instead. However, the top hat 
may have o beadjusted in orderto bringthe 
system to resonance. While my vertical 
occupies very little space, it seems to 
perform as well as do many “fullsize” 
antennas on 160 meters. This material was 
originally presented in QST by Mike 
Mussier, WBRIJA. 


Chapter 2 


Yagi Antennas 


‘The antenna systems treated in this chapter 
are variations of the basic directional gain 
antenna devised many years ago by Yagi 
and Uda, Over the years the fundamental 
design and its variations have been referred 
to simply as the Yagi, How Mr. Uda was 
excluded from the credits remains a 
mystery, as he was a co-developer of the 
antenna under discussion, 

Yagi types of antennas appeal to all 
‘manner of hf-vhi-and uhf-band operators. 
The primary response characteristic of the 
Yagi is unidirectional, discounting minor 


response lobesoffthe front, sidesand rearof 
the antenna. The major lobe concentrates 
the radiated energy ina desired directionto 
provide gain in GB and discrimination 
against interference from unwanted direc- 
tions. 

Yagis can be used singly or in array 
combinations. In the latter case, each 
time the size of an array is doubled 
the system gain can be made to increase 
by 3. dB — assuming that the phasing, 
impedance matching, and aperture param 
eters are correct. Thus, a pair of 3-element 


The 20-Meter DX Weasel 


Yagis which are “stacked” in an array 
to meet the foregoing criteria will ex- 
hibit 34B more gain thana single 3-clement 
Yagi. To effect another 3.dB increase 
in gain, four 3-element Yagis would 
need to be placed in a given array of Yagis, 
and so on. 2 

‘This chapter deals with the cream Of the 
Yagi crop, so to speak, as taken from past 
issues of QST. When zoning laws and 
available property permit, the Yagi is 
preferred over the single-element vertical 
antennas described in chapter I 


Short antennas have always captured the interest of amateurs. 


\ 


Dotats of he loading coll anc capacitance haton 
‘one of in cloments. 


broad tuning which causes the parasitic ele- 
ments to perform as they do. Element tun- 
ing on the Bite-Size Beam! was critical. If 
the dimensions given here are followed 
carefully, the antenna should provide 
excellent characteristics for gain and 
pattern, Front-to-back measurements 
indicateapproximately 20dB, Thefront-to- 
side ratio was measured in excess of 25 dB, 
‘There are no objectionable side lobes. The 
'SWR is less than 2:1 at each end of the band 
‘when the gamma capacitor and rod are set 
for proper operation at 14.1 MHz, Thereis 
no need to select phone or ewasthe primary 
mode of operation. 


Construction 


‘The boom and all the elements are made 
from 1-1/4-inch (32-mm) diameter alumi- 
mun tubing available at most hardware 
stores. The two boom sections and the two 
pieces which make up the center portion of 
the driven element are coupled using 15- 
inch (0.38-m) sleeves of 1-3/8-inch(35-mm) 
‘OD aluminum tubing. Sheet-metal screws 
should be used to secure the sections within 
the coupling sleeves. 

‘The loading coils are wound on 1-1/8- 
inch (29-mm) diameter Plexiglas rod. 
Details areshown in Fig. |. Besuretostitthe 
ends of the aluminum tubing where the 
compression clamps are placed. The coils 
are made from no. 14 enameled wire. The 


Fig. 1 ~Detals for joining eee 
tubing and Plexiglas rod 


specified number of turns are equally 
spaced to cover theentire9inches(229 mm) 
of Plexiglas. 

‘The capacitance hats are constructed 
from 3/4-inch (19-mm) angle aluminum. 
Two pieces 2 feet (0.61 m) in length are 
required for each hat. The model shown in 
the diagrams has the angle aluminum 
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Fig. 2—Constructional details forthe 20-meter beam. The colls on each side o the elomont are 
Identical. The gamma capacitor isa 140-pFvarlable unit manufectuted by EF, Johnson Co. 


fastened to the element using aluminum 
strips and no, & sheet-metal screws, but 
sheet-metal screws alone can be used 
Solder lugs are fastened to the ends of the 
angle aluminum and no. 12 or 14 wire 
connects the ends of the aluminum, 
resulting in asquare loop. The wiresshould 
be soldered at each ofthe solder lugs. 

Al of the elements are secured to the 
boom with TV U-bolt hardware. Plated 
bolts are desirable to prevent rust from 
forming. An aluminum plate 9 inches (229 
mm) square by 1/4-inch (6-mm) thick was 
used as the boom-to-mast plate. 

‘A boom strut is recommended because 
the weight of the elements is sufficient to 
cause the boom to sag. A 1/8-inch @-mm) 
diameter nylon line is plenty strong. A U- 
bolt clamp is placed on the mast several feet 
above the antenna and provides the 
attachment point for the center ofthe truss 
Tine. To reduce the possibilty of water 
accumulating in the element tubing and 
subsequently freezing, crutch caps are 
placed over the ends. Rubber feet suitable 
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for keeping furniture from scratching 
hardwood floors would serve the same 
purpose. 

A piece of Plexiglas was mounted inside 
an aluminum Minibox to provide support 
and insulation for the gamma capacitor. A 
plastic refrigerator box would serve the 
‘purpose just as well. The capacitor housing. 
is mounted to the boom by means of aU 
bolt. The gamma rod is made of 3/8-inch 
(10-mm)alursinum 40inches(1.016m)long 
andis connected to the gammacapacitorby 
8 G-inch (152-mm) length of strap alumi- 
num. 


‘Tune-Up and Operation 
encouraged to follow the 
dimensions given in Fig. 2asastarting point 
for the position of the gamma rod shorting 
strap. Connect the coaxial cableand install 
the antenna near or at the top of the tower. 
‘The gamma capacitor should be adjusted 
for minimum SWR at 14.1 MHz as 
indicated by an SWR meter (or power 
meter) connected in the feed line at the 


Tablet 
‘Complete Pars List forthe Short Beam 

Oty Materia! 

2 10-f00t(9.05-m) lengths of 1-1/4inch (2 
rim) 6a. aluminum tubing (one forthe 
fatlector center section, one forthe 
fatlecir end sections) 

3 Bfoot (244m) langins of 1-1/-inch (32- 
rm) da. aluminum tubing (wo lengths 
forthe boom, onelengih forthe iector 
‘lament center. 

4 Befoot (1 83-m) longths of 1-1/4-inch (32- 
rim da. aluminum tubing (wo tengthe 
forthe driven element center, two engihs 
{or the director and driven element ends}. 

2 S:neh (0.38-m} lengths of -8/8-inch 
(1-mm} dia. aluminum ting. 

inh (12.10-m) longi of 1-8/84nh 
(10-mm) gia. aluminum tubing. 

4 6-fo0! (1 85m) fangths of 3zinen (19 
‘im) angle aluminum, 

5 2inen (033-m) lengihs of 1-178-inch 
(29-mm) dia. Pixigias roa 

1 Sinem (229-mm) square, 1/4-Inch (-m9m) 
‘hick aluminum pi 

8 Ubotts 

12 Compression hose clamps 

3 Gruteheaps 

‘No, 12enameled copper wire 
No. 14 enameles copper wire 


‘gamma capacitor box. If a perfect match 
cannot be obtained,aslightrepositioningof 
the gamma short might be required. 
Evaluation of performance is always a 
difficult task, The 20-Meter DX Weasel is 
mounted on op of aS0-foot(15.24-m) high 
toweratthe QTH of WIEB. Thetransmitter 
input power for the testing period was 3 
watts. Many European stations as wellas a 
ZL have been contacted with ease. Infact, 
the Weasel has been responsible for 
‘racking afew pileups on the frst call! 


Obtaining the Material 
‘Table I lists all of the major parts used in 
the 20-meter Weasel. Most of the U-bolt 
hardware as well as the aluminum tubing 
should be available from large hardware 
stores. The Pexiglasrod, however, presents 
a bit more ofa problem as indicated by mail 
received by the ARRL Technical Depart- 
ment, Many large plastic supply dealers 
stock the cast rod. The problem isthat there 
are not very many large dealers! Addition- 
ally, Plexiglas is a petroleum-base product 
which means the cost is no doubt higher 
than one would expect. Those amateurs 
who are unable to locate aluminum 
hardware or Plexiglas should consult the 
yellow pages to see who their nearest 
‘supplier is. This material was originally 
presented in QST'by Robert Myers, WIXT 
land Jay Rusgrove, WIVD. 
'See page $8 


The HW-40 Micro Beam 


A helically wound 2-element 40-meter Yagi. 


dwellers and other amateurs who live on 
property thats too smal area to permit 
the use af large 40-mete antennas prompt 
ed the authors to develop the antenna 
deseribed here. The particular dimensions 
represented in this design were dictated 
primarily by the kind of fiberglass tubing, 
that was immediately available. Kirk quad 
spreaders were obtained for useasformson 
Which fo wind the helical elements. Longer 
{orshorter elements can be used with ood 
results, This article intended asa gue in 
the design of similar antennas, 

“The HW x sated down to 28 percent 
of full size. Two elements are used, each 
being 18 fet (549m) in length, tip-top, 
‘Thus, the elements are just 2 Tet (0.61 m) 
longer than those of a fullsize lOemeter 
Yagi. A 16-foot (4.88-m)-long Reynolds 
aluminum-tubing boom (two 8 f00% [2.4 
tm] lengths joined) provides 0.12-wave- 
length spacing between the driven clement 
and refiector. The weight of the aray i 
approximately 25 pounds, making it 
practical to use a TV-type antenna rotator 
withthe system. 


Design Considerations 

‘Some may argue that helically wound 
antennas will tend to radiate off the ends of 
the elements (axial mode), and that the 
condition will prevent the Yagi from 
exhibiting normal front-to-side and front- 
to-back characteristics. It was established 
by Kraus, ' that axial-moderadiation occurs 
ly when a helix is one wavelength or 
greater in circumference. Generally, when 
the circumference is less than two-thirds, 
wavelength, a nearly sinusoidal type of 
current distribution exists. This is effected 
byalternate einforcementand cancellation, 
of the two traveling waves which are 
directed oppositely. Each is of nearly 
identical current amplitude (Ip), hence the 
‘To transmission mode results for both, 
traveling waves on the helix. Because of the 
foregoing condition the helices of this 
antenna radiatein thenormalmodeand will, 
exhibit linear polarization characteristics. 
‘The diameter of these helices is merely 
00009469. wavelength, eliminating any 
opportunity for axiai-mode radiation. 
Front-to-side and front-to-back checks of 
dicate, indeed, that normal- 
ion is occurring. A number of 
relative tests were performed locally at 
distances up to 20 miles, and the front-to- 
back characteristics indicatea 10-dB figure. 
Front-to-side checks confirm a figure of 
approximately 28 dB. The effect is not so 


“The HW-40 beam just 28 percent of full-size, i 
light enough to require only a TV-rotator 


pronounced when receiving high-angle 
incoming signals. Depending upon thetime 
of day, distance involved, and other 
propagation factors, various directivity 
traits will be observed. 

Helically wound elements were chosen in 
preference to lumped-inductance elements 
inorder to obtain linear voltageand current 
distribution across the elements, and to 
make the matching technique less difficult. 
Even if end-loaded elements with capac 
tance hats were used, the 18-foot (5.49-m) 
dimension would make it impossibie to use. 
gamma match of conventional design. 
Because of the very low value of radiation 
resistance of short loaded antennas, other 
conventional matching schemes would not 
lend ease to matching a 50-ohm coaxial 
feeder to the system. 

There are certain penalties one must 
accept when using physically shortened 
antennas of this kind, and an in-depth 
treatment of the subject was given by Sevick 
in QST.? It wasa fortunate circumstance in 
this ease that the feed-point impedance of 
the beam turned out to beapproximately 12 
ohms. Therefore, a 4:1 toroidal balun was 
installed at the feed point to providea near- 
perfect match to the 50-ohm transmission 
line. In addition to encountering low values, 
of feed impedance, the bandwidthofloaded 
elements is greatly less than with full-size 
antennas. This beam was tuned for 
operation at acenter frequency of 7050 kHz. 
It works well from 7025to 7075 kHz, withan, 
SWR no greater than 2:1. It is flat at 7050, 
kHz. Those wishing to duplicate this Yagi 
should be willingtoaccept this design rade 
off in the interest of having an effective 


directional antenna. It is recommended, 
therefore, that it be tuned for one’s favorite 
part of the 40-meter band. The use of a 
‘Transmateh will, however, permit excur- 
sions into portions of the band where the 
'SWR becomes greater than I:1. 


Construction Details 


‘The construction of the 40-meter beam is 
very simple and requires no special tools or 
hardware, Two fiberglass 15-meter quad 
arm spreaders are mounted on an alumi- 
num plate with U bolts, as shown in the 
photograph. A wooden dowel is inserted 
Approximately Ginches (152 mm) in theend 
of each fiberglass arm to preventthe U bolts 
from crushing the poles. The aluminum 
mounting plate is equipped with U-bolt 
hardware for attachment to the I-1/4-inch 
(32-mm) diameter boom, 

A plastic refrigerator box is mounted on 
cach element support plate and is used to 
housea Miniductor coil.No. 14copperwire 
is used for the elements. The wire is wound 
directly onthe fiberglass polesatadensity of 
+40 turns per foot (not turns per inch!) for a 
total of 360 evenly spaced turns. The wireis 
attached at each end with an automotive 
hose clamp of the proper size to fit the 
fiberglass rods. Since the fiberglass is 
tapered, care must betakentokeeptheturns 
from sliding in the direction of the tips. 
Several pieces of plasticelectrical tape were 
wrapped around the pole and wire at 
intervals of 1 foot (0.31 m). All of the 
clement half sections are identical in terms 
of wire and pitch. Coil dimensionsand type 
are given ia Fig. 3. 

‘The driven-element matching system 
consists of a 4:1 balun transformer and a 
link tightly coupled to the Miniductor. 
Complete details are given in Fig. 4 

Mounted atthe end of each element held 
inplace by the hose clamp) isashortsection 
of stiff copper wire used to allow for final 
tuning of the system as well as to broaden 
the frequency response of the antenna, 
Since the overall antenna is very small in 
relation to a full-sized array, the SWR 
points of 2:1 are rather close to each other, 
as mentioned earlier. Theantenna shown in 
the photograph provides an SWR of less 
than 2:1 within about 25 kHz cither side of 
resonance. Tuning the antenna for phone- 
band operation should not be difficult and 
the procedure outlined below should be 
suitable, 


Tuning 


‘The parasitic element is adjusted to be 
about four percent lower in frequency than 
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Fig. 3 — Overall dimensions forthe 40-mator short beam. The boom consists oftwo pleces of standarc 
1-4/4ineh (32-mm) dia do-t-yourselt aluminum tubing. 
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FRONT VIEW OF DRIVEN ELEMENT 
(2°ELEMENT 40-M HELICAL BEAM? 


Fig. 4—Schomaticciagram of the balun assembly mounted inside the plastic ulity box. The coreis a 
single T-200-2 Amidon, The T2-1ur link is wound directly over the 18-turn MiniSUEtor 


the driven element. A grid-dip oscillator 
was coupled to the center loading coil and, 
the element tips were trimmed (a quarter of 
an inch [6 mm] at a time!) until the GDO. 
indicated resonance to be at 6.678 MHz. 
For phone-band use, the ends could be 
snipped for 6.840 MHz. Adjusting the 
driven element is simple. Place an SWR. 
meter or powermeterattheinput connector 
and cut the end wires (or add some if 
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necessary) to obtain a proper match 
between line and antenna. 


Performance Characteristics 

Once the initialnear-ground tuning ofthe 
elements was completed, the HW-40 was 
carried aloft and mounted on the 40-foot, 
(12.19-m) tower at WIFB. Final touching 
up of the matching and element resonances 
was effected after the beam was in place on, 


the tower. It is important to realize that 
shortened antennas are sensitive to changes 
in environment because of their narrow- 
band characteristics. Thus, height above 
ground and distance from nearby objects 
will cause some change in resonance ofthe 
elements. The resonant frequency of the 
HW-40 changed some 150 kHz between 
tuning at several feet above ground to final 
tweaking atop the tower. 

Itshould be noted that the 40-meter beam 
has yet to be tested at an ideal height above 
ground. A distance of 40 feet (12.19 m) 
Above the earth isnot much more than one- 
quarter wavelength at 7 MHz, though 
Performance thus far has been better than 
fone might expect when using a beam or 
dipole less than one-half wavelength above 
sround, 

Comparisons were made between the 
beam and three types of wie antennas. 
an inverted V, a 3/4-wavelength end-fed 
Wire, and a full-wave 40-meter loop (with 
its theoretical -4B gain). The results have 
been interesting, though at times rather 
confusing. The confusion results from the 
time-of-day/ propagation syndrome men- 
tioned earlier. Atno time, however, did the 
inverted-V or 3/4-wavelength antennas 
surpass the performance of the HW-l0 
‘The bear was always a8 good as or better 
than the other two radiators, regardless of 
band conditions or time. During contacts 
with European or South American DX 
stations, the beam was always the best 
antenna, usually by two S units oF more. 
During daytime contacts out to, say, 1000 
miles, the wire antennas equalled the bearn 
at times 

When comparing the beam to the full- 
wave Toop, results became less easy 0 
evaluate, That is the antennas took turns 
being best. Frequently, the loop outper- 
formed the beam(in the favored directionof 
the loop) both on short-haul and DX 
contacts. At other times the beam had the 
edge by a couple of Sunits. At chistime its 
impossible to say which antenna would 
provide the best al-year, all-around service. 
But, it has been observed that the beams far 
less subject to pickup of man-made and 
atmospheric noise because of its narrow- 
band characteristics (the loop exhibits the 
opposite bandwidth trait broad). Reduc- 
tion in noise during reception can be a 
blessing, expecially when working with the 
weaker signals! Another beneficial effect of 
the narrow-band feature is that strong, 
near frequency signals do not sc severely 
affect the receiver with respectto overload 
ingand eross modulation, asisthesituation 
with other types of antennas, The proof of 
this came when tying to operate while 
WIAW (1wo blocks away from WIFB) was 
transmitting code practice. Until the beam 
was ereted it was impossible to use the 40- 
meter band, but withthe beameonnected ‘0 
the receiver, and with the antenna pointed 
away from WIAW, it became possible to 
‘operate within 10 kHz of WIAW. 
knowing that station was on thea 


some kW operator lives down the street 
from you, this little beam could put you 
back in business. 

While running approximately 80 watts 
output, the short beam has been extremely 
effective in working DX. DX stations now 
answer our CQs, whereas with the wire 
antennas (loop excepted) this seldom 
happened. Signal reports from DX stations 
average 579, with many 589and 599 reports 
During QRP operation with the beam (2 
watts output), a number of DX stations 
have been raised and worked. The signal 
reports are lower of course, but RST 559 
and 569 indicates that somethinggood must 
be happening! One unrelated event oc- 
curred while testing the beam and loop with 
the QRP setup: astation inthe 4h cal area 


called CQand was answered. Hecame back 
and said, "No QRP lids, CQ kWs only.” It's 
unlikely that the HW-40 beam can be 
blamed for that, especially since we went on. 
to work five European stations later that 
day with the 2-watt equipment! 
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A Bite-Size Beam for 20 and 15 Meters 


Do you want to work DX from your space-restricted QTH with increased 
effectiveness? If the answer is yes, perhaps this two-band Yagi system is just the 


one for you. 


(30.48-m) tower withstacked monobanders, 
for 20 and 15 meters is one way to generate 
an effective signal in the pileups. But what 
are the characteristics of this big system 
which make it perform better than a dipole 
strung between two trees? First, the tall 
tower places the antenna up in the clear, 
away from most ofthe surrounding ground 
clutter, Even a relatively short tower (40- 
foot [12.2-m] variety) provides this advan- 
tage in many instances. The ability to point 
the major radiation lobe of the antenna in, 
the correct direction is another reason the 
high monobanders outperform the kinky. 
wire, But if the antenna is capable of 
supporting its ownelements, thedirectional 
characteristics can be used to good 
advantage whether the beam is mounted at 
100 feet (30.5 m), or at 40 feet (12.2 m). And 
without any question, the ability to reject 
interference aids substantially in the 
reception of weak signals, 

A typical one-foot (0.3}-m)-per-side tri= 
angle tower is self-supporting (when 
properly installed) to 40 feet in height and, 
requires less than one square foot of 
property. For many amateurs, the major 
limiting factor is the inability to tura a 
monoband beam (or even a largetribander) 
without hitting some object like a tall tree. 
Hesitation on behalf of theamateurto place 
what might be considered by his neighbors 
an offensive amount of hardware in thesky 
near his home is another reason beams are 
ruled out, The 2-element-per-band, 20-and. 


1S-meter, interlaced Yagi presented here, 
overcomes these problems. Itis lightweight 
‘and is less than 16-feet(4.88-m) square. And 
it’s probably no more obtrusive than alaree 
‘TVantenna, 


So What if It's Short! 

‘A popular misconception among ama- 
teurs is that any element short of ful size is 
no good inanantennasystem. Reducingthe 
size of an antenna by 50 percent does lower 


the efficiency by a decibel or two, but the 
gain capability of a parasitic array out- 
‘weighs this small loss inefficiency. Mount- 
ing the antenna above the interference- 
generating neighborhood can greatly 
reduce susceptibility to man-made noise 
and certainly aids in the reduction of rf 
heating to trees, telephone poles, and 
buildings. It has been said that abrick wall, 
for dense foliage, can attenuate a signal 
passed through it by as much as 20 dB. 
Placing the antenna above these energy- 
absorbing objects is very desirable. 


‘The coils are wound on Plexiglas toe 
Compression clamps ace used to hold the 
Piexigis in positon Sheet-metal screws anc 
solder lugs prouie atiachment points for he 
fands of the loading coils, 
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View of the short bear irom the font ya 
wire, 


‘The gamma assembly is ald in place by means of 
‘small Ubol. The capacitors are mounted on 
ftches circuit board 


It is a generally accepted fact that traps 
are difficult to build and adjust, as well as 
their beinglossy. Loadingcoils, onthe other 
hand, are easy to wind and require 
essentially no adjustment, If the wire size is 
large, losses are not a major factor. W2FMI 
Jauded the merits of short antennas in an 
earlier article explaining that in reality, 
short (50 percent) elements do not materi 
ly depreciate the gain.’ With these ideas in 
mind, the authors designed and built a 
shortened-element, but wide spaced, 
director array for 20 meters interlaced with 
a similar 15-meter reflector configuration 
also having optimumspacingformaximum, 
gain. By placing the 15-meter driven, 
element in front of the 20-meter array, the 
longer 20-meter elements tend to act as 
reflectors on 1S meters. There are no 
unwanted reflectors “in front” nor any 
directors “behind” the active array — 
elements which could cause pattern 
distortion and poor front-to-back ratio, 


Construction 

‘The dual-band beam has four elements, 
the longest of whichis 16fect(4.881m). Allof 
the elements and the boomare madefrom I~ 
1/4-inch (32-mm) diameter aluminum 
tubing available at most hardware stores. 


46 Chapter 2 


Element sections and boom pieces are 
Joined together by slotting a 10-inch (254- 
‘mm) length of I-1/4-inch (32-mm) tubing 
witha nibbling tool andcompressingitfora 
snug fitinsidetheelement and boom tubing, 
Coupling details are shown in Fig. 6 

The loading coils are wound on I-1/8- 
inch (29-mm) diameter Plexiglas rod. The 
rod slips into theelement tubing and is held, 
in place with compression clamps. Be sure 
to slit the end of the aluminum where the 
compression clamps are placed, The model, 
shown in the photographs has coils made of 
surplus Teflon-insulated miniature audio 
coaxial cable with theshield braid and inner 
conductor shorted together. A suitable 
substitute would beno, 14enameledcopper 
wire wound to thesame dimensionsasthose 
given in Fig. 5. 


All of the clements are secured to the 
boom with common TV U-bolt hardware, 

Plated bolts are desirable to prevent rust 
from forming. A 1/4-inch (6-mm) thick 
boom-to-mast plate is constructed from a 
few pieces of sheet aluminum cut into 10- 
inch (254-mm) square sheets and held 
together with no. 8 hardware. Several 
cookie tins could be used ifsheet aluminum, 
js not available. One local amateur used a 
plate from a large electrical box as a boom- 
to-mast bracket. Since it is galvanized, itis 
quite resistant fo the harsh New England 
winters. 

‘A boom strut (sometimes called atruss)is 
recommended because the weight of the 
‘elements is sufficient to cause the boom to 
saga bit, A 1/8-inch (3-mm) diameternylon 
line is plenty strong. A U-bolt clamp is 
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Fig. 5 — Constructional details fr the 20- and 15- 
Identical. The gamma capacitors are each 140-pF 
‘capacitors 

band, the tuning is somewhat ertical. Tho bull 
‘iven in the text 


Insulated trom ground within the cont 


1m. The coli for each side ofthe element are 
‘unis manufactured by EF. Johneon Co, The 


‘Wavin, 2mm) di 


2 Variable capacitors, 140 pF (EF. 
dhnson) 

4M Plexiglas cast rod, 1-1/8-n. (29mm) dla 

18 Stainless steel nose clamps, 1-1/2 In. (38 
mm) dia 

1, Aluminum plate, Bn. (208 mm square 


1011 Aluminum Soliro3, 1/8-n. (Bm) di 

2 Relrigerator boxe, 4X4 Xd in. (102 X 102 
x 102mm) 

2511 Nylon rope, V/8-in. (Sam) dia 

16 N6.Bsheot motal screws 

16 lugs 

8 rubber) end eaps, 11/4in, (2 


‘The boom-to-mast pate 
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Fig, 5— Coupling details for joining sections ot 
aluminum tubing, 


placed on the mast several feet above the 
antenna and provides the attachment point 
for the center ofthe truss line. To reducethe 
possibility of water accumulating in the 
element tubing and subsequently freezing. 
(rupture may be the end result), crutch caps 
are placed over the element ends, Rubber 
feet suitable for keeping furniture from 
scratching hardwood floors would servethe 
same purpose. In fact, the rubber tips 
prevent the element ends from damaging. 
surrounding objects during installation. 

‘A heavy-duty steel mast should be used, 
such as a I-inch (25-mm)-diameter galvan- 
ized water pipe. Steel TV mast is also 
acceptable, Any conventional TV-type 
antenna rotator should hold up underload 
conditions presented by this antenna. 
Nevertheless, certain precautions should be 
taken to assure continued trouble-free 
service, For instance, whenever possible, 
mount the rotator inside the tower and 
extend the mast through the tower top 
sleeve. This procedure relieves the rotator 
from having to handle lateral pressures 
during windy weather conditions. A thrust, 
bearing is desirable to reduce downward 
forces on the rotator bearings. 


Hookup and Operation 

‘The monoband nature of the beam re- 
quires the use oftwo coaxial feed lines. The 
coaxial cable is attached to the 1S-meter 
element (at the front of the beam) at the 
‘gamma-capacitor box. The otherend of the 
cable is connected 10 a surplus 28-V de 
single-pole coaxial switch? The cable for 
the 20-meter clement is connected in a 
similar fashion. The switch allowstheuse of 
a single feed line from the shack to a point 
just below the antenna where the switch is 
mounted. Its a simple matter to provide 
voltage to the switch for operationon one of 
the two bands. At the price of coaxial cable 
today, adouble un of fed line represents a 
substantial investment and should be 
avoided if possible. 

‘An etched-circuit board was mounted 
inside an aluminum Minibox to provide 
support and insulation for each of the 
zgamma tuning capacitors, Plasticrefrigera~ 
tor boxes available from most department 
stores would serve just as well. The 
capacitor housing is mounted to the boom 
by means of U bolts 

‘The builder is encouraged to follow the 
dimensions given in Fig, Sasastarting point 
for the position of the gamma rods and 
shorting bar. Placing the antenna near the 
top of the tower and then tilting it to allow 
the capacitors to be reached makes it 
possible to adjust the capacitors for 
minimum SWR as indicated by an SWR 
meter (or power metet) connected in the 
feed line atthe relay. Ifthe SWR cannot be 
reduced below some nominal figure of 


approximately 1.4:1, a slight repositioning 
‘of the gamma short might be required, The 
dimensions given are for operation at 
14,050 MHz and 21.050 MHz. The SWR 
climbs above 2:1 about 50 kHz in either 
direction from the center frequency. 
Although tests were not conducted at more 
than 150 watts input tothetransmitterthere 
is no reason why the system would not 
operate correctly with a kilowatt of power 
supplied to it. 

‘After many months of testing at the QTH 
of WIFB, several characteristics were 
noted. First, the antenna withstood several 
wind and ice storms common to Connecti- 
cut, Performance turned out to be what can 
bbe expected from a 2-element Yagi. Since 
the 20-meter portion of the antenna is a 
director array, the front-to-back ratio is a 
bit less than 10 dB, On 15 meters, where the 
system operates with a reflector parasitic 
clement, the front-to-back ratioisconsider- 
ably better — on the order of 15 dB. 

This antenna was mounted atopa40-foot 
(122m) tower where previously there was 
connected a 20-meter sloping dipole 
pointed at Europe (a multielementarrayfor 
2 meters graced the top of the tower!). The 
number of European stations contacted 
increased rather dramatically with the 
installation of the beam. Except in pileups 
‘on rare DX stations, DX isnowworkedasa 
routine, even though WIFB is a QRP fan 
and typically runstessthan 2wattsof output 
power. 

'No doubt the increased effectiveness of 
the signal was caused by several factors. The 
antenna certainly has gain (although at 
ARRL hq. we have no way of making 
accurate measurements) and is well above 
the nearby small trees. More importantly, 
the antenna is now far from the aluminum 
house siding which once was directly inthe 
pattern of the 20-meter “sloper.” Of course, 
the front-to-back characteristic. has the 
tendency of making DX signals louder in 
relation to stateside stations and therefore 
makes receiving much easier. 

If previously you've felt that a beam and 
tower were not possible at your QTH, 
pethaps re-evaluation of the situation isin 
order, This antenna, as shown in the 
photograph, does not appear offensive 
when viewed from the front yard. Yet the 
overall amount of property occupied (at 
‘ground level) is less than one square foot. 
‘And the turning radius is slightly over 11 
feet (3.35 m)! This material was originally 
presented in QST by Robert Myers, WIXT 
and Clarke Greene, KIIX. 
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Linear Loaded 20-Meter Beam 


Build this novel minibeam for 20 meters... . it works! 


the height and room for them. But much of 
the advantage is usually lost with average 
installations. So why bother with a sad- 
looking monster a few feet atop the house 
when a trim, smaller model will do the job. 
This article deals with a method that 
eliminates the messy and expensive loading 
coils as well. 

Havingbuilt an HW-32A transceiver, the 
author's 20-meter activity was restricted to 
the phone band. A homemade vertical 
antenna did a fair job in the states, but not 
for DX. Thiswriter’sthoughtsrantoa beam 
and the aluminum tubing that could be 
obtained for full-size construction. A 2- 
element beam was constructed, using a 
gamma match and information found inthe 
Handbook. The beam worked electrically, 
‘but the mechanical construction left much 
to be desired. It flopped in the wind like a 
wounded butterfly. The author tried to 
correct this with a wooden framework, but 
it was just as bad, Something with shorter 
elements was desired, something that was 
rigid and would still perform well. Butall of 
theauthor’sresearch turned up only loading 
coils or other methods involving a loss 
compromise 

‘The author's aluminum supply included 
four 12-ft (3.66-m) lengths of 7/8-inch (22- 
mm) diameter tubing. This would give two 
elements of 24 ft (7.32-m) length and a 
minimum of sag. The problem was how to 
mount them and make up the difference in 
physical and electrical length for a half- 
‘wave length. Loading coils were ruled out. 
The possiblity of folding wire under the 
clements seemed to have merit. (Later, this 
‘was found to be called linear loading) This 
dictated a split element and standoff 
supports for the tubing, 

Two 2-f (0,61-m) lengths of aluminum 
channel were obtained for the clement 
supports (Fig. 7). each 12-f (3.66-m) 
section was attached using I-in, (25-mm) 
ceramic standoff insulators. A 34-in, (19- 
mm) birch dowel was used to stiffen and 


| 
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prevent crushing of the tubing where the 
attachment was made. Element supports 
were grooved and attached to a 10-ft (3-m) 
‘TV mast section using a single 5/16-in. (8- 
mm) U bolt. 

‘The folded additional loading wire was 
no, |2copper house wire withthe insulation 
stripped off, and was supported by two 
bakelite blocks on each element section. 
‘The blocks were anchored to the tubing by 
small sheet metal screws. Ends of the wire 
sections were formed into a loop to hold 
their position. 


‘Tune-Up and Adjustments 

My thinking in regard to coaxial-cable- 
fed dipolesis that they should use a balun or 
‘matching device of some kind. This beam, 
havinga split driven element, seemed tocall, 
fora :1 balunsinceit wasto befed with RG- 
58/U (Fig. 8). Formulas found in hand- 
books for beam-clement lengths did not 
seem to work for the linear-loading design, 
sso cut-and-try was used many times. Infinal 
tests, a grid-dip meter was utilized with a 
calibrated receiver to determine the driven- 
‘element total length of 35 ft (10.67 m). A 
reflector with 10-ft (3.05-m) spacing was 
used. 

It was found that adding a reflector of 
five-percent greater length lowered the 
frequency (with the beam near the ground) 


‘The beam atop the author's tower. 


but on raising the beam to rooftop, the 
frequency had increased. The J0-ft spacing 
gavea 3:1 VSWR which wasvery difficultto 
reduce. Testing this arrangement on the air 
seemed to indicate more gain in the back 
direction than in the front. After many tests 
and much rebuilding ofthe wirelengths, the 
director element approach seemed to give 
the most encouraging results. The VSWR 
was down to 1.5:1 and the five-percent 
shorter director raised the frequency tothe 
phone band. Spacing was reduced to 7ft6 
in, (2.29 m). 

“More research brought out the possiblity 
of inductive matching to get the VSWR 
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Fig, 7— Construction details of the loaded beam. 


Introduction 


The first and most important aspect of assembling any electronic project is that of 
soldering, which is a delicate and precise skill that can be mastered with experience. 
Sometimes called “soft soldering”, there’s no shortcut to acquiring the necessary expertise, 
and producing a consistently satisfactory solder joint takes a little practice. However, like 
riding a bicycle, soldering is an art which once learnt is never forgotten, and the purpose 
of this new and updated guide is to explain the techniques of soldering and desoldering for 
beginners, which I hope will set the hobbyist or trainee technician firmly on the road to 
successful electronic assembly or repairs in the future. 


Soldering is the least “aggressive” way of joining non-ferrous metals together, and 
is used universally in electronics, air conditioning and refrigeration circuits, household 
plumbing and more besides — applications where the precise joining together of 
components at fairly moderate temperatures is needed. Further up the scale, brazing 
involves using higher temperatures to melt brazing rods onto larger metal parts, perhaps to 
repair a metal chair, lawnmower or to fabricate metal components or jewellery into 
intricate shapes. Lastly, welding is a very aggressive way of fabrication using welding 
rods or wire; steel girders, oil rigs and ships are all welded together, or robotic spot- 
welding is used for the mass production of, say, washing machines or car bodyshells using 
sheet steel to make strong rigid assemblies. 


Due to the lower temperatures used and the need to make consistently good 
electrically conductive and mechanically sound joints with precision, soldering is used to 
connect components together when manufacturing electronic circuits. Small components 
would quickly be destroyed by brazing or welding, although tiny spot-welding joints do 
appear in electronics, perhaps to weld a metal tag onto a button battery. 


This guide therefore deals with the soldering techniques used in electronics at 
hobbyist or trainee educational level. It explains what to look for before buying a 
soldering iron, describes ways of making various solder joints on circuit boards and other 
electronic components, and also how to desolder — removing solder in order to repair a 
circuit board or replace an electronic component. 


You'll also find more details of other aspects of soldering, including an outline of 
typical solder types and fluxes. In short, everything you need to get started in electronics 
soldering is here, so let’s get started! 
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Fig, 8— Critical olactrical dimensions. 


The Log-Yag Array 


down to a more reasonable level. Many 
hhairpin lengths and widths were tried with 
varying results. The final hairpin was 23-in. 
ong by I-1/2in, (80 x 38 mm) wide with a 
slight fan shape tofitthe balun connections. 
This reduced the VSWR at 14,200kHz and 
14,350 kHz with a flat response in between. 


On-the-Air Tests 


The help of other amateurs in tests for 
front-to back ratio was very helpful. 
‘Average reports have been 2.5S unitsin the 
forward position over the back position 
‘The author did not have a reference dipole 
for gain tests, but has heard and worked 
more DX than in the past 20 years. ‘The 
beam is mounted on a rooftop 10-ft (3-m) 
steel tower 38 ft(I.6-m) above the ground. 
It weighs around 20 pounds and is rotated 
by an older-type TV rotator. This material 
was originally presented in QST by Cole 
Collings, WOYNF, 


The Yagi antenna array has been around for years and years. A relative newcomer 
to hams is the log-periodic dipole array (LPDA), which offers nearly constant gain 
over a greater bandwidth than the Yagi. Guess what happens when you cross a 


Yagi with anLPDA.. 


number of amateurs have considered 
‘monoband Yagi arrays. The first problem 
encountered seems to be array length, that, 
is, overall size for a desired gain’ and 
bandwidth. The Log-Yag principle, as will 
bediscussed shortly, has produced asystem, 
which will provide the amateur with 
another alternative to the long-boom Yagi, 
stacked Yagis, or loop-antenna systems. 
‘The L-P Yagi (Log-Yag) array is not a new 
system; many such arrays have been 
designed and developed by Oliver Swan! 
and others? This article, however, 
Provide the basic theory of operation, 
design procedure, and the construction ofa 
practical antenna, 


‘Theory of Operation 

The Log-Yag array utilizes an LPDA- 
driven’ group of elements, designed to 
cover a desired bandwidth, in conjunction 
with parasitic elements to achieve higher 
agains and greater directivity than would be 
realized with either the LPDA or Yagi 
array alone. The Yagi array requires long 
boom and wide element spacing for wide 
bandwidth and high gain. This is because 
the Q of the Yagi system increases as the 
number of elements is increased and/or as 


ill Thoattachment ofthe elements to the boom. 


From theron ote back fhe Log-Ya9 a 
the spacing between adjacent elements is Note the truss provides aie 
decreased.‘ An increase in the Q of the Suppor 


Yagi array means thatthe total band 
of that array is decreased; optimum gain, 
front-to-back ratio, and sidelobe rejection 
are obtainable only over small portions of 
the band. Dr. I. L. Mortis, using a high- 
speed digital computer, has completed 
extensive research on 4, 8 and 10- 
director Yagi-Uda arrays. His work is 
comprehensive and is recommended 
reading for all technically minded ama- 
teurs. The parameters varied in his study 
were element length, spacing, radius and 
number. As can be scen in Fig. 9, the 
forward gain and front-to-back ratio 


‘Toe completed Log-Yag array ready foruse. The 
vray mountee above ine Log-ag isa 7-elament 
POA for21 1030 Mee. 
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Fig. 9—The efecto director spacing on 
various Yagi strays. The change in gain and front- 
to-back rato potted forthe change in crector 
spacing. The rellector spacing has Boon hole 
constant 


‘The connections between the balun and the 
input terminals 


deteriorate sharply as element spacings 
decrease. Ifthe elements are closely spaced, 
then as the frequency is shifted either side 
of the array design frequency the electrical 
spacing between adjacent elements changes, 
rapidly. This causes a higher SWR and a 
deterioration of forward gain and front-to~ 
back & 

‘The Log-Yag system overcomes this 
difficulty by usinga multipledriven clement 
“cell” designed in accordance with the 
principles of the logeperiodic dipole 
array.’-* Since this log cell exhibits both 
gain and directivity by itself, it is a more 
effective radiator than a 
driven element. The front-to-back ratioand 
ain of the log cell can be improved with the 
addition of a parasitic reflector and 
director. It is not necessary for the parasitic, 
clement spacings to be large with respect to 
wavelength, as in the Yagi array, since the 
logcellis the determining factor inthearray 
bandwidth, In fact, the element spacings 
within the log cell may be small with respect 
to a wavelength without appreciable 
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Fig, 10 — Beam pattecns of 20-meter arrays. 
No. 1 —S-l-log eal dit @0.1n, rel. @O2. 
No.2— Sl. log periodic, «= 01 

No, 3— Sal log eel ist dir. @0.10 


deterioration ofthe cell gain. For example, 
decreasing the relative spacing constant (0) 
from 0.1 t0 0.5. will decrease the gain by 
lessthan 1 dB. Hence, a further eductionin 
boom length, It can be seen that the Log- 
Yag array will exhibit high theoretical gain 
(11 dBd), high front-to-back ratio (30 dB), 
high cross polarization (front-to-side ratio. 
—45dB),andawideband response utilizing 
boom lengths approximately one half that 
‘ofa Yagi with similar characteristics? 

‘The author has built many monoband 14 
MHz Log-Yag arrays in an attempt to find 
fan optimum combination of clements, 
‘hile holding the boom length to that of @ 
full-sized, three-clement monobander Yagi. 
Relative radiation patterns for various 
element combinations are found in Fig. 10. 
The final array design takes the form of a 
four-clement log cell, parasitic reflector 
spaced at 0.085 Anu and parasitic director 
spaced at 0.15 dons Wher Ans isthe longest 
free-space wavelength within the array 
passband. It has been found that array gain 
is almost unaffected with reflector spacings 
from 0.08 4 to 0.25 A and the increase in 
boom length is not justified 9 The function 
of the reflector isto improve the front-to- 
back ratio of the log cell while the director 
sharpens the forward lobeand decreasesthe 
hall-power beamwidth. As the spacing 
between the parasitic elements end the log 
cell decreases, the parasitic elements must 
increase in length.!® 

“The logcellis designed to meet upperand 
lower band limits with a= 0.05. The design 
parameter r is dependent on the structure 
bandwidth, B.. Whea the log-periodic 
design parameters have been found, the 
element length and spacings can be 
determined. A review of the “Log-Periodic 
Dipole Array" is recommended though not 
necessary for the design of the Log-Yag 
array. 

The method of feeding the antenna is 
identical to that of feeding the log-periodic 
dipole array without the parasitic elements. 
‘As shown in Fig, 11, a balanced feeder is 
required for each log-cell element, and all 
‘adjacent elements are fed witha 180° phase 
shift by alternating connections. Since the 
Log-Yag array will be coveringa relatively 
small bandwidth, theradiation resistance of 
thenarrow-bandlogeell willaryfroms0to 
90 ohms tubingelements) dependingonthe 
‘operating bandwidth. The addition of 
parasitic elements lowers the log-cell 
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No.4 — 4-1 log cell, rot. @ 0.15. 
No. 5 — 401 log colt ir @ 015A, ot. @ 0.085 
(Gescribed in this article. 


radiation resistance. Hence, it is recom- 
mended that a I-to-| balun be connected at 
the log-cell input terminals and 52-ohm 
coaxial cable be used for the feed line. The 
‘measured radiation resistance of the 14- 
MHz Log-Yag installed at the author's 
QTH is 37 ohms, 14.0 to 14.35 MHz. Itis 
assumed that tubing elements will be used. 
However, if a wire array is used then the 
radiation resistance R, and antenna-feeder 
input impedance Z, must be calculated so 
that the proper balunandcoax may be used. 
‘The procedure is outlined in detail in The 
ARRL Antenna Book. 


Design Procedure 

The following step-by-step design 
procedure may be used to design any 
monoband Log-Yag for any desired 
bandwidth, 
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Fig, 11 ~ Layoutot the Log-Yag array 


1) Determine the operating bandwidth. 
B, between lowest frequency (bandedge), ervector 
and f,, highest frequency (band edge), 


B 


h 

2) Determine the structure bandwidth 
(log-cell array) B.. 
B= 1.15B 

'3) Determine the design paramete 
(based on 4-clement log cell, note 1) 
eee) 


i 


Note 1. The design parameter rischosen | oweécron 
for a four-element log cell since it provides 
the best bandpass for most amateur bands, 
For log cells with any number of elements 
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= ve Fig, 12 — Assembly dete. The numbered component eer to Table 6. 
where n= number of elements withinthelog 
cell 
4) Determine the apex hall-angle 
Since g = 0.05 (relative spacing constant), 
then 
02 


5) Determine the longest free-space 
wavelength Ans, log-cell boom length, (ft) 
and longest element length within the log 
cell h (0), 

984 
MHz 


Lae “The interconnection between the alomants ofthe log cell changes sides between each element 


6) Determine the element spacing (du), 
distance between elements I; and l (ft). 


1 
dae} (4-2) cot Tes 
Array Characterstios 
and 1. Frequency range 1414.95 MHz 
ansad 2 Operating anew 3108 
ies 3. Design paramete 7 = 0.946657 
duera 4 Apex half angle SaaS", cot-3.753, 
paren 5, Mall-power baam width “A2® (14-14.95 MHz) 
5: Bandwictn of sroture Be sa7a73 
7, Frawapaco wavelangih mostoaen 
& Logeat ooomtangt Tre onc 
9: Longer og element 7, =38.44 8 (a tabulation of element ongths 
ancspacingsgvenin Table2) 
10. Forward gan over dipole 1158 theoretea) 
“ 11. Fronttosback aio 3248 theoretic) 
dnee= oe 12 Fronttorie vaio $58 theoretical 
i MHz 12: Inpotimpedance, 23h onms 
34 Swe ‘oto (4-14.05 MH) 
town = 2508 16, Total weight Sé pounds 
ii MHz 16: Wine oa aron boon 
17, Feed pant mpedance 2p 237 ohms 
don= 48 1% elector iongth Ban@oottepacing 
on fy MHz 19, Director length 3221 @ 10.5 Mt spacing 
20, Total boom ength Bean 
This completes the design. ‘The mechanical construction ofthe log cel is identical o that described in The ARAL Antenna Book 
rae SEES Eneoptiorieiagin an spactge Pi 12snons how thelog eal sconce swe ose 
1 Finished Log- dation ofthe parestizelements 
The proof is always to be found in the 1100478 


completed and operating product. The 


Yagi Antennas 51 


‘Table 
‘Array Dimensions 
Element Length Spacing 
A ra 
elector 364 8a (Ret.t0/) 
4 3514 351 (4) 
& 3327 33216) 
4 3149 314(@) 
he 2381 10357 (ito dir) 
Divecior 322 
1t=090478m 
Tables 
Materials List 


1. Alumiou tubing — 0.047 in, wall thickness 
4 in. — 12 ft lengths, 2¢ in. fe 
Lin. —12ttoreitlengtns, 8 in. 
TiRin.—12Ror BMiengths, 72. 
‘¥4in.—Bitlengins ain. 
‘3/4 in. —6 flongths, 36 in. 

2. Stainless steel hose clamps ~2in. max. 

‘3. Stainless steal hose lamps —1-1/41n. max, 
2Aea. 

4. TWaype U bolts — 1-1/2in, 623 

‘5. Ubolts galv type: 5/18in. 1-1/2n,4¢a. 

é 

z 


bolts, galv ype: 1/4in.X Tin, 20a, 
1In. ID water-service polyethylene pipe 160 
lyin test, approx. 13/84, OD, THe. Tt 

8. 11/4in.X1-1/4in,X1/Bin.aluminumangle—6 
ftiengtn, 12tn. tt 

9 Tin. X174In, aluminum bar —~6 lengths, 6 
lint 

10.1-1/4n. top ral of chainsink fence, 26.5 in. t 

41.1 toroid balun, 10a, 

12, No. 632 X tin. tains stoe! sorews 
No. 6-325tinlese stl nuts, 16a, 
No. solder huge, 6, 

13. No. f2copper ood wire, 23tn. tt 

44 12in.X8in.2C1/4 0. aluminum pl 


1 
15, Gin. Xin. X1/4in aluminum plata, 108 


18. /4in. gay. pipe, Sin. 
17. Vin. gal. pipe — mast, Stn. t 
18. Gal. guy wire olin. 

19. 1/4in XB in. tumbuckles, 49 
20. Vein. X1-1724n, aye bolts, 2 
21. TV guy clamps and eyebolis, 26 


4'= 030478 m 
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‘Tables 
Element Material Requirements 


tin, 7/80 

Tubing Tubing 

Length Length 
Element (F1) Oty. (Fy Oy. 
Retiector w4 82 
4 8 2 6 2 
nN 52 42 
4 8 2 62 
A 52 6 2 
Director 24 62 
1 fte0.20478m 


S/n, 1 1/4in, 1X14 
Tubing Angle 

Longin engin 

(Fy Oy. ) 

82 None 

82 3 

8 2 a 

6 2 a 3 

6 2 3 1 
62 None None 


author's 14-MHZ Log-Yag on-the-air, 
performance on cw and ssb substantiates 
the theory. The characteristics of the array 
are given in Table 3. 

‘The materials needed are givenin Tables. 
In the construction diagram, Fig. 12, the 
‘materials are referenced by their respective 
‘material list number. The photographs 
show the overall construction picture, and 
the drawings show the details. 

‘The materials should be available from 
most hardware and electronic stores. 
However, some have found difficulty in 
obtaining aluminum tubing. This can be 
solved by writing to the manufacturer and 
asking for the name of their distributor 
nearest your locality. Commercial antenna 
manufacturers will sell their tubing, but the 
cost is at a premium, 

‘This array isin operation at K4EWGand 
W4BBP. The results on the air are nothing 
short of fantastic! It will give the stacked 
Yagis and long-boom Yagis a run for their 

It is the authors’ hope that this antenna 
design will stimulate additional work and 
research by other amateurs. The field seems 
‘wide open, and Yag-Log combinations are 


endless. The optimum designis by nomeans 
achieved in this article. It does seem, 
however, that 2 log cell of more than four 
elements would be necessary only wherethe 
array bandwidths, B, exceed 1.03 (B=f/f) 

‘The authors wish to thank George 
Smith, W4AEO, for his work in substanti- 
ating ‘a consideration for log periodic 

gain.* This material was originally pres- 
Ented in OST by P. D. Rhodes, KAEWG 
and J, R. Painter, WABBP. 
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Chapter 3 


Quad Antennas 


A currently popular form of directional 
‘gainantennais called the “quad.” In general 
performance principles, it compares 
favorably to the Yagi beams discussed in 
chapter 2. The proper nameforthisantenna 
is the “cubical quad.” It was developed by 
Clarence Moore, W9LZX, in 1942 when he 
was an engineer for HCJB in Quito, 
Ecuador. The design came as a solution to 
large corona discharges at the ends of 
existing beam-antenna elements. The 
problem was caused by the highly ionized 


air at the transmitter location, some two 
miles above sea level. Operation was in the 
commercial 25-meter band, which for the 
intentions of the broadcaster, required a 
gain type of antenna, 

Moore concluded that a gain antenna 
with no ends was required to handle the 10- 
KW power without corona or flashover. 
Thus, the quad was born. Not only did it 
hhandie the power without difficulty, it later 
became a popular amateur antenna after he 
developed a model for use on 20 meters. 


The primary limitation of quad antennas 
is the unwieldy nature of the “beast,” 
especially at 40 and 20 meters, compared to 
a Yagi. The supporting framework is, 
subject to extreme stress from ice and wind 
loading. Nonetheless, the quad has proven 
to be one of the most effective DX beams 
that an amateur can build at modest cost. 
This chapter contains data on various types 
(of quads for a number of amateur bands. It 
is a compendium of the best on the subject, 
as published in past issues of OST. 


Quads and Yagis: Comparisons, Patterns 
and Working Dimensions 


Want a fresh look at the Yagi vs. quad question? This is “must” reading for the 


antenna-minded. 


antennas which can compete with the 


presented. A compilation of some of the 
working dimensions for both types of 
arrays are also given. This latter material 
should be of interest to the builder and 
experimenter, 


Introductory Antenna Theory and 
Definitions: Polarization 


Inspection of the radiation field of an 
antenna will show it to have plane-wave 
character and to be made up of electricand 
magneticfield lines which are perpendicular 
to cach other. Polarization of an electro- 
magnetic wave is defined asthat directionin 
which the electric field lines are oriented. If 
the electri field vectoris fixed (indirection) 
a plane iti said to be linearly polarized. 
For example, the polarization of adipole is, 
linear. Ifthe plane in which this dipole lies is 
horizontal or parallel to some reference 
plane (e.g., the surface of the earth), itis 
called a horizontally polarized antenna. 
Vertical polarization would result if the 
dipole were placed perpendicular to the 
reference plane. Itshould benotedthatif the 
electric vector doesnotstay fixed in position, 
bbut rotates (its tip tracing out an ellipse), 
then the wave is said 0 be elliptically 
polarized. Circular polarization is a special 
‘case of elliptical polarization. Eliptical 
polarization will have a right- or left-hand 


sense, depending upon the direction of 
rotation of the electrie vector. 


Directivity and Gain of an Antenna 

“The degree to which a particularantenna 
can concentrate the antenna pattern into a 
beam is known as directivity. Mathermati= 
cally, itis the ratio ofthe power density (in 
Watts per square unit of measure) that 
Would be available at an observation point 
to the power density one would have if the 
total radiated power were radiated equally 
well in all directions? Directivity is a 
funetion of the antenna pattern alone and 
does not take into account antenna 
eflicieney oF losses. 

“The gain of an antenna can be defined in 
terms of directivity when antenna efficien- 
ey is taken into consideration. If K is the 
antenna efficiency, a number between 0 
and I, then antenna gain is given by 
G=KD 
where 

G = antenna gain 
K = antenna efficiency 
D = directivity 


The gain in decibels is then 
4B gain = 10 log G, 
Please note that the above definition has 


n by 
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been such that it is a function of the 
observation point, In amateur circles gain 
is usually measured at that observation 
point where the maximum power density is 
observed. Further, when considering 
practical Yagi and quad arrays for the hf 
range, K is normally taken as 1. Gain 
measured in the above manner is normally 
called gain with respect to an isotropic 
antenna. Itisinteresting to note that since a 
half-wave dipole concentrates its pattern 
into certain directions, it will have some 
gain with respect to an isotropic antenna. 
‘This gain with respect to isotropic is found 
tobe 


G= 164 
or, in dB, 
Gay = 2.15 4B 


If the vertical and horizontal half-power 
beam widthsare known for a given antenna 
the following formula will give (somewhat 
‘on the generous side) the gain of the 
antenna with respect to an isotropic 
antenna 


40,000 
Guy 


jrizontal half-power beam width 
in degrees. 

= vertical half-power beam width in 
degrees 
This formula assumes low-side and back- 
lobe levels for the antenna pattern. If the 
‘gain with respect to isotropic is known then, 
the gain with respect to a half-wave dipole 
is obtained by subtracting 2.15 dB. 


Antenna Aperture or Area 

This concept is of most use when 
discussing a receiving antenna. It is a 
‘measure of the antennas ability to gather 
in available radiated power at some 
receiving position. Antenna area and gain 
are directly related 


intenna gain 
operating wavelength 
‘A = area (based upon square units of 
length measurement, with the length 
‘measurement the same as that assumed for 
2) It should be noted that one cannot have 
‘two antennas with the same gain and 
different areas. One hears this concept 
misused (in thesense of the above sentence) 
quite often on the amateur bands, That is 
to say, if you feel that one antenna has 
more capture area than another, then it 
must also have more gai 


Antenna Patterns 

‘The pattern ofan antenna may beplotted 
by recording the received electric field 
strength or power density as a function of 
viewing observation) angle. The properties 
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of most antennas used by radio amateurs 
(below 30 MHz) can be described by two 
basic patterns. Consider a pattern due to a 
radiating half-wave dipole, this pattern to 
be obtained by moving a sampling or test 
antenna about the dipole in the horizontal 
plane which contains the di 

pattern is called the horizontal-plane or E- 
plane pattern (the pattern was taken in a 
plane containing the electric E-lines, hence 
the name E-plane pattern). Ifthe sampling 
antenna is placed directly in front of the 
horizontal dipole (and in the horizontal 
plane) and moved up over the top of the 
dipole (in a plane perpendicular to the 
horizontal plane), and on around until it 
returns to the starting position, the result is 
the vertical-plane or H-plane pattern (since 
the test antenna moved ina plane arallelto 
the magnetic H-lines itis called an H-plane 
pattern), 

For Yagi and quad arrays these two 
patterns will give enough essentialinforma 
tion to determine their expected radiating 
properties. 

Comparison of Quad 
and Yagi Arrays 


‘The cubical quad antenna was first 
introduced to the radio world in 1942 by 
Clarence C. Moore at HCJB to alleviate a 
serious corona problemoccurringonalarge 
commercial shortwave Yagi array. It is a 
parasitic array formed with loop elements 
which are approximately one wavelength 
in circurnference. 

Important to proper operation of aquad 
antenna are considerations of proper, 
clement sizes, spacing between elements, 
boom length, feed impedance and so forth. 
The following material presents a discus- 
sion of these considerations and a compari- 
son of the quad and Yagi arrays. 


Polarization of a Quad Antenna 

‘The polarization of a quad antenna can 
be determined by considering the current 
distribution on thedriven element. Tostress 
the point that square, diamond, or circular 
loop all produce essentially the same 
polarization, consider the current distribu- 
tionshown in Fig. |. A littlethoughtreveals, 


that fact that the vertical components of 
current produce radiated fields that cancel, 
each other, and the horizontal components, 
of current produce a radiated field 
(broadside to the loop) withall components, 
adding. The polarization of any of these 
loops is then linear and parallel to an 
imaginary horizontal line drawn through 
the current minima. Hence, ifa quad loopis, 
fed at the bottom it produces horizontal 
polarization, and if fed on the side it will, 
have vertical polarization, The geometrical 
form of the loop, square, diamond or 
circular, does not mean that the (broadside) 
radiation has a possible combination of 
‘both horizontal and vertical polarization or 
circular polarization. This seems to be @ 
common misconception in amateur circles 
‘The linear polarization properties intro- 
duced above can be verified easily experi- 
‘mentally. It should be further noted that 
there are no noticeable differences in the 
radiating properties or impedance of a loop. 
I wavelength in circumference whether it be 
of the circle, diamond or square configura- 
tion, 


Angle of Radiation for a Horizontally 
Polarized Quad Antenna 

Placement of an antenna above a 
conducting ground will alter its free-space 
radiation pattern, positioning the maxi- 
‘mum of its main lobeat possibly anewangle 
with respect to a horizontal reference line. 
‘The angular position of this main lobe is 
called the angle of radiation. The angle of 
radiation of an antenna is a function ofits 
height above the conducting ground and its 
polarization. Given the height and the 
polarization, the angle of radiation can be 
determined by using the concept of the 
aantenna’s virtual image or ray theory and 
reflection of the wave by the ground. 

‘The following conclusions can now be 
drawn: 

‘The angle of radiation of a horizonvally 
polarized quad antenna, at a given boom 
height, is essentially the same as that of a 
horizontally polarized Yagi at the same 
boom height. 

This must be so because the boundary 
conditions imposed upon the electromag. 
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Fig, 2— Vertea-piane «adiation pattorns for a 
horizontally polarized quad of Yagi array above 
perfectly conducting ground 


netic wave at the surface of ground are 
completely insensitive to the fact that the 
wave is preduced by a quad antenna as 
opposed to the wave produced by a Yagi 
antenna. 

Typical patterns of a quad or Yagi 
antenna placed at a height of 1/2 or 1d 
above a perfect round are shown in 
atAand B, 


jin Comparisons of the Quad Ant 
with the Yagi Antenna 


‘The gain of a quad array (of given boom 
length) seems to be somewhat higher than, 
that of a Yagi array of the same boom 
length, This gain difference can be ex- 
plained by considering the theoretical work 
of Adachi and Mushiake of Tohoku 
University in Japan, In 1952 and 1957 they 
Published two papers which discussed the 
current distribution, impedance, and 
radiating properties of loops of large 
circumference. 

Fig. 3 shows the gain of asingle loop asa 
function of wavelength and wire diameter 
Fig. 4 shows the variation of reactance and 
radiation resistance for asingle loop. Please 
note the dependence upon the circumfer~ 
ence-to-wire-diameter ratio in these two 
figures. They showed that the broadside 
gain ofasingleloop 1A incircumference was 
approximately 2 dB above that of a half 
wave dipole. This result implies that a 
parasiticarray ofloopelementsshould have 
the same gain advantage when compared (0 
2 Yagi array of comparable boom length, 

‘This gain differential for the quad array 
does appear and can be verified experimen 
tally. Fig, 5 demonstrates this comparison 
The points on the figure were obtained as 
follows: For the antenna under considera- 
tion Eand H plane patterns were made. The 
‘gain was then calculated using the Eand H- 
plane half power beam widths of these 
radiation patterns and the formula dis 


Fig. 3 — On-axis gain ofa single loop a8 a 
furelion of loop cisumterencs. (From “Studies 
of Large Circular Loop Antennas’ by 5. Adachi 
fang tuahiake Ser Rep. satu, B-(eloct 
Comm | vol 8 no, 2, Tohoku Line, Senda 
Japan, 1957.) 


cussed above. This gain and the boom 
length of the antenna were then used to 
determine a point on the graph given in Fig, 
5, where gainand boomlength represent the 
parameters under consideration. The data 
points for many, many antennas, bothquad 
and Yaui, werethen piaeed onthe graphand, 
a smooth curve representing an average for 
teach type of antenna was then drawn, 

The expected gain difference of 2dB does 
indeed appear in favor of the quad antenna, 
This gain differential is essentially that 
predicted by the results of the Japanese 
‘workers cited above. 

The measurements used to obtain the 
above gain comparisons were performed at, 
440 MHz, A measuring frequency of 440 


a 


Fig. ¢— Reactance and radiation resistance of 
‘a single loop vorsus cieurnference. Note: 138 
‘measure ofthe ratio of loop eircumierence to 
‘ire diameter 1» 2s Ba/p where a = loop 
radius and p= wire radius. 
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Fig, 5 — Que and Vag! array gain as a tunetion of boom length. 
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Tablet 


‘Quad Dimensions 

Zeelement Quad (WSHTH) 

Spacing (given below) 

‘Boom length (given Below) 

Band om 20M 15M 10m 

Fetloctor Msnst-12i0, — T2MK4In 488i. 351t7in 

Driven Element 140111-1/2in, 7044. 47a 34nt7in 

‘Spacing sort 13H on ettsin, 

Boomtength —30rt 131 ron bit6in, 

Foodmetnod Directly with 28 Directly with 11 Directv wih 7 Directly with st 
OFAG-11, then Tin. AG-11, then 84/2in. AG-11, Bin. AG-t1, then 
fany length AG-8 any length AG-8 thenanytength any length AG-8 
coax. coax FG-8 coax com, 


(Note that a spider or boomiess quad arvangoment could be used forthe 10/18/20 meter parts of the 


ssbove dimensions yielding a riband antenna) 


108 
Boom length: 301 
Band 20M 

Phone ow 
Retioctor T2nrAzin. T2NSin, 
DrivenElement — 701¢3-V/2in. 7OISin, 
Director eanttin.  sefttin. 
Director? eontin. —— gofttin 
Feed Metnod Directly with 

50-ohm cose. 


“Common boom used to forma tiband array. 


 (WOAIW [20 M] WOHTH"" /KOKKU/KOEZH/WBFXB) 


15M 10M 
aanein 35118-1/2%n, 
arttain, Be RB/2In, 
attain Batt 7-1/4in, 
aottain BBMt7-1/4in 
Directly with Directy with 
so-ohm cosx. ‘519i. RG-11, then 
any length RG-8, 


"The 2-element dO-meter quad glven above is added to form afour-band quad aay. 


‘element Quad (WSHTH/KBDYZ"/KBYIB"/W7EPA) 


Spacing: equal; 13 ft 4 in 
‘Boom length: 40 
Band 20m isu 0M 
Reflector Tattsin, 46ft4in 3512 66/2in, 
DrivenElement 70485) 4a7ioin. Ban B72" 
Director | eatin. aetttin (Directors 1-3 
Ditector2 sontin a6i tin sstt7in* 
Feed method Directy with Directlywith 7 Directly with 
‘0-ohm coax Bin. RGe1%,then any 60-ahm coax. 


length S0-chm coax 
“For the 10-meter band the driven element is placed betwoen the 20/15 reflector and 20/1Seriven 


element. The 10-metr reflectors placed on the sa 


ym c3 the 20/15-metor reflectors and the 


emaining 10-meter directors are placed on tho ramaining 20/15-meter rames. The TO-moler portion is 


then a element quad, 
-element Quad (wevOM, WUMI) 


Spacing: equal 128 
‘Boom length: 60 

Band: 204 

Retlector 72k -172 in. 

Driven Element TOR 1172 In 

Directors t-2and3 69 Tin 

Director + 691 tin 

Feod Method Direcly with SO-ohm coax, 
11+ 0.3048 m 


MHz was chosen so that 1 cm (at this 
frequency) is equivalent to 1 foot of 
measurement at Id MH. Hence, to relate 
these results directly to the 20-meter 
amateur band, boom length in em from the 
curvecanberead.as boomlengthin feet. For 
example, the gain of a quad on a 40-foot 
(12.19-m) boom should be slightly more 
than 1 dB above a quad on a25-foot(7.62- 
1m) boom. Comparison of the signals from 
these twoantennasatareceivingstation wll 
not reveal much difference; however, inthe 
DX pile-upsthelongerantennashould have 
a slight advantage. Another interesting 
interpretation ofthese results isto note that 
a quad on a 30-foot (9.14-m) boom is 
equivalent to a Yagi on a 55-fo0t(16.76-m) 
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boom. Hence the boom of a Yagi antenna 
must be about 1.8 times longer than the 
boom of a quad inorder forthe two gainsto 
>be comparable. 


Impedance Properties and Matching 


‘The driving-point impedance of a quad 
antenna depends upon the element spacing 
and number of elements. For 2-clement 
‘quad antennas the results of Bill Orrin his 
Quad Antenna handbook can be used to 
determine the driving-point impedance. 
For multielement quads (3 or more 
‘lements)* the impedance will range from 
40 to 60 ohms. Matching of these multi 
clement quads is most easily done by direct 
feed with a S0-ohm coaxial line. A 1:1 
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Fig, 6 A: Shape factor as a function of the loop 
circumtorence-to-wire diameter ratio. & Loop 
“resonant lengih correction factor” versus shape 
factor. (Circed values obtained trom S. Adachi, 
and ¥. Mushiake, “Stools of Large Circular 
{Loop Antennas” Sci Aap. Ritu, (Elect 
‘Comm.] val 8, no. 2, Tohoku Uni, Sept. 1957) 


balun can be used but experimental results 
show that it does not give performance any 
better than that obtained with direct feed. 
‘A gamma match can be used to obtain an 
exact match to any chosen coaxial line. For 
details of using a gamma match ona quad 
antenna see Bill Orr's Quad Antenna 
handbook. 

If'a single boom is used to construct a 
multiband quad antenna, then it is 
recommended that a separate feed line to 
cach driven element be used. 


Approximate Formulas for Quad 
‘Antenna Element Lengths 


‘The multielement quad antenna gained 
its first real popularity following the work 


of Lee Bergren, WOAIW, 
1960s. He published the results 
in QST in 1963. Many experimentalists 
hhave used his dimensions for antennas in 
the 20-meter amateur band and havescaled 
them to other bands. Based upon Bergren's 
work and others the following empirical 
formulas can be used to determine the 
‘element lengths of a quad antenna 


Circumference of _ 1005 
driven clement ~ Tum," 
Circumference of _ 1030 seg, 
reflector element ~ faa, 
Circumference of _ 975 egy 
director elements ~ Tour 


These results should only be used for 
quad antennas operating below 30 MHz. 
It is interesting to note that for quad 
antennas the reflector and directors 
are only 2-1/2 to 3. percent different 
in length from the driven element. This 
is a smaller change than that normally 
encountered in Yagi arrays. 

“The above figures should not be used for 
vhf of uhf quad antennas, At these higher 
frequencies the circumference-to-wire- 
diameter ratio becomes small enough that 
its effect upon the resonant properties of 
the loop must be considered. Here again, 
the results of Adachi and Mushiake are 
useful and the effects of wire size on the 
resonant length of the loop can be taken 
into account. These results are given i 
‘araphical form in Fig. 6 where, based upon 
the circumference-to-wire-diameter ratio, 
a circumference correction factor can be 
obtained. Once the correct size of the 
driven element is determined (using the 
results of Fig. 6) a quad antenna can be 
designed by making the reflector approxi- 
mately 3 percent longer and the directors 3 
percent shorter. 

‘The above results can be used to obtain 
workable dimensions but, just as with 
approximate formulas for Yagi antenna 
clement lengths, the “best” dimensions 
‘would have to be determined experi- 
mentally by tuning the array, 


A Collection of Quad and Yagi Patterns 
and Dimensions: E and H Plane 
Patterns for Quad and Yagi Arrays 


‘The previous section referred toa group 
of experimental tests, where a series of 
model antennas were constructed and the E 
and H plane patterns obtained 

It should be noted that these patterns 
have direct interpretation in light ofthe 20- 
meter band. Recall that the experiments 
were performed at 440 MHz, where 
dimensions for boom length, element size, 
and spacing incm aredirectly equivalent to 
dimensions in feet for the 20-meter band. 
For example, the pattern for a 440-MHz, 
S-element Yagi on a 55-cm boom can also 
be taken as the pattern for a MHz, 5- 
clement Yagi on a 55-foot boom. 

Perusal of these patterns will give @ 


2-ELEMENT CUBICAL QUAD ‘S-ELEMENT YAGI 


‘8-cm BOOM ‘20cm BOOM 
440 WH 435 MMe 
w (e) 


Fig. 7 — E and H plane radiation patterns for (A) 2-element quad antenna and (B) 3-element Yagi 
antenna. 


S-ELEMENT YAGI 


4-ELEMENT CUBICAL QUAD 
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Fig. 8 — E and H plane radiation pattern for (A) 4-le 


quad antenna and (8) element Yagi 


(6-ELEMENT CUBICAL QUAD ‘7-ELEMENT vaGi 


‘60-cm BOOM 80cm B00" 
490 Me 440 m2 
a ‘e) 


Fig, 9 — E and H plane radiation patterns for (A) 6-olament quad antenna and (&) 7-clement Ya 


‘Quad Antennas 


ST 


visual means of comparing the quad and 
Yagi arrays. It is interesting to note the 
dependence of gain and pattern beam 
width upon array boom length. Without 
further comment, typical patterns for both, 
types of antennas are given in Figs. 7 
through 9 


A Tabulation of Dimensions of Working 
‘Arrays 

Presented in tabular form are a few 
representative dimensions for both quad 
and Yagi antennas. These are dimensions 
presently in use by a number of amateurs. 
Most of the Yagi dimensions are due to 
amateurs across the country who sent their 
dimensions to Mr. Hal Wolff or the author 
to be modeled on the antenna range at the 
University of Denver. The quad dimen- 
sions also are those now in use by anumber 
of amateurs in this country and abroad. It 
should be noted that most of these 
dimensions, and the resulting model 
antennas, provided the necessary data used 
inthe previous section to compare the quad 
and Yagi, Where known, either the user(s) 
fr the originator of a set of dimensions is 
indicated. The first set of dimensions is for 
quad antennas, the second set for Yagi 
antennas, 


‘Summary 


‘A comparison between the quad and 
Yagi antennas, on the basis of gain, has 
been given, this comparison being based 
upon both theoretical and experimental 
results. The results indicate that if both 
antennas have the same boom length the 
gain of the quad array will be about 2 4B 
higher than that of the Yagi. For either 
antenna, gain is @ function of boom length 
and will increase approximately 2.5 dB 
each time the boom length is doubled. 
Hence, a2-4B gain advantages equivalent 
to a boom-length advantage of 1.8. In 
other words, for the quad and Yagi arrays 
to have comparable gain, the boom length 
of the Yagi antenna must be 18 times 
longer than that of the quad. 

The size of the wire used for the loop 
clement (felative to the loop circumier- 
ence) will have an influence upon the 
resonance and radiating properties of the 
loop. The influence of this shape factor 

the ratio of loop circumference to wire 
meter — can be accounted for by using 
the referenced results of Adache and 
Mushiake 

In conclusion, it might be stated that one 
type of antenna (quad or Yagi) is not 
necessarily better than the other. The 
choice between a quad or Yagi array will 
depend critically upon many factors. For 
example, if single-band operation is of 
main importance and the geographical 
‘area where the antenna is to be used does 
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Table 
YagiDimensions 
S-oloment Yagi(WBSAF) 


Beomlengih:26tt 
Band:20m 
Element 
Length Spacing 
Rellector ——34ft10-4/4in. DE 
"aR9-1/2in 
DrivenEiemont 3302-1/2in, DE—D: 
otea-v/2in, 
Director 31f.94/2i0 
‘3-elementYagi(WeOKC) 
Boomlenatn:26tt 
Band:20% 
Element 
engin Spacing 
Rotlector 3st RDE-t4tt 
DrivenElemont 350 din. DE—D:121t 
Dicoetor Sif Tin. 


‘-oloment Yagi (WACM,formery WOLYW) 
Boomlength:30%t 


fBand:20M1 
Etomont 
Length Spacing 
Rollector sft 44/2in. R—DE:I3tt 
Driven Element 32ft 2-1/2In, DE—D:17%t 
Director 3141 1oln 
FeoeMehod — Foldeddipote 
4-olomont Yagl KOKKU) 
Boomtongth: 30% 
and:20M 
Element 
Length Spacing 
Re sft Sin. (allelements 
Drivenélement 35it gin, equallyspaced) 
Director! Sif 9-1/2in, 
Direstor2 31M Zin, 


4-sloment Yagi WAPLL) 
Boomlenath: 301 


‘and:20M 
Element 
Length Spacing 
Roliector sit 4-1/2in. (alelements 
DrivenEloment 33 41/2in. equallyspacea) 
Director? 3tft &-1/2in. 
Director2 tft S1/2in. 


2088 m 


‘element Yagi (K6VIZ) 


Boomlength:s2ft 
Band: 20%8 

Element 

Lengin Spacing 
Relleclor _35ft6in.§—- R—DE:108t 
DrivenElement 32f Bin. OE—D1-104t 
Duectort Sift ain. O—D2 2H 
Director? If tin 
‘element Yagi(W0OKC) 
Boomlength:361t 
Band:20M 

Element 

Length” Spacing 
Refiector 35 Gin. R—DE:14tt 
DrivenElement 33M sin. DE—D1:10n8in, 
Director! Sift 61/2in, O1—D211"t4in, 
rector? Sift tin, 
‘element Yagi 
Boomlengih:40ft 
Band:2004 

Element 

math Spacing 
Retiector _gft6in. —- R—DE14It 
DrivenElement 33/ din. DE-D1:12ft 
Director! atit Tin, OT—O2 Tak, 
Director? aK Gin. 
‘S-elementYagl(WASZZX) 
Boomlength:@0" 
Band:20M 

Element 

Length Spacing 
Reflector att 10m, RDE'TON 
DrivenElement 331 4in.— OE—Dr:9ft 
Director’ 32H Gin. D1 —D21016n, 
Director2 321 2in.-—-D2—-DUONGIn, 
Director? «Sif Win 
S-element Yagi 
Boom length: 
Band:20M 

Element 

Length Spacing 
otlector 358 7-2/4in, 


DrivenElement. 34ft 5-3/8in 


Director? att Zin. 
Diector2 Sift 6-1/2in, aLTIRGIn) 
Director 30M 4.1/2, 


not have high-wind problems, the best and 
simplest choice would bea long-boom Yagi 
antenna. If multiband operation is desired, 
or if wind problems were to limit the length 
‘of the boom to some nominal value, then 
the quad antenna would be a good choice. 


Likewise, the choice of available mate- 
rials in your locale, and the acceptance 
of the appearance of the antenna by 
your neighbors or family, constitute other 
determining factors. The best approach 
is to survey your requirements and 


S-elemontYagi(KBEVA) 
Boomlength:48tt 


Band:20%8 

Element 

engin Spacing 
Retlector —asit4in. © R-DET28 
DrivenElement 331 Sin. DE-D1:108 
Directort STE Bin. © DY—DI 2K 
Director? 31k Bin. D2—Da2Kt 
Directors 31M Bin 
S-element Yagi(wePwh) 
Boomlength:52t 
Band:20M 

Element 

engin Spacing 
Retloc tt 1tin, R-DE:t3t10in, 
DrivenElement 3311 4-1/2in, DE—D1:70"tSin 
Director! 32H Win, O1—D2 13410, 
Director? 31M 2in”—02—DB:134110in, 
Directors 30H Qin 


S-oloment Yagi(WAEX, formerly W4DGH) 
Boomlength:s4ft 


Band:20M 

Element 

Lengin Spacing 
etlcor —_35ft Qin. ADE: 19N6in. 
DrivenElement S31f ain. DE—DI-1116in 
Dirctor 32m in, O1—D2ISt 
Dwsctor2 ait Tin. B2—DS:t6it 
Directors 31M TH, 


5-elementYagi( WEAR, formerly WBITA) 
Boomlength:s5tt 


Banc:20¥ 
Etomont 
engin Spacing 
Reflector _34ft Gin. R-DE:T6NISin, 
Drivenelement 33ft Zin. 
Directort Sif! tin, (Allelomonts 
Director? 31M 9-1/2in, equallyspaces) 
Directors if Bin 
S-elementYagi 
‘Boom length: 46 
Sand:20M 
Etoment 
Length Spacing 
Retlector —_3sit in. 
DrivanElement 348 &1/2in. 
Director!” 32it Tin. squallyspaces 
ior? aft Bin. at 2B/BIN) 
Directors 31M 41/2in, 
Directors SII V72in 


6-elementYagi(W0OKC) 


Boomlenain:46 
Band:20% 

Eloment 

engin Spacing 
Retlecor _35f din, DET 
DrivenElement 33" sin. DE-Dv-8tt 
Director” 3ift tin, DI—DzoHt 
Director? aif $-72In._02—Ds-anEIn, 
Directors Sf 1/2in.OS—D4:9nin, 
Directors 308 Tin 
G-elementYagi(WeOKC) 
Boomlengih:74tt 
Band:20M 

Element 

Length Spacing 
Rellctor 5H Sin. RDE-18N6in, 
DrivenElement 33H din. DE—DI:9nin 
Director 31M G-1/2in. D102 14 
Director? 31ft 21/2in. D2—DS-17HGIn 
Directors 30M 11in,DS—04.2108 
Director Sort Bin. 
element Yagi(WEHAW) 
Boornlangth:80tt 
‘Bana:20M 

Etement 

Longs Spacing 
Rollector ft Sin. DE 14" 
DrivenElement 33ft din, DE—Di:T1" 
Dieciort SINBin. DIORA 
Director2 aif Ain. D2—Da-Tatt 
Directors gor in. D3—D4-TaHt 
Directors OTB. Da—D5:168t 
Diteclors 301 Bin. 
‘B-elementYagi(WABEKD) 
‘Boomlength: 1001 
Band:20 

Etoment 

engin Spacing 
Rellecior 348 Sin. _—_(Allelements 
DrivenElement 33M Sin. equallyspaced 
Diectort S2ft in, attain) 
Director? 31M 11-4, 
rector). ft 9-7/8in 
Ditectors 311 Bin 
Directors ft 2in 
Directors 01 11-44in, 


environmental restrictions, make your 
choice and proceed accordingly. 
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A Triband One-Loop Cubical Quad Element 


Why not trade gain for economy and structural reliability? This three-band “DX 
Getter” consists of a single quad loop. It will stay aloft in high winds and won't look 
like an ugly monster to those who dwell nearby. 


“Pissing a wists 
antenna are well known to all DXers. A 
problem arisesin manysituationsregarding 
just how a reasonable compromise between 
‘antenna performance and cost, size and 
weight an be obtained. Because thisauthor 
Tikes to live in peace with the XYL, the 
neighbors and thelocalcouncil, heantenna 
‘ust not be considered dangerous or an 
eyesoreasfarasappearanceisconcerned. In 
addition, the antenna must not hang over 
the fence of the $0-X 150-foot (15-X46-m) 
block, half of which is already occupied by 
buildings. With these limitations firmly 
implanted in mind, the author added such 
factors as cost and difficulty of erecting and 
supporting a fullsize, 20-meter Yagi or 
cubical quad, After weighingall the facts it 
was felt that the only way out was to 
construct an economy-style, reduced-size 
antenna, 

A single-loop, cubical-quad triband 
clement is shown in Fig. 10. Such a cubical 
‘quad has only one-fourth the weight and 
wind resistance of a full-sized, three- 
element cubical quad of the same mechani 
cal strength. The mechanical and instlla- 
tion difficulties are many times smaller; the 
cost of mast and rotor are also considera- 
bly reduced. Yes, the antenna isa compro- 
mise and the gain is less than that of a 3- 
element quad, but this antenna still puts a 
signal in good DX company. This quad, 
because ofits smaller physical size, wll be 
tolerated in many more locations than its 
big brother. If desired, this quad could be 
used as an indoor antenna strung between 
two opposite room wall, 

Rather than going to a complicated 
switching arrangement to change bands, it 
was decided to apply what the authorcalied 
the ‘triband-antenna principle" to. this 
antenna, The theory behind this principle 
evolves around the same general ideas 
outlined by Pichitinoin QS7" several years 
ago. Antennas constructed along. these 
suidelines do not operate harmonicallyand 


Pictitin, “A New Principle im Two-Band Rotary 
‘Beam Design.” Q57; Ocober 1988 


60 Chapter 3 


RADIATOR ELEWENT 
tit 30m a 


net 


a yar 


19.10 Single-looptriband cubicel-quad 
"en, Matic dimensions are hown, approxi- 

‘mate English-unit simensions are given in 

parentheses. Frequencies shown for C1L1 and 

CaLZarethose to which these clreuits are tuned 

‘whan disconnected from the loop. 

Ci S5pF. 

C2 —49pF. 

Lt—7turns, No. 12,38-mm (1-1/2-ineh) 
ameter, space wound 0 16mm (S/inch) 
length 

Le turns, No. 12, 38-mm (1-1/2-ineh) dia. 
meter, space wound to 18 mm (11/16-inch) 

ath. 

turns, No. 12, 3mm (1-1/24inch) 


have only the desired resonances, The quad 
‘that was built is shortened only at thelowest, 
‘operating frequency. It is full size at the 
middle operating frequency and much 
longer at the highest operating frequency. 
In addition, no heavy blocking tuned 
circuits are used near the element ends. 
With Cl giving 20-meter resonance 


depends mainly on the total element length 
and LI, Fifteen-meter resonance is con- 
trolled principally by Cl and 2. Ten-meter 
resonanceisdetermined by C2and L2. Once 
the antenna is constructed, it may be fine- 
tuned oneach band by aryingtheconstants 
that control theresonant frequencies. Afler 
the quad was tuned up, heauthorfound the 
'SWR on each band to be very satisfactory. 
On 20 meters, the antenna resonated at 
14.15 MHz with a resulting SWR of 
approximately 1:1, With a 15-meter 
resonance at 21.3 MHz, an SWR of 1.3:1 
was measured. On IO meters, 28.6MHzwas 
selected as the resonant frequency. The 
resulting SWR at resonance on this band 
‘was 15:1. The phase relationship of the 
fields in Lt and 12 varies from band to 
band so that too much direct coupling 
between these coils should be avoided. 

Although the author used copper wireto 
make the loop element, you may desire to 
use aluminum tubing. The actual construe- 
tional details are left to the builder, The 
‘materials used and the methods of support 
ing the antenna are limited only by your 
imagination. Thetechniquesemployed may 
be as simple or as sophisticated as you may 
desire. DJ2UT used short pieces of coaxial 
cable as capacitors and placed them inside 
the tubing which he used for the element. 
‘The coils and inner capacitor ends were 
sealed and molded in resin. Fifteen-and 10- 
meter resonances are obtained by shifting 
copper rings over the ends of LI and L2 
This can be done without affecting the 
sealed coils in any way. 

‘The author concluded this antenna to 
be rather efficient based on observations 
that the tuning network does not become 
warm and a low SWR has been measured 
across each of the three bands, This writer 

es to thank OM Sommer, DJ2UT, and 
is co-workers for the very’ considerable 
amount of work carried out, and the many 
practical ideas which have made successful 
antennas with the triband principle 
possible. This material was originally 
presented in QST by Hans F, Ruckert, 
VK2A0U. 


A 2-Element, 15-Meter Quad for the Novice 


Why not build this 2-element quad for 15 meters? It is easy to construct, 
inexpensive and in many ways quite novel. 


Noi se wi ean fr 
antennas, the author decided on an 
‘optimum-spaced, 2-element _monoband 
quad. The standard formulas were used for 
sides and spacing, and the antenna is fed 
with 50-ohm cable through a quarter-wave 
“Q” section of 75-ohm coax cut to the 
standard formula. The reflector has a 
tuningstub. 

‘The driven element grid-dips at 21,150 
kHz and the reflector wastuned by usingthe 
‘grid-dip oscillator asa signal generator. The 
agrid-dip meter was placed in a neighbor's, 
home, Then, the back of the quad was 
aimed at the dip meter, and the reflector 
was tuned for the lowest indication on the 
S-meter. 

‘One of the checks made on the antenna 
was with VESXH, in Swift Current, SK. 
Doug gave the following information: The 
quad has 2 S-units gain over my 1/4-wave 
‘groundplane which was at the same height. 
Strength offthe front was S9and tothe rear 
‘was S2, indicating a good front-to-back 
ratio. Because the constructional details are 
rather novel, the author felt hat otherhams 
might be interested in how this antenna was 
built 


Construction 


‘The author used I-1/4-inch (32-mm) TV 
steel mast pipe, 10 feet (3 m) long, for the 
boom. Also, 10-foot lengths of TV mast 
sections, but aluminum, are used for the 


‘The completed quad on the tower. For tune-up, 
the que wae temporarily mounted of the g 
root 


swans eve ours 


one. spaeagen 


ANY’ LENGTH, Se/icoax 


Fig. 11 — Detailed drawing of te quad. The cottr pin and cross-brace: 


ofthe spreaders. Smal sctions of spit water hos 
tubing and the plastic water pipe 


spreaders. However, 10-foot longspreaders 
are notlongenough fora 1S-meter quad; 20- 
foot (6.1-m)lengthsare required. Inorderto 
‘obtain the required length, 20-foot lengths 
of one-inch (25 mm) diameter, ridged 
plastic water pipe were run completely 
through the 10-foot aluminum pipe 
sections. Pieces of rubber hose were used as, 
shims between the aluminum pipe and the 
plastic pipe and these were taped where the 
plastic pipe emerges from the aluminum, 

‘The plastic water pipe comes in 20-foot 
lengths, 80 feet (24.4m) beingrequired. This 
pipe was purchased from a local plumbing, 
‘and lighting outlet; the cost was $10forthe 
80 feet. It is ridged plastic, but isnot strong, 
enough to support itself; so the aluminum 
‘mast pipe is used for the center portion of 
the spreaders. 

‘The spreaders are clamped to the boom 
with standard U bolts, and one spreader in 
each element is pinned to the boom with a 
45/16-inch (8 mm) cotter key. Additionally, 


ured to prevent shiting 
"used for shims between the aluminum 


8 piece of one-inch (25 mm) conduitis used 
in each element as a cross-brace, to hold the 
correct angle between the spreaders. 

The formulas and element lengths for 
21,150 kHz are as follows 


Driven element 


1005. 2 
FM 747 fet, 6 inches (14.48 m) 
Reflector 

1030 

FAgHb = 48x, 8 inches (14:83 m) 
Boom spacing 

0.2 wavelength=0.2% 728 


9 feet, 3inches (2.84 m) 
75-ohm matching section 
M6XV _ 162.4 
= 7 feet, 8 inches 
F(MER) ~ TOME) © Sn) 
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Fig. 12— Side view, showing the mounting plate, Q matching section, and coax feed 


The author used no. 14 soft-drawn 
enameled wire for loops and they were 
secured to the plastic pipe with double- 
nutted eye bolts. The reflector tuning stud 
‘was made from no. 12copperweld wire. The 
total length of my stubs 36inches (0.91 m), 


and after tuning, the shorting bar ended up 
approximately 10 inches (254 mm) fromthe 
loop. 

‘The SWR showed almosta perfect match 
across the entire band. Since the quad was 
put up, theauthorhas workedall continents 


A Practical 40-Meter Quad 


continuously plaguing Field Day commit 
teesishow to installa good antennasystem. 
For most clubs, finding a good location is 
generally the easiest job. The location must 
then be surveyed by the club antenna 
specialists. Deciding how many transmit 
ters to use depends mostly on how many 
indivudual antennas can be set up for 
simultaneous operation as well as how 
many operators are available for the 24- 
hour stretch. Of course, an abundance of 
equipment is desirable. 

Propagation conditions for Field Day 
and Sweepstakes generally favor the lower 
bands since they usually remain open all 
night. Success on the higher frequency 
bands (I0.and 15 meters) depends primarily 
fon catching the short-duration openings. 
‘The old trick of tying a rock to the end of a 
ong piece of wire, tossing it into the tallest 
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tree and loading it with a coupler just won't 
“cut the mustard” anymore. Gain and 
directivity into the dense populationareasis, 
the goal. However, the antenna must be 
simple to construct, easy to tune, and 
moderately stable against the wrath of 
Murphy and Mother Nature. 

Our club decided to try a 2-element full- 
sied cubical quad for 40 meters. The 
immediate reaction within the more 
‘conservative ranks of our club was, “A 40- 
meter quad? It'll never work — the first 
breeze will knock it down!” With these 
‘objections in mind, we went ahead with our 
plans, Our location was approximately 
rectangular in shape, 60 fect wide, 500 feet 
long (18 X 152m) and above the rest of the 
terrain. OF course, it just happened to be 
cone of the highest locations in Winnebago 
County, IL! 

‘The sketch illustrates the basic construc- 


Fig. 13 —The cross-boom bracket, mede rom 
‘3/8:inch (10 mm) aluminum plate. Ordinary TV 
Ubolts are used to secure it tothe boom and 


Fig. 14— The rfactor tuning stub is 35 inches 
{0.51 m long. The shorting bar, a short piece ot 
‘wire tha same size asusedin the stub was 
‘approximately 10inches (254 mm) from the 
Ingulator when adjusted for maximum front-to 
back ratio. Spacing between wires ofthe stub 
‘may be ofthe order of afew inches: this spacing 
{Snot entical since the etub longi is adjusted by 
the shorting stub in the tune-up procedure, 


and 35 countries on the Novice band. 
Stateside contacts always run $8 to $9. The 
total cost ofthe antenna was $28 at the time 
the system was built. This material was 
originally presented in QST by John 
Dacbelliehn, WA9BIC, 


tion of the quad. Dimensions were estimat- 
ed using the formula 


248 
“T(M 


where L is the length of one side of the 
diamond. 

‘The parasitic element was constructed as 
a reflector usingan extra long stub. Asmall, 
relay shorts out the stub, thus converting 
the parasitic element from a reflector to a 
director (see Fig. 15). 

The resonant frequency of the driven 
clement is 7150 kHz, the middle ofthe band. 
The distance L for the driven element is 34 
feet 8 inches (10.57 m). The parasitic ele- 
‘ment dimensionis 5 percentsmallerthanthe 
driven element. The stub is constructed so 
that the total circumference of the parasitic 
element with stub in the line is 5 percent 
‘greater than the driven element. L for the 


Leet 


Fig. 15 — Asimplerelay arrangement is usedto 
short out the stub and change the pattern of the 
Antenna om one direction toanotner. Asmall 
plastic bag provides weatmzprooting in the event 
‘trains. (Doesnt it always?) 


director is 33 feet (10.06 m). The stub 
length i 6 feet 9 inches (2.06 m). Eight-inch 
(203-mm) plastic spacers are placed 
between the two wires of the stub. 
Supporting the quad is very simple. The 
mast is 50 feet (15.24 m) high, and guyed 
with nylon ropes. The boom is constructed 
from two telescoping sections of elect 


conduit and is 18 feet (5.49 m) long. The 
elements are made from no. 14 stranded 
wire. Thedriven elementis fed directly with 
RG-58/U coaxial cable. Location of the 
stub short is determined by the point of 
‘maximum front-to-back ratio. The boom- 
to-mast construction utilizes the support 
base froma Ham-M rotator. Allit takesisa 
couple of U bolts and the boom-to-mast, 
assembly is complete (see Fig. 16). The wire 
is strung from the end of the boom and is, 
supported by asmall piece ofnylonropeand 
an egg insulator. 


Results 

Orientation for the quad was east and 
‘west, Favoring the eastern direction wasthe 
driven element/ reflector combination, 
whereas the driven element/director 
combination was broadside to the western, 
direction, A local amateur, approximately 
5 miles (8 km) west of the Field Day site, 
assisted in tuning the quad for maximum, 
front-to-back ratio. The end result was 
approximately 25 dB, 

Results were a tremendous surprise! The 
antenna worked just as planned. The class 
of entry for simultaneous operation of two 
transmitters was used, One transmitter 
operated on 20 and 80 meters; the second 
transmitter was set up for ISand 40 meters. 
Our club, W9AXD/9, scored third place in 
the two-transmitter class. Ourbiggest totals 
came from 40 meters — 693 contacts, over 
one third of our total number. For the first 
four hours of the contest, the antenna was 
aimed east, A rate of 90 contacts per hour 
prevailed for five solid hours, From that 
point on it wasasteady decline afterasharp, 
drop to about 45 contacts per hour. It was 
later surmised thatthereason forthedropin 


Fig. 16 ~The bottom section ofa CDE Har 
‘tor can be adapted to serve as a Boom-to-mast 
brackot 


contact rate was lack of activity and 
difficulty in finding stations that hadn't 
been worked before, The East Coast QRM_ 
was drastically reduced by changing the 
switch from “east” to “west.” By midmorn- 
ing we were surprised to find only a dozen, 
WS stations listed in the log. The antenna 
may not have been too effective in the 
southern direction. 

There is no reason why this arrangement 
could not be used for DX operating. The 
antenna could be positioned just under~ 
neatha beam forthehigherfrequency bands 
with the peak of the diamond supported 
froma boom placed through thetopsection, 
of the tower. 

This material was originally presented in 
OST by Peter H. Grillo, WORTT. 


Build This C-T Quad Beam for Reduced Size 


This quad-beam antenna, while smaller in size than a conventional quad, performs 
like a veteran. The trade secret is to use capacitive tuning. 


beam i its larg size compared tothe Yap 
Beam, Previous effort to reduce the sizeof 
the quad have uilized systems of inductive 
tuning. Loading collshave been used onone 
or two sides! or in the corners. Linear 
inductors on the vertical sides have also 
been used.” The purpose ofthis articles to 
explain @ simple method of capacitive 
tuning to reduce the size ofthe quad, The 
CT (Capacitor tuned) lop is diagramed 
in Fig 1 

TV well-known thatthe physical size of 
the dipole antenna can be reduced by 


replacing a portion of the antenna with a 
capacitive body and adding an inductor to 
restore thesystem toresonance. Itseemsless 
well-known that the full-waveloopantenna 
also may be reduced in physical size while 
holding the resonant frequency of the 
system constant by adding capacitance at 
the voltage loops. No inductors are needed. 
The capacitance may be added byany ofthe 
methods shown in Fig. 18. 

‘The outside dimensions of the C-T loop 
may be anything chosen by the builder with 
the larger limit being the full-size, full-wave 
loop. The limit on the amount of size 


reduction effectively attainable depends 
both upon the electrical resistance in the 
circuit and upon the tendency in loop 
antennas for the current to become equal at 
all points in the circuit when the loop 
becomes very small in proportion to the 
free-space wavelength at the frequency 
under consideration. The geometrical 
shape of the loop is unimportant to basic 
operation provided that the capacitance is 
placed at or between the voltage loops. The 
bottom half ofthe chart in Fig. 1 showsthe 
effective dimensional range of the C-T loop. 
‘The top half showsthetuningrangethatcan, 
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Avwinter now sets the scone and aecentuat 


iamonds of the C-T quad-beam antenna at 
wows. 


Fig. 7 —The C-T quad design with arrows 
Inicating current tow for /2cycla. The center 
capacitor i located 


the minimum-currant 


be expected by using various methods of 
adding capacitance to the diamond quad. 
‘These dimensionsareintended as guidelines. 
only. 

‘The feedpoint resistance of the fullsize, 
-wavelength loop is about 100 ohms. The 
feedpoint resistance of the C-T loop 
decreases as itis madesmaller but will offer 
2 good match to a 50-ohm coaxial line over, 
theentireusablerangeas shown inthechart. 
A gamma match may be used if an exact 
match is desired 

More than one C-T loop may be used to 
form the C-T quad beam. A parasitic 
reflector was used in this installation 
because of the higher radiation resistance 
attainable while maintaining good g: 
Maintaining the radiation resistanceas high 
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Fig. 18 — Methods of adding capacitance tothe C-T loop are shown 


In Fig, 186, the contr 


ack 


‘nites are placed {00 closely to tna center-in wires, tay become inelfective. A 12-inch (0:3048 m) 
Spacing trom the endo the centor-back wire to the canton wire is salstactory Wires running back 
{award the loop center may be altached tothe outsige ends ofthe center-back wires more 
capacitance is needed. In Fig, 18D, he capacitance added by the center cross wives varies with both the 


length of wiraand spacing between wires. 


‘as possible is particularly important in 
small beams, both to keep efficiency high 
and to prevent the bandwidth from 
becoming too narrow. 


Tuning and Mounting 


‘Theuseofagrid-dip meterto attain initial 
‘band resonance is very helpful. By using a 


srid-dip oscillator, this beam was tuned 
initially with the driven element to resonate 
at the center of the band of interest. The 
reflector was then tuned to resonate at a 
frequency three percent lower than the 
driven clement. Final adjustments. were 
‘made using a test oscillator located about 
1000 feet (300 m) away asa reference signal. 


ear 


Fg, 19 — Dimensions forthe 40-metar C-T 
{quad are shown above. For the 2-lement boar 
the spacing betwoon the driven element and the 
fafiector Is 20 feat (6.10 m). The length of the 
Centor-back wire (dimension A) is 12 fact, 8 
Inches (3.9 m) for the reflector, and 91 

Imohes (8.02 m) for the driven element 


1 


‘ate 


Fig. 20—~Avariabie capacitors itustrated here. 
ean be used tolune the C-T quad. The eight- 
Inch (203+mm) tubular portion ts made rom 
plastie water pipe. The cylindrical capacitor 
Plates reformed froma copper sheet One plate 
Slides inside the eight-inch (203-mm) tube and 
‘he other over the cutsi¢e ofthe tue, Maximum 


‘The director was tuned forlowestSWR and 
the reflector for best gain. Ifyou lacka grid- 
dipper, inital resonance ean be established 
by listening to your station receiver for a 
sMrongsignal whilemakingthe adjustments, 
A dramatic increase in signal strength will 
be noticed at resonance. Tuning is aecom- 
plished by shortening or lengthening the 
capacitance 

‘The single loop or bam may be mounted 
cither horizontally or vertically for horizon- 
tal or vertical polarization, but ineither case 
it should be mounted as high above the 
ground as possible. Loop antennas operat 
ingclose to ground willskow a much higher 
feedpoint resistance than normal and will 
waste considerable poweringroundheating 
effects. A rough guideline isto mount the 


Fig. 21 —The chart shown above, providing 
‘imonsional guidelines forasingie C-T loop, is 
basad on te equation LF =, where Listhe 


1m I eat, Fis the frequency in 
iz0of 
tho C-T loop to be constructed. Use the largest 
‘ze possible fr tha bes electrical results. Ths is 
particulary trve when using C-T loop elements (2 
form aparasiticbear. 
‘To.usetne chart pick the largest © (up toC = 
1005) feasibiefor your application. Us bottom 
if the chart to S00 ithe C-T loop will operate 
mensional size selected, Then rete 
for the recommended 


Daa fo plotting SWR curve. Information inthis 
‘used for plotting the SWR cur 
‘Oemeter C-T quad beam, as descr 


Froquency (MHz) SWA 
7.500 47 
7480 400 
7400 308 
7350 233 
7300 182 
1218 10 
7280 194 
7200 a4 
7450 525 
7400 808 


‘antenna so that the bottom point isa least, 
half the loop diameter above the ground. 

“The working 40-meter version of the C-T 
quad beam had a diamond configuration 
‘because of the greater mechanical strength 
and because of the longer center wire for 
tuning purposes. Final dimensions are 
shown in Fig. 19. A good quality center 
insulator should be used because ofthe high 
voltages present atthe center. 

‘A tubular tuningcapacitor was originally 
installed in the driven element and worked 
well until the KW power level was reached. 
Ic then promptly arced over, leaving a 
conductive carbon deposit. Aversion using 

inch (SI-mm) plates as shown in Fig, 20 
adequately tuned the reflector even at the 
EW level for some time. The capacitors, as 


shown, were nottried under wetconditions, 
but would probably besatisfactoryat power 
levels upto 400 watts. Forlong-termuse, the 
method shown in Fig. I8Dis preferred over 
plate-to-plate capacitors because the high 
voltages are handled more easily. 

Because some dielectric heating was 
noticed in this eapacitor, the wire-tuned 
version was adopted. The wire version 
recommended over the methods shown in 
Fig. 18Dand I8E, any time the loop is large 
enough to be tuned by no more than one 
doubled-back wire (as shown in Fig. 18C). 
Tuning wires eliminate the capacitor with 
its heat loss and allow somewhat better 
current distribution. Less center radiation 
occurs because of partialeaneelingeffectsin 
the doubled-back wires. It would be wise 
initially to cut each center-back wire 12 
inches (031 m) longer than showa toallow 
tuning. Pruning each center-back wire by 1 
foot (304.8 m) increases the resonant 
frequency by roughly 100 kHz in the 40- 
meter version. No. 14 Copperweld wie was 
used throughout. 

Performance 


The antenna described performed up to 
expectations and has prompted many 
complimentary reports. The SWR curve 
information shown in Table 3 wasattained 
using a 75-ohm coaxial feed line without 
any matching network. The SWR would be 
lower if a S0-ohm line or if a matching 
network wereused. Forwardsignalstrength 
as compared to the strength to the rear 
showed a maximum 30-dB difference as 
‘measured by means of the receiver S meter. 
‘Typical difference, as finally adjusted, was 
1248. 

The gain of the C-T quad over a 
comparable double Zepp (full wave on 40) 
‘was typically at least one S unit better when 
both antennas were at a height of 45 feet 
(13.7 m). The Zepp was better on very short 
skip but the C-T quad consistently was 
favored on longerskip, When elevated 065 
feet (19.8 m), the C-T quad gave outstand- 
ing results. At this height, two S-units 
improvement over a vertical antenna at 
distant points was noted many times. 

The C-T quad may be built or any band, 
It should be most useful in mecting 
requizements for an inexpensive easily 
tuned wire-beam antenna where the full~ 
size quad is unsuitable for mechanical or 
economic reasons. This material was 
‘orginally presented in QST by Roger 
Sparks, W7WKB. 


‘Pinner, “The Shor Quad,” QS; February 1968 
CourderDultan, "Some Notes on a -MEE2 Linear 
Taaded Quad See Chapter 4 
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A Nearly Full-Size, Rotatable, 2-Element 
Quad for 80 Meters 


We don't expect readers to rush right out and duplicate this antenna system — 
but this doesn't mean a lot of hams wouldn't like to! 


new 80-meter antennas to improve their 
DX capabilities. On the higher amateur 
frequencies, antenna gain is relatively easy 
to acquire with a compact Yagi or quad. It 
is much harder in this respect on 40 meter 
On 80 meters, however, the problem of 
securing any inerease in antenna gain over, 
a conventional dipole or groundplane is, 
very difficult indeed, particularly where 
space is limited. Rhombics, Vs or mult 
clement collinear arrays become complete- 
ly impractical on the normal urban or 
suburban lot. Even a phased vertical array 
is hard to handle on a city lot, and too 
often, performance is marginal because it is 
impossible to install an optimum ground 
system at such a location, 

The author solved this problem at his 
QTH by constructing an almost full size 2- 
element quad for 80 meters. A unique 
tuning arrangement permits this antenna 
to be operated at any frequency within the 
80-meter band with an SWR of close to 1 
While certainly not adaptable to every 
individual's situation or pocketbook, a 
description of this antenna should be of 
interest to many amateurs. As far as itis 
known, this is the first and only set of 
beams, on one rotatable tower, coveringall 
bands from 2 to 80 meters. By connecting 
the 2 quad elements in series to form a 
rotatable, bidirectional loop, the frequency 
coverage has been extended to 160 meters. 

At this point, a few comments might be 
in order on the circumstances which led to 
this sizeable 80-meter antenna project. In 
June 1965, the writer returned to ham radio 
activity after a QRT of almost 30 years. 
During the first year of operation, the 
antennas of K3JH were a conventional 
commercial tribander for 10, 15 and 20 
meters mounted on a 60-foot (18.3-m) tlt- 
over tower, and a trapped, inverted V for 
40 and 80 meters, A bit of DX chasingsoon 
led to the conclusion that better antennas, 
were needed. Since the QTH is on a 
suburban lot about 175-feet (53.3-m) 
square, and heavily wooded, a “Christmas, 
tree” array seemed the best alternative. 
Consequently, in the summer of 1966, with 
a great deal of help from Bob Scully, 
W2EXN, a 115-foot (35-m) rotary tower 
was installed along with full-size mono- 
band beams for all bands from 2 through 
40 meters 
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“The bottom support of tne quad 
shown inthis view, along wth the tani 
network box, which ls mounted on the 


‘This rotary steel tower is 16 inches (0.41 
m) OD at the base with I-inch (25-mm) 
thick walls. The tower rests in a 1/2-inch 
thick steel bearing-tube 15 feet (4.57 m) 
long and 20-inches (0.51-m) OD, The bear- 
ing tube is imbedded in a block of con- 
crete 8 XB X 16 feet (2.44 X 2.44 X 4.88 
m) which weighs 70 tons. The tower tapers 
to 5-1/2 inches (140 mm) at the top, and 
was designed to carry nine full-size 
monoband beams through 125-mph winds, 
Initially, the antenna complement was as 
follows 
2j6meters — Vert. groundplane 
at 115 feet (35 m) 


6" — Gel at 113 feet (34.5 m) 
2" = 1S at 109 feet (33.2 m) 
2" —Selat 104 feet (31.7 m) 
15." —Selat 96 feet (29.3 m) 
10" 6 el at 86 fet (26.2 my 
40." —3.elat 77 feet (23.5 m) 


‘A rotary ball-bearing ring and clamp at 
the 70-foot (2.13-m) level on the tower was 
used to support one end of an inverted L 
for 80 meters. This long wire, which could, 
be used also on the higher frequencies, was 
fed through a Matchbox at the base. 

Performance on 40 through 2 meters 
with this antenna system was generally 
excellent. The L and inverted V on 80, 
however, left much to be desired, especially 
‘when compared to the antenna perform- 
ance on the other bands, 

In attempts to improve this situation, 
several different 80-meter antennas were 
installed at various times between 1966 and 


the spring of 1969. Included in this effort 
‘wereatop-loaded groundplaneandapair of 
phased verticals. None of these antennas 
provided sufficient improvement in DX 
performance on 80 to be considered 
satisfactory, 

With the advent of the 5-Band DXCC, 
the question of how to do better on 80 
meters again became a matter of concern. It 
was at this time that the concept ofa quad of 
some sort, to be mounted on the rotary 
tower, began to emerge. Since 40-meter 
quads had been constructed previously, and 
were mechanically feasible, the thought at 
first was to build a half-size quad for 80 
meters, using loading coils. Preliminary 
calculations indicated the possibility of 
achieving some gain over a dipole in 
addition to the obvious advantage of being 
able to rotate the array. 

twas quickly determined that a half-size 
quad mounted at 57 feet (17.4 m) would fit 
underneath the 40-meter Yagi. Construc- 
tion could be quite conventional using 
fiberglass X frames in each element, anda 
spacing of 0.15 wavelength. 


Design Considerations 

‘The proposed design was discussed witha 
number ofamateursincludingJim Lindsay, 
WOHS, Dune Carter, WSIOU, and Claus 
Moeller, DLICM, who were most helpful 
with advice and suggestions. Asearchofthe 
literature disclosed that a number ofloaded 
antennas of various typeshhad been built. In 
‘most cases, however, performance had been 
judged empirically, and there was little in 
the way of specific comparative data on the 
performance of loaded versus unloaded 
configurations, or versusa reference dipole. 
Because of this, the decision was made to 
build and testa 14-MHz.model of ahalf-size 
quad. This would enable a direct compari- 
son between the performance of aminiatur- 
ized quad and other antennas, Of particular 
interest was a comparison with a dipole, 
since this wasthe more normalantenna used 
byamateurs on 80 meters. 

Henry Pemberton, W3PN, who had 
become interested in the project, provided 
the X frames and supports from an old 20- 
‘meter quad, for use inthe test model. Tom 
Consalvi, W3EOZ, provided some suitable 
coil stock forthe test design. With this help, 
the 14-MHz model was quickly construct- 
ed, No trouble was experienced in pruning 


the coils and resonating the loops. Except 
for one bad piece of insulation on one coil, 
whieh promptly burst into flame when rf 
power was applied to the antenna, the 
driven element could be fed with a full 
kilowatt at an SWR of 1. The SWR, 
however, would rise sharply when the coils, 
which had no protection from the weather, 
became wet from rain, All testing, there- 
fore, had to be done on dry days. 

Since the 80-meter version was to be 
mounted on the tower one-quarter wave- 
length above ground, the 14-MHz model 
was mounted for the tests at the same 
relative height. Standard procedures for 
tuning up the quad were used, and will not 
be detailed here. Impedance of the loaded 
loop wasmeasured at 60 ohms, soitcould be 
driven nicely with a 50-ohm line. The 
bandwidth was 125kHz, measured between 
frequencies each side’ of the resonant 
frequency where the SWR was3:1. This was 
the result expected, due to the heavy 
loading. 

Extensive on-the-air comparisons were 
made between the mode! and various other 
antennas. These included a dipole at the 
same height above ground as the model, a 
3-clement tribander at 60 feet (18.3 m), two 
different inverted Vsat 50feet(15.2m)anda 
‘S-element monoband Yagi at 104 feet (31.7 
‘m), The regular antenna switching arrange- 
ments in the station were such that almost 
instantaneous comparisons could be made 
between the different antennas, minimizing 
QSB differences in the receiver. In the 
transmit mode, many amateurs compared 
signal differences between the test model 
and the other antennas. It is impossible to 
list the calls ofall those who helped in this 
way. 

‘After considerable testing, adjustment, 
readjustment, and minor configuration 
changes in the model, the results werefound 
to be quite discouraging. The simple 
conclusion was that a loaded half-size quad 
had insufficient gain compared to a dipole 
to warrant proceeding any further with an 
80-meter version. 


Further Exploration 

Before abandoning the 80-meter project, 
however, we decided to explore some 
practical ways to increase the size of the 
elements, preferably without using the 
normal-type quad X frames, which would 
be difficult if not impossible to handlewhen 
the antenna grew too large. This thinking, 
developed the concept of using the 14-MHz, 
boom at 104 feet (31.7 m) to support 
diamond-shaped elements at the top, and 
using a boom and spreaders rather than an 
X frame to hold the elements at the center. 
The bottom of the quad elements could be 
supported easily with a relatively light 
boom and spreaders near the base of the 
tower. 

In order to reduce the size of the center 
boom and spreaders, the first model w. 
kite-shaped with an included angle at the 
top of about 50 degrees. Unfortunately, the 


A detailed view of one of the quad elements, 
Showing the method of supporting the loop. 


results were poor, and compared toa dipole 
there was no gain. We concluded that this 
configuration was so squashed together 
that the antenna was acting like a dipole 
instead ofa quad. A series ofconfigurations 
‘was then drawn up on paper. The boomand 
spreader sizes were varied, but the included 
angle at the top of each diamond element 
was kept at 75 degrees or more. This helped 
topindownaconfiguration which would be 
mechanically feasible,and which would bea 
reasonable compromise among the various 
considerations to be taken into account. 
‘The one selected is shown in Fig. 22 

Because these clements are almost full 
size at 4 MHz, making a 20-meter model 
quite large, it was decided to build andtesta 
‘model of this configuration on. 15 meters. 
The test procedures for this model were the 
same as those previously described for the 
20-meter model of the Ralf-size quad. This 
‘modelshowed substantial gaincompared to 
the reference dipole at the sume height. 
Also, the model mounted only 15 feet (4.6 
‘m) above the groundcompared favorad 
performance with the tribander at 60 feet 
(18.3 m). The S-element monobander at 96 
feet (29.3 m) consistently provided better 
‘ain, as was to be expected, Theimpedance 
of the driven element was about 80 ohms. 
Bandwidth between SWR points of 3:1 was 
250kHi, or abouttwice what was measured 
oom the half-size model 


Mechanical Considerations 

Aftera lengthy test period, during which 
many on-the-air comparisons were made, 
the results were good enough to make the 
decision to build an 80-meter version of this 
antenna. Because of the ize ofthe proposed 
antenna, considerable thought had to be 
given to the mechanical design to assure 
longevity comparable to the other beams 


which are rated for 125-mph winds. The 
wire in the quad elementsisno, 12stranded 
copperweld. All other metal in the antenna 
isaluminum orstainlesssteel. Thetwoquad 
‘elements are suspended from the 20-meter 
boomat 104feet(31.7m).Theinsulatorsare 
five glazed porcelain knobs. Spacingis one- 
eighth wavelength, 36 feet (10.97 m). The 
20-meter boomis 46feet(14.02m)long, and 
is made from 4-inch (102-mm) OD, 1/4- 
inch (6-mm) wall T-6 aluminum tubing at 
the center, and similar material tapering 
from 3-1/2 inches (89 -mam) to 3-inch (76- 
mm) OD at the ends. A 1/4-inch stainless 
steel cable supports the boom 18 feet (5.49 
m) out from each side of the tower. 
Originally, the plan was to slide the quad 
clements down this cable from the tower. 
Unfortunately, the steel plates holding the 
Yagi elements to the boom on the other 
beams were found to be rusting because of 
poor plating. Rather than dismantle the 
beams, a crane was brought ino that these 
plates could be cleaned and painted by a 
‘man carried up ina boatswain'schair. Atthe 
same time, the elements were hung fromthe 
20-meter beam, and the center boom and 
spreaders for the quad were installed with 
relative case. 


Dimensions 


‘The 36-fo0t (10.97-mn) center boom at the 
57-foot(17.37-m) level of the tower s made 
of single 4-foot(7.32-m) ection of 3-1/2- 
inch (I3-mm), 1/4inch (6mm) wall, T-6 
tubing with 7-foot (2.13-m) sections of 3- 
inch (76-mm) OD pipe telescoped and 
bolted at each end. The boom is supported 
from the tower with a3/ 16-inch (4.76-mra) 
stainless-steel cable. The spreaders at each 
end of this boom are 70 feet (21.34 m) long. 
Each consists of a 24-fo0t (732-m) piece of 
2-1/2-inch (64-mm) OD, 1/8-inch (3-mm) 
wall, T-6tubingatthecenter,withtwo short 
pieces of 2-1/8 1/S-inch (54 mm X 3-mm) 
tubing telescoped and boited ateach end to 
make up 2 length of 30 fect (9.14 m). To 
complete the spreaders, 20-foot (6.10-m) 
sections of I-1/2-and I-1/4inch (38- and 
32-mmm) fiberglass polesare attached tocach 
end of the alursinum centerpiece. Use ofthe 
fiberglass reduces weight and 
2 one-quarter wavelength piece of metal 
fromthe middle of thequadelement. A1/8- 
inch (3-mm) cable and strat supports each 
spreader to minimize sag, which is very 
slight as may be noted in the photograph. A 
‘welded aluminum T structure and stainless 
steel clamps are used to hold the spreaders 
‘onto the endsof the boom. Astainless tee! 
clamp and Teflon grommet is attached to 
the ends of each spreader to hold the 
clement wires in pace. The only function of 
the spreaders is to hold the two opposite 

les of each quad element apart without 
toomuch foreand aft floppingaround when 
the antenna is rotated. The length of the 
spreaders, wind loading, and safety factor 
dictates the heavy mechanical design. 

‘The lower boom, whichis 23 feet (7m) off 
the ground, is made of a 24-foot (7.32-m) 
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section of 2-1/4 X 1/4-inch (57- x 6-mm) T- 
6 tubing with shorter2- I/4ineh (51-X6- 
mm) pieces telescoped and bolted at each 
fend to make the total length of 36 feet 
(10.97 m). To maintain symmetry, 17-foot 
(5.18-m) spreaders are attached toeach end 
‘of the lower boom. These spreaders are 
made of 1-1/2-inch (38-mm) fiberglass. 
‘They are attached to the boom with 
aluminum angles and stainless-stee! 
clamps. A light stainless-steel cable and 
strut hols the lower spreaders firm against 
the pull of the quad-element wires, which 
are attached to each end of the lower 
spreaders with stainless-steel clamps. The 
wires are taped along the fiberglass almost 
to the center of the spreaders, and then go 
off at right angles to the tuning box, which 
is mounted on the tower 13 feet (4m) above 
ground. The distance from the end of the 
ower boom to the tower is about 18 feet 
(5.5 m), and the 36 eet (I! m) of wire which 
connects the quad proper tothe tuning box 
represents loading. 


Tuning 

Each element, including the 36{eet(10.97 
m) of connecting wire just mentioned, 
resonates at 4050 kHz. Thus, a small 
amount of additional inductive loading is 
required to tune the antenna to resonance 
within the 80-meter band. This is accom- 
plished by putting two relatively small 
motor-driven coils in series with each loop 
of the antenna. The reversible motor for 
‘each pair of coils in each loop is controlled 
bya two-way toggle switch mounted onthe 
antenna control panel inthe shack. In the 
ease of the driven element, tuning is 
accomplished simply by applying power to 
the antenna and then adjusting the loading 
inductances by the motor-control switch to 
the point where the SWR is minimum, 
usually very close to 1. Tuning the reflector 
can be accomplished by turning the back of 
the quad toward a distant signal, and 
adjusting the reflector loading coils for 


Fig. 22 ~ Dimensions of one of the quad loops. 
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‘minimum received signal. This seemed a bit 
cumbersome to do each time the operating 
frequency was changed from cw to ssb and 
vice-versa, so a microswitch was added to 
the reflector coils and motor assembly. 
Each revolution of the coils flicks the mi- 
croswitch, which actuates a light on the 
control panel in the shack. By counting the 
blinks of the light, and referring to a chart 
which shows the resonant frequency of the 
reflector versus the number of turns of 
inductance in the loop, the reflector can be 
tuned to any desired frequency. With this, 
tuning scheme, it is quite easy to tune the 
‘quad for best performance at any point in 
the 80-meter band. The bandwidth between 
the 3:1 SWR points is close to 200 kHz, s0 
retuning srequired only forlarge frequency 
changes within the band, Frequency 
flexibility otherwise is quite good. 

‘The impedance of the driven element 
measures about 75 ohms. The antenna is 
coupled to the transmitter through a balun 
and 50-ohmline, Thedifference between the 
resonant frequency of the driven element 
and the reflector, when thelatteris tuned for 
‘maximum front-to-back ratio, is in the 
order of only 1-1/2 percent. This probably 
results from the quad being only a one- 
quarter wavelength above the ground. The 
front-to-back ratio is about 20 dB, and the 
front-to-side, 50 dB. All measurements 
hhave an indicated gain over a dipole in the 
order of 6 to 7 dB. No degradation in 
performance, or SWR, has been observed 
during heavy rain, The small loading coils 
are protected from the weather, ofcourse, in 
their aluminum tuner box, so the problem, 
which was encountered with unprotected 
load coils in the 20-meter test model, has 
been eliminated. 

Tests were conducted with the second 
clement tuned as a director instead of a 
reflector; there was no noticeable improve- 
ment in gain, whereas the front-to-back 
ratio was diminished, Its felt that the best 


results are obtained with the reflector. 
‘Some thought was given to driving both 
clements ata 135-degree phasedifferenceto 
obtain cardioid pattern. Itisfelt, however, 
that the conventional quad pattern, with 
deep nulls on each side, and a reasonably 
‘00d front-to-back ratio, is more desircable 
for DX. So, nothing further has been done 
with such a phasing arrangement. 
Results 


DX results on 80 meters have improved 
‘considerably since the new antenna was put 
on the air. On ew, the gain seems to drop 
off somewhat as compared to the phone 
‘end of the band. Probably this is due to the 
fact that the relative size of the antenna is 
smaller at the ew operating frequencies 
Nevertheless, reports usually are from one 
to several S units higher than other U.S. 
stations with comparable power input, and. 
conventional antennas. In most instances 
during pile-ups in a recent ew contest, it 
took only a call or two to get through, 
whereas, previously, the station was 
usually last. It was found also that contacts, 
could be made earlier, as the band opened. 
In several instances like this, it was 
amazing to get a response from a DX 
station, and then to hear other U.S. 
stations calling without success. 

Reports from overseas on ssb are 
outstanding. During a recent phone 
contest, several dozen DX contacts were 
made in just a few hours —everyone on the 
first call 

During the day, on 80 meters, itis quite 
easy to work into Canada or the Carolinas 
with good signals at both ends of the 
circuit. On a dipole, very often the other 
station is completely unreadable, if not 
inaudible. This points up the fact that one 
Notices great improvement in reception 
with the quad compared to a dipole, which 
‘on 80 is just as important as being able to 
transmit a better signal, 

‘Once it was determined that the quad 
worked well on 80 meters, the possibility of 
operating the antenna on 160 meters was 
explored. Since the loops independently 
resonated at 4050 kHz, and there was 
‘considerable inductive loading available in 
the coils, it was felt that it might be possible 
to resonate the antenna on 1.8 MHz by 
putting the two loops in series. Actually, 
with the load coils tuned to minimum, the 
series-connected loops resonated at 1775 
KHz because of the mutual coupling. By 
shortening out the coils entirely, the pair of 
loops were resonated at 1805 kHz. There- 
fore, the SWR at the low end of the 160- 
meter band is very low. 

Domestic reports on 160 meters have 
been excellent. Consistent directional 
effects have been noted by several observ 
cers when the two-turn loop is rotated. The 
pattern isthe typical figure eight, with deep 
hulls off each side of the loop. Itremainsto 
evaluate how well the antenna works on 
160-meter DX. 

Following completion of the antenna in 
September, there have been several severe 


First steps 


The principle behind soldering sounds quite simple: the idea is to join components 
together to form an electrical connection, by using a mixture of lead and tin solder or 
alternatively “lead-free” solder (an alloy of tin and copper), which is melted onto the joint 
using a soldering iron. If you have never picked up a soldering iron before, then this guide 
will show you everything to help you start soldering with confidence. I also hope that the 
guidance will help those working in other areas — computer technicians or audio 
enthusiasts, for example, who may be faced with electronic repairs or modifications using 
a soldering iron for the first time. 


If you're an electronics hobbyist or trainee, before embarking on any form of 
ambitious electronic project, it is recommended that you practice your soldering technique 
on some brand new components using clean strip board (or protoboard) or a printed 
circuit board, and select a simple and straightforward constructional design as a starting 
point. Become acquainted and comfortable with your chosen soldering iron, which likely 
to become as familiar to you as a favourite pen. Learn how to balance it and handle it with 
precision. Try soldering an assortment of resistors, capacitors, diodes, transistors and 
integrated circuits with it, and then try your hand at desoldering — removing the solder 
again to make a repair or modification. 


really good place to start learning is by building a simple electronics kit, such as a 
Velleman kit that contains a good quality printed circuit board. You’ll learn some of the 
basic skills of successful soldering this way, and it’ll be a great confidence booster too. 


Did you know? In the USA and elsewhere, the letter L in “solder” is silent and they 
say “soda” or “sodder” — but here in Britain we do pronounce the L and we say “sole-der”. 


storms, with winds gusting as high as 65, 
mph. These velocities barely moved the 
‘wires and spreaders around. It is apparent 
that the heavy construction is adequate to 
hhandle the winds of much higher velocity 
for which the antenna was designed, 
Although it is probably one of the largest 
quads in existence, it certainly appears as 
though it will stay up 2 long time, even 


through rough weather. 

In conclusion, this project could never 
have been compieted successfully without 
the help of many domestic and overseas. 
amateurs, Their reports, advice, and 
assistance will always be appreciated. 
Although this has been a sizeable and 
difficult antenna task, a great deal of 
satisfaction has been derived from carrying, 


The Folded Mini Quad 


it through from concept to on-the-air 
operation. The simple lesson has been 
relearned with regard to antennas — that 

innot get something for nothing. 
ize antennas are better than no 
antennas, but there is no substitute for full- 
size antennas if one wants full-size results. 
‘This material was originally presented in 
QST by Joe Hertzberg, N3EA 


A full-wavelength loop can take a variety of forms. Despite the shape suggested 
here, the author claims good results. 


Die nit gp: it owiiyn 
wireloop antenna isin use here on 2 and 15 
meters. The design, which the author had 
not seen previously, provides an antenna 
that occupies minimum space; the antenna 
is omnidirectional, vertically polarized, 
broadbanded and’ requires no ground” 
plane. 

It evolves from a full-wavelength loop. 
‘The loop, if fed on the side (x-y) as in Fig. 
23A, radiates a vertically polarized signal. 
‘The radiation pattern is bidirectional, with 
maximum radiation broadside to the plane 
of the loop and with the highest field 
strength in the plane A-A’. 

The loop can be deformed into a square, 
such as in the elements of a quad, and 
without much loss of efficiency into a 
rectangle (Fig. 23C). Vertical polarization, 
bidirectional signal pattern and maximum 
radiation from the plane A-A’ are 
retained. 


‘A 90 degree bend at A-A’ and two 
further right angle bends at B-B’ and C-C” 
transforms the flat loop into a cube. The 
circumference is still a full wavelength and 
each side of the cube measures 1/10 
wavelength. Again, vertical polarization is 
retained, but the appreciable bidirectional, 
radiation from the sides of the cube 
adjacent to A-A’ leads to a nearly omnidi- 
rectional radiation pattern, 

‘My 2-meter antenna was constructed 
from aluminum clothesline wire; the length 
in feet was chosen by 1005/f MHz. Itis fed 
with $0-hm coaxial cable through a 
Pomona Electronics no. 1699 adapter and 
no matching device isused. The SWR isles 
than 1.2:1 from 144 to 146.5 MHz and 
climbs to 1.4:1 at 148 MHz. The radiation, 
pattern was measured with a simple ficld- 
strength meter, using.a half-wave dipole as 
pickup element and 2 20-k0 resistance in 
series with the 20-4A meter to improve 


Fig. 23 — Conversion ofthe ful 


vavelongth oop to tho space-saving cubicel configura 
Fenath ofthe wire and the vertical polarization remain but the pattern changes Irom 


Jn. The 
rectional to 


Dmnigiectional The spacing between the feed point and the adjacent side s not eriteal. The 
Specing on 2 meters i= about 1-1/2 inches (88 mm). and on 18 motors Is about inches (102 mm) 


linearity.2 The front-to-back ratio is 1.8 dB 
with no prominentsidelobesapparent, buta 
rather sharp 3-dB dip is caused by the 
“shadow” of the feed line and hardware. 


Performance 


Fed with 10 watts and used as an indoor 
antenna, it gives consistent communication 
with 2-meter fm base and mobile stations 
within a 10-to 15-mile radius. It performs 
better on receive and transmit than a 1/4- 
wave whip at the same location, 

‘A [S-meter version of the antenna w 
then constructed and suspended in the at 
with string and tacks. It is operated 
100 watts and the rg loads almost as well as 
the 2-meter version, but with a slightly 
higher SWR. The first contacts were wit 
California and it has since given excellent 
performance to the West, Midwest and 
South as well as to South America and 
Europe. 

‘The close proximity of antenna sections 
radiating out of phase may lower the 
efficiency over that ofaloop, yet,intermsof 
space requirement, construction cost and 
cas of installation (no radials!) and tuning, 
the antenna is hard to beat. As a full-wave 
loop it should have a slight edge over a 
vertical, The author recommends further 
experimentation and modification, eg., 
into the even more space-saving configurs 
tion of a cylinder. This material was 
originally presented in QST by Max 
Blumer, WAIMKP, SK. 


‘The ARRL Antenna Book, 13h 28,1976, p 6S. 
The Radio Amateurs Handbook, sth ed, 1969, p 
383 
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A Convenient Stub-Tuning System for 
Quad Antennas 


antenna with amateurs for a number of 
reasons — relatively light weight, small 
turning radius, low cost, and good DX 
performance at rather low heights when 
‘compared to other antennas. The authors’ 
experience with quads has demonstrated, 
however, that best possible performance 
requires careful parastic-element tuning 
Cutting elements according to various 
“established” length formulas has often 
yielded less than satisfactory results. While 
adjustments for maximum forward gain 
are generally uncritical, a mediocre front- 
to-back ratio often results unless time and 
care are taken to tune the parasitic 
elements. Factors such as spacing between 
elements, proximity of the antenna to 
ground, or influence of other objects 
acluding the other concentric loops in a 
rnultiband array) require thatthe electrical 
length of the parasitic elements beadjusted 
using empirical methods if optimum 
performance is to be realized from the 
system, It was flt that if one was going to 
the trouble of erecting a good antenna 
system, it was worth seeing ta it that the 
antenna was delivering the performance of 
which it was capable. 

‘These considerations led to the develop- 
ment of the parasitic-element tuning 
system deseribed here. While the scheme is 
applicable to quads in general, whether 
rotary or fixed, the original intended 
application was in a fixed two-clement, 
full-size 40-meter quad. The descriptions 
here apply to this 40-meter system, but the 
general information allows one to follow 
the same scheme with a quad for any band. 


A 40-Meter System 
This 40-meter antenna consisted of two 
non-rotatable full-wave wire loops sus- 


The matching network built by the authors for 
the moilieg 4O-moter system, Relays, used In 
the switching circuitry, ae not visible. The 
builder i let to choose a suitable network of 
his own to meet his operating requirements. 
‘Basic design information can be found in The 
Radio Amatours Handbook or The ARAL 
Antenne Book 


70 Chapter 3 


pended from a boom which was mounted 
near the top of a tower. Spacing between 
elements was 22 feet (6.71 m). The corners 
of the loops were tied down to convenient 
anchor points by means of ropes, thereby 
climinating the need for spreaders. With 
the elements thus fixed in place, the 
antenna was oriented in one general 
direction and could not be steered else- 
where. A driven-element and reflector 
combination was used, 

Early experiments with the antenna 
demonstrated the need for careful reflector 
tuning. Several trips wete made up the 
tower to alternately prune and add wire to 
the reflector before the antenna exhibited 
good performance at the frequencies of 
interest. But when tuned properly, the 
quad really performed! In many instances 
signals which were inaudible while using an 
80-foot (24.4-m) high reference dipole were 
perfectly readable with the quad (at a 
median height of about 100 feet [30.5 m). 
Reception was further enhanced by 
rejection of unwanted signals off the back 
of the quad. 

Now if only the quad could be made 
rotatable. . . . Unfortunately, a full-size 
rotating system (spreaders would be 
needed) was out of the question. The cost, 
difficulties of construction and installa- 
tion, and the severe effects of New England 
winters discouraged such ideas. The 
authors, being avid contesters and DXers, 
were willing to settle for the next best 
alternative — keeping the fixed quad, but 
clectrically switching its pattern, 

‘The solution involved a tunable stub 
attached to one of the elements to lengthen 
or shorten it electrically. With the appro- 
priate stub switched in, the single element 
could be made to look like cithera reflector 
or director and thus cause the pattern to be 
reversed. In order that adjustments be 
made quickly, easily, and from a conveni- 
ent location (such as the shack or the 
bottom ofthe tower), itinvolved more than 
the conventional short stub often used with 
quads. Rather, the situation called for a 
Jong stub — long enough to reach the 
desired remote location — terminated in a 
variable reactance. Tuning the element, 
then, involved nothing more than adjust- 
‘ment of the value of reactance which could 
be provided conveniently by means of a 
variable capacitor. 

‘The electrical principle is simple. One 
adds inductive reactance to lengthen an 
clement electrically, or capacitive react- 
ance to shorten it. Typically, the former 
arrangement is used with quadsin adriven- 
element and reflector combination in 
which both elements are cut to the same 
physical length, A stub, shorted at the end, 


is attached at the center of the bottom 
section of the reflector. By varying the 
position of a shorting bar along the stub, 
the amount of induetive reactance present- 
ed to the element can be varied and the 
electrical length altered correspondingly. 
Because the stub is short in length, this 
adjustment must be made at the antenna 
itself, preferably near or at its final height. 

‘Now, ifthe stub is cut to some different 
length which happens to be longer than in 
the above case, the parasitic element can 
still be made to see the proper amount of 
inductive reactance (if it is a reflector) 
provided the stub is terminated properly 
with some other reactance (in general, 
something other than a short). Varying the 
reactive termination is then equivalent to 
‘moving the shorting bar along the conven- 
tional stub. This is a consequence of the 
impedance-transforming property of 
transmission lines. The long stub can be 


treated as a transmission line. If we know 
its characteristic impedance, itslength, and, 
the impedance that must be seen at the 


parasiic-element end of the line, the Smith 
Chart can tell us what kind of termination 
is required at the opposite end. 

A reflector cut to the same physical 
dimensions as the driven clement — self 
resonant at the desired operating frequency 
— must “see” roughly 150 ohms of induc- 
tive reactance at the terminals where the 
stub is attached. Although little informa- 
tion is available about the use of directors 
With quads, itis assumed initially that a 
director, also cut to the same length as the 
driven element, must see a roughly equal 
but oppositeamount of reactance, orabout 
150 ohms of capacitive reactance. If one 
desires to make the termination at the end 
of the stub a variable capacitor for 
convenience of tuning, which was the ease 
in the 40-meter system under considera- 
tion, the problem can be rephrased slightly: 
hat length of line ofa given characteristic 
impedance is required so that a variable 
capacitor (a 10- to 350-pF unit was used) 
causes the parasitic element to see the 
above reactances? This is casily solved with 
a Smith Chart. Two somewhat different 
systems evolved from these ideas. The 
second, a modification ofthe first, will be 
described last. 

The design procedure for the 40-meter 
version went as follows: The driven and 
parasitic elements were cut to the same 
length, given by the more or less standard 
formula, L = 1005/f, where L isthe length 
in feet, and f the frequency in MH This 
resulted ina loop circumference of 143 fect, 
6 inches (43.74 m) at a frequency of 7.0 
MHz. In the practical installation, the 
loops were triangular in shape rather than 
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Fig. 24 — Configuration of 2-olement switch- 
able 40-moter que. Triangular loops are 
Shown, although square or lamend loops can 
be used too. Both elements ae cut to the same 
dimensions: 143 foot, 6 inches (43.74 m) for 70- 
MHz operation. The Selection of eithar C1 or C2 
by means of Kt determines which direction the 
array is pointed. Switching components K1, C1 
‘ana 02, can be installed inaige the shack oF on 
‘the ground. The stub line is cut long enough to 
reach thom. Feeding the driven element with 72- 
‘ohm Twin Lead results in alow SWR. 

G1" 10-10 3509F alr-variable capacitor, ad- 
justed for director operation as described in 
text 

(02 — Same as C1, except adjusted for reflector 
‘operation, 

1 = Dpat rlay (Pot 
oF equivalent, 


‘and Brumfielé KAN1DG 


square or diamond. Shape is relatively 
uncritical — performance is approximately 
equivalent for the var 
configurations, and ease of istallation was 
considered more important. The triangle 
has the advantage of requiring only three 
tie-off points — one at the top where it 
hangs from the boom and two at the 
bottom — whereas the other two forms 
require support at four corners. Further- 
more, the triangle requires less vertical 
ht —approximately 1 feet(12.5m) on 
40 meters, assuming equal-length sides — 
as opposed to the diamond which needs 
about $0 feet (15.25 m). The square 
requires the least vertical height but is the 
ost difficult to support mechanically. The 
resultant configuration is shown in Fig. 24. 
The stub line was made from 450-ohm 
‘open-wire transmission line because of its 
relatively low cost in commercially made 
form and its low-loss characteristics. The 
reactance range of the 10- to 350-pF 
capacitor by itself at 7 MHz was then 
plotted on the Smith Chart as shown in 
Fig. 25. (Recall that X" =2nfL. and X°= 
1/2mfC where X" and X° represent values 
of inductive and capacitive reactance 
respectively, given in ohms L and C the 
corresponding values of inductance in 


Fig. 25— Example of Smith Chart calculations 
required to arrive at correct stub dimensions. & 
10- to 250-pF capacitor is used ae the variable 
reactance element which tgrminates tho 450- 
‘hm tanemission ine used fora parasition 
‘lament stub. The chart is normalized to 450 
ohms. The are between points A and E 
represents the range of reacianco of the 
‘capacitor as I's tuned between the extremes of 
is range. It the capacitor is connected to a 
‘O.12-wavelength long stub (plus any multiple of 
‘one:half wavelength) with a 450-ohem charactor- 
Iie impedance, he range of reactance 
represented by the ae between points C and D 
|s presented to the parasitic element. This range 
is sutficiant to cause a properly cut parasite 
‘lament 10 look tke elther a director of 

fellector. Further discussion of Smith Ghat 
‘aleuiations ean be found in the latest edition of 
The ARAL Antenne Book 


henrys and capacitance in farads, and f, the 
frequency in hertz.) The low-capacitance 
end of the range is indicated as point B in 
Fig. 25 with the Smith Chart normalized to 
450 ohms in this example, while the other 
extreme comes out at point A. If the 
capacitor was then connected at the end of, 
2 0.12-wavelength section of the 450-ohm 
line (approximately 16 feet [4.88 m] in 
‘open-wire line), the impedance seen at the 
other end of the line would vary between 
the range of slightly greater than #300 to 
~1300, represented by points C and D. This 
would meet the +150 and -j150 reactive 
Joading requirements of the parasitic 
element for reflector and director opera- 
tion, respectively. Actually a stub length of 
0.12 wavelength, plus any multiple ofa half 
wavelength, would work too, because any 
half-wavelength section of ‘transmission 
line merely repeats at one end the imped- 
ance that appears at the other: Thus, the 
distance to the desired remote location 
dictates the minimum required line length. 
‘Another advantage of using 450-ohm line, 
1s opposed to a line witha lower character- 
istic impedance, becomes apparent when 
working examples on the Smith Chart — 
for a given capacitor tuning range, the 450- 
ohm line produces a greater range of 
reactance change at the antenna end of the 
line. A 300-ohm line would serve almost as 
well, however, providing only slightly less 
tuning flexibility 

‘The stub was terminated at a dpdt relay 
which was controlled from the station 


‘operating position and which was used to 
select one of two variable capacitors — one 
adjusted to provide reactance for reflector 
operation and the other for director 
‘operation, as shown in Fig. 24, In this 
manner, the pattern could be flipped 
around 180 degrees instantly from the 
shack. The driven element was fed directly 
with 72-ohm transmitting-type Twin-Lead. 
A low SWR was obtained with no special 
provisions made for matching. 

The director and reflector tuning should 
bbe done empirically, as was stated before. 
Experience has shown that quads tune 
rather broadly for maximum forward gain. 
It was found that fairly large changes in the 
settings of the variable capacitors did not 
alter the gain significantly. It is best, 
therefore, to tune for maximum front-to- 
back ratio, on which the settings had 
considerably more effect. On-the-ait 
signals arriving from the rear direction can 
be nulled by tuning the capacitors. The 
nulls should be fairly pronounced if the 
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Fig. 25 ~ Configuration of mositied 2-lement 
‘swlichable 40-meler quad. The lines from esc! 
‘lament are both cut to the same length, which 
‘can be the same as the parasite element line in 
Fig. 24 or other suitable length. Both elements 
‘are cut to the same dimensions ss in Fig. 26 
‘The positions of Ki and K2 determine whether 
an element is fed a # driven element or 
forminated as 2 reflector. The array pattern ean 
be switched by determining which el 
‘operates as a relloctor or drivon element. Only 
tne tuning capacitor is required, but a matcring 
fetwork is noecod to match a coaxial feed line 
C1 0 to 250-0F 
‘sdlused for reactor ope 
1, K2 — Dpat relays operated simultaneously 
‘or both may bo roplaced by a singlafour- 
pole, Couble-throw relay (Potter and Brum= 
field KATIOG or equivalen) 
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system is set up as described here, The 
exact amount of attenuation of signals off 
the back of the antenna varies from signal 
to signal. Itwas observed that the 40-meter 
antenna exhibited the greatest front-to- 
back ratio for signals arriving from distant 
locations (at low radiation angles). Alter- 
natively, field-strength measurements can 
bbe made to determine the proper settings 
for minimum radiation or reception off the 
rear of the antenna. In this fashion, one 
capacitor is adjusted for director operation 
and the other for reflector operation 
When making large excursions 
operating frequency on 40 meters, it is 
necessary to touch up the tuning. A 
director tuned for operation in the low end 
of the ew segment is sel-resonant approx 
mately in the middle of the phone portion 
and provides little usable gain at those 
higher frequencies. Retuning is donceasily, 
however — something which is not 
possible using fixed-tuned elements. 


‘A Modified 40-Meter System 


‘The 40-meter system described above 
provided very good results over a period of 
months, including stateside and DX 
contest work and casual DXing. After 
some thought, however, a modified system 
was construcied. The new configuration 
provided some advantages over the orginal 
scheme, 

The same principle of operation was 
retained. The new system shown in Fig. 26, 
used only a reflector-type paresitic ele- 
ment, but the switching system now 
allowed either clement to operate as the 
driven element or reflector. In this manner, 
the antenna pattern could still be reversed 
by choosing the appropriate element for 
the desired function 

Several factors prompted the change, It 
was found with the original system that a 
considerably higher front-to-back ratio 
could be had using reflector rather than 
director. The latter yielded no more than 
about 10-dB discrimination against signals 
received off the back of the antenna, even 
with careful tuning, whereas with the 
former the figure was approximately as 
high as 25 dB. Although most available 
literature made little mention of quad 
performance using a director, this observa- 
tion agreed with what little published data 
could be found on the subject.! The 


"Technical Topics,” Radio Communication, February 
1973, p. 101 
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reflector-only model also had the advan- 
tage that just one tuning adjustment was 
required, since one stub reflector served 
both elements in an identical fashion, 
Furthermore, because the system behaved 
the same no matter which direction the 
array was switched, the SWR did not 
change when switching, and the transmit- 
ter was thus always tuned properly. With 
the original scheme the antenna feed-point 
impedance changed when switched be- 
tween director and reflector operation, 
Although the resultant SWR_ was not 
objectionable in either case (it did change, 
though), it was necessary to retune the 
transmitter after switching, or tolerate @ 
moderate amount of mistuning, 

The design procedure for the new 
arrangement is basically the same as 
before. Both elements are cut to the same 
length. Only the stub requirements for a 
reflector need be considered now in doing 
the Smith Chart calenlations. Onee the 
stub line length is determined, two such 
identical-ength lines, both made from the 
same type of transmission line, are cut, one 
for each element, A four-pole, double- 
throw relay, or two dpdt relays’ operated 
simultaneously, are required in the hookup 
shown in Fig. 26, to switch the two lines, 
between the parasitic-element termination 
and the main feed-line matching network 

‘The new system has one disadvantage, 
however. A matching network is required 
between the transmitter and driven element 
because of the mismatch between the main 
feedline, which i presumably coax, and the 
driven-clement open-wire feed line. The 
original system required no special match- 
ing. This presented no problem in the 40- 
meter system considered here since a 
suitable network was easily constructed 
The builder is left to choose a suitable 
matching network of his own as there are 
‘numerous possibilities to take care of the 
varied matching requirements which may 
arise under different situations. Depending 
upon one's preferences and requirements, 
the modified scheme may or may not prove 
more attractive. 


Additional Remarks 


AA few general comments can be made at 
this point. Although a variable capacitor 
hhas been designated thus far as the 
termination for the stub, there is no reason 
for not using a coil or some other 
combination of inductance and capaci- 
tance if it will work with a stub length 


which happens to be convenient. The 
builder can choose for himself. The 10-to 
350-pF capacitor described earlier had 
ipproximately 0.05-inch (1.27 mm) spac- 
ing between plates. While it is difficult to 
predict the voltages present in the parasitic 
element (and across the capacitor), no 
arcing between plates was observed during 
transmitting periods, even while running 
‘one kilowatt transmitter de input. This 
suggested the plate spacing was adequate. 

‘The lines from each element should be 
brought away perpendicular to the ele- 
ments as much as possible, and open-wire 
line should be Kept reasonably clear of 
nearby objects, especially metal ones. Also, 
the velocity factor of the line being used 
(0.95 for “ladder” line) must be remember- 
‘ed when computing physical lengths. 

‘The authors erected a single diamond- 
shaped 80-meter quad loop withits bottom 
close to the ground. The antenna was tried 
as both a vertically and horizontally 
polarized radiator. For DX work, the 
Vertically polarized version yielded un- 
questionably superior results in terms of 
greater signal strengths at Jong distances 
and the beneficial feature of rejection of 
unwanted high-angle radiation from 
stateside stations when receiving. A 
parasitic element to accompany the single 
Joop was not tried. These observations 
‘suggest interesting possibilities for vertical- 
ly polarized ground-mounted quads for 
low frequencies. 

The ideas presented here are applicable 
to any quad antenna, but should be 
especially useful in designing large arrays 
which cannot be turned physically. The 
design procedure is simple in any case. The 
feature of continuously variable tuning 
climinates the guesswork in cutting fixed 
length, fixed-tuned elements. The system 
will serve well in any situation where, say, 
climbing the tower to work on the antenna 
is not convenient. 

A fixed, switchable array is an asset to 
the contestant or DXer who finds it 
necessary to change antenna headings ina 
hurry. From thenortheastern U.S.,asingle 
such array provides good coverage of 
Europe and Africa in one direction and of 
the western U.S. and the Pacific in the 
other. If two suitable supports spaced a 
reasonable distance apart are available, 
two arrays of this type, perpendicular to 
each other, can provide a wide range of 
coverage. ‘This material was originally 
presented in QST by John E. Kaufmann, 
WAICQW and Gary E. Kopec, K8RX. 


Some Notes on a 7-MHz, Linear-Loaded 


Quad 


If you like to experiment with antennas, here are enough new ideas about the 
construction of quad antennas to keep you going. 


terest in working DX in the 3.5- to 28- 
MHz bands would like to have antennas 
providing them with forward gain on all of 
these bands. Today, a triband trap Yagi or 
cubical quad may be employed to achieve 
this objective on 14, 21 and 28 MHz. 
Rotary beams are, for all practical 
Purposes, out of the question for 3.5 MHz, 
bat itis possible to achieve some gain with 
a 7-MHz rotary beam without having to 
pay a fortune for a supporting structure. 

‘The Hy-Gain linear-loaded 2-clement 
Yagi or the Mosley inductively loaded 
beam for 7 MHz can achieve this objective. 
The writer, however, prefers quads to 
Yagis, based on his own experience, 
Difficulties often arise when one seeks to 
‘mount beams for several different bands on 
the same tower without marked loss of 
performance on any band. The primary 
Problem is, of course, that a full-sized 
cubical quad for 7 MHz is a monstrous 
structure. Such antennas have been 
erected, but they are not suited for the 
average amateur with a limited budget. 

The first step in building a 7-MHz quad 
is, therefore, to design a single 7-MHz quad 
loop of reasonable size which is mechani- 
cally strong enough to survive most 
weather conditions. 


Linear Loading 


Asa general rule, a reduction in antenna 
size to two-thirds of fullsize can beeffected 
without 2 noticeable drop in performance, 
providing care is taken to limit the losses 
introduced by the loading devices. This 
‘means that one can think in terms ofa loop 
for 7 MHz with 24 feet (7.32 m) on a side 
instead of 36 feet (10.97 m) on a side. An 
additional factor in choosing a 24-foot-per- 
side length was that the longest bamboo 
spreaders that the writer could obtain were 
I8 feet (5.5 m). Attempts were made to 
lengthen these spreaders, but results were 
not satisfactory mechanically. 

If a 24-foot loop is to be used, the next 
questions are where to put the loading and 
what form of loading to use. A full-sized 
iad loop has symmetrical current distrib- 
ution. The current maxima occur in the 
middle of the horizontal sections, and the 
current minima develop in the middle of 
the vertical sections. The current distribu- 
tion in the vertical elements is such that 


Fig. 27 — A method for lnaer-loading of one 
side of a quad element. 
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sions used for the 7-MHe quad 
the loop has boon ut for 
2 Tow ano ne ban. 

helgnt above ground and the 
particular portion ofthe band to\be operate, 
{he amount of center loading at the vertical 
sides may have to be varied slightly 


‘most vertical radiation is canceled out. Itis 
desirable to retain this current distribution 
in the shortened loop. It ig also desirable 
not to put the loading in the center of the 
horizontal elements, since maximum 
radiation occurs at the current maxima, 
and it does not make sense to cut out the 
portion of an antenna that does the most 
effective work. The writer, therefore, chose 
to put the loading in the vertical sides. 
There are two popular methods of 
loading, stubs or coils. The writer dislikes 
coils for loading since, if they are wound 
with a heavy-gauge wire (desirable in order 
to avoid undue losses), they are bulky and 
difficult to weatherproof. The choice was 
therefore stub loading. It would have been 
possible to insert a stub at each corner of 
the loop, tied back to the spreaders. But, 
the current flowing in such stubs would be 
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Fig, 20 — Diagram of the matching seotion used 
‘on the 4-meter driven element. The gamma 
capacitor employs a 100-pF alr variable and @ 
{00-pF high-voltage silver mica connected in 
poral, 


unbalanced, and radiation in unwanted 
directions would take place from the stubs 
themselves. There is aso the consideration 
that if the same spreaders are used for 14-, 
21- and 28-MHz loops, stubs at the corners 
of the FMHz loop would have to be 
mounted well clear of the loops for the 
other bands. 

‘The original linear-loaded 7-MHz quad 
element was tried by the writer in a four- 
band quad some years ago. A single stub in 
the center of each vertical side was used. 
The loading stubs were made 14 feet (4.27 
1m) longand were tied oa toa point near the 
center of the boom, Performance of this 
quad on 7 MHz was excellent, but the 21- 
MHz quad mounted on the same boom 
‘was almost useless, probably due to pickup 
at 21 MHz by the 7-MHz loop with 
subsequent reradiation. An attempt was 
made to find anefficient method of loading 
‘which did not involve long stubs “floating 
around.” The next step was to try folding 
the wires in the vertical sections back on 
themselves as shown in Fig, 27A. Current 
distribution ether side ofthe center part of 
the vertical elements is symmetrical, as 
desired. This change resulted in a loop that 
was resonant near 7 MEY, although its 
resonant frequency was slightly high. 
Shortening of the stubs slighty, a8 shown, 
in Fig. 27B, was tried. This had virally no 
effect on resonant frequency, This is no 
doubt because the increased end-loading 
effect of the portion A almost equalled the 
reduction in stub length. Short stubs 
(abour 4 feet [1.22 m] long) were then 
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Quad Antennas 


G3FPO's compact &-band quad has 2 elements 
for 7 MHz, 3 elements for 14 MHz, and 4 
lomants for 21 and 28 MHz, Palro of Yagltype 
directors are used in place of the usual loop 
‘irector for the three higher frequency bands. 


inserted at the center of the vertical sides, at 
right angles to the vertical sides as shown in 
Fig. 28, and resonance at 7 MHz was 
achieved. 

A four-band quad for 7, 14, 21 and 28 
MHz was then constructed. Much to the 
writer's delight, there appeared to be no 
noticeable interference with the pattern of, 
the 21-MHz quad by the 7-MIZ elements. 
‘The loading effect of the stubs would be 
different at 21 MHz since they would 
include current maxima; the result is to 


give a loop which, while resonant at 7 
MHz, does not appear to have a thi 
harmonic resonance in or near the 21-MHz 
band 


Yagi-Type Directors 

‘The reader can probably see from the 
photograph that the directors for 14, 21 
and 28 MHz consist of pairs of stacked 
Yagi-type elements level with the driven 
elements, There are two pairs of Yagi 
directors for the 10-and 15-meter elements 
at approximately 6-foot, Ginch (2 m) 
spacing, and one pair of Yagi directors for 
20 meters at approximately 13-foot (4m) 
spacing. The overall length of the directors 
is 31 feet, 3 inches (9.52) on 20 meters; 20, 
feet, 1Oinches (6.35 m) on 1S meters; and 15 
feet, 2-1/2 inches (4.63 m) on 10 meters. 
Performance of the author's array on 10, 
15, and 20 meters at the moment is litte, if 
any, better than an ordinary 2-element 
‘quad. The writer has only recently had an 
‘opportunity to start checking out the 
directors to see what adjustment they need. 
Current indications are that they require 
lengthening, but there is a good deal more 
experimental work to be done. Anyone 
who wants to try this system must be 
prepared to do a good deal of cut and try to 
tune the directors, if any real increase in 
performance over a standard two-element 
quad is to be achieved. 

One also has to bear in mind that when 
dealing with multiband quads the resonant, 
frequency of Yagi-type directors islikely to 
be affected to a far greater extent by the 
proximity of other elements than would be 


the case for a quad-loop director, This is 
because a Yagi director is a comparatively 
high-Q element. Fromthe theoretical point 
of view, the drawback to quad-loop 
directors is that the reactanees involved are 
such that there is 2 comparatively low 
degree of mutual coupling between the 
quad-driven element and the quad-loop 
director. This, of course, reduces the 
efficiency of the loop as a director. This 
problem should not apply to the same 
extent with Yagi-type directors, and, in 
theory at least, they should prove to be 
more efficient than quadsloop directors. 
‘The question now is whether practice 
follows theory or not. This writer won't 
have an opportunity to conduct any 
detailed experiments until the summer. 
When deciding the original length for the 
Yagi directors, allowance was made for 2 
rise in frequency of approximately 100 
KHz, But, the only way to cope with the 
ellects on the director resonant frequency 
Of the proximity of other elements is by 
field-strength measurements, coupled with 
a good deal of cut and try. As in any 
multiband quad, separate feed lines should 
be used for each band to minimize 
interaction between bands. 

‘The author's quad has been up for six 
‘months now, and final tuning remains to be 
done to the 7-MHz reflector loop to 
achieve maximum front-to-back ratio, But 
the results, even on a cut-and-try basis, are 
well worth the work that went into the 
array. This material was originally present- 
ed in QST by David. L. Courtier-Dutton, 
G3IFPQ. 


Spider Quad Mount: Simplified 


‘There seems to be a growing interest in 
the spider quad. The photograph shows a 
version of a hub or “spider” mount. Usinga 
2-foat (0.61-m) length of 2inch (SI-mm) 
diameter steel pipe, « mount can be 
constructed easily. Two cuts, 10 inches (254 
mm) long, are made through the diameter 
at each end of the pipe. This leaves 4 inches 
(102 mm) inthe middle for the boom. The 
cut ends are then bent to an angle tosuit the 
desired spacing. The unit shown in the 
photograph is bent to 108 degrees. The 
spreaders may be attached to the boom 
mount with hose clamps, bolts or wire. 

‘The beauty of this design is that itan be 
made to any size desired. Also, it ean be 
‘enlarged to a 4-element version, as shown 
in Fig. 30. 
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Fig. 20 


One of these spider mounts is in use at 
KP4DJI (constructed by KP4DIO and 
KP4DJI) using bamboo spreaders. The 


results have been excellent. This material 
originally presented in QST by Lynda B. 
Crowley, KP4DIP. 


Two-Band Quad Matching 


While experimenting with a 2-element, 
2-band cubical quad antenna the problem 
of matching the antenna to 2 50-ohm 
insmission line arose. The antenna is @ 
‘plain vanilla” quad built around informa- 
tion in W6SAT's book, Quad Antennas. 
The author's method of feeding the 
antenna did not produce fantastic front-to- 
back ratio or forward gain. It merely made 
the standing-wave ratio more accept- 
able to the 32S-3B used at the home 
orn. 

‘After building the 2-band quad, the 
author checked it with a General Ra 
1606 impedance bridge and found the 10- 
meter antenna to be about 118 ohms and 
the 15-meter antenna to be about 91 ohms 
at resonance. This is 2.36:1 and 1.82:1, or 
approximately 2:1 for a 50-ohm transmis- 
sion line. The feed system described here 
made the VSWR much nearer the desired 
I 


The heart of the system isa ferite-core 
autotransformer, The measured imped 
ance ratio is very elose to 50:107 ohms. The 
insertion loss is less than 0.2 4B from 15to 
30 MHz when terminated in 107 ohms. 
‘When it is terminated in $0 or 200 ohms the 
insertion loss i ess than 0.35 dB fom 15 to 
30 MHz. Several transformers were built 
before these figures were obtained, and 
after a suitable design was achieved it was 
connected to the quad as showin in Fig. 31 
You do not have tosacrifice F/ Bratiofora 
more acceptable VSWR by detuning the 
reflector stubs; simply adjust the tuning 
stubs for maximum F/B ratio and then 
design the transformer for the proper 
impedance ratio, Also, lowering the 
VSWR places a larger portion of the 
desired band within an impedance range 
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Fig. 31 — Two-band quad matching, 


the average pi-section tuner will accept, 

In answer to on-the-air inquiries: Yes, 
performance of the antenna varies consid- 
erably from one end of the band to the 
other. 


Fig. 32 — Standing-wave ratio curves taken 
with a laboratory-type VSWR bridge, 


array mountea on a stool tower 44 foes (13.4 m) 
ve around 


This antenna feed system is a broadband 
device, so don’t forget to use a low-pass 
filter. “This material was originally pre~ 
sented in QST by Toney L. Magnino, 
WSMVK. 
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Miscellaneous Antenna Types 


Here is a potpourri of useful antennas for 
the hf-band enthusiast. This chapter 
contains information on how to build and, 
operate loop antennas, limited-space 
antennas and variations of the quad. Once 
again, the work of numerous QSTauthors 


has been collected fora timeless volume of 
useful construction details that can benefit, 
amateurs whose operating objectives are 
numerous and varied. 

For the most part, the antennas de- 
seribed in mare simple and 


inexpensive to build. The performance 
characteristics are consistent with the 
operating needs of ragchewers, contesters, 
and DX-chasers alike, assuming that the 
builder does not strive to have the loudest 
signal on the amateur bands. 


Beat the Noise with a “Scoop Loop” 


Operators on 160 and 80 meters fight a common foe — noise. Atmospheric 
QRN is compounded by the presence of man-made noise. Loop antennas for 
receiving may offer an economical solution to your noise problems. Here are 


some timely details. 


I, you've been tempted to massage your 
receiver with a 10-pound hammer because 
you can't copy some of the weak signals 
being heard by your colleagues, you may 
need a receiving loop! A high ambient 
noise level on 160 meters has stifled the 
author's DX work for several years, and 
more than once was ready to capitulate in 
favor of the man-made and atmospheric 
noises that the 75-foot (22.9-m) shunt-fed 
vertical responded to. “Grrer,” would be 
the snarl as the author listened to stations 
with Beverage antennas: They were hand- 
ing out RST 579 signal reports to DX 
stations, and the author couldn't find the 
DX signals in the noise, let alone copy 
them, 

Something had to be done. It was 2 
matter of giving up on 1.8-MHz efforts 
toward DXCC, or putting forth a zealous 
attempt toward an improved signal-to- 
noise ratio, Some effective outdoor 
receiving antennas were erected (half- 
wavelength open loop — parallel to the 
ground, and a 200-foot (61-m] end-fed wire 
a few feet off the ground), but they did not, 
always respond well to DX signals: It 
depended on band conditions. Also, there 
was the danger of receiver front-end 
damage caused by unwanted excitation of 
the large receiving antennas (resonant) 
during the transmit period. They were in 
close proximity to the vertical antenna, 
which was used for transmitting purposes. 
Lethargy prevented the author from 
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installing a protective circuit at the receiver 
front end, and as a consequence the writer 
“blew" a JET preamp and two protective 
diodes in the front end of the FT-301D 
transceiver. 


Revisiting the Past 


While for many years experimenting 
with small receiving loops for 40, 80 and 
160 meters, the efforts were casual. The 
best of the loops was an outdoor one ofthe 
shielded variety, five fet (I.52m) ona side, 
and fashioned’ from RG-59/U coaxial 
cable.! However, it was necessary to 20 
‘out-of-doors each time to rotate it, and the 
author wasn’t enthusiastic about investing 
in a rotator to use with the loop, 

Recently, it seemed that some work 
could be done with indoor types of 
receiving loops. Afterall, loops of that kind 
hhave been around since radio was invented, 
and plenty of amateurs are using them 
effectively. After scanning available 
literature (Terman, Kraus, Jasik and 
Keen), the author set about the task of 
building a framework for the chosen 
design, This time a multiturn loop would 
be tested (Fig. 1). 


Construction 

The photograph shows the general 
structure of the loop. In Fig. 2 are the 
dimensions of the wooden frame used to 
contain the antenna wires. Thereis nothing. 
‘magic about the size of the antenna: Two 


pieces of wood that were stored in the 
workshop were used, each being 48 inches 
long, 1-1/2 inches wide and 3/8 inch thick 
(1.23 m X38 mm X 10 mm). 

Arbitrarily, the author decided to make 
LI of Fig. | afive-turn winding: Holes were 
drilled (five) in each end of the cross-frame 
to accommodate the loop turns and hold 
them in place. Actually, there should be six 
holes at the bottom point of the frame to 
permit the final end of LI to be secured 
during the threading-through process 

Five additional holes were drilled (Fig. 
2) 3/4 inch (19 mm) below the holes for L1 
‘These are used to contain L2, the onesturn 
output link ofthe antenna, L2 requires two 
holes at the bottom member of the frame 
again to provide an anchor point for the 
ends of L2. Alternatively, V-shaped 
notches can be filed on the ends of the 
cross-frame, The wire for L1 ean be laid in 
the grooves rather than threaded through 
the holes shown in Fig. 2. L2 should, 
however, be wound inside L, through the 
five holes shown in the drawing. 

‘A mounting base for the assembled 
antenna can be made to the builder's 
specifications, This writer used a piece of 
3/4-inch (19. mm) plywood which has 
‘dimensions of 30 X 12 inches (0.76 m x 305 
mm). A [-inch (25 mm) diameter hole was 
drilled in the center of the board to accept 
an 18-inch (457 mm) length of I-inch 
diameter dowel rod. The latter is lasined to 
the framework of the loop to enable the 


‘The silhouette Is of an indoor version of the 
fourctun shielded loop deseribed inthis atile, 
‘wooden framework is used 19 support the 
‘main loop winding and the one-turn piokup tink 
‘The resonating capacitor is mounted on an 
aluminum L bracket along with a phono jack 
‘and an 860-pF disk capacitor. The latter is used 
bptween the output link and the phono jack 
inseaé ofa trmrer capaci. The framework 
‘was buill by Technical Secretary Mi 

[Anderaon’s OM, Bob has been stained and 
‘coated with clear lacquer. 


operator to rotate the loop as desired, 
Although this isa “kluge” type of assembly, 
it serves its purpose adequately. A carpen- 
ter should be able to conceive a more 
practical base and support system for the 
antenna! 

Number 22 insulated hookup wire was 
used for the loop turns. There is nothing. 
critical about the wire size, but itis best to 
use the larger gauges. This will make the 
loop more rugged. 


Performance 

‘A variety of feed systems were tried 
before the author settled for the method 
illustrated in Fig. 1. Direct connection to 
the terminals of LI required careful 
balancing to assure a uniform loop- 
response pattern. Unbalance causes pat- 
tern distortion, and if it’s bad enough the 
maximum response can occur off the broad 
side of the loop rather than in the plane of 
‘the antenna. 

Addition of a one-turn coupling loop, 
1L2, proved to be the easiest method for 
assuring good balance. Bandwidth of the 
Toop is dependent upon the Q. The latter 
can be controlled by the amount of 
‘capacitance used at C2: the lighter the 
‘coupling, the greater the loaded Q. Loop, 
resonance is effected by means of Cl. Since 
there is interaction between LI and L2, itis, 


Fig. 1 — Schematic dlagram of the receiving 
fogp. C1 and C2 are mica compression 
Wimmors, Tho ilustratin at A shows the t-turn 
link Inside the S-tura one, At 8 isan expanded 
lagram of the feod point for L2. 


Fig. 2 — Dimensional drawing of the wooden 
frame which contains the Scoop Loop. Further 
Information concerrung the structure fs given in 
the tex 


necessary to readjust Cl each time C2 is 
tweaked. In this application it should be 
stressed that C2 is not used for the purpose 
of obtaining an SWR of 1. It is purely a 
coupling device. Hence, a 50-ohm condi- 
tion docs not necessarily exist at the loop 
‘output terminals. 

‘During initial experiments the pickup 
loop, L2, was connected directly to the 50- 
ohm’ input port of a 40-dB broadband 
preamplifier which was designed by 
'W7ZOI (Fig. 3). Without C2 in the circuit 
the coupling was excessive. This resulted in, 
low Q, and the loop bandwidth was 


approximately 150 kHz at the 3-4B points 
of the response curve. After C2 was added 
and adjusted to provide a bandwidth of 25 
KHiz, the loop gain increased 10 dB. 
Alternatively, one might make L2 smaller 
and locate it closer to the center of the loop 
frame in order to lighten the coupling 
between the two windings. This could bea 
somewhat tedious mechanical procedure: 
‘The writer’s inherent lassitude favored the 
addition of C2 for the purpose! 


Performance Characteristics 


‘A test range was set up for checking the 
‘ull properties and relative gain of the 
Joop. The equipment was arranged in an 
‘outdoor location, well away from power 
wiring and other station antennas. A 
erystal-controlled weak-signal source 
QN22A oscillator and 9-volt battery) 
was placed some 100 feet (30.48 m) from 
the test loop. It contained a 36-inch (0.91- 
1m) whip antenna (vertically mounted) for 
radiation of the test signal. The 75-foot 
(2.86-m) transmitting vertical was shorted 
out at the feed point to prevent it from 
being resonant and affecting the loop 
antenna during the test period 

‘A'50-ohm Tektronix step attenuator was 
placed in the coaxial line between the loop 
and the receiver. The attenuator was used 
to measure accurately the changes in S- 
meter reading on the FT-301D transceiver 
which was used as a detector during the 
measurements 

‘A null depth of —21 dB was obtained 
with the loop. An extremely sharp null was 
noted. AAS the broad side of the loop was 
moved toward the signal souree, the null 
began slowly, then fell deeply to —21 dB 
over the final 10 degrees of rotation. No 
evidence of pattern distortion was ob- 
served, The null was dead off the broadside 
of the antenna, and maximum response 
was directly off the thin side of the loop. 

‘A comparison between the 75-foot 
(22,86-m) transmitting vertical (shunt-fed 
tower, top loaded and with buried radials) 
and the wire loop indicated that on 
groundwave signals the loop (without 
preamp in line) was —18 4B respective to 
the vertical This suggested that in a 
practical installation a single JFET or 
dual-gate MOSFET preamp would pro- 
vide unity gain with the transmitting 
vertical 


Using the Loop Indoors 

‘The author’s home has aluminum siding, 
and as is the case with all modern homes 
there is a network of water pipes, phone 
wires, TV lead-in conductors and house 
wiring. The author wondered how well the 
loop would perform within all of these 
unwanted signal obstacles, some of which 
form loops by themselves! The ham shack 
is at ground level inside the family room, 
and the loop was placed on a stand at floor 
level. The clutter of unwanted conductors 
disturbed the directivity of the loop 
somewhat, but the signal-pickup ability of 
the antenna was not impaired, 
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Fig. 3 — The W7ZO! broadband 40-<8 proamplitior 


‘hip types. Resistors are 1/4-w composition. The upper 3-d® point ofthe ampli 
‘gain and provide a S0-ohm characteristic: At ie a 1-c8 
between an antenna of unknown impedance and the filter at C 10 


Heavy feodback is used to stabil 
attenuator pad which can be ust 


is shown at A. Capacitors ara dick coramic or 
ie a 65 Miz 


provide a proper load forthe fier. The Butterworth band-pass fier at Cis suitable for use with the 


preamp at A 1 wil help roe 


‘oul-cl-band signals to improve the IMD characteristics of the 


preamp. When tha preamp le used with aonraconant racaving antennas, I wil ba nepessary {0 
fmploy the iter to\protec the preamp from signals across is response range (be band through 
‘hth The preamp and iter would be fine lor use with Boverago antennas. C1 and C2 ara mica 
IWimmars. Lt and L2 consist of 31 turns of no. 22 enameled wire on Amidon T65-6 toroid cores 
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A step attenuator was inserted between 
the W7ZOI preamplifier and the station 
receiver so that unity gain could be 
established between the loop and the 160- 
meter vertical (22 dB of gain had to be 
gotien rid off. An antenna switch was 
added to the system to permit rapid 
comparisons between the antennas. 

Extensive tests proved that the loop 
outperforms the vertical by a substan 
tial margin when it comes to digging 
weak signals out of the noise (man-made 
and atmospheric). The author has copied 
PAQHIP, PYOZAE, G3MYI, WoRW, 
WOBLZ, WSABand others perfectly QS on 
the loop (indoors) when they couldn't be 
found, or were unreadable on the vertical 
Itis only fair to say that on some occasions 
the vertical was the better antenna for 
receiving. Propagation conditions and 
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ambient noise levels at a given time will 
determine which antenna can provide the 
best reception. Typically, the ambient 
noise level from the WIFB vertical is $3 on, 
1 receiver that is calibrated to indicate S9 
ona 50-xY si 
shows no noise response when the loop is 
connected to it. However, static crashes 
(atmospheric noise peaks) are as loud with 
the loop as they are with the vertical when a 
storm is in the immediate area, Noise from 
distant storms can be discriminated against 
by turning the loop null toward the storm 
front, It appears that the major part of the 
author's ambient noise is man-made in 
nature, At times it peaks as high as S8. 
When the loop is used indoors it 
responsds to unwanted 15.750-kHz TV 
spurs, and when appliances are actuated 
the transients kick the receiver $ meter 
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Fig. 4 — The drawing at A shows the crcut ofa 
7X S/Bineh (178 X 16mm) feritorod loop (eoe 
text), ALB isthe fn 

ctrostatie shield 
‘compression trimmers (see text for other 
Getais) The circult at C was used ahead ofthe 
|W7ZOI preampitier to improve the system noiso 
figure 


rather hard, ‘This is because the loop is 
contained within loops formed by house 
wiring. This type of interference has not 
been observed while using the vertical 
antenna, even though it is affixed to the 
rear of my house, To prove that the house 
wiring was causing the problem with TV 

irdies and transients, the loop was located 
out-of-doors for two nights. The interfer= 
ence vanished! 


‘Some Other Loop Experiments 

Ferrite-rod loops have been used to 
advantage for many years (be-band radios, 
direction-finder receivers for boats and 
rcraft,etc.), so it seemed worthwhile to 
investigate a model of that type of antenna 
before concluding the tests. Two versions 
were tried, each with a preamplifier The 
first consisted of a single 7X 5/8-inch (178 
X 16 mm) Amidon Assoc. ferrite rod on 
‘which was wound 2 40-turn solenoidal coil 
of no, 22 insulated hookup wire. The loop 
‘was tuned to resonance by means of a 100- 
DE per section splitstator variable. A four- 
turn output link was wound over the center 


Soldering iron choices 


Search any electronics catalogue or website and you’ll see a bewildering array of 
soldering equipment on sale, including irons, controllers, work stations and desoldering 
equipment too. A large range of soldering irons is readily obtainable - which one is 
suitable for you depends on your budget and how serious your interest in electronics is, 
but there’s something for every pocket distributed by a variety of retail, industrial and 
mail-order outlets. 


The Antex range of soldering equipment has been very popular with industry, 
education and the electronics hobbyist for 60 years; I grew up with an Antex iron and a 
trusty 15W Antex iron was an everyday part of my hobby electronics all the way through 
the 1980’s. An industrial user or a more dedicated hobbyist — with a bigger budget! — will 
be interested in a soldering station instead and again Antex offers a range of British-made 
products for industry or home use. 


A very basic mains electric soldering iron can cost from under £5 (USS 8), but I find 
that these very cheap irons, as sold on auction websites, are pretty crude and imprecise. 
They are best suited for simple electrical repairs and DIY rather than precision electronics 
or printed circuit boards discussed here. They tend to be bulky and uncomfortable for 
extended use, and they may not have suitable “bits” or tips of various sizes to suit different 
tasks. 


™ This classic Antex XS25 “pencil style” 25W mains-powered soldering iron has 
exchangeable tips or “bits” and is great for general hobbyist or educational use. Stands 
are also available to store them safely in between use. 


A quality pencil-style electric soldering iron such as the Antex X$25 (photo) will be 
approximately £20 (US$18 tax free) - though it’s possible to spend into three figures on a 
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\Viow of the forrite-od laop and test setup accessories. tn the foreground (let is the Butlorworth 


band-pass liter. Balow 
attenuator is atthe far right. 


of the primary winding. The latter ovcu- 
pied approximately 3 inches (76mm) of the 
center portion of the rod. A small alumi- 
tum chassis served as the foundation for 
the antenna, and the rod was spaced some 3 
Inches (76 mm) above the chassis. Perform- 
ance tests showed the antenna to be less 
efficient than the large S-turn wire loop. As 
referenced to the 75-foot (22.86-m) verti 
cal, the ferrite loop was —38 dB. Further- 
‘more, it was prone to the same induction 
effects which plagued the wire loop when 
‘both were used indoors. The rod-loop null 
‘was dismal — some 10 dB! 

‘An improved model ofthe loop was built 
by using epoxy cement to join together a 
pair of -inch (178-mm) ferrite rods, end to 
end. The sensitivity (uV per meter) 
increases with the length of the rod, but is 
dependent upon the length of the coil 
which is wound on the rod. A multilayer 
coil contained at the center of the rod 
should be considerably better than a 
solenoidal coil spread over the major 
portion of the rod: The shorter the coil, the 
higher the Q of the antenna, 

‘The author did not have Litz wire 
available, and was unable to build a 
multilayer coil, so a short solenoidal 
‘winding was placed on the center $ inches 
(127 mm) of the 14 X 5/8-inch (356 X 16 
mm) rod. It consisted of 32 turns of no, 12 
Insulated wire, spaced one wire diameter 
between each turn. The ferrite rods are 
made of Q2 material (u = 125). 

Fig. 4 shows the schematic diagram of 
the rod loop. A four-turn output link is 
wound over the center of LI. C1 is a mica 
compression trimmer which tunes the loop 


‘atthe center isthe broadband preamplifier, and the Tektronix 2701 stop 


to resonance, C2 is used as a coupling 
capacitor to control the loop loading, 

It seemed worthwhile to try shielding the 
loop, so a pair of aluminum L brackets 
‘were bolted to the chassis as shown in the 
photograph, Each bracket is 16 x 3-3/4 
inches (406 X 95mm), The shields are 


spaced 1 inch (25 mm) either side of the 
loop. 

‘The top of the U-shaped channel must be 
left open to prevent the shield from acting 
asa shorted turn, Proof of the effect can be 
seen by shorting across the open end of the 
trough (over the center of the rod) with a 
screwdriver. The received signal will 
vanish! An electrostatic shield, when used 
with a loop antenna, should minimize 
induced fields from nearby conductors and, 
precipitation static, thereby making the 
system better for indoor use. 


Rod-Loop Tests 


‘The same outdoor test setup was 
employed for checking the performance of 
the rod loop. The nulls occur off the ends of 
the rod, and maximum response is found 
off the broad sides of the rod. A null of 
—23 dB was obtained with the loop, but 
effcieney was less than that obtained with 
the Sturn wire loop. When compared to 
the 75-fo0t (22.86-m) vertical a reading of 
—31 dB was obtained, 13 dB inferior to 
the wire loop. The noise figure of the 
W7Z01 broadband preamplifier was too 
high for use with the new antenna, so x 
common-gate JFET pre-preamplifier was 
added between the loop output and the 
input to the “ZOI unit. ideally, a 30- oF 35- 
4B preamplifier (two JFETS) should be 
used with the rod loop to assure low noise 
figure and ample gain. 

‘With the coupling set for maximum loop 
ain, the bandwidth (measured with an HP 
spectrum analyzer) is 10 kHz at the 3-dB 
points. The loop was measured independ- 
ent ofthe shields and preamp for unloaded 
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Fig. 5 — Suggested circuit for using a sense antenna withthe rod loop. The sense antenna can be 
‘mounted 6 1 10 inches (152 to 254 mm) in front of the broadsi¢e ofthe 03 loop (cor 


preamp can be wound on T-68-2 toroid cores. 
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Qby means of an HP Qmeter. A reading of 
430 was obtained, 

The electrostatic shield cured the 
unwanted pickup of TV spurs and appli- 
ance transients during indoor use. The 
author would like to mention that the wire 
and rod loops are affected to some extent 
by the presence of the 75-foot (22.86-m) 
vertical, The latter is only 20 feet (6.10 m) 
away from the operating position. It tends 
to reradiate noise and signals. Some of that 
eneray is picked up by the loop antennas. If 

n indoor loop is to be used regularly, or if 
itis outdoors, but within 100 feet (30.48 m) 
or 80 of the vertical, the latter should be 
shorted out or detuned during the receive 
period, An spst relay could be slaved tothe 
regular antenna change-over relay to 
accomplish this, 


Tho 4-turn coax loop with electrostatic 
Shloiding. Tre trenmors aro visible on alumisum 
brackets below the loop. 


‘An improvement in performance for 
either type of loop could be had by addinga 
sense antenna and appropriate phasing. 
circuit (Fig. 5). This would provide a 
cardioid pattern and result in a unidirec- 
tional response. Greater reduction of QRN 
and QRM would be effected through that 
technique. A weatherproof system of that 
type could be placed out-of-doors for year- 
round use. A TV type of rotator would be 
useful for changing the loop position, as 
desired, 


‘The WIFB 4T-ES Loop 

During final investigation of loop types 
and performance characteristics, an at- 
tempt was made to devise a shielded loop 
small enough to be practical indoors. The 
primary objective was to develop a loop 
from ordinary materials — something that 
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was inexpensive and easy to build. It 
should haye efficiency comparable to that 
of the S-turn wire loop described earlier in 
this report, A reasonable null depth and an 
undistorted pattern were sought also. 
From these criteria evolved the 4T-ES 
(four turn, electrostatic shield) loop shown 
in Fig. 6. 
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Fig, 6 — Structural dois of tho WIFB 4T-ES. 
loop antenna. At Ais an illustration ofthe total 
length of RG-S8/U betore the loop is formed. An 
‘expanidea view of the loop turns and pickup ink 
Is given at 8. Drawing C shows how the loop 
turns af taped together side By sige as the 
‘antenna takes its final fre, 


It consists of four turns of RG-58/U 
cable which are formed into a circular 
configuration to provide a diameter of 13- 
1/2 inches (343 mm). There is nothing 
critical about the diameter, and RG-59/U 
coaxial cable could be used instead of the 
type specified. The turns are formed side by 
side, then taped at several points to 
maintain the loop form. 

Its necessary to spit the shield braid at 
the electrical midpoint of the loop. This 
prevents the shield from actingasa shorted 
turn. The principle is the same as that 
described for the ferrte-rod loop with its 
aluminum-channel shield. The braids are 
joined at the loop feed point and made 
common to one end of L2. The three 
‘rounded clements are then attached to the 
coaxial connector ground terminal on the 
loop support frame. 

‘Loop performance was checked by using 
the test procedure discussed earlier. A null 
depth of —26 dB resulted. There was no 


discernible pattern warping, and the null 
occurred deeply over just a few degrees of 
rotation. The 4T-ES was 18 dB inferior to 
the 75-foot (22.86-m) vertical antenna 
when checking distant signals. The un- 
loaded Q was measured by means of the 
HP Q meter. A value of 85 was obtained, 
Because C2 was sct for light loading of the 
loop, a bandwidth (3-dB points) of 20 kHz 
was obtained when the preamplifier and 
receiver were connected to the antenna, 
Numerous comparisons were made on 
DX signals from Europe and the Carib- 
bean area during the ARRL DX Contest in 
March of 1977. In all instances the 4T-ES 
was as good as or better than the 75-foot 
(22.86-m) vertical. Ambient noise was 
considerably lower in amplitude while 
using the loop, even though all tests were 


close-up view of the 160-meter indoor recelving 
loop at WIFB. The antenna is resting on a piano 
Don, and is stuated rear the operating. 
position so that I ean be hand-rotated 36 
ecessary 


performed with the loop indoors at ground 
level. There was no reduction in atmos- 
pheric noise (which was high that weekend) 
because the maxima of the loop favored the 
N.E. and S.W. directions: The storm front 
was 8.W. of Connecticut. However, 
rotation of the loop caused a drop of 26 dB 
in the static crashes when the loop nulls 
were S.W. and N.E. Because of the 
clectrostatic shielding there was minimum, 
noise induction from the house wiring —a 
ccontrast to the performance characteristics, 
of the unshielded S-turn wire loop. The 
WIZOI broadband preamplifier and an 
attenuator were used during the tests, 
‘There were some instances when the loop 
provided a stronger signal response than 
the vertical, even though the two systems 
‘were adjusted for unity gain, 

‘The 4T-ES is suitable for use indoors, 


but it could be weatherproofed for outside 
installations. Epoxy cement could be used 
to seal the open ends of the coaxial cable of 
LI, and the trimmer capacitors would 
survive the natural elements if housed in a 
metal or plastic container. 


In Summary 

‘The loops that have been discussed here 
should be suitable for use on 40 or 80 
meters if scaled accordingly. They may not 
show much directivity on sky-wave signals 
because of the “tumbling effect” at the 
higher frequencies. But QRM from nearby 
amateurs could be reduced greatly, and 


man-made noise sources could be rejected 
significantly by correet orientation of the 
loop. 

‘The author has attempted 0 discuss 
some of the characteristics of small loops 
which are not treated in most of the 
references contained in amateur journals. 
There is plenty of latitude remaining for 
experimentation, and the reader is encour- 
aged to apply his or herskills in developing 
better loops for amateur use. Meanwhile, 
why not build a smal loop and scoop those 
weak signals out of the noise? It could 
mean some new countries for you on “top 
band” or 80 meters. This material was 


The Half Square Antenna 


originally presented in QST by Doug. 
DeMaw, WIFB. 
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Do those 100 countries still elude you for 80-meter DXCC? In terms of dollars 
versus decibels, a half-square antenna may be your best bet for putting punch 


into your signal. 


able interest has arisen in DX and antennas 
for the lower frequency ham bands. The 
author's attempts to get a decent 80-meter 
DX antenna have gone through an evolu- 
tionary eycle with a lot of iterative tries and 
with steadily improving results. The half- 
square antenna thatis the latest ofthese has 
some interesting properties and gives about 
as many “dBs per buck” as any this author 
has seen, 

Before describing this configuration, it 
right be interesting to cover briefly the 
different antennas tried which didn't work 
as well. The writer's available options were 
set up by (I) a yard full of tall trees and (2) 
very little money to spend, The first 
antenna was an inverted V hung on the 75- 
foot (22.9-m) tower. This is really a quite 
ood antenna — primarily because it has 
the high current part of the antenna at the 
highest support point. It provided a 
standard against which all. succeeding 
antennas were checked. The next step was 
to add a parasitic element (director) which 
didn't seem to help at all. This is perhaps 
not so surprising with the ground so close. 
Viewed simply, normal parasitic coupling 
is dependent upon a fair proportion of the 
current in thedrivenelement being coupled 
to the parasitic element. When they are 
both close to the ground, the reverse 
polarity of the image of the driven clement 
starts to couple heavily to both the driven 
clement and the parasitic element, making 
it practically impossible to got the desired 
parasitic current at any useful spacings. 

This effect has been shown experimen- 
tally to be less with closed-loop type 
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antenna and the arrows inaieate the elatWe. 
fat the highest points on the antenna. 
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Fig. 8 — Tho "hall-square" ovoived when one 
leg broke of the bobtal The input Impadance 
‘of both the bobtall and hal-square antenna is 
‘ory nigh, which eliminates the need lor an 
‘laborate ground system atthe feed point. 
Either a paraliol-tuned clkeuit or a quarter-wave 
lranstormer can be used to match to a 50-ohm 
Ted tine 


Fig. 7 — Bobtail array. The dotted lines show the approximate currant distribution along the 
ection. With 


ay, the high-current points occur 


antennas such as the quad. Based on this 
supposition, the author next constructed a 
2-element quad, supported at the comers 
by ropes tied off to trees. With only 75-foot 
(2.9-m) trees and the consequent sag, the 
bottom was only about 6 feet (1.83 m) off 
the ground. However, the quad did work, 
had an acceptable feedpoint impedance, 
and gave a few dB (about 1/2 an S unit) 
improvement over the inverted V on 
European contacts. Obviously, the only 
useful Low-angle radiation in this antenna 
‘came from the upper half of it, the lower 
half serving to feed or excite the upper half. 
‘A major problem with the quad was 
keeping it up. It had to be very tightly 
stretched between trees to Keep it from 
sagging to the ground and as a result the 
wire often broke. 
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Fig. 9 — Two-element ha square array glvos 
greater gain and a vory wide bandwidth 


Fig, 10 — Measured SWA of the antenna shown 
inFig. 9 
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Fig, 11 — Computerpattern plot fora 2-olomont 
hall squate array with 0'S-wavelength spacing 
between elements. Tho angles reforred to n tho 
<rawing are shown in the Insel 
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Fig, 18 — Computer-pattorn plot for the antenna 
of Fig. 11 with 0.25 wavelength spacing, 
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To try another tack which would avoid 
the parasitic coupling problem an 8JK 
array with four half-wave elements was 
tried, all elements being fed. With the span 
of this being so long and with lots of high- 
voltage points which had to be kept from 
touching the trees, the author only 
managed to get it to & height of about 40 
feet (12.19 m), The signal-report results 
with this were essentially identical to the 
‘quad on the path to Europe. The horizon- 
tal beamwidth was noticeably less than the 
quad. It probably would havedone better if 
the writer could have gotten it to 75 or 80 
feet (22.86 or 24.38 m) in height 

The next antenna tried was the so-called 
bobtail which is shown in Fig. 7. This is a 
broadside vertical array with approximate- 
ly twice the current in the center leg asthe 
two outer legs and with current distribu- 
tion in the horizontal wires which tend to 
cancel horizontally polarized emission." A 
major reason for trying this was the 
author's frustration with trying to use the 
‘maximum available height ofthe trees and 
still be able to feed the antenna and keep 
the high-voltage points clear of the tree 
branches. The author had avoided vertical 
antennas before because ofthe difficulty i 
getting a good low-loss ground. Also, the 
trees looked like great vertically polarized 
rf energy eaters. The bobiailis particularly 
nice for tree hanging since its highest 
support points(A, B,and Cin Fig. 7)areall 
at low impedance and looked as if they 
could be direetlyslung overatree limb with 
no insulators. Its fed from the bottomata 
high-impedance point so the ground 
system doesnt need to be as good as it does 
with low-impedance feedpoints. Also, like 
the inverted V, the bobail has its maxi- 
‘mum current atthe highest support point. 
It-can be excited from a parallel-resonant 
tank circuit or a quarter-wavelength stub. 

The bobuail has been an outstanding 
performer. Isat least an $ unit better than 
the inverted V and works great on DX 
paths to the Far East JA, KG6, and VS6). 
‘The author put up two of these at right 
angles and found their interaction to be 
practically nil even though their center legs 
are quite close. When switching, the author 
ground the feed point of the one notin us. 


The Half-Square Antenna 


With such fine results, it was thought the 
ultimate “tee-hung” antenna had been 
discovered. However, after a particularly 
bbad storm, it was noticed that one leg of the 
bobtail had broken off and yet the antenna 
feed impedance hadn't changed noticeably. 
Furthermore, the results compared with 
the inverted V seemed about the same as 
the full bobtail. Fig. 8 shows the configu- 
ration, It is a 2-element (instead of 3) 
vertical broadside array with the same 
current in both legs. It has all the 
advantages of the bobtail except that the 
radiation from the horizontal part of the 
antenna doesn't cancel as well in all 
directions and some end-fire, horizontally 
Polarized energy does spill off. This might 


Fig. 13 — A 3element halt-square array. 


be considered an advantage ora disadvan- 
tage, depending on whether you're seeking 
coverage or discrimination! In discussing 
this with Ed Watters, WA3LGX, he 
pointed out the kinship this antenna has 
with the bisquare array, I's sort of half ofa 
bisquare laid sideways with the ground 
image antenna making up the other half, 
That, plus its obvious shape, led the author 
to dud it the half-square antenca, 

After using @ single hal-square for 
awhile, it was decided to add another 
element with about 0.15-wavelength 
spacing. With the new element in place, a 
check was made to see what parasitic 
coupling there might be between elements, 
With several hundred watts fed into the 
driven element there was no evidence of rf 
on the parasitic element (using a neon 
bulb). This was a very gross measurement 
which tended to confirm what was ex- 
pected. The very close proximity of the 
antenna to ground tends to reduce greatly 
parasitic coupling to @ nearby element 
Being puzzled why it should appear so 
small, the only hope was to devise a means 
of measuring this coupling more accurate- 
ly. 

Having hed to tear down the 8IK 
antenna to get enough wire for this 
antenna, as a first try for feeding it, the 
author just used the 81K open-wire line and 
stub match as it existed. The one wave- 
Jength of wire for each clement was taken 
directly from the 81K also. Fig. 9showsthe 
configuration. Unlike the 8JK, whieh was 
narrowband (centered around the middle 
of the band), this configuration gave the 
very flat SWR shown in Fig. 10 — on the 
fist uy! The SWR was not very different 
whether the feed-linestub was connected to 
point A, B, or C (Fig. 9). B gives a 
bidirectional characteristic while connee- 
tion to A or C gives some unidirectivty 
The author is still suspicious of the wide 
bandwidth and suspects the two elements 
may be different effective lengths, giving a 
stagger-tuned effect. If thespacing between 
these two were increased to a quarter wave 
and fed at point A or point C, it should 
theoretically add another couple of dB gain 


Fig. 14 — Any ofthe antennas mentioned can 
bbe bent as shown in ordor to kaep the current 
loops atthe upper comers. 


and give a more significant front-to-back 
ratio than with the 0.15-wavelength 
spacing. WA3LGX plugged the dimen- 
sions and shape of this antenna into a 
generalized computer program he has 
developed for wire antennas and got the 
ccurves shown in Figs. [1 and 12, Fig. 11 
defines the forward pattern for 0.15- 
wavelength spacing assuming a perfectly 
conducting earth. Fig. 12 is for quacter- 
wave spacing. The actual patterns will be 
modified at angles below 10° to 15° by the 
carth’s resistivity? as is the case with any 
vertical antenna. The 0.15-wavelength- 
spaced antenna was used forsome timeand 
consistently gave better results than the 
bobail on the path to Europe. 

‘The writer took one other step beyond 
the 2-clement array and added another 
clement at 1/8-wavelength spacing (see 
Fig. 13), The extra element is fed, asare the 
other two, with an extension of the same 
‘open wire line. This antenna is consider- 
ably quieter (less QRN) than any of the 
‘other 80-meter antennas the writer had and 
hhas better than half an $ unit advantage 
over the bobtail on European signals. It 
doesn’t require any retuning to cover the 
whole band. 

With these antennas not insulated at 


their support points, one might expect 
some effects when the tree sap rises or in 
‘wet conditions. The author hasn't been 
able to notice any differences from dry 
weather to monsoon-type rains or wet 
snow covering everything. The trees are 
slightly over 1/4-wavelength high on 80 
meters, Considered as antennas or absorb- 
ers, they would look like grounded 1/4- 
wavelength vertical radiators. The vertical 
sections of the half-square antenna that run 
close to the trees are just the opposite. That 

1 the bottom of the antenna the voltage 
is high and at the top, the voltage is low. 
This should minimize coupling to the trees, 
as opposed to, for example, using 1/4- 
wavelength grounded verticals for the 
antenna elements. 


160-Meter Operation 

Now if you look closely, youcansee that 
the 80-meter half-square whether 1, 2 or 3 
clements, should make a good antenna for 
160 meters. Each element is 1/2-wave- 
length long on 160 meters, voltage fed on 
the end, and the high current part of the 
antenna is at the maximum height, True, a 
higher impedance part of the antenna 
touches the tree, but you can't have 
everything free! While not having managed 
to work any DX with the few watts 
available on 160 meters, the author can 
‘hear Central European ham stations quite 
well on this band for the first time ever at 
this location. Of course, a different stub or 
tuning arrangement is necessary for getting 
alow SWR on 160 meters. The writer just 
lunshorted the stub and put a tapped coil 
(about 14 microhenries) in series with the 
‘coax feed line to tune it 


Construction Details 

‘These antennas were all built with no, 14 
soft-drawn copper wire. The elements are 
Pulled over the top limbs of trees that have 
‘approximately the correct spacing and tied 
to nylon strings at about shoulder level. If 


your trees aren'ta full quarter wave high, 
the extra wire can be stretched out parallel 
to the ground at each end as shown in Fig. 
14, Note that you still get the maximum 
current point at the highest support point 
you have. 

The best technique found for getting a 
line over the highest tree is to use a 
fisherman's casting reel (I use a Zebeo 202) 
with an 8-pound nylon line and a I- or 
1-1/2ounce sinker. The reel is put in the 
‘RELEASE position and a sling shot is used to 
shoot the sinker and line over the desired 
tree. This is a very accurate technique and 
you can easily puta line over 90-foot 
(27.43-m) trees, The light fishing line is used 
to pull over a heavier line. I's a good idea 
to paint the sinker a bright color since the 
line is almost invisible. You can waste a lot 
of time looking for the sinker at the end of 
the line. 

Be sure (0 leave enough droop in the 
horizontal section of the antenna to allow 
for tree motion in high winds. The 
open-wire feed line used for the harness 
and stub sections is made withthe same no. 
14 wire spaced 3-1/2 inches (89 mm). 

The avid Field Day or camping fan will 
notice the obvious advantages of the half 
square antenna for that type of operation, 
It uses minimum materials, goes up very 
quickly, will really put out a booming. 
signal on 80 meters, and can be taken down 

just a few minutes. You can also make 
‘200d use ofthe fishing rod in between your 
turns at the key, material was 
originally presented in Soy Ben Vester, 
K3BC, 
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The HRH Delta-Loop Beam 


Here's an antenna that should excite the interest of the amateur fraternity. 
The Delta-Loop beam has all the features of a quad without many of the 


disadvantages. 


tenna shown in the photographs came 
about primarily because of a lack of 
confidence in the mechanical durability of 
quads. Anyone who has ever built and 
used quads knows how difficult it is to 
keep them up in icing and high wind 
conditions. 

‘The author being an old-time mechanic, 
felt there had to be a better design for an 
antenna that used full-wave elements in 
parasitic array, so some years ago a start, 
was made to find that better design. One 
thing that nearly all readers will agree is 
that Mother Nature is about the best 
designer there is. Along these lines, just 
observe the growth of branches on tree 
limbs. You'll find that many of the smaller 
branches will grow up in a semivertical 
pattern from the limb; see Fig. 15. It takes 
considerable amount of icing and wind 
to break such branches, indicating the 
soundness of the design. This same idea 
should apply to elements mounted on a 
boom, 

To test the idea, an element of alumi- 
‘num tubing was mounted on a boom. The 
element was mounted as shown in Fig. 17. 
‘The boom was then secured to the family 


‘This ie a 10-meter, 2-eloment Dells Loop that 
Is voy similar In constauction to the antenna 
oscrbed inthe art 
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Fig. 15 — The basic dea forthe Delts-Loop 
‘beam was conceived from tne growth of tree 
limbs and branches. Here are just 2 few of 
nature's configurations that lend themselves to 
Antenna design! 


car with the element in a vertical position. 
‘The assembly was then tested at 65- t0 75- 
mph. Even though the element was only 
secured to the boom as shown in Fig. 17, 
there was no “set” or permanent bending. 
This test opened the door to several 
possibilities in beam design 

‘A loop aerial can take many shapes. 
Anyone who studies the history of the 
quad will ind that many different configu- 
rations have been used. Why not use a 
triangle?! It should be possible to achieve 
a very good design using a vertical 
triangle. See Fig. 16. This shape appears 
ideal for a beam with full-wave elements, 
and has most of the advantages of the 
quad without many of the disadvantages. 
This led to the construction of several 
antennas of the type shown in the photo- 
Braphs, and some of these advantages 
become quickly apparent. 

First, the entire antenna is above the 
boom. Second, the antenna is constructed 
primarily of aluminum tubing, which 
provides extra strength as compared with 
wire elements. Third, the antenna has 
Plumber's Delight type construction, 
‘meaning that the antenna is at ground 
potential for lightning protection, plus the 
fact that this type construction lends itself 
to gamma matching of the feed point, 
climinating the need for a balun. Last, but 
not least, we find the antenna is very 
attractive in its symmetry. OF course, the 
important point is how well does’ the 
antenna perform? 

Several 10-meter models_have been 
tested and the unit shown in the roof 
mounted position is 20-meter Delta Loop. 
Using 2 gamma match with 50-ohm 
coaxial feed, a 10-meter model was 


matched at 28.8 MHz. The antenna 
consisted ofa driven element plus reflector 
with the elements spaced 6-1/2 feet (2 m) 
apart, or approximately 0.2 wavelength. 
Surprisingly, the antenna was extremely 
flat across the entire 10-meter band, the 
worst mismatch being less than 1.2 to 1.2 
‘The author has no means of measuring 
gain or front-to-back ratios. However, 
with the spacing and element sizes the 
same as a quad, the gain should be the 
same, or at least so close the 
would be insignificant, On-the-air tests 
have shown the antenna to be as good as 
or better than quads the author has had 
up. Front-to-back and front-to-side re- 
ports have been outstanding, both on 
ground wave and skip. 


Element Lengths 

Many tests have been made on driven 
elements to determine the effect of element 
lengths on SWR. It was found that the 
flattest curve was obtained with the 
formula 


100s 
Fume et) 


for the driven element. The reflector 
should be about three percent longer, of 
1030 

Teg 

If directors are desired it would appear 
that a length three percent shorter than the 
driven element would be adequate 


Fig. 16 — This drawing shows the eriven 
element and feed method of the Delta Loop. 
‘Teste have shown that the ov 

Antenna is sight lon 
(1.024): Each sige ofthe antenna is 
Approximately 1/3 wavelength long. The 109, 
fr wire section, is made slighty shorter to put 
tension on the vertical members. 
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Fig. 17 — This drawing shows the method of 
‘mounting the element to the boom. A cotter 
ln is used on the un 

3d @ hase clamp on the top to hale the 


sioment securaly to the boom. 


Hore Is our roof-mounted 20-meter Dalta-Loop 
‘beam that is now undergoing a series of tests, 


Fig, 18 — Here are the detalls onthe gamma-matching section. As mentioned in the tox, the coax 
{iting can be a female type SO-289, mounted on a small bracket which is mounted on the boom. 
Spacing insulators for spacing the gamma line from the element can be made up Irom pieces of 


Leite er Plexiglas 


{As to element spacing, the author bas 
long been an advocate of wide spacing 
(0.17 to 0.2 wavelength) whenever possi- 
ble, In the I0-meter tests 0.2 wavelength 
spacing was used. 

For readers who are interested, com- 
plete construction information on a 10- 
meter model, including a list of the 
required tubing, follows. 


Construction Notes 

Fig. 17 shows the method of mounting 
the element tubing to the boom. The angle 
between the semi-vertical elements is 
shown as 75 degrees but this can vary a 
few degrees either way without any 
appreciable effect on the performance of 
the array. Its difficult to drill and line up 
the element support holes in the boom and 
come out to exactly 75 degrees. 

There are a couple of methods of 
making the holes in the boom to hold the 
elements. One of the simplest is to use @ 
Greenlee-type chassis punch. This makes a 
clean hole in the boom. Another method is, 
to drill holes large enough to take the end 
of a 3/4inch (19-mm) reamer and then 
ream out the holes to the necessary 
diameter, 

‘One not accustomed to working with 
angles might find it difficult to drill holes, 
at a 7S-degree angle. A simple method is, 
to first drill holes to take a single element. 
Next, make a jig from a piece of stiff 
cardboard or similiar material, using a 
protractor to get the 75-degree angle. 
‘Then insert the single element into the 
boom and lay the jig along the element, 
this will give you the correct alingment for 
the other element 

‘The elements are inserted through the 
boom just far enough to take a cotter pin 
‘on the underside of the boom. On the top. 
side, a hose clamp is used to hold the 
element to the boom and prevent slippage. 
A length of copper wire can be wrapped 
around both elements just below the 
clamp to insure a good contact between 
the elements and the boom. Hose clamps 


are also used at the tops of the elements to 
hold the horizontal wire. 

Fig. 18 shows the details of the gamma 
matching section. The gamma section is 
made up from the inner conductor of the 
coax, including its insulation, and two 
sections of telescoping alu tubing, 
‘The outer covering and braid is removed 
from a 52-inch (1.32-m) length of RG-8/U 
coax. In Fig. 18, a male coax fitting is, 
shown with a short length of braid, 2 
inches (51 mm) long, which is grounded to 
the boom via a clamp and bracket. If 
desired, a chassis-type coax fitting, type 
S0-239, could be mounted on the boom 
‘with a small metal bracket, The capacitor 
section is made of two lengths of tubing 
3/8-inch (10 mm), and 1/2-inch (13 mm) 
diameter, respectively, and both 9 inches 
(229 mm) long. The 3/8-inch (10 mm) 
tubing fits over the insulation around the 
coax inner conductor while the 1/2-inch 
(13 mm) tubing slides over the 3/8-inch 
(10. mm) material. The larger tube is 
drilled and tapped to take a locking screw. 
Spacing of the section from the element is 
3 inches (76 mm). 

In adjusting the gamma, figures given in 


Fig. 19 — For those interacted in exact 
figures, ths sketeh provides the element and 
‘boat fongths for a Delia-Loop beam for 28.8 
Me 
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Fig. 19 can be used as a guide. In order to 
avoid matching errors, the gamma should 
be adjusted with the SWR bridge right at 
the beam, Set the shorting bar to the 
dimension given in the diagram and slide 
the 1/2-inch (13 mm) tubing over the 
smaller tubing, looking for a setting that 
gives a match. If one cannot be obtained, 
move the shorting bar and sliding tubing, 
assembly a short distance, say an inch (25 
mm), and then tey different settings of the 
1/2ineh (13 mom) tubing until you find a 
match, We found that the settings were 
not critical in getting a match. Once the 
beam is matched, the regular feed line to 
the station can be attached to the feed 


point. The connection should be taped to 
prevent moisture from getting into the 
fitting and coax. 

As stated earlier, the antenna is ex- 
tremely flat zcross’ the entire 10-meter 
band. The present model was designed for 
28.8 MHz and matched at this frequency. 
‘The SWR at the highest point, at 29.7, 
MHz, was about 1.2 to L, This dropped to 
Fto I at about 29 MHz and stayed at | to 
I all the way down to 28 MHz. This 
feature of the antenna certainly is a help 
when using a transceiver designed for 50- 
‘ohm output. The beam has proved its 
ruggedness through winds and icing 
conditions. All in all, we think the Delta 


The Delta-Loop Beam on 15 


Loop beam is one of the best performers 
‘we have seen. This material was originally 
presented in QST by Harry R. Habig, 
KSANV. 


References 


\TEditors Note: trianglar loop 
‘was described i QS7 in Api 
{Corrsponence” by Norman Wa 
dependently of KEANV's Me. Habis has 
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{Editors Note: A'lO-meter model ofthe Deka Loop 
beam tested at ARRL headguarers was matched at 
2k MH: and an SWR curve was made using» Bird 
‘Watmetr. The largest mismatch also was less ha 
12 to Mle (at 29.7 MHL) 


DX capability, low SWR and readily available construction materials are 
highlights of this 15-meter beam antenna. Similar to a quad, but rugged as a 
Yagi — those are the virtues of the Delta Loop. 


team described in this article include a 
very low SWR across the entire hand, use 
of readily available materials, “Plumber's 
Delight” type construction — which is 
always an appealing feature of any beam 
antenna — and last but not least, excellent 
performance. On the last point, the 
antenna shown in the photographs was 
tested during a DX contest with a trans- 
mitter input power of 100 watts. The 
boom of the antenna was mounted only 
eight feet (2.44 m) above the ground, but 
in about five hours of contest operation 58 
different countries were worked — and, 
believe it or not, the majority of the 
reports received were 59. Possibly condi- 
tions were above par, but even so the 
antenna shows it can do a real job under 
crowded band conditions. 

As stated above, the beam uses 
Plumber's Delight type construction, For 
the newcomers information, this type of 
construction has the antenna elements 
connected directly to the boom which in 
turn can be connected dizectly to earth 
ground without having any effect on the 
performance of the antenna. This is 
desirable because of the lightning protec- 
tion offered by the system. 

Fig. 20 is a drawing of the Delta-Loop 
driven clement. The overall length around 
the driven element is slightly over one 
wavelength. Each side is approximately 
1/3 wavelength long. The reason we say 
“approximately” is that the top section of 
the antenna is made of wire and is slightly 
shorter than 1/3 wavelength in order to 
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Fig. 20 — Basic contiguration of the Dotta: 
Loop driven slement. Each side is approxi- 
mately 1/%-wavelengin long 


put tension on the wire. A gamma-match 
feed system is used, eliminating the need 
for a balun 

“The formula used in figuring the driven 
clement length is 
400s 
fam” 


where f is the desired resonant frequency 
Of the driven element. The answer will be 
in feet. The reflector length formula is 


1030 


Tune 


For a frequency of 21.2 MHz this figures 
out to a driven element 47 feet 5 inches 
(14.45 m) long and a reflector that is 48 
feet 7 inches (14,81 m) long. Element 
spacing is approximately 0.2 wavelength 
‘or ubout 9 feet (2.74 m). Fig. 21 shows the 


two elements with the lengths of each 
segment. 


‘Material Requirements 

‘The beam elements were built primarily 
from Reynolds Do-It-Yourself aluminum, 
tubing, which should be available from 
‘most hardware dealers, The reason we say 
“should” is because in some sections of the 
country hardware stores don’t stock the 
tubing, However, most dealers will order 
‘the tubing for you. If you live in an area 
near or in a city of reasonable size, a look 
through the Yellow Pages will show any 
aluminum tubing dealers The Reynolds 


ner cter0n Seay 


Fig. 21 — The element dimensions and the 
boom length. All measurements on the 

clements aro mado {rom where the element 
fenlers the boom: the portion of the element 
extending through the boom 18 not counted, 


Fig. 22 


Construction details for the boom-to-mast mounting bracket. The U bolts holding the 


boom are Z-inch (St-mm) type. Those holding the mast will depend on the mast diameter — we 
ised 1-172-inch (38mm) U Pols for a t-1/2nch diameter mast 


Do-l-Yourself tubing comes in 8-foot 
(244m) lengths but most of the commer- 
cial tubing available from metal distribu- 
tors comes in 12-foot (3.66-m) lengths. If 
you obtain the {2-foot types, be sure to 
Specify type 6061 (61S) alloy as this 
material affords excellent strength for 
antenna elements, The boom used in this 
antenna was made from this alloy and is 2 
inches (51 mm) in diameter with a 0.065~ 
ineh (1,65-mm) wall, Another source of 
aluminum or steel tubing is electrical 
supply houses; although this type of 
aluminum is a little too soft for the 
elements it would be suitable for a boom 
Also, electrician’s thin-wall steel tubing is 
available in various sizes, including the 2- 
inch diameter, for a boom. Ina pinch, the 
boom could be made of wood, such as a 
length of 24, In such a case, the bottoms. 
of the elements could be connected 
together with a length of wire to maintain 
the Plumber's Delight feature. The shop- 
ping list included here should prove of help. 
in purchasing the parts, 


Construction 


‘The first step in building the antenna is 
to make up the vertical elements. The 
description given here is based on using 
the Reynolds tubing. Using a hack saw, 
cut the 7/8-inch (22-mm) tubing into 2- 
foot (0,61-m) sections. This particular type 
is made by Reynolds for the purpose of 
telescoping the 1- and 3/4-inch (25-mm 
and 19-mm) diameter sections together 
and comes in 6-foot (1.83-m) lengths. 
After cutting off four 2-foot (0.61 m) 
lengths you'll have one foot (1.22-m) 
piece remaining. Cut this into four I-foot 
{0.31-m) lengths and set these pieces aside 
for the time being. 

[Next, cut two lots, the thickness of the 
hacksaw blade, about 2 inches (51 mm) 
deep in one end of each of the I-inch (25- 
mm) and 7/8-inch (22-mm) diameter 
lengths. Slide the 7/8inch tubing i 
the l-inch diameter to a length of about 6 
inches (152 mm) and then slip the hose 
clamps over the slots and tighten them. 


The 3/4inch (19-mm) tubing can then be 
inserted into the slotted ends of the 7/8 
inch (22-mm) tubing and these sections 
clamped with hose clamps. Two of the 
clements should be adjusted to the proper 
length for the driven clement and two for 
the reflector, as per Fig. 21 (or whatever 
length you wish from the formulas). Some 
amateurs may prefer to cut their antennas 
for the ew portion of the band and others 
for the phone section 

“The next step is to cut the [-inch (25- 
mm) holes in the boom to take the ends of 
the L-inch diameter clements. We used a I- 
inch chassis punch to make the holes, but 
4 I-inch metal reamer could also be used. 
‘The aluminum is easy to cut oF punch so 
‘making the holes should be no problem. 
What can be @ problem is lining up the 
hholes so that the 7S-degree angle between 
the elements is obtained. We made a jig 
from a piece of cardboard, using @ 
protractor. Once one set of holes for the 
director and reflector were made the 
elements were temporarily mounted in the 
boom. The cardboard jig was laid on the 
elements and the 7S-degree holes were 
marked off and drilled. 

When the holes areal drilled the bors 
can be laid on the ground and the element 
ends inserted into the boom holes. We 
allowed about 1/4-inch (6-mm) extension 
of the base of the clements through the 
boom so as to allow space for cotter-pin 
holes. However, before drilling the eotter- 
pin holes, insert the four I-foot (0.31-m) 
Fengths of the 7/8-inch (22-mm) tubing 
into the elements at the boom. This will 
serve to give added strength to the 
elements at the support point, Drill each 
of the four ends to take the cotter pins and 
install the pins. Tighten down the hose 
clamps on the top side of the boom to 
secure the elements in place. 

Drill the tops ofthe elements to take the 
1/4-X Linch (6-mm X 25-mm) aluminum 
bolts. The top wires can then be installed. 

The close-up. view shows the gamma 
installation, ‘The gamma capacitor is 
mounted inside a plastic freezer container 


Table? 


Shopping List 
Quantity Length Diameter Reynotas 
(yin) a. 
4 8 1 422 
4 8 38 422 
2 6 18 4231 
i 8 2 ‘See Test 
feo of 2/8- oF 1/24ineh diameter aluminum 
bing 


12, hinch diameter hose clamps, stainless ste! 

85 feat of no. 12.0F 14 eoppor wita, sold ar 
stranded, 

1 variable capacitor, 100 pF maximum, 0,025 
Spacing or greater 

+ one-quart freezer container. 

4 $0-209 Coax cnassis connector. 

5 1/éinch diameter aluminum nuts ane bolts, 
yeaieinches long. 

Feet x 0,048 =m. 

Inches X 25.4 = mm. 


Which is held in place by a small metal L- 
shaped plate mounted on the box and the 
boom, using four self-tapping screws. This 
plate also holds an SO-239 coax chassis 
fitting to take the feed line. We like to 
install an SWR bridge directly atthe beam 
when making SWR or matching tests to 
reduce matching errors, and having the 
fitting there simplifies the procedure. The 
gamma rod, made from a length of 3/8- 
inch (10-me) aluminum tubing 36 inches 
(0.91 m) long, is flattened at one end for a 
Jength of 1-1/2 inches (38 mm). The latted 
portion is bent over at right angles and 
drilled to take one ofthe 1/4-X I-1/4-inch 
(6-mm % 32-mm) aluminum bolts, which 
is mounted through the top of the freezer 
box. The gamma rod is held in place by 
this bolt and by the shorting bar between 
the rod and the element. The shorting bar 
4s made from a piece of aluminum, {inch 
25 mm) wide and long enough to fit 
around the two pieces of tubing and 
provide a separation of 3 inches (76 mm) 
between the rod and the elements 

How you mount the antenna boom to 
the supporting mast will depend a great 
deal on what type of tower or supporting 
structure you have, The method shown in 
the photo is a fairly simple one, and easy 
to make up. Fig. 22 shows details of the 
construction of the mounting unit. The 
fone shown in the photo supporting the 
beam was made from two pieces of 1/16 
inch (2 mim) thick aluminum plate. 
However, we found that even with the 
plate there was still too much 
in the mounting setup, so a 
replacement was made from 1/4tinch (6 
mm) thick aluminum. This made the 
‘mount competely steady. Either a plate of 
/4-ineh aluminum or 1/finch (3 mm) 
steel should be adequate for the jobs. The 
Zinch (51 mm) U bolts that hold the 
‘boom to the mounting plate were ade- 
quate, but just for added insurance, 3/8 
inch (10 mm), 2-3/4-inch (70 mm) iong 
machine bolts (two required) were in- 
stalled through the boom and mounting 
plate for greater hoiding strength 
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During our tests, # weather front moved 
through the area and we had wind gusts, 
up to 40 mph plus icing and snow loading 
‘on the antenna. The antenna and elements, 
showed very little movement in these 
winds, and the entire antenna appeared 
very strong, 


Adjustments 

Adjustment of the gamma section is 
quite simple, Install an SWR bridge at the 
gamma feed point and tune up the rig on 
the desired frequency, Set the gamma 
shorting bar 24 inches (0.61 m) from the 
base of the gamma rod and tighten the 
gamma-bar nuts and bolts just enough to 
make electrical contact. Set the SWR 
bridge to read reflected power and adjust 
the gamma capacitor for a dip. The object, 
is to find a setting of the capacitor and the 
gamma bar that gives a reading of zero in 
the reflected position. This may takea few 
tries, but you'll find the settings are not 
critical. Ifyou adjust the antenna near the 
ground you may find it will require a new 
adjustment when itis up in its permanent 
location, 

How you mount the antenna in its 
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permanent location will depend on what 
you have to hold the antenna. If you use a 
boom mounting-plate-to-mast_ assembly 
such as already described, the U bolts 
holding the boom could be left slightly 
loose and the 3/8-inch (10-mm) bolts left 
cout. The antenna could then be installed in 
an upside-down position and then rotated 
into place. Two men are better than one 
for this job, but one man can do the job. I 
a hole, say 1/2-inch (13-mm) diameter, is 
drilled through the boom a 1/2-inch rod 
could be slid through to serve as a lever to 
rotate the boom and antenna into an 
upright position and the U bolts and 
hardware could be then tightened down, 

We think the Delta-Loop beam is an 
excellent antenna and offers many possi- 
bilities. Certainly the results obtained to 
this point prove the antenna is a real 
performer. Our tower is a erank-up job, 
making antenna testing a fairly simple 
project, The antenna was first matched at 
the 8-foot (2.44 m) level (boom height) 


‘The plastic teezor box is holdin place by the 
mall metal bracket which ie attached to the 
boom with se-apping scrows. Also on the 
bracket is a coax fiting to take Ihe RG-8/U 
oarial food fine, The gamma rod is mounted 
fon top of the box and te held 10 the clement 
wath the shoring clam, 


and at the eranked-up height, about 55 
feet (16.76 m) above ground. A very slight 
readjustment of the gamma capacitor was 
required at the greater height in order to 
get down to a I-to-1 SWR. However, the 
change in SWR from the 8-fo0t to 55-foot 
(2.44 to 16.76-m) heights was very small. 
Also, the highest SWR was at 21,450 kHz, 
the top end of the band, with a mismatch 
no worse than 1.2 to |, At 21,300 kHz the 
SWR dropped to | to | and remained at 
that figure all the way to the lower band 
edge 

‘The entire antenna weighs about 15 
pounds (using the aluminum boom) so the 
antenna could be rotated with a heavy- 
duty TV rotator. One last note: We 
sprayed the cotter pins and hose clamps 
with a clear acrylic spray to reduce 
corrosion. This simple precaution should 
be taken in all antenna construction to 
prevent or reduce rusting. This material 
‘was originally presented in QST by Lewis 
G. MeCoy, WIICP, 


\ 
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the end of the boom, 
the mou ment ens aro clearly 
shown Cotter pins are used on the bottom 
fond of the element and tose clamps on the 
{op side of the boom This seeutes the 
lemons to the Boom. The plastic freezer box 
“hat hauses the gamma eapneitor 12 cleary 
‘sible behind the elements 


soldering iron “station” if you’re really serious about the subject! Don’t be tempted to 
over-spend on an elaborate workstation though, unless you are really very serious about 
becoming involved in electronics. You will usually obtain perfectly satisfactory results 
using a fairly modest “pencil” iron model, and you can upgrade to something more 
sophisticated should your needs change in the future. 


™ For enthusiasts or industry, this Antex 660TC soldering station has a separate 
mains-powered control unit and a matching low-voltage soldering iron rated at 24 Volts, 
50 Watts so it’s suited to a wider range of tasks than a lower powered one. 


When choosing your soldering iron, certain factors to bear in mind include: 


Voltage: for the British market, “mains” electric irons run directly from the mains at 
230V acc. or will be set for other voltages (10V a.c.) depending on the country. However, 
low voltage types (c.g. 12V or 24V) usually form part of a “soldering station” for use 
with a matching controller made by the same manufacturer. Some low-voltage irons run 
off batteries (e.g. a car battery or Ni-cads) but these are uncommon. 


Wattage: this is an extremely important factor to think about when choosing your 
iron. Typically, irons for general electronics work may have a power rating of between 15- 
25 watts or so, which is fine for most electronic assembly tasks, printed circuit boards and 
inter-wiring. It’s important to note that a higher wattage does not mean that the iron runs 
hotter - it simply means that there is more power “in reserve” for coping with larger joints. 
‘The maximum electric iron wattage generally available is about 100W, which is OK for 
DIY electrical repairs but is far too high for general electronics or circuit board use. 


A higher wattage iron offers you more flexibility for tackling a wider range of tasks. 
It has a better “recovery rate” which makes it more “unstoppable” when it comes to 


Antennas for Travel Trailers and Campers 


Pounding brass and rendering “lip service” from an RV or mobile home can be 
disappointing as all get-out if the antenna doesn’t “play” well. Here are some 
tips for rig-mounted radiators that get the job done. 


go camping? Perhaps it's their Field Day 
training, perhaps it’s the next Jogical step 
after mobile operation, or perhaps they just 
cannot leave home without their rigs. At 
any rate, itis nice to have your own means 
of communication with the outside world 
when you are away from home in the 
Maine’ woods, at the Grand Canyon, or 
even down in Mexico. 

One thing all hams know is that no 
matter how good a transmitter you may 
have, you cannot get out without an 
antenna; and the better the antenna is, the 
better you get out. The antenna is usually 
no problem forthe home station. The sky is 
the limit, so to speak. A 65-foot (19.81 m) 
crank-up tilt-over tower with a triband 
beam on top, and a couple of inverted Vs 
for 40 and 75 are not at all uncommon. But 
did_you ever contemplate transporting 
such an antenna system to a state park, or 
some other campground, and setting it up 
while your XYL cooked suppper? Obvi- 
ously, the mobile operator is faced with 
vastly different problems than those 
confronting the ham who stays at home, 
when it comes to antennas. 

In 1929, the author built a 14-foot travel 
trailer, which was christened “Black 
Maria.” Shortly thereafter, the writer gota 
ham license, and one of the first thoughts 
was toward a rig for the trailer. This was in 
the days when mobile operation was still a 
novelty, and the story of Black Maria was 
the author’ first contribution to QST, in 
1933. The rig used a pair of 33s in parallel 
operating from a B-battery pack. 

Over the ensuing 35 years, many 
portable antenna designs have been tried, 
and much has been learned about their 
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‘The author's Bo-oot (9.14 m) Airstream traitor 
with the 75-meterAlrtream Loop In place, The 
“unig mast isthe one carrying the fag. 


relative performance. The degree to which 
a trailer traveler is restricted in a choice of 
fan antenna varies widely, of course, 
depending upon the facilities available at 
each stopping point. These are scldom 
known in advance, but to get the most out 
fof the equipment, the trailer operator 
should be prepared to take maximum 
advantage of whatever facilities he may 
find on each occasion. 


Dipole Antennas 

Long ago, it was found that a simple 
dipole for 40 or 75 would far outperform 
the author's mobile whip, even with the 
dipole only afew feet above ground. While 
writing this, sitting in the latest’ Black 
Maria — a 30-foot Airstream job — up in 
Port Colburne, ON, the author was 
listening to the 75-meter phone band, The 
dipole is only 8 feet (2.44 m) above ground 
When checking into the Airstream Travel 
‘Trailer Net, which meets every Sunday on 
3963 kHz at 8 Am, local time, the writer 
‘worked other trailer stations in Connecti- 
cut, New Jersey, Maryland, Pennsylvania, 
New York and Ohio. Several times the 
author switched t0 the mobile whip and 
could not be heard through the QRM. 
Such a dipole can be prefabricated and, 
when rolled up, occupies very litte storage 
space 

‘When the length of the stay warrant it, 
and trees or other supports are available, 
the antenna will be even more effective 
When raised to a respectable height. A bow 
and arrow is kept on hand for shooting 
lines over taller trees. Incidentally, Hy- 
Gain makes a deluxe portable dipole 
consisting of two stainless-steel tapes in a 
double plastic housing. The tapes are 
calibrated in meters, and can be quickly 
reeled out to the proper length for use on 
any desired band. The unit is fitted with a 
coax connector, making installation very 
easy. 

If only a single suppor is available, the 
dipole can be used in “inverted-V" fashion. 
‘A convenient way of putting up such an 
Antenna isto use three or four S-foot (1.52 
m) lengths of 1-1/4inch (32 mm) alumi- 
num TV masting as a center pole, mount- 
ing it on the front of the trailer. The author 
has a mounting for such an arrangement 
clamped to the bumper, as shown in one of 
the photographs. The mast can be 
equipped with light nylon halyards for 
hoisting the center ofthe dipole. The ends 


Insulatod mounting at one end of the “Airstream 
Loop" 75-meterantanna. The “tuning” mast can 
bbe mounted clrectly in one of the other sockets 
‘Tho tuning wil vary with the spacing between 
masts as well asthe length of the “tuning” mast, 
‘The insulated mounting can be transfered to 
‘one of the side sockole to obtain maximum 


spacing. 


of the dipole can be attached to whatever 
may be handy, but the higher, the better. 


Loaded Antennas 

Ofcourse, there are many times when the 
surroundings, or the shortness of the 
stopover, make erection of a conventional 
dipole impractical. On these occasions, the 
author used one or another of several 
‘arrangements shown in the accompanying. 
Photographs and sketches. Where the 
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‘An elevated mounting for a mobile whip ata top 
fear comer of the trailer body. The bracket i 
fastened by pop rivets, This point may also be 
‘sed, with the whip removed, Tor Taeding wire 
dipoles 


‘A chock with 2 20-wat luorescent lamp by 
‘WiWkz inatcstes tho "hot" polnis on the 
{Alrstroam Loop 75-motor antenna system. 


antenna system is one that requires a 
‘ground for operation, it was found that a 
{quarter-wave wire counterpoise connected, 
to the trailer, and strung out a few feet, 
above ground, is usually a much better 
“ground” than the trailer alone, even if the 
trailer is actually grounded to a driven rod. 
‘The author carries two each of wires cut to 
Iengths of 8, 16, 32 and 60 feet (2.44, 4.88, 
9.75 and 18.29 m) for use‘as counterpoise 
fon the 10-, 20-, 40- and 75-meter bands, 
respectively. One end of each wire is fitted 
with a large battery clip, while the other is 
terminated in an insulator, Trailer awning, 
poles come in handy as counterpoise 
supports when nothing else is available. 


“Airstream Loop” Antenna 

Of particular interest is the 75-meter 
folded configuration shown inthe sketch of 
Fig, 23, which is called the “Airstream 
Loop,” although, strictly speaking, it does 
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A 2S-toot (7.82 m) base-loaded antenna 
‘mounted on beackets attached tothe side of tho 
Welle 


not function as a true loop. With the 
fittings that are provided, this antenna can 
be put up in a few minutes, and its 
performance seems to be about equal to 
that of a low dipole. It has the advantage 
that it is completely supported by the 
trailer, and requires no external supports. 
It is contained entirely within your own 
campsite. There are no wires strung out for 
you or your neighboring campers to trip 
over or be garroted by in the dark. A 30- 
foot (9.14-m) length of wire is strung 
between, and connected to, two poles made 
of aluminum TV mast sections. A third 
mast A), of approximately thesame length 
as the others, and connected to the trailer, 
is an essential part of the system, This 
arrangement appears to work as a folded 
half-wave antenna, the 30-foot (9.14-m) 
wire and the two’ poles connected 10 it 
forming one half of the antenna, while the 
other half is formed by the trailer body and 


mast (A). Probing with a fluorescent lamp 
shows that the end of the trailer opposite 
the feed point is “hot” while the feed-point 
end is “cold.” The system can be tuned by 
adjustment of the length of pole A, and/or 
changing the spacing between A’and the 
adjacent pole. The spacing can be changed 
by a selection of the pole mounting sockets 
shown in one of the photographs. In this 

anner, the resonant frequency can be 
changed by almost 150 kHz. For any 
adjustment, the transmitter can be tuned 
about 30 kHz either side of the resonant 
point before the SWR exceeds 3to I. Since 
the “hot” end of the trailer isthe front end 
in my case, the tow ear must be unhitched, 
and an insulating block used under the 
customary supporting jack. 

In a similar arragement for 40 meters, 
mast A isomitted, and a wire approximate- 
ly 21 fect (6.40 m) long is connected to the 
pole atthe feed-point end. The open end of 
the wire is supported from the pole at the 
‘opposite end of the trailer by a length of 
nylon rope, 


40-Meter Monopole 
Another 40-meter antenna that has been 
used with considerable success is a 34-foot 
(10.36 m) length of 300-ohm ribbon line 
connected as a folded monopole, and 
strung up in the same manner as the 
antenna just described. One conductor of 
the ribbon is grounded to the trailer at the 
feed point, while the other conductor is 
‘connected to the center conductor of the 
coax line. The two ribbon conductors are 
connected together at the far end, 


Matching 


‘Standing-wave ratios up to Sor 6to Lare 
hardly worth worrying about at 4 MHz so 


‘A tivecband antenna system. A New-Tronies 
‘mobile antenna base soction i ited with @ 
Waters Add-a-Band adapter. The short 
‘osonators for 1, 18 and 20 meters ere Waters 
‘The BO-meter resonator (top) s New-Tronies. A 
{threaded stud has been added to the vacant 
sido ofthe adaptor to take a New-Tronics 40- 
‘mater resonator. The system if fed atthe Be 
‘ath 8 single coax 
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Fig, 28 — 75-metor “Airstream Loop 


li 
fn 80 ete diplomas of wo Now-Tronles 
‘ner mle whip back to back, re toot 
{ear m) moat 'sSompersmounie Aor 
Solon mounted on te center nuting panel, 
thc Secured tothe ast wh U bots. Tle 
Shona o lta cow band wen operat on 
‘etars aking i necessary to retane te 
intone be exculons ot rove en 30. 2D 
ihe 


far as additional power loss is concerned, 
However, an SWR greater than I to 1 
‘causes the line input impedance to vary, 
depending on the length of the line. The 
output circuits of many transmitters and 
transceivers are not designed to work into, 
loads departing significantly from 50 
‘ohms. With these units, it may not be pos- 
sible to load the final stage, or components, 
in the output stage not designed for the 
voltages that develop with higher- 
impedance loads may be damaged. Use a 


Monimatch, or other reflectometer, and 
adjust the antenna for minimum SWR. 
The author carries along several mica 
capacitors ranging in value from 50 pF to 
0.002 uF with battery clips attached, which 
are used to shunt the line at the feed point. 
Start out with the lowest value, and double 
the capacitance in steps until you get an 
SWR of | to I somewhere in the band, and 
then adjust the antenna length for teso- 
nance at the desired frequency.! 

To get some idea of the relative perform- 
ances, a series of checks was made at 3825 
KHz on several of the antennas described 
‘A receiver with a horizontal antenna was 
set up at a distance of eight miles from the 
trailer, and S-meter readings were taken 
ith the results shown in the aecompany- 
ing tabulation. All readings were made 
with identical input power to the transmit- 
ter, and with the antennas adjusted for an 
SWR of | to I 

To sum it all u 

1) Carry a complete set of mobile whips 
for lunch stops, or other occasions where 
you just do not have the time or room for 
anything better. 

2) If at all possible, use a I/4-wave 
counterpoise clipped to the trailer when 
using a mobile whip, 

3) If you have the time or space, clip a 
1/4-wave wire, instead of a whip, to your 
‘mobile antenna mount, and run it out toa 
bush or tree. 

4) In addition to (3), clip a 1/4-wave 
counterpoise to the trailer, and runitin the 
opposite direction. 

5) If you are stopping for a short time, 
or for the night, rig up the S-band mobile 
whip with five |/4-wave counterpoises, one 
of appropriate length for each band. 

6) If you want to concentrate on one 
band, put up the 16-foot (4.88 m) mobile- 


\{Eitors Note: This method is equivalent othe we of| 
‘stepdown [network It san be sod When the 
fntenna feed point pedince lower than the 
limpedancs. To obtain «match, the atenea length 
‘mut the somewhat longer than 2 resonant length, $0 
thatthe antenna shows indstive reactance atthe 
{eed pout (This reactance serves ats substitu or 
the ceactnce af the coil af conventional L net 
Wwork) For an accurate match i Is necessary 10 
Aidust che antenna length and the value of the 
‘apacitor unt the appropriate transformation aio 
ie obtained | 


Brackets for mounting TV masting on the side 
‘of the trailer. The upper bracket Is ited with a 

Temovable U-shapod yoke bolted tothe bracket. 
‘The brackets are fastened to the taller with pop 


Table 3 


Hustler 75-met 
‘mounted vert 
‘corner of trailer s7 
‘Samo.as above, with 60-toot 
‘counterpoise wire connected to 
trailer so 
Two Huser 75-metor mobile whips 
back to back as @ horizontal landed 


dipole 9+ 568 

[htoct horizons! wie 8 fest high, 

using raler as ground $9 +1008 
Hustler 407¥ wap vertical with 75- 

moter resonator» 59 +1008 
120-foot dipole, 15 fet high et 

conter $9 +2008 
‘Airstream Loop” antenna 59 +20 a 
Home-talion dipole $0 feet high 89 + 30.68 


Feot = 0.3048 = m. 


whip dipole, if your space is limited. 
7) If you have plenty of room, put up a 
1/2-wave dipole for your favorite band. 
8) If you want to work all bands, and 
space for dipoles is limited, then put up 
your trap vertical with the 75-meter 
resonator tuned to your favorite frequency. 
9) If you are going to spend a week in a 
particular campground, shoot some lines 
vera couple of high trees with a bow and 
arrow, and get your dipoles up in the air as 
high as possible. 
10) The use of balloons and kites is 
‘2004, but depends completely on the wind. 
11) Next best toa high dipole, put up the 
“Airstream Loop” antenna for 75 meters. 
12) Ifallelse fails, bring your 2-kW PEP. 
linear and your 2.5 kW ac gas generator 
along. This will at least keep the other 
campers awake. Don't forget a low-pass 
filter for TVI! This material was originally 
presented in QST by Philip S. Rand, 
WIDBM. 
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The Apartment Dweller’s Dilemma 


Having trouble getting a signal out from “concrete city"? Nonresonant, random- 
length wires can provide surprising results if a Transmatch is used to make the 


tig happy with the load it sé 


t is apparent that many would-be 
amateurs living in apartment buil 
believe it is impossible to get an effect 
signal on the air. They feel the need to have 
an outdoor antenna in order to make 
contacts. This isn't true. Of course, the 
apartment dweller ean always go mobile, 
but there comes a time when the amateur 
wants a home station. This article treats the 
problem and, hopefully, will get a few more 
hhams on the air. 


Some General Considerations 

‘There are exceptions to the following. 
rules but, in general, they can be depended 
upon. 

1) An outdoor antenna will work better 
than an indoor one. 

2) An antenna inside a frame building 
with wood exteriors is better than the same 
antenna in a steel-and-concrete building. 


ees. 


3) The higher above ground, inside or 
out, the better the antenna will work. 

4) The bigger (or longer) you can make 
an indoor antenna, the better — even if it 
‘means running the wire around corners. 

5) Even a poor antenna should produce 
some contacts. 


‘The Coupling Problem 

Most transmitters are designed to work 
into a 50-ohm load, and contain litle or no 
provision for adjusting the transmitter 
when the load is other than 50 ohms. 
Unfortunately, there is no random-length 
‘wire antenna that will present a S(-ohm 
load on all bands. What is required is a 
Transmateh, A Transmatch is simply an. 
adjustable LC network that converts the 
unknown antenna impedance to 50 ohms. 
This unit, shown in Fig. 24 and the 
photographs, will cover the 80- through 
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Fig. 24 — Circult diagram of the L-natwork 

Transmatch, The eight banana jacks are EF 

Johnson type 108-900, ang thvee cual banana 

plugs are required, EF. Johnson type 108-200. 

G1 Variable capacitor. 360 pF (E. Johnson 
184-10) 

01, D2 — 1N2#A germanium diode. 

43, J2— Chassis connector, type $0-290. 

{3-— Feedthrough terminal, isolantite, 
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11, L2 ~ Sor Fig. 25 part of etched circuit 
assembly. 

La Variabe inductor, 26 ul (EF. Johnson 
720-203) 

Mi — 100-yA moter 

RI, R2— 68-ohm, 1/2-walt carbon or 
‘composition, not wirewound. 

Rg" 25,000-ohm carbon control, inear taper. 

Si — Spat toggle. 


y 


| 


& 
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Tho completed Transmaich. The count 
and knob are James Mien bg. Co, In 
products. Check with G. A, Whitehouse, 
‘Armherst, NH 09031. 


1O-meter bands and can handle 1 kW of 
rf power, In addition to matching the 
transmitter to the antenna load, the 
‘Transmatch helps reduce harmonic radia- 
tion. Many Novices get in trouble with the 
FCC because of 2nd-harmonic radiation 
from the 80-meter signal. This unit should 
reduce such harmonic radiation. Also, the 
use of a Transmatch can provide better 
front-end selectivity for the receiver. Some 
receivers are subject to severe cross 
modulation when operated near a broad~ 
cast station, The Transmatch should re- 
duce this effect. 


Circuit Details 


‘The unit shown in Fig. 24 is designed to 
be used in three configurations. They are 
shown at B, Cand D. With one ofthe three 
hookups, it should be possible to match 
practically any antenna to the transmitter. 

In order to get complete band coverage 
and avoid the complexities of band- 
switching, banana and jack plugs are used 
to change the circuit to the configuration 
needed. For example, if one wanted the 
setup shown at B, he would jumper 
terminals 7 and 8 [and 3, and 4 and 5. 
Using the banana plugs makes for easy 
changing of the circuit, 

Whenever a Transmatch is used, the 
operator should have a way of knowing, 
when the unit is adjusted correctly, The 
answer to this need is a Monimatch or 
other SWR indicator. If you have an SWR 
meter, it ean be connected in the line 
between the transmitter and the coupler. If 


TO SCALE 


Fig, 25.—Etones circult-board template, The fol side is shown, with etched portion shaded. 


/ou can build the Monimatch' shown 
24, and include it in the cabinet with 
the Transmatch. 


Construction Details 


‘The chassis for mounting the Trans- 

made from a piece of alurainum 
‘measuring 10 X 19 inches (254 X 482 mm), 
Theends of the 19-inch length of aluminum 
are bent up to form a U-shaped chassis, the 
ends being 4-1/2 inches high to form a 
chassis 10 X 10X 4-1/2 inches (254 x 254 
114 mm). The back side of the U has an 
‘opening cut out, 3-1/4 inches high by 4-1/2 
inches (83 X 114 mm) long. A piece of 
Plexiglas is mounted over this opening, 
The jack-plug sockets are installed directly 
on the plastic. Connections from the roller 
inductor, L3, and variable capacitor, Cl, 
are made to the banana jacks. Be careful 
when drilling the holes for the jacks to 
insure that they will mate with the plugs. 
Fig. 25 shows the details for a pe-board 
Monimatch, 

Methods for making etched circuit 
boards are given in detail in the construc- 
tion chapter of The Radio Amateur's 
Handbook, so we wor't treat the process 
here. When installing DI and D2 on the 
board, be sure to use a heat sink while 
soldering the leads. Too much heat can 
ruin the diodes. Shielded leads are used 
from the circuit board to SI to prevent 
unwanted Ff pickup, 

Today's equipment builder soon finds 
out that locating parts can be a tough 
problem. Fortunately, we have found a 
distributor who will furnish all the parts, 
With the exception of the chassis, the parts 
for the Transmatch can be purchased from 
Barry Electronics. 


Some Antenna Ideas 

With this Transmatch oneshould beable 
to match any random-length antenna to his 
transmitter. To test the system, we strung 
up 25 feet (7.62 m) of wire in the ARRL lab 
(a steel-and-concrete building, first floor). 
‘The Transmatch provided the desired 50- 
‘ohm impedance on all bands. We dida’t get 


any “60-over-9” reports, but we did make 
contacts. 

‘AS to your antenna installation, we 
suggest running the wire up to the ceiling, 


around the room, perhaps into the next 
room, making the antennas as long as 
possible. Ifthe XYL objects to the wire, use 
an invisible antenna. Nope, we're ‘not 


‘The Monimaten is at the upper lat, covered by 
Inductor and the variable capacitor tothe term 


metal enciosure. Connections from the roller 


re made with thin strips of copper, 


athough na. 12 o 14 wire can be used instead. The two antenna terminals are atthe rear ght. The 
{op terminalis fr use with @ coawcfed antenna, If cosited 
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joking! You can make the antenna from 
‘no. 26 or 28 wire, which will be practically 
invisible, Also, you can conceal the wire 
bbchind molding. Be sure to insulate the 
wire if it runs near any metal, In some 
cases, it is impossible to get the wire 
outside, However, if you have a screen in 
one of your windows, terminate the end of 
the antenna at the sereen, The screen is 
‘outside and it will help the system radiate, 
While it may be difficult to install, the 
antenna length to shoot for is approxi- 
mately 120 to 130 feet (36.58 to 39.62 m) 
because this is a good length for multiband 
operation 

If you cannot put an antenna on the 
apartment roof, there is still a trick or two 
for having an outside antenna. You can 
drop a wire out the window and let it hang 
down. How long the wire should be will 
depend on how high up you are. You can 
‘make the wire long enough to reach nearly 
to the earth, but high enough to be beyond 
the reach of passersby. Safety first, always! 
“There is no electrical law that states that a 
vertical must be fed at the bottom, Just 
connect the end of the wire to your 
Transmateh and tune up the system. You 
can use small-diameter wire. Use a lead 
sinker on the end of the wire and possibly 
imbed the sinker in a small sponge-rubber 


ball, (That way, you won't break your 
neighbor's window.) 

If there is a support to which you can 
attach the far end of the antenna you can 
use the invisible-wire trick. Use. rubber 
bands for insulators, Erect no. 26 or 28 
wire. Don't be too discouraged if the wire 
sets broken by passing birds! 

We know one ham who lived in a 
basement flat. He ran a wire through the 
wall to the bottom of a rain gutter, tuned 
up the system, and managed to work 
DXCC. (Safety first, again, The down- 
spout should be beyond the reach of 
Imuman beings!) The general idea is to use 
ingenuity. With a Transmatch you never 
can tell whar will prove to be a useful 
antenna 


How to Tune Up 

Using the Transmatch is not compli- 
cated. Although it takes some time to find 
the correct combination of settings, once 
determined, they can be logged for later 
reference. Use a short length of 50-ohm 
coax to connect the Transmatch to the 
transmitter. Auch the antenna to the 
‘Transmatch. Tune up your transmitter on 
the desired band, making sure that the final 
amplifier is resonated, but with the power 
output reduced, With the Monimatch in 


A 40-Meter DDRR Antenna 


the forward-reading position, set the 
sensitivity control for a full-scale reading. 
You may have to inerease the output of the 
transmitter to get full deflection, but be 
sure to keep the final amplifier tank in 
resonance. Switch the meter to the 
reflected position, and then adjust L1 and 
CC, until you get the lowest indication of 
reflected power. Itshould be possible to get 
the meter to read zero, When you have a 
zero reading in the reflected position, 
versus full scale in the forward setting, the 
Transmatch is correctly adjusted, and the 
SWR is I. You may have to change the 
circuit to one of the other configurations in, 
order to get a match, but one combination, 
should work. Once you have the Trans- 
match set properly, you can then adjust the 
transmitter to its rated power input. One 
‘other point: It isn't always possible to get a 
good ground connection in an apartment. 
Therefore, a connection to # cold-water 
pipe or earth ground should be used. This 
‘material was originally presented in QST 
by Lewis G. McCoy. WIICP. 


References 

MoCoy,“An Eised-Citclt Monimatch fr Checking 
Yous ‘Antewna System," QST, October 1969, (Set 
Chapter 8) 

Bary’ Electonics, $12 Boadway, New York, NY 
10012 


This antenna consists of a 1/4-wavelength element grounded at one end and 
wound into a single-turn coil, a few conductor diameters above the ground 


(see Fig. 26). 


practical DDRR. Antenna appeared,! a 
number of inquiries were received regard 
ing low-frequency versions of this antenna 
for operation at ground level. After little 
experimenting, the author came up with 
this version of a 40-meter DDRR which 
works quite well In early tests very fine 
(QSOs were held with stations as far away 
a Phoenix, while the antenna was located 
inside the garage and surrounded by 
myriad metallic objects. When the antenna, 
was relocated to the backyard, marked 
improvement was noted, even though this 
antenna site was marred byasharp rise of 4 
feet (1,22 m) in ground elevation, plusclose 
proximity to house wiring and powerlines. 
Inspite ofthese obstacles solid contact was 
easily achieved with stations up and down 
the West Coast. Encouraged by these 
results, we moved the antenna toa rooftop 
location which put it well in the clear 
insofar as metallic objects above the 
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Fig. 26 
AD = 0.078 a (26°) 
SP = 0.110 (25°) 
E 


G = (S08 Table 2) 
Notes: (1) Actual dimension must be found 
‘experimentally. (2) Value to resonate the 
nlonna tothe operating freq. (3) 6 ranges 
‘upward from 1/2" (13 mm), The larger "dis the 
higher efficiency #. Use largest practical size, 

(13 mm) for 10 meters, 5" (127 mm} or 
15" (152 mm) for 80 or 160 me 


‘groundplane were concerned. In this loca- 
tion, the DDRR really proved its worth. In, 
spite of its low profile, a little over 1 foot 
(0.31 m), and its very small span, a few 
inches over 9 feet (2.74 m), it was more than 
adequate when competing with any signal 
‘on the band. The obvious conclusion from 
my experiments is that the 40-Meter 
DDRR is the apartment-dweller's dream, 
1t is principally for that group that this 
article is prepared. Other interested ama 
teurs might be those who are limited, as this 
author is, by too much house on too little 
real estate; or those who for other reasons. 
cannot cope with high towers, masts and 
guy wires. 

Before this writer's enthusiasm sends 
you out to rip down your inverted V or to, 
dismantle your beam, remember this: The 
DDRR, for all of its capabilities, will not 
supplant a full-size single-frequency 
antenna which is properly erected over 
clear terrain, What it will do is provide an 


icken-wire grouncplane is evident in the background. The base plate can be seen a 
ower right. Note the relative positions of the 52-ohm coaxial feed atthe left en of the pate, the 
flange on the foot of the post and the tuning unit at the right-hand end of the pate 
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+See Fig. 26 for explanation of designations, 
Feet x 0.304 
Inches X 25 4 = mm, 


antenna which will enable communications 
of respectable quality, where heretofore it 
hhas been impossible because of inadequate 
space to erect a 40-meter antenna, 

‘Some consideration should also be given 
to the fact that the high-Q nature of the 
DDRR and its resultant narrow-band 
characteristics serve to reduce the noise 
level. Boyer?) reports that in the initial 
experiments it was found that DX stations 
which could copy signals from either a 
vertical or a DDRR could only be heard on 


the DDRR due to the reduction in 
background noise, So if you have a noisy 
location, it might be to your benefit to try 
the DDRR, regardless of what antenna 
you ate presently using 


Constructing the 40-Meter DDRR 

In this application, 2-inch (51 mm) 
diameter automobile exhaust pipe was 
used as the radiating element. The local 
muffler shop not only supplied the 
‘material, but also undertook to bend it to 


“Thé braided lead across the flared joint isto 
assure electrical contiuily. The serews Used 
are sel-tapping sheet-metal screws. The top 
fn of the insulator (2Inch (51 men] diameter 
PVC pipe) isa slandara PVC pipe cap: the 
bottom is closed off witha cap from an aerosol 
‘ean (2inch ($1 mm) ID), 


specifications. This was an obvious course 
since the material and the power bender 
were right at hand. 

The dimensions for 40 meters are: 

Ring — 9 foot (2.74 m) diameter, 
center to center. 

Height — 12 inches (0.31 m) from 
ground plant to element center. 

Gap — 6 inches (12 mm) from 
upright post center to open end of 
ring. 

In forming the ring to these dimensions, 
four 10-foot (3.05 m) lengths of tubing were 
used. A 10-degree bend was made at 9-inch 
(229 mm) intervals in three of the lengths. 
‘The fourth length was similarly treated, 
except forthe last [8 inches (0.46 m) which 
were bent at right angles to form the 
upright leg of the ring. One end of each 
section was flared so that the sections could 
be coupled together by slipping the end of 
‘one into the flare of its mate. 

The required flares are easily made at the 
muffler shop with the aid of the forming 
tools. Another task which can best be 
completed at the shop is to weld a flange 
onto the end of the upright leg. This flange 
is to facilitate attaching the leg to the 
mounting plate which provides a chassis 
for the tuning mechanism and the coaxial- 
feed coupler. After bending and flaring is 
complete, the ring is assembled and minor 
adjustments made to bring it into round 
and to the proper dimensions. This can best 
bbe done by drawing a circle on the floor 
with chalk and fitting the ring inside the 
circle. The circle must be slightly larger 
than the center-to-center diameter so that 
the reference line can be seen easily. For 
example, with two-inch (51-mm) tubing 
the actual diameter of the reference circle 
must be 9 feet, 2 inches (2.79 m). When you 
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Fig, 28 — Citcult diagram of the power supply and control motor. 


11 through D4 — 1 A, 50 PRY, or oauiy 
Ft — Fuse, 1, 

“hi, J2~ Tworterminal jack, 

Mri — Motor (2 toa 


Camps used to connect the fod line ané the open end to tho capacitor are 
1. is the 52-ohm feed line. The smaller tine coming from 


“Th heavy biaek load, canter to lower rg 
the plastic housing is the motor conteol in. 


have a satisfactory fit between the tubing 
ring and the chalk ring, drill a 1/4-inch (6- 
mm) hole through each of the joints to 
accept a 1/4-inch bolt. These bolts will 
clamp the sections together. Also, they can 
be used to attach the insulators which 
support the ring ata fixed height abovethe 
groundplane. 


Making and Attaching the Insulators 

Insulators for the antenna were made 
from 11-inch (279-mm) lengths of inch 
(Sl-mm) PVC pipe inserted into astandard 
«ap of thesame material. The PVC caps are 
first drilled through the center to aczept the 
1/4-inch (6-mm) bot: previously installed 
atthe joints. The capsare then slipped onto 
the bolts and nuts are installed and 
tightened to secure the caps in place. The 
inch length of pipe, when inserted into 
the cap and pressed firmly until it touches 
bottom, results ina total insulatorlength of 
12 inches (0.31 m). Four insulators are 
required: one at each of the joints and one 
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1, P2— Two-terminal plug. 
S1'~ Spst 

‘52 — Dpat, centr of 
Ti — Translormer (08 tox) 


near the open end of the ring for support. It 
is wise to locate this insulator as far back 
from the end of the ring as possible because 
of the increasing high rf voltage that 
develops as the end of the ringis approach- 
ed.4 Asa final measure, the bottom ends of 
the insulators were sealed to prevent 
moisture from forming on the inside 
surfaces. Standard PVC caps could be used 
here, but we found that plastic caps from 
15-ounce aerosol cans fit well. 


Making the Mounting Plate 

The mounting plate is required to 
provide good mechanical and electrical 
connections for the grounded leg of the 
radiator, the coaxial feed-line connection, 
and the thning mechanism. Ifyou are using, 
aluminum tubing, you should use an 
aluminum plate, and for steel tubing, a 
steel plate to lessen corrosion from the 
contacting of dissimilar metals. Dimen- 
sions for the plate are shown in Fig. 27. The 
important consideration here is that good, 


solid mechanical and electrical connections 
are made between the ground side at the 
coaxial connector, the ring base, and the 
tuning capacitor. 


‘The Toning Unit 

We found that the 9-foot (2.74 m) ring 
resonated easily with approximately 20 pF 
of capacitance between the high end of the 
ring and the base plate or ground. A 35-pF 
double-spaced variable from the junk box 
was pressed into service here (Cardwell 
NG-35-DS). Any variable which will tune 
the system to resonance and which will not 
arc under full power should besatisfactory. 
Remember, the ef voltage at the high 
impedance end ofthis antenna can reach 20 
to 30 KV with high power, so if you are 
using the maximum legal limit, you would 
do well oconsiderusinga vacuum variable 
capacitor. Since we limited our power to 
500 watts PEP, the double-spaced Card- 
well unit was satisfactory. To provide for 
full band coverage, the capacitor was 
coupled to a reversible, slow-speed motor 
which enabled the antenna to be remotely 
tuned from the operating position. An 
indicated SWR of 1.1 to 1 was easily 
achieved over the entire 40-meter band. 
‘The motor used was asurplusitem made by 
Globe Industries of Dayton, OH.S At 20 
volts de the shaft of this motor turns at 
about | rpm which is ideal for DDRR 
tuning. The gears used were surplus items. 
If you cannot obtain gears, string and 
pulley drive will do almost as well, or you 
can mount both the motor and the 
‘capacitor in ine and use direct coupling. Of 
course, if you operate ona fixed frequency 
or within a 40- to 50-kHz. segment of the 
band, you can dispense with the motor 
entirely and simply tune the capacitor 
‘manually. In any case, the tuning unit must 
be protected from the weather. We used a 
plastic refigerator box to house the tuning 
capacitor and its drive motor 

Fig. 28 shows the electrical connection 
for the motor. A small rain transformer or 
Power supply for toy slot-ears will work 
admirably a a tuning motor power source. 
Standard ac zip cord was used for the 
connection between the control unit and 
the motor. 


Electrical Connections 
and the Groundplane 


‘The connection between the open end of 
the ring and the tuning capacitor is made 
with no. 12 wire orlarger. Onthe end of the 
base plate opposite the tuning unit, and 
directly under the ring about 8 inches (203, 
mm) from the grounded post, install a 
bracket for a coaxial connector. The 
connector should be oriented so that the 
feed line will lead away from the ring at 
close to 90 degrees. Install a clamp on the 
ring directly above the coaxial connector. 
Connect a lead of no. 12 orlarger wire from 
the coaxial connector to the clamp. This 
wire must have a certain amount of 
flexibility to accommodate the movement 
necessary when adjusting the match. The 


‘matching point must be found by experi- 
mentation. It will be affected by the nature 
and quality of the groundplane over which 
the antenna is operating. The antenna will, 
funetion over earth ground; however, in 
‘our location we found the electrical ground 
to be unpredictable. A groundplane 
surface of chicken wire (laid under the 
antenna and bonded to the base plate) 
provided a constant ground reference and 
improved performance. In a rooftop 
location sheet metal roofing should 
provide an excellent groundplane, A poor 


paint to minimize rust, [it suits you, there 
is no reason why a final coat of enamel 
could not be applied. 


‘Tuning Procedures 

Once the mechanical construction is 
completed, the antenna should be erected 
in its intended operating location. Cou- 
pling to the station may be accomplished 
with either 52-ohm or 72-ohm coaxial 
cable. Tune and load the transmitter as 
with any antenna, While observing an 
SWR meter in the line, operate the tuaing, 


“The tuning motor, above the eapaeitor, couples to the eapacttor shalt through the goars elf 


Bot ho motor a 


ground usually results in a matching point 
for the feed line far out along the 
circumference of the circle. In our installa 
tion a near-perfect match was obtained 
with the feed line connected to the ring 
about 12 inches (0.31 m) from the ground- 
ed post. During testing, when the antenna 
was set up on a concrete surface without 
the groundplane, a match was found when 
the feed line was connected nearly 7 feet 
2.13 m) from the post! 

‘As shown in photos, the compactness of 
the antenna is readily apparent. The 
groundpiane is made up of three 12-foot 
(G.66-m) lengths of chicken wire, each 4 feet 
(1.22 m) wide, which are bonded along the 
edges at about 6-inch (152-mm) intervals. 
In our installation the antenna, with the 
groundplane, could be dismantled in about 
30 minutes. If portability is not important, 
it is best to bond all of the joints in the 
tubing so that good electrical continuity is 
assured, 

‘After all construction is completed, the 
antenna should be given a coat of primer 


the capacitor are mounted on a corvnon brackot which at'aches to the 
by two bolts through the weatherproof housing. The load 
‘connects the stator of the capacitor tothe open end of the Find 


sing upward through the 


motor. Indication of resonance is the 
noticeable decrease in indicated reflected 
power. At this point, note the loading of 
the transmitter; it will probably increase 
markedly as antenna resonance is ap- 
proached. Retune the transmitter and 
‘move the feed-point tap on the antenna for 
further reduction in indicated reflected 
power. There is interaction between the 
‘movement at the feed tap and the reso- 
nance point; therefore, it will be necessary 
to operate the tuning motor each time the 
tap is adjusted until the lowest SWR is 
achieved, Don't settle for anything less 
than 1.1 to I. With a good ground and 
proper tuning and matching, this ratio can 
be achieved and maintained over theentire 
bband. Once the proper feed point has been 
located, the only adjustment necessary 
when changing frequency is retuning the 
antenna to resonance by means of the 
‘motor. If the antenna is to be fixed tuned, 
provide an insulated shaft extension of 18 
inches (457 mm) or so to the tuning- 
capacitor shaft for manual adjustment 


This not only provides insulation from the 
high rf voltage but also minimizes body- 
capacitance effects during the tuning, 
process 


Alternatives 


A number of materials other than the 
steel tubing used here are well suited for the 
ring element. Standard E.M.T. or electrical 
conduit would work as well with a slight 
increase in weight. One advantage to be 
gained through the use of conduit is the 
climination of the flaring operation since 
standard couplings would serve to connect 
each segment of the ring to its adjacent 
member. Another suitable material is 
copper tubing. This material is superior to 
either exhaust pipe or conduit in terms of 
its conductivity characteristics. Another 
advantage of copper is that itis availablein 
continuous iengths and the joints could be 
omitted entirely. 

The 2-inch (51 mm) dimension is by no 
means mandatory. Smaller diameter 
tubing has been used with satisfactory 
results.¢ In fact, DDRR antennas have 
been fabricated with wire elements. But, if 
the element diameter is reduced, the 
antenna tunes more sharply. Some experi- 
menters may wish to go in the other 
direction and use a larger diameter. The 
author recommends the use of aluminum 
downspout with a diameter of about 4 
inches (2 mm). This material does not lend 
itself to bending, however, and the ring 
‘must be configured as a regular polygon of 
eight or more sides. Because of the large 
number of joints involved, welding is about 
the only practical means of joining the 
segments. Unless you are equipped to do 
this work yourself, the cost of welding. 
might be prokibitive. Anyone who under- 
takes to make a DDRR antenna of a large 
clement diameter will be rewarded in terms 
of improved performance. 


Performance 


Results have been quite encouraging, 
and it is hoped that more and more hams 
will equip themselves with the DDRR in 
the future. The antenna has proved its 
worth and deserves more investigation by 
the amateur fraternity than it has been 
given in the past. No intensive efforts have 
been made to work DX with the antenna 
described here: however, a low angle of 
radiation is conducive to DX, and this 
antenna demonstrates a low radiation 
angle. It was found that distant areas, such 
as the East Coast, are more easily contact- 
ed than are stations nearby. All of the 
results could be attributed to peculiarities 
of individual stations or skip conditions, 
but since they are charateristies which can 
be anticipated with high-efficiency anten- 
nas having low radiation angle, we prefer 
that interpretation, Besides, where else will 
you find an antenna for 40 meters that is 
small enough to fit into a corner of the 
backyard and not protrude above the 
fence; or for that matter, which could be 
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mounted on the roof of an apartment 
building or even a ranch-type house and 
not be visible from the street? 

Nearly everyone who listened to the 
description of this new antenna was 
enthusiastic, The author hopes to hear 
many hams on the air working with the 
DDRR in the near future, This material 
was originally presented in QST by W. E. 
English, W6WYQ. 


Parts List 


4 — 1041 (3.05 m) lengths of Zn. ($1 mm) 
tubing, exnaust pipe. conduit or copper 
tubing 

1 — bate plate 7-1/2 x 19 x 1/8 inches (191 X 
482 X 3 mm), steel, aluminum, oF copper to 
‘mater tubing 

4 PVC pipe caps for 2nch ($1 mm) pip 


Novi-Loop 


4 foet (1.22 m) of 2inch PVC pipe. 

2 clamps for inch tubing, 

41/4 X deinen (6 X 102 mm) bolts with nuts 

4 eeversble motor with T-rpm shatt output 

“wide spaced variable capacitor. § 1035 pF 
(Willen 16550 or equiv), 

1 coaxial connector 50-238, 

2 sels 2-connector plug and socket for motor 
ental 

36 feat (10.87 m) of 4foot (1.22 m) chicken wire 
‘or equivalent 

1 Mange to atach tube to base pt 

2/2 X teineh (13 X 25 rn) be 

lange mounting) 

—thineh (78 min) bonding strips no. 8 
braided wie. 

4 plugs 2-ineh (1 mm) ID for insulator bases. 
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S00 footnote I 


A medium-size roll of wire, some insulators and a day of good antenna “puttin’ 
up” weather can net you a Novi Loop. What will it do for you? Well, follow these 
instructions and get set to work 40-meter DX. Nuff said! 


beginners is the matter of poor antenna 
performance. Many enthusiastic Novices 
have fallen behind in ther efforts to work 
DX because of bitter disappointment 
cased by poor performancein the antenna 
department All too often itis suagested 
tata simple end-ed hank of wiceis ample 
for altaround Novice band operation, oF 
that a dipole will suffice for most Novice 
operation, Sure, almost any kind of 
radiator that can be tuned to the operating 
frequency and marched to the impedance 
ofthe feed line and transmitter wil enable 
the operator of a low-power station to 
make some contacts from time t time It 
depends on hows high the system is above 
ground, how free and clear it is of 
Surrounding objeets that can detune the 
radiator and absorb the energy radiated 
from, and upon the condition ofthe band 
ata given time, ft should stand asa firm 
rule, then, that any amateur who wants 
{00d resuits should erect the best antenna 
ystems he can, conistent with avaiable 
Space, finances and structural practicality 
Tis possibleto advance beyond theplatcat 
of simple dipoles and random-length wires 
in the quest for better performance, and 
without going tothe expense and effort of 
‘erecting large directional beams such as the 
fubical quad or Yagi 

What will ‘be described here can be 
applied to any of the high-frequency 
amateur bands. However, the example 
jven relates to only the 4O-meter Novice 
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band, The antenna is @ full-wave loop of 
wire, mounted through necessity at WIFB 
in a rectangular format, and matched with 
a simple quarter-wavelength coaxial 
transformer. It has given excellent. per- 
formance in DX work and for making 
“solid” stateside contacts. Total cost forthe 
antenna system (wire, matching transform- 
er and insulators) is under$12, exclusive of 
the feed line used to connect the antenna to 
the rig. 


Antenna Features 


Full-wave, closed-loop antennas are 
broadband, iow-Q devices. This isa handy 
feature because it permits the operator to 
move his transmitter frequency within a 
Particular band without need to compen- 
sate for an increase in standing-wave ratio 
(SWR) which might otherwise occur if 
‘other types of antennas were used. (The 
higher the Q ofan antenna, thenarrower ts 
‘bandwidth, even though an SWR of I can 
be obtained at some frequency within the 
band for which it is built.) The foregoing 
railes out the need for a Transmatch with 
the loop antenna, provided the feed 
‘method recommended here is applied. 
Another interesting feature of this kind 
of antenna is the theoretical gain of 
approximately 2 dB it exhibits over a half- 
wave dipole. The angle of radiation from a 
properly erected full-wave loop is consid- 
ered to be lower than that of a dipole when 
oti are less than one-half wavelength 
above ground. This feature suggests the 


superiority of the loop in situations where 
significant height above ground is not a 
practical goal for the chap wishing to put 
up a 40-meter antenna, 

‘A full-wavelength closed loop need not 
be square. It can be trapezoidal, rectangu- 
lar, circular, or some distorted configura- 
tion in between those shapes. For best 
results, however, the builder should 
attempt to make the loop as square as 
possible. The more rectangular the shape, 
the greater the cancellation of energy in the 
system, and the less effective it will be. The 
effect is similar to that of a dipole whose 
effectiveness becomes impaired as the ends 
of the dipole are brought closer and closer 
together. The practical limit can be seen in 
the “inverted-V" antenna, where 2 90- 
degree apex angle between the legs is the 
‘minimum value used. Angles that are less 
than 90 degrees cause serious cancellation, 
of the rf energy. 

The loop can be fed in the center of one 
of the vertical sides if vertical polarization, 
is desired. For horizontal polarization itis 
necessary to feed either of the horizontal 
sides at the center. At the time of this 
‘writing there have been no data compiled 
to provide a comparison between the 
performance, vertical versus horizontal. 
Such an experiment could be interes 
(and possibly productive) for the Novice. 


Erecting the Antenna 
Optimum directivity occurs at right 
‘angles to the plane of the loop, or in more 


heavier-duty work, because it won't be drained of its heat so quickly. So check the power 
ratings carefully, and anything between 15-40W is fine for general electronics soldering. 


Temperature Control - the simplest and cheapest types don’t have any form of 
temperature “regulation”. Simply plug them into the mains and switch them on! Thermal 
regulation is “designed in” (by physics, not electronics!) Sometimes they are described as 
“thermally balanced” as they have some degree of temperature “matching” — in other 
words, they warm up as quickly as they lose heat during use, so in a primitive way they 
maintain roughly a constant temperature. This type of iron is perfectly acceptable for 
hobby or less demanding professional use. It’s essential to use the manufacturer’s 
specified tips (see later) to maintain proper temperature matching, otherwise the iron may 
not heat up enough — or it may overshoot in temperature. 


These unregulated irons form an ideal general-purpose iron for most users, and they 
cope reasonably well with printed circuit board soldering and general interwiring. 
However, most of these “miniature” types of iron will be of little use when attempting to 
solder large joints (c.g. very large terminals or very thick copper wires) because the 
components being soldered will draw or “sink” heat away from the tip of the iron, cooling 
it down too much and preventing solder from flowing properly. That’s when a higher 
wattage iron is needed. 


A proper temperature-controlled iron will be quite a lot more expensive - retailing 
at say £40 (US$ 60) or more - and will have some form of built-in thermostatic control, to 
ensure that the temperature of the “bit” (the tip of the iron) is maintained at a fixed level 
within reasonable limits. This is desirable during frequent use, since it helps to ensure that 
the temperature will be relatively stable regardless of the workload. Some irons have a 
bimetallic strip thermostat built into the handle which gives an audible “click” in use, and 
some may include an adjustable screwdriver control within the handle as well. Others may 
have electronic controls built in. 


atin 


Fig, 28 — Details ofthe full-wave loop. The dimensions given are for operation atthe low end of 40 
fnetors (7080 KH). The height above ground was 7 feet (213 m) inthis instance, though improved 
perlormance shovid result ifthe builder can instal tha loop higher above ground without sacrificing 
fength on the vertical sides. The inset illustrates how @ single supporting structure can be used to 
hold the loop int diamond-shaped configuration. Fading tne dlamond at the lower tip provides 
radiation in the horizontal plane. Feeding the systom at either sida will rsull in vertical polerization 


of tho radiated signal 


simple terms, broadside from the loop. 
Therefore, one should try to hang the 
system from available supports which will 
enable the antenna to radiate the maxi- 
mum amount in some favored direction. 
‘The bidirectional pattern is maximized NE 
and SW at the writer's QTH. This gives 
‘good results in working Europeans and the 
stations “down under.” Excellent signal 
reports have been obtained off the sides of 
the loop when working within the USA. 
Just how the wire is erected will depend 
‘on what is available in one’s yard. Trees are 
always handy for supporting antennas, and, 
in many instances the house is high enough 
to be included in the lineup of solid objects 
from which to hang a radiator. If only one 
supporting structure is available it should 
bea simple matter to put up an A frame or 
pipe mast to use as a remaining support. 
(Also, tower owners see Fig, 29 inset.) 


The overall length of the wire used in a 
loop is determined from the formula 


Hence, for operation at 7125 kHz the 
overall wire length will be 141 feet (42.98 
1m). The matching transformer, an clectri- 
cal quarter wavelength of 75-ohm coax 
cable, can be computed by dividing 234 by 
the operating frequency in MHz, then 
inultiplying that number by the velocity 
factor of the cable being used. Thus, for 
‘operation at 7125 kHz 


St 
7.125 (MHz) ~ 32.84 feet 

If coax with solid polyethylene insula- 
tion is used, a velocity factor of 0,66 must 
be employed. Foam-polyethylene coax has 


a velocity factor of 0.80, Assuming we are 
to use the solid dielectric coax, RG-59/U, 
the length of the matching transformer 
becomes 32.84 (Feet) 0.66 = 21.67 fet, or 
21 feet 8 inches (6.605 m). The transformer 
will convert the 100-ohm feed-point 
impedance of the loop to 50 ohms, a 
convenient value for connecting thesystem 
to the transmitter. The loop described here 
‘was measured with the KITD Macro- 
matcher! and found to exhibit an impe- 
dance of 110 ohms. Some inductive 
reactance was indicated. By removing | 
foot (0.31 m) of wire from the overall loop 
the reactance dropped to zer0, though the 
antenna loaded up fine prior to the final 
trimming, The feed impedance at 21 MHz 
was also 110 ohms, but considerable 
inductive reactance was observed. Most 
certainly one could use the antenna on 15 
meters with reasonable suoeess, despite the 
SWR which might be present. 


Results 


During two weeks of testing the loop 
‘gave an excellent account of itself. It was 
compared with the writer's two-clement 
short beam for 40 meters, and the results 
indicated that the loop was better than the 
‘beam on some occasions. At other times 
the beam provided better performance, or 
was at least equal to the loop. The 
differences noted were the result of band 
conditions and the time of day. High-angle 
signals can cause misleading results when 
comparing antennas for hf-band use. More 
meaningful tests can be made on ground~ 
‘wave contacts, however, and several checks 
made between the loop and the beam 
indicated that radiation at right angles to 
the plane of the loop compared closely with 
that from the front ofthe beam. The beam 
is rotatable and installed 40 feet (12.19 m) 
above ground, 

‘With 150 watts de input tothe transmit- 
ter PA, and operating at the low end of 
40 meters (loop was eut for 7050 kHz), the 
first night of operation resulted in the 
logging of three Russian stations, two 


Polish ones, two Yugoslavians, one Italian 


station and two English ones. The lowest 
report was RST $49, The highest report 
‘was RST 599, Generally speaking, the loop 
has outperformed the beam during most 
long-haul contacts. Though no effort has 
yet been made to work South American 
‘ations (off te side of the loop), they have 
been heard loud and clear, as have some 
VK stations via long path at approximately 
2300 UTC. 

Tt is quite likely that the Novice who 
chooses 10 erect his own NovicLoop will 
hhave a commanding signal on 40 meters. If 
backyard space permits, it should be a 
worthwhile venture. Don't forget, the 
formulas and guidelines given here are 
applicable to the other hf Novice bands as 
‘well. This material was originally presented 
in OST by Doug DeMaw, WIFB. 


"Hal, “The Maeromateher" QS7: Jansary 1972 
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Chapter 5 


Antenna Theory and Test 


Methods 


In order to obtain top performance fro 
given style of amateur antenna, it is 
important to understand the basic prinei- 
ples of operation, Additionally, some test 
procedures are necessary if one is toensure 


that his or her antenna is functioning at its 
best. This chapter contains assorted data 
fon antenna theory, plus a number of 
common-sense test methods. 

These reprints of popular OST articles 


Quad vs. Triband Yagi 


‘were chosen for all amateurs, regardless of 
their technical-aptitude levels. There's 
something to honor in the phrase, “Learn 
by doing.” This chapter will help to make 
that philosophy a reality 


The controversy about quads working better than Yagis, or vice versa, may 
never end. But, we'll bet our newest roll of RG-8/U that you'll find some 
interesting reading on the subject in this report. 


crossroads of the world, this writer had the 
‘opportunity to observe, firsthand, the 
excellent performance of the cubical quad 
in competition with the Yagi, dipoles and 
an assortment of other antenna systems. In 
pursuing this undertaking certain steps 
Were necessary to insure than any conclu 
sions made would be meaningful. With this, 
in mind a play emerged. 
Objectives 

In the many articles written on the 
cubical quad, itis noteworthy that only on 
a few occasions have the authors been 
privileged to compare the quad with other 
types of antennas on a real-time basis, and 
from the same operating location. Further- 
more, when such comparisons were made, 
the authors generally compared against 
some type of monoband antenna system. A. 
casual scanning of the 10-, 15- and 20- 
meter phone bands would lead one to 
conclude that the triband Yagi enjoys a 
rather high position of popularity among 
the antennas in general use. This being the 
case, it appeared that a worthwhile 
contribution to the data already available 
on the Yagi and quad might be made by 
conducting a series of controlled compara. 
tive tests, employing the triband Yagi and 
the quad. The test objectives were then 
defined: to compare various configurations 
‘of a cubical quad antenna witha represent 
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ative commercial triband Yagi; such tests 
to be conducted over short, medium, and 
long transmission paths, and to arrive at 
conclusions regarding the relative merits of 
each antenna. 


Test Plan and Procedure 

Every effort was made to conduct the 
tests in a manner which would lessen the 
possibility of compromising the techniques 
employed by either the writer or participat- 
ing stations: 

1) The test to be performed by establish- 
ing communications with Amateur Radio 
stations located throughout the world on a 
random and scheduled basis. 


2) Amateur Radio stations volunteering 
to assist in this effort to be briefed on 
conduct of test and data desired. 

3) A voice ssb transmi 
to the participating station, 
first antenna used as antenna “A.” 

4) The voice transmission to be followed 
‘immediately by an unmodulated carrier for 
4 period of approximately 5 seconds. 

3) The antennas would be switched, and 
a voice transmission made identifying the 
antenna as “B," and the procedures above 
repeated. 

6) Participating stations will note signal 
strength related to each antenna, and 
provide a numerical value as observed on 
his S meter or other indicating device. 
‘These values to be logged, and the test 
reinitiated with another volunteer sti 


Equipment Preparation 

1) Antenna heights to be as nearly 
identical as possible. 

2) Center of antenna horizontal lobe 
patterns to beas nearly identical as possible 
when pointing the antennas toward a 
participating station. 

3) Resonant frequency of each antenna 
to be matched as closely as possible 

4) Transmission lines to be matched to 
antennas and transmitter loading to be as, 
nearly identical as possible with cach 
antenna, 

5) Instantaneous transfer of antennas. 


6) Relative power and SWR to be 
‘monitored continuously. 

7) Prior to and aftereach data gathering 
session, equipment parameters will be 
verified. If a significant deviation in any 
parameter is noted, data collected will be 
discarded. 

‘Antenna performance conclusions to be 
based on an analysis of data derived froma 
minimum of $0 unmodulated-carrier 
observations with each antenna configura: 


much deliberation, and many discussions 
With amateurs throughout the world, the 
ecision was made to test three models of 
the quad (a fourth mode! was tested as will, 
bee noted later). Since the physical charac 
teristics of the quad are fairly standard, 
only the dimensions ofthe elements and the 
spacing between them was considered. The 
dimensions for the three models tested 
were obtained from a Japanese manufac- 
turer of cubical quads, from Orr's book, 


Table 2 
Moa. 1 
otal Observations 50 
Less than 2100 rales 2 
2100 to 4800 miles 3 
Greater than 4800 miles 5 
Signal Ditforence 
More than 1 S unit better = 
less than 1S unt beter = 
2 
‘More than 1S unit pooror 2 


Mod. 2 Mod. 3 Mod. 4 
60 60 8 

2 3 3 

3 38 Ea 

ar 2 Y 

= 7 8 

5 51 a 

4 2 c 

3 s = 


tion, and supplemented with data gathered 


Antenna Selection 


This writer had been using a four- 
element commercial triband Yagi (boom 
length 24 feet (7.32 m], and 55 feet [16.76 
m] above ground) for approximately 1-1/2 
years, so the properties of this antenna 
‘were fairly well established. Furthermore, 
in on-the-aircomparisons with competitive 
models of triband Yagis in use by other 
U.S. amateurs operating from the Tokyo 
area, the antenna appeared representative 
of commercial triband antennas in general 
use by the amateur community. Therefore, 
the Yagi in use at the author's station was 
selected as the reference antenna. 

Text material concerning quad anten- 
nas, available to the author in Japan, was 
reviewed. It became evident that there are 
almost as many variations in quad design 
as there are writers on the subject. After 


Ail About Cubical Quad Antennas,! and 
from Dr. J. E. Lindsay, Jr., WOHJ2 
Preliminary Testing 

Several days were spent “dry running’ 
the test plan to validate the concept, and to 
smooth out the operating procedures and 
techniques. Of particular concern was the 
possible time required to make a valid 
data-gathering observation. If data were to 
bbe reasonably accurate, the transmission 
path had to be stable, and the signal- 
strength observations must be taken on 
each antenna during a short period of time. 
‘The dry runs were valuable in this respect, 

A problem became evident during the 
first day of testing. It appears that those of 
us who speak and understand English do 
not always convey the same message when 
using the same words. As a result it was 
necessary to modify the verbal format, 
utilizing simple sentences and placing them 
in a logical sequence. 

It also became apparent that the test 
could not be conducted under all transmis- 
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Fig. 1 — Elomont spacing information for 
Table 1. 


Fig. 2 — CLOSE SPACING IS FOR THE BIRDS! 
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sion-path conditions; that even under ideal 
conditions several observations were often 
necessary before a conclusive report could 
be compiled. It was decided to conduct the 
tests only on 20 meters. The operating time 
available to the writer favored openings on 
20 meters to Europe via the long path, and 
lands 
ic. It was also decided to orient 
the test antennas so that the topography 
land obstructions seen by each antenna 
would be essentially the same. (Physical 
separation between the two antennas was, 
in the order of one wavelength.) 
Testing 

Dimensions of the first quad model 
selected were furnished by a Japanese 
‘manufacturer of cubieal-quad antennas, 
(Gee Table I). The antenna was assembled, 
utilizing commercially manufactured 
heavy-duty hardware and fiberglass 
spreaders. Tt was tuned to a center 
frequency of 14,200 kHz. Testing of the 
first model began in November 1967 and 
continued for one month. The results for 
this period are given in Table 2. 

In mid-December 1967 the frst quad 
was replaced by a model constructed 
according to the formula and dimensions 
given in Orr's book. The results obtained 
with model 2 are contained in Table 2 

Construction of the third model (with 
wider element spacing) was carried out 
next. Two matching systems (Gamma and 
Q-seation) were experimented with on this 
antenna. A satisfactory match could behad 
with either system, However, the Q-section 
was used for the test because it was the 
technique used with the previous two quad 
models (SWR with each antenna was never 
‘more than 1.3:1 with a difference between 
antennas no greater than 0.1). The results 
conducted with this model were most 
enlightening, as shown in Table 2. The 
model antenna was also used extensively 
during the first weekend of the 1968 ARRL. 
DX Contest. Though these contacts were 
not used in tabulating test samplings, it 
interesting to observe that openings to the 
US. (using the quad) lasted 15 to 30 
minutes longer on each end of the period 
than with the Yagi. Its assumed that this 
phenomenon would also apply to each of, 
the other quad models. 

‘The fourth quad tested was a 3-element 
wide-spaced model constructed according 
to more dimensions furnished by WDHJ. 
The resuits of the samplings were some- 
what disappointing and are given in Table 
2. (Frankly, the author felt that the 3- 
element quad would show  substa 
improvement over the Yagi in every cas.) 
‘The 3-element model did appear to have a 
better front-to-back and front-to-side ratio 
than either the Yagi or the other quad 
models. One positive comment: The 3- 
clement model is a monster to assemble 
land put up! In the author's opinion the 
difference in performance isn’t worth the 
small improvement. Perhaps, on the other 
hhand, ifone accepts the -element modelas 
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the departure point between a simple 
‘mechanical structure and a major project, a 
4-element model might be more worth the 
effort. However, this is purely conjecture 
oon the part of the author. 


Summary 

‘The antenna tests indicate that: 

1) One can expect to achieve the same or 
better results with a 2element quad of 
proper dimensions than with a 3 or 4 
clement triband Yagi. 

2) A wide-spaced quad will perform 


substantially better than a close-spaced 
quad. 

3) Dollar for dollar the quad appears to 
be'a better investment than a Yagi. 
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High Versus Low Antennas Performance 
Tests Using Identical Arrays 


This section compares the performances of identical antennas mounted side- 
by-side at different heights, and produces some experimental evidence to 
support the practical importance of antenna height for most types of Amateur 


Radio communication: 


“ 


‘The Method 

‘The author’s approach was to erect 
identical antennas atop two towers of 
different heights and obtain comparative 
signal reports — with some safeguards to 
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‘The two cubical quads used by the author to 
study the effects of antenna height on 


Berformance. The antenna at right is atop a 34- 
{ot (10:36 m) tit-over mast described by the 
author in June 1969 OST. The quad at left is on 
2 72*oot (21.95 m) tower 


minimize reporting errors and to assure 
proper statistical treatment for the result- 
ing data. For the main tests, one tower was, 
72 feet (21.95 m) high (the practical 
maximum for the author's residential 


backyard at the time ofthe tests), while the 
other stood 34 feet (10.36 m) high (about 
the minimum usable height for DX work, 
according 19 Ort). The two towers were 
placed as far apart as possible without 
trespassing — about 50 feet (15.24 m), 
With this separation, no interaction was 
evident on any band. 

‘A pair of 2-lement cubical quads were 
selected for the 10-, 15- and 20-meter 
experiments, Each had an eight-foot (2.44 
m) boom with all elements mounted 
concentrically on two sets of spreaders, and 
each antenna was fed with asingle feed line 
(85 fect [25.9 m] of RG-8/U in both case). 
This design obviously involves some 
compromises in element spacing and 
impedance matching, but both quads 
developed good SWR curves and front-o- 
back ratios when tuned. And, more 
important for our study, whatever compro- 
rises existed were essentially the same for 
both the high and low antennas. 

It became apparent during the tests that 
many amateurs regard cubical quads as, 
exceptional performers at low heights, but 
(unlike Yagis) not much better if raised 
higher. This popular impression iscontrary 
to Lindsay's findings, which suggest that 
‘quads and Yagis respond quite comparably 
to changes in their height. Accepting 
Lindsay's conclusions, we assumed that 
‘our findings would be roughly the same if 
Yagis had been used for the primary 
experiments 


Table 3 
‘Comparative Pertormance Data for High and Low Antennas 
No. 
No, favoring bigh 
Bandipath reports antenna 
200K 8 8 
2oUs. 8 6 
$/OX 2 2 
1S. 8 2 
1Sigroune- 
2 2 
e r 
5 5 
Seki 10 2 
2iground- 
wave 16 6 


No. No. Moan 
favoring tow reporting high-antenna 
fantonna no difference advantage 

° o 24 8 unis 

° 3 4s. 

° 9 48 S units 

° 16 09S units 

o o 

° 1 

° ° 2 Sunts 

7 1 “13 Suns 
° ° 32 Sunits 


“The author wanted to determine how 
well high and low antennas would perform 
not only on DX work, but on “Stateside” 
Flayer communications, ground-wave 
work, and E-skip as well. Thus, separate 
tabulations were kept for DX reports (ic, 
those from stations more than 4000 miles 
away) and for reports from “Stateside” 
Stations (i.e., Flayer reports over 1500— 
3000-maile paths) on each frequency band.” 
‘The author was careful tw avoid secking 
reports during anything that resembled an 
E-skip opening on 10, 15, and 20 meters, in 
‘he interest of studying F skip vs. antenna 
height separately on 6 meters. 

To study the effect of height on vat 
groundwave signals, the author replaced 
the cubical quads on the two towers with 
two pairs of seven-element 2-meter Yagis, 
each fed in phase with ratio-dipole driven 
elements. A move toa new home prevented 
the use of the same two towers for 6-meter 
experiments, but the author later set up 
two 3-clement é-meter Yagis —one atopa 
new 90-f00t (27.43 m) tower, and the other 
on a 42-footer (12.8 m) — to continue the 
study. 

‘On each band, the tests were conducted 
on ssb (except on 2 meters, where a-m was 
used), with an audio tone serving as a 
reference signal. The author switched 
between the high and low antennas 
repeatedly on each test, in an effort to 
counteract the effects of QSB. 

This test procedure does introduce some 
sources of error, including the variability of 
hams’ skills in observing the results, and 
the lack of receiver S-meter standardiza~ 
tion. To cope with this kind of sampling 
fluctuation, the author obtained a number 
of reports on each band and then used t- 
distribution statistical methodology to 
evaluate the resulting data Even with these 
efforts to make the study as rigorous as 
possible, however, the author makes no 
claim to finality for the results obtained, 
The findings on each band did prove to be 
statistically significant (atthe 0.05 level of 
significance or better), but you don't 
“prove” things or arrive at exact parame- 
ters this way. The only claim the author 
makes for his results is that they suggest 
general trends that will probably be 
confirmed if this study is replicated 


elsewhere. There is no implication here that 
a 72-foot (21.95 m) high antenna produces 
“12-€B gain” over a 34-foot (10.36 m)-high 
antenna in 20-meter DX work just because 
the mean advantage in our tests was about 
two S units in this instance. 


‘The Results 


“The results ofthese tests, summarized in 
the accompanying table, were interesting in 
several respects, With the exception of one 
case on 10 meters, every single DX station 
reported a substantially better signal from 
the high quad than the low one. This is 
thoroughly predicted in the literature, but 
we also found that the high quad produced 
4 significantly stronger signal (aking, the 
‘mean, or average, figure) on “Stateside” 
work. And on grotnd-wave work, the high 
antennas were absolutely consistent in 
outperforming lower ones. However, E- 
skip contacts proved to be another story, a 
point to be covered in detail later. The 
mean advantage ofthe high quad over the 
Tow quad in DX work was 2.1 units on 20 
meters, .8$ units on 15, and one Suniton 
the 10-meter band. 

‘Since the author's linear amplifier (a 
commercial unit using two 3-400Zs) 

al gain of about two Sunits 
7 alone on most § meters, it 
became apparent that many DX stations 
could not distinguish the kilowatt feeding 
the lower quad from the exciter “barefoot” 
with the higher array. The implications of 
this dramatic difference in signal strength 
for DX-contest operations are obvious: 
it’s no wonder the “big guns” using 
antennas 130 feet (39.62 m) high get 
through the pileups quickly, with or 
without big linears. 

On Stateside F-iayer work, the pattern 
was less consistent, although the high array 
continued to hold a significant edge. While 
8 majority of the reports still favored the 
high quad by one oF two S units, morethan 
4 third of the stations dissented, reporting 
equal or virtually equal signals from the 
two quads, No one reported a stronger 
signal from the lower antenna, perhaps 
because of the author's effort to avoid E- 
ship contacts in this phase ofthe study. The 
mean advantage ofthe higher quad was 1.4 
S units on 20-meter Stateside work, and 0.9 
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S unit on 15 — still a substantial advan- 
tage, but not enough to render a low 
antenna useless for portable work, as 
generations of Field Day operators can 
attest. In fact, the author previously 
described a portable quad* that stood only 
19 feet (5.79 m) high, but nevertheless 
worked very well for"back-home” contacts 
during long vacation. An antenna only 19 
feet (5.97 m) high is clearly undesirable, but 
if higher antennas are not feasible, much 
successful hamming can still be done. (This 
is especially true on an occasion like Field 
Day, when almost everyone's antenna 
low, and the few beams that are 40 (12.19 
1m] or more feet high seem to dominate the 
bands; if the competition is using a low 
antenna you can too!) 


Ground-wave Tests 

Although the plan wasto study the effect, 
of antenna eight on ground-wave com- 
‘munication only on vhf bands, a numberof 
stations within 100 miles volunteered 
reports on the hf bands. These reports were 
not tabulated except on 1S meters, but they 
‘consistently favored the higher array by at, 
least two S units. 

In the vhf experiments, height again 
proved decisive for gound-wave work. On 
both 2 and 6 meters, every station favored 
the high antenna, On two meters, the mean 
advantage was an amazing 3.3 S units 
Surprisingly, the higher array appeared to 
bbe equally superior on contacts with San 
Bernardino-Riverside stations (some 30 
miles from Beaumont, CA, where these 
tests were conducted) and on contacts into 
the Los Angeles basin (almost 100 miles 
away).5 

After moving and acquiring the 90-foot 
(27.43 m) tower, the author put a single 7- 
element 2-meter Yagi up and took an S. 
meter reading on @ nearby repeater with the 
new tower cranked down. As the tower 
ascended to its full height, the signal rose 
from $8 to 15 dB over S9 on a popular 
transceiver's S meter, 

‘On 6 meters, only a few ground-wave 
tests were conducted, but the results were 
similar: Everyone favored the higher 
antenna substantially, 


6Meter E-Skip Tests 

However, on 6-meter E skip an entirely 
different relationship developed: The lower 
antenna had the advantage in seven out of 
10 tests during single-hop openings.* Only 
one station favored the high antenna, and 
the low array had a mean advantage of 1.3 
'S units over the high arra 

Although this finding is surprising and 
contrary to every other test conducted, itis 
consistent with the one previous practical 
study of antenna height vs. signal strength 
the author could locate in ham radio 
literature, Working in the late 1940s, Leroy 
May? set up identical G-meter Yagis at 
heights of 35 and 75 feet (10.67 and 22.8m), 
‘and compared 350 reccived signals on the 
‘two arrays. He found that the low array 
‘was superior for distances below 1000 miles 
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‘while the higher array began to pull ahead 
at distances exceeding 1100 miles. 

‘The author made no attempt to fully 
replicate May's work, but all of our 6-meter 
E-skip experience supports him: For 
contacts into many major cities from 
greater Los Angeles, a high antenna is a 
handicap! Much to his chagrin, the author 
hhas frequently seen his 90-foot (27.43 m) - 
high Yagi outperformed on 6-meter E skip 
by a beam sitting 10 feet (3.05 m) above 
somebody's roof on a TV mast 


Conclusions and Recommendations 

It is customary when reporting a study 
such as this to conclude by summarizing 
the findings and making some recommen 
dations. The conclusion here must be that, 
for every application except E-skip work, 
there are worthwhile advantages of having, 


‘an antenna at least 70 feet (21.34 m) high. 
This height advantage is most pronounced 
on ground-wave and long-haul DX work. 

The only logical recommendation we 
‘can make, then, is that all hams should own, 
towers 70 fect (21.34m) high. May all ofthe 
XYLs, frightened neighbors, bill collec 
tors, and zoning-conscious city officials of 
the world forgive us! 

Alternately, maybe we should suggest 
that all hams (except the author) use 35- 
foot (10.67 m) towers to give the author @ 
better chance in DX contests. Or better yet, 
how about an antenna-height multiplier 
for the DX contests? Let’s see, that’s 1.5 if 
‘your antenna is below 75 feet (22.861), 2.0 
ifit’s below 40 feet (12.19 m), and 3.0if you 
bury it in the ground... This material was 
originally presented in QST by Wayne E. 
Overbeck, NENB. 


References 

"indsay, “Quads and Yass” QST, May 1968 (See 
chapter 3 

Ore, Wiliam 1, Beam Amionna Hanubook, 3rd 
Editon, 


No Id-ante Staesde” ete are reported tesuune the 
‘mul wns foo low for elible layer work sero the 
USS, when these teste ware run 

‘oserbesk, "The 20-Minute Portable Quad,” QST, 
‘May 1967 

Gn the bf bands, i fs normally asumed tha 2 high 
‘alenna his «greater advantage over low antenna 
fon long-haul DX than i does on shorter pats, but 
the opponite may well be true for vf rounds 
Swork This suggested in the AIRE. VHF Aomua, 
(st Gation, panes 2428) Thas, one would expect 
that an ineese in height would cesult ia preaer 
Improvement in signals over th SOemile path than 
‘over the 1 path 

At the time ofthe Grmiter tents, E skip vas barely 
“in seison.” The author is continuing this sty 
during seasons of more frequent E-kip openings 

May, sSome Practica Results on the Question of 
‘Antenna Height,” CQ, Apri 1983. 


Limited-Space Antennas and Methods Of 


Coupling 


When short, random-length wire antennas prove disappointing, chances are the 
installer didn’t follow a few basic rules for good performance. These tips should 
lead the way to better results with “randoms.” 


‘Transmitter Loads 


Nearly all transmitters described these 
days are designed to work into 50- to 70- 
ohm loads, with little thought given toany 
Toad that’ departs. very far from these 
figures, If the load is something different 
than the above figure it may be impossible 
to get the amplifier in a transmitter to load 
up. In order for the final amplifier stage to 
‘operate at its best efficiency, the load (the 
antenna system) must be within the design 
range of the amplifier. 

‘An end-fed wire may presenta load of 50 
to 70 ohms, but if it does it will be a case of 
pure luck on the part of the user — and 
what's more important, that load won't 
stay the same across a band. In other 
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transmateh wi 


attachad tothe jack bar. 


the 80/40-meter coil plugged in. At the rer is the 20-meter coll anc 
‘units to th front. In regular operation, tho antonna would be attachod to tho 
fandot insulator al the top rear of the chassis, Tha cp lead visible below the eal the one 


“The witing boiow dock. At the roar of the chassis a the Werlmetchor section. G2 ie atthe let front of 


chases 


(ca 


Fig. 8 — This block diagram shows the set-up 
fof using a Tranematen Not shown ie an 
antenna relay which normally would be inserted 
inthe coaxial ine 2 low-pass filter fused, it 
should be the last item in the line before the 
Tranamaten 


words, the antenna will present a 50-to 70- 
ohm load for only'a very limited 

range. Once we QSY the load may change 
to where it is no longer within the tuning 
range of the amplifier. Our problem boils 
downto having the transmitter always see a 
load of 50 to 70 ohms, regardless of the 
band or frequency in use. This in turn 
means we must make the antenna system 
look like a $0- to 70-ohm load, no matter 
which band we use it on. 


‘The Transmateh, an Adjustable RE 
Transformer 

Let's make one point clear about end-fed 
wires, or any antenna, for that matter: 
There is no way of predicting what the feed 
point impedance (load) will be. before 
‘making and installing theantenna, We can 


‘come close, but there are many factors that, 
‘get into the act to determine what the 
impedance will be. The antennas height, its 
proximity to nearby objects, its length, and 
the antenna’s relation to earth ground are 
Just a few of the factors. If we don’t know 
What the feed-point impedance is, how can 
wwe make the transmitter always work into a 
50-ohm load? The easiest way is to insert a 
Transmatch between the transmitter and 
the feed point. A Transmatch is simply an 
adjustable rf transformer that takes our 
unknown feed-point load and convertsit to 
a desired load, 50 ohms in the case shown in 
Fig. 3 

‘Note in Fig. 3 that we show a random- 
length antenna and an earth ground 
connection. In this case, our unknown foad 
exists between the end of the antenna and 
ground. On the transmitter side of the 
Transmateh we have 50-ohm coaxial cable 
anid inserted in this cable is a 50-ohm 
reflectometer_or “SWR  (standing-wave- 
ratio) bridge. The reflectometer is simply a 
measuring instrument that tells us when 
our Transmatch is properly adjusted to 
convert our unknown load to a 50-ohm 
load. If the Transmateh has adequate 
‘matching range, we can convert any feed- 
point load to 50 ohms. And this means that 
we can take any random length wire and 
make 2 working antenna out of it for any 
amateur band or frequency. There are 
some practical limits as to how short a wire 
we can use, but actually the antenna can be 
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) 


i (lien 19140 or similar) 
sanium diode. 

41 Coax chassis fiting, type SO: 

Ly, 2 See Fig. 7 

(a Le — See Fig. 6 

61 — 150-pF variable, (air gap 0.077 inch [2 
rmm] oF larger for high power. Milen 12515 
fr sila: ae gap O40 inch [1 mim] for ow 
owor, Millen 1914087 or sia. 

sat —0% millammoter (more sensitive meter 
can be used) 

RI 80-ahms, 1/2-watt carbon o composl- 
tion, nat wire-waund 

R250 kf cont linear taper 

51 — Single-poe, singletheow toggle switch, 


Fig. ¢— Circuit diagram of the Transmatch and 
Varimatcher. Ail 0001-uF capacitors aro disk 


quite short in relation to a wavelength and 
still work. 


Limited-Space Antennas 

Many hams live in apartments of loca- 
tions where it is impossible to put up an 
“antenna farm” or even 2 half-wave dipole 
for 80 or 40 meters, Random-length wires 
are sometimes the best bet in these 
circumstances. For hams who live under 
such conditions there are some general 
rules that can be followed for best 
performance. If possible, always get the 
antenna up on the roof. If not, get the 
antenna as high as possible. Make the wire 
as long as possible, even if it has to go 
around corners. Don't overlook existing 
antenna possibilities, such as rain gutters 
or roof flashing. In a moment we are going 
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to describe a Transmatch that can be used 
to couple practically any wire or metal 
structure to the transmitter, including rain 
gutters. 

If it is impossible to get an outdoor 
antenna up (and don't overlook “invisible” 
antennas!). an indoor antenna will work, 
but not as well as an outdoor one. With the 
‘Transmateh to be deseribed, you can run a 
wire around the ceiling moldingand couple 
the wire to the rig, maintaining that 50- 
‘ohm load we mentioned earlier. When you 
hear hams talking about loading up the bed 
spring, don't laugh — many a ham has 
made contacts that way. All you need is 
‘some method of coupling the bed spring to 
the rig; that’s what our Transmatch will do. 


‘The Transmatch 


Shown in Fig. 4 is the circuit for a 
‘Transmatch that will do the job we've been 
talking about. This unit will match 
practically any wire to our $O-ohm rigs on 
any band from 80 through 10 meters. 
Depending on which capacitor plate 
spacing you use for Cl the Transmatch can 
be used for Novice powers or upto the legal 
limit of 1 kW. Actually, the closer-spaced 
capacitor will handle 200 watts or so. The 
same type coil stock is used for either 
power level, high or low. 

Also included in the Trasmatch shown 
in Fig, 4 and the photographs is an SWR 
bridge. This is a necessary item in order to 
know when the Transmatch is correctly 
adjusted Ifyou already havea Monimatch 
fr reflectometer, the unit described can be 
climinated from the Transmatch 

With the random-wire antenna we'll be 
dealing with various loads, depending on 
the frequency and band in use. Shown in, 
Fig. 5 are the three basic circuit configura- 
tions used with the Transmatch, The circuit 
can be changed to conform with type A, B, 
cor C by reversing the plug-in colin the jack 
bar or by changing the eapacitor Cl from 
the output side of the L configuration, asin 
B,to the input side, asin C, The capacitor is 
changed by means of a clip lead connected 
to the stator. 

Some loads may require the cieuit setup 
of A. In this configuration, a link-coupled 
parallel-tuned circuit is used, the antenna 
being tapped onto LI. 


Construction Details 

‘The chassis used to hold the parts is 2X7 
X 9 inches (51 mm X 178 mm X 229 mm) 
and the panel measures 7X 9 inches (178 
‘mm X 229 mm). Any chassis large enough 
to hold the parts can be used. Cl and the 
Jack bar for the plug-in coils are mounted 
on top the chassis, and the Varimatcher 
reflectometer and C2 are mounted below 


"Any wite that is no, 28 or smaller is practically 
impousble to see when stung up at at antenna, 
Many has vse “invisible” anteanas to prevet 9 
touchy lendlrd situation. 
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Text To sat up 
in ool reversed in the 
ind terminal no. 3 of the jack is clipped 
to terminal no, 2. 


the chassis top. The remaining components, 
are mounted on the chassis front. 

‘A inch (102 mm) length of RG-38/U 
coaxial cable is used for the pickup and 
conductor sections of the SWR bridge. 
Details for making this section are given in 
Fig. 6. Study these details and the 
photograph of the bottom view carefully 
before starting construction. The black 
‘outer covering of the coax is removed, 
leaving the braid and inner conductor with 
its insulation. The outer braid will be L3 
and the inner conductor L4. You'll notice 
that there is an open area at the center of 
the coax braid. This is to allow room for 
the connection of one end of the 50-ohm 
resistor to the center of the inner part of the 
coaxial line. Use a probe or pointed 
instrument to open up the area in the braid 
and then carefully tin the edges of the 
opening with solder so as to prevent any of, 
the hair-like wires from shorting to the 
resistor lead or inner conductor. The ends 
of the braid can be wrapped with a few 
turns of solid wire and tinned. The wire 
ends will provide a support for the 
connection to the feed-through terminal 
and the inner pin of JI 

‘The metal trough that houses the bridge 
section is made from a piece of copper 


flashing, although tin or aluminum could 
be used. It is a good idea to dril the holes 
for 1 and the feed-through bushing before 
bending up the trough intoa U. Also, when 
soldering the leads forthe diodes, DI and 
2, use a heat sink between the body of 
diode and the point being soldered, 
because too much heat can ruin the diode. 


Using the Transmatch 


In making the antenna, shoot for a 
length of at least 1/4 wavelength at the 
lowest operating frequency. In other 
words, if you plan on working 80 meters as 
the lowest band, then the antenna should 
be 60 fect (18.29 m) long, at least. This 
doesn’t mean that shorter wires won't work 
— they will, but not nearly as well. A lot of 
‘hams will say they can’t get up a length of 
60 feet! ‘The wire doesn't have to run 
straight. You can go around corners, up 
and down, or what have you. The impor- 
tant point is to get up as much wire as 
possible. 

By the same token, many hams think 
(mistakenly) that they have to have a good 
earth ground connection in order for their 
station to work. It’sfineif you have one but 
if you don't, forget it. If you have access to 
@ water pipe or other earth ground 
connection make a connection to the rig 
and the Transmatch, but if you can't, don't 
worry. The antenna will still work, 

With the antenna connected and the rig 
fon the desired frequency, feed enough 
power through the system to get at least a 
half-scale reading on the Varimatcher 
meter, and have the Transmatch set up as 
in (A). Tap the antenna onto the first turn 
of the coil LI at the “hot” end, or end 
‘opposite the ground. Incidentally, always 
turn the rig off when making any adj 


a 
Soren ante 


Fig. — Consirustiona dotalls of the 
\arimetchar bridge section. The braided portion 
of the coax is L3 ant 


ments on the Transmatch. There may not 
be any de voltages present but some very, 
very high rf voltages can be developed on 
the Transmatch coils and can cause. nasty 
rf burn. 

With the antenna tapped on near the hot 
end of LI switch SI to read reflected power 
and adjust Cl and C2for dip or minimum 
reading. If you cannot get the reflected 
reading down to zero, or close toit, turn off 
the power and move the antenna tap closer 
to the ground end of the coil. You'll 
eventually find a tap point that will give a 
reading of zero in the reflected position 
versus full scale in the forward position of 
SI. If you find that the tap point on L1 is 
very close, say within 25 percent, to the 
‘ground end, you may want to try configu- 
ration B or C. 

In eight of these configurations, start at 
the antenna end of the coil and, using 
another short clip lead, short out turns or 
portions of turns as you move the antenna 
tap towards the transmitter end of the 
circuit. In other words, the antenna is 
always on the end of the coil, but you may 
have some of the coil shorted out in order 
to get a match as indicated by MI 

‘Once you get a match for any given 
band, make a chart of the taps and so forth 
so you can return to the setup when you 
change bands. 

‘The main reason for using configura 
tions B and C is that if the antenna is 
tapped near ground on LI inconfiguration 
A, extremely high ef voltages can develop 
‘across Cl even with Novice powers. We 
don't recommend playing around with 


fon 40 meters, short out 10 tuens, counting from 
‘the "A" end of the coll. Shorting clipe should be 
‘copper and the shorting leads a 

Insulated. Coll stock Is no. 14 wire, 8 turns per 
inoh (25 mm}, 2-1/2 aches (64 mm) in diameter 
(Air Dux 20087, 8 & W 9906-1, oF Polycois 
5778), 

“The 20-metor coll consists of & turns of no. 12 
solid wire, 2-1/2 inches in diameter, with the 
turns spaced eo that L1 is 1-1/2 Inches (36 mm) 
Tong. L2's one turn of no. 12, same diameter 3 


[Lt spaced 172 Inch (13 mm) rom the en of Lt. 
The 18/10-meter Lt coll s 2 tens of no. 12 
‘solid wiro, 2-1/2 Inches (64 rv) in diameter, 
turns spaced to cover 1-1/2 inches (38 my). L2 
isa single turn, same diametor as Li, spaced 
neh (13 nm) from Lt 

Aleals ate mounted on ii 
plugs and the socket (ack 
441405, See G. F. Whitenou 


“ares” from coils but it might be wise to 
prove to yourself just how much voltage 
can be developed. With the antenna tapped 


near the ground end of LI, take a pencil 
and hold it by the wood, not at the eraser 
end but in the center, With the key closed 
and the tig loaded up to about 75 watts, 
touch the lead end of the pencil tothe stator 
of Cl. You'll quickly see why caution is 
necessary. Such an arc can make a very 
nasty and painful burn. 

Ifyou want to try using antennas that are 
very short for the frequency, such as 10 feet 
(3.05 m) long on 80 meters (similar to a 
mobile whip) certain additional steps may 
be required to obtain a match with the 
Transmatch. When you make the coil for 
80 and 40 meters you'll have some coil 
stock left over. With very short antennas, 
can be used as a “loading” coil. 
Connect the antenna to one end of the coil 
and connect the other end to the antenna 
terminal on the Transmatch. Then go 
through the tune-up procedure. You may 
have to use a clip lead to short out turns on 
the coil but you'll find a setup that will 
permit matching with the Transmatch. 
‘Again, avoid coming in contact with the 
series ‘loading coil because very high rf 
voltages can develop in such a setup. 

Some beginners may not be aware of it, 
but a fluorescent lamp or neon bulb will 
light up when in an rf field, ifthe rf voltage 
is high enough. If you have a fluorescent 
lamp (@ burned-out one is OK), the lamp 
can be laid along the antenna wire where it 
leaves the Transmatch. This makesa good 
output indicator, showing when power is 
flowing in the antenna. This material was 
originally presented in QST by Lewis G. 
McCoy, WIICP. 


Off-Center-Loaded Dipole Antennas 


So you can’t manage a buried radial system on your city lot, eh? Then why not 
scrap those plans for a vertical antenna and try K1TD's version of a short 
dipole? Here are the design tips you need. 


n these times when much of our amateur 
population lives in urban areas, the subject 
of shortened antennas for the lower 
frequency amateur bands isa very popular 
‘one. Physically short ground-mounted 
vertical antennas with lumped-constant 
loading to make them resonant can be 
quite efficient radiators, if a good radial 
system has been installed. This has 
certainly been evidenced in Sevick’s series 
of QST articles! To many amateurs, 
however, the “hitch” in constructing such & 
system is the installation of a good radial 
system. It must be admitted that for the 
“top” amateur bands, 160 and 80/75 


‘meters, an efficient system of buried radials 
requires a sizable amount of real estate, 
even for a physically short radiator. On the 
average city-size lot, 50 or 75 by 120 to 150 
fect (15.24~ 22.86 m by 36.58 - 45.72 m), it's 
almost impossible to install a highly 
efficient radial system for 80/75 meters, 
much less for 160 meters, when structures 
like a house and perhaps a separate garage 
exist, Or to some amateurs, just the 
thought of burying hundreds or maybe 
thousands of feet of wire is enough to turn 
off any enthusiasm for the project. 
‘What's the alternative? A dipole type of, 
antenna with lunped-constant loading. At 
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modest heights, 30 or 40 feet (9.14 oF 12.19 
m), such an antenna will prove to be quite 
satisfactory if it is physically longer than 
about 0.2 wavelength. Shorter lengths may 
also be used, at reduced efficiency. Such an 
antenna can be fed directly with 50-ohm 
coaxial line, and it can be operated with 
no earth ground. (Of course the chassis of 
the transmitter and/or receiver should be 
grounded adequately for protection against 
shock hazard.) 

Nearly all of us are familiar with the 
concept behind the use of inductive loading. 
A vertical antenna which is shorter than 
quarter wave (or a dipole antenna which is 
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Fig. 8 — A dipole antenna lengthened 
‘lacrically with oftcenter loading cols. For a 
{ixed dimension A, greater efficiency will be 
realized with greater distanco B, but ae B is 
Increased, L must be larger In value to maintain 


shorter than a half wave) will exhibit 
capacitive reactance at its base (or center) 
feed point. To cancel such capacitive 
reactance, a coil having the proper 
inductive reectance may be connected in 
series with the base feed point of the 
vertical. The same result will be obtained 
through the use of two such coils for a 
dipole, one coil connected in series with 
each half. It is not necessary for the 
inductor to be installed at the feed point, 
however. In fact greater radiating efcien- 
ey results through improved current 
distribution ifthe inductor is located along, 
the radiator some distance away from the 
low-impedance feed point, viz, in the 
manner of a centerloaded mobile whip 
antenna. Fig. 8 shows this concept ex- 
tended to a dipole element, with off-center 
loading. The inductors resonate the 
antenna to the operating frequency, but do 
litle actual radiating themselves. (Thisisin 
contrast to helically wound or continuous- 
ly loaded elements, where a long thin 
inductor is the radiator as well as the 
loading element.) 

In the antenna represented by Fig. 8, 
there are many variable factors to be 
considered when a practical antenna for a 
given frequency is being constructed. Of 
primary consideration from an efficiency 
standpoint is the overall length, shown as 
dimension A. Another consideration for 
efficiency is the distance of the cols from 
center, dimension B. The longer the overall 
length (A), up to a half wave, and the 
farther the loading coils are placed from 
the center (B), the greater isthe efficiency 
of the antenna, However, the greater is 
distance B (for a fixed overall antenna 
size), the larger the inductors must be to 
maintain resonance. Theoretically, if the 
coils were placed at the outer ends of the 
dipole, they should be infinite in value to 
maintain resonance. Capacitive loading of 
the ends, either through proximity of the 
antenna to other objects or through the 
addition of capacitance hats, will reduce 
this requirement to a more practical value. 


What Inductance Values? 

‘As a matter of personal interest, this 
writer has been doing experimental work 
for a number of years with off-center- 
loaded antennas. One big drawback to 
such experimentation was the ever-present 
need for a large amount of cut-and-try 
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where 


Lyi = inductance required 
for resonance 


In = natural log feet 
frequency, MHz D = diameter of radiator, 
‘A= overall antenna inches 


length, feet 


to cach loading coil 


Work to arrive at resonance whenever a 
new set of dimensions was to be used. 
Probably the number of pruned-off turns 
from coil stock from such experiments, if 
straightened out and soldered end to end, 
would make up several full-sized half-wave 
antennas for the 160-meter band, There 
fore, most of the writer’s work of late in this 
area bas been in going through paperwork 
exercises, looking for a way whereby at 
least “ball-park” values of inductance 
needed for a particular system could be 
calculated, 

‘The equation contained in the Mobile 
chapter of The ARRL Antenna Book for 
determining the capacitance of a vertical 
antenna shorter than a quarter wavelength 
Jooked promising in early computations, 
and, indeed, it became the basis for the 
calculation procedure which finaly result- 
4. This procedure has been found to 
produce results much closer than mere 
“yall-park” values for the necessary 
inductance — for wire antennas “in the 
clear” at moderate heights, the final 
inductance values found by cut-and-try 
pruning for lowest SWR at the desired 
frequency have been so close to the value 
from calculations that a laboratory bridge 
was necessary to measure the difference. 
The results are equally good for elements 
using tubing. Once the needed inductance 
value is determined by calculations, it is 
generally found sufficient to obtain coil 
dimensions from an ARRL L/C/F Caleu- 
lator (see LaPlaca®) or by equation. Any 
significant pruning which has been found 
necessary could always be attributed to 
objects in proximity to the ends of the 
antenna, 

‘The complete set of calculations is 
expressed in the mathematical relationship, 
as Eq. I, presented here primarily for 
‘mathematies buffs or those having access 
to electronic computers. This equation 
yields the inductance required, in micro- 
henrys, for single-band resonance of a 
shortened antenna of a particular physical 


size at a given frequeney, for a specific 
position of the loading coils from the center 
of the antenna, To spare the reader the task 
of performing some rather tedious calcul 
tions, Fig. 9 has been prepared from Eq. 1. 
The curves of the chart have been normal- 
ized, and may be used for any frequency of 
resonance, The chart is based on a half 
wavelength diameter ratio of the radiator 
of approximately 24,000. (This. corre- 
sponds to no. 14 wire on 80 meters or no. 8 
wire on 160 meters.) For “thinne 
‘conductors, the required inductance will be 
somewhat greater than that determined 
from Fig. 9, and less inductance will be 
required for “thicker” conductors. 

‘The use of the chart is as follows: At the 
intersection of the appropriate curve from 
the body for dimension A and the proper 
value for the coil position from the 
horizontal scale atthe bottom of the chart, 
read the required inductive reactance for 
resonance from the scale at the left. 
Dimensions A and B are shown in Fig. 8, 
and for use with the chart are expressed as 
percentages, Dimension A is taken as 
percent length of the shortened antenna 

ith respect to the length of a resonant 
half-wave dipole of the same conductor 
‘material. Dimension B is taken as the 
percent of coil distance from the feed point 
to the end of the shortened antenna. For 
example, resonatingan antenna which is 50 

seent or half the size of a half-wave 
ipole (one-quarter wavelength overall), 
with loading coils positioned midway 
between the feed point and each end (50 
percent out), would require loading coils 
having an inductive reactance of appro 
‘mately 950 ohms at the operating frequen- 
cy. Ifthe antenna is hung “inthe clear,” and 
if the length /diameter ratio of the conduc- 
tor is near 24,000, inductance values as 
determined from the chart will be very 
close to actual values required. (Eq. | 
above takes the diameter of the radiator 
into account, and thus may be used for any 
length/diameter ratio.) For practical 


™ An Antex 660TC soldering station with matching iron and bench stand. 


More expensive still, soldering stations cost from £70 (US$ 115) upwards (the iron 
may be sold separately, so you can pick the type you prefer), and consist of a complete 
bench-top control unit into which a special Jow-voltage soldering iron is plugged. Some 
versions might have a built-in digital temperature readout, and a control knob to vary the 
setting. The temperature could be boosted for soldering larger joints, for example, or for 
using higher melting-point solders (¢.g. lead-free or silver solder). These are designed for 
the discerning user, or for continuous production line or professional use. A thermocouple 
will be built into the tip or shaft, which monitors temperature. 


The best soldering stations have irons which are well balanced, with comfort-grip 
handles which remain cool all day, and silicone-based cables which are burn proof. Antex 
produces a range of irons with silicone cables specially for education use, to help avoid 
accidents caused by careless use by students. 


Anti-static protection: if you need to solder a lot of static-sensitive parts (e.g. 
CMOS chips or MOSFET transistors), more advanced and expensive soldering iron 
stations use static-dissipative materials in their construction to avoid static charges 
accumulating on the iron itself, which could otherwise damage or “zap” some 
semiconductors. Such irons are listed as “ESD safe” (electro-static discharge proof). The 
cheapest irons are not classed as ESD-safe but they still perform well enough in most 
hobby or educational applications provided you take the usual anti-static precautions when 
handling these components. The iron would need to be well earthed (grounded) in these 
circumstances, to carry away any static. 
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Fig, 9— A chad for detormining approximate inductance valves for off-center. 
‘ody af the chert for elmension 
‘alu fr tha coll postion from the horizontal seal at tha bottom of the char 


Intersection ofthe appropriate curve trom the 


fed dipoles. At the 
6 the proper 
the required 


Inductive reactance for resonance from the scale at left See Fig. 8 regarding dimensions A snd B, 


purposes, dimension B may be taken as 
that distance from the center of the feed- 
point insulator to the inside eye of the 
Joading-coil insulator, and dimension A.as 
the eye-to-cye distance inside the end 
insulators (which are not drawn in Fig. 8). 

Proximity of surrounding objects in 
individual installations may require some 
pruning of the coils, and the exact amount 
of final inductance required should be 
determined experimentally. If the antenna 
is hung in inverted-V style, with the ends 
brought near the earth, the required 
inductance will almost always be some- 
what less than that determined from the 
chart or equation. A grid-dip meter, 
Macromnatcher (see Hall and Kaufmann’), 
or SWR indicator may be used during the 
{final adjustment procedure. 


Practical Antennas 

‘Although one might erect an inductively 
loaded antenna that is cut for a single 
amateur band, it is possible to use the 
antenna itself for two, three or more bands 
of operation, if provision is made to lower, 
the antenna for band changes. A simple 
rope halyard and pulley arrangement at 
‘one of the supports will do the trick. Fig. 
IA shows a three-band antenna of this 
nature, for 160, 80 and 20 meters. If the 
insulators shown are left open, with 
nothing bridging them, the antenna is a 


simple half-wave dipole cut for 14.18 MHz. 
(The 48.5-foot [14.78 m] lengths act merely 
as support wires, and have negligible effect 
on operation of the antenna.) If the 
sulators are bridged with short lengths of 
antenna wire, the antenna becomes 2 
center-fed 80-meter dipole, resonant at 
about 3.6 MHz, For 160-meter operation 
the 20-meter insulators may be bridged 
with loading coils to resonate the antenna 
at 1.8 MHz, as shown in Fig. 10A. Burndy 
or other manufacturers’ “Servit™ type of 
electrical connectors may be used for ease 
in making band changes quickly, as shown 
in Fig. 11. 

‘The calculation procedure for determin- 
ing loading-coil values for the antenna of 
Fig. 10A, using the chart of Fig 9, goes like 
this, IFoperation is desired on 1.8 MHz, the 
length of a full-sized half-wave dipole is 
found from the relationship 468/f to be 
260 feet (79.25 m). The 130-foot (39.62 m) 
length of Fig. 10A represents 50 percent of 
this size, meaning that the dimension-A 
curve marked “50 percent” in Fig. 9isto be 
used. The position of the coils i 16.5/(16.5 
+ 48.5) x 100, oF 25 percent of the distance 
cout from center, dimension B. From the 
intersection of '25 (horizontal scale at 
bottom) and the $0 percent curve, the 
required inductive reactance is read from 
the scale atthe left of Fig.9 to be 650 ohms. 
‘The inductance, L, is 650/2nf or 57.5 
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of call stock having a inch (76 mr) dia and 10, 
turns per inch (25 mm) (8 & W 2035). At B, the 
Impedance plot of tis antenra installed at a 
eight of £0 feet (15.24 m) (cold curve) and the 
lot of T60-meter halt-wave cipole (broken 
eure) 


ii 


Fig. 11 — Copper electrical service connectors, 
sald under one trade name of Servi. provice a 
Simple means of installing th loading coll. The 
antenna wire and the ands ofthe coll wires 
Should be tinned to prevent corrosion. In 
‘altion, a protective coating of acrylic spray 
‘may b0 Used at each connection. 


microhenrys, if no. 8 wire isto be used. For 
smaller diameter wire, the inductance 
should be somewhat larger. (Calculations 
for no. 12 wire indicate the 
required inductance is 60.99 uH.) 

‘The radiation resistance of a shortened 
antenna loaded to resonance is less than 
that of a full-sized antenna. Further, the 
shortened antenna is “sharper,” meaning 
that the change in reactance versus 
frequency is greater. In other words, the 
shortened antenna acts as a tuned circuit 
hhavinga higher Q than a full-sized antenna, 
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To check these characteristics, the line 
input impedances for the antenna of Fig. 
1A were measured with a laboratory 
bridge, and the electrical line length at the 
measurement frequency was then taken 
into account to determine the impedance at 
the antenna feed point. The antenna was 
constructed of no. 12 wire and hung at a 
height of 50 feet (15.24 m) as a “flat-top” 
radiator. 

‘The solid curve of Fig. 10Bisa plot of the 
feed-point impedance versus frequency for 
this antenna. The plot on Smith Chart 
coordinates is more meaningful than a 

ple SWR-vs.frequency curve because 
the magnitudes of the resistive and reactive 
components are shown, as well as the sign 
of the reactance. (Capacitive reactance is 
negative, plotted to the left of the vertical 
center line, and inductive reactance is 
positive, plotted to the right.) In this 
presentation, a 50-ohm nonreactiveimped- 
‘ance will appear at the exact center of the 
chart, The SWR in 50-ohm line fora given 
frequency may be determined by first 
noting the distance from the center of the 
chart to the particular impedance plot on 
the curve, and next measuring this same 
distance down the vertical centerline from 
chart center (a drawing compass is helpful 
for this task), and finally dividing 50 into 
the value read at that point on the center 
line. For example, the SWR at 1.8 MHz 
equals 120/50 or 2.4, as indicated by the 
segment of the 2.4SWR circle in Fig. 10B. 
It may be seen that resonance (zero 
reactance) occurs at approximately 1810 
kHz, where the resistanceis about 22 obms. 
The SWR at resonance is 2.33:1, and 
climbs to 3:1 at 1825 kHz. At 1850KH2, the 
SWR is 10:1. Without any matching 
provisions the antenna is relatively sharp, 
‘as mentioned earlier. If one sets the usable 
bandwidth as the frequency range where 
the SWR is 3:1 or less, itis approximately 
35 kHz, or 1.9 percent of the resonant 
frequency. As far as efficiency is con- 
cerned, ohmic losses are low, and the 
antenna is @ good performer on 160 meters 
Because of its horizontal polarization, it 
has proved to be most effective at night, 
and stations several hundred miles away 
have been worked with S 9 reports received 
for the 50-watt signal 

For a comparison of impedances, the 
broken curve of Fig. 10B is a plot of 
measured impedances of a full-size half- 
wave dipole, 260 feet (79.25 m) long 
overall, hung in place of the shortened 
antenna, From this curve it may be seen 
that resonance occurs at 1810 kHz, where 
the resistance is 59 ohms. The 3:i-SWR 
bandwidth for the half-wave antenna is in 
the order of 60 kHz, or 3.3 percent of the 
resonant frequency. itis interesting to note 
on this curve that the SWR at resonance is 
1.18:1, and that it is a somewhat lower 
value, 1.15:1, at a frequency a few kilohertz 
above resonance. (Measurements were 
‘made every 5 kHz across this band, but plot 
points are shown only for 25-kH¥. incre 
‘ments to avoid crowding of the data.) This 
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Fig. 12 — At A, a 40-meter dipole loaded for 80- 

13.55 MHZ the 
Calls should be iy 40 wH (27 tuons 
Of stock), 375 MM, 35 wH (24 turns); 9.8 MHz, 
51 pH (22 turns); and 4.0 MHz, 29 ui (21 turns). 
‘Those are caleulatod inductance values for no, 
sBanlenna wire. Coll stock referenced above is 
‘SHineh (78 mm) diameter, 10 turns por inch (25 
ime) (@ & W 3035). At B, the impedance plot ot 
the 3.85-MH2 version (solid curve) and of an 80- 
meter halt-wave dipole (broken curve), 


evidence refutes the oft-heard statement 
that the SWR-vs.-frequency curve is 
always lowest at antenna resonance. Points 
to remember are that the SWR in a 
transmission line is completely dependent 
upon the characterstic-impedance value of 
the line in use. Using a line of different 
impedance may shift the position of the 
SWR curve along the frequency axis in a 
simple SWR-vs-frequency plot. This is 
definitely true in this case — if the 160- 
meter half-wave dipole were to be fed with 
75-ohm line, the lowest SWR would occur 
ata frequency about 5 kHz below antenna 
resonance, whereas with S0-ohm line the 
lowest SWR is at a frequency slightly 
above resonance. The reason this happens 
is that the resistive component of the 
impedance, which consists ofthe radiation 
resistance plus any loss resistance, is not 
constant with frequency, even over rather 
narrow frequency range. It must be 
acknowledged that th differences here are 
very slight, however, and for practical 
purposes the frequency of lowest SWR is 
(within a few kilohertz) the resonant 
frequency of the antenna 

‘Another point concerning the SWR 
values bears noting. The values as deter- 
mined from the plots in the manner 
described above are quite accurate, having 
been determined by measurements with 
laboratory equipment. In contrast, meas- 
urements with simple SWR indicators 
usually cannot be relied upon for anywhere 
near the equivalent accuracy. 


For example, the author owns a com- 
‘mercially manufactured SWR indicator of 
the Monimatch type (see McCoy*) which, 
under a particular set of conditions, 
indicates a 25:1 SWR in a line where 
laboratory measuring equipment shows 
the true SWR to be 4:1. A significant 
difference! Herein lies another reason why 
impedance plots on Smith Chart coordi- 
hates are more meaningful than a simple 
SWR-vs.-frequency curve — greater 
‘accuracy may generally be expected. 


‘A Half-Size 80-Meter Antenna 


Fig. 12A shows the 3-band concept 
described earlier as it can be applied to 80, 
40 and 20 meters. Its overall length is 66 
feet (20.12 m), not a difficult length to use 
on a small lot. This antenna was construct- 
ed for 80-meter operation with a design- 
center frequency of 3.55 MHz, using no. 12 
‘antenna wire and 40-H loading coils —27 
turns of stock havingaa diameter of 3 inches 
(76 mm) and a pitch of 1Oturns per inch (25 
mm) (tpi). Feed-point impedances versus 
80-meter frequency for the antenna, hung 
at a height of 50 feet (15.24 m), are shown 
by the solid curve at B of Fig. 12. Actual 
resonance occurred at 3.54 MHz, where the 
resistance was about 26 ohms. The 
bandwidth within which the SWR is 3:1 is 
(60 kHz, oF 1.69 percent of the resonant 
frequency. 

‘Also shown in Fig. 12B, by the broken 
curve, are the feed-point impedances of a 
half-wave dipole, 132 feet (40.23 m) overall 
length, hung in place of the shortened 
antenna, Resonance occurs at 3.54 MHz, 
where the resistance is 43.5 ohms and the 
SWR is 1.15:1. The broader nature of the 
half-wave antenna is exhibited by the 
“tighter” curve which swings closer to the 
50-ohm center point of the chart than the 
shorter, loaded antenna. The SWR at 3.5 
MHziis 1.6:1, and remains below 3:1 t0 3.67 
Miz, 


‘Capacitive and Inductive Loading 

One wouldassume that acombination of 
capacitive and inductive loading might 
provide a different feed-point impedance 
than would inductive loading alone, 
because of different current distributions in 
the radiators. To check out this assump- 
on, the antenna of Fig. 12A was used as a 
“test bed” for comparative measurements. 
Capacitance hats were attached at different 


pruned to reresonate the antenna at about 
the same frequency as before. The impe- 
dance measuremnts were then repeated, 


Dangling End Sections 

First, “hats” consisting of 18 inches (457 
mm) of no. 12 wire were affixed to the 
antenna ends and permitted to dangle. This 
lowered the resonant frequency to 3435 
kHz. By calculations, this was approx- 
imately the same effect as that of extending 
the 17-foot portions of the antenna by the 
same amount as the dangling lengths, so it 


Table 4 


Characteristics of Various Loading Techniques, 66-Foot, 80-Meter Dipole 


‘Approx. feed 
point ress~ 

Loading fance, resonenco 

40H coils only 26 ona 

B65:uH coils, 1 28 

angling ends 

36" hats outside 23 

525 yH cole 

20-pH coll, 2 

36" hats at ends 

None (V2 dipole) 43.5 


3:7-SWA band. 
swe wath, % of 
resonance resonant fraq. 
1928 1.69 

1.908 178 

238 198 

1.981 208 

138 Groatar than 38 


Coil postions for each loaded antenna were 16 feel from antenna center. All antennas were 


Constructed of no. 12 wire anc installed. 
Feet X 0.3048 = m, 
Inches x 25.4= mm, 


"2 hoight of §0 feet 


would seem to make little difference 
whether short sections of extra length are 
added inside the supporting insulators or 
are at the ends, suspended at right anglesto 
the main antenna wire. 

‘The inductors were reduced from 40 to 
36.5 wf 25-turn coils replaced the original 
27-turn coils), and resonance occurred at 
about 3575 kHz At this frequency the 
resistance was 26 ohms and the SWR 
1.90¢1, The 3:1-SWR bandwidth, 64 kHz, 
is 1.79 percent of the frequency of 
resonance. The impedance plot for this 
arrangement is shown as Curve A in Fig, 
13. The resistance at resonance for this 
antenna is identical to that with the coils 
alone, and the bandwidth is only 4 kHz 
greater, 64 KHz vs, 60. From these results, 
‘one would conclude that the main advan- 
tage offered by the “danglers” is a small 
saving of space over a flat-top antenna, 


Capacitance Hats near Loading Coils 


Next the dangling end sections were 
removed and a pair of capacitance hats was 
formed, each from two 36-inch (0.91 m) 
lengths of no. 12 solid wire. The two wires 
for a single hat were attached at their 
centers to the antenna wire at a point just 
‘outide one of the loading coils. The hat 
wires were then bent radially to form an X 
at right angles o the antenna wie, ike four 
spokes of a wheel with the main antenna 
wire at the hub. The diameter of the X- 
shaped hat was thus 36 inches. The second 
hat was placed ina like manner just outside 
the second coil. Burndy connectors were 
used to affix the hat wires. The resonant 
frequency of this configuration with the 
original 40-uH loading coils was found to 
be 3290 kHz. The effect of adding the hats 
‘was about the same as that of extendingthe 
17-foot (5.18 m) lengths to 19 feet (5.79 m) 

When the inductors were replaced with 
23-turn coils (32.5 4H), the antenna 
resonated at about 3.575 MHz, the 
resistance being 23 ohms. The SWR at 
resonance is 2.15:1, and the 3:1-SWR 
bandwidth for this configuration is 60 kHz, 
1.68 percent ofthe resonant frequency. The 
impedance of this arrangement versus 
frequency is shown by Curve B of Fig. 13. 


It is surprising to note that, by the 
standards of most amateurs, the character- 
tics of this antenna are not as good as 
those of the same length antenna with 
loading coils alone. The SWR at resonance 
for the antenna with combination capaci- 
tive and inductive loading is higher (2.15 
vs. 1.92), and the 3:1-SWR bandwidths are 
the same, 60 kHz. Perhaps a significant 
factor here, though, is that the diameter of 
the capacitance hats used for these 
measurements was small, only 0.011 
wavelength. Supporting much larger hats 
presents mechanical problems with wire 
antennas, however, as even these were bit 
flimsy and would require reshaping after 
‘gusty weather. 


Capacitance Hats at Antenna Ends 


Finally, the X-shaped capacitance hats 
‘were moved to the outside ends of the 
antenna, just inside the end insulators. 
With the original 40-uH coils, resonance 
appeared at 3215 kHz. From calculations, 
itwasas ifthe 17-foot (5.18 m)end sections 
were actually 21 fest (6.40 m) long, 
30-uH coils (22 turns) in place, the 
resonant frequency was 3560 kHz. At this 
frequency the resistance was 25 ohms and 
the SWR 1.98:1. The 3:1-SWR bandwidth 
is 73 kHz, or 2.05 percent of the resonant 
frequency. The impedance plot of this 
‘antenna is given in Fig. 14. 

It is interesting to note that the position 
‘and shape of the plot for this antenna on 
Smith Chart coordinates is nearly identical 
to that for the same length antenna with 
loading coils only, the solid curve of Fig. 
12B. For this antenna, however, the plot 
points for 25-kHz frequency increments 
appear closer together, witich accounts for 
the increased bandwidth, 


Conclusions 

‘The measured characteristics of these 
various configurations of loading for the 
80-meter antennas are tabulated in Table 4. 
Remember that the overall “flat-top” 
length of each antenna arrangement is 66 
{feet (20.12m), and that the loading coils are 
always positioned 16 feet (4.88 m) each side 
of the center of the antenna, being pruned 


Antenna Theory and Test Methods 


Fig. 18 — Curve Ais the impedance plot of the 
‘antenna of Fig. 128 with Tench (457 mm) 
{dangling en sections added ana the col 
rimmed to restore resonance near the orignal 
trequency. Curve Bisa pot af tha seme 
antenna with X-shaped capacitance hats added 
ata point just outsie the loacing cols 
(dangling sections removed and coll trimmed 
to veestablich resonance} 


‘arrangement offered the greatest bandwidth. 


for resonance at approximately 3550 kHz. 
For comparison, information for a half- 
wave dipole is also included, 

‘Of the various arrangements, capacitive 
end loading decidedly provides the greatest 
bandwidth, excepting the fullsize half- 
wave antenna, of course. Although there 
are slight differences in the resistance value 
at resonance, all are of the same order of 
magnitude, These values, as well as those 
for the 160-meter antenna discussed 
catlier, tend to confirm a broad rule of 
thumb that the writer bas formulated for 
this type of antenna: The feed-point 
impedance value at resonance is roughly 
proportional to the length of the antenna. 
‘That is, a loaded antenna which is half the 
size of a half-wave dipole will have 
approximately half the radiation resistance 


m1 


Eq, | given earlier or the chart of Fig. 9 
allows one to calculate Ioading-coil values 
for antennas with loading coils only. 
‘Additional capacitive loading is not taken 
into account. Calculating the effects of 
various capacitive loading arrangements 
appears to be difficult, and work remains 
to be done in this area, 


Multiband Antennas with Loading Coils 


All of the foregoing material has been 
devoted to the loading of an antenna for 
resonance ata single frequency. Resonated 
as described, the antenna is electrically a 
half wave in length. It will, however, 
‘operate well on higher frequencies — 
frequencies at which itisan odd multiple of 
half waves in electrical length ... three half 
‘waves, five half waves, ete. Because of the 
Jumped loading of the shortened antenna, 
these higher frequencies will likely not be 
closely related to odd-order harmonics of 
the fundamental frequency, as the case 
would be for # nonloaded radiator. (For 
example, it is a well-known fact that 2 7- 
MHz half-wave dipole operates well on its 
third harmonic, 21 MHz.) 

A loaded dipole will become an electrical 
3/2-A antenna at some frequency below 
‘that which is three times the fundamental 


Efficient Short 


resonant frequency, Depending upon the 
overall antenna length, coil value, and coil 
position, it is possible for an 80-meter 
loaded dipole to become. 3/2-n performer 
‘on 40 meters. With such an arrangement, 
one would have a duakband antenna 
without requiring the use of traps. The idea 
can be expanded upon to arrive at aloaded 
antenna without traps which will operate 
fon more than two bands. This scheme 
offers considerable constructional simpli- 
fication as compared with trap arrange- 
ments. 

‘The multiband loading-coil concept has 
been recognized for better than half a 
century, but little use of the technique has 
bbeen made by amateurs. Some years ago 2 
very good article on the subject was 
published by William Lattin, WaJRW.+ 
‘That article is recommended reading for 
anyone interested in more details on the 
concept. Supplemental information has 
been published by Buchanan.' Attempts by 
this writer to calculate antenna sizes and 
coil values for dual-band antennas have 
met with some success. From calculations 
and experiments to date, it appears that 
with only two loading coils (one each side 
of center), the antenna must always be 
seater than 2 half wave in physical length 


Radiators 


for the higher of the two frequency bands, 
In other words any 80/40 meter arrange- 
ment, for example, apparently would need 
to be longer than 66 feet (20.12 m) fromtip 
to tip. However, much work also remains 
to be done in this area. This material was 
originally presented in QST by Jerry Hall, 
KITD. 
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If you're cramped for space to put up a beam antenna, you'll want to investigate 
these ideas as one way to shrink ‘er down to usable size. 
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equal. The efficiency of an antenna can be 
expressed as 


eas: 
ail + Rie Eq. 1 
where Ry = radiation resistance 


Riu = loss resistance of conductors, 
coils, ete. 


‘The radiation resistance (R,) of @ horizon- 
tal dipole is determined by its length and 
height above ground. In frev space, the Ry 
of a half-wave dipole is 73 ohms. As the 
length of the dipole is reduced, the Ry 
decreases as the square of the length. Thus, 
for a half-size dipole (as compared with 
4/2), the R, decreases tou value one-fourth 
that of the A/2 dipole or approximately 13 
ohms, 

The efficiency of a half-wave dipole is 
very high, being on the order of 95 percent, 
The Reis large and Rise small by compari- 


son. If we reduce the overall length by @ 
factor of two, the R, decreases by a factor 
of four. Input impedance at the center of 
the dipole is comprised of a low resistance 
and large capacitive reactance, so inductive 
loading is required in order to resonate the 
dipole. The inductive reactance needed to 
center-load the antenna will be approxi- 
mately 1 K0 (depending on conduetor size 
used for the antenna), Assuming # coil Q of 
200 and computing efficiency using Eq |: 
This means that 28 percent of the transmit- 
ting power applied to the antenna is 
dissipated in the loading coil. The author 
has neglected any additional losses in the 
matching network which would result ifthe 
above antenna were driven by a 50-ohim 
souree. 

Let’s suppose we decide to build a 2- 
element Yagi using shortened center- 
loaded elements. The driven element by 
itself has an R- of 13 ohms. Adding close- 


iscusead in the txt. Efficoncy is 


“The 100-MHe “mode!” used by the author for 
testing shortenee elements in'@ Yagi antenna 
Sesign 


Electrical oquivalent of a loaded 2 
‘lement antenna. The elieiency is 47 percent 


spaced parasitic element reduces the 
radiation resistance by approximately a 
factor of three. Thus, the driven element 
hhas an impedance composed of approxi- 
mately 4.5 ohms resistive and | k® 
reactive. Loading both the driven and 
parasitic elements with the same inductors 
that were used for the dipole and comput- 
ing efficiency 


45 
a5+3 


‘This efficiency equates to slightly more 
than 2 3-dB power loss in the driven 
element, The writer has neglected the 
sizable loss in the matching network since it 
must transform the 50-ohm source to the 
9.5-ohm impedance of the antenna at 
resonance. In addition, the loading coil of 
the parasitic element will contribute 
approximately | dB of loss 

‘Taking into account the losses on 
foading coils of both the driven and 
parasitic elements and the loss on the 


Bet 


7 percent 


driven element to feed-line matching 
network, we can easily account for a 5-dB 
power loss, Such a power loss would nullify 
the gain of a properly tuned Yagi, making it 
little better than a full-size dipole 

It should be obvious from the previous 
examples that the poor performance of 
short dipoles, and particularly Yagis, is a 
direct result of losses in loading inductors. 
If we can reduce these losses while raising 
the radiation resistance, the increase in 
efficiency will (might?)'make the short 
dipole or Yagi competitive with its full-size 
counterpart. 


Test Antenna 


The helically wound whip antenna has 
always been appealing because the R tends 
to be higher than that of the base-loaded 
whip. This is because it is continuously 
loaded. In fact, using end-loading (large 
capacitance hats), the current distribution 
will be much more constant, yielding an Ry 
‘of up to four times that of a base-loaded 
whip. The author decided to use the helical 
design for a short test dipole and investi- 
agate the properties of this antenna versus 
that of a full-size dipole. 

Conventional desiga for a helically 
wound antenna uses a form (wood, 
bamboo, fiberglass) wound with approxi 
mately A/2 of no. 14 wire per \/4 element. 
‘The writer felt thatthe resistive Riu of tis 
Jarge amount of wire would be as great as 
that of the loading coils in the eenter- 
loaded dipole, making the helical design 
ineffective. AS it is desirable to reduce 
conductor resistance, the surface area of 
the conductor must be substantially 
increased. Tubing is not mechanically 
suitable, and because skin depth is only on 
the order of 0.001 inch (0.03 mm),'the use 
of tubing is not required. Some 1/2-inch 
(13 mm) wide copper tape? was on band 
and a study ofits skin resistance revealed a 
Toss per unit length of 12 percent less than 
that of the no. 14 wire 

‘A helically wound dipole was con- 
structed (using the 1/2-inch [13 mm] wide 
tape) for use at 100 MHz. This frequency 
was chosen so that field-strength measure~ 
‘ments could be performed using local fm 
broadcast station as the signal source. A 
28-inch (711 mm) length of 3/4ineh (19 


Fig. 17 — Gurves depicting gain and FER (Iront 
torback ratio) vs, roquency wen the Yagl 
antenna Is tuned for operation at 100 MHz 
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mm) CPYC tubing (plastic water pipe) was 
‘wound with 38 equally spaced turns of the 
12-inch (13 mm) wide tape. Using a grid- 
dip meter, resonance was measured at 104 
MHz. Next, two 5-1/2-inch (140 mm) 
diameter sixspoke capacitance hats were 
attached to the ends. Resonance was again 
measured and found to be 84 MHz. A C- 
match? was constructed to transform the 
low impedance of the short dipole to $0 
‘ohms. ‘The C-match requires that the 
clement be made to look inductive by 
lowering its resonant frequency. A variable 
capacitor is then shunted across the feed 


Fig, 18 — VSWR vs. requoney when the Yagi 
antenna is tuned Yor operation at 100 MHz 


point and adjusted for resonance. This L/C 
ratio determines the impedance trans 
formation, A 100-pF variable capacitor 
‘was shunted across the feed point of the test 
dipole and a S0-ohm coaxial cable was 
attached. Since the dipole is a balanced 
antenna, feed-line decoupling was neces- 
sary, The author used a quarter-wave 
sleeve (bazooka). 


Antenna Tuning 


Rf power was applied to the test antenna 
through an SWR meter (measurements 
Were taken in a screen room). Turns were 
removed, one at a time, and the shunt 
capacitor adjusted until a 1:1 match 
occurred. The capacitance hats were 
always installed at the tips of the element. 
When adjusted for a 1:1 match, the dipole 
consisted of 32 turns of copper tape, center 
fed, with 40 pF shunting the feed point and 
aan overall element length of 21 inches (533 
rim) which is 37 percent of the length of a 
fullsize dipole. Tuning was very simple 
and took but 15 minutes to complete. 


Measurements 

The feed-point impedance was measured 
(with C-match disconnected) to be 20 
ohms. The skin depth resistance was 
computed to be 0.24 ohm. Computing 
efficiency 

20 

20+ O24 
which is essentially the same as a full-size 
dipole. Bandwidth between 2:1 SWR, 
points was measured to be greater than 6 
percent of the operating frequency. Large 
‘capacity hats (for 100 MHz) and wide tape 
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Eft = = 98 percent 


play an equally important role in reducing 
the Qof the antenna sufficiently to obtaina 
wide bandwidth. Next, a low-level signal 
generator and dipole were set up 5 
wavelengths away from the test antenna 
Using an Empire NF-105 noise and field- 
strength meter, a comparison was made on 
field strength between the test antenna and 
a fullsize dipole. Results indicated no 
apparent measurable difference between 
the short helically wound dipole and a full- 
size dipole. Field-strength measurements 
were then taken on the signal from a local 
fm broadcast station. Again, there was no 
apparent difference; not bad for an 
antenna that is ess than half size. The next 
question to be answered was whether gain 
‘could be secured by the addition of a 
parasitic element. 

‘A boom and a parasitic clement were 
added to the shortened test dipole. 
Although a director might provide better 
gain and front-to-back ratio (FBR), the 
decrease in radiation resistance, to a very 
low value (dipole by itself equals 20 ohms) 
because of the close spacing, was thought 
to decrease efficiency and bandwidth. A 
parasitic reflector was constructed, similar 
to that of the driven element, The element 
was split in the center and a 100-pF 
capacitor installed for tuning purposes. 
Element spacing was adjusted to 0.15 2. 
With the capacitor fully meshed, the si 
spoke capacitance hats were physically 
positioned on the element (both equidis- 
tant from element center) so that the 
reflector resonated at 93 MHz. Nominal 
reflector tuning calls for reflector reso- 
nance approximately 5-percent lower in 
frequency than the driven element, or 95 
MHz. With the above configuration, the 
author was able to adjust reflector reso- 
nance, using the variable capacitor, 
anywhere in the range of 93 to 96,5 MHz or 
3.5 to 7 percent lowerin frequency than the 
driven element 


Using the same field-strength measure- 
ment set up as with the dipole, the reflector 
‘was aimed atthe source signal and adjusted 
(using the variable capacitor at clement 
center) for minimum pickup. The driven 
element was then readjusted fora I:1 SWR 
and the process repeated until minimum 
rear pickup and a I:l SWR occurred 
simultaneously. Gain and FBR measure- 
‘ments were made at the design frequency 
and at points two percent of the design 
frequency on either side. The results are 
described in Fig. 17. The bandwidth 
measurements are given in Fig. 18, 

‘As can be seen from the curvesin Fig. 17, 
a gain of 4 dB4, and a 15-dB FBR can be 
secured quite easily with a physically short 
Yagi. As with other Yagis, the gain is 
relatively constant over a wide frequency 
range. However, the FBR drops quite fast 
especially when trying to use the antenna 
below its design frequency. From curves 
given in Fig. 18, the bandwidth between the 
2:1 VSWR points is shown to be about 3.7 
percent, Translated to 20 meters this 
bandwidth would be $00 kHz, equal to or 
‘greater than the average 3-band trap Yagi. 
findeed the design were scaled to 14 MHz, 
the antenna would have element lengths of 
slightly over 12 feet (3.66 m) and a boom 
length of 10 feet, 6 inches (3.20 m). 


Adapting Design to Ham Bands 

Since it has been shown that a physically 
short Yagi can provide significant gain and 
FBR, a few design pointers are in order. 
First, make the element length no shorter 
than physically necessary for your particu- 
Jar situation, Bandwidth and efficieney will 
improve with greater lengths. Second, the 
use of large capacitance hats is recom- 
mended, as this reduces the helical 
conductor length and thus Ris. Third, use 
large forms of good dielectric quality 
(fiberglass). The larger the form diameter, 
the greater the length eduction fora given 


number of turns. Also, with large diameter 
forms, 1.5 inch (38 mm), the width of the 
conductor can be increased, thus reducing 
Ria. Fourth, regardless of the matching 
network used, construction of capacitance 
hats, ete., solder all joints and seal with 
silicone rubber. Do not rely on pressure 
Joints. Fifth, to secure a reasonable FBR 
with any Yagi using a split driven element 
and fed with coaxial cable, some form of 
balun transformer is required to keep 
currents from flowing on the outside of the 
coax braid. Sixth, the use of a grid-dip 
meter is the oly practical method to secure 
resonance with a fixed physical length. 
Construction will require some cut and try. 
Proximity to surrounding objects will 
affect resonance, and should be avoided 
‘when tuning the array. 

'No doubt the author has left out items, 
which may prove to be a problem for the 
reader. This article was intended to be 
more thought provoking than construc- 
tional, although there should be enough 
information here to build your own 
antenna with a reasonable amount of 
experimental effort, My current plans call 
for construction of a 2-clement 10-meter 
Yagi (for reception of OSCAR signals) 
with 6-foot (1.83 m) elements and a 5-foot 
(1.52 m) boom. The author wishesto thank 
Mike Povlich, WB9HGS and Russ Mills 
for their assistance with measurements, 
‘This material was originally presented in 
QST by Ronald J. Gorski, N9AU. 
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Simple Arrays of Vertical Antenna Elements 


Work DX with a vengeance! Simple arrays of vertical elements will provide good 
low-angle radiation. DXCC may be closer than you think if you can manage a 


system like this one! 
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ble, and the great difficulty of either 
experimental modeling or calculating 
‘exact theoretical performance, it has not 
been practical in the past to ar 

conclusions. However, it is now quite easy 
to simulate such antenna arrays by 
computer programs, and these can produce 
relatively quick and precise answers to a 


very large number of postulated configura- 
tions. After a number of computer trial 
runs, “optimum” configurations can be 
found quite readily. Such a computer 
program for quarter-wave elements has 
been written and supplied by H. Hurwitz, 
WA2VBW. Using a modification of this 
program, the author has investigated a 
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large number of simple array configura- 
tions, which are potentially quite useful at 
the lower amateur frequencies, with the 
salient results piven here. It is hoped that 
these will prove interesting to those 
considering construction of such arrays 


Technique for Optimizing Arrays 

We must first try to define the problem 
‘and the parameters leading to an optimum 
design, The horizontal-plane pattern of an 
array of (vertical) elements depends only 
on the magnitudes of the individual 
element currents and their phases, and not 
on the way the currents are produced (e.8., 
driven or parasitic). The computer pro- 
‘gram allows one to specify the locations 
(xy coordinates) of any number, n, of 
‘quarter-wave elements; also one must 
specify the magnitude of current and its 
phase in each element (usually normalized 
to unity current and zero phase for a given 
fiducial element). With these data inputs 
the radiation pattern is calculated and 
plotted out, giving the relative power gain 


in each azimuth angle interval, say, 5 or 10 
degrees. The power gain is normalized to 
that power which would have been 
radiated at the same azimuth by a single 
vertical element using the same input 
electrical drive power. By using trial values, 
of the current in all elements, in both 
amplitude and phase, one soon develops a 
feel for the behavior of the system, and can 
usually arrive at a “best” value for all the 
currents and phases. One can then try 
different geometrical separations of the 
elements and in this way arrive at the “best” 
spacing. Usually this best configuration isa 
compromise between power gain and good 
pattern control, e.g., front-to-back ratio, 
or more generally, main lobe to minor lobe 
(ide or back) ratio. 

In addition to the optimization de- 
scribed above it must be noted that if the 
array is to be used primarily to produce a 
“beam” in a given general direction with 
little emphasis on other directions, one 
usually finds a linear array of elements best 
(equivalent to an end-fire Yagi array). 
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will become clear in the discussion of 
results, 


Two-Element Array 


In the case of two elements there is only 
cone possible configuration. Consider one 
clement at the origin of the x.y plane 
(coordinates 0,0) and the other ‘element 
along the x axis (coordinate x,0). The 
parameters available are x, which we 
specify in units of wavelength, 2, the rf 
currents II and [2 in each element (we shall 
normalize one of the currents, e.g, I!, to 
unity) and the phases, 1 and 42, of the 
currents (we shall gencrally normalize the 
phase of the current in element | as zero 
and specify the relative phase of the current, 
in element 2 in electrical degrees, either 
positive for leading currents or negative for 
lagging currents). It soon becomes appar- 
cent that the region of main interestis where 
the spacing x is in the neighborhood of 
0.25, ie. A/4, and there the currents are 
nearly equal in magnitude. The reasons are 
that, for spacings of 0.5 or greater, other 
strong lobes appear in the pattern, and for 
grossly unequal currents relatively poor 
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peak gain and pattern discrimination 
result, Although the spacing x is not 
especially critical in the neighborhood of 
0.25 (one can essentially compensate by 
adjustment of phase angle) we shall now 
‘examine the case where x=0.25, and where 
11 = 12= |, Best overall pattern discrimin 
tion (minimum back lobe) for the endfire 
case occurs where di = 0, and 42 = 90 
degrees, and the power-gain pattern is 
shown in Fig. 19. 

Peak gain is 2(or 3 4B) and occurs along 
the x-axis direction. Fig. I9A shows the 
power pattern of the array, i., it shows 
quantitatively where the radiated power 
oes. However, if one is looking at what an 
'S meter would indicate, one can present 
‘exactly the same information on a vertical 
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logarithmic scale as shown in Fig. 19B. 

“The vertical sealeis shown in dB relative 
to the value for a single vertical radiator. 
This type of display is useful in judging 
excellence of pattern with respect to minor 
lobes. For all future cases discussed here, 
both displays will be shown, 

tis possible to increase the gain of this 
array at the expense of some back lobe by 
increasing the phase ag inelement2,e.8.,if 
42 = —120 degrees the peak gain, again 
along the x axis, is 2.59 (or 4.1 dB) and the 
‘entire pattern is shown again in Figs. 20A 
and B. 

‘Note that the back lobe now shows a 
gain of 0.186, which is —11.5¢Brrelativeto 
the forward lobe. 

‘These two elements can be used to form 


generally around the line of any set of 
linearly-positioned elements. This example 
has illustrated some of the aspects of all of 
the results to be presented; namely, that: 

‘a) The best element spacing will be 
found to be in the neighborhood of 
0.25 wavelength. 

b) Current ratios and phases can be 
adjusted to produce either a best 
pattern discrimination (minor lobe 
rejection) or best main lobe gain. Itis 
generally not possible to get both at 
the same time, and a compromise 
must be made. 

It may be useful to tabulate the salient 
results of each “best” case by noting the 
coordinates of the elements in the xy 
plane, the individual drive currents, the 
individual phases, main beam heading in 
the xy plane, main beam gain, and the 
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largest pattern gain (such as given by either 
the side of the main lobe or by minor lobes) 
observed anywhere in theentire 180-degree 
sector centered just opposite in direction to 
the main lobe. We shall designate this 
quantity as “back radiation” and express it, 
in 4B relative to the main lobe gain. We 
shall also tabulate the largest minor lobe in 
this sector and label it “minor lobe,” again. 
expressed in dB relative to the main lobe, 
‘Thus for the cases just described, Table Sis, 
presented. 

The sensitivity of these results to 
variations of currents and phases is not 
high. For example, one can summarize 
‘case 2 above with somewhat altered 12, or 
42, as shown in Table 6. 

‘The author feels that end-fire case 2, 
where 2 = -120 degrees, probably 
represents the “best” design with a good 
pattern and gain, Other more complicated 


same way and only the “best” configura- 
tion will be shown with actual results 


Three-Hlement Arrays 
For three elements, two different 
geometries suggest themselves: the linear 
array, best fora single preferred directional 
line, and an equilateral triangle configura- 
ion, the closest approach to circular 


symmetry. The latter, as we shall see, could 
be switched to give “beams” in any one of 
six angular positions (every 60 degrees) 

Let us consider first the linear array. 

Linear Array — As in the 2-element 
linear array just discussed, the optimum 
arrangement seems to center around an 
clement spacing of about 0.25 wavelength 
with approximately equal current drives. 
‘The optimum end-fire case is shown in 
Table 7; the broadside case is shown in 
Table 8. 

‘The patterns for these cases are shown in 
Figs. 22 and 23. 

Remember that for the end-fire case 
which one can think of as 3-element Yagi 
on its side, the rather large side lobe results 
because the pattern lies in a plane per- 
pendicular to the elements. Side radiation 
is hard to avoid, a3 one cannot take 
advantage of the nulls off of the ends of 
excited elements. 

Equilateral Triangular Array —For this 
‘ase, the optimum situation appears to be 
as shown in Table 9. The behavior is very 
similar to the case of two elements in end- 
fire, See Table 5 (we have just split one of 
the two elements and have moved the 
separate pieces to the triangle corners). The 
pattern is shown in Fig. 24. 

Reversing the phases will reverse the 
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beam direction, and by rotating the drive 
currents (and phases) around the triangle, 
cone ean produce six beam directions (every 
(60 degrees). This is an attractive feature, 
but it does not come free; the maximum 
‘gain of the system is somewhat less than 
one obtains with the three linearly- 
disposed elements (which are chiefly useful 
in a direction along the line of the array). 

‘The exact size of the triangular array is 
not critical — one must simply choose the 
best phase angle for the particular geome~ 
try. The “best” phase angles, 42(61 =63 
0), as determined by computer runs, for 
different spacings (triangle side lengths 
expressed in terms of A)are shown in Table 
10. 


Four-Element Arrays 

With four elements, there are at least 
three configurations which are interesting 
to investigate. As befor, the linear array 

ith preferred beam direction is one type, 
but there are two configurations which 
possess a measure of circular symmetry. 
One of these is described by three antenna 
clements at the corners of an equilateral 
triangle with the fourth element at the 
geometric center of the triangle, This one 
we shall designate as @ center-fled 
triangle, The other type is a square array. 
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Let us take these three types in order. 
Four-Element Linear Array — For this 
‘ase the optimum end-fire solution appears 
to be as shown in Table 11. The gain and 
major lobe shape of this configuration 
seems to be excellent. The broadside casei, 
shown in Table 12. Patterns for this case 
are shown in Figs. 25A, B, and 26A, B. 
Note that for this array there is poor 
coverage in some azimuthal directions 
(ex, +45 degrees) ifonly the two tabulated 
phase arrangements are used. 
Center-Filled Triangle — A large 
number of situations were examined for 
this configuration, but unfortunately no 
combinations of spacing, currents or 
phases were found that looked very good. 
‘The best pattern was not particularly better 
than that of the three-element triangle 
alone, and was substantially inferior to that 
of the 4element square to be discussed 
next 
Four-Element Square Array — For this 
case the best situation appears to be as 
shown in Table 13. Note that this arrange- 
ment fires diagonally and produces. a 
respectable gain and excellent pattern, The 
“broadside” arrangement for the same 
square is shown in Table 14. Thecomputed 
patterns are shown in Figs. 27 and 28 
‘The diagonal-fre pattern is exceptional, 
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providing extremely low back radiation 
and minor lobes. The broadside pattern is 
not nearly as good, somewhat superior but 
reminiscent of the end-fire pattern obtain- 
able with just 2 elements (see Fig. 20). In 
fact, the power-gain coverage at all angles 
(including the broadside angle) just using 
the switched four diagonal beams is large 
enough that it probably is not worthwhile 


using the broadside arrangement at all even 
to “fill” between diagonal beams. 

‘This square array is superior to the 
center-flled triangle, and to all other 
simpler configurations (circular) in both 
gain and pattern discrimination. It is 
sufficiently good that one might ask what 
particular properties of the square haveled 
to the nearly ideal performance. The 


“* Just part of the range of spare tips or “bits” produced by Antex for their 
soldering irons. Use only tips intended for a particular iron, to avoid thermal matching 
problems. 


Tips or Bits: it’s often useful to have a small selection of manufacturer’s bits 
(soldering iron tips) available with different diameters or shapes, which can be changed 
depending on the type of work in hand. You will probably find that you become 
accustomed to, and work best with, one particular shape of tip for the majority of your 
work. Usually, tips are iron-coated or plated to preserve their life and to maintain good tip 
“hygiene”. Be sure only to use tips that are specifically designed for your iron, otherwise 
thermal problems may arise. I show separately some typical tips, courtesy of Antex. 
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author believes that there are two parame- 
ters which are noteworthy: first, the gain is 
respectable in diagonal fire because one 
can view the square along its diagonal as a 
three-element linear array in which the 
center clement is split, each half being 
displaced to the other corners of the 
square. Thus the array behaves something 
like a element (Yagi-like) linear array 
which is known to have a good gain. 
Secondly, the lobes are much smaller than 
the linear array due to the tendency for the 
phase cancellation of waves produced by 
the spatially-separated corner elements. 
‘Again, as in previous examples, the 
actual dimensions of the square are not 
very critical, as long as one adjusts the 


phase (delay), A in elements 2 and 4 and 
the larger phase delay, #B, in element 3t0 
the “best” value. Examples of such “best” 
phase values for different size squares are 
shown in the Table 15. 

It turns out that the calculated gain 
figures for the smaller arrays are actually 
slightly larger than the gain for the larger 
‘squares, but asa practical matter this fact is 
probably offset by the larger (reactive) 
‘currents required for radiation, The larger 
currents are necessary because of the 
mutual coupling and phase relations 
between elements and the required phase 
relationships; in practice with the inefi 
ciencies usually caused by ground currents 
when using vertical antennas, the gain 


differences for the various squares are 
Probably inconsequential. The patterns for 
all cases are quite good, butthe best pattern 
is obtained for the 4/4 square. Incidental- 
ly, the 0.167A and 0.33A square allows the 
possibility that a single square can be used 
for two amateur bands, and this has indeed 
become the subject of a practical antenna 
system. 


Conclusion 


Computer trial runs, through a program 
developed by WA2VBW, have facilitated 
the investigation of a large number of A/4 
vertical antenna-array configurations, 
“Best” configurations, drive conditions, 
power gains and patterns have been found 
for the cases of two, three and four 
elements. Especially interesting is the case 
of four elements arranged in a square 
whose side dimension is about one-quarter 
wavelength. 

‘Cases using more than 4 elements have 
been investigated, but the complexity, 
probable cost, and difficulty of installation 
of such configurations, reduces their utility 
and so they will not be reported here. 

‘The author wishes to acknowledge the 
contribution of Henry Hurwitz, WA2VBW, 
who supplied the original computer 
program for this investigation, This 
material was originally presented in QS" 
by James L. Lawson, W2PV. 


3/80 Meter Vertical Antenna 
(O87, March 197. 


360-Degree Steerable Vertical Phased 


Arrays 


Microwave power-splitting and phasing techniques were applied to the design 
of this 80-meter array. It has established an outstanding record for performance 


on long and difficult paths. 


360-degree horizontal coverage with an 
array switched lectically, rather than 
rotated mechanically, has jong intrigued 
any designers, Such a solution to the 
directional anteana problem is of partici 
lar interest to amateurs operating on the 
lower frequencies, where any mechanical 
rotation systems difficult andexpensveto 
build. One of the authors, now WICF, 
writing under his old call, WIHKK, 
described an 80-meter switchable phased 


array of four quarter-wave in-line elements 
more than 10 years ago.! The present 
article describes several novel array 
designs, using up-to-date technology, 
which provide greatly improved operation. 
Also covered are techniques used for 
effective power division, the beani-forming, 
phasing system, switching, and impedance 
matching. Ground radials, cable and 
connector selection, and de continuity 
testing are discussed. 

One of these arrays recently constructed 
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for 8-meter use has a single 97-degreclobe 
with a gain over a single vertical of 
approximately 7dB at low angles. Its front- 
to-back ratio is 25 4B, and its front-to-side 
ratio is more that 12.4B, over the whole 80- 
meter band. It is. switchable over 360 
ddegrecs in four Mdegree steps. 


‘Computer-Modeled Arrays and Patterns 


In the spring of 1975, while sitting overa 
cup of coffee, the three authors discussed 
the possibility of rebuilding the 1965 4- 
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Fig, 20 — Polar plot of roative power, 
planar view of the four-element diamond array 
Snowing the patiern obtained with no de voltage 
fn the switching relays, as in Fig St. Minar 

Tobes ae too far down to show on this scale, 
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Fig, 30 — Bandwisth and side-lobo study of tho 
four-eloment iemond array. 


element array, using many improvements 
in technology that have evolved in the last 
10 years. Dr. Joseph White accelerated the 
effort by coming up with a computer 
program written in Fortran 1V, called 
ARRAY, which allows the user to plot 
patterns of arrays of from 2to 99 elements 
in various spacings and combinations of 
phase and power, without ever leaving the 
computer terminal. Over 30 iterations 
using 4 elements were explored, and the 
computer-printed polar plots and other 
gain data analyzed, before we arrived ata 
configuration which provided good for- 
ward gain over a broad beamwidth, with 
no measurable unwanted lobes. 

The configuration selected has four 
4quarter-wavelength vertical elements in 
square, with quarter-wave spacing betwee 
adjacent elements, as shown, with its 
predicted pattern, in Fig. 29. Ail elements 
are fed with equal amplitudes, the rear 
clement at 0°, the two side elements at-90° 
and the ead element at -180°, The beam is 
transmitted along the diagonal from the 
rear to lead element. Gain due to horizon- 
tal beam formation alone is about 5.3 dB 
over a single vertical element. Front-to- 
back ratio is25 dB. Front-to-side ratiois 12 
4B, at 90° either side, increasing to much 
higher levels at 135° either side. Since most 
of the vertical energy is concentrated at low 
angles by the array, as much as 4 4B of gain 
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additional to the predicted 5.3 dB in the 
horizontal plane can be achieved in theory, 
with perfectly conducting ground. The 
authors estimate that a good radial system 
and less-than-perfect ground yield an 
additional gain of 2 dB, or a total gain just 
over 7 dB for the system described. 

The computer predicts a half-power 
beamwidth of 97°, so a suitable switching 
‘matrix can be used to direct the beam to 
four different quadrants, with only a slight 
loss of forward gain at the cross-over 
points, and virtually no deterioration of the 
front-to-back and front-to-side suppres- 
sion. A computer study of the effect of 
variations in clement spacing on forward- 
gain to maximum side-lobe level, plotted in 
Fig. 30, led to selection of A/4 spacing of 
the corners of the square array. The 80- 
meter beam erected according to the 
computer-synthesized array design has 
proven to be remarkably successful. On- 
the-ait results clearly approximate the 
performance anticipated by the program, 


RF Power Dividers 


Good power splitters are essential to the 
operation of phased arrays. Two-way and 
three-way power dividers will be discussed, 
Amateurs in broadcasting are well aware 
that tapped coils are the mainstay for 
power division in their industry. This 
reactive technique presents many prob- 
lems. The authors, being more versed in 
microwave techniques, thought it logical to 
scale up in wavelength the methods of 
power division used most successfully in 
the microwave region, particularly wha 

now known as the Wilkinson Power 
Divider,’ shown in Fig. 31. Power fromthe 
transmitter is fed through a 50-ohm line of | 
any length to a coaxial T, feeding two 
quarter-wavelength 70-ohm lines, WI and 
W2. The two inner conductors of the 70- 


‘ohm lines are connected through 2 100- 
ohm noninductive resistor, Ri. This type 
of divider gives an equal power split, 
matches to 0-ohm loads at the wo 
outputs, and has the unique property that 
‘any energy returning to thetwo outputs out, 
of phase, due to mismatches or mutuals, is 
absorbed in the 100-ohm resistor. 

‘The 90-degree phase-delay cable (DL) 
used in one side of each of the three power- 
splitting hybrids serves to assure that equal, 
power reflections from the antennas are 
absorbed. Theoretically the resistors 
absorb none of the forward power. This 
technique provides approximately 30 4B of, 
isolation from one output terminal to the 
other, to unwanted energy. 

Reference is made in the 1965 article to 
difficulty in adjusting a phased array, 
because of element interaction due to 
mutual impedances between elements. The 
Wilkinson Power Divider, when used to 
feed phased arrays, reduces these problems 
and those resulting from imperfect match 
at the antenna inputs, and contributes to 
the realization of the predicted patterns. 
The “Wilkinson,” is a remarkably simple 
and uncritical solution to the problem of 
power division. The 3-clement vertical 
array described tater uses a three-way 
“Wilkinson,” shown in is 
constructed by splitting the 50-ohm input 
three ways, into three quarter-wave lengths 
of 93-ohm coaxial cable. The center 
conductors are connected together through 
150-ohm noninductive resistors. Am alter- 
native approach is to return each center 
conductor to an ungrounded common 
point, through 50-ohm noninductive 
resistors. 


Feeding, Switching and Phasing 
The 4-clement diamond array erected at 
WICK uses. three Wilkinson two-way 


‘Terminations anc! switching relays a the center of WCF array 
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Fig. 81 — Schematic diagram of the Wilkinson Power Dividers, phasing lines, and switching rolays 
{rf connections) for the fout-elomont array. De switching commends for tho four pattern headings 


fre given atthe lower Hight 


power dividers, as shown in Fig. 31 
Phasing is accomplished with three 90- 
degree sections of RG-8/U cable, DLI, 
DL2, DL3. The four outputs are at 0°, 
-90°, -90° and -180° respectively in phase 
relationship, with power from the trans- 
mitter divided into four equal parts. Every 
effort was made to preserve symmetry 
throughout the system, in the hybrids, 
phase shifters, rf switching, feeds, and 
antenna placement, in order to have the 
array perform uniformly as it is switched 
between the four headings. 

‘The switching can be done with six spdt 
coaxial relays, as in Fig. 31, or with one 
transfer relay and four spat relays, With no 
voltage on the relay coils, the arms are in 
the positions shown in Fig. 31, giving 
northeasterly directivity (57° true, on 
Paris) the heading used most of the time at 
WICE. The array is about 500 feet (152.40 
m) from the transmitter, necessitating use 
of remote relays. A prospective user should 
consider the tradeoff between cable and 
relay costs. If the array is close to the 
station, four equal lengths of 50-ohm line 
can be brought into the station, and the 
switching done with a 4-pole, 4-position 
switch, 

‘The long run of line here was dictated by 


the desire to take advantage of ground 
qualities and concealment afforded by 
swampland 500 feet (152.4 m) from the 
house. Not wanting to be electrocuted, we 
used 28 volts de for operation of the 
switching relays. By judicious use of binary 
arithmetic, the switching commands 
require only three wires. Selection of the 
four beam headings is done at the operat- 
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Fig. 32 — Polar plot of relative power, and 
planar vew of the three-elamont triangular 
array 
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ing position with a 4wafer, 4-position 
switch. Relays should be selected for 
reliability and ease of weatherproofing 
The cluster of relays and teminations 
shown in the photograph is atthe geomet- 
rical center of the WICF array. The 
connectors are protected against moisture 
by 3/4-inch (19 mm) heat-shrink tubing, 
‘hich should extend from the bottom half 
inch (13 mm) of the connector 2 inches (51 
mm) down the cable. In addition, wide 
plastic wastebaskets are used to protect 
these components. The expensive precau- 
tions were taken’as the result of hard 
‘experience with moisture in the eables and 
‘connectors in the 1965 array. 


Radiators and Radials 


Relays KI through K4 (Fig. 31) connect, 
to their respective radiators through equal 
lengths of 50-ohm line, with no special 
attempt made for matching. The radiators. 
are 57.5 feet (17.53 m) tall, above the base 
insulators. Constructional details follow 
the 1965 article, except as outlined below. 
Base insulators are 2inch (Si-mm) ID 
PVC pipe, 1/4 inch (6-mm) wall, 18 inches 
(457 mm) long, affixed to the aluminum 
with PVC cement and self-tapping screws. 
Each radiator is guyed at three levels wit! 
3/ 16-inch (5-mm) galvanized cable, broken 
every 30 feet (9.14 m) with egg insulators. 

Though 120 radials are considered to be 
the optimum number, only 40 per element 
are used here. Most are 65 fect (19.81 m) 
Jong, no. 12 galvanized wire, lying directly 
‘on the ground. This presents no hazard, as, 
there is no foot traffic through the swamp 
area. The center radials are interconnected 
to two common busses in the central 
region, as recommended in reference 2. The 
authors feel intuitively that the square 
geometry of the array, in addition to 
providing considerable symmetry of the 
‘mutuals, allows a higher packing density 
for the radials, reducing ground losses. 

‘Though the array has quarter-wavelength 
clement, all the feedpoints are at $0 ohms, 
and any type of vertical element can be 
used, provided an effort is made to match 
the inputs, and networks used for matching, 
are the same for all 4 elemenis, Obviously, 
a height of 5/8 wavelength would be 
desirable, particularly for arrays built for 
higher frequencies. An indication of match 
‘would be to put rf voltmeters across the 
100-ohm resistors, and tune the matching 
networks simultaneously for minimum 
voltage across the resistors. A nice thing 
about the A/4 case is that the match is close 
enough that this step has not been 
necessary. 


Testing 

Before the array is fired up somebody 
should go to each element and short the 
input, while another person. watches an 
‘ohmmeter placed across the main line at 
the station end. Make sure that a very low 
de resistance is measured. Then, with the 
array in the normal position, as in Fig. 31, 
make sure that the resistance across the 
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Fig. 93 — Schematic diagram of a three-element vertical array and its directly switching and 


ower dividing circuitry. tnrconne 


ing leads should be as short and symmetrical as possible. The 


50.ohm lines Between the relays and antenna elements should be all the same length, 


input is high. If i is low, check for moisture 
in the cables or connectors or for other 
leakage resistance. Silicone grease in the 
connectors is a good moisture preventive 
measure. It is recommended that these 
resistance checks be repeated periodically 
to be sure that all is wel. 

‘When the array is ready for use, go easy 
at first, as any reflected energy will be 
dissipated in the 100-ohm resistors. If they 
become hot, better matching is necessary, 
and if they blow up, perhaps higher- 
wattage resistors are needed. At WICE, 
resistor banks were made up of 6, 20-watt, 
150-ohm surplus resistors in series-paraliel 
to give 100 ohms. These handle the 
dissipated power when the system is driven 
from a 4CX1000A amplifier, and after a 
month of operation there was no evidence 
of resistor damage. No attempt should be 
made to hot-switch the directivity. This 
was done inadvertently, and the result was 
the need for extensive emergency reps 
in midwinter. 


Performance 


In the short time that the array has been 
in use, all continents have been worked on 
80-meter phone, including several stations 
in Japan and india, tough paths from New 
England. Gain and side and back rejection 
on all signals except those arriving from 
very high angles are just what the computer 
rogram predicted. 

In receiving in the “search” mode, one 
hand tunes the receiver while the other 
operates the lobe selector switch, to see 
which position “listens” best. The big 
WICE rotary array for 10, 15 and 20 takes 
45 seconds to rotate 360%, which tends to 
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discourage frequent directional checks. 
With the phased array a complete scan 
takes but a few seconds. The high front and 
side rejection eliminates most of the 
interference from signals in unwanted 
directions, and in transmitting the clean 
patterns help to prevent ruffied feathers. 

‘A surprising by-product has been the 
reduced atmospheric noise pickup from 
unwanted directions. In particular, when 
listening toward Europe atmospheric noise 
coming from electrical storms in the 
southwest is greatly reduced, improving 
the signal-to-noise ratio on signals arriving 
from across the pond. The array isan order 
of magnitude better on both transmitting 
and receiving than any antenna previously 
used on 80 at WICF. It has more than held 
its own with the competition, in all four 
quadrants. Of special interest fo operators 
‘who like to use both phone and ew on 80is 
the fact that the SWR is close to unity, 
from 3.5 to 4 MHz. 


Triangle 3-Element Array 

‘Anticipating that some amateurs may 
wish to use three rather than fourelements, 
the ARRAY program was used to explore 
equilateral triangle configurations. 
‘Though it was not reduced to practice, « 3- 
clement vertical array with 0.28BA spacing 
between adjacent radiators looks promis- 
ing, The lead element is driven at 0° and the 
two side elements at-90°. The forward lobe 
is 135° wide, with a gain of close to 5.5 dB, 
including an estimated 1 dB contributed by 
vertical focusing. Front-to-back ratio is 12 
4B, With suitable switching, the pattern 
can be aimed in six different directions, 
again providing 360-degree coverage. The 


three-way Wilkinson mentioned earlier 
rust be used with three 90-degree sections 
of 50-ohm line, to provide the proper phase 
relationships. Several other configurations 
appear promising, but involve more 
complex switching’ and power-dividing 
cirouitry. 


Applications for Other Frequencies 

The diamond and triangle antenna 
configurations may find uses at other 
frequencies, as was done with the 1965 
design. Formulas are given below for 
determining the line lengths and element 
spacings. A 2-meter phased array can be 
mounted on the roof of a car and wafer- 
switched to the desired directions. For 
people who like to experiment with logic 
and rf switching with semiconductors, 
circuits can be devised so that the receiver 
can scan periodically, and the antenna 
stecred to the desired signal 

The authors wish to thank the many 
people who have contributed to the 
success of this project, including WIFRR, 
KIGXT, WIHMY, WIEXT, KICCK, M. 
E. Hines, F. Howe, H. Wells, R. Rearwin, 
H.P. Scott, and many others. Wealso wish 
to thank Microwaves Associates, Inc., for 
the use of their super computer facilities. 

Formulas for length of quarter-wave 
(90°) phasing lines, and spacing of 
radiators, are given below: 


Electrical A/4, solid-dielectric coaxial line, 
50 or 70 ohms (RG-8, -11, -58, -59): 


162.36 
Tite 


Electrical 4/4, solid-dielectric coaxial line, 
93 ohms (RG-62, -71): 


206.68 
Tate 


tes 


La 


300-ohm Twin-Lead — parallel three 4/4 
sections to approximate 93-ohm cable 


(requires 1 input and 3 output 1:1 baluns): 
= 2OLR 
le = hee 


Radiator spacing, diamond array: 


246, 
That 


Se = > 025A 


Radiator spacing, triangular array: 


283.4 
Tuts 


This material was originally presented in 
QST by Dana W. Atchley, Jr., WICF, 
Harold E. Stinehelfer and Joseph F, 
White, Ph.D. 


Sa > 0.288 A 
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An Etched-Circuit Monimatch for Checking 
Your Antenna System 


Why buy an expensive SWR indicator when you can build this slick little unit at 
home? Not only will you save money, but you'll learn something about how SWR 
meters operate. Try the W1ICP circuit — you'll like it! 


A\ soe eo rate te ierton 
‘manta that comes with hs transmitter and 
uses @ $0-ohm dummy antenna can follow 
the tune-up procedures fairly accurately. 
With the dummy antenna he will find that 
the settings forthe tuning controls wil be 
fairly close to those specified by the 
manufacturer, However, when an antenna 
system is attached to the rig, in many 
instances the adjustments are far removed 
from any “book” setting. When this 
happens the Novice finds that he cannot get 
proper tuning of the rig, or worse yet, 
actually damages the equipment by trying 
to “force” it to work. 

Nearly every transmitter these days, 
whether commercial or home-built, has & 
final amplifier stage that is designed to 
work into a $0-ohm load. If the load is 
something other than 50 ohms it may be 
impossible to tune the amplifier stage 
correctly. Of course, an important part of 
the problem is finding out what th load is 
— or, rather, how far from 30 ohms it 
happens to be. The piece of measuring gear 
described in this articles a device for doing 
just this. However, before describing the 
Monimatch and what it can do, let's take & 
litle closer look at antenna-system loads. 


‘The “50-Ohm” Load 

‘The evolution of transmitter design since 
WW II has been influenced by several 
factors that have led to design that is more 
or less standard these days. First off, 
television came along right after the war 
and the hams quickly discovered that 
extremely tight shielding of a transmitter, 
‘was needed to prevent undesired radiation 
that could cause TVI. However, when tight 
shielding was installed, band changing 


Here Is the complated Monimatch with the two 
imeters and tho Sensitity contra In the box at 


the right. The sonsing unit is atthe et 


an 


een-wine ne ——— 


Fig. 24 — A typical setup for using a Monimatch n'a multiband antenna system using a single 


dipole. The length ofthe dipole isnot crtical but it should be 
Towest aparatng frequency for good elicioncy. The food line can be any length. The antenr 


and lowpass fter may be omitted If not needed, 


without band-switching became a real 
‘chore because there were so doggone many 
serews to unscrew and rescrew. 

‘The one type of tank circuit that Jent 


Teast 1/4 wavelengts ov 


olay 


mitter, using the pi network, that would 
work into a 50-chm load. Why 50 ohms? 
Simply because at this time 50-ohm coaxial 
cable had become a very popular type of 


transmission line. During the war, tech- 
niques were developed that made the 
manufacture of flexible coaxial cable a 


itself very well to the problem was the pi 
network. Iewasa fairly simplejob to design 
f tightly shielded bandswitching trans- 


‘This isthe sensing unit ofthe etched circult Monimatch. As pointed out in the text be sure to use 
{heat sink wnen aoldering the dioces and restore to the eirult board. Tha two shllded pickup 
Toads are routes out the back of the Minibox, through a rubber grommet 
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wy 


Fig. 35 — Circuit details of the etched-circuit 
Monimatch. The 0.001 uF capacitors are disk 
Di, b2 

er 


INSEA germanium diod 

‘Coax chassis fitings, type 80-289 

La, L2— See text and Fig. 36 

i, M2 — 0-50 A metor (Lafayette 09 4 5046), 

RI, R2 — 68-ohm, 1/2waltearbon or 
composition 

{A — 28 kA control, linear ta 

St — Spat switch, 


reliable and economical process. So TVI 
and the availability of coax feed ines were 
the primary contributing factors that led to 
our present-day transmitter design 

If the load that is" attached to the 
transmitter is something other than 50 
‘ohms then the transmitter may be difficult 
to load, depending on a couple of other 
factors. While itis possible to design a pi 
network that will handle quite a wide 
variety of loads, many present day manu- 
“acturers, in order to compete in given price 
ranges, use & minimum number of parts in 
the tank circuit of the amplifier. For such 
rigs to operate properly the load must be 
between 25 and 75 ohms. This of course 
means that the user must furnish a load 
that will fall within this range. 


‘Transmission 


‘The output terminal on all rigs these 
days is a coax fitting, which of course 
implies that a coaxial line must be attached 
to the rig. This doesn’t mean that the 
coaxial line has to go all the way to the 
antenna, It could be connected to a 
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Transmatch or a balun. What is important 
is that the first thing in the antenna system 
is the coaxial lin that is attached to the rig. 

Many Novices mistakenly believe that if 
you attach a S0-ohm coaxial cable to rig 
you automatically have a 50-ohm load. 
‘This is not true. The 50-ohm designation 
‘on the cable merely means that 50 ohms is, 
the characteristic impedance of the cable. 
‘The characteristic impedance of a trans- 
mission line is determined by the size of the 
conductors used, the spacing of the 
conductors, and the dielectric material 
used to separate and support the conduc 
tors. The only time you would have a 50- 
‘ohm load using 50-ohm cable is when the 
line is terminated in its characteristic 
impedance. In other words, if the antenna 
has an impedance of 50 ohms then you will 
have a 50-ohm load on the rig. If the 
antenna has an impedance of other than 50 
‘ohms then the load at the transmitter will 
be something other than 50 ohms. This in 
turn leads us up to a short discussion of 
standing-wave ratio. 


SWR 


Ifa transmission line is terminated in its 
characteristic impedance, all the power fed 
into the line from the transmitter will be 
delivered to the load end — inthis case, the 
antenna. Actually, not quite all the power 
will reach the antenna because there is 
always some loss in the transmission line 
itself. However, what is important is that 
‘when the line is terminated in its character- 
istic impedance none of the power that 
reaches the end is reflected back toward the 
transmitter; all of it is used up in the 
antenna. 

‘When the antenna impedances different 
from the line impedance some of the power 
will be reflected back toward the transmit- 
ter end. Standing waves of voltages and 
‘currents will then exist on the transmission, 
line, When this happens, the transmitter 
will no longer “see” a 50-ohm load. Exactly 
what the load will be will depend on several, 
factors, but suffice to say it will be 
something other than 50 ohms. 

The standing-wave ratio on the trans- 
mission line is the ratio of maximum to 
imum voltage or maximum to mini- 
‘mum current that exists along the line. If 
the line were matched in its characteristic 
impedance the voltage would be the same 
along the line and of course the SWR 
‘would be | to I. The SWR is determined by 
dividing the resonant antenna impedance 
into the line impedance, or vice versa. For 
example, ifthe antenna impedance were 25, 
‘ohms and a 50-ohm line were used, the 
SWR would be 2 to 1 

For a moment, let's assume that regard- 
less of how bad & mismatch exists, we are 
still able to tune and load our transmitter. 
The question then arises, how does the 
mismatch affect the losses in the transmi 
sion line? The answer to the question 
depends on how efficient the transmission 
Tine is 

Remember earlier we said there are 


always some power losses in every trans- 
mission line. If we have a mismatch at the 
antenna end, some of the power that 
reaches the end will be reflected back down 
the line. In traveling back, some of this 
power will be dissipated in the line, and the 
higher the SWR the higher these additional 
losses will be, because a higher SWR means 
that a greater proportion of the power will 
be reflected. In a transmission line that is 
100 percent efficient (one that has no 
losses) it follows that regardless of how 
high an SWR exists, we wouldn't have any 
losses due to the SWR. Unfortunately, 
there “ain't no such” line, although some 
types of lines are much’less lossy than 
others. 

‘Also unfortunately, coaxial lines fall 
into the class that can be considered to be 
lossy lines. Just as an example, let's assume 
that you are using 100 feet (30.48 m) of RG- 
'58/U on the Novice 15-meter band, and 
Yyou are getting 50 watts out of your 75-watt 
Novice rig. This 50 watts is what is leaving 
‘your transmitter on the way to antenna via 
the 100 feet (30.48 m) of line. The loss for 
100 feet (30.48 m) of RG-58/U at 21 MHz 
is 1.9 decibels. Translating this figure to 
power, we would lose about 20 of our 50 
watts in the losses in the feed line, leaving 
‘only 30 watts to reach the antenna and be 
radiated. This is assuming the antenna 
impedance to be 50 ohms, the same as that 
of the line. If there is a mismatch the losses 
will be higher, as pointed out earlier. 
Suppose the SWR is 3to I, using the same 
setup. The additional loss in the system 
because of the SWR would be I dB, or a 
total of close to 3 dB. A 34B loss 
represents almost exactly one-half the 
power — that is, only 25 watts reach the 
antenna to be radiated. RG-8/U cable has 
the same characteristic impedance as RG- 
58/U but has less loss because it has larger 
conductors and more spacing between the 
conductors (and of course is more expen- 
sive). 

‘The closest thing to a lossless transmis- 
sion line is open-wire line. An open wire 
line on 21 MHz has only 0.08 4B loss per 
100 feet (30.48 m). Even with a very high 
‘mismatch — for example, an SWR of 20t0 
1, the additional losses are still less than | 
dot 

‘This should not be interpreted to mean 
that coax is an undesirable type of line to 
use. For beam antennas it is difficult to 
beat the ease and convenience of using 
coax. However, for a single antenna, such 
8 a dipole that is to be used on all bands 
and all frequencies, the best system is one 
consisting of a Transmatch and a feed line 
‘of open-wire line, such as shown in Fig, 34 
With this system you can forget about line 
losses, SWR on the line, and mismatches 
between the antenna and feed line. By 
correctly adjusting the Transmatch, you 
can always give your rig a 50-ohm load 
regardless. of what the load is on the 
antenna side of the Transmateh. If we use 
‘an SWR bridge in the short length of 50- 
‘ohm coaxial line that connects the rig to the 


Transmatch, we can adjust the Transmatch 
so that the $0-ohm line shows a match, or 
SWR of | to 1, and the transmitter always 
‘sees a 50-ohm load. 

‘The SWR bridge in the photographs and 
Grawings is simple to build, and. when 
installed in S0-ohm cable, will show the 
relative mismatch in the line, and also will 
indicate when you get the Transmatch 
properly adjusted for a match. The SWR 
bridge can also be used as an output 
indicator, which is very handy when tuning 
up the rig 


SWR Bridge Circuit Details 

‘The etched-circuit Monimatch shown 
here is a reflectometer that samples the 
forward and reflected voltage in a 50-ohm 
line. Fig. 35 shows the circuit diagram. L1 
and L2 are the pickup lines. In operation, a 


“forward,” the closer you come to I tol, or 
a matched condition, 

In the unit shown, two meters are used, 
‘one for the forward and the second for the 
reflected reading. However, if desired a 
single meter can be used and switched as 
shown in Fig, 35 at B. We used two meters 
in the indicator as this permits constant 
monitoring of what is happening in the 
line. The meters are inexpensive ones made 
in Japan. 


Construction Details 

Fig. 36 is a full-sized template of the 
etched circuit board. A QST article? went 
into detail showing simple methods for 
making etched circuits, s0 we won't treat 
the process here. In making this board, itis 
suggested that the board be covered with 
‘masking tape and then the pattern of Fig. 


much heat from the iron can ruin the 
component. 

The Monimatch and meters are mount- 
ed in separate Miniboxes, 2-1/4%2-1/4X5 
inches (57 mm X 57 mm X 127 mm). The 
two connectors on the Monimatch sensing 
unit, JI and J2, are mounted with their 
center pins 3-3/4 inches (95 mm) apart, 
center-to-center. In order to avoid an 
impedance “bump” in the feed line when 
the bridge is inserted in the line, the circuit 
board should be mounted 1/4 inch (6 mm) 
above the base of the Minibox. Quarter- 
inch (6 mm) spacers can be used under the 
circuit board at the screws holding both the 
board and the coax fittings to position the 
board accurately. 

Shielded conductors should be used for 
the connections from the diodes to the 
‘meter enclosure. The shields should be 


TO SCALE 


u 
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Fig. 6 — Etches circuit board template. The fol side is shown: the etched portion is shaded, 


very small amount of poweris coupled into 
the pickup lines and the rf voltages are 
rectified by DI and D2. The rectified 
voltages are then fed to the two meters, M1 
and M2, and the SWR then determined 
from the readings. 

While a Monimateh is not a precise piece 
of measuring equipment, the SWR read- 
ings will be close enough for practical 
purposes. In order to determine the SWR, 
the forward-reading meter is set to full 
seale by adjusting R3, the sensitivity 
control, and then the reading on the 
“reflected” meter is noted. The formula for 
the SWR using this system is 


FHR 


F=R° 
For example, let’s assume the “reflected” 
reading is 5, with the “forward” reading 
being 10. Then IS divided by 5(thatis, 10+ 
5 divided by 10—5) would mean the SWR 
is 3 to 1. The closer the “reflected” reading, 
is to zero, versus full-scale reading on 


36 transferred to the tape. Using a sharp 
knife edge or razor blade and a straight 
edge, the masking tape can be carefully and 
accurately cut to the pattern 

After the board is etched, it can be 
positioned in the Minibox over the chassis 
Connector holes and the board can then be 
marked at the drilling points for the 
‘mounting holes and the center conductor 
pins of the coax fittings. When installing. 
the mounting screws, be sure they don't 
short to the center — conductor portion of 
the foil on the board. 

‘There are a couple of other construction 
points that should be stressed. The lead 
lengths on RI and R2 should be kept as 
short as possible. Also, be sure t0 use 
carbon or composition resistors, not wire- 
wound. When mounting the resistor and 
diode ends to the pickup sections, L1 and 
L2, the connections should be at the very 
tends of the sections. Also, use a heat sink 
when soldering the leads on any of the 
components mounted on the board, as too 
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grounded to the chassis at both boxes 
‘These lead lengths are not critical, and the 
Monimatch can be remote from the meter 
indicator. 

Using the Bridge 

Ifyou are using coax feed from therigto 
the antenna, the bridge can be installed at 
any convenient spot in the line. If you are 
using a Transmatch, similar to the system 
as shown in Fig. 34, the Monimatch should 
be installed on the transmitter side of the 
‘Transmateh. Any relays or filters should be 
installed between the bridge and the 
transmitter, as shown. 

Set R3 so that the arm of the controls at 
the top of the resistance — in other words, 
with all the resistance in series with the 
meter circuit. Tune up your rig in the 
normal fashion, and once tuned up adjust 
the sensitivity of the “forward” meter by 
moving the arm of R3 until the meter reads 
full scale. You can then determine the 
SWR by the formula mentioned earlier. 
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‘When adjusting a Transmatch, feed just 
‘enough power through the system to 
obtain about half-scale reading on the 
“forward” meter and then adjust the 
Transmatch controls for a match, as 
indicated by zero reflected power. Youmay 
hhave to adjust R3 as you adjust the 
Transmatch to keep the “forward” meter 
from reading more than full scale. Once 
you have the Transmatch adjusted for a I- 
to-l ratio as indicated by the bridge, the 
transmitter can be loaded up in the normal 
manner. We usually reduce the forward 


reading to about half scale, and then tune 
the rig for maximum output, as indicated 
by the meter, When doing this, you may no- 
tice that maximum output as indicated by 
the bridge meter occurs at some setting other 
than the normal transmitter plate meter 
“dip” reading. (Normally, the instruction 
‘manuals tell you to tune fora plate dip ifthe 
transmitter has no output meter.) However, 
the amplifier stage will work better if you 
tune for maximum output rather than the 
dip — keeping the plate loading within the 
transmitter ratings, of course. 


In-Line RF Power Metering 


Once you become familiar with the use 
ofthe bridge and interpreting the readings, 
you'll find it avery valuable device in your 
station. This material originally presented 
in QST by Lewis G. McCoy, WIICP, 
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Problems are frequently encountered in designing and building reflected-power 
meters and SWR bridges. Examples of practical in-line rf wattmeters are given 
here, along with complete details for building a unit that will provide two power 
ranges, forward and reflected, for use from 3.5 to 30 MHz. 


Lis neither costly nor difficult to build an 
rf wattmeter. And, if the instrument is 
equipped with a few additional compo- 
nents it can be switched to read reflected 
power as well as forward power. With the 
foregoing feature the instrument can be 
used as an SWR meter for antenna 
‘matching and Transmatch adjustments. 

Perhaps the most difficult task faced by 
the constructor is that of calibrating the 
power meter for whatever wattage range he 
desires to have. The least difficult method 
is to use a commercial wattmeter as a 
standard. If one is not available, the power 
output of the test transmitter can 
computed by means of an rf ammeter 
series with a 50-ohm dummy load, using 
the standard formula, P= PR. Or, ifone is 
not interested in obtaining power readings 
the bridge can be used solely as an SWR 
indicator, as is done with the Monimatch- 
style SWR bridge.! 

‘The advantage of the circuits shown here 
‘over those of Monimateh bridges is that 
these instruments are not frequency- 
sensitive. Monimatch indicators become 
more sensitive asthe operating frequency is 
increased, thus making it impractical to 
calibrate them in watts for more than one 
band, or for more than one portion of a 
given band. The units described here are 
‘more sensitive than Monimatches are. This 
makes it possible to calibrate them for 
power levels as low as | watt, full sale, in 
any part of the hf spectrum. 

All of the circuits shown in this article 
are similar to the basic one which was 
described in QS7:? Some of the circuits are 
those of commercial power meters, and are 
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used to illustrate variations in the basic 
Bruene design. The reader may wish to 
experiment with some of these circuits 


Design Philosophy 

Referring to the circuit of Fig. 37B, the 
circuit used by Collins Radio Company, 
the transmission-line center conductor 
asses through the center of a toroid core 
and becomes the primary of T]. The multi- 
turn winding on the core functions as the 
transformer secondary. Current flowing 
through the line-wire primary induces a 
voltage in the secondary which causes a 
current to flow through resistors RS and 


R6, The voltage drops across these 
resistors are equal in amplitude, but 180 
degrees out of phase with respect to 
common or ground. They are thus, for 
Practical purposes, respectively in and out 
Of phase with the ine current. Capacitive 
voltage dividers, C3C7 and. C4C8, are 
connected across the line to obtain equal- 
amplitude voltages in phase with the line 
voltage, the division ratio being adjusted so 
that these voltages match the voltage drops 
across RS and R6 in amplitude. (As the 
current/ voltage ratio in the line depends on 
the load, this can be done only for a 
particular value of load impedance. Load 


values chosen for this standardization are 
pure resistances that match the character- 
istic impedance of the transmission line 
with which the bridge is to be used, usually 
50 or 75 ohms.) Under these conditions, the 
voltages rectified by DI and D2 represent, 
in the one case, the vector sum of the 
voltages caused by the line current and 
voltage, and in the other, the vector 
difference. With respect to the resistance 
for which the circuit has been set up, the 
sum is proportional to the forward 
component of a traveling wave such as 
occurs on a transmission line, and the 
difference is proportional to the reflected 
component. 

The Collins circuit uses two 8-uF 
capacitors, C5 and C6, to permit the meter 
{0 approach the PEP level during ssb 
operation, The de voltages in the forward 
and reflected lines charge the capacitors to 


permit a near-peak reading, The discharge 
rate is set by the series calibrating resistors, 
RI through R4, and is dependent upon 
which of themis switched into the metering 
line at a given time. The circuit of Fig. 37B 
uses two 43-pF capacitors, Cl and C2, to 
cancel the inductive reactances of RS and 
6. Such reactance may become manifest 
‘at the high end of the range for which the 
instrument is built. If reactance is present 
in that part ofthe circuit the meter readings 
may not be accurate, especially at 10and 15 
meters. The capacitors were not needed in 
the circuit of Fig. 38, perhaps because the 
resistor leads were very short when they 
‘were mounted on the etched-circuit board. 


Some Design Hints 
Its important that the layout of any rf 
bridge be as symmetrical as possibleif good 
balance isto be had. The circuit-board lay- 
out forthe instrument of Fig. 38 meets this 
requirement. Also, the input and output 
parts of the equipment should be isolated 
from the remainder of the circuit so that 
only the sampling circuits feed voltage to 
the bridge. A shield across the end of the 
box which contains the input and output 
jacks, and the interconnecting line between 
them, is necessary. If stray rf gets into the 
bridge circuit it wil be impossibleto obtain 
a complete zero reflected-power reading on 
ML even though a 1:1 SWR exists 
Referring again to Fig. 38, resistors R1 
and R2 should be selected forthe best mull 


reading when adjusting the bridge into a 
resistive 0- or 75-ohm load. Normally the 
value will be somewhere between land 47 
‘lms. The 10-ohm value worked well with 
the homemade instraments showa here. It 
was found that half-watt resistors ex- 
hibited somewhat less inductive reactance 
at 30 MHz than did some I-watt units tried. 
RI and R2 should be as closely matched in 
resistance as possible. They need not be 
exactly 10 ohms, soa VTVM can be used to 
match them. The resistors used for the 
circuit of Fig. 38 were actually 10.5 ohms. 
cach, and were chosen from an assortment 
of “I0-percenters” on hand. 

Silver-mica capacitors C3 and C4 were 
close enough in value so that special 
selection was not required. There should be 
enough leeway in the ranges of Cl and C2 
to compensate for any difference in the 
values of the 330-pF capacitors. Ideally, 
however, C3 and C4 should be matched in 
valu 

Diodes DI and D2 should also be 
matched for best results. Anohmmetercan 
be used to select a pair of diodes whose 
forward de resistances are within a couple 
of ohms of being the same. Similarly, the 
back resistances of the diodes can be 
matched. The matched diodes will help to 
assure equal meter readings when the 
bridge is reversed. (The bridge should be 
perfectly bilateral in its performance 
characteristics.) Germanium diodes. are 
used in the bridges described here, but 
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Fig. 37 — Schomatic diagrams of typical in-line powsr met 


AGA, the RL. Drake W- instrument 


Dut one capacitive voltage dvder in the sensing eitult Tho circult at Bs discussed inthe text, and 


voltage dividers in this ire 


permit a charge time thet enables the moter to road noar-peak power on ssb, 
rie siilar to one used by Comdal in trelr power meter, In tis circut C¥ sa fx 


‘capacitor in the divider, C2. 


alo 
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uses a center-tapped transformer at 1 and has 
lused by Collins Radio Company. The capacitive 


lise two S00-pF feedthrough capacitors in place of th siver-mica capacitors specitied in Fig. 8. Capacitors C5 and CB 
ing resistances RI through Re ae fectery saloctod. The circuit at 
ua (ema) capacitor, ang the bridge is hulled by te larger 
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Fig. 38 — Schematic diagram of a practical power wailmeter A calibration scale for M1 ls shown 


also, Fixed-value resistors are 1/2-watl composition, Fixed-vlue eapacitors 
1 capactances are in uF. Othors are pF. Resi 


Otherwise noted. Decimal 

‘000, 

C1, C2 — 18-10 67-pF miniature timmor (EF 
‘Johnson 189-5024 Available Irom Newark 
Elactronies, Cieago, I). 

(63-611, incl — Numbered for eiveuit-board 
‘dontiteation. 

101, 02 ~ Smal-signal germanium dtoge. 
IW4A, etc. (se6 tax) 

431,32 ~ Chassis- mount coax connector of 
bullder's choles. Type S0-299 uses neve. 

M10: to 200%4A motor (Triplet type 330M 
‘sea here) 

RI, R2— Melched 10-ohm resatore (eve tex). 

Ra. Ré — 5000-ohm printed-creut carbon 


‘on diodes can also be used. Silicon 
diodes conduct at a higher voltage than 
germanium diodes do — approximately 
0.7 volt — and will not work too well in 
low-power wattmeters. Some silicon 
diodes were tried, but ceased to conduct at 
approximately 8 watts in the circuit of Fig. 
38. This effect can cause misleading results 
when low values of reflected power are 
present during antenna adjustments. The 
SWR can appear to be zero when actually 
it isnt, The germanium diodes conduct at 
approximately 0.3 volt, making them more 
suitable for low-power readings, 

‘Any meter whose full-scale reading 
is between 50 microamperes and 1 mi 
ampere can be used at MI. The more 
sensitive the meter, the more’ difficult 
it will be to get an absolute reflected-power 
reading of zero. Some residual current 
will flow in the bridge circuit no matter 
how carefully the circuit is balanced, 
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isk ceramic unloss 
nce Is In ohms 


control (AC Rs02-8), 

FS, R6 — 25,000-ohm printod-ciruit carbon 
Control (IRC FZ53-8). 

FCI, RFC2 — 500-H rf choke (Millen 34300- 
'90 or similar. 

Si — Dpdt single-section phenolic wafer switch 
(alory $2224) 

2-— Spal phenolic water switch (Centralab 
1460). 

‘Ti — Toroidal transformer; 35 tums of no. 26. 
‘nam, wire ia cover enfir Cora of Amida T= 
85-2 lorold {Amidon Assoc. 12030 Otsego St 
No, Hollywood, CA 81607), 


and a sensitive instrument will detect 
this current flow. Also, the more sensitive 
the meter, the larger will have to be 
the calibrating resistances, R3 through R6, 
to provide high-power readings. A 0- to 
200-microampere meter represents a good 
compromise for power ranges between 100 
and 2000 watts 


Construction 

The power meter of Fig. 38s builtintwo 
sections. The rf circuit and the calibrating, 
resistors are housed in a 4% 42-inch (102 
102% 51 mm) aluminum utility box. All 
components other than JI, J2, and the 
feedthrough capacitors, are assembled on 
the etched-circuit board. Switches 1 and 
$2, and the meter, M1, are installed in a 
sloping-pane! utility box which measures 
5X 4 inches (127 X 102 mm). Four- 
conductor shielded cable — the shield 
serving as the common lead — is used to 


join the two pieces. There is no reason why 
the entire instrument cannot be housed in 
one container, but itis sometimes awkward 
to have coaxial cables attach to a unit that 
‘occupies a prominent place in the operat- 
ing position. Built as shown, the two-piece 
instrament permits the rf pickup head to be 
concealed behind the transmitter, while the 
control head can be mounted where it is 
accessible to the operator. 

Toroidal transformer TI fits into 
cutout area on the circuit board. A Linch 
(25 mm) long section of RG-8/U cable — 
Vinyl jacket and shield braid removed — 
provides @ snug fit in the center hole of the 
toroid, and is used to complete the line 
between JI and J2. The inner conductor of 
the RG-8/U section solders to the circuit 
board, thus holding T! in place. 

‘A flashing-copper shield divides 1 and 
its center-conductor fine from the re- 
mainder of the circuit, This partition is 
shown in dotted lines in Fig. 38. It is 
‘mounted on the non-foil side of the cireuit 
board and is secured at each end to solder 
Jugs which are mounted under the retaining 
screws for J1 and J2. 

‘The circuit board is held in place, at the 
end near TI, by means of an aluminum L. 
bracket. The cireuit-board end nearest the 
feedthrough capacitors is held in place by a 
no. 6 spade bolt. A solder lug is mounted 
under the no. 6 nut (outside the case) which 
seoures the spade bolt. The lug serves as a 
connection point for the common lead 
between the rf head and the control box. 
‘Two solder lugs are mounted under the 
bottom two retaining screws of each coax 
connector. The free ends of the lugs are 
soldered to the copper foil of the circuit 
board. 

A partition is visible in the foil-side view 
of the rf head. It can be eliminated if 
desired, since it did not prove necessary 
when the unit was tested. Similarly, an 
‘extra shield partition is shown on the top 
side of the board. It too can be eliminated, 
for it turned out to be unnecessary. The 
flashing-copper shield discussed carlier is 
the only one required forthe cireut of Fig. 
38. 


Checkout and Tune-up 


Once the instrument is wired and ready 
to test it should be inspected for unwanted 
solder bridges between the circuit-board 
foils. Its usually a good idea to scrape out 
the rosin buildup between the oils, and this 
can be done with the blade of a small 
screwdriver. A continuity check for 
“opens” and “shorts” should also be made 
before power is applied to the unit. Make 
certain that the diodes are installed forthe 
correct polarity — the banded ends 
(cathodes) toward C1 and C2. 
‘Connect a noninductive $0-ohm dummy 
load to J2. A Heath Cantenna or similar 
load will serve nicely for adjustment 
purposes. Place $2 in the roRWaRD 
Position, and set S1 for the 100- range. 
‘An tf ammeter or calibrated power meter 


” Useful accessories from Antex including solder, tips and tip cleaner, desoldering 
braid and a heatshunt. 


Spare parts: it’s always reassuring to know that spares are available in the future if 
required, so if the element blows, you don’t need to replace the entire iron. This is 
especially the case with expensive irons. Check some websites or mail-order catalogues to 
see whether spare parts are listed. One drawback is that you may need another soldering 
iron when exchanging a broken heating clement! 


“* Gascat 40 gas-powered soldering iron kit by Antex, with spare tips and cleaning 
sponge. 

Gas or electric? So far I’ve discussed electric soldering irons, but gas-powered 
soldering irons are sold which use butane propellant rather than mains electricity to 
operate. They have a flint lighter or (better still) a built-in piezo for ignition, and have a 
catalytic element which, once warmed up, continues to glow hot when gas passes over 
them. They tend to be big and bulky compared to electric pencil irons. 


“Top view of the rf head forthe circuit of Fig. 28 tlashing-copper shield 
Isolates tho through-line and T1 from the reat of the circu. The second 
‘shlold (thicker) fs not required and can be eliminated from the eireult 

Tra 2000-watt seat is desired, fixed-valve resistors of approximately 

22 kM can be connected in series with high-ranga printad-circult control. 


(©, the 25 kM controls shown here can be replaced by 50 kA unit 


Fig. 39 — Inside view of the 5- and 50-watt power meter rf nead. Component values are the same as 


Inthe circult of Fig. 38, except forthe calibrating 


ances (s 


fox). An slomlnum shite isolates 


the throughtine and torais from the remaindar of the rout. S0-yA meter Is used in tis mode. 


should be connected between J2 and the 
dummy load during the tests, providing 
power calibation points against which 10 
plot the scale of MI, Apply transmitter 
output power to JI, gradually, until MI 
begins to deflect upward. Increase trans- 
mitter power and adjust Ré so that a full- 
scale meter reading occurs when 100 watts 
is indicated on the rf ammeter or other 


standard in use. Next, switch S2 to 
REFLECTED and turn the transmitter off, 
Temporarily short across R3, turn the 
transmitter on, and gradually increase 
power until a meter reading is noted. With 
an insulated screwdriver adjust C2 for a 
null in the meter reading, 

The next step is to reverse the coax 
connections to J1 and J2. Place S2 in the 
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‘Bottom view ofthe rf Head for the cicult of Fig. $8. The fixed-value 
resistor atthe lower let does not belong inthe circuit, but was added as 
8 shunt for one of the calibrating contrais which was too high in 

value — a 80 kA unit that was on hand. The shiald partition shown here 
proved unnecessary and can be eliminated. 


ReFLECTED position and apply transmitter 
ower until the meter reads fullcale at 100 
watts output. In this mode the REFLECTED. 
position actually reads forward power 
because the bridge is reversed. Calibrating 
resistance R3 is set to obtain 100 watts full 
scale during this adjustment. Now, switch 
$2 to FoRWAkD and temporarily place a 
short across R4. Adjust Cl for a null 
reading on MI. Repeat the foregoing steps 
until no further improvement can be 
‘obtained. It will not be necessary to repeat 
the nulling adjustments on the 1000-watt 
range, but RS and R6 will have to be 
adjusted to provide a fullscale meter 
reading at 1000 watts. If insufficient meter 
deflection is available for nulling adjust- 
ments on the 100-watt range, it may be 
necessary to adjust CI and C2 at some 
power level higher than 100 watts. If the 
capacitors tune through a null, but the 
meter will not drop all the way to zero, 
chances are that some rf'is leaking into the 
bridge circuit through stray coupling. Ifso, 
it may be necessary to experiment with the 
shielding of the through-line section of the 
rf head. If only a small residual reading is 
noted it will be of minor importance and 
can be ignored. In the circuit of Fig. 38 
there remained approximately one-half a 
meter division when the null was reached, 
and this occurred only on the 1000-watt 
range. Since this was representative of less 
than 2 watts of power, it was deemed 
inconsequential 

With the component values given in Fig. 
38 the meter readings track for both power 
ranges. That is, the 10-watt level on the 
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Inside view of the modi 


13 Heath HM-15 bridge. The new components 
the chassis on a 5-ug termina strip. The ruling capacitors are connected betwee 
fand the terminal stip. Press-t aluminum shold covers a 


© grouped atthe center of 
the Inner ine 
sipped over the trough line 10a in ef 


Isolation. One cover Is in place; the othe i atthe right ofthe photo. improved shielding might be 
ttfectad by intaling an aluminum plata between the terminal strip and the two nulling capacitors, 


Fig. 40 — inside view of a -watt power meter for QAP rigs. ts cirult ie glven on page 1 of June 


with phono jacks toad versal 
‘ote unt 


J00-watt range, and the 100-watt point on 
the 1000-watt range fall at the same place 
fon the meter scale, and so on. This no 
doubt results from the fact that the diodes 
are conductingin the most linear portion of 
their curve. Ordinarily, this desirable 
condition does not exist, making it 
necessary to plot separate scales for the 
different power ranges. 

Tests indicate that the SWR caused by 
insertion of the power meter in the 
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‘vimmers aro used for nuling the bridge. Type SO-239 connectors are paral 
iy. A 4X 4X 2inch (102 X 102 X51 mm) uly box houses 


transmission line is negligible. It was 
checked at 28 MHzand no reflected-power 
could be noted on a Bird wattmeter. 
Similarly, the insertion loss wasso low that 
it could not be measured with ordinary 
instruments, 


Other Circuits 
Additional circuits and photos are 


shown for variations in the basic design 
used at Fig, 38. A low-power model, having 


e ° 


Inside view of « 2000-watt power meter built by 
NIM. This brdge i patterned after the circut 
of Fig. 378, Point-to-point wiring Is used 
{hroughout, hus avotaing the naed for a circuit 
board: Two piston timmers are used for the 
ruling capacitors and are mounted one above 
{he other on a phenolic Block. The two $00-9F 
feedthrough capacitors are part of the 
capacitive voltage dividers. 


Fig. 41 — Schematic diagram of the modified 
Heath Hid-15 SWWR meter.D1, D2. Mt, At and 

1 are original companents trom the HM-15. T1 
Is the same as In Fig. 38. See text for adctional 


scales for 5 and 50 watts, is shown in Fig. 
39, It uses fixed-value resistors for meter 
calibration. The required values of resist- 
ance were first determined by temporarily 
inserting a potentiometer in the meter ine, 
obtaining the required full-scale reading, 
then substituting fixed-value resistances of 
the proper ohmage. The meter readings for 
the two power ranges do not track in this 
model, 

‘A low-power meter was designed for use 
with the QRP transmitter described in 
June 1969 QST. Itis shown in Fig. 40, and 
hhas a full-scale calibration of 3 watts. To 
obtain additional sensitivity, the primary 
Of the toroidal transformer consists of a 


‘one-turn link instead of the single wirethat 
would normally pass through the hole in 
the toroid core. 

‘Some experiments were conducted to see 
if a Heath HM-15 SWR bridge (a Moni- 
match type) could be modified to workin a 
Bruene circuit, The results were satisfac- 
tory, and the circuit is given in Fig, 41. No 
attempt was made to obtain a calibration 
scale for the meter. The units being used as 
a simple SWR indicator, but now has 
better sensitivity in the lower part of the hf 
spectrum — 7 watts, full scale, from 3.5 to 
30 MHz. Also, the instrument is no longer 
“frequency-conscious” as was the case 
before modification. The original pickup 
lines were discarded, the FWO-REV panel 
switch was rotated 180 degrees so that the 
labels were correct for the new circuit, and 


press-fit shield covers were installed on the 
‘rough line as shown in the photo. A power 
scale could be plotted by setting the 
sensitivity control in a fixed position 
possibly replacing the existing control with 
a screwdriver-adjust type. A new 100-uA 
meter could be installed to provide a better 
scale for calibration in watts. 

It was necessary to dismantle the trough 
line so that the toroidal transformer could 
be slipped over the inner line. A few wraps 
of mylar tape were wound over the center 
of the inner line to insulate the toroid 
winding from the line, and to provide 
snug fit to keep the toroid in place. The 
trough was notched out with a nibbling 
tool to allow clearance for the toroidal 
transformer. Additional shielding can be 
added between the line and the rest of the 


circuit to further assure a zero meter 
reading in the reflected position, 

It is hoped that the experimenter will 
find sufficient information here to enable 
hhim to build a power meter that will satisfy 
his specific needs. This material was 
originally presented in QST by Doug 
DeMaw, WIFB, 
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‘Monimateh Mark 1," QS; February 1957 

Mirvene, "Aa Inside Pleture of Directional Watt- 
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‘The eched-irclt board pattern and parts tay: 
‘ut sheet for this power meter are svalable from 
‘ARRL hg. Send 28 cents and an s.n2- Check with 
Circuit Board Specialists, P. 0. Box 989, Pueblo, CO 
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A Resistive Antenna Bridge — Simplified 


SWR indicators are neat, but when it comes to making measurements of 
resonant impedances, you need a true bridge type of instrument. Measure those 
low antenna resistances directly with this W2FMI circuit, and do it up to 30 MHz 


with ease! 


'Seviek “Simple RF Bridges” April 1975 QST, page 
rH 


possible because the range of antenna 
impedances is generally low enough to 
allow for low values of resistance in the 
arms of the bridge. Under these conditions 
parasitic capacitances are negligible up to 
30 MHz. 

Resistive bridges have the advantages of 
small size, readily available components, 
and dial calibrations which can be made 
practically linear, Two bridges are shown 
with their respective calibration curves, 
‘The first is a linear device. The second 
expands the lower portion of the calibra- 


tion curve, 0 to 30 ohms, to measure lower 
values of antenna impedance and coil 
losses more accurately. 


Bridge Details 

The resistive bridge with a variable 
resistance in one arm and equal resistances 
in the other two is shown in the photo- 
‘graphs, and schematically in Fig. 424. The 
nonlinear bridge is similar mechanically. 
‘The small enclosures and compact layout 
minimize lead lengths. With the linear 
version the dial practically reads directly in 


Exterior and interior view ofthe resistive bridge, Appearance and component arrangement arelesso 
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ly the samo for the two typos described. 
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D1 — Germanium diode, 
‘J, J2— Coaxial connector, chassis type 
3 Phone jack. 


Fig. 42 — Schematic diagram and parts information for the linear (A) and nonlinear (B)sesistance 
bridges. Resistor wattages are the minimum recommended. 


i — 100-0hm, 2 
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Fig. 43 — Calibration curves for the linear (A) and nonlinear (B) resistance bridges. The adé-on IC 
network uted was described in te author's QST article on capaciive bridges 


ohms. In using the L/C network described 
in the previous article, a constant offset 
‘occurs, because of ohmic loss in the coils. 


‘This can be as high as 20 ohms, as is shown 
by the 160-meter curve with the L/C 
network, Fig. 434. 


Why a Transmatch? 


‘The variable resistor used in the bridges 
has a parasitic (stray) capacitance of the 
order of 10 to 20 pF, which has little effect 
even at 14 MHz. Other potentiometers of 
similar design can probably be substituted 
The calibration curves provide a good 
check. If the difference between the 
calibrations for the lowest and highest 
frequencies to be used is greater than an 
‘ohm or two, parasitic capacitances are 
probably excessive. 

‘The nonlinear bridge uses most of the 
same components, but the contro! 
connected in the differential mode, as 
shown in Fig. 42B. Resistance issubtracted 
from one arm and added to the other, 
tending to spread out the low end of the 
resistance scale for increased accuracy. In 
this version, the dial can be read easily to 
0.5 ohm. 


Results 

‘The author has found these resistance 
bridges to be entirely satisfactory for 
‘measurements in the range of 1.8 to 30 
MHz. Because of their greatly expanded 
scales, as compared with the capacitive 
bridges, and generally lower values of 
resistance in all arms of the bridge, they 
tend to have less marked nulls when used 
with very low-power signal sources. 
Increasing the minimum power to 20 or 30 
milliwatts, when using the sensitive meter 
described previously, should take care of 
this, 

In closing, the writer wishes to thank 
Roger A. Sykes, WIPP, for bringing the 
resistive bridge to the author's attention, 
This material was originally presented in 
QST by Jerry Sevick, W2FMI. 


Let's cut away some of the mumbo jumbo about antennas. Here’s some basic 
information to help the newcomer make the decision that best suits his need. 


a pinetwork’ tank circuit in the final 
amplifier. There are good reasons for ths. 
With the pi tank itis possible to design a 
bband-switching transmitter with excellent 
shielding (in order to prevent undesired 
harmonic radiation as far as TVI is 
concerned) and to accomplish the job 
minimum of complications. Addition: 
ly, the tank circuit easily ean be set up to 
work into 50- or 70-ohm loads, the 
characteristic impedance of the popular 
types of coaxial feed lines, However, as we 
will see, this is where a “clinker” can get 
into the act. 
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When a pi network is designed to work 
into a $0-ohm load, the load must be 50 
‘ohms in order for the transmitter to work 
at full efficiency. Merely connecting 50- 
‘ohm coax to the tank circuit does not 
accomplish this. For the tank to “see” a 50- 
‘ohm load, the far end of the coax — the 
load or antenna end — must also have the 
same impedance as the coax, 50 ohms. If 
the load is not $0 ohms the pi network will 
see some other value than 50 ohms. 
Usually, too, the tank will see reactance as 
well as’ resistance when the line is not 
matched. While reactance is expressed in 
ohms, it isn’t a true resistance, and what 


does is make it more difficult to put power 
into the line unless certain steps are taken 
to compensate for it. 


Pi-Network Tank Circuits 

In the conventional transmitter pi tank 
we have two controls, customarily referred 
to as the “tuning” and “loading” controls. 
‘The tuning control isthe one that resonates 
the tank circuit to the desired frequency. 
The loading control, when adjusted 
properly, permits the final amplifier stage 
to be loaded to the desired input. To a 
limited extent it can also be used to 
compensate for the reactance in the load. 


a1 wae 


a was 


Fig. 44 — At he top isa simple halt-wave dipole 
using coax feed. AI the bottom is a drawing of @ 
trap dipote. Wien a signals fed to this antenna, 
for example an B0-meter one, the fed line 
8 resonant antenna on 80. 

‘Wan the transmit is ewitened to 40, tha traps 
“divorce” the Bd-meter portion and the feed ine 
s0e8 a resonant 40-meter hal-wave, 


change frequency, the antenna is no longer 
resonant and reactance is introduced into 
the impedance. In turn, eactanceis present 
atthe transmitter end of the ine. Whether 
or not the transmitter tank circuit can 
compensate for it will depend on the range 
of the loading capacitor. 

How do we go about getting an antenna 
that will look like 50 ohms over a wide 
range of frequencies within a band — and, 
for that matter, on several bands? It isn 
exactly easy. 

For example, if we cut an 80-meter half- 
wave dipole fr the center ofthe band, 3750 
KHz, it is possible to obtain a fairly good 
match for 50-ohm coax at that frequency 
and approximately 50 kHz each side of 
3750 kHz. However, at the band edges, 


fas 
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Fig. 45 — This drawing shows an Ideal multiband antenna system. The units can be connected 
together by ether 80-or 70-ohmm coaxlel tine. The SWR bridge must match the ine used. By putting 
‘he antenna relay inthis section ofthe line, the Transmateh can be Used to advantage for recalving 


a well as transmitting, 


‘The clinker in this is that the reactance of 
many antenna-system loads may have too 
wide a range for the loading capacitor to 
handle. If you've ever been in the situation 
‘where is was impossible to load (or unload) 
the amplifier stage, the likely reason is that 
the load is too reactive to be handled by the 
tank circuit. 

‘Such a condition can lead to some 
serious difficulties. While a correctly tuned 
pi network will offer good harmonic 
attenuation, an improperly adjusted tank 
may provide no harmonic attenuation. In 
fact, many Novices who receive second- 
harmonic violation notices for their 80- 
meter operation can lay the blame on poor 
loads and incorrectly adjusted tank 
circuits. This leads us tothe realerux of the 
problem. How do we get a 50-ohm load on 
the various bands and frequencies desired? 


Antenna Loads 

As we said earlier, in order for a trans 
miter to see a 50-ohm load the far end of 
the 50-chm coax must also see 50 obms, 
‘The point where you feed the antenna hasa 
certain impedance; in a half-wave dipole, 
for example, the impedance will be in the 
neighborhood of 50 ohms, depending 
somewhat on the dipole’s height above 
ground, Also, at resonance there will be no 
feactance in the impedance. When we 


3500 and 4000 kHz, the impedance willbe 
very reactive and the mismatch between the 
coax and the feed point may be as high 2s 
10 to I. It would be difficult, if not 
impossible, for our pi network to handle 
hat type of mismatch. Actually, thereisno 

rmple” antenna, by ham standards, that 
‘an be coax fed on 80 meters and cover the 
entire band with a reasonable match. The 
40-, 20- and 15-meter bands are narrow 
enough so that the pi tank will handle a 
coax-fed dipole under normal circum- 
stances. However, a coax-fed dipole is 
essentially a one-band system so such an 
antenna is not the answer if we want to 
‘Work “all” bands and all frequencies with a 
single antenna, 


‘Trap Antennas 
‘One type of multiband antenna with 
coax feed is the trap antenna, cither 
horizontal or vertical, The horizontal 
variety is essentially a dipole with traps 
‘added to divorce parts of the antenna so the 
‘coax “sees” an electrically resonant dipole 
fon the band in use. However, the trap 
dipole is no “broader” that 
Fig, 44 shows such a trap 
There are a couple of drawbacks to trap 
dipoles, First, a coax-fed single-band 
dipole is essentially a selective circuit, in 
that it tends to discourage undesired 
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harmonics from being accepted and 
radiated. For example, a 40-meter har~ 
‘monic would have a tough time in an 80- 
‘meter coax-fed dipole because the antenna 
and line are badly mismatched on 40. A 
trap system, however, does not disc 
inate against such undesired signals. Also, 
traps introduce power loss — probably not 
a great deal, but nevertheless loss. But 
you want to use coax line and have 
‘multiband operation, the trap dipole is an 
answer. On the other hand, a Novice may 
ask, “Is there a better multiband system, 
‘one without the trap losses and harmonic 
problems?” The answer is yes, but before 
describing it let's take a look at feed lines. 


Feed Lines 


Three common types of feed lines are 
used by amateurs: coaxial, twin-lead, and 
open-wire. Each has a certain amount of 
loss, with coax the lossiest, twin-lead next, 
and open-wire line the most efficient. An 
important point to keep in mind is that the 
greater the mismatch, or standing-wave 
ratio, on the transmission line, the greater 
the line loss. Also, the loss in any line 
increases with frequency: The loss will be 
least at 80 meters and will become 
progressively greater as we approach vhf or 
ubf. As an example, the loss in 100 feet 
(30.48 m) of RG-58/U line at 144 MHz is 
about 6 decibels. Translating thisto power, 
if we had a transmitter that was putting out 
100 watts only about 25 watts would reach 
the antenna, at the end of a 100-foot (30.48, 
rm) line, to be radiated. The remaining 75 
watts would be dissipated as heat in the 
line! And, most important, this figure is 
based on the coax being matched at the 
antenna end, The mismatch or SWR will 
depend entirely on the impedance of the 
transmission line and the impedance of the 
antenna. If there is a mismatch, the losses 
increase. On 80 meters, this same coax has 
‘loss of less than I dB for 100 feet (30.48 m) 
of line, s0 we could tolerate more of a 
mismatch, 

But don't overlook the fact that ifthe line 
and antenna are mismatched it may be 
impossible to make theamplifierlond, even 
if the extra loss can be tolerated. The 
question that then comes to mind is if we 
use a low-loss line so we ean tolerate.a high 
degree of mismatch, how can we make the 
transmitter see a 50-ohm load? The answer 
to this isto use a Transmatch between the 
transmitter and antenna. 


‘The Transmatch 

A Transmatch is simply an adjustable rf 
transformer that converts an unknown 
load (antenna side) to a desired load 
(transmitter side). It consists of induct- 
‘ances and capacitances which can be 
adjusted to provide a perfect $0-ohm load 
for the transmitter on any band or 
frequency 

Let’s take an example to show how a 
‘Transmatch can do the job. Theimpedance 
at the center of an 80-meter dipole is 
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‘Approximate Attenuation In Dactbola/100t, (90.48 m) 


Type. ZB 25 70 140 210 
Rosa Ss os 140 15 19 
100W. Output 5 1 28 35 
R68 52, 080 045 068 08s 
AG-50/0 7 064 09 13 18 
GA 75 038 055 0.90 098 
Twinlesd «500018028 O41 O52 
Openwire = — 003-005 007 0.08 


20 50. 148 220 420 
22 31 87 72 104 
2S! 72 atop 
Oss +35 25 33 48 
18 24 42-52 72 
his 155 28 38 48 
060 095 185 19 28 
On 013 025 


‘This chart shows the 


uation figures in decibels for common types of feed lines. Zo isthe 


nominal impedance. In the case of open-wire line, the Impedance wil Cepend on the size of the 


‘conductors and their spacing. The second lina ofthe chart indicates 


Tamount of power that 


‘would be lost in a 109-foot (90 48 m) run of RG-38/U when properly matched. For example, on 21 


MHz, tho loss per 100 feet (90.48 rm) is 1.9 dB. With 


100 watls output trom the transmitter, 19.3 


represents a loss of 35 watts in the line, A mismatch wil increase the ine loss 


between 50 and 70 ohms on 80 meters. On. 
40 meters, the impedance at the same point 
on thissameantennais about 4000 ohms. If 
we feed this antenna with 300-ohm twin- 
lead the mismatch on 40 would be on the 
order of 13 or 14 to I. However, bear in 
mind that 300-ohm line has relatively low 
Toss, so we can probably tolerate the high 
'SWR if the line is fairly short — less than 
100 feet (30.48 m). Our only problem in 
making this antenna work on 40 is to take 
care of coupling the line to the transmitter. 
‘To do this the feed line is connected to the 
‘Transmatch and the Transmatch is then 
adjusted so that the transmitter sees a 50- 
ohm load. What we have now is an 80- 
meter dipole being used efficiently on 40, 
and our transmitter is working into the 
load it was designed for. 

Now let's suppose that we feed this same 
antenna with 50-ohm coax. On 40, the 
mismatch would be 4000/50, or about 80to 
1! Because coax is not a low-loss line, the 
loss in the transmission line would be 
prohibitive. However, with twin-lead — or, 
‘even better, open-wire line — the loss is 
usually insignificant. 

Also, and most important, a Transmatch 
adds selectivity at the output of the 
transmitter. It will discriminate against any 
undesired harmonies or spurious signals. 
And, if the antenna switching is set up so 
that the Transmatch is in the circuit on 
receiving, it will provide more selectivity 
for the receiver. Infact, a common problem 
for hams who live near broadcast stations 
is eross-modulation of 80- and 40-meter 
ham signals by the strong be signal. A 
Transmatch will provide enough selectivity 
in most cases to eliminate be cross 
modulation when it occurs in the receiver's 
front end. 

Many hams are reluctant to use a 
‘Transmatch because it requires additional 
adjustments. However, the advantages are 
so great in a multiband system that any 
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additional adjustments are_more than 
worth the effort. With a Transmatch, the 
antenna doesnt have to bea half wavelong 
to work on any band. For example, we 
escribed a complete multiband system 
just recently’ using an antenna only 100 
fet (30.48 m) long. Most hams can manage 
to get up a 60-foot (18.29-m) dipole, either 
horizontal or in an inverted-V configura 
tion, and such an antenna also ill work on 
80 through 10. One method of putting up 
multiband system is to find two supports 
foreach end of the antenna, cuta wire long 
enough to run between them, put an 
insulator in the comer ofthe antenna and at 
tach end, and attach open-wire or twin- 
lead feeders long enough to reach the 
station, Thatsallthere isto it. Bearin mind 
that a dipole fed this way doesnt haveto be 
a half wave long; itcan beany length, andit 
will work, Of courset is always a good idea 
to make it as long as possible and gt it up 
as high as possible, Also, if possible, make 
it at least 1/4-wavelength long at its lowest 
‘operating frequency — about 60 feet (18.29 
m) for 80 meters, for example. 


A Few Notes 


Many hams are reluctant to use open- 
wire line because of the problems in getting 
itinto the shack from outdoors. One simple 
answer to this is to bring the line to the 
entrance — window sill, doorway, or 
whatever — and at that point attach 300- 
ohm twin-lead (which is insulated) and run 
the twin-lead in to the Transmatch, The 
fact that the two lines are not alike is of no 
concern because the load at the antenna 
side of the Transmatch is going to be some 
unknown value anyhow. 
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At the ltt are two examples of coaxial feed 
fines, The theee lines at the right are balanced 
type lines, 70-ohm, 200-chm twin-iead, and TV 
open-wire line. 


You may have read or heard that you 
‘ust use coaxial lines in order to avoid 
TVL Don't believe it. If you have a well- 
shieided transmitter and use a low-pass 
filter with it you won't have any harmonics 
coming out. Ask youself this simple 
question: “If there are harmonies, what 
difference can the kind of transmission line 
make?” The answer is, of course, “No 
difference.” 

One of the beauties in using a Trans- 
‘match is thatthe coaxial ine between itand 
the rig can always be matched, and thi 
matched section is where you put your low- 
pass filter. This eliminates any danger to 
the filter from excessive voltage or current 
caused by a mismatch, 

One typical Novice question is “If my 
transmitter loads properly and I have no 
TVI problem, do I need more matching 
between the transmitter and antenna? Lam 
using coax feed. What good would it do me 
to pay for the additional complexity of 
changing from band to band?” The answer 
to such a question depends on several 
factors. Is the harmonic attenuation — not, 
TVI, but low-frequency harmonics — 
adequate? This could be a problem the 
Novice isn’t aware of. As to the complexi- 
ties of band changing, this will depend on 
how much the Novice desires to work other 
bands. 

‘What we have tried to do in thisarticleis 
to show the reader the problems and the 
recommended cure. There is nothing new 
about the multiband system using tuned 
feeders; it has been used for many years, 
and the interesting thing aboutitis that itis 
still the best multiband system, For further 
information it is recommended that the 
newcomer study Understanding Amateur 
Radio and The ARRL Antenna Book to 
fain a better insight as to how antennas 
Work. This material was originally pre- 
sented in QST by Lewis G. McCoy, 
WwIIcP. 


The Ultimate Transmatch 


Most hams would like to own a Transmatch that could cover 80 through 10 
meters, and work during coax-to-coax or balanced-lines conditions. Here is just 
such a unit. It will match the proverbial bedsprings, or any other nonresonant or 
resonant antenna — without plug-in coils or band switching — even on 160 


meters. 


‘The Harmonie Problem 

A large number of hams have found to 
their sorrow that the harmonic suppression 
in their transmitters may leave much to be 
desired, The FCC issues many citations to 
Novices each year for second-harmonic 
violations. 

A typical Novice station might consist of 
a transmitter and receiver, with direct coax 
feed to a trap dipole or vertical antenna. [n 
a properly adjusted transmitter of typical 
design, often there is insufficient attenua- 
tion of the second-harmonic energy. This 
can mean that the second harmonic of the 
signal can reach the antenna and be 
radiated. What is required to eliminate or 
reduce the second harmonic, and higher- 
order harmonics, is more selectivity 
between the transmitterand theantenna. A. 
Transmatch is an excellent aid in taking 
care of the harmonic problem. 


‘The 50-Ohm-Load Problem 


Still another reason for using a Trans- 
match is that nearly all manufacturers of 
transmitters design their rigs to work intoa 
nonreactive, S0-ohm load. Any departure 
from this load impedance causes difficulty 
in tuning and loading the final-amplifier 
stage, It might be pertinent to point out 
that simply because a har uses 50-ohm 
coax, it docs" necessarily follow that he 
will hve a 50-ohm load, Basially, in order 
to have a 50-ohm load when using 50-ohm 
coax, the coax must be terminated ina 50- 
ohm resistive impedance. In other words, 
the antenna impedance must be 30 okms. 

When the terminating impedance of the 
coaxial cable i other than 50 ohms, then 
the transmitter will be “looking” at some 
value other than 50 ohms. Itis practically 
impossible to design a single antenna that 
will have an impedance of 30 ohms on all of 
‘the bands a ham might want to use. One 
answer tothe problemis to employ a device 
{hat will “"mateh” the unknown load to the 
S0-ohm impedance required by the trans- 
mitter. One such cireuit or device is a 
‘Transmatch, simply an adjustable rf 


‘The kW version ofthe Ultimate Teansmatch 
‘The knobs and dial counter are standard Millen 
components, The front bottom af the cabinet ie 
tilted By moans of two Zinch (St mm) standott 
Insulators used asf 


transformer that can match the unknown 
load presented by the transmitterend of the 
feed line to the required 50-ohm transmit- 
ter impedance. 


Receiver Cross-Modulation 


In addition to taking care of the 
problems just outlined, a Transmatch can 
serve another very useful function at the 
receiver. Some receivers are susceptible to 
what is known as cross-modulation, or 
front-end overloading, by strong nearby 
radio stations. This is particularly true on 
160 or 80 meters when a broadcast station 
is nearby. The be station overloads the 
front end of the communications receiver, 
causing “birdies” and other unwanted 
responses across the band. A Transmatch 
will eliminate or greatly reduce this 
problem in nearly all instances. 


‘The Ultimate Transmatch 


We shall describe two Transmatches — 
one for the Novice power limit, and 
another for the legal 2-kW PEP limit. We 
have found that many amateurs on the 
verge of taking their General, or higher- 
class licenses, would rather invest initially 
in a unit that will take care of all of their 
future needs. 

Some years ago, a Transmatch was 
described that was designed for use with, 
‘coaxial feed lines.! It was called “the 50- 
Ohm Transmatch.” This unit handles 
mismatches on the order of 4:1. It can 
transform a load of about 200 ohms, or 12 
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‘ohms, to a 50-ohm impedance. The circuit 
of the Transmatch described in this article, 
Fig. 46, is similar, but with two notable 
exceptions. In place of « tapped, switched 
inductor, a variable inductor is used. (The 
idea for'this innovation came from Al 
LaPlaca, K2DDK.) The variable inductor 
is a coil wound on an insulated form that 
‘ean be rotated so that a movable wheel 
shorts out and grounds the unused portion 
of the coil. Using the roller inductor, along 
with the two variable capacitors, the 
Transmatch provides an almost unlimited 
matching range, plus the feature of 80- 
through 10-meter coverage without band 
switching, With the values shown in the 
units, itis even possible to add one fixed 
capacitor to obtain 160-meter coverage. 

‘The other exception is the use of a I:4 
(unbalanced-to-balanced) balun trans- 
former on the output side of the Trans- 
‘match, which permits the use of balanced 
feed lines. This means that a Transmatch 
can cover 160 through 10 meters including 
the MARS frequencies). It can be used to 
match into coaxial lines, random-length 
‘end-fed wires, or balanced feeders, and can 
do the job without using switches 

‘The two units shown in the photographs 
underwent extensive tests as to efficiency, 
power-handling capabilities, and methods 
of adjustment. In coax-to-coax tests, 
power inputs and outputs through the 
‘Transmatch were carefully measured while 
using Bird Thruline wattmeters and an 
adjustable dummy load. As carefully as 
could be measured, and with indicated 
mismatches of up to 15:1, the Trans- 
matches showed an efficiency of over 95 
percent. This small loss in efficiency more 
than outweighs the usefulness of the device. 

Many tests were made with the high- 
power version tocheck heating ofthe roller 
inductor and the balun. Under a key-down 
condition, with 1200 watts indicated power 
through the Transmatch, the transmitter 
was kept on for 15-minute periods. In one 
test, the measured rf current through the 
coil was in excess of IS amperes. The roller 
inductor used in the unit is rated at 5 
amperes, so this was considered a fairly 
rugged test. The coil did get warm, but not 
‘enough to be a cause for concern. Keep in 
mind that in regular amateur work, 15 
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low-power version, EF. Jonnson 
18250" of similar, for high-power version, 
37 type 16280, or sila. 

200-9F variable, for low power. EF 
‘Jonneon type 167-12 or ein, far high power, 
Millen type 16520 0.17 inch (0.48 em) spacing, 
465204, 0.077-inch (2 mm) spacing, or similar. 
4, 42 ~ Coax chassis fting, 23. 


28H, €F. Johnson type 229-203; otherwise, 
48 uM is adoquata, EF. Johnson type 228-202. 
is, cores are 


minutes would be a ridiculous figure for 
continuous operation? In cw and ssb 
operation, the duty cycle would bein terms 
‘of seconds or even fractions of seconds. 
‘The balun used for balanced operation 
in the high-power unit was made up from 
three Amidon I-kW cores — more about 
that in a moment, NIRM has made 
extensive checks on a single-core balun. It 
was found that a single core would easily 
hhandle 500 watts of power during severe 
mismatch conditions, Failure of the core, 
most likely due to saturation and heating, 
took place at the 700-watt level. In the 
high-power Transmatch shown here, three 
cores are used, They are wrapped with glass 
insulating tape and then wound with 
Teflon covered wire. Wire insulation 
‘material can be important because of the 
extremely high rf voltages that may be 
developed with some load conditions. In 
many tests of long duration, using up to 
1400 watts output into a dummy load, it 
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was almost impossible to detect any 
heating of the balun. 

Bear in mind that the balun would only 
be needed if balanced-line operation were 
desired, For coax-to-coax or random-wire 
feed, the balun can be omitted. 


Construction Information 


A look at Fig. 46, at A, will how that the 
circuit is a very simple one. The input line 
from the transmitter is connected to the 
rotor of Cl, a split-stator capacitor. This 
‘means that the capacitor must be insulated 
from the chassis, using standoff pillars, and 
from the pane! by means of an insulated 
shaft coupler. The same is true for C2. In 
the KW unit shown, we have installed a 
power bridge. Construction details are not 
given here for the bridge because such a 
‘unit was described in detail in Q57°. Also, 
many amateurs already have a Mori 
match* or some other type of SWR 
indicator. An SWR bridge or matching 
indicator is needed in the 50-ohm line 
between the rig and the Transmatch to 
show when the Transmatch is correctly 
adjusted. 

Layout of the components should follow 
the same arrangement shown in the 
photographs — CI at the input side, the 
roller inductor at the center, and then C2. If 
a balun is going to be installed, allow 
enough room behind the roller coil for 
mounting the balun. In the two units 
shown, the cabinets are made up from 
aluminum sheet stock. If desired, a 
commercial chassis and cabinet can’ be 
used. In the low-power Transmatch, leave 
at least 1/2-inch (13 mm) spacing between 
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Fig, 47 — AL A, dotalis for padding a tow-value 
‘variable for C1 by installing & second variable, 
3: the same valve a9 tho low-powor unit C2. In 
the ease of tuning 160 meters, using an inductor 
‘of 28 wt for Li, and 250 pF per section for Ci 
1 fixed capacitor of 100 pF ean be used at C3, 
Gentralad type @50-T00N, oF similar At 8 

Getals for connecting the Biflar windings on 

the balun are given. The ungrounded loads @ 
fand'b are connocted 103 and Je, the 
feedthrough ineuletor terminals. 


the edges of the capacitors and any part of 
the chassis and cabinet. Allow I-inch (25 
mm) spacing in the kW unit. 


Balun Details 

For the low-power Transmatch, a single 
toroid core will more than handle the 
power. Incidentally, the low-power unit 
‘was tested under all conditions at about 
100 watts through the Transmatch. The 


[A the roar of the roller inductor Is the 1 balun. The balun is set on top of « standott insulator and 


{shold in place with a 
fear walls the 16>-et 


face of insulated board and 
{capacitors and incuctor 


rev. The fixed capacitor mounted on t 
fe mountod on Tineh (25 


‘This isthe low-power Transmatch, The salvaged 
roller iuctor is mountes on the front panel. 
making use ofthe original mounting brackets 


Here is an inside view of the Utimate 
Transmateh as bull by Al LaPlaca, K2DDK, who 
ame up the idea of Using the roi inductor. 
‘The installation on top the right-hand eapactior 
Is the homemade 160-mater Switch anc fixed 
loading capacitor. 


power-handling capabilities of the units 
depend primarily on the plate spacing used 
for Cl and C2, aside from the balun 
requirements mentioned earlier. At the 
100-watt level, 2 plate spacing of 0.03 inch 
(0.8 mm) is adequate. A 0.045-inch (I mm) 
spacing should handle 500 watts. Inthe kW. 
unit shown, C1 has a 0,077-inch (2 mm) 
spacing. While a 0.077-inch spacing 
capacitor wasn't tried at C2, such plate 
spacing should work at the kW level 

In making the low-power balun, wind 
two layers of Scotch brand electrical tape 
around the core before putting on the Wi 
This will provide extra insulation, and will 
protect the edges ofthe wire to prevent the 
enamel from being scraped away. Fig, 47, 
at B, shows a sketch of the winding. The 
winding consists of 10 biflarturns of no. 14 
Formvar insulated wire. Connected as 
shown, this wll provide 1:4, unbalanced- 
to-balanced configuration 

Three cores are needed in the high-power 
balun. Each core is covered with two layers 
‘of 3-M type 27 plasscloth insulating tape. 
Next, the three cores are stacked, then 
covered with two more layers ofthe tape. 
‘The winding consists of 15 bifilar turns of 
either no. 12 or 14 insulated wire. The 
insulation should have a minimum rating 
‘of 1000 volts and can be either Teflon or 
vinyknylon (or any other suitable covering 


with a minimum voltage rating of 1000 
volts). 

In making the low-power Transmatch, a 
roller coil from a junked 40-meter ARC-5 
transmitter was salvaged and installed in 
the unit, Many amateurs know other hams 
who have old ARC-5 gear, and these units 
are a good source for the roller coils. 
However, some hams may not be able to 
locate used ARC-5 transmitters, so we 
have included some information on 
sources of surplus and new roller induc- 
tors. There may be surplus outlets in your, 
area worth investigating. Look for a roller 
coil that has a minimum inductance of 10 
tH when used with Cl having a value of 
200 pF per section. Such a combination 
will cover a low frequency of 3500 kHz. In 
the unit shown, in addition to the ARC-5 
roller, we used a value of 100 pF per section 
for Cl and padded that capacitor with 
another of 200 pF (single section) in order 
to provide the required coverage. This 
‘added capacitor is shown in Fig. 47 at A. 
By using this approach, it is sometimes 
easier to save money then when trying to 
locate a 200-pF-per-section variable for 
CI. (Incidentally, you can use a variable at 
CI of more than 200 pF per section for 
good coverage with the roller inductance 
specified above.) 

‘An even better approach to get the 
required capacitance for Cl, because it is 
better to maintain the symmetry of the 
circuit asshownin Fig, 46at A, would beto 
gang two 200-pF variables to make up your 
own splitstator capacitor, with the desired 
plate spacing. (There may besome around, 
bbut we couldn't find any manufactured 
split-stator with the required plate spacing 
and capacitance). Still another approach 
would be to clip fixed transmitting-type 
‘mica capacitors across each section of Cl 
to obtain the required capacitance for use 
fon 160 and 80. 


nding the Parts 
‘As most hams are finding out, it is 
becoming more and more difficult to buy, 
or find, components for construction 
projects. Some searching was done, and 
the following information is worth passing 
on, Barry Electronics of New York City 
has informed us that they will fill any 
‘order for any amateur component at the 
manufacturer's current amateur net price. 
The parts specified in Fig. 46 are currently 
manufactured items. Also, Fair Radio 
Sales in Lima, OH has some surplus oller 
inductors and counter dials in stock. The 
roller-inductor catalog number is 5950- 
199-6469, and the counter dial is listed as 
RT-45, Also, Millen components can be 
purchased directly from G. R. Whitehouse, 
“Araherst, NH 03031. 


Using the Transmatch 

‘One of the first considerations in using a 
setup for “coax-to-coax” is exactly how 
much, or how high an SWR can be 
tolerated. As has been pointed out, this 
Transmateh will handle any mismatch on 
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the line. Without getting into a lot of 
details, a few observations about coaxial 
lines are in order. First, the higher the 
'SWR, the greater the losses in coaxial lines, 
‘The amount of losses depends on the line 
construction and the frequency at which 
the line is used — the lower the frequency, 
the less will be the losses. For example, 
RG-8/U has a loss per 100 feet (30.48 m) of 
line of only 0.33 -dB at 3.5 MHz with an 
SWR of I (a matched condition). At 28 
MHz, this same line would have a loss of 
slightly less than 1 dB. However, as the 
SWR rises, so do the losses. With an SWR 
of 10:1, for example, the additional losses 
at 3.5 MHz would amount to about 0.6 4B, 
fr an overall loss of about 1 dB. For the 
same SWR at 28 MHz, the losses would be 
about 2.5 dB, or a total loss of about 3.5 
4B. Since a loss of 3 dB would mean half of, 
the ouput power from the rig would be 
dissipated in 100 feet (30.48 m) of line, one 
could easily tolerate the condition at 80 
meters, but the losses would be prohibitive 
at 28 MHz. This means that the amateur 
would be wise to keep the match at the 
antenna feed point as close to 50 ohms as 
possible, and thereby keep the SWR low. 

With trap or multiple dipoles, the SWR 
should be less than 5 to 1; the Transmateh 
would be ideal. Keep in mind that you must 
providea load fora transceiver or amplifier 
that is close to 50 ohms. The Transmatch 
will provide a means. 

In a coax-to-coax system, set both Cl 
and C2 at maximum capacitance (plates 
fully meshed), then feed enough power 
through the Transmatch to get a full-scale 
forward reading on your SWR indicator. It 

always important to use low power when 
adjusting a Transmatch. Next, switch the 
SWR bridge to read reflected power, then 
run the roller inductor slowly through its 
range. At some point you will notice a 
sharp dip in the reflected-power reading. 
‘Once this point is reached you should 
adjust Cl and C2, with possibly a slight 
adjustment of the roller coil, to geta perfect 
match. Power can then be increased to the 
desired level. You'll find that several 
\ifferent settings of the Transmatch may 
provide a perfect match. The one to shoot 
for is the condition that requires the most 
capacitance at Cl and C2 for a matched 
condition. 

If a random-length, end-fed antenna is 
used, merely connect the end of the 
antenna to terminal J3, Fig. 46B, and go 
through the adjustment procedures out- 
lined above. It is helpful to have an earth 
ground connection on the Transmatch. 
Also, if possible, use an antenna length that 
comes out to a quarter wavelength, or odd 
multiple thereof. Such an antenna will be 
of low impedance, and will reduce the 
chances of high rf voltages appearing on 
the Transmatch or associated equipment. 

If balanced feeders are used, the feeders 
should be connected to terminals J4 and JS 
with a short jumper connected between’ 
terminals J3 and J4. Again, the previously 
discussed tune-up and adjustment proce- 
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dures should be followed in setting up the 
Transmateh, 


Some Other Thoughts 

Some amateurs might be concerned 
about the amount of voltage that can be 
developed in a mismatched coaxial line. In 
a matched condition, with 1000 watts in a 
50-ohim line, the rf voltage would be about 
220 volts, With a standing-wave ratio or 


20:1 (1), the increase in voltage would be 
4-1/2 times, or approximately 990 volts. 
This however, is well within the rating of 
the RG-8/U cable. 

This Transmatch should satisfy the 
needs of those hams who desire a multi- 
‘band unit without switches or plug-in coils, 
Once the settings for the controls are 
determined, a chart can be made up for any 
given istallation. Band changing is then 


Build a Baby Ultimate 


quickly done, This material was originally 
presented in QST by Lewis G. McCoy, 
WIICP. 


Retrenss 

"The Sb-Ohmer Transmit,” Q87; July 196. 

{Editor's Note: Hower, tke operation woald be 
‘continuous (oy mang of tose ongewinde 

iin RF Power Moerig” 7; Disember 1962 

(Ges chapter) 

Understanding Amateur Raa, 9.208. 


Got a match? Not a classic “match,” but one between the antenna and your 
QRP rig may be what you need. If so, this article is for you 


Transmatch during & QRP junket to a 
favorite lake, campsite or other distant 
location. The entire point of QRP opera- 
tion is negated when the low-powerstation 
can be held on the palm of one’s hand, but 
the accessory gear needs to be transported 
by hand truck to the car, airport or 
whatever! Operators who prefer to use @ 
random-length wire antenna for field work 
will require a matching network between 
the 50-ohm transmitter output and the end 
of the antenna, whose characteristic 
impedance can be anything from a few 
‘ohims to a couple of thousand. For low- 
power work (25 watts orless)it doesn't take 
a big Transmatch to do the job, and some 
novel ideas can be applied to make the 
matcher cover 80 through 10 meters 
without a roller inductor or messy tapped- 
coil switching arrangement. This article 
shows some tricks that can be applied to 
‘meet that goal. 

The heart ofthe Baby Transmatch is the 
half-toroid variable inductor. Itis the by- 
product of a few “skull sessions” between 
‘Andy Pfieffer, KIKLO, and the writer 
Both amateurs are QRP “freaks,” and 
finding the proper mechanical technique 
for building a miniature panel-operated 
variable inductor of reasonable inductance 
range was challenging and productive, The 
machine-shop skill and impagination of 
KIKLO can be realized when viewing the 
‘accompanying close-up photograph. Early 
efforts along this line provided aslider type 
of fulltoroid variable inductor (rheostat 
style), and dismal results were had: the 
inductor Q was very low, approximately 5, 
as a result of the shorted-turn syndrome. 
Finally, a powdered-iron Toroid core of 
QI material, I-inch (25mm) diameter, with 
3/16 by 3/ 16-inch (Smm by Smm) walls, 
‘was sawed in half and cemented toa plastic 
arm, The arm was glued to the shaft of the 
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Extrior view of the Baby Ultimate. Dymo tape 
labels ara used ta iden the controle. 


control so that it would enable the operator 
to change the coil inductance by moving 
the semicircular toroid section in and out 
of the coil 

The coil in this unit was air wound, then 
cemented to a semicircular piece of plastic 
which is affixed to a plastic disk of I-1/2- 
inch (38 mm) diameter. The overall coil- 
and-plastic assembly is glued to the 3/8- 
inch (10 mm) bushing and 1/4-inch (6 mm) 
diameter control shaft. Although all of the 
metal work was done from scratch on a 
lathe, an old volume control or rheostat 
bushing and shaft can be modified to 
perform the function required. All that's 
needed here is some amateur ingenuity! 
‘The tuning range of the variable inductors, 
3 to 9 ul, and the unloaded Q was 
‘measured as 150 at 7.9 MHz. 

It is reasonable to conclude that the 
KIKLO “giz,” as he cals it, could be made 
to cover a greater inductance range by 
making the coil biggerin ID and cementing 
both halves of the toroid core together — 


laterir view ofthe matcher showing the KIKLO 
variable induetor (lowe conter) 


‘one atop the other — to provide greater 
permeability overall. Ferrite material is 
unsuitable for this component because of 
the hardness of ferrite, Without special 
cutting tools the latter will resist all efforts 
to saw through it. One-half of an Amidon 
L-KW  balun-kit, powdered-iron toroid 
should be excellent for larger units of this 
kind, 


Other Circuit Features 


As is shown in Fig. 48A, SI is used to 
switch an additional variable inductor (L1) 
in parallel with the KIKLO unit, L2. This 
provides a lower minimum-inductance 
amount for operaion on 15 and 10 meters, 

Fig. 48B illustrates some variations 
which will extend the Transmatch range 
down to 80 meters. The model shown 
photographically was designed for 40 
through 10 meters. In the second example, 
‘2 and L3 have been added to increase the 
total inductance to permit 80-meter 
‘matching. Also, CI has been changed to a 


Field service engineers use gas-powered irons for working on repairs where there 
may be no power available, or where a joint is tricky to reach with a normal electric iron, 
so they are really for occasional “on the spot” use, rather than for mainstream construction 
or assembly work. I use one when I just need to do a quick repair and can’t be bothered 
getting the electric soldering iron going! 


Gas irons can have higher power equivalents than electric ones (eg 125 watts or 
more) but some gas-powered irons are nothing more than miniaturised blowtorches, which 
may or may not be useful for occasional heavier duty soldering. In the author’s experience 
they can be difficult to use in confined areas. Extreme ce needed at all times to ensure 
hot gas emitted from the irons exhaust port doesn t damage nearby materials, plastics or 
wiring. Gas irons can have useful accessories to convert them into e.g. a hot knife for 
sealing nylon rope, or a hot-air blower for use with heatshrink tubing. Almost every 
electronics constructor uses an electric-powered iron though. 


A solder gun is a pistol-shaped iron, typically running at 100W or more, and is 
completely unsuitable for soldering modern electronic components: they’re too hot, heavy 
and unwieldy for micro-electronics use, nor are they designed for that. Plumbing or DIY, 
maybe..! 


% A heat resistant soldering iron stand with cleaning sponge. (Antex) 


Soldering irons are best used along with a heat-resistant bench stand, where the 
hot iron can be safely stored in between use (photo). It is extremely important that a hot 
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Fig. 48 — The diagram at A is forthe 40- 

through 10-meter Transmatch. At B, 2 

suggested cireuit for coverage from &0 through 

WO meters 

C1" Duateeation air variable (Miler 2109, 
‘4. W. Milter Go, 18970 Reyes Ave, Compton, 
‘GA 80224). Soe txt 

62 — Caleclra or Archer single-section 
miniature 965-pF variable. 

41.38, nel — Phono jack 

Li —a.t-to 48 slug-tuned inductor (Miler 
44804 with rod core) 

Lo see text Contains 32 turns of no. 22 
‘enem, wire, ait wound, 7/16nch (11 mm) OD. 

5.510 84H slugetuned inductor (Miler 
“4508 with ced care) 
81, $2 — Spat slide or toggle slic 


two-section 365-pF, be-style variable, also 
for the same reason. A dual 365-pF 
capacitor can be used for the circuit at A, 
but the tuning rate will be much sharper 
than with the unit specified. 


‘Three phono jacks are used for external 
connections. The first photograph shows @ 
pair of clip leads which have been soldered 
to two phono plugs. These are used for 
making connections to a single-wire 
antenna and ground. 

‘The slug screw of LI protrudes from the 
top panel of the small plastic meter case. 
‘This feature enables the operator to have 
additional control of the overall induct 
lance amount during operation on 15 or 10 
‘meters. All internal ground connections 
are brought to a common point — J3, 
which has both of its terminals joined. 

‘The “Ultimate” design is based on one 
which was popularized by WIICP when he 
described in QST a I-kW version of the 
circuit. The network will match a wide 
range of impedances, but it should be 
pointed out that this circuit is not capable 
of providing much (if any) harmonic. 
attenuation, Examination of the 
will show that the network is basi 
high-pass type. 


ing the Transmatch 

‘A L-1/2 X 23/4 X duinch (38 mm X 70 
mim X 102 mm) plastic meter style of caseis 
used to house the Transmatch. The box 
used by the writer was made by RCA as an 
enclosure for a 9-volt regulated power- 
supply kit. Similar boxes are available at 
Radio Shack and other parts stores, but 
most have a metal cover. If the latter are 
used, it will be necessary for the builder to 
isolate the rotors of Cl and C2 from the 
metal plate, Adhesive-backed plastic fect 
are affixed to the bottom of the case. They 
will keep it from moving about on the 
operating table. 
Using the Transmatch 

‘When matching the 50-ohm transmitter 
to a given antenna (fed with coaxial line or 
single wire in nature), an SWR indicator 
will be necessary between the transmitter 
and the Transmiatch.? Cl, C2 and L2 are 
adjusted one at a time for the lowest 
reflected-power reading on the meter. 
There will he interaction between the 
controls, so it will be necessary to go over 
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them several times to effect an SWR of I. 

Some difficulty may be encountered 
while working with a voltege-fed (high 
impedance) wire antenna. The symptom is 
one of hand capacitanceaffecting the SWR 
reading, In such instances the tune-and-try 
‘method will be required, moving the hands 
away from the box after each adjustment. 
For this reason the builder may wish to 
house the circuit in a metal box and use 

sulating shaft couplings on Cl, C2 and 
L2. Of course, this will make the unit 
somewhat larger. 

“The writer used this Transmatch fortwo 
weeks in October 1975 while on a QRP 
sortie to Barbados (8PSEU). Maximum 
Power used was 20 watts output, and 
‘minimum power was 2 watts ouput, The 
40-, 20-and 15-meter bands were used, and 
all manner of antennas (end fed and 
coaxially fed) were employed. In all cases 
the SWR could be set fora :1 condition. 
Insertion Joss through the Transmatch was 
measured at 14 MHz while delivering 20 
‘watts to a test dummy load. The loss was 
approximately 0.1 dB at a matched 
condition. No heating of the components 
was noted. 

‘One final word isin order. Always use 
the maximum possible amount of capaci- 
tance at C2 when adjusting the Transmatch 
for an SWR of 1. There can be several 
settings of Cl, C2 and L2 which will 
provide a mateb, Best efficiency will always 
‘occur with maximum usable C at C2, and 
this is true ofall vaziations ofthe Ultimate 
Transmatch. 

Ifyou'zea QRP enthusiast, this matcher 
should be part of your setup when 50-ohm 
antennas aren't used. It is lightweight, 
smal of size, and can be tucked away in the 
XYL's handbag when enroute, if need be! 
This materiel was originally presented in 
QST by Doug DeMaw, WIFB. 
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Simple Broadband Matching Networks 


This article gives complete details on constructing broadband matching 
6:1, 9:1 and 16:1 


transformers for ratios of 4: 


verticals require some 60 feet (18.29 m) on 
mit iad 


Broadband Matching Transformers 


Broadband transformers have been 
widely used because of their inherent 
‘bandwidth ratios (as high as 20,000:!) from 
a few tens of kilohertz to over a thousand 
‘megahertz. This is possible because of the 
transmission-line nature of the windings. 
‘The interwinding capacitance is a compo- 
nent of the characteristic impedance and 
therefore, unlike the conventional trans- 
former, forms no resonances which s 
ously limit the bandwidth.) At low 
frequencies, where interwinding capaci- 
tances can be neglected, these transformers 
are similar in operation to the conventional 
transformer. The main difference (and a 
very important one from a power stand- 
point) is that the windings tend to cancel 
out the induced flux in the core, Thus, 
high-permeability ferrite cores, which are 
not only highly nonlinear but also suffer 
serious damage even at flux levels as low as, 
200 to 500 gauss, can be used. This greatly 
extends the low-frequency range of per- 
formance. Since higher permeability also 
permits fewer turns at the lower frequen- 
cies, high-frequency performance is also 
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Connie, W2FMI's better hal, is making use of 
the shade under Jerry's 40-meter umbrel 

antonna. I's hoped that Jerry warns her about 
touching the antenna whon he is running high 


improved since the upper cutoff is deter- 
mined mainly from transmission-line 
considerations. At the high-frequency 
cutoff, the effect of the core is negligible. 

‘The applications of broadband trans- 
formers to antennas and broadband 
circuits have been covered by a number of 
authors.‘ This paper extends the applica- 
tion of these transformers to include the 
operation of short ground-mounted verti- 
cal antennas with impedances as low as 3to 
4 ohms. Further design considerations 
illustrate variable matches to vertical 
antennas having impedances even greater 
than 35 ohms. 

Bifilar matching transformers or ground- 
mounted verticals lend themselves to 
unbalanced operation. That is, both input 
and output terminals can have a common 
ground connection. This eliminates the 
third magnetizing winding required in 
balanced-to-unbalanced (balun) opera- 
tion. By adding third and fourth windings, 
as well as tapping windings at appropriate 
points, various combinations of broad- 
band matching can be obtained. Fig. 49 
shows a 4:1 unbalanced-to-balanced 
configuration. This transformer can be 
used with verticals of 12.5 or 200 ohms 
when using 50-ohm cable. No. 14 wire can 
bbe used and it will easily handle 1000 watts 


of power. By tapping at points 1/4, 1/2and 
3/4 of the way along the top winding, ratios 
of approximately 1.5:1, 2:1, and 3:1 can 
also be obtained. It should be noted that 
one of the wires was covered with vinyl 
electrical tape in order to prevent voltage 
breakdown between the windings. This was 
necessary when a step-up ratio was used at 
high power to match antennas with 
impedances greater than 50 ohms. 

Fig. 50 shows a transformer with four 
windings, permitting wide-band matching 
ratios as high as 16:1. A picture shows a 
four-winding transformer with taps at 41, 
6:1, 9:1 and 16:1. In tracing the current flow 
in the windings when using the 16:1 tap, 
fone sees that the top three windings carry 
the same current, The bottom winding, in 
order to maintain the proper potentials, 
sustains a current three times greater. The 
bottom current cancels out the core flux 
due to the other three windings. If this 
transformer is used to match into low 
impedances, like 3 to 4 ohms, the currentin 
the bottom winding can be as high as 15 
amperes if the high side of the transformer 
is fed with 50-ohm cable handling a 
Kilowatt of power. If one needs a 16:1 
match like this at high power, then 
cascading two 4:1 transformers is recom- 
‘mended. In this case, the transformer at the 
lowest impedance side only requires each 
winding to handle 7.5 A. Thus even no. 14 
‘wire would suffice in this application, 


‘A dewinding, wideband transformer {with front 
cover removed) with conngations made for 
matching vatos of 4:1. 6:, 9:3, and 16:1. The G1 
Fatlo is the top coaxial connector and, from lat 
{0 right, 161,81, and 47 are the others. Thore 

fe 10 (quadiifian) turns ot no. 14 enameled 
Wire on & 01, 26 inch (84 mm) ferit care 


Fig. 49 — Fourto-one broscband bite 
transtormer. Upper winding can be tapped at 
appropriate poinis to obtain other ratios such as 
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Fig. 69 — Fourswinding, broadtand, variable 
Impedance transformer, Connections. B and ¢ 
{can be placed at appropriate points to viele 
‘Various ratlos fom 1.51 10 1 
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Final design and bandwidth 
slic of a short 40-meter vertical having 
an input impedence of 35 ohms and utilizing @ 

cial beach umbrella. This antenna 
fetablehed its worth as 8 prototype Yor the 
Tower requencies, 


‘The popular cores used in these applica~ 
tions are 2.5 inch (64 mm) OD ferrites of 
QI and Q2 material and powdered iron 
cores,? of 2-inch (51 mm) OD. The 
permeabilities of these cores, 42, are 
nominally 125, 40 and 10, respectively. 
Powdered iron cores of permeabilities 8 
and 25 are also available. 

In all cases these cores can be made to 
operate over the 10- to 160-meter bands 
with full power capability and very low 
loss. The main difference in their design is 
that lower permeability cores require more 
turns at the lower frequencies. For 


example, QI material required 10 turns to 
cover the 160-meter band, Q2 required 12 
turns, and powdered iron (= 10) required 
14 turns. Since the more common pow- 
dered-iron core is generally smaller 
diameter and requires more turns because 
of lower permeability, higher ratios are 
sometimes difficult to obtain because of 


author's experimentation on these trans- 
formers was done on the 40-, 80-and 160- 
‘meter bands, the results indicated that they 
should operate on the higher bands equally 
well. When working with low impedance 
levels, unwanted parasitic inductances 
come into play, particularly on 14 MHz 
and above. In this case lead lengths should 
be kept to a minimum, 

‘All the results obtained by the author 
have shown that the transformers can be 
used to match a variety of loads and 
impedance ratios, they can be used over 
‘many bands, and that they exhibit neg 
ble loss in operation. More importantly, 
the core materials ae readily available and 
Jow in cost. 


A Short Vertical Antenna Design 

These transformers permit efficient 
matching to impedances as low as 3 to 4 
‘ohms. This means, with some top-hat 
loading, antennas could be 4to $ feet (1.22 
to 1.52 m) tall on 40, 8 to 10 feet (2.44 to 
3.05 m) on 80, and 160 20 feet (4.88 t0 6.10 
tm) on 160 meters. With the capability of 
tapping off any portion of the transformer 
windings, thus providing variable match- 
ing, the heights of these antennas can be 


Fig, 82 — The 60- and 160-meter dual-band 
voricalsystom. The remotely switched 
‘matching network is described in the text. Not 
‘Shown are thee 80% of polypropylene guy 
fopes at heights of about 9, 1B and 26 feat (2.74, 
5:49 and 7.92 m) 
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Fig. 53 — The remotely switched matching 
retwork for the 80- and 160-meter dual-band 
‘ercal antenna. The indicated switch postions 
12 for 160-meter operation. 
‘81 — Dpat antenna relay 
‘Ji — Coaxial connecter, chassis type, 
U— Load coi for 160 meters. 22-172 tums, no. 
14 wire on 4 cores of 
owdered-iron, pormeabi 
¥-200-2) 
Broadband transformer (see text 


ch ($1 mm) OD 
‘0 10 (Amidon 


increased at will depending upon the 
bandwidth desired. 

‘The first short vertical designed by the 
author was brought about by a trip to a 
local shopping center. The author saw a 
beach unbrella that had about the right 
proportions one would use in designing a 
short 40-meter vertical. The “antenna” was 
purchased (at a nominal price) and a 14- 
fturn coil, connected across an insulated 
section about three feet (0.91 m) from the 
ground, was used to tune the vertical to 
resonance. The measured input impedance 
was 3.5 ohms and was matched easily to 50- 
1D. line with a 16:1 transformer. Fig, 51 
shows the final design and the bandwidth 
‘characteristic. Several months of operation 
‘on 40 meters. verified the outstanding 
capability of this short vertical antenna 
(with an extensive radial system) and 
established its worth as a prototype for the 
lower frequencies. A further study showed 
that the 6-foot (1.83 m) diameter top- 
section was about the equivalent of a 4-1/2- 
foot (1.37 m) diameter solid disk. 


‘A Dual-Band 160- and 80-Meter System 

‘The antenna shown in Fig. 52 is a dual- 
band design using a remotely switched 
matching network (sce photograph) which 
not only changed a tap on a broadband 
transformer from 4:1 to 9:1, but also 
introduced a powdered-iron base-loading 
oil for 160-meter operation. 

The circuit diagram for the remote 
matching network is shown in Fig, 53. The 
loading coil was made with four powdered 
iron (x = 10, 2inch [51 mm] OD) cores. 
‘They were first wrapped individually with 
several layers of vinyl electrical tape before 
being combined and wrapped again. The 
necessary inductance was obtained with 
2-1/2 turns. A slight adjustment of the 
loading coil and the height ofthe antenna 
was found necessary in order to put the 
‘minimum SWR at 1812 kHz, In general, a 
Foot (0.31 m) change in height of the 
‘antenna changes the 80-meter resonance by 
(60 kHfz and the 160-meter resonance by 15 
kHz, A change of 1/2 turn on the 
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Bottom view of the matching network for tholdual- 
‘band 80: and 160-mater vertical. The leading coll, 
fon the right andthe trifle 4:1 and 9 matehing 
lwansformer on th oft The dpat 2¢-velt antenna, 
‘olay switches in or ut tho loading and 
{changes the taps on tho ansformer tothe 
“npropriate ratio, The enclosure sine 
‘conventional 4%'5X 6-nch (102 mm X 127 mm X 
152mm) aluminum Minibox 


‘The broadband bila transformer shown has 12 
bitlar turns, no. 14 wir, on a fete (QT 
material, 25 inch [64 mm] OD) core. Taps are 
‘also placed at 3,6, nd 8 turs, hus yitaing 
fallos of 15:1, 2:1, 3:1 ang 41. This vanslormer 
has a connection at tne 151 ratio tap. Extra 
Insulation was provided for the enameled wre 
inorder to prevent voltage breskdown when 
‘matching into loads greater than 50 ohms. 


An RF-Sensed 


Flick of the switch, sir? Not 


Osea waa 
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powdered-iron core coil changes the 160- 
meter resonance by about 50 kHz. It 
should be noted that the windings had 
extra insulation (about one layer of vinyl 
tape) added on the inside part of the 
windings in order to prevent breakdown 
between them. 

Low-permeability ferrite material Q2 (1 
= 40, but still four times larger than the 
powdered iron material) was also investi 
gated for use as a core for a 160-meter 
Toading inductance. It was hoped that with 
several stacked cores of this material, the 
flux density would be reduced to a ievel 
where nonlinearities and permanent 
Gamage could be avoided. Two cores and 
about 10 turnsof wire were used. The result 
was negative. Large changes in inductance 
were noted on voice peaks by the sudden 
large changes in the SWR. Also, small but 
permanent changes in the SWR were 
observed, indicating permanent damage. 
In contrast to ferrite, powdered iron 
smaintains its linearity at high flux densities 
and suffers no permanent damage. As 
noted above, four cores of permeability 10, 
and 22-1/2 turns, provided the proper 
inductance (approx. 30 1H). The loss in 
this coil was about equal to the air-wound 
coil (33 turns, 6 tp, no. 12 wire, 2-1/2-inch 
{64 mm] OD). Two stacked powdered-iron 
cores of permeability 25 were also investi- 
gated. This arrangement required about 17 
turns, but was rejected because the loss, 
Which was mainly in the two cores, went up 
to 3 ohms. This is certainly intolerable 
since its of the order of magnitude of the 
radiation resistance of the very short 
vertical 


Concluding Remarks 

‘The predominant characteristic of the 
short antenna is probably its very low value 
of radiation resistance. One must be careful 
of excessive ground and ohmic losses in 
coils and matching networks. A good 
image plane can eliminate the ground-loss 
factor. The application of a top hat eases 


the problem somewhat because it increases 
the effective length and thus the radiation 
resistance, The radiation resistance can be 
increased five-fold® by resorting to com- 
plete top-hat loading ofa vertical. Combin- 
ations of top-hat and inductive loading can 
be used depending upontthe radiator height 
and the bandwidth desired. One can also 
resort to a short folded unipole. With these 
combinations at his disposal, the designer 
is left with the problem of efficiently 
matching his transmission line to various 
‘impedance levels. The wide-band transmis 
sion-line transformer can provide the 
answer. It is capable of operating very 
efficiently over a wide range of impedances 
and impedance ratios. 

‘The author would like to acknowledge 
the generosity of the following companies 
‘who supplied cores and information forthe 
experiments: Indiana General Corp., 
Amidon Associates, and the Arnold 
Engineering Co. 

Finally, the author would like to thank 
his colleague Mort Fagen, WA2EIT, for 
his encouragement and discussions of the 
antenna papers the author has written. 
This material was originally presented in 
QST by Jerry Sevick, W2FMI. 
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Antenna Changeover Relay 


with this system — it's automatic! 


used, one for the transmitter and one for 
the receiver. This system is impractical for 
the most part since duplicate antennas 
would be required for each band of 
operation. There are instances, however, 
when separate antennas with different 
directive patterns can be used to an 
advantage, as in the case of specialized 
receiving. antennas. Generally speaking, 
most stations use the same antenna for 


transmit and receiver purposes, so this is 
more the exception than the rule. 

Several antenna-changeover systems, 
designed to transfer a single antenna from 
the receiver to the transmitter, areshown in 
Fig. 54. At A, a manual switch is used to 
transfer the ‘antenna connection. This 
scheme is simple and works well, but is not 

ithout several drawbacks, Good-quality, 
high-power rf switches are often costly and 


hard to locate and, of course, the operator 
is required to switch manually from receive 
to transmit. 

One of these problems was eliminated 
with the advent of the coaxial relay. These 
relays were, in most cases, mounted 
external to the transmitter and receiver 
with connecting cables running to and 
from the unit, as shown in Fig, 54B. Many 
of these relays were rated fora kilowatt a-m 
signal, and maintained the 50-ohm Tine 
impedance. The voltage needed for the 
relay field was switched on or off with a 
low-powered togele or foot switch. Alter- 
natively, the transmit-receive switch might 
be located on the front panel of the 
transmitter with control voltage or a 
normally open or closed circuit available at 
a socket on the rear apron. Several extra 
sets of relay contacts were usually fur- 
nished with the relay to perform various 
functions, including that of muting the 
station receiver during transmit periods 
Although this system of antenna transfer 
represented an improvement over the 
previous setup, it was still necessary for the 
operator to switch the antenna manually 
via the relay-control switch 

It's been said that laziness is the mother 
of invention and so it seemed natural that a 
more automatic system be developed. The 
felatively modern scheme at Fig. 54C has 
the transfer relay built into the transmitter. 
This system is quite popular and is used by 
most commercial manufacturers of ama- 
teur equipment that offer a separate 
transmitter and receiver. When the key is 
pressed the relay activates automatically 
and switches the antenna to the transmit- 
ter. A variable-length delay is usually 
included to hold the relay closed, thereby 
keeping the antenna connected to the 
transmitter during code characters. After 
the last group of code charactersis sent, the 
relay will remain closed for asecond or two 
— the amount of time controllable. When 
the relay deactivates, the antenna is 
reconnected to the receiver. 

Unfortunately, some amateurs who 
build their own equipment or purchase 
transmitters and receivers of different 
‘manufacture, sometimes resort to switch 
ing methods A or B. These setups, of 
‘course, do not include the automatic 
features of system C. The circuit described 
here and shown in simplified form in Fig, 
‘54D was designed with this in mind, 
Basically, this system detects the presence 
of rf at the output of the transmitter and 
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ner layout ofthe antenna-changeover relay. Wiring or pl 
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Fig. 54 


immediately breaks the antenna connec- 
tion to the receiver. At the same time the 
antenna connection to the transmitter is 
made. One of the features of this system is 
that no modifications to either the trans- 
mitter or receiver are required. 


Circuit Description 

RI of Fig. 55 serves as an rf-voltage 
divider to permit the circuit to be used with 
transmitters of various power-output, 
amounts, RF energy is routed through Cl 
to the base of broadband amplifier QI. The 
amplified hf-band energy is supplied to a 
Voltage-doubler (DI and D2) through a 
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broadband toroidal step-down transform- 
er, T1, The rectified rf voltage at the output 
of DI and D2is filtered by means of RFC2, 
(C5 and C6. This prevents unwanted rf from 
reaching Ul and affecting its performance. 

C6, R7 and R6 comprise a timing 
network (variable) which governs the hold- 
in time of the relay, K1. The smaller the 
resistance amount at R6, the shorter will be 
the time delay. 

UL functions as an inverting amplifier. 
When the input de voltage at pin 2 
increases, the output dc voltage at pin 6 
decreases. The output voltage causes the 
base of relay driver Q2 to be forward biased 
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level. Without the diodes, Q2 would 
conduct sufficiently to prevent the relay 
from dropping out during no-signal 
periods. D4 is used to suppress transients 


negatively when it drops below approxi- 
mately 1.4 volts, Diodes DS and D6, by 
virtue of their combined barrier voltages 
(0.7 V each), establish the 1.4-V fixed bias 
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‘VALUES OF CAPACITANCE ARE 
INE Ih MeOPARADS (Of 3.27; 
FESSTANGES AE IN OMS; 
1000, §W=t000000 
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Fig. 85 — Schematic diagram of the r-sensed antenna-changsover relay. All esistors are hall-wat 
Composition yp. Capacitor are disi-csramic uniese nated ciherwise, Component numbers no! 
"appearing in the parts Ist are for idanitiication purposes only 

Sid Connector, SO-290, ‘enam, wire on an Amidon FT-50-49 core 
438'— Connector, shono-typs. TH "Broadband tanstormer. Primary: 25 

ict — Opet relay, Sampere contacts, 12-volt field," turns no. 20 enam. wire on an Aman 

Ri — Linear potentiometer, 6000 ohm. FT-50-43 core; secondary. § turns no. 28 
R2 — Linear potentiometer, 25 magotms. ‘enam, sre wound over primary winding 
FCI, AFC2— At choke, 42 turne no. 28 Ut Op amp. 741 
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Indicates the eatnods of a diode, 
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caused by the field coil of K1. When no 
rectified reaches Ul, Q2iscut off because 
of the high positive base voltage it receives 
from Ul, and the relay contacts to the 
transmitter are open. 


Construction 


In Fig. 56 is a suggested printed-circuit 
board layout showing the foil pattern and 
parts placement. R1 and R6 may be circuit- 
board-mounted potentiometers if the 
builder desires, as the board layout was 
designed to accommodate such units. 
Potentiometers of this type are entirely 
suitable if the builder does not anticipate 
frequent changes in power levels and length 
of delay, as these controls must be 
readjusted for such changes, If the builder 
is interested in having access to these 
controls, panel-mounted potentiometers 
can be used at the front apron, in which 
case wires will have to be run from the 
circuit board to the controls. 

Our finished model was housed ina 5X3 
X inch (127 mm Xx 76 mm X 51 mm) 
aluminum Minibox, RI and R6 were 
mounted on the front panel and Kurz- 
Kasch knobs were placed on the control 
shafts to dress up the appearance of the 
finished product. D4 is attached directly to 
the relay terminals, The rear panel 
supports the terminals for the transmitter, 
antenna, receiver antenna and power 
supply. $0-239 connectors were used for 
the transmitter and antenna connections, 
‘and a phono connector was employed for 
the receiver antenna. Any type of connec- 
tors may be substituted to match those 
used in the builder's station. The power- 
supply lead is brought out through a 
feedthrough capacitor. This type of 
feedthrough is not necessary; a. simple 
feedthrough insulator or wire could be 
used instead. In our case, the capacitorlead 
served as a convenient tie point during 
preliminary testing of the unit. 


Operation 

Connect the antenna, transmitter, 
receiver antenna lead and the power- 
supply connections to the appropriate 
terminals. Sct R6, the time-delay control, 
to its minimum delay position (cew) and 
the sensitivity control to its midrotation 
position. While keying the transmitter, 
decrease the setting of the sensitivity 
control to a point just above that where the 
transmitter no longer makes the relay 
energize. Once this has been set, it may be 
left in that position until a’ moderate 
‘change in power level has been made. The 
delay control should then be adjusted for 
the length of delay desired. The circuit 
shown has been tested from I.8 to 30 MHz 
and at de power input levels up to and 
including 1000 watts. This material was 
originally presented in QST by Doug 
DeMaw, WIFB, and Jay Rusgrove, 
WIVD. 


Measuring Antenna Gain with Amateur 


Methods 


Beat the cost of expensive test gear. Make your antenna measurements using 
this unique method! A VU meter, a handful of parts and this simple explanation 


are all you need 


written about the techniques used at vhf 
conferences to measure antenna gains, 
‘Two such articles in particular, by Clark! 
and Knadle,? suggest very good antenna- 
range procedures. Both describe tech- 
niques which, if properly applied, will 
produce accurate relative antenna-gain 
data (in decibels) for vhf-uhf antennas. 
However, these antenna range- 
measurement systems require equipment 
‘most amateurs lack —ratiometers, precise- 
ly calibrated attenuators, or at least 
specialized detectors and commercial 
grade audio or VSWR meters. Moreover, 
setting up a near-field antenna range is a 
tricky business in itself. One text? simply 
warns amateurs not to expect accurate 
antenna-gain measurements if they try it! 
The problem, of course, is that outdoor 
antenna ranges invite all sorts of error- 
causing reflections from various objects, 
not the least of them being the earth itsel. 


Ground reflections alone can completely 
invalidate the results on an otherwise good 
antenna range. At the 1973 West Coast 
VHF Conference, for instance, the author's 
8-clement quagi for 432 MHz4 was meas- 
ured at precisely the same gain as a well- 
built 15-element Yagi more than twice its 
size, despite the fact (established in other 
tests) that the bigger antenna had 2to 3. dB 
more actual gain! The problem was that, 
even with the sophisticated measuring 
equipment in use, ground reflections were 
distorting the results. The best “gain” 
indication came with both antennas within 
a few inches of the earth, and the smaller 
quagi with its lower Q didn't mind the 
detuning effects of the earth's proximity as 
‘much as the bigger and higher Q array. 
With results like that, wild claims are 
sometimes made for one vhf antenna or 
another. And the claims may be even 
wilder on the hf bands, where an amateur 
may well be told his signal is two of three S 


ins is compared by 
lament Vagh that nas 


‘The modiing Yagl delivers 3 a8 more gain than tne 


Convantional vereion, ut 2 dB lee than the quagh 
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units louder than another ham's signal 
when the actual gain difference between the 
two antennasis insignificant. The ham who 
“won " the comparison by several S units, 
of course, is likely to go away thinking his, 
antenna is 12 or 18 dB better than the other 
guy's, since S meters are supposed to show 
6-4B signal difference per S point. 


A Better Way 

‘This article describes a more reliableand 
valid way to estimate antenna gain, and 
without expensive or hard-to-find. test 
equipment. The technique requires only 
chis equipment: a cooperative nearby ham 
with a transmitter capable of generating a 
few watts of steady carrier, a receiver 
whose age can be turned off, an ordinary 
audio VU meter, and some antennas to 
‘measure. 

‘The technique is nothing more than a 
more rigorous application of the test 
procedure radio amateurs have always 
used when they asked for “comparison” 
signal reports. It takes advantage of the 
fact that audio VU meters, unlike meters, 
are calibrated directly and fairly accurately 
in decibels, with easy readout down to 
fractions of a dB, And with the age turned 
off, most receivers will closely reproduce 
cchanges in the signal input at the antenna 
terminals with corresponding changes in 
audio output until they are badly over- 
loaded, 

This means that a nearby amateur's 

signal transmitted at @ reasonably low 
power level can be used to compare the 
gain of various antennas by rapidly 
switching back and forth between them 
and averaging the results. 
‘The only trick isto usea “test signal” that 
coming from a point source — not a 
signal that is being reflected from sur- 
rounding objects. If your test antennas can 
“see” the signal source a few miles away 
and are well clear of nearby objects (and 
clear of the earth itsef, valid results should 
be attainable if the procedures below are 
followed. 

The author has spent many hours 
working with both local antenna ranges 
covering a few dozen wavelengths, and on- 
the-air signals from local stations. It is 
apparent that ground reflections and other 
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Fig, 67 — The audio VU-meter system for antenna gain measurements, 


Fig, 68 —This small box houses all the test 
‘equipment required for antenna gain moasure- 
Imanis using the technique described here. The 
front-pancl audio VU mer is calibrated directly 
In decibols, with readout possible to about 2 
{8 in the most expanded part ofthe scale. Not 
Wisible are the meter level potentiometer (on 
Fear), and small speaker which is mounted 
ownwars, 


such errorsourees are less serious problems 
when a steady, on-the-air carrier a few 
miles away — and not a local signal a few 
dozen wavelengths away — is the signal 


Test Procedures 
Here's how the procedure works at vit 

(at hf, its little more complicated because 

antennas are larger, as we'll see later: 

1) Build an audio VU metering circuit 
like the one shown in the photo and Fig. 57. 
All parts should be readily available 
anywhere that consumer electronics parts 
are sold. The speaker and meter-gain 
control are handy to have when the receiver 
itself is located some distance away from 
the antenna test site, but they aren't 
absolutely essential 

2) Get anearby amateur (perhaps oneto 
five miles away) to generatea steady carrier 
into an antenna of the same polarization as 
your test antennas. A small beam pointed 
toward your test site is much better than a 
dipole or groundplane antenna because itis 
less likely to invite reflection error. A beam 
pointed somewhere else is worst of all! 

3) Two of the antennas to be tested 
should be set up side by side, with identical 
lengths of feed line going to a coaxial relay 
or well-isolated switch. The two supporting 
poles should be high enough that the test 
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antennas are at least two wavelengths 
above ground (13 feet [3.96 m] or moreat 2 
meters) and clear of nearby obstructions. 
‘To minimize interaction between the two 
antennas, the two masts should also be at 
least one to two wavelengths apart and 
standing side by side in relation to the 
signal source. 

‘4) Make sure you can raise and lower 
your antennas and move them from side to 
Side by at least a full wavelength or so (81 
inches [2.06 m] at 2 meters) without the 
indicated signal varying more than about | 
4B. If you can't do that, you probably have 
reflection problems that will have to be 
solved before you can make valid readings, 


Fig, 59 — Horo 215 
petiogie Vag, using 


went long-boom qual for 82 MH? is compared to a 16-eloment 
lst procedure described inthis aticla. The two antennas both deliver 18 


If this is the case, try different sites until 
you do achieve nonspotty reception. 

5) Check the receiver age to be sure it is, 
off then rapidly switch between the two 
antennas and record the difference in 
decibels. Do it several times and calculate 
the average figure (the mean, for statisti- 
cians). 

6) Next reverse the two antennas. Put 
antenna no. 1 on mast no, 2and attachit to 
feed line no, 2. Move antenna no. 2 over to 
mast no. 1 and feed line no, 1. Do not 
eliminate this step and expect valid results 

Now run the test again. If there are more 
than very slight differences from the 
previous test, one antenna or the other is 
seeing some obstruction or reflection 
source. Your site isn’t clear enough for 
good results; try a different one. 

Since this test procedure requires only 
receiving, there is no reason not to perform 
it somewhere other than at home — 
anywhere that is clear of obstructions. Use 
a receiver or transceiver that runs on 
battery power, if necessary 

7) If you have followed steps one 
through six, you now have an accurate in- 
ication of the relative gain of your two 
antennas. Now you can make one of your 
antennas a “reference” antenna and 
compare any other antennas you or 


{88 gain over 2 aipote, decisively beter than any other 422-MHz antenna tested here. The antennes 
to be tested are set up side by side and fed with identical lengths of coax. The antennas should be 
at least two wavelengths above ground ang car of nearby obstructions. To minimize interaction 


betweoa tha two ant 
Stanging side bys 


ne, tho masts should also be at Toast one toto wavelength epar. and 
in relation tothe signal source. 


Fig. 60 — An ealie version ofthe ms 


ring systom in Fig. 87, with assoftéa cloments of v 


lengths and the yardstick used to make temporary placements on the boom. 


Fig, 61 — The technique used to design a now vat or unt antenna experimentally. The boom is 
‘shown with the fist few eloments already in place, and each adational element Is adjusted back 
land forth on the Boom unt a point of maximum indication of the VU meter is found. 


neighboring hams have against this 
reference 

So how do you determine how much 
gain your antennas have over a dipole? 
Some people would say, “Simple, makethe 
‘reference antenna a dipole.” But it may not 
be that easy, because dipoles are notorious 
for finding’ reflections that more direc- 
tional antennas can't “sec."" At vhf 
conference gain-measurement seminars, 
dipoles have sometimes shown as much as 
3 or 4 dB gain over a dipole! 

‘The best reference antenna is probably a 
small beam of known (or approximately 
known) gain, assuming you don't have the 


National Bureau of Standards type of 
reference antenna that professionals use 
for this purpose. A 3-element Yagi or a 2- 
clement quad built to handbook dimen- 
sions will usually deliver about 6 dB gain 
over a dipole at 2 meters, if the SWR is 
‘okay at the design frequency. 

‘Thus, if you find that a particular 8- 
element antenna consistently produces 4.5 
more dB on the VU meter than your little 
reference beam, you'll know you have an 
antenna with about 10.5 dB gain. You 
won't be exactly correct, but you'll beclose 
to the right figure. Conversely, if your 
bigger beam doesn't show much gain over 
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the small one, and there are no measure- 
‘ment errors of thesort just deseribed, you'll 
know for sure that somethingis wrong with 
the big antenna. 

Once you have established the integrity 
of your test site, you can even design your 
own antennas very accurately, using the 
audio VU-meter technique. To do that, set, 
up your reference antenna and begin 
designing your new antenna by putting an 
‘empty boom on the other pole. Now start 
with 2 or 3 elements, get a decent SWR and 
try adding more elements. 

‘As you add elements, you will be able to 
actually see where each new element 
“wants to be” onthe boom, and youcan see 
your new antenna gain over the reference 
antenna increase as you go along, Try all 
sorts of element lengths and spacings as 
you progress. 

‘Antenna design professionals call this 
process “perturbation” and they do it with 
sophisticated mathematics, but you can 
design antennas that work just as well as 
theirs on your own antenna range, once 
you master this technique. Then, if you do 
gotoa vhf conference with your best home- 
designed antennas, you'll know about how 
much gain they have before you enter the 
gain contest. And you'll never come away 
from such an event with an antenna that 
hhas “minus 3 dB gain!” Moreover, you'll 
know that your measurements, made 
Without any ofthe sophisticated equipment 
you saw at the vhf conference, are about as, 
accurate as anybody's. In fact, you may 
find your own measurements are more 
valid than the ones at the conference, 
especially if the antenna-gain figure jumps 
all over the place when you raise and lower 
it at the conference antenna range. 


HF Antenna Measurements 
So far, all ofthis has been devoted to va 
‘antenna-gain measurements. Many read- 
crs will say, “That's fine, but T want to 
‘measure the gain of my S-element 20-meter 
beam!” OF course, an audio VU meter and 
a receiver without age are a much better 
way than the notoriously inaccurate S 
meter to compare two dissimilar hE 
Antennas, The author has seen an S meter 
show three or four S units of signal 
Giference between two antennas that are 
really only 3 or 4d apart in gain. 
However, the only accurate way to 
calculate the gain of an antenna is to 
compate it to.a reference antenna at the 
Same height and then switch the two 
antennas to opposite masts to validate the 
data, That may be impractical at hf, but 
perhaps not as much s0 as it seems a ist. 
Most amateurs motivated enough to instal 
a S-lement beam on a crankup tower ean 
Probably find a way to temporarily setup 
fmaller beam (not a dipole) on a 20-f00t 
(6:10 m) mast above a roof. Then the two 
fantennas at identical heights can be 
compared on stable, line-of sight signals. 
“The results of this test can be invalidated 
by obstructions or even by other antennas 
mounted on the same tovier withthe test 
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antenna, but at least this will be more valid 
than a comparison against another hamn's 
readings, when the two locations and rigs 
may be entirely different. 

‘And ifyou can switch your test reference 
hf antennas to opposite masts, you can 
‘measure the actual gain of one over the 
other. One suggestion before you put that 
giant, long-boom array on the big tower: 
Put a little beam on the tower and an 
identical one on the rooftop mast and 
perform the audio VU-meter tests to see if 
the two antenna sites do seem to be 
identical. If they are comparable, then you 
can put the big antenna on the tower and 
find out how much gain it has, ifany, over 
the small one on your roof when the two 
are at the same height. 

‘This may seem cumbersome, and in fact 
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itist That's why most antenna designers do 
their research at vhf where antennas are so 
nice and small, and then scale their best 
designs up for the hf bands. But if you 
really want to know your big beams actual 
sain, thisis probably the easiest way to find 
out. 
Conctusions 

‘The antenna gain-measuring technique 
‘described inthis article has repeatedly been 
proved to be reliable and valid. The author 
has used it to design new antennas that 
‘work well enough forall kinds of contest 
and DX work, including moonbounce. For 
2 dedicated amateur, working DX on a 
hhome-designed antenne far surpasses the 
thrill of working the same DX with an 
antenna purchased ata store! But remem- 


ber, whether you're working 20 meters or 
23 centimeters, a signal source, a receiver 
with its age disabled and an audio VU 
meter are the only pieces of equipment you 
need to measure antenna gain with this 
technique. This material was originally 
presented in QST by Wayne Overbeck, 
PhD, NONB. 


References 


‘Clark, “Direct Methods for Measuring. Antenna 
Guin” Ham Radio, July 1968. 

%Knadle, “UF Anteaaa Ratiomety: An Outdoor 
‘Range Improvement Technique” a pape presented 
(OTEEE Intercontasion L, April 1975. 

ier and Ort, YF Handbook for Radio Amateurs, 

Radio Publications, Inc, Witon, CT p. 225, 

soverbeck, “The VHF Quip” QST. April 197. 

‘Kale, UHF Antenna Ratiometry.” QST. February 
1996 


soldering iron is safely “parked” ready for action, and a bench stand is really a necessity. 
Soldering stations usually have such a feature, otherwise a separate soldering iron stand is 
essential, ideally one that’s supplied with a tip-cleaning sponge. You can make your own 
cleaning sponges using cellulose sponge only. 


* A benchtop fume extractor fan for hobbyist use. A replaceable carbon filter helps 
remove particles and air is vented out the back. 


Other equipment worth considering includes the use of fume extractors, which are 
compulsory in the industrial workplace. Solder fumes and flux smoke are not known to be 
toxic but they can cause irritation. A basic fume extractor (photo) consists of a small 
bench-top fan which draw fumes and irritating smoke away from the operator’s face and 
filters out some of the smoke particles, before exhausting the air back out through the fan. 
The carbon-impregnated foam filters are replaceable. Such devices are quite effective and 
users soon find them indispensable, even though they can be a bit noisy at close range. 


Professional fume extraction systems draw the smoke and fumes directly from the 
work area via a clip-on tube fitted to the soldering iron, then vent the fumes away through 
a large filter pump. It is definitely worth considering a small bench top unit for regular 
hobby or occasional professional use, as having decent ventilation can only be a good 
thing. 
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Antenna ideas: 93, 109 
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Baby ultimate Transmatch: 138 
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Beams: 41, 53 
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Bridge, resistive antenna: 131 
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simple: 140 

Broadband matching transformers: 
140 
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Capacitive loading: 110 
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Novice two-band vertical: 7 
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Optimizing verticals: 29, 115 


Phased array, dissimilar antennas: 30 
Pi-network tank circuits: 132 
Polarization, quads: 54 

Portable 160-meter vertical: 38 
Power dividers, rf: 120 

Preamplifier, broadband 40-48: 78 


Quads: 58 
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Impedance properties and 

matching: 58 
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Polarization: 54 
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Receiver cross- modulation: 135 
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Rf power dividers: 120 

Rf power metering, in-line: 126 
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Tank circuits, pi-network: 132 

Theory and test methods: 100 
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Transmitter loads: 104 
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Trap verticals: 33 
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Ground-mounted short: 25 
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40-meter quad: 62 
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‘80-meter half-square: 81 

80-meter quad, two-element: 66 

80-meter receiving loop: 76 

80-metar vertical, short: 27 

1160-meter DX antenna: 34 

160-meter indoor receiving loop: 80 

160-meter, space-saving vertical: 40 

160-meter vertical: 36 

160-meter vertical, portable: 38 

160-meters, receiving loop: 76 

160: and 80-meter vertical: 141 

160 on 80-meter half-square: 83 

360-degree steerable vertical 
phased arrays: 119 
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The seed for Amateur Radio was planted in the 1890s, when Guglielmo Marconi began his experiments in 
Wireless telegraphy. Soon he was joined by dozens, then hundreds, of others who were enthusiastic about 
sending and receiving messages through the air—some with a commercial interest, but others solely out of 
4 love for this new communications medium. The United States government began licensing Amateur Radio 
operators in 1912, 

By 1914, there were thousands of Amateur Radio operators—hams—in the United States. Hiram Perey 
Maxim, a leading Hartford, Connecticut inventor and industrialist, saw the need for an organization to band 
together this fledgling group of radio experimenters. In May 1914 he founded the American Radio Relay 
League (ARRL) to meet that need. 

Today ARRL, with approximately 150,000 members, is the largest organization of radio amateurs in the 
United States. The ARRL is a not-for-profit organization that: 

+ promotes interest in Amateur Radio communications and experimentation 

+ represents US radio amateurs in legislative matters, and 

+ maintains fraternalism and a high standard of conduct among Amateur Radio operators. 

AU ARRL headquarters in the Hartford suburb of Newington, the staff helps serve the needs of members. 
ARRL is also International Secretariat for the International Amateur Radio Union, which is made up of 
similar societies in 150 countries around the world. 

ARRL publishes the monthly journal QST, as well as newsletters and many publications covering all as- 
pects of Amateur Radio. Its headquarters station, WLAW, transmits bulletins of interest to radio amateurs 
‘and Morse code practice sessions. The ARRL also coordinates an extensive field organization, which in. 
cludes volunteers who provide technical information and other support services for radio amateurs as well 
‘as communications for public-service activities. In addition, ARRL represents US amateurs with the Federal 
‘Communications Commission and other government agencies in the US and abroad. 

Membership in ARRL means much more than receiving QST each month. In addition to the services al- 
ready described, ARRL offers membership services on a personal level, such as the ARRL Volunteer Exam- 
iner Coordinator Program and a QSL bureau, 

Full ARRL membership (available only to licensed radio amateurs) gives you a voice in how the affairs of 
the organization are governed. ARRL policy is set by a Board of Directors (one from each of 15 Divisions). 
Each year, one-third of the ARRL Board of Directors stands for election by the full members they represent 
‘The day-to-day operation of ARRL HQ is managed by a Chief Executive Officer. 

No matter what aspect of Amateur Radio attracts you, ARRL membership is relevant and important. There 
would be no Amateur Radio as we know it today were it not for the ARRL. We would be happy to welcome 
you as a member! (An Amateur Radio license is not required for Associate Membership.) For more informa. 
tion about ARRL and answers to any questions you may have about Amateur Radio, write oF call: 


ARRL—The national association for Amateur Radio 
225 Main Street 
Newington CT 06111-1494 
Voice: 860-594-0200 
Fax: 860-594-0259 
E-mail: hq@arrlorg 
Internet: wwwaarrlorg/ 


ie 
Ey 


Prospective new amateurs call (toll-free): 
800-32-NEW HAM (800-326-3942) 
You can also contact us via e-mail at newham@arrlorg 
or check out ARRLWeb at http://wwwarrlorg/ 
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Safety First 


Safety begins with your attitude. If you make it a habit 
to plan your work carefully and to consider the safety 
aspects of a project before you begin the work, you will be 
much safer than “Careless Carl,” who just jumps in, pro- 
ceeding in a haphazard manner. Learn to have a positive 
altitude about safety. Think about the dangers involved with 
a job before you begin the work. Don’t be the one to say, 
“I didn’t think it could happen to me.” 

Having a good attitude about safety isn’t enough, 
however. You must be knowledgeable about common 
safety guidelines and follow them faithfully. Safety guid 
lines can’t possibly cover all the situations you might face, 
but if you approach a task with a measure of “common 
sense,” you should be able to work safely. 

This chapter offers some safety guidelines and pro- 
tective measures for you and your Amateur Radio station. 
You should not consider it to be an all-inclusive discus- 
sion of safety practices, though. Safety considerations will 
affect your choice of materials and assembly proc 
when building an antenna. Other chapters of this book will 
offer further suggestions on safe construction practices. 
For example, Chapter 22 includes some very important 
advice on a tower installation 


PUTTING UP SIMPLE WIRE ANTENNAS 

No matter what type of antenna you choose to erect, 
you should remember a few key points about safety. If 
you are using a slingshot or bow and arrow to get a line 


over a tree, make sure you keep everyone away from the 
“downrange” area. Hitting one of your helpers with a 
rock or fishing sinker is considered not nice, and could 
end up causing a serious injury. 

Make sure the ends of the antenna are high enough 
to be out of reach of passers-by. Even when you are trans- 
mitting with low power there may be enough voltage at 
the ends of your antenna to give someone nasty “RF 
burns.” If you have a vertical antenna with its base at 
ground level, build a wooden safety fence around it at 
least 4 feet away from it. Do not use metal fence, as this 
will interfere with the proper operation of the antenna, 
Be especially certain that your antenna is not close to 
any power wires. That is the only way you ean be sure it 
won't come in contact with them! 

Antenna work often requires that one person climb 
up on a tower, into a tree or onto the roof of a house 
Never work alone! Work slowly, thinking out each move 
before you make it. The person on the ladder, tower, tree 
or rooftop should wear a safety belt, and keep it securely 
anchored. It is helpful (and safe!) to tie strings or light- 
weight ropes to all tools. If your tools are tied on, you'll 
save time getting them back if you drop them, and you'll 
greatly reduce the risk of injuring a helper on the ground 
(There are more safety tips for climbing and working on 
towers Later in this chapter. Those tips apply to any work 
that you must do above the ground to install even the 
simplest antenna.) 


Tower Safety 


Working on towers and antennas is dangerous, and 
possibly fatal, if you do not know what you are doing, 
Your tower and antenna can cause serious property dam- 
age and personal injury if any part of the installation 
should fail. Always use the highest quality materials in 
your system. Follow the manufacturer's specifications, 
paying close attention to base pier and guying details, 
Do not overload the tower. If you have any doubts about 


your ability to work on your tower and antennas safely, 
contact another amateur with experience in this area or 
seek professional assistance. 

Chapter 22, Antenna Supports, provides more 
detailed guidelines for constructing a tower base and put- 
ting up a tower. It also explains how to properly attach 
guy wires and install guy anchors in the ground. These 
are extremely important parts of a tower installation, and 
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you should not take shortcuts or use second-rate materi- 
als, Otherwise the strength and safety of your entire 
antenna system may be compromised. 

Any mechanical job is easier if you have the right 
tools. Tower work is no exception. In addition to a good 
assortment of wrenches, screwdrivers and pliers, you will 
need some specialized tools to work safely and efficiently 
on a tower. You may already own some of these tools. 
Others may be purchased or borrowed. Don’t start a job 
until you have assembled all of the necessary tools. Short- 
cuts or improvised tools can be fatal if you gamble and 
lose at 70 feet in the air. The following sections describe 
in detail the tools you will need to work safely on a tower. 


CLOTHING 


‘The clothing you wear when working on towers and 
antennas should be selected for maximum comfort and 
safety. Wear clothing that will keep you warm, yet allow 
complete freedom of movement. Long denim pants and a 
long-sleeve shirt will protect you from scrapes and cuts. 
(A pull-on shirt, like a sweat shirt with no openings or 
buttons to snag on tower parts, is best.) Wear work shoes, 
with heavy soles, or better yet, with steel shanks (steel 
inserts in the soles), to give your feet the support they 
need to stand on a narrow tower rung 

Gloves are necessary for both the tower climber and 
all ground-crew members. Good quality leather gloves will 
protect hands from injury and keep them warm. They also 
offer protection and a better grip when you are handling 
rope. In cooler weather, a pair of gloves with light insula 
tion will help keep your hands warm. The insulation should 
not be so bulky as to inhibit movement, however. 

Ground-crew members should have hard hats for pro- 
tection in case something falls from the tower. It is not 
uncommon for the tower climber to drop tools and hard- 
ware. A wrench dropped from 100 feet will bury itself 
several inches in soft ground; imagine what it might do 
to an unprotected skull 


SAFETY BELT AND CLIMBING 
ACCESSORIES 


Any amateur with a tower must own a high-quality 
safety belt, such as the one shown in Fig 1. Do not attempt 
to climb a tower, even a short distance, without a belt. 
The climbing belt is more than just a safety device for the 
experienced climber. It is a tool to free up both hands for 
work. The belt allows the climber to lean back away from 
the tower to reach bolts or connections. It also provides a 


solid surface to lean against to exert greater force when 


hoisting antennas into pla 

A climber must trust his life to his safety belt. For 
this reason, nothing less than a professional quality, com- 
mercially made, tested and approved safety belt is accept- 
able. Check the suppliers’ list in Chapter 21, Antenna 
Product Suppliers, and ads in QST for suppliers of climb- 


ing belts and accessories. Examine your belt for defects 
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Fig 1—Bill Lowry, W1VV, uses a good quality safety belt, 
a requirement for working on a tower. The belt should 
contain large steel loops for the strap snaps. Leather 
loops at the rear of the belt are handy for hoiding tools. 
(Photo by K1WA) 


before each use. If the belt or lanyard (tower strap) are 
cracked, frayed or worn in any way, destroy the dam- 
aged piece and replace it with a new one. You should 
never have to wonder if your belt will hold. 

Along with your climbing belt, you should seriously 
consider purchasing some climbing accessories. A canvas 
bucket is a great help for carrying tools and hardware up 
the tower. Two buckets, a large one for carrying tools and a 
smaller one for hardware, make it easier to find things when 
needed. A few extra snap hooks like those on the ends of 
your belt lanyard are useful for attaching tool bags and equip- 
‘ment to the tower at convenient spots. These hooks are bet- 
ter than using rope and tying knots because in many cases 
they can be hooked and unhooked with one hand. 

Many hams use climbing belts such as shown in 
Fig 1. But fully integrated fall-arrest and positioning safety 
harnesses are preferable. The model ASL-301 in Fig 2 has 
a D-ring on the back of the harness to which a safety lan- 
yard is attached. These harnesses are available through 
Champion Radio Products, Box 572, Woodinville, WA 
98072, www.championradio.com. 


Rope and Pulley 


Every amateur who owns a tower should also own a 


Fig 2—Fall-arrest 
safety harness 
Integrated with 
Positioning safety 
belt for tower 
climbing. (Courtesy 
of Champion Radio 
Products) 


Fig 3A good quality rope and pulley are essential for 
anyone working on towers and antennas. This pulley is 
encased in wood so the rope cannot jump out of the 
pulley wheel and jam. 


200d quality rope at least twice as long as the tower height. 
The rope is essential for safely erecting towers and 
installing antennas and cables. For most installations, a 
good quality ‘/-inch diameter manila hemp rope will do 
the job, although a thicker rope is stronger and may be 
easier to handle. Some types of polypropylene rope are 
acceptable also; check the manufacturer's strength ratings. 
Nylon rope is not recommended because it tends to stretch 
and cannot be securely knotted without difficulty. 

Check your rope before each use for tearing or chaf- 
ing. Do not attempt to use damaged rope; if it breaks with 
a tower section or antenna in mid-air, property damage 
and personal injury are likely results. If your rope should 
get wet, let it air dry thoroughly before putting it away. 

Another very worthwhile purchase is a pulley like 
the one shown in Fig 3. Use the right size pulley for your 
rope. Be sure that the pulley you purchase will not jam 
id as the rope passes through it 


THE GIN POLE 


A gin pole, like the one shown in Fig 4, is a handy 
device for working with tower sections and masts. This 
gin pole is designed to clamp onto one leg of Rohn No. 
25 or 45 tower. The tubing, which is about 12 feet long, 


Fig 4—A gin pole is a mechanical device that can be 
clamped to a tower leg to aid in the assembly of 
sections as well as the installation of the mast. The 
aluminum tubing extends through the clamp and may 
be slipped into position before the tubing clamp is 
tightened. A rope should be routed through the tubing 
and over the pulley mounted at the top. 


Fig 5—The assembly of tower sections is made simple 
when a gin pole is used to lift each one into position. 
Note that the safety belts of both climbers are fastened 
below the pole, thereby preventing the strap from 
slipping over the top section. (Photo by K1WA) 
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How to solder 


This guide will show you step by step how to solder successfully and plenty of 
photographs are provided to help explain the techniques needed.As you read through the 
guide I'll explain all the stages in more detail, but let’s look at the basics first. 


First of all, successful soldering requires that the items being soldered together are 
held with as little movement as possible. So it’s best to secure the work as needed, so that 
your accuracy isn’t affected should the workpiece move accidentally. 


In the case of a printed circuit board, various holding frames are useful especially 
when densely populated boards are being soldered: the idea is to insert all the parts on one 
side (a process called “stuffing the board”), hold them in place with a suitable pad to 
prevent them falling out again, turn the board over and then snip off the wires with cutters 
before soldering the joints. The frame saves an awful lot of turning the board over and 
back again, especially with large boards: all the soldering can be performed in one pass. 


The ever-popular “Helping Hands” (left) helps support sundry parts, wires etc. 
during soldering. 
A modellers vice (right) holds parts firmly. A vacuum base fixes it onto smooth surfaces. 


Only the more serious constructor will purchase a holding frame, and hobbyists can 
retain parts in place by improvising in a variety of ways — the ever popular “Helping 
Hands” stands cost a few pounds and is widely sold. They have adjustable crocodile clips 
to grip parts, and maybe a magnifying glass or soldering iron stand as well. The cast iron 
base provides stability. Other parts could be held firm in a modeller’s small vice, for 
example. 


has a pulley on one end. The rope is routed through the 
tubing and over the pulley. When the gin pole is attached 
to the tower and the tubing extended into place, the rope 
may be used to haul tower sections or the mast into place. 
Fig 5 shows the basic process. A gin pole can be expen- 
sive for an individual to buy, especially for a one-time 
tower installation. Some radio clubs own a gin pole for 
use by their members. Stores that sell tower sections to 
amateurs and commercial customers frequently will rent 
a gin pole to erect the tower. If you attempt to make your 
own gin pole, use materials heavy enough for the job. 
Provide a means for securely clamping the pole to the 
tower. There are many cases on record where homemade 
gin poles have failed, sending tower sections crashing 
down amidst the ground crew. 

When you use a gin pole, make every effort to keep 
the load as vertical as possible. Although gin poles are 
strong, you are asking for trouble if you apply too much 
lateral force. 


INSTALLING ANTENNAS ON THE 
TOWER 

All antenna installations are different in some 
respects. Therefore, thorough planning is the most 
important first step in installing any antenna. At the 
beginning, before anyone climbs the tower, the whole pro- 
cess should be thought through. The procedure should 
be discussed to be sure each crew member understands 
what is to be done. Plan how to work out all bugs. Con- 
sider what tools and parts must be assembled and what 
items must be taken up the tower. Extra trips up and down 
the tower can be avoided by using forethought. 

Getting ready to raise a beam requires planning, 
Done properly, the actual work of getting the antenna into 
position can be accomplished quite easily with only one 
person at the top of the tower. The trick is to let the ground 
crew do all the work and leave the person on the tower 
free to guide the antenna into position 

Before the antenna can be hoisted into position, the 
tower and the area around it must be prepared. The ground 


crew should clear the area around the base while some- 
cone climbs the tower to remove any wire antennas or other 
objects that might get in the way. The first person to climb 
the tower should also rig the rope and pulley that will be 
used to raise the antenna. The time to prepare the tower 
is before the antenna leaves the ground, not after it 
becomes hopelessly entwined with your 3.5-MHz dipole. 


SOME TOWER CLIMBING TIPS 


The following tower climbing safety tips were com- 
piled by Tom Willeford, NSETU. The most important 
safety factor in any kind of hazardous endeavor is the 
right attitude. Safety is important and worthy of careful 
consideration and implementation. The right attitude 
toward safety is a requirement for tower climbers. Lip 
service won't do, however; safety must be practiced 

The safe ham’s safety attitude is simple: Don’t take 
any unnecessary chances. There are no exceptions to this 
plain and simple rule. It is the first rule of safety and, of, 
course, of climbing. The second rule is equally simple: 
Don’t be afraid to terminate an activity (climbing, in this 
case) at any time if things don’t seem to be going well 

Take time to plan your climb; this time is never 
wasted, and it’s the first building block of safety. Talk 
the climb over with friends who will be helping you. 
t the date and alternative dates to do the work. 
someone to be responsible for all activities on 
the ground and for all communication with the climbers, 
Study the structure to be climbed and choose the best 
route to your objective. Plan emergency ascent and de- 
scent paths and methods 

Make a list of emergency phone numbers to keep by 
your phone, even though they may never be used. Develop 
4 plan for rescuing climbers from the structure, should 
that become necessary. 

Give careful thought to how much time you will need 
to complete the project. Allow enough time to go up, do 
the work, and then climb down during daylight hours. 
Include time for resting during the climb and for com- 
pleting the work in a quality fashion. Remember that the 


Fig 6—if the switch box feeding power to 
{equipment on your tower is equipped 
with a lock-out hole, use it. With a lock 
through the hole on the box, the power 
cannot be accidentally turned back on, 
(Photos courtesy of American ED CO®, 
at left, and Osborn Mig Corp, at right) 
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temperature changes fast as the sun goes down. Climb- 
ing up or down a tower with cold hands and feet is very 
difficult—and dangerous. 

Give careful conside ind climb 
only in good weather. Inv 
temperature, and the weather forecast. The weather can 
change quickly, so if you're climbing a really tall tower, 
it may be a good idea to have a weather alert radio handy 
during the climb. Never climb a wet tower. 

The person who is going to do the climbing should 
be the one to disconnect and tag all sources of power to 
the structure, All switches or circuit breakers should be 
labeled clearly with DO NOT TOUCH instructions. Use 
locks on any switches designed to accept them. (See 


tion to the weather, 
tigate wind conditions, the 


Fig 6.) Only the climber should reconnect power sources. 

‘An important part of the climbing plan is to review 
notes on the present installation and any previous work. 
It’s a good idea to keep a notebook, listing every bolt and 
nut size on your tower/antenna installation. Then, when 
you have to go up to make repairs, you'll be able to take 
the minimum number of tools with you to do the job. If 
you take too many tools up the tower, there is a much 
greater chance of dropping something, risking injury to 
the ground crew and possibly damaging the tool. 

Its also a good idea to review the instruction sheets 
and take them with you. In other words, plan carefully 
what you are going to do, and what you'll need to do it 
efficiently and safely. 

It's better to use a rope and pulley to hoist tools. 


Climbing is hard work and there's no sense making it 
‘more difficult by carrying a big load of tools. Always rig 
the pulley and rope so the ground crew raises and lowers 
tools and equipment. 


Climbing Equipment 
Equipment is another important safety consideration. 
By equipment, we don’t just mean tools. We mean safety 
equipment. Safety equipment should be selected and cared 
for as if your life depends on it—because it does 
The list of safety equipment essential to a safe climb 
fe work on the tower should include 


and 

1) A first class safety belt, 

2) Safety glasses, 

3) Hard hat, 

4) Long-sl 
ings to snag (long si 
climbing wooden poles), 

5) Long pants without cuffs, 

6) Firm, comfortab shank shoes with no-slip soles 
and well-def 


ved, pull-over shitt with no buttons or open- 
ves are especially important for 


7) Gloves that won’t restrict finger movement (insulated 
gloves if you MUST work in cold weather) 

Your safety belt should be approved for us 
structure you are climbing. Different structures may require 
different types of safety hooks or straps. The belt should 
be light weight, but strength should not be sacrificed to 


on the 


Fig 7—Mark Wilson, K1RO, shows the proper way to 
attach a safety hook, with the hook opening facing 
away from the tower. That way the hook can't be 
accidentally released by pressing it against a tower leg. 


save weight. It should fit you comfortably. All moving 
parts, such as snap hooks, should work freely. You should 
inspect safety belts and harnesses carefully and thoroughly 
before each climb, paying particular attention to stitching, 
rivets and weight-bearing mechanical parts, 

Support belt hooks should always be hooked to the D 
rings in an outward configuration. That is, the opening part 
of the hook should face away from the tower when engaged 
in the D rings (see Fig 7). Hooks engaged this way are 
to unhook deliberately but won't get squeezed open 
by a part of the tower or engage and snag a part of the 
tower while you are climbing. The engagement of these 
hooks should always be checked visually. A snapping hook 
makes the same sound whether it’s engaged or not. Never 
check by sound—Iook to be sure the hook is engaged prop- 
erly before trusting it 

Remember that the D rings on the safety belt are for 
support hooks only. No tools or lines should be attached to 
these hooks. Such tools or lines may prevent the proper 
engagement of support belt hooks, or they may foul the 
hooks. At best, they could prevent the release of the hooks 
in an emergency. No one should have to disconnect a sup- 
port hook to get a tool and then have to reconnect the sup- 
port hook before beginning to work again. That's foolish. 

Equipment you purchase new is best. Homemade belts 
or home-spliced lines are dangerous. Used belts may have 
worn or defective stitching, or other faulty components, 
Be careful of so-called “bargains” that could cost you your 
life 
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Straps, lanyards and lines should be as short as pos- 
sible. Remember, in general knots reduce the load strength 
of a line by approximately 50%. 

Before actually climbing, check the structure visu- 
ally, Review the route, Check for obstacles, both natural 
(like wasp’s nests) and man-made. Check the structure 
supports and add more if necessary. Guy wires can be 
obstacles to the climb, but it’s better to have too many sup- 
ports than not enough. Check your safety belt, support belts, 
and hooks at the base of the tower. Really test them before 
you need them. Never leave the ground without a safety 
belt—even 5 or 10 feet. After all of this, the climb will be 
a “cake walk” if you ar 

Climb slowly and surely. Don’t overreach or overstep. 
Patience and watchfulness is rewarded with good hand and 
foot holds. Take a lesson from rock climbers. Hook on to 
the tower and rest periodically during the climb. Don’t try 
to rest by wedging an arm or leg in some joint; to rest, 
hook on. Rests provide an opportunity to review the 
remainder of the route and to make sure that your safety 
equipment feels good and is working properly. Rest pet 
ods also help you conserve a margin of energy in case of 
difficulty. 

Finally, keep in mind that the most dangerous part 
of working on a tower occurs when you are actually climb- 
ing. Your safety equipment is not hooked up at this time, 
so be extra careful during the ascent or descent. 

‘You must climb the tower to install or work on an 
antenna, Nevertheless, any work that can be done on the 
ground should be done there. If you can do any assembly 
or make any adjustments on the ground, that’s where you 
should do the work! The less time you have to spend on 
the tower, the better off you'll be 

When you arrive at the work area, hook on to the tower 
and review what you have to do, Determine the best posi- 
tion to do the work from, disconnect your safety strap and 
move to that position. Then reconnect your safety strap at 
a safe spot, away from joints and other obstacles. If you 
must move around an obstacle, try to do it while hooked 
‘onto the tower. Find a comfortable position and go to work. 
Don’t overreach—move to the work 

Use the right tool for the task. If you don’t have it, 
have the ground crew haul it up. Be patient. Lower tools, 
don’t drop them, when you are finished with them. 
Dropped tools can bounce and cause injury or damage, 
or can be broken or lost. It's a good idea to tie a piece of 
string or light rope to the tools, and to tie the other end to 
the tower or some other point so if you do drop a tool, it 
won't fall all the way to the ground. Don’t tie tools to the 
D ring or your safely belt, however! 

Beware of situations where an antenna may be off 
balance. It’s hard to obtain the extra leverage needed to 
handle even a small beam when you are holding it far 
from the balance point. Leverage can apply to the climber 
as well as the device being levered. Many slips and 
skinned knuckles result from such situations. A severely 


careful 
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injured hand or finger can be a real problem to a climber. 

Before descending, be sure to check all connections 
and the tightness of all the bolts and nuts that you have 
worked with, Have the ground crew use the rope and pul- 
ley to lower your tools. Lighten your load as much as pos- 
sible. Remember, you're more tired coming down than 
going up. While still hooked on, wiggle your toes and move 
alittle to get your senses working again. Check your down- 
ward route and begin to descend slowly and even more 
surely than you went up. Rest is even more important dur- 
ing the descent. 

The ground captain is the director of all activit 
on the ground, and should be the only one to communi 
cate with a person on a tower. Hand-held transceivers 
can be very helpful for this communication, but no one 
else should transmit to the workers on the tower. Even 
minor confusion or misunderstanding about a move to 
be made could be very dangerous. 

“Antenna parties” can be lots of fun, but the joking 
and fooling around should wait until the job is done and 
everyone is down safely. Save the celebrating until after 
the work is completed, even for the ground crew. 

These are just a few ideas on tower climbing safety; 
no list can include everything that you might run into. 
Check Chapter 22 for additional ideas. Just remember— 
you can’t be too careful when climbing. Keep safety in 
mind while doing antenna work, and help ensure that 
after you have fallen for ham radio, you don’t fall from 
ham radio. 


THE TOWER SHIELD 


A tower can be legally classified as an “attractive 
:nce” that could cause injuries. You should take some 
precautions to ensure that “unauthorized climbers” can’t 
get hurt on your tower. This tower shield was originally 
described by Baker Springfield, W4HYY, and Richard 
Ely, WA4VHM, in September 1976 QST. and should 
eliminate the worry. 

erally, the attractive-nuisance doctrine applies to 
your responsibility to trespassers on your property. (The 
law is much stricter with regard to your responsibility to 
an invited guest.) You should expect your tower to attract 
children, whether they are already technically trespassing 
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Fig 8—Z-bracket component pieces. 


Fig 9—Assembly of the Z bracket. 
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Fig 10—Installation of the shield on a tower rung. 


or whether the tower itself lures them onto your property. 
A tower is dangerous to children, especiaily because of 
their inability to appreciate danger. (What child could resist 
trying to climb a tower once they see one?) Because of 
this danger, you have a legal duty to exercise reasonable 
care to eliminate the danger or otherwise protect children 
against the perils of the attraction. 

The tower shield is composed simply of panels that 
enclose the tower and make climbing practically impo 
le. These panels are 5 feet in height and are wide enough 
it snugly between the tower legs and flat against the 
rungs. A height of 5 feet is sufficient in almost every case 
‘The panels are constructed from 18-gauge galvanized sh 
‘metal obtained and cut to proper dimensions from a local 
sheet-metal shop. A lighter gauge could probably be used, 
but the extra physical weight of the heavier gauge is an 
advantage if no additional means of securing the panels to 
the tower rungs are used. The three types of metals used 
for the components of the shield are supposedly rust proof 
and nonreactive. The panels are galvanized sheet steel, the 
brackets aluminum, and the screws and nuts are brass. For 
a triangular tower, the shield consists of three panels, one 
for each of the three sides, supported by two brackets. 
Construct these brackets from 6-inch pieces of thin alumi 
num angle stock. Bolt two of the pieces together to form a 
Zoracket (see Figs 8, 9 and 10). The Z brackets are bolted 
together with binding head brass machine screws. 

Lay the panels flat for measuring, marking and drill- 
ing. First measure from the top of the upper mounting 
rung on the tower to the top of the bottom rung. (Mount- 


to 


Fig 11—Removable handle construction. 


ing rungs are selected to position the panel on the tower.) 
‘Then mark this distance on the panels. Use the same size 
brass screws and nuts throughout the shield. Bolt the top 
vertical portion of each Z bracket to the panel. Drill the 
mounting-screw holes about 1 inch from the end of the Z 


Fig 12— 
Installed 
tower shield. 
Note the 
holes for 
using the 
handles. 
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brackets so there is an offset clearance between the 
Z-bracket binding-screw holes and the panel-bracket 
ss in each panel to match. 


the Z-bracket holes, 
‘The panels are held on the tower by their own weight. 
‘They are not easy to grasp because they fit snugly between 


the tower legs. If you feel a need for added safety against 
deliberate removal of the panels, this can be accomplished 
by means of tie wires. Drill a small hole in the panel just 
above, just below, and in the center of each Z bracket. 
Run a piece of heavy galvanized wire through the top 
hole, around the Z bracket, and then back through the 
hole just below the Z bracket. Twist together the two ends 
of the wire. One tie wire should be sufficient for each 
panel, but use two if desired. 


The completed panels are rather bulky and difficult 
to handle. A feature that is useful if the panels have to be 
removed often for tower climbing or accessibility is a 
pair of removable handles. The removable handles can 
be constructed from one threaded rod and eight nuts (see 
Fig 11). Drill two pair of handle holes in the panels a 
few inches below the top Z bracket and several inches 
above the bottom Z bracket. For panel placement or 
removal, you can hook the handles in these panel holes. 
The hook, on the top of the handle, fits into the top hole 
of each pair of the handle holes. The handle is optional, 
but for the effort required it certainly makes removal and 
replacement much safer and easier. 

Fig 12 shows the shield installed on a tower. This 
relatively simple device could prevent an accident. 


Electrical Safety 


Although the RF, ac and de voltag 
teur stations pose a potentially grave threat to life and 
limb, common sense and knowledge of safety practices 
will help you avoid accidents. Building and operating an 
Amateur Radio station can be, and is for almost all am 
teurs, a perfectly safe pastime. However, carelessness can 
lead to severe injury, or even death. The ideas presented 
here are only guidelines; it would be impossible to cover 
all safety precautions. Remember, there is no substitute 
for common 

A fire extinguisher is a requirement for the well- 
equipped amateur station. The fire extinguisher should 
be of the carbon-dioxide type to be effective in electrical 
Store it in an easy-to-reach spot and check it at ree- 
ommended intervals, 

Family members should know how to turn the power 
off in your station. They should also know how to apply 
artificial respiration. Many community groups offer 
courses on cardiopulmonary resuscitation (CPR). 


AC AND DC SAFETY 


The primary wiring for your station should be con- 
trolled by one master switch, and other members of your 
household should know how to kill the power in an emer- 
gency. All equipment should be connected to a good 
ground. All wires carrying power around the station 
should be of the proper size for the current to be drawn 
and should be insulated for the voltage level involved, 
Bare wire, open-chassis construction and exposed con- 
nections are an invitation to accidents. Remember that 
high-current, low-voltage power sources are just as dan- 
gerous as high-voltage, low-current sources. Possibly the 
‘most-dangerous voltage source in your station is the 
120-V primary supply; it is a hazard often overlooked 
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because it is a part of everyday life. Respect even the 
lowliest power supply in your station. 

Whenever possible, kill the power and unplug equip- 
‘ment before working on it. Discharge capacitors with an 
insulated screwdriver; don’t assume the bleeder resistors 
are 100% reliable. In a power amplifier, always short the 
tube plate cap to ground just to be sure the supply is dis- 
charged. If you must work on live equipment, keep one 
hand in your pocket. Avoid bodily contact with any 
grounded object to prevent your body from becoming 
the return path from a voltage source to ground. Use 
insulated tools for adjusting or moving any circuitry 
Never work alone. Have someone else present; it could 
save your life in an emergency. 


National Electrical Code 


‘The National Electrical Code® is a comprehensive 
document that details safety requirements for all types 
of electrical installations. In addition to setting safety 
standards for house wiring and grounding, the Code also 
contains a section on Radio and Television Equipment 
— Article 810. Sections C and D specifically cover Ama- 
teur Transmitting and Receiving Stations. Highlights of 
the section concerning Amateur Radio stations follow. If 
you are interested in learning more about electrical safety, 
You may purchase a copy of The National Electrical Code 
or The National Electrical Code Handbook, edited by 
Peter Schram, from the National Fire Protection Asso- 
ciation, Batterymarch Park, Quincy, MA 02269 
Antenna installations are covered in some detail in 
the Code. It speci 
ferent length wire antennas. For hard-drawn copper wire, 
the Code specifies #14 wire for open (unsupported) spans 
less than 150 feet, and #10 for longer spans. Copper-clad 


minimum conductor sizes for dif- 


steel, bronze or other high-strength conductors may be 
#14 for spans less than 150 feet and #12 wire for longer 
runs. Lead-in conductors (for open-wire transmission line) 
should be at least as large as those specified for antennas. 

‘The Code also says that antenna and lead-in condue- 
tors attached to buildings must be firmly mounted at least 
3 inches clear of the surface of the building on nonabsor- 
bent insulators. The only exception to this minimum di 
tance is when the lead-in conductors are enclosed in a 
“permanently and effectively groundei 
‘The exception covers coaxial cable 

According to the Code, lead-in conductors (except 
those covered by the exception) must enter a building 
through a rigid, noncombustible, nonabsorbent insulating 
tube or bushing, through an opening provided for the pur- 
pose that provides a clearance of at least 2 inches or through 
‘drilled window pane. All lead-in conductors to transmit- 
ting equipment must be arranged so that accidental con- 
tact is difficult. 

‘Transmitting stations are required to have a means of 
draining static charges from the antenna system. An 
antenna discharge unit (lightning arrester) must be installed 
‘on each lead-in conductor (except where the lead-in is pro- 
tected by a continuous metallic shield that is permanently 
ely grounded, or the antenna is permanently 
ely grounded). An acceptable alternative to 
lightning arrester installation is a switch that connects the 
lead-in to ground when the transmitter is not in use. 

Grounding conductors are described in detail in the 
Code. Grounding conductors may be made from copper, 
aluminum, copper-clad steel, bronze or similar erosion- 
resistant material. Insulation is not required. The “prot 
tive grounding conductor” (main conductor running to the 
ground rod) must be as large as the antenna lead-in, but 
not smaller than #10. The “operating grounding conduc- 
tor” (to bond equipment chassis together) must be at least 
#14, Grounding conductors must be adequately supported 
and arranged so they are not easily damaged. They must. 
run in as straight a line as practical between the mast or 
ischarge unit and the ground rod, 

‘The Code also includes some information on safety 
inside the station. All conductors inside the building must 
be at least 4 inches away from conductors of any lighting 
or signaling circuit except when they are separated from 
other conductors by conduit or a nonconducting mate- 
rial, Transmitters must be enclosed in metal cabinets, and. 
the cabinets must be grounded. All metal handles and 
controls accessible by the operator must be grounded. 
Access doors must be fitted with interlocks that will dis- 
connect all potentials above 350 V when the door is 
opened. 


metallic shield. 


Ground 

An effective ground system is necessary for every 
amateur station. The mission of the ground system is two- 
fold. First, it reduces the possibility of electrical shock if 


something in a piece of equipment should fail and the 
chassis or cabinet becomes “hot.” If connected properly, 
three-wire electrical systems ground the chassis, but older 
amateur equipment may use the ungrounded two-wire 


system, A ground system to prevent shock hazards is gen- 
erally referred to as “de ground.” 

The second job the ground system must perform is 
to provide a low-impedance path to ground for any stray 
RF current inside the station, Stray RF can cause equip- 


‘ment to malfunction and contributes to RFI problems. This 
low-impedance path is usually called “RF ground,” In 


most stations, de ground and RF ground are provided by 
the same system. 

The first step in building a ground system is to bond 
together the chassis of all equipment in your station. 
Ordinary hookup wire will do for a de ground, but for a 
good RF ground you need a low-impedance conductor. 
Copper strap, sold as “flashing copper,” is excellent for 
this application, but it may be hard to find. Braid from 
coaxial cable is a popular choice; it is readily available, 
makes a low-impedance conductor, and is flexible. 

Grounding straps can be run from equipment chas- 
s to equipment chassis, but a more convenient approach 
is illustrated in Fig 13. In this installation, a '/-inch 
diameter copper water pipe runs the entire length of the 
operating bench. A thick braid (from discarded RG-8 
cable) runs from each piece of equipment to a clamp on 
the pipe. Copper water pipe is available at most hard- 
ware stores and home centers. Alternatively, a strip of 


flashing copper may be run along the rear of the operat- 
ing bench 

After the equipment is bonded to a common ground 
bus, the ground bus must be wired to a good earth ground. 
This run should be made with a heavy conduetor (braid 
is a popular choice, again) and should be as short and 
direct as possible. The earth ground usually takes one of 
two forms. 


In most cases, the best approach is to drive one or 
more ground rods into the earth at the point where the 
conductor from the station ground bus leaves the house. 
The best ground rods to use are those available from an 
electrical supply house. These rods are 8 to 10 feet long 
and are made from steel with a heavy copper plating. Do 
not depend on shorter, thinly plated rods sold by some 


home electronics suppliers. These rods begin to rust 
almost immediately after they are driven into the soil, 
and they become worthless within a short time. Good 
ground rods, while more expensive initially, offer long- 
term protection. 

If your soil is soft and contains few rocks, an 
acceptable alternative to “genuine” ground rods is '/=-inch 
diameter copper water pipe. A 6- to 8-foot length of this 
material offers a good ground, but it may bend while being 


driven into the earth. Some people have recommended 
that you make a connection to a water line and run water 


down through the copper pipe so that it for 
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Fig 13—An effective 


station ground bonds 
the chassis of all 

‘equipment together with 
low-impedance conduc- 
tors and ties into a good 


earth ground. 


hole in the ground, There may be a problem with this 
method, however. When the ground dri 
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away from the pipe and not make proper contact with the 
ground rod. This would provide a rather poor ground. 

Once the ground rod is installed, clamp the condue~ 
tor from the station ground bus to it with a clamp that can 
be tightened securely and will not rust. Copper-plated 
clamps made especially for this purpose are available from 
electrical supply houses, but a stainless-steel hose clamp 
will work too. Alternatively, drill several holes through 
the pipe and bolt the conductor in place. 

Another popular station ground is the cold water pipe 
system in the building. To take advantage of this ready- 
made ground system, run a low-impedance conductor 
from the station ground bus to a convenient cold water 
pipe, preferably somewhere near the point where the main 
‘water supply enters the house. Avoid hot water pipes; they 
do not run directly into the earth. The advent of PVC (plas- 
tic) plumbing makes it mandatory to inspect the cold water 
system from your intended ground connection to the main 
inlet. PVC is an excellent insulator, so any PVC pipe or 
fittings rule out your cold water system for use as a sta- 
tion ground, 

For some installations, especially those located above 
the first floor, a conventional ground system such as that 
just described will make a fine de ground but will not pro- 
vide the necessary low-impedance path to ground for RF. 
The length of the conductor between the ground bus and 
the ultimate ground point becomes a problem. For example, 
the ground wire may be about '/: 4 (or an odd multiple of 
Yo) long on some amateur band. A Yo-A wire acts as an 
impedance inverter from one end to the other. Since the 
grounded end is at a very low impedance, the equipment 
end will be at a high impedance. The likely result is RF 
hot spots around the station while the transmitter is oper~ 
ating. A ground system like this may be worse than having, 
no ground at all 

An alternative RF ground system is shown in Fig 14. 
Connect a system of '/:-A radials to the station ground 
bus. Install at least one radial for each band used. You 
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Fig 14—Here is an alternative to earth ground if the 
station Is located far from the ground point and RF 
in the station is a problem. Install at least one ‘ic, 
radial for each band used. 


should still be sure to make a connection to earth ground 
for the ac power wiring. Try this system if you have prob- 
Jems with RF in the shack. It may just solve a number of 
problems for you. Be careful, however, to prevent con- 
tact with the ends of the radials, where there is high-volt- 
age RF for powers greater than QRP level 


Ground Noise 
Noise in ground systems can affect sensitive radio 
equipment. It is usually related to one of three problems: 


1) Insufficient ground conductor size, 
2) Loose ground connections, or 
3) Ground loops. 


‘These matters are treated in precise scientific research 
equipment and some industrial instruments by paying 
attention to certain rules. The ground conductor should be 
at least as large as the largest conductor in the primary 
power circuit. Ground conductors should provide a solid 
connection to both ground and to the equipment being 
grounded. Liberal use of lock washers and star washers 
is highly recommended. A loose ground connection is a 
tremendous source of noise, particularly in a sensitive 
receiving system. 

Ground loops should be avoided at all costs. A short 
discussion of what a ground loop is and how to avoid 
them may lead you down the proper path. A ground loop 


is formed when more than one ground current is flowing 
in a single conductor. This commonly occurs when 
grounds are “daisy-chained” (series linked). The correct 
way to ground equipment is to bring all ground condue- 
tors out radially from a common point to either a good 


driven earth ground or to a cold water system, 

Ground noise can affect transmitted as well as 
nals, With the low audio levels required to 
drive amateur transmitters, and with the ever-incre: 
sensitivity of our receivers, correct grounding is critical 


received si 


Lightning and EMP Protection 


The National Fire Protection Association (NFPA) 
publishes a booklet called Lightning Protection Code 
(NFPA no. 78-1983) that should be of interest to radio 
amateurs. For information about obtaining a copy of this 
booklet, write to the National Fire Protection Associa- 
tion, Batterymarch Park, Quincy, MA 02269. Two para- 
graphs of particular interest to amateurs are presented 
below 


3-26 Antennas. Radio and television masts of metal, 
located on a protected building, shall be bonded to the 
lightning protection system with a main size conductor 
and fittings. 

3.27 Lightning arresters, protectors or antenna dis- 
charge units shall be installed on electric and telephone 
service entrances and on radio and television antenna 


lead-ins. 

The best protection from lightning is to disconnect 
all antennas from equipment and disconnect the equip- 
‘ment from the power lines. Ground antenna feed lines to 
safely bleed off static buildup. Eliminate the possible 
paths for lightning strokes. Rotator cables and other con- 
trol cables from the antenna location should also be dis- 
connected during severe electrical storms 

In some areas, the probability of lightning surges 
entering homes via the 120/240-V line may be high. 
Lightning produces both electrical and magnetic fields 
that vary with distance. These fields can be coupled into 
power lines and destroy electronic components in equi 
‘ment that is miles from where the lightning occurred. 
Radio equipment can be protected from these surges to 
some extent by using transient-protective devices. 


ELECTROMAGMETIC PULSE AND THE 
RADIO AMATEUR 

The following material is based on a 4-part QST 
article by Dennis Bodson, W4PWF, that appeared in the 
August through November 1986 issues of QST. The series 
was condensed from the National Communications Sys- 
tem report NCS TIB 85-10. 

‘An equipment test program demonstrated that most 
Amateur Radio installations can be protected from light- 
ning and electromagnetic pulse (EMP) transients with 
a basic protection scheme. Most of the equipment is not 
susceptible to damage when all external cabling is 
removed. You can duplicate this stand-alone configura- 


tion simply by unplugging the ac power cord from the 
outlet, disconnecting the antenna feed line at the rear of 
the radio, and isolating the radio gear from any other long 
metal conductors. Often it is not practical to completely 
disconnect the equipment whenever it is not being used. 
Also, there is the danger that a lightning strike several 
miles away could induce a large voltage transient on the 
power lines or antenna while the radio is in use. You can 
add two transient-protection devices to the interconnected 
system, however, that will also closely duplicate the safety 
of the stand-alone configuration. 

The ac power line and antenna feed line are the two 
important points that should be outfitted with transient 
protection. This is the minimum basic protection scheme 
recommended for all Amateur Radio installations. (For 
fixed installations, eration should also be given to 
.¢ Fig 15.) Hand-held radios 
equipped with a “rubber duck” require no protection at the 
antenna jack. If a larger antenna is used with the hand- 
held, however, a protection device should be installed 


General Considerations 

Because of the unpredictable energy content of a 
nearby lightning strike or other large transient, it is pos- 
ible for a metal-oxide varistor (MOV) to be subjected to 
aan energy surge in excess of its rated capabilities. This may 
result in the destruction of the MOV and explosive rupture 
of the package. These fragments can cause damage to 
nearby components or operators and possibly ignite flam- 
mable material. Therefore, the MOV should be physically 
shielded. 

A proper ground system is a key factor in achieving 
protection from lightning and EMP transients. A low- 
impedance ground system should be installed to eliminate 
transient paths through radio equipment and to provide a 
good physical ground for the transient-suppression devices. 
A single-point ground system is recommended (Fig 16) 
to help prevent lightning from getting into the shack on 
the shields of antenna feed-line coaxes. Many hams use a 
well-grounded radio-entrance panel mounted outside the 
shack to ground their coaxes before they enter the house. 
17 shows an entrance panel at K8CH’s home in Michi- 
gan, All external conductors going to the radio equipment 
should enter and exit the station through this panel. Install 
all transient-suppression devices directly on the panel. Use 
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the shortest length(s) possible of #6 solid wire to connect 
the radio equipment case(s) to the ground bus. 


Ac Power-Line Protection 


Tests have indicated that household electrical wir- 
inherently limits the maximum transient current that 
it will pass to approximately 120 A. Therefore, if pos- 
sible, the amateur station should be installed away from 
the house ac entrance panel and breaker box to take 
advantage of these limiting effects. 

‘Ac power-line protection can be provided with easy- 
to-install, plug-in transient protectors. Ten such devices 
were tested for the article series in 1986. The plu; 
strip units are the best overall choice for a typical ama- 
tcur installation. They provide the protection needed, 
they're simple to install and can be easily moved to other 
operating locations with the equipment. 

In their tests, NCS found that the model that pro- 
vided transient paths to ground from the hot and neutral 
lines (common mode) as well as the transient path between 
the hot and neutral lines (normal mode) performed bes 
‘The best model used three MOVs and a 3-electrode gas- 
discharge-tube arrester to provide fast operation and large 
power dissipation capabilities. This unit was tested 
repeatedly and operated without failure 

‘The flood of low-cost computers in the 1990s spawned 
a host of surge protection devici ned to limit tran- 
sient voltage spikes coming from the ac line and also 
through the telephone line into a modem connected to a 
computer. Many of these devices are well-designed and can 
be relied upon to provide the protection they claim. 

You can, however, easily find a variety of really low- 
cost bargain strips at flea markets and discount hardware 
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A bargain-brand $6 unit may prove to be a poor 
bargain indeed if it allows a spike to get through to dam- 
age your $2000 computer or $4000 transceiver. 

You should be careful to find one that carries a 
sticker indicating that it meets Underwriters Laborato- 
ries safety standard UL 1449. This defines the minimum 
level of clamping voltage beyond which a surge protec- 
tor will “fire” to protect the device connected to its out- 
put. The UL 1149 limit is 330 V ac. Prices for brand-name 
units from Tripp Lite, APC or Curtis vary from about 
$30 to $80, depending on how many ac sockets they have 
and the number of indicator lights and switched/ 
unswitched sockets. A brand-name device is well worth 


the small additional cost over the bargain-basement units. 
‘A transient suppressor requires a 3-wire outlet; the 
outlet should be tested to ensure all wires are properly 
‘an ac ground may have to be 
trician. The ac ground must 
be available for the plug-in transient suppressor to func- 
tion properly. The ac ground of the receptacle should be 
attached to the station ground bus, and the plug-in 
receptacle should be installed on the ground panel behind 
the radio equipment. 


connected, In older houses, 
installed by a qualified el 


Emergency Power Generators 
Emergency power generators provide two major tran- 
(-protection advantages. First, the station is discon- 
nected from the commercial ac power system. This isolates 
the radio equipment from a major source of damaging tran- 
ts. Second, tests have shown that the emergency power 
generator may not be susceptible to EMP transients. 
When the radio equipment is plugged directly into 
the generator outlets, transient protection may not be 


Fig 16—At A, the proper method 
of tying all ground points 
together. The transient path to 
ground with a single-point ground 


ten 


system and use of transient 
suppressors Is shown at B. You 
want to keep transients from 
nearby lighning strikes from 
getting into the radio room. 


needed. If'an extension cord or household wiring is used, 
transient protection should be employed 

‘An emergency power generator should be wired into 
the household circuit only by a qualified electrician. When 
used to disconnect the 


properly connected, a switeh i 
commercial ac power source from the house lines before 


the generator is connected to them. This keeps the gen- 


erator output from feeding back into the commercial 
power system, If this is not done, death or injury to 
unsuspecting linemen can result 


Feed-Line Protection 
Coaxial cable is recommended for use as the trans- 


mission line because it provides a certain amount of tran- 
surge protection for the equipment to which it is 
attached. The outer conductor shields the center conduc 
tor from the transient field. Also, the cable limits the 
ent voltage on the center by 
arcing the differential voltage from the center conductor 
to the grounded cable shield 

By providing a path to ground ahead of the radio 
equipment, the gear can be protected from the large cur- 
rents impressed upon the antenna system by lightning and 
EMP. A single protection device installed at the radio 
antenna jack will protect the radio, but not the transmis~ 
jon line. To protect the transmission line, another tran- 


maximum conducted tran: 


Safety First 1-13 


“Helping Hands” uses crocodile clips to grip parts during soldering. Or just 
place parts flat on the bench. 


When soldering parts onto an ordinary circuit board, components’ wires can simply 
be bent to the correct pitch (distance apart) to fit through the board, insert the part flush 
down against the board’s surface, splay the wires a little so that the component grips the 
board under spring tension, and then solder it. This technique is universally used in 
manual through-hole soldering, which is explained in full later. 


In the author’s view - opinions vary — it’s generally better to snip off the surplus 
wires leads first, to make the joint and neighbouring joints more accessible and also to 
reduce the mechanical shock transmitted to the p.c.b. copper foil. However, in the case of 
diodes and transistors the author tends to leave the sniping until after the joint has been 
made, since the excess wire will help to “sink” heat away from the heat-sensitive 
semiconductor junction. 


A special clip-on heatsink is available which also helps stop excess heat from 
reaching temperature-sensitive semiconductors like these. I’ve always managed without 
one but beginners might find them reassuring. Integrated circuits can either be soldered 
directly into place if you are confident enough, or better, use a dual-in-line socket to 
prevent heat damage. The chip can then be swapped out at a later date if needed. 


Parts which become hot in operation (e.g. some power resistors), should be raised 
above the board slightly to allow air to circulate. Some components, especially large 
electrolytic capacitors, may require a mounting clip to be screwed down to the board first, 
otherwise the part may eventually break off due to vibration. It’s a good idea to bolt such 
components firmly into place before soldering their terminals, in order not to strain the 
soldered joints or the components when fasteners are tightened. 


By securing the workpiece as much as possible to prevent movement, you have a 


Fig 17—Radio-entrance panel at K8CH. A flat aluminum 
plate serves as a common grounding point for all coax 
cables to prevent transients from nearby lightning 
strikes from getting into the shack on the feed lines. 
“Spark-gap” protectors to kill transients on the coax 
Inner conductors are located behind the panel. A spark- 
gap protector Is also used on the two open-wire feeder 
Insulators mounted on the Plexiglas sheet behind the 
aluminum panel. 


sient protector must be installed between the antenna and 
the transmission line. (See Fig 15). 

RF transient protection devices from several manu- 
facturers were tested (see Table 1) using RG-8 cable 
equipped with UHF connectors. All of the devices shown 
can be installed in a coaxial transmission line. Recall that 
during the tests the RG-8 cable acted like a suppressor; 


damaging EMP energy arced from the center conductor 
to the cable shield when the voltage level approached 
SSKV. 

Low price and a low clamping 
be considered in the s 


voltage rating must 
ction of an RF transient-protec- 


tion device. The lower cost devices have the higher clamp- 
ing voltages, howev es have 
the lower clamping voltages. Because of this, medium- 
manufactured by Fischer Custom Com- 
lected for testing. The Fischer 
Spikeguard Suppressors ($55 price class) for coaxial lines 


can be made to order to operate at a specific clamping 
voltage. The Fischer devices satisfactorily suppressed the 
damaging transient pulses, passed the transmitter RF 
output power without interfering with the signal, 
operated effectively over a wide frequency range. 


and 


Polyphaser Corporation devices are also effective 
in providing the necessary transient protection. The 
devices available limited the transmitter RF output power 
to 100 W or less, however. These units cost approximately 
$83 each. 

RF coaxial protectors should be mounted on the sta- 
tion ground bus bar. If the Fischer device is used, it should 
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Table 1 
RF Coaxial-Line Protectors 


Measured 
Approximate High'Z 
Cost Clamping 
Manufacturer Device (US Dollars) Voltage (Volts) 
Fischer FOO-250-300-UHF 55 393 
Fischer FGO-250-350-UHF 55 260 
Fischer FOO-250-150-UHF 55 220 
Fischer FCO-250-120-UHF 55 240 
Fischer FGO-450:120-UHF 55 120 
Polyphaser 1S:NEMP 83 140 
Polyphaser 1S:NEMP-1 83 150 
Polyphaser IS:NEMP.2 83 160 


Note: The transmitter output power, frequency of operation, and 
transmission line SWR must be considered when selecting any 
of these devices. 


be attached to a grounded UHF receptacle that will serve 

\s a hold-down bracket. This creates a conductive path 
between the outer shield of the protector and the bus bat. 
The Polyphaser device can be mounted directly to the 
bus bar with the bracket provided. 

Attach the transceiver or antenna matching network 
to the grounded protector with a short (6 foot or less) 
piece of coaxial cable. Although the cable provides a 
ground path to the bus bar from the radio equipment, it is 
not a satisfactory transient-protection ground path for the 
transceiver. Another ground should be installed between 
the transceiver case and the ground bus using solid #6 
wire. The coaxial cable shield should be grounded to the 
antenna tower leg at the tower base. Each tower leg should 
have an earth ground connection and be connected to the 
ingle-point ground system as shown in Fig 16. 


Antenna Rotators 


Antenna rotators can be protected by plugging the 
control box into a protected ac power source and adding 
protection to the control lines to the antenna rotator. When 
the control lines are in a shielded cable, the shield must 
be grounded at both ends. MOVs of the proper size should 
be installed at both ends of the control cable. At the sta- 
tion end, terminate the control cable in a small metal box 
that is connected to the station ground bus. Attach MOVs 
from each conductor to ground inside the box. At the 
antenna end of the control cable, place the MOVs inside 
the rotator case or in a small metal box that is properly 
grounded. 

For example, the Alliance HD73 antenna rotator uses 
 6-conductor unshielded control cable with a maximum 
control voltage of 24.7 V de. Select an MOV with a clamp- 
ing voltage level 10% higher (27 V or more) so the MOV 
won't clamp the control signal to ground. If the control 
voltage is ac, be sure to convert the RMS voltage value to 
peak voltage when considering the clamping voltage level. 


Mobile Power Supply Protection 

The mobile amateur station environment exposes 
radio equipment to other transient hazards in addition to 
those of lightning and EMP. Currents as high as 300 A 
are switched when starting the engine, and this can pro- 
duce voltage spikes of over 200 V on the vehicle’s elec- 
trical system. Lightning and EMP are not likely to impact, 
the vehicle’s electrical system as much as they would that 
of a fixed installation because the automobile chassis is, 
not normally grounded. This would not be the case if the 
vehicle is inadvertently grounded; for example, when the 
Vehicle is parked against a grounded metal conductor. The 
mobile radio system has two advantages over a fixed 
installation: Lightning is almost never a problem, and the 
vehicle battery is a natural surge suppressor. 

Mobile radio equipment should be installed in a way 
that takes advantage of the protection provided by the 
battery. See Fig 18. To do this, connect the positive power 
lead of the radio directly to the positive battery post, not 
to intermediate points in the electrical system such as the 
fuse box or the auxiliary contacts on the ignition switch. 
To prevent equipment damage or fire, in-line fuses should 
be installed in the positive lead where they are attached 
to the battery post 

‘An MOV should be installed between the two leads 
of the equipment power cord. A GE MOV (V36ZA80) is, 
recommended for this application. This MOV provides 
the lowest measured clamping voltage (170 V) and is low 
in cost. 


Mobile Antenna Installation 

Although tests indicate that mobile radios ean sur- 
vive an EMP transient without protection for the antenna 
system, protection from lightning transients is still 
required. A coaxial-line transient suppressor should be 


installed on the vehicle chassis between the antenna and 
the radio’s antenna connector. 

‘A Fischer suppressor can be attached to a UHF 
receptacle that is mounted on, and grounded to, the 
vehicle chassis. The Polyphaser protector can be mounted 
on, and grounded to, the vehicle chassis with its flange. 
Use a short length of coaxial cable between the radio and 
the transient suppressor. 


Clamping Voltage Calculation 

‘When selecting any EMP-protection device to be used 
at the antenna port of a radio, several items must be con- 
‘dered. These include transmitter RF power output, the 
SWR, and the operating frequency. The protection device 
must allow the outgoing RF signal to pass without clamp- 
ing. A clamping voltage calculation must be made for each 
amateur installation, 

‘The RF-power input to a transmission line develops a 
corresponding voltage that becomes important when a volt- 
-surge arrester isin the line. SWR is important because of 
its influence on the voltage level. The maximum voltage 
developed for a given power input is determined by: 


V=2xPxZxSWR (Eq 1) 


where 


P = peak power in W 
impedance of the coaxial cable (Q) 
V = peak voltage across the cable 


Eq 1 should be used to determine the peak voltage 
ent across the transmission line. Because the RF tran- 
-nt-protection devices use gas-discharge tubes, the volt- 
age level at which they clamp is not fixed; a safety margin 
must be added to the calculated peak voltage. This is done 
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Fig 18—Recommended method of connecting mobile radio equipment to the vehicle battery and antenna. 
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by multiplying the calculated value by a factor of three. 
‘This added safety margin is required to ensure that the 
transmitter’s RF output power will pass through the tran- 
ent suppressor without causing the device to clamp the 
RF signal to ground. The final clamping voltage obtained 
is then high enough to allow normal operation of the trans- 
mitter while providing the lowest practical clamping volt- 
age for the suppression device. This ensures the maximum 
possible protection for the radio system. 

Here’s how to determine the clamping voltage 
required. Let's assume the SWR is 1.5:1. The power out- 
put of the transceiver is 100 W PEP. RG/8 coaxial cable 
has an impedance of 52 Q. Therefore: 


P= 100W 
22520 
swe =15 
Substituting these values into Eq 1 
V = [25100 32x15 = 12489 V peak 


Note that the voltage, V, is the peak value at the peak 
of the RF envelope. The final clamping voltage (FCV) is 
three times this value, or 374.7 V. Therefore, a coaxial- 
line transient suppressor that clamps at or above 375 V 
should be used. 

The cost of a two-point basic prot 
timated to be $100 for each fixed amateur station, This 
includes the cost of a good quality plug-in power-line pro- 
tector ($45) and one Fischer coaxial-line protector ($55). 


jon scheme is 


Inexpensive Transient-Protection Devices 

Here are two low-cost protection devices you can 
assemble. They performed flawlessly in the tests. 

The radio antenna connection can be protected by 
means of another simple device. As shown in Fig 19, two 
spark gaps (Siemens BI-A350) are installed in series at 
one end of a coaxial-cable T connector. Use the shortest 
practical lead length (about 1/4 inch) between the two spark 
gaps. One lead is bent forward and forced between the split 
sections of the inner coaxial connector until the spark gaps 
approach the body of the connector. A short length of 
insulating material (such as Mylar) is placed between the 
spark gaps and the connector shell. The other spark-gap 
lead is folded over the insulator, then conductive (metal- 
lic) tape is wrapped around the assembly. This construc- 
tion method proved durable enough to allow many 
insertions and removals of the device during testing. Esti- 
mated cost of this assembly is $9. Similar devices can be 
built using components from Joslyn, General Electric, 
General Semiconductor or Siemens, 


Summary 

Amateurs should be aware of which components in 
their radio system are most likely to be damaged by EMP. 
‘They should also know how to repair the damaged equip- 
ment, Amateurs should know how to reestablish commu- 
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Fig 19—Pictorial diagram of an inexpensive, homemade 
RF coax transient protector. 


nications after an EMP event, taking into consideration 
its adverse effects on the earth's atmosphere and radio 
equipment. One of the first things that would be noticed, 
providing the radio equipment is operative, is a sudden 
lence in radio transmissions across all frequencies below 
approximately 100 MHz. This silence would be caused 
in part by damage to unprotected radio gear from the EMP 
transient. Transmissions from one direction, the direc- 
tion of the nuclear blast, would be completely out. RF 
signal loss by absorption and attenuation by the nuclear 
fireball are the reasons for this. 

After an EMP event, the amateur should be prepared 
to operate CW. CW gives the most signal power under 
adverse conditions. It also provides a degree of message 
security from the general public. 

Amateurs should develop the capability and flex- 
ibility to operate in more than one frequency band. The 
lower ground-wave frequencies should be useful for long- 
distance communications immediately after an EMP 
ight VHF would be of value for local 


event. Line-ol 
communications, 

‘What can be done to increase the survivabi 
Amateur Radio station? Here are some sugges 


ty of an 
tions: 


1) If you have spare equipment, keep it disconnected: 
use only the primary station gear. The spare equip- 
ment would then be available after an EMP event. 

2) Keep equipment turned off and antenna and power 
lines disconnected when the equipment is not in use. 

3) Connect only those external conductors necessary for 
the current mode of operation. 

4) Tic all fixed equipment to a single-point earth ground 
to prevent closed loops through the ground. 

5) Obtain schematic diagrams of your equipment and 
tools for repair of the equipment. 

6) Have spare parts on hand for sensitive components 
of the radio equipment and antenna system. 

7) Learn how to repair or replace the sensitive compo- 
nents of the radio equipment. 

8) Use nonmetallic guy lines and antenna structural 
parts where possible. 

9) Obtain an emergency power source and operate from 


it during periods of increased world political tension. 
‘The power source should be completely isolated from 
the commercial power lines 

10) Equipment power cords should be disconnected when 
the gear is idle. Or the circuit breaker for the line 
feeding the equipment should be kept in the OFF 
position when the station is off the air. 

11) Disconnect the antenna lead-in when the station is 
off the air. Or use a grounding antenna switch and 
keep it in the GROUND position when the equipment 
is not in use. 

12) Have a spare antenna and transmission line on hand 
to replace a damaged antenna system 

13) Install EMP surge arresters and filters on all primary 


conductors attached to the equipment and antenna, 

14) Retain tube type equipment and spare components; 
keep them in good working order. 

15) Do not rely on a microprocessor to control the sta- 
tion after an EMP event. Be able to operate without 
microprocessor control. 


The recommendations contained in this section were 
developed with low cost in mind; they are not intended 
to cover all possible combinations of equipment and 
installation methods found in the amateur community. 
Amateurs should examine their own requirements and use 
this report as a guideline in providing protection for the 
equipment. 


RF Radiation and Electromagnetic Field Safety 


Amateur Radio is basically a safe activity. In recent 
years, however, there has been considerable discussion 
land concern about the possible hazards of electromag- 
netic radiation (EMR), including both RF energy and 
frequency (50-60 Hz) electromagnetic (EM) fields, 
regulations set limits on the maximum permissible 
exposure (MPE) allowed from the operation of radio 
transmitters. These regulations do not take the place of 
RF-safety practices, however. This section deals with the 
topic of RF safety. 

This section was prepared by members of the ARRL 
RF Safety Committee and coordinated by Dr Robert E. 
Gold, WBOKIZ. It summarizes what is now known and 
offers safety precautions based on the research to date. 

All life on Earth has adapted to survive in an em 
ronment of weak, natural, low-frequency electromagnetic 
fields (in addition to the Earth’s static geomagnetic field) 
Natural low-frequency EM fields come from two main 
sources: the sun, and thunderstorm activity. But in the last 
100 years, man-made fields at much higher intensities and 
with a very different spectral distribution have altered this 
natural EM background in ways that are not yet fully 
understood. Researchers continue to look at the effects of 
RF exposure over a wide range of frequenci 

Both RF and 60-Hz fields are classified as nonion- 
izing radiation, because the frequency is too low for there 
to be enough photon energy to ionize atoms. (Ionizing 
radiation, such as X-rays, gamma rays and even some 
ultraviolet radiation has enough energy to knock 
trons loose from their atoms. When this happens, posi 
tive and negative ions are formed.) Still, at sufficiently 


and level 


high power densities, EMR poses certain health hazards. 
Ithas been known since the early days of radio that RF 
energy can cause injuries by heating body tissue. (Any- 
one who has ever touched an improperly grounded radio 
chassis or energized antenna and received an RF burn 
will agree that this type of injury can be quite painful.) In 
extreme cases, RF-induced heating in the eye can result 
in cataract formation, and can even cause blindness. 
Excessive RF heating of the reproductive organs can cause 
sterility. Other health problems also can result from RF 
heating. These heat-related health hazards are called ther- 
mal effects. A microwave oven is a positive application 
of this thermal effect. 

There also have been observations of changes in 
physiological function in the presence of RF energy lev- 
els that are too low to cause heating. These functions 
return to normal when the field is removed. Although 
research is ongoing, no harmful health consequences have 
been linked to these changes. 

In addition to the ongoing research, much else has 
been done to address this issue. For example, FCC regu- 
lations set limits on exposure from radio transmitters. The 
Institute of Electrical and Electronics Engineers, the 
American National Standards Institute and the National 
Council for Radiation Protection and Measurement, 
among others, have recommended voluntary guideline 
to limit human exposure to RF energy. The ARRL has 
tablished the RF Safety Committee, consisting of con- 
cerned medical doctors and scientists, serving voluntar- 
ily to monitor scientific research in the fields and to 
recommend safe practices for radio amateurs. 
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THERMAL EFFECTS OF RF ENERGY 


Body tissues that are subjected to very high levels 
of RF energy may suffer serious heat damage. These 
effects depend on the frequency of the energy, the power 
density of the RF field that strikes the body and factors 
such as the polarization of the wave. 

At frequencies near the body’s natural resonant fre- 
quency, RF energy is absorbed more efficiently, and an 
increase in heating occurs. In adults, this frequency usu- 
ally is about 35 MHz if the person is grounded, and about 
70 MHz if insulated from the ground. Individual body 
parts may be resonant at different frequencies. The adult 
head, for exampl ‘onant around 400 MHz, whil 
baby’s smaller head resonates near 700 MHz. Body size 
thus determines the frequency at which most RF energy 
is absorbed. As the frequency is moved farther from r 
nance, less RF heating generally occurs. Specific absorp- 
tion rate (SAR) is a term that describes the rate at which 
RF energy is absorbed in tissue. 

Maximum permissible exposure (MPE) limits are 
based on whole-body SAR values, with additional safety 
factors included as part of the standards and regulations, 
This helps explain why these safe exposure limits vary with 
frequency. The MPE limits define the maximum electric 
and magnetic field strengths or the plane-wave equivalent 
power densities associated with these fields, that a person 
may be exposed to without harmful effect—and with an 
acceptable safety factor. The regulations assume that a 
person exposed to a specified (safe) MPE level also will 
experience a safe SAR. 

Nevertheless, thermal effects of RF energy should not 
bbe a major concern for most radio amateurs, because of 
the power levels we normally use and the intermittent 
nature of most amateur transmissions. Amateurs spend 
more time listening than transmitting, and many amateur 
transmissions such as CW and SSB use low-duty-cycle 
modes. (With FM or RTTY, though, the RF is present con- 
tinuously at its maximum level during each transmission.) 
In any event, itis rare for radio amateurs to be subjected to 
RF fields strong enough to produce thermal effects, unless 
they are close to an energized antenna or un- shielded power 
amplifier. Specific suggestions for avoiding excessive 
exposure are offered later in this chapter. 


ATHERMAL EFFECTS OF EMR 


Research about possible health effects resulting 
from exposure to the lower level energy fields, the 
athermal effects, has been of two basic types: epidemio- 
logical research and laboratory research. 

Scientists conduct laboratory research into biologi- 
cal mechanisms by which EMR may affect animals 
including humans. Epidemiologists look at the health pat- 
tems of large groups of people using statistical methods. 
These epidemiological studies have been inconclusive. 
By their basic design, these studies do not demonstrate 
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cause and effect, nor do they postulate mechanisms of 
disease. Instead, epidemiologists look for associations 
between an environmental factor and an observed pat- 
tem of illness. For example, in the earliest research on 
malaria, epidemiologists observed the association 
between populations with high prevalence of the disease 
and the proximity of mosquito infested swamplands. It 
was left to the biological and medical scientists to isolate 
the organism causing malaria in the blood of those with 
the disease, and identify the same organisms in the mos- 
quito population 

se of athermal effes 
issociation between exposure to EMF at home 
or at work and various malignant conditions including 
leukemia and brain cancer. A larger number of equally well 
designed and performed studies, however, have found no 
association. A risk ratio of between 1.5 and 2.0 has been 
observed in positive studies (the number of observed cases 
of malignancy being 1.5 to 2.0 times the “expected” num- 
ber in the population). Epidemiologists generally regard a 
risk ratio of 4.0 or greater to be indicative of a strong asso- 
ciation between the cause and effect under study. For 
example, men who smoke one pack of cigarettes per day 
increase their risk for lung cancer tenfold compared to non- 
smokers, and two packs per day increases the risk to more 
than 25 times the nonsmokers” risk. 

Epidemiological research by itself is rarely conclu- 
however. Epidemiology only identifies health pat- 
terns in groups—it does not ordinarily determine their 
cause. And there are often confounding factors: Most of 
us are exposed to many different environmental hazards 
that may affect our health in various ways. Moreover, not 
all studies of persons likely to be exposed to high levels 
of EMR have yielded the same results 

There also has been considerable laboratory research 
about the biological effects of EMR in recent years. For 
example, some separate studies have indicated that even 
fairly low levels of EMR might alter the human body's 
circadian rhythms, affect the manner in which T lympho- 
cytes function in the immune system and alter the nature 
of the electrical and chemical signals communicated 
through the cell membrane and between cells, among other 
things. Although these studies are intriguing, they do not 
demonstrate any effect of these low-level fields on the over- 
all organism. 

Much of this research has focused on low-frequency 
magnetic fields, or on RF fields that are keyed, pulsed or 
modulated at a low audio frequency (often below 100 Hz). 
Several studies suggested that humans and animals can 
adapt to the presence of a steady RF carrier more readily 
than to an intermittent, keyed or modulated energy source. 

The results of studies in this area, plus speculations 
concerning the effect of various types of modulation, were 
and have remained somewhat controversial. None of the 


some studies have 


research to date has demonstrated that low-level EMR 
causes adverse health effects. 


Fig 20—1991 RF protection guidelines for body exposure of humans. It is known officially as the “IEEE Standard for 
Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz. 


Given the fact that there is a great deal of ongoing 

research to examine the health consequences of exposure 

to EMF, the American Physical Society (a national group 
of highly respected scientists) issued a statement in May 

1995 based on its review of available data pertaining to 

the possible connections of cancer to 60-Hz EMF expo: 

sure, This report is exhaustive and should be reviewed 
by anyone with a serious interest in the field. Among its 
general conclusions were the following: 

1. The scientific literature and the reports of reviews by 
other panels show no consistent, significant link 
between cancer and power line fields. 

2. No plausible biophysical mechanisms for the system: 
atic initiation or promotion of cancer by these 
extremely weak 60-Hz fields has been identified. 

3. While itis impossible to prove that no deleterious health, 
effects occur from exposure to any environmental fac 
tor, it is necessary to demonstrate a consistent, sig: 
nificant, and causal relationship before one can 
conclude that such effects do occur. 

In a report dated October 31, 1996, a committee of 
the National Research Council of the National Academy 
of Sciences has concluded that no clear, convincing evi 
dence exists to show that residential exposures to elec: 
tric and magnetic fields (EMFs) are a threat to human 
health. 

‘A National Cancer Institute epidemiological study 
of residential exposure to magnetic fields and acute lym- 
phoblastic leukemia in children was published in the New 
England Journal of Medicine in July 1997. The exhaus- 
tive, seven-year study concludes that if there is any link 


at all, it is far too weak to be concerned about 


Readers may want to follow this topic as further 
studies are reported. Amateurs should be aware that 
exposure to RF and ELF (60 Hz) electrom: 
at all power levels and frequencies has not been f 
ied under all circumstances, “Prudent avoidance” of any 
avoidable EMR is always a good idea. Prudent avoid- 
ance doesn’t mean that amateurs should be fearful of 
using their equipment, Most amateur operations are well 
within the MPE limits. If any risk does exist, it will almost 
surely fall well down on the list of causes that may be 
harmful to your health (on the other end of the list from 
that hams 


your automobile). It does mean, however 
should be aware of the potential for exposure from their 
stations, and take whatever reasonable steps they can take 
to minimize their own exposure and the exposure of those 
around them, 


Safe Exposure Levels 

How much EM energy is safe? Scientists and regu- 
lators have devoted a great deal of effort to deciding upon 
safe RF-exposure limits. This is a very complex prob- 
lem, involving difficult public health and economic con- 
siderations. The recommended safe levels have been 
revised downward several times over the years —and not 
all scientific bodies agree on this question even today 
An Institute of Electrical and Electronics Engineers 
(IEEE) standard for recommended EM exposure limits 
was published in 1991 (see Bibliography). It replaced a 
1982 American National Standards Institute (ANSI) stan- 
dard. In the new standard, most of the permitted expo- 
sure levels were revised downward (made more stringent), 
to better reflect the current research. The new IEEE stan- 
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FCC RF-Exposure Regulations 


FCC regulations control the amount of RF exposure 
that can result from your station's operation (§§97.13, 
97.503, 1.1307 (b)(0)(d), 1.1310 and 2.1093). The regula 
tions set limits on the maximum permissible exposure 
(MPE) allowed from operation of transmitters in all radio 
services, They also require that certain types of stations be 
evaluated to determine if they are in compliance with the 
MPEs specified in the rules, The FCC has also required 
that five questions on RF environmental safely practices be 
added to Novice, Technician and General license examina 
tions 

‘These rules went into effect on January 1, 1998 for new 
stations of stations that file a Form 608 application with the 
FCC. Other existing stations have until September 1, 2000 
to be in compliance with the rules. 


The Rules 


Maximum Permissible Exposure (MPE) 

All radio stations regulated by the FCC must comply with 
the requirements for MPEs, even QRP stations running 
only a few watts or less. The MPEs vary with frequency, as 
shown in Table A. MPE limits are specified in maximum 
electric and magnetic fields for frequencies below 30 MHz, 
in power density for frequencies above 300 MHz and all 
three ways for frequencies fram 30 to 300 MHz. For 
compliance purposes, all of these limits must be consid- 
ered separately. If any one is exceeded, 


the station is not in compliance. 
‘The regulations control human exposure to RF fields, 
not the strength of RF fields. There is no limit to how 
strong a field can be as long as no one is being exposed 
to it, although FCC regulations require that amateurs use 
the minimum necessary power at all times (§97.311 (al). 


Environments 
‘The FCC has defined two exposure environments — 
controlled and uncontrolled. A controlled environment is 

tone in which the people who are being exposed are 
aware of that exposure and can take steps to minimize 
that exposure, if appropriate. In an uncontrolled environ- 
‘ment, the people being exposed are not normally aware 
of the exposure. The uncontrolled environment limits are 
more stringent than the controlled environment limits. 

‘Although the controlled environment is usually 
intended as an occupational environment, the FCC has. 
determined that it generally applies to amateur operators 
and members of their immediate households. In most 
cases, controlled-environment limits can be applied to 
your home and property to which you can control 
physical access. The uncontrolled environment is 
Intended for areas that are accessible by the general 
public, such as your neighbors’ properties. 

‘The MPE levels are based on average exposure. An 
averaging time of 6 minutes is used for controlled 
exposure: an averaging period of 30 minutes is used for 
uncontrolied exposure. 


(A) Limits for Occupational/Controlled Exposure 


frequency in MHz 
= Plane-wave equivalent power density (see Note 1). 


f = frequency in MHz 
Plane-wave equivalent power density (see Note 1). 


equivalent far-field power density can be found in the near 
relationships: Pg = |Ewial® / 3770 mWiem? or from Py 


Table A—(From §1.1310) Limits for Maximum Permi 


(B) Limits for General Population/Uncontrolled Exposure 


Note 1: This means the equivalent far-field strength that would have the E or H-fleld compo. 
nent calculated or measured. It does not apply well in the near field of an antenna. The 
far field regions from the 


hon’ * 97.7 mWiom? 


Station Evaluations 
The FCC requires 

that certain amateur 

stations be evaluated 


ible Exposure (MPE) 


Frequency Electric Field Magnetic Field Power Density Averaging Time 
Range ‘Strength Strength (mWiem2) (minutes) for compliance with the. 
(Hz) wim) Am) amateur can have. 
03:30 614 1.63 (100)" 6 evaluation isnot 
3.0-30 1842/f 4.89/f (900/12)" 6 difficult for hams to 
30-300 61.4 0.163 1.0 6 evaluate their own 
300-1500 — = 17300 6 stations. The ARRL 
1500-100,000 — eed 5 6 


book AF Exposure and 
You contains extensive 
information about the 
regulations and a large 
chapter of tables that, 
show compliance 


Frequency Elecie Pld Magnet Feld Power Densiy Averaging Tine Show complance 
Howe” Sangh Stank Gawler)” Yloutesh distances or specie 
(MHz) (Vim) (aim) levels. Generally, hams 
03-134 614 1.63 (100)" 30 ects te cations, 
13e30 Baal pig (soley 30 sealune Hel sation 
30300278 o.073 be 30 fave boon inludea ih 
go0-1500 = wis00 30 the FOG information 
1500-100,000 — ae 10 30 oer Buletn 65 and 


its Supplement B. It 
hams choose, however, 
they can do more 
extensive calculations, 
use a computer to 
model their antenna 
and exposure, or make 
actual measurements, 
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‘Table B—Power Thresholds for Routine 
Evaluation of Amateur Radio Stations 


Wavelength Evaluation Required if 
Band Power* (watts) Exceeds: 
MF 
160 m 500 
HF 
80m 500 
75m 500 
40m 500 
30m 425 
20m 225 
17m 125 
15m 100 
12m 75 
10m 50 
VHF (all bands) 50 
UHF 
70 em 70 
33 cm, 150 
23cm 200 
13cm 250 


SHF (all bands) 250 
EHF (all bands) 250 


Repeater stations 
(all bands) 


non-building-mounted antennas: 

height above ground level 

to lowest point of antenna 

< 10 m and power > 500 W ERP 

building-mounted antennas: 

power > 500 W ERP 

“Transmitter power = Peak-envelope power input to 
antenna. For repeater stations only, power exclusion 
based on ERP (effective radiated power). 


Categorical Exemptions 

‘Some types of amateur stations do not need to be 
evaluated, but these stations must still comply with the 
MPE limits. The station licensee remains responsible for 
ensuring that the station meets these requirements. 

The FCC has exempted these stations from the evalua- 
tion requirement because their output power, operating 
‘mode and frequency are such that they are presumed to 
be in compliance with the rules. 

‘Stations using power equal to or less than the levels in 
Table B do not have to be evaluated. For the 100-W HF 
ham station, for example, an evaluation would be required 
only on 12 and 10 meters. 

Hand-held radios and vehicle-mounted mobile radios 
that operate using a push-to-talk (PTT) button are also 
categorically exempt fram performing the routine evalua 
tion. Repeater stations that use less than 500 W ERP or 
those with antennas not mounted on buildings, if the 
antenna is at least 10 meters off the ground, also do not 
need to be evaluated, 


Correcting Problems 
Most hams are already in compliance with the MPE 
requirements. Some amateurs, especially those using 
indoor antennas or high-power, high-duty-cycle modes 
such as a RTTY bulletin station and specialized stations 
for moonbounce operations and the like may need to make 
adjustments to their station or operation to be in compl: 
The FCC permits amateurs considerable flexibility in 
complying with these regulations. As an example, hams can 
adjust their operating frequency, mode or power to comply 
with the MPE limits. They can also adjust their operating 
habits or control the direction their antenna is pointing. 


More Information 
This discussion offers only an overview of this topic; 

additional information can be found in AF Exposure and 
You and on ARRLWeb at www.arrl.orginewsirfsatety/. 
ARRLWeb has links to the FCC Web site, with OET 
Bulletin 65 and Supplement B and links to software that, 
hams can use to evaluate their stations. 


dard was adopted by ANSI in 1992. 

‘The IEEE standard recommends frequency-dependent 
and time-dependent maximum permissible exposure lev- 
els. Unlike earlier versions of the standard, the 1991 stan- 
dard recommends different RF exposure limits in controlled 
environments (that is, where energy levels can be accu- 
rately determined and everyone on the premisé 
of the presence of EM fields) and in uncontrolled environ- 
ments (where energy levels are not known or where people 
may not be aware of the presence of EM fields). FCC r 
lations also include controlled/occupational and uncon- 
trolled/general population exposure environments. 

‘The graph in Fig 20 depicts the 1991 IEEE standard. 
Itis necessarily a complex graph, because the standards 
differ not only for controlled and uncontrolled environ- 
ments but also for electric (E) fields and magnetic (H) 


fields. Basically, the lowest E-field exposure limits occur 
at frequencies between 30 and 300 MHz. The lowest H- 
field exposure levels occur at 100-300 MHz. The ANSI 
standard sets the maximum E-field limits between 30 and 
300 MHZ at a power density of 1 mW/em* (61.4 V/m) in 
controlled environments—but at one-fifth that level 
(0.2 mW/om! or 27.5 V/m) in uncontrolled environments. 
‘The H-field limit drops to 1 mWyem? (0.163 A/m) at 100- 
300 MHz in controlled environments and 0.2 mW/em* 
(0.0728 A/m) in uncontrolled environments. Higher power 
densities are permitted at frequencies below 30 MHz 
(below 100 MHz for H fields) and above 300 MEY, based 
‘on the concept that the body will not be resonant at those 
frequencies and will therefore absorb less energy. 

In general, the 1991 IEEE standard requires averag 
ing the power level over time periods ranging from 6 to 
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30 minutes for power-density calculations, depending on 
the frequency and other variables. The ANSI exposure 
limits for uncontrolled environments are lower than those 
for controlled environments, but to compensate for that 
the standard allows exposure levels in those environments 
to be averaged over much longer time periods (generally 
30 minutes). This long averaging time means that an 
intermittently operating RF source (such as an Amateur 
Radio transmitter) will show a much lower power den- 
sity than a continuous-duty station—for a given power 
level and antenna configuration. 

Time averaging is based on the concept that the 
human body can withstand a greater rate of body heating 
(and thus, a higher level of RF energy) for a short time 
than for a longer period. Time averaging may not be 
appropriate, however, when considering nonthermal effects 
of RF energy. 

‘The IEEE standard excludes any transmitter with an 
output below 7 W because such low-power transmitters 
‘would not be able to produce significant whole-body heat- 
ing. (Recent studies show that hand-held transceivers 
often produce power dens 
dard within the head.) 

There is disagreement within the scientific commu- 
nity about these RF exposure guidelines. The IEEE sta 
dard is still intended primarily to deal with thermal effects, 
not exposure to energy at lower levels. A small but sig- 
nificant number of researchers now believe athermal 


in excess of the IEEE stan- 


effects also should be taken into consideration. Several 
European countries and localities in the United States have 
adopted stricter standards than the recently updated IEEE 
standard. 

Another national body in the United States, the 
National Council for Radiation Protection and Measu 
‘ment (NCRP), also has adopted recommended exposure 
guidelines. NCRP urges a limit of 0.2 mW/em* for non- 
occupational exposure in the 30-300 MHz range. The 
NCRP guideline differs from IEEE in two notable ways: It 
takes into account the effects of modulation on an RF 
carrier, and it does not exempt transmitters with outputs 
below 7 W. 

‘The FCC MPE regulations are based on parts of the 
1992 IEEE/ANSI standard and recommendations of the 
National Council for Radiation Protection and Measu 
ment (NCRP). The MPE limits under the regulations are 
slightly different than the IEEE/ANSI limits. Note that the 
MPE levels apply to the FCC rules put into effect for radio 
amateurs on January 1, 1998. These MPE requirements do 
not reflect and include all the assumptions and exclusions 
of the IEEE/ANSI standard, 


Cardiac Pacemakers and RF Safety 

Itis a widely held belief that cardiac pacemakers may 
be adversely affected in their function by exposure to el 
tromagnetic fields. Amateurs with pacemakers may ask 
‘whether their operating might endanger themselves or visi- 
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tors to their shacks who have a pacemaker. Because of this, 
and similar concerns regarding other sources of el 
magnetic fields, pacemaker manufacturers apply d 
methods that for the most part shield the pacemaker cir- 
cuitry from even relatively high EM field strengths. 

Itis recommended that any amateur who has a pace~ 
maker, or is being considered for one, discuss this matter 
with his or her physician, The physician will probably 
put the amateur into contact with the technical represen- 
tative of the pacemaker manufacturer. These representa~ 
tives are generally excellent s, and may have data 
from laboratory or “in the field” studies with sp. 
model pacemakers, 

One study examined the function of a modern (dual 
chamber) pacemaker in and around an Amateur Radio 
station. The pacemaker generator has circuits that receive 
and process electrical signals produced by the heart, and 
also generate electrical signals that stimulate (pace) the 
heart. In one series of experiments, the pacemaker was 
connected to a heart simulator. The system was placed 
on top of the cabinet of a 1-kW HF linear amplifier dur- 
ing SSB and CW operation. In another test, the system 
was placed in close proximity to several I to 5-W 2-meter 
hand-held transceivers. The test pacemaker was connected 
to the heart simulator in a third test, and then placed on 
the ground 9 meters below and 5 meters in front of a 
three-element Yagi HF antenna. No interference with 
pacemaker function was observed in these experiments, 

Although the possibility of interference cannot be 
entirely ruled out by these few observations, these tests 
represent more severe exposure to EM fields than would 
ordinarily be encountered by an amateur—with an aver- 
age amount of common sense. Of course, prudence dic. 
tates that amateurs with pacemakers, who use hand-held 
VHF transceivers, keep the antenna as far as possible from 
the site of the implanted pacemaker generator. They also 
should use the lowest transmitter output required for 
adequate communication. For high power HF transmis- 
sion, the antenna should be as far as possible from the 
operating position, and all equipment should be properly 
grounded. 


Low-Frequency Fields 

Although the FCC doesn’t regulate 60-Hz fields, 
some recent concern about EMR has focused on low- 
frequency energy rather than RF. Amateur Radio equip- 
‘ment can be a significant source of low-frequency mag- 
netic fields, although there are many other sources of this 
kind of energy in the typical home. Magnetic fields can 
be measured relatively accurately with inexpensive 60-Hz 
meters that are made by several manufacturers. 

Table 2 shows typical magnetic field intensities of 
Amateur Radio equipment and various household items 
Because these fields dissipate rapidly with distance, “pru- 
dent avoidance” would mean staying perhaps 12 to 
18 inches away from most Amateur Radio equipment (and 


24 inches from power supplies with I-kW RF amplifiers) 


Determining RF Power Density 

Unfortunately, determining the power density of the 
RF fields generated by an amateur station is not as simple 
as measuring low-frequency magnetic fields. Although 
sophisticated instruments can be used to measure RF 
power densities quite accurately, they are costly and 
require frequent recalibration. Most amateurs don’t have 
access to such equipment, and the inexpensive field- 


Table 2 
Typical 60-Hz Magnetic Fields Near Amateur 
Radio Equipment and AC-Powered Household 
Appliances 

Values are in milligauss. 


tem Field Distance 
Electric blanket 30-90 Surface 
Microwave oven 10-100 ‘Surface. 
1-10 12" 
IBM personal 5-10 Atop monitor 
computer O14 18” from screen 
Electric drill 500-2000 At handle 
Hair dryer 200-2000 At handle 
HF transceiver 10-100 Atop cabinet 
15 18” from front 
1-kW RF amplifier 80-1000 Atop cabinet 
1-25 18” from front 


(Source: measurements made by members of the ARRL AF 
Safety Committee) 


Table 3 
Typical RF Field Strengths Near Amateur Radio 
Antennas 


‘A sampling of values as measured by the Federal 
Communications Commission and Environmental Protec- 
tion Agency, 1990 


Antenna Type Freq_—-Power_E Field 
(MHz) (W) (Vim) Location 
Dipole in attic «14.15 = 1007-100 In home 
Discone in attic 146.5 250 10-27 In home 
Half sloper 215 1000 50 1 mfrom 
base 
Dipole at 7-13 ft 7.14 = 120 8-180 1-2. m from 
earth 
Vertical 38 800 18 0.5 mfrom 
base 
S-element Yagi 21.2, 1000-10-20 In shack 
at 60 ft 14 12m from 
base 
S-element Yagi 28.5425 8-12.12. m from 
at 25 ft base 
Inverted V 723 1400 $27 Below 
at 22-46 ft antenna 
Vertical on roof 14.11 140 6-9) In house 
35-100 At antenna 
tuner 
Whip on auto roof 146.5 100 22-75 2m 
‘antenna 
15-30 In vehicle 
90 Rear seat 
S-element Yagi 50.1. 500.3750 10m 
at 20 ft antenna 


Table 4 
RF Awareness Guidelines 
These guidelines were developed by the ARRL RF Safety 
Committee, based on the FCC/EPA measurements of 
Table 3 and other data. 

+ Although antennas on towers (well away from people) 
pose no exposure problem, make certain that the RF 
radiation is confined to the antennas’ radiating elements 
themselves. Provide a single, good station ground 
(earth), and eliminate radiation from transmission lines. 
Use good coaxial cable or other feed line properly. Avoid 
serious imbalance in your antenna system and feed line. 
For high-powered installations, avoid end-fed antennas 
that come directly into the transmitter area near the 
operator. 

+ No person should ever be near any transmitting antenna 
while itis in use. This is especially true for mobile or 
ground-mounted vertical antennas. Avoid transmitting 
with more than 25 W in a VHF mobile installation unless it 
is possible to first measure the RF fields inside the 
vehicle. At the 1-kW level, both HF and VHF directional 
antennas should be at least 35 ft above inhabited areas. 
‘Avoid using indoor and altic-mounted antennas if at all 
possible. If open-wire feeders are used, ensure that it is 
Not possible for people (or animals) to come into accider 


tal contact with the feed line. 

+ Don't operate high-power amplifiers with the covers 
removed, especially at VHF/UHF. 

+ In the UHF/SHF region, never look into the open end of an 
activated length of waveguide or microwave feed-horn 
antenna or point it toward anyone. (If you do, you may be 
exposing your eyes to more than the maximum permis- 
sible exposure level of RF radiation.) Never point a high- 
gain, narrow-bandwidth antenna (a paraboloid, for 
instance) toward people. Use caution in aiming an EME 
(moonbounce) array toward the horizon; EME arrays may 
deliver an effective radiated power of 250,000 W or more. 

+ With hand-held transceivers, keep the antenna away from 
your head and use the lowest power possible to maintain 
communications. Use a separate microphone and hold the 
rig as far away from you as possible. This will reduce your 
exposure to the RF energy. 

+ Don't work on antennas that have RF power applied. 

+ Don't stand or sit close to a power supply or linear 
amplifier when the ac power is turned on. Stay at least 
24 inches away from power transformers, electrical fans 
and other sources of high-level 60-Hz magnetic fields. 
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much higher chance of producing good-quality reliable solder joints. 


strength meters that we do have are not suitable for mea- 
suring RF power density. 

Table 3 shows a sampling of measurements made at 
Amateur Radio stations by the Federal Communications 
Commission and the Environmental Protection Agency 
in 1990. As this table indicates, a good antenna well 
removed from inhabited areas poses no hazard under any 
of the IEEE/ANSI guidelines. However, the FCC/EPA 
survey also indicates that amateurs must be careful about 
using indoor or attic-mounted antennas, mobile anten- 
nas, low directional arrays or any other antenna that is 
close to inhabited areas, especially when moderate to high 
power is used. 

Ideally, before using any antenna that is in close 
proximity to an inhabited area, you should measure the 
RF power density. If that is not feasible, the next best 
option is make the installation as safe as possible by 
observing the safety suggestions listed in Table 4 

It also is possible, of course, to calculate the prob- 
able power density near an antenna using simple equa- 
tions. Such calculations have many pitfalls. For one, most 
of the situations where the power density would be high 
enough to be of concern are in the near field. In the near 
eld, ground interactions and other variables produce 
power densities that cannot be determined by simple arith- 
metic. In the far field, conditions become easier to pre~ 
dict with simple calculations. 

‘The boundary between the near field and the far field 
depends on the wavelength of the transmitted signal and 
the physical size and configuration of the antenna. The 
boundary between the near field and the far field of an 
antenna can be as much as several wavelengths from the 


antenna. 

Computer antenna-modeling programs are another 
approach you can use. MININEC or other codes derived 
from NEC (Numerical Electromagnetics Code) are suit- 
able for estimating RF magnetic and electric fields around 
amateur antenna systems. 

‘These models have limitations. Ground interactions 
must be considered in estimating near-field power densi- 
‘and the “correct ground” must be modeled. Computer 
modeling is generally not sophisticated enough to predict 
“hot spots” in the near field—places where the field inten- 
sity may be far higher than would be expected, due to 
reflections from nearby objects. In addition, “nearby 
objects” often change or vary with weather or the season, 
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so the model so laboriously crafted may not be representa- 
tive of the actual situation, by the time it is running on the 
computer. 

Intensely elevated but localized fields often can be 
detected by professional measuring instruments. These 
“hot spots” are often found near wiring in the shack, and 
metal objects such as antenna masts or equipment cabi- 
nets. But even with the best instrumentation, 1 
surements also may be misleading in the near field 

One need not make precise measurements or model 
the exact antenna system, however, to develop some idea 
of the relative fields around an antenna. Computer mod- 
eling using close approximations of the geometry and 
power input of the antenna will generally suffice. Those 
who are familiar with MININEC can estimate their power 
densities by computer modeling, and those who have 
access to professional power-density meters can make 
useful measurements. 

While our primary concern is ordinarily the inten- 
ty of the signal radiated by an antenna, we also should 
remember that there are other potential energy sources to 
be considered. You also can be exposed to RF radiation 
directly from a power amplifier if it is operated without 
proper shielding. Transmission lines also may radiate a 
ignificant amount of energy under some conditions. Poor 
microwave waveguide joints or improperly assembled 
connectors are another source of incidental radiation. 


Further RF Exposure Suggestions 


Potential exposure situations should be taken seri- 
ously. Based on the FCC/EPA measurements and other 
data, the “RF awareness” guidelines of Table 4 were 
developed by the ARRL RF Safety Committee. A longer 
version of these guidelines, along with a complete list of 
references, appeared in a QST article by Ivan Shulman, 
MD, WC2S (“Is Amateur Radio Hazardous to Our 
Health?” QST , Oct 1989, pp 31-34). For more informa- 
tion or background, see the list of RF Safety References 
in the next section. 

In addition, the ARRL has published a book, RF 
Exposure and You, that is helping hams comply with the 
FCC's RF-exposure regulations. The ARRL also main- 
tains an RF-exposure news page on its Web site. See 
www.arrlorg/news/rfsafety. This site contains reprints 
of selected QST articles on RF exposure and links to the 
FCC and other useful sites, 
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Antenna 
Fundamentals 


Antennas belong to a class of devices called trans 
ducers. This term is derived from two Latin words, mean- 
ing literally “to 
transducer is a device that transfers, or converts, energy 
from one form to another. The purpose of an antenna is, 
to convert radio-frequency electric current to electromag. 
netic waves, which are then radiated into space. [For more 
details on the properties of electromagnetic waves them- 
selves, see Chapter 23, Radio Wave Propagation.) 

‘We cannot directly see or hear, taste or touch elec: 
waves, so it’s not surprising that the process 
by which they are launched into space from our antennas 
can be a little mystifying, especially to a newcomer. In 
everyday life we come across many types of transducers, 
although we don’t always recognize them as such. A com- 
parison with a type of transducer that you can actually see 
and touch may be useful. You are no doubt familiar with a 
loudspeaker. It converts audio-frequency electric current 
from the output of your radio or stereo into acoustic pres- 
sure waves, also known as sound waves. The sound waves 
fare propagated through the air to your ears, where they 
are converted into what you perceive as sound, 

‘We normally think of a loudspeaker as something that 
converts electrical energy into sound energy, but we could 
just as well (urn things around and apply sound energy to 


‘ad across” or “to transfer.” Thus, a 


tromagnet 


a loudspeaker, which will then convert it into electrical 
energy. When used in this manner, the loudspeaker has 
become a microphone, The loudspeaker/microphone thus 
exhibits the principle of reciprocity, derived from the Latin 
word meaning to move back and forth. 

Now, let’s look more closely at that special trans 
ducer we call an antenna, When fed by a transmitter 
with RF current (usually through a transmission line), the 
antenna launches electromagnetic waves, which are propa: 
gated through space. This is similar to the way sound 
‘waves are propagated through the air by a loudspeaker. In 
the next town, or perhaps on a distant continent, a similar 
transducer (that is, a receiving antenna) intercepts some 
of these electromagnetic waves and converts them into 
electrical current for a receiver to amplify and detect. 

In the same fashion that a loudspeaker can act as a 
microphone, a radio antenna also follows the principle 


of r 
well as receive si 


iprocity. In other Words, an antenna can transmit as 

nals, However, unlike the loudspeaker, 
an antenna does not require a medium, such as air, through 
which it radiates electromagnetic waves. Electromagnetic 
‘waves can be propagated through air, the vacuum of outer 
space or the near vacuum of the upper ionosphere. This 
is the miracle of radio—electromagnetic waves can propa: 


gate without a physical medium, 


Essential Characteristics of Antennas 


What other things make an antenna different from 
an ordinary electronic circuit? In ordinary circuits, the 
dimensions of coils, capacitors and connections usually 
are small compared with the wavelength of the frequency 
in use. Here, we define wavelength as the distance in free 
space traveled during one complete cycle of a wave. The 


velocity of a wave in free space is the speed of light, and 
the wavelength is thus: 


299,7925%10° meters/see 
Thertz 


299.7925 
7 MHz, 


(Eq 1) 
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Where Ares» the Greek letter lambda, is the fr 
wavelength in meters, 
Expressed in feet, Eq 1 becomes: 


983.5712 _ 983.6 
TMHz {MHz 


ect 


(Eq 2) 


When circuit dimen: 


ons are small compared to 
most of the electromagnetic energy is confined to the cir- 
cuit itself, and is used up either performing useful work 
or is converted into heat. However, when the dimensions 
of wiring or components become significant compared 
with the wavelength, some of the energy escapes by ra- 
ation in the form of electromagnetic waves. 

Antennas come in an enormous, even bewildering, 
assortment of shapes and sizes. This chapter on fundamen- 
tals will deal with the theory of simple forms of antennas, 
usually in free space, away from the influence of ground. 
Subsequent chapters will concentrate on more exotic or spe~ 
cialized antenna types. Chapter 3 deals with the complicated 
subject of the effect of ground, including the effect of un- 
even local terrain. Ground has a profound influence on how 
‘an antenna performs in the real world 

No matter what form an antenna take: 


simple or 
complex, its electrical performance can be characterized 
according to the following important properties: 

1. Feed-point Impedance 

2. Directivity, Gain and Efficiency 

3. Polarization 


FEED-POINT IMPEDANCE 


‘The first major characteristic defining an antenna is 
its feed-point impedance. Since we amateurs are free to 
choose our operating frequencies within assigned bands, 
we need to consider how the feed-point impedance of a 
particular antenna varies with frequency, within a particu- 
lar band, or even in several different bands if we intend to 
use one antenna on multiple bands. 

There are two forms of impedance associated with 
any antenna: self impedance and mutual impedance. As 
you might expect, self impedance is what you measure at 
the feed-point terminals of an antenna located completely 
away from the influence of any other conductors. 

‘Mutual, or coupled, impedance is due to the parasitic 
effect of nearby conductors; that is, conductors located 
within the antenna’s reactive near field. (The subject of 
fields around an antenna will be discussed in detail later.) 
This includes the effect of ground, which is a lossy con- 
ductor, but a conductor nonetheless. Mutual impedance is 
defined using Ohm's Law, just like self impedance. How- 
ever, mutual impedance is the ratio of voltage in one con- 
ductor, divided by the current in another (coupled) 
conductor. Mutually coupled conductors can distort the 
pattern of a highly directive antenna, as well as change the 
impedance seen at the feed point. 
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In this chapter on fundamentals, we won't directly 
deal with mutual impedance, considering it as a side effect 
of nearby conductors. Instead, here we'll concentrate on 
simple antennas in free space, away from ground and any 
other conductors. Mutual impedance will be considered 
in detail in Chapter 11, HF Yagi Arrays, where it is essen- 
tial for proper operation of these beam antennas. 


Self Impedance 

‘The current that flows into an antenna’s feed point 
must be supplied at a finite voltage. The self impedance of 
the antenna is simply equal to the voltage applied to its 
feed point divided by the current flowing into the feed 
point, Where the current and voltage are exactly in phase, 
the impedance is purely resistive, with zero reactive com- 
ponent. For this case the antenna is termed resonant. (Ama- 
teurs often use the term “resonant” rather loosely, usually 
meaning “nearly resonant” or “close-to resonant 

Please recognize that an antenna need not be reso- 
nant in order to be an effective radiator. There is in fact 
nothing magic about having a resonant antenna, provided 
of course that you can devise some efficient means to 
feed the antenna. Many amateurs use non-resonant (even 
random-length) antennas fed with open-wire transmis 
sion lines and antenna tuners. They radiate signals just 
as well as those using coaxial cable and resonant anten- 
nas, and as a bonus they usually can use these antenna 
systems on multiple frequency bands. It is important to 
ler an antenna and its feed line as a system, in which 
all losses should be kept to a minimum, See Chapter 24, 
‘Transmission Lines, for details on transmission-line loss 
as a function of impedance mismatch. 

Except at the one frequency where it is truly reso- 
nant, the current in an antenna is at a different phase 
compared to the applied voltage. In other words, the 
antenna exhibits a feed-point impedance, not just a pure 
resistance. The feed-point impedance is composed of 

ther capacitive or inductive reactance in series with a 
resistance, 


Radiation Resistance 


‘The power supplied to an antenna is dissipated in 
two ways: radiation of electromagnetic waves, and heat 
losses in the wire and nearby dielectrics. The radiated 
power is what we want, the useful part, but it represents, 
a form of “loss” just as much as the power used in heat- 
ing the wire or nearby dielectrics is a loss. In either case, 
the dissipated power is equal to IPR. In the case of heat 
losses, R is a real resistance. In the case of radiation, 
. if rep 
would dissi- 
pate the power actually radiated from the antenna. This 
resistance is called the radiation resistance. The total 
power in the antenna is therefore equal to P(Ry+R), where 
Ry is the radiation resistance and R represents the total 
of all the loss resistances. 


In ordinary antennas operated at amateur frequenci 
the power lost as heat in the conductor does not exces 
few percent of the total power supplied to the antenna, 
Expressed in decibels, the loss is less than 0.1 dB. The RF 
loss resistance of copper wire even as small as #14 is very 
low compared with the radiation resistance of an antenna 
that is reasonably clear of surrounding objects and is not 
too close to the ground. You can therefore assume that the 
ohmic loss in a reasonably well-located antenna is negli- 
gible, and that the total resistance shown by the antenna 
(the feed-point resistance) is radiation resistance. As a 
radiator of electromagnetic waves, such an antenna is a 
highly efficient device. 


Impedance of a Center-Fed Dipole 

A fundamental type of antenna is the center-fed half- 
wave dipole. Historically, the 2/2 dipole has been the most 
popular antenna used by amateurs worldwide, largely 
because it is very simple to construct and because it is an 
effective performer. It is also a basic building block for 
many other antenna systems, including beam antennas, 
such as Yagis. 

A center-fed half-wave dipole consists of a straight 
wire, one-half wavelength long as defined in Eq 1, and 
fed in the center. The term “dipole” derives from Greek 
words meaning “two poles.” See Fig 1. A 2/2-long dipole 
is just one form a dipole can take. Actually, a center-fed 
dipole can be any length electrically, as long as it is con- 
figured in a symmetrical fashion with two equal-length 
legs. There are also versions of dipoles that are not fed in 
the center. These are called off-center-fed dipoles, some- 
times abbreviated as “OCF dipole: 

In free space—with the antenna remote from every- 
thing else—the theoretical impedance of a physically half- 
wave long antenna made of an infinitely thin conductor 
is 73 + j 42.5. This antenna exhibits both resistan 
and reactance. The positive sign in the + j 42.5-O reac- 
tive term indicates that the antenna exhibits an inductive 
reactance at its feed point. The antenna is slightly long 
electrically, compared to the length necessary for exact 


—— 


Fig 1—The center-fed dipole antenna. It is assumed 
that the source of power is directly at the antenna feed 
point, with no intervening transmission line. Most 
commonly in amateur applications, the overall length 
of the dipole is 4/2, but the antenna can in actuality be 
any length. 


of any antenna is affected 
by the wavelength-to-diameter ratio (Adia) of the condue- 
tors used. Theoreticians like to specily an “infinitely thin” 
antenna because itis easier to handle mathematically. 

What happens if we keep the physical length of an 
antenna constant, but change the thickness of the wire 
used in its construction? Further, what happens if we vary 
the frequency from well below to well above the half- 
wave resonance and measure the feed-point impedance? 

ig 2 graphs the impedance of a 100-foot long, center- 
fed dipole in free space, made with extremely thin wis 
in this case, wire that is only 0.001 inches in diameter. 
‘There is nothing particularly significant about the choice 
here of 100 feet. This is simply a numerical example. 

We could never actually build such a thin antenna (and 
neither could we install it in free space), but we can model 
how this antenna works using a very powerful pi 
puter software called NEC-4.1. See Chapter 4, Antenna Mod- 
cling and System Planning, for details on antenna modeling. 

The frequency applied to the antenna in Fig 2 is var- 
ied from 1 to 30 MHz. The x-axis has a logarithmic scale 

r point resistance seen 
over the frequency range. The y-axis has a linear scale 
representing the reactive portion of the impedance. In- 
ductive reactance is positive and capacitive reactance is 
negative on the y-axis. The bold figures centered on the 
spiraling line show the frequency in MHz. 

‘AtI MHz, the antenna is very short electrically, with 
a resistive component of about 2 and_a series eapaci- 


ag 


a 


Fig 2—Feed-point impedance versus frequency for a 
theoretical 100-foot long dipole in free space, fed in the 
center and made of extremely thin 0.001-inch diameter 
wire. The y-axis is calibrated in positive (Inductive) 
‘series reactance up from the zero line, and negative 
(capacitive) series reactance in the downward direction. 
‘The range of reactance goes from 6500 0 to +6000 Q. 
Note that the x-axis Is logarithmic because of the wide 
range of the real, resistive component of the feed-point, 
impedance, from roughly 2 Q to 10,000 Q. The numbers 
placed along the curve show the frequency in MHz. 
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Fig 3—Feed-point impedance versus frequency for a 
theoretical 100-foot long dipole in free space, fed in the 
center and made of thin 0.1-Inch (#10) diameter wire. Note 
that the range of change in reactance is less than that 
shown in Fig 2, ranging from -2700 Q to +2300 0. At about 
5,000 Q, the maximum resistance is also less than that 
In Fig 2 for the thinner wire, where it is about 10,000 0. 


tive reactance about ~5000 Q. Close to 5 MHz, the line 
crosses the zero-reactance line, meaning that the antenna 
goes through half-wave resonance there. Between 9 and 
10 MHZ the antenna exhibits a peak inductive r 
of about 6000 Q. It goes through full-wave resonance 
(again crossing the zero-reactance line) between 9.5 and 
9.6 MHz. At about 10 MHz, the reactance peaks at about 
-6500 Q. Around 14 MHz, the line again crosses the zero- 
reactance line, meaning that the antenna has now gone 
through 3/2-wave resonance. 

Between 19 and 20 MHz, the antenna goes through 
4/2-wave resonance, which is twice the full-wave reso. 
nance or four times the half-wave frequency. If you allow 
your mind’s eye to trace out the curve for frequencies 
beyond 30 MHz, it eventually spirals down to a resistive 
component somewhere between 200 and 3000 Q. Thus, 
we have another way of looking at an antenna—as a sort 
of transformer, one that transforms the free-space imped: 
ance into the impedance seen at its feed point, 

Now look at Fig 3, which shows the same kind of 
spiral curve, but for a thicker-diameter wire, one that is 
0.1 inches in diameter. This diameter is close to #10 wire, 
a practical size we might actually use to build a real 
dipole. Note that the y-axis scale in Fig 3 is different from 
that in Fig 2. The range is from +3000 Q in Fig 3, whil 
it was +7000 Q in Fig 2. The reactance for the thicker 
antenna ranges from +2300 to -2700 Q over the whole 
frequency range from I to 30 MHz. Compare this with 
the range of +5800 to ~6400 @ for the very thin wire in 
Fig 2 

Fig 4 shows the impedance for a 100-foot long dipole 
using really thick, 1.0-inch diameter wire. The reactance 
varies from +1000 to 1500 Q, indicating once again that 
1a larger diameter antenna exhibits less of an excursion in 
the reactive component with frequency. Note that at the 
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Fig 4—Feed-point impedance versus frequency for a 
theoretical 100-foot long dipole in free space, fed in 
the center and made of thick 1.0-inch diameter wire. 
‘Once again, the excursion in both reactance and 
resistance over the frequency range is less with this 
thick wire dipole than with thinner ones. 


Fig 5—Feed-point impedance versus frequency for a 
theoretical 100-toot long dipole in free space, fed in 
the center and made of very thick 10.0-inch diameter 
wire. This ratio of length to diameter is about the same 

a typical rod type of dipole element commonly used 
‘at 432 MHz. The maximum resistance is now about 
1,000 @ and the peak reactance range is from about ~ 
625 Q to +380 Q. This performance is also found in 
“cage” dipoles, where a number of paralleled wires are 
used to simulate a fat conductor. 


half-wave resonance just below 5 MHz, the resistive com- 
ponent of the impedance is still about 70 @ just about what 
itis for a much thinner antenna, Unlike the reactance, the 
half-wave radi stance of an antenna doesn’t radi- 


level of resistance at full-wave resonance is lower for 


thicker antennas, 
Fig 5 shows the results for a very thi 
st wire. Here, the excursion in the r 
ponent is even less: about +400 to ~600 Q. Note that the 
full-wave resonant frequency is about 8 MHz for this 


1100} gozee 
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Fig 6—Expansion of frequency range around halt- 
wave resonant point of three center-fed dipoles of 
three different thicknesses. The frequency is shown 
along the curves in MHz. The slope of change in 
series reactance versus series resistance is steeper 
for the thinner antennas than for the thick 1.0-inch 
antenna, indicating that the Q of the thinner antennas 
Is higher. 


extremely thick antenna, while thinner antennas have full- 
wave resonances closer to 9 MHz. Note also that the full- 
wave resistance for this extremely thick antenna is only 
about 1,000 Q, compared to the 10,000 Q shown in Fig 2, 
All half-wave resonances shown in Figs 2 through 5 
remain close to 5 MHz, regardless of the diameter of the 
antenna wire. Once again, the extremely thick, 10-inch 
diameter antenna has a resistive component at half-wave 
resonance close to 70 2. And once again, the change in 
reactance near this frequency is very much less for the 
extremely thick antenna than for thinner ones. 

Now, we grant you that a 100-foot long antenna made 


with 10-inch diameter wire sounds a little odd! A length 


of 100 feet and a diameter of 10 inches represent a ratio 
of 120:1 in length to diameter. However, this is about the 
same Iength-to-diameter ratio as a 432-MHz half-wave 
dipole using 0.25-inch diameter elements, where the 
ratio is 109:1. In other words, the ratio of length-to- 
diameter for the 10-inch diameter, 100-foot long dipole 
is not that far removed from what might actually be used 
at UHE. 

Another way of highlighting the changes in reac- 
tance and resistance is shown in Fig 6. This shows an 
expanded portion of the frequency range around the half- 
wave resonant frequency, from 4 to 6 MHz. In this 
region, the shape of each spiral curve is almost a straight 
line. The slope of the curve for the very thin antenna 
(0.001-inch diameter) is steeper than that for the thicker 
antennas (0.1 and 1.0-inch diameters). Fig 7 illustrates 
another way of looking at the impedance data above and 
below the half-wave resonance. This is for a 100-foot 
dipole made of #14 wire. Instead of showing the fre- 
quency for each impedance point, the wavelength is 


Fig 7—Another way of looking at the data for a 100- 
foot, center-fed dipole made of #14 wire in free space. 
The numbers along the curve represent the fractional 
wavelength, rather than frequency as shown in Fig 6. 
Note that this antenna goes through Its half-wave 
resonance about 0.488 4, rather than exactly at a half- 
wave physical length. 
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Fig 8—Effect of antenna diameter on length for half- 
wavelength resonance, shown as a multiplying factor, 
K, to be applied to the free-space, half-wavelength. 


shown, making the graph more universal in application, 

Just to show that there are lots of ways of looking at 
the same data, Fig 8 graphs the constant “K” used to 
multiply the free-space half-wavelength as a function of 
the ratio between the half-wavelength and the conductor 
diameter. The curve approaches the value of 1.00 for an 
infinitely thin conductor, in other words an infinitely large 
ratio of half-wavelength to diameter. 

The behavior of antennas with different M/diameter 
ratios corresponds to the behavior of ordinary series-reso- 
nant circuits having different values of Q. When the Q of 
a circuit is low, the reactance is small and changes rather 
slowly as the applied frequency is varied on either side 
of resonance. If the Q is high, the converse is true. The 
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response curve of the low-Q circuit is broad; that of the 
high-Q circuit sharp. So it is with antennas—the impe 
ance of a thick antenna changes slowly over a compara- 
tively wide band of frequencies, while a thin antenna has 
a faster change in impedance. Antenna Q is defined 


fyAx (q3) 


IR, At 


where fy is the center frequency, AX is the change in the 
tance for a Af change in frequency, and Ro isthe resis- 
tance the fy, For the “Very Thin,” 0.001-inch diameter 
dipote in Fig 2, a change of frequency from 5.0 to 5.5 MHz 
yields a reactance change from 86 to 351 Q, with an Ry of 
95 0. The Qis thus 14.6. Forthe 1.0-inch-diameter “Thick” 
dipole in Fig 4, AX = 131 Q and Rg is still 95, making 
Q=7.2 for the thicker antenna, roughly half that of the 
thinner antenna. 

Let’s recap. We have described an antenna first as a 
transducer, then as a sort of transformer to a range of fre 
space impedances. Now, we just compared the antenna to 
a series-tuned circuit. Near its half-wave resonant fre- 
quency, a center-fed 2/2 dipole exhibits much the same 
characteristics as a conventional series-resonant circuit, Ex- 
actly at resonance, the current at the input terminals is in 
phase with the applied voltage and the feed-point 
impedance is purely resistive. If the frequency is below 
resonance, the phase of the current leads the voltage; that 
is, the reactance of the antenna is capacitive. When the 
frequency is above resonance, the opposite occurs; the cur- 
rent lags the applied voltage and the antenna exhibits 
inductive reactance. Just like a conventional series-tuned 
circuit, the antenna’s reactance and resistance determines 


its Q 


ANTENNA DIRECTIVITY AND GAIN 
The Isotropic Radiator 

Before we can fully describe practical antennas, we 
must first introduce a completely theoretical antenna, the 
isotropic radiator. Envision, if you will, an infinitely small 
antenna, a point located in outer space, completely removed 
from anything else around it. Then consider an infinitely 
small transmitter feeding this infinitely small, point 
antenna. You now have an isotropic radiator. 

‘The uniquely useful property of t 
point-source antenna is that it radiates equally well in all 
directions. That is to say, an isotropic antenna favors no 
direction at the expense of any other—in other words, it 
has absolutely no directivity. The isotropic radiator is 
useful as a measuring stick for comparison with actual 
antenna systems. 

You will find later that real, practical antennas all 
exhibit some degree of directivity, which is the property 
of radiating more strongly in some directions than in 
others. The radiation from a practical antenna never has 


's theoretical 


2-6 Chapter 2 


the same intensity in all directions and may even have zero 
radiation in some directions. The fact that a practical 
antenna displays directivity (while an isotropic radiator 
does not) is not necessarily a bad thing. The directivity of 
a real antenna is often carefully tailored to emphasize 


radiation in particular directions. For example, a receiv 
ing antenna that favors certain directions can discriminate 
against interference or noise coming from other directions, 
thereby increasing the signal-to-noise ratio for desired sig 


nals coming from the favored direction, 


a Flashlight Analogy 
‘The directivity of an antenna is directly related to the 


pattern of its radiated field intensity in fi 
showing the actual or relative field int 
tance, as a function of the direction from the antenna sys 
tem, is called a radiation pattern. Since we can't actually 
see electromagnetic waves making up the radiation pattern 


space. A graph 
sity at a fixed dis- 


of an antenna, we can consider an analogous situation. 

Fig 9 represents a flashlight shining in a totally dark- 
ened room. To quantify what our eyes are seeing, we 
might use a sensitive light meter like those used by pho- 
tographers, with a scale graduated in units from 0 to 10, 
We place the meter directly in front of the flashlight and 
adjust the distance so the meter reads 10, exactly full 


scale. We also carefully note the distance. Then, always 
keeping the meter the same distance from the flashlight 
and keeping it atthe same height above the floor, we move 
the light meter around the flashlight, as indicated by the 


Fig 9—The beam from a flashlight illuminates a totally 
darkened area as shown here. Readings taken with a 
photographic light meter at the 16 points around the circle 
‘may be used to plot the radiation pattern of the flashlight. 


arrow, and take light readings at a number of different 
positions. 

After all the readings have been taken and recorded, 
we plot those values on a sheet of polar graph paper, like 
that shown in Fig 10. The values read on the meter are 
plotted at an angular position corresponding to that for 
which each meter reading was taken. Following this, we 
connect the plotted points with a smooth curve, also 
shown in Fig 10. When this is finished, we have com- 
pleted a radiation pattern for the flashlight. 


Antenna Pattern Measurements 


Antenna radiation patterns can be constructed in a 
similar manner, Power is fed to the antenna under test, and 
a field-strength meter indicates the amount of signal. We 
might wish to rotate the antenna under test, rather than 
moving the measuring equipment to numerous positions 
about the antenna, Or we might make use of antenna reci- 
procity, since the pattern while receiving is the same as 
that while transmitting, A source antenna fed by a low- 
power transmitter illuminates the antenna under test, and 
the signal intercepted by the antenna under test is fed to a 
receiver and measuring equipment. Additional information 
on the mechanics of measuring antenna patterns is con- 
tained in Chapter 27, Antennas and Transmission-Line 
Measurements. 

Some precautions must be taken to assure that the 
‘measurements are accurate and repeatable. In the case of 
the flashlight, let’s assume that the separation between 
the light source and the light meter is 2 meters, about 
6.5 feet. The wavelength of visible light is about on 
half micron, where a micron is one-millionth of a meter. 

For the flashlight, a separation of 2 meters between 
source and detector is 2.0/(0.5x10%) = 4 million 2, a very 
large number of wavelengths. Measurements of practical 
HF or even VHF antennas are made at much closer dis- 
tances, in terms of wavelength, For example, at 3.5 MHz 
a full wavelength is 85.7 meters, or 281.0 feet. To dupli- 
cate the flashlight-to-light-meter spacing in wavelengths 
at 3.5 MHz, we would have to place the field-strength 
‘measuring instrument almost on the surface of the Moon, 
about a quarter-million miles away! 


The Fields Around an Antenna 

Why should we be concerned with the separation 
between the source antenna and the field-strength met 
which has its own receiving antenna? One important re 
son is that if you place a receiving antenna very close to 
an antenna whose pattern you wish to measure, mutual 
coupling between the two antennas may actually alter the 
patiern you are trying to measure. 

‘This sort of mutual coupling can occur in the region 
very close to the antenna under test. This region is called 
the reactive near-field region. The term refer 
to the fact that the mutual impedance between the tran; 
mitting and receiving antennas can be either cap: 


Fig 10—The radiation pattern of the flashlight in Fig 9. 
The measured values are plotted and connected with a 
‘smooth curve. 


or inductive in nature. The reactive near field is some- 
jing that the mag- 
d usually is predominant over the electric field 


times called the “induction field,” me 
netic 


in this region. The antenna acts as though it were a rather 
large, lumped-constant inductor or capacitor, storing 
energy in the reactive near field rather than propagating 
it into space, 

For simple wire antenna 


. the reactive near field is 


considered to be within about a half wavelength from an 
antenna’s radiating center. Later on, in the chapters deal- 
ing with Yagi and quad antennas, you will find that mutual 
coupling between elements can be put to good use to 
purposely shape the radiated pattern, For making pattern 
measurements, however, we do not want to be too close 
to the antenna being measured, 

The strength of the reactive near field decreases in a 
complicated fashion as you increase the distance from 


the antenna. Beyond the reactive near field, the antenna’s 
radiated field is divided into two other regions: the radi- 
ating near field and the radiating far field. Historically, 
the terms Fresnel and Fraunhofer fields have been used 
for the radiating near and far fields, but these terms have 
been largely supplanted by the more descriptive termi- 
nology used here. Even inside the reactive near-field 
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Fig 11—The fields around a radiating antenna. Very 
close to the antenna, the reactive field dominates. 
Within this area mutual impedances are observed 
between antenna and any other antennas used to 
measure response. Outside of the reactive field, the 
near radiating field dominates, up to a distance 
approximately equal to 2L7/, where L is the length of 
the largest dimension of the antenna. Beyond the neari 
far field boundary lies the far radiating field, where 
power density varies as the inverse square of radial 
distance. 


region, both radiating and reactive fields coexist, although 
the reactive field predominates very close to the antenna, 

Because the boundary between the fields is rather 
fuzzy, experts debate where one field begins and another 
leaves off, but the boundary between the radiating near 
erally accepted as: 


(Eq 4) 


Where L is the largest dimension of the physical antenna, 
expressed in the same units of measurement as the wav’ 
length 4. Remember, many specialized antennas do not 
follow the rule of thumb in Eq 4 exactly. Fig 11 depicts 
the three fields in front of a simple wire antenna. 
Throughout the rest of this book we will discuss 
mainly the radiating far-fields, those forming the trav 
ing electromagnetic waves. Far-field radiation is distin- 
guished by the fact that the intensity is inversely 
proportional to the distance, and that the electric and mag. 
netic components, although perpendicular to each other in 
the wave front, are in time phase. The total energy is equally 
divided between the electric and magnetic fields. Beyond 
-veral wavelengths from the antenna, these are the only 
fields we need to consider. For accurate measurement of 
radiation patterns, we must place our measuring instru- 
mentation at least several wavelengths away from the 
antenna under test 
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Pattern Planes 


Patterns obtained above represent the antenna radiation 
in just one plane. In the example of the flashlight, the plane 
‘of measurement was at one height above the floor. Actually, 
the pattern for any antenna is three dimensional, and there- 
fore cannot be represented in a single-plane drawing. The 
solid radiation pattern of an antenna in free space would be 
found by measuring the field strength at every point on the 
surface of an imaginary sphere having the antenna at its cen 


ter. The information so obtained would then be used to con 
struct a solid figure, where the distance from a fixed point 


(representing the antenna) tothe surface ofthe pro 
portional to the field strength from the antenna in any given 
direction. Fig 12B shows a three-dimensional wire-grid rep: 
resentation of the radiation pattern of a half-wave dipole. 
For amateur work, relative values of field strength 
(cather than absolute) are quite adequate in pattern plot- 
ting. In other words, itis not necessary to know how many 
microvolts per meter a particular antenna will produce at 
adistance of | mile when excited with a specified power 
level. (This is the kind of specifications that AM broad- 
cast stations must meet to certify their antenna systems 
to the FCC) 
For whatever data is collected (or calculated from theo- 
equations), it is common to normalize the plotted 
values so the field strength in the direction of maximum 
radiation coincides with the outer edge of the chart. On a 
given system of polar coordinate scales, the shape of the 
pattern is not altered by proper normalization, only its size 


E and H-Plane Patterns 
‘The solid 3-D pattern of an antenna in free space can- 
not adequately be shown with field-strength data on a flat 
sheet of paper. Cartographers making maps of a round Earth 
on flat pieces of paper face much the same kind of problem, 
‘As we discussed above, cross-sectional or plane diagrams 
are very useful for this purpose. Two such diagrams, one in 
the plane containing the straight wire of a dipole and one in 
the plane perpendicular to the wire, can convey a great deal 
of information. The pattern in the plane containing the axis 
of the antenna is called the E-plane pattern, and the one in 
the plane perpendicular to the axis is called the H-plane 
pattern. These designations are used because they repre- 
sent the planes in which the electric (symbol E), and the 
‘magnetic (symbol H) lines of force lie, respectively. 

The E lines represent the polarization of the antenna. 
Polarization will be covered in more detail later in this 
chapter. As an example, the electromagnetic field pic- 
tured in Fig 1 of Chapter 23, Radio Wave Propagation, is 
the field that would be radiated from a vertically polar- 
ized antenna; that is, an antenna in which the conductor 
is mounted perpendicular to the earth. 

When a radiation pattern is shown for an antenna 
‘mounted over ground rather than in free space, we auto- 
matically gain two frames of reference—an azimuth angle 
and an elevation angle. The azimuth angle is usually ref- 
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Fig 12—Directive diagram of a free-space dipole. At 
‘A, the pattern in the plane containing the wire axis. 
The length of each dashed-line arrow represents the 
relative field strength in that direction, referenced to 
the direction of maximum radiation, which Is at right 
angles to the wire's axis. The arrows at approximately 
45° and 315° are the half-power or ~3 dB points. At B, 
a wire grid representation of the solid pattern for the 
‘same antenna, These same patterns apply to any 
center-fed dipole antenna less than a half wavelength 
long. 


erenced to the maximum radiation lobe of the antenna, 
where the azimuth angle is defined at 0°, or it could be 
referenced to the Earth’s True North direction for an 
antenna oriented in a particular compass direction. The 
E-plane pattern for an antenna over ground is now called 
the azimuth pattern. 

‘The elevation angle is referenced to the horizon at 
the Earth’s surface, where the elevation angle is 0°. Of 
course, the Earth is round but because its radius is so 


Introduction to the Decibel 


The power gain of an antenna system is usually 
expressed in decibels. The decibel is a practical unit 
for measuring power ratios because it is more closely 
related to the actual effect produced at a distant 
receiver than the power ratio itself. One decibel 
represents a just-detectable change in signal 
strength, regardless of the actual value of the signal 
voltage. A 20-decibel (20-dB) increase in signal, for 
example, represents 20 observable steps in in- 
creased signal. The power ratio (100 to 1) corre- 
sponding to 20 dB gives an entirely exaggerated idea 
of the improvement in communication to be expected. 
The number of decibels corresponding to any power 
ratio is equal to 10 times the common logarithm of 
the power ratio, or 


s-t0bq0% 
: 


It the voltage ratio is given, the number of decibels 
is equal to 20 times the common logarithm of the 
ratio. That is, 


vy 
dB =20 logyg 
loa 


When a voltage ratio is used, both voltages must 
be measured across the same value of impedance. 
Unless this is done the decibel figure is meaningless, 
because it is fundamentally a measure of a power 
ratio. 

The main reason a decibel is used is that succes- 
sive power gains expressed in decibels may simply 
be added together. Thus a gain of 3 dB followed by a 
gain of 6 dB gives a total gain of 9 dB. In ordinary 
power ratios, the ratios must be multiplied together to 
find the total gain. 

‘A reduction in power is handled simply by sub- 
tracting the requisite number of decibels. Thus, 
reducing the power to ¥@ is the same as subtracting 
3 decibels. For example, a power gain of 4 in one 
part of a system and a reduction to ‘% in another part 
gives a total power gain of 4 x % = 2. In decibels, this 
is 6— 3 = 3 dB. A power reduction or loss is simply 
indicated by including a negative sign in front of the 
appropriate number of decibels. 


large, it can in this context be considered to be flat in the 
area directly under the antenna. An elevation angle of 
90° is straight over the antenna, and a 180° elevation is 
toward the horizon directly behind the antenna. 

Professional antenna engineers often describe an 
antenna’s orientation with respect to the point directly 
overhead—using the zenith angle, rather than the eleva 
tion angle. The elevation angle is computed by subtract- 
ing the zenith angle from 90°. 
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Referenced to the horizon of the Earth, the H-plane 
now called the elevation pattern. Unlike the 
H-plane pattern, the over-ground elevation 
pattern is drawn as a half-circle, representing only pos 
tive elevations above the Earth’s surface. The ground 
reflects or blocks radiation at negative elevation angles, 
making below-surface radiation plots unnecessary. 

After a little practice, and with the exercise of some 
imagination, the complete solid pattern can be visualized 
with fair accuracy from inspection of the two planar di 
grams, provided of course that the solid pattern of the 
antenna is smooth, a condition that is true for simple 
antennas like 4/2 dipoles. 

Plane diagrams are plotted on polar coordinate paper, 
as described earlier. The points on the pattern where the 
radiation is zero are called nulls. The curved section from 
one null to the next on the plane diagram, or the corre- 
sponding section on the solid pattern, is called a lobe. The 
strongest lobe is commonly called the main lobe. Fig 12A 
shows the E-plane pattern for a half-wave dipole. In Fig 12, 
the dipole is placed in free space. In addition to the labels 
showing the main lobe and nulls in the pattern, the 
so-called half-power points on the main lobe are shown, 
These are the points where the power is 3 dB down from 
the peak value in the main lobe. 


Directivity and Gain 

Let us now examine directivity more closely. As 
mentioned previously, all practical antennas, even the 
simplest types such as dipoles, exhibit directivity. Here 
another picture that may help explain the concept of 
directivity. Fig 13A shows a balloon blown into its usual 
spherical shape. This represents a “reference” isotropic 
source. Squeezing the balloon in the middle in Fig 13B 
produces a dipole-like figure-8 pattern whose peak levels at 
{op and bottom are larger than the reference sphere. Compare 
this with Fig 13C. Next, squeezing the bottom end of the 
balloon produces a pattern that gives even more “gain” 
compared to the reference. 

Free-space directivity can be expressed quantitatively 
by comparing the three-dimensional patter of the antenna 
under consideration with the perfectly spherical thre 
dimensional pattern of an isotropic antenna. The field 
strength (and thus power per unit area, or power density) is 
the same everywhere on the surface of an imaginary sphere 
having a radius of many wavelengths and having an isotropic 
antenna at its center. At the surface of the same imaginary 
sphere around an antenna radiating the same total power, 
the directive pattern results in greater power density at some 
points on this sphere and less at others. The ratio of the 
‘maximum power density to the average power density taken 
over the entire sphere (Which is the same as from the isotropic 
antenna under the spi conditions) is the numerical 
measure of the directivity of the antenna. That is, 


P 
Dae (Eq 5) 
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Fig 13—Demonstrating antenna pattern gain with 
balloons. Take a balloon, blow it up so that it is roughly 
circular in shape and then declare that this is a 
radiation pattern from an isotropic radiator. Next, blow 
up another balloon to the same size and shape and tell 
the audience that this will be the “reference” antenna 
(A). Then, squeeze the first balloon in the middle to 
form a sort of figure-8 shape and declare that this is a 
dipole and compare the maximum size to that of the 
reference “antenna” (B). The dipole can be seen to 
have some “gain” over the reference isotropic. Nex 
‘squeeze the end of the first balloon to come up with a 
sausage-like shape to demonstrate the sort of pattern 
a beam antenna creates (C). 


where 
D = directivity 
P = power density at its maximum point on the sur- 


face of the sphere 
P,, = average power density 


‘The gain of an antenna is closely related to its direc~ 


tivity. Because directivity is based solely on the shape of 
the directive pattern, it does not take into account any power 
losses that may occur in an actual antenna system. To deter- 
mine gain, these losses must be subtracted from the power 
supplied to the antenna. The loss is normally a constant per- 
centage of the power input, so the antenna gain is, 


Gk? => 


(Eq 6) 


ain (expressed as a power ratio) 

lrectivity 

k = efficiency (power radiated divided by power i 
put) of the antenna 

P and P,, are as above 


For many of the antenna systems used by amateurs, 
the efficiency is quite high (the loss amounts to only a 
few percent of the total). In such cas 
tially equal to the directivity. The more the dir 
gram is compressed—or, in common terminology, the 
sharper the lobes—the greater the power gain of the 
antenna. This is a natural consequence of the fact that as 
power is taken away from a larger and larger portion of 
the sphere surrounding the radiator, it is added to the vol- 
ume represented by the narrow lobes. Power is therefore 
concentrated in some directions, at the expense of others, 
Ina general way, the smaller the volume of the solid r: 
diation pattern, compared with the volume of a sphere 
having the same radius as the length of the largest lobe in 
the actual pattern, the greater the power gain. 

As stated above, the gain of an antenna is related to 
its directivity, and directivity is related to the shape of 
the directive pattern. A commonly used index of dire 
tivity, and therefore the gain of an antenna, is a measure 
of the width of the major lobe (or lobes) of the plotted 
pattern, The width is expressed in degrees at the half- 
power or ~3 dB points, and is often called the beamwidth. 

‘This information provides only a general idea of rela- 
tive gain, rather than an exact measure. This is be 
absolute measure involves knowing the power density at 
every point on the surface of a sphere, while a single di 
gram shows the pattern shape in only one plane of that 
sphere. It is customary to examine at least the E-plane and 
the H-plane patterns before making any comparisons be- 
‘tween antennas. 

A simple approximation for gain over an isotropic 
radiator can be used, but only if the sidelobes in the 
antenna’s pattern are small compared to the main lobe 
and if the resistive losses in the antenna are small. When 
the radiation pattern is complex, numerical integration is 
employed to give the actual gain, 
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where H3gp and Egg are the half-power points, in 


degrees 


for the H and E-plane patterns. 


Radiation Patterns for Center-Fed Dipoles at 
Different Frequencies 
Earlier, we saw how the f 


point impedance of a 
fixed-length center-fed dipole in free space varies as the 
frequency is changed. What happens to the radiation pat- 
tern of such an antenna as the frequency is changed? 

In general, the greater the length of a center-fed 


antenna, in terms of wavelength, the larger the number 
of lobes into which the pattern splits. A feature of all 
such patterns is the fact that the main lobe—the one that 
gives the largest field strength at a given distan 
always is the one that makes the smallest angle with the 


antenna wire. Furthermore, this angle becomes smaller 
as the length of the antenna is increased. 

Let’s examine how the free-space radiation pattern 
changes for a 100-foot long wire made of #14 wire as 
the frequency is varied. (Varying the frequency effec- 


tively changes the wavelength for a fixed-length wire.) 
14 shows the E-plane pattern at the 4/2 resonant 


frequency of 4.8 MHz. This is a classical dipole pattern, 
with a gain in free space of 2.14 dBi referenced to an 


isotropic radiator. 

Fig 15 shows the free-space E-plane pattern for the 
same antenna, but now at the full-wave (24/2) resonant 
frequency of 9.55 MHz. Note how the pattern has been 
pinched in at the top and bottom of the figure. In other 
‘words, the two main lobes have become sharper at this, 
frequency, making the gain 3.73 dBi, higher than at the 
22 frequency. 
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Fig 14—Free-space E-Plane radiation pattern for a 
100-foot dipole at its half-wave resonant frequency of 
4.80 MHz. This antenna has 2.14 dBi of gain. The dipole 
Is located on the line from 90° to 270°. 
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Coordinate Scales for Radiation Patterns 


linear, logarithmic and modified logarithmic. 


on the grid system used for the plotting. This is exemplified in 
Fig A, where the radiation pattern for a beam antenna is, 
presented using three coordinate systems discussed in the 
paragraphs that follow. 


Linear Coordinate Systems 
The polar coordinate system for the flashlight radiation 
pattern, Fig 10, uses linear coordinates. The concentric circles 
are equally spaced, and are graduated from 0 to 10. Such a grid 
‘may be used to prepare a linear plot of the power contained in 
the signal. For ease of comparison, the equally spaced concen- 
tric circles have been replaced with appropriately placed circles 
representing the decibel response, referenced to 0 dB at the 
outer edge of the plot. In these plots the minor lobes are 
suppressed. Lobes with peaks more than 15 dB or so below the 
main lobe disappear completely because of their small size. 
This is a good way to show the pattern of an array having high 
directivity and small minor lobes. 


Logarithmic Coordinate System 

Another coordinate system used by antenna manufacturers 
is the logarithmic grid, where the concentric grid lines are 
spaced according to the logarithm of the voltage in the signal. If 
the logarithmically spaced concentric circles are replaced with 
appropriately placed circles representing the decibel response, 
the decibel circles are graduated linearly. In that sense, the 
logarithmic grid might be termed a linear-log grid, one having 
linear divisions calibrated in decibels. 

This grid enhances the appearance of the minor lobes. If the 
intent is to show the radiation pattern of an array supposedly 
having an omnidirectional response, this grid enhances that 
appearance. An antenna having a difference of 8 or 10 dB in 
pattern response around the compass appears to be closer to 
‘omnidirectional on this grid than on any of the others. See 
Fig A-(B). 


ARAL Log Coordinate System 

‘The modified logarithmic grid used by the ARRL has a 
system of concentric grid lines spaced according to the loga- 
rithm of 0.89 times the value of the signal voltage. In this gri, 
‘minor lobes that are 30 and 40 dB down from the main lobe are 
distinguishable. Such lobes are of concern in VHF and UHF 
work. The spacing between plotted points at 0 dB and 
-3 dB is significantly greater than the spacing between ~20 and 
-28 dB, which in tur is significantly greater than the spacing 
between -50 and 53 dB, 

For example, the scale distance covered by 0 to -3 dB is 
about ‘ha of the radius of the chart. The scale distance for the 
next 3-dB increment (to ~6 dB) is slightly less, 89% of the first 
to be exact. The scale distance for the next 3-dB increment (to 
-9 dB) is again 89% of the second. The scale is constructed so 
that the progression ends with -100 dB at chart center. 

The periodicity of spacing thus corresponds generally to the 
relative significance of such changes in antenna performance. 
‘Antenna pattern plots in this publication are made on the 
‘modified-iog grid similar to that shown in Fig A-(C) 


A number of different systems of coordinate scales or grids are in use for plotting antenna patterns. Antenna 
patterns published for amateur audiences are sometimes placed on rectangular grids, but more often they are 
shown using polar coordinate systems. Polar coordinate systems may be divided generally into three classes: 


‘A very important point to remember is that the shape of a pattern (its general appearance) is highly dependent 
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Fig 15—Free-space E-Plane radiation pattern for a 
100-foot dipole at its full-wave resonant frequency of 
9.55 MHz. The gain has increased to 3.73 dBi, because 
the main lobes have been focused and sharpened 
compared to Fig 13. 


Fig 16 shows the pattern at the 32/2 frequency of 
14.6 MHz. More lobes have developed compared to 
Fig 14. This means that the power has split up into more 
lobes and consequently the gain decreases a small amount, 
down to 3.44 dBi. This is still higher than the dipole at 
its 4/2 frequency, but lower than at its full-wave frequency. 
ig. 17 shows the E-plane response at 19.45 MHz, the 
42/2, or 2h, resonant frequency. Now the pattern has 
reformed itself into only four lobes, and the gain has as a 
consequence risen to 3.96 dBi. 

In Fig 18 the response has become quite complex at 
the 54/2 resonance point of 24.45 MHz, with ten lobes 
showing. Despite the presence all these lobes, the main 
lobes now show a gain of 4.78 dBi. Finally, Fig 19 shows 
the pattern at the 3A (64/2) resonance at 29.45 MHz. 
Despite the fact that there are fewer lobes taking up power 


Fig A—Radiation pattern plots for a high-gain Yagi 
antenna on three different grid coordinate systems. 
‘At A, the pattern on a linear-power dB grid. Notice 
how details of sidelobe structure are lost with this 
grid. At B, the same pattern on a grid with constant 
5 dB circles. The sidelobe level is exaggerated when 
this scale is employed. At B, the same pattern on the 
‘modified log grid used by ARRL. The side and 
rearward lobes are clearly visible on this grid. The 
concentric circles in all three grids are graduated in 
decibels referenced to 0 dB at the outer edge of the 
chart. The patterns look quite different, yet they all 
represent the same antenna response! 


Fig 16—Free-space E-Plane radiation pattern for a 100- 
foot dipole at its 3/22 resonant frequency of 14.60 MHz. 
The pattern has broken up into six lobes, and thus the 
peak gain has dropped to 3.44 dBi. 


than at 24.45 MHz, the peak gain 
29.45 MHz, at 4.70 dBi 

‘The pattern—and hence the gain—of a fixed-length 
antenna varies considerably as the frequency is changed, 
Of course, the pattern and gain change in the same fash- 
ion if the frequency is kept constant and the length of the 
wire is varied. In either case, the wavelength is chang- 
ing. It is also evident that certain lengths reinforce the 
pattern to provide more peak gain. If an antenna is not 
rotated in azimuth when the frequency is changed, the 
peak gain may occur in a different direction than you 
might like. In other words, the main lobes change dir 
tion as the frequency is varied, 


slightly less at 


POLARIZATION 


‘We've now examined the first wo of the three major 
properties used to characterize antennas: the radiation 
pattern and the feed-point impedance. The third general 
property is polarization. An antenna’s polarization is de- 
fined to be that of its electric field, in the direction where 
the field strength is maximum, 

For example, if a 1/2 dipole is mounted horizon- 
tally over the Earth, the electric field is strongest perpen- 
dicular to its axis (that is, at right angle to the wire) and 
parallel to the earth. Thus, since the maximum electric 
field is horizontal, the polarization in this case is also 


considered to be horizontal with respect to the earth. If 
the dipole is mounted vertically, its polarization will be 
vertical. See Fig 20. Note that if an antenna is mounted, 
in free space, there is no frame of reference and hence its 
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Fig 17—Free-space E-Plane radiation pattern for a 100- 
foot dipole at twice its full-wave resonant frequency of 
19.45 MHz. The pattern has been refocused into four 
lobes, with a peak gain of 3.96 dBi. 
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Fig 19—Free-space E-Plane radiation pattern for a 100- 
foot dipole at three times its full-wave resonant 
frequency of 29.45 MHz. The pattern has returned to six 
lobes, with a peak gain of 4.70 dBi. 
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Fig 18—Free-space E-Plane radiation pattern for a 100- 
foot dipole at its 5/2A resonant frequency of 24.45 MHz. 
The pattern has broken down into ten lobes, with a 
peak gain of 4.78 dBi. 


polarization is indeterminate. 
Antennas composed of a number of 2/2 elements 
arranged so that their axes lie in the same or parallel di- 
rections have the same polarization as that of any one of 
the elements. For example, a system composed of a group 
of horizontal dipoles is horizontally polarized. If both hor 
zontal and vertical elements are used in the same plane 
and radiate in phase, however, the polarization is the 
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Fig 20—Vertical and horizontal polarization of a dipole 
above ground. The direction of polarization is the 
direction of the maximum electric field with respect to 
the earth. 


resultant of the contributions made by cach set of elements 
to the total electromagnetic field at a given point some dis 
tance from the antenna. In such a case the resultant polar: 
ization is still linear, but is tilted between horizontal and 
vertical. 


In directions other than those where the radiation is 
maximum, the resultant wave even for a simple dipole is 
a combination of horizontally and vertically polarized 
components. The radiation off the ends of a horizontal 
dipole is actually vertically polarized, albeit at a greatly 
reduced amplitude compared to the broadside horizon- 
tally polarized radiation—the sense of polarization 


changes with compass direction, 

‘Thus it is often helpful to consider the radiation pat- 
tern from an antenna in terms of polar coordinates, rather 
than trying to think in purely linear horizontal or vertical 
coordinates. See Fig 21. The reference axis in a polar sys- 
tem is vertical to the earth under the antenna. The zenith 


Fig 21—Diagram showing polar representation of a 
point P lying on an imaginary sphere surround a point- 
source antenna. The various angles associated with 
this coordinate system are shown referenced to the x, 
y and z-axes. 


Other Antenna 


Besides the three main characteristics of impedance, 
pattern (gain) and polarization, there are some other us 
fal properties of antennas 


RECIPROCITY IN RECEIVING AND 
TRANSMITTING 


Many of the properties of a resonant antenna used for 
reception are the same as its properties in transmission, It 
has the same directive pattern in both and delivers 
mnal to the receiver when the signal comes from 
a direction in which the antenna has its best response. The 
impedance of the antenna is the same, at the same point of 
‘measurement, in receiving as in transmitting. 

the antenna is the source of 
rather than the load for a 
source of power (as in transmitting). Maximum possible 
output from the receiving antenna is obtained when the 


angle is usually referred to as @ (Greek letter theta), and the 
azimuth angle is referred to as (Greek letter phi). Instead 
of zenith angles, most amateurs are more familiar with ele- 
vation angles, where a zenith angle of 0° is the same as an 
clevation angle of 90°, straight overhead. Native NEC or 
MININEC computer programs use zenith angles rather than 
elevation angles, although most commercial versions auto- 
‘matically reduce these to elevation angles, 

If vertical and horizontal elements in the same plane 
are fed out of phase (where the beginning of the RF period 
applied to the feed point of the vertical element is not 
in time phase with that applied to the horizontal), the 
resultant polarization is elliptical. Circular polarization 
is a special case of elliptical polarization. The wave front 
of a circularly polarized signal appears (in passing a 
fixed observer) to rotate every 90° between vertical and 
horizontal, making a complete 360° rotation once every 
period. Field intensities are equal at all instantaneous 
polarizations. Circular polarization is frequently used 
for space communications, and is discussed further in 
Chapter 19, Antenna Systems for Space Communications. 

‘Sky-wave transmission usually changes the polar- 
ization of traveling waves. (This is discussed in Chapter 
23, Radio Wave Propagation.) The polarization of receiv- 
ing and transmitting antennas in the 3 to 30-MHz range, 
where almost all communication is by means of sky wave, 
need not be the same at both ends of a communication 

ircuit (except for distances of a few miles). In this range 
the choice of polarization for the antenna is usually 
determined by factors such as the height of available 
antenna supports, polarization of man-made RF noise 
from nearby sources, probable energy losses in nearby 
objects, the likelihood of interfering with neighborhood 
broadcast or TV reception and general convenience, 


Characteristics 


load to which the antenna is connected is the same as the 
impedance of the antenna. We say that the antenna is 
‘matched to its load. 

The power gain in receiving is the 
in in transmitting, when certain conditions are met. One 
such condition is that both antennas (usually 2/2-long 
antennas) must work into load impedances matched to their 
‘own impedances, so that maximum power is transferred in 
both cases. In addition, the comparison antenna should be 
oriented so it gives maximum response to the signal used 
in the test. That is, it should have the same polarization as 
the incoming signal and should be placed so its direction 
of maximum gain is toward the signal source. 

In long-distance transmission and reception via the 
the relationship between re 


ame as the 
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paths at all times and so may show considerable varia- 
tion in the time between alternations between transmi 
ting and receiving. Also, when more than one ionospheric 
layer is involved in the wave travel (see Chapter 23, 
Radio Wave Propagation), it is sometimes possible for 
reception to be good in one direction and poor in the other, 
over the same path, 

Wave polarization usually shifts in the ionosphere. The 
tendency is for the arriving wave to be elliptically polai 
ized, regardless of the polarization of the transmitting 
antenna. Vertically polarized antennas can be expected to 
show no more difference between transmission and 
reception than horizontally polarized antennas. On the av- 
erage, however, an antenna that transmits well in a certain 
direction also gives favorable reception from the same 
direction, despite ionospheric variations. 


FREQUENCY SCALING 


‘Any antenna design can be scaled in size for use on 
another frequency or on another amateur band. The 
dimensions of the antenna may be scaled with Eq 8 below. 


D=axd E48) 
where 
Da scaled dimension 


d = original design dimension 

original design frequency 

= scaled frequency (frequency of intended 
operation) 


From this equation, a published antenna design for, 
say, 14 MHz can be scaled in size and constructed for 
operation on 18 MHz, or any other desired band. Similarly, 
fan antenna design could be developed experimentally at 
VHF or UHF and then scaled for operation in one of the 
HF bands. For example, from Eq 8, an element of 
39.0 inches length at 144 MHz would by 


To scale an antenna properly, all phy’ 
must be scaled, including element lengths, 
ings, boom diameters and element diameters. Lengths and 
spacings may be scaled in a straightforward manner as in 
the above example, but element diameters are often not 
conveniently scaled. For example, assume a 14-MHz antenna 
is modeled at 144 MHz and perfected with ‘/-inch eylindi 
cal elements. For proper scaling to 14 MHz, the elements 
should be cylindrical, of 144/14 "yor 3.86 inches diam- 
ter, From a realistic standpoint, a 4-inch diameter might be 
acceptable, but cylindrical elements of 4-inch diameter in 
lengths of 33 feet or so would be quite unwieldy (and quite 
expensive, not to mention heavy). Choosing another, more 
suitable diameter is the only practical answer. 
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Diameter Scaling 

Simply changing the diameter of dipole type 
ments during the sealing process is not satisfactory with- 
out making a corresponding clement-length correction 
This is because changing the diameter results in a change 
in the A/dia ratio from the original design, and this alters 
the corresponding resonant frequency of the element. The 
element length must be corrected to compensate for the 
effect of the different diameter actually used. 

To be more precise, however, the purpose of diam- 
eter scaling is not to maintain the same resonant frequency 
for the element, but to maintain the same ratio of self- 
resistance to self-reactance at the operating 
frequency—that is, the Q of the scaled element should 
be the same as that of the original clement. This is not 
always possible to achieve exactly for elements that use 

jons of tubing. 


several telescoping s 


Tapered Elements 
Rotatable beam antennas are usually constructed 
with elements made of metal tubing. The general prac- 
tice at HF is to taper the elements with lengths of 
telescoping tubing. The center section has a large 
diameter, but the ends are relatively small. This reduces 
not only the weight, but also the cost of materials for the 
elements. Tapering of HF Yagi elements is discussed 
in detail in Chapter 11, HF Yagi Arrays. 


Length Correction for Tapered Elements 
‘The effect of tapering an clement is to alter its elec- 
trical length. That is to say, two 
length, one cylindrical and one tapered but with the 
average diameter as the cylindrical element, will not be 
ed clement must 


resonant at the same frequency. The tapei 
be made longer than the cylindrical element for the same 
resonant frequency. 

A procedure for calculating the length for tapered 
elements has been worked out by Dave Leeson, W6NL 
(ex-W6QHS), from work done by Schelkunoff at Bell 
Labs and is presented in Leeson’s book, Physical Design 
of Yagi Antennas. In the software accompanying this book 
isa subroutine called EFFLEN.FOR. It is written in For- 
tran and is used in the SCALE program to compute the 
effective length of a tapered element. The algorithm uses 
the W6NL-Schelkunoff algorithm and is commented step- 
by-step to show what is happening. Calculations are made 
for only one half of an element, assuming the element is 
symmetrical about the point of boom attachment 

Also, read the documentation SCALE.PDF for the 
SCALE program, which will automatically do the com- 
plex mathematics to scale a Yagi design from one fre- 
quency to another, or from one taper schedule to another. 


The Vertical Monopole 


So far in this discussion on Antenna Fundamentals, 
wwe have been using the free-space, center-fed dipole as 
our main example. Another simple form of antenna 
derived from a dipole is called a monopole. The name 
suggests that this is one half of a dipole, and so it is. The 
monopole is always used in conjunction with a ground 
plane, which acts as a sort of electrical mirror. See Fig 22, 
where a 1/2 dipole and a 4/4 monopole are compared, 
The image antenna for the monopole is the dotted line 
beneath the ground plane. The image forms the missing 
second half of the antenna, transforming a monopole into 
the functional equivalent of a dipole. From this explana- 
tion you can see where the term image plane is som 
times used instead of ground plane. 

Although we have been focusing throughout this 
chapter on antennas in free space, practical monopol 
are usually mounted vertically with respect to the sur- 
face of the ground. As such, they are called vertical mono- 
poles, or simply verticals. A practical vertical is supplied 
power by feeding the radiator against a ground system, 
usually made up of a series of paralle! 
from and laid out in a circular pattern around the bas 
the antenna. These wires are termed radials 

‘The term ground plane is also used to describe a 
vertical antenna employing a 4/4-long vertical radiator 
working against a counterpoise system, another name for 
the ground plane that supplies the missing half of the 
antenna. The counterpoise for a ground-plane antenna 
usually consists of four A/4-long radials elevated well 
above the earth, See Fig 23. 

Chapter 3, The Effects of Ground, devotes much 
attention to the requirements for an efficient grounding 
system for vertical monopole antennas, and Chapter 6, 
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Fig 22—The 4/2 dipole antenna and its 4/4 ground- 
plane counterpart. The “missing” quarter wavelength is 
supplied as an Image in “perfect” (that is, high- 
conductivity) ground. 


Low-Frequency Antennas, gives more information on 
ground-plane verticals. 


Characteristics of a 4/4 Monopole 

The free-space directional characteristics of a A/4 
monopole with its ground plane are very similar to that of a 
2/2 antenna in free space. The gain for the 4/4 monopole is 
slightly less because the H-plane for the 2/2 antenna is com. 
pressed compared to the monopole. Like a 4/2 antenna, the 
U4 monopole has an omnidirectional radiation pattern in 
the plane perpendicular to the monopole. 

‘The current in a 4/4 monopole varies practically sinu- 
wire), and is highest at the 
tion. The RF voltage is highest at the 
open (top) end and minimum at the ground plane. The feed- 
point resistance close to A/4 resonance of a vertical mono- 
pole over a perfect ground plane is one-half that for a 2/2 
dipole at its 2/2 resonance. In this erfect ground 
plane” is an infinitely large, lossless conductor. 

See Fig 24, which shows the feed-point impedance 
of a vertical antenna made of #14 wire, 50 feet long, 
located over perfect ground. This is over the whole HF 
range from 1 to 30 MHz. Again, there is nothing special 
about the choice of 50 feet for the length of the vertical 
radiator; it is simply a convenient length for evaluation 
Fig 25 shows an expanded portion of the frequency range 
above and below the A/4 resonant point, but now cali- 
brated in terms of wavelength. Note that this particular 
antenna goes through 4/4 resonance at a length of 0.244 2, 
not at exactly 0.25 2. The exact length for resonance var- 
es with the diameter of the wire used, just as it does for 
the 2/2 dipole at its 2/2 resonane: 

‘The word height is usually used for a vertical mono- 
pole antenna whose base is on or near the ground, and in 
this context, height has the same meaning as length when 
applied to 2/2 dipole antennas. Older texts often refer to 
heights in electrical degrees, referenced to a free-space 
wavelength of 360°, but here height is expressed in terms 
of the free-space wavelength. The range shown in Fig 24 
is from 0.132 A to 0.300 2, corresponding to a frequency 
range of 2.0 to 5.9 MHz 


Fig 23—The ground- 
plane antenna. Power 
is applied between 
the base of the 
vertical radiator and 
the center of the four 
ground plane wires. 
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Fig 24—Feed-point impedance versus frequency for a 
theoretical 50-foot-high grounded vertical monopole 
made of #14 wire. The numbers along the curve show 
the frequency in MHz. This was computed using 
“perfect” ground. Real ground losses will add to the 
feed-point impedance shown in an actual antenna 
system. 


‘The reactive portion of the feed-point impedan: 
depends highly on the length/dia ratio of the conductor, 
as was discussed previously for a horizontal center-fed 
dipole. The impedance curve in Figs 24 and 25 is based 
on a #14 conductor having a length/dia ratio of about 800 
to 1. As usual, thicker antennas can be expected to show 
less reactance ata given height, and thinner antennas will 
show more. 


Effici 


ncy of Vertical Monopoles 


This topic of the efficiency of vertical monopole 
systems will be covered in detail in Chapter 3, The Effects 
joint that the 


of Ground, but it is worth noting at this 
efficiency of a real vertical antenna over re 
suffers dramatically compared with that of a 2/2 antenna, 
Without a fairly elaborate grounding system, the effi 
ciency is not likely to exceed 50%, and it may be much 
. particularly at monopole heights below 4/4. 
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Next steps 


Let’s get to grips with actual soldering techniques in more detail. The soldering of 
electronics components utilises lead/ tin or lead-free solder and the process is compatible 
with many non-ferrous metals. You can solder copper, lead, brass, gold plate, silver, 
nickel, tin and tin plate, zinc and more besides but some metals such as nichrome, 
galvanised or stainless steel require a highly specialist “flux” (see later) to solder them and 
aren’t discussed here. Some materials such as beryllium, chromium, magnesium and 
titanium are non-solderable in any case, according to solder manufacturers Multicore. 


In electronics we’re mainly concerned with soldering parts or wires onto printed 
circuit boards or terminals that are usually already “tinned” with solder or plated, ready for 
soldering with flux-cored solder. The key factors affecting the quality of a solder joint are: 


© Cleanliness — dirt or impurities drastically hinder good solder coverage. 
© Temperature — the right level to enable the solder to flow freely! 

© Time — apply heat for just the right amount of time! 

. Adequate solder coverage — enough to form a good joint without 


touching neighbouring areas. 


A little effort spent now in soldering the perfect joint may save you — or somebody 
else —a considerable amount of time in troubleshooting a defective joint in the future. 
Let’s discuss the basic principles outlined above in more depth. 
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The Effects 
of Ground 


‘The ground around and under an antenna is part of 
the environment in which any actual antenna must oper 
ate. Chapter 2, Antenna Fundamentals, dealt mainly with 
theoretical antennas in free space, completely removed 
from the influence of the ground. This chapter is devoted 
to exploring the interactions between antennas and the 
ground. 

‘The interactions can be analyzed depending on where 
they occur relative to two areas surrounding the antenna: 
the reactive near field and the radiating far field. You will 
recall that the reactive near field only exists very close to 
the antenna itself. In this region the antenna acts as though 
it were a large lumped-constant inductor or capacitor, wh 
energy is stored but very little is actually radiated. The 
interaction with the ground in this area creates mutual 


impedances between the antenna and its environment and 
these interactions not only modify the feed-point imped- 
ance of an antenna, but also often increase losses. 

In the radiating far field, the presence of ground pro- 
foundly influences the radiation pattern of a real antenna, 


The interaction is different, depending on the antenna’s 
polarization with respect to the ground. For horizontally 
polarized antennas, the shape of the radiated pattern in the 
elevation plane depends primarily on the antenna’s height 
above ground. For vertically polarized antennas, both the 
shape and the strength of the radiated pattern in the 

tion plane strongly depend on the nature of the ground 


itself (its dielectric constant and conductivity at the frequency 
of operation), as well as on the height of the antenna above 
ground, 


The Effects of Ground in the Reactive Near Field 


FEED-POINT IMPEDANCE VERSUS. 
HEIGHT ABOVE GROUND 


Waves radiated from the antenna directly downward 
reflect vertically from the ground and, in passing the 
antenna on their upward journey, induce a voltage in it. The 
magnitude and phase of the current resulting from this, 
induced voltage depends on the height of the antenna above 
the reflecting surface. 

‘The total current in the antenna consists of two com- 
ponents. The amplitude of the first is determined by the 
power supplied by the transmitter and the free-space feed- 
point resistance of the antenna, The second component is 


id from the 


induced in the antenna by the wave refl 
ground. This second component of current, while consider- 
ably smaller than the first at most useful antenna heights, is 
by no means insignificant. At some heights, the two com- 
ponents will be in phase, so the total current is larger than is 
indicated by the free-space fet 
heights, the two components are out of phase, and the total 


|-point resistance. At other 


s the difference between the two components, 

‘Changing the height of the antenna above ground will 
change the amount of current flow, assuming that the power 
input to the antenna is constant. A higher current at the same 
power input means that the effective resistance of the 
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antenna is lower, and vice versa. In other words, the feed- 
point resistance of the antenna is affected by the height of 
the antenna above ground because of mutual coupling 
between the antenna and the ground beneath it 

The electrical characteristics of the ground affect both 
the amplitude and the phase of reflected signals. For this 
reason, the electrical characteristics of the ground under the 
antenna will have some effect on the impedance of that 
antenna, the reflected wave having been influenced by the 
ground. Different impedance values may be encountered 
‘when an antenna is erected at identical heights but over dif- 
ferent types of earth 

Fig 1 shows the way in which the radiation resi 
tance of horizontal and vertical half-wave antennas var- 
ies with height above ground (in A, wavelengths). The 
height of the vertical half-wave is the distance from the 
bottom of the antenna to ground. For horizontally polar- 
ized half-wave antennas, the differences betw 
fects of perfect ground and re: 
antenna height is greater than 0.2 A. At lower heights, 
the feed-point resistance over perfect ground dect 
rapidly as the antenna is brought closer to a theoretically 
perfect ground, but this does not occur so rapidly for ac- 
tual ground. Over real earth, the resistance actually b 
gins increasing at heights below about 0.08 A. The reason 


for the increasing resistance at very low heights is that 
more and more of the reactive (induction) field of the 
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Fig 1—Varlation in radiation resistance of vertical and 
horizontal half-wave antennas at various heights above 
flat ground. Solid lines are for perfectly conducting 
ground; the broken line is the radiation resistance of 
horizontal half-wave antennas at low height over real 
ground. 
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antenna is absorbed by the lossy ground in close proxim- 
ity. This results in increased loss that is reflected in the 
increased value of the feedpoint resistance 

For a vertically polarized 4/2-Long dipole, differences 
between the effects of perfect ground and real earth on the 
feed-point impedance is negligible, as seen in Fig 1. The 
theoretical half-wave antennas on which this chart is based 
are assumed to have infinitely thin conductors. 


GROUND SYSTEMS FOR VERTICAL 
MONOPOLES 


ction, we'll look at vertical monopoles, which 


In this s 
require some sort of ground system in order to make up for 
the “missing” second half of the antenna and reduce the 
power lost in the near field. Rudy Severns, N6LF, contrib- 
‘uted much of the new material in this chapter. 

In Chapter 2, Antenna Fundamentals, and up to this 
point in this chapter, the discussion about vertical mono- 
poles has mainly been for antennas where perfect ground is 
available. We have also briefly looked at the ground-plane 
vertical in free space, where the four ground-plane radials 
form a built-in ground system, 

Perfect ground makes a vertical monopole into the fune~ 
tional equivalent of a center-fed dipole, although the feed- 
point resistance at resonance is half that of the center-fed 
dipole. But how can we manage to create that el 
fect ground, or at least a r 
real vertical antennas? 


ive per 
sonable approximation, for our 


Simulating a Perfect Ground in the 
Reactive Near Field 

‘The effect of a perfectly conducting ground (so far as 

-point resistance and losses are concerned) can be simu- 

lated under a real antenna by installing a very large metal 


fe 


or mesh, such as poultry netting (chicken wire) or 
hardware cloth, on or near the surface of the ground. The 
(also called a counterpoise system, especially if itis 
elevated off the ground) should extend at least a half wave- 
length in every direction from the antenna. The feed-point 
resistance of a quarter-wave long, thin vertical radiator over 


such a ground screen will approach the theoretical value of 
36.6 Q. Of course on the lower HF bands such a screen is 
not practical for most amateurs 

Based on the results of a study published in 1937 by 
Brown, Lewis and Epstein (see Bibliography), a grounding 
system consisting of 120 wires, each at least 2/2 long. 
extending radially from the base of the antenna and spaced 
equally around a circle, is also the practical equivalent of 
perfectly conducting ground for reactive-field currents. The 
‘wires can either be laid direetly on the surface of the ground 
or buried a few inches belov. 


Another approach to simulating a perfect ground sys- 
tem is to utilize the ground-plane antenna, with its four 
ground: plane radials elevated well above lossy earth. Heights 
(between the bottom of the ground-plane and the surface of 
the ground) greater than 2/8 have proven to yield excellent 


results. See Chapter 6, Low-Frequency Antennas, for more 
details on practical ground-plane verticals. 

For a vertical antenna, a large ground screen, either 
made of wire mesh or a multitude of radials, or an elevated 
system of ground-plane radials will reduce ground loss« 
near the antenna. This is because the screen conductors are 
solidly bonded to each other and the resistance is much lower 
than that of the lossy, low-conductivity earth itself. If the 
ground screen or elevated ground plane were not present, 
RF currents would be forced to flow through the lossy, low: 
conductivity earth to return to the base of the radiator. The 
ground screen or elevated ground plane in effect shield 
ground-return currents from the lossy earth. 


Less-Than-Ideal Ground Systems 

Now, what happens when something less 
ground screen is used as the ground plane for a vertical 
‘monopole? Typically this will ake the form of an on-ground 
wire radial system. A great deal of mystery and lack of 
information scems to surround the vertical antenna ground 
system. In the case of ground-mounted vertical antennas, 
‘many general statements such as “the more radials the b 
ter” and “lots of short radials are better than a few long ones” 
have served as rules of thumb, but many questions as to 
relative performance differences and optimum number for 
agiven length remain unanswered, as is the justification for 
the rules of thumb. Most of these questions boil down to 
cone: namely, how many radials, and how long, should be 
used in a given vertical antenna installation? 

A ground system with 120 2/2 radials is not very prac- 
tical for many amateur installations, which often must con- 
tend with limited space and funding. Unfortunately the 
round resistance, R,, increases rapidly when the number 
of radials is reduced. To minimize ground loss where a large, 
optimum ground system is not possible requires that we 
understand how ground losses occur and how to optimize 
the design of a ground system that can fit within the space 
and budget available 


than an ideal 


E and H Fields 


E and H fields were introduced in Chapter 2, Antenna 
Fundamentals, to explain some basic concepts concerning 
antennas. To understand the reasons for ground loss we need 
to look at the E and H fields in the near field, but we need to 
have some feeling for what E and H fields are. The follow- 
ing is a brief description of these fields. It is certainly not a 
rigorous description but should give at least an intuitive feel- 
ing for what is happening. 

In 1820 Hans Oerstad discovered that a current flow- 
ing in a wire would deflect the needle of a nearby com- 
pass. We attribute this effect to a magnetic or H-field, 
which at any given location is denoted by the bold-faced 
letter H. H is a vector, with an amplitude expressed in 
A/m (Amperes/meter) and a direction. Fig 2 shows a ty} 
cal experimental arrangement. The shape of the magnetic 
eld is roughly shown by the distribution of the iron fi 


ings. This field distribution is very similar to that for a 
vertical antenna, 

‘A compass needle (a small magnet itself) will try to 
align itself parallel to H. As the compass is moved around 
the conductor, the orientation of the needle changes accord 
ingly. The orientation of the needle gives the direction of H. 
If you attempt to turn the needle away from alignment you 
will discover a torque trying to restore the needle to its origi- 
nal position. The torque is proportional to the strength of 
the magnetic field at that point. This is called the field inten- 
sity or amplitude of Hat that point. Ifa larger current flows 
in the conductor going through the piece of paper holding 
the iron filings, the amplitude of H will be larger. Currents 
flowing in the conductors of an antenna also generate a 
‘magnetic field, one component of the near field. 

‘An antenna will also have an electric or E-field, which 
in be visualized using a parallel-plate capacitor, as shown 
in Fig 3. If we connect a battery with a potential V,, across 
the capacitor plates there will be an electric field E estab- 
lished between the plates, as indicated by the lines and 
directional arrows between the plates. The magnitude of vec- 
tor E is expressed in V/m (volts per meter), so for a poten- 
tial of V volts and a spacing of d meters, E = Vid Vim. The 
amplitude of E will increase with greater voltage and/or a 
smaller distance (d). In an antenna, there will be ac poten- 

al differences between different parts of the antenna and 
from the antenna to ground. These ac potential differences 
establish the electric field associated with the antenna. 


Conduction And Displacement Currents 
If we replace the de voltage source in Fig 3 with an ac 
source, a steady ac current will flow in the circuit. In the 
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Fig 2—The magnetic lines of force that surround a 
conductor with an electric current flowing in it are 
shown by iron filings and small compass needles. 
The needles point in the direction of the magnetic 
or H-field. The filings give a general view of the field 
distribution in the plane perpendicular to the 
conductor. 
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conductors between the ac source and the capacitor plates, 
current (I,) flows, because of the movement of charge, usu- 
ally electrons. But in the space between the capacitor 
plates—particularly in a vacuum—there are no charge car- 
available to carry a conduction current. Nonethel 
current still flows in the complete circuit, and we attribute 
this to a displacement current (Ig) flowing between the 
capacitor plates to account for the continuity of current in 
the circuit. Displacement and conduction currents are two 
different phenomena but they both represent current, just 
two different kinds. Some observers prefer to call condue- 
tion currents “currents” and displacement currents ‘im: 
nary currents.” That terminology is OK, but to account for 
the current flow in a closed circuit with capacitance you 
have to keep track of both kinds of current, whatever you 
call them, 

In an antenna over ground, the displacement current 
represents the current flow from the antenna surface through 
the air into the ground. The currents flowing in the ground 


ram 


Fig 3—Example of an electric field, E=Vg./d. When the 
dc source is replaced with an ac source ‘there will be a 
displacement current (I,) flowing between the capacitor 
plates. 


Fig 4—When the capacitor dielectric is less than 
perfect there will be a conduction current (I,) in 
addition to the displacement current (Iq). Soil will 
typically have both resistive and capacitive 
components. Power loss in the soil is due to the 
current flowing through the resistive component. 
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are predominantly conduction currents, but there may also 
be displacement currents, 

Where the dielectric material between the capacitor 
plates is not a perfect insulator, both conduction and dis 
placement currents can flow between the capacitor plates. 
A good example of this would be a soil dielectric, which 
has both resistive and capacitive characteristics. Soil can be 
represented in the circuit of Fig 4, where there is a resistor 
with a conduction current I, in parallel with a capacitor with 
a displacement current 1. The two currents add up 
(vectorially) as the total current Iy. 


A Closer Look at Verticals 


A vertical antenna has two field components that 
induce currents in the ground around the antenna. Fig 5 
shows in a general way the electric-field component (E,, in 
‘V/m) and magnetic-field component (Hy, in A/m) in the 
region near a vertical. Because the soil near the antenna usu 
ally has relatively high resistance, both of these field com 
ponents will induce currents (Iy and 1) in the ground, 
resulting in losses. While the worms may enjoy the heated 
ground, power dissipated in the ground is subtracted from 
the radiated power, weakening your signal 

As shown in Fig 5, the tangential component of the 
H-field (H,) induces horizontal currents (Ij) flowing radi 
ally. The normal component (perpendicular to the ground 
surface) of the E-field (E,) induces vertically flowing 
currents (Iy). Actually, things are more complex than this 
but we don’t need to thrash through that to understand con- 
ceptually what's going on. 

When modeling an antenna we account for the radi 
ated power (P,) by assuming there is a resistor we call the 
radiation resistance (R,) through which the antenna base 
current (I,) flows. The radiated power is then P, = 1,2R,, 
Similarly, we can account for the power dissipated in the 
ground (P,) by adding a loss resistance (R,) in series with 
R,. The ground loss is then P, = 1,2Ry. Additional losses 
due to conductors, loading coils, ete can also be simulated 


Vertical Radiator 


Fig 5—A general view of the fields and ground currents 
near the base of a vertical antenna. Note that the H- 
field distribution is equivalent to that shown in Fig 3. 
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to the total input power (P= P, + P,). Another way of say- 
ing this is that efficiency depends on the ratio of ground 
loss resistance (R,) to radiation resistance (R,), as Eq 2 
shows. The smaller we make R, the more power will be 
radiated for a given input power. Reducing R, is the pur- 
pose of the ground system. 

A sketch of current flow in the antenna and the sur- 
rounding ground (due to H-field), near the base of a ve 
cal, is shown in Fig 6. 1, represents the total zone current 
flowing radially through a cylindrical zone at a given radius 
(©) due to the H field, while I, is the current at the feed point 
al the base of the antenna. Technically speaking, the cylin- 
der is infinitely deep, with 1, being the total current in 
‘grated over the surface of the cylinder at a given radius. 

Fig 7 is a graph of the amplitude of 1, for several 
antenna heights in wavelengths (h) as we move away from 
the base of the antenna. Fig 7 shows the zone current that 
would flow in the ground returning to the base of the 
antenna, assuming a single ground rod is placed at the fe 
point for the vertical radiator. The heights indicated are the 
effective electrical heights. For example, if you use some 
top loading on the vertical, the effective electrical height 
will be greater than the physical height. 

I is important to recognize that simply adding a top 
hat toa vertical of a given physical height may reduce ground 
losses. We can see this from the effect of on ground cur- 
rent amplitude in Fig 7. Increasing h reduces the ground 
current. Even something as simple as moving a loading coil 
from the base up to the center of the antenna may reduce 
ground losses because it reduces ground current amplitude. 
But we do have to be careful that the loss introduced by the 
loading coil does not overcome the reduction in ground loss! 
Both loading-coil and top-hat schemes also increase the 
radiation resistance R,, which further improves efficiency. 

The currents in Fig 7 have been adjusted for constant 
radiated power at the base of the antenna by varying 1, to 
compensate for the change in R, as we vary h. To maintain 
constant radiated power as R, is falling, you must increase 
1,, The base f strong function of h. 
For exampl R, will be in the neighborhood 
of 36 Q. However, for h = 0.1 2, R, will be less than 4 
“More information on short antennas can be found in Chap- 
ter 16, Mobile and Maritime 


Fig 7 clearly shows the high currents that flow in the 
ground near the base of a short antenna due to the antenna’s 
H field. Compared to a 0.25-A vertical, the 0.1-2 vertical has 
about three times the base current, As you shorten the 
antenna further, the zone current increases even more quickly. 
‘The ground loss is proportional to the square of the ground 
current (P, = 1,2R,), so the power loss in the immediate 
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Fig 6—Representation of the zone current near the base 
of a vertical antenna. Individual i, components of current 
flow into a cylinder of soll, with a radius r centered on 
the base of the vertical. The total current, I,, thus 
represents the net current induced in the soil by the 
H-field for a given radius. (I, was labeled ly in Fig 5.) 
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Fig 7—Plot of zone current (|,) in amperes near the 
base of a vertical as a function of height (h) and radius 
() in wavelengths. The current in the base of the 0.25-2 
antenna is assumed to be 1 A and the current for other 
values of his adjusted to maintain the same radiated 
power (P, = |,2R, = 37 W) as the radiation resistance (R,) 
changes with h. 


region of the base is much higher for a short antenna operat- 
ing with the same input power as for a quarter-wave vertical. 

We can calculate the losses induced in the soil by 
either the E- or H-field intensity. Fig 8 shows an example of 
the H.-field losses for several different antenna heights, given 
a constant radiated power of 37 W. Note that the total loss 
within 0.5 2. of the base for h = 0.25 2.is about 16 W (right 
side of the graph). This gives 1 = 37/(37 + 16) = 70%. How- 
ever, for h=0.1 A, the total loss is about 94 W. Taking into 
consideration only the H-field losses, 1) = 37/(37 + 94) 
28%. Note that in both cases the majority of the loss is near 
(< 0.1 2) the antenna, with the rate of increase of total loss 
decreasing rapidly as we move farther away from the base, 
where the lines are almost flat 

Fig 9 is a graph of the E-field intensity around a verti- 
cal with 1500 W radiated power, for three values of h. The 
E-field intensity doesn’t depend on the exact type of ground 
system. (You can see this when you consider that the volt- 
lage across a capacitor doesn’t depend on the size of the 
capacitor’s plates.) Notice that close to the base, the E-field 
intensity for the 0.1-2 vertical is almost 100 times that for 
the 0.25-A vertical. Because loss is proportional to the square 
of the voltage, the E-field losses close to the base will be ten 
thousand times larger in the 0.1-A vertical! At a 1500-W 
power level the field intensity near the base of a short verti- 
cal is high enough to pose some risk of igniting grass and 
bushes that grow above any radial system close to the 
vertical’s base. The grass should be kept mowed within 
0.1 2 of the base. 

Fig 10 shows a computation for the E-field losses, again 
for a constant radiated power of 37 W and several values of 
h. For the 0.25-A, vertical, the electric field intensity is quite 


low and so are the losses associated with it, at only 1.5 W, 
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Fig 8—Total H-field induced ground loss within a circle 
of radius r around the base of a vertical for different 
values of h and constant P, = 37 W. Note how the total 
loss increases rapidly near the base of the antenna 
indicating high loss. Beyond r = 0.15 A, however, the 
additional loss is much lower and the curves flatten 
out. Note also how much higher the loss is for shorter 
antennas. 
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Fig 9—Electric field intensity near the base of a vertical 
for different values of h. P, is held constant at 1500 W. 


With any reasonable ground system, the E-field losses for a 
0.25-2, vertical will be insignificant. 

For shorter or longer verticals, however, the picture is 
different. This is why we see the very high losses (> 100 W) 
in Fig 10 for h =00.1 A. This loss, when added to the H-field 
loss, reduces the efficiency of the 0.1-R vertical to 16% or 
less without a good ground system. In short antennas the 
E-field losses cannot be ignored, since they get worse 
exponentially as the antenna is shortened further. 

The presence of a top-loading hat will also increase 
the E-field intensity in the area below the hat. However, most 
practical amateur hats will be quite small and the associated 
E-field loss small. The benefit, however, of reducing 1, 
because of the addition of the hat 1d 
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Fig 10—Total E-field induced ground loss within a circle 
of radius r around the base of a vertical for different 
values of h and constant P, = 37 W. Note how the total 
loss increases rapidly near the base of the antenna, 
Indicating high loss. Beyond r = 0.05 2, however, the 
additional loss is much lower and the curves flatten 
out. Note again how much higher the loss is for shorter 
antennas. For h = 0.1 2 the E-field loss Is greater than 
the H-field loss. 
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Fig 11—Effective ground resistance (R,) at the base of 
the vertical as a function of the radius of a ground 
screen for several different antenna heights. Note how 
R, falls as power dissipation in the soll is eliminated by 
the highly conducting ground screen. 


from the vertical part of the antenna—more than compen- 
sates for the small additional E-field loss due to the hat. 
Verticals taller than 0.25 A also display increased 


E-field intensity, but not nearly so severe as short verticals. 
In verticals both shorter and longer than a 0.25 4, the eriti- 


cal loss region is within a radius of about 0.05 2. We can see 
this in Fig 10, where the power-loss curves for the shorter 
antennas flatten out by the time we reach a radius of 0.05 4. 

I’s not widely known, but while radial wire systems 
reduce the H-field losses very effectively, Larsen (sce Bib- 
liography) has shown that the E-field losses with the same 
radial system do not fallin the same fashion as H-field losses. 
For h > 0.15 this doesn’t matter much because the E-field 


loss is so low anyway. However, for short antennas itis very 
helpful to install either a ground screen or a dense radial 
system within 0.05 2 of the base. 

We can take the data in Figs 8 and 10 and calculate the 
effective value of the ground resistance R,. Fig 11 shows 
the results of such a computation, Fig 11 assumes a perfect 
ground screen that varies in radius from 0.001 2,0 0.5 2. As 
‘we would expect, when the ground screen is very small the 
ground losses are high, meaning R, is high and the effi- 
ciency is low. As we increase the radius of the ground screen, 
forcing current out of the lossy soil and into the very low- 
loss screen, Ry drops rapidly and the efficiency increases. 

Fig 11 demonstrates why itis desirable to have a good 
ground system out to at least 0.125 2, and better yet, even 
farther. The shorter the antenna, the more important the 
ground system becomes, especially close to the base. In this 
example the ground system consists of a highly conducti 
bonded ground screen, not always practical for amateur 
installations. A more typical ground system would consist 
of a number of individual radial wires. This kind of ground 
will be inferior to a screen but represents a practical com- 
promise, We'll examine this in more detail shortly. 

Note that as we reduce h in Fig 11, R, actually goes 
down—even though the ground losses are higher. When h 
is made smaller the radiation resistance declines rapidly (see 
Chapter 16, Mobile and Maritime Antennas), so that for a 
given radiated power I, must increase. If we measure R, as 
wwe reduce h over a given ground system, we would see that 
the value for R, goes down as shown in Fig 11. But because 
1,2 is rising more rapidly than R, is falling, the power lost in 
the ground increases and efficiency decreases. The point here 
is that the value of Ry depends on the ground system, soil 
characteristics and the antenna configuration. You cannot 
assign an arbitrary value to Ry independent of the antenna 
system “ 


Wire Radial Systems 

Fig 11 shows R, for a dense, perfectly conducting 
aground screen, but what we really need to know is the effect 
of length and number of individual radials on Ry in a wire 
radial system, We can calculate the current division between 
a radial system and the soil and use this to determine R,. A 
typical graph of the proportion of the zone current flowing 
in the radial system, asa function of radius and various num 
bers of radials (N) is shown in Fig 12. 

‘The radial currents decrease as we move away from 
the base, and the lower the number of radials, the more rap- 
idly the radial current decreases. This means that close to 
the base of the antenna most of the current is in the radial 
system, but as we move away from the base the current 
increasingly flows in the lossy ground. When only a few 
radials are used, the outer ends of the radials contribute little 
to reducing ground loss. 

Why is this? The problem is that I, does not go imme- 
diately to the nearest radial but may flow for some distance 
in the soil. This is illustrated in a general way in Fig 13. As 
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‘we move away from the base of the antenna, adjacent radi- 
als are further apart from each other and the current must 
flow further in the soil before it reaches one of the radials. 
‘When we use more radials, the distance between radials is 
less and more of the total current will be in the radials and 
less in the soil. This reduces ground loss. 

‘When we know the current distribution in the ground 
we can calculate the power loss and Ry. A typical example 
for h = 0.25 A is given in Fig 14. We can learn a lot about 
radial system design from Fig 14 and similar graphs. If we 
use only a few radials, the radial current drops off very rap- 
idly. Most of the current is flowing in the soil 

Such a ground system is by nature inefficient—that 
R, is large. We can also see that if we have only 16 radials, 
R, falls an ohm or two as we lengthen the radials, but is 
essentially flat by 0.1 . There is no point in making them 
longer because there is little current in the outer portions 
and R, is essentially constant beyond 0.1 A. As we increase 


the number of radials, we gather more current further out, 
making longer radials more useful. The result is cumula- 
tive—more radials allow longer radials to be effective and 
both together reduce ground loss. We can see this in Fig 14, 
where the initial value of R, drops as N increases and flat- 
tens out at longer radial lengths. For 128 radials, for 
example, lengths of 0.25 4 or more are useful. 

The example in Fig 14 uses #12 wire for the radials. 
Compared to soil, the resistance of the radial wires is very 
small, especially if many radials are used, and does not 
greatly affect overall losses no matter how small the wire. 
The effect of changing wire size is to slowly change the 
current division between ground and the radial system. 
Larger wire results in only a small decrease in R,. In prin- 


ciple, very small wire could be used for radials but from 
a mechanical point of view, #18 or #20 wire is about as 
smalll as is practical. Any smaller wire breaks too easily 
to be buried, and also breaks easily when left on the 
ground surface and is walked on or driven over. 
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Fig 13—An example of current entering the ground 
between the radials and flowing for some distance 
before being picked up by a radial. 
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Fig 12—An example of the portion of the zone current 
flowing in the radial system as you move away from the 
base of a 0.25 A vertical for different numbers of radials 
(N). Note that when more radials are used, more of the 
zone current flows in the radials and not in the ground, 
reducing ground loss. The proportion of current in the 
radial system falls rapidly when only a few radials are 
used. This leads to high ground loss because most of 
the zone current is flowing in the ground rather than in 
the radials. 
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Fig 14—An example of the variation of Rg with radial 
Iength and number of radials (N) for h = 0.25 2. When 
only a few radials are used there is littie point in 
making them longer than 0.1 2. Increasing N reduces Ry 
at a given radius and also makes longer radials useful, 
further reducing Rg. R for other values of h behave 
similarly. 


On the other hand, wire larger than #12 is expei 
sive. Thousands of feet of #8 wire may be affordable for 
broadcast stations but not for most hams. Increasing the 
wire size from #20 to #10 would result in only a small 
reduction in Ry. Of course, if you happen to have a few 
thousand feet of old RG-8 cable lying around (the diam- 
eter is comparable to #0000 wire) then that might indeed 
help to reduce Ry, as W9QQ has shown (see Bibliogra- 
phy). You are still better off, however, using many radi 
als with small wire than a few radials with large wire. 
Radial wire size is usually a mechanical and financial 
issue, not an electrical one. 

If the example in Fig 14 were changed for different 
ground characteristics, then the curves would have a simi 
lar shape but would be shifted either up or down. For 
example, poorer ground will result in higher R, but the 
usable length for the radials for a given N would increase 
somewhat. For better-quality ground, with higher con- 
ductivity, R, will be lower but the usable length of the 
radials for a given N will be shorter. 

For short antennas, the initial drop in R, will be more 
rapid and the curves flatten out sooner. This implies that 
somewhat shorter radials are useful with short antenna 
However, given the high losses, itis still a very good idea 
to use lots of radials with short antennas. As in the above 
example, increasing N also increases the usable length. 

‘As you go up in frequency from 160 meters, Ry gen- 
erally rises slowly and then stabilizes around 7 MHz, 
depending on the ground characteristics. This effe: 
related to the change in skin depth with frequency, which 
is discussed in a later section of this chapter. There is 
also a small shift in current division between the radials 
and ground as the frequet 


cy increases 


AWord Of Caution 
In the preceding discussion we presented a number of 
graphs and the CD-ROM accompanying this book contains 
some spreadsheets containing the equations from which 
these graphs were derived. From these graphs we extracted 
a number of observations on how to design radial systems. 
Basic to each graph is the assumption that we know the 
ground characteristics: conductivity and permitivity. In the 
real world, we amateurs very rarely have more than a rough 
idea of the ground characteristics under our antennas. Even 
when careful measurements are made, the characteristics 
will vary through the year with rainfall or the lack thereof 
Soils are always stratified vertically and can vary by 
factors or two or more horizontally over distances compa 
rable to radial length, so that even good ground measut 
‘ments are at best an average. In addition, there will frequently 
be constraints on the size and shape of the ground system. 
8 a result, we use the calculated information and the previ- 
ous graphs for general guidance and preliminary design, but 
when actually installing a ground system we try to mea- 
sure—or at least estimate—R, as we go along. 
When R, stops falling, or our patience and/or money 
run out, we stop adding ground radials. We can measure the 
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point resistance with an impedance bridge to estimate 
of R,. The impedance seen at the feed point of the antenna 
is the sum of the loss and the radiation resistance. To deter: 
mine R, you have to estimate R, (from the antenna height) 
and other losses due to loading or conductors, and then sub- 
tract that from the total measured input resistance. The 
remainder is R,, and R, should fall as we add radials. When 
R, stops falling we probably have as many radials of a given 
length as will be useful. Further reduction in R, would 
require more, longer radials. 


Practical Suggestions For Vertical 
Ground Systems 

At least 16 radials should be used if at all possible. 
Experimental measurements and calculations show that with 
this number, the loss resistance decreases the antenna eff 
ciency by 30% to 50% for a 0.25 A vertical, depending on 
soil characteristics. In general, a lange number of radials (even 
though some or all of them must be short) is preferable to a 
few long radials for a vertical antenna mounted on the ground. 
‘The conductor size is relatively unimportant as mentioned 
before: #12 to #22 copper wire is suitable. 

‘Table I summarizes these conclusions. John Stanley. 
K4ERO, first presented this material in December 1976 
QST. Another source of information on ground-system 
design is Radio Broadcast Ground Systems (see the Bib- 
liography at the end of this chapter). Most of the data 
presented in Table 1 is taken from that source, or derived 
from the interpolation of data contained therein. 

Table 1 is based on the number of radials. For each 
configuration, there is a corresponding optimum radial 
length. Each configuration also includes the amount of 
wire used, expressed in wavelengths. Using radials con- 
siderably longer than suggested for a given N or using a 
lot more radials than suggested for a given length, while 
not adverse to performance, does not yield significant 
improvement either. That would represent a non-optimum 
use of wire and construction time. Each suggested con- 
figuration represents an optimum relationship between 
length and number for the given amount of total wire used. 
Table 1 leads to these conclusions 


* If you install only 16 radials (in configuration A), they 
need not be very long—0.1 2 is sufficient. The total length 
of wire will be 1.6 2, which is about 875 feet at 1.8 MHz. 

‘If you have the wire, the space and the patience to lay 
down 120 radials (optimal configuration F), they should 
be 0.4 2 long. This radial system will gain about 3 dB 
over the 16-radial case and you'll use 48 2, of wire, or 
about 26,000 feet at 1.8 MHz 

If you install 36 radials that are 0.15 2 long, you will 
lose 1.5 dB compared to optimal configuration F. You 
will use 5.4 2 of wire, or almost 3,000 feet at 1.8 MHz. 


‘The loss figures in Table 1 assume h = 0.25 2. A 
very rough approximation of loss when using shorter 
antennas can be obtained by doubling the loss in dB each 
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Cleanliness and “Tinning” the bit 


A clean and shiny soldering tip or “bit” is essential for each and every solder 
joint you make. 


Firstly, and without exception, all parts - including the soldering iron’s tip itself - 
must be clean and free from contamination. Fact is, solder just will not “take” to dirty 
parts! Old components or copper board can be impossible to solder because of oxidation 
that builds up on the surface of the leads. This repels the molten solder and will soon 
become evident because the solder will “bead” into shiny globules looking like mercury, 
going everywhere except where you need it. Dirt and contamination are the enemies of a 
good quality soldered joint! 


When all the conditions are right for soldering, materials are said to be “wettable” 
and will accept molten solder, which should flow readily over their surfaces. Hence, it’s 
really necessary to ensure that parts are free from grease, oxidation and other 
contaminants. Note that in any case, some incompatible materials or surface finishes just 
cannot be soldered using ordinary lead-free solder, no matter how hard you try — e.g. 
aluminium parts would require special aluminium solder and fluxes (see later) to be used. 


Table 1 
Optimum Ground-System Configurations 


Configuration Designation 


A 8 
Number of radials 16 24 
Length of each radial in wavelengths 0.10.15, 
Spacing of radials in degrees 22.5 15 
Total length of radial wire 

installed, in wavelengths 16 3 
Power loss in dB at low angles with 

‘a quarter-wave radiating element 3 2 
Feed-point impedance in ohms with 

‘a quarter-wave radiating element 52 46 


c oD E F 
36 60 «= 90 S«120 
015 02 0.25 04 
10 6 4 3 

54 12 225 48 
181 05 0 


43° 400 «8785 


Note: Configuration designations are indicated only for text reference. 
“Reference: The loss of this configuration is negligible compared to a perfectly conducting ground. 


time the antenna height is halved. For taller antennas the 
losses decrease, approaching 2 dB for configuration A of 
Table 1 for a half-wave radiator. Even longer antennas 
yield correspondingly better performance. 

Table 1 is based on average ground conductivity 
Variation of the loss values shown can be considerabl 
especially for configurations using fewer radials. Tho: 
building antennas over dry, sandy or rocky ground should 
expect more loss. On the other hand, higher than average 
soil conductivity and wet soils would make the compro- 
mise configurations (those with the fewest radials) even 
more attractive. 

When antennas are combined into arrays, either para- 
sitic or all-driven types, mutual impedances lower the 
radiation resistance of the elements. This drastically 
increases the effects of ground loss because I, will be higher 
for the same power level. For instance, an antenna with a 
point impedance, of which 10 Q is ground-loss 
will have an efficiency of approximately 83%, 
An array of two similar antennas in a driven array with simi- 
lar ground losses may have an efficiency of 70% or less. 

Special precautions must be taken in such cases to 
achieve satisfactory operation. Generally speaking, a 
wide-spaced broadside array presents little problem 
because R, is high, but a close-spaced end-fire array 
should be avoided because R, is much lower, unless low- 
loss radial system configurations are used or other pri 
cautions taken. Chapter 8, Multiclement Arrays, covers 
the subject of vertical arrays in great detail, 

In cases where directivity is desirable or real-estate 
limitations dictate, longer, more closely spaced radials 
can be installed in one direction, and shorter, more widely 
radials in another. Multiband ground systems can 
esigned using different optimum configurations for 
different bands. Usually it is most convenient to start at 
the lowest frequency with fewer radials and add more 
short radials for better performance on the higher bands, 

‘There is nothing sacred about the 


xact details of 


3-10 Chapter 3 


the configurations in Table 1, and small changes in the 

number of radials and lengths will not cause serious prob- 

lems. Thus, a configuration with 32 or 40 radials of 

0.14 A or 0.16 2 will work as well as configuration C 

shown in the table. 

If less than 90 radials are contemplated, there is no 
need to make them a quarter wavelength long. This dif- 
fers rather dramatically from the case of a ground-plane 
antenna, where resonant radials are installed above 
ground. For a ground-mounted antenna, quarter-wave 
long radials may not be optimum. Because the radials of 
4 ground-mounted vertical are actually on, if not slightly 
below the surface, they are coupled by capacitance or 
conduction to the ground, and thus resonance effects are 
not important. The basic function of radials is to provide 
a low-loss return path for ground currents, 

Radio Broadcast Ground Systems states, “Experi 
ments show that the ground system consisting of only 15 
radial wires need not be more than 0.1 wavelength long 
while the system consisting of 113 radials is still effee- 
live out to 0.5 wavelength.” Many graphs in that publica- 
tion confirm this statement. This is not to say that these 
two systems will perform equally well; they most cer- 
tainly will not. However, if 0.1 2 is as long as the radials 
can be, there is litle point in using more than 15 of them 
unless the vertical radiator’s height is a 
‘The antenna designer should: 

1. Study the cost of various radial cont 
the gain of each. 

Compare alternative means of improving transmitted 

signal and their cost (more power, etc). 

3. Consider increasing the physical antenna height (the 
electrical length) of the vertical radiator, instead of 
improving the ground system. 

4, Use multi-element arrays for directivity and gain, 
observing the necessary precautions related to 
mutual impedances discussed in Chapter 8 
Multiclement Arrays. 


se 


The Effect of Ground in the Far Field 


‘The properties of the ground in the far field of an 
antenna are very important, especially for a vertically 
polarized antenna, as discussed above. Even if the ground. 
radial system for a vertical has been optimized to reduce 
ground-return losses in the reactive near field to an insi 
nificant level, the electrical properties of the ground may 
still diminish far-field performance to lower levels than “per: 
fect-ground” analyses might lead you to expect. The key is 
that ground reflections from horizontally and vertically 
polarized waves behave very differently. 


Reflections in General 


First, let us consider the case of flat ground. Over flat 
ground, either horizontally or vertically polarized 
downgoing waves launched from an antenna into the far 
eld strike the surface and are reflected by a process very 
similar to that by which light waves are reflected from a 
mirror. As is the case with light waves, the angle of refles 
tion is the same as the angle of incidence, so a wave stil 
ing the surface at an angle of, say, 15° is reflected upward 
from the surface at 15°. 

The reflected waves combine with direct waves (those 
radiated at angles above the horizon) in various ways. Some 
of the factors that influence this combining process are the 
height of the antenna, its length, the electrical characteristics 
of the ground, and as mentioned above, the polarization of 
the wave. At some elevation angles above the horizon the 
direct and reflected waves are exactly in phase—that is, the 
maximum field strengths of both waves are reached at the 
same time at the same point in spac 
the fields are the same. In such a case, the resultant field 
strength for that angle is simply the sum of the direct and 
reflected fields. (This represents a theoretical increase in field 
strength of 6 dB over the free-space pattern at these angles.) 

‘At other elevation angles the two waves are completely 
‘out of phase—that is, the field intensities are equal at the 
same instant and the directions are opposite. At such angles, 
the fields cancel each other. At still other angles, the result 
‘ant field will have intermediate values. Thus, the effect of 
the ground is to increase radiation intensity at some eleva- 
tion angles and to decrease it at others. When you plot the 
results as an elevation pattern, you will see lobes and nulls, 
‘as described in Chapter 2, Antenna Fundamentals. 

The concept of an image antenna is often useful to 
show the effect of reflection. As Fig 15 shows, the reflected 
ray has the same path length (AD equals BD) that it would 
if it originated at a virtual second antenna with the same 
characteristics as the real antenna, but situated below the 
‘ground just as far as the actual antenna is above it 

Now, if we look at the antenna and its image over per: 
fect ground from a remote point on the surface of the ground, 
we will see that the currents in a horizontally polarized 
image are flowing in opposite directions, or 


‘antenna and it 


image Se 
8 


Fig 15—At any distant point, P, the field strength will be 
the vector sum of the direct ray and the reflected ra 
The reflected ray travels farther than the direct ray by 
the distance BC, where the reflected ray is considered 
to originate at the image antenna. 


in other words, are 180° out of phase. But the currents in a 
vertically polarized antenna and its image are flowing in the 
same direction—they are in phase. This 180° phase differ- 
ence between the vertically and horizontally polarized 
reflections off ground is what makes the combinations with 


direct waves behave so very differently. 


FAR-FIELD GROUND REFLECTIONS AND 
THE VERTICAL ANTENNA 


A vertical’s azimuthal directivity is omnidirectional 
A2 vertical over ideal, perfectly conducting earth has the 
elevation-plane radiation pattern shown by the solid line in 
ig 16. Over real earth, however, the pattern looks more 
like the shaded one in the same diagram. In this case, the 
low-angle radiation that might be hoped for because of per- 
fect-ground performance is not realized in the real world. 

Now look at Fig 17A, which compares the computed 
elevation-angle response for two half-wave dipoles at 
14 MHz. One is oriented horizontally over ground ata height 
of 2/2 and the other is oriented vertically, with its center just 
over 2/2 high (so that the bottom end of the wire doesn’t 
actually touch the ground). The ground is “average” in 
dielectric constant (13) and conductivity (0.005 Sim). At a 
15° elevation angle, the horizontally polarized dipole has 
almost 7 dB more gain than its vertical brother. Contrast 
Fig 17A to the comparison in Fig 17B, where the peak gain 
of a vertically polarized half-wave dipole over seawater, 
which is virtually perfect for RF reflections, is quite compa- 
rable with the horizontal dipole’s response at 15°, and 
exceeds the horizontally polarized antenna dramatically 
below 15° elevation. 
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Fig 16—Vertical-plane radiation pattern for a ground- 
mounted quarter-wave vertical. The solid line is the 
pattern for perfect earth. The shaded pattern shows 
how the response is modified over average earth (k = 
13, G = 0.005 Sim) at 14 MHz. wis the pseudo-Brewster 
angle (PBA), In this case 14.8 


To understand in a qualitative fashion why the desired 
gle radiation from a vertical is not delivered when 
ig I8A. Radiation from 
each antenna segment reaches a point P in space by two 
paths; one directly from the antenna, path AP, and the other 
by reflection from the earth, path AGP. (Note that P is so far 
away that the slight difference in angles is insignificant— 
for practical purposes the waves are parallel to each other at 
point P) 

If the earth wer 


a perfectly conducting surface, there 
would be no phase shift of the vertically polarized wave 
upon reflection at point G. The two waves would add 
together with some phase difference b of the diff 
cnt path lengths. This difference in path lengths of the two 
waves is why the free-space radiation pattern differs from 
the pattern of the same antenna over ground, 

Now consider a point P that is close to the horizon, 
in Fig 18B. The path lengths AP and AGP are almost the 
same, so the magnitudes of the two waves add together, pro- 
ducing a maximum at zero angle of radiation. The arrows 
‘on the waves point both ways since the proc 
larly for transmitting and receiving. 

With real earth, however, the reflected wave from a 
vertically polarized antenna undergoes a change in both 
‘amplitude and phase in the reflection process. Indeed, at a 
low-enough elevation angle, the phase of the reflected wave 
will actually change by 180° and its magnitude will then 
subtract from that of the direct wave, Ata zero takeoff angle, 
it will be almost equal in amplitude, but 180° out of phase 
with the direct wave. 

‘Note that this is very similar to what happens with hori- 
zonally polarized reflected and direct waves at low eleva- 
tion angles. Virtually complete cancellation will result in a 
deep null, inhibiting any radiation or reception at 0°. For 
real-world soils, the vertical loses the theoretical advantage 
it has at low elevation angles over a horizontal antenna, as 
Fig 17A so clearly shows. 

The degree that a vertical works better than a hori- 
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1/2 Vertca! poi, Bottom Just Above Average Ground 
2/2 Hovizntal Cipla, 2/2 Over Average Ground 


bass 7.41281 ‘a 


= 1/2 Vertical Dipole, Botte dat Above Seawater 
1/2 Horzontss ot A/2 Over Average Ground 


Fig 17—At A, comparison of horizontal and vertical 1/2 
dipoles over average ground. Average ground has 
conductivity of § mSim and dielectric constant of 13. 
Horizontal dipole is 2/2 high; vertical dipole’s bottom 
wire is just above ground. Horizontal antenna is much 
less affected by far-field ground losses compared with 
Its vertical counterpart. At B, comparison of 20-meter 
12 vertical dipole whose bottom wire Is just above 
seawater with 2/2-high horizontal dipole over average 
ground. Seawater is great for verticals! 


zontal antenna at low elevation angles is largely depen- 
dent on the characteristics of the ground around the ver- 
tical, as we'll next examine. 


THE PSEUDO-BREWSTER ANGLE AND 
THE VERTICAL ANTENNA 


Much of the material presented here regarding pseudo- 
Brewster angle was prepared by Charles J. Michaels, W7XC, 
and first appeared in July 1987 QST, with additional infor- 
mation in The ARRL Antenna Compendium, Vol 3. (See the 
Bibliography at the end of this chapter.) 

Most fishermen have noticed that when the sun is low, 
its light is reflected from the water's surface as glare. 
obscuring the underwater view. When the sun is high, how- 
ever, the sunlight penetrates the water and it is possible to 
objects below the surface of the water. The angle at which 
this transition takes place is known as the Brewster angle, 


w ® 


Fig 18—The direct wave and the reflected wave 
combine at point P to form the pattern (P is very far 
from the antenna). At A the two paths AP and AGP 
differ appreciably in length, while at B these two path 
lengths are nearly equal. 


named for the Scottish physicist, Sir David Brewster (1781 
1868), 

A similar situation exists in the case of vertically 
polarized antennas; the RF energy behaves as the sunlight in 
the optical system, and the earth under the antenna acts as 
the water. The pseudo-Brewster angle (PBA) is the angle at 
which the reflected wave is 90° out of phase with respect to 
the direct wave, “Pseudo” is used here because the RF effect 
is similar to the optical effect from which the term gets its 
name. Below this angle, the reflected wave is between 90° 
and 180° out of phase with the direct wave, so some degree 
of cancellation takes place. The largest amount of cancella- 
i 0°, and steadily less cancellation occurs as 
the PBA is approached from below 

‘The factors that determine the PBA for a particular 
location are not related to the antenna itself, but to the ground 
around it. The first of these factors is earth conductivity, G. 
which is a measure of the ability of the soil to conduct elec- 
tricity. Conductivity is the inverse of resistance. The second 
factor is the dielectric constant, k, which is a unitless quan. 


tity that corresponds to the capacitive effect of the earth. 
For both of these quantities, the higher the number, the 
better is the ground (for vertical antenna purposes). The third 
factor determining the PBA for a given location is the 
frequency of operation. The PBA increases with increasing 
frequency, all other conditions being equal. Table 2 gives 
typical values of conductivity and dielectric constant for 
different types of soil. The map of Fig 19 shows the 
approximate conductivity values for different areas in the 
continental United Stat 

As the frequency is increased, the role of the dielectric 
constant in determining the PBA becomes more significant. 
‘Table 3 shows how the PBA varies with changes in ground 
conductivity, dielectric constant and frequency. The table 
shows trends in PBA dependency on ground constants and 
frequency. The constants chosen are not necessarily typical 
of any geographical area; they are just example: 

‘AL angles below the PBA, the reflected vertically 
polarized wave subtracts from the direct wave, causing the 
radiation intensity to fall off rapidly. Similarly, above the 
PBA, the reflected wave adds to the direct wave, and the 
radiated pattern approaches the perfect-earth pattern. 
Fig 16 shows the PBA, usually labeled Wp. 

When plotting vertical-antenna radiation patterns over 
real earth, the reflected wave from an antenna segment is 
multiplied by a factor called the vertical reflection coeffi- 
cient, and the product is then added vectorially to the direct 
wave to get the resultant. The reflection coefficient consists 
of an attenuation factor, A, and a pha 4, and is usu- 
ally expressed as AZ@. (@ is always a negative angle, 
because the earth acts as a lossy capacitor in this situation.) 
The following equation can be used to calculate the reflec- 
tion coefficient for vertically polarized waves, for earth of 
given conductivity and dielectric constant at any frequency 
and elevation angle (also called the wave angle in many 
texts). 


ivities and Dielectric Constants for Common Types of Earth 


Surface Type Dielectric 
Constant 

Fresh water 80 

Salt water 81 

Pastoral, low hills, rich soil, typ Dallas, 

TX, to Lincoln, NE areas 20 


Pastoral low hills, rich soil typ OH and IL 14 
Flat country, marshy. densely wooded, 

typ LA near Mississippi River 12 
Pastoral, medium hills and forestation, 

typ MD, PA, NY, (exclusive of mountains 


and coastline) 13 
Pastoral, medium hills and forestation, 

heavy clay soil, typ central VA 13 
Rocky soil, steep hills, typ mountainous 12-44 
Sandy, dry, flat, coastal 10 
Cities, industrial areas 5 


Cities, heavy industrial areas, high buildings 3 


Conductivity Relative 
(Sim) Quality 

0.001 

5.0 

0.0308 Very good 

0.01 

0.0075 

0.008 

0.005 Average 

0.002 Poor 

0.002 

0.001 Very Poor 
0.001 Extremely poor 
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Table 3 
Pseudo-Brewster Angle Variation with Frequency, 


lectric Constant, and Conductivity 
Frequency Dielectric Conductivity PBA 
(Miz) Constant — (Sim) (degrees) 
7 20 0.0303 6a 
13 0.00 133 
13 0.002 15.0 18x10" xG| 
5 0.001 232 ol a 
3 0.001 278 
14 20 9.0908 eo Jectric constant of earth (k for air 
18 0.008, ate conductivity of earth in S/m 
2 oo He frequency in MHz 
3 ‘Dot 2S. j= complex operator (JT) 
a 20 9309 100 Solving this equation for several points indicates what 
a 9.008 ie cet he cas on verily polarized signal ta par 
: 0-0 a ticular location fora given frequency range. Fig 20 shows 
ont aH the reflection coefficient as a function of elevation angle at 
Ea att over average earth (G = 0.005 Sim, and k = 13). 
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Fig 19—Typical average soil conductivities for the continental United States. Numeric values indicate 
conductivities in millisiemens per meter (mS/m), where 1.0 mSim = 0.001 Sim. 
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Fig 20—Reflection coefficient for vertically polarized 
waves. A and @ are magnitude and angle for wave 
angles y. This case is for average earth, (k = 13, G = 
0.005 Sim), at 21 MHz. 


Note that as the phase curve, y, passes through 90°, the 
attenuation curve (A) passes through a minimum atthe same 
‘wave angle y. This is the PBA. At this angle, the reflected 
wave is not only at a phase angle of 90° with respect to the 
direct wave, but is so low in amplitude that it does not aid 
the direct wave by a significant amount. In the case illus- 
trated in Fig 20 this elevation angle is about 15°. 


Variations in PBA with Earth Quality 

From Eq 3, itis quite a task to search for either the 90° 
phase point or the attenuation curve minimum for a wide 
variety of earth conditions. Instead, the PBA can be calcu 
lated directly from the following equation. 


ferry? on? ae 


wae 


where k, G and f are as defined for Eq 3, and 


1.8x104xG 
t 
Fig 21 shows curves calculated using Eq 4 for sev- 
ral different earth conditions, at frequencies between 1.8 
and 30 MHz. As expected, poorer earths yield higher PBAs. 
Unfortunately, at the higher frequencies (where low-angle 
radiation is most important for DX work), the PBAs are 
highest. The PBA is the same for both transmitting and 


Fig 21—Pseudo-Brewster angle (y) for various qualities 
of earth over the 1.8 to 30-MHz frequency range. Note 
that the frequency scale is logarithmic. The constants 
used for each curve are given in Table 2. 


Relating PBA to Location and Frequency 

‘Table 2 lists the physical descriptions of various kinds 
of earth with their respective conductivities and dielectric 
constants, as mentioned earlier. Note that in general, the 
dielectric constants and conductivities are higher for better, 
uths. This enables the labeling of the earth characteristics 
extremely poor, very poor, poor, average, very good, and 
so on, without the complications that would result from treat- 
ing the two parameters independently. 

Fresh water and salt water are special cases; in spite of 
high resistivity, the fresh-water PBA is 6.4°, and is nearly 
independent of frequency below 30 MHz. Salt water, 
by of its extremely high conductivity, has a PBA that 
never exceeds 1° in this frequency range. The extremely 
low conductivity listed for cities (the last case) in Table 2 
results more from the clutter of surrounding buildings and 
other obstructions than any actual earth characteristic. The 
PBA at any location can be found for a given frequency 
from the curves in Fig 21 


FLAT-GROUND REFLECTIONS AND 
HORIZONTALLY POLARIZED WAVES 

‘The situation for horizontal antennas is different from 
that of verticals. Fig 22 shows the reflection coefficient for 
horizontally polarized waves over average earth at 21 MHz. 
Note that in this case, the phase-angle departure from 0° 
never gets very large, and the attenuation factor that causes 
the most loss for high-angle signals approaches unity for 
low angles. Attenuation increases with progressively poorer 
earth types. 

In calculating the broadside radiation pattern of a hori- 
zontal 2/2 dipole, the perfect-earth image current, equal to 
the true antenna current but 180° out of phase with it) is 
‘multiplied by the horizontal reflection coef 
Eq 5 below. The product is then added v 
direct wave to get the resultant at that ek 


ation angle. The 
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reflection coefficient for horizontally polarized waves can 
be calculated using the following equation, 


(Eqs) 


where 


Attoriz 26 = horizontal reflection coefficient 


y = elevation angle 


18x 104 xG 
| 


k = dielectric constant of earth 
conductivity of earth in S/m 
frequency in MHz 

complex operator ( / 


For a horizontal antenna near the earth, the resultant 
pattern is a modification of the free-space pattern of the 
antenna. Fig 23 shows how this modification takes place 
for a horizontal }/2 antenna over a perfectly conducting flat 
surface. The patterns at the left show the relative radiation 
‘when one views the antenna from the side; those at the right 
show the radiation pattern looking at the end of the antenna. 
Changing the height above ground from 2/4 to A/2 makes a 
in the high-angle radiation, moving 

the main lobe down lower. 
Note that for an antenna height of 2/2 (Fig 23, bot- 
tom), the out-of-phase reflection from a perfectly conduct- 
ing surface creates a null in the pattern at the zenith (90° 


elevation angle). Over real earth, however, a filling in of this 
ull occurs because of ground losses that prevent perfect 
reflection of high-angle radiation. 

Ata 0° elevation angl 
nas also demonstrate 
tion cancels the dir 


horizontally polarized anten- 


null, because out-of-phase reflec~ 
t wave. As the elevation angle departs 
from 0°, however, there is a slight filling-in effect so that 
over other-than-perfect earth, radiation at lower angles is 
enhanced compared to a vertical. A horizontal antenna will 
often outperform a vertical for low-angle DX work, par- 
ticularly over lossy types of earth at the higher frequencies. 
Reflection coefficients for vertically and horizon- 
tally polarized radiation differ considerably at most angles 
above ground, as can be seen by comparison of Figs 20 
and 22. (Both sets of curves were plotted for the same 
ground constants and at the same frequency, so they may 
be compared directly.) This is because, as mentioned 
earlier, the image of a horizontally polarized antenna is 
out-of-phase with the antenna itself, and the image of a 
vertical antenna is in-phase with the actual radiator. 
‘The result is that the phase shifts and reflection mag- 
nitudes vary greatly at different angles for horizontal and 
vertical polarization. The magnitude of the reflection coef- 
ficient for vertically polarized waves is greatest (near unity) 
at very low angles, and the phase angle is close to 180°. As 
mentioned earlier, this cancels nearly all radiation at very 
low angles. For the same range of angles, the magnitude of 
the reflection coefficient for horizontally polarized waves 


is also near unity, but the phase angle is near 0° for the spe- 
cific conditions shown in Figs 20 and 22. This causs 
forcement of low-angle horizontally polarized waves. At 
some relatively high angle, the reflection coefficients for 
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Fig 22—Retlection coefficient for horizontally polarized 
waves (magnitude A at angle ¢), at 21 MHz over average 
earth (k = 13, G = 0.005 Sim). 
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Fig 23—Effect of the ground on the radiation from a 
horizontal half-wave dipole antenna, for heights of one- 
fourth and one-half wavelength. Broken lines show 
what the pattern would be if there were no reflection 
from the ground (free space). 


horizontally and vertically polarized waves are equal in 
‘magnitude and phase. At this angle (approximately 81° for 
the example case), the effect of ground reflection on verti- 
cally and horizontally polarized signals will be the same. 


DEPTH OF RF CURRENT PENETRATION 


‘When considering earth characteristics, questions about 
depth of RF current penetration often arise. For instance, if 
a given location consists of a 6-foot layer of soil overlying a 
highly resistive rock strata, which material dominates? The 
answer depends on the frequency, the soil and rock dielec- 
tric constants, and their respective conductivities. The 
following equation can be used to calculate the current der 
sity at any depth. 


pa _ Current Density at Depth d 


(Eq6) 


‘Current Density at Surface 
where 

d = depth of penetration in em 

¢ = natural logarithm base (2.718) 
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56x 107 xk xf 
dielectric constant of earth 
frequency in MHz 
sonductivity of earth in S/m 
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After some manipulation of this equation, itcan be used 
to calculate the depth at which the current density is some 
fraction of that at the surface. The depth at which the cur- 
rent density is 37% (I/e) of that at the surface (often 
referred to as skin depth) is the depth at which the current 
density would be zero if it were distributed uniformly 
instead of exponentially. (This I/e factor appears in many 
physical situations. For instance, a capacitor charges to 
within 1/e of full charge within one RC time constant.) At 
this depth, since the power loss is proportional to the square 
of the current, approximately 91% of the total power loss 


has occurred, as has most of the phase shift, and current 
flow below this level is negligible. 

Fig 24 shows the solutions to Eq 6 over the 1.8 to 
30-MHz frequency range for various types of earth. For 
example, in very good earth, substantial RF currents flow 
down to about 3.3 feet at 14 MHz. This depth goes to 
13 feet in average earth and as far as 40 feet in very poor 
earth. Thus, if the overlying soil is rich, moist loam, the 
underlying rock stratum is of little concern. However, if the 


soil is only average, the underlying rock may constitute a 
‘major consideration in determining the PBA and the depth 
to which the RF current will penetrate. 

‘The depth in fresh water is about 156 feet and is nearly 
independent of frequency in the amateur bands below 
30 MHz. In salt water, the depth is about seven inches at 


1.8 MHz and decreases rather steadily to about two inches 
at 30 MHz, Dissolved minerals in moist earth increase its 
conductivity. 

‘The depth-of- penetration curves in Fig 24 illustrate a 
noteworthy phenomenon. While skin effect confines RF 
current flow close to the surface of a conductor, the earth is 
so lossy that RF current penetrates to much greater depths 
than in most other media. The depth of RF current penetra- 
tion is a function of frequency as well as earth type. Thus, 
the only cases in which most of the current flows near the 
surface are with very highly conductive media (such as salt 
water), and at frequencies above 30 MHz. 


DIRECTIVE PATTERNS OVER 
REAL GROUND 

As explained in Chapter 
because antenna radiation patterns are three-dimensional, it 
is helpful in understanding their operation to use a form of 
ssentation showing the elevation-plane directional char- 
stic for different heights. tis possible to show selected 
clevation-plane patterns oriented in various directions with 
respect to the antenna axis. In the case of the horizontal 
half-wave dipole, a plane running in a direction along the 
axis and another broadside to the antenna will give a good 
deal of information. 

‘The effect of reflection from the ground can be 
expressed as a separate pattern factor, given in decibels 
For any given elevation angle, adding this factor algebra- 
ically to the value for that angle from the free-space pattern 
for that antenna gives the resultant radiation value at that 
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Fig 24—Depths at which the current density is 37% 
(1/e) of that at the surface for different qualities of 
earth over the 1.8- to 30-MHz frequency range. The 
depth for fresh water, not plotted, is 156 feet and 
almost independent of frequency below 30 MHz. See 
text and Table 2 for ground constants. 
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angle. The limiting conditions are those represented by the 
direct ray and the reflected ray being exactly in-phase and 
exactly out-of-phase, when both (assuming there are no 
ground losses) have equal amplitudes. Thus, the resultant 
field strength at a distant point may be either 6 dB greater 
than the free-space pattern (twice the field strength), or zero, 
in the limiting cases. 


Horizontally Polarized Antennas 

‘The way in which pattern factors vary with height for 
horizontal antennas over flat earth is shown graphically in 
the plots of Fig 25. The solid-line plots are based on p 
fectly conducting ground, while the shaded plots are based 
on typical real-earth conditions. These patterns apply to 
horizontal antennas of any length. While these graphs are, 
in fact, radiation patterns of horizontal single-wire antennas 


(dipoles) as viewed from the axis of the wire, it must be 
remembered that the plots merely represent pattern factors. 
Fig 26 shows vertical-plane radiation patterns in the 
directions off the ends of a horizontal half-wave dipole for 
various antenna heights. These patterns are scaled so they 
may be compared directly to those for the appropriate heights 
in Fig 25. Note that the perfect-earth patterns in Figs 26A 
and 25B are the same as those in the upper part of Fig 23. 
Note also that the perfect-earth patterns of Figs 26B and 
25D are the same as those in the lower section of Fig 23. 
‘The reduction in field strength off the ends of the wire at the 
ower angles, as compared with the broadside field stre 
is quite apparent. It is also clear from Fig 26 that, at some 
heights, the high-angle radiation off the ends is nearly as 
reat as the broadside radiation, making the antenna essen- 
tially an omnidirectional radiator. 


J=Antenna 1-1/2 high 


k= Antenne 1-3/4 high 


L—antenna 2 high 


Fig 25—Reflection factors for horizontal dipole antennas at various heights above flat ground. The solid-line curves 
are the perfect-earth patterns (broadside to the antenna wire); the shaded curves represent the effects of average 
earth (k'= 13, G = 0.005 Sim) at 14 MHz. Add 7 dB to values shown for absolute gain in dBd referenced to dipole in 
free space, or 9.15 dB for gain in dBi. For example, peak gain over perfect earth at ‘/.2 height Is 7 dBd (or 9.15 dBi) 
at 25° elevation. 
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In vertical planes making some intermediate angle 
between 0° and 90° with the wire axis, the pattern will have 
a shape intermediate between the broadside and end-on pat- 
terns. By visualizing a smooth transition from the end-on 
pattern to the broadside pattern as the horizontal angle is 
varied from 0° to 90°, a fairly good mental picture of the 
actual solid pattern may be formed. An example is shown in 
ig 27. At A, the elevation-plane pattern of a half-wave 
dipole at a height of 1/2 is shown through a plane 45° away 
from the favored direction of the antenna. At B and C, the 
pattern of the same antenna is shown at heights of 32/4 and 
12, (through the same 45° off-axis plane). These patterns 
are scaled so they may be compared directly with the broad- 
side and end-on patterns for the same antenna (at the appro~ 
priate heights) in Figs 25 and 26. 
‘The curves presented in Fig 28 are useful for det. 
mining heights of horizontal antennas that give either 
‘maximum or minimum reinforcement at any desired wave 


angle. For instance, if you want to place an antenna at a 
height so that it will have a null at 30°, the antenna should 
be placed where a broken line crosses the 30° line on the 
horizontal scale. There are two heights (up to 2 ) that 
will yield this null angle: 1 A and 2 2. 

‘Asa second example, you may want to have the ground 
reflection give maximum reinforcement of the direct ray 
from a horizontal antenna at a 20° elevation angle. The 
antenna height should be 0.75 A. The same height will give 
a null at 42° and a second lobe at 90°. 

Fig 28 is also useful for visualizing the vertical pattern 
of horizontal antenna. For example, if an antenna is erected 
at 1.25 A, it will have major lobes (solid-line crossings) at 
12° and 37°, as well as at 90° (the zenith). The nulls in this, 
pattern (dashed-line crossings) will appear at 24° and 53°, 

The Y-axis in Fig 28 plots the wave angle versus the 


height in wavelength above flat ground on the X-axis. 
Fig 28 doesn’t show the elevation angles required for actual 


D-Antenne 1 high 


E-Antenno 1-1/4 high 


FLAntenna 11/2 2 high 


Fig 26—Vertical-plane radiation patterns of horizontal half-wave dipole antennas off the ends of the antenna wire. 
‘The solid-line curves are the flat, perfect-earth patterns, and the shaded curves represent the effects of average flat 


earth ( 


13,6 


.005 Sim) at 14 MHz. The 0-dB reference in each plot corresponds to the peak of the main lobe in 


the favored direction of the antenna (the maximum gain). Add 7 dB to values shown for absolute gain in dBd 


referenced to dipole in free space, or 9.15 dB for gain in dBi. 


AcHeight 1/2.» 


B-Height 3/4 


C-Height 12. 


Fig 27—Vertical-plane radiation patterns of half-wave horizontal dipole antennas at 45° from the antenna wire over 
flat ground. The solid-line and shaded curves represent the same conditions as in Figs 25 and 26. These patterns 
are scaled so they may be compared directly with those of Figs 25 and 26. 
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“* The two tags on this switched potentiometer have blackened with age and 
oxidation. They must be cleaned before they can be soldered... 


In the case of old components that have been stored a long time, where the leads 
have blackened and oxidised, use a small hand-held file or perhaps fine emery cloth to 
reveal fresh metal underneath, Stripboard and copper printed circuit board will generally 
oxidise after a few months, especially where it has tarnished due to fingerprints, so the 
copper strips could be cleaned using e.g. an abrasive rubber block made for the purpose. 
Also available is a fibre-glass filament brush (photo), which is used propelling-pencil-like 
to remove contamination. They’re OK for general cleaning but best avoided on fine 
surfaces (e.g. gold plated switch contacts). These produce tiny particles which can irritate 
the skin, so avoid accidental contact with any debris. 


mA A glass fi fibre -Aleaient brush like this is suet for cleaning oxidised parts. 


Fig 28—Angles at which nulls and maxima (factor = 
6 dB) in the ground-reflection factor appear for antenna 
heights up to two wavelengths over flat ground. The 
solid lines are maxima, dashed lines nulls, for all 
horizontal antennas. See text for examples. Values may 
also be determined from the trigonometric relationship 
@ = arc sin (A/4h), where @ is the wave angle and h is 
the antenna height in wavelengths. For the first 
maximum, A has a value of 1; for the first null A has a 
value of 2, for the second maximum 3, for the second 
null 4, and so on. 


communications to various target geographic locations of 
interest. Chapter 23, Radio Wave Propagation, and the CD- 
ROM in the back of this book give details about the range of 
angles required for target locations around the world. It is, 
very useful to overlay plots of these angles together with the 
elevation pattern for horizontally polarized antennas at vari- 
ous heights above flat ground. This will be demonstrated in 
detail later in this chapter. 


Vertically Polarized Antennas 

In the case of a vertical 1/2 dipole or a ground-plane 
antenna, the horizontal directional pattern is simply a circle 
at any elevation angle (although the actual field strength 
will vary, at the different elevation angles, with the height 
above ground). Hence, one vertical pattern is sufficient to 
give complete information (fora given antenna height) about 


the antenna in any direction with respect to the wire. A 
series of such patterns for various hei 

Fig 29. Rotating the plane pattern about the zenith axis of 
the graph forms the three-dimensional radiation pattern in 


cach case. 

‘The solid-line curves represent the radiation patterns 
of the 2/2 vertical dipole at different feed-point heights over 
perfectly conducting ground. The shaded curves in Fig 29 
show the patterns produced by the same antennas atthe same 
heights over average ground (G = 0.005 S/m, k = 13) at 
14 MHz. The PBA in this case is 14.8° 

In short, far-field losses for vertically polarized anten- 
nas are highly dependent on the conductivity and dielectric 


constant of the earth around the antenna, extending far 
beyond the ends of any radials used to complete the ground 
return for the near field. Putting more radials out around the 
antenna may well decrease ground-return losses in the 
reactive near field for a vertical monopole, but will not 
increase radiation at low elevation launch angles in the far 
field, unless the radials can extend perhaps 100 wavelengths 
in all directions! Aside from moving to the fabled “salt 
water swamp on a high hill,” there is very little that som 
one can do to change the character of the ground that 
affects the far-field pattern of a real vertical. Classical texts 


D-Antenna 3/4 d high 


E-Antenno 1 high 


FoAntenna 1-1/2 2 high 


Fig 29—-Vertical-plane radiation patterns of a ground-plane antenna above flat ground. The height is that of the 
ground plane, which consists of four radials in a horizontal plane. Solid lines are perfect-earth patterns; shaded 
curves show the effects of real earth. The patterns are scaled—that is, they may be directly compared to the solid- 


line ones for comparison of losses at any wave angle. These patterns were calculated for average ground (| 


13, 


G = 0.005 Sim) at 14 Mz. The PBA for these conditions is 14.8". Add 6 dB to values shown for absolute gain in dd 


over dipole in free space. 
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cals often show elevation patterns computed over 
ly conducting ground plane.” Real 
ground, with ivity and less than perfect 
dielectric constant, can severely curtail the low-angle radia- 
tion at which verticals are supposed to excel. 

While real verticals over real ground are not a sure- 
fire method to achieve low-angle radiation, cost versus pk 


formance and ease of installation are still attributes that can 
highly recommend verticals to knowledgeable builders. 
Practical installations for 160 and 80 meters rarely allow 
‘amateurs fo put up horizontal antenna high enough to radi- 
ate effectively at low elevation angles. After all, a half-wave 
on 1.8 MHz is 273 feet high, and even at such a lofty height 
the peak radiation would be at a 30° elevation angle. 


The Effects of Irregular Local Terrain in the Far Field 


‘The following material is condensed and updated from 
anarticle by R. Dean Straw, NOBV, in July 1995 QEX maga- 
zine. HFTA (HF Terrain Assessment) and supporting data 
files are included on the CD-ROM at the back of this book. 
HFTA is the latest version of the YT program included with 
carlier editions of The ARRL Antenna Book. 


Choosing a QTH for DXing 
‘The subject of how to choose a QTH for working DX 
hhas fascinated hams since the beginning of amateur opera- 
tions. No doubt, Marconi probably spent a lot of time wan- 
dering around Newfoundland looking for a great radio QTH 
before making the first transAtlantic transmission. Putting 
together a high-performance HF station for contesting or 
DXing has always followed some pretty simple rules. First, 
you need the perfect QTH, preferably on a rural mountaintop 
oor at least on top of a hill, Even better yet, you need a 
mountaintop surrounded by seawater! Then, after you have 
found your dream QTH, you put up the biggest antennas 
you possibly can, on the highest towers you can afford. Then 
you work all sorts of DX—sunspots willing, of course. 
‘The only trouble with this straightforward formula for 
success is that it doesn’t always work. Hams fortunate 
enough to be located on mountain tops with really spec- 
tacular drop-offs often find that their highest antennas don’t 
do very well, especially on 15 or 10 meters, but often even 
‘on 20 meters. When they compare their signals with nearby 
locals in the flatlands, they sometimes (but not always) come 
out on the losing end, especially when sunspot activity is 
high 
On the other hand, when the sunspots drop into the 
cellar, the high antennas on the mountaintop are usually the 
‘ones crunching the pileups—but again, not always. So, the 
ally ambitious contest aficionados, the guys with lots of 
resources and infinite enthusiasm, have resorted to putting 
up antennas at all possible heights, on a multitude of towers, 
‘There is a more scientific way to fi 
how high to put your antennas to optimize your 
ing all parts of the 11-year solar cycle. We advoca 
tem approach to HF station design, in which you need to 
know the following: 


I. The range of elevation angles necessary to get from point 
Ato point B 

2. The elevation patterns for various types and configura- 
tions of antennas 

3. The effect of local terrain on elevation patterns for hori- 
zonally polarized antennas. 


WHAT IS THE RANGE OF ELEVATION 
ANGLES NEEDED? 


Up until 1994, The ARRL Antenna Book contained only 
a limited amount of information about the elevation angles 
needed for communication throughout the world. In the 1974 
edition, Table 1-1 in the Wave Propagation chapter was cap- 
tioned: “Measured vertical angles of arrival of signals from 
England at receiving location in New Jersey.” 

What the caption didn’t say was that Table 1-1 was 
derived from measurements made during 1934 by Bell Labs. 
The highest frequency data seemed pretty shaky, consider- 
ing that 1934 was the low point of Cycle 17. Neither was 
this data applicable to any other path, other than the one 
from New Jersey to England. Nonetheless, many amateurs 
located throughout the US tried to use the sparse informa- 
tion in Table 1-1 as the only rational data they had for deter- 
mining how high to mount their antennas. (If they lived on 
hills, they made estimates of the effect of the terrain, 
assuming that the hill was adequately represented by a long, 
unbroken slope. More on this later.) 

In 1993 ARRL HQ embarked on a major project to 
tabulate the range of elevation angles from all regions of the 
US to important DX QTHs around the world. This was 
accomplished by running many thousands of computations 
using the JONCAP computer program. IONCAP has been 
under development for more than 25 years by va 
cies of the US government and is considered the standard of 
comparison for propagation programs by many agencies, 
including the Voice of America, Radio Free Europe, and 
‘more than 100 foreign governments throughout the worl. 
JONCAP is a real pain in the neck to use, but it is the stan- 
dard of comparison, 

The calculations were done for all levels of solar activ- 
ity, for all months of the year, and for all 24 hours of the 
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day. The results were gathered into some very lange data- 
bases, from which special custom-written software extracted 
detailed statistics. The results appeared in summary form in 
Tables 4 through 13 printed in Chapter 23, Radio Wave 
Propagation, of the 17th Edition and in more detail on the 
diskette included with that book. (This book, the 20th Edi- 
tion, contains even more statistical data, for more areas of 
the world, on the accompanying CD-ROM.) 

Fig 30 shows the full range of elevation angles (repre- 
sented as vertical bars) for the 20-meter path from New 
England (centered on Newington, Connecticut) to all of 
Europe. This is for all openings, in all months, over the entire 
11-year solar cycle. The most likely elevation angle occurs at 
5° forabout 13% of the times when the 20-meter band is open 
to Europe from New England. From 4° to 6° the band is open 
total of about 34% of the times the band is open. There is a 
secondary peak between 10° to 12°, occurring for a total of 
about 25% of the times the band is open. 

Overlaid on Fig 30 along with the elevation-angle 
statistics are the elevation-plane responses for three dif- 
ferent horizontally polarized Yagi beams, all over flat 
ground. The first is mounted 140 feet high, 2 2 in terms 
of wavelength. The second Yagi is mounted 70 feet high 
(at 1 2) and the third is 35 feet (0.5 2). The 140-foot high 
antenna has a deep null at 15°, but it also has the highest 
response (13.4 dBi) of the three at the statistical peak ele- 
vation angle of 5°. However, at 12°—where the band is 
‘open some 9% of the time—the 140-foot high Yagi is 


a0 w 


Fig 30—Graph showing 20-meter percentage of all 
‘openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for three 20-meter antenna systems. The 
most statistically likely angle at which the band will be 
open is §°, although at any particular hour, day, month, 
and year, the actual angle will likely be different. Note 
the deep null exhibited by the 140-foot high antenna 
centered at 14°. 


3-22 Chapter 3 


down 4 dB compared to the 70-foot antenna. 

‘The 70-foot high Yagi arguably covers the overall range 
best, since it has no disastrous nulls in the 1° to 25° range, 
where most of the action is occurring on 20 meters. At 5°, 
however, its response is only 8.8 dBi, 4.6 dB down from the 
140-foot high antenna at that angle. The 35-foot antenna 
peaks above 26° in elevation angle, and is down some 
10.4 dB compared to the 140-foot antenna at 5°. Obviously, 
no single antenna covers the complete range of elevation 
angles needed. 

Note that the highest Yagi has a strong second lobe 
peaking at 22°. Let's say that you could select between two 
antennas, one at 140 and one at 70 feet, and that the incom- 
ing angle for a particular distant station is 22°. You might 
be fooled into thinking that the incoming angle is around 
6°, favoring the first peak of the higher antenna, when in 
truth the angle is relatively high. The 70-foot antenna’s 
response would be lower at 22° than the higher one, but 
only because the 140-foot antenna is operating on 
ond lobe. (What would clinch a determination of the correct 
incoming angle—6? or 22°—would be the response of the 
35-foot high Yagi, which would be close to its peak at 22°, 
while it would be very far down at 6°.) 

Now, we must emphasize that these elevation angles 
are statistical entities— in other words, just because 5° is 
the “statistically most likely angle” for the 20-meter path 
from New England to Europe doesn’t mean that the band 
will be open at 11° at any particular hour, on a particular 
day, in a particular month, in any particular year. In fact, 
however, experience agrees with the JONCAP computations: 
the 20-meter path to Europe usually opens at a low angle in 
the New England morning hours, rising to about 11° during 
the afternoon, when the signals remain strongest through- 
out the afternoon until the evening in New England. 

‘What would happen if we were to feed all three Yagi at 
140, 70 and 35 feet in-phase as a stack? Fig 31 shows this, 
situation, along with a more highly optimized stack at 120, 
80 and 40 feet that better covers the overall range of eleva- 
tion angles from Connecticut to Europe. 

Now see Fig 32, which uses the same 120/80/40-foot 
stack of 20-meter antennas as in Fig 31, but this time from 
Seattle, Washington, to Europe. For comparison, the 
response of a single 4-clement Yagi at 100 feet over flat 
ground is also shown in Fig 32. Just because 5° is the stat 
tically most prevalent angle (occurring some 13% of the 
time) from Seattle to Europe on 20 meters, this doesn’t mean 
that the actual angle at any particular moment in time might 
not be 10°, or even 2°. The statistics for W7 to Europe say 
that 5° is the most likely angle, but 20-meter signals from 
Europe arrive at angles ranging from 1° to 18°. Note that 
this range of angles is quite a bit less than from WI to 
Europe, which is much closer geographically to Europe than 
is the Pacific Northwest coast of the US. If you design an 
antenna system fo cover all possible angles needed to talk 
to Europe from Seattle (or from Seattle to Europe) on 20 
meters, you would need to cover the full range from 1° to 
18° equally well. 


-20rw1ao Stack 


‘20/9049 stack 


Fig 31—Graph showing results of stacking antennas at 
different heights on the same tower to cover a wider 
range of elevation angles, in this case for the path from 
Connecticut (W1) to all of Europe on 20 meters. The 
optimized stack at 120/80/40 feet covers the needed 
range of elevation angles better than the stack at 140/ 
70/35 feet or the single Yagi at 140 feet. 


207040 Stack 
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Fig 32—Graph showing 20-meter percentage of all 
‘openings, this time from Seattle, WA, to Europe, 
together with an overlay of elevation patterns over flat 
ground for two 20-meter antenna systems. The 
statistically most likely angle on this path Is 5°, 
‘occurring about 13% of the time when the band is 
actually open. Higher antennas predominate on this 
low-angle path. 


Fig 33—Graph showing 15-meter percentage of all 
openings from Chicago to Southern Africa, together 
with overlay of elevation patterns over flat ground for 
two 15-meter antenna systems. On this long-distance, 
Iow-angle path, higher antennas are again most 
effective. 


Similarly, if you wish to cover the full range of eleva- 
tion angles from Chicago to Southern Africa on 15 meters, 
you would need to cover 1° to 13°, even though the most 
statistically likely signals arrive at 1°, for 21% of the time 
when that the band is open for that path, See Fig 33. 

Itis important to recognize that Figs 30 through 33 are 
for flat ground. When the antennas are mounted over 
irregular local terrain, things get much more complicated. 
First, however, we'll discuss general-purpose antenna mod- 
cling programs as they try to model real terrain. 


DRAWBACKS OF COMPUTER MODELS 
FOR ANTENNAS OVER REAL TERRAIN 

Modern general-purpose antenna modeling programs 
such as NEC or MININEC (or their commercially upgraded. 
equivalents, such as NEC-Win Plus, EZNEC and EZNEC 
ARRL) can accurately model almost any type of antenna 
commonly used by radio amateurs. In addition, there are 
specialized programs specifically designed to model Yagis 
efficiently, such as YO or YW (Yagi for Windows, bundled. 
on the CD-ROM with this book) or YagiMax. These pro- 
grams however are all unable to model antennas accurately 
over anything other than purely flat ground. 

While both NEC and MININEC can simulate irregular 
ground terrain, they do so in a decidedly crude manner, 
employing step-like concentric rings of height around an 
antenna. The documentation for NEC and MININEC both 
rly slate that diffraction off these steps is not modeled, 


cle 
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Common experience among serious modelers is that the 
‘warnings in the manuals are worth heeding. 

Although you can analyze and even optimize antenna 
designs using free-space or flat-earth ground models, it is 
diffraction that makes the teal world a very, very compli- 
cated place. This should be clarified—diffraction is hard, 
even tortuous, to analyze properly, but it makes analysis of 
real world results far more believable than a flat-world 
reflection model does. 


RAY-TRACING OVER UNEVEN 
LOCAL TERRAIN 


The Raytracing Technique 

First, let's look at a simple raytracing procedure 
involving only horizontally polarized reflections, with no 
diffractions. From a specified height on the tower, an 
antenna shoots “rays” (just as though they were bullets) in 
0.25° increments from +35° above the horizon to ~35° 
below the horizon, Each ray is traced over the foreground 
ithits the ground at any point on its travels 
in the direction of interest. If it does hit the ground, the 
ray is reflected following the classical law of reflection. 
‘That is, the outgoing angle equals the incoming angle, re- 
flected through the normal to the slope of the surface. Once 
the rays exit into the ionosphere, the individual contribu- 
tions are vector-summed to create the overall far-field el- 
evation pattern 

The next step in terrain modeling involves adding 
diffractions as well as reflections. At the Dayton antenna 
forum in 1994, Jim Breakall, WA3FET, gave a fascinating 
and tantalizing lecture on the effect of foreground terrain, 
Later Breakall, Dick Adler, K3CXZ, Joe! Young and a group 
of other researchers published an extremely inte 
paper entitled “The Modeling and Measurement of HF 
‘Antenna Skywave Radiation Patterns in Iegular Terrain” 
in July 1994 IEEE Transactions on Antennas and Propaga- 
tion. They described in rather general terms the modific 
tions they made to the NEC-BSC program. They showed 
how the addition of a ray-tracing reflection and diffraction 
‘model to the simplistic stair-stepped reflection model in regu- 
lar NEC gave far more realistic results. For validation, they 
compared actual pattern measurements made on a site in 
Utah (with an overflying helicopter) to computed patterns 
‘made using the modified NEC software. However, becau 
the US Navy funded this work the software remained for a 
long time a military secret. 


Thumbnail History of the Uniform 
Theory of Diffraction 

I is instructive to look briefly at the history of how 

Geometric Optics (GO) evolved (and still continues to 

evolve) into the Uniform Theory of Diffraction (UTD). The 

following is summarized from the historical overview in one 

book found to be particularly useful and comprehensive on 
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the subject of UTD: Introduction to the Uniform Geometri- 
cal Theory of Diffraction, by McNamara, Pistorius, and 
Malherbe 

Many years before the time of Christ, the ancient 
Greeks studied optics. Euclid is credited with deriving the 
law of reflection about 300 BC. Other Greeks, such as 
Ptolemy, were also fascinated with optical phenomena. In 
a Dutchman named Snell finally figured out the 
jon, resulting in Snell's law. By the early 1800s, 
c world of classical optics was pretty well described 
from a mathematic point of view, based on the work of a 
‘number of individuals. 

As its name imp sical geometric optical theory 
deals strictly with geometric shapes. Of course, the impor- 
tance of geometry in optics shouldn’t be minimized—after 
all, we wouldn't have eyeglasses without geometric optics. 
‘Mathematical analysis of shapes utilizes a methodology that 
traces the paths of straight-line rays of light. (Note that the 
paths of rays can also be likened to the straight-line paths of 
particles.) In classical geometric optics, however, there is 
no mention of three important quantities: phase, intensity 
and polarization. Indeed, without phase, intensity or polar- 
ization, there is no way to deal properly with the phenom- 
enon of interference, or its cousin, diffraction. These 
phenomena require theories that deal with waves rather than 
rays, 

Wave theory has also been around for a tong time, 
although not as long as geometry. Workers like Hooke and 
Grimaldi had recorded their observations of interference and, 
diffraction in the mid 1600s. Huygens had used elements of 
wave theory in the late 1600s to help explain refraction. By 
the late 1800s, the work of Lord Rayleigh, Sommerfeld, 
Fresnel, Maxwell and many others led to the full mathematic 
characterization of all electromagnetic phenomena, light 
included. 


‘Unfortunately, ray theory doesn't work for many prob- 
lems, at least ray theory in the classical optical form. The 
real world is a lot more jagged, pointy and fuzzy in shape 
than can be described in a totally rigorous mathematic fash- 
ion. Some properties of the real world are most easily 
explained on the micro evel using electrons and protons as 
conceptual objects, while other macro phenomena (like reso- 
nance, for example) are more easily explained in terms of 
waves. To get a handle on a typical real-world physical 
situation, a combination of classical ray theory and wave 
theory was needed. 

The breakthrough in the combination of classical geo- 
metric optics and wave concepts came from J. B. Keller of 
Bell Labs in 1953, although he published his work in the 
carly 1960s. In the very simplest of terms, Keller introduced 
the notion that shooting a ray at a diffraction wedge causes 
wave interference at the tip, with an infinite number of dif- 
fracted waves emanating from the diffraction point. Each 
diffracted wave can be considered to be a point source 
radiator at the place of generation, the diffraction point. 
Thereafter, the paths of individual waves can be traced as 


though they were individual classical optic rays again. What 
Keller came up with was a reasonable mathematical descrip- 
tion of what happens at the tip of the diffraction wedge. 

Fig 34 is a picture of a simple diffraction wedge. 
with an incoming ray launched at an angle of ot, ref 
enced to the horizon, impinging on it. The diffraction 
wedge here is considered to be perfectly conducting, and 
hence impenetrable by the ray. The wedge generates an 
infinite number of diffracted waves, going in all dire 
tions not blocked by the wedge itself. The amplitudes and 
phases of the diffracted waves are determined by the in- 
teraction at the wedge tip, and this in turn is governed by 
the various angl ated with the wedge. Shown in 
Fig 34 are the included angle a of the wedge, the angle 6° 
of the incoming ray (referenced to the incoming surface 
of the wedge), and the observed angle @ of one of the 
outgoing diffracted waves, also referenced to the wedge 
surface. 

The so-called shadow boundaries are also shown in 
Fig 34. The Reflection-Shadow Boundary (RSB) is the angle 
beyond which no further reflections can take place for a 
given incoming angle. The Incident-Shadow Boundary (ISB) 
is that angle beyond which the wedge’s face blocks any 
incident rays from illuminating the observation point. 

Keller derived the amplitude and phase terms by com: 
paring the classical Geometric Optics (GO) solution with 
the exact mathematical solution calculated by Sommerfeld 
for a particular case where the boundary conditions w 
‘well known—an infinitely long, perfectly conducting wedge 
illuminated by a plane wave. Simply speaking, whatever 
was left over had to be diffraction terms. Keller combined 
these diffraction terms with GO terms to yield the total field 
everywhere. 

Keller’s new theory became known as the Geometric 
Theory of Diffraction (abbreviated henceforth as GTD). The 
beauty of GTD was that in the regions where classical GO 
predicted zero fields, the GTD “filled in the blanks.” so to 
speak. For example, see Fig 38, showing the terrain for a 


hypothetical case, where a 60-foot high 4-element 15-meter 
Yagi illuminates a wide, perfectly flat piece of ground. A 
10-foot high rock has been placed 400 feet away from the 
tower base in the direction of outgoing rays. Fig 36 shows 
the elevation pattern predicted using reflection-only GO tech- 
niques. Due to blockage of the direct wave (A) trying to 
shoot past the 10-foot high rock, and due to blockage of (B) 
reflections from the flat ground in front of the rock by the 
rock, there is @ hole in the smooth elevation pattern 

Now, doesn’t it defy common sense to imagine that a 
single 10-foot high rock will rally have such an effect on a 
15-meter signal?’ Keller’s GTD took diffraction effects into 

ount to show that waves do indeed sneak past and over 
the rock to fill in the pattern, The whole GTD scheme is 
very clever indeed 

However, GTD wasn't perfect. Keller's GTD predicts 
some big spikes in the pattern, even though the overall shape 
of the elevation pattern is much closer to reality than a simple 
GO reflection analysis would indicate. The region right at 
the RSB and ISB shadow boundaries is where problems are 
found. The GO terms go to zero at these points because of 
blockage by the wedge, while Keller’s diffraction terms tend 
to goto infinity at these very spots. In mathematical terms 
this is referred to as a caustic problem. Nevertheless, despite 
these nasty problems at the ISB and RSB, the GTD pro- 
vided a remarkably better solution to diffraction problems 
than did classical GO. 

In the early 1970s, a group at Ohio State University 
under R. G. Kouyoumjian and P. H. Pathak did some piv- 
otal work to resolve this caustic problem, introducing 
‘what amounts to a clever fudge factor to compensate for 
the tendency of the diffraction terms at the shadow bound- 
aries to go to infinity. They introduced what is known as 
4 transition function, using a form of Fresnel integral 
Most importantly, the Ohio State researchers also created 
several FORTRAN computer programs to compute the 
amplitude and phase of diffraction components. Now 
computer hackers could get to work! 


Fig 34—Diagram showing 
diffraction mechanism of ray 
Iaunched at angle a, below the 
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Fig 35—Hypothetical terrain exhibiting so-called “10- 
foot rock effect.” The terrain is flat from the tower base 
out to 400 feet, where a 10-foot high rock is placed. 
Note that this forms a diffraction wedge, but that it also 
blocks direct waves trying to shoot through it to the flat 
surface beyond, as shown by Ray A. Ray B reflects off 
the flat surface before it reaches the 10-foot rock, but It 
is blocked by the rock from proceeding further. A 
simple Geometric Optics (GO) analysis of this terrain 
without taking diffraction into account will result in the 
elevation response shown in Fig 36. 


The program that finally resulted is called FTA, stand- 
ing for “HF Terrain Assessment.” (The DOS version of HFTA 
was known as ¥7, standing for “Yagi Terrain.”) As the name 
suggests, HFTA analyzes the effect of local terrain on HF 
propagation through the ionosphere. It is designed for hori- 
zontally polarized Yagis, although it will model the effects 
‘ofa simple flattop dipole also. The accurate appraisal of the 
effect of terrain on vertically polarized signals isa far more 
complex problem than for horizontally polarized waves, and 
HETA doesn’t do verticals. 


SIMULATION OF REALITY—SOME 
SIMPLE EXAMPLES FIRST 


We want to focus first on some simple results, to show 
that the computations do make some sense by presenting 
some simulations over simple terrains. We've already 
described the “10-foot rock at 400 feet” situation, and 
showed where a simple GO reflection analysis is inadequa 
to the task without taking diffraction effects into account. 
Now look at the simple case shown in Fig 37, where a 
very long, continuous downslope from the tower base is 
shown. Note that the scales used for the X and Y axes are 
different: the Y-axis changes 300 feet in height (from 800 to 
1100 feet), while the X-axis goes from 0 to 3000 feet. This 
exaggerates the apparent steepness of the downwards slope. 
which is actually a rather gentle slope, at tan-! (1000 ~ 850) 
13000 - 0) = -2.86°. Inother words, the terrain falls 150 feet 
in height over a range of 3000 feet from the base of the tower. 
Fig 38 shows the computed elevation response for thi 
terrain profile, for a 4-clement horizontally polarized Yagi 
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Fig 36—Elevation response for rays launched at terrain 
in Fig 35 from a height of 60 feet using a 4-element 
Yagi. This was computed using a simple Geometrical 
Optics (GO) reflection-only analysis. Note the hole in 
the response between 6° to 10° in elevation. It is not 
reasonable for a 10-foot high rock to create such a 
disturbance at 21 MHz! 


on a 60-foot tower. The response is compared to that of an 
identical Yagi placed 60 feet above flat ground. Compared 
to the “flatland” antenna, the hilltop antenna has an eleva- 
tion response shifted over by almost 3° towards the lower 
elevation angles. In fact, this shift is directly due to the 
~2.86° slope of the hill. Reflections off the slope are tilted 
by the slope. In this situation there is a single diffraction at 
the bottom of the gentle slope at 3000 feet, where the pro- 
‘gram assumes that the terrain becomes flat. 

Look at Fig 39, which shows another simple terrain 
profile, called a “Hill-Valley” scenario. Here, the 60-foot 
high tower stands on the edge of a gentle hill overlooking a 
long valley. Once again the slope of the hill is exaggerated 
by the different X and Y-axes. Fig 40 shows the computed 
elevation response at 21.2 MHz for a 4-element Yagi on a 
60-foot high tower at the edge of the slope. 

Once again, the pattern is overlaid with that of an iden- 
tical 60-foot-high Yagi over flat ground. Compared to the 
flatland antenna, the hilltop antenna’s response above 9° in 
elevation is shifted by almost 3° towards the lower elevation 
angles. Again, this is due to reflections off the downward 
slope. From 1° to 9°, the hilltop pattern is enhanced even 
‘more compared to the flatland antenna, this time by diffrac- 
tion occurring at the bottom of the hill. 

Now let’s see what happens when there isa hill ahead 
in the direction of interest. Fig 41 depicts such a situa- 
tion, labeled “Hill-Ahead.” Here, at a height of 400 feet 
above mean sea level, the land is flat in front of the tower, 
out to a distance 500 f 
then rises 100 feet over the range 500 to 1000 feet away 
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Fig 37—A long, gentle downwards-sloping terrain. This 
terrain has no explicit diffraction points and can be 
analyzed using simple GO reflection techniques. 
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Fig 38—Elevation response for terrain shown in Fig 37, 
using a 4-element 15-meter Yagi, 60-foot high. Note that 
the shape of the response is essentially shifted towards 
the left, towards lower elevation angles, by the angle of 
the sloping ground. For reference, the response for an 
Identical Yagi placed over flat ground is also shown. 


from the tower base. After that, the terrain is a plateau, at 
a constant 500 feet elevation. 

Fig 42 shows the computed elevation pattern for a 
4-clement 21-MHz Yagi 60-feet high on the tower, com- 
pared again with an overlay for an identical 60-foot high 
antenna over flat ground. The hill blocks low-angle waves 


directly radiated from the antenna from 0° to 2.3°. In addi- 
tion, waves that would normally be reflected from the ground, 
and that would normally add in phase from about 2.3° to 
12°, are blocked by the hill also. Thus the signal at 8° is 
down almost 5 dB from the signal over flat ground, all due 
to the effect of the hill. Diffracted waves start kicking in 
‘once the direct wave rises enough above the horizon to illu- 
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Fig 39—"Hill-Valley” terrain, with reflected and 
diffracted rays. 
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Fig 40—Elevation response computed by HFTA program 
for single 4-element 15-meter Yagi at 60 feet above “Hill- 
Valley” terrain shown in Fig 39. Note that the slope has 
caused the response in general to be shifted towards 
lower elevation angles. At 5° elevation, the diffraction 
components add up to increase the gain slightly above 
the amount a GO-only analysis would indicate. 


‘inate the top edge of the hill. These diffracted waves tend 
toaugment elevation angles above about 12°, which reflected 
waves can’t reach. 

Is there is any hope for someone in such a lousy QTH 
for DXing? Fig 43 shows the elevation response for a truly 
heroic solution. This involves stack of four 4element Yagis, 
‘mounted at 120, 90, 60 and 30 feet on the tower. Now, the 
total gain at low angles is just about comparable to that from 
a single 4-element Yagi mounted over flat ground. Where 
there's @ ham, there is a way! 
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Fig 41—“Hill-Ahead” terrain, shown with diffracted rays 
created by illumination of the edge of the plateau at the 
top of the hill. 
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Fig 42—Elevation response computed by HFTA for “Hill- 
Ahead” terrain shown in Fig 41. Now the hill blocks 
direct rays and also precludes possibility of any 
constructive reflections. Above 10°, diffraction 
components add up together with direct rays to create 
the response shown. 


ALS® elevation, four diffraction components add up 
(there are zero reflection components) to achieve the far- 
field pattern. This seems reasonable, because each of the 
four antennas is illuminating the diffraction point separately 
‘and we know that none of the four antennas can see over the 
hill directly to produce a reflection at a low launch angle, 

‘At an elevation angle of 5°, 15-meter signals arrive 
from Europe from New England about 13% of the total time 
when the band is actually open. We ean look at this another 
way. For about two-thirds of the times when the band is 
‘open on this path, the incoming angle is between 3° to 12°. 
For about one-third of the time, signals arrive above 10°, 
where the “heroic” four-stack is really beginning to come 
into its own, 
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Fig 43—Elevation response of “heroic effort” to 
surmount the difficulties imposed by hill in Fig 41. This 
effort involves a stack of four 4-element Yagis in a stack 
starting at 120 feet and spaced at 30-foot increments on 
the tower. The response Is roughly equivalent to a 
single 4-element Yagi at 60 feet above flat ground, 
hence the characterization as being a “heroic effort.” 
‘The elevation-angle statistics from New England to 
Europe are overlaid on the graph for reference. 


‘A More Complex Terrain 

The results for simple terrains look reasonable; let’s 
try a more complicated real-world situation. Fig 44 shows 
the terrain from the New Hampshire NOBV/1 QTH towards 
Japan. The terrain was complex, with 52 different points 
HFTA identifies as diffraction points. Fig 45 shows a 
labeled HFTA output for three different types of antennas 
on 20 meters: a stack at 120 and 60 feet, the 120-foot 
antenna by itself, and then a 120/60-foot stack over flat 
ground, for reference. The elevation-angle statistics for New 
England to Japan are overlaid on the graph also, making for 
a very complicated looking picture—it is a lot easier to 
decipher the lines on the color CRT, by the way than on a 
black-and-white printer. 

Comparison of the same 120/60-foot stacks over 
-gular terrain and flat ground is useful to show where the 
terrain itself is affecting the elevation response. The flatland 
stack has more gain in the region of 3° to 7° than the same 
stack over the N6BV/I local terrain towards Japan. On the 
other hand, the N6BV/I local terrain boosts signals in the 
range of 8° to about 12°. This demonstrates the conserva~ 
tion of energy—you may gain a stronger signal at certain 
elevation angles, but you will lose gain at others. In this 
case, the N6BV/I station always felt “weak” towards Japan 
con 20 meters, because the dominant angles are low. 

Examination of the detailed data output from HFTA 
shows that at an elevation angle of 5°, there are 6159 
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Fig 44—Terrain of NBV in Windham, NH, towards 
Japan. HFTA identifies 52 different points where 
diffraction can occur. 


diffraction components. There are many, many signals 
bouncing around off the terrain on their trip to Japan! Note 
that because of blockage of some parts of the terrain, the 
60-foot high Yagi cannot illuminate all the diffraction points, 
while the higher 120-foot Yagi is able to see these diffra 
tion points. 

It is fascinating to reflect on the thought that received 
signals coming down from the ionosphere to the receiver 
are having encounters with the terrain, but from the oppo- 
site direction, I's not surprising, given these kinds of inter- 
actions, that transmitting and receiving might not be totally 
reciprocal, 

‘The 120/60-foot stack in Fig 45 achieves its peak gain 
of 17.3 dBi at 11° elevation, where it is about 3 dB stronger 
than the single Yagi at 120 feet. It maintains this 3-dB 
advantage over most of the range of incoming signals from 
Japan. This difference in performance between the stack and 
cach antenna by itself was observed many times on the ait. 
Much of the time when comparisons are being made, how- 
ever, the small differences in signal are difficult to measure 
meaningfully, especially when the QSB varies signals by 
20 dB or so during a typical QSO. It should be noted that the 
stack usually exhibited less fading compared to each 
antenna by itself 


USING HFTA 
Manually Generating a Terrain Profile 

‘The HFTA program uses two distinct algorithms to 
‘generate the far-field elevation pattern. The first is a simple 
reflection-only Geometric Optics (GO) algorithm. The s 
ond is the diffraction algorithm using the Uniform Theory 
of Diffraction (UTD). These algorithms work with a digi- 
tized representation of the terrain profile for a single azi- 
muthal direction—for example, towards Japan or towards 
Europe. 
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Fig 45—Elevation responses computed by HFTA for 
NGBV/t terrain shown in Fig 44, for a stack of two 4- 
element 20-meter Yagis at 120 and 60 feet, together with 
the response for a single Yagi at 120 feet and a 120/60- 
foot stack over flat ground for reference. The response 
due to many diffraction and reflection components Is. 
quite complicated 


‘You can generate a terrain file manually using a topo- 
graphic map and a ruler or a pair of dividers. The HFTA.PDF 
file (accessed by clicking on the Help button) and on the 
accompanying CD-ROM gives complete instructions on how 
to create a terrain file manually (or automatically). The 
‘manual process is simple enough in concept. Mark on your 
US Geological Survey 7.5-minute map the exact location of 
your tower. You will find 7.5-minute maps available from 
some local sources, such as large hardware stores, but the 
‘main contact point is the U.S. Geological Survey, Denver, 
CO 80225 or Reston, VA 22092. Call 1-800-MAPS-US/ 
Ask for the folder describing the topographic maps avail- 
able for your geographic area. Many countries outside the 
USA have topographic charts also. Most are calibrated in 
To use these with HFTA, you will have to convert 
to feet by multiplying meters by 3.28 or else insert- 
ing a single line at the very beginning of the disk file, saying 
“meters” for HFTA to recognize meters automatically. 
Mark off a pencil line from the tower base, in the azi- 
‘muthal direction of interest, perhaps 45° from New England 
to Europe, or 335° to Japan. Then measure the distance from 
the tower base to each height contour crossed by the pencil 
line, Enter the data at each distance/height into an ASCIL 
computer file, whose tand- 
ing for profile 
46 shows a portion of the USGS paper map for the 
NoBV QTH in Windham, NH, along with lines scribed in 
everal directions towards various parts of Europe and the 
Far East. Note that the elevation heights of the intermediate 


‘name extension is “PRO. 
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* The glass-fibre brush works like a propelling pencil and produces irritating dust. 


™ Cleaning oxidised tags with a glass fibre brush to make them nice and shiny, 
ready for soldering 


Afterwards, a wipe with a rag soaked in cleaning solvent will remove most grease 
marks and fingerprints. After preparing the surfaces, avoid touching any parts as far as 
possible. 


Another side effect of trying to solder contaminated or incompatible materials is the 
tendency to apply more heat and “force the solder to take”. As the materials aren’t 


contour lines are labeled manually in pencil in order to make 
snse of things. IL is very easy to get confused unless you do, 
this! 

‘The terrain model used by HFTA assumes that the ter- 
rain is represented by flat plates connecting the elevation 
points in the *.PRO file with straight lines. The model 
two dimensional, meaning that range and elevation are the 
only data for a particular azimuth. In effect, HFTA assumes 
that the width of a terrain plate is wide relative to its length, 
Obviously, the world is three-dimensional. If your shot in a 
particular direction involves aiming your Yagi down a can- 
yon with steep walls, then it’s pretty likely that your actual 
tlevation pattern will be different than what FTA tells you, 
The signals must careen horizontally from wall to wall, in 
addition to being affected by the height changes of the ter- 
rain, HFTA isn’t designed to do canyons. 

To get a true 3-D picture of the full eff 
terrain model would have to show azimuth, 
and elevation, point-by-point for about two miles in every 
direction around the base of the tower. After you go through 
the pain of creating a profile for a single azimuth, you'll 
appreciate the immensity of the process if you were you try 
to create a full 360° 3D profile manually. 


Terrain Data from the Internet 


At one time digitized terrain data commonly available 
from the Internet didn’t have sufficient resolution to be 


accurate enough for HFTA. Nowadays, the complete, accu- 
rate set of USGS topographic 7.5-minute maps are avail- 
able at no cost on the Internet. You can use a program called 
MicroDEM, written by Professor Peter Guth at the US 
Naval Academy, to quickly and easily produce terrain data 
files suitable for HFTA from topographic data files. Dr Guth 
and the US Naval Academy have graciously allowed ARRL 
to include the MicroDEM program on the: 
panying this book. It should be noted that besid« 
cally creating terrain profiles for HFTA, MicroDEM is a 
full-featured mapping program on its own, 

Instructions for using MicroDEM are in the Help file 
for HFTA (HFTA.PDF), which you can access from the 
HEFTA main window by clicking on the Help button. Fig 47 
shows a screen capture of the MicroDEM program for the 
N6BV/I location in New Hampshire for an azimuth of 45° 
into Europe. The black/white rendering of the screen cap- 
ture doesn’t do justice to the same information in color. The 


computed terrain profile is plotted in the window at the right 
of Fig 47 and the data file is shown in the inset window at 
the top right. 

Using MicroDEM and on-line USGS topographic map 
data, you can also automatically create up to 360 terrain 
profiles with 1° spacing of azimuths ina few seconds. (Speci- 
fying a 1° spacing is really overkill; most operator choose 
tocreate 72 profiles with 5° spacing.) On a topographic DEM 
(digital elevation model) map that covers the geographic 


Fig 46—A portion of USGS 7.5 
minute topographic map, showing 
NGBV/1 QTH, together with marks 
in direction of Europe and Japan 
from tower base. Note that the 
elevations contours were marked 
by hand to help eliminate 
confusion. This required a 
magnifying glass and a steady 
hand! 
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area of interest, you simply specify the I 
tude of a tower's location—found using a GPS receiver— 
and then ask MicroDEM for a Viewshed. See the HFTA 
Help file for the details. 

Compare this automated several-second MicroDEM 
process to creating manual profiles on a paper topographic 
map—It can take up to an hour of meticulous measurements, 
to manually create a single terrain profile! 


Algorithm for Ray-Tracing the Terrain 
Once a terrain profile is created, there are a number of 


mechanisms that HFTA takes into account as a ray travels, 
over that terrain: 


1. Classical ray reflection, with Fresnel ground coefficients. 

1 diffraction, where a diffraction point is illuminated 
directly by an antenna, with no intervening terrain fea- 
tures blocking the direct illumination. 

3. When a diffracted ray is subsequently reflected off the 
terrain, 


ted rays to be generated. 
‘5. When a diffracted ray hits another diffraction point, gen- 
crating another whole series of diffractions. 


Certain unusual, bowl-shaped terrain profiles, with 
sheer vertical faces, can conceivably cause signals to 
reflect or diffract in a backwards direction, only to be 
reflected back again in the forward direction by the sheet 
walled terrain to the rear. HFTA does not accommodate these 
interactions, mainly because to do so would increase the 
‘computation time too much. It only evaluates terrain in the 
forward direction along one azimuth of interest. 


Fig 48 shows a portion of an HFTA screen capture in 
the direction towards Europe from the NOBV/I location in 
New Hampshire on 21.2 MHz. It compares the results for a 
90/60/30-foot stack of TH7DX tribanders to the same stack 
over flat land, and to a single antenna at 70 feet over flat 
ground. The 70-foot single antenna represents a pretty typi- 
cal station on 15 meters. The terrain produces excellent gain 
at lower elevation angles compared to the same stack over 
flat ground. The stack is very close to or superior to the 
single 70-foot high Yagi at all useful elevation angles. Ter- 
rain can indeed exhibit a profound effect on the launch of 
signals into the ionosphere—for good or for bad. 


HFTA’s Internal Antenna Model 

‘The operator selects the antenna used inside HFTA to 
be anything from a dipole to an S-element Yagi. The de- 
fault assumes a simple cosine-squared mathematic response, 
equivalent to a 4-element Yagi in free space. HFTA traces 
rays only in the forward direction from the tower along the 
azimuth of interest. This keeps the algorithms reasonably 
simple and saves computing time. 

HFTA considers each antenna in a stack as a separate 
point source. The simulation begins to fall apart if a travel- 
ing wave type of antenna like a rhombic is used, particu- 
larly ifthe terrain changes under the antenna—that is, the 
ground is not flat under the entire antenna. For a typical 
Yagi, even a long-boom one, the point-source assumption 
is reasonable. The internal antenna model also assumes that 
the Yagi is horizontally polarized. HFTA does not do verti- 
cally polarized antennas, as discussed previously. The docu- 
mentation for HFTA also cautions the user to work with 
practical spacings between stacked Yagis—0.5 2. or more 


Fig 47—A screen-capture of the 
MicroDEM program, showing the 
topographic map for the same 
terrain shown in Fig 46, together 
with the computed terrain profile 
along an azimuth of 45° on the path 
towards Europe from the N6BVI1 
location in Windham, NH. 
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Fig 48—The 21-MHz elevation response for a stack 
of three TH7DX Yagis mounted on a single tower at 
90/60/30 feet, at the NGBV/1 QTH for a 45° azimuth 
towards Europe. The terrain focuses the energy at low 
elevation angles compared to the same stack over flat 
ground. This illustrates once again the conservation of 
‘energy—Energy squeezed down into low elevation 
angles is stolen from other, higher, angles. 


because HFTA doesn’t explicitly model mutual coupling 
between Yagis in a stack. 

HFTA compares well with the m 
horizontal antennas described earlier by Jim Breakall 
WA3FET, using a helicopter in Utah. Breakall’s measure 
ments were done with a 15-foot high horizontal dipole. 


surements for the 


More Details About HFTA 
Frequency Coverage 

HETA can be used on frequencies higher than the HF 
bands, although the graphical resolution is only 0.25°. The 
patterns above about 100 MHz thus look rather grainy. The 
UTD is a high-frequency-asymptotic solution, so in theory 
the results become more realistic as the frequency is raised, 
Keep in mind too that HFTA is designed to model launch 
angles for skywave propagation modes, including E- and F- 
layer, and even Sporadic-E. Since by definition the iono- 
spheric launch angles include only those above the horizon, 
direct line-of-sight UHF modes involving negative launch 
angles are not considered in HFTA. 

‘See the HFTA.PDF documentation file for further 
details on the operation of HFTA. This file, as well as sample 
terrain profiles for some big-gun stations, is located on the 
CD-ROM accompanying this book. 
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in four QST “How's DX” columns, by Clarke Greene, KIJX, 
from October 1980 to January 1981. Greene’s work was an 
update of a landmark Sep 1966 QST article entitled “Sta- 
tion Design for DX,” by Paul Rockwell, W3AFM. The long- 
range profiles of several prominent, indeed legendary, 
stations in Rockwell's article are fascinating: W3CRA, 
WAKFC and W6AM. 
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OVERVIEW: 
ANTENNA ANALYSIS BY COMPUTER 


As pointed out in Chapter 3, The Effects of Ground, 
irregular local terrain can have a profound effect on the 
launch of HF signals into the ionosphere. A system 
approach is needed to create a scientifically planned sta- 
tion. We pointed out in Chapter 3 that antenna modeling 
programs do not generally take into account the effects 
of irregular terrain, and by mean any sort 
of ground that is not flat. Most modeling programs based 
on NEC-2 or MININEC do model reflections, but they do 
not model diffractions. 

(On the other hand, while a ray-tracing program like 
HFTA (HF Terrain Assessment) does take into account 
diffraction, it doesn’t explicitly factor in the mutual 
impedance between an antenna and the ground. Instead, 
HFTA makes the basic assumption that the antenna is 
mounted sufficiently high above ground so that the 
mutual impedance between an antenna and the ground 
is minimal. 

In this chapter we'll look at modeling the antennas 
themselves on the PC. We'll evaluate some typical 
antennas over flat ground and also in free space. Once char- 
acterized—or even optimized for certain characteristics — 
these antennas can then be analyzed over real terrain using 
HFTA and the other tools discussed in Chapter 3, 


regular” 


A Short History of Antenna Modeling 

With the proliferation of personal computers since 
the early 1980s, amateurs and professionals alike have 
‘made significant strides in computerized antenna system 
analysis. It is now possible for the amateur with a rela- 
tively inexpensive computer to evaluate even complicated 


antenna systems. Amateurs can obtain a keener grasp of 
the operation of antenna systems—a subject that has been 
a great mystery to many in the past. We might add that 
modern computing tools allow hams to debunk overblown 
claims made about certain antennas. 

The most commonly encountered programs for 
antenna analysis are those derived from a program 
developed at US government laboratories called NEC, short 
for “Numerical Electromagnetics Code.” NEC uses a so- 
called Method of Moments algorithm. This intriguing name 
derives from a mathematical convention dealing with how 


momentous” the accumulated error becomes when cer- 
tain simplifying assumptions are made about the current 
distribution along an antenna wire. If you want to delve 
into details about the method of moments, John Kraus, 
WSIK, has an excellent chapter in his book Antennas, 2nd 
dition. See also the article “Programs for Antenna Analy- 
sis by the Method of Moments,” by Bob Haviland, W4MB, 
in The ARRL Antenna Compendium, Vol 4. 

‘The mathematics behind the method-of-moments 
algorithm are pretty formidable, but the basic principle 
is simple. An antenna is broken down into a number of 
straight-line wire segments, and the field resulting from 
the RF current in each segment is evaluated by itself and 
also with respect to other mutually coupled segments. 
Finally, the field from each contributing segment is vec- 
tor-summed to yield the total field, which can be com- 
puted for any elevation or azimuth angle desired. The 
s of flat-earth ground reflections, including the 
of ground conductivity and dielectric constant, may 
be evaluated as well, 

In the early 1980s, MININEC was written in BASIC 
for use on personal computers. Because of limitations in 
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‘memory and speed typical of personal computers of the 
time, several simplifying assumptions were necessary in 
MININEC and these limited potential accuracy. Perhaps 
the most significant limitation was that perfect ground 
‘vas assumed to be directly under the antenna, even though 
the radiation pattern in the far field did take into account 
real ground parameters. This meant that antennas mod- 
eled closer than approximately 0.2 2 over ground som 

times gave erroneous impedances and inflated gains, 
especially for horizontal polarization. Despite some lim 

tations, MININEC represented a remarkable leap forward 


‘MININEC—the Other Edge of the Sword” in Feb 1991 
QST for an excellent treatment on pitfalls when using 
MININEC. 

Because source code was made ava 


lable when 


MININEC was released to the public, a number of pro- 
grammers produced some very capable commercial vet 
sions for the amateur market, many incorporating exciting 
graphics showing antenna patterns in 2D or 3D. These 
programs also simplify the creation of models for popu- 
lar antenna types, and several come with libraries of 
sample antennas. 


in analytical capability. See Roy Lewallen’s (W7EL) 


By the end of the 1980s, the speed and capabili 


Commercial Implementations of MININEC and NEC-2 Programs 


Ever since the source code for NEC-2 and MININEC came into in the public domain, enterprising programmers 
have been upgrading, extending and improving these programs. There are a number of “freeware” versions 
available nowadays, and there ate also a variety of commercial implementations. 

This sidebar deals only with the most popular commercial versions, programs that many hams use. You should 
keep in mind that whatever program you choose will require an investment in learning time, if not in dollars. Your 
time is valuable, of course, and so is the ability to swap modeling files you create with other modelers. Other 
peoples’ modeling files, particularly when you are just starting out, are a great way to learn how the “experts” do 
their modeling. For example, there are archives of EZNEC/ELNEC files available on the Internet, since this popular 
modeling program has been around for a number of years. (ELNEC is the DOS-only, MININEC-core predecessor 
of EZNEC.) 

The following table summarizes the main features and the pricing as of 2006 for some popular commercial 
antenna modeling programs. The programs that use the NEC-4 core require separate licenses from Lawrence 
Livermore National Laboratories. 


Commercial Implementations of MININEC and NEC 2 programs 


Name EZNEC 40 — EZNECM Pro EZNECA © NEC-Win Plus + NEC-Win Pro GNEC Antenna Mode! 
(ver) 
Manutact Foy Lewallen Roy Lewalen Roy Lewallen Nitany Scenic Nittany Scientc Nitary Scientific Ter Sofware 
(Core Neco Nec? Necs Nec? NEC? NECINECS. MININEC. 
Operating System Windows 52-6 Windows 32-bit Windows 32 Windows 32-bit Windous 32.6t Windows 32.01 Windows 32-bit 
Number ‘Segments 5001500, + ver) 20.000 20,000, 10,000 10.000 20,000 Limited by memory 
INEC-Card inputs No Yes Yes Yes Yes Yee No 
other Input ASCII ASCI.NEC ASCILNEC —CAD“DXF CAD .OXF_ CAD “DXF_— No. 
(NEC, + ver} 
Wires by Equation No No No Yes Yes Yes Yes 
Source Setting By% By % By % By % By% By % By % 
Source Type Cran Curent Clrrent Curent Alypes Alypes CurrenuVoage 
otage’Splt _VeltageSpit—Notlage/Splt_—_VottagelSplt 
Rs jx Loads Yes Yes Yes Yes Yes Yes Yes 
FLC Loads Series, Paral, Series, Parallel, Series, Parallel, Series, Parallel Series, Parallel Sevies, Parallel Sees, Parallel 
Tap ep ‘rap 
Yer Yer Yer No No No No 
Yes Yer Yer Yes Yes Yes No 
[Conductivity Table Yes" ves yes Yes Yes Yee Yes 
JAverage Gain Test Yor, ves ves Yes Yes Yee Yes 
on Lines Yes Yer Yes Yee Yes Yee No 
iow Geometry Excellnt Excellent Excellent Good Goes Good Very Good 
‘Checking Yes Yes Yes Yes Yes Yee Yer 
Easy Height Change Yos Yes Yes No No No No 
Polar Plots ARAL, ineardB ARAL, tineard® ARRL, UneardB ARAL lneard® ARAL.lineard8 ARAL. lneard® ARAL, Linear 48 
ABELCie. REL GHe.—AZE!\Cre.AZEIPatierns —AZEIPatloms AZ| Patterns AZE! Patterns 
(ver) 
Rectangular Plots SW. sw sw SWA,Zn —-SWR,Zin, ALE], SWR, Zn, AZIEL, Gain, SWR, FB, 
NearFar Ps, Nearer Plots, F/R, Rin, Xin 
Currents Currents 
Joperating Speed Fast Fast Fast Vecy Fast Very Fast Very Fast Slow 
[Smith Chart DalaforEx —DalaorExt. —Dalaforxt. No Yer Yer Yer 
‘Smith program Smith program Smithprogram 
NearFar Field Tables 20t5 Bath Both Far Both Both Bath 
[Ground Wave Analysis No Yer Yer No Yes Yee No 
Pricing $89 Web: $450 $600; must have $150, $425 $795 $85 
$99 CD-ROM, NEC‘ teense 
5139+ ver) 


+ Wire conductivity isthe same fora wires. 
Excollent, Very Good, Good ratings dane by Antenna Book elitr 
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of personal computers had advanced to the point where 
PC versions of NEC became practical, and several versions 
are now available to amateurs. The most recent public-do- 
‘main version is NEC-2 and this is the computational core 
that we'll use as an example throughout this chapter. 

Like MININEC, NEC-2 is a general-purpose model- 
ing package and it can be difficult to use and relatively 
slow in operation for certain specialized antenna forms. 
‘Thus, custom commerc 
more user-friendly and spe 
antenna varieties, mainly Yagi arrays. See Chapter 11, 
HF Yagi Arrays. Also see the sidebar, “Commercial 
Implementations of MININEC and NEC-2 Programs.” 

For this edition of The ARRL Antenna Book, Roy 
Lewallen, W7EL, has graciously provided a special ver- 
sion of his EZNEC 3.0 program, called EZNEC-ARRL. 
This version works with the specific antenna models also 
bundled on the CD-ROM. Please note that this ARRL- 
specific version of EZNEC is limited to a maximum of 
20 segments (we'll explain segments later) for all mod- 
els except for the special ones included on this CD-ROM. 
You can find information on how to purchase the full- 
fledged version of EZNEC in the Help section of the 
EZNEC-ARRL program. 

The following material on antenna modeling is by 
ity a summary, since entire books have been wri 
ten on this subject. Serious modelers would be wel 
advised to enroll in the online Antenna Modeling course, 
part of the ARRL Certification and Continuing Educ: 
tion series. L. B. Cebik, W4RNL created the ARRL 
Antenna Modeling course and it contains a great deal 
of information, tips and techniques concerning modeling 
by computer. See: http://www.arrlorg/news/stories/ 
2002/02/06/2/ for more information. We also strongly rec- 
ommend that you read the Help files in EZVEC-ARRL. 
There is a wealth of practical information on the finer 
points of antenna modeling there. 


THE BASICS OF ANTENNA MODELING 


This chapter will discuss the following antenn: 
modeling topies for an NEC-2-based modeling software, 
using EZNEC-ARRL as an example: 

Program outputs 

Wire geometry 

Segmentation, warnings and limitations 

Source (feed point) placement 

Environment, including ground types and frequency 
Loads and transmission lines 

Testing the adequacy of a model 


PROGRAM OUTPUTS 


Instruction manuals for software programs tradition- 
ally start out describing in detail the input data needed 
by the program. They then demonstrate the output data 
the program can generate. We feel it is instructive, how- 
ever, to turn things around and start out with a brief over- 


view of the output from a typical antenna-modeling pro- 
gram, 

We'll look at the output from public-domain NEC-2. 
Next, we'll look at the output information available from 
commercial adaptations of NEC-2, using EZNEC-ARRL 
provided by W7EL. After this brief overview of the out- 
put data, we'll look in detail at the input data needed to 
make a modeling program work. In the following discus- 
sions it will be very instructive if you to bring up EZNEC- 
ARRL on your computer and open the specific modeling 

's used in each example. [From now on in this chapter 
we'll refer merely to EZNEC rather than EZNEC 3.0, the 
official name or EZNEC-ARRL, a specialized subset of 
EZNEC 3.0. Where there are specific differences between 
EZNEC 3.0 and the limited-edition EZNEC-ARRL we'll 
identify them. 


Native NEC-2 


The native NEC-2 program produces pages and 
pages of output formatted for a mainframe “line printer: 


You may be old enough to remember the stacks of green- 
and-white, tractor-feed, 132-column computer paper that 
such a line printer produced. Corporate MIS departments 
stored untold number of boxes of that paper. 

Native NEC-2 was written in the Fortran language, 
which stands for Formula Translation. Programmers used 
punched cards to enter the program itself and its a 
panying input data into huge mainframe computers. To 
say that the paper output from NEC-2 is massive, even 
intimidating, is putting it mildly. There is a strong dis. 
tinction between “useful information” and “raw data” and 
the raw output from native NEC-2 bombards the user with 
raw data. 

Commercial versions that use the NEC-2 computa: 
tional core shield the user from the ugliness of raw line- 
printer output, as well as punched-card input (or disk 
surrogates for punched cards). Commercial versions like 
EZNEC do produce output numerical tables where this is 
useful. These tables show parameters such as the source 
impedance and SWR at a single frequency, or the char- 
acteristics of a load or a transmission line. But as the old 
saying goes, “One picture is worth a thousand words.” 
This is as true for modeling programs as it is for other 
endeavors dealing with reams of numbers. Thus, most 
commercial modeling software packages create graphs 
for the user. EZNEC produces the following types of 
graphs: 


* Polar (linear-dB or ARRL-style) graphs of the fa 
elevation and azimuth respons 

‘© 3:D wire-frame graph of the (otal far-field response, 

‘© Graph of the SWR across a frequency band. 

‘© Graphical display of the RF currents on various con- 
ductors in a model. 

* Rotatable, zoomable 3-D views of the wires used to 
make a model. 


ield 


‘© Output to programs capable of generating Smith charts, 
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Fig 1A and 1B shows the computed far-field 2-D 
elevation and azimuth patterns for a 135-foot long hor 
zontal dipole, mounted in a flattop configuration 50 fect 
above flat ground. These figures were generated using 
EZNEC at 3.75 MHz. Fig IC shows a 3-D wire-frame 
picture of the far-field response, but this time at 14.2 MHz 
For comparison, Table 1 shows a short portion of the lin 
printer output for the azimuth pattern at 3.75 MHz, The 
actual printout is many pages long. One picture can inde: 
replace thousands of numbers! 

Fig 2 shows the computed SWR curve over the fre- 
quency range 3.0 to 4.0 MHz for this dipole, fed with 
lossless 50-2 transmission line. EZNEC generated this 
plot using the “SWR” button, Figs I and 2 are typical of 
the kind of graphical outputs that commercial implemen- 
tations of the NEC-2 computing core can produ: 

Now, let's get into the details of what kind of input 
data is required to run a typical method-of-moments 
antenna-modeling program, 


PROGRAM INPUTS: WIRE GEOMETRY 
Coordinates in an X,Y and Z World 

The most difficult part of using a NEC-type of mod- 
cling program is setting up the antenna’s geometry—you 
must condition yourself to think in three-dimensional, 
Cartesian coordinates. Each end point of a wire is rep 
sented by three numbers: an x, y and z coordinate. These 
coordinates represent the distance from the origin (x-axis), 
the width of an antenna (y-axis), and the height (z-axis). 

‘An example should help sort things out. Fig 3 shows 
a simple model of a 135-foot center-fed dipole, made of 
#14 copper wire placed 50 feet above flat ground. The 
common term for this antenna is flattop dipole. For con- 
venience, the ground is located at the origin of the coor- 
dinate system, at (0, 0, 0) feet, directly under the center 
of the dipole. Fig 4 shows the EZNEC spreadsheet-like 
input data for this antenna, (Use model file: Ch4-Flattop 
Dipole.EZ.) EZNEC allows you to specify the type of 
conductor material from its main window, using the Wire 
Loss button to open a new window. We will click on the 
Copper button for this dipole. 
. at a height of 50 feet on the 


all length of 135 feet, or ~67.5 feet. Toward the right, 
our dipole’s other end is at +67.5 feet. The x-axis dime 
sion of our dipole is zero, meaning that the dipole wire 
parallel to and directly above the x-axis. The dipole’s ends 
are thus represented by two points, who: 
are (0, ~67.5, 50) and (0, 67.5, 50) feet. The use of pare 
theses with a sequential listing of (x, y, 2) coordinates is 
a. common practice among antenna modelers to describe 
a wire end point. 

Fig 3B includes some other useful information about 
this antenna beyond the wire geometry. Fig 3B overlays 
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the wire geometry, the current distribution along the wire 
and the far-field azimuth response, in this case at an el 
vation angle of 30°. 

Although not shown specifically in Fig 3, the thick- 
ness of the antenna is the diameter of the wire, #14 gauge. 
Note that native NEC programs specify the radius of the 


75s 
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Fig 1—At A, far-field elevation-plane pattern for a 135- 
foot-long horizontal dipole, 50 feet above flat ground, 
at 3.5 MHz. At B, the far-field azimuth-plane pattern at 
an elevation angle of 30° 


100 


SWR 


Frequency, Mitz 


Fig 2—SWR curve for 135-foot flattop dipole over the 
frequency range 3.0 to 4.0 MHz for a 50-0 feed line. 
This antenna is an example and Is not optimized for 
the amateur band. 


rather than the diameter, but programs like EZNEC 
use the more intuitive diameter of a wire rather than the 
radius. EZNEC (and other commercial programs) also 
allows the user to specify the wire as an AWG gauge, 
such as #14 or #22, for example. 

We've represented our simple dipole in Fig 3 using 


a single, straight wire. In fact, all antenna models cre- 
ated for method-of-moment programs are made of com- 
binations of straight wires. This includes even complex 
antennas, such as helical antennas or round loops. (The 
‘mathematical basis for modeling complex antennas is that 
they can be simulated using straight-wire polygons. 


A circular loop, for example, can be modeled using an 
on.) 


Segmentation and Specifying a Source Segment 
We've spec 


ied the physical geometry of this simple 
one-wire dipole. Now several more modeling details sur- 
face—you must specify the number of segments into 
which the dipole is divided for the method-of-moment 
analysis and you must somehow feed the antenna. The 
NEC-2 guideline for setting the number of segments is 
to use at least 10 segments per half-wavelength. This is a 
general rule of thumb, however, and in many models more 
dense segmentation is mandatory for good accuracy. 

In Fig 3, we've specified that the dipole be divided 
into 11 segments for operation on the 80-meter band. This 
follows the rule of thumb above, since the 135-foot dipole 
is about a half-wavelength long at 3.5 MHz. 


Setting the Source Segment 
The use of 11 segments, an odd rather than an even 
number such as 10, places the dipole’s feed point (the 


Table 1 


Portion of line-printer output from NEC-2 for 135-foot dipole. 


= ++ RADIATION PATTERNS - - - 


--ANGLES--  -POWERGAINS- ---POLARIZATION---_--- E(THETA)---_--- E(PHI) --- 
Theta Phi Vert Hor Total Axial Tilt’ ~~ Sense Magnitude “Phase Magnitude Phase 
Degrees Degrees dB dB dB Ratio Degrees Volts Degrees Volts Degrees 
60.00 0.00 999.99 3.14 3.14 000000 90.00 LINEAR 0.00000E+00 0.00 6.62073E-01 66.87 
60.00 1.00 87.87 3.13 314 0.00301 8952 LEFT 5.89772E-03 -86.64 6.61933E-01 66.87 
60.00 200 81.85 3.13 3.13 0.00603 89.04 LEFT 1.17915E-02 -86.64 6.61512E-01 66.87 
60.00 300 28.33. 3.12 3.12 0.00904 8856 LEFT 1.76776E-02 -86.64 6.60812E-01 -66.87 
60.00 400 25.84 3.11 3.11 0.01206 88.08 LEFT 2.95520E-02 -86.64 6.59834E-01 66.87 
60.00 5.00 -23.91 3.09 3.10 0.01508 8759 LEFT 2.94109E-02 -86.64 6.58577E-01 ~66.87 
60.00 600 -22.34 3.07 3.08 0.01810 87.11 LEFT 3.52504E-02 -86.64 6.57045E-01 -66.87 
60.00 7.00 21.01 3.05 3.06 0.02112 86.62 LEFT 4.10669E-02 -86.63 6.55237E-01 66.87 
60.00 800 19.87 3.02 3.04 0.02415 86.14 LEFT 4.68565E-02 -86.63 6.53158E-01 66.87 
60.00 9.00 18.86 299 3.02 0.02718 85.65 LEFT 5.26156E-02 -86.63 6.50808E-01 66.87 
60.00 10.00 17.96 2.95 2.99 0.03022 85.15 LEFT 5.83405E-02 -86.63 6.48190E-01 66.87 
60.00 11.00 17.15 291 2.96 0.03327 8466 LEFT 6.40278E-02 -86.63 6.45308E-01 66.86 
60.00 1200 16.42. 2.87 2.92 0.03631 84.16 LEFT 6.96739E-02 -86.63 6.42165E-01 66.86 
60.00 1300 15.75 2.83 2.89 0.03937 8366 LEFT 7.52755E-02 -86.63 6.38764E-01 66.86 
60.00 1400 15.13 2.78 2.85 0.04243 83.16 LEFT 8.08291E-02 -86.63 6.35108E-01 66.86 
60.00 15.00 1456 272 2.80 0.04550 8265 LEFT 863317E-02 -86.62 6.31203E-01 66.86 
60.00 16.00 1403 2.66 2.76 0.04858 82.14 LEFT 9.17800E-02 -86.62 6.27051E-01 66.86 
60.00 17.00 13.53 260 2.71 0.05166 8162 LEFT 971711E-02 -86.62 6.22657E-01 66.85 
60.00 1800 13.07 254 2.66 0.05475 81.10 LEFT 1.02502E-01 -86.62 6.18027E-01 ~66.85 
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Fig 3—At A, simple model for a 135-foot long 
horizontal dipole, 50 feet above the ground. The dipole 
is over the y-axis. The wire has been segmented into 11 
‘segments, with the center of segment number 6 as the 
feed point. The left-hand end of the antenna Is -67.5, 
feet from the center feed point and that the right-hand 
end is at 67.5 feet from the center. At B, EZNEC “View 
Antenna” drawing, showing geometry of wire and the x, 
y and z axes. Overlaid on the wire geometry drawing 
are the current distribution along the wire and the far- 
field azimuthal response at an elevation angle of 30°. 


source in NEC-speak, a word choice that can befuddle 
beginners) right at the antenna’s center, at the center of 
segment number six. In concert with the “EZ” in its name, 
EZNEC makes choosing the source segment easy by 
allowing the user to specily a percentage along the wire, 
in this case 50% for center feeding. 

At this point you may very well be wondering why 
no center insulator is shown in the middle of our center- 
fed dipole. After all, a real dipole would have a center 
sulator. However, method-of-moment programs assume 
that a source generator is placed across an infinitely small 
gap in the antenna wire. While this is convenient from a 
mathematical point of view, the unstated use of such an 
infinitely small gap often confuses newcomers to the 
world of antenna modeling. We'll get into more details, 
caveats and limitations in source placement later in this 


4-6 Chapter 4 


a 


Fig 4—EZNEC “Wires” spreadsheet for simple flattop 
dipole in Fig 3. The numbers shown are in feet, except 
for the wire diameter, which EZNEC allows you to 
specify as an AWG gauge, in this case #14. Note that 
‘83 segments have been specified for this antenna for 
analysis over the range from 3.5 to 29.7 MHz. 


chapter. For now, just trust us that the model we've just 
described with 11 segments, fed at segment 6, will work 
well over the full amateur band from 3.5 to 4.0 MHz. 

Now, let’s consider what would happen if we want to 
use our 135-foot long dipole on all HF amateur bands from 
3.5 to 29.7 MHz, rather than just from 3.5 to 4.0 MHz. 
Instead of feeding such an antenna with coax cable, we 
‘would feed it with open-wire line and use an antenna tuner 
in the shack to create a 50-Q load for the transmitter. To 
comply with the segmentation rule above, the number of 
segments used in the model should vary with frequency — 
or at least be segmented at or above the minimum recom- 
‘mended level at the highest frequency used. This is because 
a half wavelength at 29.7 MHz is 16.6 feet, while a half 
wavelength at 3.5 MHz is 140.6 feet. So the number of 
segments for proper operation on 29.7 MHz should be 10 
x 135/16.6 = 81. We'll be a little more conservative than 
the minimum requirement and specify 83 segments. Fig 4 
shows the EZINEC input spreadsheet for this model. (Use 
model file: Ch4-Multiband Dipole.EZ.) 

‘The penalty for using more segments in a program 
like NEC is that the program slows down roughly as the 
square of the segments—double the number of segments 
and the speed drops to a fourth. If we try to use too few 
segments, we'll introduce inaccuracies, particularly in 
computing the feed-point impedance. We'll delve into this 
area of segmentation density in more detail later when 
wwe discuss testing the adequacy of a model. 


Segment Length-to-Wire-Diameter Ratio 
Even if you're willing to live with the slowdown in 

peed for situations involving a large number 
-gmenis, you should make sure the ratio between 
the segment length and the diameter of any wire is greater 
than 1:1. This is to say that the length of each segment is 
longer than the diameter of the wire. Doing so stays away 
from internal limitations in the NEC program. 

For the #14 wire specified in this simple 135-foot long 
dipole, it’s pretty unlikely that you'll bump up against this 
limitation for any reasonable level of segmentation. After 
all, #14 wire has a diameter of 0.064 inches and 135 feet 
is 1620 inches. To keep above a segment length of 
0.064 inches, the maximum number of segments is 1620/ 


0.064 = 25,312. This is a very large number of segments 
and it would take a very long time to compute, assuming 
that your program can handle that many segments. 
Keeping above a 1:1 ratio in segment length to wi 
diameter can be more challenging at VHF/UHF frequen- 
s, however. This is particularly true for fairly large 
“wires” made of aluminum tubing. Incidentally, t 
other point where newcomers to antenna modeling 
led astray by the terminology. In a NEC-type program, all 
conductors in a model are considered to be wires, even if 
they consist of hollow aluminum or copper tubes. Surface 
effect keeps the RF current in any conductor confined to 
the outer surface of that conductor, and thus it doesn’t mat- 


ter whether the conductor is hollow or solid, or even made 
using a number of stranded wires twisted together. 

Let’s look at a half-wave dipole at 420 MHz. This 
would be about 14.1 inches long. If you use '/-inch 
diameter tubing for this dipole, the maximum 
Iength meeting the 1:1 diameter-to-length ratio requit 
ment is also '/: inches long. The maximum number of 

-gments then would be 14.1/0.25 = 56.4, rounded down 
to 56. From this discussion you should now understand 
why method-of-moment programs are known for using a 
“thin-wire approximation.” Really fat conductors can get 
you into trouble, particularly at VHF/UHF. 


egment 


‘Some Caveats and Limitati 
Concerning Geometry 


Example: 


Inverted-V Dipole 

Now, let’s get a little more complicated and specify 
another 135-foot-long dipole, but this time configured as 
an inverted V. As shown in Fig 5, you must now specily 
two wires. The two wires join at the top, at (0, 0, 50) feet 
(Again, the program doesn’t use a center insulator in the 
model.) 

If you are using a native version of NEC, you may 
have to go back to your high-school trigonometry book 
to figure out how to specify the end points of our “droopy” 
dipole, with its 120° included angle. Fig 5 shows the 
details, along with the trigonometric equations needed. 
EZNEC is indeed more “easy” here, since it allows you 
to tilt the ends of each wire downwards an appropr 
number of degrees (in this case ~30° at each end of the 
dipole) to automatically create an inverted-V configura- 
tion. Fig 6A shows the EZNEC spreadsheet describing 
this inverted-V dipole with a 120° included angle betwe 
the two wires. 

See the EZNEC Help section under “Wire Coor 
nate Shortcuts” for specific instructions on how to use 
the “elevation rotate end” shortcut “RE-30” to create the 
sloping wires easily by rotating the end of the wire down 
30°. Now the specification of the source becomes a bit 
more complicated. The easiest way is to specify two 
s, one on each end segment at the junction of the 
two wires. EZNEC does this automatically if you specify 
a so-called split-source feed. Fig 6B shows the two 


50~ 67.5xCos60*) 


(0,27 Sxsn60", 
50-67 5xCos00") 


x Ai 


Fig 5—Model for an inverted-V dipole, with an Included 
angle between the two legs of 120°. Sine and cosine 
functions are used to describe the heights of the end 
points for the sloping arms of the antenna. 


Ber} 


Seat ae | 
“ 


@ 


Fig 6—At A, EZNEC spreadsheet for inverted-V dipole 
in Fig 5. Now the ends of the inverted-V dipole are 
16.25 feet above ground, instead of 50 feet for the 
flattop dipole. At B, EZNEC “View Antenna” drawing, 
with overlay of geometry, current distribution and 
azimuth plot. 


sources as two open circles at the top ends of the two 
wires making up the inverted-V dipole. What EZNEC is 
doing is creating two sources, each on the closest seg- 
ments on cither side of the junction of the two wires 
EZNEC sums up the two source impedances to provide a 
single readout 
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wettable the molten solder won’t flow where you want it to flow. This can do more harm 
than good, because it may be impossible to burn off any contaminants anyway, and the 
component or the printed circuit board may be overheated and damaged in the process. 
Semiconductors may be harmed by applying excessive heat for more than a few seconds, 
and extreme heat applied to printed circuit board tracks can cause irreparable damage, 
because the tracks will be lifted away from the substrate especially on a delicate or badly 
designed board. You can avoid trouble by ensuring the surfaces to be soldered are clean 
and wettable to begin with. 


Navigating in the View Antenna Window 

AL this point it’s worthwhile to explore some of the 
ways you can see what the wire geometry looks like using 
the EZNEC View Ant button on the main window. Bring 
up the file Chd-Inverted V Dipole.EZ in EZNEC, and 
click on the View Ant button, You will see a small i 
verted-V dipole raised over the (0, 0, 0) origin on the 
ground directly under the feed point of the inverted-V 
dipole. First, “rotate” the dipole by holding down the let 
mouse button and moving the mouse. You can orient the 
picture any way you wish. 

Let’s take a closer look at the junction of the two wires 
at the feed point. Click the Center Ant Image checkbox 
toward the bottom of the window to anchor the center of 
the image at the center of the window, and then move the 
Zoom slider upwards to zoom in on the image. At some 
point the junction of the two slanted wires will move up 
off the edge of the window, so you will need to click on 
the left-hand side of the Z Move Image slider to bring the 
junction back into view. Now you should be able to see a 
zoomed view of the junction, along with the two open 
circles that represent the location of the split sources in 
the middle of the segments adjacent to the wire junction 

‘Now put the mouse cursor over one of the slanted 
wires and double click the left-mouse button, EZNEC will 
now identify that wire and show its length, as well as the 
length of each segment on that wire. Pretty slick, isn't it? 


Short, Fat Wires and the Acute-Angle Junction 

Another possible complication can arise for wir 
with short, fat segments, particularly ones that have only 
a small included angle between them. These wire seg 
ments can end up inter-penetrating within each other's 
volumes, leading to problems in a model. Once you think 
of each wire segment as a thick cylinder, you can appre: 
ciate the difficulty in connecting two wires together at 
their ends. The two wires always inter-penetrate each 
other's volume to some extent. Fig 7 depicts this prob- 
lem graphically for two short, fat wires joined at their 
ends at an acute angle. A rule of thumb is to avoid creat- 
ing junctions where more than */s of the wire volum« 
inter-penetrate. You can achieve this by using longer se} 
‘ment lengths or thinner wire diameters, 


Some Other Practical Antenna Geometries 
A Vertical Half-Wave Dipole 

If you turn the 135-foot-long horizontal dipole in 
Fig | on its end you will create a vertical half-wave dipole 
that is above the origin of the x, y and z axes. See Fig 8, 
where the bottom end of the dipole is placed 8 feet off 
the ground to keep it away from humans and animals for 
afety, at (0, 0, 8) feet. The top end is thus at 8 + 135 
off the ground at (0, 0, 143). Fig 8 also shows 
the current distribution and the elevation pattern for this 
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Fig 7—A junction of two short, fat wire segments at an 
acute angle. This results in inter-penetration of the two 
wire volumes beyond the middle-1/3 recommended 
limit. 


Fig 8—A vertical half-wave dipole, created by turning 
the dipole in Fig 3 on its end, with a minimum height at 
the lower end of 8 feet to keep the antenna away from 
people and animals. The current distribution and the 
elevation pattern for this antenna are also shown 
overlaid on the wire geometry. 


antenna. (Use EZNEC model file: Ch4-Vertical 


Dipole.EZ.) 


A Ground-Plane Antenna 


‘The ground-plane model is more complicated than 
previous ones because a total of five wires are now 
needed: one for the vertical radiator and four for the ra- 
dials. Fig 9 shows the EZNEC view for a 20-meter ground 
plane mounted 15 feet off the ground (perhaps on a ga- 
rage roof), with the overlay of both the current distribu- 
tion and the elevation-plane plot. (Use EZNEC model file: 
Ch4-GP-EZ,) Note that the source has been placed at the 


Fig 9—A vertical ground-plane antenna. The radials and 
the bottom of the vertical radiator are located 15 feet off 
the ground in this model. The current distribution along 
each wire and the far-field elevation-plane pattern are 
overlaid on the antenna geometry. 


Fig 10—EZNEC View Antenna for the ground-plane 
antenna with its four radials tilted downwards by 40° 
to improve the SWR at the feed point. 


bottom segment of the vertical radiator. Once again, the 
program needs no bottom insulator, since all fi 
are connected together at a common point. EZNEC reports 
that this antenna has a resonant feed-point impedance of 
about 22 Q, which would show an SWR of 2.3:1 for a 
50-Q2 coax feed line if no matching system is used, such 
as a gamma or hairpin match. 

10 shows the same antenna, 


xcept that the 
radials have now been tilted downwards by 35° to fa 
tate an almost perfect 50-O match (SWR = 1.08:1). In 
addition, the length of the radiator in this model was short- 
ened by 6 inches to re-resonate the antenna. (Use EZNEC 
model file: Ch4-Modified GP.EZ.) The trick of tilting 
the radials downwards for a ground-plane antenna is an 
e, and the modeling programs validates what hams 
en doing for years 


A 5-Element Horizontal Yagi 
‘This is a little more challenging modeling exe! 
Let's use a S-element design on a 40-foot boom, but rather 
than using telescoping aluminum tubing for the elements, 
we'll use #14 wire. The SCALE program included with 
this book on the CD-ROM converted the aluminum- 
tubing 520-40.YW to a design using #14 copper wire. 
‘Table 2 shows the element lineup for this antenna. (Later 
in this chapter we'll see what happens when telescoping 
aluminum tubing is used in a real-world Yagi design.) 
Some explanations of what Table 3 means are in 
order. First, only one half of each element is shown. The 
YW program (Yagi for Windows), also included on the 
CD-ROM, computes the other half of the Yagi automa 
cally, essentially mirroring the other half on the opposite 
side of the boom. Having to enter the dimensions for only 
half of a real-world Yagi clement that uses telescoping 


aluminum tubing is much easier this way. 

Second, the placement of the elements along the 
boom starts at 0.0 inches for the reflector. The distance 
between adjacent elements defined in this particular file 
is the spacing between the element itself and the element 
just before it. For example, the spacing between the driven 
clement and the reflector is 72 inches, and the spacing 
between the first director and the driven element is also 
72 inches. The tor and 


LIA shows the wire geometry for this Yagi array 
when it is mounted 720 inches (60 feet) above flat ground 
and Fig 11B shows the EZNEC Wires spreadsheet that 
describes the coordinates. (Use EZNEC model file: 
Ch4-520-40W.EZ.) You can see that the x-axis coordi- 
nates for the elements have been automatically moved 
by the SCALE program so that the center of the boom is 
located directly above the origin. This makes it easier to 
evaluate the effects of stacking different monoband Yagis 


on a rotating mast in a “Christmas Tree” arrangement. A 
typical Christmas Tree stack might include 20, 15 and 
10-meter monobanders on a single rotating mast sticking 
out of the top of the tower. 

Fig 12 shows the computed azimuth pattern for this 
Yagi at 14.175 MHz, at an elevation angle of 15°, the 
angle where the peak of the forward lobe occurs at this 


Table 2 
520-40W.YW, using #14 wire from 520-40H.YW 
14.000 14.174 14,350 MHz 


Selements, inches 
Spacing 064 
0.000 210.923, 
72.000 200.941 
72.000 199.600 
139.000 197.502 
191.000 190.536 
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Fig 11—At A, geometry for 5-element Yagi on a 40-foot 
boom, mounted 720 inches (60 feet) above flat ground, 
with an overlay of current and the azimuth pattern. At 
B, EZNEC Wires spreadsheet for this antenna. This 
design uses #14 wire for simplicity. 


Max. Gain = 14.34 dBi Elevation = 15.609, 


Fig 12—EZNEC azimuth-plane pattern at an elevation 
angle of 15° for #14 wire Yagi described in Fig 11. 
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height above flat ground. The antenna exhibits excellent 
gain at 13.1 dBi, as well as a clean pattern behind the 
main lobe. The worst-case front-to-rear ratio at any point 
from 90° to 270° in azimuth is better than 23 dB. EZNEC 
says the feed-point impedance is 25 ~ j 23 Q, just the 
right impedance suited for a simple hairpin or gamma 
match, 


‘A Monoband 2-Element Cubical Quad 

Unlike a Yagi, with its elements existing only in the 
x-y plane, a quad type of beam is a three-dimensional 
sort of antenna. A quad loop has height in the z-axis, as 
well as width and length in the x-y plane. Each individual 
loop for a monoband quad consists of four wires, joined 
together at the comers. Fig 13 shows the coordinates for 
a 2-clement 15-meter quad, consisting of a reflector and 
a driven element on a 10-foot boom. 

You can see that the axis of symmetry, the x-axis, 
runs down the center of this model, meaning that the ori- 
gin of this particular x, y and z-coordinate scheme is in 
the center of the reflector. The (0, 0, 0) origin is placed 
this way for convenience in assigning corner coordinates 
for each element. For actual placement of the antenna at 
particular height above real ground, the heights of all 
z-axis coordinates are changed accordingly. EZNEC has 
convenient built-in function to change the height of all 
wires at a single stroke. 

Fig 14 shows the input EZNEC spreadsheet for this 
quad in free space, clearly showing the symmetrical 
nature of the comer coordinates. (Use EZNEC model 
Ch4-Quad.EZ.) This is a good place to emphasize that 
you should enter the wire coordinates in a logical 


(00, s917,5917) 
Le) 
(0.-089,6.088 z = 
— (0,808,608 


cyanea 
(9-80, 2089) 


(0.6083, 6083) 


Fig 13—Wire geometry for a 2-element cubical quad, 
with a reflector and driven element. The x-axis is the 
axis of symmetry for this free-space model. 


Fig 14—EZNEC Wires spreadsheet showing the 
coordinates used for the quad in Fig 13. Note how the 
x-axis describes the position of an element on the 10- 
foot boom and also Is the axis of symmetry for each 
element. The values for the z-axis and y-axis vary 
above and below the axis of symmetry. 


sequence. The most obvious example in this particular 
model is that you should group all the wires associated 
with a particular element together—for example, the four 
wires associated with the reflector should be in one place. 
In Fig 14 you can see that all four wires with an x-coor- 
dinate of zero represent the reflector. 

It’s best to follow a convention in entering wires in 
a loop structure in a logical fashion. The idea to connect 
the end point of one wire to the starting point of the next 
wire. For example, in Fig 13 you can see that the le! 
hand end of Wire 1 is connected to the bottom of Wire 2, 


and that the top of Wire 2 connects to the left-hand end 
of Wire 3. In turn, Wire 3 connects to the top of Wire 4, 
whose bottom end connects to the right-hand end of Wire 
1. The pattern is known as “going around the horn” mean- 
ing that the connections proceed smoothly in one dire; 
tion, in this case in a clockwise direction. 

You can see that the entry for the wires making up 
the elements in the 5-element Yagi in Fig 11B also pro- 
ceeded in an orderly fashion by starting with the reflec 
tor, then the driven element, then director 1, then director 
2 and finally director 3. This doesn’t mean that you 
couldn't mix things up, say by specifying the driven ele- 
‘ment first, followed by director 3, and then the reflector, 
or whatever. But it’s a pretty good bet that doing so in 
this quasi-random fashion will result in some confusion 
later on when you revisit a model, or when you let another 
person see your model, 


THE MODELING ENVIRONMENT 
The Ground 
Above, when considering the 135-foot dipole 
mounted 50 feet above flat earth, we briefly mentioned 
the most important environmental item in an antenna 
model—the ground beneath it, Let’s examine some of the 
options available in the NEC-2 environment in EZNEC: 


© Free space 
© Perfect ground 


‘© MININEC type ground 
© “Fast” type ground 
‘© Sommerfeld-Norton ground. 


‘The free space environment option is pretty self- 
explanatory—the antenna model is placed in free space 
away from the influence of any type of ground. This 
option is useful when you wish to optimize certain char- 
acteristics of a particular antenna design. For example 
you might wish to optimize the front-to-rear ratio of a 
Yagi over an entire amateur band and this might entail 
many calculation runs. The free-space ground will run 
the fastest among all the ground options 

Perfect ground is useful as a reference case, espe- 
cially for vertically polarized antennas over real ground, 
Antenna evaluations over perfect ground are shown in 
‘most classical antenna textbooks, so it is useful to com- 
pare models for simple antennas over perfect ground to 
those textbook cases. 

‘MININEC type ground is useful when modeling ver- 
tical wires, or horizontal wires that are higher than 0.2 
above ground. A MININEC type ground will compute 
faster than either a “Fast” ground or a Sommerfeld-Norton 
type of ground because it assumes that the ground under 
the antenna is perfect, while still taking into account the 
far-field reflections for ground using user-specified val- 
ues of ground conduetivity and dielectric constant. The 
fact that the ground under the antenna is perfect allows 
the NEC-2 user of a MININEC type ground to specify 
wires that touch (but don’t go below) the ground surfa 
something that only users of the advanced NEC-4 pro- 
gram can do with the more accurate Sommerfeld-Norton 
type of ground described below. (NEC-4 is presently not 
in the public domain and is strictly restricted and licensed 
by the US government.) The ability to model grounded 
wires is useful with vertical antennas. The modeler must 
be wary of the feed-point source impedances reported for 

ther horizontally or vertically polarized wires because 
of the perfect-ground assumption inherent in a MININEC- 
type ground. 

‘The “fast” type of ground is a hybrid type of ground 
that makes certain simplifying assumptions that allow it 
to be used provided that horizontal wires are higher than 
about 0.1 % above ground. With today’s fast computers 
the Sommerfeld-Norton model is preferred 

The Sommerfeld-Norton ground (referred to in 
EZNEC as the “high accuracy” ground) is preferable to 
the other ground types because it has essentially no prac- 
tical limitations for wire height. It has the disadvantage 
that it can run about four times slower than a MININEC 
type of ground, but today’s fast computers make that 
almost a non-issue. Again, NEC-2-based programs can- 
not model wires that penetrate into the ground (although 
there are work-around described below). 

‘As mentioned above, for any type of ground other 
than perfect ground or free space, the user must specify 
the conductivity and dielectric constant ofthe soil. EZNEC 
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allows the entry by 
G is conductivity in Siemens/meter and € is dielectric con- 
stant 


Extremely poor: ci 


high buildings (6 = 0.001,€=3) 
Very Poor: cities, industrial (6 = 0.001, € = 5) 
Sandy, dry (6 = 0.002, € = 10) 

Poor: rocky, mountainous (6 = 0.002, € = 13) 
Average: pastoral, heavy clay (6 = 0.005, € = 13) 
Pastoral: medium hills and forestation (6 = 0.006, 
13) 

Flat, marshy, densely wooded (6 = 0.0075, € = 12) 
Pastoral, rich soil, US Midwest (6 = 0.010, = 14) 
‘* Very Good: pastoral, rich, central US (6 = 0.0303. 
20) 

Fresh water (6 = 0.001, ¢ = 80) 

Saltwater (6 = 5, € = 80) 


Let’s use EZNEC’s ability to overlay one or more 
plots together on one graph to compare the response 
of the vertical ground plane antenna in Fig 9 for two 
different types of ground: Saltwater and Poor. Open the 
Ch4-GPEZ file in EZNEC. Click the Ground Deserip 
button and then right-click anywhere in the Media wit 
dow that opens up. Choose first the “Poor: rocky, moun- 
tainous” option button, click OK and then FF Plot. When 
the elevation plot appears, click the File menu at the top 
of the main window, and then Save As. Choose an appro- 
priate name for the trace, perhaps “Poor Gnd.PF.” 

Go back and select saltwater as your Ground 
Deserip and follow the same procedure to compute the 
far-field plot for saltwater ground. Now, add the Poor 
Gnd.PF trace, by clicking menu sel ile, Add 
‘Trace. Fig 15 shows this comparison, which greatly 
favors the saltwater environment, particularly at low 
elevation angles. At 5° the ground plane mounted over 
saltwater has about a 10 dB advantage compared to its 
landlocked cousin. 

‘You might be wondering what happens if we move 
the ground-plane antenna down closer to the ground. The 
lower limit to how far the radials can approach the lossy 
earth is 0.001 2 or twice the diameter of the radial wire. 
A distance of 0.001 2. at 1.8 MHZ is about 6 inches, while 
it is 0.4 inches at 30 MHz. While NEC-2-based programs 
cannot model wires that penetrate the ground, radial sys- 
tems just above the ground with more than about eight 
radial wires can provide a work-around to simulate a 
direct-ground connection. 


Modeling Environment: Frequency 

It’s always a good idea to evalua 
a range of frequencies, rather than simply at a single spot 
frequency. Trends that become quite apparent on a fre~ 
quency sweep are frequently lost when looking simply at 
a single frequency. Native VEC-2 has built-in frequency 
sweep capabilities, but once again the commercial pro- 
grams make the process easier to use and understand. You 


e an antenna over 
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Poor So 
Salt Water 


Fig 15—A comparison of the elevation response for the 
vertical ground plane in Fig 9 over saltwater and over, 
“poor: rocky, mountainous” soll. Saltwater works 
wonders for verticals, providing excellent low-angle 
signals. 


ous 


Fig 16—Frequency sweep of 5-element Yagi described 
in Fig 11, showing how the azimuth pattern changes 
with frequency. 


saw in the SWR curve in Fig 2 the result of one such 
frequency sweep using EZNEC. Fig 16 shows a frequency 
sweep of the azimuth response for the S-element Yagi in 
Fig 11 across the 20-meter band, using steps of 117 kHz 
so there are four evaluation frequencies. At 14.0 MHz 
this Yagi’s gain is down a small amount compared to the 
gain at 14.351 MHz but the rearward pattern is notice- 
ably degraded, dropping to a front-to-back ratio of just 
under 20 dB. 

EZNEC can save to a series of output plot files a 
frequency sweep of elevation (or azimuth) patterns. In 
, this automates the process described above for 


saving a plot to disk and then overlaying it on another 
plot. EZNEC can save to a text file for later analysis (or 
pethaps importation into a spreadsheet) the following 
parameters, chosen by the user: 


© Source data 
Load data 

Pattern data 

Current data 

MicroSmith numeric data 
Pattern analysis summary. 


Frequency Scaling 

EZNEC has a very useful feature that allows you to 
create new models scaled to a new frequency. You invoke 
the algorithm used to scale a model from one frequency 
to another by checking the Reseale box after you've 
clicked the Frequency button. EZNEC will scale all model 
dimensions (wire length, height and diameter) except for 
one specific situation—the wire diameter will stay the 
1me at the new frequency if you originally specified wire 
ize by AWG gauge. For example, #14 copper wire for a 
half-wave 80-meter dipole will stay #14 copper wire for 
a 20-meter half-wave dipole. If, however, you specified 
diameter as a floating point number originally, the diam- 
eter will be scaled by the ratio of new to old frequency, 
along with wire length and height. 

Start up EZNEC and open up the file Ch4-520-40W, 
for the 5-clement 20-meter Yagi on a 40-foot boom. Cli 
the Frequency box and then check the Reseale check box. 
Now, type in the frequency of 28.4 MHz and click OK. You 
have quickly and easily created a new 5-element 10-meter 
Yagi, that is mounted 29.9949 feet high, the exact ratio of 
28.4 MHz to 14.1739 MHz, the original design frequency 
on 20 meters. Click the FF Plot button to plot the azimuth 
pattern for this new Yagi. You will see that it closely dupli- 
cates the performance of its 20-meter brother. Click Sre Dat 
to see that the source impedance is 25.38 ~ j22.19 ©, again 
very close to the source data for the 20-meter version. 


REVISITING SOURCE SPECIFICATION 
Sensitivity to Source Placement 
Earlier, we briefly described how to specily a source 
on a particular segment using EZNEC. The sources for 
the relatively simple dipole, Yagi and quad models 
investigated so far have been in the center of an easy-to- 
Visualize wire. The placement for the source on the vert 
cal ground plane was at the bottom of the vertical radiator, 
an eminently logical place. In the other cases we spe 
ied the position of the source at 50% of the distance along 
a wire, given that the wire being fed had an odd number 
of segments. Please note that in each case so far, the fet 
point (source) has been placed at a relatively low-imped- 
ance point, where the current changes relatively slowly 
from segment to segment. 


Now we're going to examine some subtler source- 
placement problems. VEC-2 is well-known as being very 
sitive to source placement. Significant errors can result 
from a haphazard choice of the source segment and the 
segments surrounding it, 

Let’s return to the inverted-V dipole in Fig 5. The 
first time we evaluated this antenna (Ch4-Inverted V 
Dipole.EZ) we specified a split source in EZNEC. This 
function uses two sources, one on each of the segments 
immediately adjacent to the junction of the two down- 
ward slanting wires, 

Another common method to create a source at the june~ 
tion of two wires that meet at an angle is to separate these 
two slanted wires by a short distance and bridge that gap 
with a short straight wire, which is fed at its center. Fig 17 
shows a close-up of this scheme. In Fig 17 the length of the 
segments surrounding the short middle wire are purposely 
‘made equal to the length of the middle wire. The 
tion for the short middle wire is set to one. Table 3 lists the 
source impedance and the maximum gain the EZVEC com- 
putes for three different models: 


1. Ch4-Inverted V Dipole.EZ (the original model) 

2. Ch4-Inverted V Dipole Triple Segmentation.EZ 

3. Ch4-Modified Inverted V Dipole.BZ (as shown in 
Fig 17, for the middle wire set to be 2 feet long) 

4. Ch4-Mod Inverted V Poor Segmentation.EZ 
(where the number of segments on the two slanted 
wires have been increased to 200) 


Source 
on Shor 
Nidle Wire 


/ \ 


Fig 17—Model of inverted-V dipole using a short center 
wire on which the source Is placed. 


Table 3 

135-Foot Inverted-V Dipole at 3.75 MHz 

Case Segments Source Max. Gain 
Impedance 2 Bi 

1 82 © 72.644/128.2 4.82 

2 246 © 73.194 j1289 © 4.82 

3 67 73.06 + /129.1 4.85 

4 401 76.214 j1352 4.67 
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Case 2 shows the effect of tripling the number of 
segments in Case 1. This is a check on the segmentation, 
to see that the results are stable at a lower level compared 
to a higher level of segmentation (which theoretically is 
better, although slower in computation). We purposely 
set up Case 4 so that the lengths of the segments on either 
side of the single-segment middle wire are significantly 
different (0.33 feet) compared to the 2-foot length of the 
middle wire, 

The feed-point and gain figures for the first three 
models are close to each other. But you can see that the 

jgures for the fourth model are beginning to diverge from 
the first three, with about a 5% overall change in the 
reactance and resistance compared to the average values, 
and about a 3% change in the maximum gain. This illu 
trates that it is best to keep the segments surrounding the 
source equal or at least close to equal in length. We'll 
soon examine a figure of merit called the Average Gain 
test, but it bears mentioning here that the average gain 
test is very close for the first three models and begins to 
diverge for the fourth model. 

Things get more interesting if the source is placed 

at a high-impedance point on an antenna—for example, 
in the center of a full-wave dipole—the value computed 
for the source impedance will be high, and things will be 
quite sensitive to the segment lengths. We'll repeat the 
computations for the same inverted-V models, but this 
time at twice the operating frequency, at 7.5 MHz. 
[able 4 summarizes the results. The impedance is high, 
as expected. Note that the resistance term varies quite a bit 
for all four models, a range of about 23% around 
the average value. Interestingly, the poorly segmented model's 
resistance falls in between the other three. The reactive terms 
are closer for all four models but still cover a range of 4% 
around the average value. The maximum gain shows the same 
tendancy to be somewhat lower in the fourth model com- 
pared to the first three and thus looks as potentially untrust- 
‘worthy at 7.5 MHz as it does at 3.75 MHz. 

This is, of course, but a small sampling of segmei 
tation schemes, and caution dictates that you shouldn't 
take these results as being representative of all possibil 
ties. Nevertheless, the lesson to be learned here is that 
the feed-point (source) impedance can vary significantly 
ata point where the current is changing rapidly, as it doe: 
where a high impedance feed is involved. Another 


Table 4 

135-Foot Inverted-V Dipole at 7.5 MHz 

Case Segments Source Max. Gain 
Impedance Q Bi 

1 82 2297 — j 2668 5.87 

2 246 1822 ~ / 2553 5.66 

3 67 1960 ~ j 2583 5.86 

4 401 2031 — j 2688 5.48 
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eral conclusion that can be drawn from Table 5 is that 
more segments, particularly if they surround the source 
segment improperly, is not necessarily better. 


Voltage and Current Sources 

Before we leave the topic of sources, you should be 
aware that programs like EZNEC and others have the abil- 
ity to simulate both voltage sources and current soure: 
Although native NEC-2 has several source types, voltage 
sources are the most commonly used by hams. Native 
NEC-2 doesn’t have a current source, but a current source 
is nothing more than a voltage source delivering current 
through a high impedance. Basic network theory says that 
every Thevenin voltage source has a Norton current 
source equivalent. Various commercial implementations 
° f 
NEC-2 approach the creation of a current source in 
slightly different fashions. Some use a high value of 
inductive reactance as a series impedance, while others 
use a high value of series resistanc 

Why would we want to use a current source instead 
of a voltage source in a model? The general-purpose 
that models containing a single source at a single 
feed point can use a voltage source with no problems. 
Models that employ multiple sources, usually with dif- 
ferent amplitudes and different phase shifts, do best with 
current sources 

For example, phased arrays feed RF currents at dif 
ferent amplitudes and phase shifts into two or more 
ments. The impedances seen at each element may be very 
different—some impedances might even have negative 
values of resistance, indicating that power is flowing out 
of that element into the feed system due to mutual cou- 
pling to other elements. Having the ability to specify the 
amplitude and phase of the current, rather than a feed 
voltage, at a feed point in a program like EZNEC is a 
valuable tool, 

Next, we examine one more important aspect of 
building a model, setting up loads. After that, we'll look 
into two tests for the potential accuracy of a model. These 
tests can help identify source placement, as well as other 
problems. 


LOADS 


Many ham antennas, in particular electrically short 
ones, employ some sort of loading to resonate the sys- 
metimes loading takes the form of capacitance 
and should be modeled as wires con- 
nected to the top of a vertical radiator. A capacitance hat 
is not the type of loading we'll explore in this section. 
Here, the term loads refers to discrete inductances, 
sacitances and resistances that are placed at some point 
(or points) in an antenna system to achieve certain effects. 
One fairly common form of a load is a loading coil used 
to resonate an electrically short antenna. Another form 
of load often scen in ham antennas is a trap. EZNEC has 


a special built-in function to e' 
traps, even at different frequene 
parallel resonanc 

Just for referent 


Juate parallel-resonant 
s beyond their main 


a more subtle type of load is a 
distributed material load. We encountered just such a load 
in our first model antenna, the 135-foot long flattop 
dipole—although we didn’t identify it specifically as a 
load at that time. Instead, it was identified as a “wire loss” 
associated with copper. 

The NEC-2 core program has the capability of simu- 
lating a number of built-in loads, including distributed 
material and discrete loads. EZNEC implements the fol- 
lowing discrete loads: 


Series R + X loads. 
Series R-L-C loads, specified in of resistance, tH 
of inductance and pF of capacitance. 

‘+ Parallel R-L-C loads, specified in Q of resistance, JH 
of inductance and pF of capacitance. 

‘+ Trap loads, specified in @ of resistanc 
HH of inductance, shunted by pF of capaci 
specific frequency. 

‘+ Laplace loads, specified as mathematical Laplace 
coefficients (sometimes used in older modeling programs, 
and left in EZNEC for backwards compatibility) 


in series with 


Itis important to recognize that the discrete loads in 
an antenna modeling program do not radiate and they 
have zero size. The NEC-2 discrete loads are described 
by L. B. Cebik in his antenna modeling course as being 
mathematical loads. The fact that NEC-2 loads do not 
radiate means that the popular mobile antennas that use 
helical loading coils wound over a length of fibergla 
whip cannot be modeled with NEC-2, because such coils 
do radiate, 

Let's say that we want to put a air-wound loading coil 
with an unloaded Q of 400 at the center of a 40-foot long, 
'50-foot high, flatop dipole so that itis resonant at 7.1 MHz. 
‘The schematic of this antenna is shown in Fig 18. Examine 
the modeling file Ch4-Loaded Dipole.BZ to see how a di 
or RL Load is used to resonate this short dipole at 
7.1 MHz, with a feed-point (source) impedance of 25.3 Q. 
This requires a series resistance of 1.854 and an inductive 
reactance of +741.5 Q. Note that we again used a single wire 
to model this antenna, and that we placed the load at a point 
‘50% along the length of the wire 

This load represents a 16.62 4H coil with an 
unloaded Q of 741.5/1.854 = 400, just what we wanted. 
Let’s assume for now that we use a perfect transformer 
to transform the 25.3-Q source impedance to 50 Q. If we 
now attempt to run a frequency sweep over the whole 
40-meter band from 7.0 to 7.3 MHz, the load reactance 
and resistance will not change, since we specified fixed 
values for reactance and resistance. Hence, the source 
impedance will be correct only at the frequency where 
the reactance and resistance are specified, since the r 
tance changes with frequency. 


(04-20, 80) (0.0,80) — (0,0,50) (0.20, 60) 


Fig 18—Schematic diagram of a 40-foot long flattop 
dipole with a loading coil placed at the center. This coll 
has an unloaded Q of 400 at 7.1 MHz. 


Fig 19—SWR graph of the loaded 40-foot long flattop 
dipole shown in Fig 18. 


So let's use another load capability and substitute a 
16.62 WH coil with a series 1.854-0 resistance at 7.1 MHz. 
We'll let EZNEC take care of the details of computing 
both the reactance and the changing series resistance at 
various frequencies. The degree that both reactance and 
series loss resistance of the coil change with frequency 
may be viewed using the Load Dat button from the main 
EZNEC window. 

Fig 19 shows the computed SWR curve for a 
25.3-Q Alt SWR ZO reference resistance. The 2:1 SWR 
bandwidth is about 120 kHz. As could be expected, the 
antenna has a rather narrow bandwidth be: 
tically short 


se it is elec- 


ACCURACY TESTS 


There are two tests that can help identify accuracy 
problems in a model: 

‘© The Convergence test. 

© The Average Gain test. 


Convergence Test 

‘The idea behind the Convergence test is simple: If 
you increase the segmentation in a particular model and 
the results changes more than you'd like, then you 
increase the segmentation until the computations converge 
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to a level that is suitable to you. This process has the 
potential for being subjective, but simple antenna mod- 
els do converge quickly. In this section, we'll review se 
eral more of the antennas discussed previously to see how 
they converge. 

Let's go back to the simple dipole in Fig 3. The ori 
nal segmentation was 11 segments, but we'll start with a 
very low value of segmentation of three, well below the 
minimum recommended level. Table 5 shows how the 
impedance and gain change with increase in se 
‘mentation at 3.75 MHz. For this simple antenna, the gain 
levels off at 6.50 dBi by the time the segmentation has 
reached 1] segments. Going to ten times the minimum- 
recommended level (to 111 segments) results in an 
increase of only 0.01 dBi in the gain 

‘Arguably, the impedance has also stabilized by the 
time we reach a segmentation level of 11 segments, 
although purists may opt for 23 segments. The tradeoff 
is a slowdown in computational speed. 

Let's see how the 5-element Yagi model converg. 
with changes in segmentation level. Table 6 shows how 
the source impedance, gain, 180° front-to-back ratio and 

case front-to-rear ratio change with segmentation 
density. By the time the segmentation has reached 11 se 
‘ments per wire, the impedance and gain have stabilized 
quite nicely, as has the F/R. The 180° F/B is still ine 
ing with segmentation level until about 25 segments, but 
relatively small shift in frequency will change the ma 
‘mum FIB level greatly. For example, with 11 segments 
per wire, shifting the frequency to 14.1 MHz—a shift of 
only 0.5%— will change the maximum 180° F/B from 
almost 50 dB down to 27 dB. For this reason the F/R is 
considered a more reliable indicator of the adequacy of 
the segmentation level than is F/B. 


Average Gain Test 

The theory behind the Average Gain test is a little 
more involved. Basically, if you remove all intentional 
losses in a model, and if you place the antenna either in 
free space or over perfect ground, then all the power fed 
to the antenna should be radiated by it. Internally, the 
program runs a full 3-D analysis, adding up the power in 
all directions and then dividing that sum by the total power 
fed to the antenna. Since NEC-2 is very sensitive about 
source placement, as mentioned before, the Average Gain 
test is a good indicator that something is wrong with the 
specification of the soure 

Various commercial versions of NEC-2 handle the 
Average Gain test in different ways. EZNEC requires the 
operator to turn off all distributed losses in wires or set 
to zero any discrete resistive losses in loads. Next you 
set the ground environment to free space (or perfect 
round) and request a 3-D pattern plot. EZNEC will then 
report the average gain, which will be 1.000 if the model 
has no problems. The average gain can be lower or higher 
than 1,000, but if it falls within the range 0.95 to 1.05 it 
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Table 5 

135-Foot Flattop Dipole at 3.75 MHz 

Segments Source Max. Gain 
Impedance 0 Bi 

3 85.9 + /128.0 6.34 

5 86.3 + /128.3 6.45 

7 86.8 + /1288 6.48 

14 87.9 + /1295 6.50 

23 88.5 + /130.3 651 

45 89.0 + /1308 651 

101 89.44 /131.4 651 

Table 6 

5-element Wire Yagi at 14.1739 MHz 

Segments Source Max. Gain 180° F/B F/R 
Impedance 2 dBi 0B oB 

3 285-j306 1279 232 224 

5 263-j256 1302 305 234 

7 256-/240 1307 348 23.1 

14 25.1-j229 1309 399 234 

25 249-j220 1310 437 «23.4 

99 247-j215 1340 442 «234 


is usually considered adequate. 

ASL. B. Cebik, WARNL, stated in his ARRL Certi- 
fication and Continuing Education Course on antenna 
modeling: “Like the convergence test, the average gain 
test is a necessary but not a sufficient condition of model 
reliability.” Pass both tests, however, and you can be pretty 
well sure that your model represents reality. Pass only 
one test, and you have reason to worry about how well 
your model represents reality. 

Once again, open the model file Ch4-Mod 
Inverted V Poor Segmentation.EZ. and set Wire Loss to 
zero, Ground Type to Free Space and Plot Type to 
3-Dimensional. Click on the FF Plot button, EZNEC will 
report that the Average Gain is 0.955 = -0.2 dB. This is very 
lose to the lower limit of 0.95 considered valid for excellent 
accuracy. This isa direct result of forcing the segment lengths 
adjacent to the source segment to be considerably shorter 
than the source segment’s length. The gain reported using 
this test would be approximately ~0.2.dB from what it should 
bbe—just what Table 4 alludes to also. 

Now, let's revisit the basic model Ch4-Inverted 
V Dipole.EZ and look at Case 2 in Table 4. Case 2 
amounts to a Convergence test for the basic inverted-V 
model. Since the impedance and gain changes were small 
comparing the basic model to the one using three times 
the number of segments, the model passed the Conver- 
gence test. The Average Gain test for the basic model 
yields a value of 0.991, well within the limits for good 
accuracy. This model has thus passed both tests and can 
be considered accurate, 


Running the Average Gain test for the 5-element Yagi 
(using 11 segments per wire and whose convergence we 
examined in Table 6) yields a value of 0.996, again well 
within the bounds indicating a good model. And the 
simple flattop dipole with 11 segments at 3.75 MHz yields 
an Average Gain result of 0.997, again indicating a very 
accurate model. 


OTHER POSSIBLE MODEL 
LIMITATIONS 


Programs based on the NEC-2 core computational 
code have several well-documented limitations that you 


should know about, Some limitations have been removed 
in the restricted-access NEC-4 core (which is not gener- 
ally available to users), but other limitations still exist, 
even in NEC-4. 


Closely Spaced Wires 

If wires are spaced too close to each other, the 
NEC-2 core can run into problems. If the segments are 
not carefully aligned, there also can be problems with 
accuracy. The worst-case situation is where two wire 
are so close together that their volumes actually merge 
into each other. This can happen where wires are thick, 
parallel to each other and close together. You should ke 
parallel wires separated by at least several diameters. 

For example, #14 wire is 0.064 inches in diameter. The 
rule then is to keep parallel #14 wires separated by more 
than 2 x 0,064 = 0.128 inches. And you should run the Con- 
vergence test to assure yourself that the solution is inde 
converging when you have clo: wires, especially 
To model anten- 
nas containing closely spaced wires, very often you will need 
‘many more segments than usual and you must also car 
fully ensure that the segments line up with each other. 

Things can get a little more tricky when wires cross 
over or under each other, simply because such crossings 
are sometimes difficult to visualize. Again, the rule is to 
keep crossing wires separated by more than two diam- 
eters from each other. And if you intend to join two wires 
together, make sure you do so at the ends of the two win 
using identical end coordinates. When any or all of these 
rules are violated, the Convergence and Average Gain tests 
will usually warn you of potential inaccuracies. 


Parallel-Wire Transmission Lines and LPDAs 


A common example of problems with closely spac 
wires is when someone attempts to model a parallel-wire 
transmission line, NEC-2-based programs usually do not 
work as well in such situations as do MININEC-based 
programs. The problems are compounded if the diam- 
wre different for the two wires simulating a parall 
transmission line. In NEC-2 programs, it is usually 
better to use the built-in “perfect transmission line” fune- 
tion than to try to model closely spaced parallel wires as 
a transmission line. 


For example, a Log Periodic Dipole Array (LPDA) 
is composed of a series of elements fed using a transmis- 
sion line that reverses the phase 180° at each element. In 
other words, the elements are connected to a transmis- 
sion line that reverses connections left-to-right at each 
element. It is cumbersome to do so, but you could model 
such a transmission line using separate wires in EZNEC, 
but it is a potentially confusing and a definitely painstak- 
ing process. Further, the accuracy of the resulting model 
is usually suspect, as shown by the Average Gain test 

Its far easier to use the Trans Lines function from 
the EZNEC main window to accurately model an LPDA. 
See Fig 20, which shows the Trans Lines window for 
the 9302A.EZ 16-clement LPDA. There are 15 transmis- 
sion lines connecting the 16 elements, placed at the 50% 
point on each element, with a 200-Q characteristic 
impedance and with Reversed connections. 


Fat Wires Connected to Skinny Wires 

Another inherent limitation in the NEC-2 computa- 
tional core shows up when modeling several popular ham- 
radio antennas: many Yagis and some quads. 


‘Tapered Elements 
As mentioned before, many Yagis are built using tele~ 
scoping aluminum tubing. This technique saves weight and 
makes for a more flexible and usually stronger element, 
one that can survive wind and ice loading better than a 
ment design. Many vertical antennas are 
‘oping aluminum tubing, 
Unfortunately, native NEC-2 doesn’t model accu- 
rately such tapered elements, as they are commonly 
called. There is, however, a sophisticated and accurate 
work-around for such elements, called the Leeson cor- 
rections. The Leeson corrections, derived by Dave 
Leeson, WONL, from pioneering work by Schelkunoff at 
Bell Labs, compute the diameter and length of an cle- 
ment that is electrically equivalent to a tapered element. 
This monotaper element is much easier to use in a pro- 


Fig 20—Transmission-line window for the 9302A.EZ 
‘16-element LPDA. Note that the transmission lines 
going between elements are “reversed,” meaning 
that they are 180° out-of-phase at each element, a 
requirement for properly feeding an LPDA. 
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Getting Ready 


As already explained, cleanliness in soldering is a major factor in obtaining 
successful results. A soldering iron stand usually has a sponge that is dampened — it wants 
to be quite damp but not running wet, so squeeze out any excess. 


* Dampen the sponge but don t soak it unduly. Note the hole, which gives an edge 
to wipe tip with. 


Table 7 


5-element Yagi at 14.1739 MHz with Telescoping Aluminum Elements 


With Leeson Corrections 


Without Leeson Corrections 


Freq. Source Impedance Gain. F/R Source Impedance Gain F/R 
MHz a Bi a8 Q dBi = dB 
14.0 23.2 -j26.5 1482 © 23.3 22.4-J12.7 14.92 23.4 
44.4 22.7 -j205 1487 22.8 186-125 14.70 216 
14.2 228-148 1487 22.7 66-/4.6 14.01 16.2 
143 225-7119 14.76 215 194/106 10.61 31 
144 14.5 —]105 14.45 19.9 1.6 + 23.7 1115-114 
gram like NEC-2. See Chapter 2, Antenna Fundame 
Table 8 


tals, for more information on the Leeson corr 

EZNEC and other NEC-2 programs can automa 
cally invoke the Leeson corrections, providing that some 
basic conditions are met—and happily, these conditions 


tions. 


are true for the telescoping aluminum-tubing elements 
commonly used as Yagi elements. EZNEC gives you the 
ability (o disable or enable Leeson corrections, under the 
Option menu, under Stepped Diameter Correction, 
EZNEC’s name for the Leeson corrections. Open the 
modeling file $20-40H.EZ, which contains tapered alu- 
minum tubing elements and compare the results using 
and without using the Leeson corrections. 

Table 7 lists the differences over the 20-meter band, 
with the 5-clement Yagi at a height of 70 feet above flat 
ground. You can see that the non-Leeson corrected fig. 
ures are very different from the corrected ones. At 
14.3 MHz, the pattern for the non-corrected Yagi has 
degenerated to a F/R of 3.1 db, while at 14.4 MHz, just 
outside the top of the Amateur band, the pattern for the 
non-corrected antenna actually has reversed. Even at 
14.2 MHz, the non-corrected antenna shows a low source 
impedance, while the corrected version exhibits smooth 
variations in gain, F/R and impedance across the whole 
band, just as the actual antenna exhibits, 


Some Quads 

Some types of cubical quads are made using a combina- 

tion of aluminum tubing and wire elements, particularly in 

Europe where the “Swiss” quad has a wide following. Agai 

NEC-2-based programs don’t handle such tubing/wire el 

‘ments well. It is best to avoid modeling this type of antenna, 

although there are some ways to attempt to get around the 
limitations, ways that are beyond the scope of this chapter. 


NEAR-FIELD OUTPUTS 


FCC regulations set limits on the maximum permis- 
sible exposure (MPE) allowed from the operation of 
radio transmitters. These limits are expressed in terms of 
the electric (V/m) and magnetic fields (A/m) close to an 
antenna, NEC-2-based programs can compute the electric 
and magnetic near fields and the FCC accepts such compu- 
tations to demonstrate that an installation meets their regu- 
latory requirements. See Chapter 1, Safety, in this book. 
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E- and H-Field Intensities for 1500 W into 
5-Element Yagi at 70 Feet on 14.2 MHz 


Height HField E-Field 
Feet (Aim) (Vie) 
0 0.04 44 

10 0.03 13.8 
20 0.04 20.6 
30 0.06 226 
40 0.08 258 
50 0.10 33.8 
60 0.12 415 
70 0.12 443 


We'll continue to use the 5-clement Yagi at 70 feet 
to demonstrate a near-field computation. Open 
(Ch4-520-40H.EZ in EZNEC and choose Setups and then 
eld from the menu at the top of the main window. 
iculate the E-field and H-field intensity for a power 
of 1500 W (chosen using the Options, Power Level 
es from the main menu) in the main beam at a fixed 
, say 50 feet, from the tower base. We'll do this at 
various heights, using 10-foot increments of height, in 
order to see the lobe structure of the Yagi at 70 feet height. 

Table 8 summarizes the total H- and E-field intensi- 
ties as a function of height. As you might expect, the fields 


choi 
distanc 


are strongest directly in line with the antenna at a height 
of 70 feet. At ground level, the total fields are well within 
the FCC limits for rf exposure for both fields. In fact, the 

jelds are within the FCC limits if someone were to stand 
at the tower base, directly under the antenna, 


ANTENNA MODELING SUMMARY 


by necessity 
of antenna mod- 


This section on antenna modeli 
only a brief introduction to the scien 
cling. The subject is partly art as well as science b 
there are usually several ways of creating a model for a 
particular antenna or antennas. 

Indeed, the presence of other wires surrounding a 
particular antenna can affect the performance of that 
antenna. Finally, there are the practical aspects of putting a 
actual antenna up in the real world, We'll explore this next. 


Practical Aspects, Designing Your Antenna System 


The most important time spent in putting together 
an antenna system is the time spent in planning. In Chap- 
ter 3, The Effects of Ground, we outlined the steps needed 
to evaluate how your local terrain can affect HF commu- 
nications. There we emphasized that you need to com- 
pare the patterns resulting from your own terrain to the 
stically relevant elevation angles needed for cov 
age of various geographic areas. (The elevation-angle sta- 
tistics were developed in Chapter 23, Radio Wave 
Propagation and are located on the CD-ROM included 
with this book, as is the terrain-assessment program 
HFTA.) 

The implicit assumptions in Chapter 3 are (1) that 
you know where you want to talk to, and (2) that you'd 
like the most effective system possible. At the start of 
such a theoretical analysis, cost is no object. Practical 
matters, like cost or the desires of your spouse, can come 
later! After all, you're just checking out all the possibil 
ties. If nothing else, you will use the methodology in 
Chapter 3 to evaluate any property you are considering 
buying so that you can build your “dream station.” 

Next, in the first part of this chapter we described 
modeling tools used to evaluate different types of ante 
nas. These modeling tools can help you evaluate what 
type of antenna might be suitable to your own particular 
style of operating. Do you want a Yagi with a lot of 
rejection of received signals from the rear? Let’s say that 
terrain analysis shows that you need an antenna at least 
50 feet high. Do you really need a steel tower, or would a 
simple dipole in the trees serve your communication needs 
just fine? How about a vertical in your backyard? Would 
that be inconspicuous enough to suit your neighbors and 
your own family, yet still get you on the air? 

In short, using the techniques and tools we've pre= 
-nted in Chapters 3, 23 and here in Chapter 4, you can 
scientifically plan an antenna system that will be best 
suited for your own particular conditions. Now, however, 
you have to get practical. Thinking through and planning 
the installation can save a lot of time, money and frustra- 
tion. While no one can tell you the exact steps you should 
take in developing your own master plan, this section, 
prepared originally by Chuck Hutchinson, K8CH, should 
help you with some ideas. 


WHAT DO YOU REALLY WANT? 


Begin planning by spelling out your communications 
desires. What bands are you interested in? Who (or where) 
do you want to talk to? When do you operate? How much 
time and money are you willing to spend on an antenna 
system? What physical limitations affect your master 
plan? 

From the answers to the above questions, begin to 
formulate goals—short, intermediate and long range. Be 
realistic about those goals. Remember that there are three 


station effectiveness factors that are under your control. 
‘These are: operator skill, equipment in the shack, and the 
antenna system. There is no substitute for developing 
operating skills. Some tradeoffs are possible between 
shack equipment and antennas. For example, a high-power 
amplifier can compensate for a less than optimum 
antenna, By contrast, a better antenna has advantages for 
receiving as well as for transmitting. 

Consider your limitations. Are there regulatory 
restrictions on antennas in your community? Are there 
any deed restrictions or covenants that apply to your prop- 
erty? Do other factors (finances, family considerations, 
other interests, and so forth) limit the type or height of 
antennas that you can erect? Alll of these factors must be 
investigated because they play a major role determining 
the type of antennas you erect, 

Chances are that you won't be able to immediately 
do all you desire. Think about how you can budget your 
resources over a period of time, Your resources are your 
money, your time available to work, materials you may 
have on hand, friends that are willing to help, etc. One 
way to budget is to concentrate your initial efforts on a 
given band or two. If your major interest is in chasing 
DX, you might want to start with a very good antenna for 
the 14-MHz band. A simple multiband antenna could ini- 
tially serve for other frequencies. Later you can add bet- 
ter antennas for those other bands. 


SITE PLANNING 


A map of your property or proposed antenna site 
can be of great help as you begin to consider alternative 
antennas. You'll need to know the size and location of 
buildings, trees and other major objects in the area. Be 
sure to note compass directions on your map. Graph or 
quadrille paper (or a simple CAD program) can be very 
useful for this purpose. See Fig 21 for an example. It’s a 
g00d idea to make a few photocopies of your site map so 
you can mark on the copies as you work on your plans. 

Use your map to plan antenna layouts and locations 
of any supporting towers or masts. If your plan calls for 
more than one tower or mast, think about using them as 
supports for wire antennas. As you work on a layout, be 
sure to think in three dimensions even though the map 
shows only two. 

Be sensitive to your neighbors. A 70-foot guyed 
tower in the front yard of a house in a residential neigh- 
borhood is not a good idea (and probably won't comply 
with local ordinances!). You probably will want to locate 
that tower in the back yard. 


ANALYSIS 


Use the information earlier in this chapter and in 
Chapters 3 and 23 to analyze antenna patterns in both 
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Fig 21—A site map such this one is a useful tool for 
planning your antenna installation. 


horizontal and vertical planes towards geographic are 
of interest. If you want to work DX, you'll want ante 
nas that radiate energy at low as well as intermediate 
angles. An antenna pattern is greatly affected by the pres 
ence of ground and by the local topography of the ground, 
Therefore, be sure to consider what effect ground will 
have on the antenna pattern at the height you are consi 
ering. A 70-foot high antenna is approximately ‘/s, 1, 1'/ 
2 and 2 wavelengths (A) high on 7, 14, 21 and 28 MHz 
respectively. Those heights are useful for long-distance 
communications. The same 70-foot height represents only 
U4 at 3.5 MHz, however. Most of the radiated energy 
froma dipole at that height would be concentrated straight 
up. This condition is not great for long-distance commu- 
nication, but can still be useful for some DX work and 
excellent for short-range communications. 

Lower heights can be useful for communications. 
However, itis generally true that “the higher, the better” 
as far as communications effectiveness is concerned. This 
general rule of thumb, of course, should be tempered by 
an exact analysis of your local terrain. Being located at 
the top of a steep hill can mean that you can use lower 
tower heights to achieve good coverage 

There may be cases where itis not possible to install 
low-frequency dipoles at 2/4 or more above the ground. 
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A vertical antenna with many radials is a good choice for 
long-distance communications. You may want to install 
both a dipole and a vertical for the 3.5- or 7-MHz bands. 
On the 1.8-MHz band, unless extremely tall supports are 
available, a vertical antenna is likely to be the most use- 
ful for DXing. You can then choose the antenna that per- 
forms best for a given set of conditions. A low dipole 
will generally work better for shorter-range communica- 
tions, while the vertical will generally be the better per- 
former over longer distances. 

Consider the azimuthal pattern of fixed antennas. 
You'll want to orient any fixed antennas to favor the 
directions of greatest interest to you, 


BUILDING THE SYSTEM 


When the planning is completed, it is time to begin 
construction of the antenna system, Chances are that you 
can divide that construction into a series of phases or 
steps. Say, for example, that you have lots of room and 
that your long-range plan calls for a pair of towers, one 
100-feet high, and the other 70-feet high, to support 
monoband Yagi antennas. The towers will also support a 
horizontal 3.5-MHz dipole, for DX work. On your map 
you've located them so the 80-meter dipole will be broad- 
side to Europe. You decide to build the 70-foot tower with 
a “triband” beam and 80- and 40-meter inverted-V 
dipoles to begin the project. 

In your master plan you design the guys, anchors 
and all hardware for the 70-foot tower to support the load 
of stacked 4-element 10- and 15-meter monobanders 
Yagis. So you make sure you buy a heavy-duty rotator 
and the stout mast needed for the monoband antennas 
later, Thus you avoid having to buy, and then sell, a 
medium-duty rotator and lighter weight tower equipment 
later on when you upgrade the station. You could have 
saved money in the long run by putting up a monoband 
beam for your favorite band, but you decided that for now 
itis more important to have a beam on 14, 21 and 28 MHz, 
so you choose a commercial triband Yagi. 

‘The second step of your plan calls for installing the 
ond tower and stacking a 2-element 40-meter and a 
4-element 20-meter monoband Yagi on it. You also plan 
to replace the tribander on the 70-foot tower with stacked 
4-element 10- and 15-meter monoband Yagis. Although 
this is still a “dream system” you can now apply some of 
the modeling techniques discussed earlier in this chapter 
to determine the overall system performance. 


Modeling Interactions at Your Dream Station 

In this analysis we're going to assume that you have 
sufficient real estate to separate the 70- and 100-foot tow- 
ers by 150 feet so that you can easily support an 80-meter 
dipole between them. We'll also assume that you want 
the 80-meter dipole to have its maximum response at a 
heading of 45° into Europe from your location in 
Newington, Connecticut. The dipole will also have a lobe 
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Fig 22—Layout for two-tower antenna system, at 70 
and 100 feet high and 150 feet apart. The 70-foot tower 
hhas a 4-element 10-meter Yagi at 80 feet on a 10-foot 
rotating mast and a 4-element 15-meter Yagi at 70 feet. 
‘An 80-meter dipole goes from the 70-foot tower to the 
100-foot tower, which holds a 2-element 40-meter Yagi 
at 110 feet and a 4-element 20-meter Yagi at 100 feet. In 
this figure all the rotatable Yagis are facing the 
direction of Europe and the currents on the 15-meter 
Yagi are shown. Note the significant amount of current 
re-radiated by the nearby 80-meter dipole. 


facing 225° towards the USA and New Zealand, making 
ita good antenna for both domestic contacts and DX work. 

Let's examine the interactions that occur between the 
rotatable Yagis for 10, 15, 20 and 40 meters. See Fig 22, 
sely exaggerates the magnitude of the currents 
jement 15-meter Yagi mounted at 70 feet. Here, 
of Yagis have been rotated so that they are point- 
ing into Europe. There is a small amount of current ra 
ated onto the 10-meter antenna but virtually no current is 
radiated onto the 40- and 20-meter Yagis. This is good. 

However, significant current is radiated onto, and then 
re-radiated, by the 80-meter dipole. This undesired current 
affects the radiation pattern of the 15-meter antenna, as 
shown in Fig 23, which overlays the pattern of the 4-cl 
‘ment 15-meter Yagi by itself with that of the Ya 
ing with the other antennas. You ‘ripple 
azimuthal response of the 15-meter Yagi due to the effect 
of the 80-meter dipole’s re-radiation. The magnitude of the 
ripples is about 1 dB at worst, so they don’t seriously affect 
the forward pattern (into Europe), but the rearward lobes 
are degraded somewhat, to just below 20 dB 

Fig 23 also shows the worst-case situation for the 
15-meter Yagi. Here, the 15- and 10-meter stack has been 
turned clockwise 90°, facing the Caribbean, while the 40- 


Max, Gain = 14.04 81 


Fig 23—An overlay of azimuth patterns. The solid line 
Is the radiation pattern for the 15-meter Yagi all by 
Itself. The dashed line is the pattern for the 15-meter 
Yagi, as affected by all the other antennas. The dotted 
line is the pattern for the 15-meter Yagi when itis 
pointed toward the Caribbean, with the Yagis on the 
100-foot tower pointed toward the 70-foot tower. The 
peak response of the 15-meter Yagi has dropped by 
about 1.5 dB. 
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Fig 24—The layout and 15-meter currents when the Yagis 
on the 100-foot tower are pointed toward the 70-foot 
tower. The 15-meter Yagi has been rotated to face the 
direction of the 100-foot tower (toward the Caribbean). 


and 20-meter Yagis on the 100-foot tower have been 
turned counter-clockwise 90° (in the direction of Japan) 
to face the 70-foot tower holding the 10/15-meter Yagis. 
‘You can see the layout and the currents in Fig 24. Now 
the 40- and 20-meter Yagis re-radiate some 15-meter 


Antenna Modeling & System Planning 4-21 


10M to Europe 
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Fig 25—The radiation patterns for the 10-meter Yagi. 
The solid line Is the 10-meter Yagi by itself. The dashed 
line Is for the same Yagi, with all other antenna 
interactions. The dotted line shows the worst-case 
pattern, with the stacked Yagis on the 100-foot tower 
facing the 70-foot tower and the 10-meter Yagi pointed 
toward the Caribbean. Again, the peak response of the 
‘10-meter Yagi has dropped about 1.5 dB in the worst- 
case situation. 


energy and reduce the maximum gain by about 1.5 dB. 
Note that in this direction the 80-meter dipole no longer 
has 15-meter energy radiated onto it by the 15-meter Yagi 

The shape of the patterns will change depending on 
whether you specify “current” or “voltage” sources in the 
models for the other antennas, since this effectively oper 
up or shorts the feed points at the other antennas so far as 
15-meter energy is concerned. In practice, this means that 
the interaction between antennas will vary somewhat 
depending on the length of the feed lines going to each 
antenna and whether cach feed line is open-circuited or 
short-circuited when it is not in use. 


‘You can now see that interactions between various 
antennas pointing in different directions can be signi 
cant in a real-world antenna system. In general, high 
frequency antennas are affected by re-radiation from 
lower-frequency antennas, rather than the other way 
around, Thus the presence of a 10- or 15-meter stack does 
not affect the 20-meter Yagi at all. 

Modeling can also help determine the minimum 
king distance required between monoband Yagis on 
the same rotating mast. In this case, stacking the 10- and 
15-meter monobanders 10 feet apart holds down int 
tion between them so that the pattern and gain of the 


4-22 Chapter 4 


ed adversely. Fig 25 demon- 
is in the European direction, where the patterns 
for the 10-meter beam by itself looks very clean com- 
pared to the same Yagi separated by 10 feet from the 
15-meter Yagi below it. The worst-case situation is point- 
ing towards the Caribbean, when the 40- and 20-meter 
stack is facing the 70-foot tower. This drops the 10-meter 
gain down about 1.5 dB from maximum, indicating sig- 
nificant interaction is occurring. 

In this situation you might find it best to place the 
70-foot tower in the direction closest to the Caribbean if 
this direction is very important to you. Doing so will, 
however, cause the pattern in the direction of the Far East 
to be affected on 10 and 15 meters. You have the model- 
ing tools necessary to evaluate various configurations to 

ve whatever is most important to you. 


COMPROMISES 

Because of limitations, most amateurs are never able 
to build their dream antenna system. This means that some 
compromises must be made. Do not, under any circum- 
stances, compromise the safety of an antenna installation, 
Follow the manufacturer's recommendations for tower 
assembly, installation and accessories. Make sure that all 
hardware is being used within its ratings. 

Guyed towers are frequently used by radio amateurs 
because they cost less than more complicated unguyed or 
freestanding towers with similar ratings. Guyed towers are 
fine for those who can climb, or those with a friend who is, 
willing to climb, But you may want to consider an antenna 
tower that folds over, or one that cranks up (and down). 
Some towers crank up (and down) and fold over too. See 
Fig 26. That makes for convenient access to antennas for 
adjustments and maintenance without climbing. Crank-up 
towers also offer another advantage. They allow antennas 
to be lowered during periods of no operation, such as for 
aesthetic reasons or during periods of high winds. 

A well-designed monoband Yagi should outperform 
multiband Yagi. In a monoband design the best adjust- 
‘ments can be made for gain, front-to-rear ratio (F/R) and 
matching, but only for a single band. In a multiband 
design, there are always tradeoffs in these properties for 
the ability to operate on more than one band. Neverthe- 
less, a multiband antenna has many advantages over two 
or more single band antennas. A multiband antenna 
requires less heavy-duty hardware, requires only one feed 
line, takes up less space and it costs less. 

Apartment dwellers face much greater limitations 
in their choice of antennas. For most, the possibility of a 
tower is only a dream. (One enterprising ham made 
arrangements to purchase a top-floor condominium from 
a developer. The arrangements were made before con- 
struction began, and the plans were altered to include a 
roof-top tower installation.) For apartment and condo- 
minium dwellers, the situation is still far from hopeless 
A later section presents ideas for consideration. 


Fig 26—Alternatives to a guyed tower are shown here. At A, the crank-up tower permits working on antennas at 
reduced height. It also allows antennas to be lowered during periods of no operation. Motor-driven versions are 
available. The fold-over tower at B and the combination at C permit working on antennas at ground level. 


EXAMPLES: 


You can follow the procedure previously outlined 
to put together modest or very large antenna systems. 
What might a ham put together for antennas when he or 
she wants to try a little of everything, and has a modest 
budget? Let’s suppose that the goals are (1) low cost, (2) 
no tower, (3) coverage of all HF bands and the repeater 
portion of one VHF band, and (4) the possibility of work- 
ing some DX. 

After studying the pages of this book, the station 
owner decides to first put up a 135-foot center-fed 
antenna. High trees in the back yard will serve as sup- 
ports to about 50 feet. This antenna will cover all the HF 
bands by using a balanced feeder and an antenna tuner. It 
should be good for DX contacts on 10 MHz and above, 
and will probably work okay for DX contacts on the lower 
bands. However, her plan calls for a vertical for 3.5 and 
7 MHz to enhance the DX possibilities on those bands. 
For VHF, a chimney-mounted vertical is included. 


ANOTHER EXAMPLE 


A licensed couple has bigger ambitions. Goals for 
their station are (1) a good setup for DX on 14, 21 and 
28 MHz, (2) moderate cost, (3) one tower, (4) ability to 
work some DX on 1.8, 3.5 and 7 MHz, and (5) no need 
to cover the CW portion of the bands. 

After considering the options, the couple d 
install a 65-foot guyed tower. A large commercial triband 
Yagi will be mounted on top of the tower. The center of a 
trap dipole tuned for the phone portion of the 3.5- and 
7-MHz bands will be supported by a wooden yardarm 
installed at the 60-foot level of the tower, with ends droop- 
ing down to form an inverted V. An inverted L for 
1.8 MHz starts near ground level and goes up to a similar 
yardarm on the opposite side of the tower. The horizon- 
tal portion of the inverted L runs away from the tower at 
right angles to the trap dipole. Later, the husband will 
experiment with sloping antennas for 3.5 MHz. If those 
experiments are not successful, a 2/4 vertical will be used 
oon that band. 


cides to 
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Apartment 


A complete and accurate assessment of antenna types, 
antenna placement and feed-line placement is very impor- 
tant for the apartment dweller. Among the many pos 
ties for types are balcony antennas, invisible ones (made 
of fine wire), vertical antennas disguised as flag poles or 
as masts with a TV antenna on top, and indoor antennas. 
‘A number of amateurs have been successful negot 
ating with the apartment owner or manager for permi 
jon to install a short mast on the roof of the building. 
Coaxial lines and rotator control cables might be routed 
through conduit troughs or through ductwork. If you live 
in one of the upper stories of the building, routing the 
cables over the edge of the roof and in through a window 
might be the way to go. There is a story about one ama- 
teur who owns a triband beam mounted on a 10-foot mast. 
But even with such a short mast, he is the envy of all his 
amateur friends because of his superb antenna height. His 
‘mast stands on top of a 22-story apartment building, 
Usually the challenge is to find ways to install 
's, Nearby tre’ 
etc. For example, a simple but effective balcony antenna 
is a dangling vertical. Attach a thin wire to the tip of a 
mobile whip or a length of metal rod or tubing. Then 
mount the rigid part of the antenna horizontally on the 
balcony rail, dangling the wire over the edge. The antenna 
is operated against the balcony railing or other metallic 
framework. A matching network is usually required at 
the antenna feed point. Metal in the building will likely 
give a directivity effect, but this may be of little conss 


ing out 


Antennas for 


It is not always practical to erect full-size antennas 
for the HF bands. Those who live in apartment buildings 
may be restricted to the use of minuscule radiators 
because of house rules, or simply because the required 
space for full-size antennas is unavailable, Other am: 
teurs may d 
perhaps to keep peace with neighbors who do not share 
their enthusiasm about high towers and big antennas, 
‘There are many reasons why some amateurs prefer to use 
ly-shortened antennas. This section discusses 
rns and various ways of building and using 
them effectively. You will find that modeling antennas 
by computer, even compromised “stealth antennas,” can 
help you determine the most practical system possible 
for your particular circumstances—before you go through 
the effort of stringing up wirc 

Few compromise antennas are capable of deliv 
ing the performance you can expect from the full-size 
variety. But the patient and skillful operator can often do 
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Possibilities 


quence and perhaps even an advantage. The antenna may 
be removed and stored when not in use. 

Frequently, the task of finding an inconspicuous 
route for a feed line is more difficult than the antenna 
installation itself. When Al Francisco, KINHV, lived in 
an apartment, he used a tree-mounted vertical antenna. 
The coax feeder exited his apartment through a window 
and ran down the wall to the ground. Al buried the 
tion of line that went from under the window to a nearby 
tree. At the tree, a section of enameled wire was con- 
nected to the coax center conductor. He ran the wire up 
the side of the tree away from foot traffic. A few short 
radials completed the installation. The antenna worked 
fine, and was never noticed by the neighbors. 

See Chapters 6, Low-Frequency Antennas, and 
Chapter 15, Portable Antennas, for ideas about low-fre- 
quency and portable antennas that might fit into your 
available space. Your options are limited as much by your 
imagination and ingenuity as by your pocketbook. 
Another option for apartment dwellers is to operate away 
from home. Some hams concentrate on mobile operation 
as an alternative to a fixed station. It is possible to make 
alot of contacts on HF mobile, Some have worked DXCC 
that way. 

Suppose that you like VHF contests. Because of 
other activities, you are not particularly interested in 
operating VHF outside the contests. Why not take your 
equipment and antennas to a hilltop for the contests? 
Many hams combine a love for camping or hiking with 
their interest in radio. 


Limited Space 


as well as some who are equipped with high power and 
full-size antennas. Someone with a reduced-size antenna 
may not be able to “bore a hole” in the bands as often 
and with the commanding dispatch enjoyed by those who 
are better equipped, but DX can be worked successfully 
when band conditions are suitable. 


INVISIBLE ANTENNAS 


‘We amateurs don’t regard our antennas as eyesores: 
in fact, we almost always regard them as works of art! 
But there are occasions when having an outdoor or vis 
ible antenna can present problems. 

‘When we are confronted with restrictions—self- 
imposed or otherwise—we can take advantage of a num- 
ber of options toward getting on the air and radiating at 
east a moderately effective signal. In this context, a poor 
tainly better than no antenna at all! This 
ibes a number of techniques that enable us 
to use indoor antennas or “invisible” antennas outdoors, 


a 


Fig 27—The clothesline antenna is more than it 
appears to be. 
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Fig 28—The “invisible” end-fed antenna, 


Many of these systems will yield good-to-excellent results 
for local and DX contacts, depending on band conditions 
at any given time. The most important consideration is 
that of not erecting any antenna that can present a hat 
ard (physical or electrical) to humans, animals and build- 
ings. Safety first! 


Clothesline Antenna 


Clotheslines are sometimes attached to pulleys 
(Fig 27) so that the user can load the line and retrieve the 
laundry from a back porch. Laundry lines of this variety 
are accepted parts of the neighborhood “scenery,” and 
can be used handily as amateur antennas by simply i 
lating the pulleys from their support points. This calls 
for the use of a conducting type of clothesline, such as 
heavy gauge stranded electrical wire with Teflon or 
nyl insulation. A high quality, flexible steel cable 
(stranded) is suitable as a substitute if you don’t mind 
cleaning it before clothing is hung on it. 

‘A jumper wire can be brought from one end of the 
line to the ham shack when the station is being operated. 
If a good electrical connection exists between the wire 
clothesline and the pulley, a permanent connection can 
bbe made by connecting the lead-in wire between the pul- 


ley and its insulator. An antenna tuner can be used to 
match the “invisible” random-length wire to the trans- 


mitter and receiver. 


Invisible Long Wire 

A wire antenna is not actually a “long wire” unless 
it is one wavelength or greater in length. Yet many ama- 
teurs refer to (relatively) long physical spans of conduc~ 
tor as long wires. For the purpose of this discussion we 
will assume we have a fairly long span of wire, and refer 
to it as an end-fed wire antenna 

If we use small-diameter enameled wire for our end- 
fed antenna, chances are that it will be very difficult to 
see against the sky and neighborhood scenery. The smaller 
the wire, the more invisible the antenna will be. The lim- 
iting factor with small wire is fragility. A good compro- 
mise is #24 or #26 magnet wire for spans up to 130 fet; 
lighter-gauge wire can be used for shorter spans, such as 
30 or 60 feet. The major threat to the longevity of fine 
wire is icing. Also, birds may fly into the wire and break 
it. Therefore, this style of antenna may require frequent 
service or replacement. 

Fig 28 illustrates how you might install an invisible 
cend-fed wire. It is important that the insulators also be 
lacking in prominence. Tiny Plexiglas blocks perform this 
function well. Small-diameter clear plastic medical vials 
are suitable also. Some amateurs simply use rubber bands 
for end insulators, but they will deteriorate rapidly from 
sun and air pollutants. They are entirely adequate for 
short-term operation with an invisible antenna, however. 


Rain Gutter and TV Antennas 


A great number of amateurs have taken advantage 
of standard house fixtures when contriving inconspicu- 
ous antennas. A very old technique is the use of the gutter 
and downspout system on the building. This is shown in 
Fig 29, where a lead wire is routed to the operating room 
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Fig 29—Rain gutters and TV antenna installations can 
be used as inconspicuous Amateur Radio antennas. 


Antenna Modeling & System Planning 4-25 


from one end of the guiter trough. We must assume that 
the wood to which the gutter is affixed is dry and of good 
quality to provide reasonable electrical insulation. The 
rain gutter antenna may perform quite poorly during wet 
weather or when there is ice and snow on it and the house 
roof 


All joints between gutter and downspout sections 
must be bonded electrically with straps of braid or flash- 
ing copper to provide good continuity in the system. Poor 
joints can permit rectification of RF and subsequently 
cause TVI and other harmonic interference. Also, it is 
prudent to insert a section of plastic downspout about 
8 feet above ground to prevent RF shocks or burns to 
passersby while the antenna is being used. Improved per- 
formance may result if you join the front and back gutt 
of the house with a jumper wire to increase the area of 
the antenna. 

Fig 29 also shows a TV or FM antenna that can be 
employed as an invisible amateur antenna. Many of these 
antennas can be modified easily to accommodate the 144- 
or 222-MHz bands, thereby permitting the use of the 
300- line as a feeder system. Some FM antennas can be 
used on 6 meters by adding #10 bus wire extensions to 
the ends of the elements, and adjusting the match for an 
SWR of 1:1. If 300-Q line is used it will require a balun 
or antenna tuner to interface the line with the station 
equipment, 

For operation in the HF bands, the TV or FM antenna 
feeders can be tied together at the transmitter end of the 
span and the system treated as a random length wire. If 
this is done, the 300-9 line will have to be on TV stand- 
off insulators and spaced well away from phone and power 
company service entrance lines. Naturally, the TV or FM 
radio must be disconnected from the system when it 
used for amateur work! Similarly, masthead amplifiers 
and splitters must be removed from the line if the system 
is to be used for amateur operation. If the system is mostly 
vertical, a good RF ground system with many radials 
around the base of the house should be used to improve 
performance. 

‘A very nice top-loaded vertical can be made from a 
length of TV mast with a large TV antenna on the top. 
Radials can be placed on the roof or at ground level with 
the TV “feed line” acting as part of the vertical. There is 
an extensive discussion of loaded verticals and radial sy 
tems in Chapter 6, Low-Frequency Antennas, 


Flagpole Antennas 
We can exhibit our patriotism and have an invisible 
amateur antenna at the same time by disguising our 
antenna as shown in Fig 30, The vertical antenna is a wire 
that has been placed inside a plastic or fiberglass pole. 
The flagpole antenna shown is structured fora single 
amateur band, and it is assumed that the height of the 
pole corresponds to a quarter wavelength for the chosen 
band. The radials and feed line can be buried in the ground 
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Fig 30—A flagpole antenni 


as shown. In a practical installation, the sealed end of the 
coax cable would protrude slightly into the lower end of 
the plastic pole 

If a large-diameter fiberglass pole were available, a 
multiband trap vertical may be concealed inside it. Or 
you might use a metal pole and bury a water-tight box at 
its base, containing fixed-tuned matching networks for 
the bands of interest. The networks could then be selected 
remotely by means of relays inside the box. A 30-foot 
flagpole would provide good results in this kind of sys- 
tem, provided it was used in conjunction with a buried 
radial system, 

Still another technique is one that employs a wooden 
flagpole, A small diameter wire can be stapled to the pole 
and routed to the coax feeder or matching network. The 
halyard could by itself constitute the antenna wire if it 
were made from heavy-duty insulated hookup wire. There 
are countless variations for this type of antenna, and they 
are limited only by the imagination of the amateur. 


Other Invisible Antennas 


‘Some amateurs have used the metal fence on apart- 
‘ment verandas as antennas, and have had good results on 
the upper HF bands (14, 21 and 28 MHz). We must pre- 
sume that the fences were not connected to the steel 
framework of the building, but rather were insulated by 
the concrete floor to which they were affixed. These ve- 
randah fences have also been used effectively as ground 
systems (counterpoises) for HF-band vertical antennas 
put in place temporarily after dark. 

One amateur in New York City uses the fire escape 
on his apartment building as a 7-MHz antenna, and he 
reports good success working DX stations with it, Another 


apartment dweller makes use of the aluminum frame on 
his living room picture window as an antenna for 21 and 
28 MHz. He works it against the metal conductors of the 
baseboard heater in the same room, 

‘Many jokes have been told over the years about bed- 
spring antennas. The idea is by no means absurd. Bed- 
springs and metal end boards have been used to advantage 
as antennas by many apartment dwellers as 14, 21 and 
28 MHz radiators. A counterpoise ground can be routed 
along the baseboard of the room and used in combina- 
tion with the bedspring. It is important to remember that 
any independent (insulated) metal object of reasonable 
size can serve as an antenna if the transmitter can be 
matched to it, An amateur in Detroit once used his 
Shopsmith craft machine (about 5 feet tall) as a 28 MHz 
antenna. He worked a number of DX stations with it when 
band conditions were good. 

‘A number of operators have used metal curtain rods 
and window screens for VHF work, and found them to 
be acceptable for local communications. Best results with 
any of these makeshift antennas will be had when the 
“antennas” are kept well away from house wiring and 
other conductive objects, 


INDOOR ANTENNAS 


Without question, the best place for your antenna is 
outdoors, and as high and in the clear as possible. Some 
of us, however, for legal, social, neighborhood, family or 
landlord reasons, are restricted to indoor antennas. Hav- 
ing to settle for an indoor antenna is certainly a handi 
for the amateur secking effective radio communi 
but that is not enough ré 
despair. 

First, we should be aware of the 


tion, 
ison to abandon all operation in 


isons why indoor 

antennas do not work well. Principal faults are: 

* Low height above ground—the antenna cannot be 
placed higher than the highest peak of the roof, a point 
usually low in terms of wavelength at HE 

‘* The antenna must function in a lossy RF environment 
involving close coupling to electrical wiring, gutt 

plumbing and other parasitic conductors, besid 
dielectric losses in such nonconductors as wood, pla 
ler and masonry 

‘* Sometimes the antenna must be made small in terms 
of a wavelength. 

‘* Usually it cannot be rotated. 


These are appreciable handicaps. Nevertheless, glo- 
bal communication with an indoor antenna is still pos 
sible, although you must be sure that you are not exposing 
anyone in your family or nearby neighbors to excessive 
Chapter 1, Safety, in this book. 

I points in favor of the indoor antenna 


Some pra 
include: 


‘* Freedom from weathering effects and damage caused 
by wind, ice, rain and sunlight (the SWR of an attic 


antenna, however, can be affected somewhat by a wet 
oor snow-covered roo!) 

‘Indoor antennas can be made from materials that would 
be altogether impractical outdoors, such as aluminum 
foil and thread (the antenna need support only its own 
weight) 

+ The supporting structure is already in place, eliminat- 
ing the need for antenna masts 

‘© The antenna is readily accessible in all weather condi- 
tions, simplifying pruning or tuning, which can be 
accomplished without climbing or tilting over a tower. 


Empiricism 

A typical house or apartment presents such a com- 
plex electromagnetic environment that it is impossible to 
predict theoretically which location or orientation of the 
indoor antenna will work best. This is where good old 
fashioned cut-and-try, use-what-works-best empiricism 
pays off. But to properly determine what really is most 
suitable requires an understanding of some antenna mea- 
suring fundamentals 

Unfortunately, many amateurs do not know how to 
evaluate performance scientifically or compare one antenna 
with another. Typically, they will put up one antenna and 
try it out on the air to see how it “gets out” in comparison 
with a previous antenna. This is obviously a very poor 
evaluation method because there is no way to know if the 
better or worse reports are caused by changing band con- 
ditions, different S-meter characteristics or any of several 
other factors that could influence the reports received 

Many times the difference between two antennas or 
between two different locations for identical antennas 
amounts to only a few decibels, a difference that is hard 
to discern unless instantaneous switching between the two 
is possible. Those few decibels are not important under 
strong signal conditions, of course, but when the going 
gets rough, as is often the case with an indoor antenna, a 
few dB can make the difference between solid copy and 
no possibility of real communication. 

Very little in the way of test equipment is needed 
for casual antenna evaluation, other than a communica- 
tions receiver. You can even do a qualitative comparison 
by ear, if you can switch antennas instantaneously. Dif- 
ferences of less than 2 dB, however, are still hard to dis- 
cern. The same is true of S-meters. Signal strength 
differences of less than a decibel are usually difficult to 
see. If you want to mi 
you should use a good ac voltmeter at the receiver audio 
output (with the AGC turned off). 

In order to compare two antennas, switching the 
coaxial transmission line from one to the other is neces- 
sary. No elaborate coaxial switch is needed; even a simple 
double-throw toggle or slide switch will provide more 
than 40 dB of isolation at HF. See Fig 31. Switching by 
means of manually connecting and disconnecting coaxial 
lines is not recommended because that takes too long. 
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% An Antex soldering iron tip. It simply slides onto the irons heating element. Only 
the extreme end is wettable and will accept solder: the tip should be kept nice and shiny. 


Soldering iron bits are typically iron-plated to resist wear, then chrome-plated to 
prevent molten solder being deposited on them, with the extreme tip being “wettable” to 
work with molten solder. Before using the iron to make a joint, the hot tip must be 
“tinned” with a few millimetres of solder: you should always flood a brand new tip with 
plenty of solder to tin it immediately, when using it for the first time. 


lp 


% Tinning the tip ready for use: apply a few millimetres of solder to the hot tip. 


Wipe off excess solder using a damp sponge and it’s ready to use. That’s why 
sponges have a hole or well in them — the edge acts as a wiper and the hole catches excess 
solder, 


A useful tip: after tinning the bit, just before using the iron it helps to re-apply a 
small amount of solder to a clean tip, to improve the thermal contact between the tip and 
the joint. The molten solder fills the void between the materials and the iron tip, to help 
transfer heat better so that the solder flows more quickly and easily. 


Fig 31—When antennas are compared on fading 
signals, the time delay involved in disconnecting and 
reconnecting coaxial cables is too long for accurate 
‘measurements. A simple slide switch will do well for 
switching coaxial lines at HF. The four components can 
be mounted in a tin can or any small metal box. Leads 
should be short and direct. J1 through J3 are coaxial 
connectors. 


Fading can cause signal-strength changes during the 
changeover interval. 

Whatever difference shows up in the strength of the 
received signal will be the difference in performance 
between the two antennas in the direction of that signal 
For this test to be valid, both antennas must have nearly 
the same feed-point impedance, a condition that is reason- 
ably well met if the SWR is below 2:1 on both antennas. 

On ionospheric propagated signals (sky wave) there 
will be constant fading, and for a valid comparison it will 
be necessary to take an average of the difference between 
the two antennas. Occasionally, the inferior antenna will 
deliver a stronger signal to the receiver, but in the long 
run the law of averages will put the better antenna ahead. 

Of course with a ground-wave signal, such as that 
from a station across town, there will be no fading prob- 
Jems. A ground-wave signal will enable the operator to 
properly evaluate the antenna under test in the direction 
of the source. The results will be valid for ionospheri 
propagated signals at low elevation angles in that dires 
tion. On 28 MHz, all sky-wave signals arrive and leave 
at low angles. But on the lower bands, particularly 3.5 
and 7 MHz, we often use signals propagated at high 
evation angles, almost up to the zenith. For these angles 
a ground-wave test between local stations may not pro- 


vide a proper evaluation of the antenna, and use of sky 
wave signals becomes necessary. 
Dipoles 


AUHF the most practical indoor antenna is usually 
the dipole. Attempts to get more gain with parasitic el 
‘ments will usually fail because of close proximity to the 
ground or coupling to house wiring. Beam antenna 
dimensions determined outdoors will not usually be valid 
for an attic antenna because the roof structure will cause 
dielectric loading of the parasitic elements. It is usually 
more worthwhile to spend time optimizing the location 


4-28 Chapter 4 


and performance of a dipole than to try to improve results 
with parasitic elements. 

Most attics are not long enough to accommodate 
half-wave dipoles for 7 MHz and below. I this is the 


shape of the antenna will depend on the dimer 
configuration of the attic. Remember that the 
the dipole carries the most current and therefore does most 
of the radiating. This part should be as high and unfolded 
as possible. Because the dipole ends radiate less energy 
than the center, their orientation is not as important. They 
do carry the maximum voltage, nevertheless, so care 
should be taken to position the ends far enough from other 
conductors to avoid arcing, 

‘The dipole may end up being L-shaped, Z-shaped, 
U-shaped or some indescribable corkscrew shape. 
depending on what space is available, but reasonable per- 
formance can often be had even with such a non-straight 
arrangement. Fig 32 shows some possible configurations. 
Multiband operation is possible with the use of open-wire 
feeders and an antenna tuner. 

One alternative not shown here is the aluminum-foil 
dipole, which was conceived by Rudy Stork, KASFSB. 
He suggests mounting the dipole behind wallpaper or in 
the attic, with portability, ease of construction and 
adjustment, and economy in design among its desirable 
features. This antenna should also display reasonably 
good bandwidth resulting from the large area of its con- 
ductor material. If coaxial feed is used, some pruning of 
an attic antenna to establish minimum SWR at the band 
center will be required. Tuning the antenna outdoors and 
then installing it inside is usually not feasible since the 
behavior of the antenna will not be the same when placed 
in the attic. Resonance will be affected somewhat if the 
antenna is bent. 

Even if the antenna is placed in a straight line, para- 
siti conductors and dielectric loading by nearby wood 
structures can affect the impedance. Trap and loaded 
dipoles are shorter than the full-sized versions, but are 
comparable performers. Trap dipoles are discussed in 
Chapter 7, Multiband Antennas, and loaded dipoles in 
Chapter 6, Low-Frequency Antennas. 


Dipole Orientation 

Theoretically a vertical dipole is most effective at 
low radiation angles, but practical experience shows that 
the horizontal dipole is usually a better indoor antenna. 
A high horizontal dipole does exhibit directional effects 
at low radiation angles, but you will not be likely to see 
much, if any, directivity with an attic-mounted dipole. 
Some operators place two dipoles at right angles to each 
other with provisions at the operating position for switch- 
ing between the two. Their reasoning is the radiation pat- 
terns will inevitably be distorted in an unpredictable 
manner by nearby parasitic conductors. There will be little 
coupling between the dipoles if they are oriented a right 


Be es é LEO 


© @ os é nate 
ote te Sale ie 


angles to each other as shown in Figs 33A and 33B. There 
will be some coupling with the arrangement shown in 
Fig 33C, but even this orientation is preferable to a single 
dipole. 

With two antennas mounted 90° apart, 
that one dipole is consistently better in nearly all diree- 
tions, in which case you will want to remove the inferior 
dipole, perhaps placing it someplace else. In this manner 
the best spots in the house or attic can be determined 
experimentally. 


you may find 


“ 


Parasitic Conductors 


Inevitably, any conductor in your house near a quar- 
ter wave in length or longer at the operating frequency 
will be parasitically coupled to your antenna. The word 
parasitic is particularly appropriate in this case because 
es these conductors usually introduce losses and leave less 
energy for radiation into space. Unlike the parasitic ele- 
ments in a beam antenna, conductors such as house wir- 
ing and plumbing are usually connected to lossy objects 


f es such as earth, electrical appliances, masonry or other 
objects that dissipate energy. Even where this energy is 
reradiated, itis not likely to be in the right phase in the 

ha desired direction; it is, in fact, likely to be a source of 
RFL 
Fig 33—Ways to orient a pair of perpendicular dipoles. 

eres o ® The orientation at Aand B will result in no mutual 

3 9—€_3-— coupling between the two dipoles, but there will be 


some coupling in the configuration shown at C. End 
(El) and center (Ci) insulators are shown. 
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There are, however, some things that can be done 
about parasitic conductors. The most obvious is to reroute 
them at right angles to the antenna or close to the ground, 
or even underground—procedures that are usually not 
feasible in a finished home. Where these conductors can- 
not be rerouted, other measures can be taken. Electrical 
wiring can be broken up with RF chokes to prevent the 
flow of radio-frequency currents while permitting 60-Hz 
current (or audio, in the case of telephone wires) to flow 
unimpeded. A typical RF choke for a power line can be 
100 turns of #10 insulated wire close wound on a length 
tic pipe. Of course one choke will 
ich conductor. A three-wire line calls for 
three chokes. The chokes can be simplified by winding 
them bifilar or trifilar on a single coil form. 


THE RESONANT BREAKER 


Obviously, RF chokes cannot be used on condue~ 
tors such as metal conduit or water pipes. But it is still 
possible, surprising as it may seem, to obstruct RF cur- 
rents on such conductors without breaking the metal. The 
resonant breaker was first described by Fred Brown, 
WOHPH, in Oct 1979 QST. 


Fig 34—A “resonant breaker” such as shown here can 
be used to obstruct radio-frequency currents in a 
‘conductor without the need to break the conductor 
physically. A vernier dial is recommended for use with 
the variable capacitor because tuning Is quite sharp. 
‘The 100-pF capacitor Is in series with the loop. This 
resonant breaker tunes from 14 through 29.7 MHz. 
Larger models may be constructed for the lower 
frequency bands. 
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Fig 34 shows a method of accomplishing this. A fig- 
ight loop is inductively coupled to the parasitic con- 
ductor and is resonated to the desired frequency with a 
variable capacitor. The result is a very high impedance 
induced in series with the pipe, conduit or wire. This 
impedance will block the flow of radio-frequency cur- 
rents. The figure-eight coil can be thought of as two turns 
of an air-core toroid and since the parasitic conductor 
threads through the hole of this core, there will be tight 
coupling between the two. Inasmuch as the figure-eight 
coil is parallel resonated, transformer action will reflect 
a high impe with the linear conductor. 

Before you bother with a resonant breaker of this 
type, be sure that there is a significant amount of RF cur- 
rent flowing in the parasitic conductor, and that you will 
therefore benefit from installing one. The relative ma 
nitude of this current can be determined with an RF cur- 
rent probe of the type described in Chapter 27, Antenna 
and Transmission-Line Measurements. According to the 
rule of thumb regarding parasitic conductor current, if it 
measures less than ‘/10 of that measured near the center 
of the dipole, the parasitic current is generally not large 
enough to be of concern. 

‘The current probe is also needed for resonating the 
breaker after itis installed. Normally, the resonant breaker 
will be placed on the parasitic conductor near the point 
of maximum current. When it is tuned through resonance, 
there will be a sharp dip in RF current, as indicated by 
the current probe. Of course, the resonant breaker will be 
effective only on one band. You will need one for each 
band where there is significant current indicated by the 
probe. 


Power-Handling Capability 

So far, our discussion have not considered the full 
power-handling capability of an indoor antenna. Any ten- 
dency to flash over must be determined by running full 
power or, preferably, somewhat more than the peak power 
you intend to use in regular operation. The antenna should 
be carefully checked for arcing or RF heating before you 
do any operating. Bear in mind that attics are indeed vul- 
nerable to fire hazards. A potential of several hundred 
volts exists at the ends of a dipole fed by the typical 
Amateur Radio transmitter. If a power amplifier is used, 
there could be a few thousand volts at the ends of the 
dipole. Keep your antenna elements well away from other 
objects. Safety first! 


Construction Details and Practical Considerations 


Ultimately the success of an antenna project depends 
on the details of how the antenna is fabricated. A great 
deal of construction information is given in other chap- 
ters of this book. For example the construction of HF 
is is discussed in Chapter 11, Quad arrays in Chapter 
12, VHF antennas in Chapter 18, and in Chapter 20 there 
is an excellent discussion of antenna materials, partic 
larly wire and tubing for elements. Here is still more help- 
ful antenna construction information. 


END EFFECT 


Ifthe standard expression 2/2 = 491.8/ (MHz) is used 
for the length of a 2/2 wire antenna, the antenna will reso- 
nate at a somewhat lower frequency than is desired. The 
reason is that in addition to the effect of the conductor 
diameter and ground effects (Chapter 3, The Effects of 
Ground) an additional “loading” effect is caused by the 
insulators used at the ends of the wires to support the 
antenna. The insulators and the wire loops that tie the 
insulators to the antenna add a small amount of capaci 
tance to the system. This capacitance helps to tune the 
antenna to a slightly lower frequency, in much the same 
way that additional capacitance in any tuned circuit low- 
the resonant frequency. In an antenna this is called end 
effect. The current at the ends of the antenna does not quite 
reach zero because of the end effect, as there is some cur- 
rent flowing into the end capacitance. Note that the com- 
putations used to create Figs 2 through 7 in Chapter 2, 
Antenna Fundamentals, did not take into account any end 
effect 

End effect ine 


ses with frequency and vari. 
slightly with different installations. However, at freque 
cies up to 30 MHz (the frequency range over which wire 
antennas are most commonly used), experience shows that 
the length of a practical 2/2 antenna, including the effect 
of diameter and end effect, is on the order of 5% le 
than the length of a half wave in space. As an average, 
then, the physical length of a resonant 4/2 wire antenna 
can be found from: 


468 
T (MHz) 


4491.80.95 
(MHz) 


(Eq 1) 


Eq 1 is reasonably accurate for finding the physical 
length of a A/2 antenna for a given frequency, but does not 
apply to antennas longer than a half wave in length. In the 
practical case, if the antenna length must be adjusted to 
exact frequency (not all antenna systems require it) the 
length should be “pruned” to resonance. Note that the use 
of plastic-insulated wire will typically lower the resonant 
frequency of a half-wave dipole about 3%. 


INSULATORS 


Wire antennas must be insulated at the ends, Com- 


Fig 35—Some ideas for homemade antenna insulators. 


mercially available insulators are made from ceramic, 
glass or plastic. Insulators are available from many Ama- 
tcur Radio dealers. RadioShack and local hardware stores 
are other possible sources. Acceptable homemade insu- 
lators may be fashioned from a variety of material 
including (but not limited to) acrylic sheet or rod, PVC 
tubing, wood, fiberglass rod or even stiff plastic from a 
discarded container. Fig 35 shows some homemade 
insulators. Ceramic or glass insulators will usually outlast 
the wire, so they are highly recommended for a safe, 
reliable, permanent installation. Other materials may tear 
under stress or break down in the presence of sunlight 
Many types of plastic do not weather well. 


INSTALLING TRANSMISSION LINES 


Many wire antennas require an insulator at the feed 
point. Although there are many ways to connect the feed 
line, there are a few things to keep in mind. If you feed 
your antenna with coaxial cable, you have two choie 

You can install an $O-239 connector on the center insu- 


Fig 36—Some homemade dipole center insulators. The 
one in the center includes a built-in S0-239 connector. 
Others are designed for direct connection to the feed 
Tine. 
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Fig 37—Details of dipole antenna construction. At A, the end insulator connection Is shown. At B, the completed 
antenna Is shown. A balun (not shown) Is often used at the feed point, since this is a balanced antenna. 


lator, as shown by the center example in Fig 36, and use 
a PL-259 on the end of your coax, or you can separate 
the center conductor from the braid and connect the feed 
line directly to the antenna wire as shown in the other 
two examples in Fig 36 and the example in Fig 37, 
Although it costs less to connect direct, the use of con- 
nectors offers several advantages. Coaxial cable braid 
soaks up water like a sponge unless it is very well water- 
proofed. If you do not adequately seal the antenna end of 
the feed line, water will find its way into the braid. Water 
in the feed line will lead to contamination, rendering the 
coax useless long before its normal lifetime is up. Many 
hams waterproof the coax, first with vinyl electrical tap. 
and then using a paint-on material called “PlastiDip,” 
which is sold by RadioShack (part number 910-5166 for 
the white variety), 

Itis not uncommon for water to drip from the end of 
the coax inside the shack after a year or so of service if 
the antenna connection is not properly waterproofed. Use 
of a PL-259/SO-239 combination (or connector of your 
choice) makes the task of waterproofing connections 
much easier. Another advantage to using the PL-259/ 
‘SO-239 combination is that feed-line replacement is much 
easier, should that become necessary. 

Whether you use coaxial cable, ladder line, or twin 
lead to feed your antenna, an often overlooked consid 


ation is the mechanical strength of the connection. Wire 
antennas and feed lines tend to move a lot in the breeze, and 
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Fig 38—A piece of cut Plexiglas can be used as a 
center insulator and to support a ladder-line feeder. 
The Plexiglas acts to reduce the flexing of the wires 
where they connect to the antenna. Use thick Plexiglas 
in areas subject to high winds. 


unless the feed line is attached securely, the connection will 
‘weaken with time. The resulting failure can range from a 
frustrating intermittent electrical connection to a complete 

aration of feed line and antenna. Fig 37 and Fig 38 illus- 
trate different ways of attaching either coax or ladder line to 
the antenna securely 

When open-wire feed line is used, the conductors 
of the line should be anchored to the insulator by thread- 
ing them through the eyes of the insulator two or three 
times, and twisting the wire back on itself before solder- 
ing. A slack tie wire should then be used between the 
feeder conductor and the antenna, as shown in Fig 38. 
(The tie wires may be extensions of the line conductors 
themselves.) When window-type line is suspended from 
an antenna in a manner such as that shown in Fig 38, the 
line should be twisted—at several twists per foot—to pr 
vent stress hardening of the wire because of constant flex- 
ing in the wind. 

‘When using plastic-insulated open-wire line, the 
dency of the line to twist and short out close to the antenna 
can be counteracted by making the center insulator of 
the antenna longer than the spacing ofthe line, as shown 
in Fig 38. In severe wind ar sary to 
use Mi 


than thinner material 


RUNNING THE FEED LINE FROM THE 
ANTENNA TO THE STATION 


Chapter 24, Transmission Lines, contains some ge: 
eral guidelines for installing feed lines. More detailed 
information is contained in this section. Whenever po 
sible, the transmission line should be lead away from the 
antenna at a 90° angle to minimize coupling from the 
antenna to the transmission line. This coupling can cause 
unequal currents on the transmission line, which will then 
radiate and it can detune the antenna. 

Except for the portion of the line in close proximity 
to the antenna, coaxial cable requires no particular care 
in running from the antenna to the station entrance, other 
than protection from mechanical damage. If the antenna 
is not supported at the center, the line should be fastened 
to a post more than head high located under the center of 
the antenna, allowing enough slack between the post and 
the antenna to take care of any movement of the antenna 
in the wind. If the antenna feed point is supported by a 
tower or mast, the cable can be taped to the mast at inter- 
vals or to one leg of the tower, 

Coaxial cable rated for direct burial can be buried a 
few inches in the ground to make the run from the antenna 
to the station. A deep slit can be cut by pushing a square- 
end spade full depth into the ground and moving the 
handle back and forth to widen the slit before removing 
the spade. After the cable has been pushed into the slit 
with a piece of I-inch board 3 or 4 inches wide, the slit 
can be tamped closed. Many hams run coax cables through 
PVC pipe buried in the ground deeper than the frost line 


van 


Fig 39—A support for open-wire line. The support at 
the antenna end of the line must be sufficiently rigid to 
stand the tension of the line. 


and slanted downward 


ghtly so that water will drain, 
rather than pooling inside the length of the pipe. 

Solid ribbon or the newer window types of line 
should be kept reasonably well spaced from other con- 
ductors running parallel to it for more than a few feet. 
‘TV-type standoff insulators with strap clamp mountings 
can be used for running this type of line down a mast or 
tower leg, Similar insulators of the screw-in type can be 
used in supporting the line on wooden poles for a long 

Open-wire lines with bare conductors require fre- 
quent supports to keep the lines from twisting and short- 
ing out, as well as to relieve the mechanical strain. One 
method of supporting a long horizontal run of heavy open- 
wire line is shown in Fig 39. The line must be anchored 
securely at a point under the feed point of the antenna. 
Window-type line can be supported similarly with wire 
links fastened to the insulators or with black cable ties 
(ones not affected by UV radiation from the sun). 

‘To keep the line clear of pedestrians and vehicles. it is 
usually desirable to anchor the feed line at the eaves or rafter 
line of the station building (see Fig 40), and then drop it 
vertically to the point of entrance. The points of anchorage 
and entrance should be chosen to permit the vertical drop 
without crossing windows for aesthetic 

Ifthe station is located in a room on the ground floor, 
one way of bringing coax transmission line into the house 
is to go through the outside wall below floor level, feed it 
through the basement or crawl space and then up to the 
station through a hole in the floor. When making the 
entrance hole in the side of the building, suitable mea- 
surements should be made in advance to be sure the hole 
will go through the sill 2 or 3 inches above the founda- 
tion line (and between joists if the bore is parallel to the 
joists). The line should be allowed to sag below the 
entrance hole level outside the building to allow rain water 
to drip off 

Open-wire line can be fed in a similar manner, 
although it will require a separate hole for each conduc- 
tor. Each hole should be insulated with a length of poly- 
styrene or Lucite tubing. If available, ceramic tubes 
salvaged from old-fashioned knob and tube electrical 
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Fig 40—Anchoring open-wire line at the station end. The 
springs are especially desirable if the line is not 


supported between the antenna and the anchoring point. 


stallations, work very well for this purpose. Drill the 
holes with a slight downward slant toward the outside of 
the building to prevent rain seepage. With window lad- 
der line, it will be necessary to remove a few of the 
spreader insulators, cut the line before passing through 
the holes (allowing enough length to reach the inside) 
and splice the remainder on the inside. 


Fig 42—Feedthrough connector for coax line. An 
‘Amphenol 83-1J (PL-258) connector, the type used to 
splice sections of coax line together, is soldered into a 
hole cut in a brass mounting flange. An Amphenol 
bulkhead adapter 83-1F may be used instead. 
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Fig 41—An adjustable window lead-in panel made up of 
two sheets of Lucite or Plexiglas. A feedthrough 
connector for coax line can be made as shown in Fig 28. 
Ceramic feedthrough insulators are suitable for open- 
wire line. (W1RVE) 


Ifthe station is located above ground level, or if there 
is other objection to the procedure described above. 
entrance can be made at a window, using the arrange- 
ment shown in Fig 41. An Amphenol type 83-1F 
(UG-363) connector can be used as shown in Fig 42; 
ceramic feedthrough insulators can be used for open-wire 
line. Ribbon line can be run through clearance holes in 
the panel, and secured by a winding of tape on either 
ide of the panel, or by cutting the retaining rings and 
insulators from a pair of TV standoff insulators and 
clamping one on each side of the panel. 


LIGHTNING PROTECTION 


‘Two o three types of lightning arresters for coaxial 
cable are available on the market. If the antenna feed point 
is at the top of a well-grounded tower, the arrester can be 
fastened securely to the top of the tower for grounding 
purposes. A short length of cable, terminated in a coaxial 
plug, is then run from the antenna feed point to one 
receptacle of the arrester, while the transmission line is 
run from the other arrester receptacle to the station. Such 
arresters may also be placed at the entrance point to the 


station, ifa suitable ground connection is available at that 
point (or arresters may be placed at both points for added 
insurance) 


Fig 43—A simple lightning arrester for open-wire line 
made from three standoff or feedthrough insulators 
and sections of '/e x ‘-inch brass or copper strap. It 
should be installed in the line at the point where the 
line enters the station. The heavy ground lead should 
be as short and as direct as possible. The gap setting 
should be adjusted to the minimum width that will 
prohibit arcing when the transmitter Is operated. 


The construction of a homemade arrester for open- 
wire line is shown in Fig 43. This type of arrester can be 
adapted to ribbon line an inch or so away from the center 
member of the arrester, as shown in Fig 44. Sufficient 
insulation should be removed from the line where it 
crosses the arrester to permit soldering the arrester con- 
necting 


Lightning Grounds 

Lightning-ground connecting leads should be of 
conductor size equivalent to at least #10 wire. The #8 
aluminum wire used for TV-antenna grounds is satisfac 
tory. Copper braid "s-inch wide (Belden 8662-10) is also 
suitable. The conductor should run in a straight line to 
the grounding point. The ground connection may be made 
to a water pipe system (if the pipe is not plastic), the 
grounded metal frame of a building, or to one or more 
Sfwinch ground rods driven to a depth of at least 8 feet. 
More detailed information on lightning protection is con- 
tained in Chapter 1, Safety. 

A central grounding panel for coax cables coming 
into the house is highly recommended. See Fig 48 for a 
photo of the homemade grounding panel installed by 
Chuck Hutchinson, K8CH, at his Michigan home. The 
coax cables screwed into dual-female feed-through UHF 
connectors. K8CH installed this aluminum panel under 
the outside grill for a duct that provided combustion air 
to an unused fireplace. He used ground strap to connect 
to ground rods located under the panel. See the ARRL 


Fig 44—The lightning arrester of Fig 39 may be used 
with 300-0 ribbon line in the manner shown here. The 
TV standoffs support the line an inch or so away from 
the grounded center member of the arrester 


Fig 45—K8CH's coax entry panel mounted on exterior 
wall (later covered by grill that provides combustion to 
an unused fireplace). The ground braid goes to a 
ground rod located beneath the panel. (Photo courtesy: 
‘Simple and Fun Antennas for Hams) 


book Simple and Fun Antennas for more information 
about ground panels 

Before a lightning storm approaches, a prudent ham 
will disconnect all feed lines, rotor lines and control lines 
inside the shack to prevent damage to sensitive electron- 
ics. When lightning is crashing about outside, you ¢: 
tainly don’t want that lightning inside your shack! 
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A loop antenna is a closed-circuit antenna—that 
is, one in which a conductor is formed into one or more 
turns so its two ends are close together. Loops can be 
divided into two general classes, those in which both 
the total conductor length and the maximum linear di- 
mension of a turn are very small compared with the 
wavelength, and those in which both the conductor 
length and the loop dimensions begin to be comparable 
with the wavelength 

A“small” loop can be considered to be simply a rather 
large coil, and the current distribution in such a loop is the 
same as in a coil. That is, the current has the same phase 
and the same amplitude in every part of the loop. To meet 
this condition, the total length of conductor in the loop 
must not exceed about 0.1 2. Small loops are discussed 
later in this chapter, and further in Chapter 14, Direction 
Finding Antennas. 

A “large” loop is one in which the current is not the 
same either in amplitude or phase in every part of the loop. 
This change in current distribution gives rise to entirely 
different properties compared with a small loop. 


Half-Wave Loops 

‘The smallest size of “large” loop generally used is 
fone having a conductor length of '/ A. The conductor is 
usually formed into a square, as shown in Fig 1, making 
each side '/s % long. When fed at the center of one side, 
the current flows in a closed loop as shown in Fig 1A. 
‘The current distribution is approximately the same as on 
a "fh wire, and so is maximum at the center of the side 
opposite the terminals X-Y, and minimum at the ter 
nals themselves. This current distribution causes the field 
strength to be maximum in the plane of the loop and in 
the direction looking from the low-current side to the 
high-current side. If the side opposite the terminals is, 


opened at the center as shown in Fig 1B (strictly speaking, 
it is then no longer a loop because it is no longer a closed 
circuit), the direction of current flow remains unchanged 
but the maximum current flow occurs at the terminals. This 
reverses the direction of maximum radiation. 


‘The radiation resistance at a current antinode (which is 
also the resistance at X-Y in Fig 1B) is on the order of 50 ©. 
‘The impedance at the terminals in Fig 1A is a few thousand 
ohms. This can be reduced by using two identical loops side 
by side with a few inches spacing between them and apply- 
ing power between terminal X on one loop and terminal Y on 
the other. 

Unlike a '/2 2 dipole or a small loop, there is no din 
tion in which the radiation from a loop of the type shown in 
Fig 1 is zero. There is appreciable radiation in the di 
perpendicular to the plane of the loop, as well as to the 
the opposite direction to the arrows shown. The front-to-back 
(F/B) ratio is approximately 4 to 6 dB. The small size and the 
shape of the directive pattern result in a loss of about 1 dB. 
‘when the field strength in the optimum direction from such a 


Each Side=n6 
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Fig 1—Half-wave loops, consisting of a single turn 
having a total length of ‘Vs 2. 
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* A tinned tip should look like this, ready to make the next joint. 


It’s sometimes better to tin larger parts as well before making the joint itself, but this 
is not generally necessary with p.c.b. work, Small tinlets of special paste are available 
onto which you dab a hot iron - the product cleans and tins the iron ready for use. It’s 
useful in extreme cases where the bit has some stubborn contamination. 


I find special Tip Tinner &Cleaner products to be very useful: gently abrasive in 
action, they help to clean dirty bits and keep them in good condition. Use them for 
removing stubborn contaminants, but don’t overdo it. 


loop is compared with the 
optimum direction, 

‘The ratio of the forward radiation to the backward radia- 
tion can be increased, and the field strength likewise 
increased at the same time to give a gain of about | dB over 
a dipole, by using inductive reactances to “load” the sides 
joining the front and back of the loop. This is shown in 
Fig 2. The reactances, which should have a value of 
approximately 360 ©, decrease the current in the sides in 
which they are inserted and increase it in the side having 
terminals. This increases the directivity and thus increases 
the efficiency of the loop as a radiator. Lossy coils can re- 
duce this advantage greatly 


ld from a '/: A dipole in its 


One-Wavelength Loops 

Loops in which the conductor length is 1 have dif- 
ferent characteristics than'/-A loops. Three forms of 1 A 
loops are shown in Fig 3. At A and B the sides of the 
squares are equal to '/:, the difference being in the point 
a which the terminals are inserted. At C the sides of the 
triangle are equal to '/s 4. The relative direction of cur- 
rent flow is as shown in the drawings. This direction 
reverses halfway around the perimeter of the loop, as such 
reversals always occur at the junction of each '/-A sec 
tion of wire. 

The directional characteristics of loops of this type 
are opposite in sense to those of a small loop. That is, the 
radiation is maximum perpendicular to the plane of the 
oop and is minimum in either direction in the plane con- 
taining the loop. If the three loops shown in Fig 3 are 
mounted in a vertical plane with the terminals at the bot- 
tom, the radiation is horizontally polarized. When the 
terminals are moved to the center of one vertical side in 
Fig 3A, or toa side corner in B, the radiation is vertically 
polarized. If the terminals are moved to a side corner in 
C, the polarization will be diagonal, containing both ver 
tical and horizontal components. 

In contrast to straight-wire antennas, the electrical 
length of the circumference of a 1-A loop is shorter than 
the actual length. For a loop made of bare #18 wire and 
operating at a frequency of 14 MHz, where the ratio of 
conductor length to wire diameter is large, the loop will 
be close to resonance when 


1032 


Length gr 

The radiation resistance of a resonant 1% loop is 
approximately 120 Q, under these conditions. Since the 
loop dimensions are larger than those of a '/s-A dipole, 
the radiation efficiency is high. 
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Fig 2—Inductive loading in the sides of a "A loop to 
increase the directivity and gain. Maximum radiation or 
response is in the plane of the loop, in the direction 
‘shown by the arrow. 
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Fig 3—At A and B, loops having sides "/ 4 long, and at 
C having sides "song (total conductor length 1 2). 
The polarization depends on the orientation of the loop 
and on the position of the feed point (terminals X-Y) 
around the perimeter of the loop. 


In the direction of maximum radiation (that is, broad- 
side to the plane of the loop, regardless of the point at 
which it is fed) the 1-2 loop will show a small gain over 
a ‘hh dipole. Theoretically, this gain is about I dB, and 
measurements have confirmed that itis of this order. 

‘The 1-2. loop is more frequently used as an element 
of a directive antenna array (the quad and delta-loop 
antennas described in Chapter 12, Quad Arrays) than 
singly, although there is no reason why it cannot be used 
alone. Inthe quad and delta loop, itis nearly always driven 
so that the polarization is horizontal 


Small Loop Antennas 


‘The electrically small loop antenna has existed in vari- 
‘ous forms for many years. Probably the most familiar form 
of this antenna is the ferrite loopstick found in portable AM 
broadcast-band receivers. Amateur applications of the small 
loop include direction finding, low-noise directional receiv- 
ing antennas for 1.8 and 3.5 MHz, and small transmitting 
antennas. Because the design of transmitting and receiving 
loops requires some different considerations, the two situa- 
tions are examined separately in this section. This informa- 
tion was written by Domenic M. Mallozzi, NIDM 


The Basic Loop 


What is and what is not a small loop antenna? By 
definition, the loop is considered to be electrically small 
when its total conductor length is less than 0.1 —0.085 
is the number used in this section. This size is based on 
the fact that the current around the perimeter of the loop 
must be in phase. When the winding conductor is more 
than about 0.085 4 long, this is no longer true. This con- 
straint results in a very predictable figure-eight radiation 
pattern, shown in Fig 4 

‘The simplest loop is a I-turn untuned loop with a 
load connected to a pair of terminals located in the 
ter of one of the sides, as shown in Fig 5. How its pattern 
is developed is easily pictured if we look at some “snap- 
shots” of the antenna relative to a signal source. Fig 6 
represents a loop from above, and shows the instanta- 
neous radiated voltage wave. Note that points A and B of 
the loop are receiving the same instantaneous voltage. 
This means that no current will flow through the loop. 
because there is no current flow between points of equal 
potential, A similar analysis of Fig 7, with the loop turned 
90° from the position represented in Fig 6, shows that 


Fig 4—Calculated small loop antenna radiation pattern. 


this position of the loop provides maximum res 
course, the voltage derived from the passing wav. 
because of the small physical size of the loop. Fig 4 shows 
the ideal radiation pattern for a small loop. 

‘The voltage across the loop terminals is 


2mANE cos 0 


oltage across the loop terminals 
-a of loop in square meters 

umber of turns in the loop 

F field strength in volts per meter 

@ = angle between the plane of the loop and the signal 


source (transmitting station) 
2. = wavelength of operation in meters 


u 


Fig 5—Simple untuned small loop antenna. 
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Fig 6—Example of orientation of loop antenna that does 
not respond to a signal source (null in pattern). 
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Fig 7—Example of orientation of loop antenna for 
maximum response. 


‘This equation comes from aterm called effective height. 
eight refers to the height (Length) of a verti- 
cal piece of wire above ground that would deliver the same 


voltage to the receiver. The equation for effective height is 
2nNA 
(Eq2) 
x 
where h is in meters and the other terms are as for Eq 1 


A few minutes with a calculator will show that, with 
the constraints previously stated, the loop antenna will have 
a very small effective height. This means it will deliver a 
relatively small voltage to the receiver, even with a large 
transmitted signal, 


TUNED LOOPS 


‘We can tune the loop by placing a capacitor across the 
antenna terminals. This causes a larger voltage to appear 
across the loop terminals because of the Q of the parallel 
resonant circuit that is formed. 

‘The voltage across the loop terminals is now given by 
2HANEQessd eos 
where Q is the loaded Q of the tuned circuit, and the other 
terms are as defined above. 

‘Most amateur loops are of the tuned variety. For this 
reason, all comments that follow are based on tuned-loop 
antennas, consisting of one or more turns. The tuned-loop 
antenna has some particular advantages. For example, it puts 
high selectivity up at the “front” of a receiving system, wher 
it can significantly help factors such as dynamic range. 
Loaded Q values of 100 or greater are easy to obtain with 
careful loop construction 

Consider a situation where the inherent selectivity 
of the loop is helpful. Assume we have a loop with a Q 
of 100 at 1.805 MHz. We are working a DX station on 
1.805 MHz and are suffering strong interference from a 
local station 10 kHz away. Switching from a dipole to a 
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small loop will reduce the strength of the off-frequeney sig- 
nal by 6 dB (approximately one $ unit). This, in effect, in- 
crea range of the r f the 
off-frequency station were further off frequency, the attenu- 
ation would be greater, 


s the dynami ver. In fact, 


Another way the loop can help is by using the nulls 
in its pattern to null out on-frequency (or slightly off- 


frequency) interference. For example, say we are work- 
ing a DX station to the north, and just I KHz away is 
another local station engaged in a contact. The local sta- 
tion is to our west. We can simply rotate our loop to put 
its null to the west, and now the DX station should be 
readable while the local will be knocked down by 60 or 
more dB. This obviously is quite a noticeable difference. 
Loop nulls are very sharp and are generally noticeable 
only on ground-wave signals (more on this later). 

Of course, this method of nulling will be effective 
only if the interfering station and the station being worked 
tion (or in exact opposite direc- 
tions) from our location. If the two stations were on the 
same line from our location, both the station being worked 


are not in the same dirt 


and the undesired station would be nulled out. Luckily 
the nulls are very sharp, so as Iong as the stations are at 
least 10° off axis from each other, the loop null will be 


usable. 


A similar use of the nulling capability is to elimi- 
nate local noise interference, such as that from a light 
Just put the null on the 

offending light dimmer, and the noise should disappe: 
Now that we have seen some possible uses of the 


dimmer in a neighbor’s hous 


small loop, let us look at a bit of detail about its design, 
First, the loop forms an inductor having a very small ra- 
tio of winding length to diameter. The equations for find- 
ing inductance given in most radio handbooks assume 
that the inductor coil is longer than its diameter. How- 
ever, F. W, Grover of the US National Bureau of Stan- 
dards has provided equations for inductors of common. 


tios. ( 


ectional shapes and small length-to-diameter ra- 
the Bibliography at the end of this chapter.) 
Grover’s equations are shown in Table 1. Their use will 
yield relatively accurate numbers; results are easily 
worked out with a scientific calculator or home computer. 
‘The value of a tuning capacitor for a loop is easy to 


calculate from the standard resonance equations. The only 
matter to consider before calculating this is the value of 
distributed capacitance of the loop winding. This capaci- 
tance shows up between adjacent turns of the coil be- 
cause of their slight difference in potential. This causes 

ich turn to appear as a charge plate. As with all other 
capacitances, the value of the distributed capacitance is 


‘based on the physical dimensions of the coil. An exact 
mathematical analysis of its value is a complex problem. 
A simple approximation is given by Medhurst (see Bibli- 
ography) as: 


C=HD (Eq 4) 


where 
C= distributed capacitance in pF 
H =a constant related to the length-to-diameter ratio 
Of the coil (Table 2 gives H values for length-to- 
diameter ratios used in loop antenna work.) 
D = diameter of the winding in em 


Medhurst’s work was with coils of round cross 
section. For loops of square cross section the distributed 
capacitance is given by Bramslev (see Bibliography) as 


c= 60S 


(Eq 5) 


the distributed capacitance in pF 
the length of the side in meters 


If you convert the length in this equation to centime- 
you will find Bramslev’s equation gives results in the 
same order of magnitude as Medhurst’s equation. 

‘This distributed capacitance appears as if it were a 
capacitor across the loop terminals. Therefore, when d 
mining the value of the tuning capacitor, the distributed 
capacitance must be subtracted from the total capacitance 
required to resonate the loop. The distributed capacitance 
also determines the highest frequency at which a particular 
loop can be used, bi iis the minimum capacitance 
obtainable. 


Electrostatically Shielded Loops 

Over the years, many loop antennas have incorporated 
an electrostatic shield. This shield generally takes the form 
of a tube around the winding, made of a conductive but non- 
magnetic material (such as copper or aluminum). Its pur- 
pose is to maintain loop balance with respect to ground, by 
forcing the capacitance between all portions of the loop and 
ground to be identical. This is illustrated in Fig 8. It is neces: 
sary {0 maintain electrical loop balance to eliminate what 
referred to as the antenna effect. When the antenna becom 
unbalanced it appears to act partially as a small vertical 
antenna. This vertical pattern gets superimposed on the ideal 
‘nt pattem, distorting the pattern and filling in the 
nulls. The type of pattern that results is shown in Fig 9 

Adding the shield has the effect of somewhat reduc- 
ing the pickup of the loop, but this loss is generally off- 
set by the increase in null depth of the loops. Proper 
balance of the loop antenna requires that the load on the 
loop also be balanced. This is usually accomplished by 
use of a balun transformer or a balanced input preampli- 
fier. One important point regarding the shield is that it 
cannot form a continuous electrical path around the loop 
perimeter, or it will appear as a shorted coil turn. Usually 
the insulated break is located opposite the feed point to 
maintain symmetry. Another point to be considered is that 
the shield should be of a much larger diameter than the 
loop winding, or it will lower the Q of the loop. 

Various construction techniques have been used in 


Table 1 


Inductance Equations for Short Coils (Loop 
Antennas) 


Triangle: 
L (uH) = 0.006N? s 


1.1547sN 0.1348 (N +1) ¢ 
in + 0.65533 + 


Nei? SN 


Square: 


L(uH)=0.008N s 


[ml [aes 4142sN) 


Nee 


J. o.ared2. 23999H94) 
—sN 


Hexagon: 
L(uH)=0.012Nes 

(_2sN_ ) ,0.1348(N+ 1)¢ 
[n( get] +0-95500 = 
Octagon: 


L(uH)=0.016N? 


[n( Se -0.751 43 + 0.07153(N+1)é Fl 
where 
N= number of turns 


s = side length in cm 
oll length in em 


Note: In the case of single-turn coils, the diameter of the 
conductor should be used for 


Table 2 


Values of the Constant H for Distributed 
Capacitance 


Length to 
Diameter Ratio 

0.10 0.96 
0.15 0.79 
0.20 0.78 
0.25 0.64 
0.30 0.60 
0.35 0.57 
0.40 0.54 
0.50 0.50 
1.00 0.46 


Loop Antennas 5-5 


Capacitance from Shiels to conductor 


‘Smal Gag 
Uniform Around Circumference sf 
Electrostatic FE 
‘Shiels K 
ct ce 
toReceiver to Receiver 
w @) 


Fig 8—At A, the loop is unbalanced by capacitance to 
its surroundings. At B, the use of an electrostatic 


shield overcomes this effect. 


«Pattern 


es 


Fig 9—Distortion in loop pattern resulting from antenna 
effect. 


making shielded loops. Genaille located his loop wind- 
ing inside aluminum conduit, while True constructed an 
aluminum shield can around his winding. Others have 
used pieces of Hardline to form a loop, using the outer 
conductor as a shield, DeMaw used flexible coax with 
the shield broken at the center of the loop conductor in a 
multiturn loop for 1.8 MHz, Goldman uses another shield- 
ing method for broadcast receiver loops. His shield is in 
the form of a barrel made of hardware cloth, with the 
loop in its center. (See Bibliography for above references.) 
All these methods provide sufficient shielding to main- 
lain the balance. It is possible, as Nelson shows, to con- 
struct an unshielded loop with good nulls (60 dB or better) 
by paying great care to symmetry. 


LOOP Q 


As previously mentioned, Q is an important consi 
ation in loop performance because it determines both the 
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loop bandwidth and its terminal voltage for a given field 
strength. The loaded Q of a loop is based on four major 
factors. These are (1) the intrinsic Q of the loop winding, 
(2) the effect of the load, (3) the effect of the 
shield, and (4) the Q of the tuning 

‘The major factor is the Q of the winding of the loop 
elf. The ac resistance of the conductor caused by skin 
effect is the major consideration. The ac resistance for cop- 
per conductors may be determined from 


0.996 x 10° VF 


Eq 6 
7 46) 
where 
R = resistance in ohms per foot 
f= frequency, Hz 
d= conductor diameter, inches 
‘The Q of the inductor is then easily determined by tak- 


ing the reactance of the inductor and dividing it by the ac 
resistance. If you are using a multiturn loop and are a per- 
fectionist, you might also want to include the loss from con- 
ductor proximity effect. This effect is described in detail 
later in this chapter, in the section on transmitting loops. 

Improvement in Q can be obtained in some cases by 
the use of Litz wire (short for Litzendraht). Litz wire con- 
sists of strands of individual insulated wires that are woven 
into bundles in such a manner that each conductor occupies 
each location in the bundle with equal frequency. Litz wire 
results in improved Q over solid or stranded wire of equiva- 
lent size, up to about 3 MHz. 

Also, the Q of the tuned circuit of the loop antenna 
is determined by the Q of the capacitors used to resonate 
it. In the case of air variables or dipped micas this is not 
usually a problem. But if variable-capacitance diodes are 
used to remotely tune the loop, pay particular attention 
to the manufacturer's specification for Q of the diode at 
the frequency of operation, The tuning diodes can have a 
significant effect on circuit Q 

Now we consider the effect of load impedance on 
loop Q. In the case of a directly coupled loop (as in 
Fig 5), the load is connected directly across the loop ter- 
minals, causing it to be treated as a parallel resistance in 
a parallel-tuned RLC circuit. Obviously, if the load is of 
a low value, the Q of the loop will be low. A simple way 
to correct this is to use a transformer to step up the load 
impedance that appears across the loop terminals. In fact, 
if we make this transformer a balun, it also allows us to 
use our unbalanced receivers with the loop and maintain 
loop symmetry. Another solution is to use what is referred 
to as an inductively coupled loop, such as DeMaw’s four 
turn electrostatically shielded loop. A one-turn link is 
connected to the receiver. This turn is wound with the 
four-turn loop. In effect, this builds the transformer into 
the antenna. 

Another solution to the problem of load impedance on 
loop Q is to use an active preamplifier with a high imped- 


‘ance balanced input and unbalanced output. This method 
also has the advantage of amplifying the low-level output 
voltage of the loop to where it can be used with a receiver of 
even mediocre sensitivity. In fact, the Q of the loop when 
used with a balanced preamplifier having high input imped- 
lance may be so high as to be unusable in certain applic: 
tions. An example of this situation would occur where a 
loop is being used to receive a 5 KHz wide AM signal at a 
frequency where the bandwidth of the loop is only 1.5 kHz. 
In this case the detected audio might be very distorted. The 
solution to this is to put a Qudegrading resistor across the 
loop terminals. 


FERRITE-CORE LOOP ANTENNAS 


‘The ferrite-core loop antenna is a special case of the 
air-core receiving loops considered up to now. Because of 
its use in every AM broadcast-band portable radio, the fer 
rite-core loop is, by quantity, the most popular form of the 
loop antenna. But broadcast-band reception is far from it 
only use; it is commonly found in radio-direction-finding 
equipment and low-frequency-receiving systems (below 
500 kHz) for time and frequency standard systems. In 
recent years, design information on these types of antennas, 
has been a bit sparse in the amateur literature, so the next 
few paragraphs are devoted to providing some details. 
Ferrite-loop antennas are characteristically very small 
compared to the frequency of use. For example, a 3.5-MHz 
version may be in the range of 15 to 30 cm long and about 
1.25 cm in diameter. Earlier in this chapter, effective height 
was introduced as a measure of loop sensitivity. The effet 
tive height of an air-core loop antenna is given by Eq 2 


® 


Fig 10—At A, an air-core loop has no effect on nearby 
field lines. B illustrates the effect of a ferrite core on 
nearby field lines. The field is altered by the reluctance 
of the ferrite material. 


If an air-core loop is placed in a field, in essence it 
cuts the lines of flux without disturbing them (Fig 10A). 
(On the other hand, when a ferrite (magnetic) core is placed. 
in the field, the nearby field lines are redirected into the 
loop (Fig 10B). This is because the reluctance of the fe 

rite material is less than that of the surrounding air, so 
the nearby flux lines tend to flow through the loop rather 
than passing it by. (Reluctance is the magnetic analogy 
of resistance, while flux is analogous to current.) The 
reluctance is inversely proportional to the permeability 
Of the rod core, zag. (In some texts the rod permeability 
is referred to as effective permeability, jg). This effect 
the equation for effective height of a ferrite-core 


modi 


loop to 


(Eq7) 


h = effective height (length) in meters 


N = number of turns in the loop 
A = area of loop in square m 
Hoga = Permeability of the ferrite rod 


2. wavelength of operation in meters 


This obviously is a large increase in “collected” sig- 
nal. Ifthe rod permeability were 90, this would be the same 
‘as making the loop area 90 times larger with the same num- 
ber of tums. For example, a 1.25-cm diameter ferrite-core 
loop would have an effective height equal to an air-core loop 
22.5 em in diameter (with the same number of turns). 

By now you might have noticed we have been very 
careful to refer to rod permeability. There is a very impor- 
tant reason for this. The permeability that a rod of ferrite 
exhibits is a combination of the material permeability or 
i, the shape of the rod, and the dimensions of the rod. In 
ferrite rods, jt is sometimes referred to as initial perme- 
ability, 11, or toroidal permeability, 11... Because most 
amateur ferrite loops are in the form of rods, we will dis- 
cuss only this shape. 

‘The reason that H,, 8 different from pis a very com- 
plex physics problem that is well beyond the scope of 
this book. For those interested in the details, books by 
Polydoroff and by Snelling cover this subject in consid- 
erable detail. (See Bibliography.) For our purposes a 
simple explanation will suffice. The rod is in fact not a 
ctor of flux, as is illustrated in Fig 11. Note 
impinge on the sides of the core and also 
exit from the sides. These lines therefore would not pass 
through all the turns of the coil if it were wound from 
one end of the core to the other. These flux lines are 
referred to as leakage flux, or sometimes as flux leakage. 

Leakage flux causes the flux density in the core to be 
nonuniform along its length. From Fig 11 it can be seen that 
the flux has a maximum at the geometric center ofthe length 
of the core, and decreases as the ends of the core are 
approached. This caus 


some noticeable effects. As a short 
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coil is placed at different locations along a long core, its 
inductance will change. The maximum inductance exists 
when the coil is centered on the rod. The Q of a short coil on 
a long rod is greatest atthe center. On the other hand, if you 
require a higher Q than this, it is recommended that you 
spread the coil tums along the whole length of the core, 
even though this will result in a lower value of inductance 
(The inductance can be increased to the original value by 
adding turns.) Fig 12 gives the relationship of rod perme- 
ability to material permeability for a variety of values. 

‘The change in over the length of the rod results in an 
adjustment inthe term t,, for its so called “free ends” (those 
not covered by the winding). This adjustment factor is given 


(Eq8) 


minals and its signal-to-noise ratio (SNR). The voltage may 
bbe determined from 


2eANw'QE 
x 


(Eq 10) 
where 


output voltage across the loop terminals 
loop area in square meters 

jumber of turns in the loop winding 
corrected rod permeability 

loaded Q of the loop 

F field strength in volts per meter 

‘2. = wavelength of operation in meters 


Lankford’s equation for the sensitivity of the loop for 
a 10 dB SNR is, 


1.09x10afFLb 
Ee is (Eq) 
the corrected permeability ANw VQ 
the length ofthe core nor 
b= the length ofthe coil 
{ = operating frequency in Hz 
This value of pt’ should be used in place of p,., in Eq 7 L= loop inductance in henrys 
vo obtain the most accurate value of effective height ba reosiver bandwidth ta He 
All these variables make the calculation of ferrite loop 
antenna inductance somewhat less accurate than forthe air 
core version. The inductance ofa fetite loop is given by 
AN? Atty 107 T] 
ARNT Att 107 (9) pl ot 
ab soa] 
where Ae 
1 inductance in 1 pe 
N= number of turns 
{A= cross-sectional area of the core in square men ‘8 
magnetic length of core in mm a 
Experiments indicate thatthe winding diameter should Lia 
bas close to that ofthe rod diameter as practical inonderto 9 i 
maximize both inductance value and Q. By using all this 0 
information, we may determine the voltage at the loop ter» 
i 
a 
Forte Ro 7 ia 
7 tines ae 
YS 
AT Teatage ak 0 100 
a 


Fig 11—Example of magnetic field lines near a practical 
ferrite rod, showing leakage flux. 
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Fig 12—Rod permeability, t,93, versus material 
permeability, p, for different rod length-to-diameter 
ratios. 


Similarly, Belrose gives the SNR of a tuned loop 
antenna as 


66.3N Attra E [QE 
vo OVE 

From this, if the field strength E, y1,,,, b, and A are 
fixed, then Q or N must increase (or L decrease) to yield 
a better SNR. Higher sensitivity can also be obtained 
(especially at frequencies below 500 kHz) by bunching 
ferrite cores together to increase the loop area over that 
which would be possible with a single rod. High sensi- 
tivity is important because loop antennas are not the most 
efficient collectors of signals, but they do offer improve- 
ment over other receiving antennas in terms of SNR. For 
this reason, you should attempt to maximize the SNR 
when using a small loop receiving antenna. In some cases 
there may be physical constraints that limit how large you 
can make a ferrite-core loop. 

After working through Eq 11 or 12, you might find 
‘you still require some increase in antenna system gain to 
effectively use your loop. In these cases the addition of 
a low noise preamplifier may be quite valuable even 
fon the lower frequency bands where they are not com- 
monly used. Chapter 14 contains information on such 
preamplifiers. 

The electrostatic shield discussed earlies 
ence to air-core loops can be used effectively with fei 
rite-core loops. (Construction examples are presented in 
Chapter 14.) As in the air-core loop, a shield will reduce 
electrical noise and improve loop balance. 


PROPAGATION EFFECTS ON NULL 
DEPTH 


After building a balanced loop you may find it does 
not approach the theoretical performance in the null depth. 
This problem may result from propagation effects. Tilt- 
ing the loop away from a vertical plane may improve pet 
formance under some propagation conditions, to account 
for the vertical angle of arrival. Basically, the loop per- 
forms as described above only when the signal is arriv- 
ing perpendicular to the axis of rotation of the loop. At 
incidence angles other than perpendicular, the position 
‘and depth of the nulls deteriorate. 

‘The problem can be even further influenced by the 
fact that if the loop is situated over less than perfectly 
conductive ground, the wave front will appear to tilt or 
bend. (This bending is not always detrimental; in the ca: 
of Beverage antennas, sites are chosen to take advantage 
of this effect.) 

Another cause of apparent poor performance in the 
null depth can be from polarization error. If the polariza- 
tion of the signal is not completely linear, the nulls will 
not be sharp. In fact, for circularly polarized signals, the 
loop might appear to have almost no nulls. Propagation 
effects are discussed further in Chapter 14 


SNR= (Eq 12) 


SITING EFFECTS ON THE LOOP 


‘The location of the loop has an influence on its perfor- 
mance that at times may become quite noticeable. For ideal 
performance the loop should be located outdoors and clear 
of any large conductors, such as metallic downspouts and. 
towers. A VLF loop, when mounted this way, will show 
‘good sharp nulls spaced 180° apart if the loop is well bal- 
anced. This is because the major propagation mode at VLF 

by ground wave. At frequencies in the HF region, a sig- 
nificant portion of the signals is propagated by sky wave, 
and nulls are often only partial 

Most hams locate their loop antennas near their 
‘operating position. If you choose to locate a small loop 
indoors, its performance may show nulls of less than the 
ted depth, and some skewing of the pattern, For 
ion direction finding there may be some errors 
associated with wiring, plumbing, and other metallic con- 
struction members in the building. Also, a strong local 
signal may be reradiated from the surrounding conduc- 
tors so that it cannot be nulled with any positioning of 
the loop. There appears to be no known method of curing 
this type of problem. All this should not discourage you 
from locating a loop indoors; this information is presented 
here only to give you an idea of some pitfalls. Many hams 
hhave reported excellent results with indoor mounted loops, 
in spite of some of the problems. 

Locating a receiving loop in the field of a transmitting 
antenna may cause a large voltage to appear at the receiver 
antenna terminals, This may be sufficient to destroy sensi- 
tive RF amplifier transistors or front-end protection diodes. 
This can be solved by disconnecting your loop from the 
receiver during transmit periods. This can obviously be done 
automatically with a relay that opens when the transmitter 

activated. 


LOOP ANTENNA ARRAYS 


Arrays of loop antennas, both in combination with each 
other and with other antenna types, have been used for many 
years. The arrays are generally used to cure some “defi- 
ciency” in the basic loop for a particular application, such 
asa 180° ambiguity in the null direction, low sensitivity 
and so fort. 


A Sensing Element 
For direction-finding applications the single loop suf- 

fers the problem of having two nulls that are 180° apart. 
This leads to an ambiguity of 180° when trying to find the 
direction to a transmitting station from a given location. A 
ment (often called a sense antenna) may be added 
to the loop, causing the overall antenna to have a cardioid 
pattern and only one null. The sensing element is a small 
antenna whose height is equal to or greater than the 

loop effective height. This vertical is physically close to the 
loop, and when its omnidirectional pattern is adjusted so 
that its amplitude and phase are equal to one of the loop 
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lobes, the patterns combine to form a cardioid. This antenna 
can be made quite compact by use of a ferrite loop to form 
‘a portable DF antenna for HF direction finding. Chapter 14 
contains additional information and construction projects 
using sensing elements. 


Arrays of Loops 


A more advanced array that can develop more diverse 
patterns consists of two or more loops. Their outputs are 
combined through appropriate phasing lines and combiners 
to form a phased array. Two loops can also be formed into 
aan array that can be rotated without physically turning the 
loops themselves. This method was developed by Bellini 
and Tosi in 1907 and performs this apparently contradic- 
tory feat by use of a special transformer called a goniomr 
eter. The goniometer is described in Chapter 14. 


Aperiodic Arrays 


‘The aperiodic loop array is a wide-band antenna. Thi 
type of array is useful over at least a decade of frequency, 
such as 2 to 20 MHz. Unlike most of the loops discussed up 
to now, the loop elements in an aperiodic array are untuned. 
Such arrays have been used commercially for many years, 
‘One loop used in such an array is shown in Fig 13. This, 
loop is quite different from all the loops discussed so far in 
this chapter because its pattern is not the famitia 
Rather, it is omnidirectional. 

‘The antenna is omnidirectional becau 


rure eight, 


is purposely 


unbalanced, and also because the isolating resistor causes 


Ave ~ leoating Resistor 


olier 


Approx. 6" 


the antenna to appear as two closely spaced short mono- 
poles. The loop maintains the omnidirectional characteris- 
tics over a frequency range of at least four or five to one. 
‘These loops, when combined into end-fire or broadside 
phased arrays, can provide quite impressive performance. 
A commercially made end-fire array of this type consisting 
of four loops equally spaced along a 25-meter baseline can 
provide gains in excess of 5 dBi over a range of 2 to 
30 MHz. Overa considerable portion of this frequency range, 
the array can maintain F/B ratios of 10 dB. Even though the 
commercial version is very expensive, an amateur version 
can be constructed using the information provided by 
Lambert. One interesting feature of this type of array is that, 
with the proper combination of hybrids and combiners, the 
antenna can simultaneously feed two receivers with signals 
from different directions, as shown in Fig 14. This antenna 
may be especially interesting to one wanting a directional 
receiving array for two or more adjacent amateur bands. 


SMALL TRANSMITTING LOOP 
ANTENNAS 


‘The electrically small tansmitting-loop antenna 
involves some different design considerations compared to 
receiving loops. Unlike receiving loops, the size limitations 
of the antenna are not as clearly defined. For most purposes, 
any transmitting loop whose physical circumference is less 
than M% 2 can be considered “small.” In most cases, as a con- 
sequence of their relatively large size (when compared to a 
receiving loop), transmitting loops have a nonuniform cur- 
rent distribution along their circumference. This leads to 
some performance changes from a receiving loop. 

‘The transmitting loop is a parallel-tuned circuit with a 
large inductor acting as the radiator. As with the receiving 
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Fig 13—A single wide-band loop antenna used in an 
aperiodic array. 
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Fig 14—Block diagram of a four-loop broadside array 
with dual beams separated by 60° in azimuth. 


loop, the calculation of the transmitting-loop inductance may 
bbe carried out with the equations in Table 1. Avoid equations 
for long solenoids found in most texts. Other fundamental 
‘equations for transmitting loops are given in Table 3. 

In the March 1968 OST, Lew McCoy, WIICP, intro- 
duced the so-called “Army Loop” to radio amateurs. This 
was an amateur version of a loop designed for portable use 
in Southeast Asia by Patterson of the US Army and described 


2 s 
in 1e Army Loop is diagrammed in Fig 18A, show- 
Ra =3.12%10"| NAT ohms 1501 he horny Ute  Gegmaned tea 
ro ing that this is a parallel tuned circuit fed by a tapped- 
Wee capacitance impedance-matching network. 
= yPX.O “The Hart “high-efficiency” loop was introduced inthe 
,- P2 June 1986 OST by Ted Hart, WSQIR. Itis shown schemai- 
VX cally in Fig 15B and has the series-tuning capacitor sepa- 
rate from the matching network. The Hart matching network 
wate is basically a form of gamma match. Other designs have 
%; « inductive reactance, ohme used a smaller loop connected to the transmission Tine to 
ie tequency, He couple into the larger transmitting loop. 
bandwidth, Hz “The approximate radiation resistance of a loop in obms 
radiation resistance, ohms is given by 
loss resistance, ohms (see text) 
number of turns ‘ 
Ry = 31210 
favelength at operating frequency, meters “ieee 
voltage across capacitor 
ower, watts N= number of turns 
jesonant circulating current in loop A = area of loop in square meters 
2. = wavelength of operation in met 
Capactar Netware 
earns tor 
au Dia. Tang 
4s" chow 
Typ 8 aces 


Coax Feeder Resonance (Tune) 
Motor Contol 
Cable 
Load 
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Fig 15—At A, a simplified diagram of the Army Loop. At B, the WSQJR loop, which is described in more detail later 
in this chapter. 
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* Tip Tinner and Cleaner is a useful aid to maintaining a soldering iron bit 


“* Just press the hot iron onto the solid paste and scrub it around a little. The tip 
will be cleaned, tinned, and made ready for use. 


The move to lead-free solders (see next chapter) has had some effect on the life of 
soldering iron bits, with increased wear and corrosion noted due to the higher 
temperatures and the fluxes found in tin-based solders. You can therefore expect bits to 
wear out over time. Once the iron-plating is damaged due to oxidation or erosion, the bit is 
fast approaching its end of life. Never use an abrasive or file to sand down a tip: the iron 
coating will be damaged and the iron’s core exposed, so the tip will soon be made useless 
due to erosion. 


Having prepared the soldering iron tip ready for use, in the next chapter solder and 
fluxes are discussed. 


‘The radiation resistance of a small transmitting loop is 
usually very small. For example, a I-meter diameter, singl 
turn circular loop has a radius of 0.5 meters and an enclosed 
area of x 0.5? = 0.785 m2, Operated at 14.0 MHz, the 
free-space wavelength is 21.4 meters and this leads to acom- 
puted radiation resistance of only 3.12 x 10-4 (0.785/21.42)2 
= 0,092 Q. 

Unfortunately the loop also has losses, both ohmic and 
from skin effect. By using this information, the radiation 
jency of a loop can be calculated from 


Rak ea 


where 


11= antenna efficiency, % 
adiation resistance, 

istance, 2, which includes the loop’s con- 
ductor Toss plus the loss in the series-tuning capacitor. 

A simple ratio of Rx versus Ry shows the effects on 
the efficiency, as can be seen from Fig 16. The loss resis- 
tance is primarily the ac resistance of the conductor. This 
can be calculated from Eq 6. A transmitting loop gener- 
ally requires the use of copper conductors of at least 
34 inch in diameter in order to obtain reasonable efficiency. 
Tubing is as useful as a solid conductor because high- 
frequency currents flow only along a very small depth of 
the surface of the conductor; the center of the conductor 


has almost no effect on current flow. 

Note that the Ry, term above also includes the effect of 
the tuning capacitor’s loss. Normally, the unloaded Q of a 
capacitor can be considered to be so high that any loss in 
the tuning capacitor can be neglected. For example, a very 
high-quality tuning capacitor with no mechanical wiping 
contacts, such as a vacuum-variable or a transmitting but- 
terfly capacitor, might have an unloaded Q of about 5000. 
This implies a series loss resistance of less than about 
0.02 for a capacitive reactance of 100 Q. This relatively 
tiny loss resistance can become significant, however, wher 
the radiation resistance of the loop is only on the order of 


- 
a 
do 
° 


Fig 16—Effect of ratio of Rq/R, on loop efficiency. 
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0.1 O1 Practical details for curbing capacitor losses are cov- 
cred later in this chapter. 

In the case of multiturn loops there is an additional 
loss related to a term called proximity effect. The proximity 
effect occurs in cases where the turns are closely spaced 
(Such as being spaced one wire diameter apart). As these 
current-carrying conductors are brought close to each other, 


the current density around the circumference of each con- 
ductor gets redistributed. The result is that more current per 
adjacent to other 
conductors. This means that the loss is higher than a simple 
because the current is 


square meter is flowing at the surfac 


bunched so it flows through a smaller cross section of the 
conductor than if the other turns were not present. 

As the efficiency of a loop approaches 90%, the prox- 
imity effect is less serious. But unfortunately, the less 
efficient the loop, the worse the effect. For example, an 8- 
turn transmitting loop with an efficiency of 10% (calcu- 
lated by the skin-effect method) actually only has an 
efficiency of 3% because of the additional losses intro- 
duced by the proximity effect. If you are contemplating 


construction of a multiturn transmitting loop, you might 

want to consider spreading the conductors apart to reduce 

this effect. G. $. Smith includes graphs that detail this 
effect in his 1972 IEEE paper. 

‘The components in a resonated transmitting loop are 

to both high currents and voltages as a result of 


subj 
the large circulating currents found in the high-Q tuned 
circuit formed by the antenna. This makes it important 
that any fixed capacitors have a high RF current rating, 


such as transmitting micas or the Centralab 850 series. 
Be aware that even a 100-W transmitter can develop 
currents in the tens of amperes, and voltages across the 
tuning capacitor in excess of 10,000 V. This consider~ 
ation also applies to any conductors used to connect the 
loop to the capacitors. A piece of #14 wire may have more 
resistance than the rest of the loop conductor! 

I is therefore best to use copper strips or the braid 
from a piece of large coax cable to make any connections, 
Make the best electrical connection possible, using sol- 
Using nuts and bolts should be 
because at RF these joints generally have high 
ally after being subjected to weathering, 

An unfortunate consequence of having a small but high- 
efficiency transmitting loop is high loaded Q, and therefore 
limited bandwidth. This type of antenna may require retun- 


dered or welded joints. 
avoide 


ing for frequency changes as litle as 5 kHz. If you are using 
any wide-band mode such as AM or FM, this might cause 
fi 


fidelity problems and you might wish to sa 

efficiency to obtain the required bandwidth. 
A special case of the transmitting loop is that of the 

ferrite-loaded loop. This is a logical extension of the trans- 


alittle 


mitting loop if we consider the improvement that a ferrite 
core makes in receiving loops. The use of ferrites in a trans- 
mitting loop is still under development. (See the Bibliogra- 
phy reference for DeVore and Bohley.) 


PRACTICAL COMPACT TRANSMITTING 
LOOPS 


‘The ideal small transmitting antenna would have per- 
formance equal to a large antenna. A small loop antenna 
can approach that performance except for a reduction in 
bandwidth, but that effect can be overcome by retuning. This 
section is adapted and updated from material written by 
Robert T. (Ted) Hart, WSQUR. 

As pointed out above, small antennas are character- 
ized by low radiation resistance. For a typical small antenna, 
such as a short dipole, loading coils are often added to 
achieve resonance. However, the loss inherent in the coils 
can result in an antenna with low efficiency. If instead of 
coils a large, low-loss capacitor is added to a low-loss con- 
ductor to achieve resonance, and if the antenna conductor 
bent to connect the ends to the capacitor, a loop is formed, 

Based on this concept, the small loop is capable of rel 
lively high efficiency, compared to its coil-loaded cousin, 
In addition, the small loop, when mounted vertically, can 
radiate efficiently over the wide range of elevation angles 
required on the lower frequency bands. This is because it 
has both high-angle and low-angle response. See Fig 17, 
which shows the elevation response for a compact transmit- 
ting loop only 16.2 inches wide at 14.2 MHz. This loop is 
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Fig 17—Elevation-plane plot at 14.2 MHz, showing 
response of an 8.5-foot circumference octagonal 
‘copper loop (width of 16.2 inches), compared to a full- 
sized 1/4 ground-plane vertical with two elevated 4/4 
radials, the same small loop flipped horizontally at a 
height of 30 feet, and lastly, a 2/2 flattop dipole also at a 
height of 30 feet. Both the 4/4 ground-plane vertical and 
the vertically polarized loop are elevated 8 feet above 
typical ground, with ¢ = 5 mSim and e = 13. The low 
vertically polarized loop is surprisingly competitive, 
only down about 2.5 dB compared to the far larger 
ground plane at low elevation angles. Note that the 
vertical loop has both high-angle as well as low-angle 
radiation, and hence would be better at working close- 
in local stations than the ground-plane vertical, with its 
deep nulls at higher angles. The simple flattop dipole, 
however, is better than either vertical because of the 
poor ground reflection for a vertically polarized 
‘compared to a horizontally polarized signal. 


vertically polarized and its bottom is 8 feet above average 
ground, which has a conductivity of 5 mS/m and a dielec- 
tric constant of 13. For comparison, Fig 17 also shows the 
responses of three other reference antennas—the same small 
loop flipped sideways at a height of 30 feet to produce hori- 
zontal radiation, a full-sized 44-2 ground plane antenna 
mounted 8 feet above average ground using two tuned radi- 
als, and finally a simple ¥ 4 flattop dipole mounted 30 feet 
above flat ground. The considerably smaller transmitting 
loop comes to within 3 dB of the larger 4-2, verti 
elevation angle, and its far stronger for high elev 
because it does not have the null at high 
that the ground plane has. Of course, this characteristic does 
make it more susceptible to strong signals received at high 
elevation angles. Incidentally, just in case you were won- 
dering, adding more radials to the 2/4 ground plane doesn’t 
materially improve its performance when mounted at an 
8-foot height on 20 meters, 

‘The simple horizontal dipole in Fig 17 would be the 
clear winner in any shootout because its horizontally polar- 
ized radiation does not suffer as much attenuation at reflec- 
tion from ground as does a vertically polarized wave. The 
case is not quite so clear-cut, however, for the small loop 
mounted horizontally at 30 feet. While it does have increased 
gain at medium elevation angles, it may not be worth the 
effort needed to mount it on a mast, considering the slight 
loss at low angles compared to its twin mounted vertically 
only 8 feet above ground. 

A physically small antenna like the 16.2-inch-wide 
vertically polarized loop does put out an impressive signal 
compared to far larger competing antennas. Though some- 
what ungainly, itis a substantially better performer than most 
mobile whips, for example. The main deficiency in a com- 
pact transmitting loop is its narrow bandwidth—it must be 
accurately tuned to the operating frequency. The use of a 
remote motor drive allows the loop to be tuned over a wide 
frequency range. 

For example, for fixed-station use, two loops could be 
constructed to provide continuous frequency coverage from 
3.5 to 30 MHz. A loop with an 8.5 foot circumference, 
16 inches wide, could cover 10 through 30 MHz and a loop 
with a 20-foot circumference, 72 inches wide, could cover 
3.5 to 10.1 MHz. 

‘Table 4 presents summary data for various size loop 
antennas for the HF amateur bands. Through computer 
analysis, the optimum size conductor was determined to be 
"Yeinch rigid copper water pipe, considering both perfor- 
mance and cost. Performance will be compromised, but only 
slightly, if Yo-inch flexible copper tubing is used. This tub- 
ing can easily be bent to any desired shape, even a circ 
‘The rigid ‘s-inch copper pipe is best used with 45° elbows 
to make an octagon, 

The loop circumference should be between '/s and. 
"Ys hat the operating frequency. It will become self-reso- 
nant above ‘/: 2, and efficiency drops rapidly below '/s i. 
In the frequency ranges shown in Table 4, the high fre- 


Loop Antennas 5-13 


Table 4 
Design Data for Loops. 


Loop Circumference = 8.5" (Width = 32.4"), Vertically 


Polarized 
Frequency, MHz 101 142 212 290 
Max Gain, dBi “4.47 142 41.34 42.97 


Max Elevation Angle 40° 30° 22° 90° 


Gain, dBi @10° -8.40 -4.61 -0.87  +0.40 
Total Capacitance, pF 145 70 29 13 
Peak CapacitorkV 2327-30 30 


Loop Circumference 
Polarized, @30" 
Frequency, MHz 101 142 212 290 
Max Gain, dBi 3.06 41.71 45.43 46.60 
Max Elevation Angle 34° 28° 20° 16° 


8.5' (Width = 32.4"), Horizontally 


Gain, dBi @10° 9.25 -3.11 4261 45.34 
Total Capacitance, pF 145. 70 29 13 
Peak CapacitorkV 23 27-30 30 


Loop Circumference = 20' (Width = 6), Vertically 
Polarized 


Frequency, MHz 35 40 7.2 10.4 
Max Gain, dBi 7.40 -6.07 -1.69  -0.34 
Max Elevation Angle 68° 60° 38° 30° 
Gain, dBi @10° 11.46 -10.12 -5.27 -3.33 
Capacitance, pF «37928685 38 
Peak Capacitor kV 22 2426 30 


Loop Circumference = 20' (Width = 6’), Horizontally 
Polarized, @30' 

Frequency, MHz 35 40 72 104 
Max Gain, dBi 13.32 -10.60 -0.20 43.20 
Max Elevation Angle 42° 42° 38° 34° 


Gain, dBi @10° 21.62-18.79 -7.51 -3.22 
Capacitance, pF 379 2868538 
Peak CapacitorkV 22 24 26 30 


Loop Circumference = 38' (Width = 11.5', Vertically 
Polarized 

Frequency, MHz 35° 40 72 

Max Gain, dBi 2.93 -2.20 0.05 

Max Elevation Angle 46° 42° 28° 


Gain, dBi @10° ~6.48 -5.69 -2.80 
Capacitance, pF 165 12329 
Peak CapacitorkV 26 27 © 33 


Notes: These loops are octagonal in shape, constructed 
with %-inch copper water pipe and soldered 45° copper 
elbows. The gain figures assume a capacitor unloaded 
Qg = 5000, typical for vacuum-variable type of tuning 
capacitor. The bottom of the loop is assumed to be 
8 feet high for safety and the ground constants are 

‘at conductivity = 5 mS/m and dielectric con- 
13. Transmitter power is 1500 W. The voltage 
across the tuning capacitor for lower powers goes down 


wih a mutter ot B55 For example, at 100 W 


using the 38-foot-circumference loop at 7.2 MHz, the 


[100 
peak voltage would be 83 KV x J = 85 kV 
1500 


quency is tuned with a minimum capacitance of about 
29 pF—including stray capacitance 

‘The low frequency listed in Table 4 is that where the 
loop response is down about 10 dB from that of a full-sized 


elevated ground plane at low elevation angles suitable for 
DX work. Fig 18 shows an overlay at 3.5 MH of the eleva- 
tion responses for two loops: one with an 8.5-foot circum- 
ference and one with a 20-foot circumference, together with 
the response for a full-sized 80-meter ground plane elevated 
8 feet off average ground with 2 tuned radials. The 20-foot 


circumference loop holds its own well compared to the full- 
sized ground plane. 


Controlling Losses 

Contrary to ear 
ground radials underneath a vertically polarized trans- 
mitting loop doesn’t materially increase loop efficiency. 
The size of the conductor used for a transmitting loop, 
however, does directly affect several interrelated aspects 
of loop performance. 


er reports, adding quarter-wave 
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Data for Table 4 was computed for %-inch copper 
water pipe (nominal OD of 0.9 inch). Note that the e! 
ciency is higher and the Q is lower for loops having a 
circumference near "4s 2. Larger pipe size will reduce the 
loss resistance, but the Q increases. Therefore the band- 
width decreases, and the voltage across the tuning capa- 
citor increases. The voltage across the tuning capacitor 
for high-power operation can become very impressive, 
as shown in Table 4, Rigid %-inch copper water pipe is a 
g00d electrical compromise and can also help make a 
small-diameter loop mechanically sturdy. 

‘The equivalent electrical circuit for the loop is a par- 
allel resonant circuit with a very high Q, and therefore a 
narrow bandwidth. The efficiency is a function of radia- 
tion resistance divided by the sum of the radiation plus 
is much less than 
ssary to minimize the loss resistant 
which is largely the skin-effect loss of the conductor, as- 
suming that the tuning capacitor has very low loss. Poor 
construction techniques must be avoided. All joints in the 


loop must be brazed or soldered. 

However, if the system loss is too low, for example 
by using even larger diameter tubing, the Q may become 
excessive and the bandwidth may become too narrow for 
practical use. Thi sons dictate the need for a com- 
plete analysis to be performed before proceeding with 
the construction of a loop. 

‘There is another source of additional loss in a com- 
pleted loop antenna besides the conductor and capacitor 
losses. If the loop is mounted near lossy metallic conduc 
tors, the large magnetic field produced will induce currents 
into those conductors and be reflected as losses in the loop, 
‘Therefore the loop should be as far from other conductors, 
as possible. If you use the loop inside a building constructed 
with large amounts of iron or near ferrous materials, you 
will simply have to live with the loss if the loop cannot oth- 
cerwise be relocated. 


The Tuning Capacitor 

Fig 19 demonstrates the selection of loop size ve 
sus tuning capacitance for any desired operating. fr 
quency range for the HF amateur bands. This is for 
‘octagonal-shaped loops using %-inch copper water pipe 
with 45° copper elbows. For example, a capacitor that 
varies from 5 to 50 pF, used with a loop 10 feet in cir- 
cumference, tunes from 13 to 27 MHz (represented by 
the left dark vertical bar). A 25 to 150-pF capacitor with 
4 13.5-foot loop circumference covers the 7 to 14.4-MHz 
range, represented by the right vertical bar. 

Fig 20 illustrates how the 29-MHz elevation pattern 
becomes distorted and rather bulbous-looking for the 10- 
foot circumference loop, although the response at low 
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Fig 18—Elevation-plane response of three antennas at 
3.5 MHz—a 20-foot circumference octagonal copper 
loop, a 38-foot circumference copper loop and a full- 
sized 1/4 ground plane with two elevated radials. The 
bottom of each antenna is mounted 8 feet above ground 
for safety. The 38-foot circumference loop (which has a 
“wingspan” of 11.5 feet) is fairly competitive with the 
much large ground-plane, being down only about 4 dB 
at low elevation angles. The 20-foot circumference loop 
is much more lossy, but with its top only about 14 feet 
off the ground is very much of a “stealth” antenna. 


elevation angles is still better than that of a full-sized 
ground-plane antenna, 


Air Variable Capacitors 


Special care must be taken with the tuning capacitor if 
aan air-variable type is used. The use of a split-stator capaci- 
tor eliminates the resistance of wiper contacts, resistance 
that is inherent in a single-section capacitor. The ends of the 
loop are connected to the stators, and the rotor forms the 
variable coupling path between the stators. With t 
ment the value of capacitance is divided by two, but the 
voltage rating is doubled, 
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Fig 19—Frequency tuning range of an octagon-shaped 
oop using */.-inch copper water pipe, for various values 
of tuning capacitance and loop circumference. 


Freq = 29. 


Azimuth Aogle = 90. dog. 


Fig 20—Elevation-plane plot for a 16.2-Inch wingspan 
‘octagonal copper loop at 29 MHz, compared to a 4 
‘ground-plane antenna with two resonant elevated 
radials. The gains at low angles are almost identical, 
but the loop exhibits more gain at medium and high 
elevation angles. Again, the bottom of each antenna is 
located 8 feet above ground for safety. 
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You must carefully select a variable capacitor for 
transmitting-loop application—that is, all contacts must 
be welded, and no mechanical wiping contacts are 
allowed. For example, if the spacers between plates are 
not welded to the plates, there will be loss at each joint, 
and thus degraded loop efficiency. (Earlier transmitting 
loops exhibited poor efficiency b 
wiping contacts were used.) 

There are several suitable types of capacitors for this, 
application. A vacuum variable is an excellent choice, pro- 
vided one is selected with an adequate voltage rating, 
Unfortunately, those capacitors are very expensive. 

WSQUR used a specially modified air-variabl 
tor in his designs. This had up to 340 pF maximum per set 
tion, with Y/-inch spacing, resulting in 170 pF when both 
sections were in series as a butterfly capacitor. Another 
alternative is to obtain a large air variable, remove the alu- 
ce them with copper or double-sided 
losses. Connect all plates 
together on the rotor and on the stators. Solder copper straps 
to the capacitor for soldering to the loop itsel. 

‘The spacing between plates in an air-variable capaci- 
tor determines the voltage-handling capability, rated at 
75,000 V per inch. For other power ratings, multiply the 
spacing (and voltage) by the square root of the ratio of your 
power fo 1000 W. For example, for 100 W, the ratio would 
be = 0.316. 


Table 5 
KD7S Loop-Tuning Capacitor Parts List for 
Nominal 50-pF Capacitor 

Qty Description 

2 10-inch length of %-inch-ID type M copper water 


pipe 

2 10-inch length of ¥-inch-ID type M copper water 
pipe 

1 3:inch length of 'é-inch-ID type M copper water 
pipe 

2 Yinch, 90° copper elbows 

2 Y%inch, 90° copper elbows 

2 10 x 22-inch piece of 0.005-inch-thick Teflon 
sheet plastic 

1 12-inch length of #8-32 threaded brass rod 

1 #8-32 brass shoulder nut 


22 x 5¥e x Yi-inch ABS plastic sheet (top and 
bottom covers) 

3 1 « 5% inch ABS plastic sheet (end pieces 
and center) brace/guide 

2 1 22x Yeinch ABS plastic sheet (side rails) 

1 50 to 200-rpm gear-head de motor 

1 DPDT center-off toggle switch (up/down control) 

2 SPDT microswitches (limit switches) 

'50 feet 3-conductor control cable 

1 Enclosure for control switch 
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ATeflon-Insulated Trombone Variable Capacitor 


Another type of variable capacitor discussed in the 
‘amateur literature for use with a compact transmitting loop 
is the so-called “trombone” type of capacitor. Fig 21 shows 
‘practical trombone capacitor created by Bill Jones, KD7S, 
for Nov 1994 OST. This capacitor uses downward pointing 
extensions of the two ‘/-inch OD main conductor copper 
pipes, with a Teflon-insulated trombone section made of 
inch ID copper pipe. The trombone telescopes into the 
main pipes, driven by a lead screw and a 180-rpm gear-head 
motor. Like the butterfly air variable capacitor, the trom- 
bone works without lossy wiper contacts. Jones’ capacitor 
varied from 12 pF (including strays) to almost 60 pF, mak- 
ing it suitable to tune his 3-foot circumference loop from 
14 to 30 MHz at the 100-W level. 

KD7S used 5-mil (0.005 inch) thick Teflon sheet as an 
insulator. Since Teflon is conservatively rated at more than 
KV per mil of thickness, the voltage breakdown capability 
of this capacitor is well in excess of 5 kV. The parts list is 
given in Table 5. 


Fig 21—A practical trombone capacitor designed by 
Bill Jones, KD7S, for his compact transmitting loop. 
This capacitor has a tuning range from 12 to almost 
60 pF, and can withstand at least 5 kV peak. The 10- 
inch ‘é-inch ID tubes are covered with Teflon-sheet 
insulation and slide into the %-Inch ID copper pipes. 


‘A short length of plastic tubing connects the threaded 
brass rod to the motor. The tubing acts as an insulator and a 
flexible coupling to smooth out minor shatt-alignment errors, 
‘The other end of the rod is threaded into a brass nut sol- 
dered to the crossbar holding the '/-inch pipes together. 
Jones used a 12-V motor rated at 180 rpm, but it has suf 
cient torque to work with as little as 4 V applied. Instead of 
a sophisticated variable duty-cycle speed control circuit, he 
used an LM327 adjustable voltage regulator to vary the 
motor-control voltage from 4 to 12 V. Tuning speeds ranged 
from 11 seconds per inch at 12 V to 40 seconds per inch at 
4 -V. The higher speed is necessary to jump from band to 
band in a reasonable length of time. The lower speed makes 
it easy to fine-tune the capacitor to any desired frequency 
within a band. 

When building the capacitor, keep in mind that the 
smaller tubes must telescope in and out of the larger tubes 
with silky smoothness. Any binding will cause erratic tun- 
ing. For the same reason, the #8-32 brass threaded rod must 
be straight and properly aligned with the brass nut. Take 
your time with this part of the project. 

Perhaps the easiest way to form the insulator is to pre- 
cut a length of Teflon sheet to the proper size. Place a length- 
wise strip of double-sided tape on the tube to secure one 
end of the Teflon sheet. Begin wrapping the Teflon around 
the tube while keeping it as tight as possible. Don’t allow 
wrinkles or ridges to form. Secure the other end with an- 
other piece of tape. Once both tubes are covered, ensure 
they are just short of being a snug fit inside the larger tubes, 
Confirm that the insulation completely overlaps the open 
cend of the small tubes. If not, the capacitor is certain to are 
internally with more than a few watts of power applied to it 

Route the motor wiring inside the antenna pipes to 
minimize the amount of metal within the field of the an- 
tena. Bring the wires out next fo the coaxial connector. A 
three-wire system allows the use of limit switches to rest 
the movement of the trombone section. Be sure to solder 
together all metal parts of the capacitor. Use a small pro- 
pane torch, a good quality flux and 50/50 solid solder. Do 
not use acid-core solder! Clean all parts to be joined with 
steel wool prior to coating them with flux. 


A Cookie-Sheet and Picture-Frame-Glass 
Variable Capacitor 

In Vol 2 of The ARRL Antenna Compendium series, 
Richard Plasencia, WORPV, described a clever high-volt- 
age variable capacitor he constructed using readily avail- 
able materials. See Fig 22, which shows Plasencia’s 
homebrew high-voltage variable capacitor, along with the 
coil and other parts used in his homemade antenna coupler. 
This capacitor could be varied from 16 to 542 pF and tested 
at a breakdown of 12,000 V. 
;pacitor sits on four PVC pillars and consists of 
-inch aluminum plates separated by a piece of 
that is 8'/2 x 54/2 inches in size. The lower 
plate is epoxied to the glass. The upper plate is free to move 


in a wooden track epoxied to the upper surface of the glass. 
‘The motor is reversible and moves the upper capacitor plate 
by rotating a threaded rod in a wing nut pinned to a tab on 
the capacitor plate. The four pillars are cut from PVC pipe 
to insulate the capacitor from the chassis and to elevate it 
into alignment with the motor shaft. 

WORPV used a piece of 0.063-inch thick single-weight 
glass that exhibited a dielectric constant of 8. He removed 
the glass from a dime-store picture frame. In time-honored 
ham fashion, he improvised his wooden tracks for the up- 
jpacitor plate from a single wooden paint stirrer, and 
he used aluminum cookie sheets 

‘The wooden track for the upper plate is made by split- 
ting the wooden paint stirrer with a knife into one narrow 
and one wide strip. The narrow strip is cemented on top and 
overhangs the movable plate, creating a slotted track. Since 
the wood is supported by the glass plate, its insulating quali- 
ties are of no importance. 

‘The principle of operation is simple. The reversible 
‘motor tums a threaded 's-inch rod with a pitch of 20 threads 
to the inch. This rod engages a wing nut attached to the 
movable capacitor plate. Although WORPV grounded his 
capacitor’s movable plate with a braid, an insulator similar 
to that used in the trombone capacitor above should be used 
to isolate the lead-screw mechanism. Several pieces of braid 
made from RG-8 coax shield should be used to connect to 
the ends of the compact transmitting loop conductors to form 
Iow-loss connections. 

WORPV used a 90-rpm motor from a surplus vending 
machine. It moved his variable capacitor plate 44/s inches, 
taking about a minute to travel from one end to the other. 
Since he wished to eliminate the complexity and dubious 
reliability of limit switches when used outdoors, he moni- 
tored the motor’s de current through two 3.Q, 2W resistors 


Fig 22—The picture-frame-glass variable capacitor 
design of Richard Plasencia, WORPV. Two aluminum 
plates separated by a piece of glass scavenged from a 
picture frame create a variable capacitor that can 
withstand 12,000 V, with a variable range from 16 to 
542 pF. 
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placed in series with each lead of the motor and shunted by 
red LEDs at the control box. When the motor stalled by 
jamming up against the PVC limit stop or against the inside 
Of the plastic mounting box, the inereased motor current 
caused one or the other of the LEDs to light up. 


TYPICAL LOOP CONSTRUCTION 


After you select the electrical design for your loop 
application, you must consider how to mount it and how to 
feed it. If you wish to cover only the upper HF bands of 20 
through 10 meters, you will probably choose a loop that has 
a circumference of about 8.5 feet. You can make a reason- 
ably sturdy loop using 1-inch diameter PVC pipe and %/s- 
inch flexible copper tubing bent into the shape of a circle. 
Robert Capon, WA3ULH, did this for a QRP-level trans- 
mitting loop described in May 1994 QST. Fig 23 shows a 
picture of his loop, with PVC H-frame stand, 


Fig 23—Photo of compact transmitting loop designed by 
Robert Capon, WASULH. This uses a 1-inch PVC H-frame 
to support the loop made of flexible *e-inch copper 
tubing. The small coupling loop made of RG-8 coax brald 
couples the loop to the coax feed line. The tuning 
capacitor and drive motor are at the top of the loop, 
‘shown here in the ARRL Laboratory during testing. 
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This loop design used a 20-inch long coupling loop 
made of RG-8 coax to magnetically couple into the trans- 
mitting loop rather than the gamma-match arrangement used 
by WSQUR in his loop designs. The coupling loop was fas- 
tened to the PVC pipe frame using 2-inch long #8 bolts that 
also held the main loop to the mast 

‘A more rugged loop can be constructed using rigid 'Vs- 
inch copper water pipe, as shown in the WSQUR design in 
Fig 24. While a round loop is theoretically a bit more effi- 
cient, an octagonal shape is much easier to construct. The 
values presented in Table 4 are for octagons. 

For a given loop circumference, divide the circum- 
ference by 8 and cut eight equal-length pieces of 's inch 
copper water pipe. Join the pieces with 45° elbows to 
form the octagon. With the loop lying on the ground on 
scraps of 2 x 4 lumber, braze or solder all joints 

WSQIR made a box from clear plastic to house his 
air-variable capacitor and drive motor at the top of the 
loop. The side of the box that mounts to the loop and the 
capacitor should be at least 4-inch thick, preferably 
"Yerinch. The remainder of the box can be Ys-inch pla 
sheet. He mounted the loop to the plastic using." 
bolts (two on either side of center) after cutting out a 
section of pipe 2 inches wide in the center. On the motor 
side of the capacitor, he cut the pipe and installed a cop- 
per T for the motor wiring, 

WSQIR’s next step was to solder copper straps to the 
loop ends and to the capacitor stators, then he remounted the 
loop to the plastic. If you insert wood dowels, the pipe will 
remain round when you tighten the bolts. Next he installed 
the motor drive cable through the loop and connected it to the 
motor. Antenna rotator cable is a good choice for this cable. 
He completed the plastic box using short pieces of aluminum 
angle and small sheet-metal screws to join the pieces. 

‘The loop was then ready to raise to the vertical posi- 
tion. Remember, no metal is allowed near the loop. WSQUR 
made a pole of 2 x 4-inch lumber with 1 x 4-inch boards on 
either side to form an I section. He held the boards together 
with '/«inch bolts, 2 feet apart and tied rope guys to the top. 
This made an excellent mast up to 50 feet high. The pole 
height should be one foot greater than the loop diameter, to 
allow room for cutting grass or weeds at the bottom of the 
loop. WSQUR installed a pulley at the top so that his loop 
could be raised, supported by rope. He supported the bot- 
tom of the loop by tying it to the pole and tied guy ropes to 
the sides of the loop to keep it from rotating in the wind. By 
moving the anchor points, he could rotate his loop in the 
azimuth plane 

WSQUR used @ gamma-matching arrangement made 
of flexible '-inch copper tubing to couple the loop to the 
transmission line. In the center of one leg, he cut the pipe 
and installed a copper T. Adjacent to the T, he installed a 
mount for the coax connector. He made the mount from 
copper strap, which can be obtained by splitting a short piece 
of pipe and hammering it flat. 

While the loop was in the vertical position he cut a 
-¢ of /-inch flexible copper tubing the length of one 
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Fig 24—Octagonal loop construction details. Table 4 gives loop design data for various frequency ranges. 


of the straight sides of the loop. He then flattened one 
end and soldered a piece of flexible wire to the other. He 
wrapped the tubing with electrical tape for insulation and 
connected the flexible wire to the coax connector. He then 
installed the tubing against the inside of the loop, held 
temporarily in place with tape. He soldered the flat part 
to the loop, ending up with a form of gamma match, but 
without reactive components. This simple feed provided 
better than 1.7:1 SWR over a 2:1 frequency range. For 
safety, he installed a good ground rod under the loop and. 
connected it to the strap for the coax connector, using 
large flexible wire, 


TUNE-UP PROCEDURE 


The resonant frequency of the loop can be readily 
found by setting the receiver to a desired frequency and 
rotating the capacitor (by remote c 
peak. The peak will be very sharp because of the high Q 
of the loop. 

Turn on the transmitter in the tune mode and adjust 
either the transmitter frequency or the loop capacitor for 
maximum signal on a field-strength meter, or for maxi- 
mum forward signal on an SWR bridge. Adjust the match- 
ing network for minimum SWR by bending the matching 
line. Normally a small hump in the “/-inch tubing line, 
as shown in Fig 24, will give the desired results. For a 
loop that covers two or more bands, adjust the feed to 
give equally low SWR at each end of the tubing range. 


‘The SWR will be very low in the center of the tuning 
range but will rise at each end 

If there is metal near the loop, the additional loss will 
reduce the Q and therefore the impedance of the loop. In 
those cases it will be necessary to increase the length of the 
matching line and tap higher up on the loop to obtain a 
50-0 match. 


PERFORMANCE COMPARISON 


As previously indicated, a compact transmitting loop can 
provide performance approaching full-size dipoles and verti- 
cals. To illustrate one case, a loop 100 feet in circumference 
would be 30 feet high for 1.8 MHz. However, a good dipole 
would be 240 feet ('/ A) in length and at least 120 feet high 
(46). A ck vertical would be 120 fet tall with a large num- 
ber of radials on the ground, each 120 feet in length. The smaller 
loop could replace both of those antennas with only a moder- 
‘ate degradation in performance and a requirement for a high- 
voltage variable capacitor. 

‘On the higher frequencies, the same ratios apply, but 
full-size antennas are less dramatic. However, very few city 
dwellers can erect good verticals even on 7 MHz with a 
full-size counterpoise. Even on 14 MHz a loop about 3 feet 
high can work the world. 

Other than trading small size for narrow bandwidth and, 
a high-voltage capacitor, the compact transmitting loop is 
an excellent antenna and should find use where large anten- 
nas are not practical. 


Loop Antennas 5-19 


The Loop Skywire 


Are you looking for a multiband HF antenna that is 
easy to construct, costs nearly nothing and yet works well? 
You might want to try this one. The Loop Skywire antenna 
is a full-sized horizontal loop. Early proponents suggested 
that the antenna could be fed with coaxial cable with little 
concern for losses, but later analysis proved that this was a 
bit of wishful thinking—the relatively low values for SWR 
across multiple bands indicate that cable losses were part 
and parcel of performance. The best way to feed this versa- 
tile antenna is with open-wire ladder line, with an antenna, 
tuner in the shack to present the transmitter with a low value 
of SWR. 


THE DESIGN 


‘The Loop Skywire is shown in Fig 25. The antenna 
has one wavelength of wire in its perimeter at the design 
‘or fundamental frequency. If you choose to calculate Ly 
in feet, the following equation should be used: 


005 
f 


L, 


where f equals the frequency in MHz. 


Given any length of wire, the maximum possible area 


the antenna can enclose is with the wire in the shape of a 
circle. Since it takes an infinite number of supports to 
hang a circular loop, the square loop (four supports) is 
the most practical. Further reducing the area enclosed 
by the wire loop (fewer supports) brings the antenna 
closer to the properties of the folded dipole, and both 
harmonic-impedance and feed-line voltage problems can 
result, Loop geometries other than a square are thus pos- 
sible, but remember the two fundamental requirements 
for the Loop Skywire—its horizontal position and maxi- 
mum enclosed area 

‘There is another great advantage to this antenna sys- 
tem, It can be operated as a vertical antenna with top-hat 
loading on other bands as well. This is accomplished by 
simply keeping the feed line run from the antenna to the 
shack as vertical as possible and clear of objects. Both feed- 
line conductors are then tied together, and the antenna is 
fed against a good ground, 


CONSTRUCTION 


Antenna construction is simple. Although the loop can 
be made for any band or frequency of operation, the fol- 
lowing two Loop Skywires are good performers. The 10- 
MHz band can also be operated on both. 
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Fig 25—A complete view of the Loop Skywire. The square loop Is erected horizontal to the earth. 
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3.5-MHz Loop Skywire 
(B.5-28 MHz loop and 1.8-MHz vertical) 
Total loop perimeter: 272 fe 
Square side length: 68 feet 

7-MHz Loop Skywire 
(7-28 MHz loop and 3.5-MHz vertical) 
Total loop perimeter: 142 fe 
Square side length: 35.5 feet 


‘The actual total length can vary from the above by a 
few feet, as the length is not at all critical. Do not worry 
about tuning and pruning the loop to resonance. No signal 
difference will be detected on the other end when that 
method is used. 

Bare #14 copper wire is used in the loop. Fig 26 
shows the placement of the insulators at the loop cor- 


ners. Two common methods are used to attach the insu- 
lators. Either lock or tie the insulator in place with a loop 
wire tie, as shown in Fig 26A, or leave the insulator free 
to “float” or slide along the wire, Fig 26B. Most loop 
users float at least two insulators. This allows pulling the 


slack out of the loop once it is in the air, and eliminates 
the need to have all the supports exactly placed for proper 
tension in each leg. Floating two opposite corners is rec- 
‘ommended. 

Fig 27A shows the azimuth-plane performance on 
7.2 MHz of a 142-foot long, 7-MHz Loop Skywire, 40 
high at an elevation angle of 10°, compared to a regular 
flattop "h-A dipole at a height of 30 feet. The loop com 
into its own at higher frequencies. Fig 27B shows the n 
sponse at 14.2 MHz, compared again to a "A 14.2-MHz 
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Fig 26—Two methods of installing the insulators at the 
loop corners. 
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Fig 27—At A, azimuth-plane response of 142-toot long, 
‘7-MHz Loop Skywire, 40 feet in the air at 7.2 MHz, 
compared with ¥2, dipole 30 feet in the air. At B, 
response of same Loop Skywire at 14.2 MHz, compared 
with York 14.2-MHz dipole 30 feet in the alr. Now the 
loop has some advantage in certain directions. At C, 
response of the same Loop Skywire at 21.2 MHz 
compared to a 21.2-MHz dipole at 30 feet. Here, the 
Loop Skywire has more gain in almost all directions 
than the simple dipole. All azimuth-plane patterns were 
made at 10” elevation. 
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dipole at a height of 30 feet. Now the 
loop has several lobes that are stronger 
than the dipole. Fig 27C shows the 
response at 21.2 MHz, compared (0 a 
dipole. Now the loop has superior gain 
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compared to the '/-A dipole at almost 
any azimuth. In its favored direction on 
21.2 MHz, the loop is 8 dB stronger 
than the dipole. 

‘The feed point can be positioned 
anywhere along the loop that you wish. 
However, most users feed the Skywire 
at a comer. Fig 28 depicts a method of 
doing this, using a piece of plexiglass 
to provide insulation as well as strain 
relief for the open-wire ladder line. It 
is advantageous to keep the feed-point 
‘mechanicals away from the corner sup- 
port, Feeding a foot or so from one cor- 
ner allows the feed line to exit more 
freely. This method keeps the feed line 
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free from the loop suppor. 

Generally a minimum of four 
supports is required. If trees are used 
for supports then at least two of the 
ropes or guys used to support the 
insulators should be counterweighted 


and allowed to move freely. The feed- 
line comer is almost always tied down, however. Very 
little tension is needed to support the loop (far less than 
that for a dipole). Thus, counterweights are light. Several 
such loops have been constructed with bungie cords tied 
to three of the four insulators. This eliminates the need 
for counterweighting, 

Recommended height for the antenna is 40 feet or 
more. The higher the better, especially if you wish to use 
the loop in the vertical mode. However, successful local 
and DX operation has been reported in several cases with 
the antenna at 20 feet. Fig 29 shows the feed arrange- 
‘ment for using the Loop Skywire as a top-loaded vertical 
fed against ground on the lower bands. 

Because the loop is high in the air and has consider- 
able electrical exposure to the elements, proper methods 
should be employed to eliminate the chance of induced 
or direct lightning hazard to the shack and operator. Some 
users simply completely disconnect the antenna from the 
antenna tuner and rig and shack during periods of pos- 
sible lightning activity. 
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Fig 28—Most users feed the Skywire at a corner. A high-impedance 
weather-resistant insulator should be used for the feed-point insulator. 
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Loop Shire 
Fig 29—The feed 
arrangement for 
operating the 7-MHz 
Loop Skywire as a 
vertical antenna. 


7-MHz Loop 


An effective but simple 7MHz. antenna that has a 
theoretical gain of approximately 1 dB over a dipole 
full-wave, closed vertical loop. Such a loop need not be 
square, as illustrated in Fig 30A. It can be trapezoidal, 
rectangular, circular, or some distorted configuration in 
between those shapes. For best results, however, you 
should attempt to make the loop as square as possible. 
‘The more rectangular the shape, the greater the cancella- 
tion of energy in the system, and the less effective it will 
be. In the limiting case, the antenna loses its identity as a 
loop and becomes a folded dipole. 

You can feed the loop in the center of one of the verti- 
cal sides if you want vertical polarization. For horizontal 
polarization, you feed either of the horizontal sides at the 
center. Since optimum directivity occurs at right angles to 
the plane of the loop (or in more simple terms, broadside to 
the loop), you should hang the loop to radiate the maximum 
amount in some favored direction. 

Fig 31A. shows the azimuthal response at a takeoff 
angle of 15°, a typical angle for 40-meter DX, for vertical 
and horizontal feed systems over ground with “average” con- 
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ductivity and dielectric constant. Fig 31A includes, for ref- 
‘erence, the response of a flattop dipole 50 feet high. For DX 
work on 40 meters, the vertically polarized loop can per- 
form as well as or substantially better than either a horizon- 
tally polarized loop or a flattop dipole, particularly in the 
azimuthal nulls of the dipole. 

For the low elevation angles that favor DX work, the 
‘optimal feed point is at the center of one of the vertical wires. 
Feeding the loop at one of the corners at the bottom gives a 
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Fig 30—At A, details of the rectangular full-wave loop. 
The dimensions given are for operation at 7.05 MHz. 
The height above ground was 7 feet in this instance, 
although improved performance should result if the 
builder can install the loop higher above ground 
without sacrificing length on the vertical sides. At B, 
illustration how a single supporting structure can be 
used to hold the loop in a diamond-shaped 
configuration. Feeding the diamond at the lower tip 
provides radiation in the horizontal plane. Feeding the 
system at either side will result in vertical polarization 
of the radiated signal. 
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Fig 31—At A, azimuthal plane responses for the 
vertically and horizontally polarized 7-MHz loop, 
compared to a flattop 50-foot high dipole, all at a 
takeoff angle of 15° for DX work. The solid line Is for 
feeding the loop horizontally at the bottom; the dashed 
line is for feeding the loop vertically at a side, and the 
dotted line is for a simple flattop horizontal dipole at 
'50 feet in height. For DX work, the vertically polarized 
loop is an excellent performer. 
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compromise result for both local and DX work. The actual 
impedance is roughly the same at each point: bottom hori- 
zontal center, comer or vertical side center. 

Fig 31B demonstrates how the gain for vertical polar- 
ization changes over different type of grounds: saltwat 
very poor ground (conductivity 
stant = 5) very good (conductivity 
constant = 20) and average ground (conductivity = 5 mS/m, 
dielectric constant = 13). Again, forreference a 50-foot high 
flattop dipole’s elevation response is included. As has been 
mentioned previously in other chapters, 
is a wonderful environment for verticals 

Just how you erect such a loop will depend on what is, 
available in your backyard. Trees are always handy for sup- 
porting loop antennas. A disadvantage to the rectangular 
loop shown in Fig 30A is that two 34-foot high supports are 
needed, although in many instances your house may be high 
‘enough to serve as one of these supports. If you have a tower 
higher than about 50 feet, Fig 30B demonstrates how you 
can use it to support a diamond-shaped loop for 40 meters. 
‘The elevation and azimuthal responses are almost the same 
for either loop configuration, rectangular- or diamond- 
shaped 

‘The overall length of the wire used in a loop is d 
termined in feet from the formula 1005/f (MHz). Hence, 
for operation at 7.125 MHz the overall wire length will 
be 141 feet. The matching transformer, an electrical '/s 2 
of 752 coax cable, can be computed by dividing 246 by 
the operating frequency in MHz, then multiplying that 
number by the velocity factor of the cable being used. 
Thus, for operation at 7.125 MHz, 246/7.125 MHz = 
34.53 feet. If coax with solid polyethylene insulation is 
a velocity factor of 0.66 must be employed. Foam- 
polyethylene coax has a velocity factor of 0.80. Assum- 
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Fig 32—Elevation-plane response of 7-MHz loop used 
on 14.2 MHz. This Is for a feed point at the center of 
one of the two vertical wires. The dashed line is the 
response of a flattop 20-meter dipole at 30 feet in 
height for comparison. 


ing RG-59 is used, the length of the matching transformer 
becomes 34.53 (feet) x 0.66 = 22.79 feet, or 22 feet, 
9's inch 

‘This same loop antenna in Fig 30 fed vertically may 
bbe used on the 14 and 21MHz bands, although its pattern 
will not be as good as that on its fundamental frequency 
and you will have to use an open-wire transmission line to 
feed the loop for multiband use. Fig 32 shows the response 
at the peak lobe of the loop, at a 45° angle to the plane of 
the loop, compared to the peak response for a simple 
halfwave 20-meter dipole, 30 feet high. The gain from a 
simple flattop dipole, mounted at 30 feet, will be superior 
to the loop operated on a harmonic frequency. 


A Receiving Loop for 1.8 MHz 


You can use a small shielded-loop antenna to improve 
reception under certain conditions, especially at the lower 
amateur frequencies. This is particularly true when high lev- 
els of man-made noise are prevalent, when the second- 
harmonic energy from a nearby broadcast station falls in 
the 1.8MHz band, or when interference exists from some 
other amateur station in the immediate area. A properly con- 
structed and tuned small loop will exhibit approximately 
30 dB of front-to-side response, the minimum response b 
ing at right angles to the plane of the loop. Therefore, noise 
and interference can be reduced significantly or completely 
nulled out, by rotating the loop so that itis sideways to the 
interference-causing source. 

Generally speaking, small shielded loops are far less 
responsive to man-made noise than are the larger antennas 
used for transmitting and receiving. But a trade-off in per- 
formance must be accepted when using the loop, for the 
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strength of received signals will be 10 or 15 dB less than when 
using a full-size resonant antenna. This condition is not a 
handicap on 1.8 or 3.5 MHz, provided the station receiver 
has normal sensitivity and overall gain. Because a front-to- 
ide ratio of 30 dB may be expected, a shielded loop can be 
used to eliminate a variety of receiving problems if made 
rotatable, as shown in Fig 33. 

To obtain the sharp bidirectional pattern of a small 
loop, the overall length of the conductor must not exceed 
0.1 A. The loop of Fig 34 has a conductor length of 
20 feet. At 1.81 MHz, 20 feet is 0.037 A. With this style of 
oop, 0.037 2 is about the maximum practical dimension 
if you want to tune the element to resonance. This limita- 
tion results from the distributed capacitance between the 
shield and inner conductor of the loop. RG-59 was used 
for the loop element in this example. The capacitance per 
foot for this cable is 21 pF, resulting in a total distributed 


Fig 33—Jean DeMaw, W1CKK, tests the 1.8-MHz 
shielded loop. Bamboo cross arms are used to 
support the antenn 


capacitance of 420 pF. An additional 100 pF was needed 
to resonate the loop at 1.810 MHz. 

‘Therefore, the approximate inductance of the loop is 
15 MH. The effect of the capacitance becomes less pro- 
nounced at the higher end of the HF spectrum, provided the 
same percentage of a wavelength is used in computing the 
conductor length, The ratio between the distributed cap 
tance and the lumped capacitance used at the feed point 
becomes greater at resonance. These facts should be con- 
templated when scaling the loop to those bands above 
1.8 MHz. 

‘There will not be a major difference in the construc- 
tion requirements of the loop if coaxial cables other than 
RG-59 are used. The line impedance is not significant with 
respect to the loop element. Various types of coaxial line 
exhibit different amounts of capacitance per foot, however, 
thereby requiring more or less capacitance across the feed 
point to establish resonance. 

Shielded loops are not affected noticeably by nearby 
objects, and therefore they can be installed indoors or out 
after being tuned to resonance. Moving them from one place 
to another does not significantly affect the tuning 

You can see in the model shown in Fig 33 that a sup- 
porting structure was fashioned from bamboo poles. The X 
frame is held together at the center with two U bolts. The 
loop element is taped to the cross-arms to form a square. 
You could likely use metal cross arms without seriously 


(any 


oo tena) 


Fig 34—Schematic diagram of the loop antenna. The 
dimensions are not critical provided overall length of 
the loop element does not exceed approximately 0.1 2. 
‘Small loops which are one half or less the size of this, 
‘one will prove useful where limited space Is a 
consideration. 


degrading the antenna performant 
bbe used for the supporting frame. 

A Minibox was used at the feed point of the loop to 
hold the resonating variable capacitor. In this model a 
‘50 to 400-pF compression trimmer was used to establish 
resonance. You must weatherproof the box for outdoor 
installations, 


Alternatively, wood can 


Remove the shield braid of the loop coax for one inch 
directly opposite the feed point. You should treat the 
posed areas with a sealing compound once this is done. 

In operation this receiving loop has proven very effe 
tive for nulling out second-harmonic energy from local 
broadcast stations. During DX and contest operations on 
1.8 MHZ it helped prevent receiver overloading from nearby 
1.8-MHz stations that share the band. The marked redue- 
tion in response to noise has made the loop a valuable sta- 
tion accessory when receiving weak signals. It is not used 


all of the time, but is available when needed by connecting 
it to the receiver through an antenna selector switch. Recep- 
tion of European stations with the loop has been possible 
from New England at times when other antennas were 
totally ineffecti 

It was also discovered that the effects of approaching 
storms (Wwith attendant atmospheric noise) could be nulli- 


e because of noise, 


fied considerably by rotating the loop away from the storm 
front. It should be said that the loop does not exhibit mean- 
ingful directivity when receiving sky-wave signals. The 
directivity characteristics relate primarily to ground-wave 
signals. This is a bonus feature in disguise, for when null- 
ing out local noise or interference, one is still able to copy 
sky-wave signals from all compass points! 
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For receiving applications it is not necessary to 
match the feed line to the loop, though doing so may 
enhance the performance somewhat. If no attempt is made 
to obtain an SWR of 1, the builder can use 50 or 75-0 
coax for a feeder, and no difference in performance will 


be observed. The Q of this loop is su 
allow the operator to peak it for resonance 


ently Low to 
1.9 MHz, 
and use it across the entire 18MHz band. The degrada- 
tion in performance at 1.8 and 2 MHz will be so slight 
that it will be difficult to discern. 


An Indoor Stealth Loop 


Ted Phelps, W8TP, wrote an article in The ARRL 
Antenna Compendium, Vol 7 describing. his attic-mounted 
wire loop antenna, fed with an automatic antenna tuner. Here 
is a shortened version of that article. 

If you drive down my street in Whi 


apel Village in 
Newark, DE, trying to find my ham location by looking for 
‘my antenna, you wouldn’t find it. Even if you pulled up in 
front of my condo, you wouldn’t notice any telltale signs, 
because my multiband antenna is completely hidden. It’s, 
in the attic of my two-bedroom condominium in a small re~ 
tirement community completed in 1999. 

Before the move, I had given considerable thought to 
‘what type of antenna I might use, if any. I already knew that 
‘out of the question, due to 
al estate and condo association rules. So 1 
planned a clause for any sales contract I might sign, speci 


permanent outdoor types wer 
restrictive 


cally mentioning amateur radio and my desire to set up a 
station in my new living quarters. I decided I would not move 
where my lifelong hobby would be severely restricted or 
prohibited. 

‘That meant that to be reasonably sure I could continue 
enjoying Amateur Radio as before, I would have to install 
an indoor antenna that could perform as well as a typical 
‘outdoor system. What kind? In Ohio, I had tried a horizon- 
tally polarized attic dipole made with #14 wire. It didn’t 
‘work very well—it was just too low to the ground. 

earned about a high-tech method of remote antenna 


tuning using an antenna coupler which contains a micropro- 
cessor. I found this kind of automatic tuner available from 
two American manufacturers and within a reasonable price 


ANTONSS 29 Ft Above Ground 


Top = 340.5" (28.375.8) Long, 


South Leg = 121" 


‘Tuner 


Base = 350.5" (29.208 ft Long), 12 t Above Ground 


Fig 35—Diagram showing layout of W8TP’s indoor 
hidden loop antenna. 
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range. Although our move was still a few months ahead, 1 
purchased a model SG-230 antenna coupler made by SGC 
Inc, Bellevue, WA, for use in Delaware. 

Fig 35 shows the final dimensions of my hidden loop, 
which is a single-turn rectangular loop, erected in a north- 
south vertical plane and made from nearly 78 feet of #6 
stranded, aircraft primary wire in a PVC jacket, held taut at 
the lower comers and supported by a pulley and guy rope at 
each upper comer. Because it’s vertically polarized, it sup- 
ports low-angle radiation reasonably well. By the way, if 
you're wondering why I used such a relatively large-gauge 
wire as #6 for the loop antenna, it was readily available from 
my son-in-law! 

Fig 36 shows my completed condo unit. Note the dog- 
house dormer on the roof about 12 feet above ground at the 
attic floor. This is the level of my hidden loop’s base leg. 

In constructing my system I had to overcome RFI 
problems on my own premises. Each condo unit has its 
‘own electronic security panel on an upper shelf in a closet. 
As soon as I applied moderate power to my radio and 
loop, the Fire Alarm sounded and firefighters came to 
my door! The burglar/intrusion signal was triggered a 
couple of times, too. Working with a security installation 


technician, I found that there was no ground wire con- 
nected to my security panel. “We don’t bother with that’ 
said the tech, and then, reacting to my surprise, connected 
a #14 ground between the security panel and the house 


water-pipe ground. I then installed a ferrite bead on each 
lead entering the security panel. I also placed ferrite beads 


on keyer-paddle leads, GFCI electrical outlets, etc. Those 


Fig 36—Can you see W8TP’s antenna in this 
photograph? Of course you can't—it's hidden from view 
Inside his attic! 
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Max. Gain = 5.48 81 Freq.= 142MH2 


Loop Dipole at 23° = 


Max. Gain = 3.13 81 Freg. = 14.2 MHZ 
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Fig 37—At A, computed elevation pattern at 14.2 MHz 
for W8TP’s hidden loop (solid line), compared to a 20- 
meter dipole (dashed line) at a height of 23 feet. At B, a 
‘comparison of the azimuth patterns at a 20°-elevation 
angle for W8TP’s loop (solid line) and the same 20- 
meter dipole (dashed line). The loop has a slightly 
asymmetrical response because it is fed at a corner, 
but its performance is competitive to an outdoor dipole. 
In fact, it has superior low-angle performance, typical 
of a vertically polarized antenna compared to a low 
horizontal antenn 


1m to have eliminated my RFI problems. 

‘When we moved into our condo, I took the obvious 
precaution of not using a linear amplifier. I took extra care 
to establish a single-point ground for my station equipment 
by connecting all equipment grounds to the cover plate of 

ic outlet box behind the operating pos 
tion, and thence to a separate ground rod in our front 
a LEW RL Drake low-pass filter in the transceiver- 
antenna feed line. 

Is this indoor antenna system safe? I believe so. In the 
altic itis not at all close to our living space. Its fixed firmly 
in place and unlike most amateur antennas it is out of the 
weather! I therefore do not use a quick-grounding system 
for times when a thunderstorm approaches. 

Fig 37 shows the computed elevation and azimuth pat- 
tems on 20 meters. The tuner is able to hold the SWR down 
low enough so that my IRC-245 transceiver can operate 
through its internal antenna tuner. 
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Fig 43—A simple lightning arrester for open-wire line 
made from three standoff or feedthrough insulators 
and sections of "a x 'i-inch brass or copper strap. It 
should be installed in the line at the point where the 
line enters the station. The heavy ground lead should 
be as short and as direct as possible. The gap setting 
should be adjusted to the minimum width that will 
prohibit arcing when the transmitter is operated. 


The construction of a homemade arrester for open- 
hown in Fig 43. This type of arrester can be 
adapted to ribbon line an inch or so away from the center 
member of the arrester, as shown in Fig 44. Sufficient 
insulation should be removed from the line where it 
's the arrester to permit soldering the arrester con- 
necting 


Lightning Grounds 

Lightning-ground connecting leads should be of 
conductor size equivalent to at least #10 wire. The #8 
aluminum wire used for TV-antenna grounds is satisfac- 
tory. Copper braid 's-inch wide (Belden 8662-10) is also 
suitable. The conductor should run in a straight line to 
the grounding point. The ground connection may be made 
to a water pipe system (if the pipe is not plastic), the 
grounded metal frame of a building, or to one or more 
Spinch ground rods driven to a depth of at least 8 feet. 
More detailed information on lightning protection is con- 
tained in Chapter 1, Safety. 

A central grounding panel for coax cables coming 
into the house is highly recommended. See Fig 45 for a 
photo of the homemade grounding panel installed by 
Chuck Hutchinson, K8CH, at his Michigan home. The 
coax cables screwed into dual-female feed-through UHF 
connectors. K8CH installed this aluminum panel under 
the outside grill for a duct that provided combustion air 
to an unused fireplace. He used ground strap to connect 
to ground rods located under the panel. See the ARRL 


Fig 44—The lightning arrester of Fig 39 may be used 
with 300-0 ribbon line in the manner shown here. The 
TV standoffs support the line an inch or so away from 
the grounded center member of the arrester 


Fig 45—K8CH's coax entry panel mounted on exterior 
wall (later covered by grill that provides combustion to 
an unused fireplace). The ground braid goes to a 
ground rod located beneath the panel. (Photo courtesy: 
‘Simple and Fun Antennas for Hams) 


book Simple and Fun Antennas for more information 
about ground panels 

Before a lightning storm approaches, a prudent ham 
will disconnect all feed lines, rotor lines and control lines 
inside the shack to prevent damage to sensitive electron- 
ics. When lightning is crashing about outside, you cer- 
tainly don’t want that lightning inside your shack! 
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Low-Frequency 
Antennas 


In theory there is no difference between antennas at 
10 MHz and up and those for lower frequencies. In reality 
however, there are often important differences. Iti the size 
of the antennas, which increases as frequency is decrease 
that creates practical limits on what can be realized physically 
at reasonable cost 

AU7.3 MHz, 1 = 133 feet and by the time we get to 
8 MHz, I 2. = 547 feet. Even a A/2 dipole is very long on 
160 meters. The result is that the average antenna for these 


bands is quite different from the higher bands, where Yagis 
and other relatively complex antennas dominate. In addition, 
vertical antennas can be more useful at low frequencies than 
they are on 20 meters and above because of the low heights 


(in wavelengths) usually available for horizontal antennas 
fon the low bands. Much of the effort on the low bands is, 
focused on how to build simple but effective antennas with 
limited resources. This section is devoted to antennas for use 
on amateur bands between 1.8 to 7 MHz. 


The Importance of Low Angles for Low-Band DXing 


In Chapter 3, The Effects of Ground, we emphasized 
the importance of matching the elevation response of your 
antennas as closely as possible to the range of elevation 
led for communication with desired geographic 
areas. Fig 1 shows the statistical 40-meter elevation angles 
needed over the entire 11-year solar cycle to cover the path 
from Boston, Massachusetts, to all of Europe. These angles 
range from 1° (at 9.6% of the time when the 40-meter band 
is open to Europe) to 28° (at 0.3% of the time). 

Fig | also overlays the elevation pattern response of a 
100-foot high flattop dipole on the elevation-angle statistics, 
illustrating that even at this height the coverage is hardly opti- 
‘mum to cover all the necessary elevation angles. While Fig 1 is 
dramatic in its own right, the data can be viewed in another way 
that emphasizes even more the importance of low elevation 
angles. Fig 2 plots the the cumulative distribution function, 
the total percentage of time 40 meters is open from Boston to 
Europe, at or below each elevation angle. For example, Fig 2 
says that 40 meters is open to Europe from Boston 50% of the 
time at an elevation angle of 9° or less. The band is open 90% 


Fig 1—Screen capture from HFTA (HF Terrain Assessment) 
program showing elevation response for 100-foot high 
dipole over flat ground on 7.1 MHz, with bar-graph overlay 
of the statistical elevation angles needed over the whole 
11-year solar cycle from New England (Boston) to all of 
Europe. Even a 100-foot high antenna cannot cover all the 
necessary angles. 
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Solder and Fluxes 


In recent years there’s been a move towards using more environmentally-friendly 
materials in electronic products. EU legislation such as Restriction of the Use of Certain 
Hazardous Substances in Electrical and Electronic Equipment (RoHS) aims to reduce 
toxic heavy metals being sent to landfill. (Look for the RoHS symbol on equipment to 
indicate compliance.) Due to RoHS compliance, the electronics industry had to change the 
type of solder it uses in electronic production. 


Electronics solder is supplied in reels or handy dispensers like this. 


Solder comes in various forms including solid bars or pellets for melting in small 
electric ‘solder pots’ used for treating the ends of wires with solder. Traditional general- 
purpose electronics-grade solder is in wire form — starting with so-called “60/40” which 
contains 60% tin (symbol Sn) and 40% lead (symbol Pb) and is sold in handy dispensers 
or reels. Although tin-lead solder is now banned in industry, there’s nothing to stop the 
hobbyist from using it but best practice is to use lead-free solder in our work: my advice is 
to try both, and see which you prefer to work with. “40/60” tin-lead produces lower 
quality results but is slightly cheaper and perfectly acceptable in hobby circles. 


Various diameters of solder wire are marketed. In the UK they’re sold in Standard 
Width Gauge (SWG) sizes, typically as 18SWG (1.2mm) or 228WG (0.7mm). The latter 
is fine for almost all hand-soldering of printed circuit boards or general electronics. For 
larger solder joints (e.g. larger switch or motor terminals), 18SWG solder would be better 
‘as more solder can be dispensed more quickly. 


Lead-free solder is universally available and contains typically 99.7% pure tin and 
0.3% copper (symbol Cu). It needs a higher melting point which makes it slightly more 
difficult to work with, but standard soldering irons will cope with it well. Antex lead-free 
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Fig 2—Another way of looking at the elevation statistics 
from Fig 1. This shows the percentage of time the 40-meter 
band is open, at or below each elevation angle, on the path 
from Boston to Europe. For example, the band is open 50% 
of the time at an angle of 9° or lower. It is open 90% of the 
time at an angle of 19° or lower. 
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Fig 4—The 40-meter statistics from the West Coast: from 
‘San Francisco to the rest of the DX world. Here, 90% of 
the time the path to Europe is open, itis at takeoff angles 
less than or equal to 11°.No wonder the hams living on 
‘mountain tops do best into Europe from the West Coast. 
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Fig 3—The percentage of time the 40-meter band is open, 
at or below each elevation angle, for various DX paths from 
Boston: to Europe, South America, southern Africa, Japan, 
Oceania and south Asias. The angles are predominantly 
quite low. For example, on the path from Boston to Japan, 
90% of the time when the 40-meter band is open, itis open 
at elevation angles less than or equal to 10°. Achieving 
good performance at these low takeoff angles requires very 
high horizontally polarized antennas, or efficient vertically 
polarized antennas. 


of the time at an elevation angle of 19° or less 
Fig 3 plots the 40-meter elevation-angle data for six 
major geographic areas around the world from Boston. In 
ceneral, the overall range of elevation angles for far-distant 
locations is smaller, and the angles are lower than for closer- 
in areas. For example, from Boston to southern Asia (India), 
50% of the time the takeoff angles are 4° or less. On the path 
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Fig 5—The situation on 80 meters from Boston to the rest 
of the DX world. Into Europe, 90% of the time the elevation 


angle Is less than or equal to 20°. Into Japan from Boston, 
‘90% of the time the angle is less than or equal to 12°. 


to Japan from Boston, the takeoff angles is less than or equal 
to 6° about 70% of the time. These are low angles indeed. 
Fig 4 shows similar data for the 40-meter band from 
San Francisco, California, to the rest of the world. The path 
to southern Africa from the US West Coast is a very long. 
distance path, open some 65% of the time itis open at angles 
of 2° or less! The 40-meter path to Japan involves takeoff 
angles of 10° or less more than 50% of the time. If you are 
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Fig 6—From San Francisco to the rest of the world on 
80 meters: 90% of the time on the path to Japan, the 
takeoff angle Is less than or equal to 17°; 80% of the time 
the angle is less than or equal to 10°; 25% of the time the 
angle is less than or equal to 6°. A horizontally polarized 
antenna would have to be 600 feet above flat ground to be 
optimum at 6°! 


fortunate enough to have a 100-foot high flattop dipole for 
40 meters, at a takeoff angle of 10° the response would be 
down about 3 dB from its peak level at 20°, At an elevation 
angle of S° the response would be about $ dB down from 
peak. You can see why the California stations located on 
‘mountain tops do best on 40 meters for DXing. 

Fig 5 shows the same percentage-of-time data for the 
80-meter band from Boston o the world. Into Europe from 
Boston, the 80-meter elevation angle is 13° or less more than 
50% of the time. Into Japan from Boston, 90% of the time 
the band is open is at a takeoff angle of 13° or less. (Note 
evation statistics are computed for “undisturbed” 
ionospheric conditions, There are times when the incoming 


angles are affected by geomagnetic storms, and generally 
speaking the elevation angles rise under these conditions.) 
Fig 6 shows the 80-meter data from San Francisco to 
the world. Low elevation angles dominate in this graph and 
high horizontal antennas would be necessary to optimal 
coverage. In fact, 50% of the time for all paths, the elevation 
angle is less than 10 
In the rest of this chapter, we'll often compare horizon- 
tally polarized antennas at practical heights with vertically 
polarized antennas, usually at takeoff angles of 5° or 10°, 
angles useful for DX work. But first, let us look at situations 
where high takeoff angles are most useful. 


Short/Medium-Range Communications 


Not all hams are interested in working stations thousands 
of miles from them. Traffic handlers and rag chew 


may, in 
fact, oly be interested in nearby communications—perhaps 
out {0 600 miles from their location. 

For example, a ham in Boston may want to talk with 
his brother-in-law in Cleveland, OH, a path that is just over 
'550 miles away. Oran operator in Buffalo, NY, may be the net 
control station (NCS) for a regional net involving the states 
of New York and New Jersey. She needs to cover distances 
‘up to about 300 miles away. 

Depending on the time of day, the most appropriate 
ham frequencies needed for nearby communications are the 
40 and 80/75-meter bands, with 160 meters also a possibility 
during the night hours, particularly during low portions ofthe 
sunspot cycle. The elevation angles involved in such nearby 
distances are usually high, even almost directly overhead for 
distances beyond ground-wave coverage (which may be as 
short asa few miles on 40 meters). For example, the distance 
between the Massachusetts cities of Boston and Worchester 
is about 40 miles. On 40 meters, 40 miles is beyond ground: 
‘wave coverage. So you will need sky-wave signals that use the 
ionosphere to communicate between these two cities, where 
the elevation angle is 83°—very nearly straight up. 

Hams using vertical antennas for communications 
with nearby stations may well find that their signals will be 
below the noise level typical on the lower bands, especially 


if they aren't running maximum legal power. Such relatively 
short-range paths involve so-called NVIS, “Near Vertical 
Incidence Skywave,” a fancy name for HF communication 
systems covering nearby geographic areas. The US military 
discusses NVIS out to about 500 miles, encompassing the 
lertitory a brigade might cover. Elevation angles needed to 
cover distances from 0 to 500 miles range from about 40° 10 
90°. This also covers the circumstances involved in amateur 
communications, particularly in emergency situations. 

The following section is adopted from the article 
“What's the Deal About NVIS?” that appeared in December 
2005 QST. This article used an example of a hypothetical 
earthquake in San Francisco to analyze HF emergency com- 
munication requirements. 


HAM RADIO RESPONSE IN NATURAL 
DISASTERS 


‘One of San Francisco's somewhat less endearing nick- 
names is “the city that waits to die.” When the Big Earthquake 
does come, you can be assured that all the cell phones and the 
land-line telephones will be totally jammed, making calling 
in or out of the San Francisco Bay Area virtually impossible. 
‘The same thing occurred in Manhattan on September 11, 
2001. The Internet will also be severely affected throughout 
northern California because of its trunking via the facilities 
of the telephone network. Commercial electricity will be out 
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in wide areas because power lines will be down. It’s virtually 
certain that water mains will be out of commission too. 

Ifthe repeaters on the hills around the San Francisco Bay 
Area haven't been damaged by the shaking itself, there will 
be some ham VHF/UHF voice coverage in the intermediate 
area, at least until the backup batteries run down, But con- 
necting to the dysfunctional telephor -m will be difficult 
at best through amateur repeaters, 

With little or no telephone coverage, an obvious need 
for ham radio communications to aid disaster relief would 
be from San Francisco to Sacramento, the state capital. Sac- 
ramento is 75 miles northeast of the Bay Area, well outside 
VHF/UHF coverage, so amateur HF will be required on 
this radio circuit, On-the-ground communications directly 
between emergency personnel (including the armed-forces 
personnel who will be brought into the rescue and rebuilding 
effort) will often be difficult on VHF/UHF since San Fran- 
cisco is hilly place. So HF will probably be needed even 
for short distance, operator-to-operator or operator-to-com- 


Table 1 


munications center work. Throughout the city, portable HF 
stations will have to be quickly set up and staffed to provide 
such communications. 

Hams used to half jokingly call short range HF com- 
munications on 40 and 80 meters “cloud warming.” This is an 
apt description, because the takeoff angles needed to launch 
HF signals up into the ionosphere and then down again t 
nearby station are almost directly upwards. Table I lists the 
distance and takeoff angles from San Francisco to various 
cities around the western part of the USA. The distance be- 
tween San Francisco and Sacramento is about 75 miles, and 
the optimum takeoff angle is about 78°. Launching such a 
high-angle signal is best done using horizontally polarized 
antennas mounted relatively close to the ground 


GEOGRAPHIC COVERAGE FOR NVIS 


Figure 7A shows the geographic area coverage around 
San Francisco fora 100-W, 7.2-MHz station using an inverted 
V dipole. The center of this antenna is 20 feet above flat 


: z ase512srawa2 
‘Average Elevation Angles for Target Destinations 
from San Francisco 
Location Distance Average Elevation sald 40m 
Miles Angle, Degrees 
San Jose, CA 43 80 ya 40m % 
Sacramento, CA 75 78 
Fresno, CA 160 63 80m 
Reno, NV 185 60 
Los Angeles 350 44 
San Diego 450 42 Fig 8—Layout for two band inverted V dipoles for 40 and 
Portland, OR 530 30 80 meters. The two dipoles are fed together at the center 
Denver, CO 950 18 and are laid out at right angles to each other to minimize 
Dallas, 7X 1500 8 interaction between them. Each end of both dipoles is 
: kept 8 feet above ground for personnel safety. 
aos} 
$9 
20s} 
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Fig 7—At A, Predicted 40 meter geographic coverage plot for a 100 W transmitter in December at 0000 UTC (near sun- 
sel), for a SSN (Smoothed Sunspot Number) of 20. The antennas used are 20 foot-high inverted V dipoles. At B, 40 meter 
coverage for same date and time, but for 100 foot-high flattop dipoles. Most of California is well covered with S9 signals 
in both cases, but there is more susceptibility in the higher dipole case to thunderstorm crashes coming from outside 
California, for example from Arizona or even Texas. Such noise can interfere with communications inside California. 
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Fig 9—Elevation plots for 


different 40 meter antennas 


above flat ground with average 


= ground characteristics (5 mSim 
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ll pe 


high inverted V dipoles both 
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elevation angle. The gain there 


is roughly that of a 2 foot-high 
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dipole! 
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Welcome to Vaisala Lightning Explorer 


Fig 10—The distribution of lightning strikes across the 
USA for August 10, 2005 from 2200 to 0000 UTC, in the 
afternoon California time. There are lots of lightning strikes 
in the US during the summer—60,898 of them in this two- 
hour period! (Courtesy Vaisala Lightning Explorer) 


‘ground and the ends are 8 fe 
Of such an antenna could be as an 80-meter inverted V, fed in 
parallel with a40-meter inverted V dipole at a 90° angle. See 
Fig 8. The 8-foot height puts the ends high enough to prevent 
RF burns to humans (or most animals). The low height of 
the antenna above ground means that the azimuthal pattern 
is omnidirectional for high elevation angles. 

Fig 7 was generated using the VOAAREA program, part 
of the VOACAP propagation-prediction suite, for the month 
of December. This was for 0000 UTC, close to sundown, for 


high. An actual implementation 


a low period of solar activity (Smoothed Sunspot Number, 
SSN of 20). The receiving stations were also assumed to be 
lentical inverted-V dipoles, 

You can see that almost the whole state of California is 
covered with $9 signals, minus only a thin slice of land near 
the Mexican border in the southeast portion of the state, where 
the signal drops to S7. Signals from Texas are predicted to be 
only $5 or less in strength, Signals (or thunderstorm static) 
coming from, say, Louisiana would be several S units weaker 
than signals from central Texas. 

Now take a look at Fig 7B. Her 
solar conditions remain the same, but now the antennas are 
100-foot high flattop dipoles. California is still blanketed 
with $9 signals, save for an interesting crescent-shaped slice 
near Los Angeles, where the signal drops down to $7. Close 
investigation of this intriguing drop in signal strength reveals 
that the necessary elevation angle, 44°, from San Francisco 
to this part of southern California falls in the first null of the 
100-foot high antenna’s elevation pattern. See Fig 9, which 
shows the elevation patterns for five 40-meter antennas at dif- 
ferent heights. In the null at a 44° takeoff angle, the 100-foot 
high dipole is just about equal to a 2-foot high dipole. We'll 
discuss 2-foot high dipoles in more detail later. 

For most of California, the problem with 100-foot hi 
40-meter antennas is that interfering signals from Texas, Col- 
orado or Washington State will also be $9 in San Francisco. 
So will static crashes coming from thunderstorms all over 
the West and much of the Gulf Coast. (Ed Farmer, AA6ZM, 
joked once that the Army doesn’t have any problem with 
interfering signals—they just call in an airstrike. We hams 
don’t generally have this ability, although we occasionally 
call in the FCC.) See Fig 10, which shows a typical distri- 
bution of thunderstorms across the US in the late afternoon, 
California time, in mid-August. There certainly are a lot of 
thunderstorms raging around the country in the summer. 

‘The signal-to-noise and signal-to-interference ratios for 
420-foot high inverted V dipole will be superior for medium- 


, the date, time and 
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[NvS signals, San Francisco Les Angele 
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cay Fig 11—VOACAP calculations for a 


350 mile path from San Francisco 


to Los Angeles, using 10 foot-high 


flattop dipoles. This plot shows 
the signal strength in S Units 


('S10" = $9410) for a worst-case 
‘monthiSSN combination—winter 


solstice, in December, for a low 


level of solar activity (SSN = 20). 
‘The 40-meter signal drops toa 


very low level during the night 
because the MUF drops well be- 


‘Shpal Serge (10°=59 +) 


low 7.2 MHz. The 80-meter signal 


drops in the afternoon because of 
D-layer absorption. For 24-hour 
‘communications on this path, the 


rule of thumb is to select 40 me- 


ters during the day and 80 meters 
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Fig 12—Signal strengths for the 


‘San Francisco to Los Angeles 


path for a worst-case month! 


53) 


‘SSN combination—summer 
‘solstice, in June, for a high 
level of solar activity 


(SSN = 120). Now 80 meters 
drops out more dramatically 
during the daylight hours, due 


to increased D-layer absorp- 
tion. At this high level of solar 


Signal Stengh (10 


activity, 40 meters remains 
‘open 24 hours with reasonable 


‘signal levels. However, the NVIS 


rule-of-thumb still hold: 
40 meters during the day; 


ososta Seaton ura Nou 


1 it 


80 meters at night. 


range distances, say out to 500 miles from the center, com- 
pared to a 100-foot high antenna. The 20-foot high antenna 
can discriminate against medium-angle thunderstorm noise in 
the late afternoon coming from the Arizona desert, although 
itwouldn’t help much for thunderstorms in the Sierra Nevada 
in central Nevada, which are arriving in San Francisco at high 
angles, along with the desired NVIS signals. 

Thisiis the essence of what NVIS means. NVIS exploits 
the difference in elevation pattern responses of low hori~ 
zontally polarized antennas compared to higher horizontal 


antennas, or even verticals. Over the years, many hams have 
been lead to believe that higher is always better. This is not 
quite so true for consistent coverage of medium or short 
distance signals! 

If NVIS only involved putting up a low horizontally 
polarized antenna on 40 meters the story would end here. 
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However, real cloud warming is more complicated. It also 
involves the intelligent choice of more than just one operating 
frequency to achieve reliable all day, all-night communica- 
tions coverage. 

Fig 11 shows the signal strength predicted using 
VOACAP for the 350-mile path from San Francisco to Los 
Angeles for the month of December for a period of tow 
solar activity (SSN of 20). The antennas used in this case are 
10-foot high dipoles, just for some variety. These act almost 
like 20-foot high Inverted V dipoles. December at a low 
SSN was chosen as a worst-case scenario because the winter 
solstice occurs on December 21. This is the day that has the 
fewest hours of daylight in the year. (Contrast this with the 
summer solstice, on June 21, which has the most hours of 
daylight in the year.) Note that the upper signal limit in Fig 11 
10"—a fictitious quantity that allows easier graphing, 


S10 is equivalent to $9, or at least S9+10 dB. 

‘The 40-meter curve in Fig 11 shows that the MUF (maxi- 
‘mum usable frequency) actually drops below the 7.2 MHzama- 
teur band after sunset. The signal becomes quite weak forabout 
14 hours during the night, from about 0300 to 1700 UTC. In 
period of low solar activity the 40-meter band thus becomes 
strictly a daytime band on this medium-distance path, 

The 80-meter curve in Fig 11 shows strong signals 
after dusk, through the night and up until about an hour after 
sunrise. After sunrise, 80 meters starts to suffer absorption in 
the D layer of the ionosphere and hence the signal strength 
drops. Here, 80 meters is a true nighttime band. 

Let's see what happens from San Francisco to Los Ange~ 
les during a period of high solar activity (SSN of 120) during 
the summer solstice in June. Fig 12 shows that 40 meters now 
stays open all hours of the day due to the greater number of 
hours of sunlight in June and because the ionosphere becomes 
more highly ionized by higher solar activity. Meanwhile 
80 meters still remains a nighttime band during these condi- 
tions on this path 

Now, let’s look at a shorter-distance path—our 75-mile 
emergency communications path from San Francisco to Sa 
ramento, We'll again use June during the summer solstice 
at a high level of solar activity (SSN of 120) because this 
represents another worst-case scenario. Fig 13 shows that 
40 meters remains open on this path all day, dropping to a 
lower signal level just before sunrise. At sunrise, the MUF 
drops close to 7.2 MHz. 80 meters is still mainly a nighttime 
band to Sacramento, even though it does yield workable signal 
levels even during the daylight hours. However, 40 meters is 
better from 1200 to 0400 UTC, so 40 would be still the right 
daytime band for this path during the day. 


CHOOSING THE RIGHT NVIS FREQUENCY 


You can see that a pattern is developing here for effi- 


cient NVIS short/medium-distan« 

500 miles: 

© You should pick a frequency on 40 meters during the 
day. 

© You should pick a frequency on 80 meters during the 
night. 

© You should choose an antenna that emphasizes moder- 
ate to high elevation angles, from 40° to almost directly 
overhead at 90°, 

“What about 60 meters?” you might ask. The character- 
istics on 60 meters fall in-between 40 and 80 meters, although 
it resembles 40 meters more closely. With characteristics 
close to that of 40, but with only five channels available and 
a 50-W power limit, the 60-meter band is of low utility for 
serious NVIS us 

‘What about 160 meters? For 100-W Ie' 
atthe worst-case month or during low solar activity, the eriti- 
cal frequency doesn’t fall below 3.8 MHz often enough to 
destroy the ability to communicate, even for short distances. 
‘That is a relief, considering that installing a 160-meter half 
wave dipole involves a 255-foot wingspan, and it would need 
to be elevated at least 30 feet in the center. A short loaded 
vertical such as a 160-meter mobile whip would have poor 

-sponse at the high elevation angles needed for NVIS. You 
could probably put 1 monster 160-meter horizontal dipole 
up at a permanent location, but hauling such a thing around 
in the field would not be an easy task. 


SOME OTHER OBSERVATIONS ABOUT 
NVIS—STRATEGY 
You could pose the question about whether NVIS is an 
operating mode or whether itis actually an operating strategy. 
‘We maintain that NVIS is a strategy. It involves choosing 
both appropriate frequencies and then appropriate antennas 
for those frequencies. Fig 13 does show that on short-distance 


‘ommunications out to 


el radios, even 
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Fig 13—Signal strengths for a 
75 mile path—San Francisco 


to Sacramento. This is for June 


and SSN = 120. Either band 
could be used successfully 


over the full 24-hour period 


because signal levels are 
always higher than S6. But the 


simple NVIS rule-of-thumb still 


holds: Use 40 meters during 
the day; 80 meters at night. 


This simplifies giving instruc- 
tions to operators unaccus- 


tomed to the use of HF. 


osesrasemor ure ours 
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paths, such as betwee 
could stay on 80 meters all day and night. But if you have 
to give a single rule-of-thumb to operators who are not very 
experienced at operating HF, we would tell them to operate 
on the higher frequency band during the day and on the lower 
frequency band at night 


San Francisco and Sacramento, you 


SOME OTHER OBSERVATIONS ABOUT 
NVIS—ANTENNA HEIGHT 


‘Some NVIS aficionados have advocated placing dipoles 
only a few feet over ground, something akin to saying, “If 
low is good for NVIS, then lower must be even better.” Now 
wwe are not claiming that a very ow antenna won't work in 
specific instances—for example, covering a small state such 
as Rhode Island or even just the San Francisco Bay Area. 

It certainly is convenient to mount a 40-meter dipole 


‘on some 2-foot high red traffic cones! You should be very 
skeptical, however, about the ability of such antennas to cover 
all of a large state, such as California or Texas, especially on 
80 meters. Fig 14 shows the computed elevation responses 
for a number of 80-meter antennas, including a 2-foot-high 
dipole. 

Fig 15B shows the 80 meter geographic coverage plot 
for 2-foot-high flattop dipoles, compared with the plot in 
Fig 15A for 20-foot-high inverted V dipoles on both ends of 
the path. The 2-foot-high dipoles produce about two S-units 
less signal across all of California than the 20-foot-high 
inverted V dipoles, at 0300 UTC in December, with an 
of 20. The reason is that a low dipole will suffer more losses 
in the ground under it 

‘The differential between California signals and possible 
interfering signals from, say, New Mexico, is predicted to be 
S-units, the same as it i for the higher inverted V dipole 
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; Fig 14—Elevation response pat- 
= terns for 80 meter antennas over 
2 — average soil. The shapes track 
me oie each other rather well, remaining 
as Lay parallel for heights from 2 
$2 20boR to 66 feet over flat ground. The 
2 2 foot dipole is substantially 
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Fig 15—Geographic coverage plots for December, SSN = 20, 0300 UTC. At A, antennas are 20 foot-high inverted V 
dipoles over Average soll. At B, antennas are 2-foot-high flattop dipoles over Average soil. The response for the 
2+foot-high antennas is down about 2 S Units, 8 to 12 dB for a typical communications receiver. 
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at 20 feet. Thus ther al advantage in terms of 
to-interference ratio or signal-to-noise ratio (for thunde 
static crashes) for either height. This is because the shape of 
all the response curves in Fig 14 below 20 feet essentially 
track each other in parallel 

However, the lower the antenna, the lower the transmi 
ted signal strength. Physics remain physics. And if you are 
in an emergency situation operating on batteries, you could 
reduce power from 100 W to 10 W with a 20-foot high 
inverted-V antenna and still maintain the same signal strength 
as a2-foot high dipole at 100W. 


LOW NVIS ANTENNAS AND LOCAL 
POWERLINE NOISE 


Some advocates of really low antennas have stated that 
the received noise is much lower than that received from high- 
er antennas, and this therefore leads to better signal-to-noi 
ratios (SNR). How much this is true depends on the source 
of the noise. If the noise comes from distant thunderstorms, 
then the SNR advantage going to a 2-foot antenna from a 
20-foot-high one is insignificant, as Fig 15 indicates. 

If noise is from an arcing insulator on a HV power line 

half a mile away, that noise will arrive at the antenna as a 

ground-wave signal. We calculate that the 2-foot antenna 

receives 4.4 dB less noise by groundwave than a 20-foot-high 
inverted V dipole. However, a an incoming elevation angle 
of 45°—suitable for a signal going from Los Angeles to San 

Francisco—the signal would be down 7.1 dB on the low 

dipole compared to the higher antenna. The net loss in SNR 

forthe 2-foot-high dipole s thus 7.1—4.4 or2.7 dB. Close, but 
no cigar. Summarizing about really low NVIS antennas: 

+ A2-foot-high dipole yields weaker signals, but without an 

INR advantage compared to its more elevated brethren. 

‘© A 2:foot-high dipole is lot easier to tip over at night. We 
‘would call this a “knee biter” (or maybe an “ankle biter” 
if you're really tall) 

‘+ You (and your dog) can easily get RF burs from an an- 
tenna that is only 2 feet off the ground. 

This is nota winning strategy to make friends or QSOs, 

sms. But still, really low dipole may serve your short 

range communication needs just fine. But remember, that 
just as “higher is better” isn’t universally true for NVIS (or 

even longer range) applications, “lower is better” isn’t a 

panacea either. 


ELEVATION ANGLES FOR MODERATE 
DISTANCES ON 75/80 METERS 


ig 16 shows the elevation angles statistics for a 
75-meter, 550-mile path from Boston to Cleveland, together 
with overlays of the elevation patterns for several different 
types of antennas. These elevation statistics cover all parts 
of the 11-year solar cycle for this path. The responses for 
the popular GSRV antenna (described later in this chapter) 
are shown for two different heights above flat ground: 50 
and 100 feet. An 80-meter half-wave sloper (“full sloper”) 
and an 80-meter ground-plane antenna are also shown. All 


its 


Fig 16—80/75-meter elevation statistics for all portions of 
the 11-year solar cycle for the path from Cleveland, Ohio, 
to Boston, Massachusetts, together with the elevation 
responses for four different multiband antennas. The 100- 
foot high horizontally polarized GSRV performs well over 
the entire range of necessary takeoff elevation angles. 


antenna patterns are for “average ground” constants of 
‘S/m conductivity and a dielectric constant of 13. 
Atthe statistically most significant takeoff angles around 
the two horizontally polarized GSRV antennas are about 
equal. At the second-highest elevation peak near 30°, the 
100-foot GSRV has about a 4-dB advantage over its lower 
counterpart. The full sloper has comparable performance to 
the 100-foot high GSRV from 1° to about 20° and then gradu- 
ally rises to its peak at angles higher than 70°. The full sloper 
superior to the 50-foot horizontal GSRV at low takeoff 
clevation angles. The 80-meter ground plane has a deep null 
directly overhead. Atan elevation angle of 70° itis down some 
16 dB compared to the 50-foot high horizontal GSRV. 

‘The advantage of antennas suitable for high-angle radia- 
tion was vividly demonstrated during a 75-meter QSO one 
fall evening between N6BV/I in southern New Hampshire 
and W1WEF in central Connecticut. This involved a distance 
of about 100 miles and WIWEF was using his Four Square 
vertical array. Although WIWEF’s signal was $9 on the Four 
Square, NOBV/1 suggested an experiment. Instead of con- 
necting the so-called “dump power” connector on his Comtck 
ACB-4 hybrid phasing coupler to a 50-© dummy load (the 
normal configuration), W1WEF switched the dump power 
to his 100-foot high 80-meter horizontal dipole. WIWEF’s 
signal came up more than 20 dB! The approximately 100-W 
of power that would otherwise be in the dummy 
load was converted to useful signal. 


ELEVATION ANGLES FOR MODERATE 
DISTANCES ON 40 METERS 
Fig 17 shows the situation for the 40-meter band, from 
Boston to Cleveland, together with the same antennas used for 
80 meters in Fig 16. Note that the 100-foot high horizontally 
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Elevaton Arg, egies 


Fig 17—40-meter elevation statistics for the Cleveland 
to Boston path, together with elevation patterns for four 
antennas. Here, the 100-foot high horizontally polarized 
GSRV would have a null in the middle of the range of ele- 
vation angles needed for consistent performance on this 
path, For multiband use on this path to relatively nearby 
stations, the 50-foot high horizontal antenna would be a 
better choice than the 100-foot high antenna. 


polarized GSRV has about a 16-dB null at an elevation angle 
of 43°. This doesn’t affect things for low elevation angles, but 
it certainly has a profound effect on signals arriving between 
about 30° to 60°, especially when compared to the 50-foot, 
high horizontal GSRY. The 40-meter full sloper beats out 
the high horizontal antenna from about 35° to 50°. And the 


ground plane is obviously not the antenna of choice for this 
moderate-range path from Boston to Cleveland, although it 
is still a good performer on longer-distance paths, with their 
low takeoff angles. 

‘A 100-foot high multiband dipole is about ¥-2. high on 
75/80 meters. It is an excellent antenna for general-purpose 
local and DXing operation. But the same dipole used on 
40 meters becomes ¥%-A high. At that height, the nulls in 
elevation pattem give large holes in coverage for nearby 
40-meter contacts. Many operators have found that a 40- to 
'50-foot high dipole on 40 meters gives them far superior 
performance for close-in QSOs, when compared to a high 
dipole, or even a high 2-element 40-meter Yagi 


NVIS SUMMARY 


‘The use of NVIS strategies to cover close-in and inter- 
mediate distance communications within about 600 miles 
involves the intelligent choice of low HF frequencies. As 
a rule-of-thumb for ham band NVIS, 40 meters is recom- 
mended for use during the day; 80 meters during the night. 

NVIS involves the choice of antennas suitable for 
this strategy. Horizontally polarized dual-band 80 and 
40-meter flattop dipoles that are mounted higher than about 
10 feet high will work adequately for portable operations, 
Dual-band 80 and 40-meter inverted V dipoles supported 
20 feet above the ground at the center can also work well in 
portable operations, 

Single-band 40-meter flattop antennas about 30 feet 
high and 80-meter flattop antennas about 60 feet high can 
do a good job for fixed locations. 


Horizontal Antennas for the Low Bands 


As shown in Chapter 3, The Effects of Ground, and 
here, radiation angles from horizontal antennas are a very 
strong function of the height above ground in wavelengths. 
‘Typically for DX work heights of 2/2 to 1 4 are considered 
tobe a minimum. As we go down in frequency these heights 
become harder to realize. For example, a 160-meter dipole at 
70 feet is only 0.14 high. This antenna will be very effe 
for local and short distance QSOs but not very good for DX 
work. Despite this limitation, horizontal antennas are very 
popular on the lower bands because the low frequencies are 
ofien used for short range communications, local nets and rag 
chewing. Also horizontal antennas do not require extensive 
ground systems to be efficient. 


DIPOLE ANTENNAS. 


Half-wave dipoles and variations of these can be a very 
good choice for alow band antenna, A variety of possibilities 
are shown in Fig 18. An untuned or “flat” feed line is a logi 
cal choice on any band because the losses are low, but this 
generally limits the use of the antenna to one band. Whe: 


only single-band operation is wanted, the 4/2 antenna fed 
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with open-wire line is one of the most popular systems on 
the 3.5 and 7-MHz bands. 

Ifthe antenna is a single-wire affair, its impedance is in 
the vicinity of 60 Q, depending on the height and the ground 
characteristics. The most common way to feed the antenna 
is with 50- or 75-0 coaxial line. Heavy coaxial lines present 
support problems because they are a concentrated weight at 
the center of the antenna, tending to pull the center of the 
antenna down. This can be overcome by using an auxiliary 
pole to take at least some of the weight of the line. The line 
should come away from the antenna at right angles, and it 
can be of any length, 


Folded Dipoles 

‘A folded dipole (Fig 18B and C) has an impedance of 
about 300 ©, and can be fed directly with any length of 300-0. 
line. The folded dipole can be made of ordinary wire spaced 
by lightweight wooden or plastic spacers, 4 or 6 inches long, 
or a piece of 300 or 450-0 twin-lead or ladder line. 

‘A folded dipole can be fed with a 600-2 open wire line 
with only a 2:1 SWR, but a nearly perfect match can be ob- 


‘tian | 


Ino #12 0° #14 Wes, 


Tree #12 o F14 Wes, 
Wood or lotic Specers, 


14 Spaced § inches 
Gr 412 Spaces 8 ee 


) 


Fig 18—Half-wavelength antennas for single band operation. The multiwire types shown in B, C and D offer a better 
match to the feeder over a somewhat wider range of frequencies but otherwise the performances are Identical. The feeder 
should run away from the antenna at a right angle for as great a distance as possible. In the coupling circuits shown, 
tuned circuits should resonate to the operating frequency. In the series-tuned circuits of A, B, and C, high L and low C are 
recommended, and in D the inductance and capacitance should be similar to the output-amplifier tank, with the feeders 
tapped across at least ‘4 the coll. The tapped-coll matching circuit shown in Chapter 25 can be substituted in each case. 


tained with a three-wire dipole fed with either 450-Q ladder 
line or 600-2 open wire line. One advantage of the two- and 
three-wire antennas over the single wire is that they offer a 
better match over a wider band. This is particularly important 
if full coverage of the 3.5-MHz band is contemplated, 


Inverted-V Dipole 


The halves of a dipole may be sloped to form an in- 


verted V, as shown in Fig 19. This has the advantages of re- 
quiring only a single high support and less horizontal space. 
‘There will be some difference in performance between a 
normal horizontal dipole and the inverted V as shown by 
the radiation patterns in Fig 20. There is small loss in peak 
‘gain and the pattern is less directional, 

Sloping of the wires results in a raising of the reso- 
nant frequency and a decrease in feed-point impedance and 
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solder (Sn 99.25 / Cu 0.75) is a good compromise at 0.8mm diameter and is sold in small 
dispensers. 


Other solders are produced for specialist work, including aluminium solder (Alu- 
Sol®) and another solder variant used by professionals is Multicore “Smart” wire which 
contains a small amount of pure silver (symbol Ag). It produces very clean results and is 
often associated with SMD (surface mount devices), though some engineers also use it for 
routine p.c.b. work for producing the best possible finish by hand. As “Smart” wire 
contains lead it is not ROHS compliant. 


An interesting variant is Eutectic solder, which is 63/37 Tin/Lead. It goes instantly 
from solid to liquid when melted and is particularly good for hand-soldering. An almost- 
equivalent lead-free product would be Stannol Flowtin TC or TSC solder. 


Fig 19—The inverted-V dipole. The length and apex angle 
should be adjusted as described in the text. 


Bevtion Angle ~ 25.0009 


Fig 20—At A, elevation and at B, azimuthal radiation 
patterns comparing a normal 80-meter dipole and an 
Inverted-V dipole. The center of both dipoles is at 

65 feet and the ends of the inverted V are at 20 feet. The 
frequency is 3.750 MHz. 
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for the same frequency, the length of the 
dipole must be increased somewhat. The angle at the apex is, 
not critical, although it should probably be made no smaller 
than 90°, Because of the lower impedance, a 50-0 line should 
bbe used. For those who are dissatisfied with anything but a 
perfect match, the usual procedure is to adjust the angle for 
lowest SWR while keeping the dipole resonant by adjustment 


of length. Bandwidth may be increased by using multicondue- 
tor elements, such as a cage configuration, 


PHASED HORIZONTAL ARRAYS 


Phased arrays with horizontal elements, which provide 
some directional gain, can be used to advantage at 7 MHz, if 
they can be placed at least 40 feet above ground. At 3.5 MHz 
heights of 70 feet or more are needed for any real advantage. 


> 


w 


«® 
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Fig 21—Directional antennas for 7 MHz. To realize any 
advantage from these antennas, they should be at least 
40 feet high. At A, system is bidirectional. At B, system is 
unidirectional in a direction depending upon the tuning 
conditions of the parasitic element. The length of the 
elements in either antenna should be exactly the same, 
but any length from 60 to 150 feet can be used. 

If the length of the antenna at A Is between 60 and 

80 feet, the antenna will be bidirectional along the 

‘same line on both 7 and 14 MHz. The system at B can 

bbe made to work on 7 and 14 MHz in the same way, by 
keeping the length between 60 and 80 feet. 


Many of the driven arrays discussed in Chapter 8 and even 
some of the Yagis discussed in Chapter 11 can be used as 
fixed directional antennas. Ifa bidirectional characteristic is, 
desired, the W8IK array, shown in Fig 21A, is a good one. If 
a unidirectional characteristic is required, two elements can 
be mounted about 20 feet apart and provision included for 
tuning one of the elements as either a director or reflector, 
as shown in Fig 21B. 

The parasitic 
line with a series or parallel-tuned circuit (whichever would 
normally be required to couple power into the line), and the 
proper tuning condition can be found by using the system 
for receiving and listening to distant stations along the line 
to the rear of the antenna. Tuning the feeder to the parasitic 
element can minimize the received signals from the back 
of the antenna. This is in effect adjusting the antenna for 
maximum front-to-back ratio, Maximum front-to-back does 
not occur at the same point as maximum forward gain but 
the loss in forward gain is very small. Adjusting the antenna 
for maximum forward gain (peaking received signals in the 
forward direction) may increase the forward gain slightly 
but will almost certainly result in relatively poor front-to- 
back ratio. 


A MODIFIED EXTENDED DOUBLE ZEPP 


Ifthe distance between the available supports is greater 
than 2/2 then a very simple form of a single wire collinear 
array can be used to achieve significant gain. The extended 
double Zepp antenna has long been used by amateurs and is 
discussed in Chapter 8, Multiclement Arrays. A simple 
tion of this antenna with substantially improved bandwidth 
can be very useful on 3.5 and 7.0 MHz. The following mate- 
rial has been taken from an article by Rudy Severns, N6LF, 
in The ARRL Antenna Compendium Vol 4 

The key to improving the characteristics of a standard 
double-extended Zepp is to modify the current distribution. 
One of the simplest ways to do this i to insert a reactance(s) 
in series with the wire. This could either be an induetor(s) or 
acapacitor(s) In general, a series capacitor will have a higher 
Qand therefore less loss. With either choice itis desirable to 
use as few components as possible 

‘As an initial trial at 7 MHz, only two capacitors, one 
oon each side of the antenna, were used. The value and posi 
tion of the capacitors was varied to see what would happen. 
It quickly became clear that the reactance at the feed point 
could be tuned out by adjusting the capacitor value, making 
the antenna look essentially like a resistor over the entire 
band. The value of the feed-point resistance could be varied 
from less than 150.0 to over 1500.9 by changing the loc 
tion of the capacitors and adjusting their values to resonate 
the antenna, 


sment is tuned at the end of its feed 


A number of interesting combinations were created. The 
one ultimately selected is shown in Fig 22. The antenna is 
170 feet in length. Two 9.1 pF capacitors are lo 
out each side of the center. The antenna is fed with 450- 
transmission line and a 9:1 three-core Guanella balun used 


Fig 22—Schematic for modified N6LF Double Extended 
Zepp. Overall length is 170 feet, with 9.1 pF capacitors 
placed 25 feet each side of center. 


26° Elevation 


7290 We 


Fig 23—Azimuth pattern for NGLF Double Extended Zepp 
{solid line), compared to classic Double Extended Zepp 
(dashed line). The main lobe for the modified antenna is. 
slightly broader than that of the classic model, and the 
‘sidelobes are suppressed better. 


at the transmitter to convert to 50 Q. The transmission line 
can be any convenient length and it operates with a very 
low SWR. 

‘That's all there is to it, The radiation pattern, overlaid 
with that for a standard DEZepp for comparison, is shown in 
Fig 23. The sidelobes are now reduced to below 20 dB. The 
main lobe is now 43° wide at the 3-dB points, as opposed 
to 35° for the original DEZepp. The antenna has gain over 
a dipole for > 50° now and the gain of the main lobe has 
dropped only 0.2 dB below the original DEZepp. 


Experimental Results 

‘The antenna was made from #14 wire and the capaci- 
tors were made from 3.5-inch sections of RG-213, shown 
in Fig 24A. Note that great care should be taken to seal out 
moisture in these capacitors. The voltage across the capacitor 
for 1.5 kW will be about 2000 V so any corona will quickly 
destroy the capacitor. 

‘A silicon sealant was used and then both ends covered 
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Fig 24—Construction details for series capacitor made 
from RG-213 coaxial cable. At A, the method used by NELF 
is illustrated. At B, a suggested method to seal capacitor 
better against weather is shown, using a section of PVC 
pipe with end caps. 


7374 75 


Fig 25—Measured SWR curve across 40-meter band for 
NGLF DEZepp. 


with coax seal, finally wrapping it with plastic tape. The 
solder balls indicated on the drawing are to prevent wicking 
of moisture through the braid and the stranded center conduc: 
tor. This is a small but important point if long service out in 
the weather is expected. An even better way to protect the 
capacitor would be to enclose it in a short piece of PYC pipe 
with end caps, as shown in Fig 24B. 

Note that all RG-8 type cables do not have exactly the 
same capacitance per foot and there will also be some end. 
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Fig 26—75/80-meter modified Double Extended Zepp, 
designed using NEC Wires. At A, a schematic Is shown 

for antenna. At B, SWR curve is shown across 75/80- 
meter band. Solid line shows measured curve for W7ISV 
antenna, which was pruned to place SWR minimum higher 
in the band. The dashed curve shows the computed 
response when SWR minimum is set to 3.8 MHz. 


effect adding to the capacitance. If possible the capacitor 
should be trimmed with a capacitance meter. It isn’t necessary 
to be too exact—the effect of varying the capacitance +10% 
was checked and the antenna still worked fine. 

‘The results proved to be close to those predicted by the 
computer model. Fig 25 shows the measured value for SWR 
across the band, These measurements were made with a Bird 
directional wattmeter. The worst SWR is 1.35:1 at the low 
end of the band. 

Dick Ives, W7ISV, erected an 80-meter version of the 
antenna, shown in Fig 26A. The series capacitors are 17 pF, 
Since he isn’t interested in CW, Dick adjusted the length for 
the lowest SWR at the high end of the band, as shown in the 
SWR curve (Fig 26B). The antenna could have been tuned 
somewhat lower in frequency and would then provide an 
SWR < 2:1 over the entire band, as indicated by the dashed 
line. 

This antenna provides wide bandwidth and moderate 
gain over the entire 75/80-meter band. Not many antennas 
will give you that with a simple wire structure. 


Vertical Antennas 


On the low bands quarter-wave high vertical antennas 
become increasingly attractive, especially for DX work, b 
cause they provide a means for lowering the radiation angle. 
This is especially true where practical heights for horizontally 
polarized antennas are too low. In addition, verticals can be 
very simple and unobtrusive structures. For example, it is 
very easy to disguise a vertical as a flagpole. In fact an actual 
flagpole may be used as a vertical. Performance of a vertical 
is determined by several factors: 


Height of the vertical portion of the radiator 
‘The ground or counterpoise system eflicienc 
used 

Ground characteristics in the near- and far-field regions 
The efficiency of loading elements and matching net 
works 


if one is 


THE HALF-WAVE VERTICAL DIPOLE 
(HVD) 

“The simplest form of vertical is that ofa half-wave ver- 
tical dipole. an HVD. ‘This isa horizontal dipole tumed 90° 
so that itis perpendicular to the ground under it. OF course. 
the top end of such an antenna must be at least a half wave 


This poses quite a construction challenge ifthe builder wants a 
free-standing low-frequency antenna. Hams fortunate enough 
's on their property can suspend wire HVDs 
Similarly, hams with two tall towers 
{tenaries between them to hold up an HVD. 

A vertical half-wave dipole has some ope: 
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Fig 27—At A, a 80-meter half-wave vertical dipole elevated 
8 feet above the ground. The feed line is run perpendicu- 
larly away from the dipole. At B, a “ground plane” type of 
quarter-wave vertical, with four elevated resonant radials. 
Both antennas are mounted 8 feet above the ground to 
keep them away from passersby. 


advantages compared to a more-commonly used vertical 
cconfiguration—the quarter-wave vertical used with some sort 
of above-ground counterpo 
See Fig 27 and 27B, which shows the two configurations 
discussed here. In each case, the lowest part of each antenna 
is 8 feet above ground, to prevent passersby from being able 
to touch any live wire. Each antenna is assumed to be made 
of #14 wire resonant on 80 meters 


Feeding a Half-Wave Vertical Dipole 
Fig 28 compares elevation patterns for the two antennas, 
for “average ground.” You can see that the half-wave vertical 
dipole has about 1.5 4B higher peak gain, since it compresses 
the vertical elevation pattern down somewhat closer to the 
horizon than does the quarter-wave ground plane. Another 
advantage to using a half-wave radiator besides higher gain 
is that less horizontal “real estate” is needed compared to a 
{quarter-wave vertical with its horizontal radials. 

‘The obvious disadvantage to an HVD is that 
than a quarter-wave ground plane. This requires a higher 
support (such as a taller tre) if you make it from wire, or a 
longer element if you make it from telescoping aluminum 
tubing 

‘Another problem is that theory says you must dress the 
feed line so that itis perpendicular to the half-wave radia- 
tor. This means you must support the coax feed line above 
‘ground for some distance before bringing the coax down to 
‘ground level. A question immediately arises: How far must 
You go out horizontally with the feed line before going to 
‘ground level to eliminate common-mode currents that are 
radiated onto the coax shield? Such common-mode currents 
will affect the feed-point impedance as well as the radiation 
pattern for the antenna system. Quite abit of distortion inthe 
azimuthal pattern can be created if common-mode currents 
aren’t suppressed, usually by using a common-mode choke, 
also known as a current balun, 


is taller 


ane ‘2 Veticat Dipole 


Max. Gain = 0.76081 Frog, = 142Nete 


Fig 28—A comparison of the elevation patterns for the 
two antennas in Fig 27. The peak gain of the HVD is about 
1.5 dB higher than that for the quarter-wave ground-plane 
radiator with radials. 
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Fig 29—-A 20-meter HVD whose bottom is 8 feet above 
ground. This is fed with a 1/2 of RG-213 coax. This system 
ses a common-mode choke at the feed point and another 
v4 down the line. The resulting azimuthal radiation pattern 
is within 0.4 dB of being perfectly circular. The “wingspan” 
of this antenna system Is 27 feet from the radiator to the 
point where the coax comes to ground level. 


Constructing such a common-mode choke is very 
simple: Three large ferrite beads are slipped over the coax 
(before the connectors are soldered on or else they won't fit!) 
and taped in place. The only problem with this scheme is that 
an additional support (some sort of “'skyhook”) is required 
to support the coax horizontally. Let’s try to simplify the 
installation, by slanting the feed-line coax down to ground 
from the feed point at a fairly steep angle of about 30° from 
vertical. See Fig 29. 

Note that the bottom end of the coax in Fig 29 is ground- 
ed toa ground rod. This serves several purposes—this serves 
as a mechanical connection to hold the coax in place and it 
provides some protection against lightning strikes. Now, as 
purely practical matter, just how picky are we being here? 
What if we skip the second common-mode choke and just 
use one atthe feed point? The computer models predicts that 
there will be some distortion in the azimuthal pattern—about 
1.1 dB worth. Whether this is serious is up to you. However, 
‘you may find other problems with common-mode currents on 
the coax shield—problems such as RF inthe shack or variable 
SWR readings depending on the way coax is routed in the 
shack. The addition of three extra ferrite beads to suppress 
the common-mode currents is cheap insurance. 

Later in this chapter we'll discuss shortened vertical 
antennas, ones arranged both as vertical dipoles and as verti- 
cal monopoles with radial sys 


MONOPOLE VERTICALS WITH GROUND. 
PLANE RADIALS 
For best performance the vertical portion of a ground 
plane type of antenna should be 4/4 or more, but this is not an 
absolute requirement. With proper design, antennas as short 
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80.1 2 oreven les 
shorter than 2/4 will be reactive and some form of loading 
and perhaps a matching network will be required 

If the radiator is made of wire supported by nonconduct- 
ing material, the approximate length for 4/4 resonance can 
be found from: 


san be efficient and effective. Antennas, 


(Eq) 


For tubing, the length for resonance must be shorter than 
given by the above equation, as the length-to-diameter ratio is 
lower than for wire (see Chapter 2, Antenna Fundamentals). 
For a tower, the resonant length will be shorter still. In any 
case, after installation the antenna length (height) can be 
adjusted for resonance at the desired frequency. 

‘The effect of ground characteristics on losses and eleva~ 
tion pattern is discussed in detail in Chapter 3, The Effects of 
Ground. The most important points made in that discussion 
are the effect of ground characteristics on the radiation pattern 
and the means for achieving low ground-loss resistance in a 
buried ground system. As ground conductivity increases, low- 
angle radiation improves. This makes a vertical very attractive 
to those who live in areas with good ground conductivity. If 
your QTH is on a saltwater beach, then a vertical would be 
very effective, even when compared to horizontal antennas 
at great height. 

When a buried-radial ground system is used, the 
efficiency of the antenna will be limited by the loss resistance 
of the ground system. The ground can be a number of radial 
wires extending out from the base of the antenna for about 
4/4, Driven ground rods, while satisfactory for electrical 
safety and for lightning protection, are of little value as an 
RF ground fora vertical antenna, except perhaps in marshy or 
beach areas. As pointed out in Chapter 3, many long radials 
are desirable. In general, however, a large number of short 
radials are preferable to only a few long radials, although the 
best system would have 60 or more radials longer than 2/4. An 
elevated system of radials or a ground screen (counterpoise) 
may be used instead of buried radials, and can result in an 
efficient antenna, 


ELEVATED RADIALS AND 
COUNTERPOISES 


Elevated radials, isolated from ground, can be used 
in place of an extensive buried radial system, Work by Al 
Christman, K3L.C (ex-KB8D, has shown that 4 to 8 elevated 
radials can provide performance comparable to a 120 2/4- 
long buried wires. This is especially important for the low 
bands, where such a buried ground system is very large and 
impractical for most amateurs. An elevated ground system 
sometimes referred to as a ground plane o counterpoise. 
Fig 30 compares buried and elevated ground systems, show- 
ing the difference in current flow in the two systems. 
An elevated ground can take several forms. A number 
of wires arranged with radial symmetry around the base of 
the antenna is shown in Fig 30B. Four radials are normally 
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Fig 30—How earth currents affect the losses in a short vertical antenna system. At A, the current through the 
combination of C; and Re may be appreciable if Cr is much greater than Cy, the capacitance of the vertical to the ground 
wires. This ratio can be Improved (up to a point) by using more radials. By raising the entire antenna system off the 
ground, C¢ (which consists of the series combination of Ce, and Ce,) is decreased while Cw stays the same. The radial 


system shown at B is sometimes called a counterpoise. 


used, but as few as two, or as many as eight, can be used 
For a given height of vertical, the length of the radials can 
be adjusted to resonate the antenna. For a 2/4 vertical, the 
radials are normally 2/4 long, 

In the case of a multiband vertica 
radials, with different lengths, may be interleaved. The radi 
als associated with each band are adjusted for resonance on 


two or more sets of 


their associated band. 

‘A.counterpoise is most commonly a system of elevated 
radials, where the radial wires are interconnected with jump: 
ers, as shown in Fig 31, As illustrated in Fig 30, the purpose 
of the clevated-ground system is to provide a return path 
for the displacement currents flowing in the vicinity of the 
antenna. The idea is to minimize the current flowing through 
the ground itself, which is usually very lossy. By raising the 
radials above ground most ofthe current will flow in the radi 
als, which are good conductors. This allows a simple radial 
system to provide a very efficient ground. How is 
price to be paid for this 

‘The ground system now has a direct e 


Fig 31—Counterpoise, showing the radial wires connected 
together by cross wires. The length of the perimeter of the 
Individual meshes should be < 7/4 to prevent undesired 
resonances. Sometimes the center portion of the 
counterpoise Is made from wire mesh. 
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Illustration of the effect of variable vertical height 
(L,) on elevated radial length (L2) and Rp. 

#12 wire, elevated 5 feet over average ground at 
3.525 MHz. 

Ly Ly bp Rr 

@) (feet) (leet) (©) 

0225 628 94 © 288 

025 698 67 «38.4 

027° 750 «45 «(51.0 

03 837 24 © 759 


Fig 32—The ground-plane antenna. Power is applied 
between the base of the vertical radiator and the center of 
the ground plane, as indicated in the drawing. Decoupling, 
from the transmission line and any conductive support 
structure is highly desirable. 


radial length must be adjusted to resonate the antenna. The 
length of the radials must be readjusted for each band if a 
multiband vertical is used. As pointed out above, this usually 
‘means the installation of a set of radials for each band. To 
minimize current flowing in the ground, the antenna, ground 
plane and feed line must be isolated from ground for RF. 
‘More on this later. 

‘The height of the vertical does not have to be exactly 
AJ4. Other lengths may be used and the antenna may be 
resonated by adjusting the length of the radials. Table 2 gives 
a comparison between three different vertical lengths in an 
antenna using four elevated radials at 3.525 MHz. 

‘An important feature of Table 2is the dramatic reduction 
in radial length (L) with even a small increase in vertical 
height (L)). For example, increasing the height by 5 feet 
reduces the radial length by 22 feet on 80 meters. On the 
other hand even a small decrease in Ly can cause a substan- 
tial increase in L). This would be very undesirable, since the 
area required by the radials is already considerable. Notice 
also that the small increase in height raises Ry to 51 Q. This 
trick of increasing the height slightly to reduce the size of 
the elevated ground system and to increase the input resis. 
tance can be very useful. In a following section the use of 
top loading for short antennas will be discussed. Top loading 
can also be used on a 2/4 vertical to achieve the same effect 
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as increasing the height—the ability to use shorter radials 
and a better match. 


GROUND-PLANE ANTENNAS 


‘The ground-plane antenna is a 2/4 vertical with four 
radials, as shown in Fig 32. The entire antenna is elevated 
above ground. A practical example of a 7-MHz ground-plane 
antenna is given in Fig 33. As explained earlier, elevating 
the antenna reduces the ground loss and lowers the radiation 
angle somewhat. The radials are sloped downward to make 
the feed-point impedance closer to 50 Q. 

‘The feed-point impedance of the antenna varies with 
the height above ground, and to a lesser extent varies with 
the ground characteristics. Fig 34 is a graph of feed-point 
resistance (Ra) for a ground-plane antenna with the radials 
parallel to the ground. Rp is plotted as a function of height 
above ground. Notice that the difference betw. 
ground and average ground (e=13 and o = 0.0 
small, except when quite close to ground. Near ground Rx 

between 36 and 40 ©. This is a reasonable match for 50-O 
feed line but as the antenna is raised above ground Rx drops 
to approximately 22.0, which is not a very good match. The 
feed-point resistance can be increased by sloping the radials 
downward, away from the vertical section. 

‘The effect of sloping the radials is shown in Fig 35. The 
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Fig 33—A ground-plane antenna is effective for DX work 
on 7 MHz. Although its base can be any height above 
ground, losses in the ground underneath will be reduced 
by keeping the bottom of the antenna and the ground 
plane as high above ground as possible. Feeding the 
antenna directly with 50-0 coaxial cable will result in a low 
‘SWR. The vertical radiator and the radials are all 2/4 long 
electrically. Contrary to popular myth, the radials need not 
necessarily be 5% longer than the radiator. Their physical 
length will depend on their length-to-diameter ratios, the 
height over ground and the length of the vertical radiator, 
as discussed in text. 
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Fig 34—Radiation resistance of a 4-radial ground-plane 
antenna as a function of height over ground. Perfect 
and average ground are shown. Frequency is 3.525 MHz. 
Radial angle (0) is 0°. 
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Fig 35—Radiation resistance and resonant length for a 
4-radial ground-plane antenna > 0.3 ). above ground as a 
function of radial droop angle (0). 
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Fig 36—Radiation resistance and resonant length for a 
4-radial ground-plane antenna for various heights above 
average ground for radial droop angle 0 = 45°. 


‘graph is for an antenna well above ground (> 0.3 2). Notice 
that Rx = 50 Q when the radials are sloped downward at an 
angle of 45°, a convenient value. The resonant length of the 
antenna will vary slightly with the angle. In addition, the 
resonant length will vary a small amount with height above 
the ground. It is for these reasons, as well as the effect of 
conductor diameter, that some adjustment of the radial lengths 
is usually required, When the ground-plane antenna is used 
on the higher HF bands and at VHF, the height above ground 
is usually such that a radial sloping angle of 45° will give a 
‘good match to 50-0 feed line. 

The effect of height on Rx with a radial angle of 45° is 
shown in Fig 36. At7 MHz and lower, itis seldom possible to 
clevate the antenna a significant portion of a wavelength and 
the radial angle required to match to 50-Q line is usually of the 
order of 10° to 20°. To make the vertical portion of the antenna 


Fig 37—The folded monopole antenna. Shown here is a 
ground plane of four 7/4 radials. The folded element may 
be operated over an extensive counterpoise system or 
mounted on the ground and worked against buried radials 
and the earth. As with the folded dipole antenna, the feed- 
point impedance depends on the ratios of the radiator 
‘conductor sizes and their spacing. 


Fig 38—A choke balun with sufficient impedance to 
isolate the antenna properly can be made by winding 
coaxial cable around a section of plastic pipe. Suitable 
dimensions are given in the text. 
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as long as possible, it may be better to accept a slightly poorer 
‘match and keep the radials parallel to ground, 

‘The principles ofthe folded dipole (Fig 18) can also be 
applied tothe ground-plane antenna, as shown in Fig 37. This 
is the folded monopole antenna. The feed-point resistance can 
be controlled by the number of parallel vertical conductors 
and the ratios of their diameters 

‘Asmentioned earlier, itis important in most installations 
to isolate the antenna from the feed line and any conductive 
supporting structure. This is done to minimize the return 
current conducted through the ground. A return current on 
the feed line itself or the support structure ean drastically 
alter the radiation pattern, usually for the worse. For the: 
reasons, a balun (see Chapter 26, Coupling the Line to the 
Antenna) or other isolation scheme must be used. 1:1 baluns 
are effective for the higher bands but at 3.5 and 1.8 MHz 
commercial baluns often have too low a shunt inductance 
to provide adequate isolation. It is very easy to recognize 
when the isolation is inadequate. When the antenna is be- 
ing adjusted while watching an isolated impedance or SWR 
meter, adjustments may be sensitive to your touching the 
instrument. After adjustment and after the feed line is at- 
tached, the SWR may be drastically different. When the feed 
line is inadequately isolated, the apparent resonant frequency 
or the length of the radials required for resonance may also 
be significantly different from what you expect. 

In general, an isolation choke inductance of 50 to 
100 wH will be needed for 3.5 and 1.8-MHz ground-plane 
antennas. One ofthe easiest ways to make the required isola- 
tion choke is to wind a length of coaxial cable into a coil as 
shown in Fig 38, For 1.8 MHz, 30 turns of RG-213 wound 
oom a 14-inch length of 8-inch diameter PVC pipe, will make 
a very good isolation choke that can handle full legal power 
continuously. A smaller choke could be wound on 4-inch 
diameter plastic drain pipe using RG-8X ora Teflon insulated 
cable, The important point here is to isolate or decouple the 
antenna from the feed line and support structure. 

A full-size ground-plane antenna is often a little im- 
practical for 3.5-MHz and quite impractical for 1.8 MHz. 
but it can be used at 7 MHz to good advantage, particularly 
for DX work. Smaller versions can be very useful on 3.5 
and 1.8 MHz 


EXAMPLES OF VERTICALS 
There are many possible ways to build a vertical an- 
tenna—the limits are set by your ingenuity. The primary 
problem is creating the vertical portion of the antenna with 
sufficient height. Some of the more common means are: 


© A dedicated tower 
Using an existing tower with an HF Yagi on top 
A wire suspended from a tree limb or the side of a build- 
ing 

‘© A vertical wire supported by a line between two trees or 
other supports 

‘© A tall pole supporting a conductor 

© Flagpoles 
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© Light standards 
© Irrigation pipe 
© TV masts 


If you have the space and the resources, the most 
straightforward means is to erect a dedicated tower for a 
vertical. While this is certainly an effective approach, many 
‘amateurs do not have the space or the funds to do this, espe- 
cially if they already have a tower with an HF antenna on the 
top. The existing tower can be used as a top-loaded vertic: 
using shunt feed and a ground radial system. A system like 
this is shown in Fig 39B. 

For those who live in an area with tall trees, it may be 
possible to install a support rope between two trees, oF be- 
tween a tree and an existing tower. (Under no circumstances 
should you use an active utility pole!) The vertical portion of 
the antenna can be a wire suspended from the suppor line to 
ground, as shown in Fig 39C. If top loading is needed, some 
or all of the support line can be made part of the antenna. 

Your local utility company will periodically have older 
power poles that they no longer wish to keep in service. These 
are sometimes available at little or no expense. If you see a 
power line under reconstruction or repair in your area you 
might stop and speak with the crew foreman, Sometimes they 
will have removed older poles they will not use again and 
will have to haul them back to their shop for disposal. Your 
offer for local “disposal” may well be accepted. Such a pole 
can be used in conjunction with a tubing or whip extension 
such as that shown in Fig 39A. Power poles are not your 
only option. In some areas of the US, such as the southeast 
or northwest, tall poles made directly from small conifers 


are available 

Freestanding (unguyed) flagpoles and roadway illu 
nation standards are available in heights exceeding 100 feet 
‘These are made of fiberglass, aluminum or galvanized steel. 
All of these are candidates for verticals. Flagpole suppliers 
are listed under “Flags and Banners” in your Yellow Pages. 
For lighting standards (lamp posts), you can contact a local 
electrical hardware distributor. Like a wooden pole, a fiber- 
‘glass flagpole does not require a base insulator, but metal 
poles do. Guy wires will be needed, 

(One option to avoid the use of guys and a base insula 
tori to mount the pole directly into the ground as originally 
intended and then use shunt feed. If you want to keep the pole 
‘grounded but would lke to use elevated radials, you can attach 
‘cage of wires (four to six) at the top as shown in Fig 39D. 
‘The cage surrounds the pole and allows the pole (or tower for 
that matter) to be grounded while allowing elevated radials to 
bbe used. The use of a cage of wires surrounding the pole or 
tower is a very good way to inerease the effective diameter. 
This reduces the Q of the antenna, thereby increasing the 
‘bandwidth. It can also reduce the conductor loss, especially 
if the pole is galvanized steel, which is not a very good RF 
conductor. 

‘Aluminum irrigation tubing, which comes in diameters 
of 3 and 4 inches and in lengths of 20 to 40 feet, is widely 
available in rural areas. One or two lengths of tubing con- 


‘copper or Aluminum 


520 Coox 


ats 


4-6 Wire cage 


Gotemary Support 
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Fig 39—Vertical antennas are effective for 3.5- or 7-MHz work. The 7/4 antenna shown at A is fed directly with 50-0 coaxial 
line, and the resulting SWR is usually less than 1.5 to 1, depending on the ground resistance. f a grounded antenna is used 
as at B, the antenna can be shunt fed with either 50- or 75-02 coaxial line. The tap for best match and the value of C will have 
to be found by experiment. The line running up the side of the antenna should be spaced 6 to 12 inches from the antenna. 


If tall trees are available the antenna can be supported from a line suspended between the trees, as shown in C. If the 
vertical section Is not long enough then the horizontal support section can be made of wire and act as top loading. 

‘A pole or even a grounded tower can be used with elevated radials if a cage of four to six wires Is provided as shown in D. 
‘The cage surrounds the pole which may be wood or a grounded conductor. 


nected together can make a very good vertical when guyed 
with non-conducting line. It is also very lightweight and 
relatively easy to erect. A variety of TV masts are available 
which can also be used for verticals. 


1.8 TO 3.5-MHz VERTICAL USING AN 
EXISTING TOWER 
A tower can be used as a vertical antenna, provided 
that a good ground system is available. The shunt-fed tower 
is at its best on 1.8 MHz, where a full 2/4 vertical antenna 
is rarely possible. Almost any tower height can be used. If 
the beam structure provides some top loading, so much the 


better, but anything can be made to radiate—if itis fed prop- 
erly. WSRTQ (now K6SE) uses a self-supporting, aluminum, 
ccrank-up, tilt-over tower, with a THODXX tribander mounted, 
at 70 feet, Measurements showed that the entire structure has 
about the same properties as a 125-foot vertical. Itthus works 
quite well as an antenna on 1.8 and 3.5 MHz for DX work 
diation. 


requiring low-angl 


Preparing the Structure 

Usually some work on the tower system must be done 
before shunt-feeding is tied. If present, metallic guys should 
be broken up with insulators. They can be made to simulate 
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The low-down on fluxes 


When melting solder with a soldering iron, oxides of metal are produced as a result 
of the high temperatures involved. Unfortunately, these oxides contaminate the metal 
surfaces being soldered, which interferes with the flow of molten metal and the production 
of a good quality solder joint. 


All electronics-grade solder wire therefore contains an additive called “flux” which 
helps the molten solder to flow more easily over the joint. It does this by scrubbing away 
the oxides which arise naturally during heating, and it will often be seen as a pungent 
brown fluid bubbling away on the joint, accompanied by some fumes. 


Those coming into electronics from other industries should note that flux is 
already contained within “cored” electronics solder and on no account should any 
acidic flux be applied separately before using the soldering iron. Plumbers, for example, 
apply flux paste to copper pipes before soldering them, but electronics-grade solder wire 
already contains a flux and extra flux is almost never needed. Electronics is no place for 
acid fluxes! 


% A close-up of electronics-grade multi-cored solder. Five cores of rosin flux can be 
seen running through it. 


For almost all electronic hand assembly, solder wire containing “Rosin flux” is used. 
Cores of flux run through the solder wire like letters running through seaside candy, and 
they prevent the hot area from being contaminated by oxides, otherwise solder would 
never flow properly and the result would be an incomplete and unreliable joint. 


top loading, if needed, by judicious placement of the first in 
sulators. Don’t overdo it; there is no need to “tune the radiator 
to resonance” in this way since a shunt feed is employed. If 
the tower is fastened to a house at a point more than about 
one-fourth of the height of the tower, it may be desirable to 
insulate the tower from the building. Plexiglas sheet, Y-inch 
oor more thick, can be bent to any desired shape for this pur- 
pose, if itis heated in an oven and bent while hot. 

‘All cables should be taped tightly to the tower, on the 
inside, and run down to the ground level. It is not necessary 
to bond shielded cables to the tower electrically, but the 
should be no exceptions to the down-to-the-ground rule. 

‘A good system of buried radials is very desirable. The 
ideal would be 120 radials, each 250 feet long, but fewer and 
shorter ones must often suffice. You can lay them around cor: 
ners of houses, along fences or sidewalks, wherever they can 
be put a few inches under the surface, or even on the earth’s 
surface. Aluminum clothesline wire may be used extensively 
in areas where it will not be subject to corrosion. Neoprene 
covered aluminum wire will be better in highly acid soils. 
Contact with the soil is not important. Deep-driven ground 
rods and connection to underground copper water pipes may 
be helpful, if available, especially to provide some protection 
from lightning 


Installing the Shunt Feed 


Principal details of the shunt-fed tower for 1.8:and 3.5 MHz 
are shown in Fig 40. Rigid rod or tubing can be used for the 
feed portion, but heavy gauge aluminum or copper wire is 
ceasier to work with, Flexible stranded #8 copper wire is used 
at WSRTQ (now K6SE) for the 1.8-MHz feed, because when 
the tower is cranked down, the feed wire must come down 
with it, Connection is made at the top, 68 feet, through a 
4-foot length of aluminum tubing clamped to the top of the 
tower, horizontally. The wire is clamped to the tubing at the 
outer end, and runs down vertically through standoff insula- 
tors. These are made by fitting 12-inch lengths of PVC plastic 
‘water pipe over 3-foot lengths of aluminum tubing. These 
are clamped to the tower at 15- to 20-foot intervals, with the 
bottom clamp about 3 feet above ground, These lengths allow 
for adjustment of the tower-to-wire spacing over a range of 
about 12 to 36 inches, for impedance matching. 

‘The gamma-match capacitor for 1.8 MHz is a 250-pF 
variable with about Y-inch plate spacing. This is adequate 
for power levels up to about 200 W. A large transmitting or 
itor should be used for high-power 


a vacuum-variable cap: 
applications. 


Tuning Procedure 


‘The 1.8-MHz f 
of the structu 
insulators so as to have a spacing of about 24 inches between 
wire and tower. Pull the wire taut and clamp it in place at the 
bottom insulator, Leave a little slack below to permit adjust: 
ment of the wire spacing, if necessary. 

Adjust the series capacitor in the 1.8-MHz line for 


sd wire should be connected to the top 
is 75 feet tall or less. Mount the standoff 
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minimum reflected power, as indicated on an SWR meter 
connected between the coax and the connector on the capaci- 
tor housing. Make this adjustment at a frequency near the 


middle of your expected operating range. If a high SWR is 
indicated, try moving the wire closer to the tower. Just the 


7 
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Fig 40—Principal details of the shunt-fed tower at WSRTQ 
(now K6SE). The 1.8-MHz feed, left side, connects to the top 
of the tower through a horizontal arm of 1-inch diameter 
aluminum tubing. The other arms have standoff insulators 
at their outer ends, made of 1-foot lengths of plastic water 
pipe. The connection for 3.5-4 MHz, right, is made similarly, 
at 28 feet, but two variable capacitors are used to permit 
adjustment of matching with large changes in frequency. 


lower part of the wire need be moved for an indication as to 
whether reduced spacing is needed, If the SWR drops, move 
all insulators closer to the tower, and try again, 

If the SWR goes up, increase the spacing. There will be 
a practical range of about 12 to 36 inches. If going down to 
12 inches does not give a low SWR, try connecting the top a 
bit farther down the tower. If wide spacing does not make it, 
the omega match shown for 3.5-MHz work should be tried. No 
adjustment of spacing is needed with the latter arrangement, 
which may be necessary with short towers or installations 
having little or no top loading. 

‘The two-capacitor arrangement in the omega match is 
also useful for working in more than one 25-kHz segment 
of the 1.8-MHz band, Tune up on the highest frequency, say 
1990 kHz, using the single capacitor, making the settings 
of wire spacing and connection point permanent for this 
frequency. To move to the lower frequency, say 1810 kHz 
connect the second capacitor into the circuit and adjust it for 
the new frequency. Switching the second capacitor in and out, 
then allows changing from one segment to the other, with no 
more than a slight retuning of the first capacitor. 


‘SIMPLE, EFFECTIVE, ELEVATED 
GROUND-PLANE ANTENNAS 
This section describes a simple and effective means 
of using a grounded tower, with or without top-mounted, 
antennas, as an elevated ground-plane antenna for 80 and 
160 meters. It first appeared in a June 1994 QST article by 
Thomas Russell, N4KG. 


From Sloper to Vertical 
Recall the quarter-wavelength sloper, also known as 
the half sloper. (The half sloper is covered later in this chap- 
ter in more detail —Ed.] It consists of an isolated quarter 
wavelength of wire, sloping from an elevated feed point on 
a grounded tower. Best results are usually obtained when 
the feed point is somewhere below a top-mounted Yagi 
antenna. You feed a sloper by attaching the center conduc: 
tor of a coaxial cable to the wire and the braid of the 
to the tower leg. Now, imagine four (or more) slopers, 
instead of feeding each individually, connect them toget 
to the center conductor of a single feed line. Voila! Instant 
elevated ground plane. 

Now, all you need to do is determine how to tune the 
antenna to resonance. With no antennas on the top of the tow: 
er, the tower can be thought of as a fat conductor and should 
be approximately 4% shorter than a quarter wavelength in 
free space. Calculate this length and attach four insulated 
quarter-wavelength radials at this distance from the top of the 
tower. For 80 meters, « feed point 65 feet below the top of an 
unloaded tower is called for. The tower guys must be broken 
up with insulators for all such installations. For 160 meters, 
130 feet of tower above the feed point is needed. 

‘What can be done with a typical grounded-tower-and- 
‘Yagi installation? A top-mounted Yagi acts as a large capaci- 
tance hat, top loading the tower. Fortunately, top loading is 


the most efficient means of loading a vertical antenna. 

‘The examples in Table 3 should give us an idea of how 
much top loading might be expected from typical amateur 
antennas. The values listed in the Equivalent Loading column, 
tell us the approximate vertical height replaced by the anten- 
nas listed in a top-loaded vertical antenna. To arrive at the 
remaining amount of tower needed for resonance, subtract 
these numbers from the non-loaded tower height needed for 
-sonance. Note that for all but the 10-meter antennas, the 
equivalent loading equals or exceeds a quarter wavelength 
on 40 meters. For typical HF Yagis, this method is best used. 
only on 80 and 160 meters. 


Construction Examples 
-xample: A'TH7 triband Yagi mounted on 
‘2 40-foot tower. The TH7 has approximately th 
dimensions as a full: 
more interlaced elements. Its equivalent loading is estimated 
tobe 40 feet. At3.6 MHz, 65 feet of tower is needed without 
loading. Subtracting 40 feet of equivalent loading, the feed 
point should be 25 feet below the TH antenna 

‘Ten quarter-wavelength (65-foot) radials were run from 
a nylon rope tied between tower legs at the 15-foot level, to 
various supports 10 feet high. Nylon cord was tied to the 
sulated, stranded, #18 wire, without using insulators. The 
radials are all connected together and to the center of an exact 
half wavelength (at 3.6 MHz) of RG-213 coax, which will 
repeat the antenna feed impedance at the other end. Fig 41 is 
a drawing of the installation. The author used a Hewlett-Pack- 
ard low-frequency impedance analyzer to measure the input 
impedance across the 80-meter band. An exact resonance 
(zero reactance) at 3.6 MHz, just as predicted. The 

ition resistance was found to be 17 ©. The next question 
ed and match the antenna. 

‘One good approach to 80-meter antennas is to tune them 
to the low end of the band, use a low-loss transmission line, 
‘and switch an antenna tuner in line for operation in the higher 
portions of the band. With a 50-0 line, the 17-0 radiation 
tance represents a 3:1 SWR, meaning that an antenna 
tuner should be in-line for all frequencies. For short runs, it 


Consider t 


Table 3 
Effective Loading of Common Yagi Antennas 
Antenna Boom Equivalent 
Length S Loading 
(leet) (area, 2) (eet) 
sL20 24 768 39 
5Li5 26 624 35 
4L15 20 480 31 
31516 384 28 
5L10 2d 384 28 
41018 288 24 
aio 12 ‘192 20 
TH? 24 oS 40 (estimated) 
THS 4a = 27 (estimated) 
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Fig 41—At A, an 80-meter top-loaded, reverse-fed elevated 
ground plane, using a 40-foot tower carrying aTH7 triband 
Yagi antenna. At B, dimensions of the 3.6-MHz matching 
network, made from RG-59. 


would be permissible to use RG-8 or RG-213 directly to the 
tuner. If you have a plentiful supply of low-loss 75-Q CATV 
rigid coax, you can take another approach. 

Make a quarter-wave (70 feet x 0.66 velocity factor 
6 feet) 37-O matching line by paralleling two pieces of 
RG-59 and connecting them between the feed point and a run 
of the rigid coax to the transmitter. The magic of quarter-wave 
matching transformers is that the input impedance (R;) and 
‘output impedance (R,) are related by 


Zo? = Rix Ry 


(Eq2) 


For Rj = 17 and Zp = 37.Q, R, = 80.Q, an almost 
perfect match for the 75-Q CATV coax. The resulting 1.6:1 
SWR at the transmitter is good enough for CW operation 
without a tuner, 


160-Meter Operation 

On the 160-meter band, a resonant quarter-wavelength 
requires 130 feet of tower above the radials. That's a pretty 
tall order. Subtracting 40 feet of top loading for a 3-clement 
20-meter or TH7 antenna brings us to a more reasonable 
90 feet above the radials. Additional top loading in the form 
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Fig 42—A 160-meter antenna using a 75-foot tower 
carrying stacked triband Yagis. 


of more antennas will reduce that even more. 

Another installation, using stacked TH6s on a 75-foot 
tower, is shown in Fig 42. The radials are 10 feet off the 
ground 


PHASED VERTICALS. 


‘Two or more vertical antennas spaced apart can be oper- 
ated as a single antenna system to obtain additional gain and 
a directional pattern, There is an extensive discussion of 
phased arrays in Chapter 8, Multiclement Arrays. Much of 
the material in Chapter 8 is useful for low-band antennas. 


The Half-Square Antenna 

‘The half-square antenna is a very simple form of vertical 
two-element phased array that ean be very effective on the 
low bands. The following section was originally presented 
in The ARRL Antenna Compendium Vol 5, by Rudy Severns, 
NOLF. 

‘A simple modification to a standard dipole is 
two A/4 vertical wires, one at each end, as shown in 
‘This makes a half-square antenna. The antenna can be fed at 
‘one comer (low-impedance, current fed) or at the lower end 
of one of the vertical wires (high-impedance, voltage fed). 


— current-Fees Point 


i ~ Aiternate Voitage-Feed Point 


Fig 43—Typical 80-meter half-square, with 1/4-high vertical 
legs and a /,2-Iong horizontal leg. The antenna may be fed at 
the bottom or at a corner. When fed at a corner, the feed point 
is a low-impedance, current-feed. When fed at the bottom of 
‘one of the wires against a small ground counterpoise, the 
feed point is a high-impedance, voltage-feed. 


Other feed arrangements are also possible. 

The “classical” dimensions for this antenna are 2/2 
(131 feet at 3.75 MHz) for the top wire and 2/4 (65.5 feet) 
for the vertical wires. However, there is nothing sacred about 
these dimensions! They can vary over a wide range and still 
obtain nearly the same performance. 

This antenna is two 2/4 verticals, spaced 2/2, fed in- 
phase by the top wire. The current maximums are at the top 
comers. The theoretical gain over a single vertical is 3.8 dB. 
An important advantage of this antenna is that it does not 
require the extensive ground system and feed arrangements 
that a conventional pair of phased 2/4 verticals would 


Comparison to a Dipole 


In the past, one of the things that has tuned off potential 
users of the half-square on 80 and 160 meters is the perceived 
need for 2/4 vertical sections. This forces the height to be 
> 65 feet on 80 meters and > 130 feet on 160 meters. That's 
not really a problem. If you don’t have the height there are 
several things you can do. For example, just fold the ends 
in, as shown in Fig 44. This compromises the performance 
surprisingly litte. 

Its helpful to compare the examples given in Figs 43 
and 44 to dipoles at the same height. Two heights, 40 and 
80 fect, and average, very good and sea water grounds, were 
used for this comparison. It is also assumed that the lower 
end of the vertical wires had to be a minimum of 5 feet above 
ground, 

AC 40 fet the half-square is really mangled, with only 
35-foot long (= 4/8) vertical sections. The elevation-plane 
comparison between this antenna and a dipole of the same 
height is shown in Fig 48. Over average ground the half 
square is superior below 32° and at 15° is almost 5 dB better. 
That is a worthwhile improvement. If you have very good 
soil conductivity, like parts of the lower Midwest and South 
then the half-square will be superior below 38° and at 15° will 
be nearly 8 dB better. For those fortunate few with saltwater 
frontal property the advantage at 15° is 11 dB! Notice also 
that above 35°, the response drops off rapidly. TI 
for DX bat is not good for local work. 


Fig 44—An 80-meter half-square configured for 40-foot high 
supports. The ends have been bent inward to reresonate the 
antenna. The performance is compromised surprisingly little. 


Free = 3.775 wie ON, 


Fig 45—Comparison of 80-meter elevation response of 
40-foot high, horizontally polarized dipole over average 
{ground and a 40-foot high, vertically polarized half-square, 
‘over three types of ground: average (conductivity « = 5 
mim, dielectric constant : = 13), very good (« = 30 mSim, 
‘c= 20) and salt water (o = 5000 mSim, « = 80). The quality of 
the ground clearly has a profound effect on the low-angle 
performance of the half-square. Even over average ground, 
the half-square outperforms the low dipole below about 32°. 


FlatopDiple 
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Fig 46—80-meter azimuth patterns for shortened hal 
‘square antenna (solid line) shown in Fig 44, compared 
with flattop dipole (dashed line) at 100 feet height. 
‘Average ground is assumed for these cases. 
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Fig 46 shows the azimuthal-plane pattern for the 80. 
‘meter half-square antenna in Fig 44, but this time compared 
with the response of a flattop horizontal dipole that is 100 feet 
high. These compa 
an elevation ang! 
your dipole and the better your ground, the more you have to 
gain by switching from a dipole to a half-square. The half 
square antenna looks like a good bet for DXing. 


sons are for average ground and are for 
of 5°. The message here is that the lower 


Changing the Shape of the Half Square 


Just how flexible is the shape? There are several com- 


istortions of practical importance. Some have very litle 
effect but a few are fatal to the gain. Suppose you have either 
‘more height and less width than called forin the standard ver 
sion or more width and less height, as shown in Fig 47. 

The effect on gain from this type of dimensional 
variation is given in Table 4. For a top length (L) varying 
between 110 and 150 feet, where the vertical wire lengths 
(Ly) readjusted to resonate the antenna, the gain changes 
only by 0.6 dB. For a 1-dB change the range of Ly is 100 to 
155 feet, a pretty wide range. 

Another variation results if we vary the length of 
the horizontal top wire and readjust the vertical wires for 
resonance, while keeping the top at a constant height. S 
Fig 47B. Table 5 shows the effect of this variation on the 
gain. For a range of Ly= 110 to 145 fe 
only 0.65 dB. 

‘The effect of bending the ends into a V shape, as shown 
in Fig 47C, is given in 


sak 
the gain changes 


ith Change in Horizontal Length, 
ht Readjusted for 
Resonance (see Fig 47A) 


Ly (leet) Ly (leet) Gain (dBi) 
100 85.4 2.65 
110 79.5 3.15 
120 73.7 3.55 
130 67.8 3.75 
140 618 3.65 
150 56 3.05 
155 53 2.65 


nin Gain with Change in Horizontal Length, 
with Vertical Length Readjusted for Resonance, but 
Horizontal Wire Kept at Constant Height (see Fig 47B) 


L,(feet) Ly (feet) Gain (aBi) 
140 787 3.15 
120 739 3.55 
130 68 3.75 
140 63 3.35 
145 60.7 3.05 
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kept at a height of 5 feet and the top height (H) is either 40 
or 60 feet. Even this gross deformation has only a relatively 
small effect on the gain. Sloping the ends outward as shown 
in Fig 47D and varying the top length also has only a small 
effect on the gain, While this is good news because it allows 
you dimension the antenna to fit different QTHs, not all 
distortions are so be 


o 
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Fig 47—Varying the horizontal and vertical lengths of a 
half-square. At A, both the horizontal and vertical legs. 

are varied, while keeping the antenna resonant. At B, the 
height of the horizontal wire is kept constant, while its 
length and that of the vertical legs Is varied to keep the 
antenna resonant. At C, the length of the horizontal wire 

Is varied and the legs are bent inwards in the shape of 
“ves.” At D, the ends are sloped outward and the length 
of the flattop portion is varied. All these symmetrical 
forms of distortion of the basic half-square shape result 

in small performance losses. At E, a “halfwave vertical 
dipole” (HVD) with the feed coax isolated with common- 
mode choke baluns to keep RF current off the coax shield. 


o 


Table 6 
Gain for Half-Square Antenna, Where Ends Are Bent 
Into V-Shape (see Fig 47 C) 


Height H-=40 feet H=40 feet H=60 feet H=60 feet 
Ly(leet) Ly (feet) Gain (OBI) Ly (fee!) Gain (0) 
40 57.6 3.25 52.0 2.75 
60 514 3.75 45.4 3.35 
20 45.2 3.95 76.4 3.65 
100 38.6 3.75 61.4 3.85 
120 317 3.05 444 3.65 
140 = = 23 3.05 
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Fig 48—An asymmetrical distortion of the half-square 
antenna, where the bottom of one leg is purposely made 
20 feet higher than the other. This type of distortion does 
affect the patter 
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Fig 49—Elevation pattern for the asymmetrical half-square 
shown in Fig 48, compared with pattern for a 50-foot high 
dipole. This is over average ground, with a conductivity 
of 5 mSim and a dielectric constant of 13. Note that the 
zenith-angle null has filled in and the peak gain is lower 
‘compared to conventional half-square shown in Fig 43 
over the same Kind of ground. 


Suppo: 


the two ends are not of the same height, as 
illustrated in Fig 48, where one end of the half-square is 
20 feet higher than the other. The clevation-plane radiation 
pattern for this antenna is shown in Fig 49 compared to a di- 
pole at 50 feet. This type of distortion does affect the pattern. 
‘The gain drops somewhat and the zenith null goes away. The 
nulls off the end of the antenna also go away, so that there 


some end-fire radiation. In this example the difference in 
height is fairly extreme at 20 feet. Small differences of 1 10 
5 feet do not affect the pattern seriously. 

Ifthe top height is the same at both ends but the length 
of the vertical wires is not the same, then a similar pattem 
distortion can occur. The antenna is very tolerant of sym- 
metrical distortions but it is much less accepting of asym- 
metrical distortion. 

‘What if the length of the wires is such that the antenna is 
not resonant? Depending on the feed arrangement, that may 
‘or may not matter. We will look at that issue later on, in the 
section on patterns versus frequency. The half-square antenna, 
like the dipole, is very flexible in its proportions. 


Half-Square Feed-Point Impedance 

‘There are many different ways to feed the half-square. 
‘Traditionally the antenna has been fed either at the end of 
one of the vertical sections, against ground, or at one of the 
\s shown in Fig 43, 
-d at the bottom against ground, the 
impedance is very high, on the order of several thousand 
‘ohms. For current feed at a corner, the impedance is much 
lower and is usually close to 50 Q. This is very convenient 
for direct feed with coax. 

‘The half-square is a relatively high-Q antenna (Q = 17). 
Fig 50 shows the SWR variation with frequeney for this fe 
arrangement. An 80-meter dipole is not particularly wideband 
cither, but a dipole will have less extreme variation in SWR 
than the half-square. 


Patterns Versus Frequency 

Impedance is not the only issue when defining the band- 
width of an antenna. The effect on the radiation pattern of 
changing frequency is also a concern, For a voltage-fed half- 
square, the current distribution changes with frequency. For 
‘an antenna resonant near 3.75 MHz, the current distribution 
nearly symmetrical. However, above and below resonance 
the current distribution increasingly becomes asymmetrical. 
In effect, the open end of the antenna is constrained to be 
a voltage maximum but the feed point can behave less as a 
voltage point and more like a current maxima. This allows 
the current distribution to become asymmetrical 

The effect is to reduce the gain by ~0.4 dB at 3.5 MHz 
and by -0.6 dB at 4 MHz. The depth of the zenith null is 
reduced from -20 dB to -10 dB. The side nulls are also 
reduced. Note that this is exactly what happened when the 
antenna was made physically asymmetrical. Whether the 
asymmetry is due to current distribution or mechanical ar- 
rangements, the antenna pattern will suffer. 

‘When current-feed at a comer is used, the asymmetry 
introduced by off-resonance operation is much less, since 
both ends of the antenna are open circuits and constrained to 
be voltage maximums. The resulting gain reduction is only 
-0.1 dB. It is interesting that the sensitivity of the pattern to 
changing frequency depends on the feed scheme used. 

(Of more concern for comer feed is the effect of the 
transmission line, The usual instruction is to simply feed 


Low-Frequency Antennas 6-27 


Fig 50—Variation of SWR with 
frequency for current-fed half- 


square antenna. The SWR band- 
width Is quite narrow. 


this practice. This arrangement seems to have very little 
effect on the pattern, The greatest effect is when the feed 
line length was near a multiple of 2/2. Such lengths should 


Ofcourse, you may use a choke balun at the feed point 
if you desire. This might reduce the coupling to the feed line 
ceven further but it doesn’t appear to be worth the trouble. In 


if you use an antenna tuner in the shack to operate away 
from resonance with a very high SWR on the transmission 
line, a balun at the feed point would take a beating, 


Voltage-Feed at One End of Antenna: Matching 
Schemes 


Several straightforward means are available for nar- 
ind matching. However, broadband matching over the 


full 80-meter band is much more challenging. Voltage fet 

resonant circuit and a modest local ground, 
as shown in Fig 51, is the traditional matching scheme for 
this antenna, Matching is achieved by resonating the circuit 
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the antenna using coax, with the shield connected to verti- 
cal wire and the center conductor to the top wire. Since the 
shield of the coax is a conductor, more or less parallel with, 
the radiator, and is in the immediate field of the antenna, 
you might expect the pattern to be seriously distorted by 
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at the desired frequency and tapping down on the inductor 
in Fig 51A or using a capacitive divider (Fig 51B). Itis also 
possible to use a 3./4 transmission-line matching scheme, as 
shown in Fig 51C. 

If the matching network shown in Fig 51B is used, 
typical values for the components would be: L = 15 pH, 
Cl = 125 pF and 195 pF. At any single point the SWR 
can be made very close to 1:1 but the bandwidth for SWR 
< 2:1 will be very narrow at <100 kHz. Altering the L-C 
ratio doesn’t make very much difference. The half-square 


antenna has a well-earned reputation for being narrow- 
band. 


Short Vertical Antennas 


On the lower frequencies it becomes increasingly dif 
ficult o accommodate a full 2/4 vertical height and full-sized 
‘/4 radials, or even worse, a full-sized half-wave vertical di- 
pole (HVD). In fact, itis not absolutely necessary to make the 
antenna full size, whether itis an HVD, a grounded monopole 
antenna or a ground-plane type of monopole antenna. The 
size of the antenna can be reduced by half or even more and 
still retain high efficiency and the desired radiation pattern, 
This requires careful design, however. And if high efficiency 
is maintained, the operating bandwidth of the shortened 
antenna will be reduced because the shortened antenna will 
have a higher Q 

This translates into a more rapid increase of reactance 
away from resonance. The effect can be mitigated to some 
extent by using larger-diameter conductors. Even doing this 
however, bandwidth will be a problem, particularly on the 
3.5 to 4-MHz band, which is very wide in proportion to the 
center frequency. 

If we take a vertical monopole with a diameter of 
2 inches and a frequency of 3.525 MHz and progressively 
shorten it from 2/4 in length, the feed-point impedance 
and efficiency (using an inductor at the base to tune out the 
capacitive reactance) will vary as shown in Table 7. In this 
example perfect ground and conductor are assumed. Real 
ground will not make a great difference in the impedance but 
will introduce ground loss, which will reduce the efficiency 
further. Conductor loss will also reduce efficiency. In general, 
higher Rg will result in better efficiency. 

‘The important point of Table 7 is the drastic reduction 
in radiation resistance Rp as the antenna gets shorter. This 
combined with the increasing loss resistance of the induc- 
tor (R) used to tune out the increasing base reactance (Xe) 
reduces the efficiency. 


BASE LOADING A SHORT VERTICAL 
ANTENNA 


‘The base of the antenna is a convenient point at which 


Table 7 
Effect of Shortening a Vertical Radiator Below 1/4 
Using Inductive Base Loading. 

Frequency is 3.525 MHz and for the Inductor Q, = 200. 
Ground and conductor losses are omitted. 


Length Length Ra Xc +=—«-_—«CEificiency Loss 


fee) 6) ©) @) — @)—(%)— (4B) 
14 0050 096 761 38 20 70 
209 0075 22 833 27 45 35 
279 0100 42 395 20 68 a7 
349 0.125 68 208 15 82 0.86 
419 0.150 104 220 11 90 0.48 
489 0.175 181 -153 0.7 95, 022 
558 0.200 21.4 -92 046 98 0.09 
628 0225 297 -34 0.17 99 0.02 


to add a loading inductor, but itis usually not the lowest loss 
point at which an inductor, of a given Q. could be placed. 
‘There is an extensive discussion of the optimum location of 
the loading in a short vertical as a function of ground loss 
and inductor Q in Chapter 16 for mobile antennas, which by 
necessity are electrically and physically short. This informa- 
tion should be reviewed before using inductive loading. 

On the accompanying CD-ROM is a copy of the pro- 
‘gram MOBILE. EXE. This is an excellent tool for designing 
short, inductively loaded antennas. In most cases, where top 
loading (discussed below) is not used, the optimum point 
is near or a little above the middle of the vertical section. 
Moving the loading coil from the base to the middle of the 
vertical antenna can make an important difference, increas- 
ing Ry and reducing the inductor loss. For example, in an 
antenna operating at 3.525 MHz, if we make Ly = 34.9 feet 
(0.125 2) the amount of loading inductor placed at the center 
is 25.2 tH. This resonates the antenna. In this configura- 
tion Rx will increase from 6.8 © (base loading) to 13.5 
(center loading). This substantially increases the efficiency 
of the antenna, depending on the ground loss and conductor 

esistances. 
Inst 


id of a lumped inductance being inserted at some 


loading,” where the enti 
ameter coil. The effect is to distribute the inductive loading 
all along the radiator. In this version of inductive loading the 
coil is the radiator. An example of a short vertical using this, 
principle is given later in this 


OTHER WAYS OF LOADING A SHORT 
ANTENNA FOR RESONANCE 


Inductive loading is not the only, or even the best, way 
to compensate for reduced antenna height. Capacitive top 
loading can also be used as indicated in Fig 52 to bring a 
vertical monopole to resonance. Table 8 gives information on 
a shortened 3.525-MHz vertical using top loading. The verti- 
cal portion (L) is made from 2-inch tubing. The top loading 
is also 2-inch tubing extending across the top like a T. The 
length of the top loading T (4L.) is adjusted to resonate the 


Table 8 

Effect of Shortening a Vertical Using Top Loading 
ij. Length Rp 
(tee) (lest) =) o) 
140488 0.05040 
209 386 00758 
279304 0.100140 
349228 0125 © 199 
419173 0150255 
489119 0175304 
5587.0 0200 © 339 
628 24 0225 «(857 
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antenna. Again, the ground and the conductors are assumed 
to be perfect in Table 8. 

For a given vertical height, resonating the antenna with 
top loading results in much higher radiation resistance Rp—2 
to 4 times. In addition, the loss associated with the loading. 
clement will be smaller. The result is a more efficient antenna 
for low heights. A comparison of Ry for both c: 
loading and inductive base loading is given in Fig $3. For 
heights below 0.15 2 the length of the top-loading elements 
becomes impractical but there are other, potentially more 
useful, top-loading schemes. 

‘A multiwire system such as the one shown in Fi 
hhas more capacitance than the single-conductor arrangement, 
and thus does not need to be as long to resonate at a given 
frequency. This design does, however, require extra supports 
for the additional wires. Ideally, an arrangement of this sort 
should be in the form of a cross, but parallel wires separated 
by several feet give a considerable increase in capacitance 


Fig 52—Horizontal wire used to top load a short vertical. 


C4 


Lengt of Vertical (Wevelenstha) 


Fig 53—Comparison of top (capacitive) and base 
(Inductive) loading for short verticals. Sufficient loading 
is used to resonate the antenna. 
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Top Wes 


Fig 54—Multiple top wires can increase the effective 
capacitance substantially. This allows the use of shorter 
top wires to achieve resonance. 


Fig 55—A close- 
up view of the 
capacitance hat for 
a 7-MHz vertical 
antenna. The In. 
diameter radial 
arms terminate in a 
loop of copper wire. 


ovina 


Sohere 


Fig 56—Capacitance of sphere, disc and cylinder as. 
a function of their diameters. The cylinder length is 
assumed equal to its diameter. 


over a single wire. 
‘The top loading can be supplied by a variety of metallic 
structures large enough to have the necessary self-capaci- 
tance. For example, as shown in 
structure with the ends connected together 
simple way to make a capacitance hat is to take four to six 
8-foot fiberglass CB mobile whips. arrange them like spokes 
ina wagon wheel and connect the ends with a peripheral wire. 
This arrangement will produce a 16-foot diameter hat that 
is economical and very durable, even when loaded with ict 
Practically any sufficiently large metallic structure can be 
used for this purpose, but simple geometric forms such as the 
sphere, cylinder and disc are preferred because of the r 


For the cylinder, the length is specified equal to the diameter. 
The sphere, disc and cylinder can be constructed from shet 
metal, if such construction is feasible, but the capacitance 
will be practically the same in each if a “skeleton” type of 
construction with screening or networks of wire or tubing 
are used. 


Finding Capacitance Hat Size 

‘The required size of a capacitance hat may be deter- 
‘mined from the following procedure. The information in thi 
section is based on a September 1978 QST article by Walter 
Schulz, K3OQF. The physical length of a shortened antenna 
can be found from: 


11808 


(Eq 3) 


Rinches 


where h 

Thus, using an example of7 MHz and a shortened length 
0f 0.167 2,, b= 11808/7 « 0.167 = 282 inches, equivalent to 
23.48 feet. 

Consider the vertical radiator as an open-ended trans- 
mission line, so the impedance and top loading may be de- 
termined. The characteristic impedance of a vertical antenna 
can be found from 


44) 


where 
In = natural logarithm 
h = length (height) of vertical radiator in inches 
(as above) 
d = diameter of radiator in inches 
‘The vertical radiator for this example has a diameter of 
Linch. Thus, for this example, 


“ee 


‘The capacitive reactance required for the amount of top 
loading can be found from 


2 61.2 


2-00 


4x281 
(Eq 5) 


‘apacitive reactance, ohms 
Z = characteristic impedance of antenna (from Eq 4) 
© = amount of electrical loading, degre 
This value for a 30° hat is 361/tan 30° = 625.Q. This 


capacitive reactance may be converted to capacitance with 
the following equation, 
10° ot) 
2niXe 
where 
C= capacitance in pF 


f= frequency, MHz 
X= capacitive 


tance, ohms (from above). 


For this example, the required C = 1062.27 6 
36.4 pF, which may be rounded to 36 pE. A disc capacitor is 
used in this example. The appropriate diameter for 36 pF of 
hat capacitance can be found from Fig 56. The disc diameter 
that yields 36 pF of capacitance is 40 inches. 

‘The skeleton disc shown in Fig 5S is fashioned into a 
wagonwheel configuration, Six 20-inch lengths of Y%-inch 
‘OD aluminum tubing are used as spokes. Each is connected 
to the hub at equidistant intervals. The outer ends of the 
spokes terminate in a loop made of #14 copper wire. Note 
that the loop increases the hat capacitance slightly, making 
aa better approximation of a solid disc. The addition of this 
haat at the top of a 23.4-foot radiator makes it quarter-wave 
resonant at 7 MHz. 

After construction, some slight adjustment in the 
radiator length or the hat size may be required if resonance 
aa specific frequency is desired. From Fig 53, the radiation 

ance of a0.167-) high radiator is seen to be about 13.0 
without top loading. With top loading Rr = 25 Q or almost 
double. 


THE COMPACT VERTICAL DIPOLE 


‘A variation on the HVD (half-wave vertical dipole) 
theme is the compact vertical dipole, or CVD. The CVD 
uses capacitance-hat loading on each end of a shortened 
vertical radiator, as shown in Fig S7C. Some call this “top 
and “bottom hat” loading. Les Moxon, GOXN, called 
this method of loading a shortened antenna simply “end 
loading.” The vertical wire for his 40-meter CVD is 25 f 
high, with 15-foot tong horizontal loading wires on 
side, top and bottom. 


K8CH Compact Vertical Dipole 
‘The top loading wires needn't be perpendicular to the 
vertical radiator, although that is convenient if you construct 
the antenna from aluminum tubing. K8CH described a wire 
30-meter CVD in the 2006 Edition of The ARRL Handbook. 
This used #14 wire throughout, with sloping top loading 
wires. It was designed to be suspended from a tree at le 
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Flux dispensers and Colophony 


Flux dispenser pens are sold that allows special liquid flux to be applied separately 
onto a work area. These might be handy for difficult or challenging jobs to help solder to 
flow better: adding more flux this way won’t do any harm and may help a solder joint to 
be made more quickly and reliably. In my hobby electronics, there’s hardly ever been a 
time when I felt the need to apply extra flux but it’s useful for some very tricky or 
demanding jobs. 


~* For more demanding work, a flux dispenser pen allows additional flux to be 
applied 


For example I’ve used specialist Chemtronics flux dispenser pens on tricky, extra- 
large solder joints involving very thick wires for lead-acid battery connections where I 
really struggled to make the solder flow properly. You might also use them in micro- 
electronic surface-mount work. The extra flux can only help, but for the rest of the time 
rosin-flux core solder wire contains sufficient flux and that’s all that you’ll need. 
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Fig 57—Progression of end-loaded-vertical 
dipole designs. At A, the HVD (half-wave verti- 
cal dipole), with no end loading. At B, an HVD 
whose bottom half has been replaced with a 
set of four ground-plane radials, making it into 
the familiar ground-plane vertical. At C, G6XN- 
‘style dipole with end loading of two wires at 
both top and bottom. At D, end-loaded dipole 
with four shorter wires at top and bottom. 
ALE, K8CH end-loaded dipole with asymmetric. 
loading wires. The four top wires are slanted 
down to the ground using extension insulating 
strings that also hold up the bottom horizontal 
end-loading wires. See Fig 58. 


32 feet high to keep all wires 8 feet or more above humans 
and animals. The vertical radiating wire is 24 feet long, and 
the cight top and bottom end-loading wires are all 5 feet 
9 inches long. See Fig 57E and Table 9, CVD 1 

The top loading wires slant at an angle of 45° down 
to the ground, using 
ends of the bottom loading wire 


sulating strings that also support the 
holding them out so that 
they are horizontal. See Fig 58. There isa small loss of gain 
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because of the “umbrella” shape of the top loading wires, 
and the 2:1 SWR bandwidth is diminished slightly from the 
horizontal case. This isn’t a problem on a narrow band like 
30 meters. 

A 40-meter version of this antenna, CVD 6, also uses 
a 24-foot long vertical radiator, 8 feet high at its bottom, It 
uses 11.3-foot long radial wires made of #14 wire, again 
with the top four slanted down at 45°. This CVD has a 2:1 


Insulated 
Guy Stings 


Fig 58—Layout of CVD made using #14 wire suspended 
from a tree branch. 


SWR bandwidth of 250 kHz. It is directly fed with 50-0 
coax with ferrite-core common-mode choke baluns in the 
middle of the vertical radiator. An additional choke balun is, 
used where the coax reaches ground level in order to knock 
down common-mode currents that might otherwise radiate 
onto the coax shield, 

‘You should note the comparison of 40-meter ground-plane 


vertical antennas in Table 9. GP 1 is for horizontal radials that 
are 8 feet off the ground, while GP 2 has its radials only 2 feet 
high. There is some loss in gain because of the proximity of the 
lossy ground. The 40-meter CVD I and CVD 2 cases illustrate 
the same effect of being close to the lossy ground. 

‘Some of the cases in Table 9 require Center Load coils 
lo bring the antenna to resonance. Where the loading coil 
“Hairpin Coil” inductance, the 
loading coil also serves as a hairpin matching coil. Where 
the amount of Hairpin Coil inductance is less than the Load 
Coil inductance, a match is achieved by tapping the Center 
Load Coil symmetrically out from the center. 


80-Meter CVD 


The size of a CVD becomes a real challenge on 
80 meters, requiring either very tall support structures or 
multiple loading methods to keep the vertical radiator to a 
reasonable length. The CVD 2 design in Table 9 shows a 
K8CH-style CVD wire antenna whose vertical radiator is 
Tong. It requires a 54.5-foot high tree to keep the 
‘above ground for 
safety. Compare this to an HVD that requires a 143-foot sup- 
port of some sort to keep it 8 feet off the ground at the bottom. 
‘The CVD 2 sacrifices some 0.7 dB in gain for this difference 
in size, and about 75 kHz in 2:1 SWR bandwidth. 

The CVD 2 would require retuning when going from 


Table 9 
Variations on a Vertical Center-Fed Dipole 
Name Style Vertical + Spoke = Min. Ht Max. 
Fig 57 Length Length feet Gain 
feet feet Bi 
20 Meters 
GP B 1753 16.53 8 029 
cvp1 c 13757 8 012 
cvb2 D 12 54 8 0.00 
cvD3 E 12.15 56 8 0.01 
30 Meters 
GP Bo 2454 23.14 8 0.04 
cvp1 E 24 5.33 a 02 
cvp2 E 177.80 8 036 
40 Meters 
HVD A 66 2 8 013 
GPt B 35 33 8 012 
GP2 B 34.5 33 2 037 
cvp1 c 25 15 8 0.42 
cvD2 c 24 15 2 1.09 
cvD3 D 24 10 8-055 
cvD4 D 24 5 8 085 
cvps D 16 8 8 18 
cvDé E 24 11.3 8 059 
80 Meters 
HVD A 135 - 8 0.19 
GP B 655 61 8 on 
cvp1 c 48.3 30 8 027 
cvb2 E 465 21.9 8 -050 


21SWR 
kHz 


Hairpin 
Coil 
wH 
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CW to phone, probably by changing the length of the four 
bottom horizontal wires equally. 


LINEAR LOADING 


Another alternative to inductive loading 
ing. This lttle-understood method of shortening radiators can 
be applied to almost any antenna configuration—including 
parasitic arrays. Although commercial antenna manufacturers 
make use of linear loading in their HF antennas, relatively few 
hams have used it in their own designs. Linear loading can 
be used to advantage in many antennas because it introduces 
relatively litte loss, does not degrade directivity patterns, and 
has low enough Q to allow reasonably good bandwidth, Some 


—— 


— 


oO 


Fig 59—Some examples of linear loading. The small 
circles indicate the feed points of the antennas. 


1 f= 058-060, 


Fig 60—Wire dipole antennas. The ratio tify is the measured 
resonant frequency divided by frequency f, of a standard 
dipole of same length. R'is radiation resistance in ohms. At 
A, standard single-wire dipole. At B, two-wire linear-loaded 
dipole, similar to folded dipole except that side opposite 
feed line is open. At C, three-wire linear-loaded dipole. 
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‘examples of linear-loaded antennas are shown in Fig 59. 

Since the dimensions and spacing of linear-loading 
devices vary greatly from one antenna installation to another, 
the best way to employ this technique is to try a length of 
conductor 10% to 20% longer than the difference between 
the shortened antenna and the full-size dimension for the 
linear-loading device. Then use the “cut-and-try” method, 
varying both the spacing and length of the loading device to 
‘optimize the match. A hairpin at the feed point can be useful 


ing a 1:1 SWR at resonant 


Linear-Loaded Short Wire Antennas 


is provided in this section, 
originally presented in The ARRL Antenna Com- 
pendium Vol 5 by John Stanford, NNOF. Linear loading can 
significantly reduce the required length for resonant anten- 
nas. For example, itis easy to make a resonant antenna that 
is as much as 30 to 40% shorter than an ordinary dipole for 
given band. The shorter overall lengths come from bending 
back some of the wire. The increased self-coupling lowers 
the resonant frequency. These ideas are applicable to short 
antennas for restricted space or portable use. 


Experiments 

‘The results of the m hown in Fig 60 
and are also consistent with values given by Rashed and Tai 
from an earlier paper. This shows several simple wire antenna 
configurations, with resonant frequencies and impedance 
(radiation resistance). The reference dipole has a resonant 
frequency fy and resistance R = 72.0. The tify values give the 
effective reduced frequency obtained with the linear loading 
ineach case. For example, the two-wire linear-loaded dipole 
has its resonant frequency lowered to about 0.67 to 0.70 that 
of the simple reference dipole of the same length. 

‘The three-wire linear-loaded dipole has its frequency re- 
duced to 0.55 to 0.60 of the simple dipole of the same length. 
As you wall see later, these values will vary with conductor 
diameter and spacing. 

The two-wire linear-loaded dipole (Fig 60B) looks 
almost like a folded dipole but, unlike a folded dipole, it is 
‘open in the middle of the side opposite where the feed line 
is attached. Measurements show that this antenna structure 
has a resonant frequency lowered to about two-thirds that 
of the reference dipole, and R equal to about 35.0. A three- 
wire linear-loaded dipole (Fig 60C) has even lower resonant 
frequency and R about 25 to 30 ©. 

Linear-loaded monopoles (one half of the dipoles in Fig 
(60) working against a radial ground plane have similar reso- 
nant frequencies, but with only half the radiation resistance 
shown for the dipoles. 


surements ar 


‘A Ladder-Line Linear-Loaded Dipole 

Based on these results, NNOF next constructed a linear 
loaded dipole as in Fig 60B, using 24 feet of 1-inch ladder 
line (the black, 450-Q plastic kind widely available) for the 
dipole length. He hung the system from a tree using nylon 


fishing line, about 4 feet from the tree at the top, and about 
8 feet from the ground on the bottom end. It was slanted at 
about a 60° angle to the ground. This antenna resonated at 
12.8 MHzand had a measured resistance of about 35 2. After 
the resonance measurements, he fed it with I-inch ladder 
open-wire line (a total of about 100 feet tothe shack). 

Forbrevity, this is calleda vertical LLSD (linear-loaded 
short dipole). A tuner resonated the system nicely on 20 and 
30 meters. On these bands the performance of the vertical 
LLSD seemed comparable to his 120-foot long. horizontal 
center-fed Zepp, 30 feet above ground. In some directions 
Where the horizontal, all-band Zepp has nulls, such as toward 
Siberia, the vertical LLSD was definitely superior. This 
system also resonates on 17 and 40 meters. However, from 
listening to various signals, NNOF had the impression that 
this length LLSD is not as good on 17 and 40 meters as the 
horizontal 120-foot antenna, 


Using Capacitance End Hats 
He also experimented with an even shorter resonant 
length by trying an LLSD with capacitance end-hats, The 
hats, as expected, increased the radiation resistance and 
lowered the resonant frequency. Six-foot long, single-wire 
hats were used on each end of the previous 24-foot LLSD, 
as shown in Fig 61. The antenna was supported in the same 
way as the previous vertical dipole, but the bottom-end hat 
wire was only inches from the grass. This system resonated 
at 10.6 MHz with a measured resistance of 50 Q. 
sngthened slightly, by a foot or 
1 it should hit the 10.1-MHz band and be a 
‘good match for 50-Q coax. It would be suitable fora restricted, 


TT 


Fig 61—Two-wire linear-loaded dipole with capacitance 
end hats. Main dipole length was constructed from 24 feet 
of “windowed” ladder line. The end-hat elements were stiff 
wires 6 feet long. The antenna was strung at about a 60° 
angle from a tree limb using monofilament fishing line. 
Measured resonant frequency and radiation resistance 
were 10.6 MHz and 50.0. 


space, shortened 30-meter antenna, Note that this antenna is 
only about half the length of a conventional 30-meter dipole, 
needs no tuner, and has no losses due to traps. It does have the 
loss of the extra wire, but this is essentially negligible. 

‘Any of the linear-loaded dipole antennas can be mounted 
either horizontally or vertically. The vertical version can be 
used for longer skip contacts—beyond 600 miles or so—un- 
less you have rather tall supports for horizontal antennas to 
give a low elevation angle. Using different diameter conduc- 
tors in linear-loaded antenna configurations yields different 
results, depending on whether the larger or small diameter 
conductor is fed. NNOF experimented with a vertical ground- 
plane antenna using a 10-foot piece of electrical conduit pipe 
é inch OD) and #12 copper hou: 

Fig 62 shows the configuration. The radial ground 
system was buried a couple of inches under the soil and is 
not shown. Note that this is not a folded monopole, which 
would have either A or B grounded. 

‘The two conductors were separated by 2 inches, using 
plastic spreaders held onto the pipe by stainless-steel hose 
clamps obtained from the local hardware store. Hose clamps 
intertwined at right angles were also used to clamp the pipe 
on electric fence stand-off insulators on a short 2x4 post set 
vertically in the ground, 

‘The two different diameter conductors make the antenna 
characteristics change, depending on how they are configured, 
With the antenna bridge connected to the larger diameter 
conductor (point A in Fig 62), and point B unconnected, the 
system resonated at 16.8 MHz. and had R = 35 Q. With the 
bridge at B (the smaller conductor), and point A left uncon- 
nected, the resonance lowered to 12.4 MHz and R was found 
to be about 242. 

‘The resonant frequency of the system in Fig 62 can be 
adjusted by changing the overall height, or for increasing 
the frequency, by reducing the length of the wire. Note that 
4.3.8-MHz resonant ground plane can be made with height 
only about half that ofthe usual 67 feet required, if the smaller 
conductor is fed (point B in Fig 62). In this case, the pipe 
would be left unconnected electrically. The lengths given 
above can be scaled to determine a first-try attempt for your 
depend on the 


favorite band. Resonant lengths will, howe 
conductor diameters and spacing. 


Fig 62—Vertical ground-plane 

tenna with a 10-foot pipe 
and #12 wire as the linear- 
loaded element. Resonant 
frequency and radiation 
resistance depend on which 
side (A or B) is fed. The other 
side (B or A) is not grounded. 
See text for details. 
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‘The same ideas hold fora dipole, except that the lengths 
should be doubled from those of the ground plane in Fig 62. 
The resistance will be twice that of the ground plane. Say. 
how about a shortened 40-meter horizontal beam to enhance 
your signal?! 


COMBINED LOADING 

‘As an antenna is shortened further the size of the top 
loading device will become larger and at some point will be 
impractical. In this situation inductive loading, usually placed 
directly between the capacitance “hat” and the top of the 
antenna, can be added to resonate the antenna. An alternative 
fing in place of inductive loading. 
The previous section contained an example of end loading 
combined with linear loading. 


SHORTENING THE RADIALS 

Very often the space required by full-length radials is 
simply not available. Like the vertical portion of the antenna, 
the radials can also be shortened and loaded in very much 
the same way. An example of end loaded radials is given in 
Fig 63A. Radials half the usual length can be used with little 
reduction in efficiency but, as in the case of top loading, the 
antenna Q will be higher and the bandwidth reduced. As 
shown in Fig 63B, inductive loading can also be used. As 
long as they are not made too short (down to 0.1%) loaded 
radials can be efficient—with careful design. 


GENERAL RULES 


‘The steps in designing an efficient short vertical antenna 
system are: 


‘© Make the vertical section as long as possible. 

‘* Make the diameter of the vertical section as large as 
possible. Tubing or a cage of smaller wires will work 
well 

‘© Provide as much top and/or bottom loading as pos- 
sible, 


‘+ If the top/bottom loading is insuffi 
antenna with a high-Q inductor placed between the hat 
and the top of the antenna 

‘+ Forburied-ground systems, u 
as possible. 40 or more is best. 

‘* Ian elevated ground plane is used, use 4 to 8 radials, 5 
or more feet above ground, 

‘* Ifshortened radials must be used then capacitive loading 
is preferable to inductive loading. 


EXAMPLES OF SHORT VERTICALS 
A 6-Foot-High 7-MHz Vertical Antenna 

Figs 64 through 67 give details for building short, effec- 
tive vertical quarter-wavelength radiators. This information 
‘was originally presented by Jerry Sevick, W2FML 

A short vertical antenna, properly designed and in- 
stalled, approaches the efficiency of a full-size resonant 
quarter-wave antenna, Even a 6-foot vertical on 7 MHz can 


1s many radials (> 0.2 2) 
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Fig 63—Radials may be shortened by using either capaci- 
tive (A) or inductive (B) loading. In extreme cases both 
may be used but the operating bandwidth will be limited. 


produce an exceptional signal. Theory tells us that this s 
be possible, but the practical achievement of such a 
requires an understanding of the problems of ground losses, 
loading, and impedance matching. 

The key to success with shortened vertical antennas 
lies in the efficiency of the ground system with which the 


antenna is used. A system of at least 60 radial wires is ree- 


Fig 64—Jerry Sevick, W2FMI, adjusts the 6-foot high, 
40-meter vertical. 


‘ommended for best results, although the builder may elect to 
reduce the number at the expense of some performance. The 
radials can be tensioned and pinned at the far ends to permit 
on-the-ground installation, which will enable the amateur 
to mow the lawn without the wires becoming entangled in 
the mower blades. Altematively, the wires can be buried in 
the ground, where they will not be visible. There is nothing 
critical about the wire size for the radials. Radials made of 
28, 22, or even 16-gauge wire, will provide the 
The radials should be at least 0.2. long (27 feet or greater 
on 7 MHz), 

A top hatis formed as illustrated in Fig 65. The diameter 
is 7 feet, and a continuous length of wire is connected to the 
spokes around the outer circumference of the wheel. A load- 


Fig 65—Construction details for the top hat. For a 
diameter of 7 feet, “in. aluminum tubing is used. The 
hose clamp is made of stainless steel and is available at 
‘Sears. The rest of the hardware is aluminum. 


SINR Versus Frequency 
(e-Foot 40-Mater Vertes!) 
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Fig 66—Standing-wave ratio of the 6-foot vertical using a 
7-foot top hat and 14 turns of loading 6 inches below the 
top hat. 


ing coil consisting of 14 turns of B&W 3029 Miniductor stock 
(2Yinch dia, 6 TPI, #12 wire) is installed 6 inches below the 
top hat (see Fig 65). This antenna exhibits a feed-point im- 
pedance of 3.5 Qat7.21 MHz. For operation above or below 
this frequency, the number of coil turns must be decreased or 
increased, respectively. Matching is accomplished by increas- 
ing the feed-point impedance to 14 Q through addition of a 
4:1-transformer, then matching 14 Oto 50 © (feeder imped- 
ance) by means of a pi network. The 2:1 SWR bandwidth for 
this antenna is approximately 100 kHz. 

‘More than 200 contacts with the 6-foot antenna have 
ied the efficiency and capability of a short vertical 
Invariably at distances greater than 500 or 600 miles, the 
short vertical yields excellent signals. Similar antennas c 
be scaled and constructed for bands other than 7 MHz. The 
7-foot-diameter-top hat was tried on a 3.5-MHz vertical, with, 
an antenna height of 22 feet. The loading coil had 24 turns 
and was placed 2 feet below the top hat. On-the-air results, 
duplicated those on 40-meters. The bandwidth was 65 kHz. 

Short verticals such as these have the ability to radi- 
ate and receive almost as well as a full-size quarter-wave. 
‘Trade-offs are in lowered input impedances and bandwidths. 
However, witha good radial system and a proper design, these 
trade-offs can be made entirely acceptable. 


indi 


Short Continuously Loaded Verticals 
While there is the option of using lumped inductance 
to achieve resonance in a short antenna, the antenna can also 
be helically wound to provide the required inductance. This 
is shown in Fig 68. Shortened quarter-wavelength vertical 
antennas can be made by forming a helix on a long cylindrical 
insulator. The diameter of the helix must be small in terms of 
2.to prevent the antenna from radiating in the axial mode. 

‘Acceptable form diameters for HF-band operation are 
from 1 inch to 10 inches when the practical aspects of antenna 
construction are considered. Insulating poles of fiberglass, 
PVC tubing, treated bamboo or wood, or phenolic are suit- 
able for use in building helically wound radiators. If wood 
‘or bamboo is used the builder should treat the material with 
at least two coats of exterior spar varnish prior to winding 
the antenna element. The completed structure should be 
given two more coats of varnish, regardless of the material 
used for the coil form. Application of the varnish will help 
weatherproof the antenna and prevent the coil turns from 
changing position. 

Nostrict rule has been established concerning how short 
ahelically wound vertical can be before a significant drop in 
performance is experienced. Generally, one should use the 
greatest amount of length consistent with available space. 
A guideline might be to maintain an element length of 0.05 
wavelength or more for antennas which are electrically a 
quarter wavelength long. Thus, use 13 feet or more of stock 
for an 80-meter antenna, 7 feet for 40 meters, and so on. 

‘A quarter-wavelength helically wound vertical can be 
used in the same manner as a full-size vertical. That is, it 
can be worked against an above-ground wire radial system 
(four or more radials), or it can be ground-mounted with 
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Fig 67—Base of the vertical ante 
wires. The aluminum disc is 15 inches in diameter and 
‘winches thick. Sixty tapped holes for ‘4-20 aluminum hex- 
head bolts form the outer ring and 20 form the inner ring. 
The inner bolts were used for performance comparisons 
with more than 60 radials. The insulator is polystyrene 
‘material (phenolic or Plexiglas suitable) with a 1-inch 
diameter. Also shown is the impedance bridge used for 
‘measuring input resistance. 
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Fig 68—Helically wound ground-plane vertical. 
Performance from this type of antenna is comparable 

to that of many full-size 7/4 vertical antennas. The major 
design trade-off is usable bandwidth. All shortened 
antennas of this variety are narrow-band devices. At 

7 Miz, in the example illustrated here, the bandwidth 
between the 2:1 SWR points will be on the order of 

50 kHz, half that amount on 80 meters, and twice that 
amount on 20 meters. Therefore, the antenna should be 
adjusted for operation in the center of the frequency band 
of interest. 
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radials buried or lying on the ground. Some operators have 
reported good results when using antennas of this kind with 
four helically wound radials cut for resonance at the operating 
frequency. The latter technique should capture the attention 
of those persons who must use indoor antennas. 


Winding Information 

There is no hard-and-fast formula for determining 
the amount of wire needed to establish resonance in a heli- 
cal antenna, The relationship between the length of wire 
needed for resonance and a full quarter wave at the desired 
frequency depends on several factors. Some of these are wire 
diameter of the turns, and the dielectric properties of 
the form material, to name a few. Experience has indicated 
that a section of wire approximately one half wavelength 
Jong, wound on an insulating form with a linear pitch (equal 
spacing between turns) will come close to yielding a reso- 
nant quarter wavelength. Therefore, an antenna for use on 
160 meters would require approximately 260 feet of wire, 
spirally wound on the support. 

No specific rule exists concerning the size or type of 
wire one should use in making a helix. Larger wire sizes are, 
ierest of minimizing PR losses 

evels up to 1000 W itis wise to use 
a wire size of #16 or larger. Aluminum clothesline wire is 
suitable for use in systems where the spacing between tums 
greater than the wire diameter. Antennas requiring clos 
spaced turns can be made from enameled magnet wire or #14 
Vinyl jacketed, single-conductor house wiring stock. Every 
effort should be made to keep the turn spacing as lange as is 
practical to maximize efficiency. 

‘A short rod or metal dise should be made for the top 
ince end of the vertical. This is a necessary 
ire reduction in antenna Q. This 
broadens the bandwidth of the system and helps prevent ex- 
tremely high amounts of RF voltage from being developed 
at the top of the radiator. (Some helical antennas act like 
Tesla coils when used with high-power transmitters, and can 
‘actually catch fire at the high-impedance end when a stub or 
disc is not used.) Since the Q-lowering device exhibits some 
additional capacitance in the system, it must be in place before 
the antenna is tuned, 


‘Tuning and Matching 

‘Once the element is wound it should be mounted where 
it will be used, with the ground system installed. The feed end 
of the radiator can be connected temporarily to the ground 
system. Use a dip meter to check the antenna for resonance 
by coupling the dipper to the last few turns near the ground 
cend of the radiator. Add or remove turns until the vertical is, 
resonant at the desired operating frequency. 

I is impossible to predict the absolute value of feed 
impedance for a helically wound vertical. The value will 
depend upon the length and diameter of the element, the 
ground system used with the antenna, and the size of the disc 
or stub atop the radiator. Generally speaking, the radiation 
tance will be very low—approximately 3 to 10 Q. An L 


network of the kind shown in Fig 68 can be used to increase 
the impedance to 50 Q. The Q, (loaded Q) of the network 
inductors is low to provide reasonable bandwidth, consistent 
with the bandwidth of the antenna. Network values for other 
operating bands and frequencies can be determined by using 
the reactance values listed below. The design center for the 
network is based on a radiation resistance of 5 Q. If the exact, 
feed impedance is known, the following equations can be 
used to determine precise component values for the matching 
network. (See Chapter 25, Coupling the Transmitter to the 
Line, for additional information on L-network matching.) 


XA QRL (Eq7) 
Xen =50, (Eq 8) 
Xu (Eq9 
where 


fe reactance of C1 


fe reactance of 
inductive reactance of L1 
oaded Q of network 

tance of antenna 


Example: Find the network constants for a helical 
antenna with a feed impedance of 5. at 7 MHz, Q = 3: 


Xe1=3x5=15 


Xp = 15+ on. 


16.666 


Therefore, Cl = 1500 pF, C2 = 1350 pF, and LI = 
0.7 pH. The capacitors can be made from parallel or series 
combinations of transmitting micas. L, can be a few turns 
of large Miniductor stock. At RF power levels of 100 W or 
less, large compression trimmers can be used at C1 and C2 
because the maximum RMS voltage at 100 W (across 50.0) 
will be 50 V. At, say, 800 W there will be approximately 
220 V RMS developed across 50 ©. This suggests the use of 
small transmitting variables at C1 and C2, possibly connected, 
in parallel with fixed values of capacitance to constitute the 
required amount of capacitance for the network. 

By making some part of the network variable, it will 
be possible to adjust the circuit for an SWR of 1:1 without 
knowing precisely what the antenna feed impedance is. Ac: 
tually, C1 is not required as part of the matching network. 
It is included here to bring the necessary value for L1 into 
a practical range. 

Fig 68 illustrates the practical form a typical helically 
wound ground-plane vertical might take. Performance from 
this type antenna is comparable to that of many full-size 


quarter-wavelength vertical antennas. The major design 
trade-off is in usable bandwidth, All shortened antennas of 
this variety are narrow-band devices. At 7 MHz, in the ex- 
ample illustrated here, the bandwidth between the 2:1 SWR 
points will be on the order of 50 kHz, half that amount on 
80 meters, and twice that amount on 20 meters. Therefore, 
the antenna should be adjusted for operation in the center of 
the frequency spread of interest. 


SHORTENED DIPOLES 


‘As shown in preceding sections, there are a number of 
ways to load antennas so they may be reduced in size with- 
‘out severe reductions in effectiveness. Loading is always a 
‘compromise; the best method is determined by the amount 
of space available and the band(s) to be worked 

‘The simplest way to shorten a dipole is shown in Fig 69. 
If you do not have sufficient length between the supports, 
simply hang as much of the center of the antenna as possible 
‘between the supports and let the ends hang down. The ends 
ccan be straight down or may be at an angle as indicated but 
in either case should be secured so that they do not move in 
the wind. As long as the center portion between the supports 
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Fig 69—When space is limited, the ends may be bent 
downward as shown at A, or back on the radiator as 
‘shown at B. The bent dipole ends may come straight 
down or be led off at an angle away from the center of the 
antenna. An inverted V at C can be erected with the ends 
bent parallel to the ground when the support structure is 
not high enough. 
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asa full-length dipole. 

The resonant length of the wire will be somewhat 
shorter than a full-length dipole and can best be determined 
by experimentally adjusting the length of ends, which may 
be conveniently near ground. Keep in mind that there can be 
very high potentials at the ends of the wires and for safety 
the ends should be kept out of reach. Letting the ends hang 


Fig 70—At Ais a dipole antenna lengthened electrically 
with off-center loading coils. For a fixed dimension A, 
greater efficiency will be realized with greater distance 

B, but as B is increased, L must be larger in value to 
maintain resonance. If the two coils are placed at the ends 
of the antenna, in theory they must be infinite in size to 
maintain resonance. At B, capacitive loading of the ends, 
either through proximity of the antenna to other objects 
or through the addition of capacitance hats, will reduce 
the required value of the coils. At C, a fan dipole provides 
some electrical lengthening as well as broadbanding. 


down as shown is a form of capacitive end loading. While it 
is efficient, it will also reduce the matching bandwidth—as 
does any form of loading, 

‘The most serious drawback associated with inductive 
loading is high loss in the coils themselves. It is important 
that you use inductors made from reasonably large wire or 
lubing to minimize this problem. Close winding of turns 
should also be avoided if possible. A good compromise is to 
use some off-center inductive loading in combination with 


capacitive end loading, keeping the inductor losses small and 
the efficiency as high as possible, 

Some examples of off-center coil loading and capa- 
citive-end loading are shown in Fig 70. This technique was 
described by Jerry Hall, KITD in Sep 1974 QST. In the 
equation below, the diameter D is that of the wire used for 
the antenna, in inches. The frequency fis expressed in MHz. 


Fig 71—Chart for determining 


approximate inductance values for 


off-center-loaded dipoles. See Fig 70A. 


At the intersection of the appropriate 
curve from the body of the chart for 


dimension A and proper value for 


the coll position from the horizontal 
scale at the bottom of the chart, read 
the required inductive reactance for 


resonance from the scale at the left. 


Dimension A is expressed as percent 


length of the shortened antenna with 


respect to the length of a half-wave 


dipole of the same conductor material 


Dimension B is expressed as the 
percentage of coil distance from the 


feed point to the end of the antenna. 
For example, a shortened antenna, 


which is 50% or half the size of a half- 


wave dipole (one-quarter wavelength 


overall) with loading coils positioned 


midway between the feed point and 


‘each end (50% out), would require 


coils having an inductive reactance of 
approximately 950 © at the operating 


frequency for antenna resonance. 
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Fig 72—The WOSVM “Shorty Forty” 
center-loaded antenna. Dimensions 
given are for 7.0 MHz. The loading 
Collis § inches long and 2'4 inches 
diameter. It has a total of 30 turns of 
#12 wire wound at 6 turns per inch 
(Miniductor 3029 stock). 


(alt = 


For the antennas shown, the longer the overall length (dimen- 
sion A. Fig 70A, in feet) and the farther the loading coils are 
from the center of the antenna (dimension B, also in feet 
the greater the efficiency of the antenna, As dimension B is 
increased, however, the inductance required to resonate the 
antenna at the desired frequency increases 

Approximate inductive reactances for single-band reso- 
nance (for the antennaiin Fig 70A only) may be determined with 
the aid of Fig 71 or from Eq 10 below. The final values will 
depend on the proximity of surrounding objects in individual 


installations and must be determined experimentally. The use of 
high-Q low-loss coils is important for maximum efficiency. 
A dip meter or SWR indicator is recommended for use 
during adjustment of the system. Note that the minimum, 
inductance required is for a center-loaded dipole. If the in- 
ductive reactance is read from Fig 66 for a dimension B of 


zero, one coil having approximately twice this reactance can 
bbe used near the center of the dipole. Fig 72 illustrates this 
idea. This antenna was conceived by Jack Sobel, WOSVM, 


(&q10) 


Inverted-L Antennas 


‘The antenna shown in Fig 73 is called an inverted-L 
antenna. It is simple and easy to construct and is a good 
antenna for the beginner or the experienced I 8-MHz DXer. 
Because the overall electrical length is made somewhat 
greater than 2/4, the feed-point resistance is on the order of 
50 Q, with an inductive reactance. That reactance is canceled 
by a series capacitor as indicated in the figure. For a verti- 
cal section length of 60 feet and a horizontal section length 
of 115 feet, the input impedance is = 40 + j 300. Longer 
vertical or horizontal sections would increase the input im- 
pedance. The azimuthal radiation pattern is slightly asym. 
metrical with =1 to 2-dB increase in the direction opposite 
to the horizontal wire. This antenna requires a good buried 
ground system or elevated radials and will have a 2:1 SWR 
bandwidth of about 50 kHz 


This antenna is a form of top-loaded vertical, where the 
top loading is asymmetrical. This results in both vertical and 
horizontal polarization because the currents in the top wire 
do not cancel like they would in a symmetrical-T vertic 
This is not necessarily a bad thing because it eliminates the 
zenith null present in a true vertical. This allows for good 
‘communication at short ranges as well as for DX. 

‘A yardarm attached to a tower ora tree limb can be used 
lo support the vertical section. As with any vertical, for best 
resulls the vertical section should be as long as possible. A 
‘good ground system is necessary for good results—the better 
the ground, the better the results. 


If you don’t have the space for the inverted L shown 
in Fig 73 (with its 115-foot horizontal section) and if you 
don’t have a second tall supporting structure to make the top 
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* Colophony or rosin flux is available in small tinlets if you want to prepare your 
own liquid flux. 


One thing that many seasoned electronics enthusiasts will recognise is the distinctive 
smell of rosin flux: its intense woody pine smell is not unpleasant, and flux fumes 
themselves are not known to be harmful but solder smoke can be an irritant, especially if 
you suffer from asthma or other respiratory conditions. (I dealt with solder fume extraction 
earlier when soldering irons were outlined.) 


Rosin flux is also known as Colophony. It’s an amber resin that’s glassy and brittle 
like sugar candy, distilled from the resins of conifers (mainly pine trees) and it’s worth 
knowing about. For electronics use, Colophony is available in individual tinlets of solid 
resin (e.g. Kolophonium in 20g tins by Donau Elektronik GmbH, sold by Westfalia or 
Conrad). 


As an aside, the resins of various trees are used in incense burners: placing a few 
fragments on a charcoal burner produces intense delicious fragrances of pine, frankincense 
or forest but you still wouldn’t want to inhale the smoke or fumes directly. 


Solids of Colophony can be dissolved to make a semi-liquid flux, for dipping or 
applying manually prior to soldering. To make your own rosin flux from solids of 
Colophony, chip off some fragments and crush them into a small tinfoil dish, then apply 
some isoproponal alcohol (start with 2 parts solvent to | part Colophony) and let it 
dissolve over about 20-30 minutes or more. 


Fig 73—The 1.8-MHz inverted L. Overall wire length is 165 
to 175 feet. The variable capacitor has a capacitance range 
from 100 to 800 pF, at 3 kV or more. Adjust antenna length 
and variable capacitor for lowest SWR. 
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Fig 74—Sketch showing a modified 160-meter inverted L, 
with a single supporting 60-foot high tower and a 79-foot, 
long slanted top-loading wire. The feed-point impedance 
is about 120 in this system, requiring a quarter-wave 
‘matching transformer made of paralleled 50-0 coaxes. 


\wire horizontal, consider sloping the top wire down towards 
ground. Fig 74 illustrates such a setup, with a 60-foot high 
vertical section and a 79-foot sloping wire. As always, you 
‘will have to adjust the length of the sloping wire to fine-tune 
the resonant frequency. For a good ground radial system, 
the feed-point impedance is about 12, which may be 
transformed to 50 0 with a 25-0 quarter-wave transformer 
consisting of two paralleled 50-0 quarter-wave coaxes. The 
peak gain will decrease about 1 dB compared tothe inverted 
L shown in Fig 73. Fig 75 overlays the elevation responses for 
average ground conditions. The 2:1 SWR bandwidth will be 
about 30 kHz, narrower than the larger system in Fig 73. 

If the ground system suggested for Figs 73 and 74 is, 
not practical, you can use a single elevated radial as shown. 
in Fig 76. For the dimensions shown in the figure Z, = 50-+ 
498 O, requiring a 175-pF series resonating capacitor. The 
azimuthal radiation pattern is shown in Fig 77 compared to 
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Fig 75—Overlay of the elevation responses for the in- 
verted-L antennas in Fig 73 (solid line) and Fig 74 (dashed 
line). The gains are very close for these two setups, 
provided that the ground radial system for the antenna in 
Fig 74 is extensive enough to keep ground losses low. 
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Fig 76—A single elevated radial can be used for the 
inverted-L. This changes the directivity slightly. The series 
tuning capacitor is approximately 175 pF for this system. 
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Fig 77—Azimuthal pattern comparison for inverted-L 
antennas shown in Fig 73 (solid line) and the compromise, 
single-radial system in Fig 76 (dashed line). This is for a 
takeoff angle of 10°. 
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Fig 78—Azimuthal pattern at a takeoff angle of 5° for an 
£80-meter version of the inverted L (solid line) in Fig 73, 
‘compared to the response for a 100-foot high flattop 
dipole (dashed line). 


the inverted L in Fig 68, Note that the I to 2-dB asymmetry 
is now in the direction of the horizontal wires, just the op- 
posite of that fora symmetrical ground system. The 2:1 SWR 
bandwidth is about 40 kHz, assuming that the series capacitor 
is adjusted at 1.83 MHz for minimum SWR. 

ig. 78 shows the azimuthal response at a 5° elevation 
angle for an 80-meter version of the inverted L in Fig 73. 
The peak response occurs at an azimuth directly behind the 
direction in which the horizontal portion of the inverted L 
points. For comparison, the response fora 100-foot high flat 
top dipole is also shown, The top wire of this antenna is only 
40 feet high and the 2:1 SWR bandwidth is about 150 kHz 
wide with a good, low-loss ground-radial system. 

Fig 78 illustrates that the azimuth response of an in- 
verted L is nearly omnidirectional. This gives such an antenna 
an advantage in certain directions compared to a flattop 
dipole, which is constrained by its supporting mounts (such 
as trees or towers) to favor fixed directions. For example. 
the flattop dipole in Fig 78 is at its weakest at azimuths of 
90° and 270°, where it is down about 12 4B compared to 
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Fig 79—Details and dimensions for gamma-match feeding 
50-foot tower as a 1.8-MHz vertical antenna. The rotator 
cable and coaxial feed line for the 14-MHz beam is taped 
to the tower legs and run into the shack from ground level. 
No decoupling networks are necessary. 


the inverted L. Hams who are fortunate enough to have high 
rolary dipoles or rotatable low-band Yagis have found them 
to be very effective antennas indeed. 


A DIFFERENT APPROACH 


Fig 79 shows the method used by Doug DeMaw, 
WIFB, to gamma match his self-supporting 50-foot tower 
operating as an inverted L.. A wire cage simulat 
rod of the proper diameter. The tuning capacitor is f 
from telescoping sections of 14 and 1 
ing with polyethylene tubing serving as the di 
capacitor is more than adequate for power levels of 100 W. 
‘The horizontal wire connected to the top of the tower pro- 
vides the additional top loading. 
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Sloper Antennas 


Sloping dipoles and 2/2 dipoles can be very useful 
antennas on the low bands. These antennas can have one end 
attached to a tower, tree or other structure and the other end 
near ground level, elevated high enough so that passersby 
can't contact them, of course. The following section gives a 
number of examples of these types of antennas. 


THE HALF-WAVE SLOPING DIPOLE 


If you have a sufficiently high support, you can install a 
halfwave dipole sloping downwards toward ground to provide 


[-Halivare Shope 


Fstop 
Dipole so" 60 


Frag, = 7.1 Me 
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Fig 80—At A, the azimuthal responses for a flattop dipole 
(solid line), a dipole whose end has been tilted down 45° 
(dashed line), and a HVD (halfwave vertical dipole, dotted 
line). All these were modeled over average ground, with 
‘a conductivity of 5 mSim and a dielectric constant of 

13. Note that the tilted dipole exhibits about 5 dB front- 
to-back ratio, although its maximum gain is less than 
elther the HVD or flattop dipole. At B, the elevation-plane 
patterns for the same antennas. Note that the tilted 
halfwave dipole (dashed line) has more energy at higher 
elevation angles than either the flattop dipole or HVD. 
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vertical as well as horizontal polarization, This antenna is 
popularly known as a sloper or a halfiwave sloper. The amount 
of slope from horizontal can vary from 0°, where the dipole is, 
in a flattop configuration, all the way to 90°, where the dipole 
becomes fully vertical. The latter configuration is sometimes 
called a Halfwwave Vertical Dipole (HD). 

‘The question arises when contemplating a vertical half- 
wave dipole or a halfwave sloping dipole about how to treat 
the feed line to make sure it doesn’t accidentally become part 
of the radiating system. The ideal situation would be to bring 
the feed line out perpendicular to the vertical or sloping wire 
for an infinite distance. Obviously, that isn’t very practical 
because the feed line eventually has to be connected to a 
ing 
fing an HVD was done for the book Simple and 
Fun Antennas for Hams. This study indicated that a slant 
angle down to the ground of as little as 30° from a vertical 


transmitter located near the ground. An intensive mod 
study on fe 


radiator can work with only minor interaction, provided that 
‘common-mode decoupling chokes were employed at the 
point and a quarter-wavelength down the line from the fet 
point. These common-mode chokes can consist of either dis- 


crete ferrite beads placed over the outer jacket of the coaxial 
line or multiple turns of the coax itself to form a choke. 

Fig 80A compares the 40-meter azimuthal patterns at 
a DX takeoff angle of 5° for three configurations: a flattop 
dipole, a dipole tilted down 45° and an HVD (halfwave ver- 
tical dipole). These are computed for ground with averaze 
conductivity and dielectric constant, and for a maximum 
height of 80 feet in each configuration. The sloping halfwave 
dipole exhibits about 5 dB of front-to-back ratio, although 
even at its most favored direction it doesn’t quite have the 
same maximum gain as the HVD or the Hlattop dipole. 

‘The reason why the maximum gain for the sloper is less 
than the other two configurations, even while still exhibiting 
some front-to-back patter, is shown in Fig 80A, which shows, 
the elevation-plane patterns forthe same antennas, each atthe 


azimuth of maximum gain. The halfwave sloper distributes 
much of its energy higher in elevation than the HVD, lower- 
ing the peak-gain potential of the sloper. 

You can also see from Fig 80B that the 80-foot hij 
horizontal dipole would perform much better than either the 
HVD or halfwave sloper for close-in local contacts, which 
‘occur at high elevation angles. On the other hand, except for 
the greater gain exhibited inthe flattop dipole’s most favored 
directions, the HVD has more gain than the other antennas 
at low elevation angles. While the HVD's omnidirectional 
pattern is a plus for transmitting, it may be a problem for 

ving, where local noise may be coming from specif 
rections (such as power lines) and may also be predominantly 
vertically polarized. In such cases, a horizontally polarized 
flattop dipole may be a considerably better receiving antenna 
than a vertically polarized antenna of any sort. We've already 
mentioned the fact that a rotary flattop dipole high in the air 
ccan be a very effective antenna on the low bands. 


THE QUARTER-WAVELENGTH 
“HALF SLOPER” 


Perhaps one of the easiest antennas to install is the 2/4 
sloper shown in Fig 81. As pointed out above, a sloping 
422 dipole is known among radio amateurs as a sloper or 
sometimes as a full sloper. If only one half of it is used, it 
becomes a half sloper. The performance of the two types of 
sloping antennas is similar—They exhibit some directivity 
in the direction of the slope and radiate vertically polarized 
energy at low angles respective to the horizon. The amount 
of directivity will range from 3 to 6 dB, depending upon 
the individual installation, and will be observed in the slope 
direction. 

‘The main advantage of the half sloper over the full half- 
wave-long sloping dipole is that its supporting tower needn’t 
be as high. Both the half sloper and the full sloper place the 
feed point (the point of maximum current) high above lossy 
ground. But the half-sloper only needs half as much wire to 
build the antenna for a given amateur band. The disadvan- 
tage of the half sloper is that itis sometimes difficult or even 
impossible to obtain a low SWR when using coaxial-cable 
feed, especially without a good isolating choke balun. (S 
the section above on isolating ground-plane antennas.) 

Other factors that affect the feed impedance are tower 
height, height of the attachment point, enclosed angle between 
the sloper and the tower, and what is mounted atop the tower 
(HE or VHF beams). Further, the quality of the ground under 
the tower (ground conductivity, radials, ete) has a marked 
effect on the antenna performance. The final SWR can vary 
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Fig 81—The 7/4 “half sloper” antenna. 


(after optimization) from 1:1 to as high as 6:1. Generally 
speaking, the closer the low end of the slope wire is to ground, 
the more difficult it will be to obtain a good match. 


Basic Recommendations for a Half Sloper 
‘The half sloper can be an excellent DX type of antenna, Hams 
usually install theirs on a metal supporting structure such as a 
mast or tower. The support needs to be grounded atthe lower 
end, preferably to a buried or on-ground radial system. Ifa 
nonconductive support is used, the outside ofthe coax braid 
‘becomes the return circuit and should be grounded at the base 
of the support. As a stating point you can attach the sloper 
so the feed point is approximately 2/4 above ground. If the 
tower is not high enough to permit this, the antenna should be 
fastened as high on the supporting structure as possible, Start 
with an enclosed angle of approximately 45°. 

Fig 81. Cut the wire to the length determined from 


260 


(Eq) 


Tite 


This will allow sufficient extra length for pruning the 
wire for the lowest SWR. A metal tower or mast bi 
aan operating part of the half sloper system. In effe« 
the slope wire function somewhat like an inverted-V dipole 
antenna. In other words, the tower operates as the missing half 
of the dipole. Hence its height and the top loading (beams) 
play a significant role. 

Detailed modeling indicates that a sufficiently large 
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Fig 82—Radiation pattern for a typical half sloper (solid line) 
mounted on a 50-foot high tower with a large 5-element 20- 
meter beam on the top compared to that for a flattop dipole 
(dashed line) at 100 feet. At a 5° takeoff angle typical for DX 
‘work on 80 meters, the two antennas are pretty comparable 
in the directions favored by the high dipole. In other direc- 
tions, the half sloper has an advantage of more than 10 dB. 
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Fig 83—Comparison of elevation patterns for a full-sized 
halfwave sloper (solid line) on a 100-foot tower and a half 
sloper (dashed line) on a 50-foot tower with a 5-element 
20-meter Yagi acting as a top counterpolse. The per- 
formance Is quite comparable for these two systems. 


‘mass of metal (that is, a lange, “Plumber's Delight” Yagi) 
connected to the top of the tower acts like enough of a 
“op counterpoise” that the tower may be removed from 
the model with little change in the essential chara 
istics of the half-sloper system. Consider an installation 
using a freestanding 50-foot tower with a large 5-element 
20-meter Yagi on top. This Yagi is assumed to have a 
40-foot boom oriented 90° to the direction of the slanted 80- 
‘meter half-sloper wire. The best SWR that could be reached 
by changing the length and slant angle for this sloper is 1.67:1 
representing a feed-point impedance of 30.1 ~ j 2.7.0. The 
peak gain at 3.8 MHz is 0.97 dBi at an elevation angle of 70°. 
Fig 82 shows the azimuth-plane pattern for this half sloper, 
compared to a 100-foot high flattop dipole for reference, at 
an elevation angle of 5°. 

Removing the tower from the model resulted in a feed. 
point impedance of 30.1 ~j 1.5 Qanda peak gain of 1.17 dBi 
The tower is obviously not contributing much in this setup, 
the mass of the lange 20-meter Yagi is acting like an 
ted counterpoise all by itself. I's interesting to rotate the 
boom of the model Yagi and observe the change in SWR that 
‘occurs on the half-sloper antenna. With the boom turned 90°, 

e SWR falls to 1.38:1. This level of SWR change could be 
‘measured with amateur-type instrumentation. 

On the other hand, substituting a smaller 3-e 
with an 18-foot boom in the model do 
i.change in feed-point impedance and gain when the 
tower is removed from the model, indicating that the “coun- 
terpoise effect” of the smaller beam is insufficient by itself 
Interestingly enough, the best SWR for the half sloper/tower 
and the 3-element Yagi (with its boom inline with the half 
sloper is 1.33:1), changing to 1.27:1 with the boom turned 
90°. Such a small change in SWR would be difficult to me: 
sure using typical amateur instrumentation, 

In any case, the 50-© transmission line feeding a half 
sloper should be taped to the tower leg at frequent intervals 
to make it secure. The best method is to bring it to earth level, 
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Fig 84—Comparing the azimuthal response of a halt 
sloper (solid line) on a 50-foot tower with a 3-element 
20-meter Yagi on top to that ofa flattop dipole (dashed 
line) at 100 feet. The two are again quite comparable at 
5° takeoff angle. 


then route it to the operating position along the surface of 
the ground if it can’t be buried. This will ensure adequate 
RF decoupling, which will help prevent RF energy from 
affecting the equipment in the station. Rotator cable and 
other feed lines on the tower or mast should be treated in a 
similar manner. 

‘Adjustment of the half sloper is done with an SWR 
indicator in the 50-©2 transmission line. A compromise can 
usually be found between the enclosed angle and wire length, 
providing the lowest SWR attainable in the center of the cho- 
sen part of an amateur band. If the SWR “bottoms out” at 2:1 
or lower, the system will work fine without using an antenna 
tuner, provided the transmitter can work into the load. Typical 
‘optimum values of SWR for 3.5 or 7-MHz half slopers are 
between 1.3:1 and 2:1. A 100-kHz bandwidth is normal on 
3.5 MHz, with 200 kHz being typical at 7 MHz. 

If the lowest SWR possible is greater than 2:1, the 
attachment point can be raised or lowered to improve the 
match, Readjustment of the wire length and enclosed angle 
may be necessary when the feed-point height is changed. If 
the tower is guyed, the guy wires will need to be insulated 
from the tower and broken up with additional insulators to 
prevent resonance. 

‘AL this point you may be curious about which antenna 
better—a full sloper or a half sloper. The peak gain for 
cach antenna is very nearly identical. Fig 83 overlays the 
clevation-plane patter for the full-sized halfwave sloper on 
4 100-foot tower and for the half sloper shown in Fig 81 on 
42 50-foot tower with a 5-element 20-meter Yagi on top. The 


Fig 85—The WICF half sloper 
for 160 meters is arranged in 
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this manner. Three monoband 
antennas atop the tower provide 
capacitive loading. 
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full-sized halfwave sloper has more front-to-back ratio, but it 
is only a few dB more than the half sloper. Fig 4 compares 
the azimuthal patterns at a 5° takeoff angle for a 100-foot 
high flattop dipole and a half-sloper system on a S0-foot 
tower with a 3-clement 20-meter Yagi on top. 

Despite the frustration some have experienced trying 
to achieve a low SWR with some half-sloper installations 
‘many operators have found the half sloper to be an effective 
and low-cost antenna for DX work. 


1.8-MHz ANTENNA SYSTEMS USING 
TOWERS: 


The half sloper discussed above for 80 or 40-meter 
operation will also perform well on 1.8 MHz where verti 
cally polarized radiators can achieve the low takeoff angles 
needed on Topband. Prominent 1.8-MHz operators who have 
had success with the half sloper antenna suggest a minimum 
tower height of 50 feet. Dana Atchley, WICF (SK), used 
the configuration sketched in Fig 85. He reported that the 
uninsulated guy wires act as an effective counterpoise for 
the sloping wire. In Fig 86 is the feed system used by Doug 
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Fig 86—Feed system used by W1FB for 1.8 MHz half 
‘sloper on a 50-foot self-supporting tower. 
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DeMaw, WIFB (SK), on a50-foot self-supporting tower. The 
ground for the WIFB system is provided by buried radials 
connected to the tower base. 

‘As described previously, a tower can also be used as 
a true vertical antenna, provided a good ground system is 
used. The shunt-fed tower i at its best on 1.8 MHz, where a 
full 4/4 vertical antenna is rarely possible. Almost any tower 
height can be used. An HF beam at the top provides some 
top loading. 


THE K1WA 7-MHz “SLOPER SYSTEM” 


One of the more popular antennas for 3.5 and 7 MHz is 
the half-wave long sloping dipole described previously. David 
Pietraszewski, KIWA, made an extensive study of sloping 
dipoles at different heights with reflectors at the 3-GHz fre- 
quency range. From his experiments, he developed the novel 
7-MHz antenna system described here. With several sloping 
dipoles supported by a single mast and a switching network, 
an antenna with directional characteristics and forward gain 
can be simply constructed. This 7-MHz system uses several 


Fig 88—The basic materials required for the sloper 


“Slopes” equally spaced around a common center support 
Each ciple scuto/2and fedatthe center with s0<acoux,_$Yatam.Tha contol box appears at th andthe relay 
The length ofeach fed ine is 36 Feet 

All ofthe feed lines go 10 a 


‘common point on the support (tower) 
‘where the switching takes place. The 
line length of 36 feet is just over 
32/8, which provides a useful quality. 
AUT MH, the coax looks inductive 
to the antenna when the end at the 
switching box is open circuited. This 
has the effect of adding inductance 
at the center of the sloping dipole 
clement, which electrically lengthens 
the element. The 36-foot length of 
{eed line serves to increase the length 
ofthe element about 5%. This maki 
any unused element appear to be a 
reflector. 

‘The array is simple and effec- 
tive. By selecting one of the slopers 
through a relay box located at the 
tower, the system becomes a parasitic 
array that can be electrically rotated. 
All but the driven element of the ar- 
ray become reflectors. 

‘The physical layout is shown 
in Fig 87, and the basic mater 
required for the sloper system are 
shown in Fig 88. The height of 
the support point should be about 
70 fect, but can be less and still give 
reasonable results. The upper portion 
ofthe sloperis 5 feet from the tower, 


Fig 87—Five sloping dipoles suspended from one support. Directivity and forward 


suspended by rope. The wire mak 
an angle of 60° with the ground. 
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gain can be obtained from this simple array. The top view shows how the elements 
should be spaced around the support. 


Fig 89—Inside view of relay box. Four relays provide 
control over five antennas. See text. The relays pictured 
here are Potter and Brumfeld type MR11D. 


In Fig 89, the switch box is shown containing all the 
necessary relays to select the proper feed line for the desired 
direction, One feed line is selected at a time and the feed 
of those remaining are opened, Fig 90. In this way the 
sctrically rotated. These relays are controlled from 
inside the shack with an appropriate power supply and rotary 
switch, For safety reasons and simplicity, 12-volt de relays 
are used. The control line consists ofa five conductor cable, 
‘one wire used as a common connection; the others go to the 
four relays. By using diodes in series with the relays and a 
dual-polarity power supply, the number of control wires can 
bbe reduced, as shown in Fig 90B. 

‘Measurements indicate that this sloper array provides 
up to 20 dB front-to-back ratio and forward gain of about 
44B over a single half-wave sloper. Fig 91 shows the azi- 
rmuthal patter (at a 5° takeoff angle) for the KIWA array, 
compared to a 100-foot high flattop dipole and a full sloper 
suspended from a 50-foot tower. These patterns were cal- 
culated for average ground conditions. Just for fun, look at 
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Fig 90—Schematic diagram for sloper control system. All relays are 12-volt de, DPDT, with 8-A contact ratings. At A, the 
basic layout, excluding control cable and antennas. Note that the braid of the coax is also open-circuited when not in use. 
Each relay is bypassed with 0.001-F capacitors. The power supply is a low current type. At B, diodes are used to reduce 


the number of control wires when using de relays. See text. 
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Fig 91—Azimuth pattern for K1WA 40-meter sloper array 
(solid line), compared to a flattop dipole (dashed line) 
at 100 feet and a halfwave full sloper on a 50-foot tower 
(dotted line). The K1WA array has an excellent front-to- 
back ratio and almost as much gain as the high flattop 
dipole. These patterns are for average ground. 


Fig 92, which shows a comparison between a 100-foot high 
flattop dipole and a K1WA array placed over saltwater. Now 
that’s a real barnburner at low takeoff angles! Such a seaside 
system would be very competitive witha rotatable 2-clement 
“shorty-40” type of Ya 
ction isthe only concern, the switching s 
can be eliminated and the reflectors should be cut 5% longer 
than the resonant frequency. The feature worth noting is the 
00d FIB ratio. By arranging the system properly, a null can 
be placed in an unwanted direction, thus making it an effective 
receiving antenna. In the tests conducted with this antenna, the 
number of reflectors used were as few as one and as many as 
five. The optimum combination appeared to occur with four 
reflectors and one driven element. No tests were conducted 


with more than five reflectors. This same array can be scaled 
MHz for similar results, 
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Fig 92—The K1WA 40-meter sloper array over saltwater, 
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™ Add e.g. x 2 volume isopropanol alcohol and allow the solids to dissolve. 
Experiment as needed. 


Multiband 
Antennas 


For operation in a number of bands, such as those 
between 3.5 and 30 MHz, it would be impractical for most 
amateurs to put up a separate antenna for each band. But 
this is not necessary—a dipole, cut for the lowest frequency 
band to be used, can be operated readily on higher fre 
quencies. To do so, one must be willing to accept the fact 
that such harmonic-type operation leads to a change in the 
directional pattern of the antenna, both in the azimuth and 
the elevation planes (see Chapter 2, Antenna Fundamentals, 
and Chapter 3, The Effects of Ground). 

You can see from discussions in Chapter 6, Low 
Frequency Antennas, that you should carefully plan the 
height at which you install a multiband horizontally polarized 
antenna. This is one aspect of multiband antennas. Another 
important thing to consider is that you should be willing to 
use so-called suned feeders. A center-fed single-wire antenna 
can be made to accept power and radiate it with high effi 
ciency on any frequency higher than its fundamental resonant 
frequency and, witha reduction in efficiency and bandwidth, 
on frequencies as low as one half the fundamental 

In fact, itis not necessary for an antenna to be a full half 


wavelength long at the lowest frequency. An antenna can be 
considerably shorter than ¥ 2, even as short as ¥4 2, and still 
be a very eflicient radiator. The use of such short antennas 
resulls in stresses, however, on other parts of the system, for 
example the antenna tuner and the transmission line. This 
will be discussed in some detail in this chapter. 

Methods have been devised for making a single antenna 
structure operate on a number of bands while still offering a 
‘good match to a transmission line, usually of the coaxial type. 
It should be understood, however, that a multiband antenna is 
not necessarily one that will match a given line on all bands 
‘on which you intend to use it, Even a relatively short whip 
type of antenna can be operated as a multiband antenna with 
suitable loading for each band. Such loading may be in the 
form of a coil at the base of the antenna on those frequen 
cies where loading is needed, or it may be incorporated in 
the tuned feeders running from the transmitter to the base 


of the antenna, 

‘This chapter describes a number of systems that can be 
used on two or more bands. Beam antennas, such as Yagis or 
quads, are treated separately in later chapters. 


Simple Wire Antennas 


‘The simplest multiband antenna is a random length of 
#12 or #14 wire. Power can be fed to the wire on practically 
any frequency using one or the other of the methods shown 
in Fig 1. If the wire is made either 67 or 135 feet long, it can 
also be fed through a tuned circuit, as in Fig 2. It is advanta- 
geous to use an SWR bridge or other indicator in the coax 
line at the point marked “X.” 


If you have installed a 28- or 50-MHz rotary beam, in 
many cases it may be possible to use the beams feed line as 
aan antenna on the lower frequencies. Connecting the two wires 
of the feeder together at the station end will give a random: 
length wire that can be conveniently coupled to the transmitter 
as in Fig 1. The rotary system at the far end will serve only to 
cend-load the wire and will not have much other effect. 
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Fig 1—At A, a random-length wire driven directly from the 
pi-network output of a transmitter. At B, an L network for 
Use in cases where sufficient loading cannot be obtained 
with the arrangement at A. C1 should have about the same 
plate spacing as the final tank capacitor in a vacuum-tube 
{ype of transmitter; a maximum capacitance of 100 pF is 
sufficient if L1 is 20 to 25 H. A suitable coil would consist 
of 30 turns of #12 wire, 2¥ inches diameter, 6 turns per 
inch. Bare wire should be used so the tap can be placed 
as required for loading the transmitter. 


One disadvantage of all such directly fed systems is that 
part ofthe antenna is practically within the station, and there 
is a good chance that you will have some trouble with RF 
feedback. RF within the station can often be minimized by 
choosing a length of wire so that the low feed-point imped: 
ance at a current loop occurs at or near the transmitter. This 
‘means using a wire length of 2/4 (65 feet at 3.6 MHz, 33 fe 
at 7.1 MHz), or an odd multiple of 2/4 (%-A is 195 feet at 
3.6 MHz, 100 feet at 7.1 MHz). Obviously, this can be done 
for only one band in the case of even harmonically related 
bands, since the wire length that presents a current loop at 
the transmitter will present a voltage loop at two (or four) 
times that frequency. 

When you operate with a random-length wire antenna, as 
in Figs 1 and 2, you should try different types of grounds on the 
various bands, to sce what gives you the best results. In many 
sit will be satisfactory to return to the transmitter chassis, 
for the ground, or directly to a convenient metallic water pipe. 
If neither of these works well (or the metallic water pipe is not 
available), alength of #12 or #14 wire (approximately 7/4 long) 
can ofien be used to good advantage. Connect the wire at the 
point in the circuit that is shown grounded, and run it out and 
down the side of the house, or support it a few feet above the 
«ground if the station is on the first floor or in the basement. It 
should not be connected to actual ground at any point. 


END-FED ANTENNAS 


When a straight-wi 
‘wo-wire transmission line, the length of the antenna portion 
‘becomes critical if radiation from the line is to be held to a 
‘minimum. Such an antenna system for multiband operation 
is the end-fed Zepp or Zepp-fed antenna shown in Fig 3. The 
antenna length is made 2/2 long at the lowest operating fre 

quency. (This name came about because the first documented 
use of this sort of antennas was on the Zeppelin airships.) The 
feeder length can be anything that is convenient, but feeder 
lengths that are multiples of 1/4 generally give trouble with 
parallel currents and radiation from the feeder portion of the 
system. The feeder can be an open-wire line of #14 solid 


antenna is fed at one end with a 
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Fig 2—If the antenna length is 137 feet, a parallel-tuned 
coupling circuit can be used on each amateur band from 
3.5 through 30 MHz, with the possible exception of the 
WARC 10-, 18- and 24-MHz bands. C1 should duplicate the 
final tank tuning capacitor and L1 should have the same 
dimensions as the final tank inductor on the band being 
used. If the wire is 67 feet long, series tuning can be used 
on 3.5 MHz as shown at the left; parallel tuning will be 
required on 7 MHz and higher frequency bands. C2 and 
L2.will in general duplicate the final tank tuning capacitor 
and inductor, the same as with parallel tuning. The L 
network shown in Fig 1B is also suitable for these antenna 
lengths. 
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Fig 3—An end-fed Zepp antenna for multiband use. 


copper wire spaced 4 or 6 inches with ceramic or pla 
spacers. Open-wire TV line (not the type with a solid web 
of dielectric) is a convenient type to use. This type of line 
is available in approximately 300- and 450-0 characteri 
impedances. 

If you have room for only a 67-foot flat top and yet want 
to operate in the 3.5-MHz band, the two feeder wires can 
be tied together at the transmitter end and the entire system 
treated as a random-length wire fed directly, as in Fig 1 
‘The simplest precaution against parallel currents that could 


cause feed-line radiation is to use a feeder length that is not 
‘a multiple of 4/4, An antenna tuner can be used to provide 
multiband coverage with an end-fed antenna with any length 
of open-wire feed line, as shown in Fig 3, 


CENTER-FED ANTENNAS. 


‘The simplest and most flexible (and also least expensive) 
all-band antennas are those using open-wire parallel-conduc- 
tor feeders to the center of the antenna, as in Fig 4. Because 
ceach half of the flat top is the same length, the feeder cur- 
rents will be balanced at all frequencies unless, of cours 
unbalance is introduced by one half of the antenna being 
closer to ground (or a grounded object) than the other. For 
best results and to maintain feed-current balance, the feeder 
should run away at right angles to the antenna, preferably 
for at least 1/4. 

Center feed is not only more desirable than end feed be- 
cause of inherently better balance, but generally also results in 
‘lower standing wave ratio on the transmission line, provided 
‘ parallel-conductor line having a characteristic impedance of 
450 to 600 @is used. TV-type open-wire line is satisfactory 
for all but possibly high power installations (over 500 W), 
where heavier wire and wider spacing is desirable to handle 
the larger currents and voltages. 

‘The length of the antenna is not critical, noris the length 
of the line. As mentioned earlier, the length of the antenna 
can be considerably less than 2/2 and still be very effective. 
If the overall length is at least 2/4 at the lowest frequency, a 
quite usable system will result. The only difficulty that may 
exist with this type of system is the matter of coupling the 
antenna-system load to the transmitter. Most modern trans- 
mitters are designed to work into a 50-Q coaxial load. With 
this type of antenna system a coupling network (an antenna 
tuner) is required. 


Feed-Line Radiation 


‘The preceding sections have pointed out means of re- 
ducing or eliminating feed-line radiation, However, it should 
‘be emphasized that any radiation from a transmission line is 
not “lost” energy and is not necessarily harmful. Whether or 
not feed-line radiation is important depends entirely on the 
‘antenna system being used. For example, feed-line radiation 
is not desirable when a directive array is being used. Such 
feed-line radiation can distort the desired pattern of such an 
array, producing responses in unwanted directions. In other 
words, you want radiation only from the directive array, 
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Fig 4—A center-fed antenna system for multiband use. 


rather than from the directive array and the feed line. See 
Chapter 26, Coupling the Line to the Antenna, fora detailed 
discussion of this topic, 

(On the other hand, in the case of a multiband dipole 
where general coverage is desired, if the feed line happens 
to radiate, such energy could actually have a desirable ef 
fect. Antenna purists may dispute such a premise, but from 
‘a practical standpoint where you are not concerned with a 
directive pattern, much time and labor can be saved by ignor- 
ing possible transmission-line radiation, 


THE 135-FOOT, 80 TO 10-METER DIPOLE 
‘As mentioned previously, one of the most versatile 
antennas around is a simple dipole, center-fed with open-wire 
transmission line and used with an antenna tuner in the shack. 
A 135-foot long dipole hung horizontally between two trek 
or towers at a height of 50 feet or higher works very well on 
80 through 10 meters. Such an antenna system has significant 
‘gain at the higher frequencies. 


Flattop or Inverted-V Configuration? 

There is no denying that the inverted-V mounting 
configuration (sometimes called a drooping dipole) is very 
convenient, since it requires only a support. The flattop 
configuration, however, where the dipole is mounted horizon- 
tally, gives more gain at the higher frequencies. Fig 5 shows, 
the 80-meter azimuth and elevation patterns for two 135-foot 
long dipoles. The first is mounted as a flattop at a height of 
50 feet over flat ground with a conductivity of 5 mS/m and a 
di ‘onstant of 13, typical for average soil. The second 
dipole uses the same length of wire, with the center apex at 
'50 feet and the ends drooped down to be suspended 10 feet 
off the ground. This height is sufficient so that there is: no 
danger to passersby from RF burns. 

‘At 3.8 MHz, the flattop dipole about 4 dB more 
peak gain than its drooping cousin. On the other hand, the 
inverted-V configuration gives a pattern that is more omni- 
directional than the flattop dipole, which has nulls off the 
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ends of the wir 


Omnidirectional coverage may be more im- 
portant to net ope ain. 

ig 6 shows the azimuth and el 
same two antenna configurations, but this time at 14.2 MHz, 
The flattop dipole has developed four distinct lobes at a 
10° elevation angle, an angle typical for 20-meter skywave 


tors, for example, than maximum 
-vation patterns for the 


communication. The peak elevation angle gain of 9.4 dBi 
‘occurs at about 17° for a height of 50 feet above flat ground 
for the flattop dipole. The inverted-V configuration is again 
nominally more omnidirectional, but the peak gain is down 
some 6 dB from the flattop. 

The situation gets even worse in terms of peak gain at 


Elevation 


O} 


Fig 5—Patterns on 80 meters for 135-foot, center-fed dipole 
erected as a horizontal flattop dipole at 50 feet, compared 
with the same dipole installed as an inverted V with the 
apex at 50 feet and the ends at 10 feet. The azimuth pattern 
is shown at A, where the dipole wire lies in the 90° to 270° 
plane. At B, the elevation pattern, the dipole wire comes 
‘out of the paper at a right angle. On 80 meters, the patterns 
are not markedly different for either flattop or inverted-V 
configuration. 
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28.4 MHz for the inverted-V configuration. Here the peak 
gain is down about 8 dB from that produced by the flattop 
dipole, which exhibits eight lobes at this frequency with a 
maximum gain of 10.5 dBi at about 7° elevation. See the 
ig 7. 

‘Whatever configuration you choose to mount the 135- 
foot dipole, you will want to feed it with some sort of low-loss 
‘open-wire transmission line. So-called window 450-Q ladder 
line is popular for this application. Be sure to twist the line 
about three or four turns per foot to keep it from twisting 
excessively in the wind. Make sure also that you provide some 
mechanical suppor for the line atthe junction with the dipole 
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Fig 6—Patterns on 20 meters for two 135-foot dipoles. 
One is mounted horizontally as a flattop and the other 

as an inverted V with 120° included angle between the 
legs. The azimuth pattern Is shown in A and the elevation 
pattern is shown in B. The inverted V has about 6 dB 

less gain at the peak azimuths, but has a more uniform, 
almost omnidirectional, azimuthal pattern. In the elevation 
plane, the inverted V has a fat lobe overhead, making ita 
somewhat better antenna for local communication, but not 
quite so good for DX contacts at low elevation angles. 
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Fig 7—Patterns on 10 meters for same antenna 
configurations as in Figs 7 and 8. Once again, the 
Inverted-V configuration yields a more omnidirectional 
pattern, but at the expense of almost 8 dB less gain than 
the flattop configuration at its strongest lobes. 


wires. This will prevent flexing of the transmission-line wire, 
since excessive flexing will result in breakage. 


THE G5RV MULTIBAND ANTENNA 


A multiband antenna that does not require a lot of 
space, is simple to construct, and is low in cost is the GSRV. 
Designed in England by Louis Varney (GSRV) some years 
‘ago, it has become quite popular in the US. The GSRV design 
is shown in Fig 8. The antenna may be used from 3.5 through 
30 MHz. Although some amateurs claim it may be fed di- 
reetly with 50-Q coax on several amateur bands with a low 
SWR, Varney himself recommended the use of an antenna 
tuner on bands other than 14 MHz (see Bibliography). In fact, 
an analysis of the GSRV feed-point impedance shows there 
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Fig 8—The GSRV multiband antenna covers 3.5 through 
‘30 MHz. Although many amateurs claim it may be fed 
directly with 50-0 coax on several amateur bands, Louis 
Varney, its originator, recommends the use of a matching 
network on bands other than 14 MHz. 
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Fig 9—Azimuth pattern at a 5° takeoff angle for a 102- 
foot long, 50-oot high GSRV dipole (solid line). For 
‘comparison, the response for a 132-foot long, center-fed 
dipole at 50 feet height (dashed line) and a 33-foot long 
half wave 20-meter dipole at 50 feet (dotted line) are 
also shown. The longest antenna exhibits about 0.5 dB 
more gain than the GSRV, although the response is more 
‘omnidirectional for the GSRV—an advantage for a wire 
antenna that is not usually rotatable. 


is no length of balanced line of any characteristic impedance 
that will transform the terminal impedance to the 50 to 75- 
range on all bands. (Low SWR indication with coax feed 
and no matching network on bands other than 14 MHz may 
indicate excessive losses in the coaxial line.) 

Fig 9 shows the 20-meter azimuthal pattern fora GSRV 
ata height of 50 feet over flat ground, at an elevation angle of 
5° that is suitable for DX work. For comparison, the response 
for wo other antennas is also shown in Fig 9—a standard half 
wave 20-meter dipole at 50 feet and a 132-foot long center-fed 
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dipole at 50 feet. The GSRV on 20 meters is, of course, longer 
than a standard half wave dipole and it exhibits about 2 dB 
‘more gain compared to that dipole. With four lobes making 
it look rather like a four-leaf clover, the azimuth pattern is 
‘more omnidirectional than the two-lobed dipole. The 132-foot 
center-fed dipole is longer than the GSRV and it has about 
0.5 dB more gain than the GSRY, also exhibiting four major 
lobes, along with two strong minor lobes in the plane of the 
Wire. Overall, the azimuthal response for the GSRV is more 
omnidirectional than the comparison antennas. 

The GSRV patterns for other frequencies are similar 
to those shown for the 135-foot dipole previously for other 
frequencies. Incidentally, you may be wondering why a 
132-foot dipole is shown in Fig 9, rather than the 135-foot 
dipole described earlier, The 132-foot overall length de- 
scribes another antenna that we'll discus in the next section 


‘on Windom antennas. 
‘The portion of the GSRV antenna shown as horizontal in 
Fig 8 may also be installed in an inverted-V dipole arrange 
‘ment, subject to the same loss of peak gain mentioned above 
for the 135-foot dipole. Or instead, up to % of the total length 
of the antenna at each end may be dropped vertically, semi 
vertically, or bent ata convenient angle to the main axis of the 
antenna, to cut down on the requirements for real estate, 


THE WINDOM ANTENNA 


An antenna that enjoyed popularity in the 1930s and into 
the 1940s was what we now call the Windom. It was known 
at the time as a “single-feeder Hertz” antenna, after being 
described in Sep 1929 QST by Loren G. Windom, WSGZ 
(see Bibliography). 

‘The Windom antenna, shown in Fig 10, is fed with a 
single wire, attached approximately 14% off center. In theory, 
this location provides a match for the single-wire transmis 
sion line, which is worked against an earth ground, Because 
the single-wire feed line is not inherently well balanced and 
because it is brought to the operating position, “RF in the 
shack” and a potential radiation hazard may be experienced 
with this antenna, 


-——— 
poe 


a 


Fig 10—The Windom antenna, cut for a fundamental 
frequency of 3.75 MHz. The single-wire feeder, connected 
14% off center, is brought into the station and the system. 
Is fed against ground. The antenna is also effective on its 
harmonics. 
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Later variations of the off-center fed Windom moved 
the attachment point slightly to accommodate balanced 
300-Q ribbon line. One relatively recent variation is called the 
Carolina Windom,” apparently because two of the designers, 
Edgar Lambert, WA4LVB, and Joe Wright, W4UEB, lived 
in coastal North Carolina (the third, Jim Wilkie, WYAR, lived 
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Fig 11—Layout for flattop “Carolina Windom” antenna. 
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Fig 12—20-meter azimuth patterns for a 132-foot long off- 
center fed Carolina Windom and a 132-foot long center-fed 
flattop dipole on 20 meters, both at a height of 50 feet 
above saltwater. The response for the Carolina Windom 

is more omnidirectional because the vertically polarized 
radiation from the 22-foot long vertical RG-8X coax fills in 
the deep nulls. 


in nearby Norfolk, Virginia). One of the interesting parts 
bout the Carolina Windom is that it turns a potential disad- 
vantage—feed line radiation—into a potential advantage. 

Fig 11 isa diagram ofa flattop Carolina Windom, which 
uses a 50-foot wire joined with an 83-foot wire at the feed- 
point insulator. This resembles the layout shown in Fig 10 
for the original W8GZ Windom. The “Vertical Radiator” for 
the Carolina Windom is a 22-foot piece of RG-8X coax, with 
“Line Isolator” (current-type choke balun) at the bottom 
end and a 4:1 “Matching Unit” at the top. The system takes 
advantage ofthe asymmetry of the horizontal wires to induce 
current onto the braid of the vertical coax section. Note that 
the matching unit isa voltage-type balun transformer, which 
purposely does not act like a common-mode current choking 
balun, You must use an antenna tuner with this system to 
present a 1:1 SWR to the transmitter on the amateur bands 
from 80 through 10 meters. 

The radiation resulting from current induced onto the 
22-foot vertical coax section tends to fill in the deep nulls 
that would be present if the 132-feet of horizontal wire were 
symmetrically center fed. Over saltwater, the vertical radiator 
can give significant gain at the low elevation angles needed 
for DX work. Indeed, field reports for the Carolina Windom 
are most impressive for stations located near or on saltwater. 
Over average soil the advantage of the additional vertically 
polarized component is not quite so evident. Fig 12 compares 
250-foot high Carolina Windom on 14 MHz over saltwater to 
250-fo0t high, 132-foot ong, flattop center-fed dipole. The 
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Fig 13—10-meter azimuthal responses for a 132-foot long, 
'50-foot high Carolina Windom over saltwater (solid line) 
and over average ground (dashed line), compared to that 
{for a 20-meter half-wave dipole at 50 feet (dotted line). 


Carolina Windom has more omnidirectional azimuthal pat- 
tern, a desirable characteristic in a 132-foot long wire antenna 
that is not normally rotated to favor different directions. 

Another advantage of the Carolina Windom over a 
traditional Windom is that the coax feed line hanging below 
the common-mode current choke does not radiate, meaning 
that there will be less “RF in the shack.” Since the feed line 
is not always operating at a low SWR on various ham bands, 
use the minimum length of feed coax possible to hold down 
losses in the coax. 

Fig 13 shows the azimuth responses for a $0-foot long 
flattop Carolina Windom on 28.4 MHz over saltwater and 
over average soil. The pattern for a 50-foot high, flattop 
20-meter dipole operated on 28.4 MHz is also shown, since this 
20-meter dipole can also be used as a multiband antenna, when 
fed with open-wire transmission line rather than with coax. 
Again, the Carolina Windom exhibits a more omnidirectional 
pattern, even if the pattern is somewhat lopsided at the bottom, 


MULTIPLE-DIPOLE ANTENNAS 


stem shown in Fig 14 consists ofa group 
ed dipoles, all connected in parallel at the point 
where the transmission line joins them, The dipole elements 
are stagger-tuned. Thats, they are individually cut to be 2/2 at 
different frequencies. Chapter 9, Broadband Antenna Matel 
ing, discusses stagger tuning of dipole antennas to attain a 
low SWR across a broad range of frequencies. An extension 
of the stag to construct multiwire dipoles 
cut for diffe 

In theory, the 4-wire antenna of Fig 14 can be used with 
a coaxial feeder on five bands. The four wires are prepared 
as parallel-fed dipoles for 3.5, 7, 14, and 28 MHz. The 
7-MHz dipole can be operated on its 3rd harmonic for 
21-MHz operation to cover a fifth band. However, in practic 
ithas been found difficult to get a good match to coaxial line 
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Fig 14—Multiband antenna using paralleled dipoles all 
connected to a common low-impedance transmission line. 
The half-wave dimensions may be either for the centers 

of the various bands or selected to fit favorite frequencies 
in each band. The length of a half wave in feet is 468) 
frequency in MHz, but because of interaction among the 
various elements, some pruning for resonance may be 
needed on each band. 
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on all bands. The 2/2 resonant length of any one dipole in 
the presence of the others is not the same as for a dipole by 
itself due to interaction, and attempts to optimize all four 
lengths can become a frustrating procedure. The problem is 
compounded because the optimum tuning changes in adiffer- 
ent antenna environment, so what works for one amateur may 
not work for another. Even so, many amateurs with limited 
antenna space are willing to accept the mismatch on some 
bands just so they can operate on those frequencies using a 
single coax feed line. 

Since this antenna system is balanced, itis desirable to 
use a balanced transmission line to feed it. The most. 
type of line is 75-Q transmitting twin-lead. However, ci 
52-2 oF 75-Q coaxial line can be used. Coax line introduces 
ible on the lower frequen- 
balun at the feed point, fed 


some unbalance 


The separation between the dipoles for the various 
frequencies does not seem to be especially critical. One set 
of wires can be suspended from the next larger set, using 
insulating spreaders (of the type used for feeder spreaders) 
to give a separation of a few inches. Users of this antenna 
often run some of the dipoles at right angles to each other 
to help reduce interaction. Some operators use inverted-V- 
‘mounted dipoles as guy wires for the mast that supports the 
antenna system, 

An interesting method of construction used successfully 
by Louis Richard, ON4UF, is shown in Fig 15. The antenna 
has four dipoles (for 7, 14, 21 and 28 MHz) constructed 
from 300-0 ribbon transmission line. A single length of rib- 
bon makes two dipoles. Thus, two lengths, as shown in the 
sketch, serve to make dipoles for four bands. Ribbon with 
copper-clad stee! conductors (Amphenol type 14-022) should 
be used because all of the weight, including that of the feed 
line, must be supported by the uppermost wire. 

‘Two pieces of ribbon are first cut to a length suitable 


for the wo halves of the longest dipole, Then one of the 
conductors in each piece is cut to proper length for the next 
band higher in frequency. The excess wire and insulation is 
stripped away. A second pair of lengths is prepared in the 
except that the lengths are appropriate for the 
next two higher frequency bands. 

A piece of thick polystyrene sheet drilled with holes 
for anchoring each wire serves as the central insulator. The 
shorter pair of dipoles is suspended the width of the ribbon 
below the longer pair by clamps also made of poly sheet. 
Intermediate spacers are made by sawing slots in pieces of 
poly sheet so they will fit the ribbon snugly. 

‘The multiple-dipole principle can also be applied to 
vertical antennas. Parallel or fanned 2/4 elements of wire or 
tubing can be worked against ground or tuned radials from 
a common feed point. 


OFF-CENTER-FED DIPOLES 


Fig 16 shows an off-center-fed or OCF dipole. Because 
it is similar in appearance to the Windom of Fig 12, this 
antenna is often mistakenly called a “Windom.” or some 
times a “coax-fed Windom.” The two antennas are not the 
same, since the Windom is worked against i the 
ground, while one leg is worked against the other in the 
OCF dipole. 

tis not necessary to feed a dipole antenna at its center, 
although doing so will allow it to be operated with arelatively 
low feed-point impedance on its fundamental and add har 
‘monies. (For example, a 7-MHz center-fed half-wave dipole 
can also be used for 21-MHz operation.) By contrast, the OCF 
dipole of Fig 16, fed % of its length from one end, may be 
used on its fundamental and even harmonics. Its free-space 
antenna-terminal impedance at 3.5, 7 and 14 MHz is on the 
order of 150 to 200 ©. A 1:4 step-up transformer atthe feed 
point should offer a reasonably good match to 50- oF 75-0 
line, although some commercially made OCF dipoles use 
1:6 transformer. 

‘Atthe 6th harmonic, 21 MH, the antenna is three wave 
lengths long and fed ata voltage loop (maximum), instead of 
a current loop. The feed-point impedance at this frequency 
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Fig 15—Sketch showing how the twin-lead multiple- 
dipole antenna system is assembled. The excess wire and 
Insulation are stripped away 
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Fig 16—The off-center-fed (OCF) dipole for 3.5, 7 and 
14 MHz. A 1:4 or 1:6 step-up current balun is used at the 
feed point. 


is high, a few thousand ohms, so the antenna is unsuitable 
for use on this band, 


Balun Requirements 

Because the OCF dipole is not fed at the center of the 
radiator, the RF impedance paths of the two wires at the feed 
point are unequal. Ifthe antenna is fed directly with coax (or 
‘a balanced line), or if a voltage step-up transformer is used, 
then voltages of equal magnitude (but opposite polarity) are 
applied to the wires at the feed point. Because of unequal 
impedances, the resulting antenna currents flowing in the 
two wires will not be equal. This also means that antenna 
current can flow on the feeder—on the outside of a coaxial 


line. (You may recall that this is how the Carolina Windom 
works, actually inducing current onto a carefully chosen 
length of coax, choked at its bottom end, so that it acts as a 
vertical radiator.) 

How much current flows on the coux shield depends 
on the impedance of the RF current path down the outside 
of the feed line. In general, this is not a desirable situation, 
To prevent radiation, equal currents are required at the feed 
point, with the same current flowing in and out of the short 
leg as in and out of the long leg of the radiator. A current or 
choke type of balun provides just such operation, (Current 
baluns are discussed in detail in Chapter 26, Coupling the 
Line to the Antenna.) 


Trap Antennas 


By using tuned circuits of appropriate design strategi- 
cally placed in a dipole, the antenna can be made to show what 
is essentially fundamental resonance at a number of different 
frequencies. The general principl 

Even though a trap-antenna arrangement is asimple one, 
an explanation of how a trap antenna works can be elusive. 
For some designs, traps are resonated in our amateur bands, 
and for others (especially commercially made antennas) the 
traps are resonant far outside any amateur band. 

Aap in an antenna system can perform either of two 
functions, depending on whether or not it is resonant at the 
operating frequency. A familiar case is where the trap is 
parallel-resonant in an amateur band. For the moment, let us 
assume that dimension A in Fig 17 is 32 feet and that each LIC 
sonant in the 7-MHz band. Because of its, 
parallel resonance, the trap presents a high impedance at that 
point in the antenna system. The electrical effect at7 MHz is 
that the trap behaves as an insulator. It serves to divorce the 
outside ends, the B sections, from the antenna. The result is 
ize—we have an antenna system that is resonant 


Fig 17—A trap dipole antenna. This antenna may be 
{fed with 50-0 coaxial line. Depending on the LIC ratio of 
the trap elements and the lengths chosen for dimensions 
‘Aand B, the traps may be resonant either in an amateur 
band or at a frequency far removed from an amateur band 
for proper two-band antenna operation. 


in the 7-MHz band. Each 33-foot section (labeled A in the 
drawing) represents 3/4, and the trap behaves as an insulator. 
We therefore have a full-size 7-MHz antenna, 

The second function of a trap, obtained when the 
frequency of operation is not the resonant frequency of the 
trap, is one of electrical loading. Ifthe operating frequency is, 
‘below that of trap resonance, the trap behaves as an inductor; 
if above, as a capacitor. Inductive loading will electrically 
lengthen the antenna, and capacitive loading will electrically 
shorten the antenna. 

Let's carry our assumption a bit further and try using 
the antenna we just considered at 3.5 MHz. With the traps, 
resonant in the 7-MHz band, they will behave as inductors 
when operation takes place at 3.5 MHz, electrically lengther 
ing the antenna. This means that the total length of sections A 
‘and B (plus the length of the inductor) may be something less 
than a physical 4/4 for resonance at 3.5 MHz. Thus, we have 
‘a two-band antenna that is shorter than full size on the lower 
frequency band. But with the electrical loading provided by 
the traps, the overall electrical length is 4/2. The total antenna 
length needed for resonance in the 3.5-MHz band will depend 
‘on the L/C ratio of the trap elements. 

‘The key to trap operation off resonance is its LIC ratio, 
the ratio of the value of L to the value of C. At resonan 
however, within practical limitations the L/C ratio is imm: 
terial as far as electrical operation goes. For example, in the 
antenna we've been discussing, it would make no differen 
for 7-MHz operation whether the inductor were 1H and the 
capacitor were 500 pF (the reactances would be just below 
45 Q at 7.1 MHz), or whether the inductor were 5 Hand 
ances of approximately 224 Q at 
alues will make a signifi- 
cant difference in the antenna size for resonance at 3.5 MHz. 
In the first case, where the L/C ratio is 2000, the necessary 
length of section B of the antenna for resonance at 3.75 MHz 
would be approximately 28.25 feet. In the second case, whe 
the L/C ratio is 50,000, this length need be only 24.0 feet, a 
difference of more than 15%. 

‘The above example concerns a two-band antenna with 
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~ The resulting flux can be very sticky so handle with care and do not spill. 


In this form it can be applied directly with a brush or dropper to areas prior to 
soldering. In an open dish, after a day or two the solvent will mostly have evaporated to 
leave an extremely sticky resin that should be handled carefully: it’s no co-incidence that 
Colophony is also used in adhesives and varnishes, and different grades of Colophony 
resins are used to treat violin or double-bass bows to add friction to bow hairs! Try 
experimenting with different ratios of solvent and making some up and storing it in an old 
nail vamish bottle with brush, or generally do what works for you. 


Unused Colophony crystals can be reformed into their storage tinlet by warming 
carefully with a hot air gun, but don’t overdo it. You can also use flux cleaners or PCB 
solvent cleaners if you want to remove traces of excess rosin flux after soldering: these are 
left behind as a brown deposit and are otherwise harmless. 


The subject of using your soldering iron to raise the temperature of the materials is 
discussed next. 


{rap resonance at one of the two frequencies of operation, On 
cach of the two bands, each half of the dipole operates as an 
electrical 4/4. However, the same band coverage can be ob- 
tained with a trap resonant at, say, 5 MHz, a frequency quite 
removed from either amateur band. With proper selection of 
the L/C ratio and the dimensions for A and B, the trap will act 
to shorten the antenna electrically at 7 MHz and lengthen it 
ically at 3.5 MHz. Thus, an antenna that is intermediate 
in physical length between being full size on 3.5 MHz and full 
size on 7 MHz can cover both bands, even though the trap is 
not resonant at either frequency. Again, the antenna operates 
with electrical 2/4 sections. Note that such non-resonant traps 
RF current flowing in the trap components, and 
hence trap losses are less than for resonant traps. 

Additional traps may be added in an antenna section to 
cover three or more bands. Or a judicious choice of dimen- 
sions and the L/C ratio may permit operation on three or more 
bands with just a pair of identical traps in the dipole. 

‘An important point to remember about traps is this. If 
the operating frequency is below that of trap resonance, the 
trap behaves as an inductor; if above, as a capacitor. The 
above discussion is based on dipoles that operate electri 
cally as 2/2 antennas. This is not a requirement, however. 
Elements may be operated as electri or even 5/2 
and stil present a reasonable impedance to a coaxial feeder. 
In trap antennas covering several HF bands, using electrical 
lengths that are odd multiples of 3/2 is often done at the 
higher frequencies. 

‘To further aid in understanding trap operation, le’s now 
choose trap L and C components that each have a reactance of 
20 at MHz. Inductive reactance is directly proportional to 
frequency, and cap: ly proportional 
‘When we shift operation to the 3.5-MHz band, the induc~ 
tive reactance becomes 10, and the capacitive reactance 
becomes 400. At first thought, it may seem that the trap 
‘would become capacitive at 3.5 MHz with a higher capaci- 
tive reactance, and that the extra capacitive reactance would 
‘make the antenna electrically shorter yet. Fortunately, this is 
not the case. The inductor and the capacitor are connected 
in parallel with each other. 


=XiXe 
X, +Xe 
Where j indicates a reactive impedance component, rather 
than resistive. A positive result indicates inductive reactance, 
and a negative result indicates capacitive. In this 3.5-MHz 
c, with 40 2 of capaci and 109 of indue- 
tive, the equivalent series reactance is 13.3 Q inductive. This 
inductive loading lengthens the antenna to an electrical 2/2 
overall at 3.5 MHz, assuming the B end sections in Fig 17 
are ofthe proper length 
With the above reactance values providing resonance at 
7-MHz, X;, equals Xc, and the theoretical series equivalent 
is infinity. This provides the insulator effect, divorcing the 
ends 


4!) 


AU 14 MHz, where X;, = 40 Q and Xe = 10.0, the re- 
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sultant series equivalent trap reactance is 13.3 Q capacitive. 
If the total physical antenna length is slightly longer than 
3/2 iat 14 MHz, this trap reactance at 14 MHz can be used 
to shorten the antenna to an electrical 3/22. In this way, 
3-band operation is obtained for 3.5, 7 and 14 MHz with just 
‘one pair of identical traps. The design of such a system is not 
straightforward, however, for any chosen L/C ratio fora given 
total length affects the resonant frequency of the antenna on 
both the 3.5 and 14-MH7 bands, 


Trap Losses 
Since the tuned circuits have some inherent losses, 
the efficiency of a trap system depends on the unloaded Q 
values of the tuned circuits. Low-loss (high-Q) coils should 
be used, and the capacitor losses likewise should be kept 
as low as possible. With tuned circuits that are good in this 
respect—comparable with the low-loss components used 
in transmitter tank circuits, for example—the reduction in 
efficiency compared with the efficiency of a simple dipole 
is small, but tuned circuits of tow unloaded Q can lose an 
appreciable portion of the power supplied to the antenna. 
‘The commentary above applies to traps assembled from 
conventional components. The important function of a trap 
that is resonant in an amateur band isto provide a high isolat- 
ing impedance, and this impedance is directly proportional 
to Q Unfortunately, high Q restricts the antenna bandwidth, 
because the traps provide maximum isolation only at trap 


FIVE-BAND W3DZZ TRAP ANTENNA 

C.L. Buchanan, W3DZZ, created one of the first rap 
‘antennas forthe five pre-1979 WARC amateur bands from 3.5 
to 30 MHz. Dimensions are given in Fig 18. Only one set of 
traps is used, resonant at 7 MHz to isolate the inner (7-MHz) 
dipole from the outer sections. This causes the overall system 
to be resonant in the 3.5-MHz band. On 14, 21 and 28 MHz, 
the antenna works on the capacitive-reactance principle just 
outlined. With a 75-0 twin-lead feeder, the SWR with this 
antenna is under 2:1 throughout the three highest frequency 


Fig 18—Five-band (3.5, 7, 14, 21 and 28 MHz) trap dipole 
for operation with 75-01 feeder at low SWR (C. L. Buchanan, 
W3D2Z). The balanced (parallel-conductor) line indicated 
is desirable, but 75-0 coax can be substituted with some 
sacrifice of symmetry in the system. Dimensions given are 
for resonance (lowest SWR) at 3.75, 7.2, 14.15 and 

29.5 MHz. Resonance is very broad on the 21-MHz band, 
with SWR less than 2:1 throughout the band. 


bands, and the SWR is comparable with that obtained with 
similarly fed simple dipoles on 3.5 and 7 MH. 


Trap Construction 

‘Traps frequently are built with coaxial aluminum tubes 
(usually with polystyrene tubing in-between them for insula- 
tion) for the capacitor, with the coil either self-supporting or 
‘wound on a form of larger diameter than the tubular capacitor. 
‘The coil is then mounted coaxially withthe capacitor to forma 
unit assembly that can be supported at each end by the antenna 
wires. In another type of trap devised by William J. Lattin, 
WAIRW (see Bibliography atthe end ofthis chapter), the coil 
is supported inside an aluminum tube and the trap capacitor is 
obtained in the form of capacitance between the coil and the 
outer tube. This type of trap is inherently weatherproof 

A simpler type of trap, easily assembled from readily 


Fig 19—Easily 
constructed trap 

for wire antennas 

(A. Greenburg, W2LH).. 
The ceramic insulator 
is 4% inches long 
(Birnback 688).The 
clamps are small 
service connectors 
available from 
electrical supply 

and hardware stores 
(Burndy KS90 servits). 
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Fig 20—Layout of multiband antenna using traps 
constructed as shown in Fig 21. he capacitors are 

100 pF each, transmitting type, 5000-volt de rating 
(Centralab 850SL-100N). Coils are 9 turns of #12 wire, 
2% inches diameter, 6 turns per inch (B&W 3029) with 
end turns spread as necessary to resonate the traps to 
7.2 MHz, These traps, with the wire dimensions shown, 
resonate the antenna at approximately the following 
frequencies on each band: 3.9, 7.25, 14.1, 21.5 and. 

29.9 MHz (based on measurements by W3YJH).. 


available components, is shown in Fig 19. A small transmit- 
ting-type ceramic “doorknob” capacitor is used, together with 
alength of commercially available coil material, these being 
supported by an ordinary antenna strain insulator. The circuit 
constants and antenna dimensions differ slightly from those of 
Fig 18, in order to bring the antenna resonance points closer 
to the centers of the various phone bands. Construction data 
are given in Fig 20. If a 10-turn length of inductor is used, 
a half turn from each end may be used to slip through the 
anchor holes in the insulator to act as leads. 

‘The components used in these traps are sufficiently 
weatherproof in themselves so that no additional weather- 
proofing has been found necessary. However, if itis desired to 
protect them from the accumulation of snow or ice, a plastic 
cover can be made by cutting two discs of polystyrene slightly 
larger in diameter than the coil, drilling at the center to pass 
the antenna wires, and cementing a plastic cylinder on the 
edges of the discs. The cylinder can be made by wrapping 
two turns or so of 0.02-inch poly or Lucite sheet around the 
iscs, if no suitable ready-made tubing is available. Plastic 
drinking glasses and 2-liter soft-drink plastic bottles are easily 
adaptable for use as impromptu trap covers. 


TWO W8NX MULTIBAND, 
COAX-TRAP DIPOLES 


Over the last 60 or 70 years, amateurs have used many 


kinds of multiband antennas to cover the traditional HF 
bands. The availability of the 30, 17 and 12-meter bands has 
expanded our need for multiband antenna coverage. 

‘Two different antennas are described here. The first cov- 
the traditional 80, 40, 20, 15 and 10-meter bands, and the 
second covers 80, 40, 17 and 12 meters. Each uses the same 
type of W8NX trap—connected for different modes of opera 
tion—and a pair of short capacitive stubs to enhance coverage. 
‘The W8NX coaxial-cable traps have two different modes: a 
high- and a low-impedance mode. The inner-conductor wind- 
ings and shield windings of the traps are connected in seri 
for both modes. However, either the low- or high-impedan 
point can be used as the trap’s output terminal. For low-im- 
pedance trap operation, only the center conductor turns of 
the trap windings are used. For high-impedance operation, 
all turns are used, in the conventional manner for a trap. 
‘The short stubs on each antenna are strategically sized and 
located to permit more flexibility in adjusting the resonant 
frequencies of the antenna, 


80, 40, 20, 15 and 10-Meter Dipole 


Fig 21 shows the configuration of the 80, 40,20, 15 and 
10-meter antenna, The radiating elements are made of #14 


Fig 21—A W8NX multiband dipole for 


Maia eek ar 2s ae dal 80, 40, 20, 15 and 10 meters. The values 


each trap Is used for this antenna, 
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stranded copper wire. The element lengths are the wir 
lengths in feet. These lengths do not include the lengths of 
the pigtails atthe balun, traps and insulators. The 32.3-foot- 
long inner 40-meter segments are measured from the eyelet 
of the input balun to the tension-relief hole in the trap coil 
form. The 4.9-foot segment length is measured from the ten- 
sion-relief hole in the trap to the 6-foot stub. The 16.1-foot 
couter-segment span is measured from the stub to the eyelet 
of the end insulator. 

The coaxial-cable traps are wound on PVC pipe coil 
forms and use the low-impedance output connection, The 
stubs are 6-foot lengths of “Minch stiffened aluminum or 
copper rod hanging perpendicular to the radiating elements 
‘The first inch oftheir length is bent 90° to permit attachment 
to the radiating clements by large-diameter copper crimp 
connectors. Ordinary #14 wire may be used for the stubs, but 
it has a tendency to curl up and may tangle unless weighed 
down atthe end. You should feed the antenna with 75-0 coax 
cable using a good 1:1 balun. 

This antenna may be thought of as a modified W3DZZ 
antenna due to the addition of the capacitive stubs. The length 
and location of the stub give the antenna designer two extra 
degrees of freedom to place the resonant frequencies within 
the amateur bands. This additional flexibility is particularly 
helpful to bring the 15 and 10-meter resonant frequencies to 
‘more desirable locations in these bands. The actual 10-meter 
resonant frequency of the original W3DZZ antenna is som 
‘hat above 30 MHz, pretty remote from the more desirable 
low frequency end of 10 meters 


80, 40, 17 and 12-Meter Dipole 

Fig 22 shows the configuration of the 80, 40, 17 and 12- 
‘meter antenna. Notice that the capacitive stubs are attached 
immediately outboard after the traps and are 6.5 feet long, 
'4 foot longer than those used in the other antenna. The traps 
are the same as those of the other antenna, but are connected 
forthe high-impedance parallel-resonant output mode. Sin 
nly four bands are covered by this antenna, it is easier to 
fine tune it to precisely the desired frequency on all bands. 
‘The 12.4-foo! tips can he pruned to a particular 17-meter 
frequency with little effect on the 12-meter frequency. The 
stub lengths can be pruned to a particular 12-meter frequency 
\with litte effect on the 17-meter frequency. Both such pruning 
adjustments slightly alter the 80-meter resonant frequency. 
However, the bandwidths of the antennas are so broad on 17 
and 12 meters that little need for such pruning exists. The 
40-meter frequency is nearly independent of adjustments to 


the capacitive stubs and outer radiating tip elements. Like 
the first antennas, this dipole is fed with a 75-2 balun and 
feed line. 

Fig 23 shows the schematic diagram of the traps. It 
explains the difference between the low and high-impedance 
modes of the traps. Notice that the high-impedance terminal 
is the output configuration used in most conventional trap 
applications. The low-impedance connection is made across, 
only the inner conductor turns, corresponding to one-half of 
the total turns of the trap. This mode steps the trap’s imped- 
‘ance down to approximately one-fourth of that of the high- 
impedance level. This is what allows a single trap design to 
‘be used for two different multiband antennas, 

Fig 24 is a drawing of a cross-section of the coax trap 
shown through the long axis of the trap. Notice that the traps 
‘are conventional coaxial-cable traps, except for the added 
low-impedance output terminal. The traps are 8% close- 
spaced turns of RG-59 (Belden 8241) on a 2-inch-OD PVC 
pipe (schedule 40 pipe with a 2-inch ID) coil form. The forms 
‘are 4 inches long. Trap resonant frequency is very sensitive 
to the outer diameter of the coil form, so check it carefully. 
Unfortunately, not all PVC pipe is made with the same wall 
thickness. The trap frequencies should be checked with a dip 
meter and general-coverage receiver and adjusted to within 
‘50 kHz of the 7150 kHz resonant frequency before installa- 
tion. One inch is leftover at each end of the coil forms to allow 
for the coax feed-through holes and holes for tension-relief 
‘attachment of the antenna radiating elements to the traps. Be 
sure to seal the ends of the trap coax cable with RTV sealant 
to prevent moisture from entering the coaxial cable. 

‘Also, be sure that you connect the 32.3-fo0t wit 
‘ment at the start of the inner conductor winding of the trap. 
‘This avoids detuning the antenna by the stray capacitance of 
the coaxial-cable shield. The trap output terminal (which has 
the shield stray capacitance) should be at the outboard side of 


ele 


Fig 23— 
‘Schematic for the 
W8NX coaxial- 
cable trap. RG-59 
Is wound ona 
2é-inch OD 

PVC pipe. 
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Fig 22—A W8NX multiband dipole 
{for 80, 40, 17 and 12 meters. For 


ane this antenna, the high-impedance 


6s Pont 


‘output is used on each trap. The 
resonant frequency of the traps is 


ee 7.45 MHz. 
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radiate little power and make only minor 
contributions to the radiation patterns. In 
theory, the pattern has four major lobes 


on 17 meters, with maxima to the north- 
southeast, southwest and northwest. 
‘These provide low-angle radiation into 
Europe, Africa, South Pacific, Japan 
and Alaska, A narrow pair of minor 


broadside lobes provides north and south 
coverage into Central America, South 
America and the polar regions 

There are four major lobes on 
12 meters, giving nearly end-fire radia- 
tion and good low-angle east and west 
coverage. There are also three pairs of 


Fig 24—Construction details of the W8NX coaxial-cable trap. 


the trap. Reversing the input and output terminals of the trap 
will lower the 40-meter frequency by approximately 50 kHz, 
but there will be negligible effect on the other bands. 

Fig 25 shows a coaxial-cable trap. Further details of 
the trap installation are shown in Fig 26. This drawing ap- 
plies specifically to the 80, 40, 20, 15 and 10-meter antenna, 
which uses the low-impedance trap connections. Notice the 
lengths of the trap pigtails: 3 to 4 inches at each terminal of 
the trap. Ifyou use a different arrangement, you must modify 
the span lengths accordingly. All connections can be made 
using crimp connectors rather than by soldering. Access to 
the trap’s interior is attained more easily with a crimping tool 
than with a soldering iron. 


Performance 

The performance of both antennas has been very sat- 
isfactory. W8NX uses the 80, 40, 17 and 12-meter version 
because it covers 17 and 12 meters. (He has a tribander for 
20, 15 and 10 meters.) The radiation pattern on 17 meters 
is that of a Y-wave dipole. On 12 meters, the pattern is that 
of a %wave dipole. At his location in Akron, Ohio, the 
antenna runs essentially east and west. It is installed as an 
inverted V, 40 feet high at the center, with a 120° included 
angle between the legs. Since the stubs are very short, they 


very narrow, nearly broadside, minor 
lobes on 12 meters, down about 6 dB 
from the major end-fire lobes. On 80 
‘and 40 meters, the antenna has the usual figure-8 patterns of 
ahalf-wave-length dipole, 

Both antennas function as electrical half-wave dipoles 
on 80 and 40 meters with a low SWR. They both function 
as odd-harmonic current-fed dipoles on their other operat- 
ing frequencies, with higher, but still acceptable, SWR. 
‘The presence of the stubs can either raise or lower the input 
impedance of the antenna from those of the usual third and 
fifth harmonic dipoles. Again W8NX recommends that 75-0, 


Fig 25—Other views of a W8NX coax-cable trap. 


Spon — a 


Fig 26—Additional 
construction details for the 
W8NX coaxial-cable trap. 
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rather than 50-Q, feed line be used because of the generally 
higher input impedances at the harmonic operating frequen- 
cies of the antennas. 


‘The SWR curves of both antennas were carefully mea- 
sured using a75 to 50-0 transformer from Palomar Engineers 
inserted at the junction of the 75-Q coax feed line and a 50-Q 
‘SWR bridge. The transformer is required for accurate SWR 
measurement if a S0-Q. SWR bridge is used with a 75-0 
line. Most 50-0 rigs operate satisfactorily with a 75-Q line, 
although this requires different tuning and load settings in the 
final output stage of the rig or antenna tuner. The author uses 
the 75 to 50-2 transformer only when making SWR measure- 


Fig 27—Measured SWR curves for an 80, 40, 20, 15 and 
‘10-meter antenna, installed as an inverted-V with 40-ft 
apex and 120° included angle between legs. 
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Fig 28—Measured SWR curves for an 80, 40, 17 and 
‘12-meter antenna, installed as an inverted-V with 40-ft 
apex and 120° included angle between legs. 
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ments and at low power levels. The transformer is rated for 
100 W, and when he runs his I-kW PEP linear amplifier the 
transformer is taken out of the line. 

Fig 27 gives the SWR curves of the 80, 40, 20, 15 and 
10-meter antenna. Minimum SWR is nearly 1:1 on 80 meters, 
1.521 on 40 meters, 1.6:1 on 20 meters, and 1.5:1 on 10 me 
ters. The minimum SWR is slightly below 3:1 on 15 meters. 
On 15 meters, the stub capacitive reactance combines with 
the inductive reactance of the outer segment of the antenna to 
produce a resonant rise that raises the antenna input resistance 
to about 220 , higher than that of the usual 3/2-wavelength 
dipole. An antenna tuner may be required on this band to 
keep a solid-state final output stage happy under these load 


e the excellent 80-meter performance 
with a nearly unity minimum SWR in the middle of the band. 
‘The performance approaches that of a full-size 80-meter wire 
dipole. The short stubs and the low-inductance traps shorten 
the antenna somewhat on 80 meters. Also observe the good 
17-meter performance, with the SWR being only alittle above 
2:1 across the band, 

But notice the 12-meter SWR curve of this antenna, 
which shows 4:1 SWR across the band. The antenna input 
resistance approaches 300 Q on this band because the capa 
citive reactance of the stubs combines with the inductive 
reactance of the outer antenna segments to give resonant 
rises in impedance. These are reflected back to the input 
terminals. These stub-induced resonant impedance rises are 
similar to those on the other antenna on 15 meters, but are 
even more pronounced. 

‘Too much concern must not be given to SWR on the 
feed line. Even if the SWR is as high as 9:1 no destructively 
high voltages will exist on the transmission line, Recall that 
transmission-line voltages increase as the square root of 
the SWR in the line. Thus, 1 kW of RF power in 75-0 line 
corresponds to 274 V line voltage for a 1:1 SWR. Raising 
the SWR to 9:1 merely triples the maximum voltage that 
the line must withstand to 822 V. This voltage is well below 
the 3700-V rating of RG-11, or the 1700-V rating of RG-59, 
the two most popular 75-Q coax lines. Voltage breakdown in 
the traps is also very unlikely. As will be pointed out later, 
the operating power levels of these antennas are limited by 
RF power dissipation in the traps, not trap voltage breakdown, 
or feed-line SWR. 


Trap Losses and Power Rating 

‘Table 1 presents the results of trap Q measurements and 
extrapolation by a two-frequency method to higher frequen- 
cies above resonance. W8NX employed an old, but recently 
calibrated, Boonton Q meter for the measurements. Extrapo- 
lation to higher-frequency bands assumes that trap resistance 
losses rise with skin effect according to the square root of 
frequency, and that trap dielectric loses rise directly with 
frequency. Systematic measurement errors are not increased 
by frequency extrapolation. However, random measurement 


Trap Q 

Frequency (MHz) «38 «= 7.151418 18.1 21.3 249286 

High Z out (2) 101 124139 16573179186 

Low Z out (9) 8 1031251874149 155 

Table 2 

Trap Loss Analysis: 80, 40, 20, 15, 10-Meter Antenna 

Frequency (MHz) 38 7.15 14.18 21.3 286 

Radiation Erficiency (%) 964 708 994 999 1000 

Trap Losses (48) 016 15 002 0.010.008 

Table 3 When the 80, 40, 20, 15 and 10-meter antenna is 

Trap Loss Analysis: 80, 40, 17, 12-Meter Antenna operated on 40 meters, the radiation efficiency of 70.8% 

Frequency (MHz) 28° 715 181 249 corresponds to a dissipation of 146 W in each trap when 

Radiation Eiiciency (%) 89. 905 99.3 99.8 | KWisdeliveredtothe antenna. This is sure to burn out the 

“rap Losses (dB) 05 04 0.03 0.006 _traps—even if sustained for only a short time. Thus, the power 
should be limited to leas than 300 W when this antenna is, 
operated on 40 meters under prolonged key-down conditions, 
A 50% CW duty cycle would correspond to a 600-W power 

errors increase in magnitude with upward frequency extrapo- limit for normal 40-meter CW operation. Likewise, a 50% 


lation. Results are believed to be accurate within 4% on 80 
and 40 meters, but only within 10 to 15% at 10 meters. Trap Q 
is shown at both the high- and low-impedance trap terminals 
The Q at the low-impedance output terminals is 15 to 20% 
lower than the Q at the high-impedance output terminals, 

WSNX computer-analyzed trap losses for both antennas 
in free space. Antenna-input resistances at resonance were 
first calculated, assuming lossless, infinite-Q traps. They were 
again calculated using the Q values in Table 1. The radiation 
efficiencies were also converted into equivalent trap losses in 
decibels. Table 2 summarizes the trap-loss analysis for the 
80, 40, 20, 15 and 10-meter antenna and Table 3 forthe 80, 
40,17 and 12-meter antenna, 

‘The loss analysis shows radiation efficiencies of 90% 
‘or more for both antennas on all bands except forthe 80,40, 
20, 15 and 10-meter antenna when used on 40 meters. Here 
the radiation efficiency falls to 70.8%. A I-kW power level 
at 90% radiation efficiency corresponds to 50-W dissipation 
per trap. In WSNX’s experience, this is the trap’s survival 
limit for extended key-down operation. SSB power levels of 
1 KW PEP would dissipate 25 W or less in each trap. This is 
‘well within the dissipation capability of the traps. 


duty cycle for 40-meter SSB corresponds to a 600-W PEP 
power limit for the antenna. 

‘The author knows of no analysis where the bumout watt- 
‘age rating of traps has been rigorously determined. Operating 
experience seems to be the best way to determine trap burn- 
out ratings. In his own experience with these antennas, he’s 
had no traps burn out, even though he operated the 80, 40, 20, 
15 and 10-meter antenna on the critical 40-meter band using 

is AL-80A linear amplifier at the 600-W PEP output level 
He did not make a continuous, key-down, CW operating test 
at full power purposely trying to destroy the traps! 

Some hams may suggest using a different type of 
coaxial cable for the traps. The de resistance of 40.7 © per 
1000 feet of RG-59 coax seems rather high. However, W8NX 
has found no coax other than RG-59 that has the necessary 
inductance-to-capacitance ratio to create the trap character- 
istic reactance required for the 80, 40, 20, 15 and 10-meter 
antenna, Conventional traps with wide-spaced, open-air 
inductors and appropriate fixed-value capacitors could be 
substituted for the coax traps, but the convenience, weather- 
proof configuration and ease of fabrication of coaxial-cable 
traps is hard to beat, 
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Multiband Vertical Antennas 


There are two basic types of vertical antennas; either 
type can be used in multiband configurations. The first is the 
ground-mounted vertical and the second, the ground plane 
‘These antennas are described in detail in Chapter 6, Low- 
Frequency Antennas. 

‘The efficiency of any ground-mounted vertical depends 
a great deal on near-field earth losses. As pointed out in Chap- 
ter 3, The Effects of Ground, these near-field losses can be 
reduced or eliminated with an adequate radial system. Con- 
siderable experimentation has been conducted on this subje 
by Jerry Sevick, W2FMI, and several important results were 
obtained. It was determined that a radial system consisting of 
40 to 50 radials, 0.2 2 long, would reduce the earth losses to 
about 2.0 when a 3/4 radiator was being used. These radials 
should be on the earth’s surface, or if buried, placed not more 
than an inch or so below ground. Otherwise, the RF current 
‘would have to travel through the lossy earth before reaching 
the radials. In a multiband vertical system, the radials should 
be 0.2 2 long for the lowest band, that is, 55 feet long for 
MHz operation. Any wire size may be used for the radi- 
als. The radials should fan out in a circle, radiating from the 
base of the antenna, A metal plate, such as a piece of she 
copper, can be used at the center connection. 

‘The other common type of vertical is the ground-plane 
antenna. Normally, this antenna is mounted above ground 
with the radials fanning out from the base of the antenna, 
‘The vertical portion of the antenna is usually an electrical 
24, as is each of the radials. In this type of antenna, the 
system of radials acts somewhat like an RF choke, to prevent 
RE currents from flowing in the supporting structure, so the 
‘number of radials is not as important a factor as itis with a 
‘ground- mounted vertical system. From a practical standpoint, 
the customary number of radials is four or five. In a multi- 
band configuration, 2/4 radials are required for each band of 
operation with the ground-plane antenna. 

This is not so with the ground-mounted vertical antenna, 
‘where the ground plane is relied upon to provide an image of 
the radiating section. Note that even quarter-wave-long radi 
als are greatly detuned by their proximity to ground—radial 
resonance is not necessary or even possible. In the ground- 
‘mounted case, so long as the ground-screen radials are 
approximately 0.2 2. long at the lowest frequency, the length 
will be more than adequate for the higher frequency bands. 


Short Vertical Antennas 


A short vertical antenna can be operated on several 
bands by loading it atthe base, the general arrangement be- 
ing similar to Figs 1 and 2. That is, for multiband work the 
vertical can be handled by the same methods that are used 
for random-length wires. 

‘A vertical antenna should not be longer than about % 2 
al the highest frequency to be used, however, if low-angle 
radiation is wanted. Ifthe antenna is to be used on 28 MHz 
and lower frequencies, therefore, it should not be more than 
approximately 25 feet high, and the shortest possible ground 
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lead should be used, 

Another method of fe 
loading coil, tapped to 
band. A second tap permits using the coil as a transformer 
for matching a coax line to the transmitter, C1 is not strictly 
necessary, but may be helpful on the lower frequencies, 3.5, 
and 7 MHz, if the antenna is quite short. In that case CI 
makes it possible to tune the system to resonance with a coil 
of reasonable dimensions at L1. C1 may also be useful on 
other bands as well, ifthe system cannot be matched to the 
feed line with a coil alone. 

‘The coil and capacitor should preferably be installed 
at the base of the antenna, but if this cannot be done a wire 
can be run from the antenna base to the nearest convenient 
location for mounting LI and Cl. The extra wire will of 
course be a part of the antenna, and since it may have to run 
through unfavorable surroundings it is best to avoid using it 
if at all possible. 

This system is best adjusted with the help of an SWR 
indicator. Connect the coax line across a few turns of LI and 
take trial positions of the shorting tap until the SWR reaches 
its lowest value. Then vary the line tap similarly; this should 
bring the SWR down to a low value. Small adjustments of 
both taps then should reduce the SWR to close to 1:1. If not, 
ty adding C1 and go through the same procedure, varying 
Cl each time a tap position is changed. 


ling is shown in Fig 29. Lis a 
nate the antenna on the desired 


“(up te bepon 2S) 


Fig 29—Multiband vertical antenna system using base 
loading for resonating on 3.5 to 28 MHz. L1 should be 
wound with bare wire so it can be tapped at every turn, 
using #12 wire. A convenient size is 272 inches diameter, 
6 turns per inch (such as B&W 3029). Number of turns 
required depends on antenna and ground lead length, 
more turns being required as the antenna and ground 
lead are made shorter. For a 25-foot antenna and a ground 
lead of the order of 5 feet, L1 should have about 30 

turns. The use of C1 is explained in the text. The smallest, 
capacitance that will permit matching the coax cable 
should be used; a maximum capacitance of 100 to 150 pF 
will be sufficient in any case. 


Trap Verticals 

The trap principle described in Fig 17 for center-fed 
dipoles also can be used for vertical antennas. There are two 
principal differences. Only one half of the dipole is used, the 
‘ground connection taking the place of the missing half, and 
the feed-point impedance is one half the feed-point imped- 
ance of a dipole. Thus it isin the vicinity of 30 © (plus the 
ground-connection resistance), so 52-Q cable should be used 
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Fig 30—Constructional details of the 21 
band antenna system. 


3nd 28-MHz dual- 


since it is the commonly available type that comes closest 
to matching. 


ATRAP VERTICAL FOR 21 AND 28 MHZ 
‘Simple antennas covering the upper HF bands ean be 
4quite compact and inexpensive. The two-band vertical ground 
plane described here is highly effective for long-distance 
communication when installed in the clear. 
30, 31 and 32 show the important assembly details. 
section of the antenna is mounted on a Y-inch 
of plywood board that measures 7 x 10 inches. 
Several coats of exterior varnish or similar material will help 
protect the wood from inclement weather. Both the mast and 
the radiator are mounted on the piece of wood by means of 
TV U-bolt hardware. The vertical is electrically isolated 
from the wood with a piece of 1-inch diameter PVC tubing. 
‘A piece approximately 8 inches long is required, and it is of 
the schedule-80 variety. To prepare the tubing, you must slitit 
‘along the entire length on one side. A hacksaw will work quite 
well. The PVC fits rather snugly on the aluminum tubing and 


Fig 31—A close-up view of a trap. The coil is 3 inches 
in diameter. The leads from the coaxial-cable capacitor 
should be soldered directly to the pigtails of the coll. 
These connections should be coated with varnish after 
they have been secured under the hose clamps. 


Fig 32—The base assembly of the 21- and 28-MHz vertical. 
‘The $0-239 coaxial connector and hood can be seen in 
the center of the aluminum L bracket. The U bolts are 
‘V-type antenna hardware. The plywood should be coated 
with varnish or similar material. 
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will have to be “persuaded” with the aid of a hammer. Mount 
the mast directly on the wood with no insulation. 

Use an $O-239 coaxial connector and four solder lugs 
on an L-shaped bracket made from a piece of aluminum 
sheet. Solder a short length of test probe wire, or inner con- 

c.to the inner terminal of the connector. 
A UG-106 connector hood is then slid over the wire and 
conto the coaxial connector. Then bolt the hood and connee- 
tor to the aluminum bracket. Two wood screws are used to 
secure the aluminum bracket to the plywood, as shown in 
the drawing and photograph. Solder the free end of the wire 
coming from the connector to a lug mounted on the bottom 
of the vertical radiator. Fill any space between the wire and 
‘where it passes through the hood with GE silicone sealant or 
similar material to keep moisture out. The eight radials, four 
foreach band, are soldered tothe four lugs on the aluminum 
bracket. Separate the two sections of the vertical member 
with a piece of clear acrylic rod. Approximately 8 inches of 
Yeinch OD material is required. You must slit the aluminum 
tubing lengthwise for several inches so the acrylic rod may 
be inserted. The two pieces of aluminum tubing are separated 
by 2% inches. 

The trap capacitor is made from RG-8 coaxial cable and 
is 30.5 inches long. RG-8 cable has 29.5 pF of capacitan: 
per foot and RG-58 has 28.5 pF per foot. RG-8 cable is 
recommended over RG-58 because of its higher breakdown- 


voltage capability. The braid should be pulled back 2 inches 
on one end of the cable, and the center conductor soldered 
to one end of the coil. Solder the braid to the other end of 
the coil. Compression type hose clamps are placed over the 
capacitor/coil leads and put in position at the edges of the 
aluminum tubing. When tightened securely, the 
1a two-fold purpose—they keep the trap in contact with the 
vertical members and prevent the aluminum tubing from 
slipping off the acrylic rod. The coaxial-cabl 
upward along the top section of the antenna. This is the side of 
the antenna to which the braid of the capacitor is connected. 
Place a cork or plastic cap in the very top of the antenna to 
keep moisture out 


Installation and Operation 

‘The antenna may be mounted in position using a TV- 
type tripod, chimney, wall or vent mount. Alternatively, a 
telescoping mast or ordinary steel TV mast may be used, in 
which case the radials may be used as guys for the structure. 
‘The 28-MHz radials are 8 feet 5 inches long, and the 21-MHz 
radials are 11 feet 7 inch« 

‘Any length of 50-O cable may be used to feed the 
antenna. The SWR at resonance should be on the order of 
1.2:1 to 1.5:1 on both bands. The reason the SWR is not 1:1 
is that the feed-point resistance is something other than 50 Q 
closer to 35 or 40 2. 


The Open-Sleeve Antenna 


Although only recently adapted for the HF and VHF 
amateur bands, the open-sleeve antenna has been around 
since 1946. The antenna was invented by Dr J.T. Bolljahn, of 
Stanford Research Institute. This section on sleeve antennas 
‘vas written by Roger A. Cox, WBODGF. 

The basic form of the open-sleeve monopole is shown 
in Fig 33. The open-sleeve monopole consists of a base-fed 
central monopole with two parallel closely spaced parasitic 
cone on each side of the central element, and grounded at 


base. The lengths of the parasitics are roughly one half that 
of the central monopole. 


Impedance 

‘The operation of the open sleeve can be divided into 
‘wo modes, an antenna-mode and a transmission-line mode. 
This is shown in Fig 34. 

The antenna-mode impedance, Za, is determined by 
the length and diameter of the central monopole. For sleeve 
lengths less than that of the monopole, this impedance is es 
sentially independent of the 

The transmission-line mode impedance, Zy, is deter- 
‘mined by the characteristic impedance, end impedance, and 
length of the 3- wire transmission line formed by the central 
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monopole and the two sleeve elements. The characteristic 


and spacing if all element diameters 
from 


Z. = 207 log 1.59 (Did) 


(Eq 2) 


where 


D =spacing between the center of each sleeve element 
and the center of the driven element 


d= diameter of each element 


This is shown graphically in Fig 38. However, sin 
the end impedance is usually unknown, there is lite need 
toknow the characteristic impedance. The transmission-line 
‘mode impedance, Z,, is usually determined by an educated 
‘guess and experimentation. 

‘Asan example, let us consider the case where the central 
‘monopole is 1/4 at 14 MHz It would have an antenna mode 
impedance, Z.,, of approximately 52.0, depending upon the 
ground conductivity and number of radials. If two sleeve 
elements were added on either side ofthe central monopole, 
«with each approximately half the height of the monopole and 
ata distance equal to their height, there would be very litle 
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Fig 33—Diagram of an open-sleeve monopole. 
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Fig 34—Equivalent circuit of an open-sleeve antenna. 


effect on the antenna mode impedance, Z, at 14 MHz. 
Also, Zpat 14 MHz would be the end impedance trans- 
formed through a 2/8 section of a very high characteristic 
impedance transmission line. Therefore, Z, would be on the 
order of 500-2000 © resistive plus. large capacitive reactance 
component. This high impedance in parallel with $2.0 would 
siill give a resultant impedance close to 52.0. 
‘Ata frequency of 28 MHz, however, Zis that ofan end- 
fed half-wave antenna, and is on the order of 1000-5000 0 
resistive, Also, Zy at 28 MHz would be on the order of 1000 
10.5000 Q resistive, since itis the end impedance of the sleeve 
clements transformed through a quarter-wave section of a 
very high characteristic impedance 3-wire transmission line 
Therefore, the parallel combination of Z, and Z, would sill 
be on the order of 500 to 2500 © resistive 
Ifthe sleeve elements were brought closer to the cen- 
tral monopole such that the ratio of the spacing to element 
tic imped 


diameter was less than 10:1, then the charact 


Fig 35—Characteristic impedance of transmission-line 
mode in an open-sleeve antenna. 


ance of the 3-wire transmission line would drop to less than 
250.0. AL28 MHz, Z., remains essentially unchanged, whi 
Zr begins to edge closer to 52 Q as the spacing is reduced, 
At some particular spacing the charact 
determined by the D/d ratio, is just right to transform the end 
impedance to exactly 52 Q at some frequency. Also, as the 
spacing is decreased, the frequency where the impedance is, 
purely resistive gradually increases. 

‘The actual impedance plots of a 14/28-MHz open- 
sleeve monopole appear in Figs 36 and 37. The length of the 
central monopole is 195.5 inches, and of the sleeve elements 
89.5 inches. The element diameters range from 1.25 inches at 
the bases to 0.875 inch at each tip. The measured impedan 
of the 14-MHz monopole alone, curve A of Fig 36, is quit 
high. This is probably because of a very poor ground plane 
under the antenna. The addition of the sleeve elements raises 
this impedance slightly, curves B,C and D. 

‘As curves A and B in Fig 37 show, an 8-inch sleeve 
spacin, resonance near 27.8 MHz.at 70 Q, while a 6- 
inch spacing gives a resonance near 28,5 MHz at 42 ©. Closer 
spacings give lower impedances and higher resonances. The 
‘optimum spacing for this particular antenna would be some- 
where between 6 and 8 inches. Once the spacing is found, 
the Iengths of the sleeve elements can be tweaked slightly 
for a choice of resonant frequency. 

In other frequency combinations such as 10/21, 10/24, 
14/21 and 14/24-MHz, spacings in the 6 to 10-inch range 
work very well with element diameters in the 0.5 to 1.25-inch 
range, 
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Fig 36—Impedance of an open-sleeve monopole for the 
frequency range 13.5-15 MHz. Curve Ais for a 14 MHz 
‘monopole alone. For curves B, C and D, the respective 
spacings from the central monopole to the sleeve elements 
are 8, 6 and 4 inches. See text for other dimensions. 


Fig 37—Impedance of the open-sleeve monopole for the 
range 25-30 MHz. For curves A, B and C the spacings from 
the central monopole to the sleeve elements are 8, 6 and 

4 inches, respectively. 


Bandwidth 

The open-sleeve antenna, when used as a multiband 
antenna, does not exhibit broad SWR bandwidths unless, of 
course, the two bands are very close together. For example, 
Fig 38 shows the return loss and SWR of a single 10-MHz 
vertical antenna. Its 2:1 SWR bandwidth is 1.5 MHz, from 
9.8 to 11.3 MHz. Return loss and SWR are related as given 
by the following equation. 


eas 
ik 


(E43) 
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RL = return loss, dB 

‘When sleeve elements are added for a resonance near 
22 MHz, the 2:1 SWR bandwidth at 10 MHz is still nearly 
1.5 MHz, as shown in Fig 39. The total amount of spectrum 
under 2:1 SWR increases, of course, because of the additional 


band, but the individual bandwidths of each resonance are 
virtually unaffected, 

‘The open-sleeve antenna, howe 
broadband structure, if the resonance: snough to 
overlap. With the proper choices of resonant frequencies, 
sleeve and driven element diameters and sleeve spacing, the 
SWR “hump” between resonances can be reduced to a value 
less than 3:1. This is shown in Fig 40. 


Current Distribution 


According to H. B. Barkley (see Bibliography at the 
cend of this chapter), the total current flowing into the base 
of the open-sleeve antenna may be broken down into two 
components, that contributed by the antenna mode, I, and 
that contributed by the transmission-line mode, I Assuming 
that the sleeves are approximately half the height of the central 
monopole, the impedance of the antenna mode, Za. is very 
low al the resonant frequency of the central monopole, and 
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Fig 38—Return loss and SWR of a 10 MHz vertical 
antenna. A return loss of 0 dB represents an SWR of 
Infinity. The text contains an equation for converting 
return loss to an SWR value. 


Fig 39—Return loss and SWR of a 10/22 MHz open-sleeve 
vertical antenn: 
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Fig 40—SWR response of an open-sleeve dipole and a 
conventional dipole. 


the impedance of the transmission-line mode, Zr, is v 


high. 


This allows almost all of the current to flow in the antenna 
mode, and I, is very much greater than Ty. Therefore, the 


current on the central 1/4 monopole assumes the standard 
sinusoidal variation, and the radiation and gain characteristics 
are much like those of a normal 2/4 vertical antenna. 

However, at the resonant frequency of the sleeves, the 
impedance of the central monopole is that of an end fed 
half-wave monopole and is very high. Therefore I, is small 
If proper element diameters and spacings have been used to 
match the transmission line mode impedance, Z, to 52.0, 
then Ip the transmission line mode current, is high compared 
toly 

‘This means that very little current flows in the central 
monopole above the tops of the sleeve elements, and the 
radiation is mostly from the transmission-line mode current, 
Ip. inall three elements below the tops of the sleeve elements. 
‘The resulting current distribution is shown in Figs 41 and 42 
for this case. 


Radiation Pattern and Gain 

‘The current distribution of the open-sleeve antenna 
‘where all three elements are nearly equal in length is nearly 
that ofa single monopole antenna. If, ata particular frequency. 
the elements are approximately 2/4 long. the current distribu- 
tion is sinusoidal 

If, for this and other length ratios, the chosen diameters 
and spacings are such that the two sleeve elements approach 


{| 


Fig 41—Current distribution in the transmission-line 
mode. The amplitude of the current induced in each sleeve 
‘element equals that of the current in the central element 
but the phases are opposite, as shown. 


Fig 42—Total current distribution with 2.= L/2. 


fan interelement spacing of 2/8, the azimuthal pattern will 
show directivity typical of two in-phase vertical radiators, 
approximately 4/8 apart. Ifa bi-directional pattern isn 
then this is one way to achieve it 

Spacings closer than this will produce nearly circular 
‘azimuthal radiation patterns. Practical designs in the 10 to 
30 MHz range using 0.5 to 15-inch diameter elements will 
produce azimuthal patterns that vary less than +1 dB. 

If the ratio of the length of the central monopole to 
the length of the sleeves approaches 2:1, then the elevation 
pattern of the open-sleeve vertical antenna at the resonant 
frequency of the sleeves becomes slightly compressed. This 
use of the in-phase contribution of radiation from the 
‘422 central monopole. 

‘As shown in Fig 43, the 10/21-Mihz open-sleeve vertical 
‘antenna produces a lower angle of radiation at 21.2 MHz with 
‘a corresponin; e in gain of 0.66 dB over that of the 
10-MHz vertical alone. At length ratios approaching 3:1, the 
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Fig 43—Vertical-plane radiation patterns of a 10/21-MHz 
open-sleeve vertical antenna on a perfect ground plane. 
At 10.1 MHz the maximum gain is 5.09 dBi, and 5.75 dBi at 
21.2 MHz, 


antenna mode and transmission-line mode impedance become 
arly equal again, and the central monopole again carries a 
cant portion of the antenna current. The radiation from 
the top 2/2 combines constructively with the radiation from 
the 2/4 sleeve elements to produce gains of up to 3 dB more 
than just a quarter-wave vertical element alone. 

of 3.2:1 produce higher level 
-pt for narrow 
ithe even ratios of 4:1, 6:1, 8:1, etc. These are wher 
ral monopole is an even multiple of a half-way: 
and the antenna-mode impedance is too high to allow much 


antenna-mode current. 

Up to this point, it has been assumed that only 2/4 reso- 

nance could be used on the sleeve elements. The third, filth, 

‘and seventh-order resonances of the sk 

central monopole element can be used, butt 

patterns normally consist of high-elevation lobes, and the 
ss than that of a 2/4 vertical 


gain on the horizon is, 


Practical Construction and Evaluation 

The opei ¢ antenna lends itself very easily to 
home construction. For the open-sleeve vertical antenna, 
only a feed-point insulator and a good supply of aluminum 
tubing are needed. No special traps or matching networks are 
required. The open-sleeve vertical can produce up to 3 dB 


more gain than a conventional 3/4 vertical. Further, there isno 
reduction in bandwidth, because there are no loading coils. 

‘The open-sleeve design can also be adapted to horizontal 
dipole and beam antennas for HF, VHF and UHF. A good 
example of this is Telex/Hy-Gain's Explorer 14 triband beam 
which utilizes an open sleeve for the 10/15-meter driven ele- 
ment. The open-sleeve antenna is also very easy to model in 
computer programs such as NEC and MININEC, because 
of the open tubular construction and lack of traps or other 
intricate structures. 


In conclusion, the open-sleeve antenna is an antenna 
experimenters delight. Ibis not difficult to match or construct, 
‘and it makes an ideal broadband or multiband antenna. 


The Coupled-Resonator Dipole 


A variation of the open-sleeve system above is the 
coupled-resonator system described by Gary Breed, K9AY, 
in an article in The ARRL Antenna Compendium, Vol 5, 
entitled “The Coupled-Resonator Principle: A Flexible 
‘Method for Multiband Antennas.” The following is con- 
densed from that article, 

In 1995, QST published two antenna designs that use 
an interesting technique to get multiband coverage in one 
antenna. Rudy Severns, NOLF, described a wideband 80 and 
‘75-meter dipole using this technique, and Robert Wilson, 
ALTKK, showed us how to make a three-band vertical. 
Both of these antennas achieve multi-frequency operation 
by placing resonant conductors very close to a driven dipole 
or vertical—with no physical connection. 


The Coupled-Resonator Principle 

As we ll know, nearby conductors can interact with an 
antenna. Our dipoles, verticals and beams can be affected by 
-arby power lines, rain gutters, guy wires and other metallic 
‘materials, The antennas designed by Severns and Wilson use 
this interaction intentionally, to combine the resonances of 
eral conductors ata single feed point. While other names 
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have been used, I call the behavior that makes these antennas 
work the coupled-resonator (C-R) principle. 
Take a look at Fig 44, which illustrates the general 
idea. Each figure shows the SWR at the feed point of a 
dipole, over a range of frequencies. When this dipole is all 
alone, it will have a very low SWR at its half-wave resonant 
frequency (Fig 44A). Next, if we take another wire or tubing 
conductor and start bringing it close to the dipole, we will 
in the dipole’s SWR at the resonant frequency 


bring this new conductor closer, we reach a point where the 
SWR “bump” has grown to a very deep dip—a low SWR. 
‘We now have a good match at both the original dipole’s 
resonant frequency and the frequency of the new conductor, 
as illustrated in Fig 44C, 

‘We can repeat this proc 
at other frequencies to get a dipole with three, four, five, six, 
‘or more resonant frequencies. The principle also applies to 
verticals, so any reference to a dipole can be considered to 
be valid for a vertical, as well. 

We can write a definition of the C-R principle this 
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Fig 44—AL A, the SWR of a dipole over a wide frequency range. At B, a nearby conductor is just close enough to interact 
with the dipole. At C, when the second conductor is at the optimum spacing, the combination is matched at both 


frequencies. 


way: Given a dipole (or vertical) at one frequency and an 
additional conductor resonant at another frequency, there 
is an optimum distance between them that results in the 
resonance of the additional conductor being imposed upon 
the original dipole, resulting in a low SWR at both resonant 
frequencies. 


‘Some History 

In the late 1940s, the coaxial sleeve antenna was de' 
oped (Fig 45A), covering two frequencies by surrounding 
a dipole or monopole with a cylindrical tube resonant at 
the higher of the desired frequencies. In the 1950s, Gonset 
briefly marketed a two-band antenna based on this design. 
Other experimenters soon determined that two conductors 
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Fig 45—Evolution of coupled-resonator antennas: At A, 
the coaxial-sleeve dipole; at B, the open-sleeve dipole; 
and at C, a coupled-resonator dipole, the most universal 
configuration. 


at the second frequency, placed on either side of the main 
dipole or monopole, would make a skeleton representation of 
acylinder (Fig 45B). This is called the open-sleeve antenna. 
‘The Hy-Gain Explorer tribander uses this method in its driven 
clement to obtain resonance in the 10-meter band. Later on, 
a few antenna developers finally figured out that these extra 
conductors did not need to be added in pairs, and that a single 
conductor at each frequency could add the extra resonances 
(Fig 45C). This is the method used by Force 12 in some of 
their multiband antennas. 

This isa perfect example of how science works. A spe- 
cific idea is discovered, with later developments leading to 
aan underlying general principle. The original coaxial-sleeve 
configuration is the most specific, being limited to two fre- 
quencies and requiring a particular construction method. The 
‘open-sleeve antennais an intermediate step, showing that the 
sleeve idea is not limited to one configuration, 

Finally, we have the coupled-resonator concept, which 
is the general principle, applicable in many different antenna 
configurations, for many different frequency combinations. 
Severns’ antenna uses it with a folded dipole, and Wilson 
uses it with a main vertical that is off-center fed. The author 
KOAY used it with conventional dipoles and quarter-wave 
verticals. Other designers have used the principle more sub- 
Uy, like putting the first director in a Yagi very close to the 
driven element, broadening the SWR bandwidth the same 
way Severns’ design does with a dipole 

Inthe past, most antennas built with this single-conduc- 
tor technique have also been called open-sleeve (or multiple- 
‘open-sleeve) antennas, a term taken from the history oftheir 
development. However, the term sleeve implies that one 
conductor must surround another. This is not really a physical 
or electrical description of the antenna’s operation, therefore, 
KOAY suggests using the term coupled-resonator, which is 
the most accurate description of the general principle 


ALLittle Math 


‘The interaction that makes the C-R principle work is not 
random. It behaves in a predictable, regular manner. K9AY 
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derived an equation that shows the relationship between the 
driven element and the additional resonators for ordinary 
dipoles and verticals: 


logy 2 
Net 954 
Tog;9(D/4) a4) 


where 
d = distance between conductors, measured in wave 
lengths at the frequency of the chosen additional 
resonator 

D= the diameter of the conductors, also in wavelengths 

at the frequency of the additional resonator, 

Eq 4 assumes they are both the same diameter and that 
the feed point impedance at both frequencies is the same asa 
dipole in free space (72 ©) or a quarter-wave monopole over 
perfect ground (36 ). 

‘The equation only describes the impedance due to the 
additional resonator. The main dipole element is always part 
of the antenna, and it may have a fairly low impedance at the 
additional frequency. This is the case when the frequencies 
are close together, or when the main element is operating at 
its third harmonic. At these frequencies, the spacing distanc 
‘must be adjusted so that the parallel combination of dipole 
and resonator results in the desired feed-point impedanes 

K9AY worked out two correction factors, one to cover 
a range of impedances and another for frequencies close 


together. These can be included in the basic equation, which 
is rearranged below to solve for the distant 


conductors: 


between the 


0 SAog (D/A) 20355 4p Al IF Lda 1.3)20.D)) 
109 


(Eq 5 


where 


d and D are the same as above 

Z,=!the desired feed point impedance at the frequency of 
the additional resonator (between 20 and 120 ), For 
a vertical, multiply the desired impedance by two to 
get Zp, If you want a 50-0 feed, use 100.2 for Z, 

the resonant frequency of the main dipole or 

vertical, 

the resonant frequency of the additional conductor. 

The ratio F/F, is more than 1.1 

= 2.7183, the base of natural logarithms. 


Eq 5 does not directly allow for conductors of unequal 
diameters, but it can be used as a starting point if you use 
the diameter of the driven dipole or vertical element for D 
in the equation. 


Characteristics of C-R Antennas 

Here’s the important stuff—what’s different about C-R 
‘antennas, what are they good for and what are their draw- 
backs? The key points a 


‘* Multiband operation without traps, stubs or tuners 


K9AY's Eq 5 above does indeed yield a good “first 
cut’ value for the spacing between coupled-resonator 
tlements. Fig A shows the spacing, in inches, plotted 
against the ratio of frequencies, for two coupled resona- 
tor elements with diferent diameters, again expressed 
im inches. This is for an upper trequency of 28.4 MHz 
Beyond a trequency ratio of about 1.5:1 (28.4:18.1 
MH2), the spacing flattens out toa fixed distance be- 
tween elements for each element diameter. For example, 
if '/p-inch elements are used at 28.4 and 18.1 MHz, the 
spacing between the elements is about 3.75 inches. 

EZNEC verifies Eq 5 computations. Note that a 
large number of segments are necessary for each ele- 
ment when they are clasely spaced from each other, and 
the segments on the elements must be closely aligned 
with each other. Be sure to run the Average Gain test, 
‘8 well as Segmentation tests. The modeler should also 
be aware that f mutually coupled resonators are placed 
‘along a horizontal boom (as they would be on multiband 
YYagis using coupled resonators), the higher-frequency 
elements will act ike retrograde directors, producing 
some gain (or lack of gain, depending on the azimuth 
being investigated), 

For example, in the EZNEC file KOAY C-R 28-21- 
14 MHz 1 In.EZ. using 1-inch diameter elements spaced 
inches apart ifthe 28-MHz element is placed 6 inches 
behind the 14-Mlz driven element (with the 21-MHz 
clement placed 6 inches ahead), on 28 MHz the system 
willhave.a FIB of 2.6 dB, favoring he rearward direc- 
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Fig A—Graph of the spacing versus frequency ratio for 
two Coupled-Resonator elements at 28.4 MHz, for 50-0 
feed-point impedance. 


tion. On 21 MHz, the system will exhibit a FIB of 1.6 dB, 
favoring the forward direction. Of course, there are sys- 
tems where gain and F/B due to the C-R configuration 
may be put to good use, such as the multiband Yagis, 
mentioned above. However, if the elements are spaced 
above/below the 14-MHz driven element there is no 
distortion of the dipole patterns. 
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‘+ Flexible impedance matching at each frequency 

‘* Independent fine-tuning at each frequency (little interac- 
tion) 

* Easily modeled using MININEC or NEC-based pro- 
grams 

Pruning process same as a simple dipole 

Can accommodate many frequencies (seven or more) 

‘Virtually lossless coupling (high efficiency) 

fa separate wire or tubing conductor at each 


‘+ Mechanical assembly requires a number of insulated sup- 
ports, 

‘+ Narrower bandwidth than equivalent dipole 

‘* Capacitance requires slight lengthening of conductors 

‘To begin with, the most obvious characteristic is that this 
principle can be used to add multiple resonant frequencies to 
an ordinary dipole or vertical, using additional conductors 
that are not physically connected. This gives us three variable 
factors: (1) the diameter of the conductor, (2) its length, and 
(3) its position relative to the main element 

Having the freedom to control these factors gives us the 
advantage of flexibility; we have a wide range of control over 
the impedance at each added frequency. Another advantage 
is that the behavior at each frequency is quite independent, 
once the basic design is in place. In other words, making 
fine-tuning adjustments at one frequency doesn't change the 
resonance or impedance at the other frequencies. A final ad~ 
‘vantage is efficiency. With conductors close together, and with 
resonant target conductor, coupling is very efficient. Traps, 
stubs, and compensating networks found on other multiband 
antennas all introduce lossy reactive components. 

There are two main disadvantages of C-R antennas. 
‘The first is the relative complexity of construction. Several 
conductors are needed, installed with some type of insulating 
spacers. Other multiband antennas have their complexities 
as well (such as traps that need to be mounted and tuned), 
but C-R antennas will usually be bulkier. The larger size 
generally means greater windload, which is a disadvantage 
to some hams, 

The other significant disadvantage is narrower band- 
‘width, particularly atthe highest of the operating frequen: 
‘We can partially overcome this problem with large conductors 
that are naturally broad in bandwidth, and in some cases we 
‘might even use an extra conductor to put two resonances in 
‘one band. It is interesting to note that the pattern is opposite 
that of trapped antennas. The C-R antenna gets narrower at the 
highest frequencies of operation, while trap antennas ger 
ally have narrowest bandwidth at their lowest frequencies 

There are two special situations that should be noted, 
First, when the antenna has a resonance near the frequency 
where the driven dipole is 3/2 2 long (3/4 2 for a vertical), 
the dipole has a fairly low impedance. The spacing of the C-R 
clement needs to be increased to raise its impedance so that 
the parallel combination of the main element and C-R ele- 
‘ment equals the desired impedance (usually 50 ©). There is 
also significant antenna current in the part of the main dipole 


extending beyond the C-R section, contributing to the total 
radiation pattern, As a result, this particular arrangement 
radiates as three 2/2 sections in phase, and has about 3 dB 
gain and a narrower directional pattern compared to a dipole 
(Fig 46). This might be an advantage for antennas covering 
bands with a frequency ratio of about three, such as 3.5 and 
10.1 MHz, 7 and 21 MHz, or 144 and 430 MHz. 

‘The other special situation is when we want to add a new 
frequency very close to the resonant frequency of the main 
dipole. An antenna for 80 and 75 meters would be an example 
of this. Again, the driven dipole has a fairly low impedance at 
the new frequency. Add the fact that coupling is very strong 
‘between these similar conductors and we find that a wide spac- 
ing is required to make the antenna work. A dipole resonant at 
3.5 MHz and another wire resonant at 3.8 MHz will need to 
be 3 ord feet apart, while a3.5 MHz and 7 MHz combination 
might only need to be spaced 4 or 5 inches. 

‘Another useful characteristic of C-R antennas is that 
they are easily and accurately modeled by computer programs 
based on either MININEC ot NEC, as long as you stay within 
each program’s limitations, For example, Severns points out 
that MININEC does not handle folded dipoles very well, and 
NEC modeling is required. With ease of computer modeling, 
1 precise answer isn’t needed for the design equation given 
above. An approximate solution will provide a starting point 
that can quickly be adjusted for optimum dimensions. 

‘The added resonators have an effect on the lengths of all 
conductors, due to the capacitance between the conductors. 
Capacitance causes antennas to look electrically shorter, so 
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Fig 46—Radiation pattern for the special case of a 
C-R antenna with the additional frequency at the third 
‘harmonic of the main dipole resonant frequency. 
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cach element needs to be about 1% or 2% longer than 
dipole at the same frequency. As a rule of thumb, use 477/f 
(in feet) instead of the usual 468/f when calculating dipole 
length, and 239/f instead of 234/f for a 2/4 vertical. 


‘A.30/17/12-Meter Dipole 

To show how a C-R antenna is designed, let’s build a 
dipole to cover all three WARC bands. We'll use #12 wire, 
which has a diameter of 0.08 inches, and the main dipole will 
be cut for the 10.1 MHz band. From the equation above, the 
spacing between the main dipole and the 18-MHz resonator 
should be 2.4 inches for 72.Q, or 1.875 inches for 50.0. At 
24.9 MHz, the spacing to the resonator for that band should 
be 2.0 inches for 72.0, or 1.62 inches for 50.0. Of course, 
this antenna will be installed over real ground, not in free 
so these spacing distances may not be exact. Plugging 
e numbers into your favorite antenna-modeling program 
will let you optimize the dimensions for installation at the 
height you choos 

For those of you who like to work with real antennas, 
not computer-generated ones, the predicted spacing is ac~ 
curate enough to build an antenna with minimum trial-and- 
error. You should use nice round number just larger than 
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Fig 47—Dimensions of a C-R dipole for the 30, 17 and 
‘12-meter bands. 


the calculated spacing for 50. For this antenna, K9AY 
decided that the right spacing for the desired height would 
bbe 2 inches for the 18 MHz resonator and 1.8 inches for the 
24.9 MHz resonator. For simplicity of construction, he just 
s for both, figuring that the worst he would get 
‘were a little bit off. Like all 
dipoles, the impedance varies with height above ground, but 
the 2-inch spacing results in an excellent match on the two 
additional bands, at heights of more than 25 fe 

‘The final dimensions of the dipole for 10.1, 18.068 and 
24.89 MHz are shown in Fig 47. These are the final pruned 
lengths for a straight dipole installed at a height of about 
40 feet. If you put up the antenna as an inverted V, you will 
need each wire to be a bit longer. Pruning this type of antenna 
is just like a dipole—if it’s resonant too low in frequenc} 

's too long and the appropriate wire needs to be shortened. 
So, you can cut the wires just a little long to start with and 
easily prune them to resonance. 

‘A final note: if you want to duplicate this antenna design, 
remember that the 2-inch spacing is just for #12 wire! The 
required spacing for a C-R antenna is related to the conductor 
diameter. This same antenna built with #14 wire needs under 
IYinch spacing, while a 1-inch aluminum-tubing version 
requires about 7-inch spacing. 


Summary 
esonator principle is one more weapon in 
the antenna designer's arsenal. It's not the perfect method for 
all multiband antennas, but what the C-R principle offers is 
‘an alternative to traps and tuners, in exchange for using more 
wire or aluminum, Although a C-R antenna requires more 
complicated construction, its main attraction is in making a 
multiband antenna that can be built with no compromise in 
matching or efficiency. 


HF Discone Antennas 


‘The material in this section is adapted from an article by 
Daniel A. Krupp, W8NWF, in The ARRL Antenna Compen- 
dium, Vol 5. The name discone is a contraction of the words 
disc and cone. Although people often describe a discone by its 
design-center frequency (for example, a “20-meter discone”), 
it works very well over a wide frequency range, as much as 
several octaves. Fig 48 shows a typical discone, constructed 
of sheet metal for UHF use. On lower frequencies, the sheet 
metal may be replaced with closely spaced wires and/or 
aluminum tubing. 

The dimensions of a discone are determined by the 
lowest frequency of use, The antenna produces a vertically 
polarized signal at a low-elevation angle and it presents a 
good match for 50-0 coax over its operating range. One 
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advantage of the discone is that its maximum current area is 
near the top of the antenna, where it can radiate away from 
ground clutter. The cone-like skirt of the discone radiat 
the signal—radiation from the disc on top is minimal. This, 
is because the currents flowing in the skirt wires essentially 
all go in the same direction, while the currents in the dis 
elements oppose each other and cancel out. The discone’ 
‘omnidirectional characteristics make it ideal for roundtable 
QSOs or for a Net Control station. 

Electrical operation of this antenna is very stable, with 
no changes due to rain or accumulated ice. It is a self-con- 
tained antenna—unlike a traditional ground-mounted vertical 
radiator, the discone does not rely on a ground-radial system 
for efficient operation. However, just like any other vertical 


Fig 48—Diagram of VHF/UHF discone, using a sheet- 
metal disc and cone. It is fed directly with 50-0 coax 

line. The dimensions L and D, together with the spacing 

'S between the disc and cone, determine the frequency 
characteristics of the antenna. L = 246 / fy, for the lowest 
frequency to be used. Diameter D should be from 0.67 to 
0.70 of dimension L. The diameter at the bottom of the 
cone B is equal to L. The space S between disc and cone 
can be 2 to 12 inches, with the wider spacing appropriate 
for larger antennas. 


antenna, the quality of the ground in the Fresnel area will 
affect the discone’s far-field pattern, 

Both the disc and cone are inherently balanced for wind 
loading, so torque caused by the wind is minimal. The entire 
cone and metal mast or tower can be connected directly to 
ground for lightning protection, 

Unlike a trap vertical or a triband beam, dis 
antennas are not adjusted to resonate at a particular frequenc: 
in a ham band or a group of ham bands. Instead, a discone 
functions as a sort of high-pass filter, efficiently radiating RF 
all the way from the low-frequency design cutoff to the high- 
frequency limits imposed by the physi 

While VHF discones have been available out-of-the- 
box for many years, HF discones are rare indeed. Some 
articles have dealt with HF discones, where the number of 
disc elements and cone wires was minimized to cut costs or 
to simplify construction. While the minimalist approach is 
fine if the sought-after results really are obtained, WSNWF 
believes in building his discones without compromise. 


History of the Discone 

The July 1949 and July 1950 issues of CQ magazine 
both contained excellent articles on discones. The first ar- 
ticle, by Joseph M. Boyer, WOUYH, said that the discone 
was developed and used by the military during World War 
I, (Sce Bibliography.) The exact configuration of the top 
disc and cone was the brainchild of Armig G. Kandonian, 
Boyer described three VHF models, plus information on 
how to build them, radiation patterns, and most importantly, 
a detailed description of how they work. He referred to the 


discone as a type of “coaxial taper transformer.” 
‘The July 1950 article was by Mack Seybold, W2RYL 
He described an I1-MHz version he built on his garage roof 
‘The mast actually fit through the roof to allow lowering the 
‘antenna for service. Seybold stated that his 11-MHz discone 
would load up on 2 meters but that performance was down 
10 dB compared to his 100-MHz Birdcage discone. H 
mented that this was caused by the relatively large spacing 
between the dise and cone, Actually, the performance degra- 
dation he found was caused by the wave angle lifting upward 
at high frequencies. The cone wires were electrically long, 
causing them to act like long wire antennas. See Fig 49. 


WS8NWF's First Discone: the A-Frame Discone 


‘The first discone was one designed to cover 20 through 
10 meters without requiring an antenna tuner, The cone as- 
sembly uses 18-foot long wires, with a 60° included apex 
angle and a 12-foot diameter disc assembly. See Fig $0 and 
Fig 51. The whole thing was assembled on the ground, with 
the feed coax and all guys attached. Then with the aid of 
some friends, it was pulled up into position. 

‘The author used a 40-foot tall wooden “A-frame” mast, 
made of three 22-foot-long 2 x 4s, He primed the mast with 
sealer and then gave it two coats of red barn paint to make 
it look nice and last a long time. The disc hub was a 12-inch 
length of 3-inch schedule-40 PVC plumbing pipe. The PVC 
is very tough, slightly ductile, and easy to drill and cut. PVC 
is well suited for RF power at the feed point of the antenna, 

Three 12-foot by 0.375-inch OD pieces of 6061 alu- 
minum, with 0.058-inch wall thickness, were used for the 
12-foot diameter top disc. These were cut in half to make the 
center portions of the six telescoping spreaders. Four twelve 
foot by 0.250-inch OD (0.035-inch wall thickness) tubes were 
cut into 12 pieces, each 40 inches long. This gave extension 
tips for each end of the six spreaders. 

See Fig 52 for details on the disc hub assembly. 
WSNWF started by drilling six holes straight through the 
PVC for the six spreaders, accurately and squarely, starting 


Fig49—Computed elevation plot over average ground for 
W8NWF's small discone at 146 MHz, ten times its design 
frequency range. The cone wires are acting as long-wire 
antennas, distorting severely the low-elevation angle 
response, even though the feed-point impedance is close 
10509. 
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Fig 50—Photo of WNWF's original 
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“about two inches down from the top and spaced radially every 
30°. Each hole is 0.375 inches below the plane of the previous 
one. Take great care in drilling—a poor job now will look 
bad from the ground up for a long time! It’s a good idea to 
make up a paper template beforehand. Tape this to the PVC 


fit with the elements. If you goof, start over with a new pie 
of PVC—it’s cheap. 
Each six-foot spreader tube was 


clements mechanically and electrically. A two-foot long by 
Yeinch OD wooden dowel was inserted into the middle of 
ceach six-foot length of tubing. The dowel added strength and 
also prevented crushing the element when the nuts on the 
threaded rod were tightened 

Insert the 40-inch long extensions four inches into each 
end of the six-foot spreaders. Mark and drill holes to pin the 
telescoping tips, plus holes big enough to clear #18 soft-drawn 
copper wire. This was for the inner circumferential wire for 
the disc. Drill a single hole for #18 wire about % inch from 

ch extension clement tip, through which passes the outer 
circumferential wire, Finally, insert all 6-foot elements into 
the PVC hub and line up the holes in 
the center so the brass rod could be 
inserted through the middle to se 
the elements 
The next step is to “chisel to 
fit” the top of my wooden mast to 
$5 cd oes allow the PVC to slide down on 
60° oper once it about six or seven inches. For 
a convenience, place the whole mast 
assembly in a horizontal position on 
top of two clothesline poles and one 
7 aes stepladder. 
Oe orhie Place the disc head assembly 
/ over the top of the mast, but don’t 
/ secure it yet. This allows for rota- 
tion while adding the dise spreader 
extensions. A tip for safety: ie whit 
pieces of cloth to the ends of el 
ments near eye level, Just remember 
to remove them before raising the 
antenna, 

For a long-lasting installation, 
use an anti-corrosion compound, 
such as Penetrox, when assembling 
the aluminum antenna elements 


As the extensions are added, secure 
them in the innermost of the two holes 
of #18 wire. Then 
run a wire through the remaining 
holes looping each element as you go. 


ives added support laterally to 


Fig 51—Detalled drawing of the A-frame discone for 14 to 30 MHz. The disc 
assembly at the top of the Is 12 feet in diameter. There are 45 cone 
wires, each 18 feet long, making a 60° included angle of the cone. This antenna 
works very well over the design frequency range. 
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lements. Next add a #18 wire to 
the tips of the extensions in the same 
fashion. This provides even more 
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Fig 52—Details of the top hub for 
the A-frame discone. The three-inch 
PVC pipe was drilled to hold the six 
spreaders making up the top disc. 
Connections for the shield of the 
feed coax were made to the disc. 

The coax center conductor was 
connected to the cone-wire assembly 
by means of a loop of #12 stranded 
wire encircling the outside of the 
PVC hub. 


} Sug ft insse PHC, 


physical stability as well as making electrical connections. 
Next, pin the PVC disk hub to the wooden mast with 
1 Yinch threaded rod. This is also the point where the cone 
‘wires are attached, using a loop of #12 stranded copper wire 
around the PVC. Solder each cone wire to this loop, together 
with the coax shield braid. Make sure the loop of #12 wire 
is large enough to make soldering possible without burning 
the PVC with the soldering iron. 
Connect the coax center conductor to the dise assembly 
scuring it with the same 6-32 threaded rod that tis all the 
ements together. Make sure to use coax-seal compound 
‘moisture out of the coax. The coax is then fed down 
the mast and secured in a few places to provide strain relief 
and to keep it out ofthe way of the cone wires, 
Use two sets of three guy wires. Break these up with 
gg insulators, just to be sure there won't be any interaction 
‘with the antenna, Use 45 wires of #18 soft-drawn copper wire 


for the cone, 18 feet long each. Cut them a litle Iong so they 
can be soldered to the connecting loop. 

AA difficult task is now at hand—keeping all the cone 
wires from getting tangled! Solder each of the 4 
to the loop of #12 wire, spacing each wire about inch from 
the last one for an even distribution all the way around. 

‘The cone base is 18 feet in diameter to provide a 60° 
included angle. At the base of the cone, use five 12-foot long 
aluminum straps, I inche wide by % inch thick, overlapping 
8% inches and fastened together with aluminum rivets. Drill 
holes along the strap every 15 inches to secure the cone 

‘Make sure to handle the aluminum strap carefully whil 
fastening the cone wire ends: too sharp of a bend could 
possibly break it. Fasten six small-diameter nylon lines to 
the cone-base aluminum strap to stabilize the cone. Thes 
ccone-guys share the same guy stakes as the mast guy lines. 
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Temperature flow 


This aspect takes a bit more understanding, but with practice you’ll soon understand 
how temperature flows within a workpiece being soldered and how you have to harness it 
properly. After ensuring all parts are clean and the soldering iron is ready to go, the next 
step to successful soldering requires that the temperature of all the parts is raised to 
roughly the same level, before solder can be applied. 


Imagine the most basic task of soldering a simple resistor onto a printed circuit 
board: the copper p.c.b. and the resistor lead should both be heated fogether so that the 
solder will flow readily over the joint. Later I’ll show the precise stages step by step. 


A beginner will often mistakenly just heat one part of the joint (e.g. a resistor’s wire 
protruding through a printed circuit board) and hope that the resultant “blob” of solder will 
be enough to tack everything together. That’s completely wrong, because the remaining 
metal in the joint is cold when molten solder is flooded on to it. The joint will be weak, 
incomplete or unreliable. Flux will not have flowed properly either, so the joint could be 
contaminated internally. 


Another beginner’s mistake is to use a soldering iron to carry blobs of molten solder 
over to the joint, as if to daub solder over it. The secret of success is to control the iron 
accurately and apply the hot tip onto the workpiece so that it’s in contact with all the 
parts. Within a fraction of a second, heat will conduct from the iron and raise the 
temperature of the entire joint, after which solder can be melted over it. Remove the iron 
and let the joint cool naturally. It takes some practice with your chosen soldering iron tip 
to obtain the best heating action, making sure the tip is clean and tinned properly to begin 
with. 


‘After cutting the nylon lines, heat the frayed ends of 
‘with a small lame to prevent unraveling. Apply several c 
of clear protective spray to the disk head assembly, after 
checking that all hardware is tight. A rain cap at the top of 
the PVC dise hub completes construction, 


Putting It All Up 

‘You are going to need a lot of help now to raise t 
tenna. Have the whole process fully thought out before trying 
to raise it. You should have the spot selected for the base of 
the mast and some pipes driven into the ground to prevent 
the mast from slipping sidewa 


‘mast center. Of course, the guys should have been cut to the 
correct length, with some extra. Be sure the coax transmission 


line will come off the mast where 


should. A long length 
Of rope to an upper and lower guy line is used to pull up the 
whole works, 

The author used an old trick of standing an exten 
sion ladder vertically near the antenna base with the pull 
lines looped over the top rung to get a good lift angle. The 
weight added to the mast from the antenna disc assembly 
and cone wires is about 26 pounds, most of it from the cone 
assembly. Use two strong people to pull up the antenna 
slowly so that the other helpers on the guy wires and cone 
‘guy lines have time to move about as required. As the antenna 
rises to the vertical position, if there are no snafus, the guy 
lines can be secured. Then tie the six cone lines to stakes. 


A Really Big Discone 

‘When an opportunity arose to buy 
a64-foot self-supporting TV tower, the 
author jumped at the chance to imple- 
‘ment a full 7 to 30-MHY discone. Hi 
new tower had eight sections, each 
eight feet long. Counting the overlap 
between sections, the cone wires would 


come off the tower at about the 61.5 
foot mark. 

WSNWF took some liberti 
with the design of this larger discone 
compared to the first one, which he 
had done strictly “by the book.” The 
first change was to make the cone 
wires 70 feet long, even though the 
formula said they should be 38 feet 
long. Further, the cone wires would not 
be connected together at the bottom. 
With the longer cone wires, he felt that 
75 and 80-meter operation might be a 
possibility 


Fig 53—The large W8NWF discone, 
designed for operation from 7 to 
14 MHz, but useable with a tuning 
network in the shack for 3.8 MH2. 


‘The second major change was to widen the apex angle 
‘out from 60° to about 78°. Modeling said this should produce 
a flatter SWR over the frequency spectrum and would also 
give a better guy system for the tower. 

‘The topside disc assembly would be 27 feet in diameter 
‘and have 16 radial spreaders, using telescoping aluminum 
lubing tapering from % to '4 to % inches OD. All spread- 
xs were made from 0.058-inch wall thickness 6063-T832 
aluminum tubing, available from Texas Towers. A section 
of 10-inch PVC plumbing pipe would be used as the hub for 
construction of the dise assembly. 


Construction Details for the Large Discone. 

While installing the tower, the author had left the top 
seotion on the ground. This allowed him to fit the dise head 
assembly precisely to it. Fig 53 shows the overall plan for the 
large discone. The 10-inch diameter PVC hub was designed 
to slip over the tower top section, but was alittle too large. So 
set of shims was installed on the three legs at the top of the 
tower for a just-right fit, Drilling the PVC pipe for the eight 
%-inch OD elements was started about an inch down from the 
top. WSNWF purposely staggered the drilled hole: 

smaller antenna, S 


used to strengthen the Y-inch center portion of each spreader. 
Instead of using a loop of #12 wire for connecting the cone 
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Fig 54—Photo showing details of the hub assembly for 
the large discone, including the threaded brass rod that 
connects the radial spreaders together. The 10-inch PVC 
pipe Is drilled to accommodate the radial spreaders. Each 
spreader is reinforced with a three-foot long wooden 
dowel inside for crush resistance. Note the row of holes 
drilled below the lowest spreader. Each of the 36 cone 
wire passes through one of these holes. 


that the PVC hub would not be weakened appreciably. He 
drilled the circles of holes for the cone wires about 6 inches 
below the disc spreaders. 

He prepared a three-foot long piece of RG-213 coax, 
permanently fastened on one end to the antenna, with a female 
type-N connector at the other end. Type-N fittings were used 
because of their superior waterproofing abilities. The coax 
center lead was connected with a terminal lug under a nut 
on the brass threaded rod securing the disc spreaders. The 
coax shield braid was folded back over a six-inch long cop- 
per pipe and clamped to it with a stainless 
See Fig $5 for details. 


Fig 5$—Details of the copper pipe slipped over the feed 
coax. The coax shield has been folded back over the 
copper pipe and secured with two stainless-steel hose 
clamps. The cone wires are also laid against the copper 
pipe and secured with additional hose clamps. 


‘The plan was that after the top disc assembly had been 
hoisted up and attached at the top ofthe tower, individual cone 
wires would be fed, one at a time, through the small hol 
drilled in the PVC. They were to be laid against the copper 
pipe and secured with stainless-steel hose clamps. 

‘The % and Y-inch OD spreader extension tips were 
secured in place with two aluminum pop-rivets at each joint. 
Again, the author used anti-oxidant compound on all spreader 
junctions. He drilled a hole horizontally near the tip of each 
cinch tp all around the perimeter to allow a #8 aluminum 
Wire to circle the entire disc. A small stainless-steel sheet- 
metal screw was threaded into the end of each element to 


secure the wire. 
In parallel with the aluminum wire, 


length of small-diameter black Dacron 
line was nun, securing it in a couple of 
places between each set of spreaders 
with UV-resistant plastic tie-wraps. The 
reason for doing this was to hold the 
aluminum wire in position and to prevent 
it from dangling, in case it should break 
some years in the future. Two coats of 
clear protective spray were applied for 
protection. 

A truss system helps prevent the 
disc from sagging due to its own weight. 
See Fig $6 for details. This shows the 
completed disk assembly mounted on the 


Fig 56—Photo of the spreader hub 
assembly, showing the truss ropes 
above and below the radial spreaders. 
This Is a very rugged assembly! 
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Fig 57—Photo showing some of the 
fence posts used to hold individual 
cone wires to keep them off the ground 
and out of harm's way. The truck in 

the background is carting away the 
A-frame discone for installation at 
KABUNO’s QTH. 


top of the tower. A 3-foot length of 2-inch PVC pipe was used 
for a truss mast above the disc assembly, notching the bottom. 
Of the pipe so that it would form a saddle over the top couple 
of spreaders. This gave a good foothold. He cut a circle of 
thin sheet aluminum to fit over the 10-inch PVC to serve as 
arain cap. The cap has a hole in the center for the two-inch 
PVC truss mast to pass through, thereby holding it down tight, 
‘The author sprayed a few light coats of paint over the PVC 
for protection from ultraviolet radiation from the sun. 

Sixteen small-diameter black Dacron rop 
nected at the top of the truss support mast, with the other ends 
fastened to the dise spreaders, halfway out. Another rain cap 
‘was added to the top of the two-inch PVC truss mast. Eight 
lengths of the same small diameter Dacron rope were added 
halfway out the length of every other spreader. These ropes 
are meant to be tied back to the tower, to prevent updrafts 
from blowing the ‘sembly upwards. Small egg insula- 
tors were used near the spot where the eight bottom trusses 
were tied to the dise spreaders, just to be sure there would 
be no RF leakage in rainy weather. 

Hoisting the completed disc assembly to the top of the 
tower can be done easily, with the assistance of at least two 
others. The trickiest part is to get the disc assembly from 
its position sitting flat on the ground to the vertical position 
needed for hoisting it up the tower without damaging it. The 


disc assembly weighs about 35 pounds. Someone at the top 
of the tower will receive the disc as it is hoisted up by gin 
pole, and can mount it on the tower top. 

‘You should prepare three 6-foot long metal braces going 
over the outside of the PVC to fasten to the tower legs. They 
really beef things up. 


tion pipe buried between the house and 


to the shack. For cone wires, he was able to obtain some 
#18 copperclad stee! wire, with heavy black insulation that 
looked a lot like neoprene. The cone system takes a lot of 
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wire: 36 « 70 feet = 2520 feet, plus some extra at each end 
for termination. You'd be well advised to look around at 
hhamfests to save money. 

‘seach cone wire was connected at the top of the ower, 
‘ahelper should place the other end at its proper spot below. 
‘The lower end of each cone wire is secured to an insulator 
screwed into a fencepost. See Fig $7. There are 36 treated- 
pine fenceposts, each standing about 51 feet tall, 45 feet from 
the tower base to hold the lower end of the cone wires. This 
makes mowing the grass easier and the cone wires are less 
likely to be tripped over too. 

(On the final trip down the tower, the eight Dacron 
downward-truss lines were tied back to the tower about 6 feet 
‘below the dise assembly. The author's tower has three ground 
rods driven near the base, connected with heavy copper wire 
to the three tower legs. 


Fig 58—Computed patterns showing elevation response 
of small discone at 28.5 MHz compared to that of the 
larger discone at 28.5 MHz. The cone wires are clearly 
too long for efficient operation on 10 meters, producing 
unwanted high-angle lobes that rob power from the 
desirable low-elevation angles. 


Performance Tests 

(On the air tests proved to be very satisfying. Loading up 
‘on 40 meters was easy—the SWR was I:1 across the entire 
band, W8NWF can work all directions very well and receiv 
excellent signal reports from DX stations. When he switches 
to his long (333 foot) center-fed dipole for comparison, he 
finds the dipole is much noisier and that received signals, 
are weaker. During the daytime, nearby stations (less than 
about 300 to 500 miles) can be louder with the dipole, but 
the discone can work them just fine also. 

‘The author happily reports that this antenna even works 
well on 75 meters. As you might expect, it doesn’t present 
a 1:1 match. However, the SWR is between 3.5:1 and 5.5:1 
across the band. WSNWF uses an antenna tuner to operate 
the discone on 75. It seems to get out as well on 75 as it does 
on 40 meters. 

‘The SWR on 30 meters is about 1.1:1.On 20 meters the 
SWR runs from 1.05:1 at 14.0 MHz to 1.4:1 at 14.3 MHz. 
‘The SWR on the 17, 15, 12 and 10-meter bands varies, going 
up to ahigh of 3.5:1 on 12 meters, 


Radiation Patterns for the Discones 

From modeling using NEC/Wires by K6STI, W8NWF 
verified that the low-angle performance for the bigger antenna 
is worse than that for the smaller discone on the upper fre- 
quencies. See Fig §8 for an elevation-pattern comparison on 
10 meters for both antennas, with average ground constants. 
‘The azimuth patterns are simply circles. Radiation patterns 
produced by antenna modeling programs are very helpful to 
determine what to expect from an antenna. 

The smaller discone, which was built by the book, 
displays good, low-angle lobes on 20 through 10 meters. 
‘The frequency range of 14 through 28 MHz is an octave’s 
worth of coverage. It met his expectations in every way by 
covering this frequency span with low SWR and a low angle 
of radiation. 


‘The bigger discone, with a modified cone suitable for 
use on 75 meters, presents a little different story. The low= 
angle lobe on 40 meters works well, and 75-meter perfor- 
mance also is good, although an antenna tuner is necessary 
on this band. The 30-meter band has a good low-angle lobe 


Fig 59—Computed elevation-response patterns for the 
larger WENWF discone for 3.8, 7.2 and 21.2 MHz operation. 
‘Again, as in Fig 58, the pattern degrades at 21.2 MHz, 
although it is still reasonably efficient, if not optimal. 


but secondary high-angle lobes 
mance. Note that 30 meters is roughly three tim 


tarting to hurt perfor- 
the design 


frequency of the cone. On 20 and 17 meters there still are 
‘good low-angle lobes but more and more power is wasted in 
high-angle lobe: 

‘The operation on 15, 12, and 10 meters continues to 
worsen for the larger discone. The message here is that 
a decent SWR as high as 10 


although a discone may have 
times the design frequency, 
sarily good for low-angle 
comparison of elevation patterns for 3.8, 7.2 and 21.2 MHz 
on the larger discone. 

A discone antenna built according to formula will work 
predictably and without any adjustments, One can modify the 
‘antenna’s cone length and apex angle without fear of render- 
ing it useless. The broadband feature of the discone makes it 
attractive to use on the HF bands. The low angle of radiation 
makes DX a real possibility, and the discone is also much 
less noisy on receive than a dipole. 

Probably the biggest drawback to an HF discone is, 
bulky size. There is no disguising this antenna! Howev 


if 
you live in the countryside you should be able to put up a 
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Harmonic Radiation from Multiband Antennas 


Since a multiband antenna is intentionally designed for 
operation on a number of different frequencies, any harmonics 
or spurious frequencies that happen to coincide with one of the 
antenna resonant frequencies will be radiated with very litte, if 
any, attenuation. Particular care should be exercised, therefore, 
to prevent such harmonics from reaching the antenna, 

‘Multiband antennas using tuned feeders have a certain 
inherent amount of built-in protection against such radiation, 
since it is nearly always necessary to use a tuned coupling 
circuit (antenna tuner) between the transmitter and the feeder. 
This adds considerable selectivity to the system and helps to 
discriminate against frequencies other than the desired one. 

‘Multiple dipoles and trap antennas do not have this, 
feature, since the objective in design is to make the antenna 
show as nearly as possible the same resistive impedance in 
all the amateur bands the antenna is intended to cover. It is 
advisable to conduct tests with other amateur stations to de- 
termine whether harmonics of the transmitting frequency can 
be heard at a distance of, say, a mile or so. If they can, more 
selectivity should be added to the system since a harmonic 
that is heard locally, even if weak, may be quite strong at a 
distance because of propagation conditions. 
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Multielement Arrays 


‘The gain and directivity offered by an array of elements, 
represents a worthwhile improvement both in transmitting 
and receiving. Power gain in an antenna is the same as an 
equivalent increase in the transmitter power. But unlike 
increasing the power of your own transmitter, antenna gain 
works equally well on signals received from the favored 
direction. In addition, the directivity reduces the strength of 
signals coming from the directions not favored, and so helps 
discriminate against interference. 

(One common method of obtaining gain and directivity 
is to combine the radiation from a group of 2/2 dipoles to 
concentrate it in a desired direction. A few words of explana- 
tion may help make it clear how power gain is obtained. 

In Fig I, imagine that the four circles, A, B, C and D, 
represent four dipoles so far separated from each other that 
the coupling between them is negligible. Also imagine that 
point P is so far away from the dipoles that the distance from 
Ptocach one is exactly the same (obviously P would have to 
‘be much farther away than it is shown in this drawing). Under 
these conditions the fields from all the dipoles will add up at 
P if all four are fed RF currents in the same phase. 

Let us say that a certain current, I, in dipole A will 
produce a certain value of field strength, E, at the distant 
point P, The same current in any of the other dipoles will 
produce the same field at P. Thus, if only dipoles A and B 
are operating, each with a current I, the field at P will be 2E. 


‘1—Fields from separate antennas combine at a distant 
point, P, to produce a field strength that exceeds the field 
produced by the same power in a single antenna. 


With A, B and C operating, the field will be 3E, and with all 
four operating with the same I, the field will be 4E. Since 
the power received at P is proportional to the square of the 


field strength, the relative power received at P is 1, 4, 9 or 
16, depending on whether one, two, three or four dipoles 
are operating. 


Now, since all four dipoles are alike and there is no 
coupling between them, the same power must be put into 
cach in order to cause the current I to flow. For two dipoles 
the relative power input is 2, for three dipoles it is 3, for 
four dipoles 4, and so on. The actual gain in each case is the 
relative received (or output) power divided by the relative 
input power. Thus we have the results shown in Table 1 
‘The power ratio is directly proportional to the number of 
elements used. 

It is well to have 
which this relationship is true: 

1) The fields from the separate antenna elements must 
be in-phase at the receiving point. 

2) The elements are identical, with equal currents in 
all elements. 

3) The elements must be separated in such a way that 
the current induced in one by another is negligible; that is, 
the radiation resistance of each element must be the same as 
it would be if the other elements were not there. 

Very few antenna arrays meet all these conditions 
exactly. However, the power gain of a directive array using 
dipole elements with optimum values of element spacing 
is approximately proportional to the number of elements. 


arly in mind the conditions under 


Table 1 
Comparison of Dipoles with Negligible Coupling 
(See Fig 1) 


Relative Relative Gain 
Output — Input Power in 
Dipoles Power Power Gain. «dB 
Aonly 1 1 1 0 
Rand B 4 2 2 3 
A.BandC 9 3 3 48 
AB,CandD 16 4 4 6 
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Another way to say this is that a gain of approximately 3 dB 
will be obtained each time the number of elements is doubled, 
assuming the proper element spacing is maintained. Itis pos 
sible, though, for an estimate based on this rule to be in error 
by aratio factor of two or more (gain error of 3 dB or more), 
especially if mutual coupling is not negligible 


DEFINITIONS 

‘An element in a multi-element directive array is usu- 
ally a 2/2 radiator or a 2/4 vertical element above ground, 
‘The length is not always an exact electrical half or quarter 
wavelength, because in some types of arrays it is desirable 
that the element show either inductive or capacitive reactance. 
However, the departure in length from resonance is ordinarily 
small (not more than 5% inthe usual case) and so has no ap 
preciable effect on the radiating properties ofthe clement. 

Antenna elements in multi-clement arrays of the type 
considered in this chapter are always either parallel, as in 
Fig 2A , or collinear (end-to-end), as in Fig 2B. Fig 2Cshows 
an array combining both parallel and collinear elements. The 
‘elements can be either horizontal or vertical, depending on 
whether horizontal or vertical polarization is desired. Except 
for space communications, there is seldom any reason for 
mixing polarization, so arrays are customarily constructed 
With all elements similarly polarized. 

A driven element is one supplied power from the 
transmitter, usually through a transmission line. A parasitic 
‘element is one that obtains power solely through coupling 
to another element in the array because of its proximity to 
such an element 

A driven array is one in which all the elements are 
driven elements. A parasitic array is one in which one or 
more of the elements are parasitic elements. At least one 
clement must be a driven element, since you must somehow 
introduce power into the array. 

‘A broadside array is one in which the principal direc 
tion of radiation is perpendicular tothe axis of the array and 
to the plane containing the elements, as shown in Fig 3. The 
elements of a broadside array may be collinear, asin Fig 3. 
or parallel (two views in Fig 3B), 

‘An end-fire array is one in which the principal direction 


me) fray 


of radiation coincides with the direction of the array axis, 
‘This definition is illustrated in Fig 4. An end-fire array must 
consist of parallel elements. They cannot be collinear, as 1/2 
elements do not radiate straight off their ends. A Yagi is a 
familiar form of an end-fire array. 

‘A bidirectional array is one that radiates equally well 
in either direction along the line of maximum radiation. A 
bidirectional pattern is shown in Fig 5A. A unidirectional 
arrays one that has only one principal direction of radiation, 
as the pattern in Fig SB shows. 

The major lobes of the directive pattern are those in 
which the radiation is maximum. Lobes of lesser radiation 
intensity are called minor lobes. The beamwidth of a directive 
antenna is the width, in degrees, of the major lobe between the 
two directions at which the relative radiated power is equal to 
one half its value at the peak of the lobe. At these half-power 
points the field intensity is equal to 0.707 times its maximum, 
value, or in other words, is down 3 dB from the maximum, 
Fig 6 shows a lobe having a beamwidth of 30°. 

Unless specified otherwise, the term gain as used in this 


Director of 
Maw Radlton 
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Fig 3—Representative broadside arrays. At A, collinear 
‘elements, with parallel elements at B. 
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Fig 2—At A, parallel and at B, collinear antenna elements. 
‘The array shown at C combines both parallel and collinear 
elements. 
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including both parallel and collinear elements. 


section is the power gain over an isotropic radiator in free 
space. The gain can also be compared with a 2/2 dipole of the 
same orientation and height as the array under discussion and 
having the same power input. Gain may either be measured 
experimentally or determined by calculation. Experimental 
measurement is difficult and often subject to consider- 
able error, for two reasons. First, errors normally occur in 
measurement because the accuracy of simple RF measuring 
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/e pattern. These drawings also 
jon of the terms major and minor to 


Fig 6—The width of a beam is the angular distance 
between the directions at which the received or 
transmitted power is half the maximum power (3 dB). 
Each angular division of the pattern grid is 5°. 


equipment is relatively poor—even high-quality instruments, 
suffer in accuracy compared with their low-frequency and de 
counterparts. And second, the accuracy depends considerably 
on conditions—the antenna site, including height, terrain 


characteristics, and surroundings—under which the measure- 
‘ments are made, 

Calculations are frequently based on the measured or 
theoretical directive patterns of the antenna (see Chapter 2), 
‘The theoretical gain of an array may be determined approxi- 
mately from: 


G = 10 log 41253 


ty 8y (Eq 1) 
where 

G = decibel gain over a dipole in its favored direction 

64; = horizontal half-power beamwidth in degrees 

Gy = vertical half-power beamwidth in degrees. 

‘This equation, strictly speaking, applies only to loss 
antennas having approximately equal and narrow E- and H- 
plane beam widths—up to about 20°—and no large minor 
lobes. The E and H planes are discussed in Chapter 2. The 
error may be considerable when the formula is applied to 
simple directive antennas having relatively large beam widths. 
‘The error is in the direction of making the calculated gain 
larger than the actual gain. 

Front-to-back ratio (FIB) is the ratio of the power 


radiated in the favored direction to the power radiated in 
the opposite direction. See Chapter 11 for a discussion of 
front-to-back ratio, and its close cousin, worst-case front 
to-rear ratio. 


Phase 
‘The term phase has the same meaning when used in 
connection with the currents flowing in antenna elements as 
it does in ordinary circuit work. For example, two currents 
are in-phase when they reach their maximum values, flowing 
in the same direction, at the same instant. The direction of 
current flow depends on the way in which power is applied 
to the element. 

‘This is illustrated in Fig 7. Assume that by some means 


an identical voltage is applied to each of the elements at the 
ends marked A. Assume also that the coupling between the 
elements is negligible, and that the instantaneous polarity of 
the voltage is such that the current is flowing away from the 
point at which the voltage is applied. The arrows show the 
assumed current directions. Then the currents in elements 1 
and 2 are in-phase, since they are flowing in the same dire« 
tion in space and are caused by the same voltage. However, 
the current in element 3 is flowing in the opposite direction 
in space because the voltage is applied to the opposite end. 
of the element, The current in element 3 is therefore 180° 
‘out-of-phase with the currents in elements | and 2. 

‘The phasing of driven elements depends on the direc- 
tion of the element, the phase of the applied voltage, and the 
point at which the voltage is applied. In many systems used. 
by amateurs, the voltages applied to the elements are exactly 
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’ Set a typical temperature of 330-350 °C (626-662 °F) or more, if you have a 
soldering station. 


The melting point of traditional tin-lead solders is about 190°C (374°F) but lead-free 
tin-based solders require higher temperatures, having melting points of typically 201-227 
°C. As Antex reminds us, the melting point is nor the temperature of the soldering iron 
tip: instead you should set a temperature that ensures the solder melts instantly onto the 
tip. Fixed-temperature soldering irons have no adjustability but they'll cope just fine with 
either type of solder. A soldering station usually has a variable control that gives more 
control in different circumstances. In practice the iron tip temperature should be set for 
typically 330-350 °C (626-662 °F) or maybe a little more if using lead-free solder. 


| | | 


Fig 7—This drawing illustrates the phase of currents. 
antenna elements, represented by the arrows. The 
currents in elements 1 and 2 are in phase, while that in 

element 3 is 180° out of phase with 1 and 2. 


in or exactly out-of-phase with each other. Also, the axes of 
the elements are nearly always in the same direction, since 
parallel or collinear elements are invariably used. The cur- 
rents in driven elements in such systems therefore are usually 
either exactly in or exactly out-of-phase with the currents in 
other elements. 

Itis possible to use phase differences of less than 180° 
in driven arrays. One important case is where the current in 
‘one set of elements differs by 90° from the current in another 
set. However, making provision for proper phasing in such 
systems is considerably more complex than in the case of 
simple 0° or 180° phasing, as described in a later section of 
this chapter. 

In parasitic arrays the phase of the currents in the 
parasitic elements depends on the spacing and tuning, as 
described later. 


Ground Effects 

The effect of the ground is the same with a directive 
‘antenna as itis with a simple dipole antenna. The reflection 
factors discussed in Chapter 3 may therefore be applied to 
the vertical pattern of an array, subject to the same modifi 
cations mentioned in that chapter. In cases where the array 
elements are not all at the same height, the reflection factor 
for the mean height of the array may be used for a close ap- 
proximation. The mean height is the average of the heights 
measured from the ground to the centers of the lowest and 
highest elements. 


MUTUAL IMPEDANCE 
Consider two 2/2 elements that are fairly close to each 


other. Assume that power is applied to only one element, 
causing current to flow. This creates an electromagnetic field, 
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which induces a voltage in the second element and causes 
current to flow in it as well. The current flowing in element 2 
will in turn induce a voltage in element 1, causing additional 
current to flow there. The total current in | is then the sum 
(taking phase into account) of the original current and the 
induced current. 

With element 2 present, the amplitude and phase of the 
esulting current in element I will be different than if element 
2 were not there. This indicates that the presence of the second 
clement has changed the impedance of the first. This effect is 
called mutual coupling. Mutual coupling results in a mutual 
impedance between the two elements. The mutual impedan 
has both resistive and reactive components. The actual impe 
ance of an antenna element is the sum of its self-impedan 
(the impedance with no other antennas present) and its mutual 
impedances with all other antennas in the vicinity. 

‘The magnitude and nature of the feed-point impedance 
of the first antenna depends on the amplitude of the current 
induced in it by the second, and on the phase relationship 
between the original and induced currents. The amplitude and 
phase of the induced current depend on the spacing between 
the antennas and whether or not the second antenna is tuned 
to resonance. 

In the discussion of the several preceding paragraphs, 
power is applied to only one of the two elements. Do not 
interpret this to mean that mutual coupling exists only in 
parasitic arrays! It is important to remember that mutual 
coupling exists between any two conductors that are located 
near one another. 


Amplitude of Induced Current 

‘The induced current will be largest when the two anten- 
nas are close together and are parallel. Under these conditions 
the voltage induced in the second antenna by the first, and in 
the first by the second, has its greatest value and causes the 
largest current flow. The coupling decreases as the parallel 
antennas are moved farther apart. 

The coupling between collinear antennas is com- 
paratively small, and so the mutual impedance between such 
antennas is likewise small. Its not negligible, however. 


Phase Relationships 
When the separation between two antennas is an ap- 
preciable fraction of a wavelength, a measurable period of 
time elapses before the field from antenna | reaches antenna 
2. There is a similar time lapse before the field set up by the 
current in number 2 gets back to induce a current in number 
1. Hence the current induced in antenna I by antenna 2 will 
have a phase relationship with the original current in antenna 
I that depends on the spacing between the two antennas. 
‘The induced current can range all the way from be- 
ing completely in-phase with the original current to being 
‘completely out-of-phase with it. Ifthe currents are in-phase, 
the total current is larger than the original current and the 
antenna feed-point impedance is reduced. Ifthe currents are 
out-of-phase, the total current is smaller and the impedan 


is increased, At intermediate phase relationships the imped: 
ance will be lowered or raised depending on whether the 
induced current is mostly in or mostly out-of-phase with the 
original current. 

Except in the special cases when the induced current 
is exactly in or out-of-phase with the original current, the 
induced current causes the phase of the total current to shift 
with respect to the applied voltage. Consequently, the pres 
cence of a second antenna nearby may cause the impedance of 
aan antenna to be reactive—that is, the antenna will be detuned 
from resonance—even though its self-impedance is entire 
resistive. The amount of detuning depends on the m: 
and phase of the induced current. 


‘Tuning Conditions 

A third factor that affects the impedance of antenna 
1 when antenna 2 is present is the tuning of number 2. If 
antenna 2 is not exactly resonant, the current that flows in 
it as a result of the induced voltage will either lead or lag 
the phase it would have if the antenna were resonant. This 
causes an additional phase advance or delay that affects the 
phase of the current induced back in antenna 1. Such a phase 
lag has an effect similar to a change in the spacing between 
self-resonant antennas. However, a change in tuning is not 
exactly equivalent to a change in spacing because the two 
methods do not have the same effect on the amplitude of the 
induced current. 


MUTUAL IMPEDANCE AND GAIN 


The mutual coupling between antennas is important 
because it can have a significant effect on the amount of 
current that will flow for a given amount of power supplied, 
And itis the amount of current flowing that determines the 
ficld strength from the antenna. Other things being equal, if 
the mutual coupling between two antennas is such that the 
currents are greater for the same total power than would be 
the case ifthe two antennas were not coupled, the power gain 
will be greater than that shown in Table 1 

On the other hand, if the mutual coupling is such as to 
reduce the current, the gain will be less than if the antennas 
were not coupled. The term mutual coupling, as used in this 
paragraph, assumes that the mutual impedance between ele- 
ments is taken into account, along with the added effects of 
propagation delay because of element spacing and element 
tuning or phasing. 

The calculation of mutual impedance between antennas 
is acomplex problem. Data for two simple but important cases 
are graphed in Figs 8 and 9. These graphs do not show the mu: 
tual impedance, but instead show a more useful quantity—the 
feed-point resistance measured at the center of an antenna as 
itis affected by the spacing between two antennas. 

As shown by the solid curve in Fig 8, the feed-point 
resistance at the center of either antenna, when the two are 
self-resonant, parallel, and operated in-phase, decreases as 
the spacing between them is increased until the spacing is 
about 0.7 2. This is a broadside array. The maximum gain 
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Fig 8—Feed-point resistance measured at the center of 
‘one element as a function of the spacing between two 
parallel !~ self-resonant antenna elements. For ground- 
‘mounted ‘/-. vertical elements, divide these resistances 
by two. 


is achieved from a pair of such elements when the spacing 
is in this region, because the current is larger for the same 
power and the fields from the two arrive in-phase at a distant 
point placed on a line perpendicular to the line joining the 
‘two antenn: 


‘The dashed line in Fig 8, representing two antennas 
operated 180° out-of-phase (end-fire), cannot be interpreted, 
quite so simply. The feed-point resistance decreases with 
spacing decreasing less than about 0.6 2. in this case. How- 
ever, for the range of spacings considered, only when the 
spacing is 0.5 3 do the fields from the two antennas add up 
exactly in phase at a distant point in the favored direction, 
At smaller spacings the fields become increasingly out-of- 
phase, so the total field is less than the simple sum of the two, 
‘Smaller spacings thus decrease the gain at the same time that 
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Fig 9—Feed-point resistance measured at the center of 
‘one element as a function of the spacing between the 
ends of two collinear self-resonant ‘7. antenna elements 
‘operated in phase. 
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the reduction in feed-point resistance is increasing it. For a 
lossless antenna, the gain goes through a maximum when the 
spacing is inthe region of % 2 

The feed-point resistance curve for two collinear ele 
ments in-phase, Fig 9, shows that the feed-point resistance 
decreases and goes through a broad minimum in the region 
of 04 to 0.6-A spacing between the adjacent ends of the 
antennas. As the minimum is not significantly less than the 
feed-point resistance ofan isolated antenna, the gain will not 
exceed the gain calculated on the basis of uncoupled antennas. 
‘That is, the best that two collinear elements will give, even 
with optimum spacing, is a power gain of about 2 (3 dB). 
‘When the separation between the ends is very small—the 
usual method of operation—the gain is reduced, 


GAIN AND ARRAY DIMENSIONS. 


‘The gain of an array is principally determined by the 
dimensions of the array, so long as there are a minimum num 
ber of elements. A good example of this is the relationship 
between boom length, gain and number of elements for an 
array such as a Yagi. Fig 10 compares the gain versus boom 
length for Yagis with different numbers of elements. For 
given number of elements, notice that the gain increases as the 
oom length increases, up toa maximum. Beyond this point, 
longer boom lengths result in less gain for a given number of 
elements. This observation does not mean that it is always 
desirable to use only the minimum number of elements. Other 
considerations of array performance, such as front-to-back 
ratio, minor lobe amplitudes or operating bandwidth, may 
make it advantageous to use more than the minimum number 
of elements for a given array length. A specific example of 
this is presented in a later section in a comparison between 
ahalf-square, a bobtail curtain and a Bruce array. 

Ina broadside array the gain is a function of both the 
length and width of the array. The gain can be increased by 
adding more elements (with additional spacing) or by using 
longer elements (242), although the use of longer elements 
requires proper attention to current phase in the elements. In 
general, in a broadside array the element spacing that gives 
maximum gain for a minimum number of elements, is in the 
range of 0.5 to 0.7 2. Broadside arrays with elements spaced 
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Fig 10—Yagi gain for 3, 4, 5, 6 and 7-element beams as a 
function of boom length. (From Yagi Antenna Design, 
J Lawson, W2PV,) 


for maximum gain will frequently have significant side lobes 
and associated narrowing of the main lobe beamwidth. Side 
lobes can be reduced by using more than the minimum number 
of elements, spaced closer than the maximum gain distanc: 

‘Additional gain can be obtained by expanding the array 
into a third dimension. An example of this is the stacking 
of endfire arrays in a broadside configuration. In the case 
of stacked short endfire arrays, maximum gain occurs with 
spacings in the region of 0.5 to 0.7 2. However, for longer 
higher-gain end-fire arrays, larger spacing is required to 
achieve maximum gain. This is important in VHF and UHF 
aurays, which often use long-boom Yagis. 


PARASITIC ARRAYS. 


‘The foregoing applies to multi-element arrays of both 
types, driven and parasitic. However, thei special con- 
siderations for driven arrays that do not necessarily apply to 
parasitic arrays, and vice versa. Such considerations for Yagi 
and quad parasitic arrays are presented in Chapters 11 and 12. 
‘The remainder of this chapter is devoted to driven arrays. 


Driven Arrays 


Driven arrays in general are either broadside or end-fire, 
‘and may consist of collinear elements, parallel elements, 
or a combination of both. From a practical standpoint, 
the maximum number of usable elements depends on the 
frequency and the space available for the antenna, Fairly 
elaborate arrays, using as many as 16 or even 32 elements, 
can be installed in a rather small space when the operating 
frequency is in the VHF range, and more at UHE. At lower 
frequencies the construction of antennas with a large number 
of elements is impractical for most amateurs 
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Of course the simplest of driven arrays is one with just 
two elements. If the elements are collinear, they are always 
fed in-phase. The effects of mutual coupling are not great, 
illustrated in Fig 9. Therefore, feeding power to each element 
in the presence of the other presents no significant problems. 
This may not be the case when the elements are parallel to 
cach other. However, because the combination of spacing 
and phasing arrangements for parallel elements is infinite, 
the number of possible radiation patterns is endless. 

‘This is illustrated in Fig 11. When the elements are fed 


in-phase, a broadside pattern always results. At spacings of 
less than % 4 with the elements fed 180° out-of-phase, an 
‘end-fire pattern always results. With intermediate amounts of 
phase difference, the results cannot be so simply stated. Pat- 
terns evolve that are not symmetrical in all four quadrants, 
Because of the effects of mutual coupling between the 
two driven elements, for a given power input greater or lesser 
currents will flow in each element with changes in spacing 
and phasing, as described earlier. This, in tur, affects the 
gain of the array in a way that cannot be shown merely by 
plotting the shapes of the patterns, as has been done in Fig 11 
‘Therefore, supplemental gain information is also shown in 
Fig 11, adjacent to the patter plot for each combination of 
spacing and phasing. The gain figures shown are referenced 
toa single element. For example, a pair of elements fed 90° 
apart at a spacing of 2/4 will have a gain in the direction of 
maximum radiation of 3.1 dB over a single element. 


Current Distribution in Phased Arrays 

In the plots of Fig 11, the two elements are assumed. 
to be identical and self-resonant. In addition, currents of 
equal amplitude are assumed to be flowing at the feed point 
of cach element, a condition that most often will not exist in 
practice without devoting special consideration to the feeder 
system, Such considerations are discussed in the next section 
of this chapter. 

‘Most literature for radio amateurs concerning phased 
arrays is based on the assumption that if all elements in the 
array are identical, the current distribution in all the elements 
will be identical. This distribution is presumed to be that of 
a single, isolated element, or nearly sinusoidal. However, 
information published in the professional literature as early 
as the 1940s indicates the existence of dissimilar current dis- 
tributions among the elements of phased arrays. (See Harrison 
and King references in the Bibliography.) Lewallen, in July 
1990 QST, pointed out the causes and effects of dissimilar 
current distributions, 

In essence, even though the two elements in a phased 
array may be identical and have exactly equal currents of the 
desired phase flowing ar the feed point, the amplitude and 
phase relationships degenerate with departure from the feed 
point. This happens any time the phase relationship is not 0° 
or 180°. Thus, the field strengths produced at a distant point 


by the individual elements may differ. This is because the 
field from each element is determined by the distribution of 
the current, as well as its magnitude and phase. 

‘The effects are minimal with shortened elements—verti- 
cals less than 2/4 or dipoles less than 9/2 long, The effects on 
radiation patterns begin to show atthe above resonant lengths, 
and become profound with longer elements—2/2 or longer 
verticals and I 2.or longer center-fed elements. These effec 
are less pronounced with thin elements. The amplitude and. 
phase degeneration takes place because the currents in the 
array elements are not sinusoidal. Even in two-element arrays, 
with phasing of 0° or 180°, the currents are not sinusoidal, but 
in these two special cases they do remain identical. 

The pattern plots of Fig 11 take element current 
distributions into account. The visible results of dissimilar 
distributions are incomplete nulls in some patterns and 
the development of very small minor lobes in others. For 
example, the pattern for a phased array with 90° spacing 
and 90° phasing has traditionally been published in amateur 
literature as a cardioid with a perfect null in the rear direction. 
Fig I, calculated for 7.15-MHz self-resonant dipoles of #12 
wire in free space, shows a minor lobe at the rear and only a 
33-4B front-to-back ratio, 

It is characteristic of broadside arrays that the power 
gain is proportional to the length of the array but is substan- 
tially independent of the number of elements used, provided 
the optimum element spacing is not exceeded. This means, 
for example, that a five-element array and a six-element ar- 
ray will have the same gain, provided the elements in both. 
are spaced so the overall array length is the same. Although 
this principle is seldom used for the purpose of reducing the 
‘number of elements because of complications introduced in 
feeding power to each element in the proper phase, it does 
illustrate the fact that there is nothing to be gained, in terms of 
‘more gain, by increasing the number of elements if the space 
‘occupied by the antenna is not increased proportionally. 

Generally speaking, the maximum gain in the smallest 
linear dimensions will result when the antenna combines 
both broadside and end-fire directivity and uses both paral- 
{el and collinear elements. In this way the antenna is spread 
over a greater volume of space, which has the same effect, 
as extending its length to a much greater extent in one linear 
direction. 
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Fig 11—H-plane patterns of two identical parallel driven elements, spaced and phased as indicated 10, 
oF 19). The elements are aligned with the vertical (0°-180°) axis, and the element nearer the 0° direction (top of 
‘page) is of lagging phase at angles other than 0°. The two elements are assumed to be thin and selt-resonant, with equal- 


amplitude currents flowing at the feed point. See text regarding current distributions. The gain figure associated with 
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Phased Array Techniques 


Phased antenna arrays have become increasingly popu- 
lar for amateur use, particularly on the lower frequency bands, 
where they provide one of the few practical methods to obtain 
substantial gain and directivity. This section on phased-array 
techniques was written by Roy Lewallen, W7EL. 

‘The operation and limitations of phased arrays, how to 
design feed systems to make them work properly and how 
to make necessary tests and adjustments are discussed in the 
pages that follow. The examples deal primarily with vertical 
HF arrays, but the principles apply to VHF/UHF arrays and 
arrays made from other element types as well. 


OVERVIEW 


Much of this chapter is devoted to techniques for 
feeding phased arrays. Many people who have a limited 
‘acquaintance with phased array techniques believe this is a 
simple problem, consisting only of connecting array elements 
through “phasing lines” consisting of transmission lines of 
the desired electrical lengths. Unfortunately, except for a very 
few special cases, this approach won't achieve the desired 
array pattern, 

Other proposed universal solutions, such as hybrid cou- 
plers or Wilkinson or other power dividers, also usually fail to 
achieve the necessary phasing. These approaches sometimes 
produce—ofien more by accident than design—results good. 
enough to mislead the user into believing that the simple 
approach is working as planned. Confusion can result when 
an approach fails to work in different circumstances. This 
section will explain why the simple solutions don’t work 
as often thought, and how to design feed systems that do 
consistently produce the desired results. 

Very briefly, the reason why the simple phasing-line 
approach fails is that the delay of current or voltage in a 
transmission line equals the line’s electrical length only if 
the line is terminated in its characteristic impedance. And in 
phased arrays, element feed-point impedances are profoundly 
affected by mutual coupling. 

Consequently, even if each element has the correct 
impedance when isolated, it won't when all elements are 
excited. Furthermore, transmission lines that are not termi 
nated in their characteristic impedance will transform both 
the voltage and current magnitude. The net result is that the 
array elements will have neither the correet magnitudes nor 
phases of current necessary for proper operation except in a 
few special cases. This isn’t a minor effect of concern only 
to perfectionists, but often a major one that causes significant 
pattern distortion and poor or mislocated nulls. The problem 

examined in greater depth later, 

Power dividers and hybrid couplers also ful to achieve 
the desired result for different reasons, which will be dis- 
cussed below, although in one common application hybrid 
couplers fortuitously provide results that are acceptable to 
many users. This chapter will show how to design array 
feed systems that will produce predicted element currents 
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and array patterns. 

‘Various EZNEC models are provided to illustrate con- 
cepts presented in this chapter. They can all be viewed with 
the EZNEC-ARRL software furnished on the CD included 
with this book. Step-by-step instructions for the examples 
are given in Appendix A. 


FUNDAMENTALS OF PHASED ARRAYS 


‘The performance of a phased array is determined by 

sveral factors. Most significant among these are the char- 
acteristics of a single element, reinforcement or cancellation 
of the fields from the elements and the effects of mutual 
coupling. To understand the operation of phased arrays, it 
is first necessary to understand the operation of a single 
antenna element. 

Of primary importance is the strength of the field 
produced by the element. The field radiated from a linear 
(straight) element, such as a dipole or vertical monopole, is 
proportional to the sum of the elementary currents flowing 
in each part of the antenna element. For this discussion it 
is important to understand what determines the current in a 
single element. 

‘The amount of current flowing at the base of a ground 
mounted vertical or ground-plane antenna is given by the 
familiar formula 


fe 
F 


where 
P is the power supplied to the antenna 
Ris the feed-point resistance. 


(&q2) 


the loss resistance and the 
resistance, R, . includes losses 
in the conductor, in the matching and loading components 
and dominantly (in the case of ground-mounted verticals) in 
ground losses. The powei in the radiation resi 
tance, Rj, is actually the power that is radiated, so maximizing 
the power dissipated by the radiation resistance is desirable. 
However, the power dissipated in the loss resistance truly is 
lost as heat, so resistive losses should be made as small as 
possible. 

‘The radiation resistance of an element can be derived 
from electromagnetic field theory, being a function of antenna 
length, diameter and geometry. Graphs of radiation resistance 
versus antenna length are given in Chapter 2. The radiation 
resistance of a thin resonant 2/4 ground-mounted vertical is 
about 36. A resonant 4/2 dipole in free space has a radiation 
resistance of twice this amount, about 73 ©. Reducing the 
antenna lengths by one half drops the radiation resistances 
to approximately 7 and 14.Q, respectively. 

The radiation resistance of a large variety of antennas 
can easily be determined by using EZNEC-ARRL, which is, 
included on the CD in the back of this book. The radiation 
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and Ri, the ohmic losses in the total antenna system. 


resistance is simply the feed-point resistance (the resistive 
part of the feed-point impedance) when all losses have been. 
set to zero, 


Radiation Efficiency 

To generate a stronger field from a given radiator, it is 
necessary to increase the power P (the brute-force solution), 
decrease the loss resistance R, (by putting in a more elaborate 
ground system for a vertical, for instance) or to somehow 
decrease the radiation resistance R, so more current will flow 
with a given power input. This can be seen by expanding the 
formula for base current as 


‘ Pp 

YRe + RL 

Splitting the feed-point resistance into components Ry, 
and R, easily leads to an understanding of element efficiency. 
The efficiency of an element is the proportion of the total 
power that is actually radiated. The roles of Ry and R, in 
determining efficiency can be seen by analyzing a simple 
‘equivalent circuit, shown in Fig 12. 


‘The power dissipated in R, (the radiated power) equals 
FR, The total power supplied to the antenna system is 


P=FR+R) 44) 


so the efficiency (the fraction of supplied power that is actu: 
ally radiated) is 


(E43) 


Eff 


pressing it in decibels relative to a 100%-efficient radiator 
gives a better idea of what to expect in the way of signal 
strength. The field strength of an clement relative to a lossle 
but otherwise identical element, in dB, is 


FSG = 10 log —R8__ 
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where FSG 

Forexampl, information presented by Sevick in March 
1973 OST shows that a 4 ground-mounted vertical antenna 
\with four 0.2-2, radials has a feed-point resistance of about 
665.0 (see the Bibliography at the end of this chapter). The 
efficiency of such a system is 36/65 = 55.4%. Itis rather 
disheartening to think that, of 100 W fed to the antenna, only 
55 W isbeing radiated, with the remainder literally warming 
up the ground. Yet the signal will be only 10 log (36/65) = 
~2.57 4B relative to the same vertical with a perfect ground 
system. In view of this information, trading a small reduction 
in signal strength for lower cost and greater simplicity may 
become an attractive consideration. 

So far, only the currentat the base ofa resonant antenna 
has been discussed, but the field is proportional tothe sum of 
currents in each tiny part ofthe antenna. The field is a func- 
tion of not only the magnitude of current flowing atthe feed 
point, but also the distribution of current along the radiator 
and the length of the radiator. Nothing can be done at the 
feed point to change the current distribution, so for a given 
clement the field strength is proportional to the feed point 
current. However, changing the radiator length or loading 
it at some point other than the feed point will change the 
current distribution. 

More information on shortened oF loaded radiators 
‘may be found in Chapters 2 and 6 and in the Bibliography 
references of this chapter. The current distribution is also 
changed by mutual coupling to other array elements, although 
for most arrays this has only a minor effect on the pattern. 
This is discussed later in more detail. A few other important 
facts follow 

1) If there is no loss the field from even an infinitesi- 
‘mally short radiator is less than % 4B weaker than the field 
from a half-wave dipole or quarter-wave vertical. Without 
loss, all the supplied power is radiated regardless of the 
antenna length, so the only factor influencing gain is the 
slight difference inthe patterns of very short and 7/2 antennas 
‘The small pattern difference arises from different current dis- 
tributions. A short antenna has avery low radiation resistance, 
resulting in a heavy current flow over its short length. In the 
absence of loss, this generates a field strength comparable 
to that ofa longer antenna. Where loss is present—that is, in 
practical antennas—shorter radiators usually don't do so well, 
since the low radiation resistance leads to lower efficiency 
for a given loss resistance. If care is taken, reasonably short 
antennas can achieve good efficiency. 

2) Care has to be taken in calculating the efficiency of 
folded antennas. (See Chapter 6.) Folding transforms both the 
radiation resistance and loss resistance by the same factor, so 
their ratio and therefore the efficiency remains the same. I's 
ceasy to show that in a ground-mounted vertical array, folding 
reduces the current flowing from the feed line to the ground 
system by a factor of two due to the impedance transforma- 
tion, However, the folded antenna has an additional connec- 
tion to ground, which also carries half the original ground 
current. The result is that the same amount of current flows 


field strength gain, dB. 
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tem, whether unfolded or folded, result: 


into the ground sy 
ing in the same ground system loss. Analyses purporting to 
show otherwise invariably transform the radiation resistance 
>but neglect to also transform the loss resistance and reach an 
incorrect conclusion, 

3) The current flowing in an element with a given power 
input can be increased or decreased by mutual coupling to 
other elements. The effect is equivalent to changing the 
clement radiation resistance. Mutual coupling is sometimes 
thought of as a minor effect, but often itis not minor! 


Field Reinforcement and Cancellation 

‘The mechanism by which phased arrays produc 
and the role of mutual coupling in determining gain, were 
covered earlier in this chapter. One important point that can’t 
be emphasized enough is that all antennas must abide by 
the law of conservation of energy. No antenna can radiate 
more power than supplied to it. The total amount of power 
it radiates is the amount it’s supplied, less the amount lost as 
heat. This is true of all antennas, from the smallest “rubber 
ducky” to the most gigantic array. 


Gain 

Gain is strictly a relative measure, so the term is com: 
pletely meaningless unless accompanied by a statement of 
Just what itis relative to. One useful measure for phased array 
gain is gain relative to a single similar element. This is the 
strength that would be obtained by replacing 
‘a single element by an array made from elements just like 
it. In some instances, such as investigating what happens to 
array performance when ail elements become more lossy, 
it’s useful to state gain relative to a more absolute, although 
unattainable standard: a lossless element. 

‘And the most universal reference for gain is another 
unattainable standard, the isotropic radiator. This fictional 
‘antenna radiates absolutely equally in all directions. It’s very 
useful because the field strength resulting from any power 
input is readily calculated, so if the gain relative to this 
standard is known, the field strength is also known for any 
radiated power. Gain relative to this reference is referred to 
as dBi, and it’s the standard used by most modeling programs 
including EZNEC-ARRL. To find the gain of an array rela. 
tive to a single element or other reference antenna such as a 
dipole, model both the array and the single element or other 
reference antenna in the same environment and subtract their 
Bi gains. Don’t rely on some assumption about the gain of 
a single clement—many people assume values that ean be 
very wrong. 


Nulls 
Pattern nulls are very often more important to users of 
phased arrays than gain because of their importance in reducing 
both man-made and natural interference when receiving. Con 
sequently, a good deal of emphasis is, and should be, placed 
‘on achieving good pattern nulls. Unfortunately, good nulls are 
much more difficult to achieve than gain and they are much 
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‘more sensitive to array and feed-system imperfections. 

As an illustration, consider two elements that each 
produce a field strength of, say, exactly 1 millivolt per meter 
(mV/m) at some distance many wavelengths from the array. 
In the direction in which the fields from the elements are 
in-phase, a total field of 2 mV/m results. In the direction in 
which they're out-of-phase, zero field results. The ratio of 
‘maximum to minimum field strength of this array is 2/0, or 
infinity. 

Now suppose, instead, that one field is 10% high and 
the other 10% low—1.1 and 0.9 mV/m, respectively. In the 
forward direction, the field strength is still 2 mV/m, but in the 
canceling direction, the field will be 0.2 mV/m. The front- 
to-back ratio has dropped from infinity to 2/0.2, or 20 4B 
(Actually, slightly more power is required to redistribute the 
eld strengths this way, so the forward gain is reduced—but 
by only a small amount, less than 0.1 dB.) For most arrays, 
unequal fields from the elements have a minor effect on 
forward gain, but a major effect on pattern nulls. This is il- 
lustrated by EZNEC Example: Nulls in Appendix A. 

Even with perfect current balance, deep nulls aren't 
sured. Fig 13 shows the minimum spacing required for total 
eld reinforcement or can 
isn’t adequate, there may be no di 
are completely out-of-phase (see curve B of Fig 13). Slight 
physical and environmental differences between elements 
will invariably affect null depths, and null depths will also 
vary with elevation angle. 

However, a properly designed and fed array can produce 
very impressive nulls. The key to producing good nulls, like 
producing gain, is controlling the strengths and phases of 
the fields from the elements. Just how to accomplish that is 
the subject of most of the remainder of this section. But be 
sure to keep in mind that producing good nulls is generally 
a much more difficult task than producing approximately 
the predicted ga 
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nimum element spacing required for total field 
reinforcement, curve A, o tla field cancellation, curve B. 
‘otal cancellation resuits in patter nulls in one or more 

inforcement does not necessarily mean 
f single element, a the effects of loss 
and mutual eoupting must also be considered. 


‘Mutual Coupling 

‘Mutual coupling was discussed briefly earlier in this 
chapter. Because it has an important and profound effect, 
‘on both the performance and feed system design of phased 
arrays, it will be covered in greater depth here. 

‘Mutual coupling refers to the effects which the ele- 
ments in an array have on each other. Mutual coupling can 
‘occur intentionally or entirely unintentionally. People with 
multiple antennas on a small lot (or car top) often discover 
that a better description of their system is a single antenna 
with multiple feed points. Current is induced in conductors in 
various antennas by mutual coupling, causing them to act like 
parasitic elements, which re-radiate and distort the antenna’s 
pattern, The effects of mutual coupling are present whether 
‘or not the elements are driven. 

‘Suppose that two driven elements are many wavelengths 
from cach other. Each has some voltage and current at its feed 
point. For each element, the ratio of this voltage to current 
is the element self-impedance. If the elements are brought 
close to each other, the current in each element will change in 
magnitude and phase because of coupling with the field from 
the other element. The field from the first element changes 
the current in the second. This changes the field from the 
second, which alters the current in the first, and so forth until 
‘an equilibrium condition is reached in which the currents in 
all elements (hence, their fields) are totally interdependent 

The feed-point impedances of all elements also are 
changed from their values when far apart, and all are deper 
dent on each other. In a driven array, the changes in feed-point 
impedances can cause additional changes in element currents, 
because the operation of many feed systems depends on the 
clement feed-point impedanc i mutual coupling 
‘occurs at spacings as great as a wavelength or more, 

Connecting the elements to a feed system to form a 
driven array does not eliminate the effects of mutual cou- 
pling. In fact, in many driven arrays the mutual coupling has 
‘a greater effect on antenna operation than the feed syste1 
does. All feed-system designs must account for the impedance 
changes caused by mutual coupling if the desired current 
balance and phasing are to be achieved, 

Several general statements can be made regarding the 
effects of mutual coupling on phased-array systems, 


Signitic: 


1) The resistances and reactances of all elements of 
‘an array generally will be substantially different from the 
values when the elements are isolated (that is, very distant 
from other elements). 

2) If the elements of a two-element array are identical 
‘and have equal currents that are in-phase or 180° out-of- 
phase, the feed-point impedances of the two elements will be 
‘equal. But they will be different than for an isolated element, 
Ifthe two elements are part ofa larger array, their impedances 
can be very different from each other. 

3) If the elements of a two-clement array have currents 
that are neither in-phase (0°) nor out-of-phase (180°), their 
feed-point impedances will not be equal. The difference will 
be considerable in typical amateur arrays. 


4) The feed-point resistances ofthe elements inaclosely 
spaced, 180° out-of-phase array will be very low, resulting 
in poor efficiency due to ohmic losses unless care is taken to 
‘minimize loss. This is also true for any other closely spaced 
array with significant predicted gain. 

Ws essential to realize that this is not a minor effect 
and one that can be overlooked or ignored. See EZNEC Ex- 
ample—Mutual Coupling in Appendix A foran illustration 
of these phenomena. 


Loss Resistance, 
Mutual Coupling and Antenna Gain 

Loss reduces the effects of mutual coupling because 
the feed-point impedance change resulting from mutual 
coupling is effectively in series with loss resistance. If the 
loss is great enough, two important results occur. First, the 
feed-point impedance becomes independent of the presence 
of nearby current-carrying elements. This greatly simplifi 
feed system design—the simple “phasing-line” or hybrid- 
coupler feed system described below is adequate provided 
that all elements are physically identical and the feed point 
of each element is matched to the Zp of the feed line and, if 
used, the hybrid coupler. 

‘The impedance matching restrictions are necessary to 
insure that the phasing line or hybrid coupler performs as 
expected. Identical elements are needed so that equal element 
currents will result in equal fields from the elements. 

In the absence of mutual coupling effects, the maximum 
gain of an array of identical elements relative to a single 
(Similarly lossy) element is simply 10 log(N), where N is 
the number of elements—providing that spacing is adequate 
for the fields to fully reinforce in some direction. If spacing 
is less, maximum gain will also be less. Of course, the array 
gain relative to a single lossless element will be very low, 
most likely a sizeable negative number when expressed in 
4B. So intentionally introducing loss isn’t a wise idea for a 
transmitting array. It is sometimes an advantageous thing to 
do for a receiving array, however, as explained in the fol- 
lowing section. 

High-gain close-spaced arrays, such as the W8IK 
phased array (see EZNEC-ARRL example file ARRL_W8JK. 
EZ and accompanying Antenna Notes file), and most parasitic 
arrays depend heavily on mutual coupling to achieve their 
gain, Introduction of any loss to these arrays, which reduc 
the mutual coupling effects, has a profound effect on the gain, 
Consequently, parasitic or close-spaced driven arrays often 
produce disappointing results when made from grounded 
vertical elements unless each has a fairly elaborate (and 
therefore very low-loss) ground system. 

If you place two low-loss elements very close together 
and feed them in-phase, mutual coupling reduces the array 
gain to essentially that of a single element, so there’s no ad- 
‘vantage to this configuration over a single element. Howev‘ 
if you havea single lossy element, for example a short vertical 
having a relatively poor ground system, you can improve the 
gain by up to 3 dB by adding a second, close spaced, element 
and ground system and feeding the two in-phase. Another 
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Now is the time... 


The next diagram shows what would happen if you applied a hot soldering iron to 
an imaginary metal block. In step (1) heat travels out of the iron into the cold metal block, 
which starts to warm up starting at the edges. Gradually (2), the whole metal block’s 
temperature rises until the middle of the block finally rises in temperature as well. In effect 
heat is now travelling back “towards” the iron tip, until finally (3) the whole block is at 
the same temperature as the iron. At this point solder could now be applied. 


way to look at this technique is that you're putting two equal 
ground system resistances in parallel, which effectively cuts 
the loss in half. The gain you can realize in practice depends 
on such things as the ground system overlap, but it might be 
a practical way to improve transmitting array performance 
in some situations. 


FEEDING PHASED ARRAYS 


The previous section explains why the fields from the 
elements must be very close to the ratios required by the array 
design. Since the field strengths are proportional to the currents, 
inthe elements, controlling the fields requires controlling the ele 
‘ment currents. Since the desired current ratio is 1:1 for virtually 
all two-element and for most (but not all) larger amateur arrays, 
special attention is paid to methods of assuring equal element 
currents, But we will examine other current ratios also. 


The Role of Element Currents 

The field from a conductor is proportional to the current 
flowing on it. So if we're to control the relative strengths 
and phases of the fields from the elements, we have to 
control their currents. We usually do this by controlling the 
currents at the clement feed points. But because the field 
from an element depends on the current everywhere along 
the clement, elements having identical feed-point currents 
will produce different fields if they have different current 
distributions—that is, ifthe way the current varies along the 
lengths of the elements is different. 

A previous section explained that mutual coupling alters, 
the current distribution, so in many arrays the current distribu 
tions will be different on the elements and consequently the 
relationship between the overall fields won't be the same as 
that between the feed-point currents. Fortunately, this effect is 
relatively minorin thin, 1/4 monopole or 4/2 dipole elements. 
‘The most common arrays are made from elements in this, 
category, so we can generally get very nearly the desired ratio 
Of fields by effecting the same ratio of feed point currents. 
Exceptions are detailed immediately below. 


Feed-point vs Element Current 

For most antennas, environmental factors are likely to 
cause greater performance anomalies than current distribu: 
tion differences, and both can be corrected with minor feed 
system adjustments. The difference between field and feed: 
point current ratios can become very significant, howev 
the elements are very fat and/or close to 2/2 (monopole) or 
1. (dipole) long. In those cases, most of the feed systems 
described here won't produce the desired field ratios without 
major adjustment or modification, except inthe special cases 
‘of 2-element arrays with identical elements having feed point 
currents in-phase or 180° out-of-phase. In those spec 
the element current distributions are the same for the same 
reason the feed-point impedances are equal. This is explained 
later in the feed system sections. 

To get an idea of just how large an element must be to 
disturb the pattern of an array with correct feed-point currents, 
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aatwo-element cardioid array of quarter wave vertical elements 
was modeled at 10 MHz. With thin, 0.l-inch diameter ele- 
ments, the front/back ratio was 35 dB, the very small reverse 
lobe caused by slightly unequal element current distributions. 
Increasing the element diameter to 20 inches decreased the 
front/back ratio to 20 dB. Returning the front/back ratio of 
the array of 20-inch elements to >35 dB required changing 
the feed-point current ratio from the nominal value of 1.0 at 
aan angle of 90° to 0.88 at 83° 

‘The same array was first modeled with 0.1 inch diameter 
elements, where it has a fron/back ratio of 35 dB, then the 
elements were lengthened. The front/back ratio dropped to 
20 dB at an element length of 36 feet, or about 0.37 2. In that 
se, adjustment of the feed-point current ratio to about 0.9 
at about 83° restored a good front/back ratio, 

In the discussion and development which follow, the 
assumption is made that the fields will be very nearly pro- 
portional to the feed-point currents. Ifthe elements are fat or 
ong enough to make this assumption untrue, some adjustment 
of feed-point current ratio will be necessary to achieve the 
desired pattern, particularly nulls. Most feed systems can be 
designed for any current ratio. Modeling will reveal the ratio 
required for the desired pattern, and then the feed system can 
be designed accordingly. 


COMMON PHASED-ARRAY FEED 
SYSTEMS 


This section will first describe several popular ap- 
proaches to feeding phased arrays that often don’t produce 
the d 1¢ why they don’t work as. 
well as hoped. It also briefly tems that could 
be used, but that often aren't appropriate or optimum for 
amateur arrays. 

This will be followed in the next section by detailed de- 
scriptions of array feed systems that do produce the predicted 
clement current ratios and array patterns, 


The “Phasing-Line” Approach 

For an array to produce the desired pattem, the element 
‘currents must have the required magnitude and the required 
phase relationship. As explained above, this can generally be 
achieved well enough by causing the feed point currents to have 
that same relationship. 

(On the surface, this sounds easy—just make sure that the 
difference in electrical lengths of the fed lines to the elements 
equals the desired phase angle. Unfortunately, this approach 
doesn’t necessarily achieve the desired result. The first prob- 
Jem is that the phase shift through the line is not equal to its 
electrical length. The current (or, for that matter, voltage) delay 
in a transmission line is equal to its electrical length in only a 
few special cases—cases which don’t exist in most amateur 
arrays! The impedance of an element in an array is frequently 
very different from the impedance of an isolated element and 
the impedances of all the elements in an array can be different 
from each other. 

‘See the EZNEC 


xample—Mutual Coupling in Appen- 


dix A fora graphic illustration of the effect of mutual coupling 
‘on feed-point impedance. Also look at the Four-Square array 
example in the Phased Array Design Examples section. The 
array in that example has one element with anegative feed-point 
resistance, if ground loss is low. Without mutual coupling, the 
resistance of that same element would be about 36 0 plus 
‘ground loss. 

Because of mutual coupling, the elements seldom providest 
‘matched load for the element feed lines. The effect of mismatch 
‘on phase shift can be seen in Fig 14. Observe what happens 10 
the phase of the current and voltage on a line terminated by a 
purely resistive impedance that is lower than the characteristic 
impedance of the line (Fig 14). Ata point 45° from the load 
the current has advanced less than 45°, and the voltage more 
than 45°. At 90° from the load both are advanced 90°. At 135° 
the current has advanced more and the voltage less than 135°. 
‘This apparent slowing down and speeding up of the current and 
voltage waves is caused by interference between the forward and 
reflected waves. Itoccurs on any line that is not terminated with 
pure resistance equal to its characteristic impedance. If the load 
resistance is greater than the characteristic impedance of the line, 
as shown in Fig 14B, the voltage and current exchange angles. 
Adding reactance to the load causes additional phase shift. The 
only cases in which the current (or voltage) delay is equal to the 
electrical length of the line are 

1) When the line is flat; that is, terminated in a purely 
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Fig 14—Resultant voltages and currents along a 
mismatched line. At A, R less than Zo, and at B, 
R greater than Z,. 


resistive load equal to its characteristic impedance: 

2) When the line length is an integral number of half 
wavelengths; 

3) When the line length is an odd number of quarter 
‘wavelengths and the load is purely resistive; and 

4) When other specific lengths are used for specific 
oad impedances, 

Just how much phase error can be expected if two feed 
lines are simply hooked up to form an array? There is no 

imple answer. Some casually designed feed systems might 
deliver satisfactory results, but most will not. See the EZNEC 
Example—“Phasing-Line” Feed in Appendix A for the 
typical consequences of using this sort of feed system, 

A second problem with simply connecting feed lin 
different lengths to the elements is that the lines will change 
the magnitudes of the currents. The magnitude of the current 
(or voltage) out of a line does not equal the magnitude into 
that line, except in cases 1, 2 and 4 above. The feed systems 
presented later in this chapter assure currents that are correct, 
in both magnitude and phase. 

‘The elementary phasing-line approach will work 
in three very special but common situations. If the array 
consists of only two identical elements and those elements, 
are fed in-phase, mutual coupling will modify the element 
impedances, but both will be modified exactly the same 
amount. Consequently, if the two elements are fed through 
cequal-length transmission lines, the lines will transform and, 
delay the currents by the same amount and result in equal, 
in-phase currents at the element feed points. 

Similarly, an array of two identical elements fed 180° 
‘out-of: phase will have the same feed-point impedances and 
can be fed with two lines of any Iength so long as one line is 
an electrical half wavelength longer than the other. But this 
can’ te extended to any two elements in a larger array, since 
‘mutual coupling to the other elements can result in different 
feed-point impedances. Methods will be described later which 
do assure a correct current ratio in this situation, 

‘The third application in which the phasing-line approach 
‘works isin receiving arrays where the elements are very short 
in terms of wavelength and/or very lossy. In either of these 
cases, mutual coupling between elements is much less than 
aan element's self-impedance. This allows the elements to be 
individually matched to the feed lines, with no significant 
change taking place when the elements are formed into an 
array. Under those conditions, the transmission lines can be 
‘matched and the lines used as simple delay lines with easily 
predictable phase shift and with no transformation of current 
or voltage magnitude other than cable loss. This is discussed. 
in the later section on receiving antennas. 

Many arrays can be correctly fed with a feed system 
consisting of only transmission lines, but the technique 
requires knowledge of the element feed-point impedances 
in a correctly fed array. Line lengths can then be computed. 
that provide the correct ratio of currents into those particular 
load impedances. The line lengths generally differ by amount 
that’s considerably different from the element phase angle 


of 
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difference, and appropriate line lengths can't always be found, 
for all arrays. This technique is described more fully in the 
“The Simplest Phased Array Feed System—That Works” 
section later in the chapter and illustrated in the examples in 
Phased Array Design Examples. 


‘The Wilkinson Divider 

‘The Wilkinson divider, sometimes called the Wilkinson 
power divider, was once heavily promoted as a means to 
distribute power among the elements of a phased array. While 
it’s a very useful device for other purposes, it won't produce 
the desired current ratios in antenna elements, In most phased 
arrays, element feed-point resistances are different and 
therefore require different amounts of power to achieve the 
desired equal magnitude currents. (See the section on mutual 
coupling above.) A Wilkinson divider is intended to deliver 
equal powers, not currents, to multiple loads. And it won't 
even do that when the load impedances are different. 


The Hybrid Coupler 

Hybrid couplers are promoted as solving the problem 
of achieving equal magnitude currents with a 90° phase dif- 
ference between elements. Unfortunately, they provide equal 
magnitude, quadrature (90° phased) currents only when the 
load impedances are equal and correct. And this simply isn’t 
true of arrays with quadrature-fed elements, except for arrays 
consisting of short and/or lossy elements, usually suitable 
only for receiving. In those arrays, the hybrid coupler can 
‘be useful for the same reasons as the phasing-line approach, 
discussed in an earlier section. 

AL the time of this writing, hybrid couplers are being 
used in a popular commercial product for phasing at least 
fone type of array. Reports are that it works satisfactorily 
However, this shouldn't be taken as proof that the hybrid 
coupler forces equal magnitude 90° phased currents in loads, 
of arbitrary impedances. No passive network, including the 
hybrid coupler, is capable of doing that. See The “Magic 
Bullet” below for more information. 


Large Array Feed Systems 

The author once worked on a radar system where 
the transmit array consisted of over 5,000 separate dipole 
elements and the receive array over 4,000 pairs of crossed 
dipoles, all over a metal reflecting plane, which was the slop 
ing side of a 140 foot high building. In such large arrays, each 
clement is in essentially the same environment as every other 
element except near the array edges, so almost all elements 
have very nearly the same feed-point impedance. While 
producing the phase shifts and magnitude tapers is a conside 
‘able mathematical challenge, the problem of unequal element 
feed-point impedances can largely be ignored. Consequently, 
feed methods for these large arrays are generally not suitable 
for typical amateur arrays of a few elements. 


The Broadcast Approach 
Networks can be designed to transform the element 
‘base impedances from their values in an excited array to, 
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say, 50.Q resistive. Then another network can be inserted at 
the junction of the feed lines to properly divide the power 
among the elements (not necessarily equally!). And finally. 
additional networks must be added to correct for the phase 
shifis and magnitude transformations of the other networks. 
This general approach is used by the broadcast industry, 
in installations that are typically adjusted only once for a 
particular frequency and pattern, 

‘Although this technique can be used to correctly feed 
any type of array, design is difficult and adjustment is tedious, 
since all adjustments interact. When the relative currents and 
phasings are adjusted, the feed-point impedances change, 
which in turn affect the element currents and phasings, and so 
on, A further disadvantage of using this method is that sw 
ing the array direction is generally impossible. Information 
on applying this technique to amateur arrays can be found in 
Paul Lee’s book, listed in the Bibliography 


The “Magic Bullet” 

For about 15 years prior to this writing, this Antenna 
Book section has contained a specification for a hypotheti- 
cal passive circuit that would provide equal-magnitude, 90° 
phased currents into two loads without respect to the load 
impedances. This would be a circuit to which we could con- 
nect any two elements and guarantee that they"d have exactly 
the correct currents. 

‘Along with the specifeation was a request that any per- 
son knowing of such a circuit would contact the author (Roy 
Lewallen, W7EL) or the book editors. During this time, only 
a single response was received, in 1996. It was from Kev 
chmidt, W9CF, who has formulated a mathematical proof 
that such a circuit—in fact, one resulting in any relative phase 
other than 0° or 180°—cannot exist if restricted to reciprocal 
elements. (That is, itcan’t exist unless directional components 
such as ferrite circulators are used.) This means that, in order 
to design a network to feed elements at any other phase angle 
other than 0 or 180°, we must know the impedance of at least 
one element, and correct feed system operation depends on 
that impedance. There’s no way around this requirement. 
At the time of this writing, Schmidt's proof can be found at 
fermi.ta.asu.edww9ef/articles/magic/index.htm! 


RECOMMENDED FEED METHODS FOR 
AMATEUR ARRAYS 


‘The following feed methods are able to produce element 
feed-point currents having a desired magnitude and phase 
relationship, resulting in desirable and predictable patterns. 
Most methods require knowing the feed-point impedance of 
one or more array elements when the array element currents 
are the correct values. This isn’t possible to measure directly, 
because if the element currents were correct, the feed s 
would already be working properly and no further design 
would be necessary, 

By far the easiest way to get this information, if pos- 
sible, is by computer modeling. Modeling programs such as 
EZNEC-ARRL (included on the CD in the back of this book) 


allow you to construct an ideal array with perfect element 
currents, then look at the resulting feed-point impedances. 
Because of its simplicity and versatility, this approach is 
highly recommended and it’s the one used for the array design 
examples in this chapter. 

Some feed systems allow adjustment, so even an 
approximate result provides an adequate starting point on 
which to base the feed-system design, There are several other 
alternatives to computer modeling. One is to first eliminate 
the effects of coupling of the 
all other elements, usually by open circuiting the feed points 
of the other elements. Then the feed-point impedance of the 
clement is measured. Next, the impedance change due to 
‘mutual coupling from all other elements has to be calculated, 
based on the intended currents in the other elements, their 
lengths and their distances from the element being measured, 
Mutual impedance (which is not the same as the impedance 
change due to mutual coupling) between each pair of elements 
must be known for this calculation and it can be determined 
by measurement, calculation or from a graph. 

‘The latter two methods are possible only for the simplest 
clement types and measurement is very difficult to do 
curately because it involves resolving very small differences 
between two relatively large values. Accuracy of acalculated 
-sult will be reduced if any elements are relatively fat (that 
they have a large diameter, because this impacts the current 
distribution) or they aren't perfectly straight and parallel 

So the only situations where you're likely to get good 
results from approaches other than modeling are the very easi- 
est ones to model! And modeling allows determination of the 
feed-point impedances of many antennas that arcimpossible 
to calculate by manual or graphical methods. Therefore, the 
manual approach isn’t discussed or used here. Appendix B, 
on the CD, contains equations and manual techniques from 
previous editions of The ARRL Antenna Book, for those who 
are interested. You can also find a great deal of additional 
information in many of the texts listed in the Bibliography, 
particularly Jasik and Johnson. 


Current Forcing with 1/4 Lines—Elements 
In-Phase or 180° Out-of-Phase 

‘The feed method introduced here has been used in 
its simplest form to feed television receiving antennas and 
other arrays, as presented by Jasik, pages 2-12 and 24-10 or 
Johnson, on his page 2-14. However, until frst presented in 
‘The ARRL Antenna Book. this feed method was not widely 
applied to amateur arrays. 

‘The method takes advantage of an interesting property 
of 2/4 transmission lines. (All references to lengths of lines 
are electrical length and lines are assumed to have negligible 
loss.) See Fig 15. The magnitude of the current out of a 4 
transmission line is equal to the input voltage divided by the 
characteristic impedance of the line. This is independent 
of the load impedance. In addition, the phase of the output 
current lags the phase of the input voltage by 90°, also 
independent of the load impe properties can be 


zed in the “current-forcing” 
thod of feeding an array of coupled elements. 


used to advantage in feeding arrays with certain phase angles, 
between elements. 

Ifany number of loads are connected to a common driv- 
ing point through 7/4 lines of equal impedance, the currents in 
the loads will be forced to be equal and in-phase, regardless 
of the load impedances. So any number of in-phase elements 
can be correctly fed using this method, regardless of how their 
impedances might have been changed by mutual coupling. 
‘Arrays that require unequal currents can be fed through 1/4 
lines of unequal impedances to achieve other current ratios. 

‘The properties of 2/2 lines also are useful. Since the 
current out of a 2/2 line equals the input current shifted 180°, 
regardless of the load impedance, any number of half wave- 
lengths of line may be added to the basic 1/4, and the current 
and phase forcing property will be preserved. For example, 
if one element is fed through a 2/4 line and another element 
is fed from the same point through a 32/4 line of the same 
characteristic impedance, the currents in the two elements will 
be forced to be equal in magnitude and 180° out-of-phas 
regardless of the feed-point impedances of the elements. 

If an array of two, and only two, identical elements 
is fed in-phase or 180° out-of-phase with equal magnitude 
currents, both elements have the same feed-point impedance. 
‘The reason is that each element sees exactly the same thing 
when looking at the other. In an in-phase array, each set 
another element with an identical current; in an out-of-phase 
array, each sees another element with an equal magnitude 
current that’s 180° out-of-phase, the same distance away in 
both cases. This isn’t true in something like a 90° fed array, 
where one element sees another with a current leading 
current by 90°, while the other sees another element with a 
lagging current. 

With arrays fed in-phase or 180° out-of-phase, feeding 
the elements through equal lengths of feed line (in-phase) or 
lengths differing by 180° (out-of-phase) will lead to the cor- 
rect current magnitude ratio and phase difference, regardless 
of the fine length and regardless of how much the element 
feed-point impedances depart from the lines’ Zo, 

Unless the feed-point impedances equal the line Zy or 
the lines are an integral number of half wavelengths long, the 
‘magnitudes of the currents out of the lines will not be equal 
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to the input magnitudes, and the phase will not be shifted an 
‘amount equal to the electrical lengths of the lines. But both 
lines will produce the same transformation and phase shift 
because their load impedances are equal, resulting in a prop- 
erly fed array. In practice, however, feed-point impedances 
of elements frequently are different even in these arrays, be- 
cause of such things as different ground systems (for ground 
mounted yertical elements), proximity to buildings or other 
antennas, or different heights above ground (for horizontal 
or elevated vertical elements). 

In many larger arrays, two or more elements must 
be fed either in-phase or out-of-phase with equal currents, 
but coupling to other elements can cause their impedances 
to change unequally—sometimes extremely so. Using the 
current-forcing method allows the feed system designer to 
ignore all these effects, while guaranteeing equal and cor- 
rectly phased currents in any combination and number of 0° 
and 180° fed elements, 

This method is used to develop feed systems for the 
Four Square and 4-clement rectangular arrays in the Pract 
cal Array Design section. The front and rear elements of a 
Four-Square antenna provide a good example of elements 
having very different feed-point impedances that are forced 
to have equal out-of-phase currents. 


“The Simplest Phased Array Feed System— 
That Works” 

This is the title of an article in The ARRL Antenna 
Compendium, Vol 2, which describes how arrays can be fed 
with a feed system consisting of only transmission lines. (The 
article is available for viewing at eznec.com/Amateur/Ar- 
ticles/Simpfeed.paf and is also on the CD included in the 
back of this book, along with the program Arrayfeed!, which 
solves the equations presented in the article.) 

As explained earlier in the Phasing Lit 
method requires knowing what the clement feed-point imped- 
ances will be in a correctly fed array. Feed-line lengths can 
then be computed, for most but not all arrays. These lengths 
will produce the desired current ratio in array elements that 
do present those feed-point impedances. If you know the load 
impedances connected to transmission lines whose inputs 
are connected to a common source, it’s simple to calculate 
the resulting load currents for any transmission line lengths, 
However, the reverse problem is much more difficult; that is, 
given the load impedances and desired currents to calculate 
the required cable lengths. 

One way to solve the problem is to choose some feed- 
line lengths, solve for the currents, examine the answer, 
adjust the feed-line lengths, and try again until the desired 
currents are obtained, The author used this iterative approach, 
using first a programmable calculator and later a computer, 
for some time before developing a direct way of solving for 
the transmission-line lengths. The direct solution method is 
described briefly in the Compendium article. 

Fig 16 shows the basic so-called “simplest” system 
applied to a two element array. Although it resembles an 


e section, this 
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Fig 16—"Simplest” feed system for 2-element array. 
19 oF phasing network is used here, only 
transmission lines. 


elementary phasing-line system as described earlier, the 
critical difference is that the lengths of Lines I and 2 are 
calculated to provide the correct current relative magnitude 
transformation and phase shift when terminated with the 
actual feed-point impedances. 

‘The advantage to using this “simplest” feed system 
is indeed its simplicity. It’s no more complicated than the 
elementary phasing-line approach but actually works as 
planned. The disadvantage over some other methods is that 
there’s no convenient adjustment to compensate for environ- 
ment factors, array imperfections or inaccurately known 
feed-point impedances. 

Also, while unusual, it’s possible that no suitable 
feedline lengths can be found for some arrays, or at least 
none with practical feed-line characteristic impedances. The 

-line lengths almost never equals 

phase angles between element currents. Thi 

is because of the different line delays resulting from different 
feed-point impedances. 

Program Arrayfeed!, included on the CD included 
with this book, can do the calculations for any two ele- 
ments (alone or in a larger array), a Four-Square array or 
rectangular array in which two in-phase elements are driven 
at any current magnitude and phase relative to the other two 
in-phase elements. These possibilities cover a large number 
of common arrays. 

Arrayfeed! 


in also be applied to other types of arrays 


using the method described in the Feeding Larger Arrays 
section in Appendix B (on the CD). The required knowledge 
of element feed-point impedances in a correctly fed array can 
be obtained using EZNEC-ARRL, also included on the CD. 
Examples ofthe design of a “simplest” feed system for several 
different arrays using EZNEC-ARRL and Arrayfeed! can be 
found in the Phased Array Design Examples section. 

When a solution is possible for a given choice of line 
characteristic impedances, a second solution with different 
lengths is always available. See the comments in the introduc- 
tory part of the Phased Arrray Design Examples section 
about choosing the solution to use. 


‘An Adjustable L-Network Feed System 

Adjustment of the current ratio of any two elements 
requires varying two independent quantities; for example 
the magnitude and phase of the current ratio. Two degrees 
of freedom—adjustments that are at least partially indeper 
dent—are required. The “simplest” all-transmission line 
feed system described earlier adjusts the lengths of the two 
transmission lines to achieve the correct ratio. 


Butifthe antenna characteristics aren't well known—for 
example, if the ground resistance isn’t known even approxi 
mately—then the imple: mn won’t be optimum, 
‘and adjustment can be difficult and tedious. The current-forc 
correct currents independently of the 

ssn’t require adjustment as 
suitable only for 
feeding elements in-phase or 180° out-of-phase and a few 
fixed current-magnitude ratios. 

The addition of a simple network as shown in Fig 17 
allows you to easily adjust feeding of element pairs at other 
relative phase angles and/or magnitude ratios. Any desired 
current ratio (magnitude and phase) can be obtained with two 
clements fed with any lengths of wire, equal or unequal, by 
adding a network. 

However, 


culations for the general case are complex. 
‘The problem becomes much simplerif the transmission lines 
© ths of odd multiples of 1/4, forming a 
ing” system that includes an added network 
‘There are at least three additional advantages of this scheme. 
‘One is that a 2/4 Line is easy to measure, even ifthe velocity 
factor isn't known. This is described in the Practical Aspect 
of Phased Array Design section. 

Second is that the feed system becomes completely 
insensitive tothe feed-point impedance of one ofthe two ele: 
ments, And the third is thatthe transmission ines of “forcing 
systems feeding groups of elements in larger arrays can be 
used in place of the normal 2/4 lines. This greatly simplifies 
both the design of feed systems for larger arrays and the feed 
systems themselves. Note that both lines can be changed to 
31/4 if necessary to span the physical distance between ele: 
ments, but both lines must be the same 32/4 length. 

This basic feed method can be used for any pair of 
elements, or for two groups of elements having forced equal 
currents. (See Feeding Four Element and Larger Arrays 


lement 1 


Element 2 


Fig 17—The addition of a simp! 
allows you to easily adjust feeding of element pairs at 
other relative phase angles and/or magnitude ratios. 


below.) Many networks can accomplish the desired function, 
buta simple L network is adequate for most feed systems. The 
network can be designed to produce a phase lead or phase lag. 
The basic two-element L-network feed system is shown in 
Fig 17. Many variations of this general method can be u 
but the equations, program, and method to be discussed here 
apply only to the feed system shown, 

If the phase angle of Iy/l, is negative (clement 2 is, 
lagging element 1), the L network will usually resemble a 
low-pass network (X,q, isan inductor and X,, is a capacitor. 
But if the phase angle is positive (element 2 lagging element 
1), the L network will resemble a high-pass network (Xr is 
a capacitor and Xy, is an inductor). However, some current 
ratios and feed:-point impedances could result in both com- 
ponents being inductors or both being capacitors. 

Ifit’s desired to maintain symmetry in the feed system, 
can be divided into two components, each being inserted 


x, 
in series with a transmission line conductor. If Xjor is. an 
inductor, the new components will each have half the value 
of the original X,,,, as shown in Fig 18. If X,,, is a capaci- 
tor, each of the new components will be twice the original 
value of X, 


Because of the current-forcing properties of 2/4 lines, 
we need to make the ratio of voltages at the inputs of the lines 
equal to the desired ratio of currents at the output ends of 
the lines; that is, at the element feed points. The job of the L. 
network is to provide the desired voltage transformation, If 
the output-to-input voltage ratio of the network is, say, 2.0 
at an angle of -60°, then the ratio of element currents (Iy/l,) 
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Element 
(Leading) 


Element 2 
(Cagaing) 


Fig 19—Symmetei 
feed network is 


will be 2.0 at an angle of ~60°. The voltage transformation 
of the network is affected by the impedance of element 2, but 
not by the impedance of element 1. So only the impedance of 
clement 2 must be known to design the feed system. 

Equations for designing the L network are given in 
Appendix B, but the program Arrayfeed! is included on the 
CD to make it unnecessary to solve them. The feed-point 
impedance of the lagging clement or group of elements 
must be known in order to design the network. This can best 
bbe determined by modeling the array with EZNEC-ARRL. 
‘The impedance can be manually calculated for some simple 
clement and array types by using the equations in Appendix 
B, but those same types of element and array are simple to 
model, 

Examples of the design of L-network feed systems for 
several different arrays using EZNEC-ARRL and Arrayfeed] 
can be found in the Phased Array Design Examples section, 
A similar application of this feed system and a spreadsheet 
program for calculation was developed by Robye Lahlum, 
WIMK, and described in Low-Band DXing (see the Bibli- 
ography). Arrayfeed can be used for the applications of the 
feed system described in that book if desired. 


Both the simplest and L-network feed systems described 
above can be extended to feeding larger arrays having two 
‘groups of elements in which all the elements in a group are 

phase or 180° out-of-phase with each other—basically, 
‘any group that can be fed with the current-forcing method, 
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‘The elements in each group are connected to a common 
point with 1/4 or 32/4 lines to force the currents to be in 
the correct ratio within the group. Then the “simplest” or 
L-network feed system can be used to produce the correct 
phasing between the two groups, just as it does between two 
individual elements 

‘Two common arrays that fit this description are the 
Four Square and the 4-element rectangular array. But more 
elaborate arrays could be constructed and fed using this 
‘method, such asa pair of binomial arrays. (A single binomial 
array is described in the Phased Array Design Example 
section below.) The Arrayfeed! program incorporates ad- 
ditional calculations necessary for designing Four Square 
and 4-element rectangular arrays. The general procedure 
for adapting the feed methods to other larger arrays can be 
found in Appendix B. 


What If the Elements Aren’t Identical? 

Getting the desired pattern requires getting the correct 
relative magnitude and phase of the fields from the elements. 
Ifthe elements are identical, which we've generally assumed 
up to this point, then producing currents of the desired 
magnitude and phase will create the desired fields (neglect- 
ing mutual coupling current distribution effects, discussed 
elsewhere). 

But what if the elements aren’t identical? Fortunately, 
the feed systems described here can still be used for any 2- 
element array and some more complex arrays, provided that 
the system can be accurately modeled, Buta slightly different 
approach is required than for identical elements. 

‘The first step is to model the array with a current source 
at the feed point of each element. Next, the magnitudes and 
phases of the model source currents are varied until the de~ 
sired pattern is achieved. Then the ratio of feed-point (source) 
currents is calculated and this value, along with the feed-point 
impedances reported by the model, are used for the feed 
system design. The feed system will produce the same ratio 
of currents as the model, resulting in the same pattern 

In general, this approach won't work with shunt fed 
towers or gamma-fed elements because of the difficulty of 
accurately modeling those structures. See Shunt and Gamma 
Fed Towers and Elements for more information. 


Shunt and Gamma Fed Towers and Elements 

Ina shunt, gamma, or similarly fed tower or element, the 
feed-point current isn’t the same as the main current flowing 
in the element. The ratio between the feed-point current and 
element current isn’t a constant, but depends on a number 
of factors. The ratio of currents in shunt or gamma fed ele- 
ments are typically different—often vastly different—from 
the currents at the feed points. This complicates the design 
of feed systems for arrays of these elements. 

‘An even more limiting problem is that the feed-point 
impedances are difficult to determine. The feed-point imped- 
ances of one or more elements in a properly fed array must 
be known in order to design a feed system for anything but 


2-element in-phase or 180° out-of-phase arrays. 

The only practical way to get this information for a 
shunt or gamma fed array is by modeling an array having the 
desired element currents. But Cebik has pointed out (“Two 
Limitations of NEC-4”—sce the Bibliography) that many 
common antenna analysis programs, including EZNEC- 
ARRL, have difficulty accurately modeling folded dipoles 
with unequal diameter wires. The same problem applies to 
shunt and gamma-fed elements when the element diameter 
is significantly different from the diameter of the shunt or 
gamma feed wire. Without accurate feed-point impedanes 
feed systems can’t be designed to work without adjustment, 
It might be possible to get reasonably accurate results from a 
MININEC-based modeling program, but there are a number 
of issues which must be given great care when using one. 
(See Lewallen, “MININEC—The Other Edge of the Sword.” 
listed in the Bibliography.) 

If such a MININEC program is available, you would 
have to model the complete array including feed system, with 
sources at the normal feed points in the shunt or gamma wires. 
Next, you would have to adjust the magnitudes and phases 
of the sources to produce the desired pattern. The reported 
source impedances and currents would be the ones you would 
use to design the feed system. It’s likely that some adjustment 
would be necessary, so an adjustable system such as the L~ 
network feed system described later would be be 


Loading, Matching and Other Networks 

Adding a component such as a loading inductor in 
series with an element or element feed point won't change 
the ratio of element current to feed-point current. AS a re- 
sult, a feed system designed to produce a particular ratio of 
‘element currents will still function properly if the elements, 
contain series components. The extra feed-point impedance 
introduced by the loading component(s) must be considered 
when designing the feed system, however. Similarly, end or 
top loading won’t alter the relationship between feed-point 
and element current, provided that the current distribution 
in the elements is essentially the same. (See Feed-point vs 
Element Current in a previous section.) 

However, insertion of any shunt component, or a net- 
work containing a shunt component, will alter the relationship 
between feed: point and element current because it will divert 
part of the feed-line current that would otherwise flow into 
the antenna. As a result, a feed system designed to deliver 
correct currents at the feed points will produce incorrect ele- 
ment currents and therefore an incorrect pattern. Therefore, 
any components or networks other than a series loading 
‘component should be avoided at any place in the feed system 
on the antenna side of the point at which the feed system splits 
to go to the various elements, 

‘There are a few exceptions to this rule. If the feed: 
point impedances of the elements when in the excited array 
are equal, then identical networks with or without shunt 
‘components can be put at the feed points of the elements 
and the proper element current ratio maintained—so long as 


the feed system is designed to deliver the proper feed-point 
current ratio with the networks in place. Equal element im- 
pedances occur in arrays having only two identical elements. 
fed in-phase or 180° out-of-phase, or arrays of any number 
of elements where the elements are electrically short and/or 
very lossy. 


Baluns in Phased Arrays 

For purposes of achieving the correct array pattern, 
baluns aren’t usually required when feeding grounded verti- 
cal elements with coaxial cable feed lines. However, a balun 
might be desirable if current induced onto the outside of the 
feed line by mutual coupling to the elements is causing RF 
in the shack. And with arrays of dipole or other elevated el 
‘ments, baluns can be important to achieve the proper element 
current ratio, as explained below. 

First, however, the general rules for using baluns in 
phased arrays will be stated. Here, “main feed line” means the 
feedline going from the transmitter or receiver to the common 
point where the system splits to feed the various elements. 
“Phasing-system lines” means any transmission lines between 
that common point and any element. The rules: 

*Rule 1: A balun or baluns (more speci 
sometimes called a choke balun) should be used as necessary 
to suppress unbalanced current on the main feed line. This 
usually isn’t required when feeding grounded elements with 
coaxial feed line from an unbalanced rig or tuner. Unbalanced. 
current can occur on either coax or parallel-conductor line, 

‘Baluns: What They Do and How They Do It”, listed 
in the Bibliography, describes conducted-imbalance (com- 
‘mon-mode) currents. Imbalance can also be caused by mutual 
coupling to the array elements. Common-mode currents have 
at least two undesirable effects on array performance. First, 
the imbalance current can flow from the main feed line to 
the phasing system lines, not necessarily splitting in the right 
proportion to maintain the correct element current ratio. This, 
can affect the array pattern. In practice, however, this effect 
is likely to be small unless the common-mode current is un- 
usually large. Even a small common-mode current, however, 
results in main feed-line radiation, and even a small amount 
of radiation can significantly degrade array pattern nulls. Any 
type of current balun can be used on the main feed line, at any 
place along the line, without any effect on the array pattern 
except to the extent that it reduces common mode current. 

*Rule 2: No balun or any other component or network 
should be inserted in any phasing system line that will alter 
the line length or characteristic impedance. This means that 
baluns in phasing system lines must be of a type made from 
the phasing line itself. Options are the W2DU type balun, 
consisting of ferrite cores placed along the outside of the feed. 
line; an air-core balun made by winding part of the line into 
‘an approximately self-resonant or otherwise high-impedance 
coil; or winding part of the line onto a ferrite core or rod to 
make a several-turn winding. When coaxial cable is used, the 
feed system characteristics are dictated by the inside of the 
cable. Any cores or winding of the outside prevents common- 
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mode current on the outside, but otherwi 
the phasing performance. This rule applies equally to parallel 
wire line, where the balun affects only common-mode cur- 
rent (equivalent to current on the outside of coax) while the 
phasing performance depends on differential mode current 
(equivalent to the current on the inside of coax), 

Baluns are important when feeding dipole or other 
elevated arrays, unless a fully balanced tuner is used. This 
is because common-mode current represents a diversion of 
some of the current that should be going to the array elements, 
‘The presence of common-mode current means that the ele 
ment currents are being altered from the desired ratio and 
therefore the pattern won't as intended. A balun should be 
placed wherever a path for current exists other than along 
parallel-line conductor or on the inside of a coaxial line. Such 
‘a path exists, for example, where a coaxial cable connects 
toa dipole, as shown in Fig 1 of the balun article referenced 
above. Or a path can exist where a parallel-conductor trans- 
mission line connects to an unbalanced tuner or to a coaxial 
line, as shown in Fig 2 of that article. In both those cases, a 
path exists fora common-mode current to flow on the outside 
of the coax cable. A balun creates a high impedance to this 
current, thereby reducing its magnitude. But remember that 
all baluns must conform to the rules above. 

Figl9 shows recommended balun locations for a coax- 
fed dipole array using an L-network feed system. 


c have no effect on 


Receiving Arrays 

While it might not be entirely intuitive, an array de- 
signed for a particular gain and pattern for transmitting that 
considers mutual coupling, element currents, field reinforce 
ment and cancellation, and so forth, will perform exactly the 
same when receiving. So a receiving array can be designed 
by approaching the problem as though the array were to be 
used for transmitting. 

However, at HF and below, the system requirements 
for transmitting and receiving antennas are different, so 
receiving-only arrays can be designed that aren’t suitable 
for transmitting but are perfectly adequate for receiving in 
that frequency range. The reason, described in more detail in 
Chapter 13 of this book, is that at HF and below atmospheric 
noise is typically much greater than a receiver's internally 
generated noise. Lowering a receiving antenna’s gain and 
efficiency reduces the signal and atmospheric noise both by 
the same factor. Because the overall noise is for practic: 
purposes all atmospheric noise, the signal/noise ratio isn't 
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(Leading) 


Element 2 
(Lagging) 


Food rata 


Fig 19—Adding choke baluns to a two-dipole feed system 
to get rid of common-mode currents radiated onto the 


affected by antenna efficiency. 

(Of course, a point can be reached where the atmospheric 
noise is so reduced by inefficiency that the receiver itself 
becomes the dominant source of noise, but this typically 
doesn’t happen until the antenna is extremely inefficient. 
When transmitting, reduced efficiency lowers the transmitted 
signal, but it has no effect on the receiving station’s noise. 
So reduced efficiency of a transmitting antenna results in a 


reduced signal/noise ratio at the receiving end, and conse- 
‘quently should be avoided. 

‘Mutual coupling effects can be minimized by increasing 
the loss (and therefore reducing the efficiency) of the ele- 
‘ments, or by reducing the element sizes to a small fraction of 

econd without the first isn’t usually 
<d-point impedance tends to change 


‘good idea because the f 
rapidly with frequency for very small elements, making an 
antenna that works well over only a narrow bandwidth. But 


increasing loss broadens the bandwidth, even for small ele- 
ments, as well as reducing mutual coupling effects. So this 
approach is often taken for designing a receiving-only array. 
With mutual coupling effects minimized because of los 
feed-system design becomes relatively simple, provided a 
few simple rules are followed. See Loss Resistance, Mutual 
Coupling, and Antenna Gain, above. 


Phased Array Design Examples 


This section, also written by Roy Lewallen, W7EL. 
presents examples of feed-system design for several kinds of 
array using the design principles given in previous sections. 
All but the last example array are assumed to be made of 1/4 
vertical elements. The last example is for a halfwave-dipole 
array, which illustrates that exactly the same method can be 
used for arrays of any shape of elements, including dipole 
square (quad) and triangular. Likewise, the methods shown 
here apply equally well to VHF and UHF arrays. The first 
example includes more detail than the remaining ones, so 
you should read it before the others. 


General Array Design Considerations 

Ifeither the “simplest” feed system (Fig 16) or L-nctwork 
feed system (Fig 17)is used the feed-pointimpedance of one or 
more elements—when the array elements all have the correct 
currents —must be known. By far the best way to determine this 
is by modeling. If accurate modeling isn’t practical for some 
reason, an estimation should be made from an approximate 
‘model, and you should expect to have to adjust the feed system 
after building and installing it 

Manual calculation methods for some simple cont 
tions are given in Appendix B (on the CD), but calculation is 
tedious and, as stated earlier, the configurations for which this 
method works are the very ones which 2 to model 
EZNEC-ARRL (also included on the CD) is used in the fol: 
lowing examples to determine feed-point impedance. Space 
doesn’t permit detailed instructions here on creating the models, 
so they are included in complete form. They should provide 
4 convenient starting point for any variations you might like 
to ty. See the EZNEC-ARRL manual (accessed by clicking 
Help/Contents in the main EZNEC-ARRL window) for help 
inusing this program. 

In the following examples, vertical elements are close 
to A/4 high and dipole elements close to 1/2, and their lengths 
have been adjusted for resonance when all other elements are 
absent or open circuited, There’s actually no need in practice 
to make the elements self-resonant—it's simply used as a 
convenient reference point for these examples. You'll also 
find it interesting to see how much reactance is present at the 
feed points of the elements when in the arrays, knowing that 
it’s very nearly zero when only one element is present. 

Inany real grounded vertical array, there is ground loss 
associated with each element. The amount of loss depends 
on the length and number of ground radials, and on the type 
and wetness of the ground under and around the antenna, 
This resistance becomes part of the feed-point resistance 
so it must be included in the model used to determine feed: 
point impedance. The 90° Fed, 90° Spaced Array example 
below discusses how this is done. Fig 20 gives re 
values for typical ground systems, based on measurements 
by Sevick (July 1971 and March 1973 OST). The values of 
feed system components based on Fig 20 will be reason: 
ably close to correct, even if the ground characteristics are 


PSH 


1 2 3 466781 29 90.4050 70 100 
Number of Racals 


Fig 20—Approximate ground system loss resistance of 
‘a resonant 2/4 ground-mounted vertical element versus 
the number of radials, based on measurements by Jerry 
Sevick, W2FMI. Moderate length radials (0.2 to 0.4 2) 

were used for the measurements. The exact resistance, 
especially for only a few radials, will depend on the nature 
of the soil under the antenna. Add 36 © for the approximate 
feed-point resistance of a thin resonant 14 vertical. 


somewhat different than Sevick’s. 
Feed systems for the design example arrays to follow 

are based on the resistance values given below 

Number of Radials 


Loss Resistance, O 


4 29 
8 18 
16 9 
Infinite 0 


Elevated radial systems also have some ground loss, 
although it can be considerably less than a system with the 
same number of buried radials. This loss will be automati- 
cally included in the feed-point impedance of a model which, 
includes the elevated radials, so no further estimation is, 
required. Be sure to use Perfect, High-Accuracy ground type 
‘when modeling an elevated radial system with EZNEC-ARRL. 
In other NEC-2 based programs, this might be referred to as 
‘Sommerfeld type ground. More information can be found in 
the EZNEC-ARRL manual. 

‘The matter of ma 
the feed line to the 
fa separate problem from that of the main topic, which is 
designing feed systems to produce a desired pattern, Some 
of the simpler arrays provide a match that is close to 50 or 
75 Q, sono further matching is required. However, as shown 
by program Arrayfeed!, many larger arrays present a less 
favorable impedance for direct connection and will require 
matching if a low SWR on the main feedline is required. If 
matching is necessary, the appropriate network should be 


ing the array for the best SWR on 
tation is not dealt with here, since it’s 
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** How metal in the joint actually “sinks” heat away from the tip to begin with. 
Then heat moves back towards the tip until the solder 8 melting point is finally reached. 


You'll notice this effect as a time delay when soldering any joint. The “working 
area” of the iron’s tip gets cooled to begin with, because the metal in the rest of the joint is 
sinking heat away from where it’s most wanted. Only after the whole joint has risen in 
temperature can solder be melted onto it. 


placed in the single feed line running to the station. Attempts 
to improve the match by adjustment of the phasing L network, 
individual element lengths, matching at the element feed 
points or individual element feeder lengths will usually ruin 
the current balance of the array. Program TLW, included on 
the CD, can be used for designing an appropriate matching 
network. Additional information on impedance matching may 
‘be found in Chapters 25 and 26 of this book. 


Choosing Arrayfeed1 Solutions 

When designing a feed system for a two element array, 
Arrayfeed! program allows you to choose the characteristic 
impedances of the two transmission lines going to the 
elements, which don't have to be equal, so you have your 
choice of more than one solution. However, directional array 
switching is much more difficult if the lines have different 
impedances, so in general you should use the same charac- 
teristic impedances. 

For larger arrays, Arrayfeed! requires the feed lines to 
all elements to have the same impedance. In choosing the 
transmission line impedance values, usually you can simply 
use convenient impedances. But in general, you should avoid 
solutions where component reactance (X) values are vastly 
different (say, more than three times or less than one third as 
large) as the line characteristic impedances. Such networks 
will become more critical to adjust, and both the imped- 
ance and pattern will change more rapidly with changes in 
frequency. You can usually avoid this situation by choosing 
feed-line impedances that are in the same ballpark as the 
element feed-point impedances. The last example in the 
Practical Array Design section illustrates this problem and 
its solution, 

When designing a “simplest” feed system, the most 
broadbanded and least critical system is usually one where 
the difference in electrical feed-line lengths is closest to the 
relative element phase angle. Here, “broadbanded” means that 
the pattern changes less with frequency, not necessarily that 
the SWR changes less. However, an array that’s broadbanded 
in the pattern sense is usually also relatively broadbanded 
with respect to SWR. 

Arrayfeed reports the impedance seen at the main array 
feed point. While it might be tempting to choose the solution 
producing the lowest SWR on the main feedline, you'll end 
up with a less critical and more broadbanded system if you 
base your choice on the criteria given above, and provide 
separate impedance matching at the array’s main feed point 
when necessary. 


90° Fed, 90° Spaced Vertical Array 

This example illustrates the design of both “simplest” 
‘and L-network feed systems for a 2-element, 90° spaced and. 
fed vertical array. The fist task when using either feed system 
is to determine the feed-point impedances of the elements 
when placed in an array having the desired element currents, 
The “simplest” feed system method requires knowledge 
of both element impedances, while the L-network system 
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requires you to know only one. Actually, it’s equally easy to 

determine both as itis to find just one, using EZNEC-ARRL. 

(Appendix B contains equations for those interested in manual 

‘methods or for more insight as to how the impedances come 

about.) The first step is to specify the antenna we want. For 

this example, we'll specify: 

‘+ Frequency: 7.15 MHz. 

‘© Two identical, one inch (2.54 cm) diameter, 33 fect 
(10.06 meter) long elements spaced 90 electrical degre 
with element currents equal in magnitude and 90° apart 
in-phase. 

‘© 8 buried radial wires, 0.3 2. long, under each element. 

A model of this antenna has been created and furnished, 
with EZVEC-ARRL. So the next step isto start EZNEC-ARRL, 
click the Open button, enter ARRL_Cardioid_Example in 
the text box (or double-click itin the file list) to open example 
file ARRL_Cardioid_Example.EZ. 

This EZNEC example model uses a MININEC-type 
‘ground, which is the same as perfect ground when calculating 
antenna currents and impedances. A real antenna would have 
some additional resistive loss due to the finite conductivity 
of the ground system. The only way to model a buried radial 
ground system with an NEC-2 based program like EZNECis 
to create radial wires just above the ground (using the Real, 
High-Accuracy ground type), because NEC-2 can't handle 
buried conductors. 

This provides only a moderate approximation ofa buried 
system. Another way to estimate ground-system resistant 
tomeasure the feed-point impedance ofa single element, then 
subtract from that the resistance reported for a model of that 
clement over perfect (or MININEC-type) ground. For most 
uses, however, an adequate approximation can be made by 

imply referring to the graph of Fig 20. As stated previously, 
the feed system design depends on the feed:-point impedances 
of the elements, which in turn depend on the ground system 
resistance. So the ground system resistance must be known, 
approximately anyway, before designing the feed system. At 
the end of this example we'll investigate the effect of changes 
in the ground system or errors in estimating the resistance 
oon the pattern 

For 8 radials, Fig 20 shows the ground system resistance 
to be about 18 ©. This is included in the example model as a 
simple resistive load atthe feed point of each element. Click 
the Sre Dat button to sce the feed-point impedances of the 
two elements. In this model, Source 1 is at the base of Wire 
1 (element 1), and Source 2 is at the base of Wire 2 (el 
‘ment 2). Notice in the Source Data display that the Sout 
1 current has been specified at 1 amp at 0°, and Source 2 is 
1 amp at-90°. So the Source 2 element isthe lagging element. 
‘You should sce impedances of 37.53 ~ j19.1 © for element 
and 68.97 + j18.5 for element 2. These are the feed-point 
impedances resulting when the array is ideally fed, with equal 
‘magnitude and 90° phased currents, Record these values for 
use in Arrayfeed 

Click the FF Plot button to generate a plot of the azimuth 
patter at an elevation angle of 10°. In the 2D Plot Window, 


open the File menu and select Save Trace As. Enter Cardi- 
oid_Ideal Feed in the File Name box, then click Save. This 
saves the cardioid pattern plot so you can compare it later to 
the pattern you get with the transmission line feed s 

Now it’s time to design the feed system. Refer to the 
appropriate subheading below for the design of each of the 
two kinds of feed systems. Both systems use program Ar- 
rayfeed! program. 


“Simplest” (Transmission Line Only) Feed System 

Start Arrayfeedi.In the Array Type frame, select Two 
Element. In Feed System Type, select “Simplest.” In the 
Inputs frame, enter the following values 

Frequency MHz = 7.15; Feed-point impedances 
~ Leading Element: R ohms = 37.53, X ohms = -19.1; Lag- 
ging Element: R ohms = 68.97, X ohms = 18.5 (these are 
the element R and X values from EZNEC-ARRL). We'll be 
discussing the array input impedance, so check the Cale Zin 


box near the lower left corner of the main window if it’s not 
already checked. 
‘We're free to choose any transmission-line characteristic 


impedances we want, o long as we can get cables with those 
impedances. And the two cables don’t have to have the same 
characteristic impedances. Each choice will lead to a diffe 
tent set of solutions. But sometimes a solution isn’t possible, 
which then requires choosing different line impedances. Let's 
try 50 2 for both lines. Enter 50 in both Z0 boxes. 

Finally, enter 1 for the lagging:leading I Mag, and 
90 for the Phase. Click Find Solutions. The result is no 
solution! So enter 75 into both the line impedance boxes 
and click Find Solutions again. You should now see two 
sets of results in the Solutions frame, electrical lengths of 
68.80° and 156.03° for the first solution and 131,69° and 
185,00° for the second. (Notice that the difference in length 
between the two lines isn’t 90° for either solution, although 
the first solution is quite close. t's normal for the feed-line 
length difference to be different than the phase differenc: 
due to the unequal element feed-point impedances caused 
by mutual coupling.) 

‘The solution with a line length difference closest to the 
element phase difference is usually preferable. Also, all else 
being equal, the solution with shortest lines is better provid- 
ing thatthe lines will physically reach the elements. This is 
because the current magnitude and phase will change less 
with frequency than for a longer-length solution. However, 
there might be some cases where the change with frequency 
luckily compensates for the changing electrical distan 
between elements, so it’s not a bad idea to model both solu- 
tions unless you plan on using the antenna over only a narrow 
frequency range 

In this case, the first solution looks best in all respects. 
‘The sum of the two lines in the first solution is about 225 
electrical degrees. Assuming the lines have a velocity fa 
of 0.66, the total length of the lines will be more than 148 
physical degrees. Since our two elements are spaced 90 physi- 
cal degrees apart, the lines will comfortably reach. If they 


didn’t, we could either use the s 


cond solution’s lengths, use 
cable with a higher velocity factor or add a half wavelength 
to both the line lengths in the first solution. 

‘The impedance Zin shown by Arrayfeed! is the imped- 
ance at the input to the feed system, so it’s the impedance 
that will be seen by the main feed line. The second solution 
provides nearly a perfect match for a 50-O. transmission 
line. But the first solution is good for nearly all applications. 
Also a 50-Q line connected to the first solution’s feed system 
‘would have an SWR of only 1.65:1, which wouldn't require 
any matching under most circumstances. Normal line loss 
‘would reduce the SWR even more at the transmitter end of 
the feed coax. 

To find the required physical line lengths, enter the cable 
velocity factor and make your choice of units in the Physical 
Lengths frame. The design is now complete; all you have to 
do is cut two lines to the specified lengths and connect one 
from a common feed point to each element as shown in Fig 
16, or the screen capture from Arrayfeed! shown in Fig 21. 

Next, we'll design an L-network feed system for the 
same array. 


L Network Feed System 
In ArrayfeedI, select L Network in the Feed System 
‘Type frame. The program doesn’t need to know the leading 
clement impedance to calculate the L-network values, but it 
does need it to calculate the array input impedance. If you 
‘want to know the impedance, check the Zin box at the lower 
left comer of the main window, otherwise you can uncheck 
it and the input box for the leading element Z will disappear. 
‘The values from the “Simplest” analysis should still be pre 
cent in the appropriate boxes; if not, refer to the “Simpl 
feed system design above and re-enter the values. Agai 
‘we'll use 75 for the line impedances, since that gave us a 


‘Simplest” 2-element phased array shown in Fig 16 
‘and whose feed-point impedances are modeled by 
EZNEC-ARRL. 
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22—Screen capture from Arrayfeedt program for 
twork feed system using “current-forcing” properties 
of 2/4 feed lines. 


solution for the “Simplest” feed system. This feed system is 
more versatile, though, so we could use 50-0 lines with this 
feed system if desired. 

Click Find Solution and see the results in the Solution 
frame. See screen capture in Fig 22. With 75-Q lines, the L 
network consists of a series inductor of 1.815 xH anda shunt 
capacitor of 199.7 pF, connected as shown in the diagram 
in the left part of the program window. To find the physical 
length of the 1/4 lines, enter the velocity factor and choice 
of units in the Physical Lengths frame, 

The main feed-point impedance of 31.37 + 25.94. 
would resultin about a2.2:1 SWR on a 50-Q feed line, which 
would be acceptable for many applications. It could 
reduced to 1.6:1 by the simple addition of a set 
of 25.94 Q reactance (858 pF) at the main f 
of course, reduced to 1:1 with a simple L network or other 
matching system designed with the TLW program. 


Pattern Verification and Effect of Loss Resistance— 
“Simplest” System 
EZNEC-ARRL doesn’t have the capability to model an 
L-network, so EZNEC-ARRL verification of the pattern and 
the effect of various modifications can be done only for the 
implest” feed system, 

EZNEC model ARRL_Cardioid_TL_Example.EZ 
has been created to model the “simplest” feed system just 
designed. Open it with EZNEC-ARRL. In the View Antenna 
Display, you can see the transmission lines connecting to the 
source midway between the antennas. In EZNEC, the physical 
locations of the ends of transmission line models don’t have 
to be the same as the physical locations, so the view isn’t a 
precise representation of what the actual setup would look 
like. (You can find more about this in ARRL_Cardioid_ 
‘TL_Example.txt, the Antenna Notes file that accompani 
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example file ARRL_Cardioid_TL_Example.EZ.) 

Click FF Plot to generate a 2D pattern of the antenna. 
In the 2D Plot Window, open the File menu and select Add 
Trace. Select Cardioid—Ideal Feed (which you saved 
earlier) and click Open. The added plot overlays perfectly, 
indicating that the pattern using this feed system is identical 
to the pattern we got with perfect current sources at each 
feed point 

To check the feed-point currents, click the Currents 
button. In the resulting table, you can see that Wire 1 Seg- 
ment I current is 0.56467 A at a phase of ~56.73° and Wire 
2 Segment 1 current is 0.56467 A at ~146.7°. (If you get the 
correct phase angles but wrong magnitudes, open the main 
window Options menu, select Power level, and make sure 
the Absolute V, I sourees box is checked.) The ratio is 1.0000 
at an angle of -89.97°, which is within normal error bounds 
for the desired 1 at -90°, 

As a check on Arrayfeed!, click the Sre Dat button to 
find the impedance seen by the source. This would be the 
impedance at the main feedline connection in the real ar- 
ray. EZNEC-ARRL reports 33.96 + j13.11 Q, very close to 
the 33.94 + j13.13.Q given by Arrayfeed/ in Fig 21. Small 
differences of this order are normal and to be expected. This 
provides a further check that the EZNEC-ARRL model is 
correctly analyzing the Arrayfeed! feed system. 

‘This EZNEC-ARRL model uses lossless transmission 
lines of a fixed physical length rather than a fixed electri- 
cal length (number of degrees), so they'll behave like real 
lines as the frequency is changed. By changing the EZNEC 
frequency and re-running the 2D plot, you can see that the 
front-to-back ratio degrades at 7.0 and 7.3 MHz. A slight 
adjustment of one or more line lengths, or a new Arrayfeed! 
solution at a slightly different frequency might produce a 
better compromise for some uses. 

Other things you can try are (o evaluate the second 
Arrayfeed! solution, orto ty using different line impedances. 
(Keep the two line impedances equal if you anticipate doing 
array direction switching.) The effect of varying ground 
system resistance can also be evaluated by clicking the Loads 
line in the main window and changing the load resistance 
values. For example, if the ground system resistance were 
9 Q instead of the 18. we have assumed, the front/back ratio 
would drop from about 32 to about 20 dB. Note that chang- 
ing the EZNEC ground conductivity in this model has no 
effect on the feed-point current ratio. With a MININEC type 
ground, it’s used only for pattern calculation—the ground is 
assumed perfect during impedance and current calculations, 
and the only ground system loss resistance in the model is 
‘what we've specifically put in as loads. 

Not surprisingly, the forward gain is affected very little 
by changes in frequency or ground system loss. To find the 
gain relative to a single element, compare the reported dBi 
gain of ARRL_Cardioid_Example with the same model 
with one of the elements deleted. You'll find it’s very close 
to 3.0 dB. The 90° fed, 90° spaced array is a special case of 
array where the effects of mutual coupling on the two ele- 


ments are opposite and cancel, resulting in the same gain as 
if mutual coupling didn’t exist. But mutual coupling most 
certainly does exist! 

The second solution presented a more favorable main 
feed-point impedance, so it would be tempting to use that 
‘one instead of the first solution. Replacing the feed-line 
lengths with the second solution lengths to model the second 
solution shows that the front/back ratio deteriorates more at 
the band edges when the second solution is used. This might 
be tolerable if restricted frequency use is anticipated. But it 
dogs illustrate that the solution with shorter lines is generally 
more broadbanded and that the choice of solution shouldn't 
in general be based on the one giving the most favorable 


impedance. 


A Three-Element Binomial Broadside Array 

An array of three in-line elements spaced 7/2 apart and 
fed in-phase gives a pattern that is generally bidirectional 
If the element currents are equal, the resulting pattern has a 
forward gain of 5.7 dB (for lossless elements) compared to 
single element, but it has substantial side lobes. If the cur- 
rents are tapered in a binomial coefficient 1:2:1 ratio (twice 
the current in the center element as in the two end elements), 
the gain drops slightly to just under 5.3 dB. the main lobes 
widen and the side lobes disappear. 

‘The array is shown in Fig 23, andan EZNEC-ARRL model 
of the antenna over perfect ground to show the ideal pattern 
is provided as ARRL_Binomial_Example.EZ. To obtain a 
1:2:1 current ratio in the elements, each end element is fed 


through a 32/4 line of impedance Z,, Line lengths of 32/4 are 
chosen because 7/4 lines will not physically reach, The center 
clement is fed from the same point through two parallel 34/4 
lines of the same characteristic impedance. This is equivalent 
to feeding it through a line of impedance Z,/2. The currents 
are thus forced to be in-phase and to have the correct rato, 
ARRL_BinomialTL_Example.EZ is an EZNEC-ARRL 
‘mode! that shows this feed system with lossless transmission 
lines. The reader is encouraged to experiment with this model 
to sce the effect of changes in frequency, the addition of loss 
resistance (as resistive loads atthe element feed points) and 
other alterations on the array pattern and gain. You should 
also replace the perfect ground with MIVINEC type of ground 
to show how radiation patterns over real ground differ from 
the theoretical perfect-ground pattern, 


A“Four Square” Array 

Several types of feed system are used for feeding this 
popular array, and most share a common problem—they 
don’t provide the correct element current ratio—although 
a number of them produce a workable approximation. The 
feed systems described here are capable of producing exactly 
the correct current ratio, The only significant variable is the 
clement feed-point impedances, so the quality of the result 
depends on your ability to model the feed-point impedanc 
ofa correctly fed array. As in the examples above, EZNEC- 
ARRL will be used for that purpose and Arrayfeed! for the 
design of the feed system itself 

In this array (see Fig 24), four elements are placed in a 
square with 2/4 sides. (A variation of the Four Square uses 
‘wider spacing.) The rear and front elements (1 and 4) are 180° 
out-of-phase with each other. The side elements (2 and 3) are 
in phase with each other and 90° delayed from the front ele- 


Fig 20_Feed 
Ail foed lines aro electrical wavelength long and 
have the same characteristic mpedance. 


Fig 24_Pattern and layout ofthe four-element Four-Square 
Srtay. Gains roieronced tsa sgl simular stoners ob 
515 dB to the scale values shown. 
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in all four elements are 


ment. The magnitudes of the current 
equal. The front and rear elements can be forced to be 180° 
‘out-of-phase and to have equal currents by using the current- 
forcing method described earlier. One element is connected 
to alline that is either 2/4 or 37/4 long, the other to a line that 
is 2/2 longer, and the two lines to a common point. 

Likewise, the two side element currents are forced to be 
equal by connecting them to a common point via 2/4 or 34/4 
lines. Fig 25 shows the basic current-forcing system. 

If the pattern is to be electrically rotated, itis necessary 
to bring lines from all four elements to a common location, 
If solid-polyethylene dielectric coaxial cable, which has a 
dielectric constant of 0.66, is used, i/4 lines won't reach the 
center of the array. So 32/4 lines must be used. Alternatively, 
you can use 2/4 lines with foam or other dielectric having 
‘velocity factor of more than about 0.71 (plus a little extra 
margin). These will reach to the center. Whatever your choice, 
three of the lines must be the same length and the fourth must 
be 2/2 longer. 

In this array, the side elements (2 and 3) have equal 
impedances, but the rear and front (1 and 4) are different from 
ceach other, and both are different from the side elements. We 
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ig 25—"Simplest” feed system for the Four-Square array 
ig 24. Grounds and cable shields have been omitted 
for clarity. 
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have to know the feed-point impedances of the front, ear and 
side elements in order to design the “simplest” feed system, 
but only the side element impedances are needed to design the 
L-network system. Knowledge of all feed-point impedances 
is necessary if the array main feedpoint impedance 
to be calculated. EZNEC-ARRL model 4Square_Example. 
EZ shows a 40-meter Four Square array with 18 Q of loss 

tance at each clement, to approximate an 8-radial per 
element ground system. (See the cardioid array example 
above for more information about modeling ground system 
Joss.) Opening the file in EZNEC-ARRL and clicking the Sre 
Dat bution gives the following impedances: 
Source 1: 16.4 ~j15.85.2 

2 and 3:57.47 ~j19.44.0 

Source 4: 77.81 + 54.8. 

11s interesting to note that the resistive part of source 
1 is less than the 18 © of loss resistance we intentionally 
added to simulate ground system loss. That means that the 
element 1 feed-point resistance would be negative if the 
ground resistance were less than about an ohm and a half. This, 
isn’t uncommon in phased arrays and simply means that the 
clement is feeding power inso the feed system. This power is, 
coming via mutual coupling from the other elements 


“Simplest” (Transmission Line Only) Feed System 
To design a “simplest” feed system, start Arrayfeed!. 
In the Array Type frame, select 4 Square, and select 


“Simplest” in the Feed System Type frame. In the Inputs 
frame, enter the frequency and the impedances from EZNEC- 


ARRL: 


Frequency = 7.15 MHz 
Leading Element: R = 16.4, X = -15.85 
Side elements: R = 57.47, X =—19.44 
Lagging Element: R = 77.81, X= 548 


We'll ty using 50 0 for all lines, so enter $0 into the 
next three boxes. 

Enter 1 for the lagging:leading 1 magnitude and -90 
for the phase 

Click Find Solutions. 

‘The result is shown in the Solutions frame, shown in 
Fig 26. As always when any solution exist, there are two 
to choose from. The one with the shortest lines is generally 
preferable, so we'll choose it. For this example, we'll use 
14 lines with velocity factor of 0.82. So enter 0.82 in the 
Velocity Factor bos in the Physical Lengths frame, and read 
the physical lengths from the bottom of that frame. The 2/4 
lines (marked in the Arrayfeed! diagram with an asterisk) 

line 1 is 7.483 feet and line 2 is 51.668 fect. 
The “simplest” feed system is shown in Fig 26, and the 
complete feed system consists ofthis connected to the array 
of Fig 25. 

EZNEC-ARRL model ARRL_4Square_TL_Ex- 
ample.EZ is simulates the array fed with this system. 
Comparison of the pattern plot to one from ideal-current 
model ARRL_4Square_Example.EZ and examination of 
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Fig 26—Screen capture from Arrayfeed! for “Simplest” 
{feed system for Four Square feed system shown in Fig 25. 
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Fig 27—L-network setup for Four-Square array in Fig 25, 
{fed with 7/4 (or 32/4) current-forcing feed system. 


the element currents verify that the feed system is produc~ 
ing the desired pattern and element currents. You can use 
ARRL_4Square_Example-EZ to investigate the effect of 
frequency change, ground loss and other changes on the 
array gain and pattern, 


Network Feed System 

‘To design the L-network feed system, simply change the 
Feed System Type to L Network and click Find Solutions. 
‘The results you should see are a 0.484 pH inductor for the 
series component X,,., and a 1369.6 pF capacitor for the 
shunt component X,,. The L-network feed system is shown 
27, and the complete feed system consists of this L 
network connected to the array of Fig 25. 

EZNEC-ARRL doesn’thave the ability to directly model 


Fig 28—Pattern and layout of the four-element rectangular 
array. Gain is referenced to a single similar element; add 
6.8 dB to the scale values shown. 


the L network, so it’s unable to model the complete system, 
However, the system has been modeled using the network 
capability of EZVEC ¥.5 and found to work as designed, 
‘Amrays have also been built using this feed system and the 
‘ment currents measured, with exactly the expected results. 

‘This array is more sensitive to adjustment than the 2-ele 
‘ment 90° fed, 90° spaced array. Adjustment procedures and a 
method of remotely switching the direction of this array are 
described in the Practical Aspects of Phased Array Design 
section that follows. 


A 4-Element Rectangular Array 

‘The 4-element rectangule array shown with its pattern 
in Fig 28 has appeared numerous times in amateur public: 
tions. However, many of the accompanying feed systems fi 
to deliver currents in the proper amounts and phases to the 
various elements. The array can be correctly fed using the 
principles discussed in this chapter and the design methods 
that follow. 

Elements | and 2 can be forced to be in-phase and to 
have equal currents by feeding them through 37/4 lines. (As 
in the binomial and Four Square array examples, 32/4 lin 
are chosen because 1/4 lines won't physically reach.) The 
currents in elements 3 and 4 can similarly be forced to be 
equal and in-phase. Fig 29 shows the “current-forcing” feed. 
system. Elements 3 and 4 are made to have currents of equal 
‘magnitude but of 90° phase difference from elements 1 and. 
2 by use of either a “simplest” all-transmission line feed 
system or an L-network feed system. Both will be designed. 
in this example. 
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Fig 29—"Simplest” feed system for four-element 


rectangular array, using four equal-length 2/4 (or 3/4) 
cables. 


For this array, we have to know the feed-point imped- 
ances of two elements (one of each pair) in order to design 
ither type of feed system. EZNEC-ARRL model Rectang 
lar_Example.EZ shows a 20-meter rectangular array with, 
18 Qof loss resistance at each element, again to approximate 
‘an 8-radial per element ground system. (See the cardioid array 
example above for more information about modeling ground 
system loss.) Open the file in EZVEC-ARRL and click the Sre 
Dat button to find the following feed-point impedances: 

Sources 1 and 2: 21.44 ~ 21.29 

Sources 3 and 4: 70.81 ~ j5.232 


“Simplest” (Transmission- Line Only) Feed System 

‘To design a “simplest” feed system, start program Array- 
feedI. In the Array Type frame, select 4 Element Rectangle, 
‘and select “Simplest” in the Feed System Type frame. In 
the Inputs frame, enter the frequency and the impedances 
from EZNEC-ARRL: 


Frequency = 14.15 MHz 
Leading Elements R = 21.44, X 
Lagging Elements R = 70.81, X 


1.29 
5.232 


We'll use 50.0 for all lines, so enter $0 into the next 
three boxes. 
Enter 1 for the lagging:leading I magnitude and -90 


for the phase. 
Click Find Solutions. 
The result is “No Solution” —This combination of line 


impedances can’t be used. Several other combinations also 
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produce this result, but making lines | and 2 each 75 © and, 
the 32/4 lines 50 does produce a solution. Enter 75 into the 
Line 1 Z0 and Line 2 20 boxes, and leave 50 in the Choose 
‘20 of Yor % wavelength lines box, then click the Find Solu- 
tions button. There won't be any problem making lines 1 and. 
2 reach, so we'll choose the first solution because the lines 
are shorter. The physical lengths of all the lines are shown 
in the Physical Lengths frame when the velocity factor is 
centered in the appropriate box. Assuming that we use coax 
with a velocity factor of 0.66 (and the example frequency of 
14.15 MHz), the lengths are: 

Line 1: 4.982 feet 

Line 2: 20.153 feet 

3/4 lines (marked with an asterisk in the Arrayfeed 
diagram): 34.408 feet 
‘The lines are connected following the diagram in the upper 
left part of the Arrayfeed? window. This completes the 
“simplest” feed system design. EZNEC-ARRL model Rect- 
angular_TL_Example.EZ simulates an array fed with this 
system. 

Comparison of the pattern plot to one from ideal-current 
Rectangular_Example.EZ, and examination of the element 
currents verify that the feed system is producing the desired 
pattern and element currents. 


L-Network Feed System 
nthe L-network feed system using Arrayfeed!, 
change the Feed System Type to L Network and click Find 
Solutions. The resulting L-network values are a 0.484 H 
inductor for the series component Xe, and a 1369.6 pF 
capacitor for the shunt component X,, 


120° Fed, 60° Spaced Dipole Array 

This example shows the design of “simplest” and L 
network feed systems fora 2-element 20- meter dipole array, 
rather than a vertical array. No special accommodation is, 
required for the array made from dipoles rather than vertical 
celements—the same methods can be used regardless of el 
‘ment shape. This example also shows that both the “simplest 
and L-network feed systems can readily be applied to ele- 
‘ments that use phase angles other than 90°. 

Any 2-element array made with identical elements 
spaced 2/2 or closer and having equal magnitude currents, 
with a relative phase angle of 180° minus the spacing 
will produce a unidirectional pattern with a good null to 
the rear. In practice, very close spacings lead to very low 
feed: point resistances, with consequent losses and very nar- 
rowband characteristics. But this 60° spaced array is well 
within the range of practical realization. File ARRL_Dipole_ 
Array_Example.EZ is a model created for this array, with, 
ideal element currents. Open this file in EZNEC-ARRL and, 
click FF Plot to show the pattern at an elevation angle of 10°. 
‘You can save this pattern for later comparison to the pattern 
with a “simplest” feed system by opening the File menu in 
the 2D Plot window, selecting Save Trace As, entering a 
name for the trace file and clicking Save, 


Following the same procedure as in the previous e 
amples, we begin the array design by finding the element 
feed-point impedances in the ideally fed array using EZNEC- 
ARRL numbers. Having already opened ARRL_Dipole_ 
Array_Example.EZ, all that’s needed is to click Sre Dat. 
‘The results are 

Leading element (source 1) : 36.16 ~ [46.05 

Lagging element (source 2) : 49.56 + 51.470 


“Simplest” (Transmission Line Only) Feed System 

Select Two Element for the Array Type in Array- 
feed! and “Simplest” for the Feed System Type. Enter the 
frequency of 14.15 MHz and enter the element feed-point 
impedances from EZNEC-ARRL into the appropriate boxes in 
the Inputs frame. For line impedances, the section describing 
the “simplest” feed system recommends against choosing 
‘one which is very different from the element feed-point 
impedances, but for fun let's try 300 © for the two lines and 
see what happens. Enter 300 in the Line 1 Z0 and Line 2 Z0 
boxes. Finally, enter the lagging:leading I mag, phase of 
1 for Mag and ~120 for Phase. 

Click Find Solutions. For this example we'll assume 
that TV type twinlead with a velocity factor of 0.8 is being 
used. So enter 0.8 for the Velocity Factor and read the 
physical line lengths in the Physical Lengths frame. A 
model of the array using the first solution has been created 
as ARRL_Dipole_Array_TL_Example.EZ. Open this file 
in EZNEC-ARRL and click FF Tab. You should see that the 
plot is virtually identical to the one saved earlier from the 
ideal-current model. Note the gain and front/back ratio or 
8.79 dBi and 31.01 dB respectively reported in the data box 
below the 2D plot 

Don’t subtract 2.15 dB to find the gain relative to a 
single element! This isn't a free-space model, and the gain 
of asingle dipole over ground is much greater than 2.15 dBi, 
Instead, delete one of the elements in ARRL_Dipole_ 
‘Array_Example.EZ to find the gain of 
subtract that value from the array gain, You can u: 
feature or re-open the file to restore the array. 

Now, go back to the model with the “simplest” feed 
system in EZNEC-ARRL and change the Frequency to 14.0 
MHz. Click FF Tab again. The gain has decreased a little, 
to 8.54 dBi and the front/back ratio has also decreased, to 
21.8.dB. At 14.3 MHz, the gain is slightly higher, 9.04 dBi. 
but the front/back is again worse, down to 18.64 dB. But this 


isn’t bad overall 

Let's take a look at the second solution. Click the Trans 
Lines line in the main EZNEC-ARRL window to open the 
‘Transmission Lines Window. Change the length of the first 
line to 26.856 feet, the second to 28.356 feet, and press the 
Enter key to complete the change. Change the Frequency 
back to 14.15 MHzand click FF Tab. You should see exactly 
the same pattern as for both the first solution and for the ideal 
current model. But now change the Frequency to 14.0 MHz, 
click FF Tab, and look at the pattern. 

‘What happened? The gain has dropped to 5.95 dBi 


and the frontback to only 3.1 dB. The array is now nearly 
bi-directional! I's almost as bad at 14.3 MHz. So we've 
created a terribly touchy system. The chance of its working 
correctly even at the design frequency is slim, because there 
are inevitably some differences between the model and real 
antenna 

We did have a clue this might happen. As stated inthe 
jon describing the “simplest” feed system, the best choices 
for line Zp and for the resulting solution give a difference in 
electrical fine lengths about equal tothe desired phase delay 
of the current. The difference in electrical line lengths forthe 
firs solution was about 152°—not as close tothe 120° current 
phase difference as we'd like, but much better than the mere 
9.7° difference ofthe lines forthe second solution. While the 
300-02 line Zo is quite different from the clement feed-point 
impedances, the first solution result is quite good. If desired, 
you can try other line impedance values into Arrayfeed? and 
evaluate the results with EZNEC-ARRL. 

Please see the information about baluns in the Baluns 
in Phased Arrays section. Baluns are placed the same asin 
Fig 19, which shows the L-network feed system, 


L-Network Feed System 

To design an L network feed system, change the 
Arrayfeed! Feed System Type to L Network and click 
Find Solutions. The results aren't good ones to use. The 
component reactance magnitudes of about 1573 and 2619 
are more than five times the 300-0 Zo of the feed lines. As 
explained in the section describing the L-network feed sys- 
tom, it's undesirable to have such a large ratio of component 
reactance to line Zp. Among other problems, the inductor 
and capacitor values are quite extreme and capacitor stray 
inductance and inductor capacitance would have a significant 
impact on performance, 

The problem occurs because the feed-line impedance 
chose is much larger than the element feed-point impet 
ances, so the 2/4 lines transform the feed-point impedancs 
to much higher values at the L network and main feed point. 
This feed system would be extremely critical, narrowbanded. 
and difficult to adjust. We can do better by choosing feed-line 
impedances that aren't too drastically different than the ele- 
‘ment feed: point impedances. In this case, 50 or 75 © would. 
bbe a much better choice than 300. Let's try 75. 

In Arrayfeed!, change the Line 1 Z0 and Line 2 Z0 
impedances from 300 to 75 and click Find Solutions. L- 
network component reactance magnitudes are now about 98 
and 164 ©, much better than before. This will be a relatively 
uncritical and broadbanded feed system. 

Again, be sure to read the information about baluns 
in the Baluns in Phased Arrays section. Fig 19 shows the 
completed feed system including baluns. 


PRACTICAL ASPECTS OF PHASED 
ARRAY DESIGN 
With almost any type of antenna system, there is much 
that can be learned from experimenting with, testing and using 
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various array configurations. In this section, Roy Lewallen, 
WZEL, shares the benefit of years of his experience from 
actually building, adjusting and using phased arrays. There 
is much more work to be done in most of the areas covered 
here, and Roy encourages the reader to build on this work, 


Adjusting Phased Array Feed Systems 
Ifa phased array is constructed only to achieve forward 
gain, adjusting it is seldom worthwhile. This is because the 
forward gain of most arrays is quite insensitive to either the 
magnitude or phase of the relative currents flowing in the 
elements. If, however, good rejection of unwanted signals 
is desired, adjustment may be required. And achieving very 
deep nulls will almost surely require some adjustment, 

The in-phase and 180° out-of-phase current-forcing 
method supplies very well-balanced and well-phased currents 
to elements without adjustment. Ifthe pattern of an array fed 
using this method is unsatisfactory, it’s generally the result of 
environmental differences—where the elements, even though 
furnished with correct currents, aren't generating the correct 
fields. Such an array can be optimized in a single direction, 
but a more general approach than the current-forcing method. 
must be taken. Some possibilities are described by Paul Lee 
and Forrest Gehrke (see Bibliography) 

Unlike the current-forcing method, the “simplest” and 
L-network feed systems described earlier in this chapter are 
dependent on the self and mutual impedance of one or more 
elements. The required transmission-line lengths or L-net 
work component values can be computed to a high level of 
precision, but the results are only as good as the knowledge 
of the relevant feed-point impedances. 

While the simplest feed system doesn’t readily lend 
itself to adjustment, the components of an L network can 
casily be made adjustable or can be experimentally changed 
in increments. A practical approach is to model the array 
as accurately as possible, design and build the feed system 
based on the model results and then adjust the network for 
the best performance. 

‘Simple arrays such as the two-element 90° fed and 
spaced array can be adjusted as follows. Place a low-power 
signal source at a distance from the array (preferably sev- 
ral wavelengths), in the direction a null should be. While 
listening to the signal on a receiver connected to the array, 
alternately adjust the two L-network components for the best 
rejection of the signal 

This has proved to be a very good way to adjust 2-ele- 
ment arrays. However, variable results were obtained when 
a Four-Square array was adjusted using this technique. The 
probable reason is that more than one combination of current 
balance and phasing can produce a null in a given direction 
bbut each produces a different overall pattern. So a different 
method must be used for adjusting more complex array: 
This involves actually measuring the element currents in 
some way, and adjusting the network until the currents are 
correct. After adjusting the currents, small adjustments can 
‘be made to deepen the null(s) if desired, 
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19 Element Currents 
sure the element currents two ways. One 
‘way isto measure them directly atthe clement feed points, as 
shown in Fig 30. A dual-channel oscilloscope is required to 
‘monitor the currents. This method isthe most accurate and it 
provides a direct indication ofthe actual relative magnitudes 
and phases of the element currents. The current probe is 
shown in Fig 31 

Instead of measuring the element currents directly, you 
could measure them indirectly by measuring the voltages on 
the feed lines an electrical 2/4 or 32/4 distance from the array. 
‘The voltages at these points are directly proportional to the 
clement currents. This introduces additional variables that can 
reduce the accuracy of the result, but the method generally 
produces adequate performance. The 2-element arrays fed 
‘with the L-network system and all the four element arrays 
presented earlier have 2/4 or 32/4 lines from all elements toa 
common location, making this second measurement method 
convenient. The voltages can be observed with a dual-channel 
oscilloscope, or, to adjust for equal-magnitude currents and 
90° phasing, you can use the test circuit shown in Fig 32, 

‘The test circuit is connected to the feed lines of two ele- 
‘ments that are tobe adjusted for 90° phasing (such as elements 
1 and 2, or 2 and 4 of the Four-Square array of Figs 24 and 
25). Adjust the L-network components alternately until both 
‘meters read zero, Proper operation of the test circuit can be 
verified by disconnecting one ofthe inputs. The phase output 
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Fig 30—One method of measuring element currents in 
a phased array. Details of the current probe are given in 
Fig 31. Caution: Do not run high power to the antenna 
system for this measurement, or damage to the test 
‘equipment may result. 


bess ‘Conductor 


(any Tyee) 


te Core 

‘any Sze, Type 72 
Ferre 
Do Not Connect 
{Ground at 
Antenna 
ANTi002 
Fig 31—The current probe for use in the test setup of Fig 


30. he ferrite core is of type 72 material, and may be any 
Size. The coax line must be terminated at the opposite end 

th a resistor equal to its characteristic impedance. You. 
should build this probe in a plastic or metal box to provide 
mechanical ruggedness. 


should remain close to zero. If not, there is an undesirable 
imbalance in the circuit, which must be corrected. Another 
means of verification is to first adjust the L network so the 
tester indicates correct phasing (zero volts at the phase out- 
put). Then reverse the tester input connections to the elements. 
‘The phase output should remain close to zero. 


Directional Switching of Arrays 

‘One ideal directional-switching method would take 
the entire feed system, including the lines to the elements 
and physically rotate it. The smallest possible increment of 
rotation would depend on the symmetry of the array—the 
feed system would need to rotate until the array again looks 
the same to it. For example, any 2-element array can be 
rotated 180° (although that wouldn't accomplish anything 
if the array is bidirectional to begin with). The 4-element 
rectangular array of Figs 28 and 29 can also be reversed, and 
the Four-Square array of Figs 24 and 25 can be switched in 
90° increments. 

‘Smaller switching increments can be accomplished only 
by reconfiguring the feed system, including any network if 
used, effectively creating a different kind of array. Switching 
in smaller increments than dictated by symmetry will create a 
different pattern in some directions than in others, and must 
be thoughtfully done to maintain equal and properly phased 
element currents. The methods illustrated here will deal only 
with switching in increments related to the array symmetry, 
except for one: a 2-clement broadside/end-fire array. 

In all arrays, the success of directional switching d 
pends on the elements and ground systems being identical 
so that equal element currents resull in equal fields. It’s even 
more important in arrays fed with any method other than 
current forcing, because the effectiveness of those methods 
depends on the element feed-point impedances. Few of us 
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Fig 32—Quadrature test circuit. All diodes are germanium, 
‘such as 1N34A, 1N270, or equiv. Hot carrier or silicon 

{es can be used at higher power levels. All resistors 
are % or %W, 5% tolerance. Capacitors are ceramic 
Alligator clips are convenient for making the input and 
{ground connections to the array. 
T1—7 triflar turns on an Amidon FT-37-43, -75, -77, or 
equivalent ferrite toroid core. 


can afford the luxury of having an array many wavelengths 
away from all other conductors, so an array will nearly always 
perform somewhat differently in each direction. The array 
should be adjusted when steered in the direction requiring 
the most signal rejection in the nulls. Forward gain will, for 
all practical purposes, be equal in all the switched directions, 
since gain is much more tolerant of error than are nulls. 


Basi 


Switching Methods 

Following is a discussion of basic switching methods, 
how to power relays through the main feed line and other 
practical considerations. In diagrams, grounds are frequently 
‘omitted to aid clarity, but connections of the ground conduc- 
tors must be carefully made. In fact, itis recommended that 
the ground conductors be switched just as the center conduc- 
tors are, as explained in more detail in Improving Array 
‘Switching Systems below. In all cases, interconnecting lines 
must be very short. 

A pair of elements spaced 2/2 apart can readily be 
switched between broadside and end-fire bidirectional pat- 
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* Soldering a small p.c.b. joint 


With experience, you'll get a feel for how long it takes before you can apply solder. 
The more metal that is present in the joint, the longer period that heat must be applied for. 
A small p.c.b. joint takes well under one second to complete. A large metal terminal could 
take quite a few seconds or more to heat up. As I explained earlier, higher power (wattage) 
irons cope better with larger workpieces because they recover more quickly and are more 
“unstoppable”, making it easier for them to heat larger workpieces without cooling down 
so much. 


If you apply solder too early, it won’t melt properly and the result will be a grey, 
crystalline joint caused by the solder’s melting point temperature not being reached and 
the flux not having flowed properly. Semiconductors must be soldered as rapidly as 
possible as they are heat-sensitive, but they’re a lot more robust than they used to be. 


= — eal 


Fig 33—Two-olement broadside/end-fire switching. All 
lines must have the same characteristic impedance. 
Grounds and cable shields have been omitted for clarity. 
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Fig $4—Directional switching for 90°, 90° spaced 
2-element array fed with a “simplest” feed system. 


terns, using the current-forcing properties of 2/4 lines. The 
method is shown in Fig 33. The switching device can be a 
relay powered via a separate cable or by de sent along the 
main feed line. 

Fig 34 shows directional switching of a 90° fed, 90° 
spaced array fed with a “simplest” feed system, where LI and 
L2are the required lengths of the two feed lines. Fig 35 shows 
how to switch the same array when fed with an L-network. 
current-forcing system, 

The rectangular array of Fig 28 can be switched in a 
similar manner, as shown in Fig 36. To switch a “simplest” 
fed rectangular array, use the switching circuit of Fig 34 


‘but connect the two equal length lines to points A and B of 
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Fig 35—Directional switching for 90°, 90° spaced 2-element 
array fed with an L-network, current-orcing feed system. 


Fig 36—Directional switching of a four-element rectangular 
array. All interconnections must be very short. As usual, 
grounds and cable shields have been omitted for clarity. 


Fig 29 in place of the two elements shown in Fig 34. 

‘Switching the direction of an array in increments of 90°, 
when permitted by symmetry, requires at least two relays. 
A method of 90° switching of the Four-Square array with 
L-network feed is shown in Fig 37. 


Powering Relays Through Feed Lines 
Allof the above switching methods can be implemented 


without additional wires to the switch box. A single-relay 
system is shown in Fig 38A, and a two-relay system in 


can be used in 


Fig 38B. Small 12 or 24-V de power rel 


citer system at power levels up to at least a few hundred 
watts, Do not attempt to change directions while transmiting 
however. Blocking capacitors C1 and C2 should be good 


quality ceramic or transmitting mica units of 0.01 to 0.1 F, 
No problems have been encountered using 0.1 LF, 300-V 
monolithic ceramic units at RF output levels up to 300 W. C2 
may be omitted if the antenna system is an open circuit at de. 
C3 and C4 should be ceramic, 0.001 uF or larger. 

InFig 38B, capacitors C5 through C8 should be 
with the ratings of their counterparts in Fig 38A, as given 
above. Electrolytic capacitors across the relay coils, C9 and 
Cl0in Fig 38B, should be large enough to prevent the relays, 
from buzzing, but not so large as to make relay operation too 
slow. Final values for most relays will be in the range from 
10 to 100 HF. They should have a voltage rating of at least 
double the relay coil voltage. Some relays do not require this 
capacitor, All diodes are IN4001 or similar. A rotary switch 
may be used in place of the two toggle switches in the two- 
relay system to switch the relays in the desired sequence. 


Improving Array-Switching Systems 

The extra circuitry involved in switching arrays can 
degrade array performance by altering the relative currents 
fed to each element. One common cause is current sharing 
in common ground conductors, even when connections are 


kept very short. The author has seen a 30° phase shift in 
voltage along a 4-inch piece of #12 wire in a 40-meter array 
feed system. 

When the two conductors of a feedline are physically 
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Fig 37—Directional switching of the four-square array. All 
interconnections must be very short. 


separated from each other, the impedance increases. This 
is especially true when the main lines are coaxial cables. If 
currents from two elements share the ground conductor of 
a split line, a relatively large voltage drop results. Voltage 
changes 1/4 from the elements translate to current changes 
at the elements. Although keeping all leads extremely short 
is sometimes adequate, the best way to reduce current sharing 
problems is to keep the two conductors of each transmission 
line as close together as possible, and switch both conductors 
of each line rather than just a single or “hot” conductor. 

An example of a carefully designed switching system 
is shown in Fig 39. It avoids the problem of shared ground 
conductor currents, as well as another common problem, 
namely that effective line lengths are often different along 
different switching paths. Notice how the path from the main 
feed point travels through a single line to each element with 
no common ground connections to other lines except at the 


‘component information. A one-relay system is shown at A, 
and a two-relay system at B. In B, S1 activates K1, and S2 
activates K2. 
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‘thatthe distance doesn’t change 
as the direction is switched. The 2/4 lines going to the two 
clements must be shortened by the length f of the lines on 
the feed side of the relays, so thatthe total line length from 
the main feed point to each element is 2/4 (or 32/4). 

You can sce that in either relay position, there's an open 
ended stub of length £ connected at the main feed point and 
another at the output end of the L network. These will add 
capacitance at those points. Extra Cat the main feed point will 
alter the overall impedance seen by a transmitter, but won't 
otherwise have any effect on the array or its performanc 
‘The one at the output ofthe L network will, however, change 
the transformation and phase shift properties ofthe network. 
Butts easy to compensate—the value of the shunt capacitor 
clement is simply reduced by the amount of the C added by 
the stub, The amount of C for any kind of transmission line 
ccan be cale 


To Element 2 
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ig 39—A carefully designed L-network, current-forcing 
switching system that switches both hot and shield. 
conductors in feed coaxes. 


8-36 Chapter 8 


where Zy = the characteristic impedance of the line and VF 
= the velocity factor. This works out to 31 pF/foot or 101 pF/ 
meter for 50-0 solid polyethylene insulated coax, which has 
a velocity factor of 0.66. 

‘The general principles illustrated in Fig 39 can be ex- 
tended to other switching systems. If switching the ground 
conductors as described above isn’t practical, use of a metal 
box for the switching circuitry is recommended, so that the 
relatively large surface area of the box can be used for the 
‘common ground conductors, minimizing their inductance. 
Always keep leads extremely short. 


Measuring the Electrical Length of Feed Lines 
‘When using the feed methods described earlier the feed 

lines must be very close to the correct length. Forbest results, 
they should be correct within 1% or so. This means that a line 
that is intended to be, say, 1/4 at 7 MHz, should actually be 
44 at some frequency within 70 kHof 7 MHz. A simple but 
accurate method to determine at what frequency a line is 2/4 
or 2/2 is shown in Fig 40A. The far end of the line is short 
ircuited with a very short connection. A signal is applied to 
the input and the frequency is swept until the impedance at 
the input is a minimum, This is the frequency at which the 
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L1, L2—Value to have an inductive reactance = Riy. 


line is 2/2. Either the frequency counter or the re 


ver may 
be used to determine this frequency. The line is, of course, 
24 at one half the measured frequency. 

The detector can be a simple diode detector or an oscil: 
loscope may be used if available. A 6 to 10 dB attenuator pad is 
included to prevent the signal generator from looking intoa short 
circuit at the measurement frequency. The signal generator out. 
‘put must be free of harmonics. Irthere is any doubt, an outboard 
low-pass filter, such as a half-wave harmonic filter, should be 
used, The half-wave filter circuit is shown in Fig 40B. and must 
‘be constructed for the frequency band of operation. 

Another satisfactory method is to use a noise or resis 
tance bridge or antenna analyzer at the input of the line, again 
looking for a low impedance at the input while the output 
bridges are described in 


is short circuited. Simple resistan 
Chapter 27 
Dip oscillators have been found to be unsatisfactory. 


‘The required coupling 
surements 


oop has too great an effect on mea- 


Measuring Element Self and Mutual Impedances 

‘The need for measuring element self and mutual im- 
pedances has been made largely unnecessary with the ready 
availability of modeling software. Few amateurs appreciate 
the considerable difficulty of making accurate impedance 


‘measurements and accurate mutual impedance measurements 
are very difficult even with professional test equipment and 
skills. Despite the limitations of computer modeling, results 
very often are better than measured values because of the 
‘multiple factors affecting measurement accuracy. 

‘Those who are interested in measuring self and mutual 
impedances can find more detailed information about doing so 


in Appendix B. The information there is from earlier editions 
of The ARRL Antenna Book. 


Broadside Arrays 


Broadside arrays can be made up of collinear or paral- 
Iel elements or combinations of the two. This section was 
contributed by Rudy Severns, NOLF. 


COLLINEAR ARRAYS 


Collinear arrays are always operated with the ele- 
ments in-phase. (If alternate elements in such an array are 
out-of-phase, the system simply becomes a harmonic type 
of antenna.) A collinear array is a broadside radiator, the 


direction of maximum radiation being at right angles to the 
line of the antenna. 


POWER GAIN 


Because of the nature of the mutual impedance between 
collinear elements, the feed-point resistance (compared to a 
single element, which is =73 Q) is increased as shown earlier 
in this chapter (Fig 9). For this reason the power gain does 
not inerease in direct proportion to the number of elements. 
‘The gain with two elements, as the spacing between them is, 
varied, is shown by Fig 41. Although the gain is greatest when 


the end-to-end spacing is in the region of 0.4 100.6 2, the use 
of spacings of this order is inconvenient constructionally and. 
introduces problems in feeding the two elements. As aresult, 


collinear elements are almost always operated with their ends 


em Ry 
Tle 


Spacing), Wavelengths 


Fig 41—Gain of two collinear 2/2 elements as a function of 
spacing between the adjacent ends. 
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quite close together—in wire antennas, usually with just a 
strain insulator between, 

With very small spacing between the ends of adjacent 
elements the theoretical power gain of collinear arrays, 


assuming the use of #12 copper wire, is approximately as 
follows over a dipole in free space: 


‘More than four elements are rarely used. 


DIRECTIVITY 


‘The directivity of a collinear array, ina plane containing 
the axis of the array, increases with its length. Small second: 
ary lobes appear in the pattern when more than two elements 
are used, but the amplitudes of these lobes are low enough so 
that they are usually not important. In a plane at right angles 
to the array the directive diagram is a circle, no matter what 
the number of elements. Collinear operation, therefore, affects 
only E-plane directivity, the plane containing the antenna. 

When a collinear array is mounted with the elements 
al, the antenna radiates equally well in all geographical 
directions. An array of such stacked collinear elements tends 
to confine the radiation to low vertical angles. 

Ifacollinear array is mounted horizontally, the directive 
pattern in the vertical plane at right angles to the array is the 
same as the vertical pattern of a simple 2/2 antenna at the 
same height (Chapter 3). 


TWO-ELEMENT ARRAYS 


The simplest and most popular collinear array is one 
using two elements, as shown in Fig 42. This system is 
commonly known as nvo half-waves in phase. The directive 
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Fig 42—At A, two-element collinear array (two half-waves 

phase). The transmission line shown would operate as 
a tuned line. A matching section can be substituted and a 
nonresonant line used if desired, as shown at B, where the 
matching section is two series capacitors. 
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Fig 43—Free-space E-plane directive diagram for dipole, 
2,3 and 4-element collinear arrays. The solid 

4-element collinear; the dashed line is for a 3-clement 
collinear; the dotted line is for a 2-element collinear and 
the dashed-dotted line is for a 1/2 dipole. 


‘hich shows superimposed patterns fora dipole and 2, 3 and 

clement collinear arrays. Depending on the conductor size 
height, and similar factors, the impedance at the feed point 
can be expected to be in the range of 4 to 6 kO, for wis 
antennas. If the elements are made of tubing having a low 
2dia (wavelength o diameter) ratio, values as low as 1 kare 
representative. The system can be fed through an open-wis 
tuned line with negligible oss for ordinary line lengths, or a 
matching section may be used if desired. 

‘A number of arrangements for matching the feed line 
to this antenna are described in Chapter 26. If elements 
somewhat shorter than 2/2 are used, then additional match- 
ing schemes can be employed at the expense of a slight 
reduction in gain. When the elements are shortened two 
things happen—the impedance at the feed-point drops and 
the impedance has inductive reactance that can be tuned out 
with simple series capacitors, as shown in Fig 42B 

Note that these capacitors must be suitable for the power 
level. Small doorknob capacitors such as those frequently used 
in power amplifiers, are suitable. By way of an example, if 
each side of a 40-meter 2-clement array is shortened from 67 
1058 feet, the feed-point impedance drops from nearly 6000 0 
to about 1012 © with an inductive reactance of 1800 2. The 
reactance can be tuned out by inserting 25 pF capacitors at 
the feed-point. The 1012.0 resistance can be transformed to 
200 £2 using a 2/4 matching section made of 450-0 ladder line 
and then transformed to 50 © with a4:1 balun. Shortening the 
array as suggested reduces the gain by about 0.5 dB. 

‘Another scheme that preserves the gain is to use a 450-0 
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Fig 44—Layouts for 3- and 4-element collinear arrays. Alternative methods of feeding a 3-element array are shown at 
‘A and B. These drawings also show the current distribution on the antenna elements and phasing stubs. A matched 
‘transmission line can be substituted for the tuned line by using a suitable matching section. 


2/4 matching section and shorten the antenna only slightly to 
have a resistance of 4 kO. The impedance at the input of the 
matching section is then near 50 Q and a simple 1:1 balun 
can be used, Many other schemes are possible. The free-space 
E-plane response for a 2-element collinear array is shown 
in Fig 43, compared with the responses for more elaborate 
collinear arrays described below 


THREE- AND FOUR-ELEMENT ARRAYS: 


Ina long wire the direction of current flow reverses in 
cach 2/2 section. Consequently, collinear elements cannot 
simply be connected end to end; there must be some means for 
making the current flow in the same direction in all elements. 
When more than two collinear elements are used itis neces: 
sary to connect phasing stubs between adjacent elements in 
order to bring the currents in all elements in-phase. In Fig 444. 
the direction of current flow is correct in the two left-hand 
elements because the shorted 2/4 transmission line (stub) is 
connected between them. This stub may be looked upon sim- 
ply as the alternate 1/2 section of a long-wire antenna folded 


back on itself to cancel its radiation, In Fig 4A the part to 
the right of the transmission line has a total length of three 
half wavelengths, the center half wave being folded back to 
form 2/4 phase-reversing stub, No data are available on the 
impedance at the feed point in this arrangement, but various 
considerations indicate that it should be over 1 kQ. 

An alternative method of feeding three collinear ele- 
ments is shown in Fig 4B. In this case power is applied at 
the center of the middle element and pha: Jing stubs 
are used betwen this element and both of the outer elements. 
‘The impedance at the feed point in this case is somewhat 
over 300 © and provides a close match to 300 Q line. The 
'SWR will be less than 2:1 when 600-0 line is used. Center 
feed of this type is somewhat preferable to the arrangement 
in Fig 4A because the system as a whole is balanced. This 
assures more uniform power distribution among the elements, 
In Fig 44A, the right-hand element is likely to 
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A four-element array is shown in Fig 44C. The system 


is symmetrical when fed between the two center elements as 
shown. AS in the three-element case, no data ar 


the impedance at the feed point. However, the 
600 Q line should not be much over 2:1 

Fig 43 compares the directive patterns of 2, 3 and 4- 
element arrays. Collinear arrays can be extended to more 
than four elements. However, the simple 2-element colline 
array is the type most frequently used, as it lends itself well 
to multi-band operation, More than two collinear elements 
are seldom used because more gain can be obtained from 
other types of arrays, 


ADJUSTMENT 


In any of the collinear systems described, the lengths of 
the radiating elements in feet can be found from the formula 
468/fyy- The lengths of the phasing stubs can be found from 
the equations given in Chapter 26 for the type of line used. 
If the stub is open-wire line (500 to 600 Q impedance) you 
assume a velocity factor of 0.975 in the formula for a 
24 line. On-site adjustment is, in general, an unnecessary 
the following procedure may 
‘be used when the system has more than two elements, 

Disconnect all stubs and all elements except those di 
rectly connected to the transmission line (in the case of feed 
such as is shown in Fig 44B leave only the center element 
connected to the line). Adjust the elements to resonance, 
using the still-connected element. When the proper length is 
determined, cut all other elements to the same length. Make 
the phasing stubs slightly long and use a shorting barto adjust 
their length, Connect the elements to the stubs and adjust the 
stubs to resonance, as indicated by maximum current in the 
shorting bars or by the SWR on the transmission line. If more 
than three or four elements are used itis best to add elements 
two at a time (one at each end of the array), resonating the 
system each time before a new pair is added. 


THE EXTENDED DOUBLE ZEPP 
(One method to obtain higher gain that goes with wider 
spacing in a simple system of two collinear elements is to 
make the elements somewhat longer than 2/2. As shown in 
Fig 45, this increases the spacing between the two in-phase 


Fig 45—The extended double Zepp. This system gives 
‘somewhat more gain than two 2-sized collinear elements. 
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|—E-plane pattern for the extended double Zepp 
ig 45. This is also the horizontal directional 
pattern when the elements are horizontal. The axis 

Of the elements lies along the 90°-270° line. The 
free-space array gain is approximately 4.95 dBi. 
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Fig 47—Resistive and reactive feed-point impedance of a 
40-meter extended double Zepp in free space. 


22 sections at the ends of the wires. The section in the 
center carries a current of opposite phase, but if this section 
is short the current will be small; it represents only the outer 
ends of a 2/2 antenna section. Because of the small current 
and short length, the radiation from the center is small. The 
‘optimum length for each element is 0.64 2.. At greater lengths 
the system tends to act as a long-wire antenna, and the gain 
decreases. 

‘This system is known as the extended double Zepp. The 
gain over a 4/2 dipole is approximately 3 dB, as compared 
with about 1.6 dB for two collinear 2/2 dipoles. The direc- 
tional pattern in the plane containing the axis of the antenna 


is shown in Fig 46. As in the case of 


all other collinear arrays, the free-space | 


paltem in the plane at right angles to 
the antenna elements isthe same a tht ae 
ofa V2 antenna circular, 

the operating frequency so thatthe f 
feed-point impedance is complex { 


(R4jX). A typical example of the 
variation of the feed-point impedance 
over the band for a 40-meter double- 


extended Zepp is shown in Fig 47. This 
antenna is normally fed with open-wire 
transmission line to an antenna tuner. 
Other matching arrangements are, of course, possible. A 
method for transforming the feed-point impedance to 450 
and eliminating the minor lobes is given in Chapter 6. 


THE STERBA ARRAY 


‘Two collinear arrays can be combined to form the Sterba 
array, often called the Sterba curtain, An 8-clement example 
of a Sterba array is shown in Fig 48. The four 2/4 elements 
Joined on the ends are equivalent to two 2/2 elements. The two 
‘collinear arrays are spaced 2/2 and the 2/4 phasing lines con- 
nected together to provide 2/2 phasing lines. This arrangement 
has the advantage of increasing the gain for a given length and 
also increasing the E-plane directivity, which is no longer ci 
cular. An additional advantage of this array is thatthe wire forms 


Fig 48—Typical Sterba array, an 8-element ver 


a closed loop. For installations where icing is a problem a low 
voltage de or low frequency (50 or 60 Hz) ac current ean be 
passed through the wire to heat it for deicing. The heating cur- 
rent is isolated from RF by decoupling chokes. This is standard 
practice in commercial installations. 

‘The number of sections in a Sterba array can be extended 
as far as desired but more than four or five are rarely used 
because of the slow increase in gain with extra elements, the 
narrow H-plane directivity and the appearance of multiple 
sidelobes. When fed at the point indicated the impedance is 
about 600 ©. The antenna can also be fed at the point marked. 
X. The impedance at this point will be about 1 k®. The gain 
of the 8-element array in Fig 48 will be between 7 to 8 dB 
over a single element. 


Parallel Broadside Arrays 


To obtain broadside directivity with parallel 
the currents in the elements must all be in-phase. Ata distant 
point lying on a line perpendicular to the axis of the arra 
and also perpendicular to the plane containing the ele- 
ments, the fields from all elements add up in phase. The 
situation is like that pictured in Fig 1 in this chapter, wher 
four parallel 2/2 dipoles were fed together a broadside 
array. 

Broadside arrays of this type theoretically can have 
any number of elements. However, practical limitations of 
construction and available space usually limit the number 
of broadside parallel elements. 


POWER GAIN 


‘The power gain of a parallel-element broadside array 
depends on the spacing between elements as well as on the 
number of elements. The way in which the gain of a two- 
element array varies with spacing is shown in Fig 49. The 
greatest gain is obtained when the spacing is in the vicinity 
of 0.67 2. 

The theoretical gains of broadside arrays having more 
than two elements are approximately as follows: 
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Fig 49—Gain as a function of the spacing between two 
parallel elements operated in-phase (broadside). 
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The elements must, of course, all lie in the same plane 
‘and all must be fed in-phase. 
DIRECTIVITY 


The sharpness of the directive pattern depends on 
spacing between elements and number of elements. Larger 


element spacing will sharpen the main lobe, for a given 
number of elements, up to a point as was shown in Fig 41 
‘The two-element array has no minor lobes when the spac- 
ing is 2/2, but small minor lobes appear at greater spacings. 
When three or more elements are used the pattern always 
thas minor lobes, 


Other Forms Of Broadside Arrays 


For those who have the available room, multi-clement 
arrays based on the broadside concept have something to 
offer. The antennas are large but of simple design and non: 
critical dimensions; they are also very economical in terms 
of gain per unit of cost 

Large arrays can often be fed at several different points 
However, the pattern symmetry may be sensitive to the choice 
‘of feed point within the array. Non-symmetrical feed points 
will result in small asymmetries inthe pattern but these are 
not usually of great concern. 

‘Arrays of three and four elements are shown in Fig 50. 
In the 3-element array with 2/2 spacing at A, the array is fed 
atthe center. This is the most desirable point in that it tends 
to keep the power distribution among the elements uniform. 
However, the transmission line could alternatively be con 
nected at either point B or C of Fig SOA, with only slight 
skewing of the radiation pattern 

When the spacing is greater than 2/2, the phasing lines 
must be I 2 long and are not transposed between elements 
This is shown Fig SOB. With this arrangement, any element 
spacing up to 1 % can be used, if the phasing lines can be 
folded as suggested in the drawing. 

The 2-element array at C is fed at the center of the 
system to make the power distribution among elements as 
uniform as possible. However, the transmission line could be 
connected at either point B, C, D or E. In this case the sec 
tion of phasing line between B and D must be transposed to 
make the currents flow in the same direction in all elements 
‘The 4-element array at C and the 3-clement array at B have 
approximately the same gain when the element spacing in 
the array at Bis 31/4. 

‘An alternative feeding method is shown in Fig 50D. This 
system can also be applied to the 3-element arrays, and will 
result in better symmetry in any case. It is necessary only to 
move the phasing line o the center of each element, making 
connection to both sides of the line instead of one only. 

The free-space pattern for a 4-element array with 2/2 
spacing is shown in Fig 51. This is also approximately the 
pattern for a 3-element array with 32/4 spacing. 

Larger arrays can be designed and constructed by fol 
lowing the phasing principles shown in the drawings. No 
accurate figures are available for the impedances at the various 
feed points indicated in Fig 50. You can estimate ito bein the 
vicinity of 1 KO when the feed point is ata junction between 
the phasing line and a 2/2 element, becoming smaller as the 
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number of elements in the array is increased. When the feed 
point is midway between end-fed elements as in Fig SOC, the 
feed-point impedance of a 4-element array is in the vicinit 
of 200 to 300 ©, with 600-2 open-wire phasing lines. The 
impedance at the feed point with the antenna shown at D 
should be about 1.5 kQ. 
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Fig 50—Methods of feeding 3- and 4-element broadside 
arrays with parallel elements. 


Fig 51—Free-space E-plane pattern of a 4-element 
broadside array using parallel elements (Fig 50).This 
corresponds to the horizontal directive pattern at low wave 
angles for a vertically polarized array over ground. The 
axis of the elements lies along the 90:-270' line. 


NON-UNIFORM ELEMENT CURRENTS: 


The pattern for a 4-element broadside array shown in 
Fig 51 has substantial side lobes. This is typical for arrays 
‘more than 2/2 wide when equal currents flow in each element, 
Sidelobe amplitude can be reduced by using non-uniform 
current distribution among the elements, Many possible 
current amplitude distributions have been suggested. All of 
them have reduced current in the outer elements and greater 
current in the inner elements. This reduces the gain somewhat 
>but can produce a more desirable pattern. One of the common, 
current distributions is called binomial current grading. In 
this scheme the ratio of element currents is set equal to the 
coefficients of a polynomial, For example: 


Ixtlh 3 11 


(HD? ab? 42841, > 1,21 


(HDS =I 43x72 434 3 13,31 aD 


(xt =1x4 443 46x? 46x41, > 1.4,6.4,1 


Ina 2-clement array the currents are equal, in a 3-ele- 
‘ment array the current in the center element is twice that in 
the outer elements, and so on. 


HALF-SQUARE ANTENNA 


(On the low-frequency bands (40, 80 and 160 meters) it 
becomes increasingly difficult to use 4/2 elements because of 
their size. The half-square antenna is a 2-element broadside 


Fig 52—Layout for the half-square antenna. 
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Fig 53—Free-space E-plane directive pattern for the 
half-square antenna. 


array with 2/4-high vertical elements and 2/2 horizontal 
spacing. See Fig 52. The free-space H-plane pattern for 
this array is shown in Fig $3. The antenna gives modest 
(4.2 dBi) but useful gain and has the advantage of only 2/4 
hneight. Like all vertically polarized antennas, real-world 
performance depends directly on the characteristics of the 
‘ground surrounding it. 

‘The half-square can be fed either atthe point indicated 
or at the bottom end of one of the vertical elements using a 

ed scheme, such as that shown in Fig $4 for the 

boblail curtain. The feed-point impedance is inthe region of 
‘50 Q.when fed ata comer as shown in Fig 52. A typical SWR 
plot is shown in Fig $5. Chapter 6 has a detailed disc 
of the half-square antenna with several variations, together 
\with practical considerations. 
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“A clip-on Antex heat shunt fitted to a transistor leg, helps prevent thermal 
damage due to overheating when soldering it in place. Less essential these days, but 
beginners find them re-assuring. 


Until they have gained some practice, novices sometimes buy a small clip-on heat- 
shunt (photo) which resembles a pair of aluminium tweezers. In the example of, say, a 
transistor, the shunt is attached to one of the leads near to the transistor’s body. Any excess 
heat then diverts up the heat shunt instead of into the transistor junction, thereby avoiding 
the risk of thermal damage. Applying far too much heat may destroy the part or damage 
the p.c.b. foil which may lift away from the board. 


In due course constructors learns to judge how much solder should be applied to any 
particular joint. An ideal p.c.b. joint is very slightly concave in shape. If not enough solder 
is used, the result may be an incomplete joint which may cause an intermittent fault later 
on. An excess of solder — shaped like a ball bearing - is an unnecessary waste and in 
extreme cases may cause short circuits, especially on densely-populated boards. There is 
no need to add more solder “for luck”. Professionally-produced p.c.b.s have a green 
solder resist coating which helps to ensure that solder does not stray onto adjacent pads. 
As a finishing touch, I usually spray the solder-side of a circuitboard with aerosol spray 
lacquer afterwards. It keeps the solder joints nice and shiny and helps prevent corrosion. 


Some components can create hazards during a soldering operation: 


Coin cells and button batteries are commonly used as power, clock or memory 
backups. If heated excessively they can explode without warning due to the build-up of 
internal pressure. Spot-welders are used in industry to connect tags to them, but if you 
need to solder wires to such a cell then it should be done as quickly as possible. 


Some memory back-up capacitors or electrolytic capacitors remain energised for 
a while even when the circuit is powered down. Molten solder is a perfect electrical 
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is an excellent low-angle 
radiator having broadside bidirectional characteristics. 
‘Current distribution is represented by the arrows. 
Dimensions A and B (in feet, for wire antennas) can be 
determined from the equations. 
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Fig 56—Calculated free-space E-plane directive diagram 
of the bobtail curtain shown in Fig 54. The array lies along 
the 90°-270° axis. 
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Fig 55—Typical SWR plot for a 40-meter halt-square 
antenna fed at one corner. Antenna in free space. 


BOBTAIL CURTAIN 
The antenna system in Fig 54 uses the principles of 
co-phased verticals to produce a broadside, bidirectional 
pattern providing approximately 5.1 dB of gain over a sing! 
24 element. The antenna performs as three in-phase, top: 
vertical radiators approximately 2/4 in height and spaced 


approximately 7/2. Itis most effective for low-angle signals 
and makes an excellent long-distance antenna for 1.8, 3.5 
or 7 MHz. 

The three vertical sections are the actual radiating 
components, but only the center element is fed directly. The 
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Fig 57—Typical SWR plot for an 80-meter bobtail curtain in 
{free space. This is a narrow-band antenna. 


‘two horizontal parts, 
very litle to the radiation pattern, B 
snter element must be divided between th 
current distribution approaches a binomial 1:2:1 ratio. The 
radiation pattern is shown in Fig $6. 

‘The vertical elements should be as vertical as possible. 
‘The height for the horizontal portion should be slightly greater 
than B, as shown in Fig 54, The tuning network is resonant at 
the operating frequency. The L/C ratio should be fairly low 
to provide good loading characteristics. As a starting point, a 


act as phasing lines and contribute 
se the current in the 
end sections, the 


‘maximum capacitor value of 75 to 150 pF is recommended, 
and the inductor value is determined by C and the operating 
frequency. The network is first tuned to resonance and then the 


tap point is adjusted for the best match. A slight readjustment 
of C may be necessary. A link coil consisting of a few turns 
can also be used to feed the antenna. 

A feeling for the matching bandwidth of this antenna 
can be obtained by looking at a feed point located at the 
top end of the center element. The impedance at this point 
will be approximately 32.0. An SWR plot (for Zy = 32.) 
for an 80-meter boblail curtain at this feed-point is shown 
57. However, it is not advisable to actually connect 
a feed line at this point since it would detune the array and 
alter the pattern. This antenna is relatively narrow band, 
When fed at the bottom of the center element as shown in 
Fig 54, the SWR can be adjusted to be 1:1 at one frequency 
but the operating bandwidth for SWR < 2:1 may be even 
narrower than Fig 57 shows. For 80-meters, where operation 
is often desired in the CW DX window (3.510 MHz) and in 
the phone DX window (3.790 MHz), it will be necessary to 
retune the matching network as you change frequency. This 
can be done by switching a capacitor in or out, manually or 
remotely with a relay. 

‘While the match bandwidth is quite narrow, the radiation 
patter changes more slowly with frequency. Fig 58 shows the 
variation in the pattern over the entire band (3.5 to 4.0 MHz). 
As would be expected, the gain increases with frequency 
because the antenna is larger in terms of wavelengths. The 
general shape of the pattern, however, is quite stable. 


THE BRUCE ARRAY 
Four variations of the Bruce array are shown in Fig 59. 
‘The Bruce is simply a wire folded so that the vertical sections 
carry large in-phase currents, while the horizontal sections 


Fig 58—80-meter bobtail curtain’s free-space E-plane 
pattern variation over the 80-meter band. 


carry small currents flowing in opposite directions with 
respect to the center of a section (indicated by dots). The 
radiation is vertically polarized. The gain is proportional to 
the length of the array but is somewhat smaller than you can 
obtain from a broadside array of 2/2 elements of the same 
length. This is because the radiating portion of the elements 
is only 2/4, 

‘The Bruce array has a number of advantages: 

1) The array is only 2/4 high. This is especially help- 
ful on 80 and 160 meters, where the height of 2/2 supports 
becomes impractical for most amateurs. 

2) The array is very simple. It is just a single piece of 
wire folded to form the array. 

3) The dimensions of the array are very flexible. 
Depending on the available distance between supports, any 
number of elements can be used. The longer the array, the 
seater the gain 

4) The shape of the array does not have to be exactly 
1.05 4/4 squares. If the available height is short but the 
array can be made longer, then shorter vertical sections and, 
longer horizontal sections can be used to maintain gain and. 
resonance. Conversely, if more height is available but width 
is restricted then longer vertical sections can be used with 
shorter horizontal sections. 

5) The array can be fed at other points more convenient 
for a particular installation. 

6) The antenna is relatively low Q, so thatthe feed-point 
impedance changes slowly with frequency. This is very 
helpful on 80 meters, for example, where the antenna can 
be relatively broadband, 

7) The radiation pattern and gain i stable over the width, 
of an amateur band. 

Note that the nominal dimensions of the array in Fig 59 
call for section lengths = 1.05 2/4. The need to use slightly 
longer elements to achieve resonance is common in large wire 
arrays. A quad loop behaves inthe same manner. This is quite 
different from wire dipoles, which are typically shortened by 
2-54% to achieve resonance. 

Fig 60 shows the variations in gain and pattern for 20 
S-element 80-meter Bruce arrays. Table 2 lists the gain over 
a vertical 3/2 dipole, a 4-radial ground-plane vertical and the 
size of the array. The gain and impedance parameters listed 
are for free space. Over real ground the patterns and gain will 
depend on the height above ground and the ground character- 
istics. Copper loss using #12 conductors in included. 

Worthwhile gain can be obtained from these arrays, 
especially on 80 and 160 meters, where any gain is hard to 
come by. The feed-point impedance is for the center of a 
vertical section, From the patterns in Fig 60 you can see that 
idelobes start to appear as the length of the array is increased 
beyond 31/4. This is typical for arrays using equal currents, 
in the elements. 

Itis interesting to compare the bobtail curtain (Fig 54) 
with a 4-element Bruce array. Fig 61 compares the radiation 
patterns for these two antennas. Even though the Bruce is, 
shorter (34/4) than the bobtail (1 2), it has slightly more 
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Fig 59—Various Bruce arrays: 2, 3, 4 and 5-element versions. 


Table 2 
Bruce array length, impedance and gain as a function of number of elements 
Number Gain Over /2 Gain overi/4 Array Length Approx. Feed 
Elements Vertical Dipole Ground-Plane Wavelengths Zo 

2 1.248 1.948 % 130 

3 28 48 3.6 dB % 200 

4 43.48 5.1 dB % 250 

5 53.48 6.1 dB 1 300 
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gain, The matching bandwidth is illustrated by the SWR 
curve in Fig 62. The 4-clement Bruce has over twice the 
match bandwidth (200 kHz) than does the bobtail (75 kHz 
in Fig 57). Part of the gain difference is due to the binomial 
current distribution—the center element has twice the current 
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Fig 60—80-meter free-space E-plane directive patterns, 
{for the Bruce arrays shown in Fig 59. The 5-olement's 
is a solid line; the 4-element is a dashed line; the 
‘a dotted line, and the 2-element version is a 
dashed-dotted 
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as the outer elements in the bobtail. This reduces the gain 
slightly so that the 4-clement Bruce becomes competitive. 
This is a good example of using more than the minimum 
‘number of elements to improve performance or to reduce size. 
(On 160 meters the 4-element Bruce will be 140 feet shorter 
than the bobtail, a significant reduction. If additional space is 
available for the bobtail (1 4) then a 5-element Bruce could 
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Fig 62—Typical SWR curve for a 4-element 80-meter 
Bruce array. 
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Fig 61—Comparison of free space patterns of a 4-element 
Bruce array (solid line) and a 3-element bobtail curtain 
(dashed line). 


Fig 63—Alternate feed arrangements for the Bruce array. 
‘ALA, the antenna is driven against a ground system and 
at B, it uses a two-wire counterpoise. 
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be used, with a small increase in gain but also introducing 
some sidelobes. 

The 2-element Bruce and the half-square antennas are 
both 2-clement arrays. However, since the spacing between 
radiators is greater in the half-square (7/2) the gain of the 
uare is about 1 dB g available, the 
© is not room for 
‘ahalf-square then the Bruce, which is only half as long (1/4) 
may be a good alternative. The 3-clement Bruce, which has 
the same length (3/2) as the half-square, has about 0.6 dB. 
more gain than the half-square and will have a wider match 
bandwidth. 

The Bruce antenna can be fed at many different points 
and in different ways. In addition to the feed points indicated 
in Fig 59, you may connect the feed line at the center of any 
Of the vertical sections. In longer Bruce arrays, feeding at 
‘one end will result in some current imbalance among the 
elements but the resulting pattern distortion is small. Actually, 
the feed-point can be anywhere along a vertical section. One 
very convenient point is at an outside corner. The feed-point 
impedance will be higher (about 600 ©). A good match for 
450-Q ladder-tine can usually be found somewhere on the 
vertical section. It is important to recognize that feeding 
the antenna at a voltage node (dots in Fig 59) by breaking 
the wire and inserting an insulator, completely changes the 
current distribution. This will be discussed in the section on 
cendfire arrays. 

‘A Bruce can be fed unbalanced against ground or against 
‘a counterpoise as shown in Fig 63. Because itis a vertically 
polarized antenna, the better the ground system, the better 
the performance. As few as two elevated radials can be used 
as shown in Fig 63B, but more radials can also be used to 
improve the performance, depending on local ground con- 
stants. The original development of the Bruce array in the 
late 1920s used this feed arrangement. 


FOUR-ELEMENT BROADSIDE ARRAY 


The 4-element array shown in Fig 64 is commonly 
known as the lazy H. It consists ofa set of two collinear ele~ 
ments and a set of two parallel elements, all operated in-phase 
to give broadside directivity. The gain and directivity will 
depend on the spacing, as in the case of a simple parallel-ele 
ment broadside array. The spacing may be chosen between 
the limits shown on the drawing, but spacings below 32/8 are 
not worthwhile because the gain is small. Estimated gains 
compared to a single element are: 

30/8 spacing—4.2 dB. 

442 spacing—5.8 dB 


S28 spacing—6.7 dB 
32/4 spacing—6.3 dB 
Half-wav ing is generally used. Directive pat- 


terns for this spacing are given in Figs 65 and 66. With 2/2 
spacing between parallel elements, the impedance at the 
Junction of the phasing line and transmission line is resistive 
‘and in the vicinity of 100 Q. With larger or smaller spacing 
the impedance at this junction will be reactive as well as 
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64—Four-element broadside array ("lazy H") using 
collinear and parallel elements. 


resistive. Matching stubs are recommended in cases where a 
non-resonant line is to be used. They may be calculated and 
adjusted as described in Chapter 26. 

‘The system shown in Fig 64 may be used on two bands 
having a 2-to-1 frequency relationship. It should be designed 
for the higher of the two frequencies, using 31/4 spacing 
between parallel elements. It will then operate on the lower 
frequency as a simple broadside array with 32/8 spacing. 

An alternative method of feeding is shown in the small 
diagram in Fig 64. In this case the elements and the phasing 
line must be adjusted exactly to an electrical half wavelength, 
‘The impedance at the feed point will be resistive and on the 
order of 2 kQ. 


THE BI-SQUARE ANTENNA 

A development of the lazy H, known as the bi-square 
antenna, is shown in Fig 67. The gain of the bi-square is 
somewhat less than that of the lazy-H, but this array is a 
tractive because it can be supported from a single pole. It 
has a circumlerence of 22 atthe operating frequency, and is 
horizontally polarized 

‘The bi-square antenna consists of two 1 2 radiators, fed 
180° out-of-phase at the bottom of the array. The radiation 
resistance is 300 ©, soit ean be fed with either 300- or 600-2 
line. The free space gain of the antenna is about 5.8 dBi, 
which is 3.7 dB more than a single dipole element. Gain 
‘may be increased by adding a parasitic reflector or director 
‘Two bi-square arrays can be mounted at right angles and 
switched to provide omnidirectional coverage. In this way, 
the antenna wires may be used as part of the guying system 
for the pole 

Although it resembles a loop antenna, the bi-square 
is not a true loop because the ends opposite the feed point 


Fig 66—Vertical pattern of the 4-element broadside antenna 
of Fig 64, when mounted with the elements horizontal and 
the lower set 1/4 above flat ground. Stacked arrays of this 
type give best results when the lowest elements are at least 
1/2 high. The gain is reduced and the wave angle raised if 
the lowest elements are too close to ground. 
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Fig 65—Free-space directive diagrams of the 4-element 


axis of the elements lies along the 90:-270" line. At B is 
the free-space H-plane pattern, viewed as if one 
‘elements is above the other from the ends of th 


are open. However, identical construction techniques can 
be used for the two antenna types. Indeed, with a means of 
remotely closing the connection at the top for lower frequency 
operation, the antenna can be operated on two harmonically 


Fig 67—The bi-square array. ithas the appearance of a 
Toop, but I nota true Toop because the conductor is open 
atthe top. The length of each side n foc, fs 4800 (MHz) 


related bands. As an example, an array with 17 feet per side 
can be operated as a bi-square at 28 MHz. and as a full-wave 
loop at 14 MHz. For two-band op inthis 

side length should favor the higher frequency. The length of 
a closed loop is not as critical 
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End-Fire Arrays 


The term end-fire covers a number of different meth: 
ods of operation, all having in common the fact that the 
maximum radiation takes place along the array axis, and that 
the array consists of a number of parallel elements in one 
plane. End-fire arrays can be either bidirectional or unidi 
tional. In the bidirectional type commonly used by amateurs 
there are only two elements, and these are operated with 
currents 180° out-of-phase. Even though adjustment tends 
to be complicated, unidirectional end-fire driven arrays 
have also seen amateur use, primarily as a pair of phased, 
ground-mounted 2/4 vertical elements. Extensive discus 
sion of this array is contained in earlier sections of this 
chapter. 

Horizontally polarized unidirectional end-fire arrays see 
little amateur use except in log-periodic arrays (described in 
Chapter 10). Instead, horizontally polarized unidirectional a. 
rays usually have parasitic elements (described in Chapter 11) 
and are called Yagis. 


TWO-ELEMENT END-FIRE ARRAY 


In a 2-element array with equal currents out-of-phase. 

in varies with the spacing between elements as shown 
68. The maximum gain occurs in the neighborhood 
of 0.1 2 spacing. Below that the gain drops rapidly due to 
conductor loss resistance. 

The feed-point resistance for either element is ve 
at the spacings giving greatest gain, as shown in Fig 8 earlier 
in this chapter. The spacings most frequently used are 2/8 
and 2/4, at which the resistances of center-fed 2/2 elements, 
are about 9 and 32.0, respectively. 

The effect of conductor resistance on gain for various 
spacings is shown in Fig 69. Because current along the 
clement is not constant (itis approximately sinusoidal), the 
resistance shown is the equivalent resistance (R,,) inserted 
at the center ofthe element to account for the loss distributed 
along the element. 

“The equivalent resistance of a 2/2 element is one half 
the ac resistance (R,.) ofthe complete element. Ry is usually 
>> Ry, due to skin effect. For example, a 1.84 MHz dipole 
using #12 copper wire will have the following Rog 


Wire length = 267 feet 
Rade = 0.00159 [ Hoot] x 267 [fee 
Fr=Rac/Rde = 10.8 

Reg =(Rdc/2) x Fr = 2.29 


a2 


For a 3.75 MHz dipole made with #12 wire, Req. 
1.59 ©. In Fig 69, itis clear that end-fire antennas made with. 
#12 or smaller wire will limit the attainable gain because of 
losses. There is no point in using spacings much less than 4/4 
if you use wire elements. If instead you use elements made 
of aluminum tubing then smaller spacings can be used to 
increase gain. However, as the spacing is reduced below 1/4 
the increase in gain is quite small even with good conductors. 
Closer spacings give little gain increase but can drastically 
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Fig 68—Gain of an end-fire array consisting of two elements 
‘fed 180° out-of-phase, as a function of the spacing between 
‘elements. Maximum radiation is in the plane of the elements 
and at right angles to them at spacings up to 72, but the 
direction changes at greater spacings. 
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Fig 69—Gain over a single element of two out-of-phase 
‘elements in free space as a function of spacing for various 
loss resistances. 


reduce the operating bandwidth due to the rapidly increasing 
Qof the array, 


Unidirectional End-Fire Arrays 

‘Two parallel elements spaced 2/4 apart and fed equal 
currents 90° out-of-phase will have a directional pattern in 
the plane at right angles to the plane of the array. See Fig 70. 
‘The maximum radiation is in the direction of the element in 
which the current lags. In the opposite direction the fields 
from the two elements cancel. 

When the currents in the elements are neither in-phase 
nor 180° out-of-phase, the feed-point resistances of the 
elements are not equal. This complicates the problem of 
feeding equal currents tothe elements, as discussed in earlier 
sections, 


Representative H-plane pattern for a 2-element 
array with 90° spacing and phasing. The elements 
lie along the vertical axis, with the uppermost element the 
one of lagging phase. Dissimilar current distribut 

taken into account. (Pattern computed 


ig 71—H-plane pattern for a 3-element end-fire array 
1omial current distribution (the current in the 

center element is twice that in each end element). The 
‘elements are spaced 2/4 apart along the 0:-180° axis. The 
center element lags the lower element by 90:, while the 
Upper element lags the lower element by 180° in phase. 

issimilar current distributions are taken into account. 
(Pattern computed with ELNEC.) 


‘More than two elements can be used in a unidirectional 
cend-fire array. The requirement for unidirectivity is that there 
must be a progressive phase shift in the element currents equal 
to the spacing, in electrical degrees, between the elements 
‘The amplitudes of the currents in the various elements also 
must be properly related. This requires binomial current 


distribution. In the case of three elements, this requires that 
the current in the center element be twice that in the two 
outside elements, for 90° (2/4) spacing and element current 
phasing. This antenna has an overall length of 2/2. The di- 
rective diagram is shown in Fig 71. The pattern is similar to 
that of Fig 70, but the 3-clement binomial array has greater 
directivity, evidenced by the narrower half- power beamwidth. 
(146° versus 176°). Its gain is 1.0 dB greater. 


THE W8JK ARRAY 


AAs pointed out earlier, John Kraus, W8IK, described 
his bidirectional flat-top W8IK beam antenna in 1940. S 
Fig 72. Two 2/2 elements are spaced 2/8 to 2/4 and driven 
180° out-of-phase. The free-space radiation pattern for this 
antenna, using #12 copper wire, is given in Fig 73. The pa 
tern is representative of spacings between 2/8 and 2/4 where 
the gain varies less than 0.5 dB. The gain over a dipole is 
about 3.3 dB (5.4 dBi referenced to an isotropic radiator), a 
‘worthwhile improvement. The feed-point impedance (includ- 
ing wire resistance) of each element is about 11 © for 2/8 
spacing and 33 © for 2/4 spacing. The feed-point impedance 
atthe center connection will depend on the length and Z, of 
the connecting transmission line. 

Kraus gave a number of other variations for end-fire 
arrays, some of which are shown in Fig 74. The ones fed at 
the center (A, C and E) are usually horizontally polarized 
flat-top beams. The end-fed versions (B, D & F) are usually 
vertically polarized, where the feed point can be conveniently 
near ground. 

‘A practical variation of Fig 74B is given in Fig 7S. In 
this example, the height is limited to 2/4 so the ends can be 
bent over as shown, producing a 2-clement Bruce array. This 
reduces the gain somewhat but allows much shorter supports, 
an important consideration on the low bands. If additional 
height is available, then you can achieve some additional gain, 
‘The upper ends can be bent over to fit the available height. 
‘The feed-point impedance will greater than 1 KO. 


Fig 72—A 2-element W8JK array 
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Fig 75—A 2-element end-re array with reduced height. 
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Fig 73—Free-space E-plane pattern for the 2-element 


WAJK array 
8 » mm s ° § 
me Ew t a rs 1 rs 


5 ° | 8 © 


oe ee ee 


Fig 74—Six other variations of W8JK “tlat-top beam” antennas. 
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FOUR-ELEMENT END-FIRE AND 
COLLINEAR ARRAYS 


‘The array shown in Fig 76 combines collinear in-phase 
elements with parallel out-of-phase elements to give both 
broadside and end-fire directivity. Itis a two-section WSJK. 
‘The approximate free-space gain using #12 copper wire 
is 4.9 dBi with 1/8 spacing and 5.4 dBi with 2/4 spacing. 
Directive patterns are given in Figs 77 for free space, and in 
ig 78 for heights of 1 7, and 4/2 above flat ground, 

‘The impedance between elements at the point where the 
phasing line is connected is of the order of several thousand 


Trans une 


ig 76—A 4-0lement array combining collinear broadside 
‘elements and parallel end-fire elements, popularly known, 
as a two-section W8JK array. 


780 


Fig 77—Free-space E-plane pattern for the antenna shown 

Fig 76, with 18 spacing. The elements are parallel to the 
90°-270" line in this diagram. Less than a 1° change in hal 
power beamwidth results when the spacing is changed 
from 18 to 1/4, 


Fig 78—Elevation-plane pattern for the 4-element antenna 
of Fig 76 when mounted horizontally at two heights over 
flat ground. Solid line = 1 3. high; dashed line = 72 high. 


‘ohms. The SWR with an unmatched line consequently is quite 
high, and this system should be constructed with open-wire 
line (500 or 600 ©) if the Tine is to be resonant. With 2/4 
clement spacing the SWR on a 600 @ line is estimated to be 
in the vicinity of 3 or 4:1 

To use a matched line, you could connect a closed stub 
32/16 long atthe transmission-line junction shown in Fig 76. 
‘The transmission line itself can then be tapped on this match- 
ing section at the point resulting in the lowest line SWR. This 
point can be determined by trial 

‘This type of antenna can be operated on two bands 

having a frequency ratio of 2 (o 1, if a resonant feed line is 
used. For example, if you design for 28 MHz with 2/4 spac- 
ing between elements, you can also operate on 14 MHz.as a 
simple 2-element end-fire array having 2/8 spacing. 


Combination Driven Arrays 

‘You can readily combine broadside, end-fire and col- 
linear elements to increase gain and directivity, and this is 
in fact usually done when more than two elements are used. 
in an array. Combinations of this type give more gain, in a 
given amount of space, than plain arrays of the types just 
jescribed. Since the combinations that can be worked out 
are almost endless, this section describes only a few of the 
simpler types. 

‘The accurate calculation of the power gain of a multi- 
clement array requires a knowledge of the mutual impedances 
between all elements, as discussed in earlier sections. For 
approximate purposes itis sufficient to assume that each set 
(collinear, broadside, end-fire) will have the gains as given 
carlier, and then simply add up the gains for the combination, 
This neglects the effects of cross-coupling between sets of 
elements. However, the array configurations are such that the 
‘mutual impedances from cross-coupling should be relatively 
small, particularly when the spacings are 1/4 or more, so the 
timated gain should be reasonably close to the actual gain, 
Alternatively, an antenna modeling program, such as EZNEC, 
can give good estimates of all parameters for a real-world 
antenna, providing that you take care to model all applicable 
parameters. 
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conductor and in some cases the component's contacts could be shorted during the 
soldering (or desoldering) operation. If molten solder shorts it out then the arcing may 
cause globules of solder to be spattered outwards without warning, potentially risking 
eyesight damage. 


Always ensure that powered components are electrically inert and discharged before 
soldering. Cells, batteries and battery packs should not be accidentally shorted during the 
soldering process, to avoid arcing and solder spatter. Note that electrolytic capacitors can 
also explode after a while if reverse-connected, so observe polarity closely. 


Let’s now consider the practical stages of soldering components and wires 
successfully. 


FOUR-ELEMENT DRIVEN ARRAYS: 


The array shown in Fig 79 combines parallel ele- 
ments with broadside and end-fire directivity. The smallest 
array (physically)—32/8 spacing between broadside and 
248 spacing between end-fire elements—has an estimated 
gain of 6.5 dBi and the largest—3A/4 and 4/4 spacing, 
respectively —about 8.4 dBi. Typical directive patterns for a 
24 x02 array are igs 80 and 81 

The impedance at the feed point will not be purely 
ive unless the element lengths are correct and the 
phasing lines are exactly 2/2 long. (This requires somewhat 
less than 4/2 spacing between broadside elements.) In this 


Fig 72—Four-element array combining both broadside and 
‘end-fire elements. 
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Fig 81—Vertical pattern of the antenna shown in Fig 79 
ata mean height of 37/4 (lowest elements 7/2 above flat 
ground) when the antenna is horizontally polarized. For 
‘optimum gain and low wave angle the mean height should 


case the impedance at the junction is estimated to be over 
10 KQ. With other element spacings the impedance at the 
junction will be reactive as well as resistive, but in any event 
the SWR will be quite large. An open-wire line can be used 
as a resonant line, or a matching section may be used for 
non-resonant operation 


EIGHT-ELEMENT DRIVEN ARRAYS: 


‘The array shown in Fig 82 is a combination of collinear 
and parallel elements in broadside and end-fire directivity. 
Common practice in a wire antenna is to use 2/2 spacing for 
the parallel broadside elements and 2/4 spacing for the end- 
fire elements. This gives a free-space gain of about 9.1 dBi 
Directive patterns for an array using these spacings are similar 
to those of Figs 80 and 81, but are somewhat sharper. 

‘The SWR with this arrangement will be high. Matching 
stubs are recommended for making the lines non-resonant, 
‘Their position and length can be determined as described in 
Chapter 26. 


Fig 80—Free-space H-plane pattern of the 4-element 
antenna shown in Fig 79. 
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Fig 82—Eight-olement driven ar 
ire directivity. 


and parallel elements for broadside and end: 


This system can be used on two bands related in fre- 
quency by a 2-to-I ratio, providing it is designed forthe higher 
of the two, with 32/4 spacing between the parallel broadside 
elements and 1/4 spacing between the end-fire elements. 
On the lower frequency it will then operate as a 4-element 
antenna of the type shown in Fig 79, with 32/8 broadside 
spacing and 2/8 end-fire spacing. For two-band operation a 
resonant transmission line must be used. 


PHASING ARROWS IN ARRAY 
ELEMENTS 


In the antenna diagrams of preceding sections, the rela- 
tive direction of current flow in the various antenna elements 
and connecting lines was shown by arrows. In laying out any 
antenna system itis necessary to know that the phasing lines 
are properly connected; otherwise the antenna may have 
entirely different characteristics than anticipated. The phasing, 
may be checked either on the basis of current direction or 
polarity of voltages. There are two rules to remember: 


1) Inevery 2/2 section of wire, starting from an open end, the 
‘current directions reverse. In terms of voltage, the polarity 
reverses at each 2/2 point, starting from an open end. 

2) Currents in transmission lines always must flow in op- 
posite directions in adjacent wires. In terms of volt 
polarities always must be opposite. 


Examples of the use of current direction and voltage 
polarity are given at A and B, respectively, in Fig 83. The 
‘2 points in the system are marked by small circles. When 
current in one section flows toward a circle, the current in 
the next section must also flow toward it, and vice versa. In 
the 4-element antenna shown at A, the current in the upper 
right-hand element cannot flow toward the transmission line 
because then the current in the right-hand section of the 
phasing line would have to flow upward and thus would be 


ie ea 
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Fig 83—Methods of checking the phase of currents in 
‘elements and phasing lines. 


dion as the current in the left-hand 


flowing in the same dit 
wire. The phasing line would simply act like two wires in 
parallel in such a case. Of course, all arrows in the drawing 
could be reversed, and the net effect would be unchanged. 

C shows the effect of transposing the phasing line. 
This transposition reverses the direction of current flow in 
the lower pair of elements, as compared with A, and thus 
changes the array from a combination collinear and end-fire 
arrangement into a collinear-broadside array. 

‘The drawing at D shows what happens when the trans- 
mission line is connected at the center of a section of phasing 
line. Viewed from the main transmission line, the two parts of 
the phasing line are simply in parallel, so the half wavelength 
sured from the antenna element along the upper section 
of phasing line and thence along the transmission line. The 
distance from the lower elements is measured in the same 
‘way. Obviously, the two sections of phasing line should be the 
same length. If they are not, the current distribution becomes 
quite complicated; the element currents are neither in-phase 
nor 180° out-of-phase, and the elements at opposite ends 
Of the lines do not receive the same current. To change the 
clement current phasing at D into the phasing at A, simply 
transpose the wires in one section of the phasing line. This 
reverses the direction of current flow in the antenna elements, 
connected to that section of phasing line, 
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Appendix A—EZNEC-ARRL Examples 


This appendix contains step-by-step procedures us- 
ing EZNEC-ARRL (included on the Antenna Book CD) to 
illustrate various topics discussed in the main chapter. A 
standard EZNEC program type of v. 4.0 or later may also 
be used. Different versions, program types and calculating 
cengines may give results that are slightly different from those 
shown in the examples. However, any differences should be 
insignificantly small, 


EZNEC Example—Mutual Coupling 

Ilustrates the effect of mutual coupling on feed-point 
impedance. Open the ARRL_Cardioid.EZ file, which is 
mounted over “perfect” ground. Click the View Ant button 
to see a diagram of the antenna, a 2-clement array of verti: 
‘elements. Click on the Wires line in the main window to open 
the Wires Window. Click the button at the left of the Wire 2 
line, and then press the Delete key on your keyboard to de 
wire #2. After clicking Ok, note that one of the verticals 
has disappeared from the View Antenna display, leaving a 
single element. Click Sre Dat and note that the feed-point 
impedance of this single vertical is about 37 +j 1 Q--it’s 
very nearly resonant, 

Next, in the Wires Window, open the Edit menu at 
the top and click Undo delete wire(s) to restore the second 
clement. Click Sre Dat again and notice that the feed-point 
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impedance of wire #1 is now about 21 ~j 19 Q. The f 
point impedance of the second element, which is identical to 
the first, is about 52 + j 21 ©. This difference, and the change 
from the self-impedance of 37 +j1.Q, is due to mutual 
coupling. As you see, it’s not at all a minor effect. 

As an additional exercise, change the magnitude or 
phase angle of the source at the base of wire #2 (click Sources 
in the main window), and see how this changes the feed- 
point impedances of both elements. You should be able to 
confirm each of the four points enumerated in the MUTUAL, 
COUPLING section. 


EZNEC Example—Nulls 

Ilustrates the effect of current magnitude on nulls and 
gain, Again, open the ARRL_Cardioid.EZ file. Click the 
FF Plot button to generate the azimuth pattern of an ideal 
array. Save the plot for future reference as follows: In the 
plot window, open the File menu and select Save Trace As. 
Enter the name Cardioid and click Save. Now, in the main 
window click on the Sourees line to open the Sources Win- 
dow. Change the magnitude of source 1 from 1 to 1.1, and 
of source 2 from | to 0.9 and press Enter on your keyboard. 
so that EZNEC-ARRL will accept the last change. 

Click FF Plot to generate a pattern with the new cur- 
rents. In the plot window, open the File menu and select Add. 


Trace. Enter the name Cardioid and click Open. You should 
now see the original plot and new plot overlaid, Notice that 
the null is much less deep with the altered currents, but the 
forward patterns are nearly identical. By clicking on the 
names of the traces, Primary and Cardioid, you can see in 
turn the gain and front-to-back ratio of each of the traces. The 
original, Cardioid, has a front-to-back ratio of about 32 dB, 
while Primary, the new plot, has a ratio of about 22.5 dB. The 
forward gain, however, diflers by only 0.02 dB, a completely 
insignificant amount. 


EZNEC Example—"Phasing-Line” Feed 

lustrates the effect of using a“phasing-line” feed. Open 
the ARRL_CardTL.EZ file. This is a model of an array fed 
with transmission lines whose lengths were designed using 
the Arrayfeed! program to take into account the actual load 
impedances of elements in a phased array. This model is 
‘mounted over “perfect” ground. 

Click the View Ant button to show the array. Note 
that the lengths of the lines from the source (circle) to the 
‘elements don't represent the actual physical lengths of the 
lines. In the main window, click on the Trans Lines line to 
open the Transmission Lines window: In it you can see that 
the lengths of the feed lines, both of which are connected to 
the same source, are about 81° and 155°, a difference of 74° 
rather than 90°. 

Inthe main window, click the Currents button and take 
«look at the current shown for segment 1 of wires 1 and 2. 
‘These are the currents at the element feed points. The ratio 
of the magnitude of currents is 4.577/4.561 = 1.003, and 


the phase difference is ~56.3°(-147.5°) = 91.2°. (A more 
accurate determination of feed-line lengths with program 
Arrayfeed! gives lengths of 80.61° and 153.70°, resulting in 
current ratio of 1,000 at a phase of 90.02°. But the resulting 
pattern is very nearly the same.) But let’s see what happens 
‘when we make the lines exactly 90° different in length. 

First, click the FF Plot button to generate the azimuth, 
pattern of the original model. Save the plot for future refer- 
ence as follows: In the plot window, open the File menu and. 
ect Save Trace As. Enter the name CardTL and click 
Save. Now in the Transmission Lines Window, change the 
length of line number | from 80.56° to 90°. Important: In 
the line 1 Length box, enter 90d to make the line 90° long. 
If you omit the d, it will become 90 meters long! Similarly, 
change the length of line 2 to 180° by entering 180d in the 
line 2 Length box, then press Enter on your keyboard so that, 
EZNEC will accept the last change. 

Click FF Plot to generate a pattern with the new line 
lengths. In the plot window, open the File menu and select, 
Add Trace. Enter the name Card TL and click Open. You 
should now see the original plot and new plot overlaid to- 
gether. Notice that the gain of the modified model is about 
1 4B greater than the original, but the front-to-back ratio has 
deteriorated to about 10 dB. 

Experiment with different combinations of line lengths 
that differ by 90°--for example, 45° and 135° (don’t forget, 
the ‘d’!), or change the impedance of one or both lines and. 
you'll see that you can get a wide variety of patterns. None, 
however, are likely to be as close to the ideal cardioid pattern 
as the original. 
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Broadband Antenna 
Matching 


Antenna systems that provide a good impedan 
match to the transmitter over a wide frequency range have 
been a topic of interest to hams for many years. Most 
emphasis has been focused on the 80-meter band since a 
conventional half-wave dipole will provide better than 2:1 
SWR over only about one-third of the 3.5 to 4.0 MHz band. 
‘The advantage of a broadband match is obvious—fewer 
adjustments during tune-up and an antenna tuner may not 
be required, 

‘This chapter was written by Frank Witt, AITH, who has 
written numerous articles in QST and in The ARRL Antenna 
Compendium series on this subject. See the Bibliography for 
details. 

‘The term broadband antennas has frequently been 
used to describe antenna systems that provide a wideband 
impedance match to the transmitter. This is something of 
a misnomer, since most antennas are good radiators over 
a wide range of frequencies and are therefore "broadband 
antennas” by definition. The problem is getting the energy 
to the antenna so it can be radiated. Antenna tuners solve 
this problem in some cases, although losses in transmission 
lines, baluns and the antenna tuner itself can be excessive. 
Also worthy of mention is that antenna directional 
properties are usually frequency dependent. In this chapter, 
we discuss broadbanding the impedance match to the 
transmitter only, 


GENERAL CONCEPTS 


The Objective 

Fig 1 shows a simplified system: the transmitter, an 
SWR meter and the transmitter load impedance. Modern 
transceivers are designed to operate properly into a S0-Q. 
load and they will deliver full power into the load 
impedance, at their rated level of distortion, when the 
SWR is less than about 1.5:1. Loads beyond this limit 


may cause the transceiver to protect itself by lowering 
the output power. 

Many transceivers have built-in automatic antenna 
tuners that permit operation for loads outside the 1.5:1 
SWR range, but the matching range is often limited, 
particularly on the lower-frequency bands. In practice, 
barefoot operation is simplified if the load SWR is held to 
less than 2:1 

For high-power amplifiers, it is also best to keep the 
load SWR to less than about 2:1, since output tuning 
components are commonly rated to handle such loads. You 
can see that the primary function of the SWR meter in 
Fig | is to measure the suitability of the load impedance 
so far as the transmitter is concerned. Henceforth, we will 
use the term load SWR as a description of the transmitter’s 
load 

‘The SWR meter is actually reading a circuit con 
tion at a single point in the system. In fact, the meter 
really measures magnitude of the reflection coefficient, 
but is calibrated in SWR. The relationships between the 
complex load impedance, Z,, the magnitude of the refl 
tion coefficient, |p|, and the load SWR are as follows: 


eis 
IAB} = 


Fig 1—Basic antenna system elements at the output of 
a transmitter. 
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(Eq2) 


where 50 Q is used as the re impedance, since the 
design load impedance for the transmitter is assumed to 
be 50 Q. 

An important point is that you need not know the out- 
put impedance of the transmitter to design a broadband match- 
ing network. The issue of the actual value of the output 
impedance of typical RF power amplifiers is a matter of con- 
tinuing controversy in amateur circles. Fortunately, this 
not important for the design of broadband matching 
networks, since the load SWR is independent of the output 
impedance of the transmitter. Our objective is to design the 
matching network so that the load SWR (with a 50-Q refer: 
cence resistance) is less than some value, say 2:1, over as wide 
a band as possible. 


Resonant Antennas 


‘The broadband matching techniques de: 
apply to antennas operating near resonance. Typical 
resonant antennas include half-wave dipoles, quarter-wave 
verticals over a ground plane and full-wave loops. To 
design a broadband matching network, you must know the 
antenna feed-point impedance near resonance. Fig 2 shows 
the antenna-impedance equivalent circuit near resonance. 
Although the series RLC circuit is an approximation, it is 
good enough to allow us to design matching networks that 
significantly increase the band over which a good match 


ribed here 


to the transmitter is achieved. 

Note that the impedance is defined by Fy, the reso~ 
nant frequency, Ra, the antenna resistance at resonance. 
and Qa, the antenna Q. Ry is actually the sum of the 
radiation resistance and any loss resistance, including 


On. Fo 


o—_! 


Fig 2—The equivalent circuit of a resonant antenna. 
The simple series RLC approximation applies to many 
resonant antenna types, such as dipoles, monopoles, 
and loops. Ra, Qq and Fo are properties of the entire 
antenna, as discussed in the text. 
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conductor losses and losses induced by surrounding 
objects, such as the ground below the antenna. R, is fre 
quency dependent, but itis sufficient to assume itis fixed 
during the matching network design process. Minor 
adjustments to the matching network will correct for the 
frequency dependence of Ry. 

The antenna resistance and Q depend on the physical 
properties of the antenna itself, the properties of ground 
and the height above ground. Consider as an example an 
80-meter horizontal half-wave dipole made from #12 wire 
located over average ground (dielectric constant = 13 and 
conductivity = 5 mS/m). Figs 3 and 4 show how feed: 
point resistance and Q vary with height. It is clear from 
these figures that there are wide gyrations in antenna 
parameters. The better these parameters are known, the 
‘more successful we will be at designing the broadband 
matching network. For horizontal dipoles, Figs 3 and 4 
may be used to get a good idea of antenna resistance and 
Q, so long as the height is scaled in proportion to 
wavelength. For example,  160-meter dipole at a height 
of 100 feet would have about the same resistance and Q 
as an 80-meter dipole at 50 feet. 

For optimum results, the resistance and Q can be 
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Fig 3—Feed-point resistance (solid line) for 80-meter 
horizontal dipole at resonance versus height over 
ground. The free-space value Is shown as a dashed 
Tine. 
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Fig 4—Antenna Q for 80-meter horizontal dipole (solid 
line) versus height. The free-space value is shown as a 
dashed line. 


determined from computer simulation (using a program 
like EZNEC, for example) or measurement (using a low 
power SWRIZ meter such as the MFJ-259B or the Autek 
Research VA1 or RF-1). Ry can be computed using SWR 
measurements at resonance, Fig § shows the typical bowl 
shaped SWR curve as a function of frequency for a reso 
nant antenna. Sq is the SWR at resonance. You must take 
into account the loss of the feed line if the measurement 
must be made at the end of a long 50-Q transmission line, 
If the line loss is low or if the measurement is made at 
the antenna terminals, the formulas given below apply, 
For Ry > 50.2 


Ra (Eq3) 


» x50 


For Ry < 50.2 


(Eq 4) 


There is an ambiguity, since we do not know if Ry is 
greater than or less than 50 Q. A simple way of resolving this 
ame SWR measurement at resonan 
with a 10-Q non-inductive resistor added in 
series with the antenna impedance. If the SWR goes up, Ry > 
45 Q. If the SWR goes down, Ry < 45 Q. This will resolve the 
ambiguity. 

‘Q may be determined by measuring the SWR band. 
width. Define BW, as the bandwidth over which the reso 
nant antenna SWR is less than 2:1 (in the same units as Fy) 
See Fig 5. 


For Ra > 50.2 


F, 
ff (E45) 
a= yar 12580 
Qa = Bie 
For Ry < 50.2 
Fi [. (Eq 6) 
ioe asf “1 4 
B BW, xS, ¥ 


Again, you must take into account the loss of the feed 
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Fig 5—SWR at the antenna versus frequency in the 
vicinity of resonance. 


line if you make the measurement at the end of a long 
50-Q transmission line 

For horizontal and inverted-V half-wave dipoles, a 
very good approximation for the antenna Q when Ry is 
known is given by: 


8110 


(Eq 7) 


+ of wire, in inches, 


Loss 
When you build a resonant antenna with some 
matching scheme designed to increase the bandwidth, you 
might overlook the loss introduced by the broadband 
‘matching components. Loss in dB is calculated from: 


Power radiated by antenna 


Loss =~ 10 log oe es OY nena (Eq 8) 
Total power from transmitter 
or, alternatively, define efficiency in % as 
100 x Power radiated by antenna 
Efficiency =~ POWEE rained Dy antenna) 


Total power from transmitter 
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Fig 6—Matching the dipole with a complementary RLC 
network greatly improves the SWR characteristics, 
nearly 1:1 across the 3.5-MHz band. However, the 
relative loss at the band edges is greater than 5 dB. 
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‘An extreme degree of bandwidth broadening of an 80- 
meter dipole is illustrated in Fig 6. This approach is not 
recommended, but it is offered here to make a point. The 
broadening is accomplished by adding resistive losses. From. 
network theory we obtain the RLC (resistor, inductor, 
capacitor) matching network shown. The network provides 
the complement of the antenna impedance. Note that the 
SWRis virtually 1:1 over the entire band (and beyond), but 
the efficiency falls off dramatically away from resonance. 

The band-edge efficiency of 25 to 30% shown in 
Fig 6 means that the antenna has about 5 to 6 dB of loss 
relative to an ideal dipole. At the band edges, 70 to 75% 
of the power delivered down the tansmission line from 
the transmitter is heating up the matching-network 
resistor. For a 1-kW output level, the resistor must have a 
power rating of at least 750 W! Use of an RLC 
complementary network for broadbanding is not 
recommended, but it does illustrate how resistance (or 
losses) in the matching network can significantly increase 
the apparent antenna SWR bandwidth. 

The loss introduced by any broadband matching 
approach must be taken into consideration. Lossy matching 
networks will usually provide more match bandwidth 
improvement than less lossy ones. 


SIMPLE BROADBAND MATCHING TECHNIQUES 


The Cage Dipole 

You can increase the match bandwidth of a singh 
wire dipole by using a thick radiator, one with a lary 
diameter. The gain and radiation pattern are essentially 
the same as that of a thin-wire dipole. The radiator does 
not necessarily have to be solid; open construction such 
as shown in Fig 7 may be used. 

The theoretical SWR response of an 80-meter cage 
dipole having a 6-inch diameter is shown in Fig 8. BW) 
for this antenna fed with 50-Q line is 287 kHz, and the Q 
is approximately 8. Its 2:1-SWR frequency range is 1.79 
times broader than a dipole with a Q of 13, typical for 


thin-wire dipoles. 

There are other means of creating a thick radiator, 
thereby gaining greater match bandwidth. The bow-tie and 
the fan dipole make use of the same Q-lowering principle 
as the cage for increased match bandwidth. The 
broadbanding techniques described below are usually more 
practical than the unwieldy cage dipole. 


Stagger-Tuned Dipoles 

A single-wire dipole exhibits a relatively narrow 
bandwidth in terms of coverage for the 3.5 to 4.0-MHz 
band. A technique that has been used for years to cover 
the entire band is to use two dipoles, one cut for the CW 
portion and one for the phone portion. The dipoles are 
connected in parallel at the feed point and use a single 
feeder. This technique is known as stagger tuning. 

Fig 9 shows the theoretical SWR response of a pair 
of stagger-tuned dipoles fed with 50-Q line. No mutual 


coupling between the wires is assumed, a condition 


g 
— 


Fig 8—Theoretical SWR versus frequency response 
for a cage dipole of length 122 feet 6 inches and a 
spreader diameter of 6 inches, fed with 50-0 line. The 
2:1-SWR bandwidth frequencies are 3.610 and 

3.897 MHz, with a resulting BW, of 287 kHz. 
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Fig 7—Construction of a cage dipole, which has some resemblance to a round birdcage. The spreaders need not 
be of conductive material, and should be lightweight. Between adjacent conductors, the spacing should be 0.02 4 
or less. The number of spreaders and thelr spacing should be sufficient to maintain a relatively constant 


separation 
of the radiator wires. 
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Fig 9—Theoretical SWR response of two stagger- 
tuned dipoles. They are connected in parallel at the 
feed point and fed with 50-0 line. The dipoles are of 
wire such as #12 or #14, with total lengths of 119 and 
132 feet. 


that would exist if the two antennas were mounted at right 
angles to one another. As Fig 9 shows, the SWR response 
is less than 1.9:1 across the entire band. 


A difficulty with such crossed dipoles is that four 
-d for horizontal antennas. A more 


Supports are requi 
common arrangement is to use inverted V dipoles with a 
single support, at the apex of each element. The radiator 
wires can also act as guy lines for the supporting mast. 
When the dipoles are mounted at something other 
than a right angle, mutual coupling between them comes 
into play. This causes interaction between the two 
elements—tuning of one by length adjustment will affect, 


the tuning of the other. The interaction becomes most 
critical when the two dipoles are run parallel to each other, 
suspended by the same supports, and the wires are close 
together. Finding the optimum length for each dipole for 
total band coverage can become a tedious and frustrating 


process. 


Fig 10—At A, details of the inverse- 
fed ground-plane at W4PK. The 
inset shows the feed-point details. 
Keep the two sets of radials as 
close to 90: as possible. Don't try 
to resonate the antenna by 
adjusting radial lengths. At B, SWR 
curve of the inverse-fed ground 
plane antenna with stagger-tuned 
radials. The objective is to have a 
low SWR for both the CW and SSB 
80/75-meter DX windows. 
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Stagger-Tuned Radials 

A variation of the use of stagger tuning has been 
applied by Sam Leslie, WAPK. See his article entitled 
“Broadbanding the Elevated, Inverse-Fed Ground Plane 
Antenna” in The ARRL Antenna Compendium, Vol 6. An 
existing tower with a large beam and VHF/UHF antennas 
‘on top is used as an 80-meter monopole. See Fig 10A. The 
feed point is part way up the tower, at a point where the 
metal above it makes up an electrical quarter wavelength. 
Four elevated quarter-wave radials are used as a ground 
plane. The radials droop away from the tower. They are 
joined together at the tower but not connected to the tower. 
‘The antenna is fed with 50-Q coax and an impedance ste 
down autotransformer (50:22 Q unun) located at the tower. 
‘The shield of the coax is carried through the transformer 
and connected to the tower. The coax “hot side” is connected 
to the junction of the radials. A Q-section made from two 
paralleled RG-S9 coax cables (Zy = 75/2 = 37.5.0) may be 
used instead of the autotransformer. 

The broadband match is achieved by cutting two 
‘opposing radials for one end of the desired match range 
(75 meters) and cutting the other two for the other end of 
the range (80 meters). See Fig 10B for the resultant SWR 
versus frequency characteristic. 


FEED-LINE IMPEDANCE MISMATCHING 


‘The simplest broadband matching network is a trans- 
former at the junction of the transmission line and the 
antenna. See Frank Witt’s article entitled “Match Band- 
width of Resonant Antenna Systems” in October 1991 
QST. Observe that the impedance of the series RLC reso- 
nant antenna model of Fig 2 increases at frequencies away 
from resonance. The result is that more bandwidth is 
achieved when SWR at resonance is not exaetly 1:1. For 
example, if the antenna is fed with a low-loss 50-2 trans- 
mission line, the maximum SWR bandwidth is obtained 
if the effective Ry = S0/1.25 = 40 Q. The improvement in 
BW>, the 2:1 SWR bandwidth, over a perfect match at 
resonance is only 6%, however. This condition of Ry = 
40 Q can be achieved by installing a transformer at the 
junction of the feed line and the antenna. 

Ifthe line loss is larger, you can gain more benefit in 
terms of bandwidth by deliberately mismatching at the 
antenna. If the matched-line loss is 2 dB, the improve- 
ment rises to 18%. To achieve this requires an Ry = 28.2 
Q. Again, the improvement over a perfect match at reso- 


esting to compare the 2:1 SWR bandwidth 
(at the transmitter end of the line) for the case of a lossless 
line versus the case of 2-dB matched-line loss. BW, for 
the lossy line case is 1.95 times that of the lossless line 
o substantial match bandwidth improvement occurs, 
but at the cost of considerable loss. The band edge loss 
for the lossy-line case is 3 dB! 

This example is provided mostly as a reference for 
comparison with the more desirable broadbanding 
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techniques below. It also explains why some installations 
with long feed lines show large match bandwidths. 


PARALLEL-TUNED CIRCUITS AT THE 
ANTENNA TERMINALS 


As mentioned previously, a resonant antenna has an 
equivalent circuit that may be represented as a series RLC 

cuit, We can cancel out some of the antenna reactance 
away from resonance with a parallel-tuned circuit 
connected across the antenna terminals, The impedance 
level of the parallel-tuned circuit must be low enough to 
be effective and must have the same resonant frequency 
as the antenna. You can use a parallel-tuned circuit made 
with lumped LC components or with transmission-line 
segments. A quarter-wave transmission line with a short 
at the far end, or a half-wave line with an open at the far 
end, each behave like a parallel-tuned LC circuit 


The Double Bazooka 


The response of the controversial double bazooka 
antenna is shown in Fig 11. This antenna actually consists 
of a dipole with two quarter-wave coaxial resonator stubs 
connected in series. The stubs are connected across the 
antenna terminals. 

‘Not much bandwidth enhancement is provided by this 
resonator connection because the impedance of the 
matching network is too high. The antenna offers a 2:1- 
‘SWR bandwidth frequency range that is only 1.14 times 
that of a simple dipole with the same feeder. And the 
bandwidth enhancement is partially due to the “fat” 
antenna wires composed mostly of the coax shield. No 


leney (3) 
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Fig 11—The double bazooka, sometimes called a 
coaxial dipole. The antenna is self-resonant at 

3.75 MHz. The resonator stubs are 43.23-foot lengths 
of RG-58A coa» 


improvement in antenna gain or pattern over a thin-wire 
dipole can be expected from this antenna, 


The Crossed Double Bazooka 
‘A modified version of the double-bazooka antenna 
is shown in Fig 12. In this case, the impedance of the 
matching network is reduced to one-fourth of the 
impedance of the standard double-bazooka network. The 
lower impedance provides more reactance correction, and 
hence increases the bandwidth frequency range noticeably, 
to 1.55 times that of a simple dipole. Notice, however. 
that the efficiency of the antenna drops to about 80% at 
the 2:1-SWR points. This amounts to a loss of 
approximately 1 dB. The broadbanding, in part, is caused 
by the losses in the coaxial resonator stubs (made of RG- 
58A coax), which have a remarkably low Q (only 20) 


MATCHING NETWORK DESIGN 


Optimum Matching 

You can improve the match bandwidth by using a 
transformer or a parallel-tuned circuit at the antenna 
terminals. A combination of these two techniques can yield 
avery effective match bandwidth enhancement. Again, you 
can make the impedance transformation and implement 
the tuned circuit using lumped-circuit elements 
(transformers, inductors and capacitors) or with 
distributed-circuit elements (transmission lines), 

In 1950, an article by R. M. Fano presented the theory 
of broadband matching of arbitrary impedances. This classic 
work was limited to lossless matching networks, 
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Fig 12—The crossed double bazooka yields bandwidth 
improvement by using two quarter-wave resonators, 
parallel connected, as a matching network. As with the 
double bazooka, the resonator stubs are 43.23-foot 
lengths of RG-S8A coax. 


Unfortunat 


matching networks realized with transmission 
lines have enough loss to render the Fano results useful as 
only a starting point in the design process. A theory of 
optimum matching with lossy matching networks was 
presented in an article by Frank Witt entitled “Optimum 
Lossy Broadband Matching Networks for Resonant 
Antennas” that appeared in April 1990 RF Design and was 
summarized and extended in “Broadband Matching with the 
Transmission Line Resonator,” in The ARRL Antenna 
Compendium Vol 4. 

Using a matching network, the 2:1 SWR bandwidth 
can be increased by a factor of about 2.5. Instead of the 
familiar bowl-shaped SWR versus frequency characteristic 
in Fig 5, the addition of the matching network yields 
the W-shaped characteristic of Fig 13. The maximum SWR 
over the band is Sy. The band edges are F,, and Fy, Thus 
the bandwidth, BW, and the center frequency, Fo, are 


(Eq 10) 


(Eq 11) 


‘4 * F 


Fig 14 shows the pertinent equivalent circuit for a 
typical broadband antenna system. The parallel LC match- 
ing network is defined by its resonant frequency, Fy (which 


is the same as the resonant frequency of the antenna), its 
Q and its impedance level. The impedance level is the 
reactance of either the matching network inductance or 
capacitance at Fp. The optimum transmitter load resistance, 
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Fig 13—W-shaped SWR versus frequency 
characteristic that results when a transformer and 
parallel LC matching network are used. 
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Fig 14—Assumed equivalent circult for the broadband 
matching system. The antenna and the matching 
network have the same resonant frequency. 
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Rg, is achieved using an impedance transformer between 
the transmitter and the input to the parallel-tuned circuit, 
‘Thus for a transmitter whose optimum load resistance is, 
50 Q, the required impedance transformer would have an 
impedance transformation ratio of 50:Rg. 

‘The goal is to keep the SWR over the band as low as 
possible, There is a best or minimum value of Syq that 
may be achieved over the entire band. It depends on the 
ed match bandwidth and the Q's of the antenna and 


matching network and is given by the following formula 
—— 
(By 1+ 

Sstinin = 


(Eq 12) 


Qy = matching network Q. 
‘The reactance at resonance of the parallel tuned LC 
matching network is given by: 


2a (Eq 13) 
20n 


where Rq = antenna resistance in Q. 
‘The transmitter load resistance is calculated from: 


min Ra Qn XNo 
Ra + Qn Xno 


(Eq 14) 


‘The loss of the matching network is always greatest 
at the edges of the band. This loss, Lyyye. in dB, is given 


be 


Now you have all the information needed to design 
an optimal broadband matching network. An 80-meter 
dipole will serve as an example to illustrate the procedure, 
‘The following parameters are assumed: 

F, = 3.5 MHz 

0 MHz 


(Eq 15) 


reer eee 


The values of Ry and Qu are reasonable values for 
aan 80-meter inverted V with an apex 60 feet above ground, 
Qy = 40.65 is the calculated value of the Q of a resonator 
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made from RG-213 or similar cable in the middle of the 


80-meter band. The results are: 
BW = 0.5 MHz (from Eq 10) 
Fy = 3.742 MHz (from Eq 11) 
Syimin = 1.8 (from Eq 12) 
Xyo = 15.9 2 (from Eq 13) 
Rg= 482 (from Eq 14) 
Lyne = 1.32 dB (from Eq 15) 


Shown in Fig 15 is the plot of SWR and matching- 
network loss versus frequency for this example. The ref- 
erence resistance for the SWR calculation is Rg or 94.8 
Q. Since the desired load resistance for the transmitter is 
50 Q, we need some means to transform from 94.8 Q to 
50 Q. The examples given in the rest of this chapter will 
show a variety of ways of achieving the necessary imped- 
ance transformation. 

The meaning of Xyo = 15.9 Q is that the inductor 
and the capacitor in the matching network would cach 
have a reactance of 15.9 Q at 3.742 MHz. Methods for 
obtaining a particular value of Xo are shown in the fol- 
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Fig 15—SWR and matching-network loss for example. 
Note that S, Is exactly 1.8 and the band-edge loss is 
exactly 1.32 dB, as calculated. 
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Fig 16—80-meter dipole example with a 1-A resonator 
as the matching network. 


lowing examples as well. The particular value of Xyg of 
this example may be obtained with a one-wavelength reso- 
nator (open-circuited at the far end) made from RG-213 
‘The system described in this example is shown in Fig 16. 

‘The broadband antenna system shown in Fig 16 has 
a desirable SWR characteristic, but the feed line to the 
transmitter is not yet present. Fortunately, the same cable 
segment that makes up the resonator may be used as the 
feed line. A property of a feed line whose length is a 
multiple of A/2 (an even multiple of 2/4) is that its input 
impedance is a near replica of the impedance at the far 
end. This is exactly true for lossless lines atthe frequenci 
where the 2/2 condition is true. Fortunately, practical lin 
have low-enough loss that the property mentioned above 
is true at the resonant frequency. Off resonance, the desired 
reactance cancellation we are looking for from the resonant 
line takes place. The very same design equations apply. 

In Fig 17, the antenna shown in Fig 16 is moved to 
the far end of the 12 resonator. The SWR and loss for this 
case are shown in Fig 18, which should be compared with 
Fig 15. The SWR is only slightly degraded, but the loss is 
about the same at the band edges. We have picked up a 
feed line that is 12 long (173.5 feet) and broadband 
matching. You can make the SWR curve virtually the same 
as that of Fig 15 if the transmitter load resistance is 
increased from 94.8 © to 102 . From a practical point of 
view, this degree of design refinement is unnecessary, but 
is instructive to know how the SWR characteristic may be 
controlled. You may apply the same approach when the 
resonator is an odd multiple of a wavelength, but in that 
case the transmitter or antenna must be connected 2/4 from 
the shorted end. 
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Fig 17—The antenna is at the far end of the 1-2 line. 
The line does double duty—broadband matching and 
signal transport. 


Chebyshev Matching 

Although it is not as efficient from the standpoint of 
bandwidth improvement and loss, Chebyshev matching 
is useful for some purposes. This arrangement yields a 
transmitter load impedance of 50 + j 0 © at two frequen- 
cies in the band, The matching network circuit is the same 
as the optimum matching case, but the parameters are 
different. In this case, we assume that the antenna 
parameters, Fy, Ry and Q,, the network Q and the maxi- 
mum SWR over the band are specified. The bandwidth, 
impedance level and generator resistance are given by 


pw=_fo_ 


Qa Qn 


‘The loss at the band edges is given by Eq 15. The 
frequencies where the transmitter load is 50 + j 0 Q, Fy 
and Fj, are given by: 


B= +R — Fa E419) 

where 

Fu = sf Gu -D{1+ 24) (920) 
2Q4 Qn 
Fo (Eq 21) 
A, 


TR Lose (25) 
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Fig 18—SWR and loss for a 1-A 50-0 feed line. The 
antenna system model is the one shown in Fig 17. 
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LC-MATCHING NETWORKS 


Before the theory of optimal matching above was 
developed, Frank Witt, AIIH, described in his article 
“Broadband Dipoles—Some New Insights” in October 
1986 QST the basic principle and some applications of 
LC matching networks. Fig 19 shows an LC matching 
network that is a modified version of one originally 
proposed by Alan Bloom, NIAL. Note that the basic 
ingredients are present: the parallel-tuned circuit for 
reactance cancellation and a transformer. 

The network also functions as a voltage balun by 
ing the shield of the coaxial feed line to the 
inductor. The capacitor is connected across the 
entire coil to obtain practical element values. The SWR 
response and efficiency offered by a network of lumped 
components is shown in Fig 20. The 2:1-SWR bandwidth 
with 50-Q line is 460 kHz. The design is a Chebyshev 
match, where SWR 
For the same 


enter 


Tis achieved at two frequencies. 
configuration, more match bandwidth and 
less loss could have been realized if the optimal-match 
theory had been applied. 

‘The efficiency at the band edges for the antenna sys- 
tem shown in Fig 20 is 90% (Loss = 0.5 dB). This low 
loss is due to the high Q of the LC matching network 
(Qy = 200). The very low-impedance level required 
(Xpq = 12.4 Q) cannot be easily realized with practical 
inductor-capacitor values. It is for this reason that the 
coil is tapped and serves as an autotransformer with mul- 


liple taps. The required impedance transformation ratio 
of 1:2.8 is easily achieved with this arrangement. 


80-Meter DXer’s Delight 

‘A version of an antenna system with an LC 
broadbanding network is dubbed the 80-meter DXer's 
Delight. This antenna has SWR minima near 3.5 and 
3.8 MHz. A single antenna permits operation with a 
transmitter load impedance of about 50 Q in the DX 
portions of the band, both CW and phone. The efficiency 


Fig 19—A practical LC matching network that provides 
reactance compensation, impedance transformation 
and balun action. 
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and SWR characteristic are shown in Fig 21 

Fig 22 shows the method of construction. The 
selection of a capacitor for this application must be made 
carefully, especially if high power is to be used. For the 
capacitor described in the caption of Fig 22, the allowable 
peak power (limited by the breakdown voltage) is 2450 W. 
However, the allowable average power (limited by the RF 
current rating of 4 A) is only 88 W! These limits apply at 
the 1.8:1 SWR points. 
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Fig 20—Efficient broadband matching with a lumped 
element LC network. The antenna in this example has a 
resistance of 72 © and a Q of 12. The matching network 
has an impedance level of 12.4.0, and a Q of 200. The 
feed line is 50-0 coax, and the matching network 
provides an impedance step-up ratio of 2.8:1. 
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Fig 21—The 80-meter DXer's Delight permits operation 
with a 50-0 transmitter load in the DX portions of the 
band, both CW and phone. This network was designed 
to provide a broadband match for an inverted V with 

F, = 3.67 MHz, an antenna resistance of 60 0 and a Q 
of 13. The matching network has an impedance level of 
9.0, and a Q of 220. The feed line Is 50-Q coax, and the 
matching network provides an impedance step-up ratio 
of 2.0:1. 


Fig 22—A method of 
constructing the LC 
broadband matching 
network. Components 
must be chosen for 
high Q and must have 
adequate voltage and 
current ratings. The 
network is designed 
for use at the antenna 
feed point, and should 
be housed in a 
weather-resistant 
package. The 
‘component values 
are as follows: 

C1—400 pF 
transmitting mica 
rated at 3000 V, 
4A (RF) 

Li—4.7 pH, 8% 


turns of B&W coil 
stock, type 3029 (6 
turns per in., 2'/xin. dia, #12 wire). 

The LC circuit is brought to midband resonance by 
adjusting an end tap on the inductor. The primary and 
secondary portions of the coll have 1% and 2'/: turns, 
respectively. 


PROPERTIES OF TRANSMISSION-LINE 
RESONATORS 


‘One way around the power limitations of LC broadband 
matching networks is to use a transmission line as the 
-sonator. Transmission line resonators, TLRs, typically have 
higher power-handling capability because the loss 
higher, are distributed over the leng 
being concentrated in the lumped-LC components, 
‘Transmission-line resonators must be multiples of a quarter 
wavelength. For a parallel-tuned circuit, the odd-multiple 
even-multiple 


2 ines must be open circuited 

‘The length of the matching network resonator is n 
electrical quarter wavelengths. The impedance level, Q. 
and line length are given by: 


AZo 


Xno 


or, solving for Zo, 


axXyo 


(422) 
7 
BT (423) 
AV 
N 245.9:8Ni adcth (Eg 24) 
Fy 


where 
Zq = line characteristic impedance in Q 
[Ag = matched line loss in dB per 100 feet 
V = velocity factor, and 

Ly = line length in feet 


‘These equations may be used to find the properties 
of the transmission line resonator in the systems shown in 
Figs 16 and 17. The line is RG-213 with the following 
properties: 


We ni ched loss at 3.742 MHz. $ 
line loss is approximately proportional to ,/frequeney + 


ince the 


[F, 
Ashe {F (#028) 
where Aap and Aor are the matched line losses at fe- 


respectively. Hence, 


quencies F, and F, 


Ag)= 0.387 4B/100 feet at 3.742 MHz 


Qy = 40.65, (from Eq 23) 


This is the Q of any resonator made from RG-213 
for a frequency of 3.742 MHz. It does not matter how 
‘many quarter wavelengths (n) make up the cable segment. 
Earlier we calculated that the required impedance level, 
Xxo, is 15.9 Q. Therefore, the required impedance level 


anx15.9 
Zp = = 12.500 
ry 


(from Eq 22) 

This means that you could use a quarter-wavyelength 
segment with a short at the far end if Zo = 12.5 Q, or a 
half-wavelength segment with a open at the far end if 
%q=25.Q. Our example used an open-circuited full-wave- 
length resonator (n = 4) with a Zo of 50 ©. This example 
was crafted to make this happen (so that it fits RG-213 
properties), but it illustrates that some juggling is required 
to obtain the right resonator properties when it is made 
from a transmission line, since we are stuck with the 
cable’s characteristic impedance, 


The TLR Transformer 


‘Away around the limitation created by available char- 
acteristic impedance values isto use the transmission-line 
resonator transformer. The basic idea is to make the con- 
nection to the TLR at an intermediate point along the line 
instead of at the end of the line. It is analogous to using 
taps on a parallel cuit to achieve 
transformer action (See Fig 19). The nature of the trans- 
former action is seen in Fig 23, where the ends of the trans- 
former are designated 1-1 and 2-2. The impedance ratio 
of the transformer, Nz, is approximated by 
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Fig 23—Transformer action in the TLR. The definition of 
transformer terminals depends on whether the TLR end 
is open- or short-circuited. @ is the distance between 
the minimum of the voltage standing wave (at 
resonance) and the connection point, expressed as an 
electrical angle. The distance x Is that same distance 
expressed in feet. 


Nz =sin? 0 (Eq 26) 


The distance in feet, x, is given by 


(Eq 27) 


This approach may be used for the connection of the 
TLR to the transmitter or to the antenna or both. An 
example will help make the power of the TLR transformer 
clear. We want to broadband match an 80-meter dipole 
(where Fo is 3.742 MHz, Ry is 65 Q and Qy is 13). The 
feed line is RG-213 50-Q cable, and the total distan 
between the antenna and transmitter is less than 100 feet. 

Since we know that Z, = 50.Q, we will design a pro- 
totype system with a“ 4 TLR (n=3). Since n is odd, the 
TLR must be shorted at one end, and we will place the 
short at the transmitter end of the line. The intermediate 
step of using a prototype system will enable us to design a 
system with the final TLR, but without transformer ac- 
tion. Then we'll calculate the proper connection points 
along the TLR. Fig 24 shows the prototype system and 
the system with built-in transformers, 

Note that the prototype antenna is connected to the 
open end of the TLR. The prototype generator (transmit- 
ter) is connected at a multiple of 2/2 from the antenna. 
Here, at resonance, an approximate replica of the antenna 
will appear. We will use primed variables to indicate pro- 
totype antenna system elements. The prototype antenna 
differs from the actual antenna in impedance level, so only 
Ra will change. Fp and Qy remain the same. 

Starting with the Ya A TLR, we have: 


Xyo = 21.2 2 


(from Eq 22) 
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Fig 24—An optimized antenna system with a KTLR 
made from RG-213 coaxial cable. The prototype 
system at A Is a convenient intermediate step in the 
design process. At B is the configuration with TLR 
transformers. It has an open stub, Lo, a link, L, (which 
serves as the feed line), and a shorted stub, Ls. 


The prototype antenna resistance at resonance, R’, 
is calculated by rearranging Eq 13. 


(Eq 28) 


Earlier we calculated that Qy = 40.65 and Syinin = 

1.8. Now we find 

Ri, = 763 2 (from Eq 28) 

Ry = 12640 (irom Eq 14) 
The electrical angles (in degrees) and connection 

locations (in feet) are given by 


(E429) 
(Eq 30) 
x, = 281, (Eq31) 
0 
elon, (Eq 32) 
= 90 
where 


A 24s.9V 


ay, 


‘The lengths of the stubs and link of Fig 24 are given 
(Eq 33) 


(Eq 34) 
(Eq 35) 


(from Eq 29) 
(from Eq 30) 
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Fig 25—The SWR and loss of the TLR transformer 
antenna system. At A, the results are shown with the 
calculated line lengths. At B, the improvement after the 
lengths were optimized is shown in Table 1. At C, for 
‘comparison, SWR and loss for the same setup as at A, 
but with the stubs removed. 


Table 1 


Calculated and Optimized Parameters Using TLR 
Transformers 


Calculated Optimized 
Dipole resonant 

frequency (Fy) 3.742MHz 3.710 MHz 
Open stub (Lo) 10.9 feet 43.1 feet 
Shorted stub (Ls) 18.8 feet 20.1 feet 
Link (Ly) 100.4 feet 101.0 feet 


Lo = 10.9 fe (from Eq 33) 
Ls = 18.8 feet (from Eq 34) 
Ly = 100.4 feet (from Eq 35) 


These dimensions are summarized in Fig 24. If 
required, additional 50-Q cable may be added between the 
transmitter and the junction of the shorted stub and the 
link. A remarkable aspect of the TLR transformer, as 
demonstrated in this example, is that it is a transformer 
‘with multiple taps distributed over a great distance, in this 
case over 100 feet. 

The calculated SWR and loss of the antenna system 
with the TLR transformer are shown in Fig 254. We 
mentioned earlier that the stub calculations are an 
approximation. Fig 25 bears this out, but the changes 
necessary to achieve the optimized results are relatively 
small. By changing the lengths and dipole resonant 
frequency slightly, the target optimized SWR characteristic 
of Fig 25B results. See Table I for a summary of the 
changes required 

To demonstrate the significant improvement in match 
‘bandwidth that the TLR transformer provides, the SWR 
and loss of the same dipole fed with 100.4 feet of RG-213 
cable is shown in Fig 25C. The loss added by the two stubs 
used to obtain match bandwidth enhancement is negligible 
(0.2 10 0.5 aB). 

ATTLR transformer may be used by itself to achieve 
a low-loss narrow-band impedance transformation, 
functioning like a 2/4 Q-section. It is different in nature 
from a Q-section, in that itis a true impedance transformer, 
while a Q section is an impedance inverter. The TLR 
transformer may be designed into the antenna system and 


is a useful tool when a narrow-band impedance trans- 


formation is needed. 


Fig 26—Dipole matching methods. At A, the T match; at 
B, the gamma match; at C, the coaxial resonator match. 
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Fig 27—Evolution of the coaxial-resonator-match 
broadband dipole. At A, a TLR transformer is used to 

h the feed line to the off-center-fed dipole. The 
match and dipole are made collinear at B. At C, the 
balanced transmission-line TLR transformer of A and B 
is replaced by a coaxial version. Because the shield of 
the coax can serve as a part of the dipole radiator, the 
wire adjacent to the coax match may be eliminated, D. 


TRANSMISSION-LINE RESONATORS AS PART 
OF THE ANTENNA 


The Coaxial-Resonator Match 


‘This material is condensed from articles that appeared 
in April 1989 QST and The ARRL Antenna Compendium, 
Vol 2. The coaxial-resonator match, a concept based on 
the TLR transformer, performs the same function as the T 
match and the gamma match, that is, matching a 
transmission line to a resonant dipole, These familiar 
matching devices as well as the coaxial resonator match 
are shown in Fig 26. The coaxial resonator match has some 
similarity to the gamma match in that it allows connection 
of the shield of the coaxial feed line to the center of the 
dipole, and it feeds the dipole off center. The coaxial 
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Fig 28—Dimensions for the 80-Meter MHz DX Special, 
an antenna optimized for the phone and CW DX 
portions of the 3.5-MHz band. The coax segment 
lengths total to one quarter-wavelength. The overall 
length is the same as that of a conventional inverted V 
dipole. 


resonator match has a further advantage: It can be used to 
broadband the antenna system while providing an 
impedance match. 

The coaxial resonator match isa resonant transformer 
made from a quarter-wave long piece of coaxial cable. 
Fig 27 shows the evolution of the coaxial-resonator match. 
Now it becomes clear why coaxial cable is used for the 
quarter-wave TLR transformer—interaction between the 
dipole and the matching network is minimized. The 
effective dipole feed point is located at the crossover, 
which is an off-center feed point. In effect, the match is 
physically located “inside” the dipole. Currents flowing 
on the inside of the shield of the coax are associated with 
the resonator; currents flowing on the outside of the shield 
of the coax are the usual dipole currents. Skin effect 
provides a degree of isolation and allows the coax to 
perform its dual function. The wire extensions at each end 
‘make up the remainder of the dipole, making the overall 
length equal to one half-wavelength, 

A useful feature of an antenna using the coaxial- 
resonator match is that the entire antenna is at the same 
de potential as the feed-line potential, thereby avoiding 
charge buildup on the antenna. Hence, noise and the 
potential of lightning damage are reduced. 

Fig 28 shows the detailed dimensions of an 80-meter 
inverted-V dipole using  coaxial-resonator match. This 
design provides a load SWR better than 1.6:1 from 3.5 to 
3.825 MHz and has been named the 80-Meter DX Special. 
‘The coax is an electrical quarter wavelength, has a short at 
cone end, an open at the other end, a strategically placed 
crossover, and is fed at a tee junction. (The crossover is 
‘made by connecting the shield of one coax segment to the 

ner conductor of the adjacent segment and by connecting 
the remaining center conductor and shield ina similar way.) 
‘The antenna is constructed as an inverted-V dipole with a 
110° included angle and an apex at 60 feet. The measured 
SWR versus frequency is shown in Fig 29. Also in Fig 29 


Frequency (Miz) 


Fig 29—Measured SWR performance of the 80-Meter 
DX Special, curve A. Note the substantial 
broadbanding relative to a conventional 
uncompensated dipole, curve B. 


Fig 30—T and crossover construction. At A, a 2-inch PVC 
pipe coupling can be used for the T, and at B, 

‘Linch coupling for the crossover. These sizes are the 
nominal inside diameters of the PVC pipe that is normally 
used with the couplings. The T could be made from 
standard UHF hardware (an M-358 T and a PL-258, 
coupler). An alternative construction for the crossover is 
shown at C, where a direct solder connection is made. 


is the SWR characteristic for an uncompensated inverted- 
V dipole made from the same materials and positioned 
exactly like the broadband version. 


made from RG-213 
coaxial cable and #14 AWG wire, and is fed with 50-0 
coax. The coax forming the antenna should be cut so that 
the stub lengths of Fig 28 are within '/: inch of the 
specified values. PVC plastic-pipe couplings and SO-239 
UHF chassis connectors can be used to make the T and 
crossover connections, as shown in Fig 30A and 30B. 


Alternatively, a standard UHF T connector and coupler 
can be used for the T, and the crossover may be a soldered, 
connection (Fig 30C). RG-213 is used because of its ready 
availability, physical strength, power handling capability, 
and moderate loss, 

Cut the wire ends of the dipole about three feet 
longer than the lengths given in Fig 28. If there is a tilt in 
the SWR-frequency curve when the antenna is first built, 
it may be flattened to look like the shape given in Fig 29 
by increasing or decreasing the wire length. Each end 
should be lengthened or shortened by the same amount 

A word of caution: If the coaxial cable chosen is not 
RG-213 or equivalent, the dimensions will have to be 
modified. The following cable types have about the same 
characteristic impedance, loss and velocity factor as RG- 
213 and could be substituted: RG-8, RG-8A, RG-10, 
RG-IOA and RG-215. Ifthe Q of the dipole is particularly 
high or the radiation resistance is unusually low b 
of different ground characteristics, antenna height, 
surrounding objects and so on, then different segment 
lengths will be required, 

What is the performance of this broadband antenna 
relative to that of a conventional inverted-V dipole? Aside 
from the slight loss (about 0.75 dB at band edges, less 
elsewhere) because of the non-ideal matching network, the 


broadband version will behave essentially the same as a 
dipole cut for the frequency of interest. That is, the radiation 
patterns for the two cases will be virtually the same. 


The Snyder Dipole 

A commercially manufactured antenna utilizing the 
principles described in the Matching Network Design 
section is the Snyder dipole, Patented by Richard D. 

inyder in late 1984 (see Bibliography), it immediately 

received much public attention through an article that 
Snyder published. Snyder's claimed performance for the 
antenna is a 2:1 SWR bandwidth of 20% with high 
efficiency. 

The configuration of the Snyder antenna is like that 
of the crossed-double bazooka of Fig 12, with 25-@ line 
used for the cross-connected resonators. In addition, the 
antenna is fed through a 2:1 balun, and exhibits a W-shaped 
SWR characteristic like that of Fig 13. The SWR at band 
center, based on information in the patent document, is 
1,7 to 1. There is some controversy in professional circles 
regarding the claims for the Snyder antenna. 


The Improved Crossed-Double Bazooka 

The following has been condensed from an article 
by Reed Fisher, W2CQH, that appeared in The ARRL 
Antenna Compendium Volume 2. The antenna is shown in 
Fig 31. Note that the half-wave flat-top is constructed of 

ions of RG-S8 coaxial cable. These sections of coaxial 
cable serve as quarter-wave shunt stubs that are essentially 
connected in parallel at the feed point in the crossed 
double-bazooka fashion. At an electrical quarter 
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Soldering Step by Step 


Earlier I explained the individual factors that affect the quality of a solder joint. 


These are: 
. 
. 
. 


Cleanliness — dirt or impurities drastically hinder good solder coverage. 
‘Temperature — the right level to enable the solder to flow freely! 
Time — apply heat for just the right amount of time! 


Adequate solder coverage — cnough to form a good joint without 
touching neighbouring areas. 


These rules apply whether soldering a p.c.b. or performing other tasks such as 
interwiring (hooking everything together with connecting wire). 


We’ll now summarise the stages of making a typical solder joint — soldering 
components onto a printed circuit board (through-hole soldering). Most people insert 
components into the circuit board and simply splay the wires out to hold them in place 
under spring tension. I find it best to snip excess wire leads off at this stage, to improve 
accessibility. 


All parts must be bright, clean and free from dirt and grease. 
Try to secure the work firmly to stop parts moving around. 


“Tin” the soldering iron tip with a small amount of solder. Do this 
immediately, with new tips being used for the first time. 


Wipe the tip of the hot soldering iron on a damp cellulose sponge to 
remove excess solder or contamination. 


Many people then add a tiny amount of fresh solder to the cleansed tip just 
before using it. 


Heat all parts of the joint with the iron typically for under a second or so, 
until it’s heated throughout. 


While heating, then apply sufficient rosin-core solder to form an 
adequately-covered joint. 


It only takes a second or two at most, to solder the average p.c.b. joint this 
way. 


Do not move parts until the solder has cooled. 


Remove and return the iron safely to its stand. 


This special photo sequence illustrates these stages. It’s best to start with the 
smallest, fiddliest parts first when soldering a blank p.c.b., because that’s when you've got 
the most access on the board. Accessibility will be reduced as more components are 
added, so we'll start with a simple wire link on a professionally designed p.c.b. 
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Fig 31—Details of the W2CQH broadband-matched 80- 
meter dipole. 
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Fig 32—SWR curves for the improved double bazooka. 
Curve A, the theoretical curve with 50- stubs and a 
24, 75-0 matching transformer. Curve B, measured 
response of the same antenna, built with RG-58 stubs 
and an RG- 59 transformer. Curve C, measurements 
from a dipole without broadbanding. Measurements 
were made at W2CGH with the dipole horizontal at 30 
feet. 


Fig 33—This simple broadband 
antenna system resembles a 
conventional 80-meter dipole except 
for the 4/4-wavelength 75- segment. 
The lengths of the Q-section, TLR 
(including balun) and dipole are 

43.3 feet, 170.5 feet, and 122.7 feet, 
respectively. 


Resonator 


wavelength (43 feet) from each side of the feed point X- 
Y, the center conductor is shorted tothe braid of the coaxial 
cable. 

‘The parallel stubs provide reactance compensation. 


‘The necessary impedance transformation at the antenna 
feed point is provided by the quarter-wave Q-section 
constructed of a 50-foot section of 75-2 coaxial cable 
(RG-59). A W2DU 1:1 current balun is used at the feed 
point. See Fig 32 for the SWR versus frequency for this 
antenna with and without the broadband matching network. 

This antenna is essentially that of the crossed double 
bazooka antenna shown in Fig 12, with the addition of 
the 75-Q Q-section. The improvement in match 
bandwidth is substantial. The antenna at W2CQH is 
straight and nearly horizontal with an average height of 
about 30 feet. 


9-16 Chapter 9 


TRANSMISSION-LINE RESONATORS AS PART 
OF THE FEED LINE 


A Simple Broadband Dipole for 80 Meters 

‘This system was described in an article in September 
1993 QST. It has the advantage that the radiator is the 
same as that of a conventional half-wave wire dipole. Thus 
the antenna is light weight, easy to support and has small 
wind and ice loading. The broadband matching network 
is imtegrated into the feed line. 

The system is shown in Fig 33. It is a variation of 
the example shown in the Matching Network Design 
section of this chapter as shown in Fig 17. The TLR is a 
Ih length of RG-213 50-Q coax and the impedance 
transformation is accomplished with a 75-Q Q-section 


3 
ee 
Zo Tt 
Lo 3 
rune ta) 
Fig 3¢—Measured SWR versus frequency forthe — — 
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Fig 35—Measured SWR for the 80- and 40-meter 
multiband antenna system. 


made of RG-11. The antenna is an inverted-V with a 140° 
included angle and an apex height of 60 feet. The wire 
size is #14, but is not critical. The balun is a W2DU 1:1 
current type. It easily handles the legal power limit over 
the entire 80-meter band. The measured SWR is shown 
in Fig 34. 

A unique advantage of this antenna is that by 
paralleling a 40-meter dipole at the feed point and sharing 
the feed line, operation on both 80 and 40 meters is 
possible. The reason for this is that the lengths of the Q- 
section and the TLR are multiples of a half-wavelength 
on 40 meters. To minimize the interaction, the two dipoles 
should be spaced from each other away from the feed point, 
First tune the 80-meter antenna and then the 40-meter one, 
Fig 35 shows the result of adding a 40-meter dipole to the 
system shown in Fig 33. Each 40-meter dipole leg is 
34.4 feet long. Note that the SWR on 80 meters changes 
very little compared to Fig 34. No change was made to 
the 80-meter dipole or to the transmission line 


80-Meter Dipole with the TLR Transformer 

The total length of the feed line in the system just 
described above in Fig 33 is quite long, about 214 feet. 
For installations with shorter runs, the TLR transformer 
concept may be employed to advantage. An example 
provided in “Optimizing the 80-Meter Dipole” in The 
ARRL Antenna Compendium, Vol 4 is shown in Fig 36. 
Here the TLR is ‘/s & long overall and is made from 
RG-213 50-2 cable. The design applies for an 80-meter 
horizontal dipole, 80 feet above average ground, with an 


dipole 80 feet above average ground. 


assumed antenna Fp, Ra, and Qs of 3.72 MHz, 92 Q and 
9, respectively. (See Figs 3 and 4). The lengths must be 
revised for other dipole parameters. 

For this design, the feed line is 113.1 feet long and 
the shorted stub at the transmitter end is 21.6 feet long, 
You can add any length of 50-Q cable between the 
transmitter and the junction of the shorted stub and the 
feed line. The shorted stub gives a de path to ground for 
both sides of the dipole, preventing charge buildup and 
some lightning protection. For multiband operation with 
an antenna tuner, the stub should be removed, 

The general application of the TLR transformer 
concept has a tap at both the transmitter end and a tap at 
the antenna end. (See Fig 24.) In this case, the concept 
‘was applied only at the transmitter end, since very little 
impedance transformation was required at the antenna end. 
The location of the TLR transformer is not obvious. 
Consider a sk TLR with a short at one end, and an open 
at the other end where the antenna is connected. The 
enerator for no impedance transformation would be 
located 4/4 (43.6 feet @ 3.72 MHz) from the short. By 
connecting the transmitter 21.6 feet from the short, the 
required impedance transformation for a transmitter 
optimized for 50-Q loads is achieved. 
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Log Periodic Arrays 


This chapter was contributed by L. B. Cebik, 
WARNL. The Log Periodic Dipole Array (LPDA) is one 
of a family of frequency-independent antennas. Alone, 
an LPDA forms a directional antenna with relatively con- 
stant characteristics across a wide frequency range. It may 
also be used with parasitic elements to achieve specific 
characteristic within a narrow frequency range. Common 
names for such hybrid arrays are the log-cell Yagi or the 
Log-Yag. We shall look at the essential characteristics of 
both types of arrays in this chapter. 

‘The LPDA is the most popular form of log-periodic 
systems, which also include zig-zag, planar, trapezoidal, 
slot, and V forms. The appeal of the LPDA version of 
the log periodic antenna owes much to its structural simi- 
larity to the Yagi-Uda parasitic array. This permits the 
construction of directional LPDAS that can be rotated— 
at least within the upper HF and higher frequency ranges. 
Nevertheless, the LPDA has special structural as well 
as design considerations that distinguish it from the 
Yagi. A number of different construction techniques for 
both wire and tubular elements are illustrated Later in this 
chapter. 


Antenne Feeder or 


Stub 


Elements 4 


Fig 1—The basic components of a log periodic dipole 
array (LPDA). The forward direction is to the left in this 
‘sketch. Many variations of the basic design are 
possible. 


The LPDA in its present form derives from the pio- 
neering work of D. E, Isbell at the University of Illinois in 
the late 1950s. Although you may design LPDAs for larg. 
frequency ranges—for example, from 3 to 30 MHz or a 
little over 3 octaves—the most common LPDA designs that 


radio amateurs use are limited to a one-octave rang. 
ally from 14 to 30 MHz. Amateur designs for this range 
tend to consist of linear elements. However, experimental 
designs for lower frequencies have used elements shaped 
like inverted Vs, and some versions use vertically oriented 
Yo A elements over a ground system. 

Fig 1 shows the parts of a typical LPDA. The struc~ 
ture consists of a number of linear elements, the longest 
of which is approximately '/2 2 long at the lowest design 
frequency. The shortest element is usually about "long 
at a frequency well above the highest operating frequency. 
The antenna feeder, also informally called the phase-line, 


connects the center points of each element in the series, 
with a phase reversal or cross-over between each element. 
A stub consisting of a shorted length of parallel feed line 
is often added at the back of an LPDA. 

The arrangement of elements and the method of feed 
yield an array with relatively constant gain and front-to- 
back ratio across the designed operating range. In addi- 
tion, the LPDA exhibits a relatively constant feed-point 
impedance, simplifying matching to a transmission line. 


BASIC DESIGN CONSIDERATIONS 


For the amateur designer, the most fundamental fac~ 


ets of the LPDA revolve around three interrelated design 
variables: oF (alpha), t (tau), and ¢ (sigma). Any one of 
the three variables may be defined by reference to the 
other two. 

Fig 2 shows the basic components of an LPDA. The 
angle ot defines the outline of an LPDA and permits every 
dimension to be treated as a radius or the consequence of 
a radius (R) of a circle. The most basic structural dimen- 
sions are the element lengths (L), the distance (R) of each 
element from the apex of angle ct, and the distance 
between elements (D). A single design constant, t, de-~ 
fines all of these relationships in the following manner: 
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Fig 2—Some fundamental relationships that define an 
array as an LPDA. See the text for the defining 
equations. 


where element n and n#1 are successive 
array working toward the apex of angle ct. The value of t 
is always less than 1.0, although effective LPDA design 
requires values as close to 1.0 as may be feasible. 

‘The variable t defines the relationship between su 


cessive element spacings but it does not itself determine 
the initial spacing between the longest and next longest 
elements upon which to apply t successively. The initial 
spacing also defines the angle ot for the array. Hence, we 
have two ways to determine the value of 6, the relative 
spacing constant 


(Eq 2) 


where D,, is the distance between any two elements of 
the array and Ly is the length of the longer of the two 
elements. From the first of the two methods of determin 
ing the value of 6, we may also find a means of dete 
mining ot when we know both t and 

For any value of t, we may determine the optimal 
value of 6: 


0.243 .-0.051 3) 


‘The combination of a value for t and its correspond- 
ing optimal value of 6 yields the highest performance of 
which an LPDA is capable. For values of from 0.80 
through 0.98, the value of optimal 6 varies from 0.143 to 
0.187, in increments of 0.00243 for each 0.01 change in 
‘t, However, using the optimal value of 6 usually yields a 
total array length that is beyond ham construction or 


tower/mast support capabilities. Consequently, amateur 
LPDASs usually employ compromise values of t and o 
that yield lesser but acceptable performance. 


For a given frequency range, increasing the value of 
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es both the gain and the number of required ele- 
ments. Increasing the value of ¢ increases both the gain 
and the overall boom length. A t of 0.96—which 
approaches the upper maximum recommended value for 
t—yields an optimal 6 of about 0.18, and the resulting 
array grows to over 100 feet long for the 14 to 30 MHz, 
range. The maximum free space gain is about 11 dBi, 
with a front-to-back ratio that approaches 40 dB. Normal 
amateur practice, however, uses values of from about 
0.88 to 0.95 and values of 6 from about 0.03 to 0.06. 
Standard design procedures usually set the length of 
the rear element for a frequency about 7% lower than the 
sign frequency and use the common dipole for- 
168/fyq,) to determine its length (5% lower 
space half wavelength, where Ljae, = 493.56) 
fygu,)- The upper frequency limit of the design is ordi- 
narily set at about 1.3 times the highest design frequency. 
Since t and o set the increment between successive ele- 


ment lengths, the number of elements bi 


‘omes a function 
hes the dipole length for 


of when the shortest element res 
the adjusted upper frequency. 
‘The adjusted upper frequency limit results from the 
behavior of LPDAs with respect to the number of active 
elements. See Fig 3, which shows an edge view of a 10- 
element LPDA for 20 through 10 meters. The vertical 
lines represent the peak relative current magnitude for 
each element at the specified frequency. At 14 MHz, vir- 
tually every element of the array shows a significant cur- 


Longest Shortest 
Element Element 


Fig 3—The relative current magnitude on the elements 
of an LPDA at the lowest and highest operating 
frequencies for a given design. Compare the number of 
“active” elements, that is, those with current levels at 
least ‘vio of the highest level. 


rent magnitude. Howe 


er, at 28 MHz, only the forward 
5 elements carry significant current. Without the extended, 
design range to nearly 40 MHz, the number of elements, 
with significant current levels would be severely reduced, 
along with upper frequency performance. 

“The need to extend the design equations below the 
lowest proposed operating frequency varies with the value 
of t. In Fig 4, we can compare the current on the re: 
elements of two LPDAs, both with a 6 value of 0.04. The 
upper design uses a t of 0.89, while the lower design 
uses a value of 0.93. The most significant current-bear- 
ing element moves forward with increases in t, reducing 
(but not wholly eliminating) the need for elements whos 
lengths are longer than a dipole for the lowest operating 
frequency. 


LPDA Design and Computers 

Originally, LPDA design proceeded through a series 
of design equations intended to yield the complete speci- 
fications for an array. More recent techniques available 
to radio amateurs include basic LPDA design software 
and antenna modeling software. One good example of 
LPDA design software is LPCAD28 by Roger Cox, 
WBODGF. A copy of this freeware program is on the 
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Fig 4—Patterns of current magnitude at the lowest 
operating frequency of two different LPDA designs: 
a 10-element low-t design and a 16-element 
higher-r design. 


CD-ROM that accompanies this volume. The user begins 
by specifying the lowest and highest frequencies in the 
design. He then enters either his selected values for t and 
6 or his choices for the number of elements and the total 
length of the array. With this and other input data, the 
program provides a table of element lengths and spac- 
ings, using the adjusted upper and lower frequency lim- 
s described earlier. 

‘The program also requests the diameters of the long- 
est and shortest elements in the array, as well as the 


diameter of average element. From this data, the program, 
calculates a recommended value for the phas 
necting the elements and the approximate resistive value 
of the input impedance. Among the additional data that 
LPCAD28 makes available is the spacing of conductors 
to achieve the desired characteristic impedance of the 
phase-line. These conductors may be round—as we would 
use for a wire phase-line—or square 
for double-boom construction 
Anadditional vital output from LPCAD28 is the con- 
version of the d 


s we might use 


sign into antenna modeling input files 
of several formats, including versions for AO and 
NECAWIN (both MININEC-based programs), and a ver- 
sion in the standard *.NEC format usable by many imple- 
mentations of NEC-2 and NEC-4, including NECWin Plus 
GNEC, and EZNEC Pro. Every proposed LPDA design 
should be verified and optimized by means of antenna 
modeling, since basic design calculations rarely provide 
arrays that require no further work before construction. 


A one-octave LPDA represents a segment of an arc de- 
fined by ct that is cut off at both the upper and the lower 
frequency limits, Moreover, some of the design equa 


are based upon approximations and do not completely 
predict LPDA behavior. Despite these limitations, most 
of the sample LPDA designs shown later in this chapter 
are based din 


tly upon the fundamental calculations. 
‘Therefore, the procedure will be outlined in detail before 
turning to hybrid log-cell Yagi concepts. 

Modeling LPDA designs is most easily done on a 
version of NEC. The transmission line (TL) facility built 
into NEC-2 and NEC-4 alleviates the problem of model- 
ing the phase-line as a set of physical wires, each section 
of which has a set of constraints in MININEC at the right- 
angle junctions with the elements. Although the NEC TL, 
facility does not account for loss 
are ordinarily low enough to ni 

NEC models do require some careful construction to 
obtain the most accurate results. Foremost among the cau- 
tions is the need for careful segmentation, since each ele- 
ment has a different length. The shortest element should 
have about 9 or 11 segments, so that it has sutficient si 
ments at the highest modeling frequency for the design. 


the losses 


Each element behind the shortest one should have a greater 
number of segments than the preceding element by the in- 
verse of the value of t. However 
tion, Since the transmission line is at the center of e: 


there is a further limita- 
h 
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element, NEC elements should have an odd number of se; 
ments to hold the phase-line centered. Hence, each se; 
mentation value calculated from the inverse of t must be 
rounded up to the nearest odd integer. 

Initial modeling of LPDAs in NEC-2 should be done 
with uniform-diameter elements, with any provision for 
stepped-diameter element correction turned off. Since 
these correction factors apply only to elements within 
about 15% of dipole resonance at the test frequency, 
models with stepped-diameter elements will correct for 
only a few elements at any test frequency. The resulting, 
combination of corrected and uncorrected elements will 
not yield a model with assured reliability 

Once one has achieved a satisfactory model with uni- 
form-diameter elements, the modeling program can 
be used to calculate stepped-diameter substitutes. Each 
uniform-diameter element, when extracted from the larger 
will have a resonant frequency. Once this frequency 
is determined, the stepped-diameter element to be used 
in final construction can be resonated to the same fr 
quency. Although NEC-4 handles stepped diameter 
elements with much greater accuracy than NEC-2, the pro- 
cess just described is also applicable to NEC-4 models, 


LPDA Behavior 

Although LPDA behavior is remarkably uniform over 
a wide frequency range compared to narrow-band designs, 
such as the Yagi-Uda array, it nevertheless exhibits very 
significant variations within the design range. Fig 5 shows 
several facets of these behaviors. Fig 5 shows the fre 
space gain for three LPDA designs using 0.5-inch diam- 
eter aluminum elements. The designations for each model 
list the values of t (0.93, 0.89, and 0.85) and of 6 (0.02, 
0.04, and 0.06) used to design each array. The resultant 


Short-Boom LPDAs: 14" to 18.5" 
Free Space Gain 14 10 30 MHz 
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Fig 5—The modeled free-space gain of 3 relatively 
small LPDAs of different design. Note the relationship 
of the values of t and of ¢ for these arrays with quite 
similar performance across the 14-30 MHz span. 
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array lengths are listed with each designator. The total 
number of elements varies from 16 for “9302” to 10 for 
“8904” to 7 for "8504, 

First, the gain is never uniform across the entire fre~ 
quency span. The gain tapers off at both the low and high 
ends of the design spectrum. Moreover, the amount of 
gain undulates across the spectrum, with the number of 
peaks dependent upon the selected value of t and the 
resultant number of elements. The front-to-back ratio 
tends to follow the gain level. In general, it ranges from 
less than 10 dB when the free-space gain is below 5 dBi 
to over 20 dB as the gain approaches 7 dBi. The front-to- 
back ratio may reach the high 30s when the free-space 
array gain exceeds 8.5 dBi. Well-designed arrays, esp 
cially those with high values of t and o, tended to have 
well-controlled rear patterns that result in only small dif- 
ferences between the 180° front-to-back ratio and the 
averaged front-to-rear ratio, 

Since array gain is a mutual function of both t and 
, average gain becomes a function of array length for 
any given frequency range. Although the gain curves in 
Fig 5 interweave, there is little to choose among them in 
terms of average gain for the 14 to 18-foot range of array 
lengths. Well-designed 20- to 10-meter arrays in the 
30-foot array length region are capable of about 7 dBi 
free-space gain, while 40-foot arrays for the same fre~ 
quency range can achieve about 8 dBi free-space gain. 

Exceeding an average gain of 8.5 dBi requires at least 
4 50-foot array length for this frequency range. Long arrays, 
with high values of t and ¢ also tend to show smaller 
excursions of gain and of front-to-back ratio in the overall 
curves. In addition, high-t designs tend to show higher 
gain at the low frequency end of the design spectrum. 

‘The frequency sweeps shown in Fig 5 are widely 
spaced at | MHz intervals. The evaluation of a specifi 
design for the 14 to 30-MHz range should decrease the 
interval between check points to no greater than 0.25 MHz 
in order to detect frequencies at which the array may show 
a performance weakness. Weaknesses are frequency 
regions in the overall design spectrum at which the array 
shows unexpectedly lower values of gain and front-to- 
back ratio. In Fig 5 note the unexpected decrease in gain 
of mode! “8904” at 26 MHz. The other designs also have 
weak points, but they fall between the frequencies 
sampled. 

In large arrays, these regions may be quite small and 
may occur in more than one frequency region. The weak 
ness results from the harmonic operation of longer ele~ 
ments to the rear of those expected to have high current 
levels. Consider a 7-element LPDA about 12.25-foot long 
for 14 to 30 MHz using 0.5-inch aluminum elements. At 
28 MHz, the rear elements operate in a harmonic mode, 
as shown by the high relative current magnitude curves 
in Fig 6. The result is a radical decrease in gain, as shown 
in the “No Stub” curve of Fig 7. The front-to-back ratio 
also drops as a result of strong radiation from the long, 


Zz 


Fig 6—The relative current magnitude on the elements 
of model “8504” at 28 MHz without and with a stub. 
Note the harmonic operation of the rear elements 
before a stub Is added to suppress such operation. 


elements to the rear of the array. 
Early designs of LPDAs called for terminating trans- 
jon-line stubs as standard practice to help eliminate 
such weak spots in frequency coverage. In contemporary 
designs, their use tends to be more specific for eliminat- 
ing or moving frequencies that show gain and front-to- 
back weakness. (Stubs have the added function of keeping 
both sides of each element at the same level of static 
charge or discharge.) The model dubbed “8504” was fi 
ted (by trial and error) with an 18-inch shorted stub of 
600-2 transmission line. As Fig 6B shows, the harmonic 
operation of the rear elements is attenuated. The “stub” 
curve of Fig 7 shows the smoothing of the gain curve for 
the array throughout the upper half of its design spec 
trum. In some arrays showing multiple weaknesses, a 


Sample LPDAs: Free-Space Gain 
With and Without Conective Stub 
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Fig 7—A graph of the gain of model “8504” showing the 
frequency region in which a “weakness” occurs and its 
absence once a suitable stub is added to the array. 


single stub may not eliminate all of them. However, it 
may move the weaknesses to unused frequency regions. 
Where full-spectrum operation of an LPDA is necessary, 
additional stubs located at specific elements may be 
needed. 

‘Most LPDA designs benefit (with respect to gain and. 
front-to-back ratio) from the use of larger-diameter ele- 
ments. Elements with an average diameter of at least 
0.5-inch are desirable in the 14 to 30 MHz range. How- 
ever, standard designs usually presume a constant ele- 


ment length-to-diameter ratio. In the case of LPCAD28, 


this ratio is about 125:1, which 
diameter. To achi 


sumes an even larger 
ve a relatively constant length-to- 
diameter ratio in the computer models, you can set the 
diameter of the shortest element in a given array design 
and then increase the element diameter by the inverse of 
ing longer element. This procedure is 
often likely to result in unreasonably large element 
diameters for the longest elements, relative to standard 
amateur construction practic 

Since most amateur designs using aluminum tubing 
for elements employ stepped-diameter (tapered) elements, 
roughly uniform element diameters will result unless the 
LPDA mechanical design tries to lighten the elements at 
the forward end of the array. This practice may not be 
advisable, however. Larger elements at the high end of the 
design spectrum often counteract (at least partially) the 
natural decrease in high-frequency gain and show improved 
performance compared to smaller diameter elements. 

An alternative construction method for LPDAS use: 
wire throughout. At every frequency, single-wire elements 
reduce gain relative to larger-diameter tubular elements. 
An alternative to tubular elements appears in Fig 8. For 
each element of a tubular design, there is a roughly 
equivalent 2-wire element that may be substituted. The 


1 for each succe 
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Fig 8—A substitute for a large-diameter tubular element 
composed of two wires shorted at both the outer ends 
and at the center junction with the phase-line. 


spacing between the wire is determined by taking one of 
the modeled tubular elements and finding its resonant fi 
quency. A two-wire element of the same length is then 
constructed with shorts at the far ends and at the june- 
tions with the phase-line. The separation of the two wire 
is adjusted until the wire element is resonant at the same 
frequency as the original tubular element. The required 
separation will vary with the wire chosen for the element. 
Models used to develop these substitutes must pay close 
attention to segmentation rules for NEC due to the short 
length of segments in the end and center shorts, and to 
the need to keep segment junctions as exactly parallel as 
possible with close-spaced wires, 


Feeding and Constructing the LPDA 
Original design procedures for LPDAs used a 
ordinarily fairly high, charact 


ng 
istic impedance for the 


ized that other values of impedance for the phase line 
offered both mechanical and performance advantages for 
LPDA performance. Consequently, for the contemporary 
designer, phase-line choice and construction techniques 
are almost inseparable considerations. 

High-impedance phase lines (roughly 200 Q and 
higher) are amenable to wire construction similar to that 
used with ordinary parallel-wire transmission lines. They 
require careful placement relative to a metal boom used 
to support individual elements (which themselves must be 
insulated from the support boom). Connections also re- 
quire care. If the phase-line is given a half-twist between 
each element, the construction of the line must ensure con- 
stant spacing and relative isolation from metal supports 
to maintain a constant impedance and to prevent shorts. 

Along with the standard parallel-wire line, shown 
in Fig 9A, there are a number of possible LPDA struc- 
tures using booms. The booms serve both to support the 
elements and to create relatively low-impedance (under 
200 2) phase-lines. Fig 9B shows the basics of a twin 
circular tubing boom with the elements cross-supported 
by insulated rods. Fig 9C shows the use of square tubing 
with the elements attached directly to each tube by 
through-bolts. Fig 9D illustrates the use of L-stock, which, 
may be practical at VHF frequencies. Each of these 
sketches is incomplete, however, since it omits the nec- 
essary stress analyses that determine the mechanical fea- 

bility of a structure for a given LPDA project. 

The use of square boom material requires some 
adjustment when calculating the characteristic impedancs 
of the phase-line. For conductors with a circular cross 
ection, 
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Fig 9—Four (of many) possible construction techniques, shown from the array end. In A, an insulated plate 
‘supports and separates the wires of the phase-line, suitable with wire or tubular elements. A dual circular boom 
phase-line also supports the elements, which are cross-supported for boom stability. Square tubing is used in C, 
with the elements joined to the boom/phase-line with through-bolts and an insert in each half element. The L-stock 


‘shown in D is useful for lighter VHF and UHF arrays. 
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where D is the center-to-center spacing of the condue- 
tors and d is the outside diameter of each conductor, both 
expressed in the same units of measurement. Since we 
are dealing with closely spaced conductors, relative to 
their diameters, the use of this version of the equation 
for calculating the characteristic impedance (Zo) is re 
‘ommended. For a square conductor, 


d 


18 


where d is the approximate equivalent diam 
square tubing and w is the width of the tubing across one 
side. Thus, for a given spacing, a square tube permits you 
to achieve a lower characteristic impedance than round 
conductors. However, square tubing requires special 
attention to matters of strength, relative to comparable 
round tubing. 

Electrically, the characteristic impedance of the 
LPDA phase-line tends to influence other performance 
parameters of the array. Decreasing the phase-Line Z also 
decreases the feed-point impedance of the array. For small 
designs with few elements, the decrease is not fully 
matched by a decrease in the excursions of reactance. 
Consequently, using a low impedance phase-line may 
make it more difficult to achieve a 2:1 or less SWR for 
the entire frequency range. However, higher-impedance 
phase-lines may result in a feed-point impedance that 
requires the use of an impedance-matching balun. 

Decreasing the phase-line Zp also tends to incr 
LPDA gain and front-to-back ratio. There is a price to be 
paid for this performance improvement—weaknesses at 
specific frequency regions become much more pronounced 
with reductions in the phase-line Zy. For a specific array 
you must weigh carefully the gains and losses, while 
employing one or more transmission line stubs to get 
around performance weaknesses at specific frequencies. 

Depending upon the specific values of t and & 
selected for a design, you can sometimes select a phast 
line Zo that provides cither a 50-Q or a 75-@ feed-point 
impedance, holding the SWR under 2:1 for the enti 
design range of the LPDA. The higher the values of t 
and ¢ for the design, the lower the reactance and ré 
tance excursions around a central value. Designs using 
optimal values of ¢ with high values of t show a very 
s 1 i g h t 
capacitive reactance throughout the frequency range. 
Lower design values obscure this phenomenon due to 
the wide range of values taken by both resistance and 
reactance as the frequency is changed. 

At the upper end of the frequency range, the source 
resistance value decreases more rapidly than elsewhere 
in the design spectrum. In larger arrays, this can be ove 
come by using a variable Z phase-line for approximately 
the first 20% of the array length. This technique is, how- 
ever, difficult to implement with anything other than wi 


phase-lines. Begin with a line impedance about half of 
the final value and increase the wire spacing evenly until 
it reaches its final and fixed spacing. This technique can 
sometimes produce smoother impedance performancs 
‘quency span and improved high-fre- 
quency SWR performance. 

Designing an LPDA requires as much attention to 
designing the phase-line as to element design. Itis always 
useful to run models of the proposed design through sev- 
eral iterations of possible phase-line Zy values before 
freezing the structure for construction 


Special Design Corrections 
The curve for the sample 8504 LPDA in Fig 7 
in standard LPDA designs. 
in the overall curve was corrected by the 
use of a stub to eliminate or move the frequency at which 
rearward elements operated in a harmonic mode. In the 
course of describing the characteristics of the array, we 
have noted several other means to improve performance. 
Fattening elements (either uniformly or by increasing 
their diameter in step with t) and reducing the character- 


istic impedance of the phase-line are capable of small 
improvements in performance. However, they cannot 
wholly correct the tendency of the array gain and front- 


to-back ratio to 


II off at the upper and lower limits of 
the LPDA frequency range. 

One technique sometimes used to improve perfor- 
mances near the frequency limits is to design the LPDA 
for upper and lower frequency limits much higher and 
lower than the frequencies of use. This technique unnec- 
essarily increases the overall size of the array and does 
not eliminate the downward performance curves. Incre 
ing the values of t and ¢ will usually improve perfor- 
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Fig 10—A before and after sketch of an LPDA, showing 
the original lengths of the elements and their 
adjustments from diminishing the value of t at both 
ends of the array. See the text for the amount of 
change applicable to each element. 
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* A typical professional blank p.c.b. — silk-screen printing shows what goes where. 
The underside has been treated with a green solder resist coating, and the solder pads are 
ready-tinned to help with soldering. 


er 


* Preparing a wire link for soldering — cut off some tinned copper wire and bend 
the ends to fit the p.c.b. correctly. Round-nose pliers (shown) are perfect for this, but 
ordinary electronics or “radio” pliers will do. 


mance at no greater cost in size than extending the fr 
quency range. Increasing the value of t is especially e 
fective in improving the low frequency performance of 
an LPDA. 

Working within the overall size limits of a standard 
design, one may employ a technique of circularizing the 
value of t for the rear-most and forward-most elements. 
See Fig 10, which is not to-scale relative to overall array 
length and width. Locate (using an antenna-modeling pro- 
gram) the element with the highest current at the lowest 
operating frequency, and the element with the highest 
current at the highest operating frequency. The adjust- 
ments to element lengths may begin with these elements, 
ment further toward the array cet 
rst element (counting from the center) to be 
modified, reduce the value of t by about 0.5%. For a rear 
ward element, use the inverse of the adjusted value of t 
to calculate the new length of the element relative to the 
unchanged element just forward of the change. For a for- 


or—at most—one 


ter. For the 


ward element, use the new value of t to calculate the new 
length of the element relative to the unchanged element 
immediately to the rear of it 

For succeeding elements outward, calculate new val- 
ues of from the adjusted values, increasing the incre 
ment of decrease with each step. Second adjusted 
elements may use values of t about 0.75% to 1.0% lower 
than the values just calculated. Third adjusted elements 
may use an increment of 1.0% to 1.5% relative to the 
preceding value. 

Not all designs requi 
values of t and ¢ increase, fewer elements may requit 
adjustment to obtain the highest possible gain at the fr 


extensive treatment. As the 


Special Corrections: 14 to 30 MHz LPDA 
1ub, Cireularization, Extra Director 
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Fig 11—The modeled free space gain from 14 to 
30 MHz of an LPDA with ¢ of 0.89 and g of 0.04. 
‘Squares: just a stub to eliminate a weakness; Triangles: 
with a stub and circularized elements, and Circles: with 
a stub, circularized elements and a parasitic director. 
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quency limits, and these will always be the most outward 
elements in the array. A second caution is to check the 
jeed-point impedance of the array after each change to 
ensure that it remains within design limits 

Fig 11 shows the free-space gain curves from 14 to 
30 MHz for a 10-element LPDA with an initial t of 0.89 
and a 6 of 0.04. The design uses a 200-Q phase-line, 0.5- 
inch aluminum elements, and a 3-inch 600-Q stub. The 
lowest curve shows the modeled performance across the 
design frequency range with only the stub. Performanes 
at the frequency limits is visibly lower than within the 
peak performan The middle curve shows the 
effects of circularizing t. Average performance levels 
have improved noticeably at both ends of the spectrum 

In lieu of, or in addition to, the adjustment of ele~ 
ment lengths, you may also add a parasitic director to an 
LPDA, as shown in Fig 12. The director is cut roughly 
for the highest operating frequency. It may be spaced 
between 0.1 A and 0.15 A from the forward-most element 
of the LPDA. The exact length and spacing should be 
determined experimentally (or from models) with two 
factors in mind. First, the element should not adversely 
effect the feed-point impedance at the highest operating 
frequencies. Close spacing of the director has the great- 
est effect on this impedant ond, the exact spacing 
and element length should be set to have the most de- 
sired effect on the overall performance curve of the ar- 
ray. The mechanical impact of adding a director is to 
increase overall array length by the spacing selected for 
the element 

‘The upper curve in Fig 11 shows the effect of add- 
ing a director to the circularized array already equipped 
with a stub. The effect of the director is cumulative, in- 
creasing the upper range gain still further. Note that the 
added parasitic director is not just effective at the highest 


Poresitie 
Director 


Feed 
Point 


LPOA Prover 


LPDA with Supplemental Director 


Fig 12—A generalized sketch of an LPDA with the 
addition of a parasitic director to improve performance 
at the higher frequencies within the design range. 


frequencies within the LPDA design range. It has a pe 
ceptible effect almost all the way across the frequency 
span of the array, although the effect is smallest at the 
low-frequency end of the range. 

‘The addition of a director can be used to enhance 
upper frequency performance of an LPDA, as in the 
illustration, or simply to equalize upper frequency per- 
formance with mid-range performance. High-t designs, 
with good low-frequency performance, may need only a 
director to compensate for high-frequency gain decrease. 
‘One potential challenge to adding a director to an LPDA. 
ining a high front-to-back ratio at the upper fre~ 
quency range. 

Throughout the discussion of LPDAs, the perfor- 
mance curves of sample designs have been treated at all 
frequencies alike, seeking maximum performance across 
the entire design frequency span. Special compensations 
are also possible for ham-band-only LPDA designs. They 
include the insertion of parasitic elements within the 
array as well as outside the initial design boundaries. 
In addition, stubs may be employed not so much to elimi~ 
nate weaknesses, but only to move them to frequencies 
outside the range of amateur interests. 


A DESIGN PROCEDURE FOR AN LPDA 


‘The following presents a systematic step-by-step 
design procedure for an LPDA with any desired band- 
width. The procedure requires some mathematical calet 
lations, but a common calculator with square-root, 
logarithmic, and trigonometric functions is complet 


adequate. The notation used in this section may vary 
slightly from that used earlier in this chapter. 

1) Decide on an operating bandwidth B between f,, 
lowest frequency and f,, highest frequency: 


(Eq 6) 


2) Choose t and ¢ to give the desired estimated av- 


erage gain. 


0.85 £<0,98and 0.085 6 £6 ope (Eq7) 


where 6,,. is calculated as noted earlier in this chapter. 


3)Determine the value for the cotangent of the apex 
half-angle from 


cota“ 
A (Eq 8) 
Although ot is not directly used in the calculations, 
cot ot is used extensively 
4) Determine the bandwidth of the active region B,, 
from 


By 


1+7.7(1-t) cota (Eq 9) 
5) Determine the structure (array) bandwidth B, from 


1s = BXB,, 


(Eq 10) 


6) Determine the boom length L, number of elements 


N, and longest element length /, 
Ly=[t-L | cot ax Zoe 
acta i (Eq 11) 
984 
Daas = rar 
f 
(Eq 13) 
492 
dan (Eq 14) 


Usually the calculated value for N will not be an 
integral number of elements. If the fractional value is 
more than about 0.3, increase the value of N to the next 
higher integer. Increasing the value of N will also increase 
the actual value of L over that obtained from the sequence 
of calculations just performed, 

Examine L, N and 1, to determine whether or not 
the array size is acceptable for your needs. If the array is 
too large, increase f, or decrease 6 or t and repeat steps 
2 through 6. Increasing f, will decrease all dimensions. 
Decreasing 6 will decrease the boom length. Decreasing 
twill decrease both the boom length and the number of 
elements. 

7) Determine the terminating stub Z,. (Note: For 
many HF arrays, you may omit the stub, short out the 
longest element with a 6-inch jumper, or design a stub to 
overcome a specific performance weakness.) For VHF 
and UHF arrays calculate the stub length from 


Z,=hom 


8 


8) Solve for the remaining element lengths from 


(Eq 15) 


(Eq 16) 
9) Determine the element spacing dy.» from 


(4:-t2) cota 


5 (417) 


where /, and f3 are the lengths of the rearmost 
elements, and d,_> is the distance between the elements 
with the lengths /, and f,. Determine the remaining ele~ 
ment-to-element spacings from 


(oapa=tdfa2 (Eq 18) 


-) 


10) Choose Rp, the desired feed-point resistance, to 
give the lowest SWR for the intended balun ratio and fe 
line impedance. Ro, the mean radiation resistance level 
of the LPDA input impedance, is approximated by 
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(Eq 19) 
jn 4 
YR 


where the component terms are defined and/or calculated 
in the following way. 

From the following equations, determine the nei 
sary antenna feeder (phase-line) impedance, Zo: 


2 fr ¥ 
Zo= 82 +R ff Be] 41 (Eq 20) 
BoZay \\807Z ay 
©’ is the mean spacing factor and is given by 
8 
7 (Eq 21) 


Zay is the average characteristic impedance of a 
dipole and is given by 


Zev ~ran uf “ }-235| 
(diam, 


‘The ratio, Iy/diam, is the length-to-diameter ratio of 
the element n. 

11) Once Zp has been determined, 
tion of conductor size and spacing to achieve that impe 
ance, using the appropriate equation for the shape of the 
conductors. If an impractical spacing results for the 
antenna feeder, select a different conductor diameter and 
eat step I. In severe cases it may be necessary to select 
fent Ry and repeat steps 10 and 11. Once a satisfat 
tory feeder arrangement is found, the LPDA d 
plete. 

A number of the LPDA design examples at the end 
of this chapter make use of this calculation method. How- 
ever, the resultant design should be subjected to exter 


(422) 


elect a combin: 


Director 


Feed, | 


Phasing Line XK Log-Cell Driver 


Reflector 


Fig 13—A sketch of a typical monoband log-cell Yagi. 
‘The reflector is, in principle, optional. The log-cell may 
have from 2 to 5 (or more elements). There may be one 
‘or more directors. 
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ive modeling tests to determine whether there are per- 
formance deficiencies or weaknesses that require modi- 
cation of the design before actual construction. 


Log-Cell Yagis 

Fig 12 showed an LPDA with an added parasitic 
director. Technically, this converts the original design into 
a hybrid Log-Yag. However, the term Log-Yag (or more 
generally the log-cell Yagi) is normally reserved for 
monoband designs that employ two or more elements in 
a single-band LPDA arrangement, together with (usually) 
a reflector and one or more directors. The aim is to pro- 
duce a monoband directive array with superior directional 
qualities over a wider bandwidth than can be obtained 
from many Yagi-Uda designs. Log-cells have also been 
successfully used as wide-band driver sections for multi- 
band Yagi beams. 

Fig 13 illustrates the general outline of a typical log- 
ell Yagi. The driver section consists of a log periodic 
array designed for the confines of a single amateur band 
or other narrow range of frequencies. The parasitic 
reflector is usually spaced about 0.085 A behind the rear 
element of the log cell, while the parasitic director is 
normally placed between 0.13 and 0.15 4 ahead of the 
log cell 

Early log-cell Yagis tended to be casually designed. 
Most of these designs have inferior performance com- 
pared with present-day computer-optimized Yagis of the 
same boom length. Some were designed by adding one 
or more parasitic directors to simple phased pairs of ele- 
ments. Although good performance is possible, the oper- 
ating bandwidth of these d is small, suitable only 
for the so-called WARC bands. However, when the log- 
cell is designed as a narrowly spaced monoband log 
periodic array, the operating bandwidth increases dramati- 
cally. Operating bandwidth here refers not just to the SWR 
bandwidth, but also to the gain and front-to-back band- 
width 

‘The widest operating bandwidths require log cells of 
3 to 4 elements for HF bands like 20 meters, and 4 to 
5 elements for bands as wide as 10 meters. (The bandwidth 
of the 20-meter band is approximately 2.4% of the center 
frequency, while the bandwidth of the 10-meter band 
approaches 9.4% of the center frequency.) A practical 
limit to 6 for log cells used within parasitic arrays is about 
0.05. Slightly higher gain may be obtained from higher 
of G, but at the cost of a much longer log cell. The 
s in a practical value for t 
between 0.94 and 0.95 to achieve a cell with the desired 
bandwidth characteristics 

‘An array designed according to these principles has 
an overall length that varies with the size of the log cell. 
A typical array with a 4-element log-cell and single para- 
sitic elements fore and aft is a bit over 0.35 A long, while 
a 5-element log-cell Yagi will be between 0.4 and 0.45% 
long. Spacing the reflector more widely (for example, up 


30 neor 


Fig 14—Overlaid free-space azimuth patterns for 
virtually identical 5-element log-cell Yagis (with 
3-element log-cells), one having the elements Vid 
forward at 40° from linear (dashed), the other with 
linear elements (solid). 


to 0.25 A) has little effect on either gain or front-to-back 
ratio. Wider spacing of the director will also have only a 
small effect on gain, since the arrangement is already clos 
to the boom-length limit recommended for director- 
driver-reflector arrays. Further lengthening of the boom 
should be accompanied by the addition of one or more 
directors to the array, if additional gain is desired from 
the design. 

Compared to a modern-day Yagi of the same boom 
length, the log-cell Yagi is considerably heavier and 
exhibits a higher wind load due to the requirements of 
the log-cell driver. Yagis with 3- and 4-elements within 
the boom lengths just given are capable of peak free-space 
gain values of 8.2 to 8.5 dBi, while sustaining a high front- 
to-back ratio, Peak front-to-back ratios are typically in 


Wire Log-Periodic Dipole 


‘These wire log-periodic dipole arrays for the lower 
HF bands are simple in design and easy to build. They 
are designed to have reasonable gain, be inexpensive and 
lightweight, and may be assembled with stock items 
found in large hardware stores. They are also strong— 
they can withstand a hurricane! These antennas were first 
described by John J. Uhl, KVSE, in QST for August, 


the vicinity of 25 dB. However, Yagi gain tends to 
decrease below the design frequency (and increase above 
it), while the front-to-back ratio tends to taper off as one 
moves away from the design frequency. For the largest 
og-cell sizes, log-cell Yagis of the indicated boom lengths 
are capable of sustaining at least 8.2 dBi free-space gain 
over the entire band, with front-to-back ratios of over 
30 dB across the operating bandwidth. 

The feed-point impedance of a log-cell Yagi 
function of both the cell design and the influence of the 
parasitic elements, However, for most cell designs and 
common phase-line designs, you can achieve a very low 
variation of resistance and reactance across a desired 
band. In many cases, the feed impedance will form a direct, 
match for the standard 50-Q coaxial cable used by most 
amateur installations. (In contrast, the high-gain, high- 
front-to-back Yagis used for comparison here have feed- 
point impedances ranging from 20 to 25 ©.) 

‘A common design technique used in some LPDA 
and log-cell Yagi designs is to bend the elements forward 
to form a series of Vs. A forward angle on each side of 
the array centerline of about 40° relative to a linear ele: 
ment has been popular. In some instances, the mechan 
cal design of the array may dictate this element formation. 
However, this arrangement has no special benefits and 
possibly may degrade performance. 

Fig 14 shows the free-space azimuth patterns of a 
single 5-element log-cell Yagi in two versions: with the 
elements linear and with the elements bent forward 40°. 
The V-array loses about '/» dB gain, but more signi 
it loses considerable signal rejection from the sides. 
lar comparisons can be obtained from pure LPDA de 
signs and from Yagi-Uda designs when using elements 
in the vicinity of '/s 2. Unless mechanical considerations 
call for arranging the elements in a V, the technique is 
not recommended. 

Ultimately, the decision to build and use a log-cell 
Yagi involves balancing the additional weight and wind- 
oad requirements of this design against the improvements, 
in operating bandwidth for all of the major operating 
parameters, especially with respect to the front-to-back 
ratio and the feed-point impedance 


Arrays for 3.5 or 7 MHz 


1986. Fig 15 shows one method of installation. You can 
use the information here as a guide and point of refe 
ence for building similar LPDAS. 

If space is available, the antennas can be rotated or 
repositioned in azimuth after they are completed. A 75- 
foot tower and a clear turning radius of 120 feet around 
the base of the tower are needed. The task is simplified 
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Fig 15—Typical lower-HF wire 4-element log periodic 
dipole array erected on a tower. 


if you use only three anchor points, instead of the five 
shown in Fig 15. Omit the two anchor points on the for- 
ward element, and extend the two nylon strings used for 
element stays all the way to the forward stay line. 


DESIGN OF THE LOG-PERIODIC 
DIPOLE ARRAYS 


Design constants for the two arrays are listed in 
Tables 1 and 2. The preceding sections of this chapter con- 
tain the design procedure for arriving at the dimensions 
and other parameters of these arrays. The primary differ- 
ences between these designs and one-octave upper HF 
arrays are the narrower frequency ranges and the use of 
wire, rather than tubing, for the elements. As design 
examples for the LPDA, you may wish to work through 
the step-by-step procedure and check your results against 
the values in Tables 1 and 2. You may also wish to com- 
pare these results with the output of an LPDA design soft- 
ware package such as LPCAD28. 

From the design procedure, the feeder wire spacings 
for the two arrays are slightly different, 0.58 inch for the 
3.5-MHz array and 0.66 inch for the 7-MHz version. As a 
compromise toward the use of common spacers for both 
bands, a spacing of ‘/s inch is quite satisfactory. Surpris- 
ingly, the feeder spacing is not at all critical here from 

a matching standpoint, as may be verified from Zp = 
276 log (2S/diam) and from Eq 4. Increasing the spacing 
to as much as "/s inch results in an Ry SWR of less than 
11:1 on both bands. 


Constructing the Arrays 

Construction techniques are the same for both the 
3.5 and the 7-MHz versions of the array. Once the designs 
are completed, the next step is to fabricate the fittings; 
see Fig 16 for details. Cut the wire elements and feed 
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lines to the proper sizes and mark them for identi 
tion. After the wires are cut and placed aside, it will be 
difficult to remember which is which unless they are 
marked. When you have finished fabricating the connec- 
tors and cutting all of the wires, the antenna can be 
assembled. Use your ingenuity when building one of these 
antennas; it isn’t necessary to duplicate these LPDAs pre- 
sely. 
The 


-ments are made of standard #14 stranded cop- 


Table 1 


Design Parameters for the 3.5-MHz Single-Band 
LPDA 


11 =3.3 MHz Element lengths: 
fy= 4.1 MHz 11 = 149.091 feet 
1.2424 
0.845 
0.08 


Gain = 5.9 dBi = 3.8 dBd Element spacings: 
cot = 1.5484 dyg=17.891 feet 
Ba, = 1.3864 dog = 15.118 feet 


7225 
48.42 feet 
4.23 elements (decrease to 4) 
6-inch short jumper 

208 2 

97.8.0 
o’ = 0.08527 
Zp = 319.82 
Antenna feeder: 
#12 wire spaced 0.58 inches 
Balun: 4:1 

Feed line: 52-0 coax 


day = 12.775 feet 

Element diameters 
All = 0.0641 inches 

tidiameter ratios: 
tidiam, = 16840 
tidiamg = 19929 
diam, = 23585 
‘diam, = 27911 


Table 2 
Design Parameters for the 7-MHz Single-Band 


Element lengths: 
11 = 71.304 feet 
12 = 60.252 feet 
13 = 50.913 feet 
14 = 43.022 feet 
Element spacings: 


5.9 dBi = 3.8 dBd 


1.5484 dig = 8.557 feet 

B,, = 1.3864 dag = 7.230 feet 

By = 1.5070 dyg = 6.110 feet 
18.57 feet Element diameters: 


All = 0.0641 inches 
tidiameter ratios: 
rAidiam, = 8054 
9531 
1280 
3349 


-inch short jumper 


‘Antenna feeder: 
#12 wire spaced 0.66 inches 
Balun: 4:1 

Feed line: 52-9 coax 
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Fig 16—Pleces for the LPDA that require fabrication. At A is the forward connector, made from '/z-inch Lexan 
(polycarbonate). At B Is the rear connector, also made from "/:-inch Lexan. At C Is the pattern for the phase-line 
‘Spacers, made from ‘/-inch Plexiglas. Two spacers are required for the array. 


per wire. The two parallel feed lines are made of #12 
solid copper-coated steel wire, such as Copperweld 
Copperweld will not stretch when placed under tension. 
The front and rear connectors are cut from '/s-inch thick 
Lexan sheeting, and the feed-line spacers from '/s-inch 
Plexiglas sheeting. 

Study the drawings carefully and be familiar with 
the way the wire elements are connected to the two feed 
lines, through the front, rear and spacer connectors 
Details are sketched in Figs 17 and 18. Connections made 
in the way shown in the drawings prevent the wire from 
breaking. All of the rope, string, and connectors must be 
made of materials that can withstand the effects of ten- 
sion and weathering. Use nylon rope and strings, the type 
jon that yachtsmen use. Fig 15 shows the front stay rope com- 
Steering down to ground level at a point 120 feet from the base 

of a 75-foot tower. Space may not be available for this, 
arrangement in all cases. An alternative installation tech- 
nique is to put a pulley 40 feet up in a tree and run the 
front stay rope through the pulley and down to ground 
level at the base of the tree. The front stay rope will have 

to be tightened with a block and tackle at ground level. 
Putting an LPDA together is not difficult if it is 
embled in an orderly manner. It is easier to connect 
the elements to the feeder lines when the fe 
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Fig 17—The generic layout for the lower HF wire LPDA. 
Use a 4:1 balun on the forward connector. See Tables 1 
and 2 for dimensions. 
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Fig 18—Details of the electrical and mechanical 
connections of the elements to the phase-line. Knots 
in the nylon rope stay line are not shown. 


assembly is stretched between two points. Use the tower 
and a block and tackle. Attaching the rear connector to 
the tower and assembling the LPDA at the base of the 
tower makes raising the antenna into place a much sim- 
pler task. Tie the rear connector securely to the base of 
the tower and attach the two feeder lines to it. Then thread 
the two feed-line spacers onto the feed line. The spacers 
at this time, but will be positioned properly 
when the elements are connected. Now connect the front 
connector to the feed lines. A word of caution: Measure 
accurately and carefully! Double-check all measurements 
before you make permanent connections 

Connect the elements to the feeder lines through 


will be loos 
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their respective plastic connectors, beginning with ele 
ment 1, then element 2, and so on. Keep all of the ele 
ment wires securely coiled. If they unravel, you will have 
a tangled mess of kinked wire. Recheck the element-to- 
jer connections to ensure proper and secure junctions. 
(See Figs 17 and 18.) Once you have completed all of the 
element connections, attach the 4:1 balun to the under- 


ide of the front connector. Connect the feeder lines and 
the coaxial cable to the balun. 

You will need a separate piece of rope and a pulley 
to raise the completed LPDA into position. First secure 
the eight element ends with nylon string, referring to Figs 
15 and 17. The string must be long enough to reach the 
tie-down points. Connect the front stay rope to the front 
connector, and the completed LPDA is now ready to be 
raised into position. While raising the antenna, uncoil 
the element wires to prevent their getting away and tan- 
gling up into a mess. Use care! Raise the rear connector 
to the proper height and attach it securely to the tower, 
then pull the front stay rope tight and secure it. Move the 
elements so they form a 60° angle with the feed lines, in 
the direction of the front, and space them properly rela- 
tive to one another. By adjusting the end positions of the 
elements as you walk back and forth, you will be able to 
align all the elements properly. Now it is time to hook 
your rig to the system and make some contacts. 


Performance 


‘The reports received from these LPDAs were com- 
pared with an inverted-V dipole. All of the antennas are 
fixed; the LPDAs radiate to the northeast, and the dipole 
to the northeast and southwest. The apex of the dipole is 
at 70 feet, and the 40- and 80-meter LPDAS are at 60 and 
50 feet, respectively. Basic array gain was apparent from, 
many of the reports received. During pileups, it was pos- 
sible to break in with a few tries on the LPDAs, yet it was 
impossible to break in the same pileups using the dipole. 
‘The gain of the LPDAS is several dB over the dipole. For 
additional gain, experimenters may wish to try a para- 
sitic director about 'Vs 2 ahead of the array. Director length 
and spacing from the forward LPDA element should be 
field-adjusted for maximum performance while maintain- 
ing the impedance match across each of the bands. 

Wire LPDA systems offer many possibilities. They 
sy to design and to construct: real advantages in 
countries where commercially built antennas and parts 
are not available at reasonable cost. The wire needed can 
be obtained in all parts of the world, and cost of con- 
struction is low. If damaged, the LPDAs can be repaired 
easily with pliers and solder. For those who travel on 
DXpeditions where space and weight are large consider- 
ations, LPDAS are lightweight but sturdy, and they per- 
form well. 


5-Band Log Periodic Dipole Array 


A rotatable log periodic array designed to cover the fre~ 

‘quency range from 13 to 30 MHZ is pictured in Fig 19. This, 

isa lange array having a free-space gain that varies from 6.6 

to over 6.9 dBi, depending upon the operating portion of the 

design spectrum. This antenna system was originally 

described by Peter D. Rhodes, WA4IVE, in Nov 1973 QST. 

A measured radiation pattern for the array appears in Fig 20. 
‘The characteristics of this array are: 

1) Half-power beamwidth, 43° (14 MHz) 

2) Design parameter t = 0.9 

3) Relative element spacing constant 6 = 0.05 

4) Boom length, L = 26 feet 

5) Longest element 41 = 37 feet 10 inches. (A tabulation 


Fig 19—The 13-30 MHz log periodic dipole array. 


—————— 


Fig 20—Measured radiation pattern of the 13-30 MHz 
LPDA. The front-to-back ratio is about 14 dB at 14 MHz 
and increases to 21 dB at 28 MHz. 


Table 3 
13-30 MHz LPDA Dimensions, feet 

Ele. Nearest 
No. Length dnt (Spacing) Resonant 
1 37402" 

2 wor" 89.4" = dye 14 MHz 
3 3079" 34.9" = doy 

400 oT 30.8" = day 

5 2410.0" 29.1" = dys 18 MHz 
6 42" 25.8" = dee 21 MHz 
7 2014" 22.8" = der 

8 1812" 20.1% = dr 24.9 MHz 
9 1635" 19.7" = dee 28 MHz 
10 | 14°79" 1°75" = doo 

11 19°24" 15.6" = dios 

12 11" 10.5" 13.8" = divie 

Table 4 

Materials list: 13-30 MHz LPDA 

Material Description Quantity 


1) Aluminum tubing—0.047” wall 
thickness 
112" or 6" lengths 


126 lineal feet 


2/12" lengths 96 lineal feet 
1e'—8' or 12’ lengths 66 lineal feet 
4/¢'—8' lengths: 16 lineal feet 

2) Stainless-steel hose clamps— 

2” max 48 ea 

8) Stainless-steel hose clamps— 

Tle" max 26 ea 

4) TV type U bolts idea 

5) U bolts, galv. type 
ae x Nh dea 
Wel A" 2ea 

6) 1” ID polyethylene water- 

service pipe 160 Ib/in.? test, 20 lineal feet 
approx. 1%” OD 
A) ie" x 1e 1/8" aluminum 
‘Angle—6' lengths 30 lineal feet 
B) 1” x 1A" aluminum bar— _—_12 lineal feet 
6’ lengths 

7) 1%" top rail of chain-link fence 26 lineal feet 

8) 1:1 toroid balun tea 

9) 6-32 x 1” stainless steel screws 24 ea 

6-82 stainless steel nuts 48 ea 
#6 solder lugs 2hea 
10) #12 copper feeder wire 60 lineal feet 
411A) 12” x 8” x '/e" aluminum plate 1 ea 
B) 6” x 4” x '/e” aluminum plate 1 ea 
412A) */<" galv. Pipe 3 lineal feet 
B) 1” galv. pipe-mast 5 lineal feet 

13) Galv. guy wire 50 lineal feet 

14) 120" x 2” turnbuckles 4ea 

15) 1h" x 1'e" eye bolts 2ea 

16) TV guy clamps and eye bolts 2 ea 
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Fig 21—Construction diagrams of the 13-30 MHz LPDA. B and C show the method of making electrical connection 
between the phase-line and each half-element. D shows how the boom sections are joined. 
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Angle Bar 
Len. Len. 
a v 
3 v 
a v 
3 v 
a v 
3 v 
2 v 
2 v 
a v 
a v 
2 v 
2 v 


of element lengths and spacings appears in Table 3.) 

6) Total weight, 116 pounds 

7) Wind-load area, 10.7 square fe 

8) Required input impedance (mean resistance), Rg = 
72.Q, Z, = 6-inch jumper #18 wire 

9) Average characteristic dipole impedance, Z,y: 337.8 

10) Impedance of the feeder, Zy: 117.1 2 

11) Feeder: #12 wire, close spaced 

12) With a 1:1 toroid balun at the input terminals and a 
72-Q coax feed line, the maximum SWR is 1.4:1 
‘The mechanical assembly uses materials readily avail- 

able from most local hardware stores or aluminum supply 

houses. The materials needed are given in Table 4. In the 


construction diagram, Fig 21, the materials are referenced 
by their respective material list numbers. The photograph 
shows the overall construction, and the drawings show the 
details. Table 5 gives the required tubing lengths to con- 
struct the elements. 

Experimenters may wish to improve the performance 
of the array at both the upper and lower frequency ends of 
the design spectrum so that it more closely approaches the 
performance in the middle of the design frequency range. 
‘The most apt general technique for raising both the gain 
and the front-to-back ratio atthe frequency extremes would 
be to circularize t as described earlier in this chapter. How- 
ever, other techniques may also be applied. 


The Telerana 


‘The Telerana (Spanish for spider web) is a rotatable 

log periodic antenna that is lightweight, easy to construct 

and relatively inexpensive to build. Designed to cover 

12.1 to 30 MH, it was co-designed by George Smith, 

W4AEO, and Ansyl Eckols, YVSDLT, and first described 

by Eckols in QST for Jul 1981. Some of the design 

parameters are as follow. 

1) t=09 

2).0 = 0.05 

3) Gain = 4.5 to 5.5 dBi (tr 
frequency 

4) Feed arrangement: 400-0 feeder line with 4:1 balun, 
fed with 52-0 coax. The SWR is 1.5:1 or less in all 
amateur bands. 

‘The array consists of 13 dipole elements, properly 
spaced and transposed, along an open wire feeder hav- 
ing an impedance of approximately 400 Q. See Figs 22 
and 23. The array is fed at the forward (smallest) end 
with a 4:1 balun and RG-8 cable placed inside the front 
arm and leading to the transmitter. An alternative feed 
method is to use open wire or ordinary TV ribbon and a 
tuner, eliminating the balun. 


space) depending upon 


‘The frame that supports the array (Fig 24) consists 
of four 15-foot fiberglass vaulting poles slipped over short 
nipples at the hub, appearing like wheel spokes (Fig 25) 
Instead of being mounted directly into the fiberglass, the 
hub mounts into short metal tubing sleeves that are in- 
serted into the ends of each arm to prevent crushing and 
splitting the fiberglass. The necessary holes are drilled 
to receive the wires and nylon. 

‘A shopping list is provided in Table 6. The center 
hub is made from a I'/-inch galvanized four-outlet cross, 
or X and four 8-inch nipples (Fig 25). A I-inch diameter 
X may be used alternatively, depending on the diameter 
of the fiberglass. A hole is drilled in the bottom of the 
hub to allow the cable to be passed through after welding 
the hub to the rotator mounting stub, 

All four arms of the array must be 15 feet long. The 
should be strong and springy to maintain the tautness of 
the array. If vaulting poles are used, try to obtain all of 
them with identical strength ratings. 

‘The forward spreader should be approximately 
14.8 feet long. It can be much lighter than the four main 
arms, but must be strong enough to keep the lines rigid 
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“* Wires are prodded through the holes in the board, then turn it upside down to 
view the solder side. You can then “spring” or splay the ends apart slightly, so they are 
held in place while you solder them. 


“ Wipe the hot soldering iron on the damp sponge to clean the tip. Do this 
periodically when contamination, flux deposits etc. build up on the iron to keep the tip 
nice and shiny. Tip Tinner & Cleaner helps too. 
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Fig 22—The overall configuration of the spider web antenna. Nylon monofilament line is used from the ends of the 
elements to the nylon cords. Use nylon line to tie every point where lines cross. The forward fiberglass feeder lies 
on the feeder line and is tied to it. Both metric and English measurements are shown, except for the illustration of 


the feed-line insulator. Use soft-drawn copper or stranded wire for elements 2 through 12. Element 1 should use 
7/22 flexible wire or #14 AWG Copperweld. 
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Fig 23—The frame construction of the spider web antenna. Two different hub arrangements are illustrated. 
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Fig 24—Although the spider web antenna resembles a 
rotatable clothes line, it is much larger, as indicated by 
Figs 22 and 23. However, the antenna can be lifted by 
hand. 


a 


Fig 25—The simple arrangement of the spider web 
antenna hub. See Fig 23 and the text for details. 


u Seer He erie 
Fig 26—The elements, balun, transmission line and 
main bow of the spider web antenn: 
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Table 6 

‘Shopping List for the Telerana 

1—1'/einch galvanized, 4-oullet cross or X. 

4—B:inch nipples. 

4—15-foot long arms. Vaulting poles suggested. These must 
be strong and all of the same strength (150 lb) or better. 

1—Spreader, 14.8 foot long (must not be metal) 

1—4:1 balun unless open-wire or TV cable is used. 

12—Feed-line insulators made from Plexiglas or fiberglass. 

36—Small egg insulators. 

328 feet copper wire for elements; flexible 7/22 is 
suggested 

65.6 feet (20 m) #14 Copperweld wire for interelement fed 
line 

164 feet (50 m) strong ‘/-inch dia cord. 

4—Roll of nylon monofilament fishing line, 50 Ib test or 
better. 

‘4—Metal tubing inserts go into the ends of the fiberglass 
arms, 

2Fiberglass fishing-rod blanks. 

‘4—Hose clamps. 


If tapered, the spreader should have the same measure- 
ments from the center to each end. Do not use metal for 
this spreader. 

Building the frame for the array is the 
tion step. Once the frame is prepared, then everything 
else can be built onto it, Begin by assembling the hub 
and the four arms, letting them lie flat on the ground with 
the rotator stub inserted in a hole in the ground. The tip- 
to-tip length should be about 31.5 feet each way. A hose 
clamp is used at each end of the arms to prevent splitting. 
Place the metal inserts in the outer ends of the arms, with 
1 inch protruding. The mounting holes should have been 
drilled at this point. If the egg insulators and nylon cords 
are mounted to these tube inserts, the whole antenna can 
be disassembled simply by bending up the arms and pull- 
ing out the inserts with everything still attached. 

Choose the arm to be at the front end. Mount two 
egg insulators at the front and rear to accommodate the 
inter-element feeder. These insulators should be as close 
as possible to the ends. 

At each end of the cross-arm on top, install a small 
pulley and string nylon cord across and back. Tighten 
the cord until the upward bow reaches 3 feet above the 
hub. All cords will require retightening after the first few 
days because of stretching. The cross-arm can be laid on 
its side while preparing the feeder line. For the front-to- 
rear bowstring it is important to use a wire that will not 
stretch, such as #14 Copperweld. This bowstring is actu- 
ally the inter-element transmission line. See Fig 26. 

Secure the rear ends of the feeder to the two rear 
insulators, soldering the wrap. Before securing the fronts, 
slip the 12 insulators onto the two feed lines. A rope can 
be used temporarily to form the bow and to aid in mount- 
ing the feeder line. The end-to-end length of the feeder 


st construc- 


g the Telerana 
In The ARRL Antenna Compendium, Vol 4, Markus 


Hansen, VE7CA, described how he modified the 


Telerana to improve the front-to-back ratio on 20 and 


15 meters. In addition, he added a trapped 30/40- 


meter dipole that functions as a top truss system to 


stabilize the modified Telerana in strong uprising 


winds that otherwise could turn the antenna into an 


“inside-out umbrella. 


Fig A shows the layout for the modified Telerana, 
and Table A lists the lengths and spacings for the 
#14 wire elements. Note that VE7CA used tuning 
stubs to tweak the 15 and 20-meter reflector wires 
for best rearward pattern. The construction tech- 
niques used by VE7CA are the same as for the 
original Telerana. Fig B shows a side view of the 
additional 40/30-meter-dipole truss sytem. 
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Table A 


Element Lengths and Spacings, 
in Inches 


Element'/s Element Total 

Number Length Distance 
(inches) (inches) 

Rt 202.0 0.0 

Lt ato 102.0 

2 i912 140.7 

Ro 138.0 158.3 

13 174.0 175.9 

4158.3 2079 

ts 144.1 237.0 

UG 131.1 261.5 

7 119.3 285.6 

18 108.6 307.6 

19988 3276 

Lio 89.9 345.8 

Lit 824 364.5 


Note: the reflector lengths do not include 
the length of the tuning stubs. 


Fig A—Physical layout of modified 
Telerana with 20 and 15-meter reflectors 
added (in place of first two elements in 
original Telerana). Note the tuning stubs 
for the added reflectors. 


Fig B—Side view of 30/40-meter 
addition to the modified Telerana, 
using */inch PVC pipe as a vertical 
stabilizer and support for the 30/40- 
meter trapped dipole. 


Log Periodic Arrays 10-21 


should be 30.24 feet. 
Now lift both bows to their upright position and t 


the feeder line and the cross-arm bowstring together wher 
they cross, directly over and approximately 3 feet above 
the hub. 


‘The next step is to install the number 1 rear element 
from the rear egg insulators to the right and left cros: 
arms using other egg insulators to provide the proper el 
ment length. Be sure to solder the element halves to the 
ion line, Complete this portion of the constru: 
tion by installing the nylon cord catenaries from the front 
arm to the cross-arm tips. Use egg insulators where 
needed to prevent cutting the nylon cords. 

When preparing the fiberglass forward spreader, keep 
in mind that it should be 14.75 feet long before bowing and 
is approximately 13.75 feet across when bowed. Secure the 
center of the bowstring to the end of the front arm, Lay the 
spreader on top of the then tie the feeder to the 
spreader with nylon fish line. String the catenary from the 
spreader tips to the cross-arm tips. 

At this point of assembly, prepare antenna elements 
2 through 13. There will be two segments for each el 
ment. At the outer tip make a small loop and solder the 
wrap. The loop will be for the nylon leader. Measure the 
length plus 0.4 inch for wrapping and soldering the el 


transmii 


strand #22 antenna 
wire is suggested for the element wires. Slide the feed- 
line insulators to their proper position and secure them 
temporarily. 

The drawings show the necessary transposition 
scheme. Each clement half of elements 1, 3, 5,7, 9, 11 


ment segment to the feeder. Sevei 


and 13 is connected to its own side of the feeder, while 
elements 2, 4, 6, 8, 10 and 12 cross over to the opposite 
side of the transmission line. 

There are four holes in each of the transmission-line 
insulators (see Fig 22). The inner holes are for the 
transmission line, and the outer ones are for the elements. 
ince the array elements are slanted forward, they should 
pass through the insulator from front to back, then back 
over the insulator to the front side and be soldered to the 


transmission line. The small drawings of Fig 22 show the 
details of the element transpositions. 

Everywhere that lines cross, tie them together with 
nylon line, including all copper-nylon and nylon-nylon 
junctions. Careful tying makes the array much more rigid, 
However, all elements should be mounted loosely before 
you try to align the whole thing. Tightening any line or 
element affects all the others. There will be plenty of 
walking back and forth before the array is aligned prop- 
erly. Expect the array to be firm but not extremely taut, 


The Pounder: A Single-Band 144-MHz LPDA 


‘The 4-element Pounder LPDA pictured in Fig 27 
‘was developed by Jerry Hall, KITD, for the 144-148 MHz 
band. Because it started as an experimental antenna, it 
utilizes some unusual construction techniques. Howev 
it gives a very good account of itself, exhibiting a the 
retical free-space gain of about 7.2 dBi and a front-to- 
back ratio of 20 dB or better. The Pounder is small and 
light. It weighs just 1 pound, and hence its name. In ad- 
dition, as may be seen in Fig 28, it can be disassembled 
and reassembled quickly, making it an excellent antenna 
for portable use. This array also serves well as a 
station antenna, and may be changed easily to either ver 
tical or horizontal polarization. 

‘The antenna feeder consists of two lengths of '/2 x 
‘ox heinch angle aluminum. The use of two facing flat 
surfaces permits the builder to obtain a lower characteristic 
impedance than can be obtained from round conductors with 
the same spacing. The feeder also serves as the boom for 
the Pounder. In the first experimental model, the array con- 
tained only two elements with a spacing of 1 foot, so a boom 
length of 1 foot was the primary design requirement for the 
4-element version. Table 7 gives the calculated design data 
for the 4-element array. 


Construction 


You can see the general construction approach for 
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Fig 27—The 144 MHz Pounder. The boom extension at the 
left of the photo is a 40-inch length of slotted PVC tubing, 
"iwinch outer diameter. The tubing may be clamped to the 
side of a tower or attached to a mast with a small boom 
to-mast plate. Rotating the tubing at the clamp will 
provide for either vertical or horizontal polarization. 


Fig 28—One end of each half element is tapped to 
fasten onto boom-mounted screws. Disassembly of the 
array consists of merely unscrewing 8 half elements 
from the boom. The entire disassembled array creates 
a small bundle only 21 inches long. 


Fig 29—A close-up view of the boom, showing an 
alternative mounting scheme. This photo shows an 
earlier 2-element array, but the boom construction is 
the same for 2 or 4 elements. See the text for detalls. 


Table 7 
Design Parameters for the 144-MHz Pounder 


ff = 143 MHz Element lengths: 

148 MHz 3.441 feet 
4.0360 (2 = 3.165 feet 
0.92 (3 =2.912 feet 
0.053 (4 = 2.679 feat 
Element spacings: 

dia = 0.385 feet 

zs = 0.336 feet 


34 = 0.309 feet 

Element diameters: 
All = 0.25 inches 

HIdiameter ratios: 


Aidiam, = 128.6 
‘Bidiamg = 139.8 
(2idiam, = 151.9 
MAidiam, = 165.1 


‘Antenna feeder: 
spaced '/.” 
Balun: 1:1 (see tex!) 

Feed line: 52-0 coax (see text) 


Ye Ye x ‘he angle aluminum 


Fig 30—The feed arrangement, using a right-angle 
chassis-mounted BNC connector, modified by 
removing a portion of the flange. A short length of bus 
wire connects the center pin to the opposite feeder 
conductor. 
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the Pounder in the photographs. Drilled and tapped piec 
of Plexiglas sheet, '/s-inch thick, serve as insulating spa 
ers for the angle aluminum feeder. Two spacers are used, 
‘one near the front and one near the rear of the array. Four 
#6-32 x “finch pan head screws secure each aluminum 
angle section to the Plexiglas spacers, as shown in Figs 29 
and 30. Use flat washers with each serew to prevent it 
from touching the angle stock on the opposite side of the 
spacer. Be sure the screws are not so long as to short out 
the feeder! A clearance of about '/i inch is sufficient. If 
you have doubts about the screw lengths, check the 
assembled boom for a short with your ohmmeter on a 
Megohm range. 

Either of two mounting techniques may be used for 
the Pounder. As shown in Figs 27 and 28, the rear spacer 
measures 10 x 2'/: inches, with 45° corners to avoid sharp 
points. This spacer also accommodates a boom extension 
of PVC tubing, which is attached with two #10-32 x 
L-inch screws. This tubing provides for side mounting 
the Pounder away from a mast or tower. 

An alternative support arrangement is shown in 
Fig 29. Two ‘J: x 3-inch Plexiglas spacers are used at the 
front and rear of the array. Each spacer has four holes 
drilled ‘%s inch apart and tapped with #6-32 threads. Two 
screws enter each spacer from either side to make a tight 
aluminum-Plexiglas-aluminum sandwich. At the center 
of the boom, secured with only two screws, is a 2 x 18- 
inch strip of '/-inch Plexiglas. This strip is slotted about 
2 inches from each end to accept hose clamps for mount- 
ing the Pounder atop a mast. As shown, the strip is at- 
tached for vertical polarization. Alternate mounting holes, 
visible on the now-horizontal lip of the angle stock, pro- 
vide for horizontal polarization. Although sufficient, this 
mounting arrangement is not as sturdy as that shown in 
Fig 27. 

‘The elements are lengths of thick-wall aluminum 
tubing, “inch OD. The inside wall conveniently accepts 
a #10-32 tap. The threads should penetrate the tubing to 
a depth of at least 1 inch. Eight #10-32 x I-inch screws 
are attached to the boom at the proper element spacings 
and held in place with #10-32 nuts, as shown in Fig 28. 
For assembly, the elements are then simply screwed into 
place 

Note that with this construction arrangement, the two 
halves of any individual element are not precisely col- 
linear; their axes are offset by about ‘Vs inch. This offset 
does not seem to affect performance. 


The Feed Arrangement 

Use care initially in mounting and cutting the el 
ments to length. To obtain the 180° crossover fet 
rangement, the element halves from a single section of 
the feeder/boom must alternate directions. That is, for 
half-elements attached to one of the two pieces of angle 
stock, elements 1 and 3 will point to one side, and el 
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ments 2 and 4 to the other. This arrangement may be seen 
by observing the element-mounting screws in Fig 28 
Because of this mounting scheme, the length of tubing 
foran element “half” is not simply half of the length given 
in Table 7. After final assembly, halves for elements 2 
and 4 will have a slight overlap, while elements 1 and 3 
are extended somewhat by the boom thickness. The best 
procedure is to cut each assembled element to i 
length by measuring from tip to tip. 

‘The Pounder may be fed with RG-S8 or RG-59 coax 
and a BNC connector. A modified right-angle chas: 
mount BNC connector is attached to one side of the 
feeder/boom assembly for cable connection, Fig 30. The 
modification consists of cutting away part of the mount- 
ing flange that would otherwise protrude from the boom, 
assembly. This leaves only two mounting-flange holes, 
but these are sufficient for a secure mount. A short length. 
of small bus wire connects the center pin to the opposite 
ide of the feeder, where it is se 


final 


fe 


red under the mount- 
ing-screw nut for the shortest element. 

For operation, you may secure the coax to the PVC 
boom extension or to the mast with electrical tape. You 
should use a balun, especially if the Pounder is operated 
with vertical elements. A choke type of balun is satisfac 
tory, formed by taping 6 turns of the coax into a coil of 
3 inches diameter, but a bead balun is preferred (see Chap- 
ter 26). The balun should be placed at the point where 
the coax is brought away from the boom. If the mounting, 
arrangement of Fig 29 is used with vertical polarization, 
a second balun should be located approximately '/s wave 
length down the coax line from the first. This will place 
it at about the level of the lower tips of the elements. For 
Jong runs of coax to the transmitter, a transition from, 
RG-58 to RG-8 or from RG-59 to RG-9 is suggested, to 
reduce line losses. Make this transition at some conve- 
nient point near the array. 

No shorting feeder termination is used with the ar- 
ray described here. The antenna feeder (phase-line) Zp 
of this array is in the neighborhood of 120 Q, and with a 
resulting feed-point impedance of about 72 Q. The theo- 
retical mean SWR with 52 @ line is 72/52 or 1.4 to 1 
Upon array completion, the measured SWR (52-Q line) 
was found to be relatively constant across the band, with 
a value of about 1.7 to 1. The Pounder offers a better 
match to 72-2 coax. 

Being an all-driven array, the Pounder is more im- 
mune to changes in feed-point impedance caused by 
nearby objects than is a parasitic array. This became ob- 
vious during portable use when the array was operated 
near trees and other objects... the SWR did not change 
ably with antenna rotation toward and away from 
those objects. Consequently, the Pounder should behave 
well in a restricted environment, such as an attic. Weigh- 
ing just one pound, this array indeed does give a good 
account of itself. 


noti 


Log Periodic-Yagi Arrays 


everal possibilities exist for constructing high-gain 
arrays that use the log periodic dipole array concept. One 
technique is to add parasitic elements to the LPDA to 
increase both the gain and the front-to-back ratio for a 
specific frequency within the passband of the LPDA. The 
LPDA-Yagi combination is simple in concept. It utilizes, 
an LPDA group of driven elements, along with c 
elements at normal Yagi spacings from the active elements, 
of the LPDA. 

‘The LPDA-Yagi combinations are endless. An 
example of a single-band high-gain design is a 2- or 
element LPDA for 21.0 to 21.45 MHz with the addition 
of two or three parasitic directors and one parasitic re- 
flector. The name Log-Yag (log-cell Yagi) array has been 
coined for these hybrid antennas. The LPDA portion of 
the array is of the usual design to cover the desired band- 
width, and standard Yagi design procedures are used for 
the parasitic elements. Information in this section is based 
on a Dec 1976, OST article by P. D. Rhodes, K4EWG, 
and J. R. Painter, WABBP, “The Log-Yag Array.” 


THE LOG-YAG ARRAY 


‘The Log-Yag array, with its added parasitic elements, 
provides higher gain and greater directivity than would 
be realized with the LPDA alone. Yagi arrays require a 
long boom and wide element spacing for wide bandwidth 
and high gain, because the Q of the Yagi system increases, 
as the number of elements is increased or as the spacing 
between adjacent elements is decreased. An increase in 
the Q of the Yagi array means that the total operating 
bandwidth of the array is decreased, and the gain and 
front-to-back ratio specified in the design are obtainable 
only over small portions of the band. [Older Yagi designs, 
did indeed exhibit the limitations mentioned here. But 
modern, computer-aided design has resulted in wideband 
Yagis, provided that sufficient elements are used on the 
boom to allow stagger tuning for wide-band coverage. 
See Chapter 11.—Ed.] 

‘The Log-Yag system overcomes this difficulty by 
using a multiple driven element cell designed in accor- 
dance with the principles of the log periodic dipole ar- 
ray. Since this log cell exhibits both gain and di 
by itself, it is a more 
simple dipole driven element. The front-to-back ratio and 
gain of the log cell can then be improved with the addi- 
tion of a parasitic reflector and director. 

Itis not necessary for the parasitic element spacings 
to be large with respect to wavelength, since the log cell, 
is the determining factor in the array bandwidth. As well, 
the element spacings within the log cell may be small 
with respect to a wavelength without appreciable dete- 
rioration of the cell gain. For example, decreasing 
the relative spacing constant (6) from 0.1 to 0.05 will 
decrease the array gain by less than 1 dB. 


A Practical Example 

‘The photographs and figures show a Log-Yag array 
for the 14-MHz amateur band. The array design takes the 
form of a 4-element log cell, a parasitic reflector spaced 
at 0.085 Angas and a parasitic director spaced at 0.15 Ainax 
(where Amax iS the longest free-space wavelength within 
the array passband). Array gain is almost unaffected with 
reflector spacings from 0.08 A to 0.25 i 
in boom length is not justified. The function of the 
reflector is to improve the front-to-back ratio of the log, 
cell, while the director sharpens the forward lobe and 
decreases the half-power beamwidth. As the spacing, 
between the parasitic elements and the log cell decreases, 
the parasitic elements must increase in length. 

The log cell is designed to meet upper and lower 
band limits with 6 = 0.05. The design parameter t is, 
dependent on the structure bandwidth, B,. When the log, 
periodic design parameters have been found, the element 
length and spacings can be determined. 

‘Array layout and construction details can be s 
Figs 31 through 34. Characteristics of the array are given 
in Table 8. 

‘The method of feeding the antenna is identical to 
that of feeding the log periodic dipole array without the 
parasitic elements. As shown in Fig 31, a balanced feeder 
is required for each log-cell element, and all adjacent el 
ments are fed with a 180° phase shift by alternating con- 
nections. Since the Log-Yag array will be covering a 
relatively small bandwidth, the radiation resistance of the 
narrow-band log cell will vary from 80 to 90. (tubing, 


Table 8 
Log-Yag Array Characteristics 

1) Frequency range 14 to 14.35 MHz 

2) Operating bandwidth B= 1.025 

3) Design parameter 946657 

4) Apex half angle 4.921"; cot o = 3.753 
5) Halt-power beamwidth 42° (14 to 14.95 MHz) 


6) Bandwidth of structure Bs = 1.17875 
7) Free-space wavelength Ana, = 70.28 feet 
8) Log cell boom length 0.0 feet 


9) Longest log element 1 = 35.14 feet (a tabulation 
of element lengths and 
spacings is given in Table 9) 
10) Forward gain (ree 8.2 dBi 
space) 
11) Front-to-back ratio 
12) Front-to-side ratio 


32 dB (theoretical) 
45 dB (theoretical) 


18) Input impedance 2=370 
14) SWR 1.810 1 (14 to 14.35 MHz) 
15) Total weight 96 pounds 
16) Wind-load area 8.5 sq feet 


17) Reflector length 
18) Director length 
19) Total boom length 


36.4 feet at 6.0 foot spacing 
32.2 feet at 10.5 foot spacing 
26.5 feet 
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Table 9 
Log-Yag Array Dimensions 
Element Length Spacing 


Feet Feet 
Reflector 36.40 6.00 (Ref. to 1) 
a 35.14 3.51 (dy) 
2 33.27 3.32. (do) 

my 8 31.49 3.14 (da) 
“4 29.81 10.87 (4 to dir) 


Director 32.20 


t elements) depending onthe operating bandwidth The ad- 
rPeeoo< j dition of parasitic elements lowers the log-cell radiation 
aes resistance, Hence, itis recommended thata[:] balun be 


connected at the log-cell input terminals and 50-Q coaxial 
cable be used for the feed line, 


ac 8 ‘The measured radiation resistance of the 14-MHz 
Log-Yag is 37 Q over the frequency range from 14.0 to 
14.35 MHz, It is assumed that tubing elements will be 
— used. However, if a wire array is used, then the radiation 
resistance Ro and antenna-feeder input impedance Zp must 
be calculated so that the proper balun and coax may be 
used. The procedure is outlined in detail in an earlier part 
of this chapter. However, programs such as LPCAD28 
are also suitable to automate the calculations. 


ase | ase | ea | 9gse ‘Table 9 has array dimensions. Tables 10 and 11 con- 
se vee tain lists of the materials necessary to build the Log-Yag 
Fig 31—Layout of the Log-Yag array. array. 
77 Retestor 
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Fig 32—Assembly details. The numbered components refer to Table 11. 
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Table 10 


Element Material Requirements: Log-Yag Array 


tin. Zein. Yen. 
Tubing Tubing Tubing 
Len, Len, Len. 
Feet Qty Feet Qty Feet «Qty 
Reflector 12 1 6 2 8 2 
a 6 2 6 2 8 2 
2 6 2 6 2 8 2 
3 6 2 6 2 6 2 
“4 6 2 6 2 6 2 
Director 12 1 6 2 6 2 


Fig 33—The attachment of the elements to the boom. 


Fig 34—Looking from the front to the back of the Log- 
Yag array. A truss provides lateral and vertical support. 


Table 11 
Materials List, Log-Yag Array 
1) Aluminum tubing—0.047 in. wall thickness 
1 in.—12 ft lenths, 24 lin. ft 
1 in.—12 ft or 6 ft lengths, 48 lin. ft 
%yin.—t2 ft or 6 ft lengths, 72 lin. ft 
34 in.—8 ft lengths, 48 lin. ft 
24 in.—6 ft lengths, 36 lin. ft 
2) Stainless steel hose clamps—2 in. max, 8 ea 
3) Stainless steel hose clamps—t'/sin. max, 24 ea 
4) TVcype U bolts—1"/ in., 6 ea 
5) Ubolts, galv. type: 5/16 in. x 1% in., 6 ea 
5A) U bolts, galv. type: /s in. x 1 in., 2a 
6) 1 in, 1D water-service polyethylene pipe 160 lbvin. 
test, approx. 1%/ in. OD, 7 lin. ft 
7) (sin. «1/4 in, « Ya in. aluminum angle—6 tt 
lengths, 12 lin. ft 


8) 1 in. ‘/ein. x Yin, aluminum angle—6 tt lengths, 
6 lin. tt 

9) 1'/cin. top rail of chain-ink fence, 26.5 lin. ft 

10) 1:1 toroid balun, 1 ea 

11) No. 6-92 x1 in. stainless steel screws, 8 ea 
No. 6-32 stainless steel nuts, 16 e8 
No. 6 solder lugs, 8 ea 

12) #12 copper feed wire, 2 ln. 

13) 12 in.» 6 in, x Yin. aluminum plate, 1 ea 

14) 6 in. «4 in x Vein. aluminum plate, 1 ea 

15) “icin. galv pipe, 3 ln. ft 

16) 1in. galv. pipe—mast, 5 ln. 

17) Galv.quy wire, 50 lin. tt 

18) ‘icin. x 2 in. turnbuckles, 4 ea 

19) ‘isin. x 1 in, eye bolts, 2 ea 

20) TV guy clamps and eyebols, 2 ea 
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HF Yagi 
Arrays 


Along with the dipole and the quarter-wave vert 
cal, radio amateurs throughout the world make extensive 
use of the Yagi array. Hidetsugu Yagi and Shintaro Uda, 
two Japanese university professors, invented the Yagi in 
the 1920s. Uda did much of the developmental work. 
while Yagi introduced the array to the world outside Ja 
pan through his writings in English. Although the antenna 


should properly be called a Yagi-Uda array, it is com- 
monly referred to simply as a Yagi 

‘The Yagi is a type of endfire multielement array. At 
the minimum, it consists of a single driven element and a 
single parasitic element. These elements are placed paral- 
lel to each other, on a supporting boom spacing them apart. 


This arrangement is known as a 2-element Yagi. The para- 
sitic element is termed a reflector when it is placed be- 
hind the driven element, opposite to the direction of 
‘maximum radiation, and is called a director when it is, 
placed ahead of the driven element. See Fig 1. In the VHF 
and UHF spectrum, Yagis employing 30 or more elements, 
are not uncommon, with a single reflector and multiple 
directors. See Chapter 18, VHF and UHF Antenna Sys- 
tems, for details on VHF and UHF Yagis. Large HF ar- 
rays may employ 10 or more elements, and will be covered 
in this chapter. 

‘The gain and directional pattern of a Yagi array is 
determined by the relative amplitudes and phases of the 
currents induced into all the parasitic elements. Unlike 
the directly driven multielement arrays considered in 
Chapter 8, Multielement Arrays, where the designer must, 
compensate for mutual coupling between elements, proper 
Yagi operation relies on mutual coupling. The current in 
each parasitic element is determined by its spacing from 
both the driven element and other parasitic elements, and 
by the tuning of the element itself. Both length and 


diameter affect element tuning. 


For about 50 years amateurs and professionals 
ated Yagi array designs largely by “cut and try” experi- 
mental techniques. In the early 1980s, Jim Lawson, W2PV, 
described in detail for the amateur audience the fundamen- 
involved in modeling Yagis. His book Yagi 
Antenna Design is highly recommended for serious an- 
tenna designers. The advent of powerful microcomputers 
and sophisticated computer antenna modeling software in 
the mid 1980s revolutionized the field of Yagi design for 
the radio amateur. In a matter of minutes, a computer can 


tal mathemati 


® 


Fig 1—Two-element Yagi systems using a single 
parasitic element. At A the parasitic element acts as a 
director, and at B as a reflector. The arrows show the 
direction in which maximum radiation takes place. 
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try 100,000 or more different combinations of element 
lengths and spacings to create a Yagi design tailored to 
meet a particular set of high-performance parameters. To 
explore this number of combinations experimentally, a 
human experimenter would take an unimaginable amount 


of time and dedication, and the process would no doubt 
suffer from considerable measurement errors. With the 
computer tools available today. an antenna can be designed, 
constructed and then put up in the air, with litle or no 
tuning or pruning required, 


Yagi Performance Parameters 


‘There are three main parameters used to characterize 
the performance of a particular Yagi—forward gain, pat- 
tern and drive impedance/SWR. Another important con- 
ideration is mechanical strength. It is very important to 
recognize that each of the three electrical parameters 
should be characterized over the frequency band of inter 
est in order to be meaningful. Neither the gain, SWR nor 
the pattern measured at a single frequency gives very much 
insight into the overall performance of a particular Yagi 
Poor designs have been known to reverse their 
directionality over a frequency band, while other di 
have excessively narrow SWR bandwidths, or overly 
“peaky” gain response. Finally, an antenna’s ability to 
survive the wind and ice conditions expected in one’s 
geographical location is an important consideration in any 
design. Much of this chapter will be devoted to describ- 
ing detailed Yagi designs that are optimized for a good 
balance between gain, pattern and SWR over various 
amateur bands, and that are designed to survive strong 
winds and icing 


YAGI GAIN 


Like any other antenna, the gain of a Yagi must be 
stated in comparison to some standard of reference. 
Designers of phased vertical arrays often state gain re 
enced to a single, isolated vertical element. See the sec~ 
tion on “Phased Array Techniques” in Chapter 8. 
Multiclement Arrays. 

Many antenna designers prefer to compare gain to 
that of an isotropic radiator in free space. This is a theo- 
retical antenna that radiates equally well in all directions, 
and by definition, it has a gain of 0 dBi (AB isotropic) 
Many radio amateurs, however, are comfortable using a 
dipole as a standard reference antenna, mainly because it 
is not a theoretical antenna. 

In free space, a dipole does not radiate equally well 
in all directions—it has a figure-eight azimuth pattern, 
with deep nulls off the ends of the wire. In its favored 
directions, a free-space dipole has 2.15 dB gain compared 
to the isotropic radiator. You may see the term dBd in 
amateur literature, meaning gain referenced to a dipole 
in free space. Subtract 2.15 dB from gain in dBi to con- 
vert to gain in dBd. 

Assume for a moment that we take a dipole out of 
“free space,” and place it one wavelength over the ocean, 
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whose saltwater makes an almost perfect ground. At an 
elevation angle of 15°, where sea water-reflected radia- 
tion adds in phase with direct radiation, the dipole has a 
gain of about 6 dB, compared to its gain when it was in 
free space, isolated from any reflections. See Chapter 3, 
‘The Effects of the Earth 

It is perfectly legitimate to say that this dipole has a 
gain of 6 dBd, although the term “dBd” (meaning “dB 
dipole”) makes it sound as though the dipole somehow has 
gain over itsel!! Always remember that gain expressed in 
Bd (or dBi) refers to the counterpart antenna in free 
space. The gain of the dipole over saltwater in this example 
can be rated at either 6 dBd (over a dipole in free space), 
or as 8.15 dBi (over an isotropic radiator in free space). 
Each frame of reference is valid, as long as it is used con- 
sistently and clearly. In this chapter we will often switch 
between Yagis in free space and Yagis over ground. To pre- 
vent any confusion, gains will be stated in dBi. 

Yagi free-space gain ranges from about 5 dBi for a 
small 2-element design to about 20 dBi for a 31-element 
long-boom UHF design. The length of the boom is the 
main factor determining the gain a Yagi can deliver. Gain 
as a function of boom length will be discussed in detail 
after the sections below defining antenna response pat- 
terns and SWR characteristics, 


RESPONSE PATTERNS— 
FRONT-TO-REAR RATIO 

As discussed in Chapter 2, Antenna Fundamentals, 
for an antenna to have gain, it must concentrate energy 
radiated in a particular direction, at the expense of energy 
radiated in other directions. Gain is thus closely related to 
an antenna’s directivity pattern, and also to the losses in 
the antenna. Fig 2 shows the E-plane (also called E-field, 
for electric field) and H-plane (also called H-field, for 
magnetic field) pattern of a 3-element Yagi in free space, 
compared to a dipole, and an isotropic radiator. These pat- 
terns were generated using the computer program NEC-2. 
which is highly regarded by antenna professionals for its 
accuracy and flexibility. 

In free space there is no Earth reference to deter- 
mine whether the antenna polarization is horizontal or 
vertical, and so its response patterns are labeled as, 
E-field (electric) or H-field (magnetic). For a Yagi 
mounted over ground rather than in free space, if the 


Fig 2—E-Plane (electric field) and H-Plane (magnetic 
field) response patterns for 3-element 20-meter Yagi in 
free space. At A the E-Plane pattern for a typical 
3-element Yagi is compared with a dipole and an 
isotropic radiator. At B the H-Plane patterns are 
compared for the same antennas. The Yagi has an 
E-Plane half-power beamwidth of 66°, and an H-Plane 
half-power beamwidth of about 120°. The Yagi has 
7.28 dBi (5.13 dBd) of gain. The front-to-back ratio, 
which compares the response at 0° and at 180°, is 
about 35 dB for this Yagi. The front-to-rear ratio, which 
compares the response at 0° to the largest lobe in the 
rearward 180° arc behind the antenna, is 24 dB, due to 
the lobes at 120° and 240°, 


E-field is parallel to the earth (that is, the elements are 
parallel to the earth) then the antenna polarization is hori- 
zontal, and its E-field response is then usually referred to 
as its azimuth pattern. Its H-field response is then referred 
to as its elevation pattern, 

Fig 2A demonstrates how this 3-element Yagi in free 
space exhibits 7.28 dBi of gain (referenced to isotropic), 
and has 5.13 dB gain over a free-space dipole. The gain is, 
in the forward direction on the graph at 0° azimuth, and the 
forward part of the lobe is called the main lobe. For this 
particular antenna, the angular width of the E-plane main 
lobe at the half power, or 3 dB points compared to the peak, 
is about 66°. This performance characteristic is called the 
antenna’s azimuthal half-power beamwidth 

Again as seen in Fig 2A, this antennas response in 
the reverse direction at 180° azimuth is 34 dB less than in 


the forward direction. This characteristic is called the 
antenna’s front-to-back ratio, and it describes the ability 
of an antenna to discriminate, for example, against inter 
fering signals coming directly from the rear, when the 
antenna is being used for reception. In Fig 2A there are 
two sidelobes, at 120° and at 240° azimuth, which are about 
24 dB down from the peak response at 0°. Since interfer- 
ence can come from any direction, not only directly off 
the back of an antenna, these kinds of sidelobes limit the 
ability to discriminate against rearward signals. The term 
worst-case front-to-rear ratio is used to describe the worst- 
case rearward lobe in the 180°-wide sector behind the 


antenna’s main lobe. In this case, the worst-case front-to- 
rear ratio is 24 dB. 

In the rest of this chapter the worst 
ratio will be used as a performance param 
abbreviated as “F/R.” For a dipole or an isotropic radia- 
tor, Fig 2A demonstrates that F/R is 0 dB. Fig 2B depicts 
the H-field response for the same 3-element Yagi in free 


se front-to-rear 
and will be 


space. Unlike the E-field pattern, the H-field 
pattern for a Yagi does not have a null at 90°, directly 
over the top of the Yagi. For this 3-element design, the H- 
field half-power beamwidth is approximately 120°. 

Fig 3 compares the azimuth and elevation patterns 
for a horizontally polarized 6-element 14-MHz Yagi, with 
1 60-foot boom mounted one wavelength over ground, to 
a dipole at the same height. As with any horizontally 
polarized antenna, the height above ground is the main 
factor determining the peaks and nulls in the elevation 
pattern of each antenna. Fig 3A. shows the E-field pat- 
tem, which has now been labeled as the Azimuth pattern 
This antenna has a half-power azimuthal beamwidth of 
about 50°, and at an elevation angle of 12° it exhibits a 
forward gain of 16.02 dBi, including about 5 dB of ground 
reflection gain over relatively poor ground, with a dielec~ 
tric constant of 13 and conductivity of 5 mS/m. In tree 
space this Yagi has a gain of 10.97 dBi 

‘The H-field elevation response of the 6-element Yagi 
has a half-power beamwidth of about 60° in free space, 
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Fig 3—Azimuth pattern for 6-element 20-meter Yagi on 
60-foot long boom, mounted 60 feet over ground. At A, 
the azimuth pattern at 12° elevation angle Is shown, 
compared to a dipole at the same height. Peak gain of 
the Yagi is 16.04 dBi, or just over 8 dB compared to the 
dipole. At B, the elevation pattern for the same two 
antennas is shown. Note that the peak elevation 
pattern of the Yagi is compressed slightly lower 
compared to the dipole, even though they are both at 
the same height over ground. This is most noticeable 
for the Yagi's second lobe, which peaks at about 40°, 
while the dipole's second lobe peaks at about 48°. This 
Is due to the greater free-space directionality of the 
Yagi at higher angles. 


but as shown in Fig 3B, the first lobe (centered at 12° in 
elevation) has a half-power beamwidth of only 13° when 
the antenna is mounted one wavelength over ground. The 
dipole at the same height has a very slightly larger first- 
lobe half-power elevation beamwidth of 14°, since its free 
space H-field response is omnidirectional 

Note that the free-space H-field directivity of the Yagi 
suppresses its second lobe over ground (at an elevation 
angle of about 40°) to 8 dBi, while the dipole’s response 
at its second lobe peak (at about 48°) is at a level of 9 dBi 

‘The shape of the azimuthal pattern for a Yagi oper- 
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Fig 4—SWR over the 28.0 to 28.8 MHz portion of the 
10-meter band for two different 3-element Yagi designs. 
One is designed strictly for maximum gain, while the 
second is optimized for F/R pattern and SWR over the 
frequency band. A Yagi designed only for maximum 
gain usually suffers from a very narrow SWR 
bandwidth. 


ated over real ground will chang: 
placed closer and closer to earth. Ger 
azimuth pattern doesn’t depart significantly from the fr 


jghtly as the Yagi is 
ally, however, the 


space pattern until the antenna is less than 0.5 2 high. 

just over 17 feet high at 28.4 MHz, and just under 
{at 14.2 MHz, heights that are not difficult to 
achieve for most amateurs. Some advanced computer pro- 
grams can optimize Yagis at the exact installation height. 


DRIVE IMPEDANCE AND SWR 


‘The impedance at the driven element in a Yagi is 
affected not only by the tuning of the driven element 


itself, but also by the spacing and tuning of nearby para- 
of 


sitic elements, and to a lesser extent by the presen: 
tuned solely for 
ment impedance can fall 
to very low levels, sometimes less than 5 ©. This can lead 
to excessive losses due to conductor resistance, especially 
at VHF and UHE. In a Yagi that has been optimized solely 
for gain, conductor losses are usually compounded by 


ground. In some designs that have be 
maximum gain, the driven 


cursions in impedance levels with relatively small 
changes in frequency. The SWR can thus change dramati- 


cally over a band and can create additional losses in the 
feed cable. Fig 4 illustrates the SWR over the 28 to 
28.8 MHz portion of the 10-meter amateur band for a 
S-element Yagi on a 24-foot boom, which has been tuned 


for maximum forward gain at a spot frequency of 
28.4 MHz. Its SWR curve is contrasted to that of a Yagi 
designed for a good compromise of gain, SWR and F/R. 

Even professional antenna designers have difficulty 
accurately measuring forward gain. On the other hand, SWR 


can easily be measured by professional and amateur alike. 
Few manufacturers would probably want to advertise an 


‘antenna with the narrow-band SWR curve shown in Fig 4! 


Monoband Yagi Performance Optimization 


DESIGN GOALS 


The previous section discussing driven-clement 
impedance and SWR hinted at possible design trade-offs 
among gain, pattern and SWR, especially when each 
parameter is considered over a frequency band rather than 
at a spot frequency. Trade-offs in Yagi design parameters 
can be a matter of personal taste and operating style. For 
example, one operator might exclusively operate the CW 
portions of the HF bands, while another might only be 
interested in the Phone portions. Another operator may 
want a good pattern in order to discriminate against sig- 
nals coming from a particular direction; someone 
may want the most forward gain possible, and may not 
care about responses in other directions. 

Extensive computer modeling of Yagis indicates that 
the parameter that must be compromised most to ac 
wide bandwidths for front-to-rear ratio and SWR is for- 
ward gain, However, not much gain must be sacrificed 
for good F/R and SWR coverage, especially on long- 


boom Yagis. Although 10 and 7-MHz Yagis are not rare, 
the HF bands from 14 to 30 MHz are where Ya: 
most often found, mainly due to the mei 
ties involved with making sturdy antennas for lower fr 
quencies. The highest HF band, 28.0 to 29.7 MHz, 
represents the largest percentage bandwidth of the upper 
HF bands, at almost 6%. It is difficult to try to optimize 
in one design the main performance parameters of gain, 
worst-case F/R ratio and SWR over this large a band. 
Many commercial designs thus split up their 10-meter 
designs into antennas covering one of two bands: 28.0 t0 
28.8 MHz, and 28.8 to 29.7 MHz. For the amateur bands 
below 10 meters, optimal designs that cover the entire 
band are more easily achieved. 


DESIGN VARIABLES 
‘There are only a few variables available when one 


is designing a Yagi to meet certain design goals. The vari- 
ables are: 
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Fig 5—Comparisons of three different 3-element 
10-meter Yagi designs using 8-foot booms. At A, gain 
comparisons are shown. The Yagi designed for the best 
‘compromise of gain and SWR sacrifices an average of 
about 0.5 dB compared to the antenna designed for 
maximum gain. The Yagi designed for optimal F/R, gain 
and SWR sacrifices an average of 1.0 dB compared to 
the maximum-gain case, and about 0.4.dB compared to 
the compromise gain and SWR case. At B, the front-to- 
rear ratio is shown for the three different designs. The 
antenna designed for optimal combination of gain, F/R 
and SWR maintains a F/R higher than 20 dB across the 
entire frequency range, while the antenna designed 
strictly for gain has a F/R of 3 dB at the high end of the 
band. At C, the three antenna designs are compared for 
‘SWR bandwidth. At the high end of the band, the 
antenna designed strictly for gain has a very high SWR. 
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‘The physical length of the boom 
‘The number of elements on the boom 

‘The spacing of each element along the boom 

‘The tuning of each element 

‘The type of matching network used to feed the 
array. 


GAIN AND BOOM LENGTH 


‘As pointed out earlier, the gain of a Yagi is largely a 
function of the length of the boom. As the boom is made 
longer, the maximum gain potential rises. For a given 
boom length, the number of elements populating that 
boom can be varied, while still maintaining the antenna’ 
gain, provided of course that the elements are tuned prop- 
erly. In general, putting more elements on a boom gives 
the designer added flexibility to achieve desired design 
goals, especially to spread the response out over a fre- 
quency band, 

Fig SA is an example illustrating gain versus fre- 
quency for three different types of 3-element Yagis on 
8-foot booms. The three antennas were designed for the 
lower end of the 10-meter band, 28.0 to 28.8 MHz, based 
on the following different d 


ign goals 


Antenna I: Maximum mid-band gain, regardless of 

FIR or SWR across the band 

Antenna 2: SWR less than 2:1 over the frequency band; 
best compromise gain, with no special con- 
sideration for F/R over the band. 

ptimal” case: F/R greater than 20 dB, SWR 

sss than 2:1 over the frequency band; best 

compromise gain. 


Antenna 3: 


Fig 5B shows the F/R over the frequency band for 
these three designs, and Fig SC shows the SWR curves 
over the frequency band. Antenna 1, the design that strives 
strictly for maximum gain, has a poor SWR re 
the band, as might be expected after the previous section 
discussing SWR. The SWR is 10:1 at 28.8 MHz and ris 
to 22:1 at 29 MHz. At 28 MHz, at the low end of the 
band, the SWR of the maximum-gain design is more than 
6:1. Clearly, designing for maximum gain alone produces 
an unacceptable design in terms of SWR bandwidth. The 
F/R for Antenna I reaches a high point of about 20 dB at 
the low-frequency end of the band, but falls to only 3 dB 
at the high-frequency end. 

‘Antenna 2, designed for the best compromise of gain 
while the SWR across the band is held to less than 2:1 
achieves this goal, but at an average gain sacrifice of 
0.7 dB compared to the maximum gain case. The F/R for 
this design is just under 15 dB over the band. This de- 
ily typical of many amateur Yagi designs be- 
fore the advent of computer modeling and optimization 
programs. SWR can easily be measured, and experimen- 
tal optimization for forward gain is a fairly straightfor- 
ward procedure. By contrast, overall pattern optimization 
is not a trivial thing to achieve experimentally, particu- 
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larly for antennas with more than four or fi 

Antenna 3, designed for an optimum combination 
of F/R, SWR and gain, compromises forward gain an 
average of 1.0 dB compared to the maximum gain case, 
and about 0.4 dB compared to the compromise gain/SWR 
case. It achieves its design objectives of more than 20 dB 
FIR over the 28.0 to 28.8 MHz portion of the band, with 
an SWR less than 2:1 over that range. 

Fig 6A shows the free-space gain versus frequency 
for the same three types of designs, but for a bigger 
S-element 10-meter Yagi on a 20-foot boom. Fig 6B 
shows the variation in F/R, and Fig 6C shows the SWR 
curves versus frequency. Once again, the design that con- 
centrates solely on maximum gain has a poor SWR curve 
over the band, reaching just over 6:1 toward the high end 
of the band. The difference in gain between the maxi- 
and the optimum design case has narrowed 
for this size of boom to an average of under 0.5 dB. This 
comes about because the designer has access to more 

in a S-element design than he does in a 3. 
ign, and he can stagger-tune the various elements 
to spread the response out over the whole band 

Fig 7A, B and C show the same three types of 
designs, but for a 6-element Yagi on a 36-foot boom. The 
SWR bandwidth of the antenna designed for maximum gain 
hhas improved compared to the previous two shorter-boom 
examples, but the SWR still rises to more than 4:1 at 
28.8 MHz, while the F/R ratio is pretty constant over the 
band, at a mediocre 11 dB average level. While the antenna 
designed for gain and SWR does hold the SWR below 2:1 
over the band, it also has the same mediocre level of F/R 
performance as does the maximum-gain design. 

‘The optimized 36-foot boom antenna achieves an ex- 
cellent F/R of more than 22 dB over the whole 28.0 to 
28.8 MHz band. Again, the availability of more elements 
and more space on the 36-foot long boom gives the designer 
more flexibility in broadbanding the response over the 
whole band, while sacrificing only 0.3 dB of gain com- 
pared to the maximum-gain design. 

Fig 8A, B, and C show the same three types of 
10-meter designs, but now for a 60-foot boom, populated 
with eight elements. With eight elements and a very long 
‘boom on which to space them out, the antenna designed 
solely for maximum gain can achieve a much better SWR 
response across the band, although the SWR does rise to 
more than 7:1 at the very high end of the band, The SWR 
remains less than 2:1 from 28.0 to 28.7 MHz, much better 
than for shorter-boom, maximum-gain designs. The worst- 
case FIR ratio is never better than 19 dB, however, and re~ 


mains around 10 dB over much of the band. The antenna 
designed for the best compromise gain and SWR loses only 
about 0.1 dB of gain compared to the maximum-gain design, 
bbut does little better in terms of F/R across the band, 

Contrasted to these two designs, the antenna opti- 
ed for F/R, SWR and gain has an outstanding pattern. 
exhibiting an F/R of more than 24 dB across the entire 
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Fig 6—Comparisons of three different designs for 
5-element 10-meter Yagis on 20-foot booms. At A, the 
gain of three different 5-element 10-meter Yagi designs 
are graphed. The difference in gain between the three 
antennas narrows because the elements can be 
‘stagger-tuned to spread the response out better over 
the desired frequency band. The average gain 
reduction for the fully optimized antenna design is 
about 0.5 dB. At B, the optimal antenna displays better 
than 22 dB FIR over the band, while the Yagi designed 
for gain and SWR displays on average 10 dB less F/R 
throughout the band. At C, the SWR bandwidth is 
‘compared for the three Yagis. The antenna designed 
strictly for forward gain has a poor SWR bandwidth 
and a high peak SWR of 6:1 at 28.8 MHz. 


band, while keeping the SWR below 2:1 from 28.0 to 
28.9 MHz. It must sacrifice an average of only 0.4 dB 
compared to the maximum gain design at the low end of 
the band, and actually has more gain than the maximum 
gain and gain/SWR designs at the high-frequency end of 
the band. 

‘The conclusion drawn from these and many other 
detailed comparisons is that designing strictly for maxi- 
mum mid-band gain yields an inferior design when the 


antenna is examined over an entire frequency band, 
especially in terms of SWR. Designing a Yagi for both 
gain and SWR will yield antennas that have mediocre 
rearward patterns, but that lose relatively little gain com- 
pared to the maximum gain case, a 

more than three elements, 


However, designing a Yagi for an optimal combina- 
tion of F/R, SWR and gain results in a loss of gain less 
than 0.5 dB compared to designs designed only for gain 
and SWR. Fig 9 summarizes the forward gain achieved 
for the three different design types versus boom length, 


as expressed in wavelength. 

Except for the 2-element designs, the Yagis described 
in the rest of this chapter have the following design goals 
over a desired frequency band: 


1. Front-to-rear ratio over the frequency band of 
more than 20 dB 

2. SWR over the frequency band less than 2:1 

3. Maximum gain consistent with points 1 and 
2 above 


Just for fun, Fig 10 shows the gain versus boom length. 
for theoretical 20-meter Yagis that have been designed to 
meet the three design goals above. The 31-element design 
for 14 MHz would be wondrous to behold. Sadly, it is 
unlikely that anyone will build one, considering that the 
boom would be 724 feet long! However, such a design does 
become practical when scaled to 432 MHz. In fact, a KIFO. 
22-element and a KIFO 31-element Yagi are the proto- 
types for the theoretical 14-MHz long-boom designs. See 
Chapter 18, VHF and UHF Antenna Systems. 
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Fig 7—Comparisons of three different 6-element 
10-meter Yagi designs on 36-foot booms. At A, gain is 
shown over the band. With more elements and a longer 
boom, the tuning can be staggered even more to make 
the antenna gain more uniform over the band. This 
narrows the gain differential between the antenna 
designed strictly for maximum gain and the antenna 
designed for an optimal combination of F/R, SWR and 
gain. The average difference in gain Is about 0.2 dB 
throughout the band. At B, the F/R performance over 
the band is shown for the three antenna designs. The 
antenna designed for optimal performance maintains 
an average of almost 15 dB better F/R over the whole 
band compared to the other designs. At C, the SWR 
bandwidth is compared. Again, the antenna designed 
strictly for maximum gain exhibits a high SWR of 4:1 at 
28.8 MHz, and rises to more than 14:1 at 29.0 MHz. 


OPTIMUM DESIGNS AND ELEMENT 
SPACING 
‘Two-Element Yagis 

Many hams consider a 2-element Yagi to give “the 
most bang for the buck” among various Yagi designs, 
particularly for portable operations such as Field Day. A 
jement Yagi has about 4 dB of gain over a simple 
dipole (sometimes jokingly called a “one-element Yagi” 
and gives a modest F/R of about 10 dB to help with 
rejection of interference on receive. By comparison, going 
from a 2-element to a 3-element Yagi increases the boom 
length by about 50% and adds another element, a 50% 
increase in the number of elements—for a gain 
increase of about 1 dB and another 10 dB in FR. 


Element Spacing in Larger Yagis 

One of the more interesting results of computer 
modeling and optimization of high-performance Yagis 
with four or more elements is that a distinct pattern in 
the element spacings along the boom shows up con: 


44-8 Chapter 11 


tently. This pattern is relatively independent of boom 
length, once the boom is longer than about 0.3 A. 

‘The reflector, driven element and first director of 
these optimal designs are typically bunched rather closely 
together, occupying together only about 0.15 to 0.20 2 of 
the boom. This pattern contrasts sharply with older 
designs, where the amount of boom taken up by the 
reflector, driven element and first director was typically 
more than 0.3 A. Fig 11 shows the element spacings for 
an optimized 6-element, 36-foot boom, 10-meter design, 
compared to a W2PV 6-element design with constant 
spacing of 0.15 2 between all elements. 

‘A problem arises with such a bunching of elements 
toward the reflector end of the boom—the wind loading 
of the antenna is not equal along the boom. Unless prop- 
erly compensated, such new-generation Yagis will act like 
windvanes, punishing, and often breaking, the rotators 
trying to turn, or hold, them in the wind. One successful 
solution to windvaning has been to employ 
ments” made of PVC piping. These nonconducting ele- 
ments are placed on the boom close to the last director so 
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Fig 8—Comparisons of three different 8-element 
10-meter Yagi designs using 60-foot booms. At A, gain 
is shown over the frequency band. With even more 
freedom to stagger-tune elements and a very long 
boom on which to place them, the average antenna 
gain differential over the band is now less than 0.2 dB 
between the three design cases. At B, an excellent 

24 dB FIR for the optimal design Is maintained over 
the whole band, compared to the average of about 

12 dB for the other two designs. At C, the SWR. 
differential over the band is narrowed between the 
three designs, again because there are more 
variables available to broaden the bandwidth. 
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Fig 9—Gain versus boom length for three different 
10-meter design goals. The goals are: (1) designed for 
maximum gain across band, (2) designed for a 
compromise of gain and SWR, and (3) designed for 
optimal F/R, SWR and gain across 28.0 to 28.8 MHz 
portion of 10-meter band. The gain difference is less 
than 0.5 dB for booms longer than approximately 0.5 2. 


the windload is equalized at the mast-to-boom bracket 
In addition, it may be necessary to insert a small amount 
of lead weight at one end of the boom in order to balance 


the antenna weight. 

Despite the relatively close spacing of the reflector, 
driven element and first director, modern optimal Yagi 
designs are not overly sensitive to small changes in 
cither element length or spacing. In fact, these antennas, 
can be constructed from design tables without excessive 
concern about close dimensional tolerances. In the HF 
range up to 30 MHz, building the antennas to the nearest 
*/-inch results in performance remarkably consistent with 
the computations, without any “tweaking” or fi 


tuning 
when the Yagi is on the tower. 


ELEMENT TUNING 


Element tuning (or se/f-impedance) is a complex 
function of the effective electrical length of each element 
and the effective diameter of the element. In tur, the ef- 
fective length and diameter of each element is related to 
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“* ... but ordinary electronics “side cutters” are fine for trimming or snipping 
wires. 
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Fig 10—Theoretical gain versus boom length for 
20-meter Yagis designed for optimal combination of 
FIR, SWR and gain across the entire 14.0 to 14.35 MHz 
band. The theoretical gain approaches 20 dBi for a 
gigantic 724-foot boom, populated with 31 elements. 
Such a design on 20 meters is not too practical, of 
course, but can readily be achieved on a 24-foot boom 
on 432 MHz. 


the taper schedule (if telescoping aluminum tubing is used, 
the most common method of construction), the length of 
each telescoping section, the type and size of mounting 
bracket used to secure the element to or through the boom, 
and the size of the Yagi boom itself. See the section en- 
titled “Antenna Frequency Scaling,” and “Tapered Ele- 
ments” in Chapter 2, Antenna Fundamentals, of this book 
for details about element tuning as a function of tapering 
and element diameter. Note especially that Yagis con- 
structed using wire elements will perform very differently 
compared to the same antenna constructed with elements 
made of telescoping aluminum tubing. 

‘The process by which a modern Yagi is designed usu- 
ally starts out with the selection of the longest boom pos- 
sible fora given installation. A suitable number of elements, 


of a given taper schedule are then placed on this boom, 
and the gain, pattern and SWR are calculated over the entire 
frequency band of interest to the operator. Once an elec- 
trical design is chosen, the designer must then ensure the 


mechanical integrity of the antenna design. This involves 
verifying the integrity of the boom and each element in 
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Fig 11—Tapering spacing versus constant element 
spacing. At A, illustration of how the spacing of the 
reflector, driven element and first director (over the 
first 0.19 2 of the boom) of an optimally designed Yagi 
is bunched together compared to the Yagi at B, which 
uses constant 0.15 2 spacing between all elements. 
The optimally designed antenna has more than 22 dB 
FIR and an SWR less than 1.5:1 over the frequency 
band 28.0 to 28.8 MHz. 


the face of the wind and ice loading expected for a par- 
ticular location. The section entitled “Construction with 
Aluminum Tubing” in Chapter 20, Antenna Materials and 
Accessories, of this book shows details of tapered tele- 


scoping aluminum elements for the upper HF bands. In 
addition, the ARRL book Physical Design of Yagi Anten- 
nas, by Dave Leeson, W6NL (ex-W6QHS), describes the 
mechanical design process for all portions of a Yagi antenna 
very thoroughly, and is highly recommended for serious 
Yagi builders. 


Specific Monoband Yagi 
Designs 


‘The detailed Yagi design tables that follow are for 
two taper schedules for HF Yagis covering the 14 through 
30-MHz amateur bands. The heavy-duty elements are 
designed to survive at least 120-mph winds without icing, 
or 85-mph winds with '/s-inch radial ice. The medium- 
duty elements are designed to survive winds greater than 
80 mph, or 60-mph winds with '/-inch radial ice. 

For 10.1 MHz, the elements shown are capable of 
surviving 105-mph winds, or 93-mph winds with '¥s-inch 
radial ice. For 7.1 MHz the elements shown can survive 
93-mph winds, or 69-mph winds with '/s-inch radial ice. 
For these two lower frequency bands, the elements and 
the booms needed are very large and heavy. Mounting, 
turning and keeping such antennas in the airis not a trivial 
task. 

Each element is mounted above the boom with a 
heavy rectangular aluminum plate, by means of U-bolts, 
with saddles, as shown in Fig 35 in Chapter 18, VHF and 
UHF Antenna Systems for a 6-meter Yagi. This method 
of element mounting is rugged and stable, and because 
the element is mounted away from the boom, the amount 
of element detuning due to the presence of the boom is, 
minimal, The element dimensions given in each table 
already take into account any element detuning due to 
the boom-to-element mounting plate. For each element, 
the length of the tip determines the tuning, since the 
inner tubes are fixed in diameter and length. 


Half Elements 

Each design shows the dimensions for one-half of 
each element, mounted on one side of the boom. The other 
half of each element is symmetrical, mounted on the other 
side of the boom. The use of a tubing sleeve inside the 
center portion of the element is recommended, so that 
the element is not crushed by the mounting U-bolts. 
Unless otherwise noted, each section of tubing is made 
of 6061-T6 aluminum tubing, with a 0.058-inch wall 
thickness. This wall thickness ensures that the next stan- 


dard size of tubing can telescope with it. Each telescop- 
ing section is inserted 3 inches into the larger tubing, 
and is secured by one of the methods shown in Fig 11 in 


Chapter 20, Antenna Materials and Accessories. 


Matching System 

Each antenna is designed with a driven-element 
length appropriate for a hairpin type of matching network. 
The driven-element’s length may require slight readjust- 
ment for best match, particularly if a different matching 
network is used. Do not change either the lengths or the 
telescoping tubing schedule of the parasitic elements— 
they have been optimized for best performance and will 
not be affected by tuning of the driven element! 


Fig 12—Typical construction techniques for an HF Yagi. 
This photo shows a hairpin match on a driven element 
that uses a fiberglass insulator (wrapped in black vinyl 
tape for protection against UV). Muffler clamps and 
‘saddles mount the element to the boom, while U-bolts 

\d saddles mount the element to the boom-to-element 
plate. The gray PVC sleeves insulate the element from 
the plate. The feed coax is connected to the two bolts 
that also connect to the hairpin wire. Note that the 
hairpin is grounded at its opposite end to dissipate 
static charges that might otherwise build up. 


Fig 12 is a photograph of the driven element for a 
2-element 17-meter Yagi built by Chuck Hutchinson, 
K8CH, for the ARRL book Simple and Fun Antennas for 
Hams. The aluminum tubing on each side of the boom 
was I-inch OD, and the two pieces were mechanically 
joined together with a ‘finch OD fiberglass insulator. 
Chuck wound electrical tape over the insulator to protect, 
the fiberglass from the sun’s UV. 

Chuck used 3-inch lengths of I-inch sunlight- 
tant PVC conduit, split lengthwise, to make the grey outer 
insulators for the driven element. The aluminum plates, 
came from DX Engineering, as did the stainless-steel U- 
bolts and saddle clamps. These saddles ensured that the 
elements don’t rotate on the 2-inch OD boom in the heavy 
winds in his part of rural Michigan. 

You can see the bolts used to pin the center fiber- 
glass insulator to the aluminum tubing, while also pro- 
viding an electrical connection for the #12 hairpin wire 
and for the feed-line coax, which uses ferrite beads over 
the coax’s outer vinyl jacket to make a common-mode 
current-type of balun (not shown in Fig 12). Note that 
the center of the hairpin is connected to the boom using, 
a grounding lug for some measure of protection from 
static buildup. 
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10-METER YAGIS 


Fig 13 describes the electrical performance of eight 
optimized 10-meter Yagis with boom lengths between 6 
to 60 feet. The end of each boom includes 3 inches of 
space for the reflector and last-director (or driven ele: 
ment for the 2-element designs) mounting plates. Fig 13A 
shows the free-space gain versus frequency for each 
antenna; 13B shows the front-to-rear ratio, and 13C shows 
the SWR versus frequency. Each antenna with three or 
more elements was designed to cover the lower half of 
the 10-meter band from 28.0 to 28.8 MHz, with SWR 


10 Meter Yagis, Gain vs Frequency 


less than 2:1 and F/R better than 20 dB over that rangs 
Fig 13D shows the taper schedule for two types of 
10-meter elements. The heavy-duty design can survive 
125-mph winds with no icing, and 88-mph winds with 
Yjcinch of radial ice. The medium-duty design can handle 
96-mph winds with no icing, and 68-mph winds with 
'Ycinch of radial ice. The element-to-boom mounting plate 
for these Yagis is a 0.250-inch thick flat aluminum plate, 
4 inches wide by 4 inches long. Each element except for 
the insulated driven element, is centered on the plate, held 
by two stainless-steel U-bolts with saddles. Another set 
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Fig 13—Gain, F/R and SWR performance versus frequency for optimized 10-meter Yagis. At A, gain is shown versus 
frequency for eight 10-meter Yagis whose booms range from 6 feet to 60 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB FIR and less than 2:1 SWR over the frequency range 28.0 to 28.8 
MHz. At B, front-to-rear ratio for these antennas is shown versus frequency, and at C, SWR is shown over the frequency 
range. At D, the taper schedule is shown for heavy-duty and for medium-duty 10-meter elements. The heavy-duty 
elements can withstand 125-mph winds without icing, and 88-mph winds with '/.inch radial ice. The medium-duty 
elements can survive 96-mph winds without icing, and 68-mph winds with '/-inch radial ice. The wall thickness for each 
telescoping section of 6061-T6 aluminum tubing Is 0.058 inches, and the overlap at each telescoping junction is. 


3 inches. 
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Table 1 


Optimized 10-Meter Yagi Designs 
‘Two-element 10-meter Yagi, 6 foot boom 


Element 
File Name 
Reflector 
Driven Element 


Spacing 


0.000" 
66.000" 


Heavy-Duty Tip 
210-06H. YW. 
66.000" 
57.625" 


‘Three-element 10-meter Yagi, 8 foot boom 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Compensator 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Compensator 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Director 3 
Compensator 


Spacing 


0.000" 
36.000" 
54.000" 
42° behind Dir. 1 


Spacing 


0.000" 
36.000" 
36.000" 
90.000" 
12" behind Dir. 2 


Spacing, inches 


0.000" 
36.000" 
36.000" 
99.000" 
411.000" 
12" behind Dir. 3 


Heavy-Duty Tip 
310-08H. YW. 
66.750" 


19.000" 
Four-element 10-meter Yagi, 14 foot boom 


Heavy-Duty Tip 
410-f4H. YW. 
66.000" 


22.000" 
Five-element 10-meter Yagi, 24 foot boom 


Heavy-Duty Tip 
510-24H. YW. 
65.625" 


50.750" 
28.750" 


‘Six-element 10-meter Yagi, 36 foot boom 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Director 3 
Director 4 
Compensator 


Seven-element 10-meter Ya 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Director 3 
Director 4 
Director 5 
‘Compensator 


Spacing, inches 


0.000" 
37.000" 
43.000" 
98.000" 
127.000" 
121.000" 
12" behind Dir. 4 


Spacing, inches 


0.000" 
37.000" 
37.000" 
96.000" 
430.000" 
154.000 
116.000" 

12" behind Dir. 5 


Heavy-Duty Tip 
610-36H. YW. 
66.500" 


54.875" 
53.875" 
49.875" 
32.000" 


i, 48 foot boom 


Heavy-Duty Tip 
710-48H.YW. 
65.375" 


54.875" 
52.250" 
52.625" 
49.875" 
35.750" 


Eight-element 10-meter Yagi, 60 foot boom 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Director 3 
Director 4 
Director 5 
Director 6 
Compensator 


Spacing, inches 


0.000" 
42.000" 
37.000" 
87.000" 
126.000" 
141.000 
157.000 
421.000 
12" behind Dir. 6 


Heavy-Duty Tip 
810-60H. YW. 
65.000" 


53.250" 
51.875" 
52.500" 
50.125" 
59.378" 


Medium-Duty Tip 
210-08M.YW 
71.500" 

63.000" 


Medium-Duty Tip 
310-08M.YW 

71.875) 
62.875) 
58.500" 
18.125" 


Medium-Duty Tip 
410-14M.YW 
72.000" 

63.875) 
62.250" 
53.125) 
20.500" 


Medium-Duty Tip 
510-24M.YW 
70.750" 

63.250) 
62.375) 
60.250" 
56.125) 
26.750" 


Medium-Duty Tip 
610-36M.YW 
71.500" 

64.000" 

62.375) 
60.125) 
59.2501 
55.250" 
29.750' 


Medium-Duty Tip 
710-48M.YW 
70.500" 

64.250" 
62.750" 
60.125) 
57.625 
58.000 
55.250 
33.750" 


Medium-Duty Tip 
810-60M.YW 
70.125" 

63.500" 

62.375) 
60.625) 
58.625) 
57.250 
57.875 
55.500 
55.125" 


These 10-meter Yagi 
designs are optimized for 

> 20.dB FIR, and SWR. 

<< 2:1 over frequency range 
{rom 28.000 to 28.800 MHz, 
for heavy-duty elements 
(125 mph wind survival) and 
for medium-duty (96 mph 
wind survival). For coverage 
from 28.8 to 28.7 MHz, 
subtract 2.000 inches from 
tend af each element, but 
eave element spacings the 
same as shown here. Only 
element tip dimensions are 
shown, and all dimensions 
are inches. See Fig 13D for 
element telescoping tubing 
schedule. Torque compensa: 
tor element is made of 2.5" 
(OD PVC water pipe placed 
12 inches behind last 
director. Dimensions shown 
for compensators is one-half 
(of total length, centered on 
oom: 
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of U-bolts with saddles is used to secure the mounting 
plate to the boom. 

Electrically each mounting plate is equivalent to a 
cylinder, with an effective diameter of 2.405 inches for 
the heavy-duty element, and 2.310 inches for the medium- 
duty element. The equivalent length on each side of the 
boom is 2 inches. These dimensions are incorporated in 
the files for the YW (Yagi for Windows) computer mod- 
eling program on the CD-ROM accompanying this book 
to simulate the effect of the mounting plate. 

The second column in Table 1 shows the spacing of 
each element relative to the next element in line on the 
boom, starting at the reflector, which itself is defined as 
being at the 0.000-inch reference point on the boom. The 
boom for antennas less than 30 feet long can be con- 
inch OD tubing with 0.065-inch wall thick- 
ness. Designs larger than 30 feet long should use 3-inch 
OD heavy-wall tubing for the boom. Because each boom 


structed of 


has extra space at each end, the reflector is actually placed 
3 inches from the end of the boom. For example, in the 
310-08H.YW design (3 elements on an 8-foot boom), the 
driven element is placed 36 inches ahead of the reflector, 
and the director is placed 54 inches ahead of the driven 
element 

‘The next columns give the lengths for the variable 
tips for the heavy-duty and then the medium-duty 
‘ments. In the example above for the 310-08H.YW Yagi 
the heavy-duty reflector tip, made out of inch OD tub- 
ing, sticks out 66.750 inches from the “/-inch OD 
tubing. Note that each telescoping piece of tubing over- 
laps 3 inches inside the piece into which it fits, so the 
overall length of '/s-inch OD tubing is 69.750 inches long 
for the reflector. The medium-duty reflector tip has 71.875 
inches protruding from the ‘s-inch OD tube, and is 74.875 
inches long overall. As previously stated, the dimensions, 
are not extremely critical, although measurement accu- 
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Fig 14—Gain, F/R and SWR performance versus frequency for optimized 12-meter Yagis. At A, gain is shown versus 
frequency for seven 12-meter Yagis whose booms range from 6 feet to 54 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB F/R and less than 2:1 SWR over the narrow 12-meter band 24.89 to 
24.99 MHz. At B, front-to-rear ratio for these antennas is shown versus frequency, and at C, SWR over the frequency 
range is shown. At D, the taper schedule for heavy-duty and for medium-duty 12-meter elements is shown. The heavy- 


duty elements can withstand 123-mph winds without icing, and 87-mph winds with '/s 


h radial ice. The medium-duty 


elements can survive 85-mph winds without icing, and 61-mph winds with "/-inch radial ice. The wall thickness for each 
telescoping section of 6061-T6 aluminum tubing Is 0.058 inches, and the overlap at each telescoping junction is. 


3 inches. 
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Table 2 


Optimized 12-Meter Yagi Designs 
Two-element 12-meter Yagi, 6 foot boom 

Element Spacing Heavy-Duty Tip 
File Name 212-06H. YW 
Reflector 67.500’ 

Driven Element 59.500" 


Three-element 12-meter Yagi, 10 foot boom 


Element Spacing, inches Heavy-Duty Tip 
File Name 312-10H. YW 
Reflector 0.000" 69.000 


Driven Element 40.00 60.250 
Director 1 74.000" 54.000 
Compensator 12" behind Dir.1 13.625" 
Four-element 12-meter Yagi, 15 foot boom 

Element Spacing, inches Heavy-Duty Tip 
File Name 412-15H. YW 
Reflector 

Driven Element 

Director 1 

Director 2 

Compensator 12" behind Dir.2 16.375" 
Five-element 12-meter Yagi, 20 foot boom 

Element Spacing, inches Heavy-Duty Tip 
File Name 512-20H. YW 
Reflector 69.750 

Driven Element 

Director 1 

Director 2 

Director 3 

Compensator 12° behind Dir. 22.125" 
Six-element 12-meter Yagi, 30 foot boom 

Element Spacing, inches Heavy-Duty Tip 
File Name 612-30H. YW 
Reflector 

Driven Element 

Director 1 

Director 2 

Director 3 

Director 4 114.000" 

Compensator 12° behind Dir.4 30.000" 
‘Six-element 12-meter Yagi, 40 foot boom 

Element Spacing, inches Heavy-Duty Tip 
File Name 612-40H. YW 
Reflector 67.000 

Driven Element 60.12 

Director 1 57.37: 

Director 2 91.000" 57.375 
Director 3 157.000" 57.000 

Director 4 134.000" 54.37: 
Compensator 12° behind Dir. 4 36.500 
Seven-element 12-meter Yagi, 54 foot boom 

Element Spacing, inches Heavy-Duty Tip 
File Name 712-54H.YW 
Reflector 68.000 

Driven Element 

Director 1 

Director 2 

Director 3 

Director 4 174.000" 

Director 5 140.000" 

Compensator 12° behind Dir.5 43.125" 


Medium-Duty Tip 
212-08M.YW 
72'500" 

65.000" 


Medium-Duty Tip 
312-10M.YW 
73.875" 

65.250" 

59.125" 

12.000" 


Medium-Duty Tip 
412-15M.YW 
71.875" 

66.000" 

63.750" 

56.125" 

14.500" 


Medium-Duty Tip 
512-20M.YW 
74.625" 

67.000" 

65.500" 

60.625" 

59.750" 

19.625" 


Medium-Duty Tip 
612-30M.YW 
73.000" 

68.750" 

65.250" 

57.625" 

62.750" 

58.750" 

26.250" 


Medium-Duty Tip 
612-40M.YW 
71.875" 

65.500" 

62.500" 

62.500" 

62.125" 

59.500" 

31.625" 


Medium-Duty Tip 
712-54M.YW 
73.000" 

65.500" 

61.875" 

63.125" 

60.750" 

61.125" 

58.375" 

37.500" 


These 12-meter Yagi designs 
‘were optimized for > 20 dB 
FIR, and SWR < 2:1 over 
frequency range from 24.890 
to 24.990 MH2, for heavy 
duty elements (123 mph 
wind survival) and for 
medium-duty (85 mph wind 
survival). Only element tip 
dimensions are shown, and 
all dimensions are inches. 
See Fig 14D for element 
telescoping tubing schedule. 
Torque compensator element 
ig made of 25" OD PVC 
water pipe piaced 12" behing 
last director. Dimensions 
shown for compensators is. 
‘one-half of total length, 
centered on boom. 
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Fig 15—Gain, F/R and SWR performance versus 
frequency for optimized 15-meter Yagis. At A, gain versus 
frequency is shown for eight 15-meter Yagis whose 
booms range from 6 feet to 80 feet long. Except for the 2- 
element design, these Yagis have been optimized for 
better than 20 dB F/R and less than 2:1 SWR over the 
frequency range 21.0 to 21.45 MHz. At B, front-to-rear 
ratio for these antennas is shown versus frequency, and 
at C, SWR over the frequency range is shown. At D, the 
taper schedule for heavy-duty and for medium-duty 
15-meter elements Is shown. The heavy-duty elements 
can withstand 124-mph winds without icing, and 90-mph 
winds with '/<nch radial ice. The medium-duty elements 
‘can survive 86-mph winds without icing, and 61-mph 
winds with '/-inch radial ice. The wall thickness for each 
telescoping section of 6061-T6 aluminum tubing is 0.058 
inches, and the overlap at each telescoping junction is 
inches. 


28} 


re (D) 


racy to ‘/s inch is desirable. 

‘The last row in each variable tip column shows the 
length of one-half of the “dummy element” torque com- 
pensator used to correct for uneven wind loading along 
the boom. This compensator is made from 2.5 inches OD 
PVC water pipe mounted to an element-to-boom plate like 
those used for each element. The compensator is mounted 
12 inches behind the last director, the first director in the 
case of the 3-element 310-08H.YW antenna. Note that the 
heavy-duty elements require a correspondingly lon; 
torque compensator than do the medium-duty elements, 
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12-METER YAGIS 


Fig 14 describes the electrical performance of seven 
optimized 12-meter Yagis with boom lengths between 6 
to 54 feet. The end of each boom includes 3 inches of 
space for the reflector and last director (or driven ele~ 
ment) mounting plates. The narrow frequency width of 
the 12-meter band allows the performance to be optimized 
easily. Fig 14 shows the free-space gain versus fre~ 
quency for each antenna; 14B shows the front-to-rear 
ratio, and 14C shows the SWR versus frequency. Each 
antenna with three or more elements was designed to 


Table 3 
Optimized 15-Meter Yagi Designs 
‘Two-element 15-meter Yagi, 6 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 215-064. 
Retlector 0.000" 62.000" 

Driven Element 66.000" 57,000" 
Three-element 15-meter Yagi, 12 foot boom 

Element Spacing Heavy-Duty Tip 
File Name 315-1H 
Reflector 0,000" 62.000" 

Driven Element 48.000" 51.000" 
Director 92,000" 431500" 
Compensator 12° behind Dir. 34.750" 
Four-element 15-meter Yagi, 18 foot boom 

Element Spacing Heavy-Duty Tip 
File Name a15-40H 
Reflector 0,000" 61.000" 

Driven Element 6.000" 81.500" 
Director $ 56.000" 48,000" 
Director 2 98,000" 36.625" 
Compensator 12° behind Dir.2. 20.878" 
Five-element 15-meter Yagi, 4 foot boom 

Element Spacing “Heavy-Duty Tip 
File Name S15-24H 
Reflector 0,000" 62,000" 

Driven Element 48.000" 52375" 
Director $ 48,000" a7 a7 
Director 2 52.000" 47.000" 
Director 3 134.000" 41,000" 
Compensator +12" behind Dir.3 40.250" 
Sixelement 15-meter Yagi, 36 foot boom 

Element ‘Spacin Heavy-Duty Ti 
File Name ate orden 
Reflector 0,000" 61.000" 

Driven Element 3.000" 52000" 
Director $ 56,000" 49,125" 
Director 2 59,000" 48.128" 
Director 3 116.000" a7a7s- 
Director 4 442.000 42.000" 
Compensator 12" behind Dir.4 45.500" 
Seven-element 15-meter Yagi, 48 foot boom 

Eioment ‘Spacing Heavy-Duy Tip 
File Name 615-deH 
Reflector 0,000" 62.000" 

Driven Element 48.000" 52,000 
Director | 48,000" 51.250" 
Director 2 4128000 48,000" 
Director 3 190.000 48,500 
Director 4 181.000 42.000" 
Compensator 12" behind Dir.4 51-500" 
Seven-element 15-meter Yagi, 60 foot boom 

Bioment ‘Spacing Heavy-Duty Tip 
File Name 715-008. 
Retlector 0.000" 39,750" 

Driven Element 48.000" 52,000" 
Director 1 48,000" 52,000" 
Director 2 93,000" 49,500 
Director 3 173.000" 44125" 
Director 4 197.000 45,500" 
Director 5 185.000 43.780" 
Compensator 12" behind Dir.5 58.500" 
Eight-element 15-meter Yagi, 80 foot boom 

Element ‘Spacing Pleavy-Duty Tip 
File Name 815-80H. YW 
Retlector 0.000" 62,000" 

Driven Element 6.000" 52500" 
Director 48,000" 31.800" 
Director 2 118.000" aa375" 
Director 3 164.000 48.750" 
Director 4 202.000 43.195" 
Director 5 206.000 44.750" 
Director 8 463.000 ears: 


Compensator 12° behind Dir.6 95.000" 


Medium-Duty Tip 
215-06M.YW 
85.00 

74.000" 


Mealum-Duty Tp 
Nera 


Medium-Duty Tip 
415-18M.Y1 


Medium-Duty Tip 
515-24M.¥1 


Medium-Duty Tip 
615-36M.Y1 


39.750" 


‘Medium-Duty Tip 
615-48M.Y1 


Medium-Duty Tip 
715-60M.YW 


Medium-Duty Tip 
815-80M.YW 


These 15-meter Yagi 
designs are optimized for 

> 20 dB F/R, and SWR. 
2:1 over entire frequency 
ange trom 21.000 to 
21.450 MHz, for heavy-duty 
elements (124 mph wind 
survival) and for medium: 
duty (86 mph wind 

survival). Only element tip 
dimensions are shown. See 
Fig 15D for element 
telescoping tubing 
schedule. All dimensions 
are in inches. Torque 
‘compensator element is 
made of 2.5" OD PVC. 
water pipe placed 1: 

bbehind last director, and 
dimensions shown for 
‘compensators is one-half 
of total length, centered 
‘on boom: 


17 Meter Yagi, Gain vs Frequency 
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Fig 16—Gain, F/R and SWR performance versus frequency 
for optimized 17-meter Yagis. At A, gain versus frequency 
is shown for six 17-meter Yagis whose booms range from 
6 feet to 60 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB F/R 
and less than 2:1 SWR over the narrow 17-meter band 
18,068 to 18.168 MHz. At B, front-to-rear ratio for these 
antennas is shown versus frequency, and at C, SWR over 
the frequency range is shown. At D, the taper schedule for 
heavy-duty and for medium-duty 10-meter elements is 
shown. The heavy-duty elements can withstand 123-mph 
winds without icing, and 89-mph winds with '/-inch radial 
ice. The medium-duty elements can survive 83-mph winds 
without icing, and 59-mph winds with '/«inch radial ice. 
The wall thickness for each telescoping section of 6061-T6 
aluminum tubing is 0.058 inches, and the overlap at each 


(C) Lcertsessen —ensseween _—anzersee" | telescoping junction is 3 inches. 
ein: a 1 
sas 
(D) 
cover the narrow 12-meter band from 24.89 to duty clement. The equivalent length on each side of the 


24.99 MHz, with SWR less than 2:1 and F/R better than 
20 dB over that range 

Fig 14D shows the taper schedule for two types of 
12-meter elements. The heavy-duty design can survive 123- 
mph winds with no icing, and 87-mph winds with 
‘/cinch of radial ice. The medium-duty design can handle 
85-mph winds with no icing, and 61-mph winds with 


"Js inch of radial ice. The element-to-boom mounting plate 
for these Yagis is a 0.375 inch thick flat aluminum plate, 5 
inches wide by 6 inches long, 

Electrically, each mounting plate is equivalent to a 
cylinder, with an effective diameter of 2.945 inches for 
the heavy-duty element, and 2.857 inches for the medium- 
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boom is 3 inches. As usual, the torque compensator is 
mounted 12 inches behind the last director. 


15-METER YAGIS 
Fig 15 describes the electrical performance of eight 
optimized 15-meter Yagis with boom lengths between 
6 feet to a spectacular 80 feet. The end of each boom in- 
cludes 3 inches of space for the reflector and last-director 
(or driven element) mounting plates. Fig ISA shows the 
free-space gain versus frequency for each antenna; 1SB 


shows the worst-case front-to-rear ratio, and 15C shows 
the SWR versus frequency. Each antenna with three or more 
elements was designed to cover the full 15-meter band from 


Table 4 
Optimized 17-meter Yagi Designs 


‘Two-element 17-meter Yagi, 6 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 217-08H.YW 
Reflector 0.000" 61.000" 

Driven Element 66.000" 48,000" 


Three-element 17-meter Yagi, 14 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 317-14H.YW 
Reflector 0.000" 61.500" 
Driven Element 65.00 52.000" 
Director 1 97.000" 46.000" 

12" behind Dir. 112.625" 


Four-element 17-meter Yagi, 20 foot boom 
Spacing 


Element Heavy-Duty Tip 


File Name 417-20H.YW 
Reflector 61.500" 
Driven Element 54.250 
Director 1 52.625 
Director 2 138,000" 40.500" 
Compensator 12" behind Dir.2 42.500" 


Five-element 17-meter Yagi, 30 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 517-30H.YW 
Reflector 0.000" 61.875) 

Driven Element 52.250 
Director 1 49.625) 
Director 2 49.875) 
Director 3 43.500" 
Compensator behind Dir.3 54.375) 
Six-element 17-meter Yagi, 48 foot boom 

Element Spacing Heavy-Duty Tip 
File Name 617-48. YW 
Reflector 63.000" 

Driven Element 52.500" 

Director 1 45.500" 

Director 2 47.875) 

Director 3 204.000 47.000" 

Director 4 176.000" 42.000" 
Compensator 12" behind Dir.4 68.250" 


Six-element 17-meter Yagi, 60 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 617-60H.YW 
Reflector 61.250" 

Driven Element 54.750" 
Director 1 52.250" 
Director 2 46.000" 
Director 3 44.625) 
Director 4 191.000" 41.500" 
Compensator 12" behind Dir.4 62.875" 


Medium-Duty Tip 
217-06M.YW 


Medium-Duty Tip 
317-14M.YW 


40.750" 


Medium-Duty Tip 
417-20M.YW 


Medium-Duty Tip 
517-30M.YW 


Medium-Duty Tip 
617-48M.YW 


87.500" 


Medium-Duty Tip 


53.000" 


These 17-m Yagi designs are optimized for > 20 dB F/R, and SWR < 2:1 aver entire frequency range from18.068 to 18.168 MHz, for 
heavy-duty elements (123 mph wind survival) and for medium-duty (83 mph wind survival). Only element tip dimensions are shown. 

All_dimensions are in inches. Torque compensator element is made of 2.5° OD PVC water pipe placed 12" behind last director, and 
dimensions shown for compensators is one-half of total length, centered on boom. 


21.000 to 21.450 MHz, with SWR less than 2:1 and F/R 
ratio better than 20 dB over that range. 

Fig 15D shows the taper schedule for two ty 
15-meter elements. The heavy-duty design can survive 
124-mph winds with no icing, and 90-mph winds with 
"Ys inch of radial ice. The medium-duty design can handle 


sof 


86-mph winds with no and 61-mph winds with 
*/s inch of radial ice. The element-to-boom mounting plate 
for these Yagis is a 0.375-inch thick flat aluminum plate, 
5 inches wide by 6 inches long. 

Electrical 


each mounting plate is equivalent to a 
cylinder, with an effective diameter of 3.0362 inches for 
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’ The ideal solder joint should be smooth and slightly concave, quite shiny, not dull 
or crystalline-looking nor ball-bearing shaped. 


Try to get consistent results in your soldering, but don’t worry too much about the 
lack of uniformity — this is soldering by hand after all, not by precision machinery, and 
some slight variation is OK provided the solder coverage is good and the soldering is 
generally clean and effective. You'll improve with practice, that’s for sure! 
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Fig 17—Gain, F/R and SWR performance versus frequency 
{for optimized 20-meter Yagis. At A, gain versus frequency 
is shown for eight 20-meter Yagis whose booms range 
from 8 feet to 80 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB F/R. 
and less than 2:1 SWR over the frequency range 14.0 to 
14.35 MHz. At B, front-to-rear ratio for these antennas is 
‘shown versus frequency, and at C, SWR over the 
frequency range is shown. At D, the taper schedule for 
heavy-duty and for medium-duty 20-meter elements is 
‘shown. The heavy-duty elements can withstand 122-mph 
winds without icing, and 89-mph winds with ‘/-inch radial 
ice. The medium-duty elements can survive 82-mph winds 
without icing, and 60-mph winds with '/-inch radial ice. 
The wall thickness for each telescoping section of 6061-T6 
aluminum tubing is 0.058 inches, and the overlap at each 
telescoping junction is 3 inches. 


(D) 


coy 


the heavy-duty element, and 2.9447 inches for the 


medium-duty element. The equivalent length on each side 


of the boom is 3 inches. As usual, the torque compensa- 
tor is mounted 12 inches behind the last director. 


17-METER YAGIS 
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16 describes the electrical performance of six 
optimized 17-meter Yagis with boom lengths between 6 
to a heroic 60 feet. As usual, the end of each boom 
includes 3 inches of space for the reflector and last 
director (or driven clement) mounting plates. Fig 16A. 
shows the free-space gain versus frequency for each an- 


Table 5 


Optimized 20-Meter Yagi Designs 
‘Two-element 20-meter Yagi, 8 foot boom 


Element 
File Name 
Reflector 
Driven Element 


Spacing 


0.000" 
90.000" 


Heavy-Duty Tip 
220-08H.YW 
6.000" 
46.000" 


‘Three-element 20-meter Yagi, 16 foot boom 


Element ‘Spacing 
File Name 

Reflector 0.000" 
Driven Element 80.000" 
Director 1 106.000" 


Compensator 


12° behind Dir. 1 


Heavy-Duty Tip 
320-16H.YW 
69.625" 
51.250" 
42,625" 
33.375" 


Four-element 20-meter Yagi, 26 foot boom 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Compensator 


Spacing 


0,000" 
72.000" 

60.000" 
174.000" 

12° behind Dir. 2 


Heavy-Duty Tip 
420-26H.YW 
65.625" 
53.375" 
51.750" 
38.625" 
54.250" 


Five-element 20-meter Yagi, 34 foot boom 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Director 3 
Compensator 


Spacing 


0.000" 
72.000" 

71.000" 

68.000" 
191.000" 

12° behind Dir. 3 


Heavy-Duty Tip 
520-34H.YW 
68.625" 
52.250" 
45.875" 
45.875" 
37.000" 
69.250" 


Five-element 20-meter Yagi, 40 foot boom 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Director 3 
Compensator 


Spacing 


0.000" 
72.000" 
72.000" 
139.000" 
191.000" 
12° behind Dir. 3 


Heavy-Duty Tip 
'520-40H.YW 
68.375" 
53.500" 
51.500" 
48.375" 
38.000" 
69.750" 


Five-element 20-meter Yagi, 48 foot boom 


Element 
File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Director 3 
Compensator 


Spacing 


0,000" 
72.000" 

88.000" 
199.000" 
211.000" 

12° behind Dir. 3 


Heavy-Duty Tip 
520-48H.YW 
66.250" 
53.000" 
50.500" 
47.375" 
39.750" 
70.325" 


Six-element 20-meter Yagi, 60 foot boom 


Element ‘Spacing 
File Name 

Reflector 0.000" 
Driven Element 84.000" 
Director 1 91.000" 
Director 2 130.000" 
Director 3 210.000" 
Director 4 499.000" 


Compensator 


12° behind Dir. 4 


Heavy-Duty Tip 
620-60H.YW 
67.000" 
51.500" 
45.125" 
41375" 
46.875" 
39.125" 
72.875" 


Six-element 20-meter Yagi, 80 foot boom 


Element ‘Spacing 
File Name 

Reflector 0.000" 
Driven Element 72.000" 
Director 1 122.000" 
Director 2 229.000" 
Director 3 291.000" 
Director 4 240.000" 


Compensator 


412" behind Dir. 4 


Heavy-Duty Tip 
620-80H.YW 
66.125" 
52.375" 
49.125" 
44:50" 
42.625" 
38.750" 
78.750" 


‘Medium-Duty Tip 
220-08M.YW 

80.00 
59.000" 


‘Medium-Duty Tip 
320-16M.YW 


38.250" 


‘Medium-Duty Tip 
YW 


‘Medium-Duty Tip 
520-34. 


520-40M.YW 


‘Medium-Duty Tip 
520-48M.YW 


‘Medium-Duty Tip 
620-60M.YW 


‘Medium-Duty Tip 
620-80M.YW 


64.125" 


These 20-meter Yagi 
designs are optimized for 
> 20 dB FIR, and SWR. 
2:1 over entire frequency 
ange trom 14.000 to 
14.350 MHz, for heavy-duty 
elements (122 mph wind 
survival) and for medium: 
duty (82 mph wind 
survival). Only element tip 
dimensions are shown. See 
Fig 17 for element 
telescoping tubing 
schedule. All dimensions 
are in inches. Torque 
compensator element is 
made of 2.5" OD PVC 
water pipe placed 12° 
behind last director, and 
dimensions shown for 
compensators is one-half 
of total length, centered 

‘on boom, 


HF Yagi Arrays 44-24 


(A) 


(C) 


30 Meter Vagis, Gain vs Frequency 


{30 Meter Yagis FIR vs Frequency 


pane eae 2 
o—__.-__ En 
a+ 4 iss 

7 ——S 


1) 


30 Meter Yagis, SWR vs Frequency 


Fig 18—Gain, F/R and SWR performance versus frequency 
for optimized 30-meter Yagis. At A, gain versus frequency Is 
shown for three 30-meter Yagis whose booms range from 
15 feet to 34 feet long, and which have been optimized for 
better than 10 dB F/R and less than 2:1 SWR over the 
frequency range 10.1 to 10.15 MHz. At B, front-to-rear ratio 
for these antennas is shown versus frequency, and at C, 
‘SWR over the frequency range is shown. At D, the taper 
schedule is shown for heavy-duty 30-meter elements, which 
can withstand 107-mph winds without icing, and 93-mph 
winds with ‘i-inch radial ice. Except for the 2'/inch and 
2-inch sections, which have 0.083 inch thick walls, the wall 


thickness for the other telescoping sections of 6061-T6 
aluminum tubing is 0.058 inches, and the overlap at the 
1 inch telescoping junction with the “-inch section is, 
complete. The 2-inch section utilizes two machined 
aluminum reducers to accommodate the 1-inch tubing. 


L 


isso 


toro m0 
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lent to a cylinder, with an effective diameter of 3.5122 inches 
for the heavy-duty element, and 3.3299 inches for the 


three or more elements was designed to cover the narrow —_medium-duty element. The equivalent length on each side 
17-meter band from 18.068 to 18.168 MHz, with SWR of the boom is 4 inches. As usual, the torque compensator is, 


Ie 
range 


than 2:1 and F/R ratio better than 20 dB over that mounted 12 inches behind the last director. 


Fig 16D shows the taper schedule for wo types of 20-METER YAGIS 


17-meter elements. 
123-mph winds with no i 


he hi 


vy-duty design can survive Fig 17 describes the electrical performance of eight 
ing, and 83-mph winds with optimized 20-meter Yagis with boom lengths between 8 


Yuinch of radial ice. The medium-duty design can handle to a giant 80 feet. As usual, the end of each boom 
83-mph winds with no icing, and 59-mph winds with includes 3 inches of space for the reflector and last direc: 


M4 inch of radii 
The e 


ement-to-boom mounting plate for these Yagis fi 


{or (driven element) mounting plates. Fig 17 shows the 
space gain versus frequency for each antenna; 17B 


is a 0.375-inch thick flat aluminum plate, 6 inches wide by shows the front-to-rear ratio, and 17C shows the SWR 
8 inches long. Electrically, each mounting plate is equiva- versus frequency. Each antenna with three or more ele- 
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40 Meter Yagis, Gain vs Frequency 
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Fig 19—Gain, F/R and SWR performance versus 
frequency for optimized 40-meter Yagis. At A, gain 
versus frequency is shown for three 40-meter Yagis 
whose booms range from 20 feet to 48 feet long, and 
which have been optimized for better than 10 dB F/R 
and less than 2:1 SWR over the frequency range 7.0 to 
7.2 MHz. At B, front-to-rear ratio for these antennas is, 
shown versus frequency, and at C, SWR over the 
frequency range Is shown. At D, the taper schedule is 
shown for heavy-duty 40-meter elements, which can 
withstand 107-mph winds without icing, and 93-mph 
winds with '/<inch radial ice. Except for the 2'-inch 
and 2-inch sections, which have 0.083 inch thick walls, 
the wall thickness for the other telescoping sections of 
6061-T6 aluminum tubing is 0.058 Inches, and the 
‘overlap at the end telescoping junction is 3 inches. 
The 2-inch section utilizes two machined aluminum 
reducers to accommodate the 1-inch tubing. 


sa 65) 04 


(D) 


ments was designed to cover the complete 20-meter band 
from 14.000 to 14.350 MHz, with SWR less than 2:1 and 
FIR ratio better than 20 dB over that range. 

Fig 17D shows the taper schedule for two types of 
20-meter elements. The heavy-duty design can survive 
122-mph winds with no icing, and 89-mph winds with 
'Jinch of radial ice. The medium-duty design can handle 82- 
mph winds with no icing, and 60-mph winds with 
'Jsinch of radial ice. The element-to-boom mounting plate for 
these Yagis is a 0.375-inch thick flat aluminum plate, 


6 inches wide by 8 inches long. Electrically, each mounting 
plate is equivalent to a cylinder, with an effective diameter of 
3.7063 inches for the heavy-duty element, and 
3.4194 inches for the medium-duty element. The equivalent 
length on each side of the boom is 4 inches. As usual, the torque 
compensator is mounted 12 inches behind the last director. 


30-METER YAGIS 


Fig 18 describes the electrical performance of three 
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Table 6 
Optimized 30-Meter Yagi Designs 


Two-element 30-meter Yagi, 15 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 230-15H.YW 
Reflector 0.000" 50.251 

Driven Element 174.000" 14.875" 


3-element 30-meter Yagi, 22 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 330-22H.YW 
Reflector 0.000 59.375 

Driven Element 135.000 35.000 
Director 1 123.000 19.625 


Three-element 30-meter Yagi, 34 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 330-34H. YW 
Reflector 0.000" 


Driven Element 
Director 1 


These 30-m Yagi designs are optimized for > 10 dB F/R, and 
‘SWR < 2:1 over entire frequency range from 10.100 to 10.150 
Mz for heavy-duty elements (105 mph wind survival). Oniy, 
tlement tip dimensions are shown. See Fig 18D for element 
telescoping tubing schedule. All dimensions are in inches. No 
torque compensator element is required. 


optimized 30-meter Yagis with boom lengths betwe 
to 34 feet. Because of the size and weight of the 
alone for Yagis on this band, only 2-element and 
ment designs are described. The front-to-rear ratio requir 
ment for the 2-element antenna is relaxed to be greater 
than 10 dB over the band from 10.100 to 10.150 MHz, 
while that for the 3 ns is kept at greater than 
20 dB over that frequer 

‘As usual, the end o! 
space for the reflector and last director mounting plates. 
Fig 18A shows the free-space gain versus frequency for 
each antenna; 18B shows the worst-case front-to-rear 
ratio, and 18C shows the SWR versus frequency. 

Fig 18D shows the taper schedule for the 30-meter 
elements. Note that the wall thickness of the first two 
sections of tubing is 0.083 inches, rather than 0.058 
inches. This heavy-duty element design can survive 107- 
mph winds with no icing, and 93-mph winds with '/ inch 
of radial ice. The element-to-boom mounting plate for 
these Yagis is a 0.500-inch thick flat aluminum plate, 6 
inches wide by 24 inches long. Electrically, each mount- 
ing plate is equivalent to a cylinder, with an effective di 
ameter of 4.684 inches. The equivalent length on each 
side of the boom is 12 inches. These d 
torque compensator. 


40-METER YAGIS 
Fig 19 describes the electrical performance of three 
optimized 40-meter Yagis with boom lengths between 20 


sment des 
range. 
fh boom includes 3 inches of 


\$ require no 
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Table 7 
ry 


‘Two-element 40-meter Yagi, 20 foot boom 


red 40-Meter Yagi Designs 


Element ‘Spacing Heavy-Duty Tip 
File Name 240-20H.YW_ 
Reflector 0.000" 85.000" 

Driven Element 234.000" 35.000" 


Three-element 40-meter Yagi, 32 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 340-32H. YW. 
Reflector 0.000" 90.750" 

Driven Element 196.000" 55.875" 
Director 1 182.000" 33.875" 


Three-element 40-meter Yagi, 48 foot boom 


Element ‘Spacing Heavy-Duty Tip 
File Name 340-48H.YW_ 
Reflector 0.000" 81.000" 

Driven Element 300.000" 45.000" 
Director 1 270.000" 21.000" 


‘These 40-m Yagi designs are optimized for > 10 dB F/R, and 
‘SWR < 2:1 over low-end of frequency range from 7.000 to 
7.200 MiH2, for heavy-duty elements (95 mph wind survival. 
Only element tip dimensions are shown. See Fig 19D for 
clement telescoping tubing schedule. All dimensions are in 
inches. No wind torque compensator is required. 


to 48 feet. Like the 30-meter antennas, because of the 
size and weight of the elements for a 40-meter Yagi, only 
2-element and 3-element designs are described. The front- 
to-rear ratio requirement for the 2-element antenna is 
relaxed to be greater than 10 dB over the band from 7.000 
to 7.300 MHz, while the goal for the 3-clement designs 
is 20 dB over the frequency range of 7.000 to 7.200 MHz. 
It is exceedingly difficult to hold the F/R greater than 
20 dB over the entire 40-meter band without sacrificing 
ssive gain with a 3-element design. 

As usual, the end of each boom includes 3 inch 
space for the reflector and last director mounting plat 
Fig 19A shows the free-space gain versus frequency for 
each antenna; 19B shows the front-to- rear ratio, and 19C 
shows the SWR versus frequency. 

Fig 19D shows the taper schedule for the 40-meter el- 
Note that the wall thickness of the first 
two sections of tubing is 0.083 inches, rather than 
(0.058 inches. This element design can survive 93-mph winds 
with no icing, and 69-mph winds with '/ inch of radial ice. 


ements. 


‘The element-to-boom mounting plate for these Yagis is a 
0.500-inch thick flat aluminum plate, 6 inches wide by 24 
inches long. Electrically each mounting plate is e 

to a cylinder, with an effective dia 
‘The equivalent length on each side of the boom is 12 inch 
‘These designs require no torque compensator. 


Modifying Monoband Hy-Gain Yagis 


Enterprising amateurs have long used the Telex 
Communications Hy-Gain “Long John” series of HF 
monobanders as a source of top-quality aluminum and 
hardware for customized Yagis. Often-modified older 
models include the 105BA for 10 meters, the 15SBA for 
15 meters, and the 204BA and 20SBA for 20 meters. 


Fig 20—Gain, F/R and SWR over the 28.0 to 28.8 MHz 
range for original and optimized Yagis using Hy-Gain 
hardware. Original 105BA design provided excellent 
weight balance at boom-to-mast bracket, but compro- 
mised the electrical performance somewhat because of 
non-optimum spacing of elements. Optimized design 
requires wind torque-balancing compensator element, 
and compensating weight at director end of boom to 
rebalance weight. The FIR ratio over the frequency 
range for the optimized design is more than 23 dB. 
Each element uses the original Hy-Gain taper schedule 
and element-to-boom clamp, but the length of the tip is 
changed per Table 8. 


esigns 


Optimized 204BA, Four-element 20-meter Yagi, 
26 foot boom 


Element Spacing Element Tip 
File Name BV204CA. YW 
Reflector 0.000" 

Driven Element 85.000" 

Director 1 72.0001 

Director 2 149,000" 50.125" 


Optimized 205CA, Five-element 20-meter Yagi, 
34 foot boom 


Element Spacing Element Tip 
File Name BV205CA.YW 
Reflector 0.000" 

Driven Element 72.000" 

Director 1 72.000" 

Director 2 74.000" 

Director 3 190.00 


Newer Hy-Gain designs, the 105CA, 1S5CA and 205CA, 
have been redesigned by computer for better performance 

Hy-Gain antennas have historically had an excellent 
reputation for superior mechanical design, and Hy-Gain 
proudly points out that many of their monobanders are 
still working after more than 30 years. In the older designs 
the elements were purposely spaced along the boom to 
achieve good weight balance at the mast-to-boom bracket, 
with electrical performance as a secondary goal. Thus, 
the electrical performance was not necessarily optimum, 
particularly over an entire amateur band. Newer Hy-« 
designs are electrically superior to the older ones, but 
because of their strong concern for weight-balance are 
still not optimal by the definitions used in this chapter. 


Fee Spc Gin SHR 
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Fig 21—Gain, FIR and SWR over the 21.0 to 21.45 MHz 
band for original and optimized Yagis using Hy-Gain 
hardware. Original 155BA design provided excellent 
weight balance at boom-to-mast bracket, but 
compromised the electrical performance somewhat 
because of non-optimum spacing of elements. 
Optimized design requires wind torque-balancing 


‘compensator element, and compensating weight at 
director end of boom to rebalance weight. The FIR ratio 
‘over the frequency range for the optimized design is 
more than 22 dB. Each element uses the original Hy- 
Gain taper schedule and element-to-boom clamp, but 
the length of the tip is changed per Table 9. 


Optimized 155BA, Five-element 15-meter Yagi, 
24 foot boom 

Element 

File Name 
Reflector 
Driven Element 
Director 1 
Director 2 
Director 3 


Spacing Element Tip 


BV1SSCA.YW 
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Fig 22—Gain, F/R and SWR over the 14.0 to 14.35 MHz 
band for original and optimized Yagis using Hy-Gain 
hardware. Original 205BA design provided good 
weight balance at boom-to-mast bracket, but 
compromised the electrical performance because of 
non-optimum spacing of elements. Optimized design 
requires wind torque-balancing compensator element, 
and compensating weight at director end of boom to 
rebalance weight. The F/R ratio over the frequency 
range for the optimized design is more than 23 dB, 
while the original design never went beyond 17 dB of 
FIR. Each element uses the original Hy-Gain taper 
schedule and element-to-boom clamp, but the length 
of the tip is changed per Table 10. 


Table 10 
Optimized Hy-Gain 10-Meter Yagi Designs 


Optimized 105BA, Five-element 10-meter Yagi, 
24 foot boom 


Element Spacing, inches Element Tip 
File Name BV10SCA.YW 
Reflector 0.000" 44,250" 
Driven Element 40.000" 53.625" 
Director 1 40.000" 52.500" 
Director 2 89.500" 50.500" 
Director 3 112,250" 44,750" 


With the addition of wind torque-compensation dummy 
elements, and with extra lead weights, where necessary, 
at the director end of the boom for weight-balance, the 
electrical performance can be enhanced, using the same 


proven mechanical parts 
Fig 20 shows the computed gain, F/R ratio and SWR 
for a 24-foot boom, 10-meter optimized Yagi (modified 
105BA) using Hy-Gain hardware. Fig 21 shows the same 
for a 26-foot boom 15-meter Yagi (modified 1 
Fig 22 shows the same for a 34-foot boom (modi 
20-meter Yagi. Tables 8 through 10 show dimensions for 
these designs. The original Hy-Gain taper schedule is used 
for each element. Only the length of the end tip (and the 
spacing along the boom) is changed for each element. 


Multiband Yagis 


So far, this chapter has discus 
that is, Yagis designed for a single Amateur-Radio fre~ 
quency band. Because hams have operating privileges on 
more than one band, multiband coverage has always been 
very desirable. 


INTERLACING ELEMENTS 


In the Late 1940s, some experimenters tried inter- 
lacing Yagi elements for different frequencies on a single 
boom, mainly to cover the 10 and 20-meter bands (at that 


.d monoband Yagis— 


time the 15-meter band wasn’t yet available to hams). 
‘The experimenters discovered, to their considerable 
chagrin, that the mutual interactions between different 


elements tuned to different frequencies are very di 
to handle. 


jcult 


ement usually results, 
in interaction with higher-frequeney elements near it. In 
effect, the lower-frequency element acts like a retrograde 
reflector, throwing off the effectiveness of the highe 
frequency directors nearby. Element lengths and the spac- 
ing between elements can be changed to improve perfor- 
mance of the higher-frequency Yagi, but the resulting 


compromise is rarely equal to that of an optimized 
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monoband Yagi. A reasonable compromise for portable 
operation may be found in Chapter 15, Portable Antennas, 
by VETCA. 


TRAPPED MULTIBANDERS 


Multiband Yagis using a single boom can also be 
made using traps. Traps allow an element to have mul- 
tiple resonances. See Chapter 7, Multiband Antennas 
details on trap designs. Commercial vendors have sold 
trapped antennas to hams since the 1950s and surveys 


for 


show that after simple wire dipoles and multiband verti- 
cals, trapped triband Yagis are the most popular anten- 


nas in the Amateur Radio service. 


‘The originator of the trapped tribander was Chester 
Buchanan, W3DZZ, in his Mar 1955 QST article, “The 
Multimatch Antenna System.” On 10 meters this rather 
unusual tribander used two reflectors (one dedicated and 


one with traps) and two directors (one dedicated and one 
with traps). On 20 and 15 meters three of the five 
‘ments were active using traps. The W3DZZ tribander 
employed 12 traps overall, made with heavy wire and 
concentric tubular capacitors to hold down losses in the 


traps. Each trap was individually fine tuned after con- 


struction before mounting it on an element 

‘Another example of a homemade tribander was the 
26-foot boom 7-element 20/15/10-meter design described 
by Bob Myers, WIXT (ex-WIFBY) in Dec 1970 OST. 
‘The WIFBY tribander used only two sets of traps in the 
driven element, with dedicated reflectors and directors 
frequency band. Again, the traps were quite ro- 
bust in this design to minimize trap losses, using "/c-inch 
aluminum tubing for the coils and short pieces of RG-8 
coax as high-voltage tuning capacitors 

Only a relatively few hams actually built tribanders 
for themselves, mainly because of the mechanical com- 
plexity and the close tolerances required for such anten- 
nas, The traps themselves must be constructed quite 
accurately for reproducible results, and they must be care- 
fully weatherproofed for long life in rain, snow, and often 
polluted or corrosive atmospheres, 


Christmas Tree Stacks 


Another possible method for achieving multiband 
coverage using monoband Yagis is to stack them in a 
‘Christmas tree” arrangement. See Fig 23. For an instal- 
lation covering 20, 15 and 10 meters, you could mount 
on the rotating mast just at the top of the tower the 
20-meter monobander. Then perhaps 9 feet above that 
you would mount the 15-meter monobander, followed by 
the 10-meter monoband Yagi 7 feet further up on the mast. 
Another configuration would be to place the 10-meter 
Yagi in between the lower 20-meter and upper 15-meter 
Yagis. Whatever the arrangement, the antenna in the 
middle of such a Christmas-tree always suffers the most 
interaction from the lowest-frequency Yagi. 

Dave Leeson, W6NL (ex-W6QHS), mentions that 
the 10-meter Yagi in his closely stacked Christmas Tree 
(5 meters at the top, 10 meters in the middle, and 
20 meters at the bottom of the rotating mast) loses “sub- 
stantial gain” because of serious interaction with the 
20-meter antenna. (NOBV and KIVR calculated that the 
free-space gain in the WONL stack drops to 5 dBi, com- 
pared to about 9 dBi with no surrounding antennas.) 
Monobanders are definitely not universally superior to 
tribanders in multiband installations. In private conver- 
sations, WONL has indicated that he would not repeat 
this kind of short Christmas Tree installation again. 


Forward Staggering 


Some hams have built multiband Yag 
mon boom, using a technique called forward staggering. 
‘This means that that most (or all) of the higher-frequency 
elements are placed in front of any lower-frequency ele~ 
ments—in other words, most of the elements are not 
interlaced. Richard Fenwick, KSRR, described his triband 
Yagi design in Sep 1996 QEX magazine. Thi 
ward-stagger and open-sleeve design techniques and was 
optimized using several sophisticated modeling programs. 

Fenwick’s tribander used a 57-foot, 3-inch OD boom 


uses for- 


Rotating Mast — 


Fig 23—“Christmas Tree” stack of 20/15/10-meter Yagis 
‘spaced vertically on a single rotating mast. 


to hold 4 elements on 20 meters, 4 elements on 15 meters 
and 5 elements on 10 meters. Fig 24 shows the element 
placement for the KSRR tribander. Most hams, of cour 
don’t have the real-estate or the large rotator needed to 
turn such a large, but elegant solution to the interaction 
problem! 


Force 12 C3 “Multi-Monoband” Triband Yagi 

Antenna manufacturer Force 12 also uses forward 
stagger layouts and patented combinations of open- and 
closed-sleeve drive techniques extensively in their prod~ 
uct line of multiband antennas, which they call “multi- 
monoband Yagis.” Fig 25 shows the layout for the popular 
Force 12 C3 triband Yagi. The C3 uses no traps, thereby 
avoiding any losses due to traps. The C3 consists of three 
2-element Yagis on an 18-foot boom, using full-sized ele~ 
ments designed to withstand high winds 

The C3 feed system employs oper 
the 20-meter driver element is fed with coax through a 
common-mode current balun and parasitically couples to 
the closely spaced 15-meter driver and the two 10-meter 
drivers to yield a feed-point impedances close to 50 2 
onall three bands. See the section on open-sleeve dipoles 
in Chapter 7, Multiband Antennas. 

Note the use of the forwar 


sleeves, where 


igger technique in the 
3, especially on 10 meters. To reduce interaction with 
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Fig 24—Dimensions of KSRR’s trapless tribander using “forward stagger” and open-sleeve techniques to manage 


interaction between elements for different frequencies. 


som. 


15m Ret Diver 


20m Ret 


Fig 25—Layout of Force 12 C3 multiband Yagi. Note that 
the 10-meter (driver/director) portion of the antenna is 
“forward staggered’ ahead of the 15-meter (reflector! 
driver) portion, which in turn is placed ahead of the 20- 
meter (reflector/driver) portion. The antenna is fed at the 
20-meter driver, which couples parasiticaly to the 15- 
meter driver and the two 10-meter drivers. 
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the lower-frequency elements behind it, the 10-meter por- 
tion of the C3 is mounted on the boom ahead of all the 
lower-frequency elements, with the main 10-meter para- 
sitic element (#7) acting as a director. The lower-fre~ 
quency elements behind the 10-meter section act as 
retrograde reflectors, gaining some improvement of the 
gain and pattern compared to a monoband 2-element Yagi. 
A simplified EZNEC model of the C3 is included on the 
CD-ROM accompanying this book 

On 15 meters, the main parasitic element (#2) is a 
dedicated reflector, but the other elements ahead on the 
boom act like retrograde directors to improve the gain 
and pattern somewhat over a typical 2-element Yagi with 
areflector. On 20 meters, the C3 is a 2-element Yagi with 
a dedicated reflector (#1) at the back end of the boom. 

‘The exact implementation of any Yagi, of course. 
depends on the way the elements are constructed using 
telescoping aluminum tubing. The C3 type of design is 
no exception. 


Stacked Yagis 


Monoband parasitic arrays are commonly stacked 
ther in broadside or collinear fashion to produce addi- 
tional directivity and gain. In HF amateur work, the most 
common broadside stack is a vertical stack of identical 
Yagis on a single tower. This arrangement is commonly 
called a vertical stack. At VHF and UHF, amateurs often 
employ collinear stacks, where identical Yagis are stacked 
side-by-side at the same height. This arrangement is called 
a horizontal stack, and is not usually found at HF, be- 
of the severe mechanical difficulties involved with 
rotatable side-by-side arrays. 

Fig 26 illustrates the two different stacking arrange- 
ments. In either case, the individual Yagis making up the 
stack are generally fed in phase. There are times, how- 
ever, when individual antennas in a stacked array are pur- 
posely fed out of phase in order to emphasize a particular 
elevation pattern. See Chapter 17, Repeater Antenna Sys- 
tems, for such a case where elevation pattern steering 
implemented for a repeater station. 

Let’s look at the reasons hams stack Yagis: 


larg 


‘© For more gain 
‘* For a wider elevation footprint in a targ 


t geographical 


‘© For azimuthal diversity—two or more directions at once 
«# For less fading 
+ For less precipitation st 


STACKS AND GAIN 


Fig 27 compares the elevation responses for three 
antenna systems of 4-clement 15-meter Yagis. The 
response for the single Yagi at a height of 120 feet peaks 
at an elevation of about 5°, with a second peak at 17° and 
a third at 29°, When operated by itself, the 60-foot high 
Yagi has its first peak at about 11° and its second peak 
beyond 34° 

‘The basic principle of a vertically stacked HF array 
is that it takes energy from higher-angle lobes and con- 
centrates that energy into the main elevation lobe. The 
main lobe of the 120/60-foot stack peaks about 7° and 
about 2 dB stronger than either the 60- or 120-foot 
antenna by itself. The shape of the left-hand side of the 
stack’s main lobe is determined mainly by the 120-foot 
antenna’s response. The right-hand side of the stack’ 
main lobe is “stretched” rightwards (toward higher angles) 
mainly by the 60-foot Yagi, while the shape follows the 
curve of the 120-foot Yagi. 

Look at the second and third lobes of the 
appear about 18° and 27°. These are about 14 dB down 
from the stack’s peak gain, showing that energy has 
indeed been extracted from them. By contrast, look at the 
levels of the second and third lobes for the individual 
Yagis at 60 and 120 feet. These higher-angle lobes are 
almost as strong as the first lobe: 


tack, which 
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Fig 26—Stacking arrangements. At A, two Yagis are 
stacked vertically (broadside) on the same mast. At B, 
two Yagis are stacked horizontally (collinear) side-by- 
side. At HF the vertical stack is more common because 
of mechanical difficulties involved with large HF 
antennas stacked side-by-side, whereas at VHF and 
UHF the horizontal stack is common. 


‘The stack squeezes higher-angle energy into its main 
elevation lobe, while maintaining the frontal lobe azimuth, 
pattern of a single Yagi. This is the reason why many 
state-of-the-art contest stations are stacking arrays of rela- 
tively short-boom antennas, rather than stacking long- 
boom, higher-gain Yagis. A long-boom HF Yagi narrows 
the azimuthal pattern (and the elevation pattern too), 
making pointing the antenna more critical and making it 
more difficult to spread a signal over a wide azimuthal 
area, such as all of Europe and Asiatic Russia at one time. 


STACKS AND WIDE ELEVATION 
FOOTPRINTS 
Detailed studies using sophisticated computer 


models of the ionosphere have revealed that coverage 
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Go along the rows of pins and solder them one at a time. See how simple it is! 
Heat both the solder pad and pin with the iron, and dab on a little solder wire to ensure 
full coverage. Ensure the socket is flush against the board. 


N 


4 As hardly any metal is involved each pin should take well under a second to 
solder at most. 


10-Meters, W1 Boston to Europe 
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Fig 27—Comparison of elevation patterns on 15 meters 
for a stack of 4-element Yagis at 120 and 60 feet and 
individual Yagis at those two heights. The shape of the 
stack’s response is determined mainiy by that of the 
top antenna. 


of a wide range of elevation angles is necessary to ensure 
consistent DX or contest coverage on the HF bands. These 


studies have been conducted over all phases of the 11- 
year solar cycle, and for numerous transmitting and 
receiving QTHs throughout the world 

Chapter 23, Radio Wave Propagation, covers these 
studies in more detail, and the CD-ROM accompanying 
this book contains a huge number of elevation-angle sta- 
tistical tables for locations all around the world. The HFTA 
(HE Terrain Assessment) program on the CD-ROM can 
not only compute antenna elevation patterns over irregu- 
lar local terrain, but it can compare them directly to the 
elevation-angle statistics for a particular target geographic 


A 10-Meter Example 

Fig 28 shows the 10-meter elevation-angle statistics 
for the New England path from Boston, Massachusetts, 
to all of the continent of Europe. The statistics are over- 
laid with the computed elevation response for three indi- 
vidual 4-element Yagis, at three heights: 90, 60 and 
30 feet above flat ground. In terms of wavelength, these 
heights are 2.60 2, 1.73% and 0.86 2 high. 

You can see that the 90-foot high Yagi covers the 
lower elevation angles best, but it has a large null in its 
response centered at about 11°. This null puts a big hole 
in the coverage for some 22% of all the times the 
10-meter band is open to Europe. At those angles where 
the 90-foot Yagi exhibits a null, the 60-foot Yagi would 
be effective, and so would the 30-foot Yagi. If that is the 
only antenna you have, the 90-foot high Yagi would be 
too high for good coverage of Europe from New England. 

The peak statistical elevation angle into Europe is 
5°, and this occurs about 11% of all the times the 
10-meter band is open to Europe from Boston. At an 
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Fig 28—Comparison of elevation patterns and 
elevation-angle statistics for individual 10-meter 
‘TH7DX tribanders mounted over flat ground aiming 
from New England to Europe. No single antenna can 
cover the wide range of angles needed—from 1° to 18°. 


elevation of 5° the 30-foot high Yagi would be down 
almost 7 dB compared to the 90-foot high Yagi, but at 
11° the 90-foot Yagi would be more than 22 dB down 
from the 30-foot Yagi. There is no single height at which 
‘one Yagi can optimally cover all the necessary elevation, 
angles, especially to a large geographic area such as 
Europe—although the 60-foot high antenna is arguably 
the best compromise for a single height. To cover all the 
possibilities to Europe, however, you need a 10-meter 
antenna system that can cover equally well the entire 
range of elevation angles from 1° to 18° 

Fig 29 compares elevation-angle 
10-meter paths from New England to Europe and to 
Japan. The elevation angles needed for communications 
with the Far East are very low. Overlaid on Fig 29 for 
comparison are the elevation responses over flat ground 
for three different antenna systems, using identical 
4-element Yagis 


stics for ovo 


* Three Yagis, stacked at 90, 60 and 30 feet 
# Two Yagis, stacked at 70 and 40 fe 
# One Yagi at 90 feet. 


‘The best coverage of all the necessary angles on 
10 meters to Europe is with the stack of three Yagis at 
90/60/30 feet. The two-Yagi stack at 70 and 40 feet comes, 
in a close second to Europe, and for elevation angles 
higher than about 9° the 70/40-foot stack is actually 
superior to the 90/60/30-foot stack. 

Both of the stacks illustrated here give a wider ele~ 
vation footprint than any single antenna, so that all the 
angles can be covered automatically without having to 
switch from higher to lower antennas manually. This is 
perhaps the major benefit of using stacks, but not the only 


10 Meters, W! Boston to Europe and Japan 
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Fig 29—Combinations of 4-element Yagis over flat 
ground. The elevation-angle statistics into Japan from 
New England (Boston) are represented by the black 
vertical bars, while the grey vertical bars represent the 
elevation-angle statistics to Europe. The 90/60/30-foot 
stack has the best elevation footprint into Japan, 
although the 70/40-foot stack performs well also. 


is we'll s 

To Japan, the necessary range of elevation angles is 
considerably smaller than that needed to a larger geo- 
graphic target area like Europe. The 90/60/30-foot stack 
is still best on the basis of having higher gain at low angles, 
although the two-Yagi stack at 70 and 40 feet is a good 
choice too. Note that the single 90-foot high Yagi’s per- 
formance is very close to the 70/40-foot stack of two Yagis 
at low angles, but the two-Yagi stack is superior to the 
single 90-foot antenna for angles higher than about 5° on 
10 meters 


A 15-Meter Example 

The situation is similar on 15 meters from New 
England to Europe. On 15 met 
needed to fully cover Europe is 1° to 28°. This large range 
of angles makes covering all the angles even more chal- 
lenging. Ken Wolff, KIEA, a devoted contest operator 
and the author of the famous CT contest logging program, 
put it very clearly when he wrote in the bulletin for the 
Yankee Clipper Contest Club 

“Suppose you have 15-meter Yagis at 120 feet and 
60 feet, but can feed only one at a time. A 15-meter beam 
at 120 feet has its first maximum at roughly 5° and the 
first minimum at 10°. ‘The Yagi at 60 feet has a max 
‘mum at 10° and a minimum at 2°. At daybreak, the band 
is just opening, signals are arriving at 3° or less and the 
high Yagi outperforms the low one by 5-10 dB. Late in 
the morning, western Europeans are arriving at angles of 
10° or more, while UAG is still arriving at 4-5°. Western 
Europe can be 20-30 dB louder on the low antenna than 
the high! What to do? Stack em! 


s, the range of angles 


Fig 30—Comparison of elevation patterns for K1EA’s 
illustration about 15-meter Yagis mounted over flat 
ground, with elevation-angle statistics to Europe 
added. The stack at 120 and 60 feet yields a better 
footprint over the range of 3° to 11° at its half-power 
points, better than either antenna by itself. 


Fig 30 illustrates KIEA’s scenario, showing the el 
vation statistics to Europe from Massachusetts and the 


elevation responses for a 120- and a 60-foot high, 4 
ment Yagi, both over flat ground, together with the 
response for both antennas operated as vertical stack. The 
half-power beamwidth of the stack’s main lobe is 6.9°, 
while that for the 120-foot antenna by itself is 5.5° and 
that for the 60-foot antenna by itself is 11.1°. The half 
power beamwidth numbers by themselves can be des 
ing, mainly because the stack starts out with a higher gain. 


A more meaningful observation is that the stack has equal, 
to or more gain than either of the two individual antennas 
from 1° to about 10° 

Is such a stack of 15-meter Yagis at 120 and 60 feet 
optimal for the New England to Europe path? No, it isn’t 
as we'll explore later, but the stack is clearly better than 
cither antenna by itself for the scenario KIEA outlined 


above. 


‘A 20-Meter Example 

Take a look now at Fig 31, which overlays eleva- 
tion-angle statistics for Europe (gray vertical bars) and. 
Japan (black vertical bars) from Boston on 20 meters. 
plus the elevation responses for four different sets of an- 
tennas mounted over flat ground. Just for emphasis, the 
highest antenna is a 200-foot high 4-Element Yagi. It is 
clearly too high for complete 
angles into Europe. A number of New England operators 
have verified that this is true—a really high Yagi will open 
the 20-meter band to Europe in the morning and may shut 


coverage of all the needed 


it down in the afternoon, but during the middle of the day 
the high antenna gets soundly beaten by lower antennas. 

‘To Japan, however, from New England the range 
of angles needed narrows considerably on 20 meters. 
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Fig 31—Comparison of elevation patterns for individual 
20-meter Yagis over flat ground, compared with the 
range of elevation angles needed on this band from 
New England to Europe (gray bars) and to Japan (black 
bars). For fun, the response of a 200-foot high Yagi is 
included—this antenna is far too high to cover the 
needed range of angles to Europe because of Its deep 
nulls at critical angles, like 10°. But the 200 footer is 
great Into Japan! 


from 1° to only 11°. For the 


angles, the 200-foot Yagi 
is the best antenna to work Japan from New England on 
20 meters. 

This is true provided that the antenna is aiming out 
over flat ground. The actual, generally irregular, terrain 
in various directions can profoundly modify the takeoff 
angles favored by an antenna system, particularly on steep 
hills. There will be more discussion on this important topic 
later on. 


SPARE ME THE NULLS! 


Now, let’s look closely at some other 20-meter 
antennas in Fig 28, the ones at 120 and 60 f 


At an 


elevation angle of 8° the difference in elevation response 
between the 60- and 120-foot high Yagis is just over 
3 dB. Can you really notice a change of 3 dB on the air? 
Signals on the HF bands often rise and fall quickly due to 
fading, so differences of 2 or 3 dB are difficult to discern. 
Consequently, the difference between a Yagi at 120 feet 
and one at 60 feet may be difficult to detect at elevation 
angles covered well by both antennas. But a deep null in 
the elevation response is very noticeable 

Back in 1990, when editor Dean Straw, N6BY, put 
up his 120-foot tower in Windham, New Hampshire, his 
first operational antenna was a S-element triband Yagi, with 
3 elements on 40 and 4 elements on both 20 and 
15 meters. Just as the sun was going down on a late Au- 
gust day Straw finished connecting the feed line in the 
shack. The antenna seemed to be playing like it should, 
with a good SWR curve and a good pattern when it wa 
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rotated. So NOBV/I called a nearby friend, John Dorr, 
KIAR, on the telephone and asked him to get on the air to 
make some signal comparisons on 20 meters into Europe 

Straw was shocked that every European they worked 
that evening said his signal was several S units weaker 
than KIAR’s. Dorr was using a 4-element 20-meter 
monobander at 90 feet, which at first glance should have 
been comparable to Straw’s 4-element antenna at 120 feet 
But N6BY really shouldn't have been so shocked—in 
New England, the elevation angles from Europe late in 
the day on 20 meters are almost always higher than 11°, 
and that is true for the entire solar cycle. 

‘The NOBV/I station was located on a small hill 
while KIAR was located on flat terrain towards Europe 
The elevation response for N6BV/1’s 120-foot high Yagi 
fell right into a deep null at 11°. This was later confirmed 
many times in the following eight years that the NBV/I 
station was operational. During the early morning open- 
ing on 20 meters into Europe, the top antenna was 
always very close to or equal to the stack of three THTDX 
tribanders at 90/60/30 feet on the same tower. But in the 
afternoon the top antenna was always decidedly worse 
than the stack, so much so that Straw often wondered 
whether something had gone wrong with the top antenna! 

So what’s the moral to this short tale? It’s simple: 
The gain you can achieve, while useful, is not so impor- 
tant as the deep nulls you can avoid by using a stack 


STACKING DISTANCES BETWEEN 
YAGIS 

So far, we've examined stacks as a means of achiev- 
ing more gain over an individual Yagi, while also match- 
ing the antenna system’s response to the range of elevation 
needed for particular propagation paths. Most 
importantly, we seek to avoid nulls in the elevation 
response. Earlier we asked whether a 120/60-foot stack 
was optimal for the path from New England to Europe 
on 15 meters. Let’s examine how the stacking distance 
between individual antennas affects the performance of 
a stack. 

Fig 32 shows overlays of various combinations of 
15-meter Yagis. Just for reference, a plot for a single 
60-foot high Yagi is also included. Let's start by looking 
at the most widely spaced stack in the group: the 120/30- 
foot stack. Here, the spacing is obviously too large, since 
the second lobe is actually stronger than the first lobe. In 
terms of wavelength, the 90-foot spacing between anten- 
nas in this stack is 1.94 A, a large spacing indeed. 

There is a great deal of folklore and superstition 
among amateurs about stacking distances for HF arrays 
For years, high-performance stacked Yagi arrays have been 
used for weak-signal DXing on the VHF and UHF bands 
The most extreme example of weak-signal work is EME 
work (Earth-Moon-Earth, also called moonbounce) 
because of the huge path losses incurred on the way to 
and from the Moon. The most successful arrays used for 
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Fig 32—Various stacks towards Europe from New 
England for 15-meters. The stack at 120 and 30 feet is 
clearly suboptimal, since the second lobe is higher 
than the first lobe. The 120/60-foot stack is better in 
this regard, but is still not as good a performer as the 
90/60/30-foot stack. It's debatable whether going to 
four Yagis in the 120/90/60/30-foot stack is a good Idea 
because it drops below the performance of the 
90/60/30-foot stack at about 10° in elevation. The exact 
distance between practical HF Yagis is not critical to 
obtain the benefits of stacking. For a stack of 
tribanders at 90, 60 and 30 feet, the distance in 
wavelengths between individual antennas is 0.87 2 at 
28.5 MHz, 0.65 2 at 21.2 MHz, and 0.43 4 at 14.2 MHz. 


moonbounce have low 


idelobe levels and very narrow 
frontal lobes that give huge amounts of gain. The low 
sidelobes help minimize received noise, since the receive 
levels for signals that do manage to bounce off the Moon 
and return to Earth are exceedingly weak 

But HF work is different from moonbounc 
rigorously trying to minimize high-angle lobes is far less 
crucial at HF, where we've already shown that the main 
goal is to achieve gain over a wide elevation-plane foot- 
print without any disastrous nulls in the pattern. The gain 
gradually increases as spacing in terms of wavelength is, 
increased between individual Yagis in a stack, and then 
decreases slowly once the spacing is greater than about 
1.0 A. The difference in gain between spacings of 0.5 % 
to 1.0 2. for a stack of typical HF Yagis amounts to only a 
fraction of a decibel. Stacking distances on the order of 
0.6 2 to 0.75 A give best gain commensurate with good 
patterns, 


in that 


32 doesn’t have 
the second-lobe-stronger problem the 120/30-foot stack 
has, 60 feet between antennas is 1.29 A, again outside the 
normal range of HF stack spacings. As a consequenc 

the 120/60-foot stack doesn’t cover the range of eleva- 
tion angles as well as it could, and is inferior to both the 
90/60/30-foot stack and the 120/90/60/30-foot stack. The 


120/60-foot two-Yagi 
antenna placed in-between to spread out the 
range coverage and to provide more gain 

It could be debated, but the 90/60/30-foot stack 
seems optimal for coverage of all the angles into Europe 
from New England on 15 meters. Note that the 30-foot 
spacing between Yagis is 0.65 2 on 21.2 MHz, right in 
the middle of the range of typical stack spacings. 


tack needs at lea 


st one more 


vation 


Switching Out Yagis in the Stack 

Still, the extra gain that is available at low elevation 
angles from a 120/90/60/30-foot high, four-Yagi stack 
in Fig 32 is alluring. For those statistically possible, but 
less likely, occasions when the elevation angle is higher 
than about 12°, it would be advantageous to switch out 
the top 120-foot Yagi and operate with only the lower 
three Yagis in a stack. (This also allows the top antenna 
to be rotated in another direction, an aspect we'll explore 
later.) There are even times when the incoming angles 
are really high and when the top two antennas might be 
switched out to create a 60/30-foot stack. Later in this 
chapter we'll explore flexible circuitry for such stack 
switching. 


Stacking Distance and Lobes at HF 


Let’s look a little more closely at how a stack 
achieves gain and a wide elevation footprint. Fig 33 shows 
a rectangular X-Y graph of the elevation response from 
0° to 180° for two 3-element 15-meter Yagis (with 12- 
foot booms) spaced 30 feet apart (0.65 4 at 21.2 MHz), 
but mounted at two different heights: 95/65 and 85/: 
feet. The rectangular plot gives more resolution than is 
possible on a polar plot. Note that the heights shown rep- 
resent typical stacking heights on 15 meters—there’s 
nothing magic about these choices. The free-space 
H-Plane pattern for the 30-foot spaced stack is also shown 
for reference. 


‘The worst-case overhead elevation lobe, which 
ranges from about 60° to 120° in elevation (430° from 
straight overhead at 90°), is about 14.7 dB down for the 
95/65-foot stack. The overhead lobe peaks broadly at an 
elevation angle of about 82°. The overhead lobe for the 


lower 85/55-foot stack occurs at an elevation of about 
64°, where it is 19 dB down. 

‘The F/B for both 3-element sets of heights is about 
15 dB, well down from the excellent 32 dB F/B for each 
Yagi by itself. The degradation of F/B is mainly due to 
mutual coupling to its neighbor in the stack. 

‘The ground-reflection pattern in effect “modulates” 
the free-space pattern of the individual Yagi, but in a com- 
plex and not always intuitive manner. 1 
dent for the 85/55-foot stack at near-overhead angles. In 
this region things become complicated indeed, because 
the fourth and fifth lobes due to ground refl 
interacting with the free-space pattern of the stack. 

Because the spacing remains constant at 30 feet for 
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Fig 33—Rectangular plot comparing two 15-meter 
stacks of 3-element Yagis—each antenna is spaced 30 
feet from its partner, but at different heights. The lobes 
are a complicated function of the antenna height, not 
the spacing, since that remains constant. 


these pairs of antennas, however, the main determinant 
for the upper-elevation angle lobes is the distance of the 
horizontally polarized antennas above the ground, not the 
spacing between them, 


Changing the Stack Spacing 

Fig 34 demonstrates just how complicated things 
get for four different spacing scenarios. Here, the lower 
Yagi in the stack is moved down in 5-foot increments 
from the 95/70 feet level, to 95/65, 95/60 and 95/55 feet. 
The closest spacing, 25 feet in the 95/70-foot stack, yields 
nominally the “cleanest” pattern in the overhead region. 
from 60° to 120°. The worst-case overhead lobe for the 
95/70-foot stack is down 28 dB from peak. The F/B is 
again about 15 dB. 

‘The worst case overhead lobe for the widest spac. 
ing, 40 feet in the 95/55-foot stack, is about 11 dB down 
from peak. The F/B has increased marginally, but is still 
only about 16 dB. It is difficult to pinpoint directly 
whether the spacing or the height above ground is the 
major determinant for the various lobe amplitudes for 
the 3-element stack. We'll soon look closely at whether 
the overhead lobe is important or not for HF work. 


Longer Boom Length and Stack Spacing 

Fig 35 shows the same type overlay of elevation 
plots, but this time for two T-element 15-meter Yagis on 
gigantic 64-foot booms. These Yagis are also spaced 
30 feet apart (0.65 2 at 21.2 MHz), mounted at the same 
four sets of heights in Fig 34. As you'd expect, the free. 
space elevation pattern for a stacked pair of 7-element 
Yagis on 64-foot booms is narrower than that for a stacked 
pair of 3-element Yagis on 12-foot booms. The intrinsic 
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Fig 34—Four spacing scenarios for two 3-element 15- 
meter Yagis. Things get very complicated. The optimal 
spacing in terms of stacking gain is 30 feet, which is 
0.65 2. The near-overhead lobes turn out to be ugly 
looking, but unimportant for skywave propagation. 


ivalon arg Degrees 


Fig 35—Four spacing scenarios for two large 7-element 
16-meter Yagis (on 64-foot booms). Again, a 0.65 4 
spacing (30 feet) provides the most stacking gain. 


F/B of the longer Yagi is also better than the F/B of the 
shorter antenna. As a result, all lobes beyond the main 
lobe of the stacked 7-element pair are lower for both sets 
of heights than their 3-element counterparts. The worst- 
case overhead lobe for the T-element 95/65-foot pair is 
about 22 dB down at 76° and the F/B at 172° is greater 
than 21 dB for all four sets of heights. 

Table 11 summarizes the main performance charac~ 
teristics for four sets of stacked Yagis. The first entry for 
each boom length is for the Yagi by itself at a height of 
95 feet. Stacked configurations are next listed in order of 
gain. The column labeled “Worst lobe, dB re Peak” is the 


Table 11 
Example, Spacing Between 15-Meter Yagis 


Antenna Peak Gain Worst Lobe 
Bi dB re Peak 
3-Ele., 12' boom 
By itself 95° 13.2 09 
98/65" (4 30’) 16.08 45 
95/60" (4 35‘) 16.01 62 
95/70" (4 25°) 15.81 -32 
95/55" (A 40°) 15.71 -87 
95/75" (A 20°) 15.34 -23 
4-Ele., 18' boom 
By itself 95° 13.92 1 
98/65" (4 30’) 16.63 45 
95/60" (4 35‘) 16.6 62 
95/55" (A 40°) 16.36 -87 
95/70" (a 25') 16.36 -33 
95/75" (A 20°) 15.92 -25 
5-Ele., 23' boom 
By itself 95° 14.26 a4 
98/65" (4 30°) 16.86 46 
95/60" (4 35‘) 16.86 63 
95/55" (A 40°) 16.67 88 
95/70" (4 25') 16.59 -3.4 
98/75" (4 20°) 16.18 26 
7-Ele., 64’ boom 
By itself 95° 17.93 22 
95/65" (4 30°) 19.39 69 
‘95/60" (4 35°) 19.38 86 
95/55" (A 40°) 19.29 -10.9 
95/70" (a 25') 19.26 55 
98/75" (4 20°) 19.08 46 


Worst Lobe = F/B. Overhead Lobe 
Angie,® 0B 0B re Peak 
21 28.8 -175 
25 14.9 “147 
24 18.1 10.9 
24 14.8 28 
24 16.4 -1 
23 16.3 172 
2 28.3 20.4 
23 185 -173 
24 18.2 13.1 
24 19.8 13.2 
24 20.4 31.8 
23 25.9 -19 
at 27.9 22.3 
24 20.8 -19 
24 20.7 “14.4 
24 23.5 144 
24 24.9 34.4 
23 34.3 202 
at 28.9 “174 
24.3 21.4 21.9 
24 214 16.9 
24 25.0 18.6 
23 24 35.3 
23 27 23.4 


amplitude of the second lobe due to ground refl 
and the elevation angle of that second lobe is listed as 
well. 

Besides the 3- and 7. 
we've also added 4- and 5. 


jement di 
ment designs in Table 11 
Over the range of stacking distances between 20 and 
40 feet on 15 meters (0.43 4 to 0.86 2), the peak gain for 
the 3-element stacks changes less than 0.75 dB, with the 
30-foot spacing exhibiting the highest gain. The differences, 
between peak gains versus stacking distance become 
smaller as the boom length increases. For example, for 
the 64-foot boom Yagi, the gain varies 19.39 ~ 19.08 = 
0.31 dB for stack spacings from 20 to 40 feet 

In other words, changing the spacing from 20 to 
40 feet (0.43 2. to 0.86 A) doesn’t change the gain signi 
cantly for boom lengths from 12 to 64 feet (0.26 A to 
1.38 A). From the point of view of gain, the vertical spac- 
ing between individual antennas in an HF stack is not 
critical 


gns discussed above, 


The wors 


case lobes (generally speaking, the sec- 
ond lobe due to ground reflections) are highest for a Yagi 
operated by itself. After all, a single Yagi doesn’t benefit 


from the redistribution of energy from higher-angle lobes 
into the main lobe that a stack 
ment, 12-foot boom Yagi by itself at 95 feet would have 
a second lobe at 21° that is only 0.9 dB down from the 
main lobe, while the stack of two such antennas at a 
30-foot (0.65 2) spacing at 95/65 feet would have a sec- 
ond lobe down 4.5 dB. As the spacing between antennas 
in a vertical stack increases, the second lobe is suppressed 
more, up to 8.7 dB at a 40-foot (0.86 2) spacing, 
Since the free-space elevation pattern for a 3 
ment Yagi is wider than that for a 7-element Yagi, the 
second lobe due to ground reflection will be somewhat 
reduced. This is true for all longer-boom antennas oper- 
ating by themselves over ground. Used in stacks, the sec- 
ond lobe’s amplitude will vary depending on spacing 
between antennas, but they range only about 6 dB. 

‘The front-to-back ratio will also tend to increase 
with longer boom lengths on a properly designed Yagi 
‘Table 11 shows that the F/B is somewhat better for closer 


gs between antennas in a stack, a rather non-intui- 
it, considering that the mutual coupling should 
be greater for closer antennas. For example, the 
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ment Yagi stack with a 20-foot spacing has a exceptional 
F/B of 34.3 dB, compared to a F/B of 21.4 dB with the 
30-foot spacing distance that gives nominally the most 
gain. High values of F/B, however, rarely hold over a 
wide frequency range because of the very critical phas- 
ing relationships necessary to get a deep null, so the dif- 
ference between 34.3 and 21.4 dB would rarely be 
noticeable in practice, 

‘The near-overhead lobe structure (between 60° to 


120° in elevation) tends also to be lower for smaller stack 
spacings—for all boom lengths—peaking in this example 
al a spacing of 25 feet for the boom lengths considered 
here. Since the peak gain actually occurs with smaller 
spacing between Yagis in this 7-element stack, even rela- 
tively large and messy looking overhead lobes are not 
subtracting from the stacking gain. In the next section 
we'll now examine whether this ovethead lobe is impor- 
tant or not 


Are Higher-Angle Lobes Important? 

We've already shown that the exact spacing between 
HE Yagis is not critical for stacking gain. Further, the 
heights (and hence spacing) of the individual Yagis in a 
stack interact in a complicated fashion to determine 
higher-angle lobes, 

Let’s examine the relevance of such higher-angle 
lobes for stacked HF Yagis, this time in terms of inter- 
ference reduction on receive. As Chapter 23, Radio Wave 
Propagation, points out, few DX signals arrive at ele- 
vation angles greater than about 30°. In fact, DX signals 
only propagate at elevation angles in the range from 1° 
to 30° on all the bands where operators might reason- 
ably expect to stack Yagis—nominally from 7 to 
29.7 MHz. 

‘You should remember that the definition of the crit: 
cal frequency for HF propagation is the highest frequency 
for which a wave launched directly overhead at 90° ele 


vation is reflected back down to Earth, 


yer than being 
lost into outer space. The maximum critical frequency 
for extremely high levels of solar flux is about 15 MHz. 
In other words, high overhead angles do not propagate 
signals on the upper HF bands. 

However, some domestic signals do arrive at rela- 
tively high elevation angles. Let’s look at some scenarios 
where higher angles might be encountered and how the 
elevation patterns of typical HF stacks affect these sig- 
nals. Let’s examine a situation where a medium-range 
interfering station is on the same heading as a more dis- 
tant target station 

We'll examine a typical scenario involving stations 
in Atlanta, Boston and Paris. The heading from Atlanta 
to Paris is 49°, the same heading as Atlanta to Boston. In 
other words, the Atlanta station would have to transmit 
over (and listen through) a Boston station for communi- 
cation with Paris. The distance between Atlanta and Bos- 
ton is about 940 miles, while the distance from Atlanta 
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to Paris is about 4350 miles. Ground wave signals obvi- 
ously cannot travel either of these distances at 21 MHz 
(ground wave coverage is less than about 10 miles at this 
frequency), and so the propagation between Atlanta to 
Boston and Atlanta to Paris will be entirely by means of 
the ionosphere. 

Let’s evaluate the situation on 15 meters in the 
month of October. We'll assume a smoothed sunspot 
number (SSN) of 100 and that each station puts 1500 W 
of power into theoretical isotropic antennas that have 
+10 dBi of gain at all elevation and azimuth angles. [We 
use such theoretical isotropic antennas because they make 
it easier to work in VOACAP. We will factor in real-world 
stacks later. VOACAP predicts that the signal from Bos- 
ton will be $9 + 8 dB in Atlanta at 1400 UTC, arriving at 
an elevation angle of 21.3° on a single F, hop. This 
elevation angle is higher than commonly encountered 
angles for DX signals, but itis still far away from near- 
overhead angles. 

‘The signal from Paris into Atlanta is predicted to be 
about $6 for the same theoretical isotropic antennas, at an 
incoming elevation angle of 6.4° on three F, hops. The S6 
level validates the rule-of-thumb that each extra hop loses 
approximately 10 dB of signal strength, assuming that each 
S unit is about 4 dB, typical for modern receivers. 

Now look at Fig 36, which shows the response for a 
stack of 3-element Yagis at 90/60/30 feet over flat ground, 
along with the response for a similar stack of 7-clement 
Yagis. Again, we'll assume that all three stations are 
using such 3-element 90/60/30-foot stacks. The stations 
in Atlanta and Boston point their stacks into Europe and 
the Parisian station points his stack towards the USA. 
‘The gain of the Atlanta array at 6.4° into Paris will be 
about 16 dBi, or 6 dB more than the isotropic array with 
its +10 dBi of gain selected for use in VOACAP. Simi- 
larly, the French station’s transmitted signal will enjoy a 
6 dB gain advantage over the isotropic array used in the 
VOACAP calculation, and thus the French signal into 
Atlanta will now be $6 + 12 dB, or about $9. 

By comparison, the interfering signal from Boston 
into Atlanta will be reduced by the rearward pattern of 
array, which will launch a signal at 180° ~ 21.3° = 
158.7° in elevation at the single F, mode from Boston to 
Atlanta, From Fig 33, the Boston station’s gain at this 
rearward elevation is going to drop from the isotropic’s 
+10 dBi of gain down to -11 dBi, a drop of 21 dB. The 
signal into the Atlanta receiver will also be reduced by 
the pattern of the Atlanta array on receive, which has a 
gain of about 0 dBi at 21.3°, compared to the isotropic’s 
+10 dBi gain at 6.4°, a net drop of 10 dB. 

Thus, the Boston station’s signal will drop by about 
21 + 10 = 31 dB, bringing the interfering signal from 
Boston, which would be $9 + 8 dB for isotropic anten- 
down to about $3 due to the combined effects of the 
arrays. This is a very significant reduction in interfer- 
ence. But you will note that the reduction has nothing to 
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Fig 36—Stacks of three 3-element and 7-element Yagis 
on 15 meters at 90/60/30 feet heights. The F/B for the 
T-element stack is superior to the 3-element stack 
mainly because the F/B Is intrinsically better for the 
long-boom design. 


do with the near-overhead lobes, dealing as it does with 
the trailing edge of the main lobe and the F/B lobe. 


Even Higher Elevation Angles 

Now let’s evaluate a station that is even closer to 
Boston, say a station in Philadelphia. The heading from 
Philadelphia to Paris is 53° and the distance is 3220 miles. 
On the same day in October as above, VOACAP predicts, 
a signal strength of S8 from Paris to Philadelphia, at a 
2.7° elevation angle on two F, hops. Again, the VOACAP 
computations assume isotropic antennas with +10 dBi 
gain at all three stations. The gain of the 3-element stacks 
at both ends of the circuit at 2.7° is also about +10 dBi, 
signal level from Paris to Philadelphia would be 
S8 with the 3-element stacks. 

Now VOACAP computes the elevation angle from 
Philadelphia to Boston as 56.3°, on one F; hop launched 
at an azimuth of 53°, well within the azimuthal beamwidth, 
of the stack. VOACAP says the predicted signal strength 
for isotropic antennas with +10 dBi of gain is less than 
si! 

What's happening here? Boston and Philadelphia are 
within the “skip” region on 21 MHz and signals are skip- 
ping right over Boston from Philadelphia (and vice versa. 
Actual signals would be much weaker than they would be 
with theoretical isotropic antennas because of the actual 
patterns of the transmitting and receiving stacks. At an el- 
evation angle of 56.3 the receiving stack would have a 
‘ain of -10 dBi, while at an elevation of 180° - 56.3° = 
123.7° the transmitting stack would be down to -10 dBi as 
well. The net reduction for the stacks compared to 
isotropics with +10 dBi gain each would be 40 dB, putting 
ing signal well into the receiver noise 


You can safely say that near-overhead angles don’t 
enter into the picture, simply because signals at interme- 
diate distances are in the ionospheric skip zone and 
interfering signals are very weak in that zone already. 
Even in situations where having a poor front-to-back 
ratio might be beneficial—because it alerts stations tun- 
ing across your signal that you are occupying that fre~ 
quency—the ionosphere doesn’t cooperate for 
intermediate-distance signals that are in the skip zone. 
Often two stations may be on the same frequency with- 


out either knowing that the other is there. 


Ground Wave? 


What happens, you might wonder, for ground-wave 
signals? Let’s look at a situation where the interfering sta- 
tion isin the same direction as the desired target, but is only 
5 miles away. Unfortunately, his signal is $9 + 50 dB. Even 
reducing the level by 30 dB, a huge number, is still going to 
make his signal 20 dB stronger than signals from your 
not much you can do about 
ground-wave signals and fretting about optimizing stack 
heights to discriminate against local signals is generally 
futile. 


desired target location! Ther 


Stacking Distances for Multiband Yagis 

By definition, a stack of multiband Yagis (such as a 
“tribander” covering 20/15/10 meters) has a constant ver 
tical spacing between antennas in terms of feet or meters, 
bbut not in terms of wavelength. Tribanders are no differ- 
ent than monobanders in terms of optimal spacing 
between individual antennas. Again, the difference in gain 
between spacings of 0.5 2 and 1.0 4 for a stack of triband 


Yagis amounts to only a fraction of a decibel. Further 
more, the main practical constraint that limits choice of 
es between any kind of Yagis, multiband 
or monoband, is the spacing between guy wire sets on 
the tower itself. 


stacking distan: 


Summary, Stacking Distances 
In short, let us summarize that ther 


is nothing magi- 


cal about stacking distances for practical HF Yagis—a 
good rule-of-thumb is a stacking distance of 0.65 2. This 
is 23 feet on 10 meters, 30 feet on 15 meters and 45 feet 
‘on 20 meters for monoband stacks. Practically speaking, 


however, you've only got limited places where you can 
mount antennas on the tower—mainly where guy wires 
allow you to place them. This is especially applicable if 
you wish to rotate lower antennas on the tower, where 
you must clear the guys from up above 


STACKS AND FADING 
‘The following is derived from an article by Fred 
Hopengarten, KIVR, and Dean Straw, NOBV, in a Feb 
1994 QST article. Using stacked Hy-Gain TH7DXs or 
‘THODXXs at their respective stations, they have solic- 
ited a number of reports from stations, mainly in Europe, 
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to compare various combinations of antennas in stacks, 
and as single antennas. The peak gain of the stack is usu- 
ally just a little bit higher than that for the best of the 
single antennas, which is not surprising. Even a large 
stack has no more than about 6 dB of gain over a single 
Yagi at a height favoring the prevailing elevation angle. 
Fading on the European path can easily be 20 dB or more, 
so it is very confusing to try to make definitive compar 
sons. They have noticed over many tests that the stacks 
are much less susceptible to fading compared to s 
Yagis. Even within the confines of a typical SSB 
width, frequency-selective fading occasionally causes the 
tonal quality of a voice to change on both receive and 
transmit, often dramatically becoming fuller on the stacks, 
and tinnier on the single antennas. This doesn’t happen 
all the time, but is often seen. They have also observed 
often that the depth of a fade is less, and the period 
of fading is longer, on the stacks compared to single 
antennas, 

Exactly why stacks exhibit less fading is a fascinat- 
ing subject, for which there exist a number of specula- 
tive ideas, but little hard evidence. Some maintain that 
stacks outperform single antennas be 
space diversity effects, where by virtue of the differencs 
in physical placement one antenna will randomly pick 
up signals that another one in another physical location 
might not hear. 

This is difficult to argue with, and equally difficult 
to prove scientifically. A more plausible explanation about 
why stacked Yagis exhibit superior fading performanc 
is that their narrower frontal elevation lobes can discrimi 
nate against undesired propagation modes. Even when 
band conditions favor, for example, a very low 3° eleva 
tion angle on 10 or 15 meters from New England to West- 
ern Europe, there are signals, albeit weaker ones, that 
arrive at higher elevation angles. These higher-angle sig 
nals have traveled longer distances on their journey 
through the ionosphere, and thus their signal levels and 
their phase angles are different from the signals travers 
ing the primary propagation mode. When combined with 
the dominant mode, the net effect is that there is both 
destructive and constructive fading. If the elevation 
response of a stacked antenna can discriminate against 
signals arriving at higher elevation angles, then in theory 
the fading will be reduced. Suffice it to say: In practice, 
stacks do reduce fading. 


use they can afford 


STACKS AND PRECIPITATION STATIC 


The top antenna in a stack is often much more 
affected by rain or snow precipitation static than is the 
lower antenna. N6BV and KIVR have observed this phe- 
nomenon, where signals on the lower antenna by itsel 

are perfectly readable, while $9+ rain static is rendering 
reception impossible on the higher antenna or on the stack 
‘This means that the ability to select individual antennas 
in a stack can sometimes be extremely important. 


44-38 Chapter 11 


STACKS AND AZIMUTHAL DIVERSITY 


Acimuthal diversity is a term coined to describe the 
situation where one of the antennas in a stack is purposely 
pointed in a direction different from the main direction 
of the stack. During most of the time in a DX contest 
from the East Coa: 
pointed into Europe, while the top antenna is often 
rotated toward the Caribbean or Japan. In a stack of three 
identical Yagis, the first-order effect of pointing one 
antenna in a different direction is that one-third of the 
transmitter power is diverted from the main target area. 
‘This means that the peak gain is reduced by 1.8 dB, not a 
very large amount considering that signals are often 10 
to 20 dB over $9 anyway when the band is open from 
New England to Europe. 

Fig 37 shows the 3D pattern of a pair of 4-element 
Yagis fed in-phase at 95 and 65 feet, but where the lower 
antenna has been rotated 180° to fire in the -X dire 
‘The backwards lobe peaks at a higher elevation angle 
because the antenna doing the radiating in this direction 
is lower on the tower. The forward lobe peaks at a lower 
angle because its main radiator is higher. 


THE N6BV/1 ANTENNA SYSTEM— 
BRUTE FORCE FEEDING 


‘The N6BV/I system in Windham, New Hampshire. 
was located on the crest of a small hill about 40 miles 
from Boston, and could be characterized as a good, but 
not dominant, contesting station. A number of top-10 
contest results were achieved from that station in the 
1990s before N6BV returned to California. 

‘There was a single 120-foot high Rohn 45 tower, 
guyed at 30-foot intervals, with a 100-foot horizontal 
spread from tower base to each guy point so thei 
sufficient room for rotation of individual Yagis on the 
tower. Each set of guy wires employed heavy-duty i 
lators at 57-foot intervals, to avoid resonances in the 80 
through 10-meter amateur bands. There were five Yagis 
on the tower. A heavy-duty 12-foot long steel mast with 
0.25-inch walls was at the top of the tower, turned by an 
Orion 2800 rotator. Two thrust be: 
the rotator, one at the top plate of the tower its 
the other about 2 feet down in the tower on a modified 
rotator shelf plate. The two thrust bearings allowed the 
rotator to be removed for service. 

At the top of the mast, 130 feet high, was a 5. 
ment, computer-optimized 10-meter Yagi, which was 
a modified Create design on a 24-foot boom. The ele~ 
ment tuning was modified from th 
order to achieve higher gain and a better pattern over the 
band. At the top of the tower (120-foot level) was 
mounted a Create 714X-3 triband Yagi. This was a large 
tribander, with a 32-foot boom and five elements. Three 
elements were active on 40 meters, four were active on 


the lower antennas in a stack are 


stock antenna in 


20 meters and four were active on 15 meters. The 40- 
meter elements were loaded with coils, traps and 


Fig 37—3D representation of the pattern for two 4- 
element 15-meter Yagis, with the top antenna at 95 
and the bottom at 65 feet, but pointed in the opposite 
direction. 


capacitance hats, and were approximately 46 feet long. 
A triband 20/15/10-meter Hy-Gain TH7DX tribander was, 
fixed into Europe at the 90-foot level on the tower, just 
above the third set of guys. 

At the 60-foot level on the tower, just above th 
ond set of guys, there was a “swinging-gate” side-mount 
bracket, made by DX Engineering of Oregon. A Hy-Gain 
Tailtwister rotator turned a TH7DX on this side mount. 


(Note that both the side mount and the element spacings, 
of the TH7DX itself prevented full rotation around the 
tower—about 280° of rotation was achieved with this sys~ 
tem.) At the 30-foot level, just above the first set of guys, 
was located the third TH7DX, also fixed on Europe. 

All five Yagis were fed with equal lengths of Belden 
9913 low-loss coaxial cabl 
bridge to ensure equal electrical characteristics. At each 
feed point a ferrite-bead choke balun (using seven large 
beads) was placed on the coax. All five coaxial cables 


each measured with a noise 


went to a relay switch box mounted at the 85-foot level 
on the tower. Fig 38 shows the schematic for the switch 
box, which was fed with 250 feet of 75-@, 0.75-inch OD 
Hardline coaxial cable 

‘The stock DX Engineering remote switch box was 
modified by adding relay K6, so that either the 130-foot 
or the 120-foot rotating antenna could be selected through 
a second length of 0.75-inch Hardline going to the shack. 
‘This created a Multiplier antenna, independent of the Main 


antennas. A second band could be monitored in this fash- 
ion while calling CQ using the main antennas on another 
band. Band-pass filters were required at the multiplier re- 
ceiver to prevent overload from the main transmitter. 
‘The 0.75-inch Hardline had very low losses, even 
when presented with a significant amount of SWR at the 
switch-box end. This was important, because unlike 
KIVR’s system, no attempt was made at NOBV to main- 
tain a constant SWR when relays KI through KS were 
switched in or out. This seemingly cavalier attitude came 


about because of several factors. First, there were many 
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Fig 38—N6BV/1 switch box system. This uses a modified DX Engineering remote switch box, with relay K6 added 
to allow selection of either of the two top antennas (5-element 10-meter Yagi or 40/20/15-meter triband 714X-3) as a 
“multiplier” antenna. There is no special provision for SWR equalization when any or all of the Yagis are connected 
in parallel as a stack fed by the Main coaxial cable. Each of the five Yagis is fed with equal lengths of flexible 
Belden 9913 coax, so phasing can be maintained on any band. The Main and “Multiplier” coaxes going to the 


shack are 0.75" OD 75-R Hardline cables. 
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“* Continue until the i.c. socket is soldered. 


Once the smallest parts are soldered into place, you can continue to solder the 
remaining components. It’s easiest to handle the smallest so-called “discrete” parts first 
while you still have plenty of room on the board. I usually solder resistors and capacitors 
next. The principle of soldering them is just the same as a simple wire link: insert them 
from above till they are flush on the board, then splay their wires a little to hold them in 
place, and preferably snip off at least some of the wire to give you more access. 


“* Continue by inserting “discrete” components from above, splay their wires out 


different combinations of antennas that could be used 
together in this system. Each relay coil was independently 
controlled by a toggle switch in the shack. N6BV was 
unable to devise a matching system that did not become 
incredibly complex because of the numerous impedance 
‘combinations used over all the five bands. 


Second, the worst-case additional transmission line 
loss due to a 4:1 SWR mismatch when four antennas were 
connected in parallel on 10 meters was only 0.5 dB. It 
‘was true that the linear amplifier had to be retuned slightly 
‘when combinations of antennas were switched in and out, 
but this was a small penalty to pay for the reduced com- 
plexity of the switching and matching networks. The 
90/60/30-foot stack into Europe was used for about 95% 
of the time during DX contests, so the small amount of 
amplifier retuning for other antenna combinations was 
considered only a minor irritation. 


WHY TRIBANDERS? 


Without a doubt, the most common question KIVR 
and NOBV have been asked is: “Why did you pick 
tribanders for your stacks?” Triband antennas were cho- 
sen with full recognition that they are compromise 
antennas. Other enterprising amateurs have built stacked 
tribander arrays. Bob Mitchell, NSRM, is a prominent 
example, with his so-called TH28DX array of four 
THTDX tribanders on a 145-foot-high rotating tower. 
Mitchell employed a rather complex system of relay-s 
lected tuned networks to choose either the upper stacked 
pair, the lower stacked pair or all four antennas in stack. 
Others in Texas have also had good results with their 
tribander stacks. Contester Danny Eskenazi, K7SS, has 
very successfully used a pair of stacked KT-34XA 
tribanders for years. 

‘A major reason why tribanders were used is that over 
the years both authors have had good results using 
‘THODXX or TH7DX antennas. They are ruggedly built 
mechanically and electrically. They are able to withstand 
New England winters without a whimper, and their 
24-foot long booms are long enough to produce signifi- 
cant gain, despite trap-loss compromises. Amateurs 
speculating about trap losses in tribanders freely bandy 
about numbers between 0.5 and 2 dB. Both N6BV and 
KIVR are comfortable with the lower figure, as are the 
Hy-Gain engineers. 

Consider this: If 1500 W of transmitter power is going 
into an antenna, a loss of 0.5 dB amounts to 163 W. This 
would create a significant amount of heat in the six traps 
that are on average in use on a THODXX, amounting to 
27 W per trap. If the loss were as high as 1 dB, this would 
be 300 W total, or 50 W per trap. Common sense says that 
if the overall loss were greater than about 0.5 dB, the traps 
would act more like big firecrackers than resonant cir- 
cuits! A long-boom tribander like the TH6DXX or THTDX 
also has enough space to employ elements dedicated to 
different bands, so the compromises in element spacing 
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usually found on short-boom 3 or 4-element tribanders 
can be avoided. 


Another factor in the conscious choice of tribanders 


‘was first-hand frustration with the serious interaction that 
can result from stacking monoband antennas closely 
together on one mast in a Christmas Tree configuration, 
N6BV’s worst experience was with the ambitious 10 
through 40-meter Christmas Tree at W6OWQ in the early 
1980s. This installation used a Tri-Ex SkyNeedle tubu- 
lar crankup tower with a rotating 10-foot-long heavy- 
wall mast. The antenna suffering the greatest degradation 
the 5-element 15-meter Yagi, sandwiched 5 feet 
below the 5-element 10-meter Yagi at the top of the mast 
and 5 feet above the full-sized 3-element 40-meter Yagi 
which also had five 20-meter elements interlaced on its 
50-foot boom. 

‘The front-to-back ratio on 15 meters was at best about 
12 dB, down from the 25+ dB measured with the bottom 
40/20-meter Yagi removed. No amount of fiddling with 
element spacing, element tuning or even orientation of the 
15-meter boom with respect to the other booms (at 90° or 
180°, for example) improved its performance. Further, the 
20-meter elements had to be lengthened by almost a foot 
on each end of each element in order to compensate for 
the effect of the interlaced 40-meter elements. It was a 
lucky thing that the tower was a motorized crankup, 
because it went up and down hundreds of tim 
experiments were attempted! 

Interaction due to close proximity to other antennas 
in a short Christmas Tree can definitely destroy carefully 
optimized patterns of individual Yagis. Nowadays, such 
interaction can be modeled using a computer program such 
as EZNEC or NEC. A gain reduction of as much as 2 to 
3 dB can easily result due to close vertical spacing of 
monobanders, compared to the gain of a single monoband 
antenna mounted in the clear. Curiously enough, at times 
such a reduction in gain can be found even when the front- 
to-back ratio is not drastically degraded, or when the front- 
to-back occasionally is actually improved. 

If you plan on stacking monoband Yagis—for 
example, putting only 15-meters Yagis on a single tower, 
with your other monoband stacks on other towers—do 
make sure you model the system to see if any interac- 
tions occur. You may be quite surprised. 

Finally, in the N6BV/1 installation, triband anten- 
nas were chosen because the system was meant to be as 
simple as possible, given a certain desired level of per- 
formance, of course. Triband antennas make for less 
mechanical complexity than do an equivalent number of 
monobanders. There were five Yagis on the N6BV/I 
tower, yielding gain from 40 to 10 meters, as opposed to 
using 12 or 13 monobanders on the tower. 


THE K1VR ARRAY: A MORE ELEGANT 
APPROACH TO MATCHING 


‘The KIVR stacked array is on a 100-foot high Rohn 


25 tower, with sets of guy wires at 30, 60 and 90 f 
made of nonconducting Phillystran. Phillystran is a non- 
metallic Kevlar rope covered by black polyethylene to 
protect against the harmful effects of the sun’s ultravio- 
let rays. A caution about Phillystran: Don’t allow tres 
branches to rub against it. It is designed to work in ten- 
sion, but unlike steel guy wire, it does not tolerate abra- 
sion well. 

Both antennas are Hy-Gain TH6DXX tribander: 
with the top one at 97 feet and the bottom one at 61 feet. 
‘The lower antenna is rotated by a Telex Ham-M rotator 
‘on a homemade swinging-gate side mount, which allows 
it to be rotated 300° around the tower without hitting any 
‘guy wires or having an element swing into the tower. At 
the 90-foot point on the tower, a 2-element 40-meter 
Cusheraft Yagi has been mounted on a RingRotor so it 
can be rotated 360° around the tower. 

After several fruitless attempts trying to match the 
‘THODXX antennas so that either could be used by itself 
or together in a stack, KIVR settled on using a relay- 
selected broadband toroidal matching transformer. When 
both triband antennas are fed together in parallel as a 
stack, it transforms the resulting 25-Q impedance to 
50 Q. The transformer is wound on a T-200A powdered- 


iron core, available from Amidon, Palomar Engineering 
or Ocean State Electronics. Two lengths of twin RG-59 
coax (sometimes called Siamese or WangNet), four turns, 
each, are wound on the core. Two separate RG-59 cables, 
could be used, but th -twin cable makes the 
assembly look much more tidy. The shields of the RG-59 
cables are connected in series, and the center conductors, 
are connected in parallel. See Fig 39 for details. 

Fig 40 shows the schematic of the KIVR switch box, 
which is located in the shack. Equal electrical lengths of 
50-Q Hardline are brought from the antennas into the 
shack and then to the switch box. Inside the box, the relay 
contacts were soldered directly to the SO-239 chassis, 
connectors to keep the wire lengths down to the absolute 
minimum. K1VR used a metal box that was larger than 
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Fig 39—Diagram for matching transformer for K1VR 
stacked tribander system. The core is powdered iron- 
core T-200A, with four turns of two RG-59A or 
“Siamese” coax cables. Center conductors are 
connected in parallel and shields are connected in 
series to yield 0.667:1 turns ratio, close to desired 
25-0 to 50-0 transformation. 


Fig 40—Relay switch box for K1VR stacked tribander 
system. Equal lengths of 50-Q Hardline (with equal 
lengths of flexible 50-Q cable at each antenna to allow 
rotation) go to the switch box in the shack. The SWR on 
all three bands for Upper, Lower or Both switch 
positions is very close to constant. 
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might appear necessary because he wanted to mount the 
toroidal transformer with plenty of clearance between it 
and the box walls. The toroid is held in place with a piecs 
of insulation foam board. Before placing the switch box 
in service, the system was tested using two 50-Q dummy 
loads, with equal lengths of cable connected in parallel 
to yield 25 Q. The maximum SWR measured was 1.25:1 
at 14 MHz, 1.3:1 at 21 MHz and 1.15:1 at 28 MHz, and 
the core remained cold with 80 W of continuous output 
power. 

One Key to the system performance is that KIVR 
made the electrical lengths of the two hardlines the same 
(within I inch) by using a borrowed TDR (time domain 
reflectometer). Almost as good as Hardline, KIVR points, 
out, would be to cut exactly the same length of cable from 
the same 500-foot roll of RG-213. This eliminates manu- 
facturing tolerances between different rolls of cable. 

KIVR’s experience over the last 10 years has b 
that at the beginning of the 10 or 15-meter morning open- 
ing to Europe the upper antenna is better. Once the band is, 
wide open, both antennas are fed in phase to cast a bigger 
shadow, or footprint, on Europe. By mid-morning, the 
lower antenna is better for most Europeans, although he 
continues to use the stack in case someone is hearing him, 
over a really long distance path throughout Europe. He 
reports that itis always very pleasant to be called by a 4S7 
or HSO or VU2 when he is working Europeans at a fast 
clip! 


SOME SUGGESTIONS FOR STACKING 
TRIBANDERS 


It is unlikely that many amateurs will try to dupli 
cate exactly K1VR’s or N6BV’s contest setups. However, 
many hams already have a tribander on top of a moder- 
ately tall tower, typically at a height of about 70 feet. It is 
not terribly difficult to add another, identical tribander at 
about the 40-foot level on such a tower. The second 
tribander can be pointed in a fixed direction of particular 
interest (such as Europe or Japan), or it can be rotated 
around the tower on a side mount or a Ring Rotor. If guy 
wires get in the way of rotation, the antenna can usually 
be arranged so that it is fixed in a single direction. 
Insulate the guy wires at intervals to ensure that they 
don’t shroud the lower antenna electrically. A simple feed 
system consists of equal-length runs of surplus 0.5-inch 
75-Q Hardline (or more expensive 50-Q Hardline, if you 
are really obsessed by SWR) from the shack up the tower 
to each antenna. Each tribander is connected to its, 
respective Hardline feeder by means of an equal length 
of flexible coaxial cable, with a ferrite choke balun, so 


that the antenna can be rotated. 

Down in the shack, the two hardlines can simply be 
switched in and out of parallel to select the upper antenna 
only, the lower antenna only, or the two antennas as a 
stack. See Fig 41. Any impedance differences can be 
handled as stated previously, simply by retuning the lin- 
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inside Shock 


Fig 41—Simple feed system for 70/40-foot stack of 
tribanders. Each tribander is fed with equal lengths of 
0.5-inch 75-0 Hardline cables (with equal lengths of 
flexible coax at the antenna to allow rotation), and can 
be selected singly or in parallel at the operator's 
position in the shack. Again, no special provision is 
made in this system to equal SWR for any of the 
‘combinations. 


amplifier, or by means of the internal antenna tuner 
(included in most modem transceivers) when the trans- 
ceiver is run barefoot. The extra performance experienced 
in such a system will be far greater than the extra decibel 
or two that modeling calculates. 


THE WX@B APPROACH TO STACK 
MATCHING AND FEEDING 


Earlier we mentioned how useful it would be to 
switch various antennas in or out of a stack, depending 
vation angles that need to be emphasized at 
that moment. Jay Terleski, WXOB, of Array Solutions 
has designed switchable matching systems, called 
StackMatches, for stacks of monoband or multiband 
Yagis. 

‘The StackMatch uses a 50- to 22.25-Q broadband. 
transmission-line transformer to match combinations of 
up to three Yagis in a stack. See Fig 42 for a schematic 
of the StackMatch. For selection of any 50-Q Yagi by 
itself, no matching transformer is needed and Relay IN 
routes RF directly to the common bus going to Relay 1 
2 and 3. For selection of two Yagis together the parallel 
impedance is 50/2 = 25 © and Relay IN routes RF to the 
matching transformer. The SWR is 25/22.25 = 1.1:1. For 
three Yagis used together, the parallel impedance is 50/3 
= 16.67 Q, and the SWR is 22.25/16.67 = 1.3:1 

‘The broadband transformer consists of four trifilar 
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turns of #12 enamel-insulated wire wound on a Ferrite 
Corporation FT-240 24-inch OD core made of #61 
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Fig 42—Schematic of WXOB's StackMatch 2000 switchbox, which uses a broadband transmission line transformer 
using trifilar #12 enamel-insulated wires. (Courtesy Array Solutions.) 


‘material (It = 125). WXOB uses 
plastic cases to do the RF switching, 
trol box at the operating position. (10-A relays can theo- 
retically handle 10 A? x 50. = 5000 W.) Fig 43 shows a 
photo of the transmission-line transformer and 
StackMaster PCB. 

The controV/indicator box uses a diode matrix to 
switch various combinations of antennas in/out of the 
stack. Three LEDS lined up vertically on the front panel 
indicate which antennas in a stack are selected. 


“BIP/BOP” OPERATION 


‘The contraction “BIP” means “both in-phase,” while 
“BOP” means “both out-of-phase.” BIP/BOP refer to 
stacks containing two Yagis, although the term is com- 
‘monly used for stacks containing more than two Yagis. In 
theory, feeding stack with the antennas out-of-phase will 
shift the elevation response higher than in-phase feeding. 

Fig 44 shows a rectangular plot comparing BIP/BOP 
operation of two 3-element 15-meter Yagis at heights of 
2 Aand 1 2 (93 and 46 feet) over flat ground. The BOP 
pattern is the higher-angle lobe and the two lobes cross 
over about 14°. The maximum amplitude of the BOP 
's gain is about % dB less than the BIP pair. For 
ference, the pattern of a single 46-foot high Yagi is 
iid on the pattern for the stacks. 

‘The most common method for fe 


Fig 43—Inside view of StackMatch. (Photo courtesy 
Array Solutions.) 


length of feed-line coax going to one of the antennas. 
‘This method obviously works on a single frequency band 
and thus is not applicable to stacks of multiband Yagis, 
such as tribanders. For such multiband stacks, feeding 
only the lower antenna(s)—by switching out higher 
‘antenna(s) in the stack—is a practical method for achiev- 


ing better coverage at medium or high elevation angles. 
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Fig 44—HFTA screen shot of “BIP/BOP” operation of 
two 4-element 15-meter Yagis at 93 and 46 feet above 
flat ground. The elevation response in BOP (both out- 
of-phase) operation is shifted higher, peaking at about 
21°, compared to the BIP (both in-phase) operation 
where the peak is at 8°. The dashed line Is response of 
single Yagi at 46 feet. 


STACKING DISIMILAR YAGIS 


So far we have been discussing vertical stacks of 
identical Ya 


monly, hams have successfully 
stacked dissimilar Yagis. For example, consider a case 
t Yagis are placed 46 and 
25 feet above flat ground, with a 7-element 10-meter Yagi 
at 68 feet on the same tower. See Fig 45, which is a sch 
matic of the layout for this stack. Note that the driven 
element for the top 7-element Yagi is well behind the 
vertical plane of the driven elements for the two 5-el. 
ment Yagis. This offset distance must be compensated 
for with a phase shift in the drive system for the top ¥: 

Fig 46 shows the elevation-pattern responses for 
uncompensated (equal-length feed lines) and the com- 
pensated (additional 150° of phase shift to top Yagi) 
stacks. These patterns were computed using EZNEC 
ARRL, which is included with this book. Not only is about 
1.74B of maximum gain lost, but the peak elevation angle 
is shifted upwards by 11° from the optimal takeoff angle 
of 8°—where some 10 dB of gain is also lost. Without 
compensation, this is a severe distortion of the stack’s, 
elevation pattern, 

For RG-213 coax, the extra length needed to pro- 
vide an additional 150° of phase shift = 150°/360° 2 
0.417 A = 9.53 feet at 28.4 MHz. This was computed 
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Fig 45—Stacking dissimilar Yagis. In this case a 7- 
element 10-meter Yagi is stacked over two 5-element 
Yagis. Note the displacement of the 7-element Yagi’s 
driven element compared to the position of the two 5- 
element Yagis. This leads to an undesired phase shift 
for the higher antenna. 


Max. Gain = 18.7 d8i Freq, = 28.3972 Wz 


Fig 46—Comparison of elevation responses for 7/5/5- 
element 10-meter stacks, with and without 
‘compensation for driven-element offset. 


using the program 7LW (Transmission Line for Windows) 
included on the CD-ROM accompanying this book. 

It is not always possible to compensate for dissimi- 
lar Yagis in a stack with a simple length of extra coax, so 
you should be sure to model such combinations to make 
sure that they work properly. A safe alternative, of course, 
is to stack only identical Yagis, feeding all of them with 
‘equal lengths of coax to ensure in-phase operation 


Real-World Terrain and Stacks 


So far, the stacking examples shown have been for 
flat ground, Things can become a lot more complicated 
when you deal with real-world irregular terrains! See 
Chapter 3, The Effects of Ground, for a description of 
the HFTA (High Frequency Terrain Assessment) program 
that is included with this book. 

Fig 47 shows the HFTA-computed 20-meter eleva- 
tion responses towards Europe (at an azimuth of 45°) for 
three antennas at the N6BV/I location in Windham, New 
Hampshire. Overlaid as a bar graph are the elevation 
angle statistics for the path to all of Europe from New 
England (Massachusetts). The stack at 90/60/30 feet 
clearly covers all the angles needed best at 14 MHz. The 
NOBV 120-foot Yagi has a severe null in the region from 
about 7° to about 20°, with the deepest part of that null 
occurring at about 13° and is roughly comparable to the 
90/60/30-foot stack between 2° to 7°. 

In practice, the 120-foot Yagi was indeed compa- 
rable to the stack during morning openings to Europe on 
20 meters, when the elevation angles are typically about 
5°. In the New England afternoon, when the elevation 
angles typically rise to about 11°, the 120-foot Yagi was 
always distinctly inferior to the stack. 

For reference, the response of a single 120-foot high 
Yagi over flat ground is also shown, Note that the NOBV 
120-foot high Yagi has about 3 dB more gain at a 5° takeoff 
angle than does its flatland counterpart. This additional gain 
is due to the focusing effects of the local terrain, which had 
about a 3° downwards slope towards Europe. 


Fig 47—HFTA screen shot showing how complicated 
things become when real-world irregular terrain is 
analyzed, This is the 20-meter elevation pattern for 
the N6BV/1 station location in Windham, NH, for the 
90/60/30-foot stack of triband TH7DX Yagis and a 4- 
element Yagi at 120 feet on the same tower. For 
comparison, the response of a 120-foot Yagi over flat 
ground is also included. 


Fig 48 shows the HFTA-computed 15-meter eleva~ 
tion responses towards Europe for the 90/60/30-foot stack 
at 90/60/30 feet at N6BV/1, compared to the same 120- 
foot high Yagi and a 90/60/30-foot stack, but this time 
over flat ground. Again, the N6BV/I terrain towards 
Europe has a significant effect on the gain of the stack 
compared to that of an identical stack over flat ground. 
In fact, the peak gain of 20.1 dBi at a 4° elevation angle 
is close to moon-bounce levels 


OPTIMIZING OVER LOCAL TERRAIN 


‘There are only a small number of possibilities to 
optimize an installation over local terrain: 


© Change the antenna height(s) above ground 
# Stack two (or more) Yagis. 

© Change the spacing between stacked Yagis. 

* Move the tower back from a cliff (or a hill). 
* BIP/BOP (Both In Phase/Both Out of Phase), 


‘The HFTA program on the CD-ROM accompanying 
this book can be used, together with Digital Elevation 
Model (DEM) topographic data available on the Internet, 
to evaluate all these options. 


SO NEAR, YET SO FAR 


It is sometimes very surprising to compare eleva~ 
tion responses for different towers located at various 
points on the same property, particularly when that prop- 


Fig 48—HFTA screen shot showing the 15-meter 
elevation pattern for the N6BV/1 station location in 

Windham, NH, for the 90/60/30-foot stack of triband 

‘TH7DX Yagis and a 4-element Yagi at 120 feet on the 
‘same tower. For comparison, the response of a 120- 
foot Yagi over flat ground is also included. 
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Fig 49—-HFTA screen shot showing the 20-meter 
elevation pattern for K1KI's North and South towers, 
with 100-foot high 4-element Yagis pointing into Europe 
at an azimuth of 45°. The responses are surprisingly 
different for two towers separated by only 600 feet. 


erty is located in the mountains. Fig 49 shows the computed 
elevation responses for three 100-foot high 14-MHz Yagis, 
over three terrains towards Europe: from the North tower at, 
KIKI’s location in West Suffield, Connecticut, from the 
South tower at KIKI, and over flat ground. The elevation, 
response from the South tower follows that over flat ground 
well, while the response from the North tower is quite a bit 


Fig 50—K1KI's terrain profiles for the North and South 
towers at an azimuth of 45° into Europe. 


stronger at low elevation angles—about 1.5 dB on average, 
as the Figure of Merit shows from HFTA. 

Fig 50 shows the reason why this happens—the 
terrain from the North tower slopes down quickly towards 
Europe, while the terrain from the South tower goes out 
almost 900 feet before starting to fall off. These two tow- 
are about 600 feet apart. 


Moxon Rectangle Beams 


LB Cebik, WARNL, has written extensively about the 
Moxon rectangle, an antenna invented by Les Moxon, 
GOXN, derived from a design by VK2ABQ. The Moxon, 
rectangle beam takes less space horizontally than a con- 
ventional 2-element Yagi design, yet it offers nearly the 
same amount of gain and a superior front-to-back ratio. 
‘And as an additional benefit, the drive-point impedance is, 
n't need a matching section. 
For example, rather than a “wingspan” of 17 feet 
for the reflector in a conventional 2-element 10-meter 
Yagi, the Moxon rectangle is 13 feet wide, a saving of 
almost 25%. The Moxon rectangle WARNL created for 
The ARRL Antenna Compendium, Vol 6, had an SWR less 


close to 50 Q, so that it do 


than 2:1 from 28.0 to 29.7 MHz, with a gain over ground 
of 11 dBi. It had a F/B of 15 dB at 28.0 MHz, more than 
20 dB at 28.4 MHz, and 12 dB at 29.7 MHz. 

‘The Moxon rectangle relies on controlling the spacing 
(hence controlling the coupling) between the ends of the 
driven element tips and the ends of the reflector tips, which 
are both bent toward each other. See Fig 51, which shows 
the general outline for WARNL's 10-meter aluminum Moxon 
rectangle. The tips of the elements are kept a fixed distance 
from each other by PVC spacers. The closed rectangular 
mechanical assembly gives some rigidity to the design, keep- 
ing it stable in the wind. W4RNL described other Moxon 
rectangle designs using wire elements in June 2000 QST. 


if | 
a Toate ana  |Jee2 Fig 51—General outline of the 
cha {Jf 10-meter aluminum Moxon 
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Quad Arrays 


Chapter 11, HF Yagi Arrays, discussed Yagi arrays 
as systems of approximately half-wave dipole elements 
that are coupled together mutually. You can also employ 
other kinds of elements using the same basic principles 
of analysis. For example, loops of various types may be 
combined into directive arrays. A popular type of para- 
sitic array using loops is the quad antenna, in which loops 
having a perimeter of about one wavelength are used in 
much the same way as half-wave dipole elements in the 
Yagi antenna. 

Clarence Moore, W9LZX, created the quad antenna 
in the early 1940s while he was at the Missionary Radio 
Station HCJB in Quito, Ecuador. He developed the quad 
to combat the effects of corona discharge at high alti 
tudes. The problem at HCJB was that their large Yagi 
was literally destroying itself by melting its own element 
tips. This occurred due to the huge balls of corona it gen- 
erated in the thin atmosphere of the high Andes moun- 
tains. Moore reasoned correctly that closed loop elements 
would generate less high voltage—and hence less 
corona—than would the high impedances at the ends of 
a half-wave dipole element 

Fig 1 shows the original version of the two-element 
quad, with a driven element and a parasitic reflector. The 
square loops may be mounted either with the corners lying 
on horizontal and vertical lines, as shown at the left, or 
with two sides horizontal and two vertical (right). The 
feed points shown for these two cases will result in hori- 
zontal polarization, which is commonly used. 

Since its inception, there has been controversy 
whether the quad is a better performer than a Yagi. Chap- 
ter 11 showed that the three main electrical performance 
parameters of a Yagi are gain, response patterns (front- 
to-rear ratio, F/R) and drive impedance/SWR. Proper 
analysis of a quad also involves checking all these 
parameters across the entire frequency range over which 
you intend to use it. Both a quad and a Yagi are classified 
fas “parasitic, end-fire arrays.” Modern antenna model- 
ing by computer shows that monoband Yagis and quads 
with the same boom lengths and optimized for the same 
performance parameters have gains within about 1 dB of 
each other, with the quad slightly ahead of the Yagi. 

Fig 2 plots the three parameters of gain, front-to- 


clement 


rena 


Fig 1—The basic two-element quad antenna, with 
driven-element loop and reflector loop. The driven 
loops are electrically one wavelength in circumference 
(Jc wavelength on a side); the reflectors are slightly 
longer. Both configurations shown give horizontal 
polarization. For vertical polarization, the driven 
element should be fed at one of the side corners in the 
arrangement at the left, or at the center of a vertical 
side in the “square” quad at the right. 
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Fig 2—Comparison of gain, F/R and SWR over the 14.0 
to 14.35-MHz range for an optimized three-element 
quad and an optimized three-element Yagi, both on 
26-foot booms. The quad exhibits almost 0.5 dB more 
gain for the same boom length, but doesn't have as 
good a rearward pattern over the whole frequency 
range compared to the Yagi. This is evidenced by the 
F/R curve. The quad’s SWR curve Is also not quite as 
flat as the Yagi. The quad’s design emphasizes gain 
more than the other two parameters. 
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rear ratio (F/R) and SWR over the 14.0 to 14.35-MHz, 
band for two representative antennas—a monoband three- 
element quad and a monoband four-element Yagi. Both 
of these have 26-foot booms and both are optimized for 
the best compromise of gain, F/R and SWR across the 
whole band, 

While the quad in Fig 2 consistently exhibits about 
0.5 dB more gain over the whole band, its F/R. pattern 
toward the rear isn’t quite as good as the Yagi’s over that 
span of frequencies. This quad attains a maximum F/R 
of 25 dB at 14.1 MHz, but it falls to 17 dB at the bottom, 
end of the band and 15 dB at the top. On the other hand, 
the Yagi’s F/R stays consistently above 21 dB across the 
whole 20-meter band. The quad’s SWR rises to just 
under 3:1 at the top end of the band, but stays below 2:1 
from 14.0 to almost 14.3 MHz. The Yagi’s SWR remains 
lower than 1.5:1 over the whole band, 

The reason the Yagi in Fig 2 has more consistent 
responses for gain, F/R and SWR across the whole 20- 
meter band is that it has an additional parasitic element, 
giving two additional variables to play with—that is, the 
length of that additional element and the spacing of that 
element from the others on the boom, 

Yagi advocates point out that it is easier to add extra 
elements toa Yagi, given the mechanical complexities of add- 
ing another tic elements give 
lity (0 tailor all performance param- 
eters over a wide frequency range. Quad designers have his- 
torically opted to optimize strictly for gain and, as stated 
before, they can achieve as much as 1 dB more gain than a 
Yagi with the same length boom. But in so doing, a quad 
designer typically has to settle for front-to-rear patterns that 
are peaked over more narrow frequency ranges. The 20-meter 
quad plots in Fig 2 actually represent an even-handed ap- 
proach, where the gain is compromised slightly to obtain a 
‘more consistent pattern and SWR across the whole band. 

Fig 3 plots gain, F/R and SWR for two 10-meter 
monoband designs: a five-element quad and a five-ele- 
ment Yagi, both placed on 26-foot booms. The quad now 
has the same degrees of freedom as the Yagi, and as a 
consequence the pattern and SWR are more consistent 
across the range from 28.0 to 28.8 MHz. The quad’s F/R 
remains above about 18.5 dB from 28.0 to 28.8 MHz. 
Meanwhile, the Yagi maintains an F/R of greater than 
22 dB over the same range, but has almost 0.8 dB Ie: 
gain compared to the quad at the low end of the band, 
eventually catching up at the high end of the band. The 
SWR for the quad is just over 2:1 at the bottom of the 
band, but remains less than 2:1 up to 28.8 MHz. The SWR 
on the Yagi remains less than 1.6:1 over the whole band. 

Fig 4 shows the performance parameters for two 15- 
‘meter monoband designs: a five-element quad and a five- 
element Yagi, both on 26-foot booms. The quad is still the 
3s optimal rearward pattern and a 
somewhat less flat SWR curve than the Yagi. One thing 
should be noted in Figs 2 through 4. The F/R pattern on the 
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10-M Optimized Monoband Quad vs Yagi 
S-Ele, Quad/5-Ele, Yagi -- 26' Booms 


Fig 3—Comparison of gain, F/R and SWR over the 28.0 
to 28.8-MHz range for an optimized five-element quad 
and an optimized five-element Yagi, both on 26-foot 
booms. The gain advantage of the quad is about 0.25 dB 
at the low end of the band. The F/R Is more peaked in 
frequency for the quad, however, than the Yagi. 


15-M Optimized Monoband Quad vs Yagi 
S-Fle, Quad5-Fle. Yagi, 25 Tooms 
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Fig 4—Comparison of gain, F/R and SWR over the 21.0 
to 21.45-MHz range for an optimized 5-element quad 
and optimized 5-element Yagi, both on 26-foot booms. 
The quad enjoys a gain advantage of about 0.5 dB over 
most of the band. Its rearward pattern is not as good 
as the Yagi, which remains higher than 24 dB across 
the whole range, compared to the quad, which remains 
in the 16-dB average range. 


Yagi is largely determined by the response at the 180° point, 
directly in back of the frontal lobe. This point is usually 
referred to when discussing the “front-to-back ratio: 

The quad on the other hand has what a sailor might 
term “quartering lobes” (referring to the direction back 
towards the “quarterdeck” at the stern of a sailing vessel) 
in the rearward pattern. These quartering lobes are often 


15-Meter 5-Ele. Quad and 5-El 


Yagi 


21.2 Mllz, 26-Loot Booms, Free Space 


Fig 5—Comparing the pattern of the 15-meter quad and 
Yagi shown in Fig 4. The quad has a slightly narrower 
frontal beamwidth (it has 0.5 dB more gain than the Yagi), 
but has higher “rear quartering” sidelobes at about 125° 
(with a twin sidelobe, not shown, at 235°). These 
sidelobes limit the worst-case front-to-rear (FIR) to about 
17 4B, while the FIB (at 180°, directly at the back 

of the quad) is more than 24 dB for each antenn: 


worse than the response at 180°, directly in back of the 
main beam. Fig 5 overlays the free-space E-Field 
responses of the 15-meter quad and Yagi together. 
At 21.2 MHz, the quad actually has a front-to-back ratio 
(F/B) of about 24 dB, excellent in anyone's book. The 
Yagi at 180° has a F/B of about 25 dB, again excellent 
However, at an azimuth angle of about 125° (and at 
235° azimuth on the other side of the main lobe) the 
quad’s “quartering lobe” is down only some 17 dB, set- 
ting the worst-case F/R at 17 dB also. As explained in 
Chapter 11, the reason F/R is more important than just 
the F/B is that on receive signals can come from any 
direction, not just from directly behind the main beam. 
‘Table 1 lists the dimensions for the three computer- 
optimized monoband quads shown in Figs 2, 3 and 4 


Is a Quad Better at Low Heights than a Yagi? 
Another belief held by some quads enthusiasts is that 
they need not be mounted very high off the ground to give 
excellent DX performance. Quads are somehow supposed 
to be greatly superior to a Yagi at the same height above 
ground. Unfortunately, this is mainly wishful thinking, 
Fig 6 compares the same two 10-meter antennas as 
in Fig 3, but this time with each one mounted on a 50- 
foot tower over flat ground, rather than in theoretical free 
space. The quad does indeed have slightly more gain than 
a Yagi with the same boom length, as it has in free space. 
This is evidenced by the very slight compression of the 
quad’s main lobe, but is more obvious when you look at 
the third lobe, which peaks at about 53° elevation. In 
effect, the quad squeezes some energy out of its second 


Table 1 


iensions for Optimized Monoband Quads in 
Figs 2, 3 and 4, on 26-Foot Booms 


14.2MHz  21.2MHz 28.4 MHz 
Reflector 739 49°6" 373° 
R-DE Spacing 17° 8 7 4 

Driven Element 71’ 8" 476" 35° 9° 
DE-D1 Spacing 8° 3" s 56 
Director 1 687 468° 34’ 8° 
D1-D2 Spacing — ee 69 
Director 2 = 46" 10" 352° 
D2-D3 Spacing — Ta. 78" 
Director 3 = 458° 34 2° 
Feed method Direct $02 Direct 502 Direct 50.0 


10-Meter Optimized Quad and Yagi 
28.4 MHz Gain, 50° Height 


Fig 6—A comparison on 10 meters between an optimized 
five-element quad and an optimized five-element Yagi, 
both mounted 50 feet high over flat ground and both 
‘employing 26-foot booms. There is no appreciable 
difference in the peak elevation angle for either antenna. 
In other words, a quad does not have an appreciable 
elevation-angle advantage over a Yagi mounted at the 
‘same boom height. Note that the quad achieves its 
slightly higher gain by taking energy from higher-angle 
lobes and concentrating that energy in the main 
elevation lobe. This is a process that is similar to what 
happens with stacked Yagis. 


and third lobes and adds that to the first lobe. However, 
the difference in gain compared to the Yagi is only 
0.8 dB for this particular quad design at a 9° elevation 
angle, And while it’s true that every dB counts, you can 
also be certain that on the air you wouldn’t be abie to tell, 


the difference between the two antennas. After all, a 10- 
to 20-4B variation in the level of signals is pretty com- 
mon because of fading at HF. 

Multiband Quads 


On the other hand, one of the valid reasons quads have 
remained popular over the years is that antenna homebrewers 
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underneath to secure them in place, then snip and solder the joints exactly as before. Some 
parts like this blue electrolytic capacitor are polarity sensitive (note the — sign), and must 
be inserted the right way round. Same is true of every semiconductor. 


“ This row of 4 watt resistors was next. I like to show the colour codes all the same 
way round, with gold or silver (tolerance bands) on the right for consistency. 


This transistor was next. Solder it quickly to avoid damage, and observe polarity 
correctly, so it is the right way round on the p.c.b. The heatshunt is optional. 


can build multiband quads far more easily than they can 
construct multiband Yagis. In effect, all you have to do 
with a quad is add more wire to the existing support arms. 
It’s not quite as simple as that, of course, but the idea of 
ready expandability for other bands is very appealing t0 
experimenters. 

Like the Yagi, the quad does suffer from interactions 
between wires of different frequencies, but the degree of 
interaction between bands is usually less for a quad. The 
higher-frequency bands are the ones that often suffer most 
from any interaction, for both Yagis and quads. For 
example, the 10- and 15-meter bands are usually the ones 
affected most by nearby 20-meter wires in a triband quad. 
while the 20-meter elements are not affected by the 10- 


or 15-meter elements 

Modern computer modeling software can help you 
counteract at least some of the interaction by allowing 
you to do virtual “retuning” of the quad on the computer 
screen — rather than clinging precariously to your tower 
fiddling with wires. However, the programs (such as NEC- 
2 or EZNEC) that can model three-dimensional wire 
antennas such as quads typically run far more slowly than 
those designed for monoband Yagis (such as YW included 
with this book). This makes optimizing rather tedious, 
but you use the same considerations for tradeoffs between 
gain, pattern (F/R) and SWR over the operating band- 
width as you do with monoband Yagis. 


CONSTRUCTING A QUAD 


‘The parasitic element shown in Fig | is tuned in much 
the same way as the parasitic element in a Yagi antenna 
That is, the parasitic loop is tuned to a lower frequency 
than the driven element when the parasitic is to act as a 
reflector, and to a higher frequency when it is to act as a 
1 shows the parasitic element with an adjust- 
able tuning stub, a convenient method of tuning since the 
resonant frequency can be changed simply by changing 
the position of the shorting bar on the stub. In practice, it 
has been found that the length around the loop should be 
approximately 3.5% greater than the self-resonant length 
if the element is a reflector, and about 3.0% shorter than 
the self-resonant length if the parasitic element is a direc~ 
tor. Approximate formulas for the loop lengths in feet are: 


1008 
Driven Element 
ite 
Reflector = 248 
feats 
om 
fats 


‘These are valid for quad antennas intended for op- 
eration below 30 MHz and using uninsulated #14 stranded 
copper wire. At VHF, where the ratio of loop circumfer- 
ence to conductor diameter is usually relatively small, the 
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circumfer 


ence must be increased in comparison to the 
wavelength. For example, a one-wavelength loop con- 
structed of '/s-inch tubing for 144 MHz should have a 
circumference about 2% greater than in the above equa- 
tion for the driven element. 

Element spacings on the order of 0.14 to 0.2 free- 
space wavelengths are generally used. You would 
employ the smaller spacings for antennas with more than 
two elements, where the structural support for elements 
with larger spacings tends to become challenging. The 
feed-point impedances of antennas having element spac 
ings on this order have been found to be in the 40- to 
60-2 range, so the driven element can be fed directly 
with coaxial cable with only a small mismatch. 

For spacings on the order of 0.25 wavelength (physi- 
cally feasible for two elements, or for several elements at 
28 MHz) the impedance more closely approximates the 
impedance of a driven loop alone—that is, 80 to 100 ©. 
‘The feed methods described in Chapter 26 can be used, 
just as in the case of the Yagi 


Making It Sturdy 

‘The physical sturdiness of a quad is directly propor- 
tional to the quality of the material used and the care with 
which it is constructed. The size and type of wire selected 
for use with a quad antenna is important because it will 
determine the capability of the spreaders to withstand high 
winds and ice. One of the more common problems con- 
fronting the quad owner is that of broken wires. A solid 
conductor is more apt to break than stranded wire under 
constant flexing conditions. For this reason, stranded cop- 
per wire is recommended. For 14-, 21- or 28-MHz, 
operation, #14 or #12 stranded wire is a good choice. 
Soldering of the stranded wire at points where flexing is 
likely to occur should be avoided 

You may connect the wires to the spreader arms in 
‘many ways. The simplest method is to drill holes through, 
the fiberglass at the appropriate points on the arms and, 
route the wires through the holes. Soldering a wire loop 
across the spreader, as shown later, is recommended. 
However, you should take care to prevent solder from 
flowing to the corner point where flexing could break it. 

While a boom diameter of 2 inches is sufficient for 
smaller quads using two or even thr 
21 and 28 MHz, when the boom length 
longer a 3-inch diameter boom is highly recommended. 
Wind creates two forces on the boom, vertical and hori- 
zontal. The vertical load on the boom can be reduced with 


elements for 14, 
caches 20 feet or 


truss cable. The horizontal forces on the boom. 
eve, so 3-inch diameter tubing is 


a guy-wi 
are more difficult to rel 
desirable 

Generally speaking, three grades of mat 
used for quad spreaders. The least expensive material is, 
bamboo. Bamboo, however, is also the weakest material 
normally used for quad construction. It has a short life, 
typically only three or four years, and will not withstand, 
a harsh climate very well. Also, bamboo is heavy in con- 


jal can be 


trast to fiberglass, which weighs only about a pound per 
13-foot length. Fiberglass is the most popular type of 
spreader material, and will withstand normal winter cli- 
mates. One step beyond the conventional fiberglass arm 
is the pole-vaulting arm. For quads designed to be used 
on 7 MHz, surplus “rejected” pole-vaulting poles are 
highly recommended. Their ability to withstand large 
amounts of bending is very desirable. The cost of these 
poles is high, and they are difficult to obtain. See Chap- 
ter 21 for dealers and manufacturers of spreaders, 


Diamond or Square? 

‘The question of how to orient the spreader arms has 
been raised many times over the years. Should you mount 
the loops in a diamond or a square configuration? Should 
one set of spreaders be horizontal to the earth as shown 
in Fig 1 (right), or should the wire itself be horizontal to 
the ground (spreaders mounted in the fashion of an X) as 
shown in Fig 1 (left)? From the electrical point of view, 
there is not enough difference in performance to worry 
about 

From the mechanical point of view there is no ques- 
tion which version is better. The diamond quad, with the 


associated horizontal and vertical spreader arms, is 
capable of holding an ice load much better than a system 
where no vertical support exists to hold the wire loops 
upright, Put another way, the vertical poles of a diamond 
array, if sufficiently strong, will hold the rest of the sys- 
tem erect. When water droplets are accumulating and 
forming into ice, it is very reassuring to see water run- 
ning down the wires to a corer and dripping off, rather 
than just sitting there on the wires and freezing. The wires 
of a loop (or several loops, in the case of a multiband 
antenna) help support the horizontal spreaders under a 
load of ice. A square quad will droop severely under heavy 
ice conditions because there is nothing to hold it up 
straight 

Of course, in climates where icing is not a problem, 
many amateurs point out that they like the aesthetics of, 
the square configuration. There are thousands of square~ 
configuration quads in temperate areas around the world. 

Another consideration will enter into your choice 
of orientation for a quad. You must mount a diamond quad, 
somewhat higher on the mast or tower than for an equiva~ 
lent square array, just to keep the bottom spreader away 
from the tower guys when you rotate the antenna. 


Two Multiband Quads 


‘This section describes two multiband quad designs. 
‘The first is a large triband 20/15/10-meter quad built on 
4 26-foot boom made of 3-inch irrigation tubing. This 
antenna has three elements on 20 meters, four elements 
and five elements on 10 meters. Fig 7 shows 
a photograph of the five-element triband quad. 

‘The second project is a compact two-element triband 
quad on an 8-foot boom that covers 20, 17, 15, 12 and 
10 meters. We call this a “ 
ers five bands. This antenna uses five concentric wire 
loops mounted on each of the two sets of spreaders. Either 
antenna may be constructed in a diamond or square 
configuration. 

While the same basic construction techniques are 
employed for both multiband quads, the scale of the larger 
triband antenna makes it a far more ambitious undertak~ 
ing! The large quad requires a strong tower and a rugged 
rotator. It also requires a fair amount of real estate in 
order to raise the quad to the top of the tower without 
entangling trees or other antennas. 


A FIVE-ELEMENT, 26-FOOT BOOM 
TRIBAND QUAD 
Five sets of element spreaders are used to support 
the three elements used on 14 MHz, four elements on 
21 MHz and five elements on 28-MHz. We chose to use four 


on 15 meters 


elements on 15 meters in this design (rather than the 
could have been employed on this length of boom) because 


the difference in optimized performance wasn’t great enough 
to warrant the extra complexity of using five elements. The 
dimensions are listed in Table 2, and are designed for center 


frequencies of 14.175, 21.2 and 28.4 MHz. 
‘The spacing between elements has been chosen to 


provide good compromises in performance consistent 
with boom length and mechanical construction. You can 
see that the element spacings for 20 meters are quite dif- 
ferent from those for the optimized monoband design 
This is because the same set of spreaders is used for all 


Fig 7—Photo of the three-band, five-element quad 
antenna. 
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Fig 8—Layout for the three-band, five-element quad, not drawn to scale. See Table 2 for dimensions. 


three bands on three out of the five elements, and the 
higher-frequency bands dictate the spacing because they 
are more critical 

Each of the parasitic loops is closed (ends soldered 
together) and requires no tuning. Fig 8 shows the physi 
cal layout of the triband quad. Fig 9 plots the computed 
free-space gain, front-to-rear ratio and SWR response 
across the 20-meter band. With only a few di 
dom in tuning and spa 
impossible to spread the response out to cover the entire 
20-meter band. The compromise design results in a rear- 
ward pattern that varies from a worst-case of just under 
10 dB at the high end of the band, to a peak F/R of just 


Table 2 

Three-Band Five-Element Quad on 26-Foot Boom 
1415 MHz 21.2MHz 28.4 MHz 

Reflector 726" 494" 36° 8" 

R:DE Spacing 12° 12" e 

Driven Element 71° 476" 35° 4" 

DE-D1 Spacing 14’ rT e 

Director 1 6a'6" 46°8" 34" 8" 

D1-D2 Spacing — cr 7 

Director 2 = 465" 34 8" 

D2-D3 Spacing — - 7. 

Director 3 = = 3 

Feed method Direct 502 Direct $0.2 Direct 50.0 
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under 19 dB at 14.2 MHz, in the phone portion of the band. 
The FIR is about 11 dB at the low end of the band. 

‘The SWR remains under 3:1 for the entire 20-meter 
band, rising to 2.8:1 at the high end. The feed system for 
this triband quad consists of three separate 50-Q coax 


ec Hh ese 


Fig 9—Computed performance of the triband, five- 
element quad over the 20-meter band. The direct 50-0 
feed system holds the SWR below 2.8: 1 across the 
whole band. This could be improved with a gamma- 
match system tuned to 14.1 MHz if the builder really 
desires a low SWR. The F/R peaks at 14.1 MHz and 
remains above 10 dB across the whole band. 


lines, one per driven element, together with a relay switchbox 
‘mounted to the boom so that a single coax can be used back 
to the operating position. Each feed line uses a ferrite-bead 
balun to control common-mode currents and preserve the 
radiation pattern and each coax going to the switchbox is 
cut to be an electrical three-quarter wavelength on 15 meters. 
This presents a short at the unused driven elements since 
modeling indicated that the 15-meter band is adversely 
affected by the presence of the 20-meter driven element if it 
is left open-circuited. If you use RG-213 coax, the '/i-Ael 
trical length of each feed line is 23 feet long at 21.2 MHz. 
This is sufficient physical length to reach each driven ele- 
‘ment from the switchbox. 

Fig 10 shows the free-space response for the 15- 
meter band. The rearward response is roughly 15 dB 
across the band. This is a result of the residual interac- 
tion between the 20-meter elements on 15 me 
further tuning could improve the F/R. Note how flat the 
SWR curve is. This SWR characteristic is what gives the 
quad the reputation of being “wideband.” A flat SWR 
curve, however, is not necessarily a good indicator of 
optimal performance for directional antennas like quads 
or Yagis, particularly multiband designs where compro- 
mises must be made by physical necessity 

Fig 11 shows the characteristics of the 10-meter por- 
tion of the two-element triband quad. The response 
favors the low-phone band, with the F/R falling to about 
12 dB at the low end of the frequency range and rising to 
just about 23 dB at 28.4 MHz. The SWR curve is once 
again relatively flat across the major portion of the band 
up to 28.8 MHz. 


ind no 


Construction 


The most obvious problem related to quad antennas 
is the ability to build a structurally sound system. If high 


15-Meter Optimized Triband Quad 
4-Ele. Quad, 26° Boom 


winds or heavy ice are a normal part of the environment, 
special precautions are necessary if the antenna is to sur- 
vive a winter season. Another stumbling block for would- 


‘be quad builders is the installation of a three-dimensional 
system (assuming a Yagi has only two important dimen- 
sions) on top of a tower—especially if the tower needs 
guy wires for support. With proper planning, however, 
many of these obstacles can be overcome. For example, a 
tram system may be used. 

Both multiband quad arrays use fiberglass spread- 
Chapter 21 for suppliers). Bamboo is a suitable 
substitute (if economy is of great importance). However, 
the additional weight of the bamboo spreaders over 
fiberglass is an important consideration. A typical 
12-foot bamboo pole weighs about 2 pounds; the fiber- 
type weighs less than a pound. By multiplying the 
ment array, times 12 for a 
three-element antenna, and so on, it quickly becomes 
apparent that fiberglass is worth the investment if weight 
is an important factor. Properly treated, bamboo has a 
ul life of three or four years, while fiberglass life is 
probably 10 times longer. 

Spreader supports (sometimes called spiders) are 
available from many different manufacturers. If the 


ers (3 


builder is keeping the cost at a minimum, he should con- 
sider building his own. The expense is about half that of 
a commercially manufactured equivalent and, according 
to some authorities, the homemade arm supports 
described below are less likely to rotate on the boom as a 


result of wind pressure. 

A 3-foot length of steel angle stock, 1 inch per side. 
is used to interconnect the pairs of spreader arms. The 
steel is drilled at the center to accept a muffler clamp of 
ient size to clamp the assembly to the boom. The 
fiberglass is clamped to the steel angle stock with auto- 


10-Meter Optimized Triband Quad 
S-Fle, Quad, 26! Boor 
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Fig 10—Computed performance of the triband, five- 
element quad over the 15-meter band. There is some 
degree of interaction with the 20-meter elements, 
limiting the worst-case F/R to about 15 dB. The gain 
and SWR curves are relatively flat across the band. 


Fig 11—Computed performance of the triband, five- 
element quad over the 10-meter band. The FIR Is higher 
than 12 dB across the band from 28.0 to 29.0 MHz, but 
the SWR rises at the top end of the band beyond 2:1. The 
free-space gain is higher than 10 dBi across the band. 
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Fig 12—Detalls of one of two assemblies for a spreader 
frame. The two assemblies are joined back-to-back to 
form an X with a muffler clamp mounted at the position 
shown. 


Element Loop 


Nylon tine wroppes tightly 
“tiecirica toDe 


|< Froersaes arm 


Fig 14—An alternative method of assembling the wire 
of a quad loop to the spreader arm. 


motive hose clamps, two per pole. Each quad-loop 
spreader frame consists of two assemblies of the type 
shown in Fig 12 

Connecting the wires to the fiberglass can be done 
in a number of different ways. Holes can be drilled at the 
proper places on the spreader arms and the wires run 
through them. A separate wrap wire should be included 
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Fig 13—A method of assembling a corner of the wire 
loop of a quad element to the spreader arm. 
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Fig 15—Sultable circuit for relay switching of bands for 
the three-band quad. A three-wire control cable is 
required. K1, K2—any type of relay suitable for RF 
switching, coaxial type not required (Potter and 
Brumfeld MR11A acceptable; although this type has 
double-pole contacts, mechanical arrangements of 
most single-pole relays make them unacceptable for 
switching of RF). 


at the entry/exit point to prevent the loop from slipping. 
De 
experienced cracking of the fiberglass, which might be a 
result of drilling holes through the material. However, 
this seems to be the exception rather than the rule, The 
model described here has no holes in the spreader arms; 
the wires are attached to each arm with a few La} 


ils are presented in Fig 13. Some amateurs have 


Fig 16—The relay box is mounted on the boom near the 
center. Each of the spreader-arm fiberglass poles Is 
attached to steel angle stock with hose clamps. 


plastic electrical tape and then wrapped approximately 
20 times 
nylon string, followed by more electrical tape for UV pro- 
tection, as shown in Fig 14. 

The wire loops are left open at the bottom of each 
driven element where the feed-line coaxes are attached. 


in a crisscross fashion with ‘/e-inch diameter 


All of the parasitic elements are continuous loops of wire; 
the solder joint is at the base of the diamond. 

Although you could run three separate coax cables 
down to the shack, we suggest that you install a relay box 
at the center of the boom. A three-wire control system may 


be used to apply power to the proper relay for changing 
bands. The circuit diagram of a typical configuration is 
presented in Fig 15 and its installation is shown in Fig 16. 

Every effort must be placed upon proper construc~ 


tion if you want to have freedom from mechanical prob- 
lems, Hardware must be secure or vibration created by 
the wind may cause separation of assemblies. Solder joints, 
should be clamped in place to keep them from flexing, 
which might fracture a connection point 


A TWO-ELEMENT, 8-FOOT BOOM 
PENTABAND QUAD 


‘This two-element pentaband (20/17/15/12/10-meter) 
quad uses the same construction techniques as its big 
brother above. Since only two elements are used, the 
boom can be less robust for this antenna, at 2 inches di- 
e who like really rug- 
inch diameter boom, of 


ameter rather than 3 inches. Tho: 
ged antennas can still use the 

Table 3 lists the element dimensions for the 
pentaband quad. The following plots show the perfor- 
‘mance for each of the five bands covered. The feed sys- 
tem for the pentaband quad uses five, direct 50-Q coaxes, 
one to each driven element. These five coaxes are cut to 
be ‘irk electrically on 10 meters (17 feet, 2 inches for 
RG-213 at 28.4 MHz). In this design the 10-meter band, 
is the one most affected by the presence of the other driven 
elements if they are left unshorted. The "Vs-A lines open- 
circuited at the switchbox are long enough physically to 
reach all elements from a centrally mounted switchbox. 
This length assumes that the switchbox open-circuits the 
unused coaxes. If the switehbox short-circuits unused 
coaxes (as several commercial switchboxes do), then use 
och long lines to feed all five driven elements (11 feet, 


20-Meters, Optimized Pentaband Quad 
2-Fe, Quad, 8' Boom 


i 


Fig 17—Computed performance of the pentaband two- 
element quad on 20 meters. With the simple direct-feed 
system, the SWR rises to about 2.3:1 at the low end of 

the band. A gamma match can bring the SWR down to 

1:1 at 14.1 MHz, if desired. 


Table 3 
Five-Band Two-Element Quad on 8-Foot Boom 

14.2MHz 18.1MHz 21MHz © 24.9MH2 28.4 MHz 
Reflector 724 56 4 age" 401140" 87° 5" 
R-DE Spacing 8" a a 8 8 
Driven Element 69" 10%" 54’ 10" 467" = «39 10%" 34’ 6 
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5 inches for RG-213 at 28.4 MHz). 
The SWR curves do not necessarily go down to 1:1 
because of this simple, direct feed system. If anyone is, 
bothered by this, of course they can always implement 
individual matching systems, such as gamma matches 


Most amateurs would agree that such a degree of com- 
plexity is not warranted. The worst-case SWR is less than 
2.3:1 on each band, even with direct feed on 20 meters. 
With typical lengths of coaxial feed line from the shack 
to the switchbox at the antenna, say 100 feet of RG-213, 
the SWR at the transmitter would be less than 2.0:1 on 
all bands due to losses in the feed line. 

Fig 17 shows the computed responses for the 


17 Meters, Optimized Pentaband Quad 
2-Ele, Quad, 8 Boor 


pentaband quad over the 20-meter band. With only two 
de; 
not much that can be done to spread the response out 


of freedom (spacing and element tuning) there is 


over the entire 20-meter band. Nonetheless, the perfor- 
mance over the band is still pretty reasonable for an 
antenna this small. The F/R pattern peaks at 19 dB at 
14.1 MHz and falls to about 10 dB at either end of the 
band. The free-space gain varies from about 7.5 dBi to 
just above 6 dBi, comparable to a short-boom three: 


ment Yagi. The SWR curve remains below 2.3:1 across 
the band. If you were to employ a gamma match tuned at 
14.1 MHz, you could limit the peak SWR to less than 
2.0:1, and this would still occur at 14.0 MHz. 


12 Meters, Optimized Pentaband Quad 


Ele, Qua, 8 Boom 
i 


Fig 18—Computed performance of the pentaband two- 
element quad on 17 meters. There is some interaction 
with the other elements, but overall the performance is 
satisfactory on this band. 


15 Meters, Optimized Pentaband Quad 
2-Ele. Quad, 8° Boom 


Fig 19—Computed performance of the pentaband two- 
element quad on 15 meters. The performance is 
acceptable across the whole band. 
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Fig 20—Computed performance of the pentaband two- 
element quad on 12 meters. 


ized Pentaband Quad, 


10 Meters, Opt 
2-Ble, Quad, 8 Boom 


Fig 21—Computed performance of the pentaband two- 
element quad on 10 meters. The SWR curve is slightly 
above the target 2:1 at the low end of the band and 
rises to about 2.2:1 at 28.8 MHz. This unlikely to be a 
problem, even with rigs with automatic power- 
reduction due to SWR, since the SWR at the input of a 
typical coax feed line will be lower than that at the 
antenna due to losses in the line. 


On 17 meters, Fig 18 shows that the other elements 
are affecting 18 MHz, even with element-length optim 
zation. Careful examination of the current induced on the 


other elements shows that the 20-meter driven element is 
interacting on 18 MHz, deteriorating the pattern and gain 
slightly. Even still, the performance on 17 meters is rea- 
sonable, especially for a five-band quad on an 8-foot boom. 

On 15 meters, the interactions seems to have been 
contained, as Fig 19 demonstrates. The F/R peaks at 
21.1 MH, at 19 dB and remains better than 12 dB past the 
top of the band. The SWR curve is low across the whole 
band. 

On 12 meters, the interaction between bands is mi- 
nor, leading to the good results shown in Fig 20. The 
SWR change across this band is quite flat, which isn’t 
surprising given the narrow bandwidth of the 12-meter 
band. 

On 10 meters, the interaction seems to have been 
tamed well by computer-tuning of the elements. The F/R 
remains higher than about 14 dB from 28 to 29 MHz. 
‘The SWR remains below 2.2:1 up to about 28.8 MHz, 
while the gain is relatively flat across the band at more 
than 7.2 dBi in free space. See Fig 21 

Overall, this pentaband quad is physically compact 
and yet it provides good performance across all five bands. 


1 is competitive with commercial Log Periodic Dipole 
Array (LPDA) designs and triband Yagi designs that 
employ longer booms. 
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Long-Wire and 
Traveling-Wave 
Antennas 


‘The power gain and directive characteristics of elee- 
tically long wires (that is, wires that are long in terms of 
wavelength), as described in Chapter 2, make them useful 
for long-distance transmission and reception on the higher 
frequencies. Long wires can be combined to form anten 
nas of various shapes that increase the gain and directiv- 
ity over a single wire. The term long wire, as used in this, 
‘means any such configuration, not just a straight 


Long Wires Versus Multielement Arrays 


In general, the gain obtained with long-wire anten- 
nas is not as great, when the space available for the antenna 
is limited, as you can obtain from the multielement phased, 
arrays in Chapter 8 or from a parasitic array such as a Yagi 
or quad (Chapters 11 or 12). However, the long-wire 
antenna has advantages of its own that tend to compen 
sate for this deficiency. The construction of long-wire 
antennas is simple both electrically and mechanically, and, 
there are no especially critical dimensions or adjustments. 
The long-wire antenna will work well and give sat 
tory gain and directivity over a 2-to-1 frequency range. In 
addition, it will accept power and radiate well on any fre 
quency for which its overall Length is not less than about a 
half wavelength. Since a wire is not electrically long, even 
at 28 MHz, unless its physical length is equal to at least a 
half wavelength on 3.5 MHz, any long-wire can be used 
onalll amateur bands that are useful for long-distance com- 


munication. 
Between two directive antennas having the same theo- 
retical gain, one a multiclement array and the other a long- 
na, many amateurs have found that the long-wire 

antenna seems more effective in reception. One possible 


explanation is that there is a diversity effect with a long- 
wire antenna because itis spread out over a large distance, 
rather than being concentrated in a small space, as would 
be the case with a Yagi, for example. This may raise the 
average level of received energy for ionospheric-propa- 
gated signals. Another factor is that long-wire antennas 
have directive patterns that can be extremely sharp in the 
horizontal (azimuthal) plane. This is an advantage that 
other types of multielement arrays do not have, but it can 
be a double-edged sword too. We'll discuss this aspect in 
some detail in this chapter. 


General Characteristics of Long-Wire Antennas 
Whether the long-wire antenna is a single wire run- 
ning in one direction or is formed into a V-beam, rhom- 
bic, or some other configuration, there are certain general 
principles that apply and some performance features that 
are common to all types. The first of these is that the power 
gain of a long-wire antenna as compared with a half-wave 
dipole is not considerable until the antenna is really long 
(its length measured in wavelengths rather than in a spe- 
cific number of feet). The reason for this is that the fields 
radiated by elementary lengths of wire along the antenna 
do not combine, at a distance, in as simple a fashion as the 
fields from half-wave dipoles used in other types of direc- 
tive arrays 
There is no point in space, for example, where the 
distant fields from all points along the wire are exactly in 
phase (as they are, in the optimum direction, in the case of 
two or more collinear or broadside dipoles when fed with 
-phase currents). Consequently, the field strength at a dis- 
tance is always less than would be obtained if the same 
length of wire were cut up into properly phased and sepa- 
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™ Unusually, this toggle switch fitted directly onto the board as well which saved wiring it 
up. Neat idea! 


_|| D 


rately driven dipoles. As the wire is made longer, the fields 
‘combine to form increasingly intense main lobes, but these 
lobes do not develop appreciably until the wire is several 
wavelengths long. See Fig 1 

The longer the antenna, the sharper the lobes become, 
and since itis really a hollow cone of radiation about the 
wire in free space, it becomes sharper in both planes. Also, 
the greater the length, the smaller the angle with the wire at 
which the maximum radiation lobes occur. There are four 
‘main lobes to the directive patterns of long-wire antennas: 
‘each makes the same angle with respect to the wire. 

Fig 2A shows the azimuthal radiation pattern of a 
1-A-long-wire antenna, compared with a ':-2 dipole. Both 
antennas are mounted at the same height of 1 2 above flat 
ground (70 feet high at 14 MHz, with a wire length of 
70 feet) and both patterns are for an elevation angle of 


10°, an angle suitable for long-distance communication 
‘on 20 meters. The long-wire in Fig 2A is oriented in the 
270° to 90° direction, while the dipole is aligned at right 
Angles so that its characteristic figure-8 pattern goes leit- 
to-right. The 1-A long-wire has about 0.6 dB more gain 
than the dipole, with four main lobes as compared to the 
two lobes from the dipole. 

You can see that the two lobes on the left side of 
Fig 2A are about 1 dB down compared to the two lobes 
‘on the right side. This is because the long-wire here is fed 
at the left-hand end in the computer model. Energy is ra 
diated as a wave travels down the wire and some energy is 
also lost to ohmic resistance in the wire and the ground, 
The forward-going wave then reflects from the open-cir- 
cuit at the right-hand end of the wire and reverses direc- 
tion, traveling toward the left end, still radiating as it 


a i £ Fig 1—Theoretical gain of a long- 
ya mae LT 70 $e antenna, n dB, asa function 
fe co 2 of wire length. The angle, with 
as SE tespect tothe wie, at which the 
yo $ tadiation intensity is maximum 
ae aoe also is shown. 
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Fig 2—At A, comparison of azimuthal patterns for a 1-L 
long-wire antenna (solid line) and a YA dipole (dashed 
line) at an elevation angle of 10°. Each antenna is 
located 1 (70 feet) over flat ground at 14 MHz. At B, 
the elevation-plane patterns at peak azimuth angles for 
each antenna. The long-wire has about 0.6 dB more 

gain than the dipol 
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travels. An antenna operating in this way has much the 
same characteristics as a transmission line that is termi: 
nated in an open circuit—that is it has standing waves on 
it, Unterminated long-wire antennas are often referred to 
as standing wave antennas. As the length of a long-wire 
antenna is increased, a moderate front-to-back ratio re. 
sults, about 3 dB for very Jong antennas. 

Fig 2B shows the elevation-plane pattern for the long- 
wire and for the dipole. In each case the elevation pattern 
is at the azimuth of maximum gain—at an angle of 38° 
with respect to the wire-axis for the long-wire and at 90° 
for the dipole. The peak elevation for the long-wire is very 
slightly lower than that for the dipole at the same height 
above ground, but not by much. In other words, the height 
above ground is the main determining factor for the shape 
of the main lobe of a long-wire’s elevation pattern, as itis 
for most horizontally polarized antennas, 

The shape of the azimuth and elevation patterns in 
Fig 2 might lead you to believe that the radiation pattern 
is simple, Fig 3 is a 3-D representation of the pattern from 
1 L-A long-wire that is 1 % high over flat ground, Besides 
the main low-angle lobes, there are strong lobes at higher 
angles. Things get even more complicated when the length 
of the long. 


Directivity 
Because many points along a long wire are carrying 
‘currents in different phases (with different current am: 
plitudes as well), the field pattern at a distance becomes 
‘more complex as the wire is made longer. This complex: 
ity is manifested in a seties of minor lobes, the number 
cf which increases with the wire length. The intensity of 
radiation from the minor lobes is frequently as great as, 
and sometimes greater than, the radiation from a hall- 


for the 1-A long-wire shown in Fig 2. The pattern is, 
obviously rather complex. It gets even more 
complicated for wires longer than 1 2. 
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‘wave dipole. The energy radiated in the minor lobes is 
‘not available to improve the gain in the major lobes, which 
is another reason why a long-wire antenna must be long 
to give appreciable gain in the desired directions. 

Fig 4 shows an azimuthal-plane comparison between 
a 3-A (209 feet long) long-wire and the comparison '/2-A 
dipole, The long-wire now has 8 minor lobes besides the 
four main lobes. Note that the angle the main lobes make 
‘with respect to the axis of the long-wire (also left-to-right 
in Fig 4) becomes smaller as the length of the long-wire 
increases. For the 3- long-wire, the main lobes occur 
28° off the axis of the wire itself 

Other types of simple driven and parasitic arrays do 
rot have minor lobes of any great consequence. For that 
reason they frequently seem to have much better directivity 
than long-wire antennas, because their responses in undes- 
ied directions are well down from their response in the 
desired ditection. This is the case even if a multiclement 
array and a long-wire antenna have the same peak gain in 
the favored ditection. Fig § compares the same 3-2 long- 
‘wire with a 4-element Yagi and a M2 dipole, again both at 
the same height as the long-wire. Note that the Yagi has 
only a single backlobe, down about 21 dB from its broad 
‘main lobe, which has a 3-dB beamwidth of 63°, The 3-dB 
‘beamwidth of the long-wire's main lobes (at a 28° angle 
from the wire axis) is far more narrow, at only 23°. 

For amateur work, particularly with directive anten- 
ras that cannot be rotated, the minor lobes of a long-wire 
antenna have some advantages. Although the nulls in the 
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computer model in Fig 5 are deeper than 30 dB, they are 
not so dramatic in actual practice, This is due to irregu- 
lavties in the terrain that inevitably occur under the span 
of a long wite. In most directions the long-wire antenna 
will be as good as a half-wave dipole, and in addition will, 
give high gain in the most favored directions, even though 
that is over narrow azimuths. 
ig 6A compares the azimuth responses for a 5-2 
long-wite (350 feet long at 14 MHz) to the same 4-ele- 
‘ment Yagi and dipole. The long-wire now exhibits 16 mi- 
nor lobes in addition to its four main lobes. The peaks of 
these sidelobes are down about 8 dB from the main lobes, 
and they are stronger than the dipole, making this long- 
‘wire antenna effectively omnidirectional. Fig 6B shows 
the elevation pattern of the 5-A long-wite at its most ef- 
fective azimuth compared to a dipole. Again, the shape of 
the main lobe is mainly determined by the long-wite's 
height above ground, since the peak angle is only just a 
bit lower than the peak angle for the dipole. The long- 
‘wire’s elevation response breaks up into numerous lobes, 
above the main lobes, just as it does in the azimuth plane. 
For the really ambitious, Fig 7 compares the perfor- 
‘mance for an 8-4 (571 feet) long-wire antenna with a 4- 
element Yagi and the ‘/-A dipole. Again, in actual 
practice, the nulls would tend to be filled in by terrain 
irregularities, so a very long antenna like this would be a 
pretty potent performer, 


Fig 5—A comparison between the 3-A long-wire (solid 
line) in Fig 4, a 4-element 20-meter Yagi on a 26-foot 
da oh, 


Calculating Length 
{terrain under its long span of wire. In this chapter, lengths are discussed in terms of wave- 


nq sone ‘a nth age 
Fig 6—At A, the azimuth responses for a 5: long-wire 


(350 feet long at 14 MHz—solid line) to the same 
4-element Yagi (dotted line) and dipole (dashed line) as 
in Fig 5. At B, the elevation-plane responses for the 
long-wire (solid line) and the dipole (dashed line) by 
themselves. Note that the elevation angle giving peak 
gain for each antenna is just about the same. The long- 

18 gain by compressing mainly the azimuthal 
squeezing the gain into narrow lobes; not so 
‘much by squeezing the elevation pattern for gain. 
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Fig 7—Th 
(671 feet) long- (solid line), compared with 


lement Yagi (dotted line) and a Y= dipole (dashed 


lengths. Throughout the preceding discussion the frequency 
in the models was held at 14 MHz. Remember that a long- 
wire that is 42 long at 14 MHZ is 8 2, long at 28 MHz. 

There is nothing very critical about wire lengths in 
an antenna system that will work over a frequency range 
including several amateur bands. The antenna character- 
istics change very slowly with length, except when the 
wires are short (around one wavelength, for instance). 
There is no need to try to establish exact resonance at a 
particular frequency for proper antenna operation. 

The formula for determining the lengths for harmonic 


Length fet 


(Eq 1) 


where N is the antenna length in wavelengths. In cases, 
where precise resonance is desired for some reason (for 
obtaining a resistive load for a transmission line at a par- 
ticular frequency, for example) it is best established by 
twimming the wite length until the standing-wave ratio 
fon the line is minimum, 


Tilted Wires 

In theory, itis possible to maximize gain from along- 
wire antenna by tilting it to favor a desired elevation take- 
off angle. Unfortunately, the effect of real ground under 
the antenna negates the possible advantages of tilting, just 
as it does when a Yagi or other type of parasitic array is, 
tilted from horizontal. You would do better keeping a 
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Fig 8—Methods for feeding long single-wire antenna: 


Jong-wire antenna horizontal, but raising it higher above 
‘ground, to achieve more gain at low takeoff angles. 


Feeding Long Wires 

A ong-wire antenna is normally fed at the end or at 
‘a current loop. Since a current loop changes to a node 
‘when the antenna is operated at any even multiple of the 
frequency for which it is designed, a long-wire antenna 
will operate as a true long wire on all bands only when it 
is fed at the end. 

A.common method of feeding a long-wite is to use a 
resonant open-wire line. This system will work on all 
‘bands down to the one, if any, at which the antenna is only 
a half wave long. Any convenient line length can be used 
if you match the transmitter to the Line's input impedance 
using an antenna tuner, as described in Chapter 25. 

Two arrangements for using nonresonant lines are 
given in Fig 8. The one at A is useful for one band only 
since the matching section must be a quarter wave long, 
approximately, unless a different matching section is used 
for each band. In B, the 4/4 transformer (Q-section) im- 
pedance can be designed to match the antenna to the line, 
as described in Chapter 26. You can determine the value 
of radiation resistance using a modern modeling program 
fof you can actually measure the feed-point impedance. 
Although it will work as designed on only one band, the 
antenna can be used on other bands by eating the line 
and matching transformer as a resonant line. In this case, 
as mentioned earlier, the antenna will not radiate as a true 
long wire on even multiples of the frequency for which 
the matching system is designed, 

The end-fed arrangement, although the most conve- 
nnient when tuned feeders are used, sulfers the disadvan- 
tage that there is likely to be a considerable antenna current 
fon the line. In addition, the antenna reactance changes rap- 
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idly with frequency. Consequently, when the wire is sev 
eral wavelengths long, a relatively small change in fre 
‘quency—a fraction of the width of a band—may require 
‘major changes in the adjustment of the antenna tuner. Also, 
the line becomes unbalanced at all frequencies between 
those at which the antenna is resonant. This leads to a con: 
siderable amount of radiation from the line. ‘The unbal 
ance can be overcome by using multiple long wires in a V 
or thombic shape, as described below. 


COMBINATIONS OF LONG WIRES 

The directivity and gain of long wires may be 
increased by using two wires placed in relation to each 
other such that the fields from both combine to produce 
the greatest possible field strength at a distant point. The 
principle is similar to that used in designing the multi 
‘element arrays described in Chapter 8. 


Parallel Wires 

One possible method of using two (or more) long 
wires is to place them in parallel, with a spacing of / 2 or 
so, and feed the two in phase. In the direction of the wires 
the fields will add in phase. However, the takeoff angle is 
high directly in the orientation of the wire, and this method 
will result in rather high-angle radiation even if the wires 
are several wavelengths long. With a parallel arrangement 
of this sort the gain should be about 3 dB over a single 
wire of the same length, at spacings in the vicinity of 
"fs wavelength. 


‘The V-Beam Antenna 

Instead of using two long wires parallel to each other, 
they may be placed in the form of a horizontal V, with the 
included angle between the wires equal to twice the angle 
‘made by the main lobes referenced to the wire axis for a 
single wire of the same physical length. For example, for 
aleg length of 5 A, the angle between the legs of a V should 
be about 42°, twice the angle of 21° of the main lobe refer~ 
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enced to the long-wire’s axis. See Fig 6. 

The plane directive patterns of the individual wires 
combine along a line in the plane of the antenna and 
bisecting the V, where the fields from the individual wires 
reinforce each other. The sidelobes in the azimuthal pat- 
term are suppressed by about 10 dB, so the pattern becomes, 
essentially bidirectional. See Fig 9. 

The included angle between the legs is not particu- 
larly critical. This is fortunate, especially if the same 
antenna is used on multiple bands, where the electrical 
length varies directly with frequency. This would normally 
require different included angles for each band. For multi- 
band V-antennas, a compromise angle is usually chosen 
to equalize performance. Fig 10 shows the azimuthal pat- 
tern for a V-beam with I-A legs, with an included angle of 
75° between the legs, mounted 1 Aabove flat ground. This 
is for a 10° elevation angle. At 14 MHz the antenna has, 
two 70-foot high, 68.5-foot long legs, separated at their 
far ends by 834 feet. For comparison the azimuthal pat- 
tems for the same 4-element Yagi and ¥4-2 dipole used 
previously for the long-wires are overlaid on the same 
plot. The V has about 2 dB more gain than the dipole but 
is down some 4 dB compared to the Yagi, as expected for 
relatively short legs. 

Fig 11 shows the azimuthal pattern for the same 
antenna in Fig 10, but at 28 MHz and at an elevation angle 
fof 6°. Because the legs are twice as long electrically at 
28 MHz, the V-beam has compressed the main lobe into a 
narrow beam that now has a peak gain equal to the Yagi, 
but with a 3-4B beamwidth of only 18.8°. Note that you 
could obtain about 0.7 dB more gain at 14 MHz, with a 
1.7-dB degradation of gain at 28 MHz, if you increase the 
included angle to 90° rather than 75°, 

Fig 12 shows the azimuthal pattern for a V-beam with 
2-4 legs (137 feet at 14 MHz), with an included angle of 
(60° between them. As usual, the assumed height is 70 feet, 
‘or 12. at 14 MHz. The peak gain for the V-beam is just 
about equal to that of the 4-element Yagi, although the 3-dB 


Fig 9@—Two long wires and their respective patterns are shown at the left. If these two wi 
V with an angle that is twice that of the major lobes of the wires and with the wires excited out of ph: 
radiation along the bisector of the V adds and the radiation in the other directions tends to canci 
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Fig 10— Azimuthal-plane pattern at 10° elevation angle 
{or a 14-MHz V-boam (solid line) with 1-2 logs (68.5 feet 
long), using an included angle of 75° between the legs. 
The V-beam is mounted 1 4 above flat ground, and is 
compared with a Ya. dipole (dashed line) and a 4 
‘element 20-meter Yagi on a 26-foot boom (dotted line). 


Fig 11—The same V-beam as in Fig 10 at 28 MHz (solid 


line), at an elevation angle of 6°, compared to a 4- 
nt Yagi (dotted line) and a dipole (dashed line). 
‘The V-beam's pattern is very narrow, at 18.8° at the 3- 
dB points, requiring accurate placement of the 
supports poles to aim the antenna at the desired 

geographic target. 


Fig 12—Azimuthal pattern for a V-beam (solid line) with 
2-4 legs (137 feet at 14 MHz), with an included angle of 
{60° between them. The height is 70 feet, or 1 2, over flat 
‘ground. For comparison, the response for a 4-element 

(dashed line) are shown. 
‘The 3-dB beamwidth has decreased to 23.0°. 


rose beamwidth is narrow, at 23°. This makes setting up 
the geometry critical if you want to maximize gain into a 
particular geographic area. While you might be able to get 
away with using convenient tres to support such an antenna, 
it's far more likely that you'll have to use carefully located 
towers to make sure the beam is aimed where you expect it 


to be pointed. 
For example, in order to cover all of Europe from 
San Francisco, an antenna must cover from about 11° (to 


Moscow) to about 46° (to Portugal). This isa range of 35° 
and signals from the V-beam in Fig 12 would be down 
some 7 dB over this range of angles, assuming the center 
of the beam is pointed exactly at a heading of 28.5°. The 
4-element Yagi on the other hand would cover this range 
of azimuths more consistently, since its 3-dB beamwidth 
is 63°, 

Fig 13 shows the same V-beam as in Fig 12, but this 
time at 28 MHz. The peak gain of the main lobe is now 
about 1 dB stronger than the 4-element Yagi used as a 
reference, and the main lobe has two nearby sidelobes that, 
tend to broaden out the azimuthal response. At this fre 
‘quency the V-beam would cover all of Europe better from 
San Francisco. 

Fig 14 shows a V-beam with 3-2 (209 feet at 14 MHz) 
legs with an included angle of 50° between them. The peak 
gain is now greater than that of a 4-element Yagi, but the 
3-4B beamwidth has been reduced to 17.8, making aim: 
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Fig 13—The same 2-A per leg V-beam (solid line) as in 
Fig 12, but at 28 MHz and at a 6° takeoff elevation 
angle. Two sidelobes have appeared flanking the main 
lobe, making the effective azimuthal pattern wider at 
this frequency. 


them, compared to a 4-element Yagi (dotted line) and a 
dipole (dashed line). The 3-dB beamwidth has now 
decreased to 17. 
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Fig 15—The same 209-foot/leg V-beam as Fig 14, but at 
28 1MHz. Again, the two close-in sidelobes tend to 
‘spread out the azimuthal response some at 28 MHz. 


ing the antenna even more critical. Fig 18 shows the same 
V-beam at 28 MHz. Here again, the main lobe has nearby 
sidelobes that broaden the effective azimuth to cover a 
wider area, 

Fig 16 shows the elevation-plane response for the 
same 209-foot leg V-beam at 28 MHz (3-4 at 14 MHZ), 
compared to a dipole at the same height of 70 feet. The 
higher-gain V-beam suppresses higher-angle lobes, essen- 
tially stealing energy from them and concentrating it in 
the main beam at 6° elevation. 

The same antenna can be used at 3.5 and 7 MHz. The 
gain will not be large, however, because the legs are not 
very long at these frequencies. Fig 17 compares the V- 
beam versus a horizontal '4-2 40-meter dipole at 70 feet. 
At low elevation angles there is about 2 4B of advantage 
‘on 40 meters. Fig 18 shows the same type of comparison 
for 80 meters, where the 80-meter dipole is superior at all 
angles. 


Other V Combinations 

A gain increase of about 3 dB can be had by stacking 
two V-beams one above the other, a half wavelength apart, 
and feeding them with in-phase currents. This will result in 
lowered angle of radiation. The bottom V should be at 
least a quarter wavelength above the ground, and prefer- 
ably a half wavelength. This arrangement will narrow the 


np 209-ootileg V-beam 
{solid line) compared to the dipole (dashed line). 
Again, th jon angle for peak gain corresponds 
‘well to that of the simple dipole at the same height. 
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Fig 17—Elevation pattern for the same 209-foot-per-leg 
\V-beam (solid line), at 7 MHz, compared to a 40-meter 
dipole (dashed line) at the same height of 70 feet. 


elevation pattern and it will also have a narrow azimuthal 
patter, 

The V antenna can be made unidirectional by using 
second V placed an odd multiple of a quarter wavelength, 
in back of the first and exciting the two with a phase dif- 
ference of 90°, The system will be unidirectional in the 
direction of the antenna with the lagging current. How 
ever, the V reflector is not normally employed by ama- 
tours at low frequencies because it restricts the use to one 
band and requires a fairly elaborate supporting structure. 
Stacked Vs with driven reflectors could, however, be built 
for the 200- to $00-MHz region without much difficulty 


Feeding the V Beam 

The V-beam antenna is most conveniently fed with 
tuned open-wire feeders with an antenna tuner, since this 
permits multiband operation. Although the length of the 
wires in a V-beam is not at all critical, it is important that 
both wires be the same electrical length. Ifa single band 
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Fig 18—Elevation pattern for the same 209-foot-per-leg 
\V-beam (solid line), at 3.5 MHz, compared to an 80- 


r dipole at 70 feat (dashed line) 


‘matching solution is desired, probably the most appropri- 

‘ate matching system is that using a stub or quarter-wave 

‘matching section. The adjustment of such a system is de- 
ribed in Chapter 26. 


‘THE RESONANT RHOMBIC ANTENNA 

The diamond-shaped or thombic antenna shown in 
Fig 19 can be looked upon as two acute-angle V-beams 
placed end-to-end. This arrangement is called a resonant 
‘rhombic. The leg lengths of the resonant thombic must be 
an integral number of half wavelengths to avoid reactance 
at its feed point. 

The resonant rhombic has two advantages over the 
simple V-beam. For the same total wire length it gives 
somewhat greater gain than the V-beam. A chombic with 
3 ion a leg, for example, has about 1 dB gain over a V 
antenna with 6 wavelengths on a leg. Fig 20 compares the 
azimuthal pattern at a 10° elevation for a resonant rhom- 
bic with 3 2 legs on 14 MHz, compared to a V-beam with 
6 A legs at the same height of 70 feet. The 3-dB nose beam- 
‘width of the resonant rhombic is only 12.4° wide, but the 
gain is very high at 16.26 dBi, 

The directional pattern of the thombic is less fre- 
{quency sensitive than the V when the antenna is used over 
a wide frequency range. This is because a change in fre- 
{quency causes the major lobe from one leg to shift in one 
direction while the lobe from the opposite leg shifts the 
other way. This automatic compensation keeps the direc 
tion the same over a considerable frequency range. The 
disadvantage of the rhombic as compared with the V-beam 
is that an additional support is required. 

The same factors that govern the design of the V- 
beam apply in the case of the resonant rhombic. The 
‘optimal apex angle A in Fig 19 is the same as that for a 
V having an equal leg length. The diamond-shaped 
antenna also can be operated as a terminated antenna, as 
described later in this chapter, and much of the discus 
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Fig 19—The resonant rhombic or diamond-shaped 
antenna. All legs are the same length, and opposite 
angles of the diamond are equal. Length ¢ is an 


integ 


/ Worse 


Fig 20—Azimuthal-plane pattern of resonant 
(unterminated) rhombic (solid line) with 3-2 legs on 

14 MHz, at a height of 70 feet above flat ground, 
compared with a 6-2 per leg V-beam (dashed line) at 
the same height. Both azimuthal patterns are at a 
takeoff angle of 10°, The sidelobes for the resonant 
rhombic are suppressed to a greater degree than those 
for the 

V-beam. 


sion in that section applies to the resonant rhombic as 
well. 

The resonant rhombic has a bidirectional pattern, with 
‘minor lobes in other directions, their number and intensity 
‘depending on the leg length. In general, these sidelobes are 
suppressed better with a resonant rhombic than with a 
V-beam. When used at frequencies below the VHF region, 
the rhombic antenna is always mounted with the plane con- 
taining the wires horizontal. The polarization in this plane, 
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and also in the perpendicular plane that bisects the thombic, 
ishorizontal. At 144 MHzand above, the dimensions are such 
that the antenna can be mounted with the plane containing 
the wires vertical if vertical polarization is desired 

When the rhombic antenna is to be used on several 
HE amateur bands, itis advisable to choose the apex angle, 
A, on the basis of the leg length in wavelengths at 14 MHz. 
Although the gain on higher frequency bands will not be 
‘quite as favorable as if the antenna had been designed for 
the higher frequencies, the system will still work well at 
the low angles that are necessary at such frequencies. 

The resonant rhombic has lots of gain, but you must 
not forget that this gain comes from a radiation pattern 
that is very narrow. This requires careful placement of the 
supports for the resonant rhombic to cover desired geo. 
graphic areas. This is definitely not an antenna that al 
lows you to use just any convenient trees as supports! 

The resonant chombic antenna can be fed in the same 
way as the V-beam, Resonant feeders are necessary if the 
antenna is to be used in several amateur bands. 


TERMINATED LONG-WIRE ANTENNAS 

All the antenna systems considered so Far in this chap- 
ter have been based on operation with standing waves of 
‘current and voltage along the wire. Although most hams 
use antenna designs based on using resonant wires, reso: 
nance is by no means a necessary condition for the wire 
to radiate and intercept electromagnetic waves efficiently, 
as discussed in Chapter 2. The result of using nonresonant 
wires is reactance at the feed point, unless the antenna is, 
terminated with a resistive load. 

In Fig 21, suppose that the wire is parallel with the 
ground (horizontal) and is terminated by a load Z equal to 
its characteristic impedance, Z.y. The wire and its im- 
tage in the ground create a transmission line. The load Z 
‘can represent a receiver matched to the line. The termi 
nating resistor R is also equal to the Zw of the wire. A 
wave coming from direction X will strike the wire first at 
its far end and sweep across the wire at some angle until it 
reaches the end at which Z is connected. In so doing, it 
will induce voltages in the antenna, and currents will low 
as a result. The current flowing toward Z is the useful out 
put of the antenna, while the current flowing backwards 
toward R will be absorbed in R. The same thing is true of 
‘a wave coming from the direction X’. In such an antenna 
there are no standing waves, because all received power 
is absorbed at either end, 

The greatest possible power will be delivered to the 
load Z when the individual currents induced as the wave 
sweeps across the wire all combine properly on reaching 
the load. The currents will reach Z.in optimum phase when 
the time requited for a current to flow from the far end of 
the antenna to Z is exactly one-half cycle longer than the 
time taken by the wave to sweep over the antenna, A half 
cycle is equivalent to a half wavelength greater than the 
distance traversed by the wave from the instant it strikes 


the far end of the antenna to the instant that it reaches the 
near end. This is shown by the small drawing, where AC 
represents the antenna, BC is a line perpendicular to the 
wave direction, and AB is the distance traveled by the wave 
in sweeping past AC. AB must be one-half wavelength 
shorter than AC, Similarly, AB' must be the same length 
as AB for a wave arriving from X 

‘A wave arriving at the antenna from the opposite 
direction Y (or Y"), will similarly result in the largest pos- 
sible current at the far end. However, since the far end is 
terminated in R, which is equal to Z, all the power deliv- 
cred to R by the wave arriving from Y will be absorbed in 
R. The current traveling to Z will produce a signal in Z in 
proportion to its amplitude. If the antenna length is such 
that all the individual currents arrive at Z in such phase as 
to add up to zero, there will be no current through Z. At 
other lengths the resultant current may reach appreciable 
values. The lengths that give zero amplitude are those 
which are odd multiples of '/ 4, beginning at ‘2. The 
response from the Y direction is greatest when the an- 
tenna is any even multiple of 2 long; the higher the 
‘multiple, the smaller the response. 


Directional Characteristics 

Fig 22 compares the azimuthal pattern for a 5-2 long 
14-MH7z long-wire antenna, 70 feet high over flat ground, 
‘when itis terminated and when it is unterminated. The 
rearward pattern when the wire is terminated with a 600 
resistor is reduced about 15 dB, with a reduction in gain 
in the forward direction of about 2 dB. 

For a shorter leg length in a terminated long-wire 
antenna, the reduction in forward gain is larger—more 
‘energy is radiated by a longer wire before the forward wave 
is absorbed in the terminating resistor. The azimuthal pat- 
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Fig 22—Azimuthal-plane pattern for 5-A long- 
antenna at 14 MHz and 70 feet above flat ground. The 
solid line shows the long-wire terminated with 600-0 
{to ground, while the dashed line is for the same 
antenna unterminated. For comparison, the response 
{for a Ye: dipole is overlaid with the two other patterns. 
You can see that the terminated long-wire has a good 
{ront-to-back pattern, but it loses about 2 dB in forwar 
gain compared to the unterminated long-wit 


terns for terminated and unterminated V-beams with 2. 
legs are overlaid for comparison in Fig 23. With these rela- 
tively short legs the reduction in forward gain is about 
3.5 dB due to the terminations, although the front-to-rear 
ratio approaches 20 dB for the terminated V-beam. Each 
leg of this terminated V-beam use a 600-0 non-inductive 
resistor to ground. Each resistor would have to dissipate 
about one-quarter of the transmitter power. For average 
conductor diameters and heights above ground, the Z.ayr 
of the antenna is of the order of 500 to 600 Q. 


THE TERMINATED RHOMBIC ANTENNA 

The highest development of the long-wire antenna is 
the rerminated rhombic, shown schematically in Fig 24, 
It consists of four conductors joined to form a diamond, 
(oF rhombus. All sides of the antenna have the same length 
and the opposite comer angles are equal. The antenna can 
bbe considered as being made up of two V antennas placed 
end to end and terminated by a noninductive resistor to 
produce a unidirectional pattern. The terminating resistor 
is connected between the far ends of the two sides, and is 
‘made approximately equal to the characteristic impedance 
of the antenna as a unit. The rhombic may be constructed 
either horizontally or vertically, but is practically always 
constructed horizontally at frequencies below 54 MHz, 
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“ As there is comparatively more metal to heat up, it'll take longer to solder the switch 
terminals, and you'll need more solder as well. Thicker gauge solder is useful at such 
times. Allow say 2-3 seconds to solder each terminal. 


Don’t forget to clean the soldering iron tip on its damp sponge every now and then, 
to ensure the bit is kept clean and shiny. Later on I’ll show you how to correct any 
problems by desoldering using various techniques. Next, we'll move on from printed 
circuit board “through-hole” soldering and look at how to handle wires and leads. 
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Fig 23—The azimuthal patterns for a shorter-lg V- 
beam (2 legs) when itis terminated (solid line) and 
unterminated (dashed line) With shorter legs, the 
terminated V-beam loses about 3.5 dB in forward gai 
compared to the unterminated version, while 
suppressing the rearward lobes as much as 20 dB. 


since the pole height required is considerably less. Also, 
horizontal polarization is equally, if not more, satisfac 
tory at these frequencies over most types of soil 

The basic principle of combining lobes of maximum, 
radiation from the four individual wires constituting the 
rhombus or diamond is the same in either the terminated 
type or the resonant type described earlier in this chapter. 


Tilt Angle 

In dealing with the terminated shombic, itis a matter 
of custom to talk about the rilr angle (@ in Fig 24), rather 
than the angle of maximum radiation with respect to an 
individual wire. Fig 25 shows the tilt angle as a function 
‘of the antenna leg length. The curve marked “0° is used 
for a takeoff elevation angle of 0°; that is, maximum 
radiation in the plane of the antenna. The other curves show 
the proper tilt angles to use when aligning the major lobe 
with a desired takeoff angle. For a 5° takeoff angle, the 
difference in tilt angle is less than 1° for the range of 
lengths shown, 

TThe broken curve marked “optimum length” shows the 
leg length at which maximum gain is obtained at any given 
takeoff angle. Increasing the leg length beyond the opti 
‘mum will result in less gain, and for that reason the curves 
ddo not extend beyond the optimum length, Note that the 
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Fig 24—The layout for a terminated rhombic antenna. 


‘optimum length becomes greater as the desired takeoff angle 
decreases. Leg lengths over 6 2 are not recommended be- 
‘cause the directive pattern becomes so sharp that the an- 
tena performance is highly variable with small changes in 
the angle, both horizontal and vertical, at which an incoming 
wave reaches the antenna. Since these angles vary to some 
extent in ionospheric propagation, it does not pay to attempt 
10 ty for too great a degree of directivity 


Multiband Design 

When a thombic antenna is to be used over a consid- 
erable frequency range, a compromise must be made in 
the tlt angle. Fig 26 gives the design dimensions of a sui 
able compromise for a rhombic that covers the 14 to 
30 MHz range well. Fig 27 shows the azimuth and ele- 
vation patterns for this antenna at 14 MHz, at a height of 
70 feet over flat ground. The comparison antenna in this 
case is a 4-element Yagi on a 26-foot boom, also 70 feet 
above flat ground. The rhombic has about 2.2 dB more 
‘gain, but its azimuthal pattern is 17.2° wide at the 3 dB 
points, and only 26° at the -20 dB points! On the other 
hhand, the Yagi has a 3-4B beamwidth of 63°, making it 
far easier to aim at a distant geographic location. Fig 27B 
shows the elevation-plane patterns for the same antennas 
above. As usual, the peak angle for either horizontally 
polarized antenna is determined mainly by the height above 
‘ground, 

The peak gain of a terminated rhombic is less than 
‘that of an unterminated resonant thombic. For the rhom- 
bic of Fig 26, the reduction in peak gain is about 1.5 4B. 
Fig 28 compares the azimuthal patterns for this rhombic 
with and without an 800-Q termination, 

Fig 29 shows the azimuth and elevation patterns for 
the terminated rhombic of Fig 26 when it is operated at 
28 MHz. The main lobe becomes very narrow, at 6.9° at 
the 3-dB points. However, this is partially compensated 
for by the appearance of two sidelobes each side of the 
main beam. These tend to spread out the main pattern 
some. Again, a 4-element Yagi at the same height is used 
for comparison, 
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Fig 26—Rhombic antenna dimensions for a 

1d 28-2 
requirements, as discussed in the text. The leg 
length is 6 4 at 28 MHz, 3 at 14 MHz. 


Termination 

Although the difference in the gain is relatively small 
‘with terminated or unterminated rhombies of comparable 
design, the terminated antenna has the advantage that over 
a wide frequency range it presents an essentially resis- 
tive and constant load to the transmitter. In a sense, the 
power dissipated in the terminating resistor can be con- 
sidered power that would have been radiated in the other 
direction had the resistor not been there. Therefore, the 
fact that some of the power (about one-third) is used up 
in heating the resistor does not mean that much actual 
loss in the desired direction. 

The characteristic impedance of an ordinary rhombic 
antenna, looking into the input end, isin the order of 700 to 
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‘800 © when properly terminated in a resistance at the far 
tend. The terminating resistance requited to bring about the 
‘matching condition usually is slightly higher than the input 
impedance because of the loss of energy through radiation 
by the time the far end is reached. The correct value usu- 
aily will be found to be of the order of 800 Q. and should 
be determined experimentally if the flattest possible antenna 
is desired, However, for average work a noninductive resis- 
tance of 800 0 can be used with the assurance that the op- 
eration will not be far from optimum, 

The terminating resistor must be practically a pure 
resistance at the operating frequencies: that is, its induc~ 
tance and capacitance should be negligible. Ordinary 
‘wire-wound resistors are not suitable because they have 
far oo much inductance and distributed capacitance, Small 
carbon resistors have satisfactory electrical characteris- 
tics but will not dissipate more than a few watts and so 
cannot be used, except when the transmitter power does 
rot exceed 10 or 20 watts or when the antenna is to be 
used for reception only. The special resistors designed ei- 
ther for use as dummy antennas or for terminating rhom- 
bic antennas should be used in other cases. To allow a 
factor of safety, the total rated power dissipation of the 
resistor or resistors should be equal to half the power out- 
put of the transmitter, 

To reduce the effects of stray capacitance it is desir- 
able to use several units, say three, in series even when one 
alone will safely dissipate the power. The two end units 
should be identical and each should have one fourth to one 
third the total resistance, with the center unit making up 
the difference. The units should be installed in a weather- 
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Fig 28—Comparison of azimuthal patterns for 
terminated (solid line) and unterminated (dashed line) 
rhombic antennas, using same dimensions as Fig 26 at 
a frequency of 14 MHz. The gain tradeoff is about 

1.5 dB in return for the superior rearward pattern of the 
terminated antenna. 


proof housing at the end of the antenna to protect them and 
topermit mounting without mechanical strain, The connect 
ing leads should be short so that little extraneous indue- 
tance is introduced. 

Alternatively, the terminating resistance may be 
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wzimuthal pattern for 3 (at 14 MHz) 
terminated rhombic (solid line) shown in Fig 26, 
‘compared with 4-element 20-meter Yagi (dotted line) on 

All 
) above flat ground. 

xd rhombic is 

‘good and the forward gain exceeds that of the Yagi, but 
the frontal lobe is very narrow. Above, elevation-plane 
pattern of terminated rhombic compared to that of a 
simple dipole at the same height. 


8 26-foo boom and a 20-metr dipole (dashed ln 
mounted 70 feet (1 


antennas ar 


placed at the end of an 800-0 line connected to the end of 
the antenna. This will permit placing the resistors and their 
housing at a point convenient for adjustment rather than 
at the top of the pole. Resistance wire may be used for 
this line, so that a portion of the power will be dissipated 
before it reaches the resistive termination, thus permit 

ting the use of lower wattage lumped resistors. 


Multiwire Rhombics 

The input impedance of a rhombic antenna con 
structed as in Fig 26 is not quite constant as the frequency 
is varied. This is because the varying separation between 
the wires causes the characteristic impedance of the 
antenna to vary along its length. The variation in Zar 
‘can be minimized by a conductor arrangement that 
increases the capacitance per unit length in proportion to 
the separation between the wires 

The method of accomplishing this is shown in 
Fig 30. Three conductors are used, joined together at the 
‘ends but with increasing separation as the junction 
between legs is approached, For HF work the spacing 
between the wires at the center is 3 10 4 feet, which is 
similar to that used in commercial installations using legs 
several wavelengths long. Since all three wires should 
have the same length, the top and bottom wires should 
be slightly farther from the support than the middle wire. 
Using three wires in this way reduces the Zayy of the 
antenna to approximately 600 Q, thus providing a better 
‘match for practical open-wire line. in addition to smooth 
ing out the impedance variation over the frequency range. 

A similar effect (although not quite as favorable) is 
obtained by using two wires instead of three. The 3-wite 
system has been found to increase the gain of the 
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antenna. Use of multiple 
improves the impedance characteristic of a 
1d rhombic and increases the gain somewhat. 


antenna by about 1 dB over that of a single-conductor 


Front-to-Back Ratio 

Itis theoretically possible to obtain an infinite front 
to-back ratio with a terminated rhombic antenna, and in 
practice very large values can be had. However. when the 
antenna is terminated in its characteristic impedance, the 
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Fig 28—At A, the azimuthal pattern for the same 

terminated antenna in Fig 26, but now at 28 MHz 

compared to a 4-element 10-meter Yagi. At B, the 
levation-plane pattern comparison for these antennas. 


infinite front-to-back ratio can be obtained only at frequen- 
cies for which the leg length is an odd multiple of a qua 
ter wavelength, The front-to-back ratio is smallest at 
frequencies for which the leg length is a multiple of a half 
wavelength, 

When the leg length is not an odd multiple of a quar- 
ter wave at the frequency under consideration, the front-to- 
back ratio can be made very high by decreasing the value 
of terminating resistance slightly. This permits a small 
reflection from the far end of the antenna, which cancels, 
‘out the residual response at the input end. With large 
antennas, the front-to-back ratio may be made very large 
over the whole frequency range by experimental adjustment 
of the terminating resistance. Modification of the terminat- 
ing resistance can result ina splitting of the back null into 
two nulls, one on either side of a small lobe in the back 
direction, Changes in the value of terminating resistance 
thus permit steering the back null over a small horizontal 
range so that signals coming from a particular spot not ex 
actly to the rear of the antenna may be minimized. 


Methods of Feed 

Ifthe broad frequency characteristic of the terminated 
thombic antenna is to be utilized fully, the feeder system 
‘must be similarly broadbanded. Open-wire transmission 
line of the same characteristic impedance as that shown at 
the antenna input terminals (approximately 700 to 800.0) 
‘may be used. Data for the construction of such lines is 
given in Chapter 24. While the usual matching stub can 
be used to provide an impedance transformation to more 
satisfactory line impedances, this limits the operation of 
the antenna to a comparatively narrow range of frequen- 
cies centering about that for which the stub is adjusted, 
Probably a more satisfactory arrangement would be to use 
4 coaxial transmission line and a broadband transformer 
balun at the antenna feed point. 
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Receiving Wave Antennas 


Perhaps the best known type of wave antenna is the 
Beverage. Many 160-meter enthusiasts have used Bever 

‘age antennas to enhance the signal-to-noise ratio while 
attempting to extract weak signals from the often high lev 

cls of atmospheric noise and interference on the low bands. 

Alternative antenna systems have been developed and used 
over the years, such as loops and long spans of 
unterminated wire on or slightly above the ground, but 
the Beverage antenna seems to be the best for 160-meter 
\weak-signal reception. The information inthis section was 
prepared originally by Rus Healy, K2UA (ex-NJ2L). 


THE BEVERAGE ANTENNA 


A Beverage is simply a directional wire antenna, at 
least one wavelength long, supported along its length at a 
fairly low height and terminated at the far end in its char- 
acteristic impedance. This antenna is shown in Fig 31A. 
It takes its name from its inventor, Harold Beverage, 
W2BML. 

Many amateurs choose to use a single-wire Bever 
tage because they are easy to install and they work well. 
The drawback is that Beverages are physically long and 
they do require that you have the necessary amount of real 
estate (0 install them. Sometimes, a neighbor will allow 
you to put up a temporary Beverage for a particular con: 
test or DXpedition on his land, particularly during the 
winter months, 

Beverage antennas can be useful into the HF range, 
but they are most effective at lower frequencies, mainly on 
160 through 40 meters. The antenna is responsive mostly to 
low-angle incoming waves that maintain a constant (verti- 
cal) polarization. These conditions are nearly always satis: 
fied on 160 meters, and most of the time on 80 meters. As 
the frequency is increased, however, the polarization and 
artival angles are less and less constant and favorable, mak- 
ing Beverages less effective at these frequencies. Many 
amateurs have, however, reported excellent performance 
from Beverage antennas at frequencies as high as 14 MHz, 
‘especially when rain or snow (precipitation) static prevents 
good reception on the Yagi or dipole transmitting antennas 
used on the higher frequencies. 


Beverage Theory 

The Beverage antenna acts like a long transmission 
line with one lossy conductor (the earth), and one good 
conductor (the wire). Beverages have excellent directiv 
ity if erected properly, but they are quite inefficient 
because they are mounted close to the ground. This is in 
‘contrast with the terminated long-wire antennas described 
earlier, which are typically mounted high off the ground. 
Beverage antennas are not suitable for use as transmit 
ting antennas. 

Because the Beverage is a traveling wave, terminated 
antenna, it has no standing waves resulting from radio 
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signals. As a wave strikes the end of the Beverage from 
the desired direction, the wave induces voltages along the 
antenna and continues traveling in space as well. Fig 31B 
shows part of a wave on the antenna resulting from a 
desired signal. This diagram also shows the tilt of the wave. 
The signal induces equal voltages in both directions. The 
resulting currents are equal and travel in both directions: 
the component traveling toward the termination end moves 
‘against the wave and thus builds down to a very low level, 
at the termination end. Any residual signal resulting from 
this direction of current flow will be absorbed in the ter- 
‘mination (if the termination is equal to the antenna im: 
pedance). The component of the signal flowing in the other 
direction, as we will see, becomes a key part of the 
received signal, 

As the wave travels along the wire, the wave in space 
travels at approximately the same velocity. (There is some 
phase delay in the wire, as we shall see.) At any given 
point in time, the wave traveling along in space induces a 
voltage in the wire in addition to the wave already travel: 
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Fig 31—At A, a simple one-wire Bo\ 
a variable termination impedance and a matching 9:1 
autotransformer for the receiver impedance. At B, a 
portion of a wave from the desired direction is shown 
traveling down the antenna wire. Its tilt angle and 
effective takeotf angle are also shown. At C, a situation 

age on an incoming 
is shown. See text for discussion. 
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ing on the wire (voltages already induced by the wave). 
Because these two waves are nearly in phase, the volt 
‘ages add and build toward a maximum at the receiver end, 
of the antenna, 

This process can be likened to a series of signal gen. 
cerators lined up on the wire, with phase differences cor- 
responding to their respective spacings on the wire 
(Fig 31C). At the receiver end, a maximum voltage is 
produced by these voltages adding in phase. For example, 
the wave component induced at the receiver end of the 
antenna will be in phase (at the receiver end) with a com: 
ponent of the same wave induced, say, 270° (or any other 
distance) down the antenna, after it travels to the receiver 
nd. 

In practice, there is some phase shift of the wave on 
the wire with respect to the wave in space. This phase 
shift results from the velocity factor of the antenna. (As 
with any transmission line, the signal velocity on the 
Beverage is somewhat less than in free space.) Velocity 
of propagation on a Beverage is typically between 85 and 
98% of that in free space. As antenna height is increased 
to a certain optimum height (which is about 10 feet for 
160 meters), the velocity factor increases. Beyond this 


Antenna Vly (8) 


height, only minimal improvement is afforded, as shown 
in Fig 32. These curves are the result of experimental 
‘work done in 1922 by RCA, and reported in a QST article 
(November 1922) entitled “The Wave Antenna for 200- 
Meter Reception,” by H. H. Beverage. The curve for 
160 meters was extrapolated from the other curves. 

Phase shift (per wavelength) is shown as a function 
of velocity factor in Fig 33, and is given by: 


o=0 (921) (€42) 
ey 


‘where k = velocity factor of the antenna in percent. 

The signals present on and around a Beverage antenna, 
are shown graphically in A through D of Fig 34. These 
‘curves show relative voltage levels over a number of peri- 
‘ods of the wave in space and their relative effects in terms 
of the total signal at the receiver end of the antenna, 


Phase Shift (Degrees) 


'32—Signal velocity on a Beverage increases with 
ight above ground, and reaches a practical maximum 
about 10 feet. Improvement is minimal above this 
ight. (The velocity of light is 100%.) 


Fig 33—This curve shows phase shift ( 
as a function of velocity factor on a Bevel 
Once the phase shift for the antenna goes beyond 90°, 
the gain drops off from its peak value, and any 
increase in antenna length will decrease gain 
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Fig 34—These curves show the voltages that appear in 
a Beverage antenna over a period of several cycles of 
the wave. Signal strength (at A) is constant over t 
length of the antenna during this period, as is volta 
induced per unit length in the wire (at 6). (The voltage 
induced in any section of the antenna is the same as 
the voltage induced in any other section of the same 
size, over the same period of time.) At C, the voltages 
induced by an undesired signal from the rearward 
direction add in phase and build to a maximum. 

1d, where they are dissipated in th 
ion (if Zym = Za). The Voltages resulting from a 
desired signal are shown at D. The wave on the Wit 
travels closely with the wave in space, and the 
voltages resulting add in phase to a maximum at the 
receiver end of the antenna. 


Performance in Other Directions 

The performance of a Beverage antenna in directions 
other than the favored one is quite different than previ 
ously discussed. Take, for instance, the case of a signal 
arriving perpendicular to the wire (90° either side of the 
favored direction). In this case, the wave induces voltages 
along the wire that are essentially in phase, so that they 
arrive at the receiver end more or less out of phase, and 
thus cancel. (This can be likened to a series of signal gen- 
cerators lined up along the antenna as before, but having 
ro progressive phase differences.) 

AS a result of this cancellation, Beverages exhibit 
‘deep nulls off the sides. Some minor sidelobes will exist, 
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as with other long-wire antennas, and will increase in 
number with the length of the antenna. 

In the case of a signal arriving from the rear of the 
antenna, the behavior of the antenna is very similar to its 
performance in the favored direction. The major difference 
isthat the signal from the rear adds in phase at the termina- 
tion end and is absorbed by the termination impedance. 
Fig 38 compares the azimuth and elevation patterns for a 
2-4 (1062 foot) and a 1-2. (531 foot) Beverage at 1.83 MHz. 
The wite is mounted 8 feet above flat ground (to keep it 
above deer antlers and away from humans too) and is ter- 
‘minated with a 500-Q resistor in each case, although the 
exact value of the terminating resistance is not very eriti- 
cal. The ground constants assumed in this computer model 
are conductivity of 5 mS/m and a dielectzic constant of 13. 
Beverage dielectric performance tends to decrease as the 
‘ground becomes better. Beverages operated over saltwater 
do not work as well as they do over poor ground. 

For most effective operation, the Beverage should 
be terminated in an impedance equal to the characteristic 
impedance Zayr of the antenna, For maximum signal 
transfer to the receiver you should also match the 
receiver's input impedance to the antenna. If the termi- 
nation impedance is not equal to the characteristic 
impedance of the antenna, some patt of the signal from 
the rear will be reflected back toward the receiver end of 
the antenna, 

Ifthe termination impedance is merely an open cit- 
cuit (no terminating resistor), total reflection will result 
and the antenna will exhibit a bidirectional pattern (still 
‘with very deep nulls off the sides). An unterminated Bev- 
erage will not have the same response to signals in the 
rearward direction as it exhibits to signals in the forward 
direction because of attenuation and reradiation of part 
of the reflected wave as it travels back toward the receiver 
end. Fig 36 compares the response from two 2-2 Bever- 
ages, one terminated and the other unterminated. Just like 
a terminated long-wire transmitting antenna (which is 
‘mounted higher off the ground than a Beverage, which is 
‘meant only for receiving), the terminated Beverage has a 
reduced forward lobe compared to its unterminated sil 
ling. The unterminated Beverage exhibits about a 5 dB 
front-to-back ratio for this length because of the radia 
tion and wire and ground losses that occur before the for- 
‘ward wave gets to the end of the wire 

Ifthe termination is between the extremes (open cir- 
cuit and perfect termination in Zayr), the peak direction 
and intensity of signals off the rear of the Beverage will 
change. As a result, an adjustable reactive termination 
can be employed to steer the nulls to the rear of the 
antenna (see Fig 37). This can be of great help in elimi- 
nating a local interfering signal from a rearward direc 
tion (typically 30° to 40° either side of the back direction), 
Such a scheme doesn’t help much for interfering skywave 
signals because of variations encountered in the iono- 
sphere that constantly shift polarity, amplitude, phase and 


° 


arash angles 0° 


(®) 


00 


ot Goh = 7.8681 


Fig 36—Comparing the azimuthal patterns for a 2-2 
Beverage, terminated (solid line) and unterminated 
(dashed line). 


incoming elevation angles. 

To determine the appropriate value for a terminat- 
ing resistor, you need to know the characteristic imped- 
ance (surge impedance), Zayr. of the Beverage. It is 
interesting to note that Z.yyr is nota function of the length, 
just like a transmission line 


Fig 35—At A, azimuthal patterns of a 2-A (solid line) 
and a 1-1 (dashed line) Beverage antenna, terminated 
with §50-0 resistor at 1.83 MHz, at an elevation angle 
of 10°, The rearward pattern around 180° is more than 
20 dB down from the front lobe for each antenna. At B, 
the elevation-plane patterns. Note the rejection of very 
high-angle signals near 90: 


Zager = 138 x log { (Eq 3) 
q 


where 
‘Zan = characteristic impedance of the Beverage 
terminating resistance needed 
h = wire height above ground 
d= wire diameter (in the same units as h) 


Another aspect of terminating the Beverage is the 
{quality of the RF ground used for the termination. For most 
types of soil a ground rod is sufficient, since the optimum 
value for the termination resistance is in the range of 400 
10 600 © for typical Beverages and the ground-loss resis 
tance is in series with this. Even if the ground-loss resis 
tance at the termination point is as high as 40 or 50, it 
still is not an appreciable fraction of the overall terminat: 
ing resistance. For soil with very poor conductivity. how: 
ever, (such as sand or rock) you can achieve a better ground 
termination by laying radial wires on the ground at both 
the receiver and termination ends. These wires need not 
be resonant quarter-wave in length, since the ground 
detunes them anyway. Like the ground counterpoise for a 
vertical antenna, a number of short radials is better than a 
few long ones. Some amateurs use chicken-wire ground 
screens for their ground terminations, 
As with many other antennas, improved directivity and 
‘gain can be achieved by lengthening the antenna and by 
‘arranging several antennas into an array. One item that must 
be kept in mind is that by virtue of the velocity factor of the 
1, there is some phase shift of the wave on the an. 
tenna with respect to the wave in space, Because of this 
phase shift, although the directivity will continue to sharpen 
with increased length, there will be some optimum length 
‘at which the gain of the antenna will peak. Beyond this 
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Fig 37—A two-wire Beverage 
antenna that has provisions for 
direction switching and null 
steering in the rear quadrant. 
Performance improves with 
height to a point, and is optimum 
for 1.8-MHz operation at about 10, 
to 12 feet. Parts identifications are 
for text reference. 


length, the current increments arriving at the receiver end. 
of the antenna will no longer be in phase, and will not add 


to produce a maximum signal at the receiver end. This op- 
‘imum length is a function of velocity factor and frequency, 
and is given by: 


(Eq 4) 


where 
L = maximum effective length 
2.= signal wavelength in free space (same units as L) 
k = velocity factor of the antenna in percent 


Because velocity factor increases with height (to a 
point, as mentioned earlier), optimum length is somewhat 
longer if the antenna height is increased. The maximum 
effective length also increases with the number of wires, 
in the antenna system. For example, for a two-wite Bev- 
erage like the bidirectional version shown in Fig 37, the 
maximum effective length is about 20% longer than 
the single-wire version. A typical length for a single-wire 
1.8-MHz Beverage (made of #16 wire and erected 10 feet 
above ground) is about 1200 feet. 


Feed-Point Transformers for 
Single-Wire Beverages 

Matching wansformer TI in Fig 31 is easily con- 
structed. Small toroidal ferrite cores are best for this 
application, with those of high permeability (uy, = 125 t0 
5000) being the easiest to wind (requiring fewest turns) 
‘and having the best high-frequency response (because few 
turns are used). Trifilar-wound autotransformers are most 
convenient. 

Most users are not concerned with a small amount 
‘of SWR on the transmission line feeding their Beverages. 
For example, let us assume that the Zayr of a particular 
Beverage is 525 and the terminating resistance is made 
‘equal to that value. Ifa standard 3:1 turns-ratio autotrans- 
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former is used at the input end of the antenna, the nomi- 
nal impedance transformation 50 Q x 32= 450 Q. This 
leads to the terminology often used for this tansformer 
as a 9:1 transformer, referring to its impedance transfor- 
‘mation. The resulting SWR on the feed line going back 
to the receiver would be 525/450 = 1.27:1, not enough to 
be concerned about. For a Zayr of 600 Q, the SWR is 
600/450 = 1.33:1, again not a matter of concern. 

Hence, most Beverage users use standard 9:1 
(450:50 Q) autotransformers. You can make a matching 
tansformer suitable for use from 160 to 40 meters using 
eight wifilar turns of #24 enameled wire wound over a stack 
‘of to Amidon FT-50-75 or two MN8-CX cores. See 
Fig 38, 

Make your own ifilar cable bundle by placing three 
3-foot lengths of the #24 wire side-by-side and twisting 
‘them in a hand drill so that there is a uniform twist about 
‘one twist-per-inch. This holds the three wires together in 
a bundle that can be passed through the two stacked cores, 
rather like threading a needle, Remember that each time 
‘you put the bundle through the center of the cores counts, 
as one turn, 

After you finish winding, cut the individual wires to 
leave about '/-inch leads, sand off the enamel insulation 
and tin the wires with a soldering iron, Identify the indi- 
vidual wires with an ohmmeter and then connect them 
together following Fig 38. Coat the transformer with Q- 
dope (liquid polystyrene) to finalize the transformer. 
White glue will work also. See Chapters 25 and 26 and 
The ARRL Handbook for more information on winding 
toroidal transformers or see Chapter 7 (Special Receiv= 
ing Antennas) of ON4UN's Low-Band DXing book. 


The Two-Wire Beverage 

The two-wire antenna shown in Fig 37 has the major 
advantage of having signals from both directions avai 
able at the receiver at the flip of a switeh between J1 and 
12. Also, because there are two wires in the system (equal 
amounts of signal voltage are induced in both wires), 
‘greater signal voltages will be produced, 
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Fig 38—Constructing the feed-point transform: 
single-wire Beverage. See text for details. 
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A signal from the left direction in Fig 37 induces equal 
voltages in both wires, and equal in-phase currents flow as 
a result. The reflection transformer (T3 at the right-hand 
fend of the antenna) then inverts the phase of these signals 
‘and reflects them back down the antenna toward the receiver, 
using the antenna wires as a balanced open-wire transmis. 
sion line. This signal is then transformed by T1 down tothe 
input impedance of the receiver (50 ) at J1 

Signals traveling from right to left also induce equal 
voltages in each wire, and they travel in phase toward the 
receiver end, through TI, and into T2. Signals from this 
direction ate available at 12 

TI and T2 are standard 9:1 wideband transformers 
‘capable of operating from 1.8 to at least 10 MHz. Like 
any (Wo parallel wires making up a transmission Line, the 
two-wire Beverage has a certain characteristic imped. 
ance—we'll call it Z, here—depending on the spacing 
between the two wires and the insulation between them. 
‘TS transforms the terminating resistance needed at the end 
of the line to Zs. Keep in mind that this terminating resis: 
tance is equal to the characteristic impedance Zar of the 
Beverage—that is, the impedance of the parallel wires over 
their images in the ground below. For example, if Z, of 
the Beverage wire is 300 Q (that is, you used TV twin: 
lead for the two Beverage wires), T3 must transform the 
balanced 300 @ to the unbalanced 500 QZayr impedance 
used to terminate the Beverage. 

The design and construction of the reflection trans 
former used in a two-wire Beverage is more demanding than 
that for the straightforward matching transformer TI because 
the exact value of terminating impedance is more critical for 
good F/B. See Chapter 7 (Special Receiving Antennas) in 
ON4UN’s Low-Band DXing for details on winding the 
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reflection ansformers for a two-wire Beverage. 

Another convenient feature of the two-wire Bever- 
age is the ability to steer the nulls off either end of the 
antenna while receiving in the opposite direction. For in- 
stance, ifthe series RLC network shown at J2 is adjusted 
while the receiver is connected to J1, signals can be re- 
ceived from the left direction while interference coming 
from the right can be partially or completely nulled. The 
nulls can be steered over a 60° (or more) area off the right- 
hhand end of the antenna. The same null-steering capabi 
ity exists in the opposite direction with the receiver 
connected at J2 and the termination connected at J1 

‘The two-wire Beverage is typically erected at the 
same height as a single-wire version. The two wires are at 
the same height and are spaced uniformly—typically 12 
to 18 inches apart for discrete wires. Some amateurs con- 
struct two-wire Beverages using “window” Iadder-line, 
twisting the line about three twists per foot for mechani 
cal and electrical stability in the wind. 


The characteristic impedance Z,yr of a Beverage 
‘made using two discrete wires with air insulation between 
them depends on the wire size, spacing and height and is 


45) 


where 


Beverage impedance 
resistance 

S = wire spacing 

hh = height above ground 

d= wire diameter (in same units as $ and h) 
© = 2.71828 


Zane desired terminating 


Beverages in Echelon 

The pattern of a Beverage receiving antennais dependent 
‘on the terminating resistance used fora particular antenna as 
‘was demonstrated atthe extremes by Fig 36. This compared 
the patterns for a terminated and an unterminated Beverage. 
The pattern of even a poorly terminated Beverage can be 
significantly improved by the addition of a second Beverage. 
The additional Beverage is installed so that itis operated in 
‘echelon, a word deriving from the fact that the two wires look 
like the parallel rungs on a ladder. For a practi 160- and 
‘80-meter setup the second Beverage wire is parallel to the 
first Beverage, spaced from it by about 5 meters, and also 
staggered 30 meters ahead. See Fig 38 

The forward Beverage is fed with a phase difference 
of +125° such that the total phase, including that due to the 
forward staggering. is 180°. This forms the equivalent of an 
end-fire array fed out-of-phase, but it takes advantage of 
the natural directivity of each Beverage. Fig 39 compares 
the pattern ofa single 1-2 160-meter Beverage tha is loppily 
terminated with two Beverages fed in echelon. The 
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Beverages in echelon gives a modest additional gain of 
almost 2 dB. But where the two Beverages in echelon really 
shine is how they cleans up the rearward pattern—from an 
average about 15 dB for the single Beverage to more than 
25 dB for the two Beverages. 

Even ata spacing of 5 meters, there is very little mutual 
coupling between the two Beverage wires because of their 
inherently small radiation resistance when they are mounted. 
low above lossy ground. Ifyou adjust for a low SWR (using 
proper transformers to match the feed-line coaxes), the phase 
difference will depend solely on the difference in length of 
the two coaxes feeding the Beverage wires. Fig 40 shows a 
wideband feed system designed by Tom Rauch, WSII, as a 
“ross-fite” feed system, The 180° wideband phase-inverting 
transformer allows the system to work on two bands, say 
160 and 80 meters. See Chapter 7, Receiving Antennas, in 
ON4UN’s Low-Band DXing book, 4th Edition for 
transformer details. 


Practical Considerations 

Even though Beverage antennas have excellent 
directive patterns if terminated properly, gain never ex- 
ceeds about ~3 dBi in most practical installations. How 
ever, the directivity that the Beverage provides results in 
a much higher signal-to-noise ratio for signals in the 
desired direction than almost any other real-world antenna, 
used at low frequencies 

A typical situation might be a station located in the US 
Northeast (W1), trying to receive Topband signals from 
Europe to the northeast, while thunderstorms behind him in 
the US Southeast (W4) are creating huge static crashes. In- 
stead of listening to an S7 signal with 10-dB over $9 noise 
and interference on a vertical, the directivity of a Beverage 
‘will typically allow you to copy the same signal at perhaps 
85 with only $3 (or lower) noise and interference. This is 
certainly a worthwhile improvement. However, if you are 
in the middle of a thunderstorm, or if there is a thunder- 
storm in the direction from which you are trying to receive 
a signal, no Beverage is going to help you! 

There are a few basic principles that must be kept in 
mind when erecting Beverage antennas if optimum per- 
formance is to be realized, 

1) Plan the installation thoroughly, including choosing 
aan antenna length consistent with the optimum length 
values discussed earlier. 

2) Keep the antenna as straight and as nearly level as 
possible over its entire run, Avoid following the ter- 
rain under the antenna too closely—keep the antenna 
level with the average terrain, 

3) Minimize the lengths of vertical downleads at the ends 
of the antenna. Their effect is detrimental to the direc- 
tive pattern of the antenna. It is best to slope the 
antenna wire from ground level to its final height (over 
a distance of 50 feet or so) at the feed-point end. Simi- 
lar action should be taken at the termination end. Be 
sure to seal the transformers against weather. 
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Fig 39—Layout of two 160-meter 1-2 long Beverages in 
echelon, spaced 5 meters apart, with 30 meter forward 
stagger. The upper 38 a 125° phase shift in its 
feed system. 


Fig 40—Azimuth pattern at 10° takeotf angle for single 


Beverage (dashed line) and two Beverages in an echelon 
cend-fire array. The rearward pattern is considerably 
cleaner on the echelon. Thus, two closely spaced, short 
Beverages can give considerable improvement over a 
single short Beverage. 
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Fig 41—Two ways of feeding the two-Beverage 
echelon array in Fig 39. On the left, a feed 
system good for one frequency; on the right, a 
“cross-fire” feed system good for 1.8 and 

3.6 MHz. For this system we want a phase shift 
ddue to the coax length of +116? at the back 
Beverage A. The angle @ is thus 180°=116" = 64° 
ong on 160 meters. In the system on the right, a 
{64° length on 160 meters becomes 128° long on 
80 meters. So with the phase-inverting 
transformer the net phase shift becomes 53° on 
80 meters, a reasonable compromise. (Courtesy 
WBdl and ONAUN) 


4) Use a noninductive resistor for terminating a single- 
wire Beverage. If you live in an area where lightning 
storms are common, use 2-W terminating resistors, 
which can survive surges due to nearby lightning strikes, 

5) Use high-quality insulators for the Beverage wire 
where it comes into contact with the supports, Plastic 
insulators designed for electric fences are inexpensive 
and effective, 

6) Keep the Beverage away from parallel conductors such 
as electric power and telephone lines for a distance of 
at least 200 feet. Perpendicular conductors, even other 
Beverages, may be crossed with relatively little inter 
action, but do not cross any conductors that may pose 
a safety hazard. 

7) Run the coaxial feed line to the Beverage so that itis 
not directly under the span of the wire. This prevents 
‘common-mode currents from appearing on the shield 
of the coax. It may be necessary to use a ferrite-bead 
‘choke on the feed line if you find that the feed line 
itself picks up signals when it is temporarily discon 
nected from the Beverage. See Chapter 26 for details 
fon common-mode chokes. 

8) If you use elevated radials in your transmitting 
antenna system, keep your Beverage feed lines well 
away from them to avoid stray pickup that will ruin 
the Beverage’s directivity 
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Direction Finding 
Antennas 


The use of radio for direction-finding purposes 
(RDF) is almost as old as its application for communica 
tions. Radio amateurs have learned RDF techniques and 
found much satisfaction by participating in hidden-trans- 
mitter hunts. Other hams have discovered RDF through 
an interest in boating or aviation, where radio direction 
inding is used for navigation and emergency location 
systems, 

In many countries of the world, the hunting of hid- 
den amateur transmitters takes on the atmosphere of a 
sport, as participants wearing jogging togs or track suits 
dash toward the area where they believe the transmitter 
is located. The sport is variously known as fox hunting, 
bunny hunting, ARDF (Amateur Radio direction finding) 
or simply transmitter hunting. In North America, most 
hunting of hidden transmitters is conducted from auto- 
mobiles, although hunts on foot are gaining popularity. 

‘There are less pleasant RDF applications as well 
such as tracking down noise sources or illegal operators 
from unidentified stations. Jammers of repeaters, tra 
nets and other amateur operations can be located with 
RDF equipment. Or sometimes a stolen amateur rig will 
be operated by a person who is not familiar with Ama- 
teur Radio, and by being lured into making repeated trans- 
the operator unsuspectingly permits himself to 
be located with RDF equipment. The ability of certain 
RDF antennas to reject signals from selected directions 
has also been used to advantage in reducing noise and 
interference. Through APRS, radio navigation is becom. 
ing a popular application of RDF. The locating of downed 
craft is another, and one in which amateurs often lend 
their skills. Indeed, there are many useful applications 
for RDF. 

Although sophisticated and complex equipment 
pushing the state of the art has been developed for use by 
governments and commercial enterprises, relatively 
simple equipment can be built at home to offer the Radio 


Amateur an opportunity to RDF. This chapter deals with 
antennas suitable for that purpose. 


RDF by Triangulation 

It is impossible, using amateur techniques, to pin- 
point the whereabouts of a transmitter from a single 
receiving location. With a directional antenna you can 
determine the direction of a signal source, but not how 
far away it is. To find the distance, you can then travel in 
the determined direction until you discover the transmit- 
ter location. However, that technique can be time con- 
suming and often does not work very well. 

A preferred technique is to take at least one addi- 
tional direction measurement from a second receiving 
location, Then use a map of the area and plot the bearing, 
or direction measurements as straight lines from points 
‘on the map representing the two locations. The approxi- 
mate location of the transmitter will be indicated by the 
point where the two bearing lines cross. Even better 
results can be obtained by taking direction measurements, 
from three locations and using the mapping technique 
just described. Because absolutely precise bearing m 
surements are difficult to obtain in practice, the three lines, 
will almost always cross to form a triangle on the map, 
rather than at a single point. The transmitter will usually 
be located inside the area represented by the triangle. 
Additional information on the technique of triangulation 
and much more on RDF techniques may be found in 
recent editions of The ARRL Handbook. 


DIRECTION FINDING SY\STEMS 


Required for any RDF system are a directive antenna 
and a device for detecting the radio signal. In amateur 
applications the signal detector is usually a transceiver 
and for convenience it will usually have a meter to indi- 
cate signal strength. Unmodified, commercially available 
portable or mobile receivers are generally quite satisfac- 
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tory for signal detectors. At very close ranges a simple 


diode detector and de microammeter may suffice for the 
detector. 
(On the other hand, antennas used for RDF techniques 


are not generally the types used for normal two-way com- 
munications. Directivity is a prime requirement, and here 
the word directivity takes on a somewhat different mean- 
ing than is commonly applied to other amateur antennas. 
Normally we associate directivity with gain, and we think 
of the ideal antenna pattern as one having a long, thin 
main lobe. Such a pattern may be of value for coarse 
‘measurements in RDF work, but precise bearing measure- 
‘ments are not possible. There is always a spread of a few 
(or pethaps many) degrees on the nose of the lobe, where 
a shift of antenna bearing produces no detectable change 
in signal strength. In RDF measure-ments, it is desirable 
to correlate an exact bearing or compass direction with 
the position of the antenna. In order to do this as accu- 
rately as possible, an antenna exhibiting a null in its pat- 
tern is used. A null can be very sharp in directivity, to 
within a half degree or less. 


Loop Antennas 

‘A simple antenna for HF RDF work is a small loop 
tuned to resonance with a capacitor. Several factors must 
be considered in the design of an RDF loop. The loop 
must be small in circumference compared with the wave- 
length. In a single-turn loop, the conductor should be less 
than 0.08 2 long. For 28 MHz, this represents a length 
of less than 34 inches (a diameter of approximately 
10 inches). Maximum response from the loop antenna is, 
in the plane of the loop, with nulls exhibited at right angles 
to that plane, 

To obtain the most accurate by 


rings, the loop must 
be balanced electrostatically with respect to ground 
e, the loop will exhibit two modes of operation. 
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Fig 1—Small-loop field patterns with varying amounts 
of antenna effect—the undesired response of the loop 
acting merely as a mass of metal connected to the 
receiver antenna terminals. The straight lines show the 
plane of the loop. 
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‘One is the mode of a true loop, while the other is that of 
an essentially nondirectional vertical antenna of small 
dimensions. This second mode is called the antenna effect. 
‘The voltages introduced by the two modes are seldom in 
phase and may add or subtract, depending upon the 
direction from which the wave is coming. 

‘The theoretical true loop pattern is illustrated in 
Fig 1A. When properly balanced, the loop exhibits two 
nulls that are 180° apart. Thus, a single null reading with 
a small loop antenna will not indicate the exact direction 


toward the transmitter—only the line along which the 
transmitter lies. Ways to overcome this ambiguity are dis- 
cussed later. 

When the antenna effect is appreciable and the loop 
is tuned to resonance, the loop may exhibit little direc~ 
tivity, as shown in Fig IB. However, by detuning the loop 
to shift the phasing, a pattern similar to 1C may be 


obtained. Although this pattern is not symmetrical, it does, 
exhibit a null. Even so, the null may not be as sharp as, 
that obtained with a loop that is well balance: 
may not be at exact right angles to the plane of the loop. 

By suitable detuning, the unidirectional cardioid 
pattern of Fig ID may be approached. This adjustment is 
sometimes used in RDF work to obtain a unidirectional 


and it 


bearing, although there is no complete null in the pat- 
tem, A cardioid pattern can also be obtained with a small 
loop antenna by adding a sensing element. Sensing ele~ 
ments are discussed in a later section of this chapter. 

An electrostatic balance can be obtained by shield- 
ing the loop, as Fig 2 shows. The shield is represented by 
the broken lines in the drawing, and eliminates the 
antenna effect. The response of a well-constructed 


shielded loop is quite close to the ideal pattern of Fig 1A. 


Fig 2—Shielded loop for direction finding. The ends 
of the shielding turn are not connected, to prevent 
shielding the loop from magnetic fields. The shield is 
effective against electric fields. 


Fig 3—Small loop consisting of several turns of wire. 
The total conductor length is very much less than a 
wavelength. Maximum response is in the plane of the 
loop. 


For the low-frequency amateur bands, single-turn 
loops of convenient physical size for portability are gen- 
erally found to be unsatisfactory for RDF work. There- 
fore, multiturn loops are generally used instead. Such a 
loop is shown in Fig 3. This loop may also be shielded, 
and if the total conductor length remains below 0.08 , 
the directional pattern is that of Fig 1A. A sensing ele- 
‘ment may also be used with a multiturn loop. 


Loop Circuits and Criteria 

No single word describes a direction-finding loop 
of high performance better than symmetry. To obtain an 
undistorted response pattern from this type of antenna, 
you must build it in the most symmetrical manner pos- 
Sible. The next key word is balance. The better the elec- 
trical balance, the deeper the loop null and the sharper 
the maxima. 

‘The physical size of the loop for 7 MHz and below 
is not of major consequence. A 4-foot diameter loop will 
exhibit the same electrical characteristics as one which 
is only an inch or two in diameter. The smaller the loop, 
however, the lower its efficiency. This is because its 
aperture samples a smaller section of the wave front. Thus, 
if you use loops that are very small in terms of a wave- 
length, you will need preamplifiers to compensate for the 
reduced efficiency. 

‘An important point to keep in mind about a small 
loop antenna oriented in a vertical plane is that it is ver- 
tically polarized. It should be fed at the bottom for the 
best null response. Feeding it at one side, rather than at 
the bottom, will not alter the polarization and will only 
degrade performance. To obtain horizontal polarization 
from a small loop, it must be oriented in a horizontal 
plane, parallel to the earth. In this position the loop 


response is essentially omnidirectional 

‘The earliest loop antennas were of the frame antenna 
variety. These were unshielded antennas built on a wooden 
frame in a rectangular format. The loop conductor could 
be a single turn of wire (on the larger units) or several 
turns if the frame was small. Later, shielded versions of 
the frame antenna became popular, providing electrostatic 
shielding—an aid to noise reduction from such sources as 
precipitation static. 


Ferrite Rod Antennas 

With advances in technology, magnetic-core loop 
antennas came into use. Their advantage was reduced size, 
and this app. reraft 
and portable radios. Most of th 
rite bars or cylinders, which provide high inductance and 
Q with a relatively small number of coil turns 

Magnetic-core antennas consist essentially of turns 
of wire around a ferrite rod. They are also known as, 
loopstick antennas. Probably the best-known example of 
this type of antenna is that used in small portable AM 
broadcast receivers. Because of their reduced-size advan- 
tage, ferrite-rod antennas are used almost exclusively for 
portable work at frequencies below 150 MEY. 

As implied in the earlier discussion of shielded loops 
in this chapter, the true loop antenna responds to the mag- 
netic field of the radio wave, and not to the electrical field 
‘The voltage delivered by the loop is proportional to the 
amount of magnetic flux passing through the coil, and to 
the number of turns in the coil. The action is much the 
same as in the secondary winding of a transformer. For a 
given size of loop, the output voltage can be increased by 
increasing the flux density, and this is done with a ferrite 
core of high permeability. A '/:-inch diameter, 7-inch rod 
of Q2 ferrite (m; = 125) is suitable for a loop core from 
the broadcast band through 10 MHz. For increased out- 
put, the turns may be wound on two rods that are taped 
together, as shown in Fig 4. Loopstick antennas for con- 


Qs 


Fig 4—A ferrite-rod or loopstick antenna. Turns of wire 
may be wound on a single rod, or to increase the output 
from the loop, the core may be two rods taped together, 
as shown here. The type of core material must be 
selected for the intended frequency range of the loop. 
To avoid bulky windings, fine wire such as #28 

or #30 is often used, with larger wire for the leads. 
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Fig 5—Field pattern for a ferrite rod antenna. The dark 
bar represents the rod on which the loop turns are 
wound. 


struction are described later in this chapter. 

Maximum response of the loopstick antenna 
broadside to the axis of the rod as shown in Fig 5, whereas 
maximum response of the ordinary loop is in a direction 
at right angles to the plane of the loop. Otherwise, the 
performances of the ferrite-rod antenna and of the ord 
nary loop are similar. The loopstick may also be shielded, 
to eliminate the antenna effect, such as with a U-shaped 
or C-shaped channel of aluminum or other form of trough. 
The length of the shield should equal or slightly exceed 
the length of the rod 


Sensing Antennas 

Because there are two nulls that are 180° apart in 
the directional pattern of a loop or a loopstick, an ambi- 
guity exists as to which one indicates the true direction 
of the station being tracked. For example, assume you 
take a bearing measurement and the result indicates the 
transmitter is somewhere on a line running approximately 
east and west from your position. With this single read- 
ing, you have no way of knowing for sure if the transmit- 
ter is east of you or west of you. 

If more than one re 
a single transmitter, or i 


ving station tak 
bearings from more than one position on the transmitter, 
the ambiguity may be worked out by triangulation, as 
described earlier. However, it is sometimes desirable to 
have a pattern with only one null, so there is no question 
about whether the transmitter in the above example would 
be east or west from your position. 

‘A loop or loopstick antenna may be made to have a 


14-4 Chapter 14 


° Patter 


‘Sensing element 


AY) Sots ten 


Elmer 


oc fe 


° stage 


) 


Fig 6—At A, the directivity pattern of a loop antenna 
with sensing element. At B is a circuit for combining 
the signals from the two elements. C1 is adjusted for 
resonance with T1 at the operating frequency. 


single null if a second antenna element is added. The 
ment is called a sensing antenna, because it gives an added 
sense of direction to the loop pattern. The second ele~ 
ment must be omnidirectional, such as a short vertical. 
When the signals from the loop and the vertical element 
are combined with a 90° phase shift between the two, 
cardioid pattern results. The development of the pattern 
is shown in Fig 6A. 

Fig 6B shows a circuit for adding a sensing antenna 
to a loop or loopstick. RI is an internal adjustment and is 
used to set the level of the signal from the sensing 


antenna. For the best null in the composite pattern, the 
signals from the loop and the sensing antenna must be of 
equal amplitude, so R1 is adjusted experimentally dur- 
ing setup. In practice, the null of the cardioid is not as 
sharp as that of the loop, so the usual measurement pro- 
cedure is to first use the loop alone to obtain a precise 
bearing reading, and then to add the sensing antenna and 
take another reading to resolve the ambiguity. (The null 
of the cardioid is 90° away from the nulls of the loop.) 
For this reason, provisions are usually made for switch- 
ing the sensing element in an out of operation. 


PHASED ARRAYS 


Phased arrays are also used in amateur RDF work. 
‘Two general classifications of phased arrays are end-fire 
and broadside configurations. Depending on the spacing 
and phasing of the elements, end-fire patterns may exhibit, 
a null in one direction along the axis of the elements. At 
the same time, the response is maximum off the other 
end of the axis, in the opposite direction from the null. A 
familiar arrangement is two elements spaced Vs A apart 
and fed 90° out of phase. The resultant pattern is a car- 
dioid, with the null in the direction of the leading ele- 
ment. Other arrangements of spacing and phasing for an 
end-fire array are also suitable for RDF work. One of the 


best known is the Adcock array, discussed in the next 
section. 

Broadside arrays are inherently bidirectional, which 
‘means there are always at least two nulls in the pattern 
Ambiguity therefore exists in the true direction of the 
transmitter, but depending on the application, this may 
be no handicap. Broadside arrays are seldom used for 
amateur RDF applications however. 


The Adcock Antenna 


Loops are adequate in RDF applications where only 
the ground wave is present. The performance of an RDF 
system for sky-wave reception can be improved by the 


use of an Adcock antenna, one of the most popular types 
of end-fire phased arrays. A basic version is shown in 
Fig 7. 

‘This system was invented by F. Adcock and patented 
in 1919, The array consists of two vertical elements fed 
180° apart, and mounted so the system may be rotated. 
Element spacing is not critical, and may be in the range 
from 0.1 t0 0.75 A. The two elements must be of identi- 
cal lengths, but need not be self-resonant. Elements that 
are shorter than resonant are commonly used. Because 
ement spacing nor the length is critical in 
terms of wavelengths, an Adcock array may be operated 
‘over more than one amateur band. 

‘The response of the Adcock array to vertically 
polarized waves is similar to a conventional loop, and 
the directive pattern is essentially the same, Response of 
the array to a horizontally polarized wave is consider- 
ably different from that of a loop, however. The currents, 
induced in the horizontal members tend to balance out 


neither the 


regardless of the orientation of the antenna. This effect 
has been verified in practice, where good nulls were 
obtained with an experimental Adcock under sky-wave 
conditions. The same circumstances produced poor nulls, 
with small loops (both conventional and ferrite-loop 
models). 

Generally speaking, the Adcock antenna has attrac~ 
tive properties for amateur RDF applications. Unfortu- 
nately, its portability leaves something to be desired, 
making it more suitable to fixed or semi-portable appli- 
4 metal support for the mast and boom 
ss are preferable 
because they are nonconductors and would therefore 
ss pattern distortion. 

Since the array is balanced, an antenna tuner is 
required to match the unbalanced input of a typical 
receiver. Fig 8 shows a suitable link-coupled network 
C2 and C3 are null-balancing capacitors. A low-power 
signal source is placed some distance from the Adcock 


Fig 7—A simple Adcock antenna. 


Fig 8A suitable coupler for use with the Adcock 
antenna. 
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Fig 9—At A, the pattern of the Adcock array with an element spacing of ‘/: wavelength. In these plots the elements 
are aligned with the horizontal axis. As the element spacing Is increased beyond */ wavelength, additional nulls 
develop off the ends of the array, and at a spacing of 1 wavelength the pattern at B exists. This pattern is 


unsuitable for RDF work. 


antenna and broadside to it, C2 and C3 are then adjusted 
until the deepest null is obtained. The tuner can be placed 
below the wiring-haress junction on the boom. Conne 
tion can be made by means of a short length of 300-2 
twin-lead. 

‘The radiation pattern of the Adcock is shown in 
Fig 9A. The nulls are in directions broadside to the array, 
and become sharper with greater element spacings. How- 
ever, with an element spacing greater than 0.75 2, the 
pattern begins to take on additional nulls in the direc- 
tions off the ends of the array axis. At a spacing of 
1 A the pattern is that of Fig 9B, and the array is unsuit- 
able for RDF applications, 

Short vertical monopoles are often used in what is 
sometimes called the U-Adcock, so named because the 
elements with their feeders take on the shape of the letter 
U_ In this arrangement the elements are worked against 
the earth as a ground or counterpoise. If the array is used 
only for reception, earth losses are of no great conse 
quence. Short, elevated vertical dipoles are also used in 
what is sometimes called the H-Adcock. 

‘The Adcock array, with two nulls in its pattern, has 
the same ambiguity as the loop and the loopstick. Add- 
ing a sensing clement to the Adcock array has not met 
with great success. Difficulties arise from mutual cou- 
pling between the array elements and the sensing element, 
among other things. Because Adcock arrays are used pri- 
marily for fixed-station applications, the ambiguity pre~ 
sents no serious problem. The fixed station is usually one 
of a group of stations in an RDF network, 


LOOPS VERSUS PHASED ARRAYS 


Although loops can be made smaller than suitable 
phased arrays for the same frequency of operation, the 
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phased arrays are preferred by some for a variety of rea- 
sons. In general, sharper nulls can be obtained with phased 
arrays, but this is also a function of the care used in con- 
structing and feeding the individual antennas, as well as, 
of the size of the phased array in terms of wavelengths. 
‘The primary constructional consideration is the shield- 
ing and balancing of the feed line against unwanted sig- 
nal pickup, and the balancing of the antenna for a 
symmetrical pattern. 

Loops are not as useful for skywave RDF work 
because of random polarization of the received signal. 
Phased arrays are somewhat less sensitive to propaga- 
tion effects, probably because they are larger for the same 
frequency of operation and therefore offer some space 
diversity. In general, loops and loopsticks are used for 
mobile and portable operation, while phased arrays are 
used for fixed-station operation. However, phased arrays 
are used successfully above 144 MHz for portable and. 
mobile RDF work. Practical examples of both types of 
antennas are presented later in this chapter. 


THE GONIOMETER 

Most fixed RDF stations for government and commer- 
s of stationary elements, rather 
than mechanically rotatable arrays. This has been true since 
the earliest days of radio. The early-day device that per 
mits finding directions without moving the elements is 
called a radiogoniometer, or simply a goniometer. Various 
types of goniometers are still used today in many 
installations, and offer the amateur some possibilit 

The early style of goniometer is a special form of 
RF transformer, as shown in Fig 10. It consists of two 
fixed coils mounted at right angles to one another. Inside 
the fixed coils is a movable coil, not shown in Fig 10 to 


cial work use antenna arra 


Fig 10—An early type of goniometer that is still used 
today in some RDF applications. This device is a 
special type of RF transformer that permits a movable 
coll in the center (not shown here) to be rotated and 
determine directions even though the elements are 
stationary. 


avoid cluttering the diagram. The pairs of connections 
marked A and B are connected respectively to two el 
‘ments in an array, and the output to the detector or receiver 
is taken from the movable coil. As the inner coil is rotated, 
the coupling to one fixed coil increases while that to the 
other decreases. Both the amplitude and the phase of the 
signal coupled into the pickup winding are altered with 
rotation in a way that corresponds to actually rotating 
the array itself. Therefore, the rotation of the inner coil 
can be calibrated in degrees to correspond to bearing 
angles from the station location. 

In the early days of radio, the type of goniometer 
just described saw frequent use with fixed Adcock arrays. 
‘A refinement of that system employed four Adcock ele- 
ments, two arrays at right angles to each other. With a 
goniometer arrangement, RDF measurements could be 
taken in all compass directions, as opposed to none off 
the ends of a two-element fixed array. However, resolu- 
tion of the 4-element system was not as good as with a 

ingle pair of elements, probably because of mutual cou- 
pling among the elements. To overcome this difficulty a 
ew systems of eight elements were installed 
Various other types of goniometers have been devel- 
oped over the years, such as commutator switching to vari- 
ous elements in the array. A later development is the diode 
switching of capacitors to provide a commutator effect. As 
mechanical action has gradually been replaced with elec- 
tronics to “rotate” stationary elements, the word goniom- 
eter is used less frequently these days. However, it still 
appears in many engineering reference texts. The more com- 
plex electronic systems of today are called beam-forming 
networks. 


Electronic Antenna Rotation 


With an array of many fixed elements, beam rotation 
can be performed electronically by sampling and combin- 
ing signals from various individual elements in the array. 
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Fig 11—This diagram illustrates one technique used in 
electronic beam forming. By delaying the signal from 
element A by an amount equal to the propagation 
delay, the two signals may be summed precisely in 
phase, even though the signal is not in the broadside 
direction. Because this time delay is identical for all 
frequencies, the system is not frequency sensitive. 


Contingent upon the total number of elements in the sys~ 
tem and their physical arrangement, almost any desired 
antenna pattern can be formed by summing the sampled 
signals in appropriate amplitude and phase relationships, 
Delay networks are used for some of the elements before 
the summation is performed. In addition, attenuators may 
bbe used for some elements to develop patterns such as from 
an array with binomial current distribution 

One system using these techniques is the 
Wullenweber antenna, employed primarily in government 
and military installations. The Wullenweber consists of a 
very large number of elements arranged in a circle, usu- 
ally outside of (or in front of) a circular reflecting screen. 
Depending on the installation, the circle may be anywhere 
from a few hundred feet to more than a quarter of a mile 
in diameter. Although the Wullenweber is not one that 
would be constructed by an amateur, some of the tech- 
niques it uses may certainly be applied to Amateur Radio. 

For the moment, consider just two elements of a 
Wullenweber antenna, shown as A and B in Fig 11. Also 
shown is the wavefront of a radio signal arriving from a 
distant transmitter. As drawn, the wavefront strikes ele- 


ment A first, and must travel somewhat farther before it 
strikes element B. There is a finite time delay before the 
wavefront reaches element B. 

‘The propagation delay may be measured by delay- 
ing the signal received at element A before summing it 
with that from element B. If the two signals are com- 
bined directly, the amplitude of the resultant signal will 
‘be maximum when the delay for element A exactly equals, 
the propagation delay. This results in an in-phase condi- 
tion at the summation point. Or if one of the signals is 
inverted and the two are summed, a null will exist when 
the element-A delay equals the propagation delay; the 
signals will combine in a 180° out-of-phase relationship. 
Either way, once the time delay is known, it may be con- 
verted to distance. Then the direction from which the wave 
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Interwiring - get hooked up! 


With practice, through-hole soldering of p.c.b.s will become second nature. There’s 
no substitute for tackling some soldering jobs though, particularly trying a simple kit 
based on a quality p.c.b. which will boost your confidence enormously. 


Most electronic devices need connecting up to external components such as battery 
packs, speakers, L.e.d.s or switches. Usually, multi-stranded connecting wire is used to 
connect circuit boards and external parts together. Unlike single solid-core wire, multi- 
stranded wire is flexible and vibration-resistant. Hobbyists mainly use 7/0.2mm wire (7 
strands, each 0.2mm diameter) for low-voltage hook-ups although much Chinese 
equipment uses much thinner wires than this. So let’s look at some aspects of soldering 
this type of wire. 


Ina separate photo sequence I show how a potentiometer (a panel-mounted variable 
resistor) and a light-emitting diode (l.e.d.) are connected using multi-stranded wire. The 
same principles of soldering apply to most other components including panel-mounted 
switches, loudspeakers, buzzers, audio sockets and more. 


Components usually have terminals or “tags” to which wires can be soldered. Start 
by ensuring the component’s tags are clean: otherwise solder will not wet properly and the 
joint will be impossible to solder, so all contamination must be removed. This is especially 
true of parts that have been in storage a long time. The connections often oxidise or 
blacken, so clean the solder tags with e.g. an abrasive glass-fibre brush, or a needle file or 
abrasive paper. Using a glass fibre brush was shown earlier in “Cleanliness and Tinning 
the Bit”. 


is arriving may be determined by trigonometry. 

By altering the delay in small increments, the peak 
of the antenna lobe (or the null) can be steered in azi 
muth. This is true without regard to the frequency of the 
incoming wave. Thus, as long as the delay is less than 
the period of one RF cycle, the system is not frequency 
sensitive, other than for the frequency range that may be 
sfactorily by the array elements themselves. 
Surface acoustic wave (SAW) devices or lumped-constant 
networks can be used for delay lines in such systems if 
the system is used only for receiving. Rolls of coaxial 
cable of various lengths are used in installations for trans- 
mitting. In this case, the lines are considered for the time 
delay they provide, rather than as simple phasing lines. 
‘The difference is that a phasing line is ordinarily designed 
for a single frequency (or for an amateur band), while a 
delay line offers essentially the same time delay at all 
frequencies, 

By combining signals from other Wullenweber ele~ 
ments appropriately, the broad beamwidth of the pattern 
from the two elements can be narrowed, and unwanted 
sidelobes can be suppressed. Then, by electronically 
switching the delays and attenuations to the various el 
ments, the beam so formed can be rotated around the com- 
pass. The package of electronics designed to do this, 
including delay lines and electronically switched attenua- 
tors, is the beam-forming network. However, the 
Wullenweber system is not restricted to forming a single 
beam. With an isolation amplifier provided for each ele- 
ment of the array, several beam-forming networks can be 
operated independently. Imagine having an antenna sys- 
tem that offers a dipole pattern, a rhombic pattern, and a 
Yagi beam pattern, all simultaneously and without fre 
quency One or more may be rotating while 
another is held in a particular direction. The Wullenweber 
was designed to fulfill this type of requirement. 

One feature of the Wullenweber antenna is that it can 
operate 360° around the compass. In many government 
installations, there is no need for such coverage, as the 
areas of interest lie in an azimuth sector. In such cas 
in-line array of elements with a backscreen or curtain re 
flector may be installed broadside to the center of the sec- 
tor. By using the same techniques as the Wullenweber, 
the beams formed from this array may be slewed left and, 
right across the sector. The maximum sector width avail- 
able will depend on the installation, but beyond 70° to 80° 
the patterns begin to deteriorate to the point that they are 
unsatisfactory for precise RDF work 


RDF SYSTEM CALIBRATION AND USE 


covered 


Once an RDF system is initially assembled, it should 
be calibrated or checked out before actually being put 
into use. Of primary concern is the balance or symmetry 


of the antenna pattern. A lop-sided figure-8 pattern with 
a loop, for example, is undesirable; the nulls are not 180° 
apart, nor are they at exact right angles to the plane of 
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the loop. If you didn’t know this fact in actual RDF work, 
measurement accuracy would suffer. 

Initial checkout can be performed with a low- 
powered transmitter at a distan 
It should be within visual range and must be operating 
into a vertical antenna. (A quarter-wave vertical or a 
loaded whip is quite suitable.) The site must be reason- 
ably clear of obstructions, especially steel and concrete 
or brick buildings, large metal objects, nearby power lines, 
and so on. If the system operates above 30 MHz, you 
should also avoid trees and large bushes. An open field 
makes an excellent site. 

‘The procedure is to find the transmitter with the RDF 
equipment as if its position were not known, and com- 
pare the RDF null indication with the visual path to the 
transmitter. For antennas having more than one null, each 
null should be checked. 

If imbalance is found in the antenna system, there 
are two options available. One is to correct the imbal- 
ance, Toward this end, pay particular attention to the feed 
line. Using a coaxial feeder for a balanced antenna invites 
an asymmetrical pattern, unless an effective balun is used. 
A balun is not necessary if the loop is shielded, but an 
asymmetrical pattern can result with misplacement of the 
break in the shield itself. The builder may also find that 
the presence of a sensing antenna upsets the balance 
slightly, due to mutual coupling. Experiment with its 
position with respect to the main antenna to correct the 
error. You will also note that the position of the null shifts, 
by 90° as the sensing element is switched in and out, and 
the null is not as deep. This is of little concern, however, 
as the intent of the sensing antenna is only to resolve 
ambiguities. The sensing element should be switched out 
when accuracy is desired 

‘The second option is to accept the imbalance of the 
antenna and use some kind of indicator to show the true 
directions of the nulls. Small pointers, painted marks on 
the mast, or an optical sighting system might be used. 
Sometimes the end result of the calibration procedure will 
be a compromise between these two options, as a perfect 
electrical balance may be difficult or impossible to attain. 

‘The discussion above is oriented toward calibrating 
portable RDF systems. The same general suggestions 
apply if the RDF array is fixed, such as an Adcock. How- 
ever, it won't be possible to move it to an open field. 
Instead, the array must be calibrated in its intended oper- 
ating position through the use of a portable or mobile 
transmitter. Because of nearby obstructions or reflecting 
the null in the pattern may not appear to indicate 
e direction of the transmitter. Do not confuse 
this with imbalance in the RDF array. Check for imbal- 
ance by rotating the array 180° and comparing readings. 

Once the balance is satisfactory, you should make a 
table of bearing errors noted in different compass direc- 
tions. These error values should be applied as corrections 
when actual measurements are made. The mobile or por- 
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Fig 12—A multiturn frame antenna is shown at A. L2 Is, 
the coupling loop. The drawing at B shows how L2 is. 
connected to a preamplifier. 


table transmitter should be at a distance of two or three 
miles for these measurements, and should be in as clear 
an area as possible during transmissions. The idea is to 
avoid conduction of the signal along power lines and other 
overhead wiring from the transmitter to the RDF site. Of 
course the position of the transmitter must be known 
accurately for each transmission. 


FRAME LOOPS 


It was mentioned earli 


that the earliest style of 
receiving loops was the frame antenna. If carefully con- 
structed, such an antenna performs well and can be built 
at low cost. Fig 12 illustrates the details of a practical 
frame type of loop antenna. This antenna was designed 
by Doug DeMaw, WIFB, and described in QST for July 
1977. (See the Bibliography at the end of this chapter.) 
The circuit in Fig 12A is a 5-turn system tuned to reso- 
nance by C1. If the layout is symmetrical, good balanes 

should be obtained. L2 helps to achieve this objective by 
eliminating the need for direct coupling to the feed ter- 
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Fig 13—A wooden frame can be used to contain the 
wire of the loop shown in Fig 12. 


Fig 14—An assembled table-top version of the 
electrostatically shielded loop. RG-58 cable is used 
in its construction. 
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minals of LI. If the loop feed were attached in parallel 
with Cl, a common practice, the chance for imbalance 
would be considerable, 

L2 can be situated just inside or slightly outside of 
LI; a L-inch separation works nicely. The receiver or 
preamplifier can be connected to terminals A and B of 
2, as shown in Fig 12B. C2 controls the amount of cou- 
pling between the loop and the preamplifier. The lighter 
the coupling, the higher is the loop Q, the narrower is the 
frequency response, and the greater is the gain require- 
ment from the preamplifier. It should be noted that no 
attempt is being made to match the extremely low loop 
impedance to the preamplifier. 

A supporting frame for the loop of Fi 
constructed of wood, as shown in Fig 13. The dimen- 
sions given are for a 1.8-MHz frame antenna. For use on 
75 or 40 meters, LI of Fig 12 will require fewer turns, 
or the size of the wooden frame should be made some- 
what smaller than that of Fig 13, 


SHIELDED FRAME LOOPS 
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Fig 15—Components and assembly details of the 
shielded loop shown in Fig 14. 
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in Fig 14 can be adopted. In this example, the loop con- 
ductor and the single-turn coupling loop are made from 
RG-58 coaxial cable. The number of loop turns should be 
sufficient to resonate with the tuning capacitor at the op- 
crating frequency. Antenna resonance can be checked by 
first connecting C1 (Fig 12A) and setting it at midrange 
‘Then connect a small 3-turn coil to the loop feed termi- 
ind couple to it with a dip meter. Just remember that 
the pickup coil will act to lower the frequency slightly 
from actual resonance. 

In the antenna photographed for Fig 14, the I-turn 
coupling loop was made of #22 plastic-insulated wire. 
However, electrostatic noise pickup occurs on such a cou- 
pling loop, noise of the same nature that the shield on the 
main loop prevents. This can be avoided by using RG-58 
for the coupling loop. The shield of the coupling loop 
should be opened for about 1 inch at the top, and each 
end of the shield grounded to the shield of the main loop. 

Larger single-turn frame loops can be fashioned from 
aluminum-jacketed Hardline, if that style of coax is avail- 
able. In either case, the shield conductor must be opened 
at the electrical center of the loop, as shown in Fig 15 at 
A and B. The design example is for 1.8-MHz operation. 

To realize the best performance from an electro- 
statically shielded loop antenna, you must operate it near 
to and directly above an effective ground plane. An auto- 
mobile roof (metal) qualifies nicely for small shielded loops. 
For fixed-station use, a chicken-wire ground screen can 
be placed below the antenna at a distance of 1 to 6 feet. 
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Fig 16—At A, the diagram of a ferrite loop. C1 is a du: 
‘section air-variable capacitor. The circuit at B shows 
oop contained in an electrostatic shield channel (see 
text). A suitable low-noise preamplifier is shown in Fig 19. 
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Fig 17—The assembly at the top of the picture is a 
shielded ferrite-rod loop for 160 meters. Two rods have 
been glued end to end (see text). The other units in the 
picture are a low-pass filter (lower left), broadband 
preamplifier (lower center) and a Tektronix step 
attenuator (lower right). These were part of the test 
setup used when the antenna was evaluated. 


FERRITE-CORE LOOPS 


Fig 16 contains a diagram for a rod loop (loopstick 
antenna). This antenna was also designed by Doug 
DeMaw, WIFB, and described in QST for July 1977. The 
winding (L1) has the appropriate number of turns to per- 
mit resonance with C1 at the operating frequency. L1 
should be spread over approximately '/: of the core cen- 


ter. Litz wire will yield the best Q, but Formvar magnet 
wire can be used if desired. A layer of 3M Company glass 
tape (or Mylar tape) is recommended as a covering for 
the core before adding the wire. Masking tape can be used 
if nothing else is available. 

L2 functions as a coupling link over the exact cen- 
ter of LI. C1 is a dual-section variable capacitor, although 
a differential capacitor might be better toward obtaining 
‘optimum balance. The loop Q is controlled by means of 
C2, which is a mica-compression trimmer. 

Electrostatic shielding of rod loops can be effected 
by centering the rod in a U-shaped aluminum, brass or 
copper channel, extending slightly beyond the ends of 
the rod loop (1 inch is suitable). The open side (top) of 
the channel can’t be closed, as that would constitute a 


shorted turn and render the antenna useless. This can be 
proved by shorting across the center of the channel with 
a screwdriver blade when the loop is tuned to an incom- 
ing signal. The shield-braid gap in the coaxial loop of 
Fig 15 is maintained for the same reason. 

Fig 17 shows the shielded rod loop assembly. This 
antenna was developed experimentally for 160 meters and 
uses two 7-inch ferrite rods, glued together end-to-end 
with epoxy cement. The longer core resulted in improved 
sensitivity for weak-signal reception. The other items in 
the photograph were used during the evaluation tests and 
are not pertinent to this discussion. This loop and the 
frame loop discussed in the previous section have bidi- 
rectional nulls, as shown in Fig 1A. 


Obtaining a Cardioid Pattern 
Although the bidire 
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Fig 18—Schematic 
diagram of a rod-loop 
antenna with a cardioid 
response. The sensing 
antenna, phasing 
network and a 
preamplifier are shown 
also. The secondary of Tt 
and the primary of T2 are 
tuned to resonance at 
the operating frequency 
of the loop. T-68-2 to 
68-6 Amidon toroid 
cores are suitable for 
both transformers. 
Amidon also sells ferrite 
rods for this type of 
antenna. 
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Fig 19—Schematic diagram of a two-stage broadband amplifier patterned after a design by Wes Hayward, W7ZOl. 
Ti and T2 have a 4:1 impedance ratio and are wound on FT-50-61 toroid cores (Amidon) which have a wi, of 125. 
They contain 12 turns of #24 enamel wire, bifilar wound. The capacitors are disc ceramic. This amplifier should 


be built on double-sided circuit board for best stability. 


can be used effectively in tracking down signal sources 
by means of triangulation, an essentially unidirectional 
loop response will help to reduce the time spent finding 
the fox. Adding a sensing antenna to the loop is simple to 
do, and it will provide the desired cardioid response. The 
theoretical pattern for this combination is shown in Fig, 
ID. 

Fig 18 shows how a sensing element can be added 
to a loop or loopstick antenna. The link from the loop is, 
connected by coaxial cable to the primary of T1, which 
is a tuned toroidal transformer with a split secondary 
winding. C3 is adjusted for peak signal response at the 
frequency of interest (as is C4), then RI is adjusted for 
minimum back response of the loop. It will be necessary 
to readjust C3 and RI several times to compensate for 
The adjustments are 
repeated until no further null depth can be obtained. Tests, 
at ARRL Headquarters showed that null depths as 
great as 40 dB could be obtained with the circuit of 
Fig 18 on 75 meters. A near-field weak-signal source was 
used during the tests. 

‘The greater the null depth, the lower the signal out- 
put from the system, so plan to include a preamplifier with 
25 to 40 dB of gain. QI shown in Fig 18 will deliver ap- 
proximately 15 dB of gain. The circuit of Fig 19 can be 
used following T2 to obtain an additional 24 dB of gain. 
In the interest of maintaining a good noise figure, even at 
1.8 MHz, QI should be a low-noise device. A 2N4416, an 


the interaction of these controls. 
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MPF102, or a 40673 MOSFET would be satisf 


ctory. The 
ing antenna can be mounted 6 to 15 inches from the 
loop. The vertical whip need not be more than 12 to 
20 inches long. Some experimenting may be necessary in 
order to obtain the best results. Optimization will also 
change with the operating frequency of the antenna. 


A SHIELDED LOOP WITH 

SENSING ANTENNA FOR 28 MHz 

Fig 20 shows the construction and mounting of a 
simple shielded 10-meter loop. The loop was designed 
by Loren Norberg, W9PYG, and described in QST for 
April 1954. (See the Bibliography at the end of this chap- 
ter.) It is made from an 18-inch length of RG-11 coax 
(cither solid or foam dielectric) secured to an aluminum 
box of any convenient size, with two coaxial cable hoods 
(Amphenol 83-1HP). The outer shield must be broken at 
the exact center. C1 is a 25-pF variable capacitor, and is 
connected in parallel with a 33-pF fixed mica padder 
capacitor, C3. Cl must be tuned to the desired frequency 
while the loop is connected to the receiver in the same 
way as it will be used for RDF. C2 is a small differential 
capacitor used to provide electrical symmetry. The lead- 


tric). 

‘The loop can be mounted on the roof of the car with 
a rubber suction cup. The builder might also fabricate 
some kind of bracket assembly to mount the loop tempo- 


rarily in the window opening of the automobile, allow- 
ing for loop rotation. Reasonably true bearings may be 
obtained through the windshield when the car is pointed 
in the direction of the hidden transmitter. More accurate 
bearings may be obtained with the loop held out the win- 
dow and the signal coming toward that side of the ear. 
Sometimes the car broadcast antenna may interfere 


with accurate bearings. Disconnecting the antenna from 


the broadcast receiver may eliminate this trouble. 


Sensing Antenna 

A sensing antenna can be added to Norberg’s loop 
above to determine which of the two directions indicated 
by the loop is the correct one. Add a phono jack to the top 
Of the aluminum case shown in Fig 20. The insulated cen- 
ter terminal of the jack should be connected to the side of 
the tuning capacitors that is common to the center con- 
ductor of the RG-59 coax feed line. The jack then takes a 
short vertical antenna rod of the diameter to fit the jack, or 
a piece of #12 or #14 solid wire may be soldered to the 
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Fig 20—Sketch showing the constructional details of 
the 28-MHz RDF loop. The outer braid of the coax loop 
Is broken at the center of the loop. The gap Is covered 
with waterproof tape, and the entire assembly Is given 
a coat of acrylic spray. 


center pin of a phono plug for insertion in the jack. The 
sensing antenna can be plugged in as needed. Starting with 
a length of about four times the loop diameter, the length 
of the sensing antenna should be pruned until the pattern 
is similar to that of Fig 1D. 


THE SNOOP LOOP—FOR 
CLOSE-RANGE HF RDF 


Picture yourself on a hunt for a hidden 28-MHz 
transmitter. The night is dark, very dark. After you take 
ff at the start of the hunt, heading in the right direction, 
the signal gets stronger and stronger. Your excitement 
increases with each additional S unit on the meter. You 
follow your loop closely, and it is working perfectly 
You're getting out of town and into the countryside. The 
roads are unfamiliar. Now the null is beginning to swing 
rather rapidly, showing that you are getting close. 
Suddenly the null shifts to give a direction at 
angles to the car. With your flashlight you look care! 
across the deep ditch beside the road and into the dark 
eld where you know the transmitter is hidden. There 
are no roads into the field as far as you can see in either 
direction. You dare not waste miles driving up and down 
the road looking for an entrance, for each tenth of a mile 
counts. But what to do?—Your HF transceiver is mounted 
in your car and requires power from your car battery. 
Ina brief moment your decision is made. You park 


Fig 21—The box containing the detector and amplifier 
is also the "handle” for the Snoop Loop. The loop is 
mounted with a coax T as a support, a convenience but 
not an essential part of the loop assembly. The loop 
tuning capacitor is screwdriver adjusted. The on-off 
‘switch and the meter sensitivity control may be 
mounted on the bottom. 
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Fig 22—The Snoop Loop circuit for 28-MHz operation. 

The loop is a single turn of RG-8 inner conductor, the 

outer conductor being used as a shield. Note the gap 

in the shielding; about a 1-inch section of the outer 

conductor should be cut out. Refer to Fig 23 for 

alternative connection at points A and B for other 

frequencies of operation. 

BT1—Two penlight cells. 

C1—25-pF midget air padder. 

'D1—Small-signal germanium diode such as 1N34A or 
equiv. 

DS1—Optional 2-cell penlight lamp for meter 
illumination, such as no. 222. 

Q1—PNP transistor such as ECG102 or equiv. 

R1—100-KQ potentiometer, linear taper. May be 
PC-mount style. 

R2—50-kM potentiometer, linear taper. 

S1—SPST toggle. 

S2—Optional momentary push for illuminating meter. 


beside the road, take your flashlight, and plunge into the 
veldt in the direction your loop null clearly indicated. 
But after taking a few steps, you're up to your armpits in 
brush and can’t see anything forward or backward. You 
stumble on in hopes of running into the hidden transmit- 
er—you're probably not more than a few hundred feet 
from it. But away from your car and radio equipment, 
it’s like the proverbial hunt for the needle in the haystack. 
What you really need is a portable setup for hunting at 
close range, and you may prefer something that is inex- 
pensive. The Snoop Loop was designed for just these 
requirements by Claude Maer, Jr, WOIC, and was 
described in QST for February 1957. (See the Bibliogra- 
phy at the end of this chapter.) 

‘The Snoop Loop is pictured in Fig 21. The loop itself 
is made from a length of RG-8 coax, with the shield bro- 
ken at the top. A coax T connector is used for conve- 
nience and ease of mounting. One end of the coax loop is, 
connected to a male plug in the conventional way, but the 
center conductor of the other end is shorted to the shield 


so the male connector at that end has no connection to 
the center prong. This results in an unbalanced circuit, 
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Fig 23—Input circuit for lower frequency bands. Points 
‘A.and B are connected to corresponding points in the 
circuit of Fig 22, substituting for the loop and C1 in 
that circuit. L1-G1 should resonate within the desired 
amateur band, but the LIC ratio is not critical. After 
construction is completed, adjust the position of the 
tap on L1 for maximum signal strength. Instead of 
connecting the RDF loop directly to the tap on L1, a 
length of low impedance line may be used between the 
loop and the tuned circuit, L1-C1. 


Fig 24—Unidirectional 3.5-MHz RDF using ferrite-core 
loop with sensing antenna. Adjustable components of 
the circuit are mounted in the aluminum chassis 
‘supported by a short length of tubing. 


but seems to give good bidirectional null readings, as well 
as an easily detectable maximum reading when the 
grounded end of the loop is pointed in the direction of 
the transmitter. Careful tuning with C1 will improve this, 
maximum reading. Don’t forget to remove one inch of 
shielding from the top of the loop. You won’t get much 
signal unless you do. 

‘The detector and amplifier circuit for the Snoop Loop 
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Fig 25—Circuit of the 3.5-MHz direction finder loop. 

(C1140 pF variable (125-pF ceramic trimmer in 
parallel with 15-pF ceramic fixed. 

Li—Approximately 140 wH adjustable (Miller No. 4512 
or equivalent. 

R1—1-kQ carbon potentiometer. 

‘S1—SPST toggle. 

Loopstick—Approximately 15 1H (Miller 705-A, with 
original winding removed and wound with 20 turns of 
#22 enamel). Link is two turns at center. Winding ends 
secured with Scotch electrical tape. This type of 
ferrite rod may also be found in surplus transistor AM 
radios. 


is shown in Fig 22. The model photographed does not 
include the meter, as it was built for use only with high- 
impedance headphones. The components are housed in 
an aluminum box. Almost any size box of sufficient size 
to contain the meter can be used. At very close ranges, 
reduction of sensitivity with R2 will prevent pegging the 
meter. 

‘The Snoop Loop is not limited to the 10-meter band 
or to a built-in loop. Fig 23 shows an alternative circuit 
for other bands and for plugging in a separate loop con- 
nected by a low-impedance transmission line. Select coil 
and capacitor combinations that will tune to the desired 
frequencies. Plug-in coils could be used. It is a good idea 
to have the RF end of the unit fairly well shielded, to 
eliminate signal pickup except through the loop. This little 
unit should certainly help you on those dark nights in the 
country. (Tip to the hidden-transmitter operator—if you 
want to foul up some of your pals using these loops, just 
hide near the antenna of a 50-kW broadcast transmitter!) 


A LOOPSTICK FOR 3.5 MHz 


Figs 24 through 26 show an RDF loop suitable for the 
3.5-MHz band. It uses a construction technique that has 
had considerable application in low-frequency marine di- 
rection finders. The loop is a coil wound on a ferrite rod 
from a broadcast-antenna loopstick. The loop was designed 
by John Isaacs, W6PZV, and described in QST for June 


1958. Because you can make a coil with high Q using a 
ferrite core, the sensitivity of such a loop is comparable to 
a conventional loop that is a foot or so in diameter. The 
‘output of the vertical-rod sensing antenna, when properly 
combined with that of the loop, gives the system the car- 
dioid pattern shown in Fig 1D. 

‘To make the loop, remove the original winding on 
the ferrite core and wind a new coil, as shown in Fig 28 
Other types of cores than the one specified may be sub- 
stituted; use the largest coil available and adjust the wind~ 
ing so that the circuit resonates in the 3.5-MHz band 
within the range of C1. The tuning range of the loop may 
be checked with a dip meter. 

‘The sensing system consists of a 15-inch whip and 
an adjustable inductor that resonates the whip as a quar- 
ter-wave antenna. It also contains a potentiometer to con- 
trol the output of the antenna. $1 is used to switeh the 
sensing antenna in and out of the circuit 

‘The whip, the loopstick, the inductance Li, the 
capacitor C1, the potentiometer RI, and the switch $1 
are all mounted on a 4 x 5 x 3-inch box chassis, as shown 
in Fig 26. The loopstick may be mounted and protected 
1¢ of inch PVC pipe. A section of '/-inch 
electrical conduit is attached to the bottom of the chassis, 
box and this supports the instrument. 

‘To produce an output having only one null there must 
4 90° phase difference between the outputs of the loop and 
sensing antennas, and the signal strength from each must 
be the same. The phase shift is obtained by tuning the s 
ing antenna slightly off frequency, using the slug in LI 
Since the sensitivity of the whip antenna is greater than that 
Of the loop, its output is reduced by adjusting R1 


Adjustment 

‘To adjust the system, enlist the aid of a friend with a 
mobile transmitter and find a clear spot wh 
ter and RDF receiver can be separated by 
feet. Use as little power as possible at the transmitter. (Make 
very sure you don’t transmit into the loop if you are using a 
transceiver as a detector.) With the test transmitter operat- 
ing on the proper frequency, disconnect the sensing antenna 
with SI, and peak the loopstick using C1, while watching 
the $ meter on the transceiver. Once the loopstick is peaked, 
no further adjustment of CI will be necessary. Next, con- 
nect the sensing antenna and turn RI to minimum resistance. 
‘Then vary the adjustable slug of L1 until a maximum read- 
ing of the S meter is again obtained. It may be necessary to 
tum the unit a bit during this adjustment to obtain a higher 
reading than with the loopstick alone. The last turn of the 
slug is quite critical, and some hand-capacitance effect may 
be noted. 

Now turn the instrument so that one side (not an end) 
of the loopstick is pointed toward the test transmitter. Turn 
R1 a complete revolution and if the proper side was cho- 
sen a definite null should be observed on the S meter for 
one particular position of R1. If not, turn the RDF 180° 
and try again. This time leave R1 at the setting producing, 


e the transmit- 
eral hundred 
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Fig 26—Components of the 3.5-MHz RDF are mounted 
on the top and sides of a channel-lock type box. In this 
view R1 is on the left wall at the upper left and C1 is at 
the lower left. L1, S1 and the output connector are on 
the right wall. The loopstick and whip mount on the 
outside. 


the minimum reading. Now adjust L1 very slowly until 
the S-meter reading is reduced still further. Repeat this 
several times, first RI, and then LI, until the best mini- 
mum is obtained. 

Finally, as a check, have the test transmitter move 
around the RDF and follow it by turning the RDF. If the 
tuning has been done properly the null will always be 
broadside to the loopstick. Make a note of the proper side 
of the RDF for the null, and the job is finished. 


A 144-MHZ CARIOID-PATTERN RDF 
ANTENNA 


Although there may be any number of different VHF 
antennas that can produce a cardioid pattern, a simple 
design is depicted in Fig 27. Two '/s-wavelength vertical 
elements are spaced one '/s-A apart and are fed 90° out of 
phase. Each radiator is shown with two radials approxi- 
mately 5% shorter than the radiators. This array was 
designed by Pete O'Dell, KBIN, and described in OST 
for March 1981 

Computer modeling showed that slight alterations 
in the size, spacing and phasing of the elements strongly 
impact the pattern. The results suggest that this system is 
a little touchy and that the most significant change comes 
at the null. Very slight alterations in the dimensions 
caused the notch to become much more shallow and, 
sss usable for RDF. Early experience in building 
a working model bore this out. 

‘This means that if you build this antenna, you will 
find it advantageous to spend a few minutes to tune it 
carefully for the deepest null. If itis built using the tech- 
niques presented here, then this should prove to be a small 
task, well worth the extra effort. Tuning is accomplished 
by adjusting the length of the vertical radiators, the spac- 
ing between them and, if necessary, the lengths of the 
phasing harness that connects them. Tune for the deepest 
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Fig 27—At A is a simple configuration that can 
produce a cardiold pattern. At B is a convenient way 
of fabricating a sturdy mount for the radiator using 
BNC connectors. 


null on your $ meter when using a signal source such as 
a moderately strong repeater. 

‘This should be done outside, away from buildings 
and large metal objects. Initial indoor tuning on this 
was tried in the kitchen, which revealed that 
the appliances were producing spurious 
readings. Beware to0 of distant water towers, radio towers, 
and large office or apartment buildings. They can reflect, 
the signal and give false indications. 

Construction is simple and straightforward. Fig 27B 
shows a female BNC connector (RadioShack 278-105) 
that has been mounted on a small piece of PC-board 
material. The BNC connector is held upside down, and 
the vertical radiator is soldered to the center solder lug. 
A 12-inch piece of brass tubing provides a snug fit over 
the solder lug. A second piece of tubing, slightly smaller 
in diameter, is telescoped inside the first. The outer tub- 
ing is crimped slightly at the top after the inner tubing is 
installed. This provides positive contact between the two 
tubes. For 146 MHz the length of the radiators is calc 
lated to be about 19 inches. You should be able to 
small brass tubing at a hobby store. If non 
in your area, consider brazing rods. These are often avail- 
able in hardware sections of discount stores. It will prob- 
ably be necessary to solder a short piece to the top since 
these come in 18-inch sections. Also, tuning will not be 
quite as convenient. Two 18-inch radials are added to each, 
element by soldering them to the board. Two 36-inch 
pieces of heavy brazing rod were used in this project. 


id 
is available 


The Phasing Harness 

As shown in Fig 28, a T connector is u 
different lengths of coaxial line to form the phasing har- 
ness. This method of feeding the antenna is superior over 


ed with two 
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Fig 28—The phasing harness for the phased 144-MHz 
RDF array. The phasing sections must be measured from 
the center of the T connector to the point that the vertical 
radiator emerges from the shielded portion of the 
upside-down BNC female. Don’t forget to take the length 
of the connectors into account when constructing the 
harness. If care is taken and coax with solid 

polyethylene dielectric is used, you should not have to 
prune the phasing line. With this phasing system, the 
rll will be 

ina direction that runs along the boom, on the side of 
the ‘Z-wavelength section. 


other simple systems to obtain equal currents in the two 
radiators. Unequal currents tend to reduce the depth of 
the null in the pattern, all other factors being equal. 

‘The '-wavelength section can be made from either 
RG-58 or RG-59, because it should act as a 1:1 transformer. 
With no radials or with two radials perpendicular to the 
vertical element, it was found that a '/-wavelength sec- 
tion made of RG-59 75-Q coax produced a deeper notch. 
than a '/s-wavelength section made of RG-58 50-Q line. 
However, with the two radials bent downward somewhat, 
the RG-58 section seemed to outperform the RG-59. 
Because of minor differences in assembly techniques from 
one antenna to another, it will probably be worth your time 
and effort to try both types of coax and determine what 
works best for your antenna. You may also want to try 
bending the radials down at slightly different angles for 
the best null performance. 

‘The most important thing about the coax for the har- 
ness is that it be of the highest quality (well-shielded and, 
with a polyethylene dielectric). The reason for avoiding 
foam dielectric is that the velocity factor can vary from 
one roll to the next—some say that it varies from one 
it can be used if you have test 
equipment available that will allow you to determine its 
electrical length. Assuming that you do not want to or 
cannot go to that trouble, stay with coax having a solid 


foot to the next. Of course, 
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Fig 29—A simple mechanical support for the DF 
antenna, made of PVC pipe and fittings. 


polyethylene dielectric. Avoid coax that is designed for 
the CB market or do-it-yourself cable-TV market. (A good, 
choice is Belden 8240 for the RG-58 or Belden 241 for 
the RG-59.) 

Both RG-58 and RG-59 with polyethylene dielec- 
tric have a velocity factor of 0.66. Therefore, for 146 MHz 
a quarter wavelength of transmission line will be 
20.2 inches x 0.66 = 13.3 inches. A half-wavelength sec- 
tion will be twice this length or 26.7 inches. One thing, 


‘you must take into account is that the transmission lin 
the total length of the cable and the connectors. Depend- 
ing on the type of construction and the type of conn: 
tors that you choose, the actual length of the coax by itself 
will vary somewhat. You will have to determine that for 
yourself 

Y connectors that mate with RCA phono plugs are 
widely available and the phono plugs are easy to work with. 
Avoid the temptation, however, to substitute these for the 
T and BNC connectors. Phono plugs and a Y connector 
were tried. The results with that system were not satisfac~ 
tory. The performance seemed to change from day to day 


and the notch was never as deep as it should have been. 
Although they are more difficult to find, BNC T conn 
tors will provide superior performance and are well worth 


the extra cost. If you must make substitutions, it would be 
preferable to use UHF connectors (type PL-259). 

Fig 29 shows a simple support for the antenna, PVC 
tubing is used throughout. Additionally, you will need a 
TT fitting, two end caps, and possibly some cement. (By 
not cementing the PVC fittings together, you will have 
the option of dis 


sembly for transportation. Cut the PVC 
for the dimensions shown, using a saw or a tubing cutter. 
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“ How not to strip insulation off wire: some of the cores have also been cut — avoid 
doing this! 


After stripping a short length of insulation from the connecting wire, there are two 
ways to solder it to a component's solder tag. The first way is to “tin” the stripped wire 
end to solidify it - just heat it with the iron and melt a little solder on it, and let it cool. 
Poke the wire end through the solder tag, apply the hot iron to both parts and solder them 
together using a few millimetres of solder. 


Although the assembly doesn’t hold itself together so well during soldering 
(consider a Helping Hands jig if needed) this is quicker and easier to make and also easy 
to desolder again, and is perfectly adequate for most joints of this kind. The majority of 
commercial wire joints seem to be made this way. 


a 


Fig 30—At the left, Ay represents the antenna of the 
hidden transmitter, T. At the right, rapid switching 
between antennas A, and A, at the receiver samples 
the phase at each antenna, creating a pseudo-Doppler 
effect. An FM detector detects this as phase 
modulation. 


Fig 31—If both receiving antennas are an equal 
distance (D) from the transmitting antenna, there will 
be no difference in the phase angles of the signals in 
the receiving antennas. Therefore, the detector will not 
detect any phase modulation, and the audio tone will 
disappear from the output of the detector. 


A tubing cutter is preferred because it produces smooth, 
straight edges without making a mess. Drill a small hole 
through the PC board near the female BNC of each ele: 
ment assembly. Measure the 20-inch distance horizontally 
along the boom and mark the two end points. Drill a smail 
hole vertically through the boom at each mark. Use a small 
nut and bolt to attach each element assembly to the boom. 


Tuning 
ven throughout this section are 
those for approximately 146 MHz. If the signal you will 
be hunting is above that frequency, then the measurements 
should be a bit shorter. If you wish to operate below that 
frequency, then they will need to be somewhat longer. Once 
you have built the antenna to the rough size, the fun begins. 
You will need a signal source near the frequency that you 
will be using for your RDF work. Adjust the length of the 
radiators and the spacing between them for the deepest 


The dimensions g 
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null on your $ meter. Make changes in increments of '/s 
inch or less. If you must adjust the phasing line, make 
sure that the “/-wavelength section is exactly one-half 
the length of the half-wavelength section. Keep tuning 
until you have a satisfactorily deep null on your $ meter. 


THE DOUBLE-DUCKY DIRECTION 
FINDER 


inding, most amateurs use antennas 
having pronounced directional effects, either a null or a 
peak in signal strength. FM receivers are designed to 
iminate the effects of amplitude variations, and so they 
are difficult to use for direction finding without looking 
at an § meter. Most modern HT transceivers do not have 
S meters. 


For direction 


This classic “Double-Ducky” direction finder 
(DDDF) was designed by David Geiser, WA2ANU, and 
was described in QST for July 1981. It works on the prin- 
ciple of switching between two nondirectional antennas, 
as shown in Fig 30. This creates phase modulation on the 
incoming signal that is heard easily on the FM receiver. 
When the two antennas are exactly the same distance 
(phase) from the transmitter, as in Fig 31, the tone disap- 
pears. (This technique is also known in the RDF literature 
as Time-Difference-of-Arrival, or TDOA, since signals 
arrive at each antenna at slightly different times, and hence 
at slightly different phases, from any direction except on 
a line perpendicular to and halfway in-between the two 
antennas. Another general term for this kind of two- 
antenna RDF technique is interferometer. —Ed.) 

In theory the antennas may be very close to each 
other, but in practice the amount of phase modulation 
increases directly with the spacing, up to spacings of a 
half wavelength. While a half-wavelength separation on 
2 meters (40 inches) is pretty large for a mobile array, a 
quarter wavelength gives entirely satisfactory results, and 
even an eighth wavelength (10 inches) is acceptable 

Think in terms of two antenna elements with 
spacing. Mount them on a ground plane and rotate that 
ground plane. The ground plane held above the hiker’s 
head or car roof reduces the needed height of the array 
and the directional-distorting effects of the searcher’s 
body or other conducting objects. 

‘The DDDF is bidirectional and, 
null points both toward and away from the signal origin 
‘An L-shaped search path would be needed to resolve the 
ambiguity. Use the techniques of triangulation described 
earlier in this chapter, 


xed 


is described, its tone 


Specific Design 

Itis not possible to find a long-life mechanical switch 
operable at a fairly high audio rate, such as 1000 Hz. Yet 
‘we want an audible tone, and the 400- to 1000-Hz range is 
perhaps most suitable considering audio amplifiers and 
average hearing. Also, if we wish to use the transmit func~ 
tion of a transceiver, we need a switch that will carry per- 
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Fig 32—Schematic diagram of the DDDF circuit. Construction and layout are not critical. Components inside 
the broken lines should be housed inside a shielded enclosure. Most of the components are available from 
RadioShack, except D1, D2, the antennas and RFC1-RFC3. These components are discussed in the text. St—See text. 


haps 10 W without much problem. 

A solid-state switch, the PIN diode is used. The 
intrinsic region of this type of diode is ordinarily bare 
of current carriers and, with a bit of reverse bias, looks 
like a low-capacitance open space. A bit of forward 
bias (20 to 50 mA) will load the intrinsic region with 
current carriers that are happy to dance back and forth at 
a 148-MHz rate, looking like a resistance of an ohm or 
so. In a 10-W circuit, the diodes do not dissipate enough 
power to damage them, 

Because only two antennas are used, the obvious 
approach is to connect one diode forward to one antenna, 
to connect the other reverse to the second antenna and 
to drive the pair with square-wave audio-frequency ac 
Fig 32 shows the necessary circuitry. RF chokes (Ohmite 
Z144, J. W. Miller RFC-144 or similar vhf units) are used 


to let the audio through to bias the diodes while blocking 
RF. Of course, the reverse bias on one diode is only equal 
to the forward 


jas on the other, but in practice this seems 
sufficient 

A number of PIN diodes were tried in the particular 
setup built were the Hewlett-Packard HPS082- 


3077, the Alpha LE-5407-4, the KSW KS-3542 and the 
Microwave Associates M/A-COM 47120. All worked 
well, but the HP diodes were used because they provided 
slightly lower SWR (about 3:1), 

‘A type 567 IC is used as the square-wave generator. 
‘The output does have a de bias that is removed with a 
nonpolarized coupling capacitor. This minor inconve- 
nience is more than rewarded by the ability of the IC to 


work well with between 7 and 15 volts (a nominal 9-V 
minimum is recommended). 
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Fig 33—Ground-plane layout and detail of parts at the 
antenna connectors. 


Fig 34—Photo of Fox-Hunting DF Twin ‘Tenna set up as 
a horizontally polarized, 3-element Yagi. 


‘The nonpolarized capacitor is also used for de block- 
ing when the function switch is set to xntrr. D3, a light- 
emitting diode (LED), is wired in series with the transmit 
bias to indicate selection of the xt mode. In that mode 
there is a high battery current drain (20 mA or so). SI 
should be a center-off locking type toggle switch. An 
ordinary center-off switch may be used, but beware. If 
the switch is left on xntrT you will soon have dead batter- 

Cables going from the antenna to the coaxial T con- 
nector were cut to an electrical '/2 wavelength to help the 
open circuit, represented by the reverse-biased diode, look 
open at the coaxial T. (The length of the line within the T 
was included in the calculation.) 
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‘The length of the line from the T to the control unit 
is not particularly critical. If possible, keep the total of 
the cable length from the T to the control unit to the trans- 
ceiver under 8 feet, because the capacitance of the cable 
does shunt the square-wave generator output 

Ground-plane dimensions are not critical. See 
Fig 33. Slightly better results may be obtained with a 
larger ground plane than shown. Increasing the spacing 
between the pickup antennas will give the greatest 
improvement. Every doubling (up to a half wavelength 
maximum) will cut the width of the null in half. A'1° 
wide null can be obtained with 20-inch spacing, 


DDDF Operation 

Switch the control unit to DF and advance the drive 
potentiometer until a tone is heard on the desired signal. 
Do not advance the drive high enough to distort or “hash 
up” the voice. Rotate the antenna for a null in the funda- 
mental tone. Note that a tone an octave higher may ap- 
pear. 

If the incoming signal is quite out of the receiver 
linear region (10 KHz or so off frequency), the off-null 
antenna aim may present a fairly symmetrical AF output 
to one side, Fig 35A. It may also show instability at a 
sharp null position, indicated by the broken line on the 
display in Fig 35B. Aimed to the other side of a null, it 
will give a greatly increased AF output, Fig 35C. This is 
caused by the different parts of the receiver FM detector 
curve used. The sudden tone change is the tip-off that the 
antenna null position is being passed. 

‘The user should practice with the DDDF to become 
acquainted with how it behaves under known situations 
of signal direction, power and frequency. Even in diffi- 
cult nulling situations where a lot of second-harmonic 
AF exists, rotating the antenna through the null position, 
causes a very distinctive tone change. With the same fre- 
quencies and amplitudes present, the quality of the tone 
(timbre) changes. It is as if a note were first played by a 
violin, and then the same note played by a trumpet. (A 
‘good part of this is the change of phase of the fundamen- 
tal and odd harmonics with respect to the even harmon- 
s.) The listener can recognize differences (passing 
through the null) that would give an electronic analyzer 
indigestion 


A FOX-HUNTING DF TWIN ‘TENNA 


Interferometers give sharp bearings, but they lack 
sensitivity for distant work. Yagis are sensitive, but they 
provide relatively broad bearings. This project yields an 
antenna that blends both on a single boom to cover both, 
ends of the hunt. This is a condensation of a October 1998, 
OST article by R. F. Gillette, W9PE. 

A good fox-hunting antenna must meet a number of 
criteria: (1) small size, (2) gain to detect weak signals, 
and (3) high directivity to pinpoint the fox. Small anten- 
nas, however, do not normally yield both gain and direc~ 
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Fig 35—Schematic of the Yagi/interferometer antenna system. 


Table 1 

Yagi Design 

tem Overall Length Boom to 

Element Tip 

(Inches) (Inches) 

Director length 34.75 17.00 

Director to Driven El. spacing 15.75 16.00 

Driven El. length 37.75 18.50 

Driven El. to Reflector spacing 15.75 16.00 

Reflector length 40.75 20.00 


“SWR less than 1.3:1 from 144.5 to 148 MHz 


tivity. By combining two antennas, all three requirements 
are Satisfied in a way that makes a nice build-it-yourself 
project. 

This antenna uses slide switches to configure it as 
either a Yagi or a single-channel interferometer. When 
used as an interferometer, a GaAs RF microcircuit 
switches the FM receiver between two matched dipoles 
at an audio frequency. To make the antenna compact, 
WOPE used hinged, telescopic whips as the elements; they 
collapse and fold parallel to the boom for storage. 


The Yagi 
‘The Yagi is a standard three-element design, based 
on 0.2-A spacing between the director, the driven element 
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and the reflector. It yields about 7 dBi gain and a front- 
to-back ratio of over 15 dB. Because a slide switch is 
used at the center of each element and the elements have 
small diameters, their resonant lengths are different from. 
typical ones. Table 1 shows the sizes used and Fig 34 
shows the Yagi. 

‘To make sure that radiation from the coax do 
affect the pattern, the author used some ferrite beads as 
coaxial choke-baluns. This also prevents objects near the 
coax from affecting signal-strength readings. The Yagi also 
has a low SWR; with uncalibrated equipment, he mea- 
sured less than 1.3:1 over most of the 2-meter band. 

‘This Yagi has a lot more gain than a “rubber ducky,” 
but we need more directivity for fox hunting. That’s where 
the interferometer comes in. 


not 


An Interferometer 

‘To form the interferometer, the two end elements are 
converted to dipoles and the center element is disabled. 
When the three switches in Fig 35 are thrown to the right, 
the feed line to the receiver is switched from the center 
element to the RF switch output, and the end elements are 
connected via feed lines to the RF switch inputs. With the 
Yagi’s feed point open and the driven element equidistant 
from both interferometer antennas, the center clement 
should have no effect on the interferometer. Nonetheless, 
asier to collapse the driven-element whips and get 
them out of the way than to worry about spacing. 

Now if both interferometer coax cables are of equal 
length (between the antennas and switch) and the two 
antennas are the same distance from the transmitter 
ignals from both antennas will be 
in phase. Switching from one antenna to the other will 
have no effect on the received signal. If one antenna is a 


iv’s 


little closer to the transmitter than the other, however, 
there will be a phase shift when we switch antennas. 

When the antenna switch is at an audio rate, say 
700 Hz, the repeated phase shifts result in a set of 700 Hz, 
sidebands. At this point, all that was needed was a circuit, 
to switch from one antenna to the other at an audio rate. 
WOPE chose a low-cost Mini-Circuits MSWA-2-20 GaAs 
RF switch driven by a simple multivibrator and buffer. 
‘The GaAs switch is rated to 2.0 GHz, hence this switch- 
ing concept can easily be scaled to other ham bands. The 
PC board should work through the 440 MHz ham band. 
‘The author suggests adding a ground plane under the RF 
portion of the PC board and testing it before using it at a 
higher frequency. 

‘The RF switch is controlled by a set of 
amplitude, opposite-phase square waves 
trol port and -8 to -12 V at the other. (Mini Circuits is 
unclear about maximum voltages for this device. For 
safety, don’t power it with more than 9 V.—Ed.) The 
opposite controls the other switch position. A 9-V bat- 
tery was used as the power supply, with the positive ter- 
minal grounded. This results in a 0 V control signal to 
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Table 2 
Bill of Materials 
Quantity Item 
att 34-inch aluminum U channel 
6sets insulated shoulder washers for elements 
9V battery 
9V battery connector 
10 uF, 16 V electrolytic capacitor 
0.01 iF, 25 V capacitor 
0.022 uF, 25 V capacitor 
1'kQ ‘fe W resistor 
4.7 kG "fa W resistor 
10 KO v/s W resistor 
47 kQ ‘je W resistor 
1 kG "fe W resistor 
2N2222 transistors 
Mini-Circuits MSWA-2-20 (Mini-Circuits Labs, 
13 Neptune Ave, Brooklyn, NY 11235, 
tel 718-934-4500, 417-335-5935, 
fax 718-332-4661; e-mail 
sales@minicircuits.com; 
URL www.minicircuits.com) 
3 DPT slide switch (1'/-inch, 29 mm, 
‘mounting centers), Stackpole, 3 A, 125 V used 
10 ft 50 2 coax (0.140-inch maximum OD) 
1 coaxial connector (receiver dependent) 
1 lot, mounting hardware 
1 lot, heat-shrink tubing or equal 
4 cable ties 
1 
1 
1 


2x3.5-inch single-sided fiberglass PC board 
1-inch PVC conduit 
2 #FB-20 ferrite beads 0.14-ineh ID, 
0.5-inch long (All Electronics Corp: 
PO Box 567, Van Nuys, CA 91408-0567; 
tel 888-826-5432, fax 818-781-2653, 
e-mail: allcorp@allcorp.com: 
URL www.allcorp.comi.) 

6 20'Ve-inch telescoping antenna elements 
(Nebraska Surplus, tel 402-346-4750; 
e-mail grinnell@probe.net) 

1 Special resist film (Techniks Inc, PO Box 463, 
Ringoes, NJ 08551; tel 908-788-8249, 
fax 908-788-8837; e-mail techniks@idt.net; 
URL www.techniks.com/) 


the RF switch when the buffer transistor is off and a Vsat 
(about 0.2 V less than the -9 V battery: -8.8 V) signal 
when the buffer transistor is saturated. The multi-vibrator 
has two outputs, and ting in the 
required equal-and-opposite-phase drive signals. 


ich drives a bulfer re 


Circuit Construction 
‘After he selected the Mini-Circuits RF switch, W9PE 
realized that its small size would be best handled with a 
simple PC board. He made the prototype boards with a 
photocopy transparency technique. 
‘A power on-off switch was not u 
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Fig 36—Boom-drilling 
and mast-machining 
details. 


1" PVC Mast Machining 


tmost i ploce, (horizontal er vertical) the ving sipped over the 


ter 


connector serves the same function. The battery fits 
tightly in the /-inch U channel. W9PE covered the 
cuit board with a plastic-lined aluminum cover, but plas- 
tic film and some aluminum foil, provide the same 
function. A cable tie will strap either into the U channel. 

Table 2 is a complete bill of materials. You can use 
any telescoping elements, providing that they extend to 
over 20 inches and have a mounting stud long enough to 
accommodate the insulated washers. As an alternate to 
the stud, they can have ends tapped to receive a screw for 
the insulated mounting. The author picked up his elements 
at a hamfest from the vendor listed; they are also avail- 
able from most electronic parts houses. The Mini-Circuit 
RF switch is a currently available part 


Antenna Construction 
Fig 35 shows the antenna schematic. It shows all 
switches in the Yagi position; each would slide to 
the right for interferometer use. Slide switches work pretty 
well at 2 meters. Each of the elements is mounted to the 
‘boom with insulating washers, and a strip of copper stock 
connects each element to its slide switch. (You can sub- 


thre 


stitute copper braid, solder wick, coax shield or any short, 
low resistance, low inductance conductor for the copper 
stock.) This switching arrangement allows you to switch 
the reflector and director from being parasitic elements 
(electrically continuous) to being dipoles (center fed). 

Because the elements telescope, you can adjust the 
interferometer dipoles to exactly equal lengths each time 
you switch the antenna configuration from Yagi to inter- 
Terometer. Again, choke baluns block RF on the outside 
of each element’s coax. 


Caution: Do not transmit when the RF switch is 
selected. Transmit only when in the Yagi configuration. 
RF power will destroy the Mini-Circuits RF switch. To be 
safe, lock out your transmit function, Most HTs have this, 
capability. When using a mobile radio, disconnect the 
microphone. It is, however, safe to transmit in the Yagi 
configuration—which is nice for portable operating 

Fig 36 gives dimensions for drilling a standard 
ich aluminum U channel for the boom and shows how 


he 
the author cut a I-inch PVC pipe (plastic conduit) for a 
‘mast and a mast locking ring. If PVC conduit is not avail- 
able in your area, PVC water pipe (and a PVC union for 
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the locking ring) will work. This mast allows mounting 
the antenna for either vertical or horizontal polarization. 

Be sure to test the plastic pipe you use for low RF 
loss. Do this by heating a sample in a microwave oven. 
Place a pipe sample and a glass of water in the oven. (The 
sample is not placed in the glass of water; the water keeps 
the microwave from operating without a load.) Bring the 
water to a boil, and then carefully check the sample's 
temperature. If the sample is not hot, its RF loss is low, 
and the plastic can be used. 


Using the Antenna 


When starting a hunt, set up the Yagi antenna by 
all switches in the Yagi position. Swing all of the 
‘oping elements perpendicular to the boom and set 
the whip lengths to achieve the proper element lengths, 
while keeping each element symmetrical about the boom. 
The cables or boom can be marked with the length data. 

While the signal is weak, use the Yagi. It has 7 dBi 
gain, but its bearing resolution is only about 20°. When 
the signal gets stronger, use the interferometer. It has less 
gain, but its bearing resolution is better than 1°. If the 
fox transmitter begins overloading your receiver, collapse 
the whips (equally) to reduce the gain and continue tri- 
angulating. Near the transmitter, you should triangulate 
both horizontally (azimuth) and vertically (elevation). The 
antenna works both ways, and the transmitter may be 
located above or below you. 


Antenna Alternative 

Asan alternative to the telescoping elements, George 
Holada, K9GLI, suggested using fixed-length elements 
with banana plugs matched to banana jacks on the boom. 
Three pairs would be used for the Yagi, an extra driven- 
element pair for the interferometer mode and two short- 
element pairs to reduce the received signal level if an 
overload condition occurs. He also suggested a PVC boom 
allowing the elements to be stored i 


THE FOUR-WAY MOBILE DF SYSTEM 


This innovative, yet simple, RDF antenna system was 
described in an article by Malcolm C. Mallette, WA9BVS, 
in November 1995 QST. It is derived from the TDOA, 
design shown earlier in this chapter by David T. Geiser, 
WA2ANU, and by a design by Paul Bohrer, W9DUU 
(See Bibliography.) 

Direction-finding often involves two different activ 
ties: DFing on foot and DFing from a vehicle. Often, you 
must track the signal using a vehicle, then finish the hunt 
on foot. Whether on foot or in a vehicle, the primary prob- 
Jem you'll encounter when trying to locate the transmit- 
ter is multipath reception. Multipath reception involv: 
receiving the same signal by more than one path, one 
nal from the true direction of the transmitter and others, 
by reflected paths that may come from widely different 
directions. VHF and UHF signals bounce off almost any 


14-24 Chapter 14 


object and hide the true source of a signal. For example. 
if there’s a large metal building north of you, a signal 
from the south may arrive from the north because the sig- 
nal bounces off the building and back to you. 

Multipath reception effects can be defeated by tak- 
ing a number of readings from different positions and 
arriving at an average direction. While moving at road 
speeds in a vehicle, it’s possible to take a number of read~ 
ings from different positions and average them, and it’s 
also possible to average a number of readings over a dis- 
tance of travel by electronic means. The true bearing to 
the transmitter can usually be found by either method. 

DFing equipment for use on foot is simpler than 
systems for use on a vehicle. While afoot, you can turn at 
will or easily rotate an antenna. Turning a vehicle while 
going down a street may result in a fender-bender if you're 
not careful! 

‘The simplest DFing system to use while on foot con- 
sists of an S-meter-equipped hand-held receiver and a 
small, hand-held Yagi with an attenuator in line between 
the antenna and receiver. The attenuator keeps the $ meter 
from pinning. The direction in which the beam points 
when the strongest signal is received is the direction of 
the transmitter. Of course, you'll want to take readings at 
several locations at least a wavelength apart to obtain an 
average heading, as multipath reception can still cause 
false readings in some locations 

Another approach that many hams have taken is the 
simple WA2ANU DDFF—it is now commonly known 
simply as the “buzzbox.” Various commercial versions 
of the hand-held buzzbox system are available. Some sys~ 


Fig 37—Front panel of the Four-Way DFer. At the 
extreme left of the front panel is the voLuuE control. 
Immediately to the right is the rcv/orrior center-off 
toggle switch, with the damping (owp) control switch 
nearby. Four LEDs mounted in a diamond pattern 
indicate signal direction: front (yellow), right (green), 
back (orange) and left (red). The horizontally 
mounted zero-center meter indicates left/right signal 
reception, the vertically mounted meter displays 
front/back signal reception. A small speaker is 
mounted on the top cover. 


Fig 38—Placement of the four antennas on the author's 
car roof. The small object to the left of the antennas Is 
the switch board. 


tems have been upgraded to indicate whether the signal 
is arriving from the left or right of your position. The 
main drawback, however, to the buzzbox is that it’s not 
as sensitive as a simple dipole and not nearly as sensitive 
as a beam, 

In theory, you could take a buzzbox or Yagi/attenu- 
ator system in a car, stop periodically, get out and check 
the direction to the transmitter, then climb back in and 
drive off. Although this procedure works, it isn’t very 
practical—it takes a long time to find the transmitter. 

This design is for a left-right, front-back box (LRFB 
box) that indicates whether the received signal is to the 
left or right and whether it is to the front or back of the 
receiver. The location display consists of four LEDs 
arranged in a diamond pattern (see the title-page photo). 
When the top LED is on, the signal is coming from the 
front. When the top and right LEDs are on, the transmit 
ter is between the front and the right. When only the right 
LED is on, the signal is directly to the right. When the 
bottom LED and right LED are on, the transmitter is to 
the right and to the back. The same pattern occurs around 
the clock. Therefore, four LEDs indicate eight directions. 
As most highways and streets have intersections that force 
a driver to choose moving straight ahead, right or left, 
the indication is sufficiently precise for practical trans- 
mitter hunting 

If the four-LED display is used alone, all parts can 
be obtained from your local Radio Shack store. Two zero- 
center 50-A meters (50-0-50)—MI and M2—can be 
used in addition to, or in place of, the LEDs, but 
RadioShack does not stock such meters. Fig 37 shows 
the front panel layout of the LRFB. 

‘The LREB box uses four mag-mount 's-A antennas 
placed on the vehicle roof as shown in Fig 38. The whips 
in the mag mounts can be changed to '/s-A 440-MHz whips 
and the antennas placed closer together when switching, 
from 144-MHz to 440-MHz operation, 


Circuit Description 

See Fig 39 in the following discussion (pages 26 and 
27). U2, a 555 timer, generates a string of square-wave 
pulses at pin 3. The pulse frequency is determined by the 
setting of R4. The pulses are fed to the clock input (pin 
14) of U3, a 4017 decade counter. On the first pulse, a 
positive voltage appears at U3, pin 3. On receipt of the 
second pulse from U2, pin 3 of U3 goes to ground and a 
positive voltage appears on pin 2. This sequence contin- 
uues on successive pulses from U2 as pins 3, 2, 4, 7, 10, 1, 
5,6,.9 and II go positive in succession. 

D1 through DS, and D6 through D10, OR the pulses. 
‘The result is that TP3 goes positive on the first pulse from 
U2, while TP2 is at 0 V. The next pulse of U2 results in 
‘TP2 going positive and TP3 going to 0 V. This sequence 
repeats as the counter goes around to make pin 3 positive 
again, and recycles. 


Antenna Switching 

U2 and U3 produce alternating pulses at TP2 and 
‘TP3. If we wanted only to alternately turn on and off 
two antennas, we could use the pulses at TP2 and TP3. 
‘The design ensures that the pulses at TP2 are the same 
length as the pulses at TP3. For the LRFB box, how- 
ever, we need to switch between the left-right antennas 
many times, then switch between the front-back anten- 
nas many times. 

Pin 12 of U3, CARRY OUT, emits a pulse every time 
U3 counts through its cycle of 10 pulses. The carry pulses 
from U3 go to Ud, pin 14, the clock input of that 4017 
counter. As U4 cycles, its output pins pulse; those pulses 
are, in effect, directed by D1 through D20. 

As a result, TP4 is positive during the first 50 pulses 
from U2 and TPS is positive during the second 50 pulses 
of U2. QI through Q6 form a quad AND gate. They AND 
the pulses at TP4 and TPS with the alternating pulses at 
‘TP2 and TP3 so that the result is a pulse at the base of Q9, 
followed by a pulse at the base of Q1O, a pulse at the base 
of Q9, and so on. The pulses alternate 25 times between 
Q and Q1O. Then, as TP4 goes to 0 V, TPS rises from 0 V 
to some positive voltage and the alternating pulses appear 
at the bases of Q7 and Q8. The pulses alternately go to the 
bases of Q7 and Q8 25 times. Then they alternate between 
the bases of Q9 and Q10 25 times. This pattern continues 
as long as the unit is in DF operation, 

In Fig 40, two leads of a four-conductor-plus-ground 
cable to the antenna-switch board are connected to points 
Aand B. The same pulses that turn Q7 and Q8 off and on 
turn on and off the left and right antennas. One of those 
two antennas is turned on and off in phase with Q7 and the 
other is turned on and off in phase with Q8. The PHASE 
switch, 3, determines which antenna is in phase with 
which transistor. Similarly, the two fron/back antennas are 
turned on and off in phase with Q9 and Q1O, and $4 deter- 
mines which antenna is in phase with which transistor. 

‘The pulses arriving at points A and B turn on and 
off the diodes connecting the coax of the left and right, 


Direction Finding Antennas 14-25 


08 
ry | az as 


(te Fig 40) 
SzA 


(eo Figo) 53V 


e 
(Go Fig 43) 


fe ) o 
ite 22222 


4 
(to Fg 41) 


thers ore i picotorads (pl 


Fig 39—Unless otherwise specified, part numbers in parentheses are RadioShack. All fixed-value resistors are 
‘ieW, 5%-tolerance units. Equivalent parts can be substituted. 


C1, C15—0.1-HF, 50-V (272-1068) 

C2—10-HF, 35-V electrolytic capacitor (272-1025) 

C3—0.01-uF, 25-V disc-ceramic capacitor (272-131) 

C4, C5—1-uF, 16-V electrolytic capacitor (272-1434) 

C6—0.001-uF, 25-V disc-ceramic capacitor (272-126) 

C7, C3—100-pF, 6.3-V bipolar (nonpolarized) capacitor; 
Digi-Key P-1102, available from Digi-Key Corp, 701 
Brooks Ave S, PO Box 677, Thief River Falls, MN 
‘56701-0677, tel 800-344-4539, 218-681-6674; fax: 218- 
681-3880; RadioShack stocks 100-uF, 35-V axial (272- 
1016) and radial-lead (272-1028) electrolytic 
capacitors. 

C8, C10—4700-nF, 6.3-V bipolar capacitor (made of five 
1000-F, 6.3-V bipolar capacitors), Digi-Key P1106. 
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Standard 1000-uF, 35-V radial and axial-lead 
electrolytic capacitors are available from 
RadioShack; a 4700-UF, 35-V axial-lead electrolytic 
capacitor is also available (272-1022). Note that C7, 
8, C9 and C10 are non-polarized capacitors because 
a small reverse voltage can appear across the meter 
and capacitors when the system is in use. Standard 
polarized electrolytics have been used in a number of 
Units using this circuit (the same detector circuit 
used in W8DUL’s unit) without any known ill effects, 
however. 

D1-D20—1N914 silicon switching diode (276-1620 or 
276-1122) 

Fi—2-A fuse (270-1007) 

LS1—8-W speaker (40-245) 
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M1, M2—Zero-center, 50-A meter; optional—see text 

Q1-010—MPS2222 or 2N2222 NPN silicon general- 
purpose transistors (276-2008) 

Rt, R24, R27—4.7 kO (271-281); note: many of the 
fixed-value resistors can be found in RadioShack 
resistor assortment packages 271-308 and 271-312. 

R2, R12, R14, R16, R18—220 Q (271-1330) 

R3, R25, R26, R28, R29—1 kA (271-1321) 

R4—100-k0 trimmer potentiometer (271-284) 

R5—10 kA (271-1335) 

R6, RB, R21, R22—100 kA (271-1347) 

R7, R9, R11, R13, R15, R17—A7 kO (271-1342) 

R10—1-kO trimmer potentiometer (271-280) 

R1925-0 panel-mount potentiometer (271-265) 


R23—1 Ma (271-1134) 

R45—1.5 kQ (part of 271-312 assortment) 

S1—SPDT, center-off switch (275-325) 

S2—DPDT switch (275-626) 

T1—8-0 to 1-kO audio-output transformer (273-1380) 

U1—LM317T, 1.5-A, three-terminal, adjustable voltage 
regulator (276-1778) 

U2—555 timer (276-1723) 

U3, U4—4017 decade counter (276-2417) 

US—LM741 op amp (276-007) 

Misc: two 8-pin IC sockets (276-1995); two 16-pin IC 
sockets (276-1992); experimenter’s PC board (276- 
148) or FAR Circuits PC board set; enclosure; four 
‘mag-mount antennas, four-conductor shielded cable; 
incline fuse holder (270-1281). 
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“* Apply a hot iron and solder, in order to “tin” the wire ends. This makes them into 
a solid. 


“ Then feed the tinned wire through the hole in the solder tag. Crop the wire with 
cutters if needed... 
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Fig 40—Schematic of the 
antenna switch board. Part 
numbers in parentheses are 
RadioShack. All fixed-value 
resistors are "iW, 5%-tolerance 
units. Equivalent parts can be 
substituted. 

D22-D25—1N914 silicon 
switching diode (276-1620 or 
276-1122) 

Ji—Six-pin female Molex 
connector (274-236 or 274-155) 

Pi—Six-pin male Molex 
connector (274-226 or 274-152) 

R50-R54—2.2 kQ (can be found 
in RadioShack resistor 
assortment packages 271-308 
and 271-312); also available in 
pack of five (271-1325) 

‘83, S4—DPDT switch (275-626) 


z 
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Fig 41—Schematic of the LED 
driver circuit. Part numbers in 
parentheses are RadioShack. 
Ail fixed-value resistors are '- 
W, 5%olerance units. 
Equivalent parts can be 
substituted. 
C11-C140.1-uF, 25-V dise- 
‘ceramic capacitor (272-135) 
D21—1N4733, 5.1-V, 1-W Zener 
diode (276-565) 

DS1-DS4—LEDs; one each red 
(276-066); green (276-022); 
yellow (276-021); orange 
(276-012) 

R30, R92, R41, R4—10 ko 
(271-1335) 

R34, R39, R40, R61—470 KO 
(271-1354) 

R35-R38—1 kA (271-1321) 

R31, R33, R42, R44—100-kO 
trimmer potentiometer 
(271-284 ) 

Us, U7—LM339 quad 
comparator 
(276-1712) 

Misc: two 14-pin IC sockets 
(276-1999) 


antennas to the receiver coax. This occurs 25 times, thereby 
switching the receiver between the left and right antennas 
25 times. Similar switching then occurs between the front 
and the back antennas from pulses arriving at points C 
and D. 


Detector Circuit 
‘The detector circuit (back again in Fig 39) s 
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US, a.741 op amp that amplifies the receiver's audio out- 
put. The audio is fed into R24 and R27, two 4.7-kQ pots. 
The zero-center, 50-HA meters across R24 and R27 are 
optional. The meters, as well as the LEDs, indicate fron 


back and lefUright. Such meters can be expensive unless 
you find surplus meters, and they're not really necessary 

When the left/right antennas are active, one end of 
R24 is grounded by Q7 and QS on each alternate pulse. 


1 Q7 is conducting, Q8 is not conducting. On each pulse, 
one of the left/right antennas is turned on and one end of 
R24 is grounded. On the next pulse, the other lefvright 
antenna is turned on and the other end of R24 is grounded. 
If there is a phase difference between the signal received 
by the left antenna and the signal received by the right 
antenna, a de voltage is built up across R24. That voltage 
causes the quad comparator, U7 in Fig 41 to turn on DS3 
(red) or DS4 (green) L/R LEDs. If the optional left/right 
meter is installed, it deflects to indicate the direction as 
do the LEDs. 

After 25 cycles, the left and right antennas are both 
turned off and the front and back antennas are cycled on 
and off 25 times with the same detection process, produc- 
ing a voltage across R27 if there is a phase differencs 
between the RF received by the front and the back anten- 
nas, That voltage across R27 causes quad comparator U6 
to turn on DSI or Ds 

C9 and C10, for the F/B detector, and C7 and C8, 
for the L/R detector, damp the voltage swings caused by 
multipath reception. To control damping, S2A and S2B 
switch the 4700-F capacitors in or out of the circuit. 
You want the greatest amount of damping when you drive 
through an area with a lot of multipath propagation (as 
from buildings); a lot of damping helps under those cir- 
cumstances 


Construction 

The prototype was built using a pad-per-hole 
RadioShack board. However, a PC board makes construc- 
tion a lot faster. Far Circuits offers a printed-circuit project 
on their Web site: www.clais.net/farcir). Except for the 
optional meters and the nonpolarized capacitors, most 
parts are available from RadioShack. 

First build the power supply so you can power the 
unit from your car or another 12-V source. Apply 12 V 
to the DFer and adjust RI until U1’s output is +9 V. (You 
can use a 9-V battery and omit the power-supply section, 
but you'd better take along a spare battery when you go 
DFing.) 

Install U2 and its associated parts. Power up and turn 
on SI. A string of pulses should appear at TPI. If you 
have a frequency counter, set R4 for a pulse frequency of 
2200 Hz at TPI. If you don’t have a counter, connect a 
0.1-uF capacitor from TPI to headphones or a small 
speaker and set R4 fora tone of about 2 kHz. Later, you'll 
adjust the clock so the unit works with the passband of 
your receiver. 

Turn off $1 and remove the power source. Install 
U3 and its diodes. Pin 12 of U3 need not be connected 
yet. Apply power and turn on $1. At TP2 and TP3, you 
Should find alternating 1100-Hz pulses. If you have a dual- 
trace scope, you can see that the pulses alternate. If you 
have a single-trace scope, connect TP3 to TP2 and to the 
scope input and the trace will appear as a solid line as 
there is a pulse at either TP2 or TP3 at all times. If you 


don’t have a scope, the tone in a speaker or earphones 
from TP2 or TP3 will sound half as high (about | kHz) 
as the tone at TPL 

‘Turn off SI. Install U4 and its diodes. Note that pin 
12 of U3 is connected to pin 14 of U4. At TP4 and TPS, 
there should be long pulses—five times longer than the 
pulses at TP1, and the pulses should alternate between TP4 
and TPS. The pulse frequency should be about 44 Hz. 
Power down and turn off $1. Install the remaining circuit 
components. When you power up, 25 alternating pulses 
should appear at A and B, then 25 alternating pulses should 
appear at C and D. Use a scope to verify that. 

If you're not using the optional panel mete 
nect a voltmeter across R24 (L/R BALANCE), using the low- 
est de-voltage range. Note that neither end of R24 is, 
grounded. With no audio input, adjust R24 until there 
is no voltage across it. Do the same with R27 (F/B 
BALANCE). If you use the optional meters, adjust R24 and 
R27 so there’s no current shown on either meter. 


Power down and assemble the rest of the circuit. With 
power applied, but with no audio input, adjust R31, 33, 
42 and 44 so that the four LEDs (DSI through DS4) are 
off. The objective of the following adjustments is to get 
the red and green LEDs to turn on with the same voltage 
amplitude, but opposite polarity, across R24. Move R24°s 
wiper so a low positive voltage appears across R24, as 
indicated by the voltmeter connected across R24 or move~ 
ment of the edie. Adjust R44 (LED ADJ 
1A) and R42 (LED ADJ 1B) so that the green LED (DS4) 
comes on when the voltage goes positive at one end of 


Fig 42—An inside view of one DF unit built into a 
2x 8x 5%/<inch (HWD) box. Because of the height 
restriction, the two 4700-pF damping capacitors (C8 
and C10) are not mounted on the PC board, but near 
the rear panel behind the smaller of the two PC boards. 
‘One of the 4700-uF damping capacitors is a standard 
electrolytic, the other is a parallel combination of five 
1000-pF, 6.3-V bipolar (nonpolarized) capacitors 
wrapped in electrical tape. 
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Fig 43—The rear panel of the DF unit supports the two 
DPDT PHASE toggle switches. Grommets in the panel 
holes allow abrasion-free passage of the antenna, de- 
power and audio cables. The de power cord is outfitted 
with an inline fuse holder and a male Jones plug. A six- 
pin female Molex connector (five pins are used) feeds 
the four antennas. The audio-input cable is terminated 
ina ‘finch diameter male plug. 


R24, but goes off when R24 is adjusted for 0 V across 
R24. 

Next, adjust R24 for a slight negative-voltage indica- 
tion and adjust R42 and R44 so that the red LED (DS3) 
comes on, but extinguishes when the voltage across R24 
OV. When you're done, adjusting R24’s wiper slightly 
one way should illuminate the red LED. Both LEDs should, 
be off when there’s no voltage across R24; rotating R24’s, 
wiper slightly in the opposite direction should turn on the 
green LED, 

Connect the voltmeter across R27 or use the panel 
meter as an indicator. With no audio input, adjust R27 so 
that there’s no voltage across R27. Adjust R31 (F/B LED 
ADJ 1A) and R33 (F/B LED 1B) so that a F/B LED (DS1) is 
on when there is a slight positive voltage across R27 and 
the other F/B LED (DS2) is on when there is a negative 
voltage across R27, 


Switch Board 

Assemble the switch board for the four mag-mount 
antennas (see Fig 40). You can use half of a RadioShack 
dual pad-per-hole PC board (RS 276-148) as a platform. 
Lead length is critical only on this board and in the length, 
of the coax from the switching board to the antennas, so 
avoid wire-wrap construction here. 


Feed Lines 

‘The coax lines from the switch board to each of the 
four antennas must be of equal length. The coax lengths 
should be long enough to permit each antenna to be placed 
slightly less than ‘Va A from its counterpart, at the lowest, 
frequency of operation. (There’s a local belief that 
27's inches is the best length. The author used that length 
and it works, but other lengths might work as well.) An 
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attempt to locate the switch board inside the vehicle and 
run equal-length 12-foot-long cables to the antennas failed 
Keep the switch board on the vehicle’s roof 

Use the same type of coax for all lines—that is, don’t 
mix foam and polyethylene dielectric coax on the antenna 
lines. If the velocity factor of the lines is not equal, a phase 
shift in the signals will exist even when the transmitter is 
dead ahead and it will lead you astray. 

Solder the coax from the antennas directly to the 
board—don’t use connectors. From the switch board to 
ver, use 50-Q coax of any type and length. Equip 
er end of the line with a connector that mates 
with your receiver's antenna-input jack. Make the four- 
conductor shielded cable from the main DFer box to the 
switch board long enough to reach from the LRFB box’s 
operating position to the roof of the car. Construct the 
antennas so that the whips can be changed easily for use 
on any frequency in which you're interested, 


Mechanical Assembly 

Mount the finished PC boards in a metal box of your 
choice. You can follow the construction method used in 
the prototype (see Fig 42 and Fig 43), but do ensure that 
R4-can be adjusted easily with a tuning tool from outside 
the box. A hole drilled in the box at the right point will 
suffice. Arrange the LEDs in a diamond pattern on the 
front panel, with the left LED (red) to the left, the right 
LED (green) on the right, and the front and back LEDs at 
the top and the bottom, 

Wrap the switch board with tape to waterproof 
place it in a watertight box. Arrange the mag-mount 
antennas on top of the vehicle in a diamond shape. The 
distance between each antenna pair should be less than 
fs) at the operating frequency. (In limiting the distance 
between antennas in a pair—F/B or L/R—to less than 
‘Zs, the author followed WODUU’s example.) 


Final Adjustments, 

It’s best to start on 2 meters. Install the 2-meter whips 
in the antenna bases. Mount the antennas on the top of 
your vehicle. Identify the left and right antenna bases with 
L and R, and mark the front and back antenna bases, too. 

‘A good way to find out if the antennas are properly 
installed is to short either the left or right antenna with a 
lip lead from the whip to the metal base; the L/R meter 
will deflect one way and the left or right LED will light. 
If you short one of the front and back antennas with a 
clip lead, the front or back LED will come on. If you 
short one of the L/R antennas and it makes the meter go 
to the right, it does not necessarily mean you have the 
PHASE switch in the proper position. That depends on the 
relative phase determined by the number of audio stages 
iver, each of which may contribute a shift of 


180°. 
Connect the coax from the switch board to your FM 

receiver. It must be an FM receiver; an AM VHF or AM 

aircraft receiver won't suffice. Connect the audio output 


of your 2-meter receiver to the LRFB box audio input. If 
you're using a transceiver, disable its transmit function 
by removing the mike. You don’t want to transmit into 
the switch board! 

Turn on the receiver and place the LRFB box in 
receive by setting $1 to the RCV position. Center R10. 
Only one of the antennas will be turned on and the DF 
operation will be disabled. Back off the squelch and notice 
that you hear the audio from the speaker of the LRFB 
box. Switch to an unused simplex channel. Have a friend 
with an HT stand 20 feet or so in front of the vehicle. 
With the receiver in the car turned off, turn SI to DE. The 
four LEDs should be off. If an LED lights, adjust R24 
and R27 for zero voltage. If the LED is still on, readjust, 
R31 and R33, or R42 and R44 as explained earlier. When 
all four LEDs are off with the antennas connected, no 
audio from the receiver and no RF input signal, you're 
ready. Turn on your receiver and have your friend trans 
mit on the 2-meter frequency (simplex) that your receiver 
is set to. When he transmits, one or more of the LEDs 
should illuminate. Ignore the front/back LEDs, but check 
to see if the right or left LED is on. If the right LED is on 
and your friend is standing to the right of the center of 
the vehicle front, all is well. Have him walk back and 


forth in front of the vehicle and notice that when he is to 
the right, the green LED turns on, and when he’s to the 
cl indications are reversed, 
left when your friend is 
to your right, reverse the position of PHASE switch $3. 

When the L/R indicators are working properly, have 
your friend walk back and forth between a position 20 feet, 
to the front and right of the car and a position 20 feet away 
to the rear and right of the car. The right LED should stay 
oon, but the front LED should be on when the HT is in front 
of the antennas, and the back LED should be on when the 
HT is behind the antennas. If the front/back indications are 
¢ the position of PHASE switch S4 

While receiving a signal from your friend’s HT, 
adjust R4 for maximum deflection on any one of the two 
optional meters, or on a voltmeter (set on the lowest de 
voltage range) connected across R24 or R27. Look for the 
maximum deflection of the meter needle as the meter 
swings both ways while the 
to front or left to right (depending, of course, on which, 
panel meter you're looking at or which resistor—R24 or 
R27—your voltm s). The audio passband of 
FM receivers varies, and if you switch from an ICOM IC- 
27 to an ICOM IC-W2A, for example, you'll have to 
change U2’s master clock frequency. You may encounter 
receivers that don’t require readjusting R4, but such read- 
justment should be expected. When changing receivers 
you may also need to change the position of PHASE, 
switches $3 and $4. This may also be necessary when 
changing from UHF to VHE, or VHF to UHF on the same 
receiver, as the number of receiver stages (and, hence, the 
audio phase) may change from band to band. 


reversed, revel 


ignal source moves from back 


Audio Level Adjustments 

With meter damping (S2) off, adjust R10 so that you 
have full deflection of one of the two meters (or your 
multimeter) with the signal source at a 45° angle from 
the vehicle (halfway between ahead and right), and a rea- 
sonable audio level from the speaker. Turn the rig’s vol- 
ume control all the way up to ensure that the audio circuit 
doesn’t overload. If it overloads, the meters won't deflect 


From zero to full blast, the meter should defl 
and more (unless the signal is straight ahead or exactly 
left or right). If you're using an H-T, maximum deft 
tion of the meter should occur before the volume control 


more 


is °4 of maximum, or before the volume control is at 
Ye of maximum if you're using a mobile rig. If R10 is 
properly adjusted, turning the volume control to maxi- 
‘mum won't cause the meter to fall back toward zero. If 
1g the volume causes the meter to deflect less, 
s setting is too high. 

Now have your friend walk around the vehicle with 
the HT transmitting and notice that the LEDs indicate the 
signal direction. On 2 meters in a clear field, the indica- 


tions should be correct 80 or 90% of the time. The errone- 
ous readings that occasionally occur are due to multipath, 
propagation caused by the irregular shape of the vehicle. 
Slight adjustments in the positions of the L/R and F/B 
antennas may be necessary to make the zero points fall, 
directly in front of the vehicle (neither left nor right LED 
on) and at the center of the antennas (neither front nor 
back LED on). 

‘Try the same procedure on 440 MHz. You may have 
to flip the PHASE switches when you move to another band, 
even when using the same receiver. Remember that the 
total length of the 440-MHz antennas must be '/s A or 
less, and the antennas must be placed less than '/s 2 apart. 
‘The results on 440 MHz probably won't be as consistent 
as the results on 2 meters, as there is likely to be a lot 
ith propagation caused by the irregular shape 


more multi 


of the vel 


Fox Hunting 

Before heading out to find the fox, check to be cer- 
tain the LRFB box is working properly. Tune to the fox’s 
frequency and drive off. Turning on the DAMPING switch 
stabilizes the indication as you drive along. Follow indi- 
cations generated as you travel over the road or street. If 
an indication is constant for 15 or 20 seconds while you're 
moving down the road, it’s probably the true direction to 
the fox. It’s possible to have a reflection from a moun- 
tain over a long distance down the road, however. When 
you can hear the fox with no antenna, it’s time to get out 
Of the car, switch to the hand-held system and hunt for 
the fox on foot. 

If you switch to a new receiver, you may have to 
readjust R4, CLOCK FREQ. That's because both rei 
ers may not have the same audio bandwidth. Author 
WAQBVS forgot this while chasing a balloon once and, 
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the results were comical. When chasing balloons with ham 
radio transmitters, the readings you get are likely to be 
confusing when the balloon is at a high angle with respect, 
to the plane of the car top. Use a hand-held Yagi to verify 
the balloon location. Even with a simple buzzbox, you 
should be able to find a keyed transmitter. 


A TAPE-MEASURE BEAM FOR RDFING 
Joe Leggio, WB2HOL, designed this antenna while 
searching for a beam with a really great front-to-back ratio 
to use in hidden transmitter hunts. It exhibits a very clean 


pattem and is perfect for RDF use. You can construct this 
beam using only simple hand tools, and it has been 
duplicated many times, 

WB2HOL's first design requirement was to be able to 
get in and out of his car easily when hunting for a hidden 
transmitter. He accomplished this by using ste 
measure” elements, which fold easily when putt 
antenna into a car and yet are self supporting. They also 
hold up well while crashing through the underbrush on a 
fox hunt. 

WB2HOL decided to use three elements to keep the 
boom from getting too long. He used inexpensive 
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Fig 44—Tape-measure beam dimensions. 
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Fig 45—Photo of 
driven-element 
mounted to PVC tee 
using hose clamps. 
The hairpin match 
wires is shown here 
soldered to the tape- 
measure elements, 
along with the 
RG-58 feed line. 


Fig 46—Photo of complete tape-measure beam, ready 
to hunt foxes! 


Schedule-40 PVC pipe, crosses and tees that can be found, 
at any hardware store for the boom and element supports 
He used a simple hairpin match, consisting of a 5-inch 
length of #14 solid wire bent into the shape of a U, with the 
two legs about ‘/s inch apart. This gave in a very good match 
across the 2-meter band after he tweaked the distance 
(inch on his prototype) betwes 
element for minimum SWR. 
You can cut the I-inch wide tape-measure elements 
with a pair of shears, chamfering the ends of the elements. 
Be very careful—the edges are very sharp and will inflict a 
nasty cut if you are careless. Use some sandpaper to re- 
move the sharp edges and burrs and put some vinyl electri- 


the halves of the driven 


cal tape on the ends of the elements to protect yourself from 
getting cut. Wear safety glasses while cutting the elements. 
See Fig 44 for dimensions. 

‘The RG-58 coax feed line is wound into a 8-turn coil 
along the boom to form a choke balun. The coil is covered 
with vinyl black tape to secure it to the boom. Make sure 
‘you scrape or sand the paint off the tape-measure elements 
where the feed line is attached. Most tape measures have a 
very durable paint finish designed to stand up to heavy use. 
You do not want the paint to insulate your feed-line con- 
nection! 

If you are careful, you can solder the feed line to the 
element halves, but take care since the steel tape measure 
ily and the PVC supports can be easily 
ments before mounting 
‘de to connect the feed line 


them to the PVC cross if you d 
in this fashion. 


If you decide not to solder to the tape-measure ele- 
ments, you can use two other methods to attach the feed 
line. One method employs ring terminals on the end of the 
coax. The ring terminals are then secured under self-tap- 
ping screws or with 6-32 bolts and nuts into holes drilled in 
the driven-element halves. However, with this method you 
cannot fine-tune the antenna by moving the halves of the 
driven element in and out 

‘The simplest method is simply to slide the ends of the 
feed line under the driven element hose clamps and tighten 
the clamps to hold the ends of the coax. This is low-tech but 
it works just fine 

WB2HOL used ['/s-inch stainless-steel hose clamps 
to attach each driven-element half to the PVC cross that 
‘acts as its support. This allowed him to fine-tune his antenna 
for lowest SWR simply by loosening the hose clamps 
and sliding the halves of the driven element in or out to 
lengthen or shorten the element. He achieved a 1:1 SWR at 
146.565 MHz (the local fox-hunt frequency) when the two 
elements were spaced about 1 inch apart. Fig 45 shows the 
hose-clamp method for attaching the driven element to the 
ss, along with the hairpin wire and feed-line coax. 

Some builders have used rubber faucet washers be- 
tween the tape-measure elements and the PVC-cross fit- 
tings on the director and reflector. These allow for the tape 
to fit the contour of the PVC fitting better and will make 
the antenna look nicer. It is normal for the reflector and 
director elements to buckle a bit as they are tightened to 
the PVC tee and cross if you don’t use faucet washers. 
You can also eliminate the buckling if you use self-tap- 
ping screws to attach these elements instead of hose 
clamps. The beam will not be as rugged, however, as when 
‘you use hose clamps. 

‘This beam has been used on fox hunts, on mountain 
tops, at local public-service events, outdoors, indoors in at- 
tics—just about everywhere. The SWR is typically very 
close to 1:1 once adjusted. Front-to-back performance is 
exactly as predicted. The null in the rear of the pattern is 
perfect for transmitter hunts. 
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Basic Amateur 


Portable 
Antennas 


For many amateurs, the words portable antennas 
may conjure visions of antenna assemblies that can be 
broken down and carried in a backpack, suitcase, golf 
bag, or what-have-you, for transportation to some out- 
of-the way place where they will be used. Or the vision 
could be of larger arrays that can be disassembled and 
moved by pickup truck to a Field Day site, and then 
erected quickly on temporary supports. Portable anten- 
nas come in a wide variety of sizes and shapes, and can 
be used on any amateur frequency. 

Strictly speaking, the words “portable antenna 
really means transportable antenna—one that is moved to 
some (usually temporary) operating position for use. As 
such, portable antennas are not placed into service when 
they are being transported. This puts them in a different class 
from mobile antennas, which are intended to be used while 


in motion, Of course this does not mean that mobile anten- 
nas cannot be used during portable operation. Rather, true 
portable antennas are designed to be packed up and moved, 
usually with quick reassembly being one of the design req- 
uisites. This chapter describes antennas that are designed 
for portability. However, many of these antennas can also 
be used in more permanent installations, 

Any of several schemes can be employed to support 
an antenna during portable operation. For HF antennas 
made of wire, probably the most common support is a 
conveniently located tree at the operating site. Tempo- 
rary, lightweight masts are also used. An aluminum 
extension ladder, properly guyed, can serve as a mast for 
Field Day operation. Such supports are discussed in Chap- 
ter 22, Antenna Supports, 


A SIMPLE TWIN-LEAD ANTENNA FOR 
HF PORTABLE OPERATION 


‘The typical portable HF antenna is a random-length 
e flung over a tree and end-fed through an antenna 
tuner. Low-power antenna tuners can be made quite 
compact, but each additional piece of necessary equip- 
‘ment makes portable operation less attractive. The sta- 
tion can be simplified by using resonant impedance: 
‘matched antennas for the bands of interest. Perhaps the 
simplest antenna of this type is the half-wave dipole, cen- 
ter-fed with 50- or 75-Q coax. Unfortunately, RG-58, 
RG-59 or RG-8 cable is quite heavy and bulky for back- 
packing, and the miniature cables such as RG-174 are 
t00 lossy. 

A practical solution to the coax problem, developed 
by Jay Rusgrove, WIVD, and Jerry Hall, KITD, is to 
use folded dipoles made from lightweight TV twin-lead. 
‘The characteristic impedance of this type of dipole is near 
300 Q, but this can easily be transformed to a 50-Q 
impedance. The transformation is obtained by placing a 
lumped capacitive reactance at a strategic distance from 
the input end of the line. Fig 1 illustrates the construc- 
tion method and gives important dimensions for the twin- 
lead dipole. 

A silver-mica capacitor is shown for the r 
‘ment, but an open-end stub of twin-lead can serve as well, 
provided it is dressed at right angles to the transmission 
line for some distance. The stub method has the advantage 
of easy adjustment of the system resonant frequency. 

‘The dimensions and capacitor values for twin-lead 
dipoles for the HF bands are given in Table 1. To pre- 


tive el 
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Fig 1—A twin-lead folded dipole makes an excellent 
Portable antenna that is easily matched to 50-0 
‘equipment. See text and Table 1 for details. 


serve the balance of the feeder, a 1:1 balun must be used 
at the end of the feed line. In most backpack QRP app! 
cations the balance is not critical, and the twin-lead can 
tly to a coaxial output jack—one lead 
to the center contact, and one lead to the shell, 

Because of the transmission-line effect of the 
shorted-radiator sections, a folded dipole exhibits a wider 
bandwidth than a single-conductor type. The antennas 
described here are not as broad as a standard folded 
dipole because the impedance-transformation mechanism 
is frequency selective. However, the bandwidth should 
be adequate. An antenna cut for 14.175 MHz, for exampl 
will present an SWR of less than 2:1 over the entire 
14-MHz band 


ZIP-CORD ANTENNAS 


Zip cord is readily available at hardware and depart- 
ment stores, and it’s not expensive. The nickname, <ip 
cord, refers to that parallel-wire electrical cord with brown 
or white insulation used for lamps and many small appli- 
ances, The conductors are usually #18 stranded copper 
wire, although larger sizes may also be found. Zip cord 
is light in weight and easy to work with 
For these reasons, zip cord can be pres 
vice as both the transmission line and the radiator sec- 
tion for an emergency dipole antenna system. This 
information by Jerry Hall, KITD, appeared in OST for 
March 1979. The radiator section of a zip-cord antenna 
is obtained simply by “unzipping” or pulling the two con- 
ductors apart for the length needed to establish resonance 
for the operating frequency band. The initial dipole length 
can be determined from the equation f = 468/f, where £ 
is the length in feet and f is the frequency in MHz. (It 
would be necessary to unzip only half the length found 


be connected dit 


sd into 
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Table 1 


‘Twin-Lead Dipole Dimensi 
Values 


ns and Capacitor 


Frequency LengthA Length O, 
3.75MHz 124° 9%" 13'0" 289 pF 

7.15 65'5Y 610 151 pF 

10.125 46'2%4" 410 107 pF 

14.175 33'0" 35%" 76pF 9 1014" 
18.118 25°10 28%" 6OpF 79° 
21.225 22" We 23%" S1pF BT" 
24.94 18° 9° V1" 43pF S74" 
28.5 165° 18%" 3BpF a 11" 


from the formula, since each of the two wires becomes 
half of the dipole.) The insulation left on the wire will 
have some loading effect, so a bit of length trimming may 
be needed for exact resonance at the d 

For installation, you may want to use the el 
knot shown in Fig 2 at the dipole feed point. This 
balanced knot that will keep the transmission-line part of 
the system from unzipping itself under the tension of 
dipole suspension. This way, if zip cord of sufficient 
length for both the radiator and the feed line is obtained 
¢ installation can be made right down to the 
input end of the line. 

(Purists may argue that knots at the feed point will 
create an impedance mismatch or other complications, 
but as will become evident in the next section, this is not 
a major consideration.) Granny knots (or any other vari- 
ety) can be used at the dipole ends with cotton cord to 
suspend the system, You end up with a lightweight, low- 
cost antenna system that can serve for portable or emer- 
gency use. 

But just how efficient is a zi 
Since it is easy to locate the materials and simple to 
install, how about using such for a more permanent 
installation? Upon casual examination, zip cord looks 
about like 72-2 balanced feed line. Does it work as well? 


Zip Cord as a Transmission Line 


To determine the electrical characteristics of zip cord 
as a radio-frequency transmission line, a 100-foot roll 
was subjected to tests in the ARRL laboratory with an RE 
impedance bridge. Zip cord is properly called parallel power 
cord. The variety tested was manufactured for GC Elec 
tronics, Rockford, IL, being 18-gauge, brown, plast 
lated type SPT-1, GC cat. no. 14-118-2G42. Undoubtedly, 
minor variations in the electrical-characteristics will occur 
among similar cords from different manufacturers, but the 
results presented here are probably typi 

‘The characteristic impedance was determined to be 
107 Q at 10 MHz, dropping in value to 105 Q at 15 MHz 
and to a slightly lower value at 29 MHz. The nominal 
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Fig 2—This electrician's knot, often used inside lamp oe 7 a 


bases and appliances in lieu of a plastic grip, can also 
serve to prevent the transmission-line section of a zip- 
cord antenna from unzipping itself under the tension of 
dipole suspension. To tie the knot, first use the right- 
hand conductor to form a loop, passing the wire behind 
the unseparated zip cord and off to the left. Then pass 
the left-hand wire of the pair behind the wire extending 
off to the left, in front of the unseparated pair, and 
thread it through the loop already formed. Adjust the 
knot for symmetry while pulling on the two dipole wires. 


value is 105 Q at HE. The velocity factor of the line was 
determined to be 69.5% 

Who needs a 105-@ line, especially to feed a di 
pole? A dipole in free space exhibits a feed-point resis- 
tance of 73 Q, and at heights above ground of less than '/ 
« wavelength the resistance can be even lower. An 80- 
meter dipole at 35 feet over average soil, for example, 
will exhibit a feed-point resistance of about 35 . Thu: 
for a resonant antenna, the SWR in the zip-cord tran: 
mission line can be 105/35 or 3:1, and maybe even higher 
in some installations. Depending on the type of transmit 
ter in us 


the rig may not like working into the load pr 
sented by the zip-cord antenna system. 

But the really bad news is still to come- 
Fig3 
feet of line versus frequency. Chart values are based on 
the assumption that the line is perfectly matched (sees 


ne loss! 


a plot of line attenuation in decibels per hundred 


105-0 load as its terminating impedance). 

Ina feed line, losses up to about 1 decibel or so can 
be tolerated, because at the receiver a 1-dB difference in 
signal strength is just barely detectable. But for losses 
above about 1 dB, beware. Remember that if the total 
losses are 3 dB, half of your power will be used just to 
heat the transmission line. Additional losses over those 


charted in Fig 3 will occur when standing waves are 
present. (See Chapter 24, Transmission Lines.) The 
trouble is, you can’t use a 50- or 75-Q SWR instrument 
to measure the SWR in zip-cord line accurately. 

Based on this information, we can see that a hun- 


Fig 3—Attenuation of zip cord in decibels per hundred 
feet when used as a transmission line at radio 
frequencies. Measurements were made only at the 
three frequencies where plot points are shown, but the 
curve has been extrapolated to cover all high- 
frequency amateur bands. 


dred feet or so of zip-cord transmission line on 80 meters, 
might be acceptable, as might 50 feet on 40 meters. But 
for longer lengths and higher frequenc: 
become appreciable. 


the losses 


Zip Cord Wire as the Radiator 

For years, amateurs have been using ordinary cop- 
per house wire as the radiator section of an antenna, erect- 
ing it without bothering to strip the plast 
Other than the loading effects of the insulation mentioned 
earlier, no noticeable change in performance has been 
noted with the insulation present. And the insulation does, 
offer a mes 


ure of protection against the weather. These 
same statements can be applied to single conductors of 
ip cord 

‘The situation in a radiating wire covered with insu- 
lation is not quite the same as in two parallel conductors, 
where there may be a leaky dielectric path between the 
two conductors. In the parallel line, itis the current leak- 
age that contributes to line losses. This leakage current is, 
set up by the voltage potential that exists on the two ad- 
jacent wires. The current flowing through the insulation 
on a single radiating wire is quite small by comparison, 
and So as a radiator the efficiency is high. 

In short, communications can certainly be established 
with a zip-cord antenna in a pinch on 160, 80, 40, 30 and 
perhaps 20 meters. For higher frequencies, especially with 
long line lengths for the feeder, the efficiency of the sys- 
tem is so low that its value becomes questionable. 
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“~ ... and apply the iron to heat the joint. As there s quite a lot of metal to heat, 
allow several seconds to heat it up and then simply solder the wire and solder tag 
together with a dab of solder wire. 


* The result is a perfectly satisfactory solder joint. 


The second way is to loop the untinned wire through the tag a few turns and then 
solder it. This secures the wire during soldering, but it’s messier to desolder if things go 
wrong (see later): 


A TREE-MOUNTED HF GROUND-PLANE 
ANTENNA 


A tree-mounted, vertically polarized antenna may 
sound silly. But is it really? Perhaps engineering refer- 
ences do not recommend it, but such an antenna does not 
cost much, is inconspicuous, and it works. This idea was 
described by Chuck Hutchinson, K8CH, in QST for Sep- 
tember 1984. 

The antenna itself is simple, as shown in Fig 4. A 
piece of RG-58 cable runs to the feed point of the 
antenna, and is attached to a porcelain insulator. Two 
radial wires are soldered to the coax-line braid at this 
point. Another piece of wire forms the radiator. The top 
of the radiator section is suspended from a tree limb or 
other convenient support, and in turn supports the rest of 
the antenna, 

‘The dimensions for the antenna are given in Fig 5 
All three wires of the antenna are 4 wavelength long 
‘This generally limits the usefulness of the antenna for 
portable operation to 7 MHz. and higher bands, as tem- 
porary supports higher than 35 or 40 feet are difficult to 
come by. Satisfactory operation might be had on 3.5 MHz, 
with an inverted-L configuration of the radiator, if you 
can overcome the accompanying difficulty of erecting the 
antenna at the operating site 

The tree-mounted vertical idea can also be used for 


ixed station installations to make an invisible antenna, 


Fig 4—The feed point of the tree-mounted ground- 
plane antenna. The opposite ends of the two radial 
wires may be connected to stakes or other convenient 
points. 
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Shallow trenches can be slit for burying the coax feeder 
and the radial wires. The radiator itself is difficult to see 
you are standing right next to the tree. 


A PORTABLE DIPOLE FOR 80 TO 
2 METERS 


This dipole antenna, described by Robert Johns, 
WGIIP, in August 1998 QS7, can be used for any band, 
from 80 through 2 meters. One half of the dipole is an 
inductively loaded aluminum tube. Its length is adjust- 
able from 4 to 11 feet, depending on how much room is, 
available. The other half is flexible insulated wire that 
can be spooled out as necessary. The tube is supported 
by a flagpole bracket attached to a long carpenter's clamp. 
‘The clamp mounts the antenna to practically anything: a 
windowsill, railing, a chair or post. If there is no struc~ 
ture to mount the antenna (a parking lot or the beach), 
the clamp attaches to two light wooden legs to form a 
tripod, as shown in Fig 6, 

‘The key to mounting flexibility is the large clamp. 
‘The key to electrical flexibility is a large adjustable coil 
that lets you resonate the tube on many bands. The coil is, 
wound with #8 aluminum ground wire from RadioShack. 
‘The form is a four-inch (44-inch OD) styrene drain 
coupling from the Home Depot or a large plumbing sup- 
ply store. A movable tap adjusts the inductance to tune 
the upright tube to the desired band. The wire half of the 
antenna is always a bit less than 2/4 on each band, Hang 
it from any convenient support or drape it over bushes t0 
keep it off the ground, 


Fig 5—Dimensions and construction of the tree- 
mounted ground-plane antenna. 


Fig 6—At top, the portable antenna in some of the 
many places it may be mounted around the house, 
porch and yard. At bottom, the simple ground-mounted 
legs that make a tripod. 


Construction 


The 18-inch carpenter's clamp (sometimes called a 
bar clamp, such as Jorgensen’s No. 3718) and flagpole 
bracket that takes a ‘/4-inch pole are common hardware 
items, Insulate the bracket from the clamp jaw with a 
I'/inch length of I-inch PVC pipe (see Fig 7). Hammer 
the PVC over the end clamp jaw to make it take the shape 
of the jaw. Secure the flagpole bracket to PVC with a large 
ground clamp (for '/ or I-inch conduit). The ground clamp 
includes '/.-inch bolts; enlarge the flagpole bracket holes 
to accept them. Some flagpole brackets have an integral 
cleat; the author hammered the cleat ears flat on his. 

Mount an SO-239 chassis connector on the flagpole 
bracket using RadioShack insulated standoffs (276-1381). 
‘The standoffs tightly press the center pin of the SO-239 
against the bracket surface; no other connection is needed. 
Other mounting hardware may require a connection from 
the coax center conductor to the bracket. The spooled 
wire’s inner end wraps around a standoff and connects to 
a ring terminal under a screw holding the SO-239 flange 
to the standoff. 

‘The 1 x 2-inch wooden legs for the tripod are each 
30 inches long. Bolt them together at one end with a 1 or 
I'/-inch-long bolt. Countersink the bolt head and nut 
below the surface of the wood so they don’t interfere with 
the clamp jaws. 


Aluminum Element 

You can make this element from three lengths of 
telescoping aluminum tubing (’/, fs and “ inch, 0.058- 
inch walls). The author used tubing with thinner walls 
for less weight and easier handling. A 45-inch-long, 
°Yjcinch tube fits the flagpole bracket. He chose this length 
because it and the flagpole bracket make 2/4 on 6 meters. 
‘The two outer tubes are both ‘Ys inch, made by cutting a 
foot aluminum clothesline pole in halves. They are 


Fig 7—The flagpole bracket that supports the tubing 
elements is clamped to the long carpenter's clamp, but 
insulated from it by a small section of 1-inch PVC pipe. 
A coax connector is mounted to the bracket and the 
spool of wire is attached to the coax connector. 
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joined together with a copper coupling (“/ inch ID) for 
'ya-inch copper pipe. The coupling is bolted to one of the 
Sh-inch sections, and a slot is cut in the free half of the 
coupling. The remaining ‘h-inch tube is inserted there 
and secured with a hose clamp. See Fig 8. 

One */-inch tube slides into the '/s-inch tube to pro- 
vide a continuously variable 
4 to Th feet. This extends from 7'/ to 11 feet when the 
two “h-inch sections are joined together. 


ement length from about 


Loading Coil 

‘The loading coil has 12 turns of bare aluminum wire 
spaced to fill the 3¥/-inch length of the drain coupling. 
Drill "Z-inch holes at the ends of the coil form to accept 
the ends of the coil wire. (See Fig 9.) To wind the coi 
feed four inches of wire through the form, make a sharp 
bend in the wire and start winding away from the nearby 
mounting hole. Wind 12 turns on the form, spacing them 
only approximately. Cut the wire for a 4-inch lead and 
feed it through the other hole in the form. Tighten the 
wire as best you can and bend it into another acute angle 
where it passes into the form. Space the turns about 
equally, but don’t fuss with them. Final spacing will be 
set after the wire is tightened 

Tighten the coil wire by putting a screwdriver or a 
needle-nose pliers jaw under one turn, and pry the wire 
up and away from the surface of the coil form. While this 
can be done anywhere, it's best to put these kinks on the 
backside, away from the mounting shaft. Put kinks in 
every other turn, removing any slack from the coil and 
holding the turns in place. Should the coil ever loosen 
simply retighten it with a screwdriver. If you prefer, glue 
the coil turns in place with epoxy or coil dope. Use a thin 
bead of glue that won't interfere with the clip that con- 
neets to the coil. 

The coil form mounts on a nine-inch-long "s-inch PVC 
pipe. (See Fig 9 and Fig 10.) The inside diameter is slightly 
larger than the ‘-inch aluminum, but slotting the PVC and 
tightening it with a hose clamp secures the tube. (Use a 
wide saw to cut these slots, not a hacksaw.) The coil form 
mounts to the PVC pipe with #6-32 x 1'/s-inch bolts. A five- 
inch long, ‘finch aluminum tube permanently attaches 
to one end of the coil assembly and slides into the 


Fig 8—The joint between two sections of *f-inch tubing 
is made from a 'v=-inch copper pipe coupling, bolted to 
fone section and hose clamped to the other. 
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flagpole bracket. One end of the coil wire connects to this 
short tube. Flatten the wire end by hammering it on some 
thing hard, then drill a %-inch hole in the flattened end 
and attach it to the short tube with a #6-32 x L-inch bolt. 
Tighten the bolt until the “2-inch tube starts to flatten. This, 
will keep pressure on the aluminum-to-aluminum joint. 

‘The aluminum element slides into the opposite end 
of the coil assembly. The hose clamp there can be tight- 
ened until the element just slides in snugly. 

A 12-inch clip lead connects the aluminum element 
to the coil. Bolt the plain wire end to the “finch tube 
three inches from its end. Many alligator clips will fit in 
the space between the turns of the coil (about ‘Vis inch), 
but W3JIP preferred using a solid-copper clip (Mueller 
TC-1). Cut off most of the jaws, so that only the part 
close to the hinge grabs the coil. This shorter lever grips 
very tightly 


Wire and Spool 

‘The lower half of the antenna is insulated wire that 
is about A/4 on the band of operation. The wire is pulled 
from the spool, and the remaining wire forms an induc~ 
tance that doesn’t add much to the antenna length. The 
Home Depot sells #12 and #14 insulated stranded copy 
wire in 50 and 100-foot lengths, on plastic spools. ( 
Fig 11.) A ‘h-inch dowel fits into the spool to make a 
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Fig 9—Holes to be drilled in the styrene coupling and 
the inch PVC pipe. All holes are *ieinch diameter, to 
provide clearance for #6-32 bolts. The hole 1'/2 inches 
from one end holds a bolt that serves as a stop, so that 
the antenna tube does not slide in too far. Space the 
holes for coil leads far enough from the mounting 
holes to clear the ‘/<inch pipe. 


Fig 10—Top photo shows the loading coll for the 20, 
30, and 40-meter band coverage. The short aluminum 
tube on the coil slides into the fiagpole bracket, and 
the tubing element slides into the other end of the PVC 
pipe. The wire and clip connect the element to the coil. 
Bottom photo shows the coil for operating the antenna 
on 80 meters. This is placed in the flagpole bracket and 
the 40-meter aluminum coil plus the tubing element is 
Inserted into it. 


handle and spool axle. Bolts through the dowel on either 
side of the spool hold it in place. A crank handle is made 
by putting a one-inch-long bolt through the spool flange. 

‘The author calibrates the wire on the spool with 
‘markers and electrical-tape flags. There’s a mark (from a 
permanent marking pen) at each foot, a black flag every 
five feet and a length-marked colored flag every 10 feet. 
Simply mark the length for each band, if you like. 

Make sure you prevent the wire from unspooling, 
especially when it’s hanging from a window mounting. 
‘A heavy rubber band works, but it doesn’t last long. A 
better solution is a loop of light bungee cord, preferably 
with a knot for grip. The bungee loop runs from the axle/ 
handle around the spool making a half twist on the way, 
and then passes over the axle end on the other side of the 
spool. (See Fig 11.) 


Operation 


‘Table 2 lists element length, wire length and coil 
tap point for various bands. When the number of turns 
shown is zero, the coil is not needed. On all bands except 
you can simply bypass the coil with the clip 
lead—the extra length just lowers the frequency a bit. For 
6 meters, the coil must be removed. The location of the 
unspooled wire greatly affects the settings, so the 
bers are only starting points. The lengths in the table were 
taken with the wire one to three feet above ground, draped 


6 meter 


Fig 11—The wire spool has a wooden axle/handle and 
‘small handle for winding the wire. A bungee cord 
stretched over the spool and around the axle prevents 
the wire from unwinding. 


Table 2 
Tubing 
Length (feet) 


Coil Turns Wire 


Length (feet) 

6 meters 
10 meters 
12 meters 


15 meters 1 


20 meters 1 
30 meters 1 


4 
7 
4 
8 
2 
0 
8 
4 

17 meters " 
8 
4 
1 
8 
4 
1 
8 
4 

40 meters " 

8 


over and through bushes and flowerbeds. The antenna 
will still work if the wire is lying on the ground, but it 
will require less unspooled wire to resonate. A balun is 
not needed, and an SWR analyzer is very helpful while 
adjusting this antenna. 

‘The SWR is less than 1.5:1 on all bands, and it’s 
usually below 1.2:1. Occasionally, a band shows a higher 
SWR (still less than 2:1), but that can always be lowered 
by adjusting the length or location of the lower wire. 
Never set up the antenna where it could fall and injure 
someone, or where the unwary could get an RF burn by 
touching it 


The author’s results with this antenna have been 
excellent, both from home and on vacation. If you haven’t 
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yet operated from a seashore location, be prepared for a 
pleasant surprise! The good ground afforded by the salt 
water really makes a difference. 


80 Meters 


It's easy to add this lower frequency band. Fig 10 
shows a 35 MH coil for 80 meters. It’s constructed and 
tightened just like the 40-meter coil, but has 20 turns of 
#12 magnet wire. 

To operate on 75/80 meters, insert the new coil into 
the flagpole bracket and plug the 40-meter coil into it. 
‘Tune across the band with the movable tap on the 40-meter 
coil. This varies antenna resonance from below 3.5 to 
above 4.0 MHz, with the full 11 feet of tubing extended. 
If your version doesn’t achieve this tuning range, adjust, 
the spacing of the turns on the 80-meter coil 

‘The 80-meter coil has a five-inch length of "/s-inch 
aluminum tube inserted into one end of the ‘finch PVC 
pipe that supports the coil form. One end of the coil 
connected to this aluminum tube. The other end is 
secured under the bolt that holds the coil form to the PVC 
pipe. A second clip lead connects the base of the 40-meter 
coil to the outer end of the larger coil. The length of wire 
on the spool must also be increased to about 64 feet. 


2 Meters 

A/2 dipole for 2 meters can be made with about 
15 inches of '/-inch aluminum tubing in the flagpole 
bracket, and 18 inches of wire. The tubing element 
shorter than normal for 2 meters because the bracket 
also part of the antenna. You can also shorten the 6-meter 
wire a bit and operate the 6-meter antenna as a 3A/2 on 
2 meters, with a somewhat higher SWR. 


Continuous Coverage 

With easily changed element lengths and a continu- 
ously variable loading coil, you may operate the antenna 
on any frequency from 6.5 to 60 MHz, if coverage for other 
services is needed. With taps in the 80-meter coil at 8, 11 
and 14 turns, the antenna will also tune from 4 to 7 MHz. 


THE HF CABOVER ANTENNA 


If you have ever had the pleasure of traveling across 
the country with an HF mobile in a camper, trailer or 
motor home you may want to duplicate this antenna for 
use when you park. This antenna was described in The 
ARRL Antenna Compendium, Vol 5, by Jim Ford, NOJF. 
The author's camper has limited spots on which to 
mount an HF mobile antenna. The back ladder is a con- 
venient place to mount a small mobile whip. However, 
the efficiency of typical mobile center-loaded antenna 
depending on coil Q and other assumptions, is often less 
than 2% for 80 meters and 10% for 40 meters. (These 
numbers come from the excellent, easy-to-use MOBILE 
antenna design program by Leon Braskamp, AA6GL, 
which is on the CD-ROM bundled with this book.) 
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At some locations, N6JF used an 80-meter dipole. 
which was very efficient and worked great on all bands 
when fed with open-wire line and an antenna tuner. How- 
ever, it took over 40 minutes to set up and about 20 min- 
utes to tear down, working with a sling shot and many 
tree snags. This is too much time to make a schedule or 
for an early morning departure, although it’s OK if you 
plan to stay for a while, Even more important, there were 
often too many trees or other barriers (perhaps some even, 
social) to allow putting up the dipole at a campsite. 

When this happened he was stuck with the mobile 
antenna with poor efficiency. There had to be a better 
antenna for camper operation. The author decided on a 
large vertical 

A telescoping aluminum extension pole used for 
roller painting would make a good bottom section for the 
loaded vertical. These are available at many local home 
supply centers. The author’s was 1 inch in diameter and, 
6 feet long, telescoping to almost 12 feet. He disas- 
ich slot in the 
top of the bottom section with a hacksaw to allow com- 
pression clamping with a hose clamp. The tip of the top 
section was fitted with an aluminum plug that had a 
3/8-24 hole tapped in it. This procedure was a simple 
‘machine-shop operation. The plug was pounded into the 
top section and is quite snug. He tapped some set screws 
through the pole into the plug, however, just to be sure. 
‘An insulated, lay-down marine antenna mount fit perfectly 
into the bottom of the aluminum base and was secured 


with a bolt that also served as the electrical connection, 
from the capacitor matching box. See Fig 12 showing the 
aluminum base plate, the laydown mount and the antenna 


Fig 12—Photo of aluminum base plate, showing details 
of mounting to the camper. The four banana-plug jacks 
on the bottom are for extra radials, if desired. 


the antenna in the lowered position, parallel to the 
ladder. The “Outback” standby mobile antenna is 
shown clamped to the left side of the ladder. 


to Bose 
of 
ANT 


= C2 


C1 3 Section 365 9F 
C2 800pF mice 
Si is Closed on 80M 


Fig 14—Schematic of tuning capacitor at base plate. 
2 Is an 800 pF transmitting mica capacitor. C1 is a 
three-section 365 pF broadcast tuning capacitor. St is 
closed for 80-meter operation. 


mast itself lowered down the back of the camper. Fig 13 
shows the layout of the back of the camper, with the 
antenna on the right-hand side, laid down for travel. 

The variable capacitor in the matching box is a sur- 
plus three-section 365-pF broadcast tuning capacitor. Two 
of three sections are connected in parallel and a switch 
parallels in the third section, along with an extra 800 pF 
mica capacitor for use on 80 meters. See the schematic 
in Fig 14. 

The capacitor assembly was put in a custom-glued 
Plexiglas box to keep out the weather and mounted to a 
piece of plate aluminum, along with an SO-239 connec- 
tor. The aluminum plate was riveted to the camper shell 
using a lot of aluminum rivets. Do not use steel. N6JF 
peeled back about a 4-inch wide section of the side of the 
camper for this direct aluminum-to-aluminum connection. 
People who are hesitant to modify their campers like this 
need to find an alternate low-resistance connection 
method. His camper was old enough not to be an issue. 

For an extra low-resistance connection a 1'/-inch 
aluminum strip was added from the top of the base plate 
to the camper, as shown in Fig 12 near the 80-meter 


Fig 15—Close-up photo of 80 and 40-meter coils, with 
top section and telescoping whip antenna with swivel 
bracket for tuning the top section for the higher bands. 
Note quick-disconnect connectors at top and bottom of 
both coils. The top whip is a Fiberglas CB whip, used 
on 80 and 40 meters. 


switch. The tuning knob protrudes from the side of the 
Plexiglas box. The four bottom holes in the plate are for 
banana plugs to connect ground radials if extra efficiency 
is desired. However, the roof of a camper is one of the 
better places for a mobile antenna, so the author seldom 
hooks up the radials. When he does use them, the tuning 
changes only a little 

To keep losses down, N6JF used coils wound with 
aluminum clothes-line wire on old mobile coil center s 
tions with quick disconnect fittings. See Fig 18, which 
shows both the 80 and 40 meter coils, together with the 
top portion of the antenna. An article by Robert Johns, 
W3IIP, in October 1992 QST described techniques for 
building your own loading coils. The coils ended with a 
little more inductance than calculated and the author had 
to remove some turns. Both coils are spaced at 4 turns, 
per inch. The 8-inch long 80-meter coil has 18 turns. The 
T-inch long 40-meter coil has 8 turns 

‘The matching network is actually an L-section step-up 
‘match, using the net inductive reactance of the antenna plus 
the center loading coil. The PVC coil construction technique 
‘was described in W3JIP’s QS7 article and a follow-up Tech- 
nical Correspondence piece in October 1992 QST. Basi- 
cally, it consists of drilling an accurate row of slightly 
undersized holes along a length of '/-inch PVC pipe and 
then carefully sawing down the center of the row of holes, 
with a hack saw. Then, you trap the coil wires in the grooves 
between the two sawed halves and tie the two halves 
together with string. When you are satisfied that everything. 
is proper, you then tighten the string and apply epoxy glue 
to make it strong and permanent. 

‘One advantage of aluminum clothes line wire is that 
it is already coiled at the approximate diameter needed 
when you buy it and it is easy to position on the coil form. 
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‘The clothes line wire had a plastic coating, which wasn’t 
removed except at the contact points. Once the epoxy 
dries, this method of construction does a good job of hold- 
ing the finished coil together and it is lightweight. 

‘The computed coil Q from the MOBILE antenna pro- 
gram is about 800 for the 80-meter coil and about 400 
for the 40-meter coil. The author accidentally made the 
40-meter coil 7 inches in diameter instead of a higher-Q 
6 inch diameter. Even so, the whole antenna system with 
8 9-foot top section calculates as being 56% efficient on 
80 meters and 85% for 40 meters. 

The removable top section for 80 and 40 meters is a 
full-size fiberglass CB whip from RadioShack. The 
fiberglass whip has about a #16 hole in the center of it 
Be sure to sand and paint the whip for protection against, 
UY and to protect yourself against fiberglass spurs in the 
hands. NOJF tried a full-size stainless steel CB whip to 
get a slightly higher capacitance to ground because of 
irger conductor size but discovered it was far too heavy. 
‘That experience reinforced his decision that aluminum 
was a far more practical coil and base section material 
for this project. 

Quick-disconnect connectors found years ago at a 
hamfest were used for both coil forms and for the top sec- 
tion, Bands higher than 40 meters don’t need any loading 
coils and the antenna length can be telescoped to get a's 
wavelength. Ten meters doesn’t require any top section. 
Be sure to use some NOALOX or similar compound to 
prevent corrosion and poor connections at all aluminum 
joints. This is especially true for the telescoping sections 
and the aluminum rivets. The matching capacitor is in the 
circuit at all times but when the 80-meter switch is off you 
‘can set the capacitor at minimum (about 14 pF) and it is, 
effectively out of the circuit, even at 10 meters. The au- 
thor has not tried this antenna on power levels greater 
about 100 W but the weakest link would probably be the 
matching capacitor. The voltage at the matching capacitor 
is low, so 200 W should be no problem. 

You can achieve a 1:1 SWR match for 80 or 40 meters 
and a good SWR is obtained without retuning the base 
matching capacitor for approximately 100 kHz on 
80 meters and most of 40 meters. The top section, how- 
ever, does not have such low Q and needs to be tuned. The 
2:1 SWR bandwidth on 80 meters is about 25 kHz and 
150 kHz for 40 meters. Tuning is accomplished by using 
a telescoping FM portable radio antenna connected to the 
top-section whip with a stainless steel hose clamp. The 
maximum length of the telescoping section used was 
29 inches, and it collapses down to 7 inches. A whip with 
an elbow was used to adjust the angle of the whip as well 
A telescoping whip half the length would still be long 
enough for the full adjustment of both bands. 

‘Adjustment of the top section is one of the penalties 
paid to achieve high efficiency for operation on 80 and 
40 meters. Substituting an automatic antenna tuner would 
likely lose efficiency, particularly on 80 meters since the 
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base resistance calculates to about 10.0. NOJF has not 
tried to make the antenna work on 160 meters. The SWR 
for the higher bands was good enough without any match- 
ing network. 

As light as the antenna is, it still won't hold up in a 
‘moderate wind without some support guys. NOJF used 
Ycinch and '/s-inch PVC support pipes in a telescoping 
arrangement for storage, but expanding to give an 
approximate 45° support at the top of the bottom section 
from both directions. One end of the telescoping section 
‘was connected to the camper roof with a hinge. The other 
end formed a snap-fit out of a PVC barrel that was cut 
lengthwise. See Fig 16 and Fig 17 for details. Even 
though it formed a good snap fit, N6JF didn’t trust the 
joint for strong winds so he glued a piece of Velero to the 
joint to close up the open end. Be careful, though, be~ 
cause Velcro deteriorates with exposure, 

Another hose clamp near the top of the bottom sec~ 
tion holds an ‘/-inch line taken up the ladder to pull up 
the antenna without the need of an assistant. The disad- 
vantage is you have to climb the roof. Use a non-slip floor 
‘mat or something similar to spread the load on the roof 
and to avoid slipping. Once on the roof, however, the coil 
is at a height for easy adjustment when the telescoping 
section is in the down position. 

An advantage of being able to a 
antenna on the roof is that you don’t need a lot of swing- 
up room and you can clear trees easily. You can put cali- 
bration marks on the upper aluminum section for resonant, 
lengths on the higher bands but just raise the top section 
up all the way for 80 or 40 meters. Mark also the small, 


semble the whole 


Fig 16—Close-up of one of the snap-on support 
brackets used to brace the antenna. Note the Velcro 
pieces used to ensure that the antenna doesn't pop out 
of the bracket in the wind. 


Fig 17—Photo showing the two support bracket poles 
bracing the bottom section of the antenna. The top 
tuning whip is evident above the homemade loading 
coil at the top of the bottom section. 


coil tuning whip for 80 or 40 meters, although different 
locations may require slightly different settings due to 
detuning from nearby metal objects 

‘The overall length is about 21 feet. The top of the 
author's camper is about 10 feet high when on the trucl 
putting the tip at 31 feet. This antenna is definitely 
designed for use when you are parked at a fixed location. 
NOJF can put up this antenna in less than 5 minutes and 
can take it down in half the time. The success of this, 
project has as much to do with knowing how and where 
‘you operate as it does paying attention to mechanical and, 
electrical details. The antenna has been a good compro- 
mise between efficiency and convenienc: 


TWO PORTABLE 6-METER ANTENNAS 

‘These antennas were described by Markus Hanser 
VETCA, in The ARRL Antenna Compendium, Vol 5. 
After years of HF operation, he became enthusiastic about 
VHE/UHF operation when he found a used Yaesu 
FT-726R VHF/UHF all-mode transceiver at a reasonable 


me really enthused when he got on 
6 meters and discovered the joys of driving to high moun- 
tain peaks to operate. Not only does an antenna have to 
be portable for this kind of operation, it must be easily 
assembled and disassembled, just in case you have to 
move quickly to a better location. 


A Portable Two-Element Six-Meter Quad 


VETCA’s primary obj} 
element quad using material found in any small town. It 
should not use a complicated matching network. The 
Gamma matches commonly used on quads do not hold 
up well when you are setting up and taking down these 
antennas in the field. The final design adjusted the dis- 
tance between the driven and the reflector elements so 
cd-point impedance was 50 Q. 

Fig 18 shows the dimensions for the boom and the 
boom-to-mast bracket. The boom is made from a 27%/s- 


ve was to construct a two- 


that the intrinsic fe 


inch length of 2x 2. (The actual dimension of 2 x2 is 
closer to 1'%s by 1'/s inches but it is commonly known in 
lumber yards as a2 x 2.) Use whatever material is avail- 
able in your area, but lightweight wood is preferres 
clear cedar or pine is ideal. Drill the four '/s-inch holes 
for the spreaders with a wood bit, two at each end, through 
one of the faces of the 2 x 2 and the other through the 
other face. The boom-to-mast bracket is made from 
Acineh fir plywood. 

‘The spreaders are '/s-inch dowel. The local lumber- 
yard had a good supply of fir dowels but other species of 
wood are available. The exact material is not important. 
Maple is stronger but expensive. Fiberglass would be 
ideal but it is not always available locally. Cut two of the 
Yh-inch dowels to a length of 83% inches for the driven 
element spreaders and two to 88 inches for the reflector 
spreaders. Fig 19 shows one end of the boom with the 
two spreaders inserted. The mast was made from two six- 
foot lengths of I'/«inch fir dowel. Again, use whatever 
you may have available. Waterproof all wooden parts with, 


While you are at the lumberyard or hardware store 
look for plastic pipe that fits over the end of the "/-inch 
spreaders. You will need a one-foot length, with some to 
spare. Cut it into seven equal lengths, approximately one 
inch long, and one to a length of 1'/2 inches. Drill a “/is- 
inch hole through the seven equal lengths '/s inch from 
the ends, and two holes one above the other '/s-inch apart 
on the ['f-inch sleeve. VE7CA used #14 hard-drawn 
stranded bare copper wire for the elements. Do not use 
insulated wire unless you are willing to experimentally 
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Fig 18—Dimensions for the boom-to-mast bracket for 
VE7CA’s portable two-element 6-meter quad. 


Fig 19—Photo of one end of the VE7CA quad with the 
two spreaders inserted. 


determine the element lengths, since the insulation 
detunes each element slightly. 

Cut the reflector element 251 inches long and slip 
one end of the wire through the holes you drilled in four 
of the plastic sleeves. Don’t attempt to secure the wire to 
the plastic sleeves at this point. Cross the end of the 
reflector elements one inch from their respective ends and 
twist and solder together. The total circumference of the 


reflector element should be 249 inches when the ends are 
connected together. 

Cut the driven element wire to 241 inches and slip 
three of the I-inch sleeves onto the wire. Again, don't 
secure the wires to the sleeves yet. Then the ends are 
passed through the two holes in the 1'/s-inch pipe. Wrap 
the ends around the pipe and twist them back onto them- 
selves to secure the wire. The coax feed line is attached 
directly to the two ends at this point. The circumferen: 
of the driven-element loop from the points where the coax 
is attached should be 236%% inches. Solder the coax feed 
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line to the driven element and waterproof the coax with 
silicone 
‘The length required for a portable installation is typically 
not very long, maybe 20 feet, so the loss in the small cable 
is not excessive. Near the feed point, coil the coax into 
six turns with an inside diameter of two inches. This is 
tive method of choking any RF from flowing on 
the outside of the coax shield. 

Begin assembling the quad by pushing the two 
reflector spreaders, without wires attached, through one 
end of the boom and the two shorter driven-element 
spreaders through the holes in the other end of the boom. 
Center the spreaders and mark the spreaders with a black 
felt-tip pen next to the boom. Now insert a 1'/s #8 wood 

rew or a threaded L-hook into the boom so that it just 
touches one of the spreaders. Take the screw or L-hook 
out and file the end flat, then reinsert it so that it is just 
snug against the spreaders. The author only used two 
L-hooks for the two vertical spreaders; the horizontal 
spreaders are held in the proper position by the tension 
of the wire loops. If you use an L-hook, you can unscrew 
it with your hands—you won't have to worry about leay- 
ing the screwdriver at home. 

You are now ready to assemble the wire loops. Take 
the reflector loop and place the four plastic caps over the 
ends of the reflector spreaders. Equalize the wire lengths 
between the spreader so that the loop is square. Now, 
secure the plastic sleeve pipes by tightly wrapping wire 
around the sleeve and the wire element and soldering the 
wire in place. See Fig 20, a photo showing one of the 
plastic sleeves slipped over one of the spreader ends, with 
the wire element through the hole and fastened in place. 
Follow the same procedure with the driven element. 

Fig 21 shows the quad’s boom, with the plywood 
boom-to-mast bracket fastened with wood screws and glue. 
‘Two U-bolts are used to attach to the mast. When the quad 
is raised, the shape of the loop is commonly known as a 
diamond configuration. The mast consists of two six-foot 
lengths of doweling joined together with a two-foot length 
of PVC plastic pipe, held together with wood screws. 

Make a slot the width of a #8 wood screw about one 
inch deep from the top of the plastic PVC pipe and then 
put the top mast into the plastic pipe. Insert a one inch #8, 
‘wood screw into the bottom of the slot you cut into the 
top of the pipe and tighten only enough so that the top 
mast can be removed without unscrewing it. VE7CA, 
drove a nail into the end of the lower mast and left it 
exposed an inch or more. This end is placed in the ground, 
and the nail holds the pole in place. A strip of wood 
approximately Ix 3 and long enough to cross over the 
roof rack of the family van is used to hold the center of 
the antenna mast to the roof rack of the van with small 
diameter rope. See Fig 22 for a photo of the quad in 
action next to the family van 

To disassemble the quad, lay it on its side, slip the 
plastic sleeves off the ends of the spreaders and roll up 


an eff 


Fig 20—Photo showing one of the plastic sleeves 
slipped over end of a spreader to provide a mechanical 
mounting point and support for the wires. 


Fig 21—Photo of the two-element quad’s boom, with 
the plywood boom-to-mast bracket secured with wood 
screws and glue. 


the wire loops. Loosen the L-hooks holding the vertical 
spreaders in place. Push the spreaders out of the boom, 
loosen the U-bolts and free the mast from the boom. 

‘That is all there is to it. It takes about two minutes to 
put it up, or take it down. It is quite sturdy and has sur- 
vived several high-wind storms. 


A Three-Element Portable 6-Meter Yagi 

‘The idea to build a Yagi antenna resulted when the 
author traded the family van for a compact car. He needed 
something that would fit into the trunk of the car. At close 
to 7-feet long, the quad spreaders were too long. Com- 
puter modeling showed that a three-element Yagi on a 
five-foot boom also could pick up about 1.5 dB gain over 
the short-boom two-element quad. A five-foot boom fits 
into the trunk or across the back seat of the car, but some- 
thing had to be done about the nine-foot elements! 

‘One day VE7CA noticed a box of portable-radio tele~ 
scoping antenna elements at the radio parts store. They 


Fig 22—Ready for action! VE7CA has set up his quad 
next to the family vai 


were 54 inches long when fully extended. He next found 
60-inch length of aluminum tubing that fit over the end 
of the telescoping elements. There are many different 
sizes of telescoping antenna elements, with different di- 
ameters. This is where you will have to use your scroung- 
Fig 23 shows how the tubing is used as a center 
-ction to join two telescoping elements together. It also 
serves to extend the total length of each element, since 
two telescoping elements themselves are not long enough 
to resonate on six meters. See Table 3 for dimensions 
and element spacings. Each center section is slotted at 
both ends with a hacksaw, and stainle: 
oping elements, 

Fig 24 shows the center sections of the three ele- 
‘ments with their mounting brackets. A square boom was 
used to obtain a flat surface to work with. Fig 25 shows 
how the reflector is attached to the end of the boom with 
ich 10-32 bolts and wingnuts. Fig 26A provides 
sions and details for the reflector and director 


are used to secure the tel 


element-to-boom brackets, which are formed from 
‘he-inch plate aluminum. The driven element is split in 
the center and is insulated from the boom. Fig 26B shows 
ment bracket. Fig 27 is a photo 


details for the driven 
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’* The centre wire (potentiometer wiper terminal) has been wrapped around to 
secure it before soldering. 


“ Solder the joint in just the same way — heat it up and dab on some solder wire. 


Fig 23—Photo showing a piece of aluminum tubing 
used as a center section to join the two telescoping 
tips together. 


Fig 24—A view of the center sections of the three Yagi 
elements with their mounting brackets. 


Fig 25—Photo detailing attachment of the reflector to 
the square-section boom, using two #10 bolts and 
wingnuts. 


Pe 


Fig 26—At A, details for the reflector and director 
element-to-boom brackets, made of "/s-inch plate 
aluminum. At B, details for the driven-element bracket. 
‘These are screwed to the square boom. 


of the driven element with the hairpin matching wire 
and the banana plugs used to connect the coax to the 
driven element. You could use a female PL-259 connec- 
tor if you wish. VE7CA used #14 solid bare copper wire 
for the hairpin. It is very durable—even after being 
severely warped in the car trunk, it can be bent back into 
shape quickly and easily. 

‘The boom is */-inch square aluminum, 65 inches 
long. The mat 


was found at a local hardware store. 
To detach the elements, just loosen the wing nuts and 
remove the elements from the boom. A similar method 
was used to attach the support mast to the boom. 

‘As with the quad, a choke balun was used, consist- 
ing of a coil of 6 turns of coax with an inside diameter of 
2inches. To tune the hairpin match, assemble the Yagi 
on its mast and extend the 


ments. Spray switch con- 
tact solution on a cloth and wipe any dirt and grease from 
the elements. Push the elements together and apart a 


Three-Element Yagi, Element Lengths and Spacing Along the Boom, and Hairpin Dimensions 


Table 3 

Element Spacing Center Telescoping 

Along Boom Section Ele. Length _(inches) 
(inches) (inches) 

Reflector 0 22514 51's 

Driven 28 Oh" 4851s 

Director 63% 142 51%. 

Hairpin #14 wire 4 long 15 spacing 


* Driven-element uses 2 sections insulated at center 


Total Length 
(inches) 


125%/4 
56 
117 
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Fig 27—Photo of the driven element, complete with 
hairpin match and the banana plugs used to connect 
the coax cable to the driven element. 


couple of times so that the contact solution cleans the 
elements thoroughly. Attach the antenna mast to your 
vehicle or use whatever method of support you intend to 
use in the field. Connect an SWR meter and a transmitter 
to the coax feeding the antenna, VE7CA used two alli 
gator clips soldered together to slide along the two hair~ 
pin wires to find the position for the lowest SWR. The 
dimensions computed by computer were correct! The 
'SWR was below 1.16:1 from 50.05 to 50.2 MHz. 

You can take this antenna out of the trunk of the car 
and assemble it in less than two minutes. One caution: 
the telescoping elements when fully extended are quite 
fragile. VETCA has not broken one as yet, but carrying a 
spare element just in case would be a good idea. 


VE7CA 2-Element Portable HF Triband Yagis 


These portable HF wire Yagis were described by 
Markus Hansen, VE7CA, in November 2001 QST and in 
The ARRL Antenna Compendium, Vol 7. 


‘A 20/15/10-Meter Triband 2-Element Yagi 

VETCA wanted a simple 2-element wire Yagi for 
20/15/10 meters that could be stored in the ski boot of his, 
car. The basic concept comprises three individual 
dipole driven elements, one each for 20, 15 and for 
10 meters tied to a common feed point, plus three separate 
reflector elements. The elements are strung between two 
2.13-meter (7-foot) long, 2 x 2-inch wood spreaders, each 
just long enough to fit into the ski boot of his car. 

By playing with the reflector-to-driven element spac~ 
ing and the initial driven-element lengths, VE7CA was 
able to come up with a feed-point impedance on each 
band that allowed the use of a single setting for the short- 
ing bar on a hairpin match. The result was a very accept- 
able match over the lower portions of each band. The 
layout of the 20/15/10-meter triband wire Yagi 
is shown in Fig 28, with the dimensions provided in 
Table 4 

The dimensions shown in Table 4 are what resulted 
after tuning for the lowest SWR in the middle of the lower 
portion of each band. VE7CA set his system up by hang- 


ing one end of the antenna from a tree and sloped it down- 
wards at 45°, tying the lower end to a peg in the ground. 
‘The height at the feed point was 30 feet. 

‘The feed-point impedance of an antenna is affected 
by many environmental factors. The presence of a refl 
tor relatively close to the driven element has a major 
effect, since the impedance at the driven element in a Yagi 
is affected by the tuning of the driven element itself, by 
the spacing and length of the reflector element and to a 
lesser extent the height of the antenna above ground and 
the character of the soil itself. The real challenge in a 
multiband Yagi with a single feed line is to obtain a low 
‘SWR on all the bands. 

‘The hairpin match is one of the casi 


matching 


systems to make. It is easy to adjust and since wire is the 
of the 


only ingredient, it can be coiled up with the r 
antenna when the antenna is disassembled. The f 
impedance of the Yagi with a reflect 
0.1 & behind the driven element typically produ 
resistance around 20 . By shortening the driven element 
from its resonant length, capacitive reactance is added to 
the feed-point resistance. This can be cancelled by shunt- 
ing the feed point with an inductor in the shape of a wire 
loop resembling a hairpin. This causes a step up of the 
20-0 feed-point resistance to 50 O. 


Table 4 
Dimensions for 20/15/10-Meter Tribander 
Frequency Spacing Driven Element Reflector Hairpin 
MHz DE to Ref! Half Length Length Length 

om (feet) om (feet) om (feet) ‘om (inches) 
144 213 (6.99) 488 (16.01) 1085 (84.94) 43 (14.9) 
214 175 (5.74) 335 (10.99) 708 (23.23) 
28.25 125 (4.1) 284 (8.33) 531 (17.42) 


‘Spacing between hairpin wires is 10 cm (4 inches). 


Portable Antennas 15-15 


[po ‘J 


2 2 Pine or Cedar ae 


18m Refactor _R2 


3716 Nyon 
ope V Sling 


10m Refector RO 


a 20 90-m Daven Element Toa Lengtn/ Se 01 


Ast tenaan by 
‘Vb wnen anienna a ~/ | j 


re \ [15117 Diven Element Total Lengh /Sise 02 


101 12am Driven Element Total Length / Sse 05. 


2 


sa 


yer a. | | 


terra pa i | 
r 
Datla Tae i 
ope throug” Boom isustors LE 
ue pvcepe 
Spent 


NN Hairpin Match 


Fig 28—Dimensions for VE7CA’s 2-element 20/15/10-meter triband Yagi. 


The Balun 
Fig 29 shows the hairpin match and the common- 
mode choke balun for the 10/15/20-meter triband wire 
Yagi. You should let the coax drop straight down from 
the center insulator and attach it to the center of the hair- 
pin shorting bar. Continue by making a coil using the coax 
of 8 turns, with a diameter of about 4 inches. This balun 
will choke off RF flowing along the outside of the coax 
shield that would otherwise distort the radiation pattern 
of the antenna. The center of the shorting bar is at a neu- 
tral potential, so there is no harm in attaching the coax 
feed line at that point. 


Flattop or Tilted? 
If DX is your main interest, then you want to tilt the 
antenna towards the vertical to emphasize the lower eleva: 
tion angles. Remember that the radiation pattem is quit 
dependent on ground conductivity and dielectric constant 
for a vertically polarized antenna. A location close to salt- 
water will yield the highest gain and the lowest radiation 
angle. With very poor soil in the near and far field, the peak 
radiation angle will be higher and the gain less. 
VETCA has had numerous opportunities to test this, 
out while operating portable at his favorite location. 
as supports he can pull the antenna to 


Using two tr 
horizontal with the feed line about 7 meters above the 
ground. In this position, with 20 meters open to Europe. 
he found it difficult to work DX on CW with 3 W of out- 
put power. However, when he changed the slope of the 
antenna so that it is nearly vertical he not only heard more 
DX stations, but he found it relatively easy to work DX. 
The sloping antenna always performs much better for 
working DX than a low horizontal antenna 
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Fig 29—Detalls of feed point for 20/15/10-meter triband 
Yagi. The same mechanical support is provided for the 
balun and feed coax for the 30/17/12-meter tribander. 


A 30/17/12-Meter Triband 2-Element Yagi 


When the author attempted to add 17 and 12 meter 
elements to the existing 20/15/10-meter Yagi model he 
became exasperated. Adding two more driven elements 
and reflectors brings many more variables into the equa- 
tion! It became clear that there was serious interaction 
between the elements. He could not obtain a workable 
feed-point impedance on all five bands that could be trans- 
formed to 50 Q using a single hairpin match. There was 
also serious pattern distortion on 12 meters. 

Even building a WARC-only triband Yagi for 
30/17/12 meters turned out to be a real challenge. VETCA 
had difficulty finding a combination that would allow him 
to use a single matching system to transform the feed- 
point impedance of the combined driven elements to 50 Q. 
He couldn’t create a 30/17/12 triband Yagi using the same 
design principles as his 20/15/10-meter version. The main 
problem occurred on 12 meters. Not only was the feed- 
point impedance unmanageable, but the radiation pattern 
had four lobes, not the single lobe you'd like from a Yagi 

He decided to try the Modified Coaxial-Sleeve 
method, more aptly termed by K9AY the Coupled-Reso- 
nator (C-R) in his article in The ARRL Antenna Compen- 
dium, Vol 5. The K9AY method uses a single driven 
element, with other elements placed in very close proxim- 
ity (but not physically connected) to the driven element. 
By starting with the dimensions suggested by K9AY for a 
triband 30/17/12-meter dipole, VE7CA was able to develop 
a 2-element Yagi with acceptable feed-point impedances 
on all three bands using a single hairpin match. Notice 
that this WARC design uses a 2 x 2-inch wooden boom 
length that is 230 cm (7.5 feet) long. Of course, the antenna 
can’t fit into a typical ski boot anymore, so VE7CA had to 
put it on a roof rack for transportation 

‘The space between the tightly coupled driven ele- 
ments is only 3.7 em (1.5 inches), so you need to use 
‘more PVC pipe spreaders than in the 20/15/10 design to 
‘make sure the driven-element wires stay as close as pos- 
ble to the desired spacing without physically touching 
each other. The driven elements lie in the horizontal plane 


and the hairpin match and feed line hang down vertically 
from the center of the 30-meter driven element. 

‘The spacing between the 30-meter driven elements 
and the other two conductors and the size of the wire all 
played a part in developing this antenna for a single f 
line with the common hairpin match. Do not change the 
wire size from the recommended #14 for the driven 
ments unless you are willing to spend a considerable 
amount of time with a NEC-based modeling program 
retweaking the antenna. This is not the case with the 
20/15/10 tri-band Yagi, where any convenient sized wire 
is acceptable 

Using #14 gauge wire allows all the Yagi antennas in 
this article to be used at the maximum power levels 
allowed in North America. The only limiting factor is the 
power handling capability of the feed line. However, even 
RG-58 should work for the relatively short length from 
the feed point down to ground level, where you can change 
to RG-8 or some other higher-power, lower-loss coaxial 
cable if you wish. Fig 30 is a detailed drawing of the 
30/17/12-meter driven element. The other dimensions for 
the 30/17/12-meter triband Yagi are shown in Table 5. 


Assembly 

When you are ready to assemble your wire Yagi, start 
by attaching the longest reflector element and the driven 
element assembly to the wood end booms. Do this with 
the wires and the booms on the ground. Next attach the V 
slings to both of the booms and with ropes attached to the 
V slings pull the array up off the ground between two sup- 
ports (perhaps two trees). A height of 1.5 meters (5 feet) 
above the ground makes it easy to work on the antenna 
while you add the other reflector elements and adjust the 
V slings. Pull them tight so that the array is fairly flat. It 
won't stay horizontal, because the driven elements are 
heavier than a single reflector element. So you will need 
to support the 2 x 2-inch spreaders so they are horizontal. 
Lean the booms on something at a convenient height, such, 
as the rungs of two step ladders. Now add the two other 
reflector elements, but don’t pull them as tight as the long- 
est reflector. Next attach the feed line. 


Table 5 
Dimensions for 30/17/12-Meter Tribander 


Frequency Spacing Driven Element Reflector Hairpin 
MHz DE to Refl Length Length Length 

com (feet) com (feet) om (feet) om (inches) 
10.12 230 (7.5) 713 (23.4) Half 1476 (48.4) 24.5 (9.5) 
18.11 165 (5.4) 808 (26.5) 822 (27.0) 
24.91 120 (3.9) 570 (18.7) 606 (19.9) 


Spacing between hairpin wires is 10 cm (4 inches). Note that dimensions for 17 and 12-meter driven elements are full 
lengths, since they are not broken with insulator in the middle, unlike all driven elements for 20/15/10-meter triband 


design in Table 4. 
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Fig 30—Layout of 30-meter driven element with coupled resonators for 17 and 12 meters. 


V Slings 

Since the author wanted to be able to raise the 
30/17/12-meter triband antenna by himself, he again used 
only one rope on either end of the array. One end goes 
over a tree limb and the other end is tied to a stake in the 
ground or some other nearby support, perhaps a tree trunk. 
Using only one attachment rope on either end makes it 
very easy to change beam direction by walking the 
antenna around the 


ntenna support tree or tower. To 
accomplish this he used two V slings, one on each end 
attached to the 2 x 2-inch spreaders, 

‘The secret to keeping the antenna level in the hori- 


zontal plane is that the V slings are not equilateral in 
shape. The combined weight of driven elements, balun 
and feed line is heavier than the reflectors. If the length 
of the sides of the V are equal, the array will rotate down- 
wards. The driven elements will end up facing the ground, 
with the reflectors facing up. Adjust the V slings so that 
the antenna will stay level in the horizontal plane by short- 
ening the length of the side of the V attaches 
elements. It is quite easy to adjust in the 
you have it adjusted it stays balanced, 

Once you raise the antenna to its operating position 
and in the horizontal plane, you can change direction 180° 
by pulling on the feed line. As you pull, the whole array 
will slowly turn over. Stop it from turning by holding 
onto the feed line once the array has swung over to face 
the opposite direction, 


to the driven 
Id, and once 


‘SWR Adjustment 

Since you may situate your antenna in an entirely 
different position than VE7CA did, you may need to fine 
tune your antenna. Begin with the dimensions in Table 5 


starting point. Make a temporary shorting bar using 
two alligator clips joined by a piece of wire and attach 
them at the recommended position, Next raise the antenna 
to the desired final position. Using an antenna analyzer 
(or transmitter and SWR meter) plot the SWR over all 
three bands. Start with the lowest band, 30 meters and 
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Fig 31—Layout for inverted-V 40-meter portable wire 
Yagi suspended from tower. 


adjust the shorting bar up or down to find the lowest SWR 
point in the portion of the band you plan to operate in 
(This procedure also works if you wish to adjust the 20/ 
15/10-meter tribander. Start with the lowest frequency.) 
You shouldn't have to move the shorting bar very 
far from the suggested length. Now that you have deter- 
mined the right shorting-bar position, adjust the other two 
driven element lengths for the lowest SWR in the portion 
of those bands in which you plan to operate. You may 
have to compromise with the position of the shorting bar 
to find a satisfactory range where the SWR is acceptable 
on all three bands. After satisfying himself with the po- 
tion of the shorting bar, VE7CA replaced the alligator 
clips simply by folding one side of the parallel hair-pin 


wire lengths over to the other side and soldering it in the 
position where the alligator clips had been attached. The 
author does not recommend changing the reflector ele~ 
ment lengths unless you are familiar with antenna mod- 
eling programs and are willing to model different spacing 
or element lengths, 


40-Meter Wire Yagis 

After his November 2001 QST article, VE7CA 
received several requests for a 40-meter wire Yagi. One 
ham mentioned that he wanted to be able to pull up a 
40-meter Yagi between two towers and to be able to flip 
it over to change direction. Another wanted a 40-meter 
Yagi he could pull up on a single tower for the winter 
DX contests and then put it away during the summer. So 
VETCA ran four different 40-meter scenarios in his com- 
puter models: 


L. A horizontal 2. 


clement wire Yagi at 65 feet. 

A sloping 2-element wire Yagi, with one end at 

65 feet and sloping downward 30° from vertical 

3. A sloping 2-element wire Yagi, with one end at 
65 feet and sloping downward 65° from vertical 

4, An inverted-V 2-element wire Yagi with the apex at 

and an included angle between the wires of 


Fig 31 shows the layout for an inverted-V system and 
‘Table 6 lists the element and hairpin lengths. Elevation pat- 
terns for the 40 meter antennas are compared in Fig 32, 
with a reference antenna of a single flattop dipole at 65 feet. 

S they say, a picture is worth a thousand words. If your 
interest is DX, itis very clear that horizontal and high is a 
good rule of thumb for most antenn: 
Yes, a '/s wave vertical over salt water or 120 
vave radials over good ground will produce very low 
. but such systems are not exactly por- 
table and we don’t all live near the ocean. Mind you, i 
you can manage to locate antenna Number 3 (the most 


lly oriented wire Yagi) next to the ocean, you would 
be very happy. 

‘The point here is that if you have two towers and 
you're not fortunate enough to be located on a saltwater 
‘marsh, you should pull the 40-meter array up as high and 
as horizontal as you can. If you have only one tower and 
don’t need to change direction often, then try the inverted- 
V configuration, You can still change the direction by 
walking each end around the tower. 

However, even the sloping 40-meter Yagi with one end 
at 65 fect up a tower (or tree) and the other end attached 
with a long rope as far as possible from the tower will still 
put out a very respectable signal. It is directional, and you 


can walk it around the tower to change direction or you can 


Table 6 
40-Meter Wire Yagi Configurations 


Configuration Driven Element ‘Reflector 
cm (feet) com (feet) 

1. Horizontal 1978 (64.90) 2098 (68.83) 

2.-30° Sloper 1978 (84.90) 2113 (69.32) 

3.-65° Sloper 1978 (64.90) 2101 (68.93) 

4. Inverted V 2040 (86.93) 2126 (69.75) 


Hairpin Length 
‘om (feet) 
‘Approx 50 cm 
(22 inches) 


Spacing between driven element and reflector is 427 cm (14 feet). Spacing between parallel hairpin wires is 10 cm 
(4 inches). The lengths shown above are the total wire length for each element. 


Eb, Shopng 30" 
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180 
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Fig 32—Comparisons of elevation 
patterns for five 40-meter 

antennas: a 2-element flattop Yagi 
at 65 feet; a 2-element inverted-V 
Yagi at 65 feet; a 2-element Yagi 
sloped 65° from the vertical plane; 
a 2-element Yagi sloped 30° from 
the vertical plane; and a horizontal 
dipole at 65 feet. 
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flip the antenna over and change direction 180° very quickly. 


‘Summary 

You don’t need a 10-meter (60-foot) high tower, a 
commercial triband Yagi and a rotator to put out a good 
signal on the HF bands. Wire Yagis work very well and 
they can be inexpensive and easy-to-build, using com- 
ponents found at your local hardware store. Fig 33 is a 
photograph of a successful portable installation in Mas- 
sachusetts 
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Fig 33 — VE7CA portable 2-element 
20/15/10-meter wire Yagi installed 
at Plimoth Plantation in Plymouth, 
Massachusetts. (Photo courtesy 
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Mobile and 
Maritime Antennas 


Mobile antennas are those designed for use while 
most amateurs think of a whip mounted on an 
automobile or other highway vehicle, perhaps on a reer 
ational vehicle (RV) or maybe on an off-road vehicle. While 
itis true that most mobile antennas are vertical whips, mo- 
bile antennas can also be found in other places. For example, 
antennas mounted aboard a boat or ship are mobile, and are 
usually called maritime antennas. Fig 1 shows yet another 
type of mobile antenna—those for use on handheld trans- 
ceivers. Because they may be used while in motion, even 
these antennas are mobile by literal definition. 

Pictured in Fig 1 is a telescoping full-size quarter- 
wave antenna for 144 MHz, and beside it a stubby 
antenna for the same band. The stubby is a helically wound 
radiator, made of stiff copper wire enclosed in a protective 
covering of rubber-like material. The inductance of the 
helical windings provides electrical loading for the antenna. 
For frequencies above 28 MHz, most mobile installations 


anteni 


é 


Fig 1—Two mobile antennas—mobile because they 
may be used while in motion, Shown here are a 
telescoping "/-A antenna and a “stubby” antenna, both 
designed for use at 144 MHz. The '/«-A antenna is 

19 inch long, while the stubby antenna is only 3"/2 inch 
ong. (Both dimensions exclude the length of the BNC 
connectors. The stubby is a helically wound radiator. 


permit the use of a full-size antenna, but sometimes smaller, 
loaded antennas are used for convenience. The stubby, for 
example, is convenient for short-range communications, 
avoiding the problems of a lengthier, cumbersome antenna 
attached to a handheld radio. 

Below 28 MHz, physical size becomes a problem 
with full-size whips, and some form of electrical loading 
(as with the stubby) is usually employed. Commonly used 
loading techniques are to place a coil at the base of the 
whip (base loading), or at the center of the whip (center 
loading). These and other techniques are discussed in this, 
chapter. 

Few amateurs construct their own antennas for HF 
mobile and maritime use, since safety reasons dictate very 
sound mechanical construction. Several construction 
projects are included, however, in this chapter for those 
who may wish to build their own mobile antenna. Even 
if commercially made antennas are installed, most require 
some adjustment for the particular installation and type 
of operation desired and the information given here may 
provide a better understanding of the optimization 
requirements. 


HF-MOBILE FUNDAMENTALS 


Fig 2 shows a typical bumper-mounted center- 
loaded whip suitable for operation in the HF range. Jack 
Schuster, WIWEF, operates 80 through 2 meters from 
his car. The antenna could also be mounted on the car 
body itself (such as a fender), and mounts are available 
for this purpose. The base spring and tennis ball act as 
shock absorbers for the bottom of the whip, as the con- 
tinual flexing while in motion would otherwise weaken 
the antenna. A short heavy mast section is mounted be- 
tween the base spring and loading coil. Some models have 
a mechanism that allows the antenna to be tipped over 
for adjustment or for fastening to the roof of the car when 
not in use. 

It is also advisable to extend a couple of guy lines 
from the base of the loading coil to clips or hooks fas- 
tened to the roof gutter on the car, or to the trunk and 
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Fig 2—A typical bumper-mounted HF mobile 
antenna, as used by W1WEF. Note the nylon guy 
lines and the tennis ball used as a shock absorber. 
(Photo courtesy W1WEF,) 


rear bumper, as WIWEF has done. Nylon fishing line 
(about 40-pound test) is suitable for this purpose. The 
guy lines act as safety cords and also reduce the swaying 
motion of the antenna considerably. The feed line to the 
transmitter is connected to the bumper and base of the 
antenna. Good low-resistance connections are important 


here. 

‘Tune-up of the antenna is usually accomplished by 
changing the height of the adjustable whip section above 
the precut loading coil. First, tune the receiver and try to 
determine where the signals seem to peak up. Once this 
frequency is found, check the SWR with the transmitter 
oon, and find the frequency where the SWR is lowest. Short- 
ening the adjustable section will increase the resonant fre~ 
quency, and making it longer will lower the frequency. It 
's important that the antenna be away from surrounding 
objects such as overhead wires by ten feet or more. 
siderable detuning can occur. Once the setting is found 
where the SWR is lowest at the center of the desired fre- 
quency range, the length of the adjustable 
be recorded, 

Propagation conditions and ignition noise are usu- 
ally the limiting factors for mobile operation on 10 
through 28 MHz. Antenna size restrictions affect opera- 
tion somewhat on 7 MHz and much more on 3.5 and 
1.8 MHz. From this standpoint, perhaps the optimum 
band for HF-mobile operation is 7 MHz. The popularity 
of the regional mobile nets on 7 MHZ is perhaps the best 
indication of its suitability. For local work, 28 MHz. is 
also useful, as antenna efficiency is high and relatively 
simple antennas without loading coils are easy to build, 

As the frequency of operation is lowered, an antenna 


-ction should 
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of fixed length looks (at its feed point) like a decreasing 
resistance in series with an increasing capacitive reac- 
tance. The capacitive reactance must be tuned out, 
necessitating the use of an equivalent series inductive 
reactance or loading coil. The amount of inductance 
required will be determined by the placement of the coil 
in the antenna system. 

Base loading requires the lowest value of inductance 
for a fixed-length antenna, and as the coil is placed far- 
ther up the whip, the necessary value increases. This is 
because the capacitance of the shorter antenna section, 
(above the coil) to the car body is now lower (higher 
capacitive reactance), requiring more inductance to tune 
the antenna to resonance. The advantage is that the cur- 
rent distribution on the whip is improved, incre: 
radiation resistance. The disadvantage is that requirei 
of a larger coil also means the coil size and losses 
increase. Center loading has been generally accepted as 
good compromise with minimal construction problems. 
Placing the coil */ the distance up the whip seems to be 
about the optimum position. 

For typical antenna lengths used in mobile work, 
the difficulty in constructing suitable loading coils, 
increases as the frequency of operation is lowered. Since 
the required resonating inductance gets larger and the 
radiation resistance decreases at lower frequencies, most 
of the power is dissipated in the coil’s loss resistance and, 
in other ohmic losses. This is one reason why it is advis- 
able to buy a commercially made loading coil with the 
highest power rating possible, even if only low-power 
operation is planned 

Coil losses in the higher-power loading coils are usu- 
ally less (percentage-wise), with subsequent improvement 
in radiation efficiency, regardless of the power level used 
Of course, the above philosophy also applies to home 
made loading coils, and design considerations will be 
considered in a later section. 

Once the antenna is tuned to resonance, the input 
impedance at the antenna terminals will look like a pure 
resistance. Neglecting losses, this value drops from nearly 
15 Q at 21 MHz to 0.1 @ at 1.8 MHz for an 8-foot whip. 
When coil and other losses are included, the input 
tance increases to approximately 20 © at 1.8 MHz and 
16 Q at 21 MHz. These values are for relatively high- 
efficiency systems, From this it can be seen that the 
radiation efficiency is much poorer at 1.8 MHz than at 
21 MHz under typical conditions 

Since most modern gear is designed to operate with 
4 50-Q transmission line, a matching network is usually 
necessary, especially with the high-efficiency antennas 
previously mentioned. This can take the form of either a 
broadband transformer, a tapped coil, or an LC matching 


network. With homemade or modified designs, the 
st one to 


tapped-coil arrangement is perhaps the eas 
build, while the broadband transformer requires 
adjustment. As the losses go up, so does the input 


tance, and in less efficient systems the matching network 
may not be needed. 


The Equivalent Circuit of a Typical 
Mobile Antenna 

In the previous section, some of the general consid- 
erations were discussed, and these will now be taken up 
in more detail. It is customary in solving problems 
involving electric and magnetic fields (such as antenna 
systems) to try to find an equivalent network with which 
to replace the antenna for analysis reasons. In many ca 
the network may be an accurate representation over only 
a limited frequency range. However, this is often a valu- 
able method in matching the antenna to the transmission 
line. 

Antenna resonance is defined as the frequency at 
which the input impedance at the antenna terminals is 
purely resistive. The shortest length at which this occurs 
for a vertical antenna over a ground plane is when the 
antenna is an electrical quarter wavelength at the operat- 
ing frequency; the impedance value for this length (ne- 
glecting losses) is about 36 ©. The idea of resonance can 
be extended to antennas shorter (or longer) than a quarter 
wave, and means only that the input impedance is purely 
resistive. As pointed out previously, when the frequency 
lowered, the antenna looks like a series RC circuit, as 
shown in Fig 3. For the average 8-foot whip, the capaci- 
tive reactance of C, may range from about -150 Q at 
21 MHZ to as high as -8000 Q at 1.8 MHz, while the 
tance Ry varies from about 15 Q at 21 MHz 
to as low as 0.1 Q at 1.8 MHz. 

For an antenna less than 0.1 2 long, the approximate 
radiation resistance may be determined from the following 


(Eq 1) 


radiation 


Ry =273 x (40? x 108 


Fig 3—At frequencies below 
resonance, the whip antenna will 
em show capacitive reactance as 
*e well as resistance. Ry Is the 
radiation resistance, and C, 
represents the antenna 
capacitance. 


Fig 4—The capacitive reactance 
at frequencies below the 

u resonant frequency of the whip 
can be canceled by adding an 

equivalent inductive reactance 

in the form of a loading coil in 

series with the antenna. 


where is the length of the whip in inches, and f is the 
frequency in megahertz, 

ce the resistance is low, considerable current must 
flow in the circuit if any appreciable power is to be diss 
pated in the form of radiation in Ry. Yet it is apparent 
that little current can be made to flow in the circuit as 
long as the comparatively high series reactance remains. 


Antenna Capacitance 
Capacitive reactance can be canceled by connecting 
an equivalent inductive reactance, (coil L ) in series 
shown in Fig 4, thus tuning the system to resonance. 
‘The capacitance of a vertical antenna shorter than a 
quarter wavelength is given by 


(—3)-+[-Ga) 


capacitance of antenna in pF 
antenna height in feet 

iameter of radiator in inches 
operating frequency in MHz 


(Bq 2) 


Fig § shows the approximate capacitance of whip 
antennas of various average diameters and lengths. For 
1.8, 4 and 7 MHz, the loading coil inductance required 
(when the loading coil is at the base) would be approxi- 
‘mately the inductance required to resonate in the desired 
band (with the whip capacitance taken from the graph). 
For 10 through 21 MHz, this rough calculation will give 
‘more than the required inductance, but it will serve as a 
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Fig 5—Graph showing the approximate capacitance of 
short vertical antennas for various diameters and 
lengths. These values should be approximately halved 
for a center-loaded antenna. 
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Much electronic equipment is connected or inter-wired this way and soldering 
everything together is a key stage in assembling any electronic project. I’ll explain some 
refinements you can try, later. 


starting point for the final experimental adjustment that 
must always be made 


LOADING COIL DESIGN 

To minimize loading coil loss, the coil should have 
a high ratio of reactance tance (that is, a high 
unloaded Q). A 4-MHz loading coil wound with small 
wire on a small-diameter solid form of poor quality, and 
enclosed in a metal protector, may have a Q as low as 50, 
with a loss resistance of 50 Q or more. High-Q coils 
require a large conductor, air-wound construction, large 
spacing between turns, and the best insulating material 
available. A diameter not less than half the length of the 
coil (not always mechanically feasible) and a minimum 
of metal in the field of the coil are also necessities for 
optimum efficiency. Such a coil for 4 MHz may show a 
Q of 300 or more, with a resistance of 12 Q or less. 

The coil could then be placed in series with the feed 
line at the base of the antenna to tune out the unwanted 
capacitive reactance, as shown in Fig 4. Such a method 
is often referred to as base-loading, and many practical 
mobile antenna systems have been built using this scheme. 

Over the years, the question has come up as to 
whether or not more efficient designs are possible com- 
pared with simple base loading. While many ideas have 
been tried with varying degrees of success, only a few 
have been generally accepted and incorporated into 
actual systems. These are center loading, continuous load- 
ing, and combinations of the latter with more conven- 
tional antennas. 


Base Loading and Center Loading 

If a whip antenna is short compared to a wavelength 
‘and the current is uniform along the length f, the electric 
id strength E, at a distance d, away from the antenna 
approximately 


12010 
a 


E 


(Eq 3) 
where 


is the antenna current in amperes 
2. is the wavelength in the same units as D and 


A uniform current flowing along the length of the 
whip is an idealized situation, however, since the current 
is greatest at the base of the antenna and goes to a mini- 
mum at the top. In practice, the field strength will be less 
than that given by the above equation, because itis a func- 
tion of the current distribution on the whip. 

‘The reason that the current is not uniform on a whip 
antenna can be seen from the circuit approximation shown 
in Fig 6. A whip antenna over a ground plane is similar 
in many respects to a tapered coaxial cable where the 
center conductor remains the same diameter along its 
length, but with an increasing diameter outer conductor. 
‘The inductance per unit length of such a cable would 
increase along the line, while the capacitance per unit 
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Fig 6—A circuit approximation of a simple whip over 
a perfectly conducting ground plane. The shunt 
capacitance per unit length gets smaller as the height 
increases, and the series inductance per unit length gets 
larger. Consequently, most of the antenna current 
returns to the ground plane near the base of the antenna, 
giving the current distribution shown at the right. 


Fig 7—Improved 
: current distribution 
L resulting from center 
loading. 


an 


Jength would decrease. In Fig 6 the antenna is represented 
by a series of LC circuits in which C1 is greater than C2, 
which is greater than C3, and so on. LI is less than L2, 
which is less than succeeding inductances. The net result 
is that most of the antenna current returns to ground near 
the base of the antenna, and very little near the top. 

‘Two things can be done to improve this distribution 
and make the current more uniform. One would be to 
increase the capacitance of the top of the antenna to 
ground through the use of top loading or a capacitanes 
hat, as discussed in Chapter 6. Unfortunately, the wind 
resistance of the hat makes it somewhat unwieldy for 
mobile use. The other method is to place the loading coil 
farther up the whip, as shown in Fig 7, rather than at the 
base. If the coil is resonant (or nearly so) with the 


Table 1 
Approximate Values for 8-ft Mobile Whip 


Loading — Re(Q50) Fc(Q300) Ry 
f(laHiz) aH a a a 
Base Loading 

18 345 m1 on 
38 77 a7 Bt 0.35 
72 20 1% 3 1.35 
10.41 a5 2 2 28 
142 45 7 13 587 
tat 30 50 1.0 100 
21.25 1.25 3405 148 
249 os 26 20.0 
29.0 = = es 

Center Loading 

18 700 15823 02 
38 150 Rm 2 OB 
72 40 3 OS 3.0 
10.41 20 22 42 58 
142 as 1s 25 11.0 
tat 44 92 15 190 
21.25 25 66 ott 270 
Rg = loading coil resistance; Ry = radiation resistance. 


Feod R* Matching 
a Lah 
23 3 

16 12 
15 os 
12 ot 
12 0.28 
14 028 
16 0.28 
2 0.25 
36 0.23 
34 a7 
22 14 
19 07 
18 05 
19 0.35 
22 ost 
29 0.29 


“Resuming loading coll Q = 300, and including estimated ground-loss resistance. 


Table 2 
Suggested Loa 

Reqd Length 
Laut) Turns Inches 
700 190 10 
345185, 10 

150 100 10 

7 10 
nr) 4h 

40 28 2 

40 34 4 

2 17 1M 

20 2 
a6 16 2 

a6 15 3 

45 10 1M. 
4512 4 

250 8 2 

25 8 4h 
128 6 2 

125 6 4h 


capacitance to ground of the section above the coil, the 
current distribution is improved as also shown in Fig 7. 
‘The result with both top loading and center loading 
that the radiation resistance is increased, offsetting the 
effect of losses and making matching easier. 

‘Table 1 shows the approximate loading coil induc- 
tance for the various amateur bands. Also shown in the 
table are approximate values of radiation resistance to be 


expected with an 8-foot whip, and the resistances of load- 
group having a Q of 50, the other a Q of 
300. A comparison of radiation and coil resistances will 
show the importance of reducing the coil resistance to a 
minimum, especially on the three lower frequency bands. 
‘Table 2 shows suggested loading-coil dimensions for the 
inductance values given in Table 1 


OPTIMUM DESIGN OF SHORT 
COIL-LOADED HF MOBILE ANTENNAS 


Optimum design of short HF mobile antennas 
results from a careful balance of the appropriate loading 
coil Q-factor, loading coil position in the antenna, ground 
loss resistance, and the length-to-diameter ratio of the an- 
tena. The optimum balance of these parameters can be 
realized only through a thorough understanding of how 
they interact. This section presents a mathematical ap- 
proach to designing mobile antennas for maximum radia~ 
tion efficiency. Bruce Brown, W6TWW, in The ARRL 
Antenna Compendium Volume 1, first presented this ap- 
proach. (See the Bibliography at the end of this chapter.) 

‘The optimum location for a loading coil in an 
antenna can be found experimentally, but it requires many 
hours of designing and constructing models and making 
measurements to ensure the validity of the design. A faster 
and more reliable way of determining optimum coil 
location is through the use of a personal computer. This 
approach allows the variation of any single variable, while 
observing the cumulative effects on the system. When 
plotted graphically, the data reveals that the placement of, 
the loading coil is critical if maximum radiation efficiency 


ing coils—one 
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Table 3 
Variables used in Eqs 4 through 20 
A = area in degree-amperes 
a = antenna radius in English or metric units 
dB = signal loss in decibels 
E = efficiency in percent 
f (MHz) = frequency in megahertz 
H = height in English or metric units 
h = height in electrical degrees 
eight of base section in electrical degrees 
eight of top section in electrical degrees, 
lnase = 1 ampere base current 
0.0128 
km = mean characteristic impedance 
knt = mean characteristic impedance of base section 
kye = mean characteristic impedance of top section 
LS length or height of the antenna in feet 
P, = power fed to the antenna 
Pa = power radiated 
@ = coil figure of merit 
Ro = coil loss resistance in © 
Rg = ground loss resistance in & 
radiation resistance in 
X, = loading-coil inductive reactance 


to be realized. (See the program MOBILE.EXE, which 
included on the CD-ROM in the back of this book.) 


Radiation Resistance 


‘The determination of radiation efficiency requires the 
knowledge of resistive power losses and radiation losses. 
Radiation loss is expressed in terms of radiation resistance. 
Radiation resistance is defined as the resistance that would 
dissipate the same amount of power that is radiated by the 
antenna. The variables used in the equations that follow are 
defined once in the text, and are summarized in Table 3. 


Radiation resistance of vertical antennas shorter than 45 
electrical degrees (*/s wavelength) is approximately: 


(Eq 4) 


radiation resistance in Q 
antenna length in electrical degrees. 


Antenna height in electrical degrees is expressed by 


t 
b= go (tt) 360 


where 


(Eq 5) 


¢ = antenna length in feet 
£ (MHz) = operating frequency in megahertz 


End effect is purposely omitted to ensure that an 


46-6 Chapter 16 


60 for7s65 ae, 
Current Profile 

60 40.5000 

40 {0,76606| 

30 fo.eseos| 

20 {osse69 . 

10 | ogee 


Le spgse=t Ampere al 


Fig 8—Relative current distribution on a vertical 
antenna of height h = 90 electrical degrees. 


antenna is electrically long. This is so that resonance at 
the design frequency can be obtained easily by removing 
a turn or two from the loading coil 

Eq 4 is valid only for antennas having a sinusoidal 
current distribution and no reactive loading. However, it 
can be used as a starting point for deriving an equation 
that is useful for shortened antennas with other than 
sinusoidal current distributions 

Refer to Fig 8. The current distribution on an 
antenna 90° long electrically ('/s wavelength) varies with 
the cosine of the length in electrical degrees. The current 
distribution of the top 30° of the antenna is essentially 
linear. It is this linearity that allows for derivation of @ 
simpler, more useful equation for radiation resistance. 

‘The radiation resistance of an electrically short base- 


loaded vertical antenna can be conveniently defined in 
terms of a geometric figure, a triangle, as shown in Fig 9. 
‘The radiation resistance is given by 
Rp=KA? 


where 


(Eq 6) 


K is a constant (to be derived shortly) 
A = area of the triangular current distribution in 
degree-ampei 


Degree-ampere area is expressed by 


(Eq 7) 
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Fig 9—Relative current distribution on a base-loaded 
vertical antenna of height H = 30 electrical degrees 
(linearized). The base loading coil is not shown here. 


By combining Eqs 4 and 6 and solving for K, we 


get 


K 


312 x (Eq 8) 
By substituting the values from Fig 9 into Eq 8 we 
307 
k-—_"___ - oor 
32 (05x30=17 


and by substituting the derived value of K into Eq 6 we 
get 
Rp = 0.0128 x A? (Eq 9) 

Eq 9 is useful for determining the radiation resis- 
tance of coil-loaded vertical antennas less than 30° in 
length. The derived constant differs slightly from that 
presented by Laport (see Bibliography), as he used a dif- 
ferent equation for radiation resistance Eq 4. 

‘When the loading coil is moved up an antenna (away 
from the feed point), the current distribution is modified 
as shown in Fig 10. The current varies with the cosine of, 
the height in electrical degrees at any point in the base 
section, Therefore, the current flowing into the bottom 
of the loading coil is less than the current flowing at the 
base of the antenna, 

But what about the current in the top section of the 
antenna? The loading coil acts as the lumped constant 
that itis, and disregarding losses and coil radiation, main- 


[-. 
cc 
| 


Ani /2hgase 


otto nase! Ampere 


Fig 10—Relative current distribution on a center-loaded 
antenna with base and top sections each equal to 15 
electrical degrees in length. The cross-hatched area 
shows the current distribution that would exist in the top 
15° of a 90°-high vertical fed with 1 ampere at the base. 


tains the same current flow throughout. As a result, the 
current at the top of a high-Q coil is ess 
as that at the bottom of the coil. Thi 
installing RF ammeters immediately above and below the 
loading coil in a test antenna. Thus, the coil “forces” much 
‘more current into the top section than would flow in the 
equivalent section of a full 90° long antenna. This occurs 
as a result of the extremely high voltage that appears at 
the top of the loading coil. This higher current flow 
results in more radiation than would occur from the 
equivalent section of a quarter-wave antenna. (This is true 
for conventional coils. However, radiation from long thin 
coils allows coil current to decrease, as in helically wound 
antennas.) 

‘The cross-hatched area in Fig 10 shows the current 
that would flow in the equivalent part of a 90° high 
antenna, and reveals that the degree-ampere area of the 
whip section of the short antenna is greatly inci 
a result of the modified current distribution. 1 
flow in the top section decreases almost linearly to zero 
at the top. This can be seen in Fig 10. 

‘The degree-ampere area of Fig 10 is the sum of the 
triangular area represented by the current distribution in, 
the top section, and the nearly trapezoidal current distri- 
bution in the base section. Radiation from the coil is not, 
included in the degree-ampere area because it is small 
and difficult to define. Any radiation from the coil can be 
considered a bonus 

‘The degree-ampere area is expressed by 
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A Fla, (+ cosh), (cosh,)] 


(Eq 10) 


where 


The degree-ampere area (calculated by substituting 
Eq 10 into Eq 9) can be used to determine the radiation 
‘ance when the loading coil is at any position other 
than the base of the antenna, Radiation resistance has been 
calculated with these equations and plotted against load- 
ing coil position at three different frequencies for 8- and 
1-foot antennas, Fig 11. Eight feet is a typical length for 
ial antennas, and 11-foot antennas are about the 


maximum practical length that can be installed on a 
vehicle. 

In Fig 11, the curves reveal that the radi 
tance rises almost linearly as the loading coil is moved 
up the antenna. They also show that the radiation re 
lance rises rapidly as the frequency is increased. If the 
analysis were stopped at this point, one might conclude 
that the loading coil should be placed at the top of the 
antenna. This is not so, and will become apparent shortly 


tion re: 
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Fig 11—Radiation resistance plotted as a function of 
loading coil position. 
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Required Loading Inductance 

Calculation of the loading coil inductance needed 
to resonate a short antenna can be done easily and accu- 
rately by using the antenna transmission-line analog, 
described by Boyer in Ham Radio. For a base-loaded 
antenna, Fig 9, the loading coil reactance required to reso- 
nate the antenna is given by 


=-/K,,coth 


(Eq 1) 


inductive reactance required 
mean characteristic impedance (defined in Eq 


<j term indicates that the antenna presents 
capacitive reactance at the feed point. A loading coil must 
cancel this reactance. 


‘The mean characterist 
expressed by 


Ky =60[[ aH) | 


where 


impedance of an antenna is, 


(Eq 12) 


H = physical antenna height (excluding the length 
of the loading coil) 
a= radius of the antenna in the same units as H. 


From Eq 12 you can see that decreasing the height- 
to-diameter ratio of an antenna by increasing the radius 
results in a decrease in K,,. With reference to Eq 11, a 
decrease in K,, decreases the inductive reactance required 
to resonate an antenna. As will be shown later, this will 
se radiation efficiency. In mobile applications, we 
quickly run into wind-loading problems if we attempt to 
use an antenna that is physically large in diameter. 
If the loading coil is moved away from the base of 
the antenna, the antenna is divided into a base and top 
ction, as depicted in Fig 10. The loading coil reactance 


required to resonate the antenna when the coil is away 
from the base is given by 
Xz. =f Kno (Cot hy) ~j Kyu (tam hy) (Eq 13) 


In mobile-antenna design and construction, the top 
usually a whip with a much smaller diameter 
than the base section. Because of this, it is necessary to 
compute separate values of Ky, for the top and base sec- 
tions. Ky, and K,, are the mean characteristic imped- 
ances of the base and top sections, respectively. 
Loading coil reactance curves for the 3.8-MHz 
antennas of Fig 11 have been calculated and plotted in 
Fig 12. These curves show the influence of the loading, 
coil position on the reactance required for resonance. The 
curves in Fig 12 show that the required reactance 
decreases with longer antennas. The curves also reveal 
that the required loading coil reactance grows at an 
increasingly rapid rate after the coil passes the center of 
the antenna. Because the highest possible loading coil Q 


Top Section dia. 1/4 


Loading Cot Resctonce in Ors x103 


duces a Q between 150 and 160 in the 3.8-MHz band 
Higher Q values can be obtained by using larger 
diameter coils having a diameter-to-length ratio of two, 


by using larger diameter wire, by using more spacing 
between turns, and by using low-loss polystyrene sup- 
porting and enclosure materials. In theory, loading coil 
turns should not be shorted for tuning purposes because 
shorted turns somewhat degrade Q. Pruning to resonance 
should be done by removing turns from the coil. 

In fairness, it should be pointed out that many prac 
¢ antennas use large-diameter loading coils 
with shorted turns to achieve resonance. The popular 
‘Texas Bug Catcher” coils come to mind here. Despite 
general proscriptions against shorting turns, these 
systems are often more efficient than antennas with small, 
relatively low-Q, fixed loading coils. 


tical mobi 


Radiation Efficiency 

The ratio of power radiated to power fed to an 
antenna determines the radiation efficiency. It is given 
by 


3 70 


Fig 12—Loading coil reactance required for resonance, 
plotted as a function of coil height above the antenna 
base. The resonant frequency is 3.9 MHz. 


factor is neede 


|, and because optimum Q is attained when 
the loading coil diameter is twice the loading coil length, 
the coil would grow like a smoke ring above the center of 
the antenna, and would quickly reach an impractical size. 
Its for this reason that the highest loading coil position 


is limited to one foot from the top of the antenna in all 
computations. 


Loading Coil Resistance 

Loading coil resistance constitutes one of the losses 
that consumes power that could otherwise be radiated by 
the antenna. Heat loss in the loading coil is not of any 
benet 


So it should be minimized by using the highes 
possible loading coil Q. Loading coil loss resistan 
function of the coil Q and is given by 


(Eq 14) 


oading coil loss resistance in Q 
oading coil reactance 
coil figure of merit 


Inspection of Eq 14 reveals that, for a given value 
of inductive reactance, loss resistance will be lower for 
higher Q coils, Measurements made with a Q meter show 
that typical, commercially manufactured coil stock pro- 


(Eq 15) 


ad 


tion efficiency in percent 
ower radiated 
P, = power fed to the antenna at the feed point 


In a short, coil-loaded mobile antenna, a large por- 
tion of the power fed to the antenna is dissipated in ground, 
and coil resistances. A relatively insignificant amount of 
power is also dissipated in the antenna conductor re 
tance and in the leakage resistance of the base insulator. 
Because these last two losses are both very small and dif 
they are here neglected in calculating 
radiation efficiency. 

Another loss worth noting is matching network loss. 
Because we are concerned only with power fed to the 
antenna in the determination of radiation efficiency, 
matching network loss is not considered in any of the 
equations. Suffice it to say that matching networks should 
be designed for minimum loss in order to maximize the 
transmitter power available at the antenna, 

‘The radiation effici 
and expanded as follows: 


ficult to estimat 


cy equation may be rewritten 


PF Rp x 100 


#-— 
P Re +P Rg + (leoshy)’ Re 


(Eq 16) 


wher 


I = antenna base current in amperes 
ground loss resistance in Q 
coil loss resistance in Q. 


Each term of Eq 16 represents the power dissipated 
in its associated resistance. All the current terms cancel. 


Mobile and Maritime Antennas 16-9 


plifying this equation to 


Rg x 100 
E R 


Ry +Rg +Re (eos?) a1) 


For base-loaded antennas the term cos?h, drops to 
unity and may be omitted 


Ground Loss 
Eq 14 shows that the total resistive losses in the an- 
tenna system are: 
Ry = Ry +Rg +R, (cos? hy) (Eq 18) 
where Ry is the total resistive loss. Ground loss resis- 
tance can be determined by rearranging Eq 18 as follows 
hy (Eq 19) 
Ry may be measured in a test antenna installation 
on a vehicle using an R-X noise bridge or an SWR ana- 
lyzer. You can then calculate Rp and Re. 
Ground loss is a function of vehicle size, placement 
of the antenna on the vehicle, and conductivity of the 


Rg = Ry— Ry ~ Re cos 


ground over which the vehicle is traveling. Only the first 
‘ovo variables can be feasibly controlled. Larger vehicles 
provide better ground planes than smaller ones. The 
vehicle ground plane is only partial, so the result is con- 
siderable RF current flow (and ground loss) in the ground 
around and under the vehicle. 

By raising the antenna base as high as possible on 
ground losses are decreased. This results from 
in antenna capacitance to ground, which 
the capacitive reactance to ground. This, in turn, 
ground currents and ground losses. 

This effect has been verified by installing the same 
antenna at three different locations on two different 


. and by determining the ground loss from 
Eq 19. In the first test, the antenna was mounted 6 inches 
below the top of a large station wagon, just behind the 
left rear window. This placed the antenna base 4 feet 


2 inches above the ground, and resulted in a measured 
ground loss resistance of 2.5 Q. The second test used the 
same antenna mounted on the left rear fender of a mid- 
sized sedan, just to the left of the trunk lid. In this test, 
the measured ground loss resistance was 4 Q. The third 
test used the same mid-sized car, but the antenna was 


mounted on the rear bumper. In this last test, the mea- 
sured ground loss resistance was 6 ©. 

The same antenna therefore sees three different 
ground loss resistances as a direct result of the antenna 
mounting location and size of the vehicle. It is important 
to note that the measured ground loss increases as the 
antenna base nears the ground. The importance of mini 


mizing ground losses in mobile antenna installations 
cannot be overemphasized. 


Efficiency Curves 
With the equations defined pre\ 


‘ously, a computer 
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Fig 13—Radiation efficiency of 8-foot antennas at 
3.9 MHz. 
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Fig 14—Radiation efficiency of 11-foot antennas at 
3.9 MHz. 
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Fig 15—Radiation efficiency of 8-foot antennas at 
7.225 MHz. 
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Fig 16—Radiation efficiency of 11-foot antennas at 
7.225 MHz. 


was used to calculate the radiation efficiency curves 
depicted in Figs 13 through 16. These curves were cal- 
culated for 3.8- and 7-MHz antennas of 8- and 11-foot 
lengths. Several values of loading coil Q were used, for 
both 2 and 10 Q of ground loss resistance. For the calcu- 
lations, the base section is /s-inch diameter electrical 
EMT, which has an outside diameter of "'/ inch. The top 
section is fiberglass bicycle-whip material covered with 
Belden braid. These are readily available materials, which 
can be used by the average amateur to construct an inex- 
pensive but rugged antenna, 
Upon inspection, these radi 
reveal some significant information: 
1) Higher coil Q produces higher radiation e' 
2) longer antennas produce higher radiation eff 
3) higher frequencies produce higher radiation efficienci 
4) lower ground loss resistances produce higher radia- 
tion effi 
5) higher ground loss resistances force the loading coil 
above the antenna center to reach a crest in the radia- 


jon-efficiency curves 


tion-efficiency curve, and 

6) higher coil Q sharpens the radiation-efficiency curves, 
resulting in the coil position being more critical for 
optimum radiation efficiency. 

Note that the radiation efficiency curves reach a peak 
and then begin to decline as the loading coil is raised 
farther up the antenna. This is because of the rapid 
increase in loading coil reactance required above the 
antenna center. Refer to Fig 12. The rapid increase in coil 
size required for resonance results in the coil loss resis 
tance increasing much more rapidly than the radiation 
resistance. This results in decreased radiation efficiency, 
as shown in Fig 11 

A slight reverse curvature exists in the curves 
between the base-loaded position and the one-foot coil- 
height position. This is caused by a shift in the curve 
resulting from insertion of a base section of larger diam- 
eter than the whip when the coil is above the base 

‘The curves in Figs 13 through 16 were calculated 
with constant (but not equal) diameter base and whip sec- 
tions. Because of wind loading, it is not desirable to 
se the diameter of the whip section. However, the 
ection diameter can be increased within reason to 
further improve radiation efficiency. Fig 17 was caleu- 
lated for base-section diameters ranging from ''/. inch 
to 3inches. The curves reveal that a small increase in 
\cy results from larger diameter base sec- 


radiation effici 
tions, 

‘The curves in Figs 13 through 16 show that radia- 
tion efficiencies can be quite low in the 3.8-MHz. band 
compared to the 7-MHz band. They are lower yet in the 
1.8-MHz band. To gain some perspective on what these 
low efficiencies mean in terms of signal strength, Fig 18 
was calculated using the following equation: 


100 
dB = log— (Eq 20) 
E 
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Fig 17—Radiation efficiency plotted as a function of base 
section diameter. Frequency = 3.9 MHz, ground loss 
resistance = 2, and whip section = '/-inch diameter. 
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Fig 18—Mobile antenna signal loss as a function of 
radiation efficiency, compared to a quarter-wave 
vertical antenna over perfect ground. 
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where 


4B = signal loss in decibels, 
E = efficiency in percent. 


‘The curve in Fig 18 reveals that an antenna having 
icy has a signal loss of 6 dB (approximately 
one $ unit) below a quarter-wave vertical antenna over 
perfect ground. An antenna efficiency in the neighbor- 
hood of 6% will produce a signal strength on the order of 
two $ units or about 12 dB below the same quarter-wave 
reference vertical. By careful optimization of mobile 
antenna design, signal strengths from mobiles can be 
made fairly competitive with those from fixed stations 
using comparable power. And don’t forget: Moving your 
car near saltwater, with its high conductivity, can result 
in surprisingly strong signals from a mobile station! 


Impedance Matching 

‘The input impedance of short, high-Q coil-loaded 
antennas is quite low. For example, an 8-foot antenna 
optimized for 3.9 MHz with an unloaded coil Q of 300 
and a ground-loss resistance of 2 © has a base input im 
pedance of about 13 ©. This low impedance value causes 
a standing wave ratio of 4:1 on a 50-02 coaxial line at reso- 
nance. This high SWR is not compatible with the requi 
‘ments of solid-state transmitters. Also, the bandwidth of 
shortened vertical antennas is very narrow. This severely 
limits the capability to maintain transmitter loading over 
even a small frequency range. 

Impedance matching can be accomplished by means 
of L networks or impedance-matching transformers, but 
the narrow bandwidth limitation remains. A more el 
solution to the impedance matching and narrow band- 
width problem is to install an automatic tuner at the 
antenna base. Such a device matches the antenna and 
coaxial line automatically, and permits operation over a 
wide frequency range. 

The tools are now available to tailor a mobile 
antenna design to produce maximum radiation efficiency. 
Mathematical modeling with a personal computer reveals 
that loading coil Q factor and ground loss resistance 
greatly influence the optimum loading coil position in a 
short vertical antenna. It also shows that longer anten 
nas, higher coil Q, and higher operating frequencies pro 
duce higher radiation effic 

End effect has not been included in any of the equa. 
tions to assure that the loading coil will be slightly larger 
than necessary. Pruning the antenna to resonance should be 
done by removing coil turns, rather than by shorting turns 
or shortening the whip section excessively. Shortening the 
whip reduces radiation efficiency, by both shortening the 
antenna and moving the optimum coil position. Shorting, 
turns in the loading coil degrades the Q of the coil 


Shortened Dipoles 
Mathematical modeling techniques can be applied 
to shortened dipoles by using zero ground loss resis 


and by doubling the computed values of radiation re 
and feed-point impedance. Radiation eff 
however, does not double. Rather, it remains unchanged, 
because a second loading coil is required in the other leg 
of the dipole. The addition of the second coil offsets the 
gain in efficiency that occurs when the fi 
impedance and radiation resistanc 
a gain in radiation efficiency over a vertical antenna 
worked against ground, though, because the dipole con- 
figuration allows ground loss resistance to be eliminated 
from the calculations. 


CONTINUOUSLY LOADED ANTENNAS 


‘The design of high-Q air core inductors for RF work 
is complicated by the number of parameters that must be 
optimized simultaneously. One of these factors affecting 
coil Q adversely is radiation from a discrete loading coil 
‘Therefore, the possibility of cutting down other losses, 
while incorporating the coil radiation into that from the 
of the antenna system is an attractive one. 

The general approach has been to use a coil made 
from heavy wire (#14 or larger), with length-to-diameter 
ratios as high as 21, British experimenters have reported 
good results with 8-foot overall lengths on the 1.8- and 
3.5-MHz bands. The idea of making the entire antenna 


out of one section of coil has also been tried with some 
success. This technique is referred to as linear loading 
Further information on linear-loaded antennas can be 
found in Chapter 6. 

While going to extremes trying to find a perfect load- 
ing arrangement may not improve antenna performance 
very much, a poor system with lossy coils and high- 
resistance connections must be avoided if a reasonable 
signal is to be radiated, 


MATCHING TO THE TRANSMITTER 


Most modern transmitters require a 50-Q output 
load, and because the feed-point impedance of a mobile 
whip is quite low, a matching network is usually neces 
sary. Although calculations are helpful in the initial 
design, considerable experimenting is often necessary in 
final tune-up. This is particularly true for the lower bands, 
where the antenna is electrically short compared with a 
quarter-wave whip. The reason is that the loading coil is 
required to tune out a very large capacitive reactance, and 
even small changes in component values result in large 
reactance variations. Since the feed-point resistanc 
low to begin with, the problem is even more aggravated, 

You can transform the low resistance of the whip to 
a value suitable for a 50-© system with an RF transformer 
or with a shunt-feed arrangement, such as an L network 
‘The latter may only require a shunt coil or shunt capaci 
tor at the base of the whip, since the net series capacitive 
or inductive reactance of the antenna and its loading coil 
may be used as part of the network. The following 
example illustrates the calculations involved. 


Assume that a center-loaded whip antenna, 8.5 feet 
in overall length, is to be used on 7.2 MHz. From Table 1, 
earlier in this chapter, we see that the feed-point resis- 
tance of the antenna will be approximately 19 ©, and from 
Fig 5 that the capacitance of the whip, as seen at its base, 
is approximately 24 pF. Since the antenna is to be center 
loaded, the capacitance value of the section above the 
coil will be cut approximately in half, to 12 pF. From 


this, it may be calculated that a center-loading inductor 
of 40.7 WH is required to resonate the antenna, that is, to 


cancel out the capacitive reactance. (This figure agrees 
with the approximate value of 40 WH shown in Table 1 
‘The resulting feed-point impedance would then be 19 + 
j 0. Q—a good match, if one happens to have a supply of 
19-Q coax.) 

‘olution: The antenna can be matched to a $2-Q.line 
such as RG-8 by tuning it either above or below reso- 


Increasing 


Fig 19—Admittance diagram of the RLC circuit 
consisting of the whip capacitance, radiation resistance 
and loading coil discussed in text. The horizontal axis, 
represents conductance, and the vertical axis 
susceptance. The point Pp is the input admittance with no 
whip loading inductance. Points P1 and P2 are described 
in the text. The conductance equals the reciprocal of the 
resistance, if no reactive components are present. For a 
series RX circuit, the conductance is given by 

R 
Rex? 


and the susceptance Is given by 


6 


R? x’ 


Consequently, a parallel equivalent GB circuit of the 
series RX one can be found which makes computations 
easier. This is because conductances and susceptances 

dd in parallel the same way resistances and reactances 
add in series. 
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Wire joints 

Soldering isn’t always the best solution to some problems, for reasons that I explain 
in the next section called Fatigue and Breakage. However you can solder wires together to 
join them simply and cheaply, and next I show a classic wire joint of this kind, sometimes 
called a Western Union joint. 


4 Soldering a Western Union wire joint. 


Strip the ends from each wire using wire strippers, and try not to cut any of the 
stranded cores or this will create a weakness. (Stray strands of wire can also be a hazard.) 
Then twist the wires securely together several times, ideally four or five. Apply a 
soldering iron to the exposed joint and dab on some solder until it flows fully over the 
joint, then remove the iron and allow the joint to cool. 


The wire’s plastic insulation may shrink back a little due to the heat, but try not to 
overheat it excessively. If you have the resources you can finish off by insulating the joint 
with some heatshrink tubing (slide it over a wire before you make the solder joint). 
Otherwise use ordinary PVC tubing or insulation tape if you have any. 


A solder tag can be soldered easily enough, and it’s probably best to feed a stripped 
wire end through the tag and twist it over several times before soldering it, so it’s held 
together when soldering. 


nance and then canceling out the und: 
with an appropriate shunt element, cap: 
tive. The way in which the impedance is transformed up 
can be seen by plotting the admittance of the series RLC 
circuit made up of the loading coil, antenna capacitance, 
and feed-point resistance. Such a plot is shown in Fig 19 
for a constant feed-point resistance of 19 Q. There are 
two points of interest, PL and P2, where the input con- 
ductance is 19.2 millisiemens, corresponding to 52.0. The 
undesired susceptance is shown as 1/Xp and -1/Xp, 
which must be canceled with a shunt element of the 
opposite sign, but with the same magnitude, The value of 
the canceling shunt reactance, X p, may be found from 
the formula: 


‘sired component 
itive or indue- 


AR, (2) Ry) (€q21) 
where Xp is the reactance in Q, R, is the feed-point 
resistance, and Zo isthe feed-line impedance. For Zy 
52 Qand R, = 19 Q, X, =+39.5 Q. A coil or good qual- 
ity mica capacitor may be used as the shunt clement. With 
the tune-up procedure deseribed later, the value is not 
critical, and a fixed-value component may be used. 

‘To arrive at point PI, the value of the center load 
ing-coil inductance would be less than that required for 
resonance. The feed-point impedance would then appear 
capacitive, and an inductive shunt matching element 
would then be required. To arrive at point P2, the center 
loading coil should be more inductive than required for 

and the shunt element would need to be 


capacitive. 
The value of the 


ter loading coil required for the 
shunt-matched and resonated condition may be de 


w ) Cy) 


Fig 20—At A, a whip antenna that is resonated with a 
center loading coil. At B and C, the value of the loading 
coll has been altered slightly to make the feed-point 
impedance appear reactive, and a matching component is 
added in shunt to cancel the reactance. This provides an 
impedance transformation to match the Z, of the feed line. 
‘An equally acceptable procedure, rather than altering the 
loading coil inductance, is to adjust the length of the top 
section above the loading coll for the best match, as 
described in the tune-up section of the text. 
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‘mined from the equation: 
ee ee 
4x C 2at 


(Eq 22) 


where addition is performed if a capacitive shunt is to be 
used, or subtraction performed if the shunt is inductive, 
and where L is in wH, fis the frequency in MHz, C is the 
capacitance of the antenna section being matched in pF, 
and 


Xs = Rr (Zo - Ry) 


(Eq 23) 


For the example given, where Z, = 52 Q, Ry 
19 Q, f = 7.2 MHz, and C = 12 pF, X, is found to be 
25.0 Q. The required antenna loading inductance is ei- 
ther 40.2 H or 41.3 WH, depending on the type of shunt. 
farious matching possibilities for this example are shown, 
in Fig 20. At A, the antenna is shown as tuned to res 
nance with L,, a 40.7 4H coil, but with no provisions, 
included for matching the resulting 19-Q impedance to 
the 52-Q line. AtB, Ly. has been reduced to 40.2 tH to 
‘make the antenna appear net capacitive, and L yy. having, 
a reactance of 39.5 ©, is added in shunt to cancel the 
capacitive reactance and transform the feed-point imped- 
ance to 50 Q. The arrangement at C is similar to that at B 
except that L , has been increased to 41.3 pH, and Cyy 
(a shunt capacitor having a negative reactance of 39.5 Q) 
is added, which also results in a 52-Q nonreactive termi- 
nation for the feed line 

‘The values determined for the loading coil in the 
above example point out an important consideration con- 
cerning the matching of short antennas—relatively small 
changes in values of the loading components will have a 
greatly magnified effect on the matching requirements. A 
change of less than 3% in the loading coil inductance value 
necessitates a completely different matching network! 
Likewise, calculations show that a 3% change in antenna 
capacitance will give similar results, and the value of the 
precautions mentioned earlier becomes clear. Th 
tivity of the circuit with regard to frequency variations is, 
also quite critical, and an excursion around practically the 
entire circle in Fig 19 may represent only 600 kHz, cen- 
tered around 7.2 MHz, for the above example. This is why 
tuning up a mobile antenna can be very frustrating unless 
1 systematic procedure is followed. 


Tune-Up 
Assume that inductiv 


hunt matching is to be used 
with the antenna in the previous example, Fig 20B, where 
39.5 Qs needed for Lyq. This means that at 7.2 MHz, a 
coil of 0.87 1H will be needed across the whip feed-point 
terminal to ground. With a 40-H loading coil in place, 
the adjustable whip section above the loading coil should 
be set for minimum height. Signals in the receiver will 
sound weak and the whip should be lengthened a bit at a 
time until signals start to peak. Turn the transmitter on 
and check the SWR at a few frequencies to find where a 


minimum occurs. If it is below the desired frequenc 
shorten the whip slightly and check again. It should be 
moved approximately "4 inch at a time until the SWR 
minimum at the center of the desired range. If the fre- 
quency where the minimum SWR occurs is above the 
desired frequency, repeat the procedure above, but 
lengthen the whip only slightly. 

Ifa shunt capacitance is to be used, as in Fig 20 
a value of 560 pF would correspond to the required 
-39.5 0 of reactance at 7.2 MHz. With a capacitive shunt, 
start with the whip in its longest position and shorten it 
until signals peak up. 


No. 10 oF Larger Wire 


Leasing Col 


Fig 21—A capacitance hat can be used to improve the 
performance of base- or center-loaded whips. A solid 
metal disc can be used in place of the skeleton disc 
shown here. 


TOP-LOADING CAPACITANCE 


Because the loss resistance varies with the inductance 
of the loading coil, the resistance can be reduced by 
removing turns from the coil. This must be compensated 
by adding capacitance to the portion of the mobile antenna 
that is above the loading coil (Fig 21). Capacitance hats 
as they are called, can consist of a single stiff wire, two 
wires or more, or a disc made up of several wires like the 
spokes of a wheel. A solid metal disc could also be used, 
but is less practical for mobile work. The larger the 
capacitance hat (physically), the greater is the capacitance. 
‘The greater the capacitance, the less is the inductance 
required for resonance at a given frequency. 

Capacitance-hat loading is applicable in either base 
loaded or center-loaded systems. Since more inductance 
is required for center-loaded whips to make them reso- 
nant at a given frequency, capacitance hats are particu 
larly useful in improving their efficiency. 


TAPPED-COIL MATCHING NETWORK 
Some of the drawbacks of the L-network can be elimi- 
nated by the use of the tapped-coil arrangement shown in 
Fig 22. Tune-up still remains critical, however, although 
somewhat more straightforward than for an L-network. 
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Shunt Feed 


Fig 22—A mobile antenna using shunt-feed matching. 
Overall antenna resonance is determined by the combi- 
nation of L1 and L2. Antenna resonance is set by 
pruning the turns of L1, or adjusting the top section of 
the whip, while observing the field-strength meter or 
SWR indicator. Then adjust the tap on L2 for the lowest 
SWR. 
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Coil L2 can be inside the car body, at the base of the 
antenna, or at the base of the whip. As L2 helps determine 
the resonance of the antenna, LI should be tuned to reso- 


nance in the desired part of the band with L2 in the cir- 
cuit. The top section of the whip can be telescoped until a 
field-strength maximum is found. The tap on L2 is then 
adjusted for the lowest reflected power. Repeat these two 
adjustments until no further increase in field strength can 
be obtained: this point should coincide with the lowest 
SWR. The number of turns needed for L2 will have to be 
determined experimentally. 


THE “SCREWDRIVER” 
MOBILE ANTENNA 


Imagine QSYing from the bottom of 80 meters to 
the top of 10 meters, right from the driver’s seat. With 
this antenna you will enjoy a very high Q antenna that 
has no taps or external adjustments, and that exhibits an 
SWR under 1.5:1 on all bands. Max Bloodworth, KO4TY, 
described this antenna in The ARRL Antenna 
Compendium, Vol 7. 

‘The Screwdriver type of antenna was the brainchild 
of Don Johnson, W6AAQ, who developed it after many 
years of experimenting with mobile antennas. Fig 23 is a 


Fig 23—The completed Screwdriver antenna mounted on 
KOATV's truck rear bumper. (Photo courtesy of Gary 
Pearce, KN4AQ) 
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photo of the completed antenna mounted on KOSTV’s 
truck, 


THE LOADING COIL 


‘The general concept for the Screwdriver is that of a 
center-loaded antenna with an adjustable loading coil. This, 
is an old idea; however, most previous multi-band antennas 
required multiple coil taps and an adjustable top whip 
section, as well as an impedance-matching unit at the base. 

‘The problem of tapping a coil is well known. If you 
leave one end of the coil open, you have a miniature Tesla 
Coil, which can cause corona discharge and arcing. If you 
short the turns, the Q of the loading coil usually drops 
drastically. The Screwdriver is remarkable in that it does 
not have any coil taps and yet it can cover a wide range of 
frequencies with very high Q 

‘The secret is in the manner of adjusting the coil. It 
simply slides up or down into a metal tube (the 
and makes contact with the top of the tube by means of 
finger stock,” which is made of spring-like Beryllium 
Copper. The coil is pushed up or down by an ordinary 
cordless screwdriver; hence the name, Screwdriver. This, 
turns a section of threaded rod and moves the coil form up 
or down. The section of coil above the finger stock is the 
active loading coil, and the part of the coil just below the 
finger stock simply “disappears” into the base tube and is 
totally out ofthe circuit. No taps, no loose ends—just a high- 
Qcoil in the middle of two solid metal tubes. Although this, 
antenna is available ready-made from several commercial 
making one is well within the capabilities of any 
hham who is relatively handy with ordinary hand tools, and 
who has access to either a small lathe or a common 1'/- 
inch pipe die. 


[rine Sone 


—~2" Base Tube 


Fig 24—The base tube, 
with finger stock 
attached to the top. 


CONSTRUCTING YOUR 
SCREWDRIVER ANTENNA 

Construction begins by locating a 2-inch inside- 
diameter tube, about 3 to 3% feet long. See Fig 24. The 
author had used such diverse materials as: 
Aluminum irrigation pipe 
Schedule-20 copper tubing 
A stainless-steel hydraulic cylinder 
A section of aluminum from a 6-meter beam that was 
damaged by a tornado 
And even a brass bedpost salvaged from the local garbage 
dump. 


The brass bedpost looked especially good on his 
vehicle, which was Burgundy with gold trim. Whatever 
material you use for the bottom tube, you can either leave it 
unfinished or painted to your taste 
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Fig 25—The coil form, with a threaded insert inserted 
Into the bottom PVC cap inside the coll form. 


its batteries and switch. You can often find one at yard 
or flea markets fora dollar or so, usually with dead batteries, 
since itis often just as cheap to buy another one new as itis, 
to buy new batteries. So long as it will fit snugly inside the 
base tube, the brand name is immaterial. KO4TV has used 
Skil, Black & Decker, or even a Wal-Mart $8 special, all 
with equal success. The most difficult part of the job will be 
‘making the coil form and winding the loading coil, but with 
alittle patience you should be able to do this satisfactorily. 

Bear in mind that it is not a “Heathkit” type project, 
and it will require some innovation and ingenuity on your 
part, Next, obtain a 2-foot long piece of 1'/sinch PVC pipe 
(not CPVC, which is vulnerable to ultraviolet rays from the 
sun), With either a lathe or a pipe die, thread approximately 
20 inches from one end, at 10 to 12 threads per inch (See 
Fig 25). If you use a pipe die, it helps to loosen the cutters, 
slightly, to make the grooves shallower. 

When using a lathe, temporarily insert a piece of 
1inch water pipe inside the coil form to hold it steady in 
the lathe. The grooves should be just deep enough to 
comfortably hold the wire in place when it is wound. The 
choice of coil wire is up to you. The author has used #16 or 
#18 tinned copper, bare copper, or best yet, 17-gauge 
aluminum electric fence wire. This is available from any 


Fig 26—Photo of the top of the loading coll. (Photo 
courtesy of Gary Pearce, KN4AQ)) 
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farm supply store at a very reasonable 
cost. It will take about 65 to 70 feet of 

Begin by drilling a ‘/w-inch hole 
through the PVC pipe at the bottom end 
of the threaded portion. Slip the end of 
the wire through this hole and tie a knot 
in it to serve as a stop. You could also 
insert a nut and bolt through a loop in 
the wire. Then carefully wind the coil to 
within an inch of the end of the threaded 
portion. The preferred method of 
winding is to put a stick or pipe through 
the holes of the wire reel and hold it 
between your feet and the floor, to 
provide the necessary tension to allow 
tight winding, 

About an inch below the top of the 
coil, drill a"/-inch hole and thread about 
6or8 inches of wire through it. This will 
be the top connection from the coil to 
the whip. The bottom of the coil has no 
electrical connection. 

The method of attaching the whip 
to the top of the coil form is up to you. I 
usually drill a '/e-inch hole through a 
44-inch PVC pipe cap and place as 
x I'/einch SAE bolt through the hole, 
with a matching washer and nut on top. 
‘The bolt can be drilled and tapped for 
mounting the whip, which should be 
about 5 to 6 feet long. (It will be pruned 
for resonance later.) See Fig 26, a photo 
showing the top of the coil 

‘A more elegant way of connecting 
the whip is to obtain a swivel or quick- 
disconnect antenna fitting from your 
nearest truck stop. These are widely 
available for use with CB antennas and 
are threaded '/-inch SAE, Do not attach 
the cap to the coil form until after the 
coil is inserted in the base tube. 

Now that you have a coil form and 
aa base tube, the next step will be to plug 
the bottom of the PVC coil form with a 
I-inch PVC pipe cap, which fits snugly 
inside the coil form. Drill a hole directly 
in the center of this cap, and install a 
"4-20 threaded insert, available at most 
hardware stores for about 25 or 30 cents. 
‘These are commonly used in wooden 
furniture to provide a thread for attaching 
bolts to wood. See Fig 27. 

Iti imperative that you install this 
insert squarely. The best method is to 
screw a short bolt into it and chuck the 
bolt in a drill press, placing the pipe cap 
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Fig 27—The coll assembly and 
cordless screwdriver drive 
assembly. 
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Fig 28—The complete antenna 
assembly. 


squarely on the drill press table. Carefully turn the drill chuck 
by hand until the insert is properly seated. 


The Motor 
Now prepare the cordless drill by removing the dead 
batteries and the switch. Install a pair of I or 1.5-Q, 10-W 
resistors in series with each motor lead. Connect a 0.1 
50-V disc ceramic capacitor across the motor leads to 
suppress motor noise. 
Connect a pair of wi 
ends of the resistors. The 


about a foot long, to the other 
will power the screwdriver from 
your car’s 12-V system. Next, procure 20-inch long piece 
of 4-20 threaded rod (also called “all-thread”). Insert one 

is into the cordless screwdriver chuck, and drill a 
inch hole through both the chuck and the 
rod. Secure the rod in place with either a roll or cotter pin, 
and install a pair of '/-inch nuts on the rod near the 
screwdriver chuck. This will be the lower stop for the coil 
travel and will be adjusted later. 

Thread the rod into the threaded insert at the bottom 
of the coil form, and install another pair of stop nuts on the 
top side of the rod. Itwill be easier to do this before attaching 
the bottom plug to the coil form. Again, these nuts will be 
adjusted Later for proper coil travel 

Place the bottom plug into the coil form, drill a couple 
of holes through the form and the plug and tap them for 
6-32 flat head bolts. Countersink the form so that the heads 
will be flush with the outside. Again, see Fig 27, 


Finger Stock 
Now, let's go back to the base tube. You must install a 
circle of finger-stock strip on the top of the tube to make 
contact with the coil, as shown in Fig 24. This can either be 
soldered or riveted, depending on your choice of tube 
material. Next, insert the coil and screwdriver assembly 
through the bottom of the tube, making sure that the coil 
clears the finger stock without deforming or bending it. 

The best method I have found for attaching the 
screwdriver to the bottom tube is to fit a piece of 1'/s-inch 
PVC pipe, about 8 or 10 inches long, over the handle of the 
screwdriver and attach it with a 
couple of flat-head 6-32 bolts. You 
may have to either grind some 
material off the handle or wrap it 
with some duct tape to make a snug 
fit inside the I'/-inch PVC pipe, 
which should slip snugly into the 
base tube. 

Place a matching 1'/> 
PVC pipe cap on the bottom of the 
pipe, and secure it with a couple 
of 6-32 screws. Drill a '/-inch 
hole through one side of the cap, 
which will serve to pass the wires 
from the screwdriver motor. Drill 
a Yeinch hole directly in the 
center of this cap for the base 


inch 


Fig 29—Base-mounting plate for 
Screw-driver installation on KOSTV's 


truck. Note the quick-disconnect de 
motor con-nections and the SO-239 
coax connector. 


mount. See Fig 28, which is a drawing of the completed 


antenna assembly. 


MOUNTING THE ANTENNA 


At this point you must determine exactly how you wish 
o mount the antenna on your vehicle. You could fasten it to 
a standard mobile antenna mount, but do not use a spring! 1 
prefer to fasten the assembly to a thick metal plate about 
6 x 18 inches in size. I mount this to the frame of the car, 
protruding about 4 or 5 inches from the lower car body, just 
behind the rear wheel. You could also fasten such a plate to 


Fig 29. 

‘An upper bracket, made from Plexiglas or similar 
insulating material, can be mounted from the trunk lip with 
to support the top of the lower tube. 
Fig 30. With a Plexiglas bracket about 4-inches wide, a 
2-inch hole can be drilled in it to pass the tube, This will 
make a snug and rigid fit at the top. Under no circumstances, 
use a metal band around the tube, as this will form a shorted 
tum and drastically lower the antenna Q 

With a little care, this type of mounting will leave no 
visible holes in the vehicle, which will likely enhance its 
trade-in value. If you mount the antenna on a pickup truck, 
it can be mounted directly on the rear safety bumper with a 
I'h inch pipe floor flange and matching adaptor on the 
bottom of the tube. 


Electrical Connections 


After mounting the base, your next job is to connect 
the wires from the screwdriver to a DPDT, spring-return 
center-off switch, mounted in a convenient location in your 
car. See the schematic in Fig 31. Connect the coax from the 
radio to the base tube, with the center conductor going to 
the base tube and the shield connected to ground at the base 
of the antenna. 

If you like, you could install a simple base-matching 
network to give a perfect match on the lower bands. Even 
with no matching unit, SWR is usually under 2:1 on all 


Fig 30—The support Plexiglas plate. 
(Photo courtesy of Gary Pearce, 
KN4AQ.) 
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Fig 32—Relay-switched matching capacitors for 40 and 
80 meters. 
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Fig 33—Alternative 
matching scheme 
using a single 
shunt matching 
coll. 


18714 
Enamel 
42" Dia, 


bands. See Fig 32. One matching network consists of a 
couple of trimmer capacitors switched from the bottom of 
the base tube to ground using a pair of small relays. For 
80 meters, approximately 800 pF is required, and for 
40 meters about 400 pF. No matching is required for 
30 meters or higher. 

An alternative matching method is to install a 15 
turn coil made from #14 enamel wire, about '/: inch 
diameter, from the base to ground. See Fig 33. In either 
case, adjust the whip length for proper resonance at both, 
ends of the HF spectrum over the range of movement of 
your coil 

This antenna may matching 
requirements, depending on the vehicle type and mounting, 
location, so you may need to do some experimentation to 
obtain optimum results. If it doesn’t work exactly right at 
first, be prepared to do a little experimenting. 


ACOIL COVER 


Most builders will want to provide a coil cover, both 
for protection and appearance. KO4TV’s favorite cover 
is made from a plastic mailing tube, about 24 to 
30 inches long and about '/: inches in diameter. You 
can find these at an office supply store. They have a 
screw-on cap on one end, which can be mounted to the 
top of the loading coil. 


have different 


Fig 34—Remote control by the rear-view mirror—tuning 
by the stripes! (Photo courtesy of Gary Pearce, KN4AQ.) 


You trim the bottom of the cover to the proper length 
tallow the coil to be fully retracted into the base tube while 
still clearing the top bracket. Other builders have used such 
diverse materials as: 

«Several I-liter soft drink bottles cut off, swaged and glued 
together 

‘Sections of Schedule 20 PVC pipe with matching cap 
(usually available for the asking at 


stores) 
‘© Wands from a shop vacuum cleaner, fitted with the cap 
{from an aerosol spray can. 


Just let your imagination run wild and you may be 
surprised at your own ingenuity. Whatever material you do 
use, paint it o match your vehicle, Just be sure to use non- 
metallic paint. 


TUNING BY THE STRIPES 


‘The author used different colored vinyl tapes to mark 
the tuning points for the amateur bands along the tuning 
coil. The lower edge of the supporting Plexiglas middle 
support acts as a pointer, which he can spot from his rear- 
view mirror. See Fig 34. This may be low-tech tuning 
method, but it works! 


THE PROOF IS INTHE PUDDING 


Now, you are ready to enjoy some real mobile com- 
munications on all bands, without even stopping the ve~ 
hicle to QSY. KOSTV’s antenna has contacted over 100 
DX countries, from as far away as Tasmania and Japan 
from the East Coast. He enjoys regular contacts with Is- 
rael and other stations in the Mid-East, running 100 W 
or less. 


A MOBILE J ANTENNA FOR 144 MHz 


‘The J antenna is a mechanically modified version of 
the Zepp (Zeppelin) antenna. It consists of a half-wave~ 
length radiator fed by a quarter-wave matching stub. This 
antenna exhibits an omnidirectional pattern with little 
high-angle radiation, but does not require the ground 
plane that '/-wave and *Ys-wave antennas do to work prop- 
erly. The material in this section was prepared by Domenic 
Mallozzi, NIDM, and Allan White, WIEYL 

Fig 35 shows two common configurations of the J 
antenna. Fig 35A shows the shorted-stub version that is, 
usually fed with 200- to 600-0 open-wire line. Some have 
attempted to feed this antenna directly with coax with- 
out a balun, and this usually leads to less than optimum 
results. Among the problems with such a configuration 
are a lack of reproducibility and heavy coupling 
with nearby objects. To eliminate these problems, many 


Balanced Fees 
(200 te 6000), 


Oo) © 


Fig 36—The mount for the mobile J is made from 
stainless-steel angle stock and secured to the bumper 
with stainless-steel! hardware. Note the '/inch pipe 
plug and a PL-259 (with a copper disc soldered in its 
unthreaded end). These protect the mount and 
connector threads when the antenna is not in use. 
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Fig 37—The J antenna, ready for use. Note the bakelite 
insulator and the method of feed. Tie wraps are used to 
attach the balun to the mounting block and to hold the 
coax to the support pipe. Clamps made of flashing 
copper are used to connect the balun to the J antenna 
Just above the insulating block. The ends of the balun 
should be weatherproofed. 


amateurs have used a 4:1 half-wave balun between the 
feed point and a coaxial feed line. This simple addition 
results in an antenna that can be easily reproduced and 
that does not interact so heavily with surrounding ob- 
jects. The bottom of the stub may be grounded (for me- 
chanical or other reasons) without impairing the 
performance of the antenna. 

The open-stub-fed J antenna shown in Fig 35B can 
be connected directly to low-impedance coax lines with 
good results. The lack of a movable balun (which al- 
lows some impedance adjustment) may make this an- 
enna a bit more difficult to adjust for minimum SWR, 
however. 


The Length Factor 
Dr. John S. Belrose, VE2CV, noted in The Cana- 
dian Amateur that the diameter of the radiating element 
is important to two characteristics of the antenna- 
bandwidth and its physical length. (See Bibliography at 
the end of this chapter.) As the ct 
increased, the usable bandwidth incre: 
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Fig 38—Details of the insulated mounting block. The 
material is bakelite. 
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Fig 39—Measured SWR of the mobile J antenna. 


physical length of the radiating element decreases with 


jon on the element. These 
sonant antenna lengths by @ 
expressed as a decimal fraction 
giving the equivalent velocity of propagation on the an- 
tenna wire as a function of the ratio of the element diam- 
eter to a wavelength. The k factor is discussed at length 
in Chapter 2 

‘The length of the radiating element is 


t 
factor, “k.” This factor 


iven by 


5904 x k 


Eq 25 
. (Eq 25) 


where 


length in inches 
f = frequency in MHz 
k =k factor. 


The k factor can have a significant effect. For 
example, if you use a ‘/s-inch diameter piece of tubing 
for the radiator at 144 MHz, the k value is 0.907 (9.3% 
shorter than a free-space half wavelength). 

The J antenna gives excellent results for both 
mobile and portable work. The mobile described here 
similar to an antenna described by W. B. Freely, K6HM: 
in April 1977 QST. This design uses mechanical compo- 
nents that are easier to obtain. As necessary with all 
mobile antennas, significant attention has been paid to a 
strong, reliable, mechanical design. It has survived not 
only three New England winters, but also two summers 
of 370-mile weekend commutes. During this time, it has 
maintained consistent electrical performance with no no- 
ticeable deterioration. 


‘The mechanical mount to the bumper is a 2 x 2-inch 
stainless steel angle iron, 10 inches long. It is secured to 
the bumper with stainless steel hardware, as shown in 
Fig 36. A stainless steel '/:-inch pipe coupling is welded 
to the left side of the bracket, and an SO-239 connector 
is mounted at the right side of the bracket. The bracket 
mounted to the bumper so a vertical pipe inserted in the 
coupling will allow the hatchback of the vehicle to be 
opened with the antenna installed, Fig 37. 

A ‘/o-inch galvanized iron pipe supports the antenna 
so the radiating portion of the J is above the vehicle roof 
line. This pipe goes into a bakelite insulator block, vis- 
ible in Fig 37. The insulator block also holds the bottom 
of the stub. This block was first drilled and then split with 
a band saw, as shown in Fig 38. After splitting, the two 
portions are weatherproofed with varnish and rejoined 
with 10-32 stainless hardware. The corners of the insula- 
tor are cut to clear the L sections at the shorted end of the 
stub, 

The quarter-wave matching section is made of 
'ycinch type L copper tubing ('/1s inch ID, "/ inch OD). 
The short at the bottom of the stub is made from two 
copper L-shaped sections and a short length of 'Ys-inch 
tubing. Drill a '/-inch hole in the bottom of this piece of 
tubing to drain any water that may enter or condense in 
the stub, 

A Shocinch diameter brass rod, 1'V2 to 2 inches long, 
is partially threaded with a fs x 24 thread to accept a 
Larsen whip connector. This rod is then sweated into one 
of the legs of the quarter-wave matching section. A 
40-inch whip is then inserted into the Larsen connector. 

The antenna is fed with 50-0 coaxi da 
coaxial 4:1 half-wave balun. This balun is described at 
the end of Chapter 26. As with any VHF antenna, use 


all open cable ends 
ar of the SO-239 connector on the mount with 
RTV s 

Adjustment is not complicated. Set the whip so that 
its tip is 41 inches above the open end of the stub, and 
adjust the balun position for lowest SWR. Then adjust 
the height of the whip for the lowest SWR at the center 
frequency you desire. Fig 39 shows the measured SWR 
of the antenna after adjustments are completed. 


THE SUPER-J MARITIME ANTENNA 
This 
gent grounding requirements and can be made from easy 
to find parts. The material in this section was prepared 
by Steve Cerwin, WASFRF, who developed the Super-J 
for use on his boat, 

Antennas for maritime use must overcome diffi 
culties that other kinds of mobile antennas normally do 
not encounter. For instance, the transom of a boat is the 
logical place to mount an antenna. But the transoms of 
‘many boats are composed mostly of fiberglass, and they 
ride some distance out of the water—from several inches 
to a few feet, depending on the size of the vessel. Be 
cause the next best thing to a ground plane (the water 
surface) is more than an appreciable fraction of a wave 
length away at 144 MHz, none of the popular gain-pro- 
ducing antenna designs requiring a counterpoise are 
suitable. Also, since a water surface does a good job of 
assuming the earth’s lowest mean elevation (at least on a 
calm day), anything that can be done to get the radiating 
part of the antenna up in the air is helpful. 

‘One answer is the venerable J-pole, with an extra 
in-phase half-wave section added on top—the Super-J 
antenna. The two vertical half waves fed in pha: 
outstanding omnidirectional performance for a portable 
antenna. Also, the J-pole feed arrangement provides the 
desired insensitivity to height above ground (or water) plus, 
added overall antenna height. Best of all, a '/-wave CB 
Whip provides enough material to build the whole driven 
element of the antenna, with a few inches to spare. The 
antenna has enough bandwidth to cover the entire 
144-MHz band, and affords a measure of lightning pro- 
tection by being a grounded design. 


144-MHz vertical antenna doesn’t have strin- 


Antenna Operation 
‘The antenna is represented schematically in Fig 40. 
The classic J-pole antenna is the lower portion shown, 
between points A and C. The half-wave section between 
points B and C does most of the radiating. The added 
half-wave section of the Super-J version is shown 
between points C and E. The side-by-side quarter-wave 
elements between points A and B comprise the J feed 
arrangement. 
At first glance, counterproductive currents in the J 
ction between points A and B may seem a waste of 
element material, but it is through this arrangement that 
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* A solder tag is soldered by wrapping a stripped wire end through the hole and 
round again, to secure it. 


4 Apply plenty of heat and solder for a few seconds. 
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Fig 40—Schematic representation of the Super-J 
maritime antenna. The radiating section Is two half 
waves in phase. 


the antenna is able to perform well in the absence of a 
good ground. The two halves of the J feed arrangement, 
side by side, provide a loading mechanism regardless of 
whether or not a ground plane is present. 

The radiation resistance of any antenna fluctuates 
as a function of height above ground, but the magnitude 
of this effect is small compared to the wildly changing 
impedance encountered when the distance from a ground 
plane element to its counterpoise is varied. Also, the 
J section adds '/s wavelength of antenna height, reduc~ 
ing the effect of ground height variations even further. 
Reducing ground-height sensitivity is particularly use~ 
ful in maritime operation on those days when the water 
is rough. 

The gain afforded by doubling the aperture of a 
J-pole with the extra half-wave section can be realized 
only if the added section is excited in phase with the 
half-wave element B-C. This is accomplished in the 
Super-J in a conventional manner, through the use of 
the quarter-wave phasing stub shown between C and D. 


Construction and Adjustment 

‘The completed Super-J is shown in Fig 41. Details 
of the individual parts are given in Fig 42. The driven 
element can be liberated from a quarter-wave CB whip 
antenna and cut to the dimensions shown, All other metal 
stock can be obtained from metal supply houses or 


46-24 Chapter 16 


machine shops. Metal 
may even be scrounged 
for little or nothing as 
Scraps or remnants, as 
were the parts for the an- 
tenna shown here. 

‘The center insulator 
and the two J stub spacers 
are made of 'f-inch fiber- 
glass and stainless steel 
stock, and the end caps are 
bonded to the insulator 
sections with epoxy. If 
you don’t have access to a 
lathe to make the end caps, 
a simpler one-piece insula 
tor design of wood or fiber- 
glass could be used. 
However, keep in mind that 
good electrical connections 
must be maintained at all 
joints, and strength is a 
consideration for the cen- 


ter insulator. 

The quarter-wave 
phasing stub is made of 
"Yocinch stainless steel tub- 
ing, Fig 43. The line com- 
prising this stub is bent in 
a semicircular arc to nar- 
row the vertical profile and 
to keep the weight distri- 
bution balanced. This 
‘makes for an attractive ap- 
pearance and keeps the 
antenna from leaning to 
one side. 

‘The bottom shorting bar and base mounting plate 
are made of '/i-inch stainless steel plate, shown in 
Fig 44. The J stub is made of "/«-inch stainless-steel 
rod stock. The RF connector may be mounted on the 
shorting bar as shown, and connected to the adjustable 
ider with a short section of coaxial cable, RTV 
should be used at the cable ends to keep out moisture. 
The all-stainless construction looks nice and weathers 
well in maritime mobile applications 

The antenna should work well over the whole 
144-MHz band if cut to the dimensions shown. The only 
tuning required is adjustment of the sliding feed point for 
‘minimum SWR in the center of the band segment you use 
‘most. Setting the slider 2"/« inch above the top of the 
shorting bar gave the best match for this antenna and may 
be used for a starting point. Four turns of coax made into 
a coil at the feed point or a ferrite-sleeve balun act as a 
common-mode choke balun to ensure satisfactory perfor- 


Fig 41—Andy and the 
assembled Super-J 
antenna, 
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Fig 42—Detalls of parts used in the construction of the 144-MHz Super-J. Not to scale. 
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Fig 43—A close-up look at the "/-h phasing section of 
the Super-J. The insulator fitting is made of stainless- 
steel end caps and fiberglass rod. 


Fig 44—The bottom 
shorting bar and base 
mounting plate assembly. 


Fig 45—The Super-J 
in portable use at a 
field site. 
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Performance 
1 tests of the Super-I were performed in por: 
table use and were satisfactory, if not exciting. Fig 45 
shows the Super-J mounted on a wooden mast at a por- 
table site. Simplex communication with a station 40 
miles away with a 10-W mobile rig was full quieting 
both ways. Stations were worked through distant repeat- 
ers that were thought inaccessible from this location. 
Comparative tests between the Super-J and 
a commercial */s-wave antenna mounted on the car 
showed the Super-J to give superior performance, even 
when the Super-J was lowered to the same height as the 
car roof. The mast shown in Fig 45 was made from two 
8-foot lengths of 1 x 2-inch pine. (The two mast sec: 
tions and the Super-J can be easily transported in most 


Super-J offers a gain of about 6 dB over a quar 
ter-wave whip and around 3 dB over a ‘/s-wave antenna. 
Actual performance, especially under less-than-ideal or 
variable ground conditions, is substantially better than 
other vertical antennas operated under the same condi- 
tions. The freedom from ground-plane radials proves to 
be a real benefit in maritime mobile operation, espe 
cially for those passengers in the back of the boat with 
sensitive ribs! 


ATOP-LOADED 
144-MHz MOBILE 
ANTENNA 


Earlier in this chapter, the 
merits of various loading 
schemes for shortened whip an- 
tennas were discussed. Quite 
naturally, one might be cons 

ering HF mobile operation for 
the application of those tech- 
niques. But the principles may 
be applied at any frequency 
Fig 46 shows a 144-MHz 
antenna that is both top and cen- 
ter loaded. This antenna is suit 


able for both mobile and 
portable operation, being in- 
tended for use on a handheld 


transceiver. 


is antenna was 
devised by Don Johnson, 
WOAAQ, and Bruce Brown, 
WoTWWw 


Fig 46—This 144-MHz antenna 
uses a combination of top and 
center loading. It offers low 
construction cost and improved 
efficiency over continuously 
loaded rubber-ducky antennas. 


Cg 


A combination of top and center loading offers im- 
proved efficiency over continuously loaded antennas 
such as the “stubby” pictured at the beginning of this 
chapter. This antenna also offers low construction cost 
‘The only materials needed are a length of stiff wire and 
a scrap of circuit-board material, in addition to the ap- 
propriate connector. 


Construction 


The entire whip section with above-center loading 
coil is made of one continuous length of material. An 
18-inch length of brazing rod or #14 Copperweld wire 
suitable 

In the antenna pictured in Fig 46, the top loading 
disk was cut from a scrap of circuit-board material, but 
flashing copper or sheet brass stock could be used in- 
stead. Aluminum is not recommended. 

‘The dimensions of the antenna are given in Fig 47. 
First wind the center loading coil. Use a 'f-inch bolt, 
wood dowel, or other cylindrical object for a coil form 
Begin winding at a point 3 inches from one end of the 
and wrap the wire tightly around the coil form. Wind 
turns, with just enough space between turns so they 
don’t touch. 


Remove the coil from the form, Next, determine the 
length necessary to insert the wire into the connector 
you'll be using. Cut the long end of the wire to this length 
plus 4 inches, measured from the center of the coil. Sol- 
der the wire to the center pin and assemble the connec- 
tor. A tight-fitting sleeve made of Teflon or Plexiglas rod 
may be used to support and insulate the antenna wire in- 
side the shell, An alternative is to fill the shell with ep- 

oxy cement, and allow 

the cement to set while 


the wire is held cen- 
tered in the shell 
The top loading 
disk may be circular, 
cut with a hole saw. A 
ular disk is not re- 
quired, however— 
may be of any shape. 
Just remember that 


with a larger disk, less 
coil inductance will be 
required, and vi 
versa, Drill a hole at 
the center of the disk 


Fig 47—Dimensions 
for the top-loaded 

i 144-MHz antenna. 
See text regarding 
coil length. 


for mounting it to the wire. For a more rugged antenna, 
reinforce the hole with a brass eyelet. Solder the disk in 
place at the top of the antenna, and construction is com- 
pleted. 


Tune-Up 

Adjustment consists of spreading the coil turns for 
the correct amount of inductance. Do this at the center 
frequency of the range you'll normally be using. Opt 
mum inductance is determined with the aid of a field 
strength meter at a distance of 10 or 15 feet 

Attach the antenna to a handheld transceiver oper- 
ating on low power, and take a field-strength reading. With 
the transmitter turned off, spread the coil turns slightly, 
and then take another reading. By experiment, spread or 
compress the coil turns for the maximum field-strength, 
reading. Very little adjustment should be required. There 
is one precaution, however. You must keep your body, 
arms, legs, and head in the same relative position for each 
ield-strength measurement. It is suggested that the trans- 
eiver be placed on a nonmetal table and operated at arm’s, 
length for these checks. 

Once the maximum field-strength reading is 
obtained, adjustments are completed. With this antenna 
in operation, you'll likely find it possible to access 
repeaters that are difficult to reach with other shortened 

ntennas. W6AAQ reports that in distant areas hi: 
antenna even outperforms a ‘/s-A, vertical 


VHF QUARTER-WAVELENGTH 
VERTICAL 

Ideally, a VHF vertical antenna should be installed 
over a perfectly flat reflector to assure uniform omni 
tion. This suggests that the center of the 
automobile roof is the best place to mount it for mobile 
use. Alternatively, the flat portion of the trunk deck can 
be used, but will result in a directional pattern because of 
car-body obstruction. 

Fig 48 illustrates how a Millen high-voltage connec- 
tor can be used as a roof mount for a VHF whip. The 
hole in the roof can be made over the dome light, thus 
providing accessibility through the upholstery. RG-59 and, 
the "s-wave matching section, L (Fig 48C), can be routed, 
between the car roof and the ceiling upholstery and 
brought into the trunk compartment, or down to the dash- 
board of the car. Instead of a Millen connector, some 
operators install an SO-239 coax connector on the roof 
for mounting the whip. The method is similar to that 
shown in Fig 48. 

It has been established that in general, ‘/1-A verti 
cal antennas for mobile repeater work are not as effec- 
tive as ‘Y/s-2 verticals are. With a ‘/s-A antenna, more of 
the transmitted signal is directed at a low wave angle, 
toward the horizon, offering a gain of about 1 dB over 
the -d vertical. However, in areas where the repeater 
is located nearby on a very high hill or a mountain top, 
the '/i-2 antenna will usually offer more reliable per- 
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Fig 48—At A and B, an illustration of how a quarter- 
wavelength vertical antenna can be mounted on a car 
roof. The whip section should be soldered into the cap 
portion of the connector and then screwed into the 
base socket. This arrangement allows for the removal 
of the antenna when desired. Epoxy cement should be 
used at the two mounting screws to prevent the entry 
of moisture through the screw holes. Diagram C is 
discussed in the text. 


formance than a ‘/s-, antenna. This is because there is 
more power in the lobe of the '/«-A vertical at higher 
angles. 


144-MHz 5/8-WAVELENGTH VERTICAL 


Perhaps the most popular antenna for 144-MHz FM 
mobile and fixed-station use is the “/s-wavelength verti 
cal. As compared to a '-wavelength vertical, it has 1 dB 
of gain, 

This antenna is 


uuitable for mobile or fixed-station 


use because it is small, omnidirectional, and can be used 
with radials or a solid-plane ground (such as a car body). 
Ifradials are used, they need be only ‘/: wavelength long. 


Construction 

The antenna shown here is made from low-cost ma- 
terials, Fig 49 shows the base coil and aluminum mount- 
ing plate. The coil form is a piece of low-loss solid rod, 
such as Plexiglas or phenolic. The dimensions for this 
and other parts of the antenna are given in Fig 50. A length 
of brazing rod is used as the whip section. 

The whip should be 47 inches long. Howev 
ing rod comes in standard 36-inch lengths, so if used, it 
necessary to solder an 11-inch extension to the top of 
the whip. A piece of #10 copper wire will suffice. Al- 
ternatively, a stainless-steel rod can be purchased to 


braz- 
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Fig 49—At top, a photograph of the ie-A vertical base 
section. The matching coil is affixed to an aluminum 
bracket that screws onto the inner lip of the car trunk. 
Above, the completed assembly. The coil has been 
wrapped with vinyl electrical tape to keep out dirt and 
moisture. 


make a 47-inch whip. Shops that sell CB antennas should 
have such rods for replacement purposes on base-loaded 
antennas. The limitation one can expect with brazing, 
rod is the relative fragility of the material, especially 
when the threads are cut for screwing the rod into the 
base coil form. Excessive stress can cause the rod to 
break where it enters the form. The problem is compli- 
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Fig 50—Structural details for the 2-meter “/--A antenna 
are provided at A. The mounting bracket is shown at B 
and the equivalent circuit is given at C. 


cated somewhat in this design because a spring is not 
used at the antenna mounting point. Builders of this an- 
tenna can find all kinds of solutions to the problems just 
outlined by changing the physical design and using dif- 
ferent materials when constructing the antenna. The 
‘main purpose of this description is to provide dimen- 
sions and tune-up information. 

‘The aluminum mounting bracket must be shaped to 
fit the car with which it will be used. The bracket can be 
used to effect a no-holes mount with respect to the exte 
rior portion of the car body. The inner lip of the vehicle 
trunk (or hood) can be the point where the bracket is at- 
tached by means of no. 6 or no. 8 sheet-metal screws. 
‘The remainder of the bracket is bent so that when the 
trunk lid or car hood is raised and lowered, there is no 
contact between the bracket and the moving part. Details, 
of the mounting unit are given in Fig SOB. A 14-gauge 
‘metal (or thicker) is recommended for rigidity. 

Wind 10%/: turns of #10 or #12 copper wil 
‘Ja-inch diameter coil form. The tap on LI is placed 
approximately four turns below the whip end. A secure 
solder joint is imperative 


Tune-Up 
After the antenna has been mounted on the vehicle, 


on the 


connect an SWR indicator in the 50-0 transmission line. 
Key the 144-MHz transmitter and experiment with the 
coil tap placement. If the whip section is 47 inches long, 
an SWR of 1:1 can be obtained when the tap is at the 
right location. As an alternative method of adjustment, 
place the tap at four turns from the top of L1, make the 
whip 50 inches long, and trim the whip length until an 
SWR of 1:1 occurs. Keep the antenna well away from 
other objects during tune-up, as they may detune the an- 
tenna and yield false adjustments for a match. 


A 5/8-WAVELENGTH 220-MHz 
MOBILE ANTENNA 


‘The antenna shown in Figs 51 and $2 was devel- 
oped to fill the gap between a homemade '/s-. mobile 
antenna and a commercially made */s-2 model. While 
antennas can be made by modifying CB models, that, 
presents the problem of cost in acquiring the original 
antenna. The major cost in this setup is the whip por- 
tion. This can be any tempered rod that will spring 
easily. 


Construction 

The base insulator portion is made of '/s-inch 
Plexiglas rod. A few minutes’ work on a lathe is suffi- 
cient to shape and drill the rod. (The innovative builder 
can use an electric drill and a file for the lathe work.) 
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Fig 51—The 220-MHz ‘/s-2 mobile antenna. The coll 
turns are spaced over a distance of 1 inch, and the 
bottom end of the coil is soldered to the coax 
connector. 


‘The bottom '/: inch of the rod is turned down to a diam- 
eter of %/ inch. This portion will now fit into a PL-259 
UHE connector. A '/s-inch diameter hole is drilled through 
the center of the rod. This hole will hold the wires that 
make the connections between the center conductor of 
the connector and the coil tap. The connection between 
the whip and the top of the coil is also run through this 
opening. A stud is force-fitted into the top of the Plexiglas 
rod. This allows for removal of the whip from the insula- 
tor. 


The coil should be initially wound on a form slightly 
smaller than the base insulator. When the coil is trans- 
ferred to the Plexiglas rod, it will keep its shape and will 
not readily move. After the tap point has been determined, 
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Fig 52—Diagram of the 220-MHz mobile antenna. 


a longitudinal hole is drilled into the center of the rod. A. 
#22 wire can then be inserted through the center of the 
insulator into the connector. This method is also used to 
attach the whip to the top of the coil. After the whip has 
been fully assembled, a coating of epoxy cement is ap- 
plied. This seals the entire assembly and provides some 
additional strength. During a full winter's use there was 
no sign of cracking or other mechanical failure. The ad- 
justment procedure is the same as for the 144-MHz ver- 
sion described previously. 


HF Antennas For Sailboats 


This material was contributed by Rudy Severns, NOLF. 
Many of the antenna ideas appearing earlier in this chapter 
an be applied to sailboats. However, the presence of the 
mast and the rigging, plus the prevalence of non-conduct- 
ing fiberglass hulls complicates the issue. There are many 
possibilities for antennas aboard sailboats. This includes both 
permanently installed antennas and antennas that can be 
hoisted for temporary use at anchor: 


1. Permanent 
Commercial or home-brew automobile-type verticals 
Backstay verticals and slopers 
Shunt feed of uninsulated rigging 


Temporary 
Sloping dipoles 
Inverted V's 
Yagis 


You should remember some basic fucts of life on a 
sailboat: 


1) On most boats the spars, standing rigging and some 
running rigging will be conductors. Stainless steel 
wire is usually used for the rigging and aluminum 
for the spars, 

2) Topping lifts, running backstays and jackstays all 
may be made of conducting materials and may often 
change position while the boat is underway. This, 
changes the configuration of the rigging and may 
affect radiation patterns and feed-point impedances. 

3) Shipboard antennas will always be close to the mast 
and rigging, in terms of electrical wavelength. Some 

s may in fact be part of the rigging 

point impedance and radiation pattern can 
be strongly influenced by the presence of the rigging, 

5) Because of the close proximity, the rigging is an 
integral part of the antenna and should be viewed as 
such 

6) The behavior of a given antenna will depend on the 
details of the rigging on a particular vessel. The per 
formance of a given antenna can vary widely on dif- 
ferent boats, due to differences in dimensions and 
arrangement of the rigging. 

7) Even though you may be floating on a sea of salt 
water, grounding still requires careful attention! 


ANTENNA MODELING 


Because of the strong interaction between the rig 
ging and the antenna, accurate prediction of radiation 
patterns and a reasonable guess at expected feed-point 
impedance requires that you model both the antenna and 
the rigging. Unless you do accurately model the system, 
considerable cut-and-try may be needed. This can be 
expensive when it has to be done in I x 19 stainless steel 
wire with $300 swaged insulator fittings! 

In fact, when your antenna is going to be part of 


4) 


standing rigging, it’s a very good idea to try your 
designs out at the dock. You could temporarily use 
Copperweld wire and inexpensive insulators in place of 
the stainless rigging wire and the expensive insulators 
This approach can save a good deal of money and aggra- 
vation. A wide variety of modeling programs are avail- 
able and can be very helpful in designing a new antenna 
but they have to be used with some caution: 


1) The rigging will have many small intersection angles 
and radically different conductor diameters, this can 
cause problems for NEC and MININEC programs 

2) You must usually taper the segment lengths near the 
junctions. This is done automatically in programs like 
ELNEC and EZNEC. 

3) Is usually necessary to use one wire size for the 
‘mast, spars and rigging. Some improvement in ac- 
curacy can be obtained by modeling the mast as a 
cage of 3 or 4 wires. 


‘The predicted radiation patterns will be quite good 
but the feed-point impedance predictions should be 
viewed as preliminary. Some final adjustment will usu- 
ally be required. Because of the wide variation between 
boats, even tho: 
is unique and should be analyzed separately. 


c of the same class, each new installation 


‘Transom Vertical 


aye 
20-m Wrip 


Fig 53—An example of a 20-meter 4/4 whip mounted on 
the transom. A local ground system must also be 
provided, as described in the section on grounding. 
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A SAFETY NOTE 


Ungrounded rigging endpoints near deck level can 
have high RF potentials on them when you transmit. For 
example, the shrouds on a fiberglass boat connect to 
chainplates that are bolted to the hull, but are not grounded. 
‘These can inflict painful RF burns on the unwary, even 
while operating at low power! As a general rule all rig- 
ging, spars and lifelines near deck level should be 
grounded. This also makes good sense for lightning pro- 
tection. For a backstay antenna with its feed point near 
deck level, a sleeve of heavy wall PVC pipe can be placed 
over the lower end of the stay as a protective shield. 
TRANSOM AND MASTHEAD MOUNTED 
VERTICALS: 
‘A very common antenna for boats is a vertical 


either a short mobile antenna or a full 4/4, placed on 
the transom, as shown in Fig 53. Note that in this ex- 
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Fig 54—Typical radiation pattern for the 4/4 transom 
mounted whip in Fig 53. 


46-32 Chapter 16 


ample the antenna is mounted off to one side—it could 
also be mounted in the center of the transom. The 
20-meter radiation pattern for this antenna as shown in, 
Fig 54. Unlike a free standing vertical, this antenna 
doesn’t have an omnidirectional pattern. It is asymmetri- 
cal, with a front-to-back ratio of about 13 dB. Further, 
the angle for maximum gain is offset in the direction, 
the antenna is placed on the transom. 

This is a very good example of the profound effect 
the rigging can have on any antenna used on board a sail- 
boat. Not only is the pattern affected but the feed-point 
impedance will be reduced from a nominal 36 © to 25 to 
300. 

‘The directive gain can be useful—if you point the 
boat in the right direction! Usually, however, a more uni- 
form omnidirectional pattern is more desirable. It is tempt- 
ing to suggest putting the vertical at the masthead, perhaps 
using a 6-foot loaded automobile whip, with the mast and, 
rigging acting as a ground plane. Fig 55 shows such a 
system, Unfortunately, this usually doesn’t work very well 
because the overall height of the mast and antenna will 
very likely be > 5/8 2. This will result in high-angle lobes, 
as shown in Fig 56. Depending on the mast height, this, 
idea may work reasonably well on 40 or 80 meters, but 


Fig 55—A whip mounted at the masthead. The feed line 
Is fed back down the mast either inside or outside. The 
base of the mast and the rigging is assumed to be 
properly grounded. 
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Fig 56—Typical radiation pattern for a masthead- 
mounted vertical. The multiple vertical lobes are due 
to the fact the antenna is higher than 4/2. 


® 


Fig 57—An example of a backstay vertical. A local 
ground point must be established on the transom next 
to the base of the backstay. 


s due 


you will still be faced with severe mechanical str 
to magnified motion at the masthead in rough sea. The 
masthead is usually reserved to VHF antennas, with their 
own radial ground plane. 


THE BACKSTAY VERTICAL 

A portion of the backstay can be insulated and used 
asa vertical as shown in Fig $7. The length of the insu- 
lated section will be 4/4 on the lowest band of interest. 
‘Typically, due to the loading effect of the rest of the 
rigging, the resonant length of the insulated section will 
be shorter than the classic 234/f (MHz) relation, al- 
though it can in some case actually be longer. Either 
modeling or trial adjustment can be used to determine 
the actual length needed. On a typical 35 to 40-foot sail- 
boat, the lowest band for 4/4 resonance will be 40 meters 
due to the limited length of the backstay. Examples of 
the radiation patterns on several bands for such an an- 
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Fig 58—Typical radiation patterns on 40 meters for the 
backstay vertical in Fig 57. 
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” The completed solder tag 


‘The next sequence show how the same basic principles of soldering wires are used 
to connect up a device such as a panel-mounting L.e.d.. A series resistor can be wrapped 
around and soldered directly to one of the L.e.d. solid wires, and then two multi-stranded 
connecting leads are soldered to the L.e.d. and resistor. It’s best to use heatshrink tubing or 
PVC sleeve to insulate the solder joints and prevent short circuits afterwards. 


* Multi-stranded wires can be soldered to the solid leads of an L.e.d.: insulate them 
afterwards. Different coloured wires identify the polarity of anode and cathode. 


“* PVC sleeving or heatshrink is needed to prevent short circuits. 
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Fig 59—Typical radiation patterns on 20 meters for the 
backstay vertical in Fig 57. 


enna are given in Figs 58 through 60. 
‘The pattern is again quite directional due to the pres 
ence of the mast and rigging. On 15 meters, where the 
antenna is approximately °/s 2, higher angle lobes app. 
On 40 and 15 meters, the feed point is near a current 
maximum and is in the range of 30 to 50 Q. On 20 meters, 
however, the feed point is a very high impedance because 
the antenna is near 2/2 resonance. One way to get around 
this problem for multiband use is to make the antenna 
longer than 2/4 on the lowest band. If the lowest band. 
40 meters then on 20 meters the feed-point impedance 
will be much lower. This antenna is non-resonant on any 
of the bands but can be conveniently fed with a tuner 
because the feed-point impedances are within the range 
of commonly available commercial tuners. Tuners sp 
cifically intended for marine applications frequently can 
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Fig 60—Typical radiation patterns on 15 meters for the 
backstay vertical in Fig 57. 


accommodate very high input impedances, but they tend 
to be quite expensive. 

The sensitivity of the radiation pattern to small 
of the mast and rigging is illustrated in Fig 61 


de 
This is the same antenna as shown in Fig 57 with the 


exception that the forestay is assumed to be ungrounded, 
In this particular example, ungrounding the forestay di 


tically increases the front-to-back ratio. With slightly dif- 


ferent dimensions, however, the pattern could have 
changed in other ways. 
High-quality insulators for rigging wire can be quite 


expensive and represent a potential weak point—if they 
fail the mast may come down. It is not absolutely neces- 
sary to use two insulators in a backstay vertical. As shown 
in Fig 62, the upper insulator may be omitted. The radia- 
tion patterns are shown in Figs 63 and 64. In this case 


“180 


Feed point con 


Fig 61—The effect of ungrounding the forestay on the 
radiation pattern. This is for 40-meter operation. 


the pattern is actually more symmetrical than it was with, 
an upper insulator—but this may not hold true for other 
rigging dimensions, The feed point does not have to be 
at the bottom of the backstay. As indicated in Fig 62, the 
feed point can be moved up into the backstay to achieve 


a better match or a more desirable feed-point impedan 
variation with frequency. In that case, the center of the 
coaxial feed line is connected to the upper section and, 
the shield to the lower section. The cable is then taped to 
the lower portion of the backstay. 

If single-band operation is all you want, even the 


lower insulator can be omitted by using shunt feed. A 
effective for this purpose, 
cd in Chapter 6 when driving a grounded tower. 


gamma match would be quit 
as discu 


Fig 62—Feeding the backstay without an insulator at 
the top. The feed point may be moved along the 
antenna to find a point with a better match on a 
particular band or to provide a better range of 
impedances for the tuner to match. The coaxial feed 
line is taped to the lower portion of the backstay. 
‘Again, a good local ground is needed at the base of the 
backstay. 


A 40-METER BACKSTAY HALF SLOPER 


‘A half-sloper antenna can be incorporated into the 
backstay, as shown in Fig 65. This will behave very much 
the same as the slopers described in Chapter 6. The 
advantage of this antenna for a sailboat installation is that, 


you don’t need to create a good ground connection at the 
Stern, as you would have to do for a transom-mounted 
vertical or the backstay vertical just described. This may 
be more convenient. The mast, shrouds and stays must 
still be grounded for the half-sloper but the arrangement 
is somewhat simpler. 


TEMPORARY ANTENNAS: 


is permanent antennas. A vari 


y 
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Fig 63—Typical 40-meter radiation pattern in Fig 62. 


of temporary antennas can be arranged. A few of these 
are shown in Figs 66 through 68. Of all of these the rigid 
dipole (Fig 66) will provide the best operation and will 
have a pattern close to that expected from a freestanding 
dipole. The other two examples will be strongly affected 
by their close proximity to the rigging, 


GROUNDING SYSTEMS 


You may be sitting in the middle of a thousand miles, 
of saltwater. This is great for propagation but you will still 
have to connect to that ground if you want to use a vertical 

‘There are many possibilities, but the scheme shown in Fig 
69 is representative. First a bonding wire, or better yet a 
copper strap (it can be very thin!), is connected from bow- 
to-stern on each side, connecting the forestay, lifeline stan- 
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Fig 64—Typical 20-meter radiation pattern in Fig 62. 


chions, chainplates, bow and stern pulpits and the backstay. 
Other bonding wires are run from the bow, stern and 
chainplates on both sides to a common connection at the 
base of the mast. The fore-and-aft bonding can be attached 
to the engine and to the keel bolts. The question arises: 
“What about electrolysis between the keel and propeller if 
you bond them together?” This has to be dealt with on a 
basis. If your protective zincs are depleting 
after you install a bonding scheme, change it 
by disconnecting something, the engine-shaft-propeller, for 
example. 

Grounding will vary in every i 
1. Howev 


allation and has to 
bbe customized to each ves: just as on shore, 
the better the ground system, the better the performance 
of the vertical! 


Sloping Dipole 


40 m Backstoy Sloper 
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Fig 67—One end of dipole can be attached to the main 
halyard and pulled up to the masthead. The bottom end 
of the dipole should be pulled out away from the 
rigging as much as possible to reduce the impact of 
the rigging on the impedance. 


Invertes 
Fig 65—A 40-meter halt-sloper fed at the masthead. 


HOISTED DIPOLE 
Pole with Dipole Toped on 
~ 
Control 
ine contre 
Broce 
Fig 68—The flag halyard can be used to hoist the 
Most center of an inverted V to the spreaders, or 
alternatively, the main halyard can be used to hoist the 
Fig 66—A dipole can be taped to a wood or bamboo center of the antenna to the masthead. Interaction 
pole and hoisted to the masthead with the main between the rigging and the antenna will be very 
halyard while at anchor. It is possible to make this a pronounced and the length of the antenna will have to. 
multiband dipole. be adjusted on a cut-and-try basis. 
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Antennas for Power Boats 


Powerboaters are not usually faced with the 
problems and opportunities created by the mast and rij 
ging on a sailboat. A powerboat may have 
but usually not on the same scale as a sailboat. Antennas 
for power boats have much more in common with auto- 
motive mobile operation, but with some important 
exceptions: 


small mas! 


1) In an automobile, the body is usually metal and it 
provides a groundplane or counterpoise for a whip 
antenna. Most modern powerboats, however, have 
fiberglass hulls. These are basically insulators, and 
will not work as counterpoises. (On the other hand. 
metal-hulled power boats can provide nearly ideal 
grounding!) 

2) A height restriction on automotive mobile whips is 
imposed by clearance limits on highway overpasses 
and also by the need to sustain wind speeds of up to 
80 miles per hour on the highway. 

3) In general, powerboats can have much taller anten- 
nas that can be lowered for the occasional low bridge. 

4) The motion on a powerboat, especially in rough sea 

can be quite severe. This places additional mechani 

cal strain on the antennas, 

‘On both powerboats and sailboats, operation in a salt- 

water marine environment is common, This means 


that a careful choice of materials must be made for 
the antennas to prevent corrosion and premature fail- 


‘The problem of a ground plane for vertical anten- 
nas can be handled in much the same manner as shown 
in Fig 69 for sailboats. Since there will most likely not 
be a large keel structure to connect to and provide a large 
surface area, additional copper foil can be added inside 
the hull to increase the counterpoise area. Because of the 
small area of the propeller, it may be better not to con- 
neet to the engine, but to rely instead on increasing the 
area of the counterpoise and operate it as a true counter~ 
poise—that is, isolated from ground. Sometim 
ber of radial wires are used for a vertical, much like that 
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Fig 69—A typical sailboat grounding scheme. 
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for a ground-plane antenna. This is not a very good idea 
unless the “wires” are actually wide copper-foil strips 
that can lower the Q substantially. 

‘The problem is the high voltage present at the ends 
of normal ground-plane antenna radials. For a boat these 
radials are likely to be in close proximity to the cabin, 
which in turn contains both people and electronic equip- 
‘ment. The high potential at the ends of the radials is both, 
a safety hazard and can result in RF coupling back into 
the equipment, including ham gear, navigational instru 
‘ments and entertainment devices. The cook is not likely 
to be happy if he or she gets an RF burn after touching the 
galley stove! Decoupling the counterpoise from the trans- 
mission line, as discussed in Chapter 6, can be very help- 
ful to keep RF out of other equipment. 

‘One way to avoid many of the problems associated 
with grounding is to use a rigid dipole antenna. On 
20 meters and higher, a rigid dipole made up from 
aluminum tubing, fiberglass poles or some combination 

effective. As shown in Fig 70A the halves 
of the dipole can be slanted upward like rabbit ears to 
reduce the wingspan and increase the feed-point imped- 
ance for a better match to common coax lines. On the 
lower bands a pair of mobile whips can be used, as shown 
in Fig 70B. Home-brew coils could also be used. 

For short-range communication, a relatively low 
dipole over saltwater can be effective. However, if long- 
range communication is needed, then a well-designed 
vertical, operating over seawater, will work much better. 
For these to work, of course, you must solve the ground, 
problems associated with a vertical 
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Fig 70—At A, a rigid dipole made from aluminum 
tubing, fiberglass poles or a combination of these. 
At B, a pair of mobile whips used as a dipole. 


It is not uncommon for large powerboats to have a 
two or three-element multiband Yagi installed on a short 
mast. While these can be effective, if they are not mounted 
high (> 4/2) they may be disappointing for longer-range 
communication. Over saltwater, vertical polarization is 
very effective for longer distances. A simpler, but well- 
vertical system on a boat may outperform a low 


The combination of a good ground system and one 
of the high-quality, motor-tuned multiband mobile whips 
now available commercially can also be very effective. 
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Repeater 
Antenna Systems 


‘There is an old adage in Amateur Radio that goes, 
“If your antenna did not fall down last winter, it 
wasn’t big enough.” This adage might apply to antennas for 
MF and HF work, but at VHF things are a bit different, at 
least as far as antenna size is concerned. VHF 
antennas are smaller than their HF counterparts, but yet the 
theory is the same—a dipole is a dipole, and a Yagi is a 
Yagi, regardless of frequency. A 144-MHz Yagi may pass 
as a TV antenna, but most neighbors can easily detect a 
radio hobbyist if a 14-MHz Yagi looms over his property 

Repeater antennas are discussed in this chapter 
Because the fundamental operation of these antennas is 
no different than presented in earlier chapters, there is no 
need to delve into any exotic theory. Certain consider 
ations must be made and certain precautions must be 
observed, however, since most repeater operations—ama- 
teur and commercial—take place at VHF and UHE. 


Basic Concepts 


‘The antenna is a vital part of any repeater installa- 
tion, Because the funetion of a repeater is to extend the 
range of communications between mobile and portable 
stations, the repeater antenna should be installed in the 
best possible location to provide the desired coverage 

his usually means getting the antenna as high above 
average (errain as possible. In some instances, a repeater 
may need to have coverage only in a limited area or 
direction. When this is the case, antenna installation 
requirements will be completely different, with certain 
limits being set on height, gain and power. 


Horizontal and Vertical Polarization 

Until the upsurge in FM repe: 
1970s, most antennas used in amateur VHF work were 
horizontally polarized. These days, very few repeater 
‘groups use horizontal polarization. (One of the major 


jer activity in the 


sons for using horizontal polarization is to allow separate 
repeaters to share the same input and/or output frequen- 
cies with closer-than-normal geographical spacing.) The 
vast majority of VHF and UHF repeaters use vertically 
polarized antennas, and all the antennas discussed in this 
chapter are of that type 


‘Transmission Lines 


Repeaters provide the first venture into VHF and 
UHE work for many amateurs. The uninitiated may not 
be aware that the transmission lines used at VHF become 
very important because feed-line losses increase with fre~ 
quency 

‘The characteristics of feed lines commonly used at 
VHF are discussed in Chapter 24, Transmission Lines. 
Although information is provided there for small-diam- 
eter RG-58 and RG-59 coaxes, these should not be used 
except for v 
cables are very lossy at VHF. In addition, the losses can 
be much higher if fittings and connections are not care- 
fully installed. 

‘The differences in loss between solid-polyethylene 
dielectric types (RG-8 and RG-11) and those using foam 
polyethylene are significant at VHF and UHE. If you can 
afford the line with the least loss, buy it 

If you must bury coaxial cable, check with the cable 
manufacturer before doing so. Many popular varieties of 
coaxial cable should not be buried, since the dielectric 


ry short feed lines (25 feet or less). These 


can become contaminated from moisture and soil chemi- 
cals, Some coaxial cables are labeled as non-contaminat- 

uch a label is the best way to be sure your cable can 
be buried without damage. 


Matching 
Losses are lowest in transmission lines that are 
matched to their characteristic impedances. If there is a 


Repeater Antenna Systems 17-4 


mismatch at the end of the line, the losses increase. The 
only way to reduce the SWR on a transmission line is by 
matching the line at the antenna. Changing the length of 
a transmission line does not reduce the SWR. The SWR, 
established by the impedance of the line and the 
impedance of the antenna, so matching must be done 
the antenna end of the line. 

The importance of matching, so far as feed-line 


los ed. But 
under some conditions, it is necessary to minimize feed- 
line losses related to SWR if repeater performance is to 
be consistent. It is important to keep in mind that most 
VHF/UHF equipment is designed to operate into a 50-Q. 
load. The output circuitry will not be loaded properly if 
connected to a mismatched line. This leads to a loss of 
power, and in some cases, damage to the transmitter. 


are concerned, is sometimes overstr 


Repeater Antenna System Design 


Choosing a repeater or remote-base antenna system 
is as close as most amateurs come to designing a com- 
mercial-grade antenna system. The term system is used 
because most repeaters utilize not only an antenna and a 
transmission line, but also include duplexers, cavity fil- 
ters, circulators or isolators in some configuration. 
Assembling the proper combination of these items in con- 
structing a reliable system is both an art and a science. In 
this section prepared by Domenic Mallozzi, NIDM, the 
functions of each component in a repeater antenna 
system and their successful integration are discussed. 
While every possible complication in constructing a 
repeater cannot be foreseen at the outset, this discussion 
should serve to steer you along the right lines in solving 
any problems encountered, 


COMPUTING THE COVERAGE AREA 
FOR A REPEATER 


Modern computer programs can show the coverage 
of a repeater using readily available topographic data from 
the Internet. In Chapter 3, The Effects of Ground, we 
described the MicroDEM program supplied on the CD- 
ROM accompanying this book. Dr Peter Guth, the 
author of MicroDEM, built into it the ability to generate 
terrain profiles that can be used with ARRL’s HFTA (HF 
‘Terrain Assessment) program (also included on the CD- 
ROM). 

MicroDEM has a wide range of capabilities beyond 
simply making terrain profiles. It can do LOS (line of 
sight) computations, based on visual or radio-horizon 
considerations. Fig 1 shows a MicroDEM map for the 
area around Glastonbury, Connecticut. This is somewhat 
hilly terrain, and as a result the coverage for a repeater 
placed here on a 30-meter (100-foot) high tower would 
be somewhat spotty. Fig 1 shows a “Viewshed” on the 
map, in the form of the white terrain profile strokes in 5° 
increments around the tower. 

Fig 2 shows the LOS for an azimuth of 80°, from a 
30-meter high tower out to a distance of 8000 meters. The 
light-shaded areas on the profile are those that are illumi- 
nated directly by the antenna on the tower, while the dark 
portions of the profile are those that cannot be seen 
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Fig 2—An “LOS” (line of sight) profile at an azimuth of 
80° from the tower in Fig 1. The light-gray portions of 
the terrain profile are visible from the top of the tower, 
while the dark portions are blocked by the terrain. 


directly from the tower. This profile assumes that the 
mobile station is 2 meters high—the height of a 6-foot 
high person with a handheld radio. 

‘The terrain at an 80° azimuth allows direct radio view 
from the top of the tower out to about 1.8 km. From he 
the downslope prevents direct view until about 2.5 km, 


where the terrain is briefly v in from several 
hundred meters, disappearing from radio view until about 
2.8 km, after which it becomes visible until about 3.6 
km. Note that other than putting the repeater antenna on 
a higher tower, there is nothing that can be done to im- 
prove repeater coverage over this hilly terrain, although 
knife-edge diffraction off the hill tops will help fill in 
coverage gaps. 


The Repeater Antenna 


The most important part of the system is the antenna 
itself, As with any antenna, it must radiate and collect 
RF energy as efficiently as possible. Many repeaters use 
omnidirectional antennas, but this is not always the best 
choice. For example, suppose a group wishes to set up 
repeater to cover towns A and B and the interconnecting 
state highway shown in Fig 3. The available repeater site 
is marked on the map. No coverage is required to the wes 
or south, or over the ocean. If an omnidirectional antenna 
is used in this case, a significant amount of the radiated 
signal goes in undesired directions. By using an antenna 
with a cardioid pattern, as shown in Fig 1, the coverage 
is concentrated in the desired directions. The repeater will 
be more effective in these locations, and signals from low- 


Fig 3—There are many situations where equal repeater 
coverage Is not desired in all directions from the 
“machine.” One such situation is shown here, where 
the repeater is needed to cover only towns A and B 
and the interconnecting highway. An omnidirectional 
antenna would provide coverage in undesired 
directions, such as over the ocean. The broken line 
shows the radiation pattern of an antenna that is better 
sulted to this circumstance. 


power portables and mobiles will be more reliable. 

In many cases, antennas with special patterns are 
more expensive than omnidirectional models. This is an 
obvious consideration in designing a repeater antenna 
system. Over terrain where coverage may be difficult in 
some direction from the repeater site, it may be desirable 
to skew the antenna pattern in that direction. This can be 
accomplished by using a phased-vertical array or a com- 
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Fig 4—The “keyhole” horizontal radiation pattern at A 
is generated by the combination of phased Yagis and 
vertical elements shown at B. Such a pattern is useful 
in overcoming coverage blockages resulting from local 
terrain features. (Based on a design by Decibel 
Products, Inc.) 
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“™ A commercial l.e.d— the series resistor can be made out in the sleeving. 


Wires can also be soldered directly to printed circuit boards by stripping and tinning 
the ends, provided they fit through the holes in the p.c.b. It’s a very common and cheap 
way of hooking up a board using “flying leads” and you'll see this all the time in 
consumer electronic equipment. For convenience so-called “solder pins” can be used, onto 
which flying leads may be soldered from the component-side instead. 


A set of L.e.d.s connecting wires, stripped, tinned and ready to be soldered to the 
pcb. 


Fig 5—Vertical-beam downtilt is another form of 
radiation-pattern distortion useful for improving 
repeater coverage. This technique can be employed in 
situations where the repeater station is at a greater 
elevation than the desired coverage area, when a high- 
gain omnidirectional antenna is used. Pattern A shows 
the normal vertical-plane radiation pattern of a high- 
gain omnidirectional antenna with respect to the 
desired coverage area (the town). Pattern B shows the 
pattern tilted down, and the coverage improvement is 
evident. 


bination of a Yagi and a phased vertical to produce a “key- 
hole” pattern. See Fig 4. 

Repeaters are common on 440 MHz and above, and 
many groups invest in high-gain omnidirectional anten- 
nas. A consequence of getting high gain from an omnidi- 
rectional antenna is vertical beamwidth reduction, In most 
cases, these antennas are designed to radiate their peak 
gain at the horizon, resulting in optimum coverage when 
the antenna is located at a moderate height over normal 
terrain. Unfortunately, in cases where the antenna is 
located ata very high site (overlooking the coverage area) 
this may not be the most desirable pattern. The vertical 
pattern of the antenna can be tilted downward, however, 
to facilitate coverage of the desired area. This is called 


vertical-beam downtilt. 

‘An example of such a situation is shown in Fig 5 
‘The repeater site overlooks a town in a valley. A 450- 
MHz repeater is needed to serve low-power portable and 
mobile stations. Constraints on the repeater dictate the 
use of an antenna with a gain of 11 dBi. (An omnidirec~ 
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Fig 6—Vertical-beam downtilt can be facilitated by inserting 52-Q delay lines in series with the 75-0 feed lines to 
the collinear elements of an omnidirectional antenna. The delay lines to each element are progressively longer so 
the phase shift between elements is uniform. Odd "/.-A coaxial transformers are used in the main (75-Q) feed 
system to match the dipole impedances to the driving point. Tilting the vertical beam in this way often produces 
minor lobes in the vertical pattern that do not exist when the elements are fed in phase. 
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tional antenna with this gain has a vertical beamwidth of 
approximately 6°.) If the repeater antenna has its peak 
gain at the horizon, a major portion of the transmitted 
signal and the best area from which to access the repeater 
exists above the town. By tilting the pattern down 3°, the 
peak radiation will occur in the town, 

Vertical-beam downtilt is generally produced by 
feeding the elements of a collinear vertical array slightly 
out of phase with each other. Lee Barrett, K7NM, showed 
such an array in Ham Radio magazine. (See the Bibliog- 
raphy at the end of this chapter.) Barrett gives the geom- 
etry and design of a four-pole array with progressive phase 
delay, and a computer program to model it. The technique 
is shown in Fig 6, with a free-space elevation plot show- 
ing downtilting in Fig 7. 

Commercial antennas are sometimes available (at 
extra cost) with built-in downtilt characteristics. Before 
ing such a commercial antenna, make sure that you 
really require it—they generally are special-order items 
and are not returnable. 

There are disadvantages to improving coverage by 
means of vertical-beam downtilt. When compared to a 
standard collinear array, an antenna us 
downtitt will have somewhat greater extraneous lobes in 
the vertical pattern, resulting in reduced gain (usually 
than I dB). Bandwidth is also slightly reduced. The 
reduction in gain, when combined with the downtilt char- 
acteristic, results in a reduction in total coverage area. 
‘These trade-offs, as well as the increased cost of a 
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Fig 7—Free-space elevation-plane patterns showing 
downtilting that results from progressive phase shifts 
for the feed currents for the dipole in Fig 6. 


commercial antenna with downtilt, must be compared to 
the improvement in total performance in a situation where 
vertical-beam downtilt is contemplated. 


Top Mounting and Side Mounting 
Amateur repeaters often share towers with commer- 

cial and public service users. In many of these cases, other 
antennas are at the top of the tower, so the amateur 
antenna must be side mounted. A consequence of this, 
arrangement is that the free-space pattern of the repeater 
antenna is distorted by the tower. This effect is especially 
ble when an omnidirectional antenna is side 


mounted on a structure 

‘The effects of supporting structures are most pro- 
nounced at close antenna spacings to the tower and with 
large support dimensions. The result is a measurable 
increase in gain in one direction and a partial null in the 
other direction (sometimes 15 dB deep). The shape of 
the supporting structure also influences pattern distor- 
tion, Many antenna manufacturers publish radiation pat- 
terns showing the effect of side mounting antennas in their 
catalogs. 

de mounting is not always a disadvantage. In cases, 
where more (or less) coverage is desired in one dir 
tion, the supporting structure can be used to advantage 
If pattern distortion is not acceptable, a solution is to 
mount antennas around the perimeter of the structure and 
feed them with the proper phasing to synthesize an 
omnidirectional pattern. Many manufacturers make 
antennas to accommodate such situations, 

The effects of different mounting locations and 
arrangements can be illustrated with an array of exposed 
dipoles, Fig 8. Such an array is a very versatile antenna 
because, with simple rearrangement of the elements, it 
can develop either an omnidirectional pattern or an off 
set pattern, Drawing A of Fig 8 shows a basic collinear 
array of four vertical 4-2 elements. The vertical spacing 
between adjacent elements is 14. All elements are fed in 
phase. If this array is placed in the clear and supported 
by a nonconducting mast, the calculated radiation 
tance of each dipole element is on the order of 63 Q. If 
the feed line is completely decoupled, the resulting azi 
muth pattern is omnidirectional. The vertical-plane pat- 
tern is shown in Fig 9. 

Fig 8B shows the same array in a side-mounting ar- 
rangement, at a spacing of 4 2 from a conducting mast. 
In this mounting arrangement, the mast takes on the role 
of a reflector, producing an F/B on the order of 
5.7 dB. The azimuth pattern is shown in Fig 10. The ver- 
tical pattern is not significantly different from that of 
Fig 9, except the four small minor lobes (two on either 
side of the vertical axis) tend to become distorted. They 
are not as “clean.” tending to merge into one minor lobe 
at some mast heights. This apparently is a function of 
currents in the supporting mast. The proximity of the mast 
also alters the feed-point impedance. For elements that 
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are resonant in the configuration of Fig 8A, the calcu- 
lated impedance in the arrangement of Fig 8B is in the 
order of 72 +j 10.2 

If side mounting is the only possibility and an 
omnidirectional pattern is required, the arrangement of 
Fig 8C may be used. The calculated azimuth pattern takes 
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Fig 8—Various arrangements of exposed dipole 
elements. At A is the basic collinear array of four 
elements. B shows the same elements mounted on 
the side of a mast, and C shows the elements in a 
side-mounted arrangement around the mast for 
‘omnidirectional coverage. See text and Figs 9 through 
11 for radiation-pattern information. 


Fig 9—Calculated vertical-plane pattern of the a 
Fig 8A, assuming a nonconducting mast support and 
complete decoupling of the feeder. In azimuth the array 
is omnidirectional. The calculated gain of the array is 
8.6 dBi at 0° elevation; the -3 dB point is at 6.5°. 
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on a slight cloverleaf shape, but is within 1.5 dB of being 
circular. However, gain performance suffers, and the 
idealized vertical pattern of Fig 9 is not achieved. See 
Fig 11. Spacings other than '/.-A from the mast were not 
investigated. 

One very important consideration in side mounting 
fan antenna is mechanical integrity. As with all repeater 
components, reliability is of great importance. An antenna 
hanging by the feed line and banging against the tower 
provides far from optimum performance and reliability 
Use a mount that is appropriately 
the antenna, Also use good hardware, pref 
steel (or bronze). If your local hardware store does not 
carry stainless steel hardware, try a boating supplier. 


Fig 10—Calculated azimuth pattern of the side- 
mounted array of Fig 8B, assuming ‘ih spacing from a 
4-inch mast. The calculated gain in the favored 
direction, away from the mast and through the 
elements, is 10.6 dBi. 


Fig 11—Calculated vertical pattern of the array of 
Fig 8C, assuming '/-A element spacing from a 4-inch 
mast. The azimuth pattern is circular within 1.5 dB, 
and the calculated gain is 4.4 dBi. 


Be certain that the f 


sd line is properly supported 
along its length. Long lengths of cable are subject to con- 
traction and expansion with temperature from season to 
season, so it is important that the cable not be so tight 

it to stress the connection at the 


antenna. This can cause the connection to become inte 
mittent (and noisy) or, at worst, an open circuit. This is 
far from a pleasant situation if the antenna connection is 
300 feet up a tower, and it happens to be the middle of 
the winter! 


Effects of Other Conductors 


Feed-line proximity and tower-access ladders or 
cages also have an effect on the radiation patterns of side~ 
mounted antennas. This subject was studied by Connolly 
and Blevins, and their findings are given in IEEE Con- 
ference Proceedings (see the Bibliography at the end of 
this chapter). Those considering mounting antennas on 
air-conditioning evaporators or maintenance penthouses 
on commercial buildings should consult this article. It 
gives considerable information on the effects of these 


structures on both unidirectional and omnidirectional 
antennas, 
Metallic guy wires also affect antenna radiation pat- 
Yang and Willis studied this and reported the 
results in JRE Transactions on Vehicular Communica- 
tions. As expected, the closer the antenna is to the guy 
wires, the greater the effect on the radiation patterns. If 
the antennas are near the point where the guy wires meet 
the tower, the effect of the guy wires can be minimized 
by breaking them up with insulators every 0.75 2 for 2.25 
230A 


terns. 


ISOLATION REQUIREMENTS IN 
REPEATER ANTENNA SYSTEMS 
Because repeaters generally operate in full duplex 

(the transmitter and receiver operate simultaneously), the 
antenna system must act as a filter to keep the transmitter 
from blocking the receiver. The degree to which the trans- 
miter and receiver must be isolated is a complex prob- 
lem. It is quite dependent on the equipment used and the 
difference in transmitter and receiver frequencies (off- 
set). Instead of going into great detail, a simplified 
example can be used for illustration. 

Consider the design of a 144-MHz repeater with a 
600-kHz offset. The transmitter has an RF output power 
of 10 watts, and the receiver has a squelch sensitivity of 
0.1 MV. This means there must be at least 1.9 x10 watts 
at the 52-Q receiver-antenna terminals to detect a signal 
If both the transmitter and receiver were on the same fre- 
quency, the isolation (attenuation) required between the 
transmitter and receiver antenna jacks to keep the trans- 
miter from activating the receiver would be 


10 watts 


Isolation = 10log “SS _ 
1.91071? watts 


6748 


Obviously there is no need for this much attenua- 
tion, because the repeater does not transmit and receive 
on the same frequency 

If the 10-watt transmitter has noise 600 kHz away 
from the carrier frequency that 
power, that 45 dB can be subtracted from the isolation 
requirement. Similarly, if the receiver can detect a 0.1 1. 
V on-frequency signal in the presence of a signal 600 kHz 
away that is 40 dB greater than 0.1 LV, this 40 dB can also 
be subtracted from the isolation requirement. Therefore, 
the isolation requirement is 


45 dB below the carrier 


167 dB ~ 45 dB ~ 40 dB = 82 dB 


Other factors enter into the isolation requirements 
as well. For example, if the transmitter power is increased 
by 10 dB (from 10 to 100 watts), this 10 dB must be added 
to the isolation requirement. Typical requirements for 
144- and 440-MHz repeaters are shown in Fig 12. 
Obtaining the required isolation is the first problem to 
be considered in constructing a repeater antenna system. 
‘There are three common ways to obtain this isolation: 


1) Physically separate the receiving and transmitting 
antennas so the combination of path loss for the spac- 
ing and the antenna radiation patterns results in the 
required isolation. 

Use a combination of separate antennas and high-Q 
fers to develop the required isolation. (The high-Q 
fers serve to reduce the physical distance required 

between antennas.) 
3) Use a combination filter and combiner system to 
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Fig 12—Typical isolation requirements for repeater 
transmitters and receivers operating in the 132- 

474 MHz band (Curve A), and the 400-512 MHz band 
(Curve 8). Required isolation in dB is plotted against 
frequency separation in MHz. These curves were 
developed for a 100-W transmitter. For other power 
levels, the isolation requirements will differ by the 
change in decibels relative to 100 W. Isolation 
requirements will vary with receiver sensitivity. (The 
values plotted were calculated for transmitter-carrier 
and recelver-noise suppression necessary to prevent 
more than 1 dB degradation in receiver 12-dB SINAD 
sensitivity.) 
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allow the transmitter and receiver to share one antenna, 


Such a filter and combiner is called a duplexer 


Repeaters operating on 28 and 50 MHz. generally 
use separate antennas to obtain the required isolation. This 
is largely because duplexers in this frequency range are 
both large and very expensive. It is generally less expen- 
sive to buy two antennas and link the sites by a commit 
ted phone line or an RF link than to purchase a duplexer. 
At 144 MHz and higher, duplexers are more commonly 
used. Duplexers are discussed in greater detail in a later 
section. 


Separate Antennas 

Receiver desensing (gain limiting caused by the pres- 
ence of a strong off-frequency signal) can be reduced, 
and often eliminated, by separation of the transmitting 
and receiving antennas. Obtaining the 55 to 90 dB of iso- 
lation required for a repeater antenna system requires 
separate antennas to be spaced a considerable distance 
apart (in wavelengths) 

Fig 13 shows the distances required to obtain spe- 
cific values of isolation for vertical dipoles having hori- 
zontal separation (at A) and vertical separation (at B). 
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Fig 13—At A, the amount of attenuation (isolation) 
provided by horizontal separation of vertical dipole 
antennas. At B, isolation afforded by vertical 
separation of vertical dipoles. 
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‘The isolation gained by using separate antennas is sub- 
tracted from the total isolation requirement of the sys~ 
tem. For example, if the transmitter and receiver antennas 
for a 450-MHz repeater are separated horizontally by 
400 feet, the total isolation requirement in the system is, 
reduced by about 64 dB. 

Note from Fig 13B that a vertical separation of only 
about 25 feet also provides 64 dB of isolation. Vertical 
separation yields much more isolation than does horizon- 
tal separation. Vertical separation is also more practical 
than horizontal, since only a single support is required, 

An explanation of the significant difference between 
the two graphs is in order. The vertical spacing require: 
ment for 60 dB attenuation (isolation) at 150 MHz is about 
43 feet. The horizontal spacing for the same isolation level, 
is on the order of 700 feet. Fig 14 shows why this differ- 
cence exists. The radiation patterns of the antennas at A 
overlap; each antenna has gain in the direction of the other. 
‘The path loss between the antennas is given by 


4nd 


Path loss (dB) (Eq) 


200g 


where 


d= distance between antennas 


wavelength, in the same units as d. 


‘The isolation betw: 


n the antennas in Fig 14A is 
the path loss less the antenna gains. Conversely, the 
antennas at B share pattern nulls, so the isolation is the 
path loss added to the depth of these nulls. This signi 
cantly reduces the spacing requirement for vertical sepa- 
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Fig 14—A relative representation of the isolation 
advantage afforded by separating antennas 
horizontally (A) and vertically (B) is shown. A great 
deal of isolation is provided by vertical separation, but 
horizontal separation requires two supports and much 
greater distance to be as effective. Separate-site 
repeaters (those with transmitter and receiver at 
different locations) benefit much more from horizontal 
separation than do single-site installations. 


ration. Because the depth of the pattern nulls is not inf 
nite, some spacing is required. Combined horizontal and 
vertical spacing is much more difficult to quantify be- 
cause the results are dependent on both radiation patterns 
and the positions of the antennas relative to each other. 
Separate antennas have one major disadvantage: 
‘They create disparity in transmitter and r 
age. For example, say a 50-MHz repeater is installed over 
average terrain with the transmitter and repeater sepa- 
rated by 2 miles. If both antennas had perfect omnidirec~ 
tional coverage, the situation depicted in Fig 15 would 
exist. In stations able to hear the repeater may 
not be able to access it, and vice versa. In practice, the 
situation can be considerably worse. This is especially 
true if the patterns of both antennas are not omnidirec~ 
tional. If this disparity in coverage cannot be tolerated, 
the solution involves skewing the patterns of the anten- 
nas until their coverage areas are essentially the same. 


Cavity Resonators 


As just discussed, receiver desensing can be reduced 
by separating the transmitter and receiver antennas. But 
the amount of transmitted energy that reaches the receiver 
input must often be decreased even farther. Other nearby 
transmitters can cause desensing as well. A cavity reso- 
nator (cavity filter) can be helpful in solving these prob- 
lems. When properly designed and constructed, this type 
of resonator has very high Q. A commercially made cav- 
ity is shown in Fig 16. 

A cavity resonator placed in series with a transmis- 
sion line acts as a band-pass filter. For a resonator to 
operate in series, it must have input and output coupling 


ssonator can also be con- 
(in parallel with) a transmission line. The 
cavity then acts as a band-reject (notch) filter, greatly 


attenuating energy at the frequency to which it is tuned. 
Only one coupling loop or probe is required for this, 
method of filtering. This type of cavity could be used in 


NV: < Seen 5 
NAA = Transmitter Coverage Area 


OOK = Muto! coverage Aree 


Fig 15—Coverage disparity is a major problem for 
separate-site repeater antennas. The transmitter and 
receiver coverage areas overlap, but are not entirely 
mutually inclusive. Solving this problem requires a 
great deal of experimentation, as many factors are 
Involved. Among these factors are terrain features and 
distortion of the antenna radiation patterns from 
supports. 


the receiver line to “notch” the transmitter signal. Sev- 
eral cavities can be connected in series or parallel to 
increase the attenuation in a given configuration. The 
graphs of Fig 17 show the attenuation of a single cavity 
(A) and a pair of cavities (B). 

‘The only situation in which cavity filters would not 
help is the case where the off-frequency noise of the trans- 
mitter was right on the receiver frequency. With cavity 
resonators, an important point to remember is that addi- 
tion of a cavity across a transmission line may change 
the impedance of the system. This change can be com- 


pensated by adding tuning stubs along the transmission 
line. 


Duplexers 
‘The material in this section was prepared by 
NIDM. Most amateur repeaters in the 
220- and 440-MHz bands use duplexers to obtain 
the necessary transmitter to receiver isolation. Duplexers, 
have been commonly used in commercial repeaters for 
many years. The duplexer consists of two high-Q filters. 
One filter is used in the feed line from the transmitter to 


the antenna, and another between the antenna and the 
receiver. These filters must have low loss at the frequency 
to which they are tuned while having very high attenua- 
tion at the surrounding frequencies. To meet the high 
attenuation requirements at frequencies within as little 
as 0.4% of the frequency to which they are tuned, the 
filters usually take the form of cascaded transmission- 
line cavity filters. These are either band-pass filters, or 
band-pass filters with a rejection notch. (The rejection 
notch is tuned to the center frequency of the other filter.) 
‘The number of cascaded filter sections is determined by 
the frequency separation and the ultimate attenuation 
requirements. 


Fig 16—A coaxial cavity 
filter of the type used in 
many amateur and 
commercial repeater 
installations. Center- 
conductor length (and 
thus resonant frequency) 
is varied by adjustment 
of the knob (top). 
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Fig 17—Frequency response curves for a single cavity (A) and two cavities cascaded (B). These curves are for 
cavities with coupling loops, each having an insertion loss of 0.5 dB. (The total insertion loss is indicated in the 
body of each graph.) Selectivity will be greater if lighter coupling (greater insertion loss) can be tolerated. 
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Duplexers for the amateur bands repre: 
cant technical challeng 


ent a sigi 
because in most cases amateur 


repeaters operate with significantly less frequency sepa- 
ration than their commercial counterparts. Information 


‘on home construction of duplexers is presented in a later 
section of this chapter. Many manufacturers market high- 
quality duplexers for the amateur frequencies. 
Duplexers consist of very high-Q cavities whose 
resonant frequencies are determined by mechanical com- 
ponents, in particular the tuning rod. Fig 18 shows the 
cutaway view ofa typical duplexer cavity. The rod is usu- 
ally made of a material that has a limited thermal expan- 


sion coeffici 


(such as Invar). Detuning of the cavity 
by environmental changes introduces unwanted losses in 
the antenna system. An article by Arnold in Mobile 
Radio Technology considered the causes of drift in the 


Fig 18—Cutaway view of a typical cavity. Note the 
relative locations of the coupling loops to each other 
and to the center conductor of the cavity. A locknut is 
sed to prevent movement of the tuning rod after 
adjustment. 


The: 


y (see the Bibliography at the end of this chapter), 
be broken into four major categories. 


1) Ambient temperature variation (which leads to 
mechanical variations related to the thermal expan- 
sion coefficients of the materials used in the cavity) 

2) Humidity (dielectric constant) variation. 

3) Localized heating from the power dissipated in the 
cavity (resulting from its insertion loss) 

4) Mechanical variations resulting from other factors, 
(vibration, ete). 


In addition, because of the high-Q nature of these 
cavities, the insertion loss of the duplexer increases when 
the signal is not at the peak of the filter response. This 
cal terms, that less power is radiated for 
a given transmitter output power. Also, the drift in cav 
ties in the receiver line results in increased system noise 
figure, reducing the sensitivity of the repeater. 

As the frequency separation between the receiver and 
the transmitter decreases, the insertion loss of the duplexer 
reaches certain practical limits. At 144 MHz, the min 
mum insertion loss for 600 kHz spacing is 1.5 dB per 
filter. 

Testing and using duplexers requires some special 
considerations (especially as frequency increases), 
Because duplexers are very high-Q devices, they are very 
sensitive to the termination impedances at their ports. A 
high SWR on any port is a serious problem, because the 
apparent insertion loss of the duplexer will increase, and 
the isolation may appear to decrease. Some have found 
that when duplexers are used at the limits of their isola~ 
tion capabilities, a small change in antenna SWR is 
enough to cause receiver desensitization. This occurs most 
often under ice-loading conditions on antennas with open- 
wire phasing sections. 

The choice of connectors in the duplexer system 
is important. BNC connectors are good for use below 
300 MHz. Above 300 MHz, their use is discouraged 
because even though many types of BNC connectors work 
well up to | GHz, older style standard BNC connectors 
are inadequate at UHF and above. Type N connectors 
should be used above 300 MHz. It is false economy to 
use marginal quality connectors. Some commercial us- 
ers have reported deteriorated isolation in commercial 
UHF repeaters when using such connectors. The loca- 
tion of a bad connector in a system is a complicated and 
frustrating process. Despite all these considerations, the 
duplexer is still the best method for obtaining isolation 
in the 144- to 925 MHz range. 


ADVANCED TECHNIQUES 


As the number of available antenna sites decreases 
and the cost of various peripheral items (such as coaxial 
cable) increases, amateur repeater groups are required to 
dev 


advanced techniqu 
ective. Some of the techniques disc 


f repeaters are to remain 
sed here have 


been applied in commercial services for many years, but 
until recently have not been economically justified for 
amateur use. 

One technique worth consideration is the use of 
cross-band couplers. To illustrate a situation where a 
cross-band coupler would be useful, consider the follow- 
ing example. A repeater group plans to install 144- and 
902-MHz repeaters on the same tower. The group intends, 
to erect both antennas on a horizontal cross arm at the 
325-foot level. A 325-foot run of “/-inch Heliax costs 
approximately $2000. If both antennas are to be mounted 
at the top of the tower, the logical approach would 
require two separate feed lines. A better solution involves 
the use of a single feed line for both repeaters, along with 
‘a cross-band coupler at each end of the line. 

‘The use of the cross-band coupler is shown in 
Fig 19. As the term implies, the coupler allows two sig- 
nals on different bands to share a common transmission 
line. Such couplers cost approximately $300 each. In our 
hypothetical example, this represents a saving of $1400 
over the cost of using separate feed lines. But, as with all, 
compro: there are disadvantages. Cross-band cou- 
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Fig 19—Block diagram of a system using cross-band 
couplers to allow the use of a single feed line for two 
repeaters. If the feeder to the antenna location Is long 
(more than 200 feet or so), cross-band couplers may 
provide a significant saving over separate feed lines, 
especially at the higher amateur repeater frequencies. 
Cross-band couplers cannot be used with two 
repeaters on the same band. 
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loss of about 0.5 dB per unit. Therefore, the 
id represents a loss of 1.0 dB in each trans- 
mission path. If this loss can be tolerated, the cross-band 


coupler is a good solution. 
Cross-band couplers do not allow two repeaters on 
the same band to share a single antenna and feed line. As 


\d towel 


repeater site pace become more scarce, it may 
be desirable to have two repeaters on the same band share 


the same antenna. The solution to this problem is the use 
of a transmitter multicoupler. The multicoupler is related 
to the duplexers discussed earlier. It is a cavity filter and 


combiner that allows multiple transmitters and receivers 
to share the same antenna. This is a common commercial 
practice. A block diagram of a multicoupler system is 
shown in Fig 20. 

The multicouple 
device, and has the dis 


however, is a very expensive 
\dvantage of even greater loss per 
sion path than the standard duplexer. For 
example, a well-designed duplexer for 600 kHz spacing 
at 146 MHz has a loss per transmission path of approx 
mately 1.5 dB. A four-channel multicoupler (the require- 
ment for two repeaters) has an insertion loss per 
transmission path on the order of 2.5 dB or more. Another 
constraint of such a system is that the antenna must present 
a good match to the transmission line at all frequenci 
on which it will be used (both transmitting and receiv- 
ing). This becomes difficult for the system with two re- 
peaters operating at opposite ends of a band. 

If you elect to purchase a commercial base-station 
antenna that requires you to specily a frequency to which 


transmi 


the antenna must be tuned, be sure to indicate to the manu- 


facturer the intended us 


of the antenna and the frequency 
extremes. In some cases, the only way the manufacturer 
can accommodate your request is to provide an antenna 
with some vertical-beam uptilt at one end of the band 
and some downtilt at the other end of the band. In the 
case of antennas with very high gain, this in itself may 
become a serious problem. Careful analysis of the situa- 
tion is necessary before assembling such a system, 


Diversity Techniques for Repeaters 

Mobile flutter, “dead spots” and similar problems 
are a real problem for the mobile operator. The popular- 
ity of hand-held transceivers using low power and 
mediocre antennas causes similar problems. A solution 
to these difficulties is the use of some form of diversity 
reception. Diversity reception works because signals do 
not fade at the same rate when received by antennas at 
different locations (space diversity) or of different polar- 
izations (polarization diversity) 

Repeaters with large transmitter coverage areas 
often have difficulty “hearing” low power stations in 
peripheral areas or in dead spots. Space diversity is espe- 
cially useful in such a situation. Space diversity utilizes 
separate receivers at different locations that are linked to 
the repeater. The repeater uses a circuit called a voter 
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Fig 20—Block diagram of a system using a transmitter 
multicoupler to allow a single feed line and antenna to 
be used by two repeaters on one band. The antenna 
must be designed to operate at all frequencies that the 
repeaters utilize. More than two repeaters can be 
‘operated this way by using a multicoupler with the 
appropriate number of input ports. 


that determines which receiver has the best signal, and 
then selects the appropriate receiver from which to feed 
the repeater transmitter. This technique is helpful in 
urban areas where shadowing from large buildings and 
bridges causes problems. Space-diversity receiving, when 
properly executed, can give excellent results. But with 
the improvement come some disadvantages: added ini 
tial cost, maintenance costs, and the possibility of failure 
created by the extra equipment required. If installed and 
maintained carefully, problems are generally minimal. 

‘A second improvement technique is the use of cir- 
cularly polarized repeater antennas. This technique has, 
been used in the FM broadcast field for many years, and 
hhas been considered for use in the mobile telephone ser 
vice as well. Some experiments by amateurs have proved 
very promising, as discussed by Pasternak and Morris (see 
the Bibliography at the end of this chapter) 

‘The improvement afforded by circular polarization 
is primarily a reduction in mobile flutter. The flutter on a 
mobile signal is caused by reflections from large build- 
ings (in urt ) or other terrain features. Th 
reflections cause measurable polarization shifts, some- 
times to the point where a vertically polarized signal at 
the transmitting site may appear to be primarily horizon- 
tally polarized after reflection 

A similar situation results from multipath propaga~ 
tion, where one or more reflected signals combine with 
the direct signal at the repeater, having varying effects 
on the signal. The multipath signal is subjected to large 
amplitude and phase variations at a relatively rapid rate 


In both of the situations described he 
polarization can offer considerable improvement. This is 
because circularly polarized antennas respond equally to 
all linearly polarized signals, regardless of the plane of 
polarization. At this writing, there are no known sources 
of commercial circularly polarized omnidirectional 
antennas for the amateur bands. Pasternak and Morris 
describe a circularly polarized antenna made by modify- 
ing two commercial four-pole arrays. 


EFFECTIVE ISOTROPIC RADIATED POWER 
(EIRP) 


Itis useful to know effective 


tropic radiated power 
(EIRP) in calculating the coverage area of a repeater. The 
FCC formerly required EIRP to be entered in the log of 
every amateur repeater station. Although logging EIRP 
is no longer required, it is still useful to have this infor- 
mation on hand for repeater-coordination purposes and 
so system performance can be monitored periodically. 
Calculation of EIRP is straightforward. The PEP 
output of the transmitter is simply multiplied by the gains 
and losses in the transmitting antenna system. (Th 
gains and losses are best added or subtracted in decibels 
and then converted to a multiplying factor.) The follow- 
ing worksheet and example illustrates the calculations, 


Feed-line loss ——  B 
Duplexer loss — -B 
Isolator loss —— BB 
Cross-band coupler loss == 748 
Cavity filter loss — 8B 
‘Total losses (L) = iB 


G (4B) = antenna gain (dBi) -—L 


where G = antenna system gain. (If antenna gain is spe 
din Ba, add 2.14 dB to obtain the gain in dBi.) 
M = 1osi10 


where M = multiplying factor 
EIRP (watts) = transmitter output (PEP)xM 


Example 

A repeater transmitter has a power output of 50 W 
PEP (50-W FM transmitter). The transmission line has 
1.8 dB loss. The duplexer used has a loss of 1.5 dB, and 
a circulator on the transmitter port has a loss of 0.3 dB. 
‘There are no cavity filters or cross-band couplers in the 
system. Antenna gain is 5.6 dBi 


Feed-line loss 1.8 dB 
Duplexer loss 15 4B 
Isolator loss 0.3 dB 
Cross-band coupler loss 0aB 
Cavity filter loss 0aB 
‘Total losses (L) 3.6 dB 


Antenna system gain in dB = 
G = 5.6 dBi ~3.6 dB =2 4B 
Multiplying factor = M = 10970 

M = 10210 = 1.585 

EIRP (watts) = transmitter output (PEP) x M 
EIRP = 50 W x 1.585 = 79.25 W 


= antenna gain (dBi) -L. 


If the antenna system is lossier than this example. 
G may be negative, resulting in a multiplying factor less 
than one. The result is an EIRP that is less than the tran 
mitter output power. This situation can occur in prac- 
tic es 
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™ Solder the two “flying leads” to the copper pads in the usual way. 
Hopefully the holes are big enough for the wires! 


™ Connecting an 1.e.d. to a circuit board with flying leads. 


Wires can also be attached to the underside (solder-side) of circuit boards, tacking 
them onto existing solder joints by re-melting them and absorbing the tinned wire end into 
it (“reflow soldering” — see later). This is a cheap and cheerful, semi-reliable way of 


rigging wires to a circuit board, and it’s used all the time in imported consumer 
electronics. 


Assembling a Repeater Antenna System 


This section will aid you in planning and assem- 
bling your repeater antenna system. The material was, 
prepared by Domenic Mallozzi, NIDM. Consult Chap- 
ter 23, Radio Wave Propagation, for information on 
propagation for the band of your interest. 

First, a repeater antenna selection checklist such as 
this will help you in evaluating the antenna system for 
your ne 


Gain needed Bi 

Pattern required Omnidirectional 
Offset 
Cardioidal 


Bidirectional 
Special pattern 
(specify) 


Top of tower 


Mounting 
Side of tower 


(Determine effects of tower on pattern. Is the 
result consistent with the pattern required?) 


Is downtilt required? Yes 
No 

‘Type of RF connector UHE 
N 
BNC 


A 144 MHz 


Obtaining sufficient isolation between the transmit 
ter and receiver of a repeater can be difficult. Many of 
the solutions to this problem compromise receiver sens 
tivity or transmitter power output. Other solutions create 
an imbalance between receiver and transmitter coverage 
areas. When a duplexer is used, insertion loss is the com: 
promise. But a small amount of insertion loss is more 
than offset by the use of one antenna for both the trans- 
mitter and receiver. Using one antenna assures equal 
antenna patterns for both transmitting and receiving, and 
reduces cost, maintenance and mechanical complexity. 
‘As mentioned earlier in this chapter, duplexers may 
be built in the home workshop. Bob Shriner, WAOUZO, 
presented a small, mechanically simple duplexer for low- 
power applications in April 1979 QST. Shriner's design 
is unique, as the duplexer cavities are constructed of cit- 
cuit-board material. Low cost and simplicity are the 
result, but with a trade-off in performance. A silver-plated 
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__ Other (specify) 


Size (length) 
Weight 
Maximum cost 


‘Table 1 (see next page) has been compiled to pro- 
vide general information on commercial components 
available for repeater and remote-base antenna systems 
‘The various components are listed in a matrix format by 
manufacturer, for equipment designed to operate in the 
various amateur bands. See Chapter 21, Antenna 
Products Suppliers, for further information for 
ponents. Although every effort has been made to make 
this data complete, the ARRL is not responsible for 
omissions or errors. The listing of a product in Table 1 
does not constitute an endorsement by ARRL. Manufac- 
turers are urged to contact the editors with updating 
information. 

Even though almost any antenna can be used for a 
repeater, the companies indicated in the Antennas column 
in Table 1 are known to have produced heavy-duty anten- 
nas to commercial standards for repeater service. Many of 
these companies offer their antennas with special features 
for repeater service (such as vertical-beam downtilt). It is 
best to obtain catalogs of current products from the manu- 
facturers listed, both for general information and to deter- 
mine which special options are available on their products 


Duplexer 


version of Shriner’s design has an insertion loss of 
approximately 5 dB at 146 MHz. The loss is greater if 
the copper is not plated, and increases as the inner walls 
of the cavities tarnish. 

This duplexer construction project by John Bilodeau, 
WIGAN, represents an effective duplexer. The information 
originally appeared in July 1972 QST. It is a time-proven 

ed by many repeater groups, and can be dupli- 
3s is just 1.5 dB. 

Fig 21 will help you e the requirements for 
a duplexer, which can be summed up as follows. The 
duplexer must attenuate the transmitter carrier to avoid 
overloading the receiver and thereby reducing its sensi- 
tivity. It must also attenuate any noise or spurious fre- 
quencies from the transmitter on or near the receiver 
frequency. In addition, a duplexer must provide a proper 
impedance match between transmitter, antenna, and 


Table 1 


Product Matrix Showing Repeater Equipment and Manufacturer by Frequency Band 


Antennas Duplexers Cavity Filters 
Source 28 50 144 220 450 902 1296 144 220 450 902 144 220 450 902 
‘Austin Sip SSeS DS SES: 
Cewae CC C C C C a a a Cn 1G. .G! <6 
Comet 
Cusheraft CC. aS 
Dec Prod CRC OmOMEEC (ou ie) cc te) 
MA/COM ¢ c 
RF Parts gi CRCREG: 
Sinclair CLC! c c c omc 
TXIRX CHG © cmc 
Wacom 

Isolators/Circulators Transmitter Combiners Cross-Band Couplers 
Source 28 50 144220 450 902 144 220 450 902 0-174 0-512 59-174 406-512 
450-512 800-960 806-960 806-960 

Celwave CCRaCaEC! CRC RECEEG s 
Dee Prod c coc GC eG 
Sinclair e are 
TXIRX c Genie CoG Gs SC c c c c 
Wacom CECH! RCE CHEG c ie 


Abbreviated names above are for the following manufacturers: Austin Antennas, Celwave RF Inc, Cushcraft Corp, 
Decibel Products Inc, RF Parts, Sinclair Radio Laboratories Inc, TX/RX Systems Inc and Wacom Inc. A 


manufacturer's contact list appears in Chapter 21 
Key to codes used: 

C = catalog (standard) item 

S = special-order item 


Note: Coaxial cable is not listed, because most manufacturers sell only to dealers. 


Fig 21—Duplexers permit using one antenna for both 
transmitting and receiving in a repeater system. 
Section 1 prevents energy at the transmitter frequency 
from interfering with the receiver, while section 2 
attenuates any off-frequency transmitter energy that is 
at or near the receiver frequency. 


As shown in Fig 21, transmitter output on 
146.94 MHz going from point C to D should not be 
attenuated, However, the transmitter energy should be 
greatly attenuated between points B and A. Duplexer sec- 
tion 2 should attenuate any noise or signals that are on or 


near the receiver input frequency of 146.34 MHz. For 
good reception the noise and spurious signal level must 
be less than ~130 dBm (0 dBm = 1 milliwatt into 50 0) 
‘Typical transmitter noise 600 kHz away from the carrier 
frequency is 80 dB below the transmitter power output 
For 60 watts of output (+48 dBm), the noise level is 
-32 dBm. The duplexer must make up the difference 
between ~32 dBm and -130 dBm, or 98 dB 

The received signal must go from point B to A with 
minimum of attenuation. S 
also provide enough attenuation of the transmitter energy 
to prevent receiver overload. For an average receiver, the 
transmitter signal must be less than ~30 dBm to meet this 


ion 1 of the duplexer must 


requirement. The difference between the transmitter out- 
put of +48 dBm and the receiver overload point of 
~30 dBm, 78 dB, must be made up by duplexe 


THE CIRCUIT 


22 shows the completed 6-cavity duplexer, and 
Fig 23 shows the assembly of an individual cavity. A 
‘Yori resonator was selected for this duplexer design. The 
length of the center conductor is adjusted by turning a 
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Fig 22—A six-cavity 
duplexer for use with 
a 144-MHz repeater. 
The cavities are 


base for mechanical 
stability. Short 
lengths of double- 
shielded cable are 
used for connections 
between individual 
cavities. An insertion 
loss of less than 1.5 
4B Is possible with 
this design. 


fastened to a plywood 


threaded rod, which changes the resonant frequency of 
the cavity. Energy is coupled into and out of the tuned 
circuit by the coupling loops extending through the top 
plate. 

‘The cavity fun 
When a reactance is connected across a series resonant 
circuit, an anti-resonant notch is produced, and the reso- 
nant frequency is shifted. If capacitor is added, the notch 
appears below the resonant frequency. Adding inductance 
instead of capacitance makes the notch appear above the 
resonant frequency. The value of the added component 
determines the spacing between the notch and the reso- 
nant frequency of the cavity. 

Fig 24 shows the measured band- 
tics of the cavity with shunt elements. With the cavity 
tuned to 146.94 MHz and a shunt capacitor connected 
from input to output, a 146.34-MHY signal is attenuated 


jons as a series resonant circuit, 
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Fig 23—The assembly of an individual cavity. A Bud Minibox is mounted on the top plate with three screws. A 


clamping sleeve made of brass pipe is used to prevent 
tuning shaft. Note that the positions of both C1 and L1 
three will have L1 in place. 
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crushing the box when the locknut is tightened on the 
are shown, but that three cavities will have C1 installed and 


Fig 24—Typical frequency response of a single cavity 
of the type used in the duplexer. The dotted line 
represents the passband characteristics of the cavity 
alone; the solid line for the cavity with a shunt 
capacitor connected between input and output. An 
inductance connected in the same manner will cause 
the rejection notch to be above the frequency to which 
the cavity Is tuned. 


by 35 dB. If'an inductance is placed across the cavity and 
the cavity is tuned to 146.34 MHz, the attenuation at 
146.94 MHz is 35 dB. Insertion loss in both cases is 
0.4 dB. Three cavities with shunt capacitors are tuned to 
146.94 MHz and connected together in cascade with short 
lengths of coaxial cable. The attenuation at 146.34 MHz 
is more than 100 4B, and insertion loss at 146.94 MHZ is 


1.5 dB. Response curves for a six-cavity duplexer are 
given in Fig 25. 


Construction 


‘The schematic diagram for the duplexer is shown in 
Fig 26. Three parts for the duplexer must be machined: 
all others can be made with hand tools. A small lathe can 
be used to machine the brass top plate, the threaded tun- 
ing plunger bushing and the Te 
dimensions of these parts are given in Fig 27. 

‘Type DWV copper tubing is used for the outer con- 
ductor of the cavities. The wall thickness is 0.058 inch, 
with an outside diameter of 4'V/ inches. You will need a 
tubing cutter large enough to handle this size (perhaps 
borrowed or rented). The wheel of the cutter should be 
tight and sharp. Make slow, careful cuts so the ends will 
be square. The outer conductor is 22'/ inches long, 


Ton i 


lator bushing. The 


‘The inner conductor is made from type M copper 
tubing having an outside diameter of 1'/s inches. A 
6-inch length of 1-inch OD brass tubing is used to make 
the tuning plunger. 

‘The tubing types mentioned above are designations 
used in the plumbing and steam-fitting industry. Other 
types may be used in the construction of a duplexer, but 
you should check the sizes carefully to assure that the 
parts will fit each other. A greater wall thickness will make 
the assembly heavier, and the expense will increase ac~ 
cordingly. Soft solder is used throughout the as: 


bly. Unless you have experience with silver solder, do 
not use it, Eutectic type 157 solder with paste or acid 


Fig 25—Frequency response of the six-cavity duplexer. One set of three cavities is tuned to pass 146.34 MHz and 
notch 146.94 MHz (the receiver leg). The remaining set of three cavities Is tuned to pass 146.94 MHz and notch 
146.34 MHz. This duplexer provides approximately 100 dB of isolation between the transmitter and receiver when 


properly tuned. 
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Fig 26—Diagram of the six-cavity duplexer. Coaxial cable lengths between cavities are critical and must be 
followed closely. Double shielded cable and high quality connectors should be used throughout. The sizes and 
‘shapes of the coupling loops, L1, and the straps for connecting C1 should be observed. 

C1—1.7-11 pF circuit-board mount, E. F. Johnson 189-5-5 or equiv. Set at */ closed for initial alignment. 
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Fig 27—Dimensions for the three parts that require machining. A small metal-working lathe should be used for 
making these parts. 
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flux makes very good joints. This type has a slightly 
higher melting temperature than ordinary tin-lead alloy, 
but has considerably greater strength. 

First solder the inner conductor to the top plate 
(Fig 28). The finger stock can then be soldered inside the 
lower end of the inner conductor, while temporarily held 
in place with a plug made of aluminum or stainless steel 
While soldering, do not allow the flame from the torch to 
overheat the finger stock. The plunger bushing is soldered 
into the tuning plunger and a 20-inch length of threaded, 
rod is soldered into the bushing, 

Cut six slots in the top of the outer conductor. They 
should be ‘/s inch deep and equally spaced around the tub- 
ing. The bottom end of the 4-inch tubing is soldered to the 
square bottom plate, The bottom plates have holes in the 
‘corners so they can be fastened to a plywood base by means 
of wood screws. Because the center conductor has no sup- 
port at one end, the cavities must be mounted vertically. 

‘The size and position of the coupling loops are criti- 
cal. Follow the given dimensions closely. Both loops 
should be '/s inch away from the center conductor on 
opposite sides. Connect a solder lug to the ground end of 
the loop, then fasten the lug to the top plate with a screw 
‘The free end of the loop is insulated by Teflon bushi 
where it passes through the top plate for connection to 
the BNC fittings. 

Before final assembly of the parts, clean them thor- 
oughly. Soap-filled steel wool pads and hot water work 
well for this. Be sure the finger stock makes firm contact 
with the tuning plunger. The top plate should fit snugly 
in the top of the outer conductor—a large hose clamp 
tightened around the outer conductor will keep the top 
plate in place. 


ADJUSTMENT 


After the cavities have be 
characteristics and insertion loss 
elements, C1 and LI. (See Fig 24.) It is preferable to use 
laboratory test equipment when tuning the duplexer. An 
option is to use a low-power transmitter with an RF probe 
and an electronic voltmeter. Both methods are shown in 
Fig 29. 

With the test equipment conn 
Fig 29A, adjust the signal generator frequency to the 
desired repeater input frequency. Connect a calibrated step 
attenuator between points X and Y. With no attenuation, 
adjust the HP-415 for 0 on the 20-dB scale. You can check 
the calibration of the 415 by switching in different 
amounts of attenuation and noting the meter reading. You 
small error at either high or very low signal 


checked for band-pass 
install the anti-resonant 


das shown in 


Next, remove the step attenuator and replace it with 
a cavity that has the shunt inductor, L1, in place. Adjust, 
the tuning screw for maximum reading on the 415 meter. 
Remove the cavity and connect points X and Y. Set the 


Tas Type 
me 028 
Se, Gen mel y 
Wo 80 or wel 6 o [ee 
e508 zt tt 
Sip 
| atensetor 


Loborstery Equipment 
Gay 


Troremiter aah 
Tube Type cs) 
Vor Detector 
Meter Prove RF 


@) 


Fig 28—Two of the center conductor and top plate 
assemblies. In the assembly at the left, C1 is visible 
just below the tuning shaft, mounted by short straps 
made from sheet copper. The assembly on the right has 
L1 in place between the BNC connectors. The 
Miniboxes are fastened to the top plate by a single 
large nut in these units. Using screws through the 
Minibox into the top plate, as described in the text, is 
preferred. 


Fig 29—The duplexer can be tuned by either of the two 
methods shown here, although the method depicted at 
Alls preferred. The signal generator should be 
modulated by a 1-kHz tone. If the setup shown at B is. 
used, the transmitter should not be modulated, and 
should have a minimum of noise and spurious signals. 
The cavities to be aligned are inserted between X and 
Yin the setup at A, and between P and Q in B. 
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signal generator to the repeater output frequency and 
adjust the 415 for a 0 reading on the 20-4B scale. 

Reinsert the cavity between X and Y and adjust the 
cavity tuning for minimum reading on the 415. The notch 
should be sharp and have a depth of at least 35 dB. It is, 
important to maintain the minimum reading on the meter 
while tightening the locknut on the tuning shat. 

To check the insertion loss of the cavity, the output 
from the signal generator should be reduced, and the eali- 
bration of the 415 meter checked on the 50-dB expanded 
scale. Use a fixed 1-dB attenuator to make certain the 
error is less than 0.1 dB. Repl: 
cavity and read the loss. The insertion loss should be 
0.5 dB or less. The procedure is the same for tuning all 
six cavities, except that the frequencies are reversed for 
those having the shunt capacitor installed 


¢ the attenuator with the 


Adjustment with Minimum Equipment 
A transmitter with a minimum of spurious output is, 
required. Most modern transmitters meet this requirement. 
‘The voltmeter in use should be capable of reading 
0.5 volt (or less), full scale. The RF probe used should be 
rated to 150 MHz or higher. Sections of RG-58 cable are 
used as attenuators, as shown in Fig 29B. The loss in these 
140-foot lengths is nearly 10 dB, and helps to isolate the 
transmitter in case of mismatch during tuning. 

Set the transmitter to the repeater input frequency and 
connect P and Q. Obtain a reading between 1 and 3 volts 
on the voltmeter. Insert a cavity with shunt capacitors in 
place between P and Q and adjust the cavity tuning for a 
minimum reading on the voltmeter. (This reading should 
be between 0.01 and 0.05 volt.) The rejection in dB can be 
calculated by 
4B = 20 log (VIIV2) 


This should be at least 35 dB. Ct 
loss by putting the receiver on the repeater output fre 
quency and noting the voltmeter reading with the cavity 
out of the circuit. A 0.5-dB attenuator can be made from 
a T-foot length of RG-58. This 7-foot cable can be used 
to check the calibration of the detector probe and the volt- 
meter. 


‘k the insertion 


Cavities with shunt inductance can be tuned the same 
way, but with the frequencies reversed. If two or more 
cavities are tuned while connected together, transmitter 
can cause the rejection readings to be low. In other 
words, there will be less attenuation. 


Results 

‘The duplexer is conservatively rated at 150 watts 
input, but if constructed carefully should be able to handle 
as much as 300 watts. Silver plating the interior surfaces, 
of the cavities is recommended if input power is to be 
greater than 150 watts. A duplexer of this type with 
silver-plated cavities has an insertion loss of less than 
1 dB, and a rejection of more than 100 dB. Unplated cavi 
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lies should be disassembled at le: 


every two years, 
cleaned thoroughly, and then retuned, 


Miscellaneous Notes 


1) Double shielded cable and high quality connectors are 
required throughout the system. 

2) The SWR of the antenna should not exceed 1.2:1 for 
proper duplexer performance. 

3) Good shielding of the transmitter and r 
repeater is essential 

4) The antenna should have four or more wavelengths 
of vertical separation from the repeater. 

5) Conductors in the near field of the antenna should be 
well bonded and grounded to eliminate noise. 

6) The feed line should be electrically bonded and 
mechanically secured to the tower or mast. 

7) Feed lines and other antennas in the near field of the 
repeater antenna should be well bonded and as far 
from the repeater antenna as possible. 

8) Individual cavities can be used to improve the perfor~ 
mance of separate antenna or separate site repeaters. 

9) Individual cavities can be used to help solve inter- 
modulation problems 
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Chapter 18 


VHF and UHF 
Antenna Systems 


A good antenna system is one of the most valuable 
assets available to the VHF/UHF enthusiast. Com- 
pared to an antenna of lesser quality, an antenna that is, 
well designed, is built of good quality materials, and is, 
well maintained, will increase transmitting range, enhance 
reception of weak signals and reduce interference prob- 
Jems. The work itself building antennas is by no means 


the least attractive part of the job. Even with high-gain 
antennas, experimentation is greatly simplified at VHF 
and UHF because the antennas are a physically manage- 
able size. Setting up a home antenna range is within the 
means of most amateurs, and much can be learned about 
the nature and adjustment of antennas. No large invest- 
ment in test equipment is necessary 


The Basics 


Selecting the best VHF or UHF antenna for a given 
installation involves much more than scanning gain fig. 
ures and prices in a manufacturer's catalog. There is no 
one “best” VHF or UHF antenna design for all purposes. 
‘The first step in choosing an antenna is figuring out what 
you want it to do, 


Gain 

AC VHF and UHE, itis possible to build Yagi anten 
nas with very high gain—15 to 20 dBi—on a physically 
manageable boom. Such antennas can be combined in 
arrays of two, four, six, eight or more antennas. These 
arrays are attractive for EME, tropospheric scatter or other 
‘weak-signal communications modes. 


Radiation Patterns 
Antenna radiation can be made omnidirectional, 
bidirectional, practically unidirectional, or anything 
between these conditions. A VHF net operator may find 
tional system almost a necessity, but it may 

be a poor choice otherwise. Noise pickup and other 
interference problems are greater with such omnidirec 


an omnidit 


tional antennas, and omnidirectional antennas having 
some gain are especially bad in these respects. Maximum, 
gain and low radiation angle are usually prime interests 
of the weak-signal DX aspirant. A clean pattern, with low- 
est possible pickup and radiation off the sides and back, 
‘may be important in high-activity areas, or where the noise 
level is high. 


Frequency Response 

‘The ability to work over an entire VHF band may be 
important in some types of work. Modern Yagis can achieve 
performance over a remarkably wide frequency range, pro 
Viding that the boom length is long enough and enough 
elements are used to populate the boom. Modern Yagi 
designs in fact are competitive with directly driven col- 
linear arrays of similar size and complexity. The primary 
performance parameters of gain, front-to-rear ratio and 
SWR can be optimized over all the VHF or UHF amateur 
bands readily, with the exception of the full 6meter band 
from 50.0 to 54.0 MHz, which is an 8% wide bandwidth 
‘A Yagi can be easily designed to cover any 2.0 MHz por 
tion of the 6-meter band with superb performance 
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Tidying up 


I'll leave it to readers to decide whether they should cut off excess wire before or 
after soldering. After the soldering is complete, I prefer to tidy up the joint by snipping 
any excess wire from the joint using a pair of “end cutters” shown earlier. These expensive 
hand tools have specially angled blades that snip the joint neatly down to the top of the 
solder joint. Ordinary side cutters will do fine. 


It’s worth taking time out to inspect the work closely, looking for any missing solder 
joints, whiskers of solder or swarf shorting out any solder pads, and all such potential 
problem areas should be dealt with prior to testing the board. Faultfinding goes beyond the 
scope of this guide, but it’s true to say that almost always, any problems noticed after 
powering up the circuit are due to soldering faults or wrong components being used. 


Height Gain 


In general, higher is better in VHF and UHF antenna 
installations. Raising the antenna over nearby obstruc- 
tions may make dramatic improvements in coverage 
Within reason, greater height is almost always worth its 
cost, but height gain (see Chapter 23, Radio Wave Propa- 
gation) must be balanced against increased trans 
line loss. This loss can be considerable, and it increase: 
with frequency. The best available line may not be very 
good if the run is Long in terms of wavelengths. Line los 
considerations (see Chapter 24, Transmission Line: 
important in antenna planning. 


Physical Size 

A given antenna design for 432 MHz has the same 
gain as the same design for 144 MHz, but being only one- 
third as large intercepts only one-ninth as much energy 
in receiving. In other words, the antenna has less pickup 
efficiency at 432 MHz. To be equal in communication 
effectiveness, the 432-MHz array should be at least equal 
in size to the 144-MHz antenna, which requires roughly 
three times as many elements. With all the extra difficul- 
ties involved in using the higher frequencies effectively. 
it is best to keep antennas as large as possible for these 
bands. 


DESIGN FACTORS 


With the objectives sorted out in a general way 
sions on specifies, such as polarization, type of trans- 
on line, matching methods and mechanical design 
‘must be made. 


rr 


Polarization 


Whether to position antenna elements vertically or 
horizontally has been widely debated since early VHF 
pioneering days. Tests have shown little evidence about 
Which polarization sense is most desirable. On long propa- 
gation paths there is no consistent advantage either way. 
Shorter paths tend to yield higher signal levels with hori- 
zontally polarized antennas over some kinds of terrain. 
Man-made noise, especially ignition interference, also 
tends to be lower with horizontal antennas. These factors 
make horizontal polarization somewhat more desirable 
for weak-signal communications. On the other hand, ver- 
tically polarized antennas are much simpler to use in 
omnidirectional systems and in mobile work. 

Vertical polarization was widely used in early VHF 
work, but horizontal polarization gained favor when 
directional arrays started to become widely used. The 
‘major use of FM and repeaters, particularly in the VHF/ 
UHF bands, has tipped the balance in favor of vertical 
antennas in mobile and repeater use. Horizontal polar- 
ization predominates in other communication on 50 MHz 
and higher frequencies. An additional loss of 20 dB or 
‘more can be expected when cross-polarized antennas are 


used. 
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TRANSMISSION LINES 


‘Transmission line principles are covered in detail in 
Chapter 24, Transmission Lines. Techniques that apply 
to VHF and UHF operation are dealt with in greater 
detail here. The principles of carrying RF from one loca- 
tion to another via a feed line are the same for all radio 
frequencies. As at HF, RF is carried principally via open 
wire lines and coaxial cables at VHF/UHF. Certain 
aspects of these lines characterize them as good or bad 
for use above 50 MHz, 

Properly built open-wire line can operate with very 
ow loss in VHF and UHF installations. A total line loss 
under 2 dB per 100 feet at 432 MHz can easily be ob- 
tained. A line made of #12 wire, spaced ¥« inch or more 
with Teflon spreaders and run essentially straight from 


antenna to station, can be better than anything but the most 
expensive coax. Such line can be home made or purchased 
ata fraction of the cost of coaxial cables, with compa- 
rable loss characteristics. Careful attention must be paid 
to efficient impedance matching if the benefits of this sys- 
tem are to be realized. A similar system for 144 MHz can 
sily provide a line loss under 1 dB. 

‘Small coax such as RG-S8 or RG-59 should never 
be used in VHF work if the run is more than a few 
Lines of '/-inch diameter (RG-8 or RG-I1) work fairly 
well at 50 MHz, and are acceptable for 144-MHz runs of 
50 feet or less. These lines are somewhat better if they 


employ foam instead of ordinary PE dielectric material 


Aluminum-jacket hardline coaxial cables with large 
inner conductors and foam insulation are well worth their 
and can sometimes be obtained for fr 
\s “end runs"—pieces at the end of a 
roll. The most common CATV cable is '/:-inch OD 75- 
hardline, Matched-line loss for this cable is about 1.0 4B/ 
100 feet at 146 MHz and 2.0 dB/100 feet at 432 MHz. 
Less commonly available from CATV compani 
‘Yecinch 75Q hardline, sometimes with a black self-heal- 
ing hard plastic covering. This line has 0.8 dB of loss per 
100 feet at 146 MHz, and 1.6 dB loss per 100 fe: 


from local 


line if 75-t0-50Q transformers are used at each end. 
Commercial connectors for hardline are expensive but 


provide reliable connections with full waterproofing. 
Enterprising amateurs have homebrewed low-cost connec 
tors. If they are properly water proofed, connectors and 
hardline can last almost indefinitely. Hardline must not 
be bent too sharply, because it will kink. See Chapter 24, 
‘Transmission Lines, for details on hardline connectors. 
Beware of any “bargains” in coax for VHF or UHF 
use. Feed-line loss can be compensated to some extent 


by increasing transmitter power, but once lost, a weak 
signal can never be recovered in the receiver. Effects of, 
weather on transmission lines should not be ignored. Well- 
constructed open-wire line works optimally in nearly any 
weather, and it stands up well. Twin-lead is almost use~ 
less in heavy rain, wet snow or icing. The best grades of 


coax are completely impervious to weather—they can be 
run underground, fastened to metal towers without insu- 
lation and bent into any convenient position with no 
adverse effects on performanc 


WAVEGUIDES: 


Above 2 GHz, coaxial cable is a losing proposition 
for communications work. Fortunately, at this frequency 
the wavelength is short enough to allow practical, effi 
cient energy transfer by an entirely different means. A 
waveguide is a conducting tube through which energy is, 
transmitted in the form of electromagnetic waves. The 
tube is not considered as carrying a current in the same 
sense that the wires of a two-conductor line do, but rather 
as a boundary that confines the waves in the enclosed 
space. Skin effect prevents any electromagnetic effects 
from being evident outside the guide. The energy is 
injected at one end, either through capacitive or induc~ 
tive coupling or by radiation, and is removed from the 
other end in a like manner, Waveguide merely contin 
the energy of the fields, which are propagated through it 
to the receiving end by means of reflections against its 
inner walls. 

Analysis of waveguide operation 
assumption that the guide material is a perfect conductor 
of electricity. Typical distributions of electric and mag- 
netic fields in a rectangular guide are shown in Fig 1 
‘The intensity of the electric field is greatest (as indicated 
by closer spacing of the lines of force) at the center along, 
the X dimension (Fig 1C), diminishing to zero at the end 
walls. The fields must diminish in this manner, because 
the existence of any electric field parallel to the walls at 
the surface would cause an infinite current to flow in a 
perfect conductor. Waveguides, of course, cannot carry 
RF in this fashion, 


ased on the 


Modes of Propagation 

Fig I represents the most basic distribution of the 
electric and magnetic fields in a waveguide. There are an 
infinite number of ways in which the fields can arrange 
themselves in a waveguide (for frequencies above the low 
cutoff frequency of the guide in use). Each of these field 
configurations is called a mode. 

‘The modes may be separated into two general 
groups. One group, designated TM (transverse magnetic), 
has the magnetic field entirely transverse to the direction 
of propagation, but has a component of the electric field 
in that direction. The other type, designated TE (trans 
ctric) has the electric field entirely transverse, 
but has a component of magnetic field in the direction of 
propagation. TM waves are sometimes called E waves 
and TE waves are sometimes called H waves, but the TM 
and TE designations are preferred 

‘The mode of propagation is identified by the group 
followed by two subscript numerals. For exampl 
‘TE, TM,,, etc. The number of possible modes increases 


lett 


with frequency fora 
‘one possible mode (called the dominant mode) for the 
lowest frequency that can be transmitted. The dominant 
mode is the one generally used in amateur work. 


ven size of guide, and there is only 


Waveguide Dimensions 


In rectangular guide the critical dimension is X in 


Fig 1. This dimension must be more than "Vs A at the low- 
est frequency to be transmitted. In practice, the Y dimen- 
sion usually is made about equal to '/2 X to avoid the 
possibility of operation in other than the dominant mode. 

Cross-sectional shapes other than a rectangle can be 
used, the most important being the circular pipe. Much 
the same considerations apply as in the rectangular case. 

Wavelength dimensions for rectangular and circular 
guides are given in Table 1, where X is the width of a 
rectangular guide and r is the radius of a circular guide 
All figures apply to the dominant mode. 


aw 


Rr Potertio 


Fig 1—Field distribution in a rectangular waveguide. 
‘The TE10 mode of propagation is depicted. 
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Coupling to Waveguides 
Energy may be introduced into or extracted from a 
waveguide or resonator by means of either the electric or 
‘magnetic field. The energy transfer frequently is through, 
a coaxial line. Two methods for coupling to coaxial line 
are shown in Fig 2. The probe shown at A is simply a 
short extension of the inner conductor of the coaxial line, 
oriented so that it is parallel to the electric lin 
‘The loop shown at B is arranged so that it encloses some 
of the magnetic lines of force. The point at which max 
mum coupling is obtained depends upon the mode of 
propagation in the guide or cavity. Coupling is maximum, 
when the coupling device is in the most intense field. 

Coupling can be varied by turning the probe or loop 
through a 90° angle. When the probe is perpendicular to 
the electric lines the coupling is minimum. Similarly, 
when the plane of the loop is parallel to the magnetic 
lines the coupling is minimum, 

If a waveguide is left open at one end it will radiate 
energy. This radiation can be greatly enhanced by flaring 
the waveguide to form a pyramidal horn antenna. The 
horn acts as a transition between the confines of the 
waveguide and free space. To effect the proper imped- 
ance transformation the horn must be at least ‘fs A on a 

ide. A horn of this dimension (cutoff) has a unidirec- 
tional radiation pattern with a null toward the waveguide 
transition, The gain at the cutoff frequency is 3 dB, 
increasing 6 dB with each doubling of frequency. Horns 
are used extensively in microwave work, both as primary 
radiators and as feed elements for more elaborate focus- 
ing systems. Details for constructing 10-GHz horn 
antennas are given later in this chapter. 


es of force. 


Evolution of a Waveguide 
Suppose an open-wire line is used to carry RF 
energy from a generator to a load. If the line has any 
appreciable length it must be mechanically supported. The 
line must be well insulated from the supports if high loss¢ 
are to be avoided. Because high-quality insulators are 
difficult to construct at microwave frequencies, the logi- 
cal alternative is to support the transmission line with 
Ws h stubs, shorted at the end opposite the feed line. The 
open end of such a stub presents an infinite impedance to 
the transmission line, provided the shorted stub is 
nonreactive. However, the shorting link has a finite length, 
and therefore some inductance. The effect of this induc- 
tance can be removed by making the RF current flow on 
the surface of a plate rather than a thin wire. If the plate 
is large enough, it will prevent the magnetic lines of force 
from encircling the RF current. 
‘An infinite number of these 


Js) stubs may be con- 
nected in parallel without affecting the standing waves 
of voltage and current. The transmission line may be sup- 
ported from the top as well as the bottom, and when an 
infinite number of supports are added, they form the walls 
of a waveguide at its cutoff frequency. Fig 3 illustrates 
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Table 1 
Waveguide Dimensions 
Rectangular Circular 
Cutoff wavelength 2x 3.41r 
Longest wavelength transmitted 1.6 3.2r 
with litle attenuation 
Shortest wavelength before next 1.1% 2.8r 


mode becomes possible 


(a) (8) 


Fig 2—Coupling coaxial line to waveguide and 
resonators. 


how a rectangular waveguide evolves from a two-wire 
parallel transmission line as described. This simplified 
analysis also shows why the cutoff dimension is '/» 
While the operation of waveguides is usually 
described in terms of fields, current does flow on the 
inside walls, just as on the conductors of a two-wire trans- 
mission line. At the waveguide cutoff frequency, the cur- 
rent is concentrated in the center of the walls, and disperses, 
toward the floor and ceiling as the frequency increases. 


IMPEDANCE MATCHING 


Impedance matching is covered in detail in Chapter 
25, Coupling the Transmitter to the Line, and Chapter 
26, Coupling the Line to the Antenna. The theory is the 
same for frequencies above 50 MHz. Practical aspects 
are similar, but physical size can be a major factor in the 
choice of methods. Only the matching devices used in 
practical construction examples later in this chapter are 
discussed in detail here. This should not rule out consid- 
ation of other methods, however, and you should read 
the relevant portions of both Chapters 25 and 26. 


Universal Stub 

As its name universal stub implies, the double-ad- 
justment stub of Fig 4A is useful for many matching pur- 
poses. The stub length is varied to resonate the system 
and the transmission-line attachment point is varied until 
the transmission line and stub impedances are equal. In 
practice this involves moving both the sliding short and, 


Waveguide 


Open wre 


Fig 3—At its cutoff frequency a rectangular waveguide 
‘can be thought of as a parallel two-conductor 
transmission line supported from top and bottom by an 
infinite number of Vs-A stubs. 


the point of line connection for zero reflected power, as 
indicated on an SWR bridge connected in the line. 

The universal stub allows for tuning out any small 
reactance present in the driven part of the system. It pe 
mits matching the antenna to the line without knowledge 
of the actual impedances involved. The position of the 
short yielding the best match gives some indication of 
the amount of reactance present. With little or no reac~ 
tive component to be tuned out, the stub must be approxi- 
mately ‘2 2 from load toward the short. 

The stub should be made of stiff bare wire or rod, 
spaced no more than 's» A apart. Preferably it should be 
mounted rigidly, on insulators. Once the position of the 
short is det the center of the short can be 
grounded, if desired, and the portion of the stub no longer 
needed can be removed, 

Itis not necessary that the stub be connected directly 
to the driven element. It can be made part of an open- 
wire line as a device to match coaxial cable to the line 
‘The stub can be connected to the lower end of a delta 
match or placed at the feed point of a phased array 
Examples of these uses are given later. 


Delta Match 


Probably the most basic impedance matching device 
is the delta match, fanned ends of an open-wire line tapped 
onto a '/: antenna at the point of the most-efficient power 
transfer. This is shown in Fig 4B. Both the side length 
and the points of connection either side of the cer 
the element must be adjusted for minimum reflected 
power on the line, but as with the universal stub, you 
needn't know the impedances. The delta match makes no 
provision for tuning out reactance, so the universal stub 
is often used as a termination for it 

At one time, the delta match was thought to be infe- 
rior for VHF applications because of its tendency to 
radiate if improperly adjusted. The delta has come back 
into favor now that accurate methods are available for 
measuring the effects of matching. It is very handy for 
phasing multiple-bay arrays with open-wire lines, and its 
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Fig 4—Matching methods commonly used at VHF. The 
universal stub, A, combines tuning and matching. The 
adjustable short on the stub and the points of 
connection of the transmission line are adjusted for 
minimum reflected power on the line. In the delta 
match, B and C, the line is fanned out and connected 
to the dipole at the point of optimum impedance match. 
Impedances need not be known in A, B or C. The 
gamma match, D, is for direct connection of coax. C1 
tunes out inductance in the arm. A folded dipole of 
uniform conductor size, E, steps up antenna 
Impedance by a factor of four. Using a larger conductor 
in the unbroken portion of the folded dipole, F, gives 
higher orders of impedance transformation. 


dimensions in this use are not particularly critical. It 
should be checked out carefully in applications like that 
of Fig 4C, where no tuning device is used. 


Gamma and T Matches 

An application of the same principle allowing di- 
rect connection of coax is the gamma match, Fig 4D. 
Because the RF voltage at the center of a '/s 4 dipole is 
zero, the outer conductor of the coax is connected to the 
element at this point. This may also be the junction with 
‘4 metallic or wooden boom. The inner conductor, carry- 
ing the RF current, is tapped out on the element at the 
matching point. Inductance of the arm is tuned out by 
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‘means of C1, resulting in electrical balance. Both the point 
of contact with the element and the setting of the capac 
tor are adjusted for zero reflected power, with a bridge 
connected in the coaxial line 

‘The capacitance can be varied until the required 
value is found, and the variable capacitor replaced with a 
fixed unit of that value. C1 can be mounted in a water- 
proof box. The maximum required value should be about 
100 pF for 50 MHz and 35 to 50 pF for 144 MHz, 

‘The capacitor and arm can be combined in one 
coaxial assembly, with the arm connected to the driven 
element by means of a sliding clamp and the inner end of 
the arm sliding inside a sleeve connected to the center 
conductor of the coax. An assembly of this type can be 
constructed from concentric pieces of tubing, insulated 
by plastic or heat-shrink sleeving. RF voltage across the 
capacitor is low when the match is adjusted properly, so 
with a good dielectric, insulation presents no great prob- 
lem. The initial adjustment should be made with low 
power. A clean, permanent high-conductivity bond 
between arm and element is important, since the RF cur- 
rent is high at this point. 

Because it is inherently somewhat unbalanced, the 
gamma match can sometimes introduce pattern distortion, 
particularly on long-boom, highly directive Yagi arrays. 
the T-match, essentially two gamma matches in series 
ting a balanced feed system, has become popular for 
this reason. A coaxial balun like that shown in Fig 5 is 
used from the 200 Q balanced T-match to the unbalanced 
50 © coaxial line going to the transmitter. See the KIFO 
Yagi designs later in this chapter for details on practical 
use of a T-mateh. 


Folded Dipole 

‘The impedance of a '/ A dipole broken at its center 
is about 70 Q. If a single conductor of uniform size is 
folded to make a '/: A dipole as shown in Fig 4E, the 
impedance is stepped up four times. Such a folded dipole 
can be fed directly with 3000 line with no appreciable 


= 
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mismatch. If a 4:1 balun is used, the antenna can be fed 
with 75Q coaxial cable. (See balun information presented 
below.) Higher step-up impedance transformation can be 
obtained if the unbroken portion is made larger in cross- 
section than the fed portion, as shown in Fig 4F. 


Hairpin Match 


‘The feed-point resistance of most multielement Yagi 
arrays is less than 50 Q. If the driven element is split and fed 
at the center, it may be shortened from its resonant length to 
add capacitive reactance at the feed point. Then, shunting 
the feed point with a wire loop resembling a hairpin causes 
a step-up of the feed-point resistance. The hairpin match is 
used together with a 4:1 coaxial balun in the 50 MHz arrays 
described later in this chapter. See Chapter 26, Coupling, 
the Line to the Antenna, for details on the hairpin match. 


BALUNS AND ANTENNA TUNERS: 


Conversion from balanced loads to unbalanced lines 
(or vice versa) can be performed with electrical circuits, 
or their equivalents made of coaxial cable. A balun made 
from flexible coax is shown in Fig 5A. The looped por- 
tion is an electrical '/2 2. The physical length depends on 
the velocity factor of the line used, so it is important to 
check its resonant frequency as shown in Fig SB. The two 
ends are shorted, and the loop at one end is coupled to a 
dip meter coil. This type of balun gives an impedance step- 
up of 4:1 (typically 50 to 200 @, or 75 to 300 Q). 

Coaxial baluns that yield 1:1 impedance transfor- 
mations are shown in Fig 6. The coaxial sleeve, open at 
the top and connected to the outer conductor of the line 
at the lower end (A) is the preferred type. At B, a con- 
ductor of approximately the same size as the line is used. 
with the outer conductor to form a '/s A stub, Another 
piece of coax, using only the outer conductor, will serve 
this purpose. Both baluns are intended to present an infi- 
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Fig 5—Conversion from unbalanced coax to a balanced 
load can be done with a %A, coaxial balun at A. 
Electrical length of the looped section should be 
checked with a dip meter, with the ends shorted, as at 
B. The ‘i=, balun gives a 4:1 impedance step-up. 
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Fig 6—The balun conversion function, with no 
impedance transformation, can be accomplished with 
Yd lines, open at the top and connected to the coax 
outer conductor at the bottom. The coaxial sleeve at A 
is preferred. 


nite impedance to any RF current that might otherwise 
flow on the outer conductor of the coax. 

‘The functions of the balun and the impedance trans 
former can be handled by various tuned circuits. Such a 


device, commonly called an antenna tuner or a 


Transmatch, can provide a wide range of impedance trans 
formations. Additional selectivity inherent in the antenna 
tuner can reduce RFI problems. 


THE YAGI AT VHF AND UHF 


Without doubt, the Yagi is king of home-station 
antennas these days. Today's best designs are computer 
optimized. For years amateurs as well as professionals 
designed Yagi arrays experimentally. Now we have pow- 
erful (and inexpensive) personal computers and sophi 


cated software for antenna modeling. These have brought, 
us antennas with improved performance, with little or no 
element pruning required. Chapter 11, HF Yagi Arrays, 
describes the parameters associated with Yagi-Uda arrays. 
Except for somewhat tighter dimensional tolerances 
needed at VHF and UHF, the properties that make a good. 
Yagi at HF also are needed on the higher frequencies. 
the end of this chapter for practical Yagi designs. 


STACKING YAGIS. 


Where suitable provision can be made for support- 
ing them, wo Yagis mounted one above the other and 


fed in phase can provide better performance than one long 
Yagi with the same theoretical or measured gain. The pait 
‘occupies a much smaller turning space for the same gain, 
and their wider elevation coverage can provide excellent 


results. The wide azimuthal coverage for a vertical stack 
often results in QSOs that might be missed with a single 
narrow-beam long-boom Yagi pointed in a different 
direction. On long ionospheric paths, a stacked pair 
occasionally may show an apparent gain much greater 
than the measured 2 to 3 dB of stacking gain. (See also 
the extensive section on stacking Yagis in Chapter 11, 
HF Yagi Arrays.) 


Optimum vertical spacing for Yagis with boom longer 
than 1% or about 1 2 (984/50.1. = 
19.64 feet), but this may be too much for many builders 
50-MHz antennas to handle. Worthwhile results can be 
‘obtained with as little as '/: 2 (10 feet), but % & (12 feet) is 
markedly better. The difference between 12 and 20 feet, 
however, may not be worth the added structural problems 
involved in the wider spacing, at least at SO MHz. The closer 
spacings give lower measured gain, but the antenna patterns 
are cleaner in both azimuth and elevation than with I A spac~ 
ing. Extra gain with wider spacings is usually the objective 
on 144 MHz and higher-frequency bands, where the struc- 
tural problems are not as severe 

Yagis can also be stacked in the same plane (col- 
linear elements) for sharper azimuthal directivity. A spac- 
ing of Ys 4 between the ends of the inner elements yields 
the maximum gain within the main lobe of the array 

If individual antennas of a stacked array are properly 
designed, they look like noninductive resistors to the phas- 
ing system that connects them. The impedances involved 
can thus be treated the same as resistances in parallel 

‘Three sets of stacked dipoles are shown in Fig 7. 
Whether these are merely dipoles or the driven elements 
of Yagi arrays makes no difference for the purpose of 
these examples. Two 300 Q antennas at A are 1/2. apart, 
resulting in a paralleled feed-point impedance of 150 2 
at the center. (Actually it is slightly less than 150 2 
because of coupling between bays, but this can be 
neglected for illustrative purposes.) This value remains 
the same regardless of the impedance of the phasing line 
‘Thus, any convenient line can be used for phasing, as 
long as the electrical length of each line is the same. 

‘The velocity factor of the line must be taken into 
account as well. As with coax, this is subject to so much 
variation that it is important to make a resonance check 
‘on the actual line used. The method for doing this is shown, 
in Fig SB. A '/2 4 line is resonant both open and shorted, 
but the shorted condition (both ends) is usually the more 
convenient test condition. 


Any Impedonce 


3000 


Fig 7—Three methods of feeding 
stacked VHF arrays. A and B are 
for bays having balanced driven 
elements, where a balanced 
phasing line is desired. Array C 
has an all-coaxial matching and 
phasing system. If the lower 
section is also “7x 4 no trans 
position of line connections 

Is needed. 
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‘The impedance transforming property of a '/: line 
section can be used in combination matching and phas- 
ing lines, as shown in Fig 7B and C. At B, two bays spaced 
Yo). apart are phased and matched by a 400-Q line, act- 


ing as a double-Q section, so that a 300-2 main trans 
mission line is matched to two 300-Q bays. The two 


halves of this phasing line could also be ‘/s-A or “e-A long, 
if such lengths serve a useful mechanical purpose. (An 
example is the stacking of two Yagis where the desirable 
spacing is more than '/ 2.) 

A double-Q section of coaxial line is illustrated in 
s useful for feeding stacked bays that were 
2 feed. A spacing of ‘/s & is useful for 
small Yagis, and this is the equivalent of a full electrical 
wavelength of solid-dielectric coax such as RG-I 

If one phasing line is electrically '/s A and ‘/: 4 on 
the other, the connection to one driven element should be 
reversed with respect to the other to keep the RF currents 
in the elements in phase—the gamma match is located 
on opposite sides of the driven elements in Fig 7C. If the 
number of '/i 4 lengths is the same on either side of the 
feed point, the two connections should be in the same 
position, and not reversed. Practically speaking however, 
you can ensure proper phasing by using exactly equal 
lengths of line from the same roll of coax. This ensures 
that the velocity factor for each line is identical. 

One marked advantage of coaxial phasing lines is 
that they can be wrapped around the vertical support, 


taped or grounded to it, or arranged in any way that is 
mechanically convenient. The spacing between bays can 
be set at the most desirable value, and the phasing lines 
placed anywhere necessary. 


Stacking Yagis for Different Frequencies 


In stacking horizontal Yagis one above the other on 
a single rotating support, cert lerations apply 
when the bays are for different bands. As a very general 
rule of thumb, the minimum desirable spacing is half the 
‘boom length of the higher frequency Yagi 

For example, assume the stacked two-band array of 
Fig 8A is for 50 and 144 MHz. This vertical arrangement 
is commonly referred to as a Christmas tree, because it 
resembles one. The SOMHz Yagi has Selements on a 
12-foot boom. It tends to look like “ground” to the 
8-element 144 MHz Yagi on a 12-foot boom directly 
above it. [The exact Yagi designs for the examples used 
in this section are located on the CD-ROM accompany- 
ing this book. They may be evaluated as monoband Yagis 
using the YW (Yagi for Windows) program also supplied 
on the CD-ROM. In each case the bottom Yagi in the stack 
(at the top of the tower) is assumed to be 20 feet high.] 


SWR Change in a Multi-Frequeney Stack 

Earlier editions of The ARRL Antenna Book stated 
that the feed-point impedance of the higher-frequency 
antenna would likely be affected the most by the proxim- 
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Fig 8—In stacking Yagi arrays one above the other, the 
minimum spacing between bays (S) should be about 
half the boom length of the smaller array. Wider 
‘spacing is desirable, in which case it should be %2. or 
‘some multiple thereof, at the frequency of the smaller 
array. At A, stack of 8-element 2-meter Yagi on a 12- 
foot boom over a 5-element 6-meter Yagi, also on a 12- 
foot boom. At B, 5-element 2-meter beam on a 6-foot 
boom over a 3-element 6-meter beam on a 4-foot boom. 
‘ALC, a 14-element 70-cm beam on a 9-foot boom, 
mounted over a 8-element 2-meter beam on a 12-foot 
boom and a 7-element 6-meter beam on a 22-oot 
boom. 
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ity of the lower-frequency Yagi. Modern computer mod- 
ling programs reveal that while the feed-point SWR can 
indeed be affected, by far the greatest degradation is in 
the forward gain and rearward pattern of the higher-fre 
quency Yagi when the booms are closely spaced. In fact, 
the SWR curve is usually not affected enough to make it 
a good diagnostic indicator of interaction between the 
two Yagis. 

Fig 9 shows an overlay of the SWR curves across 
the 2-meter band for four configurations: an 8-element 
2-meter Yagi by itself, and then over a 5-element 6-meter 
Yagi with spacings between the booms of 1, 2, 4 and 
6 feet. The SWR curves are similar—it would be diff 
cult to see any difference between these configurations 
using typical amateur SWR indicators for anything but 
the very closest (1-foot) spacing. For example, the SWR 
curve for the 2-foot spacing case is virtually indistinguish- 
able from that of the Yagi by itself, while the forward 
gain has dropped more than 0.6 dB because of interac- 
tions with the 6-meter Yagi below it. 


Gain and Pattern Degradation Due to Stacking 


Fig 10 shows four overlaid rectangular plots of the 
azimuth response from 0° to 180° for the 8-element 
2-meter Yagi described above, spaced 1, 2, 4 and 6 feet 
over a 5-element 6-meter beam. The rectangular presen- 
tation gives more detail than a polar plot. The most closely 
spaced configuration (with I-foot spacing between the 
booms) shows the largest degradation in the forward gain, 
a drop of 1.7 dB. The worst-case front-to-rear ratio for 
the 6-foot spacing is 29.0 dB, while it is 36.4 dB for the 
I-foot spacing—actually better than the F/R for the 
8-clement 2-meter Yagi by itself. Performance change due 
to the nearby presence of other Yagis can be enormously 


owe 


complicated (and sometimes is non-intuitive as well) 

What happens when a different kind of 6-meter Yagi 
is mounted below the 8-clement 2-meter Yagi? Fig 11 
compares the change in forward gain and the worst-case 


F/R performance as a function of spacing between the 
booms for two varieties of 6-meter Yagis: the S-element 
design on a 12-foot boom and a 7-element Yagi on a 
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Fig 10—Plots of the 8-element 2-meter Yagi's azimuth 
response from 0° to 180° for spacing distances from 1 
to 6 feet. The sidelobe at about 60° varies about 6 dB 
‘over the range of boom spacings, while the shape of 
worst-case FIR curve varies considerably due to 
interactions with the lower 6-meter beam. The gain for 
the 1-foot spacing is degraded by more than 3 dB 
compared to the 2-meter antenna by itself. 
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Fig 9SWR curves for different boom spacing between 
S-element 2-meter Yagi on 12-foot boom, over a 
5-element 6-meter Yagi on a 12-foot boom. For spacings 
greater than 1 foot between the booms, differences 
between the SWR curves are difficult to discern. 


Fig 11—Plot of 8-element 2-meter Yagi's gain and 
worst-case F/R as a function of distance over two 
types of 6-meter beams, one on a 12-foot boom and the 
other on a 22-foot boom. Beyond a spacing of about 5 
feet the performance is degraded a minimal amount. 
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22-foot boom. The spacing of “0 feet” represents the 
8-element 2-meter Yagi when it is used alone, with no 
other antenna nearby. This sets the reference expectations 
for gain and F/R. 

‘The most severe degradation occurs for the 1-foot 
spacing, as you might imagine, for both the 12 and 
22-foot boom lengths. Over the S-element 6-meter Yagi, 
the 2-meter gain doesn’t recover to the re! 
the 8-element 2-meter beam by itself until the spacing is 
greater than 9 feet. However, the gain is within 0.25 dB 
of the reference level for spacings of 3 feet or more. 
Interestingly, the F/R is higher than that of the 2-meter 
antenna by itself for the 1, 2 and 5-foot spacings and for 
spacings greater than II feet. The 2-meter F/R in the pre: 
ence of the 12-foot 5-element 6-meter Yagi remains above 
20 dB for spacings beyond 1 feet. 

Overall, the 2-meter beam performs re 
for spacings of 3 fe 
Yagi. Put another way, the 2-meter beam’s performance 
is degraded only slightly for boom spacings greater than 
3 feet. A spacing of 3 feet is less than the old rule of 
thumb that the minimum spacing between booms be 
greater than one-half the boomlength of the higher-fre- 
quency Yagi, which in this case is 6 feet long. 

For the 7-element 6-meter Yagi, the 2-meter gain re- 
covers to the reference level for spacings beyond 7 feet, but 
the F/R is degraded below the reference level for all spac- 
ings shown in Fig 11. If we use a gain reduction criterion of 
less than 0.25 dB and a 20-dB F/R level as the minimum 
acceptable level, then the spacing must be 5 feet or more 
over the larger 6-meter Yagi. Again, this is less than the rule 
of thumb that the minimum spacing between booms be greater 
than one-half the boomlength of the higher-frequency Yagi 

Now, let’s try a smaller setup of 2- and 6-meter Yagis 
stacked vertically in a Christmas-tree configuration to see 
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Fig 12— Plot of gain and worst-case F/R of a 5-element 
2-meter Yagi on a 4-foot boom as a function of distance 
‘over a 3-element 6-meter beam on a 6-foot boom. 
Beyond a spacing of about 3 feet the performance is 
degraded a minimal amount. 
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if the rule of thumb for spacing the booms still holds. 
Fig 12 shows the performance curves versus boom spac~ 
ing for a -element 2-meter Yagi on a 4-foot boom stacked 
over a 3-element 6-meter Yagi on a 6-foot boom. Again, 
the I-foot spacing produces a substantial gain reduction 
of about 1.3 dB compared to the reference gain when the 
meter Yagi is used by itself. Beyond a boom spacing of 
3 feet the 2-meter gain drops less than 0.25 dB from the 
reference level of the 2-meter Yagi by itself and the F/R 
remains above about 20 dB. In this example, the simple 
rule of thumb that the minimum spacing between booms 
be greater than half the boom length (half of 4 feet) of 
the higher-frequency Yagi does not hold up. However, 
the same minimum spacing of 3 feet we found for the 
larger 2-meter Yagi remains true. Three feet spacing is 
almost 0.5 A between the booms at the higher frequency. 


Adding a 70-cm Yagi to the Christmas Tree 


Let’s get more ambitious and set up a larger VHF/ 
UHF Christmas tree, with a 14-element 70-cm Yagi on a 
9-foot boom at the top, mounted 5 feet over an 8-element 
2-meter Yagi on a 12-foot boom. At the bottom of the 
stack (at the top of the tower) is either the 5: 
6-meter beam on a 12-foot boom, or a 7-element 6-meter 
beam on a 22-foot boom. See Fig 8C. As before, we will 
vary the spacing between the 70-cm Yagi and the 2-meter 
Yagi below it to assess the interactions that degrade the 
70-cm performance. 

Fig 13 compares the change in gain and F/R curves 
as a funetion of boom spacings between the 70-cm and 
meter Yagis for the two different 6-meter Yagis (with a 
fixed distance of 5 feet between the 2-meter and 6-meter 
Yagis). In this example, the 70-cm Yagi was designed to 
be an intrinsic 50-8 feed, where the F/R has been com- 
promised to some extent. Still, the F/R is greater than 
20 dB when the 70-cm Yagi is used by itself. 

For spacings greater than 4 feet between the 70-cm 
and 2-meter booms, the 70-em gain is equal to or even 
slightly greater than that of the 70-cm antenna by itselt. 
‘The increase of gain indicates that the elevation pattern 
of the 70-cm antenna is slightly compressed by the pres- 
ence of the other Yagis below it. The F/R stays above at 
19.5 dB for spacings greater than or equal to 4 feet. This, 
falls just below our desired lower limit of 20 dB, but it is 
highly doubtful that anyone would notice this 0.5-4B drop 
in actual operation. A spacing of 4 feet between booms 
falls under the rule of thumb that the minimum spacing 
be at least half the boomlength of the higher-frequency 
Yagi. which in this case is 9 feet. 

What should be obvious in this discussion is that 
you should model the exact configuration you plan to 
build to avoid unnecessary performance degradation 


ment 


Stacking Same-Frequency Yagis 


‘This subject has been examined in some detail in 
Chapter 11, HF Yagi Arrays. The same basic principles 
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Fig 13—Performance of a 14-element 70-cm Yagi on a 
9-foot boom, mounted a variable distance over an 8- 
element 2-meter Yagi on a 12-foot boom, which is 
mounted 5 feet above either a 5-element 6-meter Yagi 
on a 12-foot boom or a 7-element 6-meter Yagi on a 
22-foot boom. Beyond a spacing of about 4 feet, the 
performance of the 70-cm beam is degraded a minimal 
amount. 


hold at VHF and UHF as they do on HF. That is, the gain 
increases gradually with increasing spacing between the 
booms, and then falls off gradually past a certain spacing 
distance 

AUHE, Chapter 11 emphasizes that you should avoid 
nulls in the antenna’s elevation response—so that you can 
cover all the angles needed for geographic areas of inter- 
est. At VHF/UHE, propagation is usually at low elevation 
angles for most propagation modes, and signals are often 
extremely weak. Thus, achieving maximum gain is the most, 
common design objective for a VHF/UHF stack. Of sec- 
ondary importance is the cleanliness of the beam pattern, 
to discriminate against interference and noise sources. 

Six-meter Sporadic-E can sometimes occur at high 
elevation angles, especially if the E, cloud is overhead, 
or nearly overhead. Since Sporadic-E is exactly that, spo: 
radic, it’s not a good design practice to try to cover a 
wide range of elevation angles, as you must often do at 
HF to cover large geographic areas. On 6 meters, you 
can change to high-angle coverage when necessary. For 
example, you might switch to a separate Yagi mounted at 
alow height, or you might provide means to feed stacked 
antennas out-of-phase. Fig 14 shows an HFTA (HF Ter- 
rain Assessment) plot of two 5-element 6-meter Yagis, 
fed either in-phase or out-of-phase to cover a much wider 
range of elevation angles than the in-phase stack alone. 

Fig ISA shows the change in gain for four 2-meter 
stacked designs, as a function of the spacing in wav. 
lengths between the booms. The 3-clement Yagi 


Fig 14—HFTA comparison plots of the elevation 
responses for two 5-element 6-meter Yagis mounted at 
42 and 30 feet above flat ground, when they are fed in- 
phase and out-of-phase. By switching the phasing 
{adding a half-wavelength of coax to one of the 
antennas), the elevation angle can be controlled to 
enhance performance when a Sporadic-E cloud is 
nearly overhead. 


mounted on a 2-foot boom (occupying 0.28 of that 
boom). The S-element Yagi is on a 4-foot boom (0.51 i 
of the boom), while the 8-element Yagi is on a 12-foot 
boom (1.72 A of boom). The biggest antenna in the group 
has 16 elements, on a 27-foot boom (4.0 A of boom). This 
range of boom lengths pretty much covers the practical 
range of antennas used by hams. 

‘The stack of two 3-clement Yagis peaks at 3.2 dB of 
additional gain over a single Yagi for 0.75 A spacing 
between the booms. Further incre: 


in spacing see the 
gain change gradually drop off. Fig 15B shows the worst- 
case F/R of the four stacks, again as a function of boom 
length. The F/R of a single 


clement Yagi is just over 24 
4B, but in the presence of the second 3-element Yagi in the 
stack, the F/R of the pair oscillates between 15 to 26 dB, 
finally remaining consistently over the desired 20-dB level 
for spacings greater than about 1.7 2, where the gain has 
fallen about 0.6 dB from the peak possible gain. A boom 
spacing of 1.7 at 146 MHz is 11.5 feet. Thus you must 
‘compromise in choosing the boom spacing between achiev- 
ing maximum gain and the best pattern, 

‘The increase in gain of the stack of two 5-element 
Yagis peaks at a spacing of about 1 (6.7 f 
the F/R is an excellent 25 dB. Having more 
4 particular length of boom aids in holding a more con- 
sistent F/R in the presence of the second antenna. 

‘The gain increase for the bigger stack of 8 
Yagis peaks at a spacing of about 1.5 2. (10.1 feet), where 
the F/R is more than 27 dB. The 16-element Yagi’s gain 


ment 
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Reflow technique 


Another technique often used is “reflow” soldering. This is used to “tack” devices or 
wires together, especially if very small, sensitive or fiddly parts are involved. There might 
be no room to make a “proper” sturdy joint, or it might just not be necessary to have any 
mechanical strength in the joint, especially if tiny parts are used. 


‘As an example, imagine a small temperature sensor (I used a transistor) for use ina 
thermometer project. It could be quite tricky to solder flying leads onto the sensor’s 
leadouts, so a good approach is to tin both the flying leads and the sensor’s leads, and then 
simply touch them together and re-melt the solder with the iron. There’s no need to add 
any more solder, because the solder that’s already there will re-melt and the joint will be 
made. Sometimes this is called a butt joint. 


4 The leads of this sensor (transistor) have been tinned, ready for flying leads to be 
tacked onto them with a reflow method. A Helping Hands jig might help! 
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Fig 15—Performance of two different 2-meter Yagis (5-elements on 4-foot boom and 8-elements on 12-foot boom) 
fed in-phase, as a function of spacing between the booms. Note that the distance is measured in wavelengths. 


increase is 2.6 dB for a spacing of about 2.25 A 
(15.2 feet), where the F/R remains close to 25 dB. The 
stacking distance of 15.2 feet for an antenna with a 
27-foot long boom may be a real challenge physically, 
requiring a very sturdy rotating mast to withstand wind 
pressures without bending, 

These examples show that the exact spacing betw 
booms is not overly critical, since the gain varies rela- 
tively slowly around the peak. Fig 15A shows that the 
boom spacing needed to achieve peak gain from a stack 
increases when higher-gain (longer-boom) individual 
antennas are used in that stack. It also shows that the 
se in maximum gain from stacking decreases for 
Iong-boom antennas. Fig ISB shows that beyond boom 
spacings of about 1 2, the F/R pattern holds well for Yagi 
designs with booms longer than about 0.5 4, which is 
about 4 feet at 146 MHz. 

The plots in Fig 15 are representative of typical mod- 
ern Yagis. You could simply implement these designs as 
is, and you'll achieve good results. However, we recom- 
mend that you model any specific stack you design, just 
to make sure. Since the boom spacings are displayed in 
terms of wavelength, you can extend the results for 
2 meters to other bands, provided that you use properly 
scaled Yagi designs to the other bands too. 

You can even tweak the element dimensions and 
spacings of each Yagi used in a stack to optimize the 
rearward pattern for a particular stacking distance. This 
strategy can work out well at VHF/UHF, where stacks 
are often configured for best gain (and pattern) and are 
“hard-wired” with fixed lengths of feed lines permanently 
junetioned together. 

This is in contrast to the situation at HF (and even 
on 6 meters). The HF operator usually wants flexibility 
idual Yagis (or combinations of Yagis) from 
the stack, to match the array’s takeoff angle with iono- 


to select indi 
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spheric propagation conditions. See Chapter 11, HF Yagi 
Arrays. The designer of a flexible HF stack thus usually 
doesn’t try to redo the element lengths and spacings of 


the Yagis to optimize a particular stack. 


Stacking Stacks of Different-Frequency Yagis 
‘The investment in a tower is usually substantial, and 
most hams want to put as many antennas as possible on a 
tower, provided that interaction between the antennas can 
be held to a reasonable level. Really ambitious weak- 
signal VHF/UHF enthusiasts may want “stacked 
stacks’"—sets of stacked Yagis that cover different bands 
For example, a VHF contester might want a stack of two 
8-element 2-meter Yagis mounted on the same rotating 


mast as a stack of two 5S-element 6-meter Yagis. Let’s 
assume that the boom length of the 8-element 2-meter 
Yagis is 12 feet (1.78 4). We'll assume a boom length of 
12 feet (0.61 2) for the S-element 6-meter Yagis. 

From Fig 15, we find the stacking distance between 
the 8-clement 2-meter beams for peak gain and good pat- 
tem is 1.5 A, or 10 feet, but adequate performance can be 
had fora boom spacing of 0.75 A, which is 5 feet on 2 meters. 

‘The boom spacing for two 5-element 6-meter 
beams is 1 2 for peak stacking gain, but a compromi 
0.625 4 (12 feet) still yields an acceptable gain increase 
of 2 dB over a single Yagi. The overall height of the 
rotating mast sticking out of the top of the tower is thus 
set by the 0.625 % stacking distance on 6 meters, at 
12 feet. In-between the 6-meter Yagis at the bottom and 
top of the rotating mast we will mount the 2-meter Yagi 
stack. With only 12 feet available on the mast, the spacing 
for symmetric placement of the two 2-meter Yagis in-be~ 
a" 


tween the 6-meter Yagis dictates a distance of only 4 f 
between the 2-meter beams. This is less than optimal. 

‘The performance of the 2-meter stack in this “stack 
within a stack” is affected by the close spacing, but the 


interactions are not disastrous. The stacking gain is 
1,62 dB more than the gain fora single 8-element 2-meter 
Yagi and the F/R remains above 20 dB across the 2-meter 
band 

(On 6 meters, the 


tacking gain for two 5-element 
6-meter Yagis spaced 12 feet apart is 2.2 dB more than the 
gain of a single Yagi, while the F/R pattern remains about 
20 dB over the weak-signal portion of the 6-meter band. As 
described in Chapter 11, HF Yagi Arrays, stacking gives more 
advantages than merely a gain increase, and 6-meter propa 
gation does require coverage of a range of elevation angles 
much of the time ionospheric modes are involved, 

Increasing the length of the rotating mast to 18 feet 
sticking out of the top of the tower will increase perfor- 
‘mance, particularly on 2 meters. The stacking gain on 
6 meters will increase to 2.3 dB while the F/R decreases, 
to 18.5 dB, modest changes both. The 18-foot mast 
allows the 2-meter Yagis to be spaced 6 feet from each 
other and 6 feet away from both top and bottom 6-meter 
antennas. The stacking gain goes to 2.14 dB and the F/R 
approaches 27 dB in the weak-signal portion of the 
2-meter band. 

Whether the modest increase in stacking gain is 
worth the cost and mechanical complexity of stacking 
two 2-meter Yagis in-between a stack of 6-meter Yagis is, 
a choice left to the operator. nly the cost and weight 
of a rotating mast that is 20 feet long (18 feet out of the 
top of the tower and 2 feet down inside the tower), a mast, 
that must be sturdy enough to support the antennas in 
high winds without bending, should give pause to even 
the most enthusiastic 6-meter weak-signal operator. 


QUADS FOR VHF 


‘The quad antenna can be built with inexpensive 
materials, yet its performance is comparable to other 
arrays of its size. Adjustment for resonance and imped- 
ance matching can be accomplished readily. Quads can 
be stacked horizontally and vertically to provide high 
gain, without sharply limiting frequency response. Con- 
struction of quad antennas for VHF use is covered later 
in this chapter. 


Stacking Quads 

Quads can be mounted side by side or one above the 
other, or both, in the same general way as other beam, 
antennas. Sets of driven elements can also be mounted in 
front of a screen reflector. The recommended spacing 
between adjacent element sides is "fs A. Phasing and feed 
‘methods are similar to those employed with other anten- 
nas described in this chapter. 


Adding Quad Directors 

Parasitic elements ahead of the driven element work 
in a manner similar to those in a Yagi array. Closed loops 
can be used for directors by making them 5% shorter than 
the driven element. Spacings are similar to those for con- 
ventional Yagis. In an experimental model the reflector 


was spaced 0.25 % and the director 0.15 4. A square 
array using four 3element bays worked extremely well. 


VHF AND UHF QUAGIS 

At higher frequencies, especially 420 MHz and 
above, Yagi arrays using dipole-driven elements can be 
difficult to feed and match, unless special care is taken to 
keep the feed-point impedance relatively high by proper 
element spacing and tuning. The cubical quad described 
earlier overcomes the feed problems to some extent. When 
many parasitic elements are used, however, the loops are 
not nearly as convenient to assemble and tune as are 
straight cylindrical ones used in conventional Yagis. The 
Quagi, designed and popularized by Wayne Overbeck, 
NONB, is an antenna having a full-wave loop driven ele~ 
ment and reflector, and Yagi type straight rod directors. 
Construction details and examples are given in the 
projects later in this chapter. 


COLLINEAR ANTENNAS 


‘The information given earlier in this chapter per- 
tains mainly to parasitic arrays, but the collinear array is 
worthy of consideration in VHF/UHF operations. This 
array tends to be tolerant of construction tolerances, mak- 
ing it easy to build and adjust for VHF applications. The 
use of many collinear driven elements was once popular 
in very large phased arrays, such as those required in 
moonbounce (EME) communications, but the advent of 
computer-optimized Yagis has changed this. 


Large Collinear Arrays 

Bidirectional curtain arrays of four, six, and eight 
half waves in phase are shown in Fig 16. Usually refl 
tor elements are added, normally at about 0.2 2 behind 


each driven element, for more gain and a unidirectional 
pattern, Such parasitic elements are omitted from the 
sketch in the interest of clarity. 

‘The feed-point impedance of two half waves in phase 
is high, typically 1000 2 or more. When they are com- 
bined in parallel and parasitic elements are added, the 
feed impedance is low enough for direct connection to 
open wire line or twin-lead, connected at the points indi- 
cated by black dots. With coaxial line and a balun, it is 
suggested that the universal stub match, Fig 44, be used 
at the feed point. All elements should be mounted at their 
electrical centers, as indicated by open circles in Fig 16. 
‘The framework can be metal or insulating material. The 
metal supporting structure is entirely behind the plane of 
the reflector elements. Sheet-metal clamps can be cut from 
scraps of aluminum for this kind of assembly. Collinear 
elements of this type should be mounted at their centers, 
(where the RF voltage is zero), rather than at their ends, 
where the voltage is high and insulation losses and 
detuning can be harmful 

Collinear arrays of 32, 48, 64 and even 128 elements 
can give outstanding performance. Any collinear array 
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should be fed at the centei 


of the system, to ensure bal- 
anced current distribution. This is very important in large 
arrays, where sets of six or eight driven elements are 
treated as “sub arrays,” and are fed through a balanced 
hharness. The sections of the harness are resonant lengths, 
usually of open wire line. The 48-element collinear array 
for 432 MHz in Fig 17 illustrates this principle 


Fig 16—Element arrangements for 8-, 12- and 16- 
element collinear arrays. Elements are ¥2 4 long and 
spaced ¥ i. Parasitic reflectors, omitted here for 
clarity, are 5% longer and 0.2 2 behind the driven 
elements. Feed points are indicated by black dots. 
Open circles show recommended support points. The 
elements can run through wood or metal booms, 
without insulation, if supported at their centers in this 
way. Insulators at the element ends (points of high RF 
voltage) detune and unbalance the system. 


A reflecting plane, which may be sheet metal, wire 
mesh, or even closely spaced elements of tubing or wire 
can be used in place of parasitic reflectors. To be eff 
tive, the plane reflector must extend on all sides to at least 
Ya R beyond the area occupied by the driven elements. The 
plane reflector provides high F/B ratio, a clean pattern, 
and somewhat more gain than parasitic elements, but large 
physical size limits it to use above 420 MHz. An interest- 
ing space-saving possibility lies in using a single plane 
reflector with elements for two different bands mounted 
on opposite sides. Reflector spacing from the driven el 
‘ment is not critical. About 0.2 2 is common, 


THE CORNER REFLECTOR 


When a single driven element is us 
screen may be bent to form an angle, 
‘ment in the radiation pattern and gain. At 222 and 
420 MHZ its size assumes practical proportions, and at 
902 MHz and higher, practical reflectors can approach 
ideal dimensions (very large in terms of wavelengths), 
resulting in more gain and sharper patterns. The corner 
reflector can be used at 144 MHz, though usually at much 

ss than optimum size. For a given aperture, the corner 
reflector does not equal a parabola in gain, but itis simple 
to construct, broadbanded, and offers gains from about 9 
to 14 dBi, depending on the angle and size. This section 
‘was written by Paul M. Wilson, W4HHK. 

‘The corner angle can be 90, 60 or 45°, but the side 
length must be increased as the angle is narrowed. For a 
90° corner, the driven element spacing can be anything 
from 0.25 to 0.7 2, 0.35 to 0.75 A for 60°, and 0.5 to 


the reflector 
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Fig 17—Large collinear arrays should be fed as sets of no more than eight driven elements each, interconnected 
by phasing lines. This 48-element array for 432 MHz (A) is treated as if it were four 12-element collinear antennas. 
Reflector elements are omitted for clarity. The phasing harness is shown at B. Squares represent insulators. 
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Fig 18—Radiation resistance of the driven element in a 
comer reflector array for corner angles of 180° (tlat 
sheet), 90°, 60° and 45° as a function of spacing D, as 
shown in Fig 19. 


0.8 A for 45°. In each case the gain variation over the 
.€ of spacings given is about 1.5 dB. Because the spac- 
ing is not very critical to gain, it may be varied for 
impedance-matching purposes. Closer spacings yield 
lower feed-point impedances, but a folded dipole radia- 
tor could be used to raise this to a more convenient level. 

Radiation resistance is shown as a function of spac~ 
ing in Fig 18. The maximum gain obtained with mini. 
mum spacing is the primary mode (the one generally used 
at 144, 222 and 432 MHz to maintain reasonable side 
lengths). A 90° corner, for example, should have a mini~ 
mum side length (S, Fig 19) equal to twice the dipole 
spacing, or IA long for 0.5-A spacing. A side length 
greater than 2 4 is ideal. Gain with a 60° or 90° corner 
reflector with 1-2 sides is about 10 dB. A 60° corner with 
sides has about 13 dBi gain, and a 45° corner with 
3-2 sides has about 14 dBi gain. 

Reflector length (L, Fig 19) should be a minimum 
of 0.6 A. Less than that spacing causes radiation to 
increase to the sides and rear, and decreases gain. 

pacing between reflector rods (G, Fig 19) should 
not exceed 0.06 2 for best results. A spacing of 0.06 & 
results in a rear lobe that is about 6% of the forward lobe 


(cote 
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Fig 19—Construction of a corner reflector array. The frame can be wood or metal. Reflector elements are stiff wire 
or tubing. Dimensions for several bands are given in Table 2. Reflector element spacing, G, is the maximum that 
should be used for the frequency; closer spacings are optional. The hinge permits folding for portable use. 
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(down 12 dB). A small mesh screen or solid sheet is pref 
erable at the higher frequencies to obtain maximum effi 
ciency and highest F/B ratio, and to simplify construction. 
‘A spacing of 0.06 2 at 1296 MHz, for example, requir: 
‘mounting reflector rods about every '/2 inch along the 
sides. Rods or spines may be used to reduce wind load- 
ing. The support used for mounting the reflector rods may 
be of insulating or conductive material. Rods or mesh 
weave should be parallel to the radiator. 

‘A suggested arrangement for a corner reflector is 
shown in Fig 19. The frame may be made of wood or 
metal, with a hinge at the corner to facilitate portable work 
or assembly atop a tower. A hinged corner is also useful 
in experimenting with different angles. Table 2 gives the 
principal dimensions for corner reflector arrays for 144 
to 2300 MHz. The arrays for 144, 222 and 420 MHz have 
side lengths of twice to four times the driven element 
spacing. The 915 MHz comer reflectors use side lengths 
of three times the element spacing, 1296 MHz corners 


use side lengths of four times the spacing, and 2304 MHz 
corners employ side lengths of six times the spacing. 
Reflector lengths of 2, 3, and 4 wavelengths are used on 
the 915, 1296 and 2304 MHz reflectors, respectively. A 
4.x 6 d reflector closely approximates a sheet of infinite 
dimensions 

A corner reflector may be used for several bands, or 
for UHF television reception, as well as amateur UHF 
work. For operation on more than one frequency, side 
length and reflector length should be selected for the low- 
est frequency, and reflector spacing for the highest fre- 
quency. The type of driven element plays a part in 
determining bandwidth, as does the spacing to the cor 
ner. A fat cylindrical element (small A/dia ratio) or trian- 
gular dipole (bow tie) gives more bandwidth than a thin, 
driven element. Wider spacings between driven element 


and comer give greater bandwidths. A small increase in 
gain can be obtained for any corner reflector by mount- 
ing collinear elements in a reflector of sufficient size, but 


Radiation 
Resistance, 


Table 2 

Dimensions of Corner Reflector Arrays for VHF and UHF 
Side Dipole ‘Reflector Reflector Corner 

Freq, Length to Vertex Length Spacing Angle, 

MHz S,in. Din. Lin Gin Vo 

1447652 7% 48 7% 90 

144-8040. 43 4 90 

2227 4218 30 5 90 

222 52 25 30 3 90 

222 100-25 30 Screen 60 

420-27) 8% 16% 2s 90 

420 54 13% 16% Screen 60 

915 206% 25% 0.85 90 

915 51 16% 25% Screen 60 

915 78 25% 25% Screen 45 

1296 18 | 4% 27% % 90 

1296 48 11% 27% Screen 60 

1296 72 «18% 27% Screen 45 


2304 15% 2% 
2304 406% 
2304 «61 10% 


20% Ye 90 
20% Screen 60 
20% Screen 45 


*Side length and number of reflector elements somewhat below optimum—slight reduction in gain, 


Notes: 
915 MHz 

Wavelength is 12.9 in. 

Side length S is 3 « D, dipole to vertex distance 
Reflector length L is 20 

Reflector spacing G is 0.05 


1296 MHz 
Wavelength is 9.11 in. 

Side length Sis 4 « D, dipole to vertex distance 
Reflector length L is 3.0 i. 

Reflector spacing G is 0.05 


2304 MHz 
Wavelength is 5.12 in. 

Side length S is 6 x D, dipole to vertex distance 
Reflector length L is 4.0 

Reflector spacing G is 0.05 
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the simple feed of a dipole is lost if more than two ele~ 
ments are used. 

A dipole radiator is usually employed with a corner 
reflector. This requires a balun between the coaxial line 
-point impedance of the antenna. 
Baluns are easily constructed of coaxial line on the lower 
VHF bands, but become more difficult at the higher fre~ 
quencies. This problem may be overcome by using a 


and the balanced fei 


ground-plane corner reflector, which can be used for ver~ 
tical polarization. A ground-plane corner with monopole 
driven element is shown in Fig 20. The comer reflector 
and a '/s 2 radiator are mounted on the ground plane, per 
mitting direct connection to a coaxial line if the proper 
spacing is used. The effective aperture is reduced, but at 


the higher frequencies, second- or third-mode radiator 
spacing and larger reflectors can be employed to obtain 
more gain and offset the loss in effective aperture, A 
J antenna could be used to maintain the aperture area and, 
provide a match to a coaxial line. 

For vertical polarization work, four 90° corner 
reflectors built back-to-back (with common reflectors) 
could be used for scanning 360° of horizon with modest 


gain. Feed-line switching could be used to select the 
desired sector. 


TROUGH REFLECTORS. 


To reduce the overall dimensions of a large corner 
reflector the vertex can be cut off and replaced with a 
plane reflector. Such an arrangement is known as a trough 
reflector. See Fig 21. Performance similar to that of the 
large comer reflector can thereby be had, provided that 
the dimensions of S and T as shown in Fig 21 do not 
exceed the limits indicated in the figure. This antenna 


‘Dr ~ Distonce ‘Sereen on Sides 
‘tom Rogsator 
aa —V= Ania Formed 
by Sides (09%, 60° 
Ie 


provides performance very similar to the corner reflec- 
tor, and presents fewer mechanical problems because the 
plane center portion is relatively easy to mount on the 
mast. The sides are considerably shorter, as well 
‘The gain of both corner reflectors and trough refl 
tors may be increased by stacking two or more and 
arranging them to radiate in phase, or alternatively by 


Plane Retector 4 


s 
Angle Value of Sfor  Gain_—Value of T 
a ‘maximum gain 
90° 15h 13.548 12- 1.252, 
60° 175% 15dB 1.00 
45° 2.0% 16dB 1.94 


Fig 21—The trough reflector. This is a useful 
modification of the corner reflector. The vertex has 
been cut off and replaced by a simple plane section. 
The tabulated data shows the gain obtainable for 
greater values of S than those covered in Table 2, 
assuming that the reflector is of adequate size. 


wat 


Fig 20—A ground-plane corner reflector antenna for vertical polarization, such as FM communications or packet 
radio. The dimension % A in the front view refers to data in Table 2. 
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adding further collinear dipoles (fed in phase) within a 
wider reflector. Not more than two or three radiating units 
should be used, because the great virtue of the simple 
feeder arrangement would then be lost. 


HORN ANTENNAS FOR THE 
MICROWAVE BANDS 


Horn antennas were briefly introduced in the sec- 
tion on coupling energy into and out of waveguides. For 
amateur purposes, horns begin to show usable gain with 
practical dimensions in the 902 MHz band. 

It isn’t necessary to feed a horn with waveguide. If 
only two sides of a pyramidal horn are constructed, the 
antenna may be fed at the apex with a two-conductor 
transmission line. The impedance of this arrangement is, 
on the order of 300 to 400 2. A 60° two-sided pyramidal 
horn with 18 inch sides is shown in Fig 22. This antenna 
has a theoretical gain of 15 dBi at 1296 MHz, although 
the feed system detailed in Fig 23 probably degrades this 
value somewhat. A '/s 4, 150-0 matching section made 
from two parallel lengths of twin-lead connects to a 
bazooka balun made from RG-58 cable and a brass tube. 
‘This matching system was assembled strictly for the pur- 
pose of demonstrating the two-sided horn in a 50-Q 
system. In a practical installation the horn would be fed. 
with open-wire line and matched to 50 Q at the station 
equipment. 


Fig 22—An experimental two-sided pyramidal horn 
constructed in the ARRL laboratory. A pair of muffler 
clamps allows mounting the antenna on a mast. This 
model has sheet-aluminum sides, although window 
‘screen would work as well. Temporary elements could 
be made from cardboard covered with aluminum foll. 
The horizontal spreaders are Plexiglas rod. Oriented as 
‘shown here, the antenna radiates horizontally 
polarized waves. 
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PARABOLIC ANTENNAS 


When an antenna is located at the focus of a para- 
bolic reflector (dish), it is possible to obtain consider- 
able gain, Furthermore, the beamwidth of the radiated 
energy will be very narrow, provided all the energy from 
the driven element is directed toward the reflector. This 
section was written by Paul M. Wilson, W4HHK, 

Gain is a function of parabolic reflector diameter, 


surface accuracy and proper illumination of the reflector 
by the feed. Gain may be found from 


aD 7 
G=10togk( 22 
- ( a 


where 


(Eq) 


G = gain over an isotropic antenna, dBi (subtract 
2.15 dB for gain over a dipole) 

efficiency factor, usually about 55% 

D = dish diameter in feet 

4. = wavelength in feet 


See Table 3 for parabolic antenna gain for the bands 
420 MHz through 10 GHz and diameters of 2 to 30 feet 

A close approximation of beamwidth may be found 
from 


70%. ms 
D (Eq 2) 
where 
y = beamwidth in degrees at half-power points 
(3 dB down) 


D = dish diameter in feet 
4. = wavelength in 


‘At 420 MHz and higher, the parabolic dish becomes 
a practical antenna. A simple, single feed point elimi- 
nates phasing harnesses and balun requirements. Gain is 
dependent on good surface accuracy, which is more dif- 


ficult to achieve with increasing frequency. Surface 


Fig 23—Matching 
system used to 
test the horn. 
Better performance 
would be realized 
with open wire line. 
See text. 


Table 3 
Gain, Parabolic Antennas* 
Dish Diameter (Feet) 


Frequency = 2 4 6 10 15 
420 MHz 60 120 155 200 235 
902 125 185 22.0 265 30.0 
1215 15.0 21.0 245 290 325 
2300 205 265 30.0 345 38.0 
3300 24.0 30.0 335 375 415 
5650 285 345 38.0 425 46.0 
10 GHz 335 395 43.0 475 51.0 


20° 30 
26.0 29.5 
32.5 36.0 
35.0 38.5 
40.5 44.0 
435 475 
485 52.0 
535 57.0 


*Gain over an isotropic antenna (subtract 2.1 dB for gain over a dipole antenna). Reflector efficiency of 55% assumed. 


Fig 24—Details of the parabolic curve, Y? = 4SX. This 
curve is the locus of points that are equidistant from a 
fixed point, the focus (F), and a fixed line (AB) that is 
called the directrix. Hence, FP = PC. The focus (F) is 
located at coordinates $0. 


errors should not exceed '/s 4 in amateur work. At 
430 MHz ‘Vs 2 is 3.4 inches, but at 10 GHz it is 
0.1476 inch! Mesh can be used for the reflector surface to 
reduce weight and wind loading, but hole size should be 
less than "fis A. At 430 MHz the use of 2-inch hole diam- 
eter poultry netting (chicken wire) is acceptable. Fine mesh. 
aluminum screening works well as high as 10 GHz. 

‘A support form may be fashioned to provide the 
proper parabolic shape by plotting a curve (Fig 24) from 


as shown in the figure 

Optimum illumination occurs when power at the 
reflector edge is 10 dB less than that at the center. A cir- 
cular waveguide feed of correct diameter and length for 


the frequency and correct beamwidth for the dish focal 


length to diameter ({/D) ratio provides optimum illumi- 
nation at 902 MHz and higher. This, however, is imprac- 
tical at 432 MHz, where a dipole and plane reflector are 
0.4 and 0.6 is consid- 


often used. An {/D ratio betwe 
ered ideal for maximum gain and simple fe 
‘The focal length of a dish may be found from 


(Eq 3) 


where 


focal length 
D = diameter 

d= depth distance from plane 
vertex (sce Fig 17) 


{t mouth of dish to 


‘The units of focal length fare the same as those used 
to measure the depth and diameter. Table 4 gives the sub- 
tended angle at focus for dish f/D ratios from 0.2 to 1.0 
A dish, for example, with a typical {/D of 0.4 requires a 
10-4B beamwidth of 130°. A circular waveguide feed with 
a diameter of approximately 0.7 4 provides nearly opti- 
mum illumination, but does not uniformly illuminate the 
reflector in both the magnetic (TM) and electric (TE) 
planes. Fig 25 shows data for plotting radiation patterns 
from circular guides. The waveguide feed aperture can 
be modified to change the beamwidth. 

One approach used successfully by some experiment- 
ers is the use of a disc at a short distance behind the aper- 
ture as shown in Fig 26. As the distance between the 
aperture and disc is changed, the TM plane patterns 


become alternately broader and narrower than with an 
unmodified aperture. A disc about 2 } in diameter appears 
to be as effective as a much larger one. Some experiment- 
ers have noted a 1 to 2 dB increase in dish gain with this, 
modified feed. Rectangular waveguide feeds can also be 
used, but dish illumination is not as uniform as with round 
guide feeds. 
‘The circular feed can be made of copper, brass, 
e or juice can, 
bbut the latter must be painted on the outside to prevent 
rust or corrosion. The circular feed must be within a 
proper size (diameter) rang. 


aluminum or even tin in the form of a coft 


for the frequency being used. 
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‘This feed operates in the dominant circular waveguide 
mode known as the TE, mode. The guide must be large 
enough to pass the TE, mode with no attenuation, but 
smaller than the diameter that permits the next higher 
‘TMo, mode to propagate. To support the desirable TE, 
mode in circular waveguide, the cutoff frequency, Fe. is 
given by 


Fe (TE) = 
eet Tinches) a4) 
where 
Fe = cutoff frequency in MHz for TE), mode 


d 
Circular waveguide will support the TM, 
having a cutoff frequency 


waveguide inner diameter 


fo, Mode 


9034.85 
Fe (TMi) = 


(Eq 5) 


inches) 


‘The wavelength in a waveguide always exceeds the 
free-space wavelength and is called guide wavelength, 2 
Itis related to the cutoff frequency and operating frequency 
by the equation 


11802.85 


(Eq 6) 


Yio ~fe° 
where 
ty = guide wavelength, inches 


operating frequency, MHz 
TE,, waveguide cutoff frequen: 


-y, MHz 


An inside diameter range of about 0.66 to 0.76 Lis 


0 ~ 
N 
s 
‘ane. N echo 
» noone | Wan yee 
. 
N 
fo 2 


Fig 25—This graph can be used in conjunction with Table 4 for selecting the proper diameter waveguide to 


illuminate a parabolic reflector. 
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Table 4 


{/D Versus Subtended Angle at Focus of a 
Parabolic Reflector Antenna 


Subtended Subtended 
11D Angle (Deg.) + -/D —_—_ Angle (Deg.) 
0.20 203 0.65 80 

0.25 181 0.70 75 

0.30 161 0.75 69 

0.35 145 0.80 64 

0.40 130 085 60 

045 117 090 57 

050 106 095 55 

055 | 97 1,00 52 

0.60 © 88 


‘Taken from graph “f/D vs Subtended Angle at Focus,” page 
170 of the 1966 Microwave Engineers’ Handbook and 
Buyers Guide. Graph courtesy of K. S. Kelleher, Aero Geo 
Astro Corp, Alexandria, Virginia 


(Wot Recomended for Small Dishes) 
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Fig 26—Detalls of a circular waveguide feed. 


suggested. The lower frequency limit (longer dimension) 
is dictated by proximity to the cutoff frequency. The 
higher frequency limit (shorter dimension) is dictated by 
higher order waves. See Table 5 for recommended in- 
side diameter dimensions for the 902- to 10,000-MHz 
amateur bands. 

‘The probe that excites the waveguide and makes the 
transition from coaxial cable to waveguide is '/s A long 
and spaced from the closed end of the guide by "V/s guide 
wavelength. The length of the feed should be two to three 
guide wavelengths. The latter is preferred if a second 
probe is to be mounted for polarization change or for 
polaplexer work where duplex communication (simulta- 
neous transmission and reception) is possible because of 
the isolation between two properly located and oriented, 
probes. The second probe for polarization switching or 
polaplexer work should be spaced ‘/« guide wavelength 
from the closed end and mounted at right angles to the 
first probe 

‘The feed aperture is located at the focal point of the 
dish and aimed at the center of the reflector. The feed 


Table 5 
ircular Waveguide Dish Feeds 
Inside Diameter 


Freq, Circular Waveguide 
(MHz) Range (in.) 

915 8.52-9.84 

1296 6.02-6.94 

2304 3.39-3.91 

3400 2.29-2.65 

5800 1.34-1.55 

10,250 0.76-0.88 


mounts should permit adjustment of the aperture either 
side of the focal point and should present a minimum of 
blockage to the reflector. Correct distance to the dish 
center places the focal point about 1 inch inside the feed 
aperture. The use of a nonmetallic support minimizes 
blockage. PVC pipe, fiberglass and Plexiglas are com- 
monly used materials. A simple test by placing a mate- 
rial in a microwave oven reveals if itis satisfactory up to 
2450 MHz. PVC pipe has tested satisfactorily and 
appears to work well at 2300 MHz. A simple, clean look- 
ing mount for a 4-foot dish with 18 inches focal length, 
for example, can be made by mounting a length of 4-inch 
PVC pipe using a PVC flange at the center of the dish. At 
2304 MHz the circular feed is approximately 4 inches 
ID, making a snug fit with the PVC pipe. Precautions 
should be taken to keep rain and small birds from enter- 
ing the feed. 

Never look into the open end of a waveguide when 
power is applied, or stand directly in front of a dish while 
transmitting. Tests and adjustments in these areas should 
bbe done while receiving or at extremely low levels of trans- 
miter power (less than 0.1 watt). The US Government has 
set a limit of 10 mW/em? averaged over a 6-minute period 
as the safe maximum. Other authorities believe even lower 
levels should be used. Destructive thermal heating of body 
exposure. This heating effect 
is especially dangerous to the eyes. The accepted safe level 
of 10 mW/em? is reached in the near field of a parabolic, 
antenna if the level at 2D2/A is 0.242 mW/em?, The equa- 
tion for power density at the far-field boundary is 


Lissue results from excessive 


Power density = > Eq 7) 
D (Eq7) 


where 
P = average power in kilowatts 
D = antenna diameter in feet 


4. = wavelength in 


New commercial dishes are expensive, but surplus 
ones can often be purchased at low cost. Some amateurs 
build theirs, while others modify UHF TV dishes or cir- 
cular metal snow sleds for the amateur bands. Fig 27 
shows a dish using the homemade feed just described 
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™ The three flying leads stripped, tinned and ready to be reflow-soldered onto the 
device. 


’* To reflow solder them, simply hold the two leads together while re-melting the 
solder with the iron. 


Fig 27—Coffee-can 2304 MHz feed described 
in text and Fig 26 mounted on a 4-ft dish. 


Fig 28—Aluminum framework for a 23-foot dish under 
construction by ZL1BJQ. 
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Fig 29—Detailed look at the hub assembly for the 
ZL1BJQ dish. Most of the structural members are 
made from %inch T section. 


Photos showing a highly ambitious dish project under 
construction by ZLIBJQ appear in Figs 28 and 29. Prac- 
tical details for constructing this type of antenna are given 
in Chapter 19. Dick Knadle, K2RIW, described modern 
UHF antenna test procedures in February 1976 QST (see 
Bibliography). Also see Chapter 19. 


OMNIDIRECTIONAL ANTENNAS FOR 
VHF AND UHF 


ations requires an anten- 
na with wide coverage capabilities. Most mobile work 
is on FM, and the polarization used with this mode is 
generally vertical. Some simple vertical systems are 
described below. Additional material on antennas of 
this type is presented in Chapter 16, Mobile and Mari- 
time Antennas, 


Local work with mobi 


Ground-plane Antennas for 144, 222 and 
440 MHz 


For the FM operator living in the primary coverage 
area of a repeater, the ease of construction and low cost 
of a '/« ground-plane antenna make it an ideal choice. 
‘Three different types of construction are detailed in F 
30 through 43; the choice of construction method depends 
upon the materials at hand and the desired style of 
antenna mounting. 


‘The 144-MHz model shown in Fig 30 uses a flat 
piece of sheet aluminum, to which radials are connected 
with machine screws. A 45° bend is made in each of the 
radials. This bend can be made with an ordinary bench 
vise. An $0239 chassis connector is mounted at the cen- 
ter of the aluminum plate with the threaded part of the 
connector facing down. The vertical portion of the 
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Fig 30—These drawings illustrate the dimensions for the 144-MHz ground-plane antenna. The radials are bent 


down at a 45° angle. 
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Fig 31—Dimensional information for the 222-MHz ground-plane antenna. Lengths for A, B, C and D are the total 
distances measured from the center of the SO-239 connector. The corners of the aluminum plate are bent down at 
a 45° angle rather than bending the aluminum rod as in the 144-MHz model. Either method is suitable for these 


antennas. 
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Sy 


Frequency (MHz) A (Inches) 


8 (inches) 


146 
445 


Fig 32—Simple ground-plane antenna for the 144-, 222- 
and 440-MHz bands. The vertical element and radials 
are “Jax or '/w-in. brass welding rod. Although iain. rod 
Is preferred for the 144-MHz antenna, #10 or #12 
copper wire can also be used. 


antenna is made of #12 copper wire soldered directly to 
the center pin of the SO-239 connector. 

‘The 222-MHz version, Fig 31, uses a slightly dif- 
ferent technique for mounting and sloping the radials. In 
this case the corners of the aluminum plate are bent down, 
angle with respect to the remainder of the plate. 
‘The four radials are held to the plate with machine screws, 
lock washers and nuts. A mounting tab is included in the 
design of this antenna as part of the aluminum base. A 
compression type of hose clamp could be used to secure 
the antenna to a mast. As with the 144-MHz version, the 
vertical portion of the antenna is soldered directly to the 
80-239 connector. 

‘A very simple method of construction, shown in 
Figs 32 and 33, requires nothing more than an SO-239 


ata d 
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Fig 33—A 440-MHz ground-plane constructed using 
only an SO-239 connector, no. 4-40 hardware and 
‘he-In. brass welding rod. 


connector and some no. 4-40 hardware. A small loop 
formed at the inside end of each radial is used to attach 
the radial directly to the mounting holes of the coaxial 
connector. After the radial is fastened to the SO-239 with, 
no, 4-40 hardware, a large soldering iron or propane torch 
is used to solder the radial and the mounting hardware to 
the coaxial connector. The radials are bent to a 45° angle 
and the vertical portion is soldered to the center pin to 
complete the antenna. The antenna can be mounted by 
d line through a mast of %-inch ID plastic 
or aluminum tubing. A compression hose clamp can be 
used to secure the PL-259 connector, attached to the feed 
line, in the end of the mast. Dimensions for the 144- 
222- and 440-MHz bands are given in Fig 32. 

If these antennas are to be mounted outside itis wise 
to apply a small amount of RTV sealant or similar mate~ 
rial around the areas of the center pin of the connector to 
prevent the entry of water into the connector and coax 
line 


The J-Pole Antenna 


The J-Pole is a half-wave antenna that is end-fed 
at its bottom. Since the radiator is longer than that of a 
"/-wave ground-plane antenna, the vertical lobe is com- 
pressed down toward the horizon and it has about 1.5 dB 
of gain compared to the ground-plane configuration. The 
stub-matching section used to transform the high imped- 
ance seen looking into a half-wave to 50.9 coax is shorted 


at the bottom, making the antenna look like the letter “I.” 
and giving the antenna its name. 

Rigid copper tubing, fittings and assorted hardware 
can be used to make a really rugged J-pole antenna for 
2 meters. When copper tubing is used, the entire assem- 
bly can be soldered together, ensuring electrical integ- 
rity, and making the whole antenna weatherproof. This, 
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Fig 34—At A, exploded assembly diagram of all-copper 
J-Pole antenna. At B, detail of clamp assemblies. Both 
clamp assemblies are the same. 
tem ty Part or Material Name 

Y%-inch x 10 foot length of rigid copper 
tubing (enough for 2 antennas, 60 inches 
per antenna) 
Yeinch x 10 ft length of rigid copper tubing 
(enough for 6 antennas, 20 inches per 
antenna) 
2 %inch copper pipe clamps 
2 Yeinch copper pipe clamps 
1 Yeinch copper elbow 
1%» Yeinch copper tee 
1 Yeinch copper end cap 
1 Yeinch copper end cap 
1 %x 1%inch copper nipple (Make from item 
2. See text) 
%4 * 3 Y-inch copper nipple (Make from 
item 1. See text) 
Your choice of coupling to mast fitting 
(%4 «1 inch NPT used at KD8JB) 
# 8-32 x %inch brass machine screws 
(round, pan, or binder head) 
#8 brass flat washers 
# 8-32 brass hex nuts 
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‘material came from an article by Michael Hood, KD8IB, 
in The ARRL Antenna Compendium,Vol. 4 

No special hardware or machined parts are used in this, 
antenna, nor are insulating materials needed, since the an- 
tenna is always at de ground. Best of all, even if the parts, 
aren’t on sale, the antenna can be built for less than $15. If 
you only build one antenna, you'll have enough tubing left 
over to make most of a second antenna, 


Construction 


Copper and brass is used exclusively in this antenna. 
‘These metals get along together, so dissimilar metal cor- 
rosion is eliminated. Both metals solder well, too. Set 
Fig 34. Cut the copper tubing to the lengths indicated. 
Item 9 is a 1'/s-inch nipple cut from the 20-inch length of 
Yh-inch tubing, This leaves 18°/s inches for the "4-match- 
ing stub. Item 10 is a 3'/sinch long nipple cut from the 
60-inch length of "/s-inch tubing. The ‘/s-wave element 
should measure 56°/:-inches long. Remove burrs from the 
ends of the tubing after cutting, and clean the mating 
surfaces with sandpaper, steel wool, or emery cloth. 

After cleaning, apply a very thin coat of flux to the 
‘mating elements and assemble the tubing, elbow, tee, end 
caps and stubs. Solder the assembled parts with a pro- 
pane torch and rosin-core solder. Wipe off excess solder 
with a damp cloth, being careful not to burn yoursell. 
‘The copper tubing will hold heat for a long time after 
you've finished soldering. After soldering, set the assem- 
bly aside to cool 

Flatten one each of the '/s-inch and "Ys-inch pipe 
clamps. Drill a hole in the flattened clamp as shown in 
Fig 34A. Assemble the clamps and cut off the excess metal 
from the flattened clamp using the unmodified clamp as 
a template. Disassemble the clamps. 

‘Assemble the '/2-inch clamp around the '/s-wave 


element and secure with two of the screws, washers, and 
nuts as shown in Fig 34B. Do the same with the '/-inch 
clamp around the */:-wave element. Set the clamps in 
tially to a spot about 4 inches above the bottom of the “I” 
on their respective elements. Tighten the clamps only fin- 
ger tight, since you'll need to move them when tuning. 


Tuning 
The J-Pole can be fed directly from 50-Q coax 
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through a choke balun (3 turns of the feed coax rolled 
into a coil about 8 inches in diameter and held together 
with electrical tape). Before tuning, mount the antenna 
vertically, about 5 to 10 feet from the ground. A short 
TV mast on a tripod works well for this purpose. When 
tuning VHF antennas, keep in mind that they are sensi- 
tive to nearby objects—such as your body. Attach the feed 
line to the clamps on the antenna, and make sure all the 
nuts and screws are at least finger tight. It really doesn’t 
matter to which element (%-wave element or stub) you 
attach the coaxial center lead. The author has done it both 
ways with no variation in performance. Tune the antenna 
by moving the two feed-point clamps equal distances a 
small amount each time until the SWR is minimum at the 
desired frequency. The SWR will be close to 1:1 


Final Assembly 

‘The final assembly of the antenna will determine its, 
Jong-term survivability. Perform the following steps with 
care. After adjusting the clamps for minimum SWR, mark 
the clamp positions with a pencil and then remove the 
feed line and clamps. Apply a very thin coating of flux to 
the inside of the clamp and the corresponding surface of 
the antenna element where the clamp attaches. Install the 
clamps and tighten the clamp screws. 

‘older the feed line clamps where they are attached 
to the antenna elements. Now, apply a small amount of 
solder around the screw heads and nuts where they con- 
tact the clamps. Don’t get solder on the screw threads! 
Clean away excess flux with a non-corrosive solvent. 
After fi 


with the remaining washer and nut. Weather 
with RTV. Otherwise, you may find yourself repairing 
the feed line after a couple years. 


On-the-Air Performance 

Years ago, prior to building the first J-Pole antenna 
for this station, the author used a standard '/s-wave ground 
plane vertical antenna. While he had no problem work- 
ing various repeaters around town with a '/i-wave antenna, 
simplex operation left a lot to be desired. The J-Pole per- 
forms just as well as a Ringo Ranger, and significantly 
better than the '/.-wave ground-plane vertical 


Practical 6-Meter Yagis 


Boom length often proves to be the deciding factor 
when one selects a Yagi design. Table 6 shows three 
6-meter Yagis designed for convenient boom lengths (6, 
12 and 22 feet). The 3-element, 6-foot boom design has, 
8.0 dBi gain in free space: the 12 foot boom, 5-element 
version has 10.1 dBi gain, and the 22-foot, 7 element Yagi 
has a gain of 11.3 dBi. All antennas exhibit better than 
22 dB front-to-rear ratio and cover 50 to 51 MHz with 
better than 1.7:1 SWR. 

Half-clement lengths and spacings are given in the 
fable. Elements can be mounted to the boom as shown in 
ig 35. Two muffler clamps hold each aluminum plate to 
the boom, and two U bolts fasten each element to the plate, 


Fig 35—The element 
to boom clamp. U 
bolts are used to 
hold the element to 
the plate, and 2-in. 
galvanized muffler 
clamps hold the 
plates to the boom. 


which is 0.25 inches thick and 4 x 4 inches square. Stain- 


less steel is the best choice for hardware, howev 


vanized hardware can be substituted. Automotive muffler 
clamps do not work well in this application, because they 
are not galvanized and quickly rust once exposed to the 
weather. Please note that the element lengths shown in 
Table 6 are half the overall element lengths. See page 
20-7 to 20-11 in Chapter 20 for practical details of tele~ 
scoping aluminum elements 

‘The driven element is mounted to the boom on a 
Bakelite or G-10 fiberglass plate of similar dimension to 
the other mounting plates. A 12-inch piece of Plexiglas 
rod is inserted into the driven element halves. The 
Plexiglas allows the use of a single clamp on each side of 
the element and also seals the center of the elements 
against moisture. Self-tapping screws are used for elec~ 
trical connection to the driven element. 

Refer to Fig 36 for driven-element and hairpin match 
details. A bracket made from a piece of aluminum is used 
to mount the three $0239 connectors to the driven ele 
ment plate. A 4:1 transmission-line balun connects the 
two element halves, transforming the 200 Q resistance at 
the hairpin match to 50 2 at the center connector. Note 
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Fig 36—This shows how the driven element and feed system are attached to the boom. The phasing line is coiled 
and taped to the boom. The center of the hairpin loop may be connected to the boom electrically and mechanically 


it desired. 
Phasing-line lengths: 

For cable with 0.80 velocity factor ~7 ft, 10% in. 
For cable with 0.66 velocity factor — 6 ft, 5% in. 
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Table 6 
Optimized 6-Meter Yagi Designs 


Spacing Seg1  Seg2 — Midband Spacing Seg!  Seg2 —Midband 
Between OD* op" Gain Between OD" op° Gain 
Elements Length Length F/R Elements Length Length F/R 
inches inches _inches inches inches —_ inches 

306-06 706-22 

op 0.750 0.625 oD 0.750 0.625 

Rell. 0 36 23.500 7.9 dBi Ref, 0 36 25.000 11.3 dBi 

DE 24 36 16.000 27.2. dB DE. 27 36 17.250 29.9 dB 

Dit 66 36 15.500 Dirt 16 36 18.500 

Dir2 51 36 15.375 

506-12 Din3 54 36 15.875 

op 0.750 0.625 Dina 53 36 16.500 

Ref, 0 36 24.000 10.1 dBi Dins 58 36 12.500 

DE 24 38 WaN25> BAT AB: *See pages 20-7 to 20-11 for telescoping aluminum 

dint 12 36 19.375 woke eee 

Din2 44 36 18.250 

Dis 58 36 15.375 

that the electrical length of the balun is 2/2, but the physi- However, you may have to change the length of the driven 


cal length will be shorter due to the velocity factor of the 
particular coaxial cable used. The hairpin is connected 
directly across the element halves. The exact center of 
the hairpin is electrically neutral and should be fastened 
to the boom. This has the advantage of placing the driven, 
element at de ground potential 

The hairpin match requires no adjustment as such. 


element slightly to obtain the best match in your preferred 
portion of the band. Changing the driven-element length 
will not adversely affect antenna performance. Do not 
adjust the lengths or spacings of the other elements— 
they are optimized already. If you decide to use a gamma 
match, add 3 inches to each side of the driven element 
lengths given in the table for all antennas. 


High-Performance Yagis for 144, 222 and 
432 MHz 


This construction information is presented as an 
introduction to the three high-performance VHF/UHF 
Yagis that follow. All were designed and built by Steve 
Powlishen, KIFO. For years the design of long Yagi 
antennas seemed to be a mystical black art. The problem 
of simultaneously optimizing 20 or more element spac- 


ings and element lengths presented an almost unsolvable 
set of simultaneous equations. With the unprecedented 
increase in computer power and widespread availability 
of antenna analysis software, we are now able to quickly 
examine many Yagi designs and determine which 
approaches work and which designs to avoid. 

‘At 144 MHz and above, most operators desire Yagi 
antennas two or more wavelengths in length. This length 
(2A) is where most classical designs start to fall apart in 
terms of gain per boom length, bandwidth and pattern 
quality. Extensive computer and antenna range analysis 
has proven that the best possible design is a Yagi that has 
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both varying element spacings and varying element 
lengths. 

‘This design approach starts with closely spaced 
directors. The director spacings gradually increase until 
a constant spacing of about 0.4 2 is reached. Conversely, 
the director lengths start out longest with the first direc 
tor and decrease in length in a decreasing rate of change 
until they are virtually constant in length. This method 
of construction results in a wide gain bandwidth. A band- 
width of 7% of the center frequency at the -1 dB for- 
ward-gain points is typical for these Yagis even when they 
er than 10 A. The log-taper design also 
reduces the rate of change in driven-element impedance 
vs frequency. This allows the use of simple dipole driven 
elements while still obtaining acceptable driven-element 
SWR over a wide frequency range. Another bene! 
that the resonant frequency of the Yagi changes very litle 
as the boom length is increased. 


‘The driven-element impedance also changes mod- 
erately with boom length. The tapered approach creates 
a Yagi with a very clean radiation pattern. Typically, first 
ide lobe levels of ~17 dB in the E plane, ~15 dB in the 
H plane, and all other lobes at ~20 dB or mor 
sible on designs from 2 A to more than 14 2. 

The actual rate of change in element lengths is 
determined by the diameter of the elements (in wave- 
lengths). The spacings can be optimized for an individual 
boom length or chosen as a best compromise for most 
boom lengths. 

‘The gain of long Yagis has been the subject of much. 
debate. Recent measurements and computer analysis by 
both amateurs and professionals indicates that given an 
optimum design, doubling a Yagi’s boom length will 
result in a maximum theoretical gain increase of about 
2.6 dB. In practice, the real gain increase may be less 
because of escalating resistive losses and the greater pos- 
sibility of construction error. Fig 37 shows the maximum. 
possible gain per boom length expressed in decibels, ref- 
erenced to an isotropic radiator. The actual number of 
directors does not play an important part in determining 
the gain vs boom length as long as a reasonable number 
of directors are used. The use of more directors per boom 
length will normally give a wider gain bandwidth, how- 
ever, a point exists where too many directors will 
adversely affect all performance aspects. 


Ire pos- 


While short antennas (< 1.5 A) may show increased 
gain with the use of quad or loop elements, long Yagis 
(> 2.4) will not exhibit measurably greater forward gain 
or pattern integrity with loop-type elements. Similarly, 
loops used as driven elements and reflectors will not sig- 
nificantly change the properties of a long log-taper Ya 
Multiple-dipole driven-element assemblies will also not 
result in any significant gain increase per given boom 
length when compared to single-dipole feeds. 

Once a long-Yagi director string is properly tuned, 
the reflector becomes relatively non critical. Reflector 
spacings between 0.15 A and 0.2 2 are preferred. The 
spacing can be chosen for best pattern and driven ele~ 
ment impedance. Multiple-reflector arrangements will not 
significantly increase the forward gain of a Yagi which 
has its directors properly optimized for forward gain. 
Many multiple-reflector schemes such as tri-reflectors, 
and corner reflectors have the disadvantage of lowering 
the driven element impedance compared to a single opti- 
mum-length reflector. The plane or grid reflector, shown 
in Fig 38, may however reduce the intensity of unwanted 
ar lobes. This can be used to reduce noise pickup on 
EME or satellite arrays. This type of reflector will usu- 
ally increase the driven-element impedance compared to 
a single reflector. This sometimes makes driven-element 
matching easier. Keep in mind that even for EME, a plane 
reflector will add considerable wind load and weight for 
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Fig 37—This chart shows maximum gain per boom length for optimally 


designed long Yagi antennas. 


Fig 38—Front and side views of a 
plane-reflector antenna. 
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only a few tenths of a decibel of receive signal-to-noise 
improvement 


Yagi Construction 


Normally, aluminum tubing or rod is used for Yagi 
elements. Hard-drawn enamel-covered copper wire can 
also be used on Yagis above 420 MHz. Resistive losses 
are inversely proportional to the square of the element 
diameter and the square root of its conductivity. 

Element diameters of less than ‘/w inch or 4 mm 
should not be used on any band. The size should be cho- 
sen for reasonable strength. Half-inch diameter is suit- 
for 50 MHz, ‘Visto ‘/s inch for 144 MHz and “/ie inch 
1, including 
stainless steel and unprotected brass or copper wire, 
should not be used for elements. 

Boom material may be aluminum tubing, either 
square or round. High-strength aluminum alloys such as 
6061-T6 or 6063-T651 offer the best strength-to-weight 
advantages. Fiberglass poles have been used (where avail- 
able as surplus). Wood is a popular low-cost boom mate- 
rial. The wood should be well seasoned and free from 
knots. Clear pine, spruce and Douglas fir are often used. 
‘The wood should be well treated to avoid water absorp- 
tion and warping, 


Elements may be mounted insulated or uninsulated, 
above or through the boom. Mounting uninsulated ele- 
‘ments through a metal boom is the least desirable method 
unless the elements are welded in place. The Yagi 
ments will oscillate, even in moderate winds. Over sev- 
eral years this element oscillation will work open the 
boom holes. This will allow the elements to move in the 
(in your receiver) when the 
wind blows, as the element contact changes. Eventually 
the element-to-boom junction will corrode (aluminum 
oxide is a good insulator). This loss of electrical contact 
between the boom and element will reduce the boom’s 
effect and change the resonant frequency of the Yagi. 

Noninsulated elements mounted above the boom 
will perform fine as long as a good mechanical connec- 
tion is made. Insulating blocks mounted above the boom 
will also work, but they require additional fabrication 
One of the most popular construction methods is to mount 
the elements through the boom using insulating shoul- 
der washers. This method is lightweight and durable. Its 
main disadvantage is difficult disassembly, making this 
method of limited use for portable arrays. 

If a conductive boom is used, element lengths must 
be corrected for the mounting method used. The amount 
of correction is dependent upon the boom diameter in 


boom. This will create no 
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Fig 39—Yagi element correction vs boom diameter. Curve A 
mounted through a round or square conductive boom, with 
mechanical contact with the boom. Curve B is for insulated 
mounted through a conductive boom, and for elements mou! 
a conductive boom (elements make electrical contact with tt 
patterns were corrected to computer simulations to determi 
‘The amount of element correction is not affected by element 
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wavelengths. See Fig 39. Elements mounted through the 
boom and not insulated require the greatest correction. 
Mounting on top of the boom or through the boom on 
insulated shoulder washers requires about half of the 
through-the-boom correction. Insulated elements 
mounted at least one element diameter above the boom 
require no correction over the free-space length 

‘The three following antennas have been optimized 
for typical boom lengths on each band. 


A HIGH-PERFORMANCE 432-MHz YAGI 


‘This 22-element, 6.1-A, 432-MHz Yagi was origi- 
nally designed for use in a 12-Yagi EME array built by 
KIFO. A lengthy evaluation and development process 
preceded its construction, Many designs were considered 
and then analyzed on the computer. Next, test models 
were constructed and evaluated on a home-made antenna 
range. The resulting design is based on WIES’s computer- 
optimized spacings. 

‘The attention paid to the design process has b 
worth the effort. The 22-element Yagi not only has ex- 
ceptional forward gain (17.9 dBi), but has an unusually 
clean radiation pattern. The measured E-plane pattern is 


Specifications for 432-MHz Yagi Family 
F/B DE Beamwidth Stacking 


No. Boom — Gain ratio imped E/H EH 
of Ele. length(2) (dBi)* (dB) (2) (°) (inches) 
15 34 1567 21 23 30/92 53/49 
16 38 16.05 19 23 29/31 55/51 
17 42 1645 20 27 28/30 56/53 
18 46 168 25 32 27/9 58/55 
19 49 171 25 30 26/28 61/57 
20 53 17.4 21 24 255/27 62/59, 
21 5.7 17.65 20 22 25/265 63/60, 
22 61 179 22 25 24/26 5/62 
23° 65 18.15 27 30 235/25 67/64 
24 6.9 18.35 29 29 23/24 «9/66, 
25° 7.3 1855 23 25 22.5/23.5 71/68 
26 7.7 «©6188 «22 22 «22/28 73/70 
27 Bt 19.0 22 21 21.5/22.5 75/72 
28 85 19.20 25 25 21/22, 77/78 
29° 89 «= 19.4. 25 25 —-20.5/21.8 79/77 
30 93 1955 26 27 20/21 80/78 
31 9.7 19.7 24 25 19.6/20.5 81/79 
32 10.2 198 23 22 19.37/20 2/80 
33 108 99 23 23 19/195 83/81 
34 11.0 20.05 25 22 18.8/19.2 Bd/Ba 
35 11.4 20.2 27 25 18.5/19.0 85/83, 
36 118 «20.3 27 26 183/188 B6/84 
37 12.2 20.4 26 26 18.1/18.6 87/85 
38 127 205 25 25 189/184 98/86 
39 131 206 25 23 187/182 89/87 
40 135 208 21 175/18 90/88 


26 
“Gain is approximate real gain based on gain measurements 
made on si dilferentlength Yagi. 


shown in Fig 40, Note that a 1-dB-per-division axis 
used to show pattern detail. A complete description of 
the design process and construction methods appears in 
December 1987 and January 1988 QST. 

Like other log-taper Yagi designs, this one can eas~ 
ily be adapted to other boom lengths. Versions of this, 
Yagi have been built by many amateurs. Boom lengths 
ranged between 5.3 % (20 elements) and 12.2 (37 ele~ 
ments) 

The size of the original Yagi (169 inches long, 
6.1 A) was chosen so the antenna could be built from 
small-diameter boom material (’/s-inch and 1 inch round 
6061-T6 aluminum) and still survive high winds and ice 
loading. The 22-element Yagi weighs about 3.5 pounds 
and has a wind load of approximately 0.8 square feet. 
‘This allows a high-gain EME array to be built with man- 
ageable wind load and weight. This same low wind load 
and weight lets the tropo operator add a high-performance 
432-MHz array to an existing tower without sacrificing 
antennas on other bands, 

Table 7 lists the gain and stacking specifications for 
the various length Yagi Yagi dimensions are 
shown in Table 8. These are fr ment lengths 
for ‘hw-inch-diameter elements. Boom corrections for the 
element mounting method must be added in. The element- 
length correction column gives the length that must be 
added to keep the Yagi’s center frequency optimized for 
use at 432 MHz. This correction is required to use the 
same spacing pattern over a wide range of boom lengths. 
Although any length Yagi will work well, this design is, 
at its best when made with 18 elements or more (4.6 2). 
Element material of less than ‘/is-inch diameter is not 


recommended because resistive loss 


will reduce the gain 
by about 0.1 dB, and wet-weather performance will be 

Quarter-inch-diameter elements could be used if all 
elements are shortened by 3 mm. The element lengths 
are intended for use with a slight chamfer (0.5 mm) cut 
into the element ends. The gain peak of the array is cen- 
tered at 437 MHz. This allows acceptable wet-weather 
performance, while reducing the gain at 432 MHz by only 
0.05 4B. 

‘The gain bandwidth of the 22-element Yagi is 
31 MHz (at the -I dB points). The SWR of the Yagi is less, 
than 1.4: | between 420 and 440 MH. Fig 41 is a network 
analyzer plot of the driven-element SWR vs frequency. 
‘These numbers indicate just how wide the frequency re- 
sponse of a log-taper Yagi can be, even with a simple di- 
pole driven element. In fact, at one antenna gain contest, 
some ATV operators conducted gain vs frequency measure- 
ments from 420 to 440 MHz. The 22-element Yagi beat all 
entrants including those with so-called broadband feeds. 
‘To peak the Yagi for use on 435 MHz (for satellite 
You may want to shorten all the elements by 2 mm. 
‘To peak it for use on 438 MHz (for ATV applications), 
shorten all elements by 4 mm. If you want to use the Yagi 
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Remove the iron and let the solder cool. The wire is tacked on. 


“* Repeat for the other leads. They just need insulating with sleeving, then job done! 


Depicted next is a typical “tag strip”, an insulated panel with metal solder tags used 
for making sundry connections. (Entire TVs and radios used to be hand-built with them, in 


Table 8 
Free-Space Dimensions for 432-MHz Yagi Family 
“Element correction is the amount to shorten or lengthen 
all elements when building a Yagi of that length. 

Element lengths are for Vis-inch diameter material. 


Ele. Element — Element Element 
No. Position Length Correction* 
(mm from (mm) 
reflector) 

Rell 0 340 

DE 104 334 

Dt 146 315 

D2 224 306 

D3 332 299 

D4 466 295 

Ds 622 291 

Dé 798 289 

o7 990 287 

Da 1196 285 

Do 1414 283 

Dio — 1642 281 2 
Dit 1879 279 2 
Dig. 2122 278 2 
DIg.—_2373 277 2 
Dia. 2629 276 2 
Dis 2890 275 4 
Dig 3154 274 4 
DI7 3422 273 4 
Dig 3693 272 0 
Dig 3967 271 0 
D20 © 4242 270 0 
D21 4520 269 0 
D220 «4798 269 0 
D23 «8079 268 0 
D24 5360 268 es) 
D25 5642 267 4 
D26 5925 267 4 
D27 «6209 266 “1 
D28 6494 266 4 
D293 =«6779 265 42 
p30 7064 265 42 
D31—7350 264 42 
D327636 264 42 
Daz 7922 263 42 
D34 8209 263 42 
D35—8496 262 42 
D36 «8783 262 42 
37-9070 261 43 
Dag 9359 261 43 


on FM between 440 MHz and 450 MHz, shorten all the 
elements by 10 mm. This will provide 17.6 dBi gain at 
440 MHz, and 18.0 dBi gain at 450 MHz. The driven 
element may have to be adjusted if the element lengths 
are shortened. 

Although this Yagi design is relatively broadband, 
it is suggested that close attention be paid to copying the 
design exactly as built. Metric dimensions are used 
i for a Yagi sized for 432 MHz. 
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Fig 41—SWR performance of the 22-element Yagl in dry 
weather. 


Fig 42—Element-mounting detail. Elements are 
mounted through the boom using plastic insulators. 
Stainless steel push-nut retaining rings hold the 
element in place. 


Element holes should be drilled within #2 mm. Element 
lengths should be kept within £0.5 mm. Elements can be 
accurately constructed if they are first rough cut with a 
hack saw and then held in a vise and filed to the exact 
length. 

‘The larger the array, the more attention you should pay 
to making all Yagis identical. Elements are mounted on 
shoulder insulators and run through the boom (see 
Fig 42). The element retainers are stainless-steel push nuts. 
‘These are made by several companies, including Industrial 
Retaining Ring Co in Irvington, New Jersey, and AuVeco in 
Fi Mitchell, Kentucky. Local industrial hardware distribu- 
tors can usually order them for you. The element insulators 
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Fig 44—Detalls of the driven element and T match for the 22-element Yagi. 
Lengths are given in millimeters to allow precise duplication of the 
antenna. See text. 
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Fig 45—Boom-construction information for the 22-element Yagi Lengths are given in millimeters to allow precise 
duplication of the antenna. See text. 
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Fig 46—Boom-construction 


oS 


Information for the 33-element Yagi. 
Lengths are given in millimeters to 


allow precise duplication of the 
antenna. 


2932mm———-| 
4507» | 
} 410mm 


are not critical. Teflon or black polyethylene are prob- 
ably the best materials. The Yagi in the photographs is, 
made with black Delryn insulators, available from 
Washington, DC. 

The driven element uses a UG-S8A/U connector 
mounted on a small bracket. The UGS8A/U should be 
the type with the press-in center pin. U 
pins held in by “C” clips will usually leak water. Some 
connectors use steel retaining clips, which will rust and 
leave a conductive stripe across the insulator. The T-match 
wires are supported by the UT-141 balun, RG-303/U or 
RG-142/U Tefloninsuiated cable could be used if UT-141 
cannot be obtained. Fig 43A and Fig 42B show details of 
the driven-element construction. Driven element dimen- 
sions are given in Fig 44. 

Dimensions for the 22-element Yagi are listed in 
Table 9. Fig 45 details the Yagi’s boom layout. Element 
material can be either /is inch 6061-T6 aluminum rod or 
hard aluminum welding rod. 

A 24-foot-long, 10.6-A, 33-element Yagi was also 
built. The construction methods used were the same as 
the 22-element Yagi. Telescoping round boom sections 
of 1, 1%, and 1'/ inches in diameter were used. A boom 
support is required to keep boom sag acceptable. At 
432 MHz, if boom sag is much more than two or three 
inches, H-plane pattern distortion will occur. Greater 
amounts of boom sag will reduce the gain of a Yagi 
Table 10 lists the proper dimensions for the antenna when 
built with the previously given boom diameters. The 
boom layout is shown in Fig 46, and the driven element 
is described in Fig 47. The 33-element Yagi exhibits 
the same clean pattern traits as the 22-element Yagi (: 
Fig 48). Measured gain of the 33-element Yagi is 
19.9 dBi at 432 MHz. A measured gain sweep of the 
33-element Yagi gave a~1 dB gain bandwidth of 14 MHz 
with the -1 dB points at 424.5 MHz and 438.5 MHz. 


A HIGH-PERFORMANCE 144MHZ YAGI 


This 144MHz Yagi design uses the latest log-tapered 
element spacings and lengths. It offers near theoretical 


-58s with center 
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gain per boom length, an extremely clean pattern and wide 
bandwidth. The design is based upon the spacings used 
in a 4.5-A. 432-MHz computerdeveloped design by WIE 
It is quite similar to the 432MHz Yagi described else- 
where in this chapter. Refer to that project for additional 
construction diagrams and photographs. 

Mathematical models do not always directly trans- 
late into real working examples. Although the computer 
design provided a good starting point, the author, Steve 
Powlishen, KIFO, built several test models before the 
final working Yagi was obtained. This hands-on tuning, 
included changing the element-taper rate in order to 
obtain the flexibility that allows the Yagi to be built with 
different boom lengths. 

‘The design is suitable for use from 1.8 2.(10 elements) 
to 5.1 .(19 elements). When elements are added to a Yagi 
the center frequency, feed impedance and front-to-back 
ratio will range up and down. A modern tapered d 
will minimize this effect and allow the builder to select 
any desired boom length. This Yagi’s design capabil 
per boom length are listed in Table 11. 

‘The gain of any Yagi built around this d 
within 0.1 to 0.2 dB of the maximum theoretical gain at 
the design frequency of 144.2 MHz. The design is 
intentionally peaked high in frequency (calculated gain 
peak is about 144.7 MHz). It has been found that by 
doing this, the SWR bandwidth and pattern at 144.0 to 
144.3 MHz will be better, the Yagi will be less affected 
by weather and its performance in arrays will be more 
predictable. This design starts to drop off in performance 
if built with fewer than 10 elements. At less than 2 2, 
‘more traditional designs perform well. 

‘Table 12 gives free-space element lengths for /s inch- 
diameter elements. The use of metric notation allows for 
‘much easier dimensional changes during the design stage. 
Once you become familiar with the metric system, you'll 
probably find that construction is easier without the burden 
of cumbersome English fractional units. For ‘/ie inch- 
diameter elements, lengthen all parasitic elements by 3 mm. 
If % inch diameter elements are used, shorten all of the 


n will be 


Table 9 
Dimensions for the 22-Element 432-MHz Yagi 


Element Element Element Boom 

Number Position Length Diam 
(mm from (mm) (in) 
reflector) 

Rell 30 346 

DE 134 340 4 

D1 176 321 

D2 254 31 7/8 

D3 362 305 

D4 496 301 

DS 652 297 

D8 828 295 

D7 1020 293 

D8 1226 291 

D9 1444 289 

D10 1672 288 

Dit 1909 286 

Di2 2152 285 1 

D13 2403 284 

Dia 2659 283 

DIS 2920, 281 

DIE 3184 280 

DI7 3452 279 7/8 

Dig 3723 278 

D19 3997 277 

20 4272 276 


directors and the reflector by 6 mm. The driven element 
will have to be adjusted for the individual Yagi if the 
12 design is not adhered to, 

For the 12-element Yagi, “s-inch diameter elements 
were selected because smaller-diameter elements become 


rather flimsy at 2 meters. Other diameter elements can 
be used as described previously. The 2.5-4 boom was cho- 
sen because it has an excellent size and wind load vs gain 
and pattern trade-off. The size is also convenient; thre: 
6-foot-long pieces of aluminum tubing can be used with- 
out any waste. The relatively large-diameter boom sizes 
(1's and 1's inches) were chosen, as they provide an 
extremely rugged Yagi that does not require a boom sup- 
port. The 12-element 17-foot-long design has a calcu- 
lated wind survival of close to 120 mph! The absence of 
a boom support also makes vertical polarization possible. 


Table 10 

Dimensions for the 33-Element 432-MHz Yagi 

Element Element Element Boom 

Number Position Length Diam 
(mm from (mm) (in) 
reflector) 

REF 30 348 = 

DE 134 342 

Dt 176 323 

D2 254 313, 

D3 362 307 

D4 496 303 1 

Ds 652 299 

De 828 297 

D7 1020 295 

Da 1226 293 

Do 1444 291 

Dio 1672 290 

Dit 1909 288 

Di2 2152 287 1" 

D13 2403 286 

Dia 2659 285 

DIS 2920 284 

Is 3184 284 

DI7 3452 283 

Dig 3723 282 % 

Dig 3997 281 

20 4272 280 

Dat 4550 278 

22 4828 278 

23 5109 277 1" 

Daa 5390 277 

25 5672 276 

26 5956 275 

a7 6239 274 

28 6524 274 1 

29 6809 273 

30 7094 273 

p31 7380 272 


Longer versions could be made by telescoping 
smaller-size boom sections into the last section, Some sort 
of boom support will be required on versions longer than 


22 feet. The elements are mounted on shoulder insulators 
and mounted through the boom. However, elements may 


fe sim —| Fig 47—Detalls of the driven 
element and T match for the 33- 


element Yagi. Lengths are given in 


millimeters to allow precise 
duplication of the antenna. 
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Table 11 
Specifications for the 144-MHz Yagi Family 


Beamwidth 
No. of Boom — Gain DE Imped FB Ratio EH 
Ele. Length(a) (Bd) (2) (08) eo 

10 18 11.4 27 7 39/42 
1 22 12.0 38 19 36/40 
12 28 125 28 23 34/37 
13° 29 13.0 23 20 32/35 
14 32 13.4 27 18 31/33 
15 36 138 35 20 30/32 
16 4.0 14.2 32 24 29/30 
7 44 145 25 23 28/29 
18 48 148 25 21 27/288 
19° 52 15.0 30 22 26/275 


be mounted, insulated or uninsulated, above or through 
the boom, as long as appropriate element length correc~ 
tions are made. Proper tuning can be verified by checking 
the depth of the nulls between the main lobe and first side 
lobes. The nulls should be 5 to 10 dB below the first side~ 
lobe level at the primary operating frequency. The boom 
layout for the 12-element model is shown in Fig 49. The 
actual corrected element dimensions for the 12-element 


2.5-h Yagi are shown in Table 13. 
‘The design may also be cut for use at 147 MHz. 
there is no need to change element spacings. The ele- 


ment lengths should be shortened by 17 mm for best 
operation between 146 and 148 MHz. Again, the driven 
element will have to be adjusted as required. 

‘element size ('/s-inch diameter) was cho- 
sen to allow easy impedance matching. Any reasonably 
sized driven element could be used, as long as appropri 


The driven 


ate length and T-match adjustments are made. Different 


19/4" Ob» 0048 
606116 round tub 


1829 mm (72°) long 


Table 12 
Free-Space Dimensions for the 


Stacking 144-MHz Yagi Family 
EH Element diameter is % inch 
oO Element Element Element 
10.219.5 No. Position (mm Length 
11.0/10.0 from reflector) 
11.710.8 Ref, 0 1038 
12.5111.4 DE 312 955 
12.8/12.0 ot 447 958 
132124 D2 699 932 
13.7113.2 D3 1050 916 
14.1/13.6 Da 1482 908 
14.6113.9 Ds 1986 897 
15.2114.4 Ds 2553 891 
D7 3168 887 
D8 3831 883 
D9 4527 879 
Dio 5259 875 
Dit 6015 870 
Di2 6786 865 
Dis 7566 861 
Dia 8352 857 
Dis = 9144 853 
Dis = ga4a 849 
DI7 10744 845 


driven-element dimensions are required if you change the 
boom length. The calculated natural driven-element 
impedance is given as a guideline. A balanced T-match 
was chosen because it’s easy to adjust for best SWR and 
provides a balanced radiation pattern. A 4:1 half-wave 
coaxial balun is used, although impedance-transforming 
quarter-wave sleeve baluns could also be used. The cal- 
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Fig 48—E-plane pattern for the 33- 
element Yagi. This pattern is drawn on 
a linear dB grid scale, rather than the 
‘standard ARRL log-periodic grid, to 
‘emphasize low sidelobes. 
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Fig 49—Boom layout for the 12-element 144-MHz Yagi. Lengths are given in 
millimeters to allow precise duplication. 
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Fig 50—Driven-element detail for the 12-element 144-MHz Yai 
precise duplication. 


. Lengths are given in millimeters to allow 
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Table 13 
Dimensions for the 12-Element 2.5-2 Yagi 


Element Element Element Boom 
Number Position Length Diam 
(mm trom (mm) (in) 
reflector) 

Refl 0 1044 
DE 312 955 
Dt 447-962 % 
D2 699938 
D3 1050 922 
Da 1482912 
DS 1986 904 
Ds 2553898 1% 
D7 3168 894 
D8 3831 889 
De 4527885 %h 
D10 5259 882 

setts 2 185 70 Fone v4 

oh abi 865 2 2201 
Fig 51—H- and E-plane pattern for the 12-element 
144-Miz Yagi. 


culated natural impedance will be useful in determining 
what impedance transformation will be required at the 
200-2 balanced feed point. Chapter 26, Coupling the Line 
to the Antenna, contains information on calculating 
folded-dipole and T-match driven-element parameters. A 
balanced feed is important for best operation on this, 
antenna, Gamma matches can severely distort the pattern 
balance. Other useful driven-element arrangements are 
the Delta match and the folded dipole, if you're willing 
to sacrifice some flexibility. Fig 50 details the driven- 
element dimensions. 

‘A noninsulated driven element was chosen for 
mounting convenience. An insulated driven element may 
also be used. A grounded driven element may be less 
affected by static build-up. On the other hand, an insu- 
lated driven element allows the operator to easily check 
his feed lines for water or other contamination by the use 


of an ohmmeter from the shack. 
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Table 14 
Free-Space Dimensions for the 222-MHz Yagi 
Family 
Element diameter is */-inch. 
Element Element Element 
No. Position Length 
(mm from (mm) 
reflector) 
Rell 0 676 
DE 204 647 
D1 292 623 
D2 450 608 
D3 668 594 
D4 938 597 
DS 1251 581 
D8 1602 576 
D7 1985 573 
D8 2395 569 
D9 2829 565 
DI0 3283 562 
Dit 3755 558 
D12 4243 586 
D13 4745 554 
Dia 5259 553 
DIS 5783 552 
DIB 6315 551 
DI7 6853 550 
Dig 7395 549 
D19 7939 548, 
20 8483 547 


Fig 51 shows computer-predicted E- and H-plane 
radiation patterns for the 12-element Yagi. The patterns 
are plotted on a I-dB-per-division linear scale instead of 
the usual ARRL polar-plot graph. This expanded scale 
plot is used to show greater pattern detail. The pattern 
for the 12-element Yagi is so clean that a plot done in the 
standard ARRL format would be almost feature! 
except for the main lobe and first sidelobe 
‘The excellent performance of the 12-element Yagi 
is demonstrated by the reception of Moon echoes from 
several of the larger 144MHz EME stations with only 
one 12-clement Yagi. Four of the 12-element Yagis will 
make an excellent starter EME array, capable of working 
many EME QSOs while being relatively small in size 
‘The advanced antenna builder can use the information in 
Table 11 to design a dream array of virtually any size 


A HIGH-PERFORMANCE 222-MHz YAGI 


Modern tapered Yagi designs are easily applied to 
222 MHz. This design uses a spacing progression that is 
in between the 12-element 144-MHz design, and the 

MHz design presented elsewhere in this 


Jement 4: 
chapter. The result is a design with maximum gain per 
boom length, a clean, symmetrical radiation pattern, and 
wide bandwidth. Although it was designed for weak-sig- 
nal work (tropospheric scatter and EME), the design is 


Table 15 
Specifications for the 222-MHz Yagi Family 


FB DE  Beamwidth Stacking 
No of Boom Gain Ratio Imped E/H EH 

Ele. Length(2) (dBd) (dB) (2) (°) (feet) 

12 24 123 22 23 3799 «7.1/6.7 
13 28 128 19 28 3396 867.872, 
14034 132 20 34 3234 © 8.1/7.6, 
15 35 136 24 30 3093 8678 
16 39 14.0 23 23 2931 8.9183 
17 43 14.95 20 24 28/305 9.385 
18 46 14.7 20 29 2729 ©9689 
19 5.0 15.0 22 93 2628 © 9.99.3, 
20 54 153 24 29 2527 10.39.68 
21 58 15.55 23 24 245/265 10.5/9.8 
22 62 158 21 23 2426 — 10.7/10.2 


suited to all modes of 222-MHz operation, such as packet 
radio, FM repeater operation and control links. 

The spacings were chosen as the best compromise 
for a 3.9-2 16-element Yagi. The 3.9-A design was cho- 
sen, like the 12-element 144-MHz design, because it fits 
perfectly on a boom made from three 6-foot-long alumi- 
num tubing sections. The design is quite extensible, and 
models from 12 elements (2.4 2) to 22 elements (6.2 4) 
can be built from the dimensions given in Table 14. Note 
that free-space lengths are given. They must be corrected 
for the element-mounting method. Specifications for vari- 
ous boom lengths are shown in Table 15. 


Construction 


Large-diameter (1'/s- and I'/-inch diameter) boom 
construction is used, eliminating the need for boom sup- 
ports. The Yagi can also be used vertically polarized. 
‘Three-sixteenths-inch-diameter aluminum elements are 
used. The exact alloy is not critical; 6061~T6 was used, 
but hard aluminum welding rod is also suitable, Quarter- 
inch-diameter elements could also be used if all elements 


are shortened by 3 mm. Three 
elements would requi 
smaller than ‘/isinch-diameter are not recommended. The 
elements are insulated and run through the boom. Plastic 
shoulder washers and stainless steel retainers are used to 
hold the elements in place. The various pieces needed to 
build the Yagi may be obtained from C3i in Washington, 
DC. Fig 52 details the boom layout for the 16- 
Yagi. Table 16 gives the dimensions for the 16. 
Yagi as built. The driven element is fed with a T match 
and a 4:1 balun, See Fig 53 for construction details. See 
the 432-MHz Yagi project elsewhere in this chapter for 
additional photographs and construction diagrams. 

‘The Yagi has a relatively broad gain and SWR curve. 
as is typical of a tapered design, making it usable over a 
wide frequency range. The example dimensions are 
intended for use at 222.0 to 222.5 MHz. The 16-element 
Yagi is quite usable to more than 223 MHz. The best com- 
promise for covering the entire band is to shorten all para 
sitic elements by 4 mm, The driven element will have to 
be adjusted in length for best match. The position of the 
T-wire shorting straps may also have to be moved. 

The aluminum boom provides superior strength, is 
lightweight, and has a low wind-load cross section. Alumi- 
num is doubly attractive, as it will long outlast wood and 
fiberglass. Using state-of-the-art designs, it is unlikely that 
significant performance increases will be achieved in the 
next few years. Therefore, it’s in your best interest to build 
an antenna that will last many years. If suitable wood or 
fiberglass poles are readily available, they may be used with- 
out any performance degradation, at least when the wood is 
new and dry. Use the free-space element lengths given in 
Table 16 for insulated-boom construction. 

The pattern of the 16-element Yagi is shown in 
Fig 54. Like the 144-MHz Yagi, a 1-dB-per-division plot 
is used to detail the pattern accurately. This 16-element 
design makes a good building block for EME or tropo 
DX arrays. Old-style narrow-band Yagis often perform 
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Table 16 
Dimensions for 16-Element 3.9-A, 222-MHz Yagi 


Element Element Element ~— Boom 
Number Position Length Diam 
(mm from (mm) (i) 
reflector) 

Rell 0 easy 

DE 204 664 

D1 292 630 

2 450 615 

D3 668 601 1s 
D4 938 504 

DS 1251 588 

Dé 1602 583 

D7 1985 580 

be 2395 578 

Dg 2829 572 

Dio 3283 569 

Dit 3755 565 

Di2 4243 563 

13 4745 561 16 
Dia 5259 560 LI 


unpredictably when used in arrays. The theoretical 
3.0-dB stacking gain is rarely observed. The 16-clement 
Yagi (and other versions of the design) reliably provides 
stacking gains of nearly 3 dB. (The spacing dimensions 
listed in Table 15 show just over 2.9 dB stacking gain.) 
This has been found to be the best compromise between 
gain, pattern integrity and array size. Any phasing line 
losses will subtract from the possible stacking gain 
Mechanical misalignment will also degrade the perfor- 
‘mance of an array 


Frequency (Wi) 


® 


Fig 54—H- and E-plane patterns for the 16-element 
222-MHz Yagi at A. The driven-element T-match 
dimensions were chosen for the best SWR compromise 
between wet and dry weather conditions. The SWR vs 
frequency curve shown at B demonstrates the broad 
frequency response of the Yagi design. 
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Fig 53—Driven-element detail for the 16-element 222-MHz Yagi. Lengths are given in millimeters to allow precise 


duplication. 
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A 144 MHz 2-Element Quad 


‘The basic 2-element quad array for 144 MHz.is shown 
in Fig 55. The supporting frame is 1 x I-inch wood, of 
any kind suitable for outdoor use. Elements are #8 alumi- 
num wire. The driven element is 1 2 (83 inches) long, and 
the reflector five percent longer (87 inches). Dimensions 
are not critical, a the quad is relatively broad in frequency 
response. 

‘The driven element is open at the bottom, its ends 
fastened to a plastic block. The block is mounted at the 
bottom of the forward vertical support. The top portion 
of the element runs through the support and is held firmly 
by a screw running into the wood and then bearing on 
the aluminum wire. Feed is by means of 50- coax, 
connected to the driven-element loop. 

The reflector is a closed loop, its top and bottom 
portions running through the rear vertical support. It is 
held in position with screws at the top and bottom. The 
loop can be closed by fitting a length of tubing over the 
element ends, or by hammering them flat and bolting them 
together as shown in the sketeh. 

‘The elements in this model are not adjustable, though 
this can easily be done by the use of stubs. It would then 
be desirable to make the loops slightly smaller to com- 
pensate for the wire in the adjusting stubs. The driven 
element stub would be trimmed for length and the point 
of connection for the coax would be adjustable for best 
match. The reflector stub can be adjusted for maximum 
gain or maximum F/B ratio, depending on the builder's 
requirements. 

In the model shown only the spacing is adjusted, 
and this is not particularly critical. If the wooden sup- 
ports are made as shown, the spacing between the ele~ 
‘ments can be adjusted for best match, as indicated by an 
SWR meter connected in the coaxial line. The spacing 


Plastic lock 


Fig 55—Mechanical details of a 2-element quad for 
144 MHz. The driven element, L1, is one wavelength 
long; refiector L2 is 5% longer. With the transmission 
line connected as shown here, the resulting radiation 
is horizontally polarized. Sets of elements of this type 
can be stacked horizontally and vertically for high gain 
with broad frequency response. Recommended bay 
spacing is 's 2 between adjacent element sides. The 
example shown may be fed directly with 50-0 coax. 


has little effect on the gain (from 0.15 to 0.25 2), so the 
variation in impedance with spacing can be used for 
matching. This also permits use of either 50- or 75-Q 
coax for the transmission line. 


A Portable 144 MHz 4-Element Quad 


Element spacing for quad antennas found in the lit- 
erature ranges from 0.14 2 to 0.25 A. Factors such as the 
number of elements in the array and the parameters to be 
optimized (F/B ratio, forward gain, bandwidth, etc), 
determine the optimum element spacing within this range. 
‘The 4-element quad antenna described here was designed 
for portable use, so a compromise between these factors 
was chosen. This antenna, pictured in Fig 56, was 
designed and built by Philip D’ Agostino, WIKSC 
‘Based on several experimentally determined correction 
factors related to the frequency of operation and the wire size, 
optimum design dimensions were found to be as follows. 


Reflector length (i) = #08 (Eq 8) 
fue 
Driven element (ft) = (Bq 9) 
te 
937.3 
Directors (f0 = (Eq 10) 
fae 


Cutting the loops for 146 MHz provides satisfac~ 
tory performance across the entire 144MHz band, 


VHF and UHF Antenna Systems 18-44 


the early-mid 20" Century!) The principles of soldering are exactly the same, but more 
time is needed when applying the soldering iron because more metal is present, which 
needs more heat. You’ll need more solder for bigger joints like these, so larger diameter 
solder makes a quicker job of it. Consider adding more flux (see earlier) to see if it helps. 


“* Wrap wires through the terminals and arrange everything neatly, then solder as 
normal. 


“ Dont be afraid to apply more heat with larger assemblies like these: they contain 
more metal than, say, an ordinary p.c.b so allow more time for the solder to flow over 


Fig 56—The 4-element 144-MHz portable quad, 
assembled and ready for operation. Sections of 

clothes closet poles joined with pine strips make 
up the mast. (Photo by Adwin Rusczek, W1MPO) 


Materials 


‘The quad was designed for quick and easy assembly 
and disassembly, as illustrated in Fig 57. Wood (clear trim 
pine) was chosen as the principal building material becaus. 
of its light weight, low cost, and ready availability. Pine is 
used for the boom and element supporting arms. Round 
‘wood clothes closet poles comprise the mast material. Strips 
pine trim, 
Elements are made of no. 8 aluminum wire. Plexiglas is 
used to support the feed point. Table 17 lists the hardware 
and other parts needed to duplicate the quad. 


‘connecting the mast sections are made of heavi 


Construction 


‘The elements of the quad are assembled first. The 
mounting holes in the boom should be drilled to accom- 
modate I'/: inch no, 8 hardware. Measure and mark the 
locations where the holes are to be drilled in the element 
spreaders, Fig 58. Drill the holes in the spreaders just 
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Fig 57—The complete portable quad, broken down for 
travel. Visible in the foreground is the driven element. 
The pine box in the background is a carrying case for 
equipment and accessories. A hole in the lid accepts 
the mast, so the box doubles as a base for a short 
mast during portable operation. (W1MPO photo) 


Table 17 
Parts List for the 144 MHz 4-element Quad 
Boom: % x % x48-in. pine 
Driven element support (spreader): 
Vex % x 21% in. pine 
Driven element feed point strut: ¥ x % x 7% in. pine 
Reflector support (spreader): Ye x % x 22% in. pine 
Director supports (spreaders): 
Ye x % x 20% in. pine, 2 req'd 
Mast brackets: % x 1% x 12 in. heavy pine trim, 4 req’d 
Boom to mast bracket: Ye x 1%/e x 5 in. pine 
Element wire: Aluminum ground wire 
(Radio Shack no. 15-035) 
Wire clamps: ‘Ain. electrician’s copper or zine plated 
steel clamps, 3 reqd 
Boom hardware: 
6 no. 8-32 x 1% In. stainless steel machine screws 
6 no. 8-32 stainless steel wing nuts 
12 no. 8 stainless steel washers 
Mast hardware: 
8 hex bolts, 1-20 x 3% in, 
8 hex nuts, %-20 
16 flat washers 
Mast material: 15/e in. x 6 ft wood clothes closet poles, 
3 reqd 
Feed point support plate: 3Y x 2% in. Plexiglas sheet 
Wood preparation materials: 
Sandpaper, clear polyurethane, wax 
Feed line: 52-W RG-8 or RG-58 cable 
Feed line terminals: Solder lugs for no. 8 or larger 
hardware, 2 req 
Miscellaneous hardware: 
4 small machine screws, nuts, washers; 2 flat-head 
‘wood screws 


large enough to accept the #8 wire elements. It is impor- 
tant to drill all the holes straight so the elements line up 
when the antenna is assembled, 


Construction of the wire elements is easiest if the 
directors are made first. A handy jig for bending the ele~ 
‘ments can be made from a piece of 2 x 3-inch wood cut to 
the side length of the directors. Itis best to start with about 
82 inches of wire for each director. The excess can be cut 
off when the elements are completed. (The total length of 
each director is 77 inches.) Two bends should initially be 
‘made so the directors can be slipped into the spreaders 
before the remaining corners are bent. See Fig 59. 
Electrician's copper-wire clamps can be used to join the 
wires after the final bends are made, and they facilitate 
adjustment of element length. The reflector is made the 
same way as the directors, but the total length is 86 inches. 

‘The driven element, total length 81 inches, requires 
special attention, as the feed attachment point needs to 
be adequately supported. An extra hole is drilled in the 
driven element spreader to support the feed-point strut, 
as shown in Fig 60. A Plexiglas plate is used at the feed 
point to support the feed- point hardware and the feed 
line. The feed-point support strut should be epoxied to 
the spreader, and a wood screw used for extra mechani 
cal strength. 

For vertical polarization, locate the feed point in the 
center of one side of the driven element, as shown in 
Fig 60. Although this arrangement places the spreader 
supports at voltage maxima points on the four loop con- 
ductors, D'Agostino reports no adverse effects during 
operation. However, if the antenna is to be left exposed 
to the weather, the builder may wish to modify the 
design to provide support for the loops at current maxima 
points, such as shown in Fig 60. (The element of Fig 60 
should be rotated 90° for horizontal polarization.) 

Orient the driven element spreader so that it mounts 
properly on the boom when the antenna is assembled. 
Bend the driven element the same way as the reflector 


Fig 58—Dimensions for the pine element spreaders for 
the 144-MHz 4-element quad. 


and directors, but do not leave any overlap at the feed 
point. The ends of the wires should be "Vs inch apart where 
they mount on the Plexiglas plate. Leave enough excess 


that small loops can be bent in the wire for attachment to 
the coaxial feed line with stainless steel hardware. 
Drill the boom as shown in Fig 61. It is a good idea 

hardware with wing nuts to secure the element 
spreaders to the boom. After the boom is drilled, clean 
all the wood parts with denatured alcohol, sand them, and 
give them two coats of glossy polyurethane. After the 


to us 


polyurethane dries, wax all the wooden parts. 

‘The boom to mast attachment is made next. Square the 
ends of a 6-fo01 section of clothes closet pole (a miter box is 
useful for this). Drill the center holes in both the boom 
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Fig 59—Illustration showing how the aluminum 
element wires are bent. The adjustment clamp and its 
location are also shown. 
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Fig 60—Layout of the driven element of the 144-MHz 
quad. The leads of the coaxial cable should be stripped 
to %e in. and solder lugs attached for easy connection 
and disconnection. See text regarding impedance at 
loop support points. 
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Fig 61—Detall of the boom showing hole center 
locations and boom to mast connection points. 


Fig 62—Boom to mast plate for the 144-MHz quad. 
‘The screw hole in the center of the plate should be 
countersunk so the wood screw attaching it to the 
mast does not interfere with the fit of the boom. 


Fig 63—Mast coupling connector details for the 
portable quad. The plates should be drilled two at a 
time to ensure the holes line up. 


attachment piece and one end of the mast section (Fig 62). 
Make certain that the mast hole is smaller than the flat-head 
screw to be used to ensure a snug fit. Accurately drill the 
holes for attachment to the boom as shown in Fig 62. 
Countersink the hole for the flat-head screw to pro- 
vide a smooth surface for attachment to the boom. Apply 
epoxy cement to the surfaces and screw the boom attach- 
ment piece securely to the mast section. One 6 foot mast 
is used for attachment to the other mast sections. 
Two additional 6-foot mast sections are prepared 
This brings the total mast height to 18 feet. It is 
ends of each pole so the mast 
stands straight when assembled. Mast-section connectors 
are made of pine as shown in Fig 63. Using 3%/2 x "/sinch 
hex bolts, washers, and nuts, sections may be attached as 
needed, for a total height of 6, 12 or 18 feet. Drill the 
holes in two connectors at a time. This ensures good align- 


next 
important to square the 
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Fig 64—Typical SWR curve for the 144MHz portable 
quad. The large wire diameter and the quad design 
provide excellent bandwidth. 


‘ment of the holes. A drill press is ideal for this job, but 
with care a hand drill can be used if necessary. 

Line up two mast sections end to end, being careful 
that they are perfectly straight. Use the predrilled con- 
nectors to maintain pole straightness, and drill through 
the poles, one at a time. If good alignment is maintained, 
a straight 18-foot mast section can be made. Label the 
connectors and poles immediately so they are always 
assembled in the same order. 

‘When assembling the antenna, instal all the elements 
on the boom before attaching the feed line. Connect the coax 
to the screw connections on the driven element support plate 
and run the cable along the strut to the boom. From there, 

le should be routed directly to the mast and down. 
emble the mast sections to the desired height. The 
antenna provides good performance, and has a reasonable 
SWR curve over the entire 144 MHz band (Fig 64). 


Building Quagi Antennas 


‘The Quagi antenna was designed by Wayne 
Overbeck, NONB. He first published information on this 
antenna in 1977 (see Bibliography). There are a few tricks 
to Quagi building, but nothing very difficult or compl 
cated is involved. In fact, Overbeck mass produced as 
many as 16 in one day. Tables 18 and 19 give the dimen- 
sions for Quagis for various frequencies up to 446 MHz. 

For the designs of Tab 


's 18 and 19, the boom is wood 
or any other nonconductor (such as, fiberglass or Plexiglas). 
If a metal boom is used, a new design and new element 
lengths will be required. Many VHF antenna builders go 
wrong by failing to follow this rule: If the original uses a 
metal boom, use the same size and shape metal boom when, 


‘you duplicate it. I it calls for a wood boom, use a noncon- 
ductor. Many amateurs dislike wood booms, but in a salt air 
environment they outlast aluminum (and surely cost less). 
Varnish the boom for added protection 

‘The 144-MHz version is usually built on a 14 foot, 
1x3 inch boom, with the boom tapered to 1 inch at both 
ends. Clear pine is best because of its light weight, but 
construction grade Douglas fir works well. At 222 MHz 
the boom is under 10 feet long, and most builders use 1 x 
2 or (preferably) ‘/s x I'/s inch pine molding stock. At 
432 MHz, except for long-boom versions, the boom 
should be '/ 
of | 


inch thick or less. Most builders use strips 
h-inch exterior plywood for 432 MHz. 

‘The quad elements are supported at the current 
maxima (the top and bottom, the latter beside the feed 
point) with Plexiglas or small strips of wood. See Fig 65. 
‘The quad elements are made of #12 copper wire, com- 
monly used in house wiring. Some builders may elect to 
use #10 wire on 144 MHz and #14 on 432 MHz, although 


this changes the resonant frequency slightly. Solder a type 
N connector (an $O-239 is often used at 144 MHz) at the 
midpoint of the driven element bottom side, and close 
the reflector loop. 


Table 19 
432MHz, 15-Element, Long Boom Quagi 
Construction Data 


Element Lengths, Interelement Spacing, 


Inches Inches 
R28 R-DE7 
DE—26/s DE-DI-5' 
DI D1-D2—11 
D21—"he D2-D3—S'le 
D3—115%6 D3-D4—8"/. 
D4—11°%e D4-D5—8"/. 
DS—11%2 Ds-D6—8"/. 
DE—11"/e D8-D7—12 
D7-11% D7-Da—12 
DE—11%e Da-D9—1144. 
DIN D9-DI0—11'/2 
DION D10-D11—9%e 
D111 D11-D1I2-12% 
DIZ-11"% D12-D13-1-%. 
DIS11e 


Boom: 1 x 2in. x 12-ft Douglas fir, tapered to 5 
both ends. 

Driven element: #12 TW copper wire loop in square 
configuration, fed at bottom center with type N connector 
and 52-0 coax. 

Reflector: #12 TW copper wire loop, closed at bottom, 
Directors: '/s in. rod passing through boom 


in, at 


Table 18 
Dimensions, Eight-Element Quagi 
Element Frequency 
Lengths 144.5 MHz 147 MHz 222 MHz 432 MHz 446 MHz 
Reflector! 28" 
Driven 26% 
Directors 11% to 
44%" in 

She" steps Ye" steps ihe” steps Yrs" steps 
Spacing 
R-DE 20ve" 135)" 6.8" 
DE-D1 15%" tov 5.1" 
D1-D2 32” aye 10.7" 
D2-D3 17h 115/0" 5.68" 
D3-D4 25H 7 8.46" 
D4-D5 25H 17 8.46" 
Ds-D6 26.1" 254 17 8.46" 
Stacking Distance Between Bays 

11" 10" 10" 71% 3 Stat 


1 All #12 TW (electrical) wire, closed loops. 
2 All #12 TW wire loops, fed at bottom. 
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‘The directors are mounted through the boom. They 
can be made of almost any metal rod or wire of about 
‘h-inch diameter. Welding rod or aluminum clothesline 
wire works well if straight. (The designer uses '/-inch 
stainless-steel rod obtained from an aircraft surplus store.) 

ATV type U bolt mounts the antenna on a mast. A 
single machine screw, washers and a nut are used to 
secure the spreaders to the boom so the antenna can be 
quickly “flattened” for travel. In permanent installations 
two screws are recommended. 


Construction Reminders 


Based on the experiences of Quagi builders, the fol- 
lowing hints are offered. First, remember that at 432 MHz 
even a 's-inch measurement error results in performance 
deterioration. Cut the loops and elements as carefully as 
possible. No precision tools are needed, but accuracy is nec- 


Fig 65—A close-up view of the feed method used on a 
432-MHz Quagi. This arrangement produces a low SWR 
and gain in excess of 13 dBi with a 4-ft 10-in. boom! 
‘The same basic arrangement Is used on lower 
frequencies, but wood may be substituted for the 
Plexiglas spreaders. The boom is Ye-in. exterior 
plywood. 


essary. Also make sure to get the elements in the right or- 
der. The longest director goes closest to the driven element. 

Finally, remember that a balanced antenna is being 
fed with an unbalanced line. Every balun the designer 
in terms of losses than the 


tried introduced more troubl 


feed imbalance caused. Some builders have tightly coiled 
several turns of the feed line near the feed point to limit 
line radiation. In any case, the feed line should be kept at 
right angles to the antenna. Run it from the driven el 
‘ment directly to the supporting mast and then up or down 
perpendicularly for best results. 


QUAGIS FOR 1296 MHz 

‘The Quagi principle has recently been extended to 
the 1296-MHz band, where good performan 
extremely difficult to obtain from homemade conventional 
Yagis. Fig 66 shows the construction and Table 20 gives, 
the design information for antennas with 10, 15 and 25 
elements. 

At 1296 MHz, even slight variations in design or 
building materials can cause substantial changes in per- 
formance. The 1296 MHz antennas described here work 
every time—but only if the same materials are used and 
the antennas are built exactly as described. This is not to 
discourage experimentation, but if modifications to these 
1296-MHz antenna designs are contemplated, consider 
building one antenna as described here, so a reference is 
available against which variations can be compared. 

‘The Quagis (and the cubical quad) are built on 
Yicinch thick Plexiglas booms. The driven element and 
reflector (and also the directors in the case of the cubical 
quad) are made of insulated #18 AWG solid copper bell 
wire, available at hardware and electrical supply stores. 
Other types and sizes of wire work equally well, but the 
dimensions vary with the wire diameter. Even removing 
the insulation usually necessitates changing the loop 
lengths. 

Quad loops are approximately square (Fig 67), 
although the shape is relatively uncritical. The element 
lengths, however, are critical. At 1296 MHz, variations 
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Fig 66—A view of the 
10-element version of 
the 1296-MHz Quagi. It 
is mounted on a 30-in. 
Plexiglas boom with a 
3.x 3-in. square of 
Plexiglas to support 
the driven element and 
reflector. Note how the 
driven element is 
attached to a standard 
UG-290 BNC 
connector. The 
elements are held in 
place with silicone 
sealing compound. 


of ‘he inch alter the performance measurably, and a 
Ys inch departure can cost several decibels of gain. The 
loop lengths given are gross lengths. Cut the wire to these 
lengths and then solder the two ends together. There is a 
Ycinch overlap where the two ends of the reflector (and 
director) loops are joined, as shown in Fig 67 

‘The driven element is the most important of all. The 
#18 wire loop is soldered to a standard UG-290 chassis- 
‘mount BNC connector as shown in the photographs. This, 
exact type of connector must be used to ensure unifor- 


mity in construction, Any substitution may alter the driven 
element electrical length. One end of the 9'/s inch driven 
loop is pushed as far as it can go into the center pin, and 
is soldered in that position. The loop is then shaped and 
threaded through small holes drilled in the Plexiglas sup- 
port. Finally, the other end is fed into one of the four 
mounting holes on the BNC connector and soldered. In 
most cases, the best SWR is obtained if the end of the 
wire just passes through the hole so it is flush with the 
opposite side of the connector flange. 


Table 20 

Dimensions, 1296-MHz Quagi Antennas 

Note: All lengths are gross lengths. See text and photos 
for construction technique and recommended overlap at 
loop junctions. All loops are made of #18 AWG solid- 
covered copper bell wire. The Yagi type directors are 
‘ie-in, brass brazing rod. See text for a discussion of 
director taper. 

Feed: Direct with 52-0 coaxial cable to UG-290 connec- 
tor at driven element; run coax symmetrically to mast at 
rear of antenna, 

Boom: 1'/«in. thick Plexiglas, 30 in. long for 10-element 
quad or Quagi and 48 in. long for 15-element Quagi; 84 
in. for 25-element Quagi 

10-Element Quagi for 1296 MHz 


Length, Interelement 
Element inches Construction Element Spacing, In. 
Reflector 9.5625 Loop RDE 2.375 
Driven 9.25 Loop DED! 2.0 
Director 1 3.91 Brass rod -D1-D2_—3.67 
Director 2 3.88 Brassrod © D2-D3_ 1.96 
Director 3 3.86 Brassrod © D3-D4 2.92 
Director 4 3.83 Brassrod D4-DS_ 2.92 
Director 5 3.80 Brassrod DS-D8 2.92 
Director 6 3.78 Brass rod D&-D7 4.75 
Director 7 3.75 Brass rod D7-D8_ 3.94 
Director 8 3.72 Brass rod 


15-Element Quagi for 1296 MHz 

‘The first 10 elements are the same lengths as above, 
but the spacing from D8 to D7 is 4.0 in.; 07 to D8 is also 
4.0 in 


Director 9 3.70 D8-D9 3.75 
Director 10 3.87 D9-D10 3.83 
Director 11. 3.64 D10-D11 3.08 
Director 12 3.62 DI1-D12 4.125, 
Director 13 3.59 DI2-D13 4.58 


25-Element Quagi for 1296 MHz 

The first 15 elements use the same element lengths and 
spacings as the 15-element model. The additional 
directors are evenly spaced at 3.0-in. intervals and taper 
in length successively by 0.02 in. per element. Thus, 023 
is 3.39 in, 


Fig 67—These photos show the construction method 
used for the 1296-MHz quad type parasitic elements. 
The two ends of the #18 bell wire are brought together 
with an overlap of ‘ve in. and soldered. 
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Loop Yagis for 1296 MHz 


Described here are loop Yagis for the 1296-MHz 
band. The loop Yagi fits into the quad family of anten- 
nas, as each element is a closed loop with a length of 
approximately 1 i. Several versions are described, so the 
builder can choose the boom length and frequency cov- 
erage desired for the task at hand. Mike Walters, G3JVL. 
brought the original loop- Yagi design to the amateur com- 
munity in the 1970s. Since then, many versions have been 
developed with different loop and boom dimensions. Chip 
Angle, N6CA, developed the antennas shown here. 
Three sets of dimensions are given. Good perfor- 
‘mance can be expected if the dimensions are carefully 
followed. Check all dimensions before cutting or drilling 
anything. The 1296-MHz version is intended for weak- 
signal operation, while the 1270-MHz version is opti 
mized for FM and mode L satellite work. The 1283-MHz 


antenna provides acceptable performance from 1280 to 
1300 MHz. 

‘These antennas have bet and 12-foot 
booms. Results of gain tests at VHF conferences and by 
individuals around the country show the gain of the 
6-foot model to be about 18 dBi, while the 12-foot ver- 
sion provides about 20.5 dBi. Swept measurements in: 
cate that gain is about 2 dB down from max 
£30 MHz from the design frequency. The SWR, how- 
ever, deteriorates within a few megahertz on the low side 
of the design center frequency. 


built on 


jum gain at 


The Boom 


‘The dimensions given here apply only to a %-inch 
OD boom. If a different boom size is used, the dimen- 
sions must be scaled accordingly. Many hardware stores 
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Fig 68—Loop Yagi boom-to-mast plate details are given at A. At B, the mounting of the antenna to the mast is 
detailed. A boom support for long antennas is shown at C. The arrangement shown in D and E may be used to 


rear-mount antennas up to 6 or 7 ft long. 
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Fig 69—Boom drilling dimensions. These dimensions must be carefully followed and the same materials used if 
performance is to be optimum. Element spacings are the same for all directors after Dé—use as many as, 


necessary to fill the boom. 
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Fig 70—Parasitic elements for the loop Yagi are made 
from aluminum sheet, the driven element from copper 
sheet. The dimensions given are for %-in. wide by 
0.0325-in. thick elements only. Lengths specified are 
hole to hole distances; the holes are located ‘/s in. from 
each element end. 


carry aluminum tubing in 6- and 8-foot lengths, and that 
tubing is suitable for a short Yagi. If a 12-foot antenna is 
planned, find a piece of more rugged boom material, such 
as 6061-T6 grade aluminum. Do not use anodized tub- 
ing. The 12foot antenna must have additional boom sup- 
port to minimize boom sag. The 6 foot version can be 
rear mounted. For rear mounting, allow 4*/: inches of 
boom behind the last reflector to eliminate SWR el 
from the support. 

‘The antenna is attached to the mast with a gusset 
plate. This plate mounts at the boom center. See Fig 68 
Drill the plate mounting holes perpendicular to the ele: 
‘ment mounting holes (assuming the antenna polarization 
is to be horizontal). 

Elements are mounted to the boom with no, 4-40 


ts 


~~ clan soints 


as 


Fig 71—Element-to-boom mounting details. 


machine screws, so a series of no. 33 (0.113inch) holes 
must be drilled along the center of the boom to accom- 
modate this hardware. Fig 69 shows the element spac- 
ings for different parts of the band. Dimensions should 
be followed as closely as possible 


Parasitic Elements 

‘The reflectors and directors are cut from 0.032-inch 
thick aluminum sheet and ares inch wide. Fig 70 indi- 
cates the lengths for the various elements. These lengths 
apply only to elements cut from the specified material 
For best results, the element strips should be cut with a 
shear. If the edges are left sharp, birds won't sit on the 
elements. 

Drill the mounting holes as shown in Fig 70 after 
carefully marking their locations. After the holes are 
drilled, form each strap into a circle. This is easily done 
by wrapping the element around a round form. (A small 
juice can works well.) 

Mount the loops to the boom with no, 4-40 x I-inch 
machine screws, lock washers and nuts. See Fig 71. It is, 
best to use only stainless steel or plated-brass hardware 
Although the initial cost is higher than for ordinary plated- 
steel hardware, stainless or brass hardware will not rust 
and need replacement after a few years. Unless the antenna 
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is painted, the hardware will definitely deteriorate. 


Driven Element 


‘The driven element is cut from 0.032-inch copper 
sheet and is '/ inch wide. Drill three holes in the strap as 
detailed in Fig 69. Trim the ends as shown and form the 
strap into a loop similar to the other elements. This 
antenna is like a quad; if the loop is fed at the top or 
bottom, it is horizontally polarized. 

Driven element mounting details are shown in Fig 
72. A mounting fixture is made from a '/v-20 x 1'/ inch 
brass bolt. File the bolt head to a thickness of '/s inch. 
Bore a 0.144-inch (no. 27 drill) hole lengthwise through, 
the center of the bolt. A piece of 0.141 inch semi-rigid 
Hardline (UT-141 or equivalent) mounts through this hole 
and is soldered to the driven loop feed point. The point at 
which the UT-141 passes through the copper loop and brass 
mounting fixture should be left unsoldered at this time to 
allow for matching adjustments when the antenna is com- 
pleted, although the range of adjustment is not very large. 

‘The UT-141 can be any convenient length. Attach 
the connector of your choice (preferably type N). Use a 
short piece of low-loss RG-8 size cable (or '/2-inch 
Hardline) for the run down the boom and mast to the main 
feed line. For best results, the main feed line should be 
the lowest loss 50-2 cable obtainable. Good "/s-inch 
Hardline has 1.5 dB of loss per 100 feet and virtually 
eliminates the need for remote mounting of the transmit 
converter or amplifier. 


Tuning the Driven Element 


If the antenna is built carefully to the dimensions 
given, the SWR should be close to 1:1. Just to be sur 

check the SWR if you have access to test equipment. Be 
sure the signal source is clean, however; wattmeters 
respond to “dirty” signals and can give erroneous read- 
ings. If problems are encountered, recheck all dimensions. 
If they look good, a minor improvement may be realized 
by changing the shape of the driven element. Slight bend- 
ing of reflector 2 may also improve the SWR. When the 
desired match has been obtained, solder the point where 
the UT- 141 jacket passes through the loop and brass bolt. 


Tips for 1296-MHz Antenna Installations 


‘Construction practices that are common on lower fre~ 
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Fig 72—Driven-element details. See Fig 70 and the text 
for additional information. 


quencies cannot be used on 1296 MHz. This is the most 
important reason why all who venture to these frequen- 
cies are not equally successful. First, when a proven 
design is used, copy it exactly¥don’t change anything. 
This is especially true for antennas. 

Use the best feed line you can get. Here are some 
realistic measurements of common coaxial cables at 
1296 MHz (loss per 100 feet) 


RG-8, 213, 214: 11 dB 
"in, foam/copper Hardline: 4 dB 
"hin, foam/copper Hardline: 1.5 dB 


Mount the antennas to keep f 
absolute minimum. Antenna height is less important than 
keeping the line losses low. Do not allow the mast to pass 
through the elements, as is common on antennas for lower 
frequencies. Cut all U-bolts to the minimum length 
needed; "4 at 1296 MHz is only a little over 2 inches. 
Avoid any unnecessary metal around the antenna. 


Trough Reflectors for 432 and 1296 MHz 


Dimensions are given in Fig 73 for 432- and 1296- 
MHz trough reflectors. The gain to be expected is 16 dBi 
and 15 dBi, respectively. A very convenient arrangement, 
especially for portable work, is to use a metal hinge at 
each angle of the reflector. This permits the reflector to 
be folded flat for transit. It also permits experiments to 
be carried out with different apex angles. 

‘A housing is required at the dipole center to prevent 
the entry of moisture and, in the case of the 432-MHz 
antenna, to support the dipole elements. The dipole may 
be moved in and out of the reflector to get either mini- 
‘mum SWR or, if this cannot be measured, maximum gain. 
If a two-stub tuner or other matching device is used, the 
dipole may be placed to give optimum gain and the match- 


ing device adjusted to give optimum match. In the case 
of the 1296-MHz antenna, the dipole length can be 
adjusted by means of the brass serews at the ends of the 
nts. Locking nuts are essential 

The reflector should be made of she 
for 1296 MHz, but can be constructed of wire mesh (with 
twists parallel to the dipole) for 432 MHz. To increase 
the gain by 3 dB, a pair of these arrays can be stacked 
so the reflectors are barely separated (to prevent the for- 
mation of a slot radiator by the edges). The radiating 
dipoles must then be fed in phase, and suitable feeding 
and matching must be arranged. A two-stub tuner can 
be used for matching either a single- or double-reflector 
system 
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Fig 73—Practical construction information for trough reflector antennas for 432 and 1296 MHz. 
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everything properly. 


A Horn Antenna for 10 GHz 


‘The horn antenna is the easiest antenna for the 
beginner on 10 GHz to construct. It can be made out of 
readily available flat sheet brass. Because it is inherently 
a broadband structure, minor constructional errors can 
be tolerated. The one drawback is that horn antennas 
become physically cumbersome at gains over about 
25 dBi, but for most line-of-sight work this much gain is 
rarely necessary antenna was designed by Bob 
Atkins, KAIGT, and appeared in QST for April and May, 
1987, 

Horn antennas are usually fed by waveguide. When 
operating in its normal frequency range, waveguide 
propagation is in the TEyp mode. This means that the elec- 
tric (E) field is across the short dimension of the guide 
and the magnetic (H) field is across the wide dimension 
‘This is the reason for the E-plane and H-plane terminol- 
ogy shown in Fig 74. 

‘There are many vari 
waveguide is flared out only in the H-plane, the horn is 
called an H-plane sectoral horn, Similarly, if the flare is 
only in the E-plane, an Eplane sectoral horn results. If 
the flare is in both planes, the antenna is called a pyrami- 
dal horn. 


s of horn antennas. If the 


For a hom of any given aperture, directivity (gain 
along the axis) is maximum when the field distribution 
across the aperture is uniform in magnitude and phase 
When the fields are not uniform, side lobes that reduce 
the directivity of the antenna are formed. To obtain a 
uniform distribution, the horn should be as long as pos- 
sible with minimum flare angle. From a practical point 
of view, however, the horn should be as short as possible, 
so there is an obvious conflict between performance and 

Fig 75 illustrates this problem. For a given flare 
angle and a given side length, there is a path-length dif 
ference from the apex of the horn to the center of the 
aperture (L), and from the apex of the horn to the edge of 
the aperture (L’). This causes a phase difference in the 
field across the aperture, which in turn causes formation 
of side lobes, degrading directivity (gain along the axis) 
of the antenna. If L is large this difference is small, and 
the field is almost uniform. As L decreases however, the 
phase difference increa: tivity suffers. An 
optimum (shortest possible) horn is constructed so that 
this phase difference is the maximum allowable before 
side lobes become excessive and axial gain markedly 


es and dir 


‘The magnitude of this permissible phase difference 
fferent for E-plane and H-plane horns. For the 
E-plane horn, the field intensity is quite constant across 
the aperture. For the H-plane horn, the field tapers to zero 
at the edge. Consequently, the phase difference at the edge 
of the aperture in the E-plane horn is more critical and 
should be held to less than 90° ('/:.). In an H-plane horn, 
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the allowable phase difference is 144° (0.4 2). If the 
aperture of a pyramidal horn exceeds one wavelength in 
both planes, the Eplane and Hplane patterns are essen- 
tially independent and can be analyzed separately. 

‘The usual direction for orienting the waveguide feed 
is with the broad face horizontal, giving vertical polar- 
ization. If this is the case, the H-plane sectoral horn has 
a narrow horizontal beamwidth and a very wide vertical 
beamwidth. This is not a very useful beam pattern for 
most amateur applications. The E-plane sectoral horn has 
a narrow vertical beamwidth and a wide horizontal 
beamwidth. Such a radiation pattern could be useful in a 
beacon system where wide coverage is desired. 

‘The most useful form of the horn for general appli- 
cations is the optimum pyramidal horn. In this configura- 
tion the two beamwidths are almost the same. The E-plane 
(vertical) beamwidth is slightly less than the H-plane (hori- 
zontal), and also has greater side lobe intensity. 


Fig 74—10-GHz antennas are usually fed with 
waveguide. See text for a discussion of waveguide 
propagation characteristics. 


——___. —____4 


Fig 75—The path-length (phase) difference between 
the center and edge of a horn antenna is 8. 


Building the Antenna 

‘A 10-GHz pyramidal horn with 18.5 dBi gain is 
shown in Fig 76. The first design parameter is usually the 
required gain, or the maximum antenna size. These are of 
course related, and the relationships can be approximated 
by the following: 


L = H-plane length (2) = 0.0654 x gain (Eq) 
A= Heplane aperture (2) = 0.0443 x gain (Eq 2) 
B = E-plane aperture (4) = 0.81 A (Eq 3) 


where 
gain is expressed as a ratio; 20 dBi gain = 100 
L, A and B are dimensions shown in Fig 77. 


From these equations, the dimensions for a 20-dBi 
gain horn for 10.368 GHz can be determined. One wave~ 
length at 10.368 GHz is 1.138 inches. The length (L) of 
such a horn is 0.0654 x 100 = 6.54 A. At 10.368 GHz, 
this is 7.44 inches. The corresponding H-plane aperture 
(A) is 4.43 2 (5.04 inches), and the E-plane aperture (B), 
4.08 inch 

The e: 


est way to make such a horn is to cut pieces 


from brass sheet stock and solder them together. Fig 77 
shows the dimensions of the triangular pieces for the sides 
and a square piece for the waveguide flange. (A standard 
commercial waveguide flange could also be used.) 
jpertures are different, 


Because the 


-plane and H-plani 
the horn opening is not square. Sh 
portant; 0.02 to 0.03 inch works well. Br: 
often available from hardware or hobby shops. 

Note that the triangular pieces are trimmed at the 
apex to fit the waveguide aperture (0.9 x 0.4 inch). This 
necessitates that the length, from base to apex, of the 
smaller triangle (side B) is shorter than that of the larger 
(side A). Note that the length, S, of the two different sides 
of the horn must be the same if the horn is to fit together! 
For such a simple looking object, getting the parts to fit 
together properly requires careful fabrication. 

‘The dimensions of the sides can be calculated with 
simple geometry, but it is easier to draw out templates on 
a sheet of cardboard first. The templates can be used to 
build a mock antenna to make sure everything fits together 
properly before cutting the sheet brass 

First, mark out the larger triangle (side A) on card- 
board. Determine at what point its width is 0.9 inch and 
draw a line parallel to the base as shown in Fig 77. Mea- 
sure the length of the side S; this is also the length of the 

ides of the smaller (side B) pieces. 

Mark out the shape of the smaller pieces by first 
drawing a line of length B and then constructing a sec- 
ond line of length S. One end of line $ is an end of line 
B, and the other is 0.2 inch above a line perpendicular to 
the center of line B as shown in Fig 76. (This procedure 
is much more easily followed than described.) These 
smaller pieces are made slightly oversize (shaded area in 
Fig 77) so you can construct the horn with solder seams 
(on the outside of the horn during assembly. 


Fig 76—This pyramidal horn has 18.5 dBi gain at 
10 GHz. Construction details are given in the text. 


Fig 77—Dimensions of the brass pieces used to make 
the 10-GHz horn antenna. Construction requires two of 
each of the triangular pieces (side A and side B). 
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Cut out two cardboard pieces for side A and two for 
side B and tape them together in the shape of the horn 
‘The aperture at the waveguide end should measure 0.9 x 
0.4 inch and the aperture at the other end should measure 
5.04 x 4.08 inches 

If these dimensions are correct, use the cardboard 
templates to mark out pieces of brass sheet. The brass 
sheet should be cut with a bench shear if one is availabl 
because scissors type shears tend to bend the metal. Jig 
the pieces together and solder them on the outside of the 


seams. It is important to keep both solder and rosin from 
contaminating the inside of the horn; they can absorb RF 
and reduce gain at these frequenci 

Assembly is shown in Fig 78. When the horn is com- 
pleted, it can be soldered to a standard waveguide flange, 
or one cut out of sheet metal as shown in Fig 77. The 


transition between the flange and the horn must be 
smooth. This antenna provides an excellent performanc 
to-cost ratio (about 20 dBi gain for about five dollars in 
parts) 


Fig 78—Assembly of the 
10-GHz horn antenna. 
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Periscope Antenna Systems 


One problem common to all who use microwaves is 
that of mounting an antenna at the maximum possible 
height while trying to minimize feed-line losses. The 
higher the frequency, the more severe this problem be- 


comes, as feeder losses increase with frequency. Because 
parabolic dish reflectors are most often used on the higher 
bands, ther erproofing feeds 
(particularly waveguide feeds). Inaccessibility of the dish 
is also a problem when changing bands. Unless the tower 
is climbed every time and the feed changed, there must be 
a feed for each band mounted on the dish. One way around 
these problems is to use a periscope antenna system (some- 


is also the difficulty of wa 


times called a “flyswatter antenna”). 

‘The material in this section was prepared by Bob 
Atkins, KAIGT, and appeared in QST for January and 
February 1984. Fig 79 shows a schematic representation 
of a periscope antenna system. A plane reflector 
mounted at the top of a rotating tower at an angle of 45°. 


‘This reflector can be elliptical with a major to minor axis, 
ratio of 141, or rectangular. At the base of the tower is 


mounted a dish or other type of antenna such as a Yagi 


pointing straight up. The advantage of such a system is 
that the feed antenna can be changed and worked on eas- 
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ily. Additionally, with a correct choice of reflector size, 
dish size, and dish to reflector spacing, feed losses can 
be made small, increasing the effective system gain. In 
fact, for some particular system configurations, the gain 
of the overall system can be greater than that of the feed 


antenna alone. 


Gain of a Periscope System 


Fig 80 shows the relationship between the effective 
gain of the antenna system and the distance between the 
reflector and feed antenna for an elliptical reflector. At 
first sight, itis not at all obvious how the antenna system 
can have a higher gain than the feed alone. The reason 
lies in the fact that, depending on the feed to reflector 
spacing, the reflector may be in the near field (Fresnel) 
region of the antenna, the far field (Fraunhofer) region, 
or the transition region between the two. 

In the far field region, the gain is proportional to the 
reflector area and inversely proportional to the distance 
between the feed and reflector. In the near field region, 
seemingly strange things can happen, such as decreasing 
gain with decreasing feed to reflector separation. The 
reason for this gain decrease is that, although the reflec~ 


Toe toris intercepting more of the energy radiated by the feed, 

maseoS it does not all contribute in phase at a distant point, and 
so the gain decreases. 

In practice, rectangular reflectors are more common 

than elliptical. A rectangular reflector with sides equal 


in length to the major and minor axes of the ellipse will, 
in fact, normally 

field region, the gain will be proportional to the area of 
the reflector. To use Fig 80 with a rectangular reflector, 
R? may be replaced by A/ m, where A is the projected 
area of the reflector. The antenna pattern depends in a 


fe a slight gain increase. In the far 


complicated way on the system parameters (spacing and 


size of the elements), but Table 21 gives an approxima- 
tion of what to expect. R is the radius of the projected 
circular area of the elliptical reflector (equal to the 
minor axis radius), and b is the length of the side of the 
projected square area of the rectangular reflector (equal 
to the length of the short side of the rectangle). 

For those wishing a rigorous mathematical analysis 
of this type of antenna system, several references are given 


in the Bibliography at the end of this chapter. 
qb 


Mechanical Considerations 


There are some problems with the physical construc- 
tion of a periscope antenna system. Since the antenna gain 
of a microwave system is high and, hence, its beamwidth 

Fig 79—The basic periscope antenna. This design narrow, the reflector must be accurately aligned. If the 

makes it easy to adjust the feed antenna. reflector does not produce a beam that is horizontal, the 
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Fig 80—Gain of a periscope antenna using a plane elliptical reflector (after Jasik—see Bibliography). 
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Table 21 
Radiation Patterns of Periscope Antenna Systems 
Elliptical Rectangular 
Reflector Reflector 
3-dB beamwidth, 60N2R = S2 Alb 
degrees 
6-dB beamwidth, 8202R BB Ab 
degrees 
First minimum, 73N2R SBD 
degrees from axis, 
First maximum, 9502R 84 Ab 
degrees from axis, 
Second minimum,  1302/2R_-—116 Aub 
degrees from axis, 
Second maximum, 156 /2R_ 142 Ub 
degrees from axis, 
Third minimum, 185/2R 174 ub 


degrees from axis 


Fig 81—Commercial periscope antennas, such as this 
‘one, are often used for point-to-point communication. 


useful gain of the system will be reduced. From the 
geometry of the system, an angular misalignment of the 
reflector of X degrees in the vertical plane will result in an 
angular misalignment of 2X degrees in the vertical align- 
‘ment of the antenna system pattern. Thus, for a dish point- 
ing straight up (the usual case), the reflector must be at an 
angle of 45° to the vertical and should not fluctuate from 
factors such as wind loading. 

‘The reflector itself should be flat to better than '/1o 
4 for the frequency in use. It may be made of mesh, pro- 
Vided that the holes in the mesh are also less than '/io Ain 
diameter. A second problem is getting the support mast 
to rotate about a truly vertical axis. If the mast is not 
vertical, the resulting beam will swing up and down from 
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the horizontal as the system is rotated, and the effective 
gain at the horizon will fluctuate. Despite these prob- 
Jems, amateurs have used periscope antennas success- 
fully on the bands through 10 GHz. Periscope antennas 
are used frequently in commercial service, though usu- 
ally for point-to-point transmission. Such a commercial 
system is shown in Fig 81 

Circular polarization is not often used for terrestrial 
work, but if it is used with a periscope system there is an 
important point to remember. The circularity sense 
‘changes when the signal is reflected. Thus, for right hand 
circularity with a periscope antenna system, the feed 
arrangement on the ground should produce left hand cir~ 
cularity. It should also be mentioned that it is possible 
(though more difficult for amateurs) to construct a peri- 
scope antenna system using a parabolically curved 
reflector. The antenna system can then be regarded as an 
offset fed parabola, More gain is available from such a 
system at the added complexity of constructing a para- 
bolically curved reflector, accurate t0 "iv A. 
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Antenna 


Systems 


for Space 
ommunications 


When we consider amateur space communications, 
we usually think about two basic modes: satellite and 
earth-moon-earth (EME—also referred to as moon- 
bounce). At their essence, both modes communicate 
using one of the Earth’s satellites—our natural satellite 
(the Moon) or one of a variety of manmade satellites 
‘There are two main differences between these satel- 
lites. The first is one of distance. The Moon is about 
250,000 miles from Earth, while man-made satellites can 
be as far as 36,000 miles away. This 7:1 difference in 
distance makes a huge difference in the sig 
arrive at the satellite, sinc 


transmission loss varies as 
the square of the distance. In other words, the signal 
arriving at the Moon is 20 dB weaker than that arriving at 
a geo-synchronous satellite 25,000 miles high, due to 
distance alone, 

‘The second difference between the Moon and a man- 
made satellite is that the Moon is a passive reflector— 
and not a very good one at that, since it has a craggy and 
rather irregular surface, at least when compared to a flat 
mirror-like surface that would make an ideal reflector. 
Signals scattered by the Moon's irregular surface are thus 
weaker than for better reflecting surfaces. By compari- 
son, a man-made satellite is an active system, where the 
satellite receives the signal coming from Earth, amplifies 
it and then retransmits the signal (usually at a different 
frequency) using a high-gain antenna. Think of a satel. 
lite as an ideal reflector, with gain. 

‘The net result of these differences between a man- 
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made satellite and the Earth’s natural satellite is that 
moonbounce (EME) operation challenges the station 
builder considerably more than satellite operation, par- 
ticularly in the area of antennas. Successful EME requires 
high transmitting power, superb receiver sensitivity and 
excellent operators capable of pulling weak signals out 
of the noise. This chapter will first explore antennas sui 
able for satellite operations and then describe techniques 
needed for EME work, 


Common Ground 

There are areas of commonality between satellite 
and EME antenna requirements, of course. Both require 
consideration of the effects of polarization and elevation 
angle, along with the azimuth directions of transmitted 
and received signals. 

On the HF bands, signal polarization is generally of 
little concern, since the original polarization sense is lost 
after the signal passes through the ionosphere. At HF, 
vertical antennas receive sky-wave signals emanating 
from horizontal antennas, and vice versa. It is not ben 
ficial to provide a means of varying the polarization at 
HE. With satellite communications, however, because of 
polarization changes, a signal that would disappear into 
the noise on one antenna may be $9 on one that is not 
sensitive to polarization direction. Elevation angle is also 
important from the standpoint of tracking and avoiding 
indiscriminate ground reflections that may cause nulls in 
signal strength. 
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Antennas for Satellite Work 


We have amateur satellites providing links from 
2 meters and up, and these provide opportunities to use 
antennas of many types—from the very simple to some 
pretty complex ones. This section was written by Dick 
Jansson, WD4FAB. It covers descriptions of a wide range 
Of satellite antennas and points operators to source mate- 
rial for construction of many of them. 


Antennas for LEO Satellites 


Antenna design and construction requirements for 
use with Amateur satellites vary from low-gain antennas 
for low-earth-orbit (LEO) satellites to higher-gain anten- 
nas for the high-altitude elliptical-orbit satellites. You can 
operate the FM LEO satellites with a basic dual-band 
VHF/UHF FM transceiver or even a good FM H-T, as 
some amateurs have managed. Assuming that the trans- 
ceiver is reasonably sensitive, you can even use a good 
“rubber duck” antenna. Some amateurs manage to work 
the FM birds with H-Ts and a multi-element directional 
antenna such as the popular Arrow Antenna, Fig 1. Of 
course, this means they must aim their antennas at the 
satellites, even as they cross overhead. 

High-quality omnidirectional antennas for LEO ser- 
vice come in quite a number of forms and shapes. M? 
Enterprises has their EB-144 and EB-432 Eggbeater 
antennas, which have proven to be very useful and do not, 
require any rotators for control. See Fig 2. The turnsti 
over-reflector antenna has been around for a long time 
shown in Fig 3. Other operators have done well using low- 
gain Yagi antennas, such as those shown in Fig 4. 

For even better performance, at the modest cost of a 
single, simple TV antenna rotator, check out the fixed- 
elevation Texas Potato Masher antenna by KSOE, Fig 5. 
This antenna provides a dual-band solution for medium- 
gain directional antennas for LEO satellites. This 
siderable improvement over omnidirectional antennas and 
does not require an elevation rotator for good performance. 

There are still two LEO satellites that work on the 
wr band, RS-15 and the newly resurrected AO-7. 
Both have 10-meter downlinks in the range of 29.3 to 
29.5 MHz. Low-gain 10-meter antennas, such as dipoles 
or long-Wire antennas, are used to receive these satellites. 


10-met 


Antennas for High-Altitude Satellites 

‘The high-altitude, Phase-3 satellite AO-10 
(and the late AO-13), have been around for quite a num- 
ber of years. The greater distances to the Phase-3 satel- 
lites mean that more transmitted power is needed to access 
them and weaker signals are received on the ground. Suc~ 
cessful stations usually require ground-station antennas 
with significant gain (12 dBi or more), such as a set of 
high-gain Yagi antennas. See Fig 6. Note the use of two 
Yagi antennas mounted on each boom to provide circu: 
lar polarization, usually referred to as CP. 


such a 
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Fig 1—The hand-held “Arrow” gain antenna is popular 
for LEO FM operations. (Photo courtesy The AMSAT 
Journal, Sept/Oct 1998.) 


Fig 2—Eggbeater antennas are popular for base station 
LEO satellite operations. This EB-432 eggbeater 
antenna for 70 cm is small enough to put in an attic. 
Antenna gain pattern is helped with the radials placed 
below the antenna. 
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Fig 3—The Turnstile Over Reflector antenna has served 
well for LEO satellite service for a number of years. 


Fig 4—Simple 
ground plane 
and Yagi 
itennas can 
be used for 
LEO satellite 
contacts. 


CIRCULAR POLARIZATION 


Linearly polarized antennas are horizontal or verti- 
cal in terms of the antenna’s position relative to the sur- 
face of the Earth, a reference that loses its meaning in 
space. The need to use circularly polarized (CP) anten- 


nas for space communications is well established. If 


spacecraft antennas used linear polarization, ground sta- 
tions would not be able to maintain polarization align- 


ment with the spacecraft because of changing orientations. 
‘The ideal antenna for random satellite polarizations is 
one with a circularly polarized radiation pattern 

There are two commonly used methods for obtaining 
circular polarization. One is with crossed linear elements, 
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Fig 5—Jerry Brown, KSOE, uses his Texas Potato 
Masher antennas to work LEO satellites. 


Fig 6—Dick Jansson, WD4FAB, used these 2-meter and 
70-cm crossed Yagi's in RHCP for AO-10 and AO-13 
operations. The satellite antennas are shown mounted 
above a 6-meter long-boom Yagi. 


such as dipoles or Yagis, as Fig 6 shows. The second popu- 
lar CP method uses a helical antenna, described below. 
Other methods also exist, such as with the omnidirectional 
‘quadrifilar helix, Fig 7. 

Polarization sense is a critical factor, especially in 
EME and satellite work. The IEEE standard uses the term 
“clockwise circular polarization” for a receding wave. 
Amateur technology follows the IEEE standard, calling 
clockwise polarization for a receding wave as right-hand, 
or RHCP. Either clockwise or a counter-clockwise (LHCP) 
sense can be selected by reversing the phasing harness of 
a crossed-Yagi antenna, see Fig 8. The sense of a helical 
antenna is fixed, determined by its physical construction. 
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Ce 


Fig 7—W3KH suggests that quadrifilar antennas can 
serve well for omnidirectional satellite-station antenna 
service. 


See Fig 9 for construction details. 

In working through a satellite with a circularly polar- 
ized antenna, it is often convenient to have the capability 
of switching polari 
of the received signal of some of the LEO satel 
when the satellite passes its nearest point to you. If the 
received signal has right-hand circular polarization as the 


satellite approaches, it may have left-hand circularity as 
the satellite recedes. There is a sense reversal in EME work, 
as well, because of a phase reversal of the signal as it is 
reflected from the surface of the moon. A signal transmit- 
ted with right-hand circularity will be returned to the Earth 
with left-hand circularity. Similarly, the polarization is 


reversed as it is reflected from a dish antenna, so that for 
an overall RHCP performance, the feed antenna for the 
dish needs to be LHCP, 


Crossed Linear Antennas 

Dipoles radiate linearly polarized signals, and the 
polarization direction depends on the orientation of the 
antenna. It two dipoles are arranged for horizontal and 
vertical dipoles, and the two outputs are combined with 
the correct phase difference (90°), a circularly polarized 
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Fig 8—Evolution of the circularly polarized Yagi. The 
simplest form of crossed Yagi, A, is made to radiate 
circularly by feeding the two driven elements 90° out of 
phase. Antenna B has the driven elements fed in phase, 
but has the elements of one bay mounted ‘ve & forward 
from those of the other. Antenna C offers elliptical 
(circular) polarization using separate booms. The 
elements in one set are perpendicular to those of the 
other and are '/s forward from those of the other. 


wave results. Because the electric fields are identical in 
magnitude, the power from the transmitter will be equally 
divided between the two fields. Another way of looking at 
this is to consider the power as being divided between the 
two antennas; hence the gain of each is decreased by 3 dB 
when taken alone in the plane of its orientation. 

A.90° phase shift must exist between the two antes 
nas and the simplest way to obtain this shift is to use two 
feed lines to a coplanar pair of crossed-Yagi antennas. One 
feed-line section is '/ 2 longer than the other, as shown in 
Fig 8A. These separate feed lines are then paralleled to a 
common transmission line to the transmitter or receiver. 
Therein lies one of the headaches of this system. Assum- 
ing negligible coupling between the crossed antennas, the 
impedance presented to the common transmission line by 
the parallel combination is one half that of either section 
alone. (This is not true when there is mutual coupling 
between the antennas, as in phased arrays.) A practical con- 
struction method for implementing a RHCP/LHCP copla- 
nar switched system is shown in Fig 10. 

Another example of a coplanar crossed-Yagi antenna 
is shown in Fig 11. With this phasing-line method, any 
mismatch at one antenna will be magnified by the extra 
Yo of transmission line. This upsets the current balance 
between the two antennas, r 


sulting in a loss of polariza- 
tion circularity. Another factor to consider is the attenu- 
ation of the cables used in the harness, along with the 
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Fig 9—Construction details of a co-planar crossed-Yagi antenna. 
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Fig 10—Co-planar crossed Yagi, circularly polarized 
antenna with switchable polarization phasing harness. 
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connectors. Good low-loss coaxial line should be used. 
Type-N or BNC connectors are preferable to the UHF 
variety 

Another method to obtain circular polarization is to 
use equal-length feed lines and place one antenna '/s i. 
ahead of the other. This offset pair of Yagi-crossed ante 
nas is shown in Fig 8B. The advantage of equal-length fe: 
lines is that identical load impedances will be presented to 
the common feeder, as shown in Fig 12, which shows a 
ed circularity sense feed. To obtain a switchable sense 
feed with the offset Yagi pair, you can use a connection 
like that of Fig 13, although you must compensate for the 
extra phase added by the relay and connectors. 

Fig 8C diagrams a popular method of mounting two 
separate off-the-shelf Yagis at right angles to each other. 
The two Yagis may be physically offset by '/s 2 and fed in 
parallel, as shown in Fig 8C, or they may be mounted with, 
no offset and fed 90° out of phase. Neither of these 
arrangements on two separate booms produces true circu- 


lar polarization. Instead, elliptical polarization results from 
such a system, Fig 14 is a photo of this type of mounting 
of Yagis on two booms for elliptical operation. 


Helical Antennas 
‘As mentioned, the second method to create a circu- 
larly polarized signal is by means of a helical antenna. 
The axial-mode helical antenna was introduced by Dr 
John Kraus, W8IK, in the 1940s. Fig 15 shows examples 
of S-band (2400-MHz), V-band (145-MHz), and U-band 
(435-MHz) helical antennas, all constructed by WD4FAB 
for satellite service. 
this antenna has two characteristics that make it 
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Fig 11—This VHF crossed Yagi design by KH6IJ 
(Jan 1973 QS7) illustrates the co-planar, fixed- 
circularity Yagi. 


especially interesting and useful in many applications. 
First, the helix is circularly polarized. As discussed ear- 
lier, circular polarization is simply linear polarization that 
continually rotates as it travels through space. In the case 
of a helical antenna, this rotation is about the axis of the 
antenna, This can be pictured as the second hand of a 
watch moving at the same rate as the applied frequency, 
where the position of the second hand can be thought of 
as the instantaneous polarization of the signal. 

‘The second interesting property of the helical 
antenna is its predictable pattern, gain and impedance 
characteristics over a wide frequency range. This is one 
of the few antennas that has both broad bandwidth and 
high gain. The benefit of this property is that, when used 
for narrow-band applications, the helical antenna is very 
forgiving of mechanical inaccura 


Probably the most common amateur use of the heli~ 
cal antenna is in satellite communications, where the spin- 
ning of the satellite antenna system (relative to the earth) 
and the effects of Faraday rotation cause the polarization 
of the satellite signal to be unpredictable. Using a linearly 
polarized antenna in this situation results in deep fading, 
but with the helical antenna (which responds equally to 


linearly polarized signals), fading is essentially eliminated 

This same characteristic makes helical antennas use 
ful in polarization-diversity systems. The advantages of 
circular polarization have been demonstrated on VHF 
voice schedules over non-optical paths, in cases where 
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Fig 12—Offset crossed-Yagi circularly polarized 
antenna-phasing harness with fixed polarization. 


linearly polarized beams did not perform satisfactorily. 

‘Another use for the helical antenna is the transmis- 
sion of color ATV signals. Many beam antennas (when 
adjusted for maximum gain) have far less bandwidth than, 
the required 6 MHz, or have non-uniform gain over this, 
frequency range. The result 
the transmitted and received signals, affecting color 
reproduction and other features. This problem becomes 
more aggravated over non-optical paths. The helix 
exhibits maximum gain (within 1 dB) more than 20 MHz, 
anywhere above 420 MHz. 

‘The helical antenna can be used to advantage with 
multimode rigs, especially above 420 MHz. Not only does 
the helix give high gain over an entire amateur band, but 
it also allows operation on FM, SSB and CW without the 
need for separate vertically and horizontally polarized 
antennas. 


significant distortion of 


Helical Antenna Basics 


‘The helical antenna is an unusual specimen in the 
antenna world, in that its physical configuration gives a 
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Fig 13—Offset crossed-Yagi circularly polarized 
antenna-phasing harness with switchable polarization. 


Fig 14—An example of offset crossed-Yagi circularly 
polarized antennas with fixed polarization. This 
example Is a pair of M? 23CM22EZA antennas, for 

L band (1269 MHz), mounted on an elevation boom. 
(WD4FAB photo.) 


Fig 15—At top, a seven-turn LHCP helical antenna for 
S-band dish feed for AO-40 service. This helical 
antenna uses a cupped reflector and has a preamplifier 
mounted directly to the antenna feed point. At bottom, 
a pair of helical antennas for AO-10 service on 2 meters 
and 70 cm. The 2-meter helical antenna is not small! 
(WD4FAB photos.) 


hint to its electrical performance. A helix looks like a large 
air-wound coil with one of its ends fed against a ground 
plane, as shown in Fig 16. The ground plane is a screen of, 
0.8 4 to 1.1 2 diameter (or on a side for a square ground 
plane). The circumference (C,) of the coil form must be 
between 0.75 A.and 1.33 A for the antenna to radiate in the 
axial mode. The coil should have at least three turns to 
radiate in this mode. The ratio of the spacing between turns 
(in wavelengths), S, to C,, should be in the range of 0.2126 
‘0 0.2867. This ratio range results from the requirement 
that the pitch angle, a, of the helix be between 12° and 
16°, where: 


c= arctan 5. 


G (Eq) 


Antenna Systems for Space Communications 19-7 


ea We 


(nboionced) 


Fig 16—The basic helical antenna and design 
equations. 


‘These constraints result in a single main lobe along 
the axis of the coil. This is easily visualized from Fig 15A. 
‘The winding of the helix comes away from the cupped 
reflector with a counterclockwise winding direction for a 
LHCP. (The winding can also be a clockwise—this results 
in a RHCP polarization sense.) 

A helix with a C, of 1 has a wave propagating from 
‘one end of the coil (at the ground plane), corresponding, 
to an instantaneous dipole “across” the helix. The elec~ 
trical rotation of this dipole produces circularly polar- 
ized radiation. Because the wave is moving along the helix 
conductor at nearly the speed of light, the rotation of the 
electrical dipole is at a very high rate, and true circular 
polarization results 

‘The IEEE definition, in simple term: 
viewing the antenna from the feed-point end, a clockwise 
wind results in right-hand circular polarization (RHCP), 
and a counterclockwise wind results in left-hand circular 
polarization (LHCP). This is important, because when two 
stations use helical antennas over a nonreflective path, both 
must use antennas with the same polarization sense. If 
antennas of opposite sense are used, a signal loss of at least 
20 dB results from the cross polarization alone. 

As mentioned previously, circularly polarized anten- 
nas can be used in communications with any linearly 
polarized antenna (horizontal or vertical), because circu- 
larly polarized antennas respond equally to all linearly 
polarized signals. The gain of a helix is 3 dB less than the 
theoretical gain in this case, because the linearly polarized 
antenna does not respond to linear signal components that, 
are orthogonally polarized relative to it. 

‘The response of a helix to all polarizations is indi- 
cated by a term called axial ratio, also known as circular 
ity. Axial ratio is the ratio of amplitude of the polarization 
that gives maximum response to the amplitude of the 
polarization that gives minimum response. An ideal circu- 
larly polarized antenna has an axial ratio of 1.0. A well- 
designed practical helix exhibits an axial ratio of 1.0 to 
1.1. The axial ratio of a helix is: 


is that when 


19-8 Chapter 19 


Qn+1 


2a 
where: 


(Eq 2) 


AR = axial ratio 
n= the number of turns in the helix 


Axial ratio can be measured in two ways. The first is 
to excite the helix and use a linearly polarized antenna with 
an amplitude detector to measure the axial ratio directly. 
This is done by rotating the linearly polarized antenna in a 
plane perpendicular to the axis of the helix and comparing 
the maximum and minimum amplitude values. The ratio 
of maximum to minimum is the axial ratio. 

‘The impedance of the helix is easily predicted. The 
terminal impedance of a helix is unbalanced, and is 
defined by 


(Eq 3) 


40x Cy, 


where Z is the impedance of the helix in ohms. 
‘The gain of a helical antenna is determined by its 
physical characteristics. Gain can be calculated from: 


2) 


Gain (4B (Eq 4) 


18+ 10log 


In practice, helical antennas do not deliver the gain in 
Eq 4 for antennas with turns count greater than about 
twelve. There will be more discussions in this area when 
practical antennas are discussed. 


‘The beamwidth of the helical antenna (in degrees) at 


the half-power points is: 


(Eq 5) 


‘The diameter of the helical antenna conductor should 
be between 0.006 A and 0.05 2, but smaller diameters have 
been used successfully at 144 MHz. The previously noted 
diameter of the ground plane (0.8 }-to 1.1) should not be 
exceeded if you desire a clean radiation pattern, As the 
ground plane size is increased, the sidelobe levels also 
increase. Cupped ground planes have been used according, 
to Kraus, as in Fig 15. (The ground plane ne 
it can be in the form of a spoked wheel or a frame covered 
with hardware cloth or screen.) 


not be soli 


50-0 Helix Feed 

Joe Cadwallader, K6ZMW, presented this feed 
method in June 1981 QST. Terminate the helix in an N 
connector mounted on the ground screen at the periphery 
of the helix. See Fig 17. Connect the helix conductor to 
the N connector as close to the ground screen as possible 
(Fig 18). Then adjust the first quarter turn of the helix to 

lose spacing from the reflector. 
This modification goes a long way toward curing a 
deficiency of the helix—the 140-2 nominal feed-point 
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Fig 17—End view and side view of peripherally fed 
helix. 


Woy 


Fig 18—Wrong and right ways to attach helix to a type 
N connector for 50-Q feed. 


impedance. The traditional 2/4 matching section has proved 
difficult to fabricate and maintain. But if the helix is fed at 
the periphery, the first quarter turn of the helix conductor 
(leaving the N connector) acts much like a transmission 
line—a single conductor over a perfectly conducting 
ground plane. The impedance of such a transmission line 


Lo= 1380p (Eq 6) 


wher 


Zq = line impedance in ohms 

h = height of the center of the conductor above the 
ground plane 

d= conductor diameter (in the same units as hy. 


The impedance of the helix is 140 Q a turn or two 
away from the feed point. But as the helix conductor 
swoops down toward the Feed connector (and the ground 
plane), h gets smaller, so the impedance decreases. The 
140-0 nominal impedance of the helix is transformed to 
a lower value. For any particular conductor diameter, an 
optimum height can be found that will produce a feed- 
point impedance equal to 50 Q. The height should be kept 
very small, and the diameter should be large. Apply power 
to the helix and measure the SWR at the operating fre- 
quency. Adjust the height for an optimum match. 
Typically, the conductor diameter may not be large 
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Fig 19—End view and side view of peripherally fed helix 
with metal strip added to improve transformer action. 


enough to yield a 50-€ match at practical (small) values 
of h. In this case, a strip of thin brass shim stock or flash- 
ing copper can be soldered to the first quarter turn of the 
helix conductor (Fig 19). This effectively increases the 
conductor diameter, which causes the impedance to 
decrease further yet. The edges of this strip can be slit 
every '/ inch or so, and the strip bent up or down (toward, 
or away from the ground plane) to tune the line for an op- 
timum match. 

this approach yields a perfect match to nearly any 
coax. The usually wide bandwidth of the helix (70% for 
less than 2:1 SWR) will be reduced slightly (to about 40%), 
for the same conditions. This reduction is not enough to 
be of any consequence for most amateur work. The 
improvements in performance, ease of assembly and 
adjustment are well worth the effort in making the helix 
more practical to build and tune 


ANTENNAS FOR AO-40 OPERATIONS 


Antennas for suce: 


jul operations on AO-40 come 
in many shapes and sizes. AO-40 has provided amateurs 
the opportunity to broadly experiment with antennas. 
Fig 20 shows the satellite antennas at WD4FAB. The 
Yagi antennas are used for the U- and L-band AO-40 
uplinks and the V-band AO-10 downlink, while the S-band 
dish antenna is for the AO-40 downlink, These satellite 
et (19 meters) to avoid 
pointing into the many nearby trees and suffering from the 
resulting “green attenuation.” Of course, satellite antennas 
do not always need to be mounted high on a tower if dense 
foliage is not a problem. If satellite antennas are mounted 
lower down, feed-line length and losses can reduced, 
‘Another benefit, however, to tower mounting of sat- 
ellite antennas is that they can be used for terrestrial ham, 


antennas are tower mounted at 63 f 


communications and contests. The Fact that the antennas 
are set up for CP does not really degrade these other 
operating activities. 

Experience with AO-40 has clearly shown the advan- 
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Fig 20—Details of WD4FAB’s tower cluster of satellite 
antennas including a home-brew elevation rotator. Top 
to bottom: MF 436-CP30, a CP U-band antenna; two M 
23CM22EZA antennas in a CP array for L band; 
“FABStar” dish antenna with helix feed for S band; M 
2M-CP22, a CP V-band antenna (only partially shown.) 
To left of dish antenna is a NEMA4 equipment box with 
an internal 40-W L-band amplifier, and also hosts 
externally mounted preamplifiers. (WD4FAB photo) 


tages of using RHCP antennas for both the uplink and 
downlink communications. The antennas shown in Fig 20 
are a single-boom RHCP Yagi antenna for U band, a pair 
of closely spaced Yagi antennas phased for RHCP for 
L band (see Fig 14), and a helix-fed dish antenna for 
S band. The antenna gain requirements for U band cane: 
ily be met with the gain of a 30-clement crossed Yagi 
Antennas of this size have boom lengths of 4 to 4'/2 wave 
lengths. The enterprising constructor can build a Yagi 
antenna from one of several references, however most of 
us prefer to purchase well-tested antennas from commer- 
cial sources as M? or Hy-Gain. In the past, KLM (now out 
of business) had offered a 40-element CP Yagi for U-band 
satellite service, and many of these are still in satisfactory 
use today. 

U-band uplink requirements for AO-40 have clearly 
demonstrated the need for gain less than 16 to 17 dBic 
RHCP, with an RF power of less than 50 W PEP at the 
antenna (= 2,500 W-PEP EIRP with a RHCP antenna) 
depending upon the squint angle. (The squint angle is 
the angle at which the main axis of the satellite is pointed 
away from your antenna on the ground. Ifthe squint angle 
is less than half of the half-power beamwidth, the ground 
station will be within the spacecraft antenna’s nominal 
beam width.) 

A gain of 16 to 17 dBic RHCP can be obtained from 
a 30-element crossed Yagi, AO-13 type antenna, and is, 
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Fig 21—Domenico, I8CVS, has this cluster of satellite 
antennas for AO-40. Left to right: array of 4 
23-element Yagi horizontally polarized for L band; 
1.2-meter dish with 3-turn helix feed for S band; 
15-turn RHCP helical antenna for U band; 60-cm dish 
for X band. All microwave preamplifiers and power 
amplifiers are homebrew and are mounted on this 
antenna cluster. (I8CVS photo.) 


good news, considering that the satellite may be over 
60,000 km (37,000 miles) from your station. Success on 
the U-band uplinks to AO-40 is easier than those for L band, 
at wider squint angles more than 20°. At squint angles less 


than 10°, U-band uplink operation can even be done with 
1-5 W power outputs to a RHCP antenna (= 200 W-PEP 
EIRP with RHCP). These lower levels mean that smaller 
antennas can be used. In practice, these uplinks will pro- 
duce downlink signals that are 10 to 15 dB above the noise 
floor, or $7 signals over an $3 noise floor. The beacon will 
give a downlink $9 signal for these same conditions. 
WD4FAB's experience with the AO-40 L-band 
uplink has demonstrated that 40 W-PEP delivered to an 
antenna with a gain of = 19dBic (3,000 W-PEP EIRP with 
RHCP) is needed for operations at the highest altitudes of 
AO-40 and with squint angles < 15°. This is the pretty com- 


pact L-band antenna arrangement with two 22-element 
antennas in a RHCP array shown in Fig 14 and 20. Other 
operators have experience that using a I.2-meter L-band, 
dish antenna and 40 W of RF power (6,100 W-PEP EIRP 
with RHCP) can also provide a superb uplink for squint 
angles even up to 25°. A dish antenna can have a practical 


gain of about 21 to 22 dBic. These uplinks will provide 


Fig 22—Wilfred Carey, ZS6JT, constructed this cluster 
of satellite and EME antennas. Left to right: 2 « 
23-element offset feed Yagi for U band; 1.64-meter dish 
with 2'/-turn helix feed for S band; 2 » 11-element 
coplanar feed Yagi for V band. (ZS6JT photo.) 


Fig 23—Robert Suding, WOLMD, modified this 4-foot 
dish antenna with a patch feed for S band and an Az-El 
mount. (WOLMD photo.) 
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the user a downlink that is 10 to 18 dB above the transpon- 
der noise floor. In more practical terms, this is an S7 to 8 
signal over a $3 transponder noise floor, a very comfort- 
able armchair copy. 

Using the L-band uplink for AO-40, instead of the 
U-band uplink, allows the use of Yagi antennas that more 
manageable, since their size for a given gain is only one 
third of those for U-band. With L band there is a nar- 
rower difference between ish antenna and a Yagi, 
a 21- to 22-dBie dish antenna would be only about 
41.2 meters (4 feet) in diameter. However, some of us may 
not have such “real estate” available on our towers and, 
may seck a lower wind-loading solution offered by Yagis. 
Long-boom rod-element Yagi, or loop-Yagi antennas are 
commercially offered by M? and DEM, although this band, 
is about the highest for practical Yagis. The example 
shown in Fig 20 is a pair of rod-element Yagi antennas 
from M? in a CP arrangement with a gain of 18 to 19 dBic. 

Other amateurs have successful AO-40 operation with 
different arrangements. Fig 21 shows I8CVS"s 4 x 
23-element linear array for a 1270 MHz, a 1.2-meter solid 
dish for 2400 MHz, a 15-turn helical antenna for 435 MHz, 
and a 60-cm dish for 10,451 MHz. This arrangement clearly 
shows the advantage and accessibility of having a roof 
‘mounted antenna. 

Fig 22 shows ZS6JT’s setup, with a 1.64-meter 
home-built mesh dish for 2400 MHz and two home-built 
crossed Yagi antennas, one for 435 MHz and the other 
for 145 MHz. Note that in these examples, the antennas 
permit terrestrial communication as well as satellite ser- 
vice. Two of these stations have also maintained the 
capability to operate the LEO satellites with U- and V- 
band antennas. 

‘A number of amateurs have taken advantage of the 
availability of surplus C-band TVRO dishes, since most 
users of satellite television have moved up to the more 


Fig 24—WOLMD graduated to this 8-foot dish with patch 
feed for S band for AO-40. On the left is a helical 
antenna for L band and on the right is a2 x 9-element 
offset-feed Yagi for U band. A home-brew Az-El mount 
is provided. (WOLMD photo.) 
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convenient K band using 0.5-meter dishes. Some examples 
of these dish conversions for satellite communications are 
shown in Fig 23, a WOLMD 4-foot dish with patch feed 
and Az-El mount. Fig 24 shows a WOLMD 8-foot dish with, 
patch feed, Az-El mount, a U-band Yagi, and an L-band 
helical antenna. 

Fig 25 is a WOLMD 10-foot dish with tri-band patch 
feed and Az-El mount; and Fig 26 is also a WOLMD 


operations, with a triband patch feed for U, L, and 
S bands on an Az-El mount. (WOLMD photo.) 


Fig 27—Clair E. Cessna, K6LG, has this 10-foot dish 
with S-band patch feed. This dish uses the original 
polar-mounting system and offsets the patch feed to 
‘compensate for AO-40's deviation from the Clarke belt. 
(K6LG photo.) 


Fig 28—KSGNA’s “circularized” mesh modification of 
Fig 26-—WOLMD found the ultimate in this 14-foot dish an MMDS dish antenna with a helix-CP feed and DEP 
for AO-40, with a triband patch feed and Az-E! mount. preamp. The dish modification reduces the spillover 
(WOLMD photo.) loss by making the antenna fully circular. (KOE photo.) 
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14-foot dish with tri-band patch feed and Az-El mount- 
ing. Other operators, like K6LG, have been able to use 
TVRO dishes, Fig 27, with multiband patch feeds and 
still use, within limits, their polar-mounting system, as 
will be explained later. 

Other hams have taken advantage of other surplus 
dish situations. Fig 28 shows modified MMDS dishes, 
by KSGNA, and Fig 29, by KOE, both using helix feeds. 
Fig 30 shows a 75-cm high modified PrimeStar offset feed 
dish, by WD4FAB, using a longer helical feed antenna 


Fig 22—Mesh modification of an MMDS dish antenna by 
Jerry Brown, K5OE, with a helix-CP feed and DEM 
preamplifier mounted directly to the helix feed point. 
(K5OE photo.) 


Fig 30—PrimeStar 
offset-fed dish with 
WD4FAB's helix-feed 
antenna, NONSV was 
so pleased with the 
modification that he 
renamed the dish 
“FABStar,” and made 
anew label! (NONSV 
photo.) 
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because of the higher f/D ratio of this dish configuration. 
This dish provides 5 dB of Sun noise, which is good per- 
formance. These efforts have rewarded their users with 
superb service on AO-40. Many have experimented with 
different feed and mounting systems. These experiments 
will be further illustrated, 

One very popular spun-aluminum dish antenna seen 
in use on AO-40 has been the G3RUH-ON6UG 60-cm, 
unit with its S-band patch feed, Fig 31. A kit, complete 
with a CP-patch feed is available from SSB-USA and has 
a gain of 21 dBic. It provides a 2.5-dB Sun noise signal. 
Surplus dishes have not been the only source for anten- 
nas for AO-40 operations, since some ingenious opera- 
tors have even turned to the use of cardboard boxes. See 
Figs 32 to 35. 


Fig 31—G3RUH's 60-cm spun-aluminum dish with CP- 
patch feed is available as a kit. This antenna has been 
popular with many AO-40 operators all over the world. 


Fig 32—A complete satellite station with the tracking 
laptop, FT-847 transceiver, and both downlink and 
uplink cardboard-box antennas. 
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Fatigue & Breakage 


Earlier I explained how multi-stranded hookup wire is flexible, which also makes it 
vibration proof - that’s why a car’s electrics are full of multi-stranded wiring, and test 
equipment probes use ultra-flexible multi-stranded wire for the same reason. Solid-core 
wire can be bent and will stay in shape (called “plate wiring”) but if it’s repeatedly bent or 
vibrated then it may eventually break somewhere due to fatigue. 


The same is true of wires that have been soldered or tinned. No longer is the wire 
100% multi-cored and flexible — instead it’s been turned into a single core wire at the point 
where it’s been soldered. This is potentially a weak spot and could eventually fracture due 
to fatigue, if subjected to continued vibration (c.g. in a car engine bay or in motorised 
equipment). 


Ina lot of equipment problems can be avoided by adding strain reliefs of some sort, 
to stop the wire being flexed where it’s been soldered. Heatshrink tubing, or a dab of hot- 
melt glue, are ways of taking the pressure off the joint and ensuring soldered wires won't 
snap off due to vibration. 


One of the reasons that higher-quality equipment and cars etc. use crimp terminals 
and connectors is that crimped (as opposed to soldered) connections retain all the 
flexibility of multi-core stranded wire from end to end, avoiding problems of wires 
breaking off. A ferrule is a very neat way of tidying wire ends and preventing stray 
strands of wire doing damage. Ferrules can be used to connect wires into screw terminal 
blocks etc. Simply clamp the terminal block down onto it and the screw will grip the 
ferrule. 


Instead of soldering them, wires can be terminated with ferrules prior to fitting to 
e.g. screw terminal blocks. This makes them vibration-proof and also avoids any problem 
of stray wires poking out. 


Parabolic Reflector Antennas 
‘The satellite S-band downlinks have become very 
popular for a variety of reasons: 
* Good performance with physically small downlink 
antennas, 
Availability of good-quality downconverters 
Availability of preamps at reasonable prices. 


A number of people advocate S-band operation, 
including Bill McCaa, KORZ, who led the team that 
designed and built the AO-13 S-band transponder and 


Fig 33—The completed high-performance corner- 
reflector uplink antenna for U band. Note how the box 
corners hold the reflectors and dipole feed in place. The 


rear legs set the antenna elevation to 20°—this gives 
good coverage at the design latitude but will need 
modification for other stations. 


Fig 34—Front view of the downlink pyramidal horn 
showing how it is mounted in the support carton. 
Notice the coax probe at the back of the horn. 
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James Miller, G3RUH, who operates one of the AO-40 
command stations, Ed Krome, K9EK, and James Miller 
have published a number of articles detailing construc- 
tion of preamps, downconverters and antennas for S band. 

Some access AO-40"s S-band downlink using com- 
pact S-band helical antennas. See Fig 36. With the demise 
of AO-40’s SI transmitter and its high-gain downlink 
antenna, enthusiasts have had to employ high-gain para- 
bolic-dish antennas to use AO-40’s $2 downlink, with its 
lower-gain helical antenna. 

WOLMD notes that like a bulb in a flashlight, the 


Fig 35—Side view of the downlink pyramidal horn 
‘showing the elevation control supports and how the 
downconverter is attached to the horn. The 
downconverter is pulled forward by the tape to align 
the probe wire parallel to the rear surface of the horn. 


Fig 36—WD4FAB’s example of a 16-turn S-band helical 
antenna for AO-40. This is about the maximum length 
of any practical helix. Note the SSB UEK2000 down- 
converter mounted behind the reflector of the antenn: 
(WD4FAB photo.) 


parabolic reflector or dish antenna must have a feed source 
looking into the surface of the dish. Some dishes are 
designed so that the feed source is mounted directly in front 
of the dish. This is referred to as a center-fed dish. Other 
dishes are designed so that the feed source is off to one 
side, referred to as an off-center-fed dish, or just offset- 
fed dish, as shown in Fig 30. The offset-fed dish may be 
considered a side section of a center-fed dish. The center- 
fed dish experiences some signal degradation due to block- 
age of the feed system, but this is usually an insignificantly 
small amount. The offset-fed dish is initially more diffi- 
cult to aim, since the direction of reception is not the cen- 
ter axis, as it is for center-fed dishes. 

‘The basic design precepts of parabolic-dish antennas, 
are covered in more detail in the EME Antenna section of 
this chapter. Dish antenna properties specific to satellite 
operations are covered here. The dish’s parabola can be 
designed so the focus point is closer to the surface of the 
dish, referred to a short-focal-length dish, or further away 
from the dish’s surface, referred to as a long-focal-length 
dish. To determine the exact focal length, measure the 
diameter of the dish and the depth of the dish 


D 
16d 
‘The focal length divided by the diameter of the dish 
gives the focal ratio, commonly shown as f/D. Center-fed 
dishes usually have short-focal ratios in the range of 
f/D = 0.3 to 0.45. Ofset-fed dishes usually have longer 
focal lengths, with {/D = 0.45 to 0.80. If you attach two 
small mirrors to the outer front surface of a dish and then 
point the dish at the Sun, you can easily find the focus 
point of the dish. Put the reflector of the patch or helix 
feed just beyond this point of focus. 
‘An alternate method for finding a dish’s focal length 
is suggested by WIGHZ (ex-NIBWT), who provides a 
computer program called HDL_ANT, available at 
www.wlghz.org/10g/10g_home.htm. The method liter- 
ally measures a solid-surface dish by the dimensions of 
the bowl of water that it will form when properly 
positioned. (See: www.qsl.net/nIbwt/chapS.pdf.) 
WD4FAB used this method on the dish of Fig 30, care~ 
fully leveling the bowl, plugging bolt holes, and filling it 
with water to measure the data needed by the WIGHZ 
Web-site calculation 
While many of us enjoy building our own antennas, 
surplus-market availability of these small dish antennas 
makes their construction unproductive. Many AO-40 
operators have followed the practices of AO-13 operators, 
using a surplus MMDS linear-screen parabolic reflector 
antenna, Figs 28 and 29. These grid-dish antennas are 
often called barbeque dishes. KSOE and KSGNA have 
shown how to greatly improve these linearly polarized 
reflectors by adapting them for the CP service desired for 
AO-40, Simple methods can be used to circularize a linear 
dish and to further add to its gain using simple methods to 


(Eq?) 
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Fig 37—Prototype 1.2-meter dish by Rick Fletcher, 
KGBIAL, using a dual-band (L and S) patch-feed 

antenna for AO-40. See text. This kit dish is covered 
with "inch mesh. (KG6IAL photo.) 


increase the dish area and feed efficiency. 

Another approach is the construction of a kit-type dish 
antenna, just becoming available in 1.2-meter and 1.8-meter 
diameters. This ingenious design by KGOIAL is available 
from his Web site www.teksharp.comy. Fig 37 shows the 
prototype of the 1.2-meter dish with an {/D of 0.30. The 
1.2-meter dish is fed with a dual-band patch feed for Land 
‘S bands. The 1.8-meter dish is designed for up to three bands 
using a tri-band patch feed for the U, L and $ bands. This, 
dish will permit U-band operation. A Central States VHF 
Society measurement on a similar sized dish (by WOLMD) 
with a patch feed showed a gain of about 17.1 dBic (actual 
‘measurement was 12.0 dBd linearly fed). This performance 
along with a small V-band (145 MHz) Yagi would permit 
a very modest satellite antenna assembly for all of the 
VHF/UHF LEO satellites, as well as AO-40. 

‘The ingenuity of the design of the KG6IAL antenna 
is that it is constructed of robust, '/-inch-thick alumi- 
‘num sheet that is numerically machined for the parabolic 
shape of the ribs. The backsides of the ribs are stiffened 
by abent flange edge. The panel mesh is attached by using, 
small tie-wraps or small aluminum wire through the mesh, 
and holes provided along the parabolic edge. KG6LAL, 
used '/s-inch mesh in the prototype antenna to reduce wind, 
loading. A single formed conduit post is provided in the 
kit for mounting the patch-feed assembly. The post ex- 
tends rearward to permit the attachment of a counter- 
weight, if needed. 

‘AO-40 has also provided some additional challenges 
to the ham operator. Besides its well-known S-band down- 
link, AO-40 also has a K-band downlink in the range of 
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24.05 GHz. This quite low-powered transmitter has pro- 
vided a substantial challenge to some operators, such as 
NIJEZ, KSOE, WSLUA, G3WDG and others. NIJEZ, 
documented his work in QST while K5OE shows his 
K-band work on his Web site and in the Proceedings of 
the AMSAT Space Symposium. See Fig 38. 


Parabolic Dish Antenna Construction 


In the USA large numbers of dishes can be obtained 
either free or at low cost. But in some parts of the world 
dishes are not so plentiful, so hams make their own. 
Fig 39 shows G3RUH’s S-band dish antenna. There are 
three parts to the dish antenna—the parabolic reflector, the 
boom and the feed. There are as many ways to construct, 
this as there are constructors. You need not slavishly rep- 
licate every nuance of the design. The only critical dimen- 
sions occur in the feed system. After construction, you will 
hhave a 60-cm diameter S-band RHCP dish antenna with a 
gain of about 20 dBi and a 3-dB beamwidth of 18°. Coupled 
with the proper downconverter, performance will be more 
than adequate for S-band downlink. 

‘The parabolic reflector used for the original antenna 
was intended to be a lampshade. Several of these alumi- 
num reflectors were located in department-store surplus. 
‘The dish is 585 mm in diameter and 110 mm deep. corre- 
sponding to an {/D ratio of 585/1 10/16 = 0.33 and a focal 
length of 0.33 x 585 = 194 mm. The f/D of 0.33 is a bit 
too concave for a simple feed to give optimal performance 
bbut the price was right, and the under-illumination keeps 
ground noise pickup to a minimum. The reflector already 
had a 40-mm hole in the center with three 4-mm holes 
around it in a 25-mm radius circle. 
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‘The boom passes through the center of the reflector 
and is made from 12.7-mm square aluminum tube. The 
boom must be long enough to mount to the rotator boom, 
on the backside of the dish. The part of the boom extend- 
ing through to the front of the dish must be long enough, 


\ 


Fig 39—Detall of 60-cm S-band dish antenna with feed. 


"> 


Fig 38—K5OE found this 
K-band dish on the Web 
and has set it up for the 
‘AO-40 K-band downlink. 
(K50E photo.) 


to mount the feed at the focus. If you choose to mount 
the downconverter or a preamp near the feed, some addi- 
tional length will be necessary. Carefully check the 
requirements for your particular setup. 
A 3-mm thick piece of aluminum, 65 mm in diam- 
supports the boom at the center of the reflector. Once 
the center mounting plate is installed, the center boom is 
attached using four small angle brackets—two on each side 
of the reflector. See Fig 39 for details of reflector and boom 
assembly. 

A small helix is used for the S-band antenna fe 
‘The reflector for the helix is made from a 125-mm square 
piece of 1.6-mm thick aluminum. The center of the reflec 
tor has a 13-mm hole to accommodate the square center 
‘boom described above. The type-N connector is mounted. 
to the reflector about 21.25 mm from the middle. This dis- 


tance from the middle is, of course, the radius of a helical 
antenna for S-band. Mount the N connector with spacers 
so that the back of the connector is flush with the reflector 
surface. The helix feed assembly is shown in Fig 40. 

Copper wire, or tubing, about 3.2 mm in diameter is 
used to form the helix. Wind four turns around a 40-mm 
This 
the polarization sense is reversed from RHCP 
when reflected from the dish surface. The wire helix will 
spring out slightly when winding is complete. 

‘Once the helix is wound, carefully stretch it so that 
the turns are spaced 28 mm (£1 mm). Make sure the fin- 
ished spacing of the turns is nice and even. Cut off the first 
half turn, Carefully bend the first quarter turn about 10° so 
it will be parallel to the reflector surface once the helix is 


Specing = 1.2 
Width 6.0 
Thickness 0.2 


Motening 
Deteil 


Reflector 125 x 125 


{Nl dimensions ove in ram, 


Fig 40—Detalls of helix feed for S-band dish antennas. 
‘The type-N connector Is fixed with three screws and is. 
mounted on a 1.6-mm spacer to bring the PTFE molding 
flush with the reflector. An easier mounting can be 
using a smaller TNC connector. Reflectors should be 95 
to 100 mm in diameter. 
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attached to the N connector. This quarter turn will form 
part of the matching section 
Cut a strip of brass, 0.2 mm thick and 6 mm wide, 


and match the curvature of the first quarter turn of the 
helix, using a paper pattern. Be careful to get this pattern 
and subsequent brass cutting done exactly right. Using a 
large soldering iron and working on a heatproof surface, 
solder the brass strip to the first /s turn of the helix. Unless 
you are experienced at this type of soldering, getting the 
Strip attached just right will require some practice. If it 
doesn’t turn out right, just dismantle, wipe clean and try 
again 

‘After tack soldering the end of the helix to the type- 
N connector, the first '/s turn, with its brass strip in place, 
should be 1.2 mm above the reflector at its start (at the N 
connector) and 3.0 mm at its end. Be sure to line up the 
helix so its axis is perpendicular to the reflector. Cut off 
any extra turns to make the finished helix have 2"/ turns 
total. Once you are satisfied, apply a generous amount of 
solder at the point the helix attaches to the N connector. 
Remember this is all that supports the helix 

Once the feed assembly is completed, pass the boom. 
through the middle hole and complete the mounting by 
any suitable method. The middle of the helix should be 
at the geometric focus of the dish. In the figures shown 
here, the feed is connected directly to the downconverter 
and then the downconverter is attached to the boom. You 
may require a slightly different configuration depending 
on whether you are attaching a downconverter, preamp 
or just a cable with connector. Angle brackets may be 
used to secure the feed to the boom in a manner similar 
to the boom-to-reflector mounting. Be sure to use some 
method of waterproofing if needed for your preamp and/ 
or downconverter, 


Dish Feeds 


WOLMD describes in www.ultimatecharger.com/ 
that feeding a dish has two major factors that determine 
the efficiency. Like a flashlight bulb, the feed source should, 
evenly illuminate the entire dish, and none of the fes 
energy should spillover outside the dish’s refl 
face. No feed system is perfect in illuminating a dish. 
Losses affect the gain from either under-illuminating or 
luminating the dish (spillover losses). Typical dish 
jency is 50%. That’s 3 dB of lost gain. A great 
system for one dish can be a real lemon on another. A patch 
feed system is very wide angle, but a helix fe 
narrow angle, 

WOLMD has experimented with helical feeds for low 
17D antennas (“deep” dishes) shown in Fig 41. A short- 
focal-ratio center-fed dish requires a wide-angle feed sys- 
tem to fully illuminate the dish, making the CP patch the 
preferred feed system. When used with an offset-fed dish, a 
patch-type feed system will result in a considerable spillover, 
or over-illumination loss, with an increased sensitivity to 
off-axis QRM, due to the higher f/D of this dish. Offset-fed 
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Fig 41—WOLMD's dual helix-dish feed for U and S 
bands. This early experimental feed was found to be 
wanting and he then turned to patch feeds for dishes. 
(WOLMD photo.) 


dishes do much better when fed with a helix antenna 

‘A helix feed is simplicity personified. Mount a type 
N connector on a flat reflector plate and solder a couple of, 
turns wire to the inner terminal. Designs are anywhere from 
2.t0 6 turns. The two-turn helices are used for very short- 
focal-length dishes in the f/D = 0.3 region, and the 6-turn 
helices are used with longer-focal-length ({/D ~ 0.6) dishes, 
typically offset-fed dishes. Since AO-40 is right circular 
and the dish reflection will reverse the polarity, the helix 
should be wound left circular, looking forward from the 
connector. Helix feeds work poorly on the short-focal- 
length dishes but really perform well on the longer-focal- 
length offset-fed dishes. KSOE shows us the helix feed for 
his modified MMDS dish in Fig 42. This design employs 
the cupped reflector of W8JK. 


A Helix Feed for an Offset-Dish Antenna 

This section describes WD4FAB’s surplus PrimeStar 
offset-fed dish antenna with a 7-turn helical feed antenna, 
shown in Fig 30. This S-band antenna can receive Sun noise 
5 dB above sky noise. (Don’t try to receive Sun noise with 
the antenna looking near the horizon, since terrestrial noise 
will be greater than 5 dB, at least in a big-city environ- 
ment.) WD4FAB received the dish from NONSV, who 
renamed the finished product the “FABStar.” 

‘The dish’s reflector is a bit out of the ordinary, with 
the shape of a horizontal ellipse. Iti still a single parabo- 
loid, illuminated with an unusual feed horn, At 2401 MHz 
(S band) we can choose to under-illuminate the sides of 
the dish while properly feeding the central section, or over- 
illuminate the center while properly feeding the si 
WD4FAB chose to under-illuminate. The WIGHZ water- 
bow! measurements showed this to be a dish with a focal 
point of 500.6 mm and requiring a feed for an f/D = 0.79. 
‘The total illumination angle of the feed is 69.8° in the ver- 
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Fig 42—K5OE's helix feed for his MMDS S-band dish 
antenna. (K5OE photo.) 


tical direction and a feed horn with a 3-dB beamwidth of 
40.3°. At 50% efficiency this antenna was calculated to 
provide a gain of 21.9 dBi. A 7-turn helical feed antenna 
‘was estimated to provide the needed characteristics for this, 
dish and is shown in Fig 43. 

‘The helix is basically constructed as described for 
the G3RUH parabolic dish above. A matching section for 
the first 4/4 turn of the helix is spaced from the reflector 
at 2mm at the start and 8 mm at the end of that fractional 
turn, Modifications of the G3RUH design include the 
addition of a cup reflector, a design feature used by the 
originator of the helical antenna, John Kraus, W8IK. For 
the reflector, a 2-mm thick circular plate is cut for a 
94 mm (0.75 A) diameter with a thin aluminum sheet metal 
cup. formed with a depth of 47 mm. Employment of the 
cup enhances the performance of the reflector for a dish 
feed, as shown by KSOE. (See the KSOE material on the 
CD-ROM accompanying this book.) 

‘The important information for this 7-turn helical 
antenna is: 


‘+ Boom: 12.7-mm square tube or “C” channel 
* Element: '/sinch diameter copper wire or tubing, 


Close wind the element on a circular 1.50-inch tube 


or rod; the finished winding is 40 mm in diameter and 
spaced to a helical angle of 12.3°, or 28 mm spacing. 
‘These dimensions work out for an element circumference 


of 1.0 2 about the center of the wire. 

When WD4FAB tackled this antenna, he felt that the 
small number of helical element supports used by G3RUH_ 
would be inadequate, in view of the real-life bird traffic 
on the antennas at his QTH. He chose to use PTFE, 
(Teflon) support posts every '/: turn. This closer spacing, 
of posts permitted a careful control of the helix-winding 
diameter and spacing and also made the antenna very 


Fig 43—Seven-turn LHCP helix feed for an offset dish, 
long f/D, antenna, with DEM preamp. (WD4FAB photo.) 


Fig 44—Mounting details of seven-turn helix and 
preamp. (WD4FAB photo.) 


robust. He set up a fixture on the drill press to uniformly 
predrill the holes for the element spacers and boom. 
Attachment of the reflector is through three very small 
aluminum angle brackets on the element side of the boom. 

Mounting of the helix to the dish requires moditica- 
tion of the dish’s receiver-mounting boom. Fig 44 shows 
these modifications using a machined mount. NM2A con- 
structed one of these antennas and showed that a machine 
shop is not needed for this construction. He made a “Z” 
shaped mount from aluminum-angle plate and then used a 
spacer from a block of acrylic sheet. The key here is to get, 
the dish focal point at the 1.5-turn point of the feed 
antenna, which is also at about the lip of the reflector cup. 

‘The WIGHZ data for this focal point is 500.6 mm. 
from the bottom edge of the dish and 744.4 mm from the 
top edge. A two-string measurement of this point can 
confirm the focal point, as shown by Wade in his writ- 
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Fig 45—Rain cover for preamp using a two-liter soft- 
drink bottle with aluminum foil tape for protection from 
sun damage. (WD4FAB photo.) 


ings, When mounting this feed antenna the constructor 
must be cautious to aim the feed at the beam-center of, 
the dish, and not the geometric center, as the original 
microwave horn antenna was constructed. Taking the 
illumination angle information noted above, the helical 
feed antenna should be aimed 5.5° down from the geo- 
metric center of the dish. 

As illustrated in Fig 44, a DEM preamp was directly 
‘mounted to the feed helix, using a TNC female connector 
on the helix, chosen for this case, since N connectors are 
quite large for this antenna. A male chassis connector 
should be mounted on the preamp so that the preamp can 
be directly connected to the antenna without any adaptors. 
‘This photo also illustrates how the reflector cup walls were 
riveted to the reflector plate. 

Exposed connectors must be protected from rai 
water. Commonly materials such as messy Vinyl Mast 
Pads (3M 2200) or Hand Moldable Plastic (Coax Seal) are 
used. Since this is a tight location for such mastic applica- 
tions, a rain cover was made instead from a 2-liter soft- 
drink bottle, Fig 45. Properly cutting off the top of the 
bottle allows it to be slid over the helix reflector cup and 
secured with a large hose clamp. You must provide UV 
protection for the plastic bottle and that was done with a 
wrapping of aluminum foil pressure-sensitive adhesive 
tape. 


There are many methods for mounting this dish 
antenna to your elevation boom. You must give consider- 
ation to the placement of the dish to reduce the wind load- 
ing and off-balance to the rotator system. In WD4FAB’s 
FABStar installation, the off-balance issue was not a major 
factor, as the dish was placed near the center of the 
elevation boom, between the pillow-block bearing sup- 
ports. Since there is already a sizeable aluminum plate 
for these bearings, the dish was located to “cover” part 
of that plate, so as to not add measurably to the existing 
wind-loading area of the overall assembly. 
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A mounting bracket provided with the stock dish 
clamps to the end of a standard 2-inch pipe stanchion 
(actual measure: 2.38 inches in diameter). This bracket 


was turned around on the dish and clamped to the leg of 
a welded-pipe Tee assembly. See Fig 46. Pipe-reducing 
fittings were machined and fitted in the Tee-top bar, which 
was sawn in half for clamping over the 1'Vs inch pipe used 
for the elevation boom. Bolts were installed through 
drilled holes and used to clamp this assembly. 


Patch Feeds for Dish Antennas 

Patch feeds are almost as simple as helix feeds. A 
patch is typically an N connector on a flat reflector plate 
with a tuned flat-metal plate soldered to the inner termi- 
nal. Sometimes the flat plate is square; sometimes it is 
rectangular; sometimes itis round. It could have two feed 
points, 90° out of phase for circular polarization, as used 
in the construction of the AO-40 U-band antennas. Some 
patches are rectangular with clipped corners to create a 
circular radiation pattern. 

‘On 2401 MHz, the plate is 57 mm square and spaced 
3 mm away from the reflector. The point of attachment is 
about halfway between the center and the edge. A round 
patch for 2401 MHz is about 66 mm in diameter. These 
patches work well on the shorter focal length center- 


Fig 46—Welded pipefitting mount bracket for FABStar 
dish antenna. (WD4FAB photo.) 
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MMDS and TVRO dishes. G3RUH made a CP patch feed, 
for these short f/D dishes, shown in Fig 31 and Fig 47. 
Robert, WOLMD, has done a considerable amount 
of experimenting with patch feeds for his dish antennas. 
One tri-band feed is shown in Fig 48. These are circular 
patches that have CP properties through the arrangement 
of the feed point and a small piston-variable capacitor 
that is offset from the feed point. Fig 49 shows some of 
the many patches that Robert has created for his trials. 


A No-Tune Dual-Band Feed for Mode L/S 


Jerry, KSOE, notes that the AO-40 transponder has 
two uplink receivers active most of the time for CW/SSB 
activity. Most operators use U band at 435 MHz (70 em). 
Also available, however, are two L-band (23-cm) receiv- 
LI at 1269 MHz and L2 at 1268 MHz. The reasons 
for going to L band can be varied, but there is no arguing 
the benefits in reduced antenna size and AGC suppression. 
‘The types of L-band antennas are varied as well. Many use 
helices. Others use beams and arrays of beams. Still 
others use dishes, small and large 

KS5OE recently acquired an old UHF TV dish measur- 
ing 1.2 meters in diameter. He wanted to use it both to re- 
ceive on § band at 2401 MHz (13cm) and to transmit on the 
uplink on L band. He covered it with aluminum mesh and 
built a dual-helix feed for it, but was unhappy with the L- 
band performance. It seems the concentric helices interacted 
with each other substantially. Having had good success with 
patch feeds on S band, he d built and installed a 
dual-patch feed on a 1.5-meter solid dish for 
Field Day 2002. This arrangement worked superbly on 
uplink (with 25 W), but was embarrassingly deaf on receive. 
This second dual-band feed failure led him to experiment 
for months with different configurations, leading ultimately 
to the design presented here. The project goals wet 


‘© Good performance on both S-band receive and L- 
band uplink, 

© An easy-to-produce model using common hardware 
and simple hand tools. 


Patches are better than helices as dish feeds. This 
revelation came to KSOE while doing investigation and 


Fig 47—Details of 
CP-patch feed for short 
{1D dish antennas by 
G3RUH and ONGUG. 


Fig 48—A triband (U, L and S bands) patch-CP feed for 
large dish antennas for AO-40 service. (WOLMD photo.) 


experimenting with helix antennas. In the middle of this 
ve foray, he saw the radiation pattern for the 
G3RUH patch feed published on James Miller's web site. 
When he modeled that pattern and input it into the 
WIGHZ feed pattern program, it produced an amazing 
72% efficiency. The best helix he ever modeled has about 
(60% efficiency. I8CVS recently ran his own antenna range 
tests of a design similar to the G3RUH patch and pro- 
duced a similarly impressive pattern. 

‘Then KSOE came across the truncated corners 
square patch design popularized by K3TZ. This AO-40 
design here is attributed to INIJVW, JF6BCC and 
JGLIIK. There are references in the literature going back 
over a decade for this now-common commercial design. 
‘The first model KSOE built outperformed his best helix- 
in-cup design by a full S unit (delta over the noise) on his 
FT-100 portable setup. Compared to a helix, the patch 
simply has better illumination efficiency with less 
spillover from side lobes. 

Patch theory is beyond the scope of this article, but 
can be summarized as building a shape that resonates at the 
desired frequency, compensated in size by the capacitive 
inductance between itself and the reflector. A patch can be 
practically any shape since it basically acts like a parallel- 
plate transmission line. Current in the patch flows from the 
feed point to the outer edge(s), where all the radiation 
occurs. The reputed, but often disputed, circularity of the 
truncated corner patch is accomplished by effectively 
designing two antennas into the patch element (of two dif- 
ferent diagonal lengths) and feeding them 90° out of phase. 

For K5OE’s 1.2-meter dish, shown in Fig 50, com- 
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Fig 49—Some of the many experimental CP-patch-feed 
antennas by WOLMD. (WOLMD photo.) 
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Fig 50—The 1.2-meter dish with dual-band patch feed 
installed. (KSOE photo; courtesy of The AMSAT 
Journal 


putations predicted 21-dBi gain on L band and almost 27 
Bi on S band, with an assumed 50% efficiency 


om] 


where 
1) = efficiency 
2, = wavelength in meters. 
A= aperture of the dish in meters = x2 
= dish radius in meters = diameter/2 in meter 
0.6 meters 


(Eq 8) 


At 1269 MHz, 4= 300/1269 = 0.236 meters: 


4x3.14 
0.2367 


19-21 


AL 2401.5 MHz, 4 


300/2401.5 = 0.125 meters: 


Where does the feed get mounted? The focal point is 
where the parabolic shape of the dish concentrates the 
reflected signal. In KSOE’s case the antenna was placed 
flat on the garage floor to measure the depth: 


f=D'/ 16d (Eq 9) 


iiameter of the dish in inches 
d= depth of the dish in inches 
8? / (16 x 7.25) = 19.8 inches (50.5 em) 


This is just one example of countless combinations 
of hardware and patch designs. Inherent in this design, 
however, are five key design and construction features 
developed from building and empirical testing of a num- 
ber of patch feeds. 


1. The specified dimensions are critical for no-tune opera 
tion. Fig 51 shows the dimensions necessary to build 
the dual-feed patch, (K5OE recommends you reproduce 
this sketch accurately on graph paper. When you cut 
your patches you can lay them on the paper template 
for checking.) Repeat: These dimensions are critical 
Even a 0.5-mm error will throw your resonance off con- 
siderably—patches are not broadband. 


Fig 51—Dual-band patch feed dimensions, in 
millimeters. (K5OE diagram; courtesy of The 
AMSAT Journal.) 
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2. The reflector must be rigid. Spacing between the 
driven element (patch) and the reflector affects the 
resonant frequency. KSOE found 0.025-inch alumi 
num sheet and 26-gauge copper sheet acceptable for 
a single S-band patch feed, but too flimsy for an 
L-band reflector. Use more rigid material or provide 
additional stiffening for the L-band reflector, as 
shown in Figs 2, 53 and $4 

3. The patches must be electrically isolated from each 
other. A metallic center support works for a single 
patch but creates harmonic-coupling problems when 
patches are stacked for multiband use. The use of 
nylon machine screws and nuts helps solve the vexing 
problem of the S-band patch coupling to the 
L-band pateh. 

4. The “straight corners” of the truncated corner patch. 
must be kept clear of any nearby metal. This includes 
the edges of the feed support or cup, if used. See Fig 
54. 

5. Feeding the patches at 90° to each other minimizes the 
electromagnetic interaction between the two antenna 
fields. 


One final design issue deals with the first harmonic 
of the L-band antenna. You must significantly reduce the 
potentially destructive effect from the 1269-MHz signal's, 
second harmonic. Severe desense of your receive signal 
could occur and potentially even overload and damage the 
first active device in your system. Sensitive preamps and, 
downconverters without a pre-RF-amplifier filter will need, 
an external filter. KSOE has used a G3WDG stub filter rated 
at 100-dB rejection with good success ahead of his preamp. 
His current setup, however, uses a AIDC-3731AA, 
downconverter with its internal combline filter providing 
adequate filtering. Using the downconverter directly at the 


Fig 52—Assembly of the L band reflector. (K5OE photo; 
courtesy of The AMSAT Journal.) 


Fig 53—The support, L-band reflector and patch. (SOE 
photo; courtesy of The AMSAT Journal.) 
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Fig 54—The completed dual-band patch feed. 
(K50E photo; courtesy of The AMSAT Journ 


feed point has a noise figure (NF) of 1.0 dB, compared to 
the cumulative NF of 1.6 dB using a filter and a preamp. 
Construction of the feed begins with selection of 
material for both the electrical parts (the antennas) and the 
mechanical parts (the support structure). The L-band 
antenna is constructed using a 6 x 6-inch double-sided 
cuit board for the reflector and a piece of 26-gauge copper 
sheet for the driven element (patch). A flanged female type- 
N connector is used for the feed connection. The S-band 
antenna is constructed of two pieces of 26-gauge copper 
sheeting and the feed connection is made with a short piece 
of UT-141 (0.141 -inch copper-clad semirigid coax) termi- 
nated in a male SMA fitting. Fig 52 illustrates the assem- 
bly of the L-band reflector with the nylon-center support 
bolt, the L-band N-connector, and the S-band semirigid 
coax terminated onto an SMA-to-N adapter through the 
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circuit board, 

‘The support structure began life as a paint can, mea- 
suring 155 mm in diameter. It was cut down to a 15-mm_ 
depth. Cut a hole in the middle of the bottom of the can 
and trim the PC board to fit inside the can bottom. Use 
stainless-steel Ysinch 4-40 bolts, washers and nuts to 
secure the PC board to the can bottom. A I'/s-inch 
6-32 nylon bolt is secured through the center of the PC 
board with two nylon nuts to provide the 6-mm spacing 
for the L-band patch. Fig 53 shows the L-band patch in 
position and ready to be soldered to the N-connector. Note 
the hole through the L-band patch allowing the S-band 
UT-141 coax to pass (without making contact). 

‘The remainder of the antenna is then assembled in 
order: First the L-band patch is secured with two nylon 
nuts and soldered to the N-connector. Then the S-band 
reflector is secured with one nylon nut to provide 3-mm_ 
spacing, and the UT-141 coax shield is soldered to the 
S-band reflector. Finally, the S-band patch is secured with, 
a single nylon nut (3-mm spacing) and soldered to the cen- 
ter conductor of the UT-141 coax. To summarize the over- 
all order of assembly: L-band reflector, two nylon nuts, 
L-band patch, two nylon nuts, S-band reflector, one nylon, 
nut, S-band patch, and one nylon nut 

‘An electrical check with an ohmmeter of the com- 
pleted feed should show the two reflectors connected, with 
the patches isolated from the reflectors and from each other. 
Fig 54 shows the completed feed. Note how the sides of 
the support are cut out to avoid proximity to the L-band, 
patch and how the L-band and S-band patches are at 90° to 
each other. Fig 55 shows the back of the feed, complete 
with an angle support for the downconverter. The flanged 
N-connector is for the L-band coax and the male-N adapter 
is secured from the other side of the feed with the SMA. 
fitting on the UT-141 coax. 

For those who are tempted to tune the patch, KSOE, 
recommends doing it with the feed installed on the an- 
tenna—since the dish surface affects the feed-point im- 
pedance slightly. The feed-point impedance, and thus the 
resonant frequency, can be changed quite a bit by 
adjustment of the spacing of just the straight comers. 
‘There is no need to change the spacing at the center or the 
feed—just a slight up or down bending of the straight cor- 
ners will change the tuning. Do this carefully: a little bit, 
goes a long way. This patch design is very repeatable and, 
will work adequately (an SWR below 1.5:1) with no 
adjustments. 

‘The antenna performs to the calculated predictions 
above. On receive, this antenna is 4S units better than 
KSOE?’s 45-cm dish and 3 $ units above his 65-cm dish 
(both other dishes have similar patch feeds and the same 
downconverter). It also clearly outperforms his previous 
dual-helix arrangement on the 1.2-meter dish, but he was 
unable to do a side-by-side comparison. 

On transmit, it does equally well, with a decent 
nal into the satellite with only 10 W measured at the 
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Faults & Desoldering techniques 


By putting into practice the guidelines in my Basic Soldering Guide practice, there’s 
no reason at all why you should not obtain perfect results and eliminate any potential 
problems. Hopefully the information gives you plenty of guidance to tackle various 
soldering projects with confidence. There’s no substitute for getting some hands-on 
experience though, so I’d repeat the advice to try assembling a simple high quality 
electronic kit or two, such as those produced by Velleman and see how you get on. 
Powering up your first project successfully is a great thrill as every electronics hobbyist 
knows. 


™ Popular desoldering products, a pump and various widths of desolder braid. 


Let's now look at reversing the soldering procedure — what to do if things go wrong, 
or maybe you have to repair a circuit by replacing a faulty component. 


A solder joint which is badly made is likely to be electrically “noisy”, unreliable and 
will probably worsen over time. Expansion and contraction of the joint due to heating and 
cooling can also throw up intermittent problems later down the line. The joint may look 
OK but underneath it may have a poor electrical connection, or could work initially and 
then cause the equipment to fail at a later date! These intermittent problems can be 
maddening to fix. TV repair technicians have an uncanny ability to go straight to a faulty 
solder joint because they see the same problem all the time, especially on equipment that 
has a “reputation”. 


Fig 55—Rear of the completed feed. (KSOE photo; 
courtesy of The AMSAT Journal.) 


antenna. The L band is noticeably improved over the helix 
predecessor. At low squint angles KSOE finds the 
L-band uplink to be about 1S unit weaker than his U- 
band uplink. He later added a small plastic hat to extend, 
over the top of the patches to keep the rain and bird drop- 
pings off—both detune the patches when built up between 
the patch and the reflector. 

‘Though simple and effective, this is merely one way 
to construct a dual feed. Cookie-tin lids also make excel- 
lent supports. Tin snips are a good investment and much 
easier to use than a hacksaw. Use a flat file to remove burrs, 
from the edges of the patches. Use stainless-steel hard- 
ware, most notably ‘inch 4-40 machine bolts and nuts 
for the antenna hardware and '/s-inch 6-32 for the support- 
structure connections to the support arms ("/-inch alumi~ 
num tubing). The copper sheet is much easier to solder to 
than aluminum, Once completed, the feed received a few 
coats of white enamel paint to protect the copper and to 
minimize the visual reflections. 

This is not the only dual-band antenna on AO-40. 
‘There are many varied, innovative designs available, 
including G6LVB’s simple and effective 1.2-meter home- 
brew stressed chicken wire dish with a dual-G3RUH helix 
feed. G3WDG has a 3-meter dish with L/S-band helices 
and a K-band (1.3-cm) feed horn, and WOLMD has devel- 
‘oped some popular dual- and tri-band “round” patch feeds. 
(See the Notes and References, as well as the CD-ROM 
bundled with this book.) 
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Fig 56—The 
portable 435-MHz 
helix assembled 
and ready for 
operation. (WOCY 
photo.) 


For additional information on constructing anten- 
nas, feeds and equipment techniques for use at micro- 
wave frequencies, see The ARRL UHF/Microwave 
Experimenter’s Manual and The ARRL UHF/Microwave 
Projects Manual. Both of these books have a wealth of 
information for the experimenter. 


PORTABLE HELIX FOR 435 MHZ 

Helical antennas for 435 MHz are excellent uplinks 
for U-band satellite communications. The true circular 
polarization afforded by the helix minimizes signal spin 
fading that is so predominant in these applications. The 
antenna shown in Fig 56 fills the need for an effective por- 
table uplink antenna for OSCAR operation. Speedy assem- 
bly and disassembly and light weight are among the 
benefits of this array. This antenna was designed by Jim 
McKim, WOCY. 

‘As mentioned previously, the helix is about the most 
tolerant of any antenna in terms of dimensions. The 
dimensions given here should be followed as closely as, 
possible, however. Most of the materials specified are avail- 
able in any well supplied do-it-yourself hardware or build- 
ing supply store. The materials required to construct the 
portable helix are listed in Table 1 

The portable helix consists of eight turns of '/-inch 
soft-copper tubing spaced around a I-inch fiberglass tube 
or maple dowel rod 4 feet, 7 inches long. Surplus alumi- 
‘num jacket Hardline can be used instead of the copper tub- 
ing if necessary. The turns of the helix are supported by 
S-inch lengths of '/-inch maple dowel mounted through 
the I-inch rod in the center of the antenna. Fig 57A shows 
the overall dimensions of the antenna. Each of these sup- 
port dowels has a V-shaped notch in the end to locate the 
tubing, as shown in Fig 57B. 

The rod in the center of the antenna terminates at 
the feed-point end in a 4-foot piece of I-inch ID galva- 


Table 1 

Parts List for the Portable 435-MHz Hel 

Qty Item 

1 Type N female chassis mount connector 

18 feet ‘rin. soft copper tubing 

4 feet 1-inch ID galvanized steel pipe 

1S feet x t-inch fiberglass tube or maple dowel 

14 Seinch pieces of '/«inch maple dowel (6 feet 
total) 

1 “rine aluminum plate, 10 inches diameter 

32x cinch steel angle brackets 

1 30x 30-inch (round or square) aluminum 
sereen or hardware cloth 

Bfeet ‘ex "a x Yo-inch aluminum channel stock or 
‘old TV antenna element stock 

3 Small scraps of Tetlon or polystyrene rod 
(spacers for first half turn of helix) 

1 ax 5 x S:inch aluminum plate (boom-to-mast 
plate) 

4 t¥erinch U bolts (boom-to-mast mounting) 

3 feet #22 bare copper wire (helix turns to maple 
spacers) 


Assorted hardware for mounting connector, aluminum 
plate and screen, etc. 


1 pipe. The pipe serves as a counterweight for 


inside the helix must be nonconductive. Near the point 
where the nonconductive rod and the stee! pipe are joined. 
4 piece of aluminum screen or hardware cloth is used as 
a reflector screen, 

If you have trouble locating the “inch soft copper 
tubing, try a refrigeration supply house. The perforated 


aluminum screening can be cut easily with tin snips. This 
material is usually supplied in 30 x 30-inch sheets, mak- 
ing this size convenient for a reflector screen. Galvanized 
"Yocinch hardware cloth or copper screen could also be used 
for the screen, but aluminum is easier to work with and is 
lighter. 

‘A 'finch-thick aluminum sheet is used as the sup- 
port plate for the helix and the reflector screen. Surplus 
rack panels provide a good source of this material. Fig 58 
shows the layout of this plate. 

Fig 59 shows how aluminum channel stock is used 
to support the reflector screen. (Aluminum tubing also 
works well for this. Discarded TV antennas provide plenty 
of this material if the channel stock is not available.) The 


screen is mounted on the bottom of the 10-inch aluminum 
ter plate. The center plat 
stock are connected together with plated hardware or pop 
rivets. This support structure is very sturdy. Fiberglass 
tubing is the best choice for the center rod material 
although maple dowel can be used. 

Mount the type-N connector on the bottom of the cen- 
ter plate with appropriate hardware. The center pin should 
be exposed enough to allow a flattened end of the copper 
tubing to be soldered to it. Tin the end of the tubing alter 
it is flattened so that no moisture can enter it. If the helix 
is to be removable from the ground-plane screen, do not 
solder the copper tubing to the connector. Instead, prepare 
a small block of brass, drilled and tapped at one side for a 
6-32 screw. Drill another hole in the brass block to accept 
the center pin of the type-N connector, and solder this con- 
nection. Now the connection to the copper tubing helix 
can be made in the field with a 6-32 screw instead of with 
a soldering iron. 


reflector sereen and channel 
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Fig 57—At A, the layout of the portable 435-MHz helix is shown. Spacing between the first 5-inch winding-support 
dowel and the ground plane is '/: inch; all other dowels are spaced 3 inches apart. At B, the detail of notching the 
winding-support dowels to accept the tubing is shown. As indicated, drill a ‘ie-inch hole below the notch for a piece 


of small wire to hold the tubing in place. 
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Fig 58—The ground plane and feed-point support 
assembly are shown. The circular piece is a 10-inch 
diameter, inch thick piece of aluminum sheet. (A 
‘square plate may be used instead.) Three 2 x */=inch 
angle brackets are bolted through this plate to the 
backside of the reflector screen to support the screen 
‘on the pipe. The type-N female chassis connector is 
mounted in the plate 4 inches from the 1-inch diameter 
center hole. 


Refer to Fig 57A. Drill the fiberglass or maple rod 
at the positions indicated to accept the 5-inch lengths of 
"pinch dowel. (If maple doweling is used, the wood must 
be weatherproofed as described below before drilling.) 
Drill a '/-inch hole near the notch of each 5-inch dowel 
to accept a piece of #22 bare copper wire. (The wire is 
used to keep the copper tubing in place in the notch.) 
Sand the ends of the 5-inch dowels so the glue will adhere 
properly, and epoxy them into the main support rod. 

Begin winding the tubing in a clockwise direction 
from the reflector screen end, First drill a hole in the flat- 
tened end of the tubing to fit over the center pin of the 
type-N connector. Solder it to the connector, or put the 
srew into the brass block described earlier. Carefully pro- 
ceed to bend the tubing in a circular winding from one 
support to the next 

See the earlier section entitled “50-Q Helix Feed” 
and Figs 19 and 20 to see how the first half-turn of the 
helix tubing must be positioned close above the reflector 
assembly. Fig 59B shows also an excellent example by 
K9EK on matching his U-band helical antenna to a 52-Q 
feed line. It is important to maintain this spacing, since 
extra capacitance between the tubing and ground is 
required for impedance-matching purposes. 

Insert a piece of #22 copper wire in the hole in each 
support as you go. Twist the wire around the tubing and, 
the support dowel. Solder the wire to the tubing and to 
itself to keep the tubing in the notches. Continue in this, 
way until all eight turns have been wound. After winding, 
the helix, pinch the far end of the tubing together and 
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Fig 59—At top, the method of reinforcing the reflector 
screen with aluminum channel stock is shown. In this 
version of the antenna, the three angle brackets of Fig 
58 have been replaced with a surplus aluminum flange 
assembly. (WOCY photo.) At bottom, this helix view 
shows the details of a '/-lurn matching transformer, as 
discussed in the text. (K9EK photo.) 


solder it closed, 


Weatherproofing the Wood 

‘A word about preparing the maple doweling is in 
order. Wood parts must be protected from the weather to 
censure long service life. A good way to protect wood is, 
to boil it in paraffin for about half an hour. Any holes to 
be drilled in the wooden parts should be drilled after the 
paratfin is applied, since epoxy does not adhere well to 
wood after it has been coated with paraffin. The small 
dowels can be boiled in a saucepan. Caution must be 
exercised here—the wood can be scorched if the paraffin 
is too hot. Paraffin is sold for canning purposes at most 
grocery stores. Wood parts can also be protected with 
three or four coats of spar varnish. Each coat must be 
allowed to dry fully before another coat is applied. 

‘The fiberglass tube or wood dowel must fit snugly 


with the steel pipe. The dowel can be sanded or turned 
down to the appropriate diameter on a lathe. If fiberglass 
is used, it can be coupled to the pipe with a piece of wood 
dowel that fits snugly inside the pipe and the tubing. Epoxy 
the dowel splice into the pipe for a permanent connection. 

Drill two holes through the pipe and dowel and bolt 
them together. The pipe provides a solid mount to the boom, 
of the rotator, as well as most of the weight needed to coun- 
terbalance the antenna. More weight can be added to the 
pipe if the assembly is “front-heavy.” (Cut off some of the 
pipe if the balance is off in the other direction.) 

The helix has a nominal impedance of about 105 © 
in this configuration. By varying the spacing of the first 
half turn of tubing, a good match to 52-Q coax should be 
obtainable. When the spacing has been established for the 
first half turn to provide a good match, add pieces of poly- 
styrene or Teflon rod stock between the tubing and the 
reflector assembly to maintain the spacing. These can be 
held in place on the reflector assembly with silicone seal- 
ant, Be sure to seal the type-N connector with the same 
material. 


Exposed Antenna Relays and Preamplifiers 


For stations using crossed Yagi antennas for CP 
operation, one feature that has been quite helpful for com- 
municating through most of the LEO satellites, has been 
the ability to switch polarization from RHCP to LHCP. In 
some satellite operation this switchable CP ability has been 
sential. Operation through AO-40 has not shown a great 
need for such CP agility, since if the satellite is seriously 
off-pointed the signals are not particularly useable. When 
AO-40’s squint angle is less than 25° the need for LHCP 
has not been observed. For those using helical antennas or 
helical-fed dish antennas, we just would not have the choice 
to switch CP unless an entirely new antenna is added to 
the cluster for that purpose. Not many of us have the luxury 
of that kind of space available on our towers. 

For stations with switchable-circularity Yagi anten- 
nas, experience with exposed circularity switching relays 
and preamplifiers mounted on antennas have shown that 
they are prone to failure caused by an elusive mechanism 
known as diurnal pumping. Often these relays are cov- 
ered with a plastic case, and the seam between the case 
and PC board is sealed with a silicone sealant. Preamps 
may also have a gasket seal for the cover, while the con- 
nectors can easily leak air. None of these methods create a 
true hermetic seal and as a result the day/night tempera- 
ture swings pump air and moisture in and out of the relay 
or preamp case. Under the right conditions of temperature 
and moisture content, moisture from the air will condense 


inside the case when the outside air cools down. Condensed, 
water builds up inside the case, promoting extensive 
corrosion and unwanted electrical conduction, seriously 
degrading component performance in a short time 

‘A solution for those antennas with “sealed” plastic 
relays, such as the KLM CX series: you can avoid prob- 
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Fig 60—KLM 2M-22C antenna CP switching relay with 
relocated balun. The protective cover is needed for rain 
protection, be sure to use a polystyrene kitchen box, 
‘see text. (WD4FAB photo.) 


Fig 61—A NEMA4 box is used to shelter the L-band 
electronics and power supply. The box flanges are 
convenient for mounting preamplifiers. The box is 
shown inverted since it is on a tilt-over tower. (WD4FAB 
photo.) 


lems by making the modifications shown in Fig 60. Relo- 
cate the 4:1 balun as shown and place a clear polystyrene 
plastic refrigerator container over the relay. Notch the con- 
tainer edges for the driven element and the boom so the 
container will sit down over the relay, sheltering it from 
the elements. Bond the container in place with a few dabs 
of RTV adhesive sealant. Position the antenna in an “X” 
orientation, so neither set of elements is parallel to the 
ground. The switcher board should now be canted at an 
angle, and one side of the relay case should be lower 
than the other. An example for the protective cover for an 
‘S-band preamp can be seen in the discussion on feeds for 
parabolic antennas. 

For both the relay and preamp cases, carefully drill a 
3/32-inch hole through the low side of the case to provide 
the needed vent. The added cover keeps rainwater off the 
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relay and preamp, and the holes will prevent any buildup 
of condensation inside the relay case. Relays and pream- 
plifiers so treated have remained clean and operational over 
periods of years without problems. 

Another example for the protection of remotely, tower- 
mounted equipment is shown in Fig 50, illustrating the equip- 
ment box and mast-mounted preamplifiers at the top of 
WD4FAB’s tower. The commercial NEMA4-rated equip- 
ment box, detailed in Fig 61 (shown inverted), is used to 
4 the 23-cm power amplifier and its power supply, as 
a multitude of electrical connections. This steel box 

very weather resistant, with an exceptionally good epoxy 
finish, but itis not sealed and so it will not trap moisture to 
bbe condensed with temperature changes. Be sure to use a 
box with at least a NEMA3 rating for rainwater and dust 
protection. The NEMA rating is just a litte better protec- 
tion than the NEMA3 rating. Using a well-rated equipment 
box is very well worth the expense of the box. As you can 
see, the box also provides some pretty good flanges to mount 
the mast-mounted preamplifiers for three bands. This box 
isan elegant solution for the simple need of rain shelter for 
your equipment. See Fig 62. 


Elevation Control 

Satellite antennas need to have elevation control to 
point up to the sky. This is the “EI” part of Az-El control 
of satellite antennas. Generally, elevation booms for CP 


Ron Cover iia 
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Fig 62—Protection for tower-mounted equipment need 
not be elaborate. Be sure to dress the cables as shown 
so that water drips off the cable jacket before it 
reaches the enclosure. One hazard for such open- 
bottom enclosures is that of animals liking the cable 
insulation as a delicacy. Flying insects also like to build 
their houses in these enclosures. 


19-28 Chapter 19 


satellite antennas need to be non-conducting so that the 
boom does not affect the radiation pattern of the antenna. 
In the example shown next, the elevation boom center sec- 
tion isa piece of extra-heavy-wall 1'/s-inch pipe (for greater 
strength) coupled with a tubular fiberglass-epoxy boom 
extension on the 70-cm end and a home-brew long exter 
sion on the 2-meter end. This uses large PVC pipe 
forced with four braces of Phillystran non-metallic guy 
cable. (PVC pipe is notoriously flexible, but the Phillystran 
cables make a quite stiff and strong boom of the PVC pipe.) 
For smaller installations, a continuous piece of fiberglas 
epoxy boom can be placed directly through the ele) 
rotator. 

Elevation boom motion needs to be powered, and 
one solution by WD4FAB, shown in Fig 63, uses a sur- 
plus jackscrew drive mechanism. I8CVS has also built 
his own robust elevation mechanism. See Fig 64. Note in 
each of these applications the methods used to provide 
bearings for the elevation mechanism. In WD4FAB’s case, 
the elevation axis is a piece of heavy-duty 1'/-inch pipe, 


Fig 63—WD4FAB's homebrew elevation rotator drive 
using a surplus-store drive screw mechanism. Note 
also the large journal bearing supporting the elevation 
axis pipe shaft. (WD4FAB photo.) 


(1he-inch OD) and large 2 inch journal bearings are 
used for the motion. ISCVS uses a very large hinge to 
allow his motion, 

al solutions for Az-El rotators have 
See Fig 65. 


Robust commer 


given operators good service over the 
Manufacturers such 


s Yai 


Fig 64—I8CVS's homebrew elevation mechanism 
using a very large, industrial hinge as the pivot 
and a jackscrew drive. (I8CVS photo.) 


suppliers. One operator, VESEP, found a solution for his 
AZ-El needs by using two low-cost, lightweight TV rota- 
tors. See Fig 65B. 


CONVERTED C-BAND TVRO DISHES 


In working with larger, converted C-band TVRO 
dishes for AO-40, some operators have used only the polar 
mount with its jack-screw mechanism. See Fig 66. This 
dish is called Big Ugly Dish or just “BUD” by their users. 
Only using the polar mount mechanism limits the opera- 
tor in the range of motion, as previously discussed 
WOLMD provides for a greater degree of articulation of 
these dishes through several mechanisms. One of these is, 
a sector-gear elevation drive, shown in Fig 67. 

For the azimuth motion of our satellite antennas, most 
use motorized rotator drives, mainly the commercial 
sources previously mentioned. Most antennas are tow 
mounted, allowing the placement of the rotator inside the 
tower. For the large wind loads of satellite antennas, these 
commercial rotators become rather expensive. 

High loads are also prominent with the use of BUD. 


Fig 65—At left, Yaesu Az-El antenna-rotator mounting system is shown. Note that antenna loads must be more 
carefully balanced on this rotator than in the previously shown systems. At right, VESFP has a solution for his Az-El 
rotators by bolting two of them together in his “An Inexpensive Az-El Rotator System", QST, December 1998. 
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Fig 66—A TVRO dish-drive system is shown on its polar 
mount, using a protected drive-screw mechanism. 
(WOLMD photo.) 


Fig 67—A modified TVRO dish mount is shown using an 
‘Az-El mount and a sector-gear drive for the elevation. 
(WOLMD photo.) 


antennas, and WOLMD has again engineered some very 
robust mechanisms using combinations of motorcycle: 
chain drives, V-belt drives and gear-head motors, as seen 
in Fig 68. An overall view of one of his BUD antennas is, 
shown in Fig 69, showing the Az drive with an El drive 
that uses a jackscrew mechanism. 

Operators through the years have employed many 
methods for the control of their antenna positions, rang- 
ing from true arm-strong manual positioning, to manual 
operation of the powered antenna azimuth and elevation 


rotators, to fully automated computer control of the rota 
tors. While computer control of the rotators is not essen~ 
tial, life is greatly assisted with their use. For many years, 
one of the keystone control units for rotators has been 
the Kansas City Tracker (KCT) board installed in your 
computer. Most satellite-tracking programs can connect to 
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Fig 68—WOLMD constructed a very robust and low-cost 
‘Az drive mechanism. (WOLMD photo.) 


the KCT with ease. One difficulty with the KCT unit is 
that they are 8-bit digital units, providing positioning p 
cision of 0.35° in elevation and 1.41° in azimuth. For the 


larger dishes, with their narrow beamwidths, these values 
of precision are unacceptable. There are other options to 
replace the KCT unit. 

A recent trend for amateur antenna control has been 
evolving in the form of a standalone controller that tran: 


lates computer antenna-position information into control- 
ler commands with an understanding of antenna-position 
limits. These boxes, represented by the EasyTrak unit, 
Fig 70, from the Tucson Amateur Packet Radio (TAPR) 
group, have made this capability 
amateurs. This unit is a 10-bit encoder, providing pre 
sions of 0.09° in elevation and 0.35° in azimuth. The com- 
puter can also control the operation of your station 


-adily available for many 


transceiver through the radio interface provided in 
EasyTrak: you will not need any other radio interface. 
Other position readout and control options are avail- 
able. For many years ham opet 
chros, or selsyns, for their position readouts. The: 


tors have employed syn- 


is shown, using a jackscrew elevation drive. (WOLMD 
photo.) 


Fig 70—The EasyTrak automated antenna rotator and 
radio controller by TAPR. (WD4FAB photo.) 


specialized transformers, using principles developed over 
sixty years ago and employed in such devices as surplus 
“radio compass” steering systems for aircraft. While the 
position readout of these devices can be quite precise, in 
general they only provide a visual position indication, 
one that is not easily adapted to computer control. I8CVS 
‘employs such a system at his station and his elevation 
synchro can be seen in Fig 64, using a weighted arm on 
the synchro to provide a constant reference to the Earth’ 
gravity vector. 

‘The more up-to-date, computer-friendly position read- 
out methods used these days are usually based on preci- 
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Fig 71—WOLMD has experimented with highly precise 
optical encoders for his antenna position systems. See 
text. (WOLMD photo.) 


sion potentiometers or digital code wheels. Fig 71 shows 
such a digital code-wheel system employed by WOLMD. 
He notes that such systems, while providing a very high 
precision of angular position, they are not absolute sys- 
tems and that once calibrated, they must be continually 
powered so they do not lose their calibration. Precision 
potentiometers, on the other hand, provide an absolute 
position reference, but with a precision that is limited to 
the quality of the potentiometer, typically 0.5% (0.45° in 
El and 1.80° in Az) to 1.0%. So the choices have their 
individual limits, unless a lot of money is spent for very 
precise commercial systems 
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This section was updated by David Hallidy, K2DH. 
As mentioned earlier, the tremendous path loss incurred 
over an EME circuit places stringent requirements on Earth- 
station performance. Low-noise receiving equipment, maxi- 
mum available power and high-gain antenna arrays are 
required for successful EME operation. Although itis pos- 
sible to copy some of the better-equipped stations with a 
Jow-gain antenna, it is unlikely that such an antenna can 
provide reliable two-way communications. Antenna gain 
of at least 20 dBi is required for reasonable EME success, 
Generally speaking, more antenna gain yields the most 
noticeable improvement in station performance, since the 
increased gain improves both the received and transmitted 
signals. 
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EME Communications 
VHF/UHF EME ANTENNAS: 


Several types of antennas for 2 meters and 70 em are 
popular among EME enthusiasts. Perhaps the most popu- 
Jar antenna for 144-MHz work is an array of either 4 or 8 
Iong-boom (14 to 15 dBi gain) Yagis. The 4-Yagi array 
provides approximately 20 dB gain, and an 8-Yagi array 
gives an approximate 3 dB increase over the 4-antenna 
array. Fig 72 shows the computed a 30° tilt 
lement 2-meter 
zis, each with a boomlength of 3.1 2 (22 feet). 

At 432 MHz, EME enthusiasts often use 8 or 16 long- 
boom Yagis in an array. Such Yagis are commercially avail- 
able or they can be constructed from readily available 
materials. Chapter 18, VHF and UHF Antenna Systems, 


has details on some popular Yagi designs, 

‘The main disadvantage of Yagi arrays is that the 
polarization plane of the individual Yagis cannot be con- 
veniently changed. One way around this is t0 use cross- 
polarized Yagis and a relay switching system to select the 
desired polarization, as described in the previous section. 
‘This represents a considerable increase in system complex- 
ity to select the desired polarization. Some amateurs have 
‘gone so far as to build complicated mechanical systems to 
allow constant polarization adjustment of all the Yagis in 
large array. Fig 73 shows the KIFO 70-cm EME 16-Yagi 
array with full polarization control, described in The ARRL 
Antenna Compendium, Vol 3. This 432-MHz EME array 
uses open-wire phasing lines to minimize feed-line losses. 
Fig 74 shows the computed response for this array, which 
employs rugged but lightweight 14-element Yagis on 
3.1 4.(7.1 foot) booms. Feed-line losses are not explicitly 
accounted for in the EZNEC Professional computer model, 
but are estimated to be less than 0.25 dB. 

Polarization shift of EME signals at 144 MHZ is fairly 
rapid, and the added complexity of a relay-controlled cross- 
polarized antenna system or a mechanical polarization 
adjustment scheme is probably not worth the effort. At 
432 MHz, however, where the polarization shifts at a much, 
slower rate, an adjustable polarization system does offer a 
definite advantage over a fixed one. 

‘The Yagi antenna system used by Ed Stallman, 
NSBLZ, is shown in Fig 75. His system employs twelve 
144-MHz long-boom 17-element Yagi antennas. The mon- 
ster 48-Yagi 2-meter array of Gerald Williamson, KSGW, 
is shown in Fig 76, and the huge 48-Yagi 70cm EME 
array of Frank Potts, NCI, is shown in Fig 77. 

Although not as popular as Yagis, Quagi antennas 
(made from both quad and Yagi elements) are sometimes 
used for EME work. Slightly more gain per unit boom 
length is possible as compared to the conventional Yagi 


at the expense of some robustness. Additional informa- 
tion on the Quagi is presented in Chapter 18, VHF and 
UHF Antenna Systems, 

‘The collinear array is an older type of antenna for 
EME work. A 40-clement collinear array has approximately 


Fig 73—K1FO's variable polarization 16 x 14-element 
(3.6-2 boom lengths) 432-MHz EME array shown at 2° 
elevation and vertical polarization. (See The ARRL 
‘Antenna Compendium, Vol 3.) 


Fig 72—EZNEC Pro elevation pattern for four 14- 
element 2-meter Vagis (3.6-4 boom lengths) at an 
elevation angle of 30° above the horizon. The computed 
system gain is 21.5 dBi, suitable for 2-meter EME. This 
assumes that the phasing system is made of open-wire 
transmission lines so that feed-line losses can be kept 
below 0.25 dB. 
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Fig 74—Computed elevation response for K1FO 16-Yagi 
432-MHz array shown in Fig 73. (The EZNEC Pro model 
required 2464 segments!) With assumed phasing 
harness feed-line losses of 0.25 dB, the overall gain 
exceeds 27.5 dBi. 
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These dry or grey/ gray joints were caused by dirty parts, poor heating and 
inadequate solder coverage 


A solder joint that’s poorly formed is called a “dry joint” or “cold joint” or a “grey/ 
gray” joint. Usually it results from inadequate heating, dirt or grease preventing the solder 
from melting onto the parts properly, and is often noticeable because the solder tends not 
to wet the surface properly. Instead it forms beads or globules. Alternatively, if it seems to 
take a very long time for the solder to wet the joint, that’s another sign of contamination 
and that the joint may be a dry one, or the material is incompatible anyway. A matt, 
crystalline appearance instead of a shiny joint points to inadequate heating: the solder 
cooled down far too quickly and didn’t flow properly. 


Whether you want to replace a faulty component or fix a dry or poor-quality solder 
joint, it’s usually necessary to remove the troublesome solder and then re-solder it afresh. 
Naturally, there are tools and techniques that make the job easy. It's very bad practice to 
simply re-melt the joint and then lash out with the board, whiplash style, hoping that the 
molten solder will be flicked off the board. 


The usual way of removing solder from a joint is to use a desoldering pump. These 
work like a small spring-loaded bicycle pump, only in reverse! A plunger is pressed down 
until it locks into position. It’s released by pressing a button which sucks air back through 
a pointed nozzle, carrying any molten solder with it. It may take one or two attempts to 
clean up a joint this way, but a small desoldering pump is an invaluable tool especially for 
p.c.b. work and they are widely available now. 


the same frontal area as an array of four Yagis, but pro- 
duces approximately 1 to 2 dB less gain. One attraction to 
collinear array is that the depth dimension is consider- 


ably less than the long-boom Yagis. An 80-element col- 
linear is marginal for EME communications, providing 
approximately 19 dB gain. As with Yagi and Quagi anten- 
nas, the collinear cannot be adjusted easily for polarity 
changes. From a construction standpoint, there is little 


difference in complexity and material costs betw 
colli 


sn the 


car and Yagi arrays. 


DISH ANTENNAS FOR EME 


On 2 meters the minimum antenna gain for reliable 


Fig 75—The EME array used at NSBLZ consists of 
twelve long-boom 144-MHz Yagis. The tractor, lower left, 
really puts this array into perspective! (Photo courtesy 
NSBLZ) 


Fig 76—K5GW’s huge 48-Yagi 2-meter EME array. 
(Photo courtesy K5GW.) 
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EME communications is about 20 dBi. While a few ama- 
teurs have had access to parabolic dishes large enough for 
EME work at 144 and 222 MHz, at those frequencies an 
array of four long Yagis is equal in gain to a dish 24 feet in 
diameter! To achieve truly high-gain performance from a 
dish on 2 meters would require a reflector diameter of 
nearly 96 feet (providing 32 dBi gain). Such undertaking: 
are generally beyond amateur means, so there has been little 
work done with dishes at low frequencies, except for the 
occasional expedition to one of the large radio telescopes, 
that have accommodated amateur EME work 


Microwave Parabolic Dish Antennas 

‘The major problems associated with parabolic dish 
antennas are mechanical ones. A dish of about 16 feet in 
diameter is the minimum size required for successful EME, 
operation on 432 MHz. With wind and ice loading, struc- 
tures of this size place a real strain on the mounting and, 
positioning system. Extremely rugged mounts are required, 
for large dish antennas, especially when used in windy 
locations. Fig 78 shows the impressive 7-meter diameter 


Fig 77—NC1I's magnificent 48-Yagi 70-cm EME array. 
(Photo courtesy NC1L) 


dish built by David Wardley, ZL1BJQ. 

Several aspects of parabolic dish antennas make the 
extra mechanical problems worth the trouble, however. For 
‘example, the dish antenna is inherently broadband, and may 
be used on several different amateur bands by simply 
changing the feed. An antenna that is suitable for 432 MHz 
work will most likely be usable on several of the higher 
amateur bands too. Increased gain is available as the fre- 
quency of operation is increased. 

Another advantage of adish is the flexibility of the feed 
system. The polarization of the feed, and therefore the polar- 
ization of the antenna, can be changed with litte difficulty. It 
isa relatively easy matter to devise a system to rotate the feed 
remotely from the shack to change polarization. Because 


polarization changes can account for as much as 30 dB of 
signal attenuation, the rotatable fe 
ference between consistent communications and no commu 
nications at all. Further information on Parabolic Antennas 
can be found in Chapter 18, VHF and UHF Antenna Systems 
as well as in the section below. 


A 12-FOOT STRESSED HOMEBREW 
PARABOLIC DISH 
Very few antennas evoke as much interest among UHF 
‘amateurs as the parabolic dish, and for good reason. First, 
the parabola and its cousins—Cassegrain, hog horn and 


can make the dif- 


Gregorian—are probably the ultimate in high-gain anten- 
nas. One of the highest-gain antennas in the world (148 dB) 
is a parabola. This is the 200-inch Mt. Palomar telescope 
(The very short wavelength of light rays causes such a high 
gain to be realizable.) 

Second, the efficiency of the parabola does not change 


s. With Yagis and collinear arrays, the loss 
in the phasing harness increase as the array size incre: 
‘The corresponding component of the parabola is lossles 
air between the 


sd horn and the reflecting surface. If there 
are a few surface errors, the efficiency of the system stays, 
constant regardless of antenna size. This project was pre- 
sented by Richard Knadle, K2RIW, in August 1972 OST. 


Fig 78—ZL1BJQ's homemade 7-meter (23-foot) 
parabolic dish, just prior to adding '/=inch wire 
mesh. (Photo courtesy ZL1BJQ.) 
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Some amateurs reject parabolic antennas because of 
the belief that they are all heavy, hard-to-construct, have 
large wind-loading surfaces and require precise surface 


accuracy. However, with modern construction techniques, 
prudent choice of materials and an understanding of 
\ccuracy requirements, these disadvantages can be largely 
overcome. A parabola may be constructed with a 0.6 {/D. 
(focal length/diameter) ratio, producing a rather flat dish, 
which makes it easy to surface and allows the use of recent 
advances in high-efficiency feed horns. This results in 
greater gain for a given dish size over conventional 
designs. 

Such an antenna is shown in Fig 79. This parabolic 
dish is lightweight, portable, easy to build, and can be used, 
for 432 and 1296-MHz mountain topping, as well as on 
2304, 3456 and 5760 MHz. Disassembled, it fits into the 
trunk of a 


car, and can be assembled in 45 minutes. 
‘The usually heavy structure that supports the sur- 


face of most parabolic dish antennas has been replacs 


in this design by aluminum spokes bent into a near para- 
bolic shape by string. These strings serve the triple func- 
tion of guying the focal point, bending the spokes and 
reducing the error at the dish perimeter (as well as at the 
center) to nearly zero. By contrast, in conventional 
designs, the dish perimeter (which has a greater surface 
area than the center) is farthest from the supporting cen- 
ter hub. For these reasons, it often has the greatest error. 
This error becomes more severe when the wind blows. 
Heri 


each of the spokes is basically a cantilevered 


beam with end loading. The equations of beam bending 


ot stressed parabolic dish set up for 


satellite signals near 2280 MHz. A preamplifier is shown 
taped below the feed horn. The dish was designed by 
K2RIW, standing at the right. From QST, August 1972. 


19-35 


predict a near-perfect parabolic curve for extremely small 
deflections. Unfortunately the deflections in this dish are 
not that small and the loading is not perpendicular. For 
these reasons, mathematical prediction of the resultant 
curve is quite difficult. A much better solution is to mea- 
sure the surface error with a template and make the nec- 
essary correction by bending each of the spokes to fit. 
This procedure is discussed later. 

‘The uncorrected surface is accurate enough for 432 
and 1296-MHz use. Trophies taken by this parabola in 
antenna-gain contests were won using a completely natu- 
ral surface with no error correction. By placing the trans- 
mission line inside the central pipe that supports the feed 
horn, the area of the shadows or blockages on the reflector 
surface is much smaller than in other feeding and support- 
ing systems, thus increasing gain, For 1296 MHz, a back~ 
fire feed horn may be constructed to take full advantage of, 
this feature. At 432 MHz, a dipole and reflector assembly 
produces 1.5 dB additional gain over a comer-reflector feed 
system. Because the preamplifier is located right at the horn 
‘on 2300 MHz, a conventional feed horn may be used 


Construction 

‘Table 2 is a list of materials required for construc 
tion, Care must be exercised when drilling holes in the 
connecting center plates so assembly problems will not be 
experienced later. See Fig 80. A notch in each plate allows 
them to be assembled in the same relative positions. The 
two plates should be clamped together and drilled at the 


Fig 80—Center plate details. Two center plates are 
bolted together to hold the spokes in place. 
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same time. Each of the 18'/:-inch diameter aluminum 
spokes has two no, 28 holes drilled at the base to accept 
no, 6-32 machine screws that go through the center plates. 
The 6-foot long spokes are cut from standard 12-foot 
lengths of tubing. A fixture built from a block of alum 
num assures that the holes are drilled in exactly the same 
position in each spoke. The front and back center plat 
constitute an I-beam type of structure that gives the dish 
center considerable rigidity. 

‘A side view of the complete antenna is shown in 
Fig 81. Aluminum alloy (6061-T6) is used for the spokes, 
while 2024-3 aluminum alloy sheet, '/s inch thick, is used 
for the center plates. (Aluminum has approximately three 
times the strength-to-weight ratio of wood, and aluminum 
cannot warp or become water logged.) The end of each of 
the 18 spokes has an eyebolt facing the dish focal point, 
which serves a dual purpose: 


1) To accept the #9 galvanized fence wire that is routed 
through the screw eyes to define the dish perimeter, 
and 

2) To facilitate rapid assembly by accepting the $ hooks 
which are tied to the end of each of the lengths of 
130-pound test Dacron fishing string. 


‘The string bends the spokes into a parabolic curve; 
the dish may be adapted for many focal lengths by tight- 
ening or slackening the strings. Dacron was chosen 
because it has the same chemical formula as Mylar. This 
is a low-stretch material that ke 
ing shape. The galvanized perimeter wire has a 5-i 
overlap area that is bound together with baling wire after 
the spokes have been hooked to the strings. 

‘The aluminum window screening is bent over the 
perimeter wire to hold it in place on the back of the spokes. 
Originally, there was concern that the surface perturba- 
tions (the spokes) in front of the screening might decrease 
the gain. The total spoke area is so small, however, that 


's the dish from chang- 


Table 2 

Materials List for the 12-Foot Stressed Parabolic 

Dish 

1) Aluminum tubing, 12 ft x '/ in, OD x 0.049-in. wall, 
6061-T6 alloy, 9 required to make 18 spokes. 


2) Octagonal mounting plates 12 x 12 x ‘/ein., 2024-73 
alloy, 2 required, 


3) 1'/+ in. ID pipe flange with setscrews, 
4) 1'/+ in. x 8 MTV mast tubing, 2 required. 
5) Aluminum window screening, 4 « 50 ft 

6) 130-pound test Dacron trolling line. 

7) 38 ft #9 galvanized fence wire (perimeter). 


8) Two hose clamps, 1'/ in.; two U bolts; '/s x 14 in. 
Bakelite rod or dowel; water-pipe grounding clamp: 
18 eye bolts; 18 S hooks. 


SPX 18 Baka 


Rubber sheet to 


Fig 81—Side view of the stressed parabolic dish. 


this fear proved unfounded. 
Placing the aluminum screening in front of the 
spokes requires the use of 200 pieces of baling wire to 
hold the screening in place. This would increase the 
assembly time by at least an hour. For contest and 
mountaintop operation (when the screening is on the back 
of the spokes) no fastening technique is required other 
than bending the screen to overlap the wire perimeter. 


The Parabolic Surface 


A 4-foot wide roll of aluminum screening 50 feet long 
is cut into appropriate lengths and laid parallel, with a 
3-inch overlap between the top of the unbent spokes and 
hub assembly. The overlap seams are sewn together on one 
half of the dish using heavy Dacron thread and a sailmaker’s 
curved needle. Every seam is sewn twice: once on each edge 
of the overlapped area. The seams on the other half are left 
‘open to accommodate the increased overlap that occurs when, 
the spokes are bent into a parabola. The perimeter of the 
screening is then trimmed. Notches are cut in the 3-inch 
overlap to accept the screw eyes and S hooks. 

The first time the dish is assembled, the screening 
strips are anchored to the inside surface of the dish and the 
seams sewn in this position. It is easier to fabricate the 
surface by placing the screen on the back of the dish frame 
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with the structure inverted. The spokes are sufficiently 
strong to support the complete weight of the dish when 
the perimeter is resting on the ground. 

he 4-foot wide strips of aluminum screening con- 
form to the compound bend of the parabolic shape very 
easily. If the seams are placed parallel to the E-field pola 
ization of the feed horn, minimum feedthrough will occur. 
This feedthrough, even if the seams are placed perpendicu- 
lar to the E field, is so small that it is negligible. Some 
constructors may be tempted to cut the screening into pi 
shaped sections. This procedure will increase the seam area 
and construction time considerably. The dish surface 
appears most pleasing from the front when the screening 
perimeter is slipped between the spokes and the perimeter 
wire, and is then folded back over the perimeter wire. In 
disassembly, the screening is removed in one piece, folded 
in half, and rolled. 


The Horn and Support Structure 


‘The feed horn is supported by 1'Vs-inch aluminum 
jon mast. The Hardline that is inserted into this tub- 


telev 
ing is connected first to the front of the feed horn, which, 
then slides back into the tubing for support. A setscrew 
assures that no further movement of the feed horn occurs. 


During antenna-gain competition the setscrew is omit- 
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Fig 82—Backfire type 1296-MHz feed horn, linear polarization only. The small can is a Quaker State oll container; 
the large can is a 50-pound shortening container (obtained from a restaurant, Gold Crisp brand). Brass tubing, 
Yeinch OD extends from UG-23 connector to dipole. Center conductor and dielectric are obtained from -inch 
Alumafoam coaxial cable. The dipole is made from 3/32-inch copper rod. The septum and 30° section are made from 
galvanized sheet metal. Styrofoam is used to hold the septum in position. The primary gain is 12.2 dBi. 


ted, allowing the '/s-inch semirigid CATV transmission 
line to move in or out while adjusting the focal length for 
maximum gain. The TV mast is held firmly at the center 
plates by two setscrews in the pipe flange that is mounted 
‘on the rear plate. At 2300 MHz, the dish is focused for 
best gain by loosening these setscrews on the pipe flange 
and sliding the dish along the TV mast tubing. (The dish 
is moved instead of the feed horn.) 

The fishing strings are held in place by attaching 
them to a hose clamp that is permanently connected to 
the TV tubing. A piece of rubber sheet under the hose 
clamp prevents slippage and keeps the hose clamp from 
cutting the fishing string. A second hose clamp is mounted 
below the first as extra protection against slippage. 

‘The high-efficiency 1296-MHz dual mode feed horn, 
detailed in Fig 82, weighs 5Vs pounds. This weight causes 
some bending of the mast tubing, but this is corrected by 
a Yorinch diameter bakelite support, as shown in Fig 81 
‘This support is mounted to a pipe grounding clamp with 
a no, 8-32 screw inserted in the end of the rod. The 
bakelite rod and grounding clamp are mounted midway 
between the hose clamp and the center plates on the mast. 
A double run of fishing string slipped over the notched 
upper end of the bakelite rod counteracts bending. 

‘The success of high-efficiency parabolic antennas 
is primarily determined by feed horn effectiveness. The 
multiple diameter of this feed horn may seem unusual. 
‘This patented dual-mode feed, designed by Dick Turrin, 
W2IMU, achieves efficiency by launching two different 
kinds of waveguide modes simultaneously. This causes 
the dish illumination to be more constant than conven- 
tional designs. 

Illumination drops off rapidly at the perimeter, reduc~ 
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ing spillover. The feed backlobes are reduced by at least 
35 dB because the current at the feed perimeter is almost 
zero; the phase center of the feed system stays con 
the angles of the dish reflector. The larger diam: 
is a phase corrector and should not be changed in length. In 
theory, almost no increase in dish efficiency can be achieved 
without increasing the feed size in a way that would increase 
complexity, as well as blockage. 

‘The feed is optimized for a 0.6 f/D dish. The dime: 
sions of the feeds are slightly modified from the original 
design in order to accommodate the cans. Either feed type 
can be constructed for other frequencies by changing the 
scale of all dimensions 


Multiband Use 


Many amateurs construct multiband antenna arrays 
by putting two dishes back to back on the same tower. 
This is cost inefficient. The parabolic reflector is a com- 
pletely frequency independent surface, and studies have 
shown that a 0.6 {/D surface can be steered seven 
beamwidths by moving the feed horn from side to side 
before the gain diminishes by 1 dB. Therefore, the best 
dual-band antenna can be built by mounting separate horns 
side by side. At worst, the antenna may have to be moved 
a few degrees (usually less than a beamwidth) when switch- 
ing between horns, and the unused horn increases the 
shadow area only slightly. In fact, the same surface can 
function simultaneously on multiple frequencies, making 
crossband duplex operation possible with the same dish. 


Order of Assembly 


1) A single spoke is held upright behind the rear center 
plate with the screw eye facing forward. Two no. 6- 


32 machine screws are pushed through the holes in 
the rear center plate, through the two holes of the 
spoke, and into the corresponding holes of the front 
center plate. Lock washers and nuts are placed on the 
machine screws and hand tightened. 

2). The remaining spokes are placed betw 
screw holes. Make sure that each 


n the machine 

ww eye faces for- 
ward. Machine screws, lock washers and nuts are used 
to mount all 18 spokes, 

3) The no, 6-32 nuts are tightened using a nut driver. 

4) The mast tubing is attached to the spoke assembly, 
positioned properly, and locked down with the set- 
screws on the pipe flange at the rear center plate. The 
S hooks of the 18 Dacron strings are attached to the 
screw eyes of the spoke 

5) The ends of two pieces of fishing string (which go 
over the bakelite rod support) are tied to a screw eye 
at the forward center plate. 

6) The dish is laid on the ground in an upright position 
and #9 galvanized wire is threaded through the eye~ 
bolts. The overlapping ends are lashed together with 
baling wire 

7) The dish is placed on the ground in an inverted posi 
tion with the focus downward. The ser is placed 
‘on the back of the dish and the screening perimeter is 
fastened as previously described, 

8) The extension mast tubing (with counterweight) is 
connected to the center plate with U bolts 

9) The dish is mounted on a support and the transmis- 
sion line is routed through the tubing and attached to 
the horn 


Parabola Gain Versus Errors 


How accurate must a parabolic surface be? This is a 
frequently asked question. According to the Rayleigh limit 
for telescopes, little gain increase is realized by making 
the mirror accuracy greater than + '/s 4 peak error. John 
Ruze of the MIT Lincotn Laboratory, among others, has 
derived an equation for parabolic antennas and built mod- 

Is to verify it. The tests show that the tolerance loss can 
be predicted within a fraction of a decibel, and less than 
1 dB of gain is sacrificed with a surface error of +s A. 
(A ‘We is 3.4 inches at 432 MHz, 1.1 inches at 1296 MHz 
and 0.64 inch at 2300 MHz.) 

Some confusion about requirements of greater than 
‘hh accuracy may be the result of technical literature 
describing highly accurate surfaces. Low sidelobe levels are 
the primary interest in such designs. Forward gain is a much 
greater concern than low sidelobe levels in amateur work; 
therefore, these stringent requirements do not apply. 

When a template is held up against a surface, positive 
and negative (+) peak errors can be measured. The graphs 
of dish accuracy requirements are frequently plotted in 
terms of RMS error, which is a mathematically derived 
function much smaller than + peak error (typically '/). 
‘These small RMS accuracy requirements have discouraged 
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‘many constructors who confuse them with + peak errors. 

Fig 83 may be used to predict the resultant gain of 
various dish sizes with typical errors. There are a couple 
of surprises, as shown in Fig 84. As the frequency is, 
increased for a given dish, the gain increases 6 dB per 
octave until the tolerance errors become significant. Gain 
deterioration then increases rapidly. Maximum gain is, 


realized at the frequency where the tolerance loss is, 
4.3 dB. Notice that at 2304 MHz, a 24-foot dish with 
+#2-inch peak errors has the same gain as a 6-foot dish with 
41-inch peak errors. This is quite startling, when it is, 
realized that a 24-foot dish has 16 times the area of a 
6-foot dish. Each time the diameter or frequency is doubled 
orhalved, the gain changes by 6 dB. Each time all the errors, 
are halved, the frequency of maximum gain is doubled. 
With this information, the gain of other dish sizes with 
other tolerances can be predicted. 

‘These curves are adequate for predicting gain, assum- 
ing a high-efficiency feed horn is used (as described ear- 
lier), which realizes 60% aperture efficiency. At frequencies, 
below 1296 MHz where the horn is large and causes con- 
siderable blockage, the curves are somewhat optimistic. A 
properly built dipole and splasher feed will have about 
1.5 dB less gain when used with a 0.6 f/D dish than the 
dual-mode feed system described. 

‘The worst kind of surface distortion is where the sur- 
face curve in the radial direction is not parabolic but gradu- 


ally departs in a smooth manner from a perfect parabola. 
‘The decrease in gain can be yecaus 

involved. If the surface is checked with a template, and if 
reasonable construction techniques are employed, devia 


tions are controlled and the curves represent an upper limit 
to the gain that can be realized, 

If a 24-foot dish with #2-inch peak errors is being 
used with 432 and 1296-MHz multiple feed horns, the con- 
structor might be discouraged from trying a 2300-MHz feed 
because there is 15 dB of gain degradation. The dish will 
still have 29 dBi of gain on 2300 MHz, however, making it 
worthy of consideration 

The near-field range of this 12-foot stressed dish 
(actually 12 feet 3 inches) is 703 feet at 2300 MHz. By 
using the sun as a noise source and observing receiver 


“¢ power, it was found that the antenna had two main 
about 4° apart. The template showed a surface error 
(insufficient spoke bending at "/ radius), and a correc 
tion was made. A recheck showed one main lobe, and the 
solar noise was almost 3 dB stronger. 


Other Surfacing Materials 
The choice of surface materials is a compromise 
n RF reflecting properties and wind loading. Alumi~ 
um screening, with its very fine mesh (and weight of 


eww 


4.3 pounds per 100 square feet) is useful beyond 10 GHz 
because of its very close spacing. This screening is easy to 
roll up and is therefor 


ideal for a portable dish. This close 
into be a 34% filled aperture, bring- 
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Fig 83—Gain deterioration versus reflector error. By Richard Knadle, K2RIW. 


ing the wind force at 60 mph to more than 400 pounds on 
this 12-foot dish. Those considering a permanent installa- 
tion of this dish should investigate other surfacing materi- 
als, 

Hexagonal 1-inch poultry netting (chicken wire), 
which is an 8% filled aperture, is nearly ideal for 432-MHz 
operation, It weighs 10 pounds per 100 square feet, and 
exhibits only 81 pounds of force with 60 mph winds. Mea- 
surement on a large piece reveals 6 dB of feedthrough at 
1296 MHz, however. Therefore, on 1296 MHz, one fourth 
of the power will feed through the surface material. This 
will cause a loss of only 1.3 dB of forward gain 
low-wind loading material will provide a 30-dBi gain 
potential, it is still a very good tradeoff 

Poultry netting is v 


ince the 


y poor material for 2300 MHz 


and above, because the hole dimensions approach '/s 2. As 
with all surfacing materials, minimum feedthrough occurs 
when the 


field polarization is parallel to the longest 
dimension of the surfacing holes. 

Hardware cloth with "f-inch mesh weighs 20 pounds 
per 100 square feet and has a wind loading characteristic 
of 162 pounds with 60 mph winds. The filled aperture is 
16%, and this material is useful to 2300 MHz. 

‘A rather interesting material worthy of investigation 
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is Y/cinch reinforced plastic. It weighs only 4 pounds per 
100 square feet. The plastic melts with many universal 


solvents such as lacquer thinner. Ifa careful plastic-me 
ing job is done, what remains is the ‘/-inch spaced alumi- 
num wires with a small blob of plastic at each junction to 
hold the matrix together. 
There are some general considerations to be made 
in selecting surface materials: 
1) Joints of screening do not have to make electrical con- 
tact. The horizontal wires ref 


the horizontal wave. 
‘Skew polarizations are merely a combination of hori- 


zontal and vertical components which are thus 
reflected by the corresponding wires of the screening. 
To a horizontally polarized wave, the spacing and 
diameter of only the horizontal wires determine the 
reflection coefficient (see Fig 85). Many amateurs have 
the mistaken impression that screening materials that 


do not make electrical contact at their junctions are 
poor reflectors, 

2) By measuring wire diameter and spacings between the 
wires, a calculation of percentage of aperture that is 
filled can be made. This will be one of the major 


determining factors of wind pressure when the sur- 
3g material is dry. 
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Fig 84—Parabolic-antenna gain versus size, frequency and surface errors. All curves assume 60% aperture 
efficiency and 10-dB power taper. Graph by K2RIW for ham bands, using display technique of J. Ruze, British IEE. 
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Fig 85—Surfacing material quality. 


A Parabolic Template 

At and above 2300 MHz (where high surface accu- 
racy is required), a parabolic template should be con- 
structed to measure surface errors. A simple template may 
be constructed (see Fig 86) by taking a 12-foot 3-inch 
length of 4-foot wide tar paper and drawing a parabolic 
shape on it with chalk. The points for the parabolic shape 
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are calculated at 6-inch intervals and these points are con- 
nected with a smooth curve. For those who wish to use 
the template with the surface material installed, the tem- 
plate should be cut along the chalk line and stiffened by 
cardboard or a wood lattice frame. Surface error me: 
nts should take place with all spokes installed and 
deflected by the fishing lines, as some bending of the 
center plates does take place. Fig 87 shows the 12-foot, 
stressed dish built by Franco Marcelo, N2UO. 


Variations 

All the possibilities of the stressed parabolic antenna 
have not been explored. For instance, a set of fishing lines 
or guy wires can be set up behind the dish for error cor- 
rection, as long as this does not cause permanent bend- 
ing of the aluminum spokes. This technique also protects 
the dish against wind loading from the rear. An extended 
¢ of TV mast is an ideal place to hang a count 
ht and attach the rear guys. This strengthens the struc~ 
ture considerably 


EME USING SURPLUS TVRO DISH 
ANTENNAS 


Since the 1990s, there has been a significant change 
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Fig 86—Parabolic template for 12-foot, 3-inch dish. 


in the systems people use to watch satellite TV broadcasts. 
Formerly, C-band satellite receivers were used, along with 
parabolic dish antennas in the 3- to S-meter diameter range. 
Now, Ku-band (12-GHz) receivers are the norm, with their 
associated small (usually 18-inch) dish antennas. This has 
provided a large body of surplus C-band dishes, which can 
be used for EME—certainly on the bands at 33 em and 
above, and for the larger dishes (5 meters), even at 70 cm. 
Many times, these dishes and their mounts can be had for 
the asking, so they truly become an inexpensive way to 
build a multi-band EME antenna. 

This updated article, first presented by David Hallidy, 
K2DH (ex-KDSRO) in the ARRL UHF/Microwave 
Projects Manual, describes the use of a 3-meter (10-foot) 
‘TVRO antenna in such an application, (Also see earlier in 
this chapter the section describing converted C-Band 
‘TVRO Dishes for satellite work.) 


Background 

Calculations show that a 3-meter dish will have about 
30 dBi gain at 1296 MHz. a state-of-the-art LNA. 
(Low-Noise Amplifier or preamp) at the feed, an effi 
cient feed horn illuminating the dish surface, and 200 W 
at 1296 MHz, lunar echoes should be easily detected and 
many stations can be worked. The biggest challenges to 
such a system are assembling the dish to its mount and 
steering it to track the Moon. As much as possible, the 
KISS (“Keep It Simple, Stupid”) principle was used to 
accomplish this task. 

In 1987, WASTNY, KDSRO, KASIPD, and W7CNK 
proved that such an EME system could work, even as high 
as 3.4 and 5.7 GHz, to provide the first EME contacts on 
those bands. An additional advantage to this (or any) small 
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Fig 87—N2UO's homemade 12-foot stressed dish. 
(Photo courtesy N2U0.) 


dish is its ability to be mounted to a trailer and taken out 
on EME expeditions. It can also be easily disassembled 
and stored, if necessary. 

‘As can be scen from Fig 88, the entire setup is very 
simple, using a standard amateur tower as the main sup- 
port for the dish. 


Azimuth Drive 


In azimuth, direct drive of the main rotating shaft was 
selected, and a small prop-pitch motor was used. These 
motors, while not as plentiful as they were some years ago, 
still turn up with some regularity at flea markets for very 
little money. The beauty of the prop-pitch motor is that it 
turns slowly, is reversible, provides very high torque, and, 
requires no braking system (the gear reduction, on the order 
of 4000:1, provides the necessary braking). Prop-pitch 
motors are de motors, and were designed to vary the pitch 
of propeller blades at start-up, take-off and landing of older 
large airplanes. Thus, they can be run at different spec 
merely by varying the de voltage to the motor, and can be 
reversed by reversing the polarity of the de voltage. By 
‘mounting a thrust bearing of the appropriate size at the top 
of the tower, and mounting the motor directly below it at 
the end of the rotating shaft that turns the antenna, a simple 
direct-drive system can be constructed. 

‘The de power supply and control relays are located 
in a weatherproof box on the side of the tower, next to the 
motor. This system requires only 9 V de at about 5 A to 
adequately start, turn and stop the prop-pitch motor, and, 
this voltage tums the antenna through 360° of rotation in 
about 2'/: minutes. Azimuth position sensing is also a 
simple task. See Fig 89. A linear multi-turn potentiometer 
is driven by the rotating shaft, using a simple friction drive. 


A strip of rubber is attached to the rotating shaft and a 
wheel is connected to the shaft of the pot. The pot is then 
mounted so that it presses against the rubber strip, and as 
the shaft turns so does the pot. If a ten-turn pot is 
and the system is aligned such that the pot is at the center 
of its rotation when the antenna is pointed approximately 
south, the pot will not rotate past the end at either extreme 
of the antenna’s rotation (CW/CCW north), and absolute 
alignment is a simple task of calibrating the change in 
resistance (change in voltage, when the pot is fed from a 
constant voltage source) with degrees of rotation (see the 
discussion on Position Readout for details). 


Elevation Drive 

‘The elevation drive is also very simple. Most (nearly 
all) TVRO setups have a means of moving the dish across 
the sky to align it with various satellites. To do this, most 
companies use a device called a Linear Actuator. This is a 
de motor to which is attached a long lead screw that pulls 
(or pushes) the outer shell of the actuator in or out to make 
it longer or shorter. The movable end of the actuator is 


Fig 88—View of K2DH's (ex-KD5RO) complete TVRO 
antenna installation. (K2DH photo.) 
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attached to the dish and the motor end is fixed to the mount. 
The dish rests on pivots, which allow it to move as the 
actuator extends/retracts. To convert this type of mount 
(called a Polar Mount) to an Az/EI mount is usually very 
simple. 

Fig 90 shows how this can be done. Simply breaking 
the welds that held the mount in a polar fashion allows the 
‘mount to be turned on its side and used to pivot the dish 
vertically with the linear actuator. Another feature of lin- 
ear actuators is that they also have some means of feeding 
their relative position to the satellite receiver. This is usu- 
ally just a multi-turn potentiometer geared to the lead 
screw. All we have to do is connect this pot to a readout 
system, and we can calibrate the lift of the actuator in 
degrees. We thus have a simple means of rotating the dish 
and elevating it—but how do we know that it’s pointed at 
the Moon? 


Position Readout 


Readout of the position of the antenna, in both a 
muth and elevation is also a relatively simple task. On the 


Fig 89—Azimuth rotation systems, showing prop-pitch 
‘motor and position sensor. 
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A hobby desoldering pump primed for use 


Desoldering pumps often have a heatproof P.T.F.E. nozzle which may need 
replacing occasionally. Each time the button is pressed, a plunger clears the nozzle but 
sometimes solder particles and swarf will be ejected in the process; when you prime the 
pump, point the nozzle into a small pot or old aerosol top to catch any debris. Remove the 
spout and clean out the pump from time to time. 


™ Suck up molten solder using a desoldering pump 


With very stubborn joints where the last traces of molten solder just can’t be shifted, 


surplus market there are available Digital Volt Meters 
(DVMs) using LED or LCD displays that can do this job 
nicely, and that have more precision than is probably nec~ 
essary for a dish (or Yagi array) of small size. As men: 
tioned earlier, a multi-turn potentiometer on the 
elevation-drive mechanism can be used to readout ele 
tion, and the same technique can be used for azimuth read: 
out—a potentiometer coupled to the main rotating shaft 
that tums the antenna. 

‘When using a pot for readout, the most important thing 
to know is how many degrees of antenna position change 
oceur (in Az or El) for each turn of the pot. This then can 
be used to calibrate a voltmeter to read volts directly as 
Fig 90—Elevation system, showing modified TVRO degrees—for example, 3.60 V could correspond to 360° 
mount. azimuth (Clockwise North), and 9.0 V could correspond 
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Fig 91—Schematic 
diagram of the dish 

control system. The 

Date! DM-LX3 is a 

digital meter, used to 

indicate azimuth and 18 
elevation angles. Vise 
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to 90° elevation (straight up). 

A resistance bridge circuit is best used in this appli- 
cation, since it is less sensitive to changes in the supply 
voltage. The only thing to be careful about is that the DVM 
must have both the positive (high) and negative (low) 
inputs isolated from ground (assuming the power supply 
used to power the DVM is grounded). You could also use a 
pair of small, cheap Digital Multi-Meters (DMMs), which, 
‘can sometimes be found for under $10. Because they are 
battery powered, the isolation issue just discussed is elimi- 
nated. 

Please see Fig 91 for a complete schematic of the 
azimuth, elevation and readout electronics for this 
antenna-drive system. Also note that while this discus- 
sion is geared towards the use of a small dish, the same 
positioning and readout systems could be used in a Yagi 
array for 2 meters or 70 cm. 

Now that we know where the dish is pointed, how 
do we know where the Moon is? There are several soft- 
ware programs available to the Amateur for tracking 
celestial bodies such as the Moon, the Sun, certain stars 
(usable as noise sources), and even Amateur Satellites. 
Programs by W9IP, VK3UM, FIEHN and others can be 
obtained very reasonably and these work well to provide 
highly accurate position information for tracking. 


Feeding the Surplus TVRO Dish 


Anarea that needs particular attention when attempt- 
ing EME with a small dish is an efficient feed system. An 
cflicient feed system can be a real challenge with TVRO 
dishes, because many are “deep”—that is, their 
7D (focal length to Diameter ratio) is small. 

‘The satellite TV industry used deep dishes because 
they tend to be quieter, picking up less Earth noise due to 
spillover effects. A deep dish has a short focal length, 
and therefore, the feed is relatively close to the surface 
of the dish. To properly illuminate the reflector out to its, 
edges, a feed horn of relatively wide beamwidth must be 
used. The feeds designed several years ago by Barry 
Malowanchuk, VE4MA, are intended for use with just 
such dishes, and have the advantage of being adjustable 
to optimize their pattern to the dish in use. 

The feed that was used with this dish was modeled 
after VE4MA’s 1296-MHz feed, and a version was even 
scaled for use at 2304 MHz that worked as well as the 
original. See Fig 92 and also see the Notes and Refer- 
ences section at the end of this chapter. (Also see the ear- 
lier section in the satellite portion of this chapter 
describing patch feeds for small dishes.) 


SHF EME CHALLENGES 
The challenges met when successfully building a 
station for EME at 900 MHz to 5.7 GHz only become 
more significant on the SHF bands at 10 GHz and above. 
Absolute attention to detail is the primary requirement, 
and this extends to every aspect of the EME antenna sys- 
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Fig 92—View of feed, showing coffee-can feed horn and 
hybrid coupler. 


tem, The dish surface is probably the most difficult prob- 
em to solve. As was discussed earlier in this chapter, the 
shape and accuracy of the reflector contribute directly to 
the overall gain of the antenna. 

But where slight errors in construction can be toler- 
ated at the lower frequencies, the same cannot be said at 
millimetric wavelengths. Those who have attempted EME, 
on 10 and 24 GHz have discovered that the weight of the 
dish reflector itself will distort its shape enough to lower 
the gain to the point where echoes are degraded. Stiffen- 
ing structures at the back of such dishes are often found 
necessary. Fig 93 illustrates the back struts added by Al 
Ward, WSLUA, to strengthen his dish. 

Pointing accuracy is also paramount—a 16-foot dish 
at 10 GHz has a beamwidth about equal to the diameter 
of the Moon—0.5°. This means that the echo degradation 
due to the Moon’s movement away from where the dish is, 
pointed is almost immediate, and autotracking systems 
become more of a necessity than a luxury. At these fre- 
quencies, most amateurs actually peak their antennas on. 
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Fig 93—Strengthening struts WSLUA added to the back 
of his dish to hold down distortion. (Photo courtesy 
WS5LUA.) 


Moon Noise—the black-body Radiation from the Moon 
that becomes the dominant source of noise in space. 
‘Atthese frequencies, the elevation of the Moon above 
the horizon also plays a role in the ability to communi- 
cate, since tropospheric absorption due to water vapor is, 
greatest at low elevation angles (the signal must pass 
through a greater portion of the troposphere than when the 
Moon is highly elevated). Itis beyond the abilities of most, 
Amateurs to construct their own dishes for these frequen- 
cies, so surplus dishes for Ku-band satellite TV (typically 
3 meters in diameter) are usually employed, as have high- 
performance dishes designed for millimetric radar and, 
point-to-point communications at 23 and 38 GHz. 
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Antenna 


Materials 


and Accessories 


‘This chapter contains information on materials 
amateurs use to construct antennas—what types of material 
to look for in a particular application, tips on working with 
and using various materials. Chapter 21 contains 
information on where to purchase these materials. 
Basically, antennas for MF, HF, VHF and the lower 
UHF range consist simply of one or more conductors that 
radiate (or receive) electromagnetic waves. However, an 
antenna system must also include some means to support 
those conductors and maintain their relative positions — 
the boom for a Yagi antenna and the halyards for a wire 


dipole, for example. In this chapter we'll look at materials 
for those applications, too. Structural supports such as 
towers, masts, poles, etc. are discussed in Chapter 22. 


‘There are two main types of material used for antenna 
conductors, wire and tubing. Wire antennas are generally 
simple and therefore easier to construct, although some 
arrays of wire elements can become rather complex. When 
tubing is required, aluminum tubing is used most often 

ht. Aluminum tubing is discussed 
in a subsequent section of this chapter. 


because of its light wei 


Wire Antennas 


Although wire antennas are relatively simple, they can 
constitute a potential hazard unless properly constructed. 
Antennas should never be run under or over public utility 
(telephone or power) lines. Several amateurs have lost their 
lives by failing to observe this precaution. 

The National Electric Code® of the National Fire 
Protection Association contains a section on amateur stations 
in which a number of recommendations are made concern- 
ing minimum size of antenna wire and the manner of 
bringing the transmission line into the station. Chapter 1 
contains more information about this code. The code in itself 
does not have the force of law, but it is frequently made a 
part of local building regulations, which are enforceable. 
‘The provisions of the code may also be written into, or 
referred to, in fire and liability insurance documents. 

The RF resistance of copper wire increases as the size 
of the wire decreases. However, in most types of antennas 
that are commonly constructed of wire (even quite small 
wire), the radiation resistance will be much higher than 
the RF resistance, and the efficiency of the antenna will 


still be adequate. Wire sizes as small as #30, or even 


smaller, have been used qui 


¢ successfully in the 
construction of “invisible” antennas in areas where more 
conventional antennas cannot be erected. In most cas 
sd primarily 

nce the suspension 
sa strain on the wire. 


the selection of wire for an antenna will be bas 


on the physical properties of the wire, 


of wire from elevated supports plat 


WIRE TYPES 


Wire having an enamel coating is preferable to bare 
wire, since the coating resists oxidation and corrosion. 
vveral types of wire having this type of coating are 
available, depending on the strength needed. “Soft-drawn’ 
or annealed copper wire is easiest to handle; unfortunately, 
it stretches considerably under stress. Soft-drawn wi 


should be avoided, except for applications where the wire 
will be under little or no tension, or where some change in 
length can be tolerated. (For example, the length of a 
horizontal antenna fed at the center with open-wire line is 
not critical, although a change in length may require some 


readjustment of coupling to the transmitter.) 
“Hard-drawn” copper wire or copp 


Jad steel wire 
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{also known as Copperweld™) is harder to handle, because 
ithas a tendency to spiral when it is unrolled. These types, 
of wire are ideal for applications where significant stretch 
cannot be tolerated. Care should be exercised in using this, 
to make sure that kinks do not develop—the wire will 
have a far greater tendency to break at a kink. After the 
coil has been unwound, suspend the wire a few feet above 
ground for a day or two before using it. The wire should 
not be recoiled before led. 

Several factors influence the choice of wire type and 


size. Most important to consider are the length of the 
unsupported span, the amount of sag that can be tolerated, 
the stability of the supports under wind pressure, and 
whether or not an unsupported transmission line is to be 
suspended from the span. Table I shows the wire diam, 
current-carrying capacity and resistance of various sizes 
of copper wire. Table 2 shows the maximum rated working, 
tensions of hard-drawn and copper-clad steel wire of 
various sizes. These two tables can be used to select the 
appropriate wire size for an antenna 


Table 1 
Copper-Wire Table 
Turns 

Wire per Feet 
Size Dia Linear per 
AWG in Dia Inch = Pound 
(8&8) Mils! inmm — Enamel Bare 
1 2893 7.348 — 3.947 
2 2576 = 6.544 4.977 
3 2294 0 58270 — 6.276 
4 20430 «5.189 — 7.914 
5 181.9 4.6210 — 9.980 
6 1620 4.1150 — 12.58 
7 14430-3665 — 15.87 
8 1285 3.264 7.6 20.01 
9 1144-2908 86 25.23 
10 101.9 2588 9.6 31.82 
1 90.7 2305 10.7 40.12 
12 80.8 2.053 12.0 50.59 
13 72.0 1.828 13.5 63.80 
14 64.41 1.628 15.0 80.44 
15 574 1.450 16.8 101.4 
16 50.8 1291 18.9 1279 
17 45.3 1.150 212 161.3 
18 40.3 1.024 23.6 203.4 
19 35.9 0912 26.4 «= 256.5 
20 32.0 0812 © 29.4 323.4 
21 285 0.723 33.1 407.8 
22 25.3 0644 = 37.0 514.2 
23 22.6 0573 41.3 648.4 
24 20.1 O511 46.3 8177 
25 179 0455 51.7 1031 
26 15.9 0.405 58.0 1300 
27 14.2 0361 64.9 1639 
28 12.6 0321 © 72.7 ©2067 
29 11.3 0.286 «81.6 2607 
30 10.0 0.255 905 3287 
31 89 0.227 101 4145 
32 8.0 0.202 © 113 5227 
33 TA 0.180 127 6591 
34 63 0160 143 8310 
35 56 0143158 10480 
36 5.0 0127175 13210 
37 45 0113198 16660 
38 4.0 o101 224 21010 
39 35 0.090 (248 26500 
40 34 0.080 282 33410 


1A mil is 0.001 inch 
2hlax wire temp of 212° F and max ambient temp of 135° F. 


Ohms 
per 
1000 ft 
25°C 
0.1264 
0.1593 
0.2009 
0.2533 
0.3195 
0.4028 
0.5080 
0.6405 
0.8077 
1.018 
1.284 
1.819 
2.042 
2.875 
3.247 
4,094 
5.163 
6.510 
8.210 
10.35 
13.05 
16.46 
20.76 
26.17 
33.00 
41.62 
52.48 
68.17 
83.44 
105.2 
132.7 
167.3 
211.0 
266.0 
335 
423 
533 
673 
848 
1070 


Cont.-duty 
current? 

Single Wire 
in Open Air 
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Table 2 
Stressed Antenna Wire 


American Recommended Tension’ (pounds) 
Wire Gauge Copper-cladHard-drawn 
ste? copper 
4 495 214 
6 310 130 
8 195 84 
10 120 52 
12 75 32 
14 50 20 
16 31 13 
18 19 8 
20 12 5 


Weight (pounds per 1000 feet) 


Copper-clad — Hard-drawn 
steeP copper 
115.8 126.0 
rR9 795 
455 50.0 
28.8 314 
iat 198 
114 124 
m1 78 
45 49 
28 3 


‘Approximately one-tenth the breaking load. Might be increased 50% if end supports are firm and there is no danger of 


iee loading 
2Copperwold,"™ 40% copper. 


Wire Tension 

If the tension on a wire can be adjusted to a known 
value, the expected sag of the wire (Fig 1) may be determined 
before installation using Table 2 and the nomograph of 
Fig 2. Even though there may be no convenient method to 
determine the tension in pounds, calculation of the expected 
sag for practicable working tensions is often desirable. If 
the calculated sag is greater than allowable it may be reduced 
by any one or a combination of the following: 


1) Providing additional supports, thereby decreasing the 
span 

2) Increasing the tension in the wire if less than 
recommended 

3) Decreasing the size of the wire 


Instructions for Using the Nomograph 

1) From Table 2, find the weight (pounds/1000 feet) for 
the particular wire size and material to be used. 

2) Draw a line from the value obtained above, plotted on 
the weight axis, to the desired span (feet) on the span 


Fig 1—The half span and sag of a long-wire antenna. 


axis, Fig 2. Note in Fig 1 that the span is one half the 
distance between the supports. 

3) Choose an operating tension level (in pounds) 
consistent with the values presented in Table 2 
(preferably less than the recommended wire tension). 

4) Draw a line from the tension value chosen (plotted on 
the tension axis) through the point where the work axis 
crosses the original line constructed in step 2, and 
continue this new line to the sag axis. 

5) Read the sag in feet on the sag axis. 


Example: 


Weight = 11 pounds/1000 feet 
Span = 210 feet 

Tension = 50 pounds 

Answer: Sag = 4.7 feet 


‘These calculations do not take into account the weight of 
a feed line supported by the antenna wire 


Wire Splicing 

Wire antennas should preferably be made with 
unbroken lengths of wire. In instances where this is not, 
feasible, wire sections should be spliced as shown in 
Fig 3. The enamel insulation should be removed for a 
distance of about 6 inches from the end of each section by 
scraping with a knife or rubbing with sandpaper until the 
copper underneath is bright. The turns of wire should be 
brought up tight around the standing part of the wire by 
twisting with broad-nose pliers 

The crevices formed by the wire should be completely 
filled with rosin-core solder. An ordinary soldering iron or 
gun may not provide sufficient heat to melt solder outdoors; 
4 propane torch is desirable. The joint should be heated 
sufficiently so the solder flows freely into the joint when the 
source of heat is removed momentarily. After the joint has 
cooled completely, it should be wiped clean with a cloth, and 


then sprayed generously with acrylic to prevent corrosion, 
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Fig 2—Nomograph for determining wire sag. (John 
Elengo, Jr, K1AFR) 


ANTENNA INSULATION 


To prevent loss of RF power, the antenna should be 
well insulated from ground, unless of course it isa shunt- 
fed system. This is particularly important at the outer end 
or ends of wire antennas, since these points are always at a 
comparatively high RF potential. If an antenna is to be 
installed indoors (in an attic, for instance) the antenna may 
be suspended directly from the wood rafters without 
additional insulation, if the wood is permanently dry. Much 
greater care should be given to the selection of proper 
insulators when the antenna is located outside where it i 
exposed to wet weather. 


Insulator Leakage 

Antenna insulators should be made of material that 
will not absorb moisture. The best insulators for antenna 
use are made of glass or glazed porcelain. Depending on 
the type of material, plastic insulators may be suitable. The 
length of an insulator relative to its surface area is indicative 
of its comparative insulating ability. A long thin insulator 
will have less leakage than a short thick insulator. Some 
antenna insulators are deeply ribbed to increase the surface 
Ieakage path without increasing the physical length of the 
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Fig 3—Correct method of splicing antenna wire. Solder 
should be flowed into the wraps after the connection is 
completed. After cooling, the joint should be sprayed 
with acrylic to prevent oxidation and corrosion. 


insulator. Shorter insulators can be used at low-potential 
points, such as at the center of a dipole. If such an antenna 
is to be fed with open-wire line and used on several bands, 
however, the center insulator should be the same as those 
used at the ends, because high RF potential may exist across 
the center insulator on some bands. 


Insulator Stress 


‘As with the antenna wire, the insulator must have 
sufficient physical strength to support the stress of the 
antenna without danger of breakage. Long clastic bands or 
lengths of nylon fishing line provide long leakage paths 
and make satisfactory insulators within their limits to resist 
mechanical strain. They are often used in antennas of the 
“invisible” type mentioned earlier. 

For low-power work with short antennas not subject 
to appreciable stress, almost any small glass or glazed 
porcelain insulator will do. Homemade insulators of Lucite 
rod or sheet will also be satisfactory, More care is required 
in the selection of insulators for longer spans and higher 
transmitter power. 

Fora given material, the breaking tension of an insulator 
will be proportional to its cross-sectional area. It should be 
remembered, however, that the wire hole at the end of the 
insulator decreases the effective cross-sectional area. For this 


reason, insulators designed to carry heavy strains are fitted 
with heavy metal end caps, the eyes being formed in the 
‘metal cap, rather than in the insulating material itself. The 
following stress ratings of antenna insulators are typical: 


Shin, square by 4 in. long—400 Ib 

1 in, diameter by 7 or 12 in. long—800 Ib 

"fin. diameter by 8, 12 or 20 in. long, with special metal 
end caps—5000 Ib 


‘These are rated breaking tensions. The actual working 
tensions should be limited to not more than 25% of the 
breaking rating. 

‘The antenna wire should be attached to the insulators 
as shown in Fig 4. Care should be taken to avoid sharp 
angular bends in the wire when it is looped through the 
insulator eye. The loop should be generous enough in size 
that it will not bind the end of the insulator tightly. If the 


length of the antenna is critical, the length should be 
measured to the outward end of the loop, where it passes 
through the eye of the insulator. The soldering should be 
done as described earlier for the wire splice. 


Strain Insulators 


Strain insulators have their holes at right angles, since 
they are designed to be connected as shown in Fig §. It can 
be seen that this arrangement places the insulating material 
under compression, rather than tension. An insulator 
connected this way can withstand much greater stress, 
Furthermore, the wire will not collapse if the insulator 
breaks, since the two wire loops are inter-locked. Because 
the wire is wrapped around the insulator, however, the 
leakage path is reduced drastically, and the capacitance 
between the wire loops provides an additional leakage path, 
For this reason, the use of the strain insulator is usually 
confined to such applications as breaking up resonances 
in guy wires, where high levels of stress prevail, and where 
the RF insulation is of less importance. Such insulators 
might be suitable for use at low-potential points on an 


antenna, such as at the center of a dipole. These insulators 
‘may also be fastened in the conventional manner if the wire 
will not be under sufficient tension to break out the eyes. 


Insulators for Ribbon-Line Antennas 

Fig 6A shows the sketch of an insulator designed to 

be used at the ends of a folded dipole or a multiple dipole 

made of ribbon line. It should be made approximately as 

shown, out of Lucite or bakelite material about ‘Ye inch 

age of this arrangement is that the strain 

of the antenna is shared by the conductors and the plastic 

webbing of the ribbon, which adds considerable strength, 

After soldering, the screw should be sprayed with acrylic, 

Fig 6B shows a similar arrangement for suspending 

one dipole from another in a stagger-tuned dipole system, 

If better insulation is desired, these insulators can be wired 
to a conventional insulator. 


PULLEYS AND HALYARDS 


Pulleys and halyards commonly used to raise and 
lower a wire antenna must also be capable of taking the 


Fig 4—When fastening antenna wire to an insulator, do 
not make the wire loop too snug. After the connection 

is complete, flow solder into the turns. Then when the 

joint has cooled completely, spray it with acrylic. 


Fig 5—Conventional manner of fastening wire toa 
strain insulator. This method decreases the leakage 
path and increases capacitance, as discussed in the 
text. 
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Fig 6—At A, an insulator for the ends of folded dipoles, or multiple dipoles made of 300-ohm ribbon. At B, a method 
of suspending one ribbon dipole from another in a multiband dipole system. 
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it sometimes helps to actually add more solder and then desolder the whole lot again with 
a pump. 


same strain as the antenna wire and insulators. 
Unfortunately, little specific information on the stress 
ratings of most pulleys is available. Several types of pulleys, 
are readily available at almost any hardware store. Among, 
these are small galvanized pulleys designed for awnings 
and several styles and sizes of clothesline pulleys. Heavier 
and stronger pulleys are those used in marine work. The 
factors that determine how much stress a pulley will handle 
include the diameter of the shaft, how securely the shaft is, 
fitted into the sheath and the size and material of the frame 

Another important factor to be considered in the 
selection of a pulley is its ability to resist corrosion. 
Galvanized awning pulleys are probably the most 
susceptible to corrosion. While the frame or sheath usually 
stands up well, these pulleys usually fail at the shaft. The 
shaft rusts out, allowing the grooved wheel to break away 
under tension. 


Most good-quality clothesline pulleys are made of 
alloys which do not corrode readily. Since they are designed 
to carry at least 50 feet of line loaded with wet clothing in 
stiff winds, they should be adequate for normal spans of 
100 to 150 feet between stable supports. One type of 
clothesline pulley has a 4-inch diameter plastic wheel with 
a Y-inch shaft running in bronze bearings. The sheath is, 
made of cast or for 


ed corrosion-proof alloy. Some look- 
alike low-cost pulleys of this type have an aluminum shaft 
with no bearings. For antenna work, these cheap pulleys, 


Table 3 


Approximate Safe Working Tension for Various 
Halyard Materials 


Dia, Tension, 
Material In, Lb 
Manila hemp rope a7 120 
fe 270 
Ye 530 
he 800 
Polypropylene rope Me 270 
oh 530 
"s 840 
Nylon rope Me 300 
te 660 
" 1140 
7x11 galvanized ee 30 
sash cord “a 125 
the 250 
Me 450 
High-strength stranded ‘Ye 400 
galvanized steel guy ie 700 
wire a7 1200 
Rayon-flled plastic ee 60 to 70 


clothesline 
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are of little long-term value. 

Marine pulleys have good weather-resisting qu: 
since they are usually made of bronze, but they are 
comparatively expensive and are not designed to carry 
heavy loads. For extremely long spans, the wood-sheathed, 
pulleys used in “block and tackle” devices and for sail 
hoisting should work well 


Halyards 


‘Table 3 shows the recommended maximum tensions 
for various sizes and types of line and rope suitable for 
hoisting halyards. Probably the best type for general 
amateur use for spans up to 150 or 200 feet is %4-inch nylon 
rope. Nylon is somewhat more expensive than ordinary 
rope of the same size, but it weathers much better. Nylon 
also has a certain amount of elasticity to accommodate 
gusts of wind, and is particularly recommended for 
antennas using trees as supports. A disadvantage of new 
nylon rope is that it stretches by a significant percentage. 
After an installation with new rope, it will be necessary to 
repeatedly take up the slack created by stretching. This, 
process will continue over a period of several weeks, at 
which time most of the stretching will have taken place. 
Even a year after installation, however, some slack may 
still arise from stretching. 

‘Most types of synthetic rope are slippery, and some 
types of knots ordinarily used for rope will not hold well. 
Fig 7 shows a knot that should hold well, 
rope or plastic line. 

For exceptionally long spans, stranded galvanized 
steel sash cord makes a suitable support. Cable advertised 
as “wire rope” usually does not weather well. A boat winch, 
sold at marinas and at Sears, is a great convenience in 
antenna hoisting (and usually a necessity with metal 
halyards). 


ven in nylon 


“ 


® 


Fig 7—This is one type of knot that will hold with 
‘smooth rope, such as nylon. Shown at A, the knot for 
splicing two ends. B shows the use of a similar knot In 
forming a loop, as might be needed for attaching an 
Insulator to a halyard. Knot A is first formed loosely 10 
or 12 in. from the end of the rope; then the end is 
passed through the eye of the insulator and knot A. 
Knot B is then formed and both knots pulled tight. 
(Richard Carruthers, K7HDB) 


Antennas of Aluminum Tubing 


Aluminum is a malleabl 
density of 2.70 grams per cubic centimeter. The density of 
aluminum is approximately 35% that of iron and 30% that, 
of copper. Aluminum can be polished to a high brightness, 
and it will retain this polish in dry air. In the presence of 
‘moisture, aluminum forms an oxide coating (A1,0;) that 
protects the metal from further corrosion. Direct contact 
with certain metals, however (especially ferrous metals, 
such as iron or stee!), in an outdoor environment can bring 
Ivanic corrosion of aluminum and its alloys. Some 
tive coating should be applied to any point of con- 
tact between two dissimilar metals. Much of this informa 
tion about aluminum and aluminum tubing was prepared 
by Ralph Shaw, KSCAV. 

Aluminum is non-toxic; itis used in cooking utensils 
and to hold and cover “TV dinners” and other frozen foods, 
so it is certainly safe to work with. The ease with which it 
can be drilled or sawed makes it a pleasure to work with. 
Aluminum products lend themselves to many and varied 
applications, 

Aluminum alloys can be used to build amateur 
antennas, as well as for towers and supports. Light weight 
and high conductivity make aluminum ideal for these 
applications. Alloying lowers the conductivity ratings, but 
the tensile strength can be increased by alloying aluminum, 
with one or more metals such as manganese, silicon, 
copper, magnesium or zine. Cold rolling can be employed 
to further increase the strength. 

A four-digit system is used to identify aluminum 
alloys, such as 6061. Aluminum alloys starting with a 6 
contain di-magnesium silicide (Mg,Si). The second digit 
indicates modifications of the original alloy or impurity 
limits. The last two digits designate different aluminum 
alloys within the category indicated by the first digit. 

In the 6000 series, the 6061 and 6063 alloys are a 
commonly used for antenna applications. Both types have 
good resistance to corrosion and medium strength. A 
further designation like T-6 denotes thermal treatment (heat 
tempering). More information on the available aluminum 
alloys can be found in Table 4 


SELECTING ALUMINUM TUBING 


‘Table 5 shows the standard sizes of aluminum tubing 
that are stocked by most aluminum suppliers or distributors 
in the United States and Canada, Note that all tubing comes, 
in 12-foot lengths (local hardware stores sometimes stock 
6- and 8-foot lengths) and larger-diameter sizes may be 
available in lengths up to 24 feet. Note also that any 
diameter tubing will fit snugly into the next larger size, 
if the larger size has a 0.058-inch wall thickness. For 
example, */s-inch tubing has an outside diameter of 0.625, 
inch. This will fit into Ys-inch tubing with a 0.058-inch 
wall, which has an inside diameter of 0.634 inch. 


ductile metal with a mass 


Table 4 
Aluminum Numbers for Amateur Use 
‘Common Alloy Numbers 


Type Characteristic 

2024 Good formability, high strength 

5052 Excellent surface finish, excellent corrosion 
resistance, normally not heat treatable for 
high strength 

6061 Good machinability, good weldability 

6063 Good machinability, good weldability 

7075 Good formability, high strength 
Common Tempers 

Type Characteristics 

TO Special soft condition 

13 Hard 

16 Hardest, possibly brittle 

TXXX Three digit tempers—usually specialized 
high strength heat treatments, similar toT6 
General Uses 

Type Uses 

2024-T3 Chassis boxes, antennas, anything that will 
be bent or 

7075-13 Flexed repeatedly 

6061-T6 Tubing and pipe; angle channel and bar 
stock 

6063-7832 Tubing and pipe; angle channel and bar 
stock 


‘A clearance of 0,009 inch is just right for a slip fit or for 
slotting the tubing and then using hose clamps. Always 
get the next larger size and specify a 0.058-inch wall to 
obtain the 0.009-inch clearance. 

‘A little figuring with Table 5 will give you all the 
information you need to build a beam, including what the 
antenna will weigh. The 6061-T6 type of aluminum has a 
relatively high strength and has good workability. It is 
resistant to corrosion and will bend without taking 


SOURCES FOR ALUMINUM 


Aluminum can be purchased new, and suppliers are 
listed in Chapter 21. But don’t overlook the local metal 
scrap yard. The price varies, but between 35 and 60 cents 
per pound is typical for scrap aluminum, Some aluminum 
items to look for include aluminum vaulting poles, tent 
poles, tubing and fittings from scrapped citizen’s band 
antennas, and aluminum angle stock. The scrap yard may 
en have a section or two of triangular aluminum tower. 

Aluminum vaulting poles are 12 or 14 feet long and 
range in diameter from Lf to I'/ inches, These pol 
are suitable for the center-element sections of large 


14-MHz beams or as booms for smaller antennas. Tent 
poles range in length from 2% to 4 feet. The tent poles are 
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Table 5 
Aluminum Tubing Sizes 
6061-T6 (61S-T6) Round Aluminum Tube In 12-Foot Lengths 


Wall Thickness Approximate Weight 


Tubing !D, Pounds Pounds 
Diameter Inches Stubs Ga. Inches Per Foot Per Length 
Yoein. 0.035 (#20) 0.117 0.019 0.228 
0.049 (#18) 0.089 0.025 0.830 
Yein, 0.035 (#20) 0.180 0.027 0.324 
0.049 (#18) 0.152 0.036 0.432 
0.058 (#17) 0.134 0.041 0.492 
Yocin, 0.085 (#20) 0.242 0.036 0.432 
0.049 (#18) 0.214 0.047 0.564 
0.058 (#17) 0.196 0.055 0.660 
Yein. 0.035 (#20) 0.305 0.043 0.516 
0.049 (#18) 0.277 0.060 0.720 
0.058 (#17) 0.259 0.068 0.816 
0.085 (#16) 0.245 0.074 0.888 
Yin, 0.035 (#20) 0.367 0.051 0.612 
0.049 (#18) 0.339 0.070 0.840 
0.085 (#16) 0.307 0.089 1.068 
‘iein. 0.028 (#22) 0.444 0.049 0.588 
0.035 (#20) 0.430 0.059 0.708 
0.049 (#18) 0.402. (0.082 0.984 
0.058 (#17) 0.984 0.095 1.040 
0.065 (#16) 0.370 0.107 1.284 
Yein. 0.028 (#22) 0.569 0.061 0.732 
0.035 (#20) 0.555 0.075 0.900 
0.049 (#18) 0.527 0.108 1.272 
0.058 (#17) 0.509 0.121. 1.452 
0.065 (#16) 0.495 0.137 1.644 
Yin. 0.035 (#20) 0.680 0.091 1.092 
0.049 (#18) 0.652 0.125 1.500 
0.058 (#17) 0.634 0.148 1.76 
0.065 (#16) 0.620 0.160 1.920 
0.083 (#14) 0.584 0.204 2.448 
ein. 0.035 (#20) 0.805 0.108 1.308 
0.049 (#18) 0.777 0.151 1.810 
0.058 (#17) (0.759 0.175 2.100 
0.065 (#16) 0.745 0.199 2.999 
Tin. 0.035 (#20) 0.930 0.123 1.476 
0.049 (#18) 0.902 0.170 2.040 
0.058 (#17) 0.884 0.202 2.424 
0.065 (#16) 0.870 0.220 2.640 


Wall Thickness Approximate Weight 


Tubing 1D, Pounds Pounds 
Diameter Inches Stubs Ga. Inches Per Foot Per Length 
0.083 (#14) 0.834 0.281 3.972 
(ein, 0.035 (#20) 1.055 0.139 1.668 
0.058 (#17) 1.009 0.228 2.736 
(Yin, 0.035 (#20) 1.180 0.155 1.860 
0.049 (#18) 1.152 0.210 2.520 
0.058 (#17) 1.134 0.256 3.072 
0.085 (#16) 1.120 0.284 3.408 
0.083 (#14) 1.084 0.357 4.284 
1ein, 0.035 (#20) 1.805 0.173 2.076 
0.058 (#17) 1.259 0.282 3.384 
1Yein, 0.035 (#20) 1.430 0.180 2.160 
0.049 (#18) 1.402 0.260 3.120 
0.058 (#17) 1.384 0.309 3.708 
0.085 (#16) 1.370 0.344 4.128 
0.083 (#14) 1.334 0.434 5.208 
*0.125 ‘isin. —-1:250 0.630 7.416 
70.250 vein. 1.000 1.150 14.832 
(ein, 0.035 (#20) 1.555 0.208 2.472 
0.058 (#17) 1.509 0.336 4.032 
1% in, 0.058 (#17) 1.834 0.363 4.356 
0.083 (#14) 1.584 0.510 6.120 
Vein, 0.058 (#17) 1.759 0.389 4.668 
Zin. 0.049 (#18) 1.902 0.350 4.200 
0.085 (#16) 1.870 0.450 5.400 
0.083 (#14) 1.834 0.590 7.080 
*0.125 ‘isin. 1.750 0.870 9.960 
*0.250 vein. 1.500 1.620 19.920 
Quin. 0.049 (#18) 2.152 0.398 4.776 
0.085 (#16) 2.120 0.520 6.240 
0.083 (#14) 2.084 0.660 7.920 
2Ysin. 0.085 (#16) 2.370 0.587 7.044 
0.083 (#14) 2.334 0.740 8.880 
*0.125 ‘sin. 2.250 1.100 12.720 
*0.250 ein. 2.000 2.080 25.440 
Bin. 0.065 (#18) 2.870 0.710 8.520 
*0.125 ‘isin. 2.700 1.330 18.600 
*0.250 Yin. 2.500 2540 31.200 


“These sizes are extruded. All other sizes are drawn tubes. 


usually tapered; they can be split on the larger end and 
then mated with the smaller end of another pole of the same 
diameter. A small stainless-steel hose clamp (sometimes, 
also available at scrap yards!) can be used to fasten the 
poles at this junction. A 14- or 21-MHz element can be 
constructed from several tent poles in this 
longer continuous piece of tubing is availabl 
used for the center section to decrease the number of 
junctions and clamps. 

Other aluminum scrap is sometimes available, such 
as US Army aluminum mast sections designated AB-85/ 
GRA-4 J&H Smith Mfg). These are 3 foot sections with 
a I'/s inch diameter. The ends are swaged so they can be 


it can be 
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assembled one into another. These are ideal for making a 
portable mast for a 144-MHz beam or for Field Day 
applications. 


CONSTRUCTION WITH ALUMINUM 
TUBING 


Most antennas built for frequencies of 14 MHz and 


above are made to be rotated. Constructing a rotatable 
antenna requires materials that are strong, lightweight and 
easy to obtain. The materials required to build a suitable 
antenna will vary, depending on many factors. Perhaps the 
‘most important factor that determines the type of hardware 
needed is the weather conditions normally encountered 


High winds usually don’t cause as much damage to an 
antenna as does ice, especially ice along with high winds. 
Aluminum element and boom sizes should be selected 
so the various sections of tubing will telescope to provide 
the necessary total length. 

‘The boom size for a rotatable Yagi or quad should be 
selected to provide stability to the entire system. The best 
diameter for the boom depends on several factors; most 
important are the element weight, number of elements and 
overall length. Tubing of 1-%-inch diameter can easily 
support three-element 28-MH7z arrays and perhaps a two- 
element 21-MHz system. A 2-inch diameter boom will be 
adequate for larger 28-MHY antennas or for harsh weather 
conditions, and for antennas up to three elements on 
14 MHz or four elements on 21 MHz. It is not 
recommended that 2-inch diameter booms be made any 
longer than 24 feet unless additional support is given to 
reduce both vertical and horizontal bending forces. 
Suitable rein-forcement for a long 2-inch boom can consist 
of a truss ora truss and lateral support, as shown in Fig 8. 

‘A boom length of 24 feet is about the point where a 
3-inch diameter begins to be very worthwhile. This 
dimension provides a considerable improvement in overall 
mechanical stability as well as increased clamping surface 
area for element hardware. Clamping surface area is, 
extremely important if heavy icing is common and rotation, 
of elements around the boom is to be avoided. Pinning an 
element to the boom with a large bolt helps in this regard. 
On smaller diameter booms, however, the elements 
sometimes work loose and tend to elongate the pinning, 
holes in both the element and the boom. After some time 
the elements shift their positions slightly (sometimes from 
day to day!) and give a rather ragged appearance to the 
system, even though this doesn’t generally harm the 


Fig 8—A long boom needs both vertical and horizontal 
‘support. The cross bar mounted above the boom can 
‘support a double truss to help keep the antenna in 
position. 


electrical performance. 

‘A 3-inch diameter boom with a wall thickness of 
0.065 inch is satisfactory for antennas up to about a five- 
element, 14-MHz array that is spaced on a 40-foot long 
s is recommended for any boom longer than 


There is no RF voltage at the center of a parasitic 
element, so no insulation is required in mounting elements 
that are centered on the boom (driven elements excepted). 
This is true whether the boom is metal or a nonconducting 
‘material. Metal booms have a small “shortening effect” on 
elements that run through them. With materials sizes 
commonly employed, this is not more than one percent of 
the element length, and may not be noticeable in many 
applications. Itis just perceptible with '/o-inch tubing booms 
used on 432 MHz, for example, Design-formula lengths can 
be used as given, if the matching is adjusted in the frequency 
range one expects to use. The center frequency of an all- 
‘metal array will tend to be 0.5 to 1 percent higher than a 
similar system built of wooden supporting members. 


Element Assembly 
While the maximum safe length of an antenna element 
depends to some extent on its diameter, the only laws that 
specify the minimum diameter of an element are the laws 
of nature. That is, the element must be rugged enough to 
survive whatever weather conditions it will encounter. 

Fig 9 shows tapered Yagi element designs that will 
survive winds in excess of 80 mi/h. With a 'Vs-inch thick- 
ness of radial ice, these designs will withstand winds up 
to approximately 60 mi/h. (Ice increases the wind area but 
does not increase the strength of the element.) More rugged 
designs are shown in Fig 10. With no ice loading, the 
elements will survive in 120-mifh winds, and in winds 
1g 85 mish with “inch of radial ice. If you lose an 
antenna made with elements like these, you'll have plenty 
of company among your neighbors with commercially 
‘made antennas! 

Figs 9 and 10 show only half elements. When the 
element is assembled, the largest size tubing for each 
element should be double the length shown in the drawing, 
with its center being the point of attachment to the boom. 
are somewhat conservative, in that they are 
self-resonant slightly below the frequency indicated for 
each design. Telescoping the outside end sections to shorter 
lengths for resonance will increase the survival wind 
ly, lengthening the outside end sections 


will reduce the survival wind speeds. [See Bibliography 
listing for David Leeson (WNL, ex-W6QHS) at the end 
of this chapter. 

Fig 11 shows sevei 


I methods of fastening antenna 
ther. The slot and hose clamp 
‘method shown in Fig ITA is probably the best for joints 
where adjustments are required. Generally, one adjustable 
joint per element half is sufficient to tune the antenna. 
Stainless-steel hose clamps (beware—some “stainles 


Antenna Materials and Accessories 20-9 


se or (eect 
Sr ow 
9588) mime 


Fig 9—Half-element designs for Yagi antennas. The 
other side of the element is Identical, and the center 
section should be a single piece twice as long as the 
Iength shown here for the largest diameter section. Use 
0.058-in.-wall aluminum tubing throughout. Broken 
lines indicate double tubing thickness, where one tube 
is inserted into another. The overlap insertion depth 
into a tube two sizes larger, where shown, should be at 


i least two inches. Maximum survival wind speeds 
oy oF without ice are shown adjacent to each design; values 
estenmiar enclosed in parentheses are survival speeds for ‘4 inch 
of radial ice. 
Ce SF 
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ie . Aprox Fig 10—A more rugged 
sw te oa Leng schedule of taper 
28 itz i 1 proportions for Yagi half- 
ye se" iz co elements than Fig 9. See 


the Fig 9 caption for 
details. Table 5 gives 


soprox details of aluminum tubing 
oe tanath sizes. 
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Fig 11—Methods of connecting telescoping tubing 
sections to build beam elements. See text for a 
discussion of each method. 


‘models do not have a stainless screw and will rust) 
are recommended for longest antenna life, Table 6 shows 
available hose-clamp sizes. 

Figs 11B, 11C and 11D show possible fastening 
‘methods for joints that do not require adjustment. At B, 
‘machine screws and nuts hold the elements in place. AtC, 
sheet metal screws are used. At, rivets secure the tubing. 
If the antenna is to be assembled permanently, rivets are 
the best choice. Once in place, they are permanent. They 
will never work free, regardless of vibration or wind. If 
aluminum rivets with aluminum mandrels are used, they 
will never rust. In addition, there is no danger of dissimilar- 


‘metal corrosion with aluminum rivets and aluminum 
antenna elements. If the antenna is to be disassembled and 
‘moved periodically, either B or C will work. If machine 
screws are used, however, take all possible precautions to 
keep the nuts from vibrating free. Use lock washers, lock 
nuts and flexible sealant such as silicone bathtub 
to keep the hardware in place. 

Very strong elements can be made by using a double 
thickness of tubing, made by telescoping one size inside 
another for the total length. This is usually done at the 
center of an element where more element strength is 
desired at at the boom support point, as in the 14-MHz 
element in Fig 10. Other materials can be used as well, 
such as wood dowels, fiberglass rods, and so forth 

In each case where a smaller diameter length of 
tubing is telescoped inside a larger diameter one, it's a 
200d idea to coat the inside of the joint with Penetrox or 
a similar substance to ensure a good electrical bond. 
Antenna elements have a tendency to vibrate when they 
are mounted on a tower, and one way to dampen the 
vibrations is by running a piece of clothesline rope through 
the length of the element. Cap or tape the end of the element 
to secure the clothesline. If mechanical requirements 
dictate (a U-bolt going through the center of the element, 


slant 


Table 6 
Hose-Clamp Diameters 


Clamp Diameter (In.) 
Size No. Min Max 
06 he on 
08 he 1 
10 "e 1"e 
12 he 1s 
16 a 1" 
20 "hy tls 
24 Vie 2 
28 1h 2s 
32 1% 2 
36 te De 
40 2 3 
44 he SNe 
43 2 BN 
52 2h Be 
56 3M 4 
64 3M 4s 
72 4 5 
80 42 Bile 
88 5's 6 
96 Se Bile 
104 6s 7 


for instan 


the clothesline may be cut into two pieces. 

Antennas for 50 MHz need not have elements larger 
than '/s-inch diameter, although up to I inch is used 
occasionally. At 144 and 220 MHz the elements are usually 
Ys to '/ inch in diameter. For 420 MHz, elements as small 


as ‘Vis inch diameter work well, if made of stiff rod 
Aluminum welding rod of ‘fs to ‘Vs inch diameter is fine 
for 420-MHz arrays, and '/s inch or larger is good for the 
220-MHz band. Aluminum rod or hard-drawn wire works 
well at 144 MHz 

Tubing sizes recommended in the paragraph above 
are usable with most formula dimensions for VHF/UHF 
antennas. Larger diameters broaden the frequency 
response: smaller ones sharpen it. Much smaller diameter 
than those recommended will require longer element 
especially in 50-MHz arrays. 


Element Taper and Electrical Length 

‘The builder should be aware of one important aspect 
of telescoping or tapered elements. When the element 
diameters are tapered, as shown in Figs 9 and 10, the 
electrical length is not the same as it would be for a 
cylindrical element of the same total length. Length 
corrections for tapered elements are discussed in Chapter 2. 
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Other Materials for Antenna Construction 


Wood is very useful in antenna work. It is available 
in a great variety of shapes and sizes. Rug poles of wood 
or bamboo make fine booms. Bamboo is quite satisfactory 
for spreaders in quad antennas. 

Round wood stock (doweling) is found in many 
hardware stores in sizes suitable for small arrays. Wood is 
good for the framework of multibay arrays for the higher 
bands, as it keeps down the amount of metal in the active 
area of the array. Square or rectangular boom and frame 
materials can be cut to order in most lumber yards if they 


are not available from the racks in suitable sizes. 


Wood used for antenna construction should be well 
seasoned and free of knots or damage. Available materials 
vary, depending on local sources. Your lumber dealer can 
help you better than anyone else in choosing suitable 
materials. Joining wood members at right angles can be 
done with gusset plates, as shown in Fig 12. These can be 
made of thin outdoor-grade plywood or Masonite. Round 
‘materials can be handled in ways similar to those used with 
‘metal components, with U clamps and with other hardware. 

In the early days of Amateur Radio, hardwood was 
used as insulating material for antennas, such as at the 
snter and ends of dipoles, or for the center insulator of 
a driven element made of tubing. Wood dowels cut to 
length we 
moisture and prevent the subsequent absorption of 
moisture into the wood, it was treated before use by 
boiling it in paraffin. Of course today’s technology has 
produced superior materials for insulators in terms of both 
strength and insulating qualities. However, the technique 
is worth consideration in an emergency situation or if 
low cost is a prime requirement. “Baking” the wood in 
an oven for a short period at 200° F should drive out any 
moisture. Then treatment as described in the next 
paragraph should prevent moisture absorption. The use 
of wood insulators should be avoided at high-voltage 
points if high power is being used 

All wood used in outdoor installations should be 
protected from the weather with varnish or paint. A good 
grade of marine spar varnish or polyurethane varnish will 
offer protection for years in mild climates, and one or 
‘more seasons in harsh climates. Epoxy-based paints also 
offer good protection 


¢ the most common source. To drive out 


Plastics 


Plastic tubing and rods of various sizes are available 
from many building-supplies stores. The uses for the 
available plastic materials are limited only by your 
imagination, Some amateurs have built beam antennas 
for VHF using wire elements run inside thin PVC 
plumbing pipe. The pipe gives the elements a certain 
amount of physical strength. Other hams have built 
temporary antennas by wrapping plastic pipe with 
aluminum foil or other conductive material. Plastic 
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Fig 12—Wood members can be joined at right angles 


Satna guesoh plates 
4 a 
) as 


Fig 13—Plastic plumbing parts can be used as antenna 
center and end insulators. 


plumbing pipe fittings can also be used to enclose baluns 
and as the center insulator or end insulators of a dipole, 
as shown in Fig 13. Plastic or Teflon rod can be used as 
the core of a loading coil for a mobile antenna (Fig 14) 
but the material for this use should be selected carefully. 
Some plastics become quite warm in the presence of a 
strong RF field, and the loading-coil core might melt or 
catch fire! 


Fiberglass 

Fiberglass poles are the preferred material for 
spreaders for quad antennas. They are lightweight, they 
withstand harsh weather well, and their insulating 
qualities are excellent. One disadvantage of fiberglass 
poles is that they may be crushed rather easily. Fracturing, 
‘occurs at the point where the pole is crushed, causing it 
to lose its strength. A crushed pole is next to worthless. 
Some amateurs have repaired crushed poles with 
fiberglass cloth and epoxy, but the original strength is 


Fig 14—A mobile-antenna loading coil wound on a 
polystyrene rod. 


nearly impossible to regain. 

Fiberglass poles can also be used to construct other 
types of antennas. Examples are helically wound Yagi 
elements or verticals, where a wire is wound around the 
pole. 


CONCLUSION 


The antenna should be put together with good 


8 ste 


quality hardware. Stain is best for long life, Rust 
will quickly attack plated steel hardware, making nuts, 
difficult, if not impossible, to remove. If stainless-steel 
‘muffler clamps and hose clamps are not available, the next 
best thing is to have them plated. If you can’t have them 
plated, at least paint them with a good zine-chromate 
primer and a finish coat or two. 

Galvanized steel generally has a longer life than 
plated steel, but this depends on the thickness of the 
galvanizing coat. Even so, in harsh climates rust will 
usually develop on galvanized fittings in a few years. For 
the ultimate in long-term protection, galvanized steel 
should be further protected with zinc-chromate primer and 
then paint or enamel before exposing it to the weather. 

Good quality hardware is expensive initially, but if 
you do it right the first time, you won't have to take the 
antenna down in a few years and replace the hardware. 
‘When the time does come to repair or modify the antenna, 
nothing is more frustrating than fighting rusty hardware 
at the top of the tower, 

Basically any conductive material can be used as the 
radiating element of an antenna. Almost any insulating 
‘material can be used as an antenna insulator. The materials, 
used for antenna construction are limited mainly by 
physical considerations (required strength and resistance 
to outdoor exposure) and by the availability of materials. 
Don’t be afraid to experiment with radiating materials and 
insulators. 
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Aer : 


Antenna Products 
Suppliers 


Antenna Manufacturers Products 


Finding parts can be the most difficult aspect of an 
antenna project. Suppliers of aluminum exist in most 
‘major metropolitan areas. They can be found in the Yel- 
low Pages of the phone book. Some careful searching of 
the Yellow Pages may also reveal sources of other mate- 
rials and accessories. If you live away from a metropoli- 
tan area, try using telephone books for the nearest large 
‘metropolitan area: they may be available in the reference 


section of your local library. 

‘Many dealers and distributors will ship their prod- 
ucts by freight or by mail. Tables 1 through 7 list several 
categories of antenna products and some suppliers of 
them. Company names have been abbreviated where nec. 
essary. Table 8 is an address list arranged alphabetically 
by company name. 

Product lines change often; we recommend that you 


Table 1 
VHE/UHE/Microwave Antenna Suppliers 

Hisatacrt[ Yond | ead] Toon Yaad | Varia | Webae [TAT | Mironave [iat] Saar 
at Spa 7 

aad z 

Toner Z z z 

ToT v7 z z 
mer 7 

Sewn [7 z Z z z 
Tonaine | TOR 

To 7 z 
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Antenna Products Suppl 


Desolder Braid 


An alternative to a pump is to use desoldering braid which arrives in small 
dispenser reels. It’s a flux-impregnated fine copper braid which is applied to the molten 
joint, and the solder is then drawn up into the wick by capillary action. It’s remarkably 
effective and for certain tasks, it can be more thorough than a pump. I recommend that a 
small reel is bought (start with 1.5mm width) for the toolbox, to tackle larger or difficult 
joints which would take several attempts with a pump. 


A Desolder braid is also handy and can sometimes be more effective than a 
desolder pump. It comes in various widths to suit the scale of work being tackled. 


To use desolder braid, press the end of the braid down onto the joint using the tip of 
an iron, and let the solder melt underneath: the braid will then absorb the solder. The braid 
becomes hot so beware of burns. Once the solder’s solidified on the braid, cut it off and 
discard. 
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request current catalogs from those manufacturers who 
interest you. In addition, all indications of sales policies 
and prices for catalogs are given for general information 


‘only and are subject to change without notice. 


in Chapter 17. 


Antenna products for repeaters are listed separately, 


Table 2 


HF Antenna Suppliers 
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Table 3 
Antenna Parts 


Mieahare [ania shine | Tp | Akins [Wi Tra 


TGS 
Hear CTE 
Tea z 
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Table 4 

‘Suppliers of Quad Antenna Parts 

Company Material Size 

Cubex Co,, Inc, 1'/«"%sin. x 13 f; in. x 13 ft cast 
spiders, boom-to-mast mounts. 

Lightning Bolt Custom-made fiberglass spreaders; 


any length 

Max-Gain Quad spreaders; fiberglass insulators. 
‘Systems, Inc. 

Table 6 

Transmission Lines 

Source Coax | Hardline] Ladder Lino| 

Belden Z Z 

Cable XParis Zz Zz Zz 

international Wire & Cable | 7 

Nemal Z Z 

The Radio Works Zz Zz Z 

wiic Zz 

WaINN. Zz 

The Wireman Z Z Zz 
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ler : 


Table 5 
‘Towers, Masts and Accessories 
Towers 

Aluma 

Champion Radio 

Greate Design 

Force 12 

Glen Martin Engineering 

Heights Tower 

Hy-Gain (MF) 

National Tower 

RadioShack (masts only) 

Rohn 

Rotating Tower Systems 

Tashjjan Towers Corporation 

Texas Tower 

Trylon 

Universal Manufacturing 

US Tower 


Climbing and Safety Equipment 
Champion Radio Products, 
ONV 

Texas Towers 

Rotators 

Create Design 

Hy-Gain (MFA) 

Me 

RadioShack 

‘The Rotor Doctor 

Yaesu 


Stacking Frames 
(Unless otherwise noted these frames 
are for use in stacking the 
manufacturer's own antennas in pairs 
or in quads. These stacking kits are 
for VHF or UHF antennas only.) 

Cai 

Cusheraft 

Down East 

ux 

Spectrum International 

Combiners, Power Dividers and 
Phasing Harnesses 

Byers, 

Cai 

Down East 

Spectrum International 

Tonna 
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Table 7 
‘Transmission Line Instruments and Accessories 
Matching Networks Filters—TVI (Low Pass & High Pass) Switches (Remote, Coax) 
Ameritron K-Com Amertron 
Barker & Williamson Med MF 
Cubex Light 
ightning Arresters SWR and Wattmeters 
ICOM (mobile & fixes) ‘Alpha Delia ‘utek 
Kenwood Ameritron Bird 
MF Comet ‘Coaxial Dynamics 
Nye ‘Cushcraft MFJ 
sco Hy-Gain (MFJ) Nye 
Ten-Tec Polyphaser Palomar 
‘Texas Radio (mobile only) Radioware AF Parts 
Vectronics Rohn ‘Texas Radio 
XMatch The Wireman 
Ferrite Cores and Rods Zoro Surge Ine 
‘Amidon Switches (Manual, Coax) 
Palomar ‘Apna Delta 
The Wireman Barker & Williamson 
MFI 
Table 8 


Suppliers Addresses 
We have made every effort to ensure that this lst is complete and accurate as of mid 2003. The ARRL takes no 
responsibilty for errors or omissions. Similarly, a listing here does not represent an endorsement of a manufacturer 
or products by the ARRL. Refer to the product reviews in QST for descriptions of particular products that interest you. 
‘To the best of our knowledge the suppliers listed are willing to sell products to amateurs by mail unless indicated 
otherwise. This listing will be updated with each edition of The Antenna Book and The ARAL Handbook in the 
TISFIND manufacturer database. Check ads in QST and other Amateur Radio publications for any changes to this, 
information. Suppliers who wish to be listed or update their information are urged to contact the editors. 


& 


‘Advanced Composites ‘Alexander Aeroplane Co ‘Amerivon Division Array Solutions 
‘isa $.300 W PO Box 503 1p Wilow Road Ra 
Salt Laie City, UT #4101 Gaifin. GA 30226 Stare, MS 39750 
01-67-1208 800-831-2049; 404-229.2029 652-928821T (Tech) 
fae 801-467-4967 fax 662-923.6551 
emai ‘Alan Broadband Company a 
info@advancedcomposites.com (Zap Checker) lameritron@amerion.com 
Se hech Steet Web wirw-amerivon com 
‘Advanced Spaciaties eawood City, CA 94062 tamentron 
114 Eosex Street Usa [ASA Antenna Sales 
Logi, NJ 07648 ‘Te 888-969-9627 (orders) ‘Amidon Associates, In. Po won 346! 
usa 50.389-9627 {S10 E. Edinger Avenue, Unit Myre Beach, SC 29578 
“elt 800-926-9426 Fax: 650-369-9788 Santa Ana GA 92705, 800-772-268 
Emailadvanspec@aolcom Email ABCom@prodigynet 800.898.1883: 714-547-4404 
Ritpuladvancedspectreeyeliow. hitpilmu.alanaroadbend-com/ fax 714-547-4433 Associated Radio 
com! e-mail sales@amidon. Communeations 
‘Alpha Deka Communications Induetve.com 8012 Conger 
‘AEA—Dwv. Tempo Research -—PO Box 620 web wer amidon Overtana Park, KS 65206 
Corporation Manchester, KY 40962 Inductve;com” ‘S88-381-s000 800-407-1457 
$221 Lberty Way 605-508-2020 fax 919-648-9020, 
Vista, CA 92083, fax 606-598-4419 Antonnaco Ine femal aesocradits net 
760-596-9677 102 Armary Road web ww. associatedradia.com 
fax 760-598-4208 ‘Aluma Tower Co, ne PO Box 218 
E-mail tempo@inetworl.com PO Box 2806-AL, Mord NH 03055-0218 ‘Austin Amateur Rasio Supply 
‘web wn aeawirelesscom Vere Beach, FL 32961-2808 803-679-3159 5810 Cammaron Rosa 
Tiese7 3423 fax 605:673:4367 Rustin, TX 78728 
ast fae 772.567 3432 ‘300-433-2604: §12-454.2006 
432 Boulevard Dauphinot email ato-\@alumatowercom Allen Telecom Group fox 512-454-9069, 
F-51100 Reims, France ‘re wanwalumatowercom’ Anfenna Specialists Mobile 
123-226 070047) Index hi Bivsion [Austin Antenna, Lis 
fax 939 926 029 654 30500 Bruce Industrial Parkway 10 Main st 
f-mal Antennes-t@wanadooe Amateur Electronic Supply Cleveland, OM 44130-3095" Gore NH o38ao 
‘veb weft com S710 W Good Hope Ra Usa 6og-a96-6000 
Miwaueo, WI 52203, ‘440-249-2400 fax 609-295-1756 
200-558-0811 fax 440-260-2404 
‘web vw. aesham.com! web wiv antenna com! 
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‘Autok Research Inc: Comet Antenna Dressler Hochirequenztechrik 
PO Box 7556 2335 Larkin Drive Suite #6 Sconce ec) 
Wesley Chapel, FL 92544 ‘Wheeting, 1 60090-72 Werther Strasse 14-16 
313-994-2109 800-828-9240 orders only) Commu WeS190 Stalberg 
femal '847-520-2008 (Tech. Info.) ‘ade Stata Stroct Gomary 
Malbox@autekresearch.com fay BAT-S20-0468 Migvalo, UT 84047 
web www-autekresearch com’ — ermalleap@eablexperts.com 801-567-9044, DX Engineering 
Inox ni ‘web worwcablexperts.com!” fax 801-567-0404 Poa 440 
mall bebwocd@xmission com Peninsula, Ohio 44264 
Barker & Williamson Co CAL-AV Labs, Ine. Web ww comm-pute.cam! usa 
603 Cidco Fa $808 w. Gran oa, Ste. 116, Fax: 300-657-2168 
Cocos, FL, 32026 Tucson, AZ 85745 Communication Headquarters Inc. Em 
S21-689.2545 fiers 5832 Oleander Deve engineering@axengineering com 
fax 921-650-2545 ‘et 500-624-1200 Wilmington, NC 28409 np: www dxengineering com! 
email 385.815.0400 (orders only) S10'701-a8es 
{usterve@bwantennas.com Fay: §20-624-1811 800-688-0075 orders) DCO - Electronic Distributors 
web www.bwantennas com Ema nio@calav.com fax 910-452 989 (orders) Company 
‘ipl ca-av.com web worw.chgine.com! 1325 Mil Steet 
Bary Electronics Corp Vienna, VA'22180 
S540 Brosdvay Cardvell Condenser Corp Communications Data Corp ——708:388-8105, 
‘New York NY. 10012 0 East Montauk Fy. 1051 Main St fax 703-938-5911 
212-925-7000 Lindenhurst, NY 11787 Stoceph Mi 49085 femal web wow slecsist com! 
fax 212-925-7001 516-957-7200 250-082-0404 ‘dex him! 
fax $16-987-7200 fax 269-982-0493 
Bolden Wire & Cable ‘web nnv.cardwellcondensercom e-mail maitordig@gtm.net EUR.AM Antennas 
PO Box 1960 PO Box 225 
Richmond, IN 47374 GATS. Comicico Industries Ine Moultonbore, NH 03254-0225 
517-980-8257 Formerly known as: Rotor Doctor 50? Michell Ra eos-e7estta 
fax 317-985-5057 ‘368 SH 108, Glendale Heights iL 60130 fax 603-476-5113 
wee wiwwbelden.com Pembervila, OH 49450 500'534-4602. 768-7790-9894 small info@eut-am.com 
419-989-2087 fax 708-798-9799, ‘web woru.suram.com 
Bencher Ine foe 419-996-7748 
831 North Central Avenue ‘mal malio-caig@rotordoc.com Create EZHang, in, 
Wood Dale 6019" ‘eb se roterdoc com {£6 Asano-Cho ‘3645 Tower Dr 
30-238-1 183 iawasah ku Codec 
fax 690-238-1106 -Comm Kawasaki, Japan Laurel, mb 20723 
femal bencher@benchercom —§115 15th NW. as (339) eed ‘el 540-286-0176 
web wirw bencher com Seatte, WA 98107 fax 044 (353) 6598 Fx: 202-260-3797 
26-78-7097, 800-426-6528 ‘mail email@ce-corp.com —_‘itpulwww.ezhang.com 
ial Company fax 206-786-0581 
137 Manchester Dr Cuber co. Fuidmotion Incorporated 
a Florissant, CO 81816 o3i 228 Hibiscus St, #9 135 255td Place Se 
e ‘719-687-0850 1401 K Street NW Suite 990 Jupiter FL 33458, Iesaquan, WA 98027 
‘web wwisctonentennas.com! Washington OC 20008 see7ae-2a90 425-496-0200; 800-885-8700 
(00) 284-5197 fax 861-748-2831 fox 425-991-8081 
Bird Electronics Corporation fay (208) 362-8481 mail CubexCo@aol.com mall sales@steppir.com 
130803 Aurore A email into@Cslusa.com Wwe wirw.cubex.com’ ‘web www-steppiccom! 
Solon, OH 44139 ‘nab ven eS com 
ag6-c0s-4569 Corpeverhim! Cusheratt Corp Fiytecratt 
femal sales@bics- ‘2 Pormeter Ra PO Bor sit 
fechrologies.com Centurion International Manchester. NH 03108 ‘Simi Valley, CA 93003, 
web wiw-birdelectronic.com’ PQ) Box 82846 608-627-7877 805:583-8178 
Uipcatn, NE 68501-2846 ‘mall sales@cusherattcom 
Brian Beezley, KESTI 402-467-4603, Wwe wn cusnerat com Force 12 
‘3592 Linda Vista De fax 800-248-2625 PO Box 1349, 
‘San Marcos, CA 92069, Dave's Hobby Shop Paso Robles, CA 93447 
19-s00.4962 champion Radio Products 600 Main st 300:248-1985 
femal KSst@n2net Bor 572 Van Buren, AK 72056 '305.227-1880 (Tech) 
Woosinvite, WA 98072 USA fax 808-227-1688 
Burghardt Amateur Center, Inc. 425-485-7013, Tot: 470-471-0750 email 
‘710 10tn Street SW 206-800-4188 Cell Phone Webwirmdaveswebshop.com maifaforca!2e@lightink.com 
PO Box 73 fax 260-688-1447 web force taine.com 
Watertown, SO 57201 email championradio@aolcom Davis RF Co 
200-927-456) ‘rab womw-championragiocom!” See Racioware (dstibutor) GAP Antenna Products 
605-886-7314 (Service) PO ox 730 
505-886-6014 (Faxcback Coasial Dynamics Carlisle, MA 01741 
product info), 15210 Industrial Parkway S7e-s7i-1356 
x 605-286-3448 Cloveland, One 44135-8008 978-360-1738 Email: contact@gapantenna.com 
mal burghart@daknet.com —B00-260'8405, 200-308-4779 (Orders only) webwww.gapantenna.com 
web ww burghart fax 216-267-9142 fax 78 369.3484, 
Sarees mall cd-eales@coaxialcom email davisrine@aalcom Gam Quad Products Lid 
‘nab w.coaxia com wweb ww davisF.com PO Box 201 
Butternut Electonics Co home. rameshim Boissevain, MB_ROK O&O 
‘See Borcher Ine Diamond Antennas Canada 
‘Comet North America tne. ‘See RF Parts 2orsacre 
ayers Chassis Kits ‘S80 Waras Corner Road fx 204-534-5492 
3120 Harmony Grove Road Suto 190, Down East Microwave email 
Bover, PA I7S15 Gincionat, Ohio, 45140 950 RIsI9 ‘malto:gomquad@escape.ca 
717-300-4901 Sr3.891-S000 Frenchiown, NJ 08825 ‘eb wav escape cal~gomquad! 
(6p-9p EST MF Ga-dp Sat) fax 519-831-7280, 908-096-3588 
747-202-4901 (24 hrs) email fax 908.996.3702 
|ne@CometNortnAmerics.com Web downeastmicrowave.com 


‘ab rurcometnorinameries com! 
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GLAS ystems 
PO Box 425, 

Caddo Mile, 7X 75198 
Soeseraiaa 

‘00-$88-2841 

fax 214-961-2005 

web wir lexasbugeatcher. com! 


Grove Enterprises Ine 
POBox ae 

Brasstown, NC 22902 
800-438-8155 (orders) 
706-897-9200 (BAS) 

fax 704-897-2316 

mall nade@grove.net 
web win grove-ent.comv 


Ham Radio Outlet 
41702. Camelback Ra 
Phoenix, AZ 85015, 

‘web wn hamradio.com! 
So0-s4e-4799 id Atlantic 
800-444-9476 Mount 
800-444-0047 New England 
800-644-4476 Norte: 
800-844-7027 Southeast 
800-854-6046 West, 


‘The Ham Station 
220 North Futon Avenue 

PO Box 6522 

Evanavile, IN 47719-0522 
800-720-4373 (orders) 
812-422-0001 (Tech) 
312-422-0052 (Service) 

fax 812-422-4959 

mal sales@hamstaton com 
web wrw-hamstation.com! 


Hamtronics, Ine 
650 Mou Re 

& Hiton, NY 14463 
7r6-902-0490 
fax 716-902-9420 

wee wivw.namtonics.com 


Hamware de 
Int Klaus Bemmerer 

Tel: 049 4971 860145 

mal service@hamware.de 
Web wirw hamwrare de 

US: Dilon RF Systems, 
mal dilonel@mtaontine.net 


Heights Tower Systems: 
1529 Gul Beach Hwy 
Pensacola FL 32507 
850-455-1210, 

fax 850-456-4355 

mal info@neightstowers.com 
web www neightstowers com! 


H-0 Antennas 
21085 Cielo Vista Way 
Wildomar, CA 92595, 

bos-era- ane 

fax 909-248-2091 

{mal sales@higantennas.com 
web wa higantonnas com! 


High Sierra Antennas 


Box 2380, 
‘Nevada City, cA 95059 
6-273-3445; 530-273-3815 


fax §30.272-7561 
‘email heath@hsantennas.com 
‘web wu heantennas.com 


Hustler Antennas, 
See Now Tronics Antenna Corp, 
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800-647-1800 (Sales) 
(862-323-0358 (Tech) 
fax 062:329-6551, 
web wuwhy-gain.com’ 


Icom America, inc. 
2380 116% Ave, NE. Suite S 
Bellevue, Wa 98008 

Usa’ 

‘el: 00 872.4266 

Favs 425 454-1500 

‘Web wwnticomamerica.com 


Industrial Communications 
Engineers (CE) 

‘ray Soluions 

280 Gora Ra 

Sunnyvale, 1X 75182 
372.203.2008. 800-423-2686 
fax 072-200-8811 

eal wx0b@arraysoltions.com 
‘web wariceradioproducis cam 


XX Equipment, Lid 
Powox® 

‘Oak Lavin, 60458 
‘708-422-0808 

fax 708-423-1601 
‘web wai com! 


Intemational Radio 
13620 Tyee Road 

Umpqua, OF 97485 
‘541-499-5829 GAN-IPM PDT, 
‘use Sat 

fae 541-459-5692 

ermal invad@rosenetnet 
‘web wath convinad 


Kenwood USA Corporation 
43975 Jahns Creek Court, 
‘ute 00 


KOXG Systems 
M117 Highland Park Drive 
Bettondor, 52722 
Usa 

‘elrsea 355-7481 

Email KOXG@ KOXG.com 
‘Web wor KOxg.com 


Kilo-Tee 
POBox 10 
Gakiew, CA 99022 
Sos-e4e sees 


K-com 
POBox 82 

Randolph OH 44265 

oes 2n10 

fax 290-225-2595 

emai kecom@werldnet.at net 
‘en wav ccomfiters com 
hhowioget.asp 


Lakeview Co Ine 
‘5620-9 Whatehall Rd 
‘Anderson, SC 29628 
(at) 226-6900 

Te (864) 225-4565 
‘web vo. namatick.com 


Larson Electronics, Ine 
‘See FadialLarsen 


L0G Electronics 
1448 Parran load 

St Leonard, MD 20685 
177-290-2008 To Free Orders 
'210:586-2177 Tech Support 
fax 410-500-0475, 

‘mall ig@idgelectronics.com 
Web won idgelectroics.com 


Lemti Communications| 
21 Carte St 

NNowington, CT 05111 
0-566-6297 

100-856-0908 (outside CT) 

fax 860-867-2561 

‘email acho@lenticomm.com 
\web wir letinicomm com 


Foy Lewallen, W7EL 
Polder 850 
Beaverton, OR 97007 
508-546-9885, 
fax 809-671-9048 

‘mall w7el@eznec.com 
\webwirweznec.com 


Lightning Bott Antennas 
BB 92,81 19 
Volant PA 16158 
724-530-7396, 
fax 726-500-6798 

‘mall Ibaquads@zrain.com 
web 
‘wolghtringboiantennas com! 


Me antenna Systems ne 
4202 N. Solana 

Fresno CA, 99722 
559-490-0873, 

fax 959-482-2059 

eal wyati@m2ine.com 
wwe wirwmaine.com” 


WACOM, Ine 
(an AMP Company) 

011 Pawtucket va 
POBox 2298 

Lowel, MA 01259-2298 
508-442-4500 

fax 908-442-4496 

‘mall sales@macom.com 
\web wira-amp.com 


Maldol USA 
A711 NE Sth St 

Seattle, WA 98105 

nswerax 206 525-1896 

fax 208-508-7828 
‘emallranstec@cyberquestcom 


Gion Marin Engineering 
13620 Old Highway 40, 
Boonville, MO 65239 
0-882-5724; 800-486-1223 
fax 660-882-7200 

web wir alenmartincom 


‘The Mast Company. 
omy Pollek KATMC 

P.O. Box 1932 

Raleigh, NC 27602 
Emas-katmed@aelcom 
htpulwovcgeocties.comtmastco! 


MoM Electonics 
150 Congress Park Or 
Centorvite, OH 45459-4072 
00543-4820 

fax 800-765-6960 

web wiramem.com 


Memphis Amateur Electronics 
1485 Wells Station Re 
Memphis, TN 38108, 
‘0T-683-9125; 800-298-6168 
fax 001-682-7165, 


Metal ang Gable Corp ne 
9241 Ravenna Road, Unit C-10 
POBox t17, 

Twinsburg, OH 44087 
430-425-8455, 

fax 290-425-3504 

‘we wivw.metabeabie.com! 


imfjeustserv@mjenterprises.com 
‘eb wor mijenterprises.com! 


GS (a Gain Syste, 
BS tance Slat 
Naveta, Se soe 205 
Sra e28 oto Pu 
SE) as-7700 

tml nin@mgatcom 
‘ears sos 


Michigan Radio 
26014 Grovebeck Huy 

‘Waren, ti 48089 
Biorriarty 

‘200-TRU-HAMM (200-872-4266) 
Orders only 

310-771-4712 (Service) 

fax 810-771-6048 

web www michiganradio com 


Miage Cormmurictions 
116 Wilow Rosa 
Stare, MS 39759 
eeo-aza-80e7 

fax 662-029-6551 

wee voww.mrageamp com 


James Mile Electronics 
POBox 42158V 

‘Andover, MA 01810-4215, 
orears2rnt 

fax 078-474-8049 

{mal into@amesmillenco.com 
‘web ww amesmilenco.com! 
‘milen mma tm 


Mosiey Etctronics 
1525 Stylo Master Drive 

Union, MO 62086 

300-385-4016 (Orders) 
800-SMOSLEY (956-7539) 
314-904-7872 (Techrial 

fax 314-996-7873, 

web www mosey-electronics.com’ 


Mutt-band Antennas (riginally 
Spider Antennas) 

7531 Ownesmouth Avenue 
Suite S880 

Ganega Park. CA 91308 
pre) 

web www spiderantonna.com! 


Mut tech Industries, ne. (TH 
(formally Radio Swich) 

4 South Main Steet 

POBox 150 

Marlboro, Ny 07746-0159 

Boc-agt 2290; 722-431-0550 
732-482-6100, 

fax 792-400-6695 

{ermal mulitech@sprynet.com 

(web warw mult teoh-nustres.com 
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National RF Ine. 
17959 Engineer Road, Suite 102 
San Diago, GA S2tT? 

50 508-1019 

fax 858-571-5009 

wee wie. nationaet com’ 


atonal Tower Co 
PO don 5017 

‘Shawnee Mission, KS 6628 
‘00-762-5049; 912-888-8866 


No Companies—Comet 
‘Antenna 

{275 North Grove St 
Anaheim, CA 92806 
‘rrees0-as4t: 800-062-2611 
fox 714-690-7024 

‘web ww.cometantenna.com 
‘eb www natcommeroup.com! 


Nemal Electonics no. 
12240 NE tn Avenue 
North Miami FL 33161 
305-899-2954 205-849-0900 
ang-s22-2059 

fax 305-095-8178 

mal info@nemalcom 

wep wirw.nemal com 


New Tronics Antenna Corp. 
Huster 

‘iNewtronics Place 

Mineral Walle, TX 76067-9569 
877-994-0409 Sales 
940-825-1386 Service 

fax 040-228-1409 

e-mail sales@new-tronics.com 
‘web worw-new race com main 


say 

F ‘any Sete 

© TWEE com 
Sie 


Riverton, UT @4065 
Phonetax (801) 446-1426 
emal sales@nitany- 
Screntiie.com 

‘web www nitany-scienttc.com 


iim M, Nye Co 
PO Box 187? 

Pigst Aver. 1D 83855 
2oe-asa-17e2 

fax 208-448-1892 


Ocean State Electronics 
PO Box 1458 

6 induatal Dr 

Wester, RI 02eo1 
"101-808-3080; 200-066-6625 
fax 401-996-500. 

web wrw.cselectronics.com 


ONY Safety Bott Co. 
Box aoe 

Famsey, NJ 07445, 
200-248-5694; 201-907-2460 
fax 201-327-2462 


OptiBeam 
‘Thomas Schmengor DF280 
astatter Strate 27 

75179 Ptorzheim 

Tel/Fax 0040) 07231 /45 3153 
Ema nfo@optbeam de 


Wer , 


‘Optieam Nortnamerica 
‘Aray Soluions 

380 Giona Ra 

‘Sunnyvale, Tx75182 USA 

‘at 972-263-0810 

Fax: 972-200-8811 

Email wa0b@ arrysoltions.com 
Inp:iwewarraysolutions.com 


(Ovion now sold by ME 


Qutbacker Antenna Sales 
‘320 Geear Gien Circle 
Ghattanooga, IN37412 
615.809.2900 

fae 815-000-6596, 


Palomar Engineers 
PO Box 462222 
Escondido, CA 92066 
e1o.7a7 843 

fae 619-747-2046 


Radio City 
S63 County Re 

Mounds View, MIN $5112 
b12-786 4476; 800-426-2801, 
fax 612-780-6519, 

web winucadine.com 


Radio Engineers Techniron (soe 
ional RF nc) 


Radio Shack 
(Contact your local store) 


Radio Switch Corp 
See Mult ech Industries 


Radio Works 
POBox 8159 
Portsmouth, VA23703 
757-484-0140 
800-280-8327 (Orders) 


emallpalomar@compuserve.com fax 757-485-1873, 


‘eb wn pslomar-engineers com 


Palte, Ine. 
‘9676 N Looney Fe 
POBox 1106-1482 

Pigua, Ono 45355 

Usa 

‘el 997-773-6055 

Fax: 997-778-8008 

Ema Pastar@ernet.com 
‘pe palstarine comm 


Prilystran Ine 
51 Commerce Dr 
Montgomeryville, PA 18935 
215-d6e-66t! 

fax 215-962-7956 

web mie philstan com 


PolyPhaser Corp 
ads Park Place 

PO Box 9000, 

Minden, NY 89422-9000, 
02-783.2511 

foe 702-782-4476 

mall nto@palyphaser-com 
‘web waw-polyphasercom 


uicksliver Radio Products| 
S0tremont st. 

Meriden, CT 06850, 

Usa 


‘al jm@racioworks.com 
web radioworks com! 


Falbeam Antennas. Int! 
S688 Weet Aes Avenue 
Glendale, Az 85302 
'800'530-1913 (orders) 
602-991-9995 

{mall wa7ra@raibeam com 
\web wiv team com! 


F Parts Co 
1235 South Pace St 

San Marcos, CA 92060 
760-744-0700; 800-737-2787 
760-744-0780 (Tech) 

fax 760-744-1945; 888-744-1943, 
‘emallrp@rfpats.com 

\web wintfpars.com 


RFTEC Manufacturing 
256 Commeres Rd, Suite S17 
Peachtree, GA 30260 
Trost 325 

fax 770-502-9807 

web winwtee.com 


Roadrunner Resonator 
1880 Swanson, #420, 
Lake Havasu, AZ 86403 
520-489-7211 


ROHN industries, ne. 
PO Box 3000. 
Peoria IL 61656 


FadialiLarsen Antenna Technolo- 509.887-4800, 


ges 
S611 NE 112tm Avenue 
Vancouver, WA 98682 
{00-ANTENNA (200-268-3662) 
360.944-7851, 

FAX 360-944-7556 

fax 000-525-6749. 

mal nto@radiallarsen.com 
‘eb seradialiarsen com! 
‘etaultintm 


Radio Bookstore ( Racoware ) 
PO Box 209 

Rindge, NH 03461-0209 
603-209-8057 

'800-457-7375 (10am-pm EST) 
fax 603-299-6028 


fax 209-697-5612 
mall mall@rohnnet.com 
‘web w.rohnne. com 
Indexhim| 


oss Distributing Co 
78 South State 
Preston, 1D 83262 
o8-855.0890 

fax 208-252-0899 

web wvwrossdit.com 


Rotating Tower Sytems, Inc 
on 44 

Prosper, TX 75058 
bieba7-2560 


ermal radware@radio-ware.com Rotor Doctor 


‘eb vrradobooks.com! 


Radio Center USA 
1242 Howell 

N-Kansas City, MO 64118 
816-459-8892: 800-621-7323, 


See CATS. 


SGC Ine 
49737 SE 26 St 
Bellevue, Wa 98005, 
425-748-6310 

fae 425-746-6986 

‘ermal sge@sgcworld.com 
‘web vow sgeworia.com 


Shoestring Antennas 
PO Bor 495, 

Keyport WA 98345 
‘360-607-5909 

fax 260-607-8416 

mail jacksa@juno.com 
‘web warn. comishoesting! 


‘Sky-Pole Manufacturing, ne 
{082 Placentia Ave 

Costa Mesa, CA 92627 
‘540-540-506 

fae 249-508-5598 


Sommer Antennas 
PObor 710, 

Genova, FL 32782 
aor-sds.or4 

tae 407-949-2485 

ermal sommert@ix.netcom.com 
‘web vowsommerantennas com 


Spectrum intematonal, Inc 
POBox 1088 

Concord, MA 01742 
508-268-2145 

fe 808-262-7008 


Sp-Ro Manufacturing In. 
PD. Box 189 

‘Jonesborough, TN 37859, 

‘0-728. 7504 

423.919.1615 Tech Support 

fae 429-9122181 

‘email mato:contact@spiromig.com 
‘web woww.spromig.com! 


Surplus Sales of Nebraska 
$502 Jones St 

mana, NE 68102-9112 
fo2-346-4750 

800-244-4867 (Orders ony) 

tax 402-946-2990, 

‘ermal gennell@surpussales.com 
‘web wan surplussales com 


‘Tarheel Antennas 
‘13 Ola Honeyeutt Re 
Fuquay-Varina, NC 27256 
ova.52-8788 

fax 919552-4970 

‘emai tarheelantennas@aol.com 
‘web vot arheelantennas com! 


“Tashan Towers Corporation 
(used to be Tr-€x Towers) 
289 5 Highland Ave 
Sanger, CA 95057 
50-495-0207 
559.284.9707 Mobile 

fax 559-496-0587 

‘ermal tashian@MSN.com 
‘web ve karltahyan.com! 


“Telex Communications, Ine 
Hy-Gain (se0 MFI) 


Ten-Tee, Ine 
1185 Dolly Parton Parkway 
Sevierila, TN 37262 
bes4se 7172 
855-428-0354 (Repairs) 
fax 865-420-4480 

‘web vt tentee.com! 
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Ternadyre Goro 
POBors4202 

San Arto, 78285-4202 
Bio-sonaose 

fan 210-900-9004 

Erma tennasyn@aatnt 
wap ww ennagyne com 


Teri Software 
PO Box 277 


email 
Support@antennamodel.com 
‘web venwantennamodel.com 


Texas Radio Products 


Ave, Sut ¢ 
Plano. 178078 

ao0 272-9467 

972-422-7306 (Tech) 

fax $72.881-0776 

‘email sales@texastowers.com 
‘web wir texastowers.com™ 


.G.M.Communications 
121 Devon Street 

Stratford, Ontario, NSA 228 
Canada 

Ste-271-s028 

‘email gme@sympatico.ca 
‘web worn3.sympaico.catgme! 
Index htm! 


Tic General 
PO Bor = 1110 Aiport Ra 
‘Tht River Falls, WN'S5701 
dees i119 

fax 218-681-8509 


‘Timewave Technology, nc 

1025 Selby Ave, Sule 101 

StPaul, MN SS104 

Usa 

‘els 6s1-480-5000 
timewave.com 

itpziwwewtimewave.com 


Tratie Technology 
431 Jones Fil Road 

‘Ashby MA 01431-1801 
'386-890-SEAM (828-590-2326) 
978-388-7000, 

{978-386-7900 (same as voice) 


“eylon Manufacturing Co, id 
21 South Fld Or 

PO Bor 186 

Elmira, Ontario 

NGB 226 Canada 
‘519-600-5421 

fax 819-660-0012 

eal info@tryloncom 

‘aeb wanwiryioncomhome.2sp 


“Tucker Electronics and Computers 
1717 Reserve St. 

PO Bor ssiaig 

Garland, TX 75355-1419 
800-827-4642 (Test equipment 
‘he catalog requests) 
2ha-o48-8800 (4302) 

fax 214-240-5460, 

‘web ww tucker com! 


Unadila Antenna Manufacturing 
POBox zis 

‘Andover, MA 01810-4215 
oresrs zr 

78-475-7691 (Ortice) 

fax 978-474-8 

‘mal info@unadlila.com 
‘web vor unadila.com™ 


Universal Manufacturing Co 
148900 Groesbeck Huy 
inten Township, Mi 48036, 
810-469-2560 

fax 810-469.2066 


Universal Radio 
(6890 Americana 
Reynoldsburg, 
Usk 


) 
{§14-866.4267 (Technical into) 
Fax: 614-966-2099 

mall: dx@universal-radio.com 
Inipzdwnew.universatradio.com 


Us Tower Corp 
3220 Marcin St 

Visalia, CA 93201 
e0-7302438 

fax 850-799-7196 
‘wt won.ustower com 


Valor Enterprises 
Y211 Commerce Orive 
POBox 60" 

Piqua. OH 45956.0601 
‘510-778-0074, 800-549-2107 
fax 519-778-0250, 

‘eb wn valorantanna.com 


\Van Gorden Engineering 
POBox 242085 
South Eveid, OH 48121 


Van Valzan Co 
EW 111 Horseshoe Dr 
Batavia, 60st 9720 
708-406-0210 


ectronica 
2300 Industrial Park Rose 
‘Stari, MS 99759 
800-363-2022: 652-323-5800 
fe 662-922-6551 

‘ema jshurden@vecronics.com 
‘eb von. vecronice.com 


Xtatch 
Paul Schrader, NAXM 

"7001 Briscoe Lane 

Couisvle, KY 40228 

‘web itn. mylglou.com’ 


2x Towers 
214 Hurseane Hil Road 
Mason, NH 03048 
03-878. 1102 

fx 803-872-4200 
emallkebo@ketocmcom 
‘eb wav xtonera.com! 


wise—TV Evans 
115 Stratton Brook Ra 
‘Simsbury, CT 06070 

00-050 5570 

web pages prodigy come 


WaFF Antennas 
2300 Templaton Dr. 

Reading, CA 95002 

usa 

“elrs90-226-0446 

mall sales@buddipote.com 
‘iptww buddiole.com 


W7EG Vintage Manuals 
3800 Wayside Drive 
Bartenvile, OK 74006 
Usa 

‘els 800-807-6146 (orders) 
918-030-9754 

Email w7ig@eigen net 
‘npc ig.com 


WINN Antennas 
Po pox 383 

‘Mt Prospect, 60056 
Bardon ania 


Wacom Products 
Poaox 21145 

Waco, 1X 76702 
76849-4700 

mal sles@brx.com 


BOW, Inc 
PO Box 8547 

Saint Joseph, MO 64508 
USA 

Telre16-264.2601 

Email: WBOW@WBOW.com 


The Wireman no. 
261 Pitman Road 

Candrum, Sc 29356-0544 
300-727- WIRE (00-727-9473) 
Orders only 

‘364-895-4195 Technical 

fax 203-805-5817 

femal NEUG@earthink net 
web thewireman com! 


‘Yeosu U.S.A. (Vertex Standard) 
10900 Walter St. 

Cypress, CA ‘90880 
ARS27.7600 

email 
Smateurtech@vxstausa.com 
web win yaesu.comamateur) 
famateurhtm 


Yagisiress 
Kurt Andres, K7NV 

205 Wace Strect 

Minden, NV 80422 
"702-287-5200 

mal K7NV@contesting com 
web yapitese reeyellon.com! 


Zoro Surge ne 
944 State R12 

Preneniown, NJ 08825 
‘908-996-7700 

fax 908-996-7773 

email zerosurget @aol.com 
web wor zerosurge.com! 
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Antenna 
Supports 


A prime consideration in the selection of a support 
for an antenna is that of structural safety. Building regu- 
lations in many localities require that a permit be obtained. 
in advance of the erection of certain structures, often in- 
cluding antenna poles or towers. In general, loca 
having such requirements also have building safe 
that must be observed. Such regulations may govern the 
method and materials used in construction of, for ex- 
ample, a self-supporting tower. Checking with your local 
government building department before putting up a tower 
may save a good deal of difficulty later, because a tower 
would have to be taken down or modified if not approved 
by the building inspector on safety grounds. 

Municipalities have the right and duty to enforce any 
reasonable regulations having to do with the safety of 
life or property. The courts generally have recognized, 
however, that municipal authority does not extend to 
aesthetic questions. The fact that someone may object to 
the mere presence of a pole, tower or other antenna struc~ 
lure because in his opinion it detracts from the beauty of 
the neighborhood is not grounds for refusing to issue a 
permit for a safe structure to be erected. Since the intro- 
duction of PRB-1 (federal preemption of unnecessarily 
restrictive antenna ordinances), this principle has been 
borne out in many courts. Permission for erecting ama- 
teur towers is more easily obtained than in the recent past, 
because of this legislation. 

Even where local regulations do not exist or are not 
enforced, the amateur should be careful to select a lov 
tion and a type of support that contribute as much safety 
as possible to the installation. If collapse occurs, the 
chances of personal injury or property damage should be 
minimized by careful choice of design and erection meth- 
ods. A single injury can be far more costly than the price 


ties 
codes 


of a more rugged support, in terms of both monetary loss 
and damage to the public respect for amateur radio. 

This chapter has been reviewed and rewritten by Kurt 
Andress, KTNV. 


TREES AS ANTENNA SUPPORTS 


From the beginning of Amateur Radio, trees have been 
used widely for supporting wire antennas. Trees cost noth- 


Fig 1A method of counter weighting to minimize 
antenna movement and avoid its breaking from tree 
movement in the wind. The antenna may be lowered 
without climbing the tree by removing the counter- 
weight and tying additional rope at the bottom end of 
the halyard. Excess rope may be left at the counter- 
weight for this purpose, as the knot at the lower end of 
the halyard will not pass through the pulley. 
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ing to use, and often provide a means of supporting a wi 
‘antenna at considerable height. As antenna supports, trees 
are unstable in the presence of wind, except in the case of 
very large trees used to support antennas well down from 
the top branches. As a result, tree-supported antennas must 
be constructed much more sturdily than is ne 
stable supports. Even with rugged construction, 
unlikely that an antenna suspended from a tree, or between 
. will stand up indefinitely. Occasional repair or 
replacement usually must be expected. 
‘There are two general methods of s 
to a tree. If the tree can be climbed safely to the desired 
level, a pulley can be attached to the trunk of the tree, as 
shown in Fig I. To clear the branches of the tree, the 
antenna end of the halyard can be tied temporarily to the 


tre 


curing a pulley 


tree at the pulley level. Then the remainder of the hal- 
yard is coiled up, and the coil thrown out horizontally 
from this level, in the direction in which the antenna runs. 
It may help to have the antenna end of the halyard 
weighted, 

After attaching the antenna to the halyard, the other 
end is untied from the tree, passed through the pulley, and 
brought to ground along the tree trunk in as straight a line 
as possible. The halyard need only be lon 
the ground after the antenna has been hauled up. (Addi- 
tional rope can be tied to the halyard when it becomes nec~ 
essary to lower the antenna.) 

‘The other method consists of passing a line over the 
tree from ground level, and using this line to haul a pul- 
ley up into the tree and hold it there. Several ingenious 
methods have been used to accomplish this. The simplest 
method employs a weighted pilot line, such as fishing 
line or mason’s chalk line. By grasping the line about 
two feet from the weight, the weight is swung back and 
forth, pendulum style, and then heaved with an under- 
hand motion in the direction of the treetop. 

Several trials may be necessary to determine the 
optimum size of the weight for the line selected, the dis- 
tance between the weight and the hand before throwing, 
and the point in the are of the swing where the line 
released. The weight, however, must be sufficiently large 
to carry the pilot line back to ground after passing over 
the tree. Flipping the end of the line up and down so as to 
put a traveling wave on the line often helps to induce the 
weight to drop down if the weight is marginal. The higher 
the tree, the lighter the weight and the pilot line must be. 
A glove should be worn on the throwing hand, becau 
line running swiftly through the bare hand can cause a 
severe burn. 

If there is a clear line of sight between ground and a 
particularly desirable crotch in the tree, it may eventu- 
ally be possible to hit the crotch after a sufficient number 
of tries. Otherwise, it is best to try to heave the pilot line 
as close to the centerline of the 
ary to retrieve the line and 


enough to reach 


tree as po 
start over again, the line should be drawn back very 
slowly; otherwise the swinging weight may wrap the line 
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around a small limb, making retrieval impossible. 

Stretching the line out straight on the ground before 
throwing may help to keep the line from snarling, but it 
places extra drag on the line, and the line may snag on 
obstructions overhanging the line when it is thrown, 
Another method is to make a stationary reel by driving 
ight nails, arranged in a circle, through a I-inch board. 
Alter winding the line around the circle formed by the 
nails, the line should reel off readily when the weighted 
end of the line is thrown, The board should be tilted at 
approximately right angles to the path of the throw. 

Other devices that have been used successfully to pass 
a pilot line over a tree are a bow and arrow with heavy 
thread tied to the arrow, and a short casting rod and spin- 
ning reel used by fishermen. The Wrist Rocket slingshot 
made from surgical rubber tubing and a metal frame has 
proved highly effective as an antenna-launching device. 
Still another method that has been used where sufficient 
space is available is flying a kite to sufficient altitude. 
walking around the tree until the kite string lines up with 
the center of the tree, and paying out string until the kite 
falls to the earth. This method can be used to pass a line 
‘over a patch of woods between two higher supports, which 
may be impossible using any other method. 

‘The pilot line can be used to pull successively heavier 
lines over the tree until one of adequate size to take the 
strain of the antenna has been reached. This line is then 
used to haul a pulley up into the tree after the antenna 
halyard has been threaded through the pulley. The line 
that holds the pulley must be capable of withstanding 
considerable chafing where it passes through the crotch, 
and at points where lower branches may rub against the 
standing part. For this reason, it may be advisable to use 
galvanized sash cord or stranded guy wire for raising the 
pulley. 

Larger lines or cables require special attention when 
they must be spliced to smaller lines. A splice that mini 
mizes the chances of coming undone when coaxed 
through the tree crotch must be used. One type of splice 
is shown in Fig 2 


ope 
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Fig 2—In connecting the halyard to the pilot line, a 
large knot that might snag in the crotch of a tree 
should be avoided, as shown. 


Fig 3—A weighted line thrown over the antenna can be 
Used to pull the antenna to one side of overhanging 
obstructions, such as tree branches, as the antenna is. 
pulled up. When the obstruction has been cleared, the 
line can be removed by releasing one end. 


‘The crotch in which the line first comes to rest may 
not be sufficiently strong to stand up under the tension of 
the antenna. If, however, the line has been passed over 
(or close to) the center line of the tree, it will usually 
break through the lighter crotches and come to rest in a 
stronger one lower in the tree. 

Needless to say, any of the suggested methods should 
bbe used with due respect to persons or property in the 
immediate vicinity. A child’s sponge-rubber ball (bas 
ball size) makes a safe weight for heaving a heavy thread 
line or fishing line. 

If the antenna wire snags in the lower branches of 
the tree when the wire is pulled up, or if other trees inter- 
fere with raising the antenna, a weighted line thrown over 
the antenna and slid to the appropriate point is often help- 
ful in pulling the antenna wire to one side to clear the 
interference as the antenna is being raised. This is shown 
in Fig 3. 


Wind Compensation 

‘The movement of an antenna suspended between sup- 
ports that are not stable in the wind can be reduced by the 
use of heavy springs, such as screen-door springs under 
tension, or by a counterweight at the end of one halyard, 
This is shown in Fig 1. The weight, which may be made 
up of junkyard metal, window sash weights, or a galva- 
nized pail filled with sand or stone, should be adjusted 
experimentally for best results under existing conditions 
Fig 4 shows a convenient way of fastening the counter- 
weight to the halyard. It eliminates the necessity for unty- 


ing a knot in the halyard, which may have hardened under 
tension and exposure to the weather. 


aeraye 
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Fig 4—The cleat eliminates the need to untie a knot 
that may be weather hardened. 


TREES AS SUPPORTS FOR VERTICAL 
WIRE ANTENNAS 


‘Trees can often be used to support ver 
as horizontal antennas. If the tree is tall and has over- 
hanging branches, the scheme of Fig 5 may be used. The 
top end of the antenna is secured to a halyard passed over 
the limb, brought back to ground level, and fastened to 
the trunk of the tree. 


al as well 


Fig 5—Counterweight for a vertical antenna suspended 
from an overhanging tree branch. 
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*” Desolder braid can also be used to remove excess solder, e.g. two i.c. pins 
shorted together. 


496666666666 
a. 


’* Press some desolder braid over the joint, then melt it with an iron to draw molten 
solder up the braid. 


MAST MATERIALS 
Where suitable trees are not available, or a more 
stable support is desired, light-duty guyed masts are suit- 
able for wire antennas of reasonable span length. At one 


lime, most amateur masts were constructed of lumber 
but the TV industry has brought out metal masts that are 
inexpensive and much more durable than wood. How- 


ever, there are some applications where wood is neces- 
sary or desirable. 


A Ladder Mast 

A temporary antenna support is sometimes needed 
for an antenna system for antenna testing, site selection, 
emergency exercises or Field Day. Ordinary aluminum 
extension ladders are ideal candidates for this 
‘They are strong, light, extendable, weatherproof 
ily transported. Additionally, they are readily available 


and can be returned to normal use once the project is con- 
cluded. A ladder tower will support a lightweight triband 
beam and rotator. 

With patience and ingenuity one person can erect 
this assembly. One of the biggest problems is holding the 
base down while “walking” the ladder to a vertical posi- 
tion, The ladder can be guyed with '/s-inch polypropy- 
lene rope. Rope guys are arranged in the standard fashion 
with three at each level. If help is available, the ladder 
can be walked up in its retracted position and extended 
after the antenna and rotator are attached. The lightweight 


pulley system on most extension ladders is not strong 
enough to lift the ladder extension. This mechanism must 
be replaced (or augmented) with a heavy-duty pulley and 
rope. Make sure when attaching the guy ropes that they 
do not foul the operation of the sliding upper section of 
the ladder. 

‘There is one hazard in this system that must be 
avoided: Do not climb or stand on the ladder when it is 
being extended—even as much as one rung. Never stand 
‘on the ladder and attempt to raise or lower the upper sec- 
tion, Do all the extending and retracting with the heavy- 
duty rope and pulley! 

If the ladder is to be raised by one person, use the 
following guidelines. First, make sure the rung-latching 


mechanism operates properly before beginning. ‘The base 
must be hinged so that it does not slip along the ground 
during erection. The guy ropes should be tied and posi- 
tioned in such a way that they serve as safety constraints 
in the event that control of the assembly is lost. Have 
available a device (such as another ladder) for support- 
ing the ladder during rest periods. (See Fig 6.) 

After the ladder is erect and the lower section guys 
tied and tightened, raise the upper portion one rung at a 


time. Do not raise the upper section higher than it is 


designed to go; safety is far more important than a 
extra feet of height 

For a temporary installation, finding suitable guy 
anchors can be an exercise in creativity. Fence posts, trees, 
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Fig 6—Walking the ladder up to its vertical position. 
Keith, VE2AQU, supports the mast with a second ladder 
while Chris, VE2FRJ, checks the ropes. (Photo by Keith 
Baker, VE2XL.) 


and heavy pipes are all possibilities. If nothing of suffi- 
cient strength is available, anchor posts or pipes can be 
driven into the soil. Sandy soil is the most difficult to work 
with because it does a very poor job of holding anchors. A 
discarded car axle can be driven into the ground as an 
anchor, as its mass and strength are substantial. chain 
and car-bumper jack can be used to remove the axle when 
the operation is done. 

‘Above all else, keep the tower and antenna away 
from power lines. Make sure that nothing can touch the 
lines if the assembly falls. Disassemble by reversing the 
process. Ladder towers are handy for “quickie” antenna 
supports, but as with any improvisation of support mate~ 
rials, care must be taken to ensure safe construction. 


‘The A-Frame Mast 


A light and relatively inexpensive mast is shown in 
Fig 7. In lengths up to 40 feet itis very easy to erect and 
will stand the pull of ordinary wire antenna systems. The 
lumber used is 2 x 2-inch straight-grained pine (which 
many lumber yards know as hemlock) or even fir stock, 
‘The uprights can be as long as 22 feet each (for a mast 
slightly over 40 feet high) and the cross pieces are cut to 
fit. Four pieces of 2 x 2 lumber, each 22 feet long, pro- 
vides more than enough. The only other materials required 
are five "f-inch carriage bolts 5'/2 inches long, a few 
spikes, about 300 feet of stranded or solid galvanized wire 
for guying, enough glazed porcelain compression (“egg”) 
insulators to break up the guys into sections, and the usual 
pulley and halyard rope. Ifthe strain insulators are put in 
every 20 feet, approximately 15 of them will be enough 
‘Afier selecting and purchasing the lumber—which 
should be straight-grained and knot-free—sawhorses or 
boxes should be set up and the mast assembled as shown 


in Fig 8. At this stage it is wise to give the mast a coat of 
primer and a coat of outside white latex paint 

After the coat of paint is dry, attach the guys and rig 
the pulley for the antenna halyard. The pulley anchor 
should be at the point where the top stays are attached so 
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Fig 7—The A-frame mast is lightweight and easily 
constructed and erected. 
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Fig 8—Method of assembling the A-frame mast on 
‘sawhorses. 
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the backstay will assume the greater part of the load ten- 
sion. It is better to use wire wrapped around the mast 
with a small through-bolt to prevent sliding down than to 
use eyebolts. 

If the mast is to stand on the ground, a couple of 
stakes should be driven to keep the bottom from slippi 
AL this point the mast may be “walked up” by a helper. If 
itis to go ona roof, first stand it up against the side of the 
building and then hoist it, from the roof, keeping it verti- 
cal. The whole assembly is light enough for two men to 
perform the complete operation—lifting the mast, carry- 
ing it to its permanent berth, and fastening the guys with 
the mast vertical. It is entirely practical to put up such a 
mast on a flat area of roof that would be too small to 
erect a regular tower installation, one that had to be raised 
vertically on the same spot 


TV Mast Material 


‘TV mast is available in 5- and 10-foot lengths. 
'/sinches diameter, in both steel and aluminum. These 
sections are crimped at one end to permit sections to be 
joined together. A form that is usually more convenient 
is the telescoping mast available from many electronic 
supply houses. The masts may be obtained with three, 
four or five 10-foot sections, and come complete with 
‘guying rings and a means of locking the sections in place 
after they have been extended. These masts are inherently 
more suitable for guyed mast installations than the non- 
telescoping type because the diameters of the sections 
increase toward the bottom of the mast. For instance, the 
top section of a 50-foot mast is 1°/s inches diameter, and 
the bottom section is 2'/s inches diameter. 

Guy rings are provided at 10-foot intervals, but guys 
may not be required at every point. Guying is essential at 
the top and at least one other place near the center of the 
mast. If the mast has any tendency to whip in the wind, 
or to bow under the load of a horizontal wire antenna, 
additional guys should be added at the appropriate points 


MAST GUYING 


‘Three guy wires in each set are usually adequate for 
a mast. These should be spaced equally round the mast. 
‘The required number of sets of guys depends on the height 
of the mast, its natural sturdiness (or stiffness). and the 
required antenna tension. A 30-foot-high mast usually 
requires two sets of guys, and a 50-foot mast needs at 
least three sets. One guy of the top set should be anchored 
toa point directly opposing the force exerted by the wire 
antenna. The other two guys of the same set should be 
spaced 120° with respect to the first, as shown in the 
inset in Fig 7. 

jenerally, the top guys should be anchored at dis- 
tances from the base of the mast at least 60% of the mast 
height. The distance of the guy anchors from the mast 
determines the guy loads and the vertical load compres: 
ing the mast. At a 60% distance, the load on the guy wire 
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opposite the wire antenna is approximately twice the 
antenna tension. The compression in the mast will be 1.66 
times the antenna tension. With the anchors out 80% of 
the mast height, the guy tension will be 1.6 times larger 
than the antenna load and the mast compression will be 
1.25 times larger. 

Whenever possible, the largest available anchor spac 
ing should be used. The additional compression on the 
mast, due to closer anchor spacing, increases the tendency 
of the mast to buckle. Buckling occurs when the com- 
pression on the unsupported spans between guys become 
too great for the unsupported length. The section then 
bows out laterally and will usually fold over, collapsing 
the mast. Additional sets of guys reduce the tendency for 
the mast to buckle under the compression by decreasing 
the unsupported span lengths and stabilizing the mast, 
keeping it in a straight line 

A natural phenomenon, called vortex shedding, can 
‘occur when the wind passes over the sections of a guyed 
mast. For every section size, shape, and length, there is a 
wind speed that can cause the sections to oscillate 
mechanically. When all the sections of an antenna sup- 
port mast are close to the same size and length, it is pos- 
sible for all of the mast sections to vibrate simultaneously 
between the guys. To reduce the potential for this, you 
can place the guys at locations along the mast that will 
result in different span lengths. This creates different me- 
chanical resonant frequencies for each span, eliminating 
the possibility of all sections oscillating at the same time. 

When determining the guy locations along the mast 
to treat this problem, you also need to consider the mast 
buckling requirements. Since the compression in the mast 
is greatest in the bottom span, and the least in the top 
span, the guys should be placed to make the bottom span 
the shortest and the top span the longest. A general guide 
for determining the different span lengths is to make the 
unguyed lengths change by 10 to 20%. 

Example: For a 30-foot high mast with three guy 
sets, the equal-guy locations would be every 10 feet. We 
can make the center span, 10 feet long, and then make 
the lower span 15% shorter and the top span 15% longer. 
While this is not an exact technical method to determine 
the best solution, the approach will create different 
mechanical resonant frequencies for the spans, with the 
span lengths approximately adjusted for the varying buck- 
ling requirements. 

You can eliminate electrical resonance from con- 
ductive guy materials that might cause distortion of the 
antenna radiation pattern by breaking each guy into non- 
resonant lengths using strain insulators (see Figs 9 and 
10). This subject is covered in detail later in this chapter. 


Guy Material 


When used within their safe load ratings, 


you may 


use any of the halyard materials listed in Chapter 20 for 
the mast guys. Nonmetallic materials have the advantage 
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Fig 9—Simple lever for twisting solid guy wires when 
attaching strain insulators. 


Fig 10—Stranded guy wire should be attached to strain 
Insulators by means of standard cable clamps made to 
fit the size of wire used. 


that there is no need to break them up into sections to 
avoid unwanted resonant interactions. All of these mate- 
rials are subject to stretching, however, which causes 
mechanical problems in permanent installations. At rated 
working loads, dry manila rope stretches about 5%, while 
nylon rope stretches about 20%. Usually, after a period 
of wind load and wet/dry cycles, the lines will become 
fairly stable and require less frequent adjustment. 

Solid galvanized steel wire is also widely used for 
guying. This wire has approximately twice the load rat- 
ings of similar sizes of copper-clad wire, but it is more 
susceptible to corrosion. Stranded galvanized wire sold 
for guying TV masts is also suitable for light-duty appli- 
cations, but is also susceptible to corrosion. It is prudent 
to inspect the guys every six months for signs of det 
ration or damage. 


Guy Anchors 

Figs 11 and 12 show two different kinds of guy 
anchors. In Fig 11, one or more pipes are driven into the 
ground at right angles to the guy wire. If a single pipe 
proves to be inadequate, another pipe can be added in 
tandem, as shown, and connected with a galvanized steel 
cable. Heavy-gauge galvanized pipe is preferred for 
ance. Steel fence posts may be used in 
the same manner. Fig 12 shows a dead-man type of 
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Fig 11—Driven guy anchors. One pipe is usually 
sufficient for a small mast. For added strength, a 
second pipe may be added, as shown. 


Fig 12—Buried dead-man guy anchor (see text). 


anchor. The buried anchor may consist of one or more 
pipes 5 or 6 feet long, or scrap automobile parts, such as 
bumpers or wheels. The anchors should be buried 3 or 
4 feet in the ground. The cable connecting the dead-man 
to the guys should be galvanized wire rope, like EHS guy 
cable. You should coat the buried part of the cable with 
roofing tar, and thoroughly dry it prior to burial to en- 
hance 


sistance to corrosion, 
Also available are some heavy auger-type anchors 
that 
heavier than required for guying a mast, although they 
may be more convenient to install. You should conduct 


ew into the earth. These anchors are usually 


annual inspections of the anchors by digging several 
inches below grade around the anchor to inspect for 

‘Trees and buildings may also be used as guy anchors 
if they are located appropriately. Care should be exer- 
cised, however, to make sure that the tree is of adequate 
size and that any fastening to a building can be made suf- 
ficiently secure 


GuyTension 
Many troubles encountered in mast guying are a 
result of pulling the guy wires too tight 


y-wire ten 


sion should never be more than necessary to correct for 


obvious bowing or movement under wind pressure. 


Approximately 10% to 15% of the working load is suff 
cient. In most cases, the tension needed does not require 
the use of turnbuckles, with the possible exception of the 
guy opposite a wire antenna. If any great difficulty is 
experienced in eliminating bowing from the mast, the guy 
tension should be reduced or additional sets of guys are 


required. The mast should be checked periodically, espe~ 
cially after large wind events, to ensure the guys and 
anchors have not stretched or moved, allowing the mast 
to get away from the required straight alignment. 


ERECTING A MAST OR OTHER 
SUPPORT 


Masts less than 30 feet high usually can be simply 
walked up after blocking the bottom end securely. Block- 
ing must be done so that the base can neither slip along 
the ground nor upend when the mast is raised. An assis~ 


tant should be stationed at each guy wire, and may help 

by pulling the proper guy wire as the mast nears the ve 

tical position. Halyards can be used in the same manner. 
As the mast is raised, it may be helpful to follow the 


underside of the mast with a scissors rest (Fig 13), should 
4 pause in the hoisting become necessary. The rest may 
also be used to assist in the raising if an assistant mans 
each leg, 


AS the mast nears the vertical position, those hold~ 
ing the guy wires should be ready to temporarily fasten 
the guys to prevent the mast from falling. The guys can 
then be adjusted until the mast is perfectly straight. 

For masts over 30 feet long, a gin pole of some form 


may be required, as shown in Fig 13. Several turns of 


Scissors 


es side Sway) 


Fig 13—Pulling on a gin line fastened slightly above the 
center point of the mast and on the halyards can assist 
in erecting a tall mast. The tensions should be just 
‘enough to keep the mast in as straight a line as 
possible. The “scissors” may be used to push on the 
under side and to serve as a rest if a pause in raising 
becomes necessary. 
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rope are wound around a point on the mast above center. 
‘The ends of the rope are then brought together and passed 
over a tree limb. The rope should be pulled as the mast is 
walked up to keep the mast from bending at the center. If 
tree is not available, a post, such as a 2 x 4, temporarily 
erected and guyed, can be used. After the mast has been 
erected, the assisting rope can be removed by walking 


Tower And Antenna Selection and Installa 


‘The selection of a tower, its height, and the type of 
antennas and rotator is probably one of the more com- 
plex issues faced by station builders. All aspects of the 
antenna, and rotator system are interrelated, and 
you should consider the overall system before making 
any decisions regarding specific system components. 

Perhaps the most important consideration for many 
amateurs is the effect of the antenna system on the sur- 


rounding environment. If plenty of space is available for 
‘tower installation and if there is little chance of causing 
esthetic distress on the part of family members or the 


neighbors, the amateur is indeed fortunate. Often, the 
primary considerations are purely financial. For most, 


however, the size of the property, the effect of the system 
on others, local ordinances, and the proximity of power 
lines and poles influence the selection of the tower! 


antenna system considerably. 

‘The amateur must consider the practical limitations 
for installation. Some points for consideration are given 
below: 


1) A tower should not be installed in a position where it 
could fall onto a neighbor's property. 

2) The antenna must be located in such a position that it 
cannot possibly tangle with power lines, either dur- 
ing normal operation or if the structure should fall 

3) Sufficient yard space must be available to position a 
guyed tower properly. The guy anchors should be 
between 60% and 80% of the tower height in distance 
from the base of the tower on level ground—sloping. 
terrain may require larger areas. 

4) Provisions must be made to keep children from climb- 


ing the support. (Poultry netting around the tower base 
will serve this need.) 

5) Local ordinances should be checked to determine if 
any legal restrictions affect the proposed installation. 


Other important considerations are (1) the total dol- 
lar amount to be invested, (2) the size and weight of the 
antenna desired, (3) the climate, and (4) the ability of the 
owner to climb a fixed tower. 

Most tower manufacturers provid 
packages that represent engineered tower configurations, 
‘These are provided as a convenience for users to help 
determine the most suitable tower configurations. The 


most commonly used design specifications for towers are 
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fone end around the mast (inside the guy wires) 

‘Telephone poles and towers are much sturdier sup- 
ports. Such supports may require no guying, but they are 
not often used solely for the support of wire antennas 
because of their relatively high cost. For antenna heights 
in excess of 50 feet, however, they are usually a most prac~ 
tical form of support. 


jon 


EIA (Electronic Industries Assoc.) RS-222 and UBC (Uni- 
form Building Code). These specifications define how the 
tower, antenna, and guy loads are determined and applied 
to the system, and establish general design criteria for 
the analysis of the tower. Local authorities often require 
the review and approval of the installation by a state 
+ (PE,) to obtain building 
in the United States do not 
subscribe to the same design standards, so often the manu- 
facturers’ general-purpos not applicable. 

One of the first things you need to determine in the 
tower selection process is the type of specification 
required by the local authorities, if any. Then, you must 
determine the Basic Wind Speed appropriate for the site. 
‘The Basic Wind Speed used in most specifications is the 
average wind speed for one mile of wind passing across 
the structure. It will be a lower value than the peak read- 
ings from an anemometer (wind gauge) installed at the 
site. For example, a Basic Wind Speed of 70 mph could 
have a maximum value of 80 mph and a minimum of 
‘60 mph, equally distributed during the passage of the mile 
of wind, Basic wind speeds can be found in tables or maps 
contained in the appropriate specifications. Often, the 
basic wind speed used for the location may be obtained 
from the local permit authority. Check out the Web site 
at www.championradio.com, which contains EIA basic 
wind speed tables for every county in the USA. UBC 
speeds are available at almost every local library. 

Antenna manufacturers also provide antenna data to 

ist in the selection process. Unfortunately, 
mechanical designs do not always follow the same 
design standards used for towers. Proper antenna selec- 
tion often means that you must determine the antenna 
surface areas yourself to avoid overloading the tower. 
More discussion about this follows later in this chapter. 

It is often very helpful to the novice tower installer 
to visit other local amateurs who have installed tow. 
Look over their hardware and ask questions. If possible, 
have a few local experienced amateurs look over your 
plans—before you commit yourself. They may be able to 
offer a great deal of help. If someone in your area is plan- 
ning to install a tower and antenna system, be sure to 
offer your assistance. There is no substitute for experi 
ence when it comes to tower work, and your experience 
there may prove invaluable to you later. 


licensed Professional Engin« 
permits. All local authorit 


THETOWER 


‘Towers for supporting antennas come in a variety of 
different types. Each type has its own set of benefits and 
limitations, or conditions and requirements. Often, you 
can choose a particular tower type by considering 
other than pure mechanical performance. Und 
how each type of tower functions, and what its respective 
requirements are, are the first steps in making the best 
tower selection for your own situation. 


Guyed Towers 


‘The most common variety of tower is the guyed 
tower made of identical stacked sections, supported by 
‘guy cables attached to ground anchors placed symmetri- 
cally around the tower. These towers are the most eco- 
nomical, in terms of feet per dollar investment, and are 
more efficient for carrying antenna loads than non-guyed 
towers. 

‘The guys resist the lateral loads on the system created 
by the wind. Since the guys slope down to the ground, 
horizontal loads due to the wind result in vertical loads 
applied to the tower at each tower/guy connection. The 
tower becomes a compression member, trying to resist 
the column compression generated by the guy reactions, 
A tower in compression can buckle, so the distance 
between guy connections along the tower is important. 


Tower Bases for Guyed Towers 

Another important phenomenon in a guyed tower is 
stretching of the guy cables, All guys stretch under load 
and when the wind blows the elongated guys allow the 
tower to lean over somewhat. If the tower base is buried 
in the concrete footing—as is commonly done in ama- 
teur installations—the bending stress at the tower base 
can become a significant factor. Towers that have been 
installed with tapered pier-pin bases much more freely 
absorb tower leaning, and they are far less sensitive to 
guy-elongation problems, 

‘The tapered pier-pin tower installation is not with- 
‘out some drawbacks. These installations often require 
torque-arm guy brackets or six-guy torque-arm assem- 
blies to control tower rotation due to antenna torque. They 
also require temporary guys when they are being installed 
to hold the base steady until the permanent guys are 
mounted. Some climbers also don’t like the flexing when 
they start to climb these types of towers. 

On the positive side, pier-pin base towers have all 
structural members above the conerete footing, eliminat- 
ing concerns about hidden corrosion that can occur with 
buried towers. Most decisions regarding the type of base 
installation are made according to the preference of the 
tower builder/maintainer. While either type of base con- 
figuration can be successfully used, you would be wis 
to do the stress calculations (or have a professional en; 
neer do them) to ensure safety, particularly when large 
antenna loads are contemplated and particularly if guys 


that can easily stretch are used, such as Phillystran guys. 

‘The configuration shown in Fig 14A is taken from 
an older (1983) Unarco-Rohn catalog. This configura- 
tion has the top set of guys placed at the top of the tower 
with the lower set halfway up the tower. This configura- 
tion is best for most amateur installations, which usually 
have the antennas mounted on a rotatable mast extending 


59" 3/18" os 


65" 3/18" en 


O) 


Fig 14—The proper method of installation of a quyed 
tower. At A, the method recommended for most amateur 
installations. At B, the method shown in later Rohn 
catalogs. This places considerable strain on the top 
‘section of the tower when large antennas are mounted 
on the tower. 
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‘out the top of the tower—thereby placing the maximum 
lateral Loads when the wind blows at the top of the tower 
(and the bottom of the rotating mast) 

‘The configuration shown in Fig 14B is from a newer 
(1998) Rohn catalog, It has 5 feet of unsupported tower 
extending above the top guy set. The lower guy set is 
approximately halfway between the top guys and the base. 
‘The newer configurations are tailored for commercial 
users who populate the top region of the tower with fixed 
arrays and/or dishes. The installation in Fig 14B cannot 
safely withstand the same amount of horizontal top load 
as can the configuration shown in Fig 14A, simply because 
the guys start farther down from the top of the tower. 

An overhead view of a guyed tower is given in 
ig 14C. Common practice is to use equal angular spa 
20° between guy wires. If you must deviate from 
this spacing, the engineering staff of the tower manufa 
turer or a civil engineer should be contacted for advice. 

Amateurs should understand that most catalogs show 
generic examples of tower configurations that work within 
the cited design specifications. They are by no means the 
only solution for any specific tower/antenna configura- 
tion, You can usually substantially change the load capa 
bility of any given tower by varying the size and number 
of guys. Station builders are encouraged to utilize the 
services of professional engineers to get the most out of 
their guyed towers. Those interested in more generic 
information about guyed tower behavior can find it at 
www.freeyellow.com/members3/yagistress/ 


ings of 


Unguyed Towers, 


Another commonly used ty 
mally guyed—these are usually referred to as freestand- 
ing or self-supporting towers. Unguyed towers come in 
three different styles. 

‘One style is comprised of stacked lengths of identi- 
cal tower sections, just like those used for guyed towers. 
‘The only difference is that no guys are used. Manufactur- 
ers provide the recommended configurations and allow- 
able loads for this type of installation in their catalogs. 
Unguyed towers are vastly less capable of supporting 
antenna loads than their guyed counterparts, but have great 
utility for light-duty applications —when configured within 


e of tower is not nor- 


varying from large sections at the base and tapering down 
to smaller sections at the top. This style is more much more 
efficient for freestanding applications, because the tower 
is sized for the varying bending loads along the tower 
length, and is shown in Fig 15. 

The third style of unguyed towers is commonly 
called a crank-up tower. It is a freestanding tower with 
telescoping sections that can be extended or retracted with 
a winch, cable, and pulley mechanism. This allows the 
tower to be raised and lowered for maintenance and 
antenna work. It is usually necessary to retract such tow- 
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Wind 


Fig 15—Typical 
freestanding 
(unguyed) tower. 
‘Arrows indicate the 
directions of the 
forces acting upon 
the structure. See 
text for discussion. 


Compression pitt 


ua =<! 


ers for moderate to heavy winds. Some consider this a 
disadvantage because they can't operate their antennas 
at full height when itis windy. Two different forms of the 
crank-up style, freestanding tower are shown in Fig 16. 
Fig 16A shows the tubular version; Fig 16B shows the 
triangular spa 

Some crank-up towers are used with guys and are 
only retracted for maintenance and antenna work. These 
towers are specially designed with locking mechanisms 
between the tower sections to carry the vertical compre: 
sion created by the guys. Do not use guys with normal 
crank-up towers (those that have no locking devices 
between sections)! The increased tower compression will 
be carried by the hoisting cable, which will eventually 
cause it to fail 

Never climb a crank-up tower unless it is properly 
nested, with all load removed from the hoisting cable. 
For general antenna work, this can be accomplished by 
completely retracting it until the cable becomes loos 
When servicing the rotator, the tower must be left par- 
tially extended. In this case every tower section must be 


Fig 16—Two examples of 
crank-up towers. 


blocked with heavy timber or thick-wall tubes, installed 
through the tower bracing, until all sections are resting on 
the blocks and the hoisting cable becomes slack. Safely 
installing the blocks in an extended crank-up tower can be 
challenging. The object is to get all the blocks installed 
without a climber having to scale the unblocked tower, risk- 
ing loss of limbs should the hoisting cable fail. An exten- 
sion ladder, capable of reaching the required block 
elevations is the safest approach. If the necessary equ 
ment or expertise is not available, the tower can be 
retracted, antennas removed, and leaned over, with the base 
mb} 


tilt-over the rota- 


before extending it to ac 


tor. Failure to properly block the tower before climbing 
can result in serious injury should the cable slip or break! 


All freestanding towers share some unique chara 
teristics. Each must support antenna and tower loads only 
by virtue of the bending strength of the tower sections 
and the tower footing connection to earth. Because of the 
large overturning moment at the tower base, freestand- 
ing towers require larger concrete footings than guyed 
towers. They are usually more expensive for the same 
load capability compared to guyed towers, simply because 
they require larger heavier tower sections and a larger 
footing to get the job done. The telescoping mechanisms 
in crank-up tower require more maintenance too. 


Fig 17—Fold-over or tilting base. There are several 
different kinds of hinged sections permitting different 
types of installation. Great care should be exercised 
when raising or lowering a tilting tower. 


Freestanding towers are quite popular, and are often 
the best solutions for sites with limited space and ascetic 
concerns. When cranked down, a telescoping tower can 
maintain a low-profile system, out of sight of the neigh- 
bors and family. 


Tilt-Over Towers 


Some towers have another convenience feature—a 
hinged section that permits the owner to fold over all or a 
portion of the tower. The primary benefit is in allowing 
antenna work to be done close to ground level, without 
the necessity of removing the antenna and lowering it for 
service. Fig 17 shows a hinged base used with stacked, 
‘guyed tower sections. The hinged section can be designed 
for portions of the tower above the base. These are usu- 
ally referred to as guyed tilt-over towers, where a con- 
ventional guyed tower can be tilted over for installing 
and servicing antennas. Many crank-up towers come with 
optional tilt-over base fixtures that are equipped with a 
winch and cable system for tilting the fully nested tower 
from horizontal to vertical positions. 

Misuse of hinged sections during tower erection is a 
dangerously common practice among radio amateurs. 
Unfortunately, these episodes can end in accidents. If you 
do not have a good grasp of the fundamentals of physics, 
it might be wise to avoid hinged towers or to consult an 
expert if there are any questions about safely installing 
and using such a tower. Its often far easier (and safer) to 
erect a regular guyed tower or self-supporting tower with 
gin pole and climbing belt than itis to try to walk up an 
unwieldy hinged tower. 
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‘The AB-577 Military Surplus Tower 
Another light duty tower has found acceptance among 
many amateurs. Available from assorted military surplus, 
dealers is the AB-577 system. This was designed to be a 
portable, rapid deployment antenna support for field com- 
munications. It is a guyed mast that goes up somewhat like 
acrank-up. The system consists of several short sections of 
aluminum tubing, with special end connections for joining 


Fig 18—Installation of surplus AB-577 
tower with tribander at 45 feet at K7NV. 
(Photo by Kurt Andress, K7NV) 


them, These can be erected from the base fixture, which has 
‘a.crank-up type winch-driven elevator platform. The tubing 
sections are installed in the base fixture and connected to 
the section above it with an over-center locking Marmon- 
style clamp. Then, the elevator platform is raised with the 
winch and the new tube is locked in place, high on the base 
fixture. Then the elevator is lowered to accept the next sec~ 
tion. While the tower is extended, the supporting guys are 
adjusted via the unique snubber assemblies at the anchor 
connection, One person can erect this system, even in windy 
conditions, when special care is given to keeping the guys 
properly adjusted during each extension. 

‘The standard AB-577 system, with 3 sets of guys, 
will support a modest triband Yagi at 45 feet. Fig 18A 
shows an installation with a Hy-Gain TH7DX at 45 feet. 


TOWER BASES 

‘Tower manufacturers can provide customers with de- 
tailed plans for properly constructing tower bases. Fig 19 
is an example of one such plan. This plan calls for a hole 
that is 34 x 34 x 6 feet. Steel reinforcement bars are 
lashed together and placed in the hole. The bars are posi- 
tioned so that they will be completely embedded in the 
concrete, yet will not contact any metallic object in the 
base itself. This is done to minimize the possibility of a 
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Fig 19—Plans for installing concrete base for Wilson 
ST-77B tower. Although the instructions and dimen- 
sions vary from tower to tower, this is representative of 
the type of concrete base specified by most manufac- 
turers. 


direct discharge path for lightning through the base. 
Should such a lightning discharge occur, the concrete base 
could be damaged. 

Providing suitable paths for the discharge of light- 
ning energy safely for towers is a complex subject. Several 
companies offer products and guidance. The basic 
requirements for providing controlled discharge paths for 
lightning-induced current is to supply a low-impedance 
grid of conductors from the tower and feed lines to a field 
of interconnected ground rods around the base of the 
tower. Generally, the tower, station, and electrical 
vice grounds need to be connected to prevent damaging 
potential differences from developing between the vari- 
‘ous components in the system. 

A strong wooden form is constructed around the top 
of the hole. The hole and the wooden form are filled with 
concrete so that the resultant block will be 4 inches above 
grade. The anchor bolts are embedded in the conere 
and aligned with the plywood template, before it hard- 
ens. The template serves to align the anchor bolts to prop- 
erly mate with the tower itself. Once the concrete has 
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Fig 20—Another example of a concrete base (Tri-Ex 
LM-470). 


cured, the tower base is installed on the anchor bolts and 
the base connection is adjusted to bring the tower into 
vertical alignment 

For a tower that bolts to a flat base plate mounted to 
the footing bolts (as shown in Fig 19), you can bolt the 
first tower section on the base plate to ensure that the 
bas 
to hold things exactly vertical while the conerete cures 
(The use of such temporary guys also works well when 
you place the first tower section in the base hole and 
plumb it vertically before pouring in the concrete.) Manu- 
facturers can provide specific, detailed instructions for 
the proper mounting procedure. Fig 20 shows a slightly 
different design for a tower base. 

‘The one assumption so far is that normal soil is pre- 
dominant in the area in which the tower is to be installed. 
Normal soil is a mixture of clay, loam, sand and small 
rocks. More conservative design parameters for the tower 
bas 
the soil is sandy, swampy or extremely rocky. If there are 
any doubts about the soil, the local agricultural exten- 


level and properly aligned. Use temporary guys 


should be adopted (usually, using more concrete) if 


sion office can usually provide specific technical infor- 
mation about the soil in a given area. When this 
information is in hand, contact the engineering depart- 
ment of the tower manufacturer or a civil engineer for 
specific recommendations with regard to compensating 
for any special soil characteristics. 


TOWER INSTALLATION 


‘The installation of a tower is not difficult when the 
proper techniques are used. A guyed tower, in particular, 
is not hard to erect, because each of the individual s 


tions is relatively lightweight and can be handled with 
only a few helpers and some good quality rope. 


The Gin Pole and Tips on Tower Building 


An essential piece of hardware for working on towers 
isa gin pole. This section came from the ARRL book Simple 
and Fun Antennas for Hams. The dictionary describes a gin 
pole as “a device for moving heavy objects.” See Fig 21 
which shows a drawing of the Rohn “Erection Fixture 
EF2545. This gin pole was designed to work with the nomi- 
nal 10-foot long sections of Rohn 25 or 45 towers. 

We're going to assume in the following discussion 
that you are installing Rohn 45, which weighs about 
70 pounds. This is a lot of weight, and you must refrain 
from adding to that during installation. ‘That means, for 
example, that you do not attempt to lift a 10-foot section 
with the guy wires attached! Neither should you attempt 
to lift the top section with the rotator and rotor shelf in- 
stalled. The gin pole (and your ground crew) will not ap- 
preciate all that strain. 

‘The main working part of the gin pole is the pulley 


Fig 21—Drawing of Rohn “Erection Fixture” EF2545, 
also known commonly as a “gin pole.” 
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™ Remove the braid immediately and don't drag “whiskers” of molten solder 
around. The excess solder is absorbed by the braid, which is snipped off ready for the next 
job. 

Be aware that you can damage a printed circuit board accidentally when removing 
the desolder braid if it’s not removed quickly enough. The solder will soon solidify, which 
effectively solders the braid to the printed circuit board! A careless tug may yank copper 
tracks or pads away from the board, stuck to the braid. You can also drag solder 
“whiskers” onto neighbouring pads unless the braid is removed cleanly. Why not practice 
using desolder braid with an old circuit board? 


Whichever desoldering method you use, care is needed to ensure that the boards and 
parts are not damaged by excessive heat. It’s not that difficult to apply so much heat when 
desoldering that the adhesive holding the copper foil tracks on the p.c.b. eventually fails, 
causing the copper track to lift away — everyone’s worst nightmare. 


mounted at the top of the 12-foot long heavy-wall alu 


num tubing. This pulley has a rope going down to the 
ground crew through the center of the aluminum tube. At 
the base of the tower, the pull rope should be run through 
a snatch block attached to the tower just above ground 
level. This block allows the pull rope to be pulled out 
horizontally away from the tower base. That helps pro- 
tect ground crew should a tool be dropped by the people 
on the tower. 

An adjustable, sliding clamp towards the bottom of 
the aluminum tubing is clamped to the tower using a 


swinging L-bracket-type clamp with two clamping bolts. 
‘These have T-bar handles that can be tightened by hand. 
In fact, this gin pole can be moved and deployed without 
any tools. The clamp is positioned on the top of the tower 
section onto which the next tower section is to be installed. 
‘Once clamped to the top of the tower, you would loosen 
the T-bar handle that tightens the clamp against the slid- 
ing aluminum tube and slide the tubing up to its ma 


mum extent. 

In practice, the following steps are taken as each 
10-foot section of tower is installed, one-by-one. We're 
assuming here that the gin pole starts out on the ground, 
with at least one person belted in at the top of the tower. 
We're also assuming that the pull rope has been threaded 
through the aluminum tube and the top pulley, with a knot 
tied to prevent it from falling back down the tube. 


1. The clamp holding the aluminum tubing is loosened 
so that the pulley on the tube can be lowered to whei 
it is just above the bottom clamp. Then the T-bar 
handle for the tube clamp is tightened, 

2. The climber lowers a tag rope for the ground crew to 


tie to the gin-pole pull rope. (This tag rope has been 
looped through a temporary pulley clipped to the top 
of the tower. It is also used to pull up tools and other 
materials.) The ground crew then pulls the gin pole 
up to the climber, using the tag line rope. Friction of 
the rope against the top of the pulley-head assembly 
will prevent the gin-pole assembly from slipping 
down. [Note that some climbers prefer to “walk” the 
gin-pole up the tower rather than having it pulled up 


from the ground below. They free up their hands for 
climbing and temporarily holding the gin pole by us- 
ing their belt lanyard looped around the tower as they 
climb.| 
3. Once the gin-pole head reaches the top of the tower, 
to the 


the climber clamps the gin pole clamp securely 
top of the tower. 

4. The T-bar handle for the tube clamp is loosened, and 

extended to its maximum height, 

as shown in Fig 21. Make sure you have tied the fr 

end of the rope coming through the top pulley tempo- 


the aluminum tube is 


rarily to the top of the tower, or else you'll have to 
lower the gin pole and go through this step again. 

5. The free end of the pulley rope is then dropped to the 
ground, often using a weight such as a medium Cre 
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cent wrench or perhaps a hammer to keep the rope 
from waving about as it dangles down the tower, tan- 
gling with every imaginable thing as it pro 
‘wards. I's amazing how even a tiny bre 
an unweighted rope dance like that. 
‘The ground crew then ties the free end of the rope 
above the balance point of the tower. For Rohn 25 or 
45 there are eight horizontal cross braces per section. 
You want the crew to tie the rope to the filth horizon- 
tal brace from the bottom. Please remember that you 
‘want the bottoms of the tower sections’ legs to be 
pointed downwards, not flipped over, when the bot- 
tom of these legs approach you at the top of the tower 
section the climber is standing on. 
Once the bottom of the rising tower section is just 
above the top of the legs of the bottom tower section, 
the climber guides the tower down onto the top of the 
three legs, while calling out to the ground crew in- 
structions about slowly lowering the new section down 
onto the legs. See Fig 22, which shows the climber 
guiding the new section of, 
Rohn HBX tower onto the 
previous section’s legs. 
This process is consider- 
ably easier to accomplish 
if cach section of tower 
has been put together on 
the ground to make sure 
that the legs fit together 
easily. There’s nothing 
more frustrating that try- 
ing to manually force-fit 
tower sections together at 
the top of a tower. 
It seems that freight 
companies don’t always 
handle heavy tower sec- 
tions very gently and legs 
easily get bent out of 
alignment. A careful in- 


staller numbers tower see- 
tions in the order they've gutding the new 
been test-fitted ogetheron section onto the top of 
the ground, marking them the existing one. The 
with alaundry marker pen, git pole attached to 
Witha laundry marKe! Pe? the fet eg is bearing 
‘ou should also spray 2 thewelgna as the 
small amount of WD-40— ¢limber gives verbal 
up inside mating tower 


instructions to the 
legs after test-assembling ground crew pulling on 
them to help prevent gall- 


freginpote ope, 

this to excess—WD-40 is 

slippery and messy when it runs out of the bottom of 
Another caution: Make sure before you start install- 

ing any tower that the correct ends of the bottom 


Fig 22—Climber is 


‘male” rather than “female 


section’s leg: are pointed 
upwards. A prominent amateur (who will go unnamed) 
had to have Rohn make and send him a special “gen- 
der-bender” flange to turn females into males 
he had installed the base upside-down in the concret 
base. You don’t want to do that. 

ection has been guided down onto 
the male ends, the six pinning bolts are inserted and 
tightened with nuts. Note that Rohn uses two differ- 
ent sized bolts, with the larger diameter one on the 
bottom. 

9. If this section of tower is one where guy wir 
be placed, they can be brought up using the gin pole 
rope and positioned on the tower. The maximum spa 
ing for Rohn 25 is 30 feet between guy-wi and 
40 feet for Rohn 45. Thirty feet of unguyed Rohn 25 
tower is wobbly, though safe. Many installers prefer 
to come down off the tower when setting guy-wire 

on, since they do not like to be on a wobbly tower 
when the ground crew is moving around yanking on 
guy wires. Many also greatly prefer working on Rohn 
45 tower, which is substantially more secure feeling 
and easier to stand on, with its legs 18 inches apart, 
while Rohn 25 legs are only 12 inches apart. 

10, Finally, you reposition the gin pole for the next s 
tion of tower. The T-bar at the clamp is loosened, the 
tube is dropped down to the level of the clamp, and 
the climber walks the gin pole up to the top of the 
section just installed and clamps it there, ready to pull 
up the next tower section, 


8. Once the new towe 


are to 


ten: 


Tower Safety 

One of the most important aspects of any tower 
installation project is the safety of all persons involved, 
.¢ Chapter I for details on important safety issues. The 
use of hard hats is highly recommended for all assistants 
helping from the ground. Helpers should always stand 
clear of the tower base to prevent being hit by a dropped 
tool or hardware. Each person working on the tower must 


use a good climber’s safety belt. 

When climbing the tower, if more than one person 
involved, one should climb into position before the 
other begins climbing. The same procedure is required 
for climbing down a tower after the job is completed. The 
purpose is to have the non-climbing person stand still so 
‘as not to drop any tools or objects on the climbing per- 


son, or unintentionally obstruct his movements. When two 
persons are working on top of a tower, only one should 
change position (unbelt and move) at a time. 

For most installations, a good-quality '/-inch diam- 
eter Manila hemp rope can adequately handle the 
workload for the hoisting tasks. The rope must be 
periodically inspected to assure that no tearing or chaf- 
ing has developed, and if the rope should get wet from 
rain, it should be hung out to dry at the first opportunity. 
‘The knots used for connecting hoisting lines and hard- 
ware are critical to executing any safe installation, and 
special attention should be given to this detail for any 
work party. 

Here is an important point regarding safety—the 
person who climbs the tower should be in charge of what 
happens with the ground crew. Not only does the pi 
on the tower have a better overall view of the situation 
below, but also any confusion on the ground can result in 
serious injury to the climber. 


GUY WIRES 


In typical guyed tower installations, guy wires may 
experience loads in excess of 1000 pounds. Since the guys 
are the primary means of carrying the horizontal wind 
loads, great care should be taken in their selection and 
installation 
Guys com 
tions. Normally, the tower manufacturer or professional 
engineer will specify the size and type of cable to be used. 
‘The most common type of cable used for tower guying is 
the EHS (Extra High Strength) galvanized steel cable. 
‘The EHS cables are very stiff and are the highest strength 


na variety of materials and construc- 


Cable Nominal Dia. Breaking 
Inches Strength 
Lbs 
She" 1 x 7 EHS. 0.188 3990 
i 1x 7 EHS. 0.250 6700 
HPTGS700 0.220 6700 
HPTG8000 0.290 8000 
She" 1 x 7 EHS. 0.313 11200 
HPTG11200 0.320 11200 
js" Fiberglass Rod 0.375 13000 


Weight Elongation %6Elongation 
Lbs/100° Inches/100" 
73 677 0.56% 
124 381 0.92% 
a4 1320 1.10% 
35 8.90 0.74% 
205 2.44 0.20% 
55 5.45 0.45% 
97 5.43 0.45% 


EHS steel cable information is taken from ASTM A 475-89, the industry standard specification for steel wire rope. 
The HPTG listings are for Phillystran aramid cables, and are based on the manufacturers’ data sheets. The elonga- 
tion (stretch) values are for 100 feet of cable with a 3000-pound load. 
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cables in the wire rope family. Other steel cables are made 
to be more flexible for running around pulleys. While 
these are easier to work with when assembling, they are 
not as strong as the EHS type, and should be avoided for 
tower guying. Non-conductive guys, such as Phillystran 
or pultruded fiberglass rod have become popula for eli 
nating resonant interaction with antennas. 

Do not attempt to use cheaper cables that don’t meet 
or exceed the criteria for those specified for your instal- 
lation, Using the wrong cable, or failing to install the cable 
properly can have disastrous results! Table 1 shows data 
for several cables commonly used for tower guying. It is 
important to note that the minimum breaking strength of 
the various cables are independent of their elongation 
(stretch) under load. 


Guy Cable Installation 


Figs 23 and 24 show methods for tensioning and 
safety wiring guy-wire turnbuckles. Fig 25 shows the tra- 


ditional method for fixing the end of a steel guy wire. A 
thimble is used to prevent the wire from breaking because 
of a sharp bend at the point of intersection. Convention: 
wisdom strongly recommends the use of thimbles that 
are at least one wire size larger than the cable to provide 
‘a more gentle wire bend radius. Three cable clamps fol- 
low to hold the wire securely. Be sure to follow the note 
in Fig 25 for which part of the clip bears against the live 
(loaded) cable. As a final backup measure, the individual 
strands of the free end are unraveled and wrapped around 
the guy wire. It is a lot of work, but it is necessary to 
censure a safe and permanent connection. 

Fig 26 shows the use of a device that replaces the 
clamps and twisted strands of wire. These devices are 
known as dead ends, preformed guy grips, ot Big Grips 
and are commonly used on electrical power poles. They 
are far more convenient to use than are clamps, and are 
the recommended method for terminating Phillystran and 


Fig 23—Proper tension can be placed on the guy wires 


with the aid of a block-and-tackle system. (Photo by 
KIWA) 
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Fig 24—A length of guy cable is used to assure that 
the turnbuckles remain in place after they are tight- 
ened. This procedure is an absolute requirement in 
guyed tower systems. (Photo by N4QX) 


pen Wire Rope Leave Approx. 14" Dead Coble 
TWimble (Ref) Be 


Fig 25—Traditional method for securing the end of a 
guy wire. 


Fig 26—Alternative method for attaching guy wires 
using dead ends. The dead end on the right is com- 
pletely assembled (the end of the guy wire extends 
beyond the grip for illustrative purposes). On the left, 
‘one side of the dead end is partially attached to the 
‘guy wire. In front, a thimble is used where a sharp 
bend might cause the guy wire or dead end to break. 


fiberglass-rod guys. When using the guy grips. 
imperative that the recommended end sleeves are installed 
over the free end of the grip to prevent ice and falling 
hardware from sliding down the guy and unraveling the 
grip connection to the guy. The guy wires must be cut to 
the proper length. The dead end of each wire is installed 
into the object to which the guy wire is being attached 
(use a thimble, if needed to eliminate sharp cable bends). 
‘One side of the dead end is then wrapped around the guy 
wire. The other side of the dead end follows. Using dead 
ends saves time and trouble, more than making up for 
their slightly higher cost. 

When using the non-conductive guy materials, it is 
highly recommended that a 25-foot length of EHS steel 
cable be used at the bottom for connection to the anchor. 
This serves a valuable purpose. The steel cable is more 
resistant to damage from ground activity and brush fires 
and itis the preferred material for measuring cable pr 
tension with commonly available devices 

Fig 27 shows two different methods for attaching guy 
wires to towers. At Fig 27, the guy wire is simply looped 
around the tower leg and terminated in the usual manner, 
At Fig 27B, a guy bracket, with torque arms has been 
added. Even if the torque arms are not required, it is pre- 
ferred to use the guy bracket to distribute the load from 
the tower/guy connection to all three tower legs, instead 
of just one. The torque bracket is more effective resisting 
torsional loads on the tower than the simpler installation. 
Rohn offers another guy attachment bracket, called a 
Torque Arm Assembly, that allows six guys to be connected 
between the bracket and anchors. This is by far the best 
method of stabilizing a tower against high torque loads, 
and is recommended for installations with large antennas, 

There are two types of commonly used guy anchors 
Fig 28A depicts an earth screw. These are usually 4 to 
6 feet long. The screw blade at the bottom typically mea- 
sures 6 to 8 inches diameter. Fig 28B illustrates two people 
installing the anchor. The shaft is tilted so that it will be in 
line with the mean angle of all the guys connecting to the 
anchor. Earth screws are suitable for use in normal soil 
where permitted by local building codes. Information about 
screw anchors is available from the manufacturers of the 
devices. Information from a supplier specializing in this 
type of anchor can be found at www.abchance.com. 

‘The alternative to earth screws is the concrete block 
anchor. Fig 28C shows the installation of this type of 
anchor; itis suitable for any soil condition, with the pos- 
sible exception of a bed of lava rock or coral. Consult the 
instructions from the manufacturer, or your tower 
designer, for the precise anchor configuration 

‘Turnbuckles and associated hardware are used to 
attach guy wires to anchors and to provide a convenient 
method for adjusting tension. Fig 29 shows a turnbuckle 
with a single guy wire attached to the eye of the anchor. 
Turnbuckles are usually fitted with either two eyes, or 
‘one eye and one jaw. The eyes are the oval ends, while 
the jaws are U-shaped with a bolt through each tip. 


tis 


Fig 27—Two methods of attaching guy wires to tower. 
See text for discussion. 


| 
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Fig 28—Two standard types of guy anchors. The earth 
‘screw shown at A is easy to install and widely available, 
but may not be suitable for use in certain soils. The 
concrete anchor Is more difficult to install properly, but 
it is sultable for use with a wide variety of soil condi- 
tions and will satisfy most building code requirements. 
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Fig 29—Variety of means available for attaching guy 
wires and turnbuckles to anchors. 


Fig 29B shows two turnbuckles attached to the eye of an 
anchor. The procedure for installation is to remove the 
bolt from the jaw, pass the jaw over the eye of the anchor 
and reinstall the bolt through the jaw, through the eye of 
the anchor and through the other side of the jaw. 

If two or more guy wires are attached to one anchor, 
equalizer plates should be installed (Fig 29C). In ad 
tion to providing a convenient point to attach the tum 
buckles, the plates pivot slightly to equalize the various 
guy loads and produce a single load applied to the 
anchor. Once the installation is complete, a safety wire 
should be passed through the turnbuckles in a figure-eight 
fashion to prevent the turnbuckles from turning and get- 
ting out of adjustment (Fig 29D), 

All guyed towers require the guys to be installed with 
‘tain amount of pre-tension, The tower manufacturer 
or designer specifies the required pre 


tension values, 
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which are usually 10% of the cable breaking strength. 
Pre-tension is ne. 

caused by the spiral wire construction and to eliminate 
excessive dynamic guy and tower motion under wind 


essary to eliminate looseness in the cable 


loading. The recommended method for adjusting the guys 
is to use a cable tension-measuring device such as the 
popular Loos Guy Wire Tensioner. The guy is gripped with 
a special clamp, such as the Klein Cable Grip, which is 
connected to the anchor below the eye (or equalizer plate) 
with a block and tackle arrangement (Fig 23) or a 
ratcheting come-along. Then the turnbuckle is adjusted 
to take up the load, the cable grip is released and the final 
guy tension is adjusted and checked. 

When you adjust the guys at each level, you should 
check the tower for vertical alignment and straightne 
This is often done with a transit from two ground points 
located 90° from each other. 


Resonance in Guy Wires 

If guy wires are resonant at or near the operating 
frequency, they can receive and reradiate RF energy. By 
behaving as parasitic elements, the guy wires may alter 
and thereby distort the radiation pattern of a nearby 


antenna. For low frequencies where a dipole or other simple 
antenna is used, this is generally of little orno consequence. 
But at the higher frequencies where a unidirectional 
antenna is installed, it is desirable to avoid pattern distor- 
tion if at all possible. The symptoms of re-radiating guy 


wires are usually a lower front to back ratio and a lower 
front to side ratio than the antenna is capable of produc~ 
ing. The gain of the antenna and the feed-point impedance 
will usually not be significantly affected, although some- 


times changes in SWR can be noted as the antenna is, 
rotated. (Of course other conductors in the vicinity of the 
antenna can also produce these same symptoms.) 

‘The amount of re-radiation from a guy wire depends 
on two factors—its resonant frequency, and the degree 


of coupling to the antenna, Resonant guy wires near the 
antenna will have a greater effect on performance than 
those that are farther away. Therefore, the upper portion 
of the top level of guy wires should warrant the most 
attention with horizontally polarized arrays. The lower 


guy Wires are usually closer to horizontal than the top 
lev 


but by virtue of their increased distance from the 
antenna, are not coupled as tightly to the antenna. 

‘To avoid resonance, the guys should be broken up 
by means of egg or strain insulators. Fig 30 shows wire 
lengths that fall within 10% of 's-A resonance (or a multi- 
ple of A) for all the HF amateur bands. Unfortunately, 
no single length greater than about 14 feet 
nance in all bands. If you operate just a few bands, you 
can locate greater lengths from Fig 30 that will avoid r 
nance. For example, if you operate only the 14-, 21- and 
24-MHz bands, guy wire lengths of 27 feet or 51 feet 
would be suitable, along with any length less than 16 feet. 


Guy Wee Length (Feat) 


Fig 30—The black bars indicate ungrounded guy wire lengths to avoid for the eight HF amateur bands. This chart 
is based on resonance within 10% of any frequency in the band. Grounded wires will exhibit resonance at odd 


multiples of a quarter wavelength. (By Jerry Hall, K1TD.) 


THE RIGHT TOWER FOR YOUR 
ANTENNA 


Most manufacturers rate their towers in terms of the 
maximum allowable antenna load that can safely be carried 
a a specific wind speed. Ensuring that the specific anten- 
nas you plan to install meet the tower's design criteria, 
however, may not always be a straightforward task. 

For most towers, the manufacturer assumes that the 


allowable antenna load is a horizontal force applied at 
the top of the tower. The allowable load represents a 
defined amount of exposed antenna area, at a specified 
wind velocity. Most tower manufacturers rate the load in 
terms of Flat Projected Area (FPA). This is simply the 
equivalent area of a flat rectangular surface at right angles 
to the wind. The FPA is not related to the actual shape of 
the antenna itself, only its rectangular projected area. 

Some manufacturers provide separate FPAs for antennas 


made from cylindrical sections and those made from rect 
angular sections. 

In the realm of antenna manufacturers, however, 
you may encounter another wind load rating called the 
Effective Projected Area (EPA). This attempts to take 
into account the actual shape of antenna elements, The 
problem is that there is no agreed-upon standard for the 
conversion from EPA to load numbers. Different manu- 


facturers may use different conversion factors. 
Since most tower manufacturers have provided FPA 


figures for their towers—allowing us in effect to ignore 
design-specification details—it would be easiest for us 
to work only with FPA values for our antennas. This would 
be fine, if indeed we had good FPA figures for the spe- 
cific antennas we plan to use! Unfortunately, FPAs are 
rarely specified for commercially built amateur antennas. 
Instead, most antenna manufacturers provide effective 
areas in their specification sheets. You may need to con- 
luct the antenna manufacturer directly for the FPA antenna 
area or for the antenna dimensions so that you can do 
your own FPA calculations. 


Determining Antenna Areas 

‘The method for determining the flat projected area 
of an antenna is quite simple. We'll use a Yagi antenna as 
an example. There are two Worst-case areas that should 
be considered here. The first is the FPA of all the ele- 
ments when the wind blows in the direction along the 


boom: that is, at right angles to the elements. The second 
FPA for a Yagi is when the wind is at right angles to the 
boom. One of these two orientations produces the worst- 
case exposed antenna area—all other wind angles present 
lower exposed areas. The idea is to take the highest of 
the FPAS for these two wind directions and call that the 
FPA of the antenna structure. See Fig 31. 

‘The element FPA is calculated by multiplying each 


element's dimension of length by its diameter and then 
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Fig 31—Description of how loads are developed on a 
Yagi. At A, Fr is the resultant force from the wind load 
‘ona generalized member. Fd is the load acting down- 
wind (drag) that creates the load on the tower. Fc Is the 
lateral component of the wind load. The term A is the 
flat projected area (FPA), which Is the broadside area 
normal to the wind. The term P is the wind pressure. At 
B, Ae is the total element area, while Ab is the total 
boom area. Alll the loads due to the wind act normal to 
the antenna sections—the force on element #1 (Fe1) 
acts along the axis of the boom, for example. At C, a 
plot of the effective FPA as a function of the azimuthal 
wind direction for a Yagi, ignoring drag coefficients. The 
Yagi in this example has 9.0 square feet of element FPA 
and 6.0 square feet of boom FPA. The worst-case FPAS 
‘occur with the beam pointed in the wind and with the 
boom broadside to the wind. To determine the actual 
tower loading, the actual drag coefficients and wind 
pressures must be used. 


summing the FPAS forall elements. The boom’s FPA is com- 
puted by multiplying the boom’s length by its diameter. 
‘The reason for considering two potential peak-load 
orientations becomes clear when different frequency 
antennas are stacked on a mast or tower. Some antennas 
produce peak loads when the elements are broadside to 
the wind. This is typical of low-frequency Yagis, where 
the elements are long lengths of aluminum tubing. On 
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the other hand, the boom can dominate the surface area 
‘computations in higher-frequency Yagis. 

‘The fundamentals responsible for the need to 
examine both potential FPAs for Yagis relates to how wind 
flows over a structure and develops loads. Called The 
Cross-Flow Principle, this was introduced to the com- 
munications industry by Dick Weber, KSIU, in 1993. The 
principle is based on the fact that the loads created by 
wind flowing across an antenna member only produce 
forces that are normal to (or perpendicular to) the major 
axis of the member. The resultant and component load 
calculations for this method are shown in Fig 31A. 

For a Yagi, this means that wind forces on the ele~ 
ments act in-line with the boom, while forces on the boom 


act in-line with the elements. Fig 31B shows a force dia- 
gram for a typical Yagi. Fig 31C shows the FPA for a 
Yagi rotated through 90° of azimuth. 


Antenna Placement on the Mast/Tower 


Another important consideration is where the 
antenna(s) will be placed on the tower. As mentioned 
before, most generic tower specifications assume that the 
entire antenna load is applied at the top of the tower. Most 
amateur installations have a tubular mast extending above 
the tower top, turned by a rotator mounted down inside 
the tower. Multiple Yagi antennas are often placed on the 
mast above the tower top, and you must make sure that 
both the tower and the mast can withstand the wind forces 


‘on the antennas. 

For freestanding towers, you can determine how a 
proposed antenna configuration compares to the tower 
manufacturer's rating by using an Equivalent Moment 
method. The method computes the bending moment gen- 
crated at the base of the tower by wind loads on the tower's 
rated antenna area located right at the top of the tower 
and compares that to the case when the antenna is mounted 
‘on a mast sticking out of the top of the tower. 

‘The exact value of wind pressure is not important, 
so long as it is the same for both comparisons. The wind 
load on the tower itself can be ignored because it is the 
same in both comparisons and the drag coefficients for 
the antennas can also be ignored if all calculations are 
performed using flat projected antenna areas, as we've 
recommended previously. 

Keep in mind that this approach does not calculate 
actual loads and moments relevant to any specific tower 
design standard, but it does allow equivalent comparisons 
when the wind pressure is constant and all the antenna 
areas are of the same type. An example is in order. 
ig 32A shows a generic tower configuration, with 
a concentrated antenna load at the top of the tower. We'll 
assume that the tower manufacturer rates this tower at 
20 square feet of flat projected antenna area. Fig 32B 
shows a typical amateur installation with a rotating mast 
and an antenna mounted 7 feet above the top of the tower. 
‘To make the calculations easy, we select a wind pressure 
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Fig 32—At A, a 70-foot tower rated for 20 square feet of 
antenna load at the top. At B, the same tower with a 2- 
Inch OD x 20-foot long mast, with an antenna mounted 
7 feet above the top of the tower. Both configurations 
produce the same tower load. 


of 1 pound per square foot (1 psf). This makes the tower 
base moment calculation for Fig 32: 


Antenna load 
Base moment = 70 feet x 20 pounds = 
1400 foot-pounds. 


‘This is the target value for the comparison. An 
equivalent configuration would produce the same base 
moment. For the configuration in Fig 32B, we assume a 
tubular 2-inch diameter mast that is 20 feet long, mounted 


5 feet down inside the tower. Note that the lattice strue- 


lure of the tower allows the wind to "s 


the whole length 


of the mast and that we can consider the force distributed 
along the mast as being a single force concentrated at the 
mast’s center. The flat projected area of the mast by 
itself, without the antenna, is 


Mast area = 20 feet x 2 inches / 12 inches/foot = 
3.33 square fe 


The center of the mast is located at a height of 
75 feet. Using the same 1-psf-wind load, the base bend- 
ing moment due to the mast alone is: 


Base moment (due to mast) = 3.33 fe 
75 feet = 249.75 foot-pounds 


x I psx 


Including the mast in the configuration reduces the 
allowable antenna load. The remaining target base 
moment left for the antenna is found by subtracting the 
moment due to the mast from the original target value: 


New base target moment = 1400 - 249.75 foot-pounds 
150.25 foot-pounds. 


‘The antenna in Fig 32B is located at a height of 
77 feet. To obtain the allowable antenna area at this eleva- 
tion we divide the new base t 


moment by the antenna 


height, yielding an allowable antenna load of: 


1150.25 foot-pounds / 77 feet = 14.94 pounds 


Since we chose a wind load of | psf, the allowable 
antenna FPA has been reduced to 14.94 square feet from 
20 square feet. If the projected area of the antenna we 
are planning to mount in the new configuration is less 
than or equal to this value, we have satisfied the require 
ments of the original design. You can use this equiva- 
lent-moment method to evaluate different configurations 
even ones involving multiple antennas on the mast or situ- 
ations with additional antennas placed along the tower 
below the tower top. 

For guyed towers, the analyses become much more 
rigorous to solve. Because the guys and their behaviors 
are such a significant portion of the tower support mecha- 
nism, these designs can become very sensitive to antenna 
load placements. A general rule of thumb for guyed towers 
is never to exceed the original tower-top load rating, 
regardless of distributed loads along its length. Once you 
redistribute the antenna load placements along a guyed 
tower, you should do a fresh analysis, just to be sure. 

You can run evaluations using the above method for 
antennas placed on the mast above a guyed tower top. 
‘The use of the Equivalent-Moment method for antennas 
mounted below the top of a guyed tower, however, can 
become quite suspect eneric tower designs 
have their intermediate guys sized for zero antenna loads 
lower down the tower. The proper approach in this case 
is to have a qualified mechanical engineer check the con- 
figuration, to see if guy placement and strength is 
adequate for the additional antennas down the tower. 

Mounting the mast and antenna as shown in Fig 32B 


Antenna Supports 22-24 


increases tower loads in the region of the mast. You should 
investigate these loads to ensure that the tower bracing in 
that area is sufficient. Now we will consider the problem 
of bending the rotating mast. 


Mast Strength 

When you mount antennas on a mast above the tower 
top, you should examine the bending loads on the mast 
to ensure that it will be strong enough. This section 
explains how to perform mast stress calculations for a 
single sustained wind speed. This procedure does not 
include height, exposure and gust-response factors found 
in most tower design standards. 

Here are some fundamental formulas and values used 
to calculate the bending stress in a mast mounted in the 
top of a tower. The basic formula for wind pressure is: 


(Eq1) 


P =.00256 V? 


where 
P is the wind pressure is in pounds per square foot 
(pst) 

V = wind speed in miles per hour (mph) 

This assumes an air density for standard tempera- 
ture and atmospheric pressure at sea level. The wind speed 
is not the Basic Wind Speed discussed in other sections 
of this chapter. It is simply a steady state (static) wind 
velocity 


‘The formula for calculating the force created by the 
wind on a structure is 


PXAXxCy (Eq2) 


where 


the wind pressure from Eq (1) 

A= the flat projected area of the structure (square 
feet) 

Cy = drag coefficient for the shape of the structure’s 

‘members. 


‘The commonly accepted drag coefficient for long 
cylindrical members like the tubing used for the mast and 
antenna is 1.20. The coefficient for a flat plate is 2.0 

‘The formula used to find the bending stress in a 
simple beam like our mast is: 


Mxe 
T 


(Eq3) 
where 


6 = the stress in pounds per square inch (psi) 

M = bending moment at the base of the mast (inch 
pounds) 

= ¥% of the mast outside diam: 


er (inches) 
noment of inertia of the mast section (inches*) 


In this equation you must make sure that all values 
are in the same units. To arrive at the mast stress in pounds 
per square inch (psi) the other values need to be in inches 
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and pounds also. The equation used to find the moment 
of inertia for the round tubing mast section is: 
1=2(R4 =r Eq 4) 

ma ) (Bq4) 


wher 


I = Moment of Inertia of the section (inches*) 
R = Radius of tube outside diameter (inches) 
r= Radius of tube inside diameter (inches) 


‘This value describes the distribution of material 
about the mast centroid, which determines how it behaves 
under load. The equation used to compute the bending 
‘moment at the base of the mast (where it is supported by 
the tower) is: 


M 


Fy x Ly) + (Fa xLy)) (Eq 5) 


where 
F_ = wind force from the mast (pounds) 
Ly = Distance from tower top to center of mast 
‘inches) 
Wind force from the antenna (pounds) 
tance from tower top to antenna 
attachment (inches) 


Lyris the distance to the center of the portion of the 
mast extending above the tower top. Additional antennas 
can be added to this formula by including their F x L. In 
the installation shown in Fig 32B, a wind speed of 
90 mph, and a mast that is 2 inches OD, with a 0.250- 
inch wall thickness, the steps for calculating the mast 
stress are: 


late the wind pressure for 90 mph, from Eq 1 


00256 x (90)? = 20.736 psf 


2. Determine the flat projected area of the mast. The por- 
tion of the mast above the tower is 15 feet long and 
has an outside diameter of 2 inches, which is 2/12 
feet. 

Mast FPA, Ayy = 15 fe 

2.50 square feet. 


x (2 inches / 12 inches/feet) = 


3. Calculate the wind load on the mast, from Eq 2: 


Mast Force, Fy =P XA x Cy= 
20.736 psf x 2.50 feet? x 1.20 = 62.21 pounds 


4, Calculate the wind load on the antenna: From Eq 2 


5. Calculate the mast Bending Moment, from Eq 5: 


M= 


Fup Lyy) + (F, x La) 
= (62.21 pounds x 90 inches) + (371.76 pounds x 
84 inches) = 36827 inch-pounds 


where Lyy = 7.5 feet x 12 inches/foot = 90 inches and Ly 
= 7.0 feet x 12 inches/foot = 84 inches. 


6. Calculate the mast Moment of Inertia, from Eq 4: 


RS — 18) = (.04 0.754) = 0.5369 inches* 


ri 
where, for a 2.0-inch OD and 0.250-inch wall thickness 


tube, R= 1.0 andr = 0.75. 
7. Calculate the mast Bending Stress, from Eq 3: 


Mxe _ 36827 inch~pounds 1.0 inches 
T 0.5369 


68592 p 


If the yield strength of the mast material is greater 
than the calculated bending stress, the mast is considered 
safe for this configuration and wind speed. If the caleu- 
lated stress is higher than the mast yield strength, a stron- 
ger alloy, or a larger mast, or one with a thicker wall is 
required. 

‘There are many different materials and manufactur- 
esses for tubing that may be used for a mast. Yield 
strengths range from 25,000 psi to nearly 100,000 psi. 
Knowing the minimum yield strength of the material used 
for a mast is an important part of determining if it will be 
safe. Using unknown materials renders efforts from the 
preceding calculations useless! 

When evaluating a mast with multiple antennas 
attached to it, special care should be given to finding the 
worst-case condition (wind direction) for the system. 
What may appear to be the worst load case, by virtue of 
the combined flat projected antenna areas, may not always 
be the exposure that creates the largest mast bending 
moment, Masts with multiple stacked antennas should 
always be examined to find the exposure that produces 
the largest mast bending moment. The antenna flat pro- 
jected areas at 0° and 90° azimuths are particularly u 
ful for this evaluation 


ANTENNA INSTALLATION 


All antenna installations are different in some 
respects. Therefore, thorough planning is the most impor- 
tant first step in installing any antenna. Before anyone 
climbs the tower, the whole process should be discussed 
to be sure each crewmember understands what is to be 
done. And remember that the person on the tower is in 
charge! Coordinate beforehand what signals and commands 
are used: “Up” or “Up Slowly” for raising something from 
the ground; “Down” or “Down Slowly” for the opposite. 

“Watch Out!” or ‘Watch Out Below!” works for 
dropped hardware or tools to alert the ground crew below. 
Remember, once someone is on the tower, no one should 
be allowed to stand near the base of the tower! 

Consider what tools and parts must be assembled 
‘and what items must be taken up the tower, and plan 
alternative actions for possible trouble spots. Extra trips 
up and down the tower can be avoided by careful plan- 
ning. 


If done properly, the actual work of getting the 
antenna into position can be executed quite easily with 


only one person at the top of the tower. The ground crew 
should do all the heavy work and leave the person on the 
tower free to guide the antenna into position. Because 
the ground crew does all the lifting, a large pulley, pret 
erably on a gin pole placed at the top of the tower, is 
essential. Local radio clubs often have gin poles avail 
able for use by their members. Stores that sell tower 
materials frequently rent gin poles as well. 

A gin pole should be placed along the side of the 
tower so the pulley is no more than 2 feet above the top 
of the tower (or the point at which the antenna is to be 
placed). Normally this height is sufficient to allow the 
antenna to be positioned easily. An important reason that 
the pulley is placed at this level is that there can be con- 
siderable strain on the gin pole when the antenna is pulled 
away from the tower to maneuver past guy wir 

Sometime the mast to which the antenna will be 
mounted is used as a place to hang the pulley. You should 
take care that you don’t end up bending the mast by plac~ 
ing the pulley too high on the mast. It may be necessary 
to back-guy the mast on the opposite side of the tower 
from which the antenna is raised 

‘The rope (halyard) through the pulley must be some- 
what longer than twice the tower height so that the ground 
crew can raise the antenna from ground level. The rope 
should be 44 or ‘/s inch diameter for both strength and 
ease of handling. Smaller diameter rope is less easily 
manipulated; it has a tendency to jump out of the pulley 
track and foul pulley operation 

‘The first person to climb the tower should carry an 
end of the halyard so that the gin pole can be lifted and 
secured to the tower. Those climbing the tower must have 
safety belts. Belts provide safety and convenience: it is 
simply impossible to work effectively while hanging onto 
the tower with one hand, 

Once positioned, the gin pole and pulley allow parts 
and tools to be sent up the tower. A useful trick for send- 
ing up small items like bolts and pliers is for a ground 
‘crew member to slide them through the rope strands where 
they are held by the rope for the trip to the top of the 
tower. Items that might be dislodged by contact with the 
tower should either be taped or tied to the halyard, 

Ever present is the hazard of falling tools or hardware. It 
is foolish to stand near a tower when someone is working 


above. Ground crew member should wear hard-hats as 
extra insurance. 


Raising the Antenna Alongside the Tower 

A technique that can save much effort in raising the 
‘antenna is outlined here. First, the halyard is passed through 
the gin-pole pulley or the pulley mounted to the mast, and 
the leading end of the rope is returned to the ground crew, 
where it is tied to the antenna. The assembled antenna 
should be placed in a clear area of the yard (or the roof) so 
the boom points toward the tower. The halyard is then 
passed under the front elements of the beam to a position 
past the midpoint of the antenna, where it is securely tied 
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~ Typical copper track damage (centre) caused by overheating during soldering or 
desoldering. The track has lifted off, but you can try repairing it by adding extra wiring or 
SuperGlue it if the track isn't broken. 
If this should ever happen, remove the iron immediately and permit the area to cool 
(a freezer aerosol is valuable at such times). If you’re lucky, you can maybe repair the 
lifted track using a droplet or two of Super Glue, or add “jumper wires” to bypass the 
damage. 


~ A Freezer aerosol can give rapid cooling where excess heat has been applied 


to the boom (Fig 33A). 

Note that once the antenna is installed, the tower 
worker must be able to reach and untie the halyard from 
the boom: the rope must be tied less than an arm’s length 
along the boom from the mounting point. If necessary, a 
large loop may be placed around the first element located 
beyond the midpoint of the boom, with the knot tied near 
the center of the antenna. The rope may then be untied 
easily after completion of the installation. The halyard 
should be tied temporarily to the boom at the front of the 
antenna by means of a short piece of light rope or twine 

While the antenna is being raised, the ground crew 
does all the pulling. As soon as the front of the antenna 
reaches the top of the mast, the person atop the tower 
front of the antenna 


unties the light rope and prevents th 
from falling, as the ground crew continues to lift the 


antenna (Fig 3B). When the center of the antenna is even 
with the top of the tower, the tower worker puts one bolt 
through the mast and the antenna-mounting bracket on 
the boom. The single bolt acts as a pivot point and the 
‘ground crew continues to lift the back of the antenna with 
the halyard (Fig 33C). After the antenna is horizontal, 
the tower worker secures the rest of the mounting bolts 


and unties the halyard. By using this technique, the tower 
worker performs no heavy lifting 


Avoiding Guy Wires 
Although the same basic methods of installing a Yagi 

apply to any tower, guyed towers pose a special problem. 

Steps must be taken to avoid snagging the antenna on the 

guy wires. With proper precautions, however, 

antennas can be pulled to the top of a tower, even if the 


4 


Fig 33—Ralsing a Yagi antenna alongside the tower. At A the 
toward the tower. The halyard is passed under the elements, 
‘shows the antenna approaching the top of the mast. The pers 
been untied from the front of the antenna. At C the antenna I 
‘The tower worker inserts the pivot bolt and secures it. Note: 


Yagl is placed in a clear area, with the boom pointing 
then is secured to the boom beyond the midpoint. B 
'son on the tower guides it after the lifting rope has 

is pulled into a horizontal position by the ground crew. 
A short piece of rope is tied around the halyard and 


the boom at the front of the antenna to stabilize the beam as it is being raised. The tower worker removes it when 


the boom reaches him at the top of the tower. 
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Fig 34—Building a Yagi partway down the tower. At A, 
the boom is lashed temporarily to the tower and 
elements are added, starting at the bottom. At B, the 
temporary rope securing the boom to the tower is 
removed and the boom is rotated 90° so that the 
elements are vertical. At C, the boom is rotated another 
90°, “weaving through” guy wires if necessary, until the 
elements are parallel with the ground, whereupon the 
boom is secured to the tower. 


mast is guyed at several levels. 

Sometimes one of the top guys can provide a track 
to support the antenna as it is pulled upward. Insulators 
in the guys, however, may obstruct the movement of the 


antenna. A better track made with rope is an alternative, 
‘One end of the rope is secured outside the guy anchors. 
‘The other end is passed over the top of the tower and 
back down to an anchor near the first anchor. So arranged, 
the rope forms a narrow V-track strung outside the guy 
wires. Once the V-track is secured, the antenna may 
simply be pulled up, resting on the track 

Another method is to tie a rope to the back of the 
antenna (but within reach of the center). The ground crews 
then pull the antenna out away from the guys as the 
antenna is raised. With this method, some crewmembers 
are pulling up the antenna to raise it while others are pull- 
ing down and out to keep the beam clear of the guys. 
Obviously, the opposing crews must act in coordination 
to avoid damaging the antenna. The beam is especially 
vulnerable when it begins to tip into the horizontal posi- 
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tion. If the crew continues to pull out and down against 
the antenna, the boom can be broken. Another problem 
with this approach is that the antenna may rotate on the 
axis of the boom as itis raised. To prevent such rotation, 
long lengths of twine may be tied to outer elements, one 


piece on each side of the boom. Ground personnel may 
then use these fag lines to stabilize the antenna. Where 
this is done, 
twine once the antenna is in pla 

A third method is to tie the halyard to the center of 
the antenna. A crewmember, wearing a safety belt, walks 


provisions must be made for untying the 


the antenna up the tower as the crew on the ground ra 
it. Because the halyard is tied at the balance point, the 
tower worker can rotate the elements around the guys. A 


lag line can be tied to the bottom end of the boom so that 
a ground worker can help move the antenna around the 
guys. The tag line must be removed while the antenna is 
still vertical 

A fourth method is to build the antenna on the tower 
and then swing it into position, (See also the section 
below on the PVC Mount.) Building the Yagi on the tower 
works particularly well for Yagis mounted partway up 
the tower, as you might do in a stacked array. The tech- 
nique works best when the vertical spacing between the 
‘guys is greater than the length of the Yagi boom 

Fig 34 illustrates the steps involved. A pull rope 
through a gin-pole or tow red to 
the boom at the final balan 
raises the boom in a vertical position up the tower. A tie 


-mounted pulley is se 
point and the ground crew 


rope is used to temporarily secure the upper end of the 
‘boom to keep it stable while the boom is being raised 
‘The tower person removes the tie-rope once the boom is 
raised to the right level and has been temporarily secured 
to the tower. 


‘The elements are then brought up one at a time and 
mounted to the boom. It helps if you have a 2- or 3-foot 
long spotting mast temporarily attached to the boom to 
form a 90° frame of rel This allows the ground 
crew to spot from below so that the elements are all lined 
up in the same plane. After all the elements are mounted 
and aligned properly, the temporary rope securing the 
boom to the tower is released, suspending the antenna on 


the pull rope. The tower person then rotates the boom 
ments 


90° so that the elements are vertical. Next the 
are rotated 90° into the tower so that they are parallel to 
the ground. The ground crew then moves the boom up or 
down using the pull rope to the final point where it is 
mounted to the tower. 

A modification of this technique also works for 
building a medium-sized Yagi on the top of the tower. 
This technique will work if the length of the gin pole at 
nn is long enough. See Fig 35. 

As usual, the gin-pole pull rope is attached to the 
balance point of the boom and the boom is pulled up the 


maximum safe extens 


tower in the vertical position, using a rope to temporarily 
lie the pull rope to the top end of the boom for stability, 
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Fig 35—Building a Yagi at the top of the tower. The 
length of the gin pole must be longer than '/: the boom 
0 that the boom can be hoisted upwards to the place 
where it is mounted to the mast. Usually the boom is. 
initially lashed to the tower slanted slightly from 
vertical so that the top element ends up behind the gin 
pole. The elements are mounted at the bottom end of 
the boom first to provide stability. Then the element at 
the top of the boom is mounted and the boom is moved 
upwards using the gin-pole hoist rope so that the next- 
to-top element may be mounted, again behind the gin 
pole. This process is repeated until all elements are 
mounted (save possibly the middle element ifit can be 
reached easily from the tower once the beam has been 
mounted to the mast). Then the boom is tilted to the 
final position, weaving the elements to clear guy wires 
itnecessary. 


‘The boom is temporarily secured to the tower with rope 
in the vertical position so that the top end is just higher 
than the top of the tower. In order to clear the gin pole 
when the elements are mounted and the boom is raised 
higher to mount the next element, you must tilt the boom 
slightly so that the element mounted to the top end of the 
boom will be behind the mast. This is very important! 
‘The elements are first mounted to the bottom side 
of the boom to provide weight down below for stability 
‘Then the top-most element is mounted to the boom. The 
tower person removes the temporary rope securing the 
boom to the tower and the ground crew uses the pull rope 


to move the mast vertically upwards to the point where 
the next element from the top can be mounted. Once all 
the elements are mounted and aligned in the same plane 
(with perhaps the center element closest to the mast-to- 
‘boom bracket left on the ground until later), the tempo- 
rary securing rope is removed. The boom is now swung 
so that the elements can be maneuvered to clear the top 
guy wires. Once the elements are horizontal the boom is 
secured to the mast and the center element is mounted. 


Using aTram 

Another method to get a large Yagi to the top of the 
tower safely is a tram. A tram supports the antenna under 
the tram wire, using a pulley riding on the tram wire. The 
antenna can thus move more freely—without the friction 
it would have riding on top of a track rope, as described 
previously. This puts consi 3s strain on the tram 
wire itself and on the don the tower. 
Some installers prefer to use a wire-rope tramline for its 
reduced sag. 

‘The tram method uses an easily constructed fixture 
mounted to the boom of the Yagi to stabilize it from 
rotating away from the desired attitude as the antenna is 
raised. A guy-wire cable or heavy rope is fixed to the 
mast about two feet above the point where the antenna 
will mount to the mast. A come-along is often used at the 
ground end to tension the tram wire properly. It is often 
necessary to back-guy the mast to make sure it doesn’t 
get bent, since the horizontal forces acting on the mast 
can be considerable in any tram (or track) operation. (Note 
that the tram technique works well for side-mounted 
antennas also, where back-guying is not necessary if you 
are reasonably close to a guy set, as is usually the case.) 

Fig 36 is a photograph of a tram fixture built by Kurt 
Andress, K7NV. This consists of a pulley riding on top 
of the tramline. This pulley is attached using a caribiner 
or shackle to two equal-length wires connected to the 
boom to make an inverted-V shaped sling. The two sling 
wires are secured to the boom using angle irons and mt 
fler clamps so that the antenna is perfectly balanced in 
the horizontal plane. Bi very important to make 
sure the antenna rises properly on the tram without hay- 
ing the boom rotate downward on one end or the other. 

The hoisting 
rope running 
through the tower- 
mounted gin-pole 
pulley (and used by 
the ground crew to 
pull the antenna up 
to the tower on the 
tram line) is at- 
tached to a 2-foot 
piece of angle iron, 
This is attached to 
the boom with a 


Fig 36—Photo of the tram 
system used by Kurt Andress, 
K7NV. (Photo by K7NV) 


muffler clamp. Note that the angle iron is rotated slightly 
from horizontal so that the plane of the elements is tilted 
upwards—this allows the elements to clear the guy wires 
as the antenna is raised. (While the antenna is close to 
the ground, the angle iron is adjusted so that the elements 
remain horizontal. Once they are clear of the ground, the 
angle iron is readjusted to align the elements in the proper 
direction to clear the guy wires on the tower.) The force 
of the pull rope along the angle iron also stabilizes the 
antenna from yawing from side-to-side. Note in Fi 
that the angle iron is mounted just off-center from where 
the boom-to-mast plate will be attached so that it clears 
the mast as the antenna nears the top of the tower. Fig 37 
diagrams how the tram and hoisting line are rigged to the 
mast. 

‘The tower person directs the activity of the ground 
crew below and guides the antenna to the mast. Once the 
end of the pull rope reaches the mast, the tower man ties 
the boom temporarily to the mast so that he can undo the 
pull rope from the tram-fixture angle iron and retie it 
around the boom. Then the antenna can be raised to the 
point where it can be mounted to the mast. 

This technique has been employed to raise Yagis with 
booms as long as 42 feet at the N6RO contest station on 
towers as high as 130 feet. As with the track, the tram 
system requires a good deal of open real estate. While it 
sounds complicated to set up, you can raise some rather 
large antennas in less than an hour, once you get the hang 
of the operation 


THE PVRC MOUNT 


‘The methods described above for hoisting antennas 
are sometimes not satisfactory for really large, heavy 

arrays. The best way to handle large Yagis is to assemble 
them on top of the tower. One way to do this easily is by 
using the PVRC Mount. Many members of the Potomac 
Valley Radio Club have successfully used this method to 
install large antennas. Simple and ingenious, the idea 

involves offsetting the boom from the mast to permit the 
boom to tilt 360° and rotate axially 360°. This permits 
the entire length of the boom to be brought alongside the 
tower, allowing the elements to be attached one by one. 

(Italso allows any part of the antenna to be brought along- 
side the tower for antenna maintenance.) 

See Figs 38 through 42. The mount itself cor 
of a short length of pipe of the same diameter as the rota- 
ting mast (or greater), a steel plate, eight U bolts and four 
pinning bolts. The steel plate is the larger, horizontal one 
shown in Fig 38. Four U bolts attach the plate to the rotat- 
ing mast, and four attach the horizontal pipe to the plate. 
‘The horizontal pipe provides the offset between the 
antenna boom and the tower. The antenna boom-to-mast 
plate is mounted at the outer end of the short pipe. Four 
bolts are used to ensure that the antenna ends up parallel 
to the ground, two pinning each plate to the short pipe 
When the mast plate pinning bolts are removed and the 


ists 
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Fig 37—At A, bird's-eye view of tram system used to bring large Yagi antennas from the ground to the top of the 


tower. At B, side view of rigging used for tramline and hoisti 
hold the Yagi on the tramline. 


four U bolts loosened, the short pipe and boom plate can 
be rotated through 360°, allowing either half of the boom 
to come alongside the tower. 

First assemble the antenna on the ground. Carefully 
mark all critical dimensions, and then remove the antenna 
elements from the boom. Once the rotator and mast have 
been installed on the tower, a gin pole is used to bring the 
mast plate and short pipe to the top of the tower. There, the 
top crew unpins the horizontal pipe and tilts the antenna 
boom plate to place it in the vertical plane. The boom is 
attached to the boom plate at the final balance point of the 
assembled antenna. It is important that the boom be rotated 
axially so the bottom side of the boom is closest to the tower. 
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ing line, along with the sling and tram fixture used to 


This will allow the boom to be tilted without the elements 
striking the tower. 

During installation it may be n 
‘guy wire temporarily to allow for tilting of the boom. As 
a safety precaution, a temporary guy should be attached 
to the same leg of the tower just low enough so the 
assembled antenna will clear it. 

‘The elements are assembled on the boom, starting 
with those closest to the center of the boom, working out 
alternately to the farthest director and reflector. This pro- 
cedure must be followed. If all the elements are put first 
fon one half of the boom, it will be dangerous (if not 
impossible) to put on the remaining elements. By start- 


ry to loosen one 


Fig 38—The PVRC mount, boom plate, mast and rotator 
ready to go. The mast and rotator are installed on the 
tower first. 


S& 


Fig 39—Close-up of the PRC mount. The long pipe 
{horizontal in this photo) is the rotating mast. The U 
bolts in the vertical plate at the left are ready to accept, 
the antenna boom. The heads of two locking pins 
(bolts) are visible at the midline of the boom plate. The 
‘other two pins help secure the horizontal pipe to the 
large steel mast plate. (The head of the bolt nearest the 
‘camera blends in with the right hand leg of the U bolt 
behind it.) 


ing at the middle and working outward, the balance point 
of the partly assembled antenna will never be so far 
removed from the tower that tilting of the boom becomes 
impossible 

When the last element is attached, the boom is 
brought parallel to the ground, the horizontal pipe is 


Fig 40—Working at the 70-foot level. A gin pole makes 
pulling up and mounting the boom to the boom plate a 
‘safe and easy procedure. 


pinned to the mast plate, and the mast plate U bolts tight- 
ened. At this point, all the antenna elements will be posi- 
tioned vertically. Next, loosen the U bolts that hold the 
boom and rotate the boom axially 90°, bringing the ele~ 
ments parallel to the ground. Tighten the boom bolts and 
double check all the hardware. 

Many long-boom Yagis employ a truss to prevent 
boom sag. With the PVRC mount, the truss must be 
attached to a pipe that is independent of the rotating mast. 
A short length of pipe is attached to the boom as close as 
possible to the balance point. The truss then moves with 
the boom whenever the boom is tilted or twisted. 

A precaution: Unless you have a really strong rota- 
tor, you should consider using this mount mainly for 
assembling the antenna on the tower. The offset between 
the boom and the mast with this assembly can generate 
high torque loads on the rotator. Mounting the boom as 
close as possible to the mast will minimize the torque 
when the antenna is pointed into the wind. 
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Fig 41—Mounting the last element prior to positioning 
the boom in a horizontal plane. 


Fig 42—The U bolts securing the short pipe to the mast 
plate are loosened and the boom is turned to a horizon- 
tal position. This puts the elements in a vertical plane. 
Then the pipe U bolts are tightened and pinning bolts 
secured. The boom U bolts are then loosened and the 
boom turned axially 90°. 
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THE TOWER ALTERNATIVE 


A cost saving alternative to the ground-mounted 
tower is the roof-mounted tripod. Units suitable for small 
lable. Perhaps 
the biggest problem with a tripod is determining how to 
fasten it securely to the roof. 

One method of mounting a tripod on a roof is to nail 
2.6 boards to the undersides of the rafters. Bolts can be 
extended from the leg mounts through the roof and the 
2.x 6s. To avoid exerting too much pressure on the area 
of the roof between rafters, place another set of 2 x 6s on 
top of the roof (a mirror image of the ones in the attic), 
Installation details are shown in Figs 43 through 46, 

‘The 2 x 6s are cut 4 inches longer than the outside 
distance between two rafters. Bolts are cut from a length 
of -inch-threaded rod. Nails are used to hold the boards 
in place during installation, and roofing tar is used to seal 
the area to prevent leaks. 

Find a location on the roof that will allow the 
antenna to turn without obstruction from such things as 
trees, TV antennas and chimneys. Determine the rafter 
locations. (Chimneys and vent pipes make good re! 
ence points.) Now the tower is set in place atop three 2 x 
6s. A plumb line run from the top center of the tower can 
be used to center it on the peak of the roof. Holes for the 
mounting bolts can now be drilled through the roof. 

Before proceeding, the bottom of the 2 x 6s and the 
area of the roof under them should be given a coat of roof: 
ing tar. Leave about Vs inch of clear area around the holes 
to ensure easy passage of the bolts. Put the tower back in 
place and insert the bolts and tighten them. Apply tar to 
the bottom of the legs and the wooden supports, including 
the bolts. For added security the tripod can be guyed. Guys 
should be anchored to the frame of the house. 

If a rotator is to be mounted above the tripod, pres~ 
sure will be applied to the bearings. Wind load on the 
antenna will be translated into a “pinching” of one side 
of the bearings. Make sure that the rotator is capable of 
handling this additional stress. 


ROTATOR SYSTEMS 


‘There are not that many choices when it comes to 
antenna rotators for the amateur antenna system. Making 
the correct decision as to how much capacity the rotator 
must have is very important to ensure trouble-free opera 
tion, Manufacturers generally provide an antenna surface~ 
area rating to help the purchase choose a suitable rotator. 
‘The maximum antenna area is linked to the rotator’s 
torque capability 

Some rotator manufacturers provide additional 
information to help you select the right size of rotator for 
the antennas you plan to use. Hy-Gain provides an Effec~ 
tive Moment value. Yaesu calls theirs a K-Factor. Both of 
these ratings are torque values in foot-pounds. You can 
compute the effective moment of your antenna by multi- 
plying the antenna turning radius by its weight. So long 


HF or VHF antennas are commercially av. 


Fig 43—This tripod tower supports a rotary beam 
antenna. In addition to saving yard space, a roof- 
mounted tower can be more economical than a ground- 
mounted tower. A ground lead fastened to the lower 
part of the frame is for lightning protection. The rotator 
control cable and the coaxial line are dressed along two 
of the legs. (Photo courtesy of Jane Wolfert.) 


Fig 44—This cutaway view illustrates how the tripod 
tower is secured to the roof rafters. The leg to be 
‘secured to the crossplece is placed on the outside of the 
roof. Another cross member is fastened to the underside 
of the rafters. Bolts, inserted through the roof and the 
two cross pieces, hold the inner cross member in place 
because of pressure applied. The inner crosspiece can 
be nailed to the rafter for added strength. 


Fig 45—Three lengths of 2 x 6 wood mounted on the 
outside of the roof and reinforced under the roof by 
three identical lengths provide a durable means for 
anchoring the tripod. A thick coat of roofing tar guards 
against weathering and leaks. 


Fig 46—The strengthened anchoring for the tripod. Bolts are placed through 
two 2 x 6s on the underside of the roof and through the 2 x 6 on the top of, 
the roof, as shown in Fig 43. 


Antenna Supports 22-34 


as the effective moment rating of the rotator is greater 
than or equal to the antenna value, the rotator can be 
expected to provide a useful service life. 

‘There are basically four grades of rotators available 
to the amateur. The lightest-duty rotator is the type typi- 
cally used to turn TV antennas. Without much difficulty, 
these rotators will handle a small 3-element tribander 
array (14, 21 and 28 MHz) or a single 21- or 28-MHz 
monoband three-element antenna. The important consi 
eration with a TV rotator is that it lacks braking or hold- 
ing capability. High winds turn the rotator motor via the 
gear train in a reverse fashion. Broken gears sometimes 
result 

‘The next grade up from the TV class of rotator usu- 
ally includes a braking arrangement, whereby the antenna 
is held in place when power is not applied to the rotator. 
Generally speaking, the brake prevents gear damage on 
windy days. If'adequate precautions are taken, this group 
of rotators is capable of holding and turning stacked 
monoband arrays, or up to a five-element 14-MHZz 3} 
tem. The next step up in rotator strength is more expen- 
sive. This class of rotator will turn just about anything 
the most demanding amateur might want to install. 

A description of antenna rotators would not be com- 
plete without the mention of the prop pitch class. The 
craft 


prop pitch rotator system consists of a surplus ait 
propeller blade pitch motor coupled to an indicator sys- 
tem and a power supply. There are mechanical problems 
of installation, however, resulting mostly from the size 
and weight of these motors. It has been said that a prop 
pitch rotator system, properly installed, is capable of turn- 
ing a house. Perhaps in the same class as the prop pitch 
motor (but with somewhat less capability) is the electric 
motor of the type used for opening garage doors. These 
hhave been used successfully in turning large arrays. 
Proper i jon of the antenna rotator can pro- 
vide many years of trouble-free service: sloppy installa- 
tion can cause problems such as a burned out motor, 
slippage, binding and casting breakage. Most rotators are 
capable of accepting mast sizes of different diameters, 


and suitable precautions must be taken to shim an under- 
sized mast to ensure dead-center rotation. It is very 
desirable to mount the rotator inside and as far below the 
top of the tower as possible. The mast absorbs the torsion 
developed by the antenna during high winds, as well as 
during starting and stopping. 

Some amateurs have used a long mast from the top 
to the base of the tower. Rotator installation and service 
can be accomplished at ground level. A mast length of 
10 feet or more between the rotator and the antenna will 
add greatly to the longevity of the entire system by 
allowing the mast to act as a torsion shock absorber. 
Another benefit of mounting the rotator 10 feet or more 
below the antenna is that any misalignment among the 
rotator, mast and the top of the tower is less significant. 
A tube at the top of the tower (a sleeve bearing) through 
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Fig 47—Rotator loop for UHF Yagi array. The feed coax 
is bundied with a control cable for the polarization 
relay. The coaxicontrol-cable loop Is taped to the 
rotating mast and to the top of the tower with vinyl 
electric tape to allow the array to be rotated. 


which the mast protrudes almost completely eliminates 
any lateral forces on the rotator casing. All the rotator 
must do is support the downward weight of the antenna 
system and turn the array. 

While the normal weight of the antenna and the mast 
is usually not more than a couple of hundred pounds, even 
with a large system, one can ease this strain on the rota- 
tor by installing a thrust bearing at the top of the tower. 
‘The bearing is then the component that holds the weight 
of the antenna system, and the rotator need perform only 
the rotating task. 

Don’t forget to provide a loop of coax to allow your 
beam to rotate properly. Make sure you position the rota- 
tor loop so that it doesn’t snag on anything. Fig 47 shows 
a rotator loop for an elliptically polarized UHF Yagi 
array. Note that the coax loop is taped to the rotating mast 
above the top of the tower and to the tower itself. 


Indicator Alignment 


A problem often encountered in amateur installa~ 
tions is that of misalignment between the direction in 
calor in the rotator control box and the heading of the 
antenna. With a light duty rotator, this happens frequently 
when the wind blows the antenna to a different heading, 
With no brake, the force of the wind can move the gear 
train and motor of the rotator, while the indicator remains 
fixed. Such rotator systems have a mechanical stop to 
prevent continuous rotation during operation, and provi- 
sion is usually included to realign the indicator against 
the mechanical stop from inside the shack. During 
installation, the antenna must be oriented correctly for 
the mechanical stop position, which is usually north. 

In larger rotator systems with an adequate brake, 
indicator misalignment is caused by mechanical slippage 
in the antenna boom-to-mast hardware. Many texts sug 
gest that the boom be pinned to the mast with a heavy- 
duty bolt and the rotator be similarly pinned to the mast. 
‘There is a trade-off here. If there is sufficient wind to 
cause slippage in the couplings without pins, with pins 
the wind could break a rotator casting. The slippage will 
act as a clutch release, which may prevent serious dam- 
age to the rotator. On the other hand, the amateur might 
not like to climb the tower and realign the system after 
each heavy windstorm. 


BIBLIOGRAPHY 


Source material and more extended discussions of the 
topics covered in this chapter can be found in the refer- 
ences listed below and in the texts listed at the end of 
Chapter2. 


L.H. Abraham, "Guys for Guys Who Have To Guy.” 
Jun 1955, 
K. Baker, “A Ladder M: 


* QST, Jun 1981, p 24 


W. R. Gary, “Toward Safer Antenna Installations,” QST, 
Jan 1980, p 56. 

S. F. Hoerner, “Fluid Dynamic Drag,” published by author, 
Bricktown, New Jersey, 1965, pp 1-10. 

C. L. Hutchinson, “A Tree-Mounted 30-Meter Ground- 
Plane Antenna,” OST, Sep 1984, pp 16-18. 

C.L. Hutchinson, R. D. Straw, Simple and Fun Antennas 
for Hams (Newington: ARRL, 2002) 

M. P. Keown and L. L. Lamb, “A Simple Technique for 


Tower-Section Separation,” QST, Sep 1979, pp 37- 
38 

P, ODell, “The Ups and Downs of Towers,” QST, Jul 
1981, p 35. 


S. Phillabaum, “Installation Techniques for Medium and 
Large Yagis,” QS7, Jun 1979, p 2 

C.J. Richards, “Mechanical Engineering in Radar and 
Communications” (London: Van Nostrand Reinhold 
Co., 1969) pp 162-165, 

D. Weber “Determination of Yagi Wind Loads Using the 
Cross-Flow Principle,” Communications Quarterly, 

Spring 1993. 

A.B. White, “A Delayed Brake Release for the Ham-II,” 
OST, Aug 1977, p 14 

B. White, E. White and J. Whit 
on Fixed Towers,” 05 

L. Wolfert, “The Tower Alternative, 
36. 

W. C. Young., “Roark’s Formulas for Stress & Strain” 
(New York: McGraw-Hill Co., 1989), pp 67, 96 
Structural Standards for Steel Antenna Towers and 
Antenna Supporting Structures, TIA/EIA Standard 
TIAJEIA-222-F, Electronic Industries Association, 
Mar 1996. May be purchased from Telecommunica- 
tions Industry Association (TIA), Standards and 
Technology Department, 2500 Wilson Boulevard, 
Arlington VA, 22201 or Global Engineering Docu- 
ments, 15 Inverness Way East, Englewood, CO, 

80112-5704, 1-800-854-7179. 


"Assembling Big Antennas, 
~ Mar 1982, pp 28-29 
OST. Nov 1980, p 


Antenna Supports 22-33 


during soldering. Also used in circuit faultfinding to identify overheating parts. 


You now know everything you need to know about making the ideal solder joint, 
and desoldering it in case you need to make a repair. Just to remind you, a Quick 
Summary guide follows. 


Radio 


Wave 


Propagation 


Because radio communication is carried on by means 
jagnetic waves traveling through the Earth's 
itis important to understand the nature of these 
‘waves and their behavior in the propagation medium. Most 
antennas will radiate the power applied to them efficiently, 
but no antenna can do all things equally well, under all ci- 
cumstances. Whether you design and build your own anten- 
nas, or buy them and have them put up by a professional, 


The Nature of 


You probably have some familiarity with the concept 
of electric and magnetic fields. A radio wave is a combina- 
tion of both, with the energy divided equally between them. 
If the wave could originate at a point source in free space, it 
would spread out in an ever-growing sphere, with the source 
at the center. No antenna can be designed to do this, but the 
theoretical isotropic antenna is useful in explaining and mea- 
suring the performance of practical antennas we can build. 
the basis for any discussion or evaluation of 
antenna performance. 

Our theoretical spheres of radiated energy would 
expand very rapidly at the same speed as the propagation 
of light, approximately 186,000 miles or 300,000,000 
meters per second. These values are close enough for 
practical purposes, and are used elsewhere in this book. 
If one wishes to be more pre ight propagates in a 
vacuum at the speed of 299.7925 meters per microsee- 
‘ond, and slightly slower in air. 

‘The path of a ray traced from its source to any point 
‘on a spherical surface is considered to be a straight line—a 
radius of the sphere. An observer on the surface of the sphere 
would think of it as being flat, just as the Earth seems flat to 
us. A radio wave far enough from its source to appear flat is 
called a plane wave. From here on, we will be discussing 
primarily plane waves. 


is, in fa 


you'll need propagation know-how for best results, both dur- 
ing the planning stages and while operating your station. 
For station planning, this chapter contains detailed new 
information on elevation angles from transmitting locations 
throughout the world to important areas throughout the 
world. With this information in hand, you can design your 
‘own antenna installation for optimum capabilities possible 
within your budget. See the CD-ROM in back of this book. 


Radio Waves 


It helps to understand the radiation of electromagnetic 
energy if we visualize a plane wave as being made up of 
ig 1. The nature 
of wave propagation is such that the electric and magnetic, 
lines of force are always perpendicular. The plane contain- 
ing the sets of crossed lines represents the wave front. The 
direction of travel is always perpendicular to the wave front; 
forward or backward is determined by the relative direc- 
tions of the electric and magnetic forces. 

‘The speed of travel of a wave through anything but a 
‘vacuum is always less than 300,000,000 meters per second. 
How much less depends on the medium. If it is air, the 
reduction in propagation speed can be ignored in most dis- 
cussions of propagation at frequencies below 30 MHz. In 
the VHF range and higher, temperature and moisture con- 
tent of the medium have increasing effects on the commu: 
nication range, as will be discussed later. In solid insulating, 
materials the speed is considerably less. In distilled water 
(a good insulator) the speed is '/» that in free space. In good. 
conductors the speed is so low that the opposing fields set 
up by the wave front occupy practically the same space as 
the wave itself, and thus cancel it out. This is the reason for 
‘skin effect” in conductors at high frequencies, making metal 
enclosures good shields for electrical circuits working at 
radio frequencies. 


electric and magnetic forces, as shown in 
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Fig 1—Representation of the magnetic and electric 
fields of a vertically polarized plane wave traveling 
along the ground. The arrows indicate instantaneous 
directions of the fields for a wave traveling 
perpendicularly out of the page toward the reader. 
Reversal of the direction of one set of lines reverses 
the direction of travel. There is no change in direction 
when both sets are reversed. Such a dual reversal 
‘occurs in fact once each half cycle. 


Phase and Wavelength 
Because the velocity of wave propagation is so great, 
we tend to ignore it. Only '/ of a second is needed for a 
radio wave to travel around the world—but in working with 
antennas the time factor is extremely important. The wave 
concept evolved because an alternating current flowing in a 
wire (antenna) sets up moving electric and magnetic fields. 
We can hardly discuss antenna theory or performance at all, 
without involving travel time, consciously or otherwise. 
Waves used in radio communication may have frequen- 
cies from about 10,000 to several billion Hz. Suppose the 
frequency is 30 MHz. One cycle, or period, is completed in 
1/30,000,000 second. The wave is traveling at 300,000,000 
meters per second, so it will move only 10 meters during the 
time that the current is going through one complete period of 
alternation, The electromagnetic field 10 meters away from 
the antenna is caused by the current that was flowing one 
period earlier in time. The field 20 meters away is caused by 
the current that was flowing two periods earlier, and so on. 
Ifeach period of the current is simply a repetition of the 
one before it, the currents at comesponding instants in each 
period will be identical. The fields caused by those currents, 
will also be identical. As the fields move outward from the 
antenna they become more thinly spread over larger and larger 
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surfaces. Their amplitudes decrease with distance from the 
antenna but they do not lose their identity with respect to the 
instant of the period at which they were generated. They are, 
and they remain, in phase. In the example above, at interval 
of 10 meters measured outward from the antenna, the phase of | 
the waves at any given instant is identical 

From this information we can define both wave front 
and wavelength. Consider the wave front as an imaginary 
surface. On every part of this surface, the wave is in the 
same phase. The wavelength is the distance between two 
wave fronts having the same phase at any given instant. This 
distance must be measured perpendicular to the wave fronts 
along the line that represents the direction of travel. The 
abbreviation for wavelength is the Greek letter lambda, 2, 
which is used throughout this book 

‘The wavelength will be in the same length units as the 
velocity when the frequency is expressed in the same time 
units as the velocity. For waves traveling in free space (and 
near enough for waves traveling through air) the wavelength 


hence, = 209-7025 
meters = FH) 


‘There will be few pages in this book where ph: 
wavelength and frequency do not come into the discussion 
Itis essential to have a clear understanding of their meaning 
in order to understand the design, installation, adjustment 
or use of antennas, matching systems or transmission lines 
in detail. In essence, phase means time. When something 
goes through periodic variations, as an alternating current 
does, corresponding instants in succeeding periods are in 
phase. 

‘The points A, B and C in Fig 2 are all in phase. They 
are corresponding instants in the current flow, at 1-2 inter- 
vals. This is a conventional view of a sine-wave alternating 
current, with time progressing to the right. It also represents 
a snapshot of the intensity of the traveling fields, if distance 
is substituted for time in the horizontal axis. The distance 
between A and B or between B and C is one wavelength 
‘The field-intensity distribution follows the sine curve, in both 
amplitude and polarity, corresponding exactly to the time 
variations in the current that produced the fields. Remem- 
ber that this is an instantaneous picture—the wave moves 
outward, much as a wave created by a rock thrown into water 


(Eq 1) 


does, 


Polarization 

‘A wave like that in Fig 1 is said to be polarized in the 
direction of the electric lines of force. The polarization het 
is vertical, because the electric lines are perpendicular to 
the surface of the Earth. It is one of the laws of electro- 
magnetics that electric lines touching the surface of a per- 
fect conductor must do so perpendicularly, or else they would 
have to generate infinite currents in the conductor, an obvi- 
ous impossibility. Most ground is a rather good conductor 
at frequencies below about 10 MHz, so waves at these 


Time 


Fig 2—The instantaneous amplitude of both fields 
(electric and magnetic) varies sinusoidally with time as 
shown in this graph. Since the fields travel at constant 
velocity, the graph also represents the instantaneous 
distribution of field intensity along the wave path. The 
distance between two points of equal phase such as 
A-B and B-C is the length of the wave. 


frequencies, traveling close to good ground, are mainly ver- 
tically polarized. Over partially conducting ground there may 
be a forward tilt to the wave front; the tilt in the electric 
lines of force increases as the energy loss in the ground 
becomes greater. 

‘Waves traveling in contact with the surface of the Earth, 
called surface waves, are of little practical use in amateur 
communication. This is because as the frequency is raised, 
the distance over which they will travel without excessive 
energy loss becomes smaller and smaller. The surface wave 
is most useful at low frequencies and through the standard 
AM broadcast band. The surface wave will be covered later. 
At high frequencies a wave reaching a re 
has had little contact with the ground, and its polarization is, 
not necessarily vertical 

If the electric lines of force are horizontal, the wave is, 
said to be horizontally polarized. Horizontally and verti- 
cally polarized waves may be classified generally under 
linear polarization. Linear polarization can be anything 
between horizontal and vertical. In free space, “horizontal” 
and “vertical” have no meaning, since the reference of the 
seemingly horizontal surface of the Earth has been lost. 

In many cases the polarization of waves is not fixed, 
but rotates continually, somewhat at random. When this, 
occurs the wave is said to be elliptically polarized. A gradual 
shift in polarization in a medium is known as Faraday rota 
tion. For space communication, circular polarization is com- 
monly used to overcome the effects of Faraday rotation. A 
circularly polarized wave rotates its polarization through 
360° as it travels a distance of one wavelength in the propa- 
gation medium. The direction of rotation as viewed from 
the transmitting antenna defines the direction of circular- 
ity—tight-hand (clockwise) or left-hand (counterclockwis 
Linear and circular polarization may be considered as spe- 

ial cases of elliptical polarization. 


‘ving antenna 


Field Intensity 

‘The energy from a propagated wave dei with 
distance from the source. This decrease in strength is caused 
by the spreading of the wave energy over ever-larger spheres 
as the distance from the source increases. 

‘A measurement of the strength of the wave at a di 
tance from the transmitting antenna is its field intensity. 
which is synonymous with field strength, The strength of a 
wave is measured as the voltage between two points lying 
on an electric line of force in the plane of the wave front 
The standard of measure for field intensity is the voltage 
developed in a wire that is I meter long, expressed as volts 
per meter. (If the wire were 2 meters long, the voltage 
developed would be divided by two to determine the field 
strength in volts per meter.) 

‘The voltage in a wave is usually low, so the measure~ 
‘ment is made in millivolts or microvolts per meter. The volt- 
age goes through time variations like those of the current 
that caused the wave. It is measured like any other ac volt- 
age—in terms of the effective value or, sometimes, the peak 
value. Iti fortunate that in amateur work itis not necessary 
to measure actual field strength, as the equipment required 
is elaborate. We need to know only if an adjustment has 
been beneficial, so relative measurements are satisfactory. 
These can be made easily with home-built equipment. 


Wave Attenuation 


In free space, the field intensity of the wave varies 
ely with the distance from the source, once you are in 
the radiating far field of the antenna. If the field strength at 
1 mile from the source is 100 millivolts per meter, it will be 
50 millivolts per meter at 2 miles, and so on. The relation 
ship between field intensity and power density is similar to 
that for voltage and power in ordinary circuits. They are 
related by the impedance of free space, which is approxi- 
mately 377 Q. A field intensity of 1 volt per meter is there- 
fore equivalent to a power density of 


L(volt/m)? 
Z 377. 

Because ofthe relationship between voltage and power, 
the power density therefore varies with the square root of 
the field intensity, or inversely with the square of the dis 

tance. If the power density at 1 mile is 4 mW per square 
meter, then at a distance of 2 miles it will be | mW per 


65 mW/m? 


(Eq 2) 


square me 

It is important to remember this so-called spreading 
Joss when antenna performance is being considered. Gain 
can come only from narrowing the radiation pattern of an 
which concentrates the radiated energy in the 
intenna magic” by which 
the total energy radiated can be increased. 

In practice, attenuation of the wave energy may be 
much greater than the inverse-distance law would indicate. 
The wave does not travel in a vacuum, and the 
a clear line of sight. 


antenna seldom is situated so thei 
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‘The Earth is spherical and the waves do not penetrate its 
surface appreciably, so communication beyond visual dis- 
tances must be by some means that will bend the waves 
around the curvature of the Earth. These means involve 
additional energy losses that increase the path attenuation 
with distance, above that for the theoretical spreading loss 


Bending of Radio Waves 


Radio waves and light waves are both propagated as 
electromagnetic energy. Their major differen 
length, since radio-reflecting surfaces are usually much 
smaller in terms of wavelength than those for light. In mate- 
rial of a given electrical conductivity, long waves penetrate 
deeper than short ones, and so require a thicker mass for 
‘good reflection. Thin metal however is a good reflector of 
even long-wavelength radio waves. With poorer conductors, 
such as the Earth’s crust, long waves may penetrate quite a 
few feet below the surface 

Reflection occurs at any boundary between materials 
of differing dielectric constant. Familiar examples with light 
are reflections from water surfaces and window panes. Both 
water and glass are transparent for light, but their dielectric 
constants are very different from that of air. Light waves, 
being very short, seem to bounce off both surfaces. Radio 
waves, being much longer, are practically unaffected by 
¢glass, but their behavior upon encountering water may vary, 
depending on the purity of that medium. Distilled water is a 
‘200d insulator; salt water is a relatively good conductor. 

Depending on their wavelength (and thus their fre~ 
quency), radio waves may be reflected by buildings, trees, 
vehicles, the ground, water, ionized layers in the upper 
atmosphere, or at boundaries between air masses having dif- 
ferent temperatures and moisture content. Ionospheric and 
atmospheric conditions are important in practically all 
communication beyond purely local ranges. 

Refraction is the bending of a ray as it passes from one 
medium to another at an angle. The appearance of bending, 
of a straight stick, where it enters water at an angl 
example of light refraction known to us all. The degree 
bending of radio waves at boundaries betwe 
increases with the radio frequency. There is slight atmo- 
spheric bending in our HF bands. It becomes noticeable 
at 28 MHz, more so at SO MHz, and it is much more of a 
factor in the higher VHF range and in UHF and microwave 
propagation. 

Diffraction of light over a solid wall prevents total dark- 
ness on the far side from the light source. This is caused 
largely by the spreading of waves around the top of the wall, 
due to the interference of one part of the beam with another. 
‘The dielectric constant of the surface of the obstruction may 
affect what happens to our radio waves when they encoun- 
ter terrestrial obstructions—but the radio shadow area is, 
never totally dark. See Chapter 3, The Effects of Ground, 
for more information on diffra 
‘The three terms, refl 
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gation is nearly always a mix of these phenomena, and it 
‘may not be easy to identify or separate them while they are 
happening when we are on the air. This book tends to rely 
on the words bending and scattering in its discussions, with 
appropriate modifiers as needed. ‘The important thing to 
remember is that any alteration of the path taken by energy 
as it is radiated from an antenna is almost certain to affect 
why this chapter on propaga- 
tion is included in an antenna book. 


GROUND WAVES 


As we have already si 
many ways by the media through which they travel. This 
has led to some confusion of terms in earlier literature con- 
ceming wave propagation. Waves travel close to the ground 
in several ways, some of which involve relatively little con- 
tact with the ground itself. The term ground wave has had 
several meanings in antenna literature, but it has come to be 
applied to any wave that stays close to the Earth, reaching 
the receiving point without leaving the Earth’s lower atmo- 
sphere. This distinguishes the ground wave from a sky wave. 
which utilizes the ionosphere for propagation between the 
transmitting and receiving antennas, 

‘The ground wave could be traveling in actual contact 
with the ground, as in Fig 1, where itis called the surface 
wave. Or it could travel directly between the transmitting 
and receiving antennas, when they are high enough so they 
can “see” each other—this is commonly called the direct 
wave. The ground wave also travels between the transmit- 
ting and receiving antennas by reflections or diffractions 
off intervening terrain between them. The ground- influenced 
wave may interact with the direct wave to create a vector- 
summed resultant at the receiver antenna, 

In the generic term ground wave, we also will include 
cones that are made to follow the Earth’s curvature by bend- 
ing in the Earth’s lower atmosphere, or troposphere, usu- 
ally no more than a few miles above the ground, Often called 
tropospheric bending, this propagation mode is a major 
factor in amateur communications above 50 MHz. 


THE SURFACE WAVE 
‘The surface wave travel 
surface. It can provide coverage up to about 100 miles in 
the standard AM broadcast band during the daytime, but 
attenuation is high. As can be seen from Fig 3, the attenua- 
tion increases with frequency. The surface wave is of little 
value in amateur communication, except possibly at 
1.8 MHz. Vertically polarized antennas must be used, which 
tends to limit amateur surfac tion to where 
large vertical systems can be erected 


THE SPACE WAVE 


Propagation between two antennas situated within line 
of sight of each other is shown in Fig 4. Energy traveling 
directly between the antennas is attenuated to about the same 
degree as in free space. Unless the antennas are very high or 
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Fig 3—Typical HF ground-wave range as a function of 
frequency. 


Fig 4—The ray traveling directly from the transmitting 
antenna to the receiving antenna combines with a ray 
reflected from the ground to form the space wave. For 
@ horizontally polarized signal a reflection as shown 
here reverses the phase of the ground-reflected ray. 


quite close together, an appreciable portion of the energy is 
reflected from the ground. This reflected wave combines 
with direct radiation to affect the actual signal received. 


In most communication between two stations on the 
‘ground, the angle at which the wave strikes the ground will 
bbe small. For a horizontally polarized signal, such a reflec~ 
tion reverses the phase of the wave. Ifthe distances traveled 
bby both parts of the wave were the same, the two parts would 
arrive out of phase, and would therefore cancel each other. 
‘The ground-reflected ray in Fig 4 must travel a little further, 
so the phase difference between the two depends on the 
lengths of the paths, measured in wavelengths. The wave- 
length in use is important in determining the useful signal 
type of communication. 

ence in path length is 3 meters, the phase 
difference with 160-meter waves would be only 360° x 
3/160 = 6.8°. This is a negligible difference from the 180° 
shift caused by the reflection, so the effective signal strength 
over the path would still be very small because of cancella- 
tion of the two waves. But with 6-meter radio waves the 
phase length would be 360° x 3/6 = 180°. With the addi- 


tional 180° shift on reflection, the two rays would add. Thus, 
the space wave is a negligible factor at low frequencies, but 
it can be increasingly useful as the frequency is raised. It is, 


a dominant factor in local amateur communication at 
50 MHz and higher. 

Interaction between the direct and reflected waves is 
the principle cause of mobile flutter observed in local VHF 
communication between fixed and mobile stations. The flut- 
ter effect decreases once the stations are separated enough 
so that the reflected ray becomes inconsequential. The 
reflected energy can also confuse the results of field-strength 


measurements during tests on VHF antennas. 

As with most propagation explanations, the space-wave 
picture presented here is simplified, and practical consider- 
is always some energy 
sd from the ground. Furth: 
the phase of the ground-reflected wave is not shifted 
exactly 180°, so the waves never cancel completely. At UHF, 
tly reduced or elim 
nated by using highly directive antennas. By confining the 
antenna pattern to something approaching a flashlight beam, 
nearly all the energy is in the direct wave. The resulting 
energy loss is low enough that microwave relays, for 
example, can operate with moderate power levels over hun- 
drei 


ations dictate modifications. Ther 
loss when the wave is refl 


ground-reflection losses can be gr 


or even thousands of miles. Thus we see that, while 
the space wave is inconsequential below about 20 MHz, 
can be a prime asset in the VHF realm and higher. 


VHF/UHF PROPAGATION BEYOND LINE 
OF SIGHT 


From Fig 4 it appears that use of the space wave 
depends on direct line of sight between the antennas of the 


communicating stations. This is not literally true, although 
that belief was common in the early days of amateur com- 
munication on frequencies above 30 MHz. When equipment 
became available that operated more efficiently and after 
antenna techniques were improved, it soon became clear 
that VHF waves were actually being bent or scattered in 
several ways, permitting reliable communication beyond 
visual distances between the two stations. This was found 
tru 


even with low power and simple antennas. The avei 
communication range can be approximated by assuming the 
waves travel in straight lines, but with the Earth's radius 
increased by one-third. The distance to the radio hori 
then given as 


Drrites =1-415 JHcce (Eq 3) 


Dyn =4.124 E44) 


Haters 


where H is the height of the transmitting antenna, as shown 
in Fig 5. The formula assumes that the Earth is smooth out 
to the horizon, so any obstructions along the path must be 
taken into consideration. For an elevated receiving 
antenna the communication distance is equal to D + DI, 
that is, the sum of the distances to the horizon of both 
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Fig 5—The distance D to the horizon from an antenna 
of height H is given by equations in the text. The 
maximum line-of-sight distance between two elevated 
antennas is equal to the sum of their distances to the 
horizon as indicated here. 


antennas. Radio horizon distances are given in graphic form 
in Fig 6. Two stations on a flat plain, one with its antenna 
60 feet above ground and the other 40 feet, could be up to 
about 20 miles apart for strong-signal line-of-sight commu: 
nication (11 + 9 mi). The terrain is almost never completely 
flat, however, and variations along the way may add to or 
subtract from the distance for reliable communication. 
Remember that energy is absorbed, reflected or scattered in 
many ways in nearly all communication situations. The for- 
mula or the chart will be a good guide for estimating the 
potential radius of coverage for a VHF FM repeatei 
ing the users are mobile or portable with simple, omnidi- 
rectional antennas. Coverage with optimum home-station 
equipment, high-gain directional arrays, and SSB or CW is 
quite a different matter. A much more detailed method for 
estimating coverage on frequencies above 50 MHz is given 
later in this chapter. 

For maximum use of the ordinary space wave it is 
important to have the antenna as high as possible above 
nearby buildings, trees, wires and surrounding terrain. A 
hill that rises above the rest of the countryside is a good. 
location for an amateur station of any kind, and particularly 
so for extensive coverage on the frequencies above 50 MHz. 
‘The highest point on such an eminence is not necessarily 
the best location for the antenna. In the example shown in 
Fig 7, the hilltop would be a good site in all directions. But 
if maximum performance to the right is the objective, a point 
just below the crest might do better. This would involve a 
trade-off with reduced coverage in the opposite direction. 
Conversely, an antenna situated on the left side, lower down 
the hill, might do well to the left, but almost certainly would. 
be inferior in performance to the right. 

Selection of a home site for its radio potential is a com: 
plex business, at best. A VHF enthusiast dreams of the high: 
cst hill. The DX-minded HF ham may be more attracted by a 
dry spot near a salt marsh, A wide saltwater horizon, espe- 
cially from a high cliff, just smells of DX. In shopping for 
ham radio real estate, a mobile or portable rig for the fre: 
{quencies you're most interested in can provide useful clues. 


ANTENNA POLARIZATION 


If effective communication over long distances were 
the only consideration, we might be concerned mainly with 
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Fig 6—Distance to the horizon from an antenna of 
given height. The solid curve includes the effect of 
atmospheric retraction. The optical line-of-sight 
distance Is given by the broken curve. 


Fig 7—Propagation conditions are generally best when 
the antenna Is located slightly below the top of a hill 
on the side facing the distant station. Communication 
Is poor when there is a sharp rise immediately in front 
of the antenna in the direction of communication. 


radiation of energy at the lowest possible angle above the 
horizon, However, being engaged in a residential avocation 
often imposes practical restrictions on our antenna projects. 
‘As an example, our 1.8 and 3.5-MHz bands are used prima- 
rily for short-distance communication because they serve 
that purpose with antennas that are not difficult or expen: 
sive to put up. Out to a few hundred miles, simple wire 


antennas for these bands do well, even though their radia- 
tion is mostly at high angles above the horizon. Vertical sys~ 
tems might be better for long-distance use, but they require 
extensive ground systems for good performanc 

Horizontal antennas that radiate well at low angl 
most easily erected for 7 MHz.and higher frequencies—hori 
zontal wires and arrays are almost standard practice for work 
on 7 through 29.7 MHz. Vertical antennas, such as a single 
‘omnidirectional antenna of multiband design, are also used 
in this frequency range. An antenna of this type may be a 
‘good solution to the space problem for a city dweller on a 
small lot, or even for the resident of an apartment building, 

High-gain antennas are almost always used at 50 MHz 
and higher frequencies, and most of them are horizontal 
‘The principal exception is mobile communication with 
FM through repeaters, discussed in Chapter 17, Repeater 
Antenna Systems. The height question is answered easily 
for VHF enthusiasts—the higher the better. 

‘The theoretical and practical effects of height above 
‘ground at HP are treated in detail in Chapter 3, The Effects 
‘of Ground. Note that itis the height in wavelengths that is 
important—a good reason to think in the metric system, 
rather than in feet and inet 

In working locally on any amateur frequency band, 
best results will be obtained with the same polarization at 
both stations, except on rare occasions when polarization 
shift is caused by terrain obstructions or reflections from 
buildings. Where such a shift is observed, mostly above 100 
MHZ or so, horizontal polarization tends to work better than 
vertical. This condition is found primarily on short paths, 
s0 it is not too important. Polarization shift may occur on 
long paths where tropospheric bending is a factor, but here 
the effect tends to be random. Long-distance communica 
tion by way of the ionosphere produces random polariza- 
tion effects, so polarization matching is of little or no 
importance. This is fortunate for the HF mobile enthusiast, 
who will find that even his short, inductively loaded whips 
work very well at all distances other than local. 

Because it responds to all plane polarizations equally, 
circular polarization may pay off on circuits where the 
arriving polarization is random, but it exacts a 3-4B penalty 
when used with a single-plane polarization of any kind. Cir- 
cular systems find greatest use in work with orbiting satel- 
lites. It should be remembered that “horizontal” and 
“vertical” are meaningless terms in space, where the plane- 
Earth reference is lost. 


Polarization Factors Above 50 MHz 
In most VHF communication over short distances, the 
polarization of the space wave tends to remain constant. 
Polarization discrimination is high, usually in excess of 
20 dB, so the same polarization should be used at both ends, 
of the circuit. Horizontal, vertical and circular polarization 
all have certain advantages above 50 MHz, so there has never 
been complete standardization on any one of them. 
sms are popular, in part because they 
man-made noise, much of which is vertically 


polarized. There is some evidence that vertical polarization 
shifts to horizontal in hilly terrain, more readily than hori 
zontal shifts to vertical. With large arrays, horizontal sys- 
tems may be easier to erect, and they tend to give higher 
signal strengths over irregular terrain, if any difference is 
observed. 

Pract 


ally all work with VHF mobiles is now handled 
with vertical systems. For use in a VHF repeater system, 
the vertical antenna can be designed to have gain without 
losing the desired omnidirectional quality. In the mobile sta- 
tion a small vertical whip has obvious aesthetic advantages. 
Often a telescoping whip used for broadcast r 
be pressed into service for the 144-MHz FM rig. A car-top 
mount is preferable, but the broadcast whip is a practical 
compromise. Tests with at least one experimental repeater 
have shown that horizontal polarization can give a slightly 
larger service area, but mechanical advantages of vertical 
systems have made them the almost unanimous choice in 
VHF FM communication. Except for the repeater field, hori- 
zontal is the standard VHF system almost everywhere. 

In communication over the Earth-Moon-Earth (EME) 
route the polarization picture is blurred, as might be expected 
with such a diverse medium. If the moon were a flat target 
wwe could expect a 180° phase shift from the moon reflei 
tion process. But it is not flat. This plus the moon’s libra 
tion (its slow oscillation, as viewed from the Earth), and the 
fact that waves must travel both ways through the Earth’s 
entire atmosphere and magnetic field, provide other vari- 
ables that confuse the phase and polarization issue. Build- 
ing a huge array that will track the moon, and give gains in 
excess of 20 dB, is enough of a task that most EME enthu- 
siasts tend to take their chances with phase and polarization 
problems. Where rotation of the element plane has been tried 
it has helped to stabilize signal levels, but it is not widely 
employed, 


PROPAGATION OF VHF WAVES 


‘The wave energy of VHF stations does not simply di 
appear once it reaches the radio horizon. Itis scattered, but 
it can be heard to some degree for hundreds of miles, well 
beyond line-of-sight range. Everything on Earth, and in the 
regions of space up to at least 100 miles, is a potential for- 
ward-scattering agent. 

Tropospheric scatter is always with us. Its effects are 
often hidden, masked by more effective propagation mod 
on the lower frequencies. But beginning in the VHF range. 
scatter from the lower atmosphere extends the reliable range 
markedly if we make use of it. Called troposcatter, this is 
‘what produces that nearly flat portion of the curves that will 
be described later (in the section where you can compute 
reliable VHF coverage range). With a decent station, you 
can consistently make troposcatter contacts out to 300 miles 
out on the VHF and even UHF bands, especially if you don’t 
mind weak signals and something less than 99% reliability. 
AS long ago as the early 1950s, VHF enthusiasts found that 
VHE contests could be won with high power, big antennas 
and a good ear for signals deep in the noise. They still can. 
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Ionospheric scatter works much the same as the 
tropo version, except that the scattering medium is higher 
up, mainly the E region of the ionosphere but with some 
help from the D and F layers too. lonospheric scatter is, 
useful mainly above the MUF, so its useful frequency 
range depends on geography, time of day, season, and 
the state of the Sun. With near maximum legal power, 
‘good antennas and quiet locations, ionospheric scatter can 
fill in the skip zone with marginally readable signals scat- 
tered from ionized trails of meteors, small areas of ran- 
and whatever may 
come into the antenna patterns at 50 to 150 mi 
above the Earth, It’s mostly an E-layer busines 
works all E-layer distances. Good antennas and keen ears 
help. 

Transequatorial propagation (TE) was an amateur 
50-MHz discovery in the years 1946-1947. Amateurs of all 
continents observed it almost simultaneously on three sepa~ 
rate north-south paths. These amateurs tried to communi: 
cate at 50 MHz, even though the predicted MUF was around 
40 MHz for the favorable daylight hours. The first success 
‘came at night, when the MUF was thought to be even lower. 
A remarkable research program inaugurated by amateurs in 
Europe, Cyprus, Zimbabwe and South Africa eventually pro- 
vided technically sound theories to explain the then- 
unknown mode. 

It has been known for years that the MUF is higher 
and less seasonally variable on transequatorial circuits, but 
the full extent of the difference was not learned until ama- 
teur work brought it to light. As will be explained in a later 


dom ionization, cosmic dust, sate 


section in more detail, the ionosphere over equatorial 
regions is higher, thicker and more dense than elsewhere. 
Because of its more constant exposure to solar radiation, 
the equatorial belt has high nighttime-MUF possibilities. 
TE can often work marginally at 144 MHz, and even at 
432 MHz on occasion. The potential MUF varies with solar 
activity, but not to the extent that conventional F-layer propa 
gation does. It is a late-in-the-day mode, taking over about 
‘when normal F-layer propagation goes out. 

‘The TE range is usually within about 4000 km (2500 
miles) either side of the geomagnetic equator. The Earth’ 
magnetic axis is tilted with respect to the geographical axis, 
so the TE belt appears as a curving band on conventional 
flat maps of the world. See Fig 8. As a result, TE has a 
different latitude coverage in the Americas from that from 
Europe to Africa. The TE belt just reaches into the southern 
continental US. Stations in Puerto Rico, Mexico and even 
the northern parts of South America encounter the mode 
more often than those in favorable US areas. It is no acci- 


dent that TE was discovered as a result of 50-MHz work in 
Mexico City and Buenos Aires. 

Within its optimum regions of the world, the TE mode 
extends the usefulness of the 50-MH band far beyond that 
of conventional F-layer propagation, since the practical TE 
MUF runs around 1.5 times that of normal F>, Both its 


sonal and diurnal characteristics are extensions of what is 
considered normal for 50-MHz propagation. In that part of 
the Americas south of about 20° North latitude, the exist- 
ence of TE affects the whole character of band usage, esp 
cially in years of high solar activity 


Fig 8—Transequatorial spread-F propagation takes place between stations equidistant across the geomagnetic 
‘equator. Distances up to 8000 km (5000 miles) are possible on 28 through 432 MHz. Note that the geomagnetic 
equator is considerably south of the geographic equator in the Western Hemisphere. (Figure courtesy of The ARRL 
Handbook.) 
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Weather Effects on VHF/UHF Tropospheric 
Propagation 


Changes in the dielectric constant of the medium can 
affect propagation. Varied weather patterns over most of the 
Earth’s surface can give rise to boundaries between air 
masses of very different temperature and humidity charac~ 
teristics. These boundaries can be anything from local 
anomalies to air-circulation patterns of continental propor- 
tions. 


Under stable weather conditions, large air masses 
can retain their characteristics for hours or even days at a 
time. See Fig 9. Stratified warm dry air over cool moist 
air, flowing slowly across the Great Lakes region to the 
Atlantic Seaboard, can provide the medium for east-west 
communication on 144 MHz and higher amateur frequen- 
cies over as much as 1200 miles. More common, how- 


ever, are communication distances of 400 to 600 miles 
under such conditions. 

A similar inversion along the Atlantic Se: 
result of a tropical storm air-circulation pattern may bring, 
VHF and UHF openings extending from the Maritime Prov- 
inces of Canada to the Carolinas. Propagation across the 
Gulf of Mexico, sometimes with very high signal levels, 
enlivens the VHF scene in coastal areas from Florida to 
Texas. The 
Bay Area to Mexico, is blessed with a similar propagation 
aid during the warmer months. Tropical storms moving west, 
across the Pacific below the Hawaiian Islands, may provide 
a transpacific long-distance VHF medium, Amateurs first 
exploited this on 144, 220 and 432 MHz, in 1957. It has 
been used fairly often in the summer months since, although 
not yearly. 

‘The examples of long-haul work cited above may 
‘occur infrequently, but lesser extensions of the minimum 
‘operating range are available almost daily. Under minimum 
conditions there may be little more than increased signal 
strength over paths that are workable at any time. 

‘There is a diurnal effect in temperate climates. At 
sunrise the air aloft is warmed more rapidly than that near 
the Earth's surface, and as the Sun goes lower late in the 
day the upper air is kept warm, while the ground cools. In 
fair, calm weather such sunrise and sunset temperature 
inversions can improve signal strength over paths beyond 
line of sight as much as 20 dB over levels prevailing during 
the hours of high sun. The diurnal inversion may also 
extend the operating range for a given strength by some 20 
to 50%. If you would be happy with a new VHF antenna, 
try it first around sunrise! 

‘There are other short-range effects of local atmospheric 
and topographical conditions. Known as subsidence, the flow 
of cool air down into the bottom of a valley, leaving warm 
air aloft, is a familiar summer-evening pleasure. The daily 
inshore-offshore wind shift along a seacoast in summer sets, 
up daily inversions that make coastal areas highly favored 
as VHF sites. Ask any jealous 144-MHz operator who lives 
more than a few miles inland. 


joard as a 


California coast, from below the San Francisco 


‘Tropospheric effects can show up at any time, in any 
season. Late spring and early fall are the most favored peri- 
ds, although a winter warming trend can produce strong 
and stable inversions that work VHF magic almost equal to 
that of the more familiar spring and fall events. 
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Fig 9—Upper air conditions that produce extended- 
range communication on the VHF bands. At the top Is. 
shown the US Standard Atmosphere temperature 
curve. The humidity curve (dotted) is what would result 
if the relative humidity were 70%, from ground level to 
12,000 feet elevation. There Is only slight refraction 
under this standard condition. At the bottom is shown 
a sounding that is typical of marked refraction of VHF 
waves. Figures in parentheses are the “mixing ratio” 
—grams of water vapor per kilogram of dry air. Note 
the sharp break in both curves at about 3500 feet. 
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Regions where the climate is influenced by large 


bodies of water enjoy the greatest degree of tropospheric 
bending. Hot, dry desert areas see little of it, at least in the 
forms described above. 


Tropospheric Ducting 

‘Tropospheric propagation of VHF and UHF waves can 
influence signal levels at all distances from purely local to 
something beyond 4000 km (2500 miles). The outer limits, 
are not well known. At the risk of over simplification, we 
extended local and 


will divide the modes into two clas 
long distance. This concept must be modified depending on 
the frequency under consideration, but in the VHF range 
the extended-local effect gives way to a form of propaga- 
tion much like that of microwaves in a waveguide, called 
ducting. The transition distance is ordinarily somewhere 
around 200 miles. The difference lies in whether the atmo- 
spheric condition producing the bending is localized or 
continental in scope. Remember, we're concerned here with 
frequencies in the VHF range, and perhaps up to 500 MH. 
At 10 GHz, for example, the scale is much smaller. 

In VHF propagation beyond a few hundred miles, more 
than one weather front is probably involved, but the wave is, 
propagated between the inversion layers and ground, in the 
main, On long paths over the ocean (two notable examples 
are California to Hawaii and Ascension Island to Brazil), 
propagation is likely to be between two atmospheric layers. 
‘On such circuits the communicating station antennas must 
be in the duct, or capable of propagating strongly into it. 
Here again, we see that the positions and radiation angles of 
the antennas are important. As with microwaves in a 
waveguide, the low-frequency limit for the duct is critical 
In long-distance ducting it is also very variable. Airborne 
equipment has shown that duct capability exists well down 
into the HF region in the stable atmosphere west of Ascen- 
sion Island. Some contacts between Hawaii and Southern 
California on 50 MHz are believed to have been by way of, 
tropospheric ducts. Probably all contact over these paths on 
144 MHz and higher bands is because of duct propagation. 

Amateurs have played a major part in the discovery 
and eventual explanation of tropospheric propagation. In 
recent years they have shown that, contrary to beliefs widely 
held in earlier times, long-distance communication using 
tropospheric modes is possible to some degree on all ama- 
teur frequencies from 50 to at least 10,000 MHz. 


RELIABLE VHF COVERAGE 


In the preceding sections we discussed means by which 
amateur bands above 50 MHz may be used intermittently 
for communication far beyond the visual horizon. In 
emphasizing distance we should not neglect a prime asset 
of the VHF band: reliable communication over relatively 
short distances. The VHF region is far less subject to dis- 
ruption of local communication than are frequencies below 
30 MHz. Since much amateur communication is essentially 
local in nature, our VHF assignments can carry a great load, 
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and such use of the VHF bands helps solve interference prob- 
lems on lower frequencies. 

Because of age-old ideas, misconceptions about the cov- 
erage obtainable in our VHF bands persist. This reflects the 
thoughts that VHF waves travel only in straight lines, except 
when the DX modes described above happen to be present. 
However, let us survey the picture inthe light of modern wave~ 
propagation knowledge and see what the bands above 50 MHz 
are good for on a day-to-day basis, ignoring the anomali 
that may result in extensions of normal coverage. 

Its possible to predict with fair accuracy how far you 
should be able to work consistently on any VHF or UHF 
band, provided a few simple facts are known, The factors 
affecting operating range can be reduced to graph form, as 
described in this section. The information was originally 
published in November 1961 QST by D. W. Bray, K2LMG 
(see the Bibliography at the end of this chapter). 

‘To estimate your station’s capabilities, two basic num- 
bers must be determined: station gain and path loss. Station 
gain is made up of seven factors: receiver sensitivity, trans- 
mitted power, receiving antenna gain, receiving antenna 
height gain, transmitting antenna gain, transmitting antenna 
height gain and required signal-to-noise ratio. This looks 
complicated but it really boils down to an easily made evalu- 
ation of receiver, transmitter, and antenna performance. The 
other number, path loss, is readily determined from the 
nomogram, Fig 10. This gives path loss over smooth Earth, 
for 99% reliability. 

For 50 MHz, lay a straightedge from the distan 
between stations (left side) to the appropriate distance at 
the right side. For 1296 MHZ, use the full scale, right 
ter. For 144, 222 and 432, use the dot in the circle, square or 
triangle, respectively. Example: At 300 miles the path loss 
for 144 MHz is 214 dB, 

To be meaningful, the losses determined from this 
nomograph are necessarily greater than simple free-space 
path losses. As described in an earlier section, communi 
tion beyond line-of-sight distances involves propa 
‘modes that increase the path attenuation with distance. 


tion 


VHF/UHF Station Gain 


‘The largest of the eight factors involved in station 
design is receiver sensitivity. This is obtainable from 
Fig 11, if you know the approximate receiver noise figure 
and transmission-line loss. If you can’t measure noise fi 
ure, assume 3 dB for 50 MHz, 5 for 144 or 222, 8 for 432 
and 10 for 1296 MHz, if you know your equipment is work- 
ing moderately well. These noise figures are well on the 
conservative side for modern solid-state receivers. 


Line loss can be taken from information in Chapter 24 
for the line in use, if the antenna system is fed properly. Lay 
a straightedge between the appropriate points at either side 
of Fig Il, to find effective receiver sensitivity in decibel 
below 1 watt (ABW). Use the narrowest bandwidth that is 
practical for the emission intended, with the receiver you 
will be using. For CW, an average value for effective work 
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Fig 10—Nomogram for finding 
the capabilities of stations 

on amateur bands from 50 to 
1300 MHz. Either the path loss 
for a given distance or vice 
versa may be found if one of 
the two factors Is known. 


is about 500 Hz. Phone bandwidth can be taken from the 
receiver instruction manual, but it usually falls between 2.1 
to 2.7 kHz. 

Antenna gain is next in importance. Gains of amateur 
antennas are often exaggerated. For well-designed Yagis the 
gain (over isotropic) run close to 10 times the boom length 
in wavelengths. (Example: A 24-foot Yagi on 144 MHz 
is 3.6 wavelengths long; 3.6 x 10 = 36, and 10 log), 36 = 
15.5 dBi in free space.) Add 3 dB for stacking, where used 
properly. Add 4 dB more for ground reflection gain. This, 
varies in amateur work, but averages out near this figure. 

We have one more plus factor—antenna height gain, 
obtained from Fig 12. Note that this is greatest for short 


distances. The left edge of the horizontal center scale is for 
0 to 10 miles, the right edge for 100 to 500 miles. Height 
gain for 10 to 30 feet is assumed to be zero. For 50 feet the 
height gain is 4 dB at 10 miles, 3 dB at 50 miles, and 2 dB 
at 100 miles. At 80 feet the height gains are roughly 8, 6 
and 4 dB for these distances. Beyond 100 miles the height 
gain is nearly uniform for a given height, regardless of 
distance. 


Transmitter power output must be stated in decibels 
above I watt. If you have 500 W output, add 10 log (500/1),, 


or 27 dB, to your station gain, The transmission-line loss 
must be subtracted from the station gain. So must the 
required signal-to-noise ratio. The information is based on 
CW work, so the additional signal needed for other modes 
must be subtracted. Use a figure of 3 dB for SSB. Fading 
losses must be accounted for also. It has been shown that 
for distances beyond 100 miles, the signal will vary plus or 
minus about 7 dB from the average level, so 7 dB must be 
subtracted from the station gain for high reliability. For di 
tances under 100 miles, fading diminishes almost linearly 
with distance. For 50 miles, use -3.5 dB for fading. 


What It All Means, 


Add all the plus and minus factors to get the station gain, 
Use the final value to find the distance over which you can 
expect to work reliably from the nomogram, Fig 10. Or work 
it the other way around: Find the path loss for the distance 
you want to cover from the nomogram and then figure out 
‘what station changes will be needed to overcome it. 

‘The significance of allthis becomes more obvious when 
we see path loss plotted against frequency for the various 
bands, as in Fig 13. At the left this is done for 50% reliabil- 
ity. Atthe right is the same information for 99% reliability. 
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Fig 11—Nomogram for finding effective receiver sensitivity. 


For near-perfect reliability, a path loss of 195 dB (easily 
encountered at 50 or 144 MHz) is involved in 100-mile com- 
munication. But look at the 50% reliability curve: The same 
path loss takes us out to well over 250 miles. Few amateurs, 
demand near-perfect reliability. By choosing our times, and 
by accepting the necessity for some repeats or occasional 
loss of signal, we can maintain communication out to dis- 
tances far beyond those usually covered by VHF stations. 
Working out a few typical amateur VHF station setups 
with these curves will show why an understanding of these 
factors is important to any user of the VHF spectrum. Note 
that path loss rises very steeply in the first 100 miles or so. 
This is no news to VHF operators; locals are very strong, but 
stations 50 or 75 miles away are much weaker. What hap- 
pens beyond 100 miles is not so well known to many of us, 
From the curves of Fig 13, we see that path loss levels, 
off markedly at what is the approximate limit of working 
range for average VHF stations using wideband modulation 
modes. Work out the station gain for a SO-W station with an 
average receiver and antenna, and you'll find that it comes, 
‘out around 180 dB. This means you'd have about a 100-mile 
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working radius in average terrain, for good but not perfect 
reliability. Another 10 dB may extend the range to as much 
as 250 miles. Just changing from AM phone to SSB and CW 
makes a major improvement in daily coverage on the VHF 
bands. 

‘A bigger antenna, a higher one if your present beam is 
not at least 50 feet up, an increase in power to 500 W from 
50 W, an improvement in receiver noise figure if itis pres 
ently poor—any of these things can make a big improv 
‘ment in reliable coverage. Achieve all of them, and you will 
have very likely tripled your sphere of influence, thanks to 
that hump in the path-loss curves. This goes a long way 
toward explaining why using a 10-W packaged station with 
a small antenna, fun though it may be, does not begin to 
show what the VHF bands are really good for. 


Terrain at VHF/UHF 

‘The coverage figures derived from the above proce- 
dure are for average terrain. What of stations in mountain- 
ous country? Although an open horizon is generally desirable 
for the VHF station site, mountain country should not be 
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Fig 13—Path loss versus distance for amateur frequencies above 50 MHz. At A are curves for 50% of the time; at B, 
for 99%. The curves at A are more representative of Amateur Radio requirements. 


considered hopeless. Help for the valley dweller often lies 
in the optical phenomenon known as knife-edge diffraction. 
A flashlight beam pointed at the edge of a partition does not 
cut off sharply at the partition edge, but is diffracted around 
it, partially illuminating the shadow area. A similar effect 
is observed with VHF waves passing over ridges; there is 
a shadow effect, but not a complete blackout. Ifthe signal 
is strong where it strikes the mountain range, it will be 
heard well in the bottom of a valley on the far side. (See 
Chapter 3, The Effects of Ground, for a more thorough dis- 
cussion of the theory of diffraction.) 


‘This is familiar to all users of VHF communications 


equipment who operate in hilly terrain, Where only one ridg 
lies in the way, signals on the far side may be almost as 
good as on the near side. Under ideal conditions (a very 
high and sharp-edged obstruction near the midpoint of a 
Jong-enough path so that signals would be weak over aver- 
age terrain), knife-edge diffraction may yield signals even 


stronger than would be possible with an open path. 

‘The obstruction must project into the radiation patterns 
of the antennas used. Often mountains that look formidable 
to the viewer are not high enough to have an appreciable 
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effect, one way or the other. Since the normal radiation pat- 
tem from a VHF array is several degrees above the horizon- 
tal, mountains that are less than about three degrees above 
the horizon, as seen from the antenna, are missed by the 
radiation from the array. Moving the mountains out of the 
way would have substantially no effect on VHF signal 
strength in such cases. 

Rolling terrain, where obstructions are not sharp enough 
to produce knife-edge diffraction, still does not 
exhibit a complete shadow effect. There is no complete bar- 
rier to VHF propagation—only attenuation, which varies 
widely as the result of many factors. Thus, even valley loca- 
tions are usable for VHF communication. Good antenna sys~ 
tems, preferably as high as possible, the best available 
equipment, and above all, the willingness and ability to work 
with weak signals may make outstanding VHF work possible, 
ceven in sites that show little promise by casual inspection. 


AURORAL PROPAGATION 


‘The Earth has a magnetosphere or magneti 
rounding it. NASA scientists have described the magneto- 
sphere as a sort of protective “bubble” around the Earth that 
shields us from the solar wind. Under normal circumstances, 
there are lots of electrons and protons moving in our mag- 
netosphere, traveling along magnetic lines of force that trap 
them and keep them in place, neither bombarding the earth 
nor escaping into outer spac 

Sudden bursts of activity on the Sun are sometimes 
accompanied by the ejection of charged particles, often from 
so-called Coronal Mass Ejections (CME) because they origi 
nate from the Sun’s outer coronal region. These charged 
particles can interact with the magnetosphere, compressing 
and distorting it, Ifthe orientation of the magnetic field con- 
tained in a large blast of solar wind or in a CME js aligned 
‘opposite to that of the Earth’s magnetic field, the magnetic 
bubble can partially collapse and the particles normally 
trapped there can be deposited into the Earth's atmosphere 
along magnetic lines near the North or South poles. This, 
produces a visible or radio aurora. An aurora is visible if 
the time of entry is after dark 

‘The visible aurora is, in eff 
height—a curtain of ions capable of ret 
in the frequency range above about 20 MHz. D-region 
absorption increases on lower frequencies during auroras. 
‘The exact frequency ranges depend on many factors: time, 
season, position with relation to the Earth’s auroral regions, 
and the level of solar activity at the time, to name a few. 

‘The auroral effect on VHF waves is another amateur 
discovery, this one dating back to the 1930s. The discovery 
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came coincidentally with improved transmitting and receiv 
ing techniques then. The returning signal is diffused in fr 
quency by the diversity of the auroral curtain as a refracting 
(scattering) medium. The result is a modulation of a CW 
signal, from just a slight burbling sound to what is best 
described as a “keyed roar.” Before SSB took over in VHF 
work, voice was all but useless for auroral paths. A side- 
band signal suffers, too, but its narrower bandwidth helps to 
retain some degree of understandability. Distortion induced 
by a given set of auroral conditions increases with the fr 
quency in use, 50-MHz signals are much more intelligible 
than those on 144 MHz on the same path at the same time. 
On 144 MHz, CW is almost mandatory for effective auroral 
communication 

‘The number of auroras that can be expected per year 
varies with the geomagnetic latitude. Drawn with respect t0 
the Earth’s magnetic poles instead of the geographical ones, 
these latitude lines in the US tilt upward to the northwest. 
For example, Portland, Oregon, is 2° farther north (ge 
graphic latitude) than Portland, Maine. The Maine city’s 
geomagnetic latitude line crosses the Canadian border 
before it gets as far west as its Oregon namesake. In terms 
of auroras intense enough to produce VHF propagation 
results, Portland, Maine, is likely to see about 10 times as 
many per year. Oregon’s auroral prospects are more like 
those of southern New Jersey or central Pennsylvania. 

‘The antenna requirements for auroral work are mixed. 
High gain helps, but the area of the aurora yielding the best 
returns sometimes varies rapidly, so sharp directivity can be 
a disadvantage. So could a very low radiation angle, or a 
beam pattern very sharp in the vertical plane. Experience 
indicates that few amateur antennas are sharp enough in 
either plane to present a real handicap. The beam heading 
for maximum signal can change, however, so a bit o 
ning in azimuth may turn up some interesting results. A very 
large array, such as is commonly used for moonbounce (with 
azimuth-elevation control), should be worthwhile. 

‘The incidence of auroras, their average intensity, and 
their geographical distribution as to visual sightings and 
VHF propagation effects all vary to some extent with solar 
ictivity. There is some indication that the peak period 
for auroras lags the sunspot-cycle peak by a year or two. 
Like sporadic E, an unusual auroral opening can come at 
any season. There is a marked diurnal swing in the num- 
ber of auroras. Favored times are late afternoon and early 
evening, late evening through early morning, and early 
afternoon, in about that order. Major auroras often start 
in early afternoon and carry through to early morning 
the next day. 


HF Sky-Wave Propagation 


As described earlier, the term ground wave is com- 
monly applied to propagation that is confined to the Earth's 
lower atmosphere. Now we will use the term sky wave to 
describe modes of propagation that use the Earth’s iono- 
sphere. First, however, we must examine how the Earth’s 
ionosphere is affected by the Sun. 


THE ROLE OF THE SUN 


Everything that happens in radio propagation, as with 
all life on Earth, is the result of radiation from the Sun. The 
variable nature of radio propagation here on Earth reflects 
the ever-changing intensity of ultraviolet and X-ray radia- 
tion, the primary ionizing agents in solar energy. Every day, 
solar nuclear reactions are turning hydrogen into helium, 
releasing an unimaginable blast of energy into space in the 
process. The total power radiated by the Sun is estimated 
at 4 x 10 kW—that is, the number four followed by 23 
zeroes. At its surface, the Sun creates about 60 megawatts 
per square meter. That is a very potent transmitter! 


The Solar Wind 


‘The Sun is constantly ejecting material from its sur 
face in all directions into space, making up the so-called 
solar wind. Under relatively quiet solar conditions the solar 
wind blows around 200 miles per second—675,000 mites 
per hour—taking away about two million tons of solar 
material each second from the Sun. You needn't worry— 
the Sun is not going to shrivel up anytime soon. It’s big 
enough that it will take many billions of years before that 
happens. 

A 675,000 milefhour wind sounds like a pretty stiff 
breeze, doesn’t it? Lucky for us, the density of the material 
in the solar wind is very small by the time it has been spread 
‘out into interplanetary space. Scientists calculate that the den- 
sity of the particles in the solar wind is less than that of the 
best vacuum they've ever achieved on Earth. Despite the low 
density of the material in the solar wind, the effect on the 
Earth, especially its magne 

Before the advent of sophisticated satellite 
Earth's magnetic field was considered to be fairly simple, 
modeled as if the Earth were a large bar magnet. The axis of 
this hypothetical bar magnet is oriented about 11° away from 
the geographic north-south pole. We now know that the 
solar wind alters the shape of the Earth's magnetic field sig- 
nificantly, compressing it on the side facing the Sun and 
elongating it on the other side—in the same manner as the 
tail of a comet is stretched out radially in its orientation 
from the Sun. In fact, the solar wind is also responsible for 
the shape of a comet’s tail 

Partly because of the very nature of the nuclear reac- 
tions going on at the Sun itself, but also because of varia- 
tions in the speed and direction of the solar wind, the 
interactions between the Sun and our Earth are incredibly 
complex. Even scientists who have studied the subject for 


years do not completely understand everything that happens 
fon the Sun. Later in this chapter, we'll investigate the 
effects of the solar wind when conditions on the Sun are not 

‘quiet.” As far as amateur HF skywave propagation is con- 
cerned, the results of disturbed conditions on the Sun are 


Sunspots 

‘The most readily observed characteristic of the Sun, 
other than its blinding brilliance, is its tendency to have gray- 
ish black blemishes, seemingly at random times and at 
random places, on its fiery surface. (See Fig 14.) There are 
written records of naked-eye sightings of sunspots in the 
Orient back to more than 2000 years ago. As far as is known, 
the first indication that sunspots were recognized as part of 
the Sun was the result of observations by Galileo in the early 
1600s, not long after he developed one of the first practical 
telescopes. 

Galileo also developed the projection method for 
observing the Sun safely, but probably not before he had suf- 
fered severe eye damage by trying to look at the Sun di- 


Fig 14—Much more than sunspots can be seen when 
the sun Is viewed through selective optical filters. This 
photo was taken through a hydrogen-alpha filter that 


passes a narrow light segment at 6562 angstroms. The 
bright patches are active areas around and often 
between sunspots. Dark irregular lines are filaments of 
activity having no central core. Faint magnetic field 
lines are visible around a large sunspot group near the 
disc center. (Photo courtesy of Sacramento Peak 
Observatory, Sunspot, New Mexico). 
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rectly. (He was blind in his last years.) His drawings of sun- 
spots, indicating their variable nature and position, are the 
earliest such record known to have been made. His 
reward for this brilliant work was immediate condemnation 
bby church authorities of the time, which probably set back 
progress in learning more about the Sun for generations, 
‘The systematic study of solar activity began about 
1750, so a fairly reliable record of sunspot number 
back that far. (There are some gaps in the early data.) The 
record shows clearly that the Sun is always in a state of 
change. It never looks exactly the same from one day to the 
next. The most obvious daily change is the movement of 
visible activity centers (sunspots or groups thereof) across 
the solar dise, from east to west, at a constant rate. This, 


movement was soon found to be the result of the rotation of 
the Sun, at a rate of approximately four weeks for a com- 
plete round. The average is about 27.5 days, the Sun’s syn- 
‘odie rotation speed, viewed from the perspective of the Earth, 
which is also moving around the Sun in the same dire 

as the Sun’s rotation, 


‘Sunspot Numbers 

Since the earliest days of systematic observation, our 
traditional measure of solar activity has been based on a 
count of sunspots. In these hundreds of years we have learned 
that the average number of spots goes up and down in cycles, 
very roughly approximating a sine wave. In 1848, a method 
was introduced for the daily measurement of sunspot num- 
bers. That method, which is still used today, was devised by 
the Swiss astronomer Johann Rudolph Wolf. The observer 
counts the total number of spots visible on the face of the 
Sun and the number of groups into which they are clus- 
tered, because neither quantity alone provides a satisfac 
tory measure of sunspot activity. The observer's sunspot 
number for that day is computed by multiplying the number 
of groups he sees by 10, and then adding to this value the 
number of individual spots. Where possible, sunspot data 
collected prior to 1848 have been converted to this system. 

Ascan readily be understood, results from one observer 
to another can vary greatly, since measurement depends on 
the capability of the equipment in use and on the stability of 
the Earth’s atmosphere at the time of observation, as well as, 
‘on the experience of the observer. A number of observato- 
ties around the world cooperate in measuring solar activity 
A weighted average of the data is used to determine the 
International Sunspot Number or ISN for each day. (Ama- 
teur astronomers can approximate the determination of ISN 
values by multiplying their values by a correction factor 
determined empirically.) 

A majorstep forward was made with the development of 
various methods for observing narrow portions of the Sun’s, 
spectrum. Narrowband light filters that can be used with any 
‘good telescope perform a visual function very similar to the 
aural function of a sharp filter added to a communications 
receiver. This enables the observer to see the actual area of 
the Sun doing the radiating of the ionizing energy, in addition 


23-16 Chapter 23 


to the sunspots, which are more a by-product than a cause 
‘The photo of Fig 14 was made through such a filter. Studies of | 
the ionosphere with instrumented probes, and later with satel- 
lites, manned and unmanned, have added greatly to our know!- 
edge of the effects of the Sun on radio communication, 

Daily sunspot counts are recorded, and monthly and 
yearly averages determined. The averages are used 10 s% 
irends and observe patterns. Sunspot records were formerly 
kept in Zurich, Switzerland, and the values were known as 
Zurich Sunspot Numbers. They were also known as Wolf 
sunspot numbers. The official international sunspot num- 
bers are now compiled at the Sunspot Index Data Center in 
Bruxelles, Belgium, 

‘The yearly means (averages) of sunspot numbers from 
1700 through 2002 are plotted in Fig 18. The cyclic nature 
of solar activity becomes readily apparent from this graph. 
‘The duration of the cycles varies from 9.0 to 12.7 years, but 
averages approximately 11.1 years, usually referred to as 
the 11-year solar cycle. The first complete cycle to be 
observed systematically began in 1755, and is numbered 
Cycle 1. Solar cycle numbers thereafier are consecutive. 
Cycle 23 began in October, 1996. 


The “Quiet” Sun 


For more than 60 y 
radio propagation phenomena vary with the number and size 
Of sunspots, and also with the position of sunspots on the 
surface of the Sun. There are daily and seasonal variations 
in the Earth’s ionized layers resulting from changes in 
the amount of ultraviolet light received from the Sun. The 
1-year sunspot cycle affects propagation conditions because 
vity and 


it has been well known that 


there is a direct correlation between sunspot a 
ionization, 


i 


VAIN 


Fig 15—Yearly means of smoothed sunspot numbers 
from data for 1700 through 2002. This plot clearly 
‘shows that sunspot activity takes place in cycles of 
approximately 11 years duration. There Is also a longer- 
term periodicity in this plot, the Gleissberg 88-year 
cycle. Cycle 1, the first complete cycle to be examined 
by systematic observation, began in 1755. 


Activity on the surface of the Sun is changing continu- 
ally. In this section we want to describe the activity of the 
so-called quiet Sun, meaning those times when the Sun is 
not doing anything more spectacular than acting like a “nor- 
mal” thermonuclear ball of flaming gases. The Sun and its 
effects on Earthly propagation can be described in statistical 
terms—that’s what the 11-year solar cycle does. You may 
experience vastly different conditions on any particular day 
compared to what a long-term average would suggest. 

An analogy may be in order here. Have you ever gazed 
into a relatively calm campfire and been surprised when 
suddenly a flaming ember or a large spark was ejected in 
your direction? The Sun can also do unexpected and some~ 
times very dramatic things. Disturbances of propagation 
conditions here on Earth are caused by disturbed conditions 
‘on the Sun. More on this later. 

Individual sunspots may vary in size and appearance, 
or even disappear totally, within’a single day. In general, 
larger active areas persist through several rotations of the 
Sun, Some active areas have been identified over periods 
up to about a year. Because of these continual changes in 
solar activity, there are continual changes in the state of the 
Earth’s ionosphere and resulting changes in propagation con- 
ditions. A short-term burst of solar activity may trigger un- 
usual propagation conditions here on Earth lasting for less 
than an hour. 


‘Smoothed Sunspot Numbers (SSN) 
unspot data are averaged or smoothed to remove the 
of short-term changes. The sunspot values used most 
often for correlating propagation conditions are Smoothed 
Sunspot Numbers (SSN), often called 12-month running 
average values. Data for 13 consecutive months are required 
to determine a smoothed sunspot number. 

Long-time users have found that the upper HF bands, 
are reliably open for propagation only when the average 
number of sunspots is above certain minimum levels. For 
example, between mid 1988 to mid 1992 during Cycle 22, 
the SSN stayed higher than 100. The 10-meter band was, 
‘open then almost all day, every day, to some part of the world. 
However, by mid 1996, few if any sunspots showed up on 
the Sun and the 10-meter band consequently was rarely open. 
Even 15 meters, normally a workhorse DX band when solar 
activity is high, was closed most of the time during the low 
point in Cycle 22. So far as propagation on the upper HF 
‘bands is concerned, the higher the sunspot number, the bet- 
ter the conditions. 

Each smoothed number is an average of 13 monthly 
means, centered on the month of concern. The Ist and 13th 
months are given a weight of 0.5. A monthly mean is sim- 
ply the sum of the daily ISN values for a calendar month, 
divided by the number of days in that month. We would 
‘commonly call this value a monthly average. 

‘This may all sound very complicated, but an example 
should clarify the procedure. Suppose we wished to caleu- 
late the smoothed sunspot number for June 1986. We would 


effect 


require monthly mean values for six months prior and six 
months after this month, or from December 1985 through 
December 1986. The monthly mean 
‘months are 


values for thes 


Dec 85173 ul 8681 
Jan 862.5 Aug 86 0 74 
Feb 86 23.2 Sep 86 3.8 
Mar 86 15.1 Oct 86 35.4 
Apr 86 18.5 Nov 86 15.2 
May 86 13.7 Dec 86 68 
Jun 860 LL 


First we find the sum of the values, but using only one~ 
half the amounts indicated for the first and 13th months in 
the listing. This value is 166.05. Then we determine the 
smoothed value by dividing the sum by 12: 16.05/12 
13.8. (Values beyond the first decimal place are not war- 
ranted.) Thus, 13.8 is the smoothed sunspot number for June 
1986. From this example, you can see that the smoothed 
sunspot number fora particular month cannot be determined 
until six months afterwards. 

Generally the plots we see of sunspot numbers are 
averaged data. As alr 
make 


\dy mentioned, smoothed numbei 
to observe trends and see pattems, but some 
times this data can be misleading. The plots tend to imply 
that solar activity varies smoothly, indicating, for example. 
that at the onset of a new cycle the activity just gradually 
increases. But this is definitely not so! On any one day, sig~ 
nificant changes in solar activity can take place within hours, 


causing sudden band openings at frequencies well above 
the MUF values predicted from smoothed sunspot number 
curves. The durations of such openings may be brief, or 
they may recur for several days running, depending on the 
nature of the solar activity 


Solar Flux 


Since the late 1940s an additional method of dete 
mining solar activity has been put to u 
of solar radio flux. The quiet Sun emits radio energy 
a broad frequency spectrum, with a slowly varying inten- 
sity. Solar flux is a measure of energy received per unit time, 
per unit area, per unit frequency interval. These radio fluxes 
which originate from atmospheric layers high in the Sun's 
chromospher 
day to day, in response to the activity causing sunspots. Thus, 
there is a degree of correlation between solar flux values 
and sunspot numbers, 

One solar flux unit equals 102 joules per second per 


the measurement 


ind low in its corona, change gradually from 


square meter per hertz. Solar flux values are measured daily 
at 2800 MHz (10.7 cm) at The Dominion Radio Astrophysi- 
cal Observatory, Penticton, British Columbia, where daily 
data have been collected since 1991. (Prior to June 1991 
the Algonquin Radio Observatory, Ontario, made the mea- 
surements.) Measurements are also made at other observa 
tories around the world, at several frequencies. With some 
variation, the daily measured flux values increase with 
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increasing frequency of measurement, to at least 15.4 GHz. 
‘The daily 2800 MHz Penticton value is sent to Boulder, 
Colorado, where it is incorporated into WWV propagation 
bulletins (see later section). Daily solar flux information can 
bbe of some value in determining current propagation condi 
tions, as sunspot numbers on a given day do not relate 
directly to maximum usable frequency. Solar flux values 
are much more reliable for this purpose, when it is averaged 


over time, as will be discussed later in the section on com- 
puter-prediction programs, 


Correlating Sunspot Numbers and Solar Flux 
Values 

Based on historical data, an exact mathematical rela 
tionship does not exist to correlate sunspot data and solar 
flux values. Comparing daily values yields almost no corre- 
lation. Comparing monthly mean values (often called 
monthly averages) produces a degree of correlation, but the 
spread in data is still significant. This is indicated in Fig 16, 
4 scatter diagram plot of monthly mean sunspot numbers 
versus the monthly means of solar flux values adjusted to 
‘one astronomical unit. (This adjustment applies a correc~ 
tion for differences in distance between the Sun and the Earth 
at different times of the year) 

A closer correlation exists when smoothed (12-month 
running average) sunspot numbers are compared with 
smoothed (12-month running average) solar flux values 
adjusted to one astronomical unit. A scatter diagram for 
smoothed data appears in Fig 17. Note how the plot points, 
establish a better defined pattern in Fig 17. The correlation 
is still no better than a few percent, for records indicate a 
«given smoothed sunspot number does not always correspond 
with the same smoothed solar flux value, and vice versa. 
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Fig 16—Scatter diagram or X-Y plot of monthly mean 
‘sunspot numbers and monthly mean 2800MHz solar 
flux values. Data values are from February 1947 
through February 1987. Each “+” mark represents the 
intersection of data for a given month. If the 
correlation between sunspot number and flux values 
were consistent, all the marks would align to form a 
‘smooth curve. 
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‘Table 1 illustrates some of the inconsistencies that exist in 
the historical data, Smoothed or 12-month running average 
values are shown, 

Even though there is no precise mathematical relation- 
ship between sunspot numbers and solar flux values, it is 
helpful to have some way to convert from one to the other. 
‘The primary reason is that sunspot numbers are valuable as 
a long-term link with the past, but the great usefulness of 
solar flux values are their immediacy, and their direct bear- 
ing on our field of interest. (Remember, a smoothed sun- 
spot number will not be calculated until s 
fact.) 

‘The following mathematical approximation has been 
derived to convert a smoothed sunspot number to a solar 
flux value. 


ix months after the 
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Fig 17—Scatter diagram of smoothed, or 12-month 
running averages, sunspot numbers versus 2800MHz 
solar flux values. The correlation of smoothed values Is 
better than for monthly means, shown in Fig 16. 


Table 1 

Selected Historical Data Showing Inconsistent 
Correlation Between Sunspot Number and Solar 
Flux 


Month Smoothed Smoothed 

Sunspot Number — Solar Flux 
Value 
May 1953 17.4 75.8 
Sept 1965 17.4 785 
Jul 1985: 17.4 747 
Jun 1969 108.1 151.4 
Jul 1969 105.9 151.4 
Dec 1982 94.6 151.4 
Aug 1948 141.1 180.5 
Oct 1959 141.1 192.3 
Apr 1979 141.1 180.4 
‘Aug 1981 141.41 203.3 


F = 63.75 + 0.7288 + 0.000898 (Eq 5) 


where 
F = solar flux number 
S = smoothed sunspot number 


A graphic representation of this equation is given in 
Fig 18. Use this chart to make conversions graphically, rather 
than by calculations. With the graph, solar flux and sunspot 
number conversions can be made either way. The equation 
has been found to yield errors as great as 10% when histori 
cal data was examined. (Look at the August 1981 data in 
‘Table 1.) Therefore, conversions should be rounded to the 
nearest whole number, as additional decimal places are 
unwarranted. To make conversions from flux to sunspot 
number, the following approximation may be used. 


$=33.52 85.12 + F — 408.99 (Eq 6) 


THE IONOSPHERE 


‘There will be inevitable “gray areas” 
of the Earth’s atmosphere and the changes wrought in it by 
the Sun and by associated changes in the Earth’s magnetic, 
field. This is not a story that can be told in neat equations, or 
values carried out to a satisfying number of decimal places. 
‘The story must be told, and understood—with its well-known 
We are {0 put up good antennas and make 
them serve us well 

‘Thus far in this chapter we have been concerned with 
what might be called our “above-ground living space” 
that portion of the total atmosphere wherein we can survive 
without artificial breathing aids, or up to about 6 km 


in our discussion 


limitations—i 
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Fig 18—Chart for conversions between smoothed 
International Sunspot Numbers and smoothed 
2800MHz solar flux. This curve is based on the 
mathematical approximation given in the text. 


(4 miles). The boundary area is a broad one, but life (and 
radio propagation) undergo basic changes beyond this zone. 
‘Somewhat farther out, but still technically within the Earth’s 
atmosphere, the role of the Sun in the wave-propagation 
picture is a dominant one 

This is the ionosphere—a region where the air pres- 
sure is so low that free electrons and ions can move about 
for some time without getting close enough to recombine 
into neutral atoms. A radio wave entering this rarefied 
atmosphere, a region of relatively many free electrons, is 
affected in the same way as in entering a medium of differ- 
ent dielectric constant—its direction of travel is altered. 

Ultraviolet (UV) radiation from the Sun is the primary 
cause of ionization in the outer regions of the atmosphere, 
the ones most important for HF propagation. However, thet 
are other forms of solar radiation as well, including both 
hard and soft x-rays, gamma rays and extreme ultraviolet 
(EUV). The radiated energy breaks up, or photoionizes 
atoms and molecules of atmospheric gases into electrons 
and positively charged ions. The degree of ionization does 
not increase uniformly with distance from the Earth’s sur- 
face. Instead there are relatively dense regions (layers) of 
ionization, each quite thick and more or less parallel to the 
Earth’s surface, at fairly well-defined intervals outward from 
about 40 to 300 km (25 to 200 miles). These distinct layers 
are formed due to complex photochemical reactions of the 
various types of solar radiation with oxygen, ozone, nitro- 
gen and nitrous oxide in the rarefied upper atmosphere. 

Ionization is not constant within each layer, but tapers 
off gradually on either side of the maximum at the center of 
the layer. The total ionizing energy from the Sun reaching a 
given point, at a given time, is never constant, so the height 
and intensity of the ionization in the various regions will 
also vary. Thus, the practical effect on long-distance com- 
‘munication is an almost continuous variation in signal level, 
‘on of the year, the di 
un, and both short-term 


related to the time of day, the 
tance between the Earth and the 
term variations in solar activity. It would 


and lon sm from 
all this that only the very wise or the very foolish would 
attempt to predict radio propagation conditions, but itis now 
possible to do so with a fair chance of suecess. Its possible 
to plan antenna designs, particularly the choosing of an- 
tenna heights, to exploit known propagation characteristics, 


lonospheric Layer Characteristics 

‘The lowest known ionized region, called the D layer 
(or the D region), lies between 60 and 92 km (37 to 57 miles) 
above the Earth, In this relatively low and dense part of the 
atmosphere, atoms broken up into ions by sunlight r 
bine quickly, so the ionization level is directly related to 
sunlight. It begins at sunrise, peaks at local noon and disap- 
pears at sundown. When electrons in this dense medium are 
set in motion by a passing wave, collisions between par- 
ticles are so frequent that a major portion of their energy 
may be used up as heat, as the electrons and disassociated 
ions recombine. 
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Quick Summary Guide 


To round off the Basic Soldering Guide, let’s summarise how to make the perfect 


solder joint. 


Ensure materials to be soldered are compatible with tin/ lead or lead-free 
solder. 


All parts must be clean and free from dirt and contaminants. 
Try to secure the workpiece firmly during soldering. 


Brand new soldering iron tips must be flooded with solder immediately, 
the first time they are used. 


Wipe the tip of the hot soldering iron on a damp cellulose sponge at 
frequent intervals. Then “tin” the iron tip by applying a small amount of 
solder. 


Aim to heat all parts of the joint with the iron for under a second or so, to 
bring them up to the same temperature. 


Continue heating and apply sufficient rosin-core tin/ lead or lead-free 
solder to form a complete joint. 


It only takes a second at most, to solder the average p.c.b. joint. It should 
be smooth and shiny, and through-hole joints should be slightly convex in 
shape. 


Remove the iron and return it safely to its stand. 
Do not move parts until the solder has cooled. 


Tin the soldering iron tip and clean it well, when switching it off, ready for 
next time. 


Consider using e.g. electronics flux dispenser pens or Colophony (rosin) to 
help with difficult joints. 


Sometimes solder joints don’t go quite to plan, and sooner or later everyone is faced 
with the need to problem-solve or troubleshoot, so a simple Troubleshooting Guide 
follows next. 


‘The probability of collisions depends on the distance 
an electron travels under the influence of the wave—in other 
words, on the wavelength. Thus, our 1.8- and 3.5-MHz 
bands, having the longest wavelengths, suffer the highest 
daytime absorption loss as they travel through the D layer, 
particularly for waves that enter the medium at the lowest 
angles. At times of high solar activity (peak years of the 
solar eyele) even waves entering the D layer vertically suf- 
fer almost total energy absorption around midday, making 
these bands almost useless for communication over appre: 
ciable distances during the hours of high sun. They “go 
quickly in the morning, but come alive again the same way 
in late afternoon. The diumal (daytime) D-layer effect is 
less at 7 MHz (though still marked), slight at 14 MHz and 
inconsequential on higher amateur frequencies. 

‘The D region is ineffective in bending HF waves back 
to Earth, so its role in long-distance communication by 
amateurs is largely a negative one. It is the principal reason 
why our frequencies up through the 7-MHz band are useful 
mainly for short-distance communication during the high- 
sun hours. 

‘The lowest portion of the ionosphere useful for Long- 
distance communication by amateurs is the E layer (also 
known as the E region) about 100 to 115 km (621071 miles) 
above the Earth. In the E layer, at intermediate atmospheric 
density, ionization varies with the Sun angle above the hori 
zon, but solar ultraviolet radiation is not the sole ionizing 
olar X-rays and meteors entering this portion of the 
atmosphere also play a part. Ionization increases 
rapidly after sunrise, reaches maximum around noon local 
time, and drops off quickly after sundown. The minimum is, 
after midnight, local time. As with the D layer, the E layer 
absorbs wave energy in the lower-frequency amateur bands, 
when the Sun angle is high, around mid-day. The other var- 
ied effects of E-region ionization will be discussed later. 

Most of our long-distance communication capability 
stems from the tenuous outer reaches of the Earth’s atmo- 
sphere known as the F layer. At heights above 100 miles, 
ions and electrons recombine more slowly, so the observ- 
able effects of the Sun develop more slowly. Also, the 
region holds its ability to reflect wave energy back to Earth 
well into the night. The maximum usable frequency (MUF) 
for F-layer propagation on est paths thus peaks just 
afier noon at the midpoint, and the minimum occurs after 
midnight. We'll examine the subject of MUF in more detail 
later. 

Judging what the F layer is doing is by no means that 
simple, however. The layer height may be from 160 to more 
than 500 km (100 to over 310 miles), depending on the sea- 
son of the year, the latitudes, the time of day and, most 
capricious of all, what the Sun has been doing in the last few 
minutes and in perhaps the last three days before the attempt 
is made. The MUF between Eastern US and Europe, for 
example, has been anything from 7 to 70 MHz, depending 
‘onthe conditions mentioned above, plus the point in the long- 
term solar-activity cycle at which the check is made. 
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During a summer day the F layer may split into two 
layers. The lower and weaker F; layer, about 160 km (100 
miles) up, has only a minor role, acting more like the E than 
the F layer. At night the F, region disappears and the F, 
region height drops somewhat. 

Propagation information tailored to amateur needs is 
transmitted in all information bulletin periods by the ARRL 
Headquarters station, W1AW. Finally, solar and geomag- 
netic field data, transmitted hourly and updated eight times 
daily, are given in brief bulletins carried by the US Time 
Standard stations, WWV and WWVH, and also on Internet 
Web 


But more on these services later. 


Bending in the lonosphere 

‘The degree of bending of a wave path in an ionized 
layer depends on the density of the ionization and the length 
of the wave (inversely related to its frequency). The bend- 
ing at any given frequency or wavelength will increase with 
increased ionization density and will bend away from the 
region of most-intense ionization. For a given ionization 
density, bending increases with wavelength (that is, it 
decreases with frequency) 

‘Two extremes are thus possible. Ifthe intensity of the 
ionization is sufficient and the frequency is low enough, even 
a wave entering the layer perpendicularly will be reflected 
back to Earth. Conversely, if the frequency is high enough or 
the ionization decreases to a low-enough density, a condition 
is reached where the wave angle is not affected enough by 
the ionosphere to cause a useful portion of the wave 
energy to return to the Earth, The frequency at which this 
‘occurs is called the vertical-incidence critical frequency: Each 
region in the ionosphere has a critical frequency associated 
with it, and this critical frequency will change depending on 
the date, time and state of the 1-year solar cycle. 

Fig 19 shows a simplified graph of the electron den- 
sity (in electrons per cubic meter) versus height in the iono- 
sphere (in km) for a particular set of daytime and nighttime 


launch into the ionosphere back down to the Earth at some 
distance from your transmitter —The more free electrons in 
the ionosphere, the better propagation will be, particularly 


ty profiles are extremely complicated 
and vary greatly from one location to the next, depending 
on a bewildering variety of factors. Of course, this sheer 
variability makes it all the more interesting and challenging 
for hams to work each other on ionospheric HF paths! 
‘The following discussion about sounding the iono- 
sphere provides some background information about the 
scientific instruments used to decipher the highly intricate 
mechanisms behind ionospheric HF propagation 


SOUNDING THE IONOSPHERE 
For many years scientists have sounded the ionosphes 
to determine its communication potential at various elev: 
tion angles and frequencies. The word “sound” stems from 
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Fig 19—Typical electron densities for nighttime and 
daytime conditions in the various ionospheric regions. 


an old idea—one that has nothing to do with the audio waves, 
can hear as “sounds.” Long ago, sailors sounded the 
depths beneath their boats by dropping weighted ropes, cali 
brated in fathoms, into the water. In a similar fashion, the 
instrument used to probe the height of the ionosphere is 
called an ionosonde, or ionospheric sounder. It measures 
distances to various layers by launching a calibrated elec- 
tronic signal directly up into the ionosphere. 

Radar uses the same techniques as ionospheric sound- 
ing to detect targets such as airplanes. An ionosonde sends, 
precisely timed pulses into the ionosphere over a range 
ME and HF frequencies. The time of reception of an echo 
reflected from a region in the ionosphere is compared to the 
time of transmission. The time difference is multiplied by 
the speed of light to give the apparent distance that the wave 
has traveled from the transmitter to the ionosphere and back 
to the receiver. (It is an apparent or virtual distance because 
the speed of a wave slows very slightly in the ionosphere, 
just as the speed of propagation through any medium other 
than a vacuum slows down because of that medium.) 

Another type of ionosonde sweeps the frequency of 
transmission, from low to high. This is called an “EM-CW,’ 
‘or more colorfully, a “chirp” sounder. Since a received echo 
takes time to travel from the transmitter up to the reflection 
point and then back again to the receiver, the echo will be at 


that w 


lower frequency than the still-moving frequency of the trans- 


mitter. The frequency difference is an indication of the height 
Of the echo’s reflection off the various ionospheric layers. 


Vertical-Incidence Sounders 
Most ionosondes are vertical-incidence sounders, 
bouncing their signals perpendicularly off the various ion- 
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Fig 20—Very simplified ionogram from a vertical- 
incidence sounder. The lowest trace is for the E region; 
the middle for the F, and the upper trace for the F, 
region. 


ized regions above it by launching signals straight up into 
the ionosphere. The ionosonde frequency is swept upwards 
until echos from the various ionospheric layers disappear, 
meaning that the critical frequencies for those layers have 
been exceeded, causing the waves to disappear into space. 
Fig 20 shows a highly simplified ionogram for a typi- 
cal vertical-incidence sounder. The echos atthe lowest height 
alt the left-hand side of the plot show that the E region 
about 100 km high. The F; region shown in the middle of 
the plot varies from about 200 to 330 km in this example. 
and the F region ranges from just under 400 km to almost 
600 km in height. You can see that the F, and F> ionospheric 
regions take a “U” shape, indicating that the electron den- 
sity varies throughout the layer. In this example, the peak in 
electron density is at a virtual height of the F region of 
about 390 km, the lowest point in the F> curve. 
sntists can derive a lot of information from a verti- 


cal-incidence ionogram, including the critical frequencies 
for each region, where raising the frequency any higher 
gnals to disappear into space. In Fig 20, the 
E-region critical frequency (abbreviated f,E) is about 


4.1 MHz. The F, -region critical frequency (abbreviated f,F,) 
is 4.8 MHz, The F2-region critical frequency (abbreviated 
') is this simplified diagram is 6.8 MHz. 

‘The observant reader may well be wondering what the 
subscripted “o” in the abbreviations f,E, fF; and fF) mean 
The abbreviation “o” means “ordinary.” When an electro- 


‘magnetic wave is launched into the ionosphere, the Earth’s 
‘magnetic field splits the wave into two independent wav 
the “ordinary” (0) and the “extraordinary” (x) components. 


The ordinary wave reaches the same height in the ionosphere 
whether the Earth’s magnetic field is present or not, and 


hence is called “ordinary.” The extraordinary wave, how- 


ever, is greatly affected by the presence of the Earth’s mag- 
netic field, in a very complex fashion. 

Fig 21 shows an example of an actual ionogram from 
the vertical Lowell Digisonde at Millstone Hill in Massa- 
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Fig 21—Actual vertical-incidence lonogram from the 
Lowell Digisonde, owned and operated at Millstone Hill 
in Massachusetts by MIT. The ordinary (o) and 
extraordinary (x) traces are shown for heights greater 
than about 300 km. At the upper left are listed the 
computer-determined ionospheric parameters, such as 
1,F, of 9.24 MHz and f,F, at 4.66 MHz. 


chusetts, owned and operated by the Massachusetts Insti- 
tute of Technology. This ionogram was made on June 18, 
2000, and shows the conditions during a period of very high 
solar activity. The black-and-white rendition in Fig 21 of 
the actual color ionogram unfortunately loses some infor- 
‘mation. However, you can still see that a real ionogram is a 
Jot more complicated looking than the simple simulated one 
ig 20. 

‘The effects of noise and interference from other sta~ 
tions are shown by the many speckled dots appearing in the 
ionogram. The critical frequencies for various ionospheric 
layers are listed numerically at the left-hand side of the plot 
and the signal amplitudes are color-coded by the color bars 
at the right-hand side of the plot. The x-axis is the frequency, 
ranging from 1 to 11 MHz. 

Compared to the simplified ionogram in Fig 20. 


Fig 21 shows another trace that appears on the plot from about 
5.3 10 9.8 MH, a trace shifted to the right of the darker ordi- 
nary trace. This second trace isthe extraordinary (x) wave men- 
tioned above. Since the x and o waves are created by the Earth's 
magnetic field, the difference in the ordinary and 
extraordinary traces is about '/s the gyro frequency, the fre~ 
quency at which an electron will spiral down a particular mag- 
netic field line. The electron gyro frequency is different at 
various places around the Earth, being related to the Earth's 
complicated and changing magnetic field. The extraordinary 
trace always has a higher critical frequency than the ordinary 
trace on a vertical-incidence ionogram, and it is considerably 
‘weaker than the ordinary trace, especially at frequencies be: 
ow about 4 MHz because of heavy absorption 
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Fig 22—Computer simulation of the fF, contours for 25 
November 1998, for an SSN of 85 and a quiet planetary 
A, index of 5. Note the two regions of high f,F, values 
off the upper and lower west coast of Africa. These are 
the “equatorial anomalies,” regions of high electronic 
density in the F2 region that often allow chordal-hop 
north-south propagation. See also Fig 8. (PropLab Pro 
simulation, courtesy of Solar Terrestrial Dispatch) 


The Big Picture Overhead 

There are about 150 vertical-incidence ionosondes 
around the world, Ionosondes are located on land, even on a 
number of islands. There are gaps in sounder coverage, how- 
ever, mainly over large expanses of open ocean. The com- 
pilation of all available vertical-incidence data from the 
worldwide network of ionospheric sounders results in glo- 
bal f,F, maps, such as the map shown in Fig 22, a simula- 
tion from the highly sophisticated PropLab Pro computer 
program. 

‘This simulation is for 1300 UTC, several hours after 
East Coast sunrise on Nov 25, 1998, with a high level of 
solar activity of 85 and a planetary A, index of 5, indicating 
calm geomagnetic conditions. The contours of f,F, peak 
over the ocean off the west coast of Africa at 38 MHz. Over 
the southern part of Africa, f,F peaks at 33 MHz. 

‘These two “humps” in f,, form what is known as the 
“equatorial anomaly” and are caused by upwelling “foun- 
tains” of high electron concentration located in daylight 
areas about £20” from the Earth's magnetic dip equator. The 
equatorial anomaly is important in transequatorial prop: 
tion. Those LU stations in Argentina that you can hear on 
28 MHz from the US in the late afternoon, even during low 
portions of the solar cycle when other stations to the south 
are not coming through, are benefiting from transequatorial 
propagation, sometimes called “chordal hop” propagation, 
because signals going through this area remain in the iono- 
sphere without lossy intermediate hops to the ground. 

From records of f, profiles, the underlying electron 
s along a path can be computed. And from the el 
tron density profiles computerized “ray tracing” may be done 


densit 


throughout the ionosphere to determine how a wave propa- 
gates from a transmitter to a particular receiver location. 
PropLab Pro can do complex ray tracings that explicitly 
include the effect of the Earth’s magnetic field, even taking 
into effect ionospheric stormy conditions. 


Oblique-Angle lonospheric Sounding 


‘A more elaborate form of ionospheric sounder is the 
oblique ionosonde. Unlike a vertical-incidence ionospheric 
sounder, which sends its signals directly overhead, an 
oblique sounder transmits its pulses obliquely through the 
ionosphere, recording echos at a receiver located some dis- 
tance from the transmitter. The transmitter and distant 
receiver are precisely coordinated in GPS-derived time in 
modern oblique sounders 

Interpretation of ionograms produced by oblique sound- 
erably more difficult than for vertically incident 
‘ones. An oblique ionosonde purposely transmits over a con- 
tinuous range of elevation angles simultaneously and hence 
cannot give explicit information about each elevation angle 
it launches. Fig 23 shows a typical HF oblique-sounder 
ionogram for the path from Hawaii to California in March of 
1973, during a period of medium-tevel sunspot activity. The 
y-axis is calibrated in time delay, in milliseconds. Longer 
istances involve longer time delays between the start of a 
transmitted pulse and the reception of the echo. The x-axis, 
in this ionogram is the frequency, just like a vertical-inci 
dence ionogram. Note that the frequency range for this plot 
extends to 32 MHz, while vertical-incidence ionograms usu- 
ally don’t sweep higher than about 12 MHz. 
possible modes are shown in this ionogram: IF, 
2F,, 3F;, 4F, and SF,. These involve multiple modes of 
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propagation (commonly called hops) between the ionosphere 
and reflections from the Earth. For example, at an operating 
frequency of 14 MH, there are three modes open during 
the mid-morning: 2F>, 3F) and 4F, We'll discuss multiple 
hops later in more detail 

‘The lowest mode, IF in Fig 23, employs a single F, 
hop to cover the 3900-km long path from Hawaii to Califor- 
nia, but it is only open on 28-MHz. (Note that 3900 km is 
close to the maximum possible single-hop length for the F, 
region. We'll look at this in more detail later too.) In 
eral, each mode that involves more than a single hop is 
‘weaker than a single hop. For example, you can see that the 
received SF echo is weak and broken up because of the 
accumulation of losses at each ground-level reflection in its 
five hops, with absorption in the ionosphere all along its 
complicated path to the receiver. 

‘The trace labeled “FOT" is the frequency of optimum 
traffic, considered the most reliable frequency for commu- 
nications on this particular circuit and date/time. In this 
example, the FOT would be near the 21-MHz amateur band. 

Another interesting point in Fig 23 is labeled “High 
Angle Ray.” This refers to the Pedersen ray. Before we go 
into more details about the Pedersen high-angle wave, we 
need to examine how launch angles affect the way waves 
are propagated through the ionosphere. 

Fig 24 shows highly simplified situation, with a single 
ionospheric layer and a smooth Earth. This illustrates sev 
eral important facts about antenna design for long-distance 
communication. In Fig 24, Wave #1 is launched at the low- 
est elevation angle (that is, most nearly horizontal to the 
horizon). Wave #1 manages to travel from the transmitter to 
the receiving location at point C in a single hop. 

Wave #2 is launched at a higher elevation angle than 
Wave #1, and penetrates further into the ionospheric layer 
before it is refracted enough to return to Earth. The ground 
distance covered from the transmitter to point B is less for 


Fig 23—HF oblique-sounder ionogram. This Is a typical 
chirpsounder measurement on a 2500-mile path from 
Hawaii to southern California during midmorning in 
March at a medium level of solar activity. Six possible 
modes (hops) are shown. The “FOT” is the frequency of 
optimum traffic, considered most reliable for this path! 
time. 


Fig 24—Very simplified smooth-Earth/ionosphere 
diagram showing how the ground range from 
transmitter to receiver can vary as the elevation angle 
Is gradually raised. The Pedersen wave, launched at a 
relatively high angle, has the same ground range as 
the low-angle wave #1, but is weaker because it travels 
for a long distance in the ionosphere. 
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Wave #2 than for lower-angle Wave #1. Wave #3 is launched 
ata still-higher elevation angle. Like Wave #2 before it, Wave 
#3 penetrates further into the ionosphere and covers less 
ground downrange than #2. 

Now, we see something very interesting happening for 
Wave #4, whose launch elevation angle is still higher than 
#3, Wave #4 penetrates even higher into the ionosphere than 
#3, reaching the highest level of ionization in our theor: 
cal ionospheric layer, where its finally refracted sufficiently 
to bend down to Earth, Wave #4 manages to arrive at the 
same point B as Wave #2, which was launched at a much 


lower elevation angle. 

In other words, in the sequence from #1 to 43 we have 
‘been continually increasing the elevation launch angle and 
the ground range covered from the transmitter to the return 
of the signal back to Earth has been continually decreasing. 
However, starting with Wave #4, the ground range starts to 
increase with increased elevation angle. A further inerease in 


the elevation angle causes Wave #5 to travel foran even longer 
istance through the ionosphere, exiting finally at point C, 
the same ground distance as lowest-angle Wave #1 

Finally, increasing the elevation angle even further 
results in Wave #6 being lost to outer space because the 
ionization in the layer is insufficient to bend the wave back 


to Earth. In other words, Wave #6 has exceeded the critical 
angle for this hypothetical ionospheric layer and this fre~ 
quency of operation 
Both Waves #4 and #5 in Fig 24 are called “high-angle 

in waves. Because Wave #5 has traveled a greater 
through the ionosphe always weaker than 
Wave #1, the one launched at the lowest elevation angle. 
Pedersen waves are usually not very stable, since small 
changes in elevation angle can result in large changes in the 
‘ground range that these high-angle waves cover. 


SKIP DISTANCE 


Fig 24 shows that we can communicate with the point 
‘on the Earth labeled “A” (where Wave #3 arrives), but not 
any closer to our transmitter site. When the critical angle is 
less than 90° (that is, directly overhead) there will always be 
a region around the transmitting site where an ionosph 
cally propagated signal cannot be heard, or is heard weakly. 
This area lies between the outer limit of the ground-wave 
ergy return from the ionosphere. 
Itis called the skip zone, and the distance between the ori 
nating site and the beginning of the ionospheric return is called 
the skip distance. This terminology should not to be con- 
fused with ham jargon such as “the skip is in,” referring to 
the fact that a band is open for sky-wave propagation 
‘The signal may often be heard to some extent within 
the skip zone, through various forms of scattering (discussed 
in detail later), but it will ordinarily be marginal in strength. 
When the skip distance is short, both ground-wave and sky- 
wave signals may be received near the transmitter. In such 
stances the sky wave frequently is stronger than the ground 
wave, even as close as a few miles from the transmitter. The 


it 
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ionosphere is an efficient communication medium under 
favorable conditions. Comparatively, the ground wave is not. 

If the radio wave leaves the Earth at a radiation angle 
of zero degrees, just at the horizon, the maximum distance 
that may be reached under usual ionospheric conditions in 
the F, region is about 4000 km (2500 miles) 


MULTI-HOP PROPAGATION 


‘As mentioned previously in the discussion about Fig 24, 
the Earth itself can act as a reflector for radio waves, resulting 
a multiple hops. Thus, a radio signal can be reflected from the 
reception point on the Earth back into the ionosphere, reach- 
ing the Earth a second time at a still more-distant point. This 
effect is illustrated in Fig 25, where a single ionospheric layer 
is depicted, although this time we show both the layer and the 
Earth beneath it as curved rather than flat. The wave identi- 
fied as “Critical Angle” travels from the transmitter via the 
ionosphere to point A, in the center of the drawing, where itis 
reflected upwards and travels through the ionosphere to point 
B, at the right. This shows a two-hop signal 
in the simplified case in Fig 24, the distance at which 
a ray eventually reaches the Earth depends on the launch 
elevation angle at which it left the transmitting antenna. You 
have some control of the launch angle by adjusting the height 
of the antennas you use, as described in Chapter 3, The 
Effects of Ground 

‘The information in Fig 25 is greatly simplified. On actual 
communication paths the picture is complicated by many fa 
tors. One is thatthe transmitted energy spreads over a consi 
erable area after it leaves the antenna, Even with an antenna 
array having the sharpest practical beam pattern, there is what 
might be described as a cone of radiation centered on the 
‘wave lines (rays) shown in the drawing. The reflection’ 
refraction in the ionosphere is also highly variable, and is the 
of considerable spreading and scattering. 


Fig 25—Behavior of waves encountering a simple 
curved ionospheric layer over a curved Earth. Rays 
entering the ionized region at angles above the critical 
angle are not bent enough to be returned to Earth, and 
are lost to space. Waves entering at angles below the 
critical angle reach the Earth at increasingly greater 
distances as the launch angle approaches the 
horizontal. The maximum distance that may normally 
be covered in a single hop is 4000 km. Greater 
distances are covered with multiple hops. 


Under some conditions it is possible for as many as 
four or five signal hops to occur over a radio path, as illus- 
trated by the oblique ionogram in Fig 23. But no more than 
two or three hops is the norm. In this way, HF communica 
tion can be conducted over thousands of miles. 

‘An important point should be recognized with regard 
to signal hopping. A significant loss of signal occurs with 
ich hop. The D and E layers of the ionosphere absorb 
‘energy from signals as they pass through, and the ionosphere 
tends to scatter the radio energy in various directions, rather 
than confining it in a tight bundle. The roughness of the 
Earth’s surface also scatters the energy at a reflection point. 

Assuming that both waves do reach point B in Fig 25, 
the low-angle wave will contain more energy at point B. 
‘This wave passes through the lower layers just twice, com- 
pared to the higher-angle route, which must pass through 
these layers four times, plus encountering an Earth reflec~ 
tion, Measurements indicate that although there can be great 
variation in the relative strengths of the two signals—the 
‘one-hop signal will generally be from 7 to 10 dB stronger. 
‘The nature of the terrain at the mid-path reflection point for 
the two-hop wave, the angle at which the wave is reflected 
from the Earth, and the condition of the ionosphere in the 
vicinity of all the refraction points are the primary factors in 
determining the signal-strength ratio, 

‘The loss per hop becomes significant at greater distances. 
It is because of these losses that no more than four or five 
propagation hops are useful; the received signal becomes too 
weak to be usable over more hops. Although modes other 
than signal hopping also account for the propagation of radio 
waves over thousands of miles, backscatter studies of actual 
radio propagation have displayed signals with as many as five 
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Fig 26—Modified VOAAREA plot for 21.2 MHz from San 
Francisco to the rest of the US, annotated with signal 
levels in $ units, as well as signal contours in dBW (dB 
below a watt). Antennas are assumed to be 3-element 
Yagis at 55 feet above flat ground; the transmitter power 
is 1500 W; the month is November with SSN = 50, a 
moderate level of solar activity, at 22 UTC. The most 
‘obvious feature is the large “skip zone” centered on the 
transmitter in San Francisco, extending almost a ‘/: of 
the distance across the US. 


hops. So the hopping mode is arguably the most prevalent 
‘method for long-distance communication. 

Fig 26 shows another way of looking at propagation— 
geographic area look. Fig 26 shows 15-meter signal le 
els across the US as they propagate from a transmitting 
station in San Francisco. This simulation of propagation con- 
ditions is for the month of November, with a medium level 
of solar activity (SSN = 50) at 22 UTC. Fig 26 was created 
using the VOAAREA software program, part of the VOACAP 
software suite. Transmitter power is assumed to be 1500 W. 
with 3-clement Yagis, 55 feet high, at the transmitter and at 
each receiving location 

From the transmitter out to about 50 miles, signals are 
‘moderate, at about $5 on an $ meter. Beyond that coverage 
area to almost / of the way across the country (10 Colorado). 
there is a large and distinctive skip zone, where only very 
weak signals return to Earth (SI or less). Beyond Colorado, 
signals rapidly build up to S9+10 dB across the middle of the 
US, falling to $9 and then to $7 in the vicinity of Chicago, 
Illinois. Beyond Chicago, the signals drop to SS in a swath 
from Michigan and part of Ohio down to Alabama. All along 
the US East Coast, signals come back strong at $9. 
on why the signals in Fig 26 drop down to SS 
evation angles to cover 
this region in a single F2 hop are extremely low even at a 
moderate level of solar activity. To achieve launch angles 
low as 1° requires either very high antenna heights or a 
high mountaintop location. Beyond the Midwest, out to the 
US East Coast, two F2 hops are required, with higher 
elevation angles and hence greater antenna gain for 
‘moderate antenna heights. 


Non-Hopping Propagation Modes 
Present propagation theory holds that for communi 
tion distances of many thousands of kilometers, signals do 
not always hop in relatively short increments from iono- 
sphere-to-Earth-to-ionosphere and so forth along the entire 
path. Instead, the wave is thought to propagate inside the 
ionosphere throughout some portion of the path length, tend- 
ing to be ducted in the ionized layer. 
\s was shown in Fig 24, the high-angle Pedersen ray 
can also penetrate an ionospheric layer farther than low 
angle rays. In the less-densely ionized upper edge of the 
layer, the amount of refraction is less, nearly equaling the 
curvature of the layer itself as it encircles the Earth 
‘Non-hopping theory of long-distance propagation is fur- 
ther supported by studies of travel times for signals that go 
completely around the world, The time required is signili- 
cantly less than would be necessary to hop between the Earth 
and the ionosphere 10 or more times while circling the Earth, 
Propagation between two points thousands of kilo- 
‘meters apart may in fact consist of a combination of ducting 
and hopping. It may involve combinations of refractions 
from the E layer and the F layer. Despite all the complex 
factors involved, most long-distance propagation can be seen 
to follow certain general rules. Thus, much commercial and 
military point-to-point communication over long distances 
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employs antennas designed to make maximum use of known 
radiation angles and layer heights, even on paths where 
multihop propagation is assumed, 

In amateur work, however, we usually try for the low- 
cst practical radiation angle, hoping to keep reflection losses 
toa minimum, Years of amateur experience have shown this, 
to be a decided advantage under all usual conditions. 

‘The geometry of propagation by means of the F, layer 
limits our maximum distance along the Earth's surface to 
about 4000 km (2500 miles) for a single hop. For higher 
radiation angles, this same distance may require two or more 
hops (with higher reflection loss). And fewer hops are bet- 
ter, in most cases. If you have a nearby neighbor who con- 
sistently outperforms you on the longer paths, a radiation 
angle difference in his favor is probably the reason. 


MAXIMUM USABLE FREQUENCY 

‘The vertical-incidence critical frequency is the maxi- 

‘mum usable frequency for local sky-wave high-angle com- 
munication. It is also useful in the selection of optimum 
working frequencies and the determination of the maximum, 
usable frequency for distant points at a given time, The 
abbreviation “MUF” for maximum usable frequency will 
be used hereafter. 
In geographic middle latitudes, the vertical-incident 
i frequency ranges between about 1 and 4 MHz for 
the E layer, and between 2 and 13 MHz for the F; layer. The 
lowest figures are for nighttime conditions in the lowest years, 
of the solar cycle. The highest are for the daytime hours in 
the years of high solar activity. These are average figu 
Critical frequencies have reached as high as 20 MHz briefly 
during exceptionally high solar activity in the middle lat 
tudes. As was pointed out earlier in Fig 22, f, Fy levels 
approaching 40 MHz are possible at low latitudes. 

While vertical-incidence critical frequencies are inter- 
esting from a scientific point of view, hams are far more 
concerned about how we can exploit propagation conditions 
to communicate, preferably at long distances. The MUF for 
2 4000-km (2500 miles) distance is about 3.5 times the ver- 
tical-incidence critical f, F, frequency existing at the path 
midpoint. For one-hop signals, if a uniform ionosphere is 
assumed, the MUF decreases with shorter distances along 
the path. This is true because the higher-frequency waves 
must be launched at higher elevation angles for shorter 
ranges, and at these launch angles they are not bent sulli 
ciently to reach the Earth. Thus, a lower frequency (where 
more bending occurs) must be used. 

Precisely speaking, a maximum usable frequency or 
MUF is defined for communication between two specific 
points on the Earth's surface, for the conditions existing at 
the time, including the minimum elevation angle that the sta- 
tion can launch at the frequency in use. (This practical form 
of MUF is sometimes called the operational MUF). At the 
same time and for the same conditions, the MUF from either 
Of these two points to a third point may be different. 
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Table 2 


Time and Frequency Stations Useful for 
Propagation Monitoring 


Call Frequency (MHz) Location 

WWV 25,5, 10, 15, 20 Ft Collins, Colorado 

WWVH Same as WWV but no 20 Kekaha, Kauai, 
Hawaii 

CHU 3.330, 7.335, 14.670 Ottawa, Ontario, 
Canada 


RID 5.004, 10.004, 15.004 Irkutsk, USSR* 


RWM 4.996, 9.996, 14.996 Novosibirsk, USSR 
VNG 2.5, 5, 8.634, 12.984, 16 Lyndhurst, Australia 
BPM 5, 5.43, 9.351,10, 15 ‘Xiang, China 

BSF 15 Taoyuan, Taiwan 
JUY 2.5, 5,8, 10, 15 Tokyo, Japan 

LOL 5, 10,15 Buenos Aires, 


Argentina 
“The call, taken from an international table, may not be 
the one used during actual transmission. Locations and 
frequencies appear to be accurate as provided 


‘Therefore, the MUF cannot be expressed broadly as a 
single frequency, even for any given location at a particular 
time. The ionosphere is never uniform, and in fact at a given 
time and for a fixed distance, the MUF chang. intly 
with changes in compass direction for almost any point on 
the Earth. Under usual conditions, the MUF will always be 
highest in the direction toward the Sun—to the east in the 
‘morning, to the south at noon (from northern latitudes), and 
to the west in the afternoon and evening, 

For the strongest signals at the gi . 
cially where the limited power levels of the Amateur Radio 
Service are concerned, it is important to work fairly near 
the MUE. It is at these frequencies where signals suffer the 
least loss. The MUFs can be estimated with sufficient accu- 
racy by using the prediction charts that appear on the ARRL 
Web site (www.arrlorg/qst/propcharts/) or by using a 
computer prediction program. The CD-ROM bundled in the 
back of this book contains detailed and summary tables for 
‘more than 175 transmitting locations around the world. (Si 
section on “What HF Bands Are Open—Where and When’ 
later in this chapter.) 

UF can also be observe 


of a continu- 


with the 
ver. Frequencies up to the 
MUFS a today. When you “run out 
of signals” while tuning upward in frequency from your 
favorite ham band, you have a pretty good clue as to which 
band is going to work well, right then. Of course, it helps to 
know the direction to the transmitters whose signals you are 
hearing. Shortwave broadcasters know what frequencies to 
use, and you can hear them anywhere, if conditions are good. 
‘Time-and-frequency stations are also excellent indicators, 
since they operate around the clock. See Table 2. WWV is 
also a reliable source of propagation data, hourly, as discussed 
{in more detail later in this chapter, 


ous coverage communications recei 


in round-the-clock us 


The value of working near the MUF is two-fold 
Under undisturbed conditions, the absorption loss decreases 
proportional to the square of a change in frequency. For 
‘example, the absorption loss is four times higher at 14 MHz 
than itis at 28 MHz. Perhaps more important, the hop dis- 
tance is considerably greater as the MUF is approached. A 
transcontinental contact is thus much more likely to be made 
‘on a single hop on 28 MHz than on 14 MHz, so the higher 
frequency will give the stronger signal most of the time. 
‘The strong-signal reputation of the 28-MH7z band is founded 
a 


on this fa 


LOWEST USABLE FREQUENCY 


‘There is also a lower limit to the range of frequencies 
that provide useful communication between two given points, 
by way of the ionosphere. Lowest usable frequency is 
abbreviated LUE. If it were possible to start near the MUF 
and work gradually lower in frequency, the signal would 
decrease in strength and eventually would disappear into 
the ever-present “background noise.” This happens because 
signal absorption increases proportional to the square of the 
lowering of the frequency. The frequency nearest the point 
where reception became unusable would be the LUF. It is, 
not likely that you would want to work at the LUF, although 
reception could be improved if the station could increase 
power by a considerable amount, or if larger antennas could 
bbe used at both ends of the path. 

For example, when solar activity is very high at the 
peak of a solar cycle, the LUF often rises higher than 
14 MH on the morning Eastern US-to-Europe path on 
20 meters. Just before sunrise in the US, the 20-meter band 
will be first to open to Europe, followed shortly by 15 meters, 
and then 10 meters as the Sun rises further. By mid-morn- 
ing, however, when 10 and 15 meters are both wide open, 
20 meters will become very marginal to Europe, even when. 
both sides are running maximum legal power levels. By 
contrast, stations on 10 meters can be worked readily with a 
transmitter power of only 1 or 2 watts, indicating the wide 
range between the LUF and the MUF. 

Frequently, the window between the LUF and the MUF 
for two fixed points is very narrow, and there may be no ama- 
teur frequencies available inside the window. On occasion 
the LUF may be higher than the MUF between two points 
‘This means that, for the highest possible frequency that will 
propagate through the ionosphere for that path, the absorp- 
tion is so great as to make even that frequency unusable. Under 
these conditions it is impossible to establish amateursky-wave 
communication between those two points, no matter what 
frequency is used. (It would normally be possible, however, 
to communicate between either point and other points on some 
frequency under the existing conditions.) Conditions when 
amateur Sky-wave communication is impossible between two 
fixed points occur commonly for long distances where the 
total path is in darkness, and for very great distances in the 
daytime during periods of low solar activity. 

Fig 27 shows a typical propagation prediction from 
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Fig 27—Propagation prediction chart for East Coast of 
US to Europe. This appeared in December 1994 QST, 
where an average 2800-MHz (10.7-cm) solar flux of 83 
was assumed for the mid-December to mid-January 
period. On 10% of these days, the highest frequency 
propagated was predicted at least as high as the 
uppermost curve (the Highest Possible Frequency, or 
HPF, approximately 21 MHz), and for 50% of the days 
as high as the middle curve, the MUF. The broken lines 
show the Lowest Usable Frequency (LUF) for a 1500-W 
CW transmitter. 


the ARRLWeb members-only site (www.arrLorg/qst/ 
propeharts/, previously from the “How's DX” column in 
QS7). In this instance, the MUF and the LUF lines are blurred 
together at about 10 UTC, meaning that the statistical like- 
lihood of any amateur frequency being open for that par- 
ticular path at that particular time was not very good. Later 
oon, after about 11 UTC, the gap between the MUF and LUF 
increased, indicating that the higher bands would be open 
oon that path. 


DISTURBED IONOSPHERIC 
CONDITIONS 


So far, we have discussed the Earth’s ionosphere when 
conditions at the Sun are undisturbed. There are three g 
eral types of major disturbances on the Sun that can affect 
radio propagation here on the Earth. On the air, you may 
hear people grousing about Solar Flares, Coronal Holes or 
Sudden Disappearing Filaments, especially when propaga- 
tion conditions are not good. Each of these disturbane: 
causes both electromagnetic radiation and ejection of mat 
rial from the Sun. 


Solar Flares 


Solar flares are cataclysmic eruptions that suddenly 
huge amounts of energy, including sustained, high- 
energy bursts of radiation from VLF to X-ray frequencies 
and vast amounts of solar material. Most solar flares occur 
around the peak of the 11-year solar cycle. 

‘The first Earthly indication of a huge flare is often a 
visible brightness neara sunspot group, along with increases 
in UY, X-ray radiation and VHF radio noise. If the geom- 
etry between the Sun and Earth is right, intense X-ray 
radiation takes eight minutes, traveling the 93 million miles 
to Earth at the speed of light. The sudden increase in X-ray 
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‘energy can immediately increase RF absorption in the Earth's 
lowest ionospheric layers, causing a phenomenon known as, 
idden lonospheric Disturbance (SID). 

An SID affects all HF communications on the sunlit 
side of the Earth. Signals in the 2 to 30-MHz range may 
disappear entirely, and even most background noise may 
cease in extreme When you experience a big SID, 
your first inclination may be to look outside to see if your 
antenna fell down! SIDs may last up to an hour before iono- 
spheric conditions temporarily return to normal. 

Between 45 minutes and 2 hours after an SID begins, 
particles from the mass eruption on the Sun may begin to 
arrive. These high-energy particles are mainly protons and 
they can penetrate the ionosphere at the Earth's magnetic 
poles, where intense ionization can occur, with attendant 
absorption of HF signals propagating through the polar 
regions. This is called a Polar Cap Absorption (PCA) event 
and it may last for several days. A PCA results in spectacu- 
lar auroral displays at high latitudes, 


Coronal Holes 


As described earlier in the section dealing with auroral 
propagation at VHF, a second major solar disturbance is a so- 
called “coronal hole” in the Sun’s outer layer (the corona). 
‘Temperatures in the corona can be more than four million °C 
‘over an active sunspot region but more typically are about two 
million °C. A coronal hole is an area of somewhat lower tem- 
perature, Solarterrestrial scientists have a number of compet- 
ing theories about how coronal holes are formed. 

Matter ejected through this “hole” takes the form of a 
plasma, a highly ionized gas made up of electrons, protons, 
and neutral particles, traveling at speeds up to 1,000 km per 
second (2 million miles per hour). The plasma becomes part 
of the solar wind and can affect the Earth’s magnetic field, 
but only if the Sun-Earth geometry is right. A plasma has a 
very interesting and somewhat bizarre ability. It can lock-in 
the orientation of the magnetic field where it originates and 
carry it outwards into space. However, unless the locked-in 
magnetic field orientation is aligned properly with the Earth's, 
magnetic field, even a large plasma mass may not severely 
disrupt our magnetosphere, and thence our ionosphere 

Presently, we don’t have the ability to predict very long, 
in advance when the Sun might erupt in a disturbance that 
results in Earthly propagation problems. The SOHO satel- 
lite can help determine whether a mass ejection is heading 
towards Earth, and the ACE satellite about 1 million miles 
away from Earth can give about an hour’s warning whether 
the imbedded magnetic field in a mass ejection from the 
Sun might impact the Earth’s magnetosphere, causing propa 
gation problems for hams. 

Statistically, coronal holes tend to occur most often 
during the declining phase of the 11-year solar cycle and 
they can last for a number of solar rotations. This means, 
that a coronal hole can be a “re 
rupting communications fors 
each month for as long as a year, or even more. 
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Sudden Disappearing Filaments 


‘A sudden disappearing filament (SDF) is the third 
major category of solar disturbance that can affect propaga- 
tion. SDFs take their names from the manner in which they 
suddenly arch upward from the Sun’ s surface, spewing huge 
in the solar 


amounts of matter as plasma out into spa 
‘wind. They tend to occur mostly during the rising phase of 
the 11-year solar cycle. 


IONOSPHERIC STORMS 


When the conditions are right, a flare, coronal hole or 
an SDF can launch a plasma cloud into the solar wind, 
resulting in an ionospheric storm here on Earth. Unlike a 
hurricane or a winter Nor’easter storm in New England, an 
with oureyes 
or feel on our skins. We can’t easily measure things occur- 
ring in the ionosphere some 200 miles overhead. However, 


ionospheric storm is not something we can s 


wwe can see the indirect effects of an ionospheric storm on 
‘magnetic instruments located on the Earth’s surface, becaus 
disturbances in the ionosphere are closely related to the 
Earth's magnetic field. The term Geomagnetic Storm (“Geo" 
means “Earth” in Greek) is used almost synonymously with 
ionospheric storm 

During a ionospheric storm, we may experien 
extraordinary radio noise and interference, especially at HF. 
‘You may hear solar radio emissions as increases of noise at 
VHE. A geomagnetic storm generally adds noise and weak- 
ens or disrupts ionospheric propagation for several days. 
‘Transpolar signals at 14 MHz or higher may be particularly 
weak, with a peculiar hollow sound or flutter—even more 
than normal for transpolar signals. 

Depending on the severity of the disturbance to the 
Earth’s geomagnetic field and the consequent disturbance 
of the ionosphere, propagation may be disrupted completely 
or it might be at least degraded for a period of time that 
ranges from a day to three or four days before returning to 
normal propagation conditions. 

What can we do about the solar disturbances and 
related disturbed ionospheric propagation on Earth? The 
faced with the truly awe- 
some forces of solar disturbances like flares, coronal hol 
or sudden disappearing filaments. Perhaps there is some 
comfort, however, in understanding what has happened to 
cause our HF bands to be so poor. And as a definite con- 
solation, conditions on the VHF bands are often excep- 
tionally good just when HF propagation is remarkably poor 
due to solar disturbances, VHF operators enthusiastically 
look forward to conditions when they can engage in auroral 


truth is that we are powerle: 


communications—exactly the kind of conditions that have 
HE operators scratching their heads, wondering where the 
ionosphere went 


ELEVATION ANGLES FOR HF 
COMMUNICATION 


It was shown in connection with Fig 25 that the dit 
tance at which a ray returns to Earth depends on the eleva: 
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Fig 28—Distance plotted against wave angle (one-hop 
transmission) for the nominal range of heights for the 
E and F2 layers, and for the F1 layer. 


tion angle at which it left the Earth (also known by other 
names: takeoff, launch or wave angle). Chapter 3, The 
Effects of Ground, in this book deals with the effects of 
local terrain, describing how the elevation angle of a hori- 
zontally polarized antenna is determined mainly by its height 
above the ground. 

Although it is not shown specifically in Fig 25, propa 
gation distance also depends on the layer height at the time, 
as well as the elevation angle. As you can probably imag- 
ine, the layer height is a very complex function of the state 
of the ionosphere and the Earth’s geomagnetic field. There 
is a large difference in the distance covered in a single hop, 
depending on the height of the E or the F> layer. The maxi 
mum single-hop distance by the E layer is about 2000 km. 
(1250 miles) or about half the maximum distance via the F 
layer. Practical communicating distances for single-hop E 
or F layer work at various wave angles are shown in graphic 
form in Fig 28 

Actual communication experience usually does not fit 
the simple patterns shown in Fig 25. Propagation by means, 
of the ionosphere is an enormously complicated business 
(which makes it all the more intriguing and challenging to 
radio amateurs, of course), even when the Sun is not in a 
disturbed state. Until the appearance of sophisticated com- 
puter models of the ionosphere, there was little definitive 
information available to guide the radio amateur in the 


design of his antenna systems for optimal performance over 
all portions of the 11-year solar cycle. Elevation angle 
information that had appeared for many years in The ARRL 
Antenna Book was measured for only one transmitting path, 
during the lowest portion of Solar Cycle 17 in 1934. 


The IONCAP Computer Propagation Model 
Sine 


the 1960s several agencies of the US govern- 
ment have been working on a detailed computer program 
that models the complex workings of the ionosphere. The 
program has been dubbed JONCAP, short for “lonospheri 
Communications Analysis and Prediction Program.” 
JONCAP was originally written for a mainframe computer, 
but later versions have been rewritten to allow them to be 
run by high-performance personal computers. JONCAP 
incorporates a detailed database covering almost three com- 
plete solar cycles. The program allows the operator to specify 
a wide range of parameters, including detailed antenna 
models for multiple frequency ranges, noise mod 
to specific local environments (from low-noise rural to noisy 
residential QTHs), minimum elevation angles suitable for a 
particular location and antenna system, different months and 
UTC times, maximum levels of multipath distortion, and 
finally solar activity levels, to name the most significant of 
a bewildering array of options. 

While JONCAP has a well-justified reputation for 
being very unfriendly to use, due to its mainframe, non- 
interactive background, itis also the one ionospheric model 
most highly regarded for its accuracy and flexibility, both 
by amateurs and professionals alike. It is the program used 
for many years to produce the long-term MUF charts for- 
merly included in the “How's DX” monthly column of OST 
and now available on the Members Only ARRLWeb page 

IONCAP is not well suited for short-term forecasts of 
propagation conditions based on the latest solar indices 
received from WWY. It is an excellent tool, however, for 
long-range, detailed planning of antenna systems and short- 
wave transmitter installations, such as that for the Voice of 
America, or for radio amateurs. See the section later in thi 
ipter describing other computer programs that can be used 
for short-term, interactive propagation predictions. 


tailored 


IONCAP/VOACAP Parameters 

‘The elevation-angle statistical information contained 
in this section was compiled from thousands of VOACAP 
runs (an improved version of [ONCAP developed by scien- 
tists from VOA, the Voice of America). These runs wet 
done for a number of different transmitting locations 
throughout the world to important DX locations throughout 
the world 

‘Some assumptions were needed for setting VOACAP 
parameters. The transmitting and receiving sites were all 
assumed to be located on flat ground, with “average” ground 
conductivity and dielectric constant. Each site was assumed 
to have a clear shot to the horizon, with a minimum eleva~ 
tion angle less than or equal to 1°. Electrical noise at each 
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Table 3 
Boston, Massachusetts, to All of Europe 


Elev 80m 40m 30m 20m 17m 
1 41 96 46 17 24 
2 0g 23 72 14 28 
3 03 #07 43 31 24 
4 05 41 87 116 122 
5 46 48 75 127 143 
6 71 89 55 92 96 
7 8 69 72 48 79 
8 51 70 54 32 59 
9 33° 56 32 31 21 
10 10 40 #79 63 51 
"1 19 38 «497 6102 72 
12 56 34 48 85 69 
13 11.0 30 24 4.1 59 
14 76 48 20 27 38 
15 53 79 20 15 24 
16 28 64 38 29 15 
17 50 34 45 31 10 
18 42 20 31 31 20 
19 57 14 14 23 13 
20 66 14 12 18 14 
24 44 14 05 08 O07 
22 23° 24 10 11 06 
23 13° 18 O01 03 O41 
24 06 10 O05 O05 04 
25 03 08 03 O01 04 
26 00 05 O7 02 O41 
27 O1 Of Of 02 O14 
28 00 403 O1 02 00 
29 01 00 02 00 00 
30 00 40.4 00 00 00 
31 00 00 00 00 00 
32 00 00 O01 00 00 
33 01 00 00 00 00 
34 00 00 00 00 00 
35 00 400 00 00 00 


37 11.1 66 
54 37 «79 
74 48 66 
46 33 26 
39° 63 «59 
1715-20 
13° 28 0-26 
15 0.0 00 
22 18 13 
07 00 00 
13° 07 0.0 
07 4 0.0 
13° 07 00 
00 00 0.0 
07 00 00 
00 00 00 
04 0.0 00 
02 00 00 


Percentage of time a particular frequency band is open on this specific propagation path. 


Percentage of Time 40 Meters is Open, At or Blow Each Elevation Angle 


cson ood 
100 7 
0 
0 F 
37 
fo 
5 50 LEY 
£0 
es) 
2 
‘0 
pave 
24 6 8 1012 16 1820 Wm 2 2 3 


23-30 Chapter 23 


receiving location was also assumed to be very low 

Transmitting and receiving antennas for the 3.5 10 
30-MHz frequency range were specified to be isotropic-type 
antennas, but with +6 dBi gain, representing a good ama- 
teur antenna on each frequency band. These theoretical 
antennas radiate uniformly from the horizon, up to 90° 
directly overhead. With response patterns like this, these 
are obviously not real-world antennas. They do, however. 
allow the computer program to explore all possible modes 
and elevation angles. 


Looking at the Elevation-Angle Statistical Data 
ible 3 shows detailed statistical elevation informa- 


Fig 29—The cumulative distribution function showing the 
total percentage of time that 40 meters is open, at or below 
each elevation angle, from Boston to the world. For example, 
'50% of the time the band is open to Europe from Boston, itis 
at 10° or less. The angles for DX work are indeed low. 
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Fig 30—The cumulative distribution function showing 
the total percentage of time that 80 meters is open, at 
or below each elevation angle, from Boston to the 
world. For example, 50% of the time the band is open 
to Europe from Boston, it is at 13° or less. 


tion for the path from Boston, Massachusetts, near ARRL. 
HQ in Newington, Connecticut, to all of Europe. The data 
incorporated into Table 3 shows the percentage of time ver- 
sus elevation angle for all HF bands from 80 meters to 
10 meters, over all portions of the 11-year solar cycle. The 
CD-ROM accompanying this book contains more tables, 
such as this for more than 150 transmitting sites around the 
world, These tables are used by the HFTA program (and 
earlier YT program) and can also be imported into many 
programs, such as word processors or spreadsheets. Six 
important areas throughout the world are covered, one per 
table: all of Europe (from London, England, to Kiey, 
Ukraine), the Far East (centered on Japan), South America 
(Paraguay), Oceania (Melbourne, Australia), Southern 
Africa (Zambia) and South Asia (New Delhi, India) 

‘You may be surprised to sec in Table 3 that angles lower 
than 10° dominate the possible range of incoming angles 
for this moderate-distance path from New England to 
Europe. In fact, 1.7% of all the times when the 20-meter 
band is open to Europe, the takeoff angle is as low as 1° 
You should recognize that very few real-world 20-meter 
antennas achieve much gain at such an extremely low 
angle—unless they just happen to be mounted about 
400 feet high over flat ground or else are located on the top 
of a tall, steep mountain. 

The situation is even more dramatic on 40 and 


80 meters. Fig 29 shows the “cumulative distribution fune- 
tion” of the total percentage of time (derived from Table 3) 
when 40 meters is open from Boston to the rest of the world, 
plotted against the elevation angle. For example, into Eu- 
rope from Boston, 50% of the time when the band is open, it 
is at 10° or less. Into Japan from Boston, the statistics are 
even more revealing: 50% of the time when the band is open, 


* wie 


Fig 31—Overlay of signals and elevation angles, 
together with hop-mode information. This is for one 
month, October, at one level of solar activity, SSN=70, 
for the path from Newington, CT, to London, England. 
‘The mode of propagation does not closely follow the 
elevation angle. From 15 to 19 UTC the mode is 3F2 
hops, and the elevation angle is approximately 12°. The 
same elevation angle is required from 23 to 03 UTC, 
but here the mode is 2F2 hops. 


the angle is 6° or k 
or less! 

Fig 30 shows the same sort of information for 80 meters, 
from Boston to the world. For 50% of the time from Boston 
to Europe the elevation angle is 13° or less: at the 90% level 
the angle is 20° or less. For the path to Japan on 0 meters, 
from Boston, 50% of the time the angle is 8° or less; at the 
90% level, the angle is 13° or less. Now, to achieve peak 
gain on 80 meters at an elevation angle of 8° over flat land, 
a horizontally polarized antenna must be 500 feet high. You 
can begin to see why verticals can do very well on long- 
distance contacts on 80 meters, even when they are mounted 
over poorly conducting, rocky ground. Clearly, low angles 
are very important for successful DXing. 


.. and 90% of the time the angle is 13° 


The lonosphere Controls Propagation 


You should always remember that it is the ionosphere 
that controls the elevation angles, nor the transmitting 
antenna. The elevation response of a particular antenna only 
determines how strong or weak a signal is, at whatever angle 
(or angles) the ionosphere is supporting at that particular 
instant, for that propagation path and for that frequency. 

If only one propagation mode is possible at a particu- 
lar time, and if the elevation angle for that one mode hap- 
pens to be 5°, then your antenna will have to work 
satisfactorily at that very low angle or else you won't be 
able to communicate. For example, if your low dipole has a 
gain of 10 dBi at 5°, compared to your friend’s Yas 
mountain top with +10 dBi gain at 5°, then you will be down 
20 dB compared to his signal. I's not that the elevation angle 
is somehow foo low—the real problem here is that you don’t 
have enough gain at that particular angle where the iono- 
sphere is supporting propagation, Many “flatlanders” can 
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vividly recall the times when their mountain-top friends 
could easily work DX stations, while they couldn't even 
hear a whisper. 


Looking at the Data—Further Cautions 


A single propagation mode is quite common at the 
‘opening and the closing of daytime bands like 20, 15 or 
10 meters, when the elevation angle is often lower (but not 
always) than when the band is wide open. The lower- 
frequency bands tend to support multiple propagation modes 
simultaneously. For example, Fig 31 plots the signal strength 
(in dBA) and the elevation angle for the dominant mode 
(with the strongest signal) over a 24-hour period from 
Newington to London in October, for a medium-level SSN 
=70. The morning opening at 10 UTC starts out with a two- 
hop 2F, mode (labeled 2F) at an elevation angle of 6°. By 
11 UTC the mode has changed to a three-hop 3F3 (labeled 
3F) at a 12° elevation angle. The band starts to close down. 
with weaker signals after about 23 UTC. Note that this path 
actually supports both 2F, and 3F, modes most of the time. 
Either mode may be stronger than the other, depending on 
the particular time of day. 

It is tempting to think that two-hop signals always 
‘occur at lower elevation launch angles, while three-hop si 


nals require higher elevation angles. In reality, the detailed 
workings of the ionosphere are enormously complicated. 
From 22 UTC to 03 UTC, the elevation angles are higher 
than 11° for 2Fy hops. During much of the morning and 
carly afternoon in Newington (from 11 to 13 UTC, and from 
15 to 19 UTC), the angles are also higher than 11°. How- 
ever, 3F2 hops are involved during these periods of time. 
‘The number of hops is not directly related to the elevation 
angles needed—changing layer heights account for this. 
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Fig 32—October 20-meter signals and elevation angles 
for the full range of solar activity, from W1 to England. 
‘The elevation angle does not closely follow the level of 
solar activity. What is important in designing a station 
capable of covering all levels of solar activity is to 
have flexibility in antenna elevation pattern response 
—to cover a wide range of possible angles. 
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Note that starting around 15 UTC, the mid-morning 
20-meter “slump” (down some 10 dB from peak signal level) 
is caused by higher levels of mainly E-layer absorption when 
the Sun is high overhead. This condition favors higher 
elevation angles, since signals launched at lower angles must 
travel for a longer time through the lossy lower layer. 

How does the situation change with different levels of 
solar activity? Fig 32 overlays predicted signals and eleva- 


tion angles for three levels of solar activity in October, again 
for the Newington-London path. Fig 32 shows the mid- 
morning slump dramatically when the solar activity is at 
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Fig 33—10-meter graph of the percentage of all 
openings versus elevation angles, together with 
overlay of elevation patterns over flat ground for three 
10-meter antenna systems. Stacked antennas have 
wider “footprints” in elevation angle coverage for this 
‘example from New England to Europe. 
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Fig 34—15-meter graph of the percentage of all 
openings versus elevation angles, together with overlay 
of elevation patterns over flat ground for two 15-meter 
antenna systems. Like 10 meters, 15-meter stacked 
antennas have wider footprints in elevation angle 
coverage for this example from New England to Europe. 
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Fig 35—20-meter graph of the percentage of all 
‘openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for three 20-meter antenna systems. 
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Fig 36—40-meter graph of the percentage of all 
‘openings from New England to Europe versus 
elevation angles, together with overlays of elevation 
patterns over flat ground for a 100-foot high dipole and 
a large 4-element Yagi at 160 feet. Achieving gain at 
very low elevation angles requires very high heights 
above ground. 


a very high level, represented by 60. AUIS UTC. 
the signal level drops 35 dB from peak level, and the 
vation angle rises all the way to 24°. By the way, 
percentage of all possible openings, the 24° angle occurs 
only rarely, 0.5% of the time, It barely shows up as a blip 
in Table 3. Elevation angles are not closely related to the 
level of solar activity. 

TONCAP/VOACAP demonstrates that elevation angles do 
not follow neat, easily identified patterns, even over a 
24-hour period—much less over all portions of the solar cycle. 
Merely looking at the percentage of all openings versus 
elevation angle, as shown in Table 3, does not tell the whole 


Fig 37—80-meter graph of the percentage of all 
openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for dipoles at two different heights. The 200- 
foot-high dipole clearly covers the necessary elevation 
angles better than does the 100-foot-high dipole, 
although a Four Square vertical array located over 
saltwater is even better for all angles needed. 


story, although itis probably the most statistically valid approach 
to station design, and possibly the most emotionally satisfying 
approach too. Neithe led by looking 
only at a snapshot of elevation angles vi 
ticular month, or for one solar activity level 

‘What is important to recognize is that the most effec: 
tive antenna system will be one that can cover the full range 
of elevation angles, over the whole spectrum of solar acti 
ity, even if the actual angle in use at any one moment in 
time may not be easy to determine. For this particular path 
from New England to all of Europe, an ideal antenna would 
have equal response over the full range of angles from 1° to 
28°. Unfortunately, real-world antennas have a tough time 
covering such a wide range of elevation angles equally well. 


Antenna Elevation Patterns 


Figs 33 through 37 show overlays of the same sort of 
elevation angle information listed in Table 3, together with 
the elevation response pattems for typical antennas for the 
HF amateur bands 80, 40, 20, 15 and 10 meters. For 
example, Fig 34 shows an overlay for 20 met 
different types of 20-meter antennas. These are a 4-element 
Yagi at 90 feet, a 4-element Yagi at 120 feet and a large 
stack of four 4-clement Yagis located at 120, 90, 60 and 
30 feet. Each antenna is assumed to be mounted over flat 
ground. Placement on a hill with a long slope in the dire 
tion of interest would lower the required elevation angle by 
the amount of the hill’s slope. For example, if a 10° launch 
angle is desired, and the antenna is placed on a hill with a 
slope of ~5°, the antenna itself should be designed for a 
height that would optimize the response at 15° over flat 
ground—one wavelength high. 


5. with three 
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In Fig 35, the large stack of four 20-meter Yagis over 
flat ground comes closest to being ideal, but even this large 
array will not work well for that very small percentage of 
time when the angle needed is higher than about 20°. Some 
‘hams might conclude that the tiny percentage of time when 
the angles are very high doesn’t justify an antenna tailored 
for that response. However, when that new DX country pops 
up on a band, or when a rare multiplier shows up in a con- 
test, doesn’t italway's seem that the desired signal only comes, 
in at some angle your antenna doesn’t cover well” What do 
you do then, if your only antenna happens to be a large stack? 

‘The answer to this, perhaps unique, high-angle prob- 
lem lies in switching to using only the top antenna in the 


stack. In this example, the second elevation lobe of the 
120-foot high antenna would cover the angles from 20° to 
30° well, much better than the stack does. Note that the top 
antenna by itself would not be ideal for all conditions. It is, 
simply too high much of the time when the elevation angles 
are higher than about 12°. The experience of many ama- 
teurs on the US East Coast with high 20-meter antennas 
bears this out—they find that 60 to 90-foot high antennas 
are far more consistent performers into Europe. 


ONE-WAY PROPAGATION 


On occasion a signal may be started on the way back 
toward the Earth by reflection from the F region, only to come 
down onto the top of the E region and be reflected back up 
again. This set of conditions is one possible explanation for 


the often-reported phenomenon called one-way skip. The 
reverse path may not necessarily have the same multilayer 
characteristic. The effect is more often a difference in the 
signal strengths, rather than a complete lack of signal in one 
direction, and many times there may be local noises that mask 
signals at one end of the path. It is important to remember 
these sorts of possibilities when a long-distance test with a 
new antenna system yields apparently conflicting results. 


Even many tests, on paths of different lengths and headings, 
may provide data that are difficult to understand. Communi: 
cation by way of the ionosphere is not always a source of 
consistent answers to antenna questions, 

Fig 37 shows the 80-meter path from New England to 
Europe with three different antennas. A really high dipole 
ata height of 200 feet above flat ground would certainly be 
an impressive antenna, But it would still be overshadowed 


dramatically by a Four-Square vertical array, at least at the 
low elevation angles needed often on this path. This is predi- 
cated on the Four Square being located over salt water, which 
provides a virtually perfect RF ground. Atan elevation angle 
of 7°, the Four Square has 7 dB more gain than the 200-foot 
high dipole. 


SHORT OR LONG PATH? 


Propagation betw 
surface is usually by the shortest direct route—the great 


‘n any (Wo points on the Earth’s 


circle path found by stretching a string tightly between the 
two points on a globe. If an elastic band going completely 
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around the globe in a straight line is substituted for the string, 
it will show another great-circle path, going “the long way 
around.” The long path may serve for communication over 
the desired circuit when conditions are favorable along the 
longer route. There may be times when communication is, 
possible over the long path but not possible at all over the 
short path. Especially if there is knowledge of this potential 
at both ends of the circuit, long-path communication may 
work very well. Cooperation is almost essential, because 
both the aiming of directional antennas and the timing of 
the attempts must be right for any worthwhile result. The 
IONCAP/VOACAP computations in the preceding tables 
were made for short-path azimuths only. 

‘Sunlight is a required element in long-haul communi 
cation via the F layer above about 10 MHz. This fact tends, 
to define long-path timing and antenna aiming. Both are 
essentially the reverse of the “normal” for a given circuit 
We know also that salt-water paths work better than over- 
land ones. This can be significant in long-path work. 

We can better understand several aspects of long-path 
propagation if you become accustomed to thinking of the 
Earth as a ball. This is easy if you use a globe frequently. A 


Fig 38—KSZI's computer-generated azimuthal- 
equidistant projection centered on Newington, 
Connecticut. (See Bibliography for ordering 
information.) Land masses and information showing 
long paths to Perth and Tokyo have been added. Notice 
that the paths in both cases lie almost entirely over 
water, rather than over land masses. 


flat map of the world, of the azimuthal-equidistant projec~ 
tion type, is a useful substitute. The ARRL World Map is 
one, centered on Wichita, Kansas. A similar world map 
prepared by KSZI and centered on Newington, Connecti: 
cut, is shown in Fig 38. These help to clarify paths involv- 
ing those areas of the world. 


Long-Path Examples 

‘There are numerous long-path routes well known to 
DX-minded amateurs. Two long paths that work frequently 
and well when 28 MHz is open from the northeastern US 
are New England to Perth, Western Australia, and New 
England to Tokyo. Although they represent different beam 
headings and distances, they share some favorable condi 
tions. By the long path, Perth is close to halfway around the 
world; Tokyo is about three-quarters of the way. On 28 MHz, 
both areas come through in the early daylight hours, Ea 
er Time, but not necessarily on the same days. Both paths 
are at their best around the equinoxes. (The sunlight is more 
uniformly distributed over transequatorial paths at these 
times.) Probably the factor that most favors both is the 
nature of the first part of the trip at the US e 
Perth by way of long path, northeastern US antennas are 
aimed southeast, out over salt water for thousands of miles 
the best low-loss start a signal could have. It is salt water 
essentially all the way, and the distance, about 13,000 miles, 
is not too much greater than the “short” path. 

‘The long path to Japan is more toward the south, but 
still with no major land mass at the early reflection points. It 
is much longer, however, than that to Western Australia. 
Japanese signals are more limited in number on the long 
path than on the short, and signals on the average somewhat 
weaker, probably because of the greater distanc 

On the short path, an amateur in the Perth area is Look~ 
ing at the worst conditions—away from the ocean, and out 
across the huge land mass of North America, unlikely to 
provide strong ground reflections. The short paths to both 
Japan and Western Australia, from most of the eastern half 
of North America, are hardly favorable. The first hop comes 
down in various western areas likely to be desert or moun- 
tains, or both, and not favored as reflection points. 

‘A word of caution: Don’t count on the long-path signals 
always coming in on the same beam heading. There can be 
notable differences in the line of propagation via the ionosphere 
(on even relatively short distances. There can be more varia~ 
tions on long path, especially on circuits close to halfway around 
the world. Remember, for a point exactly halfway around, all 
directions of the compass represent great-circle paths. 


FADING 


When all the variable factor 


n long-distance HF com- 

not surprising that sig- 
nals vary in strength during almost every contact beyond 
the local range. In VHF communication we can also 
encounter some fading at distances greater than just to the 
visible horizon. These are mainly the result of changes in 


‘munication are taken in account, it 


the temperature and moisture content of the air in the first 
few thousand feet above the ground, 

(On paths covered by HF ionospheric mod 
of fading are very complex—constantly changing layer 
height and density, random polarization shift, portions of 
the signal arriving out of phase, and so on. The energy 
arriving at the receiving antenna has components that have 
been acted upon differently by the ionosphere. Often the 
fading is very different for small changes in frequency. With 
a signal of a wideband nature, such as high-quality FM, or 
even double-sideband AM, the sidebands may have differ- 
ent fading rates from each other, or from the carrier. This, 
causes severe distortion, resulting in what is termed selec- 
tive fading. The effects are greatly reduced (but still present 
to some extent) when single-sideband (SSB) is used. Some 
immunity from fading during reception (but not to the dis- 
tortion induced by selective fading) can be had by using 
two or more receivers on separate antennas, preferably with 
different polarizations, and combining the receiver outputs 
in what is known as a diversity receiving system. 


OTHER PROPAGATION MODES 


In propagation literature there is a tendency to treat the 
various propagation modes as if they were separate and di 
tinct phenomena. This they may be at times, but often there is, 
a shifting from one to another, or a mixture of two or more 
kinds of propagation affecting communication at one time. In 
the upper part of the usual frequency range for F-region work, 
for example, there may be enough tropospheric bending at one 
end (or both ends) to have an appreciable effect on the usable 
path length. There is the frequent combination of E and 
F-region propagation in long-distance work. And in the case 


the causes 


ofthe E region, there are various causes of ionization that have 


‘modes, lumped under the term “scatter.” We look at these pl 
nomena separately here, but in practice we have to deal with 
them in combination, more often than not. 


Sporadic E (E,) 

First, note that this is E-subscript-s, a usefully descrip- 
tive term, wrongly written “Es” so often that it is some- 
times called “ease,” which is certainly not descriptive. 
Sporadic E is ionization at E-layer height, but of different 
origin and communication potential from the E layer that 
affects mainly our lower amateur frequencies. 

‘The formative mechanism for sporadic E is believed 
to be wind shear. This explains ambient ionization being 
distributed and compressed into a ledge of high density, 
without the need for production of extra ionization. Neutral 
winds of high velocity, flowing in opposite directions at 
slightly different altitudes, produce shears. In the presence 
of the Earth’s magnetic field, the ions are collected at a par- 
ticular altitude, forming a thin, overdense layer. Data from 
rockets entering E, regions confirm the electron density, 
wind velocities and height parameters, 
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‘The ionization is formed in clouds of high density, last- 
ing only a few hours at a time and distributed randomly. 
‘They vary in density and, in the middle latitudes in the North- 
er Hemisphere, move rapidly from southeast to northwest. 
Although E, can develop at any time, it is most prevalent in 
the Northem Hemisphere between May and August, with a 
minor season about half as long beginning in December (the 
summer and winter solstices). The seasons and distribution 
in the Southern Hemisphere are not so well known. Austra- 
lia and New Zealand seem to have conditions much like 
those in the US, but with the length of the seasons reversed, 
of course. Much of what is known about E, came as the 
result of amateur pioneering in the VHF range. 

Correlation of E, openings with observed natural phe- 
nomena, including sunspot activity, is not readily apparent, 
although there is a meteorological tie-in with high-altitude 
winds. There is also a form of E,, mainly in the northern 
part of the north temperate zone, that is associated with 
auroral phenomena. 

At the peak of the long E, season, most commonly in 
late June and early July, ionization becomes extremely dense 
and widespread. This extends the usable range from the more 
common “single-hop” maximum of about 1400 miles to 
“double-hop” distances, mostly 1400 to 2500 miles. With 
50-MHz techniques and interest improving in recent years, 
it has been shown that distances considerably beyond 
2500 miles can be covered. There is also an E, “ink-up” 
possibility with other modes, believed to be involved in some 
'50-MHz work between antipodal points, or even long-path 
communication beyond 12,500 miles. 

When E, is particularly strong and widespread, even 
the HF bands can suddenly go short skip producing excep- 
tionally strong signals from distances that would normally 
be in the no-signal “skip zone.” Editor N6BV distinctly 
remembers a spectacular 20-meter E, opening in Septem- 
ber 1994, during the “Hiram Perey Maxim/125” anniver- 
sary celebration, when he was living in New Hampshire. 
Signals on 20 meters were 30 to 40 dB over $9 from all 
along the Eastern Seaboard, from W2 to W4. One exasper- 
ated W3 complained that he had been calling in the huge 
pileup for 20 minutes. NOBV glanced at the S meter and 
saw that the W3 was 20 dB over $9, normally a very strong, 
20-meter SSB signal, but not when almost everybody else 
was 40 dB over 9! 

Such short-skip conditions caused by Sporadic E are 
more common on 10 meters than they are on 15 or 20 met 
‘They can result in excellent transAtlantic 10-meter open- 
ings during the summer months—when 10 meters is not 
normally open for F, ionospheric propagation 

‘The MUF for E, is not known precisely. It was long 
thought to be around 100 MHz, but in the last 25 years or so 
there have been thousands of 144-MHz contacts during the 
summer E, season. Presumably, the possibility also exists, 
at 222 MHz. The skip distance at 144 MHz does average 
much longer than at 50 MHz, and the openings are usually 
brief and extremely variable 
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Fig 39—Schematic of a simple backscatter path. 
Stations A and B are too close to make contact via 
normal F-layer ionospheric refraction. Signals 
scattered back from a distant point on the Earth's 
surface (), often the ocean, may be accessible to both 
‘Aand B to create a backscatter circult. (Courtesy of 
The ARRL Handbook.) 


‘The terms “single” and “double” hop may not be 
accurate technically, since it is likely that cloud-to-cloud 
paths are involved. There may also be “no-hop” E,. At times 
the very high ionization density produces critical frequen- 
cies up to the 50-MHz region, with no skip distance at all. It 
is often said that the E, mode is a great equalizer. With the 
reflecting region practically overhead, even a simple dipole 
close to the ground may do as well over a few hundred miles 
as a large stacked antenna array designed for low-angle 
radiation. I's a great mode for low power and simple anten- 
nas on 28 and 50 MHz. 


HF Scatter Modes 
‘The term “skip zone” (where no signals are heard) 
should not be taken too literally. Two stations communicat- 
ing over a single ionospheric hop can be heard to some 
degree by other stations at almost any point along the way, 
unless the two are running low power and using simple 
antennas. Some of the wave energy is scattered in all di 
tions, including back to the starting point and farther. 
Backscatter functions like a sort of HF ionospheric, 
radar. Fig 39 shows a schematic for a simple backscatter 
path. The signal launched from point A travels through the 
ionosphere back to earth at Point S, the scattering point 
Here, the rough terrain of the land scatters signals in many 
directions, one of which propagates a weak signal back 
through the ionosphere to land at point B. Point B would 
normally be in the no-signal skip zone between A and S. 
Because backscatter signals arrive from multiple directions, 
through various paths through the ionosphere, they have a 
characteristic “hollow” sound, much like you get when you 
talk into a paper tube with its many internal reflections. 
Because backscatter involves mainly scattering from 
the Earth at the point where the strong ionosphe 
propagated signal comes down, itis a part of HF ov 
radar techniques. (The infamous 1970s-era “wood- 
” was an over-the-horizon HF radar.) Amateurs using 
sounding techniques have shown that you can tell to what 
part of the world a band is usable (singie-hop F) by probing 


the backscatter with a directive antenna and high transmit- 
ter power, even when the Earth contact point is open ocean. 
In fact, that’s where the mode is at its best, because ocean 


in be efficient backscatter reflectors. 

Backscatter is very useful on 28 MHz, particularly 
when that band seems dead simply because nobody is 
active in the right places. The mode keeps the 10-meter band 
lively in the low years of the solar cycle, thanks to the never- 
say-die attitude of some users. The mode is also an invalu- 
able tool of 50-MHz DX aspirants, in the high years of the 
sunspot cycle, for the same reasons. On a high-MUF mom- 
ing, hundreds of 6-meter beams may zero in on a hot spot 
somewhere in the Caribbean or South Atlantic, where there 
is no land, let alone other 6-meter stations—keeping in 
contact while they wait for the band to open to a place where 
there is somebody. 

Sidescatter is similar to backscatter, except the ground 
scatter zone is off the direct line between participants. A 
typical example, often observed during the lowest years of 
the solar cycle, is communication on 28 MHz. between the 
eastern US (and adjacent areas of Canada) and much of the 
European continent. Often, this may start as “backscatter 
chatter” between Europeans whose antennas are turned 
toward the Azores. Then suddenly the North Americans join 
the fun, perhaps for only a few minutes, but sometimes much 
longer, with beams also pointed toward the Azores. Dura- 
tion of the game can be extended, at times, by careful reori- 
entation of antennas at both ends, as with backscatter. The 
secret, of course, is to keep hitting the highest-MUF area of 
the ionosphere and the most favorable ground-reflection 
points. 

‘The favorable route is usually, but not always, south 
of the great-circle heading (for stations in the Northern 
Hemisphere). There can also be sidescatter from the auroral 
regions. Sidescatter signals are stronger than backscatter sig- 
nals using the same general area of ground scattering. 

Sidescatter signals have been observed frequently on the 
14-MH¥z band, and can take place on any band where there is a 
large window between the MUF and the LUF. For sidescatter 
communications to occur, the thing to look for is a common 
area to which the band is open from both ends of the path (the 
Azores, in the above example), when there is no direct-path 
‘opening. It helps if the common area is in the open 0 
where there is less scattering loss than over land. 


GRAY-LINE PROPAGATION 


The gray line, sometimes called the twilight zone, is a 
‘band around the Earth between the Sunlit portion and dark- 
ness. Astronomers call this the terminator. The terminator 


is a somewhat diffused region because the Earth's atmo- 


rayne 


Q 


Fig 40—The gray line or terminator is a transition region 
between daylight and darkness. One side of the Earth is 
coming into sunrise, and the other is just past sunset. 


sphere tends to scatter the light into the darkness. Fig 40 
illustrates the gray line. Notice that on one side of the Earth, 
the gray line is coming into daylight (sunrise), and on the 
other side it is coming into darkness (sunset). 

Propagation along the gray line is very efficient, par- 
ticularly on the lower bands, especially on 80 or 160 meters, 
so greater distances can be covered than might be expected 
for the frequency in use. One major reason for this is that 
the D layer, which absorbs HF signals, disappears rapidly 
on the sunset side of the gray line, and has not yet built up 
on the sunrise side. 

‘The gray line runs generally north and south, but var- 
ies as much as 23° either side of the north-south line. This, 
variation is caused by the tilt of the Earth’s axis relative to 
its orbital plane around the Sun. The gray line will be 
exactly north and south at the equinoxes (March 21 and Sep- 
tember 21). On the first day of Northern Hemisphere sum- 
mer, June 21, itis tilted to the maximum of 23° one way, 
and on December 21, the first day of winter, itis tilted 23° 
the other way. 

‘To an observer on the Earth, the direction of the termi- 
nator is always at right angles to the direction of the Sun at 
sunrise or sunset. It is important to note that, except at the 
equinoxes, the gray-line direction will be different at sun- 
rise from that at sunset. This means you can work different 
areas of the world in the evening than you worked in the 


Itisn’t necessary to be located inside the twilight zone 
in order to take advantage of gray-line propagation. The 
effects can be used to advantage before sunrise and after sun- 
set. This is because the Sun “rises” earlier and “sets” later on 
the ionospheric layers than it does on the Earth below. 
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What HF Bands Are Open—Where and When? 


‘The CD-ROM included at the back of this book 
includes summary and detailed propagation predictions for 
more than 150 transmitting locations around the world. This, 
propagation data was calculated using CapMAN, an 
upgraded variety of the mainframe propagation program 
IONCAP. The predictions were done for default antennas 
and powers that are representative of a “big-gun” station. 
Of course, not everyone has a big-gun station in his/her back~ 
yard, but this represents what the ultimate possibilities are 
Statistically speaking. Afterall, ifthe bands aren’t open for 
the big guns, they are unlikely to be open for the “little pis- 
tols” too. 

Let’s see how propagation is affected if the smoothed 
sunspot number is 0 (corresponding to a smoothed solar flux. 
of about 65), which is classified as a “Very Low” level of 
solar activity. And we'll examine the situation for a sunspot 
number of 100 (a smoothed solar flux of 150), which is typi- 
cal of a “Very High” portion of the solar cycle. 


Five-Band Summary Predictions 


Tables 4 and 5 are Summary tables showing the pre 


dicted signal levels (in S units) from Boston, Massachu- 
setts, fo the rest of the world for the month of January. The 
Boston transmitting site is representative of the entire New 
England area of the USA. The target geographic receiving 
regions for the major HF bands from 80 through 10 meters, 
are tabulated versus UTC (Universal Coordinated Time) 
in hours. Table 4 represents a Very Low level of solar a 
tivity, while Table 5 is for a Very High level of solar acti 


ity. 


Each transmitting location is organized by six levels 
of solar activity over the whole 11-year solar cycle: 


VL (Very Low: SSN between 0 to 20) 
LO (Low: SSN between 20 to 40) 

ME (Medium: SSN between 40 to 60) 

HI (High: SSN between 60 to 100) 

\VH (Very High: SSN between 100 to 150) 
UH (Ultra High: SSN greater than 150) 


‘The receiving geographic regions for each frequency 
band are abbreviated: 


Table 4 


Printout of summary propagation table for Boston to the rest of the world, for a Very Low level of solar 
activity in the month of January. The abbreviations for the target geographic areas are: EU = Europe, 


Fi 


Far East, SA = South America, AF = Africa, AS = south Asia, OC = Oceania, and NA = North America. 
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Table 5 


Printout of summary propagation table for Boston to the rest of the world, for a Very High level of solar 


activity in the month of January. 


Tam, AO (honton), for SON = Vany High, sige An Sunita. ay NEB, AIRE 


© EU All of Europe 

© FE The Far Bast, centered on Japan 

* SA South America, centered on Paraguay 
* AF Allof Africa, centered on Zambia 

© AS South Asia, centered on India 

© OC Oceania, centered on Sydney, Australia 
* NA North America, all across the USA 


‘These propagation files show the highest predicted sig 
nal strength (in S-units) throughout the generalized re 
ing area, for a 1500-W transmitter and rather good antennas 
on both sides of the circuit. The standard antennas are: 


* 100-foot high inverted-V dipoles for 80 and 40 meters 
# 3-clement Yagi at 100 feet for 20 meters 
# delement Yagi at 60 feet for 15 and 10 meters. 


For example, Summary Table 4 shows that in January 
during a period of Very Low solar activity, 15 meters is open 
to somewhere in Europe from Boston for only 4 hours, from 
13 to 16 UTC, with a peak signal level between $4 and S7. 
Now look at Table 5, where 15 meters is predicted to be 
‘open to Europe during a period of Very High solar activity 
for 7 hours, from 12 to 18 UTC, with peak signals ranging 
from $9 to S94. 


s 4 and 5 represent snapshots of predicted 
signal levels to generalized receiving locations—that is, they 
are computed for a particular month, from a particular trans- 
mitting location, and for a particular level of solar activity 
These tables provide summary information that is partic 
larly valuable for someone planning for an operating event 
such as a DXpedition or a contest. 

‘What happens if you don’t have a big-gun station with 
or the 1500-W power assumed in the analy- 
You can discount the S-Meter readings to 


reflect a smaller station: 


‘+ Subtract 2 S units for a dipole instead of a Yagi at same 
height on 20/15/10 meters 

Subtract 3 $ units for a dipole at 50 feet instead of a Yagi 
at 100 feet on 20 met 
Subtract 1 $ unit for a dipole at 50 feet rather than a 
dipole at 100 feet on 40/80 meters. 

‘Subtract 3 $ units for 100 W rather than 1500 W. 

‘¢ Subtract 6 S units for 5 W (QRP) rather than 1500 W. 


For example, Table 4 predicts an $7 signal into Boston 
from Europe on 15 meters at 14 UTC. If a Buropean station 
is using a dipole at 50 feet, with 100 W of power, what 
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Troubleshooting Guide 


This troubleshooting guide may help fix common problems encountered with troublesome 


solder joints. 


‘SYMPTOMS LIKELY CAUSES REMEDY 


‘Treat contaminated parts with 
Grease or contaminants present; abrasive cleaners ee. as required to 


Solder won't “take” (wet) and won’t flow erika 


properly over the joint — molten solder 
Forms beads or “ball bearings” instead of 


Material may not be suitable for soldering with 
flowing peopesty standard lead/tin or lead-free solder e.g chromium. | Some metals can’t be soldered with 
clectronies-grade solder. 

Joint has been moved before being allowed to cool | Desolder and remake. 

Solder doesn’t melt or flow very well — the | saturaly, or: 

joint is crystalline or grainy-looking - a grey 

dey ott Apply heat for a longer period, or 
Joint was not heated adequately. Too large a joi use a higher power soldering iron, or 
too much metal present ~ and/or the soldering iron | check the temperature seting and 
temperature or power rating ate too low. raise it if possible. 


Solder joint forms a “spike” and apply Probably overheated, burning away the fux. The 
iron again makes it even worse! inon, when removed, would cause the solder to stand 
up ina spike 


nis usually best to desolder and 
remake the joint freshly again 


Excessive use of heat has damaged the adhesive 


The coppe foil ofmy pcb. has ited ofthe | Prey ihe ack hasn't bekes it may be ‘You can sometimes repair it with 


circuit board! 


repairable Super Glue, ot re-wire the board 
‘with jumper wires, 
Itean be removed with PCB cleaners 
Brown vamish-like deposits ate left behind | These are the remains of osin flux and are nothing to | oF Some solvents, if you want to tidy 


after I finish sold about. up the board and inspect your work. 


ing. wor 


20 Meters: Jan., MA (Boston), for SSN = Very High, Sigs in 


Expected eignal levels using 1500 W and 3-elenent Yagi at 100 feet at 


-Units. By NOBV, ARRL. 


Fig 41—The 20-meter page from Detailed propagation-prediction for the month of January, during Very High solar 
conditions, from Boston to 40 CQ Zones throughout the world. There are similar pages for each month/SSN level 
for 160, 80, 40, 20, 15 and 10 meters. These Detailed tables are very useful for planning DX work. 


would this do to the predicted signal level in Boston’? You 
would compute: $7 ~2 $ units (for a dipole instead of Yagi) 
= 3 S units (100 W rather than 1500 W) = an $2 signal in 
Boston, A QRP station with a 4-element 15-meter Yagi at 
60 feet would yield: $7 ~6 $ units = an S1 signal in Boston. 


More Detailed Predictions 


Let’s now look at table in Fig 41, which is the Detailed 
20-meter page for the same conditions in Table 5: January 
ata Very High level of solar activity from Boston to the 
world. There are six such pages per month/SSN level, 
covering 160, 80, 40, 20, 15 and 10 meter 

In a Detailed prediction table, the world is divided into 
the 40 CQ Zones, with a particular sample location in each 
zone. For example, Zone 14 in Western Europe is repre- 
sented by a location in London, England (call sign G), while 
Zone 25 is represented by a location in Tokyo, Japan (call 
sign JA1), Note that Zones with large ham populations are 
highlighted with dark shadowing for easy identification. For 
example, Zones 3, 4 and 5 cover the USA, while Zones 14, 
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15 and 16 cover the majority of Europe. Zone 25 covers the 
big ham population in Japan. 

Let’s revisit the example above for computing the sig- 
nal strength for a 


20 meters. Again, we'll assume that the G station has a 
dipole at 50 feet and 100 W of transmitter power. At 
14 UTC in Zone 14, the table in Fig 40 predicts a very healthy 
signal for the ref big-gun station, at S9+. This is a 
signal at least $9 + 10 dB. Here, we're going to round off 
the plus 10 dB to 2 S units, giving a fictional 11 S units to 
start. We discount this for the smaller station: S11 ~ 3 S 
Units (for a dipole at 50 feet instead of a 3-element Yagi at 
100 feet) ~ 3 S units (100 W rather than 1500 W) = SS 
signal in Boston, This is a respectable signal and will prob- 
ably get through, in the absence of stronger signals calling 
the Boston station at the same time, of cours: 

Here’s another example of how to use the Detailed 
propagation-prediction tables. Let’s say that at 1230 UTC 
in January you work a VU2 station in New Delhi on 
15 meters from Boston, where the local time is 7:30 AM. 


You need a 20-meter contact also for the 5-Band DXCC 
award, so you quickly check the table in Fig 40 for Zone 22 
(VU) and find that the predicted signal strength is $9. Your 
new VU2 friend is willing to jump to 20 meters and so you 
QSY to make the contact. 

But perhaps you are late leaving for work and so 
you ask your new VU2 friend to make a schedule with 
you later that evening. Again, you consult the Detailed 
prediction table for 20 meters and find that 
predicted to be S8 or stronger from 20 to 23 UTC, drop- 
ping to S7 at 00 UTC. You quickly ask your new friend 
whether he minds waking up at 4:30 AM his time to make 
a schedule with you at 2300 UTC, because New Delhi is 
5% hours ahead of UTC. You determined this using the 
program GeoClock, which is included with the software 
on the CD-ROM in the back of this book and which you 
run in the background on Windows. Luckily, he’s a very 
gracious fellow and agrees to meet you on a specific fre- 
quency at that time. 

‘The Detailed propagation-prediction tables give you 
all the information needed to plan your operations to maxi- 
mize your enjoyment chasing DX. You can use these tables 
to plan a 48-hour contest next month, or next year—or you 
can use them to plan a schedule with your ham cousin on 
the West Coast on Saturday afternoon 


THE PROPAGATION BIG PICTURE 


‘A newcomer to the HF bands could 


ly be over- 
helmed with the sheer amount of data available in the Sum- 
mary (and particularly the Detailed) prediction tables on 
the CD-ROM included with this book. So here’s a long- 
term, “big-picture” view of HF propagation that might help 
answer some common questions. For example, what month 
really is the best for working DX around the clock? Or what 
level of solar activity is necessary to provide an opening 
between your QTH and somewhere in the South Pac 

Table 6 is a table showing the number of hours in a 
day during each month when each major HF band is open 
to the same receiving areas shown in Tables 4 and 5. The 
listing is for New England, for three levels of solar activity 
Very Low, Medium and Very High. The number of hours 
are separated in Table 6 by slashes. (Versions of Table 6 for 
other areas around the US are on the CD-ROM that accom- 
panies this book in Fig6Tab.PDF.) 

Let’s examine the conditions for New England 
to Europe on 15 meters for October. The entry shows 
“T/\IT? meaning that for a Very Low level of solar activ- 
ity, 15 meters is open for 7 hours; for a Medium level, itis 
‘open for 11 hours and for a Very High level of solar activity 
it is open for 17 hours a day. 

Even for a Very Low level of solar activity, the month 
with the most hours available per day from Boston to some- 
where in Europe is October, with 7 hours, followed by the 
next largest month of March, with 6 hours. Fora Very High 
level of solar activity, however, the 15-meter band is open 
to Europe for 18 hours in April, followed by 17 hours avail- 


ability in September and October. Arguably, the CQ World 
Wide Contest Committee picked the very best month for 
higher-frequency propagation when they chose October for 
the Phone portion of that contest. 

You can easily see that even at a Very High level of 
tivity, the summer months are not very good to work 
DX, particularly on east-west paths. For example, the 
10-meter band is very rarely open from New England to 
Europe after the month of April, even when solar activity is 
al the highest levels possible. Things pick up after Septem- 
ber, even for a Medium level of solar activity. Again, 
October looks like the most fruitful month in terms of the 
number of hours 10 meters is open to Europe under all levels, 
of solar conditions. 

‘Ten meters is open more regularly on north-south paths, 
such as from New England to South America or to southern 
Africa. Itis open as much as 10 hours a day during March 
and October to deep South America, and 7 hours a day in 
October to Africa—even during the lowest parts of the 
solar cycle. (Together with the sporadic-E propagation that 
10 meters enjoys during the summer, this band can often be 
alot of fun even during the sunspot doldrums. You just have 
to be operating on the band, rather than avoiding it because 
you know the sunspots are “spotty!”) 

Now, look at the 20-meter band in Table 6. From 
New England, twenty is open to somewhere in South 
America for 24 hours a day, no matter the level of solar 
ictivity. Note that Table 6 doesn’t predict the level of 
signals available: it just shows that the band is open with 
a signal strength greater than 0 on the $ meter. Look back 
at Summary Table 4 for the predicted signal strengths in 
January at a Very Low level of solar activity. There, you 
e that the signal strength from New England into 
deep South America is always S8 or greater for a big gun 
station. A lot of the time during the night the band sounds 
dead, simply because everyone is either asleep or operat- 
ing on a lower frequency. 

For the 40-meter band in Table 6, during the month of 
January the band is open to Europe for 24 hours a day, what- 
ever the level of solar activity is. Look now at Table 4, and. 
you'll see that the predicted level for Very Low solar ac- 
tivity varies from $4 to $9. Local QRM or QRN would 
probably disrupt communications on 40 meters in Eu- 
rope for stateside signals weaker than perhaps $3 or S4. 
Even though you might well be able to hear Europeans 
from New England during the day, they probably won't 
hear you because of local conditions, including local S9-+ 
European stations and atmospheric noise from nearby 
thunderstorms. New England stations with big antennas 
can often hear Europeans on 40 meters as early as noon- 
time, but must wait until the late afternoon before the 
Europeans can hear them above their local noise and 
QRM 

Let’s say that you want to boost your country total 
on 80 meters by concentrating on stations in the South 
Pacific. The best months would be from November to 
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Table 6 


The number of hours per day when a particular band 


open to the target geographi 


areas in Table 4, 


as related to the level of solar activity (Very Low, Medium and Very High). This table is customized for 


Boston to the rest of the world. Some paths are open 24 hours a day, plus or 


us QRM and local QRN, 


no matter what the level of solar activity is. See CD-ROM for other transmitting locations. 


MA (Boston) 
Hours open to Each Region for Very-Low/Medium/Very-High SSNs 


20 Meters 
Month Europe 
van 17/17/16 
Feb 17/16/15 
Mar 15/15/14 
Apr 13/13/12 
May 12/11/10 
Jun 10/ 9/ 8 
Jul 11/11/ 9 
Aug 13/11/12 
Sep 14/13/11 
oct 15/15/13 
Nov 17/17/15 
Dee 19/18/17 
40 Meters 

Month Europe 
gan 24/24/24 
Feb 24/24/21 
Mar 23/22/19 
apr 21/19/18 
May 19/17/17 
gun 17/15/13 
Jul 18/16/15 
Aug 19/17/16 
Sep 22/21/17 
oct 24/23/20 
Nov 24/24/22 
Dec 24/24/24 


s/ 
3/ 
3/ 
y 
of 
oy 
oy 
o/ 
2/ 
3/ 
a 
uv 


a 
3/ 
2/ 
oy 
oy 
o/ 
oy 
oy 
a 
2/ 
a 
6/ 


15/16/15 
peveevees 


10/ 
a/ 
5/ 
as 
s/ 
7 
9/ 


9/ 
6/ 
a 
2/ 
a” 
5/ 
8/ 


a2/11/ 
34/13/12 
18/19/22 


7 


27/11/16 
17/16/16 
16/16/15 
16/16/14 
16/15/14 
aajayia 
35/14/14 
16/16/14 
17/16/14 
aie 
21/17/16 
38/18/17 


24/24/21 
24/23/20 
2a/2i/18 
22/20/18 
22/18/17 
22/18/16 
24/38/17 
24/19/18 
23/20/18, 
24/23/19 
24/24/20 
24/24/21 


Africa 
16/16/15 
15/15/14 
35/13/13 
43/13/13 
32/1/10 
41/10/10 
prvevets 
a3/i2/aa 
33/13/32 
1414/3 
16/15/14 
16/16/16 


Africa 
21/20/19 
20/19/18 
39/17/17 
17/16/15 
an/i6/14 
36/15/14 
an/is/14 
18/16/15 
18/17/16 
20/18/17 
2a/i9/i8 
23/21/19 


S0. Asia 


ass 
6/ 4s 
as ay 
3/ 3/ 
2/ as 
was 
2/ as 
3/ 2/ 
as ay 
8/ 4s 
ass 
as 9/ 


S0. Asia 
21/21/19 
19/19/17 
a/17/a3 


46/11/ 
9/ 8/ 
1 8/ 
af 
11/10/ 
4a/13/ 


7 


an/ie/i4 
21/20/17 
24/23/22 


oceania 
31/10/ 9 
10/ 9/ 9 
9/ 8/7 
9/ 8/7 
1 6/6 
6/ 5/5 
16/5 
V6 
9/ 8/8 
9/ 9/7 
11/10/ 9 
aja 
oceania 
19/18/15 
36/15/14 
33/13/13 
33/13/11 
32/11/10 
31/10/ 9 
32/11/10 
33/32/11 
33/33/12 
16/13/13 
31/37/13 
2asis/18 


24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 


24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 


February in terms of the number of hours per day when 
the 80-meter band is open to Oceania. You can see by 
reading across the line for each month that the level of 


solar activity is not hugely important on 80 meter 
any location. Common experience (backed by the stat 


to 


tical information in Table 6) is that the 80-meter band is 
open only marginally longer when sunspots are low. 
‘This is true to a greater extent on 40 meters. Thus you 
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‘may hear the generalization that the low bands tend to be 
better during periods of low solar activity, while the upper 
HE bands (above 10 MHz) tend to be better when the sun is 
‘more active. 


‘Table 6 can give you a good handle on what months are 
the most productive for DXing and conti 


sting. It should be 


no Surprise to most veteran operators that the fall and winter 
months are the best times to work DX. 


20 Meters 


Month Europe Far East So. Amer. Africa 
Jan 13/16/22 15/22/22 24/24/24 20/21/21 
Feb 12/18/23 13/21/24 24/24/24 22/22/24 
Mar 15/18/24 17/20/24 24/24/24 22/24/24 
Apr 15/20/24 19/22/24 24/24/24 21/24/24 
May 19/23/24 22/24/24 24/24/24 23/24/24 
Jun 22/24/24 24/24/24 24/24/24 24/24/24 
Gul 19/24/24 24/24/24 24/24/24 21/24/24 
Aug 15/20/24 20/24/24 24/24/24 20/24/24 
Sep 16/19/24 17/21/24 24/24/24 21/24/24 
Oct 15/21/24 16/20/24 24/24/24 22/24/24 
Nov 14/20/23 14/22/24 24/24/24 20/24/24 
Dec 11/17/24 13/22/24 24/24/24 17/23/24 
15 Meters 

Month Europe Far East So. Amer. Africa 
Jan 4/ 6/ 7 2/ 9/13 12/18/16 9/13/13 
Feb 4/ 7/12 4/10/14 13/18/23 11/13/16 
Mar 6/ 9/14 2/13/15 14/21/24 13/17/22 
Ape 0/10/18 3/13/18 15/23/24 15/18/24 
May «1/13/16 6/10/19 11/20/24 14/18/24 
Jun 0/ 2/16 0/ 9/18 16/21/24 14/18/24 
Gul 0/ 2/16 0/ 5/18 15/19/24 12/18/24 
Aug 0/ 2/14 0/ 8/17 14/18/22 13/16/22 
Sep 1/10/17 6/13/17 14/16/24 13/17/22 
Oct 7/11/17 10/13/17 12/16/22 12/18/22 
Nov 5/8/14 8/31/14 12/16/22, 11/14/17 
Dec 3/ 6/ 92/10/13 12/15/23 8/13/15 
10 Meters 

Month Europe Far East So. Amer. Africa 
Jan 0/ 1/4 0/ 1/8 6/11/13 0/ 7/10 
Feb 0/ 2/7 0/ 2/10 8/12/14 0/ 9/13 
Mar 0/ 0/ 8 0/ 1/10 10/14/20 1/11/14 
Apr 0/0/ 8 0/ 0/ 8 7/14/21. 0/12/17 
May 0/ 0/ 0 0/ of 17/12/20 1/10/17 
Jun 0/ 0/ 0 0/ 0/ 07/11/18 0/3/17 
Jul 0/ 0/ 0 -0/ 0/ 0 -2/ 9/19 of 2/38 
Aug 0/ 0/0 0/ 0/ 0 2/10/17 0/ 1/16 
Sep 0/ 0/ 8 0/ 1/10 7/13/18 0/11/16 
Oct 0/ $/ 9 Of 2/11 10/12/16 7/12/14 
Nov 0/ 4/ 8 0/3/11 9/12/15 §/10/13 
Dec 0/ 3/ 6 0/ 1/8 8/11/13 1/8/32 


$0. Asia Oceania No. Amer 
18/20/22 18/23/22, 24/24/24 
15/21/24 18/23/24 24/24/24 
18/21/24 16/24/24 24/24/24 
19/22/24 18/24/24 24/24/24 
23/24/24 21/24/24 24/24/24 
24/24/24 24/24/24 24/24/24 
24/24/24 23/24/24 24/24/24 
20/24/24 19/24/24 24/24/24 
18/21/24 17/24/24 24/24/24 
19/22/24 17/24/24 24/24/24 
17/21/24 19/23/24 24/24/24 
32/22/24 16/24/24 24/24/24 
So. Asia Oceania No. Amer 
3/ 4/7 9/12/13, 24/15/16 
3/1/13 8/13/18 22/16/19 
S/A1/17 10/14/17 15/16/23 
9/15/19 11/15/21 16/16/24 
13/17/18 10/16/19 20/19/24 
5/15/18 10/12/20 24/22/22 
0/32/18 4/12/20 24/22/21 
0/32/17 6/10/19 22/19/21 
9/14/17 9/14/17 16/16/22 
Waz/x7 12/13/18 18/15/22 
3/1/16 10/13/18 20/16/21 
2/ 4/2 9/a2/ia 24/35/18 
So. Asia Oceania No. Amer 
0/ 4/3 0/ 3/11 23/24/24 
0/ 3/8 0/ 7/13, 24/24/24 
0/ 0/ 8 0/7/13 23/24/24 
0/ 0/13 0/ 5/11. 18/24/24 
0/ 1/12 of 2/11 17/20/22 
0/ 0/ © 0/ of 2 21/19/23 
0/ 0/ 7 0/ of 6 16/16/24 
0/ 0/10 0/ of 8 17/17/24 
0/ 0/10 0/ 2/ 9 19/24/24 
0/ 5/9 Of 8/12 24/24/24 
0/ 3/6 4/10/12 24/24/24 
0/ 1/4 2/7/12 23/23/24 


Do-It-Yourself Propagation Prediction 


Very reliable methods of determining the MUF for any 
given radio path have been developed over the last 50 years. 
As discussed previously, these methods are all based on the 
smoothed sunspot number (SSN) as the measure of solar 
activity. Itis for this reason that smoothed sunspot numbers, 
hold so much meaning for radio amateurs and 
‘others concerned with radio-wave propagation—they are the 
link to past (and future) propagation conditions. 

Early on, the prediction of propagation conditions 
required tedious work with numerous graphs, along with 
charts of frequency contours overlaid, or overprinted, on 
world maps. The basic materials were available from an 
agency of the US government. Monthly publications pro- 


vided the frequency-contour data a few months in advance. 
Only rarely did amateurs try their hand at predicting propa- 
gation conditions using these hard-to-use methods. 
‘Today's powerful PCs have given the amateur won- 
derful tools to make quick-and-easy HF propagation pre- 
dictions, whether for a contest or a DXpedition. The 
summary and detailed prediction tables described earlier in 
this chapter were generated using CAPMan, a modernized 
version of the mainframe JONCAP program, on a PC. 
While tremendously useful to setting up schedules and 
for planning strategy for contests, both the Summary and 
Detailed prediction tables located on the CD-ROM accom- 
panying this book show signal strength. They do not show 
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Table 7 


Features and Attributes of Propagation Prediction Programs 


ASAPS —CAPMan VOACAP 
v4 Windows 

User Friendliness Good Good Good 

Operating System Windows DOS — Windows 

Uses k or A index No Yes No 

User library of QTHs Yes Yes Yes 

Bearings, distances, Yes Yes Yes 

MUF calculation Yes Yes Yes. 

LUF calculation Yes Yes Yes. 

Wave angle calculation Yes Yes Yes. 

Vary minimum wave angle Yes Yes Yes. 

Path regions and hops Yes. Yes Yes. 

Multipath effects Yes Yes Yes 

Path probability Yes Yes Yes 

Signal strengths Yes Yes Yes 

SIN ratios Yes Yes Yes 

Long-path calculation Yes Yes Yes. 

Antenna selection Yes Yes Yes 

Vary antenna height Yes Yes Yes 

Vary ground characteristics Yes Yes Yes. 

Vary transmit power Yes Yes Yes. 

Graphic displays Yes Yes Yes. 

UT-day graphs Yes Yes Yes 

‘Area Mapping No Yes Yes 

Documentation Yes Yes On-line 

Price class $275+ $89 fret 


Price classes are for late 2003 and subject to change. 
‘Available on the World Wide Web: elbert.ts.bldrdoc.goviht.html 
‘Available on the World Wide Web at: www.qsl.netiw6elprop/ 

+ Shipping and handling extra. 


ACE-HF — WGELProp WinCAP —_—PropLab 
Vv.2.70 Wizard 2 Pro 
Excellent Good Good Poor 
Windows Windows Windows © DOS 
No Yes Yes Yes 
Yes-RX Yes Yes No 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes No Yes Yes 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes No Yes Yes 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes No Yes Yes 
Yes Yes Yes Yes 
Yes Indirectly Isotropic Yes 
Yes Indirectly No Yes 
Yes No No No 
Yes Indirectly Yes Yes 
Yes Yes Yes 20/30 
Yes Yes Yes Yes 
Yes Yes No Yes 
Yes Yes Yes Yes 
$99 freeg $29.95+ — $150tt 


+ fAvailable on the World Wide Web: www.spacew.comiwwwiproplab.htm! 


other information that is also in the underlying databases 
used to generate them. They don’t, for example, show the 
dominant elevation angles and neither do they show reli- 
ability statistics. You may want to run propagation-predic- 
tion software yourself to get into the really “nitty-gritty” 
details. 

Modem programs are designed for quick-and-easy pre- 
dictions of propagation parameters. See Table 7 for a list- 
ing of a number of popular programs. The basic input 
information required is the smoothed sunspot number (SSN) 
or smoothed solar flux, the date (month and day), and the 
latitudes and longitudes at the two ends of the radio path. 
‘The latitude and longitude, of course, are used to determine 
the great-circle radio path. Most commercial programs tai- 
lored for ham use allow you to specify locations by the call 
sign. The date is used to determine the latitude of the Sun, 
and this, with the sunspot number, is used to determine the 
properties of the ionosphere at critical points on the path. 

Of course, just because a computer program predicts 
that a band will be open on a particular path, it doesn’t 
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follow that the Sun and the ionosphere will always cooper- 
ate! A sudden solar flare can result in a major geomagnetic 
storm, taking out HF communication anywhere from hours 
to days. There is still art, as well as a lot of science, in pr 
dicting propagation. In times of quiet geomagnetic activity 
however, the prediction programs are good at forecasting 
band openings and closings. 


Obtaining Sunspot Number/Solar Flux Data 


‘After you have chosen and then set up a computer pro- 
gram for evaluation of a particular path, you will still need 
the sunspot number or solar flux level for the period in ques- 
tion. A caution must be stated here—for best accuracy and 
consistency, use the average of solar flux values taken from 
actual observations, perhaps from WWV/WWVH, over the 
previous three or four days. Many amateur packet systems 
archive WWV flux numbers (plus planetary kp and A, indi- 
ces). Solar flux numbers can vary dramatically from day to 
day, but the Earth’s ionosphere is relatively slow to respond 
to instantaneous changes in solar radiation. This caveat also 
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suns, 


Fig 42—Smoothed sunspot number, with predictions, 
from 1940 to 2040. This was extrapolated based on 
data from 1840 to 1983. Cycle 22 actually peaked in 
Nov 1989, at a monthly smoothed sunspot number of 
158. Propagation on the higher frequencies throughout 
the peak of Cycle 22 was good to excellent, since the 
monthly smoothed sunspot number stayed at 100 or 
above from July 1988 through May 1992. (Courtesy of 
‘Naval Ocean Systems Center, San Diego.) 


holds for sunspot numbers derived, using Fig 18, from 
WWV/WWYVH solar flux numbers, 

Fig 42 shows a graph produced in the early 1980s of 
smoothed sunspot numbers for Solar Cycles 17 through 21, 
with predictions for Cycles 22 through 26. The graph cov- 
ers a period of 100 years, from 1940 to 2040, and may be 
used for making long-term or historical calculations. Just 
remember that the graph shows smoothed numbers. The 
solar activity at any given time can be significantly lower or 
significantly higher than the graph indicates. In fact, Cycle 
22 peaked at the end of 1989, as predicted, but with a 
monthly smoothed sunspot level of 158, quite a bit higher 
than predicted. Cycle 23 peaked in early 2002 at a level of 
about 115, a considerably higher level than the predicted 
value. 


'WWV PROPAGATION DATA 


For the most current data on what the Sun is doing, 
National Institute of Standards and Technology stations 
WWYV and WWVH broadcast information on solar activity 
at 18 and 45 minutes past each hour, respectively. These 
propagation bulletins give the solar flux, geomagnetic 
‘AcIndex, Boulder K-Index, and a brief statement of solar 
and geomagnetic activity in the past and coming 24-hour 
periods, in that order. The solar flux and A-Index are 
changed daily with the 2118 UT bulletin, the rest every three 
hours—0018, 0318, 0618 UT and so on. On the Web, up- 
to-date WWV information can be found at: ftp:// 
ftp.sel.noaa.gov/pub/latest/wwv.txt or on the NOAA Web 
page www.see.noaa.gov/. 

Some other useful Web sites are: dx.qsl.net/propaga- 
tion/, www.dxle.com/solar, hfradio.org/propagation. 
html. The Solar Terrestrial Dispatch page contains a wealth 
of propagation-related information: www.spacew.com/. You 


Effective Sunspot Number (SSN, 


Fig 43—Effective Sunspot Number (SSN,) produced 
by NWRA. Note large drop in effective SSN due to a 
geomagnetic storm commencing Oct 1, 2002. 
(Courtesy of Northwest Research Associates.) 


may also access propagation information on your local 
PacketCluster. Use the command SH/WWVin, where 1 is 
the number of spots you wish to see (live is the default). 
Another excellent method for obtaining an “equivalent 
sunspot number ) is to go to the Space Weather site of 
Northwest Research Services: www.nwra-az.com/spawx/ 
ssne24.html. NWRA compares real-time ionospheric 
sounder data around the world with predictions using 
various levels of SSN looking for the best match. They thus 
“back into” the actual effective sunspot number. 
Fig 43 is a typical NWRA graph, which covers the week 
ending 6 October 2002. Note the sudden decrease in SSN. 
after a geomagnetic storm depressed SSN, by more than 50%. 


The A-Index 

‘The WWV/AWWVH A-Index is a daily figure for the 
state of activity of the Earth’s magnetic field. It is updated 
with the 2118/2145 UT bulletin. The A-Index tells you 
mainly how yesterday was, but it is very revealing when 
charted regularly, because geomagnetic disturbances nearly 
always recur at four-week intervals. 


The K-Index 
‘The K-Index (new every three hours) reflects Boulder 
ld in the hours just 
preceding the bulletin data changes. It is the nearest thing to 
current data on radio propagation available. With new data 
every three hours, K-Index trend is important, Rising is bad 
news; falling is good, especially related to propagation on 


readings of the Earth’s geomagnetic 


paths involving latitudes above 30° north, Because this is a 


Boulder, Colorado, reading of geomagnetic activity, it may 
not correlate closely with conditions in other at 


‘The K-Index is also a timely clue to aurora possibilitie 


‘Values of 4, and rising, warn that conditions associated with 
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Fig 44—Plot of the estimated planetary k index, 


Kp, for 
the last four days. (Courtesy NOAA/SEC.) 


‘auroras and degraded HF propagation are present in the Boul- 
ddr area at the time of the bulletin’s preparation. A NOAA 
Web site that carries up-to-date planetary K,, data is: 
www.sel.noaa.gov/ftpmenu/plots/2003_plots/kp.html 
Fig 44 is a graph from this Web site for four days starting 
27 April 2003 to 30 April 2003. This was a period of signifi- 
cant geomagnetic activity, indicated by Ky indices of 5 and 4, 
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Antenna and 
Transmission-Line 
Measurements 


The principal quantities measured on transmission 
lines are line current or voltage, and standing-wave ratio 
(SWR). You make measurements of current or voltage to 
determine the power input to the line. SWR measurements 
are useful in connection with the design of coupling cir- 
cuits and the adjustment of the match between the antenna 
and transmission line, as well as in the adjustment of these 
matching circuits. 

For most practical purposes a relative measurement 
is sufficient. An uncalibrated indicator that shows when 
the largest possible amount of power is being put into the 
line is just as useful, in most cases, as an instrument that 
measures the power accurately. It is seldom necessary to 
know the actual number of watts going into the line unless 
the overall efficiency of the system is being investigated, 
An instrument that shows when the SWR is close to 1:1 
is all you need for most impedance-matching adjustments, 
Accurate measurement of SWR is necessary only in stud- 
ies of antenna characteristics such as bandwidth, or for 
the design of some types of matching systems, such as a 
stub match. 

Quantitative measurements of reasonable accuracy 
demand good design and careful construction in the mea- 
suring instruments. They also require intelligent use of 
the equipment, including a knowledge not only of its limi- 
tations but also of stray effects that often lead to false 
results. Until you know the complete conditions of the 
measurements, a certain amount of skepticism regarding 
numerical data resulting from amateur measurements with 
simple equipment is justified. On the other hand, purely 
qualitative or relative measurements are easy to make and 
are reliable for the purposes mentioned above. 


LINE CURRENT AND VOLTAGE. 

A current or voltage indicator that can be used with 
coaxial line is a useful piece of equipment. It need not be 
elaborate or expensive. Its principal function is to show 
when the maximum power is being taken from the trans- 
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mitter; for any given set of line conditions (length, SWR, 
ete). This will occur when you adjust the transmitter cou- 
pling for maximum current or voltage into the transmis- 
sion line. Although the final-amplifier plate or collector 
current meter is frequently used for this purpose, itis not 
always a reliable indicator. In many cases, particularly 
with a sereen-grid tube in the final stage, minimum loaded 
plate current does not occur simultaneously with maxi- 
mum power output. 


RF VOLTMETER 


‘You can put together a germanium diode in conjune- 
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used if desired; see text). 

R1—6.8 kA, composition, 1 W for each 100 W of RF 
power. 

R2—680 Q, */2 or 1 W composition. 

R3—10 kA, "2 W (see text). 
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tion with a low-range milliammeter and a few resistors to 
form an RF voltmeter suitable for connecting across the 
two conductors of a coaxial line, as shown in Fig 1. It 
consists of a voltage divider, R1-R2, having a total 
tance about 100 times the Zp of the line (so the power 
consumed will be negligible) with a diode rectifier and 
milliammeter connected across part of the divider to read 
relative RF voltage. The purpose of R3 is to make the meter 
readings directly proportional to the applied voltage, as 
nearly as possible, by swamping the resistance of D1, since 
the diode resistance will vary with the amplitude of the 
current through the diode. 

‘You may construct the voltmeter in a small metal box, 
indicated by the dashed line in the drawing, and fitted with 
coax receptacles. R1 and R2 should be carbon-composi- 
tion resistors. The power rating for RI should be 1 W for 
each 100 W of carrier power in the matched line; separate 
I- or 2-W resistors should be used to make up the total 
power rating required, to the total resistance as given. Any 
type of resistor can be used for R3; the total resistance 
should be such that about 10 V de will be developed across 
it at full scale. For example, a 0-1 milliammeter would 
require 10 kQ, a 0-500 microammeter would take 20 kQ, 
and so on, For comparative measurements only, R3 may 
be a variable resistor so the sensitivity can be adjusted for 
various power levels. 

In constructing such a voltmeter, you should exer- 
cise care to prevent inductive coupling between R1 and 
the loop formed by R2, DI and C1, and between the same 
loop and the line conductors in the assembly. With the 
lower end of RI disconnected from R2 and grounded to 
the enclosure, but without changing its position with 
respect to the loop, there should be no meter indication 
when full power is going through the line. 

If more than one resistor is used for RI, the units 
should be arranged end-to-end with very short leads. RI 
and R2 should be kept '/s inch or more from metal sur- 
faces parallel to the body of the resistor. If you observe 
these precautions the voltmeter will give consistent read~ 
ings at frequencies up to 30 MHz. Stray capacitance and 
stray coupling limit the accuracy at higher frequencies 
but do not affect the utility of the instrument for com- 
parative measurements. 


Calibration 

You may calibrate the meter for RF voltage by com- 
parison with a standard such as an RF ammeter. This 
requires that the line be well matched so the impedance 
at the point of measurement is equal to the actual Zy of 
the line, Since in that ease P = PZ, the power ean be 
calculated from the current. Then E= /PZ, . By making 
current and voltage measurements at & number of differ- 
ent power levels, you can obtain enough points to draw a 
calibration curve for your particular setup. 
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Fig 2—A convenient method of mounting an RF 
ammeter for use in a coaxial line. This is a metal-case 
instrument mounted on a thin bakelite panel. The cutout 
in the metal clears the edge of the meter by about ‘e 
inch. 


RF AMMETERS, 


Although they are not as widely available as they 
used to be, if you can find one on the surplus market or at 
a hamfest, an RF ammeter is a good way to gauge output 
power. You can mount an RF ammeter in any convenient 
location at the input end of the transmission line, the prin- 
cipal precaution being that the capacitance to ground, 
chassis, and nearby conductors should be low. A bakelite- 
case instrument can be mounted on a metal panel with- 
out introducing enough shunt capacitance to ground to 
cause serious error up to 30 MHz. When installing 
‘metal-case instrument on a metal panel, you should mount 
it on a separate sheet of insulating material so that there 
is inch or more separation between the edge of the 
case and the metal 

‘A 2-inch instrument can be mounted in a 2x 4x 
4-inch metal box, as shown in Fig 2. This is a convenient 
arrangement for use with coaxial line. Installed this way, 
good quality RF ammeter will measure current with an 
accuracy that is entirely adequate for calculating power 
in the line. As discussed above in connection with cal 
brating RF voltmeters, the line must be closely matched 
by its load so the actual impedance is resistive and equal 
to Zo. The scales of such instruments are cramped at the 
low end, however, which limits the range of power that 
can be measured by a single meter. The useful current 
range is about 3 to I, corresponding to a power range of, 
about 9 t0 1 


SWR Measurements 


On parallel-conductor lines it is possible to measure 
the standing-wave ratio by moving a current (or voltage) 
indicator along the line, noting the maximum and mini- 
‘mum values of current (or voltage) and then computing 
the SWR from these measured values. This cannot be done 
with coaxial line since it is not possible to make m 
surements of this type inside the cable. The technique is, 
in fact, seldom used with open lines because it is not only 
inconvenient but sometimes impossible to reach all parts 
of the line conductors. Also, the method is subject to con- 
siderable error from antenna currents flowing on the line 

Present-day SWR measurements made by amateurs 
practically always use some form of directional coupler 
or RF-bridge circuit. The indicator circuits themselves 
are fundamentally simple, but they require considerable 
care in construction to ensure accurate measurements. The 
requirements for indicators used only for the adjustment 
of impedance-matching circuits, rather than actual SWR 
measurement, are not so stringent, and you can easily 
make an instrument for this purpose. 


BRIDGE CIRCUITS 


Two commonly used bridge circuits are shown in 
Fig 3. The bridges consist essentially of two voltage 
dividers in parallel, with a voltmeter connected between 
the junctions of each pair of arms, as the individual ele~ 
ments are called. When the equations shown to the right 
of each circuit are satisfied there is no potential difference 
between the two junctions, and the voltmeter indicates zero 
voltage. The bridge is then said to be in balance. 

Taking Fig 3A as an illustration, if RI = R2, half the 
applied voltage, E, will appear across each resistor. Then 
if Rg = Rx, 'AE will appear across each of these resistors 
and the voltmeter reading will be zero. Remember that a 
‘matched transmission line has essentially a purely 
tive input impedance. Suppose that the input terminals of 
such a line are substituted for Ry. Then if Rg is a resistor 
equal to the Zy of the line, the bridge will be balanced. 

If the line is not perfectly matched, its input imped- 
ance will not equal Zy and hence will not equal Rs 
you chose the latter to be equal to Zp. There will then be 
a difference in potential between points X and Y, and the 
voltmeter will show a reading. Such a bridge therefore 
can be used to show the presence of standing waves on 
the line, because the line input impedance will be equal 
to Zo only when there are no standing waves. 

Considering the nature of the incident and reflected 
components of voltage that make up the actual voltage at 
the input terminals of the line, as discussed in Chapter 
24, it should be clear that when Rg = Zo, the bridge is 
always in balance for the incident component. Thus the 
voltmeter does not respond to the incident component at 
any time but reads only the reflected component (assum- 
ing that R2 is very small compared with the voltmeter 


Fig 3—Bridge circuits suitable for SWR measurement. 
‘At A, Wheatstone type using resistance arms. At B, 
capacitance-resistance bridge (“Micromatch”). 
Conditions for balance are independent of frequency 
in both types. 


impedance). The incident component can be measured 
ther R1 or R2, if they are equal resistances. The 
standing-wave ratio is then 


(Eq) 


where El is th 
c. It is often simpler to normalize the voltages by 
expressing E2 as a fraction of El, in which case the for- 
mula becomes 


incident voltage and E2 is the reflected 


swe tk 
SWR=—* (E42) 


where k = E2/E1 

‘The operation of the circuit in Fig 3B is essentially 
the same, although this circuit has arms containing reac~ 
is well as resistance. 

It is not necessary that RI = R2 in Fig 3A; the bridge 
can be balanced, in theory, with any ratio of these two 
resistances provided Rs is changed accordingly. In pra 
tice, however, the accuracy is highest when the two are 
equal; this circuit is most commonly used. 

A number of types of bridge circuits appear in Fig 4, 
many of which have been used in amateur products or 
amateur construction projects. All except that at G can 
have the generator and load at a common potential. At G, 
the generator and detector are at a common potential. You 
may interchange the positions of the detector and trans- 


tan 
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Fig 4—Various types of SWR indicator circuits and commonly known names of bridge circuits or devices in that 
they have been used. Detectors (D) are usually semiconductor diodes with meters, isolated with RF chokes and 
capacitors. However, the detector may be a radio receiver. In each circuit, Z represents the load being measured. 
(This information provided by David Geiser, WAZANU) 
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mitter (or generator) in the bridge, and this may be 
advantageous in some applications. 

‘The bridges shown at D, E, F and H may have one 
terminal of the generator, detector and load common. 
Bridges at A, B, E, F, G and H have constant sensitivity 
over a wide frequency range. Bridges at B, C, D and H 
may be designed to show no discontinuity (impedance 


lump) with a matched line, as shown in the drawing 
Discontinuities with A, E and F may be small 

Bridges are usually most sensitive when the detector 
bridges the midpoint of the generator voltage, as in G or H, 
or in B when each resistor equals the load impedance 
sitivity also increases when the currents in each leg are 
equal 


Resistance Bridge 


‘The basic bridge configuration shown in Fig 3B may 
be home constructed and is reasonably accurate for SWR 
measurement. A practical circuit for such a bridge is given 
in Fig 5 and representative layout is shown in Fig 6. Prop- 
erly built, a bridge of this design can be used for measure~ 
ment of SWRs up to about 15:1 with good accuracy. 
You should observe these important construction 
points: 
1) Keep leads in the RF circuit short, to reduce stray 
inductance. 
2) Mount resistors two or three times their body diam- 
er away from metal parts stray capaci- 
tance. 
3) Place the RF components so there is as little inductive 
ive coupling as possible between the bridge 


“A 


Fig 5—Resistance bridge for SWR measurement. 

Capacitors are disc ceramic. Resistors are ‘/-watt 

composition except as noted below. 

D1, D2—Germanium diode, high back resistance type 
(AN34A, 1N270, etc). 

4J1, J2—Coaxial connectors, chassis-mounting type. 

Mi—0-100 de microammeter. 

Ri, R2—47 Q, '/-W composition (see text). 

R3_See text. 

R4—50-kO volume control. 

R,—Resistance equal to line Zs ('/2 or 1 W composition). 

Si—SPDT toggle. 


In the instrument shown in Fig 6, the input and line 
connectors, J1 and J2, are mounted fairly close together 
so the standard resistor, Rs, can be supported with short 
leads directly between the center terminals of the con- 
nectors. R2 is mounted at right angles to Re, and a shield 
two components and the 


partition is used between thi 


others. 

The two 47-kQ resistors, RS and R6 in Fig 5, are 
voltmeter multipliers for the 0-100 microammeter used 
s an indicator. This is sufficient resistance to make the 
voltmeter linear (that is, the meter reading is directly pro- 
portional to the RF voltage) and no voltage calibration 
curve is needed. D1 is the rectifier for the reflected volt- 


Fig 6A 2 x 4x 4-inch aluminum box is used to house 
this SWR bridge, which uses the circuit of Fig 5.The 
variable resistor, Rd, is mounted on the side. The bridge 
‘components are mounted on one side plate of the box 
and a subchassis formed from a piece of aluminum. The 
input connector is at the top in this view. R is connec- 
ted directly between the two center posts of the connec- 
tors. R2 is visible behind it and perpendicular to it. One 
terminal of D1 projects through a hole in the chassis so 
the lead can be connected to J2. Rt is mounted ver 

cally to the left of the chassis in this view, with D2 
connected between the junction of R1-R2 and a tie point. 
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age and D2 is for the incident voltage. Because of manu- 
facturing variations in resistors and diodes, the readings 
may differ slightly with two multipliers of the same nomi- 
nal resistance valu jon resistor, R3, is, 
included in the circuit. You should select its value so that 
the meter reading is the same with S1 in either position, 
when RF is applied to the bridge with the line connection 
open. In the instrument shown, a value of 1000 2 was 
required in series with the multiplier for reflected volt- 
age; in other cases different values probably would be 
needed and R3 might have to be put in series with the 
multiplier for the incident voltage. You can determine this 
by experiment. 

‘The value used for RI and R2 is not critical, but you 
should match the two resistors within 1% or 2% if pos- 
sible. Keep the resistance of Rs as close as possible to 
the actual Zo of the line you use (generally 50 or 75.2). 
ct the resistor by actual measurement with an accu- 
rate resistance bridge, if you have one available. 

R4 is for adjusting the incident-voltage reading to 
dure described below. 
a convenient alterna- 
tive to exact adjustment of the RF input voltage. 


Testing 

Measure RI, R2 and Rg with a reliable digital ohm- 
meter or resistance bridge alter completing the wiring. This 
will ensure that their values have not changed from the 
heat of soldering. Disconnect one side of the microammeter 
and leave the input and output terminals of the unit open 
during such measurements to avoid stray shunt paths 
through the rectifiers 


Check the two voltmeter circuits as described above. 
applying enough RF (about 10 V) to the input terminals 
to give a full-scale reading with the line terminals open. 
If necessary, try different values for R3 until the reading 
is the same with SI in either position. 

With J2 open, adjust the RF input voltage and R4 
for full-scale reading with SI in the incident-voltage 
position. Then switch $1 to the reflected-voltage po 
tion. The reading should remain at full scale. Next, short- 
circuit J2 by touching a screwdriver between the center 
terminal and the frame of the connector to make a low- 
inductance short. Switch $1 to the incident-voltage posi- 
tion and readjust R4 for full scale, if necessary. Then 
throw S1 to the reflected-voltage position, keeping 12 
shorted, and the reading should be full scale as before. If 
the readings differ, R1 and R2 are not the same value, or 
there is stray coupling between the arms of the bridge. 
You must read the reflected voltage at full scale with 12 
cither open or shorted, when the incident voltage is set to 
full scale in each case, to make accurate SWR measure~ 


ments. 

‘The circuit should pass these tests at all frequencies 
at which it is to be used. It is sufficient to test at the low- 
est and highest frequencies, usually 1.8 or 3.5 and 28 or 
50 MHz. If RI and R2 are poorly matched but the bridge 
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construction is otherwise good, discrepancies in the read~ 
ings will be substantially the same at all frequencies. A 
difference in behavior at the low and high ends of the 
frequency range can be attributed to stray coupling 
between bridge arms, or stray inductance or capacitance 


in the arms 

To check the bridge for balance, apply RF and adjust 
R4 for full scale with J2 open. Then connect a resistor 
identical with Rs (the resistance should match within 1% 
or 2%) to the line terminals, using the shortest possible 
leads. It is convenient to mount the test resistor inside 


cable connector (PL-259), a method of mounting that also 
minimizes lead inductance. When you connect the test 
resistor the reflected-voltage reading should drop to zero. 


The incident voltage should be reset to full scale by means 
of Rd, if necessary. The reflected reading should be zero 
at any frequency in the range to be used. If a good null 


obtained at low frequencies but some residual current 
shows at the high end, the trouble may be the inductance 
of the test resistor leads, although it may also be caused 
by stray coupling between the arms of the bridge itself. 

If there is a constant low (but not zero) reading at 
all frequencies the problem is poor matching of the r 


tance values. Both effects can be present simultaneously. 
You should make sure you obtain a good null at all fre~ 
quencies before using your bridge. 


Bridge Operation 

You must limit the RF power input to a bridge of 
this type to a few watts at most, because of the power- 
dissipation ratings of the resistors. If the transmitter has 
no provision for reducing power output to a very low 
value—less than 5 W—a simple power-absorber circuit 
can be made up, as shown in Fig 7. Lamp DSI tends to 


‘maintain constant current through the resistor over a fairly 


a eRISCE 


Fig 7—Power-absorber circuit for use with resistance- 
type SWR bridges when the transmitter has no special 
provisions for power reduction. For RF powers up to 

50 W, DS1 is a 117-V 40-W incandescent lamp and DS2 
is not used. For higher powers, use sufficient addi- 
tional lamp capacity at DS2 to load the transmitter to 
about normal output; for example, for 250 W output DS2, 
may consist of two 100-W lamps in parallel. R1 is made 
from three 1-W 68-0 resistors connected in parallel. P1 
and P2 are cable-mounting coaxial connectors. Leads 
in the circuit formed by the lamps and Rit should be 
kept short, but convenient lengths of cable may be 
used between this assembly and the connectors. 


wide power range, so the voltage drop across the resistor 
also tends to be constant. This voltage is applied to the 
bridge, and with the constants given is in the right range 
for resistance-type bridges. 

To make a measurement, connect the unknown load 
to 12 and apply sufficient RF voltage to JI to give a full- 
scale incident-voltage reading. Use R4 to set the indica- 
tor to exactly full scale. Then throw SI to the reflected 
voltage position and note the meter reading. The SWR is 
then found by using these readings in Eq 1 

For example, if the full-scale calibration of the de 
instrument is 100 HA and the reading with $2 in the 
reflected-voltage position is 40 tA, the SWR is 


100440 _ 140 
60 


Instead of calculating the SWR value, you could use 
the voltage curve in Fig 8. In this example the ratio of 
reflected to forward voltage is 40/100 = 0.4, and from 
Fig 8 the SWR value is about 2.3:1 

You may calibrate the meter scale in any arbitrary 
units, so long as the scale has equal divisions. It is the 
ratios of the voltages, and not the actual values, that 
determine the SWR. 


votage 
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Fig 8—Chart for finding voltage standing-wave ratio 
when the ratio of reflected-to-forward voltage or 
reflected-to-forward power is known. 


AVOIDING ERRORS IN SWR MEASUREMENTS 


The principal causes of inaccuracies within the 
bridge are differences in the resistances of RI and R2, 
stray inductance and capacitance in the bridg. 
stray coupling between arms. If the checkout procedure 
described above is followed carefully, the bridge in Fig 5 
should be amply accurate for practical use. The accuracy 
is highest for low standing-wave ratios because of the 
nature of the SWR calculation; at high ratios the divisor 
in the equation above represents the difference between 
two nearly equal quantities, so a small error in voltage 
measurement may mean a considerable difference in the 
calculated SWR 

‘The standard resistor Rg must equal the actual Zp of 
the line. The actual Zg of a sample of line may differ by a 
few percent from the nominal figure because of manufa 
turing variations, but this has to be tolerated. In the 50- to 
75-Q range, the RF resistance of a composition resistor of 
"oor 1-W rating is essentially identical with its de resi 
tance. 


Common-Mode Currents 


‘As explained in Chapter 26, there are two ways in 
which unwanted common-mode (sometimes called 
antenna) currents can flow on the outside of a coaxial 
line—currents radiated onto the line because of its spa 
tial relationship to the antenna and currents that result 
from the direct connection between the coax outer con- 
ductor and (usually) one side of the antenna. The radi- 
ated current usually will not be troublesome if the bridge 
and the transmitter (or other source of RF power for 
operating the bridge) are shielded so that any RF cur- 
rents flowing on the outside of the line cannot find their 
way into the bridge. This point can be checked by insert- 
ing an additional section of line ('/s to '/s electrical wav 
length preferably) of the same Zy. The 
the bridge should not change except for a 
because of the additional line loss. If there is a marked 
change, you may need better shielding. 

Parallel-type currents caused by the connection to 
the antenna without using a common-mode choke balun 
will change the SWR with variations in line length, even 
though the bridge and transmitter are well-shielded and 
the shielding is maintained throughout the system by the 
use of coaxial fittings. Often, merely moving the trans- 
mission line around will cause the indicated SWR to 
change. This is becau: 


¢ the outside of the coax becomes 
part of the antenna system—bei ted to the 
antenna at the feed point. The outside shield of the line 
thus constitutes a load, along with the desired load repr 
sented by the antenna itself. The SWR on the line then is 
determined by the composite load of the antenna and the 
outside of the coax. Since changing the line length (or 
position) changes one component of this composite load, 
the SWR changes too. 

‘The remedy for such a situation is to use a good balun 
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or to detune the outside of the line by proper choice of 
length. Note that this is not a measurement error, since 
what the instrument reads is the actual SWR on the line 
However, it is an undesirable condition since the tin 
usually operating at a higher SWR than it should—and 
would if the parallel-type current on the outside of the 
coax were eliminated, 


Spurious Frequencies 

Off-frequency components in the RF voltage applied 
to the bridge may cause considerable error. The principal 
components of this type are harmonics and low-frequency 
subharmonics that may be fed through the final stage of 
the transmitter driving the bridge. The antenna is almost 
always a fairly selective circuit, and even though th 
tem may be operating with a very low S 
frequency, itis almost always mismatched at harmonic and 
subharmonic frequencies. If such spurious frequencies are 
applied to the bridge in appreciable amplitude, the SWR 
indication will be very much in error. In particular, it may 
not be possible to obtain a null on the bridge with any set 
of adjustments of the matching circuit. The only remedy 
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Fig 8—Methods of determining ‘1 and ‘/=4 line lengths. 
AUA, “ick open-circuited line; at B, "/-A shorted and 
‘Ved open-circuited line. 
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is to filter out the unwanted components by increasing the 
selectivity of the circuits between the transmitter final 
amplifier and the bridge. 


MEASURING LINE LENGTH 


‘The following material is taken from information in 
September 1985 QST by Charlie Michaels, W7XC (see 
Bibliography), 

‘There is a popular myth that one may prepare an 
open quarter-wave line by connecting a loop of wire to 
one end and trimming the line to resonance (as indicated 
by a dip meter). This actually yields a line with capaci- 
tive reactance equal to the inductive reactance of the loop: 
a 4-inch wire loop yields a line 82.8° line at 18 MHz; a 
2-inch loop yields an 86° line. As the loop size is reduced, 
line length approaches—but never equals—90° 

‘To make a quarter-wave open line, parallel connect 
coil and capacitor that resonate at the required frequency 
(see Fig 9A). After adjusting the network to resonance, 
do not make further network adjustments, Open the con- 
nection between the coil and capacitor and series con- 
nect the line to the pair. Start with a line somewhat longer 
than required, and trim it until the circuit again resonates 
at the desired frequency. For a shorted quarter-wave line 
or an open half-wave line, connect the line in parallel 
with the coil and capacitor (see Fig 9B). 

Another method to accurately measure a ci 
transmission line length uses one of the popular 
analyzers,” portable hand-held instruments with a tun- 
able low-power signal generator and an SWR bridge 
While an SWR analyzer cannot compute the very high 
values of SWR at the input of a shorted quarter-wave line 
at the fundamental frequency, most include another read~ 
out showing the magnitude of the impedance. This is very 
handy for finding a low-impedance dip, rather than a high- 
impedance peak. 

Atthe operating frequency, a shorted quarter-wave line 
results in a high-impedance open-circuit at the input to that 
line. At twice the frequency, where the line is now one-half 
wave long electrically, the instrument shows a low-impe 
ance short-circuit. However, when you are pruning a line to 
length by cutting off short pieces at the end, it is inconve~ 
nient to have to install a short before measuring the response. 
Itis far easier to look for the dip in impedance when a quar- 
ter-wave line is terminated in an open circuit. 

Again, the strategy is to start with a line physically 
a little longer than a quarter-wave length. A good rule of 
thumb is to cut the line 5% longer to take into account 
the variability in the velocity factor of a typical coax cable 
Compute this using: 

Length (feet) = 0.25 x 1.05 x VF x 984/Freq = VF/Freq 
where 

Freq is in MHz. 

VF is the velocity factor in %. 

Plug the coax connector installed at one end of the 
line into the SWR analyzer and find the frequency for the 


impedance dip. Prune the line by snipping off short pi 
at the end. Once you've pruned the line to the desired fre- 
quency, connect the short at the end of the line and re- 
check for a shor circuit at twice the fundamental frequency. 
Seal the shorted end of the coax and you're done. 


REFLECTOMETERS 

Low-cost reflectometers that do not have a guaran- 
teed wattmeter calibration are not ordinarily reliable for 
accurate numerical measurement of standing-wave ratio. 
They are, however, very useful as aids in the adjustment 
of matching networks, since the objective in such adjust- 
ment is to reduce the reflected voltage or power to zero. 
Relatively inexpensive devices can be used for this, since 
only good bridge balance is required, not actual calibra- 


tion of SWR. Bridges of this type are usually frequene 
sensitive that is, the meter response increase with increas 
ing frequency for the same applied voltage. When 
matching and line monitoring, rather than SWR me 


‘ment, is the principal use of the devie 
ous handicap. 


this is not a s 


Various simple reflectometers, useful for matching 
and monitoring, have been described from time to time 
in QST and in The ARRL Handbook. Because most of 
these are frequency sensitive, 
them accurately for power measurement, but their low 
cost and suitability for use at moderate power levels, com- 


is difficult to calibrate 


bined with the ability to show accurately when a match- 
ing circuit has been properly adjusted, make them a 
worthwhile addition to the amateur station. 


The Tandem Match—An Accurate 


Directional 


Most SWR meters are not very accurate at low power 
levels because the detector diodes do not respond to low 
voltage in a linear fashion. This design uses a compen- 
sating circuit to cancel diode nonlinearity. It also pro- 
vides peak detection for SSB operation and direct SWR 
readout that does not vary with power level. The follow- 
ing information is condensed from an article by John 
Grebenkemper, KI6WX, in January 1987 OST. 


DESIGN PRINCIPLES 

Directional wattmeters for Amateur Radio use con- 
sist of three basic elements: a directional coupler, a 
detector and a signal-processing and display circuit. A 
directional coupler samples forward and reflected-power 
components on a transmission line. An ideal directional 
coupler would provide signals proportional to the for- 
ward and reflected voltages (independent of frequency) 
which could then be used to measure forward and re- 
flected power over a wide frequency range. The best con- 
temporary designs work over two decades of frequency. 

The detector circuit provides a de output voltage 
proportional to the ac input voltage. Most directional watt- 


Table 1 

Performance Specifications for the Tandem Match 

Power range: 1.5 to 1500 W 

Frequency range: 1.8 to 54 MHz 

Power accuracy: Better than + 10% ( + 0.4 dB) 

‘SWR accuracy: Better than + 5% 

Minimum SWR: Less than 1.05:1 

Power display: Linear, suitable for use with either analog 
or digital meters 

Calibration: Requires only an accurate voltmeter 


Wattmeter 


meters use a single germanium diode as the detector 
element. A germanium, rather than silicon, diode is used 
to minimize diode nonlinearity at low power levels. Diode 
non-linearity still causes SWR measurement errors unless 
it is compensated ahead of the display circuit. Most 
directional wattmeters do not work well at low power le 


els because of diode nonlinearity. 

‘The signal-processing and display circuits compute 
and display the SWR. There are a number of ways to per- 
form this function. Meters that display only the forward 
and reflected power require the operator to compute the 


SWR manually. Many instruments require that the 
operator adjust the meter to a reference level while me: 


suring forward power, then switch to measure reflected 
power on a special scale that indicates SWR. Meters that 
directly compute the SWR using analog signal-process- 
ing circuits have been described by Fayman, Perras, 


Fig 10—The Tandem Match uses a pair of meters to 
display net forward power and true SWR 
simultaneously. 
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Fig 11—Block 


jagram of the Tandem Match. 


Leenerts and Bailey (see the Bibliography at the end of 
this chapter) 

The next section takes a brief look at several popu- 
lar circuits that accomplish the functions above and com- 
pares them to the circuits used in the Tandem Match. The 
design specifications of the Tandem Match are shown in 
‘Table I, and a block diagram is shown in Fig 11 


CIRCUIT DESCRIPTION 


A directional coupler consists of an input port, an out- 
put port and a coupled port. The device takes a portion of 
the power flowing from the input port to the output port 
and directs it to the coupled port, but none of the power 
flowing from the output port to the input port is directed to 
the coupled port 

There are several terms that d 
of a directional coupler: 

1) Insertion loss is the amount of power that is lost 
as the signal flows from the input port to the output port. 
Insertion loss should be minimized so the coupler doesn’t 
dissipate a significant amount of the transmitted power. 
2) Coupling factor is the amount of power (or volt- 
.ge) that appears at the coupled port relative to the amount 
of power (or voltage) transferred from the input port to 
the output port. The “flatness” (with frequency) of the 
coupling factor determines how accurately the directional 
wwatlmeter can determine forward and reflected power over 
a range of frequencies, 


1 the performance 
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3) Isolation is the amount of power (or voltage) that 
appears at the coupled port relative to the amount of power 
(or voltage) transferred from the output port to the input 
port. 


4) Directivity is the isolation less the coupling fac~ 
tor. Directivity dictates the minimum measurable SWR. 
A directional coupler with 20 dB of directivity measures 
a 1:1 SWR as 1.22:1, but one with 30 dB measures a 1:1 
SWR as 1.07:1 

‘The directional coupler most commonly used in am: 
teur radio was first described in 1959 by Bruene in QS 
(sce Bibliography). The coupling factor was fairly flat 
(£1 4B), and the directivity was about 20 dB for a Bruene 
coupler measured from 3 to 30 MHz. Both factors limit 
the accuracy of the Bruene coupler for measuring low 
values of power and SWR. It is a simple directional cou- 
pler, however, and it works well over a wide frequency 
range if great precision is not required. 
‘The coupler used in the Tandem Match (see Fig 12) 
ists of a pair of toroidal transformers connected in 
tandem. The configuration was patented by Carl G. 
Sontheimer and Raymond E. Fredrick (US Patent no. 
3,426,298, issued February 4, 1969). It has been described 
by Perras, Spaulding (see Bibliography) and others. With 
coupling factors of 20 dB or greater, this coupler is suit- 
able for sampling both forward and reflected power. 

‘The configuration used in the Tandem Match works 
well over the frequency range of 1.8 to 54 MHz, with a 


va 


§ 


en 
3 


- 


® 


Fig 12—Simplified diagram of the Tandem Match directional coupler. At A, a schematic of the two transformers. At B, 


an equivalent circuit. 


nominal coupling factor of 30 dB. Over this range, inser- 
tion loss is less than 0.1 dB. The coupling factor is flat to 
within + 0.1 dB from 1.8 to 30 MHz, and increases to 
only £0.3 dB at 50 MHz. Directivity exceeds 35 dB from 
1.8 to 30 MHz and exceeds 26 dB at 50 MHz. 

The low-frequency limit of this directional coupler 
is determined by the inductance of the transformer s 
ondary windings. The inductive reactance should be 
greater than 150 (three times the line characteristic im- 
pedance) to reduce insertion loss. The high-frequency limit 
of this directional coupler is determined by the length of 
the transformer windings. When the winding length ap- 
proaches a significant fraction of a wavelength, coupler 
performance deteriorates. 


13—Simplified diagram of the detector circuit used 
in the Tandem Match. The output voltage, Vo is 
approximately equal to the input voltage. D1 and D2 
must be a matched pair (see text). The op amp should 
have a low offset voltage (less than 1 mV), a low 
leakage current (less than 1 nA), and be stable over 
time and temperature. The resistor and capacitor in the 
feedback path assure that the op amp will be stable. 
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‘The coupler described here may overheat at 1500 
W on 160 meters (because of the high circulating current 
in the secondary of T2). The problem could be corrected 
by using a larger core or one with greater permeability 
A larger core would require longer windings; that option 
would decrease the high-frequency limit 
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1d diagrams of the log circuit at A and 
9 circuit at B. 
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Possible Hazards and simple First Aid 


It’s extremely rare that soldering iron operators receive any burns or other injuries 
from the use of hot soldering irons. Soldering is perfectly safe provided that common 
sense precautions are taken during the soldering operation. Here are some of them: 


© Components are very hot after soldering, so let them cool before handling 
them to avoid skin burns. 


* Beware of splashes of molten solder caused by careless handling of a hot 
soldering iron. 


© Beware of energised components (capacitors, batteries etc.) being shorted 
by molten solder and ejecting solder splashes due to arcing. 


© Always park a hot iron safely on a stand in between use — never hang it 
vertically next to the bench. 


* Keep a hot soldering iron away from its mains cable (silicone cables 
reduce the risk of accidental damage). 


© Beware of wire offeuts flying off (danger to eyesight) when sniping wires 
to length before or after soldering. 


© Avoid inhalation of solder and flux fumes as this can irritate the 
respiratory tracts, especially in sensitive cases (c.g. asthma). 


Should you receive a more serious skin burn which requires attention, then: 


© Cool the affected area immediately. Use plenty of cooler running water — 
but avoid ice cubes etc. as they can cause nerve damage after a time or inhibit 
the flow of blood to the affected area. 


© Remove any objects which may be constrictive, before any swelling starts 
(rings, watches, bracelets). 


* Do not prick blisters nor apply ointments, salves or lotions at this stage. 


© Local pain relief for small burns can be obtained by spraying Burneze 
aerosol onto unbroken skin. 


. Seek medical attention for more serious burns. 


Eyesight problems are exceptionally rare, e.g. pieces of wire offeuts or solder 
splashes lodging in the eye area, and should be treated by a qualified first-aider or A&E. 
The best you can do is bathe the affected area with e.g. a first-aid eyewash bottle or fresh 
water. Then seek professional medical help straight away. 
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Fig 15—Schematic diagram for the Tandem Match directional wattmeter. Parts identified as RS are from Rai 
For other parts sources, see Table 3. See Fig 17 for construction of 50-0 loads at J1 and J2. 


D1, D2—Matched pair 1N5711, or equivalent. 441, J2S0-239 connector. 
D3, D4—Matched pair 1N5711, or equivalent. 443, J4—Open-circuit jack. 

D6, D7—1N34A. M1, M2—50 WA panel meter, RS 270-1751. 
D8-D14—1NO14. Q1, 3, Q4—2N2222 or equiv. 
FB—Ferrite bead, Amidon FB-73-101 or equiv. Q22N2907 or equiv. 
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Rt, R2, RS—100 kQ, 10-turn, cermet Trimpot. US-U7—CA3146 quad transistor array. 
R3, R410 kA, 10-turn, cermet Trimpot. U8—LM334 adjustable current source. 
U1.U3—TLC27L4 or TLC27M4 quad op amp U9-U10—LM336 2.5-V reference diode. See text. 


(Texas Instruments). 
U4—TLC27L2 or TLC27M2 dual op amp. 
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Detector Circuits 


Most amateur directional wattmeters use a germa- 
nium diode detector to minimize the forward voltage drop. 
Detector voltage drop is still significant, however, and 
an uncompensated diode detector does not respond to 
small signals in a linear fashion, Many directional watt- 
meters compensate for diode nonlinearity by adjusting 
the meter scale. 

The effect of underestimating detected power wors- 
ens at low power levels. Under these conditions, the ratio 
of the forward power to the reflected power is overesti- 
mated because the reflected power is always less than the 
forward power. This results in an instrument that unde: 
timates SWR, particularly as power is reduced. A direc- 
tional wattmeter can be checked for this effect by 
measuring SWR at several power levels: the SWR should 
be independent of power level 

‘The Tandem Match uses a f 
pensate for diode nonlinearity. A simplified diagram of 
the compensated detector is shown in Fig 13. When used 
with the 30-4B directional coupler, the output voltage of, 
this circuit tracks the square root of power over a range 
from 10 mW to 1.5 kW. The compensated diode detector 
tracks the peak input voltage down to 30 mV, while an 
uncompensated germanium-diode detector shows signifi- 
cant errors at peak inputs of 1 V and less. More informa- 
tion about compensated detectors appears in 
Grebenkemper’s QEX article, “Calibrating Diode Detec- 
tors” (see Bibliography), 

The compensation circuit uses the voltage across a 
iback diode, D2, to compensate for the voltage drop 
across the detector diode, D1. (The diodes must be a 
matched pair.) The average current through D1 is deter- 
mined by the detector diode load resistor, RI. The peak 
current through this diode is several times larger than the 
average current; therefore, the current through D2 must be 
several times larger than the average current through D1 
to compensate adequately for the peal voltage drop across 
DI. This is accomplished by making the feedback-diode 
load resistor, R2, several times smaller than R1. The volt- 
age at the output of the compensated detector approximates 
the peak RF voltage at the input. For Schottky barrier 
diodes and a 1 MQ detector-diode load resistor, a 5:1 ratio 
of RI to R2 is nearly optimal. 


edback circuit to com- 


Signal-Processing and Display Circuits 

The signal-processing circuitry calculates and dis- 
plays transmission-line power and SWR. When measur- 
ing forward power, most directional wattmeters display 
the actual forward power present in the transmission line, 
which is the sum of forward and reflected power if a match 
exists at the input end of the line. Transmission-line for- 
ward power is very close to the net forward power (the 
actual power delivered to the line) so long as the SWR is 
low. As the SWR increases, however, forward power 
becomes an increasingly poor measure of the power 
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delivered to the load. At an SWR of 3:1, a forward power 
reading of 100 W implies that only 75 W is delivered to 
the load (the reflected power is 25 W), assuming the trans- 
mission-line loss is zero. 

‘The Tandem Match differs from most wattmeters in 
that it displays the net forward power, rather than the 
sum of forward and reflected power. This is the quantity 
that must be optimized to result in maximum radiated 
power (and which concerns the FCC), 

‘The Tandem Match directly computes and displays 
the transmission-line SWR on a linear scale. As the di 
played SWR is not affected by changes in transmitter 
power, a matching network can be simply adjusted to 
minimize SWR. Transmatch adjustment requires only a 
few watts, 

‘The heart of the Tandem Match signal-processing cir- 
cuit is the analog logarithm and antilogarithm circuitry 
shown in Fig 14. The circuit is based on the fact that col- 
lector current in a silicon transistor is proportional to the 
exponential (antilog) of its base-emitter voltage over 
range of collector currents from a few nanoamperes to 
few milliamperes when the collector-base voltage is zero 
(see Gibbons and Horn reference in the Bibliography), 
Variations of this circuit are used in the squaring circuits 
to convert voltage to power and in the divider circuit used 
to compute the SWR. With good op amps, this circuit will 
work well for input voltages from less than 100 mV to 
greater than 10 V. 

(For the Tandem Match, “good” op amps are quad- 
packaged, low-power-consumption, unity-gain-stable 
parts with input bias less than 1 nA and offset voltage 
less than 5 mV. Op amps that consume more power than 
those shown may require changes to the power supply.) 


CONSTRUCTION 

‘The schematic diagram for the Tandem Match is 
shown in Fig 15 (see pages 14 and 15). The circuit is 
designed to operate from batteries and draw very little 
power. Much of the circuitry is of high impedance, so 
take care to isolate it from RF fields. House it in a metal 
case. Most problems in the prototype were caused by stray 
RF in the op-amp circuitry. 


Directional Coupler 

‘The directional coupler is constructed in its own 
small (2%4x 2/4 2Yeinch) aluminum box (see Fig 16). 
‘Two pairs of $0-239 connectors are mounted on opposite 
sides of the box. A piece of PC board is run diagonally 
across the box to improve coupler directivity. The pi 
of RG-8X coaxial cable pass through holes in the PC 
board. 

(Note: Some brands 0 cable have extremely 
low breakdown voltage ratings and are unsuitable to carry 
even 100 W when the SWR exceeds 1:1 
quent section, “High-Power Operatios 
coupler made with RG-8 cable.) 

Begin by constructing TI and T2, which are identi- 
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Fig 16—Construction det 


ils for the directional coupler. 


Fig 17—The parallel load resistors mounted on an 
'$0-239 connector. Four 200-2, 2%, '/=-W resistors are 
‘mounted in parallel to provide a 50-2 detector load. 


cal except for their end connections. Refer to Fig 16. The 
primary for each transformer is the center conductor of a 
length of RG-8X coaxial cable. Cut two cable lengths 
sulficient for mounting as shown in the figure. Strip the 
cable jacket, braid and dielectric as shown. The cable 
braid is used as a Faraday shield between the transformer 
windings, so it is only grounded at one end. Important 
connect the braid only at one end or the directional-cou 
pler circuit will not work properly! Wind two transformer 
secondaries, each 31 turns of #24 enameled wire on an 
Amidon T50-3 or equivalent powdered-iron core 

Slip each core over one of the prepared cable pieces 
(including both the shield and the outer insulation). Mount 
and connect the transformers as shown in Fig 16, with the 
wire running through separate holes in the copper-clad PC 
board. The directional coupler can be mounted separately 
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Fig 18—Diode matching test setup. 


two 
power 
signals from the directional coupler to the detector inputs. 
Be aware, however that any losses in the cables will affect 
power readings. 

This directional coupler has not been used at power 
levels in excess of 100 W. For more information about 
using the Tandem Match at high power levels, see the 

jon, “High-Power Operation.” 


from the rest of the circuitry if desired. If so, us 
coaxial cables to carry the forward and reflec 


Detector and Signal-Processing Circuits 

‘The detector and signal-processing circuits were 
constructed on a perforated, copper-clad circuit board 
These circuits use two separate grounds—it is extremely 
important that the grounds be isolated as shown in the 
circuit diagram. Failure to do so may result in faulty 
cuit operation. Separate grounds prevent RF currents on 
the cable braid from affecting the op-amp circuitry. 

‘The directional coupler requires good 50-Q loads. 
They are constructed on the back of female UHF cha 
connectors where the cables from the directional coupler 
enter the wattmeter housing. Each load consists of four 
200-Q resistors connected from the center conductor of 
the UHF connector to the four holes on the mounting 
flange, as shown in Fig 17. The detector diode is then run 
from the center conductor of the connector to the 
100-pF and 1000-pF bypass capacitors, which are mounted 
next to the connector. The response of this load and 
detector combination measures flat to beyond 500 MHz. 

Schottky-barrier diodes (type INS7I1) were used in 
this design because they were readily available. Any RF- 
detector diode with a low forward voltage drop (less than 
300 mV) and reverse break-down voltage greater than 


30 V could be used. (Germanium diodes could be used in 
this circuit, but performance will suffer. If germanium di- 
odes are used, reduce the resistance values for the detector- 
diode and feedback-diode load resistors by a factor of 10.) 
‘The detector diodes must be matched. This can be 
done with de, using the circuit shown in Fig 18. Use a 
high-impedance voltmeter (10 MQ or greater). For this 
project, diodes are matched when their forward voltage 
drops are equal (within a few millivolts). Diodes from 
the same batch will probably be sufficiently matched. 
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Table 2 
Range-Switch Resistor Values 


Full-Scale Range Resistor 
Power Level (1% Precision) 
mM) (ka) 
1 2.32 
2 3.24 
3 4.02 
5 5.23 
40 7.68 
15 9.53 
20 11.0 
25 127 
30 14.0 
50 18.7 
400 28.7 
150 37.4 
200 46.4 
250 549 
300 63.4 
500 100.0 
4000 237.0 
1500 649.0 
2000 Open 


‘The rest of the circuit layout is not critical, but keep 
the lead lengths of the 0.001 and 0.01-pF bypass capaci- 
tors short. The capacitors provide additional bypassing 
for the op-amp circuitry. D6 and D7 form a voltage dou- 
bler to detect the presence of a carrier. When the forward 
power exceeds 1.5 W, Q3 switches on and stays on until 
about 10 seconds after the carrier drops. (A connection 
from TP7 to TP9 forces the unit on, even with no carrier 
present.) The regulated references of +2.5 V and -2.5 V 
generated by the LM334 and two LM336s are critical 
Zener-diode substitutes would significantly degrade per- 
formance. 

‘The four op amps in Ul compensate for the 
nonlinearity of the detector diodes. D1-D2 and D3-D4 
are the matched diode pairs discussed above. A RANGE 
switch selects the meter range. (A six-position switch was, 
used here because it was handy.) The resistor values for 
the RANGE switch are shown in Table 2. Full-scale input 
power gives an output at UIC or UID of 7.07 V. The 
forward and reflected-power detectors are zeroed with 
RI and R2. 

‘The forward and reflected-detector voltages are 
squared by U2, US and U6 so that the output voltages 
are proportional to forward and reflected power. The gain 
constants are adjusted using R3 and R4 so that an input 
of 7.07 V to the squaring circuit gives an output of 5 V. 
‘The difference between these two voltages is used by U4B 
to yield an output that is proportional to the power deliv- 
ered to the transmission line. This voltage is peak detected 
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(by an RC circuit connected to the OPERATE position of 
the MODE switch) to hold and indicate the maximum 
power during CW or SSB transmissions, SWR is com- 
puted from the forward and reflected voltages by U3, U4 
nd U7. When no carrier is present, Q4 forces the SWR 
reading to be zero (that is, when the forward power 
less than 2% of the full-scale setting of the RANGE switch), 
‘The SWR computation circuit gain is adjusted by RS. The 
output is peak detected in the OPERATE mode to steady 
the SWR reading during CW or SSB transmissions. 

‘Transistor arrays (US, U6 and U7) are used for the 
Jog and antilog circuits to guarantee that the transistors 
will be well matched. Discrete transistors may be used, 
but accuracy may suffer. A three-position toggle switch 
selects the three operating modes. In the OPERATE mode, 
the power and SWR outputs are peak detected and held 
for a few seconds to allow meter reading during actual 
transmissions. In the TUNE mode, the meters display in- 
stantaneous output power and SWR. 

A digital voltmeter is used to obtain more pre: 
readings than are possible with analog meters. The out- 
put power range is 0 to 5 V (0 V = 0 W and 5 V = full 
scale). SWR output varies from 1 V (SWR = 1:1) t0 5 V 
(SWR = 5:1). Voltages above 5 V are unreliable because 
of voltage limiting in some of the op amp cire' 


Calibration 
‘The directional wattm 


er can be calibrated with an 

accurate voltmeter. All calibration is done with de volt- 

ages. The directional-coupler and detector circuits are 

inherently accurate if correctly built. To calibrate the 

wattmeter, use the following procedure: 

1) Set the MODE switch to TUNE and the RANGE switch to 
100 W or le: 

2) Jumper TPT to TPS. This turns the unit on 

3) Jumper TPI to TP2. Adjust RI for 0 V at TP3. 

4) Jumper TP4 to TPS. Adjust R2 for 0 V at TP6. 

5) Adjust RI for 7.07 V at TP3. 

6) Adjust R3 for 5.00 V at TP9, or a full-scale reading 
on MI 

7) Adjust R2 for 7.07 V at TP6. 

8) Adjust R4 for 0 V at TP9, or a zero reading on ML 

9) Adjust R2 for 4.71 V at TP6. 

10) Adjust R5 for 5.00 V at TP1O, or a full-scale read- 
ing on M2. 

11) Set the RANGE switch to its most sensitive scale. 

12) Remove the jumpers from TPI to TP2 and TP4 to 

TPS. 

13) Adjust RI for 0 V at TP3, 
14) Adjust R2 for 0 V at TP6. 
15) Remove the jumper from TP7 to TPS. 

‘This completes the calibration procedure. This pro- 
cedure has been found to equal calibration with expen- 
sive laboratory equipment. The directional wattmeter 
should now be ready for use. 


ACCURACY 


Performance of the Tandem Match has been com- 
pared to other well-known directional couplers and labo- 
ratory test equipment, and it equals any amateur 
directional wattmeter tested. Power measurement accu- 
racy compares well to a Hewlett-Packard HP-436A power 
meter. The HP meter has a specified measurement error 
of less than + 0.05 dB. The Tandem Match tracked the 
HP436A within +0.5 dB from 10 mW to 100 W, and 
within + 0.1 dB from 1 W to 100 W. The unit was not 
tested above 100 W because a transmitter with a higher 
power rating was not available 

‘SWR performance was equally good when compared 
to the SWR calculated from measurements made with 
the HP436A and a calibrated directional coupler. The 
Tandem Match tracked the calculated SWR within + 5% 
for SWR values from 1:1 to 5:1. SWR measurements were 
made at 8 W and 100 W. 


OPERATION 

Connect the Tandem Match in the 50-Q line between 
the transmitter and the antenna matching network (or 
antenna if no matching network is used). Set the RANGE 
switch to a range greater than the transmitter output rat- 
ing and the MODE switch to TUNE. When the transmitter 
is keyed, the Tandem Match automatically switches on 
and indicates both power delivered to the antenna and 
‘SWR on the transmission line. When no carrier is present, 
the OUTPUT POWER and SWR meters indicate zero. 

‘The OPERATE mode includes RC circuitry to momen- 
tarily hold the peak-power and SWR readings during CW 
or SSB transmissions. The peak detectors are not ideal, 
so there could be about 10% variation from the actual 
power peaks and the SWR reading. The SWR x10 mode 
increases the maximum readable SWR to 50:1. This range 
should be sufficient to cover any SWR value that occurs 
in amateur use. (A 50-foot open stub of RG-8 yields a 
measured SWR of only 43:1, or less, at 2.4 MHz because 
of cable loss. Higher frequencies and longer cables exhibit 
a lesser maximum SWR.) 

It is easy to use the Tandem Match to adjust an 
antenna matching network: Adjust the transmitter for 
minimum output power (at least 1.5 W). With the carrier 
on and the MODE switch set to TUNE or SWR x10, adjust 
the matching network for minimum SWR. Once the mini- 
mum SWR is obtained, set the transmitter to the proper 
operating mode and output power. Place the Tandem 
Match in the OPERATE mode. 


DESIGN VARIATIONS 
There are several ways in which this design could 
be enhanced. The most important is to add UHF capabil- 
ity. This would require a new directional-coupler design 
for the band of interest. (The existing detector circuit 
should work to at least 500 MHz.) 
‘Those who desire a low-power directional wattmeter 
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can build a directional coupler with a 20-dB coupling fac- 
tor by decreasing the transformer turns ratio to 10:1. That 
version should be capable of measuring output power 
from 1 mW to about 150 W (and it should switch on at 
about 150 mW), 

‘This change should also increase the maximum 
operating frequency to about 150 MHz (by virtue of the 
shorter transformer windings). If you desire 1.8-MHz, 
operation, it may be necessary to change the toroidal core 
‘material for sufficient reactance (low insertion loss). 

‘The Tandem Match circuit can accommodate coaxial 
cable with a characteristic impedance other than 50 Q. 
‘The detector terminating resistors, transformer second- 
aries and range resistors must change to match the new 
design impedance. 

‘The detector circuitry can be used (without the 
directional coupler) to measure low-level RF power in 
50-0 circuits. RF is fed directly to the forward detector 
GI, Fig 15), and power is read from the output power 
‘meter. The detector is quite linear from 10 »W to 1.5 W. 


HIGH-POWER OPERATION 


‘This material was condensed from information by 
Frank Van Zant, KLTIBA, in July 1989 QST: In April 
1988, Zack Lau, WIVT, described a directional-coupler 
circuit (based on the same principle as Grebenkemper 
circuit) for a QRP transceiver (see the Bibliography at 
the end of this chapter). The main advantage of Lau’s 
circuit is a very low parts count. 

Grebenkemper used complex log-antilog amplifiers 
to provide good measurement accuracy. This application 
gets away from complex circuitry, but retains reasonable 
‘measurement accuracy over the 1 to 1500-W range. It 
also forfeits the SWR-computation feature. Lau’s cou- 
pler uses ferrite toroids. It works well at low power le 
els, but the ferrite toroids heat excessively with high 
power, causing erratic meter readings and the potential 
for burned parts. 


The Revised Design 

Powdered-iron toroids are used for the transformers 
in this version of Lau’s basic circuit. The number of turns 
econdaries was increased to compensate for the 
lower permeability of powdered iron. 

‘Two meters display reflected and forward power (see 
Fig 19). The germanium detector diodes (DI and D2— 
1N34) provide fairly accurate meter readings, particularly 
if the meter is calibrated (using R3, R4 and RS) to place 
the normal transmitter output at mid scale. If the wind- 
ing sense of the transformers is reversed, the meters are 
transposed (the forward-power meter becomes the 1 
flected-power meter, and vice versa). 


on the 


Construction 

Fig 20 shows the physical layout of the coupler. The 
pickup unit is mounted in a 3'/x 3x 4-inch box. The 
‘meters, PC-mount potentiometers and HIGH/LOW power 
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Fig 19—Schematic 


). 
Ri and R2 are 47 of 51-0, '/=W resistors. C1 and C2 have 500-V ratings. The secondary windings of T1 and T2 each 
consist of 40 turns of #26 to #30 enameled wire on T-68-2 powdered-iron toroid cores. If the coupler is built into an 


existing antenna tuner, the primary of T1 can be part of the tuner coaxial output 


(Mit and M2) are connected to the coupler box at J1 and J2 


switch are mounted in a separate box or a compartment 
in an antenna tuner. Parts for this project are available 
from the suppliers listed in Table 3 

The primary windings of TI and 1 
much as Grebenkemper described, but use RG-8 with its 
jacket removed so that the core and secondary winding may 
fit over the cable. The braid is wrapped with fiberglass tape 
to insulate it from the secondary winding. An excellent al- 
ternative to fiberglass tape—with even higher RF voltage 
breakdown characteristics—is ordinary plumber’s Teflon 
pipe tape, available at most hardware stores. 

The transformer secondaries are wound on T-68-2 
powdered-iron toroid cores. They are 40 turns of #26 to 
#30 enameled wire spread evenly around each core. By 
using #26 to #30 wire on the cores, the cores slip over the 
tape-wrapped RG-8 lines. With #26 wire on the toroids, a 
single layer of tape (slightly more with Teflon tape) over 
the braid provides an extremely snug fit for the core. Use 
care when fitting the cores onto the RG-8 assemblies. 

After the toroids are mounted on the RG-8 sections 


2 are constructed 
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Fig 20—Directional-coupler construction details. 
Grommets or feedthrough insulators can be used to 
route the secondary winding of T1 and T2 through the 
PC board shield. A 3 ‘/2x 3 '/zx 4-inch box serves as the 
enclosure. 


Table 3 
Parts Sources 

(Also see Chapter 21) 
Components 
TLC-series 

and CA3146 ICs 


Source 
Newark Electronics 

4801 N Ravenswood St 
Chicago, IL 60640 
773-784-5100 

Digi-Key Corporation 

701 Brooks Ave S 

PO Box 677 

Thief River Falls, MN 56701 
800-344-4539 

Amidon Associates 

240 & 250 Briggs Ave 
Costa Mesa, CA 92626 
714-850-4660 

Fair Radio Sales 

PO Box 1105 

Lima, OH 45804 
419-227-6573 

Palomar Engineers 

PO Box 462222 
Escondido, CA 92046 
760-747-3343 

Surplus Sales of Nebraska 
1502 Jones St 

Omaha, NE 68102 
402-346-4750 


L334, LM336, 
1% resistors, 
trimmer potentiometers 


Toroid cores, 
Fiberglass tape 


Meters: 


Toroid cores 


0-150/1500-W-scale 
meters, A&M model no. 
255-138, 1N5711 diodes 


coat the assembly with General Cement Corp Polysty- 
rene Q Dope, or use a spot or two of RTV sealant to hold 
the windings in place and fix the transformers on the 
RG-8 primary windings. 


An Inexpensive VHF 


Precision in-line metering devices capable of read- 
ing forward and reflected power over a wide range of 
frequencies are very useful in amateur VHF and UHF 
work, but their rather high cost puts them out of the reach 
of many VHF enthusiasts. The device shown in Figs 14 
through 16 is an inexpensive adaptation of their basic 
principles. It can be made for the cost of a meter, a few 
small parts, and bits of copper pipe and fittings that can 
be found in the plumbing stocks at many hardware stores. 


Construction 


‘The sampler consists of a shorts 
coaxial line, in this instance, of 50 9 impedance, with a 


jon of handmade 
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Mount a PC-board shield in the center of the box, 
between TI and T2, to minimize coupling between the 
transformers. Suspend TI between the 0-239 connec 


tors and T2 between two standoff insulators. The d 
tor circuits (C1, C2, D1, D2, RI and R2) are mounted 
inside the coupler box as shown, 


Calibration, Tune Up and Operation 
‘The coupler has excellent directivity. Calibrate the 
rs for various power levels with an RF ammeter and 
4 50-Q dummy load. Calculate PR for each power level, 
and mark the meter faces accordingly. Use R3, R4 and 
RS to adjust the meter readings within the ranges. Di- 
ode nonlinearities are thus taken into account, and 
Grebenkemper’s signal-processing circuits are not 
needed for relatively accurate power readings. Start the 
tune-up process using about 10 W, adjust the antenna 
tuner for minimum reflected power, and increase power 
while adjusting the tuner to minimize reflected power. 

This circuit has been built into several antenna tun- 
ers with good success. The instrument works well at 
1.5-kW output on 1.8 MHz. It also works well from 3.5 
to 30 MHz with 1.2 and 1.5-kW output 

‘The antenna is easily tuned for a 1:1 SWR using 
the null indication provided. Amplifier settings for a 
matched antenna, as indicated with the wattmet 


closely agreed with those for a 50-Q dummy load. 
Checks with a Palomar noise bridge and a Heath An- 
tenna Scope also verified these findings. This circuit 
should handle more than 1.5 kW, as long as the SWR 
on the feed line through the wattmeter is kept at or near 
I:1. (On one occasion high power was applied while 
the antenna tuner was not coupled to a load. Naturally 
the SWR was extremely high, and the output transformer 
secondary winding opened like a fuse. This resulted from 
the excessively high voltage across the secondary. The 
damage was easily and quickly repaired.) 


Directional Coupler 


reversible probe coupled to it. A small pickup loop built 
into the probe is terminated with a resistor at one end and 
a diode at the other. The resistor matches the impedance 


of the loop, not the impedance of the line section. En- 


ergy picked up by the loop is rectified by the diode, and 
the resultant current is fed to a meter equipped with a 
calibration control, 

‘The principal metal parts of the device are a brass 
plumbing T, a pipe cap, short pieces of s-inch ID and 
She-inch OD copper pipe, and two coaxial fittings. Other 
available tubing combinations for 50-Q line may be us- 
able. The ratio of outer conductor ID to inner conductor 
OD should be 2.4/1. For a sampler to be used with other 
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Fig 21—Circult diagram for the line 

‘sampler. 

C1—800-pF feedthrough capacitor, 
solder-in type. 

(C2—1000-pF feedthrough capacitor, 
‘threaded type. 

D1—Germanium diode 1N34, 1N6O, 
'1N270, 1N295, or similar. 

J1, J2—Coaxial connector, type N 
(UG-5ea). 

Li—Pickup loop, copper st 
long * %/e-inch wide. Bend into 
shape with flat portion ‘/einch 
long. 

‘M1—0-100 LA meter. 

R1—Composition resistor, 82 to 
100 Q. See text. 

R3—50-kQ composition control, 
linear taper. 


impedances of transmission line, see Chapter 24 for suit- 
able ratios of conductor sizes. The photographs and 
Fig 21 show construction details. 

Soldering of the large parts can be done with a 
300-watt iron or a small torch. A neat job can be done if 
the inside of the T and the outside of the pipe are tinned 
before assembling. When the pieces are reheated and 
pushed together, a good mechanical and electrical bond 
will result. Ifa torch is used, go easy with the heat, as an 
overheated and discolored fitting will not accept solder 
well 


Coaxial connectors with Teflon or other heat-resis- 
tant insulation are recommended. Type N, with split-ring 
retainers for the center conductors, are preferred. Pry the 
split-ring washers out with a knife point or small screw- 
driver. Don’t lose them, as they'll be needed in the final 
assembly. 

The inner conductor is prepared by making eight 
radial cuts in one end, using a coping saw with a fine~ 
toothed blade, to a depth of '/: inch. The fingers so made 
are then bent together, forming a tapered end, as shown 
in Figs 22 and 23. Solder the center pin of a coaxial fit- 
ting into this, again being careful not to overheat the work. 
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Fig 22—Major components of the line sampler. The 
brass T and two end sections are at the upper left in 
this picture. A completed probe assembly is at the 
right. The N connectors have their center pins 
removed. The pins are shown with one inserted in the 
left end of the inner conductor and the other lying in 
the right foreground. 


In preparation for soldering the body of the coax 
tor to the copper pipe, it is convenient to u: 
similar fitting clamped into a vise as a holding fixture 
Rest the T assembly on top, held in place by its own 
weight. Use the partially prepared center conductor to 
assure that the coax connector is concentric with the outer 
conductor. After being sure that the ends of the pipe are 
cut exactly perpendicular to the axis, apply heat to the 
coax fitting, using just enough so a smooth fillet of sol- 
der can be formed where the flange and pipe meet. 

Before completing the center conductor, check its 
length. It should clear the inner surface of the connector 
s of the split ring on the center pin. File to 
essary, slot as with the other end, and solder 
the center pin in place. The fitting can now be soldered 
onto the pipe, to complete the 50-Q line section. 

‘The probe assembly is made from a 1'/: inch length 
of the copper pipe, with a pipe cap on the top to support 
the upper feedthrough capacitor, C2. The coupling loop 
is mounted by means of small Teflon standoffs on a cop- 
per disc, cut to fit inside the pipe. The disc has four small 
tabs around the edge for soldering inside the pipe. The 
diode, D1, is connected between one end of the loop and 
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Fig 23—Cross-section view of the line sampler. The pickup loop is supported by two Teflon standoff insulators. 
‘The probe body is secured in place with one or more locking screws through holes in the brass T. 


2 500-pF feedthrough capacitor, C1, soldered into the dise 
The terminating resistor, RI, is connected between the 
other end of the loop and ground, as directly as possible. 

When the disc assembly is completed, insert it into 
the pipe, apply heat to the outside, and solder the tabs in 
place by melting solder into the assembly at the tabs. The 
position of the loop with respect to the end of the pipe 
will determine the sensitivity of a given probe. For power 
levels up to 200 watts the loop should extend beyond the 
face of the pipe about ‘/» inch. For use at higher power 
levels the loop should protrude only ‘/s inch. For ope 
tion with very low power levels the best probe position 
can be determined by experiment 

The decoupling resistor, R2, and feedthrough capaci- 
tor, C2, can be connected, and the pipe cap put in place 
The threaded portion of the capacitor extends through 
the cap. Put a solder lug over it before tightening its nut 
in place. Fasten the cap with two small screws that go 
into threaded holes in the pipe. 


Calibration 

‘The sampler is very useful for many jobs even if it 
is not accurately calibrated, although it is desirable to 
calibrate it against a wattmeter of known accuracy. A good 
50-0 VHF dummy load is required. 

The first step is to adjust the inductance of the loop, 
or the value of the terminating resistor, for lowest reflected 
power reading. The loop is the easier to change. Filing it 
to reduce its width will increase its impedance. Increas- 
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ing the cross-section of the loop will lower the imped- 
ance, and this can be done by coating it with solder. When 
the reflected power reading is reduced as far as possible, 
reverse the probe and calibrate for forward power by 
increasing the transmitter power output in steps and mak- 
ing a graph of the meter readings obtained. Use the cali- 
bration control, R3, to set the maximum reading. 


Variations 


Rather than to use one sampler for monitoring both 
forward and reflected power by repeatedly rever 


Fig 24—Two versions of the line sampler. The single 
unit described in detail here is in the foreground. Two 
sections in a single assembly provide for monitoring 
forward and reflected power without probe reversal. 
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i is better to make two assemblies by mounting 
tings end-to-end, using one for forward and one 
for reflected power. The meter can be switched between 
the probes, or two meters can be used 

The sampler described was calibrated at 146 MHz, 
as it was intended for repeater use. On higher bands the 
meter reading will be higher for a given power level, and 
it will be lower for lower frequency bands. Calibration 
for two or three adjacent bands can be achieved by mak- 
ing the probe depth adjustable, with stops or marks to aid 
in resetting for a given band. Of course more probes can 
be made, with each probe calibrated for a given band, as 
is done in some of the commercially available units. 

Other sizes of pipe and fittings can be used by mak- 


ing use of information given in Chapter 24 to select 
conductor sizes required for the desired impedances. 
(Since it is occasionally possible to pick up good bar- 
gains in 75-Q line, a sampler for this impedance might 
be desirable.) 

‘Type-N fittings wei 
impedance and their ease of assembly. Most have the split- 
ring retainer, which is simple to use in this application, 
Some have a crimping method, as do apparently all BNC 
connectors. If a fitting must be used and cannot be taken 
apart, drill a hole large enough to clear a soldering-iron 
tip in the copper-pipe outer conductor. A hole of up to 
‘Yorinch diameter will have very little effect on the opera- 
tion of the sampler, 


used because of their constant 


A Calorimeter For VHF And UHF 
Power Measurements 


A quart of water in a Styrofoam ice bucket, a roll of 
small coaxial cable and a thermometer are all the neces 
sary ingredients for an accurate RF wattmeter. Its cali- 
bration is independent of frequency. The wattmeter works 
‘on the calorimeter principle: A given amount of RF energy 
is equivalent to an amount of heat, which can be deter- 
mined by measuring the temperature rise of a known 
quantity of thermally insulated material. This principle 
is used in many of the more accurate high-power watt- 
meters. This procedure was developed by James Bowen, 
WAAZRP, and was first described in December 1975 QST. 

‘The roll of coaxial cable serves as a dummy load to 
convert the RF power into heat. RG-174 cable was cho- 
sen for use as the dummy load in this calorimeter because 
of its high loss factor, small size, and low cost. It is a 
standard 50-Q cable of approximately 0.11 inch diam- 
eter. A prepackaged roll marked as 60 feet long, but mea- 
sured to be 68 feet, was purchased at a local electronics 
store. A plot of measured RG-174 loss factor as a func 
tion of frequency is shown in Fig 25. 

In.use, the end of the cable not connected to the trans- 
mitter is left open-circuited. Thus, at 50 MHz, the 
reflected wave returning to the transmitter (after making 
a round trip of 136 feet through the cable) is 6.7 dB x 
1.36 = 9.11 dB below the forward wave. A reflected wave 
9.11 dB down represents an SWR to the transmitter of 
2.08:1. While this value seems larger than would be 
desired, keep in mind that most 50-MHz transmitters can 


bbe tuned to match into an SWR of this magnitude effi- 
ciently. To assure accurate results, merely tune the trans- 
mitter for maximum power into the load before making 
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Fig 25—Loss factor of RG-174 coax used in the 
calorimeter. 


Table 4 


Calculated Input SWR for 68 Feet of Unterminated 
RG-174 Cable 


Freq. (MHz) SWR 
50 2.08 
144 1.35 
220 1.20 
432 1.06 
1296 1,003 
2304 1.0003 


surement. At higher frequencies the cable loss 
ses so the SWR goes down. Table 4 presents the 
calculated input SWR values at several frequencies for 
68 feet of RG-174. At 1000 MHz and above, the SWR 
caused by the cable connector will undoubtedly exceed 
the very low cable SWR listed for these frequencies. 

In operation, the cable is submerged in a quart of 
water and dissipated heat energy flows from the cable into 
the water, raising the water temperature. See Fig 26. The 
calibration of the wattmeter is based on the physical fact 
that one calorie of heat energy will raise one gram of lig- 
uid water 1° Celsius. Since one quart of water contains 
946.3 grams, the transmitter must deliver 946.3 calories 
of heat energy to the water to raise its temperature 1° C. 
One calorie of energy is equivalent to 4.186 joules and a 
joule is equal to 1 W for 1 second. Thus, the heat capaci- 
tance of 1 quart of water expressed in joules is 
946.3 x 4.186 = 3961 joules/? C. 

The heat capacitance of the cable is small with re- 
ct to that of the water, but nevertheless its effect should 


sp 
be included for best accuracy. The heat capacitance of 
the cable was determined in the manner described below. 
The 68-foot roll of RG-174 cable was raised to a uniform 
temperature of 100° C by immersing it in a pan of boil- 
ing water for several minutes. A quart of tap water was 
poured into the Styrofoam ice bucket and its temperature 


imeter ready for use. The roll of 
I cable is immersed in one quart of water in the 
left-hand compartment of the Styrofoam container. Also 
shown is the thermometer, which doubles as a stirring 
rod. 
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was measured at 28.7° C. the cable was then transferred 
quickly from the boiling water to the water in the ice 
bucket. After the water temperature in the ice bucket had 
ceased to rise, it measured 33.0° C. Since the total heat 
gained by the quart of water was equal to the total heat 
lost from the cable, we can write the following equation: 


(AT warer)(Cwarer) = “(AT capie)(Ceasee) 
where 
ATwarer = the change in water temperature 


Cwarer = the water heat capacitance 

Acapte = the change in cable temperature 

cape = the cable heat capacitance 

Substituting and solving: 

(33.0 ~ 28.7)(3961) = ~ (33.0 ~ 100)(Ccante) 

‘Thus, the total heat capacitance of the water and 
cable in the calorimeter is 3961 + 254 = 4215 joules/* C. 
Since 1° F = 5/9° C, the total heat capacitance can also be 
expressed as 4215 x 5/9 = 2342 joules/” F. 


Materials and Construction 


‘The quart of water and cable must be thermally 
insulated to assure that no heat is gained from or lost to 
the surroundings. A Styrofoam container is ideal for this 
purpose since Styrofoam has a very low thermal cond 
tivity and a very low thermal capacitance. A local variety 
store was the source of a small Styrofoam cold chest with 
compartments for carrying sandwiches and drink cans. 
The rectangular compartment for sandwiches was found 
to be just the right size for holding the quart of water and 

‘The thermometer can be 
heit type, but try to choose one that has divisions for each 
degree spaced wide enough so that the temperature can 
be estimated readily to one-tenth degree. Photographic 
supply stores carry darkroom thermometers, which are 
ideal for this purpose. In general, glass bulb thermom- 
eters are more accurate than mechanical dial-pointer 
types. 

‘The RF connector on the end of the cable should be 
a constant-impedance type. A BNC type connector e 
cially designed for use on 0.11-inch diameter cable was 
located through surplus channels. If you cannot locate 
one of these, wrap plastic electrical tape around the cable 
near its end until the diameter of the tape wrap is the 
same as that of RG-58. Then connect a standard BNC 
connector for RG-58 in the normal fashion. Carefully seal 
the opposite open end of the cable with plastic tape or 
silicone caulking compound so no water can leak into 
the cable at this point. 


ther a Celsius or Fahren- 


Procedure for Use 

Pour I quart of water (4 measuring cups) into the 
Styrofoam container. As long as the water temperature 
not very hot or very cold, it is unnecessary to cover the 
top of the Styrofoam container during measurements 
Since the transmitter will eventually heat the water 
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. water initially a few degrees cooler than air 
temperature is ideal because the average water tempera- 
ture will very nearly equal the air temperature and heat 
transfer to the air will be minimized 

Connect the RG-174 dummy load to the transmitter 
through the shortest possible length of lower loss cable 
such as RG-8. Tape the connectors and adapter at the 
RG-8 to RG-174 joint carefully with plastic tape to pre~ 
vent water from leaking into the connectors and cable at 
this point, Roll the RG-174 into a loose coil and submerge 
it in the water. Do not bind the turns of the coil together in 
any way, as the water must be able to freely circulate 
among the coaxial cable turns. All the RG-174 cable must 
be submerged in the water to ensure sufficient cooling. 
Also submerge part of the taped connector attached to the 
RG-174 as an added precaution. 

Upon completing the above steps, quickly tune up 
the transmitter for maximum power output into the load 
Cease transmitting and stir the water slowly for a minute 
or so until its temperature has stabilized. Then measure 
the water temperature as precisely as possible. After the 
initial temperature has been determined, begin the test 
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Fig 27—Nomogram for finding transmitter power output 
for the calorimeter. 
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transmission, measuring the total number of seconds of 
key-down time accurately. Stir the water slowly with the 
thermometer and continue transmitting until there is a 
significant rise in the water temperature, say 5° to 10° 
The test may be broken up into a series of short periods, 
as long as you keep track of the total key-down time. 
When the test is completed, continue to stir the water 
slowly and monitor its temperature. When the tempera. 
ture ceases to rise, note the final indication as precisely 
as possible. 

‘To compute the transmitter power output, multiply 
the calorimeter heat capacitance (4215 for C or 2342 
for F) by the difference in initial and final water tem- 
perature. Then divide by the total number of seconds of 
key-down time. The resultant is the transmitter power in 


watts. A nomogram that can also be used to find trans- 
mitter power output is given in Fig 27. With a straight 
line, connect the total number of key-down seconds in 
the time column to the number of degrees change (F or 
C) in the temperature rise column, and read off the trans- 
mitter power output at the point where the straight line 


crosses the power-output column. 


Power Limitation 

‘The maximum power handling capability of the calo- 
rimeter is limited by the following. At very high powers 
the di 
of exes 


lectric material in the coaxial line will melt because 


sive heating or the cable will are over from 
excessive voltage. As the transmitter frequency gets 
high 
more of the power 
cable. For instanc 


the excessive-heating problem is accentuated, as 
s dissipated in the first several feet of 
1296 MHz, approximately 10% of 
the transmitting power is dissipated in the first foot of 
cable. Overheating can be prevented when working with 
high power by using low duty cycle to reduce the av 
age dissipated power. Use 
such as two seconds on, 


series of short transmissions, 
en seconds off. Keep count of 
the total key-down time for power calculation purposes. 
If the cable arcs over, use a larger-diameter cable, such 
as RG-58, in place of the RG-174. The cable should be 
Jong enough to assure that the reflected wave will be down 


10 dB or more at the input. It may be necessary to use 
more than one quart of water in order to submerge all the 
cable conveniently. If so, be sure to calculate the new 


value of heat capacitance for the larger quantity of water. 
Also you should measure the new coaxial cable heat 
capacitance using the method previously described 


A Noise Bridge For 1.8 Through 30 MHz 


The noise bridge, sometimes referred to as an antenna shown here in Fig 28, designed for use in the 1.8 through 
(RX) noise bridge, is an instrument for measuring the im-  30-MHz range, provides adequate accuracy for most 
pedance of an antenna or other electrical circuits. The unit measurements. Battery operation and small physical size 


make this unit ideal for remote-location use. Tone modula- 
tion is applied to the wide-band noise generator as an aid 
for obtaining a null indication, A detector, such as the 
station 1 sd for operation 

The noise bridge consists of two parts—the noise 
nerator and the bridge circuitry. See Fig 29. A 6.8-V 


iver, is requit 


Fig 28—Exterior and interior views of the noise bridge. 
‘The unit is finished in red enamel. Press-on lettering is, 
used for the calibration marks. Note that the 
potentiometer must be isolated from ground. 
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Fig 29—Schematic diagram of the noise bridge. Use ‘Js W composition resistors. Capacitors are miniature ceramic 
units unless indicated otherwise. Component designations indicated in the schematic but not called out in the parts 
list are for text and parts-placement reference only. 


BT1—9-V battery, NEDA 1604A or equiv. Ti—Transformer; 3 windings on an Amidon BLN-43- 
C1—15- to 150-pF variable 2402 ferrite binocular core. Each winding is three 
€2—20-pF mica. turns of #30 enameled wire. One turn is equal to the 
€3—47-pF mica. wire passing once through both holes in the core. The 
C4—82-pF mica. primary winding starts on one side of the transformer, 
J1, J2—Coaxial connector. and the secondary and tertiary windings start on the 
R1—Linear, 250 0, AB type. Use a good grade of resistor. _ opposite side. 


$1, S2—Toggle, SPST. U1—Timer, NE5SS or equiv. 
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Zener diode serves as the noise source. UI generates an 
approximate 50% duty cycle, 1000-Hz. square wave sig. 
nal which is applied to the cathode of the Zener diode. 
The 1000-Hz modulation appears on the noise signal and 
provides a useful null detection enhancement effect. The 
broadband-noise signal is amplified by QI, Q2 and asso- 
ciated components to a level that produces an approxi: 
mate 9 signal in the receiver. Slightly more noise is 
available at the lower end of the frequency range, as no 
frequency compensation is applied to the amplifier. 
Roughly 20 mA of current is drawn from the 9-V bat 
tery, thus ensuring long battery life—providing the power 


Ss 
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Fig 30—Etching pattern for the noise bridge PC board, at 
actual size. Black represents copper. This is the pattern 
for the bottom side of the board. The top side of the 
board is a complete ground plane with a small amount 
of copper removed from around the component holes. 
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Fig 31—Parts-placement guide for the noise bridge as. 
viewed from the component or top side of the board. 
Mounting holes are located in two corners of the board, 
as shown. 
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is switched off after use! 
‘The bridge portion of the circuit consists of T1, Cl 
C2 and RI. TI is a trifilar wound transformer with one of 
the windings used to couple noi 
circuit. The remaining two windings are arranged so that 
each one is in an arm of the bridge. Cl and RI complete 
one arm and the UNKNOWN circuit, along with C2, con 
prise the remainder of the bridge. The terminal labeled 
RCVR is for connection to the detector. 
the reactance range of a noise bridge is dependent 
on several factors, including operating frequency, value 
of the series capacitor (C3 or C3 plus C4 in Fig 29) and 
the range of the variable capacitor (C1 in Fig 29). The 
RANGE switch selects reactance measurements weighted 
toward either capacitance or inductance by placing C4 in 
parallel with C3. The zero-reactance point occurs when 
C1 is either nearly fully meshed or fully unmeshed. The 
RANGE switch nearly doubles the resolution of the 
reactance readings. 


CONSTRUCTION 


The noise bridg 
minum enclosure that measures 5 x 2% x 3'%/ inches. 
Many of the circuit components are mounted on a circuit 
board that is fastened to the rear wall of the cabinet. The 
circuit-board layout is such that the lead lengths to the 
board from the bridge and coaxial connectors are at a 
minimum. An etching pattern and a parts-placement guide 
for the circuit board are shown in Figs 30 and 31 

Care must be taken when mounting the potentiom- 
eter, RI. For accurate readings the potentiometer must 
be well insulated from ground. In the unit shown this was 
accomplished by mounting the control on a piece of 
plexiglass, which in turn was fastened to the chassis with 
a piece of aluminum angle stock. 

‘Additionally, a Y4-inch control-shaft coupling and a 
length of phenolic rod were used to further isolate the 
control from ground where the shaft passes through the 
front panel. A high-quality potentiometer is required if 
g00d measurement results are to be obtained 

here is no such problem when mounting the vari- 
able capacitor because the rotor is grounded. Use a high- 
quality capacitor; do not try to save money on that 
component. Two RF connectors on the rear panel are con- 
nected to a detector (receiver) and to the UNKNOWN cir- 
cuit. Do not use plastic-insulated phono connectors (they 
might influence bridge accuracy at higher frequencies). 
Use miniature coaxial cable (RG-174) between the RCVR 
connector and circuit board. Attach one end of C3 to the 


mnergy into the bridge 


is contained in a homemade alu- 


circuit board and the other directly to the UNKNOWN cir- 
cuit connector. 


Bridge Compensation 

Stray capacitance and inductance in the brid; 
cuit can affect impedance readings. If a very accurate 
bridge is required, use the following steps to counter the 
efieects of stray reactance. Because the physical location 
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Fig 32—Construction details of the resistive loads used 
to check and calibrate the noise bridge. Each of the 
loads is constructed inside a coaxial connector that 
matches those on the bridge. (Views shown are cross- 
sections of PL-259 bodies; the sleeves are not shown.) 
Leads should be kept as short as possible to minimize 
parasitic inductance. A is a 0-2 load; B depicts a 50-0 
load; C is a 180-Q load; D shows a variable-resistance 
load used to determine the loss in a coaxial cable. 


of the board, connectors and controls in the cabinet 
determine where compensation is needed, there is no pro- 
vision for the compensation components on the printed 
circuit board 


Good calibration loads are necessary to check the 
accuracy of the noise bridge. Four are needed here: a 
0-2 (short-circuit) load, a 50-Q load, a 180-2 load, and 
a variable-resistance load. The short-circuit and fixed~ 
resistance loads are used to check the accuracy of the 
noise bridge; the variable-resistance load is used when 
measuring coaxial-cable loss. 

Construction details of the loads are shown in 
Fig 32. Each load is constructed inside a connector. When 
building the loads, keep leads as short as possible to mini- 
mize parasitic effects. The resistors must be noninduc~ 
tive (not wirewound). 

Quarter-watt, carbon-composition resistors should 
work fine. The potentiometer in the variable-resistance 
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load is a miniature PC-mount unit with a maximum 
resistance of 100 Q or less. The potentiometer wiper and 
one of the end leads are connected to the center pin of 
the connector; the other lead is connected to ground, 


Stray Capacitance 

Stray capacitance on the variable-resistor side of the 
bridge tends to be higher than that on the unknown side 
This is so because the parasitic capacitance in the vari- 
able resistor, R1, is comparatively high. 

The effect of parasitic capacitance is most easily 
detected using the 180-Q load. Measure and record the 
actual resistance of the load, R,.. Connect the load to the 
UNKNOWN connector, place $2 in the X;, position, tune 
the receiver to 1.8 MHz, and null the bridge. (See the 
section, “Finding the Null” for tips.) Use an ohmmeter 
across RI to measure its de resistance. The magnitude of 
the stray capacitance can be calculated by 


(Eq 4) 


= series capacitance. 

You can compensate for Cp by placing a vari 
capacitor, Co, in the side of the bridge with lesser stray 
capacitance. If R1 is greater than Ry, stray capacitance 
greater on the variable resistor side of the bridge: Place 
Ce between point U (on the circuit board) and ground. If 
R1 is less than R,, stray capacitance is greater on the 
unknown side: Place C¢ between point B and ground. If, 
the required compensating capacitance is only a few 
picofarads, you can use a gimmick capacitor (made by 
twisting two short pieces of insulated, solid wire together) 
for Cc. A gimmick capacitor is adjusted by trimming its 
length 


Stray Inductance 


int, should be only a few 
tens of nanohenries. This represents a few ohms of induc~ 
tive reactance at 30 MHz. The effect is best observed by 
reading the reactance of the 0-Q test load at 1.8 and 
30 MHZ; the indicated reactance should be the same at 
both frequencies. 

If the reactance reading decreases as frequency is 
increased, parasitic inductance is greater in the known 
arm, and compensating inductance is needed between 
point U and C3. If the reactance increases with frequency, 
the unknown-arm inductani 
ing inductance should be placed between point B and RI. 

‘Compensate for stray inductance by placing a sing 
turn coil, made from a 1 to 2-inch length of solid wire, in 
the appropriate arm of the bridge. Adjust the size of this 
coil until the reactance reading remains constant from 
1.8 to 30 MHz. 
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Calibration 


Good calibration accuracy is necessary for accurate 
noise-bridge measurements. Calibration of the resistance 
scale is straightforward. To do this, tune the receiver to a 
frequency near 10 MHz. Attach the 0-Q load to the 
UNKNOWN connector and null the bridge. This is the zero- 
resistance point; mark it on the front-panel res 
ale, The rest of the resistance range is calibrated by 
adjusting RI, measuring RI with an accurate ohmmeter, 
calculating the increase from the zero point and marking 
the increase on the front panel 

Most bridges have the reactance scale marked in 
capacitance because capacitance does not vary with fre: 
quency. Unfortunately, that requires calibration curves or 
non-trivial calculations to arrive at the load reactance. 


tance 


An alternative method is to mark the reactance scale in 
ohms at a reference frequency of 10 MHz. This method 
calibrates the bridge near the center of its range and dis- 
plays reactance directly, but it requires a simple calcula~ 
tion to scale the reactance reading for frequencies other 
than 10 MHz. The scaling equation is: 


10 


Xufe) = Xulvo) (Eq 5) 


wher 


f= frequency in MHz 

Xo) = reactance of the unknown load at 10 MHz 

Xyq) = teactance of the unknown load at f. 

A shorted piece of coaxial cable serves as a re: 
tance source. (The reactance of a shorted, low-loss coaxial 
cable is dependent only on the cable length, the measure- 
‘ment frequency and the cable characteristic impedan 
Radio Shack RG-8M is used here because it is re: 
available, has relatively low loss and has an almost purely 
resistive characteristic impedance. 

Prepare the calibration cable as follows: 


alt) 


) 
ily 


1) Cut a length of coaxial cable that is slightly longer 
than '/s 4 at 10 MHz. (about 20 feet for RG-8M). 
Attach a suitable connector to one end of the cable: 
leave the other end open-circuited, 

2) Connect the 0-2 load to the noise bridge UNKNOWN 
connector and set the receiver frequency to 10 MHz. 
Adjust the noise bridge for a null. Do not adjust the 

eactance control after the null is found, 

jon cable to the bridge UNKNOWN 

terminal. Null the bridge by adjusting only the vari- 

able resistor and the receiver frequency. The receiver 
frequency should be less than 10 MHz; if it is above 

10 MHz, the cable is too short, and you need to pre~ 

are a longer one. 

4) Gradually cut short lengths from the end of the 
coaxial cable until you obtain a null at 10 MHz by 
adjusting only the resistance control. Then connect, 
the cable center and shield conductors at the open 
end with a short length of braid. Verify that the bridge 
nulls with zero reactance at 20 MHz. 


3) 
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5) The reactance of the coaxial cable (normalized to 
10 MHz) can be calculated from: 


ft f | 
Xx, Ry—tan | 2p : 
0) S079 ( x0) (Eq 6) 
Xiqio) = cable reactance at 10 MHz 


Ry = characteristic resistance of the coaxial cable 
(52.5 Q for Radio Shack RG-8M) 

f = frequency in MHz, 

‘The results of Eq 6 have less than 5% error for reac- 
tances less than 500 Q, so long as the te 
less than 0.2 dB. This error becomes significantly less at 
lower reactances (2% error at 300 Q for a 0.2-dB-loss, 
cable). The loss in 18 feet of RG-8M is 0.13 dB at 
10 MHz. Reactance data for Radio Shack RG-8M is given 
in Table 5. 


sable loss is 


Table 5 
Noise Bridge Ci 
Method 

This data is for Radio Shack RG-8M cable (Ro =52.5 2) 
cut to exactly "4 2 at 10 MHz; the reactances and capaci- 
tances shown correspond to this frequency. 


jibration Data: Coaxial-Cable 


Reactance Capacitance 
X f(MHz) x, (MHz) O(pF) (MHz) 
jo 3.318 “10 19.376 40 9.798 
20 4.484 «© 20 18.722 20 © 9.612 
30 5.262 -30 18.048 30 9.440 
40 5838 40 17.368 40 9.280 
50 6.286 50 16.701 50 9.130 
60 6.647 80 16.062 60 © 8.990 
70 6.943 -70 15.471 70 8.859 
80 7.191 80 14.936 80 8.735 
90 7.404 -90 14.462 90 © 8.618 
100 7.586 100 14.044 100 8.508 
110 7.747 110 13.682 110 = 8.403 
120 7.884 120 13.369 120 8.304 
130 8.009 130 13.097 130 8.209 
140 8.119 140 12.861 «= 140 8.119 

150 8217-150 12.654 

160 8.306 160 12.473 

170 8.387 170 12.313 

180 8.460 180 12.172 

190 8527-190 12.045 

200 8588 -200 11.932 (pF) (MHz) 
210 «8645-210 «11.881 «10 10.219. 
220 8697 -220 11.739 -20 10.459, 
230 8746 -230 11655 -30 10.721 
240 8791 240 11579 40 11.010 
250 8832 -250 11510 80 11.328 
260 8872 -260 11446 -80 11.679, 
270 8908 -270 11387 -70 12.064 
280 8942 -280 11333 -80 12.484 
290 8975 -290 11283 -90 12.935 
300 9.005 -300 11.236 100 13.407, 
350 9.133 -350 11.045 110 13.887 
400 9.232 400 10905 120 14.357 
450 9311 450 10.798 130 14.801 
500 9375 -800 10.713 -140 15.211 


With the prepared cable and calibration values on 
hand, proceed to calibrate the reactance scale. Tune the 
receiver to the appropriate frequency for the desired 
reactance (given in Table 5, or found using Eq 6). Adjust 
the resistance and reactance controls to null the bridge 
Mark the reactance reading on the front panel. Repeat 
this process until all desired reactance values have been 
marked. The resistance values needed to null the bridge 
during this calibration procedure may be significant (more 
than 100 @) at the higher reactances. 

This calibration method is much more accurate than 
using fixed capacitors across the UNKNOWN connector. 
Also, you can calibrate a noise bridge in less than an hour 
using this method. 


Finding the Null 

In use, a receiver is attached to the RCVR connec- 
tor and some load of unknown value is connected to the 
UNKNOWN terminal. The receiver allows us to hear the 
noise present across the bridge arms at the frequency of 
the receiver passband, The strength of the noise signal 
depends on the strength of the noise-bridge battery, the 
receiver bandwidth/sensitivity and the impedance differ- 
ence between the known and unknown bridge arms. The 
noise is stronger and the null more obvious with wide 
receiver passbands. Set the receiver to the widest band- 
width AM mode available. 

‘The noise-bridge output is heard as a 1000-Hz tone. 
When the impedances of the known and unknown bridge 
arms are equal, the voltage across the receiver is mini- 
mized; this is a null. In use, the null may be difficult to 
find because it appears only when both bridge controls 
approach the values needed to balance the bridge. 

To find the null, set Cl to mid-scale, sweep RI 
slowly through its range and listen for a reduction in noise 
(it’s also helpful to watch the $ meter). If no reduction is 
heard, set RI to mid-range and sweep Cl. If there is still 
no reduction, begin at one end of the CI range and sweep 
RL. Increment CI about 10% and sweep RI with each 
increment until some noise reduction appears. Once noise 
reduction begins, adjust C1 and RI alternately for mini- 
mum signal, 


MEASURING COAXIAL-CABLE PARAMETERS 
WITH A NOISE BRIDGE 

Coaxial cables have a number of properties that affect 

the transmission of signals through them. Generally, radio 

amateurs are concerned with cable attenuation and char- 

acteristic impedance. If you plan to use a noise bridge or 

SWR analyzer to make antenna-impedance measurements, 

however, you need to accurately determine not just cable 

impedance and attenuation, but also electrical length. For- 

tunately, all of these parameters are easy to measure with 
an accurate noise bridge or SWR analyzer. 


Cable Electrical Length 
With a noise bridge and a general-coverag 
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you can easily locate frequencies at which the line in ques- 
tion is a multiple of '/2 2, because a shorted '/2 2 line has 
 0-Q impedance (neglecting line loss). By locating two 
\djacent null frequencies, you can solve for the length of 
line in terms of '/s 4 at one of the frequencies and calet 
late the line length (overall accuracy is limited by bridge 
accuracy and line loss, which broadens the nulls). As an 
interim variable, you can express cable length as the fr 
quency at which a cable is 1 long. This length will be 
represented by f A. Follow these steps to determine f A 
for a coaxial cable, 


1) Tune the receiver to the frequency range of interest 
Attach the short-circuit load to the noise bridge 
UNKNOWN connector and null the bridge. 

2) Disconnect the far end of the coaxial cable from its 
load (the antenna) and connect it to the 0-0 test load. 
Connect the near end of the cable to the bridge 
UNKNOWN connector. 

3) Adjust the receiver frequency and the noise-bridge 
resistance control for a null. Do not change the noise 
bridge reactance-control setting during this proce- 
dure. Note the frequency at which the null is found; 
call this frequency f,. The noise-bridge resistance at 
the null should be relatively small (less than 20 Q). 

4) Tune the receiver upward in frequency until the next 
null is found. Adjust the resistance control, if ne 
sary, to improve the null, but do not adjust the reac~ 
tance control. Note the frequency at which this second, 
null is founds this is f n42 

5) Solve Eq 7 forn and the electrical length of the cable 


2f, 


(Eq 7) 


(Eq 8) 


where 
n= cable electrical length in quarter waves, at f, 
f = frequency at which the cable is 1% 
# = cable electrical length, in A 


For example, consider a 74-foot length of Columbi 
1188 foam-dielectric cable (velocity factor = 0.78) to be 
used on the 10-meter band. Based on the manufacture 
specification, the cable is 2.796 2. at 29 MHz. Nulls were 
found at 24.412 (f,) and 29.353 (fy) MHz. Eq 7 yields 
n= 9.88, which produces 9.83 MH from Eq 8 and 2.934 
1 for Eq 9. If the manufacturer's specification is correct, 
the measured length is off by less than 5%, which is very 
reasonable. Ideally, n would yield an integer. The diff 
ence between n and the closest integer indicates that there 


This procedure also works for lines with an open 
circuit as the termination (n will be close to an odd num- 
the effective 


this decreases the 


calculated f, 
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Cable Characteristic Impedance 
The characteris! 


impedance of the coaxial cabl 

found by measuring its input impedance at two frequen- 

eparated by '/ f,.. This must be done when the cable 
is terminated in a resistive load. 

Characteristic impedance changes slowly as a function 
of frequency, so this measurement must be done near the fre~ 
quency of interest. The measurement procedure is as follows. 
1) Place the 50-2 load on the far end of the coaxial cable 
4 the near end to the UNKNOWN connector 
e bridge. (Measurement error is minimized 

when the load re close to the characteristic 
impedance of the cable. This is the reason for using 
the 50-2 load.) 

2) Tune the receiver approximately "Vs f below the fi 
quency of interest. Adjust the bridge resistance and 
reactance controls to obtain a null, and note their read- 
ings as Rr, and X,,. Remember, the reactance reading 
must be scaled to the measurement frequency. 

3) Increase the receiver frequency by exactly '/: f&. Null 
the bridge again, and note the readings as Rp and Xp. 

4) Calculate the characteristic impedance of the coaxial 
cable using Eqs 10 through 15. A scientific calculator 
is helpful for this 


i (Eq 9) 
R =Ry xP Xi XXe2 (Eq 10) 
XeR aKa tKatRe ean 
2 12) 
atl X 

Ry Fs| on (3 (Eq 13) 
1 (x 
x= Wail Lan 

in| Lon (%)] (a1) 
Zo =Ro + Xo (Eq 15) 


Let's continue with the example used earlier for cable 
length. The measurements are: 

9.000 ~ (9.883 / 8) = 27.765 MHz 

642 

=22 Q x (10/ 27.765) = -7.9 2 


When used in Eqs 10 through 15, these data yield: 


R = 3137.59 
X = -900.60 
Z = 3264.28 
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Cable Attenuation 


Cable loss can be measured once the cable electri- 
cal length and characteristic resistance are known. The 
measurement must be made at a frequency where the 
cable presents no reactance. Reactance is zero when the 
cable electrical length is an integer multiple of 4/4. You 
can easily meet that condition by making the measure~ 
nt frequency an integer multiple of sf. Loss at other 
frequencies can be interpolated with reasonable accur- 
acy. This procedure employs a resistor-substitution 
method that provides much greater accuracy than is 
achieved by directly reading the resistance from the noise~ 
bridge scale. 


1) Determine the approximate frequency at which you 
want to make the loss measurement by using 


4f, 


fh (Eq 16A) 


Round n to the nearest integer, then 


f= 44, (Eq 168) 

2) If'mis odd, leave the far end of the cable open; if n is 
even, connect the 0-@ load to the far end of the cable. 
Attach the near end of the cable to the UNKNOWN, 
connector on the noise bridge. 

3) Set the noise bridge to zero reactance and the receiver 
to fI. Fine tune the receiver frequency and the noise- 
bridge resistance to find the null 

4) Disconnect the cable from the UNKNOWN terminal, 
and connect the variable-resistance calibration load 
in its place. Without changing the resistance setting 
on the bridge, adjust the load resistor and the bridge 
reactance to obtain a null 


5) Remove the variable-resistance load from the bridge 

UNKNOWN terminal and measure the load resi 
using an ohmmeter that’s 
resistance levels. Refer to this re 


tanc accurate at low 


as Ri. 


(Eq 17) 


To continue this example, Eq 16A gives n = 11.74, 
so measure the attenuation at n= 12. From Eq 16B, fl 
29.649 MHz. The input r 
12.1 Q with 0-Q load on the far end of the cabl 
corresponds to a loss of 1.86 dB. 


USING A BRIDGE TO MEASURE THE 
IMPEDANCE OF AN ANTENNA 

‘The impedance at the end of a transmission line can 
be easily measured using a noise bridge or SWR an: 
lyzer. In many cases, however, you really want to mea. 
sure the impedance of an antenna—that is, the impedance 
of the load at the far end of the line. There are several 
ways to handle this, 


1) Measurements can be made with the bridge at the 
antenna, This is usually not practical because the 
antenna must be in its final position for the measure. 


ment to be accurate. Even if it can be done, making 
such a measurement is certainly not very convenient. 

2) Measurements can be made at the source end of a 
coaxial cable—if the cable length is an exact integer 
multiple of '/: A. This effectively restricts measure. 
ments to a single frequency. 


3) Measurements can be made at the source end of a 
coaxial cable and corrected using a Smith Chart as 
shown in Chapter 28. This graphic method can re 
sult in reasonable estimates of antenna impedanc 
as long as the SWR is not too high and the cable is 
not to0 lossy. However, it doesn’t compensate for the 


complex impedance characteristics of real-world co- 
axial cables. Also, compensation for cable loss can 
be tricky to apply. These problems, 100, can lead to 
significant errors. 

4) Last, measurements can be corrected using the trans- 


use these measurements in the tansmission-line equ: 
teach, 


tion to determine the actual antenna impedance 
frequency. 

rable 6 and Fig 33 give an example of such a caleu- 
lation. The antenna used for this example is a 10-meter 
inverted V about 30 feet above the ground. The arms of 
the antenna are separated by a 120° angle. Each arm is 


exactly 8 feet long, and the antenna is made of #14 wire 
‘The feed line is the 74-foot length of Columbia 1188 char- 
acterized earlier. 

See Fig 33A. From this plot of impedance measure- 
ments, itis very difficult to determine anything about the 


antenna. Resistance and reactance vary substantially 
over this frequency range, and the antenna appears to be 
resonant at 27.7, 29.0 and 29.8 MHz. 

‘The plot in Fig 33B shows the true antenna imped- 


‘00 
mission-line equation. The TLW program included ao 5 
on the CD-ROM in the back of this book, can do these a = ena 
complicated computations for you. This is the best wof® 2 
method for calculating antenna impedances from a bse. 
‘measured parameters, but it requires that you mea- i + . 
sure the feed-line characteristics beforehand—mea- Bo ote, 
x ° . 
surements for which you need access to both ends of 5 tyes 
the feed line. - bd 
‘The procedure for determining antenna impedance Sie 
is to first measure the electrical length, characteristic 
impedance, and attenuation of the coaxial cable connected ad 
to the antenna. After making these measurements, con- a Pe « 
nect the antenna to the coaxial cable and measure the input ee, cover) 
impedance of the cable at a number of frequencies. Then ee 
Table 6 ae 
Impedance Data for Inverted-V Antenna 22 
Freq R, X,@10MHz X, RL xX, =, a hetee 
(MHz) (2) (Q) @ @ (a gy fea? oot 
27.0 4d 85 3152465 I be 
27.2 60 95 349 26-56 ca a 
274 75 85 31.0 30-51 5 he 
27.6 90 40 145 32 42 i 5:9. 
278 90 © -20 72 35-34 oly 
280 75 58 20.7 38-24 
282 65 85 230 40-19 
284 56 52 183 44-12 soo L a a 
286 50 40 140 448 haan 
28 48 © -20 69 47 1 Sel ® 
29.0 50 0 00 52 8 Seay se ; 
ig 33-Impedance plot of an inverted-V antenna cut for 
oo Jer Sa 102 83D: ROMHz. ATA, a plot of resistances and reactances, 
measured using the noise bridge, at the end of a 
296 78 20 6a 75 26 74-foot length of Columbia 1188 coaxial cable. At B, the 
298 85 0 0 78 © 30 jpedance plot (found using the 
30.0 90 50 167 89 33 on-line equation to remove the effects of the 
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Useful resources 


Details of the Antex range of soldering equipment, solder tips and spare parts can be 


obtained from www.antex.co.uk. UK and international distributors are also listed on the 
Antex (Electronics) web site. 


If you're interested in hobby electronics then why not try EPE Magazine, the No. | 
UK magazine for hobby electronics enthusiasts, students, trainees and technicians around 
the world. You can buy a printed edition from newsstands, download a PDF version (for 
Windows) or try a tablet/ smartphone version from Pocketmags. More details at 


www.epemag.com 
You can learn more about the writer at his website http://www.alanwinstanley.com/ 


Some mail order suppliers of soldering equipment and electronic parts include: 
* ESR Electronic Components Ltd, (soldering equipment, Velleman kits) 
*  Bowood Electronics (Antex irons and spares, electronic parts) 
* Rapid Electronics (components, tools, equipment) 


* Cricklewood Electronics (CCTV, Antex soldering irons and spares, 
components) 


. Maplin Electronics (UK electronics retailer and mail order) 
. Farnell Electronic Components (major UK industrial supplier) 


* RS (UK electronics industrial supplier) 
*  Brewsters Ltd (soldering equipment mail order specialists) 
© Velleman UK (electronic kits) 


© Quasar Electronics (Velleman kit mail order retailers) 
*  Kemo Kits (Germany, trade only) 
© Hobbytronics (UK hobby mail order supplier) 


. Multicore Solders (now a Henkel brand) 


These links were correct at the time of going to press, July 2013. 


ance. This plot has been corrected for the effects of the 
cable using the transmission-line equation. The true 
antenna resistance and reactance both increase smoothly 
with frequency. The antenna is resonant at 28.8 MHz, with 
sistance at resonance of 47 Q. This is nor- 
‘mal for an inverted V, 

When doing the conversions, be careful not to make 
‘measurement errors. Such errors introduce more errors into 


the corrected data. This problem is most significant when 
the transmission line is near an odd multiple of a sand the 
line SWR and/or attenuation is high. Measurement errors are 
probably present if small changes in the input impedance or 
transmission-line characteristics appear as large changes in 
antenna impedance. If this effect is present, it can be mi 
mized by making the measurements with a transmission line 
that is approximately an integer multiple of "2 2. 


A Practical Time-Domain Reflectometer 


A time-domain reflectometer (TDR) is a simple but 
powerful tool used to evaluate transmission lines. When 
used with an oscilloscope, a TDR displays impedance 
“bumps” (open and short circuits, kinks and so on) in 
transmission lines. Commercially produced TDRs cost 
from hundreds to thousands of dollars each, but you can 
add the TDR described here to your shack for much less. 
This material is based on a QST article by Tom King, 
KDSHM (see Bibliography), and supplemented with in- 
formation from the references 


How a TDR Works 


A simple TDR consists of a square-wave generator 
and an oscilloscope. $ erator sends a 
train of de pulses down a transmi 
oscilloscope lets you observe the incident and refl 
waves from the pulses (when the scope is synchronized 
to the pulses). 

A little analysis of the scope display tells the nature 
and location of any impedance changes along the line 
The nature of an impedance disturbance is identified by 
comparing its pattern to those in Fig 38. The patterns are 
based on the fact that the reflected wave from a distur- 
bance is determined by the incident-wave magnitude and 
the reflection coefficient of the disturbance. (The patterns 
shown neglect losses: actual patterns may vary somewhat 
from those shown.) 

The location of a disturbance is calculated with a 


simple proportional method: The round-trip time (to the 
disturbance) can be read from the oscilloscope screen 
(graticule). Thus, you need only read the time, multiply 
it by the velocity of the radio wave (the speed of light 
adjusted by the velocity factor of the transmission line) 
and divide by two. The distance to a disturbance is given 
by 


983.6 x VE xt 


(Eq 18) 
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Fig 34—The time-domain reflectometer shown here is 
attached to a small portable oscilloscope. 


where 
£ = line length in feet 
VE = velocity factor of the transmission line (from 
0 1.0) 
‘ime delay in microseconds (tts). 


The Circuit 

‘The time-domain reflectometer circuit in Fig 36 con- 
sists of a CMOS 555 timer configured as an astable 
multivibrator, followed by an MPS3646 transistor acting 
as a 15-ns-risetime buffer. The timer provides a 71-kHz 
square wave. This is applied to the 50-Q transmission 
line under test (connected at J2). The oscilloscope is con- 
nected to the circuit at 11 


Construction 


‘An etching pattern for the TDR is shown in Fig 37. 
Fig 38 is the part-placement diagram. The TDR is 
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Fig 35—Characti 
ime, t, whic 


ic TDR patterns for various loads. The location of the load can be calculated from the transit, 
read from the oscilloscope (see text). R values can be calculated as shown (for purely resi 


loads only—p < 0 when R < Zy; p <0 when R > Zy). Values for reactive loads cannot be calculated simply. 


designed for a 4 x 3 x I-inch enclosure (including the 
batteries). SI, J1 and J2 are right-angle-mounted compo: 
nents. Two aspects of construction are critical, First use 
only an MPS3646 for QI. This type was chosen for its 
good performance in this circuit. If you substitute another 
transistor, the circuit may not perform properly 

Second, for the TDR to provide accurate measure- 
able connected to J1 (between the TDR and 
the oscilloscope) must not introduce impedance mis. 
matches in the circuit. Do not make this cable from ordi 


‘ments, the 
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nary coaxial cable. Oscilloscope-probe cable is the best 
thing to use for this connection. 

(It took the author about a week and several phone 
calls to determine that scope-probe cable isn’t “plain old 
coax.” Probe cable has special characteristics that pre~ 
vent undesired ringing and other problems.) 

Mount a binding post at JI and connect a scope probe 
to the binding post when testing cables with the TDR. RS 
and C2 form a compensation network—much like the net~ 
works in oscilloscope probes—to adjust for effects of 
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Fig 37—Full-size PC-board etching pattern for the TOR. 
Black areas represent unetched copper foil. 


the probe wire. 

‘The TDR is designed to operate from de between 
3 and 9 V. Two C cells (in series—3 V) supply operating 
voltage in this version. The circuit draws only 10 to 
25 mA, so the cells should last a long time (about 
200 hours of operation). U1 can function with supply volt- 
ages as low as 2.25 to 2.5. 

If you want to use the TDR in transmission-line sys- 
tems with characteristic impedances other than 50 Q. 
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ble from Mouser Electronics, part no. ME242-8050. Right-angle BNC connectors for use at J1 
ed from Newark Electronics, part no. 89N1578. S1 can be obtained from All Electronics, part no. 


Ou 


area represents an X-ray view of the copper pattern. Be 
sure to observe the polarity markings of C3, C4 and C5. 


change the value of R, to match the system impedance 
as closely as possible, 


Calibrating and Using the TDR 

Just about any scope with a bandwidth of at least 
10 MHz should work fine with the TDR, but for tests in 
short-length cables, a S0-MHz scope provides for much 
more accurate measurements. To calibrate the TDR, te 


minate CABLE UNDER TEST connector, J2, with a 51-Q 


imum deflection and sharpest waveform corners 
libration. See text. 


0.01 ms per division. See text for interpretation of the 
waveform. 


resistor. Connect the scope vertical input to J1. Turn on 
the TDR, and adjust the scope timebase so that one square~ 
wave cycle from the TDR fills as much of the scope dis- 
play as possible (without uncalibrating the timebase). The 
waveform should resemble Fig 39. Adjust C2 to obtain 
‘maximum amplitude and sharpest corners on the observed 
waveform. That's all there is to the calibration process! 

To use the TDR, connect the cable under test to J2, 
and connect the scope vertical input to JI. If the wave- 
form you observe is different from the one you observed 
during calibration, there are impedance variations in the 
load you're testing. See Fig 40, showing an unterminated 
test cable connected to the TDR. The beginning of the 
cable is shown at point A. (AB represents the TDR out- 
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Fig 41—TDR display of the i 
of the 142-foot Haré 

KDSHM. The scope 
text for discussion. 


pedance characteristics 
ine run to the 432-MHz antenna at 
set for 0.05 ms per division. See 


put-pulse rise time.) 

Segment AC shows the portion of the transmission 
line that has a 50-Q impedance. Between points C and D, 
there is a mismatch in the line. Because the scope trace is 
higher than the 50-Q trace, the impedance of this part of 
the line is higher than 50 Q—in this case, an open circuit 

To determine the length of this cable, read the length 
of time over which the 50- trace is displayed. The scope 
is set for 0.01 ps per division, so the time delay for the 
50-2 section is (0.01 ts x 4.6 divisions) = 0.046 j1s. The 
manufacturer's specified velocity factor (VF) of the cable 
is 0.8. Eq 1 tells us that the 50-2 section of the cable 


983.6 «0.8 x 0.046 us, 
2 


18.1 feet 


‘The TDR provides reasonable agreement with the 
actual cable length—in this case, the cable is really 
16.5 feet long. (Variations in TDR-derived calculations 
and actual cable lengths can occur as a result of cable VFS 
that can vary considerably from published values. Many 
cables vary as much as 10% from the specified values.) 

‘A second example is shown in Fig 41, where a length 
of inch Hardline is being tested. The line f 
432-MHz vertical antenna at the top of a tower. Fig 41 
shows that the 50-02 line section has a delay of (6.6 divi- 
sions x 0.05 1s) = 0.33 us. Because the trace is straight 
and level at the 50-Q level, the line is in good shape. The 
trailing edge at the right-hand end shows where the an- 
tenna is connected to the fe 

To determine the actual length of the line, use the 
same procedure as before: Using the published VF for 
the Hardline (0.88) in Eq 1, the line length is 


ds a 


983.6 «0.88% 0.33 ys 


42.8 feet 
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in close 
el). 


Again, the TDR-derived measurement 
agreement with the actual cable length (142 


Final Notes 

The time-domain reflectometer described here is not 
frequency specific; its measurements are not made at the 
frequency at which a system is designed to be used. 
Because of this, the TDR cannot be used to verify the 
impedance of an antenna, nor can it be used to measure 
cable loss at a specific frequency. Just the same, in two 
years of use, it has never failed to help locate a transmis- 
sion-line problem. The vast majority of transmission-line 
problems result from improper cable installation or con- 
nector weathering 


Limitations 

Certain limitations are characteristic of TDRs 
because the signal used to test the line differs from the 
system operating frequency and because an oscilloscope 
is a broadband device. In the instrument described here 
‘measurements are made with a 71-kHz square wave. That 
wave contains components at 71 kHz and odd harmonics 
thereof, with the majority of the energy coming from the 
lower frequencies. The leading edge of the trace indi- 
cates that the response drops quickly above 6 MHz. (The 
leading edge in Fig 40 is 0.042 ts, corresponding to a 
period of 0.168 us and a frequency of 5.95 MHz.) The 
result is de pulses of approximately 7 us duration. The 


scope display combines the circuit responses to all of 
those frequencies. Hence, it may be difficult to interpret 
any disturbance which is narrowband in nature (affect 
ing only a small range of frequencies, and thus a small 
portion of the total power), or for which the travel time 
plus pattern duration exceeds 7 ts. The 432-MHz ver 
cal antenna in Fig 41 illustrates a display error resulting 
from narrow-band response 

‘The antenna shows as a major impedance distur- 
bance because it is mismatched at the low frequenci 
that dominate the TDR display, yet it is matched at 
432 MHZ. For an event that exceeds the observation win- 
50-2 tine. You 
only part of the pattern shown in Fig 35C 
use the time constant (1x 10x 50 = 50 ms) is much 
larger than the 7-1s window. 

In addition, TDRs are unsuitable for measurements 
where there are major impedance changes inside the line 
section to be tested. Such major changes mask reflec- 
tions from additional changes farther down the line. 

Because of these limitations, TDRs are best suited 
for spotting faults in de-continuous systems that main- 
tain a constant impedance from the generator to the load. 
Happily, most amateur stations would be ideal subjects 
for TDR analysis, which can conveniently check antenna 
cables and connectors for short and open-cireuit con- 
ditions and locate the position of such faults with fair 
accuracy. 


Ground Parameters for Antenna Analysis 


This section is taken from an article in The ARRL 
Antenna Compendium, Vol 5 by R. P. Haviland, W4MB. 
In the past, amateurs paid very litte attention to the char- 
acteristics of the earth (ground) associated with their 
antennas. There are two reasons for this. First, these char- 
acteristics are not easy to measure—even with the best 
equipment, extreme care is needed. Second, almost all 
hams have to put up with what they have—there are very 
few who can afford to move because their location has 
poor ground conditions! Further, the ground is not a domi- 
nant factor in the most popular antennas—a tri-band Yagi 
at 40 feet or higher, or a 2-meter vertical at roof height, 
for example. 

Even so, there has been a desire and even a need for 
ground data and for ways to use it. It is very important 
for vertically polarized antennas. Ground data is useful 
for antennas mounted at low heights generally, and for 
such specialized ones as Beverages. The performance of 
such antennas change a lot as the ground changes. 


Importance of Ground Conditions 

To see why ground conditions can be important, let 
us look at some values. For a frequency of 10 MHz, CCIR 
Recommendation 368, gives the distance at which the sig- 
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nal is calculated to drop 10 dB below its free 


space level 


Conductivity Distance for 10 dB Drop 


(mS/meter) (km) 
5000 100 
30 Is 
3 03 


‘The high-conductivity condition is for sea-water. 
Inter-island work in the Caribbean on 40 and 80 meters 
is easy, whereas 40-meter ground-wave contact is difl 
cult for much of the USA, because of much lower ground 
conductivity. On the other hand, the Beverage works be~ 
cause of poor ground conductivity 

Fig 42 shows a typical set of expected propagation 
curves for a range of frequencies. This data is also from 
CCIR Recommendation 368 for relatively poor ground, 
with a dielectric constant of 4 and a conductivity of 
3 mS/m (one milliSiemens/meter is 0.001 mho/meter). 
The same data is available in the Radio Propagation 
Handbook. There are equivalent FCC curves, found in 
the book Reference Data for Radio Engineers, but only 
the ones near 160 meters are useful. In Florida the author 
has difficulty hearing stations across town on ground 


—_—_—oo_ wave, an indication of the poor soil conditions—reflected 


sky-wave signals are often stronger. 


Securing Ground Data 


‘There are only two basic ways to approach this mat- 
ter of ground data. One is to use generic ground data typi- 
cal to the area. The second is to make measurements, 
which haven’t really gotten easier. For most amateurs, 
the best approach seems to be a combination of these— 
use some simple measurements, and then use the generic 
data to make a better estimate. Because of equipment costs 
and measurement difficulties, none of these will be highly 
accurate for most hams. But they will be much better than 
simply taking some condition preset into an analysis pro- 
gram. Having a good set of values to plug into an analy- 
sis can help you evaluate the true worth of a new antenna 


-Aoproximate Free Space 


5 


eB Relaiveto 1 Wim 


roject. 
is from CIR data for fairly poor soil, with dielectric Pe 

constant of 4 and conductivity of 3 mSim. The curves Generic Data 
for good soil are closer to the free-space line, and Re - eat. 
those for sea water are much closer to the free-space In connection with its licensing procedure for broad- 
line. cast stations, the FCC has published generic data for the 


timated 
Effective Ground Conducty 


(yours conduct millsiomens por motor. 
Conductivity of seawatr not shown on map but 
fe acsumad to be 500 millsiemene per moter 


i ity in the United States. FCC map prepared for the Broadcast Service, 
‘showing typical conductivity for continental USA. Values are for the band 500 to 1500 KHz. Values are for flat, open 
‘spaces and often will not hold for other types of commonly found terrain, such as seashores, river beds, etc. 
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entire country. This is reproduced in Fig 43, a chart showing 
the “estimated effective ground conductivity in the United 
States.” A range of 30:1 is shown, from I to 30 mS/m. An 
equivalent chart for Canada has been prepared, originally 
by DOT, now DOC. 

Of course, some judgment is needed when trying to 
use this data for your location, Broadcast stations are 
likely to be in open areas, so the data should not be as- 
sumed to apply to the center city. And a low site near the 
likely to have better conductivity than the generic 
chart for, say, the coast of Oregon. Other than such fac- 
tors, this chart gives a good first value, and a useful cross- 
check if some other method is used. 

Still another FCC-induced data source is the li 
application of your local broadcast station. This includes 
calculated and measured coverage data. This may include 
specific ground data, or comparison of the coverage 
curves with the CCIR or FCC data to give the estimated 
ground conductivity. Another set of curves for ground 
conditions are those prepared by SRI. These give the con- 
ductivity and dielectric constant versus frequency for typi- 
cal terrain conditions. These are reproduced as Fig 44 
and Fig 45. By inspecting your own site, you may select 
the curve most appropriate to your terrain. The curves 
are based on measurements at a number of sit 
the USA, and are averages of the measured values. 


2 cS 
oo 
Fig 44—Typical terrain conductivities versus frequency 


for 5 types of soils. This was measured by SRI. Units 
yy of seawater is usually taken as 

of fresh water depends on the 

ind may be very low. To extrapolate 

conductivity values (for 500 to 1500 KHz) shown in 

Fig 43 for a particular geographic area to a different 

frequency, move from the conductivity at the left edge 

of Fig 44 to the desired frequency. For example, in 

rocky New Hampshire, with a conduct 

BC frequencies, the effective conductivity at 14 MHz 

would be approximately 4 mSim. 
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Figs 46 through 48 are data derived from th 
surements. Fig 46 gives the ground-dissipation factor. 
water has low loss (a high dissipation factor), while soil in 
the desert or in the city is very lossy, with a low dissipa- 
tion factor. Fig 47 gives the skin depth, the distance for 
the signal to decease to 63% of its value at the surfa 
Penetration is low in high-conductivity areas and deep in 
low-conduetivity soil. Finally, Fig 48 shows the wavelength 
in the earth. For example, at 10 meters (30 MH2), the wav‘ 
length in sea water is less than 0.3 meters, Even in the 
desert, the wavelength has been reduced to about 6 meters 
at this frequency. This is one reason why buried antennas 
have peculiar properties. Lacking other data, itis suggested 
that the values of Figs 44 and 45 be used in computer, 
antenna modeling programs. 


Measuring Ground Conditions 

W2FNQ developed a simple technique to measure 
low-frequency earth conductivity, which has been used 
by W2FMI. The test setup is drawn in Fig 49, and uses a 
very old technique of 4-terminal resistivity measurements, 
For probes of */i-inch diameter, spaced 18 inches and 
pene-trating 12 inches into the earth, th 


C=21VV2 


mS/m 


‘The voltages are conveniently measured by a digital 
voltmeter, to an accuracy of about 2%. In soil suitable 
for farming, the probes can be copper or aluminum. The 
strength of iron or copperweld may be needed in hard 
soils. A piece of 2x4 or 4x4 with guide holes drilled 
through it will help maintain proper spacing and vertical 
alignment of the probes. Use care when measuring—there 
is a shock hazard. An isolating transformer with a 24-V 
secondary instead of 115 V will reduce the danger. 
Ground conditions vary quite widely over even small 


Relative Dslectic Constant 


‘a. a 


soe Frequency Mie 


Fig 45—Typical terrain relative dielectric constant for 
the 5 soil types of Fig 44, plus sea water. The dashed 
curve shows the highest measured values reported, 
and usually indicates mineralization. 


Wavelangs in Sol Mates 


os Frequency MHz 


Fig 46—Typical values of dissipation factor. The s¢ 
behaves as a leaky dielectric. These curves showing the 
dimensionless dissipation factor versus frequency for 
various types of soils and for sea water. The dissi 
factor is inversely related to soil conductivity. Among 
other things, a high dissipation factor indicates that a 
signal penetrating the soil or water will decrease in 
strength rapidly with depth. 


ig 48—Typical values of wavelength in soil. Because 
of its dielectric constant, the wavelength in soils and 
water will be shorter than that for a wave traveling in 

i. This can be important, since in a Method of Moment 
‘the accuracy is affected by the number of analysis 
segments per wavelength. Depending on the program 
being used, adjust the number of segments for 
antennas wholly or partly in the earth, for ground rods, 
and for antennas very close to earth. 


Fig 47—Typical values of skin depth. The skin depth is 
the depth at which a signal will have decreased to 1/e of 
its value at the surface (to about 30%). The effective 
height above ground is essentially the same as the 
physical height for sea water, but may be much greater 
{for the desert. For practical antennas, this may increase 
low-angle radiation, but at the same time will increase 
ground losses. 
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Fig 49—Low-frequency condui measurement 
system. A 60-Hz measuring system devised by W2FNQ 
and used by W2FMI. The basic system is widely used in 
geophysics. Use care to be certain that the plug 
connection is correct. A better system would use a 
lower voltage and an isolation transformer. Measure the 
value of V, with no power applied—there may be stray 
ground currents present, especially if there is a power 
station or an electric railway close. 
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areas. It is best to make a number of measurements around 
the area of the antenna, and average the measured values 

While this measurement gives only the low-fre- 
quency conductivity, it can be used to select curves in 
Fig 44 to give an estimate of the conductivity for the com- 
‘mon ham bands. Assume that the 60 Hz value is valid at 


2 MHz, and find the correct value on the left axis. Move 
parallel to the curves on the figure to develop the esti- 
mated curve for other soil conditions. 

yement is possible. If the 
dielectric constant from Fig 45 is plotted against the con- 
ductivity from Fig 44 for a given frequency, a scatter plot 
develops, showing a trend to higher dielectric constant 
as conductivity increases. At 14 MH, the relation is: 


A small additional 


{10007 (Eq 20) 


where k is the dielectric constant and C is the mea- 
sured conductivity. Using these values in MININEC or 
NEC calculations should give better estimates than coun- 
trywide average values, 


Direct Measurement of Ground Properties 


For really good values, both the conductivity and 
dielectric constant should be measured at the operating 
frequency. One way of doing this is the two-probe tech- 
nique described in George Hagn’s article (see Bibliogra- 
phy). This was the technique used to secure the data for 
Figs 44 through 48, The principle is sketched in Fig 50. 
In essence, the two probes form a short, open-circuited, 
two-wire transmission line. As shown by the equations 
for such lines, the input impedance is a function of the 
conductivity and dielectric constant of the medium. A 
single measurement is difficult to calculate, since the end 
effect of the two probes must be determined, a complex 
task if they are pointed for easy driving. The calculation 
is greatly et of measurements is 
with several sets of probes that vary in length by a 
ratio, since the measured difference is largely due to the 
increased two-wire length, with some change due to the 
change in soil moisture with depth. 

The impedance to be measured is high because of 
the short line length, so impedance bridges are not really 
suitable. An RF vector impedance meter, such as the 
HP-4193A, is probably the best instrument to use, with a 
RF susceptance bridge, such as the GR-821A, next best. 
With care, a Q-meter can be substituted. Because of the 
rarity of these instruments among amateurs, this method 
of measurement is not explored further here. 


Indirect Measurement 


Since the terminal impedance and resonant fi 
quency of an antenna change as the antenna approaches 
earth, measurement of an antenna at one or more heights 
permits an analysis of the ground characteristics. The 
technique is to calculate the antenna drive impedance for 
an assumed ground condition, and compare th 


with 
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Ae Pine of SR Probe 


{_t ! 


Fig 50—High-frequency conductivity/dielectric constant 
measurement system. System for measuring ground 
conditions at frequencies up to about 100 MHz, devised 
by SRI and used to obtain the data in Figs 44 through 
48. Basically, this is a section of transmission line with 

soil as the dielectric. Requires measurement of high 
impedances to good accuracy. 


measured values. If not the sam 


e, another set of ground 
jumed, and the process is repeated. It is 
best to have a plan to guide the assumptions. 

In connection with his studies of transmission lines, 


conditions is 


Walt Maxwell, W2DU, made such measurements on 20, 
40 and 80 meters. Some of the data was included in his 
book Reflections. The following example is based on his 
80-meter data. Data came from his Table 20-1, for a 66- 
foot, 2-inch dipole of #14 wire at 40 feet above ground 
His table gives an antenna impedance of 72.59 + j 1.38.2 
at 7.15 MHz. 

‘Table 7 shows calculated antenna impedances for 
ground conductivities of three different ground conduc~ 
tivities: 10, 1 and 0.1 mS/m, and for dielectric constants 
of 3, 15 and 80. The nearest value to the measured drive 
impedance is for a conductivity of 0.1 mS/m and a dielec- 
tric constant of 3. Figs 44 and 45 indicate that these are 
typical of flat desert and city land. The effect on antenna 
performance is shown in Fig $1. The maximum lobe gain 
for soil typical of a city is over 2 dB lower than that for 
the high-conductivity, high-dielectric constant value. Note 
that the maximum lobe occurs for a radiation angle that is 
directly overhead. 


Table 7 
Calculated values of drive resistance, 
conductivity and dielectric constant. 


‘ohms, for an 40 meter dipole at 40 feet elev 


Conductivity Dielectric Constant 
(mSim) 3 15 50 

10 89.78-/12.12 88.53-/10.69 88.38 - 7.59 
1 80.05-/ 17.64 83,72-/10.23 87.33-/6.98 
01  76.44-J 15.69 83.18-J9.85  97.30- 6.46 


The value measured by W2DU was 72.59 — j 1.28 Q, and compares closest to the poor soil condition of dielectric 


constant of 3 and conductivity of 0.1 mS/m. 


‘Boating = 90.0 Dos 


Fig 51—Plot showing computed elevation patterns for 

40-foot high, 40-meter dipole for two different ground 
nS: poor ground, with dielectric constant of 

3 and conductivity of 0.1 mS/m, and good ground, with 

dielectric constant of 50 and conductivity of 10 mSim. 

Note that for a low horizontal antenna, high-angle 

radiation is most affected by poor ground, with low- 

angle radiation least affected by ground characteri 


‘The ground at the W2DU QTH is a suburban Florida 
lot, covered with low, native vegetation. The ground is 
very sandy (a fossil sand dune), and is some 60-70 feet 
above sea-level. Measurements were made near the end 
of the Florida dry season. The water table is estimated to 
be 20 to 30 feet below the surface. Thus the calculated 
and measured values are reasonably consistent. 

In principle, a further analysis, using values around 
0.1 m$/m conductivity and 3 for dielectric constant, will 
give a better ground parameter estimate. However, the 
results should be taken with a grain of salt, because the 
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opportunities for error in the computer modeling must 
be considered. The antenna should have no sag, and its 
length and height should be accurate. The measurement 
must be with accurate equipment, free from strays, such 
as current on the outer conductor of the coax. The f 
point gap effect must be estimated. Further, the ground 
itself under the antenna must be flat and have constant 
characteristics for modeling to be completely accurate. 

Finally, the feed-line length and velocity constant 
of the transmission line must be accurately measured for 
transfer of the measured values at the feeding end of the 
transmission line to the antenna itself. Because of all the 
bilities for error, most attempts at precision should 
tured values at two or three frequencies, 
and preferably at two or three heights. Orienting the 
antenna to right angles for another set of measurements 
may be useful. Obviously, this can involve a lot of detailed 
work. 

‘The author was not been able to find any guidelines 
for the best height or frequency. The data in the book 
Exact Image Method for Impedance Computation of 
Antennas Above the Ground suggests that a height of 0.3 
will give good sensitivity to ground conditions. Very low 
heights may give confusing results, since several combi- 
nations of ground parameters can give nearly the same 
drive impedance. Both this data and experience s 
that sensitivity to ground for heights above 0.75 A is small 
or negligible. 

Ifan overall conclusion about ground characteristics is 
|, we can just restate from the first paragraph—it is 
not greatly important for the most common horizontally po- 
larized antenna installations. Butit’s worth taking a look when 
you need to depart from typical situations, or when the p 
Tormance of a vertically polarized antenna is contemplated. 
Then the techniques outlined here can be helpful 


uggest 


need 
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A Switchable RF Attenuator 


A switchable RF attenuator is helpful for making 
antenna-gain comparisons or for plotting antenna rad 
tion patterns. You may switch attenuation in or out of the 
line leading to the receiver to obtain an initial reference 
reading on a signal strength meter. Some form of attenu- 
ator is also helpful for locating hidden transmitters, where 
the real trick is pinpointing the signal source from within 
a few hundred feet. At such a close distance, strong sig- 
nals may overload the front end of the receiver, making it 
impossible to obtain any indication of a bearing 

The attenuator of Figs 52 and 53 is designed for low 
power levels, not exceeding '/s watt. If for some r 
the attenuator will be connected to a transce 


of bypassing the unit during transmit periods must be 
devised. An attenuator of this type is commonly called a 
step attenuator, because any amount of attenuation from 
0 4B to the maximum available (81 dB for this parti 
instrument) may be obtained in steps of 1 dB. As each 
switch is successively thrown from the OUT to the IN 


position, the attenuation sections add in cascade to yield 
the total of the attenuator steps switched in. ‘The maxi- 
‘mum attenuation of any single section is limited to 20 dB 
because leak-through would probably degrade the accu- 
racy of higher values. The tolerance of resistor values 
also becomes more significant regarding accuracy at 
higher attenuation values, 

‘A good quality commercially made attenuator will 
cost upwards from $150, but for less than $25 in parts 
and a few hours of work, you can build an attenuator at 
home. It will be suitable for frequencies up to 450 MHz 
Double-sided pe board is used for the enclosure. The ver- 
sion of the attenuator shown in Fig 52 has identification 
lettering etched into the top surface (or front panel) of 
the unit. This adds a nice touch and is a permanent means 
of labeling. Of course rub-on transfers or Dymo tape 
labels could be used as well 

Female BNC single-hole, chassis-mount connectors 
are used at each end of the enclosure. These connectors 


Pele 
ee meet 


ircuit-board material, unetched (except for pane! 


identification), is cut to the desired size and soldered in place. Flashing copper may also be used, although it is not as 
sturdy. Shielding partitions between sections are necessary to reduce signal leakage. Brass nuts soldered at each of 
the four corners allow machine screws to secure the bottom cover. The practical limit for total attenuation is 80 or 


90 dB, as signal leakage around the outside of the attenuator will defeat attempts to obtain much greater amounts. 


Fig 53—Schematic diagram of the step attenuator, designed for a nominal impedance of 50 Q. Resistance values are 
in ohms. Resistors are '/,-watt, carbon-composition types, 5% tolerance. Broken lines indicate walls of circuit-board 
material, A small hole is drilled through each partition wall to route bus wire. Keep all leads as short as possible. 


The attenuator is bilateral; that is, the input and output ends may be reversed. 


4J1, J2—Female BNC connectors, Radio Shack 278-105 
or equiv. 


$1-S8, incl.—DPDT slide switches, standard size. (Avoid 
subminiature or toggle switches.) Stackpole 
'$-5022CD03-0 switches are used here. 
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provide a means of 
the attenuator. 


isily connecting and disconnecting 


Construction 


After all the box parts are cut to size and the né 
sary holes made, scribe light lines to locate the inner par- 
titions. Carefully tack-solder all partitions in position, A 
25-W pencil type of iron should provide sufficient heat 
Dress any pe board parts that do not fit squarely. Once 
everything is in proper position, run a solder bead all the 
way around the joints. Caution! Do not use excessive 
amounts of solder, as the switches must later be fit flat 
inside the sections. Complete the top, sides, ends and 
partitions. Dress the outside of the box to suit your taste 
For instance, you might wish to bevel the box edges. Buff 
the copper with steel wool, add lettering, and finish 
off the work with a coat of clear lacquer or polyurethane 
varnish. 

Using a little lacquer thinner, soak the switches to 
remove the grease that was added during their manufac- 
ture. When they dry, spray the inside of the switches 
lightly with a TV tuner cleaner/lubricant. Use a sharp drill 
bit (about "Vis inch will do), and countersink the mount- 
ing holes on the actuator side of the switch mounting 
plate. This ensures that the switches will fit flush against 
the top plate, At one end of each switch, bend the two 
lugs over and solder them together. Cut off the upper 
halves of the remaining switch lugs. (A close look at 
Fig 52 will help clarify these steps.) 

Solder the series-arm resistors between the appro- 


A Portable Field 


Few amateur stations, fixed or mobile, are without 
need of a field-strength meter. An instrument of this type 
serves many useful purposes during antenna experiments 
and adjustments. When work is to be done from many 
wavelengths away, a simple wavemeter lacks the nec 
sary sensitivity. Further, such a device has a serious fault 
because its linearity leaves much to be desired. The 
information in this section is based on a January 1973 
OST article by Lew McCoy, WIICP. 

‘The field-strength meter described here takes care 
of these problems. Additionally, it is small, measuring 
only 4x 5x8 inches. The power supply consists of two 
9-volt batteries. Sensitivity can be set for practically any 
amount desired. However, from a usefulness standpoint, 
the circuit should not be too sensitive or it will respond 
to unwanted signals. This unit also has excellent linear- 
ity with regard to field strength. (The field strength of a 
received signal varies inversely with the distance from 
all other things being equal.) The frequency 
range includes all amateur bands from 3.5 through 


the sour 
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priate switch lugs. Keep the lead lengths as short as pos- 
sible and do not overheat the resistors. Now solder the 
switches in place to the top section of the enclosure by 
flowing solder through the mounting holes and onto the 
circuit-board material. Be certain that you place the 
switches in their proper positions; correlate the resistor 
values with the degree of attenuation. Otherwise, you may 
wind up with the I-dB step at the wrong end of the box 
how embarrassing! 

Once the switches are installed, thread a piece of 
#18 bare copper wire through the center lugs of all the 
switches, passing it through the holes in the partitions 
Solder the wire at each switch terminal. Cut the wire 
between the poles of each individual switch, leaving the 
wire connecting one switch pole to that of the neighbor- 
ing one on the other side of the partition, as shown in 
Fig 52. At each of the two end switch terminals, leave a 
wire length of approximately '/ inch. Install the BNC 
connectors and solder the wire pieces to the connector 


center conductors. 

‘Now install the shunt-arm resistors of each section 
Use short lead lengths. Do not use excessive amounts of 
heat when soldering. Solder a no. 4-40 brass nut at each 
inside corner of the enclosure. Recess the nuts approxi- 
mately '/is-inch from the bottom edge of the box to allow 
sufficient room for the bottom panel to fit flush. Secure 
the bottom panel with four no. 4-40, '/sinch machine 
serews and the project is completed. Remember to use 
caution, always, when your test setup provides the possi- 
bility of transmitting power into the attenuator. 


Strength Meter 


\@ e< 


Fig 54—The linear field strength meter. The control at 
the upper lett is for C1 and the one to the right for C2. 
At the lower left is the band switch, and to its right the 
sensitivity switch. The zero-set control for M1 is located 
directly below the meter. 
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Fig 55—Inside view of the field-strength meter. At the 
upper right is C1 and to the left, C2. The dark leads from 
the circuit board to the front panel are the shielded 
leads described in the text. 


148 MHz, with band-switched circuits, thus avoiding the 
use of plug-in inductors. All in all, it is a quite useful 
instrument 

‘The unit is pictured in Figs 54 and 8, and the sche~ 
atic diagram is shown in Fig 56. A type 741 op-amp IC 
is the heart of the unit, The antenna is connected to J1, 


and a tuned circuit is used ahead of a diode detector. The 
rectified signal is coupled as de and amplified in the op 
sitivity of the op amp is controlled by inserting 


amp. S 
resistors R3 through R6 in the circuit by means of 

With the circuit shown, and in its most sensitive 
ting, MI will detect a signal from the antenna on the order 
of 100 LV. Linearity is poor for approximately the first 
sof the meter range, but then is almost straight-line from 
there to full-scale deflection. The reason for the poor 
linearity at the start of the readings is because of non- 
linearity of the diodes at the point of first conduction 
However, if gain measurements are being made this is of 
no real importance, as accurate gain measurements can 
be made in the linear portion of the readings. 
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1 — 140 pF vi 

C2 — 15-pF vi 

D1, D2 — 1N914 or eq 

L1—34 turns #24 enam. wire wound on an Amidon 
7-68-2 core, tapped 4 turns from ground end. 

L2— 12 turns #24 enam. wire wound on T-68-2 core. 

13 —2 turns #24 enam. wire wound at ground end of L2. 

L4—1 turn #26 enam. wire wound at ground end of LS. 

L5 — 12 turns #26 enam. wire wound on 7-25-12 core. 
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L6 — 1 turn #26 enam. wire wound at ground end of L7. 

L7 — 1 turn #18 enam. wire wound on 7-25-12 core. 

M1 — 50 or 100 pA de. 

2 — 10-kQ control, linear taper. 

$1 — Rotary switch, 3 poles, 5 positions, 3 sections. 

$2 — Rotary switch, 1 pole, 4 positions. 

$3 — DPST toggle. 

U1 —Type 741 op amp. Pin numbers shown are for a 
14-pin package. 


‘The 741 op amp requires both a positive and a ne; 
tive voltage source. This is obtained by connecting two 
9-volt batteries in series and grounding the center. One 
other feature of the instrument is that it can be used 
remotely by connecting an external meter at J2. TI 
handy if you want to adjust an antenna 
results without having to leave the antenna site 

L1 is the 3.5/7 MHz coil and is tuned by Cl. The 
coil is wound on a toroid form, For 14, 21 or 28 MHz, L2 
is switched in parallel with L1 to cover the three bands. 
LS and C2 cover approximately 40 to 60 MHz, and L7 
and C2 from 130 MHz to approximately 180 MHz. The 
two VHF coils are also wound on toroid forms. 


Construction Notes 

‘The majority of the components may be mounted on 
an etched circuit board. A shielded lead should be used 
between pin 4 of the IC and S2. The same is true for the 
leads from R3 through R6 to the switch. Otherwise, para~ 
sitic oscillations may occur in the IC because of its very 
high gain. 

In order for the unit to cover the 144-MHz band, L6 and 
L7 should be mounted directly across the appro- 
priate terminals of S1, rather than on a circuit board. The extra 
lead length adds too much stray capacitance to the circuit. It 
isn’t necessary to use toroid forms for the 50- and 144-MHz 
coils. They were used in the version described here simply 
because they were available. You may substitute air-wound 
coils of the appropriate inductance. 


Calibration 


‘The field strength meter can be used as is for a rela~ 
tive-reading device. A linear indicator scale will serve 
admirably. However, it will be a much more u 
instrument for antenna work if it is calibrated in deci- 
bels, enabling the user to check relative gain and front- 
to-back ratios. If you have access to a calibrated signal 
generator, connect it to the field-strength meter and use 
different signal levels fed to the device to make a cali- 
bration chart, Convert signal-generator voltage ratios to 
decibels by using the equation 


dB = 20 log (VI/V2) 


wher 


(Eg 21) 


VIIV2 is the ratio of the two voltages 
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log is the common logarithm (base 10) 


Let’s assume that M1 is calibrated evenly from 0 to 
10. Next, assume we set the signal generator to provide a 
reading of | on MI, and that the generator is feeding a 
100-s1V signal into the instrument. Now we increase the 
generator output to 200 LV, giving us a voltage ratio of 
2:1. Also let’s assume MI reads 5 with the 200-1V input 
From the equation above, we find that the voltage ratio 
of 2 equals 6.02 dB between 1 and 5 on the meter scale 
MI can be calibrated more accurately between | and 5 
on its scale by adjusting the generator and figuring the 
ratio. For example, a ratio of 126 UV to 100 VY is 1.26, 
corresponding to 2.0 dB. By using this method, all of the 
settings of $2 can be calibrated. In the instrument shown 
here, the most sensitive setting of $2 with R3, 1 MQ, pro- 
vides a range of approximately 6 dB for M1. Keep in mind 
that the meter scale for each setting of $1 must be cali- 
brated similarly for each band. The degree of coupling 
of the tuned circuits for the different bands will vary, so 
each band must be calibrated separately. 

Another method for calibrating the instrument is 
using a transmitter and measuring its output power with 
n RF wattmeter. In this case we are dealing with power 
rather than voltage ratios, so this equation appli 
4B = 10 log (PI/P2) 


where P1/P2 is the power ratio. 

With most transmitters the power output can be var- 
ied, so calibration of the test instrument is rather e: 
Attach a pickup antenna to the field-strength meter 
short wire a foot or so long will do) and position the 
device in the transmitter antenna field. Let’s assume we 
set the transmitter output for 10 W and get a reading on 
ML. We note the reading and then increase the output to 
20 W, a power ratio of 2. Note the reading on MI and 
then use Eq 2. A power ratio of 2 is 3.01 dB. By using 
this method the instrument can be calibrated on all bands 
and ranges. 

With the tuned circuits and coupling links specified 
in Fig 56, this instrument has an average range on the 
various bands of 6 dB for the two most sensitive posi- 
tions of $2, and 15 dB and 30 dB for the next two suc- 
c ‘The 30-dB scale is handy for making 
front-to-back antenna measurements without having to 
switch $2 


(Eq 22) 
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An RF Current Probe 


‘The RF current probe of Figs 57 through $9 oper- 
ates on the magnetic component of the electromagnetic 
field, rather than the electric field. Since the two fields 
are precisely related, as discussed in Chapter 23, the rela- 
tive field strength measurements are completely equiva 
lent. The use of the magnetic field offers certain 
advantages, however. The instrument may be made more 
compact for the same sensitivity, but its principal advan- 
tage 
the current flow without cutting the conductor. 

In the average amateur location there may be sub- 


that it may be used near a conductor to measure 


stantial currents flowing in guy wires, masts and towers, 
coaxial-cable braids, gutters and leaders, water and gas 
pipes, and perhaps even drainage pipes. Current may be 


flowing in telephone and power lines as well. All of these 
RF currents may have an influence on antenna patterns 
or can be of significance in the case of RFL 

The circuit diagram of the current probe appears in 
Fig 58, and construction is shown in the photo, Fig 59. 
‘The winding data given here apply only to a ferrite rod 
of the particular dimensions and material specified. 
Almost any microammeter can be used, but it is usually 
convenient to use a rather sensitive meter and provide a 
stor to swamp out nonlinearity arising from 
diode conduction characteristics. A control is also used 
to adjust instrument sensitivity as required during oper 
tion. The tuning capacitor may be almost anything that 
will cover the desired range. 


Fig 57—The RF current probe. The 
sensitivity control is mounted at 
the top of the instrument, with the 
tuning and band switches on the 
lower portion of the front panel. 
Frequency calibration of the tuning 
control was not considered 
necessary for the intended use of 
this particular instrument, but 
marks identifying the various 
amateur bands would be helpful. If 
the unit is provided with a 
calibrated dial, it can also be used 
‘as an absorption wavemeter. 


Fig 58—Schematic diagram of the RF current 

probe. Resistances are in ohms; k = 1000. 

Capacitances are in picofarads; fixed capacitors 

are silver mica. Be sure to ground the rotor of 

C1, rather than the stator, to avoid hand 

capacitance. L1, L2 and L3 are each close-wound 

with #22 enameied wire on a single ferrite rod, 4 

inch long and ‘vz inch diameter, with y = 125 

u (Amidon R61-50-400). Windings are spaced 

approximately ‘/ inch apart. 

C1—Air variable, 6-140 pF; Hammarlund HF140 
or equiv. 

D1—Germanium diode; 1N34A, 1N270 or equiv. 

L1—1.6-5 MHz; 30 turns, tapped at 3 turns from 
grounded end. 

L2—5-20 MHz; 8 turns, tapped at 2 turns from 
grounded end. 

L3—17-39 MHz; 2 turns, tapped at 1 turn. 

M1—Any microammeter may be used. The one 
pictured is a Micronta meter, RadioShack no. 
270-1751. 

Ri—Linear taper. 

RFC1—1 mH; Miller no. 4642 or equiv. Value is 


ns; Centralab PA2002 or PA2003. 
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Fig 59—The current probe just before final assembly. 
Note that all parts except the ferrite rod are mounted on 
a single half of the 3 x 4 x 5-inch Minibox (Bud 
CU-2105B or equiv.). Rubber grommets are fitted in 
holes at the ends of the slot to accept the rod during 
assembly of the enclosure. Leads in the RF section 
should be kept as short as possible, although those 
from the rod windings must necessarily be left 
somewhat long to facilitate final assembly. 


As shown in the photos, the circuit is constructed in a 
‘metal box. This enclosure shields the detector circuit from 
the electric field of the radio wave. A slot must be cut with 
a hacksaw across the back of the box, and a thin file may 
be used to smooth the cut. This slot is necessary to prevent 
the box from acting as a shorted turn 


Using the Probe 

In measuring the current in a conductor, the ferrite 
rod should be kept at right angles to the conductor, and 
at a constant distance from it. In its upright or vertical 
position, this instrument is oriented for taking measure~ 
ments in vertical conductors. It must be laid horizontal 


to measure current in horizontal conductors. 

Numerous uses for the instrument are suggested in 
an earlier paragraph. In addition, the probe is an ideal 
instrument for checking the current distribution in antenna 
elements. It is also useful for measuring RF ground cur- 
rents in radial systems. A buried radial may be located 
easily by sweeping the ground. Current division at junc- 
tions may be investigated. Hot spots usually indicate areas 
where additional radials would be effective. 

Stray currents in conductors not intended to be part 
of the antenna system may often be eliminated by bond- 
ing or by changing the physical lengths involved. Guy 
wires and other unwanted parasitic elements will often 
give a tilt to the plane of polarization and can make 
marked difference in front-to-back ratios. When the fe 
rite rod is oriented parallel to the electric field lines, there 
will be a sharp null reading that may be used to locate 
the plane of polarization quite accurately. When using 
the meter, remember that the magnetic field is at right 
ngles to the electric field. 

You may also use the current probe as a relative sig- 
nal strength meter. When making measurements on a ver 
tical antenna, locate the meter at least two wavelengths 
away, with the rod in a horizontal position. For horizon- 
tal antennas, hold the instrument at approximately the 
same height as the antenna, with the rod vertical. 


Antenna Measurements 


Of all the measurements made in Amateur Radio sys~ 
tems, pethaps the most difficult and least understood are 
various measurements of antennas. For example, itis rela~ 
tively easy to measure the frequency and CW power out- 
put of a transmitter, the response of or the gain of 
an amplifier. These are all what might be called bench 
‘measurements because, when performed properly, all the 
factors that influence the accuracy and success of the mi 
surement are under control. In making antenna measure- 
ments, however, the “bench” is probably your backyard 
In other words, the environment surrounding the antenna 
can affect the results of the measurement. 

Control of the environment is not at all as simple as 
it was for the bench measurement, because now the work 
area may be rather spacious. This section describes an- 
tenna measurement techniques that are closely allied to 
those used in an antenna measuring event or contest. With 
these procedures you can make measurements success- 
fully and with meaningful results. These techniques 
should provide a better understanding of the measure- 


Antenna and Transmission-Line Measurements 


‘ment problems, resulting in a more accurate and less di 
ficult task. The information in this section was provided 
by Dick Turrin, W2IMU, and was originally published 
in November 1974 Qi 


SOME BASIC IDEAS 


‘An antenna is simply a transducer or coupler 
between a suitable feed line and the environment sur- 
rounding it. In addition to the efficient transfer of power 
from feed line to environment, an antenna at VHF or UHF 
is most frequently required to concentrate the radiated 
power into a particular region of the environment. 

To be consistent while comparing different antenna 
you must standardize the environment surrounding the 
antenna. Ideally, you want to make measurements with the 
measured antenna so far removed from any objects caus- 
ing environmental effects that itis literally in outer space— 
a very impractical situation. The purpose of the 
measurement techniques is therefore to simulate, under 
practical conditions, a controlled environment. At VHF 
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and UHF, and with practical-size antennas, the environ- 
ment can be controlled so that successful and accurate 
measurements can be made in a reasonable amount of 


trical characteristics of an antenna that are 
most desirable to obtain by direct measurement are: (1) 
in (relative to an isotropic source, which by definition 
has a gain of unity); (2) space-radiation pattern; (3) feed- 
point impedance (mismatch) and (4) polarization. 


Polarization 


In general the polarization can be assumed from the 
geometry of the radiating elements. That is to say, if the 
antenna consists of a number of linear elements (straight 
lengths of rod or wire that are resonant and connected to 
the feed point) the polarization of the electric field will 
be linear and polarized parallel to the elements. If the 
elements are not consistently parallel with each other, then 
the polarization cannot easily be assumed. The follow- 
ing techniques are directed to antennas having polariza~ 
tion that is essentially linear (in one plane), although the 
method can be extended to include all forms of elliptic 
(or mixed) polarization. 


Feed-Point Mismatch 
The feed-point mismatch, although affected to some 
e by the immediate environment of the antenna, does 
not alfect the gain or radiation characteristics of an antenna. 


If the immediate environment of the antenna does 
fect the feed-point impedance, then any mismatch intrin- 
sic to the antenna tuning reflects a portion of the incident 
power back to the source. In a receiving antenna this 
reflected power is reradiated back into the environment, 
and can be lost entirely. 

Ina transmitting antenna, the reflected power tray- 
els back down the feed line to the transmitter, where it 
changes the load impedance presented to that transmit- 
ter. The amplifier output controls are customarily altered 
during the normal tuning procedure to obtain maximum 
power transfer to the antenna. You can still use a mis- 
matched antenna to its full gain potential, provided the 
mismatch is not so severe as to cause heating lo 
the system, especially the feed line and matching devices. 
e also the discussion of additional loss caused by SWR 
in Chapter 24.) 

Similarly, a iving antenna may be 
matched into the receiver front end for maximum power 
transfer. In any case you should clearly keep in mind that 
the feed-point mismatch does not affect the radiation char- 
acteristics of an antenna. It can only affect the system 
efficiency when heating losses are considered. 

Why then do we include feed-point mismatch as part 
of the antenna chara .? The reason is that for effi- 

jent system performance, most antennas are resonant 
transducers and present a reasonable match over a rela- 
tively narrow frequency range. It is therefore desirable 


not af- 


ismatched re 
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to design an antenna, whether it be a simple dipole or an 
array of Yagis, such that the final single feed-point im- 
pedance is essentially resistive and matched to the feed 
line. Furthermore, in order to make accurate, absolute gain 
‘measurements, itis vital that the antenna under test accept 
all the power from a matched-source generator, or that 
the reflected power caused by the mismatch be measured 
and a suitable error correction for heating losses be 
included in the gain calculations. Heating losses may be 
determined from information contained in Chapter 24. 
While on the subject of feed-point impedance, met 
tion should be made of the use of baluns in antennas. A 
balun is simply a device that permits a lossless transition 
between a balanced system feed line or antenna and an 
unbalanced feed line or system. If the feed point of an 
ymmetric, such as with a dipole, and it is 
desired to feed this antenna with an unbalanced feed line 
such as coax, you should provide a balun between the line 
and the feed point. Without the balun, current will b 
lowed to flow on the outside of the coax. The current on 
the outside of the feed line will cause radiation, and thus 
the feed line will become part of the antenna radiation 
system. In the case of beam antennas, whei 
to concentrate the radiated energy is a specific direction, 
this extra radiation from the feed line will be detrimental, 
causing distortion of the expected antenna pattern. See 
Chapter 26 for additional details on this problem. 


antenna is, 


ANTENNA TEST SITE SET-UP AND 
EVALUATION 

Since an antenna is a reciprocal device, measur 
ments of gain and radiation patterns can be made with 
the test antenna used either as a transmitting or as 
receiving antenna. In general and for practical reaso 
the test antenna is used in the receiving mode, and the 
source or transmitting antenna is located at a specified 
fixed remote site and unattended. In other words the 
source antenna, energized by a suitable transmitter, is sim- 
ply required to illuminate or flood the receiving site in 
controlled and constant manner, 

‘As mentioned earlier, antenna measurements ideally 
pace conditions. A further 
restriction is that the illumination from the source antenna 
be a plane wave over the effective aperture (capture area) 
of the test antenna, A plane wave by definition is one in 
which the magnitude and phase of the fields are uniform, 
and in the test-antenna situation, uniform over the effec~ 
tive area plane of the test antenna. Since it is the nature 
of all radiation to expand in a spherical manner at great 
distance from the source, it would seem to be most des 


should be made under fr. 


ible to locate the source antenna as far from the t 
as possible. However, since for practical reasons the test 
site and source location will have to be near the earth and 
not in outer space, the environment must include the 
effects of the ground surface and other obstacles in the 
vicinity of both antennas. These effects almost always 


dictate that the 
st antennas) be as short as possible consistent with main- 
taining a nearly error-free plane wave illuminating the 
test aperture 
A nearly error-free plane wave can be specified as 
one in which the phase and amplitude, from center to edge 
of the illuminating field over the test apertur 
deviate by more than about 30° and I decibel, respec~ 
tively. These conditions will result in a gain-measurement 
error of no more than a few percent less than the true 
ain. Based on the 30° phase error alone, it can be shown 
that the minimum range distance is approximately 


do not 


(Eq 23) 


D is the largest aperture dimension and 2 is the 
-space wavelength in the same units as D. The phase 
error over the aperture D for this condition is ‘ie wave- 
length 

Since aperture size and ga 


are related by 


ana, 


G 


2 (Eq 24) 
where Ag is the effective aperture area, the dimension D 
may be obtained for simple aperture configurations. For 
a square aperture 


D. (Eq 25) 
GE 4 
that results in a minimum range d for a square 
aperture of 
a 
Snin = G5— Eq 26) 
a (Eq 26) 
and for a circular aperture of 
Snia = G= (Eq 27) 


For apertures with a physical area that is not well 
defined or is much larger in one dimension that in other 
uch as a long thin array for maximum direc- 
tivity in one plane, it is advisable to use the maximum 
timate of D from either the expected gain or physical 
aperture dimensions, 

Up to this point in the range development, only the 
conditions for minimum range length, Sig, have been 
established, as though the ground surface were not 
present. This minimum $ is therefore a necessary condi~ 
tion even under fre environment. The presence of 
the ground further complicates the range selection, not 
in the determination of S but in the exact location of the 
source and test antennas above the earth. 

It is always advisable to select a range whose inter- 
essentially flat, clear of obstructions, and, 
of uniform surface conditions, such as all grass or all pave~ 


direction: 


ing terrain 
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Direct Wave 


Image 


Fig 60—On an antenna test range, energy reaching the 
receiving equipment may arrive after being reflected 
from the surface of the ground, as well as by the direct, 
path. The two waves may tend to cancel each other, or 
may reinforce one another, depending on their phase 
relationship at the receiving point. 


ment. The extent of the range is determined by the illumi- 
nation of the source antenna, usually a Yagi, whose gain 
is no greater than the highest gain antenna to be measured 
For gain measurements the range consists essentially of 
the region in the beam of the test antenna. For radiation- 
pattern measurements, the range is considerably larger and 
consists of all that area illuminated by th 
ily around and behind the test site. Ideally you 
‘where the test-antenna location is near 
the center of a large open area and the source antenna is 
located near the edge where most of the obstacles (tre 
poles, fences, etc.) lie. 

‘The primary effect of the range surface is that some 
of the energy from the source antenna will be reflected 
into the test antenna, while other energy will arrive on a 
direct line-of-sight path. This is illustrated in Fig 60. The 
use of a flat, uniform ground surface assures that there 
will be essentially a mirror reflection, even though the 
reflected energy may be slightly weakened (absorbed) by 
the surface material (ground). In order to perform an 
analysis you should realize that horizontally polarized 
waves undergo a 180° phase reversal upon reflection from 
the earth. The resulting illumination amplitude at any 
point in the test aperture is the vector sum of the electric 
fields arriving from the two directions, the direct path 
and the reflected path. 

If a perfect mirror reflection is assumed from the 
ground (it is nearly that for practical ground conditions 
at VHF/UHF) and the source antenna is isotropic, radiat- 
ing equally in all directions, then a simple geometric 
analysis of the two path lengths will show that at various 
point in the vertical plane at the test-antenna site the waves 
will combine in different phase relationships. At some 
points the arriving waves will be in phase, and at other 
points they will be 180° out of phase. Since the field 
mplitudes are nearly equal, the resulting phase change 
caused by path length difference will produce an ampli- 
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Fig 61—The vertical profile, or plot of signal strength 
versus test-antenna height, for a fixed height of the 
signal source above ground and at a fixed distance. 
See text for definitions of symbols. 


tude variation in the vertical te 
a standing wave, as shown in Fig 61 

The simplified formula relating the location of h2 
for maximum and minimum values of the two-path sum- 
mation in terms of hl and $ is 


te direction similar to 


S Eq 28) 
"a (E428) 
with n= 0, 2, 4, for minimums and 1,3, 5, for 


and S is much larger than either hI or h2. 
‘ignificance of this simple ground reflection for- 
mula is that it permits you to determine the approximate 
location of the source antenna to achieve a nearly plane- 
wave amplitude distribution in the vertical direction over 
a particular test aperture size. It should be clear from 
examination of the height formula that as hl is decreased, 
the vertical distribution pattern of signal at the test site, 
h2, expands. Also note that the signal level for h2 equal 
to zero is always zero on the ground regardless of the 
height of hl 

The objective in using the height formula then is, 
given an effective antenna aperture to be illuminated from 
which a minimum § (range length) is determined and a 
suitable range site chosen, to find a value for hi (source 
antenna height). The required value is such that the first 
maximum of vertical distribution at the te: ha, is at 
practical distance above the ground, and at the same time 
the signal amplitude over the aperture in the vertical 
direction does not vary more than about 1 dB. This last 
condition is not sacred but is closely related to the par- 
ticular antenna under test 

In practice these formulas are useful only to initial- 
ize the range setup. A final check of the vertical distribu- 
tion at the test site must be made by direct measurement. 
This measurement should be conducted with a small low- 
gain but unidirectional probe antenna such as a corner 
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reflector or 2. 


Jement Yagi that you move along a verti- 
cal line over the intended aperture site. Care should be 
exercised to minimize the effects of local environment 
around the probe antenna and that the beam of the probe 
be directed at the source antenna at all times for maxi- 
mum signal. A simple dipole is undesirable as a probe 
antenna because it is susceptible to local environmental 


effects. 

‘The most practical way to instrument the vertical di 
tribution measurement is to construct some kind of ve 
cal track, preferably of wood, with a sliding carriage or 
platform that may be used to support and move the probe 
antenna. It is assumed of course that a stable source trans- 


mitter and calibrated receiver or detector are available so 
variations of the order of 4/2 dB can be clearly disti 
guished. 

Once you conduct these initial range measurements 
successfully, the range is now ready to accommodate any 
aperture size less in vertical extent than the largest for 
which Spiq and the vertical field distribution were selected 
Place the test antenna with the center of its aperture at the 
height h2 where maximum signal was found. Tilt the test 
antenna tilted so that its main beam is pointed in the 
direction of the source antenna. The final tilt is found by 
observing the receiver output for maximum signal. This 
last process must be done empirically since the apparent 
location of the source is somewhere between the actual 


source and 


image, below the ground, 

‘An example will illustrate the procedure. Assume 
that we wish to measure a 7-foot diameter parabolic 
reflector antenna at 1296 MHz (2. = 0.75 foot). The mini- 
mum range distance, Spig, can be readily computed from 
the formula for a circular aperture, 


s, 131 feet 


075 


Now a suitable site is selected based on the qualitative 
discussion given before. 

Next determine the source height, hl. The proce- 
dure is to choose a height hl such that the first minimum 
above ground (n = 2 in formula) is at least two or three 
times the aperture size, or about 20 feet. 

2S 5,075 131 


hi=n2®. ak 
Th 420 


5 feet 


Place the source antenna at this height and probe the ve 
tical distribution over the 7-foot aperture location, which 
will be about 10 feet off the ground. 


4015 13198 tent 
3 


ry 


e of ve 


Plot the measured profil 
height. From this plot, empirically determine whether the 
7-foot aperture can be fitted in this profile such that the 
1-4B variation is not exceeded. If the variation exceeds 


sal signal level versus 


Fig 62—Sample plot of a measured vertical profile. 


1 dB over the 7-foot aperture, the source antenna should 
be lowered and h? raised. Small changes in hl can quickly 
alter the distribution at the test site. Fig 62 illustrates the 
points of the previous discussion. 

‘The same set-up procedure applies for either hori- 
zontal or vertical linear polarization. However, it is 
advisable to check by direct measurement at the site for 
each polarization to be sure that the vertical distribution 
is satisfactory. Distribution probing in the horizontal plane 
is unnecessary as little or no variation in amplitude should, 


be found, since the reflection geometry is constant 
Because of this, antennas with apertures that are long and 
thin, such as a stacked collinear vertical, should be mea- 
sured with the long dimension parallel to the ground. 

‘A particularly difficult range problem occurs in mea~ 
surements of antennas that have depth as well as cross 
jonal aperture area. Long end-fire antennas such as 
Jong Yagis, rhombies, V-beams, or arrays of these anten- 
nas, radiate as volumetric arrays and it is therefore even 
‘more essential that the illuminating field from the source 
antenna be reasonably uniform in depth as well as plane 
wave in cross section. For measuring these types of 
tennas it is advisable to make several vertical profile mea- 
surements that cover the depth of the array. A qualitative 
check on the integrity of the illumination for long end- 
fire antennas can be made by moving the array or antenna 
axially (forward and backward) and noting the change in 
received signal level. If the signal level varies less than 1 
or2 4B for an axial movement of several wavelengths then 
the field can be considered satisfactory for most demands 
on accuracy. Large variations indicate that the illumina 
ing field is badly distorted over the array depth and subse~ 
quent measurements are questionable. It is interesting to 
note in connection with gain measurements that any illu- 
minating field distortion will always result in measure~ 
‘ments that are lower than true values. 


ABSOLUTE GAIN MEASUREMENT 
Having established a s 


table range, the measure~ 


Fig 63—Standard-gain 
antenna. When 
accurately constructed 
for the desired 
frequency, this antenna 
will exhibit a gain of 

7.7 dB over a dipole 
radiator, plus or minus 
0.25 dB. In this model, 
constructed for 432 MHz, 
the elements are 2/e-inch 
diameter tubing. The 
phasing and support 
lines are of */se-inch 
diameter tubing or rod. 
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Photography 


All photographs were taken by the author using Sony Alpha DSLRs and 50mm 
macro lens with extension tubes, and a Sony macro flash. High-resolution versions of 
these and more technical photos are available for commercial or educational royalty-free 
use. Please contact me with any enquiries. 


ment of gain relative to an isotropic (point source) radia 
tor is almost always accomplished by direct comparison 
with a calibrated standard-gain antenna. That is, th 
nal level with the test antenna in its optimum location is 
noted. Then you remove the test antenna and place the 
standard-gain antenna with its aperture at the center of 
location where the test antenna was located. Measure the 
difference in signal level between the standard and the 
test antennas and add to or subtract from the gain of the 
standard-gain antenna to obtain the absolute gain of the 
st antenna, Here, absolute means with respect to a point 
source with a gain of unity, by definition. The reason for 
using this reference rather than a dipole, for instan 
that it is more useful and convenient for system engineer- 
ing. We assume that both standard and test antennas have 
been carefully matched to the appropriate impedance and, 
‘an accurately calibrated and matched detecting device is, 
being used. 

‘A standard-gain antenna may be any type of uni 
rectional, preferably plinar-aperture, antenna, which has 
been calibrated surement or in spe 
cial cases by accurate construction according to computed, 
dimensions. A standard-gain antenna has been suggested 
by Richard FH. Yang (see Bibliography). Shown in 
Fig 63, it consists of two in-phase dipoles '/+ 4 apart and 
backed up with a ground plane 1 A square. 

In Yang’s original design, the stub at the center is a 
balun formed by cutting two longitudinal slots of '/s-inch, 
width, diametrically opposite, on a '/s-A section of "/s- 
inch rigid 50-Q coax. An alternative method of feeding 
is to feed RG-8 or RG-213 coax through slotted "/-inch 
copper tubing. Be sure to leave the outer jacket on the 
coax to insulate it from the copper-tubing balun section. 
When constructed accurately to scale for the frequency 
of interest, this type of standard will have an absolute 
gain of 9.85 dBi (7.7 dBd gain over a dipole in free space) 
with an accuracy of + 0.25 dB. 


RADIATION-PATTERN MEASUREMENTS 

Of all antenna measurements, the radiation pattern 
is the most demanding in measurement and the most dif- 
ficult to interpret. Any antenna radiates to some degree 
in all directions into the space surrounding it. Therefore. 


the radiation pattern of an antenna is a three-dimensional 
representation of the magnitude, phase and polarization. 
In general, and in practical cases for Amateur Radio com- 
munications, the polarization is well defined and only the 
magnitude of radiation is important. 

Furthermore, in many of these cases the radiation in 


one particular plane is of primary interest, usually the 
plane corresponding to that of the Earth’s surface, regard- 
of polarization. Because of the nature of the range 
setup, measurement of radiation pattern can be success- 
fully made only in a plane nearly parallel to the earth's 
surface. With beam antennas it is advisable and usually 
sufficient to take two radiation pattern measurements, one 
in the polarization plane and one at right angles to the 
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plane of polarization. These radiation patterns are referred 
to in antenna literature as the principal E-plane and H- 
plane patterns, respectively. E-plane means parallel to the 
electric field that is the polarization plane and H-plane 
means parallel to the magnetic field in free space. The 
electric field and magnetic field are always perpendicu: 
lar to each other in a plane wave as it propagates through 
space. 

‘When the antenna is located over real earth, the terms 
Azimuth and elevation planes are commonly used, since 
the frame of reference is the Earth itself, rather than the 
ric and magnetic fields in free space. For a horizon- 
tally polarized antenna such as a Yagi mounted with 
elements parallel to the ground, the azimuth plane is the 
E-plane and the elevation plane is the H-plane. 

‘The technique to obtain these patterns is simple in 
procedure but requires more equipment and patience than 
does making a gain measurement. First, a suitable mount 
is required that can be rotated in the azimuth plane (hori- 
zontal) with some degree of accuracy in terms of azimuth- 
angle positioning. Second, a signal-level indicator 
calibrated over at least a 20-dB dynamic range with 
readout resolution of at least 2 dB is required. A dynamic 
range of up to about 40 dB would be desirable but does 
not add greatly to the measurement significance. 

With this much equipment, the procedure is to locate 
first the area of maximum radiation from the beam antenna 
by carefully adjusting the azimuth and elevation position- 
ing. These settings are then arbitrarily assigned an azimuth 
angle of zero degrees and a signal level of zero decibel 
Next, without changing the elevation setting (tilt of the 
rotating axis), the antenna is carefully rotated in azimuth 
in small steps that permit signal-level readout of 2 or 3 dB 
per step. These points of signal level corresponding with 
an azimuth angle are recorded and plotted on polar coor- 
dinate paper. A sample of the results is shown on ARRL 
coordinate paper in Fig 64. 

On the sample radiation pattern the measured points 
are marked with an X and a continuous line is drawn in, 
since the pattern is a continuous curve. Radiation pat- 
terns should preferably be plotted on a logarithmic radial 
scale, rather than a voltage or power scale. The reason is 
that the log scale approximates the response of the ear to 
signals in the audio range. Also many receivers have AG 
systems that are somewhat logarithmic in response: there- 
fore the log scale is more representative of actual system 
operation 

Having completed a set of radia 
ments, one is prompted to ask, “Of what use are they?” 
The primary answer is as a diagnostic tool to determine 
if the antenna is functioning as it was intended to. A set 
ond answer is to know how the antenna will discriminate 
against interfering signals from various directions 

Consider now the diagnostic use of the radiation pa 
terns. If the radiation beam is well defined, then there is 
an approximate formula relating the antenna gain to the 
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Fig 64—Sample plot of a measured radiation pattern, 
using techniques described in the text. The plot is on 
coordinate paper available from ARRL HQ. The form 
provides space for recording significant data and 
remarks. 


measured half-power beamwidth of the E- and H-plane 
radiation patterns. The half-power beamwidth is indicated 
on the polar plot where the radiation level falls to 3 dB 
below the main beam 0-dB reference on either side. The 
formula is 


41,253 
ron 


0, and $y are the half-power beamwidths in 
degrees of the E- and H-plane patterns, respectively. This 
equation assumes a lossless antenna system, where any 
side-lobes are well suppressed. 

To illustrate the use of this equation, assume that 
we have a Yagi antenna with a boom length of two wave~ 
lengths. From known relations (described in Chapter 11) 
the expected free-space gain of a Yagi with a boom length 
of 2 A is about 13 dBi; its gain, G, equals 20. Using the 
above relationship, the product of OX oy = 2062 square 


Gain (abi) aeey 


wher 
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degrees, Since a Yagi produces a nearly symmetric beam 
shape in cross section, @; = 4 = 45°. Now if the mes 
sured values of @, and 6 are much larger than 45°, then 
the gain will be much lower than the expected 13 dBi. 

‘As another example, suppose that the same antenna 
(a 2-wavelength-boom Yagi) gives a measured gain of, 
9 dBi but the radiation pattern half power beamwidths 
are approximately 45°. This situation indicates that 
although the radiation patterns seem to be correct, the 
low gain shows inefficiency somewhere in the antenna, 
such as lossy materials or poor connections. 

Large broadside collinear antennas can be checked 
for excessive phasing-line losses by comparing the gain 
computed from the radiation patterns with the direct- 
measured gain. It seems paradoxical, but it is indeed pos- 
sible to build a large array with a very narrow beamwidth 
indicating high gain, but actually having very low gain 
because of losses in the feed distribution system. 

In general, and for most VHF/UHF Amateur Radio 
communications, gain is the primary attribute of an 
antenna, However, radiation in other directions than the 


main beam, called sidelobe radiation, should be 
by measurement of radiation patterns for effects such as 
nonsymmetry on either side of the main beam or excessive 
magnitude of sidelobes. (Any sidelobe that is less than 
10 dB below the main beam reference level of 0 dB should 
be considered excessive.) These effects are usually attri 
utable to incorrect phasing of the radiating elements or 
radiation from other parts of the antenna that was not 
intended, such as the support structure or feed line. 

‘The interpretation of radiation patterns is intimately 
related to the particular type of antenna under measur 
ment. Reference data should be consulted for the antenna 
type of interest, to verify that the measured results are in 
agreement with expected results. 

‘To summarize the use of pattern measurements, if a 
beam antenna is first checked for gain (the 
surement to make) and it is as expected, then pattern me: 
surements may be academic. However, if the gain is lower 
than expected it is advisable to make pattern measurements 
to help determine the possible causes for low gain. 

Regarding radiation pattern measurement 
ber that the results measured under proper range facilitic 
will not necessarily be the same as observed for the same 
antenna at a home-station installation. The reasons may 
be obvious now in view of the preceding information on 
the range setup, ground reflections, and the vertical-field 
distribution profiles. For long paths over rough terrain 
where many large obstacles may exist, the effects of ground 
reflection tend to become diffused, although they still can 
cause unexpected results. For these reasons it is usually 
unjust to compare VHF/UHF antennas over long paths. 
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Vector Network Analyzers 


The process of building and properly tuning a phased 
array often involves making a number of different 
‘measurements to achieve a desired level of performance, as 
was pointed out in Chapter 8, Multiclement Arrays. This 
ection was written by Rudy Severns, NOLF. 

‘After erecting an array we would like to measure the 
resonant frequency of each element, the self-impedances of 
each element and the mutual impedances between the 
elements. We will also want to know these impedances over 
the whole operating band to help design a feed network 
‘When building the feed network, we may need to check the 
values and Qs of the network elements and we will want to 
determine the electrical lengths of transmission lin 

Final tuning of the array requires that the relative 
current amplitudes and phases in each element be measured 
and adjusted, if necessary. We also will want to determine 
the SWR at the feed point. Doing all of this even moderately 
well can require quite a bit of equipment, some of which is 
heavy and requires ac line power. This can be a nuisance in 
the field, especially if the weather is not cooperating, 

Professionals make these measurements by employing 
vector network analyzer (VNA) or the somewhat simpler, 
reflection-transmission test set. These instruments can make 
all the necessary measurements quickly and with great 
aceuracy. However, in the past VNAS have been very 
expensive, out of reach for general amateur use. But thanks 
to modern digital technology VNAs that work with a laptop 
computer are now becoming available at prices an amateur 
might consider. It’s even possible to homebrew a VNA with 
performance that approaches a professional instrument. 
Considering the cost of even a simple array, investment in a 
VNA makes sense 

VNAs are based on reflection and transmission 
‘measurements. To use a VINA itis very helpful to have a basic 
understanding of Scattering Parameters (S-parameters). 
Microwave engineers have long used these because they have 
to work with circuits that are large in terms of wavelength, 
where measurements of forward and reflected power are easy. 

HF arrays are also large in terms of wavelength. The 
techniques for measuring forward and reverse powers work 
well even at 160 meters. For example, even though the array 
elements may be 100 feet apart, you can place your 
instruments in a central location and run cables out to each 
element. The effect of the cables from the VNA to the 
elements can be absorbed in the initial calibration procedure 
so the measurements read out at the VNA are effectively 
those at each element. In other words, the measurement 
reference points can be placed electrically at the base of the 
element, regardless of the physical location of the 
instrumentation and the interconnecting cables. 

Ina completed array with its feed network, the network 
can be excited by the VNA at the feed point and the relative 
current amplitudes and phases at each element can be 
measured over a frequency band. Then, adjustments can be 
made as needed. When the final values for the current 
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amplitudes and phases are known, these values can be put 
back into an array model in a program like EZNEC to 
determine the pattern of the array across the whole frequency 
band. 


S-PARAMETERS 


In Chapter 24, Transmission Lines, 
coefficient rho (p) is defined as the ratio of the reflected 
voltage (V,) to the incident voltage (V) 


the reflection 


(Eq 30) 


If we know the load impedance (Z,) and the 
transmission line impedance (Zs) we can calculate p from: 
Z-Lo ‘ 
242, (Eq 31) 

Keep in mind that p is a complex number (a vector), 
which we represent by either amplitude and phase (Z|, @) 
or by real and imaginary parts (R +X). The two reps 
sentations are equivalent. From p we can then calculate 
SWR. That’s very handy, but here we want to do something 
different. If we have an instrument that measures p and we 
know Za then we can determine Z, from: 


lip) 
=p} 
Measuring p is one of the things that VNAs do very 
well. With a VNA, the measurement can be made at one 
end of a long transmission line with the load at the other 
end. The effect ofthe line can be calibrated out, as mentioned 
above, so that we are in effect measuring right at the load. 


(Eq 32) 


Fig 65—A 2-element array, where h is the element height 
and S is the spacing between the elements. 


This approach can be used directly to measure the 
impedance and resonant frequency of a single element. By 
open and short circuiting elements in an array we can 
determine the mutual as well as self impedances for, and 
between, all the elements. We can also use this approach to 
‘measure component values, inductor Qs, ete: 

This is an example of a one-port measurement; that is, 
a load at the end of a transmission line. However, a mult 
element array actually behaves as a multi-port network, so 
to get the most out of a VNA, you need to gei 
above procedure. This is where S-parameters come 
‘To illustrate the principles we will use a simple 
array like that shown in Fig 65. 

To design a feed network to drive this array we need to 
know the input impedance of each element (Z, and Z,) as a 
function of the drive currents (I, and Iz). The input 
impedances will depend on the self impedance of each 
clement, the coupling between them (the mutual impedance) 
and the drive currents in each element. To manage this 
problem we can represent a 2-element array as a two-port 
network, as shown in Fig 66. And we can relate the port 
voltages, currents and impedances with Eq 33: 


MW = Zh + Zyl 
Vo =Zaihi +Zyaly 


(433) 


Normally we know I; and Ip from the design of the 
array, but we need to determine the resulting element 
impedances. That's the challenge. Fortunately, an array is a 
linear network, so Zj2 = Zz1, which means we need only 
determine three variables: the self impedances Z, and Z2 
and the mutual impedance, Z, 

Once we know Z;1, Z12, Zoo and are given I, and Is, 
‘we can determine the feed-point impedances at each element 
from: 


(Eq 34) 


This is the conventional approach. However, there are 
some problems here. We have to be able to accurately 
measure either voltages and currents or impedances in 
multiple elements that may be separated by large fractions 
of a wavelength. In addition, accurate measurements of 


Fig 66—Two-port representation of currents and voltages 
in the 2-element array in Fig 65. 
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Fig 67—Test setup to measure a 2-element array using a 
VNA. 


current, voltage and impedance become inc 
ull as we go up in frequency. 
Itturns out that we can get the information more easily 
by measuring incident and reflected voltages at the ports 
and from those measurements determine the feed-point 
impedances. A VNA is an instrument for measuring these 
voltages. It turns out to be easier to measure the ratios of 
two voltages rather than their absolute values 
‘The measurement setup using a VNA for a 2 
array is shown in Fig 67. VNAs usually have at least two 
RF connections: the transmit port (T) and the receive port 
(R). Professional units may have more RF connections. The 
T output provides an signal from a 50-Q source and the R 
port is a detector with a 50-Q input impedance. Basically 
‘We have a transmitter and a receiver. The transmit port uses 
directional coupler to provide measurements of the forward 
and reflected signals at that output. The receive port measures 
the signal transmitted through the network. Transmission 
lines usually have Zp = 50 and may be of any length 
required by the size of the array. 


ingly more 


lement 
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Using incident and refl 


ted voltages, the two-port 
network representation is now changed, as shown in 
Fig 68, where: 

Vai ent voltage at port 1 

Vj, = reflected voltage at port 1 
cident voltage at port 2 
reflected voltage at port 2 


Vor 
In a manner analogous to Eq 33, we can write an 
expression in terms of the incident and reflected voltages: 


by = S12) +S;2@ 


by = Snyay +822 oa) 
(Eq 36) 
We see that the a, and b, are simply the incident and 


reflected voltages at the two ports divided by /Z, . Because 
this is a linear network, Sy = S)>. 

What are the S,, quantities? These are called the S- 
parameters, which are defined by: 


(E437) 


Note that the Sj, parameters are all ratios of reflected 
and incident voltages, and they are usually complex numbers. 
is the same as saying that port 
2s terminated in a load equal to Z> and the network is excited 
at port 1. This means there is no reflection from the load on 
port 2, which makes V3, = 0. Similarly, if we terminate port 1 
with Zy and excite port 2, then Vj, = 


Va Va 


Vin Var 


Fig 68—Two-port network with incident and reflected waves. 
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If we compare Eq 30 to the first line of Eq 37 wi 
Py, the reflection coefficient at port 1. We 


(Eq 38) 


where Z is the impedance looking into port 1 with port 2 
terminated in Zp. In the case where port 2 does not ex- 
ist—that is, you are measuring a single element (for & 
mple, measuring element 1 with element 2 
ircuited) or a component, then Z is simply the self 
(Zy, in Eq 33). Since $), is a standard me: 
surement for VNAS you can calculate Z using Eq 38. In 
many cases the VNA software will do this calculation for 
you automatically. You can also measure element 2 with 
element 1 open and determine Z39 

Soy represents the ratio of the signal coming out of 
port 2 (V3,) to the input signal on port 1 (V,) and is another 
standard VNA measurement. S,, is a measurement of the 
signal transmission between the ports through the network, 
or in the case of an array, the signal transmission due to the 
coupling between the elements. Again, port 2 is terminated 
in Zo, 

‘A full-feature VNA will measure all the Sy parameters 
at once, but most of the lower-cost units of interest to 
amateurs are what we call reflection-transmission test sets. 
‘What this means is that they only measure S); and So). To 
obtain S,» and $1» we have to interchange the test cable 
the array elements (see Fig 67) and run the measurements 
in. Normally the software will accommodate this 
second entry and we end up with the ful set of S,; parameters. 

If we do run a full set of Sy parameters then we 
transform these to Z;; (Eq 33) using the following 
expressions, assuming that S 


(Bq 39) 


‘The example to this point has been for a 2-element 
wrray. The S-parameters can be determined for an array 
with any number of elements. In an n-port S-parameter 
‘measurement, all ports are terminated in Zp at the same time. 
Measurements are made between one set of ports at a time 
and repeated until all pairs of ports are measured. 


ARRAY MEASUREMENT EXAMPLE 


‘A good way to illustrate the use of a VNA for array 
measurements is to work through an example with a real 
ray. Fig 69 is a picture of a 2-element 20-meter phased 


array built by Mark Perrin, N7MQ. 

Each element is 2/4 (Self resonant at 14.150 MHz) and 
spaced 2/4 (17 feet 5 inches). In the 
would have the same current amplitude with a 90° phase 
difference. This gives the cardioid pattern shown in Chapter 8, 
Multilement Arrays. There are many schemes for correctly 
feeding such an array. The one used in this example uses two 
different 75-Q transmission lines (one 2/4 and the other 2/2. 
electrically), as described by Roy Lewallen, W7EL.23 

‘The first task is to resonate the elements individually. 
With the VINA set to measure S, phase, we will get a graph 
like that shown in Fig 70. 

At the 4/4 resonant frequency (f,) we will see a sharp 
phase transition as we go from ~180° to +180°. This is 


jeal case, both elements 


typical of any series resonant circuit. The length of each 


Fig 69— 
2-element 
20-meter 
phased array 
(Photo 
courtesy 
N7MQ). 
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Fig 70—S,; phase plot for an individual element. 
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clement is adjusted until the desired f, is achieved. This is a 
very sensitive measurement. You can see the shift in f, due 
to the wind blowing, the length of the element changing as 
it heats up in the sun or any interactions between the fet 


fine and the antenna as you move the feed line around. In 
fact this is very good point in the process to make sure 
everything is mechanically stable and free of unexpected 
couplings. Usually you will find it necessary place choke 
baluns on each element to reduce stray coupling, 

‘The next step is to determine the self (Z,, and Zy3) and 
‘mutual (Z;2) impedances from which the actual driving point 
impedances present when the array is excited can be 
ipter 8, Multielement Arrays. There are 


determined. S 
two ways to go. 

First, we can simply use the VNA as an impedance 
bridge—ie, make two $,, measurements atone element, frst 
with the other element open (Z,, or Z.) and then with it 
shorted (Z; or Z2). We can convert the $;; measurements to 
impedances using Eq 38. The value for Z,» can be obtained 
from Eq 40: 


20% @ai-Z) 
Fax Pa) 


The second approach is to do a full wo-port $ 
parameter measurement (Si), So}, S12 and So.) and derive 
the impedances using Eq 38. Both approaches will work 
but the second approach has the advantage that the + 
ambiguity in Eq 40 is eliminated. 

For this example, the impedance values from the 


(Eq 40) 


‘measurements at 14.150 MHz, turn out to be: 
Zy =51.44J035 
Zyy =50.3+ [0.299 
Zyy =15.06— 19.26 


(Eq 41) 


With these values we can now determine the 
impedances from: 


(Eq 42) 


Note that —j represents the 90° phase shift between the 
currents. Substituting the values from Eq 41 into Eq 42 


2.09 — 14.7 
69.6 + 15.32 


(F443) 


With these impedances in hand we can now design the 


sd network. In this particular example however, we have 
decided to use the 4/4 and 2/2 cables as described by 
Lewallen? and accept the results. So we now proceed to 
cut and trim the two cables to length 


27-57 


Gurren 


Current 
YD Probe 


Probe 


115 


Fig 71—Current phase and amplitude ratio test setup. 


Again, there are two ways to go. First we ean determine 
the frequency at which each cable is 2/4 long. At this point 
the input impedance of the cable will be equivalent to a 
series-resonant circuit and we can simply measure the phase 
of S$), as we did earlier for f, and get a plot like that shown 
in Fig 70. In this example the 2/4 resonant frequencies of 
the two cables are 7.075 MHz and 14.150 MHz. 

The second approach would be to measure So, for each 
cable at 14.150 MHz. The phase shift in $3, tells you how 
Jong the cable is, in degrees, at a given frequency. Because 
there is a small variation in cable characteristics with 
frequency (dispersion) this approach is slightly more 
accurate since it is done at the desired operating frequency. 
But this is not very large effect at HE 

This brings us down to the final measurements, which 
are to check that the relative current amplitudes and phases 
between the two elements are correct. We can then determine 


ement Current Rao 
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Fig 72—Measured element current ratio over the 20-meter 
band. 
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the feed-point SWR. The phase and amplitude ratios are 
‘made using the S12 capability of the VNA and the test setup 
shown in Fig 71 

‘The VNA transmit port is connected to the normal feed 
point. A current sensor (see Chapter 8, Multiclement Arrays, 
fora discussion of current sensors) is inserted at the base of 
element 1 and the output of the sensor is returned to the 
detector or receive port of the VNA. A calibration run is 
then made to normalize this path. That makes it the reference. 

Next, the current sensor is shifted to element 2. The 
amplitude and phase plots for S,2 obtained at this point will 
be the desired relative phase shift and amplitude ratio 
between the currents in the array when driven at the normal 
{feed point. Figs 72 and 73 show the behavior of the example 
array over the 20-meter band. Note that the amplitude ratio 
has been converted from dB. We can now use these values 
in a EZNEC model of the array to determine the actual 
radiation pattern. 

Obviously the W7EL feed scheme is not perfect, but it 
has a definite advantage of simplicity. If better performance 
is desired we can use the values of Z," and Z,’ determined 
earlier to design and fabricate a new feed network and then 
proceed to evaluate its performance in the same way. 

‘The final measurement is to connect the transmit port 
of the VNA to the feed point and measure S. From this we 
can calculate the SWR: 


SwR (Eq 44) 


In this example, the return loss, |S}, is about -19 dB, 
over the entire 20-meter band. This corresponds to SWR= 
1.25:1 


Notes 

‘Paul Kiciak, N2PK, http:/in2pk.com. 

®Roy Lewallen, W7EL, QST, Aug 1979, Technical 
Correspondence, pp 42-43. 

Orr and Cowan, Vertical Antennas, Radio Amateur Call Book, 
1986, pp 148-150. 
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Smith Chart 
Calculations 


‘The Smith Chart is a sophisticated graphic tool for 
solving transmission line problems. One of the simpler 
applications is to determine the feed-point impedance of 
an antenna, based on an impedance measurement at the 
input of a random length of transmission line. By using 
the Smith Chart, the impedance measurement can be made 
with the antenna in place atop a tower or mast, and there 
is no need to cut the line to an exact multiple of half wave- 
lengths. The Smith Chart may be used for other purposes, 
too, such as the design of impedance-matching networks. 
These matching networks can take on any of several 
forms, such as L and pi networks, a stub matching sys- 
tem, ase tion match, and more. With a knowledge 
of the Smith Chart, the amateur can eliminate much “cut 
and try” work. 

Named after its inventor, Phillip H. Smith, the Smith 
Chart was originally described in Electronics for January 
1939. Smith Charts may be obtained at most university 
book stores. Smith Charts are also available from ARRL 
HQ. (See the caption for Fig 3.) 

Ivis stated in Chapter 24 that the input impedance, or 
the impedance seen when “looking into” a length of line, 
is dependent upon the SWR, the length of the line, and 
the Zp of the line. The SWR, in turn, is dependent upon 
the load which terminates the line. There are complex 
mathematical relationships which may be used to calcu- 
late the various values of impedances, voltages, currents, 
and SWR values that exist in the operation of a particular 
transmission line. These equations can be solved with a 
personal computer and suitable software, or the para 
meters may be determined with the Smith Chart. Even if 
computer is used, a fundamental knowledge of the Smith 
Chart will promote a better understanding of the prob- 
lem being solved. And such an understanding might lead 
to a quicker or simpler solution than otherwise. If the 
terminating impedance is known, it is a simple matter to 
determine the input impedance of the line for any length 
by means of the chart. Conversely, as indicated above, 
with a given line length and a known (or measured) input 
impedance, the load impedance may be determined by 
means of the chart—a convenient method of remotely 


determining an antenna impedance, for example. 

Although its appearance may at first seem somewhat 
formidable, the Smith Chart is really nothing more than 
a specialized type of graph. Consider it as having curved, 
rather than rectangular, coordinate lines. The coordinate 
system consists simply of two families of circles—the 
resistance family, and the reactance family. The resistance 
circles, Fig 1, are centered on the resistance axis (the only 
straight line on the chart), and are tangent to the outer 
circle at the right of the chart, Each circle is assigned a 
value of resistance, which is indicated at the point where 
the circle crosses the resistance axis. All points along any 
one circle have the same resistance value 

‘The values assigned to these circles vary from zero at 
the left of the chart to infinity at the right, and actually rep- 
resent a ratio with respect to the impedance value assigned 
to the center point of the chart, indicated 1.0. This center 
point is called prime center. If prime center is assigned a 
value of 100 Q, then 200 @ resistance is represented by the 
2.0 circle, 50 2 by the 0.5 circle, 20 Q by the 0.2 cirel 
so on. If, instead, a value of 50 is assigned to prime center, 


Fig 1—Resistance circles of the Smith Chart coordinate 
system. 
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the 2.0 citcle now represents 100.0, the 0.5 circle 25.0, and 
the 02 circle 10 Q. In each case, it may be seen that the 
value on the chart is determined by dividing the actual re- 
sistance by the number assigned to prime center. This pro- 
cess is called normalizing, 

Conversely, values from the chart are converted back 
to actual resistance values by multiplying the chart value 
times the value assigned to prime center. This feature per- 
‘mits the use of the Smith Chart for any impedance val- 
ues, and therefore with any type of uniform transmission 
line, whatever its impedance may be. As mentioned above, 
specialized versions of the Smith Chatt may be obtained 
with a value of $0 Q at prime center. These are intended 
for use with 50-0 lines 

Now consider the reactance circles, Fig 2, whieh 
appear as curved lines on the chart because only segments 
of the complete circles are drawn. These circles are tan- 
gent to the resistance axis, which itself is a member of 
the reactance family (with a radius of infinity). The cen- 
ters are displaced to the top or bottom on a line tangent 
to the right of the chart. The large outer circle bounding 
the coordinate portion of the chart is the reactance axis. 

Each reactance circle segment is assigned a value of 
reactance, indicated near the point where the circle touches 
the reactance axis. All points along any one segment have 
the same reactance value. As with the resistance circles, the 
values assigned to each reactance circle are normalized with 
respect to the value assigned to prime center, Values to the 
{op of the resistance axis are positive (inductive), and those 
to the 
bottom of the resistance axis are negative (capacitive). 

‘When the resistance family and the reactance fam- 
ily of circles are combined, the coordinate system of the 
‘Smith Chart results, as shown in Fig 3. Complex imped- 
ances (R + jX) can be plotted on this coordinate system. 


Fig 2—Reactance circles (segments) of the Smith Chart 
coordinate system. 
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IMPEDANCE PLOTTING 


Suppose we have an impedance consisting of SO Q 
resistance and 100 inductive reactance (Z = 50 +) 100). 
If we assign a value of 100 Q to prime center, we nor- 
‘malize the above impedance by dividing each component 
of the impedance by 100. The normalized impedance is 
then 50/100 + j (100/100) = 0.5 + j 1.0. This impedance 
is plotted on the Smith Chart at the intersection of the 0.5 
resistance circle and the +1.0 reactance circle, as indi- 
cated in Fig 3. Calculations may now be made from this 
plotted value. 

Now say that instead of assigning 100 Q to prime 
center, we assign a value of 50 Q. With this assignment, 
the 50 + j 100.0 impedance is plotted atthe intersection of 
the 50/50 = 1.0 resistance circle, and the 100/50 = 2.0 posi- 
tive reactance circle. This value, 1 + j2, is also indicated in 
Fig 3. But now we have rwo points plotted in Fig 3 to rep- 
resent the same impedance value, 50 + 100 Q. How can 
this be? 

These examples show that the same impedance may 
be plotted at different points on the chart, depending upon 
the value assigned to prime center. But two plotted points 
‘cannot represent the same impedance at the same time! It 
is customary when solving transmission-line problems 
to assign to prime center a value equal to the characteris- 
tic impedance, of Zo, of the line being used. This value 
should always be recorded at the start of calculations, to 
avoid possible confusion later. (In using the specialized 
‘charts with the value of 50 at prime center, its, of course, 
not necessary to normalize impedances when working 
with 50-0 Line. The resistance and reactance values may 
be read directly from the chart coordinate system.) 

Prime center is a point of special significance. As 


of Smith Chart forms are available from ARRL HQ. At 
the time of this writing, five 81 x 11 inch Smith Chart 
forms are available for $2. 


[ise 


FI) - 


just mentioned, is is customary when solving problems 
to assign the Zy value of the line to this point on the 
chart—S0 Q for a 50-Q line, for example. What this 
‘means is that the center point of the chart now represents 
50 4] 0 ohms-a pure resistance equal to the characteris. 
tic impedance of the line. If this were a load on the line, 
‘we recognize from transmission-line theory that it repre= 
sents a perfect match, with no reflected power and with a 
1.0 to 1 SWR. Thus, prime center also represents the 1.0 
SWR circle (with a radius of zero). SWR cieles are also 
discussed in a later section, 


Short and Open Circuits 

On the subject of plotting impedances, two special 
ceases deserve consideration. These are short circuits and 
‘open citeuits. A true short circuit has zero resistance and 
zero reactance, or 0+ j 0). This impedance is plotted at 
the left of the chart, at the intersection of the resistance 
and the reactance axes. By contrast, an open circuit has 
infinite resistance, and therefore is plotted at the right of 
the chart, at the intersection of the resistance and reac- 
tance axes. These two special cases are sometimes used 
in matching stubs, described later. 


Standing-Wave-Ratio Circles 
‘Members of a thitd family of circles, which 
are not printed on the chart but which are added 
during the process of solving problems, are 
standing-wave-ratio or SWR circles. See Fig 4. 
This family is centered on prime center, and ap- 
pears as concenttie circles inside the reactance 
axis. During calculations, one or more of these 
circles may be added with a drawing compass. 
Bach circle represents a value of SWR, with 
every point on a given circle representing the 
same SWR. The SWR value for a given circle 
‘may be determined directly from the chart coor- 
dinate system, by reading the resistance value 
where the SWR citcle crosses the resistance axis 
to the right of prime center. (The reading where 
the circle crosses the resistance axis to the left 
of prime center indicates the inverse ratio.) 
Consider the situation where a load mis- 
‘match in a length of line causes a 3-to-1 SWR 
ratio to exist. If we temporarily disregard line 
losses, we may state that the SWR remains con- 
stant throughout the entize length of this Line. 
This is represented on the Smith Chart by draw- 
ing a 3:1 constant SWR circle (a circle with a 
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the length of the line involved, 

This brings into use the wavelength seales, which 
appear in Fig 5 near the perimeter of the Smith Chart 
‘These scales are calibrated in terms of portions of an elee- 
trical wavelength along a transmission line. Both scales 
start from 0 at the left of the chart. One scale, running 


radius of 3 on the resistance axis), as in Fig 5. esse sane Til 
The design of the chat is such that any imped- aos accel 
ance encountered anywhere along the length of eke cheater aie 
this mismatched line wll fall on the SWR circle. i tent p 
The impedances may be read from the coordi- Al 
nate system merely by the progressing around 
the SWR cizcle by an amount corresponding to Fig 5Example discussed in text. 
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counterclockwise, starts at the generator or input end of 
the line and progresses toward the load. The other scale 
starts at the load and proceeds toward the generator in a 
clockwise ditection. The complete citcle around the edge 
of the chart represents Ys. Progressing once around the 
perimeter of these scales corresponds to progressing along 
‘a ansmission line for /2 4, Because impedances repeat 
themselves every '/2 along a piece of line, the chart may 
be used for any length of line by disregarding or sub- 
tracting from the Line’s total length an integral, or whole 
number, of half wavelengths. 

‘Also shown in Fig 5 is a means of transferring the 
radius of the SWR circle tothe external scales ofthe chart, 
by drawing lines tangent to the circle. Another simple way 
to obtain information from these external scales is to rans- 
fer the radius of the SWR circle to the external scale with 
1a drawing compass. Place the point of a drawing compass 
at the center or 0 line, and inseribe a short are across the 
appropriate scale. It will be noted that when this is done 
in Fig 5, the external STANDING-WAVE VOLTAGE-RATIO scale 
indicates the SWR to be 3.0 (at A)—our condition for ini- 
tially drawing the circle on the chart (and the same as the 
'SWR steading on the resistance axis). 


SOLVING PROBLEMS WITH THE 
‘SMITH CHART 
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voltage minimum along the Line is 8.4 dB. (This is math- 
‘ematically equivalent to 20 times the log of the SWR 
value.) 

Next, with a straightedge, draw a radial line from 
prime center through the plotted point to intersect the 
‘wavelengths scale. At this intersection, point C in Fig 6, 
read a value from the wavelengths scale. Because we are 
starting from the load, we use the TOWARD GENERATOR or 
outermost calibration, and read 0.088 2. 

To obtain the line input impedance, we merely find 
the point on the SWR circle that is 0.3 2 toward the gen- 
‘erator from the plotted load impedance. This is accom- 
plished by adding 0.3 (the length of the line in 
wavelengths) to the reference or starting point, 0.088: 0.3 
+ 0.088 = 0.388. Locate 0.388 on the TOWARD GENERA- 
‘Tor scale (at D). Draw a second radial line from this point 
to prime center. The intersection of the new radial line 
with the SWR ciscle represents the normalized line input 
impedance, in this ease 0.6 ~ j 0.66. 

To find the unnormalized line impedance, multiply 
by 50, the value assigned to prime center. The resulting 
value is 30 ~ 733, or 30 Qresistance and 33 Q capacitive 
reactance. This is the impedance that a transmitter must 
match if such a system were a combination of antenna 


‘Suppose we have a transmission line with 
‘a characteristic impedance of 50 and an elec- 
trical length of 0.3 2. Also, suppose we termi- 
nate this line with an impedance having a 
resistive component of 25 Q and an inductive 
reactance of 25  (Z = 25 + j 25). What is the 
input impedance to the line? 

‘The characteristic impedance of the line is 
50 Q, so we begin by assigning this value (0 
prime center. Because the line is not terminated 
in its characteristic impedance, we know that 
standing waves will exist on the line, and that, 
therefore, the input impedance to the line will 
not be exactly 50.0. We proceed as follows. Firs 
normalize the load impedance by dividing both 
the resistive and reactive components by 50 (Zy 
of the line being used). The normalized imped- 
ance in this case is 0.5 + / 0.5. This is plotted on 
the chart atthe intersection of the 0.5 resistance 
and the +0.5 reactance circles, as in Fig 6. Then 
ddraw a constant SWR citele passing through this, 
point. Transfer the radius of this circle to the 
external scales with the drawing compass. From 
the external STANDING-WAVE VOLTAGE-RATIO. 
scale, it may be seen (at A) thatthe voltage ratio 
of 2.62 exists for this radius, indicating that our 
line is operating with an SWR of 2.62 to 1. This, 
figure is converted to decibels in the adjacent 


scale, where 8.4 dB may be read (at B), ind 
ing that the ratio of the voltage maximum to the 
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and transmission line. This is also the impedance that 
‘would be measured on an impedance bridge if the mea- 
surement were taken at the line input. 

In addition tothe line input impedance and the SWR, 
the chart reveals several other operating characteristics 
of the above system of line and load, if a closer look is 
desired. For example, the voltage reflection coefficient, 
both magnitude and phase angle, for this particular load 
is given, The phase angle is read under the radial line 
drawn through the plot of the load impedance, where the 
line intersects the ANGLE OF REFLECTION COEFFICIENT 
scale. This scale is not included in Fig 6, but will be found 
on the Smith Chart just inside the wavelengths scales. In 
this example, the reading is 116.6 degrees. This indicates 
the angle by which the reflected voltage wave leads the 
{neident wave at the load. It will be noted that angles on 
the bottom half, or capacitive-reactance half, of the chart 
are negative angles, a “negative” lead indicating that the 
reflected voltage wave actually lags the incident wave. 

‘The magnitude of the voltage-reflection-coefficient 
‘may be read from the external REFLECTION COEFFICIENT 
VOLTAGE scale, and is seen to be approximately 0.45 (at 
E) for this example. This means that 45 percent of the 
incident voltage is reflected. Adjacent to this scale on the 
POWER calibration, itis noted (at F) that the power reflec- 
tion coefficient is 0.20, indicating that 20 per- 
cent of the incident power is reflected. (The 
amount of reflected power is proportional to 
the square of the reflected voltage.) 


ADMITTANCE COORDINATES 


Quite often it is desirable t0 convert 
impedance information to admittance data— 
conductance and susceptance. Working with 
admittances greatly simplifies determining the 
resultant when two complex impedances are 
connected in parallel, asin stub matching. The 
conductance values may be added directly, as 
may be the susceptance values, to arrive at 
the overall admittance for the parallel com! 
nation. This admittance may then be con- 
verted back to impedance data, if desired. 

(On the Smith Chart, the necessary con- 
version may be made very simply. The equiva- 
lent admittance of a plotted impedance value 
lies diametrically opposite the impedance 
point on the chart. In other words, an imped- 
ance plot and its corresponding admittance 
plot will lie on a straight line that passes 
through prime center, and each point will be 
the same distance from prime center (on the 
same SWR circle). In the above example, 
where the normalized line input impedance 
is 0.6 ~ j 0.66, the equivalent admittance lies 
at the intersection of the SWR circle and the 
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point D though prime center. Although not shown in Fig 
6, the normalized admittance value may be read as 0.76 + 
0.84 if the line starting at D is extended 

In making impedance-admittance conversions, remem- 
ber that capacitance is considered to be a positive 
susceptance and inductance a negative susceptance. This 
‘cortesponds to the scale identification printed on the chart. 
‘The admittance in siemens is determined by dividing the 
normalized values by the Zo of the Line. For this example 
the admittance is 0.76/50 + j 0.84/50 = 0.0152 + j 0.0168 
siemen, OF course admittance coordinates may be con- 
verted to impedance coordinates just as easily—by 
locating the point on the Smith Chart that is diametri- 
cally opposite that representing the admittance coordi- 
nates, on the same SWR circle. 


DETERMINING ANTENNA IMPEDANCES 


To determine an antenna impedance from the Smith 
Chart, the procedure is similar to the previous example 
The electrical length of the feed line must be known and 
the impedance value at the input end of the line must be 
determined through measurement, such as with an 
impedance-measuring or a good quality noise bridge. In 
this case, the antenna is connected to the far end of the 
line and becomes the load for the line. Whether the 


extension of the straight line passing from 


Fig 7—Example discussed in text. 
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antenna is intended purely for transmission of energy, or 
purely for reception makes no difference; the antenna is 
still the terminating or load impedance on the line as far 
as these measurements are concerned. The input or gen= 
erator end of the line is that end connected to the device 
for measurement of the impedance. In this type of prob- 
Jem, the measured impedance is plotted on the chart, and 
the TOWARD LoaD wavelengths scale is used in conjune- 
tion with the electrical line length to determine the actual 
antenna impedance. 

For example, assume we have a measured input 
impedance to a 50-@ line of 70 — j 25 Q. The line is 2.35 & 
Jong, and is terminated in an antenna. What is the antenna 
feed impedance? Normalize the input impedance with 
respect to 50 ©, which comes out 1.4 ~/ 0.5, and plot this 
value on the chart. See Fig 7. Draw a constant SWR circle 
through the point, and transfer the radius to the external 
scales. The SWR of 1.7 may be read from the VOLTAGE 
RATIO scale (at A). Now draw a radial line from prime cen- 
ter through this plotted point to the wavelengths scale, and 
read a reference value (at B). For this case the value is 
(0.195, on the TOWARD LOAD scale. Remember, we are start- 
ing at the generator end of the transmission line. 

‘To locate the load impedance on the SWR circle, 
add the line length, 2.35 2, to the reference value from 
the wavelengths scale; 2.35 + 0.195 = 2.545. Locate the 
new value on the TOWARD LOAD scale, But because the 
calibrations extend only from 0 to 0.5, we must first sub- 
twact a number of half wavelengths from this value and 
use only the remaining value. In this situation, the larg- 
est integral number of half wavelengths that can be sub- 
tracted with a positive result is 5, or 2.5 2. Thus, 2.545 ~ 
2.5 = 0.045. Locate the 0.045 value on the TOWARD LOAD 
scale (at C). Draw a radial line from this value to prime 
center. Now, the coordinates at the intersection of the 
second radial line and the SWR circle represent the load 
impedance. To read this value closely, some interpola- 
tion between the printed coordinate lines must be made, 
and the value of 0.62 - j 0.19 is read. Multiplying by 50, 
‘we get the actual load or antenna impedance as 31 — 9.5 
Q, or 31 O resistance with 9.5 Q capacitive reactance. 

Problems may be entered on the chart in yet another 
‘manner. Suppose we have a length of 50-@ line feeding a 
base-loaded resonant vertical ground-plane antenna which 
is shorter than '/ A, Further, suppose we have an SWR 
‘monitor in the line, and that it indicates an SWR of 1.7 to 
1. The line is known to be 0.95 2 long. We want to know 
both the input and the antenna impedances. 

From the information available, we have no imped- 
ances to enter into the chart. We may, however, draw a circle 
representing the 1.7 SWR. We also know, from the defini- 
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tion of resonance, that the antenna presents a purely resis- 
tive load to the line, that is, no reactive component. Thus, 
the antenna impedance must lie on the resistance axis. If 
we were to draw such an SWR circle and observe the chart 
with only the circle drawn, we would see two points which 
satisfy the resonance requirement for the load. These points 
are 0.59 + 0 and 1.7 +7 0. Multiplying by 50, we see that 
these values represent 29.5 and 85 resistance. This may 
sound familiar, because, as was discussed in Chapter 24, 
when a line is terminated in a pure resistance, the SWR in 
the line equals Zp/Zy oF Zy/Zp. where Zj=load resistance 
and Z=line impedance. 

If we consider antenna fundamentals described in 
Chapter 2, we know that the theoretical impedance of a 
"Yeh. ground: plane antenna is approximately 36.0. We there- 
fore can quite logically discard the 85-0 impedance figure 
in favor of the 29.5-Q value. This is then taken as the load 
impedance value for the Smith Chart calculations. To find 
the line input impedance, we subtract 0.5 2 from the line 
length, 0.95, and find 0.45 4 on the TOWARD GENERATOR 
scale. (The wavelength-scale starting point in this case is 
(0.) The line input impedance is found to be 0.63 ~ 0.20, of 
315-100. 


DETERMINATION OF LINE LENGTH 


In the example problems given so far in this chap- 
ter, the line length has conveniently been stated in wave~ 
lengths. The electrical length of a piece of line depends 
upon its physical length, the radio frequency under 
consideration, and the velocity of propagation in the line. 
If an impedance-measurement bridge is capable of quite 
reliable readings at high SWR values, the line length 
‘may be determined through line input-impedance mea- 
surements with short- or open-circuit line terminations. 
Information on the procedure is given later in this 
‘chapter. A more direct method is to measure the physi- 
cal length of the line and calculate its electrical length 
from 


Lt 
RAVE 


(Eq) 


where 
N 


‘umber of electrical wavelengths in the line 
line length in feet 

= frequency, MHz 

VE = velocity or propagation factor of the line 


The velocity factor may be obtained from transmis- 
sion-line data tables in Chapter 24. 
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Fig 9—Example of Smith Chart calculations taking line losses 


into account, 


8—This spiral is the actual “SWR 
ie" when line losses are taken into 
account. It is based on calculations for a 
16+t length of RG-174 coax feeding a 
resonant 28-MHz 300-0 antenna (50-0 
‘coax, velocity facto ten 

the load 


solving problems involving attenuation, 
two constant SWR circles are drawn 
instead of a spiral, one for the line input, 
‘SWR and one for the load SWR.. 


LINE-LOSS CONSIDERATIONS 
WITH THE SMITH CHART 


‘The example Smith Chart problems pre- 
sented in the previous section ignored attenu- 
ation, oF line losses. Quite frequently it is not 
even necessary to consider losses when mak- 
ing calculations; any difference in readings 
obtained are often imperceptible on the char. 
However, when the lin losses become appre= 
ciable, such as for high-loss lines, long lines, 
or at VHF and UHE, loss considerations may 
‘become significant in making Smith Chart cal- 
culations. This involves only one simple step, 
in addition to the procedures previously 
presented. 

Because of line losses, as discussed in 
‘Chapter 24 the SWR does not remain constant 
throughout the length of the line. As a result, 
there is a decrease in SWR as one progresses 
away from the load. To truly present this sii 
tion on the Smith Chat, instead of drawing a 
constant SWR circle, it would be necessary to 
draw a spiral inward and clockwise from the 
load impedance toward the generator, as shown 
in Fig 8. The rate at which the curve spirals 
toward prime center is related to the attenua- 
tion in the line. Rather than drawing spiral 
curves, simpler method is used in solving line- 
loss problems, by means of the external seale 
‘TRANSMISSION LOSS 1-DB STEPS. This scale may 
be seen in Fig 9. Because this is only a relative 
scale, the decibel steps are not numbered 

If we start atthe left end of this external 
seale and proceed in the direction indicated 
TOWARD GENERATOR, the frst dB step is seen 
to occur at a radius from center correspond. 
ing to an SWR of about 9 (at A); the second 
4B step falls at an SWR of about 45 (at B), 
the thd at 3.0 (at C), and so forth, until the 
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15th dB step falls at an SWR of about 1.05 to 1. This 
‘means that a line terminated in a short or open circuit 
nfinite SWR), and having an attenuation of 15 dB, would 
exhibit an SWR of only 1.05 at its input. It will be noted 
that the dB steps near the right end of the scale are very 
close together, and a line attenuation of 1 or 2 dB in this 
area will have only slight effect on the SWR. But near 
the left end of the scale, corresponding to high SWR val- 
ues, a 1 oF 2 4B loss has considerable effect on the SWR. 


Using a Second SWR Circle 

In solving a problem using line-loss information, it 
is necessary only to modify the radius of the SWR circle 
by an amount indicated on the TRANSMISSION-LOSS 1-DB 
TES scale. This is accomplished by drawing a second 
SWR circle, either smaller or larger than the first, 
depending on whether you are working toward the load 
or toward the generator, 

For example, assume that we have a 50-Q line that 
is 0.282 2 long, with 1-dB inherent attenuation. The line 
input impedance is measured as 60 + j 35 Q. We desire to 
know the SWR at the input and at the load, and the load 
impedance. As before, we normalize the 60 + j 35-0 
impedance, plot iton the chart, and draw a constant SWR 
circle and a radial line through the point. In this ease, the 
normalized impedance is 1.2 + /0.7. From Fig 9, the SWR 
at the line input is seen to be 1.9 (at D), and the radial 
line is seen to cross the TOWARD LOAD scale, first sub- 
tract 0.500, and locate 0.110 (at F); then draw a radial 
line from this point to prime center. 

To account for line losses, transfer the radius of the 
SWR circle to the external |-DB STEPS scale. This radius 
crosses the external scale at G, the fifth decibel mark from 
the left. Since the line loss was given as 1 dB, we strike a 
new radius (at H), one “tick mark” to the left (toward 
load) on the same scale. (This will be the fourth decibel 
tick mark from the left of the scale.) Now transfer this 
new radius back to the main chart, and scribe a new SWR 
citcle of this radius. This new radius represents the SWR 
at the load, and is read as 2.3 on the external VOLTAGE 
RATIO scale. At the intersection of the new circle and the 
load radial line, we read 0.65 — 0.6. This is the normal- 
ized load impedance. Multiplying by 50, we obtain the 
actual load impedance as 32.5 ~ j 30 Q. The SWR in this 
problem was seen to increase from 1.9 at the line input to 
2.3 (at D) at the load, with the 1-dB line loss taken into 
consideration, 

In the example above, values were chosen to fall con- 
veniently on or very near the “tick marks” on the I-dB 
seale, Actually. it is a simple matter to interpolate 
between these marks when making a radius correction, 
When this is necessary, the relative distance between 
‘marks for each decibel step should be maintained while 
counting off the proper number of steps. 

‘Adjacent to the 1-DB STEPS scale lies a LOSS COEFF 
CIENT scale. This scale provides a factor by which the 
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‘matched-line loss in decibels should be multiplied to 
account for the increased losses in the line when standing 
waves are present. These added losses do not affect the 
SWR or impedance calculations; they are merely the 
additional dielectric copper losses of the line caused by 
the fact that the line conducts more average voltage in the 
presence of standing waves. For the above example, from 
Fig 9, the loss coefficient at the input end is seen to be 
1.21 (at J), and 1.39 (at K) at the load. As a good approxi- 
‘mation, the loss coefficient may be averaged over the length 
of line under consideration; in this ease, the average is 1.3 
This means that the total losses in the line are 1.3 times 
the matched loss of the line (1 dB), or 1.3 dB. This is the 
same result that may be obtained from procedures given in 
‘Chapter 24 for this data, 


‘Smith Chart Procedure Summary 
To summarize briefly, any calculations made on the 
Smith Chart are performed in four basic steps, although 
ily in the order listed, 

1) Normalize and plot a line input (or load) impedance, 
and construct a constant SWR ciree. 

2) Apply the line length to the wavelengths scales. 

3) Determine attenuation or loss, if required, by means 
of a second SWR citele. 

4) Read normalized load (or input) impedance, and con- 
vert to impedance in ohms, 

The Smith Chart may be used for many types of 
problems other than those presented as examples here 
‘The transformer action of a length of line—to transform 
‘a high impedance (with perhaps high reactance) to a 
purely resistive impedance of low value—was not men- 
tioned. This is known as “tuning the line.” for which the 
cchart is very helpful, eliminating the need for “cut and 
uy” procedures. The chart may also be used to calculate 
lengths for shorted or open matching stubs in a system, 
described later in this chapter. In fact, in any application 
\where a transmission line is not perfectly matched, the 
Smith Chart can be of value. 


ATTENUATION AND Z, FROM IMPED- 
ANCE MEASUREMENTS 


If an impedance bridge is available to make accu- 
rate measurements in the presence of very high SWR val- 
ues, the attenuation, characteristic impedance and velocity 
factor of any random length of coaxial transmission line 
‘can be determined. This section was written by Jerry Hall, 
KITD. 

Homemade impedance bridges and noise bridges 
will seldom offer the degree of accuracy required to use 
this technique, but sometimes laboratory bridges can be 
found as industrial surplus at a reasonable price. It may 
also be possible for an amateur to borrow a laboratory 
type of bridge for the purpose of making some weekend 
‘measurements. Making these determinations is not diffi- 
‘cult, but the procedure is not commonly known among 
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amateurs. One equation treating complex numbers is used, 

‘but the math can be handled with a calculator supporting 

twig functions. Full details are given in the paragraphs 

that follow. 

For each frequency of interes 
are required to determine the line impedance. Just one 
‘measurement is used to determine the line attenuation and 
velocity factor. As an example, assume we have a 100- 
foot length of unidentified line with foamed dielectric, 
and wish to know its characteristics. We make our mea: 
surements at 7.15 MHz. The procedure is as follows. 

1) Terminate the line in an open circuit. The best “open 
circuit” is one that minimizes the capacitance between 
the center conductor and the shield. If the cable has a 
PL-259 connector, unscrew the shell and slide it back 
down the coax for a few inches. If the jacket and insu- 
lation have been removed from the end, fold the braid 
back along the outside of the line, away from the cen- 
ter conductor, 

2) Measure and record the impedance at the input end of 
the line. If the bridge measures admittance, convert 
the measured values to resistance and reactance. Label 
the values as Roc + j Xqg- For our example, assume we 
measure 85 + 179 Q. (Ifthe reactance term is capaci- 
tive, record it as negative.) 

3) Now terminate the line in a short circuit. IF a con- 
rector exists at the far end of the line, a simple 
short is a mating connector with a very short piece 
of heavy wite soldered between the center pin and 
the body. If the coax has no connector, removing 
the jacket and center insulation from a half inch or 
so at the end will allow you to tightly twist the 
braid around the center conductor. A small clamp 
or alligator clip around the outer braid at the twist 
will keep it tight 

4) Again measure and record the impedance at the 
input end of the line. This time label the values 
as R, #/ X. Assume the measured value now is 
48-7 11.29. 

‘This completes the measurements. Now we reach 
for the calculator. 

‘As amateurs we normally assume that the char- 
acteristic impedance of a line is purely resistive, 
but it can (and does) have a small capacitive reac- 
tance component. Thus, the Zy of a line actually 
consists of Ry + j Xo, The basic equation for caleu- 
lating the characteristic impedance is 


, two measurements, 


(42) 


ee 


2p = Y(RocReeKocXec }tH (RocXuctReXee) (E43) 


The expression under the radical sign in Eq 3 is in 
the form of R + j X. By substituting the values from our 
example into Eq 3, the R term becomes 85 x 4.8 ~ 179 x 


(11.2) = 24128, and the X term becomes 85> (-11.2) + 
48 x 179 = -92.8. So far, we have determined that 
y= fAB-]NS 


The quantity under the radical sign isin rectangular 
form. Extracting the square root of a complex term is 
handled easily if itis in polar form, a vector value and its 
angle. The vector value is simply the square root of the 
sum of the squares, which in this case is 


2412.87492.87 = 241458 

The tangent of the vector angle we are seeking is 
the value of the reactance term divided by the value of 
the resistance term. For our example this is arctan -92.8/ 
2412.8 = arctan 0.03846, The angle is thus found to be 
=2.20°. From all of this we have determined that 


2) = SUSE 


Extracting the square root is now simply a matter of finding 


eee. 


can 


cag! 


From Eq 2 the following working equation may be 
derived. 


Fig 10—Determining the line loss and velocity factor with 
the Smith Chart from input measurements taken with 
open-circuit and short-circuit terminations. 
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the square root ofthe vector value, and taking half the angle. 
(The angle is ueated mathematically as an exponent.) 

Our result for this example is Zp = 49.1/-1.1°. The 
small negative angle may be ignored, and we now know 
that we have coax with a nominal 50-@ impedance 
(Departures of as much as 6 to 8% from the nominal value 
are not uncommon.) If the negative angle is large, or if 
the angle is positive, you should recheck your calcula- 
tions and perhaps even recheck the original measure- 
‘ments. You can get an idea of the validity of the 
‘measurements by normalizing the measured values to the 
calculated impedance and plotting them on a Smith Chart 
as shown in Fig 10 for this example. Ideally, the two points 
should be diametrically opposite, but in practice they will 
be not quite 180° apart and not quite the same distance 
from prime center. Careful measurements will yield plot- 
ted points that are close to ideal. Significant departures 
from the ideal indicates sloppy measurements, or perhaps 
‘an impedance bridge that is not up to the task. 


Determining Line Attenuation 

‘The short circuit measurement may be used to 
determine the line attenuation. This reading is mote reli- 
able than the open circuit measurement because a good 
short cireuit is a short, while a good open circuit is hard 
to find. (It is impossible to escape some amount of 
capacitance between conductors with an “open” circuit, 
and that capacitance presents a path for current to flow at 
the RF measurement frequency.) 

Use the Smith Chart and the L-pa STEPS 
external scale to find line attenuation. First nor- 
‘malize the short circuit impedance reading to 
the calculated Zp, and plot this point on the 
chart. See Fig 10. For our example, the nor: 
malized impedance is 4.8/49.1 — j 11.2 / 49.1 
or 0.098 ~ j 0.228. After plotting the point 
twansfer the radius to the 1-DB STEPS scale. This 
is shown at A of Fig 10. 

Remember from discussions earlier in this 
chapter that the impedance for plotting a short 
citeuit is 0 + 70, at the left edge of the chart on 
the resistance axis. On the I-DB STEPS scale this 
is also atthe left edge. The total attenuation in 
the line is represented by the number of dB 
steps from the left edge to the radius mark 
wwe have just transferred. For this example itis 
0.8 dB. Some estimation may be required in 
interpolating between the 1-dB step marks. 


Determining Velocity Factor 

‘The velocity factor is determined by 
using the TOWARD GENERATOR wavelength scale 
of the Smith Chart. With a straightedge, draw 
line from prime center through the point rep: 


point is labeled B. Consider that during our measurement, 
the short circuit was the load at the end of the line. Imag- 
ine a spiral curve progressing from 0 + j 0 clockwise and 
inward to our plotted measurement point. The wavelength 
scale, at B, indicates this line length is 0.464 A. By rear- 
ranging the terms of Eq 1 given early in this chapter, we 
arrive at an equation for calculating the velocity factor. 


Lt 
vee (Eq 4) 
where 

velocity factor 
line length, feet 
frequency, MHz 

‘number of electrical wavelengths in the line 


Inserting the example values into Eq 4 yields VE = 
100 x 7.15/(984 x 0.464) = 1.566, or 156.6%. Of course, 
this value is an impossible number—the velocity factor in 
‘coax cannot be greater than 100%. But remember, the 
‘Smith Chatt can be used for lengths greater than '/s A. There- 
fore, that 0.464 value could rightly be 0.964, 1.464, 1.964, 
and so on. When using 0.964 A, Eq 4 yields a 
velocity factor of 0.753, or 75.3%. Trying successively 
greater values for the wavelength results in velocity factors 
‘of 49.6 and 37.0%. Because the cable we measured had 
foamed dielectric, 75.3% is the probable velocity factor. 
‘This corresponds to an electrical length of 0.964 2. There- 
fore, we have determined from the measurements and 


resenting the short-circuit reading, until it in- Fig 71—Smith Chart determination of Input Impex 


tersects the wavelengths scale. In Fig 10 this and open-circuited line sections, disregarding line losses. 
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calculations that our unmarked coax has a nominal 50-0 
impedance, an attenuation of 0.8 dB per hundred feet at 
7.15 MHz, and a velocity factor of 75.3%. 

tis difficult to use this procedure with short lengths 
of coax, just a few feet. The reason is that the SWR at the 
line input is too high to permit accurate measurements 
‘with most impedance bridges. In the example above, the 
‘SWR at the line input is approximately 12:1 

The procedure described above may also be used 
for determining the characteristics of balanced lines. 
However, impedance bridges are generally unbalanced 


Fig 12—The method of stub matching a mismatched 
load on coaxial lines. 


& 


devices, and the procedure for measuring a balanced 
impedance accurately with an unbalanced bridge is com- 
plicated, 


LINES AS CIRCUIT ELEMENTS 


Information is presented in Chapter 24 on the use of 
transmission-line sections as circuit elements. For 
‘example, itis possible to substitute transmission lines of 
the proper length and termination for coils or capacitors 
in ordinary circuits. While there is seldom a practical need 
for that application, lines are frequently used in antenna 
systems in place of lumped components to tune of reso- 
nate elements. Probably the most common use of such a 
line is in the haitpin match, where a short section of stiff 
‘open-wite line acts as a lumped inductor. 

The equivalent “lumped” value for any “inductor” 
or “capacitor” may be determined with the aid of the Smith 
Chart. Line losses may be taken into account if desired, 
as explained earlier. See Fig 11. Remember that the 
top half of the Smith Chart coordinate system is used 
for impedances containing inductive reactances, and the 
bottom half for capacitive reactances. For example, a sec- 
tion of 600-Q line ‘Vu-A long (0.1875 2) and short 
‘cuted at the far end is represented by 1, drawn around a 
portion of the perimeter ofthe chart. The “load” isa short- 
circuit, 0+ 0.Q, and the TOWARD GENERATOR Wavelengths. 
scale is used for marking off the line length. At A in 

Fig 11 may be read the normalized imped- 
ance as seen looking into the length of line, 
0+ j 2.4, The reactance is therefore induc- 
tive, equal to 600 x 2.4 = 1440 Q. The same 
line when open-circuited (termination imped- 
ance = =, the point at the right of the chart) 
is represented by (2 in Fig 11. AtB the nor- 
malized line-input impedance may be read 
as 0 ~ j 0.41; the reactance in this case is 
capacitive, 600 x 0.41 = 246 Q. (Line losses 
are disregarded in these examples.) From 
Fig 11 itis easy to visualize that if (1 were 
to be extended by ‘Ve A, the total length rep- 
resented by £3, the line-input impedance 
‘would be identical to that obtained in the case 


represented by f2 alone. In the case of #2, 
the Line is open-circuited at the far end, but 
in the case of £3 the line is terminated in a 
short, The added section of line for £3 pro- 
vides the “transformer action” for which the 
Yok ine is noted, 

TThe equivalent inductance and capacitance 
as determined above can be found by substi= 
tuting these values in the equations relating 
inductance and capacitance to reactance, or 
by using the various charts and calculators 
available. The frequency corresponding to the 


Fig 13—Smith Chart method of determining the dimensions for 


stub matching. 


line length in degrees must be used, of course 
In this example, if the frequency is 14 MHz 
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Conclusion 


Ireally hope the Basic Soldering Guide will give you the confidence to try your 
hand at electronic soldering. It’s really a lot easier than it sounds, and armed with the 
guide’s advice and photographs, the next thing to do is invest in a decent-quality soldering 
iron such as the excellent range manufactured by Antex that will serve you well for years 
to come. 


Soldering an electronics kit together such as the professional designs produced by 
Velleman is a great way of testing out your new skills. Start with a small, simple kit 
costing a few pounds to gain confidence and experience, and avoid the temptation to 
tackle something too complex until you're ready to extend yourself further. 


Feedback is welcomed by email to alan@epemag.demon.co.uk 


You can learn more about me at www.alanwinstanley.com or read my column in 
EPE Magazine. 


Good luck with your soldering! 


Alan Winstanley 


Text and Photographs © Copyright © Alan Winstanley 1997-2013 
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the equivalent inductance and capacitance in the two cases 
are 16.4 HH and 46.2 pF, respectively. Note that when 
the line length is 45° (0.125 2), the reactance in either 
cease is numerically equal to the characteristic impedance 
of the line. In using the Smith Chart it should be kept in 
‘mind that the electrical length of a line section depends 
oon the frequency and velocity of propagation, as well as 
fon the actual physical length, 

At lengths of line that are exact multiples of" A, such 
lines have the properties of resonant circuits. At lengths 
where the input reactance passes through zero atthe left of 
the Smith Chart, the line acts as a series-resonant circuit 
Aclengths for which the reactances theoretically pass from 
“positive” to “negative” infinity at the right of the Smith 
Chant, the line simulates a parallel-resonant circuit, 


Designing Stub Matches with 
the Smith Chart 

The design of stub matches is covered in detail in 
Chapter 26. Equations are presented there to calculate 
the electrical lengths of the main line and the stub, based 
‘on a purely resistive load and on the stub being the same 
type of line as the main line. The Smith Chart may also 
be used to determine these lengths, without the require- 
‘ments that the load be purely resistive and that the line 
types be identical 

Fig 12 shows the stub matching arrangement in 
coaxial line. As an example, suppose that the load is an 
antenna, a close-spaced array fed with a 52-Q line. Fur- 
ther suppose that the SWR has been measured as 3.1:1 
From this information, a constant SWR circle may be 
ddrawn on the Smith Chart. Its radius is such that it inter- 
sects the right portion of the resistance axis at the SWR 
value, 3.1, as shown at point B in Fig 13. 

‘Since the stub of Fig 12 is connected in parallel with 
the transmission line, determining the design of the 
‘matching arrangement is simplified if Smith Chart val- 
ues are dealt with as admittances, rather than impedances. 
(An admittance is simply the reciprocal of the associated 
impedance. Plotted on the Smith Chart, the two associ- 
ated points are on the same SWR circle, but diametri- 
cally opposite each other.) Using admittances leaves les: 
chance for errors in making calculations, by eliminating 
the need for making series-equivalent to parallel-equiva- 
lent circuit conversions and back, or else for using com- 
plicated equations for determining the resultant value of 
‘wo complex impedances connected in parallel. 

‘A complex impedance, Z, is equal to R + j X, as 
described in Chapter 24. The equivalent admittance, Y, 
equal to G ~jB, where G is the conductive component and 
B the susceptance. (Inductance is taken as negative 
susceptance, and capacitance as positive.) Conductance and 
susceptance values ate plotted and handled on the Smith 
Chart in the same manner as resistance and reactance. 

‘Assuming thatthe close-spaced array of our example 
hhas been resonated at the operating frequency, it will 
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present a purely resistive termination for the load end of 
the 52-0 line. From information in Chapter 24, itis known 
that the impedance of the antenna equals Z;/SWR = 52/ 
3.1 = 16.8 Q. (We can logically discard the possibility 
that the antenna impedance is SWR x Zp, of 0.06 Q) If 
this 16.8.0 value were to be plotted as an impedance on 
the Smith Char, it would first be normalized (16.8/52 = 
(0.32) and then plotted as 0.32 + j 0. Although not neces- 
sary for the solution of this example, this value is plotted 
at point A in Fig 13. What is necessary is a plot of the 
admittance for the antenna as a load. This is the recipro- 
cal of the impedance: 1/16.8 © equals 0.060 siemen. To 
plot this point it is first normalized by multiplying the 
‘conductance and susceptance values by the Zo of the line 
‘Thus, (0.060 + j 0) x 52 = 3.1 +/ 0. This admittance 
value is shown plotted at point B in Fig 13. It may be 
seen that points A and B are diametrically opposite each 
other on the chart. Actually, for the solution of this 
‘example, it wasn't necessary to compute the values for 
either point A or point B as in the above paragraph, for 
they were both determined from the known SWR value 
of 3.1. As may be seen in Fig 13, the points are located 
‘on the constant SWR circle which was already drawn, at 
the two places where it intersects the resistance axis. The 
plotted value for point A, 0.32, is simply the reciprocal 
of the value for point B, 3.1. However, an understanding 
‘of the relationship between impedance and admittance is 
‘easier to gain with simple examples such as this 

In stub matching, the stub is to be connected at a 
point in the line where the conductive component equals 
the Zy of the line. Point B represents the admittance of 
the load, which is the antenna. Various admittances will 
be encountered along the line, when moving in a direc- 
tion indicated by the TOWARD GENERATOR wavelengths 
scale, but all admittance plots must fall on the constant 
SWR circle. Moving clockwise around the SWR circle 
from point B, itis seen that the line input conductance 
will be 1.0 (normalized Zp of the line) at point C, 0.082. 
toward the transmitter from the antenna. Thus, the stub 
should be connected at this location on the line. 

The normalized admittance at point C, the point rep- 
resenting the location of the stub, is 1 — j 1.2 siemens, 
having an inductive susceptance component. A capaci- 
tive susceptance having a normalized value of + j 1.2 
siemens is required across the line at the point of stub 
‘connection, to cancel the inductance. This capacitance is 
to be obtained from the stub section itself: the problem 
now is to determine its type of termination (open or 
shorted), and how long the stub should be. This is done 
by first plotting the susceptance required for cancella- 
tion, 0 + 1.2, om the chart (point D in Fig 13). This point 
represents the input admittance as seen looking into the 
stub. The “load” or termination for the stub section is 
found by moving in the TOWARD LOAD direction around 
the chart, and will appear at the closest point on the 
resistance/conductance axis, either atthe left or the right 
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of the chart. Moving counterclockwise from point D, this 
is located at E, atthe left of the chart, 0.139 2. away. From 
this we know the required stub length. The “load” at the 
far end of the stub, as represented on the Smith Chart, 
has a normalized admittance of 0 + j 0 siemen, which is 
equivalent to an open circuit 

When the stub, having an input admittance of 0+ 
} 1.2 siemens, is connected in parallel with the line at a 
point 0.082 A trom the load, where the line input admit- 
tance is 1.0 - j 1.2, the resultant admittance is the sum of 
the individual admittances. The conductance components 
are added directly, as are the susceptance components. In 
this case, 1.0 —j 1.2 +j 1.2 = 1.0-+/ 0 siemen. Thus, the 
line from the point of stub connection to the transmitter 
will be terminated in a load which offers a perfect match, 
‘When determining the physical line lengths for stub match- 
ing, it is important to remember that the velocity factor 
for the type of line in use must be considered, 


MATCHING WITH LUMPED CONSTANTS 


was pointed out earlier that the purpose of a match- 
ing stub is to cancel the reactive component of line 
impedance at the point of connection. In other words, the 
stub is simply a reactance of the proper kind and value 
shunted across the line. It does not matter what physical 
shape this reactance takes. It can be a section of trans- 


The Series-Sec: 


The series-section transformer is described in Chap- 
ter 26, and equations are given there for its design. The 
transformer can be designed graphically with the aid of a 
‘Smith Chart. This information is based on a OST article 
by Frank A, Regier, ODSCG. Using the Smith Chart to 
design a series-section match requires the use of the chart 
{nits less familiar off-center mode. This mode is described 
in the next two paragraphs. 

Fig 14 shows the Smith Chart used in its familiar 
centered mode, with all impedances normalized to that 
of the transmission line, in this case 75 , and all con- 
stant SWR circles concentric with the normalized value ¢ 
‘at the chart center. An actual impedance is recovered 
by multiplying a chart reading by the normalizing 
impedance of 75 Q. If the actual (unnormalized) imped- 
ances represented by a constant SWR circle in Fig 14 are 
instead divided by a normalizing impedance of 300 Q, a 
different picture results. A Smith Chatt shows all pos- 
sible impedances, and so a closed path such as a constant 
SWR circle in Fig 14 must again be represented by a 
closed path. In fact, it can be shown that the path remains 
circle, but that the constant SWR circles are no longer 
concentric. Fig 1S shows the circles that result when the 
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mission line or a “lumped” inductance or capacitance, as 
desired. In the above example with the Smith Chart solu- 
tion, a capacitive reactance was required. A capacitor 
having the same value of reactance can be used just as 
well. There are cases where, from an installation stand- 
point, it may be considerably more convenient to con- 
rect a capacitor in place of a stub. This is particularly 
true when open-wire feeders are used. If a variable 
capacitor is used, it becomes possible to adjust the 
‘capacitance to the exact value required. 

The proper value of reactance may be determined 
from Smith Chart information. In the previous example, 
the required susceptance, normalized, was +] 1.2 siemens. 
‘This is converted into actual siemens by dividing by the 
line Zy; 1.2/52 = 0.023 siemen, capacitance. The required 
‘capacitive reactance is the reciprocal of this latter value, 
110.023 = 43.5 2. If the frequency is 14.2 MHz, for in- 
stance, 43.5 Q corresponds to a capacitance of 258 pE. A 
325-pF variable capacitor connected across the line 0.082 
2. from the antenna terminals would provide ample ad- 
justment range. The RMS voltage across the capacitor is 


E= PxZ 


For 500 W, for example, E = the square root of $00 
x 52 = 161 V. The peak voltage is 1.41 times the RMS 
value, or 227 V. 


jon Transformer 


impedances along a mismatched 75-Q line are normal- 
ized by dividing by 300 © instead of 75. The constant 
SWR citeles still surround the point corresponding to the 
‘characteristic impedance of the line (r = 0.25) but are no 
longer concentric with it. Note that the normalized 
impedances read from corresponding points on Figs 14 
and 15 are different but that the actual, unnormalized, 
impedances are exactly the same, 


‘An Example 
Now tum to the example shown in Fig 16. A com: 
plex load of Z, = 600 + j 900 Q is to be fed with 
300-0 line, and a 75-0 series section is to be used. These 
‘characteristic impedances agree with those used in Fig 
15, and thus Fig 15 can be used to find the impedance 
variation along the 75-Q series section. In particular, the 
constant SWR circle which passes through the Fig 15 
‘chart center, SWR = 4 in this case, passes through all the 
impedances (normalized to 300 2) which the 75-02 series 
section is able to match to the 300-0 main line. The length 
11 of 300-Q line has the job of transforming the load 
impedance to some impedance on this matching circle 
Fig 17 shows the whole process more clearly, with all 
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Fig 14—Constant SWR circles for SWR 
showing impedance variation along 75-0 line, normalized to 
75.Q. The actual impedance is obtained by multiplying the 
chart reading by 75.0. 


Fig 15—Paths of constant SWR for SWR = 2,3, 4 and 5, 
showing impedance variation along 75-0 line, normalized to 
300 Q. Normalized impedances differ from those in Fig 14, 
but actual impedances are obtained by multiplying char 
readings by 300 @ and are the same as those corresponding 
in Fig 14, Paths remain circles but are no longer concentric. 
One, the matching circle, SWR = 4 in this case, passes 
through the chart center and is thus the locus of all 
impedances which can be matched to a 300-0 li 
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Fig 16—Example for solution by Smith Char 
impedances are normalized to 300 0. 


impedances normalized to 300 ©. Here the normal- 
ized load impedance Z,, = 2 + j3 is shown at R, and 
the matching circle appears centered on the resistance 
axis and passing through the points ¢ = 1 and 
(751300)? = 0.0625. constant SWR circle is drawn 
from R to an intersection with the matching circle at 
Q or Q and the corresponding length £1 (or #1’) ean 
be read directly from the Smith Chart. The clockwise 
distance around the matching circle represents the 
length of the matching line, from either Q” to P or 
from Q to P. Because in this example the distance QP 
is the shorter of the two for the matching section, we 
choose the length #1 as shown. By using values from 
the TOWARD GENERATOR scale, this length is found as 
(0.045 ~ 0.213, and adding 0.5 to obtain a positive re- 
sult yields a value of 0.332 2. 

Although the impedance locus from Q to P is 
shown in Fig 17, the length f2 cannot be determined 
directly from this chart. This is because the match- 
ing circle is not concentric with the chart center, so 
the wavelength scales do not apply to this cele. This 
problem is overcome by forming Fig 18, which is 
the same as Fig 17 except that all normalized imped 
ances have been divided by n = 0.25, resulting in a 
‘Smith Chart normalized to 75 2 instead of 300. The 
matching circle and the chart center are now coneen- 
tric, and the series-section length £2. the distance 
‘between Q and P, ean be taken directly from the chart. 
By again using the TOWARD GENERATOR scale, this, 
length is found as 0.250 ~ 0.148 = 0.102 2 

In fact it is not necessary to construct the 
entire impedance locus shown in Fig 18. Its suffi- 
cient to plot Ze/n (Zg is read from Fig 17) and 
Z,Jo = Un, connect them by a circular are centered 
fon the chart center, and to determine the are length 
£2 from the Smith Chart 


Procedure Summary 
‘The steps necessary to design a series-section 
transformer by means of the Smith Chart can now 
be listed: 
1) Normalize all impedances by dividing by the 
characteristic impedance of the main line, 
2) On a Smith Chart, plot the normalized load impe- 
dance Z, at R and construct the matching circle 
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so that its center is on the resistance axis and it 
;passes through the points r= I and r= 

3) Construct a constant SWR citcle centered on 
the chart center through point R. This circle 
should intersect the matching circle at two 
points. One of these points, normally the one 
resulting in the shorter clockwise distance 
along the matching circle to the chart center, 
is chosen as point Q, and the clockwise dis- 
tance from R to Q is read from the chart and 
taken to be FL 

4) Read the impedance Zg from the chart, caleu- 
late Zo/n and plot it as point Q on a second 
Smith Chart. Also plot r= I/n as point P. 

5) On this second chart construct a circular are, 
centered on the chart center, clockwise from 
Qto P. The length of this arc, read from the 
chart, represents 2. The design of the trans- 
former is now complete, and the necessary 
physical line lengths may be determined, 

‘The Smith Chart construction shows that two 
design solutions are usually possible, correspond- 
ing to the two intersections of the constant SWR 
citele (for the load) and the matching circle. These 
‘wo values correspond to positive and negative 
values of the square-root radical in the equation 
for a mathematical solution of the problem. It may 
hhappen, however, that the load circle misses the 
‘matching circle completely. in which case no s 
lution is possible. The cure is to enlarge the 
matching circle by choosing a series section 
whose impedance departs more from that of the 
main line 

‘A final possibility is that, rather than inter- 
secting the matching circle, the load cirele is tan- 
gent to it. There is then but one solution—that of 
the '/-2 transformer. 
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P.H. Smith, Electronic Applications of the Smith 
(Chart, reprint ed. (Malabar, FL: Krieger Pub 
Co, Ine, 1983), 


Fig 17—Smith Chart representation of the example shown 


in Fig 


16. The impedance locus always takes a clockwise direction 


{rom the load to the generator. This path is first along the 


‘constant SWR circle from the load at R to an intersection with 
the matching circle at Q or Q’, and then along the matching 


circle to the chart center at P._ Length £1 can be determi 


Fig 18—The same impedance locus as shown in Fig 17 except 
‘normalized to 75 1 instead of 300. The matching circle is now 
‘concentric with the chart center, and £2 can be determined, 


directly from the chart, 0.102 A in this case. 


‘Smith Chart Calculations 
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Appendix 


‘This appendix contains a glossary of terms, a list of common abbreviation: 


metric equivalents and antenna-gain-reference data. 


1gth conversion information (feet and inches), 


Glossary of Terms 


This glossary provides a handy list of 
about antennas. With each item is a brief defi 
text of this book, and may be located by using the index. 


Actual ground—The point within the earth’s surface where 
effective ground conductivity exists. The depth for this 
point varies with frequency and the condition of the soil. 

Antenna—An electrical conductor or array of conductors that 
radiates signal energy (transmitting) or collects signal 
‘energy (receiving). 

Antenna tner—A device containing variable reactances (and 
perhaps a balun). It is connected between the transmitter 
and the feed point of an antenna system, and adjusted to 
“tune” or resonate the system to the operating frequency. 

Aperture, effective—An area enclosing an antenna, on which 
it is convenient to make calculations of field strength and 
antenna gain. Sometimes referred to as the “capture area.” 

Apex—The feed-point region of a V type of antenna, 

Apex angle—The included angle between the wires of a V, an 
inverted-V dipole, and similar antennas, or the included 
angle between the two imaginary lines touching the 
‘element tips of a log periodic array. 

Balanced line—A symmettical two-conductor feed line that 
has uniform voltage and current distribution along its 
length, 

Balun—A device for feeding a balanced load with an 
unbalanced line, or vice versa. May be a form of choke, or 
1 transformer that provides a specific impedance transfor- 
mation (including 1:1). Often used in antenna systems to 
interface a coaxial transmission line to the feed point of a 
balanced antenna, such as a dipole. 

Base loading —A lumped reactance that is inserted at the 
base (ground end) of a vertical antenna to resonate the 
antenna, 

Bazooka—A transmission-line balancer. It is a quarter-wave 
conductive sleeve (tubing or flexible shielding) placed at 
the feed point of a center-fed element and grounded to the 
shield braid of the coaxial feed line at the end of the sleeve 
farthest from the feed point. It permits the use of unbal- 
anced feed line with balanced feed antennas. 


erms that are used frequently in Amateur Radio conversation and literature 
ition of the term. Most terms given here are discussed more thoroughly in the 


Beamwidth—Related to directive antennas. The width, in 
degrees, of the major lobe between the two directions at 
which the relative radiated power is equal to one half its 
value at the peak of the lobe (half power = ~3 4B). 

Beta match—A form of hairpin match. The two conductors 
straddle the boom of the antenna being matched, and the 
closed end of the matching-section conductors is strapped 
to the boom. 

Bridge—A circuit with two or more ports that is used in 
measurements of impedance, resistance or standing waves 
in an antenna system. When the bridge is adjusted for a 
balanced condition, the unknown factor can be deter- 
mined by reading its value on a calibrated scale or meter. 

Capacitance hat—A conductor of large surface area that is, 
connected at the high-impedance end of an antenna to 
effectively increase the electrical length. It is sometimes 
mounted directly above a loading coil to reduce the 
required inductance for establishing resonance. It usually 
takes the form of a series of wheel spokes or a solid 
circular disc. Sometimes referred to as a “top hat.” 


Capture area- 


Center fed—Transmission-line connection at the electrical 
center of an antenna radiator. 


See aperture. 


Center loading—A scheme for inserting inductive reactance 
(coil) at or near the center of an antenna element forthe 
purpose of lowering its resonant frequency. Used with 
clements that are less than 's wavelength at the operating 
frequency. 

Coax—See coaxial cable. 

Coaxial cable—Any of the coaxial transmission lines that 
hhave the outer shield (solid or braided) on the same axis as 
the inner or center conductor. The insulating material can 
be air, helium or soliddielectric compounds. 

Collinear array—A linear array of radiating elements 
(usually dipoles) with their axes arranged in a straight 
line. Popular at VHF and above 
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Conductor—A metal body such as tubing, rod or wire that 
permits current to travel continuously along its length. 

Counterpoise—A wire or group of wires mounted close to 
ground, but insulated from ground, to form a low- 
impedance, high-capacitance path to ground, Used at MF 
and HF to provide an RF ground for an antenna, Also see 
ground plane 

Current loop—A point of current maxima (antipode) on an. 
antenna. 


Current node—A point of current minima on an antenna. 


Decibel—A logarithmic power ratio, abbreviated dB. May 
also represent a voltage or current ratio if the voltages or 
currents are measured across (or through) identical 
impedances. Suffixes to the abbreviation indicate refer- 
‘ences: dBi, isotropic radiator; dBic, isotropic radiator 
circular; dBm, milliwatt; BW, wat. 


Delta loop—A full-wave loop shaped like a triangle or delta 

Delta match—Center-feed technique used with radiators that 
are not split at the center. The feed line is fanned near the 
radiator center and connected to the radiator symmetri- 
cally. The fanned area is delta shaped. 


Dielectries—Various insulating materials used in antenna 
systems, such as found in insulators and transmission 
lines. 


Dipole—An antenna that is split at the exact center for 
‘connection to a feed line, usually a half wavelength long. 
Also called a “doublet.” 

Direct ray—Transmitted signal energy that arrives at the 
receiving antenna directly rather than being reflected by 
any object or medium. 

Directivity: 


"The property of an antenna that concentrates the 
radiated energy to form one or more major lobes. 

Director—A conductor placed in front of a driven element to 
cause directivity. Frequently used singly or in multiples 
with Yagi or cubical-quad beam antennas. 

Doubler—See dipole. 

Driven array—An array of antenna elements which are all 
driven or excited by means of a transmission line, usually 
to achieve directivity. 

Driven element—A radiator element of an antenna system to 
which the transmission line is connected. 


Dummy load—Synonymous with dummy antenna. A 
nonradiating substitute for an antenna. 

E layer—The ionospheric layer nearest earth from which 
radio signals can be reflected to a distant point, generally 
a maximum of 2000 km (1250 m)). 

E plane—Related to a linearly polarized antenna, the plane 
containing the electric field vector of the antenna and its 
direction of maximum radiation, For terrestrial antenna 
systems, the direction of the E plane is also taken as the 
polarization of the antenna. The E plane is at right angles 
to the H plane. 
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Efficiency —The ratio of useful output power to input power, 
determined in antenna systems by losses in the system, 
including in nearby objects. 

EIRP—Effective isotropic radiated power. The power 
radiated by an antenna in its favored direction, taking the 
gain of the antenna into account as referenced to isotropic. 

Elements—The conductive parts of an antenna system that, 
determine the antenna characteristics. For example, the 
reflector, driven element and directors of a Yagi antenna, 

End effect—A condition caused by capacitance at the ends of 
‘an antenna element. Insulators and related support wires 
contribute to this capacitance and lower the resonant 
frequency of the antenna. The effect increases with 
conductor diameter and must be considered when cutting 
an antenna element to length. 

End fed—An end-fed antenna is one to which power is 
applied at one end, rather than at some point between the 
ends, 

F layer—The ionospheric layer that lies above the E layer. 
Radio waves can be refracted from it to provide 
‘communications distances of several thousand miles 
by means of single- or double-hop skip. 

Feed line—See feeders. 

Feeders—Transmission lines of assorted types that are used 
to route RF power from a transmitter to an antenna, or 
from an antenna to a receiver. 

Field strengsh—The intensity of a radio wave as measured at 
‘a point some distance from the antenna. This measurement 

ly made in microvolts per meter. 


Front to back—The ratio of the radiated power off the 
front and back of a directive antenna. For example, 

a dipole would have a ratio of 1, which is equivalent to 
OB. 

Front to rear—Worst-case rearward lobe in the 180°-wide 
sector behind an antenna’s main lobe, in dB 

Front to side—The ratio of radiated power between the major 
lobe and that 90° off the front of a directive antenna. 

Gain —The increase in effective radiated power in the desired 
direction of the major lobe, 

Gamma match—A matching system used with driven antenna 
clements to effect a match between the transmission line 
and the feed point of the antenna. It consists of a series 
capacitor and an arm that is mounted close to the driven 
clement and in parallel with it near the feed point. 


Ground plane—A system of conductors placed beneath an 
clevated antenna to serve as an earth ground, Also see 
counterpoise. 

Ground screen—A wire mesh counterpoise. 

Ground wave—Radio waves that travel along the earth's 
surface. 

H plane—Related to a linearly polarized antenna. The plane 
containing the magnetic field vector of an antenna and its 
direction of maximum radiation. The H plane is at right 
angles to the E plane. 


HAAT—Height above average terrain. A term used mainly in 
‘connection with repeater antennas in determining cover- 
age area, 


Hairpin match—A U-shaped conductor that is connected to 
the two inner ends of a split dipole for the purpose 
of creating an impedance match to a balanced feeder. 


Harmonic antenna—An antenna that will operate on its 
fundamental frequency and the harmonics of the funda- 
‘mental frequency for which itis designed. An end-fed 
half-wave antenna is one example, 

Helical—A helically wound antenna, one that consists of 
spiral conductor. If it has a very large winding length to 
diameter ratio it provides broadside radiation. If the 
length-to-diameter ratio is small, it will operate in the 
axial mode and radiate off the end opposite the feed 
point. The polarization will be circular for the axial 
mode, with left or right circularity, depending on 
whether the helix is wound clockwise or counter- 
clockwise, 

Helical hairpin—Hairpin” match with a lumped 
inductor, rather than parallel-conductor line. 

Image antenna—The imaginary counterpart of an actual 
antenna. It is assumed for mathematical purposes to be 
located below the earth’s surface beneath the antenna, and 
is considered symmetrical with the antenna above ground, 

Impedance—The ohmic value of an antenna feed point, 
‘matching section or transmission line. An impedance may 
contain a reactance as well as a resistance 
‘component. 

Inverted VA misnomer, as the antenna being referenced 
does not have the characteristics of a V antenna. See 
inverted-V dipole 

Inverted-V dipole—A half-wavelength dipole erected in the 
form of an upside-down V, with the feed point at the apex. 
Its radiation pattern is similar to that of a horizontal 
dipole. 


Isotropic—An imaginary or hypothetical point-source 
antenna that radiates equal power in all directions. It is 
used as a reference for the directive characteristics of 
actual antennas. 


Lambda—Greek symbol (A) used to represent a 
wavelength with reference to electrical dimensions 
in antenna work 

Line 1oss—The power lost ina transmission line, usually 
‘expressed in decibels. 

Line of sight Transmission path of a wave that travels 
directly from the transmitting antenna to the receiving 
antenna. 

Lite wire—Stranded wire with individual strands 
insulated: small wire provides a large surface area 
for current flow, so losses are reduced for the wire size 

Load—The electrical entity to which power is delivered. The 
antenna system is a load for the transmitter. 

Loading —The process of a transferring power from its source 
toa load. The effect a load has on a power source. 


Lobe—A defined field of energy that radiates from a directive 
antenna, 

Log periodic antenna—A broadband directive antenna that, 
hhas a structural format causing its impedance and radia- 
tion characteristics to repeat periodically as the logarithm 
of frequency. 


Long wire—A wire antenna that is one wavelength 
or greater in electrical length, When two or more wave- 
lengths long it provides gain and a multilobe radiation 
pattern, When terminated at one end it becomes essen- 
tially unidirectional off that end, 

‘Marconi antenna—A shunt-fed monopole operated against 
‘ground or a radial system. In modern jargon, the term 
refers loosely to any type of vertical antenna, 

‘Marching—The process of effecting an impedance match 
between two electrical circuits of unlike impedance. One 
example is matching a transmission line to the feed point 
of an antenna, Maximum power transfer to the load 
(antenna system) will occur when a matched condition 
exists. 

‘Monopole—Literally, one pole, such as a vertical radiator 
‘operated against the earth or a counterpoise. 


Nichrome wire—An alloy of nickel and chromium; not a 
good conductor; resistance wire. Used in the heating 
elements of electrical appliances; also as conductors in 
transmission lines or circuits where attenuation is desired. 


Null—A condition during which an electrical unit is at a 
‘minimum, A null in an antenna radiation pattern is a point 
in the 360-degree pattern where a minima in field intensity 
is observed. An impedance bridge is said to be “pulled” 
‘when it has been brought into balance, with a null in the 
current flowing through the bridge arm. 

Octaye—A musical term. As related to RF, frequencies 
having a 2:1 harmonic relationship. 


Open-wire line—A type of transmission line that resembles a 
ladder, sometimes called “ladder line.” Consists of 
parallel, symmetrical wires with insulating spacers at 
regular intervals to maintain the line spacing. The 
dielectric is principally air, making it a low-loss type of 
Tine 


Parabolic reflector—An antenna reflector that isa portion of 
parabolic revolution or curve. Used mainly at UHF and 
higher to obtain high gain and a relatively narrow 
‘beamwidth when excited by one of a variety of driven 
elements placed in the plane of and perpendicular to the 
axis of the parabola 


Parasitic array—A directive antenna that has a driven 
element and at least one independent director or reflector, 
‘or a combination of both. The directors and reflectors are 
not connected to the feed line. Except for VHF and UHF 
arrays with long booms (electrically), more than one 
reflector is seldom used. A Yagi antenna is one example of 
a parasitic array 


Appendix 3 


Phasing lines—Sections of transmission line that are used 
to ensure the correct phase relationship between the 
elements of a driven array, or between bays of an array 
of antennas. Also used to effect impedance transforma- 
tions while maintaining the desired phase. 

Polarization—The sense of the wave radiated by an 
antenna. This can be horizontal, vertical, elliptical or 
circular (left or right hand circularity), depending on 
the design and application. (See H plane.) 


 section—Term used in reference to transmission-line 
matching transformers and phasing lines. 

Quad—A parasitic array using rectangular or diamond 
shaped full-wave wire loop elements. Often called the 
“cubical quad.” Another version uses delta-shaped 
‘elements, and is called a delta loop beam, 


Radiation pattern—The radiation characteristics of an 


antenna as a function of space coordinates. Normally, the 
pattern is measured in the far-field region and is 
represented graphically. 

Radiation resistance —The ratio of the power radiated by an 
antenna to the square of the RMS antenna current, referred 
to a specific point and assuming no losses. The effective 
resistance at the antenna feed point. 

Radiator—A discrete conductor that radiates RF energy in an 
antenna system, 

Random wire—A random length of wire used as an antenna 
and fed at one end by means of an antenna tuner. Seldom 
operates as a resonant antenna unless the length happens 
to be correct. 

Reflected ray—A radio wave that is reflected from the earth, 
ionosphere or a man-made medium, such as a passive 
reflector. 

Reflector—A parasitic antenna element or a metal assembly 
that is located behind the driven element to enhance 
forward directivity, Hillsides and large man-made 
structures such as buildings and towers may act as 


reflectors. 

Refraction—Process by which a radio wave is bent and 
returned to earth from an ionospheric layer or other 
‘medium after striking the medium, 

Resonator—In antenna terminology, a loading assembly 
‘consisting of a coil and a short radiator section, Used to 


lower the resonant frequency of an antenna, usually a 
vertical or a mobile whip. 

Rhombic—A rhomboid or diamond-shaped antenna con: 
ing of sides (legs) that are each one or more wavelengths 


long. The antenna is usually erected parallel to the ground, 
A thombic antenna is bidirectional unless terminated by a 
resistance, which makes it unidirectional. The greater the 
electrical leg length, the greater the gain, assuming the tilt 
angle is optimized, 
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‘Shunt feed—A method of feeding an antenna driven element 
with a parallel conductor mounted adjacent to a low- 
impedance point on the radiator. Frequently used with 
grounded quarter-wave vertical antennas to provide an 
impedance match to the feeder. Series feed is used when 
the base of the vertical is insulated from ground. 

‘Stacking —The process of placing similar directive antennas atop 
or beside one another, forming a “stacked array.” Stacking 
provides more gain or directivity than a single antenna, 

‘Stub—A section of transmission line used to tune an antenna 
clement to resonance or to aid in obtaining an impedance 
match 

‘SWR—Standing-wave ratio on a transmission line in an 
antenna system. More correctly, VSWR, or voltage 
standing-wave ratio. The ratio of the forward to reflected 
voltage on the line, and not a power ratio. A VSWR of I:1 
‘occurs when all parts of the antenna system are matched 
correctly to one another. 

T match—Method for matching a transmission-line to an 
unbroken driven element. Attached at the electrical center 
of the driven element in a T-shaped manner. In effect it is 
a double gamma match, 

Tilt angle—Half the angle included between the wires at the 
sides of a rhombic antenna. 

Top hat—See capacitance hat. 

Top loading —Addition of a reactance (usually a 
capacitance hat) at the end of an antenna element opposite 
the feed point to increase the electrical 
length of the radiator. 

Transmatch—An antenna tuner. 


Trap—Parallel L-C network inserted in an antenna element to 
provide multiband operation with a single conductor. 

Unipole—See monopole. 

Velocity factor—The ratio of the velocity of radio wave 
propagation in a dielectric medium to that in free space. 
‘When cutting a transmission line to a specific electrical 
length, the velocity factor of the particular line must be 
taken into account. 

VSWR—Voltage standing-wave ratio. See SWR. 

Wave—A disturbance or variation that is a function of time or 
space, or both, transferring energy progressively from 
point to point. A radio wave, for example. 

Wave angle—The angle above the horizon of a radio wave as 
it is launched from or received by an antenna. Also called 
elevation angle. 

Wave front—A surface that is a locus of all the points, 
hhaving the same phase at a given instant in time. 

Yagi—A directive, gain type of antenna that utilizes a number 
of parasitic directors and a reflector. Named after one of 
the two Japanese inventors (Yagi and Uda). 

Zepp antenna—A half-wave wire antenna that operates on its 
fundamental and harmonics. Itis fed at one end by means 
of open-wire feeders. The name evolved from its popular- 
ity as an antenna on Zeppelins. In modern jargon the term 
refers loosely to any horizontal antenna. 


Abbreviations 


Abbreviations and acronyms that are commonly used throughout this book are defined in the list below. Periods are not part 
of an abbreviation unless the abbreviation otherwise forms a common English word. When appropriate, abbreviations as 


shown are used in either singular or plural construction, 


“A 
A—ampere 

ac—alternating current 

AF—audio frequency 

AFSK—audio frequency-shift keying 
AGC—automatic gain control 
AM—amplitude modulation 
ANT—antenna 

ARRL—American Radio Relay League 
ATV—amateur television 
AWG—American wire gauge 
az-el—azimuth-elevation 


-B- 
balun—balanced to unbalanced 
BC—broadeast 
BCI—broadcast interference 
BW—bandwidth 


C 
cow—counterclockwise 
‘cm—centimeter 
coax—coaxial cable 
CT—center tap 


dB—decibel 
dBd—decibels referenced to a dipole 
Bi—decibels referenced to isotropic 


dBm—decibels referenced to one milliwatt 
dBW—decibels referenced to one watt 


dia—diameter 
DPDT—double pole, double throw 


DPST—double pole, single throw 
DVM—digital voltmeter 
DX—tong distance communication 


—E- 
E—ionospheric layer, electric field 
ed.—edition 


Ed—editor 
EIRP—effective isotropic radiated power 
ELF—extremely low frequency 


EME—earth-moon-earth 


EMF-—clectromotive force 
ERP—ellective radiated power 
E,— ionospheric layer (sporadic B) 


f—frequency 

‘ionospheric layer, farad 

F/B—front to back (ratio) 
F/R—worst-case front to rear (ratio) 
FM—frequency modulation 
FOT—frequency of optimum transmission 
ft—foot of feet (unit of length) 
F,—ionospheric layer 

F,—ionospheric layer 


G 
GDO—zgrid- or gate-dip oscillator 
GHz—gigahertz 

GND—ground 


H—magnetic field, henry 
HAAT—height above average terrain 
HE—high frequency (3-30 MHz) 
Hz—hertz (unit of frequency) 


Icurrent 

1D—inside diameter 

IEEE—Institute of Electrical and Electronic Engineers 
in—inch 

IRE—Institute of Radio Engineers (now IEEE) 


J-vector notation 


-K- 
kHz—kilohertz 
km—kilometer 


kW—kilowatt 
kW—kilohm 
se 


L—induetance 
Ib—pound (unit of mass) 

equency (30-300 kHz) 
LHCP—teft-hand circular polarization 
In—natural logarithm 

log—common logarithm 

LP—tog periodic 

LPDA—log periodic dipole array 
LPVA—log periodic V array 
LUF—towest usable frequeney 
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M 
‘m—meter (unit of length) 
m/s—meters per second 
mA—milliampere 

MF—medium frequency (0.3-3 MHz) 
mH—millihenry 


min—minute 
‘mm—millimeter 

‘ms—millisecond 

MS—meteor scatter 
MUF—maximum usable frequency 
mW—milliwatt 


MW—megohm 
N- 

NC—no connection, normally closed 
NiCd—nickel cadmium 


NIST—National Institute of Standards and Technology 
NO—normally open 
no.—number 


-0- 
OD—outside diameter 

Pe 

p—page (bibliography reference) 
P-P—peak to peak 


PC—printed circuit 
PEP—peak envelope power 
pE—picofarad 
pot—potentiometer 

pp—pages (bibliography reference) 
Proc—Proceedings 


Q-figure of me 


radio frequency choke 

RFI—radio frequency interference 

RHCP—right-hand circular polarization 
pacitance 


RMS—root mean square 
1/s—revolutions per second 
RSGB—Radio Society of Great Britain 
RX—receiver 
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SINR—signal-to-noise ratio 
SASE—self-addressed stamped envelope 
SINAD—signal-to-noise and distortion 
SPDT—single pole, double throw 
SPST—single pole, single throw 
SWR—standing wave ratio 
syne—synchronous 


a 
tpi—turns per inch 
‘TR—transmit-receive 
TVI—television interference 
‘TX—transmitter 


-U: 
UHF—ultra-high frequency (300-3000 MHz) 
US—United States 

UTC—Universal Time, Coordinated 


velocity factor 
very-high frequency (30-300 MHz) 

VLF—very-low frequency (3-30 kHz) 

Vol—volume (bibliography reference) 

VOM—volt-ohm meter 

VSWR—voltage standing-wave ratio 

VIVM—vacuum-tube voltmeter 


w- 
W—watt 

WPM—words per minute 
WRC—World Radio Conference 


WVDC—working voltage, direct current 
x. 

X—reactance 

XCVR—transceiver 


XFMR—transformer 
XMTR—transmitter 


L- 
impedance 


-Other symbols and Greek letters- 
°—degrees 

‘A—wavelength 

‘Adia—wavelength to diameter (ratio) 
jt—permeability 

iWF—microfarad 

jWH—microhenry 

1V—microvolt 

Q—ohm 

g-angles 

n3.14159 

0—angles 


Length Conversions 


‘Throughout this book, equations may be found for 
determining the design length and spacing of antenna ele~ 
ments, For convenience, the equations are written to yield a 
result in feet. (The answer may be converted to meters sim- 
ply by multiplying the result by 0.3048.) Ifthe result in feet 
wecessary to make a 
foot to inches and. 


conversion from a decimal fraction of 


fractions before the physical distance can be determined with 
a conventional tape measure. Table 1 may be used for this 
conversion, showing inches and fractions for increments of 
0.01 foot. The table deals with only the fractional portion of 
a foot. The integral number of feet remains the same. 

For example, say a calculation yields a result of 
11.63 feet, and we wish to convert this to a length we can 
find on a tape measure. For the moment, consider only the 
fractional part of the number, 0.63 foot. In Table 1 locate 
the line with “0.6” appearing in the left column. (This is the 
7th line down in the body of the table.) Then whi 


e staying 


tions. For example, say we wish to convert a let 
7's inches to a decimal fraction. Considering only 
the fractional part of this value, 7'/ inches, locate the deci- 
mal value on the line identified as “7-” and in the column 
headed “Ys.” where we read 0.646. This decimal value is 
equivalent to 7 + '/s = 7¥/ inches. To this value add the 
whole number of feet from the value being converted for 
the final result, 19 inthis case. In this way, 19 feet 7°¥s inches 
converts to 19 + 0.646 = 19.646 fe 


Table 2 

Conversion, Inches and Fractions to Decimal Feet 
Fractional Increments 

0% hk hese kT 


s 0- 0.000 0.010 0.021 0.031 0.042 0.052 0.063 0.073 
on that line, move over to the column headed "0.03." Note. 9,083 0,094 0.104 0.115 0.125 0.185 0.146 0.156 
here that the sum of the column and line heads, 0.6 + 0.03, 2. 0.167 0.177 0.188 0.198 0.208 0.219 0.229 0.240 
equals the value of 0.63 that we want to convert. Inthe body 3- 0.250 0.260 0.271 0.281 0.292 0.302 0.313 0.323 
of the table for this column and line we read the equivalent 4- 0.333 0.344 0.354 0.365 0.375 0.385 0.396 0.406 
fraction for 0.63 foot, 7°/« inches. To that value, add the 5 0.417 0.427 0.438 0.448 0.458 0.469 0.479 0.490 
number of whole feet from the value being converted, I] in 6 0.500 0.510 0.521 0.531 0.542 0.552 0.563 0.573 
this case. The total length equivalent of 11.63 feet is thus 7" 0-583 0.594 0.604 0.615 0.625 0.635 0.646 0.656 
11 feet 7% inches. 8 0.667 0.677 0.688 0.698 0.708 0.719 0.729 0.740 
Similarly, Table 2 may be used to make the conversion $7, 0-780 0.760 0.771 0.78) 0.792 0.802 0.813 0.823 
from inches and fractions to decimal fractions of a foot, 74 0.883 0.844 0.854 0.865 0.875 0.885 0.696 0.906 
11-0917 0.927 0.938 0.948 0.958 0.969 0.979 0.990 
This table is convenient for using measured distances in 
Table 1 
Conversion, Decimal Feet to Inches (Nearest 16th) 
Decimal Increments 
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
0.0 0-0 Oe Oe Oe Ose OMe OMe Ate 
01 the he he the Nhe Mh 1he Dhs BMe Be 
0.2 Ble Be Bae Dk 3-0 Bk BeBe Be 
03 Be Be BMhe She the Ate Ae Ashe Ms 
0.4 AX /e Ne Sih Stelle Ste Sls, BYlk Salt 
05 60 6% Ble BY Bik Be Begg te 
06 The The The he The The 7s Bis BeBe 
0.7 Bie Ble Ba Be Bs 9-0 (Ose Mie 
0.8 ee MeO" he Wise 10% 107s 10% 10s 
0.9 10%e 10le 11he 11 11% 11% Ate Ne 1111 


Appendix 7 


8 Appendix 


Metric Equivalents 


‘Throughout this book, distances and dimensions are usually expressed 
in English units—the mile, the foot, and the inch. Conversions to metric 
units may be made by using the following equations 

km = mi x 1.609 

m= ft (’) x 0.3048 

mm = in, (") x 25.4 

An inch is 2 of a foot. Tables in the previous section provide informa- 


tion for accurately converting inches and fractions to decimal feet, and vice 
versa, without the need for a calculator. 


Gain Reference 


Throughout this book, gain is referenced to an isotropic radiator (dBi) 
or to an isotropic radiator with circular polarization (dBic) 
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MFJ TUNERS 


‘The MFI-993B IntelliTuner™ 
lets you tune any antenna 
automatically ~ ultra fast. 

It's a comprehensive automatic 
antenna tuning center complete 
with SWR/Wattmeter, antenna 
switch for two antennas and 4:1 
[current balun for balanced lines. 

MEJ’s exclusive /nellTuner™, 
Adaptive Search and Instant 
-RecaalP™ algorithms give you ulira 
fast automatic tuning with over 
20,000 Virtwalntenn™ Memeries. 

‘You get a highly efficient L- 
network, 6-1600 ohm matching 
at 300 Watts 
wie 6-3200 Ohm matching at 
150 Watts SSB/CW, 1.8.30 MHz 
coverage, Cross-Needie and digi 
tal meters, audio SWR meter, 
backlit LCD, remote control port, 

radio interface, heavy-duty 16 


for 


sein 


amp/1000V relays. 

‘The MEI-9938 
‘automatically tunes 
inimum SWR and remem- 

bers your fiequeney and tuner 

The next time you 

‘operate on that frequency and 

antenna, these tuner settings are 


nites [ANS 
825995 


1316, S21. 
cables, 


instantly restored and 
you re ready fo operate 
in milliseconds! 10W 
SVDC/L 
amp of 110 VAC with MEJ- 
Radio interface 
emote control available, 
‘See wwsnimfienterprises.com 


MFJ Inteliifuner™ Automatic Tuners \ 


600 Watt MFJ 
Automatic Tuner| 


Like MF). @MEI98B 
lo03is but handles $3HQS 
600 Watts SSBB 

(CW, matches 12-800 Ohms. 
10,000 memories. Does not have 
LCD display, antenna switch, 


4-1 current balun, audio SWR 
meterifeedback. 1OWa2'/Fx9D in 


No Matter What™ Warranty. 
Every MEI tuner is protected 
by MFI's famous one year No 
Matter Whai™ limited warranty. 
‘We will repair or replace yout MEI 
tuner (at our option) fora ill year 


More hams use MFJ tuners than all other tuners in the world! 


MFJ-9982 2500 Watt Tuner 


‘The MFI9982 ContinuousCarrier™ MEL9982 


antenna tuner handles 2500 Warts, *699' 
Continuous carrier output on all modes and 
all HF bands into most unbalanced antennas 
even 160 Meters. 6-position antenna switch, 
4-core balun, 1 SkW dummy load, rue peak 
‘SWAY Wattmeter, 13/,WX7HX6 4D" 


MFJ-989D Legal Limit Tuner 
‘ MEI-9890 


3369" 


New, 
improved 
MPI-989D. 
legal limit 
‘antenna 
tuner gives you better efficiency, lower loss- 
cs and a new true peak reading meter. Easily 
Fhandles fll 1500 Watts SSB(CW, 1.8-30 MHz, 
including MARS/WARC bands. Six position 
antenna switch, dummy load. New 500 pF air 
variable capacitors. New improved AirCore™ 
Roller Inductor. New high voltage current 
balun, New crank knob, 12'/.WaGHxI!/D 


MFJ-962D compact kW Tuner 
- =, MPI.962D 


5279" 
A few 
more dollars 
4KW tuner for an amp later. Handles 1-8 
KW PEP SSB amplifier input power (SO0W 
Outpt) Ideal for Amerton’s AL-811H! 
dirCone™ roller inductor, eardriven turns 
counter, plavg lighted Cross Needle 
SWR/Watmeter antenna switch, ban, Lexan 
front, L8-30MHiz. 10).Wad' T1072 in 


MF4J-969 300W Roller Inductor Tuner 
Superb 

Aircore Roller 

inductor tuning 

Covers 6 deers 

thn 160 Meters _— 

300 Wats PEP SSB. e MERI 

peak reading #199" 

Ncoale Swit Wattneter, ORM. 

Free Profine™, antenna Switch, dumany 

load, 4-1 balun, Levan foot panel 

ToW:Waa 490 inches. 

MFJ-949E deluxe 300 Watt Tuner 

ME} 9458 than any 

inthe word peer 

Handles 300 Watt. FuITTS (0 30" MELE 

Milz coverage cusiom inductor #4 69° 

Switch, 1000 Volt tuning capac 

tor, fl ste peakfaverage lighted Cross- 

Necale SWR’ Watmeter 8 position antenna 

Switch, dummy load, ORM Pree PreTune™ 

sorach proof Lexan ‘fut panel 

TOs Hta7D inches 

MFS-B48, $139.95. Economy version of MEI- 

949E, less dummy load, Lexan front panel 
MFJ-941E super value Tuner 
The most for - 

Handles 300 Watts 

PED covers 18-30 r 

Mile Tahted Cons-Needle SWRI MSs 

Wattle, postion antenna 

Svitch, 4 balun, 1000 volt capacitors, 

Lexan font panel. Slek 10sWa2 /atx7D 

MFJ-945E HF/6M mobile Tuner 

tends your 

mobile antecsa 

bandwidth so you 

don't have to sop, 

go outside and adit your 

fitenna, Tiny 8Ws2i1x6D in 

Lighted Cross Noodle SWI Watete. 


MFJ-974HB Balanced Line Tuner 
‘The MEI-97411B true 
fully balanced antenna 
tuner tunes any balanced 
12.2000 
54 


Tine: Math 
Ohms, Covers | 
Sit continous 
Inclaing all WARC 
bands, 300 Wars ssBviso | Magu 
‘Watts CW. Lighted Cross- 199° 
Needle SWHMartneter 7Wx6H8D in 
MEI-976, $49.95 1500 Wat ul ale 
anced ata ince 130 Nit 
MFJ-971 portable/QRP Tun« 
"nes coax balanced 2 
lines, random wire 1.8-30 [75 © 
Mhiz.Cross-Needle Meter. a= @ @® 
Mar 
H6a% 


NELOTSHE, 


SWR, 30/300 oF 6 Wait QRP 
ranges. Matches popular MEI 
iransceivers. 6WA6 /HX2"/D in, 
MF4J-902 Tiny Travel Tuner 
Tiny 41 Wx21U3D", y4p3.002 
full 150 Watts, 80-10 3gqss 
bypass switch, for coax/random wite 
MEs-90411, $139.95. Same but ads 
Cross-needle SWR/Watimeter and 4:1 balun 
for balanced lines. 7/.Wx2 /d1x2"D in, 
MFJ-16010 random wire Tuner 
‘Operate all bands anywhere 
with MEVs reversible L-net- 
work. Turns random wire into 
Powerful transmitting antenna 
118-30 MHz, 200 Watts PEP. 
Tiny 2Wx3Hix4D inches 


MEZ-16010 


359° 


Dealer/Catalog/Manuals 


Visit: http:/wwn.mfjenterprises.com 
or call toll-free 800-647-1800 


+ WWear No Matter What™ waranty ~ 50 day money 
back guarantee (less sh) on onders direct irom MFI 


MEY ENTERPRISES, INC. 
¥ 300 Industrial Pk Rd, Starkville 
Lamp and bypass switches. Covers 1.8-30 MMS 39790 PH (663) 35553 
MHz and 6 Meters, 300 Watts PEP. MEI Mech Help: (66) 325 


20, $6.95, mobile mount, 
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FAX:(662)32 


51 4440 CST Men, 


A hing 


MFJ-259B Antenna ee 


The world’s most popular antenna ana- 
Ince gives you a complete picture of your 
dnteina performance Lt 170 Mii 
Sper estyto-use makes tuning your 
antenna quick and easy. Read antenna 
SW, complex impedance, return loss, 
relleton coeficien. Determine velocity 
factor, coax cable loss in dB, ength of 
coax and distance to a short of open i feet 
Read inductance in ull and capacitance in 
PF at RF frequencies. Lang easy-to-read 
fo line LCD screen and side-by-side 
iets clearly display you information 
Bulltin frequency counter, NiCad charger 
clteuit, battery ver, low battery warning 


and 
smooth 
reduction 
drive tuning. 
MFY-99B, $88.80. 
Accessory Package for 


M2508, 
$27 


MEI-29C custom foam- 
filled carrying ease, 
MFJ-66 dip meter 
adapters, MFI-1312D 
TOVAC adapter and 
10-pack high capacity 
Ni-MH MEJ SuperCell™ 
batteries. Save $7! 


ection Coeiticien, R, X, Z, Phase Angle 
Coax cable loss, Coax cable length, Distance 
to shoriopen in coax, Inductance, Capac- 
tance, Resonant Frequency, Bandwtath, 
Velocity Factor, Atantation, more! 


MFJ Weather-Proof Antenna Feedthrough Panel 


Bring three coax-fed HF/VHF/UHF antennas, balanced line, random wire and ground into your 


hamshack without drilling through walls . 


MEJ's Weather-proo Antenna 
Feedthrough Panel mounts a yout wine 
dow sil Ets you feed thee coaxed 
antennas, balanced line, random wize and 
ound without diling tough walls 
imply place in window sill and close 
window One eut customizes it for any 
Mvindow up to 48 inches. Use horizootal- 
Ty or vertically. High-quality pressures 
fated wood with excellent 34 iach thick 
insulating properties is painted with 
heavy coat of white outdoor enamel paint 
Edges sealed by weathering. Seals 


Current Balun/Center 
eros Insulator 

SQA True 1:1 Current 

\ 24 5 Cr euler 

forces equal antenna currents 

\ in dipoles. Improves all dipoles! 

uhlets! Reduces coax feed- 

line radiation, field pattem distortion, TVI, 

RFI, RE hot spots. SO-239. 1.8.30 MHz, 
LSKW. Stainless steel hardware. Direct 
wire conneetion to antenna, 5x2 inches. 


Antenna Switches 
MEU-1702C 2 position antenna 
check Eh ie a ise 
ning amestor and center pos 
frou lightning aston 25° 
EW PEP. T LW CW. Loss be- 
low 2 dB, 50 dB isolation @ 

450 Mliz. 0 Ohms, 34233 
MPS-1704. Like MELII02C esos 


Dita ostoe cine Spgs 
aa Nike PS Sbssb te 80-259 
All Band G5RV Antennas 
fears 4 Uses Maron 
ei ga tn ith wee 
og Mat rae Gage 
Soe ehestn a 
TGFE1610. 33 fot ape arong Ther 
alas Ccoping ma op 


xU'sin, $0 load. SWRI: 1 
WaWoleicaerey 
fround, Ladder lin!S0-239. 
Meters with tuner. 15 kW. 
33 Foot fil 
Esto 38 feet, weighs 3.3 Ibs. 


$7995 


Huge, strong 1 inch bottom section. Flexes aireraft strength aluminum tubing. 


to resist breaking. Resists UV. Put up full 
ize inverted Vee dipole/vertical antenna in 
‘minutes and get fl size performance! 


erglass Mast 


« New! es. +002 $5Q°S 
and insulates against all weather conditions 
Gives years of trouble-free service 

"ADx3 sHixa8W in, 

Taside/outsidessinless steel plates bond all 
coax shields to ground, Stanles tel ground 
Post brings outside ground connection i 
T Teflon” $0-239 coax connectors, ceramic 
ialanced linerandomsirefeedthr insulators 


ae? 
uinless Steel Bondi 


MFJ-915 RF Isolator 

Menai MPI-9S RF Tvolator 
$2.G2s prevents unwanted RF from 

29% fvcling onthe ouside of 
your coax shield into your transceiver 

Creare up REL Eliminates painful RE 
ites” on your rig or microphone. 

9 cops your transceiver and vehicle 
displays and settings from locking up. 
Plugs between coax and transceiver 
inches. 1/830 MHz, 1.5 kW. 


6-Band Rotatable mini 
Mrs.1775 | 


$239% ay 


Lompro- 
file mini 14 
Joot rotatable dipole has tiny 7-foot turning 
‘radius. Fits on smallest roof — perfec for 
{own houses, apartments and condos. 

Easily tue by TV roator 

115 no Wimp! Good directivity reduces 
‘QRMMnose and lets you focus your signal 
tthe direction that you want == s0 you ean 
Work some ea! DX. 

“Operate 0, 20, 15, 10, 6,2 meters. Run 
full G0 Was SSBCW on al HE bands! 

Ham radio's most versatile rotatable 
dipole features automate band switching 
Uses highly efficient end-loading with is 
entre length always radiating 

‘No lossy taps! Has separate, efficient 
end-loading Telon”cols on ergs 
fowms and capacitance hats foreach HF 
band. 6/2 Meters are ullfengrh dipoles 

‘Bullco-tst ~ sper strong sold 
fiberglass center insulator, 6063 TS 


MFJ W9INN Balun Box 
Converts y4es.o42 
unbalanced — SEQ 95, 


ceoax line to 
balanced lad- 

dlr transmission line, 

Giant 2-core 4:1 balun 

wound with Teflon wire. 3/227 inch- 
es. Heavy duty ceramic feed-through insu- 
lators, 1500 Watts full Iegal limit. $O-239, 
Ground post, mounting holes. 


MF¥J Field Strength Meters 
Huge 3° meter. Tele- fr 

scoping ground-inde- 

ppendent dipole. .1-500 MHz, 
Sensitivity control. Remote 
sensor, MEJ-802R, $24.95, 
MFJ-801, $24.95. Monopole 
field strength meter, 1." meter 


5x2 


ole 


MFI-302 
s4qs 


Clamp-On RF Ammeter 
eettbtg neon kt 
simcer saps 
109% orerables up to's 
inch diameter. Measure RF cur 
rents inanfenna elements, radials, 
found wites, coax shield. Five 
brated ranges to'3 Amps. 1-30 
Miz, 2/.WxS!cllx1 SD inches. 


Free MFJ Catalog 


imp Trowow.mfjenterp 


1 Year No Matter What™ warranty +30 day money 


“Assembles in an aftemoon, 
MEJ-1775W, $239.95. WARC band! 


hack guarantee (less sth) on orders drcet from MED 
IMFJ ENTERPRISES, IN 
Ms 39759 PH: (662) 323-5869 
TTeeh Help: (662) 323-0849 
‘version for 12, 17, 30, 60 Meters only. med weap ey pt lm 
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300 Industrial Pk Rd, Starkville, 
PAX (662)323-6851 60 Cs kin lsh 


hy-gain. HF VERTICALS 


Self-supporting —~ no guys required ... Remarkable DX performance ~ low angle 

radiation, omnidirectional... Handles 1500 Watts... Low SWR . .. Automatic band 

switching. .. Aircraft quality aluminum tubing ... Stainless steel hardware... 
Recessed SO-239 connector... Two year limited Warranty . . 


compression clamps is wed for radiators ; 
Tichaesaifsaintss see hardware.” hy-gain \ 
Recessed SO-239 prevents moisture damage. PATRIOT 
Tipguin veto go up cuny wea 
hardd fools and their cost surprisingly low, | H-Gain's new PATRIOT HE Verticals are the best| 
pipe lee eshte ut st peony and bes pred multband 
ANISH, $949.95. 104215.20,40.90 meas alae today For exciting DX mae 
16,17 Motors optional) 58 114 tng,” [Os 260 susp cycle wih te PATRIOT sow 27 
‘Standing $3 feet tall, the famous /fy-Gain  [egree angle sig 
iyTower the worlds best prong vert- 
Gail The AISI features automatic Band 
Selection achieved though augue sb porerep ects 
decoupling system which effectively isolates face Randel 


Various sections of the antenna so that an elec- 3 
4 Teli wavelength rod malice as dyn. x 


No ground or radials needed 
fective counterpoise 
Jroplaces radials and ground, 


\avelength) exists on all nds. Approximate- ide VS Benoa ad fot 
Wy 250 Kidz bandwidth at 2:1 VSWR on 80 beoathand mache 
Meters. The addition ofa base loading col Pree ee 
(LC-160Q, $109.98), provides exceptional hee 2 a el wet 
16D Meter performance. MKc17, $89.95. Add- ere ual oa red fe 
on 17 Meter it 24 foot tower all rugged, e y 
hotdip galvanized steel and all hardware is a ro an 
iridited for corrosion resistance. Special tlt- i 


Hanaies 1506 Wats key down 
over hinged base for easy raising & lowering continuous for two mines 


& AV-I2AVQ, $124.95. (10, 15, 20 Meters). ‘Two year limited warranty. 
13 18,9 bs, AV-I2AVQ also uses Thunder JA eplacement parts in stock. 
bird Beam design ar dielectric traps fo AV-640, $399.95. (610,12, 
extremely Hy-0 performance. This isthe way 15,17,20,30,40 Meters). 25.3 
{o go for inexpensive t-band performance in fe? 17.8 ibs. The AV.640 uses 
limited space. Roof mount with AV-LARMQ Ki, Javarter wave stubs on 6, 10.12 
$89.95, find 17 meters and eficient end 
AV-I8VS, $99.95. (10,1215,17,20,30,40,80 loading coi and capacity hats on 
Meters) 18 f4 bs. High gusty construction 15,20, 30 and 40 meters -- no 
and low cost make the AV-I8VS an exceptional aps, Resonators are pase in 
, value. Easily tuned to any band by adjusting Jparallel not in series. End load- 
hy-gain® Feed point at the base loading eoil, Roo? ing of the lower HF bands 
5 ‘mount with Hy-Gain AV-14RMQ kit, $89.95, plows efficient cperwiion rit: 
Classics N88, 369.95, (10,12, 1517,20,3040.80 Janageable antenna height 
Meters, 160 Meters optional) 25 ft 18 Ibs. AV-620, 29998, 
All hy-gain multi-band vertical “Aj} bands ate easily tuned with the DX-88s |(6,10,12,15,17,20 Meters). 22.5| 
antennas are entirely sefsup- exclusive adjustable capacitors. 80 and 40 tt. The AV-620 cov. 
Porting ~ no guys required. Stier can even be tuned ftom the ground 
ftir remarkable DY per hot iasing to foes te atena Super 
formance with their extremely Neavy.duty construction DX-88 OPTIONS: 
tow angle of radiation and omni- 169 Meter add-on kit, KIT-160-88, $199.95. 
directional pattern. round Radial System, GRK-88, $99.95. Roof 
‘M1 handle 1500 Wats PEP SSB, Wein Sycteos RR 38 $99.98 
eee eT TK Spam DX-TTA, $449.98. (10, 12, 15, 17, 20, 30, 
Switching (except AV=IBVS) andy DX-T77A. S49.95, (10 
Ices FS hey duty mat 40 Meters) 29,28 de 
support bracket (except AV-IBHTD. vim has 30 eater bandwidth than 
Heavy duty sloted, tapered | Winwetnive verteals: Heavy ay able 
sung ier quality aluminum hand indeed) nade 
AEAET | soos LEMANOL SWPP Soe [IT pom] TS 
farsa] steve {ingame “tries Speman TST 
RNG [sess fiotsaoar] SO Wrer| Tote Speamt[-soatrn [Feces 
a S03 [0 WOH MW PEP “Trea [porn [BMPS 
Se SE 
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3) the tine tap design asthe mous HoeGain aealband watching unit mange 
Bl 2 i Spy wi ove al pe ssc gui sian 
S| # © Roof mount with Hy-Gain AV-14RMO kit, $89.95. hy-gain! warranty 

ial 


TECH: 665-325.9598, = FAX: 66-32-6851 
TELE http: //www.hy-gain.com 


Antennas built-to-last . 


FAMOUS Heavy Duty hy-gain BALUNS 
BN-86, $79.95. BN-4000B, $109.95. 
Broadband SO Ohm. Broadband 50 Ohm 
ferrite balun, YYagi current balun is 


. . Use hy-gain parts! 


hy-gain Aluminum Tubing 
(6063 1432 round, drawn aluminum tubing sold in 2 styles: 

6 standard or 6 sited one end, (083 gaps. 1-2” sli lets) 
Tubing are sized to allow telescoping into one another 


fiom 628 OD to. inches OD. Selet sited tubing for tle- 


Useable from 3 t0 potted to seal out 
" Pane scoping. Use Hy-gain Stainless Steel hose clamps to secure. 


30 MHz, Rec ‘moisture. Rated at 4000 


ommended forall Wats fr neeased OO WaFTWSTD str pe per wm pen ITE 
Hi Vagtantenas, power handing capes. To ETT EEOC SE TET DUERC WT 
Ie provides improved ont-back $4 Mi $0239 connector BN-P) TSTSOSELET flora, S05 RIEgTOES sa 
with clamp to bolt to 4000D, $109.95. dipoles. BN- 700 SE" 84™RTG-TOODE-6U. S11 aa-R1D-1OOTE-AS, S120 
SO-239 connector A00ON, $119.95. “N™ connector. 1-125°%. 058 X1.OX™ [810-1125E-6U, $10.03 [810-1125E-68, 11.23 
hy-gain Center Dipole Insulators TOSI” PNAS TEESE TE 
pron ie) Tarr fe oa a 
. dipole antenna. a) antenna connector. THT TRT RT THO” TT IOOOT-GU, SSRIS _|STOIOWOT-GS, SAT 
: hy-gain Stainless Steel Hose Clamps 
EA, Arrowpoint Anchor arn er P 
6 inch Ibs. pull-out resistance to. ES STTOS [ST.O0/FT Clamp for TOD to 1.123" OD tubing 
‘super high-power, high-voltage end secure antennas, towers. Use S316 [S25 P16 Clamp for L335" OD w 130" OD bing 


$2998 Drive Rod, 


<—hy-gain Telescopic Aluminum Mast 


Glazed Ground  hy-gain Rotator 
d _ATM65, $199.95, Pictred lft. -sstion mul: purpose alin 
Fermic, Deed oy, World's HAMIV telescopic pole can be used as a vertical antenna Oras amas Great 
rable four yin sees for portable temporary use and permanent use traveling, camp- 
e 5 footby mu, “559 ing’ te. Incials one size ofeach sited tube listed sbov® and ten 
56M cRi sisinch Meee, hore clamps. 65 h fully extended 6 collapsed without clamps 
TIE SAP EE cees Git: ™ltor! Many in Gying required ifmast is extended beyond 30 feet. Top section i 
ork orien Copper wear 25, 25" OD. Bottom section je ches OD x 120 wall. 
Extra: Bibonded steel eanth Yous, Highly 


nan 
lightning sai, RFT Bll 
deen gies tol weather 
roti 13 sq, vind. 
Koad, 5-se brake delay 
S00 is ste! wedge 
brake ring gar hanes 
700,000 PS dual 98 
ball bearing race, 
Operon Mla past 


hy-gain Custom Precision Antenna Hardware 


si, 37998 Boom to Mast Clamp Element t» Boom Clamps 
Ps a Bee at ea nt seg gh St ey 
eee TS eae 2 a seats co rss 
THBStore eet fame iy ed 
fie Raheem clone fei ea 

rp conyers 

ea gen ener eal ches hate are 
iter it 36th tiie nine ay ene de 
Sg rms oc aa 
| 
ie nfo te aed Se 


ee DoUT-OW, $44.98 cad =... Tubing has one end shited and 


strong wil 
ot break, ate 
over or mil 
even under full 
Tegal power 
Molded ridges 
sive extra-long path 
to prevent high-volt- 
ge breakdown, 


ground rod. Sharp 
point makes it 
easy to insert into 
ground, Bleed off 
static RFI, 
Prevent RF hot 
spots. Use sever- 
al to form a good 
RF ground 


one end swaged to make it stackable. Slide one end into 
snother tubing for longer poles. Secure with standard host 
‘lamp, Sttong,2"OD 10" wall Good for bate sections 
‘of vertical antennas, Standard 6, length, longer sections 
0 20'R available. Add $6.83 each ad foot. 6. lengths 
ship by UPS, longer units must ship UPS oversieltuck. 
hy-gain Base Mount Assembly Kit—>| 
'877201, $69.95. New! Complete ATMS base asset 
yc" $4 QPS by kit with base mounting plate, insulators, hardware 


cotta ts ws kU ABS plaie [FART PH Room] Emcor OD | ——Decrpton 
Ta Na. 2 
emeaie | Sue [ee ea Pere Tee 
rose a ma oper ae ar aie Te 
ia ta ob —— front fre ae re Thea 
ee ta bh fraps : 
Rr : src Tee a 
ee a a Rear bse ene ter or fane 
Tyga THLseries HF Beam Trap Caps festa ver Sear Tae A fe 
a. dtBh Sa. ap cap fr ge Hyg ts ge, 8 Resse Renfro Snamnes as 
i deca, $80 ca Tapa fo yn THe ape BS Siac re awe rt of enero 


‘hy-gain Vertical Antenna Hardware 
A. Ae3011, $14.00, Base bing insults, fs." OD be. Six 

‘outing holes, Super song bape ed ABS Used 
Hy-tower a las ower loge form ground. Tubing ot neta 
Berrile’ saked, Veruca aca bracket ses Tncades 
Beach (C) base over nsltr(D), suppst slat (E) ad 
50-250, Fits 1. ung Tubing nt incaded 
1600431, $UL.84, Base moun! bracket Custom one 
ick 12 ich Tet aluminum backer with vena ge oe 

a Prepunched hole for 0-239 or Neconectr 


hy-Gain Tower Bases 
pecially designed 
‘gain crank= 
up towers. Complete 
with base hinge and 
foundation welded 
eel-cage. Specify tower model. 
*Shipped by truck, call for quote. 


ree hy-gain Catalog 
und Nearest Dealer... $00-973-65°2 
Cail your dealer for your best price! 


hy-qain. 


A] 


/é 


CD sre erator maser aula posse erate Premenree Antennas, Rotators & Towers 
cect tSe.ab rtm rales [1e Leame Antennas, Rotators & Towers 
Phi Gf tn pair New ap) FES PRESRRTEESL STE le Come Sa i! meat 
Siete iy" PH Herero fare] Mg, MESA AN AS 
Fibatia Sie hseg prune tna estes» FREST POSED Ss TIS ne tse/ www 

Ce ee ee era alae [Hen fombfsnes form] AeCpY/ WWw.hy-gain.com 
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Andrew Cinta’ Cable Assemblies 


+ From _¢é 


(ABLE X-PERTS, 
Connecting You to the Worl 


Connector: N, PL259, TNC & 7/16, Burial: Yes, UV Resistant: Yes. 
Shields: 2 (100% bonded foil +80% TC Braid) VP 87%, Altenuation 3.9dB @ 2 GHz at 100K. 
Usage 450 MHz and Higher 


PL259 CONNECTORS EACH END "N" MALE CONNECTORS EACH END 
Footage Price Part # Footage 
$235.95 600N100. 
'$205.95, 
175.95, 
‘$145.95 
00C25. $115.95 
600C5., 5 88.95 


PLISRQII) 1077 MALE CONNECTOR, | Or CREATE YOUR OWN 
SO0CNt00.....100 ft $187.95 CUSTOM LENGTH ON-LINE. 


‘ANDREWS Cinta ONT-a00 
aca Soar 
‘Connector: N, PL258, TNC, SMA, BNC & QMA, Burial Yes, UY Resistant: Yes. 
Shields. 2 (100% bonded fol +90% TC Braid) VP 65%, Atlenuation 6 0d @ 2 GHz at Toot. 
Usage 450 Mz and Higher 
L259 CONNECTORS EACH END MALE CONNECTORS EACH END 
Footage Price 
z $94.95 
2298 
32098 
Or CREATE YOUR OWN 
CUSTOM LENGTH ON-LINE. 


ANDREW® Ginta CNT-3I0 


Connector: N, PL2S9, TNC, SMA, BNC & QMA, Burial: Yes, UV Resistant: Yes. 
Shields: 2 (100% bonded foll +9024 TC Braid) VP 84%, Attenuation 3.048 @ 150 MHz at 100 
Usage 1 MHz and Higher 

PL2S2 CONNECTORS EACH END Or CREATE YOUR OWN 
240C6. t 1475 CUSTOM LENGTH ON-LINE. 
2aocs. i 1295 


Prices subject to change without notice or obligation. 


What makes us better than the competition? 

= Quality products at competitive prices. 

= Prompt service and customer attention. 

™ State-of-the-art cable assembly manufacturing facility. 

= Stringent quality control to ensure top-quality finished products. 
™ A large inventory of raw materials. 

= Short lead times on custom cable assemblies. 

= Experienced engineering and knowledgeable sales staff. 

= Centrally located in the Chicago area. 


Many more cables listed on-line 
www.cablexperts.com 


or call: 800-828-3340 
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www.cq73.com 


ierra, Antennhs 


Explore All of HF with Your 


Sidekick Antenna 


Motor Driven Remotely Tunes 75 to 6 Meters 
160 Meters with an 8 Foot Whip & Six Shooter Capacity Hat 
1.5:1 or Less Typical SWR 

Rated at 200 Watts 

Includes 3 Foot Stainless Black Whip & Standard Controller 
Can Be Used Just About Anywhere! 

No Hazardous Beryllium 

Weighs Less Than 3 Pounds 

EZ-Tune Controllers Available 

See Our Website www.cq73.com for Package Deals 


HF Transceiver Speaker 


HF Antenna Tripod Deluxe 


pl 


HF Antenna 
Stake Hole Mount 


HF Antenna 
Magnet Mount 


High Sierra aREO? 


530-273-3415 www.cq73.com 
See Our New Website with Lots of HF Products 


HF, WX, AM, FM, TV 
Solar, Battery, AC 
Crank Powered 
Radio 
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; , = : 
Learn to Solder 
Tools ent trecu nance for 
Assembling Electronics 
Brian Jepson, | 


Tyler Moskowite 
& Gregory Hayes 


O REILLY” | 


Maker 
; PRESS : 


ic. 


TECHNOLOGY IN: 


Introducing the... AntennaSmith™! 


12-900 Antenna Impedance Analyzer 


2 Sec Sweeps, Sweep Memories, 1 Hz steps, 
Manual & Computer Control w/software, USB, low 
power. Rugged Extruded Aluminum Housing - 
Take it up the tower! 


@ Full Color TFT LCD Graphic Display 
@ Visible in Full Sunlight 

@ 0.2 -55 MHz 

= SWR 

@ Impedance (Z) 

@ Reactance (r+jx) 

lM Reflection coefficient (p, 6) 
@ Smith Chart 


Rev. 2 
Now Shipping! 


Check Your Antennas and Transmisson Lines 
Once you use the 12-900 - 
you'll never want to use any other! 


our new line-up 


@ HamLinkBT-Lite™ Bluetooth Rig Control 
Coming soon for your radio! 


@ HamLinkBT™ Bluetooth 
Wireless Remote Control Head 


Data & Rig Control: 


@ HamLinkUSB™ Rig Control Plus 
TTL serial interface with PTT 


@ =U232™ RS-232-to-USB Adapter 
Universal Conversion Module 


replaces PCB-mount DB-9 & DB-25 Coming soon for Kenwood, Icom & Yaesu! 
ll PK-232/USB Multimode Data Controller f 
(upgrades available) Noise & QRM Control: 
l__DSP-599zx Audio Signal Processor 


@ PK-96/USB TNC 
(upgrades available) @ ANC-4 Antenna Noise Canceller 


From the Timewave Fountain of Youth - Upgrades for many of our DSP & PK products. Call Us Now! 
Timewave Technology Inc 


www.timewave.com 1025 Selby Ave., Suite 101 651-489-5080 
sales @timewave.com St. Paul, MN 55104 USA Fax 651-489-5066, 


*ANDREWS *AMERITRON + CUSHCRAFT « VECTRONICS + 


* WEST MOUNTAIN RADIO PRODUCTS 


HEIL* GAP+ DIAMOND» SPI-RO* HUSTLER + MFJ + COMET 


WBOW, INC. BX Tower 
800-626-0834 & Accessories 


816-364-2692 + Fax 816-364-2619 i 
P.O. Box 8547, St. Joseph, MO 64508 i 


WWW.WBEW.COM A 
E-mail WBBW@WBAW.COM : 


‘Tower Insulators for Rohn 256 


ROHN/Radian 
Tower 
& Accessories \ 


399.00, 
Ginpole for Rohn 
25-55 and round 
leg towers up to 
2” 0.D. Shown 
here with optional 
base pulley. 
Also ginpoles for 
BX type Towers. A 
25G/a5G/55G_$99/199/259| 


Nifty! Reference Guides 
Free Shipping in Continental U.S. RF Connectors 
ARRL Books, Cd’s, & Study Guides “TURBO TUNER $236.00 
[25% off if you mention ARRL Antenna Handbook Ad! ‘Antenna Control 


i a TarheelAntennas 


foa0 ms > terns Got the quality that only CNC machined bi a. 
10-80 mers. FoR. Ger the quality that only CNC machined blueprinted components 
$349 INTE ci ly p ip 


in either aircraft aluminum or stainless steel can offer 


ANTENNA SPECIFICATIONS 


Little Tarheel II * 3.5 Mlz-54.0 MHz * 200 watts PEP * 1-1/4" coil 
16" base * 32" whip * 1.9 Ibs * 48" @ 54.0 MHz * 54” @ 3.5 MHz 


4.0 MHz * 400 watts PEP * 2" coil 
@S4 MHz * 5 MHz 


Model 75 "Stubby" * 3.7 Mhz 
16" base * 6' whip * 5.5 Ibs * 


Model 100 * 3.4 Mhz.- 30.0 * 1.5 Kw PEP * 2" coil * 3' base * 6! whip 
8 Ibs * 9° 4" tall @ 30.0 MHz * 12 tall @ 3.5 MHz 


Model 200 * 3.4 Mhz. 28.0 MHz * 1.5 Kw PEP * 2" coil * 4’ base 
6' whip * 10' 4" tall @ 28.0 MHz * 12'tall @ 3.5 MHz. 


Model 300 * 1.8 Mhz.- 30.0 MHz * 400 watts PEP * 2” coil * 3! base 


| on 6 whip * 8.5 Ibs *9°4" tall @ 30.0 MHz * 11 tall @ 1.8 MHz 
tly Model 00 #18 Nhe-28.0 Ez * 400 wats PEP * 2 cil * 4 base 
eel 8 6-80 mtrs. 6 whip * 9 Ibs * 10’ 4" tall @ 28.0 MHz * 12' tall @ 1.8 MHz 
beets 
S08 0 


All Prices Subject to Change without Notice 
TE SYSTEMS AMPS + LDG + ROHN + BX TOWERS - GINPOLES+ 


* SVNNALNV 1345HUVL © 


*N5d0144 * NOYLOSI + NSSYV1 + NIVD-AH . YANNL ONSNL 


YT 
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mi BUDDIPOLE 


BUDDIPOLE 


The Buddipole™ Portable Dipole fits in your travel bag and assembles. 
in minutes. The Buddipole is more than an antenna, it’s a versatile 
system for launching your signal. Optimized for transmit power and 
proven for DX work, the Buddipole is the secret weapon used by HF 
portable operators all over the world. 


What is the Buddipole? 


>Multi-band design works 9 bands -40 > Lightweight, rugged components Call or write for 
meters thru2meterswithoneset of —, optional Rotating Arm Kit allows free brochure! 
adjustable coils! 
users toinstantly change antenna A ooo 
»Rated from QRP to 250 watts PEP configurations Saar 
>Modular Design-createdozensof © >Usedby the U.S. Military Special fe 
different antennas with Forces and Emergency Services 
interchangeable parts Groups throughout the world 


www.buddipole.com 


»Rotatatable/Directional 
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Ee THE PERFECT ANTENNA So 


[For almost 2 decades GAP has Slated there 1s no perfect antenna. No Singular antenna can do ital Thats why we designed a family of antennas that utilize the patented 
(#5592 183), GAP Technology, to give you options. Within this family is the antenna or antennas ity are a problem, take a look at the 
Eagle DX. If you are looking for a simple general coverage antenna with capture area, consider the Challenger DX. What id antenna with great 40m and 80m| 
performance? Then the Voyager DX is worth your attention. If you seek the most popular multiband antenna, then the Titan DX 

The GAP Technology eliminates traps, electromechanical devices and coils, which can increase loss and decrease reliabi 

assembly process. Slide one tube over another until the big hole lines up and insert a screw AGAP is pretuned, will handle 1500 walts PEP and provides instanteneous| 
[coverage with a VSWR under 2:1 across the entire band.” 


MDP DL DP DLLING CACH THE WAVE ASAI 


TITAN DX CHALLENGER DX VOYAGER DX EAGLE DX 

40m, 12m, 15m, 17m, 2m, 6m, 10m, 12m, , 40m, 80m, 10m, 12m, 15m, 17m, 
20m, 30m, 40m, & 80m. 15m, 20m, 40m, & 80m , 20m& 40m 

25'tall 25 Ibs S'tall 21 Ibs : 21'tall 19 Ibs 
Mounts on 4-1/4" OD in ground mount Mounts on 1-1/4" OD 
mast supplied. ground mount. mast 


No radials required. 3 counterpoises 3 counterpoises No radials required. 
required 25" long, required 57’ long. 


spcinie enuere cto “VSWR under 2:1 on “VSWR under 2:1 on “40m limited to 
160m 90 KHz 300 watts 


FOR ALL ae: 


pee 4 = GAP 
2" OD Mast 


ee aioe 


(772) 571-9922 
Visit us at: STAINLESS STEEL & ALUMINUM CLAMP 


STAINLESS STEEL & ALUMINUM CONSTRUCTION Peretti Reet nie 222, UY Protected Black Double Braided Polyester Rope! 


214 


AB. 
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Your Powerpole Headquarters 
More Powerpole Stuff Than Anybody 


A huge variety of ready-made cables 
with Anderson Powerpoles for ICOM 
(including the new IC-7000), Kenwood 
(including the TS-480), Yaesu, Alinco, 
and most other HF, mobile, and handheld 
rigs. Power supply cables for almost any 
source — home, mobile, or portable, 
Accessories including pane! mounts, mount- | “full selection of our fa- 
ing plates, crimpers, and wire. mous PaneRelief™ coax 
See us at Hamfests from Maine to| feed-through panels, ond 
Maryland, or visit our Web Site |. vuneRite™ tuning 


modules for ICOM, Yaesu, 
for all of your Powerpole needs and Kenwood. 


Of course, we also stock a 


Quicksilver Radio Products + Meriden, Conn. 


www.qsradio.com 


Cell: 708-337-8172 
4421 West 87th Street, Hometown, IL 60456 


ix@w9ilx.com 
zon 
a 


Electronic Parts 


1000s of Component Parts 


- No Minimum Order —- 


— Shortwave — Ham Gear — Scanners — 
— AM/FM Radios — Antennas — Coax — 
— Accessories — Books — Computer Cables — 


Visa/ MC/AMEX/ Discover 


Dave's Hobby Shop 


600 Main Street, Van Buren, Arkansas 
479-471-0750 


www.daveswebshop.com 


Antennas to Build— 
Ideas to 
Experiment With 


ARRL's Wire 
{Antenna 


Antenna 


Hang ‘em high or hang ‘em low, 
wires are the best antennas to 
use to get on the air simply and 
inexpensively. Experience the 
satisfaction of building your own 
wire antennas. 


Now you can enjoy a collection 
of the best antenna articles from 
‘ARRL publications. Inside these 
books, you'll find more than just 
creative ideas. Each is filled with 
innovative designs that work! 


* Dipoles 
= Loops 

* Collinears 

= Wire Beams 

® Vertically Polarized 
= Multiband Antennas 
and more... 


— 2Volumes! — 


Vol 1: ARRL’s Wire 
Antenna Classics 
ARRL Order No. 7075 


Vol 2: More Wire 
Antenna Classics 
ARRL Order No. 7709 


Available from ARRL 
and dealers everywhere! 


ARRL wie 
AMATEUR RADIO 

225 Main Street 

Newington, CT 06111-1494 USA 
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PowerMaster AIM 4170 


Watt/VSWR Meter Antenna Analyzer 
™ Sets the leading edge for all watt/vswr ™ Most advanced vector impedance 
meters to follow analyzer at a fraction of the cost 
™ Unheard of accuracy for the price ™ Accurate and easy to use 
= Fast Bright reading meter ™ Application software included 
™ Application software included = Lab instrument quality 
= Upgradeable via Internet = Upgradeable via Internet 
$430 $400 


OptiBeam Antennas 
German Engineering means High Performance 
and Reliability 


OptiBeam 3 element 80 Yagi 


Prosistel 
Rotators 
Strongest Rotators 
4 on the Market 
OBs.205 Prosistel 
PST 71 DC 


| AS-AYL-4 
| NEW 4 Direction K9AY Loop Antenna 
Hear What You've Been Missing on the Low Bands 
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Quality Radio Equipment Since 1942 


AMATEUR TRANSCEIVERS 


Universal Radio is your authorized dealer for all major amateur radio equipment lines 
including: Alinco, Icom, Kenwood and Yaesu. 


SHORTWAVE RECEIVERS __<o—= 


‘Whether your budget is ‘50, #500 or 5000, Universal can recommend a shortwave receiver 
to meet your needs. Universal is the only North American authorized dealer forall major 
shortwave lines including: Elad, Icom, Yaesu, Japan Radio Company, Ten-Tec, Grundig, 
‘tn, Sony, Sangean, Palstar, RFspace and Katt. 


WIDEBAND RECEIVERS 


Universal Radio caries a broad selection of wideband and scanner receivers. Alinco, 
‘AOR, Icom, Yaesu and Uniden models are offered at competive prices. Portable and 
tabletop models are available. 


ANTENNAS AND ACCESSORIES BOOKS 


Your antenna is just as important as your radio. | Whether your interest is amateur, 

Universal carries antennas for every need, space | shortwave or collecting: Universal 

requirement and budget. Please visit our website or | has the very best selection of radio 
books and study materials. 


request our catalog to learn more about antennas. 


@ USED EQUIPMENT 

Universal carries an extensive selection of used ama- 

tour and shorwave equipment. All items have been 

tested by our service department and carry a 60 day 

warranty unless stated otherwise. Request our 

monthly printed used list or vist our website: 
www.universal-radio.com 


@ VISIT OUR WEBSITE 


‘Guaranteed lowest prices on the web? Not always. 

But we do guarantee that you will find the Universal 

\webosite to be the most informative. 
www.universal-ra 


@ VISIT OUR SHOWROOM 


com 


FREE 112 PAGE 
CATALOG 

ur informative print catalog 
covers everything for the 
amateur, shortwave and 
scanner enthusiast. All 
items are also viewable at: 
www.universal-radio.com 


Universal Radio, Inc. (Ea aiaammmerrs 
6830 Americana Pkwy. Atanas 
Reynoldsburg, OH 43068 PAGauescma 
> 800 431-3939 Orders J Used equipment Ist 
> 614 866-4267 Information MENAIES 

> 614 86-2339 Fax 


7 Returns subject to 
niversal-radio.com 15% restocking fee. 


universal 
radio inc.) > 
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The ARRL 
Antenna 
Compendium 
Volume 7 


Hooray for antennas! This is the 
seventh in the very popular ARRL 
Antenna Compendium series. 
Inside, you'll find articles covering 
a very wide range of antenna- 
related topics: 


= 30, 40, 80 and 160-Meter 
Antennas 


= Measurements and 
Computations 


= Mobile Antennas 
= Multiband Antennas 
= Practical Tips 


= Propagation and Ground 
Effects 


= Quad Antennas 
= Special Antennas 
= Stealth Antennas 


= Tuners and Transmission 
Lines 


® Vertical Antennas 


® Wire Antennas 


= Yagi Antennas 


‘And, this volume includes even 
more articles on low-band anten- 
nas and operating, and great 
designs for operating on the road- 
from cars, vans or motor homes. 
ARRL Order No. 8608 

Only $24.95 


shiping $8 US (oun $13.00 erations 


ARRL tuareur rave 


(nt Mialdol 
Base Antennas 


camer 


! 


& 
= 
ee) 
= 
ce 
aa 
E 
= 


easy min-DXpedtion to a campground oa nice tropical sland! n shor, the Comet CHA-250B is 
‘simple fo assemble, painless to elevate and is easyon the eyes, wheat the same time geting 
youton 6 meters thr 80 meters without the requirement of an antenna tuner and ground rails. 


‘elore daybreak Ths antenna is aso a great choice for potable operation, such as quick and 
‘oul even be able to work some DX while youre a!" ~ Dan Dankert NBPEQ 
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CHA-250B VSWR graph 
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WL-FU/802.11B/LANHSMM. 
‘ACCESS POINT ANTENNAS, 
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714-630-4541 + 800-962-2611 » FAX 714-630-7024 + wwwinatcommgroup.com 


Or contact NCG Company. 1275 N. Grove Street, Anaheim, CA 92806 


For a complete catalog, call or visit your local dealer. 


Alphabet soup got you confused? 


There’s only one letter you need .. . it’s the G. 
We're the name you've known and trusted for over 56 years! 
Our name stands for. . . 
Quality 
Integrity 
Enduring Strength 


Choose the original Rohn G Series. 
Because everyone knows "G" comes before all the rest! 


Products 


6718 W. Plank Road ~ Peoria, IL 61604 
Ph, 309-697-4400 ~ Fax 309-697-5612 
www.radiancorp.com 


Division of Radian Communication Services, Inc. 


ARRULs Yagi Antenna Classics Yagi 


—Yagls, Quads, Loops, and other Beam Antennas Antenna 
Contents: Classics 


* Monobanders: Beams for your favorite band a 
Multibanders: Beams that cover two or more bands : 

HF, VHF and UHF Beams: From 80 meters to 2304 MHz 

Computer Modeling: Optimize your beam's performance 

‘Towers, Masts and Guys: Your beam needs solid support 

The “WOW” Factor: Can you believe this? 


ARRL Wiitiaisis ABBY Orde No. 2187 


SHOP DIRECT cater a shiping $7 US (round $12.0 Internationa 
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“Being the Original has its advantages.” 


UNADILLA 
ANTENNA MANUFACTURING COMPANY 
VHF - UHF - HF Applications 
Special Models for Beams, Dipoles and Line Isolation 
Manufacturing Baluns and Accessories for over 40 years 
Ham - Commercial - Industrial - Government - Military 
Po ROK 4215-07 


‘ANDOVER, MA.01810 
PLANT 978 975 9711 wwwunadilla.com 


No Antenna Hang your 
No Ham Radio! next wire antenna with the 
ty rad opengeren iV nn mater EZ HANG KIT! 


Here's help 
navigating the thicket 
of ordinances and 
bylaws to obtain a E 
building permit for your 

antenna system. Don't t 
{get caught in the crazy 
‘Quilt of regulations. 


Everything you and 
your attorney need to + 


ee ene perae Comes with everything you need: 


support system = The original EZ Hang 

ROM ice consing = The EZ Winder 

sesame eer ard A spare set of Bands and 
six weights and clips. 


EZ HANG 


Antenna Zoning forthe Radio Amateur Code AB 
ARRL Order No. 8217 2217 Princess Anne St., Suite 105-6 

‘Only $49.95" Fredericksburg, VA 22401 « Phone: 540-286-0176 
Sec ininacisaecera Se ee cant ariel Hodes 

ARRL iuareun A018 www.ezhang.com 

Srey | Sze 
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Project Book 


Learn to Solder 


Learn the fundamentals of soldering—and pick up an essential. 
skill for building electronic gadgets. You'll discover how to preheat 
and tin your iron, make a good solder joint, desolder cleanly 
(when things don’t quite go right), and how to use helping hands 
to hold components in place. 

This concise book is part of MAKE’s Getting Started with 
Soldering Kit, Using the tools in the kit and some electronic 
components, you can practice soldering while making fun blinky 
objects. Then show the world you just learned a new skill by 
wearing the Learn to Solder Skill Badge, 


“Learn how to prepare your workspace 
_ Get to know the components you'll work with 

Use the best methods for soldering components in place 
_ Experience the perfect solder joint 

_ Know how to desolder when things don't go right 


Heat up the iron and start soldering today! 


(er ts/U5 eo Maker: 
panera PRESS 


High-Performance 


Remote Automatic Antenna Tuners 


Places the Tuner Circuitry at the Antenna Feedpoint for 


1.8 to 30 MHz Balanced 
1-Network Antenna Tuners: 
= AT-502 — 200W SSB/CW 
2x 85 Memories. $699.95 
= AT-515 — 1.5kW SSB/CW 


85 Memories $1,699.95 PAne 
Desktop Contral Unit with LCD; Weather-Protected 
Remote Tuner Unit (to IP65/66 standards). = 
oo 


www.hamware.de = ‘1 
Int'l: Klaus Bemmerer © service@hamware.de 
Tel: +49 4371 869145 
US: Dillon RF Systems ® dillonel@mtaonline.net 


Backyard Antennas 


Simple techniques for building 
high performance antennas 


Loops 


stimating and Measuring the Performance of 
your Antenna 
) ARRL wuarzur aa018 


Backyard Antennas 
ARRL Order No. RBYA 
Only $34.95* 


“hiping $9 US (rune)! $14.0 erator 


KTR 


ADVANCED SPECIALTIES INC. 


L New Jersey’s Communications Store 
Seem, Submersible HT 


BALINCO. 
Authorized Dealer Dual Bans 


ALINCO * LARSEN * COMET * MALDOL * MFJ * UNIDEN 
LDG * ANLI * RANGER * YAESU * TRAM * PROCOMM * PYRAMID 


), AMATEUR RADIO - SCANNERS - BOOKS 
ANTENNAS - MOUNTS - FILTERS 
FrSs70. 


ACCESSORIES & MORE 


FT-2800M 
sw 2M Mobile 


‘Uniden Closed Sunday & Monday FT-8900R 


Big Online Catalog at 
SS FH wwwadvancedspecialties.net 


ee 


Simple and Fun 
Antennas 
for Hams 


Lots and lots of real 
world, practical antennas 
ou.can 

YOURSELF! 


BUILI 


Contents: 
= Your First VHF Antenna 
= Your First HF Antenna 


= Facts About Transmission 
Lines 


= Antenna Masts and Supports 
"HF Verticals 


= More Simple and Fun 
Antennas for VHF and UHF 


= More HF Dipoles 


= Dual-Band VHF/UHF 
Antennas 


= An HF Vertical That Needs 
No Radials—Try the HVD 
= Yet More HF Dipoles 
= More Facts About Feed Lines 
A Potpourri of Antenna Ideas 
= VHF Beam Antennas 
= Towers 
= HF Beam Antennas 
= Getting the Most Out of 
Your Antenna 
Simple and Fun Antennas 
for Hams 
RRL Order No. 8624 
Only $22.95" 


*ahpping $8 US (rund $13.00 lteroasona 
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Vertical 
Antennas are 
Everywhere 


On cell phones, broadcast towers, 
portable radios and vehicles. And 
for good reason! Here are the best 
articles on vertical antennas from 
QST and ARRL publications. 


= Theory and Modeling 
= VHE and UHF 
«Directional Arrays 

= Radials 


* Single-Band and Multi-Band 
HF Vertical Antennas 


= Ground Systems 
= Portable Antennas 
= Phased Vertical Arrays 
and more. 


The Sky's the Limit! 


Vertical Antenna Classics 
ARRL Order No. 5218 
Only $12* 


More Vertical Antenna Classics 
Second Edition 


ARRL Order No. 9795 
Only $17.95" 


‘shpping $7 US (round $12.00 nenatona 


ARRL iuarcun navi 


K@XG Systems 


Antenna Rotation 
Equipment 


Orbital Ring 
Rotor 


Unit shown is the 45/559 
Orbital Ring rotor with 
MonstIR Yagi installed. 


Models available for any 

size tower (including cell 

towers). For any size boom, 

or tower boom. 

1117 Highland Park Dr. Bettendorf, IA 52722 
il: kOxg@kOxg.com 

(563) 340-5111 


Visit our Web Site at: 


www.K@XG.com 


‘A picture is worth a thousand words. 


with the 


ANTENNA MODEL” 


Wire antenna analysis program for Windows® you get true 3D far feld patterns that are far 
‘more informative than conventional 2D pattems or wire-frame psoudo-3D patterns. 


Now you can have all the advantages of the MININEC code and Sommerfeld-Norton 
{ground too, down to 0.02 wavelengths above ground. No spit load, spit source, or equiva: 
lent monotaper element approximations are needed. Enjoy superior graphing and 2D far 
field plot comparison capabilty 


Describe the antenna to the program in an easy-to-use spreadsheet-style format, and then 
with one mouse-click the program shows you the antenna patter, front to back ratio, front 
to rear ratio, input impedance, efficiency, SWR, and more. 

‘An optional Symbols window with formula evaluation capability can do your calculations for 
you. A Match Wizard designs Gamma, T, or Haifpin matches for Yagi antennas. & Clamp 
Wizard calculates the equivalent diameter of Yagi element clamps. Yagi Optimization finds 
‘Yagi dimensions that satisfy performance objectives you specify. Major antenna properties 
ccan be graphed as a function of frequency. 

‘There is no builtin segment limit. Your models can be as large and complicated as your 
system permits. 

ANTENNA MODEL is only $90. This includes a Web site download and a permanent backup 
Copy on CD-ROM. Visit our Web site for more information about ANTENNA MODEL, 


Teri Software 
P.O. Box 277 
Lincoln, TX 78948 
www.antennamodel.com 


e-mail sales@antennamodel.com 
phone 979-542-7952 
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OU 
LOWEDONGEO RING 


Npianiias, EqUIBMEN! 
dnd Sacnpicdas for 
DAGHEM ENON OU), 
{0 40 Maiass 


by John Devoldere, onan 


Thoroughly updated with entirely 
new material on low-band antennas 
and high-gain transmitting arrays. 
Includes new insights and new 
design techniques for receiving 
antennas and vertical arrays. 
“John is one of the most recognizable figures on the DX scene. 
He has spent more than 1,500 hours rewriting and updating 
‘ON4UN’s Low-Band DXing, known far and wide as the 
low-bander's bible.”"—R. Dean Straw, N6BV, Editor ARRL Order No. 9140—$39.95* 
shiping: $9 US (around) international 
CD-ROM included! This edition is bundled with the fully searchable 
and complete book on CD-ROM for Windows® and Macintosh® systems. 
(Also contains additional ONAUN software and over 2000 qualty pictures.) 


Handling charges apply. 
equired for orders shipped 
OCA, CT, VA, and Canada. 


Prices and product availabilty are 
subject to change without notice. 


‘near! ssoeann or) SHOP RECT ocala deatr nos you 
ARRL iiareur Rani ORDERTOLL Pee 888/277-5269 (US) 
One WWWLARRL.ORG/SHOP 


Basic Radio 


Understanding the 
Key Building Blocks 


Finally — an introduction to radio 
FOR EVERYONE! — what it does 
and how it does it. 


Basic Radio reveals the key 
building blocks of radio: receivers, 
transmitters, antennas, and 
propagation. Includes simple, 
build-it-yourself projects to turn 
theory into practice. 


Basic Electronics 


‘The foundations taught in this book 
will prepare you for more advanced 
concepts in electronics. The text is 
written in an easy-to-understand 
style that nontechnical readers will 
enjoy. You don't have to be an 
engineer or a math whiz to enjoy 
the thrill of experimenting with 
electronics circuits! 


Basic Radio 
ARRL Order No. 9558 
Only $29.95" 


Understanding Basic Electronics 
ARRL Order No. 3983 
Only $29.95" 


“pping $9 US (gtun! $14.00 ieratonal 


‘hoch You me 6682778209 (US) 
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HYBRID-QUAD ANTENNA 


Hh ne 


M@-248R | 
hoy 


MINI 
HF BEAM 


MQ-1 Four-Band Antenna 
6,10,15,20 Meters, Two element 
MQ-24SR Four-Band Antenna 
6,10,15,20 Meters, Enhanced reflector 
MQ-34SR Four-Band Antenna 
6,10,15,20 Meters, Three element, E/Ref. 
MQ-26 Six-Band Antenna 
6,10,12,15,17,20 Meters, Two element 
MQ-26SR Six-Band Antenna 
6,10,12,15,17,20 Meters, Enhanced Refl 
MQ-36SR Six-Band Antenna 
6,10,12,15,17,20 Meters, Three element.E/R 


oe 


12Giii, Communications 


121 Devon St. Stratford, 

ON Canada NSA 2z8 

Tel. & Fax (519) 271-5928 
wwws3.sympatico.ca/igmc. 


ARRLs VHF/UHF Antenna Classics 
Build portable, mobile, and fixed 
antenna designs 


Ground planes, J-poles, aE 
mobile antennas, Yagis, and MPN mga WeTEN/Ol eth 
more. Build a better antenna | enatelpei 
for your hand-held radio. een Y 
Construct a 2-meter Yagi that 
will rival similar commercial 
antennas. Build a dual-band 
vertical for 146 and 445-MHz. 
The results will be rewarding! 
Includes projects gathered 
from the pages of QST. 


ARRL Order No. 9078 


Only $14.95* 
“shipping $7 US (ground)'$12.00 International 


ARRL iuarcun' nave 
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MORE DEALS THAN YOU CAN SHAKE A STICK AT! 


* Great Gear 

* Great Deals Maines ay 
* Great Service fF] Design offers a flag- 
+ Free UPS S/H!* TOWERS Sine supporing or 
*Onallrado orders shipped Swings Ge Big Gs Toes! teria loads Up 10 22 


within the contiguous USA. 
a square feet. Models 


range from 40-85 feet 
in height and come 
with a hand winch and 
house bracket. Option- 
alself supporting bases 


KENWOOD pee | Gees 


butternut 1 TOWER EXPERTS, 
Ss ||] We Ain't Braggin’ 

But we've helped so 
|] | many Hams order US 


‘Towers over the years 
KENWOOD TS-2000X BUTTERNUT HF-5B M2 KT-34M2 I) Parossereetent 
Huge Band Coverage, All Lightweight five band beam, Four element, short boom oe the US Tower experts, 
Mode HF/6m/2m/70cm/23cm, small enough to tun with aTV _triband beam is long on perfor- Please call for help se- 
‘AutoTuner,CW Memory Keyer, _rotator—perfect for portable or mance! Rugged, with all stain- lecting the perfect US 
Dual RX, Dual DSP, Built-in limited space operation or for less hardware. Broad gain,high + Tower for your QTH! 
1200/9600 bps NC and More! deed restricted stations. F/8 flat match. Balun supplied. 
CALLFORYOURBEST PRICE! CALLFORMOREBUTTERNUT! CALL FOR M2 ANTENNAS! 


— 


CUSHCRAFT A3S 

KENWOOD TS-480SAT —_—_Three element triband beam 
Mobile Performance, AllMode with optional 30/40m kit. Com- 
HF/6m, Auto Tuner, Separate pact yet rugged design with all 


B-18 SERIES 
Light Duty Aluminum 
Self Supporting Towers. 
Five models range from 
30-50 feet in height, 
‘and support up to 12, 
sq, ft.of antenna load. 
‘CALLFORMORE INFO! 


Yaesu 
G-0000xA 


Front Control Panel, 16it DSP, stainless teelhardware-Perfect_ ANTENNA ROTATORS B-26 SERIES 
CCICSS Encode/Decode, More! formed space application Call ‘Medium Duty Aluminum 
CALL FOR YOUR BEST PRICE! CALL FORMORE CUSHCRAFT! “call Self Supporting Towers. 
Call Thirteen models range 
hy-gain “Call from 30-90 feet and 
“Call support up to 345 sqft. 


igital.....Call of antenna wind load, 

Hygain, HDR-300A......Call CALL FOR MORE INFO! 

M2, OR-2800PDX envanCall 

Yaesu, G-450A Call B-30 SERIES 

HYGAIN TH-3MK4 Yaesu G-550. Call 2 Heavy Duty Aluminum 

KENWOOD TM-D700A —Three element triband beam Yaesu, G-800SA..........Call ‘Self Supporting Towers. 
Mobile 2m/70cm FM XCVR designed for broadband per-Yaesu,G-800DXA........Call_ 4) Nineteen models range 
With TNC, Separate Front Con- formance. Rugged construc- Yaesu, G-T000DXA ......Call from 40-100 feet, and 
trol Panel, CTCSS Encode/De- tion and all stainless steel hard-Yaesu,G-2800DXA Call support up to 34.559. 
<code,200 Memories and More! _wareforlong termrreliabiliy. Yaesu G-5500.. Call of antenna wind load, 
CALL FOR YOUR BEST PRICE! CALL FOR MORE HYGAIN!  ROTORCABLEINSTOCK,CALL! CALLFOR MORE INFO! 


TEXAS TOWERS (800) 272-3467 


1108 Summit Avenue, #4 + Plano, TX 75074 Proudly Serving Ham Operators Since 1978! 
Hours: M-F 9AM-5 PM Central Time MASTERCARD. Visit Our Website for More Great Deals: 
jales@texastowers.com VISA+ DISCOVER http://www.texastowers.com 


F\-" 


A 


A-frame mast 


AcIndex 
AAGGL: 
AAGZM 
Aart 
‘AB-577 military tower: 
Absorber circuit, power: 21-6 
Accuracy tests 
Acute-angle junction: 48 
Adcock 
Antenna: 14-51 
Pattern: 14-6 
Adcock, F 145 
Adding parasitic director to LPDA: 10-8 


Additional loss due to SWR: 
Addresses of suppliers 

Adjustable L-network feed system: 
Adler, Dick, K3CXZ: 

Admittance: 

ALI 

ALTKK: 

Algorithm for ray tracing: 
Aluminum tubing: 

‘AM broadcast stations: 


American National 
American Physical Society 
Ammeters, RF 
Amplitude: 

Reflected signals: 
Andress, Kurt, KTNV: 


standards Institute: 


Angle: 
Azimuth: 
Critical: 
Elevation: 2-8, 2-15, 19-1 
Near overhead: 11:37 
Zenith 2-9, 2-15 
Annealed copper w: 20-1 
ANSI RF exposure guidelines 119 
Antenna Model: -2 
‘Antenna Modeling course: 43 
Antenna tuner: 2-2, 4-6, 4-23, 7-3, 7-5, 7-7, 26-Uit 
Antennas: 
Addresses of suppliers 21-4 
Analysis by computer: aut 
Antenna terms, definitions of: 8-218 
A0-40: 19.917 
Apartment antennas 4-248 
Aperture: 27-48 
Base loading: 16-1 


Antennas: 


Broadband: 
Building on the tower: 
Capacitance: 

Center loading: 

Center-fed: 

Clothesline: 

Co-planar crossed Yagi: 

Coaxial sleeve: 

Construction details and practical 


considerations 431 
Continuously loaded: 16-13ff, 6.29 
Crossed linear: 19-401 


Directive 
Directivity and gain: 
Effect 

Electrical loading 
EME: 

End effect 

End-fed: 

Essential characteristics: 
Flattop: 

Folded monopole: 

Folded, efficiency 

for repeaters: 

GSRV & antenna tuner: 
GSRV multiband: 7st 
Ground plane 2-17, 4-811, 6-18Kf, 7-16 
Half-sloper: 6-44 
Half-square 

Height: 

Helical: 

High horizontal 
Horizontal: 


Image: 
Indoor: 

Installation: 

Inverted L: 

Inverted V: 

Invisible: 

Isolation, for repeaters: 
Isotropic 

K-factor: 

LC-matching networks: 
Limited space: 

Long-wire and traveling-wave: 
Losses: 

Low frequency: 

Magnetic core: 

Manufacturers product list: 


9-9ff 
24ft 
13-1ff 


_|| 


aa lee 


Antennas: 
Matching network: 9-2 
Matching network design: 9-611 
Materials and accessori 20-118 
Mobile: 16-1ff 
Mobile & marine: 16-1ff 
Mobile, transient protection: 1-15 
Modeling programs aut 
Multi-dipote: car 
Multiband: Tt 
Near resonance:... 9.26 
Off-center-fed dipole: 7-8it 
Omnidirectional, VHF and UHF: 18-22 
Open-Sleeve: 7-18ft 
Other characteristics: 2-15if 
Parabolic reflector: 19-14tP 


Pattern measurements: 
Pattern planes: 

Polarization: 

Portable 2-element 6-meter quad: 
Portable 3-element portable 6-meter Yagi 
Practical aspects 

PVRC mount 

a 

Quad arrays: 

Quadrifitar: 

Raising alongside the tower: x 
Range setup: 27-4710 
Re-radiation: 421 
Receiving: 

Receiving wave antennas: 
Reciprocity: 

Repeater systems design 
Resonant rhombic: 


ROUMOES! cannon 
Satellite: 

Selection criteria 
Separate, for repeaters: 
Short antennas: 

imple wire: 

ite planning: 

Slopers: 

Space communications: 
Support 

System 

System compromises 
‘Terminated thombic 
Texas potato masher: 
Textbooks 

‘Top and side mounting: 
Trap 

‘Turnstile over reflector: 


Vertical nese 
W3DZZ: 


7-108 
Windom: 1-6 


9-6ff 
15-21 


with parallel-tuned circuits: 
Zip-cord: 


932 
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A0-10: 19-2, 19-7 
A0-13 19-2 
A0-40: 19-7, 19-10, 19-12, 19-14, 19-24, 19-29 
AO-7. 19. 
Aperture, antenna: 27-48, 
Appendix A: 8-12, 8-56 
Appendix B. 8-17, 8-19, 8-37 
Arm-strong manual positioning: 
Army loop 
‘Array Solutions 
Arrayfeed! program: 
Arrays: 

Adjusting feed systems: 

Baluns: 

Bi-square: 

Bidirectional 

Binomial current grading: 

Bobtail curtain: 

Broadside: 8-2, 8-5, 

Bruce: 

Close-spaced driven: 

Collinear 2 elements: 

Common phased-array feed systems 

Current distribution: 

Design examples: 

Directional switching: 

Driven: 

Driven combinations 

End-fir 

Feeding, shunt components: 

Forward gain: 

Four-Square: 

Four-Square, L-network feed 

Four-Square, simplest feed: 

Ground losses: 

L-network feed system: 

Large, feed systems: 

Lazy-H 

Loss resistance & patter: 

Measuring currents 

Mutual coupling: 

Other broadside: 

Parallel broadside: 

Parasitic: 

Pattern null degradation: 

Phased: 

Phased arrays, feeding: 

Phased horizontal. 

Phased, element feed-point impedance: 8-10 

Phased, feeding: 8-10 

Phased, patterns vs spacing: 


8-181, 


Phasing arrows: 
Practical aspects: 
Qua: 

Ret 
Recommended feed methods: 8-16ff 


ng: 
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as 
Arrays: Barkley, H. B. 
Shunt- or gamma-fed feeding 8-201 Barrett, Lee, KINM 
Simplest feed system: 8-181 Base loadin; 
Sterba: 8-41 Base spring: 
8-2 BASIC: 
8-511 — Basic wind speed: 
8-27 Beamwidth: 
4-element driven: 8. Definition of: 
4-element rectangular array: 8-201 Versus gain: 
4-element, feeding: 8-20! — Bedspring antenna: 
8-element driven: 8-54 Bell labs: 
120 deg. fed, 60 deg, spaced Belrose, Dr. John S., VE2CV: 
ARRL log coordinate system Belts, safety 


Arrow antenna 
ASTM A 475-89: 
Asymmetrical routing of dipole feed tine: 
Atchley, Dana, WICF: 

Atkins, Bob, KAIGT: 

Attenuation 


From impedance measurements: 27-30, 28-8 
Line, in Smith Chart calculations 28-64 

Attenuator pad, switchable: 

AUTOR consi 

‘Autek Research RF-1, VAL 

Automatic tuner: 

Average gain test: 4-14, 4-16ff 

ALEL 19-28ff 

Azel mount: 19-11, 19-12 
angle 2-8, 2-15, 4-1, 19-1 
drive: 19.42 
pattern: 2-9, 11 


Backscatter: 
Balanced electrostatically 
Balanced feeder: 
Balloons demonstration 


ed dipole: 


6-19, 6-33, 6-45, 7-7, 7-9, 8-21, 11-42 


Coax line 18-6 
Common-mode choke: I-A, 16-24, 26-2101 
Common-mode current: 11-27 
Current: 6-15, 7-9 
Guanella: 613 
Impedance step-up: 18-6 
Impedance step-up/step-down: 26-27 
Input of tuner: 25-17 
Voltage: 11 
w2DU: 8-21 

Bamboo spreaders: 12 

Bandwidth 18-1 

Bar clamp (carpenter's clamp): 15-4 


F\-" 


Bending of radio waves: 23-341, 23-4 
Bending stress: 

Bent dipoles: 4-28, 6-39 
Beta match: 26-10ff 
Beverage: 13-16 


Characteristic impedance: 
Characteristic impedance, 2-wire: 
Cross-fire feed system: 
Feed-point transformers: 
In echelon: 

Optimum length: 
Practical considerations: 
Signal-to-noise ratio: 
‘Two-wire: 

Beverage, Harold, W2BML: 

Bi-square: 

Bidirectional: 

Big grips: 

Big ugly dish (BUD) 

Bilodeau, John, WIGAN: 

BIP/BOP: 

Bloodworth, Max, KOSTV: 

Bloom, Alan, NAL: 

BNC connectors: 

Bobiail curtain: 

Bohrer, Paul, W9DUU: 

Boom length: 

Bowl-shaped SWR curve: 

Boyer, Joseph M., W6UYH: 

Braskamp, Leon, AA6GL: 

Breakall, Jim, WA3FET: 

Breed, Gary, K9AY: 


Brewster angle: 
Bridge 
Circuits: 27-30 
Noise, for HF: 27-258 
Resistance type: 27-3 
Sensitivity 275 
Broadband: 
Antenna matching: oe 
Bifilar transformer: 26-16 
Matching transformers 26-16 
Broadcast approach, feeds: 8-16 
933 
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Broadside arrays: 
Brown, Bruce, W6TWW: 
Brown, Fred, W6HPH: 
Brown, Jerry, KSOE: 
Brown, Lewis and Epstein: 
Bruce array: .. 
Brute forve feeding 
Buchanan, Chester, W3DZZ: 
Building 

Department: 

Regulations: 

Safety codes 


Bumper-mounted HF mobile antenna: 


Bunny hunting 
Buried radials: 
Buried-radial ground system: 


c 


C-band TVRO dish: 
Cable Ties, black: 
Cage: 

Dipole: 

Vertical: 

Calorimeter, for power m 
Capacitance: 

Hat: 

Short verticals: 
Capacitive stubs: 
Capacitive top loading: 
Capacitor, coax: 
Capacitors, lines as 
CapMan: 

Capon, Robert, WA3ULH: 
Cardboard box antenna: 
Cardiac pacemakers and RF safety: 
Cardioid pattern: 

Carey, Willred, ZS6IT: 

Carolina Windom: 


Cartesian coordinates: 
Casual antenna evaluation: 
Cataract formation: 
Caustic problem: 
Cavity: 
Filters: nese 
Resonators: 
Cebik, LB, WARNL: 


Insulator: 
Loading: 
Prime (Smith Chart): 
Center-fed dipole: 
ntral States VHF Society: 
Cerwin, Steve, WASERF 
Cessna, Clair, K6LG: 


934 
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isurements: 


3-10, 837M, 8-41ff 


11-38 
7-10, 11-26 


2.4, 
621 
221f 


4-14, 6-23, 16-4, 16-15 


16. 
712 
6-201f 
6-13 
28-108 


14-2, 14-11, 14-15 
19-11 

7-61, 7-9 

aft 

4.27 

1-17 

3-25 


17-91 
17-91 
11-46 


4-3, 10-1, 


16-1, 


Characterist 
Chebyshev matching: 
Chicken-wire sere 
Chirp sounder: 
Choke balun 
Choosing a transmission fine 
Christman, Al, K3LC (ex-KB8)) 
Christmas tree: 

Christmas tree stacks: 

cadian rhythms: 


Resistance (Smith Chart) 
SWR (Smith Chart): 


ci 


Circular polarization (CP): 
cular waveguide dish feeds 


cularizing, tau: 
Clamps, hose: 
Climber’s safety belt: 
Climbing tips: 

Closely spaced wires: 
Clothing, towers: 
Cloud warming: 
Co-planar crossed Yagi: 
c 


Sleeve antenna: 
Switch: 
Couxial cable: 
Braid and wat 
Dir 
Coaxial-resonator match: 
Code, National Electrical 
Coefficient: 


1 burial: 


Horizontal reflection: 
Vertical reflection 
Coffee can 2304-MHz feed: 
Coil, loading: 
Coiled-coax balun: 
Collinear: 
Arrays 
Elements: 
Extended double Zep: 
Gain and directivity: 
Vertical: 
2 elements 


3 and 4 elements: 
Combinations of long wi 
Combined balun and matching stub: 
Commerciall implementations, NEC-2: 
Common logarithm: 
Common-mode 

Choke balun: 

Currents: 

Effects with directional antennas: 

‘Transmission-line currents: 


impedance (also see Zp): 


cuits, short and open, as line terminations 


24-4, 28-4 


23-21 
6-19, 6-45, 7-7 
26-11 


19-26 
18-194 
19-15 

10-7, 10-8 
20-9 


8-37ff, 18-138 
87 

8-400f 

8.37 

17-6 

8-37Hf 

8-301 

13-51 

26tf 
4-2 
29 


6-15, 6-33, 26-21f 
8-21, 12-7 
26-201f 

26-17f1 
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Compact vertical dipole (CVD): 
Comparing antennas on fading signals: 


Comparisons: 


Between top and base loading 


Quad vs Yagi 
Compass needle: 


Complementary RLC network: 


Conductance: 
Conduction current: 
Conductivity 
Map: 
Soil: 
Conductivity, soil: 
Measurement of: 
Conductors 
Copper clad stee!: 
Copper wire data table: 
IRAE sient 
Losses: 
‘Tension and sag on wires 
Wire types: nen 
Cone of radiation: 
Conservation of energy: 
Continental US 
Continuous 
Loaded antennas: 
Loaded verticals (helical) 
Loading 
Controlled environments: 
Convergence test 
Cookie-can li: 


Cookie-sheet & picture-frame-glass capacitor... 
Coordinate scales, radiation patterns 
Coordinate shortcuts, EZNEC: 


Copper wire, data table: 
Copper-clad steel conductors: 
Copperweld: 
Comer reflector: .... 

Design table: so. 
Corona: 


Coronal holes 
Counterpois 

Elevated: 
Counterweighting 
Coupled-resonator: 

Bandwidth: 

Complexity 

Equations: jon 

Frequency independence: 

30/17/12-meter dipole: 
Coupled-resonator dipole: 
Couplers: 

Cross band: 

Directional, VHF: 

Hybrid: 
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33 
93 
28-5 
3.30 
3-11ff, 3-20, 4-1, 4-11 
34 
3 


27-3611 


20-3 
20-2 

47 
24-6 


16-1341 
vo 6-378 
6-29 
1-208 
4-15ff 
19-24 
5-161 
211 
47 
20-2 
18 
20-1 
18-01F 
18-16 
6-13, 12-1 
23-28 
G-16lf, 16-38 
6-46 


1-25 
7-24 
71-25 
7-26 


17-1 


19ff 
8-16 
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Coupling 
Coupling the line to the antenna 26-11 
Coupling the transmitter to the line: 25-UNF 
Loops: 17-16 
Mutual: 4-14, 8-4, 8-13, 11-33 
Covenants: 419 
Coverage, repeaters: 17-24 
Cox, Roger, WBODGF: 10- 
ce: 19-2ff 
CP patch: 19-17 


Crank-up tower: 
Create 714X-3 triband Yagi: 
Critical: 

Angle: 

Frequency, vertical incide 
Cross-fire feed system: 
Cross-flow principle 
Crossed double bazooka: 
Crossed linear antennas: 


Cumulative distribution function: 


Cupped reflector, S-band: 
Current: 
Balun 
Balun model: 
Common-mode, on lines: 
Conduction: 
Displacement 
Distribution: 
Distribution on open sleev 
Feed-point vs element: 


Induced in conductors: 
Induced, amplitude and phase: 
Loop: 


uring phased arrays: 
Parallel: 
Parasitic conductor: 
Probe: 
RF current penetration: 
RF measurement probes: 
Source: 
Total: 
Transmission lines: 
Zone: 
Current forcing: 
vp: 
80-meter: 


D 

D'Agostino, Philip, WIKSC: 
Delayer (region) 

D-Ring: 

Daytime band: 

Bd: 


sce: 


fe antennas: 7-208 


8-17If, 8-19, 8-26, 8-28, 8-29 


6-31ff 
6-331 


18-41 
23-191f 
Ls 

67 
112 
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Learn to 
Solder 


Brian Jepson, Tyler Mosko- 
wite, and Gregory Hayes 


O'REILLY* 


Beijing + Cambridge + Famham + Kiln + Sebastopol + Tokyo 
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Bi 8-12, 11-218 
Dead-man anchor: 

Decibel: 

Decouple antenna from feed line: 
Deed restrictions: 

Delay lines: 

Delta matck: 

DeMaw, Doug, WIFB: 

DeMaw, Jean, WICKK: 

Depth of rf current penetration: 


6-43, 6. 


Detuning sleeve balun: 2 
Dielectric constant: BeMff, 3-11ff, 3-20, 4-1, 4-11 
Dielectric, losses: 24-6 
Diffraction: 3-23, 3-24, 3-24ff, 23-4 


Diffraction model: 
Incident-shadow boundary 
Reflection-shadow boundary: 
Shadow boundaries: 


Wedge: 
Digital elevation model (DEM): 
Dipole: 
Arrays, log periodic: 10-1ff 
Bent: 4-28, 6-39 
Cage: . 9-3 
Center-fed: 23 
Coupled-resonator: 7-200 
Coupled-resonator 30/17/12-meter: snes 7-26 
Flattop: 44 
Folded: . 6-100 
Folded, matching: 18-6 
GSRV multiband: T-Siff, 26-1 
Halfwave center-fed: 2-3, 6-10ff 
Horizontal: 6-101f 
Inverted-V: 4-7, 6-11 
Multiwire: ll 
Off-center fed (OCI 2.3, 7-800 
Off-center-loaded dipoles: 6-301f 
Orientation 4.28 
Paralleled: 7-118 
Stagger tuned: 1-1, 9-8, 9-5 
Trap: 7-91 
‘Trap, 3.5 to 28 MHz, 5 bands: 7-100f 
‘Trap, 80, 40, 20, 15 and 10-meter: cant 
Trap, 80, 40, 20, 17 and 12 meters: 7-120¢ 
‘Twin-lead folded: 15-1, 15-2 
Vertical half-wave: 48 
W8NX trap: T-ALt 
135-foot, 80 to 10-meter: 7-3 
Direct matching to the antenna: 26-31f 
Direct ray: 311, 312, 3-16, 3-19 
Direct wave: 23-4 
Direction finding antennas: 14 
Directional coupler: 27-3 
VHF: 27-194f 
Directional switching, arrays 8-331F 
Directive antenna: ... 2-2 
936 


And gain: 
‘And radiation pattern: 
Antenna 
RDF 

Director: 

Retrograde: 
Disastrous nulls: 
Discone: 

HE, for construction: 

Patterns: 

Dish: 

Barbeque: 

Center-fed: 

Circularize: 

Deep: 

EME antennas: 

Feeds 

Focal point 

Focal ratio (1/D): 

Gain vs errors 

K-band: 

Long focal length: 

MMDS, S-band: 
enter fed 


Parabolic 12-foot stressed: 

Patch feed 

Patch, no-tune dual-band: 

Patch, round feed: 

Patch, truncated corners: 

Short focal length: 

60-em S-band 
Displacement current 
Distributed material loads: 
Diurnal pumping 
Diversity 

Effect: 

Receiving system: 

Space: 

Techniques, repeaters: 
Do-it-yourself propagation prediction: 
Dorr, John, KIAR: 

Double bazooka: 
Double-ducky direction finder: 
Downtilt, vertical beam: 
Drag coefficient: 

Dream station: 

Drip (loop: 

Driven arrays 

Driven element impedance: 
Drooping dipole: 

Ducting 

Dummy element 

Dump power: 


&. veo, 11:19AM 


26 
1 


6-13, L-Iff 


11-28, 
3:22, 11-33 
7-26 
7-261 
7-321 


19-15 
19-15 
19-15 
19-17 

19-3411 

19-171 
19-22 
19-15 
19-39 
19-16 
19-15 
19-18, 
19-15 
19-17 

19-3511 

19-201 


3.31, 6-17 
415 
19-27 


11-38 
17-121 
23-4311 
11-32 
9-6 
14-181 
17-41 
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Duplexers: 
Adjustment: 
144 MHz, for construction: 


E and H fields: 
eld 

Ground loss: 

Intensity 

Losses: 
E-layer (region): 
plane pattern: 
Earth screw: 
Earth-moon-earth (EME): 
EasyTrak: 
EB-144: 
EB-432. 
Echelon, Beverage antennas: 
Eckols, Ansyl, YVSDLT: 
Effective 

Electrical height: 

Ground resistance 

Height: 

Projected area (EPA): 
Effects: 

of ground: .. 

of ground in far field 
fimegular terrain in the far f 
f other conductors: 


Antenna matching network: 
Antenna traps... 
Radiation: 

Radiation, short verticals: 
EFFLEN.FOR program: 
Eggbeater antenna: 

EIA RS 
8-element driven arrays: 
EIRP: 

Electric field: 

Electrical loading: 
Electrician’s knot: 


Electromagnetic: 
Pulse protection: 
Radiation hazards: 
Waves 

Electron density profi 

Electronic: 


Antenna rotation: 
Beam forming: 
Ek 

Elements: 
Assembly: 
Collinear: 


irostatic shield: 


Currents: 


F\-" « 


17-91 
17-198 
17-14ff 


22-17 

19-1 
19-30,1931 
19-2 

19-2 

13-21 
10-17 


Elements: 
Driven: 
Parallel: 
Paras 
Self impedance: 

Tapered 
Telescoping aluminum tubing: 

Elengo, John, Jr, KIAFR 

Elevated: 

Counterpoise: 
Ground-plane antennas 
Radials 

Elevation 


Angle: 
Angle statistical data: 
Angles for HF communications 
Another way of looking at 
Control 

Drive: 

Footprint: 

Moderate distances on 40 meters: 
Moderate distances on 75/80 meters 
Pattern: 2 
Peak statistical: 

Wide footprint: 


ELF (60 Hz) electromagnetic fields: Ls 
Eliminating common-mode effects—the balun: .. 26-2117 
Elliptical 215 
Elliptical polarization: 
ELNEC: 
EME: 11-32 
Dish: 19-3417 
EMP protection: Lilt 
Empiricism: 427 
End: 
Effect: 431, 16-6 
Fed Zepp: 7-21 
Load: TA 
Loading 631 
End-fire 


Unidirectional 
ement: 
4-element collinear: 
Entrance panel: 
Epidemiological studies: 
Equalizer plate: 
Equations 
‘Antenna test range setup: 
Broadband matching network efficiency: 
Broadband matching network loss: 
Calculating long-wire length: 
Calorimeter calibration: 
Capacitance, short verticals 
Capacity 
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Equations: 
Coaxial cables... 
Decibels: 
Depth of RF current penetration: 
Dipole with end effect: 


Distance to a disturbance, time domain 


reflectometry: 
EIRP calculation: 
Ferrite-rod antenna desige: 


Frequency for measuring cable losses 


Gain: 
Gain & beamwidth 

Horizontal reflection coefficient: 
Horn antenna design: 

Impedan: 


elements: 


Impedance, characteristic, transmission lines 
Isolation requirement, repeater antennas: 


L-network: 
L-network matching: 
Length, line, electrical: 

Loading inductance, short verticals: 
Loop ac resistance: 

Loop antennas, design: 

Loop antennas, effective height: 
Loop antennas, voltage 

Loop distributed capacitance 

Loop induetanc 

Loop Q: 

Loop radiation efficiency: 
Loop radiation resistance 
Loop sensitivity: 
Loopstick antenna design: 
Loss, path: 

Losses, Hine: nun 


Noise bridge compensation and calibration: 


Off-center loading coils: 

Open sleeve elements, characteristic 
impedance: 

PBA: 

Pi-network: 

wave matching transformer: 

wave sloper: 

Quarter-wave vertical: 

Radiation resistance, short vertical: 

Reflection coe! 

Return loss in dB and SWR: 

parameters: 


SWR: 
‘Transient clamping voltage: 
‘Transmission line equation: 
‘Transmitting loops, design: 
Velocity factor, line 

Velocity of propagation: 
Vertical reflection coefficient: 
Wavelength 
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, characteristic, open-sleeve 


Series equivalent of unlike parallel reactances: 
9-1, 27 


1s 
24-12 
10 
28-10 
24 
34 
23-2 


Equations 
Zo, line, from impedance 
1-1 loop circumference: 

Equatorial anomaly 

Equivalent: 

Circuit, resonant antenna: 
Loading for Yagis: 
Moment method 

Erecting a mast 

Eskenazi, Danny, K7SS: 

Euclid: 

Evaluate property 

Extended double Zep: 
Modified: 

Extraordinary wave: 

Extreme ultraviolet (EUV): 

EZNEC: 
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measurements: 


2, 4-2, 7- 


10-3, 11-28, 11-40, 12-4, 16-31 


Example, nulls: 


Example, phasing-line 
EZNEC M Pro: 
EZNECARRL: ..3-22, 81 
EZNECH: 


F-layer (region) 
PIB: 
1D: 
FIR: 
FI layer: 
F2 layer: 
FABStar: 
Fading: 
Frequency selective: 
Spin 
Fall arrest safety harness: 
Fano, RM. 
Far field: 
Elevation pattern: 
Faraday rotation: 
Farmer, Ed, AA6ZM 
Fat conductors: 


Connected to skinny wires 


Elements: 
FCC 

Regulations: 

RF-exposure regulations: 
Federal preemption (PRB-1) 
Feed line: 

Radiation: 

Feed methods: 


Antenna impedance mismatchi 


Center: 
Delay lines: 
Direct 


sd: 
4-2, 19-33 

10, 8-12Kf, 8-164, 8-23, 11-44 
4-2 
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Feed methods: 
Dish: 
Dual-helix: 
End: 

ceding a multiband non: 


Feeding a single-band antenna: 

Helix: 

Parallel fed dipoles: 

Pateh: 

Patch, no-tune dual-band: 

Phased arrays 

Quagis: 

Stacked Yagis: 

Feed point: 

Impedance 

Resistance: 

vs element current 
Feeder (also see Lines): 
Fenwick, Richard, KSRR: 
Ferrite rod antennas: 
Ferrite-core: 

Balun: 

Loops: 

Fiberglass: 

for antenna construction: 
Poles 

Spreaders: 

eld Day: 

Field intensity 

Field strength 

Measurement of: 

Meter: 

RF power density: 
Fields: 

Reactive near: 

Rei 
Figure of merit: 
Filters, cavity type: 
Finding capacitance hat size: 
Finger stock: 

Fire extinguisher: 
Fire hazards: 
Fire-escape antenna: 
Fisher, Reed, W2CQH: 
Flagpole 

Antenna: 

Bracket: 

Flashlight analogy 
Flat earth 
Ground models: 


forcement & cancellation: 


Reflections. 
Flat Lines: 

Flat projected area (FPA) 
Flattop dipole: 

Fletcher, Rick, KG6IAL: 
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esonant antenna: 
fing a multiband resonant antenna: i 


19-171 
19-18 
7-2tt, 7-208 


19-171 
TU 

19-17, 19-201 
19-208f 
8-14ff 

18-47 

18-711 

dd 
4-10 
9.2 
8-14 
24-1 
11-27 
S-6ff, 14-3, 


26-2310 
14-11r 


20-12 
20-1241 
12. 


8-10, 23 
27-4310 
27 


16-16,1619 
18 

4-30 

4.26 

9-15 

6-15 

4.26 

15-4 
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Floating point number: 
Focal point, dish: 

Focal ratio (1/D) 

fo: 

foF 

foF2: 

Folded dipole: 

Folded monopole antenna: 
Force 12 C3: 

Forcing currents: 

Ford, Jim, N6JF: 

Formula Translation (Fortran): 
Forward stagger: 

FOT: 

Four Square: 

Four Square switching: 


Four-element driven arrays: 8.53 
Four-way mobile DF system: 14-2481 
Four-wire lines: 24-16 
Fox bunting: 1 

DF twin “tenna: 14-2081 


Fractional wavelength: 
Frame antenna: 
Frame loops: 
Francisco, Al, K7NHV: 
Fraunhofer: 
Free space: 
Freely, W. B., KOHMS: 
Freestanding tower: 
Frequencies, spurious, and RF measurements: 
Frequency: 

Critical: 

E-region critical 

F-region critical: 

Gyro: 

Optimum traffic (FOT): 

Range 

Scaling 

Spot 
Fresh water: 


Fresnel 
Integral: 3.2: 
4-10, 4-12, 4-16, 


Front-to-back ratio: 


6-13, 6-47, 8-3, 11-3 
Front-to-rear ratio 4-10, 4-16, 11-35 
Frost line: 4.33 
Full duplex: 


Full-wave resonant frequency: 


Geline: 18-2 
G3RUH: 19-13, 19-14, 19-16, 19-18, 19-20, 19-24 
18-48, 

19-16, 19-22 
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GSRV: Ground: 
Dipole: Fresh water: 
Inverted V: Loops: 
Lobes: Loss: 
Losses in coax: Lossy: 
Multiband: Parameters, measuring: 
GOLVB: Perfect 
GOXN: Plane: 
Gain: 2-6, 83 Practical suggestions: 


tnd feed point mismatch: 
Array dimensions 
Average gain test 


Reflected ray: 
Reflection factor: 
Reflections 


Long wire antennas: 13-1 Resistance: 

Measurement: .. 27-51 Return loss: 

Pattern degradation due to stacking: 18-9 RF alternative: 

Relative to single element: 8-12 Salt water: 

Versus beamwidth: Screen’ 

Versus front-to-rear ratio, Yagi array: Strap: 

Versus height Water pipe 

Versus mutual impedance: Wave: 
Galvanized steel... Wave range: 2 
Gamma match: 9-13, Ground-plane antennas: ...3-2, 4-81, 6-181f, 6-18ff, 7-16 
Gamma-match capaci for 144, 222 and 440 MHz: 

David, WA2ANU: 14-18, Group of dipoles: 

Generators, emergency power: Grover, F. W. 


Guanella balun: 
Gusset plates: 


sntle slope: 
Geomagnetic storm: 


Geometric optics: Guth, Dr Peter: 
theory of diffraction (GTD): Guy wires: e 
Geometry, wires: Anchors: Y 


Gilbert, Ed, K2SQ: 

Gillette, RE, W9PE: 

Gin pole: 1 
GNEC: 

Going around the horn: 

Gold, Dr Robert E, WBOKIZ: 


Avoiding, during installation: 
Earth screw: 

EHS: 

Elongation: 

Equalizer plate: 

Guy bracket 


Goniometer: Klein cable grip: 
GPS receiver: Loos guy wire tensioner: 
Graphs: Material: 
Origin Phillystran: 
Polar: Preformed guy grips: 
RF currents: Resonance: 
SWR: Snubber assemblies: 
3D Wire-frame: Tension 
Gray-line propagation: Thimbles: 
Greenburg, A.. W2LH: Torque arm assembly 
Grimaldi Tower: 
Ground: Track, for raising antennas: 
Array losses: Tumbuckles 


Buried radials 
Cities: 
Conductivity 


Gyro frequency 


Effects, multiclement arrays: 3-6, 4-18 
Electrical Losses: 37 
940 


i ease “ e —. [T 
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H-Adeock: 
H-plane pattern: 
Hairpin match: 
Half elements: 


Half sloper: 

Half-power points: 2-10, 2-11, 8-2, 

Half-square antenna: 6-24aff, 8-44 
Changing the shape: 6-261f 
‘eed-point impedance 6-27 


Patterns with frequency 

Voltage feed: yn... 

Half-wave (full) stoper: 
Half-wave resonance: 

Half-wave vertical dipole, feeding: 
Hall, Jerry, KITD:... 
Hallidy, David, K2DH: 
Halyards: 

Safe working tension: 
mnsen, Markus, VETCA: 
Hard hat: 

Hard-drawn copper wire: 
Hart, ‘Ted, WSQUR: 

Hat, capacitance: 
Haviland, Bob, W4MB: 
Hazards: 

Electrical shock: 

Health 

RF awareness guidelines: 

RP radiation: 

HCJB, Missionary radio station: 
HDL_ANT program: 

Healy, Rus, K2UA (ex-NJ2L): 
Heat loss: 


Vertical antennas: 
Helical antenna: 
Axial ratio: 
Basics: 
Beamwidth: 
Broad bandwidth: 
Diameter: 
Gain: 
Impedance 
Polarization diversity 
S-band: 
Satellite: 
50-W feed: 
Helically wound: 
Radiator: 
Verticals: 


Feed for offset-dish: 


F\-" ss 


6-40, 10- 


19-12 
19-171 
19-1811 
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Helix: 
For Sailboats 16-311 
Yagi arrays: 1-1 


Assessment):3-26ff, 4-1, 4-19, 6-1, 11- 
17-2, 23-31 


and canyons: 3.30 
PDF: 3-30, 3-32 
High accuracy ground: 4 
High: 
Efficiency: 


Frequency asymptotic solution: 
Impedance point: 

Pass T-network: 

Power ARRL antenna tuner: 


Q circuit: 
Hill-ahead: 
Hill-valley: 


History of antenna modeling: 
Homemade dipole center insulators 
Hooke: 

Hop, extra: 11-36 
Hopengarten, Fred, KIVR’ 11-37 
Hops: 
Horizonal: 


Polarization: 


Polarized antennas 
Reflection coefficient 
Yagi modet 


Hor antennas: 18-13 ff, 18-18, 1 
19.37Kr 
18-52ff 

Pyramidal: 18-52, 19-14 
Sectoral: 
Hose clamps, data table: 20- 
Hutchinson, Chuck, K8CH: 4-19, 11-11, 
Huygens: 
HVD (Halfwave Vertical Dipole): 6-15, 
Fee 
Hybrid coupler: 8-10, 
I 
ISCVS: 19-10, 19-21, 19-28, 19-29, 19-31 
IEEE standard: 19. 
Igniting grass: 3-6 
Image antenna: 217, 3-11 
Impedance: 
Antenna: 27-48, 
Antenna, measuring: 27-30ff, 28-Stt 
‘Antenna, versus element coupling: 85 
Feed-point 2-2, 3-5, 4-10, 8-13 
Input: 28-1 
Load: 28-1, 28-5ff 
Measurement: 27-3081 
Matual: 2-2, 3-10, 4-1, 8-4ff 
Plotting (Smith Chart) 28-24 
941 
& svs22007, 149M 
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Impedance: 
Self: 
urce: 


Importance of low angles for low-band DXing: 


Improved 
Crossed-double bazooka: 
Current distribution: 
Telerana 

In phase: 

Incident power: 

Indoor stealth loop: 

Induced current: .... 

Induced voltage: 

Induction field: ..... 

Inductors: 

Lines as: 

Installation 

Antennas: 

Clotheslines: 
Insulators: 

Center: 

for antennas: 

for ribbon-line antennas: 

Polystyrene sheet 

Strain type: 

Stress on: 
Inter-penetration: 
Interference: 


Interferometer: 
Interlaced elements: 

International sunspot number (ISN): 
Inverse-distance law 

Inverse-fed ground plane: 

Inversion: 


Inverted-L antennas: 

Single elevated radial: 
Inverted-V dipole: 
Invisible long wire: 
TONCAP? oo. 
onization: 
Tonogram 
Tonosonde: 

Oblique angle: 
Ionosphere: 

Backscatter: 

Bending in the: 

Controls propagation: 

D:laya 

Disturbed conditions 

E-region: 

Felayer: 

F-region: 

Hop: 

Layer characteristics: 

Scatter: 


Sidescatter: 


942 


F\-" a 


28-1081 


1 
4-251 
43r 

46 
20-311 


Jonosphere: 
Sounding: 23-206 
Storms: 

Transequatorial scatter (TE) 
Irregular local terrain: 
Irrigation tubing: 

Isaacs, John, W6PZY: 

Isbell, D. E. 

Isolate antenna from feed line: 

Isolation, repeater antennas 

Isotropic antenna: 

Ives, Dick, W7ISV: 


J 


J-Pole, 144 MHz antenna: 18.2511 
Jackscrew drive 19.28! 
Jammers of repeaters, finding: 11 
Jansson, Dick, WD4FAB: 19-2, 19-3 
JF6BCC: 

IGUIK: 

Johns, Robert, W3UIP: 
Johnson, Don, W6AAQ: 
Jones, Bill, KD7S: 


K-band downlink: 19-151 
K-factor: 2 
K-Index 23-45 
KORZ: 19-14 
KIAEFR: 20-3 
KIAR: 11-32 
KIEA: 1131 
KIFO: 18-28f1, 19-33 
KIFO 144 MHz Yagi, 18-3411 
KIFO 222 MHz Yagi, 16 elements: 18-38if 
KIFO 432 MHz Yagi, 22 elements: 18-311 
KIKI 11-46 
KITD: 6-40, 10-22, 15-1 

KIVR: 11-27, 11 


KIWA: 

K2DH. 

K2RIW: 

K28Q: 

K3LC: 

K30QF: 631 

K31Z: 

K4ERO: 3.9 

K4EWG: 10-25 

KSGNA: 19-12, 19-15 

KSGW: 19.33 

KSIU: 

KSOE: 19-2, 19-3, 19-12, 19-13, 19 
19-16, 19-18, 19-20, 19-22 

KSRR: 11-27 
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KSZ1. Lazy-H 8-48 
KoHMS: LC-matching networks, antenna: 9.91 
K6LG: Lead weight: 119 
K6SE: 6-21 Leakage flux: 5-7 
K6STI: Leeson corrections 417 
K7NHV: Leeson, Dave, W6NL (ex-W6QHS): 2-16, 4-17, 
K7NM: 11-27, 26-10 
KINV: Leggio, Joe, WB2HOL: 14-32 
K7SS: Length-to-wire-diameter ratio: 46 
KS8CH. 1-14, 4-19, 6-31, 6-32, I-11, 15-4 LEO satellite: 19-2, 19-3, 19-15 
CVD, 30 meters: 6-311 Leslie, Sam, WAPK: 95 
Koay: 7-22, 15-17 Lewallen, Roy, W7EL: 4-2, 4-3, 8-10, 8-16, 
K9EK: 19-26 8-23, 8-31, 27-57 
KAIGT: 18-52, 18-54 LHCP: 1933, 
KASEFSB 4-28 Libration: 
KASIPD: 19-42 —_Light-duty guyed mast: 
Kandonian, Armig G. oe 7-27 Lightning: 
Kansas City Tracker (KCT): 19:30 Arrester: Lon, 
KBSI. 6-16 Grounds: 4.35 
KDSRO: 19-43 Protection: L-LLff, 4-347 
KD7S: 15 Linear: 
Keller, J. B. 3-24 Coordinate systems 212 
Keyhole pattern: 17. Loading: 6-34ir 
KGOIAL: 19-15 Polarization: 23-3 
KHOI 19-6 Line: 18.2 
Kite: as circuit elements: 28-101 
Klein cable grip: 22-18 Characteristic impedance: 24-4 
Knadle, Dick, K2RIW: 18-22, 19-35, 19-40 Common-mode currents on: 27-11 
Knife-edge diffraction: 23-13 Coupling to antennas: 26-UIT e 
Knob and tube: 4.33 26-1 ’ 
Knots, for halyards: 20-5 11 
KOSTY: 16-16 18-2 
Kouyoumjian, R. G. and Pathak, P. H. Impedance transformation with: 28-1311 


Kraus, John, W8IK: Isolator: TI 
Krome, Ed, K9EK: Length, electrical, determining: .......27-7, 27-29, 28-6 
Krupp, Daniel A., W8NWF: 7-26 Loss: 


4-1, 8-51, 19. 


KT-34XA tribander: 11-40 Losses 
Matched-line losses: 
Measurement, coaxial cable parameters 
L ‘Measurement, electrical length: 
L-network of force: 
Adjustable feed system: 8-191 Printer: 
Feed system: 8-25ff Radiation from: 
LUC ratio: 7-9 Reactance & circuit Q 
Ladder mast: 22-4 Sampler, VHF 
Ladder-line: Single-wi 
ler: 4.3311 Smith Chart calculations: 
Linear-loaded dipole: 6-34ff ‘Transient protection: 
Lahlum, Robye, WIMK: 8-20 Velocity factor, from impedance 
Lambda ean . measurements: 
Lambert, Edgar, WA4LVB: new 7-6 Zyy from impedance measurements: 
Laplace loads: 4-15 Load: 
Lattin, William J., WAIRW: Coil: 
Law of reflection: Coil design: 
Lawrence Livermore National Laboratories; Coil resistance: 


Lawson, Jim, W2PV: i Distributed material: 


= a $ 
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Load: 
Laplace 
Mathematical: 
SWR: 

Up into itself: 

Loading 
End 
Top: 

Lobe: 

Higher angle: 
Low sidelobe: 


Second: 
Worst-case: 
Log periodic antennas: 
Log-cell Yagi: nn. 
Logarithm, common: 
Logarithmic 
Coordinate system: 
Long boom, suppor 
Long path: 
Long-distance communication: 
Long-wire and traveling-wave antennas 
Calculating length: 
Combinations: 
Direetivity 
Diversity effect 
ceding 
Feeding the V beam: 
Gain: 
Gain vs wire length: 
Other V combinations 
Parallel wi 
Resonant rhombic: 
Terminated: 


Tilted wires: 
V-beam: 
Loop antennas: 
and environment 
and propagation effects 
Antenna effect: 
Aperiodic arrays 
Arrays of 
Balance: 
Cookie-sheet variable capacitor: 
Current: 
Design data tables: 
Distributed capacitance: 
Electrostatically shielded: 
Half wave: 
Horizontal: 
Inductive loading: 
Large 
Loopstick: 
Losses in: 
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10-1ff 
10-1, 10-101f 


Loop antennas: 
One wavelength: 
Pattern comparisons: 
Pattern distortion: 
Pattern nulls: 
Patterns: 

Practical transmittin 
Qof: 

Shielded: 

Skywire: 

Small 

Small, transmitting 
Stealth: 
‘Transmitting, construction and tune-up: 
‘Trombone variable capacitor: 

Tuned: 

Tuning 

Tuning capacitor: 

‘Typical construction: 

Untuned: 

Vertical: 

vs phased arrays: 

Voltage 

Yagis, for 1296 MHz: 

Loopstick: 
for 3.5 MHz: 

Loos guy wire tensioner: 

Lord Rayleigh 

LOS (ine of sight): 

Loss: 

Additional loss due to SWR: 

and Smith Chart calculations 

and SWR: 

Antenna broadband matching network: 
E-field: 

Earth 

Ground 

Heat: 

In loop antennas 

In trap antennas: 

Line 
Measuring: 
Near-field 
Path: 
Radiation from transmission line: 


loops 


th: 


Resistance: 
Resistive 
Return (dB), and SWR: 
Spillover: 
‘Transmission: 

Loudspeaker: 

Low 
Earth orbit (LEO): 
Frequency antennas: 
Frequency fields 
Impedance point: 


18-481 
S-6ff, 14-3 
14-1411 
22-18 


27-30, 28-611 
27-30, 28-8ff 
7-16 

17-8 

24-1 

3-411, 9 
2-11, 8-10 
7-20 

19-171 

19-1 

21 


19-2 
out 
Litt 
413 


_|| 


F\-" 


Low 
Power link-coupled antenna tuner: .... 25-13ff, 25-13ff 
Q circuit: 5 

Lowest usable frequency (LUF) 23-27 

LPCAD30: 

LPDAs’ 4-17, 1O-IfE, 26. 
Adding parasitic director: 10-8 
Alpha: 10-1ff 
Basic design considerations: 10-1ff 
Behavior: 10-4 
Circularizing tau: 10-7, 10-8 
Design and computers 10-3ff 
Design procedure: 10-9ff 
Equalizing upper-frequency response: snes 10-8 

‘eeding and constructing: son 10-6 
Log-cell Yagis: 10-101f 
Optimal sigma: 10-2 
Performance weakness: 10-4 
Phase line: 10-1 
Relative current magnitude: 10-2, 10-5 
Sigma: 10-1ff 
Special correction: 10-8 
Special design considerations: 10-71 
Tau 10-1ff 
Wire LPDA for 3.5 or 7 MHz: 1-1 
S-band LDA: ... 10-15tf 


Maer, Claude, WOIC: 
Magic bullet 
Magnetic field: ..... 

Health hazards: 

60 Hz, near equipment and appliances: 
Main tobe: 
Mainframe: 
Major lobes: 
Mallete, Malcolm C., WA9BVS: 
Mallozzi, Domenic, NIDM: 
Malowanchuk, Barry, VEAMA: 
Manufacturers, antenna products 
Maps 

Site planning: 

Soil conductivities for continental USA: 
Marconi ocennn 


Maritime antennas: 
Marmon-style clamp 
Massachusetts Institute of Technology 
Mast (also see Towers): 
Centroic: 
Guying 
Stout 
Strength: 
Masthead 
Matched 15 
Lines: 24-4, 24-5, 2 
ine loss: 24-10 
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Matching: 
Circuit: 
Deliberate network mismatching: 
Delta match: 
Double adjustment stub: 
Gamma: 
Gamma match: 
GAMMA program: 
Hairpin match: 
Impedance, short verticals: 
Matching. stubs: 
Network loss: 
of folded dipoles: 
Optimum network matching: 
Series section: 
Stub match: 
the fine to the transmitter: 
to the transmitter, short verticals: 


Unit, Carolina Windom: 
Universal stub: 
with inductive coupling: 
with lumped constants: 
Mathematical loads: 


Maximum: 
Forward gain: 
Line-of-sight distance: 


Permissible exposure (MPE): 
Usable frequency (MUF): 
Maxwell, James: 
Maxwell, M. Walter, 
‘MeCaa, Bill, KORZ: 
McCoy, Lew, WLICP: 
MeKim, Jim, WOCYS .... 
‘Measurements: 
and spurious frequencies: 
Antenna and transmission lines: 


W2DU: 


Current and voltage: 
Current probe, RF: ... 
Feed-line electrical length: 
Field strength: 

Gain, antennas: 

General info 
Impedance, antennas 


jon, antennas: 


Radiation pattern, antennas: 


Range testing, antennas: 
Soil conductivity: 
SWR: 

SWR, errors: 


Transmission line parameters 
Wattmeter, calorimeter type: 
Wattmeter, RF directional in-line: 

Mechanical strength: 

Medium: 

Metal fence: 

Metal-oxide varistor (MOV): 


16-121 
26-1241 
9-8 
18-6 
9-6 
28-1311 
28-111 
25-1ff 
16-1311 


28-121f 
415 


23-6 
L-18ff, 4-18 
23-20, 23-26tf 


2-1 
8-33ff, 27-4761 
8-361 

27-43Kf 

27-510 

27-481 

27-30%, 28-5if 
8-36ff, 27-811, 27-29 


27-4Tf8 
27-3611 
2-1, 27. 


27-6 
27-2911 
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Method of moments: 


MEI-259: 

Michaels, Charles, W7XC: 

MicroDEM: 

Microphone: 

MicroSmith: 

Miiller, James, G3RUH: 

Millstone Hill: 

Minimum SWR: 

MININEC: 5, 3-23, 4-1, 4-2, 7-22, 7-25, 

8.21, 8-26, 10-3, 16- 

Ground: 411 

Minor lobes: 8-211, 8-7, 133 

Mirror: 31 

Mismatched lines 24-5 
Deliberate: 9-6 
Results of: 27-48 

Missionary radio station, HCIB 121 

Mitchell, Bob, NSRM: 11-40 

MMDS dish 19-12, 19-13, 19-18 

Mobile and maritime antennas 16-1 

Mobile antennas 
Base loading: 16 
Center loading 16-1 
Continuously loaded: 16-131 
Equivalent circuit: 16-217 


FLUE eps 23-5 
Mobile J antenna for 144 MHz: 

Optimum design: 

‘Top-loaded 144-MHz mobile: 

VHE quarter-wavelength vertical: 
5/8-wavelength 220-MHz mobile antenna: 


_16-21ff 


144-MHz 5/8-wavelength vertical .16-28f 

Modeling: 
Environment, frequency 412 
Environment, ground: 41 
History: 4-ut 
Interactions; 4-201f 
Limitations 4-178 
Loads: 4-14f 
Programs 3-23, 4-Iff 
ToOl8 yon 419 


Modifying Hy-Gain Yagis: 

Moment of inertia: 
Antennas, stacking of: a 
Yagi performance optimization: 

ement quad model: 

Monopole: 
Vertical: 
Vertical etic 


Moon: 
Moonbounce 

Moore, Clarence, W9LZX: 
Mountain tops: 

Moxon rectangle beams 
Moxon, Les, G6XN; 631 
MUF: 
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Multi 
Hop propagation: 

Dipole antennas: 
Port network: 

Multiband antennas: 
Ground systems: 
Harmonic radiation from: 
Random-length wires: 


wansmitter: 
‘Multiclement arrays: 

Multiple quarter-wave sections: 
Multiturn loops: 

‘Mutual coupling: 


and loss: 
Arrays: 
HETA. 
Mutual impedance 
and gain: 
N 
‘Trough reflector: 18-51 
NONSV: 19-18 
NIDM: 5-2, 16-21, 17-2 
NUEZ: 19-16 
NAKG: 
NSBLZ: 19.33 
NSRM 1-40 
NOBV:.......3-21, 3-28, 1-27, 11-32, 11-37, 23-36, 25-15 
NOBV/I 6-9, 11-38ff, 11-45 
NOIF: 
NOLF: 6-13, 6-24, 7-22, 16-31 
Extended Double Zep: 
NONB: 18-13, 18-45 
NORO: 
N7MQ: 


National Academy of Sciences: 
National Cancer Institute: 
National Electrical Code: 
Natural disasters: 
Natural low-frequency EM fields: 
NCI 
NCRP: 
Near vertical incidence skywave (NVIS): 
Near-field 

Earth loss 
Near-overhead angles: 
Nearby communications: 
Nearly resonant 
NEC: 1 


NEC-2: 
NEC-4: 
NEC-BSC: 

NEC-4.1. 

NEC-Win Plus: 
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NEC-Win Pro: 
NECMires: 

Negative feed-point resistance: 
Nelson, R. A., WBOIKN: 
NEMA4: 

Newfoundland: 

Nighttime band: 

NMA’ 

NNOF: 

NOALOX: 

Noise bridge, for HF: 

Non reciprocal: 


42 
7-33 
8-15 
26-10 
19-10, 19-27 


Norton source: 414 

Nulls 2-10, 3-11, 3-22, 8-7, 8-12, 11-30, 13 
Array: 8-21 
Disastrous 11-33 
Mislocated: 8-10 

NVIS: 6-sF 
Antenna height: 6-8if 
Choosing the right frequency: 67 
Geographic coverage: 6-4tt 
Low antennas and powerline noise: 69 
Strategy: o-7nit 
Summary 6-10 

° 

O'Dell, Pete, KBIN 14-16 


Oblique angle sounding: 


OCF dipoles: ess 
Even harmonics 
Odd harmonies: ... 
ODSCG: 
Oerstad: 
OET Bulletin 65: 
Off-center-loaded dipoles: 


Offset crossed Yagi: 
Ohio State University 
Ohm's law: 
Omega mateh 
Omnidirectional 
ONAUF: 
ONAUN: 
ON4UN’s Low-Band DXing: 
ONSUG: 
One: 

Element Yagi 

Port measurement 

Way propagation: 


line termination 
Open sleeve antennas: 
‘Antenna mode: 
Bandwidth: 
Current distribution on: 
Gain: 
Impedance 


F\-" so 


iioaan 1220 
6-391f, 7-81 


7.20 
7-201 
728 
rst 

& 
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Open sleeve antennas: 
Monopole: 


Patterns: 


Practical construction: 
Transmission-line mode: 
Open-wire lines: 


Operator skill: 
Optimized 
10-meter Yagis: 11-121 
12-meter Yagis: 1-14ft 
15-meter Yagis: 11-171 
I7-meter Yagis: 11-191 
20-meter Yagi: 11-208 


30-meter Yagis: 
40-meter Yagis: 

Optimizing over local terrain: 

Optimum ground-system cor 

Optimum traffic frequency 

Ordinary wave: 

Origin: 

Other antenna characteristics: 


Over-illuminating, dish 19-178 
Overbeck, Wayne, NONB: 18-13, 18-45 
Overblown claims: 41 
Overlay plots: 412 
P 

Pad, switchable attenuator: 27-424 
Painter, J. R., W4BBP: 10-2 

Parabolas: 18-18tf 

Dish: 19-15 

EME: 19-3417 

Feed methods: 18-1817 

Mluminating: 18-1317 
Paraffin, applying to wood 20-12 
Parallel: 

Equivalent circuit 24-12 

Conductor lines 26-1 

Tuned: 1 

Tuned circuits, at antenna terminals: 9-6ft 
Parallel-wire transmission line 417 

Arrays: 86, L-Iff 

Conductors: 4.29 

Effects: 

Element 6-13, 6-13 
Passive reflector, moon: 19-1 
Patchy 

ce. 19-17 

Feeds 2011 

Round feed: 19-24 

S-band: 19-13 

Truncated comers: 19-21 
Path loss: 17-8, 23-10,2313 
Pattern: 18-1 

Bidirectional: 83 

Dipoles at different frequencies: pan 
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Pattern: 
Distortion, arrays: 
Distortion, dipole: 
E-plane: 
Elevation: 

Factor: 
Ground-reflection: 
H-plane: 
Half-power points: 
Measurement of: 


Worksheets for 
PBA: 
and earth quality: 
and Salt water: 
Pedersen wave: 


Penetrox: 
Perfect: 
Conducting ground: 
Earth 
Ground 
‘Transmission line: 
Periscope antennas: 
Gain: 
Patterns: 
Perrin, Mark, N7MQ: 
Phase 
and wavelength: 
Definition of 
Reflected signals: 
Relationships: 
Shift 
Phased arrays 
Adjusting feed systems: 
Baluns: 
Bi-square 
Bidirectional: 
Binomial current grading: 
Bobtail curtain: ... 
Broadside: jos. 


Current distribution: 
Design examples: 
Directional switching: 
Driven 


Driven combinations 
Element feed-point impedances: 


i, shunt components: 
Forward gain: 

Four Square: ose 

Four Square, L-network feed! 


948 


cal eae os 


8-10 
8-2, 8-5, 8-S0N 
8-10, 8-14ff 
8-21 

8-26 

8-18, 8.27 
8-29 
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Phased arrays 
Four Square, simplest feed: 
L-network feed system: 

Large, feed systems: 

Lazy-H 

Loss resistance & patter: 
Measuring currents 

Mutual coupling: 

Other broadside: 

Parallel broadside: 

Pattern null degradation: 
Phasing arrows: 

Practical aspects: 

RDF 

Receiving: 

Recommended feed methods: 
Shunt or gamma-fed feeding: 
Simplest feed system: 
Sterba: 

Techniques: 

Unidirectional 

Verticals: 

WSIK 

3-element binomial broadside: 
4-element rectangular array 
4-element, feeding 

120 deg. fed, 60 deg, spaced 

Phasing lines: 

Phelps, Ted, WSTP: 

Phi: 

Photoionizes: 

Physical Design of Yagi Antennas 

Pi-network: 

Pietraszewski, David, K1WA: 

PL-250: 

Assembly: 

Plane: 
Diagrams: 
Wave: 

Plasencia, Richard, WORPV: 

Plastics, for antenna construction: 

PlastiDip: 

Plot 
Polar: 

Rectangular:.. 

Plumber's det 

Point source, HFTA. 

Polar coordinates: 

Polarization: 28, 2-13, 3-11, 1-2, 
Antennas: 

Circular: 


Considerations: 
Diversity 
Elliptical 
EME: 
Horizontal: 
Over flat ground: .. 
Polarized: 


8-301 


19-1, 23-2ff 
17-1, 27-48 
19-211 
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Polarization: 
Linear: 
Reflection coefficients: 
Sense: 
Switching sense: 
‘Through ionosphere: 
Verical: 

Antennas: 


Polarized: 
Pole, gin 
Pole-vault arm spreaders 
Polygons: 
Polyphaser Corp: 
Portable: 
‘Antennas: 
Dipole for 80 to 2 meters: 
element 6-meter quad 
3-element portable 6-meter Yagi 
Position readout: 
Potts, Frank, NCIL 
Power: 
Density 
Effective isotropic radiated: 
Gain: 
Generators, emergency 
Loss, traps yen 
Ratio: 
RE, absorber circuit: 
Supplies, transient protection: 
Powerboats 
AmtenMas oo 
Counterpoise: 
Powlishen, Ste 


, KIFO: 
Practical 6-meter Yagis: 

Practical aspects, array design: 
PRB-1 (federal preemption): 

Prime center: 

Probe, for RF current measurement: 
Proc 


AAT: 

GAMMA. 

HETA (HF Terrain Assessment): 

HFTA.PDF: 

LPCAD30: 

MOBILE: 

TLW: 

WinSmith: 

YO (Yagi Optimizer) 

YF (Yagi Terrain analyzer): 

YW (Yagi for Windows): 
Prop-pitch rotator: 
Propagation: 

Auroral: 

Bending? one 

Beyond line-of-sight, VHF: 

Diffraction: 

Do-it-yourself prediction: 


F\-" os 


sdings of the AMSAT Space Symposium: 


28-1, 28-2 
8-33, 27-4601 
19-16 


Propagation: 
Ducting: 
Fading: 
Geographic area: 
Gray line: 
Ground wave: 
Ground-wave range: 
Long path 
Maximum line-of- 
Multi-hop: 
One-way: 
Prediction programs: 
Radio wave propagation: 
Reflection: 
Refraction: 
Scatter modes: 
Sky wave 
Space wave: 
What HF bands are open?’ 
Proplab Pro program: 
Protection: 


Against electromagnetic pulse: 


Against lightning: 
Circuitry: 
Coaxial-tine: 
‘Transient, devices for: 
‘Transient, for feed lines: 
Proximity effect: 
Pseudo-Brewster angle: 
PTFE: 
Ptolemy: 
Pulley: 
PVC pipe 
PVRC mount: 
Pyramidal horn: 


Q fuctor, antenna traps: 
QTH for DXing: 
Quad antennas: 
Array’: 
at low height 
Constructing: 
Diamond or square: 


Loop Yagis, for 1296 MHz: 


Making it sturdy 
Monoband 2-element: 
Multiband: 

Stacking: 

Swiss: 

VHE 

vs Ya 


2-element, 8-foot boom pentaband 


26-foot boom 
element 


S-element, 


144 MHz, 4 clement portable: 


Quadifilar antenna: 


ight distance: 
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23-28tf 
23-35 


234, 


18-4811 
12-46 
4-10 
12-31 
18-13, 
4-18 
18-13 
12-1ff, 12-1ff, 12-16f 


twiband: 12. 


18-41f 
19-4 
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Quagis 
Construction: 
Design tables: 
Feed method: 
VHF and UF: 
1296 MHz; 10, 15 or 25 
Quarter-wave: 
Half-sloper: 
‘Transformers 
Quartering lobes: 
Quiet sun 


Radar: 
Radials 
Close to ground: 
Elevated: 
Quarter-wave, proximity to ground: 
Resonating the antenna’ 
Wire systems: 
Wires: 
Radiated: 
Radiating far field 
Radiating near field: 
Radiation: 
Efficiency: 
Feed line & directive array 
Harmonie, from multiband antennas 
Hazards: 
Nonionizing: 
Pattern: 
Pattern, coordinate scales: 
Pattern, dipoles 
Pattern, of comer reflector: 
Resistance: 22, 


Radio waves: 
Bending 
Horizon: 
Nature of 
Path 10882 sens 
Propagation’... 
Rain seepage: 
Rain-gutter antenna: 
Random length wire: 
Range 
of elevation angles needed: 
of frequencies: 
Test site for antenna measurements: 
Rauch, Tom, W8IE 
Ray 
Reflected: 
Technique 
Tracing: 
RDF antennas: 
Adcock: 


950 


F\-" es 


18-4Stf, 


18-461h 
18-4511 
18-47 
18-13 
18-47 


6-44 
26-4 
12. 


16ff 


S-IIff, 16-2, 16-9 


different frequencies: 


8-1, 8-10, 9-2, 16-3, 1 


3-24f, 23- 


13 
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RDF antennas 
ARDF (Amateur Radio direction finding): 
by triangulation: 

Calibration and use: 
Electronic antenna rotation: 


Four-way mobile DI 
Fox-hunting DF twin 
Interferometer: 

Loop antennas: 

Loopstick for 3.5 MHz: 

Multiturn loops: 

Phased arrays 

Sensing 

Shielded frame: 

Shielded loop: 

Shielded loop with sensing antenna for 

28 MHz: 

Snoop Loop for close-range HF RDF: 

TDOA: 

Wullenweber: 

144-MHz cardioid-pattern RDF antenna: 
Re-radiation: 

Reactance circles (Smith Chart: 

Reactive: 

Fields 

Near field: 

Real-world terrain and stacks: 

Rear quartering lobe 

Receiving antenna 
Arrays: 

Wave antennas: 
Reciprocity: 
Recommended feed methods 
Recreational vehicles (RV): 
Reduction in propagation speed: 
Reflected: 

Power: 

Ray: 

Waves: 

Reflection: 

Coeti 

Factor: 

Reflectometers: 


‘Time domain: 
Reflector: 
Corner: 
Cupped S-band: 
Parasitic 
Retrograde: 
‘Trough: 
Refraction: 
Regier, Frank, ODSCG: 
Regulatory restrictions: 
Relative values: 


14-1 
14-1 
14-81 
47 
143 
1-1 
14-2401 
14-208 
14-18, 
142 
14-1511 
14 
144i 
142 
14-108 
142 


14-134 
14-131 
14-18, 
14-7 
14-161 


13-1611 
2-1, 2-15 
8-16ff 
16-1 
23-2 


27-3241 
613 
18-1411 


18-17ff, 18-51, 18: 
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Relay RFI 4.29 
Antenna & preamplifier: RHCP: 19-3, 19-10 
Remote switching: Rhodes, Peter D., K4EWG: 10-15, 10-25 

Repeater antennas: Rhombic: 3-31, 13-1, 13-9ff 
Cardivid Front-to-back ratio: 13-15 
Downtilt, vertical beam Methods of feed 1315 
Isolation: Maltiwire: 13-14, 13-15 
Matching: Resonant 13-98 
Omnidirectional Terminated 13-110 
Polarization: ‘Terminated, multiband design: 13-12 
‘Top and side mounting: ‘Terminated, tilt angle: 13-12 

Repeaters: Termination: 1313 
Coverage: Richard, Louis, ON4UF 18 

techniques: RingRotor: I-41 
Duplexes: jon 17-9ff, 17-91 Roadway illumination standards: 6-20 
Equipment manufacturers: 17-15 Rohn’ 
Isolation: " 17-7ff Role of the Sun 
System assembly: 17-14 Rope’ 
‘Transmission lines: 17-1 Rotators: 
144 MHz duplexer: 17-14ff Heavy duty: 
Resistance: ‘Transient protection: 
Bridg 27-3 RS-15: 
Circles (Smith Chart): 28-1, 28-2 Rubber duck: 


Effe 


Rusgrove, Jay, WIVD: 
Russell, Thomas, N4KG: 


clive ground: 
point, versus element coupling: 
Ground system, arrays: 


Loss: 
Loss, mutual coupling & gain: s 
Radiation: S-band dish feed 
RF loss S-parameters ; 
Swamping Safety 
Virtual: Belts 
Resonance Dering: 
Full-wave: Electrical 
Half-wave: Fall arrest 
in guy wires: Gloves 
Resonant Hard hats 
Antennas: Knots 
Breaker: Passers-by 
Rhombic antenna: RF burns: 
Resonators, cavity type RF radiation hazards: 
Return loss (dB), and SWR’ Safety bel 
Return path Slingshot 
RF: Structural 
ANSI exposure Switch box 


Athermal effects: 
Awareness guidelines: 


Working on towers 
Sag, in antenna wires 


Chokes: Sailboats 
Current probe Antenna modeling 16-31ff 
Decoupling: Flag halyard: 16-37 
‘eedback: Grounding, systems: 16-3617 
Ground, alternative: HF antennas: 16-311 
in the shack: Patterns, backsay vertical: 16-33 
Loss resistance: Patterns, masthead vertical: 16-33 
Rectification: Patterns, transom vertical 16-32 
Safe exposure levels: 16-31 
‘Thermal effects: ‘Temporary antennas: 16-35tT 
951 
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Sailboats: 


‘Transom and masthead mounted verticals: 


40-meter backstay half sloper: 
Saltwater: 

Swamp on a hill: 
Sampler, line, VHF: 
Satellites 

Geo-synchronous: 

High-altitude: ..... 

Phase-3: 

SCALE program... 
Sealing: 
Boom diameter: 


Element diameters: 
Element lengths: 
Element spacings 
Frequency: 
Scatter modes: 
Scattering: 
Parameters: 
Schedule, taper, for antenna elements: 
Schetkunoff 
Schmidt, Kevin, W9CF: 


3-17, 3-20, 6-16, 


Schulz, Walter, K30QF: 
Schuster, Jack, WIWEF: 
Scissors rest: 
Screwdriver: 
Coil cover: 16-20 
Loading coil .16-16ff 
Mobile antenna: 16-161f 
Seawater: 3-12, 3-17, 3-20, 6-16, 6-50, 7-7 
Second lobe: 3-22 
Segments: aut 
Density 46 
Length-to-wire-diameter ratio 46 
Mutually coupled 41 
Source: 4-sit 
Selective fading: 2 
Self impedance: 22, 8-4, 11-9 
Selsyn 19:30 
Sensing antennas: 8, 14-31 


Equivalent circuit: 24-12 
Resonant circuit 2-5, 2-6 
Section transformers: 26-5tf, 28-13ff 
Severns, Rudy, N6LF: 7-22, 16-31, 27-54 
Sevick, Jerry, W21 6-36, 7-16, 8-11 
Seybold, Mack, W2RYI: 7-27 
Shield, anti-climbing, for towers: Lor 
Shielded: 
Frame loops: 14-1008 
LOOP: ses 14-2 
Loop with sensing antenna for 28 MHz: 14-12 
Parallel lines: 24.23 
Shock, electrical, and ground systems: enon 18EE 
952 
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Short 
Antennas: 
Circuit, line termination: 
Fat wires: 
Path: 
Range communication: 
Shortened: 
Dipoles: 
Radials: 
Shorty forty 
Shriner, Bob, WAUZO: 
Shunt: 
Components, array feeding 


Feed, installing: 622 


Sidelobes: 
Quartering 
Sidescatter: 
Signal-to-interference ratio: 
Signal-to-noise ratio: 26 
Silicone sealant 6-13 
Simple and Fun Antennas for Hams: HLL 
Simple: 
Broadband dipole for 80 meters: 9-16, 9-17 
Broadband matching techniques 9.3 


‘Twin-lead antenna for HF portable 
operation: 
Wire antennas: 
Simplest feed system: 
Simulations of reality 
Site map: 
Skeleton disc: 
Skin depth: 
Skin effect: 
Skip 
Distance 
Zone: 
Sky wave 
Sleeve, open: 
Slide switeh: 
Sling 
Slingshot: 
Slopers 
Antennas: 
Front-to-back ratio: 
7-MHz sloper system: 
Sloping the radials of a ground plane: 
‘SMA: 
‘Smith chart: 
Designing series-section transformers: 


Procedure summary: 


‘Smith, George, W4AEO: 
‘Smith, Phillip H. 28-1 
‘Smoothed sunspot numbers (SSN): 23-171 
Snell's law: 3-24 
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Snyder dipole 9-15 Stacking: 
80-239. 431 Multiplier antenna: 11.39 
Sobel, Jack, WOSVM: 6-41 Quads 18-13 
Soft-drawn copper wire: 20-1 Stacks of stacks: 18-12ff 
Solar: VHF/UHF Yagi: 18-7ff 
Flares: Yagis , 3-27, 11-206f 
Flux Yagis at different frequencies: 18-88 
Wind Yagis at same frequencies: 18-10ff 


em: 10-meter example: 


15-meter example: .... 


Solid radiation pa 
Sommerfeld: 


Sommerfeld-Norton: 20-meter example: 
Sound waves: Stackmateh: 11-42 
Sounder: Stacks: 

Chirp: Boom length & spacing: 


Christmas tree: 
Distance and Lobes at HF: 


Vertical incidence: 
Ionospheric: 


Source: Spacing 
Current: Switching out Yagis: 
Impedances: Vertical spacing not critical: 
Segment Stagger tuned: 

Sensitivity to placement Dipoles: 

Spee Radials: esennoninen 
Split: Stallman, Ed, NSBLZ: 
Voltage: Standing 

Space: ‘Wave antennas 
Communications: I9-1ff Waves: 

Diversity: Wave ratio (SWR): 
Wave: Stanford, John, NNOF: 


Spare me the nulls: Stanley, John, K4ERO: 


Specific absorption rate (SAR): Statistical entities: : 

Specific monoband Yagi design: I1-11ff Statistics, elevation angle: 

Spiders, quad 12-7 Stepped diameter corre: 

Spillover loss 19-171 Sterba curtain: 

Spin fading: 19-24 Stork, Rudy, KASFSB 

Spinning ree! Straw, R. Dean, N6BY: 3-21, 

Splattering: Structural safety: 

Splicing Stubby antenna: 

Split source: Stubs: 

Sporadic E: x Capacitive: 

Spot frequency 412 Filter: 

Spotting mast: Harmonies: 

Spreading loss Matching: 28-11 

Spreadsheet: 4-13 on coax lines: 26-14 

Squint angle: 19-10 Subsidence: 

SSN: Sudden disappearing filaments 

Stacking: 4-9 Suding, Robert, WOLMD: 19-11 
and azimuthal diversity uu 11-38 Summer solstice: 66 
and fading joss 11-371 Sun noise 19-13 
and gain: 11-29 Sunspots: 23-15, 23-16 
and precipitation static: 11-38 Super-J Maritime Antenna: 16-23ff 
and wide elevation footprint: 11-291 Suppliers: 
Disimilar Yagis: 11-44 Addresses: 21-40 
Distances between Yagis: 11-328 HF antennas: 2 
Distances for multiband Yagis: 11-37 Quad parts: 2 
Main antenna: Towers: 2 
Minimum stacking distance: Supports 
Monoband antennas: Belt hooks: Ls 
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Supports: 
for antennas: 
for open-wire line: 


Ladder mast: 
Trees for verticals: 
Truss: 


Surface acoustic wave (SAW): 
Surface wave: 
Surge impedance: 


Susceptance: 

Swinging link: 

SWR: 
Along a line: 28-61 
and line losses 28-61f 
and the transmission line: 26-1 


Bowl-shaped curve: 
Change with common-mode current: e 
Circles (Smith Chart): i 


Load: 
Measurement: 
Measurement, errors: 276 
Return loss (dB), and SWR: 7-20 
Symmetry, RDF: sn 4-21 
Synchros: 19-30 
System approach: 41 
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T-mateh 
T-network: 
high pass: 
Tag lines: 
Tundem-Match, in-line directional RF 
wattmeter: 
High-power operation: 
Tape measure beam for RDFing: 


‘Taper, in antenna elements 2-16, 4-17ff, 20-9 


and electrical length: 20-11 
Tapered: 
Element, spacing: 11-10 
Lines: 26-6 


Tapped-coil matching network 


TAPR: 19-30 
TDR (Time Domain Reflectometer): 11-42 
Teflon: 19-18 
Telephone pole: 
Telerana: 10-1718 
Telerana, improving the: 10-21 
Telescoping aluminum tubing: 2-16, 4-17ff 
‘Tennis ball shock absorber: 16-1 
‘Tension, on antenna wires: 20 
Terleski, Jay, 11-42 
Terminated 

Long-Wire antennas 13-101f 

Rhombic antenna: 13-1108 
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‘Terminations on lines: 
Short and open circuits 


Terminator: -37 
‘Terrain: 

Data from the Internet: 3-301 

Optimizing over local 1-45 

Profile: 3-29, 17-2 
‘Test site, antenna: 27-471 
‘Texas potato masher antenna: 19.2 
‘Textbooks, Chap 2: 219 
‘THEDXX: 11-37, I-41 
‘THTDX: 3-31, 11-32, 11-37, 11-39, 11-45 
The AMSAT Journal: 19-2, 19. 


The ARRL Antenna Compendium series 
The ARRL Antenna Compendium, Vol 1 
The ARRL Antenna Compendium, Vol 2: 
The ARRL Antenna Compendium, Vol 3: 
The ARRL Antenna Compendium, Vol 4 


The ARRL Antenna Compendium, Vol 5: 
6-34, 7-22, 1 

The ARRL Antenna Compendium, Vol 6: 

The ARRL Antenna Compendium, Vol 7: 

The ARRL Handbook, 2006 Ec. 

The ARRL UHF/Microwave Experimenter’s 


Manual: 19-24 
The ARRL UHF/Microwave Projects 

Manual: 19-24, 19-42 
‘The Pounder: 10-2211 
‘The Snoop Loop for close-range HF RDF: 14-131 
Theta: 2.15 
Thevenin source: 
‘Thin-wire approximation: 


‘Three-dimensional 
‘Time and frequency stations: 
‘Time domain reflectometry: 
f-Arrival (TDOA): 
TLW (Transmission Line for 
Windows: 
Tolles, H. F, W7ITB: 
Top (elevated) counterpoise 
Top hat 
Construction: 
Multiwire: 
Top loading: 
‘Top-loaded 144-MHz mobile antenna: 
‘Top-loading capacitance: 


27-324 
14-18, 


Time-Differen: 


‘Topography 3 
‘Torque arm assembly 22-17,2209 
Total current 31 
Towers: 

and lightning: 


Antenna installation: 
Antenna placement: 

Antenna selection and installation: 
Anti-climbing shield: 
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‘Towers: 
Bases: 
Building antennas on the tower: 
Canvas bucket: 
Climbing equipment: 
Climbing tips: 
Clothing 
Crank-up: 
Fold-over: 
Freestanding 
Ground captain: 
Guyed 
Hard hats: 
Installation: 
Installing antennas on: 
Notebook: 
PVRC mount: 
Raising antennas alongside: 
Rest periods: 
Rohn: 
Roof-mounted tripod 
Rope and pulley’ 
Safety belt: 


Tie-strings 

Tilt-over: 

‘Tram, sling: 

‘Tram, using a! 

Unguyed: 

Wet tower: 

Working on: 

‘Tram, using a: 
‘Transducers 
‘Transformers: 

Quarter wave: 

Series section: 
‘Transition function: 
‘Transmatch: 
Transmission line: 

Air-insulated coaxial: 

Air-insulated lines: 

as circuit elements: 

Cable capacitane 

Characteristic impedance: 

Characteristics, table: 


Coaxial cables: .. 
Coaxial fittings: 
Construction: 

Equation: 

Flexible lines: 
Half-wavelength line 
Highly reactive loads: 
Impedance transformer: 
Input impedance: 
Installation: 
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‘Transmission line 
Installing: 
Line voltages and currents: 
Losses 
Losses and deterioration: 
Matched lines: 
Matched-line attenuation, chart 
Matched-line losses: 
Mismatched lines 
Nonresistive terminations: 
Open-wire lines: 
Parallel-conductor lines: 
Practical: 
Quarter-wavelength line: 
Reflection coefficient 


Running the feed line 
Simple lightning arrester: 
Single-wi 


Standing-wave ratio: 
Support for open-wire 
Surge impedance: 
‘Terminated 
Testing 
Tuned feeders: 
‘Twisted: 

‘Two-wire lines: 
Velocity of propagation: 
Voltage & current: 
Voltage and power ratings 
Waveguides: 

Window lead-in panel: 
Window line: 

2y 

Zip-cord 

‘Transmission loss: 

‘Transmission-line resonators (TLR): 
as part of antenna: 
as part of feed line: 

‘Transformer: 


‘Transmitter chassis: 
‘Transom 
‘Transom and masthead mounted verticals: 
‘Transponder noise floor: 
‘Transportable antennas 
‘Trap Antennas: 
Dipole, 3.5 to 28 MHz, 5 bands: 
Dipole, 80, 40, 17 and 12 meters: 
Dipole, 80, 40, 20, 15 and 10 meters 
‘Trapped dipole: 
‘Trapped tribanders: 
21 and 28 MHz vertical: 
‘Traps: 
Coax cable: 
Coax capacitor: 
Coaxial: 
Construction: 


4-310 
24-1148 
24-6f1, 25-1 


2-2, 24-2 
24-18ff 
24-71 


TUM, 7-13 
TAL, 7-17Ef 
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‘Welcome 


Getting the Workspace Ready 
1: Attach the Tip 
2:Secure the Tip 
‘3: Wet the Soldering Station Sponge 
4: Set the Station's Temperature 
5: Wipe the Iron’s Tip 
6:Tin the Iran's Tip 
Go Make Your Learn to Solder Skill Badge 


Nookanne 


2iHow to Solder . 
Working with Solder 
Keeping the Circuit Board from Moving 
Tinning Solder Pads 
Placing a Component in the Board 
knowing Which Way a Component Goes in 
Stabilizing and Straightening Components 
Safely Soldering Sensitive Components 
Soldering a Component in Place 
Trimming Your Leads 
Going From Solderless Breadboard to PCB 
Soldering Jumper Wire 
Bridging Joints with Solder 
Relieving Strain on Cables 
Getting the Perfect Solder Joint 
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a/Desoldering .. 
‘The Desoldering Wick 
Preparing the Wick 
Desoldering with the Wick 
Desoldering with the Solder Sucker 


4/What's Next? . 
Teach the World to Solder 
Make More Things 

‘Supercap Racer Kit 


S888 Beses 


Contents i 
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‘Traps 
Doorknob capacitor: TAL 
Electrical loading: 19 
Fundamentals: 19 
Impedance equation: 7-10 
LIC ratio: 19 
Losses: 7-10 
Losses & power rating: 7-14tt 
Non-resonant: 7-10 


Parallel resonant 
Power loss 
Power rating: 
PVC pipe: 
RTV sealant: 
‘Tree-mounted HF ground-plane: 
‘Trees, as antenna supports: 
Vertical antennas: 
‘Triband Yagi 
‘Tropospherie: 
Bending: 
Ducting 
Propagation of VHF: 
Scatter: 
‘Trough reflector: sn 185 
‘Trough reflectors 18-17ff, 18-51 
for 432 and 1296 MHz: 18-51 
‘True north: 29 
‘Tubing, aluminum: 4-7, 20-647 
Alloy numbers: 20-6 
Construction with: 20-81f 
Data table: 20-7 
Sources for: 20-7 
‘Telescoping: 417K 
‘Tucson Amateur Packet Radio (TAPR): 19-30 
‘Tuned feeders: Tl 
‘TUNER. SUM: 
‘Tuners: 
Antenna: 
Balanced: 
Cirouit balance: 
Circuit Q 
Harmonic attenuation: 
High-power ARRL antenna tuner: 
L-network: 
Low-power link-coupled: 
Measurement of line input current: 
Pi-network: 
Series and parallel coupling: 
‘Tnetwork: 
Variable coupling... 
with inductive coupling 
‘Turnstile over reflector antenna: 
TV amtenma nnn 
TV mast material... 
‘TV-ype standoff insulators: 
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* 
TVRO: 
C-band: 19-11 
Converted C-band: 19.2911 
19-417 
19-45 
Modified elevation mount: 19-44 
‘Twilight zone: 
‘Twin-lead folded dipole: 


‘Type-N connectors: 


U-Adcock: 146 
UBC (Uniform Building Code) 22-8 
UBF Quagis: 18-45tr 
UHE-VHF antenna systems: 18-1ff 
UL 1449: 


Ultraviolet (UV) 
Umbrella shape loading: 


Unbalanced coax feeding a balanced dipole: ...... 26-17 
Uncontrolled environments: 1-208 
Under-illuminating (dish): 19-171 
Underwriters Laboratories: 1-12 


Undisturbed ionospheric conditions: 
Uneven local terrain: 
Uniform theory of diffraction (UTD): 
Unmatched system: 
Unterminated long-wite antennas 
US Geological Survey 
US Naval Academy: 
USGS map: 
Using capacitive end hat: 
UT-141 coax 
UID: 
UY: 
Protection: 


Radiation: 


Other combinations 
‘Vacuum-tube amplifiers: 
Vaisala Lightning Explorer: 
Variable coupling: 

‘Varney, Loui 
VE2CV: 
VEAMA: 
VETCA: 
VETCA 2-clement portable HF triband Yasis: 
Vector Network Analyzer (VNA): 


RY: 


10-21 


Velocity factor: 
of line, from impedance measurements: 28-8! 
Velocity of propagation: 243 


_|| iT 


Vertical antennas: 
Buried radials: 
Buried-radial ground system: 
Continuously loaded verticals: 
Counterpoises: 
Elevated radials: 
Equivalent loading: 
Examples: 
Examples of short verticals: 
Far-field ground reflections 
Feed-point impedance and ground system: 
Flagpoles: 
Folded monopole: 
Ground conductivity: 
Ground dielectric constant: 
Ground plane: 
Ground systems for vertical monopole: 
Half-wave dipole: 
Half-wave vertical dipole (HVD): 
Irrigation tubing: 
Less-than-ideal ground systems 
Monopoles: 
Multiband: 
‘Omega match: 


Reflection coefficient: 


6-15tt 
6-22 
6-16 
6-37 
6-16tt 
6-16tt 


6-208f 
6-36ff 
3-1 
6-17 
6-20 
619 
311 
3-11Ef 
618th 
3-20f 
48 
615 


3-26 
3-268 
T-16tt 


Roadway illumination standards: 20 
Short Tl6tt 
Shortening the radials 6-361f 
Shunt-fed: .. 6-210 
Shunt-fed gamma: 22 
Sloping the radials of a ground plane: 6-18 
Standoff insulators: 6-22 
‘Top loading: 6-18 
Trap: 7-171, 7-178 


‘Tree mounted: 
Umbrella shape loading: 
1,8-3.5 MH using existing tower: 
6-Foot high 7-MH antenna: 
Vertical incidence critical frequency 
Vertical incidence sounder: 
Vertical monopole: 
Vertical monopole, eff 
VHF: 
Quads: 
Quagis: 
Quarter-wavelength vertical 
VHF/UHF: 
Antenna systems: 
Antenna-height gain, nomograph: 
Capabilities, nomograph: 
Effective receiver sensitivity, nomograph 
Reliable coverage: 


Station gain: 
‘Terrain: 

View antenna window (EZNEC): 

Viewshed: 
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18-1 
18-13, 18-45ff 


18-41ff 
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Vinyl electrical tape: 
Virtual resistance: 
VNA’ 
Array example: 
Multi-port network: 
VOAAREA: 
VOACAP: 
Parameters: 
Voltage 
Balun: 
Clamping, protection: 


6-5, 6-6, 11-36, 2: 


RF, measurement; 
Source: 
Transmission lines: 

Voltmeter, RF 

Vortex shedding: 


w 
W-shaped SWR curve: 97 
WOCY: 19-24, 19-26 
WOLMD: 19-12, 19-15, 19-18, 
19-20, 19-21, 19-24, 19-29, 19-31 
WORPY: 5-16 
WOSVM: 6-41 
WIAW: 23-20 
WICF: 6-47 
WIEYE 16-21 
WIEB: 6-43, 6-47 
WIGAN 17-14 
WIGHZ (ex-NIBWT): 19-15, 19-18, 19-19, 19-21 
WIICP: 5-10 
WIKSC: 
WIMK: 
WIVD: 
WIWEF: 6-9, 16-1, 16-2 
W2BML: 13-16 
W2DU: 8-21, 26-22, 27-40 
W2DU balun: 26-24 
W2FML 6-36, 7-16 
WoPV: 1-1, 1-8 
W3bz 7-10, 7-12 
WIP: 15-4, 15-9 
W3KH: 19-4 
W4AEO: 10-17 
WABBP: 10-25 
WAHHK: 18-13, 18-14 
WAIRW: Tl 
WAMB: 27-36 
WARNL: 10-1, 11-46 
WSLUA: 19-16, 19-45 
WSQUR 5-10, 5-12 
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WSRTQ (now K6SE): 
W6AAQ: 

WoHPH: 

WONL: 

WONL (ex-W6QHS): 
WwoowQ: 

WoTWw: 

WoUYH: 

WICNK: 

WIEL: 

wiITB. 

WIXC: 

WSGZ: 

Wail 

WSIK: 

W8IK array: 
WSNWF: 

WSNX: 

WSNX trap dipoles 
WsTP: 
woc! 
woDu 
WOLZX: 

WOPE: 

WAQUZO: 

WA2ANU: 

\WA3FET: 

WA3ULH: 

WAAIVE: 

WASERF: 

WASTNY: 

WAOBVS 

Walters, Mike, G3IVL: 
Ward, Al, WSLUA: 
Wardley, David, ZL1BIQ: 
Water pipe earns 
Wattmeters 


A directional in-line RF: 
Calorimeter type, for VHF and UHE: 
Wave 
Angle: 
Attenuation: 
Extraordinary 
Front 
Ordinary: 
Theory: 
Waveguides: 
Coupling to: 
Dimensions: 
Evolution of: 
Modes of propagation in: 


ength: 
jeth-to-diameter ratio: 

WBODGF: 

WBOIKN: 

WBOKIZ: 
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6-21 
16-28 
4.30 
4-17, 11-27, 26-10 


16-5, 16-28 
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WD4FAB: 


1-99, 19-10, 19-2, 19-3, 


19-5, 19-14, 19-18, 19-19, 19-27 


Weatherproofing, wood: 
Weber, Dick, KSIU: 
White, Allan, WIEYL 
Why tribanders?: 
Wilkie, Jim, WYAR: 
Wilkinson divider: 
Williamson, Gerald, KSGW: 
Wilson, Paul M., W4HHK: 
Wilson, Robert, ALTKK: 
Wind compensation: 
Wind loading: 
Windom: 

Antenna: 


Carolina: 
Carolina, matching unit: 
Windom, Loren G, W8GZ: 
Window 450-02 ladder line: 
Winter solstice: 
Wire: 
Antenna, splicing 
as antenna conductors: 


Closely spaced: 
Coordinate shortcuts 

Copper clad stee!: 

Copper, data table: 

Crossing: 

Fat wires connected to skinny wires 
Geometry: 

Grid: 

Loss: 

Mesh: 


Radial systems: 
Random length: 
Short fat and acute-angle junction: 
Straight: 
Stressed, data table: 
Tension and sag: 
‘Types of: 
Wire LPDA for 3.5 or 7 MHz 
Wiring, electrical, and safety 
Witt, Frank, AIH: 
Wolf, Johann Rudolp 
Wolff, Ken, KIEA: 
Wood: 
{for antenna construction: 
Weatherproofing: 
Worst-case front-to-rear: 


Worst-case front-to-rear ratio: 
Wright, Joe, WAUEB: 
Wullenweber antenna: 
WWV/WWVH: 

WXOB: 


WXOB Approach to stack matching and feeding: 


&. rao, 11:19AM 


8-10, 8-16 
19-33, 
18-14, 18-18, 


10-111 
L-sit 


11-42 
11-42 
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Vag sanninsnnnn 2-16, LLP 
Bandwidth: iat 
Co-planar crossed: 19.5 
Comparisons, 3-element designs: 11-6 
Comparisons, S-element designs: 11-6 
Comparisons, 6-element designs: 11-6, 11-8 
Comparisons, 8-element designs: 11-6, 11-9 


Construction with aluminum tubing: 11-10 
Drive impedance and SWR: 
Element tuning: 


FIR: 
R ratio: 

Feeding 

Gain: 

Gain & pattern degradation due to stacking: 18-9 

Gain and boom length: H1-6ff, 11-10 

Gain versus F/R ratio: 112i 

Horizontal model: 49 

Input impedance: iat 

Interlaced elements: 11-26 

Loop, for 1296 MH:  18-488F 

Mechanical strength: 


Modifying Hy-Gain Yagis: 
Monoband performance optimization: 
Multiband: 


Multiband st 
Offset crossed: 19-7 
Optimized 10-meter Yagis: 1-120 
Optimized 114i 
Optimized 11-18ir 
Optimized 11-191 


nr 


Optimized 20-meter Yagis: 
Optimized 30-meter Yagis: 
Optimized 
Optimum design parameters: 1st 
Optimum designs and element spacing 
Patterns: epson 
Performance optimization: 1st 
Performance parameters: 
Specific designs 
Stacked Yagis: 

Stacking: cos 
Stacking different frequencies: 18-81 
Stacking same frequenci 
Stacking stacks of different frequencies: 
Stacking, feed method: 

‘Trapped tribanders: 

‘Two elements: 

VHF and UHF: 

2element designs: 

6-meter: 18-271 
15 m Yagis 11TH 

Yagi vs quad: Pan 

Yagi-Uda: HL 

YagiMax: 


Yankee Clipper Contest Club: 
Yield strength: 

YO (Yagi Optimizer): 

YT (Yagi Terrain analyzer) 
YVSDLT: 


for Windows): 


From impedance measurements: 
Zenith angle: 
‘Zepp. end-fed: 
Zepp, extended double: 
Zeppelin: 
Zinc-chromate primer: 
-cord antennas 
ZLIBIQ: 
Zone current: 
orT: 
Zarich sunspot numbers: 
1-800-MAPS-USA: 
1.8 MHz antennas, receiving loop: 
1.83.5 MHz. vertical using existing tower: 
1.8-MHz antennas using towers: 
1.8-MH7 inverted-L: 
-element broadside/end-fire switching 
2-element quad: 
element Yagis: 
lement, $-foot boom pentaband quad: 
2M-22¢ 
2M-CP22: 
jement binomial broadside array: 
3.5 MHz antennas, horizontal loop: 
3.5 to 28 MH trap dipole, 5 bands 
3.5 to 30 MHz small transmitting loops: 
3D analysis: 
4 ys, feeding: 
4-element rectangular array 
4-element rectangular switching: 
-band LPDA: 
S-element, 26-foot boom triband quad: 
5/8-wavelength [Hz mobile antenna: 
6-Foot high 7-MHz vertical antenna: 
7 MHz antennas: 

Horizontal loop: 

Vertical loop: 
7-MHz sloper system: 
TNUVW: 
10 GHz pyramidal horn: .. 
14-14.35 MHz Log-Yag: 
20/15/10-meter triband 2-clement Yagi 
21 and 28 MHz trap vertical 
23CM22EZA: 
30/17/12-meter triband 2-clement Yagi 
40-meter backstay half sloper: 


10-151 

12-5ff 
291 
6-361 


1 


16-3511 


959 


CE TS || 


ee 


_|| iT 


F\-" 


40-meter wire Yagi: 
80, 40, 17 and 12-meter trap dipole: 
80, 40, 20, 15 and 10-meter trap dipole: 
80-meter dipole with TLR transformer: 
80-meter DX special: 
120 dex. fed, 60 deg. spaced array 
135-foot, 80 to 10-meter dipole: 
144 MHz antennas: 

Cardioid-pattern RDF antenna: 

Ground-plane: 

Quad, 2 elements: 

Quad, 4 clement portable: 

Quai, 15 elements: 

Yagi, 12 elements 

5/8-wavelength vertical: 
144 MHz. duplexer: 
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18-23, 


15-19 
2r 


8-301f 
Tate 


14-161 
18-2341 

18-41 
18-4117 
18-4517 
18-3417 
16-281T 
17-140 


222 MHz antennas: 
Ground-plane: 
Quagi, 15 elements 
Yagi, 16 elements: 
MHz antennas: 
Ground-plane: 
Quagi, 15 elements: 
Quagi, 8 elements: 
Trough reflector: 
Yagi, 22 elements: 
436-CP30: 

1296 MHz antennas: 
Quag 
Quagi, 15 elements 

elements 


i, 10 elements: 


18-451 
18-3811 


18-4511 
18-42 
18-3111 
19-10 


18-4601 
18-461 
18-471 
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Wee Blinky Kit 
MintyBoost 
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Is there a dealer who carries ARRL publications within: 
5 miles 15 miles 30 miles of your location? C1Not sure. 
License class: 
Novice Technician Technician with code General OAdvanced 1 Amateur 


Extra 
Name ARRL member? 1 Yes No 
Call Sign 

Daytime Phone (  ) Age 

Address 

City, State/Province, ZIP/Postal Code E-mail 

If licensed, how long? 

Other hobbies For ARAL use only ANT BK 
Edition 1 21 22 23 26 25 26 
Printing 1234567891011 12 

Occupation 


CE TS || 


From 
Please affix 


postage. Post 
Office will nat 
deliver without 
postage. 


EDITOR, ARRL ANTENNA BOOK 

ARRL—THE NATIONAL ASSOCIATION FOR 
AMATEUR RADIO 

225 MAIN STREET 

NEWINGTON CT 06111-1494 


= ” 4 i 


_|| i 


F\-" 


Oa TS || 


Introduction to the CD-ROM Edition 
The ARRL Antenna Book, 21st Edition 


“In recent years it has been borne home on us most forcibly that there is greater room for 
increased performance through superior antenna systems than in any other part of the 


equipment. 


—from the Foreword to the First Edition, 


Much has changed since 1939, including the pos- 
sible ways of delivering information—this CD-ROM is 
evidence of that! One thing that hasn't changed is that 
antennas and antenna systems are still the make-or- 
break component of any amateur station. We are 
pleased to bring you this 21st edition of The ARRL. 
Antenna Book on CD-ROM. The CD-ROM book 
contains all of the text, drawings and photos contained 
in the printed 21st edition. And exclusive to the CD- 
ROM are over 70,000 pages of propagation tables that 
can help you determine what HF propagation to expect 
throughout the World, throughout the year and 
throughout the sunspot cycle. 


Make sure you try out the software included for the 
PC. Follow the instructions for installation of the 
software and data files. 


This CD-ROM is viewed using Adobe's Reader 
software, Version 7.0 of the software is included on the 
CD-ROM. The book and the companion files include 
hyperlinks. These links will appear in blue or green 
text. Clicking on the text of a hyperlink will cause 
Reader to display another, related part of the book. 
(See the Reader Help documentation for information 
on configuring this feature.) 


The version of Acrobat Reader used with this CD- 
ROM includes Acrobat Search capability, which allows 
rapid full-text search of the entire book. This functions 
as an instant index for every chapter and word in the 
book. We strongly recommend that you take a few 
minutes to view the on-line documentation available 
from Acrobat Reader's Help menu. 


Note: Adobe Reader version 6.0 or higher is re 
quired to use the search index included on this CD- 
ROM. Older versions of Acrobat Reader will not work 
with the search index, but are otherwise functional. 
Again, Adobe Reader 7.0 is included on the CD-ROM. 
if you need to install this version. 

Installing Adobe Acrobat Reader 


‘You may not have Acrobat Reader installed on your 
computer or you may have an older version installed. 
Installing Adobe Acrobat Reader Ver.7 is optional 
during the main Setup installation, and you can do it 
later, after installing the Antenna Book Software too. 


‘To install Acrobat Reader for Windows: 
Select Run from the Windows Start menu 

1. Type or Browse to d:\AdbeRdr709_en_US.exe 
(where d: is the drive letter of your CD-ROM 
drive; if the CD-ROM is a different drive on 
your system, use the appropriate letter) and 
press Enter. 
Follow the instructions that appear on your 


‘To install Acrobat Reader for the Macintosh: ; 
1. From the top-level folder of the CD, double 

click on the file 

“Adobe_Reader_ MAC_708.dmg” to open up 

the disk image. Then double click the Adobe 

Reader Installer icon to launch the installer. 
AB2I Intro to CD.DOC —HE:RDS 3/7/2007 8: 
AM Page 3 
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es, Summary and Detailed Propagation Tables 


USA Other, North America South America 
W1B Boston, MA 6Y Kingston, Jamaica CE Santiago, Chile 
W2A Albany, NY 8P Bridgetown, Barbados CP LaPaz, Bolivia 
W2N NYC, NY HP Panama City, Panama FY — Cayenne, French Guiana 
W3D Washington, DC KL7 Anchorage, Alaska HC Quito, Ecuador 
W4A Montgomery, AL KP2 Virgin Islands HC8 Galapagos Islands 
WaF Miami, FL TI San Jose, Costa Rica HK Bogota, Columbia 
W4G Atlanta, GA V3. Belmopan, Belize LU Buenos Aires, Argentina 
Wak Louisville, KY VE1 Halifax, Nova Scotia OA Lima, Peru 
WAN Raleigh, NC VE2 Montreal, Quebec P4 Aruba 
W4T Memphis, TN VE3 Toronto, Ontario PY1 Rio de Janeiro, Brazil 
WEA Little Rock, AR VE4 Winnipeg, Manitoba PYQ Fernando de Noronha 
WSH Houston, TX VES Regina, Saskatchewan YW Caracas, Venezuela 
WSL New Orleans, LA VE8 Edmonton, Alberta YVO Aves Island 
WSM Jackson, MS VE7 Vancouver, BC ZP Asuncion, Paraguay 
WSN Albuquerque, NM VE8 Yellowknife, NWT A 
WSO. Oklahoma Gity, OK VO1 St. John’s, NFL Asia 
W5T Dallas, TX vP2 Anguilla 1S Spratly Islands 
W6L Los Angeles, CA VP5 Turks & Caicos 3W Ho Chi Minh City, Vietnam 
W6S_ San Francisco, CA XE1 Mexico City, Mexico 4d Baku, Azerbaijan 
W7A. Phoenix, AZ 4S Columbo, Sri Lanka 
W7I Boise, ID Europe 4X Jerusalem, Israel 
W7M Helena, MT CT Lisbon, Portugal 9N Katmandu, Nepal 
W7N Las Vegas, NV DL Bonn, Germany 6 Dubai, UAE 
W70. Portland, OR EA Madrid, Spain AP Karachi, Pakistan 
W7U_ Salt Lake City, UT El Dublin, Ireland BY! Beljing, China e 
W7W Seattle, WA ER Kishinev, Moldava BY4 Shanghai, China i 
W7Y Cheyenne, WY F Paris, France BYO Lhasa, China 
W8M Detroit, MI G London, England HS Bangkok, Thailand 
W8O Cincinnati, OH 1 Rome, Italy HZ — Riyadh, Saudi Arabia 
WaW Charleston, WV JW Svalbard JAt Tokyo, Japan 
WSC Chicago, IL OH — Helsinki, Finland JA3_— Osaka, Japan 
W9! Indianapolis, IN OK Prague, Czech Republic JA8_— Sapporo, Japan 
WaW Milwaukee, WI ON — Brussels, Belgium JT Ulan Bator, Mongolia 
WOC Denver, CO OZ Copenhagen, Denmark TA Ankara, Turkey 
WOD Bismarck, ND SV Athens, Greece UAS Perm, Russia 
WOl Kansas City, MO TF Reykjavik, Iceland UAG Khabarovsk, Russia 
WOK Middle of US, KS UA3 Moscow, Russia UN Alma-Ata, Kazakh 
WOM St. Louis, MO UAB Rostov, Russia VR2 Hong Kong 
WON Omaha, NE UR Kiev, Ukraine VU New Delhi, India 
WOS Pierre, SD YO Bucharest, Romania VU7 Andaman Islands 

YU Belgrade, Yugoslavia XZ Rangoon, Myanmar 
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Oceania Africa 9 Maputo, Mozambique 
3D2 Fiji Islands 3B9 Rodrigues CN Casablanca, Morroco 
DU Manila, Philippines 3C Bata, Equatorial Guinea CT3 Madeira Islands 
FO Tahiti 3V Tunis, Tunisia D2 Luanda, Angola 
H4 Honiara, Solomon Islands 5N Lagos, Nigeria EAB Canary Islands 
JD1 Ogasawara Island 5R Antananarivo, Madagascar !G9  Lampedusa, Italy 
KH = Saipan, Mariana Islands 5U Niamey, Niger Republic J2 Djibouti 
KHSK Kingman Reef 5Z Nairobi, Kenya ST Khartoum, Sudan 
KH6 ~~ Honolulu, Hawaii 6W Dakar, Senegal su Cairo, Egypt 
KH8 = American Samoa 7Q Lolongwe, Malawi VQ9 Chagos, Diego Garcia 
V7 Kwajalein, Marshall Islands 7X Algiers, Algeria XT Burkina Faso 
VK2 Sydney, Australia 9J Lusaka, Zambia ZS1 Capetown, So. Africa 
VK6 Perth, Australia OL Freetown, Sierra Leone ZS6 Johannesburg, So. Africa 
VK8 Darwin, Australia 9x Kigali, Rwanda 


F\-" 


YB Jakarta, Indonesia 
ZL1 — Aukland, New Zealand 
ZL3 Christchurch, New Zealand 


‘These PDF files contain propagation prediction 
tables valid from the transmitting site indicated in the 
filename to seven generalized receiving lo 
throughout the world in the Summary Tables and for the 
40 CQ Zones in the Detailed Tables. The user selects a 
single transmitting site closest to his/her location. You 
can access this data by opening Adobe Acrobat Reader 
and selecting Prop Index.pdf. Or you can operate from 
pane of the open- 


the main table of contents in the le! 
ing window. 

Each transmitting location is organized by fi 
ity over the whole 11-year solar cycle: 


els of solar act 


VL (Very Low: SSN between 0 to 20) 

LO (Low: SSN between 20 to 40) 

ME (Medium: SSN between 40 to 60) 

HI (High: SSN between 60 to 100) 

VH (Very High: SSN between 100 to 150) 
UH (Ultra High: SSN greater than 150) 


The seven generalized locations throughout the 
world for the Summary Tables are: 


EU = Europe (all of Europe) 

FE = Far East (centered on Tokyo, Japan) 

SA = South America (centered on Asuncion, 
Paraguay) 

AF = Africa (centered on Lusaka, Zambia) 

AS = southern Asia (centered on New Delhi, In- 

dia) 

OC = Oceania (centered on Sydney, Australia) 

NA = North America (all of USA). 


Both types of propagation files show the highest 
predicted signal strength (in S-units) throughout the gen- 
eralized receiving area, for a 1500-W transmitter and 
rather good antennas on both sides of the circuit. The 
standard antennas are 100-foot high inverted-V dipoles 
for 80 and 40 meters, a 3-clement Yagi at 100 feet for 20 


meters, and a 4-element Yagi at 60 feet for 15 and 10 
meters. Discount the S-Meter readings in the tables to 
represent a smaller station: 
Subtract 2 $ units for a dipote instead of a Yagi 
Subtract 3 S units for a dipole at 50 feet instead of 
a Yagi at 100 feet 
Subtract 1S unit for a dipote at 50 feet rather than 
a dipole at 100 feet 
Subtract 3 $ units for 100 W rather than 1500 W. 
Subtract 6S units for 5 W rather than 1500 W. 


Shown below is an image of a Summary Table print- 
out from Boston to the rest of the world, for Very High 
solar activity in January, This table could be used, for 
exampl 
DXpedition to some exotic location. 

‘The Detailed Table printout from Boston to the rest 
of the world on 20 meters for January from Boston dur- 
ing a Very High level of the solar cycle is shown on the 
following page. It shows the predicted signal strength 
in each of the 40 CQ Zones around the world. Note that 
long-path openings are predicted by an asterisk ap- 
pended to the end of the predicted signal strength, 

Also located on the CD-ROM in the \Propagation 
subdirectory is the Fig6Tab.pdf file described in Chap- 
ter 3 of the printed book. This set of tables shows the 
hours open to cach of 10 regions throughout the USA 
for Very-Low/Medium/Very-High levels of SSN. 

Enjoy the software. We would appreciate any feed. 
back or bug reports you might have. 


to help plan which bands to operate when on a 


7 
R. Dean Straw, N6BV. 


Editor, The ARRL Antenna Book 
email: n6by@arrlorg 


Sample Summary Propagation-Prediction Table, January from Boston to the World 
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Sample Detailed Propagation Table for 20 Meters, January, Boston to World 


for Very High SSN 
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Welcome 


Welcome to MAKE’s Getting Started with Soldering Kit, and congratulations 
on taking a big step into the world of DIY electronics. Once you get the hang 
of soldering, you can put together some of the many great kits that are avail 

able, fix electronics that are broken, and build inventions of your own. With 
this kit, you'll learn how to: 


+ Prepare and clean your soldering iron. 
+ Assemble electronic circuits from kits 


+ Transfer circuit designs from a solderless breadboard to a prototyping 
PCB 


+ Correct soldering mistakes you've made 


Basic Tools 


There's alot of great stuff in the box. and before you start using it, here's a 
tour of what you'll find in there. Figure 0-1 shows the soldering tools you'll 
be using most of the time. 
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Notice is also given that if equipment that is still under warranty is 


+ modified in any way or used or connected with home-built equipment 


then that warranty may be void. 


©1978 BERNARD BABANI (publishing) LTD 
ISBN 0 85934 054 6 


First Published — August 1978 
Reprinted — September 1980 
Reprinted — June 1982 
Reprinted — January 1984 
Reprinted — April 1986 
Reprinted — February 1988 
Reprinted — April 1989 
Reprinted — August 1991 


Printed 


\d bound in Great Britain by Mayhew MeCrimmon Printers Ltd, 


CONTENTS 

INTRODUCTION ... 

Conversion Table ... 

SECTION 1: “NO SOLDERING” PROJECTS 9 
Theoretical Circuits ul 
Signal Tracer ., 13 
Multivibrator 14 
“C” Substitution Box 16 
“R® Substitution Box 18 


‘SCR Controlled Light pies sha 


One Transistor Intercom a 
Tuned Ferrite Aerial B 
Diode Radio... 25 
One Transistor Amplifier 31 
‘Two Transistor Amplifier 32 
Push-Pull Output Stage 34 
Boost Speaker 37 
SECTION 2: MISCELLANEOUS DEVICES 39 


Soldering 
One Transistor Audio Oscillator 
Multivibrator 
Glissade 
Morse Oscillator for Phones 
‘Two Door Siren... 
UIT Oscillator 
UIT Continuity Tester 
UIT High Voltage Producer 
Signal Blinker 

Mains Wiring 
Dimmer/Heat Control 
Two Power 
Sensitive Touch Switch 
Water Level Indicator 
Optical Isolator 
LED Indicator 
“Magic Candle” 
“Nerve Tester” 


Morse and Sideband Resolver 
Easy Preamplifier num 

741 Preamplifier 

Tone Control for Your Discs Etc. 
‘Two Channel Mixer 

44 Watt IC Amplifier 

Class. A Amplifier 

‘Two Stage Amplifier 


SECTION 4: POWER SUPPLIES 

Baty PSU enn 
Regulated PSU 
iti-Voltage Regulated PSU 

‘One Transistor Adjustable PSU 
Zener Regulated Supply 
Motor PSU with Reverse 
Wrong Polarity Protector 
Transistor Lead-Out Posi 


EQUIVALENT SEMICONDUCTORS. 


Page 7 &8 missing ——> 


SECTION I 
“NO SOLDERING” PROJECTS 


With these, connections are generally made with small ter- 
‘minals, or nuts and bolts. By this means components are 
» connected together, and fixed to an insulated board or panel. 


A project can be built using one size of bolt and nut through- 
“ out, but it will be found convenient to have two or three 
sizes. Small nuts and bolts can then be'used for connections. 
| between components, while larger bolts with extra nuts, or 
{ terminals, can be used to connect extemal items, such as 

| headphones. 


[For one size throughout, 6ba screws or bolts will be satis-= 

Hactory, about # inch long. Only a few are needed for each 

“project, but they are quite inexpensive in 50 or 100-packs, 
sme extra nuts will prove useful, and also a quantity af 

‘washers. Ifthe insulated board of panel isnot too thie 

‘inch bolts with an extra nut each will do.as te 

' connecting extemal items, 


£ dba bolt is larger than 6ba, and a few of these, % inch ot 

{more long, also with washers and nuts, can be used for 
terminals, if preferred. It is also possible to obtain terminal 

Theads, so that bolts with nuts can be used as terminals, 


‘The 8ba size is smaller than Gba. These can be of advantage 
‘ina project where size is to be kept down, or for positions 
‘where several leads come close together (as at a transistor). 
Bolts, nuts and washers (Sba throughout) can be obtained 

together. 


Naturally all sorts of nuts and bolts, to hand or obtained from 
‘constructional toys or old electronic equipment, can be used. 
Results are not going to depend on the sizes used, which are 
‘more a matter of convenience and appearance 


J 
t 


‘There is also considerable latitude in the insulated panels or 
boards used to carry the components. Some projects need 
‘only a few holes in a small board, Here, itis convenient to use 
1/16 inch thick or similar paxolin sheet, cutting a piece of 
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the wanted size and drilling holes for the bolts or terminals. 

A small hand drill is satisfactory for this purpose. The drills 
used can be 3/32 inch for 8ba bolts, 1/8 inch for 6ba, and 
5/32 inch for 4ba, or any similar sizes giving clearance. 


Where drilling is inconvenient, a ready-perforated board must 
be used. For projects where size is not important, perforated 
1/8 inch thick hardboard is suitable — holes are generally at 
1 inch intervals, but this is not important. For this type of 
board, the size of the holes will generally mean that 4ba nuts 
and bolts will be beeded 


Plain perforated board (that is, without any conductor foil) 
can be obtained with holes at 0.1 inch or 0.15 inch spacing 
but these holes are too small and too close together. However, 
such boards can be used instead of plain unperforated paxolin 
sheet by drilling the holes larger in just those places where 
bolts must be placed. 


There is also a type of eyelet board, with holes at Smm spacing 
and just large enough to take 8ba bolts. This is handy for 
small projects. 


Its also relatively easy to prepare a fully perforated board or 
Panel, which can be used for a number of projects in turn. 


For a board up to about 4 x 6 inch paxolin 1/16 inch thick is 
adequate, with 1/8 inch sheet for larger boards. It is also 
possible to use 1/8 inch or similar PVC or other transparent 
sheet, which allows connections to be seen on both sides. 
Plain hardboard, or thin plywood, is also satisfactory. Hard- 
board or wood should be given a coat of shellac or similar 
vamish, before use, to keep out damp 


Where size is not important, the board can be drilled with 
holes spaced 1 inch from each other throughout. Do not 
mark off a grid with pencil lines, as this may cause leakage 
between adjacent terminals. An easy method is to mark such 
4 grid on paper, secure this over the board or panel with tape, 
and drill all the holes. Make these of an appropriate size for 
the terminals or bolts. 


For small items, the board will need to be prepared to suit. 
10 
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But where a board is going to be a general purpose support 
can be also 

for several projects in tun, it can be much larger. It is 

handy to support it on two strips of wood, about 1 inch high, 

0 that there is clearance underneath for bolts and connections 


Zc mae 

ill be found that neat and efficient projects can * 
thsombled on such boards, and that it is ety to check connee- 
Gon or components or to make changes for experimental or 
other purposes. 


ircuits 


Theoretical 


retical circuits shows an electronic device in simple 
fate Cipasors, ssl tmastor and other ems ar 
shown by their own symbols. Lines representing connections 
are drawn from symbol to symbol. The layout of actual eom- 
ponents in the device may not be the same as the positions of 
the symbols in the theoretical circuit. 


will be found that it soon becomes easy to follow a 
theoetal creat. An undemtanding of such cies 
develops when they are compared with an actual layout which 
shows components and the connections 


anal Tracer in Fig 1 is an example ofthis, The main 
and collector (C) wires. For the transistors shown, these Wire 
‘come from the base as in the diagram, which is of the under- 
Sie he tansstor, Emiter, base and collector wires may 
be in different positions in other transistors.) It will be seen 4 
Meat te emiter Eis connected to negative atthe baton, an 
{oi clp on entth of flexible wire 


‘The headphones — or single earpiece — go between collector C 
and battery positive, A headphone jack, marked P, is used to. 
take a plug for the phones. Generally, an on-off switch woul 
be present in one battery connection, but this is not necessary 
here as the circuit can be interrupted (to switch “off") by 
‘unplugging the phones, Exactly the same results would be 
oblained if two separate sockets were used, to take two plugs 
from the headphortes. 


u 


RI 470K 


Resistor RI is connected from collector C to base B, and it 
supplies a base current for the transistor, so that the latter can 
operate as an amplifier. 


‘The signal to be amplified is obtained through capacitor C1. 
‘A capacitor has plates or foils separated from each other by an 
jnsulator. There is no direct current circuit through the 
capacitor, so placing the test prod on various points of 
circuit being tested does not upset direct current working, 
conditions, 


It is clear, from Fig. 1, how the theoretical circuit is made 
up as a practical piece of equipment, with C1, R1, transi 
phones and battery connected together in the way reqi 


With later projects, the theoretical circuit and practical wiring 
diagram may be shown together in this way, ot may appear as 
separate diagrams when they are larger. If the theoretical 
circuit and wiring diagram are compared, so that capacitors, 
resistors and other items on one are also found on the other, 
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it will soon be found that a theoretical circuit is readily 
followed and understood. It will be noted that the theoretical 
circuit could be built up in numerous ways, all equally satis- 
factory. 


ignal Tracer 


This locates and amplifies audio (sound) signals which may be 
present in a circuit. Construction is most easily carried out in 

a small plastic case (Fig. 1). An insulated board about 1% x 2 
inch (or to suit the case) has three small bolts to secure emitter, 
base and collector leads of the transistor. Bolts also hold two 
small brackets, which press on the negative and positive ends 

of the 9v battery. String or elastic through holes in the board 
helps to secure the battery. 


The prod is a long 6ba or 4ba bolt, or length of screwed rod. 
Lock one end of Cl lead with nuts, or loop it under the bolt 
head. Thread the clip flex through a hole in the case, and pass 
the prod through another hole, as shown. “A washer and nut 
then fix the prod, with the board inside the case. The case 
lid can then be fitted, and the securing nut can be screwed on 
the phone outlet. Connections here can be tightly twisted 
round the outlet tags, and compressed with pliers. A piece of 
insulating sleeving is put on the test prod, and a clip with 
fixing screw is attached to the flexible lead. 


Making Connections 


For all the projects in this book, any thin insulated conne 
wire can be used; or bare wire with insulated sleeving. It is 
handy to have two or more colours — such as red for positive, 
and black for negative circuits. 


A loop is made at the bare end of the wire, and is put under 
the screw head, or under a washer. Where two or more leads 
g0 to the same bolt, it is convenient in some cases to have a 
washer or two extra, to go between loops. Each connection 
must be reasonably ‘tight, and short circuits must not be 
allowed between wires or loops which are shown separated 
from each other. 
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Battery and external leads are generally of flexible wire 
Positive and negative battery clips, with leads already attached, 
are available for transistor radio and similar batteries. Else- 
‘where it may be convenient to arrange contacts as in Fig. 1, 

or to twist wires to the battery tags. 


The battery polarity (positive and negative) must always be 
correct, as shown. 


When dealing with transistor, it will be found that some types 
have long wire leads, more than adequate for easy screwed 
‘connections. Others, such as the BC1O8 and similar types, 
have rather short wires, but can be held satisfactorily with 
8ba bolts fairly near eath other. (With other transistor types 
not used in this section, soldering may be essential for proper 
connections to be made.) 


Gircuit Tracing 


‘To use the signal tracer, connect the clip to the earth return 
line of the receiver or amplifier. The prod is then touched one 
by one on points where the audio signal should be present, 
working systematically through the audio amplifier, or from 
the first point where the signal can be heard. Take in each 
‘capacitor, joint, or stage in turn. When signals cease to be 
heard, the fault lies between this point and the previous 
point, where signals were heard, 


Do not test any mains operated or high voltage equipment, as 
this is a job for an engineer who will follow the necessary and 
essential precautions for safety 


Medium or high impedance phones are most suitable for 
this tracer. A.600 ohm DC headset will be ideal. The tracer 
can be utilised as an amplifier for a crystal diode radio receiver 


Multivibrator 


You will be able to use this as an audio oscillator for numerous 
test purposes, or for Morse Code practice, or as a signal device 
in place of a bell or buzzer. 
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SPEAKER 


B 2NI306 


So 


Fig. 2 shows the practical assembly of the device on an insula- 
ted board. A theoretical circuit is given in Fig. 14, and is not 
repeated here, so Figs. 2 and 14 should be looked at together. 


R1 is the collector load resistor for transistor TRI. Collector 
‘current passes through this resistor, and an audio signal voltage 
is developed across it. Resistor R2 supplies base current for 
TRI 


TR2 has a similar collector resistor R4, and base resistor R3. 
Capacitor Cl couples the signal at the collector C of TRI to 
the base B of TR2, while C2 similarly couples TR2 collector 
to TRI base. Amplification in the transistors and feedback 
by the capacitors in this way result in the circuit oscillating 
‘That is, each transistor goes rapidly in and out of conduction 
in turn, so that a voltage at audio frequency is produced across 
the collector load resistors. C3 is @ coupling capacitor, allow- 
ing the signal voltage at the collector of TR2 to be taken toa 
loudspeaker or headphones. 


With a circuit of this type, the component values, transistors, 
and battery voltage will not be critical. However, resistor 
values, capacitor values, battery voltage, transistors, and the 
loudspeaker or other sound-reproducing device will all have an 
influence on the frequency of oscillation, or tone produced, 
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‘The values for Fig. 2 (as in Fig. 14) are R1 6.8k, R2 100k, 
R3 33k, R4 330 ohm, Cl 47nF, C2 47nF, C3 0.47uF, and 
2Ni306 transistors. This allows 4 good power output at 
medium frequency, with a 15 ohm loudspeaker. 


‘An insulated board about 2% x 5 inch is easily large enough, 
and it can be fully perforated, or holes can be drilled from 
Fig. 2, as already described. In many places the wire ends of 
resistors and capacitors are long enough to reach their con- 
necting points. Elsewhere, bare or insulated wire leads are 
fitted as shown. Provide three bolts with extra nuts, or three 
terminals, for the connections to speaker, key and battery. 


‘The loudspeaker should be fitted in a case, this having a front 
aperture about the same size as the speaker cone. This case 
‘can take the circuit board and battery. 


For Morse, the key is connected to emitters and battery 
negative as shown, with flexible leads of convenient length 
If the multivibrator is to be used as a warning device then 
these leads can instead go to a door bell push, or to a relay or 
‘SCR, used to complete the circuit, as with some tater projects. 
In this way the multivibrator, with its speaker, can replace @ 
‘buzzer or bell. 


If the frequency of the multivibrator is to be changed, this 
‘can readily be done by altering the values of capacitors Cl and 
C2 in particular. The two capacitors need-not be of the same 
value. Larger values reduce the frequency (lower the tone) 
while smaller capacitors increase the frequency. C3 also has 
some effect, due to loading from the speaker. 


Such a circuit can be used with a battery voltage as low as 
1.5v, for headphones. Transistor types are very uncritical. 
But if PNP transistors are fitted, the battery polarity must be 
reversed. The transistors shown are NPN. 


“C” Substitution Box 


When experimenting with circuits or checking a suspected 
capacitor, a box bringing into circuit a range of capacitor 
values may be used. In many circuit positions an exactly 
correct value 1s not required tor testing by substitute, so that 
a very large number of capacitors need not be provided. 
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Such a box is easily made as in Fig. 3, using a plastic or other 
insulated case. Here, point 1 is common to all the capacitors, 
and any capacitor can be selected by connecting to points 2 
to 8. Connections can be taken to 6ba bolts, using extra 
nuts. An alternative is to have eight sockets, with a pair of 
test leads equipped with plugs. 


Suggested values are CI 100pF, C2 470pF, C2 InF (1000pF 
or 0.0014F), C4 10nF (0.01uF), C5 0.1uF, C6 O.SuF, and 
C7 84uF. As the last capacitor will be polarised, mark its ter- 
minal to agree, 


‘These values will be found sufficiently near for use in many 
oupling, decoupling, by-pass and similar circuit positions. 
‘The substitution box can be used in place of C1 or C2 in Fig. 2. 
But where a defective capacitor is found in a tuned circuit, it 
should be replaced by the exact value. 


By ignoring terminal 1 and connecting leads to any pair 
of the terminals 2 to 8, two capacitors can be used in series. 
For those who like to work out the value of such combina- 
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Figure 0-1. Basic soldering tools 


Deluxe soldering iron 
(Top left) This soldering station includes a variable temperature con 
troller, a cleaning sponge, soldering iron, and a ringed holder. 
Crosscut pliers 
(Left) You'll use these to trim away excess leads after you solder com- 
ponents in place. 
Solder tube 
(Bottom) This is enough solder to get you started and keep you busy 
over many projects, 
Helping hands 
(Right) For those times when youneedathird or fourth hand, thehelping 
hands let you hold items steady while you solder. 


Advanced Tools 


Mostoof the time, you'llonly need the basic tools to get things done. But when 
youneed to replace your soldering iron tip, correcta mistake you made while 
soldering, or need a tool to help keep components from overheating, you'll 
need the items shown in Figure 0-2. 


vi Weloame 


tions, it can be found from C1 x C2 over C1 plus C2, where 
C1 and C2 are the actual values present, As example, points 
6 and 7 give 0.14F and 0.SuF in series. ‘The result is 0.1 x 
0.5/0.1 +0.5. That is 0.05 divided by 0.6, or approximately 
0.083pF. 


By using point 1 for one connection, and joining any two 
points 2 to 8, capacitors are in parallel. The total value can 
be found by addition. So joining 6 and 7 would give 0.6uF 
(O.1uE + 0.5uF). 


“R” Substitution Box 


A similar box can be made for resistors. If so, where two 
resistors are in series, the overall value is found by adding the 
separate values. So if 10k (10,000 ohm) and 5.6k (5600 ohm) 
resistors were in series, the total value would be 10k plus 
5.6k = 15.6. This would be near enough to 15K to substitute 
for such a value, 


Where resistors are placed in parsilel, the value is found as 
for capacitors in series. That is, KI x R2 over RI + R2. 

So for the 10k and 5.6k resistors, this would be approximately 
3.6k 


Naturally each resistor may be selected alone, as for the 
capacitors. If sufficient terminals are provided, a large number 
Of resistors could be fitted. For most transistor circuits, values 
from about 150 ohm to 270k will fill most needs. 


SCR Controlled Light 


This device will switch on alight, when the level of general 
illumination falls below that for which triggering is set. It can 
thus be used for an automatic night light. Operation can be 
from a battery; or from a mains power supply, as described 
later. 


Fig. 4 is the circuit, and introduces two new devices. One is 
the light-dependent resistor LDR. The resistance of this com- 
ponent depends on the strength of the light falling on it. The 
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resistance is low (some hundreds of ohms) with bright light, 
but rises to many thousands of ohms in dim light, or darkness. 


VRI 


100k 


The second device is the silicon controlled 
Normally, this does not allow current to pass from its cathode 
Ktoits anode A. However, a small current applied to its gate 
G will trigger it so that it conducts from cathode to anode. 

It remains in this state even when gate current is removed. 

It is restored to the non-conducting state by removing the 
‘voltage from its cathode, by opening switch SI 


In this device the SCR is controlled by the LDR. With 
illumination present the resistance from gate to cathode is 
low, so that when S1 is closed, current does not flow from the 
‘anode circuit through the 6 volt 3 watt lamp. As illumination 
falls, the resistance of the LDR rises. This continues until a 
sufficient gate potential is present to operate the SCR, which 
moves into its avalanche or conducting state, lighting the lamp. 
The potentiometer VR1 enables the resistance from positive 
to gate to be adjusted, to set the illumination level at which 
the circuit operates. 


AS0v 1 amp SCRis more than adequate for this circuit, and 
it resembles a large transistor externally, and can be mounted 
by its wire ends, 
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Fig. 4B shows constructional and wiring details. ‘The SCR is 
mounted on a small insulated board. Clear bared wires are 
twisted tightly to the LDR, so that this also can be fitted by 
small bolts and nuts, as shown. The connections to VR1 
are also tightly twisted and pressed together with pliers. 


A battery holder for four 1.5v cells is shown, and connections 
to this can be by means of clips which have leads attached. 
The switch S1 is the small, low-voltage type having small 
screws, a8 used for toy lighting circuits and similar purposes. 


Avhole is cut in the box level with the LDR, which may be 
directed towards the window of the room, or positioned as 
found to give the results wanted. The bulb, in holder, can be 
Positioned on top of the case. If light from it reaches the 
LDR this will not stop the circuit working, as the SCR can 
only be returned to the non-conducting state by opening the 
switch S1, 
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ce, a case can be 
For an automatic night light or similar device, a case can be 
fhade from thin wood, vith opening back or bottom, The 
device can also be used for various games, where momentarily 
interrupting the light falling on the LDR switches on the bulb. 


° d 
detailed reference to the operation of the SCR is wanted, 
ths cam be found in "30 Projects Ung Relays, SCRS & 
Triacs” (BP37, Babani Press). 


One Transistor Intercom 


Jingle high gain transistor will provide sufficient amplifica- 
fon or 8 day loudspeaking intercom. ‘Ths wil allow 
‘communication between two rooms or other points. 


Sis the circuit. A 2-pole 3-way switch provides 2way 
Cebsmunicstion, with a central “OI” position, With the 
switch as in Fig. 5, section S1A takes loudspeaker SP1 to the 
base coupling capacitor C1. At the same time, section S1B 
connects the battery and transistor collector circuit to the 


speaker SP2, SPI then acts as a microphone, and sounds are 
reproduced in SP2, 


With the switch in the opposite position, SIA selects SP2 
as microphone, and amplified signals pass via SIB to SPI, 
so that speech can be in the other direction. 


‘The switch, amplifier, battery and SP2 are assembled as the 
‘master control unit, and twin leads run to SPI. The person at 
SPI should say “Over” so that the other person can operate 
the switch, and he in turn should say “Over” to signify that 
SPI is again acting as microphone 


{A simplified home-made change over switch is shown in Fig: 
5, This is two strips of metal, pivoted so that they can be 
swung from side to side, and bearing on two of the three 
round-headed screws. A’strip of insulating material is fitted 
{both strips move together. In Fig. 5 this switch is in 


Ready made 2-pole 2-way switches can be obtained and used 
instead (see Fig. 49). Spring-loaded push switches are also 
available, and can be wired to provide “press to talk”. A 
‘switch without a central “Off position can also be used, a 
Single pole on-off switch then being added in one battery 
connection. 


The master unit can call SPI by switching to speak, and allow- 
ing SP2 to be used as microphone. If calling in the other direc- 
tion is required, a third connection, with bell push, battery 
and buzzer can'be used. (An altemative, requiring more 

try, but avoiding the need for a third wire, will be found 
‘wo Transistor Electronic Projects”, (BP30, Babani Press.) 


Fig. 5B shows assembly of the intercom in a wooden case. 

‘A3% inch speaker is suitable, $0 the whole can be quite a 
compact unit, The home-constructed switch, using the bolts 
below the speaker, can be replaced by a ready-made switch, 

as described, if preferred. 


Best results are obtained with speaker units of quite high 
impedance — say 45 ohm to 75 ohm orso. The few other 
components are assembled on a small insulated board, as for 
earlier circuits. 
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‘The speaker at the remote point also requires a small case, 
Dimensions are not important, and it is possible to utilise 
plastic boxes of suitable type for each unit. Connections 
between units are by twin bell wire, or any similar twin con- 
ductor. With a transistor of other than the type shown, the 
value of R1 can be chosen to give maximum amplification 


‘Tuned Ferrite Aerial 


This simple device will allow “portable” reception with the 
old type of receiver which normally requires an external 
aerial, and it can also give improved reception in terms of 
freedom from interference on the 160 metre amateur band 
and adjacent frequencies. As shown in Fig. 6, it consists of a 
tuned circuit with ferrite rod, and a coupling winding to 
connect to the receiver aerial and earth sockets. It will be 
found very useful with a communications type receiver, where 
along extended outdoor or similar aerial results in high level 
of noise and interference. 
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An airspaced single gang capacitor of about 315pF is most 
suitable for VC1, and will allow the usual medium wave band 
of frequencies to be tuned as well. However, a smaller capaci- 
toris suitable if the ferrite aerial is for 160m reception only, 
or for the high frequency end of the medium wave band, The 
actual frequencies tuned can be lowered by having more turns 
for LI, or by using a larger capacitance for VC1, or by having 
LI more nearly towards the centre of the rod. Reducing VCI, 
or the number of turns on L1, ormoving LI to the end of the 
rod, will raise the highest frequency tuned 


a RECEIVER 


FERRITE 
ROD, The rod is directional, so the unit can be positioned for best 
signal pick up of wanted transmissions, or minimum reception 


of interference. 


VC! has to be adjusted in conjunction with tuning of the 
receiver and is set for best reception. Tuning with this control 
should be quite sharp. 


A ready made MW transistor type receiver aerial cdn be useful 
for the medium wave band, and may in some cases reach 160 
metres, if VC1 has a low minimum capacitance, and the 
winding is quite near the end of the rod, But should tuning 
not reach a high enough frequency, some turns will have to 
be removed. 


The device is constructed in a plastic lunch box about 6 x 4 x 
4 inch or other insulated case. Some boxes of this kind, 
though strong, are of brittle material. These must be drilled 
without too much pressure, or they may crack. Drill points 
should also be sharp. 


Diode Radio 


Alot of interest can be obtained from a diode radio receiver. 
It requires few components, no battery or other supply, 
and can give good headphone reception of a few of the more 
powerful transmitters. It can also be used as a tuner, as shown 
‘ater, and will provide excellent audio quality for local station 
reception 


The rod is 6 inch long and 3/8 inch in diameter, and it is 
supported by two strips of insulating material, which are fixed 
with brackets, Each strip has a V-shaped notch, so that the 
rod can be held with thin string. LI is the tuned winding, and 
it had sixty turns of 24 swg enamelled wire, side by side. 
Connections can be made to the frame (moving plates) and 
fixed plates of the capacitor VCI by means of small bolts, or 
may be lightly twisted 


The circuit in Fig. 7 is intended for medium wave reception. 
That is, from about 200 metres to $00 metres, or 1500 kilo- 
hertz t6 600 kilohertz. 


12 is the coupling winding. Many communications type 
receivers have a low impedance input circuit, and twelve turns 
will be adequate for L2. The same wire can be used a8 for LI 
With other receivers it may be worth while to experiment with 
the number of turns on L2, for best reception. 


‘The coil L1 is tuned by the variable capacitor VCI. At re- 

Sonance with the wanted transmission, a signal voltage is 

developed across the coil. Detection or demodulation by the 

diode D1 allows the audio component of the signal to be 
25 
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taken {o the moving plates connection or metal frame of the 
capacitor. Ends 1 and 2, and loop 3,are left long enough to 
Bee narpse cxdike mae cued scent oT 
the wire where connections are to be made.. The capacitor 
VCI can best be about SOOpF, but this exact value 1s not 
essential 


recovered, and taken to the phones or to an amplifier. Such 
rystal sets” were used in very marty homes, in the early 
days of radio. 


AERIAL 
DIODE DI 


VARIABLE 
CAPACITOR 
vet 


PHONES 


Fig. 7B shows the practical layout. It is convenient to use an 
insulated board larger than necessary, so that a transistor 
amplifier can be added later. A board about 5 x 8 inch is 
Suggested, and it can be supported on 1 inch high runners 
(Strips of wood) so that there is clearance for screws or 
terminals. 


Four terminals, for Aerial, Earth, and Phones, will 
Bie tect” Best wits wil hu by covsseing + pod 
headset, of about 500 ohm to 2,000 ohm. Very low 
impedance earpieces, such as are employed with some tran- 
sistor receivers, ae not suitable here 


Coil L1 is wound with 26swg or similar wire, and has seventy 
tums, side by side. Secure the wire by passing it through two 
‘small holes, wind on about thirty five turns, and form a loop. 
Continue to wind in the same direction for a further thirty 
five tums, cut off the wire, and secure the end through two 
holes, The tube used can be 1¥4 inch to 2 inch in diameter, 
and can be paxolin, or can be made by winding thin card 
ound a suitable object, smearing a little adhesive on to forma 
tube. 


With a simple receiver of this kind it is necessary to employ a 
teasonably effective aerial and earth, Only in some circum: 
stances will volume be great enough with no earth, or with a 
short aerial. The earth connection can be taken to a metal 
spike in the ground, or to a metal object buried in soil, or to 
any other available earth other than a mains circuit earth. 
(No connection must be made to any mains plug or other 
mains circuit.) A cold water pipe may provide a good earth. 
Gas pipes should not be used. 


Point 1, the beginning of the coil, is taken to the fixed plates 
tag F of the variable capacitor, which is also connected to 
diode D1. The tapping 2 goes to the aerial terminal. End 3 is 
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For the aerial, a length of aerial wire some 30 ft to75 ft or so 
in all may form the aerial itself and lead-in. If this can be 
pended quite high, and clear of buildings or earthed objects, 
Signal strength will be improved. However, satisfactory 
reception may be obtained from an indoor aerial, or shorter 
aerial, ia good earth is present. A simple indoor aerial can 

tbe made from about 15 ft to 20 ft or $0 of thin insulated wire, 
fitted along two walls of the room near the ceiling with 
adhesive tape. (Do not fold the wire back on itself to obtain a 
greater length.) 


Volume will be improved, with a poor aerial, if the arial lead 
js taken directly to point 1 of the coil or F at VC1. However, 
this will make tuning even more flat or unsclective, so cannot 
generally be employed with a long aerial 


Use as Tuner 


(C2 and RI are added, Cl and RI 


In Fig. 8 components C1, 
ve te alow pro ‘ng of the detector diode D1, and 


are to allow proper worki 


may be considered as replacing the headphones, C2 is a 
coupling capacitor passing audio signals to the following 
amplifier. 


‘As with the previous circuit, any general purpose detection 
type diode is satisfactory for D1, such as the OA91 and many 
similar devices. The value of Ci is not critical, and this 
component can be about 470pF or Ink. Rl can be 100k to 
220k or so. C2 should be of quite large value, and can be 
O.1uF to 0.5uF. 


DI can be moved from the position in Fig. 7B, and the few 
extra components added, as in Fig. 8. 


When using the tuner to feed an amplifier, note that one 
phone terminal Pis the earth line, and that audio signals are 
taken from the other terminal, connected to C2, : 


The earth line of the amplifier is connected to the earth line of 
the tuner. For a sensitive or powerful amplifier, a screened 
audio lead is recommended. ‘This has an inner scroened lead, 
which goes to C2, and a conductor former by the outer 
brading, which is the ground or earth. The lead should be 
fitted with a plug to suit the amplifier input socket. 


Where the tuner is to be followed by a small headphone or 
similar amplifier, a screened audio lead is not required. So then 
connections are merely taken from terminals P-P in Fig. 8, 
temembering to join amplifier earth and tuner earth circuits as 
explained, 


‘Medium and Long Wave 


The addition of long wave coverage is worthwhile in some 
areas, and the coil can be modified as in Fig. 9 so that both 
MW snd LW can be tuned. 


A tube about 3 inch long and approximately 1% inch in 
diameter will be necessary. The section LI is wound as before. 
L2 consists of about two hundred tums of 34swg or 36swg 
wire, in two compact piles of one hundred turns each. All 
turns throughout are in the same direction. The junction of 
LI and L2 goes to the waveband switch $1. The second 
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performance than the air-cored home made type of coil 


switch terminal goes to 4 and earth line. MW tuning is Ren 
‘oils can also be wound in a similar way to that in Fig, 6 


‘Obtained with SI closed, and LW tuning with SI open. 
One Transistor Amplifier 


AERIAL 


Wh 


huh 


Headphone volume obtained fr 

r ie obtained from the crystal diode receiver 
an be considerably boosted by adding a owe coe Sear 
implifier. Space for this can be found on the circuit board. 


In Fig. 10, resistor R2 and the t 

1 ind the transistor have been a 

With swiich S2 for on-off switching of the bate Rt 
DI and C2 are already present, as shown in Fig. 8. 


For accurate coverage of the usual MW and LW bands, and 
using a 1% inch diameter tube, LI can be eighty-four turns of 
‘swe enamelled wire, with tapping 2 sixty turns from point” 
1. Leave a space of 5/8 inch and glue on a card dise cut to 
fit the tube. Also glue on two further discs, leaving spaces of 
inch between them. L2 is wound with 32swg double cotton! 
covered wire, with one hundred and twenty turns in each slot 
(making 240 in all for L2). ‘The coil can be fixed with two 
screws or small bolts, with spacers or extra nuts to hold it 
2 little clear of the board. The windings should not be 
‘varnished, covered with adhesive, or wax. 


TRI, R2 and $2 are connected as shown. Fo: 

A as For TRI, a BC108, 
2N706, ot similar general purpose NPN transistor wil be 
satisfactory. R2 can generally be 1 megohm with satisfactory 
results, but it can be worth while trying values from about 
100k to 2.2 megohm here, as performance depends on the 
transistor, phones, and battery voltage. 


With circuits of this kind there is no ganged tuning, or need 
for exact tuning of a particular frequency band. This means 
that coil winding details (wire gauge and covering, and 
diameter, or number of turns) can be varied to suit materials 
to hand.” Ready-made coils can also be tried. Some com 
mercially made coils with cores can give a slightly better 
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Medium and high impedance phones, such as a 
jones, 600 0 
headset, will be most suitable. The battery canbe 4 5y toy, 


31 


Ifthe phones are first connected to terminals P-P in Fig. 8, 
then taken to terminals P in Fig. 10, a very considerable in- 
erease in volume should be obtained. 


Ifa PNP transistor isto be tried in this eircut, the polarity 
of the battery must be reversed. 


‘Two Transistor Amplifier 


Fig. [1 is the circuit for an easily made 2-transistor amplifier 
which can provide teasonable loudspeaker volume. ‘The 
audio signal is taken to the input terminals, battery negative 
being the grounded side of this circuit. 


C1 couples the audio signal to the base of the first amplifier 
TRI, which receives base current through R1. An amplified 
signal is developed across the collector resistor R2, and is 
coupled to the base of the following amplifier TR2 by means 
of C2 


The two resistors R3 and R4 set the base operating conditions 
for TR2, and the output is taken from TR2 emitter. 


Fig. 11B shows assembly of the components on a small insula- 
ted board. If preferred, connections between components 
can be on the underside of the board, in the way shown for 
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later circuits. Fit ced and black flexible leads for battery 
connections. The amplifier, with its battery, can be fixed in 
an insulated box or metal case. Sockets can then be used for 
input and output circuits, and an on-off switch can be placed 
in one battery lead. 


The board can be secured with bolts through its fixing holes, 
and through the bottom of the case. Extra nuts or other 
spacers must be placed between the case and board. 


Whenever a metal box is used, remember that all connections 
and other circuits except the earth line must be insulated from 
the metal. The metal case itself is normally connected to the 
earth line, and a lead can be put under one of the fixing screws 
for this purpose. In Fig. 11, both input and speaker are re- 
tured to the earth line. So 3.5mm jack sockets of the type in 
Which the outer or sleeve contact is common to the fixing 
bush could be used, as these points will be connected to 
battery negative and the earth line and metal box, But with 
some circuits itis necessary to use an insulated jack socket, 

6r to insulate this from the metal, An example of this would 
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arise if the speaker were placed in the collector circuit of TR2, 
as the outer or sleeve circuit would then need to go to battery 
positive. 


Instead of the type of socket which takes a jack plug, ordinary 
single sockets can be used — two for input, and two for out- 
ut. Or wires may be connected directly to the terminals, 
provided in Fig. 118. 


Input to this amplifier may be directly from the crystal set, 
Fig. 7. Connect earth and battery negative lines; and C1 of the 
amplifier to D1. The effect of connecting C1 and RI, Fig. 8, 
across the crystal receiver phone terminals, can be tried. 


‘The amplifier can operate a speaker of 15 ohm to 75 ohm 
impedance. Current with a 9v battery is about 25—30mA 
with a 15 ohm speaker, or 10-15mA with a 75 ohm speaker. 
Headphones can also be used if required 


‘Two BC108 or similar transistors will give very good results. 
For transistors of different type, it may be necessary to alter 
the values of RI or R2 for best operation of TRI, or R3 or 
R4 for TR2. 


2 and 3 set the base bias condition for the transistors 
Bias is arranged so that collector current is low, when no audio 
Push-Pull Output Stage signal is present. ‘The emitter bias resistor Re limits peak 
collector current. 

For good volume, with low battery current, some form of 
push-pull output stage is generally used. This has two tran- 
sistors, and each amplifies one half of the audio signal, Base 
bias conditions of the two transistors are so arranged that 
only a low current flows during silent intervals, Overall 
battery drain is thus much lower than if a single transistor 
were used to obtain a similar level of volume. 


IPR3 isa preset resistor, as in Fig. 12, operating conditions 
can be arranged to suit the transistors fitted. For best results 
TRI and TR? should be a matched pair. This means that they 
will have simitar-gain and current characteristics. However, 
two transistors of the same type number will generally be 
satisfactory. 


I is assumed that the same battery will supply earlier stages 
of the amplifier, and current for this purpose Is taken from Cl 
and RI. RI and Cl prevent audio signals present in the posi- 
tive line passing back to earlier amplifier stages. The by-pass 
capacitor C2 also helps in this respect. With simple circuits 
not giving much overall amplification, or small power outputs, 
RI, CI nd C2 might all be omitted. 


Fig. 12 is typical push-pull output stage. T! is the input 
or driver transformer, and an audio signal is taken to its 
primary P. The secondary Sis centre tapped. So for one half 
Of the audio cycle one transistor base is driven positive and the 
other transistor base is driven negative, this being reversed 
for the remaining half cycle. Thus each transistor conducts 
alternately, and the centre-tapped output transformer T2 
combines the collector currents, to operate the speaker 
connected to the secondary S. 
34 
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TRI and TR2 are NPN transistors. If PNP transistors are to 
be tried, battery polarity must be reversed, and also the 
polarity of CI and C2. PNP transistors, with a positive earth 
line, could be convenient where earlier stages also use PNP 
transistors and a positive earth. 


When first using the circuit, a meter can be placed in one 
battery lead. 3 is set for minimum value. Battery current 
will then be low, but reproduction will be very distorted, 
Slowly increase the value at R3 until reproduction is a 
best. This will cause a rise in battery current, so do not set 
R3 to an unnecessarily high value. 


‘The driver transformer TI can be of about 5:1 ratio. T2 can 
be aminiature type for low power, or a 300 milliwatt or 1 

‘watt component for larger power. Its ratio can generally be 
about 8:1, for use with a 3 ohm speaker. T1 must have a 
‘entre tap on its secondary, and T2 a centre tapped primary. 


Many transistors other than those given below can be 
the following being typical for negative ground or posit 
ground. 


Negative earth (NPN transistors). 2 x BC1O8. RI 1.2k. 
3 100 ohm fixed or 250 ohm preset. R4 4.7 ohm. 


Positive earth (PNP transistors). 2 x AC128 or 2 x AC142 
R2.4.7k. R3 82 ohm or 250 ohm pre-set. R4 4.7 ohm. 


RI will generally be 1k to 2.2k, depending on the eatlier 
amplifier. The primary of TI can be connected to terminals 
P in Fig. 10; or alternatively to any audio source where a 
reasonably strong signal is present. 


Where signals are too strong, an audio gain control needs to 
be fitted. In Fig. 8 this can be done by omitting RI, and 
disconnecting C2 froin D1. Connect the outer tags of 100k 
volume control or log pot from DI to earth line. Take C2 to 
the centre tag or slider of the potentiometer. Any required 
audio level can then be taken off by adjusting the control 
knob, 


Fig. 12B shows the board layout. 
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FIG.128. 


Boost Speaker 


Fox best reproduction, a speaker needs to be encl 

cabinet or ited to abate board A eabinet canbe made 
from wood, and can be about 6 x 10 inch and 4 inch deep, 
‘or as required for the speaker unit. Cut an aperture in the. 
cabinet front to match the cone diameter, and glue thin 
fabric behind this opening. The speaker can be fixed with 
nuts and bolts, or short woodscrews driven in from behind. 


Connect flexible leads, with separate plugs or r 
suit the equipment, 7 Pata Pues or jack plug to 


Small pocket receivers, which have a miniature speaker, can 
give much improved volume and reproduction when wed with 
4 larger speaker. If a headphone socket, operated from the 
receiver output stage, is present, itis only necessary to plug 
the speaker into this.” fairly large speaker, of sensitive type 
will give best results. A unit 5 inch to 6 inch in diameter, or" 
about 4 x7 inch, will be convenient. The speaker has to be 
of approximately the correct impedance, which should be 
found in the reesiver operating instructions, “Where the 

cer impedance is wrong, a matching transformer 
Be employed between recetver and speaker eT MS 1° 
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Figure 0-2. Advanced soldering tools 


Heat sink 
(Left) Clip this to sensitive components to help dissipate heat. 

Desoldering wick 
(Bottom left) Use this to wick away excess molten solder. 

Desolder pump 
(Center left) This pump will suck up molten solder when you havea lat 
of solder to remove 

Soldering tools 
(Center right) The scrapers, brush, and slotted probe came in handy 
when you need to move solder around or precisely position a 
‘component. 

Replacement tips 
(Right) Tips don't last forever. When you've worn out your tip, use one 
of these as areplacement. 


Weloome vi 


Extension speakers are less frequently tised today, but if two 
leads are run into another room programmes from a non- 
portable type radio can be listened to there also. 


Other “No Soldering” Projects 


It will be seen that many of the circuits which follow, and 
especially those of simpler type, can be assembled without 
soldering. Where necessary, an examination of the practical 

layouts will give an indication of how components can be 

placed. Generally a little extra space should be allowed so 
that nut and boli connecting points need not be extremely 
close together on the insulated board, 
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SECTION 2 
MISCELLANEOUS DEVICES 


Soldering 


Soldering for electronic wiring will be found to be a very easy 
and straightforward matter. An electrically heated iron is 
usual, and as large areas of metal do not have to be raised 

to the melting point of the solder, a 20 watt to 25 watt iron 
is satisfactory. This will be perfectly safe if correctly fitted 
with a mains plug, and if placed on a metal plate or tray when 
not actually in use. 


It is best to use cored solder, as made for electronic wiring, 


Leads, tags and other items to be joined should be clean and 
bright. They have to be raised in temperature to the melting 
point of the solder at the actual points where a joint is to be 
made, and the active core of the solder, or flux, must be 
present here when the joint is being made. 


The iron should be tinned — that is, have melted solder on its 
tip — and have reached its correct temperature. Leads can be 
hooked or looped into position. The joint is then heated with. 
the iron, and the solder is simultaneously applied to the joint, 
so that it melts and flows over the surfaces to be soldered. 
This usually takes place in a second or two. The solder and 
iron should be removed at once, as excessive heating may 
damage some components, and especially transistors or other 
iconductors. The joint cools in a few seconds, and should 
be rigid, and solder having flown onto the items to be joined. 


A probable cause of poor joints is insufficient heating of items 
to be soldered, or carrying solder to the joint on the iron, so 
that the activity of the flux is wasted. 


Electronic items such as tags and the wire ends of compon- 
ents are generally designed for easy soldering. They will be 
copper, tinned copper, and similar metals and alloys which 
solder readily. For this reason, difficulties are unusual, 
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Some metals do not solder readily, or need special methods. 
‘Aluminium is one of these, and it is not used where popular 
cored solders intended for copper or general wiring are 
employed. 


(1) shows leads from a typical NPN transistor, such as the 
BC108, 2N706, and similar types. (2) is the base of the PNP 
ACI28 transistor. 


TI can be a small speaker matching transformer, as used for 
‘push-pull stages. A centre tapped primary is necessary. The 
Secondary S can be taken to a loudspeaker or headphones. 


Make sure that heat from the iron does not damage furniture 
or other items, and keep the flexible cord away from the 
heated tip, Always switch the iron off at once when the work 
in progress is to be left. 

The values of R1, C1 and C2 can be varied considerably, 
CI can be 0.1uF or so. RI determines to some extent the 
power obtained, and can be about 22k, increased to 47k or 
100k for lower ‘power. The value of C2 has considerable 
influence on the note, or frequency of oscillation. Increasing 
the value of C2 lowers the pitch. C2 can be about 47nF to 
4.7nF or thereabouts. A 9v battery can be used. Changes 
to the supply voltage will influence the note produced. 


‘One Transistor Audio Oscillator 


This can be used instead of a bell or buzzer waming, or for 
code practice and similar purposes. It needs very few compon- 
cents, Fig. 13, and can be made to work satisfactorily with a 
‘wide range of transistors. 


In Fig. 13, an NPN transistor is shown in the theoretical 
circuit, so battery polarity is as indicated, with negative to 

emitter. If a PNP transistor is fitted, battery polarity must be 
reversed. 


Fig. 13 also stiows a layout for components, using either a 
fully perforated board, or a panel drilled to suit. ‘Trans- 
former T1 is fixed by screws. Small transformers of this type 
are usually wire ended, or have pins which pass down through 
holes in the board, 


The wire ends of the resistors and capacitors are passed down 
through suitable holes, and bent over. The board is then 
tured so that the underside wiring can be carried out. In 
‘most places the wire ends of the components will be long 
|enough to reach connecting points. Elsewhere, 24swg tinned 
[copper wite, or similar connecting wire, will be used. Make 
the soldered joints as described, and snip off unwanted ends of 
Wire. Its as well to leave the transistor to last, as this avoids 
hheating it unnecessarily when soldering other items. Lengths 
Of flex, anchored at holes in the board, are used for battery, 
key (ot push) and speaker connections. 


Multivibrator 


Fig. 14 is the circuit of the multivibrator assembled in Fig. 2. 
Reference to Fig. 14B will show how this can also be prepared 
on a tag board. 


‘The tag board has two rows of tags fitted to an insulated 
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board, and itis five tags long in Fig. 14B. Boards of this type 
can be obtained in many sizes. It is also easy to cut a section 
from a Jong tag board, to suit the needs of the item to be 
assembled. Such boards are very handy indeed for electronic 
assemblies, as the tags support resistors, capacitors and other 
items, and a neat layout is readily achieved, 


‘Tag strips are also useful for projects, and may have any 
number of tags required. Long tag strips can be cut down as 
necessary. Short tag strips have one tag for mounting the 
strip, longer strips having two tags formed as brackets for this 
purpose. 


Place the components approximately as i 
the wires to the tags. If any component values may be 
changed, do not twist the leads tightly round the tags before 
soldering, or removal will be difficult. 


Wires which cross can be kept clear of each other, and then 
no insulated sleeving will be necessary. ‘The transistors can be 
soldered on last, and can readily be changed without disturb- 
ing other parts. 


‘The same layout can be used for the next project, though the 
component values are different 
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Fig. 14B, and solder 


FIG.148, 


Glissade 


‘This device will produce swooping, rising and falling tones, for 
“effects” purposes, or can with additional skill be-used to 
obtain musical notes through several octaves. The circuit is 
shown in Fig. 15, and reference can be made to Fig. 14B 
for a practical layout on a tag board, 


In Fig, 15, suitable component values are: 


RI 10k Cl (22nF 
R22 12k @Q 2nF 
R3 100k C3 220F 
R4 10k VR1_ 100k linear pot. 


Transistors: 2 x BC108 or similar types. 


The circuit is a wide frequency audio oscillator, in which the 
pitch can be controlled by VRI, and “on” switching is obtain- 
ed by S. The oscillator is placed in a box, so that switch S 
and VRI can be mounted on the top. The switch isa strip of 
springy metal, fitted with a spacer and bolt, so that itis just 
clear of a further bolt. A small downwards movement of the 
arm or knob completes the circuit 
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VRI has a % inch shaft coupler, into which is screwed a length 
of 4ba threaded rod. A knob is also fitted to the end of this 
rod. It can be swung backwards or forwards, to change the 
resistance of VRI. Connect VRI so that movement of the 
knob towards the right raises the pitch. 


Output from C3 can go to high resistance headphones, for 
amusement, but should be taken to an audio amplifier. Gain 
of the amplifier will have to be tumed back somewhat, as the 
output from the glissade is at a quite high level. 


‘Swooping tones are produced by holding down the switch S 
and swinging the control knob attached to VRI from side to 
side. For notes which do not swoop to frequency, switch S 
must be released while VRI is rotated. A slight quivering 
motion of the hand controlling VRI will produce a vibrate 
effect. It is useful to have an ordinary switch in parallel 
with the knob control S, and to have the amplifier audio gain 
‘control near the left hand, so that fading effects can be pro- 
duced as well. “ 


About 4.5y to 9v can be used, this influencing volume. Should 
other transistor types give an unsuitable range of frequencies, 
the note can be raised by reducing C1 or C2 (or both). 


Miorse Oscillator for Phones 


By using the windings of magnetic headphones as part of the 
feedback circuit from collector to base, a single transistor 
Oscillator can be made as in Fig. 16. Medium to high imped- 
ance phones are most suitable, and numerous other transistor 
types can be fitted. 


‘The transistor and few other items are mounted on a tag strip. 
This is in turn bolted to a small insulated box, which can carry 
the battery. A 4.Sv supply was found best with this oscilla- 
tor. The note obtained can be modified by altering the 
voltage, resistor, or capacitor values. 


For serious code practice a good Morse key is required. It is 
adjusted so that only a small movement of the wrist is needed 
to operate it. Each letter consists of short and long sounds, 
shown as (+) and (—). The (—) has three times the length of 
the (») 


NExXE<cHMBO FOZ 
1 


After leaming the code, practice between two persons will 
bbe best to gain speed. Care should be taken to form each 
letter correctly. 


‘Two Door Siren 


This can be used as a warning device instead of a door bell. 
The circuit is arranged so that two bell pushes can be con- 
nected, and they will provide distinctive notes. It is thus clear 
which of the pushes has been used, as, for example, to dis- 
tinguish between front and back doors. 


Fig. 17 is the circuit. The collector of each transistor drives 
the base of the other through a capacitor with parallel resistor. 
TI is centre tapped, and couples a loudspeaker. 


Component values are intended for two ACI28 or AC142, 
or similar transistors, as used in 4w to 1w output stages of 
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receivers and small amplifiers. Other transistors will of course 
operate in this circuit. The pitch obtained can be modified 

by changing C3. The circuit shown is for PNP transistors, 
and battery polarity has to be reversed for NPN transistors. 


v 


Gsreaner 


Fig. 17B shows the oscillator wired on perforated board. For 
a self contained unit, the board can be screwed inside a case 
which is large enough to house the speaker and battery. 


‘The note obtained when Push 1 is operated depends on the 
value of R3. In the same way, R4 allows a different note to 
be obtained when Push 2 is closed. If necessary, R3 or R4 
can be changed, to obtain notes which are readily distin- 
guished. 


Transformer T is best of fairly high ratio, or can be the usual 
type of transistor output transformer, with a ratio of about 

- Tl and loading by the speaker influence the volume and 
notes obtained 
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PUSH! PUSH2 


In some circumstances it may be convenient to run a single 
twin lead from Push 1 on to Push 2, including an extra resistor 
at Push 2 itself, to modify the tone. This may save taking 
Jeads from Push 2 all the way back to the oscillator board. 


UIT Oscillator 


‘The uni-junction transistor is a device having emitter, Base 1, 
and Base 2, Fig. 18. B2 receives positive bias, in this case 
through the headphones, When forward bias on the emitter E 
is reached the UIT conducts. 


In Fig. 18, the emitter potential rises as C1 charges through 
the resistor RI. When the UJT conducts, Cl is discharged 
and the process is repeated. This can take place over a very 
‘wide range of frequencies, depending on the values used for 
RI and C1. Here, these are chosen to produce an audio tone 


A battery supply of 3v to 9v will be convenient. For use of 
the UST oscillator during code practice, place the key in one 
battery lead. _ 


2N2646 
UJT 


UIT Continuity Tester 


Fig, 19 shows actual assembly of the circuit in Fig. 18 on a 
small perforated board. This js fitted in an insulated box, 
which carries a phone jack socket, and two sockets for Morse 
Key or test leads, A 9v battery is used, secured with string 
or elastic. 


For continuity tests, fake prods or clips on the test leads to 
the suspected item. If the circuit isin order, the UJT oscil- 
lator will produce an audio tone. Oscillation will be obtained 
with a series resistance between the prods of up to 20k or 
more, so various components can also be tested, and some idea 
Of the resistance in circuit can be gained from the sound 
obtained. The tester can also be used to check bulbs, lamps, 
fuses, extension and other leads, and similar items ~ these 
must of course be removed or disconnected from the equip- 
‘ment, before being tested. 
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PHONES FIG.I9. KEY OR TEST LEADS 


UST High Voltage Producer 


The UJT oscillator can be used to produce a high voltage, at 
very low current, by connecting a transformer as in Fig, 20. 
A loudspeaker transformer, as would be used in valve equip- 
ment, is suitable, and will have a ratio of about 45:1 or so. 
The usual secondary, or low-resistance winding, is connected 
to B2 and positive, so that a step-up of voltage is obtained 
This should be found to light a small neon lamp. 


VR1 is fitted to allow some adjustment, to find the most 
suitable frequency of oscillation. For maximum possible 
high voltage output, if required, operating voltage and current 
should be raised. No rating of the UJT must be exceeded. 
For the 2N2646, the supply should not exceed 30v, emitter 
current should not be over SOmA, and dissipation of power 
in the device should not be more than 300 milliwatts. (Dissi- 
pation can be found from Voltage x Current.) 
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Seci 22 NF 


A small mains transformer can be used for TL. with a low 
voltage winding, such as that for a 6.3v heater circuit, as 
primary, and the 200/250v winding as secondary. The high 
voltage Output is alternating current, 


Signal Blinker 


Fig. 21 is a multivibrator in which the feedback capacitors 
Cl and C2 are of high value, so that conduction alternates 
between TRI and TR2 at alow rate. A light emitting diode is 
placed in the collector circuit of TR2, and so flashes on and. 
off. 


This device can be used for various instruments and other 
equipment, and a flashing indicator draws attention to a 
greater extent than does one continuously illuminated, The 
LED can be located at any required point, with leads running 
toit, 


Transistors other than the types shown can be utilised. R4 can 
usually be about 150 ohm for a 3v supply, 470 ohm to 1.2k 
for 6v, or 680 ohm to 1.5k for 9v. This depends to some 
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extent on the amount of light required when the indicator 
is operating. Lower resistor values at R4 will increase light, 
but current must in any ease be limited to the LED rating. 


CI and C2 need only be 6.4v working, arid the device can be 
assembled on a very small perforated board. See p.61 for 
LED polarity 


Mains Wiring 


All the devices described so far have operated from low 
voltage batteries, so than no shock hazard exists with them. 
However, it is necessary to employ mains power for some 
units, and proper care must then be taken to avoid any danger. 
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Power should be drawn from a 3-pin plug, and this should have 
3A or other low rating fuse installed. The live or L, neutral 
or N, and earth or E conductors must be correctly connected, 
both’at the plug and the equipment. 


‘The plug must always be withdrawn from the supply socket, 
before touching any intemal connections, or making any 
adjustments or checks of any kind. 


‘Apparatus operated from the mains must be constructed in @ 
‘strong insulated box, such as can be obtained from various 
suppliers of electrical equipment; or when built in a metal 
box, the box must be soundly earthed. This is achieved by 
bolting the mains cord earth conductor to the box. 


Boxes or cases can have ventilation holes or slots, but must 
be closed so that no one-can touch live or dangerous connec: 
tions or parts inside. It should be remembered that unskilled 
‘or unaware persons may eventually handle or use the equip- 
‘ment, so it must be arranged to present no unexpected hazards 
such as live terminals or parts, or openings for the fingers. 


If these points are remembered, mains operated equipment 
can be safe to use and handle. No switch or other means of 
interrupting the circuit is put in the earth conductor, and any 
switch or equivalent device is placed in the live or L con- 
ductor. This leaves both earth and neutral permanently 
connected, for maximum safety. 


Dimmer/Heat Control 


It is often convenient to dim a filament lamp, or reduce the 
heat of a soldering iron to be left on for long periods, or the 
power of a low wattage heater. ‘The silicon controlled rectifier 
circuit in Fig. 22 can be used for these purposes. 


When the switch marked “Full” is closed, current for the 
oad passes through this, so that full power is obtained. 


When this switch is opened, current passes through the SCR. 
This device conducts only when the gate has been triggered, 
and the instantaneous point in the alternating current cycle 
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where this arises is determined by the setting of the potentio- 
meter WRI. Triggering is advanced as the wiper of VR1 is 
moved towards RT. The average power supplied to the load 
can thus be adjusted between wide limits. Since the device is 
operating as a half wave controller, full power is not obtained 
with VRI at maximum, so the switch is closed as described. 


of the box should be screwed in place. A suitable size is about 
4x5 x2 inch deep. 


P BACK OF 
‘Ourcer 


o 


Fig, 22B shows construction of the SCR controller in a metal 
box. The front of this carries a socket outlet, and the mains 
cord has a 3-pin plug, wired as explained earlier. It is thus 
easy to plug the controller into an outlet, and insert the plug 
Of the lamp or other item to be used in the new outlet. 


The mains cord is secured with a clamp, and passes through 
an insulated grommet. The tag strip supporting the small 
items is mounted by an unused tag. A strip of metal is cut 
to clamp round the body of the SCR, and is soldered to one 
tag, as shown, Run earth and neutral leads from the cord up 
through a hole, and connect them to the E and N terminals of 
the socket outlet. Also earth the case, at E, A well insulated 
wire runs from the L terminal of the outlet, to the “Full” 
switch. The outlet can be secured with bolts and nuts. 


RI should be 1 watt, and Cl is a SOOv capacitor. The neon is 
a small type as used for indicators, etc, 


After checking that the controller operates correctly, the back 
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FIG.228, 


Ifa fully insulated box is used instead, then the bush of VRI 
and of the switch should both be earthed by wires, except 
when these items are constructed wholly with insulated 


material. (This precaution is necessary to avoid any chance of 


‘metal parts outside the box becoming “live”.) 


‘Two Power 


A circuit which will allow half or full power can be useful to 
reduce the heat of a soldering iron, or for dimming a filament 
lamp. 


Fig, 23 is an easy circuit of this type. Full power is obtained 
when the switch Sis closed. With S open, the silicon rectifier 
allows current to flow in one direction only, so that power is 
approximately halved. A 600v 1A or 1000v 1 rectifier is 
suitable. 
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This device can be made by using an insulated junction box 
which will take a socket outlet and also the switch S, A3- 
‘core cord with plug is run to the box, so that it can be used 
‘with any power point. The iron or other item can then be 
plugged into the outlet fitted to the junction box. Remember 
to make mains connections in the way described earlier, for 
safety. The switch § should be of fully insulated type. 


Sensitive Touch Switch 


In Fig. 24, finger contact with the touch pad switches on a 
Jow voltage bulb. iis circuit is suitable for a battery operated 
portable bedside light, and for some other devices. 


Normally the silicon controlled rectifier is not conducting, 

so the lamp is extinguished. Finger contact with the pad 
provides positive base bias for the transistor so that it conducts, 
This moves the transistor emitter and SCR gate positive, 
triggering the SCR. Current then flows from cathode K'to 
anode A, and through the bulb. The SCR remains in the 
‘conducting condition until the battery circuit is interrupted 

by opening the switch. A push switch, normally closed, 
‘most suitable here. Pressing it then switches off the bulb. 


This touch pad is easily made from a piece of circuit board 
with foil strips. It can be about 2 x 1 inch, or of any convenient 
size. Join together altemate foils — e.g., 1, 3, 5 and 7 — by 
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soldering a connecting wire through the holes. This will 
provide one connection to the pad. The other foils —2, 4 
nd 6 — are similarly joined together for the other pad con- 
nection. 


The pad is fixed to the top or side of a box, which ean contain 
the battery and electronic components. 


e sensitivity of the SCR, or gate current or potential needed 
To produce conduction, will depend somewhat onthe individual 
device, while the gain of individual transistors will also be 
different. Numerous NPN types are suitable. If itis found that 
the switch is too sensitive, this can be corrected by placing a 
resistor from transistor base to SCR cathode or negative 
fine. This resistor can be about 470k to 1 megohm or so. 
Excessive sensitivity will be apparent if the circuit is switched 
on by dust, damp air, or similar effects. The pad should be 
kept clean by wiping it with a dry cloth. 


Fig. 24B shows assembly of the components on a tag strip. 
‘Avmall sv TA SCR is more than adequate, The bulb can be 
screw in type, and can be 6.3v 0.154, or 6.3V0.3A. A 

6v 3W (0.5A) bulb is also suitable, provided the battery is 
fairly large 


It is convenient to make a wooden box which will take the 
battery, and leave a little space for the tag strip assembly. 
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Project 1: Learn to Solder Skill Badge 


Our Learn to Solder Skill Badge Kit (the 2011 model is shown in Figure 0-3) 
hasbeen usedto teach thousands of people ofall ages how to solder at Maker 
Faires across the country. It's a simple, fun way to learn how to solder and 
also how to teach others to solder. After you build the one included in the 
box, you can order more from makershed.com and teach others how to 
solder. 


Figure 0-3, Learn to Solder Skill Badge, 2011 mode! 


Blinking or Color Change LED 
(Top left) This is an LED (Light-Emitting Diode) with a twist. Normal 
LEDs give off a single color, and keep shining as lang as you give them 
power. Also, normal LEDs require a specific voltage to operate: don't 
give it enough power, it won't light at all: give it even a little too much, 
and you could burn it out. 


vii Welcome 


FIG. 24B 
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Water Level Indicator 


This is a battery operated low voltage device, which is trig 
gered by rising water. It can be used to give indication when @ 
tank, cistern, fish or swimming poo! has filled to the required 
level 


Fig. 25 shows the circuit, and also assembly on an insulated 
board. This also carries the battery, and it is fitted in a metal 
or plastic box. 


In use, the base normally has no positive bias, as the sensor 
passes no current. When water reaches the sensor, it conducts, 
and the transistor passes collector current, to operate the 
indicator. RI limits base current. 


This circuit will operate satisfactorily with a wide range of 
PNP or NPN transistors, but battery polarity must be reversed 
for the PNP types. 


The indicating or waming device can be one of the multi 
vibrator or other audio oscillators shown earlier. These will 
sive an audible warning, and will draw only a small custent, 
so that a large transistor is not required, 
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INDICATOR 


Ss 


SENSOR 
INDICATOR 


SENSOR 


For indoor use or in a location protected from rain, the sensor 
can be two bare wires, about % inch apart, bolted to a strip 

of insulated material. Where rain could operate the device, 

it needs to be covered. Alternatively, it can be made from a 
piece of metal tube, with a central wire, as in Fig. 25. The 
Wire is bound with insulating tape for about half its length, 

to fit tightly in the tube. Flexible leads are soldered on, and 
the joints covered with tape. The sensor can be suspended 
inside the tank or pool, with its bottom at the required water 
level. 


If the transistor isa high gain one, so that damp operates the 
indicator, sensitivity can be reduced by connecting a 100k 
resistor from base to emitter. 
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Optical Isolator 


In some equipment complete electrical isolation of one circuit 
from another is required, though signals must be able to pass 
The optical isolator is a neat way to arrange this, and can be 
fitted up from the circuit in Fig. 26. 


AUDIO. BATTERY FIG.26 


Electrically, the device is in two sections. The first has the 
light emitting diode LED, VRI, and transformer T1. When 
the battery is switched on, current flowing through the LED is 
adjusted by VRI, so that the LED glows dimly. A signal 
voltage in the secondary of TI then modulates the LED light 
intensity 


To operate this circuit from a radio having a 2/3 ohm or simile 
speaker, a speaker matching transformer with a ratio of about 
45:1 can be used. (The actual ratio is not very important.) 
Connect the usual transformer secondary to the radio speaker, 
so-that TI provides a step up effect 


The second part of the equipment has the light dependent 
resistor LDR, forming part of the network providing TRI with 
base bias. VR2 allows adjustment of conditions for best 
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amplification, which will depend on the transistor. and also 
the LDR, orstray light reaching the latter 


The LED and LDR can be enclosed in a card tube, or should 
at least be shielded from light, which will swamp the modula~ 
ted illumination of the LDR, obtained from the LED! 


With the circuits switched on, and VR1 adjusted so that the 
LED is illuminated, turn the radio to give fairly low volume. 
Adjust VR2 for best bias conditions. When these are reached, 
signals should be heard clearly in the headphones. VR1. VR2 
and the audio input to TI can then be adjusted for best results 
TRI can be the BC108, 2N706, or similar transistors suitable 
for audio amplification. A medium or high impedance head- 
set will be satisfactory. Assembly can be on a perforated 
board, as for other circuits. Take care not to adjust VRI so 
that the LED current is too high. 


LED Indicator 


A light emitting diode can be used as an indicator on battery 
powered equipment and the current required is very small 
Fig. 27 is a LED indicator circuit. Here, the long wire of the 
ED is negative, but with some LEDs this is not so. A flat 
side may, or may not, be present. So polarity may have to be 
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The LDR has a high resistance when in darkness or subdued 
light, so that the gate potential of the SCR is not sufficiently 
high to trigger this device. When light reaches the LDR, 

its resistance falls, and the SCR gate voltage rises. The SCR 
then moves into its conducting condition, so that current 
flows through the bulb. The sensitivity of the circuit, or 
level of illumination needed to trigger the SCR, is set by VRI 


found by trial — the correct connections are those allowing 
the LED to light. The series resistor may be about 150 ohm 
to 1k or more, depending on the actual voltage, and brightness 
required. Current drawn varies with different LEDs, and 

with voltage and series resistance, but can be about SmA or 
less, without reducing the brightness too far. 


‘The LED indicator with resistor is connected to the circuit 
where voltage is present when the equipment is on. LEDs are 
available in red, yellow, green and other colours, with grommets 
rclips for panel mounting. Different circuits may be identi 
fied by a range of colours. 


Components can be assembled on a small tag strip. This, with 
a battery, can occupy a tubular case, with the lamp on top. 

An opening is necessary opposite the LDR, and a hole is also 
made so that VR1 can be adjusted with a screwdriver. Here, 

4 miniature pre-set SOk or 100k linear potentiometer is most 
suitable. It is necessary to have a small push switch to interrupt 
the battery current, as the SCR remains in the conducting 
condition until the circuit is momentarily broken. A 6V 
battery and bulb can be used. SCRs may fail to operate at 

all if attempts are made to use them with extremely low 
voltages, such as a single 1 Sv cell. 


“Magic Candle” 


‘The triggering of a silicon controlled rectifier can be used for 
slave photoflash and similar purposes. In Fig. 28 it is em- 
ployed to switch on a light when a match or lighter is brought 
near. Sensitivity is best in somewhat subdued light, and it 
will then be found that striking a match at some distance can 
bring on the light 


“Nerve Tester” 


This device tests the nerve, concentration, and steadiness of 
hand, and always provides amusement, 


Connections and construction will be seen from Fig. 29” A 
wooden box at least 10 inch or 12 inch long will be used, 
and large enough to take the battery and other parts. 


A stout bare wire — at least 14swg — is mounted with a bolt 
and spacer, and is bent in any way found appropriate, and 
according to the degree of difficulty wanted, A similar wire 
is fitted with a wooden handle, and has a loop bent at one end. 
A flexible lead of convenient length is soldered to this wire. 


The problem is to pass the loop all along the shaped wire, 
without allowing contact, until the loop can be rested ona 
Piece of insulated sleeving at the fixed end, as in Fig, 29. 
The size of the loop will also have considerable influence on 
the ease or otherwise of the likelihood of success. 


FLEX 


Sour wine 
ae 


BATTERY 


If loop and wire touch, current flows from the battery to the 
buzzer, which sounds, Current also flows to the relay winding, 
so that the relay contacts close. Even a momentary contact 
between loop and wire will thus cause the buzzer to sound 
until the switch is used to break the circuit. 


Any 4.5v, 6v or similar battery and buzzer will be satisfactory, 
with a relay which operates on a similar voltage. Connections 
are to the relay contacts which remain open until the relay is 
energised 


In use, the device can stand upright. A back is attached with 
small screws. 


Burglar Alarm 


‘The same circuit arrangement as in Fig. 29 will provide a burglar 
alarm operated by pressure mats. ‘The latter are available 
various sizes, and consist of a thin pad which can be placed 
under a carpet or ordinary mat 
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Leads from the mat or mats will run to the terminals at 

X-X. The buzzer should be changed for a bell, which need 
not be fitted in the box, but can be situated where it is best 
heard. Momentary weight on any of the mats will then switch 
on the bell, which will be locked on by the relay as described, 
and will ring until the unit is switched off. 


Transistor Tester 


A very useful check of transistors can be made with the aid of 
4 multi-range test meter, with a selection of base resistors to 
provide base current, as in Fig. 30. This method does not give 
fan exact indication of transistor gain, but it does allow defective 
transistors to be eliminated, and provides a good idea of the 
performance to be obtained from surplus or other unknown 
transistors. 


‘A G-way switch allows the base to be open circuit, or to receive 
current through one of the resistors RI to RS. ‘These values 
are RI 330k, R2 110k, R3 33k, R4 11k and RS 3.3K. After 
allowing for the base-emitter potential, switch positions and 
corresponding base currents are near the following: 1, zero; 
2, 10HA; 3, 30WA; 4, 100WA; 5, O.3mA, and 6, IMA. 


Polarity is sho. 


for NPN transistors. Reverse pola 
both meter and battery for PNP transistors. 


ity of the circuit. Switch, and battery can all be fitted to a 
small box. A development of the ciseuit would be to include 
acurrent meter, with switch and shunts, to replace the external 
general purpose test instrument 


For all tests, initially set the switch to 1, and the meter to its 
highest range (say 1 ampere). Afterwards, switch the meter to 
a lower range, after adjustment of the 6-way switch, as may 
prove to be necessary to obtain an easy reading. Treasure Locator 
With the switch at 1, a high reading on the meter shows hat the 
transistor has a short circuit from emitter to collector, and is 
defective. 


This locator is among the simplest that can be constructed, as 
it uses an ordinary small portable radio as part of the detection 
circuitry. No modifications or connections to the radio are 
needed 


With germanium transistors, collector current (with the switch 
«at 1) may be 0.1mA or so up to perhaps 0.5mA for small 

types, and up to some milliamperes for larger types. This small 
leakage current does not show that the transistor is defective. 


In the case of silicon transistors, the leakage current (with 
switch at 1) will be zero or extremely small, if the device is in 
good condition, 


‘The switch is then turned to one of the positions 2 to 6. If 
collector current does not rise, the transistor is defective. 

If current rises at each step, do not go beyond the switch 
setting which results in a safe collector current for the device 
actually being tested. This can be 10mA or less for some small 
transistors, or 100mA or so for those able to handle greater 
power, and up to an ampere or more for large power transis- 
tors, but limitation of base current will not allow full collector 
current with large types, 


‘The approximate hFE or current amplification of the transis- 
tor (common emitter mode) can be found by noting the 
approximate base current and collector current. If the collector 
current with the switch at 1 was very small, it can be ignored. 

If not, take this value from the actual collector current read 

by the meter, with the switch at 2 to 6. Collector current 

(read by the meter) is then divided by base current (taken 

from the switch position as described). This gives the approxi- 
mate hFE, or amplification, of the transistor. 


Fig. 31 is the circuit. It has a single transistor as a low radio- 
frequency oscillator, operating in conjunction with the search 
coil. Oscillation is obtained by having a tapped coil, with 
‘outer leads going to base and collector circuits, The 
frequency of oscillation depends on the coil, and the parallel 
capacitors, trimmer TI, and C2. 


‘The winding of the search coil is 6 inch in diameter, and is of 
34swg enamelled wire. The coil former can be made from three 
pieces of 1/8 inch thick hardboard, or similar insulated mat- 
erial. Cut one disc 6 inch in diameter, and two others about 
64 inch in diameter. Smooth the edges with glasspaper, and 
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It is convenient to mark the switch with the base current 
figures, and to have three small clips to attach a transistor to 
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‘cement them securely together, with the small dise between 
the larger discs. This provides a former with a channel to take 
the winding. The adhesive should be allowed to dry with the 
dises under pressure, so that there is no gap into which turns 
can fall, The former should also be varnished, and allowed to 
dry, before winding, 


‘The wite is passed up through a small hole, this being point 1. 
Wind on fifteen tums. Make a loop and pass this up through a 
hole, for point 2. Wind a further twenty-five tums in the same 
direction, finishing off at point 3. These leads are scraped and 
soldered to a small tag strip. This is an anchor point for i 

sulated leads which will run up the handle of the locator 


Eon 


Cut a block of wood, and drill it to take the bottom of a 
broomstick. Cement the block to the prepared coil. 


Components are assembled on a tag strip as in Fig. 32. Mount 
this strip in a plastic lunch box or similar container, which 
will also take a small 9v battery, and the switch SI. A test 


for oscillation can be made by placing a meter in one battery 
lead, and shorting 1 and 3 of the coil. Meter current should 
charge slightly. If not, look for some mistake in wiring, 


A shelf is bolted to the handle, and the detector rests on 
this, with connections passing down to the search coil. A 
few loops of tape or string will secure these to the handle. 


Operation in Great Britain can be on frequencies under 
100kHz, Initially tune the radio receiver to 200kHz on long 
wave, and place it near the coil. Adjust Tl until a strong. 
whistle is heard in the receiver speaker. This is the 2nd 
harmonic of the oscillator. T1 is then screwed down very 
slightly from this position. 


The small portable radio is placed on top of the locator box, 
and can be held here with elastic. It is tuned to the medium 
wave band. Some small adjustment of TI, and of the receiver 
tuning, may be required, until a suitable heterodyne is produced 
by aharmonic or multiple of the oscillator. It will then be 
found that the pitch of the note changes when the search coil 
approaches a metal object. 


It should generally be found that sufficient coupling is obtained 
with the receiver when they are situated as in Fig. 32. If not, 
runa few inches of insulated wire from the transistor collector 
tag up through the box and place this under the receiver. 


For best results, adjustments are directed towards obtaining a 
good change in pitch, when the search coil approaches metal 


For those interested in details of other detectors, reference 
can be made to “How to Build Your Own Metal and Treasure 
Locators” (No. 32, Babani Press). 
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SECTION 3 
RADIO AND AUDIO FREQUENCY 


MW Booster 


This unit can be employed in conjunction with any ordinary 
portable having a ferrite rod aerial, and will provide a con: 
siderable increase in range and sensitivity to weak signals. It 
has two functions — to allow the use of an external aerial and 
earth, and to amplify and couple signals to the portable 
receiver. 


‘Tuning coverage is for medium waves. That is, about 200~S50 
metres, or 1500—550kHz. Many overseas and other stations 
can be picked up on this band, and distant reception can be 
particularly common on the higher frequencies, during the hours 
of darkness, 
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Fig. 33 isthe circuit, and it uses a cored tuning coil with 
aerial coupling winding 8-9, tuned winding 6—1, and base 
coupling coil 5~7.. These nuimbers are for the pins of the 
Denco (Clacton) “Blue” Range 2 component. It will be 
apparent that other coils, or surplus or home-wound inductors, 
‘ean be substituted 


For the coil mentioned, VCI is 315pF. However, this value is 
not too critical, provided the capacitor fitted allows tuning 
the wanted frequencies. A solid dielectric capacitor can be 
used, though the air spaced type is likely to be a little more 
efficient 


Coupling to the base is by C1, and resistors RI and R2 set the 
base bias conditions, with R3 for emitter bias. These values. 
will suit numerous RF transistors 


Fig. 33B shows assembly of the components on an insulated 
board. The coil is mounted by its threaded bush. When the 
board has been wired, it can be mounted by means of bolts 
with extra nuts, The case is preferably metal, for screening 
purposes, but the booster can be used satisfactorily with a 
plastic or similar box. 


EARTH AERIAL 


Fit a small slide switch to the box front, and aerial and earth 
sockets to the back, near the coil, A 9v battery is accommo- 
dated in the case: 


Coupling to the transistor receiver is by means of a loop which 
is placed on the receiver ferrite rod, or near the rod. The loop 
can be about twenty tums of thin insulated wire, about % inch 
in diameter, and bound with cotton to keep the turns together 
‘The ends can be left long enough to reach the two connecting 
points in Fig, 33B. 


If the case is metal, the booster and receiver can be near each 
other, so the loop leads will only need to be a few inches long. 
But when an insulated case is used, coupling from the receiver 
ferrite aerial or other circuits, to the booster coil, may cause 
instability. This will become apparent as whistles accompany 
ing most signals. If this arises, the booster and receiver should 
be moved some inches apart. The aerial lead must not run 
near the loop connections. 


Some receivers have an internal winding which is intended to 
Couple an external aerial, and it may be possible to connect to. 
this, so that a separate coupling loop is not required. 


In some cases the earth connection may be omitted, though it 
can improve range. The aerial can be some 20ft to 40ft or 50 
Tong. If possible, it should be high and clear of walls and 
other earthed objects. 


If necessary, the coupling afforded by the loop to the receiver 
aerial circuit can be modified by moving the loop. Initially, 
tune in signals with the receiver, then adjust VCI for reson 
ance. This should provide a very considerable increase in the 
volume of weak signals. A scale can be fitted to the booster, 
and marked to agree with the receiver tuning by this means. 
This will allow tuning to be kept in step, and the booster 
should allow reception of transmissions which will be inaudible 
if it is removed. 


‘Actual tuning coverage can be modified by adjusting the 
position of the coil core. This may be helpful in obtaining 
Agreement between booster and receiver tuning. The booster 
is not required for the reception of powerful signals, and the 
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receiver automatic gain control circuit will tend to mask any 
increase in signal strength obtained with such transmissions. 


Midget MW Diode Radio/Tuner 


A small, compact tuner can be of utility in allowing radio 
reception through an amplifier, and a diode receiver can give 
excellent quality of reception. Such a unit can also be em 
ployed alone, with headphones, for personal listening. 


Fig, 34 is a receiver/tuner which can be built in a very small 
plastic or other insulated box. VC1 is a compression type 
trimmer, fitted with a small knob for adjustment by hand. 

To do this, itis necessary to remove the short screw (gener- 
ally 6ba) and replace this with a longer one, which projects to 
take the knob. The latter can be a terminal head, or the cap 
from an empty tube of adhesive, secured with lock nuts. 


vel 
PLASTIC BOX 


FIG.34. 


For best efficiency and small size, the tuning coil is wound on 
apiece of ferrite rod. It consists of seventy tums of 24swe, 
or similar enamelled wire, on a rod about 1% inch long and 
3/8 inch in diameter. Actual details will not be critical. A 
Piece can be obtained from a longer rod by cutting a notch 
round the rod with a file and snapping at this point with the 
fingers. A few touches of adhesive will hold the ends of the 
winding secure. The loop for the aerial connection is about 
one-third the total number of turns from the diode end of 

the coil. (Moving this tapping towards the earthed end of the 
coil will increase selectivity or sharpness of tuning, but reduce 
volume.) 


Aerial and earth sockets, and a 3.5mm jack outlet, complete 
the receiver. Headphones can be plugged directly in here. 


The aerial and earth can be provided as explained for the diode 
radio in Fig. 7 


To use the radio as a tuner, C1, RI and C2 may be added. 
Suitable values are C1 470pF, RI 220k, and C2.0.25uF. A 
screened lead with jack plug should be made up to connect the 
tuner to the amplifier input socket 


‘One Transistor VHF Receiver/Converter 


The super-regenerative receiver is well known for its great 
sensitivity, which equals that of a multi-stage supethet. It has 
no alignment difficulties, and few components, so is an inter- 
esting project. Its main disadvantages are its background 

hiss, but this ceases when a signal is tuned in, and its lack of 
selectivity. The latter is however relatively unimportant on 

the VHF bands. The circuit here is particularly intended for 2m 
reception, but is easily modified. It is not intended for FM 
signals. 


In Fig. 35 the detector is a VHF FET, and the field effect 
transistor will be found very satisfactory in circuits of this 
kind. 71 is the pre-set tuning capacitor, which allows adjust- 
ment over a fairly wide band of frequencies. Tuning is by VC1, 
which does not require a reduction drive. 
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cS 3:3PF 


Control of supersegeneration is by means of the potentio- 
meter VRI, which adjusts the FET drain potential. The value 
‘of VRI is not very important, but a linear potentiometer is 
necessary. 


5 provides feedback from source to drain, for regeneration. 
R3 and the associated components form the quench network, 
with C6 feeding headphones, or an audio amplifier. 


For best results, VR1 should enable the transistor to go 
smoothly into super-regeneration, which is shown by the hiss 
mentioned. Achieving this depends somewhat on the transis- 
tor, value of C5,adjustment of TI, and aerial loading 
However, matters are not too critical 


Transistors unsuitable for VHF cannot be used. Individual 
FETs of the same type will also differ somewhat, so that in 
some cases it might be necessary to omit C5, or change the 
value. Alternatively, small pre-set (not over 10pF) may be 
fitted. It will be found that a very small capacitance is required. 


Another cause of filing to obtain super-tegeneration is too 

‘tight aerial coubling, and this is easily corrected by moving the 

aerial coupling winding a little further from the larger winding. 
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The RF choke can be a VHF type, or can consist of seventy 
five tums of 36swg enamelled wire, side by side on a % inch 
diameter insulated rod. Touches of adhesive may hold the end 
tums only. 


Short leads are essential, and assembly on a tag board is shown 
in Fig. 35B. The variable capacitor is fitted first, and it can 
later attach the finished board to a panel, by means of an extra 
nut. 


AERIAL 


AF OUTPUT 


FIG. 358. 


The larger coil has five turns of 18swg wire, and is % inch in 
diameter and % inch long. The smaller coil has two tums. 
Wiring to VC1, TI, C5, the coil and C1 must be as short as 
can be arranged. Connections elsewhere are reasonably direct 
‘A ceramic disc Capacitor may be used at C1. TI should be a 
low loss trimmer. 


‘The board can be fitted in a case which will carry VRI, and 
large enough for the battery and on-off switch. The case can 
be used to support a telescopic aerial, some 30 inch or so when 
extended, 7” 


This LED is differentin both respects: it has three elements (red, green, 
and blue) that are under the control of a small integrated circuit (IC) 
‘embedded within the LED. The IC causes the elements to change color 
inarepeating pattern, Because the IC controls the voltage thatit delivers, 
to the individual color elements, it's more tolerant of variations in the 
voltage you give it. For example, even though red LED color elements 
typically operate at around 2 volts, you're able to use a 3 volt battery 
with the pin. 

‘The 2012 model uses two self-blinking LEDs instead of one self-color 
changing RGB LED. 

R120 battery 
(Lower left) This “coin cell” battery supplies power to the pin. 

Printed Circuit Board (PCB) 

(Center) The 2011 Learn to Solder Skill Badge features a friendly robot 
‘The 2012 model will also have a robot, every bit as friendly. 

Pin and clutch 
(Top right) This is what holds the pin to your clothing. 

Battery holder 
This keeps the battery on the PCB. 


Welcome a 


Frequencies tuned by VC1 can be raised by unscrewing T1 
or by stretching the larger coil to separate the turns more, Or 
by using a coil with fewer tums, or of smaller diameter. The 
receiver is most suitable for use over the 70MHz to 200MHz 
range. 


For the single transistor alone, a sensitive pair of medium or 
high resistance phones will be needed. Audio ouptut from C6 
can be taken to an amplifier, for more powerful reception with 
phones, or to allow a loudspeaker to be used. 


To use the circuit as a converter, tune a portable receiver to 
around 1500kHz (or as found to give best results, with no 
break through of unwanted medium wave signals). Place the 
receiver so that its ferrite aerial is coupled to the RF choke of 
the converter. When VR1 is correctly adjusted, conversion 
within the VHF circuit will then allow VHF signals to be 
heard with the receiver. 


Component List 


RI ik Cl nF VHF dise 
R2 10k C2 22uF 10 

R3 12k C3 4.7nF dise 
RI 20k linear pot. C4 10nF dise 
VCI_5pF airspaced variable CS 3.3pF VHF type 
TI_20pF air spaced trimmer CS OWE 


MPF102/BF244, or other VHF FET 
Tagboard, wire for coils and choke, etc 


Morse and Sideband Resolver 


Quite a number of inexpensive multi-band transistor receivers 
have frequency coverage which includes one or more Amateur 
bands, That is, 1.8, 3.5, 7, 14, 21, or 28MHz. On these 
‘bands transmissions are often in Morse code or CW, or single 
sideband. CW or SSB can be resolved by the specialised 
‘Amateur receivers and transceivers, but not with the general 
purpose home receiver. To receive CW or SSB with the latter 
type of radio, itis necessary to add an oscillator. This either 
generates a heterodyne or beat note for code reception, or 
replaces the carrier which was eliminated from the single 
sideband transmission. 
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The circuit in Fig. 36 may be used for these purposes. It 
generates a carrier of about the same frequency as that used 
in the intermediate frequency stages of the receiver, exact 
adjustment of frequency being by VCI, 


MoSt popular receivers have an intermediate frequency of about 
455kHz to 470kHz. The circuit in Fig. 36 uses an intermediate 
frequency transformer of similar type, and adjustment of 

its core allows operation with any IF from 455 to 470kHz. 

Pin numbers are for the Denco (Clacton) [FT13, normally 
intended for 465kHz. The connections to the base winding 

(4 and 5) have to be phased to secure oscillation. 


R1 and R2 provide base bias, and R3 emitter bias. R4, and 
the large capacitor C3, allows current to be drawn from the 
same battery as is used to run the receiver, if wished. Alter: 
natively, a separate 9v battery may be employed here 


Fig, 368 shows the practical layout of components, and 
wiring to them, using a perforated board. Connections and 
joints are kept close against the underside of the board. When 
‘wiring is finished, the board is mounted in a metal box, using 
4 inch bolts with extra nuts for clearance. 


VCI can best have a dial with a central zero mark, this showing 
when the plates are half meshed. 
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‘An insulated lead is run from 2 on the IFT, and is placed near 
the receiver. This lead may be so positioned as to give best 
coupling into the IF stages of the receiver. If coupling is too 
weak, the signal from the CW/SSB Resolver will be inadequate. 
On the other hand, tight coupling will allow the carrier to swany 
weak signals tuned in on the receiver. Fortunately the degree of 
coupling is not at all critical 


To set up the oscillator, first ofall tune in any normal broad- 
cast with the receiver. ‘Set VC1 half closed and switch on. 
The core of the IFT should now be slowly adjusted until a 
oud heterodyne or beat note is heard accompanying the 
signal received. Set the core so that this note falls to about 
zero, of to.a low pitch, It will then be possible to rotate 
VCI either way from this central zero beat position, in each 
‘case producing a note which rises in frequency as VCI is 
rotated. 


To receive CW or Morse code, it is only necessary to tune in 
the code signal with the receiver, and then to adjust VCI to 
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obtain note of the most suitable pitch. VC1 can be rotated 
either way from its central or zero beat position, to obtain 
best freedom from interference. 


When receiving SSB, a more critical adjustment of VCI is needed 
and the carrier produced must be at the right side of the SSB 
signal. (One side is used for the low frequency bands, and the 
other for the higher frequency bands.) If the carrier is the 
wrong side, the speech will be “inverted” or unintelligible. 
With careful adjustment of VC1, a setting will be found where 
the sideband signal is correctly resolved 


Easy Preamplifier 


This amplifier can be placed in circuit before a larger amplifier, 
to boost the input, or it may be used alone with headphones, 


A preamplifier will be added to existing equipment when a 
pickup or microphone having only a low output has been found 
to give insufficient volume. An amplifier may be able to 
provide a signal at a sufficiently high level. But with low input 
levels, output can be inadequate. 


‘The stage in Fig. 37 can provide considerable gain. Audio 
input is to Cl, and RI. provides base current for the transistor. 
‘Amplified signals are obtained across R2, and pass to the main 
amplifier (or phones) via the isolating capacitor C2. 


With a BC108 or similar transistor, the supply can be about 9v 
to 15v, Numerous NPN transistors, intended for preamplifier 
use and of fow noise type, will perform well. Current may be 
from a separate battery. Or it may in many cases be drawn 
from the main amplifier. To avoid instability or similar 
troubles, the positive supply should be from a well decoupled 
and smoothed point in the main amplifier. 1f this is not 
available, connect a 220uF capacitor from positive to negative 
in Fig. 37, and draw the positive supply through a 1k resistor. 
Nogative is returned to the negative line of the main amplifier. 


Should the main amplifier have a positive earth line, then the 
transistor can be a PNP type, RI and R2 being changed to 
suit 


Fig. 37B shows assembly on a perforated board. When the 
circuit provides input to a main amplifier, it should generally 
be in a metal case. Input is by a screened lead, and a screened 
lead is also fitted for the audio circuit to the main amplifier. 
The case should be earthed to the negative line. This can be 
by means of one of the bolts securing the board. 


Screening to avoid hum or instability will generally prove to be 
unnecessary when using the stage to operate headphones. So 
two sockets, or a jack socket, will be more convenient for the 
phone circuit 


741 Preamplifier 


Integrated circuits have several stages of amplification, formed 
as asingle chip and enclosed in a small case. The 741 is an 
easily obtained audio IC which can be used in many circuits, 
‘The wA741CE or metal can 741 is convenient, as its leads may 
be spaced to suit any ready perforated board. The dual in line 
741 is electrically similar, 


Fig. 38 shows a preamplifier using the metal can 741. Input is 
via Cl to 3. As shown, 7 and 4 are positive and negative, while 
‘output is from 6. Negative feedback is applied to 2, via R4. 
C3 is an isolating capacitor. 


a 


RI 100K 


Modification to the values of R3 or R4 allow feedback and 
ain to be adjusted between quite wide limits, but for general 
Purposes the values shown are satisfactory. A wide range of 
voltages (not exceeding 36v) may be used. The actual output 
is from a complementary pair, and is easily adequate for very 
‘good headphone volume, if required 


Fig. 38B shows assembly of the integrated circuit amplifier 
on a perforated board. For phone working, input and output 
need not be screened. But for preamplifier use before a main 
amplifier, these circuits need to be made by means of screened 
leads. 
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Lead 8 is identified as in Fig. 38. The wires are spread out 
slightly, to fit the board perforations. After inserting com- 
ponents as shown, turn the board over. Bend and solder the 
‘wires, cutting off excess length. Sleeving can be put on any 
connections which run very near other leads or soldered joints, 


If the preamplifier is to be used as a separate unit, input and 
output leads may be run to jack sockets, or sockets to suit 
other items of equipment. A metal case is advised, as this will 
help to avoid any pick up of hum, or other troubles due to 
coupling to the board wiring. ‘The board can be secured to 
the metal box or case with ¥ inch 6ba bolts, and extra nuts 
to give a little clearance. 


The amplifier may be run from its own battery; or from a 
supply used with a main amplifier. For the latter, itis wise to 
provide a decoupled point, in a similar manner to that deseri- 
bed for the transistor preamplifier. This consists of a quite 
large capacitor (say 220uF to 470jF) from positive to negative 
across the preamplifier supply circuit, and a resistor of 1k to 
2.2k or so from preamplifier positive to positive on the main 
amplifier. on 


Tone Control for Your Dises Ete. 


The preamplifiers shown have a substantially flat response. 
That is, they do not purposely emphasize bass or treble, or 
have similar effects in modifying the audio frequencies pre- 
sent. In some circumstances it is necessary to boost treble or 
bass, or reduce the emphasis of these frequencies, in order to 
‘obtain the most satisfactory reproduction. 


This may be achieved by making a fully adjustable tone 
control, and Fig. 39 is a suitable circuit, A volume control is 
also incorporated, as this has not been present in the pre- 
amplifiers. 


The tone control is a passive circuit, needing no battery, and 
it can be placed between the source of audio signals (generally 
a microphone, pick-up, or radio tuner) and the amplifier or 
preamplifier. ‘It may also be located between preamplifier 
and main amplifier, if wished. 


Results are substantially flat with the treble control VRI and 
base control VR2 in their central positions. Adjustment of 
VRI and VR2 will provide separate boost or cut of treble, or 
boost or cut of bass frequencies. VR3 is the volume control. 


85 


Input A has its individual volume control VRI, and Input B 
is similarly provided with VR2. Resistors RI and R2 prevent 
short circuiting one input when the other potentiometer is 

set at zero. Coupling to the transistor base is by Cl. R3 

and R4 set base bias conditions, with RS as the collector load and 
audio output from C2. 


‘The degree of control afforded by circuits of this type may be 
adjusted by alterations to the component values, In practice, 
it will be found that there is little point in having extreme 
levels of adjustment, which will never be required. The follow. 
ing values may be used: Cl and C2, 270pF; RI, 390k; R2 and 
R3, 100k; C3 680pF; VR1 and VR2, 2 megohm linear poten 
tiometers; VR3, 2 megohm log potentiometer. 


‘Component values are not very critical, though R3, R4 and RS 
need to be selected to suit the transistor fitted. The mixer is 
connected and used in a similar way to that explained for the 
preamplifiers 


Components should be assembled in a metal case, for sereen- 
ing. The case is grounded to the earth line, Input and output 
sockets can be near the ends of the case, with VR1, VR2 and 
VR3 between. Components can be soldered directly to the 
potentiometer tags. 


FIG. 408. 


Two Channel Mixer 


A mixer will permit fading in and out of two signals, such as 
these from tape and microphone, or radio and disc, and can be 
of considerable utility for home entertainment. The mixer 
in Fig. 40 takes two inputs, and also provides additional 
amplification, which will often be useful where input levels 
are not very high. 


Fig. 40B is the layout, using a metal case or box. A screened 
output lead is provided. Input sockets A and B may be chosen 
to suit the type of plugs on existing equipment. The on-off 
switch is separate from the potentiometers, so that these can 
be left at pre-set levels if wished. 


Component values may be chosen to suit low or high imped- 
ance inputs, if wished. Or the following may be used for 
general purposes: 
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Components List: 


VRI, VR2, 1 megohm log potentiometers. 
RI, R2, 200k 

CLO.SuF €2.0.5uF 
R3 330k BC109 
RA 22k 

RS 10k 


This is when using a 9v supply. 


4 Watt IC Amplifier 


An integrated circuit which combines driver and push-pull 
‘output stages is used in Fig. 41. The IC is the MFC400B and 
is intended for operation from a 9v battery supply, and 
delivers up to about 250 milliwatts into a 16 ohm speaker. 
This will be found ideal for many projects, and for loud- 
speaker reception, 


‘Audio input is to 2 of the IC, from the isolating capacitor 
C1. C2 is a by-pass capacitor to maintain stability. The IC 
has only four connections, 1 going to the negative line, and 3 
to the positive supply. Audio output is from 4, and to the 
loudspeaker via C3. RI provides negative feedback and bias, 
to point 2 
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‘The assembly of this amplifier on 0.15 inch matrix board is 
shown in Fig. 41B, Pin numbering is when looking at the top 
of the IC and the component side of the board. 


F1G.416. 


A screened input circuit will be found necessary when the IC 
amplifier is used with a preamplifier or similar items. Connect 
the outer brading of this lead to the negative line, and the 
inner conductor to C1. Such screening is not necessary with 
very short connections from other stages to the IC 
amplifier, or when using it to amplify a erystal diode radio, 

‘or for similar purposes, 


‘The on-off switch can be in either the positive or negative 
battery lead. The IC will be found to give a good performance 
speakers of a higher impedance than that shown, and up 
to 75 ohm may be used (with some small loss in output). 
Units of lower impedance than 16 ohms should not be fitted. 


‘The small size of this IC and the few extra components needed 
make is very suitable for miniature apparatus, probably with 
a2% inch speaker. It will also operate a large speaker well 
(Gee “Boost Speaker”) and at a volume level adequate for 
many purposes. 
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Class A Amplifier 


‘A Class A amplifier uses a single transistor, Fig. 42, which 
must thus operate over the whole audio cycle. As a result, 
the resting or no-signal current has to be fairly high, if other 

_ than a very low power output is to be obtained. An ampli- 
fier of this kind is thus most usual in circumstances where a 
fairly large current will be available. That is, with accumulator 
operated equipment (e., a car radio) or mains operated 
amplifiers. It can also be used for other purposes where op 
tion is more or less on an intermittent basis (as in a Loud 
Haller), or for somewhat lower power where simplicity is 
important 


‘The circuit in Fig. 42 can be used with any NPN transistor, 
‘or with PNP transistors if polarity is reversed. Small transi~ 
stors of the 300mW and similar type will provide rather 
modest loudspeaker volume. Larger transistors, with a dissipa- 
tion of SOOmW to 1W or so, will be able to give reasonable 
power, and can often be useful here. The very large power 
transistor, such as that shown, will run at a much higher 
‘current level, and deliver several watts output. 


TI is the coupling or driver transformer, which may receive 
audio signals from a radio receiver, smalier amplifier, or other 
equipment. A step down ratio of about 5:1 to 10:1 will 
generally prove to be suitable. 


For smaller Class A amplifiers, Tl may be omitted. R1 and 
VRI may then beof about 1k, and the audio signal can be 
coupled to the transistor base by means of a fixed capacitor, 
as in earlier circuits. 


‘T2 is the output or speaker transformer. This can be omitted 
when the speaker is of suitable impedance, and is able to carry 
the required collector current. This means that a 75 ohm 
lar unit can be connected directly in the collector 
circuit, with low power transistors. If a 2/3 ohm speaker is 
‘used, then T2 is required with these for impedance matching. 


With the large type of transistor, current may be SOOmA to 
TA or so, and this means that the usual speaker cannot be 
connected directly in circuit. Instead, a transformer or tapped 
choke will be needed. 


‘The circuit is often operated from 12v (a vehicle supply) but 
can be used with 9v, or more than 12y. 


RI and VRI set bias conditions, and R2 limits peak collector 
current. For the 2N3055, R2 may be 1 ohm. Ri can be 
100 ohm, and VR1 25 ohm. T2.can be 2:1 for a3.5 ohm 
speaker. Cl is 3200uF. Begin with VRI at minimum value, 
slowly increasing this until reproduction is satisfactory. 
(This will set collector current at about % ampere.) 


With other transistors, adjustment can be made in the same 
way, by slowly increasing the base bias until best results are 
secured. Raising the value of VRI in Fig. 42, or reducing the 
value of R1, will increase collector current, and thus raise the 
power which can be handled. However, current is limited by 
the power handling capacity of the transistor, so a meter 
should be put in one battery lead, and a check made that the 
power dissipation of the transistor is not exceeded. With 
small transistors, current can be limited to SOmA or so. 


Fig. 42B shows assembly of the circuit in Fig. 42. The power 
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transistor is mounted on an aluminium plate, which acts as a 
heat sink to carry away heat from the transistor itself. Note 
that this plate is common to the collector. Base and Emitter 
pins pass through clearance holes. Smooth off any burr round 
the fixing and clearance holes, so that the transistor can rest 
flat on the metal. Where it is awkward to have the plate or 
case common to the collector, the usual insulation set can be 
fitted. This consists of bushes for the fixing bolts, and a thin 
mica washer to go under the transistor, so that electrical 
isolation is obtained. 


stage is by the isolating capacitor C1. Operating conditions 
in this stage depend largely on the values of R2, R3, and the 
emitter bias resistor RS. 
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(as pa T1 is the driver transformer, with centre tapped secondary, so 


that TR2/3 may be operated in push-pull (See Fig. 12). T2 
couples output to a 2/3 ohm speaker. 


With the values shown, a BC109 will give very good results in 
the TRI position, with 2 x BC108s for the output stage. R7 

is set so that battery current is around 10mA, with no signal 
present. Current rises from 20mA to 60mA or $0, according to 
volume, when the amplifier is driven. 


The insulated board carrying the other components is 
mounted by long bolts with extra nuts. Alarge Class A stage 
transistor of this type will grow very warm to the touch, if 
run at anything like maximum power rating. This does not 
indicate any defect. 

A pair of 2N1306 transistors may be used for the output stage. 


Other transistors are also possible here, as operating conditions 


‘Two Stage Amplifier can be adjusted by R7. 


‘The circuit of a 2-stage amplifier is shown in Fig. 43, and this 
‘can be used for loudspeaker reproduction. Input to the driver 
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‘The 2N3706 will operate in the TRI position, though with 
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ower gain than the BC109. Numerous other small audio 
transistors can also be used here. 


For full volume, a fairly strong input is required to TRI. It 
will thus be necessary to use a preamplifier, for low level 
signals 


Components List: 
RI 3.3k C1 O.SuF 
R2 47k C2 100uF 
R3 15k C3: 100uF 
R4 lk C4 4.7nF 
RS 680 ohm C5 470uF 
R6 27k 

R7 500 ohm preset 

R8 4.7 ohm 


SECTION 4 
POWER SUPPLIES 


Mains power supplies are convenient for equipment which will 
receive long periods of use, and for items where the current 
needed is too heavy for economical running from batteries. 


Such supplies should be operated from a 3-pin plug, fitted 
with a low rating fuse. Connect L, N and Earth correctly, 
both at the plug and at the equipment. 


Those circuits where mains voltages are present must be so 
arranged that no shocks can be experienced. Mains voltage 
circuits include any means of anchoring the mains con- 
ductors in the equipment, the main on-off switch (if used), 
and primary connections of the mains transformer. Enclos- 
ing the whole equipment in an insulated or metal case will 
avoid accidental contact with such circuits or with the tags 
of switches or transformer. If the case is metal, earth it by 
the mains earth conductor. 


Provided the secondary or low voltage circuit is correctly 
‘earthed, there is normally no danger from handling these 
‘connections, or equipment operated from the supply. 


Easy PSU 


A useful power supply suitable for many purposes can use 
the circuit in Fig. 44. Mains L (live) and N (neutral) con- 
ductors go to the primary P of the transforer. A switch is 
placed in the L circuit 


The secondary S can delivery any wanted low voltage, and also 
give isolation from the mains 


Almost all equipment will need direct current. The four 
separate rectifiers, or an equivalent single device, produce 
pulsating DC. The reservoir capacitor C1 smoothes this. 
Resistor RI, with the second capacitor C2, gives additional 
smoothing. ‘Output from the supply is then substantially 
smooth DC, as would be obtained from a battery. 
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Sometimes Ri and C2 are omitted. Should hum accompany 
reproduction from an amy lifier, this shows that. smoothing 
is probably inadequate, and if so the cure is to add RI and C2, 


Any wanted voltage can be obtained by using a transformer 
with an appropriate secondary, with rectifiers and capacitors 
to suit 


CI may charge up to approximately 1.4 times the RMS or 
usual voltage rating of the secondary S. Thus, if S were a 63v 
winding, about 8.8v would be expected across C1. But should 
RI be present, a voltage drop will arise in it, the figure depend- 
ing on the resistance value of RI, and current flowing. 


For these reasons, the actual output may not be exactly the 
figure expected. ‘This will often be unimportant, and such 
power supplies are largely used for all sorts of equipment 


For apparatus generally operated from a 9v or similar battery, 
a bell transformer with 3v, Sv and 8 output tappings is suit- 
able. If RI is 22 ohm, this will give around 9v at 100mA, 
with the 8v tap in use 


Itis convenient to use SOv or 100 rectifiers, and the rating 
can be | ampere, with a 1 ampere transformer secondary. 
Four individual wire ended rectifiers can be mounted on a 
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tag strip, and connected as in Fig. 44. A combined rectifier 
will have AC, positive, and negative tags (se Fig. 45) and e: 
be fitted instead 


The capacitors need to be of large value, and have a voltage 
rating higher than the actual voltage which will be present 
‘The 12v capacitors could be fitted in the circuit described. 
Cl can be 2500uF or larger, and C2 can be of similar value 


Easy Regulated PSU 


With the circuit in Fig. 44, the exact voltage will depend on 
the current drawn, rising when current is low. To avoid this, 
some means of regulation may be employed. 


Fig. 45 shows a typical regulation circuit, giving an output of 
approximately 9.4v. The output from the rectifier needs to 
be of somewhat higher voltage than required at the output, 
and a transformer with a 1Ov secondary is suitable. Current 
through R1 supplies the Zener diode, which holds the base of 
the transistor at virtually the same voltage for all current 
Toads. Some voltage is lost in the transistor, so the output is 
nearly the same, for any current load. For up to about 
200mA, a BEYS1 or equivalent transistor is adequate, so this 
‘will do well for many purposes 
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Project 2: 555 Timer Blinky 


The 555 timer blinky isa simple circuit that makes two LEDs flash in an al: 
ternating pattern. When one is on, the other is off. Figure 0-4 shows the 
components for this project, and Figure 0-5 shows the finished project. This 
isa slightly more challenging project than the skill badge. 


Figure 0-4. 555 blinky parts 


LEDs 
(Left) Unlike the LEDs used in the skill badge, these are your normal, run 
of the mill LEDs. 

Protoboard 
(Center) Look back at the skill badge PCB. Notice how it was custom. 
designed for a single purpose. Now look at this protoboard PCB: it's got 
alot of different holes in convenient locations, You can build many kinds 
of simple electronics projects on a board like this. 

555 Timer 
(Top left) The 555 timer is a special type of integrated circuit that can 
turn electrical current on and off ina repeating pattern. I's just what 
you need to blink an LED. 

Capacitor 
(Top tight) To customize the 555 timer. you need to connect certain 
components to it. The value (capacitance or resistance) of the compo: 
nent determines how quickly the 555 turns things on and off, 
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“oltage Regulated PSU 


Fig. 46 is somewhat similar circuit, but it has a switch, 
to select any one of the four Zener diodes. These may be 
chosen so that 6v, 9v, 12v and 15v will be available. 


‘One Transistor Adjustable PSU 


Fig. 47 is the circuit of a simple power supply unit which can 
be set to provide any output from zero to 12 volts. The 
transformer has a 17v secondary, rated at 1 ampere or higher. 
‘After rectification, DC is obtained from the reservoir capa 
tor Cl 


RI supplies current for any diode, and 1 watt diodes should 
used. With a 24v transformer and large transistor such as the 
2N1970 or 0C29, an output of up to1 ampere can then be 
drawn. The bridge rectifier must of course be rated at 1A 
or higher. 


Note that this circuit has a PNP control transistor, so that 
polarity is obtained as shown. (Compare with the NPN 
transistor in the previous circuit.) However, either positive or 
negative can be grounded, and a separate earth terminal can 
be provided to allow this. A flying lead is placed between 
earth terminal and positive, or earth and negative, as required 
‘The permanent negative earth connection shown in Fig. 45 
‘must of course then be omitted 


More details of actual construction will be found later. 


VR1 is panel mounted, and allows the base potential of the 
control transistor to be set at the required voltage. C2 pro- 
Vides “electronic smoothing” from the base circuit 


The 12 volt 15 watt bulb is for short circuit protection. 
With relatively low currents, little voltage is lost here. But if a 
short circuit arises in the output circuit, current is limited to 
alittle over 1A by the bulb. This reduces the chances of any 
damage due to temporary shorts in leads or equipment. 


R1 isa bleeder resistor, drawing some current even when no 
extemal load is connected. The meter is the usual high resis- 
tance type, scaled from zero to 12v. VRI is adjusted until 
this instrument shows the wanted voltage. 
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The regulation of this supply is not so good as that of supplies 
Using a number of transistors. But it will be found suitable for 
all ordinary purposes, and to supply power for circuits in this 
book, as only a small change in voltage arises, with changes 

to the load, or current drawn 


Fig. 47B shows practical construction of this PSU. A similar 
layout can be adopted for the other power supply units. 


The mains cord is anchored at a tag strip, and connections 
are made as described earlier. ‘The mains switch is in the L 
conductor to the 240v winding, or primary, of the trans- 
former, 


A tag strip supports the rectifier, which has AC (~), positive 
and negative connected as shown. The lamp can be a vehicle 
type, supported by stout wires soldered to its base contacts, 
or side and tip. A hole is drilled in the panel level with this 
Lamp, so that it will give indications of a short circuit or heavy 
load. 


The transistor is mounted on the metal panel, to enable this 
to carry away heat, but is insulated from the metal. Use the 
correct insulation set (mica washer and bushes) which can 

generally be obtained with the transistor. A tag under one 
‘f the securing nuts provides the collector connection 


For voltage readings, a meter scaled 0—-12v is most suitable. 
Ora ImA meter, with 12k 1% series resistor, may be used. 
If'so, anew scale, marked 0-12, can be drawn for it 


A 3 watt linear potentiometer is used. Earth and negative 
are connected to the metal panel, for equipment with a 
negative ground line. The positive output terminal or socket 
is insulated from the metal. 


‘The case can be metal, or wood, It should have a few 
ventilation holes. The transistor can be expected to run quite 
warm, at maximum current. Heating here rises as the output 

voltage is reduced by VR1, as in these circumstances more 

voltage is dropped in the transistor. 
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Zener Regulated Supply 


Zener diodes alone may be used to provide a regulated supply. 
This can be convenient, as example, when operating 9v equip- 
ment from a car accumulator, where the voltage will vary 
somewhat during charging. 


Fig. 48 shows two supplies regulated by a Zener diode only. 
With the first circuit, R1 and the negative line are taken to 
the supply, and the ‘egulated output is obtained across the 
Zener in the polarity shown 


The units employed are ohms, amperes, and volts. Wattage 
may be found from Voltage x Current 


Select RI or R2 so that the wattage rating of the Zener is not 
exceeded, with the smallest current ever to be drawn by the 
load. As example, suppose a 7.5v output is wanted, so that 
a 1 4w 7.5y Zener i fitted. Approximately 200mA may thus 
flow through the Zener, if no current is taken by the load 
Suppose the supply is up to 15v. It will be necessary to drop 
or waste 75v in RI or R2. Soa 42 ohm resistor may be 

| fitted, with a little safety latitude. Any cuftent from zero to 
about’ 150mA may then be drawn, without any important 
change in voltage 

Where a Zener diode would have to be of very large wattage, 
it may be more convenient to use the Zener to control the 
base potential of a transistor, as also shown for negative and 
positive earths in Fig. 48. (See also Fig. 45.) R3 or R4 then, 
| only need provide a relatively low current for the Zener and 

transistor base. 


| Motor PSU with Reverse 


| Fig. 49 is the circuit of a supply for model motors, and giving 
| both speed control and reversing 


‘The second circuit is virtually the same, but polarity is re- 
versed, so that the ground retum is positive: 


‘These circuits can be prepared for a wide range of voltages, 
by taking into account the Zener voltage and wattage, and 
thus the voltage to be dropped in RI and R2 


For calculations, remember the following 
Voltage = Current in Amperes x Resistance in Ohms. 
Current = Voltage divided by Resistance. 
Resistance = Voltage divided by Current. 
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A transformer with a 12v secondary will be suitable for the 
usual model requiring up to 12v. The circuit is similar to that 
of the supply in Fig. 47. The potentiometer VRI gives speed 
control. Cl can be around 2,000uF. 


“A” is one type of ready-made switch, and it can be obtaine 
with a central off position. “B™ shows a home-built switch, 
similar to that described in Fig. 5. The switch must not short 
circuit the supply when changing over polarity, and one with 
central off is recommended. 


Motors reversed in this way must be of the permanent magnet 
type, in which a change of polarity causes the amature to 
tun in the opposite direction. Train and many other model 
motors ate of this construction. Motors with a wound field 
will not be reversed by changing the polarity of supply. 


A controller of this kind should be constructed as shown 
earlier, $0 that it i safe to use, and so that no joints in the 
mains circuits can be touched. 


Earthing can only be omitted when a double insulated trans- 
former, of the type specifically made to avoid any need for 
earthing, has been used. The whole controller should be so 
constructed that, even if a fault develops, mains voltages 
‘cannot reach the secondary circuit or model 


Wrong Polarity Protector 


There is sometimes a danger that transistorised equipment 
may be connected to a vehicle or other supply in the wrong 
polarity. This will usually cause damage, and may destroy 
the semiconductor devices, or electrolytic capacitors. 


‘Adding a diode to the circuit as in Fig. 50 will avoid this. 
For most small equipment, a silicon 100v 1A rectifier wil 
be ideal. With the supply connected correctly, current passes 
with virtually no loss of voltage. But if the supply polarity 
is reversed, the diode does not conduct, so no harm is 
caused to the equipment. Such a diode is readily incorporated 
in almost any item which may from time to time be run from 
an external accumulator or dry battery supply where the 
polarity is not known, 
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FIG. 50. 


‘Component Tolerances 


For circuits in this book, exact component values are generally 
not too important. Capacitor values such as 47nF (0.0474) 
and 0.0SuF may be regarded as interchangeable. In the same 
way, a 125uF capacitor may replace 100uF, or 200uF can be 
used instead of 220uF,, and so on. 


Resistors will generally be the standard 5% tolerance types 
In some circuits exact resistor values are not at all critical 
In others, and especially base, emitter and collector circuits, 
the values which provide best results can have much less 
latitude. 


Bases 


The lead-out positions of base, emitter and collector wires 
have been shown for typical transistors. However, itis felt 
that Fig. 51 should be useful. This gives lead information for 
types most likely to be required for circuits in this book. 
Other types of transistors may of course be used success- 
fully, but it is not practical to list all these, or show 
connections for them all 
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EQUIVALENT SEMICONDUCTORS. 


2N706 — BFYSI 


*&) °&) ‘Ozvw 


NPN PNB BCIO7/8/9 


To help our overseas readers the following list of possible 
equivalents is shown below: 


ACI28  CV9778, OC74—318, NKT281, 2N467, 2SB222 
415, ACL17—124- 153, GETI10, NKT302. 
SFT232, 2N6S9— 1373” 1384—1926—2001 2431 


FET 


MATOS FAN3207; 2N5459 4106, 2SB370, SK3004, RS276— 2005. 
eC )c G2 nen MBFIO2 ACY39CV9475, NKT243, ACZ10, 2N6S2- 23032801 
AcI38 pup BCE AFII7  2N642-2SA155, AF102—105~-127—133-137, 
aci2a sD BPX48, BSWi9~73, GM1213B, NKT6t 


SFT3S4, SK3006, 2N2273~263 
5354, RS276—2003 


vst 0c29 PNP BC107 _CV9780, AM251, BC147—167-207-317, MPS6S66, 
; BI aT Hi $K3020- 3122, ZTX107, TT107, RS276—2009, 
cay BiGe BCIO8 CV10541, AM352, BC148—168—308_318, 
MPS6520, $K3020, ZTX108, TT108, RS276- 
; 82 82 bli 
2N2646 T1843 RC109  CV}0769—10806, AM253, BC149~ 169-209-319, 


MPS6521, SK3020, ZTX109, TT109, RS276~ 2009, 
BCI47 —BCI71—182/L.-207-317, MPS6566, SK3020, 


FIG.5I, 
es NPN 2N3055 


RS276-2013, 

BCI48 BC172—183/L~208-318, MPS6520, SK3020, 
BS276~2009. 

BC149 — BC184/L 209-173-319, MPS6S21, SK3020, 
RS276~2009. 

BF200  BF162~173—225—271-311_314, SES020/1/2/3/4, 
'SK3018, 2N616 ~2708-3288—3693, RS276—2011. 


BFYS1 CV7723-7726—10827—11238, BEXS1—68A, 
BFR19, BSX45/X, BSY46—85, SK3024, 40347. 
2SC708, ME6102 2N2193/4— 2218-2410 -3053 

252-4046, RS276—2009. 

BSY9SA CV7648~9379, BCIO8A, BSX51—73-91, 


2N744-914—1708— 
2011 

MPF102 E305, SK3116. 

OASI— AAII7—118-132—144, AAZIS, OA91—95-161, 
'SD38, IN38—56-476~618, 1833. 

C26 CV8560, NKT452, 2N257-297-458-553 
1021, 2SB3, ADI30—131—138—140-149. 
C28, SK3009, TF80, T1156~3027, 2N174 
1073-2870-RS276~2006. 
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ocas 


oc70 


076 


ORPI2 

1N4001 
14002 
2N1306 


2N1613 


NB. 


CV7083-8356, NKT402, 2N457, 2SB86—425, ADI50, 
ASZ16, AUY21, OC28—3536, SK3009, T13028, 
2N174~1073—2870, RS276—2006. 

CV5710-7003, 0C170—171—410-613, 2N1303, 
SAIS, AFIO1~117—-126, ASY5S, ACI91, BC126, 
NKT211, SKT358, SK3005, 2N36—1191/2— 
13731384, RS276-2003. 

CV5457, 0C303—602, NKT214, 2N279—-1305, 2SB75, 
ACI22—125—151—163, ACY27—34, ASY27, BC213— 
206A, BSX36, SK3003, 2N1193—1352—1375—2429, 
RS276~2004. 

(CV5712—7005—8344, OC70-304—604, NKT214, 
2N280-1305, 2SB77, ACI22—125—151-163, ACY35, 
BSX36, OC3041, SK3003, 2N1193—-1352—1375— 
1384-2429, RS376—2004. 

AC122/3—125/6—131—151 IV—152—162—191, 
BC126-213—206A, NKT211, SFT353, 2N282— 
1190-—1352—1371-1384-1991—2431, CVS713— 
7006-8440, RS276-2005. 

CV8314, 0C307—6025, 2N284—1305, NKT212, 
2SB89, ACI28—131—151—152, ACY28, ASYS8— 

76, BC126-213-260A, SK3004, 2N394—1191— 
1352-1371-1384—1991, RS276—2004, 

RS276—116, LDRO3, RPY25. 

BY127, EMSO2, RS276—1101/1135, 18100. 

BY 127, EMSO2, RS276~1102/1136, 18100, 
CV7350—10686, NKT736, 2N634—635—-636— 
1891-1993--1994-1995, ASY26~-29, BSX19-20, 
RS276~2001 

€V7440--8843, BFY33-34—67, BSY44, 2N698— 
699-717-171 | -1889— 1890-1893, BFY41, 
BSX45/6, BSY53, MPS6530, 2SC708, 2N2101. 


Although equivalent semiconductors may have 
similar electrical properties, physical dimensions may 
be different and this must be born in mind if space 

is tight and for mounting details. 

Remember polarities if replacing PNP with NPN types 
and vice versa, Ifin doubt always be advised by your 
‘dealer for suitable equivalent semiconductors. 
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Please note overleaf is a list of other titles that aré available in 
out range of Radio and Electronic Books. 
‘These should be available from most good Booksellers, 
Radio Component Dealers and Mail Order Companies. 
However, should you experience difficulty in obtaining any 
title in your area, then please write directly to the publishers 
enclosing payment to cover the cost of the book plus adequate 


postage. 


If you would like a copy of our latest catalogue of Radio & 
Electronics Books then please send a Stamped Addressed 
Envelope, 


BERNARD BABANI (publishing) LTD 
‘The Grampians 
Shepherds Bush Road 
London W6 7NF 
England 
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Hookup/Jumper Wire 
(Top right) You'll need this to connect one thing to anather. 

Resistors 
(Bottom) Resistors serve two purposes here: twoare used to make sure 
the LEDs don’t get too much current: the other two work with the ca 
pacitor to control the behavior of the 555 timer. 

Battery Box 
(Right) This holds 3 AAA batteries 


Figure 0-5. Finished 555 blinky 
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Maker Shed is here Monday to Friday, 7:30 AM to 8:00 PM Pacific Time 
Email: help@makershed.com 
Phone: 800-889-8969 or 707-827-7019 
Answers to our most commonly asked questions: http://www.makershed 
comy/help.asp 


Gotakit or product you think we should sell? Send a note to 
kits@makezine.com. 


Want to carry MAKE books or kits in your store? Send a note to 
resellers@makershed.com. 


Use this revised, expanded edition of the 


classic Popular Mechanics automotive 
Buide to keep your car in peak condition 


and save money. 


For more than 100 years, the editors of 
Popular Mechanics have been providing. 
car enthusiasts with the skills and 
confidence they need to keep their 
vehicles running right and looking great. 
By performing any of the more than 

90 maintenance and repair projects in 
these pages, you can avoid and fix minor 
problems and keep your car in perfect 


running order on your own. 


Become familiar with the basic 
components of your car, from the engine, 
drivetrain, and electrical and electronic 
systems to the chassis and the interior 
and exterior. Learn how they work, what 
can go wrong, and how you can get them 


back in smooth working order. 


Ready to try your hand at some more 
advanced auto care? Tune-ups aren't a 


thing of the past on today’s computerized 
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Foreword 


or almost 100 years, the editors of Popular Mechanics have made car care and maintenance 

a central component of the magazine. From the very beginning, we understood just how pas- 

sionate readers were about their cars, and just how far they would go to protect, repair, and 
maintain their beloved vehicles. How else to explain an executive trading in his workday suit for a 
pair of overalls and spending his Saturday afternoons hunkered down under the hood of his car? 
For some of our readers, saving money is no doubr.a major motivation. But for most, working on 
their cars is a labor of love, pure and simple. That, and they want to make sure the repair is done 
right, The cars may have changed over the years, but the dedication of readers has been a constant. 
And Popular Mechanics has been a partner all the way, delivering the hands-on information car 
enthusiasts need to get the job done right. 

We understand that the key to any successful piece of advice is clarity. So we strive to make sure 
our instructions and our illustrations are legible and to the point. We hope you'll find those qual 
ties in evidence in the pages that follow. You'll find chapters on all the basic car components— 
engine, chassis, electrical system, drivetrain, and interior/exterior—as well as an opening chapter on 
Each project is labeled 
.” of “difficult” to allow you to make your own decision as to whether you have 
the requisite expertise, not to mention the time and energy, to undertake a given procedure. So, 


the essential maintenance information that every owner should kno 


“easy,” “modera 


whether you're breaking out the brand-new wrenches from your first tool set, or sliding under a car 
on your creeper for the umpteenth time, you'll find this book to be an indispensable reference 
source, packed with easy-to-follow, step-by-step instructions that take the mystery out of auto 
intenance and save you money. And, should you decide that a given repair is a bit too tricky for 
you, the book will arm you with the knowledge necessary to discuss the work intelligently with 
your professional mechanic. 

Our goal is a simple one: We want to provide you with the information you need to keep that 
treasured car of yours in peak condition regardless of its make, model, or age. We know how much 
you love your car and how dedicated you are to maintaining it. We're hoping our book provides 
you with a way to put that dedication into action. 


The Eprrors 
Popular Mechanics 


CHAPTER ONE 


Maintenance 
Basi 


Replacing Wiper Blades / 4 
Replacing Your Air Filter / 7) 
‘Changing a Tire {10 
Replacing Your Tailpipe / 13, 
Repairing Power Antennas / 16 
Replacing Your Spark Plugs / 19 
Replacing Spark Plug Wires /22. 
Maintaining Your Tires / 24 
Jumpstarting Your Car / 27 
Repairing a Leaky Radiator / 30 
Curing Pulsing Brakes / 34 
Getting Your Car Ready For Winter / 37, 
Repairing a Fiat Tire / 40 
‘Servicing Your A/C / 44 
Maintaining Your Battery / 48 
Replacing a Battery / 54. 
Maintaining and Repairing 
‘Your Suspension / 54 
Replacing Shock Absorbers / 58 
Maintaining, Your Exhaust System / 62 
Replacing Your Belts / 65 
Replacing Hood and Hatch Struts / 69 
Resetting Your Emissions Maintenance 
Reminder (EMR) / 73 
Passing an Emissions Inspection / 76 
Changing Your Oil and Filter /79 
Search Engines / 82 
Charging Your Battery / 85 


hrough the monsoonlike rain, 

lights ahead of you. But despite 
the best efforts of your windshield 
wipers, all you can see are blurry blobs 
of yellow, amber and red. Slowing to 
half speed, you continue to press for 
ward through the del idenly 
shing blobs 
are the warning lights of a stopped 
school bus,and children are running 
across the road in front of you. Fortu- 
nately, your brakes work infinitely ber- 
ter than your windshield wipers 


you realize that those 


Once its dry and sunny again, grab 
a tape measure and head for the garage 
Lift one of the wiper arms (it's usually 
easier ro grab the driver'sside arm) off 
the windshield against its spring ren- 
sion and keep lifting until the pivot 
point locks the arm upright (Fig. 1). 

Look for contaminated rubber 


inserts, which can be caused hy road 


been exposed to the sun too long ina 


(Fig. 4) In 10 minutes, you can replace 
your streaky view of the world through 
a windshield with fresh wiper blades. 


parked position. This will cause chatter- 
ing and skipping, Check for a rubber 
insert that has been partially torn away 
from its metal support, It will sap the 
‘windshield with each wiping pass, 

Plain old dried out, cracked rubber 
inserts mean they've seen better days. 
You also may find rubber inserts that 
are abrasion-worn from winter condi- 
tions, infrequent car washes and/or a 
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(Fig. 2) Measure your old blades before 
heading down to the parts store, 


lack of preventive maintenance. And 
rear-window wiper blades are sub- 
jected to a lot more road grit than 
front blades. In the rear, you get aero- 
dynamic backwash, with the rear tires 
kicking up all sorts of debris. And 
don’t rule aut an improperly installed 
refill. Maybe someone else had tried 
to replace the inserts before you got 
to them, Buy a pair of full-blade 
assemblies to get a factory fir. Also 
check the wiper arms. If they're okay, 
proceed to replace the blades, 


Blade Runner 

But first, measure the length of the 
wiper blade to the nearest inch (Fig. 2). 
Most vehicles today use blades any 
where from about 16 to 21 in. in 
length. However, some cars or mini- 


vans with very large windshields may 


exceed that by a few inches. 

Parts catalogs, even those for sim- 
ple items like wiper blades, are full of 
all sorts of extraneous information. 
You may find three different types of 
refills and three different types of 
blades for almost every vehicle listed, 


REPLACING WIPER BLADES. 


HOW IT WORKS 


Windshield Wipers 


As the rubber insert of a wiper 
blade sweeps across your wet wind- 
shield, a wedge of water builds up 
in front of the rubber—a squeegee 
effect—and the wiper displaces 
that water elsewhere. What's left is 
clean, clear glass that allows you to 
continue on your way safely. That's 
the way it's supposed to work. The 
illustrations to the right show some: 
Of the reasons why it may not. 

Other reasons may involve com- 
ponents that work behind the 
‘scenes—actually, behind the cowl 
fo dashboard of your car, They 
Include the splined shafts that the 
‘wiper arms pivot on, the mechanism 
that creates the back-and-forth piv- 
ting motion and the electric wiper 
motor that drives the whole system. 

‘A small nut under a cosmetic 
plastic cover jams the wiper arm 
onto the splines of its shaft. The 
splines keep the shaft from slipping 
in the arm as it turns in one direc- 
tion and then the other, over and 
‘over and aver. This reciprocating 
motion is created by a metal crank- 
‘ype linkage assembly that’s 
attached to each wiper arm's 
splined shaft, and to the wiper 
‘motor with another splined shaft. 
ure the chugging action of a 
‘steam locomotive's piston and dri- 
vewheels and you'll get the idea. 

Rear wipers—found on minivans, 
SUVs and some sport coupes—work: 
the same way, except the recipro- 
cating mechanism is much smaller 
and built into the motor. 

Wiper speed depends on the 
amount of voltage that's sent to the 
‘motor from the wiper switch—low 
voltage equals low speed, high volt- 
age equals high speed. Intermittent 
‘wiper action is created by a sepa- 
rate electronic module wired 
between the switch on your dash- 
board or steering column stalk and 
‘the motor. Some cars even have 
electronically controlled road- 
speed-sensitive wipers that wipe 
faster the quicker you go. 


RUBBER 


CONTAMINATED, 
RUBBER 


‘TORN RUBBER 


IMPROPERLY 
INSTALLED 
REFILL 


PARK SET RUBBER 


DAMAGED SUPER- 
‘STRUCTURE 


ABRASION. WORN RUBBER 


(Fig. 3) Release the tab to disengage the blade from 


the straightened arm. 


If you don’t know what brand of 
blade your ear has, don’t buy rubber 
insert refills, The refills may not fit the 
blades properly, and you'll get lousy 
wiper performance. 

If you do know what brand of 
blade is currently on the car, refills are 
okay as long as you buy the same 
brand and type. Experience has 
shown that mixing blade and refill 
brands doesn't lead to optimum wiper 
performance. Bur realistically, you're 
still better off just buying a pair of 
blade assemblies no matter what the 
brand. The few extra bucks get you 
‘new, matched components that 
mount quickly and easily. 


Fresh Rubber 

Now that you've got new blades in 
hand, it’s time to determine what 
method to use to mount the wiper 
blade to the wiper arm, There are 
many variations: hook-slor connector, 
pin-type arm, wide-straight end, nar- 
row-straight end, side saddle, pin-type 
blade, narrow-dead locker, flat hook 
and rock to lock. 

‘Ac the very least, you'll need a 
small screwdriver to gently pry the 
blade off the arm or to unlock a tab 
‘of some sort. Sometimes a pair of 
needle-nose pliers helps too, but the 
pliers tend to mar the wiper-arm fin- 
ish more than a serewdrives, 


Bear in mind that most wipers will 
stay raised in an upright position away 
from the windshield so you ean work: 


on them, Others will not. 
So if this s the case, you'll 
have to hold the blade off 
the glass while you work. 
If your car has wipers that 
park behind a cowl or the 
lip of the hood, turn on the 
ignition, turn on the wipers 
and then shut off the igni- 
tion when the wipers are in 
imidstroke so you can have 
access to them, 

Always remember to, 
lay a clean rag on top of 
the windshield to protect 
the glass in ease the bare~ 
metal wiper arm sud- 
denly snaps down on the 
windshield’ glass. 

For the hook-slor connector, you 
generally need to raise the arm off the 
‘windshield to a working height. Then, 
swing the blade perpendicular ro the 
atm so that you have more light on the 
connector. You'll find some sort of tabs 
at the connector that either needs to be 
lifted or pushed to release the lock that 
holds the bade pivor in the hook slot. 
‘Once the tab is released, firm shove 
toward the hase of the arm will slide 
the blade right out of the hook slot 
(Fig. 3). Then, simply line up the new 
blade’s mount (there may he an adapter 
in the box to eteate this mount) with 
the hook slot and slide it in until ic 
licks, This means it’ locked in place, 

For the pin-type arm, raise the arm 
toa working height and take a close 
look ar the type of lnck- 
ing tab that holds the 
blade onto the pin, 
You'll either have to 
push the rab up from 
underneath the blade or 
lift the tab from the top 
with a screwdriver (Fig. 
4), Once the tab 
“uncollars” the pi 
pull the blade assembly 
with a sideways motion 
away from the arm. (Try 
to imagine pulling the 
blade up the windshield, 
to picture the motion.) 
Depending on the blade 
manufacturer, the new 


Unit may simply lock onto the pin. 
Sometimes, the box will contain an 
adapter that locks into the blade open- 
ing and accepts pins in different sizes. 

The straight-end connector can be 
tricky, Sometimes you need to lift a 
rab on top of the existing blade with a 
screwdriver to clear the locking nub 
on the arm. You may also need to 
cock the old blade a few degrees our- 
‘of parallel with the arm to slide i off 
the arm's end, 

Once the old blade is off, applying 
a little antiseize compound to the 
arm’s end couldn't hurt. The new 
blade may come with an adapter to fit 
the arm's end or it may just slide on, 
Again, give a firm shove until the 
blade clicks into place, 

IF you're replacing a rubber insert, 
just grab ie with needle-nose pliers at the 
‘open end. The other end generally has 
‘some sort of deadstop that prevents the 
insert from sliding out. You may need 
ro unlock a tab or squeeze together the 
locking tangs of the insert before you 
‘can begin pulling. Then, just hold the 
blade firmly white you pull the insert 
out ikea piece of spaghetti. Grab the 
new insert —make sure thar you've got 
the right end if they're different—line 
it up with the first set of guides on the 
blade, then feed it in carefully 
sure to engage each set of guides as 
‘you go. Sometimes there are as many 
as eight guides. Once the insert is all 
the way in, make sure itis locked in 


place, @ 


(Fig. 4) With pin-type wiper blades, push down on the 
pin lock to release the wiper blade from the wiper arm 
with a sideways motion. 
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Replacing Your Air Filter 


Your mileage has been dropping 
steadily for months. A tuneup isin 
order, so a fine Saturday morning 
finds you on a deserted stretch of 
road. You figure a few miles of spir- 
ined driving should blow out the cob: 


webs and restore that ponyear perfor 
mance. But what happens instead is a 
lor of noise and not much perfor- 
mance a all, Time to check the ar 
cleaner—which is plugged with dir, 
bugs and leaves. 

Every engine has an air filter, and 
although there have been many types 
of air-filtering materials tried over 


REPLACING YOUR AIR FILTER 


the years—including oil-werted plas- 
tic foams and wire mesh—dry, 
pleated “paper” (actually resin. 
impregnated, heat-cured fiber} con 
tinues to be the material of choice 
for filter elements in everything from 
cars to heavy-duty trucks and off 
road equipment. 


Housing Project 
Cheek your air filter at least once a 
year, All airfilter housings are 
somewhere under the hood (Fig. 4) 
The housing cover may be held by 
wingnuts oF spring clips—pretty 


FILTER 
HOUSING 


O1L VAPOR 


(Fig. 1) Check your old filter element 
for dirt, oll or moisture, cracks and 
proper sealing at the gasket. 


straightforward stuff. Separate the 
cover from the housing and you can 
lift the filter out for inspection. 
Many filters, particularly the nar- 
row cylinders used on older rear 
drive cars and even on many af 
today’s teucks, can be rotated. If 
there’s a dirty area near the ait 
intake 
to remove loose dirt, then turn it 


tap the filter against a table 


180° and expose a fresh surface to 


(Fig. 2) Ifa conical fitter 
has a dirt buildup on only 
half the circumference, it 
‘can be rotated 180° to 
‘equalize dirt pickup, 
extending service life. 
Clean the housing’s inte- 
‘ior before assembly. 


the air intake (Fig. 2). Some conical 
filrers-also can be rotated, but others 
can’t, Never try to clean a “paper™ 
automotive filter in detergent and 
water. Some heavy-duty filters are 
designed to be cleaned several times, 
but automotive filters are not. 

Before you reuse a filter, however, 
inspect it for cracked pleats. The best 
way is to hold the dirty side of the il- 
ter in front of your eyes with good 
lighting on the opposite side (with a 
cylindrical ker, hold a trouble light 
in the middle of the opening). OF 
course, you should see some translu- 
cence (if you don’t, the filter is 
plugged). But if you see even a single 
Tine of light, which indiestes a hair 
line crack, discard the filter. A lot of 
unfiltered air can get through a crack, 
and it’s the abrasive dust in the air 
Sure, that wear 
takes place over time, but if you're in 
a dusty area that time can be a lot 
shorter than you'd like: 

Buy a quality replacement filter: 
‘The top brands are different from the 
rna-name cheapies you may see, There 
are many grades of filter“ 
the more expensive ones used by the 


that wears engines 


top brands have more consistent 


pores, so they do a better job of trap= 

ping dirt, In addition, their pleats are 

more precisely spaced so the filter has 
the maxinium surface area for the size 
of the housing, 


Metering the Air 

Just downstream of the filter housing, 
perhaps connected hy a duct, will be 
the engine’s airflow meter, or sensor, 
{Some engines have no airflow meter. 
Instead, their compurer calculates air 
intake using rpm, intake vacuum and 
barometric pressure.) Contamination 


of the airflow meter will give your 
engine's computer inaccurate infor- 
mation about the amount (mass) of 
air the engine is burning, That could 
mean poor driveability, poor mileage 
and hard starting. 

Don’t, however try to clean the 


airflow sensor, save for blowing, 
loose dirt and cobwebs with your 
breath. The calibration of these 
instruments is fragile, and you stand 
2 good chance of mucking your sen= 
sor up irreparably: 


Duct Hunting 
Before you install the new filtes, 
inspect the duct from the throttle 


body to the filter housing, Spread the 
flutes of the duct, looking for cracks. 
lf the duct is cracked, ir may be closed 
at idle but spread on acceleration, 
when the engine torques. That not 
only brings in unfiltered air, but on 
today’s engines with mass airflaw sen- 
sors, the dirty air also is “unmea- 
sured.” The amount of fuel sprayed 
by the injectors is determined by how 
much air is flowing in, so if some of 
that airflow isn’t measured by the sen- 
sof, nor enough fuel will he injected. 
‘The engine will run lean and hesitate 
and/or stumble. The same thing can 
coceur if the duct isn’t properly fitted 
and clamped at each end. 

Find a crack? Wel, tsa duet, so you 
ean repair it with duct tape (Fig. 3). 
‘Thar's a move that no professional 
would make, because in time the tape 
will lose its grip in the heat of the 
engine compartment, as the duct 
flexes. Bur i's your car, and 
willing to recheck periodically and 
retape as necessary, you can save the 
cost of the new part, or at least post- 
pone the expense. 


Fit Is Important 
Carefully check the fit berween the 
lips of the housing and the rubber 
gasket rimming the filter. This gasket 
nor only seals the filter housing’s two 
halves together, but also provides an 
airtight and dirt-tight seal between 
the filter and the clean side of the 
housing. Look carefully at the old fil 
ter’s gasket. Ir should show a 
smooth, clean line 360° around at 
the sealing face on both sides. The 
rim of the filter housing will have 
compressed the rubber gasket if 
everything is correct. IF not, a little 
detective work is in order. Is the filter 
the correct part? IF not, is your 
replacement filter the correct par 
Don’t rely on just a visual compari- 
son—look up the correct part num- 
ber and cross-reference. Ad it's possi- 
ble another brand will fic better. 
Areall of the spring clamps prop- 
erly latched? Some air cleaners vse 
screws to hold them shut, while oth- 
ers use a large wingnut. All of the fas- 
teners need to be tight, even that one 
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DUCT TAPE 


you can hardly see or reach next to 
the battery, Ona few vehicles, the 
housing is attached by a holt or spring 
clamp that can be removed to allow 
the housing to be displaced an inch or 
two, permitting big hands to fit into a 
narrow space. 

Ready to install the fier element? 
Clean out the housing first, wiping 


the inner surface with a cloth lightly 
moistened with solvent, Insert the 
clement so it seats properly. A filter 
has a specific side up or toward the 
throttle body, and you have to install 
ir correctly so the end seal lines up 
th the shape of the housing or its 

3. IFit doesn't, you won't get a 


good end seal, and incoming air may 


HOW IT WORKS 


(Fig, 3) Check the air cleaner's 
ductwork for leaks and splits, espe- 
cially if you're having driveability 
problems. Temporary repairs can be 
made with ordinary duct tape. 


bypass the filter and allow diet into 
the engine, 


Buttoning Up 

It's time to finish up. Install the cover 
or the halves of the filter housing, In 
addition to the spring clips and 
wingnuts that hold the parts together, 


there also may be alignment tabs in 
areas you can’t reach with your fin- 
gers. Be sure the tabs are engaged as 
you fir the halves together, so the two 
parts of the housing form an airtight 
joint when you turn the wingnuts oF 
engage the spring clips. 

Be sure that both ends of any duct- 
work are properly sealed to both the 
air cleaner body and the airflow meter 
or throttle body, ineluding hose clamps 
or retaining clips 


The resin-impregnated, 
heat-cured “paper” el 
|] ment looks like a pleated 
sheet, and most of the 
dirt particles are stopped 
at the outside surface. A 
light coating of dirt actu- 
ally improves the filtering 
ability of the paper. But 
soon the dirt builds up 
and even starts filling, 
the bottoms of the pleats, 
| | restricting airflow. The 
paper also has multiple 
layers, and if you looked 
at it under a microscope, 
it would look like a forest 
with an irregular criss- 
cross of vines and timt 
the fiber strands of the “paper.” 


Your Air Filter 


some static electricity, 
Which also causes some 
‘smaller dirt particles to 
adhere to the surfaces of 
the paper fibers. 

A point comes when 
not enough voids remain 
to pass the air needed to 
‘supply your engine. The 
result is inadequate oxy- 
gen to burn the fuel at 
‘wide-open throttle. With 
carbureted engines, this 
used to mean rich run- 
ning. Modern fuel- 
injected engines meter 
the air admitted to the 
intake and add appropri- 
ate fuel—making for a 


clean-running engine that eventually won't get out of its 


tall looks random, but the premium-priced filter 
“papers” are more consistent in the sizes ofthe pores 
than it seems, and a quality material is a mathematically 
predictable barrier to dirt particles. in actuality the layers 
of fibers form a maze and some of the dirt also is trapped 
within the layers of the paper. The inrushing air produces 


REPLACING YOUR AIR FILTER 


‘own way. At least carbureted cars coughed and sput- 
tered to let you know that you had a problem, 

But with today's engines, a filter has to be really bad 
to restrict acceleration. A bigger hazard is an overloaded 
filter rupturing and dumping 20 miles of bad road into 
your engine. 
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Changing a Tire 


lat tires are never a fun 
thing—bur this one takes 
the cake. Ir's late, of 


course, and in the middle of a 
frog-choking rain. You're stuck 
in the ankle-deep mud on the 
shoulder of a deserted road. 
How deserted? Out-of-cell- 
phone-coverage deserted, or 
you'd be sitting in the cab of a 
service truck while somebody 
else gets drenched. 
deserted. 

Yes, you could drive along, 
the shoulder on the rim for a 
few miles to civilization, but 
insurance won't cover the dam 
age to your expensive alloy rim 
Ie time to knuckle down and 
put on the spare, 

A pressure can of fla-fix foam ean 
get you home if the problem isa simple 
puncture, and thar may he a viable 
option, especially for smaller individu- 
als or the elderly who would have a 
‘ough time changing a tire. Just remem 
ber two things: This stuff i.a temporary 
solution, and the flat will need to be 
attended to by a tire technician at the 
earliest opportunity, Be sure to warn the 
technician thar you've used this stuff, 
‘The propellantis flammable, and unless 
he’s warned, he stands the chance of 
causing a nasty explosion, Aerosol flat- 
fix, however, is no help if the problem is 
a tire unseated from the wheel rim after 
an encounter with a pothole, 


That's how 


Be Prepared 

First of all, remember to check the 
pressure in your neglected spare tire 
(Fig. 1) whenever you check the pres 
sure in the other four, which you do 
faithfully every month or so, right? A 
flat spate is no help. And if you're like 
most people who savea plugged or 
nearly worn tire for the spare, it’s likely 
that the spare has a slow leak, which 
would leave you stranded, 


WS 


Furthermore, you'll never be able to 


change a tire if you don’t have the 
Ihasics—a jack and a lug wrench (Fig 
2). back into their hidy-hole and 
confirm their existence (Fig. 3), W/ 
you're there and you have enough light 
to read the owner’s manual, figure out 
hhow to unship them and make sure the 


(Fig, 1) Be sure to check the air pres- 
‘sure in your spare tire periodically. 


jack isn’t eusted into immobility. Check 
the manual and find the vehicle's jack- 
ing points. You'll probably need ro le 
‘on the ground to find chem, but chis 
will bea lor more palatable now in 
your driveway than later on the shout 
der of some mud bog, 


Grunting Helps 

‘The most common difficulty in chang- 
ing a rice is lugs that are tightened far 
too tightly. A casual rattle with a 
mechanic's air wrench can deliver a 
tightening torque thar only a pro 
‘wrestler could remove with the stock 
lug wrench. Wheel lugs need to be 
tightened to no more than the manu- 
facrurer’s recommended torque ro 
ensure they won't loosen. Check your 


(Fig. 2) Loosening lug nuts calls for a 
lot of upper-body strength. An inexper 
sive 4-way lug wrench can substantially 
increase your leverage and break loose 
overly tightened lugs. 
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(Fig, 3) Locate the jack and other tire tools and make 


sure you know how to use them, 


‘owner's manual, bur the figure will be 
75 to 100 ft-lb. of torque. Do the 
math—that means a 200-pound adule 
should be able to tighten the 
lugs by placing all his weight on top 
‘of the wrench only 6 in, away from 
the fasteners. A few drops of engine oil 
or grease on the threads and the 
ug chamfer (where the lug touches 
the wheel, not the threads) will 
prevent galling and seizing. 

When removing a wheel, first loosen 
all of the lugs in a erisseross pattern a 
halfum or so, Ir may be necessary to 
tse the mechanic's favorite cheater bar 
(Fig. 4}—a piece of water pipe 
or thick wall pipe about 4 fr, 
Jong—to add enough leverage 
to break the lugs loose. Remove 
them one ata time and lube 
them if they squeak. Retighten 
then in three stages, again ina 
crisscross pattern. 


Black And Round 

‘Many carmakers, in an 

attempt to reduce vibration by 
| making sure the wheels are 
| more concentric with the hub, 
use a protruding lip that mates 
| closely with the centerhole on 
| the rim, This works well for a 
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couple of years, but eventually corro- 
sion from road grime ean make it 
impossible to budge the wheels, even 
after you've loosened! all the lugs. 
Correct this now, and you won't need 
to try it in the field, Jack up the corner 
of the car to rake the load off the 
wheel and kick the wheel alternating 
sides until it pops loose, No joy, and 
now your feet hurt? Be sure the lugs 
are only a single turn from tight, 
lower the car and move it a foot for- 
ward and back, rapping the brakes 
smartly to break the wheel loose. A 
shot of penetrating oil may help in an 


(Fig. 4) A cheater bar helps loosen lugs. Never use it to tighten them. 


hour or two. Clean up the corrosion 
‘with emery paper (Fig. 5) and coat all 
the surfaces lightly with wheel hear- 
ing grease, Vaseline or, best of all, 
antiseize compound. 

You'll need a few things besides 
the on-board tools for your emt 
ency tire change. Pack a flashlight 
with good hatteries or, better yer, 
cigarette-lighter-pawered trouble 
light, an emergency triangle, a couple 
of road flares, some gloves and a pon- 
cho oF ground cloth, Toss in three 
pieces of scrap 2x4 as well, each 
about a foot long, and a piece of thick. 
plywood 2 x 2 feet 


That Fateful Day 

‘When changing a tire the first 
and most important, thing t0 
do isto get the vehicle to a 
safe area, far enough from the 
road to save you from becom 
ing road pizza—particularly if 
the fla ison the let side an 
your back side will be poking 
out into traffic while you 
wark, Ser your triangle or 


(Fig, 5) Remove corrosion from 
the centering hole with emery 
cloth or a wire brush. 


fares 100 fe or 80 upstream. 

Leave the vehicle in Park and 
set the handbrake. Block the 
wheel diagonally opposite the 
flac with two pieces of wood 
(Fig. 6), Loosen all the lugs on 
the flat full carn. Take the 
spare out of the trunk and put it 
halfway under the ear near the 
jack. In the unlikely event the 
car falls off the jack, it will only 
fall onto the spare—not your 
foot or head—and will leave 
you a fighting chance of raising 
the ear and continuing, Hf the 
car falls to the ground, you'll 
have no way to raise it. 

Raise the jack from its stowed 
position to nearly high enough 
to contact the bottom of the car. If 
you've got a different style of jack than 
the one pictured here (Fig, 7), check 
‘your owner's manual for specifies. 

If the ground isn’t firm, pur the 2 x2 
piece of plywood under the jack point, 
| and the jack on top of the wood. Be 
sure everything is level, Jack the car 
up until the flat clears the ground by 
several inches, because the spare isn't 
flat and will need more clearance. 

Remove the lug nuts, and put them 
inside the hubeap or in some other 
| place where they won't get lost in the 

dark, or accidentally scattered into 

the weeds hy your feet 

Pull the flat off and put it 
halfway ander the car. Hang. 
the spare on the studs. No 
studs? You've got hig bolts 

(common on many European 

cars) and you'll need to juggle 

the wheel while you get the top 
one started. The easy way Isto 
sit down on the ground facing, 
the hub and balance the spare 

‘on your legs while you start the 

first Ing holt. If you begin with 

the top bolt, the wheel will 

hang gracefully from it and you 

can start the rest. Finger-tighten 
| all the lugs and then lightly 
tighten them with the lug 


(Fig. 7) The correct jack point on 
the frame of your vehicle may be 
| difficult to reach. 
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(Fig. 6) Block the opposite comer of the car to keep 
it from rolling off the jack. 


wrench, again in a crisscross pattern. 
Be sure you don’t have anything 
(like a stone or mud) trapped 
berween the rim and hu, or che rim 
«will wobble. In fact, if the mud com- 
presses Inter, the lugs could lase their 
torque and the wheel could fly off. If 
you need to, remove the wheel again 
in the morning to remove the debris, 
corrosion and rust from all the mat- 
ing faces and berween the wheel and 
hub, and then lightly lube, This will 
have the added benefit of making the 
wheel easier to remove the next time, 
Hine: There should be some grease to 
be found on the jackscrew of your 


jack, and there's probably 
enough to put a smidgen on the 
lugs with your finger. Be sure to 
get it on the mating chamfer as 
well as on the threads, 

Lower the vehicle and poll the 
jack out, Now you can tighten 
the lugs to cheir correct torque. 


Check the owner’s manual for 
the torque specification, Measure 
carefully, the lug is dry and 
unfubricated, it may take a lot 
more force to tighten the lugs. 
‘The only accurate way to 
torque the lugs is to use a 
mechanie’s torque wrench. 
These can he purchased for 20 
bucks or so. IF you have expen- 
sive alloy wheels, you may want 
to buy one and keep it in the trunk 
[As you're putting away your tools 


and jack, he sure you haven't left 
them covered with mud or moisture, 
which might cause them to rust while 
stored, If they're a mess, clean them 
and relubricate at your earliest oppor- 
tunity, Don't forget to pick up your 
safety triangle. 


Next Morning 

“Take your flat to a competent tire 
technician for repair (“Repairing A 
Flat Tire,” page 40). And don't let 
him overtighten your lugs with his 
fancy-dan air wrench. @ 
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Your Tailpipe 


Replacing 
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(Fig. 1) Carefully slicing a piece of tailpipe 
may be necessary before it's possible to sepa- 
rate it from its mate. Gently pry up the edges 
with an old screwdriver to break the hold. 


rakelights flicker suddenly in 
front of you, followed rapidly 
by the screeching of tires. Cars 


before you swerve to the left and right 
as you slow as safely and rapidly as 
practical, Despite your best efforts, 
the source of the pandemonium, what 
appears to be half of a cement block, 
disappears directly under your front 
bumper at a high speed. Thump. And 
as it exits from your rear bumper, you 
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follow it in your rearview mirror for a 
few seconds. It has company. Your 
muffler—or at least most of your muf 
fler—has apparently developed a last- 
ing relationship with the aforemen- 
tioned cement block. They're eloping 
at high speed toward the curb, inex- 
tricably intertwined. 

‘The next thing you notice is the 
sound of whar seems to he a B-29 
landing in the next lane as you press 


oon the gas. Actually, it's 
minus its muffler— 

waking up again as you try to negoti 
ate through the traffic, back home to 
safety, family and something tall and 
cold that will make your hands stop 

shaking, 

To add insult to injury, you 
replaced your exhaust system from 
the catalytic converter back only last 
spring. Inspection of the underside 


1/Getting the 
Workspace Ready 


Before you canstart soldering, you need to get your iron ready. Thisinvolves 
afew steps. First, you'll have to attach the tip to the soldering iron. Then, 
you'll need to prepare the station: make sure your sponge is moistened, set 
the temperature, and “tin” the tip by applying some solder to it. 


At the end of this chapter, your soldering iron will be assembled, clean, and 
hot enough to begin soldering. 

Solder contains harmful chemicals. Wash your hands after soldering as well 
as after handling solder or the solder station sponge. Though it may be 
tempting to snack while you're working, keep any food or drink away from 
your soldering area, 


of your car reveals good, solid pipe 
most of the length of the vehicle, 
terminating in shards of muffler. 
Here's your chance to replace a few 
feet of pipe and the missing muffler 
yourself, 


Now That You're Home 
Actually, it may not he road debris 
that removes your muffler and 
tailpipe. Rust never sleeps, and 
cars in short-trip service may 
rust out the farthest, coolest 
portions of the exhaust system 
inas little as 18 months, 

The following scenario is 
typical of vehicles that have 
had part of their exhaust sys- 
tem replaced at least once. The 
saga begins with a section of 
the original exhaust plumbing 
behind the catalytic converter 
rusting out and making a 
ruckus. Because the original 
exhaust pipes are welded 


pipes it’s connected to at both ends 
have been crimped by clamps. How 
do you remove the Swiss-cheese pipe 
without ruining the other two? By 
using a power cutting wheel and a 
very steady hand (Fig. 1), The pr 
ferred tool is an air-powered die 
grinder with a cutoff wheel, but a 
high-speed electric drill will work, 
albeit more slowly. 


oil, so you ean get them out, pry the 
flange from its rusty partner and 
secure the new flange with a new gas- 
ket and fresh bolts, Use antiseize 
compound on everything to ease 
removal the next tim 

The other type of coupling is made 
up oF larger pipe slipped over a 
smaller one or a smaller pipe slipped 
into a larger one, depending on which 
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together, however all the pipes 
from the cat back need to be 
replaced. There's no practical 


way to remove just the rotted 
section because of all the 
welds, 

If you had the wherewithal, 
you could probably eut out just 
the rusted portion and havea 
pipe custom-fitted. But that 
would be extremely labor- 
intensive and not particularly 
economical over the long haul 
Also, exhaust work just isn't 
done that way. $0, generally, 
two or three aftermarket pipes 
and the muffler are clamped 


together behind the converter 
to repair the exhaust. 

‘Then you drive around for 
another year or two in peace and 
quiet—unaware that the replacement 
pipes hanging under you tend to rust 
at different rates, Sometimes, the mid- 
le pipe oF the theee you installed goes 
first, Other times, the muffler ar the 
tend falls off before the other two. Still 
‘other times, the flanged pipe bolted to 
the cat is the first to go bad, In all 
eases, though, you want to replace 
only the bad pipe. Problem is, the 


Sizing It Up 
Get the back of the car up on jack 
stands, with chocks securing the front 
wheels. Be sure fo wear safety gog- 
gles, as exhaust systems tend to drop. 
razor-sharp flakes of rust that are 
seemingly attracted to your eyes. 

Gec under the vehicle to see what 
kind of couplings you're dealing 
with, The flanged type is easy. Just 
spray the rusty bolts with penetrant 


(Fig, 3) After installing all the parts, adjust for fit and tighten the clamps. 


‘way the coupling is facing, Both may 
he present in the same exhaust sys- 
tem. The important thing to temem- 
ber is that you may need to save the 
inner pipe, so use a gentle touch with 
the cutting wheel. If the outer pipe 
needs to be saved, there’s nothing you 
do to keep from cutting it. But 
that’s why youre going to use a c 
ting wheel instead of an impact chisel. 
It makes for a neater, smoother cut. 
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(Fig, 4) Smear muffler cement over the joint after you install the clamp. 


Slice, Don't Dice 
To begin, remove the bad pipe’s 
clamps. Then, make a lengthwise 
mark 1 to 2 in. long where you want 
to slice open the outer pipe, Pur on-a 
ir of gogaes, yet a good double- 
handed grip on the cutter tool and 
start it up. Slowly raise the spinning 
wheel vo the mark on the pipe, With 
gentle pressure, score the mark. 
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If you're saving the inner pipe, 
repeat this step until you're through 
the outer pipe. Irs okay for the inner 
Pipe to geta litle score groove in it— 
just as long as you don't cur it all the 
way through. If yon're saving the outer 
pipe, the second cur can take you all 
the way through the inner pip. 

With the cut made, use a serew- 
driver ora chisel to pry open the 


outer pipe like a tin cam. That will 
give you enough play ar the erimped 
area to wiggle the pipes apart. 


Spread 'em 

Ficting a new pipe over an old one is 
ro problem. Fitting a new pipe into an 
old one sometimes is, because of the 
crimp from the old clamp. If you're 
having trouble, use an exhaust-pipe 
expander to gain some extra clearance. 
‘Then, simply fit the pipes together as if 
they were both new after smearing a 
litle muffler cement on the joint. 

If you saved the outer pipe, it 
now has a 1-to 2-in, slice at the 
end, Make sure to slide the inner 
pipe in past the end of the cut, so 
there's no hole between the pipes 
(Fig. 2). Install a new muffler clamp, 
but don’ tighten it until the rest of 
the system is hung from the hangers 
and aligned properly (Fig. 3). 

(Once everything is back rogether 
and clamped down tight, a litle 
muffler cement strategically applied 
with your thumb over the cut will 
take care of any tiny residual gaps 
(Fig. 4), Lower your car and enjoy 
the silence. @ 
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Repairing Power Antennas 


(Fig. 2) Scratchy radio reception might be caused by poor ground or antenna 
connections. Use an ohmmeter to chase high resistance points. 


so you reach into the console for 
your favorite MCS CD, Popping, 
‘open the jewel box, you reach for the 
CD, only to find our that Junior has 
liberally lubricated it with peanue 
butter and jelly. After making a men- 
tal note ro give Junior a good talk- 
ing-to, you decide to surf the air- 
‘waves for some good oldtime rock- 
and-roll, Punching the FM button, 
you hope that at least one of the 
radio presets has some Bob Seger 
tunes hiding behind it. But no, 
there's nothing to be heard on any 
channel except a great rushing noise, 
nor even so much as CONELRAD. 
| Time to come back to this millen- 
nium and find our whar’s wrong with 
| your antenna. 


I t's time to kick out some jams, 
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Manual Or Power? 
Fixed antennas have only 4 couple of 
failure modes, and generally they 
involve mechanical damage to the 
antenna mast or the cable. If part of 
the mast is still there, you'll generally 
got some sort of signal. A poor con- 
nection between the antenina base and 
the fender also could be a problem. 
Unscrew the antenna mounting nut 
and check for corrosion, A cleanup 
swith a wire brush and reassembly 
‘might re-establish a good ground. 
Power antennas are more coy. If 
they're too shy to come our of the 
fender, you're listening to static. 


No-Show 
The issue could be either electrical or 
purely mechanical. Go back to your 


(Fig. 2) If water that leaks down the 
‘mast can't escape, the mechanism 
may freeze up. 


antenna and try to pull the mast out 
with your fingers. If it moves out 
readily, pull ir out all the way. and 
then cycle the radio power with the 
key on. If the mast moves even the 
slightest amount, or you can hear the 
motor running at all, the problem is, 
mechanical. 

Ifthe motor seems deceased, 
{go back to hasics—check the fuse. 
Determining which fuse protects the 
antenna motor may requite some 
detective work. It may be the radio 
fuse, or it may be a separate fuse, pet= 
haps shared with the rear-window 
defroster grid or a trank-mounted CD 
changer. (Finding something else that 
doesn’t work often is a good chue,) 

Fuse is okay? Check the antenna’s 
‘mounting, as described previously, for 
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(Fig. 3) A sticky or damaged antenna 
‘mast can often be replaced without 
accessing or disassembling the mecha- 
hism. As we show here, this can be 
done without removing’ the interior trim. 


a good ground pathway, although 
there may be a separate ground wire 
to.a specific chassis ground point. You 
may want to use an ohmmeter (Fig. 1) 
to hunt for resistance. Incidentally, if 
you ry to measure the resistance of 
the antenna cable's RF lead between 
the mast and the radio connector, it 
may check out as infinite, Some 
antenna assemblies use a eapacitor in 
series with the RF lead, some don't. 
The ground shell of the antenna cable 
should have a low resistance to chas- 
sis ground, normally 5 ohms or less. 
You'll need to find a schematic of 
the antenna wiring to troubleshoot 
any deeper. But with the radio and 
key on, the harness to the antenna 
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assembly should have one hot wire 
on, and a different wire hot when the 
key or radio is off, Good hunting, 


Stubborn 

Does the antenna motor run briefly 
bur not actually move the mast up 
and down? Or does it move a few 
inches and then geind to a halt? One 
problem we've seen is a kinked or 
pinched drain tube. (Fig. 2) The mech- 
anism can fill with water, which then 


freezes solid in cold weather, or cor- 
rodes the works and causes a jam. 
Cheek the tube, especially if you can 
pull the mast out manually and it's 
wer, If the rube is compromised and 
the works are full of water, you may 
need to disassemble the thing, dry ic 
out, and put it back together with 
fresh lubricant, 

Can you help the mast along in 
and our? Tf so, the sliding sections 


of the mast may be corroded or bent, 
Careful bending by hand may restore 
movement, and polishing with 600-grit 
sandpaper or rubbing compound can 
smooth the action. At the very least, 
run the mast completely out and clean 
it thoroughly with a soft cloth, relu 
bricating with a sparse amount of sili- 
cone grease or paste wax 


What's That Funny Noise? 
Modern power antennas use a simple, 
flexible rack-and-pinion mechanism, 
Tes pretty reliable, but abuse and the 
ravages of time and weather can liter- 
ally strip the gears, So if you hear 
noises that sound like interrupted gear 
meshing, there's probably some section 
ofthe rack or pinion that's in need of 
dental work. I's possible to fix this 
without replacing the antenna assem- 
bly outright (Fig. 3) (You may not even 
have to access the mechanism.) 
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(Fig. 4) Remove the outer nut and 
collar as a first step to removing or 
replacing the mast. 


Visit your dealership’s parts depart 
ment. GM, for one, offers a repair kit 
for power antennas. This consists of a 
new mast and rack assembly, ready to 
install. You may need to order it, as 
the two dealers we tried didn’t have it 
in stock, There are aftermarker 
antenna parts to be had, but finding 
the right part is going to be difficule 
unless you have better luck than we 
did interrogating the staff behind the 
parts counter ar the local warehouse 
distributor. 

Here's how the system works: The 
limir switches thar stop the motor at 
both ends of the antenna mast’s travel 
are built into the mechanism, and you. 
can consider them unserviceable, The 
limie switehes rely on the antenna bot- 


toming out or topping out to rotate a 
switch drum, at which point the cur- 
rent fo the motor turns off. 

Acthe top of the antenna mechanism 
isa large nur thar holds the whole works 
conto the fender Remove this nt. This 
isn’t as easy as it sounds if it doesa't have 
flats that you ean curn with a wrench, 
You may need to use a spanner with 
pins—although a pair of snap ring plies 
may work if the nucisn't wickedly 
At the potential expense of the chrome 
finish, you may need to fall back on the 
mechanic’ friend, Jacking pliers. Under 
the nut and perhapsa plastic spacer or 
‘wo there will bea ferrule (Fie. 4), which 


is the stepped sleeve that the mast actu 
ally bumps into a the end of its travel 
upward, Poll out this ferrule, Now have 
someone else rurn on the radio. The 
mast should cleyate itself completely our 
and flop over, so you have to be there to 
ch it. Carefully notice which way'the 
teeth ofthe rack point as the mast clears 
the fender. Note the state of the teeth, 
Missing teeth probably mean you 
should disassemble the housing and 
clear all the bits out, but teeth thar are 
simply worn should be okay. 

“The new mast’s rack has been 
curled up like a pig's tail in the pack- 
age, and it wll be difficult getting it to 
imesh with the gears. With your fin- 
gets ar pliers, bend the bottom 2 or 3 
in, backward co remove the curl. The 
end should be straight now. After 
‘making sure that the radio is turned 
off rake a look ar the last tooth—you 
may need £0 remove a small amount 
of casting flash. A pocketknife does 
thar job well 

Take the new mast, with the teeth 
of its rack appropriately oriented, 
and insert i into the hole until it bor- 


roms, Rotate the mast a litte to the 
left and right to get the teeth to mesh 
wwith the pinion gear (Fig. 8). Have 
your helper turn the radio on and off 
while you push the new mast firmly 
down. This will cause the limit switch 
ro cycle inside the mechanism. Now 
have your helper turn the radio on, 
and if all is well, the mast will suck 
itself very neatly in until it bottoms 
out. All you need to do now is rein- 
stall the ferrule, spacers and nut. 
Lightly lube the mast seetions with 
silicone grease or paste wax. 


Outer Limits 
If the limit switch mechanism stops 
working, you may be able to disas- 
semble it, clean up any foreign matter 
‘or corrosion, and ger it 


(Fig. 5) It may take 
a litte fumbling to 
‘gat the rack to 
mesh with the drive 
pinion, but when it 
does the mast will 
‘un completely 
home by itself. 


running again, The switch consists 
ofa plastic drum with wiper fingers 
and electrical traces, so it's vulnerable 
to moisture and dried-out lubricant. If 
you can’t fix i, or the motor itself is 
toasted, you'll need to replace the 
whole shootin’ match. An aftermarket 
Antenna will set you back ahour $60 
to $75 at the local auto parts store, or 
more than a hundred at the dealer— 
maybe more for a lasury import. The 
OFM parts will, af course, drop in. 
Aftermarket pieces may require a 
certain amount of adaptation to 
‘mount properly, and perhaps even 
‘some creative wiring to make them 
work properly, Don't forget to check 
for used parts atthe local scrapyard 
‘or auto recycler. 
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Replacing Your Spark Plugs 


espite the heavy traf 
fic—periods of slow-g0 
interspersed with longer 


periods of no-go—things are 
okay. You've gor that new 
Yanni disc in the player and 
your java is still piping hot. 
However, as your drive wears 
on, the CD starts skipping and 
the coffee in your cup starts 
spilling over the top. Suddenly 
you realize that your engine is 
‘no longer idling with its accus- 
tomed silky smoothness. In 
fact, it's getting as lumpy as 
cold oatmeal. The engine's 
developed a bad mis 
As you sitand jiggle along in 
the rough-running car, you fig- 
ure that it can’ be the spark 
plugs. After all, with today’s 
unleaded gasoline they can last 
twice as long as they used 0, 
And the engine's high-output 
electronic ignition system pro- 
duces enough voltage to fire 
worn plug, 
ell, think again, 


Although plugs won't lead-foul 
‘with today’s unleaded gaso- 
Tine, they can oil-foul, earbon-foul 
or even be fouled by some fuel addi- 
tives. So if you've gor a misfire, 
there’s a fair chance a plug is the 
cause. In fact, it’s more likely a plug 
than the fuel injector. So, hack 


home, it’s time ro take the plugs out. 


Look for oily-black or sooty earbor 
black deposits, The former usually 
are from defective intake valve stem 
seals, the latter from an overly rich 
fuel mixture, or a lazy or defective 
‘oxygen (Os) sensor, The oxygen sen- 
sor is what signals the computer to 
adjust the fuel mixture, 

Teean be tough to hear a misfire 
which is one reason why emissions- 
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control standards require the engine 
computer’s on-board diagnosties 
(OBD) to log trouble codes for each of 
the eylinders. However, the first cars 
equipped with that setup (valled OBD 
1) weren't produced until 1994, and 
‘most ears didn’t have ir until 1996, 
Even with an earlier model, you 
should cheek for trouble codes indi- 
cating a problem wich the engine, 
particularly those involving the oxy- 
en sensor. But if engine perfor- 
mance js down and you're nor see- 
ing trouble codes, and the plugs 
have gone a couple of years or 
about 30,000 miles, it’s worth 
pulling them for a look, But not so 


fast—this may nit be as easy as in 
your last ear, 

First, it may be harder to discon- 
neet the phig wires. IF they're 
recessed, you can’t just pull on the 
wire. Worse, most of the simple 
spark plug pullers we've evied won't 
work ona stuck hoot. You need pli- 
ers that grip the end of the boot 
and give you something solid to 
hold. These pullers cost $20 or s0, 
In any case, twisting the hoot to 
break the heat seal often is neces- 
sary, even with pliers, Never try to 
pull on the plug wire itself, or 
I probably cause a separation 
in the resistance wire. 


A second thing to watch for is 
whether your spark-plug socker really 
fits. To meet the latest standard of the 
Society of Automotive Engineers, 
many new plugs are about li-in, 
Jonger than you're probably used ro. 
An older, marginal socket may not fit 
the hex properly and could slip off 
and break the plug. Italso helps to 
tuse a socket with a rubber insert ro 
securely hold the plug. 


Finally, the elbow grease 

Start with a warm engine, Clean the 
plug hole recesses with compressed 
ait, crack all the plugs loose one-quar- 
ter turn, and let the engine cool 
Removing plugs from a hot cylinder 
head ean damage the threads. 

‘Once you have the plugs out, 
check them carefully before you 
decide they've gor a lot of life left. 
Use a magnifying glass and feeler 
gauge to he sure. Ifthe gap is worn 
.005 in. over the specs, and you can 
see rounding off of the center elec- 
trode and wear on the side electrode, 
inseall new plugs. Forget trying to 
file the plugs. 

If you're reinstalling the old 
plugs, smear a film of anriseize on 
the threads near the tip. New plugs 
have a coating char will lubricate 
the threads on the way in and pre~ 
vent the plug from seizing on their 
next removal, but it’s only good for 
one stab. 

Ifany spark plugs are dry-soor 
black, thar's from carbon—a rich- 
Fuel mixture problem. If there's a 
trouble code indicating the oxygen 
sensor is incorrectly signaling lean, 
the sensor could be responsible. If it's 


correctly indicating a rich mixture, 
then you have to look for a cause, 
such as lealeing Fuel injectors or 
engine mistire, perhaps caused by 
defective plug wires. It would seem 
thar misfire would throw a lot of raw 
gas into the exhaust, which it does. 
But it also throws in a lor of oxygen, 
and thar’s what the sensor sees, and 
in this case it just tells the computer 
to add more fuel. 

Not sure or no code? Then check 
the oxygen sensor, which resembles a 
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The Right Plug 


The correct plug for your 
‘engine is, of course, the 

‘exact part number that 

the manufacturer 

installed at the factory. 

When it's time to retire 

‘them, you'll be forced to 

‘choose from several 

manufacturers’ offerings, 

and they're all pretty 

much alte, right? Wrong. 

There are subtle ditfer- 

‘ences in a plug's ability to dissipate heat that belie what would otherwise 
‘be an exact physical match. A “hot” plug has a long path through the 
‘ceramic to the (relatively) cool cylinder head. A “cold” plug has a shorter 
hheat-conduction path and tends to nun cooler. 

Plug manufacturers cross-reference their product lines to other manu- 
facturers' lines, and you should be able to find a plug to fit almost anything 
in the cross-reference chart. More important than heat range are things 
like thread diameter and length, and the type of tip. 

Installing the wrong plug can ruin your engine instantly if the plug is 
‘too long and whacks the top of the piston, especially in today’s alu- 
minum heads. 

Too short a plug not only won't fire, carbon will quickly fill the threads on 


the oylinder’s head, preventing you from installing the correct plug. 


spark plug threaded into the exhaust 
manifold. If there’s an O, trouble 
code and no apparent other cause, 
you could just replace the sensor. Of, 
hefore you invest in a new one, test 
the sensor you've got. You can do 
this using one of the inexpensive 
testers made for Saturday mechanics. 
With a warmed-up engine (necessary 
to get the Os sensor working) and 
the throttle cracked open (so the 
engine is running at about 2000 
pm), the rester’s indicator lights typ- 
ically will flash on and off (or will 
both glow steadily) if the Oy sensor 
is working properly. 

If you don’t get the lights, oF as an 
extra check, let the engine cool, 
Remove the sensor with a tight-fitting 
wrench and hench-test it. The typical 
sensor has a closed but slorted end 
and is.a heat battery of sorts. If you 
envelop the sensor end with the flame 
of a propane torch (so it gets hor but 
not cherry red), it should produce 


over 0.4¥ with a high-impedance digi- 
ral voltmeter hooked up, or turn on 
the tester lights If the sensor is good, 
the voltage should drop or the lights 
go our within 3 seconds after you pull 
ayvay the flame. 

Occasionally vehicle has a different 
type of sensor, and in some designs it 
hhas an open tip. This sa varying-resis- 
tance device that doesn't respond t0 
these voltage sencrating tests, so you'll 
have w rely on the on-board diagnostic 
system for openers, and a shop manual 
checkout procedore to find out if e's 
bad. This type (widely used on new 
cars) also was used on 1987-90 Jeeps, 
aan occasional Toyora inthe lae 1980s 
anda lot of Nissans, These days you 
should have access to factory service 
information (or a good aftermarket 
equivalent) for your ea, 30 refer to it 

‘Whether you install a new sensor 
‘or refit the one you've got, coat the 
threads of the Os sensor with anti- 
compound. @ 
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Replacing Spark Plug Wires 


fore easing our of the fast: 
food's parking lor, you grab a 
ip of the hot coffee you 


picked up at the drive-thru, You take 
your time as you place the eup in its 
holder in the center console, No 
hurry. The approaching traffic may be 
moving fast, bur it’ far enough avway 
for you to accelerate up to eruising 
speed. Good thing, because at about 
half-throttle you feel the engine mis- 
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(Fig. 2) Inexpensive 
boot pliers allow 
you to remove 
stuck plug wires 
without damage. 


fire. The closing traffic has time to 
back off and let you sputter up to 
road speed, But now your engine 
sputters like a Harley idling at the 
curb, even at normal traffic speeds. 
‘And there's coffee all over the console 
from the vibration, 


What's Up? 
A brief underhood inspection con- 
firms that all the vacuum hoses are on 


(Fig. 4) Dampen the wires with a 
spray bottle and clear water, and look 
for ares with a grounded, insulated 
screwdriver. 


and that none of them have been 
against the 
touched 


burned open by leani 
exhaust manifold. You" 
every sensor connection to see if 


it’s on tight, you've even checked for 
trouble cod 
However, not everything calls for 


high-tech diagnostics and the latest 
sean tester, Engine misfire often is 
caused hy leaking spark plug wires, so 
visual inspection could reveal what's 
wrong. The jackets may be damaged 
from the outside by abrasion caused 
by engine vibration (particularly at 
the plug-end boots), a hot engine 
compartment, spilled fluids or battery 
acid, multiple disconnections and 
reconnections for other service, or 
even a family of nesting rodents 

Run the engine in near darkness, 
and then look and listen. If you see 
little electrical ares, or hear a snap- 
crack, there is high-voltage electrical 
leakage, Of course, running the 
engine at idle doesn’t exercise the 
ignition system very hard, so you can 
add something to the test by spraying 
the plug wire ends with clean water 
from a household spray bottle. 

Another test: With a jumper wire, 
ground the metal shank of a serew- 
driver that has a well-insulared handle. 
Then, run the tip of the screwdriver 
along the length of each wire and all 
around at the coil and plug boots, This 
will often produce an are from the wire 
to the screwdriver (Fig, 2). 

Now look ar the wires under good 
lighting. If they are damaged by abra 
sion, vil-soaked, cut, burned from 


contact with the exhaust, or have a 
dried-out look with heat cracks it 
definitely shouldn't be a surprise if 
you see ares in the dark under some 
conditions, However: if they look bad 


a 


2 


but there are no ares, do a resis- 
tance check. 

A conventional plug wire has 
a resistance of 10,000 to 15,000 
ohms per foot of length—if its 
measurably higher, the wire 
probably is bad. An absolutely 
failed wire will have a hairlin 
break somewher 
rance will be infinity 


ind the resis 


Out With The Old, 
In With The New 
Once you've found a bad wire, 
the solution should be simple: 
Replace the plug wires 

First, you have to decide 
whether you want to buy froma 
car dealer at list price or get 
a quality aftermarket brand, if you have 
that choice. Prices for 1980s models 
may be under $35 fora popular make 
at the parts store. For a late-model V8, 
be prepared to pay the dealer up £0 
$200 oF more, even fora popular car 


sp 


PLUG WIRE 
RETAINER CLIPS 


(Fig. 3) Some wires are secured inside the cap by 


ring clips. Use needle-nose pliers here. 


A word of caution: You may nor 
want “high-performance” wires, even 
if they fit your ear (and they may be 
cheaper than a conventional type]. 
Some high-performance wires are not 
the resistance type, and although they 
may do well on racing cars, they can 
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affect the operation of under- 
hood electronics by nor contain. 
ing radio waves, 

The actual method of remov 
ing the old wire is noc always 
“just pull i off.” Pulling on the 
wire itself is sure to cause an 
internal separation (see p. 19), 
Of course, if you're replacing a 
bad wire, it may not matter, but 
if any one of the old wires is 
still good, it’s best to keep it as 
a spare. 

Grasp the plug wire by the 
boot at the plug end. It's in a 
recess or is difficule to access for 
some other reason, use a spark 
plug wire tool, There are special 
pliers of all sorts designed to reach in 
and grasp the boot (Fig. 2). They're not 
expensive, and having them could prove 


useful if you ever have to disconnect 
wires for other underhood service. Twist 
the boor if necessary to break the heat 
seal to the plug, then pull. As you do this 


‘The spark plug wire has a seemingly 


simple job: Carry the high-voltage 
electricity produced by the ignition 
coil to the terminal of the spark 
plug. Once at the plug, the electric- 
ity travels to the other end of the 


plug, and jumps a gap between elec- 


trodes to produce the “spark” 
that ignites the fuel mixture, 
Because high-voltage elec- 
tricity looks for an easier 
path to jump across than a 
pair of electrodes in a spark 
plug, containing the electric- 
ity within the wire takes a 
‘thick jacket of insulation, and 
‘some wires have an outer 
Jacket to resist cuts, high 
underhood temperatures, ete. 
If that outer jacket is dam- 
aged, the electricity may leak 
out to follow the easier path. 
In addition, high-voltage elec- 
tricity produces radio waves, 
which can cause interference 


Spark Plug Wires 


«with all types of on-car electronic 
devices, from sensors and comput- 
ers to radios and other entertain- 
‘ment systems. So, a simple length 
of solid wire can create problems. 
The electrical conductor typically 
has a carbon-impregnated core of a 


SYNTHETIC OUTER 
INSULATOR FOR 
TOUGHNESS: 


‘SPARK PLUG. 
TERMINAL 


‘THICK RUBBER 
INNER 
INSULATOR 


CONDUCTOR IS CARBON- 
IMPREGNATED NYLON. 
STRING [AVOIDS RADIO 
AND TV INTERFERENCE] 


‘suitable fiber, and everything from 
nylon to Kevlar has been used by 
different makers. That conductor 
(often covered by a second layer of 
‘a nonconductive material such as 
synthetic rubber) has enough elec- 
trical resistance to suppress radio 
Interference without unduly 
weakening the spark. Some 
premium wires may have cop- 
per or stainless steel wire 
wound around the carbon 
core to reduce resistance. In 
some special applications in 
Which minimum resistance is 
needed for engine perfor- 
‘mance, a solid metal wire has 
been used as a conductor, 
but over the inner layer of 
insulation is a layer of wound 
wire as a shield. On other 
types of wires, the outer 
Jacket of the wire may have a 
‘metallic shield to prevent 
interference. 
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(Fig. 4) Replace plug 
wires one at a time to 
maintain the exact same 
routing as original. Use 
silicone grease on the 
boots to allow easy 
removal in the future. 


take note if you feel some 
looseness at the connection 
(itmay have been caused by 
engine vibration). 

The plug wire usually 
is more accessible at the 
coil end, but it may nor be 
a simple push-on. Since 
the early 1980s, Chrysler 
plug wires on engines 
with distributors have 
been held in the eap by 
spring clips. Compress the 
tangs of the elip with pli- 
crs and push out to disen- 
szage the wire (Fig. 3) 
Some Japanese makes 
have thread-in “boots.” 

Follow the rouring of a 


spark plug wire as ifit were the road 
to success, because when it comes to 
really is 


engine operation, 
manufacturer includes litle plastic 
guides, and although they may cost 
pennies to make and install, they're 
used ro locate each wire so it doesn’t 
cause crossfire (a transfer of high-vol 
age electricity from one eylinder’s wire 
to the one that's next in the firing 
order] (Fig. 4). If you see one wire 
crossing over or under another at 
nearly right angles, thar’s an example 
Of the routing strategy used to avoid 
crossfire, 

Of course, on some engines with 


evil-on-plug ignition (COP), there is 
no wire and the boot is out of 
sight, out of mind. Although 
this type is immune to hungry 
rodents, boot may suffer inter- 
nal damage from high-voltage 
electricity or cracking from 
engine heat. Tes even possi- 

ble for spilled oil ro flow 

under the cover and get 

down onto the boots on 

some cars, so have a rag handy 
when you're adding engine oil. I's 
impractical to check the 


boors with 
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the engine running, so you've gor to 
remove the ignition cover and lift the 
COP modules to make a physical 
inspection. There are some “hybrid” 
designs, with one coil on one plug to 
serve two eylinders (Fig, 5). The coil 
directly feeds a plug in a boor under- 
neath, and there’sa plug wire 
(replaceable) 10 a second plug, 
‘The COP boors alone are usually 


(Fig. 5) Many newer 
‘ears have individual 
coils mounted on the 
plugs. Short wires 
‘connect oppasite-firing 
cylinders. 


under $25 a set, and are strictly a 
dealee part, Just pull the coil/clectron- 
ics module off the plug and then pull 
the boot off the module, Ifthe boot is 
integral to the electronies the price 
could he $100 each, 

‘There's no maintenance you can 
perform to extend the life of plug 
wires. However, before you install the 
hoot on the plug, coat the inside with 
boot release lube (a sili 
cone grease} to make it 
easier to remove next 
time, And whenever 
you work under the 
hood, avoid nicking the 
wires, spilling solvent 
con them, or mishan- 
dling if you have to set 
them aside while you 
work on something else. 
And if you sea wire 
dangling very close to 
the eshaust manifold, 
reposition it in its 


guide to gain some 


prevention can be worth 
a couple of hundred 


dollars oF cure. @ 


ea 


1: Attach the Tip 


Locate the soldering iron (make sure it's unplugged and cool), a soldering 
iron tip, and the tip nut that holds the tip in place. Insert the tip into the 
soldering iran as shown in Figure 1-1, and push it in as far as it will go it will 
‘not require much force to insert it. 


WARNING: Make sure the soldering iron is unplug 
e ged and cool 


Figure 1-1. Inserting the tip into the tube 


2: Secure the Tip 


Slidethetip nut over thetip, and screwitin place. Youcan use pliers totighten 
it (see Figure 1-2). Be careful not to overtighten it, since you will eventually 
need to replaceit when thetip gets worn fromallthe projects you'llbe making 
wath it. 


2 Loam to Solder 
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pressures in YOUT driveway 


(Fig, 2) Appropriate tire pressures are 
listed on a sticker on the doorframe or 
the matching door pillar. 


handling will be, and the cooler the 
tire will run at speed, All tires leak air 
pressure over time. The closer the 
tires are to the recommended maxi- 
mum pressure, the greater the safety 
‘margin for all operating parameters 
Anniormal tire leaks about .5 £0 1 psi 
per month. 

In addition, as ambient rempera~ 
tures drop with the changes of sea- 
sons, so do the tires” air pressure— 
fone psi per 10°F, ke might seem that 
the remperature-relaced drop is 
matched by lower operating tempera- 
tures of the tires in cold weather. But 
the key to tire safety is adequate pres- 
sure ro carry your vehicle’ load. 
Although higher tie pressures 
stiffen the ride somewhar, ita small 
price to pay for the extra safety and 
the ability of the vehicle to aecommo- 
date greater loads, Maintaining 
proper tire pressure also improves 
fuel economy, although not by much, 
Caution: Overinflation increases 
center tread wear. 

Don’ forget the spare, And note 
our earlier warning abour the higher 
specified pressure for a compact 
spare. If your spare is eartied in the 
underbody, as itis on many minivans, 
you'll need to crawl underneath with 
4 pressure gauge and air hose, 


MAINTAINING YOUR TIRES 


Inspecting Tires 

If you hita road hazard such as a 
sharp rock, of course you're going to 
Took as soon as possible for damage. 
Hur remember, even if the exterior 
looks fine, the tire may be damayed 
inside. Although it may not slow-lea 
i could fail suddenly. You'd be wise 
to get the car to a tire shop so the tire 
can be demounted and given an inter~ 
nal inspection, The few dollars is a 
great investment in peace of mind, 
and if there is internal damage, forget 
about a patch. Invest in new rubber. 


(Fig.3) Check the tread for cuts, foreign objects 
and abnormal wear. The wear bars will indicate 


‘when the tire Is worn out. 


Wheel alignment also plays an 
important role in tire performance. 1f 
the wheels are misaligned, they don’t 
roll true down the road. The side slip- 
page produces friction, which raises 
tire temperatures and not only 
increases tread wear but causes the 
wear to be uneven. 

So inspect the tire treads. As you 
do, pry out pebbles from the grooves. 
They reduce traction and ean damage 
the tread area, 

The treads should be deepest at 
midpoint—at least in. thick. That's 
‘Hin, above the tread bars that are the 
official “replace them” indicators, 
(Fig. 3). However, you need tread 
ahove those bars or the tire will do 
poor job of shedding any water and 
slush ic runs into on the road. The 
wear pattern should be relatively even 
at each side, although it might be 
somewhat greater in the midal 
Tread wear that is “feathered” —worn 


toa sharp edge ar one or both sides— 
cor much greater on one side isa sign 
of misalignment. 

If you see cuplike wear in the 
treads, typically along one side, the 
possible causes are wheels that are out 
of halance, worn-out shocks or struts, 
and loose suspension components 
The classic sign of unbalanced wheels 
is high-speed (50 mph and up) vibra- 
tion, and ie usually surfaces before the 
cuplike wear becomes noticeable. Sus- 
pension problems usually produce 
shake at lower speeds. 

Look for any cuts on the 
surface of the tire that 
expose the steel belt or fab- 
ric cord. This is grounds for 
immediate replacement. 

Tires with unevenly 
worn treads should be 
replaced, unless the prob- 
lem is caught early and 
there’s plenty of tread 
depth left. In that ease, 
they could provide a mod- 
erate amount of life on the 
rear wheels, particularly 
ona front-drive ear. How- 
ever, if you have an all- 
wheel drive that you push 
prerty hard, invest in an 
entire set of new tires. 


Wheel Balancing 

Most shops have off-car electronic 
balancers that allow the wheels to be 
rotated to any position without affect- 
ing their balance. The disadvantage is, 
if there’s any unbalance in the wheel 
hub, it won't be corrected, If this does- 
n't cure the vibration, it’s worth find- 
inga shop with on-car equipment 
before you try something else, In addi- 
tion, make sure the shop has weights 
designed for your wheels, Ir rakes at 
least a half-dozen differently shaped 
‘weights to fi properly on the rims of 
all the popular wheels. There are sev- 
ral so-called “universal” weights, but 
they may not fit your rim, and could: 
pop off ar cause rim damage. 

If the wheels are balanced and you 
hhave wheel shake at medium speeds 
on up, oF the tires have cup weat, 
check the shocks and struts, 


HOW IT WORKS 


Reading A Passenger Tire Sidewa 


AP" or “LT” stands for pas- 
senger car or light truck tire. 
The 3-digit number (215 on 
this diagram) is the tire 
‘cross-section width in mil- 
limeters. The 2-digit number 
that follows (65) is the 
‘aspect ratio—the height of 
the sidewall relative to the 
‘cross-section. A lower num- 
ber indicates a wide tread 
area relative to the side- 
wall—today’s sporty look. 
The letter “R" means radial 
tire construction, The next 2- 
digit number (15) is the wheel 
rim diameter in inches. A 2- 


(Fig. 4) Minor scraping on the rim’s lip is okay, but a 
bent bead surface may cause a leak or vibration, 


Sidewall Check 

Using a tire and wheel cleaning 
product will give you a clear look 
at both the tires and wheels. You 


should be able to find cracks in the 
wheel, damage beyond surface 
nicks to the tire sidewalls, and 
damage to the bead area that could 
be responsible for pressure leakage 
(Fig. 4). 


Tire Rotation 
Every owner's manual has a tire rota~ 
tion diagram, and tire rotation may 
seem like motherhood and apple 


digit number following the 
‘size information is a load-ver- 
sus-pressure rating. A letter 
that follows that 2-digft rating 
is a speed rating. Example: 
*S" Is for a tire rated for 
speeds up to 112 mph. You'll 
also find maximum pressure 
(in psi and kilopascals), and 
maximum load (in kilograms 
and pounds). In addition, 
there are numerical or letter 
grades for relative tread life, 
traction and temperature 
(UTQG). The layout of the 
information may vary accord- 
ing to make, 


INFLATION 
‘AND LOAD 


pie—always good, However, this 
subject is not so simple, Cost of rota- 
tion versus longer tire life is not a 
precise equation, It depends on the 
tires, the driving, wheel alignment 
and suspension condition. Further, 
professional service is not always 


expertly done. Unless the lug nurs 
are tightened to specifications in 
three even stages, using a crisscross 
pattern (Fig. 5), the rotors may 
become warped, which adds to main- 
tenance costs. If you let the mileage 
such as to 10,000 
tires may develop 


stretch out a bit 


miles or mor 


ASPECT RADIAL WHEEL RIM 
DIAMETER 


LOAD INDEX 
AND SPEED 
RATING 


CONSTRUCTION 


UTQG RATINGS 


(Fig. 5) To avoid warping brake discs, tighten the lugs in a criss- 
‘cross pattern with a torque wrench, 


almost imperceptible wear parterns 
that will affect ride when they're 

moved to a new position on the car. 
If you can’t rorate the tires often, y 


may be better off leaving them in 
place and accepting the somewhat 
shorter tread life. 


Some tire treads are directional. 
They should rotate in only ane direc- 
tion and should not be rotated 
except by a professional who can 
demount them. 

How can you tel if you have this 
type of tire? Look for a directional 
arrow on the sidewall. @ 
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Jumpstarting Your Car 


asthe airliner door slams and the 
flighe attendant oh-so-poltely 
instructs you ro tum off 
| Less than a 
car in the middle ofa 10 
| parking lot, expecting the vehicle to 
| take you home when you return in five 
days, Except you realize that you forgot 
| co tum off the headlights after your 
|| piedawa departure from bathe und the 
warning buzzer hasn't worked for eons, 
if your car has one. And if it doesn’t, 
there's surprise—you've done this 
before. Great. Now when you get home 
you'll have ro call the airporeapproved 
rowing service and drop close oa hun- 
| shed bucks fora jump, 


I: hits you like an electrical shock juse 


ur cellphon 
fou parked your 


re aitport 


JUMPSTARTING YOUR CAR 


( 


Neglect Is Abuse 

Lead-acid automotive batteries are 
actually remarkable at delivering 
extremely high current for the few sec 
conds it takes to start your engine, even 
in extremes of heat and cold, What 
they are not good aris being able to 
recover after delivering more modest 
amounts of current for & long time. 
Irreversible chemical changes take 
place. Specifically, sulphate needles 
thar bridge the separator betw 
positive and negative plates form 
when a battery is deeply discharged. 
These needles nor only internally short 


he 


the plates, causing a high sel-dis- 
charge rate, they also coat the plates 
and interfere with the normal lead/sul- 


Faull 


(Fig. 4) Make the last connection to a 
‘ground point not on the battery to pre- 
vent creating a spark near any venting, 
explosive hydrogen gas. 


furic acid reaction thar makes eleetrie- 
ity to spin your starter moror and run 
your fuel injection and ignition long 
enough to coax your engine into life 
Before you do anything else, check 
to see that the dead battery isn’t 
frozen. While a fully charged bartery 
is almost freeze-proof, a highly dis- 
charged hattery 
hit the low 20s. I the battery has 
them, remove the filler caps and look 
for ice crystals in the electrolyte. Don't 
try to charge a frozen battery. It won't 


ar 


(CHECK FOR IMPRINTED POLARITY MARKS 


TIOCEA 
SCA 


(Fig. 2) Make absolutely sure you've got the polarity correct 
‘whenever you work on a battery. If your battery has side ter- 
minals, use these adapter bolts (right) when jumping it or use 
Jumper cables with clips shaped for side terminals. 


HOW IT WORKS 


Deeply Discharged Batteries 


A lead-acid car battery, like any 
battery, has an internal resis- 
tance, normally a few tenths of an 
‘ohm. This means that a charging 
voltage only a little higher than 
the battery's normal 12.6 volts 
will provide enough current to 
actually charge the battery at 
some decent rate, say, 10 to 12 
‘amps. But as the battery dis- 
charges, its intemal resistance 
goes up. And the curve is steep. 
When the battery is almost totally 
discharged, internal resistance 
can be high enough to prevent the 
13.5 to 14 volts your alternator 
puts out from doing any signifi- 

cant charging. Charging current in this instance can be as little as only a few 

hundred milliamps until the battery's resistance goes down—and that might 

‘take many hours, or even days of charging at normal voltages, 

The answer is a high-voltage, high-rate professional charger that can 
supply as much as 25 to 30 volts for a brief period to give the battery a 
kick in the pants. This will generate a lot of heat, enough to cook a battery 
within a few minutes. Leave this business to a professional, and follow up 
with a normal 6- to 10-amp charge. 


work, and will damage the battery 
further. If you need a boost start to get 
home, well ... life’ like that. 


Safety First 
Your first task isto get jumper cables. 
Preferably nice fat ones with a quality, | 
heavy-duty set of clamps, This is more 
than just tool envy—there'sa lor of 
current passing along those wires, 
more than an are welder, at least for a 
few seconds. Resistive losses in the 
cable can reduce the voltage available 
to your stalled car's electrical system to 
the point at which it will still be diff- 
cult to start, even with a healthy donor 
hartery and alternator adding their all 
to the mix. Ie's important 
to use fat cables and to 
have good electrical eon- 
nections to reduce these 
losses to a minimum. 
Asset of 6-. cables 
won't de you much good 
if you're parked nose-in to 
« parking space—unless you feel up to 
pushing 2 3-ton SUV back a track length 
to make the engine compartment ayail- 
able. Twelve or 15 ft is better, which 
makes using heavy-duty cables more 


important because resistance losses are 
proportional to the length of the cable. 
Keep your cables clean and dry to 
prevent corrosion from becoming, a 
high-resistance factor. 


Doing The Deed 
It’s nitty-gritty time, You've got 
cables, you've got a healthy donor car 
available. Open the hoods and posi- 
tion the donor car nearby, so that 
your cables will reae 
Some cats, like the one illustrated 
on the previous page (Fig. 1), have a 
remote positive terminal someplace in 
the engine compartment. The battery 


is mounted in an inaccessible area or 
with its terminals inaccessible even in 
the engine compartment. As for 
‘where to attach the jumper cable, this 
junction will be clearly marked and 
covered in a red plastic sheath. If in 
doubt, consult your owner's manual 
Wear eye protection, even if it's 
only a pair of sunglasses. Once in a 
hiue moon, a battery will explode 
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(Fig. 3) Ifyour car or RVis 
in storage and chronically 
needs help starting, a 
trickle charger will keep it 
ready and improve your 
battery life as well. 


when you try fo jump ir, 

Explode? Yes, explode. 

I's caused by hydrogen 

gs, which is normally 
| vented by a battery that’s 
| being charged or dis- 
charged at a high rate, 
say, when you're trying 
to start a car, the hattery 
runs down and you need 
a jumpstart. Hydrogen is 
explosive, and a spark 
from making a connec- 
tion can ignite it. Te won't be a big 
| explosion, bur it ean cereainly blow 

the top of the plastic battery case off 
and spray acid into your eyes. 

Connect the red clamp on one end 
of the jumpers to the positive terminal 
con the dead ear. Verify the polarity of 
the terminals by the plus symbol 
molded into the battery ease (Fig. 2). 
Don't just use the red terminal— 
someone may have installed an incor- 
tect, red-colored terminal onto the 
negative pole of the hattery. Da the 
same on the positive terminal of the 
donor car. Start the donor car and let 
itidle, Lights, heaters, stereos and. 
rear-window defrosters—all electrical 
drains—should be off. 

IE possible, cover the dead battery 
with a shop towel ora sheet of card- 
board. Any acid that manages to bub- 
ble out of the vents will wind up on 
the cloth instead of on your clothes or 
the paine on the fender 

Connect to the negative terminal of 
the donor car's hattery with the black 
clamp. Verify the polarity. Now connect 
the remaining black clamp to the dead 
car's engine block, an accessory mount- 
ing bracket ora protruding ear ona 
| manifold. Use the bartery’s negative ter- 

minal asa last resort, This procedure 

will generate any sparks far from any 
hydrogen gas venting from the battery 
and reduce the risk of explosion, 
Now wait. This will ler the dead 
|_ bates recharge slighty ewil charge 


JUMPSTARTING YOUR CAR 


LEADS FOR 
PERMANENT 
INSTALLATION 


TRICKLE CHARGER 


‘more when the dead ear starts, but it 
will help the donor car's battery start 
your engine a little if you give ita 
{quick shor of charge. Ifthe dead car's 
battery had enough charge left to make 
the solenoid click and run the interior 
and instrament fights, then « minute oF 
so is enough. Ifthe battery was dead, 
dead, dead, give it minutes or so. 


Crank, Zoom 
Now you can actually try to start your 
dead car. When the car starts, let it run 
at fast idle for another few minutes still 
connected to the donor car to continue 
charging by both alternators. Idling 
provides only a modest charge rate, so 
after a few minutes the best ching isto 
drive the car at normal speeds for 30 
to 60 minutes, 

Remove the jumper cables 


CLIPS FOR TEMPORARY CHARGING 


im the reverse order. Wash 
your hands if possible to 
prevent any bartery acid 
from bleaching your 
clothes or getting into 
your eyes. 


Options 
If your RV or second car is 
in storage for extended 
periods of time, the battery 
will self-discharge, The 
simplest solution is ro use 
a trickle, or maintenance, 
changer (Fig. 3). These 
chargers will automatically 
adjust their charge rate to 
aasafe level, low enough to 
keep the battery ar 100 
percent charge without cooking it. 
They're not recommended for charging 
ead batteries—just maintaining them, 
If you're nor in a crashing hurry, 
‘you might find cigar-lighter ables 
will get you started (Fig. 4). These 
gadgets just plug into the rwo vel~ 
cles’ lighter plugs, providing a modest 
level of charging, but not carrying 
enough current to start a car with a 
truly flat battery. Bur if che engine will 
almost start,a 10- or 20-minute 
charge will get you on your way, out 
of the weather and with clean hands. 
Remember that the lighter socket on 
the dead car must be electrically hor 
with the key off, or you'll need to 
turn on the key in the dead ear to 
complete the cin 


(Fig, 4) Minor 
cases of won't- 
dquite-stare will 
answer to sim- 
ple-to-use 
Tighter-plug 
starters and 
Jumper cables. 


= 
Repairing a Leaky Radiator 


‘our radiator is 
leaking, Well, it 
happens, If you 


haven't changed the 
coolant on a reasonable 
schedule, ir ean become 
corrosive and ear 
through the radiator 

Even normal shaking 
and vibration will even- 


tually cause separations 
between the parts that 
are connected by solder, 
epoxy or mechanical 
crimps. Thermal forces 
from engines heating up 
and cooling down 


cause cracks in stressed 
areas, Sealing gaskets 
can compress and allow 
leakage. And if you have a rear-drive 
car with a mechanical fan and weak 
engine mounts, the engine can lurch 
forward under braking far enough 
for the engine-mounted fan to “kiss” 
the radiator. Or it could be just plain 
had luck—a rock ers thrown up and 
punches a hole in a tube. 


Whatever its root cause, a leak is 
generally obvious, But what to do. 
about the radiator? Replace it? After 
all, today’s radiacors are supposed to 
be unrepairable. This is not true at all, 
and the best thing you can do is rake 
‘out the radiator and bring it to a radi- 
ator shop for a free consultation. Ifit 
can be repaired, you'll not only save 
money, but the repaired original- 
equipment (OB) radiator probably 
will be alot better than a new dis: 
count part. Its no different from any 
rebuilt automobile component, except 
that the radiator has no moving parts. 
Everything starts with removing 
the leaking radiator, though doing 


so rakes some care, it'sa straightfor- 
ward job. In the easier cases, you can 
lift ic out with shroud and fans 
attached, then complete the strip: 


20 


down on the garage floor. And e 
a really tight engine compartment you 
can usually get it out without touch: 
ing the a/c lines, or at worst you 
would only have to unbol the radia 
tor from the same module that holds 
the ale condenser. 

Begin by disconnecting the hartery 
aground strap (even if the ear bas belt- 
driven, rather than electrical, fans). 
“The next step normally isto drain the 
radiator, but before you do, 
ingpect both radiator ranks 
carefully. If you Find a 
heater hose connection, as 


oma few cars, pinch off the 
hhose just few inches from 
the neck, using locking pli- 
es. (If necessary, use a pair 
of tongue depressors oF 
popsicle sticks between the 
jaws to get a good squeeze.) 
With the heater hose 

pinched, you won’ lose 
coolant from the heater 
during the drain. tt ean be 
tough to get coolant ro 
completely fill the heater on 
some cars, so unless you're 


(Fig. 1) Loosen and stide 
the hase clamps on the 
hoses clear of the radiator 
necks. Then, disconnect 
the hoses. 


prepared 10 do-a.com- 
plete drain-and-refil, this, 
preliminary step can help 
prevent trapping a lor of 
air in the system. Air 
bubbles lead to engine 
hot spots and ping in 
summer operation, and 
poor heater ourput in the 
winter 

If there's an underbody 
plastic cover atthe front, 
remove it, even ifir's nor 
necessary to do so to drain 
the coolant. With the cover off, you'll 
surely be able to collect the draining, 
coolant with less splash. You'll also be 
able to get to the lower radiator hase 
more easily, and you ean inspect the 
lower end of the radiator as well, You 
might see a bolt-on connection to the 
condenser or the support member that 
you wouldn’t otherwise notice. And 
with most Japanese cars, which have 
downflow radiators (ranks at the top. 


(Fig. 2) If you have an electrical cooling fan, you'll 
need to disconnect the wiring to it. 
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and bottom), you'll beable to reach 
wires that you must dis- 
m the bottom tank, 


any he 


‘ow remove the pressure 
cap, even if i's ona separate tank oF 
on the engine. Remove the radiator 
drain plug (or open the drain cack) 
and let the radiator drain. Move the 
clamps off the necks toward the mvid- 


the radiator hoses (Fig. 


at the radiator If the hoses are heat 
sealed to the radiator necks bur in 


iraround to free the hose, then twist 
the hose and work it off, Don't pry 


rge screwdriver or you could 
distort a metal neck or even crack a 

plastic one. You may find it necessary 
to carefully slit the hose with a sharp 
knife to get itto let go, Don't seratch 
the neck, or i'l leal in the futur 


‘As you disconnect the lower hose, 


have a large eatch pan underneath, 


Evaluate the radiator instal 
and begin the wrench work to 
up. A typical approach is to remove 
the upper mountiretainer on each 


side, or the single support member 
across the front. IF there’s enough 


clearance for the radiator t 
and out with its shroud and ele 


the shroud and fans from the f 
and tilt them back to provide clear 
ance to lift out the radiator. 
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Disconnect the overflow hose 
and if the reservoir is in the way, take 
it out. This can give you your first 
close look at the reservoir. Many 
reservoirs develop hairline cracks that 
allow hard-to-trace leaks, sa if you 
have a leak here, you just may have 
saved a bundle. Ifnor, keep working. 
If you have an automatic transmis- 
sion, the radiator usually contains sn 
automatic transmission cooler. Dis 
connect the cooler lines, a job that 
isn't always.a simple wrench opera- 
tion. In the easiest cases, there's a 


hose connection and a clamp, In the 
most difficule, there's a quick-discon- 
nect fitting that requires a special (bur 
inexpensive} rool to separate. If you 
have a quick-disconnect, as on most 
Ford products, and you can’t get the 
tool, you'll find that the radiator end 
of the qui 


isconnect has fittings 


thar thread into the cooler. So a fitting 
can be unscrewed, but be careful. Use 
a tight-fitting wrench and unthread 
slowly, so you don't damage the 
quick-disconnect coupling, 

Whatever type the cooler connec 
tions are, he prepared to plug them. 
Yes, you want to avoid transmission- 
fluid leakage, But more critically, if 
any amount of coolant gets into the 


cooler or its ines, itean be sayonara 
for the automatic transmission, You 
can plug a hose end wich a bolt. Plug 
a firring with a eubber erases, vacourn 
hose plug or some other clean, soft, 
flexible material that will stay in place 
{but also come out easily when you're 
ready to reinstall the radiator}. 

All clear? Lift out the radiator and 
strip off any parts you were able to 
leave in place. Virtually all late-model 
vehicles have radiators with plastic 


(Fig. 3) A radiator shop can 
replace a leaky O-ring seal, one 

fr both end tanks or the core rel- 
atively inexpensively. | 


tanks crimped onta the core. Your 
nest step is to take the radiator to a 
radiator shop that actually repairs 
plastic-tank radiators, The National 
Automotive Radiator Service Associa: 
tion (NARSA) has been giving its 
members intensive training in the 
repair of these radiators, whether 
with copper/brass or aluminum cores, 
for several years (215/541-4500). Soa 
radiator shop should know how to fix 
it, and not simply try to unbox a 
cheap new radiator and sell itto you, 
The cheap radiators just do's trans- 
fer heat as well, and unless you can 
get a spectacular prive on a well-made 
replacement, you're usually better off 
with a repair. 


Can it be repaired? 

Almost all ear, light-truck and 
sportfute radiators have plastic tanks, 
either with aluminum or copperibrass 
core sections. They're precisely engi 
neered to cool. And given today’s tiny 
grille openings or no-grille underbody 
breathers, cheap radiator isa bad | 
samble Irmay look shiny news but it | 
could corrode and fail a lor faster 
than a properly repaired unit. 

‘When a radiator leaks, the most 
ccomimon eauses ustally are readily 
repairable at far less than the cost of a 
new quality radiagor. Ie certainly has 
been true with the copper/brass radia~ 
tors largely our of use. Irs even more 
likely with today’s designs, particularly 
aluminum-core radiators, which ean 
run $200 to $400 for a first-rate 
replacement, Hlere are same repair 
examples: 

@ Leaking gasket between plastic tank 
and core: The shop umncrimps the 
tank, installs a new gasker and 
recrimps the tank (Fig. 3). It should 
cost less than $75. 

# Damaged tube (perhaps from a 
storie}: These ean be Fixed for an 
sxtremely modest labor charge with 
special epoxy or solder, Even alu- 
minum radiator tubes can be soldered, 


MAINTENANCE BASICS 


© Cracked plastic tank (perhaps 
from thermal stresses}: A new tank 
today is relatively inexpensive for 
most makes, so the job should cost 
Jess chan $150. 

© Leaking header: The headers are the 
metal plates ar each end of the tubes. 
The radiator tanks attach to the head- 
ets, either by crimping a gasket joint 
or by soldering. Older Ford radiators 
have epoxy sealing between the head- 
ers and the tubes. If leaks occur from 
cracked epoxy, a radiator shop ean 
remove the old epoxy and install a 
new sealing film using specially 
shaped guns and other tools. The cose 
is typically about $175 to $200 for 
both ends of the radiator, about half 
the price of a new Ford radiator. 

‘© Fan “kiss” or corroded radiator: the 
core is smashed in or leaking from cor- 
rosion pinholes. Ifthe tanks are good, 
the shop can instal a new core—per- 
haps even an OE one—and reuse the 
old tanks, saving about 25 t0 30% on 
the cost of a new radiator. And the 
result should be equal to a new OE 
radiator. Ifthe OF radiator ian inex- 
pensive design, then there won't be 
much of a difference (perhaps less than 
$75), and you might as well bay new if 
iin stock. However, one core fits 
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many different sets of tanks, so stock- 
ing cores is simpler for a shop, Result: 
‘The choice may come down to a new 
core that's available now versus wait- 
ing for a new radiator and having to 
spend up to $100 more besides. 


Putting It All Together 

When you're ready to install, 
inspect the rubber support bushings 
for the radiator. Many of today’s radi- 
ators are held by mounting systems 
thar allow them to shake at a fre- 
‘quency thar absorbs engine vibration. 
Replace heat-eracked or oil-soaked 
bushings. Otherwise, engine idle will 
be rough and the radiator may shake 
itself into a leak, Clean the threads of 
oil-cooler quick-disconnect fittings 
and apply Teflon pipe sealer before 
reinstallation. 

If your drained coolant was rela- 
tively fresh, it’s okay to put it back in 
if it’s not contaminated with dirt, oil 
‘or transmission fluid. Otherwise, use 
a 50/50 coolant/warer mix. If you've 
taken this opportunity to flush the 
system with water, chen add half the 
system's capacity of pure coolant and 
top off with water. 

Always check the carmaker’s 
instructions for filling a radiator—and 


then go beyond that and add a fitle 
more. Today's cooling systems are 
notorious for convoluted passages 
that balance hear transfer if the sys- 
tem is full, bur trap air bubbles if not 
completely filled, IFthere are air 
bleeds, they must be open during the 
fill-up. Jack up the front of the ear to 
raise the pressure-cap fill neck before 
you pour in coolant. Even if the fill 
neck isn’t on the radiator itself, the 
higher it is, the better the system will 
burp air as you pour in coolant, Make 
sure the reservoir level is correct and. 
that the air-sealing gasket in the pres- 
suze cap isin good condition, so the 
system won't draw in air as the 
coolant cools 

And “thermocyete” the system, 
which simply means to warm it up, 
then let it cool down. Check the radi- 
ator coolant level when the system is 
cool, and top it off if necessary. 

Once is not enough. Keep checking 
every day or so for a few weeks, Some 
air purging will continue, and the sys~ 
tem should draw in additional 
coolant from the reservoir. The reser- 
voir level drops modestly? Hey, thar’s 
the way it’s supposed to work. Top it 
oft when necessary and you can con- 
clude thar all has gone well. @ 


Figure 1-2. Making sure the tip stays put 


loose. Let the iron cool dawn befare you tighten it. 


WARNING: Over time, the tip nut might become 
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he driver in the left lane sud- 
T:: realizes he’s about to miss 

his exit, so he cuts in front of 
You mash the brake pedal, and ir 
es like a running chain saw as 
the antilock braking system (ABS) 
keeps you our of a skid, Thankfully, 
you don’t rear-end the jerk’s can, as he 
also brakes to slow down. He's on the 
off ramp and gone, so you don’e get 
th nce to pull alongside and 
express your feelings with universal 
sign language. Bue thar’s probably a 
good thing, 

While it ean be reassuring to feel 
thar ABS-connected brake pedal pul- 
sating beneath your firmly planted 
foor, it's reason to suspect a problem 
if you get the same pedal pulsation 
with a light to medium braking, 
application. 


ABS-esque 
Ifthe brake feels like the ABS is 
cycling, but you know that it's not, 
check the individual axle trigger 
wheels in front (and on some ears also 
in back) and the adjacent wheel speed 
sensors. Ifyou seea damaged wiring, 
connector, hent sensor mounting 
bracket or stone-damaged trigger 
wheel, that’s likely cause, Bur on 
almost all cars, the eause normally is 
something in the service brake itself, 
and the primary problems are ones you 
usually can check and correct yourself 
Before you check even the most 
likely problems on a late model, make 
absolutely sure there isn’t a factory 
problem with a specific fix, Sure, this 
is low on the “likely” list, but its a lot 
easier to look for a bullesin than to 
pull wheels, ete, One possibility: the 
AllData Web site, a leading supplier 
of information for professional 
mechanics (wwwalldata.com), If you 
work your way through its consumer 
information section and technical ser~ 
Vice bulletins (TBs), you ean check 


the titles of all bulletins for your spe- 
cific make and model car. 


Lug Nut Torque 
The No. 1 cause of brake pedal pulsa- 
tion is uneven lug nut torque. The 
usual reason i that some mechanic 
covertightened the wheel lug nuts with 
an impact wrench, distorting the 
brake disc. 

How do you know if your argue 


(MICROMETER 


(Fig. 4) There's no 
proper alternative 
to torquing the lug 
huts in a crisscross 
pattern, by stages 
and with a torque 
wrench. Oil the 
threads and cham- 
fer with engine oil. 


wrench is accurate? Well, if i's by a 
name-brand tool company and has- 
n't been thrown around or had a 
cement block dropped on it, it 
should be okay. Check the torque at 
each wheel and compare the reading 
with manufacturer's specifications. 
If there's a difference of 20% 
between any two lug nuts, that's too 
much. Try loosening all the lug, 
nuts, cleaning the stud threads with 


(Fig. 2) A micrometer is 
heeded to check that 
each brake dise (new 
‘ones as well) is a con- 
sistent thickness. 

Check about 1 in. in 

from the outer edge, at 
‘six or eight equally 
spaced places. 
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a wire brush, lightly coating them 
and the nut chamfer with clean 
engine oil, and then reinstalling the 
nuts fingertight 

Next, using a crisscross pattern, 
(Fig. ) tighten all of them to about 
(one-third the specified reading, then 
to two-thirds and finally to the spect- 
fied torque. 


Basic Diagnosis 

If simple retightening doesn’t fix the 
problem, particularly if all wheels 
were off torque specs, you'll have to 
pull the wheels for a closer inspee~ 
tion. First, isolare the problem to 
the front or rear wheels. Try driving 
the car and then slowing or stop~ 
ping with the parking brake lever 
lightly pulled up and your finger on 
the ratchet’ release button. If the 
car has a pedal parking brake, try 
applying thar lightly, bur be sure to 
pick a safe, deserted parking lot 
with smooth pavement. If the car 
slows down smoothly to a stop, the 
brake problem is in the front 


wheels. If the car decelerates in 


CURING PULSING BRAKES 


Surges, one or more of the rear 
brakes may be out-of-true, 


Full Inspection 

Actually inspecting the wheel and 
brake is the next step. Make align- 
ment marks for the wheel and a lug 
stud before removal s0 you're able to 
index the rim to the same stud. With 
the wheel off, inspect the mating sur 
faces of the wheel and dise hub sur- 
face. IF they're packed with diet or 
badly rusted, clean them thoroughly 


{use 100-grit sandpaper or emery 
cloth). Remove sanding residue with a 
cloth and brake solvent, Lube spar 
ingly with antiseize 

Look closely at both sides of the 
brake lining contact surfaces of the 
dise. Moderate scores (too small to 
snag your fingernail on) are not nor- 
mally a concern, but rust or other 
materials are (typically brake lining 
transfer). Rust often oecurs on cars 
that sit for extended periods in damp 
climates with not-so-clean air, Use a 
finer abrasive (200 grit) on the dise 
contact surfaces. 


(Fig. 3) Borrow or rent a 
dial indicator to mea- 
sure brake disc runout. 
Even a scant thou- 
sandth of an inch of 
‘wobble will make your 
right foot dance on the 
pedal. 


ing’ A Disc 
Check the dise for 


uneven thickness, 


using a micrometer 
(Fig, 2) at six to eight 
evenly spaced loca- 
tions on the disc, and 
compare the readings 
with manufacturer's 
specs. As little as .0005 
in, (that’s five ten- 
thousandths!) is the 
maximum, and you 
can believe that you'll 
feel a lot of dise pulsa- 
tion ar 0008 in. 
Should you get the dise 
machined? A lot of evi 


m 
| il 
| 

N 
J Mypi||| dence says uness a 

nu! shop does a good job 
of maintaining its brake lathe, the 
results often are poor. And if the dise 
is cut coo thin, it will warp easily in 
service, A brand-new daca the bes 


bur even thar should be 
ed for even thickness. 


Measuring Disc Runout 
Measure lateral runout with a dial 
indicator (Fig. 3) on the lining contact 
surfaces, on both sides, with the lug 
nots reinstalled and tightened to 
approximately 30 fb, The maxi- 
mum amount of runout should be 
.003 in, IF it’s more, index-mark the 
caliper to the hub, and remove the 
caliper and then the disc, Inspect the 
mating surfaces of the dise and hub 
and if there’s rust, remove it with 
gentle use of 200-zrit paper, Also 
remove any debris and cl 
faces with brake solven 
Rotate the dise clockwise one 
stud, reinstall, righten the lug nuts 
and recheck. Do this a couple of 


1m the sur- 


times to see if you can bring runout 
down to an acceptable level (the 
problem may have been produced by 


3s 


(Fig. 4) Sloppy, corroded or deteriorated pins and theit mating, 


bushings on some calipers can cause wobble and pulsation. 


failure to make and follow align- 

ment marks after some earlier 

service procedure). 
If you ean’e bring runout down 


enough, cheek the hub for runout— 
.002 in. is the maximum, The thought 
of replacing the hub may not be 
appealing, but unless runout is far 
beyond reason and pulsation is intol- 
erable, keep it in mind if nothing else 
surfaces as a possibility. A profes- 
sional shop with an on-car lathe may 
(ve repeat, may) be able to machine a 
disc so that it's referenced to the hub, 
to compensate for a small amount of 
excessive hub runout, 


Brakes Not Releasing 
‘When there’s an uneven thickness 


problem on the dises at relatively low 
mileage (under 50,000), accompanied. 
by short lining life, i's possible the 
brakes aren't releasing fully, allowing 
the shoes to stay in contact with the 
discs, A defective caliper piston 
(sticking when you try to push it 
back), a bad piston seal (not retract- 
ing the piston) and a sticking caliper 
are all possibilt 
When the caliper doesn’t slide 
smoothly back and forth, that's trou- 
ble, and short ining life from failure 
to retract the shoes completely is just 
‘one consequence, The brake shoes 
may also slap unevenly against the 
another cause of pulsation. 
Most calipers stide along guide 
bolts or pins, through bushings with 
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plastic or metal sleeves. When you 
remove the caliper (Fig, 4), inspect 
everything, If the guide bolts or pins 
are corroded, replace them with 
brand-new ones, lubed with silicone 


grease (don’t try cleaning them), 
Ditto (including silicone lube) for 
the sleeves if they're 
corroded or eracked, and 
the bushings if they are dete- 
riorated. 


Rear Drum Brakes 
The rear drums are not as frequent 
«a cause of pulsation as reat dises, 
but if they're warped, or if the lin- 
ings are not making good contact, they 

certainly can be responsible, Unless a 
drum contact surface is badly grooved 
(grooves here are not as acceptable as 
ona disc}, you'll need a deum gauge to 
check for taper or out-of-round. Or 
ask a machine shop to measure it for 


you, as the typical shop will doit for 
free or a nominal charge. Linings that 
are worn very unevenly are a tip-off ro 
«drum that should be measured. Also 
check for broken springs, or springs 
thar show obvious signs of weakness 
by allowing shoes to move easily 

Invest in a good torque wrench, 
keep it in the trunk and use it to 
tighten the log nuts instead of the lug 
wrench when you have a flat. You 
should enjoy smooth moderate stops 
for the life of the car, @ 


Tire Imbalance 


= 


not brake pedal vibration. Even a 
tire with a high or low spot will nor- 
mally be felt through the wheel. 

But once in a great while you'll 
find a tire that has inconsistent stiff 
ness, Some parts of the tire’sside- 
wal will be more or less easy to 
deflect under load than others. This 
won't show up on the whee! bat- 
ancer, but will make a brake pedal pulsate at arate pro- 
portional to your road speed. The diagnosis is to swap for 
a different tire and see ifthe problem goes away. | 


Tire imbalance, per se, shouldn't cause a 
pulsating brake pedal. Brake pedal vibra- 
tions are almost always caused by an out- 
of-true condition somewhere in the braking 

system. But on rare occasions it can hap- 
pen. Normally, each tire has to be bal 
anced statically first—i.e., so no part of 

the tire is heavier and always sinks to the 

bottom, Then they all need to be balanced 

‘dynamically, so the rim daesn't wobble at higher speeds. 
Any Imbalances from either of these conditions normally 
“will manifest themselves as steering-wheel vibration, 
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Getting Your Car Ready For Winter 


now covers your car 
After 10 minutes of 
shoveling snow and ice 


from the root and windows (not 
to mention 30 minutes of shovel- 
ing the driveway), you're ready 
to go to work, Twisting the key 
languidly brings the engine to 
life, much to your relief. Bur 


the windshield wipers leave 


streaks, the washers drizale fluid 
inches short of the glass, the bat- 
tery light flickers and the heater 
fan blows litle aie of any tem- 
perature, Nota particularly 
ood day for even a late-model 
car thar's been neglected, 


Winter Takes Its Toll 

‘The traditional tuneup is 

gone. Newer cars are largely 
self-tuning, and don't have igni- 
tion points or carburetors to 
tweak, Factory-fill radiator 
coolant in some new cars is 
rated for five years or far longer 


than many people keep a car in 
| this age of low-monthly-pay- 
ment leases. 

Cars are still imperfect, mechani- 
cal contrivances, however. Although 
many maintenance requirements are 
reduced, there's still plenty of stuff 
that can break or fal off, An after- 
noon of preventive maintenance will 
greatly reduce the possibility of bad 
things happening. It’s autumn—the 
leaves are falling, but the weather is 

| still relatively warm. A couple of 
hours of maintenance will be a lot 
easier ro take now than a couple of 

| hours of repairs when you have to 

| shovel your way an extra 50 ft. 10 

| work in an unheated garage. 
| 


The Easy Stuff 

| Clean, Clean out the interior and the 
trunk. Shampoo the carpets and the 
seats, because a winter of slush and 


especially during damp 
winter days. This mois- 
ture acts as a conductor 
along a path thar nor- 
mally doesn’t conduct 


WARM electricity ar all, and can 
WATER Jeak enough current 
between the battery 
posts to premacurely 
drain your battery. In 
\ fact, consider replacing 


your batt f it’s more 
than 4 years old. Newer 
cars tend to use smaller 


(Fig. 1) Use warm water to clean the battery posts and 
‘clamps. Use baking soda for stubborn sulfate deposits. 


melted snow will inflerate dirt deep! 
into the fibers, there to remain for~ 
ever, Dump the ashtray. Clean the 
wheel well arches and undercarriage 
of mud and road dirt, so that salty 
slush doesn’t soak into them, provid 
ing a perfect environment for rust. 


Electrical 
While you're cleaning, clean the bat- 
tery with warm water: Remove the 
terminals and wirebrush them and 
the battery posts with warm water 
and baking soda (Fig. 1). Reattach 
the terminals and coat all exposed 
metal with petroleum jelly, You're 
not done yet—using some sort of 
household cleaner, clean all traces of 
dirt and oil from the battery's top 
and sides, particularly near the sermi- 
nals. Traces of dirt can trap moisture, 
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batteries to reduce 
weight and improve 
mileage, and, combined 
with high underhood 
temperatures, that spells 
an earlier demise than 
you may haye gotten 10 
to 15 years ago, 

While you're att, 
check all the electrical 
connections for loose 
niess and corrosion. That 
‘may mean getting under- 
neath the car to see the 
ground strap and solenoid/starter 
‘motor connections. 

Check all light bulbs and replace 
any thar aren't working, The days 
are short during the winter, and 
you'll depend on these bulbs for visi- 
bility a much larger proportion of 
the day. 


Underhood in General 

Still in an electrical mode, check the 
alternator connections and mounts 
for looseness and evidence of aver- 
heating, High electrical demands for 
Jights, heater fans and rear-window 
defeosters, as well as recharging a hat- 


tery abused by coaxing a reluctant 
engine to life, ean make a marginal 
connection overheat. 

Check accessory belt condition and 
tension, becauise that extra electrical 


a 


38 


demand will strain @ marginal bele 
(Fig. 2), Many modern cars have a sin 
alle serpentine, automatically tensioned 
belt, but ic still ean fray and come off. 
Check all rubber hoses. Five 
years, in these times of air pollution 
and high underhood temperacures, 
isa legitimate life span for a radia 


tor hose, If one seems squishy, brit 
tle of just suspect, now would be a 
good time to replace them all 

Check the date on the coolant. 
(Remember many new cars have 
extended drain intervals—but nor 
permanent coolant, Read the owner's 
manual.) [Fes due to he replaced, 
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(Fig. 2) Check belts for proper 
tension using a tension gauge. 
‘Serpentine belts can also be checked 
with a gauge, although they aren't as 
likely to be loose. 


use a 50-50 mix of fresh coolant and 
water (Fig. 3). 

Consider changing your transn 
sion fluid, differential lubricant and 


brake fluid if your ear is more than 3 
years old. Lubricants break down, 
ind brake fluid attracrs moisture and 
deteriorates. At any rate, check the 
levels, and don’t forget the power 


steering reservoir. 

Fill the windshield washer tank 
with washer fluid. Check the pump 
and nozzles for a healthy, well-aimed 
spray pattern, Many nozzles can be 
re-aimed by inserting a pin into the 
nozzle to use as a handle. 

Windshield wipers are essential for 
winter driving, and after a summer of 
sunshine, the rubber squeegees are 
probably in sorry shape, Play it safe 
and replace them, Be sure the wiper 
army and springs are in good shape, 


Oil Viscosity 


Fall is a good time to change oil and filters. Check your 
‘owner's manual for the rating and viscosity, but most 
cars nowadays use an SL-service rated oll. This rating Is. 
‘some measure of the oil's longevity and resistance to 
oxidation and evaporation, SL oil is fine for older engines 
that specify an SG-, SH-, or SJ-rated oil, because the rat- 
ing always improves when a new one is introduced. The 
SAE viscosity rating Is a measure of how thick the oil is. 
{All modern cars should use a multigrade oil, probably a 
‘SW-30 of 10W.30. The W in these ratings stands for a 
winter viscosity. A multigrade oi will be as thin 2s 

the thinner (SW- or 10W- rating) when the engine 

Is first started. This will allow oil to flow more 

rapidly and lubricate parts that have had all the 

oll drain off of them overnight. A thicker oll 

might not be pumped to remote parts of the 

‘engine rapidly enough. On the other hand, a 

thicker oil (the second number in the rating) 

will resist becoming too thin when the engine 

reaches operating temperature. The American 

Petroleum Institute is an industry watchdog and 

oils bearing the API_omblem can be expected to 

‘meet their specifications. 


In spite of what your brother-in-law the shade-tree 
‘mechanic tells you, don't use a heavier grade of oil just 
because you used to in your older car. Modern cars were 
engineered to use SW-20, 5W-30 or 10W-30 oil year- 
round. Check the owner's manual to be sure, The lighter 
oils are also better on fuel con- 

‘sumption and can signifi- 

cantly improve mileage. 


When buying engine oil, check 
for API certification and SAE 
rating, 
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and thar the blade is held square 
to the windshield surface, You 
may need ta bend it slightly te 
keep everything square. 

Check the air cleaner, and 
consider replacing ir and the 
fuel filter (if your vehicle has a 
replacement type, not the per- 
manent one in the gas tank). 
The fuel filter will tend to trap 
water, and once it traps enough, 
ir-will fail and may dump some 
accumulated dire into your fuel 
injection system. And winter, of 
course, is when you tend to find 
the most water in gasoline at 
the pump. 


Where The Rubber Meets 
The Road 

Driving in snow demands good tires. 
Be sure you have adequate tread 
depth, and consider changing ro 
snow tires if you live in a heavy snow 
ahead and pick up a set of 
Inexpensive steel wheels a¢ the local 
salvage yaed for your snows instead 
of having your tires remounted and 
balanced every fall and spring, And 
while the ear is up on the safety 
stands, inspect the suspension bush- 
ings, control arms, ball joints and tie 
rods, and the brakes. Now would be 
a good time to replace the brake pads 
if they are more than 60 percent 
worn. Even if they are not, check 
carefully for corrosion around the 


Ss 


DRAIN PLUG 


(Fig. 3) In spite of long-life coolant in many new 
‘cars, eventually you'll need to drain and refill with 
fresh coolant mix. 


calipers and sliding pins, While the 
whee is off, pull the pads out of the 
calipers and be sure everything is slid- 
ing freely. Wirebrush stiding-key 
ways and pins thar let the pads pull 
hack from the dise when you remave 
your foot from the brake. Exercise 
the pistons by pushing them back 
into the calipers and then pressing on 
the brake pedal once or twice to 
break up corrosion between the pis- 
ton and the caliper, 

Again, i's. lor easier to look ar 
this stuff on a crisp autumn day than 
itis to try to fix it some subzero 
‘morning when all of your wrenches 
stick to your fingers like the prover- 
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bial dared 6-year-old’s tongue 
sticks to frigid flagpole, 


Rust Never Sleeps 
Before the salt teucks come out 
isa good time to get our the 
rouchup paint. Use ir to cover 
all the bare metal at the bottom 
of any stone chips.and parking 
lor dings. Clean the chipped 
area thoroughly, and use a 
toothpick or a match to apply a 
touch of zine-tich primer to the 
bare metal. Allow this to dry, 
and chase any overlap back te 
the lip of the seratch with lac- 
quer thinner. Then carefully il 
the chip with touchup paint. 
Ie'll shrink, so you may need 
several applications to build up 
the level of paint to flush. 


On the Road 

Even a perfectly running car may 
wind up stuck in a snowhank. So pur 
together a kit of essentials for your 
trunk, This should include flares, a 
flashlight, jumper cables (if only t0 
help some unfortunate soul whose ear 
wasn’t winterized like yours}, a fold- 
ing camp shovel, kitty litte for trac- 
tion, a can of gasoline anti-freeze, and 
tire chains if they're legal in your 
state. If you ever travel outside of 
urban areas, a couple of blankets and 
a cellphone or CB radio ought to he 
on board as well. @ 


fn 


here's carely a more welcome 
Ts than the inside of a warm 
szarage late at night, as your 
door rolls open to welcome you and 
your family home after a trip out of 
town, Particularly ronight, because 

‘you're far later than expected. Flat 

tires are generally ao more han mui 

saince—but this time you found your 
spare tie robe as flacas yesterday's 
beer. Fortunately, nice young gentle 

man working in a gas station only a 
| half mile up the oad managed ro plug 

your tire within a few minutes. You 

watch the inflation pressure of the tire 
for a week or so, and everything 
| seems fine. 

Until a few weeks later. Then the 
same tire disintegrates suddenly on 
the incerstae in heavy trafic, You 
manage 19 maintain contral of your 
SUV by iting partway off che theorle 
and gingerly steering over to the 
shoulder, ignoring the cacophony of 
the failed tire as it flaps violently in 
the wheel well, shedding paris a i 
rears into pieces, I's not just fay, i's 
| smoking ruin, and there's substantial 


Repairing a Flat Tire 


(Fig. 1) This damaged area inside the 
‘sidewall was caused by driving the tire 
when it was flat. 


damage to your wheel well’ sheet- 
metal 10 boot. Obviously, there was 
more damage to your tire than met 
the eye—and the nice fellow who 
repaired it for you didn’e necessarily 
do you any favors. 


The Right Way— 

And The Wrong Way 

The tire industry has a rule about 
externally plugging a tire with a 
worm, Don't, It’s a qualified excla- 
sion, and we agree with it, for good 
reasons. An externally applied worm 
might be an acceptable emergency 
get-home-tonight quick fix, but a 
properly trained tire technician must 
later complete the repair by removing, 
the tre from the rim and doing a 
complete inspection of the tire for 
additional punctures and damage. 
Damage can come from not only the 
nail or whatever caused the air loss, 
but also from running the tire at low 


pressure or flar. Driving more than a 
few feet with the tire at zero inflation 
pressure may’ cause the rim to gouge 
the inner liner, damaging the body 
cord. Driving at more than a walle 
‘with the tire at very low pressure may 
build up enough heat to damage the 
sidewall beyond serviceability (Fig. 1). 
The portion of the nail or wire that 
centered the tire’s interior may have 
flailed around and ripped the inner 
liner or plies (Fig. 2). After inspecting 
the tire the technician may apply a 
proper patch, remount the tire and 
reinflate it, 


Here's How 

‘Okay, we doubt many readers will 
ever repair a flat themselves hecause it 
involves some pretty expensive tools, 
However, we've done it with nothing 
more than hand tools and a 12-volt 
portable compressor, and more than 
fone, too. Once, it was late at night 
and we didn’t want to wait for the tire 
shop to open, Another time, it was 
because we were in a very remore 
area, and a trip to town was nearly a 


nwo-day hike. 


Busted 

Wheelltire assembly off the ca 
(We've done it with the rim sti 
bolted to the axle of a trailer but it's 
rough work,) Start by inflating the 
tire and submerging it in water to 
look for bubbles. Now roll the tire 
along the ground in a good light to 
look for the puncture, Chalk any 
suspicious holes in the tread, even if 
there was no stream of tiny little 
bubbles associated with it, You'd be 
amazed ar how many times tires are 
taken in for repair with multiple 
punctures. Make a chalkmark on the 
tire sidewall next to the valve stem, 
because the tire should be reinstalled 
in the same index, Now you can 
remove the valve core (0 completely 


0 
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deflate the tire and demount it 
Next, with a bright light, carefully 
inspect every square inch of the 
inner liner. Pay particular attention 
to the areas inboard of the chalk- 
marks you've made. Look for dam: 
age caused by the foreign object 
Such a hole may be parched if the 
object hasn’t damaged any cord, 
although any exposed cord usually 
means the tire should be scrapped, 


Also look for peripheral damage 
caused by the tire being pinched 
between the rim and the pavement. 
Any damage to the inner liner that 
came about asa result of friction by 
being pinched and then driven makes 
the tire a likely eandidate for imme- 
diate replacement 

Any puncture through the sidewall 
of the tire automatically means the 
tire needs to be scrapped. 
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DAMAGE NOT 
VISIBLE FROM 
OUTSIDE OF TIRE 


(Fig. 2) An innocu- 
‘ous-looking nail 
through the tread 
may have dam- 
aged the inside of 
the tire. 


Remove any foreign objects in the 
tread hy grasping them with pliers 
and yanking them out. Make note of 
the angle the object made to the sur- 
face of the tread, In fact, you should 
take a thin probe, like an awl, and 
probe the hole straight through into 
the inside of the tire. Look for evi 


dence of cur cords or separated 
plies, because they'll be sticking out 
of the hole. 


A few late-model cars come 
‘equipped with tires that can be run 
without any air at all, at least far 
enough to get to a place where 
they can be repaired, These tires, 
available from several different 
‘manufacturers, can be retrofitted 
to any car that uses an appropriate 
size tire. The sidewalls of these 
tires have an extra piece of molded 
rubber near the bead. This rein- 
forcement is stiff enough to keep 
the rim from contacting the inside 
of the tire, even under comering 
and braking. The tire and auto 
‘manufacturers specify an upper 
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Run-Flat Tire 


TREAD 


INNER LINER SIDEWALL 


Run-flat tires' bead reinforcement 
provides stiffness to keep the bead 
seated on the rim and prevent 
sidewall damage. 


limit on speed—usually 50 or so 
miles per hour—and a maximum 
range—often 50 or 100 miles— 
when the tire Is deflated. Because 
the performance of these tires 
with zero air pressure is so good, 
tire manufacturers require any car 
fitted with them to have a tire- 
pressure monitoring system that 
will alert the driver to the fact that 
he's driving on a flat. 


ar wi 
PX 
gis 
‘ais 
(Fig. 3) A tubeless tire puncture can 

be properly repaired only by breaking 
the the of tho rim and pling 
'stem-type patch through the tread 
from th inside, 


Straight Holes 

If the hole makes a 25° or smaller 
angle to the tread, the correct patch to 
use is a “mushroom” patch (Fig. 3). 
The head of the mushroom provides a 
good adhesive seal to the tire’ inner 
linet for proper air retention. The 
stem of the patch serves several pur 

poses, It plugs the hole to anchor the 
and, in concert with the ehemi= 


cal vulcanizing cement, prevents 
water from entering the hole and 
working its way into the tire’s tread. 
Using a proper tire reamer, clean out 
the hole from the inside out (Fig. 4). 
Again, look carefully for evidence of wire 
or tire cord, The reamer will remove any 
road dirt or oil and any damaged rub- 
ber from the hole, leaving a fresh rubber 


surface for bonding the cement. 
Center the patch aver the hole 
inside the tire, and mark a half-inch 


ll 


(Fig, 4) Thoroughly ream the puncture to clean the rubber and provide a good bond. 


around its periphery with chalk. Use a 
tire buffing tool to remove the surface 
of the rubber and leave a smooth tex: 
ture. A power buffing tool is best, but 
a hand scraper will work. Don't buff 


through the liner into the ply rubber 
or the cord. Brush, blow or vacuum 
the rubber dust away from the butted 
area, Don't touch this area with your 
fingers or a rag 
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Coat your awl liberally 
with cement and run i in and 
‘out of the hole several times to 
carry the cement throughout 
the hole. Leave the awl in the 
hole until just before installing 
the patch so the cement stays 
liquid. Remove the peel-off 
tab from the patch, and put a 
single coat of vulcanizing, 
cement on the head of the 
patch and the buffed area. 
Allow this to dry thoroughly, 
and don’t touch the cemented 
areas because the moisture 
and oil in your fingerprints 
will prevent good adhesion. 

Lightly coat the stem of 
the pateh with cement. Pull 
‘our the awl, and pull the stem 
of the patch through the hole, Stitch 
the patch (using a tire patch stirching 
tool) to the tie from the middle our to 
prevent any air bubbles from being 
trapped under the patch, Now cut the 
protruding stem off nearly flush with 
the surface of tread rubber 


Oblique Holes 
Ifthe hole isn’t within 25° of vertical 
(Fig, 5), you'll need to use a two-piece 


<25° 


(Fig. 5) Oblique punctures require a different plug. 


patch. This involves reaming the hole 
and installing a rubber stem with 
cement. The stem is then trimmed 
flush with the inner liner, the area 
buffed and a patch is cemented over 
the tap of the stem. 


Back On The Road 

Before remounting the tire on the rim 
(a job for a professional with special 
equipment), take a hard look at the 


rubber valve stem. If it’s 
weather beaten, damaged oF 
just more than about 5 years 
old, pop it out and pull ina 
new one. Use the correct 
diameter and length, and a 
valve core that matches. 
Valve stem caps aren't there 
to simply backstop the valve 
core's air retention—they 
keep moisture and dirt our of 
the stem and out of your tire, 
Reinflate the tire. Use 
soapy water to check the 
beads, valve stem and the 
repair for leaks. And keep a 
close eye on your tire for a 
few weeks, both by monitor~ 
ing the air pressure and look 
ing for evidence of delamina 
tion or a belt failure, A failed belt 
Usually will cause an out-of-round 
condition and the ride will often indi- 
cate it. 

Can you adequately repair speed- 
rated tires? Some tire manufacturers 
disagree, but at least one (Goodyear) 
says you ean. They do specify that 
there can be only a single repair, less 
than one-quarter inch in diameter 
pertire, @ 


REPAIRING A FLAT TIRE 


3: Wet the Soldering Station Sponge 


You'll need to perform this step (and the remaining anes in this chapter) at 
the beginning of each soldering session 


‘As you use the soldering iron, you're going to be wiping the tip alot. so you 
need to keep the solder station sponge moist. Pour alittle clean, fresh water 
‘on the sponge as shown in Figure 1-3. Don’t soakit, but make sure it's com: 
pletely moistened. 


NOTE: If your water has a high mineral content, use 
A distilled water for wetting the sponge. 


Figure 1-3, Wetting the sponge 


4: Set the Station's Temperature 


Plug your soldering iron in, and set the heat setting to the mark shown in 
Figure 1-4 (pointing at the 3 o'clock position on the dial). Give the iran a 
‘couple minutes to warm up. 


4 Loam to Solder 


MODERATE 


Servicing Your A/C 


shimmers. Getting into the car is 

clearly out of the question, at 
feast until the air conditioning hauls 
out a few million BTUs. You Tea 
and twist the key, being careful not to 
raise blisters by touching the steering 
wheel. The engine fires, 
and idles smoothly, then 
‘you punch the max cold 
button on the dash— 
nothing happens. 

Great, you think, at 
least in the old days, ordi- 
nary folks used to be able 
to purchase R-12 refriger- 
ant to punch up a tepid 
air conditioner. Not any- 
more. And it won't be too 
long before R-12 is off the 
market completely—a vic~ 
tim of federal regulations 
that restrict the manufac 
ture of ozone-depleting 
chlorofluorocarbons. 

Fortunately, i’ still 
possible for the average 
Saturday mechanic to fix some of what 
ails his air conditioner without having 
to open up the system, To keep you in 
the service picture, le’s consider just a 
few of the common causes of poor—or 
~zero—cooling that you can diagnose 
and cure, Start by acquiring the a/e ser- 
Vice manual and electrical schematic 
for your vehicle. You'll also need a 12- 
vole test light, A vole-ohmmerer comes 
in handy as well. 


I 1's hot, so hot your ear’s interior 


No Cooling 
Ifthe compressor doesn't engage, 
there will be zero cooling. An electro~ 
magnetic clutch should lock the drive 
hhubiplate on the compressor (Fig. 2), 
with the belt-driven pulley to spin the 
compressor shaft. 

“The clutch circuit is fused, so check 
the fuse. The fuse is good? With the 
engine and the ale on, check to see if 


juice is getting to the clutch by prob- 
ing its wiring connector with a 12 
volt test light (Fig. 2), Ifthe light 
doesn’t go on, there’s a break in the 
circuit. If it does go on brightly, attach 
4 jumper wire to the ground side of 
the clutch circuit. If the clutch still 


(Fig. 1) Gap between hubjplate and pulley should close when 
alc is turned on. 


won't engage, it's bad. 

Tetakes special tools to change a 
compressor clutch, Unless you can 
rent them, leave this job to a pro, 

Ifthe clutch engages when you jump 

 there’s.a problem with the ground 
circuit, which may be wired through to 
the engine computer. Both circuit prob- 
Jems require straight electrical diagno- 
sis and a good wiring diagram. 

However, the refrigeration system 
may also be involved. There's a low- 
pressure switch in the current-feed 
circuit that is designed to keep the 
compressor from engaging when pres- 
sure is low, 

See if there's enough refrigerant 
pressure to close that switch, which 
requires pressure gauges, and hoses 
that attach to your system. When the 
system is running, one half operates at 
low pressure and the other at high. 


However, after the system has been 
shut off for a few minutes, pressures 
equalize, so you can check pressure 
both of the service valve ports (one 
low-pressure, one high-pressure). 
They should be the same—roughly 
equal to the ambient temperature. 
If pressure is less, the 
refrigeration system is low 
‘on refrigerant, and that 
could account for the fail- 
ure of the compressor to 
engage. Have a profes- 
sional trace the leak and 
then recharge the system 
ith refrigerant. Inciden- 
the service valve 


\t 


tal 
caps are missing, they 
could be the cause of your 
loss, as they provide the 
real seal, not the valve 
itself. Warning: Do not ery 
to seal leaks witha/e sealer 
products—period, 
Important: Use only R- 
12 in an R-12 system, R- 
134a in an R-134a systems 
never mix the two! Right now, there's 
still some R-12 around, so you might 
‘want to keep the system on R-12. 
However, if you ever have a compressor 
failure, the replacement will likely be 
compatible with R-134a, which would 
‘make changing over to the new refrig- 
crant simpler. But this is not do-it-your- 
self work. Ittakes special equipment. 
The afe pressure is normal? Appar- 
ently, the problem is purely electrical 
‘And in this ease the first step is to 
check fora computer trouble code, 
The engine computer? You bet. On 
most American cars and some 
imports, turning on the air condition- 
ing at the dashboard is just a request 
to the engine computer to provide the 
electrical ground to complete the com 
pressor clutch circuit. If the engine 
computer sees reason not fo, the ale 
won't come on, Passible reasons, in 
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addition to low refrigerant, include 
warning signals from certain engine 


ors, The coolant-temperature sen. 
sor may be signaling a very high 
coolant temperature, and allowing the 
ale to come on could cause overheat 
ing. Or a power-steering switch may 
be signaling high pressure (as in a 
parking maneuver}, and allowing the 
afc to come on could add to the engine 
load from the belr-driven accessories 
and stall rhe engine. OF course, some 
of these signals may be wrong, and 
you'll need to investigate the solution 
he ale 


to these engine problems to get 
online again 

No computer trouble codes? Check: 
ra bad a/e clutch relay, Also, note 


SERVICING YouR A/c 


that some of the computer sensors are 
not covered hy trouble codes—the 


power-steering switch is a common 
example, If your car has one, bypass it 
for testing, If the compressor now 
comes on, replace the switch. 

No clues in the computer cireuit? 
Refer to an afc circuit diagram to see 
what additional switches or relays are 
in the compressor-clutch circuit, On 
many cars of all makes (particularly 
R-12 systems}, there’s a switch that 
cycles the compressor clutch on and 
off to control performance. You can 
find our if the switch is bad by 
unplugging it and attaching a jumper 
wire across its connector, If the com 
pressor now comes on, the switch 


(Fig. 2) Use a 12-volt test light to probe 
the a/e compressor's clutch wiring, if 
the clutch isn't pulling in, there's no 
cooling. 


apparently isn’t closing. Confirm this 
‘with an ohmmeter across the switch 
terminals. On GM and Ford vehicles, 
the switch usually is on a large cylin: 

ror. On 


drical can called the aceums 
many Chrysler products, i's in a 
block at she firewall 

Bad switch? On late-models, the 
switch is monnted on a Schrader 
valve. As you unthread the switch, the 
valve closes so you won't lose any 
frigerant. Grease the new O-ring 


with mineral oil, gently position i on 


4s 


the port and then thread 
the new switeh into 
place. If ehe switch has a 
plastic body, a Fem 
hand-rightening is 
enough, With metal, a 
rentle nudge with a 
wrench does it, because 
the O-ring makes the 
seal 
Note: Your circuit 
diagram may show other 
pressure switches, The 
variety is almostendless, 
depending on the type of 
vehicle, so without a 
| diagram, you're in Guess 
City. Among the most 
common variety area 
hrigh-pressure cutout and a dedicated 
| low-pressure cutout (often in addition 
to the eyeling clutch switch). Ifthe 
| basic pressure check showed nothing, 
| _aviry unplug and bypass these switches 


USE ATEST UGHT to check: 
‘Back up that reading by checki 


for testing. In most cases, the bypass is 
achieved with a jumper wire across the 
wiring connector rerminals—but read 
the wiring diagram details, as some 
‘switches are normally closed and open 


upasa signal. IFS, 
simply unplug these to 
tnypass. Double-check 
each switch with an 
ohmmeter. 

‘Many cars—particus 
arly Japanese models 
and many late-model 
Chrysler products—use 
a temperature sensor 
con the evaporator (the 
in-car heat exchanger 
that cools the interior 
air) in conjunetion with 
an electronic module to 
cycle the clutch, The 
shop manual should 
provide specifications 
for a resistance check 
‘of the temperature sensor and 
where to connect a voltmeter to test 
for an ourput signal ro operate the 
clutch, Make these cheeks under 
the dashboard. 


Poor Cooling 


& 


“The temperature of the 
air coming out of the 


T registers will not neces- 


sarily be very low on a 
Ll 


humid, hor day. The a/e 


‘may expend all its effort 


just wringing humidity 


‘out of the air, and the air 


blowing our of the resis- 


ters easily could be as 


high as 60° to 65°F. IF 


i there is some cooling, 


but clearly not a normal 
amount, make this sim- 
ple check: Is the front of 
the condenser (rhe heat 
cevecrnae esses exchanger in front of, OF 
alongside, the radiator) 
free of bugs, leaves, road 
film and other debris? If 
it isn’t airflow is 
restricted, Clean the con- 
denser with a soft brush 
and a detergent-and- 
warer solution (Fld. 3). 


(Fig. 3) Use a soft brush 
and detergent to clean 
eaves and dead bugs 
from the condenser. 
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If you've gor a car that has 
either no grille or a tiny one, 
you've got an *underhody 
breather.” Inspect any under- 
body airdams and covers. 

If they're damaged or missing, 
they could be responsible for 
reduced airflow and poor cool- 
ing, And on almost all ears, 
when the air conditioning is 
turned on, a eadiator/co 
denser electric fan should also 
come on. IFit doesn’t, that also 
reduces airflow and afc perfor- 
‘mance, particularly in slow- 
driving conditions. 

OF course, ifthe airflow is 
normal, you'll want to make 


sure a partial loss of coolant 
is not responsible for a drop 
in performance, Some older 
Japanese-made and some 
Chrysler systems (with R-12 
refrigerant) have a sight 
slass—a tiny window into the 
refrigeration circuit. Check it 
to see if there are any bubbles 
when the clutch is engaged 
(bubbling when it's disen- 
gaged or in the first few sec- 
onds after engagement is nor- 
mal). Bubbles with the clutch 
engaged may—repeat, m: 
indicate a low charge (Fig. 4). 
Also, check operating pres- 
sures with a pressure gauge 
and compare them with fac- 
tory specifications. You must 
use the specs because pres- 
sures vary widely with ambi- 
ent remperatures. 

As explained earlier, a 
powwer-steering, switch may misbe- 
have, signaling “high pressure” with 
just a slight rise in pressure, thus 
killing the a/c. If your system runs fine 
with the ear parked, bur stops as soon 
a5 you pull away, either a bad power- 
steering switch or a misbehaving 
throttle-position sensor (TPS) is possi- 
ble. The TPS is supposed to signal 
“kill the a/c” on full throttle to pro 
vide improved passing performance, 
bur the sensor may come in with this 
signal when you're just barely rou 
ing the gas pedal. Or if the air-condi- 
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(Fig. 4) Bubbles in the sight glass may mean the air 
conditioner is undercharged. Have a professional (using 
special equipment) recharge. 


(Fig, 5) Clamp off the heater hose with padded Vise-Grip 
pliers to check for a leaky flap. 


tioning system has an evaporatorstem- 
perature sensor, take a careful ohm- 
meter reading and convert it ro 
degrees by consulting the table in the 
manual. You may find thar the sensor 
thinks it's cold when it’s really not, 

If the air blowing in your face 
is cool, but there isn’t enough air 
blowing, operate the blower switch 
and see if the airflow picks up. A non- 
running blower fan and a slow-run- 
ning blower motor are purely electri 
cal problems, and are as likely to be 
responsible for poor system perfor- 


mance as anything. Ifthe 
blower simply won't reach 
high speed, check the circuit 
diagram for a high-speed 
blower relay. You might be 
able to fix a bad connection 
by simply plugging in the 
wiring connector properly. Or 
you may find a broken wire 
by probing the wiring connec- 
ror with a rest light. 

Another comman cause of 
poor performance: the heater 
core's high temperature is 
bleeding into what should be 
purely chilled air from the 
evaporator, Same heat transfer 
is normal if you move the tem 
perature lever or curn the knob 
from the max eald position, 
However, at max cold, there 
should be no hor-air bleed. 

Clamp off a heater hose to 
block the hor-coolant flow 
(Fig. 5). IF afe performance 
improves considerably, one 
of the following could be 
occurring: 
© A heater coolant-flow valve 
(used on many but nor al 
vehicles) is stuck in the open 
position. 

# The flap door that's 
supposed to regulate the air- 
flow through the heater or 
evaporator isn't operating, 
properly. IF ita manual, 
cable-controlled type with a 
lever, try slamming the lever 
against the max cold stop. 

If you don't hear a flap door 
hia stop inside the underdash 
case, the cable may 

need adjustment, With an electric 
motor-driven design, check the ease for 
a bad wiring connection at the motor, 

And, of course, there may be cold 
aic, but in the wrong place, Ifthe cold 
air is going to your feet or out of the 
defrost ducts—hur nor t your face— 
that’s an air-istribution problem, Air 
distribution is controlled by operating 
flap doors inside the heater/air-condi- 
tioning case, and it's done either by vac- 
‘uum or electricity LFits vacuum-oper- 


ated, look fora leak. @ 


ca 


Maintaining Your Battery : 


you've had to jumpstart your ear 
Bad enough first thing in the 
‘morning, when you can use the bat- 
rery in your RV to give you a start— 
hurstanding in a rainy Wal-Mare 
parking lor with your hood open and 
jumper cables in your dripping hands 
is juse plain humiliating, nor to men- 
tion uncomfortable and inconvenient. 

The standard solution: Install a 
new battery—which means coughing, 
up enough money to buy a new one 
and have it installed. 

A few minutes of attention once oF 
twice a year ean perhaps double the 
of your battery, saving you cold, 
hard cash, And, just as importantly, 
keep rain from running down your 
neck in shopping mall parking lors on 
stormy nights. 


Il t's the second time this week that 


Woutld You Like 

Fries With That, Sir? 

First, you need to determine if your 
battery is indeed fried or nor. Other 
reasons for a no-start or barely start 
condition include, for openers, a mar 
ssinal starter motor and high-resistance 
Wiring in the primary (starter motor) 
circuit, 

‘Open the hood. If your top-post 
bateery terminals are covered with 
green fur that looks like it belongs in a 
bad sci-fi movie, you'll need to clean 
that up. Start by pouring some warm 
water over the terminals to dissolve 
the sulfiion, This accretion is normal, 
but it can prevent good contact 
between the battery posts and the 
clamp, which in turn keeps your bat- 
tery from providing enough voltage to 
stare or prevents i from charging 


(Fig. 1) Always remove the 
negative connection from a 
battery first and reconnect it 
last to prevent shorting the 
wrench out on nearby metal 
objects. 


properly. Remove the rermi- 
nals, and brighten up all the 
metal with a wire brush-style 
battery post terminal cleaner 
and a aking soda paste. 
Don’t splash liquid around 
the engine compartment or 
onto the paint, and rinse 
everything off thoroughly. 
Side-terminal hatteries rarely 
look worse than dull, bur 
that’s enough to cause hard 
starting, Wire-brush the eon- 
tact surfaces to brighten them, 
(See page 80.) 

Dirt on the top and sides 
of the battery, even greasy 
dirt, can hold enough mois- 
ture to create a current leak 
from the positive terminal 
directly to the negative termi- 
nal, making your attery self 
discharge more rapidly. Leave the bat- 
tery clean and dry. 

‘Now take a close look at the termi- 
nal clamps on the cables, If they're 
eroded too badly to provide good 
mechanical contact, replace them. 

‘Warning: Whenever you work 


ona car battery, always disconnect 
the negative terminal first—not the 
positive (Fig. 4). Why, you may ask? 
Simple: If you accidentally brush up 
against the fenderwell or any other 
grounded metal part of the car 
while you're unhooking the ground 
side, nothing will happen. But if the 
ground is still connected, and you're 
wrenching on the positive side and 
happen to touch any metal, you'll 
be holding onto a wrench that’s sud~ 
denly conducting several hundred 
amperes, Thar’s as much current as 
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HOW IT WORKS 


Maintenance-Free Batteries 


Like many things in fife, 
the term “maintenance 
free” is only partially true. 
Lead-acid batteries nor- 
mally consume some of 
the water in their dilute 
sulfurie acid electrolyte 
during a normal charge- 
discharge cycle, It actually 
electrolyzes into hydrogen 
and oxygen and escape: 

| | asgas. So adding water 
periodically is necessary 
to keep the plates flooded, 
although it can’t be done 
‘on some batteries. (See 

|] page 50) maintenance- 
free batteries use a cal- 

|] cium attoy of lead instead 
cof an antimony alloy, which reduces 
the amount of electrolysis. in addi- 
tion, the amount of free-standing 

|]  electroiyte above the plates is 
designed to be much higher in a 
new maintenance-free battery. This 
means that there's enough elec- 
trolyte to keep the plates covered 
even after a few seasons of normal 
use, So, during the battery's nor- 


ul 


EXTRA 


an are welder—which means a large 

spark, lors of hear and enough 

energy released to turn your wrench 

cherry red within a few seconds, 
Avoid quickie aftermarket univer 


sal clamps that simply let you saw off 
the old clamp and clamp on the new 
‘one. While these have their uses (keep 


ar toolbox as a yet 
home-tonight expedient) they'll 
develop corcosion between the clamp 


and the cable in a few months and 


leave you stranded, again. If you feel 
up to it and have a soldering iron 
(probably propane-fired) capable of 
generating enough heat, you can sol: 
der a new clamp onto the existing 


cable, Use rasin-core electrical solder, 
riot phumbing solder. 

Don't have the Great Mother of 
All Soldering Irons? The simple way 
out is to replace the entire cable. If 


MAINTAINING YOUR BATTERY 


IN HYDROMETER 


‘SPACE FOR 
ELECTROLYTE 


Maintenance-free batteries often can have 
thalr lives extended by proper attention to 
electrolyte level and good connections. 


mal service life there should be no 
need to add water. 

Any abnormal electrical system 
condition or high ambient temp- 
eratures may boil off more than 
the normal amount of water, how- 
ever. Adding water where possible 
may extend the service life of 
these supposedly maintenance- 
free batteries. 


you're lucky, you can pick up an 
appropriate cable at the auto parts 
counter. Generally, all they stack are 
simple one-lead cables, in positive and 
ground. Yes, there isa significant di 
ference between the terminals 
onthe barreryand you really | 
ought to use a black-insulaced 


cable on the ground anda | 
red-insalated cable on the 


positive or the post will ic the 
clamp poorly, which is how 
you got into this mess in the 
First place. 
Untortunatel 
always that simple. Some bat- 
tery clamps, both positive and 


isnot 


negative, ate soldered to more 


(Fig, 2) A built-in hydro 


than a single wire. You have a choice 
here, The best solution is to go tw the 
d \d get the correct piece. That 
may be inconvenient, and will cer- 


aler a 


tainly be expensive, Also (see page 
89), you may be able to get (at an 
auto parts store) a “cable repair sec- 
tion” (terminal attached to a section 
of cable), It’s designed to attach to 
ceable ends from which the battery 
connections and extra wires have 
been amputated. Or you can solder 
Jugs of the appropriate size and gauge 
to the extra wires, and then attach the 
Jugs to the clamp either by means af 
the clamp bol or a large sheetmetal 
screw into the clamp body. Look for a 
clamp with an extra terminal if this is 
necessary, although if you've gor side- 
terminal batteries this might be 
impossible, As a last resort, splice and 
solder the cables together ahead of the 
terminal, Be sure to use shrink tubing 
to cover the splice, especially if you're 
splicing the positive side, 

When you reinstall the clamps, 
cover all exposed metal with petro- 
Jeum jelly, white grease or my own 


personal favorite, Cop-Graf or Nevr- 
See brand antiscize compound, This 
will delay the inevitable growth of 
sulfur salts on the terminals by keep 
ing moisture from collecting on the 
bare metal. 


All Hooked Up 

You've eliminated battery cables and 
clamps as the cause of your no-start or 
almost-start problem. And you figure 


— 
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meter eye is a good check, CHARGED DISCHARGED Low 
‘but won't necessarily find ELECTROLYTE 
a bad battery. 1 ——_! 


iesnora problem with 
the starter moror, because 
a jumpstart instantly 
brings the engine 
whirring to life. So far, so 
good. Maybe it really is 
the battery 

Does the battery have 
a built-in hydrometer 
eve (Fig. 2)? This eve 
has small plastic ball 
suspended at the bottom 
of a clear plastic win- 
dow. The ball floats 
when the battery is 
charged, turning the 
window green, When the 
battery is discharged, the 
ball sinks and turns the 
window yellow. If the 
level of electrolyte is 
below the hydrometer, 
then the battery is past 
its useful life 

One danger of these 
builtin hydrometers: They check only 
one of the six cells. If you've got a bad 
cell (the normal failure mode for bat- 
teties), there's only one chance in six 
you'll know it from the hydrometer, 

A better check is to use a handheld 
hydrometer (Fig, 3). First you'll need 
to remove the filler caps, Battery clean? 
Cover the battery with a rag and pry 
the caps up. Warning! Battery acid will 
remove paint, corrode electrical con- 
nections and potentially destroy your 
eyesight. Wear eye protection, 

First hitch: no battery caps to 
remove, i's a sealed, maintenance-free 
battery. Maybe so, but there's access 
to the individual cells, pechaps dis- 


(Fig. 4) Battery filler 
caps may be con- 
cealed under a tab, 
a pry-up cover, or 
‘even under 

vinyl label. 


(Fig. 3) A proper bat- 
tery hydrometer can 
detect an under- 
charged battery, as 
well as pinpoint a 
single bad cell. 


guised under a label 
(Fig. 4). 

Open it up and look, 
inside. The electrolyte 
should come up to the 
bottom of the filler cap, 
of at least near it, Ifthe 
level is down, especially 
if the plates are exposed, 
add water. Always use 
distilled water in a bat- 
tery. There is never any 
need to add additional 
electrolyte. Batteries will 
normally consume water, 
but the sulfuric acid 
component of the elee- 
trolyte remains behind 
and never needs to be 
replenished. 

Before you add 
any water, suck 
enough elec 
trolyte out of 
one cell into the 
hydrometer to float the bulb, 
Write down the reading. 

Squirt the liquid back and 
repeat with the next cell. All 
six cells should have readings 
that agree within 0.050, or 
you've got a bad cell. These 
readings are temperature sen- 
sitive, 3 iF i's very cold or hot 
out, you may need to correct 
the readings, The hydrometer 
scale equates the specific grav- 
ity of the electrolyte with the 
state of charge of the battery. 
Ifall the readings agree, and the 
gravity is low, the battery needs 
to he charged. 


Charge 
An alternative ro the hyelrometer test 
(and one used by professionals): With 
the battery charged, open circuit voltage 
should be 12.6 to 12.8 volts with the 
‘engine off and all loads off, With the car 
running and all loads off, the voltage 
should be between 13,6 and 14.5 volts, 

Disable the engine by pulling the | 
fuel pump fuse. Measure the battery | 
voltage while cranking the engine. It 
should read at least 9.5 to 10 volts 
while cranking, 

If the charging voltage is low, sus- 
pect some charging system problem. 
Bur if the charging volrage is correct 
and the cranking voltage is low, then 
the battery is suspect, as you've 
already troubleshot the wiring from 
the battery to the starter and ground, 


(Fig. 5) Battery hold-down clamps are 
essential to prevent a battery from 
becoming ballistic. | 


Strapping In 
Replacing the battery is straightfor- 
ward. I's vital thar the hold-down 
clamps be reinstalled properly (Fig. 5). 
Some batteries use a wedgellip 
arrangement at the bottom of the bat- 
tery, while others (usually in older 
cas} use a pair of long bolts and a 
frame or lip to hold the bartery down 
to the tray. A battery is perfectly capa- 
ble of holing a radiator or smashing 
expensive fuel-injection components if 
it doesn’t stay put. 
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% EASY 


| Replacing a Battery 


GGIB_ pores! There's a wood- 
Hee 
e's too early in the morning 
for this, and far too cold for wood 
peckers anyway. You politely suggest 
to your wife that she do two things 
immediately: Let you go back to sleep, 
and let the woodpecker fly away in his 
‘own good time. No luck, the kids 
have to go to hockey practice—now. 
‘As you stumble outside, you real- 
ize the absurdity of itall, Now, you 
know that there is no woodpecker in 
your car, or anywhere nearby. The 
pecking sound your significant other 
has identified as avian in origin is 
really just your starter solenoid cla 
ing away merrily as she tries to start 
the car, Sleepily, you jumpstart the 
recalcitrant conveyance, and then try 
to geab another 40 winks. After 
hockey practice, you'll have to find 
our why your night's rest was sud- 
| denly abbreviated. 


Time Is On Our Side 

‘The useful life span of an average 
automotive battery is four to seven 
years. With the auto companies 
eternal quest to make cars and 
reucks more efficient, two things 
have conspired to shorten this life 
span: smaller batteries and higher 
underhood temperatures. Higher 
remperatures are so damaging that 
many cars have insulating blankets 
for the battery, or the bartery is 
mounted in the trunk. 

A single instance of deep-discharg- 
ing a battery can reduce its life span 
by half, so avoid running a battery 

| into deep discharge. If you do, then 
charge it properly as soon as possible 
before the plates inside build up a 
layer of sulfates. A properly charged 
battery won't freeze, but a discharged 
bactery will freeze at temperatures 
well above zero, Any battery that’s 
been frozen is finished. 
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(Fig. 4) This battery hydrometer shows 
a fully discharged cell. 


How Can You Tell? 

sone cell of che battery visibly differ- 
ent than the others? Look through the 
side of a translucent-eased battery. If 
‘one cell has substantially less electrolyte 
than the rest, or if one cell's lead plates 
‘are much lighter in colos, then that cell 
hhas gone had and the battery is unk, 
‘Charge the hartery for an appropriate 
time (depending on how powerful your 
battery charger is) and then use a 
‘hydrometer (Fig 1) to measure the spe- 
cifc gravity of the electrolyte. The more 
charge on the battery, the more sulfuric 
acid there isin the electrolyte and the 
higher the hydromerer float will be on 
the scale. A battery that shows a low 
state of charge on the hydrometer after 
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(Fig 2) Use a battery cutoff switch to 
diagnose parasitic current drains. 


a long charge is dead. Don’t rush to 
judgment, however, because a deeply 
discharged battery will ikea charge 
very slowly at frst 

is there some parasitic drain in your 
vehicle that’s discharging your battery? 
‘An easy way to check is to temporarily 
install a battery cutoff switch (Fig 2) in 
the ground side. With everything in the 
car shut off, put an ammeter across the 
switch, tum the switch off, waitar 
least one hour, and measure the cur- 
rent drain, Up to 40 milliamperes (ma) 
is normal to keep the vehicle comput 
es, radio presets and clock alive. Any- 
thing more than 200 ma will run your 
battery down in a few days. 


Transplant 
Once you've determined the batrery is 
had and the charging system and the 
rest of the electrical system is good, 
it's time to install a new battery. Start 
bby rinsing the had battery and the sur- 
rounding area with plenty of water. 
This will wash away any splattered 
battery acid, which otherwise would 
eat through sheetmeral, electrical 
wiring and the seat of your britches, 
“Try not to splash it around. 

Next, disconnect the battery's neg- 


st 


ative terminal. If you accidentally 
touch your wrench to anything 
nearby, no big deal, Then, you can 
unhook the positive side, If you try to 
unhook the positive side first, any 
random contact with nearby metal, 
such as the inner fender, will result in 
a welder-like shower of sparks and 
heat. Removing the ground side first 
breaks the circuit and prevents this. 

Side-terminal battery hardware is 
notorious for not wanting to turn. Try 
tapping lightly with a hammer, and 
rorating the wire terminal slightly as 
you turn the wrench, Top-post battery 
terminals are sometimes very difficult 
to release, Light tapping may help, 
but you stand the chance of breaking 
the post off if you apply any substan- 
tial force. You may need to use a bat- 
tery post tool to elevate the clamp. 
loose from the post, 


Nurse! Clamp! 

Now's the time to seriously evaluate 
all of the wiring and clamps. This 
hardware carries substantial amounts 
hundreds of amps for 
short periods when starting the car, 
and dozens for longer periods when 
the engine is running, Irs imperative 
that it all be in good shape, The 


of current 


clamps should not be deformed. Light 
corrosion can be wire-brushed off, 
and a paste of baking soda will help 
neutralize any acid, Rinse thoroughly. 
If the attachment point of the wire to 
the metal clamp is good, fine. If the 
clamp or the connection is nasty-look- 
ing, you should replace the cable. 
Reserve the clamp-on, universal cable 


tend terminals for emergencies—they 
won't last as long as a proper connec 
tion and may contribute to yet 
another premature battery failure. 
Remember that the positive and nega- 
tive posts on top-post batteries are 
physically, as well as electrically, dif- 
ferent, Don't interchange. You may be 
able to rehabilitate an otherwise good 
terminal clamp by replacing the bolr— 
bur e sure co use a lead-plated battery 
terminal bolt, not just something left 


over from installing your screen door. 


How Dry | Am 

Most conventional batteries are 
shipped without any electrolyte in 
them. IF you have a good auro parts 
store, chey'll keep a supply of ready-to- 
use barteries in assorted sizes on hand. 
If not, you'll have to have one filled 
and charged. Here's the procedure: Fill 
the dry battery with electrolyte of the 
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correct specific gravity, Any place that 
can sell you a bastery will have thi 

Fill 0 the hotcom of the filler neck, no 
higher: Now wait several hours while 
the electrolyte seeps inta the spongy 
lead plates. The level will go down, but 
as long asit covers all of the plates 
inside you can proceed to charging the 
battery, At this point the battery proba- 


bly will scart the ear—bur it’s important 


(Fig 3) A proper battery holddown is nec- 
‘essary for safety and long battery life. 


Built-In Battery Test Windows 


© 


GREEN DOT 
VISIBLE 
(0K) 


©||9 


DARK UGHT OR 
GREEN DOT. YELLOW 
NOT VISIBLE (REPLACE 
(CHARGE BATTERY) 
| BEFORE 

TESTING) 


Many maintenance-free batteries 
have no access to the electrolyte to 
check the level or state of charge. 
But many of them have a builtin 


visuaL 
STATE-OF- 
CHARGE 
INDICATOR 


tester. This is a Plexiglas wand that 
sticks down into the battery just 
below the normal level of the elec- 
trolyte, At the bottom of this is a 


‘small chamber containing a 
loose plastic ball that floats in 
the dense electrolyte when the 
battery is charged. When it's 
floating, you can see the green 
ball at the top window through 
the Plexiglas. When the battery 
is discharged, the ball sinks and 
all you can see is the dark elec- 
trolyte. But when the electrolyte 
is too low, the plastic wand's 
bottom isn't submerged in it, 
‘and you'll notice a light color 
through the window. This means 

it’s time to replace the battery. 

Remember, this tester sees into only 

‘one cell—there are five others, any 

one of which could be faulty. 
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(Fig 4) Always reattach the battery's 
negative (-) terminal last. 


that it be fast-charged for an hour or 
so, This means being charged ata 
higher current than your 4-amp house- 
hold charger can muster, so it must be 
done with at least 1 hours of super 
highway cruising, or by a shop with a 
fase charger capable of putting our 20 
amps or so. Failing to do so will 
shorten the battery’s life span and 
reduce its eapacity. Now top up the 
electrolyte, and rinse well, 


Dropping It In 
You've got the correct battery, right? 
Check that the positive and negative 
terminals are on the proper sides, and 
that the holddown clamp is the cor- 
rect style, You may as well fasten the 
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(Fig 5) Side-terminal battery posts are 
easy to overtighten—be careful. 


holddown first (Fig 3). Use some anti- 
seize compound on the hardware in 
case you ever need to remove the bat= 
tery in the future. Don’t skip this step 
because vibration will shorten the 


| 


battery's life by cracking the delicate 
lead plates away from the inte 
bars. The worst case would be the 
battery shooting out of the tray as 
you bottom out in some pothole 

Now hook up the positive te 
When it’s tight, pur on the red 
cover. Now hook up the negative 
(ground) side (Fig 4). Side-terminal 
barteries (Fig 5) have a very small bole 
head for a reason. It's to keep overen 
thusiastic mechanics from overtighten- 
ing them and stripping the threads out 
of the soft lead terminal. Use a short 
\wrench to keep rorque down, 

Now cover the terminals with 


ninal, 


ber 


petroleuin jelly. This will substantially 
slow down the buildup of corrosion 
on the terminals, Finally, be sure to 
replace the battery heat insulator if 
there was one installed. 


bus | 


Figure 1-4. Setting the temperature 


WARNING: The iron will get very hot, and certainly 
hot enough to burn you. Don't touch the tip and 
don'ttouch the tip to anything other than solder or 
components you are soldering together. 
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Maintaining and Repairing 
Your Suspension 
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trips after 20,000 to 30,000 miles or 
50 have precipitared a harsher ride 
and vaguer handling. There are after 
market shock absorbers made for 
pickups and SUVs used primarily as 
transportation, and they will help. If 
you want more, there are additional 
steps you can take ro further restore 
the ride and handling 


Springs and Shackles 
Look at the 


springs—at the rear 
on each side, even at the front if 
your vehicle also has them the 
Loose center U-bolts are an occa 
sional problem, and retightening 
with a torque wrench could be help- 
ful, But when the ride quality is 


down significantly, look closely for a 
cracked leaf (Fig. 2), and if you find 
‘one, change the spring, plus the 
mounting bushings and shackle in 
bback, In fact, even with the leaves 
intact, there can be enough deterio- 
ration in the rear shackles to justify 
replacing both for a real ride 
improvement 

Take out the bolts that hold the 
spring assembly at front and rear, 


which can be easier said than done in 
‘many cases. Turning the bolts while 
holding the nuts with a second wrench 
is straightforward stuff (Fig. 2), bur 
the rear bolts can almost “mate” with 


the rubber bushings inside the 
shackle, and getting them out can be a 
tedious job if that happens. You may 
have to slowly unthread the bole, 
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(Fig, 2) Removing 
‘some spring 
shackles can be 
tedious, requiring 
‘two wrenches. 


while ar the same time prying under 
the bole head to keep outward pres- 
sure on the bolt. Or you may be able 
to tap it out with a hammer and 
punch. Just keep clear of the top of 
the end of the leaf spring, which could 
snap up (against the frame) if there's 
still some tension on the spring, 

On some trucks, the shackle’s upper 


The Leaf Spring Suspension 


‘The leaf spring suspension is a popular 

choice for the rear of trucks and some 

‘sport utility vehicles. It has been used 

for some heavy-duty truck front sus- 

pensions and the rear of passenger 

cars, but the leading application is the 

truck/SUV with the nonindependent 

rear axle. The leaf spring has several 

leaves—simply adding leaves 

increases the load-carrying ability of 

the suspension. The top leaf typically is 

the longest and each end of that leaf is 

formed into an eye, into which a rubber 

bushing is installed. The spring eyes 

are bolted to the chassis in front and 

attached at the rear through a hinge 

Joint called a shackle. The shackle permits the spring to 

effectively change its length as it flexes to absorb 

impacts. The leaf spring also attaches (through U-bolts) 

to the solid rear axle, so it locates the axle without the 
© of arms, an important function. This permits a simple 
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‘suspension design with obvious packaging benefits. How- 
ever, these advantages are offset in passenger cars and, 
‘some SUVs by the superior ride qualities of the coil 
spring, which merely supports the vehicle and simply 
compresses and expands as it absorbs the impacts. 


(Fig. 3) Check frame-to-body and 
‘suspension bushings. Look for cracks 
or overly brittle rubber as well as miss~ 
ing chunks. 


bolt is installed on the inboard side 
and it won't clear the frame to come 
‘out, Jack up the rear of the vehicle 
until the shackle end of the leat 
spring comes down far enough below 
the frame, 

The original equipment hushings 
with chose metal shackles are part of 
the reason for loss of ride quality. To 
‘get a long-term smoother ride, install 
aftermarket shackles that include 
small rubber springs with two metal 


sleeve inserts and metal arms—almost 
a reverse of the original equipment 
design. The Dana Velver-Ride series 
that we installed is an example. You 
attach the metal arms to one metal 
sleeve of the rubber shackle, insert 
and tighten the through bolt and nut, 
and then install the new shackle in 
place of the original. The metal arms 
connect to the chassis and the rubber 
spring, and the rubber spring is bolted 
(through its second metal sleeve) r0 
the leat spring 

Inspect the underbody frame-to- 
body hushings (Fig. 3) and the radius 
rod bushings, and apply rubber 
lubricant as routine maintenance. If 


they're badly cracked, perhaps miss- 
ing chunks of rubber, installing 
replacements will help eliminate body | 
shake. Occasionally, the metal floor 
pan of the vehicle is the problem—it's | 
rusted and weak. A piece of galva- 
nized flac sheetmetal, chick enough for 
support, should he welded in place. | 
Eyen if you just have to replace 
bad bushings, don't simply loosen the 
bolts and pry to get clearance to 
install replacements, or you could 
‘eanse damage you won't see. This 
work normally requires loosening 
radiator mounts, the steering gear and 
column, and other parts, so check and | 
follow the factory-preseribed proce | 
dure for your vehicle. Or better still, | 
lube periodically and the bushings | 
will be fine, 


Steering Stabilizers 
Is lot of vibration coming through 
the steering wheel? The problem 
could be wheel balance or alignment, | 
‘even the steering gear’s free play 
adjustment. But i's a low-speed 
problem on secondary roads, look for | 
something worn out. 

If your operation has pounded the 
rightness out of steering parts, you 
can feel the looseness when you grab 
(Fig. 4) Shimmy can be caused bya 
‘Worn oF loose steering stabilizer. Check 
‘the mounts, and check the damper for 
‘bent rod or leakage. 
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the tie rod and idler arms and find 
you can flex them too easily. If you 
want to replace them just this | 
once, get heavy-duty parts specifi- 
cally designed for pickups and 

SUVs. They'll not only be labeled 
for heavy-duty use, but they'll have 
grease fittings, which the original 
equipment may not. 

Many vehicles have steering 
stabilizers. Ifthe vehicle is suffering, 
from vibration and shimmy, look 
for worn-out stabilizers, basically 
cone or two horizontally installed 
“dampers” (shock absorbers) that 
connect the steering linkage to the 
frame or axle (Fig. 4). 

The dampers mount to the 
steering linkage with a bracket 
(held by U-bolts) and to the frame 
or front axle with another bracket, 
and there are washers and rubber 
bushings at each end. If they're 
loose but the bushings look good, 

‘a simple tightening may remedy 

the problem. When they have signifi- 
cant mileage on them, replace the 
dampers along with mounting hard- 
ware and bushings. 

If you don’t have stabilizers, but 
use the vehicle on bad roads a lot and 
‘want to get rid of the shimmy, there 
| are kits you can install, complete with 
frame brackets and U-bolts. These 
kits have heen a factory fix for other- 
wise unfixable shimmy for years, and 
aftermarket kits for trucks and SUVs. 
are available. 


Jounce Bumpers 
Have the rear axle jounce bumpers 
been taking a beating? If they have, 
you may see that the ends are scuffed. 


(CHECK SHOCK MOUNTS and nushings before condemning any shock absorbers. 


However, you probably know with- 
out even looking whether or not the 
vehicle has heen bottoming. If you 
get stiffer shocks, your normal ride 
will suffer. A better approach is to 
replace the jounce bumpers with 
cones that really are small rubber 
assist springs, such as Monroe's 
‘Muscle LSE. They look like a short 
stack of thick pancakes, and when 
you're driving on bad roads they 
‘make contact with the jounce pad on 
the axle and prevent bottoming ou, 
You could perceive this as causing a 
slight stiffening of the ride, bur the 
bottoms of the “short stacks” have a 
couple of inches of clearance to the 
pads, so they're only in the picture 


con bumps. And because they're 
springs, they absorb impact so the 
overall ride quality should be better, 

‘On many trucks, you can just 
unbole the bracket that holds the orig- 
inal jounce bumper, bolt on a univer- 
sal bracket (with elongated holes) and 
artach the “short stack.” If the jounce 
bumper bracket is riveted to the 
frame, use a chisel or hand grinder to 
curt loose, 

After installing the bracket and 
rubber spring, tighten the bracket 
bolts lightly, then lower the vehicle to 
the ground, adjust the bracket height 
to the recommended clearance with a 
normal load in the truck bed, and do 
afinal tightening. @ 
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Replacing Shock Absorbers 


‘our wife has started t0 sound 
like a detergent commercial, 
bragging about the spilled cof- 


fee stains she’s gotten out of your 
shirts, The kids are making excuses 
about why they'd rather tide their 
bikes to the mall than get a lift in your 
cat, and even the dog has started to 
get carsick, Wake up, Bunky, and real 

| ize that your vehicle's ride has gone, 

| ticerally and figuratively, downhill. 
Hey, there are over 60,000 miles on 

| the odometer, and the tires are start- 
ing to develop little concave “cups,” 


sure signs i's time for new shocks 
Of course, you could gee the 
jouney ride of worn shocks at much 
lower mileage, perhaps because you 
drive briskly on bad roads and accel- 
erate the wearing-out process. Or 
maybe the shock mountings have 
loosened. Occasionally, a shock pro- 
duces a visible leak of fluid, but some 
hint of weep is normal, and most 
shocks we've seen that were well 
‘worn out, also looked bone dry. 
‘That's right, we're talking about 
shock absorbers. The MacPherson 


UPPER MOUNTING 


MOUNTING 
FLANGE \) 
Wms 


(Fig. 1) Removing shocks is usually 
straightforward, but getting under the 
vehicle and applying sufficient torque 
to remove large-diameter tusted-on 
fasteners can be daunting. 


struts in wide use, but conventional 
shocks are on lots of cars, plus almost 
all those SUVs, pickups and at least 
the rear suspension of minivans. Isn't 
replacing them just like changing 
struts, just easier because you don’t 
have to compress and remove the coil 
spring? No, although some things are 
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obviously eracked or badly 
distorted, you'll usually 
have to replace the shocks 
to get the new bushings. 
‘That's okay, hecause the 
shocks themselves don’t 
Figure to be in much better 
shape, 


similar (a strut is really a 


type of shock absorber), 
the mountings—and there- 
fore the replacement pro 
cedure—are different. 


Those Mountings 
Both shock mountings on 
most late-model vehicles 
Replacement 

Shocks 

The aftermarket manufac- 
turers produce replacement 


are in the underbody, s0 if 
you support the chassis on 
safety stands, you have 
aceess to the top and bor 
tom, One problem is shocks for just about 
reaching them. Another is everything, except some 
getting off the hardware (Fig. 2) If the shock rod spins endlessly as you try to remove lectronically controlled 
(Fig. 1), ‘the upper mount, try Vise-Grips on the flatted end of the fod. icy. Only a handful of 
The first thing to do is electronic systems’ shocks 
cif the mountings are loose. Ifyou stud, so you can hold the stud while. are not available from third parties, 


can turn the mounting nut or bolt ar you tighten the nor. either hecause they're an oddball size 
the top or borrom withour much ‘When a nut and bolt loosen, you or because the tie-in to the vehicle 
effort, the mounting is loose. On some may be able co just retighten, How- _electronies would result in a ride/ 
shocks there's stud ina rubber bush- ever, it will loosen again if you don’t handling glirch if you installed non: 
ing, and if rears lnase, you'll see and apply some thread-locking campound electronic replacements. It might be as 
feel it turn as you try to tighten the to the threads. little as a trouble code or warning 
nut. There's typically a hex on the If the shock bushings’ rubber is light, hut if ehere’s major integration, 
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Shock Absorbers Don’t Absorb Shocks 


A shock absorber doesn't absorb shock (the spring does chamber, which dissipates it in the form of heat, Most 
that, by flexing to absorb the energy of an impact). The shocks have twin-tube (chamber) arrangements, an inner 
‘shock absorber actually stops the vehicle from bouncing chamber with the piston and a calibrated valve at the 

Up and down on the flexing spring. It does this by transfer- bottom, which has the entry passage to an outer cham- 
ring the spring-lexing energy to a piston in an oil-filled __‘ber—the reservoir. When the piston comes down on com- 
pression, it forces fluid through the calibrated 
valve into the reservoir. When the piston moves up 
as the shock absorber extends, oil is drawn from 
the reservoir into the main chamber, and some 
also flows through orifices in the piston, as part of 
the ride control calibration, A charge of low-pres- 
sure gas in the reservoir reduces oll foaming, 
Which would affect ride control. Many high-perfor- 
‘mance shocks, including some for heavy loads 
such as motorhomes, are of single-tube construc 
tion, with a high-pressure gas charge in the base. 
Fluid flow is between the areas below and above 
the piston, which has a sophisticated valve 

— J assembly. The higher pressure of the single-tube 
design is even more effective against fluid aera- 
tion, but at the expense of ride comfort. Strut 


Single- and double-tube shocks are used on either the 
front or rear end of most vehicles, Struts are simply a 
shock that includes the spring perch and a bearing that ‘eplacement is sometimes a job for a pro with the 
replaces the upper ball joint. right tools and coil spring compressors. 


REPLACING SHOCK ABSORBERS so 


(Fig. 3) There are several special 
tools available for holding the shack 
rod, in an assortment of sizes, at 
auto parts stores. Use a box-end 
‘wrench to loosen the nut while you 
hold the rod stationary. 


itcould be more than that 
Just check the manufacturer's eata- 
log, and if there are shock absorbers 
listed for your exact year, make and 
model, and the listing says it covers 
the electronic control sys- 
tem type, you're cool, You 
will be giving up the ele: 
tronic control, but there 
isn’t a system that’s all that 
sophisticated on anything 
but a few premium cars, 
stich as Cadillac, Mer~ 
cedes, Corvette and some 
other high-end sports cars, 
If the aftermarket cata~ 
log doesn’t list replace- 
iment, you're stuck with 
ordering replacement 
shocks from a dealer. On 
some Ford products there’s 
an external motor drive, 
and you can unplug it 
from the old shock and, 
install it on the new one. 


(Fig. 4) Generally, a 
socket will spin off the 
‘mounting hardware. New 
hardware is usually 
Included with the shock. 


In most other eases, you 
et a choice of shock 
absorber designs. 


Getting the 
Shock Off 
If there's an electrical 
connector, start by 
unplugging it. No elec- 
tronics problem with 
installing conventional 
shocks? You could 
just cut the wiring, 
and tape securely. But 
if there’s any chance you 
or a subsequent owner 
will want to re-establish 
the system, thae won't work, 


Ifthe connector is in the 
trunk, cat's easy (just tape 
over it), Bur if i's under- 
neath, find a safe location 
away from exhaust heat, 
pack it with pieces of plas: 
foam stuffed against the 
terminals, put it into a heavy plastic 
pouch, seal and hold it in place with 
a cable tie. 
Loosening a rust-frozen nut and 
bolt is one of the major headaches in 


shock replacement. Ifa nur is 
exposed, you should be able to 
loosen it with a nut splitter, a clamp- 
like tool you often can rent from an 
auto parts store. No space for the 
splitter? Penetrating solvent, fol- 
lowed by heat from a torch, is 
another possibility. The most dif 
cult is the type where the piston rod 
turns when you try to loosen the nut. 
One approach is to clamp locking 
pliers anto the “double-D” end of 
the piston rod, hold ie from turning 
swith the pliers and loosen the nut 
with a conventional wrench (Fig. 2). 
Something hetrer (particularly for 
recessed installations) is a special 
toolkit with a hollow hex chat fits 
over the rod onto the nut, fallowed 
by a wrench (made to fit the double- 
D) that goes through the hollow hex 
onto the double-D end (Fig. 3). Inex- 
pensive kits, with three hollow hexes 
for most U.S. makes, or even some 
for specific models, are readily avail- 
able in auto parts stores. It comes 
with three hollow hexes for most 
U.S. makes. There's also one specifi- 
cally for some Ford products. If the 
shock piston end (or stud end) has a 
conventional hex, you can 
use an ordinary socket, of 
course (Fig. 4), 

Many shocks are 
mounted on studs, and 
‘we've even seen those 
where the shock upper 
mount has a retaining 
bracket held by an addi- 
tional stud and bolt, I's 
nota major difficulty, just 
extra hardware to remove, 
When you get the nuts off 
a stud mounting, you still 
have to pry off the shock, 
working evenly at top and 
bottom so it doesn’t cock. 

IF you're nor sure of the 
condition of a bone-dry 
shock, just disconnect it 
from the bottom mount if 


possible (or remove it com: 
pletely if it's on studs). | 
Then slowly compress the 
shock (even low-pressure | 
as shocks will be easily 
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LOWER MOUNTING BOLT 


(Fig. 5) Lower mounting bolts are usually, but not always, included in the new 


‘shock’s box. 


compressed). IF you feel any lost 
motion (“Jooseness” or unevenness), 
the shock is worn our. 


Installing New Shocks 

If you're on a budget and installing 
nongas shocks, irs a good idea to 
make sure they don’t have air inside 
and bleed it out if they do, (Don’t try 
this on old shocks. If they have air 
inside, it’s from internal wear, and 
bleeding is not a cure.) With new non- 
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gas shocks, bleed by holding each 
shock upright (installed position): 
Extend it, and shen turn it upside 
down and compress. Repeat the pro- 
cedure a few times and the new shock 
should operate smoothly, with some- 
what greater resistance on extension. 
Using adjustable shocks? Some 
have soft, normal and firm positions, 
and although you can make adjust- 
ments after installation, start with 


soft ar normal (Firm is best for “ride 


restoration” after tens of thousands 
of miles of use). 

The mounts for replacement shocks 
often are very different fram those for 
the originals. That's okay, so long as 
you follow the instructions carefully, 

A common example is the aftermarket 
hardware for the *stud-in-bushing” 
design used on many General Motors 
cars. There's a specially shaped steel 
replacement stud assembly that goes 
into the lower mounting, and the 
bushing that's in the replacement 
shock just slides onto it (Fig. 5). 

Ifthe shock mounts on studs and 
the nut is tough to thread on, clean 
the threads with a wire brush and 
apply penetrating oil/solvent. If the 


nut almost spun off, apply a film of 
rhread-locking compound co the stud. 
IF you can tighten the shock hardware 
to specs without distorting the bush- 
ing, that’s ideal. If ehe nur bits the end 
of the threads and the bushings are 
loose, you've gor the wrong ones—or 


you're missing some hardware, @ 


a 
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| Maintaining Your Exhaust System 


he sign says “DIP.” And its not 
Tee: samba school— 

there’s a dip in the pavement 
large enough to lose a first-grader in, 
You touch the brakes lightly to keep 
from spilling your java as you traverse 
it, But there’s a sudden graunching 
noise from under your car, followed 
by the scream as about a gallon of 
fast-food coffee flenses the skin from 
your thigh. You pull over to inspect 
your leg and the underside of your car, 
in that order. There are big, hot 
chunks of metal hanging loose under 
your chassis, and the exhaust system is 
nearly dragging. 

Today's exhaust systems consist of 
a lot of expensive parts. There are 
‘one of more catalysts, an oxygen sen- 
sor, maybe even a 2-stage muffler, 
There’s piping that’s nor only shaped 
to clear underbody lines, but also 
may be made of premium metals, in 
some cases dual-wall tubing. There 
are sheetmetal underbody heat 
shields to prevent the exhaust from 
igniting dry grass, 
‘What's holding everything 

together? A few clamp joints and 
some welds. What's holding every- 


thing up? A few pieces of rubber with 
some brackets. What's keeping every- 
thing aligned? Those same few pieces 
of rubber and brackets. Failures are 
‘common and they range from cracked 
rubber to failed welds. 

Before you suffer the same expen- 
sive fate we described earlier, cake 
time to perform a regular underhody 
inspection—it's easy. To get started, 
jack up the car and support it on 
safety stands front and rear. Now 
you're ready for an in-depth look. 


Hangers 
Ifany hanger is broken, it has to be 
replaced, without delay—even if the 
exhaust system seems to be hanging 
level, One broken hanger means that 
‘when the system moves up and down 
as you drive, a whiplash effect goes 
rough the clamped and welded 
nts, Eventually clamps loosen and 
welds erack. 

Replacing a broken hanger used to 
he simple, because most companies 
used some type that bolted to the 
body and clamped to some part of the 
exhaust system. Today, the most pop- 
ular design uses rods welded to the 


(Fig. 2) Tightening a loose clamp won't 
help if the bracket has broken loose at 
‘the weld line. 


pipes and, often, ro the vehicle under- | 
body (Fig. 4). These hangers also have | 
athick rubber section that resembles a | 
flattened football or beach ball, with 
holes for a rod at each apex of the 

rubber. Welding, positively locates all 

the parts, and although you may have | 
to tug and pry, replacing the rubber 

piece when it becomes cracked is very 
straightforward. | 

‘You can install a brand-new pipe 
if the rod comes off the pipe, but if 
the pipe itself is good, that’s an | 
unnecessarily tough and expensive | 
replacement. The alternative is to | 
installa universal banger, though | 
this may require a bit of jury-rigging 
Firse, remove the broken hanger. 
‘Then look for a nearby hole, perhap: 
even from the old hanger. Take au 
versal hanger that can twist and tile 
and has an adjustable length secup, 
and attach jt to the underbody with a 
bolt (and if ic isn’t threaded, also 
with a nut) through that hole, Next, 
make the connection around the 
pipe—a simple clamp and U-bolt 
usually works (Fig, 2). Don’t be sur- 
prised if a part of the welded-on 
bracket (from the broken hanger) 
has ta be cut or ground off to pro- 
vide space for the clamp that will 
attach to the universal hanger, You 
should try o make attachments very 
close to the locations of the original 
equipment setup. This will maintain 
system alignment and the balanced 
hang of the entire system. 

If there is noise from exhaust 
system contact with the underbody or 
an underbody part, you should check 
for damage underneath, Exhaust sys- 
tem clearances are limited, and if you 
see the need to increase one, it may 
be possible to bend or shim an origi- 
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nalequipment hanger. Ifa rod-type 
hanger is welded in place, see if you 
can bend it with a piece of pipe over 
the rod’s open end. If you need more 
than ‘4 in. oF So, look for an alterna 
tive. If the hanger is a bolt-on to the 
body, for example, you may be able 
to install washers as shims. 

Some older imports have rubber 
hangers that resemble thick rubber 
bands. Ifthe old band has broken off, 
you can get a replacement, but 
installing it is nor a matter of simply 
stretching it over the retaining tabs. 
‘The band is so thick and stiff you 
probably will have to pry pretty hard 


to get it on. 


Many exhaust systems have a 
bracket to provide firm support close 
to the transmission. IF the bracket 


icks—or if ir was removed for ser- 
vice and never reinstalled—thar can 


account for a lot of exhaust system 
flex and eventual cracking. If you 
can’t get a replacement bracket, you 
1 the old cracked 
cone rewelded. But replacement is the 
best choice, and if the dealer doesn’t 


may be able to 


have it, the wrecking yard may. 


Shields 
Exhaust system h 


at shields are prone 
to damage from driving on rough 
roads. To avoid the possibility of a 
‘grass fire, replace any that are missing 
or barely hanging on, [fa shield is 
dented, unbolt it, and check the 


exhaust system for damage. 


Exhaust Joints 
If there has been a lot of exhaust sys- 
tem up-down travel because of a bro: 
ken hanger, the clamps and joine may 
be damaged. Ifa welded joint is 
cracked at a muffler or resonator joint, 
you can replace the parts, Or to save 
‘money, cut away the piping and part of 
the neck joint, then install a short con: 
nector pipe and secure it with clamps. 
Ifa clamped joint isn’t cracked, 
bur is leaking exhaust gas, remove the 
old clamp. Ifthe pipe ends are hadly 
Uistorted, you'll have to rent a pipe 
expander to reshape them. Otherwise, 
separate the pipes, sand them co 
remove any rust, then apply a coat of 
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MARKET 
UNIVERSAL 
HANGER 


AFTER-MARKET 
UNIVERSAL CLAMP. 


(Fig. 2) Sometimes a universal after- 
‘market clamp will fil the bill and let you 
reattach the OEM hanger. 


A muffler is a canister 
with internal tubular pas- 
sages, shaped in part by 
baffles, designed to 
gradually reduce the pul- 
sations of flowing 
exhaust gas. The slow- 
down creates back pres- 


sure in the exhaust sys- 
tem, all the way back to 
the engine itself. This 
slows down the exit of 


exhaust gas from the 
engine, reducing its per- 
formance. To get around 


TOENGINE 


cial at low speed, 
because slowing down 
the flow pattern of intake 
and exhaust gases 
improves performance 
somewhat. Many engines 
have 2-stage mufflers 
with an internal spring- 
loaded valve. These muf- 
flers maintain a specified 
amount of back pressure 
for good low-speed per~ 
formance. But when th 
‘engine Is at higher speed 
and there's more exhaust 


this problem, many high-performance engines 
increase the exhaust flow with larger mufflers and 
accept some increase in exhaust system noise as a 
result, With careful design, however, including the use 
of silencing materials, the systems can be made to 
‘meet legal restrictions. Some back pressure is benefi- 
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gas to flow through the muffler, back pressure builds 
up. Before it can become excessive, it pushes open 
the spring-loaded valve, and the gases take a far less 
restrictive flow through the muffler. This "second 
stage” permits the engine to develop considerably 
greater horsepower at higher rpm. 
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5: Wipe the Iron's Tip 


Wipe the tip on the sponge as shown in Figure 1-5, being sure to turn the iron 
afew times as you wipeit, so you wipeallofits surfaces. itwill make. sizzling 
sounds the water in the sponge comes into contact with the tip. The figure 
shows a sponge that's been used a few times. Notice the little blobs of solder 
that have came off the tip over time. A clean tip is critical to successful sol- 
dering. Even a small layer of oxidized material or other crud will imit the 
amount of heat that's transferred to the component you're soldering. Wipe 
the tip often, and keep the tip clean 


EE 


Figure 1-5, Wiping the tip clean 


6: Tin the Iron's Tip 


Before yau begin soldering components, you should put thin layer of solder 
‘on the tip as shown in Figure 1-6. This will have two effects: burning off any 
cud that shouldn't be there, but also providing a thin layer of liquid solder. 
Thislayer makes for avery effective heat transfer between the soldering iron 
‘and whatever you're soldering, Give the tip one more quick wipe on the iron 
and place the soldering iron into the holder until you need it. 


6 Leamto Solder 


oy 


(Fig. 3) 
Springs on the 
bolts at the joint at the 
base of the headpipe allow the 
exhaust system to flex slightly as the 
engine moves on its mounts. 
Replace broken or sacked-out 
springs to prevent a leak. 


WEIGHT 


(Fig. 4) When using 
replacement parts, be 
sure to reinstall any orig- 
nal vibration-damping 
counterweight. 
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Replacing Your Belts 


‘ot again! You crank the car 
through a tur and the steering 
suddenly gets almost rock hard, 


Both your heart and the stecring wheel 
seem to stop. As you apply more muscle 
to the steering wheel, you hear sharp 
squealing from under the hood, On the 
dash, the alternator warning light shines 
brightly: As your vital signs normalize, 
you remember that you've had this hap- 
pen hefore: The accessory drive belt for 
the power-steering pump either is slip- 
ping badly or has popped off. 

Today's drive belts, particularly the 
ribbed belts, are supposed to last for 
years. You even know people who've 
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never had to change them. Why do 
you have repeated belt problems 

The answer is that something's 
wrong with your belt's drive. Don't just 


put on a new belt, grumble and wait 
for the nest bee failure, Find out why 
your ear has an appetite for drive bels, 
Then make a more durable repait. 
First, inspect all of the belts and 


each of the pulleys (Fig. 1). Twist 
over each belt and check it thor- 
oughly, On a simple V-belt, look ar 
the sidewalls, and if they're glazed, 
thar’s sign of slippage—typically 
caused by improper adjustment, but 


possibly a sign of a bad pulley, too. 


(Fig. 4) A belt that's installed improp- 
erly, or one riding on improperly aligned 
pulleys, will not last long. 


On a multiribbed belt look carefully 
for missing chunks of rubber, Specif- 
cally cheek for gaps at least a half- 
inch or longer on adjacent ribs. 

If the belt hasn't lasted long, the 
reason will be found during inspec- 
tion of the pulleys. There are lots of 
reasons why some cars eat belts, 


Feel The Tension 
Most cars and trucks use a single, see- 
pentine belt (see “How it Works,” 


correct 
ROUTING 


(Fig. 2) Conect routing of serpen- 
tine helts is not easy, especially in 
‘a crowded engine compartment. 
Incorrect routings may almost fit, 
's0 check the routing diagram or 
the owner's manual. 


page 68) to drive a lor of accessories. 
“These belts typically are tensioned by 
an idler pulley with an auromaric ten- 
sioner. Just because there's an auto- 
matic tensioner doesn’t mean it's 
working right. Any of the root causes 
discussed below can result in a belt 
getting chewed up fast, or popping off 
the pulleys. 

‘There's a tension indicator on the 
idler and it should be reasonably 


close to midpoint. Ie should not be 
resting on the stop tab ar the “loa 
id. IF iv is at the stop—or very 
close—the belt has stretched and 
should be replaced before it pops off. 
You just putin a new belt, you say? 
Maybe you routed the belt incor- 
rectly. Yes, it is possible to get the 
hele weapped around all the pull 
in what seems to he the right way but 
have it wrong. Cheek the belt-rouring 
diagram (Fig. 2), which on many cars 
is on an underhood label, 


IDLER PULLEY 


ALTERNATOR 
PULLEY 


Are you sure you haye the right 
belt? Juse because the tension indicator 
isin the right place doesn’t mean you. 
have the correct hele. I's hard to eye- 
ball the difference between 7-rib and 
S-rib belts, and if the pulleys have 
more or fewer grooves, the belt won't 
sit right. Even if the number of 
grooves matches, i's possible to install 
the helt roo far inboard, While you're 
looking ar the tensioner, also check for 
cracks in the housing which would 
allow ito flex enough for troubl 

Nothing obviously wrong yet? If 
the belt is still on the pulleys, rum the 
engine and eyeball the accessory driv. 
If the tensioner is vibrating a lot bur 
the pulleys are running smoothly, the 
damper bushing is bad and you'll 
have to install 2 new tensioner, 

Par a wrench on the spring ten: 
sioner (Fig. 3). Usually there's a 
square hole for a ratchet or breaker 
bar drive, and oecasionally you can 
use one of those. If rhe tensioner on 


‘Alc COMPRESSOR 
PULLEY 


POWER STEERING 
PUMP PULLEY 


your transverse-engine car is buried 
so deep down between the pulleys 
and the suspension tower that you 
can barely see it, check out the 
assortment of special long, thin 
wrenches designed for those installa- 
tions at your loeal auto parts store. 
“The leading makers of these specialty 
tools will have theirs on display (Lisle 
Tools, K-D/Dannaher and Schley/SP). 
With the wrench on the tensioner, 
apply some light torque in the disc 
rect direetion, and if the wrench 
moves very easily a short distance 
and then gets stiff, the tensioner 
housing spring either is aut of posi- 
tion or broken, This condition often 
causes the tensioner and its idler pul- 
ley to vibra 

Not today? Keep applying effort 
with the wrench, and you should feel 
uniform spring tension all the way to 
the belt-off position. Ifyou feel bind- 
ing or lost motion at any point, 
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Never 
“let yo" oF a tensioner, Aside 
from the possible physical 
danger, the sudden release 
‘can cause internal parts of 
the tensioner to snap (includ- 
ing the spring). Release it 
very gradually. If you do 
anew rensionet, don't 


replace the tensio 


think: you have to get i from 
a dealer. Reputable after- 
market tensioners are avail: 
able from automotive parts 
stores, 


Playing With Pulleys 

If there's wobble in the idler 
or any one of the other acces: 
sory pulleys, the pulley could 
be cracked or worn loose. 
Just one damaged pulley any- 
where in the accessory drive 


another one, however, the 
only fix is ta shim out the 
accessory with Ws 


which is a bit of 
Do some touchy-feely on 
the idler pulley. Try to turn it, 
and if it's seized, the tensioner 
has to go. [Fir turns, feel for 
roughness (which indicates a 
bad bearing) and if you come 
up with a dab of grease from 
the bearing area, that indi- 
cates a grease leak past a had 
seal. Try to rock the pulley 
In-and-our mayernent may be 
a sign of a loose bol, bur 
more likely a damaged pulley 
a pulley is steel and it’s 
clearly rusted, that not only 
indicates the eoaring has 
‘worn off (normal, in time), 
bur thar it is damaging the 


also can affect the operating, (Fig. 3) Mest automatic tensioners provide a square hole nderside ofthe belt and you 


appearance of the tensioner, for @ #in. ratchet. 


Replace the wobbling pul- 


ley—easier said than done on some room, lay a stil mechanie’s steaight- 
accessories, Besides the problems of edge or a thin steel rod across the 
neay-impossible access on a front pulleys to help you decide if the pul 
drive’s engine, you may need to renta__ ley on that new accessory is mis 
special pulley-puller tool if you don’t aligned, Unless you want to rake 
own one. back that accessory and check out 


If the pulleys aren't wob- 
bbling but the belt isn’t track- 
ing well—seems to twist 
slightly or move in and out 
as it spins the accessories— 
there may he pulley mis- 

al That is, one pul- 
ley is just too far forward or 
behind another. This hap- 
pens on new cars when man 


ufucturing tolerances are 
exceeded, but it doesn’t fuse 
“develop” unless you did 
some front-of-engine work 
and failed to tighten all the 
accessory mountings care 
fully. Iralso could happen if 
an accessory recently was 
‘changed, and thar aeces- 
sory’s pulley doesn’t line up. 
(Did you just pur ina new 
alternator? Power steering 
pump? Air-conditioning 
compressor? Water pump?) 
lf there’s enough access 
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have to replace it, 
Patley alignment okay and 
mountings are solid? No marter how 
badly they're buried, inspect all the 
pulleys, Look for chips and other 
physically damaged sections thar also 
could come in contact with the belt. If 
any of the grooved pulleys are packed 
‘with road film, hele debris, 
cetc., wire-brush them clean, 


If the smooth pulleys (idler 
and water pump) are obvi- 
ously worn on the helt-track 
ing area, you'll have to 
install new ones or a new 
tensioner assembly. 


Doing It By Hand 
A lot of older engines—par 
ticularly on Japanese ears— 
still have simple V-belts, 
Many also have ribbed belts 
with manual adjusters. The 
typical adjuster is.a 
jackscrews just loosen the 
lock bole and rurn the 
jackscrew, counterclockwise 
to loosen the belt, clockwise 
to tighten, 

Even if the pulley is for a 
simple V-belt, it can accu- 
ulate debris in the groove. 
So clean it out with a wire 


or 


brush, just as you would a multi- 
groove. The days of getting an 


accurate sense of belt tension by 
pressing down on a belt with your 
thumb are long gone, It takes a ten- 
sion gauge (Fig. 4) 

Although there are expensive pro 
fessional gauges, we've found the Gate 
Krik-le nd fit 
into really tight places. Look for the 


ges do a good job 


Jongest belt span you can reach, 
preferably at least a foot, Just lay the 
Krikele 


ige at midspan, press down 
slowly on the center until you hear a 


cricketlike click, the 
The gauge bar rises as it encounters 
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(Fig. 4) Don't check for correct 
‘tension with the time-honored one-thumb 
method. Use a gauge. 


belt tension, and stops when you stop 


pressing, You can lift the gauge away 


‘and read the point of alignment of the 

edge of the bar with the linear dial on 

the gauge housing, Just turn down the 

jackscrew co get the spevified tension, 
then tighten the lock bot. 

You're probably familiar with 
“belt dressing,” an aerosol spray 
for belt squeal. Use it only to make 

a quick check of the belt as a 
source of noise. Repeared use ruins 
most helts, 


Serpentine Belt 


‘The serpentine belt is so named 
because its routing resembles the 
shape of a serpent. Carmakers devel- 
‘oped the system so one belt would, 
drive several, if not all, underhood 
accessories. A single belt, no matter 
how long, saves space under the hood 
since all the pulleys and accessories 
are on the same plane and there's no 
need to stack or stagger them. The 
ribbed side of the belt fits into grooved 
pulleys (each one a “mini” V), and the 
‘smooth back side of the belt often 
wraps around the water pump pulley 
and one or more idler pulleys. An idler 
Is used to route the belt so there's 


plenty of “wrap” around each acces- 
sory pulley for good power transfer. To 
maintain adequate tension for good 
power transfer, and still eliminate the 
need! for periodic adjustment, an auto- 
matic tensioner is usually used. 
There’s a neatly infinite variety of 
tensioner designs, but they all have @ 
powerful coil spring inside. The poly-V 
belt design used on serpentine belts is 
capable of transmitting more power 
with less frictional loss than traditional 
V-belts. A properly installed and auto- 
matically tensioned serpentine belt 
system could remain troublefree for 
four to five years or 100,000 miles. 
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Replacing Hood and Hatch Struts 


hile topping off your trans- 
‘mission fluid one Saturday 
‘morning—hunched over the 


front of the engine, dog at your side— 
you feel the touch of cold steel on the 
back of your neck. You've received a 
weak “stab from the car's hood 
atch, Time, weight and wear have 
conspired! to force an unexpected sur- 
render of the gas-charged hood sup- 
pore struts. 

Unfortunately, gas struts do wear 
‘out—and sometimes at the most in- 
opportune moments. Weak ones are 
more likely to fail in cold weather, 


when the gas pressure inside drops a 
litle, Consequently, you'll find thar 
these same weak struts work perfectly 
well on a hot summer day. But they 
should still be replaced for safety’s 
sake. The good news is that one 
manufacturer recently inroduced a 
temperature-compensating gas strut 
thar should eliminate seasonal perfor- 
mance variations, 


Sizing up the job 
Large, modern auto parts stores: 
often have parts catalogs dangling 
at the end of each aisle. So you may 


be able to look up strut applica~ 
tions on your own. If not, just go to 
the parts counter and ask for help. 
Be careful either way. Hood and 
hatch struts come in many different 
sizes and with several different 
mounting ends. 

Some employ a ball-joint mount at 
each end. Others make do with any 
combination of the following a 
either end: a ball joint, a nonartic 
lating hard mount with an integral 
hhinge or a flattened piston-rod end 
rab thar mates with a stationary 
mounting peg. Some hood struts even, 


ALTER SECURE PROPANG you Nth amine he pp sa ‘mounting ends to determine what socket or driver you'l 


‘need ta begin removing the mounti 
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(Fig. 4) Slide the locking clip away from the mounting leg to allow strut removal. 
‘You might have to push or pull the clip to release it. 


have two stages. On the Volvo 960, 
for example, unlocking a plastic lip 
‘on each strut allows the hood to con- 
tinue opening past vertical for 
engine service. 

Measure the full-open 
length of your existing struts 
before heading out to the 
parts store, ‘Then, check the 
length of the new ones 
hefore going home. Or, take 
one of the old struts with 
you for comparison. It may 
save you a return trip, Be 
aware that some support 
struts for older cars may no 
longer be available in the 


traditional aftermarket, 
(The 1981 Datsun 310GX is 
one example.) If that's the 
‘ow'll have to visita 
Or maybe you'll get 
d find the struts you 
need in the J.C, Whitney 
catalog, 

With the correct unit(s) 
in hand, open the hood or 
hatch and prop it up with a 
stour piece of wood. Ona 
L-strut serup, the wood will 


be the only thing keeping the lid 
from meeting your head with a thud 
On a 2-strur deal, the wood allows 

you to work on either side w 


hour 


worrying that the other strut is 
going to let go. 


Doing the double-joint strut 
With all che prep work done, replac- 
ing the old strurs should take all of 
about 10 minutes. Those ball-joint 
ends are usually held together with 
some sort of clip: either a flac C-clip 
that mounts through the hack of the 
socker and grabs the underside of 
the ball, or a wire C-clip that slides 
through the bottom of the socker 
and under the hall to prevent 

release. 

Wedging a big serewdriver 
herween the sheetmetal and the hall 
joint for leverage is nor the best way 
to pop the strut, A lictle finesse, 
please, Use vither needle-nose pliers 
‘or the smallest screwdriver you own 
to gently pull or pry clip away from 
the socket (Fig. 1 & 2). Then, sim- 
ply pull the socket off the ball. Do 
the same thing ar the other end. Save 
the clips if they're not broken, 


Sometimes an extra one comes in 
handy. 

Be careful when working on 
harch struts mounted near the rear 


(Fig. 2) This clip holds the socket onto the ball stud. Carefully remove the clip to release the 
sockets so you can pop off the struts. 
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(Fig. 3) Insert the new strut’s 
integral ball stud into its 
‘mounting hole and fasten it 
with the nut. 


window defogger grid. If 
you slip with the screw- 

driver or pliers, you could 
ruin the defogger element. 


Pop ‘em in 

To case installation of the 
new unit, mount the clip(s) 
ina partially open position 
on the new socket, and put 
ube on the inside of the 


socker with a litle silicone 
grease. Stick the socket over 
the ball, then snap the clip 
home, Repeat this for the 
other end (and the other 
side, iF applicable) and 


you're done. 

If you come across a ball 
joint that’s nor held together with a 
clip, see if the ball end of the joint is 
serewed inta the sheetmetal (Fig. 3). 
If so, i's very likely that a hex is 
inclided for remaving the old ball 
while irs still attached to the strut and 
screwing, in the new strut’s ball with 
an open-end wrench. Look at the new 
strut for guidance. 

For the hard-mount type 
of strut end, just undo the 
bolt, serew or nut that holds 
the old strut in place, remove 
itand attach the new piece 
(Fig. 4). If you're dealing 
with a peg-style mount, you 
should find an E-clip of some 
sort or a comter pin prevent= 


ing the strut end from sliding, 
off the peg, 

E-clips generally need to 
be pulled or pushed in one 
direction or another in order 
to release them. Sometimes 
just a gentle nudge with the 
tip of a screwdriver is 


(Fig. 4) Unscrew the hinge 
from its mounting point on 
‘either end to remove this type 
of strut. You may even be able 
to use a ratchet wrench and 
socket. 


enough to pop them off. Otherwise, 
you may need to grab one of the clip’s 
tend tabs with needle-nose pliers and 
pull the clip our of position. Then, 
remove the old strut, mount the new 
one and slide the E-clip back home 
until you feel it lick or can see that it 
is locked in, 

Although the strut’s piston rod 
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has a hardened corrosionproof and 
weatherproof finish, you should still 
take care nor ti nick or scratch the 
polished surface. This would result 
in the marred metal ruining the 
strur’s main seal. IF the seal is dam- 
aged, the nitrogen gas would leak 
ut and your brand-new strut would 


he trash. 


MOUNTING 
HINGE 


‘SCREWDRIVER 


n 
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Also, don’t inadvernently moune the 
new unit piston-side up, especially ifthe 
‘ld one was piston-side down, Most 
applications—those that contain some 
hydraulic oil as well as nitrogen was— 


perform more smoothly if oriented with 
the rod end down. This allows the more 
effective oil compression damping to 
‘occur later in the struts stroke for nifty 
end cushioning upon opening, 


With the installation complete, 
pull owt the wood prop and enjoy the 
convenience and safety of your 
hoods and hatches staying open on 


their own, @ 


HOW IT WORKS 


Support Struts 


PISTON ROD MOUNT SEALING ASSEMBLY 
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PISTON ROD PISTON STOP 


GROOVE 


In the old days, your heavy metal hood and trunklid 
required beefy, space-robbing, spring-loaded hinges to 
stay open. Then the carmakers tried flimsy prop-rods for 
holding up the hood, But they invariably get in the way 
during service and tend to wear out and break at the 
pivot point on the radiator support. 

So, as a result, gas-charged hood and hatch support 
struts, or gas springs, have steadily infiltrated the mar- 
ket. They're compact, light, durable and relatively inex- 
pensive—key for auto manufacturing in the ‘90s, 

‘One of the slickest applications around is on the 
Chrysler Girrus/Dodge Stratus trunktic. No bulky suitcase- 
crushing hinges here, thanks to two stubby gas struts that 
open the lid past vertical to allow for easier trunk access. 


PRESSURE 
CASING 


NITROGEN GAS 


PISTON 
ASSEMBLY 


How do they work? Like tiny shock absorbers really, 
But instead of being filled primarily with fluid for 2-way 
damping, they're charged with nitrogen gas for 1-way 
‘expansion. One end is fastened to the inner fender or 
cowl, the other to the hood or hatch. When you lift the 
lid a little bit, it extends the strut’s piston rod enough for 
the gas to push on the piston and keep expanding the 
strut. The lid has nowhere to go but up. 

On closing, you're actually pushing against the gas 
pressure to compress the strut back to its original size 
‘and position. A typical gas support strut is designed to 
last for at least 50,000 operations. They're mainte- 
nance-free throughout their life cycle but must be 
replaced when worn out. 


MAINTENANCE BASICS 


CQ 


Resetting Your Emissions 
Maintenance Reminder (EMR) 


‘our older minivan has been a spewed black smoke from the Your Dash Is Talking To You 
exhaust and wouldn't even idle. Hold on, Have y pring that 
Wall 


enough your fishing pals 
alk to. you, but now the 


sister across town, 
Little League van 


truck's gor to go in for service, And 
dog to the ver. Bur it sur the only way to get to work is by 
havoc last weekend, Leavin ‘municipal bus because your wife (Fig: 1) Prose button on EMR retay to 
with your buddies and a week's needs the Bimmer t0 make all her reset reminder light for another 30,000 
worth of fishin, ered, sales ca miles. This is an older Nissan engine. 


SERVICE REMINDER 


A I 


RESETTING YOUR EMR n 


Figure 1-6. Tinning the soldering iron tip 


fluxin the center of the solder isactivated. The rosin 
serves two purposes: to clean the soldering iron 
(and the joint that youare soldering) and tohelp the 
solder flow freely, Avoid inhaling this smoke, 


AZ NOTE: A small putf of smoke will appears the rosin 


Go Make Your Learn to Solder Skill Badge 


With your workstation all set up, you're ready to try your hand at soldering, 
The Learn to Solder Skill Badge (“Project I: Learn to Solder Skil 

Badge" on page vili)is a great place to start. It's so simple, we think you can 
even try it before you read any more. But before you try the second project 
(Project 2:55 Timer Blinky” on page x), you should definitely give the rest 
of this guide a read, 
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pre-ORDII vehicles (hefore 
1996), is designed to come on 
at about 30,000-mile inter- 
vals, depending on the vehicle. 
(Check your owner's manual 
for the specifics.) Irs called an 
emissions maintenance 
reminder, or EMR, and it def 
nitely shouldn't be ignored, 
When the EMR indicator 
glows, ir doesn’t necessarily 
tnean trouble, Bur each time 
the light comes on, the emis- 
sions system should be checked 
The idea isto work on the 
engine before the engine works 
you over. After giving your 
‘okay, the light has to e reser 
so the system starts counting 
down for the next EMR cycle 
‘There's a different reset 
procedure for just about every 
EMR system. Some indica 
tors, such as those on most 


Chrysler light trucks since 
1989, can be reset only by 
tapping a sean tool into the 
on-board computer controls 
IF you don’t have a scanner, 
it's off to the repair shop or 
the dealer for assistance. Some 
setups are reset by replacing a 
module. After a certain num- 
her of miles, the module is 
simply left disconnected. 
There's no resetting provision 
atall on some vehicles. Just 
disconnect the plug or connee- 
tor to shut off the light. 

Still other EMR lights, 
such as the sensor warning on 
most Nissans (Fig, 1), require nothing 
more than a screwdriver and about 5 
minutes of your time to either push-a 
burton on a relay or pull apart a con- 
nector—that is, after you've given the 
emissions controls a once-over. 

Only under the following three 
conditions should you consider reset- 
ting the EMR light without inspecting 
the emissions system: I. You've had 
no driveability trouble and no citeck 
eNGnNvE fight, 2. You've noticed no 
appreciable change in fuel economy, 
and 3. Your vehicle always passes the 
state emissions rest with flying coloes. 


(Fig. 2) Stick a pen of pencil in the back of the mileage 
‘counter in the cow! tray on Audis and Volkswagens to 
reset EMR system. 
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(Fig. 3) You'll find Volvo's mileage counter under dash. 
Press reset switch to turn off light. 


Checking Emissions System 
‘The key element in your emissions 
system is the oxygen sensor thas, 
‘mounted in the exhaust manifold, It 
senses if the engine is running coo 
rich or too lean, When the O, sensor 
gets lazy and stops reporting accurate 
information to the electronic engine 
controls, driveability trouble can 
begin—and fishing trips can be ruined. 
So check our the Os operation first. 
[Next on the lists the exhaust gas 
recirculation (EGR) valve, if your 
engine has one, Apply a vacuum to 
the valves nipple and make sure the 


valve seat opens and closes 
smoothly. On late-model com- 
puter-controlled EGR systems, 
there may be no way to check 
the solenoid/valve mechanism 
without special tools. If you 
haven't heard any engine ping 
or knock lately, idle quality is 
okay, and if the CHECK ENGINE 
light hasnt come on, the EGR 
system is probably fine, 

Other operations you ean 
check include the smog pump 
(or pulse-air system) on engines 
that use them, Examine the 
pump belt for cracks, wear and 
proper tension, Follow the 
tubes from the pump to the 
diverter valve and down to the 
exhaust manifold and catalytic 
converter: Make sure the rube 
ber hoses are intact and the 
‘metal pipes and check valves 
aren’t rusted out, You might 
even be able to reach under the 
vehicle and rap the catalytic 
converter with a mallet or ham- 
‘mer. A rattling noise means the 
eat has broken down inrer- 
nally—and its berter days are 
behind it. 

Tf you ean see the fuel-sys- 
tem charcoal-vapor canister 
(sometimes it’s buried in a 
front fender), inspect the 
integrity of its rubber lines and 
fittings. And while you're a it 
look at the air flee, air-box 
breather elementand the 
engine's vacuum fines, Make 
sure the positive cranl 
ventilation valve still rattles when you 
shake it. Check the spark plugs and 
wires and the distributor cap and 


rotor (if applicable) for wear, Ulti: 
mately, all powertrain components 
make up the emissions system, so 
check whatever you can get t0, 


Finding the Reset Location 
Although it varies, reset-switeh loca 
tions can generally be broken down 
into three areas: the speedometer 
cable/fitewall area, the kick 
panel/under-dash area and the instru- 
ment panel area. The positions often 
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MAINTENANCE. 
REMINDER 
CIRCUIT BOARD 


INSTRUMENT 
PANEL 


(Fig. 4) On Chrysier minivans, you must remove the fuel gauge or tachometer to 
get to the emissions-maintenance-reminder reset switch. 


change from model year to model 
year across the same vehicle make, so 
always approach your search with an 
‘open mind. And check your owner's 
manual. 

The speedo cable resets are usually 
the easiest because the cable sticks out 
like a sore thumb, and there's usually 
plenty of room ro work. Vehicles in 
this category include many models 
from the early 1980s, 

Audis and Volkswagens area 
breeze, You'll find the mileage counter 
in che cow! tray a the base of the 
windshield (the speedo cable leads 
right to it). There's a hole on the back 
of the counter, Stick a pen oF pencil in 
the hole and press in the reset button 
(Fig. 2). You'll feel the button lock in 
place. Thar’s it, On Volvos, the 
mileage counter i alsa in line with the 
speedo cable. Once you've found the 
counter, press is reset button with 
your finger (Fig. 3). 

Still others are done from the inside. 
Drop the lower steering-column cover, 
Feel for the sensor reset cable to the 
left of the speedo cluster. Yank on the 


RESETTING YOUR EMR 


cable until you see the flag reset itself 
on the left of the odometer, 


Hunting for Switches 

Vehicles thar fall into the second cate- 
gory number too many to call out 
separately, bur they all have some sort 
of EMR module, relay, connector or 
pair of connectors. 

(On some models, you'll find a can 
cellation switch on the right side of the 
fuse panel. Press the switch to the OF 
position, Older Fords hide EMR mod- 
tules behind the passenger kick panel on 
their trucks. Stick a small rod in the 
hole marked ese. While holding the 
button down with the rod, turn the key 
to KUN and continue to depress the but- 
ton for S seconds. On older Jaguars, 
the mileage counter is behind the trim 
in the trumk, Press the white button 
with the key on to reset the light. 


Pulling the Instrument Panel 
This third category can get com 
cated because you usually have to 
dismantle part of the dash to remove 
the instrument cluster or a gauge to 


ket in behind the cluster, as on 
Chrysler's minivans (Fig. 4). Acvord- 
ing toa diagnostic hotline we are 
friendly with, these vans are the cause 
of the most EMR reset calls, The cir- 
cuit-hoard-mounted switeh is tricky 
to find if you don’t know what ro 
look for. Ir’s mounted behind the fuel 
gauge on the standard cluster or 
behind the tachometer on the 
optional cluster. Sometimes you'll 
find a 9-volt battery in there, too, It 


must be replaced with an alkaline 
battery. Some Chrysler captive 
import light trucks have a reset 
switch on the back of the cluster near 
the speedo junction of on the lower 
righthand corner of the cluster, 
behind the face panel. 

‘On early-model GM vehicles, pull 
the instrument cluster lens and use a 
small tool co push on the stem of the 
orange plastic flag that pops up near 
the odometer. An alignment mark 
should appear in the left center of the 
‘odometer window when the flag is 
properly reset. Late-model GMs use 
no specific EMR indicator. The cHeck 
ENGINE light illuminates if there's a 
problem, 

Early-model non-turbo Audis have a 
cancel switch labeled oxs on the hack 
of the instrument cluster thar must be 


removed from the pod to gain access. 
Late-model turbos hide a mileage 


‘counter with a reset burton under the 
rear seat, Some late-model BMWS use 8 
resettable mileage counter. On 1989-93, 
Geo Trackers, locate the 3-wire cancel 
Tation switch in the main wiring har 
ness behind the instrument eluster or in 


the steering-column lower-access panel. 
You'll find the reset on the back of 
the speedo on Isuzu Troopers, Pull the 
tape from Hole B and swap the screw 
from Hole A to Hole B. Tape over 
Hole A, Mazda MPVs are similar. 
Swap the serew from Hole NO to 
Hole NC, Lare-model Mercedes-Benz 
cars use no EMR indicator, However, 
1980-85s, other than the 280, require 
bull removal. On VW Rabbits and 
Pickups, remove the instrument panel 
cover trim plate ro get to the mileage 
counter release arms at the top left of 
the speedo housing, Good luck! @ 


78 


a 


Passing An Emissions Inspection 
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rour car is running beautifully, 
and all seems right with the 
world, You have no trepidation 


whatsoever when the time comes to 
take it in for your state or local emis 
sions test. After an interminable wait 
in line at the inspection station, a 
smiling, snappily dressed funetionary 
shoves a probe up your tailpipe and 
asks you to gun it, Moments later, the 
inspector smiles wearily as he hands 
you an envelope—not a new inspec 
tion sticker for your license plate, but 
an envelope that says “FAIL” in 
bright red letters. You have only a 
month to do your homework and 


pass inspection, Heck, getting into 
college wasn’t this hard, 

Wasn't your car designed to meet 
these emissions standards? Haven't 
you done your best to maintain it 
with regular oil changes and tuneups? 
What's gone wrong? And, most 
important, how ean you make it pass? 

‘Take a minute to read the rejection 
slip carefully. Typically, it will give 
you the test results for your car along 
with the acceptable limits. Note 
Which of the “terrible tria”—hydro: 
carbons (HC), carbon monoxide 
(CO) or oxides of nitrogen (NOx)—is 
our of bounds, 


‘screwdriver while the engine idles. If 
the EGR valve passages aren't blocked, 
the engine should stall immediatel 


Raw Gas 

Hydrocarbon emissions are simply 
unburned fuel being pumped raw into | 
the exhaust system. Misfiring is the 
most likely culprit, and thar can come 
from an ignition problem, or an inter- | 
nal engine failure that reduces com- | 


pression, Another possibility is a mix- 
ture that’s too lean to catch fire 
dependably because of either a fuel 
system malfunction or a vacuum leak. 
Ifa high HC number isn't from a 
miss, i's prabably due to.an averly 
rich mix. 

So, worn or fouled spark plugs are 
the frst things to suspect. If you can 
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feel a dead miss at idle, use insulated 
pliers to pull plug wires one at atime 
to see if one in particular does not 
have any effect on smoothness (don't 
do this on °96 and newer cars with 
OBD I, as it will seta mistire code 
and turn on the Malfunction Indi 
tor Lamp on the dash), Remove and 
inspect thar spark plug. IFi's okay, 
| use an ohmmeter to find out if the 
plug wire is epen—you should meter 
5000 t0 20,000 ohms, then examine 
the distributor cap for heavy corro- 
sion in the sockets, cracks, ete. 

With the plug out, do 
4 compression rest— 
anything much tess than 
| 100 psi should be sus- 
pect (a valve may be 
burned). Also, look over 
the intake manifold to 
see if there’s a vacuum 
| tap in the runner lead= 
ing to the problem 
cylinder. A leak here can 
lean out the mix to the 


‘Many cars no longer 
have adjustable ignition 
timing, but you should 
check it with a timing, 
light noneths 


point of misfire at idle. 
There are a couple of other things 
that ean supply enough extra gasoline 
to put hydrocarbons above the limit 
One is the evaporative-emissions eon- 
trol system that traps gasoline vapors 
that would otherwise escape into the 
atmosphere. Irthen meters the vapors 
into the intake during off-idle modes 
ic flows at idle, the 


oil that’s diluted with gasoline, Fuel 
vapors are drawn through the Positive 
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Older cars might benefit, 
from tweaking the idle 
mixture screw no more 
{than a half tur in either 
direction to get the idle 
‘mixture setting correct. 


Grankease Ventilation 
system and into the 
intake manifold. 
Smelling the dipstick 
may tip you off to this, 
and an oil change will 
correct the problem— 
temporarily. 


Killer Compound 
Carbon monoxide is 
produced by incomplete 
combustion—the 
airffuel charge is ignited, 
but isn’t burning prop- 
erly or entirely. In most 
cases, this is due to Fuel- 
system troubles that 
make the engine run 
rich, but intake air restrictions could 
affect it too. If’s important to note 
that some combustion is required for 
CO to be created. So, you won't see a 
high CO reading if there’s no spark, 

‘With a carburetor, richness might 
be due to an idle mixture serew that's 
‘open toa much, a heavy float (the 
foam type may absorb gasoline, and 
the brass pontoon type can develop 
holes and fill up with fuel), a choke 
thar stays on after the engine has 
warmed up, or a power valve that 
sticks in the open position, With fuel 
injection, perhaps the 
fuel pressure in the rail 
istoo high due toa 
faulty fuel-pressure reg- 
ulator, or there may be a 
cracked vacuum hose to 
the regulator, 

OF course, just abour 
any car buile within the 
last ewo decades will 
have an electronic 
engine management sys- 
tem that controls the 
air/fuel mixture (among 
other things), so con- 
sider the sensors that 
feed information 
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A cracked vacuum line can cause the charcoal canister 


‘to malfunction, increasing emissions. 


A misfir 


to the computer. This, however, 
graduates into professional-level 
troubleshooting, 

On a precomputer earbureted ear, 
‘one way to get under the HC and CO 
limits is to retard the ignition timing. 
This will slow the idle and provide a 
longer, hotter burn, Then, bring the 
idle speed back up to specs with the 
throttle stop screw or idle stop sole- 
noid, which will admit more air, Pes 
formance will he off, but you'll prob- 
ably pass the test. 


Hard NOx 

NOs is tough one, It forms when 
nitrogen (78 percent of the air we 
breathe) combines with oxygen (21 
percent of the atmosphere), which can 
happen only at very high combustion 
temperatures. The trouble is, many of 
the things that were initially done to 
cut HC and CO involved dramatically 
increasing the heat inside a car's eylin- 
ders, That heat created plenty of NOx. 
Fortunately, it was found that only the 
peak temps (over 2500'F) produced 
this smog-promoting gas, not the long, 
hot burn that oxidized the other two 
pollucants. Introducing Exhaust Gas 
Recirculation (EGR) knocked the rop 
off che temperarure curve, thus putting, 
NOx within bounds, One of the main 


cylinder may have bad rings or valves, 
which can be spotted with a compression test. 


reasons electronic 
engine management 
systems were devel- 
oped in the late 
19703 was to allow a 3-way catalyst, 
which adds rhodium to the 2-way car's 
platinum and palladium to further 
diminish NOx. 

“The first things to suspect are an 
inoperative EGR valve (perhaps the 
vacuum line is cracked, or the internal 
diaphragm has ruptured) and carhon- 
clogged EGR passages. Try applying 
vacutim to the valve at idle. Ifthe 
engine starts to run roughly or stalls, 
the valve is okay and the passages are 
at least partially open. Remove the 
valve and dig out all the deposits you 
can. 

‘There's a good chance that the eat- 
alytic converter is no longer capable 
of reducing NOx, but determining 
that requires high-tech diagnosis best 
left to a professional. There's another 
distince possibility that you can deal 
with, however: heavy carbon deposits 
in the combustion chamber and on 
the backs of the intake valves. These 
‘can raise the compression ratio 
‘enough to cause the hot flash that 
forms NOx, and will also interfere 
with the carefully engineered swirl 
pattern of the incoming misture that 


makes it burn evenly, 

Numerous treatments have been 
devised to avoid the huge job of 
removing the head and manually 
cleaning the combustion chambers, 
piston tops and valves, but the only 
‘one suitable for the do-it-yourselfer is 
chemical treatment. The most basic 
approach is to pour a suitable addi 
tive into the gas tank, A more thor- 
‘ough job can be achieved by adding 
detergent- or solvent-based cleaners 
directly into the ineake stream. 

‘Too much heat is another thing to 
think about, Is the engine running 
hor? Is the intake air overheated due 
to a jammed Farly Fuel Evaporation 
valve, or is a Thermostatic Air 
Cleaner door in the snorkel stuck: 
closed? 

Ignition timing that’s too far 
advanced can result in detonation 
that causes NOx to rise. A switch 
to premium fuel may reduce it. A 
final note: Moisture-laden air can 
lower NOx output by as much as 30 
percent, so you might consider visit- 
ing the emissions station on a rainy 
day, @ 
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Changing Your Oil And Filter 


he line at the quick-lube goes 
Te the building and nearly 

to the street, But the auto parts 
store parking lot is empty—now’s 
your chance to show the wife that it 
really is cheaper and easier to change 
your own oil. Especially after watch- 
ing the grease-stained quick-lube 
mechanic through the bay doors for a 
couple of oil changes. Air wrenches 
con the oil-drain plug? Even though 
you realize that ears have changed 
since you got out of the habit of 


CHANGING YOUR O1L AND FILTER 


changing your own, they haven't 
changed that much. 


All Jacked Up 
Jacking up the front of the car and 
putting it on safety stands is stil the 
first step, and placing the drain pan 
tunder the oil-drain plug is the second. 


Okay, you're ready to loosen the plug, 


but it’s really tight. That mechanic 
with his air wrench apparently was 

the last one to tighten ir. Drain plugs 
typically havea soft metal washer or 


a sealing washer with a rubber insert. 
Use a properly fitting box wrench or a 
6-point socket wrench to remove the 
plug. Be careful not to rock the socket 
to the side as this could damage the 
flats on the bolt, 

If putting the car up on stands 
doesn’t leave you enough underbody 
space to get adequate leverage, you 
can use a 4-way lug wrench provided 
ithas the proper end, This will allow 
you to twist the bole without adding 
any site thrust, and you'll be able to 


This permanent filter with a replace- 
able element is becoming more com- 
‘mon on late-model cars. You need to 
replace only the inner filter element, 
not the entire cartridge. 


no 
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use both hands and all of 
your upper-hody strength. 
Remain calm, have patience 
and you'll get it loose, 

Bur of course, life isn’t 
easy. The threads in the pan 
and on the plug are damaged, 
perhaps from partial eross- 
threading. What to do now? 
Forget the drain plug and get 
a repair kit. A typical kit has 
a replacement fitting thar cuts 
deeper threads, and when 
tightened, it seals against a 
washer and remains in place. 
Some kits cut fresh, deeper 
threads for a new plug. A 
hexhead brass cap with an O- 
ring seal threads onto the 
end, When its time to change 
the oil, you unthread the cap. 
Others (for odd-size, severely 
damaged holes) are fat, cone- 
shaped synthetic rubber plugs 
larger than the drain-plug 
hole, You force a special rod 
into an opening in the cone, 
Which temporarily stretches it 


and reduces its diameter, A simple band wrench may be all that's necessary to remove a canister filter. Make sure 
allowing itto fit in the hole, Yow have enough room to swing the wrench. 


Withdraw the rod, and the 
cone relaxes and seals the hole—the 
cone won't come out until you force 
in that rod to stretch it. 

If the drain plug looks marginal, 
consider installing a Fram oil-dra 
valve kit. These are available 
for the most common types of 
drain-plug holes. Thread a 
spring-loaded valve assembly 
with a copper washer into the 
hole and tighten, The valve is 
the primary oil seal, and a 
knurled cap threads on fin- 
gertight against an O-ring— 
this keeps out dirt. 

When it’s time to drain oil 
unthread the eap and thread 
ona fitting with a drain hose, 
which you ean aim right into 
the pan (no splatter and no 
hot oil running down your 
arm), The hose fitting has an 
internal tip that pushes open 
the spring-loaded valve, and 
the oil drains out. When the 


pan is drained, unthread the hose fit- 
ting (the valve springs shur), reinstall 
the fingertight cap and you're good to 
go (after changing the fier and 
putting fresh oil in the engine, of 


course). Ifthe drain plug is okay and 
you want to reuse it, replace the 
‘washer and then tighten the plug to 
specifications —20 ft-lb. ro perhaps 
35 ft-Ib,—depending on the size of 
the plug. 

Empry the drained oil 
into a suitable container 
(In my area, the county 
uzives away flat jugs with a 
giant built-in funnel.) 
When the jug is full, ake 
the oil to the store where 
you hought the new oil 10 
bbe emptied into an oil-reey- 
cling tank. Many states 
Fequire service stations to 
take small quantities of old 
oil. Dumping oil in thar 
low spot behind the shed or 
into the sink is not accept- 


A spider-style wrench 
‘may be more suitable for 
filters that are not easily 
accessible, 
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This filter has a rubberized area to 
provide for tightening by hand. 


able—and probably is illegal where 
you live, 


Off With The Filter 

When removing an oil filter, what you 
need more than anything is the appro- 
priate wrench. There are many sizes, 
and perhaps the most common 
answer is the cap wrench, which fits 
on the end of the filter. Only problem: 
The wrench fits against a fluted pat 
tern and there are countless fluted 
patterns. So nor only do you need the 
right size, bur the right internal shape 
to fit the flutes. The one that fits the 
filter on your car now, we should 
warn you, may not fit the replacement 
filver you buy. 
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WHAT'S THAT STARBURST? 


You should see two labels on a container of oil. One is a 

“starburst” with the words American Petroleum Institute 

Certified printed on it. This means that the oil has 
passed tests for the recommended service in which 

It’s to be used—that includes a test by ISLAC (Inter- 

national Lubricant Standardization and Approval 

Committee). Passing the ISLAC oil test enables car- 

makers to add to their fuel economy numbers. Oils 
‘such as OW (a synthetic grade) and SW (thin) pass this 
test, and so do some 10W-30 oils. Heavier oils, including 
‘those formulated for older cars, do not. 

On the second label you'll see the words “Energy Conserving.” Real 
‘world: Oils labeled this way won't make a noticeable difference in your 
car's gas mileage, This label also lists the service category. On late models 
you want an oil designated For Service SL. You may also see some S/SJ- 
rated oil on shelves. Read your owner's manual. 


Sometimes the end of 2 fil 
ter has a hexnut in the center, 
so you could use a conven- 
tional wrench. If you can’t 
find the right size and shape 
‘cap wrench, try one of the 
following: 

* Nylon band wrench. 

‘This universal tool wraps a 
band around the filter tightly. 
* Coil-spring wrench. It 

fits over the end of the con- 
ventional spin-on filter, and 
the band coil extends to near 
the filter's base. Turn the end 
with a wrench and the coils 
righten around the entire fil 
tex: This prevents damage 
and separation from the 
base 
* Spring-band wrench, This 
wrench fits over the end of the filter 
and extends just past the flutes, so it 
sips the full circle of the filter body 
* A “spider” has three fluted legs 
that clamp against the spin-on car- 
tridge and “dig in,” preventing slip- 


page. It has an end plate for x ratchet, 
and hecause the spider legs extend 2/ 
in. they grip well past the outer end 
of the filter. This design provides well 
distributed gripping power. 

Icis possible to loosen a hadly 
stuck filser with a good filter wrench, 


INseRT 
tet PLASTIC ROD 
IN OPENING 


> ptastic Rob 


This simple rubber plug can rescue a stripped- 
ut oll-drain-plug hole, Insert the rod to install 


How about driving a big screwdriver 
through the spin-on cartridge and 
using that to loosen a stuck filrer? 
You're more likely to destroy the car- 
ridge 

Have the drain pan in place, sitting 
ona spread of newspapers or an oil: 
absorbent pad—just in case, Once the 
filer is loosened, oil may start flowing 
to the ground, 

Unthread the filter and carefully 
empty it into the drain pan, 


id still not loosen the filter. 


Refilling 
Apply a film of clean engine oil to the 
gasket of the new filter, then thread 
the filter on by hand. Some filters 
have a rubberized surface to make it 
easy to turn, Every reputable oil filter 
is designed to seal for tens of thou- 
sands of miles with no more than a 
good hand-tightening. You don’t need 
a wrench unless you have one of those 
deeply recessed filters with no space 
around it for your hands, (If that's the 
case, the only choice is a cap wrench. 
Tarn the filter until you feel the filter 
base just make contact with its 
mounting plate. Then use the wrench 
to tighten a half-turn more, 

If you haven't bought engine oil 
you may be confused by 


ina whil 
the choices, Fora little friendly 
advice, see “What's That Starburst?” 
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Search Engines 


Four temperature gauge inches 
up toward the danger point. 
Simulrancously, traffic slows 


ever closer to 0 mph—without ever 
quice reaching it—as the rush hour 
deepens, There's no air moving, 
through your radiator, and any that 
does is 100 damned hor. You start to 
smell that syrupy-sweet pancake 
breakfast-in-a-Turkish-bath odor of 
near-boiling antifreeze, You turn off 
the alc to reduce the load, but the nee~ 
dle doesn’t drop. Time to upgrade the 
cooling system. 

After spending a full Saturday and 
$450, you've installed a high-perfon 
‘mance radiator and the problem di 
appears. Then, your friend with the 
same make of car has the same prob- 
Jem. So you tell lim the good—if 
expensive—news. “also got the 
problem fixed,” he tells you, “but it 


cost me only $75 at the car dealer— 
something about reprogramming the 
computer. The car was out of the 

place in a half-hox 


Reprogramming toggled the cool- 
ing fan on and up to high speed much 
earlier, using a revised fan control 
algorithm, If only you had known, 


Look It Up 
Now you ean know. You can do 
more—and better-—work on your car 
with the special manuals, bulletins 
and some of the special tools the 
dealer shops have. In fact, you even 
cam reprogram your car's computer 
using your PC and a generic device 
that works on all makes. You thought 
all that was secret stuff or incredibly 
expensive? Not anymore—it's avail- 
able to everyone fram factory tech- 
service Web sites. Aside from a shop 
uniform, anything the dealer techs 
‘get, you ean too, including once- 
secret memos, Only a few low-volume 
cars, such as Ferrari, Rolls-Royce, 
Aston Martin, ete., are exempt. 
Virtually every Web site meets or 
beats a cost of $20 per day for all 
information (except BMW at $25 per 


day, Porsche and VW/Audi with a 
per-document price). Hyundai and 
Kia sites are free, and others offer 
some freebies even if you don't buy 
anything 

Web site information is “profes- 
sional,” intended for service techni- 
cians with vehicle-specifc training 
programs under heir belt—so you | 
may need to go slowly to understand 
it, However, most sites have tuto- 


rials, even online auto tech courses 
you can rake, as well as technical 
‘manuals to read. They're designed for 
basic training, so they won't lose a 
Saturday mechanic. 

Most of the Web sites have pretty 
straightforward navigation, but it’s 
still nor like opening a book, Alway 
read the system requirements and fre- 


Reprogramming your car's engine man- 
agement computer is only slightly more 
complicated than downloading music 
onto your MP3 player. The pass-through 
device connects the car's OBD I! diag- 
nostic connector to your computer. 
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quently asked questions (FAQ) first. 
High-speed Internet service may be 
just “recommended,” but without it 
you're in for real frustration, both for 
downloading special software and 
using certain features. Some down- 
loads are over ISMB, and your actual 
transfer speed may be far less than the 
connection rate—meaning literally 
hours of downloading, Throughput 
rates might be better in the wee hours 
when there's less traffic on the Inter- 
‘net, After your days-long subseription 
to the Web site expires, you'll still 
want access to the data you've paid 
for, So print out the service data as 
you download it, or at least keep it on 
your hard drive and backed up to 
some other place, 


Advice For The Slow Lane 

If you must use a dial-up modem, 
understand that only straightforward 
wiring diageams (nor interactive types) 
and non-PDF repair instructions will 
‘open within tolerable times. Also, you 
should ask someone with a broadband 
connection to download needed soft- 
ware and store it on a CD. Installing, 
from a CD saves lots of time, 

‘An alternative that works reason- 
abby well with dial-up is 
Alldatadiy.com, the Saturday 
mechanic’s site from the supplier of 
professional service information. For 
$25 (one car, $15 each additional), 
you get a one-year subscription to all 
the information Alldata provides to 
independent garages as far back as 
1982, including continuous updating 
of Technical Service Bulletin (TSB) 
listings. Ir easy to navigate, although 
service manual information lags 
mode! introductions by one to twa 
years. Information is edited and refor- 
matted from factory manuals, 
although some specialty information 
is excluded, such as automatic trans- 
mission overhaul. All leading makes 
are covered except Honda and BMW 
(which are only in Alldata’s profes- 
sional system). TSB postings run only 
slightly behind the carmakers’ own 
listings. If you have an older ear, All- 
datadiy.com may be your only choice, 
as most factory Web sites (except for 
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‘THE PRICE IS RIGHT: Hyundai's Web site provides service data free of charge. 


service bulletins) cover largely late- 


model stuff. 


Programming Your 


Car's Compt 


[As more repairs are done by repro- 


uter 


TE ape LY tn ty a 


gramming computers, the Web sites 
will become your source for programs 
you can download into your PC, then 
transfer through a generic device 
called a pass-through to the data bus 
in your ear 


a4 


“Me? Reprogram my car's com- 
puter? If i's anything like installing 
software, I'll never get r0 work.” The 
idea is the same, And there are safe 


guards ro keep you from leaving your 
car dead in the water. Ford, Chrysler 
Group, BMW and Mazda already 
offer reprogramming services on their 
‘Web sites. You download a program 
thar checks your car's powertrain 
computer. For other on-board com: 


puters, you have to check calibration 
charts on the Web site to determine 
what is available. Because of the 
delays in finishing SAE standard 
}2534, low-cost, mass-production 
pass-throughs are not yet available, 
‘When GM and the leading Japanese 
makes offer reprogramming software 
over the Internet, you can expect 
pass-throughs covering most makes to 
cost $100 ro $300—versus $900 to 


—= /f 
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THEY ALL DO THAT: 
‘TSBs are bulletins cov- 
ering fixes for common 
problems. Check these 
first. 


$1600 now. 
Web site service informa 
tion and reprogramming are 


leveling the playing field for 
you in your home garage, and 
for the independent garage 
you may patronize. 


Tech Web Sites 


Most tech Web sites (take note of the exceptions below) 
take the form: www.nameofvehicletechinfo.com. Exam- 
ple: wwlandrovertechinfo.com. 


+ Alldata Do-It-Yourself: yww.alldatadly.com (excludes 
Honda/Acura and BMW coverage). 

* Chrysler Group: www.techauthority.com $20 for a day 
of TSBs dating to 1992, and all service/diagnostic infor- 
‘mation to 1996 (a few '95s). Good selection of Chrysler 
training materials for subscribers. 

+ Ford (and Lincoln Mercury): 
\www.motorcraftservice.com Free selection of OBD It 
training books, owner's manuals and towing/camping 
books. It's $40 per day for TSBs from 1988 on and $20 
per day for all repair information on a single 
model/year/car, which includes service/diagnostic infor- 
mation and an e-mail link to OASIS, the Ford factory-tech 
help tine. 

* General Motors: www.acdelcotechcannect.cam Free 
access to “Tech Link,” a monthly professional tech ser- 
vice magazine that covers a wide range of GM service 
issues, with archives back to 2000. Pay $20 per day for 
bulletins (from 1980) and all service/diagnostic informa- 
tion (1998 on, with powertrain manuals back to '96). 

* Honda and Acura: www-serviceexpress.honda.com Buy 
access separately for $20 for three days. Selecting a 
subject (such as Fuel & Emissions) gets you information 
from the service/diagnostic manual, applicable service 
bulletins and anything on the subject from “Honda Ser- 
vice News,” a dealer technician publication. 


* Hyundai and Kia: wwww.hmaservice.com Entirely free, 
includes good training you can dawnload, as well as ser- 
vice/diagnostic information. 
* Mercedes-Benz: wwv.startekinfo.com A $20-per-day 
site loaded with technical information going back to the 
early 1990s. 

issan and Infiniti: wwwnissan-techinfo.com and 
‘wonnfinititechinfo.com It's $20 per day for access to 
both sites (bulletins back to 1987, service/diagnostic 
‘manuals since 1994). Manuals come up by subject and 
‘ead like a book. 
* Porsche: hittpy/techinfo.porsche.com (no www) 
* Subaru: wwywsubaru.com (then click on home, and then 
‘technical information). 
* Toyota and Lexus: http:/techinfo.lexus.com and 
http:/techinfo.toyata.com (no www) Get bath easy-to- 
use, info-packed Web sites for $10 per day. Included are 
diagnostic/repair manuals, wiring diagrams and bulletins 
since 1990, 
* Volkswagen and Audi: https://erwin.audi.de (rio www) 
and wivwerwin.vw.com Separate Web sites are run by 
the same office in Germany, You're charged by the docu- 
ment, so click repeatedly on Search, which gets you to 
the prica and Contents, 
* Volvo: vxwy.volvotechinfo.com Sells service/diagnostic 
documents, witing diagrams and two types of service bul- 
lotins for three-day periods. Manuals are $10, diagrams 
$5 and the bulletins $13. The sales are only for specific 
models, except wiring diagrams. 
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ET 
Charging Your Battery 


pring has come and gone. 
With the yard finally 
whipped into shape, you've 


‘managed to schedule a long week- 
end up in the mountains—just you 
and your family and a few days of a 
lot of nothing. The motorhome 
starts with the aid of jumper cables, 
and a few hours of freeway driving 
should fully charge the battery. The 
sad part is, when you finally reach 
the campsite, the kids can’t watch 
TY, the microwave won't work and, 
horrors, the blender is incapable of 
making your favorite frozen concoc- 
tion, The battery hasn't charged much 


CHARGING YOUR BATTERY 


atall, You could run your generator 
dr the motor-home engine for power, 
but you hate to disturb the untram- 
rmeled wilderness by doing that. And 
besides, the campground has rules 
against generators after sunset, 


Too Close To Home? 
The problem you have is common to 
many RVs, and there are many possi- 
bile reasons for your predicament. The 
RV's deep-cycle house battery was left 
uncharged over the winter, frove and 
is now useless except as an anchor for 
your boat. Of, you simply forgot to 
turn on the bartery switch. Or, the 


alternator on the RV was maxed out 
by running the a/c fan, GameBoy and 
stereo and trying to recharge the bat- 
tery all ar the same time. 


How Batteries Charge 

A conventional lead-acid car battery 
is filled with interleaved plates of 
spongy lead and lead dioside soaking 
in sulfuric acid and water electrolyte, 
“The sulfuric acid is diluted to a spe- 
ciffe gravity of about 1.26 t0 1.30, 
depending on the type of battery. 
Charging the battery combines some 
‘of the sulfuric acid and lead, reducing 
the concentration of sulfurie acid 


Motorhomes, tractors, boats, 
‘motorcycles and other accasional- 
se vehicles should use a battery- 


Es 


With hard-to-access batterie: 
‘a remote jumper cable post. 


look for 


down to about 1.12 and coating the 
plates with a layer of spongy lead sul- 
fare, Reversing this process gives you 
hhack most of that electricity. This 
‘means that checking the specific grav- 
ity of the electrolyte is a very good 
way of finding out the actual state of 
change of a hatrery. 

Ie’ also fussy and potentially dan- 
serous ifthe battery electrolyte ends 
up someplace it's nor supposed to be, 
like in your eye or on the leather 
upholstery of your wife's vehicle. 
Also, some maintenance-free batteries 
have no filler caps and there's no way 
to check or add electrolyte. 

So, we're left to estimate the bat- 
tery’s state of charge by reading its 
voltage. A fully charged 12-vole bat- 
tery should have an open-circuit volt- 
age of 12.6 volts. A discharged bat- 
tery will have a voltage of about 11.2 
vvolts—hut these numbers need to be 
checked with no load and with sey- 
eral hours of rest after charging. And 
this is ata normal bartery tempera 
ture of 80'F—colder batteries 
have a slightly lower voltage. 
A barrery left dischanged for 
even a few hours will convert 
some of its soft lead sulfate 
deposits—the kind that readily 
change back into lead oxide 
and sulfurie acid—inco hard 
permanent deposits. These 
deposits interfere with normal 
battery operation, and can 
damage the plates. 

Be careful when storing bat- 
teries in lower temps. & dis- 
charged battery contains 
mostly water and can freeze 
solid, fracturing the lead 
plates. Always store a battery 
fully charged and in an area 
thar stays above freezing, 


Uphill, Downhill 
‘Asa battery is charged or dis- 
charged, electrolyte needs to 
diffuse from one plate to 
another. At high or low dis- 
charge or charge rates, the acid 


in the electrolyte develops a gradient, 
becoming more concentrated next to 
one plate and less concentrated at the 
other, Only time will even this out, 
and that’s why you can’t quick-charge 
a battery to any more than about 50 
percent of its capacity. 

To charge a battery, a charger or 
your car's alternator needs to raise the 


‘An RV parked outdoors is a good candidate for a solar 
battery maintainer, such as this type. 


‘SOLAR BATTERY 


voltage across the battery posts. Nor- 
mal charging voltage needs to remain 
below about 14.4 volts, which is the 
level at which gassing of hydrogen and 
oxygen starts. Your ear alternator was 
never intended ro charge a totally dis- 
charged battery, Here’s what hap- 
pened on that fateful tip ro the moun- 
tains. The battery was totally dis- 
charged after being left unat- 
tended for months. A orally 
discharged battery needs very 
high voltage (over 16 volts) oF 
along charging time at 14 voles 
to even begin to accept a 
charge. Once that battery 
started ro accept a charge (but 
in this case it did not), it would 
have made the alternator work 
very hard to pump current into 
the battery, shortening the 
alternator’s life. 

This type of situation calls 
for an external battery charges 
The traditional charger isa sim- 
ple transformer and diode affair 
thar charges a battery to a con- 
stant voltage just below the 
gassing voltage of 14.4 volts. It 
will start out charging at a good 
clip, and then taper off, aking 
as much asa full day to fully 
charge a large, dead battery. [e's 
nota candidate for keeping a 
hattery charged, because the 
voltage it generates will still 


MAINTENANCE BASICS 


HOW! 


T WORKS 


There Are Batteries, 
And Then There Are Batteries. 


We commonly think of car batteries as lead-acid 
flooded wet-cell batteries that haven't changed sub- 
stantially since the earliest electric cars used them 
{the early batteries’ cases were made of glass, not 
plastic). The lead in these is alloyed with antimony to 
‘make it hard enough to withstand the vibration it 
receives in a moving vehicle. In the last few genera- 
tions, maintenance-free batteries have become the 
standard. These use an alloy of lead and calcium. In 
contrast, the antimony used in older batteries pro- 
motes the electrolysis of water, lowering the electrolyte 
level and requiring replenishment. Maintenance-free 
batteries generally have a higher level of electrolyte 
covering the plates, and they commonly lack filler caps. 


A smart charger will rapidly recharge a 
dead battery without boiling off electrolyte. 


make the electrolyte disappear 
xgases—an especially bad idea for a 
maintenance-free battery that can't be 
replenished. Even a small trickle 
charger will damage a battery over a 
few months if left on. 

The more modern battery chargers 
ate smart. They will raise the current 
flow high enough to bulk charge the 
battery rapidly, then taper off until 


the battery is fully charged 
reduction is necessary to kee 
the 14.4-vole gassing point. The 
chargers then throttle back to.a some- 
what lower voltage that won't boil 
the electrolyte, and periodically check 


Totally discharging one of these types of batteries even 
‘once can permanently compromise its ability to take a 
full charge. Deep-cycle batteries use a purer lead in 
thicker plates, and are capable of many cycles of near- 
total discharge. They need periodic replenishment of 
the water in their electrolyte. 

‘The newest lead-acid battery technology uses a gel 
electrolyte that won't run out ifthe battery or vehicle is 
upended. Another type becoming popular is the 
absorbed glass mat (AGM) call. The electrolyte inthis 
battery is held in a spongy mat and can't move around. 
AGM and gel-cell batteries internally recombine the 
hydrogen and oxygen from electrolysis so you never 
have to add water to them. 


BATTERY VOLTAGE AND STATE OF CI 


VOLTAGE 


vours 


TIME 


ES 


AMPERE- 
HOURS: 


Voltage is a good indicator of a bat- 
tery's state of discharge, but not dur- 
ing the charging phase. 


HARGE 


the voltage, occasionally raising the 
voltage for a few hours to maintain a 
full charge. 

‘The latest crop of smart chargers 
even have a battery-reconditioning 
function that is supposed to break up 
hard sulfate deposits hy blasting them 
with pulses of high-frequency voltage 
spikes, returning a badly sulfated bat- 
tery to near-new condition. 1spikes, 
returning a badly sulfated battery to, 


sunon-auaaMy 


CHARGING YOUR BATTERY 


near-new condition. 
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Today’s Tuneup 


here's the thruway exit, but 
Te: stuck in the left lane, 

Hey—a break in the traffic. You 
flip up the turn signal, floor the gas 
pedal and try to edge into the right 
lane. Whoops! Your V8 is embar- 
rassed by a 4-cylinder econobox with 
the same objective. It was behind you, 
but it apparently has better accelera- 
tion. You hit the brakes, crank the 
wheel to get back into the left lane, 
cruise to the next exit miles and miles 
ahead, and make the time-wasting 
Usturn, The Wife suggests a tuneup. 
But we don’t tune up today’s engines, 
right? They're computerized and 
there's nothing to adjust. 

Wrong, It’s true we stopped replac- 


RETAINING CLIP 


NEW FILTER 


ing ignition points over 20 years ago. 
If its really a late-model vehicle, i 
may not even have a replaceable fuel 
filter under the hood. The battery is a 
fillfree design, And there's no ignition 
timing to adjust. However, while it has 
changed significantly —even in the last 
seven or eight years—the concept of a 
runcup itself is anything but gone. 
Emissions regulations may have 
tightened, but ambient air is still 
dirty. So the air filter stil plugs up, 
and the engine gasps for breath until 
a clean new filrer is installed (Fig. 4). 
Gasoline is unleaded, so spark plugs 
don’t lead-foul anymore, and the new 
precious-metal designs last much 
longer. But they aren’t guaranteed to 


(Fig, 1) Replacing the air fitter will 
require popping off a couple of clips. 
Slide the new filter into place, be sure 
it seals properly, and replace the cover. 


last lifetime, a 


1d engine perfor- 
mance often can improve when plugs 
are replaced well before the owner's 
manual dictates. 


Underhood Checks 

A good way to start today’s tuneup is 
to look for trouble codes, using a scan 
tool. The only codes that turn on a 
Check Engine light are those that 
directly impact emissions, provided 
the computer can detect them, ta keep 
people from getting nervous. Most 


ENGINE 


codes show up only with a sean tool, 
‘On the other hand, “no code” drive: 


y problems are also extr 
common. 

If you find a trouble code, you 
should trace the circuit to pinpoint 
the problem. Sure, it could be just a 
bad sensor, hut it may be a bad wiring 
connection, chafed wire or damaged 
hose. You'll need the factory service 
information to be able ro da this. 

No trouble code? Inspect under the 
hood. Look for damaged vacuum 
hoses that should be replaced, loose 
connections at any of the sensors and 
solenoids, tears in the air cleaner 
ductwork, a disconnected duct or 


poor spark plug wiring connections. 
Test the behavior of the engine 

controls and their sensors, There still 
are timing marks on many late mod- 
els and if your vehicle is one of them, 
you can check basic timing (at idle) 
‘with a timing light. No marks? You 
still can check ignicion timing on the 
scan tool by reading the ignition 
advance data item. Look for a steady 


inerease in ignition timing as the 
throrte is gradually opened from idle 
toa midthrortle pos 

Even if the timing is all right, check 
the throttle position sensor and intake 
airflow (mass airflow) sensor read- 
ings, which also should show gradual 
increases as the accelerator pedal is 
depressed. At the same time, tap on 
the mass airflow sensor with a screw 
driver handle and if the engine hic 
cups or the scan tool reading spikes, 
the sensor is defective. 

A coolant temperature sen- 
sor should show a continuous 
increase in the reading until the 
engine is fully warm (195°F to 
230F). A MAP (manifold 
absolute pressure) engine vac- 
tuum sensor should show 
changes when a pinched-clased 
hose supplying vacuum to itis 
released (Fig. 2). The engine 
should read abour 750 ta 850 
pm at idle with the engine 


(Fig. 3) Wiggle the wiring connec 
tors while the engine is running 
to check for misfires. 
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(Fig. 2) Check the MAP sensor with a scan tool by pinching its hose. 


warmed, and inerease gradually as the 
sas pedal is depressed 

Sill no reason for a driveability 
alitch? You need to access the power 
train compurer, It may be located 
under the hond or under the dash, The 
most common under-tash Tocation is 
behind the passenger-sde kickpad. 
Remove the kickpad and, while a 
helper is slowly accelerating the 
engine, flex the computer wiring con- 
neetors and tap on the computer hous- 
ing (Fig. 3). Ifthe engine hiccups, 
there’s a bad connection oF possibly 
cracked solder joints on the circuit 
board. You may need a replacement. 


Replacing Spark Plugs 
“Time was, spark plugs were always 
visible, even ifit took a struggle to 


reach them, Now they're often 
recessed! into the head, and in many 
ases there are no plug wires. A mini 
ignition module, perhaps with the coil 
bbuile into it (or inco the plug boor), is 
used instead. You may have to 


remove a cover that holds the ignition 
modules and plog boots for access, 
Whatever the design, very carefully 
make any necessary electrical discon. 
nection at the plug prior to plug 
removal. If there are plug wires, grasp 
ani lift By the plig boots, Never pull 
ona plug wire or it may separate 
internally. Look inside the hoor and if 
itappears soaked in ail or cracked by 
heat, replace it. Ifthe ignition coil is 
hui in, expect it to be pricey 

Inspect the plugs. If they all have a 
coating of black carbon, that indi- 
cates a rich fuel mixture and 
likely a bad oxygen sensor. A 
scan tool should be able t0 
pinpoint a malfunctioning 
‘oxygen sensor even if it did- 
clog a trouble code. IF 
there's just a single carbon- 
blackened plug, you probably 
have a leaking fuel injectors. 

When you're ready to 
install the new plug, apply 
a thin film of antisetze com- 
pound so the new plug 
doesn't heat-seal in place. 
Use a rorque wrench to 
tighten the plug. 


a 


(Fig. 4.) You may not be able to 
clean the pintle on a recessed 
EGR valve like this one. 


Exhaust Gas 
Recirculation 

Exhaust gas recirculation 
(EGR) valves may stick open, 
fail to close completely or just 
not operate smoothly. If so, 
the engine will hesitate and 
may stall, fuel economy may 
drop, and emissions may be 
affected—even if you pass the 
state inspection test. The 
EGR valve meters some 
exhaust gas back into the eylinders to 
ower peak temperatures of the ait= 
fuel charge during combustion. This 
not only reduces a key pollutant 
(oxides of nitrogen) but often 
improves fuel economy. The EGR 
valve, typically a diaphragm-actuated 
device with a pin-type valve, is pulled 
‘open by engine vacuum, bur that vac- 


uum must be precisely regulated. Too 
‘much vacuum results in too much 
| exhaust gas flow, which ean enuse the 
engine to lose power, even stall. 
Late models with OBD II comput- 
ers have sophisticated strategies to 
detect severely malfunctioning EGR. 


| 
However, this basic check will work on 
| all vcuum-controlled EGR systems. 
Locate the EGR valve and if it has a. 
vacuum hose connection, unphig it 
Run the engine at ide, and connect a 
| spate hose froma source of engine vace 
| 


tuum or use a manual vacuum pump 
and apply vacuum to the hose neck. 
The engine should slow significantly, 
probably even stall, if you apply full 
engine vactium (17 t0 21 in). 

Tr there’ no significant change in 
engine idle—in fact, iFthe engine has 
been idling rough—the valve may be 
| sticking open. Remove it and if you can 
| see a heavy accumulaion of deposits in 

the port, and if it's an exposed pin-type 

valve, clean ie with a wire brush (Fig. 4). 

If the end of the pin is recessed in the 

port, it can't be cleaned. Replace it. 


Battery Terminals 
Clean the battery terminals, then rein- 
stall and tighten. Today’s batteries— 


(WIRE BRUSH 


top-post and side-terminal—are subject 
to continuouis drain with the engine off, 
to keep alive the memories of many 
computers (from powertrain to car 
radio). Just a slight coat of eorrosion— 
perhaps too subrle to be visible—can 
reduce battery charge, Disconnect the 
cable terminals. On a top-post battery, 
brush around che post and inside the 
cable terminal (Fig. 5). If the post or 
cable rerminal is badly corroded, 
replace it with a premium terminal, the 
kind that often includes a cable section, 
Forget the cheap screw-together term 
nals—they'll hecome severely corroded 
and cause more problems than they 
solve. With a side-terminal battery, 


brush borh contact faces even 
if they look clean, Make sure 
the bole threads in without a 
fecling of looseness, and if 
there is any, don’t ery to muscle 
the bolt supertight with 2 
wrench, You're more likely t0 
make things worse, 


Where To Get 
Service Information 
Diagnosing failures that 
produce trouble codes, and 
finding out normal readings 
for engine sensors, is nor sub- 
ject to rule of thumb pro- 
cedures, You need the latest factory 
diagnostic sequences and specifica 
tions. Vehicle makers have Web sites 
\with this service information, and 
you'll be able to access the data for a 
day ata time, Many sites charge for 
this information—you can pay using 
a credi card, Ar present, General 
Morors information is available at 
www.acdlelco.com (click on ACDeleo 
‘TechConnect). Or you can get a 
low-cost subscription from wwwaall- 


data.com (a leading source for 
professionals, with information on all 
makes). In addition, AutoZone offers 
free scan tool connections and read- 
‘outs at its stores, 


(Fig, 5) Clean the battery posts and cable clamps regularly. 
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BATTERY POST BRUSH. 
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as 
Smoothing Out a Lumpy Idle 


earful pedestrians glare at you 
F:: they pass in front of your 

bumper at crosswalks. Out of 
embarrassment, you try to ignore 
them by glancing around noncha- 
tantly, stroking your hair as you look 
in the rearview mirror or tuning the 
radio. Meanwhile, the size of your 
right thigh is growing to Dan Jansen 
proportions from the force being 
applied to the brake pedal, Your 
engine's idle speed is surging up and 
down, creating erescendas that 
would make Pavarotti proud: 
WAAAAaaaah, WAAAAaaaah, 
WAAAAaaaah! Ie’sall you can do to 
keep your maniacal car from lurching 
forward into a lawsuit. 

There are a number of generic 
steps you can take to see what's ailing 
your wheels. And if there ever was a 
time to step back and remember the 
basics, this isi. 

Pop quiz: What is an internal-com- 
bustion engine? 

It’s basically little more than an air 
pump. The more air that gets in, the 
faster the engine runs, And airflow 
controls idle. By allowing a certain 
volume of air to bypass the closed 
throttle plare(s}, idle rpm can be 
maintained at a healthy level. Even to 
accelerate, we don’t “step on the 


SMOOTHING OUT A LUMPY IDLE 


WORM-DRIVE 
BAND CLAMP 


gas," we “step on the air” by opening 
the throttle plate farther. Fuel is added 
a nanosecond later, in response to the 
‘greater intake airflow. 


Check Your Intake Tract 
If your engine uses a remotely mounted 
air filter in an air box, inspect every- 
thing from there back to the throttle 
plate(s). Arthe air box, check all hose 
‘connections and make sure the clamps 
are tight (Fig. 1). Replace the air fier 
if i's so dirty that light from a 100-ware 
bulb doest't pass through the element. 
Make sure the new one seats properly 
in the air box and that the cover sits 
flush ancl clamps down evenly, Follow 
the intake tract toward the throttle 
plate, rightening all the clamps as you 
20. LF there's an inline mass airflow 
meter in the tract, rake extra care to 
examine its connections for leaks. 

Big, convoluted rubber tubing-style 
intake tracts are susceptible to devel- 
oping cracks hetween the convolutes 
‘on the underside of the tube, They're 
generally nor visible unless you remove 
‘one end of the tube and bend it back to 
get a goad look below (Fig. 2). Ifthe 
engine controls measure airflow by 
means of a manifold absolute pres- 
sure (MAP) sensor, this type of leak 
shouldn't affect idle quality. Bue the 


(Fig, 4, left) Make sure all the clamps 
sealing the intake duct are tight. 

(Fig, 2, right) Pull back the intake duct 
to check for hidden cracks underneath. 


hole still needs to he sealed, or else 
dircand debris will find its way in. If 
the engine uses an airflow sensor, this 
type of leak tends to audibly reveal 
itself when the engine torques for- 
‘ward on its mounts and opens wide 


the convolute erack. 

‘Then the engine gets an unmetercd 
gulp of air and revs up on its own. 

The idle speed control may try to 
earch the speed burst by closing down, 
the bypass channel. Then, when the 
engine returns to its normal position 
and the convolute crack closes, the 
idle speed is too low. In response, the 
idle controls may open up the channel 
again to raise the idle. This scenario 
can turn into a cycling condition thar 
produces a lumpy, rolling idle, 

IF you don’t mind getting your 
engine bay a litle messy, another 
quick way to go about checking for 
intake tract and runner leaks is to 
simply spray carburetor cleaner 
around connections and the intake 
manifold while the engine is running, 
(Fig. 3). If you get an epm change 
‘when you spray, it means the vapors 


2/How to Solder 


With your soldering iron prepped, you're ready to begin soldering. This 
chapter has many helpful tips and techniques for soldering effectively. 
safely, and neatly. 


Working with Solder 


Solder is made of metal with a core that contains flux, which cleans the con- 
nection as you solder. When the metal melts, the flux begins to flow onto the 
joint, Some solder lead-based, but the solder in this kit is lead-free. To melt 
solder, heat it with the soldering iron as shawn in Figure 2 


Figure 2-1. Melting some solder 


‘Try melting some solder, but be careful not to drip iton yourself or anything 
other than a work surface. You can try pushing tiny balls of solder around on 
your wark surface to see how it flows. If you have some bare hookup wire or 
similar metal, try heating it up by holding the soldering iron to it (don't hold 
the wire while you're heating it). Touch a piece of solder to the wire, but 


are getting in somehow. So you have 
to play spy to find the leak. Don't, 
spray near the diseriburar—if you 
have one—hecause there's a chance 
the solvent will ignite and leave you 
minus your eyebrows and nose hair, 


Keep Your Bore Clean 

When you get to the last clamp at the 
throttle bore, unserew it and remove the 
intake tract. Take a look inside the bore 
with a flashlight. IFthe muck is so thick 
that i¢sa wonder the throntle plate can 
move at all, you've found a major cause 
of your lumpy idle In addition to the 
idle air-bypass channel a small amount 
of air most he able to pass around the 
thrortle plate itself. When blowby 
vapors from the PCV system (arid EGR 
exhaust gases) sludge up the bore aver 
time, the idle air-bypass function is seri- 
ously affected. 

Steal an old toothbrush from your 
kids (so your wife doesn’t blow a gas- 
ket) and pick up some noncaustie 
fuel-injection incake eleaner at an 
auto parts store, With the engine off, 


spray some cleaner in the bore and 
start serubbing with the toothbrush, 
Pay particular attention ro the cir- 
cumferential area where the thrortle 
plate sits when closed. Also clean 
oth sides of the plate and its edges. 

Ifthe externally mounted idle air 
bypass valve is easily removed and its 
channel easily accessed, try to get 
cleaner to pass through the channel 
into the bore. Be sure to clean the 
valye’s pintle tip, too (Fig. 4). (Also 
see page 122.) 


Wash Down the Residue 

With the bore and channel clean, stick 
the intake tract back on and start the 
engine. If the engine doesn’t use an air- 
flow meter, you can pull the tract off 
with the engine running and spray 
some more cleaner in the bore to wash 
down the residue, Goose the throttle a 
couple of times, Then tighten the 
clamp and let the motor idle so thac 
the engine-management system can 
relearn the parameters necessary for 
increased throttle plate air bypass. 


HOW IT WORKS 


(Fig. 3) Spray carb cleaner around the 
‘throttle bore to find air leaks. 


If your engine does use an airflow 
meter, it'll probably stall when you 
pull the intake tract off the bore, Get it 
started again and just pull the end of 
the rubber tract back a bit with one or 
two fingers to spray some more cleaner 
down in the bore, The engine will 
stumble for a second, but thar's ok 
Whatever you do, don't spray the 
cleaner into the tract before the airflow 


meter, You could damage the meter. 
Single- and dual-point injection, 

throztle bodies typically don’t sludge 

up much because they're up top on 


Engine Ma 


An automotive computerized engine- 
‘management system works like any 
computer as it controls idle speed. The 
central processing unit relies on vari- 
‘us inputs to calculate necessary out- 
puts. On made motors, however, the 
inputs to the processor, or powertrain 
contro! module (PCM), are called sen- 
sors. The outputs are called actuators. 
And the PCM is programmed to control 
the actuators under any condition that 
the sensors deem necessary. 

Key sensory inputs of most engine- 
‘management systems include engine 
speed, coolant temperature, erank- 


nagement 


shaft position, intake airflow, manifold 
‘vacuum, throttle position and exhaust oxygen content. 
Many systems go further, factoring in such inputs as 
camshaft position, barometric pressure, intake air tem- 
perature, detonation detection, EGR valve position, 
misfire detection, engine-oil temperature, power-steer- 
ing pressure, air-conditioning pressures, gear-lever 
position, vehicle speed, automatic-transmission-fhuid 


temperature, catalytic converter efficiency, system volt- 
‘age and others. 

Key actuators on many systems include the fuel injec- 
tors, idle speed control motor, EGR valve, evaporative 
canister purge, ignition coil timing and dwell (saturation 
time), torque converter clutch, smog pump diverter valve, 
‘cooling fan, alternator output and fuel pump. 
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the engine and PCV vapors flow in 
below them. However, ifthe plate(s) 
looks really dirty, its okay to hit it 
with some cleaner, Just he careful not 
to drown the fuel injector sitting 
directly ahove the plate 

Assuming no one has ever played 
with the hase idle settings (the screw 
may he sealed) and there's nothing 


wrong with the powertrain control 
module’s programming (the malfune 
tion indicator lamp has never illumi- 
nated), that covers the basie idle con: 
trols, Unless the manufacturer has 
issued a software update, today’s 
engine- management systems are 
smart enough to take it from here and 
continue to provide a smooth, care: 
free idle until the next time that throt- 
tle bore has janitorial needs. 


Loaded to the Hilt 

When you consider the number of 
belt-driven accessories hanging off the 
typical engine today, in addition to all 
the mechanical and electrical loads, 


i’s a wonder the pistons ean continue 
pumping atall. That's why some vehi- 
cles today have 120-amp alternators 
and 140-amp fuses. 

Tn rainy, cold weather at nigh, 
your altemator is working overtime to 
make enough amperage to powve 
everything, Problem is, i's also trying 
to stop the engine from turning, Here's 
where your idle speed control really 
shines, As soon as alternator ouput 


drops to a certain level, the voltage 
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(Fig. 4) Pull the idle speed 
controller out of its bore to 
inspect the pintle tip, spring 
and air channel. 


regulator does its thing and 
the engine-management 
system sees the need for 
increased idle rpm to keep 
charging-system voltage 
etween 13Y) and 15 voles. 
Ifa signal gets lost 
through a short or an open 
sinevit or an intermittent 
connection, however, you're likely to 
eta lumpy oF just plain low idle 
Here's where you really need the spe- 
fie service manual andl wiring dia- 
grams for the vehicle, hecause there 
‘ire too many variations in form and 


funetion to discuss these systems in 
general terms. Some simple things you 
can do, however, include visually 


checking for corroded—and even 
urned—connections at the alternator 
and hattery terminals, Eyeball the con- 
dition of all the fusible links around 
the battery, and check for fouled spark. 
plugs (Fig. 5). Make sure the accessory 
belt(s) is tight and unfrayed, 

Every rime the afc compressor 
kicks in at idle, engine speed would 
drop a couple hundred rpm were it 
not for the idle speed controls keeping 
things at an even keel, Here agatin, 
intermittent connections and a faulty 
pressure switch or nwo could cause 
the climate control te eyele in and 

our, A low or conta- 


i 
. minated refrigerant 


charge might do the 
same thing 
Sometimes 
there’s a pressure 
switch monitoring 
your power steering, 
system, especially 
on -eylinder 
engines. During a 
tight parking-lor 
‘maneuver, when 
power-steering pres 
sure skyrockers, the 


IDLE AIR-BYPASS 
CHANNEL 


engine controls take the reins and. 
bump open the idle speed control 
motor so your engine doesn’t stall or 
bog down to the point of misfiring, A 
bad connection or leak at the switch 
would affect this system and possibly 
Jead toa hunting idle, Periodic 
power-steering-system flushes go a 
Jong way toward preventing clogged 
switches and orifices. 

An engine with high mileage that's 
tired and worn out may nor pull a 
healthy vacuum of 18 t0 20 in, Hyg at 
idle (closed throttle plare) anymore. 
That means the MAP sensor will 
always read the engine as under load 
(low vacuum=high voltage) and—just 
doing its job—inform the powertrain 
computer to acd more fuel, When the 
‘oxygen sensor picks up the rich mix- 
ture in the exhaust stream, it will call 
fora leaner mixture. Common stat- 
egy is to open the idle air bypass valve 
to let some mare air in, But an engine 
that’s just on the borderline of whee7- 
ing may intermittently “loosen up,” 
leading to a roller coaster idle. It may 
have trouble breathing when cold, but 
once warm—with expanded piston 
rings, gaskets and the like—show a 
perfectly healthy intake vacuum. 

What i all boils dawn to is that 
there's a whole lot more than just a 
catburetor’s throttle stop screw con~ 
trolling your engine’s idle speed these 
days, Simply understanding the sys- 
tem, however, is half the battle 
toward finding and fixing the offend 
ing troublemaker. 


(Fig. 5) Fouled spark plugs can lead to misfiring at idle, They 
can be cleaned and regapped or simply replaced. 


combing down the interstate, 
B:: glance at the odometer and 
realize you've just reached an 
automotive milestone: 100,000 miles 
with no major repairs, Time was a car 
that had passed its belly over that 
much real estate was considered pretty 
much used up, but yours still ans 
great and looks practically new. Amaz~ 
ing how technology has advanced. 
Then you natice the temperature 
gauge. Holy smokes—pegged! You 
put it in neutral, coast off onto the 
shoulder and shut her down. There's 
thar maple-syrup-spilled-on-the-radia- 
tor odor again—you've smelled it 
before, but filed it under “things to 
think about later.” Sooner would've 
been berter—now you're walking, 


Seal Deal 

The biggest change in water pump 
design occurred decades ago when the 
spring-loaded mechanical seal was 
adopted, However, its rubber parts 
may disintegrate if the engine over- 
heats, and its polished sealing faces can 
wear and warp if the engine is run dry. 


(Fig. 1) Wet liquid seeping from the 
‘weep hole signifies the end of the ser- 
vice life of the seals in your pump. 


‘Typically, pumps will stare leaking car- 
astrophically shortly after a boil-over. 

This kind of failure ean be worse 
than it sounds, Besides the vastly 
expensive internal engine damage 
that running without coolant may 
cause, a leaking seal can wash away 
the shaft bearing’ lubricant, perhaps 
resulting in a seized shaft, and a fly- 
ing fan or bele pulley can destroy the 
radiator or even dent the hood. 

So, leakage is the No, 1 failure. 
Noise is second, and is always indica- 
tive of a terminal condition. While 
service literarure on warer pumps 
often will show a picture of a badly 
‘eroded impeller that contributes to 
overheating, technicians say that’s not 
as common as it once was, Another 
possible problem with the same con- 
sequences is an impeller that’s came 
loose from its shaft. Erosion of the 
inside surfaces of the pump chamber 
caused by cavitation (a weak eap or a 


chronically low level, perhaps?) can 
open up the working space and 
reduce flow, as can corrosion from 
‘weak antifreeze in the coolant mis, 


Evidence Gathering 

If you start to smell the distinctive 
odor of engine coolant, or you notice 
that the level in the overflow bottle is 
Groping rapidly, it’s time for a care- 
ful exam. (If you're lucky, it may be 
justa leaky hose connection, but look 
the radiator over, too. If the smell is 
strong in the passenger compartment 
and the windshield tends to steam up, 
think about the heater core. In cases 
where none of the above is the culprit, 
better check our the water pump.) 

First, use an inspection mirror and 
a good light to view the vent hole 
thar’sat the bottom of the pump 
ing’s nose (Fig. 1). Or, support the 
front of the car safely on jackstands 
and look up from underneath. All 
seals are supposed to weep slightly (a 
little coolant is needed to lube the 
faces), but drips mean you'd better go 
shopping for an estimate. 

Next, grasp the fan or water pump 
pulley and see if it rocks from side to 
side, If there's anything but slight 
imiovement, the bearing is on its way 
out. Also, you can remove the belt 
and see how the bearing feels as you 
rorate the pump shaft (Fig. 2). 
Roughness isn’t acceprable. 

‘A low-flow situation that results in 
hot running can be hard to diagnose. 
Drain the level down to the rop of the 
radiator tubes, get the engine hor, and 
then shut it off for 10 minutes and let 
ic heat soak ro make sure the thermo- 
stat is wide open. Now. fire it up again 
and run itat 3000 epm, On Japanese 
cars using the radiator fill neck on the 
top tank, look down into it with a 
flashlight and you should see strong 
circulation (Fig. 3). Another possibil- 
ity isto squeeze the upper hose to Feel 
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(Fig, 2) Almost any radial play in the water pump 
shaft is grounds for immediate pump replacement before 
‘something fails. 


for flow, but that’s pretty subjective: 
Unfortunately, there’s no good way for 
the do-it-yourselfer to differentiate a 

weak pump from a clogged radiator. 


Major Undertaking? 
On some front-wheel drives the job isa 
horror story. Make sure you resist the 
temptation to get into this repair if 


you're not prepared to invest che time 
required. Find out the flat-rate hours 
by asking a local garage owner or 
ealer service manager. It's. a job that 
could take several hours, depending on 
what you drive, particularly if the 
‘pump is recessed into the engine block. 
The first steps in remaving any 
water pump are to let the engin 


LOOK FOR 
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(Fig, 3) With the engine warm enough to open the 
thermostat, but not hot enough to pressurize the system, 
ook for vigorous flow at 3000 rpm. 


off completely, and then drain the 
cooling system by either opening the 
radiator petcock or disconnecting the 
hortom radiator hose and removing 
engine coolant drain plugs. Next, do 
whatever is necessary co remove the 
accessory drivehelts. If the car has a 


longitudinally mounted engine as 
found in every rw and some front- 


‘coal 


HOW IT WORKS 


Water Pump Shaft Seals 


‘Two perfectly flat rings, one stationary and the other 
rotating with the pump shaft, are pressed together by 
‘means of a coil spring. The rings may be made of carbon 
‘or may be ceramic, phenolic, porous bronze, cast iron, 
ete., in any combination. This allows only enough seep- 
age to keep the elements lubricated. It has a weak link, 
however, in the form of its rubber parts—the bellows that 
seals the spring and the rubber seat cup between the 
rotating element and the shaft. If the engine is ever run 
dry, the temperature of the pump is apt to rise far 
beyond what the rubber can survive, and a leak occurs. 
Another possibility is warpage of the sealing elements, 
also from overheating. 

‘There's conflicting evidence on whether silicates and 
phosphates from antifreeze, or other hard particles such 
4s casting core sand, can actually damage the seal faces. 
Engineers have told us the running clearance is way too 
‘small to admit solids of any appreciable diameter. 

Since cars are lasting longer than they used to, and 
since we've become such a litigious society, carmakers 
are working harder than ever to make water pumps last. 
After all, when a pump goes you've got to get out and 
walk, which exposes you to dangers that horrify auto 
company lawyers. 


REPLACING YOUR WATER PUMP 


IMPELLER 


INLET FROM 
RADIATOR 


So, there has been a push for water pump seals that 
will rarely, f ever, fall. One design that looks promising is 
from Michael Ostrowski and John Crane International, 
the leading supplier of conventional water pump seals. 
Called the Advanced Metal Diaphragm seal, it uses a 
flexible stainless steel diaphragm that acts as both the 
spring and the bellows, and incorporates an improved 
method of mounting the seal faces. 
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(Fig. 4) This is an easy one, because 
it’s near the top. Your job would be a 
lot tougher if the pump were near the 
bottom. 


drivers, remave the air shrouds (in 


some eases, the 
then the fan and i 
to the front of the 


tor, too), and 
which bole 
ter pump shat. 

Now you can start on the pump by 
disconnecting the hoses. Those for the 
heater will probably be stubborn, so 
you may need to split their ends with 
a utility knife (if they're long enough, 
you might he able to trim them off 
‘square and reuse them) 

Extract the pump: 
and keep them and any bracl 
retain in strict order oF you'll re 
at assembly. There may be hidd 
bolts, so take a look at a diagram. 


The pump should come off with a 
good tug (Fig. 4). IF not, 


you didn't miss any bolts 


tap on the inlet or outlet neck with a 
mallet or a block of wood and a ham- 
mer, Don’t use a screwdriver to pry 


ket may not 


use one rated for automotive use. 
Ir should also be 


leave the bathtub caulk 


with your plumbing tools. 


We should mention a 


I problem. Suj 


ipped 
with a regular ribbed or V 
bet, bur the water pump 
for the old model may fi 


physically on the new one, 


if you change over the pul 


open or you'll makea nick ley. Can yo 


ne bel 


(Fig. 5) Vehicles with 
serpentine belts have a 
belt routing diagram 
under the hood some- 
where. Read and obey, 


2 Think about direction: The ser 


wl 
yl 
yy 
a, 


bu guess the possible mis 


might drive the i 


impellers. Also, heed that routing 
diagram (Fig. 5). 


After everything is buttoned 


up, figure out how much 


nt your system holds, 
This should be in your 
owner's manual, or in the 


anual, Using the 
riate manufac 


urer’s coolant, add half 
thar amoune and then top. 
ff with water. This will 


give you a 50-50 mix. 
Be sure ro fallow the 
service procedure for 
bleeding che air bubbles 
our of the system, @ 
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‘ou twist the ignition key to 
start your engine, and instead 
of the syncopated whirling of a 


anking starter and erankshatt, you 
hear a click ora series of chatterlike 
clicks. The engine that started every 
day for so long is not going to start 
today. Time to hitch a ride to work. If 
ir’sa weekend, you get the chance to 
find out why your vehicle has died 
and fix the problem before Monday 
morning. 

That clicking noise is from either 
the starter solenoid or the relay. The 
solenoid is part of the starter. Typi- 
cally ic has a terminal for a thick 


TO IGNITION 
SWITCH 


power feed wire from the battery 
(Fig. 4), and a thinner terminal for 
the current supply wire to a switching 
mechanism in the solenoid. The relay 
is a remotely mounted switching 


CURING A CLICKING STARTER 


device between starter and battery 
that controls either the thick power 
feed or the thinner electrical feed to 
the solenoid’s switch terminal. 

‘The first step (although at this 
point it doesn’t rell you the root 
cause} isto find our where the click is 
coming from. If you have a helper 
turn the ignition key to start, you'll be 
able to trace the underhood click. If ic 


comes from the starter, your problem 
is in the solenoid 

Ford and Chrysler products m 
have a relay in the circuit, If the sole- 
noid isn’t the source of the click, trac 
ing the sound should take you to the 
relay on those models. 

Eyen after you know what part is 
clicking, begin your real diagnosis at 
the bartery. Ifthe battery top has an 
“eye” indicator (actually a battery 


SOLENOID 


(Fig. 1) Loose or corroded starter 
tables can cause enough voltage drop 
to cause a clicking, intermittent con- 
nection. Clean with a wire brush and 
then rinse with warm water. 


hydrometer thar indicates the state of 
charge), recharge if the indicator is 
black. IF it’s green, its got a normal 
charge. If it’s yellow, get a new battery 
hecause the electrolyte is 00 low 
There's no indicator eye? Connect 
ross the battery termi- 


a voltmeter 
nals (positive lead to positive vermi- 
nal, negative lead to negative termi- 
nal). Ifthe meter reads under 12.4 to 


12.5 volts, it’s borderline or under 
charged (depending on the design of 
the battery). Recharge it for the day. 
Batteries do run down as a result of a 
temporary series of operating condi- 


(Fig, 2) Cheek for voltage drop 
between battery post and starter 
terminal while a helper cranks. 
the engine. Up to 0.50 volt Is. 
acceptable. 


tions (lots of short trips, for 
example), but if the problem 
recurs, you'll have to check 
charging system output and the 
possibility of a short circuit, 

If the reading is 12.7 to 12.9 
volts, thar’s a good starting 
point, After a recharge, operate 
the headlamps for 15 seconds 
to remove what is ealled the 
“surface charge.” The meter 
reading should not drop more 
than about 0.2 volt. 

The reading is okay? Have a 
helper turn the ignition key to 
start, and in 15 seconds, read 
the meter. I it’s below 9.5 
volts, the battery may nor be 
strong enough. Professionals have 
battery load testers to make sure 
Your alternative: If the battery voltage 
was normal when you started, but is 
Jow during the attempt to crank, try a 
jumpstart. Ifthe engine cranks nor- 


bly is bad. 


mally with a boost, the battery proba- 


Corroded, Distorted Terminals 
If the engine still won't erank, next 
inspect the cables and their connec- 


tions at both ends. If you see 
corrosion or a possibly poor 
connection, make a voltage 
drop test (Fig. 2). First, connect 
the voltmeter negative lead to 
the battery ground terminal and 
the positive lead to the engine 
block, close to the starter. With 
the key held in the start posi 
tion, the voltmeter should read 
under 0.5 volt, IFit's 0.5 volt or 
higher, the drop is excessive, In 
fact, if it’s above 0.2 volt, thar's 
really too high and could be a 
sontributor to the problem iF 
the bartery is marginal. Perform 
the same check with the power 


TERMINAL \\ feed side of the circuit (in this 


cease, connect the voltmeter’s 
positive lead to the battery, and 
the negative lead to the starters 
battery cable terminal). 

Gera high reading? Repeat 
the tes, taking care to make contact at 
the battery post or side-terminal bolt, 
hot the cable end. Ifthe voltage drop 
now is within reason, the cable termi 
nals are the problem. A simple cleaning 
may be all thar’ needed, bur ifa cable's 


HOW IT WORKS 


Starter Solenoids 


A solenoid is an electromagnetic device that is capable 
of doing work, and in some starters, it does two jobs. 
1) It moves a plunger that makes electrical contact, 
between terminals for the battery and the starter motor, 
80 the motor turns. If that’s all it does, it's really just a 
‘switching device. 2) In some starters, the movement of 
the plunger also pushes a linkage that moves the 
starter’s drive gear into mesh with the flywheel ring gear. 
The solenoid has two wire coils. One is large, draws 
a lot of current and produces a strong magnetic field. 
That's enough to move the plunger. Once the plunger is in 
position (having completed the circuit and moved the 
starter drive), the large coil is disconnected and the cir- 
‘uit for a small coil is completed. The small call draws a 
‘small amount of current and produces a weaker mag- 
netic ffeld—just enough to hold the coll in position. This 
saves battery energy for the big job of cranking the 
engine. If there isn't quite enough battery electrical pres- 
sure (voltage) to provide the current flow, however, the 
plunger won't lock into position so the small coil can take 


00 


iii FIELD COIL 


taatron ST (60) 


BATTERY 


+ 

r 
ver. If this happens, all you hear isa solenoid click, and 
the plunger springs back. Some solenoids have an extra 


‘small-gauge termital. This bypasses the ballast resistor, 
ensuring a hot spark while cranking. 
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(Fig. 3) Be sure the ground wire to the body as well 
as to the engfine block is good. Replace corroded 


Wires and tighten fasteners. 


post terminal is distorted, the jaws 
‘may be tight even though the inside 
surface is nor making good contact. 

If the cable end is distorted or cor- 
roded, replace ic (Fig. 3). Get a quality 
cable end, which includes a section of 
cable with a protective sheath, not just 
a terminal. Cur the corroded cable back 
to where the copper wire is absolutely 
free of any corrosion. Install the new 
cable end and join it to the remaining 
cable (some repair cable sections have 
hear-shrink insulation, and others have 
screw retainers or evimp on). 

No sign of corrosion on a ground 
cable? Remove the grounding bolt at 
the engine, clean the eable end and 
bolr, reinstall and righten. 


Checking the 
Starter Terminals 
At the starter, inspect the terminals 
for both the battery (thicker wire) and 
solenoid switch for corrosion and 
physical damage. If the corrosion is 
minor, you may be able to remove the 
retaining nut and battery cable and 
wire-brush corrosion away. Ifthe cor- 
rosion is so severe that cleaning it off 
leaves the threads damaged, install 
repair stud, which cuts new threads 
onto the damaged studs (Fig, 4). 
‘Now try ro erank the engine, No 
improvement? With good connections 
at both ends (battery, ground and 


CURING A CLICKING STARTER 


Overtightening 
cast battery 
terminals can 

leave them loose. 


from the battery’s negative post t0 
engine ground, one from the batter 
positive terminal to the starter sol 
noid terminal. Do a follow-up test 

with the booster to the searter battery 
terminal, plus a jumper to the sole- 

noid rerminal. These test procedures 
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can be physically difficult to perform 
(on many vehicles, particularly those 
th a side terminal battery, but they 
usually can be done. Just take the 
time to make good connections with 
the jumpers. IF you can ger the engine 
to crank this way, the problem 
obviously isin the cable connection, 
Ifa Ford or Chrysler product's 
relay isthe source of the click, it may 
not he operating properly. If running 
jumpers to the solenoid or starter 


(bypassing the relay) gets the engine 


starter), try direct wiring with jumper 
‘cables, and if cranking still is weak, 
the starter apparently is bad. 


Don’t Have a 
Good Meter? 

If you don’t have an accurate volt- 
meter, you still can eyeball and make 
hands-on inspections for tightness of 
the cable connections at both ends, 
Clean and tighten the cables and s 
the engine will crank. 


eit 


Still no success? Disconnect both 
battery cables and make direct 
connections with booster cables, one 


(Fig, 4) Use a self- 
tapping repair 
stud rather than 
replacing the 
whole starter if the terminal threads 
are damaged or stripped. 
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to crank, test the relay, 

‘On Ford products, connect a 
booster cable across the thick-wire 
terminals of the relay, and if the 
{engine now eranks, replace the relay, 
On Chrysler vehicles, find the power 
feed (it's the wire terminal thar turns 
‘ona grounded 12-volt test light) 
Connect a jumper wire from that ter- 
minal to the one for the power output 
re usually red) that goes to the 
starter solenoid. Needless to say, be 
sue the vehicle is our of gear and the 
wheels are blocked before making any 
attempt to turn the engine over. 

On models with plug-in relays, you 
may have trouble finding the color 
odes, bu the wiring diagram should 
indicate the power feed and ourput 
terminals and their numbers, which 
you'll find on the relay itself. Turn on 
the ignition. You now can use a 
grounded test light to find the power 
feed terminal, bur you'll have to eye= 
tall the relay’s terminal numbers to 
figure our which is the ourpur wire rer- 
minal (to the solenoid) in the under- 
hood venter itself. Connect a jumper 
from the power feed to the 
output, and if the engine 
cranks, replace the relay. 

Make cleaning and tighten- 
ing all he connections 
spring and fall ritual and your 
engine will make reliable cranking a 
yearround habit, @ 
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Repairing Cooling System Leaks 


kay, you replaced 
your lower radiator 
hose last week after 


it burston the freeway, and 
the syrupy, turkish bath 
odar of boiling glycol 
coolant hitting a red-hot 
exhaust manifold is some- 
thing you can live the rest of 
your life without ever smell- 
ing again. Lying face-up in a 
spreading pool of vooling 
coolant to change the hose 
is pretty low on the list, too. 
So i's a bad omen when 
that smell hits you at a toll- 
booth a week later—and a 
‘worse omen when you open 
the hood and realize the 
new hose is leaking from 
both ends, Whar gives? 


Drip Patrol 
There are about two dozen 
coolant hose connections 
underhood today, and it’s a 
constant effort ro find and 
fix the loose ones that leak 
coolant, Ingesting air is a 
routine issue. Ir used to he 
simple: Look for an anti- 
freeze stain, then just tighten 
the hose clamp, right? Sorry, 
bur thar nov always true 
First, the powertrain 
compartment is so tight that 
you can hardly spot a leak 
without a dedicated inspec~ 
tion, You're more likely to 
look closely ara hose connection 
when you have to disconnect a hose ro 
reach something else, In either case, 
when you do look at the coolant hose 
connections under your hoo, you 
ay see very few of the type you 
Joosen and tighten with a screwdriver 
Today's engines have complex 
coolant flow patterns and the compart- 
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(Fig. 1) Spring-band clamps can usually be removed or 
replaced with pliers or locking pliers. 


(Fig. 2) Shrink-fit hose clamps will continue to shrink as 
engine warms up, ensuring a tight seal. 


iments are so tight that the engineers 
have to use special hose designs to pro- 
Vide safe rouring, Some of thase hoses 
have plastic fittings, called quick-con- 
nects, to help an assembly fine worker 
make errorfree connections 
Depending on the age of your ear 
and whether of not clamps were 
replaced, you could have a variety of 


hose clamps. You can tighten 
some of these, but not all. 
(See page 121.) These are the 
bones you can tighten: 
‘SCREW-TOWER—The screw is 
perpendicular to the band, 
and turning it down tight- 
ens the band, It’s been 
around forever it's cheap 
and it rust-freezes in place, 
so tightening an old one 
usually is impossible, To get 
it off, spray it generously 
with penetrating solvent, 
Joasen the rower screw and 
slip ina slim screwdriver if 
necessary to pry it open. Or 
just eur it of 
DOUBLE-WIRE OR BAND 
WITH RETAINING SCREW 
AND NUT—A double-wind- 
ing of wire ora band is held 
ogether by a tangential 
serew at one end that fits 
into a nutat the other 
When it’s overtightened, the 
ite type digs into the hose 
and may cut through. 
WORM-DRIVE CLAMP—This 
has been the longtime 
favorite, and even was con- 
sidered a premium design. 
Some wormedrives are, but 
most aren't. One reason it's 
popular is that it ean be 
opened up and taken off 
without disconnecting the 
hhose, although that feature 
thas limited utili 
The quality worm-drives 
have such features as: rust-resistant 
plating; rolled up edges so the band 
doesn’t dig into the hase if evertight- 
ened offset teeth that keep the band 
from twisting when tightened; and 
even “teeth” that aren’t cur through 
the band, so the hose rubber doesn't 
extrude into the slots. 
CONSTANT-TENSION WORM-ORIVE—The 
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best ones (by Oetiker a leading Euro- 


pean maker with extensive U, 
keting) have an internal band that 
slides through a slot inside the main 
band, bridging the joint of the worm- 
drive. Result: The clamp provides true 
360° clamping. That clamp also has a 
coil spring to provide constant ren- 
sion even ifthe hase underneath takes 


a compression set. 


Spring-Band Clamp 


‘Today most carmakers are using a 


mp that you can't tighten, so it also 
never ean be retightened. It's the 
spring-hand (Fig. 4), an inexpensive 
form of constant-tension clamp. It 
may not be everywhere under the 
hood, but it usually isin a lot of 

pla 
‘ened to any spec, it's sized so even if 
the hose takes a set underneath, it 
‘maintains some tension, hopefully 
adequate to prevent a leak, but only if 


s, Because it can’t he pretight- 


the hose neck is in perfect shape, 


Shrink-Band Clamp 
Would you like a low-cost non- 
adjustable 


mp that nor only main- 
tains tension but seals well even if the 
hose neck is far from perfect? Ir's 
here, and iralso can help with other 
problem clamping situations: the plas 
tie shrink-band clamp. 

You must buy a shrink band that's 
ed for your particular hose diame- 
ter. The hand comes on a thick card- 
board roll so it doesn't shrink in stor: 


age, Just crush the roll, remove the 
band, lube the hose neck with 
antifreeze, slip the band anto the hase 
sek. Unlike a 
conventional clamp, the shrink band 


and the hose onto th 


should be positioned so it extends 
onto a bead on a hose neek. 

Apply heat with a hair dryer (Fig, 
2) or heat gun (from within a couple 
of inches or so), and in a couple of 
minutes the band conforms com- 
pletely to the neck and head, increas 
ing leak resistance. And the heat from 
the coolant will cause it to continue to 
shrink in service to compensate for 
any compression set in the hose 

How do you get it off? If you're 
replacing the hose, just cur it with a 


REPAIRING COOLING SYSTEM LEAKS 


HOW IT WORKS 


How Coolant Hose 
Leaks Occur 


‘Why does a coolant hose connec- 
tion leak after you've tightened a 
conventional clamp? After all, the 
clamp itself doesn't loosen. What 
happens is this: Both the hose 
neck and the hose expand when 
the coolant warms up. The clamp, 
however, is relatively unchanged, 
50 it squeezes the rubber under- 


neath even more, and this causes the rubber to become permanently com- 
pressed, which is called a set. When the engine cools, the neck contracts 
‘more than the hose. Many hose materials become virtually glued to the 
neck, 50 a seal is maintained. Others do not. In fact, silicone is almost 
immune to heat-sealing, That makes the silicone hose easy to replace, but 
it is the most prone to cold coolant leakage. Always install the clamp next 
to, but not overlapping, the raised bead on the fitting to keep from trapping. 
a bubble of coolant in the void space inboard of the bead. 


single-edge razor blade. If you're 
planning to reuse the hose, you 
have these choices: 1) Cut the band 
itself with a soldering iron, but be 
careful; 2) Force a feeler gauge 
between band and hose, and run the 
razor blade through the band just 
over the feelers 3) If you plan co use 
these shrink bands everywhere on 
your cars, get a hand-slitter, a tool 


thar does hasically the same thing, 
bur is easier to use. 


Those Quick- 
Connects 

In many cases, today’s cars and trucks 
use quick-conneers instead of clamps 
for many heater circuit hoses and also 
for some radiatar hoses. The quick 
connect isa fiting with an O-ring 
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choose point that's an inch or so from where the soldering iron is tauching. 
How close do you have to get to the soldering iran tip before it melts? 


Keeping the Circuit Board from Moving 


When you're soldering, you've got a lot to juggle: the soldering iron, the sol 
der, and the two things you are connecting to each other. The helping hands 
let you place the items you're soldering in a stable position. Use the clips to 
hold the item in place as shown in Figure 2-2. But once you start inserting 
itemsintotheboard, youneed some way to keep them from moving. “Placing 
a Component in the Board’ on page 11 shows you how to do that. 


Figure 2-2, Holding a PGB in the helping hands 


Tinning Solder Pads 


You'll sometimes come across things that need a layer of solder to work 
right. For example, on the Learn to Solder Skill Badge, you need to put a 
bump of solder in place to give the battery a snug fit. With solder pads that 
are this big, you need to heat the pad with the iron really well the pad is so 
large that it's going to take longer to heat. It's best f you melt the solder by 
pushingit onto the pad rather than pushing it directly against the iron. This 
makes sure that the solder flows thoroughly over the pad. If the solder 
doesn't melt, try tinning the tip again first. 
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seal, and if ir ever leaks, you have 
somethi ne or two O. 


rings—to check and replace. 
Every quick-eonnect comes off a 
bit differently, bur its usually obvi- 


ous, On GM pickup: 


ow unthees 
retainer, then turn a metal tab that 
provides a secondary hold and pull 
the hose. The hose end isa plastic fit- 
ting with O-ring seals, Just peel them 
off and install new ones. Clean our 
any debris from inside the female 
‘metal fitting on the engine. 

So if the leak is from the quick- 
connect, 
er, then just pry open and 
remove the old quick-connect’s per 


a replacement from the 
car des 


manent clamp and install the new 
quick-connect on the hose 
If you can’t get a new quick-con- 
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neet, you may beable to cut th 


a metal sectiot 


na long underbody 
coolant line, install a short hase see 
tion (secure it with some form of con 
stant-tension clamps), and that should 
give you the extra hose length ar the 
tend that has the leaking quick-con- 
ect. Then you should be able to 
remove the quick-connect and make a 
hose-to-metal fittin 


1g clamp joint. 


The Hoses 
Many of today’s hoses, particularly 
for the heater circuit, have crimped: 
‘on sections, and crimps are known to 
leak, A brand-new hose is a simple 
bur expensive solution, An alternative 
is to grind or saw into the crimp, just 
enough to be able to break it apart. 


Even without erimp sections, the 


coolant hoses themselves are anything 
bur simple, flexible lines of rubber 
On ears with pressurized coolant 
reservoirs (where the cap is on the 
reservoir, nor the radi 


or or engine), 
the upper radiator hose typically has 
a tee fitting with a secondary hose ro 


the reservoir (and the lower hose may 
have one to the heater circuit). $0 
unless a repair tee is available, don’t 
he surprised if the hose prices out at 
$100. Other hoses (also nor cheap) 
are permanently crimped to metal 
lines, much like an air conditioning 
line or power steering hose. And even 
where there is a simple-looking hose, 
itmay be a molded design, so that it 
fits into a very tight area (perhaps so 
ircan connect to a metal line) without 
the possibility of kinking. @ 
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Curing Slow Cranking 


ve just treated your date and 


urself to a postprandial double- 
no-fat cappuccino, and the 
caffeine courses through your veins 
like lava. You're pumped fora night of 
dancing as you head for the nightclub. 
‘The world seems to be in slow motion 
as the caffeine hits your brain—espe- 
cially when you twist the key and your 
car engine grinds over very slowly, far 
too slowly for the engine to start. 

‘The ugh-ugh-ugh of an engine 


CURING SLOW CRANKING 


at's cranking too slow to start is a 
sound that everyone can identify. And 
the immediate—if temporary —cure is 
to call fora battery boost. The long- 


term fix, however, requires careful 
examination to make a diagnosis. 


Thinking Positively 
If the battery posirive 
oon the starter is easily v 


le terminal 
ble, begin 
by inspecting it for white/green car- 
rosion and feeling the cable end for a 


(Fig. 1) Remove the wires from the 
starter motor or solenoid and clean off 
any corrosion with a wire brush and 
warm water. Rinse thoroughly and 
reassemble. Smear protective grease 
fn the terminals to keep thom clean. 


loose connection. A wire-brushing to 
remave corrasion from the stud, nut 


become lonse at some time it 


had been reinstalled on 
damaged starter-stud 
threads, or the nut had 
been eross-threaded when 
installed. Poor-quality 
rebuilts, used starters, 
goofs during cable o 
starter replacement are 
some of the usual sus- 
pets. In fact, these prob- 
lems are so common that 
you can buy an inexpen- 
sive (less than $5) srarrer- 
terminal repair stud kit at 
auto parts stores. This 
cuts its own threads as it 
is threaded onto a 
stripped stud (example: 
Thexton Nos. 530 and 
531). See page 89. 


Having a Heat Wave? 
When the slow cranking 
occurs only on a hot 
restart in warm weather, 
you haye to consider the 
possibility of high inter- 
nal resistance in the 
starter, which is often 
caused by underhood 
heat, Some starters are 
factory-equipped with 
heat shields, particu 
those in recreational 


rly 


vehicles, and the shield 
may have been bent or 
taken off and never rein- 
stalled. Or it could just 
be that the starter wasn't 
designed to handle the 
heat well—a problem both with 
some original-equipment starters 
and with rebuilts chat may fir physi- 
cally but aren't designed to take the 
heat of a heavy-duty application, 

Ifthe engine starts easily after it 
cools off, the starter is one possibil- 
ity. An easy check is to spray the 
starter with cold water if you get 
slow cranking during a hor restart, 
Now it cranks well? If there's no 
missing heat shield, check with a 
dealer to find out if a heavy-dury 
starter with berter hor-starting,abil- 
ity is available. 

If there's no sign af a problem at 


408 


(Fig. 2) Check the battery's hydrometer eye for enough 
electrolyte or low chante. 


(Fig. 3) Check the ground connection to the vehicle's body 
for good contact. 


the starter, or ifit's buried and you 
\want to begin somewhere else, then 
move on to the battery. But we're not 
really giving the starter a passing 
grade just yet. 


Batteries Not Included 

Discard the old advice that says a 
small, cheap battery is adequate for 
a 4-cylinder, and only « big V8 needs 
a battery with a high energy rating, 
When you crank an engine, the elec- 
tronics all wake up and the air stares 
flowing through the throttle body 
into the eylinders. Ie takes much 
higher cranking speeds to produce 


HYDROMETER EVE 


the necessary airflow 
through the complex flow 
paths to start today’s Fours. 
And with the power 
demands of the electronics 
and the Fuel system, a 
light-duty bartery just can’t 
hack it 

So if the old battery died 
and you installed the lowest~ 
price replacement you could 
get, that could be the reason 
behind the slow cranking, In 
the days of carburetors, the 
battery-rating rule was one 
cold-cranking amp for each 
cubic inch of engine displace- 
ment, Well, we talk about 
liters for displacement today, 
but even if you look for 61 
cold-cranking amps per lirer, 
that’s just not enough. 
There's hardly any late- 
model engine—or any’ 
engine—that will start reli- 
ably in all conditions with a 
battery rared at under 500 
cold-cranking amps. 

Also, you can’t just look 
at the hatrery to determine 
its condition, even a battery 
‘with the circular window 
(“eye”) in the top (Fig. 2). 
‘That eye is over just one oF 
the six cells. That cell might 
be okay—and you'll see a 
dark green, the indication 
of health—while there's 
weakness in another cell, 
Maybe you're ready to 
bblame the hattery because you can’t 
see the “healthy” color. Try tapping 
on the eye before you start shopping 
for a new battery. The color may 
change. 

‘The only reliable check is a load 
test, which requires a special rester. 
However, at least you can check the 


battery voltage with a meter con 
nected across the battery terminals. 
Bur don't just look for something 
cover 12 volts because it’s a 12-volt 
system. If it's under 12.7 to 12.8 
volts, the battery is undercharged, 
and at 12 volts it's 75% discharged 
Yes, discharged. 
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If the battery is under- 
charged, you have to find 
our why, With the engine 
running at fast idle, you 
should check charging 
voltage across the battery 
terminals. If the voltage 
isn’t well over 13, some- 
thing’s wrong. Unless 
there's a loose or glazed 
helt you ean plainly see, 
inspect the hartery-cable 
connections to make sure 
they're clean and tight. 
You can’t see what the 


contact surfaces of side 
terminals look like with- 
out taking them apart 
An almost-invisible coat- 
ing of corrosion can con- 
stiture a charging barrier, 
so wire-brush them even 
if they appear good. 
‘Then, recheck the charg, 
ing voltage. 

If charging voltage 
still is low, inspect the 
other end of the ground 
(negative) cable. If the 
ground cable is a split 
design, the cable to the 
vehicle's body ar chassis 
may be the easiest to see. 
Bur it has less to do with 
charging and starting, so 
more carefully check— 
and tighten if neces- 
sary—the cable to the 
engine, which may not be 
quite as accessible. 
Warning: Some cars have 
just a single ground cable 
from the battery to the 
body (Fig, 3). But don't 
stop there. Somewhere 
else on the car there will 
be a second strap, from 
the body to the engine or 
transmission (Fig, 4), It 
may even be buried 


underneath the ear, $0 look around. 
With a fully charged battery, 
you're ready to find out if the starter 
circuit is pulling normal current. A 
low-cost induction ammeter (Fig. 5), 


which clips onto the battery eable, 
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(Fig. 4) Check the ground connection to the vehicle's engine 
for contact as well. 


posmTive 
BATTERY 


(Fig. 5) You can monitor the cranking current with an inex- 
pensive induction ammeter. 


‘may not be a precision instrument, 
but irs clase enough to pinpoint 
excessive current draw. Compare the 
reading with factory specs, if they 
exist. Ifthe} 


don't, here’s a general 
guideline: Average starter draw is 150 


10 200 amps, with 250 ar the 
high end of normal, 


Oil Is Thicker Than 
Water 
‘When all the battery connec 
tions are good, there are nwo 
common causes of high 
draw: engine/transmission 
friction and a bad starter. 

In cold weather, the frie- 
tion may be caused by engine 
oil that’s too thick. Tf you 


were using a few cans of oil 
thickening additive during, 
the summer to try to cure an 
oil-pressure problem, poor 
compression and so on, and 
haven't changed the oil since, 
you should do it before the 


cold weather hits, 

li the vehicle has a man- 
ual transmission but can 
normally he cranked in 
Neutral without having the 
clutch pedal floored, a thick 
gear oil may be slowing 
down engine cranking. The 
thick gear oil may silence 
gear noise during warm 
weather, but by winter you 
may need something much 
lighter, hoth for easier start 
ing and better shift quality. 
Some carmakers recommend 
automatic transmission fluid 
ina manual transmission oi 
for cold weather. Throw in 
the clutch pedal and if the 
engine now cranks normally, 
thar’s the ripoff. Check the 
owner's manual for accept- 
able lubes. 

In hot weather, engine 
friction has the opposite 
cause: engine oil that’s too 
thin. IF yon don't change the 
oil frequently enough, the 
additives in it will wear out 


and the oil won't provide the 
thin-film lubrication the eylinder 
walls need, Synthetic oils are herte 
maintaining their lubricity, but they’ 
also slightly more expensive. 
In addition, if your engine is run: 
ning on the hot side—nor overheat- 
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ing, just running a bit hotter 
than ir should—that chins 
‘our the oil a bit more. The 
extra engine heat also may 
heat up the starter, which 
then will draw more current 
than normal. Ifthe coolant 
temperature gauge is read- 
ing on the high side, get a 
precise reading, and if its 
pushing 245°F or even 
250F, thar’ just too high, 
When everything else 
seems all right, make the 
following checks: 
® Is the ignition timing, 
being upset by electromag- 
netic interference from the 
battery cables during engine 
cranking? This is most 
likely to happen if the bat- 
tery or ignition wiring has 
heen moved, even slightly, 
during service, Perhaps a 
cable wasn't reinserted in a 
clip or guide, A simple 
check is to disconnect the 
ignition primary wiring, 
such as from a distributor 


or distributorless ignition 
module (Fig, 6). If the 
engine now eranks faste 
ook for a mislocated cable. 

If the engine has a conven 
tional distributor, also lift 

the cap to see if it's cracked 
or has carbon tracks 

between terminals. Bither 
could disturb spark-plug fir- 
ing enough to affect cranking, 
© Ifthe battery and ignition pass 
inspection, and the slaw-cranking 
problem came on suddenly, check to 
see if the camshaft-timing belt 
jumped a tooth or two (Fig. 7). 
Unless they snap, timing chains are 


(Fig, 6) Pull the primary wiring to the ignition module or coil 
to check for misfires during engine cranking, 


(Fig. 7) A camshaft drive belt can jump a tooth or two and 
affect cam timing and cause slow cranking, 


almost-forever items, However, a 
belt can jump a couple of teeth, and 
mare than half of overhead-camshaft 
nes have belts, not chains, When 
a belt jumps time to advance valve 
timing, this ean keep the engine fram 
cranking and starting smoothly. If 


the cranking sounds 
unevenly slow and the 
‘engine seems to be trying 
to starr but won't, valve 
timing definitely moves to 
the top of the list of possi- 
bilities. 

Access to the belt ona 
transverse engine may nor 
be easy, and checking the 
cam timing rarely is a 5- 
minute operation, Even 
the old! Chrysler 2 
liter 4-cylinder, which was 
fone of the easiest to get to 
(thanks to an access win- 
dow in the timing belts 
upper cover), takes a bit 
longer than thar, 

On most ears, itis 
fairly easy to take off or at 
least substantially loosen 
the upper-half belt cover, 
gently flex it away and 
inspect the helt. If you see 
damaged belt teeth, that’s 
a strong indiearion that 
helt timing may he off, 
and it’s worth the extra 
effort of a timing check 
and a more careful belt 


inspection, Few late 
model overhead-cam 
engines are “free-wheel- 
ing” (capable of tolerating 
a snapped belt withour 
major engine damage). If 
you find the belt is near 
the end of its life and has 
jumped time, too, you not only could 
cure slow ranking, but save the 
engine or at least a cylinder head. 
And ifthe belt hasn’t jumped but is 
well-worn, replacing it is great insur- 
ance, so you really haven't lost any- 
thing with the effort, @ 
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Finding Oil Leaks 


te 


(Fig. 1) Check the dipsticks to see where your leak is starting 


Four tabby ear eras into your 
huge patch of smelly, slimy, oily 
200 covering most of its hack. | 
Backtracking oily little eatprints leads 
you into the garage, where a pool of 
oleaginous fluid has mysteriously 
stained the concrete floor. What is it 
| and exactly what part of your car is 
| oozing it? Time to put the eat down 
and yer under the eat, But there's leak= 
age all over the engine compartment, 
and even a distinet pattern of wind- 
| blown drops freekling the rrunktid. 
| Where’s it coming from? 

Begin by finding out what kind of 
oil is leaking. You can usually decer- 
mine the color by putting a few 
drops on a sheet of white paper. Nor- 
mally, engine oil tars black. Auto- 

| matic transmission and power steer= 
ing fluid is red but may discolor to 
brown or even be so dark that you 
can't tell ir from engine oil. Washer 
fluid is blue and antifreeze is, well, 


FINDING OIL LEAKS 


MAIN 
‘SEAL. 


could be green, gold, orange, brown 
or blue, depending on the supplier. 
Feel the fluid, If i's very oily, its 


lubricant, Antifreeze may have a 
light oiliness, 
Your initial analysis points to oil, 


bur you're not sure about the color or 
where it's coming from, Srart pulling, 
dipsticks. The power steering reser- 
voir isa good place to start if the oil 
seems reddish (Fig. 2). Ifthe reser~ 
voir is oped up, and the leak is at 
the front, check the automatie trans- 
mission cooler lines, particularly if 
they have sections of rubber hose 
with clamps, 

If the oil is definitely black and the 
drops are directly under the engine, 
it's engine oil, which is the most com- 
‘mon leak. But, once again, you're 
faced with that same question: Where 
is it coming from? A slow leak fol- 
lows ribs on the engine block, is 
blown along the top of gasket joints, 
and oil gets everywhere. Pur a lor of 


OIL PAN 


GRoMmeT GASKET 


(Fig. 2) Oi! pan gaskets may be a simple cork cutout or 
4 pricey engineered rubber molding with metal inserts. 


(Fig. 3) A 
leaky main 
seal will 
‘spray oil all 
over, and 
‘will need to 
be replaced. 


light in che engine compartment and 
take a look. You might get lucky and 
see the source, But unless you're sure, 
don’t replace anything yer. A Tor af 
gaskets are nor only tough to replace, 
but they have sophisticated designs 
that are anything but cheap (Fig. 2). 
Tr would he a shame ro waste a day 
replacing a costly gasket and still have 
the leak. 

Oil also may be seeping past a 
worn crankshaft or camshaft seal 
(Fig. 3). The rubber lip thar seals to 
the rotating shafe will eventually wear 
to the point at which the tension in 
the garter spring won't keep oil from 
leaking. This type of seal will only 
leak when the engine is running—and 
when it does oil will spray everywhere 
from the spinning shaft. 

Because pinpointing an engine wil 
leak can be difficult, you should get 
all the help you ean and, fortunately, 
a method preferred by the profession- 
als is within easy reach: trace dyes 


HOW IT WORKS 


Gaskets 


RIGID COVER 
(GROOVED GASKET 
RETENTION) 


L-PIECE OIL 
FILL TUBE 
AND DIPSTICK 


also called a “compression 
set.” Retightening gaskets 
helps and may work for a 
considerable time, But when 
it doesn't, the gasket must 
be replaced. Today's oil-seal- 
ing gaskets (like all automo- 
tive gaskets) are made of 
high-temperature synthetic 
‘materials, in combination 
with natural fibers, that are 
more resistant to a compres- 
sion set. They have engi- 
hneered shapes that, when 
compressed, provide a more 
effective seal. There may be 
‘metal grommets around bolt 
holes to prevent overtighten- 
ing. The gaskets often are 
made with raised rubber 


When you took at a pair of 
‘machined surfaces, or even 
today's well-finished engine 
surfaces, you may wonder 
why a gasket, an O-ring or 
other type of seal is needed 
to prevent an oil leak. 
Except for seals around 
rotating parts, wouldn't 
‘clamping the parts together 
tightly be enough to prevent 
oll leakage? 

The answer: close, but no. 
Sorry, even mating joints 
bolted together look a lot 
‘more precise than they 
really are, and fluids can 
‘seep past them. It takes a 
flexible material in the joint 
to compensate for any 


FRONT COVER 
(GROOVED 
GASKET 
RETENTION) 


WIDER Ratt 
WITH STAND- ~~ STATO SEAL 


OFF BEAD 


‘unevenness and looseness to prevent, or at least mini- 
mize, leakage. That flexible materials a gasket. The 
design of a gasket itself is a complex art. Simple materi- 
als such as cork compress nicely and compensate for a 
fair amount of unevenness, but under the compression 
of a line of bolts, cork gaskets soon take a “heat set,” 


“beads,” in some cases a single broad bead, in others, 
‘two or more riblike layouts, which set up a series of barri- 
ers to oll leakage. Gaskets often are shaped to fit into 
grooves in the mating metal surfaces. Or a gasket may 
look almost like a large rounded band or square-cut rail 
andl fit into a groove in each gasket surface. 


with ultraviolet (UV) light (Fig. 4). 
These can be used for all fluids—oils, 


The trace dyes for a/c refrigerants are inte all sorts of underhood nooks and. 
very specific formulations, and they crannies. Iralso comes with a 10-ft. 
require special injectors. They are not cord thar has alligator clips ro connect 
part of the general purpose kits, but ro the hattery terminals, yellow glasses, 
are sold in specific alc kits and 1-ounce bottles of trace dyes for 
We used the Tracer Products Leak- both oils and antifreeze/ coolant. You 
Finder Kit,a product that won a Popu- can buy individual bores of any trace 
lar Mechanics Editor's Choice Award dye you use up. 
at the 2000 Automotive Aftermarket Start by mixing a dose of oil-eak 
Industry Week trade show. I's under trace dye (Y/ ounce, which is half the 
$60) and includes a compact UV lamp amount in the see-through hottle) 
with a flexible head, so itcan beaimed with as much engine oil as you have 
left in your top-up bortle, then 
pour that into the engine. You 
could just pour the /2-ounce 
dose into the engine, bur if 
there's leak you're probably 
down on oil anyway. If yau 
just pour in the trace dye dose, 
it will coat the oil filler neck, 
and take a lor longer to he 
washed away by engine oil and 
mixed thoroughly into the oil 
supply. And it will take longer 
for the leak to show up. 


fuel, coolant, even alc refrigerants 
The trace dye is fluorescent, so under 
UV light (so-called black light), it pro- 
duces an unmistakable yellow/green 
slow. Aim the light, and a small dye 
stain may show you the source of the 
leak. The newest trace dyes were 
formulated in response to complaints 
from mechanies about low visibility 
oF the dyes and the difficulty of 
positioning the large UV 
Jamps. Now you can find kits 
with compact, flexible lamps, 
improved trace dyes and 


coated yellow glasses that 
enhance the appearance 
of the dye 

The kits typically inelude two 
bottles of dye, one for oils and 
another for antifteeze/coolant. 


(Fig. 4) Uitraviolet tight wilt 
make trace dyes glow brightly. 
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After driving the ear long enough 
to allow oil leakage, park the ear over 
newspaper to catch the leaking oil 
Check the drops on the paper with the 
UV lamp. IF the drops glow, you're 
ready to look for the leak. Jack up the 
vehicle, support it on safety stands 
and connect the lamp clips to the bat 
tery. Then, put on the yellow glasses, 
aim the light up from underneath and 
press the switch, 

Because leaking oil may follow a 
rwisty path, look for the highest point 
of any oil trace, and that should lead 
you to the source. In our ease, the path 
il dipstick tube, which 


started ar 
had! a leaking O-ring seal, In most 

ceases, you'll find a loose gasket joint, 
which you may beable to 
However, in many cases, the 


zhten, 
ket will 


have taken a severe “set” in the joint, 
and retightening won't stop the leak 

If you don’t want to make the 
investment in a trace dye kit, there is 


FINDING OIL LEAKS 


FOOT POWDER 


Y 


an alternative method for finding a 
leak. You can use a couple of prod- 
ucts you may already have at 
home—one in the garage, ane in the 
medicine cabinet, 

The 


arage item is aerosol engine 
degreaser/cleaner, Use the aerosol 
cleaner to loosen road film, then 
remove the film from the engine, 
transmission and adjacent underbody 
with a water hose. Drive the vehicle 


to dry it off—or when you jack it up 


and support it on safety stands, wipe 
the area clean and dry with a cloth. 
That’s what you may have to do any- 
way to remove a Tot of the road film, 
The objective is to clean the under 
body well enough so road film and 
leaking black oil aren't confused. 
From the medicine cabinet, get 


aerosol powder, such as that used to 
treat athlete's foot, and spray the 
underside of the general area of the 
feak, going as high up the block as 


(Fig. 5) Clean the suspected area 
thoroughly and dry it. Coat liberally 
with powder to locate seepage. 


possible (Fig. 5), The powder will 
adhere to and coat the metal, produc 
ing a white haze, Then, drive the 
vehicle until the oil leaks—be careful 
to avoid wet, muddy roads in the 
process, The hope here is that the 
leak will ake a single large, reason 
ably direct downward path (even if 
there are some streaks from airflow), 
If ie does, i will show up asa pri- 


mary “stream” down the engine. You 


may have to perform a similar treat 
ment closer to the top of the engine 
to really pinpoint some leaks, partic 
ularly those from intake manifold 
gaskets. However, if the oil stream is 
blown through a complex path along 
the engine before a drop hits the 
ground, using a trace dye and UV 
light is a surer way 
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Flushing Your Cooling System 


ou take off the cap and look at 
the coolant, Ir’s.a nice shade of 
green, oF maybe red, or maybe 


even orange. It looks good. Should 
you leave it in? Unless it’s recom- 


mended by the vehicle or coolant 
maker for extended life, the answer is 
no, especially if irs been two years or 
mare since the last rime you deained i. 
Today’s engines are loaded with 
aluminum components: cylinder 
heads, water pumps, manifolds, even 
engine blocks. And the rwo primary 
heat exchangers—radiator and 
heater—are also aluminum. Alu- 
minum needs great corrosion protec- 
tion to survive, and the corrosion pro 


rection in conventional antifreeze is 
used up in abour rwo years. If your 
car came with conventional, you can't 
switch to extended life without a fair 
amount of preparation. And if your 
car is much more than four years old, 
a switch is not likely to yield Long 


a2 


(Fig. 4) Remove the overflow tank, 
and carefully pour the coolant init into 
your drain pan. 


term co 


lant liie—you'd still fave the 
usual 2-year drain interval 


Glug, glug 

First, ler’s do a proper job of d 
the coolant. Start by checking the 
specs ta see how much is in the sys- 
tem. This is important, because 
capacities vary all over the lot, Some 
Toyota Fours and Vés, for example, 
hold only about $14 quarts. Other 
systems hold 14 to 18 quarts, This 
away, you'll know what percentage of 
the coolant drains out. 

Srart with a coal engine, If the 
pressure cap is on the engine or radia- 
tor, look ar the overflow reservoir 
(Fig. 1), and if it's easy to disconnect 
and empty, go ahead, Then, remove 
the radiator eap andl open the radia~ 
tor drain cock, If he drain cock is in 
tight quarters, use a special socket 
available at most auto parts stores 
(Fig, 2). Let the coolant drain into a 
pan, Unless your town has coolant 
colleetion setup, pour the old anti- 
freeze into-a household drain, clothes- 


ng, 


PETCOCK WRENCH 


unscrewing the 
petcock on 

‘the radiator. You 
may need a spe- 
cial wrench. 


ENGINE 


(Fig. 3) It may be necessary 
to remove the radiator hoses 
‘to completely drain the 
system, Remove the clamps 
and twist the hoses off. 


washer pipe or a toilet. 
Thar's an environmentally 
safe approach. Don’t pour 
it on the ground or into a 
storm sewer If your ear 
has.a copper radi 
heater core, the coolant 
may be contaminated 
with lead solder. Many 
‘municipalities have haz- 
ardous-waste dispasal 
facilities thar will rake i. 


Also, in most of the 
United States i's illegal 
for professional mechan- 
ics to dump used coolant, 
so you may be able to 
take it to a shop or the 
municipality for recycling. 
Next, move the dash: 
board temperature lever to HOH, s0 if 
your car happens to have a heater 
coolant control valve, it will open. If 
the pressure cap isan the plastic 
reservoir, remove the cap, then open 
the drain cock. No radiator drain 
cock? Disconnect the lower radiator 
hose from the radiator (Fig. 3). Move 
the hase clamp back from the radiator 
slip thin screwdriver between 
the hose end and radiaror neck to free 
up the hose, then twist slightly to dis- 
connect the hose. Draining the radia- 
tor alone normally should remove 40 
10 45% of the coolant. After the first 
drain, fill he system with water then 
warm up the engine and let it cool. 
Drain the radiator again and fill it 
‘once more with water. Repeat. Or 
remove engine coolant drain plugs if 
they're not corroded in place. 


Let it bleed 
Now comes the hard part—filling the 
system, Ifthe system holds 12 quarts, 


(Fig. 4) Refill the system to half its 
capacity with coolant. Then add water 
to fill, achieving a 50 percent concen- 
‘tration of coolant. Check the concen- 
tration with a hydrometer. 


FLUSHING YOUR COOLING SYSTEM 


you want to install 6 quarts of undi- 
luted antifreeze, or exactly half of the 
cooling system’s capacity (Fig. 4). 
The cooling system has lots of 
nooks and crannies that trap ais, 
making it dfficule co fill che system 


with coolant, The fill eap 
and neck are supposed to 
he at the high point of 
the system to help air 
bleed out, but often they 
aren't, And even if they 
are, you need all the nat- 
ural help you can get. So 
jack up the front of the 
car, which gers the 
coolant fill neck as high 
as possible, 

Cheek for air bleeds on 
the engine. Sometimes, 
you'll see an obvious air 
bleed, such as. boltlike 
item threaded into a hose. 
If there’s an air bleed, 


open it If there are sev- 
eral, open them all. IF you 
have access to factory or 
aftermarket service infor- 
mation for your car, 
check it for a coolant fill 
procedure 

uur in the required amount of 
antifreeze slowly until you see 
oozing out of the open air bleeds 
Then close the bleeds and top off the 
system with the remaining antifreeze 
and then plain water. 
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Start with alittle blob as shown in Figure 2-3, and spread it around evenly. 
When you've got the desired thickness, first pull the solder away. then pull 
the soldering iron away. Doing it in this order will avoid leaving chunks of 
solder behind 


Figure 2-3. Laying down some solder 


Placing a Component in the Board 


You don’t want components falling aut of the board while you're soldering, 
Infact, you'll often insert a component with the board upside down (see 
Figure 2-4), then flip the board over when you put tin the helping hands. So 
the components have plenty of opportunity to fall out. To keep the compo: 
nent in place, bend the leads out as shown in Figure 2-5. 

In some cases, you may need to quickly tack a component in place to keep 
it from moving, See “Stabilizing and Straightening Compo 

nents” on page 14. 

Don't try to place every component at once. Start with low-profile (shorter) 
components, solder them in one at a time, and move on to higher-profile 
components, 
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HOW IT WORKS 


Cooling Your Engine 


coolant pump, or water 
pump, circulates the 
antifreeze and water mix- 
ture between the engine 
and the radiator. After the 
coolant circulates through 
the engine, the pump 
pushes it out the upper 
radiator hose into the radi- 
ator, a heat exchanger 
made of metal tubes (alu- 
‘minum on today's cars) to 
which fins are attached. 
The fins draw away heat 
and dissipate it to the air 
that Is drawn through the 
radiator by fans and the 
forward motion of the car. 
The cooled coolant is 
drawn from the radiator 
through the lower radiator 


hose and back into the engine by the pump, and the 


cycle starts all over again. 


‘When the engine is cold, coolant circutates only within 
the engine, so engine heat warms it up faster. At about 
195° F, the coolant heats a temperature-sensitive valve 
(the thermostat) that opens to allow the coolant to flow 
through the radiator. The thermostat may be located at 
the engine outlet, in line with the upper radiator hose, or 
at the inlet to the water pump (the preferred location on 


today’s cars). 


‘The coolant also flows through hoses into and out of 


If the system has a heater coolant 
valve, close it by moving the tempera 
ture control lever or knob ta cat. 
With the engine running at fast idle 


and warmed up, have a helper move 


the lever or knob to HOT while you 
listen at the coolant valve. If after the 
first rush of coolant you hear a cone 
tinuous gurgling noise, there's still air 
in the coolant, and you should be 
prepared co watch the coolant level in 
the reservoir over the next few weeks. 


Picking the 

right antifreeze 

Most antifreeze is made with a base 
chemical called ethylene glycol. Green, 
yellow, red, orange, pink, and blue dye 


THERMOSTAT 
001 ANT RESERVE 

anew 

‘OVERFLOW HOSE 


RADIATOR 
PRESSURE CAP 


RADIATOR DRAIN PETCOCK 


HEATER HOSES, 
CLAMPS. 
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‘DONUT ENGINE O1L COOLER 


the heater, which, like a miniature radiator, gives up its 


heat to the surrounding air. in this case, however, the 


heated air is blown into the passenger compartment. 

Raising the cooling system's pressure also raises the 
coolant'’s boiling point, so the radiator cap (which also 
could be on the engine or on the separate reservoir) has 
a pressure valve to raise the pressure in the cooling sys- 
tem by about 45 psi. This increases the boiling point of 
the coolant by about 40° F. So, the boiling point of a 


‘50/50 mix of antifreeze and water in a properly function- 


is used, The dye is not an indicator of 
the formula. Extended-life antifreezes, 
rated for four years/60,000 mile 
were on the marker until the mid- 


1990s, But the newest entries are 


superlong-life antifreezes with rorally 
new rusticorrasion inhibitors, in some 
cases developed originally for diesels, 
“The original, from Texaco (used as 
original equipment by GM), isealled 
Dex-Cool, Other Dex-Cool antifreczes 
also are available from Prestone and 
Zetex, perhaps others, Dex-Coal is 
recomended for five years or 150,000 
miles, Ford and Chrysler Group use a 
different antifreeze called a “hybrid,” 
recommended for five years or 
100,000 miles. 


ing system is about 255° F or 


The rust/eortosion inhibitors vary, 
but if antifreeze is a major brand 
that is not extended life, but is in a 
car with a lot of aluminum compo: 
nents, change it in two years or 
30,000 miles—whichever comes 
first, You can push that to a third 
year if the engine is all cast-iron. 
“Toyota Red” is a specific formula, 
bur if you drain ir, you can replace it | 
with any name-brand American for~ 
mula. Here again, the replacement 
interval is ewo years or 30,000 miles 
If you have at least 5000 miles on 
the antifreeze, the chemical bond 


with the aluminum components is 
“solid.” So if you want to get 
extended life with a coolant installa 


ENGINE 


te 


poco 


tion, just do a thorough drain-by 
dilution, at least three times. The 
coolant you drain out should be vir- 
tually clear, ike the color of water. If 
it’s still colored, you have to repeat 
the process until it’ all out. 

With the radiator and reservoir 
drained, pour in the amount of anti- 
freeze necessary—there should be 
plenty of room—and then top up with 
water. Follow the procedures we've 


FLUSHING YoUR COOLING system 


discussed co ensure a full system, 

Remember: You should do this only 
as a maintenance procedure, not as a 
final step when replacing a part, such 
as the water pump and radiator: 

What about “pet-friendly” or 
safer” antifreezes made with a base of 
propylene glycol? The name brands 
(Sierra and Prestone Lo-Tox} will do 
the same job as ethylene glycol, But 
they cost a little more and actually 


require a greater quantity to provide 
the same freeze protection, and in 
truth, they're only abit less hazardous, 
They aren't sweet, and conse 

quently aren't as likely to be con- 
sumed by toddlers or pers. Don’t rely 
on this, however. Store all unused 
coolant, low-tox oF nor, safely. Dis 
pose of all drained coolant in a sani 
tary sewer or in accordance with 


local regulations. @ 


us 


Checking Your Ignition Timing 


(Fig. 1) t's deep and dark in the engine compartment, and filthy to boot. On a cold 
‘engine, clean the timing tab and scale for better visibility. 


out floor the accelerator to pull 
VY eee sicer estan 
you realize that your car ig 
barely responding, A taxicab is 
‘camped half an inch from your rear 
thumpes, and the cabby is alternating 
between using one of his fingers to 
semaphore his displeasure with your 
forward progress and leaning on the 
horn burton. Your car's acceleration, 


nonetheless, remains a fraction of its 
former self, What could be wrong? 
‘The engine runs smoothly, but simply 
lacks power. There's no Cheek Engine 
light or trouble codes. 

Pardon our asking, but when 
‘was the last time you checked the igni- 
tion timing? Ignition timing? Hey, 
you're driving a "97 model with a big, 
fast engine computer. All of those elec 
tronic gizmos handle that stuff, right? 

Actually, you may need to dig out 
your old timing light and put it ro use. 
Checking and, if necessary, adjusting 
ignition timing may have become lost 
skills, bur a majority of ears and 
trucks on the road still have timing 
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marks—and they weren't put there 
just for show. 

Ifthe sparks arrive at the plugs to 
early or too late, engine performance 
drops and the vehicle js likely to fail 
n emissions test, Sure, changes in 
ignition timing, have heen controlled 
by the engine computer on cars and 
light trucks for many years. However, 
the basic timing still has to be right. 

There is a movement toward “coil 
on plug” ignition, eliminating spark 
plug wires (and the convenient attach 
‘ment for che timing light) and the tim- 
ing marks, too. If your engine has no 
‘marks, you'll have to check timing 
‘with a sean tester, which reads the 
sensor data processed by the com 


purer, However, if there are marks, 
you can make the most meaningful 
check—the actual timing rather than 


a computer processed signa 
Ifyou have a ear with a dis 
the timing probably is adjus 
may have very litle range for adjust- 
‘ment, hut if you see any sign of a slot 
in the distributor's holes for the retain- 


ing bolts or nuts, timing can be reset. 

Even if there is no distributor, there 
isa base timing specification, and if 
it's incorrect, the engine won't run 
right. The problem could he caused 
‘hy a bad signal from a sensor or even 
bya had computer, bur unless you 
check the timing, you won't know. 

Most pre-"96 models were 
equipped with an emissions diagnos- 
tic system called OBD (On-Board 
Diagnostics). A large number of these 
models, including two hest-selling, 

, Honda Accord and Toyora 
Camry, have adjustable ignition tim- 
ing, In 1996, a far more sensitive, 
complex system called OBD Il came 
inco use, With either system, there’s 
no guarantee that an ignition timing 
produce a Check Engine 
light or even a trouble code. 

Checking ignition timing is a 
straightforward procedure—if you 
have a good timing light that’s right 
for your car, The type you need 
depends on the type of timing marks 
on your engine. Get the timing spec 
froma shop manual or an after-market 
service information system, 


(Fig. 2) The timing mark on the flywheel 
may be under a dust cover or plug. 


ENGINE 


Finding Timing Marks 
Locating the marks may not be easy if 
they're on the engine's front and are 
covered with dire (Fig. 1). The marks 
may he found on an opening in the 
transmission bellhousing. (A rubber 
plug may be used ro keep road film 
our of the bellhousing, Remove the 
plug for the timing, check (Fig. 2).) 
Clean off the marks if necessary, and 
highlight the specified timing with a 
piece of chalk or white nail polish 
(Fig.3). Keep the highlight thin since 
a wide mark can span several degrees. 


You want the timing to be right on 

When a timing light is aimed at the 
timing marks with the engine running 
a fixed mark should align with the 


illuminated mark on the spinning part, 
be irthe crankshaft pulley or damper, 
or the flywheel, Ifthe marks don’t 
align, make the necessary adjustment 
of the distributor or go through a shop 
manual diagnostic procedure to find 


(Fig. 3) Chalk oF light-colored touchup 
paint will make it easier to see the tim- 
ing mark. 
our ifa sensor of the computer is bad 
If there's just a fixed point and a 
single line on the crankshaft damper 
oo pulley, you probably can’t check 
riming with a simple timing light. 
When those pwo marks are aligned, 
the timing is zero unless otherwise 
marked. Zero means the spark would 
arrive when the piston is at the very 
top of its stroke—"top dead cont 
‘The actual timing is typically some 
number of degrees before (ar even 
alter) top dead center, If there's no 
mark for that specification, all you'll 


see when the timing light flashes is 
that the two marks are some space 
apart. Is ithe correct number of 
degrees? You need an adjustable tim 
ing light. With it, you can change the 
timing of the strobe light so thar the 
light lashes earlier or laret. You then 


HOW IT WORKS 


read the dial or digical display to 
determine how many degrees you had 
to change the flashing of the timing 
light before the timing marks 


Distributorless Ignition 


An electronic module with a double-ended ignition coll 
for each pair of companion cylinders is the most common 
type of distributorless ignition. The companions are cylin 
ders with pistons that are in the same position in their 
respective cylinders at the same time—one on compres- 
sion stroke ready for spark ignition, the other on 
‘exhaust. The coil module also contains electronic clt- 
cuitry that communicates with the engine computer and 
executes its commands for ignition. There are three key 
inputs to the computer: the crankshaft and camshaft 
position sensors and a detonation (knock) sensor. The 
first two generally are electromagnetic devices that react 
to precisely located gaps in trigger wheels on the shafts. 
Changes in voltage caused by changes in electromagnet- 
ism provide signals from these sensors that tell the com- 
buter when each piston is rising on compression stroke. 
So, the computer can tell the coil module exactly when to 
discharge an ignition coil to provide a spark. The com- 
puter then can keep track of the sequence of cylinders 
for the electronic coil module to fire (so long as the 
‘engine is running). All the system continues to need are 
the crank sensor signals. If the weather, fuel quality of 
operating conditions produce engine knock, the detona- 
tion sensor sends a signal to the computer, which retards 
ignition timing. Each ignition coil discharges a spark from, 
both ends, but only the one in the cylinder on compres- 


CHECKING YOUR IGNITION TIMING 


‘COMPUTER-CONTROLLED COIL IGNITION 


DETONATION 


ELECTRONIC 
CONTROL. 
MODULE 


CAM. 
SENSOR 


SENSOR = 


inputs: 
7 


‘CRANK SENSOR 


This ignition uses a separate coll for every pair of cylinders, 
usually in a pack of three of faur colts mounted together 


sion has a fuel mixture to ignite. The other spark dissi 
pates harmlessly in the exhaust gas of the companion 
cylinder. Ignition timing, along with fuel injection, is com- 
puter-adjusted primarily according to changes in throttle 
position, rpm, altitude and vehicle speed. 


a7 


HARMONIC 
BALANCER 


ADJUSTABLE 
TIMING LIGHT 


32.volt 
POWER FOR 
TIMING LIGHT 


(Fig. 4) Modern timing lights often have 
an adjustable delay/advance function 
‘that allows you to set ignition timing at a 
value that's not printed on the timing tab. 


appeared to align. If you changed it 
16" in the retard direction, the timing 
really isadv 
spec is 10” adv 

fae ahead. If you 


iced 16°. Ifthe factory 


ce, the timing is 100 


ged it © buc the 
timing specification is 10° advance, 
the timing is rerarded, In either case, 


an adjustment is needed. 
‘Okay, that’s the way itshould 

work, Le’s go through a real timing 

irst, the tim- 


check ro demonstra 
ing marks have to be clean and visi- 
ble. Visibility often is rough, because 
of engine-compartment crowding. 

You may haye to unbole and ha 


fluid reservoir out of the way to 
straight-on viewing angle. That's 
important, because if your viewing 


rallax error,” and it can mislead 


us 


you by several degrees. 
Connect the timing light, The 


power an 
battery, the 


round lead go to the 
sad with the plastic 
clip (called the pickup) gos t0 = 
the No. 1 spark plug (Fis. 4) 
The pickup must be squarely 
positioned on the plug wire. On 
an inline four-cylinder or six- 
cylinder engine, the plug nearest 
the belt-and-pulleys end of the 


engine is virtually always No. ‘spout 
engine is virtually always No. 1 SPOUT ee 
If you have a V-type engine, < 


you'll have to check the manual, 


since No. | could be the first 


plug on either side 

After connecting the timing 
light, start the engine and warm 
irup, so it runs at idle speed. It's rare, 


ing adjustment by the computer) or 
but some manufacturers specify check- _throttle-position sensor. There may or 
ing timing ata speed other than idle, IF may not be a trouble code to guide 


the timi ‘you, bur with an ignition-timing check, 


mt correct, You've gor f0 
you've madea good star, Sean-tool 
and multimeter tests ofthe 


find out why. The usual reasons are a 
defective erankshaft sensor (the part 
that reads crankshaft position for tim- 


rou the rest of the wa 
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Replacing Engine Mounts 


DOGBONE 


RUBBER 
BUSHING 
INSERT 


NOTE 
DETERIO- 
RATED 

BUSHING 


(Fig, 1) Check for deteriorated rubber bushings in the dogbone (shown) and other engine mounts that may per- 


mit the drivetrain to move too far and shaka at idle. Replacement is usually straightforward. 


‘ou pull up co a traffic light and 
once you've stopped, you can 
feel the engine shaking. Okay, 


nor so bad while you're stopped, 
but as you accelerate you ean Feel the 
engine clink and shudder. Hey, you 
just did a tuneup last month, and you 
know it should last fora couple of 


years. You start to think, “I must 
have left a plug wire loose or some~ 
thing like that,” 

Lift the hood and check every 
wiring connection in sight, eve 
duct clamp, every vacuum hose. 
Nothing looks out of place. Bur the 
engine is shaking, IF you have a rear- 
‘wheel drive with an engine-driven 
fan, you may see the hint of a fan 
“scallop” on the rear of the radiator 


air 


REPLACING ENGINE MOUNTS 


core, a clear-ent sign thar the engine is 
tipping forward on acceleration. I's 
ck the engine mounts and 
struts before there's a 


time to ch 
dog bon 
major failure and possible sticking of 
the gas pedal (Fig 2), 

Today's engine mounts are any 
thing but simple ewo-piece metal 
brackets with slabs of rubber bonded 
between them. They have engineered 
shapes, specific durometer measure- 
ments (hardness) and often have 
strangely shaped cutout areas called 
“voids"—air gaps that rune the 
mounts’ operation. In some eases 
they have hydraulic chambers that 
are filled with silicone fluid, and also 
in limited use are ones with elec- 


tronic controls, 


Okay, your car isn’t brand-new and 
that’s why the mounts are likely to be 
worn. The rubber may have been 
soaked with road film and oil (from a 
leaking valve-cover gasket). Bur its 
more likely, particularly at 50,000 to 
60,000 miles and tp, that the mounts 
have cracks and distorted shape from 
the high temperatures common in 
today’s engine compartments. If the 
\weatherstripping along the cowl is 
missing, for example, thar breaks the 
seal For the hack of the powertrain 


compartment, allowing air to flow 
over the top instead of circulating 
through the compartment to cool the 
mounts (and other components) 

The mount at the drivebelt (front) 
end of the engine has the higgest job 


in today’s transverse 
engined models, Ir reacts 
to both vertical and fore- 
aft shake, so check it with 
a pry bar (Fig. 2) and 
look a the rubber. Ifit 
eracks open at the internal 
edges of any voided area, 
or if ir exhibits vireually 
no resistance, its not pro- 
viding much control, 
Check fore-aft mounts, 


also by prying. In these 


cases, however, you'll 
probably have to force the 
bar against the metal 
edges of the mounts r0 be 
able to pry hard enough. 


“so 


What? Leaking Silicone? 
Mounts with hydraulic chambers are 
circular and have a metal shell as part 
of their structure: It is possible for 
them ta leak internally, but you're 
more likely to encounter an external 
leak. Surface cracks in the rubber gen- 
Hly are haemless, but run your fin 
xers around them and if you pick up 


some thick, black goo that’s nor road 
film, its the silicone oil leaking out. As 
with an all-rubber design, the only fix 


replacement. You often can abrain 
aftermarket rubber/metal mounts to 
replace hydraulics ata significant sav 
ings. Are they likely to he as smooth? 


Probably not. Are they likely to satisly 
you after experiencing the shake of a 


HOW IT WORKS 


(Fig. 2) It might be neces- 
sary to use a pry bar to 
ook for extra play in 
engine mounts. 


leaking hydraulic mount? 
Probably, particularly if 
the car is nor destined for 
many, many years of addi- 
tional use. 


Replacing Engine 
Mounts 

Although the powertrain 
end mounts on a trans: 
verse-engined car can be 
replaced individually if 
the one at the opposite 
end is good, it’s better to 
replace bath, When a fore 
or aft mount is bad on a transverse 


powertrain, always replace both, 
Ditto for she mounts on the driver 
and passenger sides of a north-south 
powertrain 

Support the engine with a hydraulic 
floor jack. If you have to place the 
jack on the oil pan, pur a block of 
wood on the jack lifting pad to protect 


Electronic-Hydraulic Engine Mounts 


‘The Honda electronically con- 
trolled mount is typical of high- 
tech mounts used in a variety of 
cars to dampen the last little bit 
of shake produced by the power- 
train, It's a hydraulic engine 
mount with two fluid chambers 
connected by a large orifice (kept 
closed by a rotary valve) and a 
small orifice (always open). The 
‘small orifice allows the mount to 
operate much like a simple, fairly 
iff shock absorber. At ile, how- 
fever, a vacuum diaphragm unit 
operates the rotary valve to open 


the large orifice, permitting more fluid flow between the 
chambers. It's like a shock that suddenly becomes softer, 
In this case absorbing the idle shake of the engine. The 
vacuum (from the engine) Is fed through a solenoid valve 


POWERTRAIN 
CONTROL MODULE 


ENGINE MOUNT 
CONTROL 
<1 SOLENOID valve 


= 


DIAPHRAGM ACTUATOR, 


‘engine idle). The computer 
‘opens the solenoid valve, and 
the engine vacuum flows to the 
vacuum diaphragm unit at the 
‘engine mount. When the sole- 
noid valve closes above idle 
‘speed, the vacuum is vented 
and the engine mount goes back 
to single-orifice operation. if the 
vacuum reading fails to hold 
steady, there's a vacuum leak in 
the mount and it should be 
replaced, The next stage in elec 
tronic control of engine mounts 
already is in limited use (on 


some Lexus cars): A diaphragm pulsates in the hydraulic 
‘mount. The diaphragm creates a proportional counter- 
vibration to the frequency of the engine shake in the 600- 
+to-900-rpm range, canceling the shake so the engine 


that is controlled by the powertrain computer. This system idles smoothly. If one of these mounts ceases to work, 


‘operates when the engine is idling, perhaps triggered by 
‘turning on the a/c (which produces a load that affects 


‘mount itself. 


you may need to troubleshoot the wiring and check the 


ENGINE 


(Fig.4} Pad the nose of a floor jack with a block of wood to sup- 


port the engine while you replace the mounts. 


the pan (Fig. 3), Ifthe mount’s nuts oF 
bolts are frozen, spray them with pen 
trating solvent so you can loosen 
them with a wrench and not have to 
resort to a chisel and hammer. In most 
ceases, removing the fasteners and jack- 
ing the engine up slightly is all that’s 
necessary to slide outa defective 
mountand insert the replacement. IF 
you have to jack up a lot, there’s a 
chance you could stress another 
mount unless you loosen it, Check. 
before you pump the jack handle, 

If there’sa stud in the mount 
you're replacing, make sure you have 
it aligned precisely with its hole 
before you lower the engine, On 
many vehicles, you have to work both 
from underneath and above to insert 
and tighten muts and bolts, and you 
occasionally will need a helper to pry 
on the engine while you get a bolt 
started through its mounting hole. If 
the mounting holes are slotted, run 
the engine and let ir idle for a minute 
‘or two $0 the engine settles in the 
mount. Then tighten the nus and 
bolts, Do the final rightening with a 
torque wrench, 


Shock Absorber and 

“Dog Bone” Struts 

Some engines have a shock absorher 
for vertical shake control, When used, 
it typically is bolted to the engine at 
the top end, and a chassis crossmem- 
her at the bottom. Disconnect the 
shock at either end and operate it by 
hand, just as you would to check a 
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shock ata wheel. Ifyou fect looseness 
‘or roughness with lost motion, that's 
a sure indicator of a worn-out shock 
Is there a dog bone strut or two? 
The dog bone usually is at the top of 
the engine compartment, at the fore 
side of a transverse powertrain. How- 


ever, usually does not mean always. It 
may be installed at the top rear side 
(typically at the accessory-helr end, 
where it can directly assist the engine 
mount), or even at the bottom center 
on the aft side of a transverse engine. 
So if you don’t see one at first glance, 
don’t assume it isn’t there, 


(Fig. 5) This inexpensive vacuum pump wil 


make it easier to diagnose bad actuators on 


some hydraulic mator mounts. 


The ends of the dog bone have 
rubber sleeve hushings (Fig. 4), and if 
the rubber is cracked or distorted, 
replace the entire strut the bushings 
are not replaceable}. Irs a straightfor- 
ward job. Just unbolt it at each end, 
and install the new one. The engine 
n the old de 
bone is removed, in which case you'll 
have to pry it forward into alignment 
with the bolt holes. You also m 
need a helper for this operation 

Some premium aftermarket dog 
bone struts include hydraulic cham- 
bers, much like a shock absorber—so 
the damping is done hydraulically 
instead of by squeezing rubber 
bushings. There’s no noticeable 
difference in engine smoothness, 
but the hydraulic type reportedly 
has better long-term perfor- 
‘mance, The electronic-hydraulic 
engine mount (see page 108) may 
look complex, but its easy even 
fora less experienced Saturday 
mechanic to check. Turn on the 
air conditioning with the engine 
idling, and then discomnect the 
\wiring at the solenoid valve. f the 
engine shakes noticeably more, 
the system is working. If there's 
no difference, first disconnect the 
vacuum hose at the engine mount 
to check for vacuum flow 


will shift slightly wh 


through the solenoid valve. If 
there's vacuum flow, turn off the 
engine and apply vacuum ro the 
diaphragm unit neck with a man- 
ual vacuuim pump (Fig. 4). 


aan 


‘ou stip behind the wheel for the 

carts easily, runs fine while 
fast-idling down the driveway and 
down the street for a few miles, but 
then stalls. You know instantly when 
the stall occurs because the air horn in 
the tractor-trailer rig immediately 
behind you curdles the fluid in your 
inner ear’s semicircular canals when 
forward motion fails to proceed at an 
orderly pace. You restart, your ear 
accelerates with a slight stumble, and 
when you coast to a stop ata traffic 
light, it stalls again. The stumble and 
possible stall problem doesn’t go 
away when the engine is warm, so the 
common cold-engine poor-running 
possibilities are scratched from your 
priority checklist. This is more than 
annoying and as soon as the weekend 
arrives, the hood goes up. 


Diagnosis: Deposits 

All sensor wires are connected. 
‘There's no Check Engine light and 
there are no trouble codes. What do 
you look for now? A disconnected or 
damaged vacuum hose? Sure, that’s a 
good bet, because many vacuum 
hoses can be pinched and damaged 
where it’s really difficult to see. But 


take the time to check them all, mak- 
ing sure they're not only on tight, but 
not cracked or burned through due to 
contact with an exhaust pipe or 


exhaust gas recirculation tube, Don’t 
be surprised if the last hose you check 
is the one thar's damaged. If all the 
hoses are intact and on tight, there's 
anather possibility that’s just as likely: 
dirt and gum accumulation in the 
throttle hody, 


Get Dirty 

To check for this, you've got to remove 
the intake air duct between the ait 
cleaner housing and the throttle body 
(Fig. 1). First disconnect all hoses and 
unplug any sensor wiring comectors 
(Fig. 2). lrthere’sa chance you could 
confuse a hose connestion or wiring 
connector, puta piece of masking tape 
‘on the hose or connector, another on 
the hose neck or sensor, and mark each 
with the same letter. 

‘Next, loosen any clamps, work the 
duct off the thrortle body and set it 
aside. With the wiring and hoses dis- 
connected, you should nor run the 
engine. Even if it starts and runs, it 
will log trouble codes, possibly trig~ 
geting the Check Engine light. Then 
you'll have to go through a code- 


(Fig, 1) Remove the air duct and 
Inspact it carefully for leaks or tears 
that might permit uncleaned air into 
the engine. 


clearing procedure—estra work you 
don’t want. Moreover, the computer 
may have to relearn some deiveability 
trim settings, which may leave you 
with a marginally running engine for 
awhile, 

On some vehicles, its possible to 
leave hoses and sensors connected 
and still move the intake air duct 
safely out of the way. In that ease, it 
would he possible to spray a solvent 
into the throttle body opening with 
the engine running. However, there's 
no great advantage to this and, as 

cul see, there are reasons why it’s 
not such a great ides, 

Take a good look inside the throt- 
tle body using a flashlight, Operace 
the throttle linkage to open the throt- 
tle plate so you can see past the out- 
side surface of the throttle body. If 
you see a coating of dirt and oily film 
‘on the inside wall of the throtele body 
cor the edge of the throttle place, 
you've likely found the problem, The 
coating borh upsets and restricts the 
airflow when the throttle is closed or 
slightly open. 

‘Where do these deposits come 
from? Some are in airborne dirt that 
gets through the air filter or past 
crack in the intake air duct. So be sure 
to check the intake air duct for cracks, 
particularly in the “accordion” area 
where they’re nor as obvious. Most 
deposits, however, are from oil gases 
transferred from the positive crankease 
ventilation system and pushed forward | 
by normal engine pulsation as the 
intake valves close and open, and from 
exhaust gases that seep in 

Some throttle body bores have a 
coating to reduce the buildup, but, in 
time, bores with protective coats can | 
be affected, There are several ways ta 


HOSES 


clean out the area, The best is with a 
professional rool called the Intake 
Snake, which comes with an effective 
yet safe solvent, and the simplest is 
with an old worn-out toothbrush 
\with soft bristles and a mild solvent, 

There are three reasons why you 
have to be careful, both in choice of 
solvent and in application: 


‘EMISSIONS 


INTAKE 
AIR HOSE 


First, ifthe thrortle body has a pro. 
tective coating (as on many Ford 
products) to reduce the buildup, a 
strong solvent and hard brushing will 
remove it, so you'd have to do the job 
more often, Tf you see a warning label 
ona Ford product, that’s why 

Second, there may be a sensor tip 
projecting into a small opening in the 


HOW IT WORKS 


(Fig. 2) Remove any hoses or wires on 


the air duct connecting the throttle body 


to the air cleaner housing. Mark which 
hose or wire goes where to avoid confu- 
sion later. 


area of the throttle plate, and a 
strong solvent or hard brushing 
might damage it. In addition, a sen 
sor O-ring seal may be damaged by a 
strong solvent 

Third, the throttle plate shaft is 
sealed at the mounting holes in the 
throttle body to prevent entry of 
unmeasured air (which would upset 
the fuel mixture). A strong solvent 
(and hard brushing) could damage 
the seals, 


Stronger Than Dirt 
Most aerosol carburetor and choke 
cleaners are pretty strong, Ditto for 
those aerosol cleaners that can be 
sprayed into the air intake with the 
throttle open for combustion-chamber 
These aerosols have 
to be very strong to clean surfaces with 


our the mechanical advantage 


How A Throttle Body Works 


‘An engine runs primarily 
on air (about 15 parts 

bby weight, to one of 

fuel), and the throttle 

body in a modern fuel- 

injected engine is the 

device that controls the 

airflow through its 

round opening. When 

the intake valve for a 

particular cylinder is 

open, the air flows 

through the throttle 

body, which is mounted 

on the intake manifold. 

The airflow continues 

Into the intake mani- 

fold, through a chamber, 

and then through the open intake valve into the cylinder. 
At the same time the fuel injector sprays in fuel, the 
inrushing air and fuel mix, the intake valve closes and a 
‘spark from the plug ignites the mixture. The intake air- 
flow control is provided by the throttle plate, a pivoting, 
plate on a spring-loaded shaft that goes through the cen- 


CLEANING THROTTLE BODIES 


ter of the throttle body's 
round opening. The 
throttle plate is a type 
of air valve, often called 
“butterfly.” When your 
foot is off the gas pedal, 
the throttle plate 
springs closed, and only 
a minimum amount of 
ait, enough for engine 
idle, goes through a 
bypass around the throt- 
tle plate. One end of the 
throttle plate shaft also 
holds the movable con- 
tact arm of the throttle 
position sensor, a vari- 
able resistor-type sen- 
sor that tells the engine computer whether the vehicle is 
idling, accelerating or holding a throttle position. On 
many new engines, the gas pedal is just a variable resis- 
tor, sending a signal to the engine computer, The com- 
uter controls the throttle plate to produce the desired 
‘opening. This is called “drive by wire, 


Mass 
AIRFLOW 
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Figure 2-4. Inserting an LED 


Figure 2-8. Bending out the leads 


12 Learn ta Solder 


CARB 
CLEANER 


(Fig. 3) Spray-can carb cleaner maybe Start by cleaning the exterior of the _ you're done, remove the deposits with 
a little too aggressive for safety— throttle plate, and then hold it open 


solvent and a clean rag. 
dilute it with gasoline to prevent dam- 


ee ee ee using a wice tied to the throttle link Because this service is something | 
Pan ive the negative connection froma ages0 you.can clean the inside your vehicle may need every few years, 
battery frst and reconnect it last to perimeter of the plate. All you're try- the professional kit 
prevent shorting the wrench out on ing to do with brushing is to loosen :intakesnake.com) is a worth 
| nearby metal objects. all the deposits while investment at under $60, It 
Next, clean the throttle body wall, includes a container of two cleaning, 
ofa rubbing brush, A'strong solvent being careful to work around any tips (containers of two tips are avail- 
can cause deterioration of not only sen- electronic sensors, and around the able separately for under $15). The 
sor seals, but also throttle shaft seals. throttle plate shaft holes. When snake” is made of a smooth plastic 
Further, you can’t see which and won't scratch any 


deposits have been removed 
and which have not. The 
aerosol spray will not clean all 
areas, particularly the back 
side of the throttle plate. 

A tuncupfinjector cleaner 


thing, les 14 in. Jong and 
moderately flexible, so you 
can reach deep into the 
throttle body and follow 
any contours (Fig, 4). The 
tool holds the spongelike 
mixed with gasoline (1:4 or ‘work tips that are coated 

1:5 ratio) should be safe 

(Fig. 3). You won't be using 

much, and you can pour the 
rest into the gas tank after 
you're done 


with a hypoallergenic sol- 
vent that’s also safe for sen- 
sors and throttle plate 
seals. Because the dirty film 
is held by the work ti 
there's little or no wiping 
needed when you're done. 
‘THROTTLE | Press-a release tab and the 
‘Bony dirty tip falls off the tool 

\ (into a garbage can). 


(Fig, 4) The Intake Snake is 
‘one way to safely clean throt- 
te blades and throttle body 
castings of deposits. 
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Electric Cooling Fan Problems 


FAN CIRCUIT FUSE 


temperature gauge reads normal 
and the a/c is blowing out a lot of 

| cold air, so who cares? Then the traffic 

| 

| 


I: a really, really warm day, but the 


suddenly slows to a crawl and doesn’t 
get any better, Gradually the tempera- 
ture gauge needle creeps toward the 
Hot end of the di, and the air blow- 
ing out of the alc registers is anything 
but cold. In fact to forestall overhear- 
ing, you shut it off. Even worse, you 
soon have to turn on the heat t0 try to 
prevent a hoil-over, and open the win: 
dows to try to get a breeze, 

If you're lucky, the traffic tie-up 
breaks, and you're eruis- 
ing again, The gauge m 
dle starts dropping, and 
you turn off the heater. 


Still sweaty, you turn on 

the a/c again, and even if 

the air isn’t frigid, it’s cold 

enough to make you feel 

better. 

| Later, you fife the hood 
swith the engine running 
‘near an overheat and the 
alc on—the radiator 
electric fans aren't running, 
But why? The fan may be 
under the complex control 


of a powertrain computer, bur the basic 
cirenit is pretty straightforwaed. 

(On almost all cars the fans should 
g0 on if the a/c is turned on, triggered 
by the powertrain computer or by an 
ale pressure switch. The fans may not 
g0 on instantly, but certainly within a 
couple of minutes. If they don’t, pro- 
ceed t0 a circuit diagnosis, 

The simplest first circuit check you 
can make is the current feed, starting at 
the fuse, which on late models isin an 
underhood fuse box (Fig. 1). Just pull ic 
out and look. Replace it if ts blown, 
(On older models it’s often a fusible 


(Fig. 2) Try jumping the battery direct to the fan to see if it spins. 


(Fig. 2) Check the high-amperage fan 
fuse in the underhood electrical box. 


link—a short section of wire typically 
four gauge numbers higher than the 
wire of which is part. You may see it’s 
singed. Even if irisn', pull on the ends 
of the wrap, and if stretches, the wire 
underneath is broken. 


Checking The Fan Motors 

Fuse okay? The most practical 
approach is to go next to the end of, 
the circuit: the fans themselves. Mast 
cars have two fans. Unplug one fan's 
wiring connector and (referring to the 
wiring diagram color codes) hot 
the fan moror’s half of the connector. 
Run one jumper wire from the current 
feed rerminal of the connector half to 
the battery's positive terminal. Attach 
a second jumper wire to the other ter- 
of the connector and run je to 


mi 
an electrical ground (Fig. 2). The fan 
should ron, Tfit doesnt, the fan 
motor apparently is defective. 

Some cars have a single fan that 
runs at two speeds. In these cases, the 
‘connector may have: 
‘# Two terminals (one from a dual 
power feed—through a dropping 
resistor for low speed and a resistor- 
bypass circuit for high speed—plus 
the second one for the ground). 
There's a splice or con- 
nectar for the dual power 
feed earlier in the circuit. 
If you check by hor 
wiring at the fan motor 
itself, ic will run ac high | 
speed. 
‘ Three terminals (one for 
low-speed feed, one for 
high-speed and a common 
ground). Check 
power feed terminal sepa- | 
rately, using the common 
ground in each c 
Four terminals (high, 
low and two grounds). 


ELECTRIC COOLING FAN PROBLEMS 


‘THERE MAY BE SEVERAL temperature sensors and switches on the engine. Find the correct one and check it with atest 
light or an ahmmeter. 


LS 
Cy 
acrasss 78 


7 temp sensor 


Hot-wire each pair separately with 
your jumper wires. 


ground the unplugged connector’s sin- 
ile wire terminal, using a jumper wire. 
The fan should spin. Many older 
Japanese cars have cireuits with nor- 
mally closed switches. They open with 
high coolant temperatures to turn on 
the fan, so a simple unplugging (with 
the ignition on) always should ger the 
fans to operate with this serup. 

‘Most late models have a coolant 
temperature sensor. It isn'ta switch, 
but a temperature-sensitive resistor 


Testing Coolant 
Switch Or Sensor 
If both fans run when they're hot- 
wired, the problem is somewhere be- 
tween the current feed at the fuse and 
the fan motors. On older systems 
where the trigger for the fans is a 
coolant temperature switch, unplug 
the switch connector, Be sure you 
have the right one, as some 
Vehicles have as many as 
three: one for a dashboard 
warning light, one for an 
overhead console and one for 
the powertrain computer. 
With the engine running 
and with the coolant switch 
unplugged, the fan should 
come on because the power- 
train computer logs a trouble 
code for a failed switch and 
turns on the fans in most sys- 
tems. it doesn’t, and the 
switch isa typical domestic 
design, it has a normally open 
type that stays open until 
coolant temperatures are 
high, when it closes to turn on 
the fan, To double-check, just 


ih 


(Fig. 3) Connecting an ohm- ‘s . 
materi onerananewers 


(thermistor) that sends a signal to the 
powertrain computer. The computer, 
‘which also has some control over afe 
operation, then decides when the fans 
should operate and at what speed. You 
‘may not be able to get a response by 
simply unplugging the sensor connec 
tor or even by grounding it. Instead, 
check its calibration by connecting an 
obmmeter (Fig. 3). The thermistor 
develops lower resistance as the tem- 
perature goes up, higher resistance as it 
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drops. If the sensor reads a thousand 
‘ohms or more (which signals low tem- 
perature} when the engine coolant is 
warmed up, i's out of exlibeation, 
Replace it. Even easier isto use a scan 
rool which will give you a reading in 
degrees (C. or E). 


Relay Diagnosis 
Head for the fan relay (or relays—some 
systems have low- and high-speed 
relays} (Fig. 4), Turn on the igniti 
and locate the relay terminal for the 
wire from the switch. When you 
‘ground its terminal with a jumper wire, 
the relay should click and the fan 
should run. Ifit does, the relay and its 
<ircuit to the fans are good. Any prob 
Jem isin the wiring between the coolant 
temperature switch and the relay. 

If the fan still won't spin, continue 
at the relay, which has two current 


feeds, one to the electromagnetic coil, 
one to the electrical contacts, Probe 
the two current feed terminals of its 
wiring connector with a grounded test 
light. With the ignition on, ie should 
go on in both cases. No light in one? 
There's a break in the wiring from the 
fuse to that relay terminal. 

(On systems with computer control 
via a sensor signal, make a similar test 
of the relay current feed terminals, 
with a grounded (computer-safe) rest 
light and the ignition on, 

If the current feeds are good, 
ground the relay’s switch terminal 
{the one with the wire that goes to the 
coolant switch). IF there's a sensor and 
the switch terminal wire goes to the 
powertrain computer, unplug the wire 
hefore grounding the terminal. The 
relay should click and oper 
ate the fans. If irdoesn’s, 
replace the rel 

You may have trouble 
doing this with relays that 
plug into an underhood 
relay “center.” Unplug the 
relay, eurn on the ignition 
and with your test light 


probe rhe two current feed 


(Fig. 4) You can jump actoss 
the fan relay to confirm the 
relay's failure. 
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HOW IT WORKS 


The Electric Fan 


The fan is powered by 
an electric motor, 
which is wired to a 
relay. The relay i 
magnetically con- 
trolled switch, It 
typically has four ter- 
minals, two of which 
are current feeds 
from a fused source 
of 12-volt electricity. 
At the relay, there is 
‘one current feed into 
an electromagnetic coil, and one 
feed into a set of contacts for the 
‘switch, which is open. The other ter- 
minal for that open switch is con- 
nected to the electric motor for the 
fan. The fourth terminal, also for the 
coil, is wired to the powertrain com- 
puter, which may look at various sig- 
nals to determine whether or not to 
provide an electrical ground for that 
Coll. if, a5 in this circuit example, it 
gets a high-temperature signal from 
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terminals in the relay center. If they 
pass (turning on the test light), make 
up short jumper wires to connect to 
the unplugged relay and one long, 

jumper (that you run to an electrical 


ground) for the switch terminal, If the 
relay still doesn’t work {ignition on), 
replace the relay. Ifthe relay does 
click, probe the output terminal to the 
fan motor with a grounded test light. 
Light goes on? The problem is in the 
Wiring from relay to fan motor. 
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the coolant temperature sensor, also 
wired to it, the powertrain computer 
an choose to ground the coil termi- 
nal. This energizes the coll, creating 
‘a magnotic fiold that pulls the arm on 
the power feed contact, so that it 
touches the terminal for the wire to 
the electric motor. That closes the 
switch of the relay. Current flows 
through the closed contacts of this 
switch to the electric motor, which 
spins to operate the fan. 


Your diagnosis may point to the 
powertrain computer. I's rare, but a 
computer failure can be responsible— 
without a Check Engine light or trou- 
ble code, Perhaps just a single driver 
has blown, so the computer itself 
seems to be performing normally. In 
addition, in a mumber of cars, particu- 
rly some GM models, the power- 
train computer turns off the fans if 
the vehicle is cruising 40 to 45 mph or 
higher. This strategy relies on the 
vehicle speed sensor, which 
may be misbehaving. If 
your speedometer is way 
off, or nor working ac all, 
it's something to consider if 
the relay works when 
grounded, Want to 
through one of these 
problems? Open your fac 
tory service manual, plugin 
a Saturday Mechanic-level 
scan tool and go through 
the trouble-tree diagnostics 
to find the answer. @ 
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Fou're waiting in the drive-up 
line at the bank, all the better to 
redeem some of your hard- 


cash from the vault, But as you 
inch your way to the reller window, 
your engine misses so badly that it 
either stalls or has to be held at high 
idle with your right foor, The reller 
through the pneu- 
you forgot ro endorse 


Fig. 1. Try to isolate engine noises with a mechanic’s stethoscope. You can 
usually determine which cylinder Is at fault. Try pulling one plug wire or injector 
harness at a time to see if the noise changes. 


this check, and please get your car 
fixed—I can’t hear a thing.” It's off to 
the garage instead of the beach. 

Days later, you're at the end of 
your rope. Above idle, the engine 
purrs like a kitten, But below 2000 


pm, there's a steady miss in the No. 4 
cylinder. You've checked every 
you can think of. Spark, compress 
and the fuel injector to that cylinder 
are working just fine. Yet the miss 
remains, 
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Complete Engine Testing 

Many people—even mechanies— 
think har the beginning and end of 
internal engine diagnosis lie in using a 
compression tester: But the truth is 
that many internal engine problems 
(such asa weak valve spring, for 
instance) are not revealed by com- 
pression testing alone, 

“A weak valve spring is easy to 
spot, if you use a vacuum gauge,” 
said Dave Hakimn, an engine and fuel 
system specialist with Federal Mogul 
Corp. “Connecting the gauge to the 
intake vacuum would reveal normal 
vacuum at idle, But when a valve 
spring is bad, the vacuum needle 
would fluctuate rapidly berween 12 
and 24 in, when you raise the rpm. 

‘You can diagnose most internal 
engine problems using a vacuum 
gauge, a compression gauge and a 
leakage tester. And you can usually 
get to the root of mysterious internal 
engine noises by being a good listener. 


Engine Noises 

‘The most common source of engine 
noise comes from the valvetrain. The 
noise—usually a clicking or tapping 
at half the engine's rotating speed—is 
caused by excessive clearance between 
components or a bad hydraulic lifter 
‘On camshaft-in-hlock engines, y 
can isolate valvetrain noises by briefly 
running the engine with the valve 
cover off and pressing on each valve 
rocker with the end of a hammer han- 
dle, When the pressure from the han- 
dle removes the clearance, the noise 
disappears and you've found the 
problem, 

Diagnosing valv 
more difficult on overhead-cam 
engines because you can't run them 
with the valve cover off. 

Running the probe of a mechanic 
stethoscope along, the length of the 
valve cover with the engine running 
should allow you to isolate the noisy 
valvetrain component (Fig. 2). If you 
don’t have a stethoscope, use a long, 
screwdriver as a probe and listen by 
placing your ear against the handle, 

Other internal noises include main- 
and rod-bearing knocks, wrist-pin 


Fig. 2. With low, rapidly pulsating vacuum, this engine probably has valve guides 


‘that are worn out. 


noise and piston slap. A main-bearing 
Kknock has a deep metallic sound and 
is usually loudest when the engine is 
under load, If the knock is because of 
a failed bearing, low oil pressure may 
accompany the sound. Connecting- 
rod noises have a lighter rapping 
sound under light engine load. Dis- 
connecting the spark plug to the 
offending cylinder usually results in a 
marked decrease in the noise. Piston 
slap, caused by excessive piston-t0- 
cylinder wall clearance, causes.a dull 
rattle, Disconnecting the spark plug 
makes it go away. Wrist-pin noise 
usually gets louder when the spark 
plug is disconnected. 

Keep in mind that there are many 
external engine noises that can mimic 
internal noises, such as a loose fly- 
wheel or broken flexplate, Drivebelt 
pulleys can also cause noise, which 
can be isolated by running the engine 
briefly with the drivebelts removed. 


Vacuum Testing 

A good manifold vacuum gauge costs 
only abour $35, yer it can quickly tell 
you a lor about what is going on in an. 
engine. A vacuum gauge can reveal 


how well the valves are working, 
whether the piston rings are sealing 
adequately or whether camshaft tim- 
ing is retarded. 

To perform a manifold vacwum 
test, hegin by connecting the vacuum 
gauge to an adequate source of 
intake-manifold vacuum, 

‘On most engines it's easiest ro ree 
the gauge hose into a vacuum hose 
such as the hose that runs from the 
intake manifold to the vacuum brake 
booster. With the gauge connected, 
start the engine and let it warm up t0 
operating temperature. On most 
properly running engines, the gauge 
will hold steady between 15 and 20 
in. If the needle fluctuates at idle, it 
indicates that one or more valves are 
leaking, Doing a compression test or 
an engine leak-down test will reveal 
the leaking valve or valves. 

A slightly low vacuum-gauge read- 
ing, along with a slight flutter of the 
gauge, may indicate that the valve 
guides are worn (Fig. 2). On engines 
without overhead camshafts, you can 
verify guide and seal conditions by 
removing the valve cover(s) and 
squirting engine oil on the tops of the 
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valve guides while the engine is run- 
ng. IF the vacuum-gauge reading, 
eases and blue smoke starts to 
appear from the tailpipe, it’s a good 
indication that the valve guides are 
worn, 

If the vacuum reading fluctuates 
between 5 and 7 in,, it indicates that 
valve timing is excessively late. A 
skipped tooth or excessively worn 
timing, chain or belt are all likely 
causes. 

To check for weak or broken valve 
springs, inerease engine speed to 
2000 rpm. TF the gauge needle fluetu- 
ates between 12 and 24 in. and the 
fluctuations increase as engine speed 
increases, the valve springs are weak. 
Ifthe fluctuation is irregular, it's 
likely that one valve spring is weak 
or broken. 

If intake vacuum appears normal 
the above tests and the engine oil is 
in good condition, you can do a quick 
test to determine piston-ring sealing, 
‘To do this, bring the engine speed up 
to 2000 epm, then let the thrortle 
snap closed. If the vacuum reading 
jumps 5 in. or more over the normal 
reading, it indicates that the piston 
rings are in good condition, 


Compression Testing 
A compression test can reveal a lot 
about an engine's internal condition, 
bur only ifir’s performed properly. 
Many people mistakenly do compres- 
sion tests with old diluted oil, the 
engine cold or with the throttle closed, 

Begin by warming the engine to 
normal operating temperature, Then, 
use compressed air to blow all the 
spark plug wells clean before remov- 
ing the spark plugs 

Disable the ignition, then connect 
the compression gauge to the No. | 
cylinder, according ta the instructions 
supplied with the gauge. Have an 
assistant hold the throttle wide open 
while cranking the engine aver until 
five complete compression strokes 
have been completed (as indicated by 
pulses on the gauge). Record the 
compression readings on the first and 
fifth strokes, Repeat the process for 
each cylinder. 


A cylinder has good compression if 
it achieves two-thirds of its total com- 
pression on the first stroke and 
reaches the minimum factory com- 
pression specification by the fish 
stroke. Ifthe compression reading is 
Jaw on the frst stroke and builds with 
following strokes but doesn’t reach 
minimum compression, the piston 
rings are probably nor sealing well. IF 
the gauge reading remains low on all 
five strokes, it usually indicates a leak- 
ing valve, Low compression in two 


Fig. 3. A leakage tester can pinpoint 
which cylinder is bad and where the 
leakage is. 


Fig. 4. To look for combustion leakage 
into the cooling system, hold a bag 
over the radiator filler. The emissions 
probe should show no CO; when the 
engine is running. 


adjacent cylinders indicates a blown 
head gasket. 

Ifall engine cylinders achieve 
proper compression, then you're 
done. If any of the eylinders had low 
compression, however, you'll have to 
confirm the cause hy doing a “wet 
compression test.” Squirting oil into 
combustion chambers with low read- 
ings temporarily improves sealing of 
the piston rings. If compression goes 
up 10% ar more when you repeat the 
compression rest, then the rings are 
bad. If compression stays the same, 
then the compression leakage is most 
likely from the valves 

Keep in mind that a wet test won't 
work on horizontally opposed Volk- 
swagen, Porsche and Subaru engines. 


Leakage Testing 
Long favored by professional racing 
‘mechanics as the most accurate 
method for testing an engine's com- 
bustion-chamber sealing, a cylinder 
leakage tester works by pressurizing, 
the combustion chamber with com- 
pressed air and then measuring total 
leakage as a percentage. 

A leakage tester, which costs about 
$75, will not only tell you the condi- 
tion of the rings and valves, it can tell 
you if the leak is coming from an 
intake or exhaust valve (Fig. 3). 

To doa leakage test, warm the 
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engine and remove the 


escaping from the oil 


spark plugs. Remove the UU Doh ieue ou eee tu) filler cap opening, the 


RARER the gauze within s20-pound spread orless- 
throttle wide open, 
Rotate the engine so the 
No. Leylinderis at the 
exact rap dead center 
(TDC) on the compres- 
sion stroke, Install the fe 
ting from the leakage 
tester in the No. 1 spark 
plughole, then connect 
Aan air-compressor line to 
the tester. Pressurize the 
| cylinder and nove the per 
centage of leakage on the 
gauge. 

An engine in great 
shape will have cylinders 
| with 5% t0 10% leakage. 
An engine with 20% 
leakage is till in pretty 
good condition, If the 
engine hasa cylinder with more than chamber is pressurized, IF the sound 


30% leakage, however, you should comes from the intake manifold, the 

isolate the cause. problem is a leaking intake valve. 
You can do that by listening for From the exhaust manifold, it’s a 

escaping air while the combustion leaking exhaust valve. If you hear air 
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problem is with piston 
sealing. You can even 
look for bubbles in rhe 
engine coolant at the 
radiator cap to check for 
a blown head gasket. 
‘And, like the compres- 
sion test, high leakage 
readings between eylin- 
ders equals a head gas- 
ket leak. 

Ir’s also possible to 
find head gasket leaks ac 
the local emissions 
inspection station, Warm 
the engine and ask the 
snechanie to place the 
emission rester’s exhaust 
probe ina plastic bag, By 
placing the plastic bag 
over the radiator open- 
ing while the engine is running, the 
probe will be able to pick up any 
exhaust gases that are leaking from 
the combustion chamber into the 
cooling system (Fig. 4). @ 
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he sweat pours down your brow 
T: you lift the hood while gaso- 
line gurgles into your tank in the 
self-serve lane, Through the shimmer 
of heat that escapes from underhood 
you lean aver to check the level of 
bright green coolant in the translucent 
overflow tank. Empty, again. 


You've topped it up a few times— 
| bur the last few tankfuls its been dry 
inside. In fact, coolant seems to be 
disappearing at an accelerating rate, 
‘The weather is getting hotter, and 
you're abour to takea vacation, It's 
time for some action, 

It should be easy to prevent most 
‘major coolant leaks since they usually 
‘occur when a hose fails. And you 
should be able to spot the bad hose 
before it bursts by those telleale signs 
‘of heat cracking and other deteriora- 
| tion, right? Wrong. While coolant 
hoses near the end of their useful lives 
used to show the classic warning 
signs, they no longer necessarily do. 
Today's hoses are so much better you 
can’t tell only by looking. 


Fig, 1, Remove a stubborn hose by 
carefully slicing it, Don't nick the neck 
it fits over, 


‘You should also be able to easily 
spot a coolant leak, even a small ane. 
Aiter all, the antifreeze contains a 
agreen dye that leaves a stain, Well, 
the truth of the situation is that your 
current model engine may have more 
than a dozen hose connections—and 
other joints sealed by gaskets and O- 
rings—and many of them are buried. 
To top off the problem, there are 
ways that coolant can escape from 
the system without leaving so much 
asa trace, 

Even when you find the leak, it 
may take some special steps to fix 
it. Result: Finding, fixing and pre- 
venting future coolant leaks 
involves a lot more than it used 0. 
Bur if you tale the time to do the 
job right, you'll be able to avoid the 
repeated need to top up the system, 
and the disaster that would occur if 
you forget. 


Fixing Obvious Leaks 

Ifa leak is obvious, such as.a leak 
ing radiator, cracked hose or badly 
leaking joins, that’s great—a solid 
starting point If i's an O-ring type at 
aa coolant pipe, clean the groove if nec- 
essary with ultrafine sandpaper or 
steel wool. Wipe clean, and then 
replace the O-ring, lubricating it with 
antifreeze. Leaky radiator? Check 
with a radiator shop, and you may get 
away with an inexpensive repair. 

Ic might be possible to resolder a 
split seam or a leaking joint ar the 
neck/tank junction on an old copper- 
brass radiator without even removing 
the radiator from the car. Even leaky 
plastic-tank radiators can sometimes 
be repaired by replacing the O-ring 
between the end tank and the alu- 
minum core. This is definitely a task to 
leave to a professional, however, fs a 
hose? Ifthe clamp is nor tight, and the 
leak is from the hose end, perhaps the 
hose has taken-a compression set 
under the clamp. Try a simple retight- 
ening—bur don’t overdo it, or you'll 
distort the hose and neck, and just end 
up with a worse leak than you had. 

Tightening the elamp doesn’t help? 
Replace the hase. Uh-oh, i's stuck, 
Grab it with pliers and twist? Not 
unless you want to crush the hose neck 
and make itimpossible co seal prap- 
erly, Better to cut it off instead. 

‘With a razor blade, slit the leaking, 
end of the hose at several points around 
the circumference, gently pry up each 
slice, then peel the rest of the hose end. 
Don't nick the neck on the radiator or 
engine, or itll never seal again. Clean 
the neck—on the radiator, engine, 
heater core, connector pipe—with a 
wire brush and wipe clean, Then install 
the replacement hose, using fresh 
antifreeze as a hose lubricant. 

Radiator necks are generally pretty 
sturdy, bur heater-hose pipes are usu- 
ally very fragile. Twisting and prying | 
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to remove a hose—or replace it later— 
can easily break the seal between the 
pipe and the heater core's tank. And 
removing a heater core to repair or 
replace it ean involve removing half of 
the underside of the dashboard—an 
operation thar can consume a dozen 
hours or more. Use caution, 

Unless there's lots of slack in the 
hose, don’t try to trim the cut end and 
reuse it. What's left probably will kink 
and ultimately restrict coolant flow. 

Use a new clamp and position it 
correctly for a leak-free connection, 
being extra careful if there is any 
damage or distotion to the hose neck, 
The twa best types of clamps are the 
| constant-tension spring band and the 
360° adjustable double-hand, A 
decent-quality, worm-drive tangen- 
tial-force clamp, with a slotted band 
that won't dig deep into the hose rub- 
ber or cur it when you 
| tighten, also does a good 
job. The screw-tower 
clamp, widely used as 
original equipment, is tol- 
erable for a brand-new 
system, bur is about the 
least effective for reseal- 
ing, 

Install the hose as far as 
possible on the neck, and if 
there's a stop, right up to it. 
Position the clamp carefully 
so thar its about midway 


Fig. 4, Pump your system 
up to a couple of pounds 
higher than the rating on 
the radiator cap to check 
for leaks. You can rent the 
tool for an afternoon. 


PLUGGING LEAKS 
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Fig. 2. OEM screw-tower clamps don't seal nearly as well as 
|| Spring clamps. A regular worm-crive clamp provides a tight 
| seal, too. 


between the end of the hose and the end 
‘of the neck, typically about one-half 
inch or more from the end of the hose 
If there's a raised sealing bead on the 
neck, position the clamp flush against 
the back side of it. IFit's any distance 
away, it won't seal as well and it will 
force a crevice between the hose and 
neck. Coolant will collect and stagnate 
in the crevice, accelerating corrosion 
(and erosion) of the neck on copper 
brass radiators, eventually resulting in a 
significant leak. Ifa hose neck is badly 
distorted or eroded, get it reshaped oF 
repaired by a radiator shop if you 
expect itto seal, 


Finding Hidden Leaks 

Sure, you have to look hard to 
inspect all the hose connections, O- 
rings and gasket joints, but you can 
get some help if you first pressurize 
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Fig. 3. Don't give coolant a place to collect between the 
clamp and the sealing bead, or you'll give corrosion a place 
to start on copper-brass radiators. 


the system with a cooling-system 
pressure tester, Pump up the system 
to its rated pressure plus a couple of 
psi. [F the gauge reading holds for 2 
minutes or so, the cooling system 
isn’t leaking—at the moment. How- 
ever, you may still be losing coolant. 

Does the gauge’s reading start 
dropping almost immediately? That 
tells you the system isn’t holding 
pressure, and if you start looking, 
you should see leakage from the 
Offending joint or possibly the water 
pump’s weep hole, All water pumps 
seep a minor amount of coolant 
{there’s no such thing as a perfect 
seal), but if you see steady dripping 
or more, the pump seal is bad. 
Replace the pump. 

Okay, the pressure gauge reading 
hardly budged, and you're still losing, 
coolant, Now the diagnosis gets a bit 
tougher, because there 
are these possibilities 
‘Although cold engine 
leaks are more common, 
it's also possible the leak- 
age only occurs with a 
hor system. Run the 
engine to warm up the 


system and retest. 

There is minor seepage 
from many joints and it all, 
adds up. If your engine’s 
cooling system has a lot of 
connections, inspect them 
all for even the slightest 
trace of coolant staining. 
Simple retightening of all 
the hose clamps may do 
the job. 

The leakage is from the 


Knowing Which Way a Component Goes 
In 


Some components don't care which way you put them in: resistors, some 
capacitors (such as the one that comes with this kit), and many other com: 
ponents fall into that category. On the other hand, LEDs are polarized: elec- 
trical current will only flow through them in one direction. So if you put your 
LED in backwards, itwon'tlight up atall. You can determine an LED's polarity 
ina couple of ways: First, the longer of the two leads is the positive (+), and 
the shorter is negative (-). 


Second, look closely at the bottom of the LED and examine the ring that 
bulges out around it. There isa flattened part of that ring that indicates the 
side of the LED that's negative (-). You can see this flattened side on the right 
in Figure 2-6. 


With ICs, this also matters. Every pin has a specific function, and there will 
be one or more pins for positive (+) and one or more pins for negative (-) 


Figure 2-6. Polarity—LEDs have it 
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ELECTRO- 


CHEMICAL 
DEGRADATION 


overflow reservoir, which on many cars 
is at atmospheric pressure and isolated 
from the pressurized part of the cool- 
ing system, Hairline cracks in reser 
Voirs often resule in leaks that travel 
along body seams and are detectable 
only if you are really looking for them, 
‘The engine periodically runs so hot 
that coolant fills the atmospheric over 
flow reservoir and overflows it, Or the 
pressure cap valve is weak, so that 
coolant flows from the system into the 
reservoir even under normal operating 
temperatures, Check the coolant level 
in the reservoir immediately after get 
ffic. F coolants 
ready to pour out of the reservoir 


ting stuck in heavy 1 


vent, pressure-test the cap to see if it's 
holding the specified pressure, 

(On systems where the reservoir is 
pressurized, inspect the radiator-cap 
valve seal for deterioration, A bad 
seal can allow coolant to he lost by 


evaporation 
If the cap is good, next check the 
freeze concentration with a 


hydromerer. If the percentage of 
the 


antifreeze is low (below 30 
coolant will boil ata lower-than-nor- 

mal temperature and contribute to the 
problem. If the problem is the coolant 
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Fig. 5. Check your hoses for electro- 
chemical degradation by pinching and 
rolling the hose between your fingers 
and thumb. Feel for cracks in the inner 
liner. 


running too hot, a poor cooling sys- 
tem condition may be responsible 
This would include lew coolant level, 
aan electric fan coming on too late (or a 
mechanical clutch fan slipping), a 


defective water pump, a plugged radi 


ator or even something as simple as a 
bug-and-road film coating on the front 
of the condenser or radiator: Such a 
coating blocks the cooling airflow. 


Preventing Future Leaks 
Today's hoses fail more often from 
the inside, hecause of a problem 
called electrochemical degradation, 
the earehy ECD for short. The merals 
‘of the cooling system and the hose 


material, combined with the coolant, 


form an electrical cell that produces a 
low DC voltage, particularly ac high 
coolant temperatures. Over a period 
oF time, the electrical flow is enough 
to cause fine cracks to develop inside 
the hose, starting at both hase ends 

and working along the length of the 
hose. Eventually, the hose develops 


a pinhole leak or may even burst. 

You can’t see this dam 
ean feel it, Wrap your thumb and two. 
or three fingers (not your whole hand) 
around the hose at the end and feel with 


your fingertips for soft 
Run your fingers around the hose to 

develop a mental picture of what the 

inside circumference of the hose must 
look like. Work your way from each 
hose end soward the center of the 


hose, and if the hose feels more solid 

as you approach the center, it's proba 
bly suffering from ECD. According te 
studies by Gates Rubber Co., most 


upper radiator hoses, for example, are 
ready to leak (if they haven't already) 
after about four years of service. 

So if any of your cooling system 
hoses fails chis Fingertips test, drain the 
system, cut the hose and peel it off. And 
install new premium hoses designed to 
resist ECD. You can get silicone hoses, 
burt newer designs of another synthetic, 
EPDM, are less prone to tearing and are 
designed to resist ECD. Secure them 
with good-quality clamps and your 
engine should keep its cool 

If you're topping up your system 
after a leaky all you really need to do 
is add a 50/50 mixture of coolant and 
water to the radiator. But if you've 
been topping up with water, you have 
no real idea of the relative concentra 
tion of the two fluids. Perhaps you've 
been using water from some roadside 
ditch or rain puddle- 
sition chan walking or melting an 
bur one that requires 


«a better propo: 


engine for sur 
you to drain the cooling system com: 
pletely and flush i. 

If yon've flushed the system for 


whatever reason, don’t just start 
pouring 50/50 coolane into the radia 
tor. There still will be a lot of water in 
the system that won't drain from the 
radiator (see page 101) and they'll 
leave you with a Low concentration of 
glycol. Instead, look up the capacity 
Of your cooling system in the owner's 
manual or the shop manual, Add half 
thar amount of undiluted coolant, 
and cop it all off swith pure water. 

You did collect the drained coolant 
for proper recycling or disposal, did. 
wt you? 
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Turning Up Your Heater 


buckle outside, so you gulp dawn 

some hor coffee, dash to the car 
start the engine and run inside. 
Although you know engine idling isn’t 
‘a great way to warm up an engine, 
comfort counts most ona cold morn: 
ing. Once embarked on your morning 
commute, you turn the heater control 
up to Hot and flip the blower switch, 
The effect of the hot coffee has worn 
off, but you're not getting enough 
heat from the floor registers to make 
up for it. In fact, the windows start to 
frost over. 

‘Your heater system is under-per- 
forming, You plan to tear into it as 
soon as you can get the ear into a 
heated garage, 

First step: Confirm the problem by 
driving long enough to warm up the 


I vs colder than a witch's belt 


The ‘stat will drop off as 
the water rises above the 
‘stat's actual (rather than 
tated) actuation temp. 

‘Too cold, and your engine 
never properly warms up. 
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engine. Turn the heater control to 
Hor, select the floor mode and set the 
blower to mediumvhigh speed. Make 
sure there’s strong airflow from the 
floor registers, Check the temperature 
‘with a thermometer inserted into the 
driver's and passenger's registers. 
Although many vehicles deliver a 
toasty 135° to 155", 115° to 1200 is 
acceptable, Ifthe air temperature is 
okay but airflow is weak, the problem 


is the blower or a dashboard duct- 
work problem, 

Heater register temperatures not 
even close to 115° to 120°? Check fae 
tory service bulletins to see if there’s a 
known problem (at the vehicle 
maker's technical service Web site or 
ac wwwalldatadiy.com), If nothing 
applies, do an underhood inspection, 

# The coolant level in the reservoir 


(and radiator ifit has the pressure 
cap) should be at specs, The coolant 
should look clean and have been reg 
ularly changed within the specified 
interval. IF ts been neglected, all bets 
are off. 

* Cabin heat comes from hot 
coolant, so drive long enough to 
warm up the engine. The coolant tem- 
perature should hit at least 160°, 
preferably 180° to 220", 

# The air conditioner compressor 
should be disengaged with the climate 
control selector out of the defrost 
position. IF t's engaged, there’s an ale 
circuit problem, 

* If coolant temperature is accept- 
able, feel both heater hoses, which 
should be hot. They are? Check the 
temperature-control flap-door apera~ 
tion in the under-dash heater-alc case. 


If you have automatic temperature 
control, there may be built-in diag- 
nostics you can access for trouble 
codes covering the temperature con- 
trol door, (Refer to.a service manual, 
factory tech service Web site ot 
wwwalldatadiy.com.) On many ears 
you can watch the temperarure-door 
‘motor and shaft operation by remov- 
ing an under-dash panel and/or lower- 
ing the glovebox. (Here again, you'll 
have to check a manual or Web site 
for instructions.) If you don’t see 
and/or feel the motor or flap-door 
shaft operate as you change the tem- 
perature reading, you've pinpointed 
the problem, In many cases, the flap- 
door shaft breaks and the assembly 
‘must be replaced, but the motor is 
good and can be reused, 

On econocars with manual afc, the 
temperature flap may be controlled by 


Remove or open any air bleed plugs on 
the block or heads while refilling the 
‘engine to purge any air in the systom. 


‘Simply blocking the radiator can make your car 


‘warm up faster in extremely cold weather. 


a cable from the dashboard lever or 
knob. Operate it quickly in each 
direction and listen for a soft slam 
against a stop. If you feel binding, the 
cable is kinked or the flap is jammed. 
Total free play? The cable is loose or 
disconnected, of the flap is broken, 

Nothing's obviously wrong? There 
may be air pockets in the 
cooling system—these com- 
monly develop over time. IF 
there's a pressure cap on the 
radiator or engine and a low 
coolant level in the radiator, 
bur the level in the reservoir is 
normal, a defective gasket in 
the cap is admitting air. 
Replace the eap. 

‘Top up the system and 
purge air, following the vehi- 
cle maker's specific procedure, 

Asa generic approach, 
start with the engine cold, all 
bleed valves open, and the 
side of the vehicle with the 
coolant neck jacked up as 
high as possible. This raises 
the fill neck to the high point, 
so air bubbles out. Slowly add 
50/50 antifreeze! water mix- 
ture to the fill neck. You'll see 
some coolant (and perhaps air 
bubbles) oozing out of the 
bleeders. Clase the bleeders, 
refit the pressure cap, and rom 
the engine at about 2500 rpm 
until i's warmed up (or as, 
warm as it will get). Allow the 


Check for good vacuum supply to the 
heater's control valve. If it's good, 
‘check the valve itself for proper 
operation. 


engine to cool down, then repeat the 
top-up procedure. You may have to 
repeat this every few days over a week 
to get most of the air out. 

Coolant temperature too low? On 
vehicles with a clutch-type fan on the 
engine, make sure the clutch is not 
locked up. Spin it by hand (with the 
engine off but warmed up). If there's 
Virtually no slippage, the clutch is 
defective. IF it spins two to three 
times, is probably okay. 

Could someone have removed the 
thermostat, probably trying to rem- 
edy an ovetheating situation? That's 
very bad idea, not to mention the fact 
that itis illegal to tamper with emis 
sions controls, 

No fan operation problem and 
coolant temperature is very low? If 
you've neglected your system, the 
thermostat might be stuck open from 
debris, I it’s really buried, pour in a 
cooling system cleaner and run the car 
per the instrnctions. Then, do a triple 
drain-and-refill of the radiator and 
engine block, and go through the ait- 
bleeding top-up process. If coolant 
temperature remains low, bite the bul- 
let and remove the thermostat for a 
test. 

If the access to the ‘stat isn’t bad, 
hold off on the drain-and-refill, and 
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Flush the heater core with running 
water if it seems blocked. Drain 
coolant into a bucket for disposal 
first—it's toxic. 


pull che stat for a look and a test. 
Clean if necessary, but before putting 
i back refit che ‘star housing, then 
run a cleaner through the system. 
Then do the triple drain-and-refill, 
and test the thermostat before you 
decide to reinstall 

Testing: Wedge a 0.002-in, feeler 
between the closed ‘stat valve and its 
seat, then submerge the ‘stat in a por 
of water on a stove. Rest a radiator 
thermometer in the water, heat the 
water to boiling, and note the tem- 
perature at which the thermostat 
cracks open—it will drop off the 
fecler at its rated temperature. 

Some engines, particularly trans- 
verse four-cylinders, radiate so much 
heat so fast that there’s no internal fix 
for extremely cold weather. Ir may not 
be an elegant solution, but put a piece 
of cardboard against the front of the 
radiator, blocking about half of the 
surface area, Trim it back ifthe engine 
starts running hot. Remember to 
remove the cardboard in the spring. 

Coolant temperature reading is 
normal, but one or both hoses are not 
hot? Refer to a service manual or Web 
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site to identify the heater inlet versus 
outlet hose, 

Neither hose is 
have a heater coolant shutoff valve 
spliced into the heater inlet valve for 
better ale performance in summet. If 
the shutoff valve fails to open fully, 
the flow to the heater will be 
restricted. Vacuum operated? Discon- 
nect the hose, If you feel vacuum 
(with some valves you'll also see the 
linkage move), the valve is being held 
open by a defective vacuuim control. 
Leave the hose disconnected (plug the 
end with a golf ree) and see if that 
‘cures the problem. If it doesn’t, the 
shutoff valve is stuck. Replace it, If 
the valve is cable controlled, you 
should see the valve shaft move con- 
tinuously as the dashboard tempera- 
ture lever is operated. If it doesn't or 
if it moves just slightly, the cable 
needs adjustment. Note: The VW, 
Golf and Jerra have a cable-type 
valve, butit opens proportionally to 
the flow of hot coolant as needed— 
there are no flaps in the dash, 

‘On some other European cars and 


the Lincoln LS, the valve works 
similarly to the VW's, but it’s el 
tronically controlled. Quick test: 
Unplugging the electrically eon 
trolled type should force the system. 
to full heat. 

If ehe heater inlet hose is noticeably 
warmer than the outlet, the heater 
core is restricted from debris in old 


coolant or from excessive use of 
sealer, Firs, try ro reverse-flush the 
heater core. Do this by either discon- 
necting both heater hoses from the 
heater necks on the cow! and attach- 
ing spare hoses, or by disconnecting 
both heater hoses at the engine. 
(Clamp off the heater hoses if you're 
using spare hoses; plug the engine 
hose necks if you're disconnecting 
there.) Force a garden hose into the 
heater outlet hose, aim the inlet hose 
away from the vehicle, and open the 
bibeock, If the debris flows out and 
you eventually see a healthy flow of 
coolant, you may have caught a 
break. Otherwise, you've got to 
replace the heater core, 

If heater performance during high- 
way operation is all right but ir really 
drops off in low-speed driving, there’s 
a cooling system flow problem. Some 
systems have a hose restrictor in the | 
inlet hose, and if it gets plugged with | 
debris, that lowers the flow. You 
should find this by feeling along the 
inlet hase with the engine idling, 
(You'll reach a section where the tem- 
perature significantly drops.) A few 
engines (an the Dodge Durango, Lin- 
colt LS and a number of German 
cars) have auxiliary water pumps to 
improve coolant flow at low 
speed/dle. If the pump fails, heater 
output drops during that operation, 
Of course, if the cooling system was 
long neglected, irs possible the engine 
‘water pump has eroded internally, 
reducing coolant flow. 

In most cases, poor heater opera 
tion can be cured by following the 
factory top-up procedure with the air 
bleeds open. Do this several rimes 
cover the course of a week, Is there a 
faster fix? A pro with a coolant 
changer that purges air as it fills the 
system can give you faster heat. 
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| Curing a Harsh- 


Shifting Automatic 


here's coffee all over your shirt, 
il the dog refuses to ride in the car 


nd your teenagers have threat 


+hat got rubber in Second— 
it happens leaving every 
traffic light, it stops being cool. 

‘An automatic that chunks into gear 


and suffers from irritating vibrations 


(Fig. 4) Adjusting the throttlo-vaive 


(TV) cable is generally 


forward. Some cables (typically 


GM's) use a pushbutton-style 
adjuster at the upper end of the 


cable. Others have a m 
conventional adjuster, 
requiring two open-end 
wrenches at the trans- 
mission end. 


TV CABLE 


in the process is not something you 
have to live with. Nor is ita problem 
you have to drop a few weeks’ pay to 
correct. Most of the causes are things 
you can fix or prevent, and although 
you'll need a good service m. 
adjustment procedures, spec 
parts locations, you won't need a col- 
lection of special tools or instruments, 
‘There are two basic types of auto 
‘matics: the fully hydraulic and elec: 


al For 
nd 


all 


straight- 


tronic hydraulic. In a fully hydraulic 
automatic, found primarily on older 
vehicles, all the shifting is controlled 
by piston-type valves that slide in a 
valve body and direct the pressurized 
fluid to the appropriate 
clutches. The road-speed signal comes 
from a centrifugal hydraulic device 
called a governor and the engine load 
(acceleration) signal comes from a 
cable or linkage between the trans- 


and 
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i 


(Fig. 2) The vacuum line at the moduta- 
tor should exhibit healthy suction when 
disconnected and the engine is at idle. 
Look for ATF inside the modulator. 


mission and the throttle body: 
‘quality and engine load also may be 
ignaled by a vacuuim modulator, a 
diaphragin unit connected by a hose 
to engine vacuum, and by a link toa 
piston-type valve in the valve body. 
‘The electronic hydraulic may have a 
hydraulic valve body with electronically 
controlled solenoids thar provide sig- 
nals for directing fluid flow. Or it may 
havea set of solenoids that directly 
control fluid low, The road-speed sig- 
nal comes from a vehicle-speed sensor 
and the load signal from the throtdle 
body's throtele-position sensor. 


Garage Shifts 

Ifthe Park or Neutral to Drive shift— 
called the “garage shift”—is rough, 
but other shifts are normal and the 
idle speed is high, then high idle is 
very likely to be the reason. There are 
many possible causes of high idle speed 
‘on cars with computer-controlled idle, 
including vacuum leaks, a malad- 


justed throttle-position sensor and 
| 


VACUUM SUPPLY HOSE 


leaking O-rings around fuel injectors, 

Idle speed normal? If you'd heen 
pulling a trailer, particularly in hot 
weather, the automatic transmission 
fluid may be oxidized. This isa co 
mon cause of harsh shifts, particularly 
with the garage shift. You won't always 
geta bad smell from oxidized fluid, 
but if you've done the kind of high- 
load operation that could overheat it, 
a fluid and filter change pvight help. 


All Shifts 
Ifall the shifts are harsh, the mileage 
is high, the fluid has never been 
changed and the service has been 
severe (such as hot-weather trailer 
towing), is possible that all the con: 
trol hydraulics are sludged or st 
You could drop the oil pan for an 
inspection and if that's what you find, 
a straightforward fix is to bole in a 
replacement valve body. Thar’ still just 
a moderate investment, However, before 


you go this far, check out all the other 
possibilities thar can be easily Fixed. 
For example, when the harsh shift- 
ing is in every gear, the hydraulic- 
pressure feed, or line pressure, is likely 
to be toa high. Also, on some teans- 
missions the design is such thar harsh- 
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ness could result from pressure that is 
00 low, so don't forget a fhuid-level 
check with the dipstick, 

late model automatics 
may suffer poor shift quality ifthey were 
drained and filled with other than a 
specified fluid. A fluid designed for Ford 
“Type F applications will cause problems 
ina Ford transmission for which Type H 
is specified, for example see page 13. 

Hefore you go further on a ear or 
truck with an electronically controlled 
automatic, watch the speedometer. IF 
the readings bounce around a lor, per 
haps from zero to 2 or 3 mph when the 
car is stopped and idling, the vehicle- 
speed sensor apparently is misbehaving, 
and a bad road-speed signal may he 
whar's upsetting the shift quality. Nor 
The sensor could be misbehaving with- 
cout the speedometer effect. The best 
check is with a scan tool. 

On vehicles with fully hydraulic 
transmissions, the hydraulic gover 
nors thar supply the road-speed signal 
may cause late or mushy shifts, bur 


are not likely fo cause harshness. 


Road Load als 
The transmission’s hydraulic pressure 
is modulated by a thrortle valve, 


aa 


Which responds to how hard you're 
accelerating, The valve is in the trans- 
mission’ valve body, the assembly of 
hydraulic valves thar routes the pres- 
surized oil to make the shifts in most 
transmissions, And with an automatic 
transmission that is controlled 
hydraulically instead of electronically, 
the valve is connected to external 
linkage and a cable that goes to the 
cengine’s throttle body to provide that 
thrortle-position signal. 

However, almost all 1980s and up 
to mid-1990s ears and trucks use a 
cable from the transmission to the 
throttle-hody linkage, and that cable 
has an adjuster atone end. On most 
General Motors and Ford products, it's 
aor clase to the throttle body. On 
late-model Cheysler products with the 
$-spced (basically hydraulic) transaxle 
and many imports including Honda 
and Toyota, the adjuster is at the trans- 
mission end (Fig. 1). 

‘The adjuster has some provision for 
varying the length of the cable assembly, 
and it has a spring thar takes up back- 
lash. The details of adjustment vary 
(which is why you need a service man- 
ual), bur the principle—including inspec- 
tion—is similar among most makes, 

Inspect the spring to see if it’s bro- 
keen or weak (s0 it doesn't compensate 
for free play in the cable). Replace a 
bad spring. Check the cable-retaining 
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brackets to ensure they're not loose or 
bent, and that they hold the cable 
housing properly, Look for a bent link 
at either end of the cable, Next, oper- 
ate the throttle linkage and watch the 
cable, which should function smoothly 
and progressively at both ends 
doesn’t, make the adjustment, 

On General Motors vebicles, 2 typ- 
ical procedure would be to press the 
release button on the adjuster and 
pull the cable slider through the 
adjuster with the throttle linkage held 
closed, leaving just a hair of free play 
so there's no binding, 

Ona Honda Accord, the usual 
‘method begins with running the engine 
at idle, pulling on the cable housing 
toward the throttle body to remove all 
play and checking for some free play 
between the bracket and the lecknut 
con the throttle-body side (abou 040 
in, which you can measure with a 
feeler gauge) (Fig. 2) If there's not 
enough or too much free play, hold the 
locknut on the transmission side (the 
lower locknut) and turn the locknut on 
the thrortle-body side (the upper one). 

Things vary somewhat for electron- 
ically controlled transmissions. 


Because the throttle-pasition sensor 
provides the upshift/downshift signals, 
its the primary item co check. Ifthe 
thrortle-position signal to thar thror- 
tle-valve assembly is wrong, the shift 


saz 


(Fig. 3) Check for sludge or heavy var- 
nish inside the accumulator, which 
could also indicate sludge in the valve 
body. Check the spring as well. 


quality goes down, To see if the sensor 
is operating within factory specs, per- 
forma scan tool test. Or probe the sig- 
nal terminal of the sensor with a high- 
impedance (minimum 10 megohms) 
digital voltmeter, following the service 
manual procedure. 

Both fully hydraulic and electront- 
ly controlled transmissions may use 
a vacutim modulator. And the moclul: 
tor isa major factor in shift quality in 
cither case, The modulator takes the 
engine vacuum signal and uses itto | 
‘control the shift characteristis, so if 
vacuum is low (because the engine is 
out of tune or because there's vacuum 
feak}, the transmission will behave as if 
the car is being accelerated and “stiff- 
ens” the shifts. With the engine idling, 
disconnect the vacuum hose and feel 
the hose end for a strong vacuum (at 
Jeast 13 in. if you want to check with a 
gauge]. Also test fora leaking 
diaphragm by inserting a cotton swab 
into the neck, IF there is any transmis 
sion oil on the swab, the diaphragm is 
leaking. Replace the diaphragm unit, | 

High alticude and low vacuum ean | 
affect shift quality, so if you've moved | 
up tothe mountains, ask the local 
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(Fig. 4) Some transmissions use an 
external damper bobweight at the end 
of the taileone to control vibration. If 
it's missing or loose, you could have 
poor shift quality. 


| dealer if there’s a special modulator 
with an altitude compensator. 


Only One Shift 

Does the harsh shifting occur only in 
fone gear change, such as First 10 Sec- 
ond or Third to Fourth, for example? 
The accumulator is something to sus- 
pect on fully hydraulic and partly 
electronic automatics. Mast hydraulic 
clurcly/band circuits have an accumi 
lator, which is a spring-loaded piston 
assembly in a chamber, to prevent 
shift shock. Ifthe chamber is filled 
with sludge or the piston spring is bro- 
ken, it could be responsible (Fig. 3). If 
the accumulator is external, you can 


remove the cover and look inside, 

Of course, a sludge-filled o var- 
nished accumulator chamber could 
indicate a varnished valve body under 
the oil pan. So one harsh shift now: 
could become all harsh shifts soon, 
However, just cleaning out the one 
cexternal-access accumulator now could 


be smooth-shift news for a long time, 
If the accumulators are on the valve 

body, the job is more difficult because 

| you'll have to remove the oil pan, But 


at least you get a look at the valve 
body too. Refer to a service manual to 
‘sce what's involved in an inspection. 


Shudder and/or Vibration 
‘The automatic transmission lockup 
clutch, used on every modern auto- 
matic to help the carmakers meet 
fuel-economy standards, is responsi- 
ble for all sorts of shudders, particu- 
larly if ic engages at the wrong time, 
A simple way to determine if irs the 
reason for poor shift quality is to 


unplog the wiring connector on the 
transmission, Do this only for a brief 
test, as many transmissions will over 
heat fluid if they don’t get clurch 
engagement, And be sure to unplug 
the right connector, as many auco- 
maties have more than one, particu- 
larly if they have electronie controls. 
If the transmission becomes silky 
smooth with the clurch circuit i 
abled, check with the dealer to find 
out if there’s a factory fix. On newer 
cars there may he a reprogrammed 
computer or a new computer module 
to raise the shift speed. Or there may 
be a recalibrated pressure switch (to 


accomplish the same thing) in a 
hydraulic passage for the transmis- 
sion-speed governor, 

Another cause of shudder or a 
vibration isa loose, broken ar missing 
vibration damper that may be 
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attached to your transmission (Fig. 4). 
Not a lot of ears have a damper, and 
the damper alone doesn’t dircetly 
affect shift quality. Bur if it’s not intact 
and tightly mounted, the overall 
response of the transmission is 
affected, and that may worsen the 

feel of the shifts. 

Whatever you do, don’t try to cure 
shife problems by pouring some addi- 
tive, particularly a limited-slip differ- 
ential oil, into the transmission, Lim- 
jted-slip oil contains a lange dose of 
special friction modifiers that cures 
harsh shifts and shudder, Bue also 
causes 50 much slippage thar the 
clutches and bands will burn out fast, 

‘What about harsh downshifts on 
acceleration? Well, the typical dow! 
shift, made at full throttle or close to it, 
generally is harsh, If it's the only harsh 
shift and it suddenly becomes much 
harsher, check the fluid level. If the fluid 
level is normal, and you have a fully 
hydraulic automatic, open the manual 
and look fora downshift cable adjust- 
ment, It often is similar to the throttle- 
valve cable adjustment, but made at 
wide-open throttle. Check the manu 

The odds are very gaod that you'll 
find the reason for your car's harsh 
shifts somewhere among the asic 
items we've covered here, Then, you 
can send those nasty little shifts back 
to charm school. @ 


Stabilizing and Straightening 
Components 


ICs presenta unique prablem. They don’t have lang enough leads for youto 
bend out effectively, which means they are more likely to slip and slide while 
you're soldering them. So do the best you can with that (see Figure 2-7), but 
flip the board back over after you solder the first joint. In mast cases, you'll 
find that the IC has shifted. But since you only have one joint soldered, you 
can easily move the ICinto the position youwant. Once you've done this, flip 
the board over and solder the remaining connections, 


Figure 2-7. Tacking down an IC 
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Replacing Your Automatic 
Transmission Filter 


‘ou've just spent the hottest 4 
hours of your life creeping 
through a colossal traffic jam. 


You pull into the driveway and col- 
lapse into your favorite comfy chair in 
your air-conditioned den. Later, in the 
‘cool of the evening—hefore yon begin 
packing the family ear for a get 
away—you check the cars vital uids, 
‘The oil and coolant are okay, bue the 
automatic transmission dipstick is still 
to9 hot to rouch—the fluid on it 
black as squid ink and smells like the 
bottom of a barbecue grill after a pic- 
nic, Time to change the transmission 
oil and fier 

The oil in your auromatie erans- 
mission can get very hor—often 
approaching 300’ F—when you're 
pulling a heavy load or moving slowly 


in hor weather, But italso can get 
every bit as torrid when the wheels 


(Fig, 1) Jack up the car and get a good- 
‘size drain pan. Loosen and remove the 
bolts on the transmission pan from rear 
‘to front, then drain the oil. 


are spinning and slipping on fey roads 
in winter, so this isa year-round issue. 
And the oil becomes contaminated 
with particles that have worn off the 
transmission’s clutches and bands, 
even metal shavings from the pump 
and other moving parts. 

Don’t wait tmtil the oil sample on 
the automatic transmission dipstick 
has a burned odor to change both the 
oil and the filter, Unlike engine oil, the 
automatic transmission oil not only 
has to lubricate, iralso has to provide 
hydeaulic pressure to operate the 
clutches and bands that produce the 
gear-ratio changes 

Factory recommendations for trans- 


(Fig. 2) Use a scraper to remove the 

remains of the old gasket, being care- 

ful not to scratch the aluminum trans- 
ission casting. 


mission oil and filter changes range 
widely. GM, for example, says 
100,000 miles, bur that’s under ideal 
conditions, And the recommendation 
comes down tos low as every 15,000 
miles given one or more of the fallow- 
ing: you drive in a lor of traffic and 
high temperatures, periodically pull a 
trailer or other heavy load, let the car 
sic dling for long periods or subject it 
to other operation similar to taxi, 


police or delivery services. Mom's taxi 
secvice surely falls in the laeter cate 
gory, so a transmission oil and filter 
change every two years ar every 
30,000 miles is good practice. 


Getting Greasy 

Jack up the front of the car, support it 
on safery stands, puta lange catch pan 
underneath the transmission and loosen 
the transmission-pan bolts (Fig. 4). 
Remove the holts at the reat, then 
loosen the others, so the oil drains out 
cone side into your earch pan. On the 
typical ear, several quarts will come 
out, whieh is less than half of the oil 
inside—and there’s no practical way 
to get out any more oil. Consider thar 
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(Fig. 3) Remove the sorews hold- 
ing the filter housing and pull it 
down. fit has an O-ring seal, be 
sure the O-ring is removed and 
discarded. A new O-ring should 
‘come with the replacement fll 
ter. Fit has a “cup” type seal, it 
‘may be reused. 


the next time you want to postpone a 
transmission service. Finally, remove 
all the bolts and lower the pan, (And 
no, most transmissions don’t have a 
drain plug.) 


Scrape the gasket from the 
ing care not to gouge the flange 
face (Fig. 2), Wire-brush any gasket 
residue from the pan. If any piece of 
sasket sticks to the underside of the 


transmission, gently remove it with a 
scraper—nor a screwdriver, as the sur 
face normally is soft aluminum and 
prone ro being gouged. A gouged sur 
face may not seal, even with a new 
gasket. Ifthe gas 
raised center section, it’s reusable if i 


rubber with a 


is still in perfect condition, Just clean 
and dry the gasket surfaces on the pan 
and transmission. If it’s damaged 


replace it with one of the same type. 
Clean the pan thoroughly, as there 

will probably be a fair amount of silt 

in the corners, from sludge, worn fric- 


tion-clutch material and tiny bits of 


metal. Big flakes of metal might indi- 
ate a problem, but expect a certain 
amount of shiny stuff 

If the oil-pan bolt holes are dis 
orted by previous overtightening, 
of the pan on a heavy 


place the edge 
metal surface (your workbench, for 
example) and with a ball-peen ham: 
mer, tap them down flat to ensure a 
good seal 


This Is a filter? 
It probably looks more like a fine-mesh 
window screen, bur this is what 
passes for a filter. It's adequate to 
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pete 
7” auromane 
TRANSMISSION 


screen out chunks, but very small 
abrasive particles pass right through, 
another compelling reason to service 
the tranny regularly 

Remove the old filter, which typi 
cally is held by screws. Pull it down 
slowly, as it may have a neck with an 
O-ring, and you should remember 
where that ring is (Fig. 3). Some O- 
rings sit on the neck, but are prone to 
sticking inside the case when you 
remove the filter. If you don’t remove 
the old O-ring and add a new one 
with the new filter, it won't seat 
properly. Most General Motors cars 
have an O-ring, but there's 


cup seal 
that goes in the case on some models 
since 1994, The filter neck is inse 
into it, and there’s no O-ring at a 
Consider retrofitting this new filter 


as 


(Fig. 4) Overtightened bolts can distort the pan’s sealing surface. Flatten the dim- 
ples with a hammer against a hard surface. 


and cup seal to the earlier-type tranny. 

Apply a thin film of nonhardening 
gasket sealer to the oil pan, lay the 
new gasket on it and install a bolt 
through each corner to hold the gas 
ket in place. 

Hand-start each bolt. Don't 
tighten any bolts more than two or 
three threads until they're all in-place 
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(Fig. 4), Then run them down with a 
ratchet until the gasket is in contact 
all the way around. Tighten the bolts 
to factory specifications with a 
torque wrench, using a spiral partern 
starting from the center of the pan 
and working alternately to the ends. 
Go in steps, a few foor-pounds ara 
time, up to the torque spec. 


Glug, Glug 
Finally, add fresh oil. Not all cars 
tase the same type. Most late models 
take Dexron IE or Dexron Ill, 
although Ford recommends an oil 
that meets its Mercon standard 
{including some older cars for which 
a “Type H” fluid was prescribed). 
Check your owner's manual, Major 
brands of oil are formulated to meet 
all these carmaker requirements, and 
you should use one of them. A few 
European cars and older Fords 
(some through 1981) may require a 
Type F fluid, which is nothing like 
the Dexron and Mercon formulas. If 
Type F (or the virtually identical 
Euro-spec Type G) is listed in the 
owner's manual, that’s what you 
should pour in, New Nissan prod- 
ucts may call for Type J or Type K | 
fluid, which is not a Dextron type. 

Oil is generally added to the 
trans through the dipstick tube and 
you'll need a long skinny funnel or 
a funnel and a hose to get 
Some GM automaties have no dip- 
stick and removal of a fill plug is 
necessary. 

Whatever type of oil you need, fol- 
low the carmaker’s precise recom- 
mendations for checking fluid level 
‘Typically, you have to cycle the shift 
lever from p to Land back a few 
times and add the oil with the engine 
running. Do it slowly, recheck repeat- 
edly, as less than a pint can be the dif- 
ference. Overfilling causes as many 
performance problems as a low fluid 
level, so if there's any transmission oil 
left in the quart bottle, don’t pour it 
in, Put the cap back on and save it. If 
someday down the road you find the 
dipstick reads low, what's left in the 
bortle should be just the right amount 
roropivott, @ 
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Replacing Your 
| Front-drive Car’s Clutch 


he problem was almost imper- 
T eptible at first: Going up a 
slight hill at highway speeds, 
you noticed thar the engine was 
revving higher even though your car 
wasn't going any faster. Backing off 
the gas or dropping into a lower gear 
made the problem go away each time. 
Bur that was a month ago, Now 
you spend your days looking for 
routes that have no hills, because 
even a slight incline causes the 
| engine to rev wildly while the car 
| stows down. There’s also the smell 
of burnt buttered popcorn in the air 
| as you downshift ina feeble attempt 


(the semi driver on your bumper is 
blasting his air horn) to reduce the 
engine load and get the ear going 
again. Your biggest fear is that you'll 
end up backing down the hill, The 
problem isn’t in the engine or 
transaxle, All that slipping is caused 
| bya worn-out or misadjusted clutch. 
| Compared to other automotive 
| devices, the elurch (Fig. 4) is decidedly 
low-tech (see How It Works, fallow- 
ing page). And while replacing and 
adjusting the clutch doesn't require 
exceptional skill or high-tech equip- 
ment, there are some things you 
should look out for, 


Please Release Me 

Itcouldn’t be simpler: Push the clutch 
pedal in and the clutch should dise 
gage. However, ifthe clutch doesn't 
fully disengage, you'll hear a lor of 
gtinding during shifts or when you try 
to put the car in ear. “A lot of people 
immediately think there’s a problem 
with the clutch dise or pressure plate 
when the clutch doesn’t disengage 
says Gabe Vajda, a technician with 
Lok, a maker of clutch parts, 

“Any play in the clurch-pedal parts 
soaks up travel, so the clutch won't 
fully release,” Vajda cautions. He says 
that before you remove the transaxle 


‘CABLE-OPERATED CLUTCH 


HYDRAULIC CLUTCH ~ | 


(Fig. 1) Regardless of method, depressing the clutch pedal will push the 
‘throwout bearing against the pressure plate. There should be some adjustment 
mechanism as well. 
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and clutch, it's wise to check the 


pedal-arm bushings and the actuating, 
cable, of, on cars with hydraulic sys 
temis, the slave and master eylinders. 
Also, a nonreleasing clutch could even 


be caused by something as simple as 
carpeting under the pedal that’s too 
thick, which has heen the case with 
some 1988-90 Chevy Beretta and 
Corsica models. Trimming a 
lation under the earpet will restore 
full pedal travel. 

Ifa clutch isn’t releasing, start hy 
manually prying the release arm at the 


bellhousing with a screwdriver. If the 
arm moves freely and the clutch 

pod that 
the problem lies outside the bel 


releases there, chances are 
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INNER STUB AXLE 


(Fig.2) Remove the outer stub axle from the hub, and then pull the entire axle free 
of the transaxle. You may need to plug the inner socket. 


HOW IT WORKS 


Clutch Play 


[At the heart of the clutch assembly is the clutch disc. It 
has friction material, similar to brake-lining material, on 
each side and a splined hub that slides back and forth on 
the transaxle's splined input shaft. When the clutch 
Pedal is not depressed, the clutch disc is tightly clamped 
between the flywheel and the pressure plate to firmly 
connect the engine to the transaxle. Depressing the 
clutch pedal allows the clutch disc to spin freely between 
the flywheel and pressure plate, allowing the engine, fly- 
wheel and pressure plate to spin on their own, while the 
splined input shaft and transaxle freewheel with the disc. 

The clamping force that engages the clutch comes 
from a large spring, or series of springs, located inside 
the pressure plate called a diaphragm. Depressing the 
clutch pedal presses on the diaphragm spring, causing 
the pressure plate to move away from the clutch disc, 
and the clamping force diminishes until the engine can 
spin independently of the transaxle. 

To get the clutch moving, the clutch pedal is con- 
nected to a sheathed cable or a hydraulic master cylin 
der and stave cylinder. The cable system works much like 
a heavy-duty version of the brake-caliper cable that can 
be found on a 10-speed bicycle—depressing the pedal 
pulls on the cable to release the clutch. With the 
hydraulic system, pressing on the clutch pedal moves a 
piston in the master cylinder, which displaces fluid, caus- 
ing the piston in the slave cylinder to move. This, in turn, 
operates the clutch. Some older cars and trucks use a 
simple mechanical bellcrank linkage instead of a cable 
or stave cylinder, but the mechanical principle is the 
same: Depress the clutch pedal and the clutch is 
released. How? 

‘Whether the clutch-pedal system is operated hydraull- 
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TRANSMISSION 
INPUT SHAFT 


PRESSURE PLATE 


BELLHOUSING 


cally or by cable, it moves a release fork that pivots on 
the bellhousing. The pivoting action moves the end of the 
fork toward the pressure plate. A throwout bearing (also 
called a clutch-release bearing) at the end of the release 
fork applies even pressure to the diaphragm spring and 
the pressure plate moves back, releasing the clutch disc. 
Let the clutch out, and the pressure on the spring 
releases and the clamping force on the disc returns. 


DRIVETRAIN 


housing. On cable-operaved clutches, 
there could he too much play én the 
cable, which can reduce travel, ‘To 
reduce cable play, find the adjusting 
tnutat the top oF bottom of the cable 
and adjust the cable to the proper 
specifications. On hydraulically oper- 
ated clutches, air in the lines, or a 
‘worn master or slave eylinder, can 
result in reduced travel, To bleed the 
air, top off the master cylinder reser- 
voir with brake fluid. Place a piece of 
hose on the slave eylinder’s hydraulic 
vent, then place the other end of the 
hose into a partially filled glass hottle, 
Open the vent, then have an assistant 
repeatedly depress the clutch ped 
slowly until any bubbles coming fram 
the end of the vent line disappear, 
Alter tightening the vem, clutch travel 
should return to normal, If it doesn’t, 
then the slave and master eylinders 
should be replaced, 


Removal and Inspection 
Barring adjustment, the only way ro 
fix a slipping clutch is to replace ir. 
Installing a new clutch is very 
straightforward. But you have to 
make sure the work is done right, 
since fixing any mistakes usually 
means removing the transaxle—some- 
thing you don't want to do more than 
once, It's best to consulta service 
manual for instructions specific to 
your vehicle. The following is gen- 
eral procedure for replacing a clutch. 
Start by disconnecting the battery 
positive cable. Then, while working 
under the hood, prepare the transaxle 
for removal by disconnecting the 
clutch cable or hydraulic slave eylin- 
der. Also, remove or disconnect items 
that prevent the transaxle from being 
removed, such as backup-light wires, 
air-cleaner dueting, exhaust pipes, the 
starter motor, speedometer cable and 
other items. IF you are in doubr as to 


exactly whar needs ta he removed, 
consult a manual 

Next, chock the rear wheels and 
jack up the front end of the ear and 
support it with stands. Working from 
under the car, remove any additional 
parts that you couldn’t reach from 
under the hood, including the bolts 


{qr 


(Fig.3) A support bar or a stout piece of 
timber will be necessary to support the 
‘engine while the tranny is out. 


that hold the axle shafts to the 
transaxle on most vehicles (Fig, 2). 
To remove the transaxle, you nor- 
mally have to remove one or more 
engine mounts. But before you can 
stare removing them, you'll have ro 
support the engine, With many eaes, 
it’s possible to support the engine 
from underneath by placing a jack 


(Fig.4) The clutch is readily accessi- 
‘ble—but only after removing the 

transaxle from the engine. You'll need 
to remove or unhook the axles as well. 


BEARING 


REPLACING YOUR FRONT-DRIVE CAR'S CLUTCH 


THROWOUT 


RELEASE YOKE 


under the oil pan (with a third piece 
of wood on the life pad to prevent 
damage to the pan), But on other 
ears, a special engine-support rod that 
allows the engine to hang while the 
transaxle is out must be installed 
under the hood, (Fig. 3) Again, con- 
sult manual for the proper method. 
‘To disconnect the transaxle from 
the engine, suppore the transaxle with 
a jack and remove the bolts from 
around the flywheel bellhousing. Next, 
slide the transaxle away from the 
engine until the transaxle input shaft 
clears the pressure plate, then lower 
the transaxle to the ground and roll it 
from under the ear and out of the 
Once you have removed the trans 
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axle, you will then be able to access the 
pressure place and clutch disc (Fig. 4) 
Remove the bolts from around the 
pressure plate, then remove the plate 
and clutch dise. Inspect the friction 
surface of the flywheel, If it is scored, 
checked or shows signs of hot spots, it 
must be removed, machined at a 


machine shop and then reinstalled. 
Keep in mind that is good practice to 
have the flywheel! machined so the 
clutch disc has a proper surface to 
break in on. If you don’t have the fly. 


wheel machined, sand it lightly with 


medium-grit sandpaper wrapped 
‘around a small block of wood, then 
wipe clean with a damp cloth. 

‘When inspecting the flywheel, also 
inspect the pilot bearing or bushing at 
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—“cuuteH DIS 


Chere 


the center of the flywheel. The needle 
bearings (if applicable) should be 
lubricated and show no signs of 
galling. If there's any doubr about the 
quality of the bearing, remove it with 
the appropriate tool and install a new 


one. You should also inspect the back 
side of the flywheel for 


ns of oil 
leakage at the engine's rear main seal 
If ol reaches the surface of the clutch, 
chattering and grabbing will result 

Some cars have 


eepped” flywheels, 
which is when the clurch disc rides on 
one surface and the pressure plate 
bolts to a surface 


s stepped above 
the clutch surface, Ie’s important that 
both surfaces be machined the same 


oF slipping or failure to 
release could result. 


(Fig.5) You'll need an old tranny input 
shaft, this special arbor, or 3 wooden 
dowel to center clutch disc on flywheel 
as the pressure plate is installed and 
torqued down. 


flywheel is machined too 


moves the clutch and pres 
sure plate away from the release bear 
ing. This can keep the clurch from 

fully releasing, You might be tempted 


to use shims between the crankshaft 
and flywheel to move the clutch 
assembly toward the release bearing, 


However it's possible for a thin fly 


wheel to burst at high rpm. The only 
safe alternative isto replace the worn 
flywheel with a new one. 

Inspect the transaxle’s input shaft 


DRIVETRAIN 


seal to be sure it isn’t leaking, (There's 

no need to inspect the clutch disc, 

pressure plate or release bearing, since 

you'll be replacing those.) If the seal is 

leaking, replace it, Next, look for 

| leakage at che engine's rear main seal. 
If there's more than a hint of seepage 
there, this may well be the reason for 

| the early demise of the clutch dise. 
Mark the flywheel so you can reinstall 
it hack on the crankshaft in the cor- 
rect index. Remove the flywheel and 
remove the old seal, Carefully install 
the new seal without gasket sealer by 
tapping it in with a seal installation 

| tool, orat least a large socket or 2 

| piece of wood, Check the crankshaft's 

sealing surface for a depression where 

the seal has eroded the metal (this is 

particularly common in dusty areas). 

‘There may be a repair sleeve available 

for your engine, so cheek with your 

machine shop if you think you have a 

problem. 


Installation 
Before you install a new or freshly 

|) machined flywheel, make sure the 
crankshaft flange is clean. After plac- 
ing the flywheel on the flange, 

| sighten the bolts in a star pattern to 
the proper torque specification. 
There are two tricks ro installing the 
clutch disc and pressure plate. First, 


the disc is designed 1 go on in one 
direction, If you look at the center 
hub, you'll notice a series of damper 
springs. On one side of the clutch, 
this damper hub sticks out from the 
friction surface. Thar side always 
goes toward the transaxle. Pur it in 
the other way, and you'll soon be 
taking the transaxle out to do it all 
‘over again. Second, you'll need a 
“clutch pilot too!” ro install the 
clutch dise so it aligns with the pilot 
bushing in the crankshaft (Fig. 5). 
To install the disc, side ie onto the 
pilot rool, then securely stick the cen- 
ter of the tool inta the pilot bearing. 
Install the pressure plate over the 
clutch dise, torque all bolts to speci- 
fications using a star pattern, then 
remove the pilot tool, 

Before installing the transaxle, 
install the new release bearing onto 
the release fork, then make sure that 
the fork operates freely: Jack the 
transaxle into position and slide it 
forward so that the input shaft slides 
into the splined hole in the clurch 
dise. You may have to rurn either the 
input shaft or the engine’s crankshaft 
(and the flywheel and clutch along 
\with it] to get the splines to align. 
Don’t force the input shaft into its 
splined hole. When everything's prop- 
erly aligned, the shaft will slide right 
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in, fit doesn't side right in, don't 
force it. Back ir out and try again. 

Never ler the transaxle hang 
unsupported from the engine, since 
this can lead to damage to the pilot 
bearing, inpue shaf and front input 
shaft bearing, 

After installing and torquing all 
the hellhousing bolts fo spee, you can 
reinstall any motor mounts that you 
had removed, the drive axles, a3 well 
as any other components under the 
car. Once the underside work is done, 
remove the jack holding the 
transaxle and lower the car to the 
ground. Reinstall any undethood 
components. 

You don’t really have to replace the 
lutch cable at this time, bur hecause it 
‘costs less than $75, replacing itis 
good insurance against trouble larer 
on. In any case, adjust the cable to the 
proper amount of free-play, 

Most hydraulic elutch actuators 
ate self-adjusting and, therefore, have 
no free-play. Still, you'll wane to make 
sure the self-adjusting action is work~ 
ing properly. To do that, simply push 
the slave cylinder piston back into irs 
bore. IF it moves, the system is wark- 
ing properly. If it doesn’t move, i 
‘means the slave eylinder’s pressure- 
relief orifice is clogged and the slave 
cylinder should be replaced. @ 
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Changing Your Transmission Fluid 


‘ou drive the same roure to 
work every day—same open 
stretches, same intersections, 


same stop-and-o. But today there's 
a subtle discord in the usual har 
mony, a blip on your vehicular 
radar, a bad vibe in your mechani- 
cal karma. Shifts seem oddly lace 
and soft. Later, as you pull into the 
drive, you sense something peculiar. 
Letting your car idle, you pull the 
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dipstick out of your auto transmis- 
sion, Fresh automatic transmission 
fluid (ATR) is bright red and has a 
distinct petroleum smell. Your dip- 
stick shows a low level, is the color 
of institutional linoleum and smells 
like the bottom of a barbecue pit 
after a biker wedding. Your trans- 
mission fluid is badly in need of 
changing, and the t 
already be damaged, 


nny may 


It's messy, but you should 
remove the transmission 
pan and replace the filter, 
at every fluid change. 


Take A Look-See 
An overall inspection is the logical 
first step. A low fluid level may indi- 
cate a leak somewhere in the system, 
possibly ata cooler line that runs to 
the bottom of the radiator. Find irand 
fis it, then top up the level. Rem 


her thar, unlike the engine crankcase, 
itonly takes about a pint to make the 
diffe 
“Fu 
use the correct ATE, which we’ 
ccuss later, If you're lucky, the lag or 
shifting problem may just disappear 
after you add ATE 
The fluid should be bright red, 


nce between the “Add” and 
marks. Also, make sur 


clear and “sweet 
smoky dark color, 
odor, a complete change is needed, 
but the damage may already have 
been done. 


smelling, Ifit's a 
has a burned 
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Lockup? 


CVTs—found on a few late-model 
Asian cars) have locking torque con- 
verters to eliminate slip at cruising 
speeds, thus saving fuel. These are 
controlled by the powertrain control 
module (the engine and transmission 
management computer) on the basis 
of speed, temperature, throttle posi- 
tion, ete, Ifthe engine is running ata 
higher rpm on the highway than 
usual—300 to $00 more—to main- 
tain the same speed, is possible that 
lockup isn’t occurring, Besides reduc- 
ing fuel economy, chis ean have the 
much more disastrous effect of caus- 
ing the transmission to overheat, 
Check that the transmission con- 
verter clutch wire that runs from the 
harness to the transmission is con- 
| nected and intact. 


Fresh Fluid 

|The single most important 

thing you can do to head 

off big-bucks transmission 

| repairs isto change the 
ATE on a regular basis. 

Some carmakers have 

backed down from the 
unrealistic 100,000-mile 
trans fluid change interval 
recommended in the past. 
Every 30,000 miles is 
much more reasonable, If 
you tow heavy loads in hor 
weather, you might even 
think about annual 
changes. 

| Going through the 
messy operation of drop- 
pring the transmission pan 
and replacing the filter is 

[fine as far asi goes. The 


All modern automaties (except for the 
continuously variable transmissions— 


Check the dipstick 
in Neutral while 

the engine Is warm 
and idling. 


trouble is, ir doesn’t go 
far enough. At least 
half of the old, 
burned-up ATF and irs 
contaminants 

remain in the torque 


converter (the days of 
those convenient con- 
verter drain plugs are 
long gone), clutch drums, valve hody 
and elsewhere. If you want to get the 
{ull benefit from this maintenance ser- 
Vice, you've gor to work a little 
harder, 

Regardless of how far you're will- 
ing to go here, you still must take the 
transmission pan off, and there are a 
couple of ways of making this job a 


Pour ATF back into the dipstick tube with a funnel. 
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Remove trans cooler line at the 
radiator to flush out the last of the ATE. 


little neater. Start by putting the car 
oon sturdy jackstands or, better yet, 
ramps. Block the rear wheels. If you 
have a gravel driveway, toss 4 8 
sheet of plywood down first to pre- 
vent the stands from tunneling into 
the ground while you're 
under the vehicle 

If you just remove the 
ppan (leave a few bolts 
along one side partway in), 
ATF will flow out in-a 
wave all around the seam, 
probably splashing outside 
the radius of your earch 
pan. If you've gora suit 
able pump, you can run the 
pickup hose down into the 
dipstick tube until it bor- 
toms out, then pump until 
you stop getting fluid. This 
will vastly reduce spillage. 

To extract as m 
the old ATF as possible, 
leave the pan on, remove a 
trans cooler line at the 
radiator, put a drain pan 
under it, then start the 
engine For a few seconds to 


153 


Safely Soldering Sensitive Components 


You need to avoid applying too much heat to a component. or you might 
‘damage it. One way to help avoid this is to clamp the heatsink to the com- 
ponent as shownin Figure 2-8. Thiswill draw heat away from the component, 
protecting it somewhat. 
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Figure 2-8. Keeping heat away from the component 
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find our which way the fluid is flow= 
ing, It doesn’t matter whether you use 
the inlet or outler line except that you 
have to artach a small hose either to 
the line connector or the radiator out- 
ler in order to collect the ATF, Pu the 
hose into the largest jug you can find, 
and let the engine idle until air starts 
spurting. Many professionals enhance 
this procedure by pouring a few 
quarts of fresh fluid into the dipstick 
tube at roughly the same rate that the 
old fluid is coming out, thus adding 
flushing action, 

‘Now you can remove the pan. This 
is not only necessary for changing the 
filter, but also allows deposits and 
sediment to be washed out of the pan. 
‘There's another important considera- 
tion: This operation provides she 
opportunity to find our if failure 

impending, Judging this is some- 
what subjective, so we asked an ASE 
Master Automotive Technician his 
opinion, 

“You should see next to no swarf 
or debris, and then only on the fist 
change,” he says, “Subsequent 
changes should he nearly dead clean, 
Ifa newer gearbox is making junk, it's 
in trouble. You might find just a trace 
of aluminum shavings, or other very 
minor debris, but the assembly 
process is so clean, and the newer 
gearboxes so unforgiving of dirt, hat 
any real accumulation generally 
means a problem is in development.” 

‘Now's the time to replace the filrer 
and its seal, which probably can be 
purchased in the same kit as the trans- 
mission pan gasker. When rein- 
stalling the pan, start every pan 
bolt by hand for at least two 
threads before tightening any 
of them, 

If the last person co 
install your pan gor 
overly enthusiastic 
with the wrench, you 
may find the pan 
rail has dimples 
around the bolts. 
Use a hammer and dolly 
to flatten them out. Otherwise, the 
pan gasket will leak. A cork gasket 
often can benefit from a thin layer of 


of the pan of 
sludge and 
‘swarf before 
reinstalling it. 


gasker sealer or adhesive, especially to 
keep it in place while you're trying to 
start those first few bolts. Don’t use a 
thick bead of silicone sealant, as it 
will squish out between the mating 
surfaces into litte silicone worms, 
which will eventually break off and 
clog the pump intake, 


Delegate 
Of course, you can go to your favorite 


the iter, but 


‘You can try cleanin 
We vay beter to roptace 


auto service facility and have a trans 
flush and refill done. Many shops 
today have a machine for this pur- 
pose, bur you've gor to be sure of 
what you're getting, Some quick-lube 
places will just attach the machine to 
a cooler line, exchange the fluid, and 
call it done, We beg to differ. The pan 
should be removed for cleaning. 


The Right Stuff 

Most of the automatic transmissions 
‘on the road will work just fine on 
Dexron Ill/Mercon ATE, except for 
“92. and earlier domestic Fords, which 
need Type F. But the Dexran is essen- 
tially a generic fluid, and some experts 
say they've cured shifting, 
problems simply by 
replacing i with the 
exact O.E.-specified 
stuff. They have also con- 
fided in us that they've 
inadvertently caused trouble 
by using bulls ATF that was 
labeled, “Will also worke in...” 
So, especially with imports, you 
might want to read your owner's 
manual carefully where uid speci- 
fications are listed. 

‘You want real peace of mind? 
‘Then think about spending the extea 
money for synthetic ATE. The master 
technician mentioned earlier always 
uses straight 85-per-quart synthetic 
for his own vehicles. 
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Replacing U-Joints 


|hat vibration you've managed to 
T= for weeks has finally gor- 

ten to the point at which it’s 
hard to keep from spilling your morn~ 
ing coffee on your pant leg. You 
resolve to make two stops on the w: 
home from work this afternoon—one 
at the dry cleaners to pick up clean 
pants, and a second at the mechanic's 
to investigate the vibration, As you 
accelerate away from the dry cleaners, 
there's a big change in the vibration. 
It followed immediately by a lack of 
power and big clanging noises, the 
latter due to your driveshaft falling 
to the pavement. You've had a 
universal-joint failuce. 


Lack Of Lube 
Most of the time, loss of lubrication is 
the reason U-joints fail, Original- 
equipment joints typically have no 
grease fittings, and even replacement 
units often have zerks that you can’t 
reach with your grease gun. The tin} 
needle bearings inside the cups over 
the ends of the trunnions rust and 
eventually crumble, which results in 
clearance where there should be none 
arall, 

Another destroyer of U-joints is an 
excessive angle of operation, This 
may be due to an overloading condi- 
tion, which makes the tail end say, or 
1 set of helper springs or air shocks 
that puts the rear of the car up into 
the stratosphere. In either case, level- 
ing the vehicle is the only way to 
increase the universal joints’ life span. 

The driveshaft itself isa simple- 
enough component. Unless it’s bent 
from contact with, say, a railroad 
track or is out of balance due to the 
loss of a weight, ill keep spinning 
just about forever, 


Rules Of Thumb 
Vibration caused by a U-joint or dri- 
veshaft usually occurs at 25 to 35 
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mph, about 60 mph, or while braking 
at low speeds, That “body boom™ 
that hurts your ears probably is 
caused by a bent or unbalanced drive- 
shaft. A clunk when the transmission 
is put into gear, or when “floating” at 
about 10 mph is cither the result of 
damaged U-joints or a differential 
problem, 

‘To find out ifa vibration is coming 
from the driveline or the engine, 
attach a tachometer if you don’t have 
fone on the dash, run up to the speed 
at which the roughness is felt, and 
note the rpm. Then, shift into a lower 
xzear, go back up to the same rpm and 
see ifthe vibration has diminished. 
No? Then you've found engine trou- 
ble. If, on the other hand, the vibes 
change considerably at the original 
engine speed, the U-joints or drive- 
shaft are probably at fault, 

Next, raise the vehicle and support 
it under the rear axle or suspension 
control arms so that the springs are 
compressed with a normal amount of 
weight and the driveshaft is ar the 
proper angle, Grab the shaft near 


‘Abench vise and a pair of sockets 
make it simple to remove a worn-out 
U-joint. Use a small socket to press the 
cup into a socket bigger than the cup's 
‘outside diameter. 


either end and force it up and dowa, 
then twist it hard back and forth, Any 
play you can see or feel is reason for 
replacement, 


Brutal R&R 
Odds are, you'll need to raise the 
vehicle off the ground (unless you're 
driving a giantwheeled 4x4). Ramps 
are great for this, but a floor jack and 
«pair of jackstands will do the job 
fine, To replace a U-joint, unserew the 
nuts of the U-bolrs that clamp the uni 
versal’s cups to the rear axle’s yoke. 
Mark the parts so thar you can pur 
them hack the way they were. Using a 
big screwdriver, pry the shaft forward 
until the joint is free of the yoke, then 
ower it and pull ic our of the trans- 
mission tailshate housing. 

While a hydraulic press is ideal for 
driving the cups our of the yoke ears, 
you might he able to manage with a 
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husky bench vise. Of, you ean drive 
the cups out with a drift and a heavy 
hammer, If these are the originals, 
they're probably retained by injected 
nylon, which will simply be destroyed 
in the process. Another option is to 
see if there are C-clips in grooves in 
the inner or outer sides of the ears, 
‘The inner type can he forced our eas- 
ily with a screwdriver and hammer, 
but you may need snap-ring pliers For 
the outer variety. 
‘Whether you're using 
a vise or a drift and ham- 
mer, place a socket that’s 
bigger than the outside 
diameter of the cup 
against one ear to accept 
the cup. Then, with a 
vise, put a smaller socker 
oon the other cup to push 
it through the hole in the 
‘ear. Now, turn the vise 
screw as necessary to 
force the cups through the 
yoke. If you're doing the 
pounding routine, posi- 
tion the large socket 
under one ear and use a 
big drift against the oppo- 
site cup. This probably 
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will tke an extra pair of hands, 

When it comes to installing the 
new joint, first make sure it was 
packed with grease ar the factory. The 
cups should be filled to about one- 
half of the needle length with the 
proper grease (usually SAE 140). 
‘While forcing the cups into place, you 
‘must he careful nor to dislodge the 
needle bearings or jam them at an 
angle 


Shaft Shivers 


Remove the nuts on the 
U-bolts at the rear axle to 
disassemble the drive- 
shaft. 


Ifyou believe the drive- 
shaft is our of balance, 
first make sure that the 
problem isn’t due to a 
defunct U-joint, an 
excessively worn slip 
yoke or transmission 
tailshaft housing, wheel 
imbalance, or excessive 
runout of the shaft itself 
(generally, this shoulda’ 
he more than about 
0.040 in, as measured 
with a dial indicator) 
Next, give the shaft a 
thorough visual inspec- 
tion. Make sure it’ 
clean—in high gear, it 
rotates at the same speed 
as the engine, so a lump 
of undereoating would be enough to 
givea car the shakes—then look for | 


evidence of a thrown balance weight, 
Also, see if it's bent, 

If you still haven't found the trou- 
ble, disconnect the shaft from the rear, 
rotate it 180°, bolt it back up, and 
road test. Ifthe vibration is still pre- 
sent, you can resort to the old hose 
clamp trick: 

1. Raise and support the car as safely 


and solidly as you can with the rear 
wheels off the ground. 


Dry U-joints will have rust inside, not grease. Do not try to save 
fone that's rusty. Replace it. 


2, Start it up, put it in 
gear, and have a helper 
step on the gas and rev it 
up to 40 to $0 mph, 


3. Tape a piece of chalk, 
‘or a crayon to a broom: 
stick, hold it firmly with 
both hands and slide it 
under the car. Slowly 
move itso that i has the 
least possible contact 
with the shaft just ahead 
of the rear joint, then 
just behind the one at 
the front. The heavy side 
will be making a larger 
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‘Anew U-joint should have a zerk fitting even if the original 
did not. Fill the joint with grease until it runs out of the seals. 


circle than the light one, so the mark 
should appear where the ex 
weight is, 


4, Shut the engine down and install 
two worm-gear hose clamps around 
the shaft with their heads 180° from 
| the mark you just made, 


5. Rev it up to 65 to 70 mph and see 
| if the vibration has disappeared. If it 
has, give ita road test to he sure. IFit 
hasn’r, rorate the clamp heads about 
45° away from each other and try 
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again. Getting better? Then keep 
moving the clamp heads apart until 
you get it right 

As you probably know, the basic 
function of a U-joint is to allow two 
shafts to operate at an angle to each 
other. Bur you may not realize that 
‘while the driving yoke rotates at a con- 
stant speed, the driven one speeds up 
and slows down twice during each rev- 
olution, Atan angle oF 4, the variation 
in speed is a negligible 0.5 percent. At 
10", however, the change is 3 percent, 
and at 30° with the yoke going 1000 


Hose 
CLAMPS 


(( 


missinG 
BALANCE 
WEIGHT 


Hose clamps are an acceptable field fix for a missing balance 
Weight. Move the heads apart to adjust the weight. 


rpm, its partner goes from 866 t0 L155 
rpm each quarter of a revolution. You 
can imagine the surging vibration such 
an arrangement would set up, 

Fortunately, this condition is elimi- 
nated by the use of two joints with 
the driving yokes rorated 90° from 
each other. As long as the angle of 
cach joint is about the same, the 
acceleration and deceleration of one is 
canceled out by the deceleration and 
acceleration of the other, and a 
smooth transmission of power is 
accomplished. @ 
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flash of yellow whips through 
A our peripheral field of vision, 

as a taxieab sereeches into a 
downshifcin front of you. The driver 
flips you a hand signal rooted in antiq- 
ity ashe blithely makes a right turn 
from the third lane, forcing you to slam 
oon the brakes, There’s only one appro- 
priate response—you slam your palm. 
against the center of the steering wheel 
o audibly signal your displeasure with 
the hackie's driving, personal hygiene 
and relationship with his mother. 

But your hom doesn't blow. A sound 
‘more akin to the urwerings of a dyspep- 
tie goat emanates from your grille for a 
few seconcs—then silence, Your horn is 
broken, The moment is gone. And your 
‘mood sours even further. 


This Has Got to Stop 
Actually, blowing your horn as a sign 
of sheer displeasure is toraly inappeo- 


(Fig. 4) The horns are usually mounted 
behind the grille and in front of the 
radiator, although they may be to one 
side, higher or lower. 


priate. The cab driver will undoubr- 
edly continue to drive dangerously 
despite any message you might have 
delivered, Some municipalities pro- 
hibit blowing a horn within the city 
limits unless there’s a traffic situation 
thar genuinely requires it—if not, you 
may get a ticket, But horns do have 
more purpose than letting your 
teenage son signal to his date that he's 
waiting in the driveway. \ brief tootle 
ccan gain the attention of a pedestrian 
about to step off a curb without look- 
ing, andl may be the bese way to get 
the attention of that soccer mom dri- 
ving a 7000-pound SUV while talking 
oon her cellphone and looking in che 
rearview mirror at her whining kids, 


(Fig. 2) See the panel cover or manual 
‘to know which fuse protects the horn’s: 
circuits. If the S-strip is broken (fuse at 
right), replace the fuse. 


The horn is required equipment by 
lay—you'll need to ger it fixed or you 
‘may not be able to pass inspection. A 
zealous police officer may even find it 
appropriate to write you a citation if 
your horn isn't functioning properly. 


Less-Than-Adequate Honking 
In our scenario, the horn blew for a 
few seconds at reduced volume. This 
means thar the circuitry that feeds the 
horn with 12 volts is alive and well, 
Most vehicles actually have two 
horns, wired to sound at the same 
time. They usually will be of a differ- 
cnr pitch, sounding a chord instead of 
a single note. Some luxury ears use 
three horns for a more complex, 
melodious sound. The horns gener- 
ally are mounted to the radiator core 
support or somewhere behind the 
vehicle's grille Fig. 1). A cursory 
rooting around in the engine com- 
partment should find them. 

If one or more horns are inopera- 
tive, the sound wil be slightly 
reduced and less pleasant. If you sus- 
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pect one of your horns isn’t sound- 
ing, have @ helper depress the horn 
burton briefly (key on) while you 
touch the suspected horn with your 
fingers. (We recommend earplugs, for 
obvious reasons.) Sound vibrations? 
Remove the wiring connector, clean 
up the spade hugs and then reinstall 
the connector, Still nothing? If the 
horn has only one wire running to it, 
it relies on its mounting bolt to com- 
plete the circuit to ground. Unbolt the 
horn, clean up any corrosion and 
reinstall it. 

If there’s still no sound, make sure 
that a bad horn is indeed the problem 
by running. a jumper wire directly co 
the battery terminals. IF one horn is 
defunct, replace it. Generally, the 
horn will have an imprint or a sticker 
identifying it as a High or Low tone. 
‘To preserve the OEM horn character, 


you'll need an exact replacement. 
This will ensure that the horn’s fre- 
quency (pitch) will be the same, If 
you're not fussy, any universal 
replacement will work, although the 
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mounting may nor be the same and 
you'll have to adapr it, 


Sound Off 
Not so much as a squeak from either 
oor any of the horns? Then the prob 

lem lies elsewhere in the wiring, 
Now's the rime ro check the fuse, 
which probably is buried in the bot- 
tom of the dashboard, the driver's 
kick: panel or under the hood—or 


(Fig. 4) Check at the horn rolay for 12 
volts when the key is turned on. 


(Fig. 3) Using a 
simple volt- 
meter, back- 
probe the 
horn's connec- 
tor to see if 12 
volts is present 
when the horn 
button is 
depressed and 
the key is on. 


almost anywhere on the front half 
of the vehicle if it's not in one of 
those obvious places. Check the 
owner's manual for the location of 
the fuse box and of the specific fuse 
(Fig. 2). 1 it looks like the metal strip 
inside the fuse has failed, replace ic 
with one of the same amperage rat- 
ing. Once in a blue moon, fuses will 
seem to fail for no apparent reason, 
the fuse is bad, odds are you've 
got a problem that will make it 
blow again, sooner or later. 


The Fuse Passed Inspection 
Now you'll need a 12-vole test light 
or a voltmeter. You also should find a 


shop manual or, at the very least, a 
schematic diagram of the horn circuit. 
Start by testing for 12 volts at the 
connector to the horn (Fig, 3). One 
side of the circuit is carried by the 


a's 
metal feame, s0 you'll need to check 
between a good ground point and the 
wiring connector for the horn, If 
there's no voltage ar the connector, try 
checking the horn relay (Fig. 4), 


ae 


The horn relay switches a large 
current to the horns at a signal from 
the low-current horn button in the 
steering wheel (Fig. 8). I’s a simple, 
inexpensive single-pole single-throw 
(SPST) relay, packaged in a small 
metal or plastic box with ive spade- 
lug connectors, If you're unlucky, 
your vehicle uses a relay thar’s inte 
grated into a larger box of sparks thar 
also controls several other functions 
on your ear, such as the headlights or 
the turn signals. This part is consider- 
ably more expensive. Sorry. Consult 
the shop manual for the location of 
the relay, asi, like the fuse box, may 
be hidden almost anywhere under- 
hood or under the dash—and not nec- 
essarily near the fuse box. A simple 
SPST relay will have a constant sup- 
ply of 12 volts ro it, a lead that runs 


through the harness to the horn, 
another lead that runs to the horn 
switch in the wheel, and a ground. 
‘Check thae voltage is coming into the 
relay ar two terminals and leaving it 


at ywo other terminals when the 


switch is pushed, If it's not, try 
grounding the lead thar goes to the 
horn button to make the relay pull in, 
If the horn sounds, the relay is good 
but the horn button or its wiring is 
bad, You may be able to simply 
replace the relay if irs the problem 
Otherwise, you'll need to do some 


serious detective work to chase down 


the open circuit 


Button, Button, 

Who's Got The Button? 

If you have a “panic” button on your 
keyfob/remote, you can check to 
determine if the horn circuit works, IF 
it sounds the horn, but the horn does- 


rework when you press the burton, 
the problem is in the horn bucton or 
its wiring co the relay. Every lare- 
model car has an airbag camped in 
the middle of the steering wheel, This, 
airbag, if improperly handled, ean 
expand with lethal force. Even the 
staric from dragging your clothing 
across the seat can set it off. And the 
horn button (or buttons) is generally 
attached to the top of the airbag 
shroud, Thar means you should get a 


HORN 


‘SWITCHED 
CONTACTS: 


Ei 


(Fig. 5) The horn relay steps up the low current from the horn button to the higher 


current needed by the horns. 


trained technician eo remove the 
airbag for you and then reinstall it 
after your horn has been fixed. He 
can test the airbag system to be sure 
it will go off when it’s supposed to 
and nor go off when it’s not, The 
airbag must he removed to access the 
slip rings or clock spring that carries 
volraye up the rotating steering col- 
umn from the relay to the horn bur- 
ton (Fig. 6) If you need to access this, 
ve recommend you leave the job to a 
service technician who has training 
ice manuals detailing the cor- 


Lock, 
SPRING 


rect procedures, Incidentally, a horn 
that intermittently blows on ies own, 
aenerally is caused by a bad clock 
spring that shorts out to ground ran 
domly. Older ear “budget” alterna- 
tives Clip the horn burton wire near 
the relay, splice an auxiliary wire eo it 
(and wrap the splice with electrical 
tape). Run the ausiliary wire ro an 
aftermarket universal horn burton 
you can mount on the dash or con- 
sole. It's not eye-appealing and you 
do have to “learn” the location, but 
it costs just a few dollars. @ 


(Fig, 6) The clock spring allows the wheel to turn in circles while still making an 
electrical connection to the car's wiring system. 
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Repairing Your 
Windshield Washers 


ro wer the windshield. So you press 

the washer button and! turn on the 
wipers. There's nothing—or ma 
just a weak squir-—out of the washer 
nozzles, and the wipers quickly slow 
down and just streak the windshield 
to cover up whatever clear areas there 
had been. Traffic becomes a blur, and 
you're forced to slow dawn, pick your 
way through a slalom of ears and 
trucks toa side street, and just shake 
fora few moments until you have the 
presence of mind to get out and clean 
the window by hand. 


I: a Tight drizzle—harely enough 


Where's the Liquid? 

You just filled the reservoir last week 
and haven't used the washers since, 
So the reservoir should have plenty of 
fluid, right? tt was a washer anti- 
freeze solution? Okay, is the reservoir 
still full? es empry? There must be a 
leak. Even if thar solution contains a 
dye, you still are likely to have a 
tough time finding a cracked seam in 
the reservoir, particularly ifthe reser- 
voir is under the battery or in a 
fender well, the late-model location 
of choice for space-deprived power- 
train compartment engineers. 


Fill the reservoir and run your fin- 
gers along any seam, and also around 
the pump seal, which may bea simple 
rubber grommet. I you're losing fluid 
ata noticeable rate, you should be 
able to find a wet spot pretty fast. If 
it’s. seam, empty the reservoir, dry 
the exterior and apply a bead of wind- 
shield sealer or epoxy. Fit’ the pump 
grommet, pull the pump out (just 
‘work it side-to-side or up-and-down 
with an outward tugging motion). 
Replacement grommets are norneces- 
sarily easy to buy, so if you can’t get 
one, i's worth trying to apply beads of 
RTV silicone sealer around the pump 
opening in the reservoir and around 
the barbs of the pump, Allow ade 
quate time for the RTV silicone to 
“skin” (partly cure) so it doesn’t 
extrude out of position when you rein- 
stall the grommet and pump. 

‘The reservoir is full? Next ques- 
tion: Is the pump working? Have a 
helper press the washer burton while 
you listen at the pump. I you hear i 
working, disconnect a hose that runs 
from the pump, aim it into a container 
and repeat the test. If there's a solid 
stream, repeat the test at the hose con- 


nection to a spray nozzle. Ifa car has 
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(Fig, 1) Replacing @ nonworking pump is 
simple once the reservoir is empty. 


two nozzles, its unlikely thar borh 
nozzles would plug up simultaneously, 
but iris possible thar the hose from 
the reservoir is kinked, thar a check 
valve (installed in some lines) has 
closed up or an inline filter is plugred. 
So if you get a solid stream from the 
pump, bur nothing ara hose connec 
ton, work your way hack to the 
pump. [Fall you can find is a check 
valve or an inline filter, remove it and 
make a temporary splice with a plastic 
hose connector, You may find the 
washer system operates well enough 
to make that your permanent repair. 

If the pump isn’t working, either it 
has failed or there's a breale in the cir~ 
‘cuit leading to it. Unplug the wiring 
connector and again have your helper 
press the washer button while you 
probe the terminals with a grounded 
12-vol tes light. It should go on with, 
the probe in one ofthe two terminals, 
and when you identify that one (the 
‘current feed), try to jump across the 
vo terminals with the rest light. Again 
it should go on. If you can't get the 
Tight to go on in the first test, there's a 
break in the current-teed side of the cir- 
cuit from che washer burton, and you'll 
have to trace it from there. If you can't 
et the rest light to goon when you 
jump across the nwo terminals ofthe 
connector, there's a bad ground. 

The connector passes both tests? 
The pump is the problem. On most 
late models, you can just pull ic our 
(che rubber grommet may come out 
swith in. 

On many older cars, where little 
more than the end of the pump sticks 
ut, look for a serrated retainer you 


can pry out with a thin-blade screw- 
driver. Then pull the pump itself with 
slip-joint pliers on an edge of the 
electrical terminal (Fig. 1). 


Soldering a Component in Place 


Wipe the soldering iran on the sponge and hold it so it's touching both the 
solder pad and the lead that protrudes through. Avoid using the soldering 
iron tomelt the solder. Instead, heat up both the lead and the pad so that the 
solder melts when you touch it ta them. 


This mustall be done quickly: withina second of touching the ron tothe joint, 
push a small amount of solder into the joint, and let it flow around the joint 
as shown. Give ita second to flow, take the solder away, then wait a second, 
and take the iron away. With practice, you should be able to do all ofthis in 
three to four seconds per joint. Figure 2-9 shows how you'd solder the pin 

to the skill badge. Figure 2-10 shows an LED being soldered. 


Ifyou hold the iran to the component too long, yourrun the risk of damaging 
either the component or the solder trace on the PCB. 


Figure 2-8, Soldering a pin 
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Just a weak squirt from the noz 
‘les? If there's a solid stream from the 
hose connections, the nozzles appar- 
ently are plugged. The easiest 
approach is to just replace them, if 
you can get new ones. Most 

nozzles are held by retain- 

ing serews or built-in 
squeeze clips. Some nozzles 
have just a single-side clip 
{press toward the nozzle 

and push the nozzle out) 
Others have clips on both 
sides of the nozzle (squeeze 
together and push out the 
nozzle}. I the opening is large 
enough, you may reach in with fingers 
to squeeze the clip(s). Otherwise, use 
nneedle-nose pliers (Fig. 2). 

Can't get new nozzles? On some 
old cars you could work in a needle 
to clear out the passage, but today, 
few nozzles have passages straight 
enough to do that. And if the car 


ast 


IT 


has a single, centrally located noz- 
ale, it’s probably a “fluidic nozzle. 
Ir seems to apply a super-wide-angle 
spray to the windshield, but actually 
it produces an oscillating stream 


FLUIDIC NOZZLE 


(Fig. 3) Fluidic nozzles cover a large area from a single point. 


thar is so fast it deceives your eye 
(Fig. 3). There are no moving parts 
within the fluidie nozz 
contain a complex ser of passages 
thar produces the oscillation that 
swings the spray from one side to 
the other. 

Soak the clogged nozzles in vine- 
gar, at least overnight, to dissolve 


(Fig. 2) Replacing a dam- 
aged hose or nozzle is 
‘simple: Squeeze the plas- 
tic tabs together with pli 
ers and the nozzle should 
op out of the hood. 


deposits, then blow 
compressed air through 
the nozzles, and that 
should restore the 
spray pattern. 


Nozzle Aim 

If the spray doesn’t go 
where you want it to, it 
may be possible to 
make an adjustment. 
‘Typically, if the mount- 
ing pad is round, and 
the nozzle head has 
two or three spray 
holes, ir can be 
adjusted side-to-side, 
up-ordown or both, 
by inserting a thin 


probe tool into a spray 
hole (Fig. 4), Some 
nozzles have a rectan- 
gular hole between two 
spray holes, meant 
specifically to accom- 
modate a probe for 
adjustment (Fig. 5). 

‘On older cars, the nozzle may bea 
simple piece of metal tubing (with a 
calibrated orifice inside), held by a 
retaining serew. With a pair of needle- 
nose pliers, make a very 
tiny bend, ata joint if there 
is one, near the base if there 
isn’t, 

You can’t reshape plastic, 
and most nozzles are rectan- 


gular and fit into a position 
that defies change. Tit 
held by a screw, you may be 
able to slip a thin piece of 
plastic or aluminum under the fore or 
aft end of the nozzle to lower or raise 


the spray tip, so the spray hits the 
windshield higher or lower. However, 
if i's retained by plastic clips, you can't 
do this, or the clips won't sear. Ifa 
novale starts to spray off the usual pat- 
tern, thar’s usually the result of front- 
end bodywork that included hood 
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adjustment, and it may take some 
readjustment to correct, 


Nozzles in Wiper Blades 
When the washer nozzles are in the 
wiper blades, a damaged hose can 
allow leakage that weakens the spray. 
Or the hose may have become kinked 
from careless cleaning of the wind: 
shield. The nozzles are never 
adjustable, so if you can’t clean them, 
you'll have to pop in replacements. 


Rear Systems 
Some vehicles, particularly wagons, 
minivans and sport utilities, are 
equipped with rear washers, which 
often: means a second pump and 
dual-chamber reservoir, plus a long 
hose ta the rear to check out. If there 
are dual sections, most are designed 
so the rear drains into the front 
when the front is nearly empty 
the fact that you hayen’t used the 
n't work, 
could mean a problem 
with the front system, 
particularly a leak from 
the front chamber or a 


rear, and ir now doe 


front circuit hose. 
There's also a second 
washer pump, so be sure 
co check the right one. 
Washer system service 
isn’t complex, but it may 
require working in tight, 
dark quarters. So use & 
bright droplight and 
spend the extra minutes 
to do it right 


Inside a 
Fluidic Nozzle 

The single fluidic nozzle seems to 
apply a wide-angle fan spray across 
the windshield, bur actually ie an 
oscillating stream. Fluidics is the name 
of the operating principle. The inter- 
nal passages of the nozzle are shaped 
so the incoming fluid goes through a 
main passage, sort of “leaning” 
against one wall (a deflector in the 
main passage “biases” the nozzle co 
start the flow to one side). AS ir flows, 
some of the fluid is diverted through 
an openting on that wall into a feed 


HOW IT WORKS 


A Washer System 


When you operate the 
washer button, you complete 
Beirut to the system's YY 
electric pump, typically 
mounted in the bottom of 
the reservoir. 
The pump draws fluid from 
the reservoir and pushes i 
through a hose to one oF two 
nozzles in front of the wind- 
shield, typically in the hood 
or the cow area just to the 
rear of the hood. On vehicles 
witha rear window washer, 
there's second pump with 
its own hose, and generally 
a single nozzle at the rear. 
Some rear washers have 


FRONT NOZZLES 


Cc NOZZLE 
~ 
= RESERVOIR 


(Fig, 4) Some nozzles can be 
aimed with a straight pin 
inserted in the hole. 


back passage that produces a 
second fluid flow against the 
incoming flow at its entry 
point. The pressure of the 
second flow deflects the 
incoming flow to the oppo- 
site side wall of che main pas- 
sage. There's also a feedback 
passage on this side, and 
again the second fluid flow 
deflects the main flow back 
to the opposite wall. This 
goes on so fast thar it 


appears to be a spray, But because it's 

Z ‘an oscillating stream, the flow from 
S ‘one centrally located nozzle covers the 

SQUARE HOLE | entre windshield 

TOR AL Fluidics works on airflows as well, 


and the same principle was used in 


two standard-size defroster nozzles 


the defroster nozzles ofthe 1990-96 
A 00 


General Motors minivans, where 


with normal airflow could cover the 
large windshield. @ 


(Fig. 5) Other styles of nozzles provide 


a receptacle for a special aiming tool. 
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Curing Radio Noise 


fou're looking forward to the 
chance to listen to the ball- 
game, having just dropped your 
porple-haired teenage daughter off at 
her first semester at college. A lot of 
ballgames, actually, now that you 
don’t have to listen to her headbanger 
music, with its shrieking vocals and 
droning guitars. Bur instead of the 
first inning, you hear what sounds 
like some awful guitar note—and it 
changes pitch as you speed up and 
slow down, turning to a maniacal 
shythmic clicking as you wair for a 
traffic light to change. There's no rape 
in the player. What you have here is 
radio frequency interference (RFI), 


Finding the Source 

There are three classes of RF noise— 
constant, intermittent and engine- 
speed following, Our hapless father’s 
problem was in the last category— 
his noise varied up and down in 
pitch and volume as his engine sped 
up and slowed down. This type of 


noise is caused by something that 
varies its speed with the engine. 
Likely culprits include the ignition, 
the alternator or even a fuel injector. 
Constant-speed noises are usually 
caused by an electric motor—most 
likely the electric fuel pump found in 
the tank of most modern vehicles 
which runs ar a constant speed any- 
time the engine is running. An elec~ 
tric fan motor will also run at a con- 
stant speed—until you change the 
fan setting or turn it off, Intermittent 
noises are easier to associate with a 
source, such as an electric seat 
adjuster or a power-window motor, 
In other words, even though the 
noise comes from a radio speaker, it 
may be caused by any manner of 
device anywhere on your vehicle, 


Constants 


‘The one motor that's guaranteed t0 be 


on whenever the car is running is the 
fuel pump’s, and unfortunately it's 
usually buried inside the fuel tank, 
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(Fig, 1) A cheap AM radio makes a 
ood Geiger counter-style device for 
hhunting down RFI. Here, we're looking 
for an alternator with a bad diode. Mind 
your fingers. 


Here's one sure way to tell, Turn the 
key to the Run position withoue start- 
ing the car. The pump should run for 
2or 3 seconds, Then, when the 
computer senses that the engine isn't 
running, it will shut off the pump to 
prevent spilling fuel and draining the 
hattery. Other almost-constants are 
heater fans, wipers and electric 
radiator-cooling fans. 


Engine-Speed Noises 
Candidates here include the alterna- 
ror/voltage regulator, a faulty fuel 
injector and the ignition system. 


Geiger-Counter Test 

Here's onr favorite low-tech tool for 
hunting down and killing wild 
noises—a cheap AM radio (Fig. 1). 
‘Tune it to.an empty channel around 
1400 kHz, crank up the volume in 
your headset, and use the radio to 
sniff our the noise. These cheapo 
radios use a ferrite-bar antenna that 
has good reception along its side, but 
poor reception along its length, Once 


IGNITION 
coll 


‘CORROSION 


To DISTRIBUTOR BND ANCING 


(Fig. 2) Carbon tracking in the ignitfon 
system is a noise source. 


(Fig. 3) Be sure both 
ends of the antenna 
are properly grounded 


you find the noise within a few feet, 
turn the radio 90° to minimize the 
noise. The top of the radio will point 
at the source like a gunsight 


Making Sure 
Find some way of disconnecting the 
source of the RFI and check to see if 


the noise ceases. This will be difficult 
in the case of the fuel pump or igni- 

| tion, but you can pull the belt off the 
alternator. (Don’t disconnect the 
alternator electrically—the back EMF 
[voltage] may smoke the diodes.) IF 
you think it’s a fuel injector, try dis- 
Connecting it from the harness. 


Plugged Up 

Virtually all cars coday use resistor- 
type plug cables if they use spark 
plug wires at all. If your vehicle is 
‘more than a few years old, degraded 
cables may he the source of the prob- 
Jem, Remove and replace the cables 
one at a time, clean them of grea 
and dirt with mild detergent, and 
check the connections to the ends. 
Now get our your ohmmerer and 
measure the cables’ resistance along 
their length—they should measure 
approximately 10,000 ohms per foot. 
Resistance in the megohms or single 
digits may well be the source of not 
only your RFI, buta nagging misfire. 
Replace any suspect wires with fa 
tory or high-quality aftermarket 
wires, Check the plugs, coil and any 


CURING RADIO NOISE 


8 


GROUND 
‘CONNECTION 


distributor for evidence of carbon 
tracking or arcing as well (Fig, 2). 


Intermittents 

These noises are easy to associate 
with the source. Any RFI thar sounds 
only when one window is going up or 
down will be easy to blame on the 


window motor. 


Which Way Home? 

Now that you've pinpointed the 
what can be done about it? It 
depends on whether your RFI source 
is broadcasting or cabling the noise 
to your radio, This marcers because 
the cure is different. Try pulling your 
radio’s antenna lead out, Lf the noise 


goes away or is substantially quieter, 
it’s coming in through the antenna. If 
the noise stay’s the same or gets 
louder, it’s coming in along the 12- 
volt power cables. 

‘Try removing the antenna from the 
fencler and cleaning the fender sheer- 
metal and the antenna mount. Clean 
down to the shiny metal, using sandpa- 
per to remove any corrosion (Fig. 3). 
Smear the area lightly with Vase 
and reattach, This will prov 


proper ground at he antenna. Be sure 
the radio chassis is properly grounded 
to the car body (Fig. 4). Aftermarker 
installations are more likely to have a 
radio thar's grounded only by the 
shield in the antenna co-ax. A simple 
wire added between the component's 


(Fig. 4) Check grounding 
points by loosening, clean- 
ing and tightening. 


metal ease and the car's 
sheermetal will often elimi~ 
nate any REL. 

There are two ways to 
reduce noise: by using an 
inductance in a pow 
cable to keep the high- 
frequency noise from 
traveling, or by using a 
capacitor to shunt it off 
to ground harmlessly 
Sometimes both ploys are 
necessary. In fact, most af 


the electrical motors in 
your vehicle use some 
sort of capacitor for noise suppres- 
sion. Any good car stereo shop or 
Radio Shack will have the parts you 
need. The noise filter we show below 
is one example (Fig. 5), It has a large 
inductance in series with the 12-volt 
power cable to a buzzing aftermarket 
stereo, as well asa couple of small 
capacitors in parallel. The inductance 
prevents noise from entering the 
amplifier through the power leads, 
and the capacitors bypass any left- 
Electric motors, as we mentioned, 
often have a capacitor in parallel 
with the armature for the purpose of 
reducing RFI If the moror’s brushes 
are worn and sparking, the noise may 
overpower the capacitors filtering, 
Most automotive electrie motors are 
not serviceable, and they'll have to be 


(Fig. 5) This RFI filter goes in line with 
both power and ground connections. 
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replaced if a simple filter doesn’t 
quiet them 

As we said earlier, fuel pumps are 
diffcule ro get to—in most modern 
cars they are mounted inside the fuel 


tank, To access the pump, or even the 
\wiring that connects to the pump, it's 
necessary to drop the tank out from 
under the car, which isa lengthy, 
messy and potentially dangerous job 
Be careful if you attempt to add a fil- 
ter to the external tank wiring, as the 
filter itself is large and bulky. You'll 


ned to securely mount it to the top of 
the tank to keep it from breaking 
loose over potholes and bumps. 


Soldering 

One of the most common sourees of 
RFLis poor connections. If you find a 
poor, corroded connection or a loose 
electrical joint, don't just crimp the 
connector tighter onto the wire. 


Remove the connector and clean the 
wire, [tmay be necessary ¢o trim the 
wire hack a few inches to get past any 
corrosion inside the insulation. 
There’s only one acceptable technique 
for splicing wires if you're having RFL 
nd the common automotive: 
style crimp connector isn’t it. You'll 
need a good, clean, high-warrage sol 
dering peneil or gun, rosin-core 60-40 
solder and PVC shrink tube, 

Start by usit 


g proper, stranded 
automotive-grade wire, Unstranded 
household wire will fracture and 
eventually break. Start with wire of 
at least the same diameter as the wire 


you're adding to. If you're adding a 
power eabl 
a filter, use 12 
resistance, Strip and pre-tin both 


round connection or 
a. wire for ultealow 


wires to allow you to twist them 
together for a sound mechanical con 
nection. Slip a length of PVC shrink 
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tube over one wire, twist together, 
and solder, Use enough heat and a 
sparing amount of solder to make a 
shiny, wet-looking solder joint. Allow 
the joint to cool withour disturbing, 
it, This will prevent the liquid solder 
from crystallizing as it cools. 

Cover the joint with the PVC tub- 
ing and shrink the tubing with a heat 
un, or carefully with your lighter if 
you must, If the solder joint you're 
making will be exposed to the ele- 
‘ments, use shrink tube that has water 
proofing adhesive inside ir to keep 
corrosion from creeping into your 
fresh joint. Silicone seal or liquid elec: 
trical tape is 

Dress any new wires carefully to 


od alternative 


prevent chafing on comers. Support 
any components you've added 
Rememher that even a foot or two of 
n flex itself to the 
breaking point if irs unsupported. 


heavy-gauge wire 


PVC SHRINK 
TUBE 


‘STEREO 
AMPLIFIER, 


aT 


Servicing Composite Headlamps 
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t's your first chance in months to 
| get out of Dodge. Ir be great t0 
kc up some cold ones, a couple 
of fishing rods and some old clothes 
and escape to the country for a day or 
two. But as you leave the mercury- 
vapor-lluminated metroplex, you 
realize what you forgot—carrots, lots 
and lots of carrots, because you can 


barely see the road in front of you 
in the starlight of the countryside, 
Relax, ir’ not your failing eyesight. 
It’s a burned-out headlamp, 


Older Ways 
For generations, American ears, and 
any car sold in the United States, had 
the same kind of headlight—a sealed: 
beam, either in a single or a quad 
arrangement. This fragile blown-glass 
envelope was filled with an inert gas 
and worked pretty well until ic 
bumed our. Tr had only modest per- 
formance, but the Department of 
Transportation mandated its use. 
‘Most modern cars use what's called 
composite headlamp—a plastic reflec- 


(Fig, 2) Many modern headlamp asser 
blles have a bubble level to assist in 

aiming the light beam. You'll still need 
‘a marked wall to see the beam pattern. 
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WIRING 
HARNESS: 


LAMP. 
HOLDER 


tor bonded to a plastic or glass lens and 
fitved with a bulb. The bulb is of a 
quartz-halogen design. The “glass” 
bulb is actually made of silica quartz, 
which is highly resistant to heat. The 
filaments engineered to run at a much 
higher temperature, producing more 
light and heat. The silica envelope is 
filled with a mixture of halogen gases 
(iodine or bromine) to scavenge evapo- 
rated tungsten flament from the inside 
of the quartz, keeping each bul 
brightness constant until it fils. 
Simply replacing a bulb is easy. A 
socket holds the bull in place ar the 
back of the reflector assembly, Unserew 


(Fig, 1) The first step to replacing a 
lamp is to disconnect the wiring har- 
ness from the lamp holder. Never touch 
‘the glass on the replacement bulb with 
your fingers. 


itand pluck the bulb our. New quartz 
bulbs are always packaged ina bag or 
sleeve. This is to prevent the oils on 

your fingers from contacting the quartz, 
‘Temperatures at the surface of the bull 
are high enough—several hundred 
degeces—that the oils will carbonize 

conto the surface, creating a localized 
hot spor. This hot spot will overstress 
the silica, resulting in a crack that lets 
air into the bulb, blowing the filament 
‘out within minutes, Never allow your 
Fingers, or anything that isn’t squeaky 
clean and dry, to touch the bull (Fig. 2), 
{IF you do, clean the bull with alcohol 
and a clean cloth, The easiest way to 
avoid problems is to leave the protective 
sleeve on until the bul i in the socket 
and ready to reinstall, When reinstallin 
the lamp holder, a small smear of sili- 
‘cone grease over the O-rings will help it 
slide back in and keep moisture away 
For more detail on this work, read 
“Replacing Headlights” on page 166. 


Foggy, Foggy Nights 
Both of your headlights ace lighting 
up but you still ean't see? Are the sur= 


ADJUSTMENT 
‘THUMBWHEEL, 


faces of your headlamps fogged? Plas 
tic lenses are covered with a special 
UV-resistant coating. After years of 
exposure to pollution and UV-con 
taining sunlighs, it can fog. Using rub- 
bing compound to remove the haze is 
a short-term solution. With the coat- 
ing polished off, the lens will yellow 
and haze. Your only solution is to 
replace the entire assembly 

If moisture has crept into the 
assembly and fogged the interion you 
may have a problem with the hous- 
ing’s vent system, Look for collapsed 
vent hoses, of hoses plugged with 
mud, insects or rustproofing. 

If the vehicle has been immersed in 


muddy water, you'll need to remove 
the entire housing and flush it out 
Dry thoroughly inside and out before 
reassembly. Cotroded plating on the 
inside of the reflector is grounds for 
replacement, 


(Fig. 3) It's critical 
to keep both headlight 
beams’ cutoff below the 
line at the bulbs’ height from 
the pavement. Check this on 
level pavement. 


lamp in composite headlamps has 
very sharp horizontal cutoff to keep 
light out of the face of oncoming traf- 
fic. Consequently, the aiming of the 


invariably gor more difficult to curn 
as the socker aged and corroded. 
Sooner or later, the heads of the 
screws stripped, and you aimed your 


beams is critical, 
Aim High 


Be sure ro ser the 


m correctly 
Old-style sealed-beams were nor fussy 
about aiming, bur the modern quartz 


Sealed-beam lamps used a re 
tively crude aiming mechanism that 
required a Phillips-head screwdriver 
to turn adjusting screws, which 


headlights poorly or not at all, 
Some headlamp assemblies are 
adjustable by means ofa large 
Phillips-head screw accessible from 
the front of the vehicle through holes 


HOW IT WORKS 


High Intensity Discharge Lighting 


‘Some high-end vehicles are available with an 
extremely bright, tightly focused type of lighting known 
as High Intensity Discharge (HID). Unlike conventional 
lighting, there is no filament to burn out, as the light is 
generated by incandescent gases in a quartz tube. 
How hot is it? Hot enough to create a plasma of the 
‘molecules by stripping the electrons away from their 
‘nuclei. This requires, at least initially, nearly 20,000 
volts to discharge across electrodes in the bulb. The 
plasma envelope’s shape is easier to focus than a 
springy tungsten wire, s0 less stray light goes into 
‘oncoming traffic's windshields and more, far more, 
oes onto the verge of the roadway. There's nothing to 
burn out, so the lamp should outlast the vehicle. After- 
market retrofit kits are available to upgrade your vehi- 
cle. We've installed a Xenarc low-beam kit from Sylva 
nia on one of our vehicles, and it has given us a new 
appreciation for the number of deer browsing near the 
side of the road at night. 

Just remember that correctly aiming these types 
of lights is far more critical than conventional lamps, 
because their intense fight can potentially blind 
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oncoming traffic if they're almed too high. Warning: 
Before you replace a bulb with this system, be sure the 
switch is off, battery is disconnected, and ballast 
connectors are unplugged. High voltage Is hazardous. 
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in the grille, Others may have thumb- 
wheels thar you simply crank up and 
down and left and right without any 
tools (Fig. 2). Vehicles vary, so you'll 
need ro cheek your owner's manual or 
the shop manual for specifics—but 
here are the generic instructions, 

Park your ear in front ofa light- 


colored wall in a dark spot indoors, 
or outdoors at night, Position the ear 
so that the headlights are 25 ft, from 
the» 
at right angles to the wall. Measure 
the height of the center of the head- 
lights from the ground. Make a line 
oon the wall with a marker or masking 
tape at this same height (Fig. 3). Now 
mark a pair of vertical lines directly in 
front of each headlight. With the 
adjustment thumbwheel, you can now 


I, and be sure the ear is parked 


oS; 
' { mi | 
uy 
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shue the beam up or down and left or 
right. If you have trouble visualizing 
cone beam beca 
its light, try pulling that lamp’s 
ector, at just covering it with 

your jacket 

The specifie numbers vary with 
each vehicle manufacturer, but at the 


se the other obscures 


very least, the left and right beams 
should be the same with respect to 
he cutoff 
line should be just below the line 
the headlamps’ center, The kickup to 
the right of the beam should start just 
to the right of the centerline, Do all 
the adjusting with a trunkful of lug- 
gage, a tankful of gas and a warm, 
body in the driver's se 

Many late-model cars incorporate 
a small bubble level directly into the 


their individual centerlines. 


headlamp housing (Fig. 2). Observing 
the level will help you to make adjust 
ments when you are aiming the light 
beam, Remember that this is only an 


\djustment, You'll still need to 


alize the beam on a wall to trim 
out the correct alignment. This is 
because manufacturing tolerances 
don’t always place the filament in the 


lamp in exactly the same position rel 
ative to the lamps m 
can make the bean 


'salignment quite 
different when the lamp is re 
The level will le you make headlamp 
adjustments when you have to drive a 
heavily loaded vehicle, Cheek the set- 
tings on the bubble levels, load up the 
trunk, reset the bubble levels and go. 
Don't forget to raise the beam after 
you unload. 


laced, 


am 


Servicing Electronic Suspensions 


‘ou and your Corvette have 

Y= terrorizing the same back 
road on the way home for 

months. A warning lamp that says 


SERVICE RIDE CONTROL. winks at you 
from the dash. No problem, you 
say—I'll take it to the dealer for ser 


vice next week, 

That sensuous, sweeping switch- 
back turn is disappearing—rapidly, 
very rapidly—under your front tires. 
You've been through this turn a 
hundred times before, but this time 
something is different. A small 
pothole suddenly makes your outside 
front tire start to skitter across the 
asphalt as you mow down a solid 
hundred feet of weeds between 
the verge and the ditch before regain~ 
ing control. 

Suddenly the need to see the dealer 
has become much more urgent. Then 
the dealer says it may cost as much as 
(gulp!) two geand ro fix. Time for the 
Saturday mechanic to get busy. 


Finding the Problem 
Consider the fact that the warning 
light mysteriously eame on after the 
car was jostled around on some 
broken pavement. That means 
there’s a good chance you're dealing, 
with just a bad electrical connection. 
‘Or maybe one of the Bilstein shock 
absorbers was severely worn and just 
needed that last pounding to jam the 
adjustment mechanism, In retro- 
spect, the right front corner has felt a 
bir mushy lately, hasn't it? Luckily. 
the Selective Ride Control (SRC) 
system in the Corvette is one of 
the simplest setups, if not the sim- 
plest, of its kind. OF replacement 
parts aren’t cheap (the shocks cost 
about $300 apiece), but at least you 
don’t have to pay labor when doing 
the job yourself, 

Pity the guy who has problems 
with an air-strut setup, such as those 


Fig. 1. Lincoln Continental's ait-strut damper shutter varies oil flow through ports. 


Other systems are similar. 


found in Lexus LS 400s, some Mic 
subishis and the Lincoln Continental 
(Fig, 4), Except for the Infinitis Q45 
active suspension, these are the most 
complicated systems on the road. 
The Lexuses and Mitsus adjust 
damping rate, ride height and spring 
rate automatically through a com- 
puter. The Continental changes just 
damping and ride height. Unlike the 
Corvette and some other ride-control 
systems, the Continental's air struts 


can't be converted to a conventional | 
suspension. Tough luck. 


Check the Basics First 
Roughly half of all the mainstream 
carmakers offer some type of elec- 
tronic suspension system on same 
models, In general, they all make 
computer-controlled adjustments on 
response to one or more of the fol- 
lowing inputs: road conditions, vehi- 
cle speed and weight/load, brake 


a7 
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Fig. 2. With no trouble codes stored in a ride-control system’s computer, begin the 
diagnosis by visual inspection of the parts and wiring. 


application, steering-wheel angle, 
power steering pressure, throttle posi- 
tion, lateral/longitudinal acceleration 
and the position of a dash- or con- 
sole-mounted driver-selectable switch. 
But don’t let this ist overwhelm 


you, The key to any modern austomo- 
tive system is to keep it simple and 
check the basics first, then move on, 
‘One prerequisite for working on 
almost any modern car is adequate 
documentation. Beg, borrow or steal 
the manual for your ear, which may 
involve ordering it from the dealer 
Without some sort of manual, you 
be guessing, and probably not only 
won't be able to make the repair but 
‘you might inadvertently damage some 
pretty expensive parts. 

In the case of your Corvette, there 
should be at least one trouble code 
stored in the computer: So you would 
jump right to “Corverte diagnostics” 
on the page 155, because it would 
probably lead you to the problem a 
lor faster 

If the computer hadn't turned on the 
‘warning message but you felt something 
‘wrong with the suspension (or you 
don’t have the self-diagnostic informa- 
tion for the system you're dealing with), 
you would start by taking a close look 
ar the adjustable shocks for some signs 
of ol leakage as if dealing with plain ol” 
shocks. If you see any stains or drips, 
the first piece of business isto replace 
the bad unit and hope the system is 
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Fig. 3. Air suspension must be off 
before jacking up Lincoln Town Cars or 
Mark VIVVUIs. 


fixed, The same logic applies co all elec 
tonic suspensions, be they ait 
hydraulic or both, No matter how com- 
plex the system is, the damping portion 
Of the shoek/strut is stil filled with, 
hydraulic ol and needs to be sealed. 
Next, do a visual inspection for any 
air/uid lines that have burst and for 
damaged or misadjusted height sen- 
sors on those setups that use them. 
Look around for any obvious harness 
connector trouble and check the 


shockistrut actuators and their con- 
rectors (Fig. 2). If you hear the air 
compressor running constantly, it usu- 
ally means a height sensor is out of 
whack, there's a small air leak or a 

y is stuck in the ON position. Ifthe 
‘compressor never turns on, you can 
suspect a bum height sensor, a stuck- 
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‘open relay, a clogged air bleed-off 
valve, a blown fuse or even the com 
pressor itself. 

Ford issued a technical service bul- 
letin on this exact subject hack in the 
mid-90s, It seems that on 1990-93 
Grown Vietoria/Grand Marquis and 
Town Car models, the reae air suspen- 
sion may not pump up when loaded 
because the air-supply line at the Y 
conneetor near the No. 4 crossmem- 
ber tends to rub on the underside of 
the car body. The constant rubhing 
eventually wears through the line and 
creates a leak, An improved air line 
with a protective shield was issued t0 
remedy the problem. The OF part 
numbers are FLAZ-5A897-B (Crown 
Vie/Grand Marquis) and F2VY- 
5A897-A (Town Car}. 


Corvette Nitty-Gritty 
Understanding how the SRC system 
wwarks will help to diagnose and fix it 
and will make other setups easier co 
comprehend. SRC consists of four 
adjustable gas-charged shocks, an 
actuator motor on top af each shock 
anda computer to drive the actuators 
SRC can adjust the damping rate 
only —the ride height never changes. 
Inputs to the computer include a 3 
position driver-selectable switch, the 
vehicle speed sensor and signals from 
each actuator’s Hall-etfect position 
sensor. Based on the car's speed and 
where the driver has the switch, the 
computer powers the actuator motors 
so thar they rotate a certain number 
of degrees. Every time the key is 
turned an, the computer rotates the 
actuators back to the 0° stop. 

Inside the conventional-looking, 
shock shaft isa thin rod, called the 
damping rod. Ir extends from the 
top of the shaft down to the piston 
On top of the damping rod is a gear. 
When the actuator is mounted, its 
gear fits over the gear on the rod, 
Which enables the aetuator a rotate 
the rod up to 160" inside the larger 
shaft, Because the bottom of the rod 
is beveled, as it turns clockwise it 
gradually closes off che bypass 
orifice machined in the side of the 
larger shaft, The smaller the orifice 
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Figure 2-10. Soldering an LED 


"7 


ELECTRONICALLY 
CONTROLLED. 

SHOCK : 
ABSORBER ae 


gets, the stiffer the shock gets 
Mechanically it's simple. As long as 
the electronics don’t screw up, only 
normal wear should affect the system. 
Other electronic dampers work in 
basically the same way but they vary 


in design. For instance, the Continen 
tal's air struts use a shutter-type mech 
anism with different size orifices to 
vary the oil flow. 
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Replacing the Shocks 

If you find a leaker or one shock that's 
clearly worn out, replacing it is about 

5 straightforward as any conven. 

tional shock. Start by loosening the 
lug nuts of the wheel that has to come 
off and jack up the appropriate end. 
Remove the wheel. (On some air sys 
tems, such as the Lincoln Town Car 
and Mark series cars, you must flip 


Fig. 4. The Corvette SRC actuator must 
mesh cleanly with its shock’s damping. 
rod gear or the computer will set a 
trouble code. The locking clip should 
slide easilty into place. 


off the air suspension switch in the 
trunk before jacking up the vehicle— 
don't say we didn't warn you (Fig. 3). 
Next, pull the actuaror’s locking clip 
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and pull the actuator straight up off 
the shock ro expose the damping red’s 
little gear, Lay the actuator gently on 
a frame rail if possible, Dont le ic 
hang on the harness. If there's no 
place to set the actuator down, either 
tie it out of the way or pull its connec 
tor from the main wiring harness and 
remove the actuator and its harness 
completely 

Now, you just need to remove the 
upper and lower mounting bolts and 
pull the shock. You may need to 
pump up like Arnold Schwarzenegger 
for a few seconds to compress the stiff 
gas shock enough to slip it out 
‘between the control arms. The same 
‘g0es for slipping the new unit through 
the arms into place. Be careful nor ta 
damage the new damping rod gear. 
The actuator must remesh smoothly 
with the new gear. Anything thar pre- 
‘vents the actuator from doing its job 
will set a trouble code in the com- 
puter (Fig. 4). 


Actuator Precautions 
Don't hie the Corvette’ actuator with 
anything during installarion—press it 
con gently by hand, Never whale on 
the upper retaining nut with an 
impact gun or you'll jam the damping, 
rod. The nur must be rorqued to 33 
feclb, Hold things steady with a 
wrench on the flats of the retainer 
insulator while tightening the nut, 
Make sure there's a good mesh 
between the damping rod gear and 
the actuator gear, and a good fit for 
the locking clip (Fig. 5). 

(Once mounted, make sure the actu- 
aor harness pigtail points directly 
rearward for a front shock and directly 


forward for a rear shock, This 
prevents the harnesses from rub- 
bing against che fender splash 
shields and frame rails. 

The actuators on other elec- 
tronic shocks/struts are usually 
held in place by two serews, so 
they can be installed in only one 
position, This means the com- 
puter doesn’t need to take a zero 
reading with each key cycle. 

There's no way to install an 
SRC shock hackward because 
the actuator position sensor 
keeeps tabs on the damping rod 
angle. However, this doesn't 
necessarily apply to all elee- 
tronic suspensions, Be sure to 
check the manual for the latest 
information. 


Corvette Diagnostics 

Remember that SERVICE RIDE CONTROL 
warning? When it’s on, it means the sys- 
tem isin a fail-safe mode and the com- 
purer has locked all the actuators in the 
60° position until the problem is fixed. 
With the car stopped and the ignition 
‘on, jump terminals A and B (1989 only} 
or And C (later models) of the ALDL 
(assembly line diagnostic link) located 
tunder the knee bolster with a paper lip 
‘ora piece of jumper wire to make the 
SERVICE IUDE CONTROL, warning message 
flash out 2-digit codes, There are 13 
possible codes that ean he spit our, but 
‘you'll need a service manual to decipher 
them and to do the proper tests. 

Four things can prevent the 
‘warning light from flashing codes or 
from coming on with the key for 
bulb check: a burned-out bulb, a 
blown fuse, a bad harness connection 
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Fig. 5. Actuator must align with top of damp- 
Ing rod to maintain proper soft/hard positions. 


at the computer or a bad computer, 
The electronic brain for this system is 
found in the bin behind the driver's 
seat in the Corvette. In other cars, it's 
usually mounted behind the rear seat 
in the trunk area. Only two problems: 
won't set codes in the SRC system: a 
leaking or worn shock and system 
voltage out of the 10- to 16-volt range. 
To clear codes after the repair has been 
completed, jump ALDL terminals A 
and B (1989) or A.and C (later models) 
three times 2.seconds each. 

The Real Time Damping sys- 
tem on late-model Corvettes (mid- 
late 1990s) also permits on-board 
trouble code diagnostics without a 
scan tool, through the Central Con- 
trol Module. Codes are displayed on. 
the Driver Information Center. Refer 
to the factory service manual (or the 
service information website— 
wwiwiaedeleo.com). @ 
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‘Fixing Power Windows 


I 


nother toll-booth, another 
mile—or at least it seems as if 
the tollbooths come every mile 


con this road, with a half mile of traffic 
idling its leisurely way up to the token 
monster. Within an arm’s length of 
the bin, you toggle the power window 
switch with one hand while the other 
hand fingers a token, preparing to 
whip itinro the basket just as you 
floor the throttle. All goes as 
planned—except the window doesn’t 
‘move, the token bounces back into 
your face, and you have to jam on the 
rack the door and pitch 
second token backhanded to keep 
from getting a ticket as a toll evader, 
all to the tune of horns blaring from 
the cars behind you. 
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Fortunately, power windows 

are usually one of the more reliable 
systems on a late-model car. And 
diagnosis and repair are usually pretty 
straightforward. 


What's Up? 
‘The most common power window 
mechanism is pretty basic, There's a 
simple regulator mechanism, usually 
similar to the mechanism used on gar- 
den-variety hand-cranked windows, It 
‘comes in several varieties—rack, sec- 
tor and cable drive. Troubleshooting is 
pretty straightforward, once you get 
the door panels off but your prob 
Jem may be terribly simple and may 
not require removing any trim at al. 
First: Are all of the windows on the 


(ig. 1) Carefully back- 
probe the window 
switches to isolate any 
electrical faults in the 
switches, connectors or 
wiring. 


fritz? Or just one? If you 
can’t move any of the 
windows, the frst place 
to look is at the fuse. 
Window regularors are 
high-current devices, and 
the fuse is sized to just 
barely be able to open all 
four windows together. 
‘Age and a few sticky 
window channels can 
pop a fuse. 

“Turn the key to the 
Run position, bur don't 
start the ear. IF the fuse is 
blown, pushing a win- 
dow button will de noth- 
ing atall: The motor 
‘won't groan and the glass 
swomn't quiver. Ifthe fase is 
good and you can hear 
the motor, or the glass 
acts like it wants to 
move, then you've got 
some sort of mechanical problem. If 
not, check the fuse. Ifthe fuse box isn’t 
labeled, check the owner's manual to 
see which fuse isthe culprit, Don’t go 
yanking fuses willy-nilly looking for a 
bad one—you might interrupt the 
power to the engine management com- 
puter, causing poor driveability for 30 
minutes or so—or you might reset all 
the buttons on your car radio to that 
Uundersea-alien rock-ospel station, 

Fuse okay, bur the window still 
won't budge? Again, are all the 
windows dormant? Or just one? If 
ies just one, you still may get an 
opportunity to go spelunking inside 
the door. If i's all four, maybe it's 
something simpler you can trou- 
hleshoor under the dash 
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Ac this point, if you've narrowed 
the faulr down to some electrical 
problem that’s not as simpl 
blown fuse you need to round up a 
schematic of your car's electrical sys- 
tem and a voltmeter oF 12v rest light. 
All that’s necessary now is to start at 
the fuse panel and follow the wiring 
to the switch, and from there move on 
to the motor, testing along the way 
for 12 volts. Somewhere, you'll find a 
loose or corroded connector inter- 
rupting the voltage to the motor. Or, 
the switch itself might be bad. If the 
driver's door switch won't open the 
right rear door, but the switch in the 
door will, look for either a bad switch 
in the driver's door or a fault in the 
intervening wiring, 


Open Sesame 
At this point, you probably need to 
be able to access the inside of the 
switch panel. On some vehicles, like 
the one in our lead illustration, you 
can simply pry the panel up with 
‘your fingers and backprobe the con- 
nectors (Fig. 4). Other vehicles may 
require that you remove the panel, 
Door panels are held on with a 
bewildering variety of fasteners, Start 


ELECTRICAL 
CONNECTION 


(Fig. 2) It may be possible to replace a 
bad motor, or you may need the entire 
mechanism, 


by pulling off all of the door pulls and 
handles. The perimeter of the panel is 
‘customarily held on fragile plastic 
studs intended for one-time use. Pry 
them up carefully, and you should be 
able to reuse them. 

Once you've gor the door panel 
off, carefully remove the weather 
sheeting. You'll need to replace 
this later, and you may need fresh 
contact cement to do so, 

Warning: You now have the ability 
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Automatic Windows 


‘Some late-model high-end cars 
have frameless windows that 
automatically crank themselves 
open a quarter-inch or so as the 
doors are opened. It happens so 
fast that you may not notice it. The 
window opens rapidly, clearing the 
‘seal before the door latch clears. 
It then closes automatically about 
a second after the door latch 
latches. There are two advantages 
to this. First, the slightly open win- 
dow vents interior air, which can 
actually make doors on tightly 
sealed cars hard to open by spring- 
ing the door back open against air 
pressure, It also lets the manufac: 
turer use a vastly different style of 
‘seal on the top of the window. The 
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‘seal can more closely resemble a 
sedan door seal, with a small lip 
protruding over the top of the gas. 
This type of seal won't work on. 
frameless windows because the 
glass has to clear the seal as it 
‘opens and closes. This type of 

seal allows less water and noise 
Intrusion. A similar automatic sys- 
tem is used on those high-end 
convertibles with fully automatic 
tops, to provide clearance for the 
‘moving parts of the top. The down- 
side with any automatic window 
system is with the logic control 
‘module needed to achieve this. 
Repairs will probably need a factory 
shop manual and, potentially, 

‘some expensive parts. 


to put your Fingers into places where 
fingers normally don’t go. As our 
mechanic pal Lefty points out, “A 
power window motor has enough 
torque to puta serious hurtin’ on ya 
it’s actuated while errant digits are 
in the gears.” 


Proof Positive 

Asan absolute proof that the problem 
is electrical, try running a jumper wire 
direct from the battery positive termi 
nal to the positive side of the motor ro 
see if it comes alive. 

Be aware that a few window regu- 
lator systems supply 12 constantly, 
and switch the ground side of the cir- 
cuit, Check the schematic. Also, most 
vehicles have the ability to lock—and 
deactivate—the rear windows. Check 
this switch if only the rears are balky. 
Occasionally, the true problem is 2 
bad motor (Fig. 2). You'll have to 
replace it, Otherwise, you ean simply 
trace the wires until you find the 
problem. 


Sticky 
All windows have gaskets and seals to 
keep wind noise and rain out. If the 
window has a slow spot or won't 
open or close properly, check the gas- 
kets, A gasket that’s misplaced or torn 
‘can prevent proper operation. If the 
gasket is loose, or even torn, you may 
be able to repair it. IF the gasket is 
simply loose, get some 3M Super 
Weatherstrip Adhesive at the auto 
parts store. Clean off the old adhesive 
with lacquer thinner and reglue the 
gasket into place. Allow this to dry 
overnight with the window closed, 
and be certain you're not gluing the 
window to the gasket. 

the gasket is torn, you might be 
able to use a super glue to simply 
repair the tear, You may be able to 
judiciously trim a loose corner of gas 
ket away with a single-edge razor 
blade. Be particularly eareful about 
doing this on the part of the gasket 
that sits outside of the glass, because 
it may admit rain and sale spray to the 
inside of the door in quantities too 
large for the door’s internal drainage 
system to cope with. 
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(Fig. 3) Check the weatherstripping 
and window channel for torn, loose or 
folded rubber parts, or foreign objects 
in the way. 


Replacing a gasker or seal with a 
new partis ges 

fits nor obvious thar the gasker is 
astray, inspect the entire gasket and 
channel carefully. Look for damage, 
but also look for such things as pine 
sap, fossilized Froot Loops or other 
foreign objects thar might make the 
window stick or bind. Clean the sur- 
face of the gasket and window with 
lacquer thinner to remove oxidized 
rubber and scum (Fig 3). 

There’s a fair amount of friction 
between the gasket and the window 
glass. Almost any misalignment can 
dramatically increase the friction 


to the point where the motor no 
longer has enough torque 10 move 
the glass properly 

Lubricate the entire channel with 
silicone spray or procectant, because 
the reduced friction just might ger 
your window working again, 


ue 


erally straightforward, 
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(Fig. 4) Reel and cable window regula- 
tors are simple mechanisms, but ean 

be fussy about cable routing and may 
snag if jammed. 


IeSalso possible thar the problem is 
deeper inside the door. If'so, you'll need 
to pull the door panel and go poking 
around. Remember to pull the fuse to 
your fingers. You 


prevent amput 


can use cither a rubber wedge doorstop 
ora couple of feet of duct tape to 
anchor the glass up while you work. 
Sometimes the problem is nothing, 
more than a loose bolt allowing the 
door's inner structure to move 
around, misaligning the window 
track. Many doors have slotred holes 
for the attachment points for internal 
parts, so careful consideration of the 
misalignment will sometimes lee you 
simply slide one adjustment a quarter- 
inch or so and straighten it all our. All 
bets are off if the door has been dam- 
aged in a crash, It may take a long 
time to get everything working right, 
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(Fig. 5) Severe misalignment caused by 
loose fasteners can jam gear-type rex- 
ulators. 


Lastly, the mechanism that runs 
the window up and down may be 
faulty. Whether it'sa gear-and-sector, 
scissors lift or cable-operated mecha 
nism (Fig. 4), you'll need co watch it 
moving up and down a few times. 
Again, keep your fingers out of the 
‘works. Sometimes the problem will be 
a loose fastener or river, somerimes a 
broken or missing bushing (Fig. 5). 
Cables can bind on the drum or 


become sticky: Lube all the friction 
points with white grease, Don't forget 
there are gaskets in the window track 
down below the top of the door, and 
you may need to reglue, repair or 
lubvicare them. @ 
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Replacing Your Fuel Pump 


(Fig. 4) A plugged fuel fitter 
‘won't only stop the engine, it'll 
also kill the pump. It wouldn't 
fe any junk from 

‘the pump is out. 
But don’t use your shop vac- 
‘uum. Use something nonelec- 
trical, like a rag, so you won't 
burn down your garage. 


en minutes late. Gulp half your 
‘Twist the key and she cranks. 
And cranks, And cranks. No fire, and 
your ulger potential increases along 
with your blood pressure. It always 
seems to happen when you're behind 
schedule, as if the gods of internal 
combustion are eternally against you, 
You should've paid attention ro that 
‘oceasional bucking on the highway. 

LF there's anything over 60,000 
miles on the odometer, but more com- 
monly 100,000 plus, there's a good 
chance that the cause of this distress- 
ing no-start condition is an electric 
fuel pump that’s no longer capable of 
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ELECTRICAL 
‘CONNECTIONS: 


LOCKING 
RING 


forcing fuel forward with sufficient 
pressure, Even if the condition hasn’t 
reached the point of grounding you, 
pump inadequacies ean cause numer: 
ous driveability problems, such as 
momentary cutting our, hesitation, 
Jow power and stalling at inoppor- 
une moments (typically i'l start 
again after its cooled off). 

For years, the ear companies have 
been looking for a pump life of 
10,000 hours (say, 400K miles) as a 
bogey. Now, they're asking theit O.E, 
suppliers for “life-of-car” (that many 
miles isn’t a car’ life span anymore?). 
To reach this goal, pump makers have 
lowered amperage draw and balanced 


armatures more precisely. Thar’s all 
very admirable, but ask any service 
technician and he'll tell you that they 
simply don’t last anywhere near that 
Jong in most cases. What's happening? 
In-a word, crud, Many (most?) of 
the fuel filters replaced are so jammed 
up you can’t blow through them (Fig. 
+). If you had checked the pump's 
amperage draw before removing the old 
filter, you might have seen up to twice 
the expected number—perhaps eight to 
10 instead of four to six. Irshouldn’t 
take much of an intellectual leap to real- 
ize that a plugged fuel filter at the outlet 
site will make a pump work harder, and 
all that extra current will wipe out the 
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brushes and groove the commu 
tator, killing the pump prema- 
turely. Also, the pump's already 
digested whatever's causing the 
restriction. 

While on the subject of 
pump fatalities, another reason 
pumps burn out is because 
immersion in gasoline is neces- 
sary for cooling, yet people run 
around on “E,” So, tty to keep 
your tank at least half full. 


Two-Legged Tripod? 
For a century, mechanics have 
been taught that spark, com- 
pression and fuel are the legs 
oof the tripod that support an 
engine's ability to run, and that’s still 
true. So, before you jump to any 
unfortunate conclusions about your 
fuel pump, do a spark check (a story 
for another day) and make sure the 
camshaft is still conneered to the 
crankshaft (remove the oil filler cap 
and watch the cam or rockers while 
you have a helper crank the engine). If 
these two essentials are okay, you can 
start thinking gasoline. 

‘Tuen the key on and listen care- 
fully, In most cars, you'll hear the 
pump run for a few seconds. No? 
‘Then check the fuse. If it's blown, and 
the car starts after you replace it, you 
should still find out how many amps 
it’s being forced to carry. If pump 
electrical draw is too high, a fix now 
will head off a future breakdown. 

You'll need either a low-reading 
analog ammeter (Fig. 2) ora DMM 


(Digital Multi-Meter) with sufficient 
current-carrying capacity. Amperage 
testing is done either by hooking up the 
‘meter in series with the load, or with an 
inductive pickup that you clamp 
around the wire. The larter works best 
‘wich hig current flow, such as you'd 
find in the starter circuit, so we prefer 
the former for diagnosing fuel pumps. 

‘That means you've got to break 
into the circuit. Connect one of the 
ammeter’ leads to the positive battery 
post and the other to the pump's hor 
‘wire. Look this up in a service manual 
Dito for the specs, but we will say that 
if you see anything over 5 amps with a 
low: to mid-pressure system (13 to 45 
psi), or 7 amps with a high-pressure 
version (60 psi) you've gor a problem. 

Will on-board diagnostics help you 
here? Not very often, although a prob- 
Jem in the pump relay circuit will sec 
rouble code No. 42 on a 
typical Chrysler product, or 
code No, 87 om a garden- 
variety Ford. 


Excluder and PSI 
Have you replaced the fuel 
filter at the recommended 
intervals? How about ever? 
If you've been lax in t 
regard, it’s certainly one of 
the first things to check. 
Even if t's not the reason 
the engine won't fire up, it's 


\\- 


(Fig. 3) Before you open any connections, relleve system pressure, 


(Fig. 2) Find out how many 
‘amps the pump is drawing, 

‘with a current draw test. | 
Just bypass the wiring and run 
jumpers from the battery. 


Kia madawinncerhatyou | 
should be doing anyway, so 
you'ze nor wasting your time, | 
Important: Filter removal | 
will be a lot less dangerous and 
messy if you relieve system | 
| 
| 


pressure first, Wrap a rag 
around the Schrader-type valve 
on the fuel rail and press down 
on the valve’s pin (Fig, 3). Or, 
remove the fuel pump fuse, 
and crank for 20 seconds. 

Checking fuel pressure is one of the 
basics of troubleshooting, and reason- | 
ably priced gauges are available. Most | 
screw onto the Schrader-type valve, but 
‘with some imports you'll need a special 
‘banjo connector oF 3 special fitting. 

‘Turn the ignition onand read the | 
gauge. No or low pressure may mean 
the pump’ electrical circuit is faulty 
This could be because of a defective 
control relay, but check for bad con- 
nections before you think about a new 
relay. Examine all the connectors for 
evidence of corrosion or looseness. 
Test for the presence of battery voltage 
ar the pump's positive terminal or wire, 
and check for a bad ground as wel. 

By the way, an inertia-type safety 
switch in the pump’s circuit, as found 
‘on many Fords, can be tripped by a 
minor impact, such as bumping into a 
snowbank, 

Voltage-drop testing is the best 
way to locate high resistance. With 
the circuit powered up, use an accu- 
rate voltmeter to see if you get a read- | 
ing across connections and lengths of 
wire, Anything more than about 0.2 
Vole is too much. 

Other possible causes of too few psi | 
to start the car are the already-men- 
tioned clogged filter, a pick-up sock in 
the rank that’s blocked, a crimped line 
or, oF course, a weak pump. 

If key-on/engine-off pressure was 
within specs, use a rest light at the 
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HOW IT WORKS 


Fuel Pumps 


Unlike mechanical fuel 
pumps, which are neces- 
sarily attached to the 
engine, the electric vari- 
ety Is mounted back in or 
by the tank. There are 
three types: turbine, 


\ 


20 psi, whereas port 
injection requires 45 to 
60 psi. 

If you're still wonder- 
Ing why mechanical 
pumps aren't used with 
fuel-injected engines, 


Kerotor and roller cell, TURBINE 


The first uses rollers ina 


notched rotor to catch gasoline and force it into a small- 
volume area of the housing. tt has lots of moving parts 
‘and can be noisy. Gerotors are similar to some oil 
pumps—they squeeze liquid by means of the eccentric 
action between a star-shaped rotor and a matching ele- 
‘ment that surrounds it. Today, however, the O.E. trend is 


toward the turbine type. 


With throttie-body fuel injection (also called “wet 
throttle plate”), electric pumps typically put out 15 to 


appropriate injector wire (or, pull an 
injector connector and plug one of 
those énexpensive “noid” lights inte 
the harness). No flashing? Then the 
injectors aren’t fring, which means 
troubleshooring will have to graduate 
toa whole other level of complexity 
as you look into the electronic engine 
‘management and EFI systems, 


it Starts, But 
In cases where the engine runs, but has 
a driveability problem, concentrate on 
your gauge readings. You should see 
Violent needle swings between dead- 
head and running pressures (F 
slow rise means trouble, Pull the pres- 
sure regulator's vacuum hose and you 
should see an increase, Too 


any psi may be die toa 
defective regulator or a 
restricted return lin 
Just because you've got 
specified pressure doesn't mean 
there's suficient flow. Total 
system volume at the Schrader- 
type valve of I pintin 20 sec 
conds will run any ear. (Whilea 


(Fig. 4) A fuol pressure gauge 
can tell you plenty. Take te 
ings dead-head (key on, engine 
off) and running. 


REPLACING YouR FUEL PUMP 


GEROTOR 


ROLLER CELL 


think pressure and vol- 
ume, The former has to 


bbe higher than the 3 to 5 psi a typical mechanical unit 
supplies. Otherwise, you won't get that nicely vaporized 
plume that burns so well. Plenty of fuel has to be flowing, 
all the time, too. Only a small percentage of what's 
available is actually used even at full throttle. The rest, 
serves to Keep those injectors and rails cool as it recir- 


culates to the tank. That, plus the location of the pump 


lock problems. 


typical pump may flow 30 gal. per 
hhout, less than a tenth of that is needed 
to run the engine. The rest is returned 
to the tank, which helps keep every- 
thing cool.) 


Kaput 
Pump replacement may be easy or dif- 
ficult, depending on the design, On 
vehicles with in-tank pump: 
sometimes just a matter of removing a 
seat, or folding back the trunk mat and 
removing a panel, Others require that 


you drop the tank, which can be quite 
a ponderous undertaking, especially if 
you've just filled up (gasoline weighs 6 
pounds per gallon), We use the term 

“drop” ina mechanic's se 


way back in or by the tank, pretty much eliminates vapor 


don’t really mean to drop it. You can 
siphon it down—dump what you get 
toa 


into your other ear, or give 
neighhor, If you have a good floor 
jack, puta big square of plywood 
between it and the tank, Remember 
that there's sill a eertain amount of 
fuel in the tank after you've drained it. 
No smoking, and dry up any spilled 
fuel night away. Ird he a really good 
idea to work outdoors, too. Remember 
that gasoline vapor js heavier than ain, 
and will spill down the hasement stairs 
until it finds the pilot light for the 
water heater, Poof! 

Speaking of flammable, don’t even 
think about working on an electric 
fuel pump until you've disconnected 
the negative artery cable, On 
some cars, the tank is above a 
fearsuspension subframe, so 
access requires unbolting it. 

Once you've gor access, the 
actual removal and installa- 
tion is pretty straightforward. 
Special spanners are often 
recommended for unscrewing 
the pump assembly locking 
ring, but we'll ber you'll figure 
something out. Just make sure 
you get thar sock or strainer 
fon there righr. 


ae 


—————— 


Eliminating Battery Drain 


I tsa familiar feeling, twisting 


nal resistance is very high, and 
many smaller chargers won't sup- 
ply enough voltage to get over the 
hump (Fig. 2). There are profes- 
sional chargers that start out with 
well over 12 volts (typically 18 to | 
24 volts) to break through, and 
‘your trickle charger (or even a 
reasonably decent homeowner- 
model charger) just won't kick 
our that much, You'll have to take 
the battery co a service station 

that has a premium charger. If you 
insist on trying to use your own 


the key and being rewarded 
th little more than @ groan 
from the starter. Your mechanic 
diagnoses it as nothing more than 
a tired battery, and a simple trans- 
plant cures the problem. I's deji- 
‘ou, as you've heard the same thing 
every winter—your car's battery 
needs replacement on an annual 
basis, I's time to get to the bor- 
tom of the problem. 

Given normal circumstances 
and use, a car battery should last 
four to five years or more. Sure, small charger, it may take several 
there's a warranty, but i's typi- days. Remember that the dash- 
cally pro rata, which means that (Fig. 4) Inexpensive low-current trickle chargers board gauge really doesn't tell you 
unless the battery dies an almost May not revive a completely discharged battery. much, Check the voltage across 


instant death, all you will get is a the battery terminals when you're 

partial credit toward the price ofa —_necta trickle charger overnight,and done (charger off and headlights on 

ew one. then conclude the next day thar the for 1S seconds to remove a “surface | 
‘There are a lor of reasons why a battery can’t take the charge. Bur charge”), Irshould be at least 12.7 

car eats batteries. If you've had hard there's a flaw in this approach: Ifa volts, preferably about 12.8 volts. | 

luck with the ones you've been buy- modern low-maintenance battery Even if your battery isn’t so run- | 

ing, the problem almost surely is not —_ goes stone dead for some reason, it down that it needs breakthrough vole- 

the fault of the battery manufactur- may need a real jolt ro accept a age to start taking a charge, it does 

ers, Oh, there's an occasional dud, charge, The discharged battery's inter- need good connections from the 


bbut most of the time the 
reason is in the ear itself. 
Deep-discharging a few 
times will damage a bat- 
tery, and so will constant 
over- or undercharging, 


charger, Unfortunately, 
the side-terminal battery 
has a small contact area 
for the cable's alligator 
clip, Unless you have a 
specially shaped clip, you | 
really need a charging 
adapter, made of copper, 
that clamps all the way 
around the side-terminal 
contact area (Fig. 2). 
Ifthe battery takes a 
charge bur euns down in 
tse, there's a problem that 
has to be traced. Other- 
‘wise, the car will seem to 
eat the next battery, too, 
even if it's 2 higher- | 
ocedure that con- capacity model, | 
ves many Suds Now tha the battery 
mechanics that they need (Fig. 2) It may be necessary to use a battery-charging adapter to charged, you can check 
‘anew battery. They con- let the jumper cables get a good bite on side-terminal batteries. the charging voltage. Wich 


All Charged Up 
First, make sure the bar- 
rery really is damaged 
before you spring fora 
new one. The simplest test 
is to fully charge it and see 
if it takes that charge. If it 
takes a charge, i's stil 
good—but if it doesn’t, it 
must be bad. 

Here’s where we get 10 


482 ELECTRICAL AND ELECTRONIC SYSTEMS 


the engine running and warm and all 
the power-consuming accessories 
switched off, the voltage across the 
battery should read at least 13.8 
volts. Next, turn on the headlights 
and rear-window defroster, and set 
the heater/air-conditioning fan on 
high. The voltage should still 

be above 13.5 volts, Anything less 
means you may have a malfunction: 
ing alternator. 


When demand 
exceeds supply 
Let's see if you're pulling more juice 
than the charging system can replace 
| during your normal driving cycle 


If you have a high-performance 

sound system and a cellular phone, 
and run other accessories, this kind 
of usage really sucks amps, But you 


ELIMINATING BATTERY DRAIN 


—— 


Aig 


mr 


still should be okay—if you drive the 
car far enough, A half-mile in the 
morning with the alc on andl a half: 
mile back home at night with the ale 
and lights on, perhaps with your 
favorite CD blasting through the 
speakers, is a great recipe for battery 
rundown, Drive your ear long 
enough to pay hack the battery for 
what you've borrowed, plus interest, 
at least once a week, 

In addition, today’s ears pull a fair 
amount of current even when every 
thing seems to be off, just to keep 
alive the memories for all the el 
tronics: th 


the alarm system, to name the most 
common. 

‘To keep the draw from depleting 
the battery, the electronics are sup- 


(Fig. 3) An inexpensive parasitic-draw 
adapter can simplify the diagnosis of 
key-off current-drain problems. Con- 
rect it in series with the battery's 
ground lead. 


posed to go into a deep sleep, during 
which they require only a few milli 
amps, If they don’t take this snooze, 
they can add to the current loss. To 
check, disconnect the battery ground 
cable. Install a parasitic-draw 
adapter (Fig. 3) in series with the bat 
tery and cable terminals, chen con 


rect an ammeter to the terminals. 
‘Open the adapter to see if the draw 
is less than 50 milliamps 


you have to wait until 


60 to 70 minutes on some ca 


then, the current draw may be sev- 


Trimming Your Leads 


‘After you solder a component in place, yau need to tidy things up. Grab the 
cutters from your kit, and trim the leads as close to the solder joint as pos- 

sible (see Figure 2-11 and Figure 2-12). Don't cut into the solder joint; the idea 
isto trim the excess wire lead. 


‘When you clip it, the wire lead wil fly away from the clippers very fast, and 
Could injure someone. The best way to keep this from happening is to use 
‘one or two fingers to hold the lead you're clipping. With one finger, you can 
put enough pressure on it to keep it from flying away. 


Figure 2-11. Trimming leads on the 555 blinky 


18 Learn ta Solder 


DOME-LIGHT 


(Fig. 4) Check the dome-light switch for intermittent 


‘or abnormal resistance with an ohmmeter. 


eral hundred milliamps, or even as. 
much as several amps. 

However, even if the draw is ne 
50 milliamps or so when you actually 
take your reading, it might be far too 
hhigh before the snooze, or perhaps the 
electronics are awake for far too long. 
So, next, wake up the electronics and 
see what the readings are. 

‘To do that, disconnect the amme- 
ter from the parasitie-draw adapter, 
Connect a battery booster cable from 
the battery terminal to the eable ter- 
minal, bypassing the adapter. Turn the 
ignition key to the run (not to start) 
position, Wait a few seconds, then 
turn the key back to lock and take it 
‘out, Reconnect the ammeter, discon- 
nect the booster cable and take the 
current-draw reading, which should 
be the awake number, 

Lf the awake number is acceptable, 
make sure the electronics go to sleep 
within a reasonable amount of time. 
If the electronics still are awake and 
pulling hundreds of milliamps—or 
even an amp or more—hours later, 
something is very wrong, You can iso- 
late a high current draw to a specific 
circuit by pulling one fuse at a time 
and rechecking, Just make sure the 


cause a battery to go dead 
in hours, More likely 
there’s a small-to-medium 
draw that’s bleeding the 
system, or a charging sys- 
tem thar’s not performing, 
uup to speed. Sometimes, 
you can spor the problem 
if you look hard, Many 
cars have interior lighting 
delays, but occasionally a 
key part of the delay sys- 
tem doesn’ shur down. Ie 
might nor be the in-plain- 
view dome light, but per- 
haps the dashboard lights 
or some floor lighting. I 
they're still on 15 minutes 
after the dome light is off 
you've found a circuit 
glitch, For instance, 1990 
10°91 Chevy Luminas had 
a problem caused by an 
electrical feedback from the radio, 
Even though the electronic timer said 
“Lights out!” and other bulbs were 
extinguished, the instruments eontin- 
ued to glow, 

‘The lights for the glovebox, lng- 
‘gage compartment and hood are out 
of sight unless those areas are open, in 
which case the lights are supposed to 
be on. Peek inside as you just life the 
covet, decklid or hood slightly to see 
if the light already is on or just com- 
ing on. IF i's constantly on, then 
you've found your culprit, 

A bad doorjamb switch 
ean eau 
a lor of problems. IF it's 
‘making intermittent con- 
tact, it’s repeatedly waking 
up the electronics and 
uring on the interior 
lights. 

The simplest overall 
check is ro remove the 
fuse or fuses for the cour- 
resy lamps to see if the 
battery stops running, 
down. IF that seems to be 
a possible cure, cheek out 
each doorjamb switch. 
Disconnect the battery, 


(Fig. 5) Check and tighten the hokddown 
‘to keep the battery from vibrating, 


the door opening and connect an 
ohmmeter (Fig. 4) from the switch 
terminal to irs metal bracket, which 
provides the ground, The ohmmecer 
should read close 10 zero (a couple of 
ohms is okay). Repeatedly press the 
switch plunger part of the way and 
see if the ohmmeter reading goes to 
infinity (fully off position). Tit rakes 
alot of plunger travel, or ifthe 
plunger response is inconsistent, the 
switch is probably bad. 

Also check for a sticky radiator! 
condenser fan relay that keeps the fan 
going with the ignition off for a 
longer period of rime than any com- 
puter stearegy dictares, until it finally 


pops open, In fact, the relay could 
keep the fan on until the battery is 
dead. Look and listen for this one. 


ENGINE-TO- 
‘BODY GROUND 


ground strap, then 
remove the switch from, 


ignition is off, 
A high-current-drawing short will 


(Fig. 6) Make sure the ground strap is connected 
and in good shape. I's often hidden and neglected. 
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Rocking the Boat 

Ifthe current draw is acceptable 
and the issue seems to be that the bat- 
tery just suffered from short life, 
make sure that the battery case is in 
00d condition and the batrery hold- 
down is tight (Fig. 5). Even a slightly 
loose battery can vibrate enough to 
suffer a short life, Just because a top 
holddown looks tight doesn’t mean 
| the barrery actually is secure. See if it 
| rocks, even a little, Many holddowns 
are against a bottom lip on the bat- 
tery, almost out of sight, s0 if the 
| battery mounting isn’t rock solid, 
check a down-low holddown. 

Are the cables in good shape and 
securely tightened? The alternator 
may be pumping, but if the cable con- 
nections are bad, the juice won't actu- 
ally get to the battery. The battery 
ground usually is the big offender, 

In some cases, there’s a split 
ground cable, and you can see one of 
the cable ends, in plain view and 
clearly tight. But the other part of the 
cable (usually the one to the engine) 
is buried deep, and what's out of 
sight shouldn't be out of mind, Find 


ELIMINATING BATTERY DRAIN 


(Fig. 7) Check all three ground points 
‘on this type of ground strap for corro- 
‘sion or looseness. 


it, and puta wrench on it to see if it's 
snug (Fie. 6). 

‘Many cars have a separate ground 
strap between body and engine, and its 


usually nowhere near the battery (Fig. 7). 


In fact, if i's undethood, it's often dis- 


‘connected for service and never recon 
nected. So the car’ electrical system 
“forces” the jee through les efficient 
routes, and the battery is one of those 
that suffers. We've even seen engine-r0- 
body ground straps that actually ran 
from the transmission to some part of 
the underbody. These ground straps 
fay, come apart and are far from any 
place you normally would look. 

So if you don'esee a clear-cut route 
fom the battery negative (ground) 
terminal co borh the engine and the 
body, look again—everywhere. Some 
older Ford products have a single 
around cable to the engine, bur with 
the insulation stripped at midpoint, 
and the body ground made by a clip 
from the stripped section ro the 
fender-well sheetmetal. 

Okay, the battery takes a charge 
and the cable connections are good. 
Well, perhaps the accessories you use 
are simply pulling more juice than the 
car can provide in your short-trip 
operation, A regular diet of trickle 
charging every night should provide 
the vitamins your battery needs for a 
normal life span, @ 


_ 
Replacing Headlights 


u're cruising down a 2-lane 
road late at night. Oncoming 
5 flash their lights and toot 


their horns at you, Or they come 
straight at you and suddenly veer 
No, they’te not partied our. 
Unless you're blinding them with 
your high beams, one of your head 
lamps probably is out. 

Replacing burned-out headlamps 
isa straighttorward procedure, if the 
prohlem is just the headlamp, 
Although most are about $15, some 
headlamps are special numbers, 
available only from a dealer and can 
cost up to $45 apiece, even for an 
econobox. And there are even higher- 
tech (and higher-priced) systems, 
such as High Intensity Discharge 
(HID) headlamps, in some luxury 
models, They may look like ordinary 
headlamps—just as halogen sealed 
beams resemble the conventional 

\go—but the 
‘manufacturing processes, the coat- 
igs, the materials and the gases used 
inside the bulbs are torally different 


sealed beams used years 


and produce totally different lighting, 
Don't leave in a headlamp with a 
cracked lens just because the light hasn't 
gone out. Even if only a small part of 
the lens is missing, dirt gets in and coats 
the bulb inside, which reduces light out- 
put. And if there’s.a chunk missing from 
the lens, the light beam isn’t diffused as 
it should be and can blind oncoming, 
drivers. Wich normal vehicle vibration, 


the lamp also may nor hold its aim and 
you won't get the best view of the road. 
Also read “Servicing Composite Head- 
lamps on page 149. 


Circuit Check 

fit seems thar a headlamp is burned 
out, make a simple circuit check. With 
just one of two or four on the blink, 
the odds are thar the sealed beam is 
the problem. I's unlikely that wo 
headlamps will go out simultaneously 


BEZEL 
ATTACHMENT 
SCREWS 


(Fig. 4) If the trim bezel screws are 
hard to turn, use penetrant to loosen 
the threads, 


held by either Phillips oF Tory exter- 
nal screws. A few may be on studs 
that project through to the back of 
the lamp assembly-—these are accessi- 
ble from under the hood. 

fext, look for and remove the four 
serews holding the headlamp rim or 
bezel, Be careful nor to confuse them 


swith the screws that control headlamp 
aim—the ones with coil springs under 
the screwheads. Are the screws rust- 
frozen in place? Don't try too hard to 
turn them, or you may strip out the 


HEADLIGHT 
CONNECTOR 


(Fig. 2) Use a simple 12v test light to confirm operating power and ground circuits 
before replacing an expensive bulb or sealed beam, 


OF course, ifthe low and the high 
beams are in a single bulb, it is possi- 
ble, but i's much less likely when 
they're separate lights. 

Checking or changing a burned- 
‘ourheadlamp begins with gaining 
access. If it’s a sealed beam, there's 
probably a trim plate in front, which 
comes off first. Most trim plates are 
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serewheads. Spray them with pene- 
trating solvent and allow it to soak in 
(Fig. 4). The attachment serews usu- 
ally have a Phillips head, bur—like the 
trim screws—they may be Torx, 

‘Once the rim is out, pull the sealed 
beam forward and unplug the wiring, 
connector from the back. You'll see 
1wo or three terminals on the lamp 


—— 


and connector. A 2-headlamp systent 
always has three terminals, A 4-eye 
lamp may have two or three, depend- 
ing on how the entire circuit is wired, 
‘A simple check of the cireuit is to 
if there's power ar the connector 
and a complete electrical ground, Take 
an ordinary 12v test light (Fig. 2), con- 
rece the alligator clip end co a ground 
and check each connector terminal 
with the probe. The headlamps 
should be turned on. The test light 
should go on in at least one terminal, 
If the sealed beam is a 2-eye with 
three terminals, flick on the high 
beam switch and the test light should 
go on with the probe in a second one 
Of the three terminals. 


Nest, unground the test light and 
gently press the alligacor elip endl (with 
a nail inserted, if necessary) to make 
contact with the other (ground wire) 
terminal—ground is usualy a black 
wire. The test light should go on again. 

If the test light goes on during 
these two checks, install the new 
sealed beam. If it doesn’t, forget the 
installation until the circuit problem 
is repaired, If the test light went on 
when the alligator clip was connected 
10 ground, but not when you probed 
the other connector terminal for a 
complete ground, the problem is a 
defective ground connection—a com- 
mon problem, 

Check a factory manual or after- 


HOW IT WORKS 


marker information system, such as 
wiwwaalldara.com, for the location of 
your car's ground. If the connection is, 
corroded, wire-brush ir clean, IF it's 
Jose, retighten it. 

No power to the headlamp con: 
nector? That can be more difficult ro 


trace, and you'll need a wiring dia- 
gram and parts locator again, 

A new circuit complication is on 
the scene: daytime eunning lights, oF 
DRLs. These may be the low-beam or 
high-beam headlamps, or other exter~ 
nal lights such as turn signals, 

Headlamps are wired in whatis 
called a parallel cireuit—each lamp 
receives full battery voltage. However, 
if your car is a newer-than-86 model 


Quartz-Halogen Sealed Beam 


‘The conventional sealed 
beam of years ago had a 
‘tungsten filament inside 
alens assembly with a 
reflector. Today's quartz- 
halogen beam is a sepa- 
rate bulb inside that lens 
assembly. It produces a 
brighter, whiter light—at 
least 25% more down- 
‘the-road visibility, with 
less power draw. 

The bulb envelope is a 
high-temperature glass— 
the “quartz.” The filament 
material is the familiar 
tungsten, but the bulb is, 
filled with a special gas 
from a “family” called 
halogens, such as iodine 
or bromine gas (that family also includes a/c refrigerants, 
by the way). In a conventional sealed beam, the high 
temperature of the tungsten filament causes particles of 
‘the metal to vaporize from it. The particles deposit on the 
wall of the conventional sealed beam (darkening it), and 
‘eventually the filament burns out. 

‘The quartz lens allows the bulb to operate at a much 
higher temperature to help produce that brighter, whiter 
light. The halogen gas inside the quartz envelope causes 
the “evaporating” tungsten particles to continuously 
redeposit on the filament, s0 it enjoys long life and con- 
sistent brightness virtually unti it fails. 

Headlamp technology is fast-moving. The High Intensity 


42V CONNECTORS 


REPLACING HEADLIGHTS 


Discharge lamp (see 
page 150) is just one of 
the new approaches, but 
it's already installed as a 
low beam in some BMWs 
and Mercedes-Benzes 
and the Lincoln Mark Vil. 
This type has no filament, 
but instead it has two 
electrodes in an “atmos- 
phere” of xenton gas. The 
current jumps the gap 
between the electrodes, 
producing a compara- 
tively brighter light. You 
may have already seen 
these lights coming at 
‘you out on the highway. 
They're so white that 
they appear a litle blue. 

But because there's no filament to burn out, the hour life 

of the xenon bulb is expected to go into six figures. 

There are several other new headlamp designs on the 
market, including one on the '97 Lexus ES 300 that uses 
‘multiple reflectors. All the new lamps—including the 
high-performance halogens—are capable of producing a 
Jot of brightness with reasonable power consumption. 
‘And introduced in some 2003 models are “smart” head- 
light systems that use signals from sensors to pivot the 
headlamps side to side for the road conditions and the 
‘way you're driving the car. These combination 
bright/smart lights are in part a technological fix for the 
‘declining night vision of a graying population. 


a7 


with daytime running lights and the 
headlamp high beams are used, there 
a second circuit controlling them 
through an electronic module. The 
high beams could be wired to the 
module so thac they ean he fed cur 
for DRLs in a series circuit—the eur- 
rent flows through both, so that one 
acts as. resistor for the other, The 
result is less brightness, but 

also less current flow for reduced 
power consumption. If you 
have a problem with the high 
beams, a defective DRL 
‘module is one of the new 
possibilities of which you 
should be aware, both for 
sealed beams and replaceable 
bull designs. Some cars have 
DRLs thar are also designed 
to shut off when the parking 
brake is applied. Read those 
circuit descriptions carefully! 


nt 


Replaceable Bulbs 

Many late-model cars have a 
replaceable bulb plugged into 
the back of the lens assembly 


Vj 
YY ]/ ~~ 
Wiss 


(Fig, 3) instead of the sealed beam. 
(European cars have always used this 
type.) Typically, the bulb has a wiring 
connector held by a plastic locktab, 


and a plastic lockring to hold the bulb, 


Pry up the tab (with a thin screw- 
driver, if necessary) and hold it up as 
you pull the harness connector off the 
terminals on the bulb. You ean probe 
the harness connector the same way 
as on the sealed-beam design to make 


(Fig. 3) Newer cars use bulbs 
that can be replaced without 
using tools. Unscrew the 
‘socket from the reflector and 
‘change the bad bulb, then 
replace the socket. 


sure the bulb is at fault. An 
alternative: Ifthe bulb is 
easy to remove, take it out 
for inspection. Turn the plas- 
tic lockring, which may 
come out or stay loosely in 
place. Then grasp the bulb 
by its connector and gently 
rock ir out (it seals with an 
O-ring to keep out dire and 
moisture), Ifthe bulb fila- 
ment is burned out, that tells 
you it's most likely the prob 
lem. Warning: Replaceable 
bulbs are usually quartz 
halogen—and touching the 
bulb with your fingers will 
leave fingerprints that will 
crack the quartz glass within 
a few hours. The new bulb 
will be wrapped in card- 
board or foam, so don’t remove the 
\wrapping until last and avoid rouch- 
ing the bulb. Too late? Clean the bulb 
with alcohol and a clean cloth, 

When you install the new bulb, 
work it in very carefully, then push 
smoothly to seat it in the lens hous- 
ing. This ensures that che O-ring 
seals properly instead of heing 
twisted or dislodged. 

‘A bulb or sealed-beam harness 
connector may have a 
ribbed-rubber moisture seal 
if the location poses a prob- 
lem with road splash, When 
you see this serup, make sure 
ic enters the bulb connector 
uniformly and seats evenly, 

Replace it with the same 
type of bulb or sealed beam as 
the one thar came out. You 
‘may see high-performance ver- 
sions of the type you removed 
con the auto parts store shelf. 
If you want to install one of 
these instead, replace the one 
con the other side r00, for 
even lighting. @ 
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Replacing Your Car’s Computer 


E xperiencing had engine perfor- 
mance? Your vehicle may need 
brain surgery, and helieve it or 
nor, it’s something an experienced 
Savurday mechanic can do, Yes, we're 
talking about the powertrain com- 
pputer—the “brain” behind the opera- 
tion of your engine, transmission, 
even the air conditioniny 

‘Today, you can order a computer 
from your neighborhood parts store, 
‘which can choose one from a long. list 
of reliable aftermarket suppliers. The 
computers are reconditioned, and in 
many cases you change aver a pro- 
‘gram module, which holds the spe- 
cifc calibration inseructions 
for the powertrain, such as 
ignition timing. If you're eare- 
ful, you can do the job. In 
fact, in many cases you'll nd 
you don't have to replace the 
computer, but ean perform a 
lower-cost oF even a no-cost 
“minor operation.” 


Diagnosis 

Before you do actual brain 
surgery on your ear, you have 
to find our if the engine is per- 
forming poorly because the 
brain is bad or if it's just 
responding to a *had case of 
nerves” (bad signals from elec- 
tronic sensors). 

Ir could simply be a blown engine- 
computer circuit fuse, bur if not, i's 
time for diagnosis. For this, refer to 
your vehicle’ service manual—either 
a factory manual or an aftermarket 
manual with a complete engine- 
computer diagnostic section, 

Check for diagnostic trouble 
codes. Although the procedure varies 
from car to car, on most pre-1996 
vehicles there's a way that doesn't 
involve special equipment. Typically, 
you make a simple jumper-wire con- 
nection at the computer's diagnostic 
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(Fig. 1) Check the feed with a high-impedance 


voltmeter or a computer-safe test light. 


(Fig. 2) Check sensors with tester or voltmeter 
to rule out noncomputer problems. 


ZV 
COMPUTER IN SB 


AIR-DUCT ASSEMBLY 


(Fig. 3) Some early Chryster computers were 


housed in an air duct under the hood for cooling, 


plog, which is under the dash 
or under the hood. Check 
your service manual. On later 
‘models meeting OBD Il on- 
hoard diagnostic Il regala- 
tions, you need a scan rool. 
‘More on OBD I later in this, 
section. 

Just a single code? Check 
that particular item, whether 
it's. sensor, switch, motor or 
solenoid. The manual will give 
youa “diagnostic tree,” 
series of steps to fallow, rypi- 
cally using a jumper wire and 
a computer safe (high-imped- 
ance) multimeter ta isolate the prob- 
lem (Fig. 4), which could be in the 
part itself or somewhere in its wiring 


ciretit. Or you can use a sensor tester 
(Fig. 2), which comes with adapters 
and/or special tips so you can probe 
Wiring connectors, Correcting a prob- 
lem in any circuit tied to the computer 
is an essential first step in every case, 
as it can be responsible for a com- 
puter failure. 

In many instances, the diagnostic 
‘ree will conclude with REPLACE COM 
PUTER. You also could be led to the 
computer if there's flickering CHECK 
ENGINE light, or no light at all (but the 
bulb is good). 

Still another possibility: 
laundry list of trouble codes. 
cases, the problem is, 
in what's called a driver, a type 
of electronic switching device 
that is in the computer box. 
However, it isn't replaceable, 
so if i’ bad, the only cure is a 
new computer, 


Minor Surgery 
Computers typically have 
been locared under the dash- 
board, accessible after 
removing a trim pad or the 
glovebox on the passenger's 


side, Older Chrysler computers usu: 
ally are under the hood, integrated 
into an engine airintake duct, but 
they were an exception for the 
1980s (Fig. 3). Today, and as the 
electronics have become more heat- 
resistant, many computers are 
located under the hood, 

Wherever the computer is located, 
the first steps are to turn off the igni- 
tion and disconnect the battery 
ground cable, 

Next, unplug the computer's 
‘wiring connector. Iroften has plastic 
latches or locking tabs, so you should 
look carefully before you try to pry 
anything off and press tabs or latches 
wherever necessary (Fig. 4). 
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Eyeball the terminals in the com- 
puter and the wiring connector, look: 
ing for both corrosion and signs of 
bending, You can try to straighten « 
bent pin—but no rough stuff. And 
don’t try to sand or scrape off corro- 
sion, or you'll ruin the terminal. Brace 
the terminal with your fingers and 
clean it with a pink pencil eraser. 

If everything looks good, start 
patting the connector back on by 
working it back and forth a few 
times, then pushing it ll the way 
home, This may clean off a small 
amount of vietually invisible corro- 
sion (enough to create havoc with 
electronics and produce multiple trou- 
ble codes) and get the computer sys- 
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(Fig. 4) Once you've determined that 
the computer is really fried, replacing it 
is simple. It’s often situated under the 
‘dash or behind the passonger's-side 
kick panel. There may be a locking tab 
holding the computer's umbilical 
‘connector in place. 


tem working again. If the problem 
comes back, wel, atleast you tried, 
Back to disconnecting the com- 

puter. With the wiring connector off 
the computer, probe the connector’s 
terminal for the ground wire with a 
computersafe test light or multimeter 
(ser to volts), connected to a 12-volt 
source (either at the battery or at the 
fuse box). The test light should go on 
to full brightness, or the meter should 


read battery voltage. Also check the 
12-velt power feed (or feeds) in the 
connector with a grounded test light 
or voltmeter. The results should be the 
same. If you get a low-voltage reading 
for a weak light, there's a bad eon- 
nection, Whatever the result, always 
double-check all electronic grounds 


Brain Transplant 

Is ita clear-cut case of a bad com- 
puter? Order the replacement and 
make the module changeover, if nec 
essary (Fig, 5). General Motors vehi- 
cles and most European cars have 
computers with a plug-in program 
module, which doesn’t come with the 
replacement computers. In fact, some 
have two modules, and you have to 
change over both. 

Remove the module cover, then 
take our the module, Some of them 
are held by retainers—push them 
back and simultaneously lift the 
modole straight up and out. With 
most others, you have to pry it out, 
and the safest way is with thumb and 
forefinger at the ends, applying an 
ever-so-slight rocking upward 
motion. The typical module is in a 
plastic carrier (don't try to separate 
the pieces), If space is too tight for 
your fingers, use two small serew= 
drivers—one ar each end—to rock 
the module assembly up as evenly as 
possible, Do not pry one side up or 
you may bend the terminals. 

Note the way the module comes 
‘out, a8 it as to go into the new com 
puter the same way. It’s possible to 
install it backward on some cars, 
which could destroy the new com- 
puter. Position the module on the 
mounting area of the replacement 
computer, push slowly (so you know 
that the terminals are lined up for 
engagement), applying pressure only 
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(Fig. 5) You may need to remove your old calibra 
tion module and install it in the new computer. 


con the ends of the module, until i 
seats. Lock the tabs. 

Reconnect the wiring harness to 
the computer. If you're working, 
under the dash, you may build up a 
lot of static electricity while sliding, 
into working position, As you make 
the harness connection, you could 
zap the computer with enough volt- 
age from the static electricity to fry 
it. Simply ground part of your body 
to an underdash ground, such as by 
keeping a hare elbow against a 
metal brace. 

Make sure you nor only seat the 
\wiring connector, but chat you close 
any latches that hold it in position 
Reinstall the computer, engaging all 
clips and tightening all bolts, serews 
and nuts so the computer is held 
securely in position, 

Reconnect the car battery. The 
installation instructions with the 
replacement computer will provide a 
basic test of the system (similar to 
checking for trouble codes), and once 
that’s done, you should be ready 10 
drive, But all modern engine com- 
puters must go through 2 period of 
“learning” how you drive and making 


compensating adjustments 
(primarily to fuel-system cal- 
ibrations). So be prepared 
for perhaps 100 miles or 4 to 
S hours of so-so performance 
as the new computer (even 
with an old program mod- 
ule) learns how to do its job, 

‘This is something to keep 
in mind if you are doing a 
rest run t0 see if one of the 
minor operations (cleaning 
cortosion, tightening a 
ground and so on) fixed a 
problem, Disconnecting the 
hattery cable erases the trou- 
ble codes, However, if the 
faults remain, most trouble codes 
show op again within a half-hour of 
vehicle operation, even though it 
takes much longer for overall engine 
performance to return to normal after 
a successful fix, 

All models since “96 have computers 
that conform to On-Board Diagnostics 
H(OBD 1), an enhanced computer sys- 
tem with some standardization of tro 
ble codes and diagnostic routines, One 
sean tester (computer-system dat 
Iyzer) will ficthe underdash diagnostic 
plug on all OBD II cars, and there are 
models for Saturday mechanics for 
under $200 (see page 181). 

‘The OBD Il computers on many 
Vehicles are reprogeammable 
through the diagnostic plug. With 
previous systems, carmakers offered 
factory fixes by having the dealer 
replace the computer or the program 
module, With the specific OBD Il 
system, they now have the dealer 
simply reprogram the computer. A 
few cars have had reprogrammable 
computers in past (pre-OBD TI) 
years, but with OBD IL, it's basically 
‘across the board on U.S. nameplates 
and most imports. @ 


a91 


ee 
Curing A/C Odors 


behind the wheel, start the engine 
and hit the n 


| et You get 


2 a/e button, But 


instead of refreshingly coo! air hitting 
you, there's a blast thar smells like a 
basketball team’s locker room after a 
hard game. Your car's air condition- 
ing is suffering from what could be 
called “jock socks odor.” And you're 
not alone—ir's one of the most com= 
mon complaints that Popular 
Mechanics receives from readers. 

If you take the car in toa dealer, 
he'll rell you it’s a fungus growth in 
the under-dash a/c case that holds the 
evaporator. That's the heat exchanger 
thar pulls the BTUs out of the passen- 
‘ger compartment. His solution is an 


expensive cleanout of the ale with dis 
infectant. And after you've spent a lor 
of money, the smell is gone—for a 
‘while, It may be back before the air 
conditioning season is over. 

Is there a less costly and more 
durable way to fix it yourself? Can 
you prevent the problem from occur 
ring in the frst place? The answer to 
oth ques 


ions is yes 


(Fig 2) An evaporator-tray drain 
{that's plugged with dirt and debris 
might keep moisture from draining 
onto the ground. 
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The price of prevention is free, and 
the most important step doesn’t even 
require a tool. Just don’t use max a/c. 
IF you have a ear with an air-recircula- 
tion switch or lever, ust move it to 
the outside-air position (Fig. 4). The 
evaporator ease is a humid environ- 


DRAIN FROM VC EVAPORATOR TRAY 


| i i ll 


(Fig 4) The simplest cure for odor 
is to run the air conditioning in fresh-air 
mode to lower humidity in the evapora- 
tor plenum. 


ment hecause it's where the air is 
dehumidified (as well as cooled), and 
when you shut off the engine, heat 
builds up inside the evaporator hous- 
ing. A hor, humid environment with 
stagnant air is the perfect setting for 
fungus growth. 

The recirculation switch closes off 


outside air, and causes the ale t0 
ly recirculate the air in the pas- 
senger compartment. With little or 
no entry of hot outside air, the inte- 


rior gers cooler faster and remains 
much colder, I's okay to use recircu: 
lacion to help with the initial eool- 
down on a sweltering day, bur after a 
few minutes, you should shift our of 
recirculation to bring in fresh air, 
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(Fig. 3) There are effective and ineffec- 
tive cures for alc odor. This aftermarket 
disinfectant works when sprayed 
directly onto the evaporator core. 
Before spraying, tape over the blower 
resistor opening illustrated), making a 
‘small opening for the straw. 


Many manual and automatic tem 
perature-control systems are in recir- 
culation when in max ale or ar the 
lowest temperature on the automatic 
system’s dal. In this instance, you 
should also shift co a slightly warmer 
setting. 


Garbage Collection 
The next step is to lift the hood and 
inspect the air intake at the cowl. If 
it’s packed with leaves and other 
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debris, you may have a miniature 
compost pile forming, The odors 
from itare drawn into the passenger 
compartment by the blower fan. 
These odors are equally unpleasant, 
and you will need to dig out the 
debris or clean it up with a shop vac 
‘uum and wash out the area to get rid 
of them. 

After you've cleaned it, remove 
the air-intake grille, insert a fine 
window-sereen mesh underneath, 


seal the perimeter with plumber’s 
purty, then refit the screen. Periodi- 
cally check the sereened area and 
remove debris to ensure a fresh air 
supply. Most late-models have an 
intake air filter thar removes smoke 
and pollen from the outside air. 
These filters also keep our debris 


and may have a replacen 
of typically one year or 
20,000 miles 

‘When you're doing an oil change 
or other regular maintenance under 
the hood, inspect the evaporator 
tray drains (Fig. 2), which are one or 
wo hoses on most vehicles. If the 


hose ends are plugged or badly dam- 


aged, the moisture that the evapora~ 
tor wrings from the interior air will 
not drain properly, leaving a stag, 
nant pool for fungi. Dig out any 
road film with a thin screwdriver, 


Many hose ends have built-in check 


Ives, which should be carefully 
inspected for damage, The ends are 
specially shaped, so don’t trim them 
flat with a razor blade, Open the 
check valves gently, and if the ends 
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Figure 2-12. Trimming leads on the Learn to Solder Skill Badge 


How toSoder 19) 


are nor damaged or plugged, leav 
them alone. If the ends are dama; 


however, the best route is to replace 
the hose 

The next step is at the evaporator 
case, But before you do any work, 
check with the car dealer to deter- 


nine if there's a specific factory 
solution that goes beyond disinfect 
ing and other steps we'll be eover- 
ing. For example, many 1985-94 
Cadillacs have evaporators with 
such tight spacing between the fins 
thar the evaporator holds too much 


moisture, increasing fungi growth. 


eneral Motors has replacement 
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evaporators thar may decrease cool- 


ing a few degrees, but drain mois- 


ture more readily 
Late-model Chrysler products 
since 1992, particularly minivans, 
have been known to suffer from air- 
conditioning odor, It doesn’t smell 
like dirty socks, but it is offensive, 
and the cause is an overly thick coat 
ing of a corrosion treatment. Here 
again, the only fix is a new evapora: 


tor. See your car dealer, 


For the overwhelming majority 
of cars, the treatment is to disinfect 
the evaporator case. Some shops use 
expensive professional equipment 


AFTERBLOW 
‘MODULE 
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that takes several hours to use cor 
rectly. Ir’s the best treatment, bur it's 
fairly costly, You can save some 
money and get very good results 
with a quality handheld disinfectant 
spray if you work carefully (Fig. 3). 
A household disinfectant such as 
Lysol can be used, but it isn’t made 
for this problem, and any results 
will be too short-lived to justify the 
effort, Listerine won't work either, 
despite the fact that it’s often rec 
‘ommended by people who don’t 
know any better. 

There are several products you'll 
find in auto accessory stores, and 


those with which we're 
familiar seem to work t0 
some degree, The only one 
wwe know that has.a sue- 
cessful track record is an 
expensive aerosol (about 
$25-$35} called ATP 
Clean *N Coat, This is 
sold under other labels, 
and nationwide by GM as 
AC-Deleo air-conditioning 
deodorizer (Part No. 15- 
102). The aerosol includes 
a special straw with 
strategically placed pin- 
holes that produce a fog- 
ging spray, which thor- 
oughly saturates the evap- 
orator housing and all of 
the fins. 

The basic approach to 
using the disinfectant 
begins by disconnecting the 
air-conditioner compressor, Just 
remove the wiring connector (typi- 
cally two wires) between the cluteh 
and the compressor body. 

Next, run the system on high 
blower speed, in maximum heat and 
in recirculation (outside air shur 
off). If you have an automatic tem- 
perature-control system that seems 
tw refuse to do this, override the 
automatic functions and pick 2 
manual mode. Let the blower run 
on high speed for at least 20 min- 
utes. This should dry out the evapo- 
ator case. 

Find a spot to insert the disinfec- 
tant spray can’s straw between the 
blower fan and the evaporator. 

Don’t try to spray into the cow! air 
inrake and rely on the blower to 
blow the disinfectant fo the evapo- 
rator, IF you do, virvually all the 
disinfectant will stick to the blower 
wheel. 

‘On most cars, you ean remove the 
blower resistor. If you look inside, 
you should see the evaporator, 
which vaguely resembles a radiator 
‘Tape over the resistor opening and 
make a small hole for the straw, If 
you can’t get to the blower resistor, 
find a suitable location between the 
blower motor and the evaporator 
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‘BLOWER MOTOR 
‘CONNECTION 


(Fig. 4) Start installation of the afterblow module by finding, 
‘the power connector for the air conditioner’s blower motor. 


(you may have to check a service 
‘manual to see the layout of the 
HVAC ease). Drill a /8-in. hole in a 
safe place between them, Be careful 
not to drill in the wrong place or too 
deep, or you risk the danger of 
drilling into the evaporator or even 
the hearer core. 

Attach the straw to the can, 
insert the straw and hold the ean 
relatively upright, Researt the 
engine, switching the a/c to out- 
side-air mode, maximum heat and 
the highest blower speed. Spray in 
‘one direction, then the other, Just 
keep turning the nozzle and straw 
back and forth, spraying in each 
direction until the can is empty. 
Then stop the engine, let the disin: 
fectant soak in for 30 minutes, then 
restart and run the blower for 
another 20 minutes, fan on high, 
temperature on maximum heat, 
system in recirculation, Finish up 
by shutting off the engine and 
reconnecting the wiring to the com- 
pressor clutch, then reinstalling the 
blower resistor or sealing the V4. 
in, hole with plumber's putty. This 
disinfectant is toxie, so don’t leave 
the cat, the kids or delicate house- 
plants in the ear while you're doing 
this, Opening the garage door or 


working outdoors is a 
good idea, too. 


The Afterblower 
Solution 

Now let's talk about a 
long-term fix: the 
afterblow electronic mod- 
ule, Ies strategy is to run 
the blower at high speed 
for about 5 minutes an 
hour after the ignition is 
turned off—if the a/c has 
been on for at least 4 min- 
utes. General Motors 
developed it as a factory 
solution for Cadillac and 


found that ie worked so 
well ar drying our the evap- 
orator ease that the elec 
tronic feature was incorpa- 
rated into the afe computer 
software on some Cadillacs 
in 1994. The kit was redesigned and 
released for other GM models. If you 
find a GM kit for your GM car or 
truck, it comes with connectors and 
a wiring schematic customized for 
your specific model vehicle. 
Then, someone got 
the bright idea to use the module in a 
generic kit for any make. So Air Sept, 
AG Delco and others are selling it 
with an all-makes approach to the 
wiring and a batch of serew-lock con: 
rectors. You can instal icin almost 
any post-1997 car 


Wiring 
Just locate the blower motor’s wiring. 
connector (Fig. 4) and, with a 
grounded test light, isolate the cur- 
rent-feed terminal if there are two 
wires. The module's wiring is very 
straightforward, and when it’s 
installed, the module turns on the 
blower ar the appropriate rime in high 
ambient temperatures when ale oper- 
ation normally would oecur. Ir realy 
is easier than it sounds, The most dif- 
ficult part will probably be finding a 
good place to sinstall the module, 
which is held by a Velero strip, 

And when you're done, you'll not 
only enjoy cool fresh air, but the 
sweet smell of success, 100. @ 
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Low-Tech Work on High-Tech Cars 


‘THERMOSTAT 
HOUSING 


ou've finally gotten the new 


trations aren't necessary—or afford- 
able—any longer. Time to start per- 
forming some of that maintenance 
yourself, a daunting proposition on 
most computer-contralled rechno- 
rides. Without returning to college 
for degrees in engineering and com- 
puter science, how's a Saturday 
mechanic supposed ro stay ahead of 
the maintenance curve? Not to mi 
tion having co buy a shop full of 
tools and test equipment. 
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(Fig. 1) Many late-model cars with low 
hoodllines require bleeding the cooling 
system, not simple topping up. 


Fortunately, most of the work nec- 
essary on your car is “low tech.” Irs 
routine maintenance such as replace- 
‘ment of lubricants and parts, hasic 
electrical diagnosis, brakes, shocks 
and struts, spark plugs, cooling sys 
tems and belts, and gaskets. Irs all the 
kind of work you can do without a 
‘major investment in equipment and 
shop manual “book learning.” How- 
ever, there’s so much in today’s cars 
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that you can’t avoid it, even if you 
stick to the basics, 

Gaining respect for the sensitive 
items and learning how to avoid mis- 
takes that produce problems is.a learn 
ing experience (although less involved 
than the high-tech work itself). Here 
are the important beginning steps. 


Strapping In 
Draining the cooling system and refill- 
ing it with a fresh mixture of antifreeze 
and water is the No. 1 do-it-yourself 
job, and it’s worth doing right. That 
‘means opening the engine block drain 
(if there is one) as well as the one on 
the radiator and getting our all the old 
coolant, You then face the problem of 
completely filling the cooling system. 
Because the radiator or surge rank 
neck on many cars isn’t the high point 
of the system, air is trapped elsewhere, 
Even if itis the high point, there are 
‘nooks and crannies in modern systems, 
many of which were developed with 
sophisticated computer programs for 
an efficient flow pattern. 

Start by jacking up the front of the 
car, to help expel air, Then fill the sys- 
tem as well as you ean and start the 
engine. You have to either crack open 
the little bleed valves (Fig. 1)—and 
some systems have several—or you 
may have to remove a plug, Even with 
these precautions, you should check 
the coolant level repeatedly over the 
next few weeks and keep topping up 
as necessary, If you don’, the engine 
will fel the difference in summer and 
you'll feel itin winter, when the 
heater output is low. If there’s a really 
big bubble trapped in the system, the 
engine could overheat. Check your 
service manual for specific bleeding 
instructions for your car. 

Need to replace a drive belt? The 
new multi-V ribbed type is almost 
universal, Ifyou get the right belt (not 
just one that's close), follow the 


TO RADIATOR 


OPEN 


‘THERMOSTAT 


THERMOSTAT 


ei 


‘COOLANT 
BACK TO 
ENGINE 


(Fig. 2) Bypass-style thermostats force all the cold water back into the block dur- 
ing warmup and all of the hot water into the radiator at running temperatures. If 
you use one that doesn't have the needed bypass valve (as at left), coolant flow 
‘ill not go to the radiator for proper cooling. 


uunderhaod decal’s routing diagram 
and make sure the belt is properly 
aligned in all ofits grooves, and it will 
transfer power smoothly. 

If you have to change a thermostat, 
don’t just get one that firs, Many late 
models have a stat with a bypass 
valve, intended to make all the hot 
\Wwater—not just most of it—flow 
through the radiator (Fig. 2). If you 
replace the thermostat with one that 


doesn’t have a bypass valve, the 
engine will warm up slowly, and ir 
may run hotter in summer and heat 
poorly in winter, A thermostat also 
may have a jigale valve, a pinlike 
device that balances pressures in the 
system and helps bleed air. 

en if you get the right thermo- 
stat, you have to install it correctly so 
it operates normally. On many Japan- 
ese cars with thermostat jiggle valves, 
for example, there's a specified posi- 
tion for the valve, such as heing 
aligned with a tab at 12 o'clock. 

The gaskets that seal the thermo- 
stat housing and water pump also are 
very different from the fiber/paper 
type you may be familiar with on 
older engines. In fact, new gasket 
designs are all over the powertrain. 


Gaskets 
‘The simple precur gasker is still 
around, and it may even be a good 


(Fig. 3) Staintess-steel exhaust systems necessi- 
tate heavy-duty clamps to properly seal pipes. 


choice on older ears for replacing 
formed-in-place silicone, which can 
smear during installation and there- 
fore seal poorly 


re high-tech designs that 
resemble giant O-rings. Some of them 
have a round cross section, others are 
oval or even an indescribable engi- 
neered shape that is designed to seal 
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when clamped down a precise 
amount. Still others, which resemble 
conventional gaskets, have torque 
Jimic buttons, which are metal or hard 
plastic rings for the bolt holes, to 
resist over-tightening. Others use a 
hard: plastic carrier to carry an engi- 
neervd-shape rubber sealing ring, as 
shown in the illustration on the fol- 
lowing page. Intake manifold gaskets 
are traditionally difficult to seal on V- 
shaped engines, especially when 
there’s a combination of aluminum 
cylinder heads and a cast-iron block 

You could use a conventional gas- 
ket in place of these high-tech won- 
ders, and ic will cost less—but it had 
better be made by a reputable pasker 
company specifically listed for your 
ear’s exact year and application. 

Usually the torque 
required ro seal a gasket 
properly isa lot less than 
you would think feels 
right, and if you over 
tighten, you distort the O- 
ring and it will leak. You 
have to use a torque 
wrench to be sure. 


Exhaust System 
Today's high-tempera- 
ture stainless-steel! 
exhaust systems are any- 
thing but cheap, and 
they're either welded 
together or held by super- 
duty clamps (Fig. 3). If 
you have to cura weld to 
replace a pipe or muffler, 
get a high-quality clamp 
ro ensure it holds the 
joint on today’s heavier 
pipes. You may have co 
shop around, or even 
place a special order, 
because many parts stores stock 
only the inexpensive clamps with 
bent metal saddles. The premium 
clamps have welded or double- 
crimped saddles and are probably 
two or three times the price of the 
more common variety, but they are 
the only kind that can take the 60 
ftlb, or more of torque needed to 
clamp the thicker pipes. 
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Brakes 


repairable with some pretty common 
do-it-yourself parts replacements. 


it’s physically separate from the 


problem 
stuff a tapered 


brake hose end 
the caliper, to help ke 
However, repla: 


auto parts st 
you install 


area misbehavior of your 
high-tech brake system thar’s 


cylinder 


cylinder might be a spec pedal should be firm. 


ENGINEERED RUBBER SEAL 


a 


PLASTIC CARRIER 
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ELECTRONICALLY 


CONTROLLED 
‘STRUT TOP 


| (Fig, 4) Replacing ride-control shocks doesn't 


necessarily mean replacing the actuator. 


Just plug any hydraulic lines you dis 

connect to keep out as much air as 

possible when you start the job. 

Ifthe master eylinder and antilock 

system are a single assembly, you 
| may have to follow a specific shop 
manual procedure to bleed it, Some- 
times this is d--y doable, and some: 
times ir isn’t. For example: The n 
ter cylinder/antilock assembly on 
many Fords requires a special proce- 
dure, But, the late-model 
Taurus/Sable also calls for a special 
clectronie switching device and a 
breakout box (a special adaprer for 
testing circuits) to bleed the single 
assembly which (for now) makes ita 
job for a dealer. 


Shocks and Struts 
‘Those computer-controtled shocks 
may have seemed like a neat feature 
‘when the car was new, but they may 
cost hundreds of dollars a pair at 
replacement time, If you want to 
maintain the electronic control, on 
many cars you ean transfer the electric 
motors that operate the originals to a 
pair of new shocks and save some 
money (Fig. 4). Even with switching 
over the motors, you can be in for 
major expense with electronically con- 
trolled shocks, and it may not seem 
worth it onan older car. 

| Fortunately, on most cars you can 
unplug the computer ata connector in 
the eeunk and then install conven- 


tional shocks, ‘There are some 
cases where doing this confuses 
the car's electronics. This prob 
Jem afflits late-model Thunder- 
birds and Cougars with Pro- 
grammed Ride Control, early 
Mazda 626s with Auto Adjust 
Suspension (bur not the later 
models), Nissan 3002X Turbos 
and more exceptions to come. 
We suspect, however, thar there 
will be computer bypass kits 
available eventually 


Tuneup and 
General Electrical 
Tuneup and general elec 
are areas where you have to he 
careful, but if you are, you 
should not let fear af smoking some 
expensive component keep you from 
doing work, Here are a few guidelines 
to follow 

# When you have to disconnect a fuel 
line on most Ford and Chrysler prod- 
ucts, you'll generally find it doesn't 
have a threaded fitting, but a quicl 
connect type. Te rakes a special but 
inexpensive tool, available from auto 
parts stores (Fig. 5). Don't try to pry 
the fuel fitting apart, or you'll dam- 
age it. These fittings often have O- 
ring seals, which should be 
replaced, Be sure to get these 
in a packer for the exact 
application. Ford, for exam- 
ple, uses spring-lock eou- 
plings on both fuel and ale 
lines. The O-rings are not 
only a slightly different size, 
but a totally different rub- 
bes. Fuel-line O-rings won't 
live in afe and vice versa 


® If you have to disconnect 
a wiring terminal from a 
plastic connector, such as for 
an electrical test, you can’t 
just shove in a small serew- 
driver blade to disengage it 
or you could damage the rer- 
minal and create a problem 
where none existed. Vireu- 


ally all late-model cars have 
special terminals and plastic 
connectors for positive 
retention, and these usually 


LOW-TECH WORK ON HIGH-TECH CARS 


require special tools. The pick-rype 
tools for General Motors and many 
Ford cars are available from auto 
parts stores, but you could have diffi- 
culty with other makes, In °93, 
Chrysler switched to a new line of 
connectors that require a half-dozen 
special tools that we still haven't seen 
in auto parts store 

« If you have to disconnect a battery 
cable, consider the use of a computer 
memory saver. It not only will keep 
the time on the electric clock and hold 
the preset radio stations, it will main- 
tain the long-term calibrations of the 
powertrain computer. If you lose 
these, the car’s driveability may be 
poor until the computer “relearns,” 
which could rake 100 or more miles 
of driving, 

There are two hasie types of mem- 
ory savers. The 9-vole battery with 
one type is okay, bur justa small volt- 
age drop could kill the memory. So 
you must keep all electrical accessories 
and lights off (thar means door dome- 
light switches, too, so either keep the 
doors closed or install hold-closed 
lips on the switches). An alternative is 
a saver that hooks up to a 12-volt bat- 
tery. IF your battery is okay, just care 
fully make the connections as you dis- 


a= 


FUEL LINE 


SPRING-LOCK 


COUPLING 


(Fig. 5) Spring-lock fuel and a/c connectors need 
a special inexpensive tool to open them. 
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connect the cable. Or use the battery 
from another car or a lantern batiery. 
# Usea computersafe test light. A 
standard 12-vole light may allow 
enough current draw through a cir- 
ccuit with electronics to measurably 
shorten the life (or even fry) same 
solid-state components, Computer- 
safe rest lights start at under $15, and 
ceven the best—avhiel plug. into a ciga- 
reite lighter socket and identify both 
power feed and ground—are under 
$60) including one that has a built 
flashlight (for probing under the dash) 
and a buzzer if you're probing a 
power feed in a blind spot. 
* The rest meter should bea “high- 
impedance” type (10 megohms or 
greater], for the same aspects of safery 
for electronic circuits as the test light, 
Name-brand maltimerers may go over 
$500, ut there are suitable volt-ohm- 
meters that start at under $50, 

If you have to probe a circuit and 


want to do ir safely, one way (sro buy 
a “bed of nails” test lead thar makes 
mini holes in a wire, and w' 
disconnecr the lead, they self-heal, 
You can pierce the insulation with a 
dressmaker’s hemming pin, but ir may: 
not make good enough contact with 
the copper wiring inside. 

# Don’t reposition wires underhood. 
‘This applies not only te spark-plug 
wires, but ro any harness, ineluding a 
battery cable (particularly if you get a 
replacement that’s a different length 
from the original, or is outside a har- 
ness and is nor easy to route the same 
The reason is the high-voltaye 
electricity from spark-plug wires may 
produce eleettieal interference in adja 
cent low-voltage cirenits, particularly 
if they contain electronic components. 
Because many electronic components 
‘operate on 5-8 volts, even the sud 
den flow of 12-volt high-amperage 
electricity through a battery cable 
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during cranking can eause big trouble. 
#» Never disconnect ar connect a cir- 
‘cuit, or an electronic module, with the 
ignition key in the OX position. tn fact, 
to avoid staric electricity damage, 
unplug.an electronic module with one 
hand held to a body ground, Static 
cleetriciy that discharges from your 
hand may norrorally trash an elee- 
tronie module, but it ean shorten its 
lie from years down to Weeks or even 
days, Professionals who face this 
problem all the time may wear a 
grounding strap on one of their wrists 
As you ger familiar with your car 
and read the manuals, you will be able 
to move into higher-technology service. 
‘You'll discover that i takes careful 
artention to the diagnostic procedures 
in the manuals, bur it isn’t rocket sci- 
ence, and it doesn’t take a degree in 
compurer science, either: The high tech 
you've already’ learned in doing the low: 
tech service will get you started, 
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Scan Tool Diagnosis 


© wscnosne 


ii 
| I 


you're ready to leave bright and 
early for the inspection station 
with the family’s 98 minivan, You're 


fl 


I e's state inspection time and 


starting the day in a less than jo 
mood hecause your daughter said 
“the light came on” last night on the 
way home. She said she threw a few 
dollars of gas into the tank to make it 
home, Turns out your annoyance is 
misplaced. Sure enough, the light’s on 
all right, but it's not the fuel warning, 
it’s the CHECK ENGINE warning, You 
stop for gas anyway, and then you 
pull into the inspection lane. 
Well, full tank or nor, the mi 
dove 


van 


jot pass muster 


SCAN TOOL DIAGNOSIS 


Failure Is Not an Option 

This is a late-model vehicle with 
what's known as OBD Il, the second: 
generation on-board diagnostic sys 
tem that replaced OBD I starting in 
1994. It's industry-wide and federally 
mandated. One of the problems with 
OBD I for the do-it-yourselfer is that 
you can’t get trouble codes by count: 
ing the blinks on the CHECK ENGINE 
light like you can on earlier computer- 
controlled vehicles. You could take 
your minivan into a high-tech shop, 
where the minimum charge for diag- 
nosis and inspection could run you 
somewhere into three Figures. Or you 
but 


can learn about OBD II yoursel 


(Fig. 1) OBD II scan tools hook to the 
car's engine-management computer via 
‘a connector under the steering wheel. 


you will need a piece of diagnostic 
equipment that you probably don't 
have—an OBD II scan tool (Fig. 2) 
Ifthe Check Engine light came on, 
it should be no surprise that the vehi: 
cle failed an emissions test. With OBD 


Ul, thar light comes on only if there's a 
failure tha significantly affects emis- 
sions. Thar makes the scan tool even 
‘more important since it will reveal a 
Jot of the problems that do not cause 
the warning light to come on. 

With many problems, the light 
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stays on after the repair is made and 
the code remains in the computer 
memory for a certain number of igni- 
tion on/off cycles. Your daughter didn't 
tighten the gas cap correctly, causing a 
code for the evaporative emissions sys- 
tem to ser. Eventually the light will go 
our and the code will selferase, per= 
haps after the next time you start and 
stop the car, You also can use the scan 
tool to erase it immediately 

With many other problems, how- 
ever, the only way to turn off the light 
and erase the code is with the scan 
tool. Just a warning: If you erase trou- 
ble codes with a sean tool or discon- 
nect the battery for any reason, you 
also erase the computer's continuous 
monitoring system. So if you take 
your car in fora state inspection 
hefore enough normal driving, the 
computer might nar have completed 
all its tests, and your car will fail 
inspection for that reason. 

“The OBD Il scan tester not only will 
enable you to find answers to the sim- 
pler problems, but will rell you into 
what areas the seemingly more campli- 
cared ones fall. Then you will have a 
better understanding of what the tech- 
nician is (or should be) looking for. 


Cracking the Code 

With an OBD II scan tool you also can 
read a certain amount of engine operat- 
{ng data: typically epm, ignition timing, 
fuel-injection calibrations, readings 
from a variety of sensors (such as the 
oxygen, throttle position, barometric 
and mass airflow sensors}, a “caleu- 


(Fig. 2) Data- 
stream scan tools 
will [et you investi- 
gate the function- 
ing of most 
sensors, like the 
throttle position 
sensor being 
checked here. 


(Fig. 3) Units with 
more features will 
let you snapshot 
and store data 
while the car is 
being driven. 


lated load” value and sometimes 
switch position signals (Fig. 2). OBD IL 
also includes a “capture mode, in 
which you can use the sean tool to take 
“snapshot” of what the sensors were 
reading at the exact instant a driveabil- 
ity hiccup occurred (Fig. 3). 


Sensor Scan 

With enhanced scan tool capability, you 
can discover problems that do not trig- 
ger the engine-warning light, For exam- 
ple, we recently tuned up a generic 
PO713 code on a late-model ear. This is 
listed in the shop manual as “transmis- 
sion fluid temperarure sensor cincuit— 
high input.” Ifthe transmission fluid is, 
running very hort, the transmission 
could completely fail, and quickly. 

A scan tool could save a lor of 
worry and effort if it has enhanced 
diagnosties, You ean do much of the 
troubleshooting from the driver’ seat 
the way we did, First we cleared the 
code with a simple push ofa button on 
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the tester, Then we rechecked: The code 
came back quickly, We cleared it again 
and looked at the reading that was 
‘coming from the transmission tempera- 
ture sensor ta the powertrain computer. 
Ie was 131°, nothing abnormal. 

‘The problem apparently was in the 
sensor or the circuit, possibly a bad con 
nection, The wiring was good and when 
‘we started poking around, we found 
physical damage that clearly indicared 
the problem was. defective sensor, 


‘So Many Choices 

If you have a late-model vehicle, you 
have OBD IL. However, just hecause 
ics generic, and the wiring 
connector from any OBD IL 
scan tool will plug into your 
vehicle, doesn’t mean any 
OBD II sean tool will work 
on your ear, The Europeans 
are the problem, as the ones 
after 1998 requise 
ware upgrade, Korean cars 
are also problematic, and 
how well they work with 
any given scan tool needs to 
be investigated on-a case- 
by-case basis, 

Further, new earsare 
being converted (on a phase-in basis 
starting with Saturn and Saab in 2003) 
10 “CAN” (Controller Area Network). 
This isa new diagnostic “protacal” and 
‘most scan tools will need an adapter 


‘module, or complete replacement. 
The OTC Mind Reader for OBD1 
can be upgraded with an additional 
chip to read generic OBD Lin domes- 
ti, Japanese and earlier European 
models (bur not the later Europeans) 
‘The Actron SeanTool for OBD I 
can be updated to the same level of 
OBD Il as che OTC Mind Reader 
‘with a plug-in cartridge (or you can 
buy an OBD t-only model). 
AutoXray produces a programma- 
ble scan tool. Although it doesn’t have 
the OBD 1 Chrysler command tests of 
the Mind Reader, it is the one home 
mechanic's scan tool we've tested to 
date that covers all generic OBD UL 
models (including the Europeans) with 
‘more on the way and cavers the new 
CAN diagnostic with just a software 


update. The software is sold over the 
Internet. You'll be able to store it on 
your personal computer and then 
download it to your sean tool via a 
cable available from the manufacturer. 
Any AuroXray scan tool is designed 
to be upgraded electronically, fram one 
make OBD I coverage through the lat 
est models. Although the professionals 


have had this software (and a lot more) 
in their scan tools, you have to wait for 
iin the consumer market. Other sean 
tools may he upgraded to enhanced sta~ 
tus and beyond with new cartridges, 
CD-ROM or via the Internet. Ask 
about upgrades before you buy. 
Although Actron has a line of OBD 
Il scan tools, its top tester for ear own: 


HOW IT WORKS 


(Fig. 4) Simple code readers) 
resetters like this one do not give 
you sensor data, 


ersis the Actron CP9087, a simple 
covde reader with readl-codes and 
code-erase buttons. You gee no sen: 
sor readings or other dara items (Fig, 
4). Psa low-cost device (under 
$200) that comes with a good 
assortment of wire leads for making 
test connections—including a back- 
probe adapter that has a thin, 
curved metal terminal, This terminal 
lets the probe slip throngh a ware 
sealed connector to reach a wiring, 
terminal fora test connection, 

‘OBD I has been in use on all 
vehicles since 1998, so the earliest 
vehicles that have this system are well 
off warranty. OBD Il is complex and 
we've given you just a basic introdue 
tion. The OBD II powertrain c 
puter is getting a lot better at finding 
problems and logging codes. Bur, the 
computer won't tell you a thing 
unless you hook up a scan tool. @ 


How OBD II Transmi 


‘Today's powertrain com- 
puters are at the heart of a 
vehicle's communications 
network, circulating infor- 
‘mation from switches and 
sensors to the other com- 
puters that control antilock 
brakes, air conditioning, | 
transmission, suspension 

and safety systems. The | 
powertrain computer is 
also in charge of systems 
that affect engine emis- 
sions, so the information it 
processes has to be avail- 


terminals are live in any given vehi 


facturers do not all use the same data transmission pro- 
tocols, the scan tool must be programmed to recognize 
which one is being used. Fortunately, there has been 
‘some standardization, but we're not down to one trans- 
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able for evaluation by a technician. That information 
travels along a wire to a standard 16-terminal diagnostic 
connector (although, generally, fewer than a half-dozen 


080 It 


CONNECTION 


fe). Because manu- 


tool current. 


's Data 


mission protocol for all, 
hence the problem with 
Iate-model European cars 
(including the Cadillac Cat- 
era). There are four differ- 
ent so-called standard 
data pins in the standard 
connector, and at least 
four different types of data 
‘transmissions that could 
be used, plus enhanced 
versions of the standard 
stuff (other pins are avail 
able for additional manu- 
facturer-specific data, 


such as vehicle diagnostic systems for a/c and ABS). 
‘As anyone with a household PC knows, “plug and 
play” doesn’t always work, and OBD If scan tools can 
encounter compatibility problems. Some European and 
Korean cars don't always work when they're suppossed 
to. How can you tell? Checking a sean tool manufac- 
turer's Web site for updates is the way to keep your 
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Going From Solderless Breadboard to 
PCB 


The beauty of protoboard is that it mirrars the layout of a solderless bread: 
board, which is used for prototyping electronic circuits. Once you have your 
project laid out and working on a breadboard, you can easily transfer it to 
the protaboard. As with a solderless breadboard, the protoboard has rows 
and columns that are tied together. The layout is slightly different, though. 
Where the breadboard has two rails (one for positive, one for negative) on 
both the tap and bottoms shown in Figure 2-13, the protoboard that comes 
with this kit has its rails in the center of the board, 


Figure 2-14 shows the project from Figure 2-13, butlaid out on a protoboard 
instead of the solderless breadboard. 


Made with [[) Fritzing.org 


Figure 2-13. The 555 blinky project on a breadboard 


‘made with Fritzing, an open-source initiative to 
support designers, artists, researchers and hobby: 
ists to work creatively with interactive electronics. 
For more information, see http://tritzing.org/. 


Z NOTE: The breadboard diagram in Figure 2-13 was 


2 Learn to Solder 


Wiring Your Trailer Hitch 


jhe rental yard is busy. The 
Tee trailer you want is inex- 

pensive, and the yard help 
assists you in hooking up the trailer 
hitch and safety chains, Now to 
drive home and load the trailer 
with the entirety of a teenager's life, 
then ship her off to college several 
states away 

But not until you hook up the 

lights on the trailer, The trailer dealer- 
ship won't let you leave until the 
lights work, And the trailer plug on 
the back of your truck doesn’t 
remotely march the one on the trailer. 
The friendly trailer-hitch counterman 
points to the display of electrical con- 
nectors and suggests that if you can’t 
get them working on your own, he 


This pickup came 
an adapter harness fo 
the traller hitch in the: 
glovebox. Simply dis- 
‘connect the loom to the 
truck lights and plug in 
the adapter. You'll still, 
need to wire the trailer. 


can have a mechanic do it for you, 
first thing Monday morning, 


Desperate Times, 

Desperate Measures 

Trailer wiring may be easy. Many 
vehicles, particularly pickups and 
SUVs, come prewired for trailers. If 
there's a preinstalled hitch, the con- 
nector might already be in place 
behind a convenient spring-loaded 
cap. Or, if you've bought a new vehi- 
cle, you may find the harness needed 
to install the connector inside the 
glovebox. Simply unplug the connec 
tor to the rear lights on your truck, 
plug in the trailer harness between the 
male and female ends, and you're 
ready 


ELECTRICAL AND ELECTRONIC SYSTEMS 


Bur wiring a trailer may not be 
easy. If you're towing just for the day 
and don’t ever plan to tow again, you 
can pick up some adapters that 
replace the taillight bulbs in your 
vehicle and have pigtailed wires hang- 
ing from them, How you route the 
wires out of the light sockets and 
down to the hitch can be problematic. 
And what if you have a trailer wich 
simple 1-lamp lights and a car with 
multiple taillights, like most European 
cars? At the very least, odds are the 
trailer and vehicle use different con- 
nectors, as the trailering industry uses 
at least four different styles. 


Red To Green To White 
Let's start with the basics, Most trailers 


‘7-PIN CONNECTOR 


This standard RV-style connector has high-amperage- 
‘capacity flat pins and room for six circuits. 


have three circuits—for running lights, 
and left and right brake lights. The 
brake lights will lash for the turn-sig- 
nal funetion—it's up to the flasher 
relay in the ear to know when the 
brake lights are on and to flash the 
appropriate filament, So technically, 
you need only three wires to the trailer 
plus a ground wire 

Always run a ground wire from the 
frame of the vehicle (not from the 
hitch or bumper) to the 
trailer. The metal-to- 
metal contact in the 
hitch is not reliable 
enough for a consistent 

This means you'll 
reed a connector with 


at least four contacts 
Nor surprisingly, the 
standard flar-style con- 
nector for trailers uses 
four pins, with one 
unshrouded male pin 
oon the vehicle end for 
the ground. Other 
common styles of con- 
rectors use five six or 
seven pins, and these 
are the styles you'll see 
installed by the manu- 
facturers on new vehi- 
cles. Why more than 
four? Larger trailers sometimes use a 
separate circuit for running lights on 
the sides and front of the trailer. Some 
trailers use electrically actuated 
brakes. I's not uncommon for 
enclosed trailers to have interior fights 
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Asimple adapter can make 5-, 6- 


7-PIN CONNECTOR 
TO 4-PIN ADAPTER 


ind 7-pin connectors 


work with other styles of connectors. 


cor accessories powered by the vehicle 
battery, so that means another circuit. 
Do not freak. As long as you con- 
cern yourself with only one cireuit at 
a time, this job will not require you to 
read those schematic diagrams that 
have tiny little wires labeled with type 
too small for even a lawyer to read. 


Over-The-Counter 


Gor a 7-pin connector on the truck 


POSI-LOGK CONNECTOR 


Posi-Lock or erimp connectors can be used without 
soldering, but aren't weathertight for long-term use. 


and an inline 4-pin connector on the 
trailer? We found an adapter at the 
auto parts store that makes this plug- 
and-play. Other permutations of con- 
nectors may be adaptable with off- 
the-shelf parts. 


—__ 


Splice It 

Worst case—you have a car or truck 
with no provision for trailer lights, 
and a trailer with a harness thar ends 
with chopped-off wires. You'll need 
nothing more complicated than a 12- 
vole test light oF volt-meter, and some 
splicing capability. Srart by turning on 
the vehicle’s running lamps, Now 
probe the vehicle wiring to find ou 
which wire leading to the taillights is 
hot. Splice into this 
wire and bring it to the 
vehicle side of the 
trailer connector. 
Which pin? The con- 
rector should come 
with a list specifying 
which pin handles 
which circuit. Follow 
it—bur don't for a 
minute trust that some- 
one else who wired 
your vehicle before you 
followed anything 
except his own whim, 
‘Tag each wire with its 
function as you identify 
ir. Now you can turn 
off the running lamps 
and activate the left 
tur signal. Identify 
which circuit is the 
blinker, and repeat for 
the right turn signal. Wire all to the 
connector. 


Separate But Not Equal 
A few vehicles use separate lamps for 
the brake and the turn-signal functions 


RV-STYLE 7-WAY CAR END 


BLUE 
ELECTRIC BRAKES 


ware 
GROUND 


This wiring color code is supposed to be the standard, but vehicle manufacturers 
don't always follow it. Check with a test light or you risk blowing fuses. 


of the rear lights, Thar’s fine—until 
you realize the trailer uses a single 2- 
filament bulb for all three functions. 
Adding another taillamp housing to 
the trailer is one option, but a simpler 
solution exists. Your trailer-rental 
place, and most auo parts stores, sell 
simple electronic adapters 
that will combine the brake- 
lamp and turn-signal fune- 
tions, It installs in the har- 
ness just before the trailer 
connector. 


Other Circuits 
Some larger trailers have a 
separate circuit for clear 
ance or marker lights, 
which are separate from the 
running lights in the rail- 
lamp assemblies, You may 
need to add another circuit 
to handle them. If you try to 
wire them in parallel with 
the customary pair of run- 
ning lamps, you may overload the 
vehicle's headlamp switch—so you'll 
need to add a relay to handle the 
extra current. 

‘There also may be a 12-volt cireuit 


‘This controller allows the use of electric trail 


for running lights inside the trailer oF 
for charging the trailer battery in the 
case of a travel trailer, This cireuit 
probably wil be hot whenever the 
engine is running, but it may be con- 
trolled by a switch on the dash. Be 
sure the wires are of a gauge large 


Many vehicles are prewired to accept it. 


enough to handle the load (a fully dis- 
charged deep-cycle trailer storage bat- 
tery may draw 20 or more amps when 
you start the engine). The use of a 
battery isolator is strongly recom- 
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brakes. 


mended. This will prevent discharging 
the vehicle battery from the trailer, 
and prevent surges of current from 
‘overcooking the wiring or blowing a 
fuse, 


Whoa, Nellie 

This leads to the concept of electric 
trailer brakes, These are actuated by 
a controller in the vehicle that 
increases the voltage to the brakes 
proportional to the vehicle's deceler- 
ation, This requices a wire from the 
controller to the trailer brake, (This 
is why some connectors have as 
many as seven pins, to make provi- 
sions for the multiple circuits.) Use 
12-ga. wire for this circuit. If you 
have electric trailer brakes, there 
must be an auxiliary battery and a 
breakaway switch in the circuit to 


slow the trailer if it comes loose from, 


the hitch, 


Keeping It All Together 
How to make the connections? 
We've seen plenty of trailers lumber~ 
ing down the road with blinking or 
dim lights. Odds are, if you looked 
at the wiring on one of these rigs, 
you'd see wires twisted rogether and 
insulated with electrical tape. 
Almost as bad are the automotiv 
style crimp connectors, 
which can’t handle the 
vibration and moisture. 
Any crimp connector 
exposed to the elements 
will have a short life span, 
Don’t even think of using 
houschold-style wire 


nots—they'll unserew 
themselves within a few 
hhundred miles. We use the 
screw-in Posi-Lock connec- 
tors illustrated here for 
quick jabs. Our own trailer 
has every connection made 
with solder and PVC 
shrink tube. 

As you button up, smear 
a film of dielectric grease on the hitch 
conneetors to prevent moisture from 
corroding the pins. 


larmingly, the speedometer 
needle steadily winds down 
from 75 mph toward 50, Just 


as you uncurl your feet and try to 
accelerate back to traffic speeds, the 
vehicle downshifts with a lurch and 
abruptly climbs back to over 80 mph. 
So you tap the brakes and disengage 
the eruise control to avoid a conversa- 
tion with one of che many law 
enforcement officers lurking behind 
every other billboard. Toggling the 
Resume switch settles things down, 
holding to a legal speed on both the 
uphill and downhill sections of the 
interstate. The kids in the back seat 
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have stopped threatening to throw 
up, too, Then you look in your mirror 
20 miles later and see the lights. Red 
and blue flashing lights. You're doing 
‘over 85 mph and, odds are, Smokey 
isn’t going to believe you have the 
cruise set to 70. Time to find out why 
your eruise control has a mind of its 
own. 


It's not a bug, it's a feature 
Does your cruise control fall out of 
‘engagement partway up steep hills? 
Actually, it will normally drop out if 
the engine has to work too hard, 
mainly because after a while there 


Ue wars: 
7) Most common cause of 


erratic cruise control? 
Vacuum leaks caused 


isn’t enough vacuum left to pull in the 
servo after sustained near-wide-open- 
throttle. You'll just have to put your 
foot into it, Downshifting helps. 

Does your Japanese car not 
remember the set speed after toll- 
booths? Unlike most American and 
European cars, some Toyotas and 
Hondas are designed not to remember 
their set speed if the vehicle speed falls 
below 25 mph, and you're supposed 
to accelerate the vehicle to your set 
speed and hit the Set button again, 
Annoying, but that’s the way they 
were designed. 

Do you have to ride the brakes on 
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WHOA, NELLIE: If your brake 
light switch is incorrectly 
adjusted, your cruise control 
‘may not lock in. A burned-out 
brake light can do the same, 


longer downhills to keep 
from building up excess 
speed? Thar's normal roo. 
‘The cruise control only has 
authority to reduce engine 
speed to idle, It doesn’t acti 
vate the brakes. Modern ears, 
in an attempr to improve 
mileage, have very tall gear 
ratios, low-friction engine 
designs, low-rolling-resis- 
tance tires and optimized 
aerodynamics. That long 
downgrade outside of rown 
may have accelerated your 
“60s-era Pontiac to only a 
couple of miles per hour 
above legal. Bur, it may well 
propel your new economy car 
to blatantly ilegal velocities unless 
you intervene by braking or down- 
shitting, 


Smooth and steady 
Cruise control on your vehicle isa ter- 
rrific device. It substantially reduces 
the driver’s workload on longer trips, 
and can save substantial amounts of 
fuel and expense over the life of the 
vehicle—until it stops working, 

We'll get to the scenario of nor 
holding a steady speed later, bur here 
are a couple of things to cheek imme- 
diately if the cruise control is on 
strike. 

Does the Cruise icon on the dash 
light up when you turn the switch on? 
Duh. Check the fuse. You may need 
to look in the own 


’s manual to see 
i's nor tagged on the 
fuse box cover. An aftermarket cruise 
‘may have an infine fuse holder in the 
wiring to the controller. 

If there is power to the system, the 
next check is the brake lights, Brake 
lights? Yup, eruise controls have a 
switch to toggle them off when you 
touch the brake pedal, and many use 
the same switch as the brake lights. If 
oone of the brake lights has failed, the 
‘eruise control thinks the brakes are 


which one i 


Conall the time and won't come on, 
Same result if the switch is incorrectly 
adjusted or broken or jammed. Wait, 
there’s more—if your vehicle has a 
‘manual transmission, there’s a similar 
switch on the clutch pedal. You may 
need to break out a test light or multi- 
meter to verify the function of this 
array of switches. These switches usu- 
ally are normally closed switches, and 


WHAT'S THIS THING?: The cruise 
control servo motor could be anywhere 
in the engine compartment. 


close theie contacts when the 
pedal is depressed. We've seen 
several cases of intermittent 
éeruise control dropout caused 
by a brake light switeh that 
was adjusted very tight. Any 
small bump would jiggle the 
brake pedal down far enough 
ro toggle the brake lights on 
for a brief instant—long 
enough to shut down the 
‘cruise. Adjusting the switch 
to spees (usually so the brake 
Tights come on after the pedal 
travels ¥ in.) fixed it 

Once you verify all of 
these things, it's time to look 
for more subtle causes. Check 
undechood. Inspect the link- 
age between the ertise con- 
trol actuator and the throttle. 
Te may be as simple as a toilet- 
tank bead chain or a separate 
throttle cable with its own 


actuator eam to the throttle badly, 
Look for disconnected or damaged 
wiring to the controller or actuator, 
particularly if t's an aftermarket sys- 
tem, which may have been installed 
by someone with poor mechanical 
skills 

Another obvious failure point is 
the vacuum line to the actuator. fit 
has fallen off, there's no vacuum to 
the actuator and no force can be 
applied to the throttle, We'll get 
ahead of ourselves here and mention 
that a vacutim line that looks fine may 
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‘SPEEDOMETER HEAD. 


have a subtle lea caused by aging, 
brittle rubber or connections that 
don't seal well. A tor of the erise 
controls we've seen with issues in reg. 
ulating their speed correctly are fixed 
by simply replacing all the vacuum 
lines between the servo, vacuum 
reservoir (if chere is one) and the 
Jngake manifold vacuum supply, 


Control issue with your servo 
There are nwo main components oF 
the cruise control system: the con- 
troller and the servo. 

The conteoller integeates all the 
inputs and tells the servo how far to 
actuate the throttle plates. Normally, 
there is no way you can service this 
item, so if you trace a problem to the 
controller, you'll have to buy a new 
one. A bad controller probably will 
require a service manual for specific 
diagnostics. You'll also need a sean 
tool to access any computer trouble 
codes to hoot. 

‘The servo does the work of moving 
the throttle blades to speed up the 
vehicle. Conventional systems are 


actuated by manifold vacuum, Check 
the linkage from the servo to the 
throttle to ensure it's properly hooked 
up and not binding or sticky. Inside 
the servo is a diaphragm that moves 
to pull on the linkage. Some older sys- 
tems, used on ears or trucks that don’t 
have throttle-position sensors, may 
have a rod that moves in and out of a 
_magnetie coil to cell the controller the 
throttle position. There are also two 
electrically operared solenoid valves. 
One valve admits vacuum to the 
diaphragm chamber to add more 
throttle, The other bleeds air back 
into the chamber to reduce throttle, 
Normally, they will never be open at 
the same time, so if one is sticky or 
leaking, cruise control operation will 
be erratic ar best. Check for leakage 
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‘SPEED SENSOR FOR 
CRUISE CONTROL. 


— 


‘SPEEDOMETER 
GABLE 


with a handheld vacuum pump. A 
leaky valve may benefic from a quick 
shor of silicone spray. 

Diesels and some late models may 
use a servo thar is completely electri- 
cal, These usually ate mounted on the 
feriderwell or firewall, and are con- 
nected to the throttle by a second 
theortle eable, Other than keeping the 
table lubricated and properly 
adjusted, there’s not much to fiddle 
with, Asalways, check the shop man- 
ual for specifies on your vehicle. 


vacuum 
RESERVOIR 


Re 


SERVO 


‘SUCK IT UP: The vacuum reservoir pro- 
vides an added source of vacuum for 
those long uphill grades, 


Many late-model ears have throttle 
plates connected directly to an actua- 
tor controlled by the engine manage- 
‘ment computer. There is no physical 
connection herween your right foor 
and the throttle blades (Scary, eh?), 
and there may of may not be a sepa- 
rate cruise control serva or controller. 


How fast was | going, officer? 
Ifyou still have no engagement, there 
may be an issue with the eruise eon- 
trol’ speed input. Modern cars use 
information from the ABS's vehicle 
speed sensor (VSS) because the enginie~ 


WHERE'S THIS THING?: Speed sensor 
‘may be buried under the dash near 
speedo head. 

management computer needs to know 
road speed. If your Check Engine light 
ison, the cruise may not work, espe 
cially if the VSS is malfunctioning. 
Older vehicles may use speed informa- 
tion fram the speedometer. Aftermar- 
ket systems may resort to a ring of 
‘magnets clamped to a driveshaft or 
ate shaft, with a magnetic coil posi 
tioned nearby. Ifthe magnets have 
fallen off or the coil has been smashed 
by a rock or road debris, there's no 
speed data for the controller. 


Urban Legend 

‘The legend has been related to us by 
all manner of people, including a 
couple of state police officers. Using 
the cruise control in rainy or slick 
conditions will make your ear speed 
up uncontrollably, until you Tose con 
trol and crash. Irs a myth. Engaging 
the cruise will nor make the ear speed. 
up. The cruise will attempt to main- 
tain a steady speed. If the wheels lose 
traction and the car starts to stow 
down, the cruise will speed up the 
engine to attempt to accelerate back 
to the ser speed. This will make the 
drivewheels spin more briskly, The 
Vehicle speed will go slower, regard- 
less of how furiously the wheels spin. 
If you have a rear-wheel-drive car, the 
effect is to destabilize the vehicle, and 
you probably will spin out unless the 
vehicle regains traction in a reason 
able length of time. A front-wheel 
drive car with spinning tires will 


attempt to continue ina more or less 
straight line—which will make steer- 
ing control dodgy at best. 

Heavy rain or snow makes use of 
the cruise control inadvisable, but 
such conditions certainly won't 
make your car accelerate to ludi- 
crous speeds while you hang on for 
dear life. lf the ceuise is engaged and 
you perceive a loss of traction, the 
best ber is to rap the brake to disen: 
gage the system, and then add just 
enough throttle to maintain steering 
until the vehicle slows down to a 
mote appropriate speed 
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Changing A Fuse 


sa dark and stormy night 
PJ ses tert 

headlights on your car have 
suddenly quit. The car runs fine— 
bur you have to have it rowed to a 
garage. Tow: S85. Labor to replace 
headlight fuse: $25. One 10-amp 
blade-style fuse: 65 cents, The real 
ization the next morning that there 


was a spare fuse already in the fuse 
box that you could have swapped 
in yourself for free in a few see 
onds: Priceless. 
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Better To Light 
A Single Candle 

Modern cars and trucks are heavily 
dependent on their electrical systems. 
The one in your car probably gener 
ates more power than was available in 
your great-grandfather’s entire house 
You might find three different fuse 
boxes on your vehicle, and dozens of 
fuses. Unlike domestic (house) electri 
eal panels, which rely on reusable, 
resettable circuit breakers, most auto 
motive circuits nse disposable, one- 


time-only fuses. The only auromorive 
hat we're aware of that 


applications 
use circuit breakers use selF-resetting 
breakers, which will cycle automati- 
cally every few seconds 


Fuse basics 

Let's start with the basies, Any electri 
cal component uses a certain amount 
of power to accomplish its task. Take, 
for example, a 2-watt brake-light 
bulb. Two of these add up to 42 
watts, which at your car's nominal 


Use a voltmeter or 
test light to check for 
blown fuses without 

hhaving to pull them all 
‘out and inspect them, 
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operating voltage of 14 volts is about 
3 amps of current. Suppose the wires 
to the lamp socket were chafed and 
the bare wire touched some exposed 
metal, shorting the cireuit to ground, 
The current draw could instantly rise 
to dozens of amps—and in a few sec 
onds the wiring hamess would 
become a smoking, charred ruin—ifit 
weren't for the fuse. The fuse is 
designed to carry a precise amount of 
current and no more, Ask it to do 
more, and a small wire oF strip of 
metal inside it melts rapidly, sparing 
the rest of the wiring. And then you 
ccan find the short, repair itand 
replace the fuse for a few cents. 

Fuses sometimes fail for what 
seems to be no good reason. Go fig 
ure. One common scenario is when a 
marker lamp or headlamp burns out 
The melting filament in the bulb can 
momentarily short the contacts inside 
the bulb just as it vaporizes, sucking 
enough current to pop the fuse. You'll 
need to replace the bulb and the fuse 
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You'll need pliers or some sort of tool 
to pull the fuse out ofits spot. 


Gone Fishing 
Not sure which fuse is popped 
because you don't have a chart? You 
could always pull all of them, one at a 
time, and inspect them, A faster way 
is to use a voltmeter or test light. The 
conductors inside blade-type fuses are 
exposed at che upper surface, Start by 
turning on the ignition and the circuit 
you're trying to troubleshoot, Con- 
nect the ground wire of your 
meter/test light to 2 good chassis 
ground point—one with bare metal 
Touch the probe to the fuse’s exposed 
conductor. A good fuse will show 
voltage on both sides. A blown one 
will be electrically dead on one side 


What Amps? 
Fuses are carefully manufactured to 


permit only a calibrated amount of 


current ro flow. Replace a blown fuse 
with one with a higher amperage rat- 
ing at your own risk, You could cause 
a meltdown in the wiring harness— 
which will in turn cause more short 


ma 


FRR] 


‘This glass fuse fuse-box housing 
melted after a loose clamp overheated. 


circuits, some of which may not be 
protected by other fuses. You may 


need to replace the entire wiring ha 


ness, or you may start an electrical fire 
that destroys your entire car or truck. 
Now that I've gor your attention, 
Vil backpedal and say thar in an emer 
geney Tonge had to replace a blown 
15-amp with a 20-amp because that 
\was the only spare in the fuse box 
But first thin 


he next morning I 
replaced the fuse with the correct 
one—which promptly blew. The fuel 
pump was drawing too much current 
because the fuel filter was dirty, bur 
that’s different Saturday Mechanic. 

There are three sizes of blade-style 
fuses—mini, normal and maxi. And 
they are all color-coded: normal-size 
10-amp fuses are red and 15-amp 
fuses are blue, and so on. Just to con. 
¢ issue, the color-coding is di 
for the maxi sizes. Don’t make 
mistake and assume a red fuse is 
always 10: amps. Additional warning: 
Don't assume the last person to 


replace a fuse did so with one of the 


correct rating, even if he was a profes 
sional, As always, you can look in the 
‘owner's manual—and probably on the 
fuse chart on the fuse hox cover—for 


the correct rating 


No Spares? 
Some vehicle manufacturers do not 
provide spare fuses or even a place in 
the fuse panel to store them. Even if 
there are spares in your fuse box, 
there are probably only a couple, and 


nor one of every value, Go to the auto 
parts department or auto parts store 
and buy a fuse kit. For less than 10 
bucks you can get a box containing 
an assortment of fuses with a fuse 
puller inside, Leave this in your glove 


box to keep it dry and clean. @ 
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Goon FUSE 


BAD FUSE 
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Figure 2-14. The 555 blinky project on a protoboard 
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Curing Premature Brake Wear 


Fou're aking a pleasant ride in 
the country, enjoying your car's 
performance, A stop sign, You 


step unhurriedly on the brake pedal — 
what the heck? You let off andl try 
again. There's no mistake. You hear a 
high-pitched squeal that you recog- 
nize as a pad wear indicator sounding 
off, Those front linings are going, 
going, gon 

That wouldn't be so troubling 
except that you distinctly remember 
doing a brake job less than a year 
ago. Hey, what's going on? 


Low-Life Linings 
Thirty years ago when dise brakes 
were becoming common, we were 
impressed by how long linings lasted. 
Not anymore. Many late model cars 
and trucks eat their pads quickly. The 
tendency is to blame new friction 
material formulas for accelerated pad 
‘wear, but the real reason is usually 
something else altogeths 

Now: you've got overdrive, a law 
friction V6 and an aerodynamic design 
that not only lets the ear coast farther, 
bur also curs airflow to the brakes 

Another factor in the short-lived 
pad scenario is the SUV phenomenon. 
A typical Blazer or Explorer might 
‘weigh 4800 pounds, bur the brakes 
are not enough better than those 
designed for the 3000-pound pickups 
most af these vehicles evolved from. It 
doesn't take much of an intellectual 
leap to see that even normal driving 
amounts to heavy-duty service. 


Take a Proactive Role 
Whar can you do to extend the life 
bf those brakes? First off, buy the 
highest-quality brand-name linings 
you can find. These may he “full 
‘eecamic,” have ceramics added to the 
semimetallic mix, or have a sacrifi- 
cial fitanium coating thar speeds 
break-in and improves initial feel 


(Fig. 1) Coat those star-whee! adjuster threads with 


grease or antiseize compound. 


That's nor, however, all there isto 
the job by a long shot. You've got to 
look ae the brake system as a whole. 
Many mororists jase don’e use 
the parking brake. Some may think it's 
an emeryency stopping system ant 
But with many common rear-dise 
designs and some rear deus, li 
to-rotorldrum adjustment 
simply doesn’t occur unless the park- 
ing brake is applied (a symptom is a 
low pedal). So, adopt the sensible habit 
of engaging this device every time you 
park instead of just depending on Park 
to keep the car from rolling away. 


ng: 


‘SELF-ADJUSTER CABLE 


(Fig. 2) Drum brake self-adjuster hard- 
ware is frequently faulty. 


Innards and 
Fresh Juice 

Even the most diligent 
person in this regard is 
still woing to have prob- 
lems ifthe self adjusters 
‘ofthe cear dises aren't 
operating, Typically, 
corrosion and contami- 
nation jam the piston 
and immobilize the 
serew mechanism. 

Some professionals 
have switched from 
overhauling rear 
calipers to installing 
quality remanufa 
tured units, saying thar it wasn't 
worth the labor and headache to 
pull them apart and put in a kit—it’s 
hard to get the adjusting mechanism 
to work properly. Great, except 
calipers can be expensive in some 
cases, That's the price you pay for 
ing a modern car and neglecting 
maintenance, 

What maintenance is that? Brake 
fluid changes, of course. With thar 
parking hrake/self-adjustment mecha- 
‘nism present and immersed, internal 
corrosion is to be strenuously 
avoided. Ergo, periodic fluid changes 
are even more important than with 
dise/deum systems. This has been 
advised by many import manufactur: 
ers for decades, and is now starting to 
show up in the service recommenda- 
tions found in the owner's manuals of 
domestics. 

This ear-care item can save you 
serious mone 
disc brake inter 
Corrosion and debris in the control 


‘nit can result in a disastrausly 
expensive repair—$1500 isn’t 
‘unusual! Use a turkey haster to get 
most of the old stuff outt of the master 
cylinder reservoir, refill it with fresh, 
then use a clear bottle and hose setup 
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(Fig. 3) A partially clogged brake tine 
can let pressure build up in the caliper. 


at each of the bleeders and pump until 
you see a nice, clean liquid appear. Do 
this every other year 


Beaten Drums 

Rear drum brakes often shirk theie 
duty, too, resulting in burned-up front 
pads, Seized star-wheel screws (Fig 2) 
and otherwise inoperative self 
adjusters (Fig. 2) are practically an 
epidemic, so you're asking for acceler- 
ated front lining wear if you don’t 
inspeer and lubricate the hardware 
involved, and replace any items 
you're dubious abo 
fatigued cables, for instance’. 

We fixed a car recently that had 
fried pads and a badly grooved rotor 
on one side. Ir turns out the hose was 
plugged—it allowed pressure to 
gradually build up in the caliper, and 
then the piston couldn't retract (Fig. 3). 
Another possible cause of drag is over 


(frayed or 


BRAKE LINE 


filling the master reservoir, 
which can apply the brakes as the 
fluid expands, 


Broken In 

or Just Broken? 

We know people who still believe 
that the right way to sear new linings 
is to really stand on the brakes a few 
times. That's an anachronistic idea 


HOW IT WORKS 


left over from the days when 
linings were supplied 
green,” Panic stops would 
indeed get that friction 


material hot enough to cure 
it. But you don’t get 
uncooked pads and shoes 


from manufacturers any 
more, so this whole idea 
belongs t0 a bygone ea, a 
time of ignition points and 
bias ply tres. 

There's no way to 
overemphasize the impor 
tance of proper lining break- 
in (some authorities say 
overlooking this procedure is the No. 
1 cause of noise and hard pe 
plaints). The ideal way to start new 
linings off is to make 30 slow stops 
(spaced 2 minutes apart) from about 


30 mph using light to moderate pres- 
sure, You may not be willing to take 
thar much time, but you'd be foolish 
at least 10 moderate 


stops at 30-second intervals (you 


Pad Wear Indicators 


Mechanical pad wear indica- 
tors, which have been around 

| | since the early '70s, are so 
simple and can head off so 

| | much damage that it's sur- 
prising they didn't show up 
even before then. All that's 

|| required to warn the driver 
that he’s almost down to the 
rivets is the addition of a light 
steel tab that contacts the 
rotor when the linings are get- 
ting too thin for comfort. This 
produces a high-pitched 

|| squeal that appears suddenly 
and is unmistakable, The tab 
is too flimsy to cause any damage to 
the disc, unlike the rivets, which wil 
grind away at that nice stopping sur- 
face, leaving wide, deep grooves. 
With bonded linings, the steel pad 
plates will do the same, and have 
been called “full-mets” by brake 
guys with a twisted sense of humor. 
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New 


(Aa d 


woRN 


By the time you hear and feel either, 
considerable rotor damage has 
already begun. 

Unfortunately, many of the cars 
‘out there still aren't so equipped, 
and often replacement pads for cars 
that had wear indicators as 0.E. 
don’t include this helpful device. 


A slightly higher-tech 
variation on this theme 
is the electrical pad 
Wear warning system, 
Which first appeared a 
couple of decades ago 
fon such cars as Toyotas 
and Mercedes. Here, 
the pad is drilled for an 
electrical contact that 
stands slightly proud of 
the lining rivets. When 
‘wear reaches the point 
that this touches the 
rotor, the ground circuit 
toa Brakes warning 

light on the dash is completed, and 

‘the lamp winks on. Again, unfortu- 

nately, some companies that manu- 

facture replacements for these appll- 
cations don't bother to include the 
contact, with the result being that 

‘the wire ends up tied off in the sus- 

pension somewhere. 
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should be able to feel the action 
smooth out), then avoid heavy brak- 
ing for the first 200 miles. 

‘Whar if one pad is worn-out, bur 
the other still has lots of friction 
material left? Think about the way a 
single-piscon caliper operates. The 
piston pushes one side directly against 
the disc, and this action pulls the 
other side into contact. IF anything 
interferes with the sliding or floating 
movement that transfers and divides 
the force, only the pad thar the piston 
actually bears on will wear. So, every 
time y 


1 put in a new Lining, clean 
and lubricate the machined grooves of 
sliding calipers, using special brake 
grease (Fig. 4). Ditto for the bushings 
and pins or bolts of the floating vari- 
ety, and make sure any rubber parts 


are in good shape. 


Voice of Experience 
When lubrication is called for on an 


(Fig, 4) Ifthe caliper won't slide on its 
grooves or pins, brakes will wear fast. 
Clean, and then lube sparingly. 
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internal mechanism, use silicone 
grease, Anything else will attack the 
rubber parts. 
Don't force caliper pistons 
hack for pad replacement without 
opening the bleeder. The line comes in 
near the bottom of the eylinder where 
the sediment is, and this forces debris 
up into the ABS unit—often resulting 


ima glowing antilock warning light, In 
fact, many beake experts say just open- 
ing the bleeder isn’t good enough, 
They want you to clamp that hose (use 
a special rool or pad the jaws of lock 
ing pliers with heater hose) 

Don't believe you can get away 


(Fig. 5) Dises need to be 
refinished to a finer finish for 
today's pad material. 


with the rough directional 
disc finish that worked fine 
with asbestos. Smoothness 

the rule today. If you're 
familiar with roughness 
scales, where 80-100 RMS 
or 73-91 RA was once con- 
sidered correct, now 40-60 
RMS or 36-35 RA is recommended 
(you ean check this with a surface 
comparitor gauge). In other words, 
finish that rotor up with 120- to 150- 
grit paper instead of the traditional 
80-grit (Fig. 5) 

Regardless of whether the rotors 
have been refinished, you absolutely 
must rake the time to clean them. 


Otherwise, hard particles will become 
embedded in the new linings and 
you'll get noise and scoring. But 
brake cleaner isn’t the answer because 
it won't float those iron filings aw: 
Use detergent and water, and then «ry 
with a paper towel 


CALIPER 


\WIRE-BRUSH 
THESE SLIDING 
SURFACES 
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Replacing a Parking Brake Cable 


fou'ye just parallel-parked your 
manual-transmission car on a 
steep side street, carefully set- 


ting the parking brake by pulling it 
up farther than you've ever pulled 
before. So far thar it actually pops a 
little as it edges up that last click. 
Exiting the vehicle, you turn to lock 
the door—just as your car slides for- 
ward 3 ft. and nudges the luxury car 
in front of you in the bumper, Setting 
off the alarm. Hurriedly, you restart 
your car and back up to your original 
| position, determined to pull the 
brake up far enough to anchor the 
Titanic this time, Unfortunately, this 
time the handbrake offers no resis- 
tance whatsoever until the mecha 
nism tops out—and you have no 
parking brake ar al, forcing you to 
find a flat parking space three streets 
awvay and walk through the rain co 
you 


job interview. 
Not to mention having to replace 
the parted handbrake cable. 


Why It Failed 

Parking brakes are operated by a 
Jong, steel cable thar runs berween the 
handle in the cockpit and the rear 
wheels. It has crimped-on ends that 
can potentially slip off (unusual but 
not unknown). More commonly, the 
rubber-covered outer cable that runs. 
between the car and the rear brakes 
tears or splits, allowing moisture and 
road salt to corrode through the inner 
steel cable, Sooner or later, the eor- 
roded cable fails under tension. 

Live in the desert where it's flat, 
and never use your parking brake? Or 
maybe you have an automatic trans- 
imission and just put your car in Park, 
Then you face another issue—the 
cable needs to be exercised regularly 
or it will seize up. So you should use 
the parking brake regularly. Ever have 
trouble getting your transmission out 
of Park when parking on a grade 


(Fig. 1) Unlike the two separate 
cables shown on page 190, this 
vehicle uses an equalizer bar to 
distribute the pull to both rear 
‘wheels equally. This means 


three potential adjustments. a 


because the parking pawl in the 
tranny is jammed against its gear? Set- 
ting the parking brake before putting 
the trans in Park and letting the car 
soll forward will prevent this, 


Getting Dirty 
First, you need to determine which 
cable has parted. Remove the boot 
dover the mechanism between the seats 
and see which eable is slack. If there's 
only a single cable to the handle, you'll 
often need to pull up the rear seat and 
Jook for the equalizer bar (Fig. 1). One 
able to the bar will be easy to pull 
straight out. Warning! Parking brake 
cables are generally lubricated with 
thick black grease that will get every- 
where, and generally destroy your car 
interior and your clothes. Be ready 
with rags to contain the mess, 

Now, you need to check the outer 
cable that leads to the rear wheel. If 
it's damaged, you'll need to replace 
thar as well. You may have na option 
if the inner and outer cable are sold as 
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EQUALIZER BAR 


an assembly, which they often are, To 
actually look at the outer cable, you'll 
need to get under the car. This means 
either backing onto ramps or jacking, 
up the car and resting it on jackstands. 
If you're using jackstands, loosen the 
lug nuts first. (Never get under a car 
that’s lifted on a jack, even a floor 
jack.) Be sure to lock the wheels. 

Check the outer cable, which leads 
from the backing plate of the brakes 
‘over to the ear body. Don't confuse it 
with the brake hydraulic Hine, which 
isa steel tube connected to the body. 
at some point with a short rubber 
hose. The brake cable will be much 
thicker and rubber-covered along its 
whole length. Look for cracks, abra- 
sions and deteriorated rubber, and 
don’t forget oth sides—if the other 
side is damaged you may as well 
replace both cables now. 


Inside the Brake Drum 
‘Once you've determined which 
cable(s) to replace, get the ear up in 


ty 


(Fig. 2) The final adjustment of the new 


cable is usually done at the handle inside. 


the car. You may need to hold the new 
cable with locking pliers to keep it from 
turning as you use a socket on the 
adjuster nut. 


the air and the wheel or wheels off 
Now you need to remove the brake 
dram, Generally, the drum is simply 
sandwiched between the axle flange 
and the wheel, retained hy a small 
sheetmetal clip or Phillips setserew to 
keep it from landing on your for 


when you remove the wheel. Occa- 
sionally, they will become intimately 
attached to the hub and need per- 
suading, Judicious application of pen- 
trating oil, light hammer taps near 
the hub, profanity and moderate heat 
will see them loosen, You may need to 
back off the adjuster mechanism to 
get the shoes our of the way if the 
drum has developed a wear ridge on 
the inner lip, 

‘Now you can see the brake shoes 
and mechanism. (This might be a 
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good time ro replace the shoes if 
they're worn down to anywhere near 
the rivets) If you're replacing only the 
inner cable, simply disassemble the 
mechanism far enough to pull out the 
old cable and thread the new one into 
place, If you need to replace the outer 
cable as well, it’s probably pretty well 
rusted onto the hacking plate. Spray it 
with penetrating oil, and twist with 
pliers until it lets loose, Some cables 
are retained by snap rings or a small 
collet-style clip—check the new cable 
for its attachment style. 


Clean It Up 

Now’s your chance to wire brush rust 
and dirt from all the hardware and 
mating surfaces on the brake mecha- 
nism, and sparingly lubricate all the 
moving parts with antiseize com: 
pound or high-temp grease. Replace 
any suspicious hardware like springs 
and clips. Be sure to clean the mating 
surface of the axle flange and brake 
drum, to prevent foreign matter from 


(Fig. 3) Be sure the rear brakes are 
properly adjusted before trying to set 
the parking brake adjustment. 


keeping the drum from seating prop- 
erly on the flange. Lightly lube the 
mating surfaces with antiseize 50 you 
‘won't have to cuss the next time you 
need to take itapart. Reinstall the | 
brakes and drum, hooking up the new 
cable to the actuating arm. Adjust the 
brake shoes properly if you needed to 
back off the adjuster, 
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Back Inside 
Now it’s time to hook up the inner 
cable's forward end (Fig. 2), [fit didn’t 
come with a new nut, you'll have to 
rescue the old one. It may be a lock 
nut, or there may simply’ be two nuts 
jammed together. Thread the threaded 
end of the cable into the equalizer bar 
or the handle, and lightly run the nut 
down. Pull the handle up (or depress 
the pedal) three clicks, and then 
tighten the adjusting nut until the 
wheel lighrly scrapes as you rotate it, 
This assumes you had the brake shoes 


adjusted correctly and they don’t 
scrape with the handle down 
If you don’t have the brake shoes 


(Fig. 4) Some cars with rear discs use 
a small set of brake shoes dedicated to 
‘the parking brake. 


correctly adjusted, and then you 
adjust the handbrake, bad things ean 
happen. As the brake shoes’ auto- 
matic adjuster mechanism (Fig. 3) 
kicks in over the next few days, the 
slack in the handbrake cable will 
zgradually disappear, and your brakes 
will start to di Be careful for the 
first few days that the handbrake 
retains two or three clicks of free play 
Is the equalizer bar straight? Not 
cocked over ar some wacky angle, bur 
reasonably’close ro perpendicular to 


the cables? If not, adjust the nuts 
appropriately. If your brakes use two 
separate cables with no equalizer bar, 
adjust the individual cables so hoth 
rear wheels have equal tension when 
the brakes are actuated. 


Four-wheel Discs 

IF your car has four-wheel dise brakes, 
‘your job is simpler, because the attach- 
ment of the handbrake cable to the 
caliper is generally much simpler to get 
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at than with drum brakes, requiring less 
disassembly and readjustment, Some 
rear dise brakes actually small 
drum brake system just for the parking 
brakes (Fig. 4) but the cable arrange- 
ments are pretty easy to deal with, You 
generally can replace the cable without 
removing the disc or caliper. 

One last word of advice: Regardless 
of the state of health of your brakes, 


always turn your front wheels into 


@ 


the curb when parking on a hill 


Self-adjusting Brakes 


Self-adjusting brakes are 
universal now, except for 

some elderly Volkswagens 

still on the road, The service 
brakes are actuated by a 

hydraulic cylinder that forces 

the two shoes apart, jam- 

‘ming them into the inner 

diameter of the brake drum, 

But as the lining material 

wears, a mechanical escape- 
‘ment mechanism is neces- 

sary to Keep the shoes close 

to the drum. Otherwise, the 

pedal would gradually get 

closer and closer to the 
floorboards as the friction material 
wore down, This self-adjust mechs 
nism is actuated by the slight vert 
cal movement of the trailing brake 
shoe that occurs whenever the 


LEADING SHOE 


Pwvor 


TRAILING 
SHOE 


SELF ADJUSTER 


brakes are applied in reverse. Nor- 
‘mal driving will keep the clearances 
‘appropriate. If you have a circular 
driveway, never back out of parking 
spots or generally back up like 
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Granny, the mechanism may 
not be doing its job. Try a few 
smart applications of the 
brakes while backing up 
(neediess to say, this needs 
to happen where you won't 
hit anything). You don’t need 
to go fast—Just walking 
speed. Hit the brake pedal 
good enough to stop rapidly, 
but not fast enough to chirp 
the tires. You may be sur- 
prised—your wimpy hand- 
brake may regain some 
authority, and your braking, 
may improve. Repeat as nec- 

essary. If you've been rocking about 

with the manual adjuster, you may 
need to do this a number of times. 

You'll need to do it if you've disas- 

sembled the rear brakes as well. 
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Dealing With a Low Brake Pedal 


bh H ney, can I borrow your 
car?” No problem. She 
roses you the keys. Bur at 
the first stop sign you draw a startled 
bbreath—the pedal’s going, going, 
almost gone! There's even a little dent 
in the carpet under the pedal. Didn't 
she notice? Well, no she didn’t. Typi- 
cally, low-pedal trouble develops so 
gradually thar people don't realize i. 

Hydraulic brakes have been 
around since Duesenberg introduced 
them in 1921, but apparently a long 
history is no defense against 
troubles. And professionals and do- 
it-yourselfers alike are often guilty 
of misdiagnosis—they blame the 
master cylinder, though it is seldom 
the culprit. 

There are only two plausible rea- 
sons for a low pedal: air in the sys- 
tem; and excessive movement 
between linings and rotors or drums 
(due to lack of adjustment, an out- 
of-round drum, or a wobbly dise 


(Fig. 2) Depress the tab while you 
rotate the star wheel to close up the 
clearance. When the wheel scrapes. 
lightly, go back one click. 


that’s knocking the pistons back so 
that there's extra space to take up 
before braking action begins), 


Isolation 
You can find out all you need to 
know about the master cylinder by 
removing the lines, screwing brass or 
plastic plugs into the outlets, and 
then applying the brakes. If the 
pedal’s high and hard now, the mas- 
ter has been properly bled and its 
seals are okay. The pedal would sink 
gradually if it were bypassing—thar 
is, if uid were finding its way 
around the sliding seals. You've also 
confirmed that the booster is okay 
Reattach the lines, 

Continue the process of elimina- 
tion by clamping hoses to isolate each. 


(Fig, 2) Brake drums will be marked 
clearly as to how far they ean be 
machined safely to remove out of 
round. 


BLEED SCREW 
‘SEAT OPEN 


(Fig. 3) Bubbles collecting in high 
spots in the brake system need to be 
removed by opening the bleeder 
valves to flush them out. 


wheel. Use a suitable rounded-jaw 
rool, either the locking-pliers type oF 
one of those inexpensive J-hooks with 
a knurled screw. Releasing one at a 
time should locate the problem, 


Use That Parking Brake 

IF you never engage the parking 
brake, self-adjustment of the pads 
and rotor simply won't occur, and 
that means a low pedal, Another 
impediment to adjustment is corro- 
sion and contamination of the piston, 
oylinder and self-adjustment hard- 
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ware, So, change your habits and 
start using the parking brake every 
time you leave the ear, and replace 
those calipers if they're not just right. 
If the parking brake isn’t used regu- 
larly, one of these days a parking lor 
attendant will apply itand your ear 
will be immobilized until those cor- 
roded cables and other seized parts 
are replaced. 


Beat the Drums 
Rear drum brakes c 
pedal, too, Seized star-wheel screws 
and otherwise inoperative self- 
adjusters are all to0 common, and 
you're risking trouble if you don’t 
replace the hardware when replacing 
shoes (Fig. 1). At the very least, clean 
the star-wheel threads and treat them 
to a conting of antiseize compound. 
There’s another factor that's usti- 
ally not recognized: drivers who never 
stop aggressively enough in Reverse 


OUTLET PORTS MASTER CYLINDER 


(Fig, 4) Bench bleed a master cylin- 
der to get air out before installing it 
into the vehicle. 


to ratchet the self-adjusters. I's 


good idea to stomp on the brake 
pedal every week or so while backing 
up—preferably ina deserted lot or 
other safe place. 

‘What about the drums them- 
selves? They're frequently our of 
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round (Fig. 2) leaving excess shoe-to- 
drum clearance and, of course, caus- 
ing pulsation. 


Bubble Trouble 
For all practical purposes, brake fluid 
is incompressible. Air, on the other 
hand, can be squeezed down into a 
smaller-than-natural volume, and its 
presence will disrupt the operation of 
any hydraulic system, It promotes 
internal corrosion, too, Ergo, it must 
be expelled (Fig. 3). 

One possible cause of pedal prob- 
lems is failure to bench bleed a new 
master cylinder (Fig. 4). Screw the 
supplied fitrings into the outlets and 
place the tips of the tubes in the fluid 
in the reservoir. Clamp one of the 
master’s mounting ears in a vise— 
don’t grip around the cylinder—so 
the unit is as level as possible, Use a 
rod or drift to stroke the piston 
slowly. Wait at least 15 seconds 


The Dual Master Cylinder 


Whether you call it the dual, split or tandem master 
cylinder, it has been used on every car sold in this 
country since 1967, although Cadillac had it in ‘62. 
Even so, most people don’t understand its con- 
struction and operation. A typical modern 

specimen is of the composite variety— 

aluminum with a plastic reservoir— 
but iron -piece units are still 
around on older vehicles. 

‘Two pistons ride in the 

bore, and here's where 

we encounter some 

potentially confusing 

terminology. The rear 

piston is the primary, 

‘the one in the front is 

the secondary, This 

apparent misnaming 

resulted because the rear pis- 

ton is the first to receive the signal 
from the brake pedal, so it does make a cer- 

tain amount of sense. Kind of. Each piston has a pri- 
‘mary cup seal at its front and a secondary at its rear, 
In normal braking, the pushrod from the booster forces 
the primary piston forward. No pressure is created 
until the primary seal covers the compensating or vent 


‘SECONDARY 
PISTON 
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Port from the reservoir, but once it does fluid is 
trapped in the chamber between the pistons and it 
becomes a solid column. Pressure is routed 
from this chamber to two wheels. A 
‘combination of the trapped fluid and 
the primary piston coil 
‘spring bears on the sec- 
‘ondary piston, to which 
the line to the other two 
wheels is attached. The 
replenishing ports allow 
fluid to move freely between 
the chambers behind both 
pistons’ primary cups and the 
reservoir, determined by 
demand and expansion 
and contraction from 
temperature changes. 
Ifa hose lets go ora 
saboteur has sawed 
‘through one of the brake 
lines, the other half will 
still provide a means of decelerating the vehicle, albeit 
with a lower pedal and reduced stopping power. This 
protective function is, of course, the dual master's 
reason for being. 


RESERVOIR 
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Soldering Jumper Wire 


Jumper wire can be treated a lot like other components (see “Placing a 
Component in the Board” on page 11): make sure there's enough bare wire 
poking through so you can bend it outward enough to hold it in place. The 
notched probe included with this kit can be helpful with placing jumper wire 
inthe right place (see Figure 2-15). 


Figure 2-15. Placing the jumper wire 


Bridging Joints with Solder 


‘When you're working with the protobaard, you will sometimes need to bridge 
joints that are close to each other. This is preferable to using jumper wire 
since your board remains uncluttered on the top. It doesn't always look great 
on the bottom, though, because you end up with alot of solder in some 
places. Figure 2-16 shows the start of a bridge: feeding the solder into the 
ap between solder joints. Figure 2-17 shows a bridge being formed. 
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between strokes to allow the low= 
pressure chamber to rel 
bubbles and fill completely. Ke 
stroking until there’s no more 
dence of air at the ports and tube tips 
Ifthe car has a replacement eylin- 
der that somebody didn’t hench bleed, 
you might be able to do it with the 


‘master in place, provided you can 
jack the rear of the vehicle high 
enough to ger the cylinder to he level 
Again, pump slowly and allow time 
between strokes. 

An important precaution to 
observe during any bleeding pro~ 
cedure that involves pumping the 
pedal is ta limit pedal travel. You 
don’t wane the delicate lips of the mas- 
ter cylinder’s piston seals to ride so 
deep in the bore that they encounter 
rough corrosion or deposits, which 
‘can seratch them. Just throw a chunk: 
of 2x4 on the floor under the pedal, 

When it comes to the bleeders at 


the wheels, mose people just open 
them and let the fluid squirt. Nor only 
will this result in slippery puddles on 
the floor, the fuid can shoor farther 
than you might expect—think about 
the 2500-plus psi of line pressure on 
some ABS-equipped cars, Brake flaid 
isa pretty effective paint remover, and 
it really burns when you get itin your 
eye. Wear eye protection. 

One convenient setup is a tube and 
transparent bortle kept half fall of 
fresh fluid (Fig. 8). There are also 
inexpensive I-man bleeder hoses that 
contain a 1-way valve to eliminate the 
possibility of air being drawn back in 
when you release the pedal 

The Bleeder eups and hases thar 
are often ineluded in manual vacuum 
pump kits, such as those from Mighty 
‘Vac, work well. Once again, yau can 
see what you're getting, and you don’t 
have to keep climbing into the seat to 
pump the pedal, 


(Fig. 5) The old-fashioned, low-tech 
way to bleed brakes is to use a jelly jar 
half full of brake fluid, a short piece of 
hose, and a patient helper to depress 
the brake pedal. 


You should also be aware of spe- 
cial procedures. For example, on 
Teves Mark il ABS systems, you ean’t 
get fluid to the rear brakes unless you 
turn the key on and chen apply the 
pedal slightly. Be sure to cheek the 
shop manual if your vehicle has an 
antilock braking system. 

Finally, there’s the bleeding 
sequence. Since you're supposed to do 
the longest line in the circuit first, the 
traditional order is right rear, left rear, 
right front and left front, But with the 
diagonally split systems you'll find 
mostly on fwd cars, the order is right 
rear; left front, left rear then right 
front, ABS-equipped cars may have 
special procedures to follow. @ 
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Servicing Front Brake Calipers 


(Fig. 1) Before you go too far, be sure 
the bleeder isn't frozen. It may need to 
be retapped. 


rake lights in front of you flash 
suddenly, and for no dis- 
Jcemnible reason, You mash the 


brake pedal to avoid rearending a 
driver who must have suddenly 
remembered leaving the stove on. 
Your car stops, but you've swerved 
well into the adjacent lane, where, 
fortunately, an alert driver slowed and 
pulled over to give you some clear- 
ance. Too close. Your panic braking, 
attempt should have had two differ- 
ent results: Your ear should have 
slowed more rapidly, and should have 
tracked in a straight line as it slowed, 
There's obviously something wrong. 


Check It Out 
Your car pulled to the left, but the 
problem is more likely to be ar the 

| ight front wheel. It didn't brake as 

well as the left, so the ear pulled in the 

opposite direction. 

Remove the wheel and rake a look. 
Don't be surprised if you see that both 
shoes have a reasonable amount of 
bake lining left. The problem is more 
likely to be a bad caliper, that big 
hydraulic clamp thar forces the brake 
shoes against the dise-brake rotor. 


(Fig. 2) Some types of sliding calipers can be 
pushed back without removing them from the 
caliper mounts. Be sure it’s not seized sliding sur- 


faces that are binding, though. 


Most cars have sliding calipers with 
a single hydraulic piston, When you 
step on the brake pedal and thar pis- 
ton is pushed out, it forces the inner 
brake shoe against the inner side of 
the rotor. The caliper simultaneously 
slides inward, pulling the brake shoe 
in the outer side of the caliper against 
the outer surface of the rotor. Some 
cars have fixed calipers with one or 
two pistons in each side of the caliper 
(two or four pistons total), When you 
step on the pedal, all of the pistons 
force the brake shoes against the rotor 

Check the brake fluid level in the 
reservoir and if it’s been topped up t0 
maximum level, siphon outa small 
amount (otherwise it may overflow 
daring the test). Set up the clamp so 
the top edge of the C is against the 
midpoint of the inboard side of the 
caliper (behind the piston) with the 
tip of the forcing screw directly oppo- 
site, Depending on the shape of the 
caliper, the forcing screw could also 
bear against the back side of the out- 
board brake shoe or even against the 
rotor surface. If the vehicle has anti- 
lock brakes, loosen the brake bleeder 
screw (see page 188). 
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‘Turn the forcing screw 
and the caliper should 
move smoothly as the pis- 
ton is pushed back. 

Ifthe caliper passes this 
test, make one more (if you 
haven'talready): Check the 
bleeder valve o be sure it 
loosens (Fig. 1). Ifit doesn’, 
you can drill it out and install 
a replacement. But this can 
bea difficult operation, and 
installing a remanufactured 
caliper i a safer bet. Ifthe 
caliper binds or moves only 
‘with unusual effort, there are 
two possibilities: The caliper 
piston is frozen in place (the 
‘most common), or the caliper 
is notable to slide because of corroded 
bolts (along which most calipers slide), 
cocked or damaged bushings through 
which the bolts go, or rusted sling 
“ways (guides) in the anchor that holds 
the caliper. You'll have to remove the 
caliper to see, 


Sliding Caliper 

Taking off a sliding caliper isa 
straightforward operation (Fig. 2). 
Usually there are two bolts that hold 
icto its anchor frame. Or, there's a 
single bolt at the bottom and a locat: 
ing stud ar the top, a design called a 
flip up. Clamp off the brake hose 
close to the caliper with a G-clamp or 
padded locking pliers to minimize loss 
of brake fluid and to reduce the neces 
sity of afterthe-job bleeding. Next, 
loosen the bolt that holds the hose to 
the caliper. Remoye the bolt or bolts 
holding the caliper. 

Ifthe caliper is the type thar is held 
in machined guides, there are two 
common setups. There is a lower 
guide thar can be unbolted and driven 
off the anchor, Do this, and then lift 
the caliper up from the bottom of the 
anchor and off the upper guide. Or, 


there are bolt-on retainers at the top 
and bottom to hold the caliper against 
the guides. Remove both, then pull 
the caliper away from the anchor. 


Replacement 
With the caliper off the bracket, 
unthread the brake-hose banjo bole 
and earch any drops of fluid with a 
rag. Install a replacement ca 
using new sealing washers for the 
brake hose (Fig. 3). Many caliper 
bolts are nor recommencled for reuse, 
so if the vehicle manufacturer says 
this is the case, get new ones (Fig. 4). 


liper, 


Making It Slide 

If the caliper piston returns smoothly, 
you'll likely find that the caliper ism 
sliding properly because the move: 
ment of the ealiper bolts is hindered 
by corrosion or sticking in the caliper 
ear bushings. Or, the machined 
guides are rusted. You can use a wire 
brush to remove ruse from the guides 
(and the ealiper edges), then lubricate 
both with suitable water-repellent 


grease, Heavy rust may 
require a light touchup 
with a file, However, if 
the bolts are sticking in 
the bushings, replace 
them, and lubricate with 
the same type of grease. 
Ifthe O-rings are 
deteriorated, replace 
them, or they could 
allow the bushings to 
cock, In any case, clean 
the caliper ears, then 
relubricate the O-rings, 


The Details 
Don' leave out any dust 

for moisture boots from the caliper 
eats. And if the old ones are deterio~ 
rated, replace them (they could be the 
cause for corrosion seizure of the slid- 
ing caliper bolts in the bushings). Ifa 
sliding rear caliper is reusable and it 
incorporates the parking brake mech 
anism behind the piston, be sure to 
thread back the piston (turn back the 
internal screw mechanism), 


HOW IT WORKS 


BANJO BOLT 


(Fig. 3) Always replace any copper sealing washers 
‘on brake line connections with new ones. 


Fixed Caliper 

With a fixed caliper, you won't 
know if the pistons are sticking 
until you take it off, So don’t loosen 
the brake hose (although you 
should determine if the bleeder 
valve is frozen). Remove the mount- 
ing holts—usually just two but pos- 
sibly four. Hang the caliper with 
wire to relieve any tension on the 


Rear Disc Caliper with Parking Brake 


If the parking brake uses 
the rear disc-brake shoes 
Instead of a separate set of 
drum-brake shoes, there Is 
a mechanism in the caliper 
piston cylinder to push the 
piston and apply the rear 
brakes when the driver 
operates the linkage. That 
‘mechanism, which is con- 
nected to the parking brake 
linkage, has a screw setup 
to compensate for the fact 
that in normal foot-brake 
operation, the piston auto- 
matically moves out to 
adjust for brake-shoe lining 
wear. The type shown here 
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Rear calipers with park- 
ing brakes require special 
techniques to retract the 
pistons at pad replace- 
‘ment time. 


The nut can't turn 
because it’s splined into 
the cone. With the 
Inboard brake shoe in 

place, the piston (and 
shoe) can't turn either. 
So the lever operation 
causes the piston to be 
pushed out to apply the 
disc-brake shoes. When 
‘the lining wears, some 
clearance develops 


is a common design. There is a cone behind the piston 
and it moves with the piston when the foot brake is 
applied. When the parking brake is operated, the brake 
lever tums the screw on which it is mounted (it also Is 
‘an adjusting screw threaded through an adjusting nut). 


between the piston/cone and the nut. When the foot 
brake is released, hydraulic pressure in the caliper 
cylinder also is released. The adjusting spring then 
causes the nut to thread out on the adjusting screw to 
take up the clearance. 
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(Fig. 4) Some makers say that the 
‘mounting bolts cannot be reused. 
Check before removing. 


brake hose (Fig. 5). Now use the C- 
clamp to check the pistons. Place « 
brake shoe against a piston (oF pair 
of pistons) to distribute the force 
evenly, and pur the C-clamp forcing 
screw against the shoe. Then, turn 
the forcing screw to determine if the 
ss smoothly, If it's stick- 


piston mo 
ing, replace the caliper. 

‘A fixed caliper will be more expen 
sive than a slider, and you may be 
tempred to salvage one by drilling outa 
frozen bleeder. Don’t take the risk. Let 
a machine shop do it for you, Also note 
if the fixed caliper bolts are reusable. 


Restricted Brake Hose 

Ie’s rare, bur you may find that there’s 
no Teak and the problem isn’t at the 
caliper. I's possible thar the brake 
isn’t applying normally because 
there's inadequate hydraulic pressure 
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to the caliper, the result of a restricted 
hose, Have a helper apply the brake 
and sce if you can turn the wheel 
with a wrench on a lug nut—anake a 
real effort and use a wrench with 

a long shank, If the wheel can be 
turned ar all, no matter how much 
effort you're applying, the caliper 
isn't getting full hydraulie pressure, 
To check, open the bleeder valve 
fully (with a hose over it and che 
other end in a glass jar) and have a 
helper apply the brakes. Look to see 
if there’s a solid column of fluid 
coming out of the hose. There isn’t? 
Fither a brake line is kinked or the 
hose is defective. 


(Fig. 5) Check for a frozen caliper by 
attempting to push the piston back. 
Don't hang the caliper by the hose— 
use a plece of wire. 
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_ Flushing Your Brake System 


with steady rain and sear 
tered lightning, Bur traffic 
moves along smartly—until it 
doesn’t. You wind up hammer- 
ing the brake pedal to keep 
from eating the license plate in 
front of you. Naturally, you 
wt count on—the 
raking on your new 
to ensure a safe, concrol- 
lable, steady stop. Instead, the 
car begins to fishtail and it rakes 
a monumental struggle to keep 
the car in a single lane as it 
comes toa stop. The extra dis- 
tance you had from the car in 
front of you saves a collision, but you 
now something is wrang with the 
antilock braking system, a.k.a. ABS, 

The shop gives you the bad news: 
‘The actuator is defective, and you ean 
figure on $1400 for a replacement (or 
even worse, it’s part of an integrated 
unit with the brake master cylinder 
and the price is even higher). No, it 
didn’t log an ABS trouble code, but 
that doesn’t mean anything, I's nora 
had connection and it’s nora Factory 
defect. What caused it? Maybe even 
the technician will shrug his shout- 
ders, but there's a good chance it's 
contaminated brake fluid. 

‘The brake fluid ceservoir is vented, 
so thar'san entry point for dire and 
moisture. And the rubber brake hoses 
are permeable—they allow even more 
moisture to get into the fluid. Dire and 
‘moisture move through the lines, 
Most goes to the calipers and wheel 
cylinders, and some may get to the 
ABS actuator, where it can cause the 
delicate solenoids or motors inside to 
behave erraticalt 

And if you or the shop does a dise 
caliper brake job, and someone pushes 
back the caliper pistons, the possibili- 
ties are ominous, A lot of the dirty, 
‘moisture-lacen fluid in the calipers is 


I tsa dark and stormy night, 


(Fig, 1) Clean the master cylinder 
reservoir to prevent dirt from falling in. 


(Fig. 2) Remove almost all ofthe old brake fluld 
with a turkey baster before adding fresh fluid. 


pushed back, where some of it gets 
to the ABS actuator. The prospects 
for an ABS failure go up, up, up, 

Eyen if you don't have ABS, conta- 
minated brake fluid can affect caliper 
and wheel cylinder bores. The older 
systems with the reservoir buile into 
the master cylinder are even more 
prone to contamination, because the 
reservoir cover gasket may have taken 
a set and be leaking. Or a lot of dist 
may have gotten into the system when 
the cover was removed as part of a 
brake job. Even simple moisture in 
the fluid is a real prablem, because the 
hear of braking will cause it ro boil, 
causing brake fade, 

Flushing the system is not a diffi 
cult job. There is equipment for a one- 
man bleeding job, but the good stuff is 
expensive and we have reservations 
about trying to use the low-cost alter- 
natives (hose with a one-way valve, 
and manual vacuum pump are exam- 
ples). A simpler, effective approach is. 
to have a helper step on the brake 
pedal. IF you ean line up someone, the 
only equipment you need iss 
© Ramps or jack and stands to raise 
the vehicle a few inches in front and 
back, so you have access to the 
bleeder valves, However, it's possible 


to reach them on some vehicles with 

the wheels on the ground, 

* Piece of clear hose to fit on the 

bleeder valve, 

* Tight-fitting wrench for the bleeder 

(like a tubing wrench), Don’t use an 

ordinary open-end wrene! 

© Spray can of automotive cleaning sol- 

vent and a speay can of penetrating 0 

© Turkey baster to draw fluid out of | 

the reservoit. A baster costs under $1, 

so don’t try to clean and reuse one 

from the kitchen 

© A pint container of brake fluid for 

an econobox, a quart for a larger cat 

The brake fluid may be labeled DOT 

3 (minimum boiling point of 400°F), 

DOT 4 (minimum boil of 450°) or 

even DOT 5.0 oF 5.1 (500'F). Your 

system contains DOT 3 or DOT 4, 

These nwo are fully compatible, so | 

you can mix them withour worry, and 

‘ane of these is what you should use 
Brake fluid is hygroscopic, which 

means it’s like a sponge. But it’s 

supposed to be, so if any moisture can 

get in, the fluid embraces it. However, 

‘moisture causes the normal boiling 

point of the fluid to drop. Just 2% 

moisture in a fluid is considered 

excessive. There are moisture testers, 

buc we don’t know a repair shop 


chassis 


thar has one, And there's no guar 
ante that the moisture level in the 
reservoir isthe same as at the caliper— 
it may be higher at the caliper 
‘Warning: There are silicone brake 
fluids (labeled DOT 5) that are 
immune to moisture (5.1 is nonsili 
cone, but DOT 3 and 4 are what you 
should use). Don’t even think abour 
using DOT 5 silicone fluid in an auto- 
motive braking system, because it 


may cause faster wear of the seals, 
and if enough water gets into a system 
it could cause loss of pedal, DOT 5 
and 5.1 have application in some rac- 
ing vehicles, 


Flush Twice 

Now for the flushing job itself: Raise 
the vehicle a few inches on ramps or 
with a jack and stands, 

Begin by cleaning the master eylin- 
der’s brake fluid reservoir (or top and 
sides of the master eylinder with the 
integral reservoir), using aerosol 
cleaning solvent and paper towels or 
clean rag (Fig. 1). Don't remove the 
reservoir cover until the area is 


squeaky clean. 

firs an older 
style—the master 
eylinder with the inte- |S 


‘BLEEDER 


geal reservoir—you'll 
find a rubber gasker, 


ee 


(Fig, 3) Spray the 

bleeder bolt with 

— | penetrating oll and 
tap lightly with a ham- 

mer to loosen it. 


Inspect the perimeter for deteriora. 
tion and replace the gasket if 
ry. Otherwise, just clean it 


with some fresh brake fluid, Siphon 
most of the fluid our of the reservoir 
(Fig. 2), then add fresh fluid up to the 
level mark. 

On front-drive vehicle 
hydraulic system is split left 
front/right rear and right frontileft 
rear, start ar the left rear wheel, Next, 
go to the right front, then right rear 
and last the left front wheel. On rear- 
drives with a diagonal split, do the 
same. If the rear-drive split is 
front/rear, however, start at the right 
rear, then left reat, right front and left 
front. The object is to begin at the 
wheel brake farthest away from the 
master eylinder and gradually work 
toward the closest 

If the bleeder valve can be loos 


where the 
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ened with the wrench, you're golden 
Ifnot, spray it first with penetrating 
oil (Fig, 3), let that work in, and try 
again with the wrench, Won't loosen? 
Clean the penetrating oil and heat the 
bleeder with a propane torch, Try 

ain. If your wrench handle isn’t that 
or if the fit isn’t very tight, you 


Testing Brake Fluid iwiths Dip Strips 


Ifthe brake fluid in the reservoir is obvi- 
ously dirty, flush the system. Ifit isn't, flush 
if it contains excess moisture, which you 
now can determine with “reagent dip 
strips.” Reagents are substances used in a 
chemical reaction to detect other sub- 
stances, and Wet Check strips for brake 
fluid now are marketed by Wagner Brake. 
Insert the strip into the fluid, remove it in a 
‘Second, wait 30 seconds and compare the 
change in color of the two pads with a 
chart. 

‘One pad merely identifies the type of 
{luid—DOT 3 or DOT 4, They're compatible, 

0 this is not critical (and a 50/50 mixture of the two 
‘merely produced an 1D color close to that of DOT 4, in our 
tests). The pad closest to the end, however, turns tan if 
moisture content is excessive. 

We tested the strips in separate containers of DOT 3 
‘and DOT 4, with different percentages of water. With pure 
brake fluid, the color was in the definitely okay range: 
dark green. At 1.64% water content, there was a very 
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slight indication (some light- 
ening of the green) that the 
fluids were less than pure. 
At 3.25% water, there 
‘would be at least a 25% drop 
In brake fluid boiling point 
with DOT 3. It could be 
‘as much as 50% with DOT 4. 
The color change to tan was 
unquestionable in three of 
four tests. In the fourth, 
there was some indication of less-than-per- 
fect fluid—fuzziness in the light green—but 
not tan. 

‘At 5% water the pad turned tan as soon as it was 
taken out of the fluid—we didn’t even have to wait the 30 
seconds. Read the strip almost exactly 30 seconds after 
removal from the fluid. If you read it too early, you might 
get an okay indication with 3% water. If you put the strip, 
down for a few minutes, it can absorb enough moisture 
from a humid room to indicate contaminated fluid when 
none is actually present. 


can try locking pliers 
(Fig. 4), Some tapping 
‘on the wrench or pliers 
end with a hammer 
may help. 

‘When the bleeder 
just breaks loose, stop 
and push the end of the 
clear hose onto the 
hileeder nipple. Aim the 
other end of the hose 
into a clear glass or 
bottle (Fig, 5). 

Pur a block of wood 
under the pedal to pre- 
vent the piston from 
hortoming our in the 
master cylinder. Then 
tell your helper to step 
con the pedal and press down gently 
but firmly. Open the bleeder valve and 
watch the fluid ast flows through the 
clear hose into the clear glass or bottle 
(Fig. 6). If you don’t get any fluid 
movement at the rear brakes on a car 
with ABS, close the bleeder valve 
Have your helper turn on the ignition 
and apply the brakes once, then ruen 
off the ignition and just lightly rest 
his/her foot on the pedal. Open the 
bleed valve slowly. Ifa stream of fluid 
flows from the valve, allow it to come 
for about 10 seconds, then close the 
valve and add fluid to the master 
cylinder. Depending on the system, 
the pressurized reservoir may push 
out enough fluid. Or the flow may 
continue only ifthe helper presses 
down on the pedal. On most cars, the 
flovw will stare and continue without 
the preliminaries—only the helper’s 
foot pressing on the pedal 

‘When the pedal hits the wood 
block, tell your helper to hold it there. 
If you had a lor of erouble loosening the 
bleedes, remove it completely. Apply a 
thin flm of anti-seize compound to the 
threads of the bleeder valve, then tein- 


ed to use a 


(Fig. 6) Use a box wrench or tubing 
wrench to loosen the bleeder bolt while 
‘a helper depresses the brake pedal. 
Tighten the bolt after brake fluid stops 
flowing, but before your helper 
releases. Repeat until clear fluid 
comes out. 
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(Fig. 4) You may 


‘special wrench. 


stall and close the valve. Add fresh fluid 
to the master cylinder reservoir again 
and repeat the procedure, When the 
oid color changes from grungy black 
to something closer to what the new 
fluid looks like, you can stop. Clase the 
bleeder valve and go ro the next wheel 
brake. Be very sure to add fresh brake 
fluid up to the level in the reservoir 
every single time, 

Before you do the final top-off, 
however, have your helper apply the 
brakes over and over, to exhaust the 
high-pressure reservoir of the ABS. 


tian 


(Fig, 5) Ahose 


This will cause the level 


‘over the bleeder : 
in che master eylinder 
Srotyoursmand —TEServOIe to rse slightly. 
Xi outofyoureyes,— Itmayrake 25t0 35 


pedal applications to do 
this, bur when the level 
stops rising after a cou- 
ple of dozen, that should | 
be it. If you don’t do 
this, the reservoir might 
overflow under some 
conditions, 

When you're done, a 
hard brake application 
should extinguish the 
brake warning light. 

And remember when: 
you next do a disc brake 
job, don’t just push back 
the piston with a C-clamp. First, clamp 
the brake hose with locking pliers, 
wrapping the hose with a protective 
sheath of thick rubber, perhaps from 
an old radiator hose. Open the bleeder 
(and with antiscize on the threads, it 
should cooperate quite nicely actually), 
attach a hose to the nipple, then push 
the piston back, collect the fluid in a 
container and discard. 

This job is abour more than saving 
money on an ABS actuator. No matter 
how new or old your car, it’s about 
saving your skin. @ 
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Servicing Drum Brakes 


re halfway down the 
| hill when you realize how 
much speed you've picked 


| up. So you hit the brakes. Hard. 
‘Too hard, apparently, because 
the front tires repeatedly lock 
and aren't able co kill off much 
velocity. Arthe first tumoff, you 
check your front brakes—hot as 
a cup of MeDonald’s coffee. But 
your rear brakes are cool. Obvi- 
ously, the fron disc-hrake job 
you had done over the weekend 
wasn’t enough. It's time to look 
at those rear drum brakes. 


(Fig. 1) The surface of the brake drum should 
bbe totally free of any grooves, cracks and shiny 
spots. 


Diagnosis 
Block the front wheels. With the 
vehicle’ rear off the ground and 
‘on safety stands—and with the park- 
ing brake off—turn each wheel. If you 
hear a uniform light scraping noise, 
that’s okay. Otherw 
© If the wheel is binding all the way 
around the rotation, the brakes aren'e 
releasing properly. Ifthar’s the case, 
remove the drum and check for either 
‘one of two possibilities: 1. The brake 
shoes are not retracting fully because 
the return springs are weak, perhaps 
combined with the shoes hanging up 
on the backing plate; or 2. The auro- 
matic adjuster for the shoes is over- 
doing it. 
© IF you get an intermitent scraping 
or binding, maybe the drums are our 
of-round, the shoes aren't retracting, 
properly, a backing plate is warped or 
an axle problem exists. 
© If there's no hint of a serape— 
despite the fact that your rear brakes 
have been noisy or haven't been con- 
tributing to the car's braking—they 
may need to be adjusted. If there's an 
| access opening in the backing plate or 
| drum, turn the adjuster until the shoes 
make light contact with the drum, 
‘Then rotate the wheel to see if the lin- 
ing drag is relatively even all around. 
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IF you can’t rurn the adjuster, rake off 
the drum to free it, 


Look As You listen 
To gain a better look at the brake 
drum, remove the tires and wheels 
Now, as you turn the brake drum, 
eyeball its relationship to the back- 
ing plate at various points. If the 
drum seems to move in and our or 
rock up and down—even slightly — 
the wheel bearing is bad, or the 
wheel spindle or axle shaft is bent. IF 
the drum appears to turn evenly but 
its relationship with the backing 
plate is uneven, perhaps the plate is 
benit—also not an unusual problem, 
(If you're not sure, compare one rear 
drum brake with the other to see if 
the appearance is different while 
turning it.) Either way, you'll have to 
pull the drums to confirm the cause. 
Inspect the drum where the wheel 
mounts against it. Ifa wheel is 
deformed, the drum may be 
deformed as well. Also, compare the 
tire sizes side to side and front to 
tear, Odd-size tires can trigger a vehi- 
cle’s antilock brakes ar the wrong 
‘ime, affecting the rear-braling per- 


formance and, in some systems, 
setting off an ABS trouble code, 


Drums Off 

Paling off stuck brake drums 
may require a penetrating sol- 
vent. You might even have to 
apply—gently—heat from a 
propane torch to the stid holes 
and the drur/hub joint. tf 
drum is still stuck, you may need 
to use a serew-type drum puller 

Once the drum is off, check 
its shoe-contact surface for any 
grooves in which you can catch a 
fingernail (Fig. 2). Discs work 
well enough with deep scores 
(alchough they may get noisy), 
bur drums don't, And even if'a 
drum is supersmooth, get it measured 
at a machine shop to see if it’s out-of 
round, worn past specs or misshapen 
in some way. Normally (but nor 
always), a fauley drum will create an 
uneven lining wear pattern or cause 
short lining life, 

ind a drum that needs cutting? 
Take both drums to the machine 
shop, and have an equal amount 
removed from each. There may nor be 
enough metal remaining, which 
means new drums, After a drum is 
machined, clean it out with a de- 
tergent and water solution, then wipe 
it with a lintree rag and a brake sol 
vent, Wipe until the rag comes clean, 
and let che drum dry. 

Next, inspect the linings. Even if 
they're thick enough to be left in ( 
in, or more), they may have a glazed 
surface and need replacing, Don’t try 
to sand off the glaze. The linings 
have undergone a chemical change 
from overheating, possibly combined 
With the effects of aging as well as 
climate. 

“The linings may also be glazed 
because the brake shoes were drag- 
ing, Perhaps the automatic adjust- 


(Fig. 2) After you've removed the brake 
‘drum, use a dial indicator to check 

for both axial play and radial runout of 
the rear-axle hub. For good braking 
performance, total runout should be 
‘only a few thousandths of an inch. 
Excess runout probably indicates a 
bent spindle. 


ment mechanism is bad—or someone 
keeps forgetting to release the parking, 
brake before starting to drive. 


encounter that intermittent 
scrape when you turned the drum in a 
pre-disassembly check? But despite the 
noise, did the drum and shoe hard- 

ware seem to be good? This is the time 
to check for a bent spindle or axle 

shaft, and/or a bad bearing, Use a dial 
indicator (Fig. 2) (If you don’t own an 


indicator, you can rent one from an 
auto parts store or rental center 

To check the radial runout, mount 
the dial indicator on the suspension, 
body or chassis so thar the plunger is 
against the edge of the spindle or 
shaft hub, Then turn the axle shaft or 
spindle, Caution: Turn the axle 
slowly, so you won't be fooled by a 
burr or nick on the hub—particularly 
one on the edge—as you're checking 
radial runou 
reading, you may need to clean up 


To get an accurate 


some corrosion on the hub with sand- 


paper or a wire brush. 


To check for lateral runout on axle 


shafts with a hub, relocate the dial 
indicator so the plunger is touching 
the outer face of a hub, Then turn the 
shaft again, 

Runout, in any case, should be 


within manufacturer's specs—typi- 
cally just a few thousandths of an 
inch. If your brakes have objection: 
able shudder, you'll probably find that 
the runout is 010 in, or greater 


Putting I 


All Together 
Ready 0 install new shoes, springs 

and other hardware that come in the 
typical drum-brake repair kit? Don't 
use a screwdriver or your neighbor's 
15-year-old set of brake-spring pliers 
—a spring could fly off and smack 

you right in the month. Instead 
pair of spring pliers (Fig. 3) de 


for late-model ears—it has jaws that 
engage the spring hooks and the 
shape to actually expand the spring 
enough to remove it, Ditto for late 
model brake holddowns, which come 
in more than one size and call fora 


cHassis 


(Fig. 3) Brake-spring pliers make the 
process of reinstalling springs both 
safe and easy. 


new tool with the two popular-size 
tips. Clean off the shoe side of the 
backing plate and make sure thar the 
| wheel cylinder isn’t leaking. 
| How should you install semimetal- 
lic shoes if you live in an area with 
cold, wet winters? If they freeze to the 
drums after an overnight cold snap, 
the first brake application may be 
uneven. Chamfer the ends of the 
shoes (up to the first rivers) and they'll 
break loose more easily and retract 


(Fig. 4) Chamfering the leading edges 
| of the lining material can improve your 
car's braking performance in certain 

weather conditions, 


when you take off (Fig. 4). Ifthe 
problem occurs even at temperatures 
just above freezing, you might want 
to check with the car dealer—he may 
have a substitute lining (with a lower 
metal content) thar's less affected by 
the cold weather. 

If pre-disassembly checks indicate 
a warped backing plate, don’t try to 
bend it back into position—install a 
new one. On many rear-drive General 
Motors cars built from the late 1970s 
through the early 1990s, there may be 
another problem: wear in the cutout 
for the clip-held wheel cylinder. The 
result is a loose cylinder. If you can 
force it to rotate even slightly—say, 
by moderate prying on each end of 


the cylinder with a large serew- 
driver—thar’s reason enough to install 
anew backing plate. 

‘The “by-the-book” method of 
replacing a brake backing plate on a 
rear-drive car is to remove the axle 
shaft. This isa tough job, so if you 
need a new plate, it’s. lot easier 10 
install an aftermarket 2-piece place 
(available for many GM cars) (Fig. 5). 
Just loosen and cut the old one with a 
hacksaw and you can bolt on the new: 
one without breaking a sweat. 

If the platforms on which the 
shoes slide are burred or rusty, 
they're probably a contributor (along, 
with weak springs) to the shoes fail- 
ing to retract quickly—nor to men- 
tion overheating or premature wear, 
Smooth off the platforms using fine 
sandpaper, wipe clean and apply a 
coat of silicone dielectric grease. 

Also, you should sand smooth the 
edges of the new brake shoes where 
they ride on the platforms. 

Ifyou saw a lor of road film on the 
inside of the backing plate, or evidence 
of water/snow entry in winter, seal up 
the back of the plate. IFany inspection/ 
adjustment covers are missing, buy’ and 
install replacements. And if you can sce 
any light coming through the wheel 
cylinder cutout in the backing plate, 
seal it. 

Finally, bolt on the wheels and 
tighten them to specification with a 
torque wrench, using a crisscross pat- 
tern, This is not only important for 
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(Fig. 5) Aftermarket 2-piece backing 
plates can help you avoid the very diffi- 
cult job of removing the axle. 


front-dise rotors, but ic will also keep 
rear drums from warping, 

‘The bottom fine? If you touch all 
the bases this time around, you'll get 
100% braking action the next time 
you hit thar pedal. @ 


ADJUSTERS NEED TO BE froo- 
‘moving. Check this while lifting the: 
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Solving Steering-Pull Problems 


four personal trainer mentions 
thar the diameter of your left 
forearm is nwiee that of your 


right, unusual for a righthanded 
individual. Popeye would be proud. 
‘And your spouse nags you constantly 
to keep to the right lane of the free- 
way, hecause you're always brushing, 
the edge of the shoulder in the fast 
Jane at 5 under, Guess it's time to 
find out why your ear pulls so hard 
to the left, 

The tire pressures are correct. You 
haven't bounced the front end into a 
concrete embankment or over a rocky 
road lately, so there's probably noth: 
ing bent in the suspension/steering, 
underbody. Is it just something you'll 
have to live with? Probably not. The 
sources of most pulls are pretty easy 
to pinpoint if you define the basic 
problem and systematically check the 
possible causes, 

First question: What kind of pull 
is it? That calls for a road rest, made 
under precise conditions: correct tire 
pressures when the tires are cold, no 
wind and.a smooth, level road (no 
crown), Drive at a steady speed 
(somewhere between 30 and 45 
mph), then shift into Neutral. Next, 
when there's no traffie around, 
remove your hands from the steering 
wheel, Note whether the pull occurs 
in gear and also in Neutral, and if 
your hands on the steering wheel 
make any difference. 

Lf the pull is most noticeable under 
acceleration and goes away when you 
shift into Neutral, i's called torque 
steet, And, yes, rorque steer also can 


‘occur at steady speeds. If it occurs 
with the transmission in Neueral, its a 
typical pull, Still no pull or torque 
steer? Make a turn and allow the ear 
to return to facing straight ahead. 
Then, repeat the rest to see ifthe car 
pulls in the same direction as the rurn 
that was made. This is called memory 
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(Fig. 1) Rock the tie-rod ends to check for binding or wear. Some light resistance is 


fine, but there should be no slop. 


steer, and you'll see that it’s most 
obvious when you take your hands 
off the steering wheel. 


Torque Steer 
Torque steer results from more possi- 
bile causes ehan any other source of 
pull, so irs tougher to isolate. If you 
have a powerful engine and you mash 
the throttle, some torque steer—par- 
ticularly on acceleration—is normal, 

“Transverse-engine frantdive cars 
vith high-performance engines are par- 
ticularly prone to torque steer although 
proper suspension design helps mini- 
mize it. When significant torque steer is 
evident, something is wrong and you 
should be able to trace it. 

Checking for brake drag is a good 
first step. Even slight differences in 


(Fig, 2) Worn bushings can often be 
detected visually—Iook for shiny metal 
where the bushing has been moving. 
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drag or between the front tires can arms (Fig. 2 


(Fig. 3) Pry the control arm 
lightly to find worn bush- 
ings. The arm should return 
to its original position when 
you release the pry bar. 


major looseness by grasp- 
ing and pullingy/pushing on 
the tie rods (Fig. 1). Or 
you can have a helper hold 
the steering wheel steady 
while you rock the road 
wheel side to side and up 
and down to look for play 
in the tie-rod ends. 

In addition, eyeball 
any rubber bushings, par 
ticularly at the control 


When these bushings 


compound any tendency toward are bad, they look it—cracked, dis- 


torque steer, A second check should he torted. Also, pry the control arms to 


for a differ 
front suspension or tie-rod ends from 


in looseness of the feel for any looseness 


Next, measure the front suspen: 


cone side to the other. You can feel sion ride height (Fig, 4). Factory ser- 
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vice manuals derail the many possible 
‘measurement points, hut the abject is 
to compare readings between a pair of 
fixed points—one on the suspension 
and the other on the chassis. You'll 
need an absolutely dead-flat piece of 
pavement for this, and bounce the ear 
up and down on the suspension a 

er you park. 


couple of time: 
One way to check for symmetry — 


or the lack thereof—in the suspension 
is to tie a string between the bottoms 
of the lower control arms (such as 

from the ball-joine grease fit 
The string should be very ¢ 
straight as a string”). Mea 


ure from 


(Fig. 4) With the car on a dead-level 
surface, check for correct symmetry in 
‘the suspension ride height. Stratch a 
string between a pair of convenient 
points on the shocks or ball joints, and 
‘measure to the frame rails. it should be 
level to within less than a half-inch. 


(Fig. 5) You may need to 
pull the strut apart to prop- 
cerly check the strut bearing 
for binding. 


the string to the underside 
of the frame rail to which 
the control arm mounts, and 
the distance should be the 
same from side to side, 
within less than a half-inch, 
If t's greater, there’s front 
spring sag, a. common major 
contributor to torque steer. 
Replace the springs to fix 
this problem, 

Badly sagged rear springs 
can cause a vehicle to pull as 
‘well, but you'll be able to see 
the height difference visually 
before the pull gets bad 
enough ro notice while driv- 
ing, Just look carefully ar 
‘your ear or truck from the 
rear when it’s parked on that 
level patch of pavement. 

Good springs? Check the engine 
mounts for deterioration, as weak 
‘mounts allow the powertrain to shift 
unevenly on acceleration, and thar 
can move the car in one direction or 
the other. Ifthe rear (transaxle) 
mount is an air-gap type and it’s bad, 
the engine will rock back 
‘ward, mashing the metal of 
the mount against the rub- 
ber center section. To check 
for this, have a helper hit the 
‘gas pedal while in Neutral, 

Also check to see if the 
transaxle is level, which 
you can do with a carpen- 
ter’s level, It doesn’t have t0 
be absolutely, perfectly 
level, bur within a quarter- 
inch or so. 

fies not, ry loosening, 
the transaxle mount, running 
the engine at idle (have the 
parking and service brakes 
applied, once more) and, if 
you have an automatic trans- 
‘mission, shifting the trans- 
mission ack and forth 
between Reverse and Drive 
several times. With a manual 
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box, you can try prying the powertrain 
fore and aft a few times. This should 
resettle the powertrain, 

Rerighten the bolts and recheck 
the level, If i's still on a tilt, you can 
try shimming up the low end of the 
powertrain, using suspension shims, 
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Sill looking for answers? 
Ie’ certainly possible that 
problems with the front 
tires, such as misaligned 
belts—under the tread and 
out of sight—are a factor, 
Normally, tire problems are 
going to cause pull even 
when you're not accelerat- 
ing, burt itis possible thar 
you are more sensitive to it 
only during acceleration. 

So ler’s look ar the tires, 
and talk about a straightfor- 
ward pull. 


Tire-Related Pull 
Hopefully, you had your 
alignment checked at a shop 
that uses first-rate electronic 
‘equipment, one that even 
checks caster and camber 
‘on “net-build’” (nonad- 
justable) front suspensions. 
A good alignment shop 
knows what is acceptable as 
a suspension ages and springs sag, 
slightly. And it can slant the camber 
readings ever so slightly to minimize 
pull in one direction. 

Tires are the first do-it-yourself 
items to check, even if the pressures 
are the same and right at specifica 
tions. Are they exactly the 
same size and type, and 
worn abour the same? IF not, 
they’re probably at least 
contributors to any pull. 
Even if they look exactly the 
same, the tread belts of one 
‘or more may have been 
damaged. 

Get the front end of the 
car up in the air on proper 
jackstands for the remainder 
of these tests. Pur the stands 
under the frame, not the 
suspension members. 

Rorate each front wheel 
and feel for more than light 
drag. If you get much more 
drag at one front wheel 
than the other, you have a 
brake-system problem — 
either a bad caliper or 
something wrong with the 
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hydraulic system, such as a crimped 
tube or even a bad master cylinder. 

Equal or no drag on both front 
tires? Switch them lefrto right. Ifthe 
pull isin the opposite direction, ger 
new tires. Even if the pull changes 
somewhat, but nor necessarily ll the 
way in the opposite direction, the tires 
still are the most probable cause of 
the pull, and a new pair might be 
worth a try if nothing else pans out. If 
you're lucky, however, the pull will go 
away and you can pat yourself on the 
back for a cheap fix. Scop here if 
you're checking for a cause of torque 
steer. Lets try one more thing for a 
tire-related pull. 

If there’s no change after the front- 
tire swap, next switch the wheel on 
the driver's-side front with the one on 
the driver'sside rear. If chat makes a 
significant change, get a replacement 
for the tire now at the driver’-side 
rear (the one originally at the passen 
sger’s-side front). Ifthe tread pattern 


or amount of wear is significandy dif- 
ferent between new tires and the rest 
that you have, you may have ro sim 

ply replace all four tires. 


Memory Steer 
When 10e is correct, and the ear 
pulls ia the same direction as the last 
turn, you're dealing with memory 
steer—almost always caused by 
binding in the suspension on that 
side of the car. 

(Ona MacPherson-strut suspension, 
i's a good ber that the binding isin the 
‘upper strut mount bearing. Sometimes, 
‘you can feel roughness in the mount by 
reaching up from underneath and rest- 
ing your fingers on i, while a helper 
cranks the wheel back and forth (front 
end up on safety stands). 

More often, you'll have to pull the 
strut fora better rest of the bearing, 
Check for binding in the bearing after 
you've pulled the strut (Fig. 5). 

No luck? Tr might be a binding 
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tie-rod end, bur that's nor likely— 
they generally get sloppy rather than 
bind up. Give the tie rods a shake 
and a twist to check. Also unlikely 
but possible is a binding ball joint. 
‘You may need to disconnect it to 
confirm this. 

It's possible thar the binding isin 
the steering gear. Asa final test, you 
can disconnect the tie rods. With 
them connected and then discon- 
nected, you should be able to feel the 
difference by turning the steering 
wheel in each direction with the 
engine off, 

Unfortunately, nor all alignment 
shops are as methodical as they 
could he. And some shops will tell 
you that “all front-wheel-drive cars 
do that.” Bur unless the pulling 
problem has heen there since the day 
you received the vehicle, ir isn’t 
generic and you should conduct a 
careful road test and underbody 
inspection, 


2ar 


es 
Diagnosing and Repairing 
Wheel Vibration 


BALANCE 
WEIGHT 


t long last it’s the weekend and 
A: te eaded fx the mouse 
rains ... or the desert .. or the 
shore, Anywhere out of town. And 
for the first rime in weeks you can 


point your hood ornament at the 
horizon instead of the license plate in 


front of you and actually achieve the 
speed limit on the interstare, Your 
hands shake with glee. 

Actually, that’s not glee, or even 
healthy anticipation, Nor is it some 
unspeakable neurological syndrome. 
I's vibration that isn’t even percep- 
tible at lower speeds. 


Maintain Your Balance 
A simple wheel balance will cure 


most vibrations, But if that doesn’t 
cure the problem—or if it cropped 
up suddenly within a reasonable rime 
after a wheel balance—your prob- 
Jems may go deeper. 

Begin by cranking the wheels over 
to the steering stop and looking at 
the insi 


e of the rim, It’s customary 
to split the amount of the balance 
weights between the inside and our 
side of the rim. [Fa weight (even an 
old one) has come off, that could be 
the problem. The weight should 
leave a clear outline, so you'll know 
exactly how much is missing (Fig, 2). 
If the balance weight was added 
‘you can take it back to the 
shop for a replacement. 


recently 


(Fig. 1) Missing wheel weights will 
eave marks on the rim. Check the 
inside of the rim, too. 


Also inspect the rim—inside and 
‘outside—for any damage. Look for 
packed mud on the inside of the 
wheel, Also look atthe tires—if you 
see any bulges or uneven wear of the 
tires, consider them in the “probable 


cause” category. 
Nothing obvious? Take the car for 
a test drive, When the vibration 


occurs, is it while you're accelerating 
through a bend? That means it’s both 
torque and speed sensitive. When 
you pull back to your garage, inspect 
the axle shafts, looking for damage 
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(Fig. 2) With the wheel off the ground, 
shake it in and out to check for a loose 
wheel bearing. Then check for loose 
tie-rod ends. 


to the boots, Constant velocity joints 
can wear out, But if the boots are 
intact, the clamps are holding them 
at each end, and there's been no loss 
of lubricant and no intrusion of road 
film, then they're probably in good 
condition, 

IF the vibration is not related to 
torque, shift into Neutral and ler the 
vehicle coast at the problem speed 
Still have the vibration? It's speed sen- 
sitive pure and simple. This could be 
the source of your troubles, even if 
the wheels are balanced and the tires 
are good, It's not a powertrain or dri 
veline issue. 


Keeping Your Bearings 

Jack up the front wheels by the con 
trol arms, so they're off the ground, 
and support them with safety stands. 


Grasp each wheel, holding it first at 
the sides, then ar the top and borrom. 
See if you can rock the wheel in and 
out and if you can feel any looseness, 
which indicates a loose wheel or 
worn wheel hub bearings (Fig. 2). To 
replace wheel bearings on front-drive 


cars, you've got to 
remove the wheel hub. 
This job requires a slide- 
hammer puller, a tool 
typically available from 
the rental Peg-Board of 
many auto parts stores, 
and a torque wrench 
capable of the high 
torque usually required 
for the cetaining nut 
(often well over 200 fe.- 
Ih,). Front-drive wheel 
hearings (and the frone 
bearings on many rear- 
drive cars) are well-sealed 
and often are life-of-the- 
car withour lubrication. 
However if you've been 
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on a lot of secondary roads, or 
Janced off a curb hard enough to 
bend a rim, they could be worn or 
damaged. 

If you have an older rear-drive car 
it probably has adjustable front 
wheel bearings, and finding a lor of 


COTTER PIN 


‘SPINDLE 


(Fig. 3) Remove the cotter pin to retorque a loose 
front wheel bearing on a rear-drive car. 
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DIAL 
INDICATOR 


HOW IT WORKS 


(Fig. 4) Total radial runout at the tire 
tread should be no more than .050 to 
060 in. 


free play in these is not surprising, To 
adjust, remove the cotter pin, tighten 
the wheel bearing nut to about 

20 fr. to seat the bearings, and 
back off so they're just free but have 
so little play that you really can’t feel 
it (Fig. 3). Then line up the slot in the 
spindle with the nut and insert a 

new cotter pin. 


Steering Your Way 
You may nor feel free play in a front 
‘wheel ({ront- or rear-drive), but try 
rocking i in and out with a bit more 
effort, but not enough to move the 
steering linkage. That could demon- 
strate free play from wear in the tie- 
rod ends or ball joints. If you're nor 
sure where the free play is, pry up on 
the bottom of the tire and watch the 
ball joint to see if it has free play— 
in, isa lot, To check a tie-rod end 
joint for looseness, try to flex it by 
hand. A good tie-rod end should fee! 
snug, but nor immobile or stiff, 
On rack-and-pinion steering, i'sa 
good idea to check the tie rods’ inner 
sockets, They're covered by the steer 
ing rack boots, but you can squeeze 
the boots to hold the inner joint. Jack 
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Rack-and-Pinion Steering 


‘There are several types of steering systems, but the 
rack- and-pinion has become the mast popular because 
of its simplicity and precise response. It’s used primarily 
‘on passenger cars and also on late-model sport utility 
vehicles. The rack is a shaft with gear teeth, and it 
‘meshes with the pinion, a gear at the end of the steering. 
Wheel shaft. The rack is horizontally installed between 
the front wheels and is connected by a tie rod at each 
side to a steering knuckle, the pivoting structure to 
which each front wheel is attached. The tie rod has a flex 
Joint at each end that allows it to flex and pivot in trans- 
ferring steering wheel motion from the rack to the knuck- 
les. As the steering wheel is turned to either side, the 
pinion rotates and moves the rack to that side, pivoting 
the front wheels in the same direction. 
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‘up the front end to take the weight 
off the front wheels. Have a friend 
slowly turn the steering wheel a par- 
tial turn to each side, while you feel 


for looseness. 


Look Out for Runout 
Just because you can’t feel a lot of free 
play or “wobble” in-a wheel doesn't 

‘mean there isn’t enough to eause vibra- 


tion. It doesn't rake a lot to be respon 
sible for objectionable vibration at 
speeds of 60 to 70 mph and above— 
any deviation from a truly eiteular spin 
is called runout, Iran be vertical (up- 
down) or horizontal (in-out). 

The only practical way to check 
for runout—front or rear—is with a 
dial indicator, another tool you cant 
There are 


rent at many parts stores 
several different checks to make to 
pinpoint the source of the runout. 

‘Mount the indicator on something 
heavy that won't move, such as an 
anchor plate or wheel hub/knuckle. 
Position the planger for the specific 
runout check, Example: For a radial 
runout test, rest it against a good tire 
tread groove. Slowly turn the tire and 
measure the amount of runout, ignor- 
ing jumps in the plunger that result 
from the shape of the tread or minor 
imperfections in i If there are factory 
specifications for runout, use those. 

If you don’t have specs, see if the 
runout is about .05 
measurement is considered rule of 
thumb (Fig. 4). The tire almost surely 
isn’c the issue, although there is pres 
sion equipment that ean cheek a tire 
for heavy spots. We know—you don't 
have it and can't rent it. Most profes- 
sionals don’t have it either, which 
tells you how common it is. 


To isolate the source of the runout, 
ccheck it ar the wheel with the plunger 
on an underside horizontal surface 
Ignore minor imperfections in the 
wheel finish (paint, weld, tiny dings) 
that cause the plunger to jump instan 
taneously. If the runout is over .045 
in., the wheel should be replaced. 

If radial runout isn’t had, check fat- 
eral runout with the plunger against 
the sidewall, even if the in-our rocking 


didn't show anything, Obviously, 


ignore any plunger movement from 
raised lettering, ete, Ifthe runout is 
ver ,045 in,, it's too much, Here 
again, isolare the runout by checking 
at che wheel with the plunger against a 
vertical sueface. The rule-of-thumb 
specs are the same as for radial runout, 
When the runout ar the wheel is 
..a new wheel normally is the 
; bur nor always. Remove the 
‘wheel and check runout on the wheel 
hub (Fig, 5). Making a lateral runout 
check is an obvious procedure 
because there’s a hub face against 
which you can rest the plunger. For a 
radial check, it may be more difficult 
if the top surface of the hub isn’t re 
sonably smooth because you have to 
use the threaded edges of the studs, 


and, typically, there are only four or 
five of those studs, So ir does take 
some careful measuring to see if 
there's a significant amount, You have 
to look for the peak reading at cach 
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INDICATOR 


(Fig. 5) If radial or lateral runout is. 
high, check both runouts at the hub to, 
rule out a bent rim. 


stud to be sure you're measuring at 
the outermost point. Unless almost all 
the radial runout i in the bole circle, 
and that amount is at least 030 in 

go for a new wheel. Replacing the 
hub and bearing on a frone-drive is 
not a quick and easy job. 

Trean rake a couple of hours to 
check out the possible causes of high- 
speed vibration, and you may be 
tempted to take the car in for wheel 
alignment to see if that helps before 
you spend time on all these other 
things. Sorry. Unless there's some evi 
ence of wheel misalignment (such as 
irregular tire wear),a wheel alignment 
is nor going to help arall. In fact, until 
you first isolate and correct the cause 
‘of the vibration, alignment would be a 
waste of time and money. @ 
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Replacing A Steering Rack 


fully back your ear down the dri- 

veway. A quick turn of the wheel 
as the front tire clears the curb will 
swing your ear up the street, But the 
steering whee! is strangely stiff. 
Instead of swinging the car’s nose 
around, you run straight back, 
knocking over a trash can across the 
street, Fortunately, the damage is 
small: a erunehed $14.95 rubbish 
barrel and a slimy mess to pick up in 
ndl-best suit, 

“What happened?” you wonder as 
you pop the hood. “The belt's still 
there and the fluid’s up—although i 
does look black, Maybe the belt just 
slips until it warms up.” After tidying 
up across the streer and tidying up 
yourself, you try hacking out again— 
with both hands on the wheel. The 
steering feels fine now—no groans 
and plenty of power steering boost. 

If the belt is 4 years old or more, 20 
ahead and change it because i's due 
anyway. But don't be shocked if the 
problem returns the next chilly morn- 
ing, Power steering that awakens 
slowly on cool days has so-called 
morning sickness.” It won'r go away. 

It’s caused by wear inside the steer- 
ing assembly (a.k.a. the rack”), The 
fluid’s black, metallic look isa resule 


I 'sa crisp morning as you care- 


‘of metal worn from the inside of the 
housing, The fluid is abrasive, and the 
wear will worsen with time, The rai 
is shot—replace it and use the oppor- 
tunity to flush the junk from the 
pump and lines, 


Can I Do It? 

Swapping a rack is simple in some 
cars, nasty in others. For example, a 
rear-drive ear’ rack, if bolted in front 
of the front erossmember is usually 
easy to change. But it's more challeng- 
ing in a front-driver with the rack 
bolted to the subframe behind the 
powertrain or against the firewall 
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(Fig. 4) Disconnect the rack’s pinion 
shaft from the steering column. 


Should you do it yourself? A shop 
manual may tell you how tough the 
job will be, but nor always. One Gen- 


eral Motors manual says you have to 
lower the front subframe 3 in, to get 
enough clearance to stip our the rack. 
Maybe, maybe not, Legions of techni- 
cians just twist and wiggle it through 
the existing space with no problem, 

Bur you should still check the ser 
vice manual, For one thing, itll let you 
know if there are nuts and bolts that 
must be replaced with new anes, for 
safery’s sake, when changing the rack. 
You will also want to know the torque 
values for al fasteners, Are there any 
O-rings involved? They'll need replac- 
ing. The manual will rell you. 

Before chickening out, look ata 
replacement rack. You'll see the loca- 
tion of bale holes and the fluid pres 
sure and return line ports—the only 
fluid lines you'll need to disconnect 
and reattach at the rack. Safely sup- 
port the car and check clearances, IF 


(Fig, 2} Use a special puller to remove the 
tie rod end from the steering upright. 


you find you can't grasp everything 
you need to work on from under the 
car or by reaching around the engine, 
you may opt to send the job out, 
Lastly, belore deciding, alk with peo- 
ple who know the job, such as the 
front-end pro who'll align the car 
after you've swapped the rack, or a 
dismantler at a local salvage yard. 
They may know legitimare shorteuts. 


Doing It 

Ready to go? Ie will help if you 
remove the front wheels for better 
‘access to the wheel wells. Break all 
the lug nuts free before using the jack, 
Life the car and support it safely on 
stands, Then, unbole the clamp that 
connects the steering column to the 
pinion shaft (Fig. 4). 

Detach the outer tie rod ends. You 
may need to use a special tie rod end 
puller to get the tapered bolt to relin= 
guish its grip on the steering upright 
(Fig. 2). If you're reusing the old outer 


chassis 


tie rod ends, don’t take them off the 
knuckles w 
could dam: 


a fork-type remover—it 
eth 


seals, Use a 


puller-type remover, Better yet, you 
probably can leave them in the 
Uprights, Just loosen the jam nurs and 
turn the rie rods with a pipe wrench. 
The rods will unscrew from the 
ends—clockwise on one side, counter 
clockwise on the other. Unbolt the 
rack from the chassis. Now you can 
disconnect the fluid fines and eapture 
the power steering hydraulic fluid as 
it drains. 


Flushing 
In spite of having digested consider 
able amounts of crud, many power 
steering pumps survive morning sick 
ness intact, Still, you'll need to 
remove contamination to preserve the 
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new rack, Here how to flush most of 
the junk our of the pump and lines. 
Disconnect the return line to the 
fluid tank and let it drain into a small 
container through the return hose 
This is the low-pressure side, usually 


secured with a ho: 
block the hole. Viny 
work well 

Next, disconnect the pressure line 
from the rack and aim it into a 


mp. Then 


acuum caps 


bucket. Refill with fresh fluid and tap 
the starter—it may require pumping, a 
quart or more to clean the line, Cap 
or plug any loose ends, 

Now it's time to twist, 


‘iggle and 
snake the old rack out of the vehicle 


3). Expel any minors from the 
garage, as they may find the kinguage 
necessary to persuade the rack clear 


of the vehicle unacceptable. You may 
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need to unbole and slightly move 
some other components to get the 
rack out of its tunnel. Lift, ewist and 
wigale in the new rack and reconnect 
the fluid lines, Ie may be easier to get a 
wrench to swing on a fluid line 
attachment once you've unbolted the 
rack and moved ita bit. Also, reat- 
taching the lines may be easier hefore 
the new rack is bolted in place 

Use a tape measure to check the 
overall length of the rack and tie rod 
assembly. Set the overall length of the 
new assembly to this same dimension 
e tie rod ends on their 


by twist 
threads, Keep the rack centered and 


(Fig. 3) Snake the old rack out of 
its mounting tunnel after disconnecting 
the steering shaft, the tie rod ends and 
the fluid hoses. 
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Relieving Strain on Cables 


Ifyou have something heavy dangling off your board, such asa battery box, 
it's very likely that the solder joints will come undone. If you pass the wires 
through the large holes an the board before soldering them down (Fig 

Ure 2-18), you can add some strain relief (Figure 2-19) that will help prevent 
this from happening. If you havea small drill, yau can also drill out a couple 
of holes close to where you are going to solder the connection, and loop the 
wire through there. This willbe even more rugged than using the larger holes. 


Figure 2-18. Soldering the battery holder wires 
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STEERING RACK 
HOUSING 


split the overlap difference between 
the left and right rod ends.as you do 
this, or the steering wheel will be off 
center when you're done, Connect all 
the lines, the steering shaft and the 


rack-attachment hardware. Use fresh 


cotter pins in the tie rod ends’ castel- 
lated nuts. Reartach the front wheels. 
‘Once the new rack’ 


all hoses except the reservoir return 
line, Point ic into a bucker, then refil 
Start the car, and run fluid through 
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until it looks clean, Reattach the pres 
sure line, Nore: You may be able to 
install an aftermarket inline filter so. 
any ceud you miss won't harm the 
new rack, 

Have 
the to 


n alignment shop reset 


in adjustment or the car 
may handle strangely and wear out its 
tires eapidly, 


The Fluid Situation 
The last step is bleeding our all 

of the trapped air, While the car's 
still elevated on stands, fill the reser~ 
voir, idle the engine and steer side to 
side, from lock to lock, 10 to 12 
times. Be careful to avoid banging 
into the stops. Tan or foamy fluid 
contains ai. Shur down, let it sit 1S 


minutes, then top off and start 
again, Repeat until the fluid looks 
normal, 

Don’t forget to properly torque the 
log nuts on the front wheels after 
you've taken the vehicle off the jack 
And it wouldn’ be a bad idea 
to change the power steering fluid in a 


stands, 


few hundred miles to get out any crud 


you've missed. @ 


Power Rack-and-Pini 


PINION SHAFT 
VALE 


INNER TIE ROD 


As you turn the steering wheel, a spool valve on the pin- 
ion shaft moves relative to ports in the housing. The 
ports connect to chambers on either side of a piston on 
the rack shaft. Steer left and the port connected to the 
chamber on the right side of the piston opens while the 
other port closes. This lets fluid pressurize the right 

ig push the rack shaft to the 


side of the piston, hel 
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INNER TIE ROD 


ion Steering 


left and pointing the wheels in 
that direction. (This description 
assumes the rack assembly is 
ahead of the axle. If it were 
behind it, moving the shaft right 
would point the wheels left.) 

Wear allows fluld to bypass the 
piston, wasting steering assist. 
“Morning sickness” results from 
light wear that closes up as heat 
expands the parts, As wear wors- 
ens, expansion will no longer take 
up the slack. 

Intense competition has dri- 


ven remanufactured rack prices down. A “reman” unit 
may be your best bet, since many originals wore out 
because their shafts bore directly on the inside of their 
aluminum housings. In remanufacturing, the housings 
are bored, then hardened-stee! inserts are installed In 
areas subject to wear. You may be able to get a recently, 
installed new or reman rack at a salvage yard. 
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Servicing Brake Discs 


‘ou're up to highway speed and 
lane to make an exit. You man- 

age to slow enough to avoid a nasty 
accident, but the brakes definitely 
don’ feel right. The brake pedal has 
had this kind of vibration for a couple 
of weeks, but only at low speeds. 

| Now it feels like you're stepping on a 
running chain saw, and the front 
wheels don’t want to go where you 
want them to, 


| Forget The Guesswork 

Pull the wheels for a closeup look. 
| With the wheels off, you can inspect 
the rotor lining contact surfaces. First 
look for a erack that goes all the way 
through a vented roror—or at least 
through one of its two surfaces. A 
cracked rotor causes severe pulsation, 
and the only cure is replacement. 

Rust at the rotor edges is meaning 
less, as ate moderate scores in the 
disc’s surface, or a few off-color spots 
on the shiny areas swept by the pads. 
Be sure to check both sides of the 
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(Fig. 1) Surface grooves deep enough 
to catch your fingernail will need to 
be removed by machining the brake 
ona lathe. 


rotor, however, When you pull the 
wheels, there should be an accessible 
area on the back side (even if there’s a 
dust shield) where you ean inspect the 
surface, Severe rusting of the lining 
contact surfaces is a problem. So are 
thick, deep scores, uneven thickness 
and lateral runout (warping) 

If the rotors have never been resur- 
faced, itis theoretically possible to 
have them machined to remove signif- 
icant rust and deep scores (about .060 
in, deep), However, many late-model 
rotors are not very thick to start with, 
and can't take more than a .030-in, 
resurfacing, Unless the rotor is at least 
£060 in. thicker than the minimum 
thickness stamped somewhere on the 
rotor, forget trying to save it. Buy new 
rotors. How can you test the depth of 
a score? If it’s thick enough, insert the 
head of a dime into it. If the dime 


goes in beyond the top of the presi- 
dent's head, the score is too deep. Ifa 
score is too thin for the dime to slip 
in, its harmless. Another test isto run 


your fingernail across the surface 
radially [F your nail eatches, the rotor 
needs to be resurfaced (Fig. 1). If not, 
you're probably okay, provided 
there's enough thickness left on a 
true-running rotor. 

Uniform thickness is critical. Mea 
sure each rotor with an outside 
micrometer ata number of evenly 
spaced points around the lining con- 
tact surface. A variation of .005 in, 
or more is enough to cause the pulsa- 
tion you feel. 

Lateral runout is caused by a rotor 
that’s uniform in thickness, but is 
wavy, Uneven thickness and excessive 
runout often go together. That is, the 
runout causes the uneven wear on the 
rotor, So if you catch it early, the 
rotor may passa thickness check, but 
it still could have excessive lateral 
runout, The high heat (then rapid 
cooling) from hard braking is a pri- 
mary cause of runout, but close 
behind is uneven tightening af wheel 
lug nuts. Dirt or rust buildup 
between the rotor and hub also ean 
produce runout (Fig. 2). 

To check for excessive runout! 
warping, you need a dial indicator, 
which you can rent from many auto 
parts stores, When you pull the 
wheels, the rocors might he loose on 
the studs, so refit the lug nuts and 
tighten them securely. Install the dial 
indicator, and mount it on the suspen- 
sion. Then, aim the indicator plunger 
at the middle of the lining contact sur- 
face, at as close to a 907 angle as pos- 
sible. Set the plunger so it presses 
lightly against the roror-lining contact 
surface, then zero out the dial, Slowly 
rorate the rotor and watch the dial. If 
it exceeds .005 in., the rotor is not 
running true (Fig. 3) 


You may not haye co replace or 
resurface the roror. With the rotor off, 
you can look for and remove dire or 
rust buildup, If thar's not the prob 
you can try re-indexing the rotor. That 
is, just remove it, rotate it one oF wo 
stud holes, install and righten the hag 


ruts and recheck. Although the typical 
rotor just slides off the scuds with the 
‘wheel removed (some advance spraying 
With penetrating solvent may be neces- 
sary}, the caliper has to come off firs. 
First, remove the bolts that hold 
the caliper itself to its anehor frarae or 
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(Fig. 2) Whenever assembling 
brakes, remove any dirt or 
rust that might get between 
the brake and the hub to 
reduce lateral runout. 


to the suspension, Then pry 
the caliper up, lift it off the 
frame and wire itto the sus- 
pension. This will relieve 
any strain on the brake 
hose. Many vehicles have 
“flip up” calipers, Remove 
one lower retaining bolt, ip 
up the caliper and slide it off 
a stud. IF che brake shoes 
stay in the anchor frame, 
pethaps held by a retaining 
clip, remove those next. 
Finally, inbole the anchor 
frame, lifrir our and the 
rotor should slide off. But 
fist, if the rotor is not neces- 
sarily being replaced, make 
alignment marks on the hub 
section and the stud, so you can rein- 
stall it in the same location. If ir binds 
‘on the hub, that’s normal rust buildup. 
Just spray the studs and holes and 
hub/rotor joints with penetrating sol- 


vent, rock the rotor with a pulling 
motion and it should walk off. Clean 


The brake rotor, the disc in dise 
brakes, mounts on the hub with the 
Wheel, and both rotor and hub are 
held by the same studs and lug 
nuts. When you apply the brakes, 
‘the hydraulic device called the 
caliper clamps the brake shoes 
{also called pads) against the rotor, 
and the friction material on the 
shoes stops the spinning of the 
rotor (and therefore the wheel). 
The friction material on the shoes 
‘causes the energy of wheel and 
rotor motion to be converted to 
heat, and the rotor temperature 
can soar to over 1000°F in a hard 
stop. That heat has to be 
dissipated very quickly so that the 
rotor can cool down for the next 
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Brake Rotor 


VENTILATION RIBS 


Atypical Vented dise brake 
assembly. The hole in the caliper 
Is for inspecting pads. 


stop. Because front brakes do 
about 75 percent of the work in a 
front-drive car (over 50 percent ina 
rear-drive), the front rotors have to 
be able to dissipate a lot more heat 
than the rear brakes, drum or disc. 
Asa result, the front rotors on vir- 
tually all cars today have two con- 
tact layers separated by a vent 
area, which resembles a paddle 
fan, to scoop up air. This design not 
only gives each brake shoe a sepa- 
rate disc, but the airflow through 
the center provides greater cooling. 
‘Some high-performance cars also 
have vented rear discs. 


chassis 


(Fig. 3) A dial indicator will 
‘show you the total lateral 
runout—.008 in. is too much. 


rust off the hub with ultrafine 
sandpaper or a wire brush, 
Clean the mating face of the 
rotor as well 

fyou're working on rear 
discs, they're likely to have a 
mechanical actuator for a park- 
ing-brake funetion or a drum- 
type parking brake built into 
the hub, With the drum type, 
the rotor itself will have a deep 
“hat” section to fir the hub, and 
the inside of that hat is the 
drum for the parking brake. 
Normally, with the parking 
brake off, the rotor just slides off, bucif 
the parking brake has a self-adjusting, 
linkage, it's possible that it's overad- 
justed and the drum shoe linings are 
locked against the inside of the hat. In 
that ease, you ean reach in from the 
back through an access hole (in the hub 


and also possibly through a dust shield), 


and back off the adjuster (Fig. 4). With 
the type thar uses an actuator on the 
dise brake lining pads, you may be able 
10 just lift the caliper off. Ae worst, 


PARKING BRAKE SHOES 
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you'll first have ro disconnect the brake 
cable from the actuator on the caliper, 


Installation 
If you need a new rotor, install it 
straight out of the box. Some of the 
lightweight rotors, made of a stamped 
steel hush with a cast-iron braking sur- 
ce, could test as warped unless you 
check them with all lug nuts installed 
and tightened. 

Note: There are some rotors that are 


Hus 


a real bear to remove, so ifthe vehicle 
manufacturer indicates special tools or 
iFa press is necessary, rotor can be 
machined on the vehicle. You're best off 
leaving this to a properly equipped pro. 


Both Sides, Please 
Normally, what happens to one wheel 
happens to the other IF one rotar is 
zone andl the other is marginal for 
‘machining, replace both, However, if 
one is particularly bad, pechaps the 
vehicle has been pulling, leaving the 
other side pristine. There may be 
tuneven brake application, perhaps from 
a hydraulic or mechanical problem at 
the wheel. Trace the cause in addition to 
correcting the rotor problem. 

‘Clean lug nuts and stud threads 
with a mile solvent and wipe dry. 
Dor’ lubricate them if the torque 
specifications are based on clean, dey 
threads, But a thin film of anti-seize 
compound normally is heneficial. One 
of the most important tools you can 
use isa torque wrench, When you're 
indexing a rotor, be sure to reinstall 
the lug nuts and torque them to specifi 
cations in at least three stages, Use a 
crisscross pattern for each stage until 
allare tight. @ 


(Fig. 4) Removing disc-type 
rear brakes may require 
backing off the parking, 
brake adjusters first to 
relieve the tension of the 
parking brake shoes. 
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Fixing Suspension 
Clunks And Rattles 


t's the proverbial 20 miles of had 
Pestteicssconpcs 
for the privilege of knocking your 
Freedom Fries out of the bag and 
‘onto the floor. Irs worth it, however, 
for the great weekend of backwoods 
hiking and knocking around, Heading, 
back to civilization without the heavy 
load of refreshment and food seems 
easier on your car and your freshly 
relaxed psyche, At least until you hit 
the pavement and the rartling starts. 
Maybe you couldn't hear it on the 
unpaved road, but every expansion 
strip on the interstate makes your ear 
sound like a tin can full of bolts. 
Something's loose in your suspension, 
While there’s little chance that 
your ear is going to lose something, 
essential while you're going down the 


road, chassis and suspension noises 
definitely have to be checked out for 
safety’s sake, Plus, who wants to drive 
a vehicle that sounds like it's about to 
drop to the pavement? 

If your car has lots of miles on it— 
‘or even if it doesn't, but is “chrono- 
logically gifted”—don't be surprised 
if some portion of the heavy metal 
that supports it over terra firma starts 
complaining, Unfortunately, finding 
the cause of the noise isn’t so easy. 
‘The dynamics of a rolling vehicle, the 
complex nature of modern suspen- 
sions, and the way sounds ean be 
telegeaphed through the chassis and 
body make it hard to pinpoint the 
location of a problem. 

Ifyou hear a clunk when the sus- 
pension works over bumps, the prob- 
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able cause is excessive clearance in a 
joine duc ro wear, It might be as sim 
ple as a loose strut gland nut, or 
something more subtle such as a 
shrunken, dried-out rubber bushing. 


Research, Then Bounce 
Asa first step, consult whatever litera~ 
ture you have available to sce if you 
can find a Technical Service Bulletin 
(TSB) that pertains to the noise. 
Apparently, suspension clatter is a 
popular problem industrywide 
because it generates quite a few TSBs. 
Some of these alert you to redesigned 
replacement parts, while others say 
the noise is simply a characteristic of 
the vehicle and should be accepred as 
normal. 

Ifno clues are forthcoming, it's 


worn tie rod end 
‘will not only make 


enough. Set the 
overall length of the 
tie rod with a tape 
‘measure to get the 
toe-in close enough 
to drive over to the 
alignment shop. 
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Antiroll bar bushings and brackets can 
loosen up as they wear. Replace the 
bushings or tighten the fastening hard- 
ware. 


time to go hands-on, Ir'll be helpful if 
you can get a friend, preferably a 
hefty one, to assist. For front-end 
noises, pop the hood, and have your 
comrade press down on the bumper 
‘or fender, then release and lift repeat- 
edly until the suspension is really 
working, While he does this, listen 
carefully and use a good light to 
examine the upper strut or shock 
mounts and the control arm joints. If 
you hear anything untoward, but 
can't pinpoine the source, place the 
end of a broomstick against your ear 
and touch the other end to suspected 
areas, This works almost as well as a 
mechanic’s stethoscope. Nothing 
obvious? Then lie down and look 
underneath with your light, even 
though your friend's stamina may be 
taxed by this time. 

“The “dry park check,” which will 
uncover lash in the steering mecha- 
nism, is less physically challenging, 
Have your helper sitin the driver's 
seat, turn the key to unlock the eol- 
uma, then rock the steering wheel vig- 
‘orously from side to side while you 
watch the steering components. There 
should be next to na visible lash, 

By the way, if you raise the car by 
the frame, the suspension and steering. 
parts will be hanging aran unnatural 
angle, which may mask the looseness 
you're looking for. So, place your jack 
and jackstands under the control 
arms or the rear axle to keep the 
\weight on the suspension compo- 
nents. 

‘You can uncover the shortcomings 
of upper A-frame or control arm 
bushings by having a helper hold the 
brakes firmly with the engine idling 
while shifting from Drive through 
Neutral to Reverse repeatedly. Look 
down over the fender as your helper 
does th 

Some vehicles have substantial 
horizontal struts that position the 
lower control arms fore and aft. 
‘These are mounted in large rubber 
‘bushings, and any clearance here will 


make itself heard. Also, their mount 
ing points on the frame have been 
known to rust away, but this causes 
steering symptoms far more notice- 
able and worrisome than a mere 
noise, 

Older rear-wheel-drive vehicles 
with a live rear axle and coil springs 
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may have what's called a “panhard 
rod” that runs diagonally from the 
chassis to one side of the axle hous- 
ing. The rod's bushings are a likely 

source of a clunking noise. 

Worn-out shocks or struts are 
common culprits here, When the 
internal hydraulics wear ont, the pis- 
ton will move without 
the proper resistance, 
then stop short when 
you hita bump. With 
shocks, another thing 
to check for is loose or 
dried-out mounting 
bushings. 

A groaning noise 
when you turn the 
wheel typically means 
there’sa dry joint, 
likely at the idler or pit- 
man arm, 

‘Thar husky stabilizer 
bar, the part that helps 
keep a car level ina 
curve, is often the 
source of noise. The 
Tinks thar attach it to 
the chassis have bush- 
ings at both ends, and 
there is more vulnerable 


The antiroll bar's 
attaching links can 
become loase. Check 


the bushings. 
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rubber in its mounts. 
A worst-case sce- 
nario we often see on 
unibody cars driven 
extensively in winter 
conditions: rusted- 
‘out suspension 
pickup points. The 
‘only fix for this is a 
trip to the frame 
shop where new 
metal can be welded 
‘on, If this is your 
vehicle's problem, 
you have real trou- 
ble—hecause if one 
point is rusted, its 
sister on the opposite 
side is probably 
rusted also, And 
probably a bunch of 
other places as well. 
Now you'll have to 
decide how much 
money you want to 
spend on a ship thar’s 
sinking slowly but 
surely. fe may be time 
to retire this vehicle. 


Alternate 
Sources 

Of course, some noises that emanate 
from under a car de not have an 
thing to do with the suspension or 


Rusted-out suspension pickup points 
are an accident waiting to happen. Thi 
calls for welding—or the scrapheap. 


steering systems, but it can be difficult 
to make the distinction, 

For instance, take the exhaust sys- 
tem—the muffler, headpipe and 
tailpipe, and the catalytic converter If 
everything isn’t positioned just right, 
or the hangers are loose or broken, 
likely that there'll be oceasional 


A loose upper strut 
cartridge nut can 
cause a hard-to-find 
rattle. You may be 
able to tighten it on 
‘the car. 


contact, and the 
resultant clunk, 
between these com- 
ponents and the 
chassis or driveshaft. 
Try forcing the sys- 
tem from side to side 
(make sure it’s cool 
to the touch) to see if 
you can duplicate the sound. 

A broken motor mount can eause a 
solid thump. Oil soaking may have 
caused ir to delaminate, or perhaps a 
couple of bolts are loose. This condi- 
tion will be sensitive to getting on or 
off the throttle, but won't be detected 
over bumps. 


Restoring The Peace 

While we've seen people try to take 
up clearance in a deteriorated bushing 
with shims made of sheetmetal, 
screws, ete., the only real fix is 
replacement. This can be more 
involved and expensive than you 
might expect, but it’s the price of 
peace. 

‘On the other hand, some repairs 
are free, or nearly so, It costs nothing 
to tighten a strut gland nut (pat a 
drop of anaerobic thread locker on it 
to avoid a recurrence), and very little 
to replace shock mounting or stabi- 
lizer bar bushings, 
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fou're almost enjoying a long 
drive on a nice, flat interstate, 
Almost, because it's windy 


and you need to saw the steering 
wheel back and forth, racking like a 
sailboat, to stay in your lane, That 
is, until you make a short rest stop 
and realize that there’s no wind 
whatsoever. The kids in the back 
seat are screaming for Dramamine, 
and you're fatigued after only an 
hour of driving, 

There's no doubt about it—you 
definitely have some steering issues. 
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Vehicle-to-pavement interface 
Before you start thinking about 
expensive repairs, make sure the 
basic vehicle-to-road interface is 
okay, meaning the tires. First, check 
inflation pressures, (Don’t trust the 
gauge on the quarter-cating pump at 
the local station—those are often off 


by as much as 5 pounds. Drop 10 
bucks on a good gauge and keep it in 
your glovebox.) You should check 
your tire pressures once a month, 
‘And that’s first thing in the morning, 
cold. The correct pressure is om a 


9) et6st orion: 
©) Aéteteriorated rog 
7 “pint disc can cause 

slop in the steering, 


sticker—check your owner's manual 
for its exact location. A low tire on 
e will make a car pull in that 
direction. This is because its rolling 
diameter will be smaller than that af 
its mate on the other side, Also, 
there'll be more tread-to-pavement 
drag on the low side, pulling the car 
in that direction. 


If the problem persists, ery switch- 
ing the positions of the right and left 
tire/wheel assemblies. Ifthe car pulls 
in the opposite direction after you've 
done this, you've found tire trouble, 


PSSST: Low tire pressure will cause a 
wheel to pull. 


Check your tires’ tread-wear pat 
terns. For example, ifa front tire’s 
tread tends to disappear along the 
outboard edge, it’s likely thar the 
‘camber setting at that corner is too 
positive, and any pull probably will 
be toward that side. 


Geometrical considerations 
Camber refers to the tlt of the tire 
from the vertical, and this has a pro- 
found effect on directional tendencies. 
Zero camber means the centerline of 
the tire is perfectly perpendicular to a 
level surface. If the top of the tire tilts 
‘outward from the body, camber is 
said to be positive, Going too far in 
this direction will cause a pull to that 
side because the tive itself forms the 
shape of a cone, 

Don't run to the alignment shop 
just yet. You can get a pretty good 
idea of camber by using a carpenter's 
level, although you'll need to be 


| parked on a perfectly level space. \ 
used two 35mm film canisters held to 
the edge of the level with rubber 


bands. The canisters served as feet 
that we placed at the top and bottom 
of the wheel's rim. Keep in mind that 
most vehicles will have a degree or 
two of negative cambe 
Here's where ride height comes in, 
[As springs or torsion bars sag with 
age, camber changes. Replacing coil 


| springs or adjusting torsion bars can 
| bring alignment back into spec 


| Wooft 
Eyen if the front wheels are perfectly 
aligned and tires properly inflated, you 
‘may still have to steer constantly in 
one direction or the other to keep the 
vehicle going straight up the road. The 
problem is that the rear wheels are 
also trying to steer the vehicle and 
overtake the fronts. This condition is 
commonly referred to as dog tracking 
Techni 
vehicle's “thrust line” and centerline 


ly this occurs when your 


are too far apart. On vehicles with 
solid rear axles, the thrust line is per 
pendicular to the rear axle. On vehicles 
with an independent rear suspension 
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(IRS), the chrust line is determined by 
splitting the toe-in angle of the rear 
wheels. For example, ifthe left rear 
wheel is toed in ar 4° and the right is 
toed at zero, the thrust line is 2° to the 
left of the centerline, 

In 
coincide. But given a vehicle’ si 


ideal world the two lines 


This side up: A quick camber check 
can be done with a level and two sim- 
ple spacers. 


SPACERS 


‘CARPENTER'S\. 
LEVEL 


‘manufacturing tolerances, wear and 
abuse of daily driving, they often do 
not, lf the deviation between the two 
dog track. 
wheel that’s 


is great, your vehicle wi 
Besides having a steeri 
not at center when you're going 

straight, another obvious clue to dog, 


tracking is if you see four distinct 
tracks in the snow or rain when dri- 
ving straight. 

‘This is just about impossible to 
correct without professional 4-wheel- 
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alignment equipment. On IRS cars, 
tapered shims are typically installed 
under the rear stub axles ro reconcile 
the thrust line and centerline and to 
restore harmony. With solid rear 
axles, the repair will require replacing 
the rear links or straightening the 
frame. 


Wanderlust 
If your car doesn’t have a definite pull 
to one side, but instead a sloppy, 
undisciplined tendency to wander all 
over the place, the first thing to think 
about is wear in the steering and sus- 
pension, 

Direct observation is the best way 
to find this, bur you'll need a helper. 
With the car sitting with all wheels 
solidly on the pavement, have hit 
her unlock the steering column, then 
rock the wheel vigorously back and 
forth while you stick your head 
underneath and inspect with a light. 
(Needless to say, do this with the 
engine off.) 

‘With a parallelogram steering sys 
tem—the kind with a Pitman arm 
coming out of the steering hox—you 
may sce the idler or Pitman arm mov 
ing up and down, Or you may notice 
slop in the tie-rod ends or perhaps 
more rotational action going into the 
steering box than coming out. With 
rack-and-pinion steering, pay special 
attention to the inner tie-rod ends, 
and make sure the rack housing itself 
is firmly mounted. 

Another way to inspect is to 
slightly raise one tire off the ground 
{place the jack under the lower con- 
trol arm, then have your assistant 
rock that tire side to side, then top to 
bottom, while you take a look). 


Steering bag? 
With the recirculating-ball steering 
boxes typically found on big domestic 
wd cars, pickups and SUVs, lash will 
gradually develop herween the worm 
and sector gears. You can eliminate 
this problem by doing an “overcenter 
adjustment.” You'll find an adjusting 
bolt or screw sticking out of the top 
of the steering box. With the wheels 
as close to the straight-ahead position 
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LOOSE: Minor adjustment to the clearance of a high-mileage steering box can 


tighten up the steering. 


LOOSER: Worn tie-rod ends let the wheels wander, making steering vague. 


as you can get them, loosen the lock 
nut, then turn the screw clockwise to 
reduce lash, Do not overdo this or 
you can reduce interior tolerances too 
much, causing damage. You'll know 
you've gone too far if the steering 
wheel stays where you put it instead 
of returning to a straight-ahead posi- 
tion under normal road forces, espe- 
cially when coming out of a turn. 

Lash may exist in the joints thar 
allow the steering column to transmit 
the helmsman’s commands to the 


gearbox. The universal variety typi- 
cally lasts forever, but the rubberized 
textile type, fondly known asa “rag 
joint,” often deteriorates to the point 
at which there’s excessive play 
Deteriorated upper control arm 
bushings can cause serious steering, 
problems, and probably a lor of 
clunking to boot, Look down on 
them while your helper holds the 
brakes and shifts from Drive to 
Reverse and back, You 


I see and hear 
excessive movement, 
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Figure 2-19. Strain relief 


Getting the Perfect Solder Joint 


It’s not hard to get a great solder jaint, but it's also easy to be sloppy. Here 
are some pictures of good and bad joints to help you out. 


Figure 2-20 
Here's a good solder joint on the positive (+) pad: solder surrounds the 
jointand makes alittle peak. Thisjoint hadjust the rightamount of solder 
and just the right amount of heat. 

Figure 2-21 
The joint on the negative (-) pad is sloppy. The solder didn't flow around 
the joint, and some of itis spread out across the lead. You can try to fix 
itby holding the iron to the joint for a couple seconds: the solder should 
flow down the lead and onto the joint 

Figure 2-22 
The joint on the positive (+) pad has too much solder, and it's balled up. 
You canuse the desoldering wick or solder sucker to remave the excess. 
After you do that, hold the iron to the joint for a couple seconds to get 
the solder to flow araund it. 


Figure 2-23 
Here are two joints for comparison: one good, one blobby. 


How to Solda 


CHAPTER SIX 


Interior 
and Exterior 


Re-Covering Your Seats / 256 

Replacing Your Cabin Air Filter / 260 

Replacing Your Rearview Mirror / 263 

Repairing Your Rear-Window Defroster / 266 

Keeping Your Windshield Clear / 269 

Detailing Your Car/272 

Aligning Body Panels / 275 

Prepping Your Car For Paint / 278 

Repairing Windshields / 282 

Finding and Fixing Water and Air Leaks / 285 

‘Storing Your Car / 288. 

Drying Out Your Flooded Car / 293 

Repairing Paint Chips / 294 

Polishing Your Car / 297 

Repairing Plastic Bumpers / 298 

Hushing Interior Squeaks and Rattles / 302 

Removing Bumper Stickers, Window Tinting 
and Pinstripes / 305 

Freshening Up Your Musty Interior / 308 

Fixing Hood and Trunk Latches / 311 


a 


Re-Covering Your Seats 


ing the in-laws out ro dinner, 
Unfortunately the dog has been 
digging—unbeknownst to you—for 
hones he thinks are hidden under the 
back seat. The ensuing divor leaves 
your spouse’s mother sitting ara con- 
siderable angle all the way to Denny's. 
Morning finds you duct-taping 
large and small chunks of foam rub- 
her back into place. Late morning, 
finds you calling upholstery shops, 
followed by a quiek balancing of the 
checkhook to see if you can afford it 


1 's Saturday night, and you're tak- 


Rolling Your Own 

The one-size-fits-all covers you've 
seen ar the discount department stores 
are certainly inexpensive, but they 
look like covers more suitable for 
lawn furniture, And you know that 
going to the local car upholstery shop 
is likely to cost you a minor fortune. 

“Basically, you have three choices.” 
says Randy Smith of Brougham Sears 
Inc, “slipcovers, re-covers or getting 
the damaged seat panels replaced at 
an upholstery shop.” A fourth choice 
also exists: Get replacement seats of 
an acceptable cover from a wrecking 
xyard. IFall seats have been damaged, 
consider this possibility. 

Slipcovers, which are designed to 
slide over the car's original seating 
material, range in price from $25 for 
the discount store cheapos to $400 
for custom-fit covers designed specif 


cally for each vehicle. One company, 
Performance Products, even sells slip- 
covers for Toyota trucks and Ford 
Explorers that are made from scuba- 
diving wet-suit neoprene. 

As the name implies, slipcovers slip 
g cover. They're typi- 
cally held in place on back-seat and 
front-seat bottom cushions with flex 
cords thar arrach to both sides of the 
cover under the cushion, The covers 
for frone-seat hack cushions snap on 
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(Fig. 2) Once it’s completely disconnected, pull the bottom bolster free of the frame. 


orare held by Velcro at the bottom 
where the seams can’t he seen, Head- 
rest covers attach similarly. Caution: 
IF your vehicle seats have side airbags, 
covers could affect their deployment, 
Re-covers are designed to com- 
pletely replace the original factory 
seat coverings. “It’s not a do-it-your- 
self project,” says Smith, whose com- 
pany makes them, “They can only be 


purchased by upholstery shops, and 
they're normally installed in fairly 
new cars and trucks for customers 
who want to upgrade their car's in- 
terior, say from vinyl to leather.” The 
cost? Typical installation prices range 
from $1500 to $3000, depending on 
the vehicle. 

The third option—having an 
upholstery shop repair a vinyl, cloth 
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(Fig. 3) Rear-seat bottom 
‘cushions usually just clip, 
in at the front. 


or leather panel on a 
seat—might actually yield 
the most attractive result 
and may even be the least 
expensive option, if the 
damage or tearing is lim- 
ited to single panel on a 
bottom sear cushion or 
seatback. You can save 
additional money by tak- 
ing the seat out yourself, 
removing the hard-plastie 
skirts, splitting the back 
from the bottom cushion 
and delivering the dam- 
aged cushions to the shop for repair, 
Of course, the drawback is thar 
your car will be out of commission 
for a while if the work needs to be 


done to the driver's seat 

If you're planning to go this route, 
check with the upholstery shop first 
so it can order matching material 
ahead of time, then make an 
appointment to have the work done 
to reduce your vehicle's downtime. 


Seat Removal 
and Disassembly 
Repairing an upholstery panel is nor 
easily tackled at home, but you can 
remove and disassemble the seats. 
And while you don’t necessarily 
have to remove the front seats to 
install the slipcovers, the finished job 
will look berter and smoother if you 
take them out and then separate the 
cushions before putting on the covers. 
If you're doing all the seats, remove 
the front seats first so you'll have 
room to maneuver the rear-seat cush- 
ions from che ca. Doing it this way is 
especially critical on 2-door vehicles. 
Most front seats are bolted co the 
floor pan at all four corners. Begin by 
removing any plastic covers (Fig. 1) 
and then remove the bolts (Fig. 2). On 
power sears, disconnect the wires to 
the sear motor before lifting out the 


(Fig. 4) Disconnect the seathack rectiner 
‘mechanism from the seat carefully. 
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Caution: If your vehicle has side 
airbags in the seats, refer to a factory 
service manual for instructions on 
how to disable them safely, as well as 


how to reconnect the system. 

Typically, rear-seat bottom cush- 
ions must be removed before the ba 
cushion can be removed. 

Most bottom cushions are 
“hooked” to the floor pan in front 
(Fig. 3), Firmly pushing the seat cush- 
ion rearward and then lifting upward 
dlisengaues the cushion from the hooks 
so the cushion ean be lifted out, 

The back cushion is usually bolted 
to the rear bulkhead near the bottom 


of the cushion, while the top of the 
back hooks to the top of the bulk: 
head, Remove the bolts and life 


upward to remove the rear cushion. 
With the seats missing, you'll want 


REAR-SEAT 


to pick up loove change, petrified 
food and other materials. Now is also 
1 good time to give the carpet a thor- 
ough vacuuming and even a sham- 
pooing if it's gorren really disgusting, 
‘To disassemble the front seat, 
remove the headrest by sliding it from 
the seatback, You'll probably unbolt 
the seat top at the hinge pin, First, 
remove any hard-plastic skirting. If 
the seat has a reclining lever near the 
bottom cushion, you'll also have to 
disconnect the reclining mechanism 
from the seatback (Fig. 4). After that, 
tunbolt and separate the two cushions. 


Installing Slipcovers 
Ifthe foam cushions are damaged, 
this is the time to patch or replace 
them, IF there are chunks missing, you 
can simply carve matching pieces 


RECLINER 
MECHANISM 


BOTTOM 
‘SEAT COVER 


(Fig. 5) After you've removed the front 
seats from the vehicle, the new seat 
covers can be tugged over the seat 
bottoms. 


from upholstery foam to fit, gluing 
them to the existing foam in the eush- 
jon with contact cement 

Because durable materials are 
thicker and a tight fir makes for a ber- 
ter look, the more expensive the slip- 
covers, the harder they are to install. 

Begin by sliding the cover onto the 
borrom cushion first (Fig. 5). You may 
need an assistant with strong fingers 
to help you pull on the cover and get 
it aligned on the seat. Once the cover 
is in place, move to the underside of 
the cushion where you ean draw the 
flex cords to the other side, Attach 


(Fig. 6) After the cover Is on, add the 
elastic cords and connect the S-hooks. 
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them ro the eyelets in the cover with 
the S-hooks that are provided with 
the cover (Fig. 6). To ensure thar the 
flex cords stay in place, crimp the S- 
hooks closed with pliers (Fig. 7) 

Next, slide the slipcover for the 
back cushion into place and snap or 
Velcro the bortom. 


Install the headrest covers and any 
fold-down armrest covers. Before 
reassembling the seat's back and bor- 
tom cushions, make sure the slip 
covers are properly fisted with no 
gaps or loose corners, If there are any, 
readjust the covers on the cushions 
until the gaps disappear, 

‘After the seat cushions are 
reassembled, reattach the 
recliner mechanism and rein- SUPPLIERS 
stall the plastic skirt, o TheD sive Seat, 

The rearseat slipcovers for | T409 Glades Road, 


both the bottom and back cush- Boca Raton, FL 33431; 
ions install with flex cordsina | (561) 368.7966. 
‘manner similar to the front-seat 
bottom cushion. After the cords} ® JC Whitney, 
are in place, crimp the chooks | 1 JC Whitney Way, 
with pliers and reinstall the LaSalle, IL. 613015 
cushions in the car. (800) 469-3894, 
Another suggestion is to take 
this opportunity ta Seorchgard 
the new fabric while the sears 
are still out. This water- and 


® Performance Products 
(Ford Explorer, Toyota 
4x4s, Porsche), 


4 8000 Haskell Ave., 
dict-proofing treatment isavail- | Van Nuys, CA 91406; 


able at yout local discount store | (a9) 333-2840. 
in the automotive department, 
or at the auto parts store, [e's a 
simple aerosol can, and you can avoid 
cleaning up overspray if you use it 
outside the car. 


FRONT-SEAT 
TOP COVER 


Reinstalling Seats 
‘When reinstalling the rear seats, make 
sure the lap and shoulder belts are prop- 
erly routed through their sear openings. 
‘Also, make sure any hooks and fasten 
crsare firmly engaged (Fig. 8). 

When reinstalling the front seat, 
be sure to torque the mounting bolts 
to the proper specifications. Properly 
route the seatbelts and then make == 
sure that both the sliding track and 
reclining mechanisms work properly. 

(On electric seats, reconnect the 
‘motor wires and then run the seat 
through its full range of adjustments to 
ensure the connections are correct. @ 
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Replacing Your Cabin Air Filter 


‘game is this afternoon, bur you can 
forget about getting tickets, So it’s 
time to gather the crowd and drive to 
the sports har, Minutes into the ride, 
the windshield is so foggy, you've got 
to hit the Defrost button. Bur why? 
‘The panel is set to outside air for 
heater operation, and there are no 


I: Sunday and the big basketball 


smokers in the car, You put your hand 
over the defroster outlets and there's 
hardly any airflow. When you turn the 
blower switch to high, the noise level 
1208 up but the airflow is still weak, 
Maybe you need ro change the 


cabin air filter If it’s plugged, the pas- 
senger compartment might as well be 
a sealed cabin—and with a carload of 
friends the glass will fog in minutes. 


20 


Filter life depends on the air quality in 
your area, buta year, or 12,000 to 


100 miles, typically is the recom- 
mended replacement interval. 

Cabin air filter? In the late 1980s 
and early 1990s, only some European 
luxury ears had them. It’s more co 
‘mon on newer ears. In many premium 
cars, there may be two filters, even 


three. Sometimes they're parallel (side 
by side), sometimes they're in series 
(one after the other, with some space 
in between), Sometimes they're 
nowhere near each other 


Locating the Filters 

A cabin air filter may be in the ouside 
air intake, visible with the hood up 
and perhaps a cover lifted, Or it will 


(Fig. 1) Underhood filter covers are 
often held in place with plastic button 
fasteners, which need to be pried up 
carefully. 


be under the dash in one or both of 
two general locations: 

# Above the blower in the back sec 
tion of the outside air intake, a loca~ 
tion well protected from moisture. 
Between the blower and the rest of 
the HVAC ease. 

If the owner’s manual doesn't tell 
you the location, and you can’t see it 
with the hood open, check behind the 
glovebox—perhaps you'll see an obvi- 
ously removable (with a spring-tab ot 
similar retainer) rectangular plastic 
cover, Next, look under the dash (on 
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(Fig. 2) If any debris has 
contaminated the filter 

plenum, vacuum it out and 
‘then wipe with a damp rag. 


both the driver's and pas- 
senger’s sides) for a remov- 
able plastic cover in the 
HVAC case. If you can 
remove its cover, look 
inside the HVAC case. 

Still no answer? Buy the 
filters, something you have 
to do anyway. You've got 
two choices: 

«© Buy the factory filters at 
the dealership at full price. 
This way, you'll know for sure what 
they look like and get some idea 
about how they have to be installed. 
You'll also find out how many your 
vehicle has. The parts department 
should havea diagram to show you 
where the filters are located in the ear. 
« Buy aftermarker filters thar come 
with step-by-step instructions from an 
auto parts store, The odds of the ori- 
inal equipment parts coming with 
instructions are extremely slim, Do all 
aftermarket filters have them? No, 
but if you're shopping at a parts store, 
‘you should be able to check in the 
boxes on the shelves. Also, these parts 
probably will cost less, 


Replacing the Filters 

in the Air Intake 

The filter in the outside air intake 
(even if there are other filters) 
takes care of most of the dust and 


pollen, so is Tikely to plug first, 

‘The typical procedure begins with 
removing the air intake sereen, which 
is held by “Christmas tree” plastic 
fasteners, Ifthe “tree” has a center 
pin, pry it up with a thin-blade screw- 
river and then wiggle the tree out of 
the hole (Fig. 1). Ifthe tree is a single- 
piece design, you'll have to pry it out. 
‘Most of the time, it will break and 
you'll have to replace it (blister packs 
of replacements are sold in most auto 
parts stores). 

If there's a rain/snow deflector 
over the filter, remove it, then extract 
the element. The filrer element may 
he held by a plastic tab, or it may 
slip into a retainer housing thar you 
will reuse with the new clement. 
Some dust may have gotten around 
or through the filter, Use a vacuum 
cleaner to clean the outside air intake 
duct (Fig. 2), Be careful when you 


reinstall the air intake 
screen, as well as any 
cover aver the filter ele- 
‘ment. IF the gasker surface 
around the screen does not 
seal, or if the cover (actu- 
ally a shield, in most 
cases) is not reinstalled, 
rainwater can flow into 
the filter, saturating it. 


In the Case, 

above the Blower 

If the filer is in the case 
above the blower, most 
likely itis hehind the 
glovebox. Removing the 
slovebox may be easy, but you may 
not have to remove it at all, 

‘Many filters (such as on most 
Hondas and Toyotas) are just above 
the blower behind the glovebox, and 
you'll have to drop it for access. In the 
best of eases, you can flex the sides of 
the box so the pins clear the dash, 
then pivot the box down for clear- 
ance, In others, the entire glovebox 
assembly has to come out, which 
means removing a number of retaining 
screws, not all of which are visible, 


Replacing 
Midcase Filters 
The midcase filters may nor always be 
ceasy, but remember, the setup was 
designed to allow filter replacement, 
so don’t assume the worst. 

‘There are pull tabs taped in place in 
GM sedans that have two or three fl- 
ters in the same HVAC case located 


SOME UNDER-DASH FILTERS can be replaced without any tools by simply opening a small access door. 
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above the gas pedal. Pull a 
tape to release the tab, then 
pull the tab to withdraw the 
filter, Ditto For the others. 

All filters need perimeter 
sealing, so air lows only 
through the filter element, 
With side-by-side filters, the 
sealing may he a simple 
foam rubber strip. Or there 
may be interlocking guides, 
‘On many cars the filter will 
come straight down and hit 
the floor without clearing 
the HVAC case. Nothing's 
wrong, Most of these filters, 
are flexible, and you have to 
bend them to get them out 
and the new ones in. 


How to Buy 

Even if the filter location is 
accessible, the toughest job 
may be getting the right replacement 
filter. One of the most common 
complaints among professionals is 
that the aftermarket catalogs haven't 
kept up with the year-to-year 
changes, particularly with filters that 
fit under the dash where the space 
provided may have changed. 


INTERIOR- MOUNTED FILTERS may be stacked insiae 
‘ha plenum and housed in plastic tray. 


Ifa vehicle has more than one fil- 
tex, you may not find hoth in the same 
box, especially if they are in different 
locations. And they may have totally 
different part numbers. This is partic- 
ularly teve if one filter isin the air 
intake and others are in the HVAC 
case. The one in the air intake is more 


HOW IT WORKS 


likely to be a simple par- 
ticulate filter, one that just 
traps small particles, The 
cone under the dash is more 
likely to have a charcoal 
layer for odor control, 

No matter what the 
original equipment element 
is, the aftermarker one is 
more likely to be a particu 
late filter, rather than the 
more sophisticated type 
with a charcoal layer. 
Should you get the char- 
coal filter, which may cost 
a lot more? If you're in a 
densely populated area 
with slow-moving traffic, 
or your carpool partner 
fancies Mexican food, the 
extra cost is worth it, 

If you're nor facing an 
odor problem, you may 
save money with a low-cost particu- 
late-only replacement for an original 
equipment filter with a charcoal layer. 
An aftermarket particulate element 
does filter finely enough to remove 
pollen as well as duse particles, so if 
pollen and dust are your major con- 
cerns, save your money. 


The cabin filter is a type of air file 
ter that in some respects—such 
as pleating to provide a lot of 
‘surface area in a small pack- 
‘age—may resemble an engine air 
filter. However, it usually is made 
of different materials, the main 
‘one being a charcoal layer in 
‘many elements. Like some 

engine air filters, the dust and 
pollen filtering element is elec- 
trostatically charged, which 
means it's made with fiber parti- 
cles that have been given either 
a positive or negative static elec- 


trical charge. Airborne particles are negatively or posi- 
tively charged, so they are attracted to the opposite- 


charge fibers. 


In addition, the filter performs “mechanical filtration.” 


Cabin Filter 


adsorption (not absorption), holding them on the sur- 
face of the material. Because charcoal is porous, each 
pore is an exposed surface, so the filter has a very high 
‘capacity for trapping noxious gases. 


This means that fiber material 
with pores of a specific size will 
trap particles larger than the size 
of the pores. The charcoal filtra- 
tion layer removes odors. 

‘The charcoal is “activated,” 
which means itis treated with 
‘chemicals and heat to give it 
specific odor-control properties. 
Each manufacturer has its own 
recipe, based on tests with indi 
viduals who have “sensitive 
noses,” including people who 
work as perfume testers. Char- 
coal traps odor-causing gases by 
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Replacing Your Rearview Mirror 


he traffic seems unusually 
Tie: morning, In fact, you 

haven't seen another car to 
the rear for 10 miles, Time to make 


a little time, 
Bur then there’s a strange noise fol 


lowing you. Sounds like a sire 
Hmmm, No lights behind you, 50 
where is that sound coming from? 
Ie’s coming from the police car 
that’s riding your tail, You didn't see 
it because your glued-on rearview 
mirror isn’t on the windshield. Irs 
lying on the floor under the seat 
where your 4-year-old has hidden it 
after discovering he couldn't do chin- 
‘ups on it, Tell thar one to the judge. 


ADHESIVE 


RESIDUE ON 


Glass 
We 


SCRAPER 


(Fig. 4) Use a scraper 
or a razor blade to 
remove the old glu 
This will be easier if the 
glass Is cold—so do it 
before warming the 
windshiold. 


HOW IT WORKS 


The Antiglare Mirror 


SILVER 


f 


TOGGLE PUSHED BACK 


/ 
TOGGLE TIPPED FORWARD 


REPLACING YOUR REARVIEW MIRROR 


Most cars and trucks come with a manually dimmable 
day/night prismatic rearview mirror. You toggle a little 
lever from the day position to the night position. And the 
mirror glass is not flat, but rather beveled. The top edge 
is thicker than the bottom edge. Here’s how the 
day/night function works. 

In the day position, the image you see is retlected off 
the silvered surface on the back face of the mirror glass. 
‘The image is crisp and bright, because the silver provides 
an almost total reflection (80%) of the object. 

In the night position, the toggle mechanism tilts the 
mirror glass upward slightly. Now, the bright day image 
is deflected off the silvered surface and up into the 
vehicle's headliner. And the front (plain glass) surface of 
the mirror takes over, providing a 5% reflective image. 
Everything appears very dark, but you can still monitor 
traffic behind you. 

Many carmakers offer an automatically dimming elec- 
‘trochromic rearview mirror that provides an infinite num- 
ber of brightness levels. These datken automatically 
‘according to ambient light conditions and the amount of 
headlight glare. Sensors feed input to electronics that 
determine how much voltage to apply to a special gel 
‘sandwiched between thin layers of reflective glass in the 
rear and clear glass up front. The more glare present, the 
‘more voltage is applied, and the darker the gel becomes. 
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Figure 2-21. A messy solder joint 
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Reattachment 
Luckily, gluing your rearview mirror 
back on is one of the easiest jobs for a 
Saturday mechanic. What you need 
‘most is patience and a clean working, 
environment, Warm weather helps, 
too, but it isn’t mandatory. 

Start by running down to your 
local auto parts store and picking up 
a rearview-mirror adhesive kit. Ill 
come with a vial of superstrong glue 
and a vial of accelerant to help the 
glue cure very quickly. There are usu- 
ally instructions on the back of the 
cardboard packaging, too, should you 
need some guidance. You'll also need 
a razor-blade-type scraper, a small 
Allen wrench that fits the lockscrew: 
‘on your mirror's baseplate, a grease 
pencil or some masking tape and, 
depending on your particular cireum- 
stances, @ tape measure and a heat 
gun or hair dryer. 


Ready? 

Prepare to work outside with the win- 
dows open, as the adhesive kit will 
probably contain acrylic acid, 
methacrylic ester and trichloroethyl- 
ene, which you don’t want to breathe 
in large quantities. 

Because the adhesive cures faster in 
warm ambient temperatures, plan on. 
using the heat gun or hair dryer to 
warm the glass if you're forced to do 
this job on a cold day. Buc use common 
sense. fce-cold glass will not appreciate 
being blasted by intense heat. You'll 
almost definitely crack the windshield 
this way. To avoid this, hold the heat 
gun or hair dryer about 12 to 18 in 
away from the glass and waft the warm, 
air back and forth to gradually increase 
the glass temperature. And make sure 
to scrape off the old glue before warm- 
ing the glass or you'll ereatea gooey 
‘mess (Fig. 1). An alternative is to park 
the ear facing the sun for a few hours 
before beginning the job, 

If the old mirror left behind an 
obvious amount of residue on the 
inside of the glass, you won't need the 
tape measure to locate the midpoint 
oof the windshield. But if you, say, for- 
got to mark the spor before you 
cleaned the glass completely, simply 


(Fig. 2) Applying accelerant to the mounting surface speeds the adhesive curing. 


Don't touch the surface with your fingers. 


(Fig, 3) Press on the baseplate firmly for at least 2 minutes to allow the fresh adhe- 


sive to start to set up on the glass. 


measure halfway across the top of the 
window and about 3 to 4 in, down 
from the headlines, and that will be 
Your new mounting point. 

You can begin the remounting 
process by marking the outside of the 
window with a grease pencil over the 
area where the old glue is. Or you can 


cordon off the area on the inside with 
masking tape, (Some sort of mark is 
useful should you ger interrupted 
after removing the old glue.) The lat- 
ter is the neater way to work, but 
leave adequate room around the work 
area for scraping and cleaning. Now, 
go at the old glue with your scraper 
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Once you're down to smooth glass 
again, wipe the spot down with iso- 
propyl alcohol to get it squeaky clean. 
Do the same thing on the back of the 
mirror baseplate so that you have 
clean metal to work with, Don’t 
rouch either surface once it’s cleaned 
or the oil that comes off your fingers 
will contaminate it, 


The Acceleration Phase 
The accelerant (primer) vial will have 
1 double wall of plastic, The inside 
wall is designed to crack open when 
you bend the tube. The outside wall 
simply flexes. This allows the acceler- 
ant to drench the felt tip of the vial 
without leaking our all over your 
hands. Apply the accelerant liberally 
to the mounting point on the glass. It 
needs 5 minutes to dey. 

In the meantime, use your Allen 
wrench to undo the lockserew and 
release the mirror from its baseplate, 


Irs much easier to glue the baseplate 
‘onto the windshield first and install 
the mirror later. Working with the 
whole assembly is too awkward 

‘Once the baseplate is free, goop up 
its at mounting surface with the 
accelerant and letit dry, as well (Fig. 2). 
Don't touch either of the treated areas 
as they're now ready to accept the 
adhesive, which will eure faster hecause 
of the accelerant. 


Adhesive Time 

Now you're ready to apply the adhe- 
sive, Neatly goop up the back of the 
baseplate and carefully press it onto 
the glass. Squoosh it around just a lit 
tle hit to get good adhesion—and 
keep applying pressure. Don't let go 
for at least 2 minutes while the adhe- 
sive begins to set up (Fig. 3). Then let 
it dry for at least another 15 minutes 


If it’s really cold out, a little warm air 
from the hear gun or hair dryer 


REPLACING YOUR REARVIEW MIRROR 


MIRROR 
ADHESIVE 


(Fig. 4) After gluing the baseplate onto 
the glass, mount the mirror and tighten 
its lockscrew with an Allen wrench. 


should speed up the curing process. 
Remember, 15 minutes is a minimum. 
Ie’ best to let the adhesive cure as 
long as it is convenient—even 
overnight—before reattaching the 
mirror to the baseplate and tightening 
the lockscrew (Fig. 4). 

If you're a neatnick, trim the excess 
glue around the baseplate with a knife 
‘or one of the comers of your scraper 
blade, Then reattach the mirror and 
readjust it for a safe rearward view 

Oh, And don’t pull on the mirror 
to see how tightly it's mounted, With 
Murphy's Law always in effect, you 
just might rip itoff the window again. 
Just leave the mirror be—and keep 
your kid out of the front seat, The 
mirror will probably stay up there for 


the life of theca @ 
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Repairing Your 


Rear-Window Defroster 


Snow has covered the entire car 
to a depth of several inches, I 
takes a few minutes to clear the snow, 

and by then the engine has warmed 
up enough to mele the frost clinging 
to the inside of the windshield, and 
has actually made inroads to the Frost 
on the side windows. But the rear- 
window defroster clears only a nar- 
row strip near the top and bortom of 
the window, leaving a wide strip of 
alass as translucent as a barristers 
door, and absolutely no visibility to 
the rear 

A worse scenario: The rear-win- 
dow defroster grid has packed ie in 
completely, requiring you to either 
drive blind (bad idea), oF resort to 
scraping the rear window clear with 
your trusty plastic seraper, 


I: was a dark and stormy night 


Danger! 
Let tts make this perfect! 
The resistance wires are silk-screened, 
essentially painted, onto the glass. 
They are very easy to scratch, and will 
‘not work properly if the scratch 
breaks the continuity along the wire, 
‘This means thar it's possible for 
boxes, furniture or any other hard 
‘object one might place in a car to 
scratch the wire, Even a credit card 
can damage it. Don’t cram stuff into 
the back, and don't ler the load shift 
hackward in your minivan so that it 
touches the glass. If your window has 
a defroster grid, the only thing that 
should ever touch the glass is a soft 
cloth dampened with window cleaner, 
If you must clean the rear glass, serub 
gently, and in the direction of the grid, 
not across it. 

‘You don’t want to have co replace 
the glass to effect this repair. The 
compound-curve style of rear win- 
dow is several hundred dollars, and a 
large hatchback’s backlite on, say, a 
Camaro, can easily top a grand or 


(Fig. 1) Check for 22 volts 
at the grid’s terminals to 
see if the circuits to the 
rear of the car are intact. 


more. Add the price of installation at 
the dealership or a glass shop—it’s 
definitely not covered by insurance. 


No Heat at All 
Suppose your defroster grid doesn’t 
work at all, First, check the obvious: Is 
the fuse okay? Defroster grids draw a 
Jot of current (10 to 20 amps), and if 
the fuse is undersize, it won't last. IF 
the fuse doesn't look blown, check 
with your voltmeres—with the key on 
and the defroster on, you should see 
12 volts at both grid terminals (Fig, 1). 

If the voltage is fine, the problem is, 
somewhere in the wiring or atthe grid. 
Check the connections from the wiring 
harness to the grid. I's easy for the 
terminals at the grid to become dam- 
aged. Generally, the tab that’s attached 
to the glass breaks off, leaving you 
with a dangling wire and no way to 
reattach it. You have two repair 
options here: soldering and gluing, 

If you know how to solder and 


have a high-capacity soldering iron 
‘or gun, solder the tab back on 

(Fig. 2). It may take a third hand to, 
hold the tab against the grid while 
you solder it. There’s usually a metal 
strip laid on the glass under the silk 
screening. Clean the surfaces with 
alcohol and use 60-40 rosin-core sol- 
der, Work fast, because excess heat 
may crack the glass. 

If you aren’t confident about your 
soldering skills, or aren’t ready to 
take a chance on cracking an expen- 
sive piece of glass, there’s another 
‘way. The dealership and most auto 
parts stores can sell you a special 
electrically conductive epoxy to bond 
the tab back on (Fig. 3). If it's win- 
tertime, you'll need to work in a | 
heated garage, and have the vehicle 
inside long enough for it to warm up 
to at least 65° F, Again, clean the 
area with alcohol. Mask the glass 
with tape to keep from getting epoxy 
smeared on it. Mix up a sparing 
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‘CONNECTOR TAB 


the window. 


amount of epoxy and hardener. Put 
some epoxy on the tab, and use an 

ice pick co hold it in place for the 10 
minutes or so it will take for the 


epoxy to harden. You ean use a 
wooden stick or the end of your 
dampened finger to smear the epoxy 
within a minute oF two of applica- 
tion to improve the cosmetics of the 
repair, Although the epoxy will set 
Lup rapidly, don’t attempt co reattach 
the wiring until irs had 24 hours at 
65°F or more to cure and achieve its 
full strength, The repair will never be 
as strong as the original wire, so 
you'll need to be particularly careful 
not to damage it in the furure, 


Deeper Problems 

Fuse okay? Grid attached to the glass 
everywhere, but simply no defrosting 
action at all? Look for a bad switch, 


relay or timer, For this you'll need a 
schematic diagram, or considerable 
experience in troubleshooring wiring, 


(Fig, 2) Experienced 
solderers might 
want to try to solder 
the tab back onto 


problems, Start ar the fuse 
and trace the wiring. Ifthe 
switch is bad, you'll be able 
to jumper the switch and 
get 12 volts beyond 
') there for diagnosis, But 
1 you may need to 
replace the timer- 
which may be integrated 
into a larger box of elec- 
trical controls buried under 
the dash. Consult the factory 


shop manual for your ear for 
a detailed diagnostic proce- 
If that’s not available 
u'll have to find 
the problem the old-fash~ 
ioned way, Trace the current 
path from the fuse, to the 
switch, to the timer, and on 
back to the window 
Remember, the timer will 
turn off the current within 5 
to 10 minutes, so you'll need 
to keep track of the timer’s 
time window or you'll he 
looking for current that’s not 
supposed to be there. 
Somewhere in the circuit 


there will bea relay to switch 

the high current necessary 
for the grid’s operation, This may or 
may not be integral with the timer. A 
diagnostic procedure would be t0 
jumper the relay’s terminals to see if 
the relay is bad, You can either jump 
12 volts to the relay’s coil ro make it 
pull in, or bypass the relay with a 
large-gauge jumper to see if the grid’s 
‘wiring is intact between the relay and 
the window, A separate relay should 
be inexpensive and available at any 
auto parts srore, bur if is in the same 
package with the timer you'll pay as 
much asa hundred bucks, 

Don’t try to bypass the timer, Rea 
window defrosters draw a substantial 
amount of current—10 to 20 amps 
depending on the application. Most 
modern cars use a timer circuit to 


turn the geid off after a reasonable 
length of time, There are two reasons 
for this. The first is to reduce the clec- 


trical load on the alternator, which 
(especially during the wintertime) also. 
supplies electricity for the headlights, 
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(Fig. 3) Broken-off 
defroster-grid terminals 
can be repaired with 
conductive epaxy adhesive. 


heater fan and windshield wipers. 
Couple that with the extra demands 
con the battery for starting in cold 
weather, and there may simply not be 
enough alternator capacity to keep 
the battery charged adequately. 

The second reason is simpler—the 
grid may overheat if it’s left on too 
long, Imagine accidentally leaving it 
on during a long trip on a summer 
day, The heat from the grid added to 
the heat of the sun may crack the 
glass or contribute to deterioration of 
the window's rubber gaskets 

Ifyou need to replace the timer or 
switch, you'll probably have to go to 
the car dealer for the parts. 


Easy Fixes 
Suppose your grid has several lines 
that don’t heat, You may be able to 
find the break by simply inspecting 
the silk-screened grid along its length. 
This will he easier on hatchbacks, 
minivans and SUVs because you can 
open the back up and look at the lines. 
against the sky, Sedans will require 
you to craw into the back and poke 
your head into the area above the rear 


C) « 


(Fig, 4) Small flags of aluminum foil on your probes will prevent further damage. 


deck. Otherwise, you'll need to drag 
our the trusty DC voltmeter and hunt 
for it electrically 

Set your voltmeter for the 20-volt 
scale, and attach a couple of postage 
stamp-size pieces of aluminum foil t0 
the leads (Fig. 4). This will prevent 
the probes from scratching the grid. 
You can simply lay the aluminum: 


foil tabs on the glass and press 
lightly with one finger to make con- 
nection with the grid. If the window 
is large, it may help to have another 
pair of hands, 

Start by measuring the voltage 
across the entire length of the grid. 
With the key on and the defroster 
turned on you should see 12 volts on 


the meter with one tab ar either end 
of the grid. Now move one tab to 
the center of the grid and measure 
again, The voltage should read 12 
volts if the break is betw: 
rabs, less if the break is outside of 
the tabs. Similarly, measure the volt- 
age on a grid line that is working 
properly, and you should see 
approximately 6 volts at the center 
because you've just turned your 
defroster grid into a giant rheostat, 
By moving the tab along the dam: 
aged line, you'll see 12 volts on the 
meter until you reach the break, 
where the voltage will drop consid- 
erably all at once, This should allow 
you to pinpoint the break: 

Repairing the grid is simple. Many 
auto departments in large stores, and 
almost any dedicated auto parts 
store, can sell you a repair kit, Cl 
the area of the break with aleohol 
and a fresh, untinted paper towel. 
Don’t use window cleaner, as it may 


ean 


leave a residue of wax or silicone | 
The kit will have an adhe- 
sive template to stick over 
the break, but you can 

use ordinary masking 

tape just as easily. The 
masking tape can he used 

to make a new line that 
exactly matches the width 

of your old grid, ifthe | 
mask in the kit is too | 
wide or narrow. Paint a 
stripe of the kits eonduc- 
tive paint across the 
break (Fig. 5). Allow it to 
dry for 10 to 15 minotes 
and remove the mask, 

If you have several grid 
lines that are damaged, 
simply repeat the process. 
If the lines are damaged in 
more than one place along 
their length, you'll have to 
go back to step one and 
find the next break, @ 


(Fig. 5) Repairing minor 
breaks in the continuity of 

the defroster grid lines is 
‘as simple as masking them 
‘and using a special con- 
ductive paint, 
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Keeping Your Windshield Clear 
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(Fig. 4) Wimpy wiper-arm springs 
can be fixed by adding helper springs 
at the arm joint. 


Every drop of rain that sp 


1 sa dark and stormy night, Pare IL 


your windshield seems to 


igs 
s—and nothing 
swween your eyes and the road, Slimed 
5 are the wiper arms, 


another vehicle, camouflaged 
smear of light and haze coating the 


glass. Even with your windshield wipers If you get your vehicle washed and 


have to stop and wi idensation 


ip airborne dirt 
from the inside of the windshield with 


rom industrial plants, Even 
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(Fig, 2) Replace the rubber squeegee 
in the blade if it's taken a set to one 
side or the other. 


good wipers won't remove this kind 
of mess, It takes a cleaner with a 
super fine abrasive that won't scratch 
the glass, and, although there are 
houschold cleaners in that category, 
auto parts stores now carry ones 
made specifically for windshields, 
When a windshield is clean, water 


from a garden hose should “she 
flow across it, not bead up. 

For winter freeze protection, fill 
the washer reservoir with a cleaning, 
solution with washer antifreeze, not 


just a mixture of water and alcohol or 
ordinary antifreeze, And never use an 
abrasive windshield cleaner in the 
washer reservoir 

Check the spray pattern of the 
washer nozzle. Although some are 
nonadjustable, individual tube-type 
nozzles can be bent slightly to 
improve the spray position, and the 
base of the nontubular type may be 


shimmed. The common ball-in 
socket variety can be re-aimed, using 
a straight pin carefully placed in the 
hall's orifice and used as a lever 
If the wipers chatter and the wind- 
shield is really clean, 


spect the piv= 


ots of the blades. IF they're corroded 
or bent, the blade wan't conform 
properly to the glass. Replace it 

Still chattering? Open the hood 
and examine the windshield-wiper 
linkage and mounting, If the moror 
rocks in its mountings, the blades 
may charter. The wiper motor is, 
generally mounted in rubber bush- 
ings to reduce noise. Look for bro- 
ken or deteriorated bushings. Next, 
check the linkage, Worn bushings 
and pins can also set up a chatter. If 
there’s anything that can’t be tight- 
ened, you'll have to begin replacing 
some parts. 

Now check the bushings in the fit 


tings where the wiper arms pivot as 
they pass through the cowl. Some of 
these bushings are mounted in rubber, 
and sometimes it’s possible to snug, 
them up. Look for a large-diameter 
nut below the cowl, The pivot pins. 


(Fig. 3) A small dab of wiper-blade 
lubricant can help to keep smearing 
down and also extend squeegee life. 
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themselves can wear, which can also 
permit chatter to get started. Parts 
replacement is in order here. 

Lift the arm. If t feels weak, cam- 
pare it with another ear, or measure it 
ona fish scale, The typical arm, lifted 
from the blade end, should rake 
about 30 ounces, (Note, however, 
thar fish scales aren’t much mor 
accurate than a fisherman's estimate 
of the length of the big one that got 
away.) If the arm spring is weak, 
replacements could set you back 
more than $70. Instead, install helper 
springs—they’re sold in auto parts 
stores for just a few dollars (Fig. 4). 

Inspect the wiper blaces* rubber 
inserts (the squeegees) for cracks or 
other deterioration, Its best to remove 
the blade, hold irin front of you and 
see if che rubber squeegee tip is 
absoltely straight down the center of 
the blade. If i's wavy or tilted notice 
ably to one side, replace i¢ (Fig, 2) If 
the blade is good, only the squeegee 
need he replaced. If the squeegee itself 
is good, apply a lubricant made for 
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natural eubber to hath sides. A quick 
smear of lube once every week of twa 
should not only extend the squeegec’s 
life, but improve its everyday perfor- 
mance (Fig. 3). Again, look in the auto 
parts store for rubber lubricant. Don't 
use silicone 


Fogged In 
If the inside of the windshield has a 
permanent “fog,” it may be caused by 
interior air pollution, including 
tobacco smoke and fumes from pla 
tic trim. Vinegar does a good job of 
removing it, but be sure to wash the 
glass to help clear away the odor, 
Another option is to clean the glass 
with an antifog formula, which leaves 
an invisible coating that retards 
rior fogging. Unfortunately, the For 
mulas we've seen are not recom- 
mended for tinted windows, so warch 
where you apply it, or simply stick 
with vinegar, 

When you use the defroster, many 
cars! ventilation systems automatic 


ally turn on the a/e compressor, even 


(Fig. 4) Ifthe blower isn't up to 
speed, probe the blower-motor 
relay wiring with a test light. 


in winter (temperatures 
above 50° F), co condense the 
interior moisture. If your sys- 


tem hasa separate a/e com- 


pressor control, you may 
have to push the afe button 
to get the desired effect. And 
if your control panel has a 
separate burton or lever for 
outside air versus recitcu 
lated ais, choose outside 
air—itll help purge the in- 
terior moisture that you and 
your passengers release, 
which isa major cause of the 
fog that mars a normally 
clean windshield. This prob- 
ably sounds counterineu- 
itive—isn’t there plenty of 
‘moisture coming in with the 
fresh air from the cow! vent? 
Trust us, Fresh air will evaporate 
more mist. 

Just hecause you hear the blower 
fan doesn’t mean the air is blowing 
against the windshield, so put your 
hand over the defroster outlets. If the 


airflow is weak, either the ventilation- 
control system is misbehaving, a 
cabin air filter is plugged, oF the 
dashboard duet unplugged, causing 
the airflow to leak our before ir gets 
to the windshield. If there's strong air- 
flow from another duct when you 
select defrost, the control panel is 
probably at fault 

lf the blower doesn't seem to come 


up to speed bur is turning, there’ a 
fair chance chat the high-blower relay 
used on many cars is faulty. Inspect 
the area around the blower motor, and 
if there’ a relay wired to it, check the 
connection (Fig. 4). And look around 
for an inline fuse—wieed to the 
relay—to inspect. It could be blown, 
Sell have trouble seeing what's 
ahead on the road? Next rime, don't 
forget your eyeglasses. @ 
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Detailing Your Car 


washing the ear. You get your 

bucket of soapy water and a 
sponge, fire up the garden hose and go 
to work, Your neighbor in the adjoin- 
ing driveway does the same, But he's 
assembled a whole array of ear care 
implements, including brushes, cotton 
swabs, a toothbrush and a plethora of 
cleaning, conditioning and dressing 
products. By the time you've dried off 
the body, slapped a coat of wax on the 
finish and butfed it out, your neighbor 
is only up to square two. So you move 
on to the other Great American Rit- 
vual—the backyard barbecue, leaving 
your neighbor elbow-deep in his 
bucket of soapsuds, 

Later, after scarfing down your 
fifth hor dog and third ear of corn, 
you saunter over to your neighbor 
on the pretext of offering him a har- 
becued chicken thigh. But you really 
want to see the kind of job he’s 
doing, His vehicle is about the same 
vintage and in the same condition as 
yours, but his car gleams like a jewel. 
Yours just looks clean. 


I: a Great American Ritual— 
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What's your neighbor's secret? He 
‘went the detailing route—a process 
that goes beyond the ordinary wash- 
and-wax job. Detailing is just chat— 
paying close attention to small details. 
Sure, ittakes a lot more time and 
effort, bur the results can be nothing 
short of eye popping. 

Professional detailers have devel- 
oped their own tricks of the trade for 
everything from vehicle washing to 
cleaning windows to getting ventila- 
tion grilles looking supercrisp. To get 
their results, use products designed 
for specific areas—wheels, trim, win- 
dows, ete. Name-brand products are 
a safe bet. Be sure 0 read labels ro get 
the est finish. 


Where to Start 

The interior is a good starting point, 
so the dust and dirt you brush out 
won't settle on a pristine exterior. 
Remove any floor mats and give the 
catpeting and upholstery a good vac~ 
‘uuming, Also vacuum the dash and 
rear parcel shelf, Move the front seats 
full fore and aft to ger to all the accu- 


(Fig. 1) Use a Q-tip to scour interior 
recesses that have collected dust. 


mulated dirt and loose change. Ifthe 
sarpets are clean except fora minor 
stain or two, use a foaming cleaner to 
get them out, Saturate the stain with 
cleaner, working it in with a damp 
sponge. Let it sit awhile and then blot 
it out with paper towels ora dry cor- 
ton cloth. Repeat if necessary, and 
then go over the area with a damp 
sponge before final blotting, Don't 
oversaturate the earpet and risk ger- 
ting mildew, 

‘You can repair burns and holes in 
your carpet by cutting our the offend- 
ing area with a razor blade or scissors, 
Then cuta similarsize piece from a 
hidden spor, such as underneath the 
seat, and cement it in place using a 
‘water-resistant adhesive. Blend in the 
repair by brushing the nap. 

‘Wash the floor mats, if they're 
rubber, and apply a dressing that 
does not leave a slippery finish, for 
obvious reasons. 


Clean interior hard surfaces with a 
damp cloth and a mild all-purpose 
cleaner such as Simple Green, diluted 
about 10:1. If you have vinyl-covered 
seats, use a conditioner made for that 
material. Avoid products that give a 
high-gloss, slippery surface, so pas- 
sengers won't fee like they're on a 
roller coaster. If you have leather 
upholstery, dress the surfaces with a 
leather conditioner, Never use a vinyl 
product on leather. 

Worn or torn areas of vinyl ean be 
repaired using kits made for this pur- 
pose that are available at auto supply 
stores. Repairs are made with a patch 
that lets you match the color and 
grain of your upholstery. Worn areas 
of leather ean be touched up with 
dyes ora high-grade shoe polish. Just 
make sure you match the color as 
closely as possible. 

“The dash presents.a special chal- 
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MINOR SCRATCHES can be polished off with 
‘clearer waxes oF mild polish. 


Jenge, with buttons, A Word of Caution 

crevices and bezels that you | REMOVE CLEARCOAT ‘SORATCHES If you have aftermarket window 
can't get to with a cleaning tint film, it may be degraded by 
rag. You can blast dust and cleaners that contain ammonia 
dire from these areas by or vinegar. Factory tinting i in 
‘using small cans of com- the glass and is nor affected by 
pressed air made for clean- 
ing camera and computer 
equipment. Cotton swabs 
also work well here (Fig. 1). 
Pay attention to the clean- 
ing products you use on 
your dash. If your dash has 
a flac finish, don’t use a 
product on it that will leave 
you facing a shiny gloss. 

Clean air vent grilles with, 
cotton swabs and brighten 
them up by misting on some 
spray-on vinyl/rubher dress- 
ing or accent spray—just a 
touch. You can also use 
these products to cover up 
light scuff marks on wood 
trim, Spray the stuff ona 
soft towel and then apply it 
to the wood. 

Clean glass or plastic 
gauge lenses with a glass or 
plastic cleaner, not wax, Pall 
off any removable knobs to 
clean the bezels underneath, 


some detailers for the final 
rouch on window glass is to 
rinse it down with seltzer and 
do a final wipe with a ball of 
crumpled newspaper. 

When it comes to first impres- 
sions, nothing makes a hit like a 
jewel finish, But this is possible 
‘only after any paint problems 
are corrected. Just about all fin- 
ishes today are a 2-step (color) 
basecoat and a protective 
clearcoat, The top clearcoat is 
only about 2-3 mils thick, and 
‘when it gets scratched or 
abraded it refracts light and the 
color coar underneath doesn’t 
shine through clearly. I's like 
looking through a scratched or 
foggy lens. 

To evaluate your paint, frst 
wash your vehicle, Work in the 
shade and make sure the surface 
is cool, Use-a carwash soap, not 
a household detergent, and 


‘SCRATCHES THAT GO THROUGH the clearcoat into 
‘tha pigment must be repaired professionally. 


Ever wonder where the haze on the worry—a good glass cleaner or vinegar work in sections, from the top down. 
inside of your windshield comes from, should remove it, your windows are The lower panels tend to accumulace 
since you don’t smoke? Itconsists of really eruddy, you may have to resort more abrasive dirt. To do a final rinse, 
plastisols given offas the plastics used ro stronger measures, such as serub- remove the spray head from the hose 
in many new carsslowly cure. Notto bing with 4-oughe steel wool. and flood the finish. ‘The water will 
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Clearcoat Paint 


Most modern cars use a clearcoat paint system. The pig- more clearcoat. The recommended procedure for oxidation 
mented layer of paint, whether a solid color, metallic or and haze is to use a chemical cleaner or cleaner wax. Look 
pearlescent, is covered with a layer of clear paint to pro- for products that specifically say they are appropri- 
vide a higher gloss and a “deeper” look. So far so good. ate for clearcoat paint on the label. Light 
But the surface of any paint, even clearcoat, is scratches can be buffed out with very 
‘vulnerable to seratches and oxidation. In ‘mild polishing compound. Do not use 
the past, abrasive rubbing compound rubbing compound on a clearcoat fin- 
‘could be used to polish out these imper- ish. Scratches that go through the 
fections. Clearcoat is thinner, and using clearcoat layer cannot be polished 
abrasives is trickier. Removing too much ‘out, although some “color in polish” 
paint will leave the pigment layer products or pen-type touchups may 
‘exposed, necessitating a respray with provide a visually acceptable fix. 
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these cleaners, One trick used by 


23 


Figure 2-22. A blobby solder joint 


Figure 2-23. Comparing two joints 


How teSoder Zi 


(Fig. 2) Wax your car in the 
shade, in small sections. A small 
buffer will help, but hand applica- 
tion will get the job done, too. 


tend to run off in sheets, mini- 
mizing sporting. Dry with a 
good-quality chamois or a soft 
thick-nap terry cloth towel. 

Don’t forget the wheel wells. 
Get the crud out with an all- 
purpose cleaner and a good 
high-pressure dousing. After 
you've finished washing your 
car, apply a vinyl dressing to 
add some snap to the wells, 

Wash the wheels (make sure 
y're cool) with a brush made 
for this purpose, bur do not use 
acid-based cleaners on polished 
alloy wheels or wheels that are 
clearcoated. You can use these 
cleaners on rough-textured 
alloy wheels. Chrome wheels 
can be gleamed up with metal 
polish or glass cleaner. 

After washing the cay, inspect the 
pant. Stains and scratches can be 
anracked with a good clearcoarsafe 
leaner. The worse the problem, the 
more aggressive the cleaner needed, 
Scart off with the least abrasive 
product and gradually move to 
coarser cleaners a required, Then 
machine but (Fit. 2). 

Polishing and/or waxing is 
next, Be sure to include door- 
jambs, and the areas beneath 
door hinges and behind 
bumpers. Minor hlemishes may 
he neutralized by wrapping a 
cotton cloth around your index 
finger and burnishing the polish 
into the finish. Polish not only 
gives the finish its gloss, but it feeds 
the paine with oils to prevent it from 
drying our. Polymers in the polish fill 
in minute scratches in the clearcoat 
layer, restoring its clarity If you 
machine-buff the polish/wax to a high 
lustes, go with an orbital rather tha 
rotary model, which would be more 
likely to burn the paint. Treat the 
plastic chrome on today’s cars as if it 
were a painted surface and protect it 
with a light coat of wax. 
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(Fig. 3) A dampened toothbrush can remove 
wax deposits from exterior trim. 


Avoid getting wax or polish on 
rubber and flat black plastic areas 
(clean them with a nongloss prod. 
uct), door handles and emblems. If 
you do get a wax stain on rubber 
trim, spray it with a mist-and-wipe 
product and wipe it down with a 
terry cloth towel. If that doesn’t do 
the trick, this usually works: 
Microwave some peanut butter and 
apply it to the stain with a soft 
toothbrush. Peanut butter’s oils dis- 


solve the wax and it’s abrasive 
enough to lift che stain (bue it ean 
stick to the roof of your car). 

If you geta polish/wax residue 
around emblems or in crevices, break 
out the cotton swabs and tooth- 
brushes (Fig. 3), Ie’s important that 
you fiest wer the area with a mist-and- 
‘wipe product such as Meguiar’s Quick 
Detailer. Never brush on a dry surface. 

‘Moving underhood, prorect elec- 
tronic components by wrapping them 
in plastic. Then spray on a diluted all- 
purpose cleaner, hosing ir off with 
light water pressure, Vinyl/rubber 
procectant will dress up nonmetal 
areas, Letit soak in if you like the 
glossy look, or wipe it on and off for 
a more matte finish. 

All that’s left now are the tres. 
Clean them first—whitewall tire 
cleaner works even on blackwalls— 
and then apply tire dressing, Here 
again, to get a gloss Finish let the prod- 
uct soak in, or for a marte look wipe it 
con and off with a cotton cloth. Be sure 
the tres are dry before driving off, or 
you'll spatter your nice shiny finish, 
‘And maybe even your neighbor. @ 
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Aligning Body Panels 


MISALIGNED 


== 


npacking the car after a 
vacation weekend is never fun, 
Less fun, even, than cramming 


the family’s idea of *just enough 
clothes for a summer's weekend at the 
lake” into.a modern compact car's 
diminutive trunk, Were those ski 
parkas really necessary? 

At long last, you head cheerily to 
the office on Monday morning, glad 
to be back to the grindstone, At least 
until you notice, by the cold light of 
day, the trunklid of your ear sitting a 
good half-inch askew. Must he some- 
thing still left in the trunk, preventing 
the lid from closing fully, you say, The 
trunk, however, is as empry as yo 


wallet, The trunklid is sprung, 


ALIGNING BODY PANELS 


Nothing Is Forever 

Body panels on cars are made of rela- 
tively thin sheetmetal, In the aggre- 
gate, they are immensely strong. The 
panels are particularly strong, in pro- 
tecting the occupants against Frontal 
crashes, telescoping progressively 
while absorbing energy during 
impacts, But forcing a trunklid closed 
against resistance, or slamming the 
hinge side of a ear door on the tail of 
ski or even the corner of a duffel 
hag, can distort the hinges and 
latches in seconds. Years of driving 
on pothole-filled streets and countless 
open-close cycles ean make a door 
thar sounded like a bank vaule when 
the car was new now sound like a 


(Fig. 1) Raising or lowering the 
rubber snubber will raise or lower the 
corner of a misaligned hood to 
produce a better fit, 


Cheez Whiz can rolling down a cob- 
blestone hill. Just as the Leaning 
‘Tower of Pisa continues its slide 
toward the courtyard surrounding it, 
a's doors, hood and trunk panels 


can gradually change position, and 
may need periodic adjustments. 
Fortunately, most panel misalign- 
ments aren’t the result of a serious 
fender bender. Those usually require 
the services of a trained body 
technician and a large hydraulic 
imple mis- 
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(Fig. 2) Hoods and trunks may need to 
have their latch pins moved up or down 
{to make them close properly. 


alignments, however, often can be 
minimized with little more than sim- 
ple hand cools and a careful eye, 


Hoods and Trunks 

The simplest misalignment, and the 
lone most often seen while cruising, 
parking lors, isa vertical misalignment 
of the corner of a hood or trunk. The 
corner of these opening panels is nor 
mally held at the correct height, even 
with the lip of the fender thar abuts it, 
by a simple rubber snubber. This snub- 
ber is usually threaded into a hole in a 
corner of the panel, Rudimentary 
threads in the sheetmetal allow the 
snubber to be screwed in and out by 
hand. On some vehicles, the snubber is 
in the hood or trunk panel, sometimes 
in the bodywork below the panel. Sim- 
ply screw the snubber in or our until 
the offending panel is flush (Fig. 4). 
Some older cars may use a snubber 
‘with a threaded rod and jam nut ona 
steel stud. You'll need to loosen the 
jam nut, adjust the snubber, and then 
tighten the jam nut with a wrench to 
keep it from shifting. Generally, a half 
tum or so is sufficient. 


| More severe misalignment may 

| make the panel’ latch either too loose 
‘or too tight to open and close prop- 
erly, Loose latches will rare. Larches 
that are too tight will break finger- 
nails, and will eventually break the 
cable to the interior handle. Fortu- 
nately, most hood and trunk latches* 
are adjustable. You may need nothing 
more than an open-end wrench, or 
perhaps an Allen wrench (Fig. 2) 
Sometimes the latch assembly itself is 
adjustable. Occasionally, the earch on 
the mating panel can be adjusted 
instead of the latch assembly, Loosen 
the appropriate hardware slightly, 
and rap the assembly just enough to 
move it almost as faras you moved 


(Fig. 3) Adjust the hood or trunk 
| one side at a time by loosening the 
‘attachment bolts and sliding the 

panel back and forth, 
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the snubber. Tighten the hardware, 
and try closing the hood or trunk. 
The latch release should pop easily, 
and the latch shouldn't rattle, Try for 
about Min, of compression in the 
snubber on a hood. On a trunk you 
are likely to find rubber gaskets to 
compress, and there may be more 
resistance before the latch pawl snaps 
home, 

If you have an electrically tripped 
latch, tighten things up slowly. If the 


latch is too tight, the sole- 
noid may not have the 
strength to pop the latch | 
‘open. If you've painted your- 
self into a corner and can’t 

‘open the trunk, try haying 
someone else hit the trunk 
release while you push down 

con the trunklid. This should 
release enough pressure on 

the pawl co lerit move. 


Fore and Aft 

Maybe the hood or trunklid 
is aligned vertically, bur the 
panel is sitting crooked, or is 
just t00 close to the window glass. 
You'll need to adjust the hinges. Use a 
fele-tip pen or a pencil ro mark the 
location of the hinges on the inside of 
the panel. Loosen the attaching hard- 
ware just enough to be able to slide 
the panel co a new position. Do only 
cone side at a time (Fig. 3). Tighten 
litele, then close the panel and check 
its alignment, Ie'l probably take a few 
iterations, bur you should be able to 
et the panel to center in its intended 
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space, After all is said and 
done, it may not be possible to 
et the gaps in the panel to be 
symmetrical. I's not unusual 
for the gaps to change their 
swidth from the font to the 
rear of the panel. You may 
need to strike a compromise 
between getting the panel to 
sit square in its intended recess 
both fore and aft, and making 
all the gaps symmerrical. 

If the gaps are square and 
the panel is sitting so that it's 
symmetrical, but the gap is 
wider on one side than the 
other, there is a fix, With the 
adjusting hardware good and 
tight and the panel adjusted 
correctly fore and aft, open the 
hood or trunk fully. With both 
hands, give ita sharp shove in 
the correct direction. Close the panel 
and check. IFit still sits in exactly the 
same position, repeat and shove harder. 
Ifit has moved partway back to the 
correct alignment, shove again, Repeat 
until done, If you shove too hard, just 
shove back in the other direction, The 
first time you try this, close the panel 
carefully so you don’t serarch the paint 
if you've moved the panel too far. 


That Swinging Door 
Fitting a door is more complex. Ifit's 
cout of alignment when closed 
and latched, you need to adjust 
the latch (Fig. 4). Sometimes 
the latch mechanism on the 
door is the adjustable piece, 
sometimes you need to adjust 
the latch pin on the door pillar 
that the latch engages. I's a 

| simple matter of slightly loos- 

ening the attachment hard- 

ware, lightly tapping the latch 

or pin to an approximation of 

| the correct position, tighten- 
ing, and trying again (Fig. 5). 
You can move the door's rear 
edge in or out and up and 
down with this procedure. 

| Older ears can have hard- 
ware thar’s difficult to budge. 

| Hardware that uses hexhead 

| bolts oF Torx bolts usually 
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(Fig. 4) I the rear of your car's door sags, the cause 
‘may be a door latch that needs to be repositioned, or 
worn hinge pins. 


yields to penetrating oil, some mod- 
erate tapping with a hammer and the 
prerequisite profanity. Phillips-head 
attachment bolts require more 
finesse. Before you round off the 
heads be sure you're using a proper- 
size (usually No. 1 of No. 0) Phillips 
screwdriver. Some screwdrivers have 
a flat shank or hex-shaped section on 
which you can puta wrench. Then 
you can use one hand to push, hard, 
in on the handle to seat the screw- 
driver blade while you gingerly rotate 


(Fig, 5) Adjust the door latch mechanism or latch pin to 
raise or lower the door, or to move it in or out, for a cor- 
rect fit to the fender. 


it with your other hand on the 
wrench, As last resort, use a 
handheld hammer-driven 
impact driver. Just remember 
you're hammering on sheet- 
metal parts and excess force 
can bend something in an 
unfortunate direction. 

Occasionally, the hinges 
will fail to keep the front 
edge of a door in the correct 
alignment, sometimes 
because a 9-year-old has been 
playing at opening and clos- 
ing the door while sitting in 
the window frame. Maybe 
you've managed to close the 
door on the wooden handle 
of a leaf rake. Or the hinges 
could simply be worn, 

If the leading edge of the 
door is too far in or out, you 
can loosen the hinge bolts and move 
the hinges in or out one at time, 
Don't loosen both hinges together 
unless the front of the door is too high 
‘or low. Generally, this is caused by 
‘worn hinges. You can compensate for 
a small amount of wear by raising the 
hinges on the pillar. You'll need a 
helper to hold the door vertically 
while you tighten the hinge bolts. 

Serious wear ealls for new hinges. 
If the hinges are welded to the door, 
your options are to replace the door 
or try to find an extremely 
competent body shop to weld 
in new hinges. 


Another potential problem is 


2 door that sags so badly while 
it's open that it has to be lifted 
to engage the latch—which 
then holds itcorreetly shut, 
‘This is probably caused by a 
rusted-our A-pillar or very 


term fix isto wad up a shop 
towel and stuff tinto the lower 
hinge. Slowly close the door on. 
the rag until you meet some 
resistance. This will spread the 
hinge apart, raising the door’s 
rear edge. Go slowly, and sneak 
up on the correct adjustment. 
Seriously worn hinge pins 
should be replaced. 


worn hinge pins. A quick short- 


an 


unior has asked to borrow the 
Jj keys for his big date on Friday. 

"0 you reach into your pocket 
for the keys to your pickup, tradition 
ally his weapon of choice for cruising 
with the big guys. But this time he 
demurs—Betty Sue thinks the truck is 
t00 nasty-looking, and he'd prefer to 
use Mom’s car, 

After the shock of rejection 
wears off, you stroll out and exam- 
ine the pickup. After all, when a 
teenager thinks your truck needs 
cosmetic improvement, it time to 
pull off the blinders and think about 
a little bodywork. 


Painting Is For Pros 

Prep work aside, automotive painting, 
couldn't he easier, With a little experi- 
ence, spraying an entire car should 
only take about 20 minutes. 

All you need is an air compressor 
and a spray gun. Oh yeah, you'll also 
need a $30,000 downdraft spray 
booth (with haking cycle), a supplied~ 
air respirator and a real knack for 
smoothly flowing on paint without 
runs, sags oF orange peel. 

‘There’s the rub. You may havea 
compressor and spray gun, but even 
large body shops ean barely afford 
the other stuff. And when you con- 
sider that chain refinishers such as 
Earl Scheib and Maaco ean do an 
adequate job of painting your current 
ride for $150 ro $300, ie makes sense 
to leave paint work to the pros. 

Besides, for absolutely optimum 
results, 90% of a good paint job is 
not in the painting anyway, its in the 
pre-painting preparation. And you 
| can do that yourselé. 

‘As you might guess, budget paint 
jobs don't include a whole lor of prep 
work, For $149.95, Earl Scheib’s 
preparation includes machine sand- 
ing, chemically cleaning the body, 
spot priming areas that need itand 
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masking over things that aren’t sup- 
posed to be painted-—basieally the 
windows, At some cut-rare shops, 
chrome and badges are negotiable. 
Any necessary bodywork costs extra, 
Doing your own light hodywork 
such as fixing small dents and door 
dings or repairing rusty areas ean save 
youa lor of money and help ensure 
the quality of the finished job. You 
can also greatly improve the quality 
cof a budget paint job by removing 
and sanding under items that the 
painters would normally mask over, 
such as badges and assorted trim (Fig. 
4). But don't start sanding and dis- 
mantling your ear first. A body shop 
will be much more receptive to your 
plan if you let them know what 
you're going to do-ahead of time, 


Paint Prep Primer 
Unless you really hare the color of 
your vehicle, you'll save yourself 


(Fig. 1) Remove as much of the hard- 
‘ware and trim as you can, instead of 
masking. 
work and aggravation if you plan to 
keep it the same color. Among other 
things, you can avoid the hours of 
prep work and extra expense of 
painting doorjambs and the underside 
of the trunklid and hood. You also 
avoid the chance of unpainted spots 
rearing themselves unexpectedly. A 
paint match costs extra over the few 
standard colors of the “basic bar- 
gain” price, Its worth the investment. 

Start your paint prep by raking 
your vehicle to a do-it-yourself car 
‘wash, Pressure washing the engine, 
doorjambs, wheel wells and other 
tunder-body areas will help to ensure a 
dust-free paint job later. Cleaning the 
vchicle’s outside will prevent you 
from sanding in paint-finish-ruining 
dirtand grime. 

Nothing makes paint stick better oF 
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(Fig. 2) The most important thing you 
‘can do to make sure the paint shop's 
paint will adhere is to wet-sand 100% 
‘of the existing finish with 400- or 600- 
rit waterproof sandpaper. Wash the 
‘ar first, and mask off or remove any 
chrome or trim. 


last longer than a thorough sanding, 
(i 
rou 


2). Paint needs a microscopically 


craggy surface 10 larch on to— 
professional painters call this effect 
“tooth” —or the new paint will even: 
tually loosen and fall off che old 

paint. Sanding lange painted surfaces 
is easy. Problems crop up around areas 
like badges, antennas, bumpers and 
door mirrors. That's because no mat 


ter how careful you are, it’s impos 


sible to remove all traces of shine 


where the part meets the body. And 
paint that is applied next to a part 


instead of underneath causes a paint 


Jedge to form, where dirt, water and 
ice start prying away. Sooner or later, 
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ath 


the paint comes loose. After that, 
painr-peel is just a car wash away 

The only effective way to keep paint 
from peeling is to remove each part and 
sand under it. To have a body shop 
remove all these pieces ean cost hun 
dreds of dollars in labor—which is why 
the discount shops mask off all those 
parts (maybe. You can remove them 


yourself, however, and make a discount 
paint job look I 


top-dollar custom 
pine job and have the paint finish last 


years longer. It's not practical to 
remove the windshiel 
and doo 


rear window 
ss, Bur you can remove 


are common starting points 
for peeling problems, such as lock 
cylinders, door handles, lige 


racks, 


raclio antennas and side mirrors 


Take It All Off 

To remove these parts, it’s best to 

consult your vehicle’s factory shop 
manual, but here are some general 


wl 
line ! | 


procedures, Make sure the window 
is rolled up, then remove interior 
door hardware such as the armrest, 
window crank and inner handle, 
then pry (or unscrew) the inner panel 
off the door. Lock cylinders are 
usually held in place with a spring 
clip. Door handles and mirrors are 
usually held by small bolts. The 
radio antenna, hood emblems and 
body badges are other places where 
paint can peel. Usually, irs not neces- 
sary to completely remove the 
antenna. Simply loosen the top 


retaining nur that holds the antenna 


in the body, mask the antenna shaft 
and lower the antenna into the 
fender or quarter panel. Hood 
emblems unbolt from under the 
hood. On older vehicles, badges and 
letters are mounted through holes in 
the body and fastened with spring 
nuts. On newer vehicles, these parts 


are often fastened with double-sided 


219 


(Fig, 3) Use a body hammer 
‘and dolly to smooth out minor 
dents. Take your time, 


foam rape and are easily 
pried off with a 1-in, putty 
knife. If necessary, some 
time under a heat gun will 
help convince the adhesive 
to let go. 

Of course, you'll also 
want to remove all large 
brightwork, such as chrome 
bumpers, the grille, headlight 
doors and taillight bezels. 
Once everything is removed, 
dents and dings can be 
repaired. 

Bur before you start, 
make an honest assessment 
of your abilities. Your vehicle 
is going to end up at a body 
shop, right? It might make 
sense to leave those big dents 
and rust holes for the pros, 


Smooth 'n’ Fill 
For smaller dents that you ean reach 
from behind, use a body hammer and 
dolly to tap the dent out (Fig. 3). To 
avoid over-stretching the metal, start 
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at the outer edges first and work ro 
the center. Pound down any high 
spots in the dent, then use a 36-grit 
sanding dise in a portable drill to 
remove all traces of paint and primer, 
and to also help prepare the surface 
for plastic filler (Fig. 4) 


Mis the filler and hard- 
ener according to the 
instructions on thecan, | 
then, working in one direc- 
rion, apply the filler to low 
areas using a plastic 

squeegee. Plastic filler 

hardens in two stages. | 
First it hardens to a consis- 
tency approximating that 
of cheddar cheese and 
remains that way for a few 
minutes—exactly how long 
depends on how much 
hardener you've added and 
the ambient temperature 
and humidity. During chis 
critical time, you can use a 
perforated Surform file— 
‘commonly called a “cheese 
grater” by the pros—to file 
away large portions of the 
filler until i's level with the 
surrounding area. 

After filing, the filler will cure to 
its full hardness and it can be 
machine sanded smooth with 100- 
grit paper. Check the contour of 
the repaired area with your hand, 
Gently tap down high spots in the 
filler with the hammer and then refill 
these areas, file and sand 
again, Now the area is, 
ready for primer. In addi- 
tion to providing a sur- 
face for paint co adhere 
10, primer allows you to 
build up the area so it ean 
be finish-sanded smooth. 

Don't waste your time 
using lacquer primer from 
a spray can, These primers 
are very heavily thinned so 
the paint can easily pass 
through the can’s minia- 
ture nozzles. The result is 
thar primer buildup is 
minimal, Two-part paly- 
ester primer-surfacers, 
such as Marson’s Poly-Fill, 
are by far the easiest to 


(Fig. 4) Grind all the paint 
and rust out of dents and 
creases before applying 
body filler. 
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(Fig.5) Prime and resand the 
areas you've worked on, then 
sand again before painting. 


use and give the best surface 
buildup. Mix the hardener 
and primer according to the 
directions, then spray on two 
| or three coats (Fig. 5). Once 
the primer hardens, machine- 
| sand the primer with 180-grit 
| sandpaper ta remove heavy 

| scratches and small waves in 
the body. Then wet-sand the 
repair with 400-grit paper. 


Sand, Sand, Sand 

After all dents and dings are 
repaired, the whole body 
should be sanded. The object 
here is exactly the opposite of 
‘what you normally try to do to your 
car's finish—you want to remove every 
trace of shine from the body. To do thar, 
wet-sand the entire vehicle using 400. 
grit waterproof sandpaper. Flood the 
area with plenty of water while you 
sand, and don’t forget to sand all the 

| areas from where you removed parts. 
Feather-edge nicks and scratches, pay- 
ing particular attention to chipped areas 
around door edges and rocker panels. 

Once there’s no more shine on the 
body, wash the vehicle with warm 
| soapy water, rinse it and ler it dry. 
You'll be amazed at how much shine 
there sills. 

Before you hit these areas with the 
sandpaper again, spot prime any 
featheredged areas as well as any 
areas where you've sanded through to 
the metal. After the primer has hard- 
ened, wet-sand these areas and the 
leftover shiny areas with 400-grit 
paper, then repeat the wash and rinse. 

Still have some shiny spots? Guess 
what? Da it again! 


Getting to the Shop 

While the body shop can mask the large 
areas that shouldn't be painted, like the 
windshield and the rear window, it pays 


(Fig. 6) Use fresh masking tape to 
carefully mask all the body trim on the 
entire car. 
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to run the first layer of masking tape 
yourself around areas that are immedi- 
ately adjacent to the body, like the trim 
around the windshield and rear win: 
dow, since you can take the time to he 
extra careful (Fig. 6), 


Since a well-prepped car is devoid 
of just about everything that makes it 
legal for driving on the street, such as 
mirrors, headlights and taillights, you 
should seriously consider having your 
car towed to the shop. @ 
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Sa 
Repairing Windshields 


ADHESIVE 
PATCH 


traffic is moving along smartly and 
‘ou haven’ra care in the world, 
Whack! Until now, thar is. Now 
there's a rosebud the size of a quarter 
in the windshield. What’s worse, it’s 
directly in your line of sight. Ie must 
have been a hypervelocity railyun pel- 
let fred at you by an Imperial 
Stormtrooper, because you didn’t see it 
coming or going, And as your heart- 
beat returns to normal, the awful 
truth sinks in: You're going to have to 
have the windshield replaced. This 
means dealing with the glass shop. 
being withour your ear fora day or 
two, having a potentially leaky wind. 
shield and, worst ofall, higher insur- 


] Sa fine day. The sun is shining, 


ance premiums, 

Actually, i’s worse. Some insur 
ance policies won't even cover 
chipped glass. Maybe if you just 
raised or lowered your seat an inch 
so you didn’t have to look right 
through the chip... 


Better Living 

through Chemistry 

Before you panic, drive home and get 
‘out your magnifying glass. Take a 


SPIDER CRACKS 
iu Air Pocket) 


SURFACE DAMAGE 


(Fig. 2) Take care to burnish the adhe- 
sive patch to a perfectly clean wind- 
shield and adapter, or you'll make a 
mess later. 


water can carry dirt into the erack— 
and there's no way to flush icour. 

As you can surmise, it’s best to do. 
the repair as san as possible, assum- 
ing that it’s repairable. Remember 
that not al chips ean be fixed. The 


best you can hope for is to fill most of 
the chip. Irmay still eave a visible 
flaw, Bur the improvement on most 
chips will be dramatic, and at least 
you've sealed the chip from the 
atmosphere and probably eliminated 
the possibility of ir growing larger or 
discoloring in the 
future, 

You can't fix, 
long cracks. So it's 
critical that you fil 
chips before they 
turn into cracks, 
Basically, any chip 
thar goes into the 


(Fig, 2) Many chips will be repaired almost completely 
by adhesive injection kits. But some damage requires 


‘complete windshield replacement, 


really close look at your new chip. fr 
just might be possible to repair the 
chip instead of replacing the entire 
windshield (Fig. 4). The technique is 
to inject an epaxy or acrylic adhesive 
or filler into the chip. 

Even if your chip isn’t in your 
direct line of sighr, it's a good idea to 
try and repair it, Water will find its 
way into the chip, pulled in by s 
tension, Ifthe chip goes all the way 
through the top lamination, any mois- 
ture that gets that deep can delami- 
inate the glass from the center mem- 
brane, Eventually, the membrane will 
fog, causing a larger blemish. Water 
also ean freeze in the chip, causing a 
larger flaw or even a crack. Also, 


surface of the glass 
perpendicular to 
the surface or at a 
shallow angle can 
be repaired. Thar incindes cone- 
shaped chips, leaf-shaped chips or 
almost any chip that hasn’t flaked a 
big piece of glass off onto the road. 


Let’s Go Shopping 

Windshield crack repair kits can be 
found in the auto parts department of 
many mass merchandisers like Kmart, 
Sears and Wal-Mart, as well as more 
traditional auto parts stores like Pep 
Boys and AutoZone. Failing that, the 
warchouse-distributor auto parts 
stores that cater to professional 


‘mechanics ean supply you. 
In the New York area, we found 

two different types of repair kits and 

there may be others, Expect to pay 
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around 12 bucks, Procedures differ 
‘marginally, but the principle is the 
same. We fixed a couple of wind- 
shields, and the results were excellent 


How Dry! Am 
Start with an absolutely dry wind- 
shield that’s somewhere near room, 
temperature. Tough on a rainy or 
wintery day, so you may need to park 
your ear indoors for a while to equil 
bate. Dry is really essential—you 
don’t want to trap any water in the 
repair. Use a hair dryer if the window 
is wet. Ifthe surface is dirty, don’t use 
any detergents or window cleaner, 
Lighter fluid or acetone ean help dry 
and clean the surface, but don’t use so 
much that ic dribbles down the glass 
and peels the paint, or worse, 


Chips Ahoy 

We first used a simple kit from 
Loctite with a one-part adhesive and 
an uncomplicated syringe to apply 
tart by peeling off the backing 
film on one side of the precut 
adhesive strip and applying it to the 
precleaned glass, centered over the 


chip. Burnish with the back of your 
thumbnail or a blune object (Fig. 2) 
Now peel the remaining film. Orient 
the plastic adapter so that the fiting is 
as close to vertical as possible and 
stick irto the film. Burnish again, 

Pill che cap off the syringe, keepin 
it pointy-end up so the adhesive doesn’t 
wind up on the fender. Attach the 
syringe ro the adapter. Now here's the 
tricky part—lay your watch down 
somewhere so you can see the second 
hand. Grasp the syringe body with 
one hand to stabilize it, and pull the 
handle of the syringe out as far as ie 
will go. Because you've taken your 
watch off, you can hold the handle in 
this position for a full minute. This 
pulls a partial vacuum in the syritige— 
and in the erack. While you're holding 
this vacuum, the air in the crack bub- 
bles up through the adhesive in the 
syringe, while adhesive creeps down 
toward the glass and chip. 

Now let go of the handle, Don’t 
follow the handle, let it go abruptly, 
The pressure wave from the handle 
slamming down will force adhesive 
into the crack. Repeat this suck-and- 
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slam operation a half-dozen times or 
so, forcing the erack virtually full of 
adhesive (Fig. 3). 

Now remove the syringe, adapter 
and adhesive sheet. There will be a 
film of adhesive on the surface of the 
itlass. You can chase that back wish 
an alcohol-dampened paper towel, 
but leave the pimple of adhesive right 
above the crack undisturbed until it 
cures fora few hours, 

With the pimple hardened, simply 
take a single-edge razor blade and 
shave the protruding adhesive off. Use 
a sharp blade, and you'll be able to do 
this in a single pass 


nel 


The Other Path 

We tried a different crack repair kit as 
well, This differed in that it used a 
two-part adhesive. This required us to 
mix two small vials of adhesive and 
hardener in the syringe before start- 
ing, which was simple, The adhesive 
disc and syringe adapter were similar 
{it nor identical) to the simpler kit's, 
and were applied in an identical fash- 
ion. The syringe, however, was more 
complex. It used a wire latch arrange: 


Laminated Safety Glass 


Ordinary window glass, like you have 
around the house, is pretty amazing 
stuff. It's clear, strong and cheap. But 
it’s also brittle, shattering into long, 
dangerous, wickedly sharp shards 
when overstressed, Plastics would be 
as strong, but not nearly hard enough 
to resist scratching and remain clear 
enough for a car window—just look at 
any plastic-glazed outdoor bus stop 
or phone booth, with its patina of fine 
scratches, For the side windows of 
cars, automakers have come up with 
‘a good compromise: tempered glass. 


‘standard, but more importantly, when it does shatter it 
breaks up into small granules. These granules are still 
‘sharp, but should do less damage than the long shards 
of untempered glass. However, for a windshield, con- 
stantly bombarded by pebbles, tempered glass would 


have a short life span. 
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's stronger than 


winding up in your 


0, many years back, the car manu- 
facturers switched to a laminated 
Blass sandwich for the windshield, It's 
a simple process. Two thinner sheets 
of glass are fused to a rubber inner 
layer. The tempored-glass outer layers 
are then independent of each other. 
The rubbery center sheet provides 
damping to any shock waves from 
errant stones, reducing the probability 
of breakage. And if the glass is hit by 
an object smartly enough, odds are 
that only the outer sheet will break, as 


fs the case with most stone chips. Ifa really big 
debris hits the glass hard enough to break both inner 
and outer layers, the tough membrane prevents it from 


lap. Even better, the shards of glass 


from the inner lamination wind up stuck to the mem- 
brane, keeping them from spalling away from the wind- 


shield at a high velocity, causing great havoc. 
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‘ment on the body that dropped into 
‘wo notches on the handle when nec- 
essary. A simple pushpin stuck into 
the body was used asa very crude 
valve to let air in and our of the body: 
Once the syringe is attached to the 
adapter (the adapter already 
stuck airtight to the glass), the push- 
pin is removed. Now bottom the 
syringe plunger, pushing the air out. 
Insert the pin, and pull the handle out 
‘until the clip clicks into the slot. This 
will hold the plunger out, and the par- 
tial vacuum under it for the desig- 
nated time. 

Now, rather than rapidly releas- 
ing the pressure lilke we did with the 
earlier kit, remove the pin, admitting 
air into the syringe barrel. Now 
replace the pin, sealing the hole. 


Release the clip, and push the handle 
in, lightly pressurizing the barrel and 
forcing adhesive into the chip for a 
minute or so. The second slot will 
trap the clip as soon as you've 
pushed in far enough. Repeat this 
vent, suck, vent, squeeze” opera- 
tion several times to force adhesive 
into the crack, 

While the ingenious clip-and-slot 
and vent business relieves you of the 
necessity of constantly grasping the 
syringe barrel like it’s the last beer at 
the picnic, there are caveats. The vac- 
tuum pulled isn’t as good, purging less 
airon every iteration, And the simpler 
kit seemed to force the adhesive 
deeper into the erack faster by using 
the plunger as a piston to rapidly 
pressurize the system, 


N 


(Fig. 3) Alternating cycles of vacuum 
and pressure will push adhesive into 
the chip, and evacuate air from the 
bottom of the chi 


Having said that, both kits did a 
bang-up job. After shaving the excess 
adhesive off, hoth cracks are barely 
visible, The adhesive is clear, and has 
the same refractive index as the glass 
so that it renders the erack invisible 
from almost any angle, 

One warning: Don’t get eute and 
try to depress the plunger by hand 
and squceze the adhesive deeper into 
the glass with either kit. The adhesive 
patch might become unglued and 
squirt adhesive all over your wind~ 
shield and fender and shirt. Don’t ask 
how we know this. @ 
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Finding and Fixing 
Water and Air Leaks 


s you finish your 
wait for the weather 


forecast. And it’s what 
you've been dreading: rain, 
For most people, rain dur 
ing rush hour means little 
more than annoyance and 
pethaps increased driving 
stress and travel time, But 
for you, driving in the rain 
means a miserably wet ride, 
a ruined suit and possibly 
ruined shoes as well, unless 
you take precautions and 
change into your wet- 
weather driving clothes, 
You, like many other folks 
‘on the road, have a car that 
suffers from a water leak, 

You're all too familiar 
with thar cold rainwarer 
steadily dripping from 
under the dash and flowing 
down your left leg, Your 
discomfort is exacerbated 
by the piercing whistle orig 
inating at the source of the 
leak. 

You contemplate simply 
phoning in sick, but then 
you gird your resolve. 
Before heading ott to the 
garage, you decide that 
you're going to find the 
souree of those leaks and 
squelch them once and for 
all—even if you have to 
tear the entire car apart. 


Wind Noise 

As you drive, air surrounding the car 
creates large pressure differentials 
between the inside and outside of the 
body. The greatest differential occurs 
along the sides of the ear between the 
roof and belt line where outside pres- 
sure is much lower than the pressure 
in the passenger compartment. 


(Fig. 4) A gasket loose enough to let a dollar slide easily 
‘might leak air at speed. Tug firmly, but don't tear the bil. 


TRIM STRIP 


(Fig. 2) Wind can slide under trim pieces and whistle. Use 
tape to find the culprit, then seal the leak with trim adhesive 
or silicone seal. 


Weatherstripping and window 


seals are supposed to keep passenger: 


compartment air in and outside air 
cout, When they are damaged, how- 
ever, whistles, hissing and other 
annoying noises occur, 


‘Therefore, the place to start look- 


ing for air leaks is the weatherstrip- 
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ping. Torn, missing or dis- 
torted sections are likely 
sources of leaks that result 
in wind noise. You should 
also inspect the door's 
weatherstrip sealing surface 
for bumps, lumps or other 
imperfections that could 
prevent an otherwise 
healthy weatherstrip from 
fully seating. 

Replace torn or missing, 
weatherstrips, but do not 
lise a generic weatherstrip 
intended for storm doors to 
replace the carefully engi- 
neered rubber seal—unless 
you're desperate, The deal- 
ership should be able to 
order the correct part for 
you, or you may beable to 
find what you need ona 
similar car in a junkyard, 
It'salso possible to repair 
torn sections of weather- 


strip with silicone seal or 
strong, quick-drying glue. 
Bur first clean the pieces 
with alcohol or lacquer 
thinner. Don’t be afraid to 
piece short lengths together 

In addition, many firms 
make replacement gaskets 
for older ears at very rea~ 
sonable prices—although 
you may need to buy an 
entire kit, J.C. Whitney 
and other companies also 
sell weatherstrip by the 
yard in an array of differ- 
ent profiles. 

Distorted sections often can be 
repaired simply by heating them with 
a heat gun ora hair dryer and then 
reforming them by hand. 

‘A quick way to check for air leaks 
isto rub chalk on the surface of the 
\weatherstrip. When you shut the 
door, chalk dust will transfer from the 


(Fig. 3) Body water leaks are tough to 
find because the water runs down to a 
ow spot far from the source of the leak. 


strip to the door on areas that seal 
properly. You ean also check for leaks 
in small areas by placing a dollar bill 
between the weatherstrip and the 
door (Fig, 1). After closing the door, 
pull the dotlar bill, I it moves too eas 
ily, you've found a gap. 

ir leaks ean also be caused by a 
misadjusted door or worn door 
hinges that allow the door to sag, To 
check door alignment, make sure 
there are even gaps between the 
closed door and the body. The outer 
surface of the door should also be 
flush with the surrounding sheet- 
metal, To check for worn hinges, 
open the door and lift it up and down 
10 see if the hinges allow movement. 

If they do, they'll have to be replaced, 


Pressure Me 
You can simulate insidefoutside 
pressure differentials in a parked 
vehicle using the heater or air-condi- 
tioning blower to pressurize the 
passenger compartment while you 
look for leaks. 

To do this, begin by blocking all 
interior exhaust vents (they're usually 
found on the C pillars) with duet 
rape, Also make sure that any dash- 
mounted fresh-air vents are closed, 
Next, start the engine so the vacuum- 
operated vent controls will operate, 
then set the HVAC controls to draw 
in outside air on the highest blower 


(Fig. 4) Use a helper and a garden hose to follow water leaks back to thelr source. 
You may need to remove some trim to find the spot. 


setting, Shut off the engine and turn 
the key to the accessory position so 
the blower still operates, and then 
close the doors, 

Ina short while, pressure will build 
in the passenger compartment, Check 
for air leaks by moving your hand 
slowly around window glass and 
weatherstripping to feel for air leaks. 
Mark suspect areas with tape so you 
can correct them later, 

Instead of feeling for leaks, you 
ean listen for them by using a stetho- 
scope or by placing one end of a piece 
of small-diameter tubing at the seal 
and listening at the other end, 

Repair small gaps between the 
body and the weatherstripping by 
shimming ic with vinyl foam tape. On. 
doors with frames, leaks can also 
occur around window seals. If the 


seals are not torn or missing, you ean 
often adjust the window track behind 
the door panel so the window rides 
more tightly against the seal 

Wind noise ean also be caused by 
loose driprail covers, molding, the 
grille and external accessories. If you 
suspect a noise is coming from one of 


these areas, cover it or modify its 
shape with tape to see if the noise | 
disappears (Fig. 2). If it does, you've 
found the problem. 


Water Leaks 
‘You may nor realize it, but when it 
rains, water may flow all over the 
inside of a car body. Depending on 
the car’s design, water can run down 
the insides of C pillars, the insides of 
doors and through the cowl. Fortu- 
nately, cars also have systems that 
channel the water to places that serve 
as drains, If che drain holes are 
plugged, water backs up and, hefore 
you know it, water is inside the car 
“To keep this from happening, make 
sure cowling shields and trunk and 
hood weatherstripping are in place 
and in good shape. You should also 
periodically inspect door- and rocker- 
panel drainage holes to make sure 
they are clear of debris that would 
prevent them from draining freely. 

In addition to leaking through 
\weatherstripping and window seals, 
water ean drip through body welds, 
seams, pinholes, plugs and other 
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areas where gaps or holes exist. 
Unlike air, water is affected by 
gravity, so no matter where the Teak 
originates, the water will eventually 
wind up in a lower part of the vehicle 
(Fig. 3). Water can also travel far 
from its original entry point. For 
example, it’ not unusual for water to 
enter near the roofline and travel 
down the inside of the passenger com- 
partment between the trim and body 
‘Whether it becomes visible before it 
ers to the floor depends on its course, 
How do you tell if a water leak 
starts ata floor-pan seam or the 
moonroof? Start with common 


sense: Ifthe floor pan gets wet only 
when you drive through deep pud 
ales, assume the water is coming, 
from a rust hole, a missing body 
plug, body-seam leak or other open- 
ing down low, The floor pan, fender 
wells and the lower portion of the 
engine bulkhead are 
prime leak areas, If the 
floor is wet when it 
rains, but you haven'e 
driven the car, assume 
that the water is enter- 
ing at a higher point, 
such asa moonroof, 
roof pillar or the win- 
dow sealing areas, A 
drip from under the 
dash might be traced 
to the cowling helow 
the windshield, 


Fight Water 
with Water 
‘Not surprisingly, you ean 
tise water to find water leaks, 
The best way to spot leaks is 
to have an assistant inside the 
car look for leaks while you 
spray suspect areas with 
low-pressure spray from a 
garden hose (Fig, 4). 

To accurately pinpoint 
leaks, you may have to remove 
interior crim cu 


ponents from 
the door, roof pillars or even 
the floor. As you move the 
water spray rom lower to 
higher points on the veh 
have your assistant shine a 


Leak Repair Products 


© Permatex 65AR: Windshield 
and glass sealer. 

© 3M 08655: Brushable seam sealer 

© 3M 08011: Weatherstrip adhesive. 

© 3M 08578: Strip caulk that can 
be molded by hand to fill gaps, 
‘seams and other large areas. 

# 3M 08551: Clear sealer for 
‘small leaks around windshield, 
rear windows, reveal moldings 
and small seams, 


flashlight om areas that correspond to 
the area thar you're spraying. 

Leaks in the urethane seal around 
the windshield or rear window can be 
especially troublesome to spor. If you 
suspect an area, wipe the outside 
down with soapy warer, then have 


your assistant blow compressed air on 
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the area. If the water bubbles on the 
outside, you've found the leak. 

Keep in mind that late-model ears 
have windshields and rear windows 
that are installed with urethane seal- 
ers, Because they affect the structural 
integrity of the roof, only glass- or 
body-repair professionals should 
atvempr to repair these leaks. 


Repairs 
You'll want to replace or repair all 
defective seals, weatherstrips and 
guards (Fig. 5). There are many types 
Of material for filling and sealing, 
body leaks. Consule the box to the lefr 
to determine the best material for 
repairing a leak 

If you want to have a leak repaired 
by a professional, take your car to a 
technician who is certified by the 
inter-industry conference on collision 
auto repair (I-CAR), CAR techni- 
cians haye been trained in the proper 
methods of sealing bodies. @ 


(Fig. 5) Sometimes fixing 
a leak is as simple as reinstalling a 
misplaced rubber gasket. An auto parts 
store will have the proper trim adhe- 
‘sive. Clean all the old adhesive off the 
doorframe and gasket first. 


as 


Storing Your Car 


Z fou pull into your driveway, take 
¥ wok at the new eon- 
id realize: Buying it 


was the fulfillment of a dream. I's 


it on snow and 
/ lem of storing it until late next spring. 
A 2-10 4month diving 
we: lowed by eight to 10 months of 
(Fig. 1) Vacuum the = y E age is something many car enth 
interior thoroughly, 3" 3 
esposily you eat ii ess G4 rg. 2) 1 preventrting nate the 
3) cylinders, spray fogging oil down the 
pur hales 


SPARK PLUG 


FOGGING OIL a: 
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go through every year. May! 
a snowbird with a pair of vehicles 
thar go into 6-month storage at bork 
your warm- and cold-weather loca- 

1s during the away season, 

Even more traumatic: You've gor a 
work assignment or a military posting 
far from home and can't bring the car. 
Whatever the vehicle, the reason and 
the season, you wane to be able ro 


tic 


score the vehicle without big expense, 
yet with minimum deterioration and 
an easy return to operation. 


The Basics 

Indoors is alway’s better, particularly 
for an older vehicle, even if the stor 
tage period is summer in the South. If 
you're going to be away for up toa 
couple of years, it definitely has to be 
kept inside. If you don’t have the 
place, find an indoor storage facil- 
ity—it will be money well spent. In 
fou also should get someone to 
take out the car periodically for an 
“exercising” drive. If you can’tafford 
to do long-term storage right, you 
might have to pay a lot for restoration 
when you return, 

If outdoor “storage” is your only 
choice, don’t give up. There’s still a 
lot you can do to minimize the dam- 
age, particularly for seasonal storage. 


Prepping the Vehicle 
The cleaner the vehicle the better, and 
that goes heyond wash, wax and 
shine. Pick a warm, dry day to do the 
cleaning. Fill the gas tank, then add 
an adequate amount of gasoline stabi- 
lizer (also made for lawnmowers, 
snowblowers, ete.) 10 prevent guum 
and varnish formation, Drive the car 
long enough to really warm up the 
engine and mix the stabilizer with the 
fuzel—at least 30 to 40 miles, Remove 
dit from the underbody, particularly 
from the wheel wells, Dirt holds mois- 
ture, and the combination of moisture 
and air causes iron and steel to rust 
Really, really clean the interior and 
trunk of the vehicle with a household 
vacuum cleaner, using those little 
attachments that reach into nooks and 
crannies (Fig. 2). The battery-powered 
cat vatcuum just doesm’t have the suc- 
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tion. The abject is to remove all pizza 
crusts, jellybeans, dog biscuits—any 
thing thar could nourish a eritte 


Indoor Storage 
Allow the carto air-dry. Ifthe garage 
or shed has a concrete or earth floor, 
ereate a floor vapor barrier with plas- 
tic sheeting or tarps. With an earth 
floor, make a drive-along “path” from 
strips cut from a sheet of plywood 
and place them over the vapor barrier. 
Remove the spark plugs and spray 
some oil into the cylinders to prevent 
rastand corrosion. You can use con- 


ventional engine oil with a spray-type 
squirt can or aerosol fogging oil 
designed for boat storage (Fig. 2). Tuen 
the crankshaft (with a socket and 
ratchet wrench on the erank pulley 
bole) abou four to six times ro cisen- 
late the oil, Reinstall the 
spark plugs and recon- 
nect the plug wires, 
Disconnect the bat- 


concrete. 


tery cables (ground 
cable first) and remove 
the battery. Clean the 
top and sides of the 
battery to remove any 
moisture-retaining, 
conductive film, Place 
iron aclean, dry sur- 
face such as blocks of 


wood or a polystyrene 
spacer (Fig. 3). Con- 
nect a float charger, 
one designed to main- 
tain battery charge for long periods. 
Removing the hattery also gives you 
the chance to inspect the battery box 
for any corrosion, and to clean ir out. 

Lubricare the hood release latch, 
hood and door hinges to proteet them 
from moisture (Fig. 4), 

Brake fluid absorbs moisture, 
which can eause rust and corrosion in 
the brake system. Flush the old fluid 
with new. Check the freeze point of 
the engine coolant with a hydromerer 
to make sure its low enough for the 
ambient temperatures, 

Protection from rodents and other 
critters is important. They nor only 
chew on spark plug wires and other 
wires, but they can crawl into open 


ings and set up residence, Stuff thick, 
clean rags into the tailpipe, engine air 
intake and the fresh air intake in front 
of the windshield, unless it’s covered 
by mesh (or a cabin air filter). IF you 
know you have mice in the area that 
may enjoy making nesting material 
our of your cloth rags, use aluminum 
foil instead (Fig. 5). Ifthe vehicle isto 
be left for six months or longer, the 
issue of flar-sporting the tires is worth 
considering, Prevention is straightfar- 
ward if you havea set of four jack- 
stands. Jack up each end of the vel 
cle so that its high enough to slip a 
jackstand, in the lowest position, 
under each lower arm. Jackstands will 
eventually sink into dirt floors—use 
plywood squares under them. 

Stuff clean rags between the wiper 
arms and windshield to hold the 


(Fig. 3) Remove the battery and keep it clear of damp 


blades off the glass (or remove the 
blades). This will keep chem from 
sticking to the glass, which could 
both leave marks and ruin the rubber 
(Fig. 6). Apply a film of rubber lubri- 
cane to the squeegees. 

Empty a large container of moth- 
balls on the floor all around and under 
the vehicle ro discourage critters. 


Outdoor Storage 

If you must store outside on an earth 
surface, the best you can do is park 
the car on a layer of plywood over a 
continuauss layer of heavy-duty plas- 
tic. The combination won't keep all 
windblown moisture from snow and 
rain off the underbody. However, ro 


289 


do any better in a windy area you'd 
have to make the plastic layer over- 
size. Asa final step before placing any 
cover, life the ends up and tuck them 
into the body (trap them in bottom 
door openings, tape and tie to 
unpainted trim, ete.) to create a sort 
of underbody diaper. This is not easy 
because you don’t want plastic sheet- 
ing against painted metal body parts, 
where it could trap moisture and 
cause rust and paint damage. 
Outdoor storage prep, like indoor, 
starts with a clean, dry vehicle. Pur 
mothbalis in the passenger cabin, lay- 


ing them on sheets of aluminum foil. 
Leave each window open a half-inch, 
so the interior can breathe, but cut 

some strips of fine screening to cover 
the openings and tape the strips to 

glass and molding with masking tape. 
Be careful nor to tape to the car body 
paint surfac 

Perform all the other indoor prep, 
including insect- and rodent-proot- 
ing and rust and corrosion preven- 
tion, Also remove the battery and 
store it indoors, connected to & 
trickle charger. 

We've saved the roughest topic for 
last: body covering. The plain fact is 
that you have to cover the body, and 
there's no perfect way to do so. That's 
why we say chat indoors is No. 1, and 
outdoors is No. 2—heeause is all 
that’s left, 

There are more choices in body 
covers than we can count, ranging 
from $20 to more than $300, At the 
lowest price, you're likely to get just a 
plastic cover thar’s made in a few sizes 
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(Fig. 4) Lube 
all the hinges 
and latches so 
you can get 
‘them open when 
you ultimately 
reanimate your 
car. 


(Fig. 5) Stuff rags 
‘or aluminum foil 
into the tailpipe 
to keep out 
rodents and 
insects. 


TAILPIPE 


RAG OR 
‘ALUMINUM 
FoI, 


to fit all vehicles in a specific category 
(car, SUV, truck). Itmay nor fit well 
and ie can trap moisture underneath, 
damaging the vehicle finish. 1s 
intended as a dust and rain cover for 
a day or two—at best. 


Fitis very important, even if the 


(Fig. 6) Prop the wiper arms off the 
‘windshield (or backlight) with rags, so 
‘they don't stick to the glass. 


cover is a “breather” (just porous 
enough to allow air to pass through, 
but able to restriet moisture}, Wind 
can whip the inner surface of a loose- 
fitting cover against the paint and 
when you peel off the cover, the body 
may look as ifthe paint had been 
sanded, As the prices go up, so does 
the quality of the fit of the covers— 
and the materials will be more hody- 
friendly. 

For sunny areas, pick a cover 
material that keeps our ultraviolet 
rays to protect the car's finish, Bur 
also prep the interior surfaces with 
suitable prorectants such as leather 
conditioner and plastic treatment. 

If you're in a wet 'n’ windy area, 
You can get extra protection by first 
covering the body paint with soft 
blankets, tied down with bungee 
cords, The blankets not only will 
wick up moisture that gets through, 
buralso provide a protective layer 
under the vehicle cover. 

A premium, breathable custom-fit 
cover that extends down to cover the 
wheel wells, and is secured with 
straps, is your best bet for outside. 


Getting Ready to Drive 

Ie’s driving season, you've opened the 
garage door and you're eyeing the cat 
In addition to unpacking, refitting the 
battery and so forth, sand most of the 
rust off the brake rorors with some 
100-grit sandpaper on a rubber block, 
and change the engine oil and filter. 
You should be ready to roll 


Exercising the Car 

Back after an away-from-home work 
assignment? Ifyou did not opt for the 
“exercise program,” you'll need to take 
your beloved fora serious drive. Just 
starting the engine and letting it reach 
‘operating, temperarure is not what we 
mean. That actualy can be harmful, 
allowing oil dilution by fuel and mois- 
ture, A 30-mile drive every 60 days, 
with brakes, transmission, steering and 
air conditioning all operating, is what 
the car really needs. If you don't stint 
‘on this, the car will feel every bitas | 
good as you remember, @ 
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re 
Drying Out Your Flooded Car 


eve all seen it on TV: rain- 
storms of biblical propor- 
tions sweeping entire villages 


into the sea, and damp, devastared 
flood vietims being interviewed in 
front of a pile of sodden furnishings 
and clothing. But then it happens 
closer to home—only this time it's 

your ear, not the entire village, There's 
-warer line halfway up the wind= 
ld, and several inches of mud in the 
interior and the teunk, Itsmells like a 
swamp, and it’s only getting worse in 
the hot sun, And the insurance adjuster 
says he'll be by in a few days, 


How Dry | Am 

Don’t wait for the adjuster to arrive, 
Mold and corrosion are setting in 
now, You need to clean out as much 
liquid and mud as you ean and dry out 
your car as soon as possible. Don't try 
to start the car. If there's water in the 
engine, transmission or fuel system, 
you'll just compound the damage. 

Disconnect the battery ground 
strap first—you must do this, other- 
wise you'll fry something, 

Next, hegin assessing just how 
deep the water got. Frankly, if the 
waterline is as high as the dashboard, 
you will probably be better off ralking 
the adjuster into totaling the car and 
getting another. Double that for salt 
water. The mechanical systems and 
the interior can be dried out or 
cleaned with a lor of labor, but the 
clectrical systems on modern cars are 
extremely complex. These systems 
rely on a lor of low-voltage signals 
from sensors in the engine manage- 
ment system and ABS. These low- 
voltage signals are extremely sensitive 
to corrosion on connectors, and prab- 


lems can crop up for years. 
Look for a high-water mark. That 
can be easy—if the water was muddy 
or there was a lot of floating grass 
and leaves. Bur clean water may leave 
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(Fig. 4) Water on 
‘the dipstick is a 
probable indication 
‘of water in the 


no residue, Look for water inside the 
doors and the taillights, and damp- 
ness in the carpets and interior trim, 
This will allow you to eliminate clean- 
ing some areas or systems on the car 
unnecessarily. Let's go through those 
systems. 


Drivetrain 

Check the dipsticks for the engine and 
transmission. If there are water 
droplets clinging to the end of either 
dipstick, you absolutely, positively 
need to change the oil and filter 
before even thinking about starting 
the engine (Fig. 1), If the water was 


muddy, it’s probably wisest to remove 
the oil pan from the engine and wash, 

the mud out. Change the oil and filter 
again ina few hundred miles, too. 

Late-model cars have sealed fuel 
systems, and probably won't get any 
water in them. But that classic "5 
‘T-Bird probably ingested some water 
if it was deep enough and lingered 
Jong enough. Siphon the fuel out into 
a container and look for water. If you 
find any, it’s probably best to drop the 
tank and get it cleaned protessionally. 
Blow out the fuel line, and you may 
need to get water out of the earbure- 
tor float howls as well. If you find evi- 
dence of water in a fuel-injected car 
or truck's tank, replace the fuel filter 
as well. That paper element may dere- 
riorate if it gets waterlogged. It’s not 
thac a few drops of clean water are 
bad, bur floodwater is usually pretty 
foul with silt and sludge. 

Muddy water can infiltrate its way 
past engine seals within a few hours 
(Fig, 2). Crankshaft seals, transmi 
sion seals and axle and CV joint seals 
are adequate to keep lubricants in, but 
they are nor designed ro keep standing 


(Fig. 2) Engine seals are better at 
keeping oil inside than in keeping water 
‘and mud outside. 


NATIT 
moo Da 


(Fig. 3) Generally mounted in the pas- 
senger kickwell, the engine manage- 
‘ment computer is highly likely to be wet 
if water rises above the floorboards of 
your car. Rinse with demineralized 
water, and dry with a hair dryer. You 
‘may be lucky, but more likely, you'll 
need a replacement. 


water from creeping in. Before you 
start the engine, or tow a car with the 
wheels on the ground, drain and 
change the oil, transmission fluid and 
final-drive lube. Check the dipstick for 
water droplets, And then change those 
fluids again in a thousand miles or so 
if there was evidence of muddy water. 
And don’t forget wheel bearings and 
constant velocity joints, which will 
need to he cleaned and repacked. 
Some front-drive cars have sealed-for 
life front axle bearings, and you'll sim- 
ply have to wait for those to fail, 
because i's nearly impossible to clean 
and relube them, 


Down Under and In 
Ifthe warer came up only to the door- 
sills, you may be in luck. Aside from 
sud or sale water on the brakes, 
there's litle to damage on the under- 
side of the car: Use fresh water to hose 
everything down. IF the calipers or 
brake drum cylinders were submerged 
for more than an hour or rwo, flush 
and bleed the brake fluid, in case 
water seeped backward past the seals, 

If the exhaust system was sub- 
merged and is full of wate, just start 
the engine after you've determined 
there's no water in the oil. 

Warer get high enough to ger the 
interior wet? Ifthe water was clear, 


fresh rainwater, just vacuum the car- 
pets and ler everything, 
the windows open in the sun, Odds 
are that the water was muddy, and 
that the seats are wet, too. You may 
not be able to rescue the sponge rub- 
ber seat cushions, but it’s worth try 


ing, Ifthe seat cushions are 
with Fresh water, and w 
much water out as possible, Leave 

them in the sun to dey. If mildew or 
mold starts to get a foothold hefore 


rinse 


things dry, use a commercial disinfec- 
tant spray to knock it down, Remove 
as much of the interior as you can, 
rinse ir in fresh warer and hang it up 
to dry. That includes the door panels, 
and stuff like the interior panels and 
fiberboard glovebox. 

Rinse the inside of the car with 
clean water and dry it out, This, 
includes the inside of the doors and 
fenders. Don’t forget the trunk 

There's one critical piece of gear 
your need to deal with immediately if 
the interior was floaded: the computer: 
The engine management computer is 
often mounted behind the passenger 
kick panel or under the seat, and it’s 
not weatherproofed at all (Fig. 3). Pull 
the kick panel, remove the computer 
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HIGH-WATER 
MARK 


(Fig. 4) Lamp housings can take on water and, 


hold it for weeks. 


from its harness and get it out. IF 
there’s evidence of moisture, rinse in 
clean water, Then rinse again in dem- 
ineralized water. Dry with a hair dryer, 
sunshine or an oven set to 175° F 
Clean the electrical contacts on the 
wiring harness, and lubticare with 
electrical contact grease. Don't rein- 
stall it until everything is dry. 

T's nor uncommon to see a high: 
‘water mark inside rhe light housings 
(Fig, 4), especially if the flood lasted for 
‘more than an hour or two. Dampness 
‘or water/mud inside the head- and tail- 


light fixtures needs to be dried. Remove 
the wer assembly, pull the bulb and 
rinse the light housing thoroughly so 
the chrome-plated reflector doesn't 


HOw IT 


discolor, Dry in the sun, Remember if 

‘you have quartz-halogen bulbs in your 
headlights, clean the quartz glass with 

alcohol and don't touch the bulb while 
reinstalling ic or it ll burn our within a 
few hours. 

Brake fluid is soluble in water, so 
you won't find any wer evidence of 
‘contamination. Water can backtrack 
past caliper and wheel cylinder seals, 
So prompe flushing is called for. Suck 
most of the old fluidAwater out of the 
master eylinder reservoie, and refill 
with fresh fluid (Fig. 8). Flush one cor 
nee of the brake system until you see 
fresh fluid at the bleeder by pushing 
down on the pedal while a helper 
cracks the bleeder, and then hold the 


WORKS 


(Fig. 5) Suck most of the brake 
fluid out and flush the system 
thoroughly with fresh fluid. 


Salvage Titles 


{As incredible as it may seem, it's possible for a dealer or an individual to 
acquire, legally, a title for a car that’s been flood-damaged and totaled that 
doesn't reflect the damage. In most states, totaled cars’ titles bear a sal- 
vvage tag on the title. But a dealer can wholesale the car out to a state that 
issues the fresh title without tagging the car as salvage. Which states? It 
doesn't matter because once the title has been laundered, it can be reti- 
tled in any state, clean as a whistle. And I'd rather not say, so nobody gets 
any Ideas about laundering the title to a damaged car. 

So caveat emptor (let the buyer beware). Always examine any potential 
used car of truck purchases with a jaundiced eye. Look carefully for evi- 
dence that the vehicle has been wet: {.e., mud in unusual places in the 
trunk, water marks inside the instruments, an owner's manual that looks 
like it’s been wet, warped fiberboard door panels or glovebox interiors. 


DRYING OUT YouR FLOODED CAR 


| pedal down while he closes ic 


~~. | BRAKE | Repeat. Don't allow any air 
TO! water Tanenthesyemartither 


end, Run the entire quart of 
brake fluid through to make 
sure you've gotten it all. Does 
the car have ABS? Rinse and 
dry out the ABS computer, 
although it may be more diff 
cule to find and remove than 
the engine computer. Check a 
repair manual to find it, if 
necessary, Rinse and lubricate 
the harness connections to 
the wheel speed sensors. ABS 


| 


ies on precision metering 
valves, lots of electrical sole 
oltage se 
sors, so you can expect problems 
down the line, especially if your ear 
‘was immersed in salt water. 


noids and low. 


Electrical 
As mentioned earlier, modern cars 
have lots of critical, low-voltage, low- 
current circuits—the kind that are 
most sensitive to resistance caused by 
corrosion in the connectors, Fort 
nately, these connections are pretty 
well weatherproofed. But it will still 
pay to dry them out. Systematically 
disconnect every electrical connector 
you can find, Do this one at time so 
you don’t wind up reconnecting them 
to the wrong. place, of course. If you 
Find water or contamination, clean 
with demineralized water to remove 
salt or mud, and air-dry. Some con- 
nections should be lubed with silicone 
spray or dielectric grease, while oth- 
xs, usually ones with sealed connec: 


tors, should be air dried and reassem- 
bled dry and clean. Be sure this type is 
really dry, as any leftover moisture 
will be trapped inside the connector 
forever 


On the Road Again 

Finally, after everything has been 
dried out and lubed, put it all back 
together and give ’er the smoke test— 
hook up the battery and fire it up. 
Won't crank? Guess whar—the raging 
floodwaters may have diluted your 
harrery electrolyte. The only fix is a 


new battery, 


3/Desoldering 


Ieverything went rightthe irsttime, you'd never learnanything. This section 
shows you how to recover from little soldering mistakes, and also includes 
a gallery of various solder joints so you can compare your work. 
Desoldering is the “undo” command for soldering. With this technique, you 
can remove solder from ajaint, allowing you to free the component so you 
can reorient it as needed. There are two tools for this: the desoldering wick 
(sometimes called desolcering braid) and the solder sucker. 


The Desoldering Wick 


Pulla small length of wick out of its spool (Figure 3-1). You don’tneed much, 
but if you don't use it all, you can wind the wick back into its spool 


Figure 3-1. Pulling out some wick 
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Repairing Paint Chips 


il 


: 


salways, you've parked your 
new, expensive, shiny ear at 
the far end of the parking lot, 


several rows away from the nearest 
vehicle of any sort. You've even been 
careful to park at the top of the lor's 
drainage pitch so any errant shop- 
ping carts will roll away from, not 
toward, your car. 

Bur nobody said life was far. 
Returning to your ear 3 minutes later 
with a $50 bag of chocolate 
Napoleons, sushi and okra for your 
pregnant wife, you find that the 
unthinkable has happened—there’s a 


rusted, sagging minivan parked only 
inches from your car. And, yes, the 
careless driver has managed 


to chip the paint on your wheel 
well arch in two places. 


Getting It Fixed 
The body shop wants $250 to begin 
repairing it, And the shop foreman 
says something about clearcoat and 
not guaranteeing an exact match for 
your pearlescent mica paint. 
Unfortunately, that's abou the 
size of i. Irs frustratingly difficult to 
match many of today’s high-tech fin- 


(Fig. 1) Carefully apply touchup 
paint to fll chips and cracks. Degrease, 
sand and prime bare metal before 
applying color. 


ishes if you respray an entire panel. IF 
the nick is small, bue large enough to 
go through the cleareoat and into the 
pigmented paint, your best bet may 
he a simple couchup, which you ean 
do in the driveway. It won't be per- 
fect, but it may be far less noticeable. 


Paint by Number 


This method is best for small 
scratches or the chips that flake off 
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400-GRIT SANDPAPER 


‘oucHUP 
PAINT 


(Fig, 2) Apply primer, color and 
‘learcoat in layers over chipped areas. 
Sand the area you're working on 
between layers to keep it smooth, 


‘edges—for example, near trunk and 
door openings. Work indoors in a 
heated garage during the cooler 
months, or outdoors out of the wind 
and sun. If you live in Truth or Con- 
sequences, N.M., or Las Vegas, you 
may want to work early in the day, 
before the heat builds up, to keep the 
paint fluid enough to flow properly. 

Go to the car dealership or auto 
parts store and acquire couchup pa 
in the appropriate color, clearcoat 
and, iF you've got bare metal show- 
ing, primer, Do not use primer 
intended for lawn furniture or naval 
vessels—it should he automotive 
primer, preferably of the same brand. 
as the touchup paint. 

Start by using masking tape to 
isolate the area around the chip, to 
prevent you from damaging other 
parts of the finish, Allow about in. 
around the damaged spot, Next, 
clean road grime and wax away from 
the inside of the chipped area with a 
cloth moistened with lacquer thinner, 
(If your car is painted with a lacquer- 
based paint—which is possible if ir 


int 


REPAIRING PAINT CHIPS 


dates to the °70s or earlier, or has 
heen repainted—the paint will dis- 
solve in lacquer thinner. Use dena- 
tured alcohol instead.) If the paint is 
chipped down to the metal, use a 
sharp knife point or some 40-grit 
sandpaper to rough up the surfac 
particularly if there's any rust. With 
the applicator brush in the bottle or 
with a toothpick, prime any bare 
‘etal, Flow primer in a thin coat, but 
be careful nor to lap any primer onte 
the paint surrounding the chip. Your 
job ac this poincis to lay a smooth 
layer of primer down without any 
lumps of bumps—just enough to 
cover the bare metal, Let this dry for 
at least 24 hours, 

Now comes the tricky part. Using 
the brush or toothpick, fill the chip 
with paint in a nice, even layer (Fig. 2). 
Don't try to fill it up, just be sure you 
get to all the corners. Don't let it sag 
or bulge. If you get little overlap, 
use a cotton swab lightly moistened 
with lacquer thinner to mop up any 
excess paint. Ifthe paint is too thin, 
leave the applicator brush out in the 
open for a minute or two and the 
paint will thicken. If i's roo gooey, a 
few drops of lacquer thinner will fix 
that. Thin sparingly, if you must. 

Allow the layer of paint ta dry for 


{800-T0 800-GRIT SANDPAPER 


00-70 oq. saoeypin 
rien 


24 hours. Ie will shrink substantially 
as itdries, and you don't want roo) 
much paint. If it gets lumpy, you ean 
try sanding it with 600-grit or 800- 
_geit waterproof sandpaper and water 
(Fig. 2). Don’t sand the paint sur- 
rounding the chip—you want that to 
remain undisturhed. 

Build up the color touchup paint 
until ie’s nearly flush with the sur- 
rounding surface, but definitely 
recessed, If your car is sill wearing 
its factory coat, that may he only one 
or two coats of color. Resprayed cars 
with a thicker layer of chip-prone 
paint may require four to six coats. 
Keep chasing the overlap back with 
cotton swabs and thinner. 

After a week's drying time (longer 
in cool weather) you can coat the 
repair with clearcoat. Hf you've had 
good luck filing the chip, your may 
simply be able to continue with the 
process of flowing rouchup paint 
right up to the original paint without 
overlap, and achieve a nearly invis- 
ble repair, 

If nor, you'll need ro blend the 
repaired area with the surrounding 
paint. Overlap the chip by Kin, or so, 
Add enough coats, few days apart, 
to allow for the inevitable shrinkage, 
to make the repair stand a few thou- 


(Fig. 3) Use a cardboard mask 
to keep overspray to a mini 
‘mum when spraying. 


‘Wait an hour and repeat. 
Remove the masking, and use 
800-grit paper ro remove most 
‘of the primer from the paint, 
leaving the primer in the chip 
to backfill. Now use rubbing, 
‘compound an a soft cloth to 
remove the overspray sur- 
rounding the area (Fig. 4). 

Be aware thar primer and 
lazing purty will shrink in a 
few days, 

Now that the repair is 
filled nearly level, mask the 
area again and spray touchup 
paint in your matching 
color through the hole in 
your cardboard mask. Give it 
about three coats, roughly a 


sandths of an inch—say, the thickness automotive primer to 100°F with half-hour apart. Remove the mask- 
of a sheet of paper—higher than the warm water to increase the pressure ing, and let dry at least overnight. 
surrounding paint. Allow the repair for a more even spray, Take the Use rubbing compound on the aver- 
to dey and shrink in the sun for a spray can in one hand and with your spray again, Repeat this process with 
week or so. Now you can gingerly other hold the cardboard with the _spray-can clearcoat. 

sand with 600- or 800-grit water- hole ventered over the chip, 2 in. You may wish to lightly sand the 
proof sandpaper to blend in the color. away from the panel. Sweep the clearcoat with 800-grit paper, but 
“This will feather the repair into the spray can back and forth over the rubbing compound should bring up 
surrounding clearcoat and smooth the hole while spraying three or four _the shine and blend the overspray 
work, but will also leave it with an passes over the chip. Don't put into the panel's original clearcoat. 
‘unattractive matte finish. Use a soft enough paint on the panel to sag, or The repair may still be visible, bur it 
cloth and some rubbing compound to even get shiny. should be far less noticeable. 


turn the sanded area shiny: 


Chipped Off 

Gora chip in the middle of 
a flat panel? If you've tried 
the above repair and 
‘weren't happy with the 
results, you might get a bet- 
ter, less visible repair with 
spray paint. Again, you'll 
need to degrease, derust 
and sand the area for good 
adhesion, Cura 1%-in. hole 
ina file folder or piece of 
thin cardboard (Fig. 3) 
Gently warm a spray can of 


(Fig. 4) Use rubbing com- 
pound around the edge of the 
repair to clean up overspray 
before spraying the next coat 
of primer or paint. 
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| Pol ishing Your Car 


‘n most parts of the 
is 
brings with it some 
road salt or sand and all 
types of precipitation. All 
of the above are less than 
200d for your ear’s or 
truck's finish, So spring, 
cleaning not only makes 
your vehicle look sharper, 
but it also helps restore and 
preserve the quality ofits 
finish. Your car will be 
worth more at trade-in or 
resale time if it looks good, 
You can help ensure that 
it looks good by regularly 
shining it up after you've 
washed it. Before you 
shine, though, be sure to 
match the type of polish or 
wax you use with your car's 
or truck's paint finish, 
Polishing your clean ear 
entails more than simply 
laying down a thin layer of 
wax or polish over the 
paint, The process also involves 
removing the very fine layer of dull, 
oxidized and weathered finish on the 
surface. This dull layer can either be 


removed chemically or with a fine 
polishing abrasive, With the oxidized 
layer removed, the fresh finish 
beneath it will shine. The wax or sili- 
cone in the polish then adds luster 
and protection to that clean paint. 

If your car or truck has a 
learcoat/basecoat finish, you must use 
a wax or polish that’s specially 
designed for it. The wrong product 
may actually dull rather than shine the 
finish. If you use a nonabrasive product 
made for a clearcoat finish on an 
acrylic nonclearcoar finish, the results 
will be disappointing at best. Be sure to 
use a product designed for a non: 
clearcoat paint. 

If you opt to shine your car with a 


POLISHING YouR CAR 


wax, use a quality one thar lists ear 
nuba wax among its active ingredi 
ents. Or use a synthetic that contains 
silicone resins or amino-active sil- 
cones. (Most products have silicone 
fluids or oils that will make them eas- 
ier to apply.) 

Regardless of the type of finish 
your vehicle has and the finish-eare 
product you use, the actual task of 
shining up the car is pretty much the 
same. Work in the shade, but not 
beneath the birds’ favorite sap-bearing 
tree. Begin polishing early enough to 
avoid having to work in the heat of 
day, and finish the job early enough to 
ler the wax cure before the dew begins 
to settle. 

Start on the roof and work your 
way down, Apply the wax or polish 
1o.a small section no larger than 
about one-quarter the area of the 


roof. Use a soft, damp 
applicator to put down a 
layer of wax. Small house- 
hold sponges make exc 
lent, disposable wax appli 
ators. Don't be alarmed if 
your applicator removes 
some paint along with the 
polish on a nonclearcoat 
finish. This is the dull, oxi- 
dized layer coming up, 
Avoid getting wax or pol- 
ish on any matte black 
plastic parts, rubber trim 
or molding, or on a vinyl 
roof. Allow the wax to dry 
to a have according to the 
product's instructions. 

To zeta show-car shine, 
buff off the wax or polish 
ia linear rather than a cir- 
cular motion. This takes 
more time but it leaves the 
car's finish with a uniform: 
looking luster. 

IF you're using a torally 
nonabyrasive wax or polish 
and don't mind swirl marks, y 
finish the job using a power buffer. 
Make sure thar the power huffer's 
Jamb’s-wool bonnet is clean. Change 
or rinse the bonnet frequently to 
avoid scratching the finish. Use che 
bonnet asa mitten to buff in the 
crevices and other areas that the 
power buffer ean't reach, 

‘To help maintain the shine on your 


car after you've restored i, try to 
keep your parked car covered—in the 
garage or carport or beneath a cover. 
Also, periodically hose grit and dust 
off the finish, but avoid the tempta- 
tion to wipe down the ear after a 
rain—there’s all manner of grit in 
those standing raindrops. 

When the finish no longer beads 
water the way it did after you pol 
ished, i's time to wax again—even if 
ir still looks wood 
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frer you drove into the mall 
parking lor and saw how 
packed it was, you couldn't 


believe your luck when you sported a 
space right next to the building, So 
you hurried into the space without 
noticing the extra-high concrete 
curh—until you heard your flexible 
plastic bumper strike it. To make mat- 
ters worse, hacking up in a panie pur 
anice tear in the bumper. 

‘Oh well, there's no use erying 
over spilled milk. Thankfully, you 
don’t have to cry over a split bumper, 
either, The 3M Co, makes a repair 
system designed ro fix cuts, tears and 
abrasions in flexible bumpers. Once 
repaired, the bumper can then be 
painted its original color with an 
automotive paint that has a flexible 
agent so it won't erack when the 
bumper flexes. 


Velvet Glove 
| Allright, technically t's not really 

the bumper—it's the bumper’s cos- 

metic cover. The true bumper/impact 
absorbing system is probably a metal 
beam that is intended to do the real 

| work, And if its damaged, you'll 
need to replace the components with 
new ones to provide your vehicle 
with the correct crash prorection. 

And don’t skimp there. However, the 

plastie skin isn't structural, despite 

the fact that it’s the most expensive 

part of both the front and rear 

bumpers. Odds are that most low 

speed mishaps affect only the cover, 
| and those ean be repaired if you fol- 
| low our directions. 

‘The 3M PR.O. flexible-parts repair 
system consists of a 2-part flexible 
filler that is mixed together (like 
epoxy),a flexible putty and a flenible 
coating that covers and seals the 
repair before painting. There's also an 
adhesion promoter that must be used 
con plastic parts made with polyolefins 
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(Fig. 1) Begin the repair by thoroughly cleaning and then sanding the broken part. 


‘Then, clamp it in its normal shape. 


Other items you'll need to make the 
repair include an electric drill, a 3-in, 
sanding dise with 36-geit dises, a ran- 
domt-orbit sander with 180-, 240- and 
320-grit dises, a rubber sanding block, 
240- and 400-grit wet/dry sandpaper, 
80- and 120-grit sandpaper, a couple 
of body-filler spreaders and some 
method of spraying the coating. While 
a compressed-air spray gun is ideal, 
we've illustrated « small aerosol 
sprayer you can fill with liquid your- 


self, Pre-Val is one popular brand. 


Stocking up 

If you've done bodywork in the past, 
you'll be in good shape to repair 
these plastic parts. Most of the tools 
and the style of work is the same, but 
don’t try to use the same materials to 
repair these flexible parts, The plas- 
tic is quite different in its adhesion 


characteristics from steel or fiber- 
glass. Unless the partis prepped 
carefully, the repair materials will 
peel off within a few months, if not 
sooner. Because the plastic is quite 
flexible, ordinary body fiberglass 
resins, plastic body fillers and glaz- 
ing purty will crack, Permatex and 
3M are the major manufacturers 
who sell appropriate repair materi- 
als, The car companies all recom- 
mend these products for their war- 
ranty repairs. 

To find a place that sells them, 
look in the Yellow Pages for an auto 
parts store that caters to the body- 
shop trade. I'll have paint and paint- 
ing supplies. Sometimes you can find 
4 paint store that also sells automo- 
tive paint and supplies. This type of 
establishment is used to dealing with 
professional body shop staff, not do- 
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(Fig. 2) Use fiberglass cloth and the 
‘special epoxy to reinforce the broken 
areas. Use your squeegee to work the 
resin into the cloth. 


it-yourselfers, so if you have to ask a 
lot of questions, be patient and polite, 
Most body-working materials are 
marked “For Professional Use 
Only.” Not to worry, they're not 
Krypronite. Use common sense 
and the same care you would 
with any epoxy resin o paint 
with volatile solvents and fine 
particulates, Avoid skin con- 
tact with the uncured resins, 
‘Work in a well-ventilated area 
or use an acrivated-charcoal 
painter's respirator to avoid 
inhaling fumes from the spray 
gun. Disposable respirarors are 
priced very reasonably. If you 
plan on doing a lot of body- 
work in the furure, spring for 
a better one that uses replace- 
able activated-charcoal car- 
tridges—i'll he cheaper in the 


(Fig. 3) Sand a “V" shape into 

the bottom of the crack. The 

repair epoxy can then be used to 

{ill in the area. Wait for the resin 
| tocure, then sand. 


REPAIRING PLASTIC BUMPERS 


long run. If you're sanding, wear a 
particle mask. The store that sells 
‘you supplies should have all of this 
equipment. 


Plastic Primer 

Ie’s possible to repair small cuts, holes, 
abrasions and other light damage 
without removing the bumper from 
the vehicle. However, ifthe eur is 


longer than an inch, or it extends to 
the edge of the part, you'll have to 
remove the damaged component so 
you can reinforce the hack side of 
the repair with fiberglass cloth. 
As noted earlier, most flexible 
bumpers are nothing more than 
bumper covers backed up by other 
plastic components, a steel strtic- 
ture and collapsible bumper 
mounts. If you are unsure how ro 
remove the bumper or how to 
remove the flexible cover from the 
bumper structure, consult a service 
manual, 
A special adhesion promorer 
must be used between all the sand- 
ing steps on parts made with poly- 
olefin. Therefore, you'll have to 
determine if the part you're work 
ing with is a polyolefin plastic 
hefore you begin, In many cases, 
the letter symbols TPO, PP, E/P or 
EPDM will be clearly marked on 
the inside surface of the plastic. Any 
of these indicate that it isa polyolefin 
plastic. If you can't find letter symbols 
on the part, sand the plastic with 
36-grit, 3-in. dise using a drill motor. 
If the plastic melts or smears, i a 
polyolefin plastic. it sands cleanly, 
itisn’t. 

Don’t confuse pliable plastic 
body parts on or around the bumper 
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(Fig. 4) An adhesion promoter 
‘should be used to make sure 
the repair materials and paint 
will adhere. This is necessary 
with most plastics used to 
make bumpers. 


with the sheet-molding 
compound (SMC) or fiber 
Jass-reinforced polyester 
(FRP) parts commonly used 
on fenders and doors. These 
rigid, composite materials 
are identifiable by the fiber 
alass strands visible at tears 
‘or holes, and they require a 
different repair method. 


Getting Started 

Once you've determined the 
type of plastic you're work 
ing on, wash all the dirt and 
grime from the inside and 
outside of the part with soap and 
water. After the part dries, clean the 
area to be repaired with a specially 
formulated adhesive-cleaning solvent 
to remove any grease or tar. Be 
absolutely certain the area is com- 
pletely clean—don’r even touch the 
area with your fingers after it's 
cleaned. Use clean white paper tow- 
els, without any printed pattern, to 
apply the cleaner and to dry it off. 
Greasy shop towels, or any other 
source of contamination or oil, will 
prevent adhesion between the repair 
‘materials and the hase plastic of the 
bumper, giving you at best a short- 
lived, sloppy-looking repair. 

“To reinforce the back side of rips, 
cuts, holes and tears, grind the back 
side of the area surrounding the dam- 
age with a 36-grit disc, making sure to 
leave a rough area of at lease 11 in, 
surrounding the damage. Don’t grind 
all the way through the part. Just 
rough up the surface (Fig. 4), Next, 
cua piece of fiberglass cloth tape to 
fit over the area, Again, keep the area 
and your hands squeaky clean. Leave 
the fiberglass cloth in its original 
packaging until you need it, Cue the 
cloth with clean scissors on a clean, 
urease-free countertop. Then, thor- 
oughly mix together equal amounts of 


the 2-part repair filler. (IF you're 
working with polyolefin plastic, spray 
the repair area with adhesion pro- 
imorer an let it dry.) Next, use a plas- 
tic spreader to apply the filler to the 
area before applying the fiberglass 
tape. Once the tape is pressed down, 
apply filler to the top of the tape, 
using the spreader to force filler into 
the eloth (Fig. 2). 

Ic takes about 30 minutes for the 
filler to set thoroughly at 70°F, but 
temperature and humidity affect 
setup time considerably. If you need 
to work in the winter, rake the parts 
and repair materials into a heated 
‘area hours ahead of time to let them 
warm up. If you're forced to work 
outside, the temperature should be at 
least 65°F. At lower temperatures, the 
resins will take longer to harden, 
and they may never develop their Full 
strength. Ifthe part is badly dam- 
aged—say you're reassembling a 
bumper cover that's been broken into 
two or more pieces—it may be neces- 
sary to repeat the grinding/ squeegee 
ing/cloth routine several times to 
achieve adequate strength. You may 
need to fasten the bumper cover 
down to something to hold the cor 
rect shape and alignment while the 
resins cure. Once they're set, there's 


no chance of realigning them—so 
work carefully. Because you're work- | 
ing on the back of the part, | 
be thorough. You also need to take 
care while working around the areas 
where the bumper is bolted to the 
mounting to be sure it fits properly 
when you're finished. 

‘Once the reinforced area has set 
‘completely, check the stiffness of all 
the repaired areas and make sure the 
cover fits over the bumper. It may be 
necessary to repeat the preced 
steps, adding one or more additional 
layers of fiberglass cloth to build up 
sufficient strength. Just be sure to 
roughen the surface with sandpaper to 
get good grip. Allow adequate time 
for each layer to cure before adding, 
the next. Flip the part over, and use 
the 36-grit dise to grind about 1/2 in, 
around the damaged area to remove 
paint and create a rough, tapered low 
area for the filler to adhere to (Fig. 3). 
Alter grinding, featheredge the paint 
around the damage using the random- 
orbic sander and a 180-grit dise or a 
rubber-block sander. Featheredge for 
several inches surrounding the repair. 
Blow dust and debris away with an air 
hose. Squeeze out equal parts of the 
filler and mix it thoroughly. Use adhe~ 
sion promoter (Fig. 4) on the poly 
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(Fig. 5) Once your bumper cover has 
been repaired structurally, i's time to 
begin the cosmetic fix. First, sand the 
surface. Then, mix equal amounts of 
the 2-part filler material and use 
plastic squeegee to spread it over the 
repair area. 


olefin parts and then spread the filler 
‘on the repair, raking care to leave it 
slightly higher than the surrounding, 
area, If you've ever applied polyester 
body filler or glazing purty toa 
repaired steel body panel, you'l feel 
right ar home (Fig. 5). 


Going for the finish 
After the filler has cured, use 240-grie 
dises to sand the filler flush with the 
undamaged surface. Fill any pinholes 
oor other imperfections by applying 
putty with a plastic spreader (Fig, 6) 
After waiting at least 15 minutes for 
the purty to cure, sand the surface with 
your rubber block and 80-grit paper to 
achieve a smooth contour. Sand out 
the 80-grit scratches with 120-rie 
paper. Then, apply a double wet coat 
of the coating material, and wait 10 
‘minutes for the coating to “flash” dry. 
‘Then, apply a second coat. After 45 
minutes of drying time, lightly scuff 
sand the area by hand with 320-grit 
paper, being careful not ro break 
through the coating. The bumper is 
then ready to paint using color coats 
recommended for plastic body parts. 
‘The painting operation will proba- 

bly have to he done at a body shop, 
but you can prep the part by sanding 
its entire paintable surface with 400- 
grit wer sandpaper. Minor imperfee 
tions can be filled with more repair 
putty. The body shop will then have 
to prime it and spray it with a paint 
that has a special additive to make it 
slightly flexible. 

| “Teyou’re tempted to just touch 

up the panel in the affected areas 


with a spray can of aerosol touchup 
paint from the auto parts store, fine. 
Just remember that the panel is flexi- 
bile, and the touchup paint won't 
last. In addition, it will be very diffi 
cult to feather into the existing flexi- 
ble paint without leaving an ugly, 
low-loss edge. 


REPAIRING PLASTIC BUMPERS 


(Fig, 6) The spot repair putty can then be used to fill in scratches, pinholes and 
‘small imperfections. It's easier to sand than the repair epoxy. 


IS 


Hushing 


Interior 


Squeaks And Rattles 


re coming to the end of a 


Y: aa 
the pevoen at ooh dE 


h as your brother-in-law’s 
pate. A quick trip to the 
nd a tankful of gas get you 


worth of superslab, 


ing again, this time on a see 
ondary road that’s not so smooth 
With the new bumps comes a minor 
rattle that starts under the dash. 


n hour it’s as annoying as 


cing flayed from the nerve 


\gs in your inner ears, This is 


coined. You might even begin 
thinking of the old story about the 


disgruntled assembly line worker 


who used to hang empty beer cans 
to sabotage the 


car company’s reputation. 


inside body 


Location, 

Location, Location 

These annoyances can be easily fixed, 
but finding them is a challenge that 
requires focused concentration. We 
once worked with a mechanic who 
aaring impaired, He wore an 
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joned hearing aid thar had an 
id a wire that ran down to 


shirt pocket. Whenever 
in the shop were pres 
mysterious noise, they'd get him to 
take a ride with them and he'd pass 
the amp over the likely spots until he 
zeroed in on the offending area. Simi- 
larly, you can take a piece of heater or 
garden hose and hold it to your ear. 
Enlist a helper to drive over the type 
of pavement that elicits the unpleas 
ant sounds while you climb around, 
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hose to ear. Or, use a stethoscope 
(electronic versions are available). 

Ar this point, we should mention 
the obvious: Make sure the noise isn’t 
being caused by something you've put 
in the car and forgotten, We've found 
rattles that turned out to be a socket 
setin a steel box, other assorted tools, 
a loose fire extinguisher, etc. 

Speaking of loose cargo, are the 
jack, lug wrench and spare properly 
secured? This problem will be espe- 
cially noticeable in vans and SUVs. It 
can take awhile to figure out what 


fe 


White a patient helper drives, press any 
potential sources of rattles, stich as a 
door panel. 


that diagram inside the jack compart- 
ment cover is trying to rell you to do, 
but its worth looking, 


Pressure Points 
Now that you have a general idea of 
the location, irs time to go hands-on, 
Press on panels, doors, windows, han- 
dles and trim until the sound changes. 
Sometimes chis will require quite a 
push, especially if you suspect the 
dashhoard or a door panel, Beating 
on the dash with your fist may also 
cause a change in the noise, but 
you've probably done that already as 
| a means of venting your frustration, 
Besides aural and tactile, this is also a 
visual inspection, Glove compartment 
and console doors typically close 
against litle rubber bumpers. Is one 
missing? Do they look dried our and 
shrunken? How about the window 


PRESS FIRMLY 10 SEE 
IF NOISE CHANGES. 


channels? Are they 
worn out? Gone 
altogether? Also 
look for missing 
serews. 

Once you think 
you've found the 
problem, try wedg- 
ing cardboard or a 
wooden tongue 
depressor between 
the offending com- 
ponents to eliminate 
vibration, 


Close Range 
Dashboard noises 
are particularly 
annoying, After all, 
they're right in 
your face. They 
may be coming 
from any of those 
places where metal 
and plastic meet, 
from components 
such as timers and 
relays that dangle 
from the wiring 
harness, ar from 
heater and air-conditioning control 
cables, This wouldn't be so bad 
except that all of this is hidden, 
requiring you to remove trim panels, 
The pushing and pounding rou- 


Solt-adhesive 
foam intended 
for household 
interior weath- 
erstripping 
can be used 
to eliminate 
noise. 


HUSHING INTERIOR SQUEAKS AND RATTLES 


‘A console's door latch may need minor 
adjusting. 


tine is the first step. You may find 
thar a high-frequency rartle or buzz 
is coming from the interface 
between a piece of trim and the 
dash itself, or berween the dash and 
the instrument panel. If screws hold 
these pieces together, try tightening 


them. If thar doesn’t work, remove 
the screws and the component, cut 
pieces of foam to fir in the seams, 

and reinstall. 

You might be able to find a ratte 
in the dashboard by reaching under: 
neath and shaking whatever bundles 
‘of wires are there, Sometimes you ea 


improve access to the nether regions 
bof the dash by removing the glove 
compartment liner. 

‘Older-style window mechanisms 


‘SUNGLASSES 
HOLDER IN 


Preparing the Wick 


Before you use the wick, holditas shown in Figure 3-2, and push inward. This 
will cause the wick to spread out, giving you more surface area to work with 


Figure 3-2, Spreading the wick 


20 Learn to Solder 


can become loose and create loud —_ offending seam, then cur and 


rattles. Power lock linkage is another 
possibility, as are speakers, especially 
if they've been added on (stereo 
shops don’t employ NVH engineers). 
Giving a door a solid blow while it’s 
open, or just shaking it vigorously, 
may confirm your suspicions as to 
the location, but you won't really 
know whar’s going on without a 
Jook-see. You have to remove the 
door panel, which can be tricky. 
Check the factory provedires. Spe~ 
cial tools are available to help you 
get under the door panel and pop the 


‘Missing or compressed rubber cushions can 


let interior panels vibrate. 


clips or push-in plastic plugs with as 
little damage as possible. 


Likely Suspects: 
Latches, say, for the glove eompart- 
‘ment or console lid, usually can be 
adjusted. Move the latch in the direc- 
tion that makes the fit as tight as pos- 
sible while still being lockable. 
‘Those overhead storage compart- 
ments for glasses and garage door 
‘openers are sure convenient, bur 
they’re made of hard plastic and are 
likely to generate an excruciating 
buzz. Unfortunately, the catches on 
these aren't adjustable. Press various 
spots \hile driving to isolate the 


glue in foam strips of a suitable 
thickness to make the mating 
tight. 

Sometimes an unoccupied 
passenger seat will produce a 
rattle that’s downright ehunder- 
‘ous. What's the problem? Too 
much space in the tracks. You 
should be able to fix this by 
taking up extra clearance, 
Loosen the bolts that hold the 
seat tracks down, then spread 
them as far as you can and 
retighten, 

Tailgates, whether on 
a pickup or a truck- 
based SUV, can sound 
like a handful of bolts in 
a-cement mixer. Typi- 
cally, the rubber rings on 
the hinged arms that keep the 
tailgate from falling away dry 
out or break off. Asa result, 
the heavy steel arms come in 
contaet with both the body and 
the gate. Replace the rubbes, or 
substitute rubber-coaced cables 
for the hinged arms. 

Hatches on minivans, SUVs 
and hatchbacks can drive you 
crazy. They are big parts of the 
vehicle structure and naturally 
make noise as the body twists 
and bends. Okay, open ‘er up 
and take a look. Are there rub- 
ber wedges intended to impede 
movement? What kind of shape 
are they in? The sliding doors of vans 
also can be noisy. Many versions use 
steel rollers riding on steel tracks—the 
potential for trouble is obvious. Try 
to rake up excess clearance by loosen- 
ing the roller-bracket bolts, then mov- 
ing the bracket down. 

Most doors latch onto striker boles 
that are surrounded by thin plastic or 
nylon wear tubes, When these disinte- 
rate, there'll be excessive clearance 
in the latching mechanism and.a good 
chance of a heavy rattle, For most 
vehicles, you can buy replacement 
striker bolts from the aftermarket, but 
anything exotic will require a trip to 
the dealer, 


‘Try using a big rubber band or bungee cord to 
secure tools and jacks. 


Sometimes there's a noise that is 
not so much a squeak as a creal 
which may be the result of torsional 
flexing in the unibody caused by 
undulations in the road, You ean try 
jacking each of the corners one at a 
time and bouncing your own weight 
around inside until you hear the noise 
(sometimes you can actually feel it). 
See ifthe screws or push-in fasteners 
that hold the trim panel over the area’ 
in question are right. If that’s nor the 
problem, remove the panel and try to 
duplicate the sound, Can’t do it? 
Then cut foam strips or use foam tape 
to insulate the panel from the sheet- 
metal 


Stuffing And Strapping 

‘What materials make sense for insu- 
{ating one component from another? 
Whatever will fr easily and stand up 
to the environment. Try some dense 
foam rubber. A piece of an old wer 
suit, perhaps? Or, household door 
and window weatherstrip foam rape 
with « peel-off hacking. For glue, 
automotive weatherstrip adhesive is 
the standard, Finally, get an assort- 
ment of nylon wire ties—one of 
mankind's great inyentions—with 
which you can keep things away from 
other things, thus restoring blessed 


silence, @ 
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Removing Bumper Stickers, 
_Window Tinting And Pinstripes 


able to peel it off, 


said: one owner, low mileage, 
good rubber, with all the paper- 
work from proper dealership main- 
tenance since it was new. There’s 
only one prablem—the bumper 
stickers, all 12 of them, the Day- 
Glo orange pinstriping, and the 
| peeling, amareurishly applied pur- 
ple window tinting, (Okay, three 
| problems.) You really don’t want 
the neighbors thinking thar you 
Question Authority or Brake for 
Hallucinations, But the price is 


4 1's just like the newspaper ad 


Use a precut trash bag to keep a solution of, 
‘ammonia on your old window tint to soften 
‘the adhesive. After a half-hour you should be 


right—if only you weren't ashamed 
to drive it home. You peel up the 
corner of one of the bumper stick- 
ers with your fingernail, and it 
breaks off in small slivers and 
leaves a gooey residue hehind. 
Maybe you should just look for 
another, less sticky car, 
Peel And Unstick 

Relax. Removing all that pressure- 
sensitive film is straightforward. Most 
of it should just peel off, But time and 
the ravages of ultraviolet rays from 


REMOVING BUMPER STICKERS, WINDOW TINTING AND PINSTRIPES 


TRASH BAG 


exposure to lots of sunlight will dry 
out the adhesive and make the film 
too brittle to peel. Worse, the half- 
dried adhesive can’t be scraped off 
without the danger of damaging the 
paint, And that tinting flm that’s bub- 
bling and wrinkling on the rear win- 
dow offers up another problem: 
Scraping it off with something as 
innocuous as a credit card will cer- 
tainly damage the silk-screened 
defroster grid. Here are some tried- 
and-true, relatively simple but effec~ 
tive techniques. | 
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the aid of a hair dryer or just plain 
| sunshine. 


Bumper Stickers 
| Peel “em off, This is easiest to do ona 

sunny day, Just park so che offending 
| sticker is in the sun, wait a half-hour 
| or so for things to get hot, and pry up 

a comer with a fingernail. Go slowly. 
| Very slowly ifthe sticker is old and 
| fragile. Sometimes i helps to bend the 
sticker hack neatly flar—by doing ic 
this way, rather than pulling at right 
angles, you're less likely to rip the 
film, 

I's the dead of winter and you 
don’t want that Grateful Dead danc- 
ing bear logo your reenager put on 
your car last weekend? Try heating 
the panel with a hair dryer or a heat 
gun fora couple of minutes to soften 
the stickers vinyl film and the adhe- 
sive. 

Still getting off no more than dime- 

size shreds of vinyl film? You might 
| try to soften the sun-damaged film 
and its dried-out adhesive with sol- 
vent, We like rouse citrus-based 
cleaners like Goo Gone first—they’re 
less likely to damage 
paint. Use fullstrengeh 
and let it soak in for a few 
minutes. Ifit's hot, you 
| may need to cover the 
| area with a plastic bag to 
| keep the solvent from 

evaporating. More stub- 
born cases might benefit 
from a lacquer thinner oF 
another serious solvent. 
This may also remove 
paint—test it on a hidden 
area first and don’t tell us 
we didn't warn you. Still 
stuck? Read on. 


| Stubborn Cases 

| Whar abour those giant 

| woodgrain panels on the 
| side of your minivan or 
| vintage station wagon? 
‘They're too big to peel by 
hhand unless the peeling is easy— 
which it probably isn’t. 3M, purveyor 
of all sorts of products that make life 


easy for professional automotive 
painters, has an aerosol product 
called Woodgrain 8 Stripe Remover. 
It softens the vinyl so it won't tear, 


and loosens the glue, Warning: Apply 


this product carefully, because over- 
spray will loosen the adhesive that 


holds down exterior trim, rubber gas 


ers and vinyl roofs. And ie probably 
will delaminate your sneakers if 


Use 3M aerosol solvent to loosen the film and a 
‘squeegee or credit card to help peel off stickers and trim. 


you're not careful, Read the label on 
the can, and mask off any areas you 
don’t want softened, 


‘Step Back From the Zebra 
Pinstripes come in two varieties: rape 

and painted. Tape stripes will respond 

to any of the techniques we've already 
suggested. Another method is to use 

the edge of a credit card (preferably 

cone that’s expired or one of those 
unsolicited cards you get in the mail) 
10 help peel the stripes up. Leftover 
adhesive can be removed with sol- 
vents. 

Gor painted stripes? 
Learn to like them or pre- 
pare ro have the panel 
repainted because it's vir- 
tually impossible to 
remove them without 
damaging the paint, 

3M also makes a prod- 
uct called a Stripe Off 
‘Wheel, intended for high- 
speed removal of pinstrip- 
ing and trim. It consists of 
expanded polyurethane 
foam on a wheel that can 
be chucked into a hand 
drill. When it is applied 
lightly to the stripe, the 
wheel wipes it out like the 
rubber eraser you used in 
grade school. The vinyl 
crumbles, the adhesive 
rolls up in little balls, and 
all that’s left is a smudge. The produet 
is easy to use—but there are two 
important caveats. Be sure the panel is 
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very clean or the dire will seratch the 
paint, And use a light rouch with a 
low-speed drill 
Dremels. 


no air tools or 


Final Prep 
Use Goo Gone or some other citrus 
cleaner to remove the last of the adhe: 
sive. Have patience—give the solvent 
time to work because you don't want 
to seratch the paint. Then, use a mild 
polishing compound like swirl mark 
eliminator (Megttiar’s SeratchX is a 
‘g00d one) to remove any minor 
scratches. To finish, use a cleaner wax. 
to give the panel a consistent, shiny 
surface. 


I'll Be Seein’ Ya 
Bodywork primo and waxed? Now 
you need to pull off that faded, bub- 
‘bled window tint. The side windows 
just get out a single-edge 
razor blade and scrape them clean, 
Nor so the backlite, The silk-sereened 
defroster grid is w. to dam- 
age, You might try using the hair 


A Stripe Off Wheel will remove the 
‘most stubborn vinyl films, but large 
areas will take some time. Use a low- 
speed drill. 


dryer trick on it, but this polyester 
(not vinyl) film is probably too brittle 
to peel. Here's a technique we learned 
from a local trim shop. 

Start by slitting open a large plastie 
trash bag into a single large panel— 
any color is fine. Spray a little warer 
on the outside of the ba 
glass and use i to temporari 


‘3M STRIPE OFF WHEEL 


REMOVING BUMPER STICKERS, WINDOW TINTING AND PINSTRIPES 


Tape stripes can be peeled back with 
the edge of a credit card. Painted 
stripes are tougher to deal with. 


the bag to the window, Use your sin- 
sle-edge blade to cur the bag approsi- 
mately 1 in, smaller than the glass 
Add a couple of spoonfuls of house 
hold ammonia to your water sprayer 
and spray it on the tinsing film. (The 
ammonia will stink—do this ourdoors 
\with the car doors open.) Use this to 
stick the bag to the film. If needed, 
add some more spray between the bag, 
and the film to keep things wet and 
sticking, In abour 20 minutes, the 
adhesive will have softened, and you 
should be able to peel off the tint 
‘more easly. Don't scrape, not even 
with your eredir card. Remove the 
remaining adhesive with a very soft 
cloth and more ammonia or Goo 
Gone. If you must rub the glass co lift 
off old adhesive, rub along the length 
of the heater grid conductors, nor 
across them, @ 
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aturday night, and you're 
ready to prowl Actually, i's 
time to take your potential in- 


Jaws out to dinner, an operation po 
sibly more angst-ridden than that first 


prom date. At least tonight you can 
drive your own car instead of having 
Mom squire you around in her mi 
van. Showered and shaved, you head 
out to pick up your intended and her 
kin. You flip on the a/e only to have 
the passenger compartment fill with 
the sweet aroma of old sweat socks as 
the dash vents pump in cold air. Time 
to pick up a new pine tree air fresh- 
ener at the carwash? No. Better to get 
to the bottom of the problem, find the 
source of that nasty odor and kill it. 


Smell Patrol 

We know a man who was getting, 
ready to sell his beloved vintage 
Corvette because the interior reeked, 
‘Then he found the cause: A slim pack- 
age of meat had fallen out of a gro- 
cery bag and ended up under the 
spare tire. While your ear may not 
present such an extreme example, the 
first step in deodorizing is to remove 
everything from the interior that’s not 
bolted down or welded in place, 
Besides the floor mats, that means all 
the flotsam and jetsam under the 
seats, the fast-food wrappers from the 
console and the odd dead chipmunk: 
from the glove compartment. Then, 
do the same with the trunk. 


Ww -: 


Now feel around for dampness. If 
any area is wet, a repair is called for. 
(We'll gt to that.) But that still doesn’t 
relieve you of the task at hand, which 
isto ger the inside of that car as clean 
as possible, 

Vacium thoroughly, of course, Just 
a few tiny fragments of food can 


cause olfactory distress. Then, you 
may want to get your hands on one of 
those steam cleaners intended for 


DRILL CAREFULLY: Smells in your a/c 
‘may require the evaporator core to be 
coated with an antifungal agent. Apply 
by opening a hole in the plenum and 
spraying it in. 
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WHAT'S THAT STAIN?: 
‘Start by thoroughly cleaning. 
the interior upholstery with 
detergent to remove any odors 
‘and mold spores. 


household carpets and uphol- 
stery. As they say, “Use as 
directed.” A caveat on headlin- 
cers: If yours is fabric and doesn’t 
appear to be very well attached 
to the roof, you probably don't 
want to be pumping hot vapor 
and detergent into that tenuous 
bond, then pulling it downward 
with vacuum, 


Many late models are 
equipped with cabin air filters, 

and there’s a good chance yours 

has become odoriferous. 

Changed yours lately? That job 
can be quite an exercise in auto- 
motive disassembly. 

That film on the inside of the 
glass? It definitely has an aroma, but 
is practically impervious to ordinary 
window cleaners, We've found that 
alcohol really curs it. Cover the dash 
and door panels with newspaper 
(alcohol can cause spots), then douse 
a clean cloth or pad of paper towels 
and get to work. An added benefit is. 
that you'll actually be able to see 
where you're going at night, 

When you're finished cleaning 
everything, leave the car parked out in 
the sun with the windows open for as 
long as possible. 


Smoke Scream 
Smoking in a car with the win- 
dows closed is the equivalent of 
scientifically odorizing the inte- 
riot. The smell permeates every 
fiber, even those under the vinyl, 
and tar coats every surface, A 
thorough cleaning as already 
described is about all you can do. 
‘Alas, as a used-car dealer we 
interviewed puts it, “If the vehi- 
cle was driven by a heavy 
smoker, particularly 
pipe, I don’t think you can ever 
get the smell out.” He’s had a 
professional automotive deodor 
izing service treat the cars on his 
lot, but says he’s had only about 


70 percent success rate with smells 
in general, less with smoke. 


Swampy odors 

Water provides a habitat that'l grow 
all kinds of interesting specimens, 
Think mold, mildew and bacteria, 

A common cause of carpet damp- 
ness, particularly on the passenger's 
side, is a clogged air-conditioning 
condensate drain from the 
heater/evaporator box. This may be 
from leaves, ewigs and other plant 
‘matter that finds its way into the 


ducts, We've seen it get so bad thar 
you can hear sloshing while you're 
driving. 

Sometimes the drain is simply a 


HERE'S MUD IN YOUR EYE: Check the a/c 
‘evaporator drain line for road debris or clogging. 


AUC EVAPORATOR 
DRAIN 


FOREIGN MATTER 


FRESHENING UP YOUR MUSTY INTERIOR 


hole at the bottom of the box, or it 
may be a plastic hose or tube that 
sticks through a hole in the firewall 
You've probably noticed a wer spot 
under the car that appears after 
you've parked on a hot day—the 
drain will be directly above that. Use 
any kind of dull, long probe (a chop- 
stick, an unsharpened pencil, etc.) to 
clear it out. Something too pointy can 
damage a rubber drain tube, 

Deteriorated or poorly fitting door, 
window, trunklid or hatch seals will 
allow water to seep in, Have some- 
body hose down the car while you sit 
inside and look around for drips. 
Also, look in the teunk or under trim 
panels for water getting in through 
the taillight assembly gaskets. 
‘Windshield leaks are another 
possibility, so you may need to. 
Visita professional 

If your vehicle has a spare tire 
well, it’s likely a collection point 
for water. Remove the spare and 
check the condition of any rub- 
ber plugs in the bottom of the 
well. You can easily reseal them 
with RTV silicone caulk. 


White out 

Household bleach is the most 
potent weapon against whar- 
ever’ growing in carpet or 
upholstery, but you can easily 


DRAIN PLUG 


take out the dye along with the odor 
If the macerial isa light calor, you 
might want to experiment with a 


ly diluted solution on an area 
's hidden from view and se 


get whitening or spors. If nor, sponge 


it into the suspect area, then use a 
wet/dry shop vac to extract it 


Locker Room 
Sometimes its easy. You know exactly 
where the odor is coming from 


DISNEYLAND?: All your furry little 
friends will have to find a new home, 
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ecause you get it only through the 


ue vents. Condensate moisture that 


promotes the growth of various 
nisms on the air con: 


microscopic or 
dlcioner’s evaporator core isthe prob- 
lem. Ther 
You ean buy deodorizers that you 


are two ways to go here 


spray into the vents, but there's little 
chance that you'll deliver enough of a 
dose where it's needed to eradicate 
flora and microscopic fauna. Profes- 
sionals inject specially formulated 
sprays directly into the heater box 
and really bathe that core. These 
sprays are available at aucomorive 


DEAD SEA: Look around for moisture 
and mold collecting in low spots ike 
the spare tire well or footwell. 


parts stores and over the Internet, and 
can be quite expensive, They leave an 
antifungal coating behind, good for 
two to three years, Bactine, com: 
monly recommended in automotive 
folklore, won't cut it, 

Another means of keeping the 
inside of the HVAC system smelling 
sweer is an afterblower, such as the 
type sold by AirSepr 
(wwwairsept.com), Irs an electronic 
module that you wire into the blower 
circuit, It keeps the fan running for a 
predetermined time after you shut off 
the engine, drying our the fins 


Mouse Condo 

Snug, dry and safe from predators— 
what could be a better place for a 
mouse to build a nest than a car inte- 
Fior? Once you've smelled that dis- 


tinctive rodent odor, you'll always 
recognize it. And this doesn’t just 


happen in vehicles that are left unus 
for long periods—the busy little devils 
can make themselves right at home in 
cone night, typically in the glove com- 
partment or HVAC duets, 

Once you've locared and vacu- 
umed out all that shredded insulation 
and paper, you'll find to your disap- 
pointment that the odor remains. Try 
a product intended for pet odors, 
such as Zep Commercial Pet Sportet: 


Gas attack 

The most likely source for the odor of 
gasoline inside your car is the evapo- 
rative emissions control system, man 
dated initially for 1971 models. This 
collects the fuel that evaporates fram 
the tank, and stores it in a charcoal 
canist 

intake while the engine is running, 
The vapor hose from the tank can be 
cut or become disconnected, The 
result is fumes escaping, into the inte 
rior. Find the top of the gas tank, 
which likely will require thar you pull 
up the trunk mat, then follow the 
hhoses char run from it. @ 


to be metered into the engine 
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Fixing Hood And 


‘The plastic arm on this electrical tal 
gate actuator is broken and will have to 
be replaced. Check for proper operation 
of the latch itself, as a sticky mecha- 

nism may have overstressed the broken 
part. Also, check that the hatch itself is, 
properly aligned when you're done. 


Checking your oil is simple enough— 
antl you attempr to open the hood. 
You try the remote release, but it 
seems a little hard to pull. Yank 
harder, and the familiar clunk of the 
hood popping up until the safety latch 
stops it doesn’t happen. Your hood 
release is stuck. The dipstick will have 


Open sesame 
Actually, it may not be your hood. 


FIXING HOOD AND TRUNK LATCHES 


BROKEN ACTUATOR ARM 


Many vehicles in this security-con 
scious age have remote releases for 
the trunk, tailgate and even the fuel- 
filler door. While these may be electri- 
cally actuated, the mechanism thar 


latches the tailgate is still mechanical. 
‘You may need to use some electrical 
troubleshooting to repair this end of 
the system, be ita dead battery in the 
remote key fob or a logic failure in 
the body computer's theft-dererrent 
system. We'll alk abour electrical 


issues in a different Saturday 
Mechanic. 


Slap and tickle 
Our most common scenario: Pull the 


hood release and the hood doesn 
budge. But pull the inside release 
while someone presses the hood 
down, and the latch trips. There are 
usually a couple of things, happening 
concurrently, that cause this 

* The latch mechanism is sticky 


aut 


from corrosion and/or dirt. Some- 

times all it takes to loosen things up is 

a healthy hosing down with penecrat- 

ing oil while the mechanism is worked 

back and forth. Follow up the pene- 
trating oil with spray lithium grease 
to keep things moving. Don’t use sili- 
cone spray, which can wind up sucked 
into your air cleaner, contaminating 
your O2 sensors. 
| © The cable that leads hack to the 
interior release may be stretched or 
frayed. Sometimes the stop on the end 
of the cable is adjustable—it may 
| have slipped a few millimeters. Read- 
| just it appropriately. Then consider 
| why the cable is stretching. What's 
| binding up and making you pull too 
hard and overstress things? Ifthe 
| cable feels gritty on operation, ery 
lubricating it. Use an aerosol spray 
Jubricant—not penetrating oil, which 
is roo light—with a straw-style noz- 
zle, Perch the straw so the end butts 
against the end of the cable sheath 
and right alongside the inner cable. 
Fold a clean shop rag over the conflu- 
ence of the straw and cable, and pinch 
tightly with your fingers. When you 
depress the nozzle on the aerosol can, 
Inbricant will be forced between the 
cable and sheath, making the action 
of the cable much smoother. If you 
have compressed air available, you 
| can use a blast of it to force the lube 
deeper into the sheath. This technique 
works for almost any Bowden-style 
cable, including heater-control cables, 
the throttle on your lawnmower and 
the brake cable on little Suzy’s meral- 
lic purple banana-seat bicycle. 

*# Ifthe cable is starting to corrode 
and has litle steel threads poking out, 
ithas already started to fail. Swap it 
out for a new one immediately. Splash 
the new one with some lubricant now. 
and then to keep this from happening 
down the road. 


| Failure is not an option 
‘Another scenario is that you pull on 
the release and it moves freely— 
because the cable is already broken. 
‘Now you're screwed. You have no 
easy way t0 open the hood, which can 
make for a long time between tuneups 


‘This rubber adjustment 
screw is used to make 
‘the hood or trunk sheet- 
‘metal fit properly, and is 
‘a must for proper, rattie- 
latch operation. 


FITNESS TRAINING 

Ifthe hood or latch Is adjusted Incorrectly, It may be difficult to open. 
This is often seen aftet a minor fender bender of aftet a fender of grille 
thas been replaced (for instance, for an engine swap, a radiator swap or 
‘major engine work). Start by loosening ail the bolts that hold the tateh 
‘mechanism to the radiator core support, and see if the latoh Is 
‘adjustable, If s0, remove the mechanism. Now lower the hood until it 
sits firmly on its rubber bumpers. Check to see that It fits correctly in 
the hood opening, with even gaps along the fenders and grille. W the 
hood is siting cockayed in hetween the fenders, you can realign it by 
Joosening all the bolts at the hinges a half-turn. Jockey it around until it 
sits square in ts intended place and tighten the hinge bolts, Screw the 
‘bumpers up or down until the hood sits correctly with respect to the 
fenders and grille in a vertical plane. Now you can reinstall the latch, 
‘snugging up the bolts so the mechanism is just Nigh enough to give a 
‘quarter-inch or so of resistance betore it closes fully, It shouldn't be 
necessaty to stam the hood, and it should pop up readily when you pull 
the release. Ifthe vehicle has been in an accidem that involved front- 
‘end damage, you may have to compromise between an exact fit of the 
hood and the ability to open and close it easily. 


and oil changes. If the cable has come 
adrift ar the handle inside the passen- 
ger compartment, you may be able to 
reattach it. Or, perhaps you can grab 
the cable with a pair of pliers and 
yank on it to open the hood. Then: 
you'll be able to access the other end 
of the cable and replace it If the fail- 
ure is at the hood end, check with a 
flashlight and a small mirror. (We use 
a small mirror with a swiveling, 
extendible handle.) Looking through 


the grille, you may be able to see the 
lever that the cable pulls on in the 
latch mechanism, If this is the case, 
try inserting a long screwdriver or 
other implement into the gap and 
tripping the latch. I've even resorted. 
to fabricating a special tool from a 
piece of flac steel. Find a similar ear, 
open the hood, and figure out how to 
bend the steel and then how to thread 
itinto the latch and trip it. Practice on 
your example vehicle to make iteasy. | 


INTERIOR AND EXTERIOR 


Tey to loosen or remove 
the grille to make access eas: 
ier. Try nor to do this where 
the local police might rake an 
interest in your activities 
unless you have your ID and 
the registration handy, espe- 
cially late at night. 

+ [fall else fails, it may be 
necessary to drill a hole in 
the hood sheetmeral to trip 
the latch, but this isa last 
resort. Check the vehicle's 
shop manual for insight into 
‘opening the hood in the 
event of a cable failure, 


Trunk line 

Like the hood, the trunk 
should be adjusted on irs 
hinges and rubber stops to 
close with a proper ft. (See 
“Fitness Training,” page 
116.) The latch mechanism 
can then be tweaked to 
achieve proper function. If the 
‘mechanical pushbutton or key tum- 
bler is hard to actuate, start with 
adjustments and lubrication, 

Many vehicles use electrical actua- 
tors for the trunk or hatch. If the elec- 
trical actuator is kaput, you'll need to 
troubleshoot thar with a digital vole- 
meter (rated at § megohm, to be safe) 
and a schematic, But if you can hear 
the actuator clicking and the latch 
doesn’t open, you've got a hardware 
problem. 

If there's a keyhole, you should be 
able to open the lid or hatch with a 
key. There's an urban legend about 
the owner of the high-priced luxury 
car who gota flat tire and was unable 
to open the trunk and access the spare 
because the remote-control trunk key 
fob had dead batteries. After waiting 
2 hours for the tow truck to arrive, 
the owner then watched the truck dri- 
ver easily open the trunk—by turning 
the key in the lock—and then change 
the tire, Moral: Don’t make this any 
harder than necessary 


FIXING HOOD AND TRUNK LATCHES. 


(Own a minivan? You may need to 
crawl into the back of the luggage 
area to remove the trim panel and 
open the latch manually to access the 
mechanism, If your sedan has a balky 


trunk lid, you may need to fold down 
oor remove the rear seat to get any 
where near the mechanism, Check the 
owner's manual for hints about emer- 
gency access to the trunk—there may 
be a simple cable to pull in case of 
major failures, All new cars have an 
emergency cable release meant to pre~ 
venta child from getting trapped 
inside a locked tran, If you ean reach 
that release by getting around the rear 
seatback, you ean pop the trunk. 

Once the hatch of trunk is open, you 
can clean and lube the parts to free 
things up. 

‘Trunks and hatches often respond 
to proper fitting and adjustment, just 
like hoods. Get the sheetmetal to fit 
properly, and then adjust the latch 
and striker for proper function, Don't 
forget to lubricate the out-of-sight 
part of the latch mechanism. One 


Corrosion and dirt have made this hood tatch difficult to operate. The cable has started to 
fall and should be changed after the latch has been freed. 


important part of a tuneup is to lubri- 
cate the door, hood and trunk hinges 
and latches. If your mechanic is 
neglecting this, you should rake $ 
minutes and lubricate these parts 
yourself, 

Most of the time, when there is a 
failure of the latch mechanism, it’s a 
plastic component that has broken. 
You'll need to go to the dealer for a 
replacement part. Sticky or hard-to- 
operate latches usually need nothing 
more than lubrication and adjust- 


Fill 'er up 
Fuel doors usually have a simple bolt- 
based latch, with a simple cable to 
operate it. Ifthe cable is gritty or 
sticky, try lubing it with the shop 
towel/spray lube trick mentioned ear- 
lier. If the bolt doesn't retract enough, 
look for an adjustment for length at 
one end of the cable or the other: 

Lube the hinges as well, and make 
sure the spring isn't broken or 


loose. @ 
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Desoldering with the Wick 


Positionthe wick over the joint, and press down onthe wick with the soldering 
ironas shown in Figure 3-3. The heat will pass through the wick and melt the 
solder. As this happens, the wick will soak up the solder, removing it from, 
the joint. When you're done, you can trim off the used portion of wick with 
your wire snips, 


Figure 3-3. Desoldering 


hands offit as soon as you press the soldering iron 


¥ WARNING: The wick will get very hot, so take your 
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Tools of the Trade 


Toa mechanic, “tools” fall into two important categories: “hardware” tools, the implements that 

actually do the job, and “software” tools, the books and other publications that provide the infor- 
mation necessary to do the job. To work on your own car with any measure of success, you'll have 
to stock your garage with some of both, 


STRATEGIES AND INSTRUCTIONS 


‘There’s no good excuse for a driveway mechanic to be without the factory service manual for 

his automobile. General auto repair manuals that cover a variety of makes are less expensive than 
several factory manuals if you have more than one car to work on. You can usually buy the factory 
manual through your car deale’s parts countet. For some cars, more than one instruction book is 
necessary to fully cover drivetrain as well as body and electronics. The service manuals for all late- 
models (since 1996) are on websites maintained by the vehicle makers. So instead of a paper man- 
ual, you can gain access when you want, typically for about $15 a day. Manuals for older cars are 
sold by specialty distributors with toll-free numbers. 


THE SERVICE MANUAL 


Most factory service manuals begin with a general information section, usually with charts that 
tell you how to interpret your car’s VIN number. You'll be able to pinpoint the specs of the engine 
installed, the plant at which the car was built, and similar data, Other charts interpret body ID 
plates with paint and interior color codes as well as trim levels. Other general information will 
include overall specs, fluid capacities of the various systems, and even data on bolt ID and torque. 
This chapter should also show the correct jack and lift points for raising and supporting your car 

The general information section is often followed by a maintenance and lube chapter. Use this 
‘material in conjunction with our car care plans to tailor the maintenance routines to your specific 
vehicle. 

The rest of your service manual is divided into chapters, each of which covers one specific system, 
such as heating and ventilation, or a group of systems, such as emissions controls. 

Most manual chapters include three types of information. First, where applicable, many chapters 
begin with a short explanation on how a particular system operates. This information can help 
when it comes to making logical decisions about the possible causes of a given problem. 

Next comes diagnostic information. This troubleshooting material can be very general and some- 
what brief or it can be incredibly specific and detailed. Typical of the first kind of diagnostic direc 
tions are those for engine mechanical diagnosis. Here you'll find lists of possible causes that relate 
to a symprom. For example, in the 1985 Celebrity manual there are eight potential problem areas 
listed under the heading “Excessive Oil Loss.” 

Much more complicated are the diagnostic procedures for driveability problems, Some makers, 
such as GM, instruct you to begin the diagnosis of a driveability problem by triggering the diagnos- 


tic mode of the computer system. You progress from there to troubleshooting individual systems 
with test lights, ohmmeters, and the like, and sometimes finish up by checking symptom-organized 
lists of possible causes. 

Other manufacturers, norably Chrysler, begin diagnosis of computer-controlled engine driveabil- 
ity problems with visual checks, In either case, you have to read the manual material carefully and 
do things in the right order. The procedures work on a process-of-elimination basis. If you don’t 
begin at the beginning, you throw the whole diagnostic plan out of whack. 

At some point, the troubleshooting of complex systems is sure to include a diagnostic “tree dia- 
gram.” You begin by performing the test in the box at top, then depending on the results of that 
first test, you will be led through a series of steps to diagnose your problem, You'll notice that every 
path eventually concludes with a repair or with a “system OK.” 

The third type of information, usually at the end of a service manual chapter, is on repairs. It 
often doesn’t include tasks considered simple by professional mechanics. 


THE TOOLEOX 


How many tools do you need to service your car? Frankly, as many as you can afford, Bur you can 
get by with a fairly basic set if you intend to do only maintenance jobs. But if you're going to per- 
form complicated repairs you'll need a lot of special tools, many of them designed to do just one 
specific job. Check auto parts stores in your area for toal rental peograms. 


Puier Toois 


From among the vast number of plier tools, you'll need at least three hasic types: a conventional 
slipjoine plies, a pair of side-cutters for cutting and stripping wire and—among many other uses— 
prying out cotter pins, and a pair of long-nose or needle-nose pliers. 

Once you have the basic three you'll eventually want to expand your plier drawer, You might first 
add a locking plier; the most common type is sold under the Vise-Grip trademark. Among many 
other possible uses, this tool can be clamped tightly around a stripped bolt for removal or it ean be 
used to hold parts in place for welding. Lineman’s pliers with insulated handles are useful for va 
ous electrical-system chores, Water-pump pliers offer nearly parallel jaws and lots of leverage. A 
second pair of long-nose pliers can be sharpened for service on snap rings, or special snap-ring pli- 
ers are available as well. Small side-cutters can be of use when working with delicate components. 
Hose-clamp pliers are grooved to grab the spring-type hose clamps that are standard equipment on 
many cars. Wire strippers/terminal crimpers are very useful pliers with a row of split circles on the 
jaws for stripping wires of various gauges and a special crimping area behind the jaws for attaching 
solderless wire terminals. Tin snips, available for cutting left-hand curves, righthand curves, and 
straight cuts, are a necessity if you're going to do serious bodywork. 


SCREWDRIVERS 


For servicing today’s cars, you'll need an assortment of flat-blade and Phillips screwdrivers in vari- 
ous sizes. You'll ruin a lor of screwheads if you use the wrong-size driver. In addition to various- 
sized tips, you'll need some variety in handle lengths. Cheap screwdrivers are not well suited to dri- 
ving screws, so buy high-quality tools that will not distort the screwheads. 
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For most cars you'll also need a couple of Tors-style screwdrivers, distinguished by their six-point dri- 
ves. On some cars, you'll need this type of screwdriver to replace a headlight bulb or seatbelt housing. 

(Our favorite screwdriver is a high-quality, flexible-shaft ratchet job with interchangeable bits of 
tool steel. The extra bits fit in the handle, and are available in every size and style you might need. 
Angle screwdrivers, with a tip mounted perpendicular to the shaft, are useful for screws that can’t 
be reached with anything else. 


Socket Too.s 


Square-drive tools are probably the most important for someone who intends to service auromo- 
biles. To begin, you'll need both 3/8-in.-drive and 1/2-in.-drive ratchets and breaker bars, at least 
one short and one long extension for each drive, and a complete set of standard sockets for each. If 
your car is fully metric, you may want to purchase only metric sockets at first. If your car includes 
both metric and inch sizes, you'll need a set of each. 

You'll need a spark-plug socket of either 13/16-in. or 5/8-in, size. Don’t just use a deep socket for 
this purpose. Spark plug sockets have a special rubber insert to hold the insulator, helping prevent 
breakage while giving you a means to lift the plug away from the engine without dropping it. 

A torque wrench is also a necessity, as it should be used for everything from installing wheels to 
tightening cylinder head or manifold bolts. The most common and least expensive type has a pointer 
attached to the drive head that rests against a scale near the handle. More expensive types replace the 
scale and pointer with a dial, A style used by many mechanics has a rotating handle with a scale of 
rorque figures on the tool. You dial in the torque figure you want by turning the handle. Then, when 
you tighten the bolr, the wrench will click to signal you when you reach the specified figure, 

Eventually, you'll want to add universal joints, which can be fitted at the end of an extension; 
speed handles; Thandles; additional extensions; and a 1/4-in, ratchet, extension, and screwdriver 
handle for smaller capscrews, Adapters thar allow the use of 3/8-in.-drive sockets on 1/2-in.-drive 
ratchets (or various other combinations) can also be handy at times, You'll want to expand your 
socket set to include hex or Allen drive sockets, sockets for large slotted screws, deep-well sockets, 
universal-joint “swivel” sockets, and 1/4-in.-drive sockets, all in both inch and mettie sizes. 

You'll also want to supplement your standard twelve-point sockets with some eight-, six-, and 
fourpoint sockets (Fig. 4), Six-point sockets are needed when you have to loosen a bolt with 
rounded corners where the twelve-point might slip. Our 3/8-in.-drive deep-well sockets are of the 
six-point type. Thickwall six-point sockets (usually black for identification) are available for use 
with impact wrenches, ight-and four-point sockets are for removal of square plugs. If you have 
the eight-pointers, you really don’t need the fours. 

If you can’t reach the spark plugs on your engine with a conventional plug socket, extension, and 
ratchet, you may need either a swivel-head plug socket or a 3/8-in.-drive ratchet with a jointed hand 
that can be rotated ro a different angle in respect to its handle, 


WRENCHES: 


A basic set of combination wrenches—box at one end and open end on the other—will get you 
started in this department. Use a box wrench when you don’t have clearance for a socket. Open-end 
wrenches are really only suited to running down a bolt or backing it out, as they slip quite easily, 
ruining both the bolthead and your knuckles. 


An open-end wrench should be used with the handle angled away from the direction of rotation, 


Once the bolt is rotated, the wrench is slipped off, slid around in a counterclockwise direction and 
reinserted. Once you've practiced this technique, an open-end can be used to turn a bolt ver 
quickly. When loosening a fastener with a combination wrench, break it loose with the box end, 
then flip the wrench around and run out the bole with the open end. 

Once you have a basic wrench set, you'll want to expand with some other types. Those that have 
a box on both ends generally have a greater offset than the combos, making them useful for certain 
problem areas, Both box and open-end wrenches are available in a variety of lengths. You'll also 
find box wrenches shaped like a crescent for inaccessible bolts, box wrenches that ratchet, and 
sockets attached to a handle with an open-end opposite. We frequently use a very thin open-end 
“tappet” wrench for any double-nutted bolt or stud or in tight spots. 

You'll also want tubing wrenches, which are like a six-point open-end with one side missin 
Once slipped over a tube, the five remaining points of the wrench can loosen the soft nut on the end 
of the tube without rounding it off. Special L-shaped box wrenches that can be driven with a 
ratchet are available for loosening hard-to-reach distributor clamp bolts, 

You might be better off withour adjustable crescent wrenches, as these cools are most likely 
to round off a hexhead. Bur it’s good ro have a couple of them around in different sizes for 
those times when you have to turn a simple-to-reach, not-very-tight bolt, the size of which you 
are not sure. 


Hammers 


Hammers must e used with great restraint when working on a complicated machine like an auto- 
mobile, But you will need one from time to time, Begin with a ball-peen for tapping your drift or 
making a center-punch mark, and supplement it with a rubber mallet for driving things into posi- 
tion. Eventually, you'll want to add a brass hammer for driving lugs into hubs and similar tasks. A 
plastic-head hammer is useful for dislodging somewhat delicate parts. Finally, you'll want a good 
hand sledge to drive a large chisel into a large rusty nut. 

You'll want to have some chisels, punches, and drifts that you can hit with your hammers. If you 
work on cars regularly, you'll undoubtedly have to chisel off a rusted nut or bole before long, prob- 
ably on a shock absorber, Drifts are used for removing pins from shafts, studs, or hubs, A center 
punch is necessary to provide a spot to start a drill bit in steel or aluminum. 

You'll need only a couple of files at frst. A small ignition-point file is good for cleaning up spark 
plugs or even repairing the threads on a small screw, One medium-size flat file will also come in 
handy for smoothing rough edges or flattening slightly distorted surfaces, Later, you'll want to add 
a rattail for smoothing out holes anda threesided file for getting into corners. A hacksaw and a 
couple of high quality, fine-tooth blades will come in handy if you have to shorten a bole or fabri- 
cate a bracket. 

An assortment of tool-steel high quality drill bits and a 1/2-in, or 3/8-in, chuck electric drill is also 
necessary. 


Putters ano Piuckers 


Hub pullers, nut splitters, gear pullers, pickle forks, and other devices of this ilk probably won't be 
purchased until you need them. Sooner or later you will undoubtedly want them, however. 


A good three-pronged gear puller can be used for removing a variety of hubs and gears. This tool 
is available in several sizes to suit various applications. A puller with slots through which bolts can 
be inserted is useful for removing any type of hub with threaded holes, such as a steering wheel hub 


or engine damper pulley. Various other pullers, including slide-hammer devices for removal of rear- 
drive axles, are also available. Some of them can be rented for one-time use. 

A nut splitter is a good substitute for a chisel when you have to remove a rusted nut. A ball-joint 
spreader and rod-end separator, commonly known as pickle forks, are necessary for suspension- 
system work. The ball-joint spreader has the wider slot between its prongs. 


Ou CHance ano Luge Toots 


An oil filter wrench is, of course, an absolute necessity for any driveway mechanic. Before you buy, 
make sure you get one that will work on your car, as there are numerous types available. 

Most of the long-handled metal-band jobs work great where there's room for them, but on most 
cars there isn’t. ‘The best of these are adjustable for different type filters 

A handy oil filter wrench is the type that has a sturdy nylon strap attached to a piece of square 
tubing with a 1/2-in, hole down the center. The strap is placed over the filter and the tubing is 
rotated counterclockwise until the strap snugs up. Then a 1/2-in. square drive extension and ratchet 
are used to continue rotating the tubing until the filter is loosened. 


Precision Toots 


Every home mechanic should have at least a good pair of vernier calipers for determining the size 
of pins, bolts, and other similar items as well as a set of feeler gauges and a wire gauge for check- 
ing spark plugs. If you're going to rebuild engines, you'll need much more, including microme- 
ters, snap gauges, a dial indicator and magnetic base, a depth micrometer, and—ideally—a dial- 
bore gauge. A good ring compressor will also be needed for engine work. The best type isa 
tapered sleeve for each bore size. If you plan on assembling cylinder heads, you'll need a valve- 
spring compressor that will work on your engine. Those for pushrod engines won't work on 
overhead cam engines, some of which require specific adaprers. 

The dial indicator and magnetic base are probably worth having even if you never touch the 
inside of an engine as they are useful for gauging a lot of different things, such as hall-joint wear 
and even wheel-bearing adjustment. 


OTHER GOOD STUFF 


Sooner of later you'll want to invest in a battery charger. A small, 10-amp job can bring a partially 
discharged battery to full charge ina few hours. You'll need at least a 6-amp model for decent per- 
formance. In addition, you'll need a battery post and terminal cleaning tool. You can use a knife for 
this job, but the special cleaning tool is inexpensive and does a better job, You'll need a timing light 
to perform runeups, but be aware many late-models do not require it (no timing marks). If you're 
heap kind that attaches only to the plug wire, A power timing 
urably easier to use, costs about three 


willing to suffer, you can use the 
light, which provides much more illumination and is imm 
times as much. 
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And you can’t get by without a miniature analyzer, which includes a tachometer, ohmmeter, volt- 
meter, ammeter, and dwell meter on older cars, Use it for tuneups, charging-system troubleshooting, 
general electrical-system troubleshooting, and a wide variety of other jobs. On late-models, a scan 
tool is essential ro read trouble codes and engine operating data, including much of the information 
provided by the tachometer. A volt-ohmmeter, or volt-ohm-ammeter, continues to be useful. 

A good set of taps and dies is expensive but necessary when you have to straighten our the 
threads on a mangled bolt or clean the threads in a rusty cylinder block. Finally, don’t forget to be 
nice to your tools. You don’t have to get into public displays of affection, but you should wipe off 
the grease each time you use one. And you should have an organizational plan for keeping every- 
thing in its place, whether you have a twelve-drawer top-and-bottom tool chest or a two-drawer 
mini toolbox. Knowing where something is when you need it can cut your creeper time in half. It 
also makes it easier to tell when something is missing, 


ABS: Sec ANTILOCK BRAKES. 


ACCELERATOR PUMP: a small pump in the carburetor that is activared to spray extra fuel through 
specific nozzle(s) when the accelecaror pedal is suddenly and quickly pressed to the floor on sharp 
acceleration. 


ACTIVE susPENSION: a suspension system in which a double-aeting hydraulic actuator is present at each 
wheel. The system is powered by a variable-rate hydraulic pump and controlled by an ECU, which keeps 
track of body attitude, wheel/hub velocity, forward speed, lateral-versus-longitudinal velocity when corner- 
ing, load, and angular displacement, See SUSPENSION. 


ApsustasLe sock: a shock absorber whose road-handling traits can be altered to create a stiffer or softer 
ride and to adjust for rough roads, heavy loads, etc. While many are adjusted manually, some more recent 
cars include a switch inside the car that adjusts the shocks electromechanically. 


AIR ASPIRATOR VALVE: a <levice that uses a diaphragm to draw air into the exhaust system to reduce emis- 
sions. Ifa large volume of air is needed, an air pump is used instead. 


air CLEANER? a housing that holds a filter element that removes dirt from the air flowing into the throttle 
body, before it is mixed with fuel to form the air-fuel mixture that is burned in the cylinders. 


AIR CLEANER INTAKE: the neck, called a snorkel, into which air flows en route to the throttle body 


AIRFLOW SENSOR: Scc MASS AIRFLOW SENSOR. 


Aim-FuEL muxTURE: the mixture of air and fuel necessary to produce power when ignited by a spark plug 
and burned in a cylinder. The normal mixture is 14.7 parts of air for each part of gasoline, 


AIR Punt 
emissions. Also «: 


a belt-driven or electrical pump that delivers compressed air to the exhaust system to reduce 
led SECONDARY AIR INJECTION ancd THERMACTOR. 


ALL-WHEEL DRIVE (wD): a drive system in which the driving axle(s} connects the transmission to both the 
front and the rear wheels, Also ealled four-wheel-drive, particularly when referring to an SUV or other off 
road vehicle, 


ALTERNATOR: See GENERATOR. 


AMmerER: a est meter that reads amps in a circuit, 


AMPS (OR AMPERES! 
and onms. 


the measurement of the energy content of the electricity in a circuit, Also see vours 


ANTIFREEZE AND SUMMER COOLANT: a fluid of ethylene glycol and special additives that when mixed with 
water lowers its freezing point in winter and raises its boiling point in summer. 


ANTILOCK BRAKES: a braking system with electronic and electromechanical components that prevents the 
wheels from locking up and causing the car to skid when traction at the wheels is uneven, 

ANTISEIZE ComPOUND: a paste that is applied to metal parts to keep them from sticking to other metal parts, 
particularly threaded surfaces such as spark plug threads and wheel studs and bolts. 


Automatic eHoKE: a carburetor choke that operates automatically, according to engine temperature. 


AXLE, AXLE HOUSING: a power transfer component with a ball-shaped center section and often two tubes 
ata 180° angle to each other. In the center section is a gearbox called a differential, with joints for a shaft 
that goes through each tube. In an automobile, each shaft goes (through a tube, if used) 10 a wheel ro 
power the car, Or more simply, there is just a suspension assembly that supports the front or rear wheels. 


BacKFIRE: an abnormal form of combustion of the air-fuel mixture. The flame may shoor back from the 
eylinder into the intake manifold and possibly the throttle body. Or it may be delayed until the fuel reaches 
the exhaust system, in which case it causes a popping sound. 


BALL JOINT: a pivor joint, typically used in an automobile’s suspension system. 

aarnet: the air passage in the carburetor where the throttle is located 

artery: a component that stores electrical energy in the form of chemical energy. 

BATTERY TERMINALS? a battery has rwo terminals, one labeled positive, the other negative, to which thick 
wires called cables are attached. These cables are the wires for the battery's paths into the electrical system 
of the car 

BEAM AXLE: an axle that acts as a support for associated wheels, bur does nor drive them. 

aeaRina: a smoothly finished round metal sleeve, or a sleeve with smoothly finished! metal halls or rollers, 


to reduce the friction between two parts. In an engine and other components a simple sleeve may be splie in 
two half-circle sections for ease of installation. Also see BUSHING. 


BEARING CAP: a bolt-down cap used to hold a crankshaft and bearing in position 


RELLHOUSING: the area behind the engine, covered by the front of the transmission, that holds the manual 
clutch assembly or the torque converter of an automatic transmission. 


BLOCK: see ENGINE BLOCK. 


REVEL GEARS! a group of gears shaped like slices of a cone, which makes it possible for the axes of the g 
to be nonparallel. Bevel gears are used to transmit motion through an angle. 


BLEEDING: the process of eliminating air, which can form in bubbles or pockets, from a brake or clutch line 
by draining the fluid containing the air. 


sorrom peap cenreR (soc): The position of a piston when it reaches its lowest point in the cylinder. 


pore: the diameter of a cyl 


inder, such as the engine’s cylinders or the brake cylinders, 


RAKE BLEEDER: a valve that can be opened as part of a procedure (“bleeding) ro expel air from the 
hydraulic braking system, so the action of the brake pedal is free of sponginess. 


BRAKE CALIPER: a C-clamp-like hydraulic device with a piston or pistons to press the brake shoes against a 
disc to stop the wheel when the driver steps on the brake pedal 


BRAKE pRAG: failure of the brakes to release completely when the driver’s foot is removed from the pedal 


BRAKE DYWAMOMETER: a device that measures the power and torque of an engine by restricting its speed 
(braking) so as to gauge its ourpur. 


a 


Desoldering with the Solder Sucker 


The solder sucker is another tool for removing solder. It's best for removing 
excess solder, and you can use it to clean things up a bit before you use the 
wick. To use the solder sucker, press the plunger down untilit locks. Use the 
soldering iron ta melt the solder around the joint,and quickly bring the solder 
sucker’s nozzle to the joint (Figure 3-4). Press the button on the sucker, and 
itwill pull the solder right up into the tube. When you press the plunger again, 
any solder in the tube will be ejected, 


Figure 3-4. Using the solder sucker 
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rane Fave: A deterioration in the brake system, as a result of repeated and protracted use of the brakes, 
which produces reduced braking efficiency or fades itis exacerbated by heat. 


BRAKE FLUID: a special fluid used in the hydraulic braking system. For automobiles, only a fluid labeled 
DOT 3 or DOT 4 should be used. 


BRAKE LINING WEAR SENSOR: a device on a brake shoe that signals the driver when the lining of friction 
material on the brake shoe or pad is worn, 


BRAKE MASTER CYLINDER: the source of the hydraulic pressure transmitted to the brake system at each 
wheel. The pressure is developed in this component by the driver stepping on the brake pedal. 


BRAKE PAD: The stiff backing plate and friction material which makes contact with the rotating disc on a 
disc brake when the brake pedal is depressed; itis routinely replaced when excessive wear limits its effec~ 
tiveness. It also may be called a brake shoe. 


BRAKE sHoES: stecl plates, either curved or straight, depending on the system, to which friction material 
called brake lining is bonded or riveted. Also see DRUM BRAKE, DISC BRAKE, and BRAKE PAD. 


BREAKER POINTS: Sce POINTS and CONDENSOR. 


sutxnead: A dividing panel thar separates the passenger compartment from the engine (front bulkhead or 
cowl) and the trunk (rear bulkhead). 


BUSHING: a cylindrical sleeve of metal, plastic, or rubber placed between two parts to isolate them from 
each other. The bushing may absorb shock or help locate the parts. 


cam: a lobe on a camshaft. 


camer: a mounting angle of the wheel relative to the road. 


cAamsHAFT: a rotating shaft with eccentric lobes that push open the valves for each cylinder. The lobes oper- 
ate against cylindrical parts called lifters, or other actuating devices called rockers. 


CAMSHAFT SENSOR: a sensor that signals to the engine control module the rorational position of the 
camshaft. This enables the computer to more precisely time the fuel injection and ignition systems for 
faster starting of the engine. 


CAMSHAFT TIMING BELT (OR CHAIN): the rubber belt or metal chain that cransfers power from the crankshaft 
to the camshaft to operate it. The chain or belt must be installed so it maintains the relationship between 
the camshaft and crankshaft so the valves for each cylinder open and close at the right time for proper 
engine operation, a factor called camshaft timing. 


CARBON caNisteR: a canister filled with activated charcoal, When the engine is off, it absorbs vapors from 
the fuel system that would otherwise cause air pollution. These vapors are drawn into the engine and 
burned when the engine is running. 


cangoN Deposits: the residue of carbon from burning fuel, which can clog grooves in pistons, combustion 
chambers, and valves, and cause engine hesitation and other operational maladie: 


argon tracks: fine lines from burned carbon (such as from oil film) that may be found in a distributor 
cap. Carbon tracks may cause engine misfire. 


‘caRsuRETOR: a device that atomizes fuel in air, and meters the resulting air-fuel mixture into the intake 
manifold. It also includes a throttle body. The carburetor is not used today on other than some racing cars. 


CARBURETOR-AIR HORN: the top part of the carburetor, in which the choke is located. 
‘caauretoR Base: the lower part of the carburetor, in which the throttle plate is located. 
‘CARBURETOR CHOKE: Sev CHOKE. 

‘CARBURETOR CLEANER: a petroleum solvent for cleaning the carburetor, 


‘CARBURETOR Float: a device much like the float in a household toilet rank that regulates the amount of fuel 
in the carburetor fuel bowl. 


CARBURETOR FUEL BOWL! «i small fuel storage area in che carburetor, at the carburetor fuel inlet. Also called 
the float bow! because it contains the carburetor float, 


‘CARBURETOR FUEL BOWL VENT: a vent on the bowl. Ie typically is connected ta a carbon canister, which 
absorbs vapors when the engine is off, and it also may be vented to the armosphere when the engine is 
running, 


CARBURETOR FUEL INLET: the threaded fitting on the side of the carburetor, to which tubing from the fuel 
pump is connected, Fuel enters the carburetor at this point. 


CARBURETOR NEEDLE AND SEAT VALVE? a valve at the carburetor fucl inlet thar is controlled by the up- 
and-down movement of the carburetor float. When open, it allows fuel to enter the carburetor fuel 
bowl. When closed, it stops the flow of fuel. 


easten: an angular relationship between a wheel and its suspension. 


CATALYTIC CONVERTER: a component in the exhaust system in which harmful emissions are converted to 
water and carbon dioxide. 


cavitation: A condition found in fuel and water pumps as well as fluid couplings in which a partial vac- 
uum forms around the wheels or blades of a pump, lowering the pump’s output due to the loss of contact 
between the blade and the fluid it is pumping. 


cnassts: the frame or floor pan, suspension, brakes, and steering of a car. 


CHECK ENGINE LIGHT (ALSO CALLED MALFUNCTION INDICATOR Lamp): a dashboard light that goes on when 
the engine control module indicates a failure. It may also be capable of indicating diagnostic trouble codes. 


cmronoriuorocaReons (oFc): The best known of this class of chemicals was R-12 (a popular brand was 
Freon), which had heen used as a refrigerant in a car’s air conditioning system but which was phased out 
due to its negative impact on the earth's ozone layer, tr was replaced by R-134a, 


cnoxe: a thermostatically controlled plate/flap that pivots to restrict the flow of air through the carburetor 
when the engine is cold, to improve driveability by temporarily providing 2 rich fuel mixture. In a radio, a 
noise suppression devi 


eircurr: a complete path for the flow of electricity, such as from a battery, through wiring to a lamp motor, 
erc., and then back to the battery. 
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CLEAR FLOOD MobE: a situation in Which a carburetor oF fuel injection system increases the amount of air or 
reduces the amount of fuel when necessary to correct a problem called flooding. 


ewuren: a device used to join moving parts together and disengage them when desired, In a car, a manual 
clutch, operated by a driver pedal, disengages the engine from the transmission. It consists of a disc coated 
with friction material, and held in place by a spring-loaded metal plate, 


com: « winding of wire, See 1aNr10N cont, for example. 


COLD CRANKING AMPS: a measure of the electrical energy a hatrery can deliver to start (“crank”) the engine 


when it is cold. 


compusrion chammer: the area in the cylinder above the piston, where ignition of the air-fuel mixture 
occurs, 


Composite HEADLIGNT: A non-sealed-beam headlight used in the United States since 1984, which features a 
separate lens and bulb, each of which can be replaced individually, 


COMPRESSION (COMPRESSION STROKE): the squeezing of the air-fuel mixture by the upward movement of 
the piston into a small space, with the valves closed, It is one of the strokes of the engine. The greater the 
compression pressure (within limits), the greater is the power produced by the engine when the compressed 
mixture is burned on its power stroke, 


COMPRESSION Ratio: the volume of the combustion chamber with the piston on its compression stroke ver 
sus the volume of the cylinder with the piston at the bottom of its stroke. 


CONNECTING RO! 


2 a rod that connects the piston to the crankshaft. 


compressor (a/c): a mechanism in an air conditioning system which draws vaporized refrigerant out of 
the evaporator, then pressurizes it before sending it to the condenser, 


CONDENSER (A/c): a mechanism which converts the vapor in an air conditioning system into the liquid that 
later vaporizes to cool the air. 


CONSTANT VELOCITY (ev) JOINT: a universal joint usually employed to connect the half-shafts to the hubs of 
front-wheel-drive cars; in a CV joint, the driving and driven portions of the joint rotate at the same (hence 
constant”) speed. 


contact: in an clectric switch, the terminals that are bridged or brought together to close the switc| 


cootant: a mixture of water and antifreeze that absorbs excess heat from the engine and dissipates it into 
the atmosphere. 
cootiNG SYSTEM: 2 system for circulating coolant through the engine, a radiator, and the hearer using a 

water pump to keep the engine from running too hot, and to provide heat for the passenger compartment. 


RANK, GRANKING! the act of starting the engine, in which the starting moror turns a gear on the crankshaft 
to turn the flywheel fast enough for fuel and ignition systems to quickly go to work and enable the engine 
to continue running on its own. 


eRaNKease: The portion of the engine which contains and supports the crankshaft; it usually includes the 
coil pan and the lower part of the cylinder block. 


CRANKSHAFT: a rotating shaft thar moves the pistons up and down in the eylinders, When it is rorared by 
the downward force of burning air-fuel mixture oil the pistons, it provides the power that is eventually 
transferred through the transmission to the wheels to propel the car. 


CRANKSHAFT BALANCER (ALSO CALLED HARMONIC BALANCER): & circular device in the front end of the erank- 
shaft, designed to dampen some of the impulses from the combustion events in the eylinders. 


CRANKSHAFT JOURNALS: smoothly finished circular surfaces on the crankshaft, some of which are used with 
bearings to mate the crankshaft to the engine block. These are called main bearing journals. Others, also 
with bearings, mate to the connecting rods and are called rod journals, 


CRANKSHAFT SENSOR: A sensor that determines the rotational position of the crankshaft, and transmits the 
data to the engine control module, 


evLINDER HEAD: the top part of the engine that contains the cylinder ports, the intake and exhaust valves, 
‘on most engines the combustion chamber and on many engines, the camshaft (or two camshafts). 


CYLINDER HEAD GASKET: a gasket between the cylinder head and the engine block, 


evLINDER ports: passages in the cylinder head, two for each cylinder—one to bring the air-fuel mixture 


into the cylinder, the other to carry out burned exhaust gases. 


DIAGNOSTIC TROUBLE CODE (ALSO TROUBLE CODE): 2 number stored by the engine control module when it 
detects a failure in a particular electrical circuit or mechanical system itis capable of monitoring. This 
number is a useful guide to diagnosis, 


DIELECTRIC GREASE (ALSO CALLED SILICONE DIELECTRIC GREASE): a lubricant that repels moisture and has 
the property of adhering very well ro surfaces. 


DIESELING (ALSO CALLED RUN-ON): a condition in which a gasoline engine continues to fire after the ignition 
has been turned offs is usually the result of excess heat and unusually high manifold pressure, 


DIFFERENTIAL: a set of gears that accepts power from the transmission and transfers it to the wheels to drive 
the car. 


ise araxe: a hydraulic braking system in which flat steel plates coated with a lining of friction material 
(called brake shoes or pads) are pressed by a brake caliper against the sides of a metal disc to which the wheel is 
attached, The friction material rubs against the sides of the dise to stop the wheel when the brakes are applied 


DistRIBurOR: in an ignition system, an electromechanical device that contains a sensor to signal an elec- 
tronic ignition unit to activate the ignition system, and a rotor to distribure high-voltage electricity to the 
appropriate spark plug wire, through a cap into which the spark plug wires are fitted, The distributor has 
been replaced on most engines by electronic devices, 


DISTRIBUTOR ADVANCE (WEIGHTS): a pair of spring-loaded centrifugal weights that cause a change in ignition 
timing at higher engine speeds by pivoting a plate within the distributor; on older cars only. 


pisteiBuror cap: a plastic cover over the distributor. It holds the wires from the spark plugs and the igni- 
tion coil, 


DISTRIBUTOR DRIVE GEAR: a gear on the distributor that meshes with a gear on the camshaft to cause a shaft 
in the distributor to turn. The gear is held to the shaft by a pin. 
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DISTRIBUTORLESS 1aNtTION: 4 form of electronic ignition in which the distributor is replaced by an elec- 
tronic module and a special sensor in the engine. 


privesetr: a rubber belt that transfers power from a pulley on the engine to a pulley on an accessory to 
operate the accessory. Also see VeBEU 


privesnart: & shaft from a transmission, either to a wheel or to an axle housing, to transfer power. When 
used to transfer power to a rear axle housing, it also is called a propeller shaft. 


DRIVETRAIN: a collection of components, including the eransmission, driveshaft, differential—and any asso- 
ciated shafts, gears, clutches, and joints—which transmits power to the wheels. 


DRUM BRAKE: 2 hydraulic braking system in which half-moon-shaped brake shoes are pushed by pistons in 
a wheel cylinder against the inside cylindrical surface of a part called the drum, to which the wheel is 
attached. The brake shoes are coared with a lining of friction material that rubs against the drum surface to 
stop the wheel when the brakes are applied. 


DUAL BRAKING SYSTEM: a braking system which features independenc hydraulic circuits for each pair of 
wheels (divided into front/back or diagonal front/back pairs) 


DYNAMIC BALANEING: the process whereby an automotive part, usually a wheel or erankshalt, is balanced so 
as to correct the tendency of an out-of-balance part to rock or vibrate. The dynamic balancing solution to 
such rotational problems—as opposed to the method of “static halancing”—is ta introduce a counter- 
‘weight to offset the irregularities. 


pywamomeren: A device used to measure horsepower and torque. When applied to an engine it measures 
the power transmitted to the flywheel; when applied to a chassis, it measures the power transmitted to the 
wheels. 


ECM: See ENGINE CONTROL MODULE. 


ecu: electronic control unit. It is the “brain” for an electronically 
called an gem, 


controlled system, One for an engine is 


EGR: Sc EXHAUST GAS RECIRCULATION. 
evecrrowyre: A solution used in auromobile batteries to conduct electricity; voltage and current are gener- 
ated when the solution comes into contact with the material on the battery plates. The electrolyte used in 
batteries is composed of distilled warer and sulfuric acid. 


ELECTROMAGNETIC PICKUP: sce PICKUP. 


ELETRONIC IGNITION: the modern type of ignition system, in which electronic components replace some of 
the electromechanical switches previously used. On newer cars it refers to DISTRIBUTORLESS IGNITION. 


ELECTRONIC IGNITION MODULE: 


NITION CONTROL MODULE. 


EMERGENCY BRAKE (ALSO CALLED PARKING BRAKE): A separate and independent braking system to be used 
as a backup system in the event of a failure in the primary braking system or to assist in holding the ear sta~ 
fionary when parked. A pedal or hand lever is the normal mode of engaging the emergency brake, which is 
connected mechanically to either the front or rear brakes, although an electric motor and ECU applies the 
parking brake on some new cars. 


EMISSIONS (EXHAUST): those compounds in the exhaust gases that are harmful to air quality. Typically mea~ 
sured are carbon monoxide and and unburned hydrocarbons (gasoline particles), and even oxides of nitto- 


gen, which is a component of groundlevel “smog.” 


ENGINE BLoc! 


the lower pact, of the engine, in which the cylinders, pistons, and crankshaft are located. 


ENGINE CONTROL MoDULE (EoM): the clectronic computer that takes readings from various electronic sensors 
‘on the engine and possibly the transmission, and performs such functions as controlling idle speed, turning 
on the air conditioning, regulating fuel mixture and ignition timing and triggering various emission control 
devices, such as exhaust gas recirculation and the fuel yapor control system. 


ENGINE IDLE SPEED: the rotational speed at which the engine runs when the driver’s foor is off the gas 
pedal, The speed is regulated hy the engine control module on late-model cars. 


ENGINE MOUNTS: The Supports that connect the transmission and engine to the car's chassis. Composed of 
rubber and steel, the engine mounts absorb the motion (twisting, vibrating, ete.) produced by the opera- 
rion of the engine and transmission; they also assist in reducing the noise and motion transmitted to the 
passenger compartment. The most efficient recently developed mounts are hydraulic, in some cases elec~ 
tronically-controlled, 


ENGINE OIL GALLERY: a series of passages, usually drilled, through which oil circulates to key sections of the 
engine and to the crankshaft, 


ENGINE OVERHEATING: occurs when the coolant in the cooling system is so hor the metals in the engine are at 
a temperature that may cause damage to them, In addition, the engine runs poorly and usaally stalls, 


EVAPORATIVE EMISSIONS CANISTER: Sce CARBON CANISTER. 


EXMAUST GAS RECIRCULATION (EaR): « sy'stem featuring the FR valve, that controls a portion of the exhaust 
gas flow. It meters a small amount of burned gases from the exhaust system back into the cylinders to com- 
bine with the air-fuel mixture, diluting it, This reduces the fuel mixture combustion temperatures, to reduc 
formation of oxides of nitrogen, 


EXHAUST MANIFOLD: a component with chambers that carry burned exhaust gases from the cylinders into 
pipes that allow them to flow to the catalytic converter and through that to the muffler and tailpipe. 


Exnausr stroxe: when the piston is moving up 
are being pushed out into the exhaust system. 


the cylinder, the exhaust valve is open and burned gases 


Exnausr system: the series of parts that carries burned gases from the cylinder head of the engine out into 
the atmosphere, It includes one or two exhaust manifolds, on recent-madel cars typically one or two eat- 
alytic converters, interconnecting pipes, a muffler, and a final pipe called the tailpipe. 


EXHAUST VALVE: a valve that when open allows the flow of burned gases from the air-fuel mixture to travel 
into the exhaust system 


FAN BeLt: a rubber band used to transmit power from a crankcase-driven pulley to the pulleys driving the 
fan, alternator, power steering pump, air conditioning pump, etc. It is usually composed of rubber rein- 
forced by steel or cord to minimize the risk of stretching. It may have a V-shaped cross-section or a multi-V 
shape across the underside (a design called a ribbed belt). 


FEELER GAUGI 


a blade or piece of wire of predetermined and carefully calibrated thickness, used to mea- 
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sure the gap between two parts, It is most often used as the tool to determine the clearance between a spark 


plog’s inner and outer electrodes. 


ririna onveR: the sequence in which spark is delivered to the cylinders, which are numbered according to 
position in the engine. The sequence is determined by what is necessary to provide a smooth flow of power 
to the crankshaft. A firing order for a six-cylinder engine might be 1-5-3-6-2-4, 


FLoopina: a condition in which there is excess fuel flowing from the carburetor or fuel injectors, It may 
cause the engine to stall or run poorly, 


FLusHING TEE: a device with three hose necks laid out in the shape of the letter T that is spliced into a 
heater hose, secured with hose clamps, The neck on the stem is covered with a threaded eap, which is 
removed and a household water hose is attached (with a special adapter) ro run water through the cooling 
system to flush our dire, cust, ete 


Fuywwest: a heavy wheel at the rear of the crankshaft thar smooths out its transfer of power to the trans- 
mission. It has a gear around its circumference, which meshes with a gear on the starter so the turning of 
the starter cranks the engine, On automatic transmission cars, it is a thin steel plate, to which the torque 
converter is attached, 


FOUR-STROKE ENGINE: the typical auto engine, with intake, compression, power, and exhaust strokes to 
form one complete cycle in two complete revolutions of the engine. 


FUEL-AIR MIXTURE: Sec AIR-FUEL MIXTURE. | 


FUEL FILTER: a filter to remove dirt and some water from the fuel. If the filter is installed in the line between 


the fuel pump and the carburetor or fuel injection system, it is called an in-line filter. 


FUEL IsEcrION: a system thar uses fuel injectors to deliver fuel to the cylinders, Also see MULTIPORT FUEL 
INJECTION and THROTTLE-BODY FUEL INJECTION. 


FUEL msEcror: a device that sprays fuel into a cylinder port a a throttle body. Although most injectors are 
electromechanical devices, some are purely mechanical. 


FUEL PRESSURE? the pressure, measured in pounds per square inch or kilopascals, of the fuel in the line 
from the fuel pump to the carburetor or fuel injection system. It is measured with a special gauge. 


FUEL PUMP: « pump that draws fuel from the tank and delivers it under pressure to the carburetor or fuel 
injection system. It may be mechanical, operated by the engine, or electrical. 


Fuet ait: in a multiport fuel injection system, a line of tubing at the engine to which the fuel injectors are 
attached and from which they receive the fuel they i 


‘asker: a flar material designed to compensate for irregularities and therefore prevent leaks between mat- 
ing surfaces. 


Geargox: a hous 


1g with gears, such as a transmission. 


GENERATOR: a device powered by a drivebele that converts the mechanical energy of the engine into electri- 
cal energy for electrical devices and to recharge the car battery. 


Governor: a mechanical, electrical, or hydraulic device used to restrict the maximum speed of a vehicle 


in order to reduce wear and tear on the engine and dri 
safer, 


train and make the operation of the vehicle 


OREASE FITTING: a small nipple containing a spring-loaded valve, threaded into a part that needs periodic 
lubrication with grease, The nipple is shaped to accepr the rip of the grease gun, 


GREASE GUN: a servi 


€ tool thar injects grease, usually into a grease fitting, but also into hinge joints. 


GROUNDING (SUCH AS GROUNDING A TESTER): attaching a wire (such as from a tester) to a ground, a metal 
part of the engine or car body, or the negative terminal of the car battery. 


arounps: the negative terminals of modern automotive circuits. Typically, the engine and metal car body 
serve this purpose. They provide a complete circuit hack to the battery without the need to run many wires 
to the battery itself. 


HALE SHAFT: cither of two rotating shafts that connect the transaxle to the wheels in a front-wheel drive car, 
Half shalts may he either solid or tubular in construction. 


watt (EFFecr) swireH: an electronic switch often used as a sensor, such as a type of pickup. 
WARNESS: sce WIRING HARNESS. 


HEAD GASKET: Sve CYLINDER HEAD GASKET. 


nin which the car's engine fails to respond promptly during acceleration, 


NYDRAULIC BRAKING SySTEM: this is the braking system on every modern car, When the driver steps on the 
pedal, he/she pushes on a piston inside a brake master cylinder filled with fluid. This motion is transferred 
through the fluid in lines to each wheel, where a disc or drum brake stops the wheel. Use of fluid under 
pressure to perform work is called hydraulics. On some new cars, an electronic system controls the 
hydraulic system, 


HyoROMETER: a tester for measuring the freeze protection of the engine coolant as well as the specific grav- 
ity of battery electrolyte. 


IDLE SPEED: See ENGINE IDLE SPEED. 
JGNITION cotL: a voltage transformer for the ignition system. It converts the 12-volt current from the bat- 


tery into the high voltage necessary to fire across the spark plugs. The voltage needed typically ranges from 
under 10,000 to as much as $0,000 voles. 


1GNITION CONTROL MODULE: an clectronic module that controls the ignition system, perhaps in conjunction 
with the engine control module, 


IGNITION PICKUP: Sce PICKUP. 


AenttioN PRimaRY: the low-voltage pact of the ignition circuit, such as part of the ignition coil wiring, the 
pickup, electronic ignition module, and engine control module, 


JentTion SeconpaRy: the high-voltage part of the ignition circuit, such as part of the ignition coil wiring, 
spark plugs, spark plug wires, distriburor cap, and rotor. 


Janition system: 2 group of components in a circuit that transforms the 12. 


colt battery electricity to 
inder at the correct instant to 


approximately 10,000-0,000 volts, and delivers that electricity 
ignite the air-fuel mixture. 


ro each ey 


taNiTion TiMuNG: Sc: 


INLET soek: a coarse fuel filter in an older fuel tank, designed ro remove only very large dirt particles: it ean 
last the life of the car, 


INTAKE MANIFOLD: a component with passages thar lead from the throttle body to the combustion chamber 
intake port for each cylinder, lt carries the air-fuel mixture on engines with carburetors or throttle-body 
fuel injection, or just the air on engines with a fuel injector at each cylinder (multiport fuel injection). 


INTAKE STROKE: when the piston is going down in the cylinder, and the intake valve is open, so the down- 
ward movement creates'a vacuum that draws in air-fuel mixture, 


intake vatver a valve that when open allows the low of air-fuel mixture through the cylinder port into the 
cylinder. 


JUMPED TIM incorrect because of a mechanical malfunction. 


a Situation in which ignition or camshaft timing i 
sume: a wire with a clip at each end. Itis used to make a temporary electrical connection. 


kwoek: a knocking sound, Ie may be produced by worn engine parts, by an ignition system with excessive 
spark advanee, or by low-octane gasoline. 


kNock SENSOR: a device that senses knock and reports this to the engine control module, which adjusts 
ignition timing to eliminate it. 


LAMINATED WINDSHIELD: a windshield, standard on all American cars, composed of two sheets of glass with 
a thin layer of plastic between them to keep the windshield from splintering. 


LATERAL RUNOUT: a Condition in which a wheel wobbles from side to side as it rotates. 


LeAF spRiNa: a type of spring composed of a flat strip or several long, slightly curved flexible steel or fiber- 
glass leaves (plates). Leaf springs are commonly used in conjunetion with the rear axle of trucks. 


LEAN FUEL mixTURE: an air-fuel mixture that contains an excessive amount of ais, and thus affects combus- 
tion of the mixture in the cylinders. 


MALFUNCTION INDICATOR LAMP: Sec CHECK ENGINE LIGHT, 


MACPHERSON stRUT: an oversized shock absorber first developed by Earle MacPherson at Ford. It replaces 
the upper control and ball joint when used on the front suspension; some have removable internal compo- 
nents that can be easily replaced. 


MANIFOLD HEAT CONTROL VALVE: a thermostatic valve that controls the flow of exhaust gases so they heat the 
air-fuel mixture for better driveability when the engine is cold. It was used on engines with carburetors. 


ap SeNsoR: a variable resistor used to monitor engine load and accordingly adjust spark timing and fuel 
mixture. 


MASS AIRFLOW SENSOR: a sensor that measures the amount of air flowing to the throttle body in a fuel 
injection system and reports this information to the engine control module. 


micromereR: a precision measuring instrument. 

microprocessor: a small computer. 

Mip-ENGINE: an engine whose location is wholly or in part within the wheelbase. Due to the more even 
distribution of weight that it produces, the mid-engine is frequently used in racing and high-performance 


vehicles. 


musrine: erratic operation of an engine caused by failure of one or more cylinders to contribute power. The 
problem could be in a mechanical system, in the air-fuel delivery, or in the ignition system. 


MISS: See MISFIRE. 


MUFFLER: a part of the exhaust system that contains haffles or special materials o muffle the sound of 
exhaust gases moving out of the engine, 


MULTIPORT FUEL INJECTION (ALSO CALLED MULTIPOINT FUEL INJECTION): « gasoline delivery system in which 
there is one injector for each cylinder, and that injector is located at the cylinder port. 
. See RESISTANCE; also AMPS and VOLTS. 


‘owm: the measurement of resistance in an electrical circ 


trical circuit or wire. 


oummerer: a meter that reads resistance, measured in ohms, in ane! 


01 PAN: a removable receptacle thar is locared ar the bortom of the eylinder block and contains the 
engine’s oil. 


on pume: the pump that circulates oil to all the moving parts ofan engine, Usually driven from the 
crankcase by gears or cams, the oil pump is also fitted with an inlet screen to filter the ail before it enters 
the pump. 


OPEN cincurr: a wiring circuit that is interrupted, such as by an open switch, a bad wiring connection, or 
an internal break in the wiring. 


ORIGINAL EQUIPMENT MANUFACTURER (OEM): & generic term that refers to an automobile company oF sup- 
plier which manufactures the parts used in the original assembly of a car. 


‘0-RING: a type of sealing ring with a cross-section shaped like the letter O, often made of rubber. 


our oF ROUND: 3 condition in which a brake drum has lost its original shape due to inconsistent wearing, 
warping, etc.; a dram that is out of round will produce pulsing, grabby bral 


OVERHEAD-camsHAFT: a type of engine in which the camshaft is mounted in the cylinder head. This design 
eliminates the use of pushrods. 


OVERHEAD VALVE! a type of engine with a camshaft mounted in the engine block, operating valves in 
the cylinder head through a “train® of valve lifters resting on camshaft lobes, pushrods transmitting 
the lifting force from the camshaft to rocker arms that pivot to open the overhead valves. Also called 
“valve in head.” 
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4/What’s Next? 


Now that you've learned the ins and outs of soldering, it’s time to do mare, 
You can share this book with a friend so they can learn, or you can teach 
them yourself. And the world is full of wonderful things you can make now 
that you know how to solder. 


Teach the World to Solder 


Before you can teach someone to solder, you need to figure out what you 
want them to try making. You can purchase more Learn to Solder Skill Badge 
Kits from http://makershed.com. Here are a few tips for teaching soldering 
to others: 


‘Keep Your Hands Off the Tools 
You're there to teach, not to solder. And your students will learn best if 
they always have their hands on the tools. If you grab the tools from 
them and do part of the work, they won't learn from it 

Be Patient 
Try to remember what you went through the first time you tried to sol 
der. It takes time, and you did things incorrectly, and maybe you even 
made mistakes that required desoldering. Let your students learn from 
their mistakes, and let them take their time. 

No Food or Beverages 
Even with lead-free solder, there are chemicals in the flux that aren't 
good for you. If you allow food or drink near the work area, it could get 
contaminated. Keep toad and drink away from where yau're working, 

Make Sure There's Plenty of Light 
‘The components you wark with while you solder are small, and hard to 
see, Make sure to use a well-lit workspace for teaching, 

Keep Spare Parts Around 
Beginners will break things. Pick up some spare resistors, LEDs, and 
‘other common components, and have them on hand in case you need 
to replace a damaged component. 


oxipes oF NITROGEN: an exhaust emission formed by nitrogen in the air at very high fuel mixture combus- 
tion temperatures in the combustion chamber. 


oxvaeN sensor: an clectronic device threaded into the exhaust system to measure oxygen content in the 
exhaust gases, High content usually indicates a lean fuel mixture was burned in the combustion chamber; 
Jow content usually indicates a rich fuel mixture. 


PASSIVE RESTRAINT: any safety device which restrains the movement of passengers inside a car but which 
requires no action on the part of the passenger to do so; the most common examples are seat belts and airbags. 


PCV: See POSITIVE CRANKCASE VENTILATION. 


Piexup: the sensor in the ignition system's distributor. Also a term that may he applied to any sensor or 
sending unit. 


pints: the tip of some types of valves 


ison: a cylindrical cap-shaped part that moves from one end to the other in a cylinder, such as in-an 
engine to compress the air-fuel mixture. When the piston moves down under pressure from the burning, 
expanding mixture, it turns the crankshaft. A piston may also be used to transfer hydraulic force, as in the 
hydraulic braking system 


Piston star: a slapping noise in the engine caused by piston wear. 


PIsToN RING: a thin open-ended ring that is installed in a groove on the outer diameter of a piston in order 
to create a seal between the piston and the associated cylinder and prevent any oil from entering the com- 
bustion chamber, Most pistons have three rings, two for compression sealing and one for oil control. 


PLASTIGAGE: a plastic material that compresses to the thickness of the clearance between a crankshaft 
journal and a bearing when the bearing retaining cap is installed, so the clearance can be checked against 
specifications. 


POINTS AND CONDENSER: a simple electromechanical system in which a distributor-controlled switch (the 
points) and an electrical charge storage device (the condenser) were the control parts for an automobile 
ignition system, They were replaced by electronic components beginning in the 1960s, although some cars 
had points and condenser in the early 1980s, 


POSITIVE CRANKCASE VENTILATION (FeV): an emissions control system for unburned gasoline droplets that 
slip past the piston rings and go into the engine crankcase. A PCV valve controls the flow of the unburned 
fuel back into the cylinders tor burning, so that the flow increases with engine speed. If the valve is stuck 
open, it can upset the engine idle speed. 


owen arane: a device that provides an assist to the driver when the brake pedal is depressed. Although 
most power brake units are vacuum operated, some use hydraulic pressure, 


Power staoxe: occurs when the piston is pushed down by the expansion of the burning air-fuel mixture in 
the cylinder. 


POWERTRAIN CONTROL MODULE: an engine control module that also controls the automatic transmission 


PREIGNITION: ignition of the air-fuel mixture in the cylinders that occurs prior to the arrival of the spark. Ie 
may be caused by a hor spor in the combustion chamber. 
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Pusirop: 2 part of the engine valve system in.a “pushrod valve” arrangement. In this system (see CAMSHAFT) 
the camshaft is in the middle of the engine and the pushrod rests in the lifter. The opposite end of the 
pushrod pushes against a device in the cylinder head called a rocker, which pivots to push open a valve. 


RapiatoR: a heat exchanger that dissipates into the atmosphere the heat absorbed by the coolant as it ciren- 
lates through the engine. 


amt Tuses: tubes of a specific length and shape in the intake manifold that promote performance at certain 
engine speeds by “ramming” air into the cylinders. 


RECHARGE: as in to recharge a battery, which means to restore the electrical energy dissipated in starting the 


engine and other uses. 


REFRIGERANT: the substance used in an air conditioning system that absorbs, carries, and releases heat as it 
changes from a liquid to a gas and back to a liquid again, The most commonly used refrigerant currently in 
use is R134a, although older vehicles still may have R-12. 


RELAY: an clectrical switching device that allows a small amount of cursent in one circuit to control a much 
larger flow of current in another circuit. 


RESISTANCE: a measurement, in a unit called ohms, of the resistance of electricity to flow in a circuit. It 
equals the voltage in thar circuit divided by the amperes. 


ResistoR: a device that restricts the flow of current ina circuit, 


RICH FUEL MIXTURE: an air-fuel mixture thar contains more fuel than is necessary for efficient combus- 
tion in the cylinders, and so reduces gas mileage. A rich mixture, however, may be necessary for easier 
cold starting, 


ROCKER (ALSO CALLED ROCKER ARM): 2 pivot installed in the eylinder head. When one end is pushed, the 
rocker pivots to push open a valve. 


Rotor: another name for the disc in'a braking system, See ise BRAKE, Also the term for a rotating part 
inside the ignition distribucor, which serves to distribute high-voltage electricity co the spark plug wires. 


em: revolutions per minute, the measurement of engine speed. 


RUN-ON: the tendency of an engine to run for a brief period after the ignition key is turned off. Also called 
dieseling and after-run. It may be caused by an engine malfunction or low-octane gasoline, 


SAFETY STAND (ALSO CALLED JACK STAND): « device that can be securely locked at a choice of heights, so it 
can be placed under specific parts of the car underbody to support the weight of the car that has been 
raised with a jack, and keep the car safely in place. 


SCHRADER-TYPE VALVE: 2 Valve with a spring-loaded pin, in which the pin is depressed to open the valve. A 
Schrader-type valve is used at each tire, on most air-conditioning systems, and on some fuel injection sys- 
tems. Schrader is a manufacturer of this type of valve, 


SENDING UNIT: a device that senses something, On the car it may sense oil pressure 
temperature, air temperature, transmission oil temperature, and fuel level. 


n the engine, coolant 


SENSOR: a sending unit. Also an electronic device that senses something and reports its reading to an elec- 
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tronic control unit, such as an engine control module, See OXYGEN SENSOR, THROTTLE POSITION SENSOR, 
MASS AIRFLOW SENSOR. 


‘SHOCK ASO! 
the cai 


jer: a device that forces fluid through narrow openings co dissipate the energy 
prings when the wheels ride over bumps in the road, 


sorbed by 


SHOES: Sc BRAKE SHOES. 


SHoRT ciRcuIT (oR SHORTED ciReUIT): a wiring circuit that ends short ofits completed path because of a 
wiring faule, 


SOLENOID: an electromagnetic switch with an arm or a shaft that can perform a mechanical function when 
Jectricity is applied. Most fuel injectors contain a solenoid. 


spark: in an engine, the high-voltage electricity that jumps an air gap in a spark plug, A check of the deliv- 
ery of this spark from the end of the spark plug wire is called a eMEeK FOR SPARK and is a basic automotive 
rest when an engine fails to start. 


SPARK ADVANGE: a change in ignition timing, so it occurs earlier than it did, for better performance. Timing 
may be set back (“retarded”) to prevent knock. See SPARK RETARD. 


SPARK KNOCK: sce KNOCK. 
SPARK PLUG: a part with two electrodes, with a ceramic between them as an insulator, and the electrode 
tips separated by an air gap, threaded into cach cylinder. When high-voltage electricity is applied, it jumps 
through the air gap between the electrode tips and ignites the air-fuel mixture. 


‘SPARK PLUG Boor: the nipple end of the plug wire jacket. It covers the terminal on the end of the plug itsel. 


‘SPARK PLUG CABLE 


another common name for spark plug wire 


SPARK PLUG ELECTRODE: one of two electrical contacts at the tip of a conventional spark plug. The spark is 
the high-voltage arc that bridges the air gap hetween them. 


‘SPARK PLUG HEAT RANGE? a spark plug design factor, It refers to the spark plug’s ability to dissipate heat, 


‘SPARK PLUG WIRE (ALSO CALLED IGNITION wiRE): a wire with thick rubber insulation that carries the high- 
voltage spark from the ignition coil to the spark plug. 


‘SPARK RETARD? « change in ignition timing so it occurs later than it previously did, either because of a mal- 
function or intentionally to stop engine knack caused by the ignition system, 


SPEC, SPECIFICATION: a number that is a standard of performance or service adjustment, 


STARTER, STARTING MoTOR: the motor that is activated by battery current to start the engine. 


STARTER RELAY: a relay used in the starting system. 


STARTER SOLENOID: a solenoid used in the starting system, typically buile onto the starting motor. 


STEERING BOX: a gearbox which converts the circular motion of a steering wheel into the motion of the 
steering arms, knuckles, and wheels, It is located near the bottom of the steering shaft. 


GLOSSARY 


stroke: the distance a piston travels from bortom dead center ro top dead centes, 


SUSPENSION: a system of bars, springs, and shock absorbers to which the wheels are attached, and which 
supports the car body and the underbody frame on which it may sit. 


‘TacHOMETER: an instrument for measuring rpm. 
raitire: a pipe that follows the muffler and is the end of the exhaust system, 
TEMPERATURE-SENSITIVE BIMETAL COIL: a part made of dissimilar metals that cause the coil to flex with 


changes in temperature. The flexing bimetal can operate a emperature-sensitive device, such as a carbure- 
tor choke, or the hydraulic circuit in most non-clectric radiator fans, 


Test Lieut: a device used to rest electrical circuits. It contains a bulb or electronic equivalent, such as a 
light-emitting diode (LED), that goes on when a circuit is complete and carrying electricity 


‘THERMODYNAMIes: the science that deals with heat and heat transfer. 


THERMOSTAT: a temperature-sensitive valve that regulates the flow of coolant between radiator and engine, 


THERMOSTATIC AIR CLEANER: an air cleancr housing with a flap valve that is controlled by a thermostatic 
device. In one position, it ducts hot air from the area of the exhaust system into the engine for smooth 
operation when the engine is cold. In the other position, ir duets cool, more dense air from the front of the 
car into the engine when it is warm for more power, It was used on engines with carburetors. 


‘THERMOSTATIC SwiTc! 


a switch that opens or closes ata certain temperature. 


THROTTLE BoDY: the part of the fuel system that holds a flat, generally round plate (the throttle valve) that 
regulates the flow of air into the cylinders in response to how much the driver steps down on the accelera- 
tor. The throttle body may be part of a fuel injection or carburetor fuel system. Regulating the air flow con- 
trols the speed of the engine and therefore the amount of power it produces. 


THROTTLE-BODY FUEL INJECTION: « simplified fuel injection system with one or two fuel injeccors positioned 
above the throttle valve. 


THROTTLE POSITION SENSOR: a sensor that determines how far the gas pedal has been depressed, and deliv- 
cers thar information to the engine control module. 


THRUST ANGLE? a locational relationship between the front and rear sets of wheels. 


me nop: a rod which is part of the steering system and links the steering knuckles to the steering ra 
center link. 


TIME: the state of timing, See suMPED TIME. 

timing: the regulation of the ignition system such that it produces a spark at the spark plug at the correct 
instant for combustion; the regulation of the camshaft such that it opens and closes the valves to admit air- 
fuel mixture and allow exhaust gases to exit the cylinder. 


TIMING GUN: see TIMING LIGHT. 


TIMING LIGHT: a special type of light that when aimed at a mark on a rorating part lights only when a spark 


237 


338 


plug is triggered, so the mark seems to stand still. The instantaneous alignment of this mark with a fixed 
mark on the engine permits a check of ignition timing, and adjustment if necessary. See TIMING MARKS. 


MING MARKS: 2 fixed mark on the engine and a second mark on a part that turns with the crankshaft 
(such asa belt pulley in front or the engine flywheel in the rear). When these marks align (as checked with a 
timing light) is an indication of the adjustment of the ignition system. Many late-model vehicles, with com- 
purer controls of timing, do not have these marks. 


Tok: a measurement of whether the wheels at front or rear point toward each other (called roe-in) of away 
(called toe-out). 


TOP DEAD CENTER (roc! 


when the piston is at the very top of its upward movement. 


TORQUE CONVERTER: a fluid: 
transmission, 


filled device with fanlike members that couples an engine to an automatic 


TORQUE WRENCH: a wrench with a dial that reads in a measurement of twisting force, such as pound-feer or 
counce-inches, or their metric equivalent, such as Newton-meter, abbreviated N-m. 


TORSION BAR: 2 Spring in the shape of a bar, It has been used in the suspensions of many cars. 


Torx: «type of screwhead that requires a specific size Torx wrench to be loosened or tightened. 


TRANSAXLE? 2 transmission/axle combination, most often found in front-wheel drive ears, in which the 


clutch, gearbox, and differential are all housed in a single unit. 


TRANSMISSION: a component with gears and shafts that takes the power of the engine and transmits it, 
through external shafts, to the wheels to move the ear. The gears have different ratios to move the ear at 
different speeds. 


TRIGGER WHEEL: in the ignition system, a wheel with flat, square “teeth,” operated by a shaft in the distrib- 
utor It often is used to trigger a Hall-cffect pickup to produce a signal to the engine control module. 


‘TROUBLE CODE: See DIAGNOSTIC TROUBLE CODE. 


ras wine: a type of resistance wire used for spark plug wires. It minimizes ignition system interference 
with the radio and other electronic components on the eat. 


UNIVERSAL JOINT (U:JOINT, ALSO CALLED CARDAN JOINT): a flexible coupling using a double yoke and a four- 
point cross, Its used most commonly to connect the driveshaft ro the transmission and the differential in a 
front-engine rear-drive car. 


vacuums pressure that is lower than atmospheric, produced by the engine or a pumping device, mea- 
sured in inches or millimeters (mm) of mercury. The engine produces about 17-22 inches (approximately 
430-560 mm) at engine idle speed. Engine vacuum normally is measured at a hose neck on the intake 
manifold. 


VACUUM @AUGe: si gauge that measures vacuum, such as that produced by an engine, 


vacuum Hose: a hose thar connects a source of vacuuim, such as on the engine’s intake manifold, to a 
device thar uses it, such as a power brake unit. 


vacuum LEAK: a Joss of vacuum from a leaking hose or defective gasket. 


VALVE CLEARANCE: an air gap thar exists between the tip of a valve and the part that opens it when the valve 
is fully closed, In some engines this gap is adjustable and must be set to specifications. 


VALVE LIFTER: a valve train component. In OHV (overhead valve) engines, the lifter is positioned between the 
cam lobe and the pushrod. In some overhead camshaft engines, the lifter is positioned between the cam 
lobe and the valve stem, 


VALVE SEAT: a surface in the combustion chamber, against which a valve seats when closed. 
VALVE SPRING: a spring that keeps an engine valve closed until pushed open by a rocker or by the valve lifter. 
vaive train: the system of parts thar operates (and includes) the intake and exhaust valves. 


V-pett: a drivebelt with the cross-sectional shape of the letter V that rides in a similarly shaped pulley. Also 


Vours (oR VoLTAGe): a measurement of electrical pressure. The automobile today uses an electrical system 
that operates on approximately 12 volts. Most engine control modules and their associated parts contain 
both S-volt and 12-volt circuits, A car's ignition system typically develops about 10,000-30,000 volts. Also 
sce AMPs and OHMS. 


Vourmerer: a test meter that measures volts. 


V-TYPE ENGINE: an engine with owo banks of cylinders set at an angle, such asa V4, V6, V8, VIO, V12, and 
V16, The number following the V is the total number of cylinders, such as two banks of two cylinders in a 
v4. 


WATER JACKET: passages in an engine through which coolant is circulated. 


warer PuMe: a small pump, driven by a pulley, which circulates coolant through the cooling system; it can 
be driven by the fan belt, alternator belt, or overhead cam timing belt or ch: 


WHEEL ALIGNMENT: adjustment of the suspension and steering of a car so it rides straight down the road and 
responds predictably in turns. The measurements adjusted or checked include Toe, casTER, CAMBER, und 
THRUST ANGLE. 


WHEEL BEARING: a ball or roller bearing assembly that supports whatever part to which the wheel is 
mounted, so the wheel can spin freely’ as the car rolls down the road. See BEARING. 


WHEEL cHock: a triangular piece of metal or wood that can be wedged between a tire and the ground to 
keep the car from rolling, 


WHEEL SPINDLE: a flange that holds the wheel bearing assembly. It may be the end of a driveshaft. 


wintN pisGRaM: a diagram thar shows how the wires in the car, or an individual circuit, are connected to 
components and to one another. 


WIRING HARNESS: 3 group of wires bundled together and covered by a protective jacket. 


WIRING HARNESS CONNECTOR: a single connector with many terminals for electrical wiring connections. 
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brakes 34, 3: 
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245, 246, 247 

actuator 247 
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caliper 218, 225, 226, 227,229, 
230 
corrosion 246 
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curing pulsing brakes 34, 35, 36 
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222, 223, 224 
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discs 34, 35, 216, 218, 245, 246, 
247 
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fluid 216, 228, 229, 230 
flushing 228, 229, 230 
four-wheel disc brakes 221 
how brake rotors work 246 
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223 
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27 
inspection 35 
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pads 217 
rear disc 247 
rear drum 36,217 
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219, 220, 221 
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247 
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dealing with a low brake pedal 
222, 223,224 


diagnosing and repairing wheel 
vibration 238, 239, 240, 241 
fixing suspension elunks and 
rattles 248, 249, 250 
flushing your brake system 228, 
229,230 
replacing a parking brake cable 
219, 2 
replacing a steering rack 242, 243, 
244 
servicing brake dises 245, 246, 
247 
servicing drum brakes 231 
233 
servicing front brake calipers 225, 
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solving steering-pull problems 
234, 235, 236, 237 
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cable-operated 147, 149 


“clutch pilor tool” 151 
how it works 148 
hydraulic 147, 149 
inspection 149, 150 
installation 151 
mechanical 147 
removal 149, 150 
replacement for front-drive 147, 
148, 149, 150, 151 

coil-on-plug iginition (COP) 23 


102, 103, 104 
coolant 30, 31, 38, 102, 131 
cooling system 102, 103, 104, 112, 
113, 114, 115, 132, 133, 134, 196 
bleeding 113 
coolant 102 
draining coolant 112, 113 
flashing 112, 113, 114, 115 
hose clamps 102, 103, 104, 113 
hose removal 113, 132 
hoses 104, 113 
how coolant hase leaks oceur 103 
how cooling systems work 114 
overflow tank 112 
picking the right antifreeze 114, 115 
refilling 113 
repairing leaks 102, 103, 104 
wikshaft 109, 117, 150, 151 
nkshaft sensor 118 
computers 189, 190, 191 
computersafe test light 189 
computer system data analyzer 
191 
diagnostic plug 189 
in air duct assembly 189 
installation 191 
map sensor 189 
On-Board Diagnosties II (OBD 1) 
isn 
replacement 189, 190, 191 
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dampers see shock absorbers 
detailing your ear 272, 273, 274 
brushes 
burn and hole repair 272 
carpeting 272 
carwash soap 273 
chamois 274 
cleareoat paint 273 
conditioner 2372 
cotton swabs 272, 273 
dashboards 272 


floor mats 272 
gauge lenses 273 
interior 272 
Megiar’s Quick Detailer 274 
polish 272,274 
seats 272 
scratches 273 
Simple Green cleaner 272 
stain cleaner 272 
tinted windows 273 
tires 274 
toothbrush 272, 274 
upholstery 272 
vacuuming 272 
ventilation grilles 272, 
vinyl repair kits 272 
wax 272, 273,274 
wheels 274 
windshield 273 
wood trim 273 
Digital Multi-Merer (DMM) 180 
distributor cap 22, 23 
dome-light switch 184 
double-wire clamp. 102 
drain pan 144 
‘The Driver's Seat 259 
drivetrain 138-157 
changing your transmission fluid 
152, 153, 154 
curing a harsh-shifting automatic 
140, 141, 142, 143 
replacing an automatic transmis- 
sion filter 144, 145, 146 
replacing a front-drive car's clurch 
147, 148, 149, 150, 151 
replacing wjoints. 155, 156, 157 
drum brakes 216,217, 231, 232, 233 
chamfering 233 
diagnosis 231 
dial indicator 232 
installation 232, 233, 
linings 231 
removal 231, 232 
servicing 231, 232, 233 
shoes 233 
drying out a flooded car 291,292, 
293 
brake fluid 293 
doors 297 
electrical systems 293 
engine management computer 292 
engine seals 291 
filter 291 
headlamps 293 
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high-water marks 291, 293 
how salvage titles work 293 
interior damage 291,292 
oil 291 

taillights 291 

transmission 291 
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Earl Scheib 278 

electric cooling fan 125, 126, 127 
checking motors 125, 126 
how it works 127 
problems 125, 126, 127 
relay diagnosis 127 
temperature gauge 125 
testing cooling switch/sensor 127, 
127 

electrical and electronic systems 
158-213 
changing a fuse 210, 211, 212 
curing air conditioner odors 192, 
193, 194, 195 
curing radio noise 166, 167, 168 
eliminating battery drain. 182, 
183, 184, 185 
fixing a dead horn 160, 161, 162 
fixing faulty cruise control 207, 
208, 209 
fixing power windows 176, 177, 
78 
low-tech work on high-tech ears 
196, 197, 198, 199, 200 
repairing composite headlamps 
169, 170, 171 
repairing windshield washers 163, 
164, 165 
replacing your car's computer 
189, 190, 191 
replacing a fuel pump 179, 180, 
181 
replacing headlights 186, 187, 
188 
scan rool diagnosis 201, 202, 203 
servicing electronic suspensions 
172, 173, 174, 175 
wiring your trailer hitch 204, 205, 
206 

electrochemical degradation (ECD) 
14 

electronic ignition system 19 

emissions maintenance reminder 73, 
74,75 
checking emissions system 74 
finding reset location 74, 75 


resetting 73,74, 75 
service reminder relay 73 
warning light 73 

emissions tests 116 

engine 88-137 
checking your ignition timing 116, 
17,118 
cleaning throttle bodies 122, 123, 
124 
curing a el 
101 
curing slow cranking 105, 106, 
107, 108 
electric cooling fan problems 125, 
126,127 
finding engine knock 128, 129, 
130, 131 
finding oil leaks 109, 110, 111 
flushing your cooling system 112, 
113, 114, 115 
plogging leaks 132,133, 134 
repairing cooling system leaks 
102, 103, 104 
replacing engine mounts 119, 120, 
121 
replacing your water pump 96, 
97,98 
smoothing out a lumpy idle 93, 
94, 95 
today’s tuneup 90, 91, 92 
turning up your hearer 135, 136, 
137 

engine cranking 105, 106, 107, 108 
camshaft drive belt 108 
curing slow cranking 105, 106, 
107, 108 
ignition timing 108 
load test 106 
oil thickness 107 
starter motor 105, 
weather related 106 

engine idle 93,94, 95 
checking intake tract 93 
cleaning throttle bore 94 
how engine management system 
works 94 
idle speed controller 95 
smoothing outa lumpy idle 93, 
94,95 

engine knock 128, 129, 130, 131 
compression testing 129, 130, 131 
leakdown testing 129, 130 
locating 128, 129, 130, 131 
testing 129 


cking starter 99, 100, 


use of stethoscope 128, 129 
vacuum resting 129 
valvetrain 129 

engine mounts 119, 120, 121 
“dog hone” struts 119, 121 
how hydraulic engine mounts 
work 120 
installation 121 
replacement 119, 120, 121 
rubber bushings 119 
silicone leaks 120 
vacuum pump usage 121 


exhaust gas recirculation (EGR) valve 


74,92, 94 

exhaust manifold 20,21 

exhaust system 13, 14, 62, 63, 64, 
197 
hangers 62, 63 
joints 63, 64 
maintenance 62, 63, 64 
muffler 63 
shields 63 
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flarcix foam 10 

flywheel 150, 151 

fuel filter 179, 180 
removal 180 

fuel injector 19, 95 

fuel pump 179, 180, 181 
filter 179, 180 
fuel pressure gauge 181 
gerotor 181 
how it works 181 
relieving pressure 180 
replacement 179, 180, 181 
roller cell 181 
schrader valve 180 
turbine 181 
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gaskets 8, 14, 32, 98, 100, 119, 131, 
197, 276, 285, 287 
how they work 110 

Gate Krike-t gauges 68 

Gates Rubber Company 134 
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head gasket 131 

headlamps 169, 170, 171, 186, 187, 
188 
beam height adjustment 170, 171 
bubble level 169, 171 
circuit check 176 


daytime running lights (DRL) 
187, 188 
high intensity discharge lighting 
(HID) 186 
how high intensity discharge (HID) 
lighting works 170 
how quartz halogen beams work 
187 
quartz halogen bulbs 169 
repairing composites. 169, 170, 
a7 
replaceable bulbs 188 
replacement 186, 187, 188 
sealed-beam lamps. 188 
thumbwheel 169, 171 
high-tech cars 196, 197, 198, 199, 
200 
basic maintenance on 196, 197, 
198, 199, 200 
brakes 198, 199 
cooling system draining 196 
drive belt replacement 196, 197 
electric sytems 199, 200 
exhaust system 197 
gaskets 197 
shocks and struts 199 
thermostat replacement 197 
tuneup 199 
horn 160, 161, 162 
button 162 
fuse 160 
inspection 160, 161, 162 
mounting 160 
relay socket 162 
repair 160), 161, 162 
hydrometer 49, 50, 106 
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ignition timing 116,117, 118 
checking 116, 117,118 
cleaning timing tab 116 
finding timing marks 117, 118 
how a distributorless ignition 
works 117 
spour connector 118 
timing light 116, 118, 

intake air duct 122 

intake-manifold v: 

Intake snake 123 

interior and exterior 254-313 
aligning body parts 275, 276, 277. 
detailing your car 272, 273, 274 
drying out a flooded car 291, 292, 
293 


um 129 


finding and fixing warer and air 
leaks 285, 286, 287 

fixing hood and trunk latches 311, 
312,313 

freshening up your musty interior 
308, 309, 310 

hushing interior squeaks and 
rattles 302, 303, 304 

keeping your winds! 
269, 270,271 
polishing your ear 297 

prepping your car for paint 278, 
279, 280, 281 

re-covering seats 256, 257, 258, 
259 

removing bumper stickers, window 
tinting and pinstripes 305, 306, 
307 

repairing paint chips 294, 295, 
296 

repairing plastic bumpers 298, 
299, 300, 301 

repairing a rear-window defroster 
266, 267, 268 

repairing windshields 282,283, 
284 


eld clear 


replacing a rearview mieror 263, 
264, 265 
storing your car 288, 289, 290 
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jackscrew 67, 68 
J.C. Whitney 70, 2: 
jounce bumpers 57 
jumper cables 29, 39 
jumpstarting your ear 27,28, 29 


59,275 


L 
leakage tester 130 
load test 106 

lug nuts. 10, 34 
lug wrench 10, 11 


M 
Maaco 278 
‘MacPherson struts 58, 23 
‘maintenance 
basic 2-87 
changing a tire 10, 11, 12 
changing your oil and filter 79, 
80,81 
charging your battery 85, 86, 87 


curing pulsing brakes 34, 35, 36 
jumpstarting your car 27, 28, 29 
maintaining batteries 48, 49, 50 
maintaining exhaust systems 62, 
63,64 

maintaining tires 24, 25, 26 
maintaining and repairing your 
suspension 54, 55, 56, $7 
passing an emissions inspection 
76,77, 78 

repairing a flactire 40,41, 42,43 
repairing a leaky radiator 30, 31, 
32,33 

repairing power antennas 16, 17, 
18 

replacing an air filter 7,8, 9 
replacing a battery 51, 52, 53 
replacing belts 65, 66, 67, 68 
replacing hood and hatch struts 
63, 70, 71, 72 


absorbers 58, 59, 


replacing spark plugs 19, 20 
replacing spark phug wires 21, 22, 
23 
replacing a tailpipe 13, 14, 
replacing wiper blades 4, 5, 6 
resetting emissions maintenance 
reminder (EMR) 73, 74, 75 
search engines $2, 83, 84 
servicing your air conditioner 44, 
45, 46,47 
‘winterizing your ear 37, 38, 39 
MAP (inanitold absolute pressure) 
engine vacuum sensor 91, 93, 95) 
Marson’s Poly-Fill 280 
Meguiar's Quick Detailer 274 
Michael Ostrotoské and John Crane 
International 97 
Mighty Vac 224 
micrometer 34 
muffler 13, 14, 63 
how it works 63 


N 
National Automotive Radiator Ser- 
vice Association (NARSA) 32 


° 

On-Board Diagnostics (OBD) 19, 
116, 201, 202, 203 

OBD Ml computers 92, 116, 191, 201, 
202, 203 
how OBD Il transmits data 203 


343 


Make More Things 


Maker Shed (http://makershed.com) carries many electronic kits that you 
can apply your newly-learned soldering skills to. Here's just a few of them 


Supercap Racer Kit 


One of the latest in our popular Mintronics line of DIY kitsiis this tiny race car 
designed by George Albercook. Once assembled, this little racer (Fig 

ure 4-1) will run around getting its juice from a supercapacitor. Capacitors 
are lke litle batteries. Supercaps store and release power faster than ordi 
nary ones, so they're great for making quick-charge gadgets and power-on 
demand circuits, 


Figure 4-1. Supercap Racer Kit 


4 Lear to Solder 
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also see computers 
odometer 96, 179 
oil leaks 109, 110, 111 
locating 109, 110, 111 
‘main seal 109 
oil pan gasket 109 
use of foot powder 111 
use of rrace dye 110, 111 
oil viscosity 38 
ohmmeter 16, 17, 44, 46,47, 126 
oxygen sensor 20 


P 
paint 273, 278, 279, 280, 281, 294, 
295, 296 
body hammer 280 
bodywork 278, 280 
clearcoat 273, 295 
Earl Scheib 278 
glazing compound 296 
hardware and trim removal 278, 
279, 280 
lacquer thinner 294 
Maaco 278 
Marson’s Poly-Fill 280) 
masking 278, 279, 281, 296 
plastic filler 280 
prepping your car 278, 279, 280, 
281 
primer 280, 281, 295 
professionals 278 
repairing chips 294, 295, 296 
sanding 278, 279, 281, 295 
touchup 294 
parking brakes 219, 220, 221, 222, 
23 
and four-wheel disc brakes 221 
cable replacement 219, 220, 221 
how self-adjusting brakes work 
221 
installation 220, 221 
lever 220 
pedal 221 
Performance Products 259 
plugging leaks 132, 133, 134 
coolant leaks 132 
cooling system pressure tester 133 
electrochemical degradation (EC 
134 
finding hidden leaks 133, 134 
fixing obvious leaks 132, 133 
preventing leaks 134 
polishing your car 296 
lamb’s-wool bonnet 297 


paint finish 297 
power buffer 297 
sponges 297 
wax 297 
portable compressor 40) 
power steering reservoir 109 
powertrain computer 127 
powertrain control module (PCM) 94 


R 

radiators 30, 31, 32,37, 97, 119 
downflow 30, 31 
removal 31, 32 
repairing leaks 30, 31, 3 
rank inspection 30 
types of leaks 32, 33 

radio 166, 167, 168 
antenna 167 
curing noise 166, 167, 168 
geiger-counter test 166, 167 
interference sources 166 
radio frequency interference (RFI) 
166, 167 
RET filter 167, 168 

rearview mirror 263, 264, 265 
accelerant for mounting 264, 265, 
adhesive kit 264 
and windshield 263, 264 
baseplate 264, 265, 
how antiglare mirrors work 263 
installation 264, 265 
lackscrew 265 
reattachment 264 
removing old adhesive 263, 264, 
265 
replacement 263, 264, 265 
toggle 263 

rear-window defroster 266, 267, 268 
abrasive warnings 266 
connector tabs 266,267 
diagnosing problems 266, 267 
defroster grid 266, 267, 268 
easy fixes 267, 268 
fuse 266 
askets 267 
overheating 2 
relays 267 
repairing 233, 267, 268 
switches 267 
timers 267 
use of conductive epoxy adhesive 
267 
tse of conductive paint 268 
use of soldering iron on 266, 267 
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voltmeter check 266, 267 
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sean tools 91, 118, 12 
203 
Actron Sean Tool 202 
Auto Xray 202, 203 
code readers 203, 
diagnosis 201, 202, 203 
how OBD Il transmits data 203 
On-Board Dignostics (OBD) 201, 
202, 203, 
On-Board Diagnostics II (ORD Il) 
201, 202, 203 

Schrader valve 180 

seats 256, 257, 258, 259 
hacks 256, 257, 258, 259 
bolsters 
choosing slipcovers 256, 257 
cushions 256, 257 
flex cords 258 
re-covering 256, 257, 258,259 
disassembly 257, 258 
hinges 256 
reclining 257, 259 
reinstallation 259 
removal 256, 257, 258 
Scorchgarding 259 
slipcover installation 257, 258 
suppliers 259 

serpentine belts 66, 68, 98 
how they work 68 
routing diagrams 98 

shock absorbers $6, $7, $8, 59, 60, 
61, 64, 174, 199 
how they work 59 
installation 61 
mountings 59 
removal 60 
replacement 58, 59, 60, 61, 174, 
175 

shrink-band clamps 102, 103 

silicone sealers 98 

Simple Green cleaner 272 

slave eylinder 148, 149 

solenoid valve 120, 121 

spark plugs 19, 20, 91, 95 
choosing the right plug 20 
gapping 95 
removal 131 
replacement of 19, 20, 91 

spark plug hoor 21, 91 

spark plug pullers 19 

spark plug wires 21, 22, 23 


201, 202, 


how they work 22 


removal 21,22 
replacement of 21, 2. 
spring-band clamps 102, 103 
starters 99, 100, 101, 105 
curing a clicking starrer 99, 100, 
101 
iginition 99 
relay 99 
sel-tapping repair stud 101 
solenoid 99, 100, 101 
terminal inspection 100, 101 
steering 234, 235, 236, 237, 240, 
241, 242, 243, 244 
and brake drag 234,235 
and suspension 235,236, 237 
arm 242,243 
bleeding 244 
column 242 
control arm 235 
flushing pump and lines 
how power rack-and: 
ing works 244 
how rack-and-pinion steering 
works 240 
memory steer 237 
pull problems 234, 2 
rack housing 244 
steering rack replacement 242, 
243, 244 
tie-rod ends 234, 235, 237, 239, 
240, 242, 243 
tire pull 236, 237 
torque steer 234, 235 
transaxle mount 236 
wheel 234, 235, 241 
storing your car 288, 289, 290 
battery removal 289 
body cavers 290 
‘exhaust system protection 289, 
290 
float charger 289 
indoor storage 289 
outdoor storage 289, 290 
post-storage preparation 290 
rust prevention 288. 
vacuuming 288, 289 
vehicle preparation 289 
windshield protection 289, 290 
struts 69, 70, 71, 72, 199, 236, 237 
air strut 172 
ball joint mount 69 
“dog bone” 119, 121 
flat C-clip 70 


236,237 


hood and hatch replacement 69, 
70, 71,72 
how support struts work 72 
installation 70, 71 
wire C-clip 70 

support bar 149 

suspension 39, 54, 55, 56, 57, 17: 
173, 174, 175 
actuator precautions. 175 
air strut 172 
air suspension 173 
Corvette diagnostics 175 
electronic problem diagnosis. 172, 
173 
how leaf spring suspension works: 
55 
leaf springs $4, 55 
maintenance and repair 54, 55, 
36,57 
Selective Ride Control (SRC) sys- 
tem 172, 173 
servicing electron 
172, 173, 174, 175 
shock replacement 174, 175 
steering stabilizers $6, 57 
visual inspection 173 


luspensions 


T 
tailpipes 13, 14, 18 
removal 13, 14 
replacement 13, 14, 15 
rest light (12-volt) 45,46 
‘Teves Mark I! ABS systems 224 
throttle bodies 122, 123, 124, 141 
checking for deposits. 122 
cleaning 122, 123, 124 
hose disconnection 122, 123 
how irworks 123 
intake air duet 12: 
Intake snake 123, 124 
throttle -position sensor (TPS) 47 
tires 10, 11, 12, 24,25, 26, 40, 41, 
42, 43, 240, 274 
checking pressure 10, 24, 
how to read a passenger tire side- 
wall 26 
inflation of 43 
inspection 24, 25 
maintenance 24, 25, 26 
radial runout 240, 241 
repairing a flat 40, 41,42, 43 
roration 26 
sidewall check 26, 41 
snow 39 


tire jack 10, 11, 12 
tire pressure gauue 10, 24, 25 
tire reamer 42 
“Tracer Products Leak-finder Kit 110) 
transaxle 149, 150, 151 
transmission 107 
transmission bellhousing 117 
transmission Muid 32 
trickle charger 29, 182 
tuncups 90,91, 92 
battery maintenance 92 
exhaust gas recirculation 92 
filter replacement 90 
service information. 92 
spark plug replacement 91 
underhood checks 90, 91 


v 

vacuum gauge 129 

Vadia, Gabe 147 

valvetrain 143 

Vebelt 98 

V8 engine 106 

vibration damper 143 

voltage-drop test 180 

voltmeter 99, 100, 142, 161, 162, 
176, 266 


w 

water and airleaks 285, 286, 
Cpillars 286, 287 
chalk testing 285 
finding and fixing 
gaskets 285, 287 
guards 287 
repair products 287 
silicone seal 285 
trimming adhesive 285, 287 
‘weatherstripping 285, 286 
wind noise 285 
worn hinges 286 

water pumps 9%, 97, 98, 133 
Advanced Metal Diaphragm seal 
7 
hhow shaft seals work 97 
inspection 96,97 
replacement 96, 97, 98 
seals 96,97 

wheels 25, 26, 40, 238, 239, 240, 
241, 274 
alignment 25,26 
balancing 25, 238, 239 
bearings 239, 240 
constant velocity joints 239 


85, 286, 287 


diagnosing and repairing vibration 
238, 239, 240, 241 
how rack-and-pinion steering, 
works 240 
lateral runout 241 
radial runout 249, 241 
rims 241, 274 
tie-rod ends 239 
tires 240 
weights 238 
well 40 
windows 176, 177, 178, 266, 267, 
268 
backprobing switches. 176 
fuses 176, 177 
how automatic windows work 
17 
motor 177 
power 176,177, 178 
rear 266, 267, 268 
rear defroster repair 266,267, 
268 
reel and cable regulators 178 
repair 176, 177, 178 
Weatherstripping 177, 178 
windshield 269, 270, 271, 273, 282, 
283,284 
and dashboard ducts 271 
and wiper system 269, 270, 271 
blower fan 271 
defogger 269,271 
fog 271 
interior ait pollution 271 
interior moisture 271 
keeping it clear 269, 270,271 
silicone build-up 269, 270 
smearing and streaking 260, 270 
squeegee replacement 270 
tise of vinegar on 271 
ventilation control system 271 
‘wiper blade lubricant 270 
wiper motor 270 
windshield repair 282, 283, 284 
actylic adhesive 282, 283 
burnishing 283 
chips and cracks 282 
how laminated safety glass works 
283 
preparation 282, 283 
pressure 283, 284 
repair kits 282 
vacuum 283, 284 
‘windshield wiper system 4, 5, 6,38, 
39, 163, 164, 165, 269, 270, 271 
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blade replacement 4, 5,6 

how washer system works 165 

how wipers work 5 

nozzles 164, 165, 270 

pump 163 

rear systems 165 

repairing system 163, 164, 165 

reservoir 163 

squeegee 270 

spray patterns 164, 165 

types of blades 6 

wiper blade lubricant 270 
winterizing your car 37,38, 39 
worm-drive clamp 102 


(Continued from the front flap) 


cars—there's still plenty for you to do 
and tinker with. Does your water pump 
need replacing? Do It yourself, Have you 
been avoiding hills to put off replacing the 
clutch of your frontwheel-drive car? Don't 


wait any longer. 


Judging the type of job, skills required, 
and time to tackle it in advanee is a 
simple task, Just check out the easy, 
moderate, or difficult label for the project 
you're interested in. No matter what level 
of expertise is required, you'll accomplish 
many jobs you may have thought 
Impossible. 


‘Stay within your budget and feel confident 


about the condition of your car. 
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Wee Blinky Kit 

The Wee Blinky kit (Figure 4-2) is an easy-to-solder two (2) LED blinker cir 
cuit. It comes with a QV battery snap, but will work with almost any voltage 
from 3V to 12V. A 9V battery is required but not included. It's tiny it blinks, 
and it's a great kit to hone your soldering skills since it’s cheap too! 


Figure 4-2. Wee Blinky Kit 
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For Renée, Jeffrey, Piper, Ana Maria, Sharon, Mia, and Eli 
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About the Author 
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The MintyBoost (Figure 4-3) isa smalland simple USB charger for your iPod 
or other MP3 player. your camera, cellphone, and any other gadget you can 
plug into a USB port to charge. 


Figure 4-3. MintyBoost USB Charger Kit 
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Introduction 


Over the years various new products and 
systems become available for house 
construction that are of interest to home buy 
ers and owners as well as to home inspectors 
who have to examine and evaluate them. 
With each new edition of this book, I have 
tried to include those products and systems 
as well as items that may have inadvertently 
been omitted in the previous edition. 

In this fourth edition, most of the chapters 
havebeen expanded to include additionalitems 
that should be checked during an inspection. 
Some of these topics are metal shingles, 
synthetic slate, fiber-cement siding, composite 
decking, free-standing decks, Superior Walls, 
conditioned space, Chinese wallboard, 
mold-resistant drywall, engineered lumber, 
laminate flooring, engineered hardwood 
flooring, bamboo flooring, air admittance 
valves, loop vents for island kitchens, hydro- 
air, geothermal heating and cooling, electronic 
low-water cutoffs, alternative septic systems 


(mound systems and alternating drainfields 
systems), PEX piping, recirculating hot water 
tems, tankless water heaters, and arc fault 
circuit interrupters. In addition, there is a new 
chapter titled “Green Home Technology” and 
an appendix that includes home inspector 
requirements. 

By following the procedures outlined in 
this book, a home buyer will be able to look 
beyond the cosmetic and have a good idea as 
to the true condition of the house. The book 
is also helpful to an owner, who can use it to 
determine problems or potential problems in 
the house. There could be problems caused 
by deterioration as a result of aging or there 
could be safety or fire hazards. Very often 
the problems could be quite minor and could 
be corrected at little or no cost; however, if 
left unattended they could be quite costly to 
correct. 

‘The section on home inspector require- 
ments was included because I felt it was 
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important to inform the public about the 
demanding requirements and the training 
needed to become a professional home 
inspector. It will also be of interest to the 
many engineers, architects, and contractors 
who would like to work as home inspectors. 
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The book should also be quite helpful to 
a buyer who wants to hire the services of a 
home inspector to check the condition of a 
prospective home. 


Norman Becker, P.E. 


The 
Complete Book of 
Home Inspection 
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The inspection procedure outlined in this 
book is similar to the one that I use when 
inspecting residential structures. Because the 
various components of homes are basically 
the same, this procedure is valid regardless 
of the geographic location of the structure. 
It has been used on homes of all ages, from 
newly constructed to pre-Revolutionary, from 
vacation homes to stately mansions. 


Tools needed 


To inspect the house properly, you will need 
the following tools: a flashlight, to see in dark 
places (and you'll be surprised what you 
might find); a magnet, to determine whether 
plumbing pipes are iron; a marble, to note 
whether the floors are relatively level; an ice 
pick or screwdriver, to aid in looking for wood 
rot and termite infestation; a 6-foot stepladder, 
for those houses that do not provide direct 
access (built-in or pull-down steps) to the attic; 
an electrical tester, for checking the electrical 
ground connection and the electrical polarity, 
particularly in the kitchen and bathroom 
outlet receptacles; binoculars, to get a closer 


look at the roof and roof-mounted structures; 
a thermometer to check the temperature of 
the domestic hot water; and a compass, to 
determine the building’s exposure. Knowledge 
of the exposure is helpful in evaluating the 
condition of various structural elements and 
components, 

Since the first edition was published, a 
number of electronic tools have come on the 
market that are being used by professional 
home inspectors. The one tool that I would 
recommend for homeowners and home 
buyers is a battery-operated moisture meter 
that checks for water leaks without damaging 
the surface being tested. One manufacturer 
of moisture meters is Delmhorst Instrument 
Co. They can be reached at (800) 222-0638 
for information on purchasing a meter. You 
may have read about infrared cameras that 
can be used for thermal imaging of a house. 
‘The cameras are used for detecting heat loss, 
insulation deficiencies, and specific areas of air 
infiltration, and forlocating moisture problems. 
Handling of these cameras, which are quite 
expensive, requires special training so that the 
images can be accurately interpreted. Infrared 
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cameras are not normally used during a home 
inspection. Most professional home inspectors 
do not have the camera, and those who do 
charge an additional fee for the service. 

When performing the inspection, you 
should wear old clothes. Areas such as 
unfinished attics, basements, and crawl spaces 
are often quite dusty. The last items you need 
for inspection are a pencil and inspection 
worksheets. The worksheets are provided in 
the back of this book and should be completed 
as you perform the inspection. Later, you 
can use these worksheets to evaluate the true 
condition of the house and base your decision 
on facts rather than emotion. 


Inspection procedure 

A house, no matter how large or imposing, 
can be easily inspected if it is divided into its 
component parts, such as the exterior, interior, 
and electromechanical systems. The exterior 
and interior portions can be further subdivided. 
By approaching the inspection in a systematic 
order and using the worksheets provided as a 
guide, all the items of any consequence will be 
checked. 

When driving up to the house, take a 
moment to notice the overall topography or 
shape of the land. Often, the topography in 
the immediate vicinity of the house is level; 
however, the overall topography might be 
inclined. Consequently, the possibility exists of 
subsurface water movement in the direction of 
the house. When you see inclined topography 
in the general area of the house, you should be 
alerted to the possibility of some water seepage 
into the lower level of the structure. 

The exterior of the building should be 
inspected before the interior. This order is 
important because it provides you with an 
overall view of the structure that in turn can 
reveal the cause for some interior problems. 
Specifically, waterseepageintoalowerlevelcan 
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be the result of faulty gutters or downspouts, 
or improper grading (the ground immediately 
adjacent to the house slopes toward the house 
rather than away). A faulty roof can manifest 
itself in water stains one or two levels below 
the roof. Cracked and open exterior joints can 
allow the entry of water, which you will note 
as cosmetic damage to interior portions of the 
structure 


Exterior inspection 

Before you start the exterior inspection, stand 
in front of the house and take a compass 
reading. The exposure for all four sides 
of the building should be marked on the 
worksheet (ie, Front exposure—southerly; 
Right exposure—easterly, etc.). The exterior 
inspection is performed while walking around 
the house twice. The first time, you should look 
at the roof, gutters, chimney, vent stack, and 
anything else that is roof-mounted. The details 
of what to look for and how to inspect the 
various components of the house are discussed 
in the chapters that follow. During this first 
pass around the house, use binoculars so that 
you can get a closer view of the items on the 
upper portion of the structure. The binoculars 
should not have a magnification greater than 
8X (eight times actual size). A more powerful 
pair of binoculars will tend to exaggerate hand 
movement, making it difficult to see details. 
The slightest hand movement will cause a 
blurred image. This problem, however, can 
be eliminated if you have a (more expensive) 
pair of 10X power binoculars with image 
stabilization. 

After the first pass, the condition of 
those items inspected should be noted on the 
worksheet. If your first pass around the house 
is in the winter just after a snow, be careful 
where you walk. There may be a swimming 
pool behind the house that is covered over 
with snow. If you are concentrating on the 
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house, the pool may not be that obvious and 
you might step right into it. (See FIG. 1-1) 

During the second pass, you look for 
many types of problems. Start at the front of 
the house and look at all the items that are 
either on the front of the structure or in the 
front yard. Examples of these items are paths, 
entry steps, exterior wall siding, windows, 
doors, decks, landscaping, fence, and so on. 
All of the items normally encountered during 
an inspection are discussed in detail in the 
following chapters. You should be concerned 
only with those items that apply to the house 
you are inspecting. 

After inspecting the front of the house, 
apply the same technique to the left side, the 
rear, and the right side of the building. If any 
items of a suspicious nature require further 
investigation on the interior of the structure, 
make a note on the worksheet as a reminder. 
For example, if an elbow is missing from 
one of the downspouts and no splash plate 
on the ground deflects the effluent from the 
downspout away from the building, you 
should check for water seepage from that area 
into the lower level of the structure. Noting this, 


Fig. 1-1. Snow blanketing a 
swimming pool cover at the 
rear of a house. 


fact on your worksheet helps you remember to 
check the interior wall opposite the downspout 
for signs of water seepage. 

After going around the building thesecond 
time, you should be finished with the exterior 
inspection. Double-check your worksheet 
to see if you've recorded the condition of all 
the items inspected. At this point, you should 
inspect the garage. After the garage inspection, 
you are ready for the inside of the house. 


Interior inspection 


Enter the house through the front door. Try 
the doorbell to make sure it is operational. It’s 
important to remember that you are looking 
at a house you are interested in buying. If all 
goes well, this will be your home, so don’t be 
shy or feel embarrassed about doing things 
that any homeowner would do. As part of the 
inspection, you should open and close faucets 
on sinks, tubs, and showers; flush toilets; open 
and shut doors and windows; turn on the 
heating system and air-conditioning system 
by means of the thermostats; feel the airflow 
from heat/cooling registers; see if radiators 
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get warm; and turn switches controlling lights 
and fans on and off. 

Start the interior inspection at the 
uppermost portion of the building. Ifthe house 
has an attic, that’s where you start. To inspect 
the attic, you might need your ladder—check 
with the owner. Some homes don’t have an 
attic, so begin this portion of the inspection 
with the rooms directly below the roof. 

After the attic inspection, check all of the 
rooms on the level directly below. In some 
large homes you can easily miss a room. To 
avoid overlooking any rooms or items, begin 
your inspection at the entry to that level. IF you 
Start at the entry and walk either clockwise 
or counterclockwise, looking at each room in 
order, you will return to your starting point and 
will have inspected all of the rooms. However, 
if you jump around from one side to another, 
you can easily overlook a room or two. Again, 
there is no substitute for good procedure. 

After all the rooms on one level have 
been checked, proceed to the next lower level, 
inspecting the connecting staircase along the 
way. Check all the rooms on this level in the 
same manner. After all the finished rooms 
have been checked, inspect any unfinished 
areas such as the basement and crawl space. 
This is the end of the interior inspection. At 
this point, all the rooms, halls, and staircases 
throughout the house have been checked. To 
complete the home inspection, you must now 
check the electromechanical systems. 


Electromechanical systems 


The systems and associated equipment 
included in this category are electrical, 
plumbing, domestic water heater, heating, 
air-conditioning, and swimming pool. The 
condition, operation, and adequacy of each 
system in your house must be checked 
as described in its respective chapter and 
recorded on the worksheet. 


4 Tools and procedure 


This final check concludes your home 
inspection. You have now looked at every item 
in the house of any consequence and should 
have recorded on the worksheets all problems 
and deficiencies. Some of the problems 
you uncover might require the services 
of a professional for further investigation. 
All situations requiring the services of a 
professional are indicated in the chapters that 
follow. 

Also, after the physical inspection, you 
might want to have certain tests performed to 
determine whether the house has environ- 
mental problems, such as a high radon 
concentration, contaminated well water, a 
leaking buried fuel-oil tank, lead paint, or 
a mold buildup. 

Look at your worksheet and test results 
and try to evaluate the major problems. Do not 
expect a perfect house. You will always find 
minor problems, and the costs for correcting 
these problems should not concern you. 
However, if you find many minor problems, 
the costs for correction can be significant. 

Of main concern from a cost point of view 
are major problems, some of which are defined 
as follows: 


+ The need for structural rehabilitation to 
the foundation 
* The need for residing the exterior 
walls 
‘+ Water penetration into the basement or 
lower level 
‘+ A malfunctioning or obsolete heating 
stem 
+ The need for repiping the plumbing 
stem 
+ The need for a new roof 
* A malfunctioning air-conditioning 
system 
‘+ Inadequate electrical service 
+ Termite infestation 
+ The need for complete rehabilitation to: 
—paved areas 


—deck 
—detached garage 
—retaining walls 

‘+ Environmental problems 


If you find a major problem, have a 
contractor look at it and give you a written 
estimate on the cost for correction. At this 
point, you should be able to determine the true 
cost of buying the house—the purchase price 
plus the costs for upgrading substandard, 
deteriorated, or malfunctioning components. 


Final inspection 


On the day of, but prior to, the contract closing, 
you should take one final walk through the 
house and look at the walls, windows, doors, 
and plumbing fixtures for cracked and broken 
sections. Sometimes damage occurs when the 


seller's furniture is being moved out or through 
vandalism when the house is left vacant for a 
period of time. Specifically, look for physical 
changes that occurred between the time of the 
contract signing and the closing. 

During your walk-through, check the 
operation of the electrical, plumbing, and 
heating systems. The central air-conditioning 
system and swimming pool equipment 
should also be checked if the weather permits. 
Check the operation of all the appliances that 
are considered part of the purchase. If any 
appliances or electromechanical systems are 
malfunctioning, list them on a sheet of paper, 
along with any items that have been badly 
damaged since the contract signing. This list 
should be taken to the closing and discussed 
with the seller. Very often, dollar adjustments 
are made to compensate for the cost of 


repairs. 


Final inspection 5 


2 
Roofs 


Pitched roofs 6 
Shingles 8 
Asphalt shingles 10 


Wood shingles and shakes 12 
Asbestos-cement shingles 13 


Slate shingles 13 
Clay tiles 14 
Metal shingles 15 
Flat roofs 16 
Built-up roofs (BURs) 17 
Single-ply membrane 19 
Roll roofing 19 
Metal roofing 19 
Checkpoint summary 20 


Every roof has two basic elements—the deck 
and the weather-resistant covering. The deck 
{also called roof sheathing) serves as a base for 
supporting the roof covering that protects the 
structure from the weather. A proper roof 
inspection includes an evaluation of both 
the roof covering and the deck. Even though 
a covering might be in good condition, the 
deck underneath might be soft, spongy, and 
structurally unsound. This condition can 
be caused by rot or delamination and is not 
necessarily noticeable in an exterior inspection. 


Pitched roofs 


The technique used for inspecting the roof 
differs depending on whether the roof is 
pitched or flat. Pitched roofs are checked 
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during your initial pass around the house. 
Because of the hazards involved, I do not 
recommend that you climb onto a pitched 
roof. Begin your inspection by stepping far 
enough away from the house so that you are 
able to see all exposed sections of the roof as 
you circle the structure. The use of binoculars 
is recommended for this inspection to get a 
close-up view of the roof. 

As you walk around the structure looking 
at the roof, make note of any uneven, sagging, 
or damaged sections. Unevenness in the roof 
might be the result of warped sections of 
deck or a poor installation of a second layer 
of shingles. This condition is usually not a 
problem. However, shingles in uneven areas 
are more vulnerable to damage and water 
intrusion. Make a note on your worksheet of 


the approximate locations of the uneven areas. 
During the attic inspection, you should check 
these areas for signs of leakage and to verify 
the cause of the unevenness. 

Sagging sections in the roof, on the other 
hand, might be symptomatic of a structural 
problem or might reflect a problem that has 
been corrected. A sagging ridge beam or 
roof deck could indicate a structural failure, 
inadequate bracing, or inadequate spacing of 
wood-frame support members. The condition 
causing the sagging might have stabilized, so 
that no further corrective action is necessary. 
If you see a sagging ridge beam or sagging 
section of deck during your first pass around 
the house, have this condition evaluated by a 
professional. 

Damaged sections can occur from falling 
tree limbs or swaying tree branches that 
overhang the roof. If you see a damaged 
section, record its location on your worksheet, 
since it must be repaired. Usually, patching 
the damaged area is all that is required. 

Ventilation of the area directly below 
the roof deck is very important, especially in 
newer buildings where the deck is constructed 
of plywood panels rather than tongue-and- 
groove boards. If the area is inadequately 
ventilated, a moisture buildup can eventually 
cause the plywood sheathing to delaminate. 
This moisture problem is particularly 
acute in homes that have cathedral ceilings 
constructed in the following manner: The 
ceiling is plasterboard or an equivalent type 
of panel nailed directly to the roof rafters. 
Above the ceiling is insulation, and above 
this is the roof deck. Often there is a small 
air space between the insulation and the 
deck. When the moisture normally generated 
in the house by cooking, bathing, and so on 
reaches the area of the deck, there must be 
vent openings through which it can escape. 
Otherwise, rot and delamination can occur. A 
high percentage of the homes built with this 


type of cathedral ceiling have inadequately 
ventilated roof structures. Vent openings are 
needed near the top of each channel formed 
by the roof rafters and the ceiling and are also 
needed around the soffit. Often, only the soffit 
vents are installed. Vent openings for the top 
portion of the rafter channel can be provided 
through individual roof vents or a ridge vent. 
(See FIG. 2-1.) When the cathedral ceiling is 
the exposed roof-deck planks or panels, there 
is usually a rigid insulation on the top side 
between the deck and covering. This type of 
construction will not result in a deck having 
a problem with moisture accumulation, and 
therefore venting is not necessary. 

If your house has a cathedral ceiling with 
no vent openings near the ridge, anticipate 
problems with the roof deck. You can tell if 
you have a deck problem by walking on the 
roof. If sections of the deck yield with each 
step and feel soft and spongy beneath your 


Fig. 2-1. Ridge vent. Note the ridge vent along the 
top of the roof. This low-profile ventilator helps 
circulate air through the area below the roof deck. 
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feet, there are problems. Note that you should 
not attempt to walk on the roof if the pitch is 
steep or the shingles are a type that can easily 
be damaged, such as tile or slate. Also, if the 
roof is not readily accessible from a deck or an 
intermediate-level area, it is best to leave this 
part of the inspection to a professional. Even 
if the roof deck shows no signs of a problem, 
if the area is not adequately ventilated near 
the top of the roof, the installation of a ridge 
vent should be considered to prevent future 
problems, 


Shingles 
Pitched roofs are usually covered with 
shingles applied in an overlapping fashion. 
The shingles are not intended to be watertight; 
they protect the structure from rain intrusion 
by shedding water. The more common types of 
shingles are made of asphaltic material, wood, 
asbestos-cement, slate, and clay tiles. When 
inspecting the roof, pay particular attention to 
a slope that has a southerly or southwesterly 
exposure. These slopes receive a maximum. 
sun exposure, and it is the sun’s rays that 
cause the shingles to become brittle and age 


Fig. 2-2. The orientation of the house can 
affect the projected life of the roof shingles. The 
deteriorated shingles on the right slope have a 
southerly exposutre, while the shingles on the left 
slope have a northerly exposure. 
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prematurely. Consequently, the shingles on 
these exposures will deteriorate more rapidly 
than the shingles on the other exposures. 
(Gee FIG.22.) 

Since shingles are intended only to 
shed water, any water that gets under them 
will leak into the interior of the structure. 
Shingles that are lifting, cracked, or broken 
are vulnerable to this type of water leakage. If 
you see this problem, it is an indication that 
Some maintenance is needed. In areas where 
the winter temperature drops below freezing, 
roof leakage can occur asa result of an ice dam. 
Because of heat loss through the roof and heat 
from the sun, snow on a roof can start melting, 
even in freezing weather. As the water reaches 
the roof overhang, it often refreezes, forming 
an ice dam and blocking the melting snow 
from draining. As the snow continues to melt, 
the water backs up under the shingles and 
leaks into the interior. (See FIG.23.) 


Shingles 
(separation exaggerated) 


Ce 
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Fig. 2-3. Ice dam at roof eaves. Because of the ice 
dam, water from melting snow backs tsp under the 
shingles and leaks into the house. 


Water leakage from this type of problem 
is not an indication of a faulty roof and 
should not be interpreted as a sign that roof 
repairs are necessary. It is an indication that 
adequate precautionary measures were not 
taken during the instailation of the covering 
to eliminate or minimize the effects of an ice 
dam. The condition could have been reduced 
by the installation of eaves flashing. On 
existing roofs, the condition can be avoided 
by installing deicing cables along the edge of 
the roof and in the gutters and downspouts. 
This may not solve the problem completely, 
but it is somewhat effective. The deicing 
cables reduce the ice dam buildup by creating 
heated channels that allow water to drain into 
gutters and downspouts. The best method for 
minimizing an ice dam problem is to maintain 
what's called a cold roof. By overinsulating the 
attic floor and ventilating the attic profusely, 
the roof deck temperature will be lowered to 
the point where the snow won't melt. 

When looking at a roof after all the snow 
has melted, you would never know whether 
there had been an ice dam and water leakage. 
Sometimes, however, you can see indications of 
a past problem—stained or warped sections of 
soffit trim or water stains on the ceilings of the 
rooms below, near the exterior walls. I have 
seen water stains on the ceilings of rooms two 


levels below the roof that were the result of 
water leakage because of an ice dam. Ice-dam 
problems will not necessarily occur every year; 
they depend on the severity of winter weather 
conditions. 

Portions of the roof _ particularly 
vulnerable to leakage are the joints between 
the roof and roof-mounted structures, such 
as the chimney; the joint between the roof 
and a vertical sidewall; and the joint where 
two sloping sections of the roof intersect. The 
latter joint is commonly referred to as a valley. 
To protect the joints from water intrusion, 
they are normally covered with strips of a 
thin, impervious material called flashing. 
Sheet metal is usually used as a flashing 
material, with copper flashing as the top of 
the line; however, roll roofing strips are also 
used. Valley or sidewall flashing might not 
be visible, which depends on the type of joint 
construction. There are three basic types of 
valley construction: open, closed-cut, and 
woven valley. (See FIG. 2-4.) 

When inspecting the roof, check 
the condition of the exposed flashing at 
the various joints. Loose, cracked, and 
deteriorated sections must be repaired. If 
there is leakage through any of these joints, 
it will usually be noted by water stains on 
the wood framing or roof sheathing in the 
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Fig. 2-4. The three basic types of roof valley construction. 
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attic or by stains in the ceilings of the interior 
rooms. Faulty joints are often resealed with 
an asphaltic cement rather than reflashed. 
‘The cement, however, is not as durable a seal 
as sheet-metal flashing, and the joint will 
often require periodic resealing. 

Also check to see if the roof needs cleaning. 
Most pitched roofs need an occasional 
cleaning to remove an accumulation of 
debris—seed pods, twigs, pine needles, and 
leaves. Accumulated debris must be removed, 
especially from the spaces between the shingle 
tabs. If the debris is allowed to remain on the 
roof, it will retain moisture and promote the 
growth of moss and fungi, which is detrimental 
to the roofing. In addition, the litter can impede 
the runoff of rainwater, resulting in leaks. 

Some asphalt shingle roofs develop a 
discoloration or whatappear tobedirty streaks. 
The condition is often caused by wind-borne 
microscopic algae or mildew spores, which 
do not degrade or affect the performance of 
the shingles. It does, however, detract from 
the overall aesthetic appearance of the roof. 
The condition can usually be controlled by 
installing copper or zinc strips across the 
length of the roof and every few feet down the 
roof’s slope. 


Asphalt shingles The most common 
type of roof shingle used in this country is 
asphalt shingle, made by impregnating mats 
of fiberglass or organic felt materials such as 
rags, paper, and wood pulp, with asphalt and 
covering one surface with mineral granules. 
‘The mat is the vehicle for supporting the 
asphalt, which isa water-resistant material. The 
granules protect the shingle from damaging 
sun rays and provide color. When inspecting 
asphalt shingles, look for loss of granules, 
missing and torn sections with erosion of the 
mat. (See FIG.25.) Some fiberglass-mat shingles 
have failed prematurely because of cracking, 
which can take the form of horizontal, vertical, 
and diagonal cracks across the shingles. 

A particularly vulnerable location for 
leakage is the area between the shingle tabs. 
The granules in this area tend to come loose 
before those in other sections, exposing the 
mat to the weather. Although most roofs 
have a double and triple layer of shingles, a 
small section of the area between the shingle 
tabs has only one-shingle coverage. Thus, an 
eroded mat in this area is very vulnerable to 
water leakage. Loss of granules and erosion 
of the mat between shingle tabs is a deficiency 
that usually occurs on the roof slope with a 


Fig. 2-5. Deteriorating 
asphalt roof shingles. Note 
torn, missing, and brittle 
shingles with a loss of the 
granule covering, exposing 
the roofing mat 


southerly or southwesterly exposure before 
other slopes. The condition is usually visible 
from the ground and can be clearly seen with 
the aid of your binoculars. When you see 
such a problem, you should anticipate early 
replacement of the roof shingles. 

Most homes are designed to take three 
separate layers of shingles, although in some 
communities only two are allowed. When a 
new covering is needed on a structure that 
already has the maximum layers allowed, it 
is necessary to remove all the layers before 
installing the new shingles. When reroofing, 
it is more costly to remove existing layers 
of shingles than to install a new layer over 
existing shingles. Therefore, you should try to 
determine the number of layers. When the roof 
has an exposed edge, as in the case of a gable 
roof, look at the thickness of the layers. If you 
see two to three overlapping shingles, the roof 
covering is the first layer. In a hip type of roof, 
since there are no exposed edges, this type of 
determination cannot be made. In this case, 
try to find out the age of the house. Asphalt 
shingles have a projected life of seventeen to 
twenty-two years. The actual life span of the 
shingles will depend on the weight of the 
shingles, the type of mat, and the exposure. 
Asphalt shingles are classified by weight 
(pounds per roofing square); a roofing square is 
100 square feet. Lightweight shingles, the least 
costly, weigh about 215 pounds per roofing 
square. Heavyweight shingles weigh about 
350 pounds per square and have a longer life 
expectancy than lightweight ones 

If the covering is over seventeen years old, 
extended life for the shingles should not be 
anticipated. Even though the shingles might 
look all right (lying flat with no noticeable 
loss of granules or erosion), they are becoming 
brittle and vulnerable to wind damage. Also, 
these shingles will be more vulnerable to 
damage from someone walking on the roof 
when cleaning the gutters, installing a TV 
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Fig. 2-6. Aging asphalt roof shingles. Note 
curling of the edges, with some pitting. 


dish antenna, and so on. Often, these shingles 
will show signs of aging such as curling, 
cupping, cracking, and pitting. (See FIG. 26.) 
Such shingles are vulnerable to damage and 
will deteriorate rapidly. An exact estimate of 
the usable years or months remaining for the 
shinglesis difficult. Some people do not replace 
an aging roof until there is a leakage problem. 
Others will replace it before any leakage occurs 
thus avoiding the cosmetic damage caused by 
leakage. The life span of an aging roof can be 
extended by patching and coating exposed 
cracks and eroded areas. However, even if you 
see no signs of leakage, the shingles on a roof 
that can take a second layer should be replaced 
before they become brittle, curl excessively, 
crack, and chip, as shown in FIG. 27. Because 
of the physical condition of these shingles, the 
surface of a second layer of shingles will be 
uneven, lumpy and aesthetically unattractive. 
In this case, for a nice even appearance the 
old shingles need to be stripped off the roof 
deck before the new shingles are installed. 
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If more than approximately one-third of the 
roof shingles show signs of advanced aging, I 
recommend reroofing. At this point, attempts 
to extend the life of the shingles are usually 
not economically justifiable. 

Wood shingles and shakes In many 
parts of the country, wood shingles and wood 
shakes are used as a roof covering. The basic 
differences between the two are appearance 
and thickness. During the manufacturing 
process, shingles are sawed; shakes are split. 
Consequently, wood shingles have a relatively 
smooth surface, and shakes have a textured 
surface. 

Because of the need for resistance to 
decay, most wood shingles and shakes 
(hereafter referred to as shingles) are made 
from cedar. They are also made from redwood 
and southern cypress. The shingles, although 
resistant to decay, are not immune to decay 
and will rot after prolonged exposure to 
moisture. (Rot-producing fungi are discussed 
in chapter 8.) The projected life expectancy for 
a wood-shingle roof is twenty-five to thirty 
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Fig. 2-7. These old, 
weathered asphalt roof 
shingles are dry, brittle, 
cracked, chipped, and 
excessively curled. 


years. Asa wood-shingle roof ages, the shingles 
dry, crack, curl, and rot. As you walk around 
the house looking at the roof, be aware of aging 
shingles. Rotting shingles should be replaced. 
If you notice loose, damaged, or missing 
sections, repair is needed, even if you see no 
signs of water leakage. When approximately 
one-third of the shingles on a slope show signs 
of excessive aging (rotting, chipped, cracked, 
loose, missing, or curling), all the shingles on 
that slope should be replaced. 

On the northern slope or on portions of 
the roof that are usually shaded, you might see 
moss growing in clusters between the joints of 
the shingles. It should be removed. The moss 
functions like a wick; the root system provides 
a direct path for water entry. In addition, 
as the moss cluster builds up, it might lift 
the shingles slightly, making them more 
vulnerable to water penetration, particularly 
during a driving rain. 

Wood shingles have traditionally been 
installed on spaced sheathing, as opposed to 
solid sheathing, which acts as nailing strips. 


This enables air to circulate on the underside 
of the shingles so that they can dry from both 
sides. The shingles are spaced between “4 
and inch apart to allow for swelling during 
damp weather. Because of this space and the 
irregularities of some of the shingles (due 
to thickness and texture), daylight might be 
visible through portions of the roof from the 
attic. If during your inspection of the attic you 
see daylight through a wood-shingle roof, 
don’t think that roof maintenance is necessary. 
If daylight is visible through the roof by means 
ofan indirect path, maintenance is not required. 
(On the other hand, if daylight is visible via a 
direct path, such as a crack, some maintenance 
is needed. Depending on the pitch of the roof, 
the shingles are two-, three-, or four-ply and are 
installed so that the joints between the shingles 
for the various plies do not line up. When 
daylight is visible via a direct path, cracks in 
the shingles line up with the joints. In this case, 
water can penetrate the roof, and maintenance 
is needed. On newer construction, you may 
find the roof deck consisting of solid sheathing. 
This is not a problem. In such a case, in order 
to provide the needed air circulation on the 
underside of the shingles, a product called 
Cedar Breather is probably installed between 
the shingles and the roof deck. Cedar Breather 
is a three-dimensional nylon matrix that is stiff 
enough to resist crushing, thereby allowing air 
movement to the underside of the shingles. 
Asbestos-cement shingles Asbestos-cement 
shingles were manufactured by combining 
asbestos fibers with Portland cement under 
high pressure. Although the shingles are 
no longer manufactured, they can be found 
on many homes. Because of the asbestos 
ban in the mid-1970s, similar-type shingles 
are now manufactured using nonasbestos 
man-made fibers and cement. The shingles 
possess properties that make them highly 
suitable for exterior use. They are immune 
to rot, unaffected by exposure to salt air, and 


fireproof. One drawback is that they are weak 
in their resistance to impact and thus are 
vulnerable to cracking and chipping. 

‘As you walk around the exterior of the 
building during the roof inspection, look for 
cracked, loose, chipped, and missing shingles. 
Note on your worksheet the areas that will 
require maintenance. Although asbestos 
cement shingles individually last many years, 
an asbestos-cement-shingle roof should not 
be considered maintenance-free, and periodic 
repairs should be anticipated. Occasionally, 
as with a wood-shingle roof, clusters of moss 
might be found on the northern slope or slopes 
shaded by trees. If you see this condition, note 
it on your worksheet. The moss is a potential 
problem and should be removed 

Slate shingles Of all roof coverings, slate 
shingles are the most durable. If they are of 
good quality, they can last indefinitely (at least 
in excess of one hundred years). The slate roof 
over the Saxon Chapel at Stratford-on-Avon 
in England is over eleven hundred years old 
and, according to the Vermont Structural Slate 
Company, is in good condition. A slate roof, 
however, does not remain maintenance-free, 
even though the slates are of good quality. 
Thave seen very few slate roofs that did not 
have some cracked, loose, chipped, or missing 
slates, a condition that requires some repair. 
These repairs are considered minor roof 
maintenance and should be anticipated on a 
periodic basis. Slate roofs are often patched 
with asphalt cement, which has a tendency 
to dry and crack and requires periodic 
application. When inspecting this type of 
roof from the exterior, look for cracked, loose, 
chipped, or missing shingles. If you find any, 
make a note on your worksheet. 

Repairs to a slate roof, even minor ones, 
can be somewhat costly. Several roofers have 
told me that their fee reflects additional work 
above and beyond the required repair because 
they always anticipate accidental cracking 
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of some of the slates during the repair. One 
difficulty you should be aware of is that when 
replacing a slate shingle, the roofer might not 
be able to match the color of the new slate to 


the existing weathered shingles. 

Sometimes a poor-quality slate, ribbon 
slate, is used as a roof covering. (See FIG. 28.) 
The ribbons within the individual shingles 
are softer than the normal slate and will cause 
the shingles to crack along the ribbon. Often, 
cracking occurs along the ribbon after only ten 
years. Repairs to these shingles must then be 
made as needed. 

When inspecting the roof, flaking slates 
may also be noted. Surface flaking is of no 
concern, since the shingles are at least Ys 
inch thick and are basically impervious to 
water. However, if any of the shingles are 
deteriorating as a result of excessive splitting 
and flaking (a condition brought about by 
winter freeze-thaw cycles), they should be 
replaced. 

There are a number of synthetic slate 
look-alikes that are now on the market. These 
products have the durability, texture, and 
appearance of natural slate and are lighter in 
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Fig. 2-8, Slate roof shingles. 
The ribbon slate is of inferior 
quality. Cracking often occurs 
along the ribbon after orily 10 
years. 


weight. The materials used for synthetic slates 
are quite varied. One product called FlexShake 
is made from recycled steel-reinforced rubber 
automobile tire treads. Others are made from 
recycled postindustrial rubber and_ plastic 
waste. There is also a synthetic slate made from 
ground natural slate, resin, and fiberglass, 
bonded under high pressure. Although 
synthetic slates are too new to comment on 
their life span, manufacturers estimate it at 40 
to 60 years or more. 

If the house you are inspecting is in the 
northern part of the country where snow 
might accumulate, look for snow guards on 
the lower portion of the roof. (Gee FIG. 29.) 
In particular, they should be located above 
doorways, sidewalks, or other areas where 
people will pass or gather. Snow guards are 
needed to prevent sliding masses of snow and 
ice from falling off the roof and damaging the 
gutters. It might interest you to know that the 
slate roofs on the buildings of the Harriman 
estate in New York had 35,000 copper-wire 
snow guards. 

Clay tiles Clay tiles are available in 
many patterns. The most common are Spatish 


and Mission, These tiles are made by shaping 
moist clay in molds and firing the various 
shapes. They are hard, durable, and fireproof. 
However, they are also brittle and can be easily 
damaged by falling tree limbs or climbing 
on the roof to make repairs. As with slate 
shingles, repair or replacement of individual 
tiles is more difficult and costly than that of 
asphalt shingles. Also, matching new tiles to 
the weathered tiles is usually a problem. When 
inspecting this type of roof, look for loose, 
broken, chipped, cracked, or missing tiles. If 
any of these conditions is found, it should be 
noted on the worksheet, as repairs are needed. 
Tiles can also deteriorate as a result of freeze- 
thaw cycles. You might find some cracked 
areas that have been sealed with asphalt 
cement. This condition is usually an indication 
of past problems. Since asphalt cement does 
dry and crack, periodic reapplication should 
be anticipated. 

Check the joint (valley) between two 
sloping sections of the roof. (See FIG. 2-10.) Ifit’s 


Fig. 2-9. Snow guards along the edge of the roof will help keep the snow from sliding off. 


filled with asphalt cement, it’s an indication of 
a problem condition that has been temporarily 
corrected. The flashing in that joint should be 
replaced. As with slate roofs, repairs, even 
minor ones, can be somewhat costly. This item 
should be noted on your worksheet. 

Metal shingles Metal shingles are becom- 
ing more popular for residential roofing. They 
are available in several different shapes and 
are primarily made from painted or coated 
aluminum or steel panels although they 
are also made from copper. The panels are 
approximately 4 feet wide by 1 foot high and 
are formed to resemble wood shakes, slate, 
or Spanish, Roman, and Mediterranean tiles. 
The shingles are durable, lightweight, and fire 
resistant. Some have embedded stone chips 
for additional texture. 

When inspecting the roof look for loose 
nails or loose shingle panels, both of which 
can result in leakage. Check to see if any of the 
joints between panels and valley sections are 
covered with roofing cement, which indicates 


Pitched roofs 15 


past and potential problems. From a cosmetic 
point of view, is the finish on the shingles 
fading or chalking? Record your findings on 
the worksheets. 

In addition to shingles, flat sheet metal 
roofing has also been gaining in popularity 
for residential pitched roofs. Metal roof panel 
that come in widths of 12, 16, 18, and 36 inches 
are installed so that they run down the slope 
of the roof, essentially from ridge to eave. The 
joints between the panels are overlapped and 
interlocked to provide weathertightness. Do 
not climb up to the roof foran inspection. Metal 
roofs are slippery when wet, and depending 
on how the panels are supported they could 
be dented. The roof should be inspected from 
the ground with binoculars. If there are any 
doubts about its condition, have it inspected 


Flat roofs 
A roof that is perfectly level or slightly 
pitched is referred to as a flat roof. Since this, 
type of roof is not visible from the ground, the 
inspection must be made from the roof itself. 
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Fig. 2-10. Valley joint filled 
with a heavy layer of asphalt 
cement is an indication of a 
problem condition. 


As with a pitched roof, a flat roof should be 
the first item inspected. Safe access to the 
roof is of prime importance. If the building 
is higher than one story, the roof should be 
accessible from the interior. Anything other 
than an interior means of access is a potential 
hazard and is considered a deficiency in 
the structure's design. If the roof you are 
inspecting is flat and is more than one story 
high with no interior access, it is best to have 
it inspected by a professional roofer. 

Ventilation of the area directly below the 
roof deck is needed to minimize the moisture 
buildup in this area. An excessive moisture 
condition can result in deterioration of the 
roof deck, a lowering of the thermal resistance 
of the insulation, and, eventually, damage to 
the interior of the structure. During the cooler 
months, the moisture trapped in the area 
between the roof and the upper-level ceiling 
will condense, drip onto the insulation, and 
cause random water stains on the ceiling. 
Adequate ventilation of this area is also 
important in reducing the summer heat load 
‘on the rooms located immediately below 
the roof. 


All too often, provisions for ventilation 
have been omitted by the builder. Therefore, 
when inspecting a flat roof, be sure to look for 
ventilation openings. The openings might be in 
the form of roof vents (vertical pipes protruding 
through the roof deck) or open areas in the side 
of the building just below the roof. Roof vents 
are often shielded from the rain by a cover and 
should not be confused with the plumbing vent 
tacks, which also protrude through the roof 
deck. The plumbing vent stack is connected 
to the house sewer line and is easily identified 
by the odor of the discharging gases. If no 
ventilation openings are noted, that fact should 
be marked on your work-sheet, and installation 
of ventilation openings should be considered. 

A flat roof must havea watertight covering, 
rather than one that merely sheds water, to 
protect the area below the roof from water 
intrusion. The most common types of flat-roof 
coverings are built-up, single-ply, roll roofing, 
and metal. When inspecting a flat roof, look for 
ponded water. Unless the roof was specifically 
designed to hold standing water as an energy 
conservation measure, to reduce the heat load 
during the warm or hot months, its presence 
s considered a potential problem. Ponded 
water can become a breeding place for insects 
and can promote the growth of vegetation and 
fungi. The roots of plants growing on the roof 
can puncture an asphalt covering. The freezing 
of ponded water that has penetrated into the 
layers of a built-up roof can delaminate the 
roof covering. The temperature difference of 
the wet and dry areas on a randomly ponded 
roof results in differential expansion that 
might cause warping and cracking of the roof 
cover. If you see ponded water or signs of past 
ponding on the roof during your inspection, 
note the location on your worksheet as an area 
that should be drained. 

‘A properly designed roof should have 
provisions for drainage. Two basic drainage 
designs are used in a flat roof—the perimeter 


system and the interior drainage system. In 
the perimeter system, water that drains from 
the interior portions of the roof collects in 
gutters or scuppers (openings in a parapet 
wall) located along the perimeter and then 
flows into downspouts or merely drips off the 
roof. In the interior drainage system, drains 
are located in the roof itself and are connected 
to downspouts that run through the interior of 
the structure. Look for one of these drainage 
systems as you walk around the roof. The 
interior roof drains are often clogged with 
debris and are sometimes set higher than the 
surrounding area, a condition that results in 
ponding. Look for cracks around the joints 
between the roof drain and the roof covering. 

When inspecting a flat roof, you should 
also inspect all roof-mounted structures and 
projections such as skylights, hatch covers, 
chimneys, vent stacks, and so on. These items 
are discussed in chapter 3. 


Built-up roofs (BURs) 
This type of roof consists of bitumen (asphalt or 
coal-tar pitch) sandwiched between two to five 
layers of roofing felts and is usually covered 
with a mineral aggregate embedded in the top 
surface. The bitumen isthe waterproofingagent, 
stabilized and reinforced by theroofing felts. The 
felts restrain the bitumen from flowing in hot 
weatherand help resistcracking in cold weather. 
The aggregate surfacing generally consists of 
gravel, slag, or crushed rock. Its purpose is to 
protect the bitumen from the damaging effects 
of the sun's infrared and ultraviolet rays. 
These rays, through a combination of heat and 
photochemical oxidation, accelerate the aging of 
bitumen, resulting in premature brittleness and 
cracking. Depending on the number of layers in 
the builtup roof and the quality of construction, 
the projected life can vary from ten to twenty 
years, 

‘An aggregate-covered built-up roof is 
difficult to inspect, principally because of the 
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mineral-aggregate topping. Nevertheless, look 
for telltale signs of past, current, and potential 
problems. Walk around the roof systematically 
so that you cover the entire roof area. Look for 
patched areas, cracking, blistering, surface 
erosion, alligatoring, and wrinkling. In 
particular, look for cracks at the joints of roof 
projections and roof-mounted structures. 
Usually, this type of roof has a flanged 
‘metallic strip along the perimeter, a gravel stop. 
It provides a finished edge for the built-up 
roofing and also prevents loose aggregates from 
washing off the roof. Look for cracks in the joint 
between the gravel stop and the roof. All cracks 
in the roof cover should be sealed. Record the 
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location of any cracked or patched areas on your 
worksheet so that you can check the ceiling of 
the rooms below these areas for water stains. 

Not all builtup roofs have a top surface 
covered with aggregates. A smooth-surface 
roof treatment has a weathering surface that is 
an asphalt-saturated roofing felt. Since the top 
surface is exposed, defective or deteriorated 
sections are visible. To maintain the weathering 
surface in reasonably good condition, thesurface 
should be covered with a protective coating such 
as an asphalt-based emulsion every three to six 
years. Excessive application of the emulsion will 
result in alligator-type surface cracking, which 
is a potential problem. (See FIG. 2-11.) 


Fig. 2-11. Roof surface with alligator-type 
cracks. 


Incidentally, when walking on the roof, 
be careful not to step on any blisters—weak 
spots in the roof covering, usually the result of 
air or water vapor being trapped between the 
layers of roofing felts. Depending on a blister’s, 
brittleness, the weight of someone walking 
on the blister might cause the roofing felt to 
crack. 


Single-ply membrane 
In the 1970s, the notion that a single ply of 
rubber, plastic, or modified bitumen material 
could provide the same weather protection 
as a built-up roof gained acceptance. 
Initially, single-ply membranes were used on 
commercial and apartment buildings; today, 
they are also used on residential structures 
with flat roof decks. 

Several methods are used for installing 
a single-ply membrane. The membrane can 
be loose-laid over the roof deck and attached 
only at the perimeters. Itis then held in place 
everywhere else by the weight of gravel or 
concrete pavers placed on top. Another 
method is to adhere the membrane to the 
roof deck fully with a self-adhesive or an 
adhesive applied at the jobsite. Single-plies 
can also be installed as a partially adhered 
system by using mechanical fasteners or 
applying an adhesive at predetermined 
intervals. 

When inspecting a singleply roof 
membrane, look specifically for open joints at 
seams that are not properly adhered; check for 
membrane erosion and punctures; and look 
for cracks, splits, and open sections around 
the perimeter walls and roof projections. As 
with a BUR, if the membrane is covered with 
gravel or paving blocks, a visual inspection of 
the weathering surface is not practical. In this, 
case, pay particular attention to the condition 
of the ceilings in the rooms directly below 
the roof. 


Roll roofing 
This type of covering is often found on 
older structures in urban areas and over 
porch roofs. It is also found on pitched 
roofs of low-cost homes and outbuildings. 
It consists basically of an asphalt-saturated 
roofing felt applied directly over the roof 
deck and provides only single- or two-ply 
coverage. Quite often, the outer surface is 
coated with hot tar to seal joints and small 
cracks. Roll roofing should be inspected for 
blistered, cracked, eroded, weathered, torn, 
and aging sections. (See FIG. 2-12.) Be careful 
not to walk on blistered sections. Sometimes 
the lapped joints between the strips curl 
and lift, making the joints vulnerable to 
water seepage. Check the joints between 
the roof and the parapet wall and other roof 
projections. These joints are vulnerable to 
cracking and periodically require resealing. 
(See FIG. 2-13.) If any of the above items are 
noted, they should be recorded on your 
worksheet, since they indicate the need for 
some maintenance. 


‘Metal roofing 
In older homes, the roof that covers porches, 
garages, or an exterior side projection such 
as a sunroom is usually made of galvanized 
iron (sheet iron coated with zinc), terne metal 
(steel-coated with a mixture of lead and tin), 
or copper. A galvanized roof with a heavy zine 
coating will last many years without painting. 
However, a lightly galvanized roof will rust 
and must be kept well painted. A terne metal 
roof, if kept well painted, can last for over forty 
years. A copperroofwillalsolastformany years 
and does not require painting. Occasionally, a 
sheet-metal roof covering might be found on 
the main roof of a Victorian structure. When 
you are inspecting a sheet-metal roof, look for 
racks or open joints at the soldered seams; 
becauise of the large amount of expansion that 
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Fig. 2-13. Cracked and open joint between the roof 
and the parapet wall. 


takes place, the seam is a vulnerable joint for 
leakage. Also, look for exposed corroding 
sections of metal; they must be scraped and 
coated with paint or a bituminous compound 
suchas asphalt cement. In some cases, problem 
conditions that have occurred over the years 
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have necessitated coating the entire roof with 
a bituminous compound as a means of sealing 
corroded areas. Be aware that this type of roof 
coating requires periodic maintenance. 


Checkpoint summary 


Pitched roofs 

O Visually inspect all portions (slopes) of the 
roof. 

O Note any sagging, uneven, damaged, or 
patched sections. 

O Look for overhanging tree limbs or 
branches that can cause damage. 

O Is the area directly below the roof deck 
ventilated? 

© Is the roof in need of a cleaning? 


Asphalt shingles 
© Look for curling, cracked, torn, or missing 
shingles. 
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Are shingles losing their stone 
granules? 

Look for eroded sections in the slot between 
the shingle tabs. 

Pay particular attention to slopes with a 
southerly or southwesterly exposure. 

How old are the roof shingles? 

How many layers of shingles? 

If roof has been recently reshingled, is a 
guarantee/warranty available? 


Wood shingles, shakes 
Look for rotting, loose, cracked, chipped, 
or missing sections, 

Pay particular attention to the slopes with 
heavy shade. 


Any signs of moss? 


Slate, asbestos-cement, clay tiles 
Look for missing, cracked, chipped, flak- 
ing, or loose sections. 

Sections patched with asphalt cement? 
Are there snow guards along the lower 
edge of the tile roof? 

Are the valley joints filled with asphalt 
cement? 


Metal shingles 
Check for loose nails and loose shingle 
panels. 
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Are any joints or valley sections covered 
with roofing cement? 

Are there any chalking, faded, or dented 
sections? 


Flat roofs 
Safe access available? 

Cracked, blistered, eroded, split, punc- 
tured, or torn sections? 

Look for open joints and seams, 

Areas of ponding water or low points 
where water will accumulate? 

Drainage system functional? 

Area below the roof deck adequately venti- 
lated? 


Built-up roofs (BURs) 
Are there areas with missing aggregate? 
Look for blisters in the membrane. 
Look for patched areas, surface erosion, 
and alligatoring. 

During the interior inspection, check the 
ceilings of the upper-level rooms for water 
stains. 


Roll roofing (tar paper) 
Sections drying, eroding, or blistered? 
Look for open seams. 
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When inspecting a roof, you should als 
all roofmounted structures and_ projections. 
Specifically, look at chimneys, plumbing vent 
stacks, roof vents, roof hatch, skylights, TV 
antennas, and gutters and downspouts. Except 
for the last two items, an area of concern is 
the joint between the item and the roof. This 
joint, although normally sealed with flashing, 
is vulnerable to water leakage. With years of 
weathering, the flashing can develop cracks 
pinholes, or breaks, resulting in periodic leaks. 
‘To correct this type of water leakage, rather than 
reflashing the joints, the homeowner might 
often seal the joints with asphalt cement. While 
thisis an effective correction, the asphalt cement 
will eventually become brittle and crack, and 
the joints will require periodic resealing 
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Chimneys 

Chimneys are used to vent smoke and 
combustion gases from heating units and 
fireplaces. If, during your exterior inspection, 
you do not find a chimney, it does not 
necessarily mean that the house lacks a heating 
tem. In all probability, the house is heated 
electrically. 

Chimneys are normally constructed 
of masonry (brick, concrete, stone) or are 
prefabricated from metal or a cement-asbestos 
material. Masonry chimneys are usually 
supported by their own footings, which in 
northern communities extend below the frost 
line. These chimneys are not dependent on the 
main structure for support. When inspecting a 
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This pdf refers on informations from the site: http:/store.curiousinventor.com/guides! 
Have also a look to the 7min, Tutorial video on: hitp:/store,curiousinventor.com/guides/How_to Solder 


Select a Soldering Iron 


A.25 or 30 Wait iron should suffice for most small electronics work, 


Most soldering "guns" are vastly overpowered for electronics soldering and can easily overheat 
components or expose them to harmful voltages. However, some people cleverly use them to solder 
multiple leads on surface mount devices. Solderin are for plumbing and much heavier duty 
applications, and are usually over 100 Waits. The "guns" work by passing high currents through the 
tips, and these currents can generate voltages that damage electronic components. Also, magnetic fields 
from guns with transformers ean damage some electronics. By forming the heating element in the shape 
of of the chip, a soldering gun can be used to heat many leads. simultaneously, 


How much wattage do you need for a particular application and how does wattage relate to tip 
temperature? 


A loose analogy: Imagine a car tire has a leak, but you're trying to keep it inflated by pumping air into 
the tire at the same time i's escaping out the leak. The bigger the leak, the more air you have to pump 
into it to keep the pressure up. Ifthe tire pressure represents tip temperature and the air lost through the 
leak represents heat lost through the tip, then wattage represents the maximum amount of air your pump 
could supply. Once more air escapes through the leak than your pump can replace, the tire pressure (or 
tip temperature) starts to drop. 


Ifyou had a very small leak and a huge pump (say a 100 Watt iron equivalent), you might be afraid that 
the pump would cause the tire to explode since so much more air is going in and so little going out. But 
if you have a nozzle to regulate the pump's air, you could only allow just the right amount of air in to 
replace whats lost through the leak. This is how "temperature controlled” soldering irons work. As long 
as you aren't losing more heat out of the tip than the iron can replace (up to its rated wattage), it will 
auiomatically regulate just the right amount of heat into the tip to maintain the same temperature. 


However, typical plug-in irons have no such regulation. A 15 Watt iron always delivers 15 Watts of 
heat to the tip, and the tip temperature stops increasing only when 15 Watts of heat escape through the 
air. When the tip touches a par, its temperature drops, and if the part you're soldering can dissipate 
enough heat, the temperature will keep dropping until it won't melt solder any more. After the iron is 
pulled away from the joint, the temperature will climb again. There is some amount of natural 
regulation: as the tip gets hotter, it dissipates more heat, and as it gets cooler, it dissipates less, 


Usually, the bigger the component the more heat it can absorb and dissipate, so the general rule is that 
you need more wattage for larger parts. If you're just soldering small resistors and ICs, 15 Watts will 
probably suffice, but you may have to wait a bit in between joints for the tip to recover. If you' 
soldering larger components, especially ones with heat sinks (like voltage regulators), or doing a lot of 
soldering, you'll probably want a 25 or 30 Watt iron. For soldering larger things like 10 gauge copper 
\wire, motor casings, or large heat sinks, you may need upwards of a 50 Watt iron or more. The 
following video shows what happens to tip temperature as 15, 25, and 40 Watt irons solder various 
sizes of wires and components, For cheap irons, higher wattage does indeed mean higher temperatur 


What is the difference between cheap RadioShack® irons and more expensive ones like Wellersit!? 
What do $100+ and $400+ soldering "stations" have over the cheaper kinds that plug straight into the 
wall? expand Among the irons that plug straight into a wall and don’t have a separate station, the ditt 
cheap kinds will work satisfactorily for many applications. From personal experience, the tips on 
RadioShack#® irons often come loose and sometimes can be impossible to remove. The irons can also 
get uncomfortably hot to hold after several hours of use. The more professional Weller (or other) lines, 
are made for longer, continuous use and have insulation on the handles that keeps them cooler. They 


masonry chimney that extends up the side of 
a building, if you see open joints between the 
chimney and the sidewall, it is an indication 
of some settlement and is often not a problem. 
Gee FIG. 3-1.) However, the open areas should 
be sealed to prevent water intrusion. On 
the other hand, if the chimney is no longer 
vertical, it indicates excessive settlement 
because of the lack of a footing, or one that’s 
improperly designed, and it should be checked 
by a professional. Depending on the degree of 
settlement, the flashing at the joint between the 
chimney and the roof might need repair. The 
movement of the chimney could result in open 
and loose sections of flashing. (See FIG.32) 


Fig. 3-1. Uneven settlement of chimney. Note the 
‘open joint between the chimney and the sidewall 


Fig. 3-2. Open and loose sections of flashing 
caused by movement of the chimney. 


If your house has a brick chimney, look 
at the area above the roofline to see that it is 
vertical. Over the years, the mortar joints can 
weaken on one side and cause the chimney 
to lean. Gee FIG. 33) A leaning chimney 
represents a potential safety hazard and 
should be checked by a professional mason 
to determine whether or not corrective 
measures are needed, such as either bracing 
or rebuilding from the roofline up. If you ask 
the owner about the chimney, you'll probably 
learn that it has been in that condition for at 
least fifteen years. That fact does not mean 
that corrective action is not needed. A leaning 
chimney is an indication of weakening mortar 
jointsand should be considered of questionable 
structural integrity. 

Sometimes brick chimneys on relatively 
new houses might be coated with white mineral 
deposits called efflorescence, a condition often 
caused by the absorption of water by the 
bricks. The minerals in the bricks dissolve in 
the water and then surface when the water 
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evaporates. Although efflorescence is quite 
common in new brickwork, it can easily be 
scrubbed or washed off with a dilute solution 
of muriatic acid. Recurrence can usually be 
controlled by covering the bricks with a vapor 
permeable water repellant. Efflorescence on a 
brick chimney that has been up for many years 
usually means that water is getting inside the 
chimney, through cracks in the joints on top of 
the chimney or cracks in the bricks or mortar 
joints. If you see heavy efflorescence on an 
older chimney, make a note on your worksheet. 
The top of a masonry chimney should have 
a cement finish that slopes from the flue to 
the edge of the chimney. The purpose of 
this finish is to deflect rain and protect the 
joints between the flue and the chimney. 
This cement finish is vulnerable to cracking, 
and periodic resealing of this area should be 
anticipated, 

The top of the chimney must extend 
above the roofline to prevent downdrafts 
caused by the turbulence of the wind as it 
sweeps past nearby obstructions or over 
sloping roofs. The top of the chimney should 
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Fig, 3-3. The portion of 
the chimney that extends 
above the roof is leaning, 
a potentially hazardous 
condition. 


extend at least 3 feet past the highest point 
where it passes through the roof, and 2 feet 
higher than any roof part within 10 feet 
measured horizontally (FIG. 34). When a 
chimney is 10 horizontal feet beyond a roof 
ridge, builders often terminate the top of the 
chimney below the ridge. This is not quality 
construction, but it satisfies the code. In this 
case, downdrafts can still occur as a result 
of air currents formed when the wind hits 
the side of the building. The downdrafts can 
affect the efficiency of the heating system or 
result in backsmoking of the fireplace. This 
type of problem can usually be controlled 
by installing a concrete or stone cap about 
8 inches above the top of the flue. 

Older homes very often have unlined 
chimney flues. Although these chimneys 
might operate satisfactorily, they area potential 
hazard. Over the years, the corrosive gases can 
havea deteriorating effect on the mortar joints. 
(Gee FIG. 35) If an unlined chimney in your 
house is connected to a fireplace, and if you 
intend to use the fireplace, you should have a 
flue liner installed down the existing flue. This 
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Fig. 3-4. Chimneys should extend at least 3 feet past the highest point where they pas 


through the roof, 


and 2 feet higher than any roof part within 10 feet measured horizontally. 


Fig. 3-5. Deteriorated chimney 


isan important fire safety measure and should 
bbe recorded on your worksheet. 

In many homes when the flue damper 
in the firebox has deteriorated, it is replaced 
with a chimney-top damper. (See FIG. 34) 
This spring-loaded damper is mounted over 
the flue opening at the top of the chimney. 
The device has a stainless-steel wire that 
runs from the damper down the flue into the 


with no flue liner. Chimney should be rebuilt and flue should be lined. 


opening of the fireplace. If you see a chimney- 
top damper during your inspection, don't 
forget to check its operation when inspecting 
the fireplace. 
Allmasonry chimneys should beinspected 
for cracked, loose, chipped, deteriorating, 
and missing sections of brick and mortar 
joints. Some masonry chimneys have a stucco 
finish. In this case, look for cracked, chipped, 
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and loose sections of stucco. Brick chimneys 
on older homes are sometimes covered with 
an asphalt-type coating, especially above 
the roofline. This technique is often used to 
prolong the life of the chimney when there are 
many cracked mortar joints and deteriorating 
bricks. It is considered makeshift. If you see 
any of the above items, they should be recorded 
on your worksheet. 

Is there a cricket (also known as a saddle) 
behind the chimney? (See MG. 37) There 
should be one if the chimney is located 
along the slope of a roof and is more than 
2 feet wide. The cricket prevents debris or 
snow and ice from piling up behind the 
chimney. This can cause rain or melting 
snow to back up under the shingles and 
leak into the house. The cricket also deflects 
water running down the roof around the 
chimney. 

For the most part, very little maintenance 
is needed for prefabricated chimneys. Metal 
chimneys have a tendency to rust and should 
be checked for corrosion holes. If a metal 
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chimney has no rain cover, note it on the 
worksheet; a cover is recommended. 


Vent stacks 


‘The vent stack is part of the plumbing system. 
Its purpose is to permit adequate circulation 
of air in all parts of the sanitary drainage 
system and to allow a means for sewer ga 

to vent harmlessly to the atmosphere. All 
homes should have at least one vent stack. 
(ee discussion of air admittance valves in the 
Violations section of chapter 9) The absence of 
aventstack usually indicates that the plumbing 
system is not properly vented, almost always a 
violation of the plumbing code. As you inspect 
the roof, look for a pipe that projects through 
the roof and terminates about 8 inches above 
the roofline. In newer homes, the vent stack is 
usually fairly obvious. In older homes, however, 
the vent stack might be missing or at least not 
visible when looking at the roof. On occasion, 
I have found vent stacks that terminate in 
the attic. This condition is a violation of the 


Fig. 3-7. Cricket (saddle) 
prevents debris, snow, and 
ice from accumulating 
behind the chimney, causing 
roof leaks. 


plumbing code; the vent stack must extend 
above the roofline so that the escaping gases 
can discharge to the outside. 

In some older homes, when kitchens or 
bathrooms are renovated, vent stacks are 
often run up along the outside of the building 
to a point above the roofline. (See FIG. 38) IF 
these homes are located in the northern part 
of the United States, this type of installation 
is undesirable. Because of the moisture in the 
escaping gas, during cold weather it could 
freeze over and eventually block the pipe. 
Sometimes you find vent stacks that terminate 
near a window. (ee FIG. 3.9) This installation 
is also undesirable because the discharging 
sewer gas might seep into the house when the 
window is open. 

For vent stacks that terminate above the 
roof, very often you'll see a black ring at the 
base of the stack adjacent to the flashing, This 
black ring is asphalt cement that has been 
used to seal the joint. This joint is vulnerable 
to leakage and should be periodically checked. 
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On one inspection, I found water dripping 
from a ceiling tile in a suspended ceiling 
located two levels below the roof, When 
1 lifted the tile, water came cascading down. 
After the initial shock and after all the water 
had spilled away, it became obvious that the 
water was not caused by a leak in the above 
laundry room but had collected during the 
previous day’s driving rain when water had 
leaked into the structure through the small 
crack between the vent stack and the flashing. 
This area should be periodically checked and 
sealed as needed. 


Roof vents 
‘These vents can be found on pitched and flat 
roofs and are available in both round and 
square hood styles. Normally, there are no 
problems with these types of vents. However, 
the joint between the vent and the roof is 
vulnerable to water leakage. Even though the 
joint might look okay from the roof side, it is 
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Fig. 3-8. Exterior-mounted plumbing vent stack. 


best to check the vent openings from the attic 
periodically. If there is leakage, it will be noted 
by water stains on the roof deck in those areas. 
Water leakage around the joints can be easily 
corrected with asphalt cement or a suitable 
caulking. 


Roof hatch 


‘Access to a flat roof from the interior is provided 
through a roof hatch. Don't be surprised if you 
find a roof hatch on a house with a pitched 
roof. In some older and larger structures, they 
were installed as a means of easy access. Roof 
hatch covers should be checked to determine 
whether they are operational; they should 
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be. I have found that in about 30 percent 
of the cases, the hatch covers could not be 
opened. In all probability, during reroofing 
or maintenance, asphalt cement accidentally 
or intentionally sealed the hatch-cover frame. 
If this condition exists, it should be corrected. 
Usually, the hatch cover is constructed of 
wood and is covered with either sheet-metal 
or asphalt roll-roofing. Of particular concern is, 
the integrity of the waterproofing cover. There 
should not be any cracked or open joints. The 
wood framing should not have any cracked or 
broken sections. 


Skylights 

Skylights are installed on a structure to provide 
daylighting and in some cases ventilation. The 
newer styles are prefabricated, with aluminum. 
frames and plastic or glass panels or domes. 
Skylights can be found on pitched or flat roofs. 
‘These units should be checked for cracked or 
broken panes and signs of leakage. The leakage 
can be checked by inspecting the interior area 
below the skylight. If there are leaks around the 
skylight, you'll note water stains on the wall or 
finished ceiling in those areas. The skylights 
found on older flat-roof homes should be 
carefully checked for corroding frames and 
cracked and broken panes. Quite often the 
frames have corroded through and provide no 
support for the panes. This condition should 
be marked on your worksheet, because these 
skylights require complete rehabilitation. 


TV antennas 
Although roof-mounted TV antennas were 
quite common when the first edition of this 
book was written, for the most part they have 
been replaced by cable television or dish 
antennas. Nevertheless, they can still be found 
‘onmanyhouses.SomeTVantennasarestrapped 
to the chimney for support. This means of 


Fig. 3-9. Plumbing vent 
stack terminating near 
window. If the window is 
open, the discharging sewer 
_gases can be blown into 

the house. 


bracing the antenna is undesirable because 
repeated twisting action on the antenna from 
strong winds can cause stresses on the chimney 
that can in turn result in cracked mortar joints. 
When you see a TV antenna strapped to the 
chimney, look carefully at the joints. Sometimes 
the antenna is supported on the roof by means 
of guy wires anchored to the roof deck. When 
inspecting the roof, check the area around the 
anchors for deterioration of the roof covering. 
Sometimes the guy wires are strapped to vent 
stacks. This practice is undesirable because in 
a strong wind the movement of the antenna 
can cause the joint at the base of the vent stack 
to crack. I have also run into a situation where 
a homeowner inserted the TV antenna mast 
down into a vent stack to secure the antenna. 
If you see this situation, make a note of it so 
that you can remove the antenna after you 
take possession of the house. Finally, look for 
a ground wire that connects the antenna to a 
metal rod embedded in the ground. According 
to the National Electrical Code, this wire 
should not have any intervening splices or 
connections. The TV ground wire does not 


protect the house from lightning. Its purpose 
is to protect the television set in the event of a 
lightning surge. 


Lightning protection 
Although there are about 90 million lightning 
strikes each year in the United States, most 
homes don’t have a lightning protection 
system. If a house has one, you will notice 
pointed metal rods projecting up above the 
high points of the building. These rods are 
connected to stranded cables, which are 
then connected to at least two grounded 
conductors. Of particular concern is whether 
the connections are properly bonded and if 
the system is properly grounded. Because 
of the destructive power of a lightning strike, 
the integrity of the system should be checked 
by a company specializing in lightning 
protection. 


Gutters and downspouts 


Gutters and downspouts are installed on a 
structure to control and direct rain runoff 
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from the roof. The absence of gutters might 
result in water seepage into the basement or 
crawl space, rotting sections of wood trim, 
damage to foundation plantings, and the 
erosion of topsoil. Whether they are masonry- 
constructed or have long overhanging eaves, 
most residential structures that are not in 
the snowbelt would benefit from gutters, In 
the snowbelt, gutters are considered more an 
inconvenience than a help because the snow 
and ice often tear them from the supports and 
maintenance is constantly necessary. If you do 
not see gutters on the structure during your 
inspection, indicate their absence on your 
worksheet. There are basically two types of 
gutters, built-in and exterior-mounted. 


Built-in gutters 
‘These gutters are essentially extensions of the 
roof framing with waterways built into the 
roof surface over the edges. The gutter channel 
might be lined with asphalt roll-roofing or 
some other type of impermeable material 
‘These channels require periodic maintenance, 
such as applications of an asphalt-type cement. 
Leakage through these channels can often be 
detected by water stains in the soffit below the 
leaks or by water stains in the interior. Leaks 
in this type of gutter often result in rotting 
sections of trim. If stains or rotting sections 
are noted, they should be indicated on the 
worksheet. Built-in gutters are seldom used on 
modern residential structures 


Exterior-mounted gutters 
These gutters can be made from copper, 
galvanized iron, wood, plastic, or, most 
commonly, aluminum. Copper gutters are 
considered the top of the line. They are 
expensive, virtually corrosion-resistant, and 
have a projected life in excess of forty years. 
However, as these gutters age, they corrode 
and develop tiny holes in the bottom portion 
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of the gutter channel. Depending on the 
gutters’ height, the holes might not be visible 
to the naked eye from the ground. However, 
by standing directly below the gutters and 
looking straight up, the sky is often visible 
through any corrosion hole: 

The joints on copper gutters are always 
soldered. In some parts of the country, the 
joints on galvanized gutters are also soldered 
rather than clipped. When the gutters are 
painted, you can tell the difference between 
them by using a magnet. The magnet will 
not stick to a copper gutter. Sometimes leaks 
develop around the soldered joints. For the 
most part, because of their cost, copper gutters 
and downspouts are no longer used when 
replacing faulty gutters and downspouts. A 
number of years ago I inspected a church in 
Ossining, New York, that had a wet basement. 
It turned out that most of the copper gutters 
and downspouts had been stolen from the 
structure by someone in search of a quick 
dollar because there was a copper shortage at 
that time. 

Galvanized gutters have been used on 
many homes because of their low initial 
cost. However, they rust easily and require 
periodic maintenance such as_ patching 
corrosion holes and repainting. The inside 
portion of the gutter channel should also be 
painted. This area is often overlooked by the 
homeowner. 

Aluminum gutters are quite popular 
because they do not have the corrosion 
problems of galvanized gutters. Older 
aluminum gutters on occasion leak around the 
seam, a condition requiring resealing. Leakage 
from seams can be noted by discoloration at 
the joint or some water stains or erosion on 
the area directly below the joint. Aluminum 
gutters can now be manufactured to almost 
any length, producing seamless gutters. Leaks 
in this type of gutter usually occur at corner 
joints or the joint around the downspout: 


Wood gutters are usually made of 


Douglas fir or red cedar and have a tendency 
to crack and rot at the various end joints and 
seams along their length. (Gee FIG. 3-10) The 


13-10. Wood gutters. Note the cracked and 
rotting corner joint. 


joints around the end sections, particularly 
those where the connection is made to the 
downspout, deteriorate more rapidly than 
other portions and should be checked for rot 
and cracking. Wood gutters should be painted 
every few years and the inside channel coated 
with an asphalt-type roof paint. 

Plastic gutters, although relatively 
maintenance-free, have not received wide 
acceptance. They are found occasionally, but 
not necessarily, on homes with vinyl siding. 

‘When inspecting the roof with binoculars, 
you should check the gutters to see if there are 
any loose support straps or spikes that should 
be resecured. (Gee FIG. 3-11) In addition, an 
overall view will show whether any gutters are 
pitched incorrectly or are sagging and should 
be reset. Sagging is a condition occasionally 
found on those homes with slate roofs that 
do not have snow guards. All types of gutters 
have a tendency to become cluttered with 
leaves, twigs, seed pods, and mineral granules 
from roof shingles. They should be cleaned 


Fig. 3-11. Loose gutter spike. Should be reset and resecured. 
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at least twice a year—once in the spring after 
the trees have bloomed and once in the fall 
after the leaves have fallen. Gutter screens are 
available to help prevent larger items, such as 
leaves and twigs, from cluttering the gutter 
channel. However, often a homeowner installs, 
the screens and then forgets about cleaning 
the gutters. The gutters still require cleaning, 
although at less frequent intervals. Sometimes 
you can tell from the ground whether a gutter 
channel requires cleaning. Figure 3-12 show 
weeds growing out of the gutter. Obviously, 
this gutter has not been cleaned for some 
time. 


Downspouts 
Downspouts are normally constructed of 
aluminum, copper, or galvanized iron. Copper 
and galvanized downspouts that have aged 
often have corrosion holes in the elbow 
s the copper corrodes so 
that cracked sections are paper thin and can be 
stripped away easily. If you see this condition, 
it indicates that those sections should be 
replaced. Some downspouts have loose and 
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Fig. 3-12. Gutters must be 
cleaned periodically to be 
effective. Note the weeds 
growing out of this gutter. 


Fig. 3-13. Water stains on the exterior siding are 
the result of a missing downspout. 


can also take a wider variety of tips. 
Soldering iron "stations" usually provide some control over the heat being supplied to the iron tip. Ones 
that are temperature controlled automatically control the amount of heat delivered to the tip so that it 
remains at a set temperature. In every iron, when the tip touches a component, some heat is lost and the 
temperature drops. One measure of quality is the time needed for the tip to regain its temperature. A. 
nice feature of many soldering stations is that the tip heats up in seconds after you tur it on. 

Many stations also allow you to hot-swap the iron tip, which can be very helpful if you're alternating 
between surface mount joints and larger components, 


If standard tin-Lead solder melts below 400 °F (and lead free below 500 °F), why do most soldering 
irons have tip temperatures between 600 and 800 °F? Just what is the right soldering temperature? 
expand The basic reason that tips are so much hotter than solder’s melting point is because that 
difference helps to transfer heat faster to the joint. What is the "correct" temperature is a debatable 

F and increase from there until acceptable 
results are achieved. Typical Kester (a solder manufacturer) datasheets recommend 600-700 °F for lead- 
based solder, and 700-800 °F for lead-free solder. "No-clean” or "low solids” fluxes will burn off before 
a joint can be made with higher temperatures, so low temperatures (below 700) may be essential for 
these fuxes. 

From Kester's hand-soldering knowledge base: "When hand soldering with a rosin flux such as the 
Kester #44 or the # 285 the recommended iron tip temperature is 750°F, If you are soldering with a low 
residue no clean solder such as the #24Sor # 275 we recommend a tip temperature of 600-650°F. 

‘What are acceptable results? The goal is to heat up the parts enough so that solder will adhere to them 
and form a good bond. The higher the iron temperature, the faster it will heat up the parts, so why not 
set it extremely high to work faster? 

Besides the obvious increased risk of overheating components and the board, higher temperatures cause 
the iron tip to oxidize faster and can significantly reduce its life. Some claim a 10 °C rise reduces tip 
life by half (ref p.33). For occasional use, though, tip life may not be much of a factor, especially if the 
tip is kept covered with solder at all times, 


‘Tip size and shape: a basic guide is to pick a tip thats slightly smaller than the pad you're soldering to, 
From there, you want a tip with a large thermal mass and short stroke (why?) In most soldering irons, 
the tip is not actually the heater, but sits in between your work and the heater. You can think of it like a 
heat bucket that empties into your work and gets filled again by the heater. Typically touching a 
component empties heat out of the tip much faster than the iron can replace it, and if you have a small 
bucket (tip), the temperature will quickly drop to an ineffective level. 

Especially if you have a small wattage iron (15 Watts or less), the temperature will drop before you can 
heat up a larger part, or you'll have to wait a bit in between joints for the tip temperature to recover. 
With a bigger bucket (tip), you can handle larger joints with smaller wattage, but eventually you'll need 
to step up the wattage. 

‘The "stroke", or length of the tip should be minimized to get the heater closer to the work; it takes some 
time for heat to transfer through the tip. This is balanced with the need to get into tight places where 
you need a longer tip. 


‘What do common tip shapes look like and what applications are they best for? 


open seams along their length that interfere 
with their effectiveness. 

If you do not specifically look for the 
downspouts, you might not realize that some 
of them are missing. Figure 3-13 shows water 
stains on the asbestos-cement shingles, the 
result of a missing downspout. In this case, 
obvious that a downspout is missing; 
however, if the house is inspected during dry 
weather, you might not see any stains, and 
this item can be easily overlooked. Check the 
assembly of the downspout at the various 
joints. The lower portion of the downspout 
should be outside the upper portion. 
Otherwise, water will leak around the joint. 
Figure 3-14 shows an incorrect downspout 
assembly. On occasion some downspouts 
come loose from their connection to the 
gutters and should be resecured. Loose 
support straps around downspouts should 
be resecured. 


it is 


Fig. 
be reversed; otherwise, water will leak out of the joint. 


The water from downspouts must go 
somewhere; it can be piped away underground 
to suitable drainage or discharged onto the 
ground at the base. Any water discharging 
from the base of the downspouts must be 
directed away from the structure. Otherwise, 
it can accumulate around the foundation and 
can eventually enter the lower level. To help 
deflect this water away from the structure, 
there should be an elbow at the base of the 
downspout and a splash plate below on the 
ground. Effluent discharging around the 
foundation should be indicated on your 
worksheet. 

Sometimes the downspouts terminate 
directly into the ground. It is usually not 
sssible during an inspection to determine 
whether the downspouts are connected to 
free-flowing drain tiles or to dry wells. Free- 
flowing tiles are more desirable; dry wells can 
become clogged (see FIG. 3.15) or will become 


-14. Incorrectly assembled downspout joint; the lower section is inside the upper section. It should 


Gutters and downspouts 33 


DOWNSPOUT 


ineffective if the level of the subsurface 


groundwater (water table) ishigh. Occasionally, 
some free-flowing tiles are visible at the street 
curb. If there are outlets at the curb, they must 
be kept clear. 


Checkpoint summary 
Chimneys 


Masonry type (brick, stone, concrete 
block) 

Inspect for cracked, loose, chipped, erod- 
ing, or missing sections of masonry. 

Check mortar joints for cracked, loose, and 
deteriorating sections. 

© For stucco-finished chimneys, cracked, 
chipped, missing, or loose sections of 
stuceo? 
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Chimney vertical? 
Open joints between the chimney and the 
sidewall? 

IF the roof is flat, does the chimney extend 
3 feet above the roofline? 

If the roof is pitched, does the chimney 
extend 2 feet above the roof ridge? 

If possible, check for cracked or missing 
sections of the chimney cap. 

IF possible, check the chimney flashing for 
holes, tears, or loose sections. Check these 
vulnerable areas for leakage again during 
your attic inspection, 

IF possible, check to see if the chimney flue 
is lined. 

Is there a chimney top damper? 

Is there a cricket (saddle) behind the 
chimney? 
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Metal type (prefabricated) 
Check for corrosion holes, rusting, or miss- 
ing sections. 

Rain cover present? 

Note condition of flashing, 


Vent stacks 

Plumbing vent stacks visible? (Their ab- 

sence can be verified during attic inspec- 

tion) 

Black rings (asphalt cement) at the base 

joint of the vent stacks? 

Note any questionable roof joints and check 

further during attic inspection. 

Note vent stacks that 

—terminate near windows 

—run up an exterior side of the house (in 
northern climates) 

—have TV antenna 


trapped to them, 


Roof vents, hatches, skylights, TV anten- 
nas, dish antennas, lightning protection 
Check all roof joints associated with vents, 
hatches, and skylights. 

Note questionable sections and 

verify tightness of joints during attic 
inspection. 

Does structure contain a roof hatch? 

Can you open it? 

Cracks or open joints in the cover? 

Check skylights for corroding frames and 
cracked or broken panes. 

Inspect ceiling area below for signs of, 
leakage. 

Check TV antenna mast and guy wire con- 
nections to roof. 

Is antenna adequately grounded? 

Are lightning rods secure? 
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Exterior-mounted gutters 
Check for missing sections of gutters, 

Note type of material: copper, aluminum, 
galvanized iron, wood. 

Note gutter sections incorrectly pitched. 
Check metal gutters for corrosion holes, 
sagging sections, loose support straps or 
spikes, and leaking sectior 
Check wood gutters for cracked sections 
and areas of rot, particularly at connec- 
tions and end sections. 


Built-in gutters 
Check for areas with rotting trim. 

Check for signs of leakage. 

Note signs of seepage (stains) in soffit trim 
below gutters. 

Wherever possible, check the condition of 
the gutter channel. 


Downspouts 
Note type of material: copper, aluminum, 
galvanized iron 

Check for missing sections and improper 
joining. 

Inspect for loose straps, open sea: 
corrosion holes at elbows. 

Do downspouts have elbows at base 
and extensions and splash plates (where 
required) to direct roof rain runoff away 
from the house? 

If downspouts terminate in the ground, try 
to find out whether they are connected to 
dry wells or to free-flowing outlets. 
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‘As you walk around the house on the second 
pass, inspect the paths, steps, patio, and 
driveway. The problems normally encountered 
with these items usually do not require 
immediate correction. Nevertheless, a tripping 
hazard might exist, cosmetic maintenance 
might be needed, or a condition might make 
the lower level vulnerable to water penetration. 
Ifyou see problems in these areas, record them 
on your worksheet for early correction, 


Sidewalks 


Sidewalks are usually constructed of concrete, 
asphalt, or stone embedded in the ground. Not 
all communities have sidewalks. If a sidewalk 
is in front of or on the sides of the house, look 
for cracked or uneven sections because they 
are a potential tripping hazard. Even though 
the sidewalk might be on property owned 
by the town, its maintenance is usually the 
homeowner's responsibility. Ifsomeone should 
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be hurt because of a cracked or uneven 
section, you would be vulnerable to a lawsuit. 
Very often uneven sections are caused by the 
roots of trees growing nearby. Correcting the 
condition would require chopping that section 
of root away and resetting the sidewalk. You 
should be aware of the fact that trees adjacent 
to the sidewalk are often the property of the 
local municipality, and prior to altering the 
roots, permission should be obtained. 


Street-level/ 
driveway-level steps 
Steps might lead from the sidewalk or 
driveway to the front path. These steps should 
be inspected for cracked, chipped, broken, 
Look specifically for 
dimensional variations in the step risers. The 
riser (vertical distance) for the top step or the 
bottom step is often a different size than those 
for the other steps. This difference is a tripping 


or uneven sections. 


hazard because it interrupts the natural 
rhythm of ascending and descending the steps. 
If there are more than two steps, there should 
bea handrail as a safety precaution 


Front and side paths 


‘Two general types of paths are used with 
residential structures. One is a ribbon type, 
generally constructed of concrete or asphalt; 
the other is a sectional type, generally inlaid 
with material such as stones, bricks, sections 
of tree trunks, or precast concrete blocks. The 
sectional type normally requires periodic 
maintenance because of the tendency toward 
uneven settlement and weed growth between 
the sections. Sometimes the sections are loose 
and uneven and present a tripping hazard. 
Occasionally, the sections are set in mortar. 
Look for loose, cracked, and chipped mortar 
joints that require repointing. When inspecting 
the ribbon-type path, look for cracked, uneven, 
and broken sections. Very often damage 
occurs because the base below the path was 
not properly prepared during construction. 
Look particularly for settled sections that are 
sloping toward the house. These areas will 
direct rain runoff toward the house, so that 
water accumulates around the foundation. 


Fig. 4-1. A single step in the 
middle of a path is a potential 
hazard. The shrubs on both 
sides of this path call attention 
to the step. However, there 
should also be an outdoor light 
in the area 


This water can enter the lower level. In this 
case, the path should be repositioned so that it 
slopesaway from the structure oris completely 
rehabilitated. 

While inspecting the paths, look for small, 
abrupt changes in the elevation. Occasionally, 
Thave found a single step in the middle of a 
path. This step is a potential tripping hazard 
because it often goes unnoticed. A single 
step in a path, except at an entrance, should 
be avoided. If a slight elevation change is 
necessary and there is a step, it should be 
converted to a ramp, or shrubs should be 
planted at the step to call attention to the 
elevation change. An outdoor light should also 
be placed here. (See FIG. 4-1.) You might find a 
path partially blocked by overgrown shrubs; 
consequently it is no longer functional. In this, 
case, if a path is needed, the shrubs should be 
pruned or the path repositioned. 


Entry steps 
Entry steps can be made of stone, concrete, 
brick, metal, or wood. As a safety precaution, 
when more than two steps are necessary, 
at least one handrail should be installed 
especially if the house is located in an area 
where the temperature drops below freezing. 
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In those areas, the steps can be coated with a 
layer of ice after a freezing rain. (See FIG. 42) 
Look specifically for differences in the vertical 
distance between the steps (risers). Gee FIG.43) 
Any dimensional variations in the risers are 
potential tripping hazards. Some steps are 
designed so that the vertical distance between 
the treads is open (open risers). Although this, 
might be aesthetically pleasing, itis a potential 
tripping hazard. 

Ifthe entry door opens onto theentry steps, 
a landing platform rather than a step tread is 
necessary at the doorway. The turnaround area 
ofa single step tread is not considered adequate 
to operate a door safely. The platform should 
provide sufficient space to allow adequate 
standing room while opening the door, which 
swings over the landing, See FIG. 44) 

When inspecting the steps, look speci- 
fically for cracked, broken, rotting, chipped, 
and loose sections. The treads should be level. 


Fig. 4-2. Handrail is needed for steps, especially 
‘when they could be covered with ice. 
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Fig. 4-3. Note that the vertical distances between 
the steps vary. These steps are a potential tripping 
hazard. The bottom riser needs masonry repair. 


Uneven sections are a tripping hazard. If the 
steps are masonry-constructed, look at the 
step foundation walls for cracked, broken, and 
chipped sections. Any wood stringers (the side 
portions of the steps that support the treads) 
should be resting on a concrete pad rather 
than on the soil. Check the base of wooden 
stringers for rot by probing the area with a 
screwdriver. If the screwdriver penetrates the 
wood easily, the stringer should be replaced. 
Metal handrails are often used with exterior 
steps. Very often, these handrails are corroding 
and have deep pockets of rust. In this case, 
the handrails should be scraped, primed, and 
repainted. 


Patio 


‘There are probably as many types and styles 
of patios as there are houses. The more 
common types are concrete slab, stone set 
in mortar, and brick or paving blocks set in 
the ground. In all cases, a particular concern 
is whether any tripping hazards can result 


Fig. 4-4. The turnaround area of the top step is too narrow to operate the door safely. 


from cracked, broken, or uneven sections. 
Some patios have a grid pattern consisting 
of wood embedded in the ground around 
sections of brick or concrete. This wood 
should be pressure-treated to protect it from 
rot. However, often the wood is not pressure- 
treated, so that after a few years it rots and 
requires replacement. Concrete-slab patios 
should have expansion joints and control 
joints for cracking. Very often these items are 
omitted, and the patio cracks in a random 
fashion that is aesthetically undesirable. Look 
at the patio for signs of uneven settlement. Ifa 
patio is adjacent to the house and has settled 
so that it is sloping toward the house, water 
can accumulate around the joint between the 
patio and the foundation wall. This water will 
eventually accumulate around the foundation 
and if the house has a basement or craw spack 
it could enter those areas. This condition 


should be indicated on your worksheet for 
later correction and as a reminder for you to 
check the area of the basement adjacent to the 
patio. 


Driveway 


Driveways are normally constructed of 
asphalt, concrete, gravel, and, more recently, 
individual paving blocks. They also might 
just be a clearing with no covering, The latter 
is not particularly desirable from a cosmetic 
point of view and because of the ease with 
which ruts can develop. Gravel driveways 
on occasion also develop ruts and require 
periodic replacement of the gravel. Concrete 
and asphalt driveways should be inspected for 
cracked, broken, or settled areas that require 
rehabilitation. Extensive cracking, such as 
alligator cracks, is usually an indication of poor 
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Fig. 4-5. Extensively cracked and det 


drainage of the subbase or poor construction. 
(Gee FIG. 45.) In this case, the cracks cannot 
be sealed effectively. The entire area should 
be patched. If a large portion of the driveway 
has this type of cracking, resurfacing is 
required. 

If the base below a paving block driveway 
has not been prepared properly, sections will 
settle causing water to pond during a rain. (See 
FIG.46) Although the water will drain into the 
joints between the blocks, this item should be 
recorded on your worksheet so that it can be 
corrected at a later date. 

Sometimes the driveway is on an incline, 
so that subsurface water flows below the 
driveway, undermining the subbase. In this 
case, prior to resurfacing, adequate provision 
for drainage of the subbase should be made. 

When standing at the front of the driveway, 
look to see if it pitches directly down toward 
the house. If it does, the garage and any other 
portion of the lower level are vulnerable to 
flooding unless a large operational drain at 
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teriorating driveway. 


the base of the driveway intercepts the surface 
water. Usually a channel drain that runs across 
the width of the driveway is needed to control 
such water runoff. The drain, however, should 
have a free-flowing outlet. If the drain is 
connected toa dry well, it might be ineffective 
during those months when there is a high 
water table; one corrective procedure would be 


Fig. 4-6. Water ponding on a paving block 
driveway. 


to connect the drain to a sump pit and remove 
the water by means of a sump pump. 

When a house is located on a street that is 
inclined, the curb cut for the driveway should 
not be feathered into the street. Instead there 
should be a small ridge on the driveway at 
the joint between the driveway and the street. 
This ridge will prevent water that normally 
accumulates around thecurb from flowing onto 
the driveway. This is normally not a problem 
in newer structures. However, in older houses 
the ridge tends to deteriorate, allowing water to 
overflow. This condition should be corrected. 

In some northern areas, raised and 
inclined driveways have scratch marks that 
are caused by studded snow tires. This 
indicates that those driveways will be difficult 
to negotiate during some winter months; 100 
pounds of salt and sand should be stored in 
the garage or near the driveway. 

The minimum width for a driveway 
is 8 feet, although 9 feet is preferred. If the 
driveway is used both as an areaway for the 
car and a walkway in place of a path, it should 
be at least 10 feet. Anything less will make 
walking quite difficult when a car is parked 
in the driveway. Note whether the driveway 
discharges into a heavily trafficked street. If it 
does, an area in the driveway should function 
as a turnaround to allow a driver to head onto 
the street rather than back out onto the street. 
Also, look for overgrown trees and shrubs at 
the end of the driveway that might obstruct 
the driver's view when entering the street. 


Checkpoint summary 


Sidewalks, paths 

© Inspect for cracked, missing, eroding, and 
uneven sections. 

© Check for areas that might present a trip- 
ping hazard. 

© Check slope of all paved paths adjacent to 
the house for improperly pitched sections. 


Street-level/driveway-level steps 


O Inspect for cracked, chipped, broken, or 
uneven sections 
O Check for missing handrails or railings. 


Entry steps (masonry, wood) 

O Inspect for cracked, broken, loose, or dete- 
riorating sections. 

O Note potential tripping hazards such as 
variations in riser heights and narrow 
trea 

O Check (probe) for rot in wood stringers, 
step treads, and handrails. 

© Are wood stringers supported on concrete 
pads, or are they resting on the earth? 

O Check for handrai 

O Inspect metal handrails for rusting, loose, 
and broken sections. 

O Inspect wooden handrails for cracked, 
broken, loose, and rotting sections. 

© Does entry door open onto a step or 
landing? 


Patio 

O Check for cracked, broken, eroding, and 
uneven area: 

O Inspect for uneven and settled sections adja- 
cent to the house that can allow water to 
accumulate around the house foundation. 

© Check for rot and insect damage to embed- 
ded wood sections. 


Driveway 

O Inspect for cracked, broken, eroding, or 
settled areas. Note extensively cracked and 
deteriorated areas for future rehabilitation. 

O Check slope of driveway: level, raised, or 
inclined? 

O For an inclined driveway, is there an 
adequate drain at the base? 

© Does drain discharge to a drywall or toa 
free-flowing outlet? 

O Is driveway width adequate (8 feet mini- 
mum, 9 feet preferred)? 
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As you walk around the house inspecting 
the paved areas, you should also inspect the 
exterior walls, windows, trim, and doors. Before 
actually inspecting these items, however, look 
at the overall wall area for indications of past or 
current structural problems. Are the window 
and door lines square? Are any portions of the 
walls sagging or bulging? Are the walls and 
corner sections vertical? A problem condition 
should be recorded on your worksheet for 
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further investigation. Ifby the end of the house 
inspection you cannot determine the cause, 
you should have the condition checked by a 
professional 

While inspecting the exterior walls, also 
note for further investigation any pipe or 
hood projecting through a wall or basement 
window. These items are usually not problem 
conditions, but it is useful to understand 
their function. The hood is often covering the 


Screwdriver, spade, and conical are some of the more common tip shapes, Personal preference is the biggest 
factor when choosing a tip, but the goal is to get as much surface area contact between the tip and work as 
possible. Chisel and spade tips have more surface area at their ends, and also "hold" solder at their tips more 
readily than conical tips, which have a tendency to draw soldet away. Even for fine pitch surface mount 
soldering, having a small flat at the end can be helpful 


oe See | om g 
i — Ce | 
ee 4 O | oe ame SO 
= © o om fo “a 
o on ® 
a — ¢ - 2 
ae b= 7H @ | = 2 
a. ° Ie 
= b= “FO | «= 
— i ~ ~ 
— b ” 


+ There are myriad other tip shapes and sizes. The picture to the right shows one Plato catalog page of 
many. Some other non-standard shapes include a knife-blade (useful for fine pitch leads) and a surface 
mount desoldering tip. 


—— 


desolder surface 
mount resistors 


desoldering a surface mount soie chip 


‘apply solder to up. ‘contact chip: 


To preserve tip life, the number one thing you can do is reduce the tip temperature (if your iron allows 
this). After that, ALWAYS keep a layer of solder on the tip to prevent the tip itself from oxidizing, and 
clean it in between uses. Put a glob of solder whenever you put it back in the stand, and before you turn 
it off, When heating up a new tip for the first time, hold solder against it so the tip can be covered as 
soon as the iron gets hot enough. 

‘The longer flux residues and oxides are left on the tip, the harder they are to clean off. They also can 
drastically reduce the tip's ability to heat up a part, and prevent solder from "wetting" the tip. Regular 
cleaning of the tip before use is one of the best ways to prolong tip life and make soldering easier. It's 
important that solder "wet" or cling to the surface of the iron--without solder in between the tip and 
work the tip's ability to heat is drastically reduced. 


= What about gas powered irons and the Cold Heat® iron that is supposedly touchable 1 sec, after use? 
Butane (and other gas) powered irons are mainly used in situations where electrical power isn't 


discharge end of an exhaust fan or clothes- 
dryer duct, and the pipe may be the discharge 
line for a sump pump or condensate line 
from an air-conditioning system. If the pipe is, 
connected to a sump pump, it might indicate a 
past or current water-seepage problem. Sump 
pumps and water seepage are discussed in 
detail in chapter 11 


Exterior walls 


The exterior walls in most residential 
structures will be either wood frame or 
masonry, sometimes a combination of the two. 
The latter is commonly called a veneer wall. The 
exterior walls rest directly on the foundation 
and are bearing (load-supporting) walls. They 
support the roof, floors, and vertical loads 
imposed by other building components. The 
outer covering of the exterior walls provides 
protection from the weather and, if properly 
installed, minimizes the flow of air, moisture, 
and heat into or out of the structure, 

When the walls are wood frame, the 
vertical framing members (studs) support 
all the vertical loads, and the outer finish 
covering (generally called siding) provides 
weather protection. Insulation is normally 
located in the spaces between the studs. In 
masonry walls, the masonry (clay tile, brick, 
stone, concrete block, etc.) provides both the 
structural support and the weather barrier. 
A masonry-veneer wall is a wood-frame wall 
with masonry used in place of the siding. 
Although the masonry in a veneer wall is not 
used for supporting the vertical loads, it does 
support its own weight. 

Basically, a wood-frame exterior wall 
consists of 2-by-Linch or 2-by-6-inch studs 
covered on the interior side by materials such 
as plaster, Sheetrock, plasterboard, wood, 
or hardboard panels (as described in chapter 
10) and on the exterior side by sheathing, 
sheathing paper, and the finish siding. (See 


FIG, 5-1.) In some parts of the country where rot 
and termite activity are problems, metal studs 
are now being used in place of wood studs. 

Sheathing is installed over the studs to 
provide bracing and minimize air infiltration. 
Depending on the type of sheathing, it can 
also be used to form a surface onto which the 
exterior finish can be nailed. Wood boards, 
plywood, fiberboard, and plasterboard are 
often used for wall sheathing. Fiberboard 
sheathing adds a small amount of insulation 
to the overall exterior wall; however, it should 
not be used as a nailing base for the direct 
attachment of the exterior siding. Rather, the 
siding should be nailed either to the studding 
through the sheathing or to wood nailing strips 
that have been attached to the sheathing. In 
many communities, when the exterior siding 
is capable of supplying adequate bracing and 
weather protection (as with exterior plywood 
panels), the sheathing is often omitted. 

The purpose of the sheathing paper is to 
resist the direct entry of water during a driving 
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Fig, 5-1, Components of a wood-framed exterior 
wall 
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rain. Sheathing paper (an asphalt-saturated 
felt) is water-resistant but not vapor-resistant 
and allows water vapor (which often builds up 
in the voids of the frame wall) to escape rather 
than condense and cause problems. Sheathing 
paper can also be very effective in reducing air 
infiltration. 


Exterior siding 
There are many types of exterior siding. If 
the siding is of good quality and has been 
maintained, it could last as long as the house. 
Normally, the type of maintenance required 
(other than painting) is the repair of cracked, 
broken, loose, rotting, or missing sections. 
When maintenance is needed, it is usually 
on a small section rather than the entire wall. 
However, some homeowners neglect the 
siding and allow it to deteriorate to a point 
where complete re-siding is necessary. Several 
dients have asked me about the condition 
of the old siding on a house that had been 
resided. Actually, the degree of deterioration 
of the old siding does not matter as long as the 
new siding is properly installed and provides 
the needed weather protection. 

When inspecting the siding, pay particular 
attention to the sections that are facing south 
or southwesterly. These areas receive the 
‘maximum exposure to the sun and are more 
vulnerable to weather deterioration. The 
bottom of exterior siding should not be close 
to, or in contact with, the ground. Because of 
the dampness associated with the ground, 
the bottom of the siding should be at least 8 
inches above the finished grade. Otherwise, 
the wood siding or the wood nailing boards 
for nonwood siding will be vulnerable to rot 
and termite infestation. 

On occasion I have found vines growing 
up an exterior wall, in some cases reaching 
the roof. Although this might be aesthetically 
pleasing, the vines are undesirable. They can 
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cover a multitude of problems and can cause 
problems. The vines can conceal termite shelter 
tubes (see chapter 8) or cracked portions of 
the siding. They can widen cracks, damage 
mortar joints, and loosen shingles. In addition, 
the dampness associated with the vines can 
promote rot and cause paint to blister and 
peel. If you find vines growing up an exterior 
wall, you should consider removing them. 

Wood siding Wood siding is a broad 
classification that includes shingles, shakes, 
boards (applied vertically and horizontally), 
plywood panels, and hardboard. When 
inspecting wood siding, pay particular 
attention to exterior corner joints and the 
joints between the siding and window frames 
and doorframes. In addition, the area where 
the siding joins a dissimilar material (such 
as masonry or metal) is vulnerable to water 
penetration during a driving rain. These 
areas should be checked for weathertightness 
and rot. 

On wood siding you might find dark, 
blotchy sections. This condition is generally 
caused by spores of fungi or mildew and often 
occurs in shaded areas. It is not a concern 
becauise it does not cause the siding to decay. 
However, it is unsightly. On painted surfaces, 
it can often be removed by washing with 
bleach and water. New paint on such areas 
should contain a mildew-inhibitor additive. 
On unpainted wood surfaces, this condition 
can usually be controlled by coating the siding 
with a penetrating preservative containing a 
mildewcide. You might also find brown and 
black discolorations on the siding (FIG. 52). 
This staining is caused by rusting of the nails 
used to secure the siding. The discolorations 
could have been avoided if aluminum or 
galvanized (rust-resistant) nails had been 
used. Eliminating this condition is somewhat 
difficult and usually not cost-justified. 

Wood shingles/shakes Most shingles and 
shakes (hereafter referred to as shingles) used. 


for exterior sidewall application are made from 
cedar or redwood. They are basically the same 
ones that are used for roofing (as described 
in chapter 2). However, their application is 
somewhat different. Because vertical walls 
present fewer water-penetration problems 
than roofs, the shingles on walls can be 
installed with a greater weather exposure than 
those on roofs. In addition, roofs generally 
have a three-ply layer of shingles, whereas 
exterior walls have only a two-ply layer. For 
full weather protection, the butt joints between 
the wall shingles for the upper ply should not 
line up with the vertical joints for the lower 
ply. Otherwise, water can penetrate the wall 
during a driving rain. 

Since the shingles are decay-resistant, 
they do not have to be painted for weather 
protection. However, new shingles that replace 
deteriorated unpainted weathered shingles 
will not match the remaining shingles. Many 
shingles are painted to achieve a color decor. 
Aftera number of years, the paint begins to peel 
and flake. Consequently, once the shingles are 
painted, they will require periodic repainting 
for cosmetic purposes. 

When inspecting the shingles, look for 
cracked, loose, chipped, rotting, and missing 
sections. Check for open joints around 


window and door trim. (See FIG. 53) Open 
joints allow water penetration during a rain. 
Inspect for warped shingles; they generally 
will be on the sidewall with the southerly 
or southwesterly exposure. Also look at the 
quality of the shingles. You might find that the 
top portions of some are paper thin and can 
crack or chip very easily. These shingles are of 
a lower quality and are intended for use as an 
undercourse or installation with less shingle- 
length exposure. This type of shingled sidewall 
has a short projected life, and periodic repairs, 
with eventual residing, should be anticipated. 
Try to lift a few shingles gently. They should 
not lift up. If they do, it is an indication that 
they were improperly nailed. Shingles that are 
nailed directly to fiberboard sheathing rather 
than to wooden nailing strips (attached to the 
sheathing) will lift up under gentle pressure. 
Anyofthe above conditions should berecorded 
on your worksheet for future correction. 
Wood boards Wood-board siding can be 
applied horizontally or vertically. Horizontal 
siding tends to make a house appear lower 
and longer; vertical siding tends to make a 
house appear taller (and is popular on one- 
story houses). The wood used for board siding 
should be free of knots. Otherwise, over a 
period of time, shrinkage can cause the knotty 


Fig. 5-2. Discolorations of wood shingles caused 
by rust stains from iron nails 


Fig. 5-3. Open shingle joints allow rainwater 
penetration. 
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cores to drop out, leaving the siding with holes 
that are vulnerable to water penetration. 

With the exception of redwood and cedar 
boards, most wood siding is painted for pro- 
tection against weathering and decay. When 
inspecting the siding, look at the condition of 
the paint. Are there any bare, peeling, flaking, 
orblistered sections? Ifthere are, paint touchup 
or repainting may be needed. Blistered and 
peeling paint is often caused by moisture in 
the painted wood, although it can also result 
from a poor paint job. Determination of the 
exact cause for blistering and peeling paint 
cannot be made during a single inspection. 
Nevertheless, this condition should not affect 
your thinking about the house. If it is caused 
by moisture in the wood, it can be corrected 
after you move in, and usually at minimal 
expense. 

Wood-board siding should be inspected 
for cracked, loose, and rotting sections. In 
addition, look for loose or missing knots. All 
holes should be patched with a wood filler. In 
vertical siding, check the joints between the 
vertical sections for weathertightness. In both 
vertical and horizontal siding, pay particular 
attention to the outside corner joints. These 
joints are vulnerable to water penetration 
during a rain, and any open joints must be 
sealed 

Plywood panels Plywood panels are also 
used for siding. They are made from exterior 
type plywood in which the veneer layers are 
bonded together with a waterproof glue. The 
exterior facing of the panel comes in a variety 
of surface textures and grooves. The panels are 
4 feet wide by 8, 9, or 10 feet long. The thicknes 
of the panel will depend on the depth of the 
grooves and will generally vary between % 
and % inch. Plywood panels are usually 
installed in a vertical position with the vertical 
joints over studs. This minimizes the number 
of horizontal joints, which is desirable since 
plywood panels are often applied directly to 
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the studs rather than over sheathing. Because 
of their vulnerability to water penetration, any 
horizontal joints should be shiplapped (not 
visible to the inspector) or protected by metal 
flashing (visible). When inspecting plywood 
siding, look for loose, warped, cracked, 
delaminated, and rotting sections. Also 
check for open and nonweathertight joints. If 
the panel siding is painted, check the finish 
for peeling and flaking paint and blistered 
sections. 

Hardboard siding Hardboard siding is 
made by bonding (under heat and pressure) 
wood fibers that have been ground almost to 
a pulp. The siding is dense and tough, and has 
a fairly good dimensional stability, although 
not as good as that of plywood. Hardboard, 
like plywood, is available in a wide range of 
textures and surface treatments. It is available 
in 4-foot-wide panels and 9- and 12-inch-wide 
planks. When inspecting hardboard siding, 
look forcracked, chipped, broken, deteriorated, 
and loose sections. Also check horizontal and 
vertical joints for weathertightness. 

Aluminum siding Aluminum siding is 
often used in new construction and is often 
used when re-siding the exterior walls. The 
siding comes in planks that are either smooth 
or embossed with a wood-grain texture (to 
resemble painted wood boards), also as 
shingles and vertical panels. Aluminum siding 
is relatively maintenance-free. It is noncorrosive 
and termite-proof, and will not rot. The siding 
surface is generally covered with a baked 
enamel-paint finish that can stand up for 
many years before it fades, becomes dull, and 
needs a coat of paint. If the siding is scratched, 
bare aluminum is exposed. However, since the 
aluminum does not corrode, the scratch is only 
of cosmetic concern and can easily be corrected 
with touch-up paint. One problem with the 
siding is that it can be dented if struck hard 
enough—as with a baseball or stone thrown 
from a power mower. Many communities 


require that aluminum siding be grounded 
electrically as a precaution against electrical 
shock. 

Aluminum siding is available with or 
without insulation backer boards. The 
insulation is generally a rigid foam (such 
as polystyrene) or fiberboard. Although the 
backer boards are only about % inch thick, 
they are quite effective as an insulator for a 
house that has no insulation in the exterior 
walls. Because of increasing energy costs, 
even a house with insulation in the exterior 
walls benefits from the additional insulation. 
The backer boards reduce heat loss in the 
winter and heat gain in the summer. They 
also increase the strength and rigidity of the 
siding. However, insulation-backed siding 
(and tight siding jobs) can cause moisture to 
accumulate within the exterior walls of houses 
that have no vapor barriers on the inside 
surface. (Insulation and vapor barriers are 
discussed in chapter 19.) You can usually tell 
whether the aluminum siding has an insulation 
backer board by pressing on it. If the siding is, 
relatively firm, it has a backer board, but if it 
yields and bends under the pressure, it has no 
insulation board. Another method is to tap the 
siding. If it has no insulation, you will get a 
hollow sound. 

When inspecting aluminum siding, look 
for loose, missing, and dented sections. 
Check the exterior joints for open sections 
and weathertightness. In those areas where 
electrical grounding of the siding is required, 
you should look for an electrical ground 
connection, a wire that runs from the siding 
to the inlet water pipe or a rod or pipe that has 
been driven into the ground. (See chapter 12.) 
You can find out whether an electrical ground 
connection is required by checking with the 
local municipal building department. 

Vinyl siding Vinyl siding is very much 
like aluminum siding in size, shape, 
application, and appearance. Quite often close 


examination of the siding is needed to tell the 
difference between the two. The coloring in 
vinyl siding is embedded in the material and 
is the same throughout its thickness. Since the 
coloring in aluminum siding is only on the 
surface, an end cut or scratch in the aluminum, 
reveals the silvery color of the bare metal. To 
tell whether the siding is vinyl or aluminum, 
look at an end cut or joint. 

Vinyl siding is usually installed with an 
insulation backer board behind each sheet. In 
addition to insulation value, the board adds 
rigidity and strength. Vinyl siding normally 
does not dent from impact; it merely flexes and 
springs back to its original shape. However, 
during very cold weather, the siding becomes 
brittle, and a hard blow could crack or shatter 
it, When inspecting vinyl siding, check for 
cracked and broken sections and loose and 
sagging sections with open joints. 

Vinyl siding expands and contracts as 
the temperature changes. When the siding is 
improperly nailed, this movement usually 
results in waviness and blisters in the vinyl 
panels. If you see this type of unevennes 
in the vinyl panels, record the fact on your 
worksheets for future correction. 

Asbestos-cement shingles As with roof- 
ing shingles, asbestos-cement siding shingles 
were manufactured by combining asbes 
fibers with Portland cement under pressure. 
These shingles are currently called. mineral- 
fiber shingles. Although the shingles are no 
longer manufactured, they can be found on 
many homes in a variety of textures and 
colors. Since the shingles are unaffected by the 
weather and are immune to rot and termite 
activity, they require very little maintenance. 
However, the shingles are brittle and can be 
damaged and cracked by impact. The lower 
courses of the shingles are most vulnerable 
to damage. Usually damaged shingles are 
replaced rather than repaired. Depending 
on the weathered condition of the existing 
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shingles, the new shingles may not match 
the older ones. (See FIG. 5-4) When inspecting 
asbestos shingle siding, look for cracked, 
chipped, broken, loose, and missing shingles. 
Shingles that have slipped out of place were 
usually improperly nailed, or the nails were 
not rust-resistant and deteriorated. If the 
condition is caused by the latter, additional 
shingles will slip out of place in the future, and 
maintenance should be anticipated. 
Asbestos-cement shingles were generally 
installed with sheathing-paper-backer strips 
behind the vertical shingle joints. These backer 
strips provided additional protection against 
water penetration. You might find sections of 
backer strips that have slipped out of place 


Fig. 5-4. Missing and patched (mismatched) 
asbestos-cement shingles, 
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or are hanging loose between the shingles. 
Since the shingles were normally installed 
over sheathing paper, which is waterproof, 
replacing the loose backer strips is usually not 
necessary. 

Fiber-cement siding Fiber-cement siding 
is made from a mixture of cement, sand, 
cellulose fibers, and other components such 
as water, waxes, and resins. The material then 
goes through a multistep high-pressure curing 
process in which the mixture is subjected to 
highly pressurized steam that presses the 
material into a variety of siding patterns. 
‘There are several companies that manufacture 
fiber-cement siding; the most popular is James 
Hardie Building Products. Hardie fiber- 
cement siding products that you will find on 
houses are HardiePlank lap siding, shingles, 
and vertical siding. 

Fiber-cement siding is popular because 
it is fire-resistant and will not rot, warp, or 
delaminate. It is also resistant to termites, and 
because it is normally manufactured into a 
much thicker and more durable product than 
its vinyl counterparts (according to Hardie, 
its siding is 5 times thicker than vinyl siding 
and weighs about 1.5 times as much as wood), 
it resists cracking and impact damage. The 
main concern with fiber-cement siding is not 
the product, but improper installation, which 
can result in skewed trim, exposed nails, and 
cracked, chipped, loose, or damaged sections. 
If you see any problems, record them on your 
worksheets for future correction. 

Asphalt siding Asphalt siding is made 
by impregnating an organic felt material or 
glass-fiber mat with asphalt. The siding is 
available as shingles or as a roll. The exterior 
surface of the roll material is coated and 
embossed so that from a distance it looks like 
bricks. As the siding ages, it becomes dry and 
brittle, and cracks easily. For the most part, 
asphalt materials are no longer used for siding 
or residing residential structures. However, 


they can be found on existing buildings. When 
inspecting asphalt siding look for cracked, 
chipped, and eroded sections. Also check for 
open and lifting joints and loose, torn, and 
missing sections. If you find any areas in need 
of repair or replacement, record them on your 
worksheet. 

Stucco A stucco finish on an exterior wall 
is basically a concrete sheet that has been built 
up in layers. It is usually made from a mixture 
of cement, lime, sand, and water. Stucco is 
weather-resistant, immune to termite and 
fungus attack, rigid, and durable—qualities 
that are desirable for an exterior wall finish. 
In addition, it can be applied to curved or 
irregularly shaped surfaces and to wood-frame 
walls that have been prepared with backing 
(sheathing) paper and metal lath. The backing 
paper is needed to resist water penetration 
through open joints or cracks that might 
develop in the stucco. The metal lath provides 
the means for bonding the stucco mix. 

Stucco is generally applied in two coats 
ona masonry wall and three coats on a wood- 
frame wall. The minimum thickness for a 
three-coat wall is % inch; for a two-coat wall, 
SAinch. The top layer of stucco is the finish coat 
and can be relatively smooth or have a rough 
texture, It can be prepared in a wide range of 
colors or painted. 

Because stucco is a rigid material, cracks 
can develop as a result ofa slight movement of 
the house. (See FIG.5-5) Movement occurs from 
foundation settlement and from wind forces. 
You generally find more cracks in stucco on 
a wood-frame house than on a solid masonry 
house. Shrinkage of the wood-framing 
members creates stresses in the stucco that 
often result in cracks. Once a crack develops, 
water can penetrate into the wall during a 
driving rain and can cause problems. In time, 
the portion of the metal lath around the crack 
rusts and deteriorates, and, depending on 
the condition of the backing paper, the wood 
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Fig. 5-5. Cracked stucco wall. If wall was covered 
with vines, these cracks would be concealed. 


framing and sheathing might rot. In addition, 
in cold climates, accumulated water behind the 
stucco can freeze, causing further deterioration 
asa result of frost action. 

All cracks should be sealed. Hairline 
cracks and cracks up to Ysinch generally can 
be sealed by coating them with a cement- 
based paint. The only difficulty is in matching 
the color of the wall. Larger cracks can be 
sealed by filling them with a mortar mix. 
Broken and loose sections of stucco must be 
rehabilitated by a skilled craftsman. When 
inspecting a stucco wall, look for chipped, 
cracked, loose, and broken sections. If you find 
areas in need of repair, record their location 
on your worksheet. Stucco does not require 
painting. But if it has been painted, check 
the condition of the paint. Once a stucco wall. 
has been painted, periodic repainting will be 
required for cosmetic purposes, although at 
less frequent intervals than wood. 

Synthetic stucco Synthetic stucco, 
commonly known as an exterior insulation 
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and finish system (EIFS), is an exterior 
wall siding that consists of four primary 
components: 


‘+ Foam insulation boards attached to the 
exterior wall sheathing 

+A base coat that is applied to the 
insulation board 

+ A fiberglass reinforcing mesh embedded 
in the base coat 

‘+ A finish coat applied over the fiber glas 
mesh 


Although the EIFS may resemble stucco 
in appearance, the two siding systems are 
quite different, especially with regard to 
controlling water intrusion. The traditional 
stucco system anticipates eventual water 
penetration through open joints and cracks. 
To prevent rot and deterioration of the wood 
framing and sheathing in the exterior walls, it 
uses a housewrap or building paper behind 
the stucco surface to carry any water that 
accumulates in that area down and out the 
bottom of the wall. 

The EIFS, on the other hand, was not 
designed for water intrusion. Itwas considered 
a surface barrier system because it resisted 
water penetration at its outer surface. It was 
assumed that moisture would not penetrate 
the surface and reach the wall sheathing and / 
or framing. The system was not originally 
intended to drain water that got behind the 
EIFS cladding. In practice, however, water did 
penetrate the wall, not through the surface but 
through jambs and sills of window frames, 
and at the joints between the exterior walls and 
door, window, deck, and roof intersections. 
Water that penetrated the wall could not 
easily escape. It was trapped between the EIFS 
cladding and the sheathing. 

Over a period of time the water was 
absorbed by the sheathing and framing, which 
increased their moisture content to a level 
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above saturation, causing rot and structural 
damage. Depending on weather conditions 
and the quality of construction, significant 
damage due to moisture intrusion could occur. 
Damage from water intrusion has been found 
in the exterior walls of houses that are only 3 
to5 years old. 

The industry, recognizing the problems 
that resulted because of the lack of drainage 
in the wall, modified the system to include 
the installation of drainage channels and 
building paper between the foam insulation 
and the sheathing. In appearance the new 
yystem is similar to the old one, and with a 
visual inspection you cannot tell the difference 
between the drainable and nondrainable EIFS. 
Not only is the location of water entry often 
difficult to see, but moisture damage to the 
sheathing and framing behind the exterior 
wall cladding cannot be readily detected by 
visual inspection 

If the exterior wall cladding is an EIFS, you 
can do a preliminary inspection by checking 
for cracked and open joints at the interfaces 
between the EIFS and dissimilar materials such 
as windows, doors, and wall penetrations. If 
any are found that require caulking, record 
their location on your worksheet. Also, if you 
have a noninvasive moisture meter, check those 
areas for water intrusion. However, because of 
the nature of the potential problems and the 
high cost for correction, it is recommended 
that you have the exterior walls inspected and 
evaluated by a professional. 

Veneer wall A veneer wall is a wood- 
frame wall with an attached masonry facing. 
Unlike exterior siding, which is held in position 
by being fastened to the sheathing or studs, the 
masonry rests on top of the foundation wall 
and supports its own weight. It is attached to 
the wood backing by corrosion-resistant metal 
ties. The ties are considered the weakest point 
in this type of construction. If the ties have 
deteriorated or are not properly attached, the 


masonry facing can pull away from the wood 
frame. 

The masonry—usually clay brick, concrete 
brick, or split stone—is normally positioned 
so that there is a I-inch air space between 
the veneer wall and the wood backing, (See 
FIG. 56) Small holes (weep holes) are usually 
installed at the base of a veneer wall. These 
holes allow water that might accumulate in the 
air space to drain. When the masonry facing is, 
brick, the weep holes are generally formed by 
eliminating the mortar in a vertical joint. 

Some bricks absorb more water than others, 
Bricks with high absorption should notbe used 
for the exterior facing of walls, especially in 
colder climates. Unfortunately, they are used 
occasionally. Alternate freezing and thawing of 
bricks that have absorbed water will cause them, 
to deteriorate. Depending on how much water 
has been absorbed, the interior walls might 
become damp, a condition that can usually be 
detected during the interior inspection. This, 
condition can often be controlled by coating 
the bricks with a silicone sealant. 

When inspecting a veneer wall, look for 
chipped, cracked, loose, deteriorating, and 
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missing bricks or stones. In addition, check 
for cracked, chipped, and deteriorating 
mortar joints. Pay particular attention to 
the mortar joints. Occasionally, because of 
excessive shrinkage of the wood framing or 
slight foundation settlement, you might find 
large open cracks, especially around window 
frames and doorframes. Also look for loose 
and bulging sections of veneer wall. If you find 
any of the above items, record their location on 
your worksheet for later correction. 


Masonry wall 
Unlikea wood-frame wall where the structural 
support and weather barrier are provided by 
two separate components, studs and siding, 
the masonry units ina masonry wall (clay tile, 
brick, stone, or concrete block) provide both the 
support and the weather protection. Because 
of the low thermal resistance of masonry, a 
masonry wall allows greater heat loss than a 
wood-frame wall. 

To reduce the heat loss, insulation can be 
added by applying a rigid foam insulation 
board to the interior side. In addition to 
providing insulation, the board can also be 
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used asa base for plastering. Anotherapproach 
is to apply furring strips to the inside wall; the 
furring strips create an airspace into which 
insulation can be placed prior to installing the 
finishing wall panel. In some cases, however, 
the interior side of the masonry walll is left 
completely exposed and serves as a decorative 
element or a base for direct plastering. This is 
quite wasteful from an energy-conservation 
point of view. 

Because of the rigidity of masonry walls, 
differential movement within the wail might 
cause serious cracking. Wall movement might 
be the result of unequal foundation settlement, 
orexpansionand contraction from temperature 
and humidity changes. Many cracks are not 
of structural concern, although they should 
be sealed to eliminate the possibility of water 
penetration. If you have any doubt about the 
severity of a crack, have the condition checked 
by a professional, 

A common problem with masonry 
walls is efflorescence on the exterior surface. 
Efflorescence is a deposit of soluble salts 
that were originally within the masonry, 
usually brought to the surface by water in the 
wall. When the water evaporates, the salts 
are deposited on the surface. Efflorescence 
generally can be removed by scrubbing with 
a stiff brush or washing with a dilute solution 
of mutiatic acid. However, if the condition is 
a recurring problem, it is an indication that 
water is penetrating the wall through cracks 
or faulty joints or flashing. 

When inspecting a masonry wall, pay 
particular attention to the joints around 
window and doorframes. All joints should be 
weathertight. Are there any cracks around the 
corners of window or door openings? These 
are areas of high stress concentration and are 
vulnerable to cracking. Cracked and chipped 
mortar joints and deteriorated masonry should 
be indicated on your worksheet for later 
repair. If you notice bulging sections in the 
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exterior walls or large cracked sections, have 
the condition checked professionally, since it 
might indicate structural problems. 


Trim 

All portions of the exterior finish, other than 
the wall covering, are generally classified as 
exterior trim. This includes the moldings and 
sills around windows and doors, fascia boards, 
soffits, louvers, shutters, and decorative 
columns. (See FIG. 57.) Trim does not serve 
a structural function. It is used as finishing 
around openings and to protect joints, edges, 
and ends. Most exterior trim is made of wood or 
wood products, although aluminum and vinyl 
trim have become quite popular. Many older, 
traditionally designed homes have decorative 
sheet-metal cornices, which are considered part 
ofthe trim. The problem with sheet-metal trim is, 
that if it is not maintained and kept adequately 
painted, it will rust and deteriorate. 

‘Wood trim that is exposed to the weather 
should be decay-resistant so that it does not rot. 
(Gee the section on rot in chapter 8.) Some types 
of preformed trim are factory-treated with a 
water-repellent preservative to make them 
water-and decay-resistant. When the trim iscut 
to size during construction, the ends or miter 
joints must be treated to make them water 
resistant. All too often they are not treated, and 
the joints, which readily absorb water, begin to 
rot. When inspecting wood trim, pay particular 
attention to the joints that are vulnerable to 
decay. A house with a wide roof overhang at 
the eaves and gables provides greater weather 
protection of the sidewalls and trim than one 
with no roof projection beyond the walls. 
All nontreated wood continually exposed to 
moisture is prone to decay. The trim around 
the edge of the roof is particularly vulnerable. 
Although the Asphalt Roofing Manufacturers 
Association recommends the installation of a 
metal drip edge along the eaves of a roof deck, 


available. Weller sells some battery powered irons as well. 
Everyday Practical Electronics gives a pretty damning review of the Cold Heat iron here, in addition to 
having one of the better how-to guides out there. To summarize, the Cold Heat® iron has a forked end 
that you must bridge with the work or solder to turn on the iron, so it can be hard to hold it in a pla 
that keeps it on and also effectively heats the part. Many people complain about pushing harder to make 
good connection and then having the brittle tips break. Running power through your work to heat it 
may not be the greatest idea with some parts. Finally, the iron doesn't get hot enough for a lot of jobs, or 
cool enough to do anything like throwing it in your pocket right after use. But for something that’s 
portable and cordless, heats up and down in under a few seconds, maybe it's worth the price ($20), 
Weller's battery powered ($20) iron doesn't have a forked end and supposedly heats up in under 15 
seconds, but I don't know about cool-down time. 


in practice it is often omitted. The drip edge is, 
designed to allow water runoff to drip free of 
the underlying trim. Without it, water tends to 
curl back under the shingles, wetting the edge 
of the roof sheathing and trim. 

Wood trim should be inspected for 
cracked, loose, missing, and rotting sections. 
If the trim is painted, is the paint peeling 
and flaking in sections? Does the trim need 
repainting for weather protection? In older 
Tudor-style houses with timbers embedded 
in the stucco siding, inspect the timbers at the 
stucco joints for decay, especially if the joint 
is horizontal. Over the years, the joints tend 
to open slightly, allowing water to penetrate. 
With nonwood trim, check for loose, missing, 
and deteriorated sections. 


Windows 


The windows should be checked during the 
exterior and the interior inspections. The 
overall condition of the windows should be 


Fig. 5-7. Exterior trim 
ont a house: A—gable 
Iowvers, B—fascia, 

C— soffit, D—shutters, 
E— widow's walk 
balustrade, F—decorative 
columns. 


checked during the exterior inspection; the 
operation of the windows should be checked 
during the interior inspection. (ee the section 
‘on windows in chapter 10.) 

Many types of windows are used in 
residential structures. The most common 
types, as shown in FIG. 58, are double-hung, 
horizontal sliding, casement, awning, jalousie, 
and fixed-pane. 

The double-ung window is the most 
common window unit in older and newer 
homes. It consists of upper and lower sashes 
that slide vertically past each other. The sashes 
are held in a fixed position within the window 
frame by a friction fit, counterweights, or 
spring balances. In some windows, the sashes 
are removable for ease of maintenance such 
as cleaning or painting. One variation of the 
double-hung window is the  single-hung 
window; the upper sash is fixed, and the lower 
sash is movable. 

The sashes in a horizontal sliding window 
slide horizontally on separate tracks. The most 
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Fig. 5-8. Window types 
A—doublehung, B—horizontal 
sliding, C— casement, 
D—mningifixed-pane 


combination, E—fixed-pane. 


common design consists of two sashes, both of 
which are movable. However, sometimes one 
sash is fixed. In most of these windows, the 
sash can be removed for cleaning. 

Casement windows consist of two or more 
sashes hinged at the side and mounted so that 
they swing outward. The sashes are opened 
and closed by a cranking mechanism, a push 
bar mounted on the frame, or a handle fastened 
to the sash. Because the sash opens outward, a 
storm sash or screen must be attached to the 
inside of the window. 

Awning windows have one or more sashes 
hinged at the top and mounted so that they 
swing out at the bottom. They are opened by 
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push bars or cranking mechanisms similar 
to those on casement windows. As with 
casement windows, screens and storm sashes 
are mounted on the inside. 

Jalousie windows are basically adjustable 
louvers. The louvers are glass slats (several 
inches wide) held by an aluminum frame at 
each end. The frames are interconnected by 
levers so that the slats open and close in unison, 
like venetian blinds. Jalousie windows are 
crank-operated and provide good ventilation. 
However, because of the many glass slats, 
they are troublesome to wash and are not 
weathertight. Even with a storm sash, cold- 
air leakage occurs around the windows. In 


northern climates, jalousies are usually limited 
to use on porches and breezeway: 

Unlike the preceding windows, which are 
movable and provide ventilation, fixed-pane 
windows are stationary and are used only to 
provide daylight and outdoor views. They can 
be used alone or in combination with sliding, 
double-hung, or swinging windows to achieve 
a custom design. 

With the exception of the jalousie 
windows, available only in aluminum, all of 
the windows are available in wood, metal 
(steel or aluminum), and vinyl-clad frames. IF 
you are not sure whether the metal window 
frames are steel or aluminum, you can always 
tell the difference by using a magnet. A 
magnet sticks to a steel frame but not to an 
aluminum one. 

Metal frames get quite cold during the 
winter months. Consequently, some of the 
water vapor in the air inside the house tends 
to condense on the frames. To reduce this 
condensation, several manufacturers produce 
metal-framed windows with a thermal barrier 
the outside frame from touching 
is substantially reduces 
the condensation but does not eliminate it 
Since wood has a greater thermal resistance 
than metal, wood window frames normally do 
not get cold enough for condensation to form 
on their inside surface. 

Although wood windows provide a better 
insulation than metal windows, they do have 
a tendency to swell or shrink with changes in 
moisture. A wood sash that absorbs moisture 
will expand and bind in the frame, so that 
it does not operate freely. Wood windows 
should be treated (by the manufacturer) with 
a water-repellent preservative to resist decay 
and moisture absorption. In the past, not ail 
windows were so treated; thus rotting sections 
and binding sashes are occasionally found. 

The glass used in windows must be of 
sufficiently high quality to minimize dist 


ortion. Years ago, because of the difficulty of 
manufacturing large distortion-free panes, 
window glass was available only in small 
sheets. Consequently, to fill a large opening 
such as a window sash, small panes of glas 
were used and held in position by framing 
strips called muntins. Today, even though 
large windowpanes are available, muntins 
are still used to create a special architectural 
effect. Some window manufacturers provide 
preassembled wood or plastic dividers that 
simulate muntins. The dividers merely 
overlay the large windowpane and snap in 
and out of the sash. Some companies also 
install muntins between the panes of double- 
glazed windows during the manufacturing 
process. 

Windowpanes are also available with 
single and double glazing. A double-glazed 
window, a thermal (or insulated) pane, reduces 
heat loss or gain through an equivalently sized 
single-pane window by about 50 percent. 
It also reduces condensation on the inside 
surface. With some windows, triple glazing 
is also available. See the section on windows 
in chapter 10 for a discussion of insulated 
windows and associated problems. 


Inspection 
When inspecting windows, look for cracked, 
broken, and missing panes. Check the joints 
between the sash and the window frames to 
see whether they are filled with paint. If they 
are, the windows might not open, and minor 
maintenance will be needed. The condition 
of the joints between the glass pane and the 
sash should be inspected. Are any panes 
loose? Most windowpanes are secured to the 
sash by bedding and sealing with a glazing 
compound such as putty. If putty is used, 
are any sections cracked, loose, chipped, or 
missing? Some panes are secured to the sash 
by wood strips (trim). Check the strips for 
cracked, loose, and missing sections. Note 
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any of the above items on your worksheet for their operation, should be checked during 


later correction. 


your interior inspection. 


Look at the overall condition of the 


window frames and sash. Windows exposed 
to the elements are vulnerable to weathering 


deterioration. Are any 


wood 


Exterior doors 
sections The two basic types of exterior wood doors 


cracked and rotted? Steel windows can rust. are flush doors and stile-and-rail doors. Flush 
Depending on the extent of the deterioration, doors are made by bonding face panels to 
some windows require simple repair; others, solid or hollow cores, Stile-and-rail doors (also 
replacement. All the windows generally are referred to as parte! doors) are solid doors that 
not visible or accessible during your exterior consist of vertical and horizontal members 
inspection, especially the windows on upper (called stiles and rails, respectively) that enclose 
levels, The exteriors of those windows, and wood or glass inserts. (See FIG. 5-9.) 
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Fig. 5-9. Exterior doors 


56 Walls, windows, and doors 


Most flush doors have hardwood veneer 
face panels, although hardboard and softwood 
panels are also available. Some doors are 
made with cutouts for windows or louvers. 
doors are used as interior and exterior 
. As exterior doors, they should be made 
with waterproof adhesives rather than water- 

sistant adhesives. You can often tell whether 
the proper adhesive was used by looking 
at the top edge. In many quality doors, you 
will find a small red plastic plug in the edge. 
This indicates that the door was bonded with 
a waterproof adhesive that is suitable for 
exterior use. When an improper adhesive is 
used, the exterior face panel eventually begins 
to delaminate and peel. 

A solid-core flush door provides greater 
heat and sound insulation, fire resistance, 
and dimensional stability than a hollow-core 
door. The solid core of a flush door might 
be made of wood blocks or a composition 
‘material that has been formed into a rigid slab. 
A hollow core is generally made of wood or 
wood derivatives (cardboard) that have been 
formed into a honeycomb or parallel strips. 
When resistance to heat, sound, and fire are 
not important factors, the hollow-core flush 
door is sometimes used as an exterior door. 
This is not considered quality construction. 
When used on the exterior, the door should 
be treated with a water-repellent preservative 
and bonded with a waterproof adhesive. 
Unfortunately, this is not always the case. 

One variation of the flush door is the 
‘metal-clad insulated entrance door. This door 
is available in a selection of surface styles 
and is becoming more popular. Basically 
the door consists of metal face panels with 
an insulating core. Some doors are provided 
with a thermal break to separate the interior 
parts of the frame and door panel from 
the exterior parts, thereby minimizing 
condensation during the winter months. 
Because of the insulating characteristics of 


this type of door, the need for a storm door is, 
essentially eliminated, 

Although stile-and-rail doors are not used 
as commonly as flush doors, they are available 
ina greater variety of designs. In addition to 
wood, the stile-and-rail doors are available in 
steel and fiberglass. Because of the number of 
panels and joints, the stile-and-rail door is not 
as effective an insulator as a flush door. Also, 
one or more panels in a wood door might crack 
as a result of shrinkage. If you stand inside of 
the house looking at the door, cracked sections 
are very noticeable. Daylight is visible through 
the cracks. 

Some exterior doors are not considered 
secure because of the location of the glas 
panes relative to the door lock. If the door 
lock can be reached by breaking a glass pane 
in the door or in side panels, an auxiliary 
lock is recommended. This lock should be 
positioned where it is not accessible from 
the outside. Since you normally do not know 
whether you were given all the keys to the 
exterior door locks, it is recommended that 
after you take possession of the house, you 
replace all of the door locks or at least have 
the locks rekeyed, 

‘The condition of the exterior doors should 
be checked during your exterior inspection, 
and the operation of the doors should be 
checked during your interior inspection. 
Outside, inspect a wood door for cracked, 
chipped, and delaminating sections. Inside, 
(visible daylight) 
se of operation. Check a steel door for 
s and scratches, which will rust if not 
s door can crack under 
severe impact and should be checked. Does 
the door open and close easily, or does it bind? 
Also check for weatherstripping around the 
exterior joints. Weatherstripping is desirable, 
since it minimizes air infiltration. If you find 
any problems with the doors, record them on 
your worksheet. 
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Storm windows, screens, 
and storm doors 

Storm windows 

Windows are a major source of heat loss. 
On a per-square-foot basis, more heat is lost 
through windows than any other area. In fact, 
the heat lost through a single-pane window 
is approximately fourteen times greater 
than that lost through a well-insulated wall 
of comparable size. However, with storm 
windows, the heat loss can be reduced by 
about 50 percent. There are three basic types 
of storm windows: storm sashes, storm panels, 
and combination units, 

A storm sash is a removable sash, usually 
made of wood, containing a fixed-pane 
window. The storm sash fits over the window 
on the outside or inside, depending on how 
the window opens. Storm sashes are most 
commonly found on the outside of older 
double-hung windows. They are not desirable 
for year-round use because they cannot be 
opened to admit breezes during the warmer 
months. Storm windows are generally taken 
off in early spring and reinstalled in late fall, a 
task that can be somewhat awkward and time- 
consuming, 

‘A storm panel looks like a storm sash, 
but it is usually mounted in a narrow metal 
frame and is attached to the movable window 
sash rather than being fitted over the entire 
window opening. Since storm panels are 
attached directly to the movable sash, they do 
not interfere with the operation of the window 
and need not be removed during the warmer 
months. 

Combination units refer to storm and screen 
sashes combined in a single frame. The unit is 
mounted over the outside of the window and 
is therefore effective in reducing air infiltration 
around the window joints in addition to 
reducing heat loss. Combination storm and 
screen windows are available in two- and 
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three-track units. With two-track units, the 
outside track contains the storm sash in the 
upper half and a screen sash in the lower half. 
With the screen in position, the upper storm 
sash cannot move. The inside track contains 
the lower storm sash, which can slide up and 
down. In a triple-track unit, there is a separate 
track for each of the two storm panes and for 
the screen. Combination storm and screen 
units are generally found on double-hung 
and horizontal sliding windows. Since these 
units do not interfere with the operation of 
the movable sash and can also be opened to 
provide ventilation, they are not normally 
removed once installed. 

Combination units are available in 
aluminum, steel, or solid vinyl. The aluminum, 
frame with a baked enamel finish looks like 
a vinyl frame. You can tell the difference by 
looking at an edge or joint. The aluminum 
edge will have a silvery color; the vinyl edge 
will be the same color as the frame. Over the 
years, many aluminum frames with a mill 
finish (plain aluminum) show the effects of 
weathering, such as pitting, corrosion, and a 
degraded appearance. An anodized or baked 
enamel finish will offer greater protection 
against weathering. Combination storm and 
screen windows made of steel have a tendency 
to rust and require periodic painting. 


Screens 
‘Most window screens for residential structures 
are either mounted on a wood sash or rimmed 
witha metal or plastic frame. The wood-framed 
screen is usually used in conjunction with a 
storm sash; the metal- or plastic-framed screen 
is used in the combination storm and screen 
unit. Metal- or plastic-framed screens are also 
used for casement and awning-type windows. 
However, for these windows, the screen must 
be equipped with panels that provide access to 
the cranks or push bars. 


Another type of screen (not very common) 
is the roll-up screen. This screen is mounted 
on the inside of the window and is similar in 
operation toa roll-up shade. When the screen is, 
not being used, it can be rolled up and hidden 
from view. The sides of the screen move in 
metal tracks to prevent insects from flying in 
around the edges. As the screen ages, the joint 
between the screen and the track tends to open 
and become less effective. 


Storm doors 
In colder climates, unless the exterior doors 
are insulated, they are often used with 
storm doors to reduce heat loss and cold-air 
infiltration around the joints. Storm doors are 
generally lightly constructed wood or metal 
stile-and-rail-type-doors with a glass-panel 
insert. On many of these doors, the glass insert 
is interchangeable with a screen panel so that 
they can function as both storm and screen 
doors. Because storm doors are constantly 
being opened, they are notas effective as storm 
windows in reducing heat loss. Nevertheless, 
they are effective from an overall energy- 
conservation point of view. 


Inspection 
When inspecting the house, look for storm 
windows. If you do not see any or the 
inspection is being performed during warmer 
weather when storm sashes are normally not 
installed, ask the owner whether the house 
has storm sashes for all the fixed and movable 
windows. If no storm windows or only a 
few are available, record the fact on your 
worksheet. Installing a complete set of storm 
windows can be quite costly. 

Storm windows should be inspected for 
cracked, broken, and missing panes. When the 
storm sash is wood, check for cracked, broken, 
and rotting sections. On combination units, 
look specifically at the corner joints. These 


joints should be tight so that no cold air leaks 
into the unit. Check the overall condition of 
the frames. Are any sections loose, broken, 
rusted, or corroded? Are any of the panes 
loose in the sash? Look for torn sections and 
holes. In metal- and plastic-rimmed screens, 
the screening is normally held in position by a 
spline thathas been forced intoa groovearound 
the frame. Periodically, I find splines hanging 
loose within the frame of the combination unit. 
Loose splines are an indication that the joints 
in the associated screens must be resecured. 

Storm doors should be checked for ease of 
operation and overall condition. Are sections 
cracked, broken, loose, rotted, or corroded? 
the glass panel loose, cracked, broken, or 
missing? If you find any problems with the 
storm windows, screens, or storm doors, 
record them on your worksheet as a reminder 
for later correction. 


Caulking 

As you walk around the house inspecting 
the walls, windows, trim, and doors, look 
for cracked and open joints. All exterior 
joints should be caulked (sealed) so that they 
are watertight and airtight. If they are not 
adequately caulked, wind-driven rain canenter 
and cause wood members to rot, metal ties to 
rust, and masonry sections to crack and chip. 
In addition, cold air can infiltrate the house, 
resulting in higher heating costs. A vulnerable 
joint for cracking is one that joins two dissimilar 
materials; for example, the joint between a 
brick facing and a non-masonry sidewall. 
Dissimilar materials usually have different 
expansion and contraction characteristics, 
often causing the joints between them to crack 
and open. These joints should be sealed with a 
non-shrinking flexible caulking compound. 

There are several types of caulking 
compounds. The four most popular types 
are oil base, acrylic latex base, butyl-rubber 
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base, and silicone base. Oil base caulking 
compounds are the cheapest and will readily 
bond to most surfaces—wood, masonry, and 
metal. However, they are not very durable; 
they tend to dry and crack after a short time. 
Joints sealed with this type of caulk require 
periodic inspection and maintenance. Acrylic 
latex caulking compounds are medium-priced, 
durable, and flexible, and should last for 
many years. Butyl-rubber caulks are medium- 
priced, durable, and paintable; however, they 
exhibit high shrinkage, a characteristic that 
is acceptable when caulking narrow cracks 
and inside corners. Silicone-base caulks are the 
most expensive. They are very pliable and are 
good for sealing joints subject to movement. 
No one caulking compound is ideally suited 
for every application. However, based on cost, 
durability, and ease of application, acrylic 
latex caulks are considered by many to be the 
best choice. 

When inspecting the exterior joints, 
check the condition of the caulking. Look 
for cracked, chipped, crumbly, and missing 
caulking compound. The location of joints that 
need recaulking should be recorded on your 
worksheet. Recaulking is a relatively simple 
task and can be done after you move into 
the house. 


Checkpoint summary 


General considerations 

O Inspect exterior walls for sagging, bulg- 
ing sections, and for corners that are not 
vertical. 

O Check for window frames and door frames 
that are not square. 

O Structural problems whose cause cannot 
be determined should be evaluated by a 
professional. 

Note wall locations that have pipe or hood 
projections 
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© Determine their usage (i.e., sump-pump dis- 
charge, condensate line, dryer vent, etc.). 

© Check for vines growing up the exterior 
walls. 


Exterior walls 


‘Wood siding (shingles, shakes, boards, 
plywood panels, hardboard) 

© Check bottom course of siding for sections 
in contact with, or in close proximity to, the 
ground (less than 8 inches). 

© Check wood shingles/shakes for open 
joints, cracked, chipped, loose, or missing 
sectior 

© Note areas of rot or discolorations. 

© Check for peeling and flaking paint and 
warped shingles, particularly on sidewalls 
with a southerly or southwesterly exposure. 

O Inspect for poor-quality shingles and shin- 
gles that have been improperly nailed. 

© Check wood boards for open joints, cracked 
and rotting sections, loose or missing knots, 
peeling paint, and blistered sections, 

© Inspect plywood panels for open joints, 
loose, warped, cracked, delaminated, or 
rotting sections 

© Check hardboard siding for cracked, dete- 
riorated, or loose sections. 


Aluminum/vinyl siding 
© Check aluminum siding for loose, mis 
torn, or dented sections. 
© Check joints for open 
weathertightness. 

© Does siding contain insulation backer 
boards? 

© Check siding for an electrical ground con- 
nection. (This requirement can be verified 
with the local building department.) 

© Check vinyl siding for open joints, loose, 
cracked, or sagging sections 

© Check vinyl panels for wavines 
blisters. 


ing, 


and 


ections 


and 


ie) 


Asbestos-cement shingles/asphalt siding 
Check asbestos-cement shingles for loose 
or missing sections; cracked, chipped, and 
broken areas. 
Inspect asphalt siding for open or lift- 
ing joints; missing, loose, torn, cracked, 
chipped, or eroding sections. 


Fiber-cement siding 
Check for skewed trim, exposed nails, 
and cracked, chipped, loose, or damaged 
sections. 


Stucco-cement-finished walls 
Check for bulging, missing, loose, cracked, 
or chipped sections. Note areas in need of 
rehabilitation 


Ifstucco is painted, check condition. 


Synthetic stucco (EIFS) 
Check for cracked and open joints at the 
interface between the EIFS and windows, 
doors, wall penetrations, and so on. 

Are there indications of moisture in those 
areas? 


Veneer and masonry walls 
Inspect for loose or bulging sections and 
large open cracks, particularly around door 
and window frames. 

Check for cracked, chipped, or missing sec- 
tions of brick or stone, 

Inspect mortar joints for deterioration, 
cracked or loose sections. 

Check exterior surfaces on masonry walls 
for signs of water seepage (efflorescence). 


Trim 


Check trim for cracked, loose, missing, or 
rotting sections. 


O Inspect for areas of bare wood, blistered 
and peeling paint. 

O Check nonwood trim for cracked, torn, 
missing, or loose sections, 


Windows 

O Check for cracked, broken, or mis 
panes. 

© Are any of the windows painted shut? 

O Are the panes properly secured to the 
sashes? 

© Check the condition of the window frames 
and sashes. 


ing 


Exterior doors 

O Check wood door for cracked, chipped, or 
delaminating sections. 

O Check metal door for dents or scratches. 

O Check fiberglass door for cracks. 

O Check for weatherstripping around exte- 
rior joints. 


‘Storm windows, screens, and storm doors 

O Check for missing units and/or partial 
installations. 

O Inspect storm windows for loose, cracked, 
broken, or missing panes. 

O Inspect wood units for cracked, broken, or 
rotting sections. 

O Inspect combination units for loose, bro 
ken, rusting, or corroded sections. 

O Inspect screens for torn sections and holes. 

O Inspect doors for ease of operation; missing 
glass; cracked, broken, rotting, or corroded 
sections. 


Caulking 

O Check joints for cracked, chipped, crum- 
bly, missing, or loose areas of caulking 
compound. 
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In addition to all of the items mentioned in 
the previous chapters, you should inspect 
the drainage around the house and the 
landscaping. Any retaining walls, decks, or 
fences also should be inspected. 


Drainage 
As housing developments and shopping 
centers sprout up in the countryside, they affect 
the drainage characteristics of the surrounding 
areas. Normally, in undeveloped areas most 
of the water falling to the earth soaks into the 
ground. The remainder flows over the surface 
into lakes, rivers, and streams, or accumulates 
in low-level areas, forming ponds. In built-up 
areas, thousands of acres that had been soaking, 
up rain have been rendered impervious to 
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water because of buildings and paved areas. 
‘The surface-water runoff in these areas might 
be two to ten times more than it was when the 
land was undeveloped. 

In built-up areas, surface water usually 
flows into storm drains (catch basins) that 
in turn discharge into rivers and streams. In 
some cases established housing developments 
have been inundated with surface water after 
a heavy rain because their storm-drainage 
facilities were not adequate for the increased 
water flow resulting from adjacent new 
housing developments. In most cases, the 
increased runoff results in the rivers and 
streams swelling, although they are usually 
contained within their banks. However, after 
a heavy prolonged rain, a river or stream can 
overflow its banks and flood the surrounding 


What kind of solder (rosin cored, etc. lead-free)? What is flux and 
when is it necessary? 


Asa starting place, for most small electronics soldering, 1/32 inch (.03) rosin-cored, 60/40 (tin-lead) or 63/37 
solder should work fine. Rosin-cored lead-free is fine, too. Unless you have reason otherwise, don't use "no- 
clean’ solder-it's very likely that you don't need to clean the regular rosin-cored solder. The solder should be 
thin enough to prevent accidentally applying too much (and causing a solder bridge), but thick enough so that, 
more doesn't have to be gathered from the coil too often. 


Flux cored wire at 30X 
magnification 
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Besides affecting your feed-rate and convenience, the solder thickness also relates to the amount of flux that is, 
delivered. Flux is basically a weak acid that removes oxides so that solder can adhere to the metal, and is so 
essential to the soldering process that it's built into the core of common wire-solder. It also helps the solder 
spread out (reduces surface tension), transfer heat, and acts as a protective blanket to keep oxygen away from the 
metal until solder displaces it. 


For the most part, manufacturers include a sufficient amount of flux in the wire, but if you use an extremely thin 
wire there may not be enough to clean the joint OR the iron tip. Consider using a thicker gauge for cleaning the 
tip periodically if you're using especially thin solder. Liquid flux is helpful for SMD soldering, too. 


When picking a wire-solder, there are 4 features to decide on: flux type and amount (% weight), alloy (tin-lead, 
lead free, silver bearing, etc.), thickness and total amount (Loz, IIb?) 


© Flux: Just what is flux, what kinds are there, and when do I need liquid flux’? 


Why it's needed: Solder doesn't just freeze on a joint, it actually forms a metallurgical bond by 
dissolving and chemically reacting with the base material. Unfortunately, almost all metals oxidize in 
air and form an oxidized layer that prevents solder from wetting and bonding to them. What is 
oxidation? 


Oxidation, is when Oxygen (or other oxidizing agents like sulfur) atoms combine with base materials, 
stripping loosely attached electrons and forming new compounds like iron(III) oxide. It is what happens 
‘when apple slices turn brown, iron rusts, copper turns black / green and unsolderable. (read references 
for more accurate/complete explanation) 


Results vary significantly. When iron rusts, the oxides flake off until no iron is left, Alternati 
aluminum oxidizes extremely rapidly, but is then protected from additional oxidation by the oxide 

layer. This layer makes Al impossible to solder without using special solder and extremely aggressive 
‘lux, or plating the surface with a solderable metal, like nickel. The chromium in stainless steel fulfils, 
the same function, oxidizing to form a protective barrier that is difficult to solder. Gold remains shiny 
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area. Many people do not realize that even a 
small creek, which might be a trickle when 
they see it, can become a raging, destructive 
torrent following an excessively heavy rain. 

The area normally flooded when a river 
or stream overflows its banks is called a 
flood plain. Between 5 and 10 percent of the 
land in the United States is in a flood plain. 
Much of this land is level and from outward 
appearances seems to be desirable. As land 
in urban and suburban areas became more 
and more scarce, builders constructed 
homes directly on the flood plains of streams 
and other waterways. These homes are all 
vulnerable to flooding. (See FIG. 6-1.) In many 
parts of the country, some owners do not 
realize that their homes were built in a flood- 
prone area, and they probably will not realize 
it until it is too late 


Fig. 6-1. Backyard flooding of a 
house located int a flood plain. 


If you have doubts about whether the 
house is located in a flood plain, you should 
check with the local town or county engineer. 
If the engineer is not available, often the 
local highway superintendent can tell you 
whether the area periodically floods. In 
many communities, federal flood insurance 
is available for those homes located in a flood 
plain. If you are considering such a home, you 
should consider purchasing flood insurance. 

Surface runoff is of concern to the 
homeowner because it can result in soil 
erosion, ponded water, and water in the 
basement or crawl space. Soil erosion occurs 
whenever water flows over bare earth. Soil 
particles are loosened and are carried away 
by the flow. Water seeks its own level and 
will therefore flow from a higher elevation to 
a lower elevation. The paths the water takes 
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when flowing toa lower level are called natural 
drainageways. Areas particularly vulnerable to 
erosion are steep banks and drainageways. 
(See FIG. 62) 

The basic principle for preventing or 
minimizing erosion is to have the ground 
covered as much as possible with growing 
vegetation such as grass, trees, bushes, shrubs, 
and even weeds. If the vegetation does not 
root and keeps washing out, a substitute cover 
such as gravel, stones, or mulch can be used. 
This cover is notas effective, but it does reduce 
the erosion. Sometimes the banks are too steep 
for a ground cover of any kind; they must be 
stabilized by terracing or retaining walls. 

In addition to a ground cover, erosion can 
be reduced by slowing down the water flow. 
For example, if there is a concentrated surface 
runoff along a natural drainageway, the water 
can be diverted to a man-made channel or 
ridge that follows a level contour. This spreads 
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out the water and slows the flow so that the 
water does not scour and erode the soil. 

‘The effects of surface runoff can be 
minimized by reshaping the ground surface. 
This can be done by terracing and /or regrading, 
the lot into gentle slopes with diversionary 
ridges and swales. A swale is a depression 
in the ground that like a ridge will intercept 
surface runoff and redirect it to an area where 
the water will not cause damage. When a house 
is located on a sloping lot, a swale or ridge 
should be in the portion of the lot that slopes 
toward the house. This type of a diversion 
will prevent surface water from accumulating 
around the house. Otherwise, the surface 
runoff might seep into the basement or crawl 
space. (See chapter 11.) 

Many building lots have low, level areas 
that will tend to accumulate water after a rain 
or from surface runoff. When the soil is slow- 
draining, as with clay and silt, the water will 


Fig. 6-2. Bank erosion on a steep 
slope. Correcting this condition 
will require a retaining woall 
with adequate drainage. 


pond rather than soak into the ground. The 
ponded areas retain the water until itevaporates 
or eventually seeps into the ground. 

Depending on the location of the pond, the 
accumulated water might not be a problem. If 
the pond is over the leaching field of a septic 
system or is in an area that normally has a lot 
of foot traffic or is used by children, corrective 
action is necessary. The problem can often be 
corrected by bringing in fill and regrading 
the area. When regrading is not practical, 
the area can be drained by laying a line of 
perforated drainpipe through the affected 
area and directing one end of the pipe to a low 
spot. The pipe is generally encased in a bed of 
gravel or broken stones. If conditions warrant 
it, a concrete-block catch basin with radial 
spokes of perforated pipe can be installed at 
the low point. (See FIG. 6-3) Water collected in 
the pipes and catch basin can then be directed 
to another area. If there are no other low areas 
to which the ponded water can be redirected 
using a pipe with gravity flow, the water can 


Fig. 6-3. Concrete block catch basin with several 
perforated inlet pipes and a solid outlet pipe that 
drains to a suitable location. Basins of this type are 
used to drain low-level lawns that are collection 
ponds for rainwater. 


be directed to a sump pit and pumped to the 
desired location. 


Groundwater, water table 
Water that soaks into the ground eventually 
percolates downward under the influence of 
gravity until it reaches an impervious layer 
it cannot penetrate. After the water reaches 
the impervious layer, it begins to move in 
a lateral direction. This underground flow 
is known as groundwater, the top surface of 
which is commonly called the water table. 
The level of the water table will vary with 
the amount of rainfall. Consequently, the 
water table might be several feet higher 
after a prolonged rainy period than during a 
prolonged spell of dry weather. 

A high water table can result in a flooded 
basement or failure of the septi 
leaching field. In many parts of the United 
States, the seasonal high water table is only 
2 to 5 feet below the surface. In those areas, 
houses should be built on a slab or over a 
crawl space rather than over a full basement. 
Unfortunately, houses with full basements 
have been built in areas where the water 
table (during the wet season) is above the 
level of the basement floor. This invariably 
results in water penetration into the basement. 
Depending on the soil, even when the water 
table is several feet below the basement floor, 
some water might seep into the area as a result 
of the capillary rise of groundwater. (See 
chapter 11.) 

Homes located where the 
seasonal high water table is only a few feet 
below the ground surface should not have 
septic systems for waste disposal. Ideally, they 
should be connected to a sewer system. For 
proper operation of a septic system, the water 
table during the wet season should be at least 
4 feet below the bottom of the leaching field or 
seepage pit. The operation of a septic system is, 
explained in chapter 13. 


in areas 
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Basically, the top surface of flowing 
streams, rivers, lakes, and oceans is the water 
table. Consequently, the terrain that gradually 
slopes into the waterway has a high water 
table. Homes built in these areas are not only 
vulnerable to problems associated with a high 
water table but are also vulnerable to flooding. 
The water table tends to follow the general 
contour of the land and in some areas might 
intersect the ground surface, thus forming 
marshy wetlands. To a homeowner, these 
wetlands are quite undesirable, because not 
only are they costly to drain, but they are also 
a breeding place for insects. 

Excessive grading or reshaping of the 
ground surface (such as cutting out the side 
of a hill to locate a house, FIG. 6-4) can change 
the natural drainage patterns and cause 
groundwater to seep to the surface. I have 
inspected many such houses and have found 
(in the early spring or after an excessively 
heavy rain) water oozing out of the cut side of 
the hill. This water, if not redirected away from 
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the house, can work its way into the basement 
or crawl spac 

In areas with a seasonal high water table, 
if the topography is such that the land slopes 
toward one side of the house, in addition to 
surface-water runoff, subsurface water will 
flow toward the house. This water, if allowed 
to accumulate around the foundation, can seep 
into the basement or crawl space. This condition 
can usually be controlled by installing a curtain 
drain in the hillside parallel to the house to 
divert the water away from the house. 

A curtain drain consists of a perforated 
drainpipe installed in a trench that is filled 
with gravel and covered with soil. The trench 
normally extends several feet beyond the 
house, with one end leading to a suitable 
disposal area. Incidentally, the perforations 
in the pipe should be facing downward, 
not upward as is popularly believed. As the 
subsurface water level rises, it enters the 
holes along the length of the pipe. Since water 
always takes the path of least resistance, once 


Fig. 6-4. House located 
on the cutout side ofa 
hill. The building site 
requires special provisions 
to minimize erosion and 
drainage problems. 


inside the pipe it flows to the outlet, which 
must be located away from the house and 
must be unobstructed. The outlet, however, 
should have an animal screen to prevent a 
small animal (such as a rabbit) from entering, 
becoming lodged, and blocking the flow. 

In areas with a seasonal high water table 
or a potential for surface water to accumulate 
around the foundation, it is advisable to have 
foundation footing drains (perforated drain- 
pipes) installed parallel and adjacent to the 
foundation footing. (See FIG. 6-5) As with 
curtain drains, footing drains are installed 
with the holes facing downward. The purpose 
of the footing drain is to channel the water that 
accumulates around the foundation to another 
location. Footing and curtain drains either 
must have a free-flowing outlet or discharge 
into a sump pit where the accumulated water 
can be pumped to the desired location, 


Inspection 
The drainage inspection should begin as you 
are driving to the house. When you approach 
the house, notice the overall topography. 
Is it level or inclined? If it is inclined, is it a 
gentle slope or a steep slope? With inclined 
topography, you should be concerned about 
the possibility of surface and subsurface water 
movement toward the house. If the house is 
located near the bottom of an inclined street, 
is a storm drain (catch basin) in the street at 
the low point? There should be, especially if 
the street is paved. Otherwise, after a rain or a 
snowmelt, water accumulates at the low area 
and depending on the amount, can flood the 
adjacent yards and driveways. Did you notice 
a waterway (stream, brook, etc.) on the street 
as you approached the house? If you did, the 
house might be located in a flood plain. 

When you arrive at the house, notice 
whether the land between the house and 
the street is above or below the street level 
If the land slopes downward from the street 


Perforated pipe 


Fig. 6-5. Foundation footing drain, used for 
channeling water that accumulates around the 
foundation to another location. 


to the house, the house is vulnerable to 
drainage problems. The surface water, if not 
properly controlled, can accumulate around 
the foundation or can pond on the lawn or 
over the entry path. If the house is inspected 
when it is not raining, you might not see any 
problems. However, based on the slope and 
overall grading of the land around the house, 
you can at least determine the potential for a 
problem. 

‘As you walk around the house, notice 
whether the ground immediately adjacent is 
graded so that it slopes away from the house 
on all sides. It should be. Otherwise, surface 
water can run directly to the foundation 
(See FIG. 66), seep down along the foundation 
walls, and accumulate at the lower section. 
This usually results in water seepage into the 
basement or crawl space. A rule of thumb for 
grading this area is a drop of about 1 inch per 
foot. The lawn should slope away from the 
house for at least 10 feet and should be pitched 
so that there is approximately a 10-inch drop 
over that distance. (See FIG. 67) 
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‘Minimum 8" clearance 


Finish grade 
should slope Drain away 
1" per ft. /from house 


‘Original grade 
1 {| 


Fig. 6-6. Improper 
grading of the land 
‘adjacent to the house. 
The lawn pitches 
toward the door, 
resulting in surface 
water ponding in front 
of the entry area. 


Fig. 6-7. Finish grade of the ground 
adjacent to the foundation, sloped for 
proper drainage, 


Because of normal soil settlement 
and compaction, clogged gutter or faulty 
downspout, and foot traffic (especially when 
the ground is wet), the slope of the ground 
adjacent to the house usually changes with 
time. Consequently, the area around the 
foundation should be periodically checked for 
proper grading. 

When checking the grading around the 
foundation, you might occasionally see a 
pipe protruding through the foundation wall 
or from a basement window. Record the fact 
on your worksheet for further investigation 
when you inspect the basement. Usually, this 
pipe is connected to a sump pump and is used 
for discharging the water that accumulates in 
the sump pit. The end of the pipe should be 
extended away from the houseso thatthe water 
does not accumulate around the foundation. 


Sometimes the pipe terminates just beyond the 
foundation wall, which negates the advantage 
of a sump pump. The discharging water 
accumulates around and under the foundation 
and reenters the sump pit, only to be pumped 
out again. (See FIG. 68) 
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If you find a stream on the property, you 
should realize the potential for flooding. As 
discussed previously, flooding can occur 
because of increased surface runoff resulting 
from a prolonged heavy rain. In addition, if the 
stream channel is blocked by fallen trees, tree 
limbs, sediment, or trash, flooding can result. 
Depending on the location of the stream relative 
to the house, occasional overflowing of the 
stream banks might or might not be a problem. 
‘As you walk around, look at the overall 
landscape. If the topography is sloping, does 
a natural drainageway direct surface runoff 
away from the house, or does the lot need a 
swale or ridge? If there is an abrupt change 
in the grading, is there a need for a retaining 
wall? Are any areas eroding to the extent that 
corrective action is necessary? Are low or level 
areas vulnerable to ponding? Ponded water 
on the lawn does not necessarily indicate a 
drainage problem. It might be caused by a 
malfunctioning septic system, a faulty sewer 
hookup, or a break in the main water-supply 
pipe. If you find ponded water during your 
inspection, try to determine the cause. 
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ump punip discharge pipes. Left—The pipe terminates just beyond the foundation wall. 


Right—The discharge pipe has been extended so that effluent discharges away from the foundation. 
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If there are footing drains around the 
foundation or curtain drains in a hillside, they 
will not be visible during your inspection. For 
these drains to function properly, they must 
have a free-flowing outlet. (See FG. 68) Ask 
the seller if there are drains, and if so, ask 
for the location of the outlets. Unfortunately, 
most homeowners do not know whether 
there are footing or curtain drains. When 
a house is sold, this type of information is 
usually not discussed, although it should 
be. Consequently, the location of the drain 
outlet is lost for all future owners. If you are 
lucky enough to have a seller who knows 
the location of the drain outlet, you should 
inspect the opening to make sure that it is not 
obstructed. If the footing drain discharges 
into a stream channel, an overflowing stream 
could be a problem. It all depends on the 
elevation of the footing drain relative to 
the level when the stream is running full. If 
the stream is above the level of the footing 
drain, then water will back up into the drain 
around the foundation and could cause a 


Fig. 6-9. Free-flowing outlet of curtain drain. 
Note water discharging from pipe. 
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water seepage problem. Look for evidence 
of seepage when inspecting the basement or 
crawl space. In new homes, the drain outlet 
is sometimes inadvertently blocked when 
the lawn is landscaped. If you are buying a 
new house, ask the builder to show you the 
location of the drain outlet. 


Retaining walls 
Retaining walls are mostly used for stabilizing 
and controlling erosion on steep banks. In 
some cases, they are used in conjunction with 
terracing of rear or side yards to providea level 
area for recreation. In either case, they must be 
designed to withstand the lateral pressures 
being exerted on them by the soil. 

Retaining walls are normally built with 
construction timbers, railroad ties, stone, 
concrete, or concrete blocks. Some concrete 
and concrete-block walls have stone or brick 
veneer facing. On occasion, you might find 
a gabion retaining wall—steel baskets filled 
with stones. (See FIG. 610) As gabions age, the 
steel baskets tend to corrode and deteriorate, 
especially on the side facing the embankment. 
Over the years, however, soil sediment usually 
fills the voids between the stones and tends to 
hold the wall in place. 

Stone retaining walls are often referred 
toas dry or wet, according to whether mortar 


was used between the stones. A dry retaining 
wall is one that has been constructed without 
mortar. It depends on the weight and friction 
of one stone upon another for stability. Frost 
heaving is not a problem with this type of wall. 
The stones are not bonded together and will 
therefore be raised and lowered together by 
the frost. Consequently, the bottom course of 
the wall is usually only about 6 inches below 
grade rather than below the frost line. 

‘A wet wall is one with mortar between the 
stones. The mortar secures one stone to another 
and thereby achieves a monolithic wall with 
greater stability. Because this wall is integral, 
frost heaving will cause cracking. To prevent 
frost heaving, the bottom of the wall must be 
below the frost line. A wet wall offers greater 
solidity, and therefore loose soil will not wash 
out or run through the voids. Also, a wet wall 
is less of a hazard because no loose stones can 
be kicked out of place or fall off the top. 

When constructing a retaining wall, 
provisions must be made for draining the water 
that normally accumulates behind the wall. 
Otherwise, a hydrostatic pressure buildup can 
cause structural failure of the wall. Drainage 
should be provided by installing a continuous 
perforated drainpipe at the lower portion of the 
wall and backfilling the area with broken stones 
or gravel. The pipe should be directed so that 
the effluent flows to a suitable location away 
from the wall. In many monolithic retaining 
walls, the perforated pipe is replaced by weep 
holes, holes in the wall that run from the front 
to the gravel backfill. The weep holes allow the 
water that accumulates in the gravel to drain 
out through the wall. Weep holes should be 
placed at a 5- to 10-foot spacing and should be 
4 inches in diameter (the same diameter as the 
drainpipes).. 

Unfortunately, retaining walls are often 
built without adequate drainage provisions. 
The gravel backfill and drainpipe might be 
omitted, or the weep holes might be too few or 


too small to be effective. The weep holes must 
be kept clear so that the water behind the wall 
can be adequately drained. 

A retaining wall built with construction 
timbers or railroad ties should be anchored 
into the hillside to provide the resistance to 
overcome the lateral forces exerted on it. If 
the wall is not tied back into the earth, it can 
bow, buckle, or heave and eventually collapse. 
Anchoring of the wall is achieved by using 
tiebacksand dead men. A tieback isa construction 
timber that has been placed perpendicular to 
the wall. The front end is flush with the wall 
and fastened to it with large spikes. The rear 
end is fastened to a dead man, a small section 
of timber perpendicular to the tieback and 
parallel to the wall. (See FIG. 6-11.) When the 
area around the wall anchor is backfilled with 
soil, a force is developed on the anchor that 
resists the lateral force on the walll. Because of 
the open joints between the railroad ties, weep 
holes are not needed. 

Many railroad-tie or timber retaining 
walls are not constructed with anchors. You 
can tell whether anchors were used by looking 
at the wall. If tiebacks were used, end sections 
will be visible in the face of the wall. (See 
FIG, 6-12) However, from a visual inspection, 
you cannot tell the length of the tiebacks or 
whether dead men have been installed. Your 
inspection, therefore, should concern itself 
with the condition of the wall rather than it 
construction, unless it is a new wall. If it is 
newly constructed, you should inquire about 
a guarantee. 


Inspection 
When inspecting a retaining wall, look at its 
overall condition. With a dry stone wall, look 
for missing and loose stones and crumbled 
sections. This type of wall is relatively easy 
to repair and generally does require periodic 
maintenance. With a wet stone wall, check 
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Dead man’ 


Steel pipe 
secures bottom 


Fig. 6-12. Timber 
retninting wall. Note the 
end sections, indicating 
tiebacks used for 
anchoring the wall 
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e, and is easy to solder to, but forms brittle joints, Heat, moisture, and salt all 
increase the rate of oxidation. 


Oxidation can add a hidden cost to components and boards that may have been sitting on the shelf for 
ong periods of time, or have been exposed to hot, humid environments. Copper pads on PCBs (printed 
circuit boards) are covered with solder or are plated to prevent oxidation, but given enough time, 
oxygen can still penetrate these barriers. Surplus parts in particular may need a bit of steel wool. 


Some interesting references: 
rusting chemical reaction 

fairly understandable explanation of oxidation 
wiki/Corrosion 

wiki/Oxidation 


Oxidation occurs much faster at higher temperatures, so even if you somehow had clean metals to start 
with, you would still need flux to prevent new oxides from forming while soldering, 


‘The main choice to make when deciding on a flux, whether it comes in a cored wire or a liquid or paste 
form, is how aggressive it should be. The more aggressive or "active" the flux, the harder the oxides 
can remove, and the faster it can remove them. Going from weakest to strongest, typical choices for 
hand soldering applications include: "no clean", RMA (Rosin Mildly Activated), RA (Rosin Activated), 
and water soluble. A newer classification system (J-STD-004) has recently been adopted and classifies 
‘luxes not by rosin content, but by activity, material, and halide presence, 


‘The new system classifies flux by material (RO=rosin, RE=resin, OR-organic, IN~inorganic), activity 
level (Low, Moderate, High), and halide presence (0) or 1). No-clean, rosin-based no-clean fluxes might 
be labeled ROLO or ROLI. Although there is no direct translation between the old system and new, 
most Rand RMA fluxes fall under Low activity level, RA are generally labeled as Moderate activity, 
and water soluble are High activity. (source IPC-HDBK-001 www.ipc.org) 


‘The downside to choosing a more aggressive flux is that the residues left over after soldering MAY be 
corrosive, conductive, or enable fern-like growths called "dendrites" to grow between connections. A. 
brief description (p.29) of dendrite growth and some great pictures at the end of this paper. 


Because of the risk of corrosion and dendrite growth, most manufacturers clean off the residue from 
RMA and RA fluxes, and some even clean "no-clean" residues. The question of what flux to use and 
‘whether / how to clean it is quite involved. 


Rosin flux is quite an interesting animal. Made from pine tree sap, at room temperature, i's an excellent 
insulator and non-corrosive. When it hits 226 °F it begins to turn acidic and attack oxides, but then 
‘when it cools it supposedly leaves residues that are again inert, Kester's data sheet for "44 flux 
(classified as RA and ROM1) claims no cleaning whatsoever is necessary. I haven't read of any 
manufacturers that would use a RA (or even an RMA) flux and not clean it-the military won't even use 
a RA flux WITH cleaning because of the risk that some will be left behind. This Chemironies author 
recommends cleaning even the "no-clean" fluxes. He also points out that even if the residue is non- 
corrosive and non-conductive, it might be tacky and attract dust that causes a short. 


To add one more piece to the puzzle, flux generally gets used up during the soldering process. This 
‘why no-clean fluxes are oftentimes ineffectual for lead-free soldering, which can require slightly higher 
temperatures and longer heating because the lead-free solder "wets" slower. The no-clean flux can burn 
off before the joint is complete. Alternatively, if you apply liquid flux far from a joint, it may still be 
active (corrosive) if it never got heated. 


the mortar joints for cracked, loose, and 
deteriorated sections. Are there weep holes 
in the wall? If so, are they adequately sized 
and unobstructed? Concrete and concrete 
block walls should also have weep holes. 
Are there any cracked and heaved sections? 
Wood-constructed retaining walls should be 
checked for cracked, rotting, loose, and heaved 
sections. Some retaining walls are completely 
covered with vines. Try to push the vines 
aside so that you can inspect the wall. Quite 
often I have found cracked sections in the wall. 
through which the vines were growing. While 
inspecting the wall, look for loose, heaved, and 
deteriorated sections. 

All retaining walls should be vertical or 
inclined slightly toward the embankment. 
They should not be leaning forward. When 
they are, it is an indication that they could not 
withstand the lateral forces being exerted on 
them by the terraced or sloped earth behind. 
Once a wall cracks and heaves, the pressure 
that caused the condition is relieved, and the 


Fig. 6-13. Cracked and 
heaved retaining wall. 


wall might stay in the leaning position for 
many years. (See FIG.6-13.) However, additional 
forces might cause the wall to continue toheave 
and eventually to collapse. If the heaving is 
excessive or by the wall’s collapsing someone 
can get hurt, the wall must be rehabilitated or 
braced. If you have any questions about what 
is excessive heaving, have the wall inspected 
bya professional. 

In recent years, manufactured concrete 
blocks have been used for retaining walls for 
residential construction (see FIG. 6-14). The 
blocks come in different sizes and shapes 
depending on the manufacturer. Often these 
walls are 5 feet high or higher, and many 
are constructed in tiers. In most states, if the 
retaining wall is taller than 4 feet, it must be 
designed or approved by a qualified, licensed 
professional engineer. In order to prevent 
failure and to reduce the earth’s pressure 
behind the retaining walls, they are reinforced 
with horizontal layers of a geosynthetic 
polymer mesh, which extends back into the 
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embankment. Since the length of the mesh 
will not be visible, from an inspection point 
of view all you can do is to check the wall for 
tilting, cracking, or bowing. If any are noted, 
it should be recorded on your worksheet for 
later inspection by a professional engineer. 


Landscaping 
As you walk around the house, inspect the 
landscaping in the front, rear, and side yards. 
Specifically, look at the lawn, shrubs, and trees. 
Annicely landscaped area greatly enhances the 
beauty and value of the house. However, do 
not jump toa hasty conclusion about the house 
based on the landscaping. I have seen many 
neglected houses with beautiful landscaping 
and many well-maintained houses with poor 
landscaping, 


Lawn 
A lawn serves two purposes. It adds to the 
aesthetic beauty of the property, and, more 
important, it prevents erosion and washout of 
the topsoil. If you find that a large portion of 
the lawn consists of crabgrass and other weeds, 
do not be distressed. With a planned program 
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Fig. 6-14. Concrete block 
retaining wall. 


of weed control, seeding, and fertilizing, you 
can upgrade the lawn so that it can be the 
“showcase of the neighborhood” within a few 
years, and at not too great an expense. 

If you find holes or sunken sections 
in the lawn, they should be filled in, since 
they represent a potential tripping hazard. 
Occasionally, sunken sections are caused by 
the collapse of rotted, decayed, or deteriorated 
construction debris buried on the site years 
before. In new homes, all construction debris, 
should be removed from the site rather than 
buried there. 

In some parts of the country, moles are a 
problem in lawn maintenance. They burrow 
in the ground near the surface in search of 
food (grubs, caterpillars, and insects) and in 
the process create soft ridges (mole hills) that 
spoil the lawn’s appearance. If you see ridges 
over portions of the lawn and they feel soft 
when you walk over them, suspect moles. This 
condition can generally be controlled through 
soil treatment and should be discussed with 
the proprietor of a local nursery. 

Some lawns have steep sloping areas that 
from a maintenance point of view are quite 
difficult to mow, even when mowing across 


the slope. Because of the danger involved, 
sit-down riding mowers should not be used 
when cutting the grass on a steep slope. These 
mowers have been known to topple over and 
severely or fatally injure the driver. In some 
homes, the steep sections of the lawn have 
been replaced by terraced areas with steps 
that lead from one level to another. If there 
are terrace steps on the lawn, you should 
inspect them for cracked, loose, missing, 
and deteriorated sections. Also, check for 
uneven treads and dimensional variations in 
the risers (a tripping hazard). In addition, if 
there are more than two steps, a handrail is 
recommended. 

If you are planning to buy a newly 
constructed house, find out whether it will be 
your responsibility or the builder's to establish 
a new lawn. If it is yours, it can be quite 
expensive, depending on the size of the lawn 
and whether topsoil needs to be added. Over 
100 tons of topsoil is needed to cover an area 
one-third of an acre to a depth of 2 inches. 


Fig. 6-15. Vines 
growing up 
‘and partially 
covering 
exterior shingle 
wall 


Shrubs 
When new homes are landscaped, the shrubs 
are often intentionally planted very close 
to one another to produce an immediately 
pleasing effect. Many homeowners donot 
plant shrubs with the future appearance in 
mind. Consequently, as the shrubs grow and 
fill out, they tend to crowd one another, losing 
their individuality. Eventually, they become 
unsightly, with portions dying off due to lack of 
sunlight. In addition, the growing shrubs often 
block walkways and produce so much shade 
that the area around the house is always damp, 
a condition conducive to the growth of decay 
fungi and mildew. By extensive pruning of the 
shrubs and transplanting others (if you want 
to save them), the area can often be completely 
rejuvenated and restored to its original beauty. 
For some people, their dream house is one that 
is covered with ivy. (Gee FIG. 6-15) Actually, 
vines of any type growing up the outside walls 
ofa house are quite undesirable. As vines grow 
they can cause problems. They can lift wall 
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shingles and roof shingles. They can also grow 
into mortar joints and crush downspouts. (See 
FIG. 6-16) If you see vines on the house, you 
should consider their removal. 


Trees 


If there are trees on the property, they should 
be checked to see if any are dead or have any 
large dead branches. All dead trees should be 
taken down. Because they are vulnerable to 
insect damage and decay, they are a potential 
hazard, especially if they are located near the 
house. Large dead branches are also a hazard. 
Ona windy day, they can break off the trees and 
fall to the ground or, worse, onto the house. 
After a deciduous tree has lost its leaves, 
it can be somewhat difficult to determine 


Fig. 6-16. Downspout crushed by vines. 
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whether it is dead or has any dead branches. 
However, if you see any limbs with the bark 
peeled off, you can assume that those branches 
are dead. (See FIG. 6-17, If you have any doubt, 
after you move into the house, you should 
have the trees checked by a professional, or 
wait until spring and summer when all the 
trees are in full bloom. 

Ifyou find any dead trees or dead branches, 
record their location on your worksheet for later 
removal. Depending on the size and location 
of the dead tree, its removal can be somewhat 
costly. This type of work should be performed 
only by a professional who is insured in the 
event that the tree causes damage when it falls, 
to the ground. In addition to dead branches, 
all limbs that are overhanging or resting on the 
roof should be pruned back. Otherwise, they 
might eventually damage the roof. 

If you are buying a newly constructed 
house with trees on the property, you should be 
aware that the roots of some of the trees might 
have been damaged during construction. This 
could occur as a result of heavy equipment 
(tractors or trucks) being driven too close 
to the tree. Trees that have had root damage 
during construction do not necessarily show 
any immediate effects. However, within a 
year or two and depending on the degree of 
damage, the trees may die. If care is taken 
during construction, this problem can be 
avoided. Your best bet is to buy a house from 
a quality builder. 


Decks 


‘There are many types and styles of decks. 
However, from an inspection point of view, 
your main concern should be safety rather than 
appearance. When inspecting a deck, unless 
it is a rooftop or cantilever type, you should 
begin with the supports on the underside. 
If the deck is more than a few feet above the 
ground, it will generally be supported by 
wood or metal columns (posts). Unless wood 


Fig. 6-17. Large, dead 
branches are a potential 
safety hazard and should be 
removed. 


posts have been pressure-treated, they should 
not be in direct contact with the soil. Untreated 
wood in contact with the ground is vulnerable 
to rot and termite activity. Also, the dampness 
normally associated with the soil can promote 
rust deterioration of a metal post or connector. 

Each postshould rest ona concrete pad that 
has a footing below the frost line. Otherwise, 
the footing is subject to frost heave. Probe the 
base sections of the posts with a screwdriver 
to determine whether there is deterioration. If 
the screwdriver can penetrate the post beyond 
the surface, a problem exists that should be 
corrected. In some cases, the post might require 
replacement. Push the post to see if it moves. 
It should not. Occasionally I find columns 
that are loose and not adequately supporting 
the deck. (See FIG. 6-18) The condition usually 
results from uneven settlement of the support 
footings and inadequate fastening at the top 
or bottom of the column. A loose post is a 
potential hazard and must be resecured as 
soon as possible. 

When the deck is less than a few feet above 
the ground, itis usually supported by masonry 
piers. Inspect the piers for cracked, broken, 
loose, or deteriorated sections. They must be 


repaired. With some “ground-hugging” decks, 
usually less than a foot above the ground, this, 
inspection might not be possible. Most of the 
support piers are not visible. 

When one side of the deck is attached 


to the house, there are usually no support 
posts below that section. Consequently, if the 
joint between the house and the deck should 
weaken, there is a potential for the deck to 
collapse. Check the joint between the deck 
and the house to see if it is securely fastened. 
Isit pulling away from the house? It shouldn’t 
be. This is a potential problem and should be 
called out on your worksheet for additional 
bracing. In some cases, the deck is fastened to 
the house with undersized or too few nails. I 
know of one community where this type of 
installation resulted in two decks collapsing. 
Because of these failures, the town passed an 
ordinance that requires using lag bolts rather 
than nails to secure the deck to the house. 
(See FIG. 6-19.) 

Next, check the joist supports at the 
portion of the deck attached to the house. Since 
there are no posts, there will not be a girder to 
support the joists. In this case, the joists should 
be supported by metal brackets fastened to the 
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Fig. 6-18. Inadequately supported deck. Column is 
loose and cant easily be knocked aver. 
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header or by being toenailed into the header 
with a ledger below them. The former method 
is preferred because the ledger used is often 
skimpy. I have seen many decks where the 
joists were toenailed into the header but the 
ledger was never installed. If you find this type 
of installation, you should install angle brac- 
kets to support the joists or at the very least 
install a ledger as a precautionary measure. 
Check the condition of any and all metal 
brackets, connectors, nails, and screws. Over 
time they can corrode and rust, either because 
of the weather or because of the chemicals 
used in the deck’s pressure-treated wood. 

In addition, depending on the size of 
the deck, there might be a need for diagonal 
bracing. This provides additional rigidity to the 
deck and can be achieved by placing a 2-inch- 
by-6-inch board between two diagonal corners 
and nailing it to the underside of each jois 

Whendeckplanksareinstalled, thereshould 
bea space of about % inch between them. This 
space allows rainwater and melting snow to 
drain. In some cases, the planks are butted up 
against one another so that there is virtually 
no space between them other than the crack 
of the joint. Water entering this crack does not 
readily drain and instead promotes decay. If 
you can reach the underside of the deck planks 
nd the top portion of the joists, probe them for 
rot. If there are rotting sections and the decay 
is advanced, you might see the fruiting bodies 


Fig. 6-19. Lag bolts are 
used to secure the deck to 
the house. Note that joist 
is resting on a ledger 
board for support. 


of the decay fungi. (This is discussed in detail 
in the section on rot in chapter 8.) If steps lead 
to the deck, the treads, stringers, and handrails 
should be inspected for decay. As with the deck 
support posts, the stringers should rest on a 
concrete pad rather than soil. 

After inspecting the underside of the deck 
and the steps, you should inspect the top 
portion. When the deck is more than 30 inches 
above the ground, there should be a guardrail 
around the perimeter as a safety precaution. 
Naturally, the higher the deck, the greater the 
need for a rail. Issues such as wobbly railings, 
loose stairs, and ledgers that appear to be 
pulling away from the home are all causes for 
concern. Metal connectors, nails, and screws 
can corrode over time. Look for rust and 
other signs of corrosion that can weaken the 
structure of your deck. Check the rail to see if 
itisloose and wobbly. If itis, record it on your 
worksheet to be resecured. If the deck is to be 
used by small children, additional protection 
is needed to block the open area between the 
railing, railing posts, and deck planks. When 
balusters are used for this purpose, they 
should be spaced 4 to 5 inches apart. 

The guardrails and deck planks should 
be inspected for cracked, rotting, and loose 
sections. (See FIG. 620) Depending on the 
quality of the wood and the upkeep, a deck 
need not deteriorate to a point where it 
requires complete rehabilitation. Repairs or 
replacement of deteriorated sections should 
be performed as needed. If you find sections of 
the deck that are in need of repair, you should 
indicate those areas on your worksheet. 


Free-standing decks 
Free-standing decks are independent self 
supporting structures. If constructed properly 
they are as safe and secure as attached decks 
and in some cases more secure. A number of 
attached decks have collapsed because the 
joint between the deck and the house has 


Fig. 6-20, Cracked and rotting deck planks. Planks 
should be replaced as needed. 


pullled away, because either it was improperly 
or inadequately secured or it has rotted. 
Depending on the size of the free-standing 
deck, it will require an additional beam and 
two or more posts situated next to the house. 
The posts should be mounted on footings that 
extend below the frost line. In order to be able 
to resist lateral and horizontal movement, 
diagonal bracing between the posts and the 
beams must be provided. (See FIG. 621.) As with 
attached decks, these decks should be checked 
for cracked, broken, loose, or rotting sections. 


Composite decks 
Most residential decks are constructed entirely 
of wood. However, theuse of compositelumber 
for the visible portions of the deck, such as the 
deck planks, handrails, and trim has become 
very popular. Its popularity stems from the 
fact that it does not require waterproofing 
and resists damage from weather and insects. 
It is nevertheless not maintenance-free. The 
composites, which are generally made of 
recycled plastics and waste wood fibers, are 
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not intended for structural use. The structural 


support for those decks that use composite 
lumber (the joists, beams, and posts) will still 
be made of wood and should be inspected as 
previously discussed. 

Trex and Timber Tech are the leading 
brands of composite lumber for decks, 
although there are a number of companies 
that also make composite lumber. Not all 
composite decks are made with the same 
quality ingredients. Because the material 
expands and contracts with temperature, 
proper spacing during installation is critical. 
Cupping deck planks and joints that don’t 
line up have been noted. In addition, some 
of the other problems that have been noted, 
which should be recorded on your worksheet, 
are cracks, scratches, staining, mold (mildew) 
blotches, and fading. 

One last point: If the deck was not built 
when the house was constructed or the deck 
is a complete replacement of a previously 
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Fig. 6-21. Diagonal 
bracing on 
free-standing deck. 


deteriorated one, check with the seller to see if 
a certificate of occupancy (CO) was issued by 
the local building department.at the completion 
of construction. A CO is required by most 
municipalities. Ifone was not issued, record that 
fact on your worksheet for future discussion 
with your attorney. 


Fences 


If there is a fence on the property that you 
are inspecting, you should check its overall 
condition. The problems encountered with 
fences are normally not major and are usually 
not costly to correct. However, you might 
find a fence that has deteriorated to a point 
where it needs complete rehabilitation or 
replacement. 

Wood fences should be inspected for 
cracked, broken, loose, and missing sections. 
In addition, they should be checked for 
deterioration from rot and termite infestation. 


(Termites and rot are discussed in chapter 8.) 
The gates for the fence should also be checked 
for cracked, loose, or broken sections and ease 
of operation. Wooden gates often sag as they 
age and require periodic maintenance. 

Metal fences should be inspected for 
rusting, loose, and deteriorated sections. 
Rusting sections should be scraped, primed, 
and painted. Chain link fences are generally 
constructed of galvanized steel. Galvanizing 
(zinc coating) protects the steel against 
rusting and is usually applied by hot dipping 
or electroplating. The hot-dipped process 
produces a heavy zine coating that is very 
effective, in contrast to the thin coating 
produced by electroplating. Chain link fences 
that have been galvanized by electroplating 
have a tendency to rust and require periodic 
maintenance. Some chain link fences have a 
vinyl coating that protects against rust. The 
vinyl coating is quite effective and lasts for 
many years. 

If there is an in-ground swimming pool 
on the property, there should be a fence 
around the pool area. Most communities have 
an ordinance requiring a fence of a specific 
height as a protective barrier. If you do not see 
a fence around a pool area, you should check 
the requirements with the municipal building 
department; otherwise, you might find after 
buying the house that you are legally obliged 
to install one. 
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Drainage 
O When approaching the house, take note of 
the overall topography. 

Isit level or inclined? 

Are there gently or steeply sloped areas? 
Is the house located near or at the bottom 
of an inclined street? 

Note whether there is a storm drain (catch 
basin) nearby. 
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Are there nearby streams or brooks? 
Are you able to determine if the house is 
located in a flood plain or flood-prone 
area? 

Is the ground immediately adjacent to the 
house graded so that it slopes away on all 
sides of the structure? 

Are there natural drainageways to direct 
surface water away from the house? 

Are there low or level areas that are 
vulnerable to water ponding? 

Are there areas of ponded water on the 
lot? 

Are you able to determine whether the 
house has footing drains? 

Can you locate the outlet for these and any 
other drainage pipes? 


Retaining walls 


fe) 
fe} 


‘Timber, railroad tie, dry stone wall, gabion 
Inspect for missing, loose, and crumbling 
sections of stone. 

Check timber and railroad-tie walls for 
cracked, loose, rotting, and heaved sections. 
Are the wood-constructed walls properly 
anchored (tiebacks)? 


Concrete, concrete block, wet stone wall 
Inspect for cracked and heaved sections. 
Check for loose, deteriorated, and missing 
mortar joints. 

Is the wall vertical, or does it lean? 

Are portions of the wall heavily covered 
with vines 
Did you inspect these areas for cracked and 
heaved sections? 

Try to determine whether the area behind 
the retaining wall is adequately drained. 
Are there weep holes at the base of the 
wall? 

Are they blocked? 

Are the weep holes adequately sized and 
spaced? 
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Landscaping 


Lawn 

O Inspect for holes, sunken sections, bald 
spots, and eroding areas. 

O Estimate that 
recultivation. 

O Note soft sections or ridges (possibly due 
to moles 

O Inspect terrace steps for cracked, loose, 
rotting, or missing sections. Check steps for 
handrails, uneven treads, and variations in 
riser heights. 


areas will require 


Shrubs 

O Inspect shrubbery for overcrowding, dying 
sections, blocked walkways, steps. 

© Noteareas in need of pruning, transplanting, 
or removal. 

O Note areas of the house that are covered 
with vines. 


Trees 

© Check for dead trees and limbs, especially 
those close to the house. 

O Note tree limbs that are overhanging or 
resting on the roof. 

O Note for future professional evaluation 
any trees that show evidence of rot, split 
sections, or insect infestation. 


Decks 

O Check and inspect the various deck 
components for safety rather than for 
appearance. 

© Check concrete or brick piers for cracked, 
loose, and deteriorated sections. 

O Inspect wood columns for rot and termite 
activity. 

O Inspect metal 
deterioration. 
© Are columns supported on concrete pads, 
or are they in contact with the ground? 


columns for rust 
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Note any loose columns. 
Check for open and weakened joints 
between the deck and the house. 

Is the deck attached to the house with nails 

or lag bolts? (Lag bolts are preferred.) 

O If the deck was not built at the time the 
house was constructed, does it have a 
certificate of occupancy (CO)? 

© Inspect deck-joist supports at the portion 
of the deck attached to the house. 

© Are deck joists supported by metal brackets 
(preferred), or are they toenailed into a 
header beam with a ledger board below the 
joist? 

O Where the joists have been toenailed, check 
for missing ledger boards. 

O Does deck contain diagonal bracings? 

O Inspect the underside of deck (girders, 
joists, floor planks) for missing, cracked, 
and rotting members. 

© Inspect wood step treads, stringers, and 
handrails for cracked, loose, missing, and 
rotting sections 

© Are the stringers supported on a concrete 
pad, or are they in contact with the 
ground? 

© Check top portion of deck for cracked, 
loose, missing, and rotting sections of deck 
planks, railings, and railing posts. 

© On free-standing decks, check for diagonal 
bracing, as well as for cracked, loose, and 
rotting members, 

© On composite decks, inspect the wood 

structural support members. Check the 

composite decking, handrails, and trim 

for cracks, scratches, staining, mold (mil- 

dew) blotches, fading, and joints that don’t 

line up. 
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Fences 

© Inspect wood fences for cracked, broken, 
loose, and missing sections. 

© Cheek for areas of rot and insect damage. 


I'm not making missile guidance electronics, I'm making a robot that pours a beer, what flux 
should I use and do I really need to clean? Even manufacturers of non-life critical electronies have 
much more stringent reliability requirements than an individual. They must ensure that tens of 
thousands of products will work for multiple years, not a single project. 


‘The safe advice is to use the least aggressive flux that enables solder to quickly wet or cling to the 
surfaces, and then clean off the residues with alcohol and lint-free wipes (don’t just spread the flux 
around). Try starting with a rosin-based mildly activated flux: RMA. I am inclined to trust Kester’s spec 
sheet for "44" (RA) flux that says it does not actually require cleaning. Other flux manufacturers may 
have RA or RMA level fluxes that do indeed need to be cleaned, so if you don't know what you're 
using, cleaning is probably prudent. If you are going to clean rosin fluxes, do it soon after soldering 
because they quickly harden (see pics under 'Cleaning’). Finally, 1 would personally avoid no-clean 
fluxes and solder unless you have a critical application and very clean parts. 


Lead-free solder generally requires a made-for-lead-free flux designed to be used under slightly higher 
temperatures. 


Liquid flux can greatly help with surface mount soldering and desoldering components, but the flux 
inside cored-solder should be sufficient for through hole components. When soldering SMD 
components and desoldering pretty much anything, liquid flux acts as a blanket that helps to spread heat 
and also keep oxygen away from the metals. Finally, flux lowers the surface tension of solder, helping it 
to spread out and wick into connections. 


A water-soluble flux may be necessary for heavily oxidized parts or difficult metals like nickel, Without 
question, clean these fluxes. Special fluxes and solders exist for aluminum and stainless steel and these 
also certainly require cleaning. Never use acid-core solder; it deposits zine chloride into the solder that 
cannot be cleaned out. A final reason to clean flux residues is if you'd like to apply a conformal coating 
and aren't sure whether it will adhere to those residues. 


Some more references: 


Never use acid-core and how to solder to stainless steel (Kester 
White residue and all about rosin (more Kester) 

Good mini-class on fluxes: Bolton University 

To clean or not to clean and a brief history of electronics cleaning: more Bolton 

‘The Kester catalog provides good info on the solderability and flux requirements of various 
materials (See p. 14), 

Flux residues and what to do about them. This explains a bit about cleaning options and the 
health risks of rosin and non-rosin fluxes. 
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‘+ Alloy: 60/40, 63/37, tin-lead, lead-free, silver bearing, RoHS, eutectic, oh my... 


O Inspect metal fencing for loose, missing, Q If property contains an in-ground pool, is 
and rusting sections. the area around the pool adequately fenced 


(O Check gates (metal and wood) for sag, _off? (It might be a legal requirement.) 
missing hardware, and cracked, loose, 
broken, and missing sections. 
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The garage should be inspected after the 
exterior inspection has been completed. 
‘There are two basic types of garages: attached 
and detached. An attached garage is a part 
of the main building. It might be located 
below a habitable portion of the structure 
or connected to the side of the building. A 
detached garage is a separate structure, not 
part of the main building. There might be a 
connecting breezeway or porch between the 
two structures. 


Attached garage 


Since the principal use of the garage is car 
storage, the possibility of dripping oil and 
gasoline presents a potential fire hazard. 
Because the attached garage is connected 
to the main structure, certain precautionary 
‘measures should be taken during construction 
to minimize the hazards. Look around 
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the garage to see if there are any potential 
problems, 


Fire and health hazards 
Is there an interior door between the garage 
and the house? If there is, is there at least one 
step leading up to the door? There should 
be. (See FIG. 7-1) It is surprising how often I 
find that the garage floor slab is at the same 
ora higher level than the adjacent living area. 
(Gee FIG. 7-2) The living area should be above 
the level of the garage floor to prevent toxic 
exhaust gases and gasoline vapors, which 
are heavier than air, from entering the house 
whenever the interior door is opened. As 
a precautionary measure, the interior door 
should have a tight seal around the joints to 
prevent seepage. This door should be fire- 
resistant, such as metal-clad, solid wood, or 
hollow core, with a sheet-metal covering on 
the garage side. As a safety feature, the interior 


Fig. 7-1. Steps connecting the garage floor slab to 
the adjacent living area, which is ata higher level. 


/ 


Fig. 7-2. Garage floor slab at a higher level thant 
the adjacent living area—a potential hazard. 


door should also be self-closing, In most homes 
itis not. Itseems that homeowners have found 
self-closing doors inconvenient, especially 
when carrying in packages from the local 
supermarket. Nevertheless, safety should not 
be sacrificed for convenience. 

Next, look at the walls that separate 
the garage from the living area. Are there 
exposed wood-frame members? There should 
not be. Exposed wood framing in this area is, 
considered a fire hazard and should be covered 
with a fire-resistant material such as plaster 
or stucco on lath or %inch plasterboard. This 
wall should be insulated to reduce heat loss. 
If there is a living area above the garage, the 
ceiling should be insulated and have a fire- 
retardant covering, 

In some garages an access hatch to the 
attic is located in the ceiling. Occasionally the 
hatch cover for this opening is missing or open. 
(See FIG.7:3) This isa fire hazard. Ifa fire should 
start in the garage, the open area in the ceiling 
could act as a flue and draw the flames up into 
the attic where they would quickly engulf the 
house. The attic hatch cover must be in place at 
all times. 

Some homes have a garage in the 
basement. The garage is at the basement level 
with no partition walls separating the garage 
area from the basement area. This is a fire and 
health hazard in addition to being inefficient 
from an energy-conservation point of view. 
When the garage doors are opened, there will 
be a loss (from the basement) of warm air in 
the winter and cool air in the summer. 

Occasionally the heating plant (furnace or 
boiler) is located in the garage. (See FIG. 7-4) 
This is perhaps the least desirable location for 
a heating unit. There is always the possibility 
that a leak could develop in the gasoline tank 
or fuel line of an automobile. If the garage 
is inadequately ventilated, the resultant 
flammable vapors could be ignited by the 
flame in the heating system. Of course, this 
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Fig. 7-3. Open attic-access hatch in the garage 
ceiling. 


risk can be minimized by locating the heating 
unit on a platform or by building a low wall 
around the heating system (see FIG. 75) (since 
gasoline vapors are heavier than air and will 
accumulate at ground level) or by enclosing 
the heating unit in a room with a tight seal 
on the door. If the heating unit is enclosed, 
the area must be vented to provide outside 
air for combustion. Another problem with a 
water-heating system located in the garage is, 
that the pipes are more vulnerable to freezing 
should the system malfunction or run out of 
fuel oil. 


Plumbing check 
While looking at the walls and ceiling of the 
garage, look for signs of plumbing leaks. Check 
the ceiling for water-leakage stains. If the garage 
has an overhead door, be sure to close the door 
and then look at the ceiling. In the open position, 
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Fig. 7-4. Furnace located in the garage. Note that 
the ceiling should have been covered with fire- 
rated gypsum board. 


the overhead door will block about 25 percent 
of the ceiling; if there are leakage stains in that 
section, you might not see them. Ceiling stains 
are often caused by leakage from a bathroom 
above the area. (See FIG. 7-6) When you do the 
interior inspection of the house, all the plumbing 
fixtures (sinks, bowls, and tub-shower) should 
be operated. After that portion of the inspection 
is completed, if the garage ceiling showed signs 
of past problems, you should reinspect it for 
indications of current leakage. 

Insome cases there are exposed drainpipes 
or water pipes in the garage. If your home 
is located in the northern part of the United 
States, the water pipes should be insulated as a 
precautionary measure against freezing, 


Fig. 7-5. Heating system 
(oilfired, forced hot water) 
boiler located in the garage. 


Fig. 7-6. 
Plumbing leak 
‘caused water- 
damaged ceiling 
in garage. 


Depending on the location of the sewer or 
septic tank, there might be a pit in the garage 
floor covered with a metal plate. It might 
contain a cleanout and trap for the house waste 
line. Sometimes the water inlet pipe is also 


located in this pit. (These items are discussed 
in detail in chapter 13.) Lift the cover and look 
inside the pit. Often the builder neglects to 
remove the wood framing around the sides 
of the pit (used as a form when constructing 
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the open area). Because of the dampness in 
the pit, a wood liner will eventually rot and 
might be termite-infested. (This is an area 
where termites are often found; see chapter 8 
to learn how to determine their presence.) If 
there is wood in the pit, it should be removed, 
regardless of its condition. 


Flood potential 
‘The bottom of the pit should be relatively dry in 
all but very wet weather. If the bottom contains 
water, it is an indication that the level of the 
subsurface water (water table) in the overall 
area of the home is high. When this condition 
exists, there is a possibility that during rainy 
periods the water level can rise and seep into 
the garage through the pit or through cracks in 
the floor slab. (Water seepage into this area is 
discussed in detail in chapter 11.) 

Cracks in the floor slab can be caused by 
shrinkage or differential settlement and are 
usually not a concerning factor. They should, 
however, be sealed because they can allow 
water to seep into the garage. An extensively 
cracked or heaved floor slab is of concern 
because it may indicate a water problem. 
Heaving and extensive cracking are very often 
caused by water pressure being exerted on 
the underside of the floor slab. This condition 
should be evaluated by a professional. 

Note whether there is a drain in the floor 
slab. The floor should be pitched toward that 
drain. If there is no drain, the floor should have 
a slight pitch toward the automobile entry 
door. This will allow water from melting snow 
to drain to the exterior rather than puddle on 
the floor. Also, the floor slab should be slightly 
above the level of the driveway to reduce the 
possibility of water entry. It should be noted 
thata garage at the base of an inclined driveway 
is always vulnerable to water penetration. (This, 
condition is discussed in the driveway section 
of chapter 4.) 
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Doors 
When you inspect the garage, you should 
always check the operation of the exterior 
door or doors. If the door(s) does not have 
an automatic control, open and close each 
door and note whether it operates relatively 
easily. The most common type of door for an 
attached garage is the sectional overhead type. 
This door has the advantage of not taking up 
usable space when open. Look for obvious 
deficiencies such as broken or missing springs 
or guide wheels, loose and misaligned tracks, 
and so on. Check the door’s operation. If it is 
difficult to lift, stuck in a fixed position, out of 
plumb, ordoesnotstay in the up position, some 
minor maintenance is needed. When closing 
the door, give it a start and let it come down 
by itself. If the door closes rapidly and heavily, 
it is a hazard, especially for small children. 
Adjustment is needed to the spring tension, or 
a new spring should be installed. Check to see 
if there is a restraining cable that runs through 
the center of the spring. (See FIG.7-7,) The cable 
is a safety feature that prevents the spring 
from whipping around and injuring a person 
or damaging a car in the event that the spring 
breaks. When the door is closed, use the lock 
mechanism. You might find that the lock bars 
need to be reset. 

Many overhead doors are opened by 
an automatic control. Operate the control 
The doors should open and close smoothly 
without binding in the tracks. Check to see if 
the control unit has a reversing feature. This 
is very important from a safety point of view. 
When the door is closing, exert a force in the 
upward direction at the bottom of the door. 
The door should stop and then reverse its 
downward travel. IF it doesn’t, record that fact 
‘on your worksheet. Repair or replacement of 
the control unit is recommended because it is 
a potential safety hazard. The newer garage 
door opener assemblies include a photoelectric 


Front of garage 
(Near door opening) 


Fig. 7-7. A restraining cable through the garage door spring prevents the spring from whipping around 


if it bre 


sensor that is mounted on both side tracks, 
about 12 inches above the floor. The sensor 
activates the controller, which will reverse the 
door when it is closing if a person or animal 
breaks the beam by passing through the 
opening. If the door does not reverse, itis very 
often because the sensor is misaligned causing 
the electronic beam to not contact the receiver's 
“pulls eye.” This can be easily corrected by 
repositioning the sensor. Make certain that 
the radio controllers work. Ask the owner to 
demonstrate that they exist and work. 

Some overhead doors are the one-piece, 
swing-up type rather than the sectional, 
roll-up type. These doors often require 
additional efforts to open, particularly during 
periods of snow and wind. Other doors found 


ona garage are the sliding and folding types. 
Sliding doors usually hang from overhead 
tracks. One disadvantage of such doors is that 
they take up valuable wall space when open. 
Also, small pieces of debris on the ground 
can interfere with their operation. Fold-out 
doors often sag, have loose hinges, and drag 
on the ground, making opening and closing 
quite difficult. In general, they require more 
frequent maintenance. These conditions can 
and should be corrected 


General considerations 
Look around the garage for an electrical 
outlet. There should be at least one three- 
prong convenience outlet. Also, there should 
be overhead lights controlled by a switch near 
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the interior door and the exterior door. Two 
desirable features, although not necessary, are 
windows that provide daylightand ventilation 
and a service door that can be used as acces 
to the garage without opening the automobile 
entry doors. 

Depending on the location of the house, 
the garage might be heated. Heat is usually 
provided by extending the central heating 
system (hot water, steam, or warm air) into 
the garage area. The radiators or heat registers 
providing the heat should be checked as part 
of the overall heating-system inspection. If 
there are warm air ducts in the garage, look for 
return grilles. There shouldn’t be any because 
through them poisonous exhaust fumes could 
be brought back into the system and circulated 
throughout the house. When a garage is used 
solely forstorage of automobiles, itis necessary 
(and not even always) to bring the temperature 
only above freezing. Heating the garage above 
that temperature is wasteful of energy. 

Last, when inspecting an attached garage, 
look for termites in any exposed wood-frame 
members. The area most vulnerable to termite 
infestation (aside from wood found in a sewer 
cleanout pit) is the wood framing around the 
base of the exterior door. 


Detached garage 

If your house has a detached garage, you need 
not be as concerned with the fire and health 
hazards mentioned with the attached garage. 
True, the area is still considered a potential 
fire hazard; however, since the structure is 
physically apart from the main building, a fire 
‘would not usually result in the loss of life. The 
‘main concern with this type of garage is its 
structural integrity. 


Exterior 


‘The exterior of the detached garage is checked 
the same way you inspect the main house. 
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Walk around the outside of the building twice. 
The first time, look at the roof and gutters. Do 
any of the roof beams appear to be sagging? 
If so, additional bracing might be needed. 
Have a professional make this determination. 
Do not assume that the roof over the garage 
and the roof over the house are in the same 
condition. Although the roof covering on the 
main house might be in good condition, the 
covering of the garage roof might be badly 
worn and require replacement. (Inspecting 
roofs is discussed in chapter 2.) Are there 
gutters all around the base of the roofs? If 
not, make sure you check all wood siding 
and trim for rot. The rain runoff from the roof 
can promote rot. A wood-frame garage with 
a pitched roof should have gutters. If there 
are long overhanging eaves or the garage 
is masonry-constructed, gutters are not a 
necessary feature, although they are often 
desirable. If there are gutters and downspouts, 
see if they need repair. (These items are 
discussed in chapter 3.) 

After looking at the roof and gutters, walk 
around the building once more. This time look 
atthe walls, windows, and doors. If the exterior 
walls are covered with wood siding, does the 
base of the siding extend to the ground? It 
should end about 8 inches above the ground. 
If the siding is in contact with the ground, it 
should be checked for termites and rot. Pay 
particular attention to the rear wall. You 
might see a wall that is bowed. This is usually 
caused by a car that did not stop in time. The 
wall stopped the car, and in the process, the 
supporting studs were broken. If such is the 
case, the wall is in need of rehabilitation. Also, 
you might sometimes see a wall that is offset; 
the bottom section of the wall extends about 
3 feet beyond the upper section. This is done to 
accommodate longer cars than those for which 
the garage was constructed 

Finally, check the base of the wood framing 
and trim around the garage doors. This area 


is particularly vulnerable to rot and termite 
activity. (See FIG.7-8,) 


Interior 
When entering the garage, check the doors 
first. Look for broken and cracked sections of 
wood framing and glass panes. Open and close 
the doors; they should operate smoothly and 
have all necessary hardware (see page 88). 
Depending on the location of the garage, 
at times the entire roof is not visible from the 
outside. After you enter the garage, look up at 
the underside of the roof. IF you can see daylight 
through a hole or crack, there is a problem with 
the roof. Look for signs of past water-leakage 
stains on the wood framing. These stains appear 
as dark-streaked discolorations on the wood. 
Leakage stains do not necessarily indicate a 
current leak—the problem might have been 
corrected. If you see stains on the wood framing, 
ask the homeowner whether repairs to the 


Fig. 7-8. Termite infestation 
‘and rot at base of garage 
door frame. 


garage roof have been performed. Next, look at 
the walls. If the garage is located on an incline, 
look at those sections of walls that are below 
grade. These walls are usually constructed of 
brick, concrete, or rubble and also function as 
retaining walls. If proper drainage provisions 
have not been made, the walls will tend to crack 
and heave. (See FIG. 7-9) If you see cracked and 
heaved walls, you should have a professional 
make a determination whether rehabilitation 
is required. Often the walls are covered with a 
stucco or plaster finish, and the wood-framing 
members that form the walls are not visible. 
However, any exposed studs and bottom plates 
should be checked for cracked and broken 
sections, rot, and termite activity. 

To reduce the vulnerability of the bottom 
plate of a wood-frame wall to rot and termite 
infestation, the plate should be resting on a 
foundation wall that is at least 4 inches above 
the garage floor. In many older detached 
garages, this plate is found directly on the 


Detached garage 91 


floor or in contact with the ground. If this is 
the case, look carefully at the plate and probe 
it with a screwdriver or ice pick. If it can be 
penetrated, there is probably rot, termite, or 
carpenter-ant activity. 

Look at the condition of the floor. If there 
are cracked, broken, and settled sections, often 
found in older detached garages, rehabilitation 
is in order. This condition usually does not 
indicate an undermining of the structural 
integrity of the garage but a poor installation of 
the floor slab. In some garages, you will find a 
dirt floor rather than concrete or asphalt. This is 
not desirable because the dampness associated 
with this type of floor promotes rot in the wood- 
framing members and premature rusting of 
items stored in the garage. 


Heat and electricity 


Mostdetachedgaragesarenotheated. However, 
when they are, heat is usually provided by 
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Fig. 7-9. Heaving garage 
wall. Section of wall was 
located below grade level. 


a space heater rather than by extending the 
central heating system. The heater should be 
checked to see if itis operational by turning up 
the thermostat. The thermostat will be wall- 
mounted or mounted directly on the unit. 
‘Most nonelectric heaters must be vented to the 
outside and should not have wood framing in 
contact with the exhaust stack, a fire hazard. 
If the heater is not vented to the outside, ask 
the owner to show you proof that the unit has 
been specifically approved for installation 
without a flue connection. 

In new detached garages, the electrical 
service and wiring is usually not a problem. 
‘There should be an overhead light controlled 
by a wall switch and at least one three-prong 
outletreceptacle. Ifthe garageisadistance from 
the house, a desirable feature would be to have 
either spotlights or row lights along the path 
between the two structures. The lights should 
be controlled by two three-way switches, one 
at the garage and one at the house. In many 


Standard lead-based solder is made of tin and lead. When you see 60/40 or 63/37, it means 
60% tin by weight, 40% lead. Either once of these alloys should be fine for typical small 
electronics soldering. 63/37 in bulk is slightly more expensive because of additional tin, but 
has the special property of being a “eutectic” alloy, which transitions from liquid to solid at 
one temperature (like water) instead of range of temperatures. Basically, in non-eutectie alloys 
like 60/40, there is a "pasty" region of temperature where portions of the solder are frozen and 
other portions are liquid. What does this mean for soldering and is 63/37 really that much 
better? 


Alloy metals have some interesting properties that are different from the metals comprising 
them, In tin-lead solder, the mixture has a lower melting point than either lead or tin alone, and 
the melting point varies depending on the portions. The mixture that yields the lowest melting 
point is called eutectic. This is also the only mix where all the constituents melt and freeze at 
the same temperature, 

Ifthe tin-lead alloy isn’t eutectic (ie, if tis not 63% tin), it will go through a "pasty" phase 
while it freezes. Unlike water, which freezes entirely at 0 °C, some parts of a non-cut 
mixture of tin-lead freeze at higher temperatures than other parts. For a somewhat simplified 
explanation, if you held the temperature of 60/40 slightly above 361 °F, the "extra lead” would 
solidify and be floating in a liquid 63/37 eutectic mix, For a more exact and great explanation 
of this process, look here. 


How is it that the mixture of two elements somehow lowers the melting point? And I quote: 
"increased entropy." Chew on this. (Another great phase-diagram explanation with a bonus of 
why ice and salt can get almost 30 °F below freezing--enough to freeze ice cream) And one 
last great explanation--talks a bit about grain structure and how solder isn't a simple 
homogeneous mixture of tin and lead 
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older garages, the electrical wiring and service 
is often makeshift and nonoperational. Look 
around. If you see loose and hanging wires, 
exposed junction boxes and wire splices, you 
are looking at electrical violations. In some 
cases, the service wire from the main housk 
to the detached garage is interior wire, not 
exterior. This is a potential hazard and must 
be corrected. If electrical problems are found 
during the garage inspection, you should 
require that the seller provide you at closing 
with a certificate of approval for the electrical 
system. The approval should be made by 
the municipal electrical inspection agency. 
(Gee chapter 12.) 


Checkpoint summary 
Attached garage 


Inspecting for fire and health hazards 
Are the garage and basement area com- 
bined into one open area? 

Is the interior garage door located at least 
one step above the garage floor? 

Does this door have a tight seal? Is it self- 
closing? 

Is this door fire-r 


[o) 
° 

° 

fo) ant, or does it have a 

sheet-metal covering on the garage side? 

O Is the boiler/furnace unit located in the 
° 

° 

°o 

fo) 


garage? 
Has it been placed on a raised slab? 
Inspect garage ceiling and walls for exposed 
wood-frame members. 

Check ceiling area for open or missing attic 
access hatch. 

Check for return grill 
systems. 


in warm-air heating 


General considerations 

Inspect ceiling area for signs of plumbing 

leaks, stains, and patched sections. 

© If garage is unheated, are there uninsulated 
water pipes that are vulnerable to freezing? 


° 


fo) 


Inspect floor for extensively cracked, set- 
tled, and heaved sections. 

Check these areas for evidence of water 
seepage and silt deposits. 

Does driveway incline make garage 
vulnerable to flooding? 

Is there a drain protecting the garage entry? 
Isit adequate? 

Does garage floor contain a drain? 

Inspect exterior doors and trim for cracked, 
missing, rotting, and  insect-damaged 
sections. 

Operate doors. Note broken and missing 
springs, guide wheels, locks, and misaligned 
tracks. 

Is there a restraining cable running through 
the spring? 

Ifthe ovethead door is electrically controlled, 
does it reverse its downward travel when 
an upward force is exerted on the door? 
Check overhead lights, wall switches, and 
convenience outlets. 
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Exterior 
Inspect walls siding for bulging, cracked, 
loose, missing, and rotting sections. 

Note broken windows and patched 
sections. 

Check roof beams for cracked, rotting, and 
sagging members 

Inspect roof shingles (as outlined in chapter 
2 checkpoint summary). 

Check type and condition of gutters and 
downspouts. Note their absence. 

Inspect and probe wood framing and trim 
around doors (particularly doors that are 
in contact with, or in close proximity to, the 
ground). 


Interior 
Check garage doors for broken, cracked, 
and rotting sections. 
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O Inspect doors for operation, sagging 
sections, missing hardware, and broken 
glass panes. 

O Inspect underside of roof for damaged 
sheathing and signs of leakage. 

O Inspect foundation/retaining walls for 
cracked, bowed, and heaved areas. 

O Concrete, asphalt, or dirt floor? 

O Check concrete or asphalt floor for cracked, 
broken, and heaved sections. 
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Probe wood sills for insect-infestation 
damage (particularly if these members are 
in contact with the ground) 

Inspect for loose and hanging electrical 
wires, exposed junction boxes, wire splic 
extension-cord wiring, and makeshift wiring. 
Is there a space heater? Check operation. 
Is unit properly vented? 

Are wood-frame members in contact with 
the exhaust stack? 
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There are many types of wood-destroying 
insects—subterranean and dry-wood termites; 
carpenter ants; and powder-post beetles. 
The one that causes the most damage to 
residential structures in the United States is 
the subterranean termite. 


Termites 


Home buyers generally overreact after 
discovering a termite condition and on occasion 
lose interest in the house. Actually, the discovery 
of termite infestation should not be cause for 
alarm—concern, maybe, but certainly not alarm. 
Termites work very slowly. It takes many 
years for termites to do serious damage to a 


house. A mature colony of 60,000 termites eats 
the equivalent of to4 feet of 2-by-4-inch board 
in one year. Some well-established termite 
colonies have been estimated to contain more 
than 2 million termites. A termite condition 
can be controlled through the application 
of chemical insecticides by constructing a 
chemical barrier in the soil around and beneath 
the house. Thus termites attempting to go 
through the termiticide-treated soil to reach 
the house are either killed or repelled. 

Prior to the mid 1980s, the chemical most 
often used for termite treatment was chlordane. 
It had an effective life that often exceeded 
twenty-five years. However, because chlordane 
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is considered a potential risk to human health, it 
was withdrawn from the US. market. Currently 
several different chemical termiticides are 
available for use by pest control operators for 
controlling a termite infestation. All of the 
chemicals are considered safe and have been 
found to be effective in the soil for periods of 
approximately 5 to 10 years 

Around 1995 the termite bait system came 
on the market for termite control. This system 
is an option for homeowners that don’t want 
to use a chemical barrier treatment for termite 
control. Termite baits are considerably les 
toxic than most liquid termiticides, which are 
introduced into the soil by the hundreds of 
gallons in order to effectively control a termite 
condition in a house. Baits, on the other hand, 
deliver very small amounts of termiticides 
overa long period of time. 

A baitsystem for termite control consists of 
installing plastic tubes or boxes in the ground 
at various locations around the house. Inside 
the tubes and boxes is a slow-acting poison 
combined with a termite food material such 
paper or cardboard. Termite control depend: 
on foraging termites finding the bait stations 
during their random search for a new food 
source, feeding on it, and carrying it back to 
the colony where the poisoned food is shared 
with other termites in the colony. 

The length of time for termites to find 
the bait stations will vary considerably and 
depends on whether the stations are installed 
in the southern or northern states. It also 
seems to depend on whether the bait stations 
are installed in the spring or late summer. The 
time to locate the bait has been found to vary 
from as little as a day to as long as a year or 
more. Baiting to control a termite problem is 
a slow long-term solution, and it is not the 
recommended method to control a heavy 
infestation problem in a house. 

In real estate transactions, if the house 
has a termite problem, a barrier treatment 
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is the preferred control method rather than 
baiting, Successful control by baiting is a long- 
term commitment to frequent inspections and 
monitoring of the bait stations and rebaiting. In 
contrast, when necessary, a single application 
of a barrier treatment can be expected to last 
from 5 to 10 years after which retreatment may 
or may not be necessary. 

A number of states have regulations 
requiring a termite inspection by a professional 
prior to, or as a condition of, the purchase 
agreement. The cost of this inspection is almost 
always paid by the seller. If your state has such 
a requirement, you should ask the seller or real 
estate agent to have the house inspected by a 
professional and have a report of the results 
sent to you. In many states (even in some that 
do not have a prepurchase termite i 
requirement), if a termite condition 
prior to the sale, the cost for correcting the 
condition (chemical treatment) is borne by the 
seller. 

When termites are discovered, they should 
be exterminated professionally. However, 
because termites workslowly, termite-proofing 
the house need not be done immediately upon 
learning of an active infestation. Take your 
time and get two or three cost estimates from 
established termite-exterminating firms. After 
treating a house, most companies provide a 
one-year guarantee against reinfestation. The 
guarantee can often be extended annually for 
a fee, which covers inspection and retreatment 
if necessary. If the house had been treated 
previously for termites, find out if the owner 
has a guarantee and whether it can be 
transferred to you. 

During an inspection, all exposed wood- 
framing members should be checked for 
structural deterioration from termite activity. 
‘There are very few houses on record that have 
been damaged by termites to a point where 
they are considered unsafe. Quite often the 
damage caused by termites (by the time 


termite activity is discovered) is minor, and 
repair or replacement of the infested wood 
members is not necessary. Even with a heavy 
infestation, usually only a portion of the house 
is affected. And even then, only a portion of 
the wood framing might be damaged to a 
point where it has lost its structural value. In 
this case, only the affected members require 
repair or replacement. If you are in doubt 
about the structural integrity of any of the 
affected members, you should consult a 
professional. 

Termites play an important role in 
the natural ecological cycle. They feed on 
cellulose, the principal ingredient of wood, 
and help to break down dead trees in forests 


and other wooded areas, thus enriching the 
soil. Termites began attacking houses when 
the wooded areas were cleared for building 
construction and there was no other available 
source of food near their nest. Subterranean 
termites are found in every state except 
Alaska. Their overall distribution within the 
continental United States is shown in FIG. 8+ 
As their name implies, subterranean termites 
live ina colony (nest) that is usually located in 
the ground below the frost line. Even when a 
house is infested with termites, they usually 
do not have a nest in the house. They are there 
only to gather food. The only condition under 
which a nest might exist in a house (a rare 
occurrence) is a constant source of moisture 


NOTE: Lines defining areas are approximate only—see local FHA offices for 


Alaska is considered 
in region no. 4, 
Hawaii and 
Puerto Rico in 


specific areas—local conditions may be more or less severe 
than indicated by region cla: 


region no. 1 
[Region no. 1 Region no. 2 Region no. 3 
very heavy Imoderate to heavy slight to moderate 


Region no. 4 
lmoderate to none 


Fig. 8-1. Subterranean termite distribution in the United States. 
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such as a leaky waterpipe or drainpipe that 
wets the surrounding area. 

Termites are social insects. Within each 
colony, there is a rigid caste system consisting 
of a queen and king, workers, soldiers, and 
reproductives. Each member of the colony 
instinctively performs its special task. The 
function of the queen and king is to propagate 
the colony. The fertilized queen lays the eggs 
and might live for as long as twenty-five years. 
‘The workers care for the eggs, feed the young 
and the queen, and generally maintain the 
colony. They also forage from the nest to the 
wood supply and return with food. The soldiers 
defend the colony againstattack by other insects, 
mostly ants. The average worker and soldier 
live only two or three years. The function of 
the reproductives is to replace the queen and 
king in the event of their injury or death. They 
also lay eggs that rapidly increase the termite 
population. 

When a colony matures, reproductives 
leave the nest (swarm) to set up a new colony. 
Although thousands of reproductives leave the 
nest, only a handful survive to establish a new 
colony. The remainder die because of adverse 
conditions in the soil or attacks by other insects. 
Reproductive termites sprout wings for the 
swarm. With their wings, they are only about 
‘inch long, They are considered poor fliers and 
generally flutter around before falling to the 
ground. Some, however, might be picked up in 
the wind and carried great distances. Once the 
reproductives land, they shed their wings, pair 
off in couples, and return to the soil in search of 
a suitable place to build a nest. 

In most parts of the country, swarming 
generally occurs in the spring, sometimes in 
the fall. However, swarming termites have 
been found in January in some heated houses. 
In the warm, humid parts of the country, 
swarming can occur at any time, Even if 
there are no other outward signs of termite 
activity, termite swarming in a house is an 
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indication that there is a healthy established 
colony nearby from which worker termites are 
coming in their search for food. 

Swarming termites do not attack wood. 
Their only function is to start a new colony. 
Even if a swarm is in your house, you might 
not see it, A swarm might last from fifteen 
minutes to one hour, and if you are not in the 
right place at the right time, itcan be over by the 
time you enter the room. However, if there was 
a swarm, you can tell by the discarded wings. 
‘They are often found on windowsills and light 
fixtures, and beneath doors. Do not confuse 
swarming termites with swarming ants. To the 
untrained eye, they appear similar, but there 
are distinctive differences. (See FIG. 82) The 
most obvious difference is that termites have a 
thick waistand ants have a pinched (hourglass) 
waist 


Subterranean termites 
Subterranean termites require a dark, damp 
environment. In their search for food, worker 
termites build shelter tubes (tunnels) that help 
conserve moisture and shield the termites 


Straight 


Antennae Elbowed Antennae 


Fig. 8-2. The difference between swarming ant 
(right) and swarming termite (actual size % inch). 


from the light. (See FIG. 83) The tubes are about 
Ye to Y-inch wide and provide a passageway 
between the ground and the food supply 
(wood member). They can be built at the 
rate of several inches per day and are mainly 
composed of soil, wood particles, and termite 
excreta. Shelter tubes, which might be noted 
on foundation walls, on the outside of wood 
framing, or even freestanding between the 
ground and an overhead pipe or beam, are 
visible evidence of termite infestation. If the 
tube is active, worker termites will be busy 
using it to go between the nest and the house. 
By breaking the tube, you can see the workers, 
who will try to repair the break. They are 
about Ycinch long and have a whitish cream 
coloring. 

Some tubes might be abandoned. If you 
find an inactive shelter tube, it does not mean 
that termites are no longer in the house. It 
might, if the house has been termite-proofed. 
However, if it has not, even an abandoned 
shelter tube, no matter how small, is sufficient 
evidence to consider termite treatment. Many 
shelter tubes emanate froma nest. There might 
be an active tube inside the voids of a concrete 
block wall that would not be visible during an 
inspection. 

Whether a new building will be attacked 
by termites depends on the surrounding area 
and to a large extent the builder. Certain 
construction practices tend to increase the 
probability of termite attack. (See FIG. 8-4) Some 
builders have been known to bury tree stumps 
and wood debris near the foundation or below 
the basement-floor slab. All stumps and debris 
should be removed from the building site. 
All form boards and scrap lumber should be 
removed before the excavated area around 
the foundation walls is backfilled. There 
should be no buried wood around the house. 
Otherwise, it can provide a source of food fora 
new termite colony that when it becomes large 
enough, will attack the house. 


Fig. 8-3. Termite shelter tubes: on foundation 
‘wall, header, and subflooring (top); hanging tubes 
in enn space (bottom), 
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Fig. 8-4. Termite entry points into a house 
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‘Most often termites enter a house by eating 
their way through untreated wood members 
that are in direct contact with the ground. 
Some of the more common points of entry are 
garage door frames, basement windowsills, 
wooden steps and supports, wood sills, and 
headers and studs on foundation walls that 
are located at or below grade. A particular 
area of attack is the wood framing adjacent to 
a conctete-covered, earth-filled porch, patio, or 
entrance slab. (See FIG. 8-5.) If there is no earth 
or wood contact, termites can build shelter 
tubes to provide passageways from the nest to 
the wood framing in the structure. 

Some homes have a strip of metal (termite 
shield) between the foundation wall and the 
sill plate, that rests on top of the foundation 


Direct Access from 
Porch Fill to Wood, 
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Fig. 8-5. Termite Slab 


colonies can develop 
in buried wood debris 
and gain entrance into 
a building, particularly 
at earth-filled concrete 
‘entrance slabs or patios. 


Wood Debris 
in Dirt Fill 


wall. The purpose of the termite shield is to 
act as a barrier between the nest and the food 
supply. In most cases, the termite shield gives 
the homeowner a false sense of security. The 
shield does not prevent infestation. It only 
deters an attack, The problem is that the 
termite shield is rarely installed properly. An 
opening at a seam or a hole as small as Y= inch 
is large enough for termites to pass through. 
All seams should be soldered, and any holes 
around bolts and pipes should be filled with 
coal-tar pitch. Even if you see a termite shield, 
you should look for termite infestation. 
Inspection A complete subterranean 
termite inspection consists of an interior 
and exterior check of that portion of the 
house that is close to, or in contact with, the 
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ground. The exterior termite inspection can 
be performed concurrently with the normal 
exterior inspection as described in chapter 
1. As you walk around the outside of the 
house, look for termite shelter tubes along 
the outside foundation walls. (See FIG. 8-6) In 
many homes, this area is covered or partially 
blocked by shrubbery. Part the shrubbery so 
that you can see the wall. This is especially 
important for areas just below a garden-hose 
spigot. 

In some cases the base of the exterior 
wood siding is in contact with the ground, so 
that the foundation wall is not visible. This is a 
Poor construction practice but unfortunately is, 
fairly common and usually occurs during final 
grading and landscaping. The base of the wood 
siding should terminate at least 6 inches above 
the finished grade. Redwood or cedar exterior 
siding is often used. Both types of siding are 
resistant to termite attack and rot. However, 
it is important to understand that they are 
not immune to attack and might eventually 
succumb. If the base of the siding is in contact 
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with the ground, probe it with an ice pick or a 
screwdriver. If the wood has not been attacked 
by rot, termites, or other wood-destroying 
insects, your probe will not penetrate much 
beyond the surface. If the probe penetrates the 
wood deeply, the wood has been attacked. To 
determine the cause for the deterioration, it is 
necessary to break open a section and look at the 
condition of the wood. Caution: Do not proceed 
beyond the probing without consent of the 
homeowner; in fact, it would be wise to obtain 
the homeowner's consent for the probing, 

A. section of termite-damaged wood 
reveals galleries (channels) that run parallel 
with the grain. (See FIG. 8.7.) Termites attack 
the softer portion of the wood grown during 
the spring and not the denser summer wood. 
The channels will not look polished, as they 
do with carpenter ants. Portions will be lined 
with grayish specks that consist of excrement 
and earth. Deteriorated wood could be the 
result of a combination of causes such as rot, 
termites, and carpenter ants. You should 
become familiar with the telltale signs. If you 


Fig. 8-6. Termite 
shelter tubes at 
base of exterior 
‘wall 


So which is better, 60/40 or 63/37? A decade or so back (before the lead-free movement), most 
manufacturers incurred about a 5% increase in cost to switch from 60/40 to 63/37. 63/37 flows 
slightly easier, makes shinier joints, and has a faster total freezing time which means there is 
less risk the joints will be "distrubed," which is what happens when the joint moves during 
solidification, This can lead to internal fractures that cause poor electrical connections and 
Unreliable mechanical joints. Note that 63/37 doesn't freeze instantly (just like water)~it still 
has a window of time during which the joint can be disturbed, too. 


| think most would say that the enhanced properties of 63/37 really only matter for mass 
soldering operations like wave or reflow soldering, and that there is litle difference for hand 
soldering, A dull joint is more often caused by insufficient heat, dirt or oxides, or lack of Hux 
rather than alloy makeup. (A no-clean flux may burn off before the joint is complete) Holding 
everything else constant, the difference in shininess between 60/40 and 63/37 is completely 
cosmetic. If you'd like to see a shiny 60/40 joint, ry using Kester 60/40 with #44 flux, 


Silver bearing solder: (that is, contains silver, not for roller bearings) Silver is used in one of 
the leading alloys for lead free solder (An96.5% Ag3.0% Cu.5%) and also as an addition to 
tin-lead solder, usually in the 2-4% range (when you se 62/36/2 this means Sn64Pb36Ag2). 


People claim that it flows better, has a lower melting point, is stronger, and has a higher 
conductivity. According to Indium's solder wire data sheet, their 2% silver solder has an 
electrical conductivity that is 11.9% of Cu compared to 11.5% of 63/37 tin-lead solder, a shear 
strength of 7540psi vs. 6200psi, and a tensile strength of 7000psi vs. 7500psi for 63/37. So, 

yes, the claims are true, and also mostly insignificant. Silver was initially added to solder to 
prevent silver platings on component leads from dissolving into the solder ("silver migration") 
and forming brittle joints, Having silver in the solder reduces migration, so you may want to 
use it on silver joints. (Note: this logic doesn't entirely make sense to me. Ifsilver getting in 
the solder caused embrittlement, how does adding more silver prevent this?) 


Audiophiles seem to be enamored by 4% silver bearing solder, namely some from WBT, 
Cardas, and WonderSolder. Are these really better for audio? 


‘The superior claims include things like higher purity, eutectic alloys, higher conductivity, and 
better flux. I haven't found any controlled studies showing that a group of people can actually 
hear the difference, so I'm skeptical. Although additional silver does increase conductivity, the 
increase is small and the joint distance over which that conductivity applies is also extremely 
small. For what it's worth, here's a forum discussion that discusses a bit about solder in high- 
end audio and also a FAQ (scroll down)concerning solder on Cardas Audio’s site. Another 
decent discussion, 


Bad joints made with any solder can create a high-resistance connection, especially if the 
underlying components were heavily oxidized initially. My advice: if it makes you feel better, 
get it, but be wary of sellers that don't provide spec sheets. 


Lead-free Solder: As of July Ist, 2006, European laws mandated that new electronics be 
almost entirely lead free. As of yet, there are no US laws (outside CA) mandating the removal 
of lead, but most manufacturers are switching over for competitive reasons. More on RoHS, 
WEEE, and lead risks: 


‘The European Union passed directives in 2003 stating that no equipment sold in Europe 
should, by July 2006, have more than .1% lead in any homogenous component (like a solder 
joint). The directives are known as the WEEE (Waste Electrical and Electronic Equipment) 
and RoHS (Restriction of Hazardous Substances) (wiki). There are corresponding laws in 
China, Korea, and California. Japan manufacturers actually voluntarily begin switching to lead 
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Fig. 8-7. Termite- 
damaged wood. Note 
galleries that run parallel 
with the grain. 


are not certain of the cause, have the wood 
evaluated by a professional. The appearance 
of wood damaged by carpenter ants, powder- 
post beetles, and rot will be discussed in their 
respective sections, 

‘As you walk around the outside of the 
house, probe the attached wood trim, posts, 
and framing members that are on or close to the 
ground. Specifically probe garage door frames, 
basement or lower-level window frames, step 
stringers, deck posts, and the entry-door riser. 
Termite activity is of concern only when it is 
found in the house or in an attached structure 
such as a garage or deck. If you find termite 
damage or shelter tubes on a fence post in the 
yard (FIG. 88) or ina piece of wood debris on the 
ground in the yard, all that means is that those 
pieces of wood have had termite infestation. It 
does not mean that the house is infested with 
termites and should be treated. 

After checking the outside of the house, 
the next place to look is in the crawl space 
beneath the house or porch. (Not all houses 
have a crawl space, in which case this step 
is omitted.) If the access to the crawl space is, 
from the interior, it should be checked as part 


id 


Fig. 8-8, Termite shelter tubes on a fence post 


of the interior termite inspection. In the crawl 
space, probe the sills and headers for termite 
damage. Also check the first 15 inches of each 
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joist that rests on the sill or foundation. As 
you move around in the crawl space, look for 
termite shelter tubes on the foundation walls 
and piers. Sometimes the shelter tubes can be 
spotted between double joists (two joists nailed 
together, used to provide additional support 
for a heavy load). While in the crawl space, 
note any items of wood storage, remembering 
that they are vulnerable to infestation. 

The interior inspection for subterranean 
termitesis generally conducted in the basement 
and crawl space. If the basement is finished so 
thatthereareno exposed sections of foundation 
wall or wood framing, a thorough inspection 
cannot be performed, even by a professional. 
There are, however, some sections more 
vulnerable to termite attack than others, such 
assill plates, headers, and joists below grade or 
adjacent to a dirt-filled, cement-covered patio. 
If the ceiling is covered with suspended tiles, 
the tiles can be lifted or moved to expose the 
wood framing. If there are no accessible areas, 
termite activity will have to be determined by 
a swarm or exterior inspection. In areas where 
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termite infestation is heavy, such as the South 
and Southwest, a termite inspection should 
be performed every year. In other areas, an 
inspection every two year is adequate. 

When the basements unfinished, the wood 
framing (sill plate) on top of the foundation wall 
should be inspected by probing as described 
for the exterior crawl space. (See FIG. 89) Also 
look for termite shelter tubes. You might find 
a tube that appears to start in the center of the 
foundation wall. Actually, the tube is connected 
to the earth through a small crack in the wall at 
that point. As previously mentioned, termites 
can work their way through cracks as small as 
Ye inch. While in the basement, pay particular 
attention to the area around the furnace/boiler 
and pipes through the foundation or floor slab. 
Often activity is discovered in these areas. 

Homes built on a slab without a basement 
or crawl space are also vulnerable to attack by 
termites. Because there are generally no areas 
with exposed beams or foundation, detecting 
termites is quite difficult unless the infestation 
hasadvanced to the point where shelter tubesare 


Fig. 8-9. 
Termite- 
damaged sill 
plate found by 
probing with a 
screwdriver. 


visible in the finished rooms. When inspecting a 
slab house, look for soft spots in the baseboard 
trim along the exterior wall. Also check for 
shelter tubes around openings in the floor slab, 
such as around plumbing or heating pipes. 


Dry-wood termites 
Homes in the South and Southwest are 
vulnerable to attack by dry-wood termites 
as well as subterranean termites. Dry-wood 
termites cannot live outdoors in northern 
climates and have not established themselves 
in those areas. Isolated cases of dry-wood 
termite infestation have been found in homes 
located as far north as New York and Ohio, but 
those are rare. 

Dry-wood termites are so called because 
they build their nest in perfectly good wood 
that is not decayed and not in contact with the 
ground. In fact, in many cases they establish 
a colony in the wood-framing members of 
the attic. As with subterranean termites, 
reproductive dry-wood termites swarm from 
the nest periodically in an attempt to establish 
a new colony. The swarming termites often 
do not fly more than a few feet before settling 
down. However, if aided by air currents, 
they can fly more than a mile. Once paired, 
the king and queen seek cracks or checks in 
nearby wood, whether a roof or lumber pile, 
and set up housekeeping. In homes, dry-wood 
termites can be found in rafters, studs, joists, 
sheathing, floorboards, window frames, door 
frames, and exterior trim. 

Once a colony is established, it feeds on the 
wood around the nest. Dry-wood termites are 
general feeders and eat spring- and summer- 
grown wood. The galleries thus formed will 
cut across the grain. The cavities contain pellets 
of partially digested wood. These pellets are 
tiny, seedlike, and usually straw-colored. 
On occasion, some of the pellets are pushed 
through openings in the wood surface. If there 


is not much accumulation, the pellets can 
easily be overlooked. They are, however, often 
the first sign of infestation. 

The maximum population of a fully 
established dry-wood termite colony is esti- 
mated to be about 3,000. This is considerably 
less than the typical number of subterranean 
termites in an established colony, which is 
estimated to be between 60,000 and 250,000. 
Consequently, it takes a longer period of time 
for serious damage to occur with dry-wood 
termites than with subterranean termites. 

Control Since dry-wood termites do not 
nest in the ground, they must be chemically 
treated at the source of infestation. This is 
usually done by injecting insecticide into the 
galleries, a procedure thatshould be performed 
by a professional. To reach the galleries, holes 
are drilled in the infested wood members. The 
insecticide will be a liquid or a dust. When the 
wood is dry, dusting can be effective as far as 
15 feet from the point of application. However, 
when the wood is wet, dusting usually is not 
effective because the dust tends to cake in the 
moist galleries. Ifdry-wood infestationis found 
ina fence or pole on the property, those wood 
members should be treated since the termites 
represent a potential source of infestation for 
the house. 

For severe infestation, treatment is usually 
by fumigation. The entire house, including 
the roof, is wrapped with a plastic covering. 
After all the openings are sealed, a poisonous 
fumigant is introduced. The house should 
remain under fumigation for at least forty- 
eight hours. Since the insecticide is poisonous 
to humans, fumigation should be undertaken 
only by experienced fumigators. 

Inspection Since dry-wood termites do 
not leave their nest in search of food, there are 
no telltale signs of infestation such as shelter 
tubes. They can be detected, however, by their 
pellets, which tend to accumulate in a small 
pile after being pushed from the wood by 
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the termites or falling through a crack in the 
infested wood. An infestation in the house can 
also be detected by the presence of a swarm 
if you happen to be in the room during an 
occurrence. Since dry-wood termites can attack 
‘wood located anywhere in the house, from the 
attic to the crawl space, all the exposed wood 
should be checked for signs of infestation. The 
wood should be gently probed, so as not to 
break the surface. Infested wood has hollow 
sections and if heavily probed, can break 
open, spilling the seedlike pellets. Dry-wood 
termites often consume wood up to the paint 
itself, forming what appears to be a paint 
blister. Ifthe slightest pressure is applied to the 
blister, it can break. Care should be exercised 
to maintain the integrity of the wood surface; 
a broken gallery is difficult to treat with 
insecticide. 


Formosan termites 
‘The Formosan termite isa subterranean termite 
native to the Far East. It was first discovered 
in the United States in a Houston, Texas, 
shipyard in 1965 and has since spread to a 
number of southern coastal and Gulf states. Al 
indications are that Formosan termites might 
eventually establish nests in some northern 
states as long as the temperature and moisture 
conditions are satisfactory. 

An established Formosan termite colony, 
which can have more than a million termites, 
is extremely destructive. They can destroy 
wood six times faster than our native species. 
Formosan termites have been known to 
penetrate lead, plastic, rubber, mortar, and 
plaster to get to their food—wood. They 
are able to penetrate the above materials by 
secreting an acid substance from their frontal 
glands. In at least one recorded case, they have 
caused short circuits by damaging electric 
cables. 

Identifying the worker Formosan termite 
is difficult because there are no obvious 
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characteristics distinguishing them from our 
native species. However, in the latter colony, 
only 2 percent of the population are soldiers; 
whereas with the Formosan’s, 25 percent are 
soldiers. As a result, if an active Formosan 
termite shelter tube is broken or an infested 
section of framing is examined, many more 
soldiers would be visible than if it was from 
our native species. 

Native subterranean termites ordinarily 
have a ground connection and live partly in 
ground and partly in wood. However, the 
Formosan termite can live without a ground 
connection if there is a suitably located 
constant source of moisture. This characteristic 
is what makes the control of Formosan 
termites so difficult. For example, because of a 
plumbing leak, the termites might have a nest 
in an exterior wall. Consequently, chemical 
treatment of the soil around the house, which is 
the control procedure for native subterranean 
termites, will not exterminate the termites in 
the wall. Fumigation is needed. 

Since the location of a termite nest is 
normally not known—it can be in the ground 
or in a wall—to control an infestation, it 
would be necessary to treat the soil around 
the house chemically and fumigate. With a 
single detached building, this combination 
of control procedures is possible; however, 
in urban areas with row houses and attached 
structures, fumigation is not a viable 
procedure. Unfortunately for these buildings, 
the condition cannot be corrected. 


Other wood-destroying 
insects 
Carpenter ants 


Carpenter ants are also social insects. They live 
in colonies with a rigid caste system consisting 
of a queen, workers, and_ reproductives 
(sexually mature males and females that 
periodically swarm and set up new colonii 


Although worker ants can live four to seven 
years and the queen for as long as fifteen, 
colonies have been known to last for thirty 
to forty years. When the queen dies or is 
accidentally killed, specially fed workers take 
over the egg-laying function. 

Carpenter ants differ from termites in that 
they do not eat wood. They merely excavate it 
to build a nest. The nest consists of irregularly 
shaped galleries that generally follow the 
grain. The small fragments of shredded wood 
that are generated during the excavation are 
removed from the galleries and deposited on 
the outside. Consequently, the galleries do 
not have the earthy appearance of the termite 
galleries. Rather, they have a polished or 
sandpapered appearance. 

‘A carpenter-ant colony can be located on 
the ground in a decaying log or tree trunk or 
in the roof framing of a house. The ants also 
nest high in trees and can fly from there to set 
up new colonies in a house. They build their 
nests in a variety of locations, preferring wood 
that is moist or softened by decay. However, 
they will also build their nests in wood that is, 
perfectly dry and sound. 

When inspecting for carpenter ants, look 
specifically at sections of wood that have 
begun to decay as a result of a past or current 
moisture condition, Even though the source of 
the moisture might have been eliminated (as 
by correcting a leak), an ant colony might have 
been established already. Typical locations 
to inspect are portions of the wood framing, 
siding, or trim that are in contact with the 
ground; wood that has been dampened by 
the overflow from defective roof gutters; the 
area around a damaged section of siding or 
flashing; the base of hollow porch posts and 
columns, and areas with large open joints as 
might occasionally be found around exterior 
windows and doors. These areas should be 
probed with a screwdriver or an ice pick. If the 
wood yields, breaks, or cracks and ants come 


crawling out, there is a good chance that you 
have located a nest. 

Consider yourself lucky if you do, because 
a carpenter ant nest is usually quite difficult to 
locate; it is often established in an inaccessible 
location in the wall or roof assembly. One 
indication of the existence of a colony is 
unexplained piles of sawdust. (See FIG. 8-10) 
Some people, however, think that piles of 
sawdust are an indication of termites. They are 
not. Subterranean termites completely devour 
the wood that they are attacking and leave 
absolutely no trace of wood particles. Dry- 
wood termites also eat the wood completely. 
However, they do drop tiny, well-formed 
If the pellets are observed 
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Fig. 8-10. Sawdust is an indication of carpenter 
ant activity in window trim. 
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closely, they can be differentiated easily from 
irregularly shaped particles of sawdust. 

When a house is infested with carpenter 
ants, there is little likelihood that the people 
living there are unaware of the condition. 
Numerous worker ants will be seen walking 
around the roomsas if they live there—which 
indeed they do, with free room and board. 
These ants feed on sweets, crumbs, and 
other foodstuffs normally found or spilled 
ona kitchen counter or floor. Carpenter ants 
are easy to recognize. They are among the 
largest ants in the United States, worker ants 
varying in size between % to 4 inch long. 
They are black or black with a reddish brown 
midsection. 

While the first sign of infestation is usually 
the presence of carpenter ants in the house, the 
fact that they are there does not mean that the 
nest is inside the house. It might be outdoors, 
and the ants may have entered the house 
foraging for food. A carpenter-ant infestation 
can be controlled only by destroying the 
nest, either directly or indirectly. Nests can 
sometimes be located by watching the ant 
traffic. Ants continually entering and leaving 
an area are generally an indication of the nest 
location. If the nest is found, it can be treated 
directly with insecticide. If not, dusts or sprays 
can be used where the ants are commonly seen. 
The latter might not eliminate the infestation, 
but it should reduce it. 


Powder-post beetles 
There are many types of wood-boring beetles. 
The ones whose larvae or grubs feed on 
seasoned wood and breakit down toa powdery 
residue are commonly called powder-post 
beetles. These beetles exist all over the United 
States, although the greatest concentration 
will be found in those states with a warm, 
humid climate. The two principal varieties 
of powder-post beetles are the lyctid and the 
anobiid beetles. The lyctid beetle attacks only 
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hardwoods; the anobiid beetle attacks both 
soft and hardwood timbers. 

For the most part, powder-post beetles 
are usually brought into the house via the 
wood that had been used in its construction. 
Building materials might become infested 
while being stockpiled in the lumberyard. The 
insects might also be brought into the house in 
finished wood products such as oak flooring, 
paneling, and furniture. 

The beetles lay eggs in the open pores, 
cracks, and crevices in the surface of unfinished 
wood. After the eggs hatch, the larvae feed and 
tunnel their way through the wood, reducing 
it toa powder. Depending on the temperature 
and moisture content of the wood, the larval 
stage can be as short as a few months or as 
long asa few years. Just prior to emerging, the 
newly formed adults chew small round exit 
holes in the wood surface (Ys to % inch). In the 
process of emerging, finely powdered wood 
called frass is usually pushed out in front of 
the body. This is often the first external sign of 
infestation. Shortly after emerging, the beetles 
mate and lay eggs. They occasionally deposit 
the eggs in the mouth of an old exit hole, 
thereby reinfesting the same piece of wood. 
Some wood members have shown signs of 
extensive damage as a result of infestation by 
several generations of beetles. (See FIG. 8-11.) 

On occasion the homeowner might be 
the one responsible for the powder-post 
beetle infestation in the house. Under natural 
conditions, the beetles breed in dead branches 
and limbs of trees. When gathering wood for 
the fireplace, it is possible to pick up infested 
pieces and store them in the basement or under 
the stairs for later use. If wood is left in storage 
through the following spring and summer, 
the emerging beetles might attack unfinished 
lumber such as girders, joists, studs, sill plates, 
and subflooring. 

Inspection Inspection for powder-post 
beetles should be performed along with the 


inspection for termites. When probing the 
exposed wood-framing members, look for the 
small round emergence holes of the beetles. 
Since it is possible for the beetles to emerge 
without reinfesting the wood, the fact that 
there are emergence holes does not mean 
that the wood member is currently infested. 
Newly formed flight holes are light and clean 
in appearance, like a fresh saw cut; older holes 
are darker in color. If the infestation is well 
established, there will usually be more than 
thirty exit holes per square foot of surface. Even 
though the wood might no longer be infested, 
small amounts of larvae frass might continue to 
sift through the holes for many years as a result 
of normal vibrations of the wood. Look at the 
frass. If the infestation is no longer active, it will 
have a yellowish appearance or will be caked. 
If there is any doubt about whether 
the infestation is active, call a professional 
pest-control operator for an evaluation. An 
infestation in a single wood-framing member 
can often be controlled by replacing that piece 


Fig. 8-11. Wood post with 
extensive deterioration 
caused by powder-post beetle 
infestation. Note beetle exit 
holes at the lower section of 
the post. 


of wood or coating it with an appropriate 
insecticide. However, if the infestation 
is widespread, chemical treatment by a 
professional is necessary. 


Rot 


Wood products used in construction are 
susceptible to decay (rot). However, if properly 
maintained, they can easily last for hundreds 
of years. There are three basic types of fungi 
that attack wood: stain, mold, and decay. Wood 
rot is caused by an attack of the decay fungi. 
Stain and mold fungi mainly grow on the wood 
surface, causing discoloration. By themselves, 
they do not weaken the wood; but their 
presence does indicate a moisture problem 
and should serve as a warning of conditions 
favorable to the growth of the decay fungi. The 
decay fungi are microscopic threadlike plants 
that grow in the wood and attack its thick cell 
walls. They break down the walls and feed on 
the contents of the cells. With the destruction 
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of the cells, the wood disintegrates, and decay 
becomes evident. 

Inthe early stages, itis difficult to recognize 
that a section of wood has been attacked by 
the decay fungus. The wood might merely 
be discolored. However, the advanced stages 
of decay are easily recognizable because the 
wood undergoes changes in properties and 
appearance. The affected wood might be 
brownish and crumbly or white and spongy. 
In either case, the decay greatly reduces the 
strength and structural value of the wood 
member. The brown, crumbly rotted sections 
readily break into small cubes and in the final 
stage of deterioration are often quite dry. Most 
people when seeing this condition refer to it as, 
“dry rot.” This is really a misnomer. The actual 
decay occurred when the wood was wet since 
decay fungi cannot survive in dry wood. 

Sometimes the physical changes in the 
wood are not apparent on the surface. They 
can be detected easily, however, by probing the 
wood with an ice pick or a screwdriver. If the 
wood is in good condition, the probe will not 
penetrate much beyond the surface. However, 
if the wood has deteriorated, the probe will 
easily penetrate into the wood. The conditions 
that promote the growth of the decay fungi 
also promote subterranean-termite and 
carpenter-ant activity. Consequently, when 
probing wood-framing members, you might 
find deteriorated sections that are caused by 
a combination of insect damage and decay. 
Under suitable conditions of temperature 
and humidity, the decay fungus gives rise 


numbers of microscopic spores. The spores are 
the seeds of a new generation of decay fungi 
and are readily distributed by air currents. The 
spores are always present in the air and under 
normal conditions cannot be kept away from 
wood. The presence of decay-fungi spores 
on wood is of no concern unless the moisture 
content of the wood and the temperature are 
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such that the spores will germinate and grow. 
Figure 8-12 shows the decay hazard zones in 
the United States. 

Decay fungi will grow and develop only 
when the moisture content of the wood is 
of 20 percent and the temperature is 
in a range from 40° F to 115° F. Temperatures 
above the upper limit Kill the decay fungi; 
temperatures below the lower limit cause 
the fungi to become dormant. The latter is a 
condition that readily occurs in the northern 
states during the winter months. In the spring, 
when the temperature rises, the decay fungi 
in infested lumber resumes growth, assuming 
the moisture content of the wood has not 
changed. The moisture content of wood is 
defined as the weight of water in the wood 
expressed as a percentage of the weight of the 
wood when oven-dry. The decay fungi thrive 
when the moisture content is about 25 percent. 
However, when the wood is saturated with 
moisture, the decay fungi are inhibited from 
growing because of the lack of oxygen. 

‘The moisture content of green lumber can 
be as high as 200 percent; after the lumber is, 
kiln-dried, its moisture content may be as low 
as 7 to 10 percent. Wood in a house that has 
been properly constructed and maintained 
will seldom have a moisture content over 
15 percent. However, once the moisture 
content exceeds 20 percent, the wood becomes 
vulnerable to deterioration by the decay fungi. 
If the building design is such that some of 
the wood must be subjected to damp or wet 
conditions, those sections should be treated 
with toxic chemicals to prevent decay or be 
made from the heartwood of certain species 
(cypress, cedar, or redwood) that are resistant 
torot. 


in exces 


Inspection 
As with the inspection for wood-destroying 
insects, the inspection for rot should be 
conducted on the exterior and interior of the 


NOTE: Lines defining areas are approximate only—see local FHA offices for 
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Fig. 8-12, Decay hazard regions in the United States. 


structure. It can be performed concurrently 
with the inspection for termites. Areas that are 
vulnerable to attack by subterranean termites 
or carpenter ants are also conducive to the 
growth of the decay fungi. During the exterior 
inspection, in addition to probing the wood 
that is located near, or is in contact with, the 
ground, you should check wood members 
having cracks and open joints that are 
subjected to periodic wetting from rain. One 
area particularly vulnerable to decay is the end 
cut of exterior wood framing, trim, or siding. 
An exposed end cut (across the grain) absorbs 
water much more readily than a section that 
has been cut parallel with the grain. 


Region no. 
slight to moderate 


specific areas—local conditions may be more or less severe 
than indicated by region classification, 


a ee 
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Region no. 3 
none to slight 


During the interior inspection, you 
should check the unfinished attic and 
basement or crawl space for evidence of 
rot. In the attic the wood members can rot 
as a result of water intrusion through the 
roof because of a faulty roof covering or 
leakage around the joints of roof projections. 
Conditions conducive to rot can also result 
from condensation due to inadequate attic 
ventilation. In the basement or crawl space, 
the decay fungi thrives in the wood members 
if the humidity is constantly high. Check the 
overhead wood framing and subflooring for 
signs of rot. Probe the wood members above 
and around the top of the foundation wall 
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and base of wood posts. Vulnerable locations 
for decay are the wood members through 
which plumbing pipes pass—because of the 
possibility of leakage or condensation. Probe 
the joists and subflooring below kitchen or 
bathroom fixtures, 

When inspecting for rot, note on your 
worksheet all wood-framing members that 
have decayed to a point where they can no 
longer provide structural support. These 
sections should be replaced or rehabilitated. 
If in doubt, consult a professional. If natural 
decay-resistant wood or preservative-treated 
‘wood is not used for the replacement of rotted 
sections and the source of the moisture has not 
been eliminated, then it will only be a matter 
of time before the new sections begin to decay. 
Rotted wood trim that serves no structural 
function need not be replaced except for 
cosmetic reasons. Once the infected wood has 
been dried out and the source of the wetting 
has been eliminated, the decay is permanently 
arrested. 


Checkpoint summary 


Subterranean termites 


Exterior inspection 

© Check all exterior areas of the structure 
that have wood in contact with, or close 
proximity to, the ground. 

© Note any termite shelter tubes on the foun- 
dation walls. 

© Probe vulnerable areas such as garage door 
frames, basement windowsills and frames, 
deck posts, step stringers, and entry-door 
risers 

O Probe wood-frame members adjacent to 
concrete-covered, earth-filled porches. 

O Inspect crawl areas under steps, porches, 
and so on. 

O Probe sills and headers. 
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© Check wood fencing, dead tree stumps, 
wood debris, or stored firewood in close 
proximity to the house for infestation 
and rot. 


Interior inspection 

© Inspect for shelter tubes on foundation 
walls and piers and around all plumbing 
pipes that pass through the foundation. 

© Pay particular attention to areas around 
the heating system. 

© Probe exposed sill plates, headers, joists, 
and girders. 

© Inspect wood support posts for infestation 
and rot 

© If the house is built on a slab, note any soft 
spots in the baseboard trim, 


Dry-wood termites 
O Inspect property fencing for 
infestation. 
© Probe exposed wood framing throughout 
the house, from attic to crawl space. 


Carpenter ants 

© Look for small piles of sawdust below or 
around wood members. 

© Did you see any ants walking around in 
the rooms, particularly the kitchen? 

© Probe the sections of wood framing, siding, 
and trim that show evidence of decay or 
past wetting. 


Powder-post beetles 

O Inspect wood framing for clusters of small 
round holes. 

© Newly formed holes are the color of a 
fresh saw cut and indicate an active 
infestation. 

O Probe these wood sections for 
deterioration. 


free years before RoHS or WEEE for competitive reasons, IP 
here, 


informative lead-free website: 


Although only .5% of lead used in the US gets embedded in electronics (verses 80% in 
batteries), there is concern that the lead from those electronics will leach into ground water 
supplies from landfills. Why the concern over solder joints when batteries contain so much 
more lead? For the most part, lead containing batteries are recycled and regulated, whereas 
electronics are routinely just thrown away. The EPA claims that 1% of municipal waste is 
electronics. Interestingly, according to this publication by IPC, no studies have found any 
evidence of lead getting into the ground water from landfills 


Lead health risks: Lead does not get absorbed through the skin, and is actually not present in 
solder fumes to any appreciable degree (fumes are still bad for you, see fumes section below). 
‘The greatest risk of hand soldering with lead comes from ingesting lead by eating or smoking 
without first washing. Health risks include increased blood pressure, fertility problems, nerve 
disorders, muscle and joint pain, irritability, and memory or concentration problems. The latest 
health data indicates that there is no amount of lead that will not be detrimental to health. 
Google lead or start with this link, 


Some great lead-free joint pictures: here. 


‘The most popular lead-free alloy seems to be Tin 96.5% Silver 3.0% Copper .5%, The wiki 
page on solder mentions several different lead-free varieties. 

-AIM lead-free solders 

-Huge list of Indium 


free solders and their properties. 


Lead-free solder generally melts at a higher temperature, and doesn't wet as quickly to metals 
(Eutectic tin-lead solder melts at 361 °F and the SnAg3Cu.5 melts at 423 °F.) Manufacturers 
generally recommend setting soldering iron temperatures between 700-800 °F for lead-free 
instead of 600-700 °F for tin-lead soldering, The 15 Watt RadioShack® iron I had operated a 
bit below 500 °F, so soldering should be possible with it, but maybe slow. Technique wise, 
since lead-free wets slower, joints will take longer (upwards of 4-7 seconds), but this doesn't 
mean the soldering iron temperature should be turned up excessively--patience is better than 
higher temperatures. If you're going to use a lead-free solder, get a ux that’s designed for the 
higher temperatures--the regular no-clean fluxes will likely burn off before doing their job. 


A quick word on reliability. Some say that lead-free joints are stronger, and while the material 
is indeed stronger, it's less flexible than lead-based solder, so expansion and contraction due to 
temperature change has been shown to break components held by lead-free solder. It seems 
true mechanical reliability of lead-free vs. lead depends heavily on the situation (see p.30). 
There is also concer of something called "tin whiskers.” These are extremely thin crystalline 
growths that grow perpendicularly out from surfaces. These took down some space systems 
and NASA has a great page here. These are different from dendrites (which grow on the 
surface) and appear to be more likely on bright all-tin platings. Most component platings used 
to consist of a tin-lead mixture, and since all-tin platings are a common lead-free replacement, 
people are concerned. I have yet to find any literature that points to TinSilverCopper solder as 
arisk factor, though. I believe itis a plating issue, only 


(One more link: -Why tin or silver? 


Thickness and Amount: As a general guide, .032" thick solder (21 gauge) should be suitable for 
through hole soldering and some surface mount soldering. For finer pitch surface mount devices, use 
02" or 015", and if you're soldering a lot of switch terminals, or tinning thick gauge wire you may 
want .05", If you use ,015" solder consider having some thicker solder on hand to re-tin your tip, since 
the amount of fux in .015" may not be enough to remove tip oxides. The picture below shows how the 
various thicknesses compare next to the standard .1" spaced DIP pins. 
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Rot Check subflooring and support joists below 


O Probe vulnerable areas such as wood mem-_ kitchen and bathroom fixtures and around 
bers that are subject to periodic wetting _ plumbing pipes. 
from rain or garden sprinklers, O Probe sill plates, headers, and the ends of 
O Inspect roof sheathing from the attic for _joists and girders. 
decaying sections around chimney, vents, 
and So on. 
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Once you are inside the house, if there is an 
accessible attic, it should be the first area 
inspected. There are basically two types of 
attic: full and crawl. 

A full attic is one in which a person 
can easily walk around. Usually there is a 
floor in this type of attic, although the wall 
and ceilings are unfinished. There might 
be partition walls forming finished room: 
with sloping or horizontal ceilings. Access 
to a full attic is usually through a finished 
staircase. 

In a crawl attic, which is completely 
unfinished, the roof is sufficiently close to the 
floor so that to get around it is necessary to 
crawl or stoop over. The crawl attic usually 
does not have a structural floor. The ceiling 
joists from the level below are exposed. When 
getting around in this type of attic, be careful 
to walk only on the exposed joists. IF you 
accidentally step between the joists, you will 
probably frighten the pants off of anyone in 
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through the ceiling. Access to a crawl attic is 
usually through a ceiling hatch located in a 
closet or hallway or through hidden folding or 
sliding steps. 

Inspecting an attic can reveal problems 
of which most homeowners are not aware, 
some of which might be potentially dangerous 
or costly to repair. It is not uncommon for a 
homeowner to say that he has lived in his house 
for over twenty years and has never gone into 
the attic. Incidentally, if the homeowner does 
say this, you can be sure that at the very least, 
the attic is inadequately insulated by current 
energy standards. 

Insulation and roof leakage are probably the 
only items most people consider when thinking 
about the attic. However, there are other items 
of importance and concern, such as ventilation 
and its associated problems, fire hazards, 
electrical and plumbing violations, improperly 
discharging vents, and open duct joints. 


Insulation 


The attic area should be adequately insulated to 
‘minimize heat loss. The insulation needed in the 
attic will of course depend on the geographic 
location of the structure. (Gee chapter 19 to 
determine the proper insulation for your area 
and fora general description of the various types 
of insulation.) In both crawl and unfinished full 
attics, the insulation should be located in the 
floor (between the floor joists) and not between 
the roof rafters. (See FIG. 9-1.) Otherwise, heat 
from the rooms below will escape into the attic. 

The insulation should be installed with 
a vapor barrier facing the heated portion 
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Fig. 9-1. The proper installation of insulation in 
the attic, between the floor joists and not the roof 
rafters. Note plumbing vent stack terminating in 
the attic—a violation of the plumbing code. 


of the structure and not the unfinished 
attic area. A vapor barrier is aluminum foil, 
a plastic sheet, or an asphalt-impregnated 
paper that prevents moisture movement 
from the heated portion of the house into 
the unfinished attic area. If the vapor barrier 
is incorrectly positioned (facing up into the 
unheated, unfinished attic), condensation 
problems can develop during cool weather. 
Moisture rising from the heated areas below 
condenses upon contacting the cool vapor 
barrier. Depending on the amount of vapor, 
the resulting condensation buildup can 
reduce the effectiveness of the insulation 
and cause peeling and flaking of the painted 
ceilings and walls in the rooms below. 

If there are heating or air-conditioning 
ducts in the attic, check to see whether they are 
insulated. Metal ducts often have insulation in 
the inside, so tap the duct with your flashlight. If 
you hear a hollow sound, there is no insulation. 
If there is a dull thud, insulation is present. 
‘The more insulation on a duct, the less the heat 
loss during the winter and, in air-conditioning 
ducts, the less the heat gain during the summer. 
Generally, a minimum of 3 inches of insulation 
wrapped around the outside of the duct will 
substitute for missing insulation. If the duct is 
used for air-conditioning, the insulation should 
be covered with a vapor barrier to. prevent 
condensation from forming. 

In the northern sections of the country, 
when there is a furnace in the attic, insulation 
between the roof rafters as well as in the attic 
floor is recommended. To ensure proper 
ventilation and avoid condensation problems 
between the rafters, it is important to leave 
a ventilated air space between the top of 
the insulation and the underside of the roof 
deck. The insulation and the associated air 
space will help keep the roof deck cool. If the 
insulation is not between the rafters, heat from 
the furnace will warm the roof deck and melt 
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the bottom layer of snow that has accumulated 
on the roof. This often results in an ice dam 
(see chapter 2). 

Often, a homeowner adds additional 
insulation to the attic to bring the total insulation 
up to current energy standards. The insulation 
added should not have a vapor barrier if the 
existing insulation has one. All too often the 
homeowner addsinsulation witha vapor barrier, 
which can then cause condensation problems. 
Look at the insulation in the floor. If there are 
two layers of insulation and both have vapor 
barriers, the upper barrier should be slit with a 
razor blade to allow moisture movement. 

If there is a full attic with partition walls 
forming rooms, the insulation should be 
located on the unfinished sides of the partition 
walls and on the ceilings of the rooms. 
Occasionally, insulation is placed between the 
roof rafters and not between the floor joists 
and the partition walls. This installation is 
inefficient because the heat will escape into the 
unfinished areas. 


A Valve closed B 


Violations 


When inspecting the attic, look for vent stacks 
that terminate in the attic area, (See FIG. 9-1) 
This is a violation of the plumbing code, a 
condition that should be corrected. The vent 
stack should extend through the roof so that 
the sewer gases can discharge to the outside. 
In the past, according to code, every vent stack 
in the attic terminated above the roof. This 
requirement can now be modified if the local 
municipality approves it. With the advent of 
air admittance valves (AAVs), at least one vent 
stack must terminate above the roof, as long as 
all the other vent stacks in the attic are capped 
with an AAV. This valve isa pressure-actuated 
one-way mechanical vent that is designed to 
maintain a plumbing fixture’s trap seal and also 
prevent sewer gases from discharging into the 
attic. The AAV (see FIG. 9.2) opens only under 
negative pressure, which is created when 
a toilet is flushed or when water is flowing 
down the drain. The valve closes by gravity 


Valve open 


Soil and Vent pipe 


Soil and Vent pipe 


Fig. 9-2. Air admittance valve (AAV). A—During times of nonactivity in the drainage system, the 
diaphragm forms a tight seal to close the valve. B—When a toilet is flushed, a negative pressure develops 
in the pipe, which causes the diaphragm seal to open and air to enter the vent pipe. 
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or slight spring pressure to form a tight seal 
when the water flow stops, or when there is a 
positive pressure, which would be the result of 
a blockage in the drain. AAVs come in various 
designs; however, they all operate under the 
same principle. 

While in the attic, also look for ducts. 
Whether they are air-conditioning ducts or 
ducts from an exhaust fan, they should not 
have any open joints. (See FIG. 93) All open 
joints should be resecured. Sometimes the 
exhaust fan from a bathroom discharges 
its moisture-laden air into the attic. This is 
undesirable because the moisture can cause 
condensation problems. The duct from such 
an exhaust fan should be extended above the 


Fig. 9-3. Open joint in duct from kitchen 
exhaust fan. 


roofline so that the exhaust is discharged into 
the atmosphere. Also look for open electrical 
junction boxes and makeshift electrical wiring, 
such as extension-cord wiring and “pigtailed” 
hanging light fixtures. These are electrical 
violations that should be corrected. 


Leakage 


It is important to check the underside of the 
roof for signs of past water leakage and, if 
ected during a rain, 
current water leakage. Water stains can 
show up on the sheathing or roof rafters 
and appear as dark-streaked discolorations 
on the wood. Sometimes there is a separate 
masonry chimney for the fireplace and 
a prefabricated chimney for the heating 
tem. Joints vulnerable to water leakage 
are those between the chimney and the roof 
and between vent stacks and the roof. These 
joints should be checked for leakage. Water 
leakage through joints is a relatively minor 
problem and can usually be corrected by 
sealing the joints with an asphalt cement. 


Fire hazards 


Of particular concern is the joint between a 
prefabricated chimney and the attic floor. 
(Gee FIG. 94) According to building codes, 
there should be 2 inches minimum clearance 
between the chimney and adjacent wood 
framing. The clearance is a fire safety measure 
because wood, which normally burns at 
temperatures between 400 and 600°F, can 
ignite spontaneously at a reduced temperature 
of about 200°F if it has been exposed over the 
years to temperatures between 150 and 250°F. 

If your house has a prefabricated chimney, 
check the clearance between it and adjacent 
wood framing, While the clearance space 
around the chimney prevents a problem, 
it also creates one because the open space 
around the chimney generally runs from the 
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boiler /furnace room to the attic. Ifa fire should 
develop in the boiler /furnace room, the open 
area around the chimney will act as a flue 
and draw the flames up into the attic where 
they can very rapidly consume the structure. 
Fortunately, the condition can easily and 
inexpensively be corrected by blocking (fire- 
stopping) the opening with a noncombustible 
‘material such as sheet metal. 

If the house has a fireplace or wood- 
burning stove, check the section of the 
chimney that is exposed in the attic. Look for 
soot or a creosote buildup around the joints. 
This indicates cracked or open joints through 
which the exhaust smoke is seeping into the 
attic. This problem exists more often with 
chimneys that have unlined flues than those 
with lined flues. This condition is a potential 
fire hazard that must be corrected. Record this 
fact on your worksheet. 


Ventilation 
Ventilation in an attic is very important. It 
allows moisture that accumulates in the area 
to dissipate and also helps to reduce the 
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9-4, Open joint between 
chimney and attic floor—a 
potential fire hazard. 
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heat buildup that normally develops during 
the summer months. Some of the moisture 
generated in the structure by bathing and 
cooking works its way up into the attic 
If the area is inadequately ventilated, this 
moisture can eventually cause problems such 
as delaminating roof sheathing, water streaks 
on interior walls, peeling and flaking paint, 
and in severe cases some rotting of the wood 
framing. When walking around the attic, make 
sure that all vents are completely unblocked. 
Sometimes the homeowner blocks a vent 
opening (see FIG. 9-5) to cut down on the cold 
air entering the attic and reduce the heat loss 
through that opening. What he doesn’t realize 
is that he is creating a problem. If the attic 
is properly insulated, the heat loss through 
the vent openings is minimal. Of greater 
importance is the need for vent openings so 
that moisture can escape. Look around; you'll 
be able to tell whether the attic is adequately 
ventilated. 

Look at the roofing nails projecting 
through the sheathing. If you happen to be in 
the attic on a winter day when the temperature 
is around 20° F and the area is inadequately 


Fig. 9-5. Partially 
blocked gable 
Iouvers. Louvers are 
used to ventilate the 
attic. 


Fig. 9-6. Frost on roofing mails due fo inadequate 
attic ventilation, 


ventilated, you will find frost on the roofing 
nails. (See FIG. 96) The frost that forms on the 
nails melts and drips onto the floor during the 
warmer periods of the day. Many droplets 
of water show up as circular stains on the 
floorboards and on top of the insulation. 


(See FG. 9-7) If you are in the attic during the 
warmer months, you'll find rust stains and 
mildew on the sheathing near the nails. (See 
FIG.9-8) 

When inspecting the attic, pay particular 
attention to the north slope of the roof. If the 
area is inadequately ventilated and plywood 
is used for the roof sheathing, delamination 
of the sheathing might be a problem. The 
northerly slope begins to delaminate before 
the southerly slope. Figure 9-9 shows an 
advanced stage of delamination as a result 
of moisture buildup in the attic. At this stage 
the entire roof sheathing and shingles must 
be replaced. The condition could have been 
avoided if the attic area had been adequately 
ventilated. Correcting an inadequately 
ventilated attic is relatively easy. All that is 
required is to increase the size of the existing 
vent openings (if there are any) or to provide 
additional openings such as roof vents, ridge 
vents, soffit vents, or a power ventilator. 
‘These vent openings can be used individually 
or in combination. The exact number of vent 
openings needed should be determined by a 
professional. 
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Fig. 9-7. Water-droplet stains on catwalk in attic 
due to condensation on protruding roofing nails 
because of inadequate attic ventilation. 


Attic fan 


If there isa fan in the attic, it is considered 
a desirable feature. (See FIG. 9-10.) Because of 
trapped air, an attic area can reach 150° F 
‘on a hot summer day. An attic fan that is 
thermostatically controlled greatly reduces 
the heat load on the building. Usually the 
thermostat is set to activate the fan when 
the attic temperature is about 100° F. Along 
with a thermostatic control, some attic fans 
also have an additional humidistat control. 
‘The humidistat turns the fan on and off 
regardless of temperature whenever the 
relative humidity is too high in the attic. 
The fan provides two additional benefits 
regarding air conditioning. By reducing the 
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heat load on the structure, less electrical 
energy is required for air-conditioning 
units. And for those homes with a central 
air-conditioning blower coil located in the 
attic, the unit operates more efficiently at 
lower surrounding temperatures 

The attic fan should normally be 
operating during the warm days of summer. 
If it isn’t, either the unit is malfunctioning or 
the thermostat is improperly set. On many 
units the thermostat is exposed and can be 
manually adjusted. But if the thermostat is 
factory set and not accessible, the unit will 
require professional maintenance. On cool but 
not cold days, you can usually check the attic 
fan, assuming the thermostat is exposed, by 
lowering the temperature control setting until 
the fan is activated. 


Whole house fans 


Some structures have whole house fans, which 
draw outside air in through screened windows 
and doors and blow it out through the opening 
around the fan or movable louvered vents. 
Check the fan before you go into the attic. If the 
fan is tured on while you are in the attic, be 
careful when walking around. In some homes, 
the area of the vent openings for the fan is too 
small for the size of the fan; consequently, 
the air that is moved by the fan is partially 
blocked from leaving the structure. As a result, 
pressure is built up in the attic, which decreases 
the efficiency of the fan. If the fan is turned on 
before you go into the attic, put your hand over 
any electrical outlet box located on the level just 
below the attic. If you feel air rushing onto your 
hand, the attic vent openings are inadequate and 
should be increased. Some fans are controlled 
by manual snap switches. From a convenience 
point of view, this is not as desirable as a timer 
switch or a thermostat switch. If this is the case, 
consider its replacement. 

‘Whole house fans are mounted either in the 
attic floor or on the exterior sidewall of the attic. 


Fig. 9-8. Mildew on underside of roofing deck 


Fig. 9-9. Delamination of roof sheathing resulting 
from inadequate ventilation of attic. 


They have movable louvers that open when 
the fan is activated and remain closed when 
the fan is off. This operation creates a potential 
problem. During the winter months and during 
portions of the summer months when the fan 
is not operating, the louvers will be in a closed 


position and will thereby completely close 
off the vent opening, causing the attic to be 
inadequately ventilated. This problem can be 
avoided by adjusting the louvers so that even 
when the fan is not operating, they remain in a 
partly open position. 

Some houses have no access to the attic 
area. If such is the case in your home, the 
probability is very great that the area is 
inadequately insulated by current energy 
standards. The amount of ventilation in the 
area is also questionable. Installing an access 
hatch to the attic is recommended. 


Structural 


While in the attic, be sure to inspect the roof 
framing. Check the rafters and trusses for 
cracked, broken, and sagging sections. (See FIG 
9-11) Are the rafters spreading apart near the 
ridge? Although these problems are uncommon, 
they indicate a structural defect that should be 
evaluated by a professional. Look at the floor 
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Fig. 9-10. 
Thermostatically 
controlled atti fart 
mounted between the roof 
rafters. 


Fig. 9-11. 
Cracked and 
broken roof 


rafters. 


ists. If they’ve been cut to accommodate an When trusses have been used for roof 
opening for an attic fan or pull-down stairs, _ framing, check to see if any of the webs or chords 
have the cut ends been properly secured to a have been removed. Homeowners have been 
header? They should be. If not, record that fact _ known to cutand remove them to accommodate 
on your worksheet for future correction. storage items. This affects the structural integrity 


122 Attic 


Expand to see how .032" and 015" solder compare to a SOIC surface mount chip and fine pitch (,02") 
device 


032" solder next to .05" spaced SOIC lez 


ed 
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of the truss and should also be recorded on your 
worksheet for needed repairs. 


Checkpoint summary 


O Isattic insulated? 

Q Is additional insulation needed? 

© Does existing insulation contain a vapor 
barrier? 

Q Isinsulation properly installed? 

Q Is ventilation provided? 

O Are vent openings blocked? 

O Check operation of attic fan. 

O If attic is poorly ventilated, look particu- 
larly at northerly slope for delaminating 
plywood or warped roofing boards. 

© Look for signs of past or current roof leak- 
age. 


Pay particular attention to area around the 
chimney and plumbing vent stacks. 

Are air-conditioning and heating ducts 
insulated? 

Look for open joints in the duct work. 

Do any plumbing vent stacks terminate 
in the attic? If so, are they capped with 
AAVs? 

Are kitchen or bathroom exhaust fans dis- 
charging into the attic? 

Are there open electrical junction boxes or 
makeshift electrical wiring? 

If house has a prefabricated chimney, is 
there a need for fire-stopping around the 
joint between the chimney and the attic 
floor? 

Are there any cracked, broken or sagging 
sections of rafters or truss member 
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After inspecting the attic, you should inspect 
every room and closet in the house. Don’t pas 
a door without opening it and looking inside. 
If a door is open, close it to see if it operates, 
properly. All pocket doors should be checked to 
see if they slide open and close easily (pocket 
doors are doors that when open are housed 
within the wall cavity). If there is a problem, it 
generally requires opening a section of wall to 
provide access to the tracks for repair. 

Start your inspection of the rooms at the 
upper level and work your way down to the 
basement. As you walk from one floor to 
another, inspect the hallways and connecting 


normally encountered 
during an interior room inspection are 
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usually of a cosmetic nature and are not 
costly to correct. Occasionally you might 
see cracks or uneven floors or walls that are 
symptomatic of structural problems, but that 
rare, Usually cracks and uneven floors 
are caused by shrinkage, warpage, or slight 
movement of the house. Slight movement is 
considered quite normal. Few people realize 
that a house is constantly in motion. As the 
outdoor temperature and humidity vary 
with the season and the time of day, they 
cause differential expansion, swelling, and 
contraction of the various structural and 
nonstructural elements. This movement, 
although slight, is very often enough to cause 
cracks at points of stress concentration, such as 
over windows or doors. 


When you walk into a room, try to look 
beyond the cosmetics. Don’t dwell on the 
position of the furniture or the pictures on the 
walls. Look at the walls, the floor, ceiling, and 
trim, but do not be concerned about minor 
cosmetic problems. Hairline cracks, small 
holes, chipped sections, dirty and marked-up 
areas can all be corrected easily by spackle, 
wood filler, paint, or stain, depending on the 
finished surface. 


Walls and ceilings 

The materials most often used for covering 
walls and ceilings are plaster and plasterboard, 
also referred to as gypsum wallboard, drywall, 
or Sheetrock, which is a trademark of the 
US. Gypsum Company. Plaster—usually 
made from a mixture of gypsum (a common 
mineral), sand, and water—has qualities that 
are very desirable for a wall finish: structural 
rigidity, durability, resistance to sound 
transmissions, and high fire resistance. In 
addition, it can readily be applied to curved 
or irregularly shaped surfaces. A plaster wall 
is usually applied in two or three coats to a 
backing called lath. Depending on the type of 
lath, the thickness of the plaster usually varies 
between and % inch. 

Plasterboard is a sheet material that 
basically consists of a gypsum mixture surfaced 
with a treated paper. Depending on the 
application, the thickness of the plasterboard 
can range from ¥ to % inch. The sheets are 
usually 4 feet wide and are available in lengths 
up to 12 feet. When constructing walls using 
this material, the plasterboard is fastened 
directly to the studs, and the joints are covered 
with tape. The edges of the plasterboard are 
recessed slightly so that when the tape is 
applied, it is level with the surface. This type 
of construction requires that the wood framing 
be perfectly straight and true. Otherwise, the 
wall surface will be uneven, and there will be 


visible joint lines. If the moisture content of the 
wood used in construction is not very nearly 
that which will be attained in service, there 
might be nail pops and joint cracks. Popping 
nails is a condition most often found with 
plasterboard construction. It can be corrected 
easily. It often does, however, indicate low- 
quality installation. 

In houses where the roof framing consists 
of trusses rather than rafters, you might see 
cracks at the wall-ceiling intersection in the 
interior rooms below the attic. The cracks are 
usually the result of truss uplift, which causes 
the ceiling to move up and down in the course 
of a yearly weather cycle. The size of the cracks 
can vary from a hairline to an actual opening 
of an inch or more. This condition is a cosmetic 
problem rather than structural. The easiest 
cosmetic repair is to cover the crack with 
decorative molding that is nailed to the ceiling 
and not to the wall. As long as the molding 
is wide enough, it will cover the crack as the 
ceiling moves up. 

‘When you inspect a room, look specifically 
forareas that need major cosmetic rehabilitation, 
such asbroken walls orceiling, looseand bulging, 
sections of plaster, and disintegrating plaster. 
Sagging or bulging sections in a plaster ceiling 
are a safety concern because of the possibility 
of collapse. This problem, if it exis isually 
found in older homes. Plaster is applied over 
a wood, metal, or gypsum lath. The sagging 
condition results from broken plaster keys, 
which no longer lock the plaster layers to the 
supporting lath. (See FIG. 10-1) The condition 
occurs over a period of time and is usually 
caused by vibration and weiting from roof and 
plumbing leaks, which weaken and crack the 
keys. If there are sagging sections of the ceiling, 
record this problem on your worksheet for 
future repair. 

Very often, major cosmetic damage is the 
result of a water condition. As you look at 
these areas, also look for water stains. Stains 
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Fig. 10-1. Ceiling plaster 


can sag down from lath when 


keys securing base coat give 
way. 


Sagging plaster 


often show up as discolorations circled by a 
light brownish ring. If you see water stains, 
try to determine the source of the water. All 
stains do not indicate a current problem 
condition. You might be looking at the results 
of a problem that has been corrected. If you 
have a moisture meter, you should check all 
water stains to determine whether or not the 
leakage condition causing the stain is active. If 
it is, record it on your worksheet 


‘Mold-resistant drywall 
Because of the concern in recent years about 
mold developing on wet or damp drywall, 
manufacturers have developed and are now 
supplyinga mold-resistant gypsum wallboard. 
Mold growth requires moisture and a food 
source. When traditional drywall gets wet, 
the paper becomes the food source. With 
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mold-resistant wallboard, either the paper has 
been chemically treated to resist or minimize 
the absorption of water or the paper has been 
replaced with a fiberglass mat facing. Mold- 
resistant wallboard will reduce the chances of 
mold developing. However, it does not mean 
that mold cannot grow. The installation of 
mold-resistant wallboard is exactly the same 
as for traditional wallboard. 

Water stains on a ceiling can be caused 
by several types of problems, such as water 
leaking between the tile joints around a shower 
or tub located in a bathroom above the ceiling, 
an ice dam on the roof, an open joint between a 
plumbing vent stack or chimney and the roof, 
leaky plumbing, or condensation on cold-water 
pipes located above the ceiling. Sometimes the 
cause is obvious, such as a faulty roof. However, 
you should be aware that leaks that originate 
in the roof can stain ceilings two or more levels 


below. The stains are not limited to ceilings just 
beneath the roof. 

Sometimes the source of a stain cannot 
be explained by any of the above. On one 
inspection, I noticed that the ceiling of one 
room had several stains that were still damp. 
1 knew that there were no plumbing pipes 
above the ceiling and that the roof was in good 
shape. Frankly, I couldn't figure out why the 
ceiling was damp. All of a sudden, I noticed 
that water was dripping from one section of 
the ceiling. I then went upstairs to the room 
above and found what was causing the leak. 
Apparently, the owner kept a puppy that 
was not housebroken in the room. Whenever 
the puppy missed the newspapers that were 
placed there for training purposes, the urine 
seeped through the floor joints, wetting the 
ceiling below. 

Ceilings can also be covered with 
composition tiles. These tiles are generally 
made from asbestos, glass fiber, or fiberboard. 
They can be applied directly over plaster or 
plasterboard ceilings or over furring strips 
and are usually interconnected with tongue- 
and-groove joints. If you are inspecting an 
older home with plaster walls and ceilings and 


Fig. 10-2. Ceiling that had been 
covered with tiles, which came 
loose and fell down. Note that the 
tiles had been installed to cover 

a cracked, broken, and peeling 
ceiling. 


find yourself in a room that has a tile ceiling, 
the tiles were probably installed to cover 
broken and cracked sections in the original 
ceiling. It is becoming increasingly difficult 
to find a good plasterer. Consequently, when 
renovating an older home, many people cover 
aceiling with tiles or plasterboard rather than 
have it replastered. Look specifically for loose 
and sagging sections. These sections must be 
resecured; otherwise, they can cause adjacent 
tiles to loosen, which can eventually result in 
a “domino” effect, causing most of the tiles 
to come down. (See FIG. 10-2) I inspected a 
house the day after two-thirds of the ceiling 
tiles in one room came thundering down. The 
owner told me that there always had been a 
few loose tiles. 

Water stains on walls facing the exterior 
might be an indication of water seepage 
through open joints in the exterior siding. In 
particular, this condition has been found in 
older homes with an exterior brick or stone 
siding and is usually caused by wind-driven 
rain penetrating cracked and deteriorating 
mortar joints. When water stains and peeling 
and flaking paint are found on walls just 
below windows, it is usually an indication of 
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leakage through open exterior joints around 
the window. 

Cracks in walls are normally merely of 
cosmetic concern. However, when walls are 
cracked and the windows and door frames in 
that room are not level, the condition might be 
indicative of a structural problem and should 
be evaluated by a professional. 

When the walls are covered with wood or 
hardboard panels, cracks will not be visible. In 
quality homes, panels are normally installed 
over a plasterboard wall. This type of backing 
provides added rigidity and, when applied on 
exterior walls, added insulation. If the room 
youare inspecting has panel wall, push on the 
panelata point between the studs (the studsare 
usually located 16 inches apart, in some houses 
24 inches apart). If the wall panel yields under 
your push, there is no plasterboard backing. 1 
inspected a new house just after construction 
and prior to occupancy. The buyer specifically 
asked me to check the plasterboard because 
he was paying extra for Y-inch rather than 
Yeinch plasterboard. The builder did install the 
thicker plasterboard, but in those rooms that 
were paneled, the builder completely omitted 
the plasterboard behind the panels because it 
was not visible to the buyer. 

The trim around the various joints in 
the room should be inspected and checked 
for missing, loose, cracked, and broken 
sections. Although a minor element, trim 
in this condition is an indication of shoddy 
workmanship in new construction and neglect 
ina resale. 


Chinese drywall 
Between 2004 and 2006, because of the housing 
boom and the need to rebuild the homes 
destroyed by Hurricane Katrina, many millions 
of pounds of drywall was imported from 
China. Itis estimated that enough material was 
imported to build about 100,000 homes. Shortly 
thereafter, problems began to develop in some 
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of the houses in the southern states where the 
interior walls were built using drywall made in 
China. Chinese drywall emits higher levels of 
sulfuric and organic compounds than drywall 
made in the United States. The sulfur fumes 
emitted caused air-conditioner coils, copper 
plumbing, and electrical wiring to corrode, as 
well as producing a foul odor such as that of a 
burning match or rotten eggs. The fumes have 
also been associated with respiratory and sinus 
problems in some residents. So far, most of the 
drywall problems have been limited to the 
southern states, where a warm, humid climate 
encourages the emission of sulfur fumes. If 
the drywall was also used in other parts of the 
country where it is dryer and cooler, it could 
be years before homeowners begin seeing 
the problems associated with the material. 
Correcting the problem would require 
stripping and removing all the drywall. There 
are also indications that it may be necessary to 
replace some of the material in the house such 
as carpeting and furniture. 


Floors 

When walking around the house, you might 
notice that the floor squeaks on one or more 
sections. This condition is found in both new 
and older homes and indicates slightly loose 
floorboards. Itis usually difficult to eliminate. 
One corrective procedure is to wedge the 
floor from below. However, the underside is 
usually not accessible. If a hardwood floor is, 
nailed from above, the nail holes can ruin the 
finish. With regard to the structural integrity 
of the house, squeaking floors are not a 
concern, although if excessive, they can be 
annoying. 

If the floors in a portion of the house are 
finished hardwood and the remaining floors 
(other than those in the bathrooms and kitchen) 
are covered with wall-to-wall carpet, do not 
assume that there is a hardwood floor below 
the carpeting. There might be, but quite often 


there isn’t. It is not uncommon for a builder to 
give a buyer the option of hardwood floors or 
carpeting. When the buyer selects carpeting, 
it is laid over a plywood floor. If you are 
inspecting a room and see a hardwood floor in 
a closet, though the floor in the main portion of 
the room is carpeted, do not assume that there 
is a hardwood floor beneath the carpeting. If 
you cannot see it, you really cannot be sure. 
If a hardwood floor is important to you, get a 
representation in writing from the owner that 
the floors beneath the carpets are hardwood. 
Just because the floor looks likea hardwood 
floor, it may not be, in the classic sense; that is, 
solid wood from top to bottom. It may be an 
engineered hardwood floor or a laminate floor. 
An engineered hardwood floor is made up of 
three to 10 thin layers of wood with a core of 
hardwood, plywood, or high-density fiber. The 
top layer is a hardwood veneer that is glued 
on the top surface of the core and is available 
in almost any hardwood species. It is less 
expensive than hardwood, and due to its multi- 
ply structure, engineered wood is much more 
stable than solid wood and is less susceptible 
to shrinking and expanding with changes in 
temperatures and humidity. It can be installed 
onany grade level, directly over concrete and 
can also be installed below ground level, wher- 
eas solid hardwood should only be installed 
above grade. Unlike engineered wood, moisture 
and extreme temperature changes can cause 
solid wood to shrink and expand, potentially 
causing gaps between boards during colder or 
drier seasons. If there is excessive moisture on 
the underside of the solid hardwood floor, it 
will cause the top surface to cup, that is, to form 
a concave surface with the edges raised. 
Laminate flooring is the least expensive 
between solid hardwood and engineered 
flooring. Although it looks like wood flooring, 
there is actually no solid wood used in its 
construction. Laminate floors are made up 
of several materials bonded together under 


high pressure. Most laminate flooring consists 
of a moisture-resistant layer under a layer of 
HDF (high-density fiberboard). This is topped 
with a high resolution photographic image of 
natural hardwood flooring, which accurately 
reproduces the grain and color of natural 
hardwood. To protect the laminate, it is then 
finished with an extremely hard, durable clear 
coating made from special resin. Laminate 
flooring can be installed above or below grade 
and over virtually any other flooring surface. It 
is usually laid as a floating floor. It is not nailed 
or glued to the subfloor. 

If the wall-to-wall carpet covering the 
hardwood floors is brand new, ask the seller 
for a representation in writing that the surfaces 
of the hardwood floors are in good condition. 
Several years ago I inspected a splitlevel 
house with hardwood floors. All the floors 
were covered with new wall-to-wall carpet. 
Lifting a corner of the carpet in each room 
did not reveal a problem. However, after the 
buyer moved in, he removed the carpet from 
all the hardwood floors and was dismayed by 
what he saw. Every one of the floors was very 
badly stained by cat or dog urine and had to 
be refinished. 

Another type of hardwood floor is a 
bamboo floor. The flooring is typically made 
by slicing bamboo poles into strips. To prevent 
potential mold, fungus, or insect problems, 
these strips are boiled and then sent to a 
drying kiln to reduce moisture levels. The 
strips are then glued and assembled under 
extremely high pressure and heat either face 
up for horizontal flooring or side by side for 
vertical flooring. Although vertical flooring 
results in a smooth uniform appearance, 
horizontal flooring has a more natural look. 
The pressure and heat applied assure a strong, 
stable bond. After milling, the bamboo is 
given an aluminum oxide coating to increase 
its strength and endurance, and to protect it 
from stains. Direct sunlight can cause some 
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types of bamboo floor to become discolored. 
It may happen if the floor is exposed to 
highly concentrated sun rays for long periods. 
Bamboo flooring needs to be kept free of dust, 
dirt, and grit. Even the tiniest particles of dirt 
can cause minute scratches on its surface. It is 
like any wood floor—it is damaged by dents, 
scratches, and shoes with high heels. 

If you walk into a room and notice that 
the floor is not level, do not be alarmed. In all 
probability, it is a condition caused by past 
shrinkage, warpage, and settlement of the 
wood framing and is not a concern. If the floor 
is sagging in one section, it might indicate that 
that portion of the floor is or was improperly 
supported. Go down to the level below to 


check the ceiling to see if it too is sagging. If it 
is, have a professional evaluate the condition. 
Occasionally this condition occurs in a 


kitchen floor when the refrigerator is placed 
in a location other than that intended by the 
builder. 

Depending on the moisture content in the 
wood used for framing, you might see a large 
open joint between the floor and the partition 
walls. The joint might be open as much as 
Linch and might run the entire length of the 
partition wall. When you see this condition for 
the first time, it is quite unnerving. The trim 
that normally covers the joint between the 
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floor and the wall is about an inch above the 
floor, and the joint is wide open. The condition 
is caused by excessive shrinkage of the wood 
framing and is only a cosmetic problem. By 
covering the open joint with trim or lowering 
the existing trim, the room will look almost as 
good as new. 

The floor on the lower level of bilevels is 
a concrete slab. Depending on the quality of 
construction, the concrete floor slab could settle 
toa point where there is also a large open joint 
between the floor and the walls. (See FIG. 10-3.) 
During construction, if the ground below the 
floor slab is not properly compacted, the slab 
mighteventually settle, resulting in open joints. 
‘The foundation walls all have support footings 
and are normally independent of the floor 
slab. Consequently, settlement of the floor slab 
usually does not indicate a problem with the 
main structure. Nevertheless, the wall above 
the open joint should be shimmed; otherwise, 
the floor above might sag. If the settlement 
of the concrete floor slab is accompanied by 
cracked and settled sections of the foundation 
wall, a severe problem does exist and should 
be evaluated by a professional. 

Sometimes the concrete floor slab has 
a raised wood floor that might be covered 
with carpeting or resilient floor tiling. When 
walking on this floor, test for soft or spongy 


Fig. 10-3. Settled concrete 
floor slab. Note open joint 
between floor and partition 
walls. 


sections. This condition can be caused by 
inadequate spacing of the wood framing. 
However, more often than not, it is caused 
by rotting wood. If water seeps into the area 
between the wood floor and the concrete slab, 
it eventually causes the framing to rot and the 
subflooring to delaminate. (See FIG. 10-4) See 
chapter 11 for a discussion of water seepage 
into the basement level. 


Heat 


With the exception of homes in the sunbelt, 
all the finished rooms in the house should 
have provisions for heating. Depending on 
the type of heating (see chapter 14), look for 
a radiator or heat register. If you don’t see 
any, ask the owner how the room is heated. It 
might be heated by radiant panels in the floor, 
walls, or ceiling that would not be visible. If 
there is no source of heat, record the fact on 
your worksheet. Adding heat to a room by 
extending the existing heating system can be 
costly. If there is a means of heat supply, is it 
properly located? For maximum efficiency, 


Fig. 10-4, Rotting and 
delaminating section 
of raised wood floor 

in finished basement. 
Condition is caused by 
constant wetting from 
‘water seepage into the 
basement. 


radiators and heat-supply registers should be 
located on an exterior wail, preferably below a 
window. This allows the heat to mix with the 
cooler outside air that normally infiltrates the 
interior from around the windows. 


Windows 


Although the condition of most of the windows 
is checked during the exterior inspection (see 
chapter 5), the condition of the windows on the 
upper levels and the operation of the windows 
should be checked during an interiorinspection. 
Also, if the windows are the casement or 
awning type, the storms and screens are often 
not visible from the exterior and should be 
looked for during the interior room inspection. 

The cost of repairing a broken window 
frame or replacing a broken pane is usually 
not high on an individual basis unless the 
window is one of unusual design or a large 
thermal pane (double or triple glazing). Keep 
track of the number of windows that need 
repair or rehabilitation. It is surprising how 
fast the dollars add up when you multiply the 
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cost for one repair by the number of windows 
that are faulty. 

Specifically, check the windows for cracked 
and broken panes that require replacement. BB 
holes or small cracks in the corner of a pane 
can be overlooked, providing that the window 
is covered by a storm pane. Is the putty around 
the pane cracked, dry, chipped, or missing? If 
so, the window joints must be reputtied. Look 
at wood window frames and exterior sills for 
cracked and rotting sections. Some windows 
have metal frames. Metal frames get quite cold 
during the winter in the northern part of the 
United States and have a tendency toward 
excessive condensation. This can cause peeling 
and flaking paint or disintegrating sections of 
plaster near the window frame. 

Pay particular attention to steel casement 
windows. These windowsare usually a problem. 
They rust easily and must be painted every few 
years to prevent deterioration. In many cases, 
they do not close properly, a condition often 
caused by a sprung frame or excessive layers of 
paint around the joints. Also, almost invariably 
you will find cracked panes. Usually casement 
windows are crank-operated. Check the 
hardware. Sometimes the cranking mechanism. 
is not operational. 

Open and close the windows. They should 
operate relatively easily without sticking 
or binding. Double-hung windows should 
not rattle in the channel and should stay ina 
fixed position when opened fully or partially. 
Many older double-hung windows use a 
counterweight to hold the sash in a fixed open 
position. The weight is usually tied to a sash by 
acord or a chain. Ifa cord is used, check to see 
if itis broken. Broken cords are not uncommon 
and should be replaced. If the cord is frayed, 
you can anticipate its early replacement. 

When looking at the windows, check to 
see if the glazing is a single pane or a thermal 
pane, thatis, two pieces of glass separated by a 
sealed air space. You can tell by looking at the 
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thickness of the joint between the pane and the 
frame. A single pane is usually no more than 
Ys inch thick; a thermal pane is about % inch 
to 1 inch thick. You can also tell by looking 
very closely at the pane. Usually, you can see 
dust or dirty spots on the opposite side that 
reveal the thickness of the pane. Sometimes 
fixed-pane windows and sliding glass doors 
have thermal panes, even though the openable 
windows throughout the house have only a 
single pane. One of the well-known names for 
thermal glass is Thermopane. Itis also referred 
to as insulated glazing. Each manufacturer 
has its own term for it. You can usually find 
the manufacturer's name in the corner of the 
window pane. 

Thermal-pane windows are fabricated 
by hermetically sealing dry air or an inert gas 
between the panes. This is done to eliminate 
the possibility of future condensation problems 
between the panes. (See FIG. 105) When the 
seal breaks, accidentally or otherwise, water 
vapor can enter the space between the panes. 
Look at the windows for signs of a faulty seal. 
If a portion of the window appears cloudy 
(FIG. 10-6) or there are water droplets between 
the panes, the seal has been broken. Although 
the insulating characteristics of a thermal-pane 
window with a faulty seal are at least as good 
as a storm window, the pane is not desirable 
from a visibility and a cosmetic point of view. 
Ifyou seea thermal-pane window witha faulty 
seal, record it on your worksheet. The window 
requires replacement. The better window 
manufacturers offer a 20-year warranty on the 
seal of these windows 


Electrical outlets 


While inspecting the interior rooms, look for 
electrical hazards and violations and whether 
there are an adequate number of electrical 
outlets on the walls. These items are discussed 
in chapter 12. According to the electrical code, 


0 15"Solder next tow 
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How much solder do I really need? An ounce? A pound? How long will a pound last? 


To get a very approximate fee! for just how much solder is in an ounce vs. a pound, I measured how 
much .032" solder it took to attach ten 16 pin DIPs. Trying to provide an upper bound, the soldering is 
excessive, and a generous glob was placed on the tip in between each chip to account for solder used to 
tin and protect the tip during normal use. 


‘The ten chips took about 15" of generously applied .032" solder that weighed in approximately at 
(05207. This particular solder weighed about .003480z/in, At about 3.27e-4 oz/joint, a 1 0 spool should 
last 3060 joints, a half pound should last 25 thousand joints, and a pound should last about S0 thousand 
joints. Mileage will certainly vary with different sized solders, joints, tinning wires, and highway vs 
city driving, but if you're not in a production environment, a half pound should last a while. 
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Fig. 10-5, With an insulated glass pane, if there is a defective seal, moisture will condense between 


the panes. 


Fig. 10-6, Faulty seal in thermal-pane windows 
adjacent to.a sliding glass door, Restricted 
visibility is caused by condensation between the 
glass panes 


the outlets in a new house must be located 
such that no point on the wall is more than 6 
feet horizontally from an outlet. However, the 
actual number of outlets needed for a specific 
room depends on the room's usage and the 
position of the furniture. 

Look at the electrical outlets. In new 
homes and in recently rewired older homes, 
the receptacles have three slots rather than 
two. The third slot is a ground connection that 
is used in conjunction with the three-prong 
plugs found on most modern appliances. It is 
a safety feature and is used for grounding the 
casing of electrical appliances and equipment. 
Should an internal short develop between the 
wiring and the equipment or appliance casing, 
the ground connection directs the leakage 
current harmlessly to the ground rather than 
through the user. 
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In homes built after 2008, check to see if 
the outlet receptacles are tamper resistant. 
If they are, the letters “TR” will be marked 
on the face of the receptacle. In 2008, the 
National Electrical Code (NEC) mandated 
the use of tamper-resistant receptacles in new 
or renovated construction. Tamper-resistant 
receptacles have a shutter mechanism that in 
‘most instances will block access to the electrical 
contacts from anything but an electrical plug. 
Although a worthwhile safety feature, not all 
municipalities have adopted the new code. 
Check with your local Building Department. 

Not all electrical appliances and equip- 
ment have a grounding wire (three-prong 
plug). Some are made with double-insulated 
plastic cases that prevent the user from 
touching anything electrically charged, even 
if an internal short should develop. This 
type of equipment does not require a ground 
connection and can therefore be used with 
the older two-slot receptacles. As a safety 
precaution, you should use only electrical 
appliances and equipment that have been 
approved by Underwriters Laboratories, Inc, 
or some other nationally recognized testing 
agency. 

The two-slot outlet receptacles can be 
used for the grounding of appliances with 
three-prong plugs. Adapters are available at 
hardware and electrical supply stores to enable 
two-slot receptacles to accept the three-prong 
plugs. To complete the ground connection 
when using the adapter, remember that the 


small wire (pigtail) must be secured to the 
center screw on the receptacle cover plate. 

Check the receptacles (two- and three- 
slot) to determine if they are electrically hot, 
whether the receptacles have reverse polarity, 
and whether they are properly grounded. 
This can be done using a simple plug-in tester 
available at all electrical supply stores. 

Reverse polarity is a problem because 
it indicates that the hot and neutral wires 
are connected to the wrong terminals in the 
receptacle. This is important because the 
switch on an appliance should disconnect 
the hot wire. This keeps everything beyond 
the switch inside the appliance from being 
electrically hot when the switch is off. With 
reverse polarity the switch disconnects the 
neutral wire so that everything beyond the 
switch will be hot, which could result in an 
electrical shock. The diagrams in FIG. 10-7 show 
how a polarized circuit can protect you from a 
shock hazard. 

It is particularly important to check the 
receptacles in the bathroom and kitchen to see 
if they have ground-fault circuit protection. 
Receptacles that are not properly protected 
for ground faults are potential hazards. See 
chapter 12 for discussion of ground-fault 
circuit interrupters (GFCIs). 


Fireplace 
Ifa house hasa fireplace, itis mostoften located 
in the living room or family room, although 
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Fig. 10-7. How a polarized circuit can protect you from a shock hazard, 


134 Interior rooms 


you might find a fireplace in a bedroom or 
kitchen. When inspecting the fireplace, look 
at the front face just above the firebox. If this 
area has a blackish tint or color, it is usually 
an indication of a smoky fireplace and is the 
result of a buildup over the years of layers of 
soot and creosote. This problem can usually be 
corrected. 

‘A smoky fireplace might be the result 
of too smalll a flue for the size of the firebox 
opening. If this is the case, reducing the 
size of the opening by raising the hearth or 
installing a canopy on the top portion of the 
opening very often corrects the problem. 
However, determining the amount to rais 
the hearth or the size and shape of canopy to 
use requires experimentation. Sometimes the 
soot buildup is caused by backsmoking as a 
result of downdrafts. Thisis the result of wind 
currents bouncing off the side of the building 
or tall trees and then down the chimney. 
If the smoking is caused by downdrafts, 
the problem can usually be corrected by 
installing a concrete, stone, or metal cap on 
top of the chimney. Another possible reason 
for poor draft or backsmoking is that the 
chimney is undersized. A rule of thumb for 
the minimum height of the chimney states 
that the total height from the firebox floor to 
the top of the chimney should never be less 
than 15 feet 

Backsmoking can also be caused by 
a negative pressure condition within the 
house. This is a fairly common phenomenon 
in newer houses. To conserve energy, newer 
homes are better caulked, weatherstripped, 
and tighter than older homes. The negative 
pressure results when more air in the house 
exhausts to the outside from fans, heating- 
system chimney, and so on than flows in from 
infiltration. Because of the negative pressure, 
when a fire is first lit in the fireplace and 
the damper is opened, there is an onrush of 
incoming air down the flue. This condition can 


be eliminated by slightly opening a window or 
in newer fireplaces opening the fresh-air vent 
associated with the fireplace. 

Look inside the firebox for a damper. 
The damper is used to close the flue when 
the fireplace is not in use. It prevents heat 
loss through the flue in the winter and also 
prevents small animals such as squirrels and 
racoons from entering the room through the 
flue. Check the operation of the damper. On 
many older fireplaces, dampers were omitted. 
If the fireplace does not have a damper, or if 
the damper is defective, record that fact on 
your worksheet. A damper or equivalent 
is considered necessary, and one should be 
installed. If there is a chimney-top damper, 
check its operation. See chapter 3, page 25. 

The bricks or stones lining the firebox 
should be checked for cracked, chipped, 
broken, and disintegrating sections. Are the 
mortar joints intact, or are they in need of 
repointing? Cracked or open sections inside 
the firebox are a potential fire hazard and must 
be repaired. 

Look up at the flue from inside the firebox. 
Normally this area will be coated with a layer 
of soot and creosote. If the layer is thick, 
have the chimney cleaned to minimize the 
possibility of a chimney fire. If the creosote 
layer is powdery, the flue can be cleaned by 
a chimney sweep with a brush. However, if 
the creosote buildup is of a tar consistency 
or a hard glaze, it cannot be brushed out by 
conventional means. It must be removed by 
chemical or mechanical means. Is there an 
obstruction in the flue, such as a bird’s nest? 
If the flue has a slight offset and you can see 
daylight, there is no obstruction. When the 
flue is offset so that you cannot see straight up, 
determining whether there is an obstruction is, 
difficult without lighting a fire. One trick is to 
blow up at the flue to dislodge fine particle 
of soot. If the flue is not obstructed, they will 
float up the chimney. 
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In some homes you might find a 
prefabricated wood-burning fireplace. These 
units are usually available with chimneys and 
have a specially insulated firebox shell. They 
are light in weight, do not require a special 
foundation, and can be wall-mounted or 
freestanding. The fireplace can be located in 
practically any part of a house, depending on 
local codes. If you find such a fireplace, check 
to see if it has been approved by Underwriters 
Laboratories, or some other nationally 
recognized testing agency. 


Gas-fired fireplace 
‘There are two basic types of gas fireplaces. They 
are either vent-free or have a direct vent. With 
direct vent fireplaces, the combustion gases are 
vented to the outside by a two-layer pipe that 
runs through a hole in the wall behind the unit. 
The outer pipe draws air in from the outside, 
which is needed for proper combustion of 
the gas. The inner pipe channels the gaseous 
products of combustion to the outside, or 
up a chimney. If a chimney is used, the local 
building codes may require the damper in 
your chimney to be permanently set to an open 
position because of the gas pilot light. 

With a vent-free fireplace there is no need 
for a damper. These appliances have a thermal 
sensor located near the top of the fireplace 
opening. This isa safety device thatina properly 
operating fireplace would never be triggered. 
The sensor cannot be reset. It comes with the 
unit and is set in the factory. Vent-free fireplaces 
also have an oxygen depletion sensor. Ifthe fire 
takes too much oxygen out of the room's air and 
is not replaced, the sensor is designed to turn 
off the gas before carbon monoxide reaches a 
dangerous level in the room. 


Bedrooms 


Every habitable room in the house must have 
at least one openable window. Sometimes 
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do-it-yourself homeowners finish off an area 
in the basement or attic for use as an extra 
bedroom even though there is no window in 
the room. If you find such a room, be advised 
that it is a potential fire hazard. 

When a roomis used asa bedroom, certain 
items are necessary as fire-safety measures. 
‘As a means of escaping in the event of a fire, 
each bedroom should have at least one outside 
window whose sill height is not more than 
44 inches above the floor. The window should 
also have a minimum net clear openable area 
of 5.7 square feet with no dimension less than 
20 inches in width and 24 inches in height. If 
a bedroom is located two stories above the 
ground, a rope ladder or equivalent device 
should be provided in the room to enable the 
inhabitants to escape once they climb through 
the window. Some municipalities have local 
ordinances against converting a third-level 
attic into bedrooms without adequate fire 
protection. IF you find bedrooms in a converted 
attic, you should check with the local building 
department to see if a certificate of occupancy 
had been issued for those rooms. 

Last, from a fire-safety point of view, 
every bedroom must have an entry door. This 
door should be closed when the occupant goes 
to sleep. A closed door reduces drafts, thus 
reducing flame-spread time, and drastically 
reduces smoke infiltration. Check to see if 
there is a smoke detector on the wall or ceiling. 
There should be. In new construction most 
states require that all of the smoke detectors in 
the house be hard wired and interconnected. 
Check the operation of the detector. If it’s 
interconnected with the others, hold your ears. 
The alarm noise is quite loud. 

Don't forget to look for a closet. Is there a 
ceiling light fixture in the closet? More often 
than not the light fixture is a porcelain base 
with an exposed incandescent bulb. Check to 
see if the bulb is relatively close to the closet 
shelf. If it is, it’s a potential fire hazard. If 


clothing or other fabrics come in contact with a 
bulb that has been inadvertently left on for an 
extended period of time, they could ignite and 
start a fire. In some homes where bedrooms 
have been added, closets are omitted in the 
renovation. There should be a closet in every 
bedroom. If there isn’t one, record that fact on 
your worksheet. 


Bathrooms 


Because of the nature of the room, the 
bathroom must be well ventilated. Ventilation 
can be provided naturally through an openable 
window or mechanically by an exhaust fan. If 
there is an exhaust fan, try to determine where 
it discharges. The air drawn through the fan 
should discharge into the atmosphere. This 
can be accomplished through the use of a duct 
that terminates on the side of the building 
or one that extends up through the attic and 
terminates on the roof. When the bathroom 
is located on the level just beneath the attic, 
the exhaust fan very often discharges directly 
into the attic. This is undesirable because the 
moisture-laden air can cause condensation 
problems in the attic. From a convenience 
point of view, many builders often connect the 
exhaust fan to the lighting circuit so that both 
are controlled by one switch. This is not an 
energy-efficient installation, since the exhaust 
fan is not always needed. If you see such a 
setup, you might want to consider rewiring 
the fan so that it can be controlled by a separate 
switch. 

‘A recurring problem in bathrooms is 
water leakage through cracked and open 
tile joints around the tub or shower. This 
condition requires periodic maintenance and 
if neglected can cause considerable cosmetic 
damage. Check the tiles for cracked and open 
joints. Lean over the tub or go into the shower 
and press on the tiles, particularly at the lower 
portion of the walls. Loose tiles will move 


slightly or might even come out. If the tiles 
yield, itis usually an indication that the plaster 
or plasterboard backing has suffered some 
deterioration from water seepage. Depending 
on the severity of the deterioration, it might 
be necessary to rehabilitate that portion of 
the wall. Sometimes the cracks are not readily 
visible but will nevertheless allow water to 
seep through and wet the wall behind the 
tiles. You can check for leakage by using your 
moisture meter on the tile wall. 

If the walls around the tub and shower 
are not kept watertight, water can leak 
around open areas, wet the ceiling below, and 
eventually rot the wood framing and cause 
the ceiling to deteriorate. Missing tiles must 
be replaced; loose tiles must be resecured; and 
cracked and open joints must be regrouted or 
caulked. Caulking is the procedure most often 
used for making repairs. A tube of caulking 
compound is available at any hardware store. 

If the walls around the tub or shower 
have a panel finish rather than tile, check the 
joints for cracked or open sections. Sometimes 
the tub or shower and its associated walls are 
an integral unit made of molded plastic. In 
this case, leaks through open joints are not a 
problem. Many homes have showers and tubs 
with doors to prevent water from splashing 
onto the floor. The doors must be made with 
safety glass or plastic and should be checked 
for cracked panes and ease of operation. 

When the shower base is covered with 
ceramic tiles rather than molded plastic or is 
terrazzo-constructed, there is the potential for 
a problem because of a faulty shower pan. A 
large lead or plastic sheet is normally installed 
below the tiles at the base of the shower to 
collect water that seeps through cracked and 
open tile joints. If the shower pan is intact, it 
will direct the water down the drain without 
incident. However, as the shower pan ages, the 
joints very often deteriorate, resulting in water 
leakage through those joints. If you notice 
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large water stains on or damage to the ceiling of 
an area below the shower, you should suspect 
a shower-pan problem. (See FIG. 10-8) 

If you have the seller’s permission, you 
can test for a faulty shower pan by covering 
the shower drain and filling the shower base 
with about an inch of water. Let the water 
stand in the base for about forty-five minutes. 
If the shower pan is faulty and there are cracks 
in the base tile joints, water will seep through 
and wet the ceiling below. When the tile joints 
at the base of the shower are all sealed, even if 
the lead pan is faulty, there will be no leakage. 
Instead of replacing a faulty shower pan, many 
homeowners simply recaulk the tile joints 
at the base of the shower. This is considered 
a makeshift fix. If you find a heavy layer of 
caulking in the shower base, even if you do 
not find water stains on the ceiling below (the 
ceiling could have been repainted after the 
makeshift fix), you should suspect shower- 
pan problems. 


Water pressure and flow 
‘The water pressure in a house is an item of 
concern to most home buyers, and rightly so. 
However, water pressure per se is not usually 
the problem. If you see water trickling out of 
a faucet, it does not necessarily mean that the 
pressure is low. It means that the water flow 
is low. Low water flow can be caused by low 
pressure. However, more often than not, low 
flow is caused by a constriction in the supply 
pipes. The constriction can be the result of 
mineral or corrosive deposits on the inside 
diameter of the pipes, a kink in the pipe, or 
small-diameter piping. Quite often low flow 
at a fixture is caused by a partially clogged 
faucet aerator, which requires only cleaning. 
‘Water flow is measured in gallons per minute, 
and a sink faucet should be able to deliver 4 to 
5 gallons per minute, 

‘The water pressure available toa house at 
the meter varies, butitis usually ina range of 20 
to 60 pounds per square inch (psi). I inspected 


Fig. 10-8. Water stains on ceilings caused by leaks from radiator in room above. 
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a house that had a pressure gauge on the 
house side of the water meter. (A pressure 
gauge in the plumbing system is desirable but 
is not very common.) The gauge indicated that 
the available water pressure was 110 psi. Yet 
when three faucets were turned on at the same 
time, the water flow from each faucet was just 
a trickle. Regardless of how high the pressure 
f a constriction in the water pipes limits the 
water flow, the amount of water discharging 
from the faucet will be noticeably low. In this 
case, the pipes were made of galvanized iron. 
Over the years, corrosion and deposits had 
coated the inside of the distribution piping to 
a point where the pipes required replacement. 

When you inspect the bathroom, check 
the water flow by simultaneously turning on 
the faucets in the sink and tub and flushing 
the bowl. There will usually be a drop in flow 
when the second faucet is turned on. Ifitis not 
very noticeable, do not worry about it—it is 
normal. You can trust your eye. If the water 
flow from the faucets looks good, then for all 
practical purposes, it is good. If the flow is 
noticeably low, record it on your worksheet. 
The condition requires correction. If there is a 
shower in the tub, check the operation of the 
shower diverter valve. When the shower is on, 
there should be very little or no water leaking 
out of the tub spout. If there is, the diverter 
valveis defective and will require replacement. 
Record this on your worksheet. 

Check the flow for both the hot water and 
the cold water, but not at the same time. It is, 
possible for the cold-water flow to be good and 
the hot-water flow fair or poor. Occasionally, 
when the domestic hot water is generated 
through the heating system, deposits form in 
the tankless coil, restricting the flow. If the 
hot-water flow is poor, you probably need to 
replace the tankless coil. (See chapter 16.) 

Open and close the faucets rapidly. Do 
you hear a hammering and vibrating noise? 
You should not, but if you do, you are hearing 


water hammer, which occurs when the water 
flowing in the pipe comes to an abrupt stop. 
It introduces hydraulic shock and vibrations 
that can in extreme cases damage the pipe or 
fittings. The condition can be corrected easily 
by installing an air chamber or antiknock coi 
These units provide a cushion of air to absorb 
the shock when the water flow stops. 

While you are checking the water flow, look 
for water leakage around the faucets, and the 
drainage trap below the sink. If you notice that 
a portion of the trap is taped over, it is usually 
a makeshift correction for a leak. The drainage 
trap is not installed below the sink to catch rings 
or other valuables that fall down the drain, 
although very often this happens. The purpose 
of the trap is to provide a water seal that blocks 
noxious gases from seeping back into the room. 
Ifa sink trap is not properly vented, it can lose 
its seal from a siphoning action when the water 
is draining. (See FIG. 109) 

Usually the P-type sink trap is vented 
properly. However, the S-type trap is often 
not vented properly. You can tell by making 
the following test, although it is not foolproof. 
Fill the sink until the water is almost at the rim; 
then let the water drain. When most of the 
water has drained, if you hear a sucking and 
gurgling noise, the trap is not vented, and the 
water seal has been lost. When alll the water 
has drained, if you let the water run freely for 
about five seconds, you will reestablish the 
water seal. If the main plumbing waste line 
has a house trap, the problem is minimized. 

Check the drainage in the sink, tub, and 
bowl. Wrinkle up some toilet paper into a ball 
and throw it into the bowl. When the bowl 
is flushed, the paper should be carried down 
the drain. If the water in the bowl starts to 
rise to the top and then settles down without 
flushing, there is a blockage in the drain line 
that must be checked further and corrected. If 
the house has a septic system, this condition 
might indicate a problem with the septic 
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“P” Trap 


When the sink trap is properly vented, 
the trap holds enough water to form a 
seal against the entry of sewer gases. 
‘The gases vent harmiessly through the 
vent stack to the outside. 


A 


system. IF the water in the sink and tub does 
not readily drain away or drains sluggishly, 
there is a blockage in those drains that must 
also be corrected. In this case, the correction 
might be as simple as removing hair that has 
accumulated around the pop-up drain plug. 
Look at the sink and tub faucets. When the 
tub and sink are filled to the flood rim, there 
should be an air gap between the top of the 
water and the bottom of the faucet spout. (See 
FIG. 10-10) If there isn’t, the faucet is vulnerable 
to back siphonage (the flowing back of dirty 
water from the sink or tub into the potable 
water supply because of a negative pressure 
in the line). This condition is a violation of the 
plumbing code and is found periodically in old 
homes. However, itis not limited to old homes. 
The “do-it-yourself” homeowner could have 
installed the faucet without being aware that it 
isa potential problem. Are there shutoff valves 
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When the sink trap is 
not properly vented, the 
rush of the waste water 

can siphon the water seal 

out of the trap. 


10-9, Sink traps: A—Properly vented P-type trap; B— 


SPA 


“S" Trap 


With no water seal, 
sewer gases can 
escape into the house. 


B 
type trap, usually not properly vented. 


below the sink and bow! for the supply pipes? 
Although nota necessary feature, they are very 
convenient when making minor repairs. 

Ifthe tubis equipped with a whirlpool bath, 
check its operation. Fill the tub toa level above 
the jet ports before turning on the bath’s pump. 
Record any problems on your worksheet. For 
health reasons, before the whirlpool bath 
is used, it should be professionally cleaned 
to remove bath residue and scale deposits 
because no inspection method is available to 
ensure that proper maintenance procedures 
were previously followed. Also check to see if 
there is an access hatch for the pump motor. 
This is occasionally overlooked during the 
installation, and it is helpful in the event that 
maintenance is required. 

After you flush the bow, if the toilet is the 
tank type, lift the tank lid and look inside. If 
the lid has a cloth cover, be careful when lifting 


Fig. 10-10. Air gap 
between bottom of 
faucet spout and flood 
rim of sink prevents the 
backflow of nonpotable 
‘water into the potable 
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water 
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it, It might be cracked or chipped. If water is, 
spurting out of the fill valve, maintenance is 
needed. You might even find the trip lever 
connected to the flush valve by a string 
rather than a metal chain or strip. Repair or 
replacement of the flushing mechanism is not 
costly. 

Occasionally the seller, not being the 
original owner, inadvertently misrepresents 
the age of the house. Depending on the 
manufacturer of the toilet bowl, you might be 
able to verify the house's age by looking on 
the underside of the tank lid. There might be 
a date stamped on the underside that can be 
a clue, assuming the toilet is the original and 
was not installed during a later renovation. 
The date is the date of manufacture, usually 
within a few months of installation, 


Kitchen 


When inspecting the kitchen, in addition 
to the plumbing items mentioned above, 
the condition of the cabinets and counters 
should be checked. The appliances, although 


important, need not be inspected at this time. 
Because appliances can break down at any 
time, it is recommended that on the day of, 
but prior to, the contract closing, you come 
back to the house and operationally check 
every appliance included in the purchase. IF 
an appliance is not operational, you can have 
your attorney request an adjustment at the 
Closing for the cost of repairs. 

Cabinets should be inspected for missing, 
cracked, and loose-fitting doors and drawers. 
Missing hardware for doors and drawers 
should benoted. Theshelvesshould be checked 
to see if they are adequately supported. The 
counters should be inspected for cracked, 
burned, blistered, and loose sections. If there 
is a cutting board or hotplate on the counter, 
lift it up or move it aside. You might find 
that it is concealing a damaged section of the 
counter. 

When inspecting the sink, in addition to 
checking water flow and drainage, look for a 
sprayer. If there is one, see if itis operational. 1 
have seen many sprayers with a disconnected 
hose mounted in the sink fitting. The sprayers 
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were not functional and served only as a 
decoration to cover the opening in the sink. 
Is there a sink in a central island cabinet? If 
there is, check the drain piping. Island sinks 
are notorious for being improperly vented. If 
the sink drain has an S-type trap rather than a 
P-type trap, it is not properly vented. Record 
this item on your worksheet. If approved by 
local codes, this condition can be corrected 
with a minor plumbing change by connecting 
an air admittance valve (AAV) to the drain. 
Another way of venting an island sink is 
with a “loop vent” (see FIG. 10-11), which is 
usually, but not always, installed during the 
construction phase of the house. 

Is there a garbage-disposal unit connected 
to the sink drain? If there is and the house has a 
septictank, theremightbea problem. A garbage- 
disposal unit introduces solid wastes into the 
septic system at a greater rate than normal. To 
avoid overloading the system, some states have 
a design criterion calling for a larger-capacity 
septic tank when there is a garbage-disposal 
unit, Other states recommend that the tank be 
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cleaned at more frequent intervals. (See chapter 
13 for a discussion of septic systems.) 

If the disposal unit was added after the 
house was constructed and provisions were 
not made for a larger septic tank or more 
frequent cleaning, the disposal unit might 
have been overloading the septic system. 
This can result in premature failure of the 
system. If the house has a garbage-disposal 
unit and a septic system, check with the local 
municipal building department to determine 
if the system was designed to accommodate 
the wastes from the disposal unit. Also, check 
with the owner to find out when the septic 
tank was last cleaned. If it was not cleaned or 
at least inspected for sludge buildup within 
the last three years, record the fact on your 
worksheet. The tank should be cleaned after 
you move in 


Hallway and staircase 


‘The remaining rooms in the house should be 
checked as described previously. In addition, 


Solder Fumes: 


What is exactly in solder fumes? Am I safer using lead-free solder 


Flux from rosin-cored 
solder boiling under 
magnification 


Lead boils at over 3000 °F, and in most cases soldering tips should be kept below 750 °F, so it is highly 
unlikely that gaseous lead is present in the fumes, The fumes are actually from the flux boiling, which 
still isn't great for you~many of the chemicals found in cigarette smoke are found in ux fumes: 
formaldehyde, toluene, alcohols, and hydrochloric acid to name a few. Most of the public health 
literature indicates that asthma is the major health risk from soldering fumes (not cancer or lead 
poisoning). When acquired, itis permanent and can cause hyper sensitivity so that even small amounts 
of fumes bring on attacks. Surprisingly, scientists have not been able to determine what exactly in the 
fumes cause the health defects, nor what amounts are harmful, Yet, the British health department has 
set exposure limits of 05 mg/m over 8 hours and .15 mg/m’ over 15 minutes. I believe these limits 
have been shown to provide a safe work environment and also one for which the necessary systems / 
ilters are financially reasonable. 


‘Some informative links: 


© Solder Fumes and You A British health department pamphlet explaining the health hazards of 
rosin-based flux fumes (irritation, headaches, dermatitis, asthma) and what precautions 
employees and employers should take. Note the total lack of any mentioning of lead poisoning, 

© Workplace Exposure to Rosin-based Solder Flux Fume During Hand Soldering A study done 
by the UK Health and Safety Laboratory measuring exposure levels and also the effectiveness 
of various exhaust, ventilation, and filter systems, 

© Measurement of the Performance of Air Cleaners Against the Particulate Element of Ro: 
based Solder Flux Fume Another UK Health study investigating the effectiveness of various 
Tume extraction and filter systems, Most interesting finding: although activated carbon filters 
can remove gascous hazards, they are largely ineffective for fine particulate in the fumes 
which they believe to cause much of the harm. Some combination of carbon and HEPA filter is 
needed, and even these are useless without suffici 


Returning to the topic of lead, itis widely agreed that eating, smoking and drinking without first 
washing is the greatest risk factor. Despite the high boiling point of lead, there is also agreement that at 
least a small amount of lead particles are indeed present in the fumes. The conspicuous lack of 
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the connecting hallway should be inspected as 
you walk from one part of the house to another. 
The hallway should be treated as an interior 
room, and its walls, floor, ceiling, and trim 
should be inspected. Look for an overhead light 
in the hall. Isit controlled by three-way switches 
located at both ends of the hall? It should be. 
As a fire-safety measure, a smoke detector or 
equivalent should be mounted on the ceiling of 
the hallway leading to the bedrooms. If there 
is a smoke detector, is it properly located? The 
corners of a hallway where the walls and ceiling 
meet is considered dead-air space. This means 
that even though smoke will circulate and 
accumulate near the ceiling, it will not penetrate 
into those corners until the hall is completely 
filled with smoke. According to the National 
Fire Code: “Spot-type smoke detectors shall be 
located on the ceiling not less than six inches 
from a side wall, or if on the side wall, between 
six to twelve inches from the ceiling.” Neither 
wall- nor ceiling-mounted detectors should 
be placed near a light fixture or a ventilation 
grille that could block smoke from reaching the 
detector. If you see an incorrectly located smoke 
detector, you should alert the seller and record 
it on your worksheet 

As you proceed from one level to another, 
check the connecting staircase. Squeaky 
treads, as with squeaky floors, indicate loose 
sections. They are not a concerning factor, but 
if excessive, they are annoying. Correcting the 
problemis often difficultbecause the underside 
ually concealed. The steps should be 
uniformly spaced without any dimensional 
variation. Itis not uncommon to find basement 
steps with uneven risers for the bottom and 
top steps. This condition is a potential hazard, 
ince someone can easily trip. 

As a safety precaution, all steps should 
have handrails. Check to see if both ends of 
the handrail have a return to the wall. Rails 
with returned ends will prevent clothing 
from catching on the end, which could result 


in a fall. Loose handrails must be resecured. 
Sometimes the handrail is secured in such a 
manner that allows little finger room. This is 
a hazardous condition, especially for children. 
Is there a window at the base of the staircase 
or on the landing? If there is, its sill should 
be at least 36 inches above the floor. This will 
prevent someone from falling through the 
window in the event of a fall down the stairs. 
IF the sill is less than 36 inches high, a window 
guard should be installed as a precautionary 
measure. 

Lighting the stairway is _ essential, 
especially for areas that are often neglected, 
such as basement steps. The location of the 
light fixture is unimportant as long as the light 
provides sufficient illumination for the entire 
staircase. The light should be controlled by 
three-way switches, one at the top and the 
other at the bottom of the staircase. 


Checkpoint summary 


Walls and ceilings 

© Do not be concerned with minor cosmetic 
problems. Specifically check for: 

— broken walls and ceilings; 

—loose, missing, and bulging areas of 
plaster or plasterboard; 

missing, loose, and sagging sections of 
ceiling tile; 

— sagging sections of plaster; 

— truss uplift cracks (at wall-ceiling inter- 
section); 

—water stains on ceilings, particularly 
below roofs, bathrooms, and kitchens; 
— disintegrating plaster, peeling and flak- 

ing paint, and water stains on walls fac- 
ing the exterior (usually caused by open 
or exposed exterior joints). 

O If there is a sulfur-based odor in the house, 
suspect Chinese drywall, especially if the 
copper plumbing and electrical wiring 
show signs of corrosion. 
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© Note rooms that have cracked walls in 
which the windows and door frames are 
not level (professional evaluation is recom- 
mended). 

© Check paneled walls for plasterboard back- 
ing (often omitted). 

O Check trim for mi 
broken sections. 


ing, loose, cracked, or 


Floors 

O Inspect for floors that are not level, have 
loose floorboards, or have sagging areas. 
Sagging floors that are also noted in the 
ceilings below should be evaluated by a 
professional, 

O Inspect for large open joints between floor 
and partition walls (usually caused by 
excessive shrinkage) 

© Note floors that have wall-to-wall carpet- 
ing. Do not assume that there is a hard- 
wood floor beneath the carpeting. Request 
that owner make this representation in 
writing 

O Inspect concrete floor slabs for cracked and 
settled areas. Note areas that have large open 
joints between the floor slab and the walls. 

O Check raised wood floors over concrete 
slabs for soft, spongy, and delaminated sec- 
tions. Often these conditions are a result of 
water seepage with associated rot in wood 
framing. 


Heat 

O Check interior rooms for missing radiators 
or heat registers. 

O If rooms are heated by other means (radi- 
ant panels), verify this with the owner. 

O Are radiators and heat-supply registers 
efficiently located (preferably on an exte- 
rior wall and below a window)? 


Windows 
Check windows for ease of operation. 
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© Inspect for cracked and broken panes; 
chipped, cracked, and missing putty. 

© Check exterior sills for cracked and rotting 
sections. 

O Inspect double-hung windows for broken 
or missing sash cords, loose or binding 
sashes, and missing hardware. 

© Inspect steel-casement windows for 
cracked panes, rusting and sprung frames, 
loose, missing, or inoperative hardware. 

© Check thermal-pane windows for faulty 
seals (water droplets or cloudy areas bet- 
ween the glass panes). 

© Check casement and awning windows for 
interior storm windows and screens 


Electrical outlets 

O Inspect rooms, stairways, and hallways for 
electrical hazards and violations (see chap- 
ter 12 summary). 

© Note all rooms in which there are insuffi- 
cient outlets and outlets that are loose or 
have missing cover plates. 

© Check whether outlets are electrically “hot” 
and properly grounded. Do any have re- 
verse polarity? 

© Are the kitchen and bathroom receptacles 
GFI protected? 


Fireplace 

© Inspect brick or stone firebox lining for 
cracked, chipped, broken, or deteriorating 
sections. 

© Check for cracked, loose, or disintegrating 
mortar joints 

© Check top of firebox for an operational 
damper. 

© Is there a chimney top damper? 

O Inspect area for obstructions. 

O Is the chimney flue lined? 

© Check for heavy layers of soot and creosote 
(heavy layers indicate the need for chim- 
ney cleaning) 


Bedrooms 
© Check that all bedrooms have at least 
one openable window with the following 
criteria: 
—sill height not more than 44 inches above 
the floor; 
— minimum openable area of 5.7 square feet 
with no dimension less than 20 inches. 
© Do all bedrooms have entry doors and 
closets? 
O Is there a smoke detector on the wall or 
ceiling? 
O If a portion of the attic or basement has 
been converted to a bedroom, is there a 
certificate of occupancy for the room? 


Bathrooms 
© Check bathrooms for adequate ventilation. 
O Ifthere is an exhaust fan 

t operational? 

— does it have a separate on-off switch? 
—can you determine where the fan ex- 
haust discharges? 

O Inspect tiled areas, particularly around the 
tub or shower, for open joints, cracked, 
loose, and missing tiles. 

© Note wall areas in the tub or shower that 
show evidence of deterioration (spongy or 
loose sections). 

© Check shower doors for cracked panes 
(should be safety glass) and ease of 
operation. 

O Check sinks, bowl, and tub or shower for 
cracked, chipped, and stained areas. Check 
that sinks and bowls are properly secured. 

© Inspect sink and tub faucets for proper air 
gap (potential back siphonage). 


© Check fixtures for individual shutoff 
valves 
O Inspect fixture plumbing for leaks, 


kinked lines, patched and makeshift cor- 
rections (taped joints and rubber-hose 
connections). 
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Inspect sink drain lines for improper vent- 
ing (S-type traps). 

Does shower diverter valve in the tub 
Teak? 

Check operation of whirlpool bath. 

Is there an access hatch for the pump motor 
for the whirlpool bath? 


Water pressure, flow 
Check cold-water flow by simultaneously 
turning on the faucets in the sink and tub 
or shower and flushing the bowl. 

Perform a similar check for hot-water 
flow. 

Check for water hammer when faucets are 
opened and closed rapidly. 


Kitchen 
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Check sink for low water flow and proper 

drainage. 

If there is an island sink, is the drain vented 

properly? 

If sink contains a sprayer, check operation 

(often this unit is disconnected). 

If sink drain contains a garbage-disposal 

unit and house has a septic tank, you 

ould determine the following: 

—Was disposal unit added after the house 
was constructed? (Septic tank might be 
undersized.) 

—When was septic tank last cleaned? (If 
over three years, the tank should be 
cleaned.) 

Inspect cabinets for missing, cracked, or 

loose-fitting doors and drawers. 

Check for missing hardware on cabinet 

doors and drawers 

Check shelving for adequate support, 

cracked, warped, or missing sections, 

Inspect counter and countertops for cracked, 

burned, blistered, or loose sections. 

Check all appliances for operational integrity 

on the day of, but prior to, contract closing. 
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Hallway and staircase 
O Check for properly located smoke detectors 
in hallway areas leading to the bedrooms. 


lighting. Are three-way switches located at 
both ends of the hallway? 

© Check walls, floor, ceiling, trim, and so on 
as you would for interior rooms. 
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O Inspect stairways for uneven risers, loose 
treads, missing handrails, and handrails 
with tight finger room. Do the ends of the 
handrail have a return to the wall? 

© If there is a window at the base of the stair- 
way or landing, is the sll less than 36 inches 
above the floor? (If this condition exists, 
you should install a window guard.) 
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Problems in a basement or crawl space are 
often among the most costly to correct. Look 
specifically for signs of water penetration, 
structural deterioration of the wood support 
members, and structural deficiencies of the 
foundation wall. 


Foundation 


The purpose of the foundation is to support 
the main portion of the house and transmit its 
load to the ground. The foundation of most 
residential structures consists of walls that 


rest on an enlarged base called a footing. The 
footing spreads the transmitted load directly 
to the supporting soil and is usually resting on 
undisturbed earth. Where there are freezing 
temperatures, the footings must be located 
below the frost line. Otherwise, the footings 
become vulnerable to frost heaving resulting 
from the freezing of soil moisture. Pilasters, 
piers, and columns are also used to support 
the main structure. (See FIG. 11-1) 

Foundation walls are normally designed 
to support the vertical loads from the house 
and to resist the horizontal forces resulting 
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Pilaster Foundation 


wall 


Fig. 11-1, Elements of a foundation. 


from the earth’s pressure. In most parts of the 
country, the house must be anchored to the 
foundation to provide resistance to wind and/ 
or earthquake forces. High wind forces or rapid 
ground movement can cause a structure that 
is not properly anchored to lift, shift, or rotate 
slightly. When the house is properly anchored, 
the resistance to this movement produces 
stresses that are within the foundation wall. 
Consequently, the foundation wall must be 
designed to withstand these forces. In some 
cases, the combined vertical and horizontal 
forces acting on the foundation wall is great 
enough to require additional bracing and 
stiffening of the walls. In these cases, pilasters 
are often used to provide the additional 
support 


Settlement 
All soils compress to some extent, and if the 
footingisnotresting on bedrock, the foundation 
is subject to settlement. When the settlement 
is slight or uniform, or was anticipated in the 
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Footing 


design, it is of little concern. However, when 
the foundation settles unevenly (differential 
settlement), there is generally some cause for 
concern. Differential settlement introduces 
stresses that might seriously weaken the 
building, Itoften causes cracksin the foundation 
walls, unsightly cracks in the finished wallsand 
ceilings sloping floors and windows, and doors 
that bind. When the differential settlement is 
excessive, it can result in a structural failure of 
a portion of the foundation wall, a condition 
that can be quite costly to correct. 

‘The principal cause of foundation settlement 
a reduction of the volume of the voids in the 
soil supporting the foundation. The voids are 
the spaces between the soil particles and contain 
air and water. Sandy soil contains large granular 
particles with a relatively small volume of 
voids; clay soil contains fine-grained particles 
with a large volume of voids. The settlement 
of foundations built on a sandy soil tends to 
be quick and slight, whereas the settlement 
of foundations built on a clay soil tends to be 
greater and might occur over many years. 


Usually you do not have to worry about 
foundation settlement in older homes because 
by the time you are considering buying the 
house, the settlement has already occurred, 
along with any accompanying problems. And 
what you see is what you get. However, if what 
you see is a house out of plumb, with sagging 
Sections, it might have structural problems, and 
as a precautionary measure, you should have 
the house evaluated by a professional. 

Some soils are considered poor for 
building-construction purposes. Homes built 
on a highly organic soil are vulnerable to 
excessive settlement when the soil dries out. 
Organic soil acts like a sponge, and as the soil 
dries, the organic matter shrinks. Depending 
on the amount of organic matter in the soil, the 
condition can cause differential foundation 
settlement. 

Some soils on steep hillsides are subject to 
severe slippage. When the amount of buildable 
soil above an impervious subsoil layer is 
shallow, if the soil becomes saturated (because 
of an extended heavy rain), the entire upper 
layer of the hillside can slip to the bottom, along, 
with any houses built on the side of the hill. 

Some soils with a high clay content can 
swell or shrink up to 50 percent between wet 
and dry conditions. These soils are considered 
unstable, and unless special provisions are 
made during construction, the condition can 
cause excessive differential settlement cracks 
in the foundation. 

If you have any questions about the soil 
the house is built on, you can usually get 
them answered at the local office of the USS. 
Department of Agriculture, Soil Conservation 
Service, or at the office of the local county soil 
and water conservation district 


Inspection 
Most houses built in the last seventy years 
have foundation walls of poured concrete, 


concrete blocks, or cinder blocks, whereas 
older homes generally have stone or brick 
foundation walls. When inspecting stone or 
brick foundations, especially in homes built 
before or around 1900, pay particular attention 
to the mortar joints, [ have found that in homes 
of this vintage, many of the mortar joints in the 
foundation walls have deteriorated to a point 
where they are no longer functional. Some of 
the joints might have holes, and some may 
be filled with soft, crumbling mortar that can 
easily be raked out. In some cases, the joints 
between the foundation stones might have 
been filled with earth or mud rather than 
mortar. 

Deteriorated mortar joints in foundation 
walls should be repointed, not so much 
becauise they represent a weakened structural 
condition (they do, but this is usually not a 
severe problem) but because they can allow 
water to penetrate into the basement (see 
HIG, 11-2) and enable mice and other pests to 
enter the area. 

Insome older homes with brick foundation 
walls, you might find soft, crumbled, and 
flaking bricks so badly deteriorated that they 
should be replaced. This condition is usually 
the result of using underburned bricks in 
the construction of the wall. Bricks that are 
underburned during the manufacturing 
process are softer and absorb water more 
readily. If you see this condition, it should be 
recorded on your worksheet, since masonry 
rehabilitation is needed. 

Cracks Cracks in poured concrete or 
concrete-block foundation walls can result 
from shrinkage, differential settlement, lateral 
pressure on the wall by the soil, or poor 
quality workmanship. It is not uncommon to 
find short cracks in foundation walls. These 
cracks might be vertical, horizontal, inclined, 
stepped, smooth, or irregular and are usually 
of no structural concern. All cracks, however, 
should be sealed as a precautionary measure 
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against water penetration into the basement. 
Otherwise, if there should be a hydrostatic 
pressure buildup in the soil against the 
foundation, water will seep through the 
cracks 

If there are long narrow cracks in the wall 
and both sides of the cracks line up so that 
there is no noticeable differential settlement, 
it is usually not a serious condition and can 
be controlled by sealing the cracks. However, 
when both sides of the cracks do not line up 
or there are long open cracks, a more serious 
condition of differential s 
Since it is not pi 
single inspection whether the differential 
settlement is active or dormant, the wall 
should be checked for incremental movement 
over a period of time, usually several months. 
In most cases, after some time, the differential 
settlement stabilizes with little effect on the 
house other than functional annoyances such 
as binding windows or a floor that might 
not be level. However, because of excessive 
settlement, an unstable condition can occur 
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Fig. 11-2. Deteriorated 
mortar joints in fieldstone 
foundation wall. Note 
‘water seeping through the 
‘wall at base. 


either in the foundation wall or the wood 
framing being supported by the wall. If there 
is any doubt in your mind about the condition 
of the foundation wall, you should have it 
checked by a professional. 

Another type of crack of concern is a long, 
open horizontal crack in the foundation wall, 
especially if the wall shows signs of bowing. 
This condition is principally caused by an 
excessive horizontal pressure being exerted 
on the foundation wall by the earth backfill 
and indicates that the wall cannot adequately 
withstand these external lateral _ forces. 
Structurally the wall has failed; this condition 
should be recorded on your worksheet as a 
condition that requires further investigation 
and depending on the extent of bowing, 
reinforcement, or replacement. 

Superior Walls In the 1980s, insulated, 
precast, ribbed concrete wall panels called 
Superior Walls were introduced to the market to 
be used for building foundations. (See FIG. 11-3) 
‘The panels can be installed in a fraction of the 
time that it would take for poured concrete 


Fig. 11-3. Installing precast 
concrete “Superior Walls.” 


foundations and traditional exterior walls. 
According to the manufacturer, when panels 
are delivered to the site, they are often erected 
in three or four hours. When installing a 
foundation, the Superior Walls are bolted 
together at the top and the bottom of each panel, 
and the joints between the panels are sealed 
with a polyurethane sealant. When inspecting 
the foundation, check for open joints and signs 
of wall tilt, and as with other foundations, check 
for cracks and signs of water penetration. 

Structural support framing Because of 
the vulnerability to deterioration from rot and 
wood-destroying insects, all exposed wooden 
support members (girders, joists, posts, and 
ll plates) should be checked for structural 
integrity. Steel beams and columns, on the 
other hand, need be checked only for degree 
of rust or corrosion. Usually the rusting is 
only a surface defect that can be corrected by 
scraping, priming, and painting, 

Wooden support members should be 
probed with a screwdriver or an ice pick, 
as described in chapter 8. If the wood is in 
good condition, the probe will not penetrate 


much below the surface. The portions of the 
joists and girders that are most vulnerable to 
deterioration are those resting on or adjacent to 
the foundation wall. While probing these areas, 
you should also check the sill plate (which 
is anchored to the top of the foundation) for 
structural integrity. Many older houses have 
wood support posts rather than steel columns. 
If there are wood posts, check their bases for 
decay. The base has a tendency to rot because 
of periodic dampness or seepage through the 
floor. A post with a rotted base should be 
replaced. Joists with deteriorated end sections, 
however, need not be replaced. They can be 
rehabilitated. In most cases, all that is needed is, 
to place a similar size wood member alongside 
the affected joist and secure it to the portion of 
the joist that has not deteriorated. 

Girders (the main support beams) are often 
supported at both ends by the foundation wall. 
If the girder is wood-constructed, the notch in 
the foundation wall in which the girder rests 
should be large enough to allow the sides and 
end of the girder to be ventilated. Otherw’ 
there can be a moisture buildup, which 
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promote decay. There should normally be at 
least a /=-inch clearance around the sides and 
end of the girder. For adequate support, there 
should be a minimum of a 3-inch end bearing 
in the foundation notch. (See FIG. 11-4) 

If you find that the end of the girder has 
deteriorated so that it is no longer providing 
adequate support, do not be overly concerned. 
‘The condition can be corrected at a reasonable 
cost without replacing the girder. In many 
cases, all that is needed is to support the 
girder by a column or pier located near the 
foundation wall. This repair, however, should 
be performed by a professional, since the 
column or pier must have an adequate size 
footing to spread the load. 
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When girders or joists have sagging 
sections, these are usually noticeable on the 
floors above. During your interior inspection, 
if you find floors that are not level, you should 
be alerted to the possibility of sagging support 
beams. Sagging sections can be braced with 
adjustable screw-type columns to prevent 
further sag. The adjustable columns can be 
used for releveling sagging sections. This 
procedure, however, should be approached 
with caution. The leveling process introduces 
new stresses that in turn can cause cracking. 
During the wood-framing inspection, you 
might find joists or girders that have been 
notched at the top or bottom to accommodate 
the passage of pipes. Notching a beam at the 


Sill plate 


Sill sealer 


Fig. 11-4. Notch at top of foundation wall to support the girder. 
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emphasis on lead poisoning in all the research done by the UK health department implies that these 
particles are of little concern, Sentry Air Systems has a brief page that is one of the very few sources 
found to claim that lead particles under normal soldering conditions are harmful. The company sells, 
fume extraction technology. 


‘The material safety data sheet for Kester #44 cored solder says under the fire fighting section: "Melted 


solder above 1000 °F will liberate toxic lead and/or antimony fumes." 
According to IPC’s DVD-11, "General Safety in Electronic Assembly," when solder is heated past 850 
°F the lead can become atomized and end up in the fumes. video link (if link breaks, you may have to 
search for DVD-11 at www.ipe.org) 


Useful comments from someone in the manufacturing world regarding lead. 


It would seem that, for typical lead-based, rosin cored solder, the risks are probably not that great from 
the fumes if you only solder occasionally, don't use abnormally high temperatures, and are in a well 
ventilated area. If ventilation isn’t too good, and you're soldering for long periods of time, the cheaper 
foam-type carbon filters may not be good enough. 


But what about lead-free solder? Lead-free solder often requires higher temperatures and more active 
fluxes, and both of these factors lead to significantly worse fume 


Fume Extraction Becomes More Important in a Leadfree Environment - from the Weller blog 


Another excellent article on the increased risk of lead-free fumes from OK International 


Instructables has all sorts of home-made fume extractors. 
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top or bottom will reduce its strength. Just asa 
chain is as strong as its weakest link, a beam is, 
as strong asits narrowest section. For example, 
if a 2-by-8-inch joist is notched to a depth of 
2 inches, its strength will be reduced to that 
of a 2-by-6-inch joist. When a beam deflects, 
the top of the beam is in compression and the 
bottom is in tension. At a point approximately 
midway between thedepth, thestresses change 
from one to the other so that at this point there 
is no compression or tension. Consequently, 
if a hole is cut midway between the top and 
bottom of a beam (as long as the hole is less 
than one-fourth the depth), there will be no 
effective reduction in strength. (See FIG. 11-5) 
Using the above example, if a 2-by-8-inch joist 
has a 2-inch hole in its center, it will still be as 
strong as it was without the hole. If you find 
any notched beams, look specifically for signs 
of excessive deflection. This is an indication 
that reinforcement or bracing of the beam is 
necessary. 


Fig. 11- 
effectively reduce beam strength. 


Hole in center of beam width does not 


Engineered lumber Engineered lumber 
has replaced solid-sawn lumber as the 
framing and structural support member of 
choice by builders in many newer homes and 
in homes that are currently being built. The 
decision is based on the fact that although 
the lumber is initially more expensive, 
the total installed costs are less than that 
of dimensional lumber. The following 
products fall in the category of engineered 
lumber: glued laminated (GLULAM) beams, 
laminated veneer lumber (LVL), Fjoists, 
and open web truss-joists. The advantage 
of engineered lumber is that it is stronger, 
stiffer, and more dimensionally stable than 
solid-sawn dimensional lumber. GLULAM 
beams and wood joists can carry greater 
loads over longer spans than is possible with 
solid-sawn lumber of the same size. Because 
of their “I” cross-sectional shape, wood 
L joists weigh up to 60 percent less than solid 
lumber joists, making them easier to handle. 
They generally do not shrink, warp, cup, 
crown, or twist. 

When inspecting the floor framing 
L joists, look specifically for problem condi- 
tions such as notches in the flanges or holes in 
the webs that are larger than manufacturer’ 
recommendations. Holes less than 1.5 inches 
in diameter are generally okay as long as 
they're not on or into the flange. In certain 
applications where joists line up under a 
load-bearing partition, depending on the 
load, there may be web stiffeners between 
the flanges of the L-joists. Web stiffeners are 
used to prevent problem conditions such as 
the web buckling out of plane or “knifing” 
through the flange. Also squash blocks are 
used in situations where there is a load- 
bearing wall above that is stacked over the 
wall below. The squash blocks transfer the 
load from the wall above to the wall below 
without relying on the joists for this support. 
(See FIG. 11-6.) 
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‘Squash block 


Fig. 11-6, Squash block installation. 


Check to see if the rim boards are 
solid lumber or engineered lumber. Only 
engineered lumber should be used with 
Ljoists. Solid lumber typically has a higher 
moisture content than engineered lumber, 
and if used as rim boards, the shrinkage can 
cause the I-joists to carry the wall load, which 
could cause web failure. 

Most building codes require cross or solid 
bridging between the floor joists. (See FIG. 11-7.) 
‘The purpose of bridging is to hold the joists 
in a vertical position and to transfer the floor 
load from one joist to another. Cross bridging 
consists of pieces of wood or preformed metal 
set in a diagonal position between the joists 
to form an X. Solid bridging consists of solid 
blocks set between the joists. While inspecting 
the overhead floor joists for rot, insect damage, 
notching, and sagging sections, you should 
also check for the presence of bridging. If it is 
missing, record the fact on your worksheet for 
later installation. 


Dampness 


In many parts of the country, the basement or 
lower level might be damp during portions 
of the late spring and summer. Dampness 
in a basement is a normal phenomenon that 
occurs because cool air cannot hold as much 
moisture as warm air. It does not necessarily 
indicate that the basement has a water 
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Solid bridging 


Solid bridging 

(Wedge it) 
Fig. 11-7. Bridging, Cross and solid bridging 
between floor joists. Cross bridging can be wood 
or metal, 


problem. The temperature of the air in the 
basement or crawl space during the late spring, 
and summer is always cooler than the outside 
air. Consequently, when outside air infiltrates 
into the basement through open windows, 
doors, cracks, or joints, the temperature of 
that air drops. This cooler air cannot hold as 
much moisture and results in a higher relative 
humidity of the air that entered the basement. 
Depending on the temperature and the amount 
of moisture present in the air, some moisture 
might condense on cool surfaces such as 
foundation walls and cold-water pipes. 
Sometimes waterdropletson the foundation 
wall caused by condensation are erroneously 
diagnosed as caused by seepage through the 
wall. If you see a damp-wet foundation wall, 
you can easily check whether the condition is 


caused by seepage or condensation. Simply 
fasten a small piece (4 by 8 inches) of aluminum, 
foil to the foundation wall. Using wide strips 
of an adhesive tape, seal all the edges of the 
foil to the wall. After the foil has been on the 
wall for at least twenty-four hours, examine its 
surface. If it is moist, the condition is caused 
by condensation. However, if the foil surface 
is dry and the area behind the foil is damp, 
the condition is caused by moisture seeping 
through the foundation wall from the outside. 
Of course, it is possible for both the foil and the 
wall to be damp, indicating both seepage and 
condensation. 

Dampness in a basement or crawl 
space should be controlled. It can produce 
conditions conducive to the growth of mold 
and decay fungi. Dampness can often be 
detected by musty odors or a clammy, close 
feeling. In the drier portions of the country, 
normal dampness (not caused by seepage) in 
the basement can be controlled by opening the 
windows and ventilating the area. However, 
in areas where the climate is hot and humid 
during the summer, the benefit gained by 
ventilating thearea is lost by the introduction of 
moist air into the basement. In these areas, the 
dampness in the lower level can be controlled 
with one or more electric dehumidifiers. Most 
of these units have a humidity control that 
automatically shuts the dehumidifier off when 
the moisture content in the air reaches a preset 
level. Depending on the weather and the size 
of the dehumidifier, the unit might have to run. 
for many hours during each day in order to 
wring out sufficient moisture from the air so 
that it is not uncomfortably damp. 


Water seepage—causes 
and control 

Depending on the topography, drainage 

conditions of the soil, and groundwater level 

(water table), the basement or crawl space 


might be vulnerable to water seepage. Water 
seepage, as used herein, is a general term that 
refers to water intrusion into the lower level 
of the structure. It might manifest itself as 
a small wet area, a puddle, or layer of water 
completely covering the floor. If the ground 
under and around the house is wet, water can 
seep into the basement through cracks and 
open joints in the foundation walls or floor 
slab. Since water seepage can be caused by 
a number of factors and water can leak into 
the basement at any number of locations, it is 
important to determine the cause and source 
of the seepage so that the proper corrective 
action can be taken. 

For example, if water is entering the 
basement through the foundation walls, 
installing a sump pit and pump below the floor 
slab will not correct the problem. Similarly, if 
water is seeping into the basement through 
the floor slab, sealing the walls will not 
correct the water-infiltration problem. All too 
often the unsuspecting homeowner is talked 
into a full waterproofing job, which can cost 
several thousand dollars, when all that might 
be needed is to redirect the water discharging 
from the roof drainage system (gutters and 
downspouts) so that the water does not 
accumulate around the foundation. 


High groundwater level 
Water entering the basement through the 
floor slab is an indication that water pressure 
is being exerted on the underside of the floor. 
When the level of the water below the house is, 
sufficiently high (due to a seasonal high water 
table or improper drainage) so that it pushes 
on the underside of the floor slab, it seeps into 
the basement through cracks, open joints, or 
porous sections of the slab. If the pressure is 
great enough, it can cause the floor to crack 
and heave. 

If the seepage is minor, it can often be 
controlled by sealing cracks and open joints 
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with a hydraulic cement and coating any 
porous areas of the slab with a cement-base 
or epoxy sealant. However, a better solution 
would be to lower the level of the water below 
the floor slab. This can be done by installing a 
sump pump below the slab. Subsurface water 
then flows into the sump pit in the manner of 
water flowing into a hole dug at the seashore. 
‘The water is then removed by the pump and 
discharged either into a storm drain or at a 
point sufficiently far from the house so that it 
will not be absorbed by the ground and flow 
back under the basement floor slab. 

Depending on how the floor slab was 
constructed, a single sump pump might or 
might not be adequate to lower the level of 
the subsurface water. In areas with a seasonal 
high water table, a concrete floor slab should 
be installed over a gravel base. Water that 
accumulates below the slab can then flow 
through the voids between the gravel and 
drain away or flow into a sump pit. However, 
in many houses the floor slab has been 
installed directly over soil with poor drainage 
characteristics or over an inadequate gravel 
bed. In this case, water in the saturated area 
below the slab will not readily flow into a 
sump pit, and to control the water buildup, 
it is necessary to install a series of perforated 
drainpipes below the floor slab that terminate 
in the sump pit. Caution should be observed 
when lowering the level of the groundwater 
below the basement floor. With some slow- 
draining soils such as silts and clays, some 
soil can wash out from around the foundation 
footing. This can result in unequal settlement, 
which could crack the walls. Whether a sump. 
pump or drainpipes are needed below the 
floor slab is an evaluation that should be 
determined by a professional 

If the house is located in an area with a 
high incidence of power failures, you should 
not depend solely on an electrically driven 
sump pump to control groundwater seepage. 
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It is possible for the power to be knocked out 
when the water level below the floor slab is 
rising. As a precautionary measure, there 
should be an auxiliary backup sump pump in 
the sump pit. A backup system is particularly 
helpful in vacation homes where the house 
will be vacant for extended periods. One type 
of backup pump is a water-actuated (non- 
electrical) ejector pump. The Zoeller Pump 
Company, Louisville, Kentucky, manufactures 
this type of pump. The pump is connected to 
the house water supply and is activated by a 
float control. However, it will be of no help 
if the water to the house is supplied by an 
electrically driven well pump. If you install 
a water-actuated sump pump, it’s important 
that you include a backflow preventer on 
the water supply because of the potential 
for contamination as a result of the cross 
connection. Another type of backup system is 
a battery-operated sump pump. This system 
will take over automatically to protect against 
flood damage when the power fails. The 
Zoeller Pump Company also manufactures 
this type of system. 


Hydrostatic pressure—walls 
seeping or leaking through the 
foundation walls into the basement is due 
to a hydrostatic pressure being exerted on 
the walls by saturated soil. This condition is 
the result of water accumulation around the 
foundation. The best way to control this type 
of problem is to minimize the amount of water 
that accumulates around the foundation. The 
following are some of the more common causes 
of water accumulation around the foundation, 
which can easily be detected and corrected by 
the homeowner. 


+ Missing ordefective guttersand downspouts 
to handle the rain runoff from the roof. The 
downspouts must discharge the water 


away from the structure. All too often, 
an elbow or splash plate at the base 
of a downspout is missing, so that the 
water is discharged directly around the 
foundation, 

‘© Improper grading. The ground immed- 
iately adjacent to the structure should 
be pitched so that it slopes away from 
the building. Around many homes this 
area is incorrectly pitched, resulting in 
surface water (rain or melting snow) 
collecting around the foundation. 

© Unprotected basement-window wells. The 
area around basement windows, if not 
shielded from rain or serviced with a 
drain, can easily accumulate water that 
can leak through window joints or seep 
down around the foundation. 

© Uneven settlement of walkways or patio. 
Occasionally I find that the walkways 
around the house or the patio have 
settled and are sloping toward the 
house. As with improper grading, this 
condition can cause surface water to 
collect around the foundation. 

+ Leaky garden spigots. Most homes have 
exterior-mounted spigots for connection 
to a garden hose. If the valve is faulty 
or is not tightened properly, water will 
drip or leak around the foundation. 
Water dripping at a rate that fills 1 cup 
per minute results in 90 gallons of 
water per day accumulating around 
the foundation. This water enters the 
basement through cracks or open joints 
in the foundation wall. 


When the house is located on an inclined 
lot, surface and subsurface water flows toward 
the house from the higher portions of the lot. 
In this case, depending on the incline and the 
amount of water involved, water-flow control 
measures will include grading the lot on the 
high side, so that there is a swale to collect and 


redirect surface water around the house, and 
installing a French drain (curtain drain) below 
the ground to intercept subsurface water and 
direct it away from the house. 

If the amount of water that accumulates 
around the foundation walls is not excessive, 
it can be prevented from penetrating into the 
interior by sealing cracksand open joints on the 
inside walls with a hydraulic cement and then 
coating the walls with a cement-base or epoxy 
sealant. Coating the wall is particularly helpful 
when the wall is porous, like a cinderblock 
wall. However, when an excessive amount 
of water accumulates around the foundation 
wall, as with a poorly drained soil such as 
clay, waterproofing the exterior surface of 
the basement walls might be more effective 
than treating the interior surface. In addition, 
a perforated drainpipe is normally installed 
near and parallel with the foundation footin, 
(Gee FIG. 6-5.) The purpose of this footing drain 
is to carry away water that is accumulating 
around the foundation and thereby reduce the 
hydrostatic pressure. 

For the footing drain to operate properly, 
it must have a free-flowing outlet. I know 
of several cases where builders installed 
faulty footing drains around houses during 
construction. The problem was that the 
drains completely encircled the houses like 
a doughnut and had no free-flowing outlets. 
These footing drains were of absolutely no 
value. Even though initially a footing drain 
might function properly, over the years it 
can malfunction because the perforations in 
the drainpipe or the outlet become clogged. 
Also, many a footing drain has been damaged 
during a later modification of or addition 
to the structure. If the house has a footing 
drain, you should ask the owner to show you 
the location of the outlet. The drain outlet 
should be kept clear and should be checked 
occasionally during a heavy rain to ensure that 
it is operating properly. 
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Even though waterproofing the exterior 
surface of the foundation wall is more effective 
than treating the interior surface, quite often an 
interior treatment is chosen because of the costs, 
involved in excavating around the foundation 
and temporarily relocating trees and 
shrubbery. For excessive water accumulation 
around the foundation, an interior treatment 
includes sealing the cracks and coating the 
walls to make them watertight and installing a 
drainpipe along the foundation footing below 
the floor slab that discharges into a sump pit. 

Just a word about waterproofing the 
exterior surface of the foundation wall using 
a pressure-pumping process that requires no 
digging or relocation of plantings: Caution. In 
this process, a sealant, pumped through tubes 
that are inserted into the ground, is supposed 
to coat the wall and render it watertight. The 
effectiveness of this treatment depends on the 
condition and porosity of the ground around 
the foundation. Since contractors doing 
this work do not always take test borings 
and analyze the soil, the process is usually 
not effective, and additional measures are 
invariably necessary. 


Inspection 
The inspection for water seepage into the 
basement or crawl space should begin during 
your exterior inspection. As you walk around 
the house, record on your worksheet the 
location of those conditions that can cause 
water to accumulate around the foundation: 
faulty gutters and downspouts, improper 
grading, settlement of walkways, and so on. 
When you go into the basement, if there are 
problem conditions on the exterior, the walls 
and floor opposite those areas should be 
checked first for signs of water penetration. 
Figure 11-8 shows water stains and deposits 
in the corner of a foundation wall as a result 
of a faulty downspout. Even if there are no 
indications of past or current water seepage, 
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11-8. Water stains and mineral deposits 
(efflorescence) in the corner of a foundation wall 


the exterior problem conditions should be 
corrected. 

‘A basement can have a water-seepage 
problem and be dry when you look at it. Many 
clients have told me that there were no seepage 
problems in the basement. After all, they 
looked at the basement during a heavy rain 
and found it “bone dry.” So how could there 
be a problem? Well, as previously discussed, 
there are many causes for water seepage, and 
depending on the cause, a single rain might 
not result in seepage. For example, if water 
penetrates into the basement through the floor 
slab asa result of a seasonally high water table 
and the basement is inspected when the water 
table is 1 or 2 feet below the high level, a heavy 
rain will not raise the groundwater level 
sufficiently to cause water to seep through 
the floor slab. It takes time for rainwater to 
percolate into the ground and raise the water 
table. 


Water puddles or flooded areas in 
the basement are obvious signs of a water 
problem. In most cases, however, you will not 
see standing water, and you must then make 
an evaluation of whether there is a condition 
of water intrusion based on other, more subtle 
signs. Water-seepage signs indicate only that 
water has seeped into the basement in the 
past. They do not indicate the frequency of the 
seepage or its extent. Consequently, if you see 
indications of water seepage, you should not 
engage a contractor to waterproof the house 
immediately upon taking possession. If you 
do, it could prove quite costly. 

First talk with the homeowner about the 
condition. It is possible that whatever it was 
that caused the past seepage has already 
been corrected. (If the problem was corrected 
by installing buried drainpipes or coating 
the outside surface of the foundation wall, 
the correction would not be visible.) If the 
homeowner indicates that the problem has 
been corrected, you should ask to see a copy of 
the paid bill. Or get the name of the contractor 
so that you can call to find out exactly what 
corrective steps were taken. Quite often a 
contractor provides a guarantee against water 
seepage. If there is such a guarantee, you 
should find out whether it is transferable. 

The possibility exists that even though 
there are signs of water seepage, the actual 
seepage might occur very infrequently—such 
as only after an excessively heavy rain as might 
occur every few years. In this case, depending 
on the extent of the seepage and the projected 
usage of the basement, costly waterproofing 
measures might not be justified. The best 
approach when considering the correction of 
water seepage is to correct immediately any 
obvious problem conditions such as faulty 
gutters and downspouts, improper grading, 
cracks through which water is actively leaking, 
and so on. However, before undertaking any 
major water-seepage control measures, such 


as excavating and coating the exterior surface 
of the foundation wall, inserting perforated 
drainpipes below the floor slab, or trenching 
and installing buried drainpipes in the yard, 
you should live in the house for at least one full, 
year. This will enable you toevaluate thedegree 
and extent of the seepage over a full weather 
cycle. If it turns out that the year is particularly 
dry so that there is no seepage, well and good. 
Wait another year. By not taking a “shotgun” 
approach and waterproofing everything, 
as recommended by many contractors, you 
might be able to resolve the problem at a cost 
that truly reflects the work needed to stop the 
seepage. 

‘Seepage indications in an unfinished 
basement When looking for indications of 
water seepage, you should check the walls, 
the floor, the joint between the walls and the 
floor, and the bases of all the items stored 
or standing on the floor. Specifically, look 
for white powdery deposits on masonry 
foundation walls and floor. (See FIG. 11-9.) The 


Fig. 11- 
foundation wall 


Efflorescence and water stains on 
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deposits, called efflorescence, are mineral salts 
in the masonry that dissolve in the water as 
it passes through the walls or floor. When the 
water evaporates from the surface of the walls, 
or floor, it deposits these salts. A thick layer 
of efflorescence is usually an indication of 
considerable seepage. 

Walls Look for efflorescence, peeling 
and flaking paint, and scaling sections 
(surface deterioration) on the foundation 
wall. Any one of these items can indicate 
some degree of seepage. Porous walls, such as 
those made of cinder blocks, may have damp 
spots. Masonry-block walls are constructed 
with interior voids. When the hydrostatic 
pressure on the exterior portion of the wall 
is high, the voids often fill with water. As 
a result, the wall might be quite wet to the 
touch. (Caution: This might also be caused by 
condensation.) Vulnerable areas for seepage 
are cracks and the joints around pipes passing 
through the wall, such as the inlet water pipe 
and the drainpipe leading to the sewer. Look 
closely at these areas for water streak stains 
and efflorescence. 

‘A poured concrete foundation wall 
is supposed to be more watertight than a 
concrete-block wall. This, however, assumes 
that the poured concrete wall is properly 
constructed. Quite often, it isn’t. If the entire 
wall is not constructed with a single pouring, 
the joints between the sections constructed 
with each pour are vulnerable to water 
leakage. I inspected a new house just after 
construction was completed. The inspection 
was performed during a heavy rain, which 
was opportune, although not planned. 
While inspecting the basement, I found 
water leaking out of the joint at the seam 
between the individually poured sections 
of the foundation wall. The builder's mason 
apparently had not properly prepared the 
joint for a new pour, and consequently a cold 
joint with a poor bond was formed. 
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Look for seepage in a poured concrete wall 
around the tie-rod holes—holes in the concrete 
wall around thesmall-diameter metal rods that 
are used to hold (tie) the forms together when 
the wall is being poured. More often than not, 
these holes have been patched over. Also, 
these tie rods can corrode away over a period 
of time and when below grade are vulnerable 
areas for water intrusion. Sometimes you see 
efflorescence and water streaks just under the 
hole or patched sections. Occasionally I find 
these holes plugged with corks. This is not 
considered a permanent patch, and if seepage 
should develop, they should be plugged with 
hydraulic cement. 

Floors and floor joints A vulnerable 
place for water seepage is the joint between the 
foundation wall and the floor. Look closely at this 
joint as you walk around the entire basement. 
‘Water stains and efflorescence are an indication 
of seepage. (See FIG. 11-10.) You might find silt 
deposits at the joint. This is also an indication 
of some degree of seepage. The fine silt is in 
suspension in the water as the water seeps in 
from the exterior. When the water evaporates, 
the silt is deposited. If you find evidence of 
water seepage through the joint between the 
floor slab and the foundation wall, you should 
record it on your worksheet for later correction. 
The joint should be sealed with either hot tar or 
a hydraulic cement. 

Cracks tend to develop in the floor slab 
near the base of metal columns. Look for 
these cracks and any other cracks in the 
floor slab. Specifically, look for water stains, 
efflorescence, and. silt deposits. Cracks in 
basement floors are a common phenomenon 
and are generally caused by slight settlement 
or shrinkage in the concrete. Usually they are 
‘of no concern other than the fact that water can 
seep through them. Therefore, they should be 
sealed. However, if the cracks are extremely 
wide or show evidence of heaving, they are of 
concern and should be checked further. In all 


Fig. 11-10. Signs of water seepage at joint 
between floor slab and foundation wall. 


probability, a cracked and heaved floor slab 
is the result of water pressure being exerted 
on the underside of the slab by a high water 
table. 

Some homes have a cleanout and trap for 
the house waste line located in a pit below 
the basement floor slab. The bottom of the pit 
should be dry. If it is wet, it is an indication 
of a high groundwater level or a crack in the 
drain line. Occasionally I find that the top of 
the cleanout is open. (See FIG. 11-11) It should 
normally be plugged. Some homeowners 
remove the plug so that the open cleanout can 
function as a drain if the basement becomes 
flooded. This is definitely not the way to 
eliminate the water in a flooded basement. IF 
the basement periodically floods and there 
is no drain in the floor, a sump pump can be 
installed in the lowest section of the floor. The 
water can then be pumped out of the basement. 


Fig. 11-11. If the cleanout plug is removed, 
sewage can flood the basement. 


With the cleanout plug removed from the top 
of the house trap, the possibility exists that if 
the sewer line becomes overloaded (as is the 
), sewage can back 
up and flood the basement. I know of several 
homes where this has happened. It was quite 
unpleasant. 

Some people lose interest in a house when 
they find a sump pump in the basement. They 
think that the house has water problems. That 
is not necessarily so. There might have been 
periodic problems resulting from a seasonal 
high water table, but the sump pump might 
have controlled the water level. Or the pump 
might have been installed when the house 
was built in order to prevent a problem. To 
determine whether there still are problems, 
you must look beyond the sump pump. Look 
for signs of water seepage. 

If the house has a sump pump, look down 
into the pit. If there is water in the pit and 
you are inspecting it during the dry season 
(the water table is usually highest during the 
spring), the sump pump will probably be 
operating continuously during the spring. Try 
to check the sump-pump operation. However, 
do not actuate a pump unless there is water 
in the pit. To check the operation of the pump 
and motor when there is no water in the pit, fill 


case in some communi 
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the pit using a garden hose or gently tip in a 
couple of large buckets of water. If you notice 
that the water is disappearing into the ground 
or under the slab before the pump has a chance 
toactivate, wrap a plastic sheet around the wall 
of the pit. You may have to line the pit bottom. 
with plastic as well. When you actuate the 
pump, watch the water level to see if it drops. 
‘You might find that the motor that drives the 
pump is operational but the coupling between 
the pump and the motor is broken. In this case, 
it will sound as if the pump is working, but 
it is not, and the water level will not drop. A 
sump pump is relatively inexpensive and can 
be repaired or replaced easily. 

Although a sump pump is sometimes 
located in the low section of the floor (when 
it is being used to collect surface water), it 
should not be located where it will present a 
tripping hazard. (See FIG. 11-12) The pump can 
be placed in a corner where it will not take up 
valuable floor space and can be connected to 
the low spot in the floor by a drainpipe placed 
below the floor slab that discharges into the 
sump pit. 
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Check to see where the sump pump 
effluent discharges. It should not discharge 
into the house drain, which in turn discharges 
into the sanitary sewer or, if there is one, the 
septic system. As discussed in chapter 6, the 
sump pump should discharge onto the lawn 
sufficiently far away from the foundation so as, 
not to seep back into the house. 

After inspecting the walls and the floor for 
signs of water seepage, you should check the 
bases of items stored orstandingon the floor for 
water stains and rust. You might find that the 
wallsand the floor of the basement appear to be 
freshly painted. If you see this, you should be 
suspicious because the new layer of paint will 
cover almost all the signs of a water-seepage 
problem, There are some areas, however, that 
are often omitted when painting the basement. 
‘These should be checked for water stains and 
rust. Specifically, look at the base of the steps 
leading to the basement and in particular the 
back of the bottom step. Also look at the base 
of columns. Wood columns might have stains 
or may be rotting, and metal columns might 
be rusting. The base of the inside portion of a 


1-12. Sump pit 
in center of basement 
floor—a tripping hazard, 


Prepare the Work 


Corrodédl pin repels solder 
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‘© Start with clean components: Flux can remove small amounts of oxides, but will be of little help for 
heavy oxidation, grease, oil or dirt. Notice how the solder in the adjacent picture has been repelled by 
the heavily oxidized pin. It may be necessary to lightly use steel wool or fine grit sand paper to remove 
especially bad oxides. Some people say that you should not do this because it creates scratches that can 
promote future oxidation... sand at your own risk. Use Silicon Carbide sandpaper (black) as opposed to 
Garnet (brown, for woodworking) sandpaper because the Garnet paper will shatter and become 
embedded in the metal. An effective and gentle alternative is to use a pink eraser, especially for copper 
traces, 

‘© Clamp your work: PanaVise makes a popular clamp that accepts several different attachments for 
holding different sized circuit boards. I's by far the most popular clamp and is also very sturdy, Having 
the work held in place is especially helpful for desoldering when it's necessary to push or pull a bit. The 
alligator hands are a cheap alternative. 


‘© Wire preparation: Tin stranded wires so they don't "bird-cage," or bend out from their original lay 
Expand for instructions on the correct way to strip a wire manually, use an automatic stripper, and tin, 


furnace sheet-metal casing is often overlooked 
when painting. Look inside. Is there extensive 
rust? If there is, it might have been caused by 
a past flood. However, it could also have been 
caused by a faulty humidifier, so do not jump 
toa quick conclusion. 

Seepage indications in a finished 
basement Usually the finished walls in a 
basement are a few inches or more away 
from the foundation walls. Therefore, seepage 
indications on the foundation wall will not be 
reflected in the middle and upper portions of 
the finished wall. Look at the bottom portion 
of the wall for signs of water intrusion. If the 
wall is paneled, look for rotted and warped 
sections and water stains. Sometimes there are 
grayish mold spots or mold fungi on the walls, 
a condition caused by excessive dampness. 
With a plasterboard wall, look for water stains 
and blackened areas and spots. The latter is 
mold and mildew. In some cases, the lower 
portion of the plasterboard wall might have 
deteriorated. 

Next, look at the floor. If the floor is raised 
above the level of the concrete floor slab, the 
wood flooring and the wood-framing members 
used to raise the floor are vulnerable to rot in 
the event of seepage. The wood framing below 
the floor should be pressure-treated but often 
is not. Try to walk all over the floor, especially 
around the perimeter. If there are any rotting 
sections, they will feel soft and spongy beneath 
your feet. If the floor is covered with resilient 
tiles, the rotting sections might be visible, since 
the dampness in the wood tends to loosen the 
tiles. (See FIG. 10-4.) 

‘An area that is particularly vulnerable to 
water seepage is the portion of the basement 
that faces a yard where the overall topography 
is inclined toward the house. Even if the 
ground adjacent to the house is graded 
properly, there will still be subsurface water 
moving toward the house. The walls and the 
floor of the vulnerable section should always 


be checked for signs of seepage. Sometimes 
this is quite difficult; some homeowners 
might inadvertently (or intentionally) block 
the area with furniture. If the area is blocked, 
ask the homeowner if it is all right to move 
the furniture. 

If the floor slab is covered with resilient 
tiles and thereisa problem with heavy seepage 
through the floor, it is usually noticeable by 
looking at the tiles. The joints between the 
tiles become swollen and filled with a white 
crusting of mineral deposits (efflorescence). 
Some tiles become loose, and efflorescence 
is noted below them. Occasionally the tiles 
are covered with wall-to-wall carpeting. In 
this case, the tiles cannot be examined for 
signs of seepage. However, some checking 
for seepage can be done. Ask the homeowner 
for permission to lift the edge of the carpet 
off the tacking strip along a section of the 
exterior wall. If there is seepage in this area, 
the tacks will be rusted and the wood strips 
water stained or rotted. 

If the basement is heated with baseboard 
convectors mounted onan exterior wall, another 
place to look for signs of seepage is below the 
convector. If there is some seepage in that area 
(the joint between the floor slab and the wall), 
the base of the convector will be rusted. 

On occasion a portion of the basement 
might become flooded as a result of faulty 
plumbing, an overflowing sink or tub, a 
malfunctioning water heater, and so on. 
Flooding from the above is basically a one-time 
affair and will not cause the type of damage 
that results from repeated wetting. There will 
be water stains, but there usually will not be 
rot, peeling or flaking paint, efflorescence, or 
heavy rusting. 


Furnace room 


The heating plant in a house is normally a 
furnace or a boiler. (See chapter 14.) In this 
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chapter, the heating plant is called a furnace 
and the room in which it is located is called the 
furnace room. 

In most homes, the furnace is located in 
the basement or lower level. It can be located 
ina large open area or confined in a relatively 
small room. In either case, the area around the 
furnace is considered a potential fire hazard. 
Consequently, there should not be any exposed 
‘wood framing in the ceiling or partition walls 
that are in close proximity to the heating plant. 
(Gee FIG. 11-13.) Exposed overhead floor joists or 
wall studs that are near the furnace should be 
covered with Type X fire-code plasterboard as 
safety precaution. Sometimes I find that wood 
paneling has been installed around the furnace 
to make the area more attractive. However, 
it also makes the area more of a fire hazard, 
especially the portion of the wall around the 
chimney. (See FIG. 11-14) If you find wood 
paneling near the furnace, you might consider 
covering it with fire-code plasterboard. There 
should bea minimum 2-inch clearance between 
the chimney and any wood framing or paneling. 
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Note that the area around the furnace should 
not be used for storage. On many occasions I 
have seen combustible items actually stored 
against the furnace. Fortunately for the families 
involved, the items never ignited, but they 
could have! 

Many heating systems have prefabricated 
chimneys that extend from the furnace room 
up through the interior portion of the structure, 
terminating above the roof. If the house has 
such a chimney, look at the joint between the 
chimney and the ceiling of the furnace room. 
If there are large openings, they represent a 
potential fire hazard and should be covered 
with a noncombustible material such as sheet 
metal. The open area around the chimney, if 
not properly blocked, can act as a flue and in 
the event of a fire in the furnace room, will 
draw the flames up to the attic. 

While in the furnace room, also check for 
asbestos insulation around the furnace and 
heating pipes. (Asbestos as a health hazard 
is discussed in chapter 20.) The door to the 
furnace may bea louvered door. Depending on 


Fig. 11-13. Exposed wood 
joists above heating-system 
boiler—a potential fire 

hazard—should be covered 
with fire-code plasterboard. 


Fig. 11-14. Wood paneling near fuurnace—a 
potential fire hazard. 


the local fire code requirements, louvered doors 
may not be permitted between the living space 
and the furnace room. The code may require 
that the door be fire rated. In this case check the 
adequacy of the ventilation; see below. 


Ventilation 
All fuel-burning heating 
adequate ventilation for proper operation. If 
the furnace is located in an unconfined space, 
the normal air infiltration into the area provides 
ventilation. However, when the furnace is 
located in a confined space such as a small 
room, inlet and outlet ventilation openings 
must be provided. The vent openings can lead 
directly to the outside or to a large unconfined 
area within the structure. The size of the 


openings depends on the total input (Btu/ 
hour) rating of all the fuel-burning equipment 
inthe enclosure. For most residential structures, 
an unobstructed inlet and outlet opening of 
15 inches by 15 inches is sufficient. 

Ifyou would like to calculate the size of the 
vent openings needed, a safe formula to use 
is 1 square inch per 1,000 Btu/hour of input 
rating for both the inlet and outlet vents. The 
input rating will usually be found on a data 
plate mounted directly on the equipment. Ifthe 
vent opening is covered by louvers, remember 
that metal louvers reduce the effective opening 
by about 25 percent and wood louvers by 
about 50 percent. An insect screen covering 
the louvers reduces the effective opening by 
another 25 percent. 

Some homes have louvered entry doors 
to the furnace room, which provide the means 
for ventilation. Occasionally I find that for 
decorative reasons, the louvers have been 
covered over, blocking the effective ventilation 
opening. If the louvers have been covered, 
look for additional vent openings 


Crawl space 

The foundation walls, piers, posts, and wood- 
support framing in a crawl space should 
be inspected (as described in the section on 
the unfinished basement) for deterioration, 
structural deficiencies, and evidence of water 
seepage. Pay particular attention to the wood- 
framing members that are very vulnerable to 
decay and termite infestation. (See FIG. 11-15) 

, however, have crawl spaces 
ible and cannot be inspected. 
were built in accordance with 
the Federal Housing Administration (FHA) 
Minimum Property Standards, which permit 
the ground level to be 18 inches below the 
bottom of the floor joists and 12 inches below 
the bottom of the girders. Even if there is an 
access opening to the area (see FIG. 11-16), the 
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clearance in the craw! space is too low for a 
person tomaneuver around easily and perform 
a detailed inspection. However, you should 
look into the area from the access opening 


(using your flashlight) to discover any obvious 
problems or problem conditions. 

In most parts of the country, the crawl 
space will be quite damp, even though there 
are no problems with water seepage. The 
dampness is the result of the capillary rise of 
ground moisture. Unlike a basement where 
the ground is usually covered with a concrete 
floor slab, the floor in a crawl space is often 
bare earth. Even though the soil might appear 
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Fig. 11-15. Cracked and rotting 
‘wood-frame members in cravol 
space. 


Fig. 11-16. Access hatch to 
crawl area. 


dry and dusty, moisture can be present. In 
some soils, the capillary rise is more than 11 
feet above the water table. 

Dampness associated with capillary 
moisture can be effectively reduced by 
covering the ground with a vapor barrier, such 
as 4 to 6-mil polyethylene. Roll roofing is also 
a good vapor barrier, but it tends to deteriorate 
from fungi. If you do not notice a vapor- 
barrier ground cover, you should consider its 
installation. 

‘To help minimize the dampness, the crawl 
space must be ventilated. There should be 
at least two vent openings on opposite sides 


of the foundation with a total free area of 1 
square foot for each 1,500 square feet of crawl 
space area, providing there is a ground cover. 
When no vapor barrier is used, there should be 
at least four vent openings (one on each side) 
with ten times the total free area. Look for vent 
openings. If you do not see any or they have 
been permanently blocked, put a note on your 
worksheet to that effect. 

Crawl spaces are usually not heated. 
Consequently, unless there is some insulation 
between the floor joists, there will be heat 
loss between the heated room above and the 
unheated crawl area. Since moisture from 
the house can travel down through the floor, 
the insulation should have a vapor barrier on 
one side to reduce further moisture entry into 
the crawl space. The vapor barrier should be 
located above the insulation, facing the heated 
room (rather than below, facing the crawl 
area). If this vapor barrier is located below 
the insulation, the vapor will condense on its 
surface during cool weather. Depending on the 
amount of vapor, the resulting condensation 
buildup can reduce the effectiveness of the 
insulation. Look for insulation. You might 
find missing, loose, or hanging sections, 
which should be replaced or resecured. (See 
FIG.11-17) Ifyou find uninsulated heating ducts 
or pipes in the crawl space, record this fact on 
your worksheet as a reminder to insulate the 
exposed sections. 

Some homes are constructed with both a 
basement and a crawl space. In this case, the 
crawl space need not be vented to the outside 
but can be vented to the basement. Look for 
evidence of water seepage in the crawl space. 
Even though there might be no signs of seepage 
in the basement, there might be some in the 
crawl area. I recently inspected a home that 
had a combination basement-crawl space. The 
basement had been painted, and there were 
no visible signs of a past water condition. The 
crawl space was separated from the basement 


11-17. Loose, hanging insulation in crawl 
space. 


by plywood doors that were painted on the 
basement side and looked good. However, when 
1 inspected the crawl space, I found evidence 
of a previous water condition. Apparently, 
the backside of the plywood doors (facing the 
crawl area) had not been painted over. There 
were water stains on the lower section. (Gee 
FIG, 11-18) While in the crawl space, check 
subflooring and support joists below kitchen 
and bathroom fixtures for evidence of decay 
and plumbing leaks. 


Conditioned crawl space 
During your crawl space inspection, you may 
notice that the foundation walls are insulated, 
the wall vents are all closed, the dirt floor 
is covered with large plastic sheets, and the 
area is heated or air-conditioned. Basically the 
area is dry and comfortable. In this case the 
traditional crawl space has been converted 
to a conditioned crawl space. In the past few 
years, the concept of a conditioned crawl 
space has gotten some traction in the building 
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Fig. 11-18. Water stains on back side of entry door 
toa crawl area 


industry. Limited research has shown that 
a conditioned crawl space is more energy 
efficient than the traditional vented crawl 
space and will eliminate some of its problems. 
With a vented crawl space, warm, moist 
summer air will enter the cool crawl space 
and condense. This could lead to a buildup 
of mold and wood rot and is conducive to 
termite activity. During the winter months, 
the cold air could contribute to heat loss and 
freezing pipes. With a few minor changes, 
the traditional vented crawl space can be 
retrofitted and upgraded to a conditioned 
crawl space. The main concern is that the 
area must be kept dry. Prior to upgrading, all 
possible sources of water penetration into the 
crawl space must be corrected. 


Checkpoint summary 


Foundation 

O Note foundation-wall construction type: 
poured concrete, precast concrete panels, 
concrete block, brick, stone, and so on. 

O Check for cracked areas of concrete; crum- 
bled and flaking bricks; cracked, loose, 
missing, and eroding mortar joints. 
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© Check for long open cracks that do not line 
up and have shifted sections. 

O Note long, open, horizontal cracks and 
signs of bowing in the foundation wall. 

O Are sections of the structure sagging and no 
longer vertical? (Consult a professional.) 


Wood-support framing 
© Inspect all vulnerable wood-support 
members (sill plates, girders, joists) resting 
on the foundation wall for rot and insect 


ts or girders that sag or have 
notched section: 

© Is there bridging or blocking between the 
floor joists? 

© Inspect wood columns, support joists, and 
subflooring for cracked sections and evi- 
dence of rot. 

© Are there any notches in the flanges of 
Hoists? Any holes in the webs larger than 
1.5 inches in diameter? 


Water seepage 

© Is the ground adjacent to the house pitched 
so that it slopes away from the structure? 

© Are there concrete patios and paths that are 
improperly pitched (toward the house)? 

© Are there basement windows or stairwells 
that are vulnerable to flooding? 

© Do downspouts 
—have extensions? 

Sharge against the foundation? 
—terminate in the ground? 

© Is there a sump pump? 

O Is there water in the sump pit? 

© Is the sump pump operational? Does the 
sump pump discharge into the house 
drain? 

© Is the water being discharged away from 
the house or to a dry well? 

O If the structure has been waterproofed, is 
there a guarantee or warranty available? 
Did you request a copy? 


dit 


o 0000 


fore) 


Basement walls 
Check for areas of scaling, peeling and 
flaking paint, damp spots, and signs of 
efflorescence. 

Check construction joints, tie-rod holes, 
and pipe openings for signs of seepage. 
Inspect wall paneling and base trim for 
stains, warped sections, and rot. 

Check underside of basement steps for 
water marks, 

Note areas of rust at base of metal columns 
and sheet-metal furnace casing, 

Check for dampness, noting musty odors 
and signs of mildew. 


Basement floors 
Check for extensively cracked and heaved 
floor sections (usually the result of a high 
water table), 

Record all areas of active seepage and 
puddling, 

Check joint between foundation wall and 
floor slab for silt deposits. 

Check for porous areas and signs of 
efflorescence on floor and around 
perimeter. 

If floor is covered with tiles, are there swol- 
len floor-tile joints 
Is there efflorescence between joints? 
Inspect the house trap pit. Is it dry? Is the 
cleanout plug secure or loose? 


Furnace room 

O Check for exposed wood-frame members 
(wall studs, ceiling joists) that are in close 
proximity to the boiler or furnace. 

O Check for large openings between the cei 
ing and the chimney. 

Q Is the room adequately ventilated? 

O Check for asbestos insulation around the 
furnace and heating pipes. 


Crawl space 

O Inspect foundation walls, posts, and wood- 
support framing for deterioration and signs 
of water seepage. 

O Check overhead subflooring and support 
joists for insect damage and /or rot. 

O Check for adequate ventilation. 

O Is this area damp? 

O Is there a dirt floor? Is it covered with a 
vapor barrier? 

O Is area insulated? Is insulation loose or 
incorrectly placed? 

O Are there water-supply pipes that are vul- 
nerable to freezing? 

O Are there heat-supply ducts or pipes that 
should be insulated? 

Q Isthe area conditioned crawl space? 
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The electrical system of a house can be 
compared to the nervous system of the human 
body. Just as every part of the body is supplied 
by nerves connected to the brain, every part of 
a house is (or at least should be) supplied by 
electrical wires connected to the inlet service 
panel box. These wires are called branch 
circuits. A proper electrical system is essential 
for a healthy house. 


Inlet electrical service 
The electrical service is provided through 
overhead wires or underground cables. If there 
are overhead wires, they can be seen around 
the outside of the house. These wires usually 
run from a utility pole to the house and are 
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fastened to the structure at a point at least 
10 feet above ground level. Count the number 
of wires coming into the house. If there are two 
wires (FIG. 12:1), the electrical service for the 
house is inadequate. Two-wire service provides 
only 110 volts, not 110/220 volts. There should 
be three wires coming into the house from the 
electrical service entry. (See FIG. 122) Notice 
in FIG. 122 that the wires loop down before 
entering the weather-head. This is called a drip 
loop. It causes water that travels along the wires 
during a rain to drip down off the wire, thereby 
preventing it from entering the weather-head 
and flowing into the service entrance cable. 
‘Three-wire service provides 110/220 volts. In 
some cases, there might be four wires. Four 
wire service also provides 110/220 volts but is 


Two-tvire inlet service provides 


110 volts. 


Fig. 12-2. Three-wire inlet service provides 
110/220 volts. 


‘unusual in a residential structure. That service is, 
three-phase and provides additional capacity, so 
that you may find it on some very large homes. 
It is usually found on a structure with heavy 
electrical demands such as an industrial or 
commercial building. The inlet service voltage 
might vary slightly so that in some areas it 
might be 120/240 rather than 110/220 volts. The 
difference is of no concer to the homeowner. 

Before going into the house, look to 
see if any tree branches overhang or hit the 
inlet service wires. They should be pruned. 
Otherwise, the wire's outer insulation can 
be worn away, exposing the electrically 
hot conductors. This could be potentially 
dangerous if that section of conductors is 
within reach, as from an upper-level porch, or 
if it contacts a metal gutter. 

While looking at the inlet service wires, 
check to see if they are securely fastened to 
the house and whether there are any frayed 
sections of the outer insulation. In many 
communities, the inlet service wire (from the 
attachment to the house to the electrical meter) 
is the responsibility of the homeowner, not the 
utility company. Service-entry wires that are 
badly frayed should be replaced because they 
can eventually result in a hazardous condition. 

The inlet service wires, whether they are 
overhead or underground, terminate at the 
electrical meter, which can be mounted on 
the exterior or interior of the structure. The 
wires then run from the meter to a panel 
box, sometimes called the service switch. The 
panel box is basically a distribution center. 
The branch circuits throughout the house 
terminate in this box. See FIG. 123 for a 
generalized residential wiring diagram. 


Electrical capacity 


The unit of electrical power is called a watt. 
Watts are equivalent to volts times amps 
(W=VxA). The electrical service that I have 
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Switch o) 
3-Way switches 


$y —--g—8 


Convenience Outlet & lights 


Refrigerator 


100- to 200-amp_ 
‘main 
service 
panel 
with 
master 
disconnect 


Washer Dryer 


Ground 


Switches 

at head of 

basement 
stairs 


Basement lights& © 
outlets 


Central 


Workshop 
air conditioner 


Fig. 12-3. Generalized wiring diagram for a residential structure 
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© Manual wire stripping: The natural way you would think to use the wire strippers isto first 
cut the insulation, and then use the same cutting hole to push off the insulation slug. In 
production environments where reliability is critical, this is not allowed because i's very easy 
to nick the wires this way. The pliers at the tip of the stripper are actually meant to remove the 
insulation slug. First score the insulation with the cutting hole, and then pull it off with either 
the pliers or by hand. If removing by hand, twist slightly while pulling to keep the strands in 
place. This is the "right" way to strip a wire, if you're careful, pulling the insulation off with 
the cutting hole is probably fine. 


wire nicks to avoid 


© Automatic stripping: With one squeeze these cut and pull off insulation. 
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found in houses and the corresponding equiv- 
alent power capacity is shown in TABLE 12-1 

unless the electrical 
service has been upgraded, you are likely to 
find 30 and 60 amps at 110 or 110/220 volts. 
Any service less than 60 amps at 110/220 volts 
is considered inadequate. Homeowners with 
such electrical service might indicate that they 
have lived in the house for over forty years 
and have found the service totally acceptable. 


‘That might be true—for them—because they 
have adjusted to the lower electrical capacity 
by not using any major electrical appliances. 
Nevertheless, if you buy a house with low 
electrical service, you will probably have to 
upgrade the service after you move in. 

The capacity of the electrical service 
should be great enough to satisfy the power 
requirements of the various electrical applian- 
ces to be used. Table 12.2 shows some typical 


Table 12-1. Power capacity. 


‘Amps Volts Watts 
30 110 3,300 
30 110/220 6,600 
6 110 6,600 
60 110/220 13,200 
100 110/220 22,000 
150 110/220 33,000 
200 110/220 44,000 


Evaluation 
Inadequate 

Inadequate 

Inadequate 

Marginal (small house only; 
no major appliances) 
Minimum 

Good 

Very good 


Table 12-2. Power requirements of appliances. 


Appliance 


Attic fan 
Central air conditioning 
Clothes dryer 
Computer 

Copy machine 
Dishwasher 

Fax machine 


Forced-air furnace (electric heat) 


Freezer 
Garbage disposal 
Hand iron 


Instant hot water dispenser 


Lamp (each bulb) 
Microwave oven 
Range, electric 
Portable room heater 
Printer 

Room air conditioner 
Sauna 

Steam bath generator 
Television (color) 
Water heater 


Power requirement 
(watts) 


2,500-4,500 
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electrical appliances and their as 
requirements. 

Considering the many electrical appliances 
that are available to the homeowner, the 
minimum electrical service is 100 amps at 
110/220 volts. However, if the house is small 
and the intention is not to use many electrical 
appliances, 60 amps at 110/220 volts will 
probably suffice. Whena house isequipped with 
an electric water heater, electric range, electric 
clothes dryer, and a central air-conditioning 
system, it should have at least 150-amp service. 
If electric heat is used in addition to the above 
appliances, the house should have 200-amp 
service. 


ociated power 


Fuses and circuit breakers 


The panel box contains either circuit breakers 
or fuses to protect individual branch circuits 
from an overload. Overloaded circuits are one 
of the chief causes of home electrical fires, and 


174 Electrical system 


proper protection of branch circuits is essential. 
FIG. 124 shows a circuit-breaker panel box, 
and FIG. 12.5 shows a fuse panel box. Circuit 
breakers are more convenient than fuses. Once 
they have been tripped, they can be reset like a 
switch, whereas once a fuse has blown, it must 
be replaced. On the other hand, circuit breakers 
are somewhat less reliable than fuses. Circuit 
breakers have been known to “freeze” in the 
on position and should be manually tripped 
periodically to ensure operational integrity. 

Is the panel box a Federal Pacific Electric 
(FPE) service panel? There have been numerous 
reports questioning the safety of this panel box 
and its Stab Lok circuit breakers. Some of the 
breakers have failed to shut off, or “trip,” in 
response to an overload and arcing has oce- 
urred in the panel box. As a safety precaution, 
replacing the panel box is recommended. 

Itis important that the capacity of a fuse be 
matched with the current-carrying capacity of 
a branch circuit. When a fuse has been blown, 


Fig. 12-4. Circuit-breaker 
panel box with master 
disconnect. 


Fig. 12-5. Fuse panel box with master disconnect. 


it must be replaced by a new fuse with the 
same current-carrying capacity. Too often, a 
homeowner replaces a 15-amp fuse with a 20- 
or 30-amp fuse, not realizing that all three are 
physically but not electrically interchangeable. 
In this case, if there is an overload on that 
branch circuit, the fuse will not blow, but 
the wires will become excessively hot and 
possibly cause a fire. This type of problem can 
be circumvented by replacing the fuse with a 
Fustat. (See FIG. 12-6.) A Fustat is basically a fuse 
with an adapter that fits into the fuse holder in 
the panel box. Once the adapter is inserted, it 
usually cannot be removed. The adapters are 
sized so that they accept only fuses of a specific 
current capacity and are not interchangeable. 


Fig. 12-6. A—Fustat with adapter; B—plug fuse. 
Bussman Mfg. 


Fig. 12-7. Minibreakerfcircuit breaker fuse 


There are also fuses that act like circuit 
breakers. (See FIG. 127) Cooper-Bussmann 
manufactures 15- and 20-amp_mini-circuit- 
breaker plug fuses that fit into any standard 
fuse socket. The minibreakers have a little 
sh button that pops out when the circuit 
is overloaded. To reset the circuit breaker/ 
fuse, simply push the button back in. The 
minibreakers are also designed for time delay 
to handle temporary starting loads so they 
do not trip unnecessarily when motors or 
appliances start up. 


Inlet service panel box 


Some panel-box covers have a door. If there is 
a door on the panel box, lift or swing it open. 
Warning: Do not remove the panel cover. The 
cover should be removed only by a professional 
inspector or electrician because of the danger 
involved with exposed electrically hot wires. 
Some homeowners remove the panel cover 
when doing home wiring and then forget to 
replace it. Others remove the cover and then 
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cover the panel box with a picture. They think 
this provides easy access. It does—for children 
too—and is very dangerous. Panel-box covers 
should be mounted and securely in place at all 
times. 

When looking at the panel-box cover, 
note whether any knockout plates or fuses are 
missing. They represent a potential hazard; it 
is possible for a child to stick his or her finger 
in these openings and be electrocuted. If there 
are openings, they must be permanently 
blocked off. Check the size and number of the 
fuses or circuit breakers. There should be at 
least two 20-amp appliance circuits and one 
15-amp lighting circuit for each 500 square 
feet of floor area. Anything less than this is 
not considered adequate. Also, if the branch 
circuits are protected by fuses, note if there 
are many blown fuses in the area indicating 
that one or more of the circuits might often 
be overloaded, a condition that might require 
installing additional branch circuits. 


Panel-box interior 
Because of the hazards involved, certain items 
should not be checked by the home buyer 
owner, specifically those items found inside the 
‘main panel box. A professional home inspector 
or licensed electrical contractor checking the 
interior of the panel box can tell you whether 
the fuses or circuit breakers are properly sized 
for their respective branch circuits. Improperly 
protected branch circuits are found fairly often. 

Once the panel cover has been removed, the 
actual inlet service capacity can be determined. 
It depends on the size of the inlet service wire 
only, not on the rated capacity of the panel box 
or the size of the fuse or circuit breaker used 
for the master disconnect, if there is one. Some 
municipalities require that the main electrical 
disconnect be located on the exterior of the 
house. Figure 12-4 shows a circuit-breaker panel 
box with a 200-amp master disconnect. A home 
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buyer seeing this would normally believe that 
the house is supplied with 200-amp electrical 
service, and rightly so. In this case, however, 
the inlet service wire is too small to supply 
200 amps. When the cover was removed, it was, 
determined that the inlet service was 100 amps 
and that the master disconnect circuit breaker 
did not provide the overload protection. 

Subpanel When finishing a basement or 
constructing an addition on a house, a subpanel 
is generally used to provide the needed branch 
circuits, rather than running those circuits 
from the main panel. During your inspection, 
you might see a subpanel. As with the main 
panel, because of the potential hazard, the 
home buyer-owner should not remove the 
subpanel cover. A professional home inspector 
or licensed electrician should check the interior 
to determine whether or not the grounding 
wire and the neutral are bonded together as in 
the main panel. They should definitely not be 
bonded in the subpanel. If you bond the neutral 
and ground on thesame bus or ground barat the 
subpanel, you create a parallel neutral current 
path that could energize all metal parts of the 
electrical installation. Whereas, by isolating 
the neutral from ground at the subpanel, any 
current would then go back to the main panel 
and go to the service ground, 


Aluminum wiring 
Inspecting the interior of the panel box also 
reveals whether aluminum wiring was used 
for the branch circuits rather than copper 
wiring. Aluminum wiring is considered a 
potential fire hazard. Between 1965 and 1973, 
about 1.5 million homes were wired with 
aluminum, which at the time was approved 
by the National Electrical Code. It was later 
found that dangerous overheating occurred at 
some of the connections in the 15- and 20-amp 
branch circuits, which resulted in fires, 
Ifaluminum wiring was used, the electrical 
connections to the receptacles, switches, and 


light fixtures throughout the structure should 
be checked by a competent electrical contractor 
to determine if they have been properly made 
orshow evidence of problems. If the house does 
have aluminum branch circuits, you should be 
aware of the following trouble signs: 


© Unusually warm cover plates on 
switches and outlet receptacles 

‘+ A distinctive or strange odor in the 
vicinity of a receptacle or switch 

‘+ Sparks or arcing at switches and outlets 

+ Periodic flickering of lights (sometimes 
traceable to faulty appliances or fixtures) 


Correcting the problem does not require 
rewiring the house. Switches and outlet 
receptacles that are unmarked or marked 
AL/CU should be replaced with devices that 
are marked CO/ALR. Or existing switches 
and outlets can be used, provided short 
copper pigtails are attached to the ends of 
the aluminum wires and the devices. It’s also 
necessary to connect light fixtures with copper 
pigtails. The home buyer-owner should not 
attempt to correct this condition. 


Grounding 


The electrical system must be grounded as a 
safety precaution. This means that a portion 
of the wiring in the main panel box must be 
deliberately connected to the ground. This is 
done by connecting the wiring to a grounding 
wire that in turn is clamped to a metallic inlet 
water pipe or to a rod driven into the ground. 
Check to see if the electrical ground has 
been properly connected. There should be a 
wire coming out of the main panel box that 
runs to the inlet water pipe. Sometimes the 
wire is not visible, so go directly to the inlet 
water pipe. This pipe is located by the water 
meter (if there is one) and usually protrudes 
through the foundation wall or lower-level 


floor slab. The electrical ground wire should 
be clamped to the water pipe on the street side 
of the water meter. (See FIG. 12-8) It might also 
be connected on the house side, but in such 
cases there must be a jumper cable running 
around the meter to the street side. 


Improper ground connections 
It is surprising how many houses have loose 
clamps on the water pipes, resulting in an 
improperly grounded electrical system. Many 
homeowners do not realize that the wire 
clamped to the water pipe is a grounding 
wire for the electrical system, and they loosen 
the clamp when making a repair or finishing 
the basement, often forgetting to reclamp the 
wire because nothing “apparent” happened 
when it was disconnected 

Look at the clamp. Is it loose? If it is, it 
must be resecured. This can usually be done 
with a screwdriver. Sometimes the clamp or 
screws have corroded and must be replaced. 
If there is no clamp or ground wire visible, 
you should question the integrity of the 
ground system. Sometimes the ground wire 
is clamped to a water pipe other than the 
inlet pipe. This procedure provides a false 
sense of security because a section of the pipe 


Fig. 12-8. Ground wire clamped to inlet 
water pipe. 
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can be removed, causing an open circuit in 
the electrical ground. Some states require 
a jumper wire between the hot- and cold- 
water pipes that are connected to the tank- 
type water heater. This provides electrical 
bonding between the two pipes and prevents 
an interrupt in the ground circuit during that 
period in which the water heater is being 
replaced. These states may also require a 
jumper wire around the water meter (if there 
is one) and also around a plastic water filter 
in the main water line (if there is one). These 
requirements can be checked with the local 
authorities, 

The inlet pipe to which the electrical 
ground is connected must be a functioning 
water pipe. This ensures that the pipe extends 
a considerable distance into the ground. 
According to the electrical code, the pipe 
should extend at least 10 feet into the ground. 
If a new inlet water pipe has been installed, 
the ground wire should be moved to the new 
pipe. Otherwise, there is no way of knowing 
how far the old pipe extends into the ground. 
Often, when replacing an old water pipe, the 
portion outside the structure is cut off at the 
foundation wall. This cannot be determined 
when looking at the pipe from inside the 
house. 

When the inlet water pipe is plastic, as is 
often the case with a well, the electrical system 
is grounded by connecting the grounding 
wire to a rod driven into the ground. If this 
is the case, check the clamp connection and 
the rod. If either the clamp or rod is loose, the 
integrity of the electrical ground should be 
questioned. 


Interior electrical inspection 
Now that the basic system has been checked, 
walk around the interior portion of the house 
and determine the adequacy of the electrical 
distribution and possible violations. 
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Electrical outlets 
Check each room for electrical outlets. You 
might feel that the number of outlets in each 
room is not very important. This is not so. If 
there are an insufficient number of outlets, the 
homeowner will tend to use extension cords. 
Most extension cords have a lower electrical 
current capacity than the outlet; and an 
overload on the extension cord can result in a 
fire rather than a blown fuse. Figure 129 shows 
one arrangement thatis a potential hazard. The 
convenience outlet in the kitchen is capable of 
carrying 20 amps, whereas the extension cord 
can safely carry only 10 amps. Kitchens should 
ideally have 20-amp appliance outlets that are 
conveniently located (about every 24 inches) 
above a working counter. 

The number of outlets needed for each 
room depends on the room's usage and the 
position of the furniture. Generally speaking, 
‘one receptacle outlet per wall for an average- 
size room (10 feet by 12 feet) is adequate. The 
outlets in larger rooms should be spaced so 
that no point along the walll is more than 6 feet 
(measured horizontally) from an outlet. 

In addition to checking whether there are 
a sufficient number of outlets in each room, 
you should inspect the outlets to determine 
if they are functional and whether they 
are grounded properly. You can check the 
outlets with a simple plug-in tester available 
at electrical supply stores. Do the outlet 
receptacles have two or three slots? Newer 
outlets have three slots and are intended for 
use with appliances that have three-prong 
plugs, although two-prong plugs can also be 
used. The third slot is a grounding connection 
for grounding appliances. This is particularly 
important for appliances that are not double- 
insulated or have a metal casing. (See the 
discussion on electrical outlets in chapter 10.) 
Even though an appliance has a three-prong 
plug and requires grounding, it can be used 
with a properly grounded two-slot receptacle 


Fig. 12-9. The home 
‘wiring “octopus’"—a am 
potential fire hazard. 


with an adapter. There are, however, many 
electrical appliances that are double-insulated 
against shock hazards and thus do not require 
a grounding connection. These appliances can 
be safely used with outlets that have only two 
slots. 

Bathrooms should have at least one, 
preferably two, outlets that are readily 
accessible. Often there is only a single outlet in 
the wall-mounted light fixture located above 
the medicine chest, which usually cannot be 
conveniently reached by anyone less than 6 feet 
tall. Asa safety feature, the outlets and switches 
in the bathroom must not be reachable from 
the tub or shower. 

According to the National Electrical Code, 
receptacle outlets in bathrooms, kitchens, 
garages, crawl spaces, and unfinished 
basements of new construction must have 
ground-fault circuit protection. The protection 
can be achieved by using a special receptacle 
or a circuit breaker that has been equipped 
with a ground-fault interrupter (GF). A GFL 
is an electronic device that trips (opens) the 


circuit when it senses a potentially hazardous 
condition. It is very sensitive and operates 
very quickly. The GFI interrupts the power in 
less than % second if it senses an imbalance 
in the electrical current of as little as 0.005 
amps. The quick response time in interrupting 
the power is fast enough to prevent injury 
to anyone in normal health. Ground-fault 
protection, however, is not a_ retroactive 
requirement and thus will probably not be 
found in most homes. If there is a GFI circuit 
breaker or receptacle, it should be tested to 
see if the fault-sensing function is operational. 
These units are equipped with manually 
operated test buttons that trip the circuit when 
they are operating properly. The GFI should 
then be reset. Underwriter’s Laboratories, Inc., 
recommends that all GFls be tested monthly. 
In addition to circuit breakers that protect 
against ground faults, there is a new circuit 
breaker that protects against electrical arcing 
conditions, referred to as are faults. Arc faults 
are considered one of the major causes of fires 
in the home. The circuit breaker is an are fault 
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circuit interrupter (AFCD. It is designed to 
detect unexpected arcing in electrical wiring 
and disconnect the power before the arc 
generates a high temperature that can ignite 
nearby combustibles such as wood, paper, 
and carpets, Arc faults can occur in wiring 
or electrical cords where the insulation has 
become brittle or cracked, or where it has been 
punctured by staples or nails. It can also occur 
ata loose connection where wires are attached 
toswitchesand outlets,and where furniture has 
been pushed up against plugs. As with a GFCI, 
the unit is equipped with manually operated 
test button that will trip the circuit when the 
unit is operating properly. It is recommended 
that all AFCIs be tested monthly. 

When walking through the hallways, 
rooms, and up and down steps, it should be 
possible to light the path ahead and to turn off 
the light without retracing one’s steps. This can 
be done with three-way switches. Also, there 
should bea convenience outlet in hall areas for 
nightlights and cleaning equipment. 


Knob-and-tube wiring 
Knob-and-tube wiring is no longer used in 
new construction. However, since you might 
be considering an older house, the building 
might have knob-and-tube wiring throughout 
or in portions of the structure. A knob-and- 
tube wiring system uses porcelain insulating 
knobs, tubes, and flexible nonmetallic tubing 
for the protection and support of single- 
insulated conductors. (See FIG. 12-10.) 
Obviously you cannot see the type of 
wiring behind the walls. However, very often 
there are exposed wires in the unfinished attic 
or basement. If there are exposed sections of 
knob-and-tube wiring, the outer insulation 
covering should be checked for broken 
and open sections. The insulation is often 
dry and brittle and chips easily. If there are 
exposed conductors, the exposed areas must 
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Fig. 12-10. Knob-and-tube wiring, which is 
obsolete 


be covered with electrical tape as a safety 
measure. Knob-and-tube wiring, although 
obsolete, is considered safe, providing that no 
modifications are made to that portion of the 
electrical system. If any changes or extensions 
are made, rewiring of that branch circuit 
might be necessary. All modifications to knob- 
and-tube wiring must be made by a licensed 
electrician. In addition, the outlet receptacles 
of a knob-and-tube-wired system are not 
grounded. Consequently, as a precautionary 
measure, they should be used only with 
appliances that do not require grounding. 


Low-voltage switching systems 
Light fixtures are normally controlled by 
switches that interrupt the electrical flow in a 
110-volt circuit. However, in some houses, the 
light switches operate at about 24 volts. This 
type of wiring is generally installed so that the 
lights can be controlled from three or more 
locations. With this system, it is possible to 
control all the lights in the house from a master 
panel located anywhere in the house. The circuit 
for a low-voltage system includes a transformer 


and an electrically operated switch (relay) that 
is usually mounted near the fixture. If your 
house has this type of system, make sure that 
there are replacement relays. Many electrical- 
supply houses do not stock these relays, and 
they would have to be specially ordered from 
the supplier. If you do not have replacement 
relays and a relay breaks down, you might be 
without light from that fixture for several weeks 
before the condition can be repaired. 


Violations 

Electrical violations should concern the home 
buyer-owner because they represent potential 
safety or fire hazards, As you walk around the 
interior and exterior of the structure, keep in 
mind those items that are considered common 
electrical violations. If there is an outside pole 
lamp, are the wires leading to the lamp buried? 
They should be. If a portion of the wire is 
exposed, is it stamped UF—Sunlight Resistant? 
This indicates that it can be used as exterior 
wire. Many times, homeowners unknowingly 
use interior-type wire as exterior wire. This 
is quite dangerous because sun, rain, or soil 
conditions can cause the insulation covering the 
wire to deteriorate, exposing the conductors. 
Incidentally, if there is an outside pole lamp, 
it should be turned on to see whether it is 
operational. If it is not, the problem may be 
as simple to correct as changing the bulb or 
replacing the switch. However, there might be 
faulty underground wiring, Doall of the outside 
electrical outlets have exterior-type covers that 
provide protection against water penetration? 
Although not a retroactive requirement, it is 
recommended that all outside lights and outlets 
be protected with ground-fault interrupters. 

Inside the house, particularly in the 
basement, look for open junction boxes, 
loose wires, and exposed wiring and splices 
(unless the wires are low voltage). Recently, 
an inspection of a four-story multifamily 


brownstone walkup in New York City revealed. 
several violations in one circuit located in the 
basement. The wire coming from the panel box 
was rated at 15 amps, but it was protected in 
the panel box by a 30-amp fuse. The wire was 
hanging in loops from the basement ceiling 
and had open splices with exposed conductors 
(splices in a branch circuit should be contained 
in a closed junction box). One of the hanging 
loops with exposed conductors was resting on 
the inlet water pipe leading to the heating- 
tem boiler, and the floor below the pipe was 
wet. You seldom run into a more dangerous 
condition. Yet there were ten families living in 
that house. 

If the wiring looks makeshift or appears 
to have been modified by a nonprofessional, 
you should request that the seller provide 
you at contract closing with the Board of Fire 
Underwriters’ certificate of approval for the 
electrical wiring currently in the house. In your 
area, the Board of Fire Underwriters might 
be called by a different name, or a private 
commercial service might be used. 

Finally, when walking through the house, 
see if all of the receptacle outlets and switches 
have cover plates. They should. Also, when 
using an extension cord, the homeowner 
sometimes runs the cord through the inside 
of a partition wall. This is a violation of 
the electrical code. If an outlet is needed, a 
permanent one should be installed. 


Checkpoint summary 


Exterior 

Q Is electrical service provided by under 
ground cables or overhead wire 

O Are overhead service wires securely fastened 
to the house? 

© Count the number of service wires. Note 
that a two-wire service provides only 
110 volts, not 220 volts. 
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O Inspect inlet service wires for cracked, 
missing, and frayed sections of insulation. 

O Note overhanging dead tree limbs or 
branches in contact with service wires. 

O Inspect for exteriormounted main panel 
boxes. (Replacement on the interior is rec- 
ommended.) 

O Check outside electrical outlets for weather 
protection. 

© Inspect exterior wiring for proper type. It 
should be marked UF—Sunlight Resistant. 

O Inspect exterior lights and outlets for op- 
eration. 

© Note inoperative fixtures or fixtures that 
are missing, loose, or hanging by wires. 


Interior 

Inspect main panel box. Is it a fuse or ci 
cuit-breaker type? 

O Are the GFCis operational, and are there 
any AFCIs? 

O Isita Federal Pacific Blectrie service panel 
box? 

Does system contain a main disconnect? 

O Note the following (do not remove the 
panel cover): 

— Loose or missing cover. 

— Missing knockout plates or fuses. 

— Are there at least two 20-amp appliance 
circuits? 

Is there at least one 15-amp lighting 
circuit for each 500 square feet of floor 
area? 

—Are there many spare or burned-out 
fuses present? 

O Ifpanel-box cover is removed by an electri- 
cian or an inspector, he should inform you 
of 
— the amount of service; 
circuits that are improperly protected 

(overfused); 

— circuits that have aluminum wiring; 

— evidence of water leakage or corrosion 
deposits. 
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Grounding 

O Inspect electrical system for proper ground 
protection. 

© If there is a municipal water supply, is the 
ground wire from the main panel box fas- 
tened on the street side of the water meter? 

O Inspect the connection for tightness of fit 
and corrosion. 

O If the inlet water pipe is plastic (often in a 
well-pumping system), check on the exte- 
rior for a rod or pipe to which the ground 
wire should be clamped 

© Note whether the ground wire is mis 
or has a loose or corroding section. 


ing 


Interior wiring, outlets/switches, violations 
O Does house contain old or obsolete wiring 
(i.e., knob-and-tube-type wiring)? 
© Inspect for cracked and open sections of 
insulation. 
© Inspect wiring in basement and attic 
areas for 
—loose and hanging sections; 
— extension-cord-type outlets; 
— open junction boxes; 
— exposed splices; 
— makeshift or nonprofessional altera- 
tions. 
© Inspect each room for electrical outlets 
—at least one outlet in the bathroom. 
—at least one outlet per wall for an aver- 
age size room (10 by 12 feet). 
Are outlets functioning (electrically hot)? 
Check for loose outlets, switches, and miss- 
ing cover plate 
Are stairways and hallways adequately lit? 
Are there three-way switches? 
Are there outlets in the hallways for night- 
lights and cleaning equipment? 
Note violations such as 
— open splices; 
— fixtures hanging by wires; 
—entension-cord wiring that passes through 
partitions or around door openings. 


0 000 00 


Tinning: Just like soldering a joint, the key here is to apply solder to the wire, not the iron tip. 
If the wire is hot enough to melt the solder directly, then it’s hot enough to form a good bond 
with the solder. Hold the iron against one side of the wire and apply a small amount of solder 
in between the tip and wire to form a heat bridge (if there isn't already enough solder from 
tinning the tip). Now apply solder to the opposite side. The solder should wick into the strands. 
Move the iron and solder as necessary to coat the surfaces. You should still be able to clearly 
see the individual strands when it's complete. 


Don't tin wires that are going to be held in clamping terminals since the solder will slowly 
deform under pressure and cause the connection to come loose 


Got a lot of tinning to do? For under $300 you can get a vat of molten solder to speed up the 
process. The only catch is that there's no flux in the vat, so you need to dip the end of the wires 
in liquid flux before dunking them in the molten solder. Only dip the very end of the wire in 
the flux; capillary action will draw it further up the strands. If you dipped more than just the 


7 


13 
Plumbing 


Water supply and distribution 184 
Fixtures 185 
Drainage system 185 
Waste-disposal system 186 
Cesspool 187 

Septic system 187 

Alternating drainfields septic system 190 

Mound septic system 191 
Exterior inspection 191 
Vent stack 191 

Fresh-air vent 192 

Lawn sprinkler systems 192 
Septic system 193 
Interior inspection 193 
Fixtures 193 
Cross-connection 193 
Water pressure, flow 194 
Plumbing wall hatch 194 
Pipes 195 

PEX (plastic) pipe 195 

Polybutylene pipe 196 
Basement inspection 197 
Water-supply pipes 197 
Distribution piping 198 
Drainage pipes 199 
Well-pumping systems 202 
Wells 202 

Well pumps 203 

Piston pump 203 

Jet pump 203 

Submersible pump 204 
Accessory equipment 205 

Storage tanks 205 

Pressure switch, gauge, and relief valve 206 
General considerations 206 
Checkpoint summary 207 


Plumbing 183 


Aswith the electrical system, the major portion 
of the plumbing system is concealed behind 
the walls and below the floors. Nevertheless, 
the part of the phimbing system that is 
accessible for inspection permits you to make 
a meaningful evaluation of its condition. A 
basic plumbing system consists of a water- 
supply source, distribution piping, fixtures, 
drainage piping, and a waste-disposal system. 
Figure 13-1 shows the layout of a plumbing 


Vent pipe 
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Cold water 
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system for a typical one-family, two-story 
house. 


Water supply and distribution 


Water is supplied to the property line from 
the street water mains of the local utility 
company. At the property line, there is a 
shutoff valve called a curb valve that can 
be used to control the water supply to the 


Fig. 13-1. Plumbing system 
layout, showing water supply, 
drain and vent pipes for a typical 
one-family, two-story house. 


To sewer 


house. If you do not pay your water bill on 
time, the water company can close this valve. 
The pipe that actually delivers the water 
to the house, the house service main, runs 
from the curb valve to just inside the house 
and is the responsibility of the homeowner. 
Should this pipe need repair or replacement, 
it is at the homeowner's expense. If water is 
not supplied by a utility company, it will be 
supplied by a well-pumping system. 

Inside the house, the cold water is 
distributed to the various fixtures located 
throughout the house. At the house inlet, 
there is a shutoff valve that the homeowner 
can use to close the water supply for the entire 
house. If there is a water meter in the sys 
it will usually be located i 
near the inlet before any branch connections. 
Sometimes it is located near the curb valve. 
The cold-water pipe has a branch connection 
(usually near the inlet) that directs a portion 
of the water to a heater for generating the 
domestic hot water. The water heater can 
be a separate stand-alone unit or part of 
the heating system and is discussed in 
chapter 16. Distribution piping for the hot 
water will run from the heater to the various 
fixtures. The hot-water pipes are very often 
near and parallel to the cold-water pipes. 
However, they should be at least 6 inches 
apart so that the heat from the hot-water 
pipes does not affect the temperature of the 
cold-water system. 


Fixtures 


Plumbing fixtures are located at the end of 
the water supply and the beginning of the 
drainage system. They provide a means by 
which the water brought into the house can 
be used. Depending on their purposes, the 
fixtures have either hot water, cold water, or 
both. They also have a drain for the removal of 
the waste water. This waste water is channeled 


away from the fixtures through drainpipes to 
a sanitary sewer or a private sewage-disposal 
system such as a septic tank or cesspool. 


Drainage system 

The drainage system is more complex than the 
water distribution system, since it consists of 
three parts—traps, drainpipes, and vents. The 
drainage system begins just below the fixture 
with a water-filled trap. The trap is generally 
U-shaped and should have water at the bottom 
portion. The water in the trap forms a seal to 
prevent sewer gases usually in the drain line 
from entering the room. 

‘The wastes flow from the fixture trap down 
the drain line and out to the sewer or private 
sewage-disposal system. Unlike the water 
distribution system, where the flow is under 
pressure, the drainage-system flow is entirely 
by gravity. Consequently, the drainpipe 
are larger in diameter than the water pipes, 
varying from 1'4 inches to 4 inches, compared 
to inch to 1 inch for the water pipes. In some 
communities, the house drain line leading to 
the sewer must have a house trap. The trap 
is usually located inside the house near the 
foundation wall. Its purpose is to provide a 
seal and prevent the gases that occur in the 
sanitary sewer from circulating back through 
the plumbing system. When there is a house 
trap, there should also be a fresh-air inlet 
pipe connected to the main drain. This air 
inlet pipe is located on the house side of the 
drain approximately 1 foot from the trap. (See 
FIG. 13-2) In cold climates, it is located about 
5 feet from the house trap to prevent the water 
seal from freezing during the winter. When 
the outer end of the fresh-air inlet terminates 
on the outside of the foundation wall, it should 
be covered with a perforated metal plate 
that admits the air and prevents obstruction. 
When it is freestanding, it should be covered 
with a cowl or gooseneck. (See FIG. 13-3.) The 
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Fig. 13-2. House trap on main drain line leading 
toa sewer. Fresh-air inlet pipe on house side of the 
trap terminates on the outside of the foundation 
wall, 


function of the fresh-air inlet is to maintain 
atmospheric pressure at the house trap and 
to ensure complete air movement within 
the drainage system. With a private sewage 
system (septic tank), a house trap on the drain 
line is not needed. The gases that are generated 
in septic tanks are usually discharged to the 
atmosphere through the house drainage-vent 
system. 

Venting is needed in the drainage system, 
since it provides a means to discharge to the 
atmosphere gases that develop in the system. 
It equalizes the air pressure in the drainage 
system by allowing air to flow into and out 
of the drainpipes. This free air movement 
maintains atmospheric pressure at the various 
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fixture traps, which prevents the waste water 
from siphoning the water seal out of the 
drain trap. (See discussion on fixture traps in 
chapter 10, page 140.) Venting in the drainage 
system is achieved by vent pipes connected to 
the drain line near each fixture trap and to a 
pipe that terminates above the roof line. This 
pipe, called the vent stack, is visible from the 
outside. Vent pipes must be unobstructed. 
‘They carry no water or wastes. 


Waste-disposal system 


Waste disposal from a residential structure 
will be either through sewers connected to a 
‘community waste-treatment plant or through 
a private disposal system such as a septic tank 
or cesspool. When all other items are equal, 
a house with a sewer is more desirable than 
one with a private disposal system. Sewers 
are relatively maintenance-free. On occasion, 
there might be a blockage, which can usually 
be cleared at low cost by using a drain auger 
(‘plumber's snake”). Maintaining a private 
disposal system, on the other hand, can be 
quite costly. 

Whether the house is serviced by a sewer 
or is connected to a septic tank usually cannot 
be determined during an inspection. The house 
drain line passing through the foundation wall 
is the same regardless of whether there is an 
exterior connection to a sewer or to a septic 
tank. Since not all municipalities require a 
house trap on the main drain, the absence of 
a trap does not mean that there are no sewers. 
And just because there is a sanitary sewer in 
the street, it should not be assumed that the 
house is connected to the sewer line. Tying 
into the sanitary sewer (if the connection is 
permitted) is at the homeowner's expense. I 
know of several instances where homeowners 
elected to stay with their septic systems rather 
than go to the expense of tying into the sewer. 
In some communities, however, once a sewer 


Fig. 13-3, Terminations of fresh air vent: top left—perforated plate covers opening in foundation 
wall; bottom left—perforated cover plate for vent opening is missing, a common condition; right—a 


freestanding " gooseneck” cover. 


line is installed, all the homes on that street are 
legally obliged to connect. Your best bet is to 
contact the local municipal building depart- 
mentand ask them if this house is connected to 
the sanitary sewer system. It might save you a 
lot of aggravation later on. 


Cesspool 
A cesspool is basically a hole in the ground 
that has been lined with stone, brick, or some 
other material. It is constructed to allow raw 
contaminated liquid sewage to leach into 
the soil while retaining the organic matter 
and solids. Because of environmental and 
health considerations, most communities no 


longer allow cesspools in new construction. 
The older homes that have cesspool disposal 
systems are not required to upgrade them to 
septic systems as long as they are functioning 
properly. However, when problems develop, 
the homeowner is often legally obligated to 
replace the cesspool with a septic system rather 
than repair it. Depending on soil conditions, 
topography, and available space, the installation 
of a new septic system may cost over ten 
thousand dollars. 


Septic system 
‘The conventional septic system described 
below is the most common method of on-site 
waste water treatment and disposal in the 
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United States. It consists of a watertight 
container that functions as a detention tank 
for sewage sludge and a disposal field for the 
absorption of the liquid wastes. A septic tank is, 
usually made of concrete but might be made of 
steel or fiberglass. Raw sewage from the house 
is discharged into the septic tank through the 
housedrain line. (SeeFiG. 13-4.) After thesewage 
settles, the solids are decomposed by bacterial 
action and are converted into a liquid and a 
sludge that accumulates at the bottom of the 
tank. Several types of gases are by-products of 
the decomposition process, the most common 
of which is methane, an odorless and highly 
inflammable gas. The gases generated in the 
septic tank usually flow back through the 
house drain and are discharged harmlessly 
to the atmosphere at the roof-mounted vent 
stack. 

When the level of the liquid (effluent) in the 
septic tank rises to the outlet port, the effluent 
flows through the outlet pipe toa drainage field. 


Vent stack 


‘The drainage field, also called the leaching field, 
consists of a series of perforated pipes set into 
a bed of gravel. As the effluent flows through 
these pipes, it trickles through the perforations 
and is absorbed into the ground. The rate 
at which the ground absorbs the effluent 
(percolation rate) determines the size of the 
leaching field. When the topography changes 
abruptly or the area available for a leaching 
field is too small for adequate absorption, a 
seepage pit is used. It is basically a covered 
pit with an open jointed or perforated lining 
through which the effluent will seep or leach 
into the surrounding soil. 

To determine the size of the leaching area 
needed for a house, percolation tests are taken 
in the area of the proposed sewage-disposal 
system. The rate of water absorption will 
depend upon, among other things, the type 
of soil and the level of the water table in that 
area. If the percolation tests are taken during 
a drought or when the water table is low (the 
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Fig. 13-4, Typical septic system with s 
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epage pit. Depending on the topography and amount of available 


water table rises and drops during the year), 
the concluding data might result in designing 
an undersized leaching field that will cause 
premature failure of the septic system. I know 
of a village just northwest of New York City 
where the septic systems in hundreds of 
homes failed within eight years of installation, 
some of them within two years. A properly 
designed and maintained septic system should 
last between twenty and thirty years; indeed, 
fifty or more years is not uncommon. 

Failure of the septic system will usually 
show up in the area of the leaching field and 
not necessarily over the septic tank, although 
there might be indications in both areas. 
Look for wet spots or a lush growth of gras: 
Both can be accompanied by an objectionable 
odor. When the ground in the seepage 
field becomes saturated and can no longer 
absorb the effluent, the liquid will build up 
and accumulate on the surface. The effluent 
contains nitrogen and other compounds that 
are natural fertilizers. When the effluent 
surfaces, it causes vegetation in the area, 
particularly grass, to thrive and have a lush 
green color. However, a healthy-looking 
patch of green grass over the leaching field 
is not necessarily an indication of a septic 
failure. During dry weather, when grass is apt 
to grow very slowly and turn brownish, the 
ground over the leaching field (depending on 
the depth of the field) often contains sufficient 
moisture to promote the growth of the grass 
and maintain the green color. 

For the leaching field to function properly, 
there must be sufficient voids in the soil so that 
the effluent will be absorbed by the ground. 
Over the years, the voids can be filled with 
suspended solids, reducing the rate at which 
the effluent is absorbed into the soil to the 
point where the effluent surfaces. When this 
occurs, it is necessary to install a new leaching 
field. Aside from the cost, a serious problem 
canarise concerning how to handle the effluent 


when there is no more room on the property 
for a new leaching field or seepage pit. If the 
house has a septic system, find out if there is 


sufficient room for expansion of the leaching 

field should it be necessary at a later date. 
Premature failure of the septic system 

can also occur as a result of neglect and abuse 


by the homeowner. A septic tank should 
be cleaned or at least inspected for sludge 
buildup every two to four years. If the tank is, 
not cleaned periodically, the sludge will build 
up to such a level that the solids are carried 
out of the tank and into the leaching field. 
Eventually these solids will clog the voids in 
the soil or the perforations in the leaching-field 
pipes, blocking the normal flow of effluent. 
When this happens, the leaching field requires 
replacement. This type of problem can be 
avoided. Unfortunately, many homeowners 
neglect to inspect and clean the septic tank 
periodically. 

On many occasions I have been told by 
an owner that the septic tank has never been 
cleaned. The owner knew from “experience” 
that if the septic system functioned properly, 
it was best not to disturb it. After all, hi 
neighbor across the street had had his septic 
tank cleaned after fifteen years, and two weeks 
later the system failed and had to be replaced. 
If he had not touched the system, it would 
have been all right, wouldn't it? No! That 
system apparently had been on the verge of 
failure before the cleaning. The cleaning had 
nothing to do with the failure. 

Occasionally septic systems can operate 
satisfactorily for many years without the tank 
being cleaned. In those cases, the tank might 
have been grossly oversized for the number 
of people living in the house, or, perhaps 
the house was used as a vacation home and 
occupied only part of the time. One method 
of extending the life of a septic system is 
to reduce the volume of water that passe 
through the tank and leaching field. This is 
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often done by installing a separate drain line 
for the waste water from fixtures such as the 
washing machine and connecting it to a dry 
well or seepage pit that is located away from 
the leaching field. 

Sometimes the homeowner indicates that 
he has not cleaned the septic tank because 
he has been using a chemical compound or 
septic-tank cleaner that he pours down the 
drain. This cleaner is supposed to improve 
bacterial activity and eliminate the need for 
periodic cleaning. The advertising claims for 
these cleaners are not well founded; there 
will always be a sludge buildup that must be 
removed. In addition, some of the cleaners 
might contain compounds that will actually 
reduce the bacterial process and can cause the 
stem to fail. 

To reduce the possibility of premature 
failure of the septic system, some homes are 
equipped with a grease trap in the waste- 
disposal system. The trap separates grease 
from the kitchen waste line, thus preventing it 
from entering the septic system. A buildup of 
grease in the system can result in clogging or 
reducing the porosity of the leaching field and 
can also affect the bacterial action in the septic 
tank. If there is a grease trap in the waste- 
disposal system of the house, you should 
be advised that for maximum effectiveness, 
it should be frequently cleaned or at least 
inspected for grease buildup. 

Discharging large volumes of water into 
the septic tank, such as rain runoff from roof 
gutters or storm drains can over a period of 
time adversely affect the tank's operation. Large 
volumes of water can flood the tank, forcing 
suspended solids into the leaching field where 
they can eventually block the perforations in 
the pipes and clog the voids in the soil. 

Depending on the soil condition, a water 
softener can be detrimental to a septic system. 
If the seepage field consists of a clay-type 
soil, the waste water from the water-softener 
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regeneration process must not be discharged 
into the septic tank. The salt brine in the water- 
softener waste water is not broken down by 
bacterial action as it passes through the septic 
tank to the leaching field and can clog the 
voids in the fine-textured clay soil. 

Even though a septic system might be fau- 
Ity, theremight not beany visual indicationsofa 
problem when you inspect the house. Whether 
there is a water (effluent) accumulation over 
the leaching area or septic tank will depend 
upon the dryness of the season, the usage of 
the plumbing system prior to the inspection, 
and the degree of deterioration of the septic 
system. One way to check the operation of the 
tem is to “push” it by turning on the water 
in the tub and letting it run for about one hour. 
(Before you do this test, ask the owner for 
permission.) The tub drain must be open so 
that the water will flow into the septic tank. 
Assuming an adequate water supply, this 
pushing should introduce about 275 gallons 
into the septic system, which very often is 
enough to cause the effluent in a faulty system 
to surface and be visible when you reinspect 
the areas over the tank and leaching field. 
This test, however, can be misleading if the 
homeowner had the tank pumped out a few 
weeks prior to your inspection. 

In addition to the conventional septic 
system described above, there are alternative 
septic systems available, which are installed 
when warranted by specific soil conditions, 
topography, and available space. Alternative 
septic systems are more complex and costly 
than conventional systems because of the use 
of pumps, alarms, and diverter valves. Two 
such systems are the alternating drainfields 
septic system and the mound septic 
Alternating drainfields septic system This 
tem is similar to the conventional septic 
tem’s drainfield design. However, as a 
result of alternating the drainfields, the overall 
system can be designed so that it takes up less 


space than a conventional system. Because 
many municipalities have a requirement 
that there must be room for a 100-percent 
drainfield expansion, a smaller drainfield 
area isa desirable feature, since it will allow 
construction on small pieces of property, 
which were considered unusable. 

When the drainfield is unsaturated, the 
treatment of septic effluent is enhanced. As 
the effluent passes into and through the soil 
of an unsaturated field, the aerobic bacteria 
digest the organics in the waste stream and 
form a filtering layer (a bio-mat) at the soil/ 
gravel edge. On the other hand, saturated 
conditions and excessive amounts of organics 
in the effluent reduce the treatment capacity 
of the system. Excessive amounts of organics 
escaping from the septic tank can result in 
a bio-mat growing so thick it will actually 
prevent adequate water flow into the soil. 
Consequently, depending on the wastewater 
flow and the load of suspended solids, 
some drainfields become clogged and les 
effective, and in some cases, the fields fail. 
The alternating drainfields septic system 
resolves this problem by having two or more 
drainfields. This system is used primarily to 
overcome soils with restrictive percolation 
rates, such as clay. By switching from one 
field to the other every six months to a year, 
each drainfield can alternately be used and 
rested. The resting period causes the bio- 
mat, which eventually clogs the field, to 
deteriorate due to lack of nourishment, and 
allows the drainfield to completely drain, 
thus renewing the field. Switching from 
one drainfield to the other is done through 
a diverter valve, which is housed in a valve 
box on the effluent line from the septic tank. 
The valve provides for independent flow to 
one drainfield or the other, but not both. It 
must have a watertight lid or cover, which 
permits unobstructed access for maintenance, 
inspection, and operation. 


Mound septic system Mound systems 
are used when there are problems with the 
site for the drainfield, such as a high water 
table, inadequate percolation rates, and a 
shallow soil cover over creviced or porous 
bedrock. This system consists of a septic 
tank, a dosing chamber or tank with a pump 
and a high water alarm, and a drainage 
field constructed in a mound that is raised 
above the natural grade to maintain a proper 
distance from the water table or bedrock. 
(See FIG. 135) The dosing tank is placed 
between the septic tank and the mound and 
accumulates septic tank effluent. Float-type 
control switches inside the tank turn the 
pump on and off. Once the accumulated 
effluent in the tank reaches a predetermined 
volume, the pump delivers a “dose” of 
effluent to the laterals in the mound by an 
electrical control system. The mound can be 
3 to 5 feet at its highest 

An adequate evaluation of the plumbing 
yystem requires an interior and an exterior 
inspection. Although most of the plumb- 
ing inspection is performed in the interior, 
an exterior inspection can reveal venting 
problems, violations, and  septic-system 
problems. 


Exterior inspection 
Vent stack 

As you walk around the house looking at the 
roof, look for a plumbing vent stack. If you do 
notsee one, itindicates either that the plumbing 
system is not properly vented or that the vent 
stack terminates in the attic. Both possibilities 
are violations of the plumbing code. If the 
construction of the roof is such that there are 
sections that are not visible from the ground, 
a vent stack should be looked for during the 
attic inspection. If there is a vent stack, you 
will see a pipe coming up from the floor and 
going out through the roof. Sometimes it is 
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Fig. 13-5. Schematic of a typical mound septic system. 


difficult to check for the vent stack in the attic 
because of the restricted space and the lack of 
adequate lighting. 

The vent stack should terminate above 
the roof. If you see one that terminates near 
a window or one that runs up along the side 
of the building (in the northern portion of 
the country), it is in violation of the National 
Plumbing Code (as explained in chapter 3). 


Fresh-air vent 
When there is a fresh-air vent for the house 
trap, if the outer end terminates on the outside 
of the foundation wall, the opening should be 
covered with a screen or perforated metal plate. 
The covering is needed to prevent children 
from stuffing toys, balls, or other objects into 
the opening and blocking air movement. 
Technically, an unprotected fresh-air vent 
opening is also a violation of the plumbing 
code. If you do not see a cover over the fresh- 
air inlet vent, record the fact on your worksheet 
as a reminder for later installation. You should 
also use your flashlight to determine if there is 
any blockage. 
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Septic tank 


Lawn sprinkler systems 
Does the house have an underground lawn 
sprinkler system? If it does, look specifically 
for a vacuum breaker (antisiphon device) on 
the water-supply line for each zone. When the 
piping arrangement is such that the water is 
supplied to each zone through a manifold, 
the vacuum breaker should be on the pipe 
supplying water to the manifold. 

‘A vacuum breaker is recommended to 
prevent dirty water or foreign matter that 
normally accumulates around pop-up spray 
heads from flowing back into the potable 
water supply as a result of a negative 
pressure in the line. It is a relatively simple 
device and is usually no larger than a few 
inches in diameter and a few inches high. 
(See FIG. 13-6.) The vacuum breaker has an 
atmospheric vent that is sealed when water is 
flowing to the spray heads. When the water 
pressure drops to below atmospheric pressure 
(vacuum) because of a problem in the supply 
line, a mechanical float drops, opening the 
atmospheric vent. This allows air to enter the 
piping system upstream of the spray heads 


end into the flux, the capillary action would draw flux beyond the insulation where it ean’t be 
cleaned, and would eventually corrode the wire 
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Insert, clinch and trim components: First, make bends before inserting the components. Avoid 
stressing the connection between lead and component by bracing the lead with pliers while bending 
Pliers with serrated tips aren't used in high-reliability production because the grooves can create nicks 
in the leads that eventually cause a break after a lot of vibration and thermal changes. Round nose pliers 
make it easy to make any sized radius. 
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process is not at all excessive~those leads can get you. Everything else about proper component 
installation: NASA guide. 
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Fig. 13-6. Typical atmospheric vacuum breaker 
used in lawn irrigation systems. Rain Bird 
Sprinkle Mfg. Corp. 


and thereby prevents dirty water at the spray 
head from being siphoned back into the 
supply piping. 

‘Vacuum breakers must be located at least 
6 inches above the level of the highest sprinkler 
head. Look for them near the foundation 
wall. Sometimes the piping is located in a 
well adjacent to the foundation, similar to a 
basement window well. Usually, the vacuum. 
breakers and the electric solenoid valves that 
control the water flow to the various zones are 
in the same general area, 


Septic system 
If the house has a septic system, find out the 
location of the tank and the leaching area. As 
you walk around the house performing the 
general exterior inspection, look specifically 
for puddles over the leaching area and septic 
tank. If the puddles have a film on top and 
there is a foul odor in the area, you can be sure 
that there is a septic problem. If the puddle is, 
a clear liquid and there is no odor, there might 
still be a septic problem. The best way to find 
out whether the liquid is septic effluent or 
surface water as a result of rain is to collect a 
sample and have it analyzed. If no puddles are 
noted during your initial exterior inspection, 
reinspect the area after “pushing” the septic 
system as described above. 


Interior inspection 
Fixtures 


Since you will start your general interior 
inspection at the attic level and work your 
way down to the basement, the interior 
plumbing inspection will begin in the first 
room that has fixtures. (Gee the “Bathroom” 
section of chapter 10 for further discussion 
of plumbing.) The fixtures should be checked 
for general condition—cracked, chipped, and 
stained sections—and for operation. Do the 
faucets function properly, or are there leaks 
around the handles or spout? Is there an air 
gap between the spout and the top level of 
the water when the sink or tub is filled? There 
should be a gap to prevent back siphonage. Is 
the sink drain leaking or show signs of past 
leakage? Occasionally, you might find a pot 
below the drainage trap to catch dripping 
water. Sometimes you might find rubber- 
hose-type connections on the drain or a drain 
that has been taped up. These are makeshift 
corrections and require proper attention. Are 
there individual shutoff valves for the water 
supply to the various fixtures? Shutoff valves 
are not necessary but are desirable when 
making repairs or replacing the faucet. When 
you open and close the faucet rapidly, do you 
hear a “water hammer” noise? You shouldn't. 
But if you do, it can usually be corrected with 
an antiknock coil or air chamber. Are the 
toilet bowl flushing and fill valves operating 
properly? If you hear a whistling noise while 
the bowl is filling up, the fill valve needs 
adjustment. After the water closet (tank) has 
been filled, do you still hear water running? If 
you do, minor maintenance is needed. 


Cross-connection 


A cross-connection is where the potable water 
supply can become contaminated because it is 
connected to another source of water, which 
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may be nonpotable. Look for situations that 
could result in a cross-connection. Occasio- 
nally, in old homes I find that the faucet spout 
on the laundry sink extends below the sink’s 
flood rim. This is a contamination problem 
waiting to happen. If the sink is filled with 
waste water froma washing machine discharge 
or some other source, and at the same time a 
partial vacuum is created in the municipal 
water supply, the waste water will be drawn 
back into the potable water, contaminating it. 
A vacuum can be created because of a number 
of reasons, such as when a work crew opens a 
water main to make repairs or when water is, 
drawn from a fire hydrant to fight a fire. IF you 
see this condition, recommend that the faucet 
be replaced with one where the spout is above 
the flood rim. The new faucet would create an 
air gap between the spout and any water in the 
sink, thereby preventing a cross-connection. 


Water pressure, flow 
After inspecting the fixtures, faucets, and 
associated valves, pay particular attention to 
the water flow and drainage. When there is a 
considerable flow of water from a faucet, most 
people say the pressure is good, and when the 
flow is merely a trickle, they say the pressure 
is bad. This is a popular misuse of the word 
pressure. It is true that if the pressure is low, 
the water flow will be low. However, a low- 
flow condition is not usually caused by low 
pressure. It is caused by a constriction in the 
inside of the supply pipes. Depending on 
the quality of the water, mineral or corrosion 
deposits can form along the inside of a pipe, 
reducing the effective pipe opening to that 
of a straw. In this case, even when the source 
pressure is good, the flow will be less than 
minimal. 

Check the cold- and the hot-water flow 
separately by opening two faucets and flushing 
the bowl at the same time. If the flow appears 
to be less than adequate, record the fact on 
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your worksheet as a reminder to check further. 
‘The low flow might be caused by a kink in 
the supply pipe, small-diameter distribution 
piping, or low water pressure at the service 
entry. However, the probability is greatest 
that the low flow is caused by a decrease in the 
inside diameter of one or more sections of pipe 
supplying the fixtures. 

Old galvanized iron piping is particularly 
bad for water flow. In addition to mineral 
deposits, there is often a buildup of rust that 
further constricts the flow. If you find low 
water flow, especially in an older house, look 
for galvanized piping. You might find that the 
house has been partially repiped. Some iron 
sections might have been replaced with copper 
or brass. Mixing iron in a copper plumbing 
stem is not desirable, for two reasons. First, 
just as a chain is as strong as its weakest link, 
a plumbing system is as good as the weakest 
section of pipe. Even a small section of iron pipe 
whose inside diameter has been reduced by a 
buildup of rust and mineral deposits will lower 
the flow of water discharging from a faucet. 
Second, when ferrous (iron) and nonferrous 
(copper) metals are in contact with each other, 
a galvanic action takes place between the 
metals that accelerates the corrosion of the 
plumbing system at the point of contact. 

On occasion, in those homes that have 
water supplied by a well-pumping system 
rather than a local utility, you might find that 
the water discharging from the faucet has a 
pulsating flow. This condition is caused by 
a rapidly fluctuating water pressure and is 
the result of a waterlogged pressure tank. 
The condition, relatively easy to correct, is 
discussed on page 205. 


Plumbing wall hatch 
In many older homes, an opening in the wall 
of a hallway provides access to the plumbing 
pipes for the tub. The opening is usually no 
larger than 2 feet by 3 feet and often has a 


wooden cover that has been painted like the 
rest of the walll so that it is not very noticeable. 
Sometimes this access hatch is in a closet or 
bedroom. If there is such a hatch, remove the 
cover. You should be able to see the water- 
supply pipes, the overflow, and the drainpipes. 
(Gee FIG. 13-7, In newer homes a wall hatch that 
covers plumbing could also indicate modular 
construction. 


Pipes 
Water-distribution pipes can be made of 
copper, brass, galvanized iron, and more 


13-7. Wall hatch in hallway provides access 
to pipes for bathtub, 


recently plastic (PEX). PEX piping will be 
discussed separately. Once you become 
familiar with the types of metal pipe, you 
will be able to differentiate between them 
very easily. Here are some pointers. Bras 
and galvanized pipe have threaded joints; 
copper joints are soldered. So if the pipe 
joints are threaded, you will know that they 
are not copper pipes. Do not try to determine 
whether the pipe is brass or galvanized by its 
color. There might be a dirt film on the pipe, 
or it might be painted. The easiest and most 
foolproof method is to use your magnet. If 
the pipe is made of galvanized iron, it will 
attract the magnet; if it is made of brass, it 
will not. 

Now look to see if the piping is a mixture 
of copper, brass, and galvanized sections. Even 
if there is no noticeable drop in water flow, 
mixed plumbing is not desirable because the 
resultant galvanic corrosion at the joints will 
eventually cause leakage. Figure 13-8 shows 
such a joint. The white encrustations on the 
pipe are mineral deposits left when the water 
oozing out of the fitting evaporated. Although 
deposits on this joint self-sealed past leakage, 
it is only a temporary correction, for the 
deposits can come loose at any time. Properly 
correcting this condition requires replacing the 
iron section with pipe of copper or brass. 

PEX (plastic) pipe PEX piping (tubing) 
is made from cross-linked high-density 
polyethylene. Cross-linking is a chemical 
reaction that permanently links together 
polymer chains of the polyethylene. PEX was 
introduced in the United States in the 1980s, 
but was slow to catch on in the industry. It is 
now accepted by most municipalities and can 
be used for all potable water-supply lines, both 
hot and cold. It has a number of advantages 
over metal pipe. It is flexible, won't corrode 
or develop pin holes, has fewer connections 
and fittings, and is easier and faster to install. 
Because of its flexibility it is very freeze-break 
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Fig. 13-8. Mixed plumbing as seen from a hallway 
‘wall hatch. Some of the fittings are deteriorating 
(note the rust and mineral deposits). 


resistant, and a 90-degree corner bend can be 
made without the need for elbow fittings. Also, 
PEXis considerably less expensive than copper 
pipe. PEX comes in three colors: standard 
white (unpigmented), red, and blue. The red 
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and blue colors are used to help plumbers 
and homeowners distinguish between hot 
and cold water-supply lines. Unlike copper 
pipe, PEX piping does not require soldering 
at connection joints. There are two popular 
methods for making connections with PEX: 
fone uses a crimping tool and a crimping 
ring to secure the tubing over a brass fitting, 
and the other uses an expansion tool, special 
expansion fittings, and plastic rings to secure 
the joints. As you walk around inspecting the 
pipes, check the exposed joints for signs of 
past or current leakage. If there is any doubt 
about the use of PEX tubing for plumbing 
applications in your house, contact the local 
authority with jurisdiction over plumbing to 
verify the acceptance. 

Polybutylene pipe Thereis another plastic 
pipe that you should be aware of: polybutylene 
pipe. It’s a gray plastic water-supply pipe that 
was used in the construction of millions of 
homes throughout the United States between 
1978 and 1995. In the 1980s, complaints started 
to come in that leaks were developing around 
the fittings and in some cases the pipes were 
splitting. Some of the leaks were the result of 
improper installation such as overstressing the 
pipe at joints and fittings, and overbending the 
pipe into a tight curve. However, the majority 
of the leaks were caused by the deterioration 
of the pipe and/or the plastic fittings. It was 
determined that polybutylene pipe reacts with 
oxidants, such as chlorine, normally found in 
tap water. The reaction, which is internal to the 
pipe, causes it to scale, flake, and to become 
brittle, with micro fractures developing. As 
the pipe ages and reacts with water-soluble 
oxidants, the condition becomes more severe. 
Although from a visual inspection, assuming 
that there are no indications of leakage, the 
pipe may look to be in good condition. The 
problem is that since the deterioration is 
occurring within the pipe, it is very difficult to 
determine if the pipe is truly in good condition. 


The best a home inspector can do if he/she 
finds polybutylene piping is to alert the buyer 
about its past history and to anticipate future 
problems. 


Basement inspection 

After inspecting all the fixtures, associated 
pipes, and fittings in the interior rooms, the 
rest of the plumbing inspection is carried out 
in the basement. Some homes are built on 
ground level and do not have a basement. 
In those cases, this portion of the inspection 
will be performed as part of the interior room 
inspection, 


Water-supply pipes 
Look for the entry of the water-supply pipe. It 
will be located near the foundation wall and 
will usually have a meter near the inlet. If you 
cannot find the water-service entry, ask the 
homeowner. Sometimes it is concealed behind 
boxes or storage shelves. The inlet service 
pipe will generally be made of copper, brass, 
or galvanized iron. However, in some older 
homes, you might find that the pipe is made of 


Fig. 13-9, Lead inlet water 
Pipe. Note wiped joint (bulge) 
near shutoff valve. 


lead. A lead pipe can be detected by the type 
of joint between the sections. Lead pipes have 
wiped lead joints that appear in a horizontal 
ection as a spherical bulge. (See FIG. 13-9.) There 
usually a joint near the foundation wall. If 
you do not see a joint, you can gently scratch 
the surface of the pipe. If the pipe is made of 
lead, the surface will be relatively soft, and the 
scratch will expose an area with a silver-gray 
color. 

Although a lead water pipe might be 
acceptable in a plumbing sense, it can be a 
potential health hazard. Depending on the 
quality of the water, some of the lead might 
dissolve out. Since the amount of lead that 
a person can safely absorb is limited and 
cumulative, by drinking this water over 
an extended period of time, the maximum 
tolerance level can be reached. If you find a lead 
inlet pipe, you should have the water analyzed 
for lead content. In many communities, the 
local health department will do the analysis 
free or for a very nominal charge. If the lead 
content is high, the pipe should be replaced. 
Again, remember that replacing the inlet pipe 
is not the responsibility of the water company; 
the cost must be borne by the homeowner. 


Basement inspection 197 


During my inspections, I periodically 
find a lead inlet pipe. When I do, I always 
recommend to the prospective home buyer 
that as a precautionary measure the water 
should be analyzed. In one home, located in 
White Plains, New York, an analysis of the 
water revealed that it had seven times the 
allowable concentration of lead. Needless to 
say, that pipe was replaced. 

If the water flow from the plumbing 
fixtures is low and the piping in the house is 
good (all copper or brass pipes and fittings with 
no leaks), the problem will be a constriction 
in the inlet water supply or low pressure at 
the street main. On several occasions, I have 
inspected houses where the old water pipes 
were completely replaced with new copper 
pipes and still the water flow was low. Further 
inspection revealed that even though the house 
had been repiped, the old galvanized inlet pipe 
had not been replaced. Under normal soil and 
water conditions, this pipe should last about 
forty years. As these pipes age, rust deposits 
build up on the inside, restricting the flow. Also, 
a galvanized iron pipe will eventually corrode 
from the outside and leak. Replacement can 
cost anywhere from several hundred to several 
thousand dollars, depending on the length of 
the line and ground conditions. 

When domestic water is supplied by 
a utility company, the inlet pipe will lead 
directly to the house distribution piping. In 
some areas, depending on the quality of the 
water, there might be a water softener or a 
filter between the supply and distribution 
piping. Normally, however, you will not find 
astorage tank (similar to that needed ina well- 
pumping system) between the supply and 
distribution piping. If you do find such a tank, 
you should suspect low-pressure condition at 
the street main. When the water pressure in the 
street main is low and there are simultaneous 
demands for water by the houses on the street, 
the flow to each house may be inadequate. 
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‘To compensate for this condition, a storage 
tank is often installed to provide a reservoir 
to supply water during these periods. Water 
drawn from the tank is then replaced when the 
plumbing fixtures in that house are not being 
used. If you see such a tank between the inlet 
supply and distribution piping, record the fact 
‘on your worksheet. 

‘When domestic water is not supplied by a 
utility company, it will be supplied by a well- 
pumping system. Such systems are discussed 
in the last section of this chapter. 

tthe house inlet side of the water-supply 
pipe, there will be a master shutoff valve that 
can close the water supply to the entire house. 
Sometimes there are two valves, one on each 
side of the water meter. See whether the valve 
is operational. Close and open it. Over the 
years, because of lack of use, the valve often 
freezes in the open position. 


Distribution piping 
Water is supplied to the various fixtures 
throughout the house by distribution piping. 
The distribution system begins by the inlet 
supply pipe just after the water meter and 
consists of two components: supply mains 
and fixture risers. The supply mains are 
usually suspended from the basement ceiling 
and can be readily inspected in an unfinished 
basement. The fixture risers run between the 
supply mains and the fixtures and are usually 
concealed behind the walls. For the most part, 
the risers cannot be inspected. 
Inaddition to copper, brass, and galvanized 
iron pipes, most communities also allow the 
use of plastic (PEX) pipes for both hot- and 
cold-water distribution. Trace and inspect all 
of the exposed water pipes in the basement. 
You will find that there will be a branch 
takeoff pipe that leads to the domestic water 
heater, and if the house is heated by steam or 
hot water, there will be a cold or hot takeoff 


leading to the boiler. As a point of interest, 
over the years, cold-water copper and brass 
pipes take on a darker color than the hot-water 
pipes. Sometimes you might find sections of 
cold piping “sweating” profusely. This is not 
a problem condition. It is merely condensation 
and can easily be eliminated by insulating the 
pipes or reducing the amount of moisture in 
the air with a dehumidifier. 

Faulty plumbing does not necessarily 
‘mean that there is a steady stream of water 
leaking from a pipe or fitting, although if thatis, 
the case, immediate correction is necessary. OF 
particular concern are indications of aging and 
deterioration. Look specifically for signs of past 
and current leakage around fittings and valves. 
Look for mineral deposits, corrosion, and 
patched sections. The presence of galvanized 
iron pipes and fittings in a copper and brass 
plumbing system is a potential problem, as 
discussed previously. If you see iron pipes, 
you should make an estimate of the amount 
and anticipate their replacement. Copper pipes 
often takeona greenish cast, particularly around 
the fittings. Although this condition looks as 
if it could have been caused by water leaking 
from the joint, it is not. It is usually caused by 
the soldering flux. A leak, on the other hand, 
usually shows up as an encrustation of mineral 
deposits around the joint. 

Brass pipes found in residential structures 
will usually be “red brass” or “yellow brass.” 
You can often tell the difference by the 
color. Red brass, however, is not really red 
but a yellowish brown. Yellow-brass water 
pipes are more vulnerable to corrosion and 
dezincification (zinc leaching out of the brass 
into the water) than red-brass pipes. The 
projected life for yellow-brass pipes is about 
forty years; seventy-five years for red brass is, 
not uncommon. The weakest part of a brass 
pipe is the threaded joint. With some older 
yellow-brass pipes, the threads are paper thin. 
If force is applied to one of the pipes (with a 


wrench during a repair or even by leaning 
on the pipe), the joint could easily rupture. 
Usually weak joints can be detected by a slight 
encrustation of mineral deposits. If you find 
encrusted joints on brass pipes, you should 
anticipate repair or replacement of those 
sections. 

‘When the distribution pipes are brass, look 
along the length of the pipes for signs of leaks. 
Brass pipes are vulnerable to pinhole leaks 
along their length. Depending on its chemical 
quality, the water in the pipes can cause some 
of the zine in the brass to dissolve. When this 
occurs, pinhole openings can be seen along the 
length of the pipe. Because of the small size 
of the openings, water drips from the holes 
very slowly. In many instances, the water 
will evaporate before it drips, leaving whitish 
mineral deposits around the opening. (See 
FIG. 13-10.) Eventually the deposits can self-seal 
the leak, although the pinhole openings will 
get larger. 

I once inspected a house that had this 
problem. The owners had moved out in the 
beginning of the winter before they found a 
buyer. Asa precautionary measure, water was 
drained from all of the pipes to keep them from 
freezing over the winter. My inspection took 
place the following spring when the water was 
turned on. The sudden surge of pressure in the 
pipes was enough to loosen alll of the deposits, 
and water started to leak outalll along the pipes 
so that it looked like a sprinkler system. If you 
see brass pipes with mineral encrustation: 
along their length, even though there might 
not be any current leakage, those pipes should 
be replaced. 


Drainage pipes 
The wastes discharging from toilets and sinks 
flow from the fixtures down to the sewer or 
septic tank by means of drainage pipes. As 
with the distribution piping, only the portion 
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of the drain line that is in the basement will be 
visible for inspection. In those houses built on 
ground level or those with finished basements, 
the drainpipes will probably not be visible and 
cannot be inspected, 

Drainpipes are generally made of cast 
iron, galvanized iron, copper, lead, or plastic. 
Very often the drainage system will consist of 
a combination of the different types of pipes. 
This is acceptable. The problems encountered 
in the distribution system when using iron 
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Fig. 13-10. Brass water 
pipe with pinhole leaks, 
@ condition caused by 
leaching zinc. Note 
‘mineral deposits. on 
underside of pipe. 


and copper pipes together or lead pipes do not 
exist in the drainage system. 

For most of the day, the drainpipes are 
empty. The wastes flow down the drain by 
means of gravity. Consequently, the main 
house drain in the basement must have a 
steady downward pitch leading directly to the 
sewer or septic tank. Look at the drain line. 
If there is a low point along the length of the 
pipe, there is a problem. (See FIG. 15-11.) The low 
point in the pipe will allow grease and sewage 


Fig. 13-11. Low point in 
drainpipe can cause solid 
wastes to build up and block 
the flow. 


solids to settle and eventually block the pipe. 
This condition is a violation of the plumbing 
code and must be corrected. When inspecting 
the drainpipes, look for signs of current and 
past problems such as cracked and patched 
sections, improper pitch, and leakage. 

One question that I am asked fairly 
often by prospective buyers is “Can we put 
a bathroom in the basement?” The only 
difficulty in installing a bathroom is how 
to handle the drainage, which must flow 
by gravity. If the house drain is connected 


Fig. 13-12. Sewage ejector pumping 
system below the floor slab. 


to the sewer at a level above the basement 
floor, the wastes from the fixtures will have 
to be pumped up to the house drain so that 
they can flow out to the sewer. If there is a 
bathroom in the basement, check to see if the 
wastewater drainage discharges into a sewer 
ejector tank. The tank is normally located in 
an unfinished area of the basement. Since 
the tank is installed below the floor slab, the 
only portions visible are the top cover and 
the associated discharge and vent pipes. (See 
FIG, 13-12) The cover should be gasketed and 
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tightly secured tothetank, and there should be 
adequate seals around the pipe penetrations. 
There should also be a gate valve and a check 
valve on the discharge line. A float switch 
controls the ejector pump. You can check the 
operation of the pump by flushing the toilet 
and then letting water run in the sink until 
the pump is activated. Another approach, 
although one that is not approved by most 
building codes, is to use a specially designed 
toilet that can lift the wastes about 10 feet 
without the use of a pump. It uses water 
pressure. This toilet is moderately priced. 
However, it is quite sensitive and if used 
for anything other than human wastes and 
toilet paper, it can become clogged. If only 
a sink is desired in the basement, a simple, 
inexpensive lift pump can be used to lift the 
waste water to the house drain. 

When the house drain is located below 
the basement floor slab, connecting the 
fixture drains to the house drain will require 
breaking up sections of the floor. To minimize 
the installation cost, the proposed bathroom 
should be located near the existing drain 
line. In some cases, when the drain line is at 
or just below the basement floor surface, the 
toilet is located on a platform to facilitate the 
connection. 


Well-pumping systems 
When domestic water is not supplied by 
a utility company, it will be supplied by a 
private well-pumping system that includes a 
well pump, storage tank, and pressure switch. 


Wells 
As explained in chapter 6, part of the water 
hitting the surface of the earth as rain, snow, 
hail, or sleet seeps into the ground and 
percolates down until it hits an impermeable 
tock strata through which it cannot penetrate. 


202 Plumbing 


‘The water then flows along the strata until it 
eventually reaches the ocean or a river, which 
can be more than a thousand miles away. The 
underground flow is not like a running stream 
but more like a turtle climbing a rock pile. The 
water flows through the pores and cracks of 
rock formations, sometimes surfacing along 
the way asa river or lake. The water composing 
this underground flow is groundwater, the top 
surface of which is commonly called the tater 
table. 

Subsurface rock formations that readily 
yield the groundwater to wells are aquifers. 
There are two types of wells—shallow and 
deep wells. A well that draws from an aquifer 
located less than 25 feet below the earth’ 
surface is a shallow well. When the aquifer is 
more than 25 feet below the earth's surface, the 
well is a deep well. Wells over 500 feet deep 
are not uncommon. 

Because of the proximity of the surface, 
shallow wells are vulnerable to contamination 
from cesspools, malfunctioning septic systems, 
barnyard manure, and industrial waste 
disposal. Deep wells, although less vulnerable 
to contamination, can also become polluted. 
Bacterial and chemical pollutants move 
downward in the soil until they reach the water 
table and then flow with the groundwater. To 
a large extent, the soil acts as a natural water 
purifier for bacterial contamination by filtering 
small suspended solids and allowing large 
pollutant particles to settle out. In addition, 
bacterial pollutants tend to die after a period 
of time; their life spans are usually short in the 
unfavorable conditions found in the soil 

Chemical pollution of the water source, 
however, can persist for years. I recently read 
‘a newspaper article about a toxic chemical 
solvent, trichlorethylene (TCE), that was 
contaminating the water supply of seventeen 
private wells. The solvent, which is used for 
thinning paint or removing grease, can cause 
neurological problems if inhaled or ingested 
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in high concentrations. The source for the 
contamination could not be determined. The 
local health commissioner, however, indicated 
that he thought it was the result of TCE being 
dumped in the area many years ago, prior to 
the homes being built, 

Water that has a foul taste or odor and 
appears dirty may be completely potable, 
whereas water that is very clear and has a 
good taste may be polluted. You cannot tell 
by looking at it or tasting it whether the water 
is contaminated. As a precautionary measure, 
well water should be analyzed once a year 
for both bacterial and chemical pollutanis. If 
the house has a well, have the water analyzed 
prior to contract closing. 


Well pumps 
The purpose of the pump is to draw water 
from the well and push it through the 
distribution piping with sufficient force that 
the water overcomes the frictional resistance 
of the pipes and provides an adequate flow 
at fixtures 

There are three basic types of well pumps 
used for residential structures: submersible, jet, 
and piston. All three can be used for shallow or 
deep wells. The submersible pump, however, 
is most frequently used for deep wells. In 
shallow wells, the jet or piston pumping 
mechanism is not located in the water. It is 
located on top of the well. The water is drawn 
up to the pump by a suction action, not unlike 
drinking through a straw. A suction will result 
ina pipe immersed in a body of water when 
the pressure inside the pipe is reduced below 
atmospheric pressure (vacuum). Under ideal 
conditions, the maximum suction lift is 34 
feet. However, because of pump inefficiencies 
and frictional resistance of the pipe walls, the 
practical limit of suction lift is 25 feet, which is, 
used in defining a shallow well. A deep well, 
therefore, is one in which water is pumped 
from a depth that exceeds 25 feet. 


‘Well pumps and their accessory equipment 
are usually very reliable. Nevertheless, all well- 
pumping systems require occasional repair or 
replacement. The projected life expectancy of 
a pump is seven to ten years, although many 
pumps run without trouble for twenty to thirty 
years. 

Piston pump These pumps are no longer 
in general use, although they might be found 
in older homes. Basically, they are motorized 
versions of the old hand pump. A motor drives 
the piston that alternately sucks water into 
the cylinder and then discharges it on every 
other stroke. In a shallow well, the pump 
(motor-piston assembly) is above the ground. 
Ina deep well, the motor is above the ground, 
and the piston assembly is located in the well. 
Usually the motor is connected to the piston 
assembly by a belt and pulley. Inspect the 
belt for partially torn and frayed sections and 
adequate tension. Look for signs of leakage 
around casing joints and the piston rod. There 
should be none. An overall evaluation of any 
pumping system must include an inspection of 
the accessory equipment, which is discussed 
later in this chapter. 

Jet pump The jet pump consists of a 
jet assembly and a centrifugal pump. The 
centrifugal pump can be thought of as a 
small paddle wheel driven by a motor. As the 
wheel turns, it imparts energy to the water, 
increasing its velocity and pressure. A portion 
of the water discharging from the centrifugal 
pump is diverted to the jet assembly, which 
has no moving parts. However, it uses this 
recirculated water to perform two functions. It 
creates a suction that draws well water into the 
assembly and pushes this water back up to 
the centrifugal pump. After passing through the 
pump, some of the water is again rediverted 
to the jet assembly and the remainder directed 
to the plumbing system for distribution. 

You can tell whether the pump is a 
shallow-well or deep-well jet pump by the 
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number of pipes extending into the well. The 
basic difference between the two pumps is 
the location of the jet assembly. In a shallow- 
well jet pump, the jet assembly is built into 
the centrifugal pump casing and has only one 
pipe extending into the well. In a deep-well 
jet pump, the jet assembly must be located 
within the well (so that the suction lift does not 
exceed 25 feet). In this case, there are two pipes 
extending into the well. (See FIG. 13-13.) In are 
where the temperature drops below freezing, 
proper weather protection of jet pumps is 
important. According to Gould Pumps, Inc., 
frozen pumps represent one of the most 
common reasons for pump replacement. 
Submersible pump A submersible pump 
consists of an electrically driven centrifugal 
pump designed so that both the electric motor 
and the pump can operate under water. This 
pump is intended for placement directly in 
the well and is used primarily for deep wells. 
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However, it can also be used for shallow wells. 
Water is drawn into the unit through screened 
openings located between the motor and the 
pump. A single discharge pipe is connected to 
the top of the pump and runs to the storage 
tank, which is usually found in the lower level 
of the house. When inspecting the pumping 
system, you will not see the pump, only the 
accessory equipment. (See FIG. 13-14) 

Because the electric motor is located in 
the well, in those areas where electrical storms 
are frequent, it is advisable to have a lightning 
arrester at the motor power supply. This will 
conduct high-voltage surges from the line to 
the ground before they enter and damage the 
motor. Submersible pumps have the advantage 
of quiet, dependable operation. They are 
relatively maintenance-free and are more 
efficient than jet or piston pumps. However, ifa 
problem develops with the pump or motor, the 
entire unit must be withdrawn from the well. 


13-13. Jet pumps: 
eft—shallow-well jet pump, 
one pipe extending into 
‘well; right—deep-well 

jet puip, too pipes 
extending into well. Gould 
Pumps, inc. 


Fig. 13-14. Typical submersible 


To 
house 


pump installation, Only the controls 
and storage tank are visible, since the 
pump is located in the well, 


Accessory equipment 
Fora private well-pumping system to provide 
water service comparable to that offered by 
a utility company, accessory equipment is 
needed. 

Storage tanks The pump discharge line 
must be connected to a storage tank. The tank, 
also called a pressure tank, is generally located 
on the lower level of the house but might also 
be located in an outside pump house. Water 
from the tank is forced into the house supply 
pipe whenever there is a demand at one of the 
plumbing fixtures. A properly functioning 
tank provides a water reservoir that balances 
the capacity of the pump against the usage 
demand. It prevents excessive short-cycling 
(too rapid starting and stopping), which can 
cause switch and motor trouble. 


Well casing 


Submersible 
pump 


‘The water in the storage tank is under 
pressure. Since water cannot be compressed, 
the tank must be partially filled with air to 
function properly. Over time, the water in the 
tank absorbs the air, so that the tank eventually 
becomes completely filled with water. The 
tank is then “waterlogged,” and the pump 
performs as if no tank were used. Any small 
request for water, such as filling a glass, will 
cause the pump to cycle rapidly. This in turn 
will cause premature wear on the pump, 
motor, and switch. 

The pressure range normally used for 
well-pumping systems is between 20 to 40 
or 30 to 50 pounds per square inch (psi). If a 
waterlogged condition exists and there is a 
demand for water, you will hear the pump 
starting and stopping rapidly if the pump is the 
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jetor piston type. However, whenasubmersible 
pump is used, you will not hear the pump. 
In this case, you can tell that a waterlogged 
condition exists because the pressure switch 
will be clicking on and off. Also, the pointer on 
the pressure gauge will be fluctuating between 
the high- and low-pressure limits. If you find 
a waterlogged tank during your inspection, 
record it on your worksheet. The condition 
can be easily corrected by draining and then 
injecting air into the tank. 

Some pumping systems have an air- 
charger apparatus that introduces air into the 
tank with each cycle to avoid waterlogging. 
Some prepressurized tanks claim to achieve 
a permanent separation of air and water by 
means of a plastic or rubber diaphragm or 
bag. These tanks should also be checked to 
determine whether they are waterlogged. 
I have found that on occasion they are, a 
condition that indicates a faulty diaphragm or 
bag. 

Inmostareasofthecountry, thestoragetank 
should be insulated to prevent condensation 
during the summer. Some tanks show sigi 
of deterioration because of exces 
a condition brought about over the year 
moisture condensation on the tank. Depending 
on the degree of deterioration, the tank might 
have to be replaced or scraped, repainted, and 
insulated. 

Pressure switch, gauge, and relief valve 
All systems must have a pressure switch and 
pressure gauge. The switch automatically 
starts and stops the pump at predetermined 
pressures. The pressure differential between 
start and stop is usually about 20 psi. The 
normal pressure range, as mentioned earlier, 
is 20-40 psi or 30-50 psi, sometimes 40-60 psi. 
Pressure in excess of 65 psi is abnormal and 
should be checked out by a pump service 
company. It might be caused by a faulty 
pressure switch. 
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The switch can easily be checked by 
turning on a faucet. Look at the pressure gauge 
and watch the pressure drop until the pump is, 
activated by the low limit. Have someone turn 
off the faucet while you watch the pressure 
building up on the pressure gauge. When 
the upper limit is reached, the pump should 
stop. If it does not or it cuts out at too high 
a pressure, there is a problem. If the pressure 
gauge is broken, this test cannot be performed. 
Alltoo often, Ihave found inoperative pressure 
‘gauges. If you find one, it should be replaced. 

Standard tanks are normally rated for a 
maximum pressure of 75 psi. As a precaut- 
ionary measure, there should be an automatic 
pressure relief valve on the storage tank or 
associated piping. In many jurisdictions it is a 
code requirement. The relief valve will prevent 
problems associated with excessive pressure 
buildup if the pressure switch malfunctions 
and allows the pump to continue running 

Look at the pressure gauge to see if the 
system will hold pressure when the pump is not 
running and no wateris being used. Ifthe pointer 
on the gauge drops, it indicates a leak. If no 
signs of leaks were noted during the plumbing 
inspection, the leak is probably between the 
storage tank and the well. Note this item on 
your worksheet, for it must be corrected. 


General considerations 


When the yield of a well is less than 5 gallons 
per minute (gpm), some municipalities require 
an auxiliary storage tank from which water 
can be drawn during periods of peak demand. 
The rate at which water will be used in a home 
can vary from 1 gpm (rinsing hands) to a peak 
rate of 12 gpm or more, depending on personal 
habits and plumbing fixtures available. The 
approximate rates at which the various home 
fixtures use water is shown in TABLE 13-1. This 
assumes adequate-size distribution piping. 


Table 13-1. Water use rates (gpm). 


Bathroom sink (lavatory) faucet 
Water closet (toilet) 

Bathtub 

Shower 

Dishwasher 

Washing machine (laundry) 
Garden hose 

Lawn sprinkler 


Table 13.2 shows the approximate water- 
supply requirements of home fixtures. 

Obviously, all of the fixtures will not be 
in operation at the same time. Nevertheless, 
for a home with two full bathrooms, the 
pumping system should be designed so that 
it can supply a peak of about 10 gpm, even if 
this is greater than the yield of the well. If you 
find an auxiliary storage tank or the controls 
for a storage tank (the tank might be buried), 
you should try to find out the design criteria 
for the well-pumping system. You might 
find that the water flow at the design peak 
demand is less than you require. The design 
criteria might be known by the seller or might 
be available through locai health department 
records or the company that installed the 
system, 


Table 13-2. Water supply requirements. 
Filling bathroom 


sink (lavatory) 2 gallons 
Filling average 
bathtub 30 gallons 


Each shower 

Older water 
closet (toilet) 

Newer toilets 


Up to 60 gallons 


4.5 gallons per flush 
L6 gallons per flush 


Dishwater 3 gallons per load 
Washing machine 

(aundry) Up to 50 gallons per load 
"This Figure willof course, vary with each individual 


Also, shower heads are available that will reduce the 
flow rate 
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Exterior inspection 

© Did you note any vent stacks that 
— terminate near windows? 
—run up an exterior side of the house (in 

northern climates)? 
—have TV antennas and so on strapped to 
them? 

O Is the drainage system connected to a mu- 
nicipal sewer, a septic tank, or a cesspool? 

© Do you know where the septic system or 
cesspool is located? 

© If house is connected to a septic tank, has 
the tank ever been cleaned? When? 

O Did you note any wet spots or any foul 
odors in the area of the septic system? 

O Are there any areas where liquids are 002- 
ing from the ground? 

© Does property contain a lawn sprinkler 

system? 

O Is sprinkler water-supply line protected by 
a vacuum breaker? 


Interior inspection 
Fixtures (operation and condition) 

O Check all plumbing fixtures for 
operation. 

O Note cracked, chipped, or stained areas. 

O Are sinks or bowls loose? 

© Do faucets leak around handles or spout 

O Do sinks, bowls, tubs, and showers drain 
properly, or are they sluggish? 

© Do sink and tub drains open and close 
properly? 

O Are there any missing or inoperative 
“pop-up” units? 

O Does toilet bow! fill and shut off properly? 

O Doany fixture drain lines leak, have make- 
shift patches or missing traps? 

© Do fixtures have individual shutoff valves 
on supply lines? 
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Water pressure, flow 

O Check individual fixtures for low hot- or 
cold-water flow. 

Q Is water flow adequate? 

O Note if there are knocks (water hammer) 
when faucets are opened and closed rap- 
idly. 

© Note any fixtures with galvanized iron pip- 
ing or kinked lines (copper) 

Piping 
Inlet service 

O If water is supplied by a utility company, 
locate the inlet pipe and the water meter if 
any. 

O Is the inlet pipe made of iron, brass, cop- 
per, or lead? 

© Ifinlet pipe is lead, take a water sample for 
analysis. 

O Is there a master shutoff valve? Check its 
operation. 


Distribution piping (supply mains, fix- 
ture risers) 

© Are these pipes copper, brass, galvanized 
iron, plastic, or a combination? 

O Are there signs of leakage, patched or cor- 
roding pipe sections or valves? 

O If system is basically brass, note any min- 
eral deposits along the undersides of pipes 
or around threaded joints. 

O Pipes located in an unheated area such as 
a crawl space, garage, and so on may be 
vulnerable to freezing and should be insu- 
lated. 

O Are any pipes sweating? 

O Are any pipes improperly supported? 

O Are hot- and cold-water lines adequately 
spaced apart? 
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Drainage pipes 

© These pipes are generally made out of 
cast iron, galvanized iron, copper, lead, or 
plastic. 

© Look for low points or sagging sections 
where solid wastes can accumulate. 

© Are any visible drainage lines improperly 
pitched? 

O Note any signs of leaking, cracked or 
patched sections. 

O Is there a sewage ejector tank? 

O If there is, is it operational? 


Well-pumping systems 

© Have a water sample analyzed for contam- 
ination. 

Is there a deep- or shallow-type well? 

O Is well pump a piston, jet, or submersible 
type? 

© Do you know the design criteria (gallons/ 
minute) of the system? 

© Are installation records and recorded flow 
available? 


Accessory equipment 

Is storage tank insulated? 

Are there signs of rust or corroding 

areas? 

© Does tank contain a pressure-relief 
valve? 

© Is pressure gauge operational? 

O When system is active (pumping), note the 

pressure differential. 

Does the pressure exceed 65 psi? 

Does gauge fluctuate rapidly, or does 

pump cycle on and off? 

© Does system hold its pressure when all 
faucets are shut and there are no interior 
plumbing leaks? 
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Heating systems fall into two principal 
categories—central heating and area heaters. 
In a central heating system, warm air, hot 
water, or steam is generated in one location of 
the house and is distributed through ducts or 
pipes to heat other portions of the house. An 
area heater is basically a space heater and is 
used to provide warmth to the room in which 
it is located, as with a fireplace or potbellied 
stove. The area heaters of today, however, are 
much more sophisticated and are equipped 
with temperature and safety controls. 

The principal energy sources used in 
heating systems are gas, oil, and electricity. To 
some extent, coal, wood, and solar energy are 
also used for heating residential structures, 


Central heating systems 


Most of the homes in the United States have 
central heating systems. The basic components 
of these systems are 


+A burner for converting gas or oil to 
heat or a resistance coil for converting 
electrical energy to heat. 

‘+A heat exchanger for transferring this 
heat to the air or water. When the heat 
exchanger is used to produce warm 
air, itis a furnace. When it produces hot 
water or steam, it is a boiler. Because 
many people have unknowingly been 
calling a boiler a furnace, the term 
{furnace is pretty much the generic name 
for the heat exchanger. 

+A distribution system, consisting of 
ducts or pipes for conveying the warm 
air, hot water, or steam to the various 
parts of the house. 

‘+ Heat outlets such as registers (vents) or 
radiators for transferring heat into the 
room. 

+ Automatic safety and temperature 
controls. 
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A central heating system provides heat to 
the rooms throughout the house and in some 
cases to the nonhabitable areas such as the 
garage or unfinished basement. In many cases, 
the system can be extended to provide heat to 
additions or modifications to the house such 
as a finished attic or a new dormer. Whether 
the heating system can be extended depends 
on its heating capacity and the configuration 
of the distribution system. If you are thinking 
about extending the heating system of the 
house, you should consult a professional to 
determine its feasibility. 

One advantage of central heating is that 
the distribution system can be designed so 
that the house is divided into separate heating 
areas, zones. A multizoned house is more 
economical and more efficient to heat. Zoning 
is used to maintain the same or different 
temperatures in various parts of the house. 
Only those rooms that require it need be 
heated. Zone control is automatic. Each zone 
has a thermostat control that opens and closes 
valves for hot-water and steam systems or 
dampers for a warm-air s} 
was originally designed with only one heating 
zone and you are considering converting it 
to a multizone system, have the conversion 
plans checked out by a professional. The 
configuration of the distribution system might 
be such that conversion toa multizone system 
is not economically justifiable. Reaching the 
break-even point on your investment (cost 
versus fuel savings) can take many years. 

One of the problems of a central heating 
stem is distributing the heat evenly to all 
parts of the house. The larger the house, 
the more difficult it is to obtain an even 
distribution. Often the registers or radiators 
farthest from the furnace or boiler do not 
supply as much heat as those that are closest. 
Minimizing this problem is called “balancing 
the heating system” and requires the use of 
dampers for warm-air systems, throttling 


valves for hot-water systems, and certain types 
of air valves for steam systems. Balancing the 
heating system to your family’s requirements 
is best performed after living in the house for 
a while. It might be that the system is already 
properly balanced for your needs and requires 
no further adjustment. Balancing is discussed 
in this chapter in the sections pertaining to the 
various systems. 


Heating outlets: registers 
and radiators 


The most effective location in a room for 
forced-warmair registers and hot-water and 
steam radiators is along the exterior wall near 
windows or doors. This enables the heated air 
tomix with the coldair that very ofteninfiltrates 
into the interior through the joints around 
windows and doors. Of course, if the joints 
are properly caulked and weatherstripped, 
the air infiltration on a cold, windy day will 
be minimized. Most homes, however, are not 
adequately caulked and weatherstripped. (See 
the section on caulking and weatherstripping 
in chapter 19.) The mixing of warm air with the 
cold air around the exterior walls will eliminate 
cold spots, reduce drafts, and produce a more 
uniform heat distribution in the room. If the 
registers or radiators are not located along the 
exterior walls in any of the rooms, the overall 
heat distribution in those rooms might be less 
than what you consider desirable. 

All central heating systems have 
advantages and limitations. If you feel that 
the type of heating system is crucial to your 
decision on whether to buy the house, these 
advantagesand limitationsare important. Your 
decision, however, should be based on fact and 
not hearsay. I have had many clients tell me 
that they would consider only a house heated 
with a hot-water system because a warm-air 
yystem is “too dry.” Well, all heating systems 
are “too dry” unless the air is intentionally 


humidified. I have been in homes heated with 
a hot-water system where the humidity was 
less than 10 percent, and I have been in homes 
heated with warm humidified air where the 
humidity was over 30 percent. Since a hot 
water system does not have ducts, the house 
cannot be humidified from a central location 
as with a warm-air system. The advantages 
and limitations of various heating systems are 
discussed later in this chapter. 


Thermostat and master 
shutoff 


There are many types of controls for heating 
systems. The onesmostfamiliartohomeowners 
are the thermostat and the master shutoff. The 
thermostat is used to turn on or shut down 
the heating system on an as-needed basis 
automatically. It is a temperature-sensitive 
switch that normally operates at low voltage 
(24 volts), although some operate at line 
voltage (110 volts). As the temperature drops 
below the thermostat setting, contacts within 
the thermostat close, activating the heating 
system. When the temperature in the room 
containing the thermostat rises above the 
setting, the contacts open, shutting down the 
heating system. 

In some thermostats, the contacts are 
exposed to air and dust and should be cleaned 
periodically. Otherwise, a dust layer can 
form on the contacts that prevents them from 
operating properly. Over the years, the contacts 
in some thermostats become worn because of 
cleaning and no longer close properly. These 
thermostats require replacement. In newer 
thermostats, the contacts are encased in a glass 
enclosure or have been replaced by a sealed 
mercury switch. 

In a house with a multizoned heating 
system, each zone will be controlled by a 
thermostat. The placement of the thermostat 
is quite important. Since the thermostat senses 
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only the temperature in the surrounding 
area, the placement of the thermostat must 
be such that the temperature in that area is 
representative of the temperature for the entire 
house or for that zone. The thermostat must 
never be placed in a draft or in an area where 
air circulation is blocked. 

Research has indicated that by lowering 
the thermostat setting 5 to 10 degrees prior to 
going to sleep and resetting it in the morning, 
you can save 5 to 15 percent of your fuel bill, 
depending on your geographical location. If 
you want to take advantage of these savings 
but feel that you might forget to lower the 
thermostat setting each night, you can replace 
the regular thermostat with a clock thermostat. 
A dock thermostat will automatically lower 
the temperature setting each night and raise 
it each morning. From a convenience point of 
view, a clock thermostat is very worthwhile. 
If the house does not have a clock thermostat, 
you should consider its installation. Some units 
allow for a double setback, which is useful in 
houses that are empty during the day. 

Every heating system should have at 
least one master shutoff switch. Usually, the 
switch is located near the furnace or boiler. 
Sometimes the switch is located at the top 
of the stairs that lead to the basement. In the 
event of a problem with the heating system, 
this switch can be used as an emergency 
shutoff for the burner. The switch is also used 
by a repairman when servicing the system. 
By turning the master switch off, no one can 
inadvertently turn the heating system on by 
raising the thermostat. 


Warm-air systems 
Air heated in a furnace travels via supply 
ducts to the rooms. The warm air enters the 
rooms and is discharged through wall or floor 
registers or ceiling diffusers. The cooler air 
in the room, being displaced by the heated 
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air, travels through return ducts back to the 
furnace where it is reheated and recirculated. 
If the system does not have cold-air return 


ducts, the cold air travels back to the furnace 
via gravity. Usually the stairway allows the 
cold air to travel to the first floor, and grilles 
in the floor of the first level then allow it to 


recirculate to the furnace. Of course, doors 
must be open to permit the air movement. 
Where doors are closed, the heat rises in a very 
restricted manner. 

The air in a warm-air system can be 
supplied to the furnace by recirculating heated 
air through ducts or by drawing in cool air from 
the basement. The latter method is no longer 
used in modern warm-air systems because of 
the potential danger of exposure to poisonous 
gas and because of the heating inefficiency. If 
the chimney is clogged, the exhaust gas, which 
contains poisonous carbon monoxide, backs 
up into the basement. It is then drawn into the 
furnace and distributed throughout the house. 
Also, since the temperature of the basement air 
is lower than the temperature of the recirculated 
air, more fuel will be required to heat it to the 
desired temperature. Although this method of 
supplying air to the system is for the most part 
no longer used, it will still be found in many 
older systems. You can easily spot it. Look for 
a large opening in the furnace casing. 

There is only one condition under which a 
furnace or its heat exchanger must be replaced: 
when the walls in the heat exchanger that 
separate the circulating air from the hot exhaust 
gases deteriorate because of age, premature 
corrosion, or cracks and thus allow the exhaust 
gases to mix with the circulating air. Included 
in the exhaust gases is carbon monoxide which 
is poisonous. The mixture of air and exhaust 
gases circulating around the house is quite 
dangerous. The “life expectancy” of a furnace 
refers to the average number of years of usage 
that can be expected before the walls of the 
heat exchanger deteriorate. For many modern 
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Regular cleaning = easier soldering and longer tip life: The iron tip’s ability to transfer heat is drastically 
reduced when it gets covered in oxides and burnt flux residues. Not only does heat not transfer as well through 
this debris, but the contaminants also prevent solder from wetting or sticking to the tip. Most heat transfer 
actually goes through a fluid solder "heat bridge” that lies between the iron tip and components, so an iron tip 
that repels solder will be very ineffective 


‘The longer oxides and charcoaled flux residues remain on the tip, the harder they become to remove, so it's a 
good idea to clean the tip every time you pick up the iron. 


Wiping the iron on an edge of a hole cut into a sponge can help to remove oxides easier, and also allows waste to 
fall away. A dry cleaner can also be used. It consists of soft metal shavings that are coated with flux. You clean 
by thrusting the iron into the shaving a few times. By avoiding the thermal shock of touching a damp sponge, 
these cleaners help to increase tip life, and in our opinion, do a better, faster job. 
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furnaces, the projected life is between fifteen 
and twenty years, although some older ones 
have been safely operational for well over 
thirty years. A number of manufacturers are 
now providing replacement heat exchangers 
so that the overall life expectancy of the furnace 
can be extended indefinitely. 


Advantages 
Warm-air systems have an advantage over 
other types of heating systems in that the air 
in the house can be cleaned (dust particles 
removed by filtering) and humidified. Most 
systems use either inexpensive disposable 
filters or permanent-type filters that require 
periodic washing. Some systems utilize an 
electronic filter, which is very effective in 
removing dust and pollen from the air. 

Not all warm-air furnaces are equipped 
with a humidifier for adding moisture to the 
circulating air. If you do not see one, you 
should consider installing one. The humidifier 
may be mounted in the main return or supply 
duct and is usually located near the furnace. 
Humidifiers such as the evaporative-plate or 
wick type add some moisture to the circulating 
air. However, they are not totally effective. A 
more positive introduction of moisture into the 
airstream can be achieved with a power spray 
humidifier that is controlled by a humidity- 
sensing device. 

Additional advantages of a warm-air 
system: 


‘+ Adaptability toa central air-conditioning 
system. (See chapter 17.) The distribution 
ducts and the furnace blower can be 
used to circulate the cool air. This results, 
in considerable cost savings when 
installing a central cooling system. 

‘+ There are no distribution pipes to freeze 
and burst. Consequently, if the heating 
system is not operational for several 
days during the winter, as would be 


the case in the event of an extended 
power failure, there would be no need 
to worry about the distribution system 
freezing (a condition that can occur with 
a hot-water heating system). Of course, 
regardless of the type of heating system, 
during an extended power failure, the 
domestic water pipes are vulnerable to 
freezing. 

+ Thereplacementcost fora new warm-air 
furnace is less than the replacement cost 
for a new hot-water or steam boiler. 


Disadvantages 
‘The major disadvantage of a warm-air system 
is that in the event of a faulty heat exchanger, 
the exhaust gases will mix with the circulating 
air and be distributed around the house. 

Ina multizoned warm-air heating system, 
the zones are not totally independent of one 
another. The zones are controlled by motorized 
dampers located in the ducts. When the 
dampers are closed, they block the airflow in 
their respective ducts, preventing that portion 
of the house from being heated. However, 
some air will always flow around the closed 
damper, decreasing the overall efficiency of 
operation. In quality-constructed homes, zone 
control is often obtained by using two separate 
furnaces with separate distribution systems 
rather than by using motorized dampers. 


Gravity warm air 
A gravity warm-air system is a very simple 
system that is often found in older homes. 
Generally, the furnace is quite large and 
often looks like a mechanical “octopus” with 
many ducts sticking out of the upper portion. 
(See FIG. 141.) There are no moving parts, 
motors, or electrical connections other than 
those required for the thermostat and burner 
control. The basic principle of operation 
is the fact that warm air rises and as it does 
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Fig. 14-1, Left—Old “octopus” warm-air furnace; system was converted from gravity to forced warm 
air by installing a blower unit, which is located in the black casing on left side; right—Heat-supply 


ducts at top portion of “octopus” furnace. 


displaces the cool air, which in turn results in 
air circulation. 

The heat distribution in a house heated by 
a gravity system is often less than desirable. 
To obtain a uniform heat distribution, there 
must be good air circulation. And in order 
to have good circulation, there must be a 
considerable temperature difference between 
the warm air entering the room and the cooler 
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air in the room. As the room begins to warm, 
the temperature difference decreases, thereby 
reducing the air circulation. 

The cooler air returning to the furnace 
is drawn into the return duct by a natural 
draft that is the result of thermal air currents, 
The moving air does not have much force. 
Consequently, there will usually not be a 
filter in this system for cleaning the air. The 


resistance offered by a filter (especially a dirty 
one) is often enough to block the airflow. 
Although a gravity system is considered 
obsolete, it can be updated to a forced warm- 
air system by installing a blower unit (fan 
and motor assembly). For the most part, the 
old gravity systems are quite rugged and can 
last for many years. I have seen many units 
that are over fifty years old. They are usually 
made of heavy-gauge cast iron or steel and 
can probably be used for many more years, 
assuming that efficiency of operation is not a 
consideration. As mentioned earlier, the only 
time a furnace must be replaced is when there 
isa crack in the heat exchanger that allows the 
exhaust gases to mix with the circulating air. 


Forced warm air 
Because it is economical to install and is 
versatile, the forced warm-air heating system 
is found in more homes than any other central 
heating system. The basic difference between 
this system and the gravity warm-air system is, 
a blower in the heat exchanger that circulates 
the warm air. Since the warm air is distributed 
under a draft, comfort heating can be achieved 
at lower furnace temperatures with lower fuel 
consumption. In addition, the supply and 
return ducts need not be as large as those of a 
gravity system. 

Controls There are three basic controls for 
this system: a thermostat, a fan control, and a 
high-temperature limit control. The thermostat 
has been discussed earlier in this chapter. The 
purpose of the fan control is to prevent the fan 
from circulating cool air around the house. The 
fan control is a temperature-sensitive switch 
that turns the blower on and off at preset 
air temperatures. It is independent of the 
thermostat. When the thermostat calls for heat, 
only the burners should fire. The fan should 
not begin to operate. If it does, the fan control 
is either faulty or in need of adjustment. After 
the heat exchanger warms up toa temperature 


of about 110° F to 120° F, the fan should begin 
to operate. When the temperature setting on 
the thermostat is satisfied, the thermostat will 
shut off the burner but not the fan. The fan will 
continue to operate until the temperature in 
the heat exchanger drops to about 85° F. 

If the heat exchanger gets too hot, the 
high-temperature limit control will shut off 
the burner. The limit control is usually set at 
about 175° F. For proper operation, the fan 
should begin to operate before the burners are 
shut off by the limit control. Otherwise, the 
temperature of the air discharging from the 
registers will be too high for comfort heating. 

Condensing furnaces Because of the need 
to conserve energy and the escalating cost of 
fuel after the energy crunch of the 1970s, the 
heating industry developed a new generation 
of gas-fired forced-warm-air furnaces. These 
furnaces have been able to achieve an overall 
operating efficiency of 90 to 97 percent, 
whereas many of the conventional furnaces 
found in most homes today have an overall 
operating efficiency of around 60 to 65 percent. 
Because the U.S. Department of Energy set a 
standard in 1992 that requires furnaces to have 
an overall efficiency in the 80 percent range, 
conventional furnaces are no longer installed 
in new homes or as replacement units. 

The new furnaces are called condensing 
furnaces. The increase in efficiency is the 
result of the installation of a secondary heat 
exchanger that extracts heat from the exhaust 
gases that normally flow up the chimney with 
conventional furnaces. During this process, 
the temperature of the exhaust gases drops to 
a point where the water vapor in the exhaust 
gases condenses, thereby releasing additional 
heat. With the conventional furnace the 
temperature of the flue gases is about 450-550° 
F. With the high-efficiency units, it's about 
120-130° F. 

To achieve the increased efficiency, it 
was necessary to incorporate additional 
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components into the overall furnace package. 
Included with the furnace are a power vent 
fan (also called an induced draft blower), plastic 
piping to vent the flue gases through a side 
wall or the roof, condensate drainage piping, 
and an intake air duct for those units that have 
a sealed combustion system using outside air. 

‘A power vent fan is needed to overcome 
the additional resistance to the flow of the 
exhaust gases caused by the secondary heat 
exchanger. Also, with the low temperature of 
the exhaust gases, itis not necessary to use the 
conventional chimney. 

Pulse-combustion furnace Another type 
of high-efficiency furnace is the pulse- 
combustion furnace. As with the condensing 
furnaces, the high efficiency of a pulse unit 
results from the extraction of heat from the 
exhaust gases until the associated water 
vapor condenses. However, the combustion 
process is completely different. Whereas the 
heat in a condensing furnace results from 
a continuous burning of fuel, in a pulse 
combustion furnace, it results from sixty to 
seventy tiny explosions of a gas-air mixture 
per second in the combustion chamber. 

Distribution systems There are two 
basic configurations used for the distribution 
of a forced-warm-air heating system—the 
extended-plenum and the radial configuration. 
(Gee FIG. 14-2.) Regardless of the configuration, 
there should always be a physical separation 
from the furnace at the beginning of the duct. 
The separate sections are usually connected 
by a heavy canvas fabric. (See FIG. 14-3) The 
separation isintended toisolate thedistribution 
system from the furnace so that blower noise 
will not be transmitted throughout the house. 
The isolation fabric in many older homes 
contains asbestos. If you suspect the fabric 
contains asbestos, recommend that it be tested 
and replaced if necessary. (See chapter 20, 
Environmental concerns.) 
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In the extended-plenum configuration, 
a large rectangular supply duct extends in a 
straight line from the plenum mounted on the 
furnace. From this main duct, branch ducts 
supply warm air to the various rooms. The 
large supply duct results in less resistance to 
airflow and produces a more effective heat 
distribution for those rooms farthest from the 
furnace. 

In the radial configuration, there is no 
main supply duct. Each branch duct takes 
off directly from the plenum and runs to the 
individual room registers. This system is 
usually found in smaller houses. A variation 
on the radial configuration is the perimeter 
loop-duct arrangement, which is intended for 
houses built on a slab. This configuration uses 
a duct that encircles the perimeter of the floor 
slab and is connected to the furnace by feeder 
ducts. (See FIG. 14-4) 

The branch ducts for both the extended- 
plenum and the radial configuration will be 
either rectangular or round. The round duets 
are usually relatively small in diameter (4 to 
6 inches), have a higher resistance to airflow, 
and are normally not used for air-conditioning. 
(Do not confuse these ducts with the insulated 
flexible ducts used in many central air- 
conditioning systems.) 

The return duct for both configurations 
is usually made of sheet metal and has a 
rectangular cross section. However, in some 
homes with basements, you might find that 
a portion of the return duct has been formed 
using a section of the overhead wood framing. 
This is done by covering the channel that is 
formed by adjacent joists with sheet metal. (See 
FIG. 145) 

Supply registers and return grille As 
discussed earlier, the most effective location 
for the warm-air supply registers is along the 
outside walls. If the supply register is notlocated 
along the outside wall, and often it is not, the 


Fig. 14-2. Warm-air 
distribution sys 
Top—extended plenum. 
Bottom—radial. 


Basement 


location of the return grille will be important 
for developing a uniform heat distribution. For 
optimum distribution, warm air entering the 
room from thesupply register circulates around 
the room and then leaves through the return 
grille. If the return grille is located on the same 
wall as or a wall adjacent to the supply register, 
there will be a short cycle of the air circulation, 
which reduces its effectiveness. In this case, 
warm air discharging from the supply register 


can be drawn into the return grille before it has, 
a chance to circulate. 

You should look for separate return grilles 
for each room or a centrally located return 
grille for each floor. When each room has a 
separate return, the grille should be located 
on the wall opposite the supply register. If 
there is a centrally located return, the supply 
register should be located on the wall farthest 
from the door. This will provide a better 
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Fig. 14-3. Canvas fabric cover over the separation 
between the furnace and the main duct. The 
separation isolates the distribution system from 
noises and vibrations that may develop int the 
furnace 


circulation, since the air will flow through the 
door opening. Also, about 1 inch should be 
cut off the bottom of the door to allow for air 
movement while the door is closed. 

Balancing the warm-air flow for your 
personal needs can best be accomplished after 
you move into the house. The various supply 
ucts will have dampers that can vary the 
airflow, By reducing the flow to the registers 
closest to the furnace, more warm air will flow 
to the registers farthest from the furnace. In 


addition, each register will have dampers that 
can be used for further restricting and “fine- 
tuning” the airflow. 


Heat pump 
Central heating using a heat pump is 
basically the same as a forced-warm-air 
system. However, the means by which the 
furnace is heated differs. The heating element 
is not a gas or oil burner but a component 
of a reversed-cycle air-conditioning system. 
‘The heat-pump system is discussed in detail 
in chapter 17, 


Geothermal heating/cooling 
Ageothermal heating /cooling system isbasically 
modified heat pump system. Itis often referred. 
to as a ground source heat pump. Unlike an 
air source heat pump where the compressor/ 
condenser is located on the outside of the house, 
the geothermal heat pump is generally located 
in the basement or utility room. It is packaged 
in a single cabinet that includes the compressor, 
refrigerant heat exchanger, and various controls. 
‘The system uses the earth as a heat source and 
a heat sink. It takes advantage of the earth’s 
relatively constant temperature, at depths below 
4 feet, of 40 to 55 degrees year round. The system 
circulates a water /antifreeze solution through a 


Room 


218 Heating systems I 


partition 


Fig. 14-4, Perimeter-loop duct 
arrangement, a variation on 
the radial configuration. 


Fig. 14-5. Return duct for warm-air heating 
system. The duct was made by enclosing the 
channel formed by adjacent ceiling joists with 
a sheetmetal covering. Usually found in older 
systems. 


closed loop of polyethylene pipe that is buried in 
the ground or set beneath the water. Depending 
on which cycle the system is operating under 
(heating or cooling), the solution adds or 
extracts heat from the heat exchanger in the heat 
pump cabinet. Geothermal heating/cooling is 
discussed in chapter 21 


Hot-water systems 

This system operates on the principle of 
circulation and recirculation. Water heated ina 
boiler is transmitted through pipes to radiators 
located throughout the house. At the radiators, 
the hot water gives up some of its heat. The 
cooler water then continues to flow back to the 
boiler where it is reheated and recirculated. 

In this system, the boiler, distribution 
piping, and all the radiators are completely 
filled with water. When heated, water expands, 


increasing its overall volume. Consequently, all 
hot-water heating systems must be equipped 
with an expansion tank to store the increased 
water volume temporarily. When the system 
is shut and the circulating water cools, the 
volume decreases, drawing the water back 
from the expansion tank. Without such a tank, 
excessive pressures could be built up in the 
system that could rupture the distribution 
pipes and fittings. 

‘The water circulating within the heating 
system operates under a pressure that 
normally ranges from 12 to 22 psi. Although 
the water is constantly recirculating and there 
is no need for additional water, an automatic 
water-feed device is provided with all systems 
as a precautionary measure. The automatic 
waterfeed device is a  pressure-reducing 
valve. The water supply to the boiler is taken 
from the house water supply. Since the house 
supply pressure is normally in a range from 
30 to 60 psi, it must be reduced before being 
introduced into the boiler. The reducing valve 
is usually preset by the manufacturer to 12 psi 

There are two basic types of hot-water 
heating systems—gravity and forced. They are 
classified according to the means by which the 
water within the system circulates. 


Gravity hot water 
As with the gravity warm-air heating system, 
the gravity hot-water system is inefficient, not 
very responsive to changing demands for heat, 
and no longer installed in new construction. 
However, it might be found in many older 
homes. The principle of operation is similar 
to that of a gravity warm-air system: As the 
water is heated, it becomes lighter than the 
cooler water and tends to rise. Since the system 
is filled with water, as the hot water rises, it 
displaces the cooler water, forcing it to return 
to the boiler for reheating, and thus induces 
circulation. To keep the resistance to flow at a 
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‘minimum, the size of the distribution piping is, 
relatively large—about 3 inches in diameter— 
compared to the distribution piping in a forced 
system—about 1 inch in diameter. 

Gravity systems might also be classified 
by whether they are open or closed. In an open 
system, the expansion tank has an overflow 
pipe that is open to the atmosphere. The 
expansion tank must be located above the 
highest radiator to ensure that the radiator 
will be filled with water. It is usually found 
in the attic with the overflow pipe extending 
through the roof or side of the building. 
(See FIG. 146, If the attic has been partitioned 
off into rooms, the expansion tank might be 
found in a closet or corner. When the tank 
is located in an unfinished, unheated area, it 
must be insulated to minimize heat loss and 
to protect against freezing should the system 
malfunction. 

Hot-water and steam systems are normally 
equipped with automatic pressure-relief valves 
that discharge when the pressure exceeds 30 psi 
and 15 psi, respectively. A relief valve, however, 
not needed in an open gravity hot-water 
system because if the pressure should build up 
toa point where it exceeds the design pressure, 
the water will simply discharge through the 
overflow pipe in the expansion tank. 

In the closed system, no portion of the 
expansion tank is open to the atmosphere. In 
this case, the expansion tank can be located 
anywhere in the system, usually near the boiler. 
Because the system is closed, it can operate 
at higher pressures, and therefore higher 
temperatures, without turning to steam. The 
higher temperatures permit the use of smaller 
radiators. 

There are two types of expansion tanks 
used in closed systems—air cushion and 
diaphragm. In the air-cushion type, air is 
initially trapped in the tank to provide a 
cushion, which is compressed as the water in 
the system expands and enters the tank. Over 
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Expansion tank for “open” gravity 
hotwater system—located in attic. 


the years, the air in the tank can be absorbed 
by the water resulting in a “waterlogged” 
expansion tank. In this case, when the heating 
stem is turned on, since there is no room for 
expansion, the pressure will increase rapidly 
until the relief valve discharges. When this 
happens, the expansion tank must be flushed 
and the air cushion reinstalled, 

To eliminate waterlogging, the diaphragm 
expansion tank was developed. This tank 


uses a rubberized diaphragm to separate the 
air cushion from the water. For the most part, 
the diaphragm does eliminate waterlogging. 
However, where the diaphragm is faulty, 
waterlogging does occur. 

If the heating system is gravity hot water, 
do not fret. It can be converted into a forced- 
hot-water system by installing a centrifugal 
pump with the associated controls to circulate 
the water through the distribution pipes and 
radiators. If the system is the open type, the 
expansion tank will have to be replaced with 
a closed tank. 


Forced hot water 
Quite often my clients comment on the small 
size of the boiler for the forced-hot-water 
system. They apparently are used to seeing a 
boiler originally designed for use in a gravity 
system or one that was converted from coal- 
fired to oil- or gas-fired, both of which are 
considerably larger—two to six times as large, 
depending on the manufacturer. Regardless 
of the size, you can easily recognize a forced- 
hot-water system by the presence of a 
circulating pump in the distribution return 
pipe just before the connection to the boiler. 
(See FIG. 147.) 

Boilers The boilers used in these systems 
will be made of either cast iron or steel. Cast 
iron boilers are more resistant to corrosion 
than steel boilers and thus have a longer 
projected life. The projected life span of a 
modern cast-iron boiler is about twenty-five 
to thirty years. However, many of the boiler 
‘manufacturers will provide only a twenty-year 
warranty. The older gravity-type boilers were 
probably made with a heavier-gauge metal. 1 
have inspected many that were over fifty years 
old and still going strong. (See FIG. 14-8) Steel 
boilers, being vulnerable to corrosion, have a 
shorter projected life, usually about twenty 
years. I have seen steel boilers that required 
replacement after fifteen yeai 


Fig. 14-7. Boiler for forced-hot-water heating 
system. Note the circulating pump. 


Other than for reasons of efficiency and 
economy, the only time a boiler must be 
replaced is when a leak has developed that 
cannot be effectively patched. Sometimes, 
just after firing a boiler that has not been 
operational for a day or more, you might see 
a slight amount of water dripping into the 
firebox (assuming that the firebox is accessible 
for visual inspection). This is often the result of 
condensation caused by cold water circulating 
into the boiler or some slight joint movement. 
Asthe boiler heats up, the various sections tend 
to move slightly. In some cases, this results in a 
slightly open joint that allows water to drip out. 
However, as the sections continue to heat up, 
they expand, compressing the joint and sealing 
the leak. Although this condition is usually not 
a problem, if you see water dripping into the 
firebox, it would be best to have the condition 
checked by a professional. 
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Fig. 14-8, Old cast-iron boiler with new oil 
burner. Boiler was converted from a coal burner. 


On occasion, I have found a regular 
tank-type domestic water heater (of the type 
described in chapter 16) being used in the 
heating system in place ofa boiler. Froma safety 
point of view, this is acceptable because there is, 
a high-temperature and pressure control along 
with a thermocouple control for the gas valve. 
However, water heaters have a projected life 
of seven to ten years and are often guaranteed 
by the manufacturer for only five years. In 
addition, with the exception of those homes 
located in the sunbelt, the Btu (heat) output of 
these units per hour is less than that needed 
to heat most homes adequately. This type of 
setup may be effective for heating an addition 
to a house where the existing heating system 
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cannot be extended. The only drawback is the 
short projected life of the water heater. 

Condensing boilers In addition to deve- 
loping high-efficiency condensing furnaces, 
some manufacturers also developed high- 
efficiency boilers. As with the furnaces, the 
increase in efficiency results from extracting 
the heat from the exhaust gases that normally 
flow up the chimney with conventional boilers. 
By redesigning the heat exchanger within the 
high-efficiency boiler, more of the heat extracted 
from the exhaust (flue) gases is transferred to 
the water. In the process, the temperature of 
the flue gases drops to a point where the water 
vapor in the gases condenses, thereby giving 
up more heat. This process raises the overall 
operating efficiency of the boiler to about 87 
percent, compared to about 60 percent for the 
conventional boiler. 

Although boilers heat water and furnaces 
heat air, there are many similarities between 
high-efficiency boilers and furnaces. Neither 
requires a chimney for venting hot exhaust 
gases. They can vent the relatively cool flue 
gases through a side wall using a plastic pipe. 
Both require an intake air duct for those units 
that use outside air for combustion. Both 
require an induced draft blower (power vent). 
Both also require provisions for condensate 
drainage. 

Pulse boiler Another type of high-efficiency 
boiler is the gas-fired Hydro-Pulse boiler. Its 
overall operating efficiency is about 90 percent. 
As with the boiler discussed above, the high 
operating efficiency is the result of extracting 
so much heat from the exhaust gases that the 
water vapor contained within condenses. 
However, the combustion process differs. With 
the gas-fired high-efficiency boiler, as well as 
the conventional boiler, heat is generated as a 
result of a continuous burning of the gas-air 
mixture, whereas with the Pulse boiler, heat 
is generated as a result of sixty to seventy 
mini explosions of the gas-air mixture per 


Usually touching the tip with rosin-cored solder will supply enough flux so that oxides ean be removed with a 
damp sponge. If this isn't sufficient, you can purchase "tip tinners and cleaners" that are a mixture of solder paste 
and flux. The flux is oftentimes stronger (more activated) to help remove oxides. 


inally, when that doesn't work, special polishing bars to can be used to salvage extremely bad tips. Another last 
resort is to gently rub the oxides off with an emery cloth or soft stee! brush, Cover the tip immediately with 
solder alter cleaning to prevent further oxidation. Never file the tip to clean it or form a different shape. ‘The tips 
are mostly copper with a protective iron plating, and once that plating is pierced, the tip will die quickly. Copper 
is used because it's an excellent heat conductor, but if exposed to solder, it will quickly dissolve into the solder. 


Tin the tip: Add a small amount of solder back onto the tip. This helps to protect the newly cleaned and exposed 
tip, and also helps to transfer heat to components. 
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second. This results in a noisier operation than 
with a conventional or high-efficiency boiler. 
Consequently, vibration isolators are usually 
installed between the boiler and connecting 
pipes to minimize noise transmission. 

‘Advantages and disadvantages Because 
the forced-hot-water system operates under 
pressure with the water being circulated by a 
pump, it is very flexible. It can be used to heat 
an area below the level of the boiler. Additional, 
completely independent heating zones can be 
readily installed. Because the hot water remains 
in the pipes after the boiler is no longer being 
heated, there is less heat fluctuation and a 
more even temperature distribution. Also, the 
operation of this system is relatively quiet. 

One of the disadvantages of this system is 
that with water in the pipes, the distribution 
system is vulnerable to freezing temperatures. 
In the event of an extended power failure or 
if an oil-fired boiler runs out of oil for several 
days during a cold spell, the pipes can freeze 
and burst. I know of several cases where 
antifreeze was introduced into the circulating 
water to prevent that type of a problem. 
In addition, this system is not adaptable to 
central conditioning of the air such as cooling, 
humidifying, and filtering, 

Distribution piping There are three basic 
types of distribution piping arrangements for 
forced-hot-water systems: series loop, one 
pipe, and two pipe. The specific distribution 
system installed usually depends on the size 
and cost of the house. 

Series loop This is the simplest and 
least expensive piping arrangement to install. 
It is usually used in smaller homes where 
room-by-room radiator adjustments are not 
needed for balancing the heat distribution. In 
a series loop, the radiators, usually baseboard 
convectors, are an integral part of the supply 
piping, (Gee FIG. 149) If a radiator is shut off, 
the flow throughout the system is stopped. In 
this arrangement, the temperature of the water 
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Fig. 14-9. Series-loop piping configuration for 
forced-hot-water heating systent, 


entering the last radiator will be considerably 
less than it was when it entered the first radiator. 
‘To minimize the difference in temperature and 
produce a more uniform heat distribution, 
the heating system for larger homes is often 
designed so that the house is divided into 
two or more heating zones. Each zone has a 
separate piping configuration and either has a 
separate circulating pump or shares a common 
circulating pump with the other zones, but has 
a separate thermostatically controlled valve in 
the main supply pipe. 

One pipe In a one-pipe distribution 
configuration, as with the series loop, a single 
pipe makes a complete circuit from the boiler 
and back again, serving as both the supply and 
the return. In this case, however, rather than 
the radiators being integral with the supply 
pipe, they are attached to it by two risers, 
one connected to each end of the radiator. 
(See FIG. 14-10.) Each radiator will also have a 
shutoff valve located at the inlet riser. Each 
radiator can be shut without affecting the water 
flow in the supply main. Consequently, this 
system can provide room-by-room heat control. 
However, as with the series loop, there is a 
considerable temperature difference between 
the water entering the first and last radiators. 
To compensate for the cooler water entering 


Hot-water systems 223 


the radiators downstream, larger radiators are 
often installed. They emit heat comparable to 
the smaller ones closer to the boiler. 

Two pipe The two-pipe distribution con- 
figuration is the most costly to install, but 
it overcomes the deficiencies of the other 
configurations. There are two main pipes, one 
for the supply and the other for the return. The 
inletand outlet ports of the radiators are attached 
to the mains by risers. (See FIG. 14:11.) The cool 
water leaving the radiator does not mix with the 
hot water flowing through the supply main, so 
the temperature difference between the water 
entering the first and last radiator is small, 

Even though both the one- and two-pipe 
configurations will provide heat control for 
individual rooms if the radiator shutoff valve 
is manually closed or partially closed, the 
configurations are also often used in homes 
with zone heating. Zone heating is automatic. 
All that has to be done is to set the thermostat 
to the desired temperature for that portion of 
the house. 

Radiators As discussed previously, 
the optimum location for a radiator is along 
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Fig. 14-10. One-pipe 
distribution configuration for 
forced-hotwater heating system. 


an outside wall, preferably near or under 
a window. There are three basic types of 
radiators found in hot-water heating systems: 
freestanding cast iron, freestanding convector, 
and baseboard convector. Freestanding cast- 
iron radiators are found mostly in older 
homes. Unless an old home is being restored, 
a freestanding radiator is usually considered 
undesirable. Many clients have asked whether 
the radiators can be replaced with the newer 
finned-tube baseboard radiators. Yes, they 
can. Baseboard convector radiators are usually 
preferred because they distribute the heat 
better than cast-iron or freestanding convector 
radiators and are less conspicuous. They 
achieve an even temperature throughout the 
room because they distribute the heat near the 
floor. Natural convection causes the heated air 
to rise and warm the outside wall. 

Panel heating Another method of 
heating using a forced-hot-water system is to 
embed the distribution piping into the walls, 
floors, or ceilings and let those areas (panels) 
function as radiators. (See FIG. 14-12.) The heat 
from the distribution piping is conducted to 
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Fig. 14-11. Twwo-pipe distribution configuration for forced-hot-water heating system 


the surface of the panels; which in turn heats 
the room by radiation and convection. This, 
system produces a very uniform temperature 
distribution and is particularly effective 
when the heating panel is the floor slab in a 
basementless house. 

Controls In addition to the thermostat, 
hot-water systems have safety and 
operational controls. In a simple forced- 
hot-water system without individual zones, 


there is a high-temperature limit control that 
prevents the boiler water from exceeding a 
preset temperature and a controller for the 
circulating pump. Depending on the system 
design, the circulating pump can operate in 
any one of three modes: constant-running 
circulator, aquastat-controlled circulator, 
and relay-controlled circulator. 

In the constant-running circulator, the 
pump is energized by a manual power switch 
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and operates continuously during the heating 
season. When the thermostat calls for heat, it 
fires the burner that heats the boiler. When 
the heating season is over, the circulating 
pump must be manually shut off. Sometimes 
the homeowner forgets to shut the pump, 
and the pump runs all summer. This type of 
operation is somewhat wasteful of electrical 
energy. However, this wastefulness must be 
weighed against the fact that intermittently 
operated circulating pumps tend to break 
down sooner than continuously operated 
pumps. The constant starting and stopping 
causes the bearings to wear out sooner. A 
constant-operating circulating pump is the 
least expensive to install because there is 
no relay or temperature controller. It can be 
converted to either—aquastat-controlled or 
relay-controlled. 

In the aquastat-controlled circulator mode, 
as with the constant-running circulator, the 
thermostat will control only the burner. When 
the boiler water reaches a preset temperature 
(approximately 120° F), the circulator pump 
begins to operate. After the thermostat is 
satisfied and shuts off the burner, the circulator 
continues to operate until the water temperature 
drops below the temperature setting of the 
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Fig. 14-12, Forced-hot- 
‘water radiant heating 
prnels. 


circulator control. In the relay-controlled mode, 
the thermostat simultaneously activates the 
burner and the circulating pump. When the 
thermostat is satisfied, it will simultaneously 
shut off the burner and the circulating pump. 

Zone control Heating zones in a forced- 
hot-water system can have a separate 
circulating pump for each zone or a single 
circulating pump that services all the zones. 
When there is a single pump, each zone is 
controlled by an electrically activated valve 
that is in turn controlled by a thermostat. 
When one of the zone thermostats calls for 
heat, it opens the respective zone valve, fires 
the burner that heats the boiler water, and 
starts the circulating pump. After the system 
is operational, if another zone thermostat calls 
for heat, it merely opens the zone valve. This 
allows the hot water to circulate through that 
zone. 

‘When there are separate circulating pumps 
for each zone, the first thermostat calling for 
heat will fire the burner and activate the pump. 
‘Thereafter, as long as the system is operational, 
other thermostats calling for heat will merely 
activate their respective circulating pumps. 

Domestic water heater Most boilers used 
in hot-water systems can be equipped so that 


they will also heat the domestic water (water 
used for washing and bathing). Thisis discussed 
in detail in chapter 16. When a heating-system 
boiler produces domestic hot water, the 
associated burner must fire all year long and 
not just for the heating season. In this case, 
the thermostat does not control the burner. It 
controls only the circulating pump. The burner 
is activated by an aquastat that controls the 
boiler water temperature. 

Since the boiler will have hot water during 
those periods when heat is not required, a 
flow-control valve must be installed on the 
supply main. This valve prevents the hot 
water from rising into the distribution piping 
and heating the house like a gravity hot-water 
system. When heat is required, the circulating 
pump produces sufficient force to lift the flow- 
control valve and circulate the hot water. In a 
multizoned system, if zone valves are used, 
flow-control valves are not needed. When the 
zone valves are closed, water will not circulate 
in the distribution piping, 

Relief valve Every forced-hot-water heat- 
ing system must be equipped with an automatic 
pressure-relief valve as a safety control. To help 
ensure its effectiveness, the relief valve should 
bemounted directly on the boiler. Many systems 
have a relief valve that is mounted in the boiler 
feed line several feet away from the boiler. This 
is an improper location because over the years 
the relief valve can become isolated from the 
boiler as a result of a lime or scale buildup in 
the feed line. If this should happen, the valve 
would be completely ineffective in the event of 
a pressure buildup. If the heating system does 
not have a boiler-mounted relief valve, you 
should have one installed. 

Pressure, temperature gauge Although 
not safety or operational controls, all forced- 
hot-water systems should have a pri 
and a temperature gauge. Newer 
have a combination gauge that me 
pressure and temperature. In older sy 


you probably will find a separate pressure 
‘gauge and a pencil-type thermometer attached 
to the boiler. The combination gauge often 
has two pressure scales, one in pounds per 
square inch (psi) and the other in altitude 
(Geet of a column of water). (The altitude scale 
can basically be ignored, although for your 
information, one psi is equivalent to a column 
of water measuring 2.31 feet high.) The normal 
fill pressure of the boiler is 12 psi. This, then, 
is equivalent to an altitude of 27.7 feet. If 
the highest radiator in your house is more 
than 27,7 feet above the boiler, then a higher 
boiler-water pressure will be needed. Some 
pressure gauges have two points—one fixed 
and one movable. The fixed pointer is usually 
positioned over the normal altitude setting for 
that house. The movable pointer shows the 
actual working pressure of the heating system. 
If this pressure exceeds 30 psi, the relief valve 
will discharge. 

Low water cutoff Anautomaticwater feed 
valve is normally installed with a hot water 
boiler. It provides make up water in the event 
ofa low water condition caused by a leak in the 
system or a discharging relief valve. Over the 
years these valves can become clogged with 
sediment and become ineffective. Electronic 
low water cutoffs are now being installed on 
new boilers to counter this potential problem. 
These units have a probe that projects into 
the water. As long as the water is covering 
the probe, an electronic circuit is maintained. 
If the water level drops below the probe, the 
circuit is broken, which automatically shuts off 
the burner and prevents damage to the boiler. 


Steam heating systems 


For the most part, steam heating systems are 
no longer used in new residential construction, 
but you will find them in older homes. In 
fact, in some of these homes, the boiler and 
its associated controls may be relatively new. 
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yystem is basically the 
same as that used in a hot-water system. It will 
be made of either cast iron or steel. (See the 
discussion on boilers on pages 221-223. Youcan 
tell whether a boiler is being used for a steam 
system or a hot-water system by the type of 
controls and gauges used. A quick indication 
is a water-level gauge. (See FIG. 14-15) If you 
see such a gauge, the boiler is being used to 
generate steam. 

Unlike the hot-water system that is 
completely filled with water, the steam 
boiler is only partially (about three-quarters) 
filled with water, depending on the size and 
make. The remaining portion of the boiler, the 
distribution piping, and the radiators will be 
filled with air. After the system is fired, the 
water heats up until it boils, as in a tea kettle. 
The steam thus formed rises in the pipes of 
its own accord, without the aid of a fan or 
pump, pushing the air ahead of it as it moves 
along. The air from the pipes and radiators is 
then dissipated into the rooms through air 
vent valves that, depending on the piping 
configuration, are located on the radiator or 
near the end of the steam main. 

When the steam comes into contact with 
the cool radiator surface, it condenses back into 
water and in the process gives up its heat. The 
resulting water then flows back to the boiler 
for reheating. If because of a blockage in an 
air vent (often the result of painting the vent) 
the air cannot be evacuated from a radiator, a 
pressure will be built up within the radiator 
that will prevent the steam from entering. 
In this case, the radiator will be ineffective 
because it will not heat up. This condition can 
be easily corrected by replacing the air vent. 


Distribution piping, 
There are two basic distribution piping 
configurations used with steam heating 
systems: one pipe and two pipe. You can easily 
tell which configuration is being used by the 
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number of pipes connected to the radiator. 
In a one-pipe configuration, there is only one 
pipe connected to the radiator; in a two-pipe 
configuration, there are two. 

In a one-pipe arrangement, the steam is 
distributed to the various radiators through 
the same pipe that carries the condensate back 
to the boiler. (See FIG. 14-13.) The radiators 
used in this system must be pitched so that 
the condensate flows back through the 
supply valve. Otherwise, the condensate can 
accumulate and block the steam flow. Each 
radiator has a manually operated supply valve 
and an air vent. Some radiators are equipped 
with an air-vent valve that has an adjustable 
opening. This opening can be increased or 
decreased in size, thus allowing the air in the 
radiators to be evacuated at a faster or slower 
rate. Adjustable air vents are often found 
in larger homes and are used as a means of 
providing a uniform steam supply to all of the 
radiators. Radiators closest to the boiler will 
receivesteambeforethose thatarefartheraway. 
Insome cases, depending on the distance apart 
and the size of the radiator, those closest to the 
boiler can be fully heated before those farthest 
away receive any steam. By decreasing the vent 
opening on those radiators closest to the boiler 
and increasing the opening on those farthest 
away, it is possible for all of the radiators to 
receive steam at about the same time. 

In a two-pipe configuration, the steam is 
supplied to the radiator by one pipe and the 
condensate returned to the boiler through 
another. The radiators in this system are not 
equipped with individual air-vent valves. 
‘They have a steam trap on the condensate 
return pipe. A steam trap allows the air bound 
in the radiator and the condensate to flow in 
the return pipe but closes on steam contact and 
does not allow the passage of steam. The air in 
the return line is then vented by a main vent. A 
two-pipe steam system can be converted to a 
forced-hot-water system. This cannot be done 
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Fig. 14-13. One-pipe distribution configuration for steam heating system. 


with a one-pipe steam system. In both one- 
and two-pipe systems, when the condensate is, 
returned to the boiler, if the return line in the 
boiler room is above the boiler-water level, it 
is called a dry return. If the return line is below 
the boiler water level, it is called a wet return. 
When the system has wet return, there should 
be a special piping arrangement at the boiler, 
a Hartford loop. (See FIG. 14-14.) The purpose 
of the Hartford loop is to prevent water from 
draining out of the boiler in the event of a leak 
in the wet-return piping. Ifa leak occurs in the 
return line, boiler water will drain down only 
until it reaches the top of the Hartford loop. 
There will still be sufficient water to prevent 
damage to the boiler if it continues to fire. IF 
the heating system has a wet return, look for 
a Hartford loop. If you do not see one, you 
should consider its installation, 


Controls 


In addition to the thermostat, every steam 
system should have a high-pressure limit 
switch, a low-water cutoff, and an automatic 
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Fig. 14-14, “Hartford loop” in the condensate 
returm line of a steam heating system. The 
Hartford loop prevents water from draining out of 
the boiler in the event ofa leak in the wet-return 


piping. 
pressure-relief valve, Also, to determine 
whether the boiler is operating properly, there 
should be a water-level gauge and a pressure 
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gauge. (See FIG. 14.15.) The high-pressure limit 
switch is connected electrically to the burner 
control. When the steam pressure exceeds a 
predetermined setting, the limit switch will 
shut down the burner, thereby preventing the 
pressure from building up further. The limit 
control should be physically connected to the 
boiler with a pipe that has a cur! that looks like 
a pigtail. The pigtail has water in the bottom of 
the loop, which prevents the corrosive action 
of the steam from affecting the control. 

The low-water cutoff is a control that shuts 
down the burner when the level of the water 
in the boiler drops below the design level. 
There are two types of low-water controls— 
one mounted inside of the boiler and one 
externally mounted. The latter is preferred 
because it provides a convenient means for 


Fig. 14-15. Oil-fired steam boiler, showing the 
evel gauge, low-water cutoff, high-pressure limit 
switch, and pressure gauge. 
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testing its operation. This unit has a blow- 
off valve that when opened drops the water 
level in the control, causing it to operate. In 
the past, manufacturers recommended that 
the low water cutoff be opened and blown 
down once every month to prevent sludge 
accumulation, which can affect its operation. 
They are currently recommending that it 
should be blown down once a week. All 
too often, homeowners neglect to perform 
this simple operation. I have checked many 
a unit that apparently had not been flushed 
in years; when I opened the blow-off valve, 
either nothing flowed out or there was a thick 
dark-brown sludge oozing out. The low water 
cutoff units that are mounted in the boiler 
have an electronic probe that projects into the 
water. As long as the water covers the probe, 
an electronic circuit is maintained. If the water 
level drops below the probe, the circuit is 
broken, which automatically shuts off the 
burner and prevents damage to the boiler. 

‘Thewater-level gauge providesa convenient 
means for determining the level of the water in 
the boiler. Itis usually mounted on the side of the 
boiler; when there is an exterior-mounted low- 
water cutoff, itis often part of that assembly. The 
water level should be at the midpoint or two- 
thirds up the glass gauge. The exact position 
is not important. What is important is that you 
are able to see the water level. Ifthe entire level 
gauge is filled with water, there is too much 
water in the system. In fact, the system can be 
flooded. If too much water is introduced into 
the boiler, the water level will rise until it fills 
the entire distribution system and radiators. 
If any of the radiator valves or fittings are not 
watertight, and sometimes they are not, the 
water will leak out all over the room. 

When there is no water visible in the gauge, 
water must be introduced into the boiler. This 
can be done by manually opening the fill valve 
in the water-supply line. Some systems have an 
automatic boiler-water feeder that introduces 


water to the required level as needed. This is 
a desirable feature, but occasionally such units 
malfunction. Often level gauges are coated with 
sediment so that the water level is not visible. 
In this case, the glass gauge must be cleaned 
and all the accumulated sediment removed. 
The relief valve is a safety valve that 
automatically discharges when the operating 
pressure exceeds the design pressure. For a 
residential steam system, the relief valve is 
set to discharge at 15 psi, although the normal 
operating pressureis considerably less, usually 
about 1 to 2 psi. Some large systems may even 
operate at a negative pressure (vacuum). 


Domestic water heater 
As with hot-water boilers, steam boilers can 
also be equipped for generating domestic hot 
water. When it produces domestic hot water, 
the boiler must be fired all year long. When heat 
is not required, the boiler-water temperature is, 
controlled by an aquastat. The aquastat activates 
the burner when the boiler-water temperature 
drops below a preset figure and shuts off the 
burner when the boiler-water temperature rises 
to about 200° F. When steam heat is required, 
the bumer is activated by the thermostat. In 
this case, the thermostat overrides the aquastat 
control so that steam is produced. 

Ina forced-hot-water heating s 
also produces domestic hot water, a flow- 
control valve is needed to prevent the boiler 
water from circulating as a gravity system 
during those months when heat is not required. 
Ina comparable steam system, no flow-control 
valve or equivalent is necessary because 
the boiler water is not heated sufficiently to 
produce steam. 


Advantages and disadvantages 
The advantages of a steam heating system can 
be appreciated more in a large building than in 
a residential structure. It is a relatively simple 


system that does not require a pump or fan for 
culation of the steam. Since there is no water 
in the pipes when the system is not operating, 
there is no problem of the pipes freezing and 
bursting. Ifa repair or replacement is needed to 
a section of pipe or a fitting, it is not necessary 
to drain the system. Also, a steam leak would 
result in very little water accumulation. 

On the other hand, a steam system is slow 
in responding to an initial rapid change in heat 
demand because the boiler-water temperature 
must be brought up to 212° F before steam 
circulation begins. Unless the condensate is 
returned to the boiler by means of a pump, the 
boiler must be located below the radiator in 
the lowest rooms. 


Hybrid heating systems 
Depending on the extent to which the heating 
system has been modified or expanded, you 
may find a hybrid heating system. A hybrid 
composed of two separate heating 
systems working together. 


Steam-hot water 
I found the following in an old house. The 
system functioned as a two-zone system. The 
main portion of the house was heated by a 
steam system, and the remaining portion of 
the house (the lower sections) was heated by a 
forced-hot-water system. The distribution pipe 
for the hot-water system was tapped directly 
off the portion of the steam boiler that was 
below the water level, and a pump was used to 
circulate the hot water. The thermostat for this, 
zone controlled the pump and the burner. There 
‘was also an aquastat temperature control for the 
boiler water to keep it from generating steam 
when the main zone was not calling for heat. 


Hydro-air 
Hydro-air is basically a hot water-warm 
air system. It is becoming more popular, 
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especially in larger homes. The system 
essentially consists of an air handler, which 
looks like the blower compartment of a 
furnace, a hot water boiler, and a duct system. 
Hot water from the boiler is pumped through 
a series of tubular coils that are mounted 
above the fan in the blower compartment. As 
air flows over the coil, it is heated and blown 
through the duct system to various areas of 
the house. There are a number of advantages 
to this system. You can easily add a number of 
separate zones to the boiler piping; one zone 
to an indirect fired water heater, another zone 
to a room that is a new addition and that is 
heated with baseboard, and a third to another 
air handler. Another advantage to hydro-air is 
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that the same duct system can be used for the 
air-conditioning. Also, since no combustion 
takes place inside the air handler, there is 
no possibility of combustion gases being 
distributed throughout the house because of 
a cracked heat exchanger. 

In large homes with more than one 
air handler, at least one air handler is 
usually located in the attic. In the event of 
a prolonged power failure, the water in the 
coils is subjected to freezing. If the home you 
are considering has a unit in the attic, as a 
precaution you should check to determine 
whether antifreeze has been added to the 
system either by a tag or a marking on the 
boiler or by asking the seller. 


Heat and Solder the Joint 


‘* Heat the joint: Place the iron tip so that it touches both the component lead and pad—the goal is to get 


as much surface area contact between the iron tip and joint as possible. Almost no heat will travel 
through the point. 


heat transf 


Got Conical tip pla Good chisel fip placement 
p surfacd fet 


‘© Make heat bridge: Add a small amount of solder between the tip and the work--heat transfers much 
faster through the liquid solder than dry surface contact. This is why a tip that won't "wet" is so difficult 
to use. Pressing hard should not be necessary. This step may not be necessary if there's enough solder 
already on the tip from tinning it alter cleaning, 


b Solderstie t OB dee 


‘+ Apply solder to opposite side: Apply solder to the parts, not the iron. By doing this, you ensure the 
parts are hot enough for the solder to "wet" and bond with them. Also, solder will run towards the heat 
source, so applying solder opposite from the iron helps to spread it out and cover the joint. 


For larger joints, rather than dumping in all the solder quickly, continuously pulse in small amounts to 
keep a fresh supply of active Nux available. 


744)2019¢.,obbozite0 1100 


© Time: The joint should take about 2-5 seconds total time for standard 60/40, 63/37 lead based solder 


and a non- no-clean flux, and up to 7 seconds for lead-free solder. Lead-free solder just takes longer to 
"wet" the metal 


Wetting is how easily and quickly solder spreads out over a surface. A water droplet on a freshly waxed 
car shows poor wetting, as does solder on a heavily oxidized soldering iron tip. It basically comes down 
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The boilers and furnaces found in most homes 
today are heated with oil or gas burners 
or electrical resistance coils. In many older 
homes, you will find a boiler or furnace that 
was originally designed to burn coal but was 
converted to oil or gas for reasons of economy 
and convenience. The accessories associated 
with each heating element are described below. 


Oil-fired systems 
The most common type of oil burner used in 
residential heating is the high-pressure or gun- 
type burner. This unit has a pump that forces oil 
througha nozzle and produces an oil mist. Italso 
hasa fan that mixes the oil mist with a measured 
amount of air. The resulting flammable mixture 
is then ignited by an electric spark and burns 
in a refractory-lined firebox. If the mixture fails, 


to ignite, a safety control will shut off the oil- 
pump motor. This control is located either in the 
exhaust stack as a heat-sensitive switch or in the 
burner as a light-detecting photocell. 

The oil burner normally associated with 
the heating system will generally be either an 
older conventional unit or a high-efficiency 
flame-retention burner. Although both burners 
look somewhat the same to the untrained eye, 
there is a considerable difference in the flame 
pattern and overalll efficiency. The flammable 
mixture of oil and air that is produced with 
a conventional burner is inconsistent. Some 
parts of the mixture will be fuel-rich and 
others fuel-lean, Consequently, these burners 
draw in a large quantity of air so that the fuel- 
rich portion of the flammable mixture will 
burn completely and thereby reduce the level 
of smoke produced 
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The large quantity of air and the irregular 
flame pattern results in inefficient operation of 
the conventional burner. The flame-retention 
burner is more efficient. Because of its design, 
it produces a more uniform mixture of oil 
and air, requiring a smaller amount of air for 
complete combustion. This in turn produces 
a smaller, more compact flame that is hotter. 
A flame-retention burner gets more Btu out 
of a gallon of oil than a conventional burner. 
In fact, a new flame-retention burner is about 
16-20 percent more efficient than a new, well- 
adjusted conventional burner. You can check 
with the company that services the oil burner 
to determine whether it is a conventional unit 
ora flame-retention burner. 

The proper draft over the firebox is very 
important for efficient operation of the oil 
burner. To ensure the proper draft, most oil 
burners have a draft regulator mounted in 
the exhaust stack near the boiler or furnace. 
The regulator is basically a small swinging 
damper that can be adjusted to open an inch 
or two when the burner is firing. (See FIG. 167.) 
Thave seen many draft regulators that have 
been made inoperative by someone cementing 
shut the opening. This can affect the efficiency 
of operation and result in greater fuel 
consumption. Also, to ensure the proper draft, 
the section of the exhaust stack between the 
boiler or furnace and the chimney must have 
an upward pitch, 

Another type of oil burner occasionally 
found in central heating systems is the pot- 
type vaporizing burner. It contains few 
moving parts and therefore operates quietly. 
Basically, the unit consists of a pot containing 
a pool of oil and a control for regulating the 
oil flow to the pot. Air needed to produce a 
flammable mixture is introduced by a small 
fan. Once the mixture starts burning, the heat 
produced vaporizes the oil mixed with the 
air, thus maintaining the burning operation. 
The initial cost for this burner is less than that 


234 Heating systems IT 


for a high-pressure gun burner. However, for 
efficient operation, it requires a more costly 
high-grade oil that vaporizes easily. 

Oil for the burner is stored in a tank that 
is either buried in the ground just outside 
the house or located in the house not too far 
from the burner. The interior tank should be 
at least 7 feet from any flame and should have 
an outside fill connection. These tanks will 
generally have a 275-gallon capacity; buried 
tanks generally have a 550-, 1,000-, or 1,500- 
gallon capacity. Most municipalities allow a 
maximum of two 275-gallon tanks to be stored 
in the structure. Oil tanks have a projected life 
of about thirty years. After that time, pitting 
and corrosion holes tend to form on the bottom 
of the tank. This condition is the result of an 
accumulation of water and corrosive acids that 
settle on the bottom of the tank. Check to see if 
the bottom of the tank is at least 6 inches off the 
ground and whether the tank isat least 2 inches 
away from the walls. In many municipalities 
this is a code requirement. Run your hand 
across the bottom of the tank. If your hand has 
an oily film, the tank is leaking, even if it is 
not dripping oil. Recommend that the tank be 
replaced. Be advised that if there is a buried 
oil tank that is leaking, it is the homeowner's 
responsibility to clean it up, including removal 
of contaminated soil. See “Leaky oil tanks” in 
chapter 20. 

Alloil burners require periodic inspection, 
cleaning, lubrication, and adjustment to ensure 
an efficient soot- and odor-free_ operation. 
During the inspection, which should be 
performed at least once a year, the exhaust gas 
should be analyzed to determine whether the 
burner is operating at maximum efficiency. 
Preventive maintenance to the oil burner is 
usually provided by the company that supplies 
the oil. For an additional fee, oil companies 
usually issue a maintenance contract in which 
they agree to maintain and tune the system and 
provide emergency service. If you enter into a 


maintenance contract with your oil company, 
make sure you know exactly what will be 
maintained. Some companies will inspect and 
maintain only the oil burner and not any of the 
peripheral equipment or controls. 

inspected a house one summer that had 
an oil-fired forced-hot-water heating system 
that also generated the domestic hot water. 
The burner, of course, had to fire during the 
summer to produce the domestic hot water. 
The circulating pump, however, had not 
operated for a few months because heat was 
not needed. When I turned on the heating 
system (by turning up the thermostat), the 
circulating pump started to smoke, and I 
smelled insulation burning. The homeowner, 
who was with me at the time, said, “How 
can this be? The oil company just serviced 
the system two days ago.” I called the oil 
company to find out what kind of maintenance 
was performed. They informed me that they 
maintained the oil burner only. They did not 
even look at the circulating pump. Do not let a 
maintenance contract lull you into a false sens 
of security, thinking that your entire heating 
system is being maintained. It might be. But it 
must state so in the contract. 


Gas-fired systems 


If you are given an option and the fixed costs 
are comparable, a gas burner is preferred 
to an oil burner. It does not require annual 
maintenance and is less costly to install. Gas 
burners have a cleaner, quieter operation, 
and the supply of gas is not dependent on the 
weather. In addition, replacement costs are 
lower. 

In this system, gas is supplied at low 
pressure to the burner through an automatic 
gas valve. The valve in turn is controlled by the 
thermostat or aquastat (if the system generates 
domestic hot water). At the burner, the gas 
that is mixed with air is ignited by a pilot 


light. Associated with the pilot light is a safety 
control, a thermocouple. The thermocouple 
closes the gas valve when the pilot light goes 
out. Basically, the thermocouple converts 
heat (from the pilot light) into a small electric 
current that keeps an electrically operated 
valve in the main gas line open. When the pilot 
light goes out, the current ceases, and the valve 
closes. If the thermocouple is faulty, the pilot 
will not light. Rather than have a pilot light 
that is constantly lit, many new boilers use an 
electronic ignition to fire up the burner. 

Some gas-fired systems are equipped 
with a self-energizing control unit (Powerpile) 
that enables them to operate in the event 
of an electrical power outage. This is a 
particularly desirable feature, especially for 
those areas prone to power failures. The 
control unit basically consists of a special 
pilot-thermocouple assembly, gas valve, and 
thermostat. It can be used on steam, hot-water, 
and warm-air systems. With a self-energizing 
control unit during a power failure, a steam 
system will operate normally and a forced-hot- 
water or warm-air system will function as a 
gravity system, 

As with oil burners, gas burners require a 
small but steady draft. However, rather than 
using a draft regulator, gas-burning equipment 
uses a draft diverter-hood. (See FIG. 16-7.) The 
hood is usually located on the exhaust stack 
above a boiler and is often built into the sheet 
metal casing of a furnace. A draft-diverter 
hood is completely open on the underside 
and thus prevents air currents in the chimney 
(resulting from downdrafts) from blowing out 
the pilot-light flame. 

All gasburning equipment _ should 
have the American Gas Association's seal of 
approval. This indicates that a similar unit has 
been tested for safety. Look for the seal as you 
inspect the equipment. It is usually located on 
a plate mounted on the front of the boiler or 
furnace. 
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What type of pipe is used to supply gas to 
the furnace or boiler? It should be a rigid black 
iron pipe rather than a flexible pipe or a copper 
pipe. Many utility companies buy their gas 
from the cheapest supplier, and therefore, the 
gas can contain impurities that will react with 
copper. Although most municipalities allow 
flexible gas pipe for movable appliances such 
as clothes dryers and stoves, they generally 
require a rigid gas-supply pipe for stationary 
equipment such as a boiler, furnace, or 
domestic water heater. If the gas-supply pipe 
to the heating system is other than a black iron 
pipe, check with your local utility company 
for their requirements. 

Check the gas meter to seeifitis adequately 
sized to supply gas to the heating system and 
domestic water heater during peak periods. 
An inadequately sized gas meter might be 
found in a house that originally had a gas- 
fired water heater and an oil-fired heating 
system. Sometimes when the oil-fired system 
is converted to or replaced by a gas-fired 
system, the installer does not notify the utility 
company to replace the meter, which wi 
sized to supply gas for only the water heater 
and kitchen stove. 

‘A gas meter is rated in cubic feet per 
hour, and one cubic foot of natural gas is 
approximately equal to 1,000 Btu. Therefore, 
a meter rated at 250 cubic feet per hour can 
supply gas that is approximately equivalent 
to 250,000 Btu per hour. You can check to 
see if the gas meter is adequately sized by 
adding up the input Btu/hour requirements 
for the boiler or furnace and the water heater, 
and comparing the total with the meter. The 
input Btu will generally be found on the data 
plate that is mounted on the outer casing of 
the appliance. (The gas requirement for the 
kitchen stove is considered negligible for this 
comparison). The Btu capacity of the meter 
should be equal to or greater than the sum 
of the input Btu requirements for the heating 
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system and water heater. If it isn’t, make a 
note on your worksheet to notify the utility 
company. 


Electrical systems 


For the most part, electrical resistance heating 
used for area heaters such as panel or 
seboard heaters. It is also used, although 
less often, for central heating. The heating 
mechanism in a boiler or furnace is very 
simple. Electrical resistance coils are immersed. 
directly into the water (for a boiler) orairstream 
(for a furnace). As the electrical current passes 
through the coils, they get hot and directly 
transmit their heat to the air or water. Unlike 
oil and gas energy, the conversion of electrical 
energy to heat is 100 percent. There is no heat 
lost to the exhaust gas because there are no 
exhaust gases. There is no fuel combustion 
with this system, Consequently, there is no 
need for a chimney. 

From an installation point of view, 
electrical resistance coils are less expensive 
than oil or gas burners. However, for most 
parts of the country, they are more expensive 
to operate. To keep the operating expense 
from becoming excessive, electrically heated 
homes must be well insulated. In evaluating 
the cost of heating a house, do not depend on 
the owner's assurance (“Oh, it only costs a few 
hundred dollars to heat the house”). Insist 
upon seeing the most current year’s bills. 


Area heaters 


‘These units are self-contained space heaters 
that are used to provide warmth to a single 
room. Sometimes they warm up two or three 
adjacent rooms if the doors between the rooms 
are kept open. The heat distribution is not very 
desirable from a comfort point of view. Other 
than a fireplace or stove, most area heaters of 
today will be gas-fired or electric. 


Gas-fired units 
Gas-fired space heaters are basically small 
warm-air furnaces and can operate either as 
gravity or forced-air units. Some of the smaller 
gravity heaters have an open combustion 
area exposing the flames. This is a potential 
fire hazard and is particularly undesirable 
when there are small children in the house. 
The exhaust gases from all gas-fired space 
heaters must be vented to the outside. In 
addition, the units should have the American 
Gas Association seal of approval. Thess 
units are controlled either automatically by 
a wall-mounted thermostat or manually by 
a calibrated knob on the gas valve. They are 
inexpensive to install, relatively maintenance- 
free, and require only periodic cleaning and 
adjustment. 


Electrical units 
Electrical space heaters have an advantage 
over central heating systems in that each room 
is usually individually wired, so there are as 
many independent heating zones as there 
are rooms. There are three general types of 
electrical area heaters: panel, baseboard, and 
wall. Panel heating, sometimes called radiant 
heating, is similar in concept to forced-hot- 
water panel (radiant) heating, as described 
in chapter 14. However, instead of hot- 
water pipes being embedded in the walls 
or ceiling, electrical resistance cables are 
installed with each room having a separate 
control. Similarly, baseboard heaters are like 
baseboard convectors (see chapter 14) but they 
contain electrical resistance coils rather than 
circulating hot water. They are very popular 
because of the ease of installation and low 
initial cost. They also produce a uniform heat 
distribution. Some baseboard heaters have 
a thermostat mounted directly on the unit 
rather than on the walll. This is not a desirable 
thermostat location because in many cases it 


will be necessary to move furniture every time 
a temperature change is desired. Wall heaters 
are compact units mounted on or recessed into 
a wall. Most heaters operate in conjunction 
with a fan that blows the warm air into the 
surrounding area. They are usually used to 
provide heat in nonhabitable areas such as 
a garage or workshop and are sometimes 
used to supplement a central heating system. 
‘These heaters do not produce a uniform heat 
distribution but are very responsive to a call 
for heat. They are usually manually controlled 
rather than automatically controlled. 


Heating system 
inspection procedure 


A full heating system inspection consists of 
an evaluation of the operation of the boiler 
or furnace, the burner, the condition of the 
distribution system (wherever visible), and 
heat outlets—radiators or registers. During 
your interior inspection, each room should be 
checked to determine whether there is a heat 
outlet and if there is, whether it is properly 
located for maximum effectiveness. The area 
below the radiators should be checked for 
signs of leakage, and the dampers in registers 
should be checked for ease of operation. 
Distribution piping or ducts, which are often 
visible in the basement, crawl space, attic, and 
garage, should be checked for leaky joints and 
the need for insulation. Also, the thermostats 
should be checked for location (should not be 
ina draft), condition, and type. An automatic 
clock-type thermostat is more convenient and 
if used properly, will result in fuel savings. A 
broken thermostat must be replaced, and one 
that is loosely mounted must be resecured, 
The boiler or furnace and the associated 
burner are inspected after completing the 
interior inspection. By the time you are ready 
to perform this inspection, you should know 
whether the house is heated by warm air, hot 
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water, or steam. You can tell by the type of heat 
outlets—registers for warm air or radiators for 
hot water and steam. A radiator with one pipe 
attached is a steam radiator. When there are 
two pipes, it might be difficult to tell whether 
the radiator is used for hot water or steam. In 
this case, you should look at the boiler. 

At first glance, two or more thermostats can 
lead to a false conclusion—that the house has 
a multizoned heating system. A house with a 
multizoned heating system will have more than 
one thermostat. However, a house with more 
than one thermostat need not have a multi- 
zoned heating system. The number of heating 
zones should be verified when you inspect the 
boiler or furnace. In a hot-water system, the 
zones are controlled by electrically operated 
valves, circulating pumps, or a combination 
of the two. For a warm-air system, the zones 
are controlled by electrically operated damper 
motors. Usually the number of thermostats 
indicates the number of independent heating 
zones. However, you might find more 
thermostats than zone controllers. I have 
inspected homes that had a one-zone heating 
system that was activated by two separate 
thermostats. When either thermostat called 
for heat, the entire house would be heated. 
Also, in older homes you might find an old 
nonfunctioning thermostat on a wall. 

When you are ready to inspect the boiler 
or furnace, stand where you can see the 
burner, about 3 feet away. Have someone turn, 
up the thermostat and activate the burner. It is, 
important to be near the unit when the burner 
ignites to determine if there is a problem 
condition. A puffback with an oil burner, or 
flames licking back under the cover plate with 
a gas burner, is an abnormal condition and 
a potential hazard that must be corrected. 
Record it on your worksheet. If the unit does 
not fire, check the master switch. If the switch 
is on and there is an oil burner, push the reset 
button once. If the burner does not fire, there is, 
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a problem condition that must be corrected. If 
the gas burner does not fire and the pilot is lit, 
there is also a problem, 

Once the unit is firing, check the overall 
condition. Is the boiler or furnace an aging 
unit? Do the burner and boiler or furnace 
appear to have been neglected? Are there 
signs of excessive corrosion (rust), dust, and 
flakes? Are there mineral deposits, indicating 
a past or current water leakage? If there is 
more than one heating zone, check each zone 
independently. This can be done by waiting 
until the burner or circulating pump (if a 
forced-hot-water system) shuts down and then 
activating the thermostat that controls the zone 
being checked. The thermostat should activate 
the burner or circulating pump, depending 
‘on the system (as described in chapter 14). 
Sometimes there is a time delay of about one 
minute or so between engaging the thermostat 
and activating the burner or circulating pump. 
This occurs because of the time that it takes 
to open the zone valve or damper physically. 
Also, some gas valves have a built-in time 
delay. However, if after five minutes nothing 
happens, there is a problem with the controls 

Check the condition of the smoke pipe. 
This is the horizontal section of sheet-metal 
pipe that connects the boiler or furnace to the 
chimney. In some cases, the boiler or furnace 
is connected directly to a prefabricated metal 
chimney, and there is no horizontal run. When 
there is, however, the pipe must have a slight 
upward pitch from the boiler or furnace to 
the chimney. If the pipe is long, it should be 
supported to prevent sagging sections. The 
pipe should not have corrosion holes, and the 
joints between sections should be tight. This 
pipe gets very hot and should not be within 
several inches of combustible material. 

In recent years, direct-vent appliances 
(appliances that vent exhaust gas through 
a sidewall) have become more common. 
During your exterior inspection, if you see a 


direct-vent terminal below a window, check 
the distance between the top of the vent and 
the bottom of the window. If the terminal is too 
close and the window is open, flue gases could 
enter the house. The recommended distance 
for an appliance with an input of 50,000 Btu 
per hour is a minimum of 9 inches, and for an 
appliance with an input of over 50,000 Btu per 
hour, the vent terminal clearance is at least 
12 inches. Also the bottom of the vent terminal 
should be at least 12 inches above the ground. 

The various types of heating systems have 
specific items that should be checked during 
an inspection. Each is discussed below. At the 
conclusion of the heating system inspection, 
remember to turn the thermostat back to its 
original setting. 

Of particular concern is whether there is 
an adequate supply of air for ventilation and 
combustion for the heating equipment. When 
the heating system is located in an unconfined 
space such as an unfinished basement, there is, 
generally sufficient infiltration so that the air 
supply is usually not a problem. However, if 
the system is located in a confined space such 
as a small furnace room, provisions must be 
made for an adequate air supply. 

Toprovidethe needed air supply openings 
must be made within 12 inches of the top and 
12 inches of the bottom in one of the walls of 
the enclosure. Each opening should have a net 
free area of at least 1 square inch per 1,000 Btu 
of total input rating of the equipment in the 
enclosed space. The size of the opening can 
be reduced if the air supplied to the furnace 
room comes from the outdoors rather than 
from inside the building. If the adequacy of 
the air supply is a concern, you should have it 
checked by a professional. 


Warm-air systems 


Thissystem will be either gravity or forced. You 
can determine which by whether there is a fan. 


In some of the old “octopus’-type furnaces, 
the fan might be difficult to locate. It might be 
on top of the unit 5% feet off the ground, or 
there might be fans in return ducts. 

After the burner has fired, wait until the 
fan begins to operate. Itshould begin before the 
burner is shut down by the high-temperature 
limit control. If it begins after the burners are 
shut off, the fan controller is either faulty or 
out of adjustment. Also, if there is a canvas 
connection between the furnace and the main 
supply duct, check its condition. Torn or 
open sections should be patched. The canvas 
connection is used to isolate the supply ducts 
from the vibrations and sounds that develop 
within the furnace. 

Be advised that with some older systems, 
the fabric connector may contain asbestos. 
Since warm air is constantly flowing across the 
fabric when the heating system is operating, 
the presence of asbestos would be considered 
a potential health hazard. See “Asbestos” in 
chapter 20. 

‘When the fan is operating, is there 
excessive noise or vibration? There should 
be none. If there is a power humidifier, it is 
usually wired so that it will operate only when 
the fan is running. Turn the humidifier on by 
turning the humidity control up. If there are 
portholes in the unit, see if the fan or drum 
is rotating. If there are no portholes, listen to 
hear if the motor goes on and shuts off when 
the humidity control is lowered. Very often 
the humidifier is in need of a tune-up. This 
usually indicated by excessive mineral deposit 
around the humidifier and the duct to which it 
is attached. 

‘When the system is operational, check the 
flow and temperature of the air discharging 
from the various heat-supply registers. Put 
your hand in front of the register. A weak flow 
canbe theresultof airleakageinthedistribution 
ducts, a dirty air filter, a loose fan belt, or the 
need for rebalancing. When the temperature of 
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the discharging air in one room is lower than 
in other rooms, it is probably caused by a heat 
loss in the branch duct leading to that room. 

The return register can be checked by placing 
a tissue on the grille. Because the return duct 
draws air in, the tissue should stay in place 
without falling down, 

The item of main concern is the heat 
exchanger. When this portion of the heating 
system breaks down, the furnace or its heat 
exchanger must be replaced. When the 
furnace is aging or excessive corrosion is 
noted, the condition of the heat exchanger 
should be suspect. Also, if the flames ina gas- 
fired furnace are unstable and appear to be 
dancing, this often indicates a crack in the heat 
exchanger. It is recommended that prior to the 
contract closing, the furnace and associated 
equipment be tuned by a competent service 
organization. At that time, the serviceman 
can check the condition of the heat exchanger. 
Checking the heat exchanger usually requires 
the use of sprays, propane torches, and mirrors 
or disassembling a portion of the furnace and 
should be performed by a professional. 

If the furnace is the high-efficiency cond- 
ensing type, check theunit and associated piping 
for corrosion. Corrosion is a major concern in 
these furnaces because of the acidic nature of 
the condensate. Sulfur in the fuel oil or natural 
gas can combine with the flue-gas condensate to 
form sulfuricacid. Also, when indoor air is used 
for combustion, if the air contains chlorides, the 
chlorides can combine with the water vapor 
in the flue gas to form a corrosive condensate 
containing hydrochloric acid. Chlorides in the 
air can come from laundry bleach, household 
cleaners, even chlorinated tap water. To counter 
these problems, most condensing furnaces use 
outdoor air for combustion. They also generally 
use a plastic pipe for the exhaust stack and 
condensate drain. 

Check the condensate drainpipe for 
blockage and loose sections. The condensate 
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pipe should discharge into a floor drain that 
is connected to the house sewer. If the floor 
drain is not lower than the condensate drain 
or there is no floor drain, a condensate pump 
should be used. It is not good practice to have 
the condensate discharge into a hole in the 
floor slab. 

The air supply should also be checked for 
blockage. If the supply pipe is run through the 
roof, the exposed end should be shaped like 
an inverted U with the open end facing down. 
This keeps the rain out, and since the supply 
and exhaust pipes are generally near each 
other, it prevents exhaust gases from being 
drawn into the supply pipe. 

With a condensing furnace, the exhaust 
vent should not be combined with the exhaust 
from another appliance such as a water heater. 
‘The exhaust gases can be vented througha side 
wall, the roof, ora masonry chimney. However, 
if connected to a chimney, the plastic pipe 
should run up to the top of the chimney where 
the exhaust gas can vent to the atmosphere. If 
the exhaust pipe terminates at the base of the 
chimney, the corrosive condensate that forms 
will attack the masonry, 

If the exhaust pipe has horizontal sections, 
see if any low spots or sagging sections could 
trap condensate and thereby block the exhaust 
gas from venting. Horizontal sections should 
have a slight pitch back to the furnace. This 
is especially important if the section is near 
the termination by a side wall or attic. If the 
exhaust pipe is sloped away from the furnace, 
the condensing water vapor in the exhaust gas 
could freeze and eventually block the opening 
in the pipe. 

Condensing furnaces are noisier than 
conventional furnaces. They have a higher 
airflow, which is needed to absorb the 
additional heat resulting from the added heat 
exchanger. The higher airflow produces more 
sound and vibration. There is also a draft- 
inducing blower that is needed to overcome 


the increased resistance to the flowing exhaust 
gases. Although the operation of a condensing 
furnace is noisier than that of a conventional 
furnace, it is generally not considered 
annoying. If you find it bothersome, record 
that fact on your worksheet. The system is 
in need of a tune-up and adjustment by a 
competent heating contractor. 

Condensation of water vapor in the exhaust 
gases also occurs in a pulse-combustion furnace. 
Consequently, the overall concems of exhaust- 
gas venting and condensate removal, as 
discussed previously for condensing furnaces, 
apply. Because of the nature of the combustion 
process in a pulse furnace, the sound of sixty to 
seventy tiny explosions per second can be heard 
outdoors at the side-wall terminations of the air- 
supply and exhaust-vent piping. In those cases, 
where the sound is considered objectionable, 
mufflers can be installed on the supply and 
exhaust pipes to reduce the sound level. 


Hot-water systems 


When inspecting a hot-water heating system, 
you should first determine whether it is a 
gravity or forced system. Sometimes an open 
expansion tank is found in the attic during 
the interior inspection. This would normally 
indicate a gravity system. Often, however, the 
expansion tankis no longer functional and was 
replaced by a closed expansion tank when the 
system was converted to forced circulation. 
You can easily tell whether a system has 
forced or gravity circulation by checking the 
equipment associated with the boiler. A forced 
system will have a circulating pump in the 
return line near the boiler. Record the type of 
system on your worksheet. 

Next, look at the pressure gauge and 
record the operating pressure. The normal 
operating pressure should be between 12 
and 22 psi. Since the water-makeup valve 
(pressure-reducing valve) is set to introduce 


water into the system when the pressure drops 
below 12 psi, any pressure below that value 
indicates either a malfunctioning valve or the 
need for adjustment. A low-pressure reading 
is fairly common, 

Ifthe pressure gauge indicates an operating 
pressure of 30 psi, the relief valve should be 
discharging. Sometimes the relief valve has 
already discharged and lowered the pressure 
to about 28 psi. In this case, the exposed end of 
the relief valve will have water dripping from 
it and there will bea pool of water on the floor. 
A high-pressure condition that results in the 
relief valve discharging will usually be caused 
by a waterlogged or undersized expansion 
tank. If domestic hot water is generated 
through the heating system, another possible 
cause for a high-pressure condition is pinholes 
in the coils of the water heater. Regardless of 
the cause of the high pressure, the condition 
must be corrected. 

Locate the relief valve. From a safety point 
of view, it should be boiler-mounted. If there 
is no boiler-mounted relief valve (and often 
there is not), the installation of one should be 
considered. Donot check the valve todetermine 
whether it is operational. Bits of corroded 
material, sediment, or mineral deposits may 
prevent the valve from reseating properly 
and shutting off. Your best bet is to check the 
valve after you move into the house. At that 
time, if it does not reseat properly, it should 
be replaced. A relief valve is inexpensive. 
‘These valves should be checked at least once a 
year by pulling the lever and allowing a small 
quantity of water to flow. This action flushes 
any sediment that tends to build up before 
it has a chance to clog the valve. Some relief 
valves do not have levers for testing the unit. 
If you have such a relief valve on your boiler, 
you should consider replacing it. 

As the various zones are being checked, 
inspect the zone valves for dripping water 
and deposits. Even though the valves might 
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be working during your inspection, if water 
is dripping from the valves, they should be 
replaced. The dripping water results in a 
mineral-deposit buildup that can eventually 
cause the valve to “freeze” in an open or closed 
position. This might happen, and usually does, 
on the coldest night of the year. Zone valves 
are perhaps the weakest link in the heating 
system, and their occasional replacement 
should be anticipated. 

Is the circulating pump operating properly? 
Just because you can hear the pump operating 
or feel its vibration does not mean that it is 
functioning properly. The coupler between 
the pump and the motor may be broken, 
and the noise that you hear or the vibration 
that you feel may be only the motor turning, 
not the pump. You can be sure the pump is 
operating by putting your hand on the return 
pipe associated with that pump. After a while, 
the pipe will get hot if the pump is operational. 
Check the gasket between the pump and the 
motor for signs of current or past leakage. This 
is a vulnerable joint for leakage. 

Is the circulating pump emitting any 
unusual orloud sounds? Ifitis, the noises might 
indicate faulty bearings, and the condition 
should be checked by a service organization. 
If you see smoke coming from the circulating 
pump or smell electrical insulation burning, the 
entire system must be shut down immediately 
and the condition corrected. One last check of 
the circulating pump is to determine whether 
it operates continuously or intermittently. IF 
the circulating pump continues to run long 
after the thermostat is not calling for heat, it 
is in continuous-mode operation. This mode, 
discussed in chapter 14, can be modified to an 
intermittent operation. 

If the heating system is used for generating 
domestic hot water, the thermostat will not 
control the burner, only the circulating pump. 
In this case, check the temperature of the 
boiler water (look at the temperature gauge). 
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If the temperature drops below 150° F and the 
burner does not fire, it will indicate a faulty 
or improperly set aquastat. In most cases, the 
burner will be activated when the temperature 
drops below 180° F, 

In addition to the above, with high- 
efficiency condensing and pulse boilers, look 
at the piping associated with the inlet air 
supply, exhaust gas vent, and condensate 
drain. Check to see that there are no loose 
sections, that there is no blockage at the pipe 
terminations, that the exhaust pipe is not 
combined with the exhaust from the water 
heater, and that the horizontal portions of the 
exhaust pipe slope back to the boiler. Also 
check that the condensate pipe discharges 
into a floor drain or condensate pump rather 
than a hole in the floor slab. 


Steam systems 
In this system, a water line showing the level 
of water in the boiler should be visible in the 
level gauge. Look for the gauge. If it is dirty, 
it must be cleaned. A gauge that is completely 
filled with water indicates too much water 
in the system, and an empty gauge indicates 
an insufficient amount of water in the boiler. 
When the water level in the gauge is unsteady 
(rising and dropping), it indicates a problem 
condition that might reflect an excessive grease 
and dirt buildup in the boiler or that the boiler 
is operating at an excessive output. In either 
case, it should be corrected. 

Check the heating unit to determine 
whether it has all the required safety controls. 
‘A steam system should have a low-water 
cutoff, a high-pressure limit switch, and a relief 
valve. If any of these items are missing, record 
the fact on your worksheet. Look for the low- 
water cutoff, Is it the built-in type or externally 
mounted? If it is externally mounted, you 
should test its operation. This is a normal 
procedure that the manufacturer recommends 


to how attracted the liquid molecules are to each other verses the surface (see surface tension). In 
industry, tests are done to determine the "solderability" of materials by measuring the time it takes 
solder to spread out over a surface, or measuring how much force a pot of liquid solder will pull down 
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A brochure for a solderabiliy testing station, Scroll down a few pages to see some great pictures of this 
machine holding one lead of a surface mount chip in a drop of solder. 
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the homeowner perform periodically. If the 
relief valve is old, then as a precautionary 
measure it should be replaced after you take 
possession of the house. 

Look for the condensate return line to the 
boiler. Is it a wet or dry return? If it is a wet 
return, it should be connected to the boiler 
by means of a special piping arrangement, a 
Hartford loop. Is there one? Ifnot, the installation 
of a loop should be considered. 


Oil burners 
When the heating system is oil-fired, the first 
thing you should note is whether the top 
portion of the chimney (as seen during your 
exterior inspection) is covered with soot. This 
san indication that the oil burner has not been 
operating efficiently. When you are inspecting 
the heating unit, look for a card or tag near 
or on the unit that contains the maintenance 
service record. Whenever a serviceperson 
performs any type of maintenance, even a 
tune-up, he or she records the date on this, 
card. This will at least give you an idea of 
whether the burner has been maintained or 
neglected. The burner should be tuned up 
and checked for combustion efficiency at least 
once a year. 

Other telltale signs indicate the need for 
oil-burner maintenance. Is there a smoke odor 
in the furnace room? When the oil burner first 
fired, was there a puffback of smoke and fire? 
At startup, while running, or at shutdown, 
do you feel pulsations in the boiler room? 
Are there particles of soot on the furnace or 
around the burner? Is the oil burner emitting 
an abnormal noise during operation? If any 
of the above questions are answered yes, oil- 
burner maintenance is needed. There are also 
tests that can be made, such as sampling the 
exhaust gas for combustion efficiency. This 
analysis, however, should be performed by a 
competent serviceperson. 


The proper draft over the firebox for an 
oil-fired system is critical to efficient operation. 
Therefore, there must not be any cracks or open 
joints that will allow excess air to infiltrate into 
the combustion chamber or smoke pipe. Look 
for cracks and open joints at the front of the 
boiler near the burner, especially around the air 
tube, mounting plate, and front boiler doors. 
If you can see the flame through the cracks or 
open joints, the open areas should be sealed 
with a refractory cement. A vulnerable joint 
for air leakage is the joint between the smoke 
pipe and the chimney. If this joint is cracked, it 
must be sealed. Also, to ensure a proper draft, 
there should be a functioning draft regulator 
on or near the smoke pipe. Look for one. If it is 
missing or inoperative, record the fact on your 
worksheet. 

If you see a small hole in the flue stack 
about inch in diameter, don’t be concerned. 
Itis a test hole that is used by the oil-burner 
serviceperson for measuring operational 
parameters such as draft, percentage of carbon 
dioxide, and stack temperature, 

Next, look inside the firebox. The refractory 
lining of the fire chamber should be intact. 
There should not be any broken sections or 
holes in the lining. If there are, maintenance is, 
needed. While looking inside the firebox, if the 
heating unit is a boiler rather than a furnace, 
look for water dripping or seeping around 
the top or sides. As discussed earlier, this 
condition might be caused by joint movement 
asa result of thermal expansion. Nevertheless, 
as a precautionary measure, since it can also 
be caused by a cracked boiler, it should be 
checked by a professional. 

‘The oil burner receives its oil through a feed 
line that runs to the oil storage tank. The feed line 
is usually a small-diameter copper tube that can 
easily be damaged and must be protected. Look 
for the line. It should not run exposed over the 
floor. (See FIG. 15-1.) Someone could accidentally 
step on and damage the feed line, restricting the 
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Fig. 15- 
ant exposed oil-feed line. The feed line is a small- 
diameter copper tube that can easily be damaged. 
It should be protected. Usually the feed line is, 
located below the floor slab and emerges near the 
oil burner. 


Oil-fired forced-hot-water boiler with 


flow to the burner and causing oil to leak on 
the floor. If the storage tank is the interior type, 
the underside of the bottom section should be 
checked for oil leakage. Run your hand along 
the underside of the tank. If your hand has 
a slight or heavy film of oil, the unit may be 
deteriorating, in which case patching repairs 
would be in order. The average projected life for 
these tanks is about twenty years. 


Gas burners 
Gas burners do not require as much preventive 
maintenance as oil burners. All thatis normally 
needed is periodic cleaning and adjustment. 
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Look at the gas bumers. In neglected units, 
they are covered with excessive corrosion 
(rust) dust. Quite often some of the gas ports 
are clogged by the rust particles and are 
no longer effective. This condition requires 
a professional cleaning. The quality of the 
flames on the gas burner is important. The 
flame should be primarily bluish in color, with 
little or no yellow. If the flame is lifting off the 
burner head, it is an indication that too much 
air is being introduced into the mixture. 

A yellow tip in the flame will result in a 
soot layer building up in the flue passage of 
a boiler. After some years, the soot buildup 
can completely block the flue passage. I 
found this condition in a boiler that was only 
seven years old. A blocked flue passage is a 
potentially dangerous condition because it 
prevents the exhaust gas from rising up to 
the chimney. Instead, the gas, which contains 
poisonous carbon monoxide, seeps into the 
house. Fortunately, this condition can be easily 
corrected. Clean the boiler flue passages with 
a long stiff brush to remove the soot buildup 
and adjust the air intake to the burner. 

Another safety check thatshould be made is 
to test the draftin the chimney. After the heating 
unit has been operational for a few minutes, 
put your hand near the draft diverter (located 
on the exhaust stack above a boiler and built 
into the sheet-metal casing of a furnace). There 
should be no outward flow of hot exhaust gas 
toward your hand. If you do feel a flow on your 
hand, a potentially dangerous condition exists 
that should be checked by a professional. 
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General considerations 

© How old is the heating system? 

© Is the boiler or furnace an obsolete unit 
(i.e.,a converted coal-fired boiler or an “oc- 
topus” warm-air furnace)? 


© Check each room for heat-supply registers 
or radiators. 

© Are supply registers or radiators located 
on or near exterior walls (preferably under 
the windows or next to exterior door 
openings)? 

© Check supply-register dampers for ease of 
operation. 

O Are there separate return grilles for each 
room or centrally located returns for each 
floor? 

© Check radiators for broken shutoff 
valves and blocked air vents (steam 
systems). 

O Inspect area below radiators for signs of 
leakage. 

© Check visible portions of ductwork and pip- 
ing (basement, attic, garage, etc.) for open or 
leaking joints and uninsulated sections. 

O Are the thermostats properly located (no 
drafts)? 

© Note whether the thermostats are manual 
or automatic clock units. 

O Is the clock functional? 

O Check each heating zone and thermostat 
control independently. 

© Isthere an adequate air supply for the heat 
ing system? 

O If the heating unit has a direct vent, is it 
properly located? 


Boiler or furnace 

O Check boiler or furnace during startup. 
Note any puffback with an oil burner or a 
licking back of flames on a gas burner. 

O Is the boiler a steel or cast-iron unit? Is it 
aging? Is it neglected? 

© Check for signs of excessive corrosion 
(rust), dust, flaking metal, and mineral de- 
posits indicating past or current leakage. 

© Inspect firebox, if accessible, for water 
seepage through joints and dripping 
water. Have this condition checked by a 
professional 


O Check smoke pipe for corrosion holes, 
open joints, sagging sections, and adequate 
clearance. 

O If furnace or boiler is the condensing type, 
check for corrosion, signs of condensate 
leakage, blockage in the supply and vent 
pipes, and horizontal vent pipe sections 
sloping back to the furnace or boiler. 

O Check master shutoff switches for proper 
operation. 


Warm-air systems 

O Check furnace, burner area, and sheet- 
metal casing for excessive corrosion, rust, 
and flaking metal. 

O Check for unstable or dancing flames (gas- 
fired furnace). If these conditions are noted, 
have the heat exchanger checked by a pro- 
fessional 

O If there is a canvas connection between 
furnace and main supply duct, check it for 
torn and open sections. This material may 
contain asbestos. 

O Check fan controller during furnace oper 
ation. If fan starts after the burners shut 
off, controller is either faulty or out of ad- 
justment. 

O Check fan operation for exces 
vibrations. 

O If system contains a power humidifier, 
check for operation, signs of leakage, and 
excessive mineral deposits. 

© During furnace operation, check airflow 
and temperature in room supply registers. 

O Check return grilles for proper air circula~ 
tion (tissue test) 


ive noise or 


Hot-water systems 

O Check whether system is forced or gravity 
circulation 

O During operation, check pressure gauge. 
System pressure should generally be be- 
tween 12 and 22 psi. 
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O Inspect for relief valve, which should 
be boiler-mounted. Do not check valve 
operation. 

© Check circulating pumps for proper opera 
tion (motor and pump both functioning) 
Note any unusual loud sounds. 

Inspect pumps for leaking fittings or 
gaskets 

O Check each zone valve independently. 
Inspect valves for dripping water and 
deposits, 

O Ifboiler also generates domestic hot water, 
check temperature gauge to determine 
whether aquastat is faulty or improperly 
set. 


‘Steam systems 

O Check water-level gauge for proper level, 
accumulated sediment, and fluctuations 
(rising and dropping) 

O Is the water supply to the boiler a manual 
or an automatic feed? 

O Check boiler for required safety controls: 
a low-water cutoff, a high-pressure limit 
switch, and an automatic relief valve 

O If low-water cutoff is an external type, 
check operation by flushing the unit. 

O Inspect boiler relief valve. Do not operate. If 
valve is old, consider replacement. 

O Inspect the condensate return line. Is it a 
wet or dry return? Ifa wet return, is there a 
Hartford loop? 


Oil burners 


O During exterior inspection, check top por 
tion of the chimney for accumulated soot. 
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© Has oil burner been maintained or neg- 
lected? Look for a dated maintenance ser- 
vice card. 

© During operation, note any smoke odors or 
soot particles in the furnace room. 

© Areany abnormal noises or pulsations emit- 
ted from the oil burner during operation? 

© Check for cracks and open joints near the 
burner, particularly around the air tube, 
mounting plate, and front boiler doo 

© Check for air leakage at the joint between 
the smoke pipe and the chimney. 

© Check exhaust stack for an operational 
draft control. 

© Check refractory lining of the fire chamber 
for cracked and deteriorating sections. 

© Check oil-burner feed lines (copper tub- 
ing). Are there kinked or exposed sections 
vulnerable to damage? 

© Check underside of oil storage tank (inte- 
rior type) for leakage. 


Gas burners 

© Check gas burners for corr 
clogged gas ports. 

© Check flame pattern for safe and efficient 
operation. 

© Check draft diverter on the exhaust stack 
for backflow of exhaust gases. 

O Is the gas meter adequately sized? 


16 
Domestic water heaters 


‘Tank water heaters 248 
Reversed connection 248 
Relief valve 249 
Rumbling noise 251 
Exhaust stack 252 
Operational inspection 252 
Water heater replacement 254 


Water heater capacity and recovery 255 


Tankless (coil) water heaters 256 
Inspection procedure 258 


‘Tankless (wall-mounted) water heaters 259 
Indirect-fired storage water heaters 260 


Checkpoint summary 261 


Hot water for bathing and washing (domestic 
hot water) is produced through a separate 
tank-type water heater, through the heating- 
system boiler (steam or hot water) by a 
tankless coil, or through an indirect-fired 
storage water heater. Domestic hot water is 
considered by manufacturers as cold water 
whose temperature has been raised 100° F. 
An important consideration in the design 
of water heaters is the ability of the unit to 
raise the temperature of 1 gallon of water 
100° F. This criterion is used in evaluating the 
recovery rate for tank heaters and the water- 
flow rate for tankless coil heaters. These items 
will be discussed in the sections that follow. 
The temperature of domestic hot water 
is important for energy conservation and 
safety. The operating temperature range for 


‘most water heaters is between 120° and 160° F, 
although in some cases itis possible to achieve 
temperatures of 180° F. Normally, a thermostat 
setting that produces a water temperature of 
140” F will be adequate for household chores, 
including the use of automatic clotheswashers 
and dishwashers. However,forwashingdishes 
by hand or bathing, temperatures of 120° Fare 
more than adequate. In fact, 120° F water is 
above the tolerance level of most people and 
will have to be mixed with cold water. Setting 
the thermostat so that the water temperature 
exceeds 140° F is wasteful of energy and will 
shorten the life of the water heater. Inaddition, 
a water temperature in excess of 160° F is a 
potential hazard because of the possibility of 
being scalded while showering (if the mixing 
valve should be faulty). 


Domestic water heaters. 247 


Tank water heaters 


Most tank water heaters are located near 
the heating system or in a utility room, 
sometimes in the kitchen or a closet. These 
heaters basically consist of a lined steel tank 
that is covered with an insulated sheet- 
metal jacket to reduce heat loss. The lining 
in the tank is usually vitreous enamel (glass) 
but can be concrete (stone) or copper. To 
minimize tank corrosion, most heaters are 
equipped with a “sacrificial” magnesium 
anode rod that is suspended inside the tank. 
The electrochemical action causing corrosion 
takes place between the water and the anode 
rather than between the water and the tank, 
thereby extending the life of the tank. Some 
tanks are constructed so that the magnesium. 
anode can be inspected and replaced if 
necessary. Tank water heaters are gas- or oil- 
fired or electric. (See FIG. 16-1.) 
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Reversed connection 

Many water heaters have at the top of the 
tank hot-water outlet and cold-water inlet 
fittings that are clearly marked Hot and coun, 
respectively. Yet it is surprising how many 
times I have found heaters with a reversed 
water-line installation. You can tell whether 
the installation is reversed by touching a pipe 
about feetaway from the unitand comparing 
it with the Hor outlet fitting on top of the tank. 
A reversed connection results in an inefficient 
operation of the heater. Even though there is a 
cold-water inlet tap at the top, the cold water 
does not enter the tank at the top. There is a 
pipe (dip tube) inside the tank connected to 
the inlet fitting that carries the cold water to the 
bottom of the tank. Because the hot water tends 
to rise above the cold water, the hot water is 
normally at the top of the tank where it flows 
through the outlet fitting. When the inlet-outlet 


Fig. 16-1. Tank water 
heaters. Left—gas-fired. 
Center—oil-fired. Right— 
electric. Rheem Mfg. Corp. 


connection is reversed, the cold water enters 
the tankat the top and mixes with the hot water 
as it settles to the bottom near the outlet fitting. 
Consequently, for the same thermostat setting, 
the temperature of the hot water is lower than 
it would otherwise have been. To compensate 
for the lower temperature, homeowners 
usually turn the thermostat to the high setting, 
thereby increasing the fuel cost and decreasing 
the life of the water heater. Some heaters have 
interchangeable cold- and hot-water fittings. 
In these units, the dip tube can be shifted from 
one side to the other, 


Relief valve 
All water heaters must have a relief valve that 
is both temperature- and_pressure-sensitive. 
A relief valve that responds to pressure only 
will not offer adequate protection for the 
homeowner. An excessively high pressure 
alone can cause the tank to rupture. Though this, 
will cause water damage, it is not necessarily 
dangerous. However, if the tank should 
rupture as a result of a high-temperature 
failure, the superheated water contained 
therein will flash into steam, instantaneously 
releasing high energy in an explosion. A relief 
valve that is sensitive to both temperature and 
pressure can avoid this problem. 

The relief valve should have an extension 
that will allow it to discharge into a bucket on 
the floor. Sometimes, a relief valve is found 
without this extension. (See FIG. 16-2) This is 
a potential hazard because a person standing 
near the water heater when the relief valve 
discharges could be scalded. I have also found 
an extension on the relief valve that leads to 
a sink or floor drain located near the water 
heater or in the next room. (ee FIG. 16-3) This 
type of piping arrangement is usually installed 
to eliminate water damage if the relief valve 
discharges. Water discharging from the valve 
will flow directly down the drain rather than 


Fig. 16-2. If this relief valve discharges, 
someone standing nearby could be scalded. 
The relief valve should have an extension 
that discharges into a bucket located on 
the floor. 
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accumulate on the floor. The disadvantage 
of this installation is that the homeowner 
might never know a discharge condition had 
occurred. A discharging relief valve indicates 
anabnormal condition of some type that should 
be checked out. Obviously, if the homeowner 
does not know that there is a problem, he or 
she will not have it corrected. By having the 
relief valve discharge into a bucket, water 
damage can be eliminated, and the presence of 
a problem condition will be indicated. 

If you notice that the relief valve is 
dripping and the temperature of the hot water 
is not excessive, the problem will be either a 
defective relief valve or the result of thermal 
expansion. Many municipalities require a 
backflow preventer or a nonbypass pressure 
regulator on the inlet water service. This creates 
a closed system when a faucet is not drawing 
water. When the water is heated and expands, 
the resulting pressure buildup causes the relief 
valve to drip. Installing an expansion tank on 


the cold-water inlet to the water heater can 
control this condition. (Gee FIG. 16-4.) Record 
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' 
I 
i Fig. 16-3. The relief valve 
Jhas an extension that leads 
to a sink in the adjacent 
room. This is undesirable 
because the effluent will 
go down the drain, and 
the homeocener will not 
be aware ofa discharge 
condition. 


a dripping relief valve on your worksheet for 
later correction. 

Is also important that the Btu capacity 
of the relief valve exceed the Btu input of 
the water heater. If the capacity is less, the 
relief valve will not be able to discharge the 
overheated water at the same rate that it’s 
produced, resulting in an unsafe condition 
or possible explosion. Check the capacity of 
the relief valve by looking at the nameplate 
mounted on the valve. Specifically look for the 
AGA (American Gas Association) rating given 
in Btu/hour (see FIG. 165). This rating must 
exceed the Btu input to the water heater listed 
on the data plate mounted on the side or top 
of the tank casing. You can also check the Btu 
rating of electric water heaters even though 
they are rated in watts rather than Btu/hour. 
You can determine the electrical energy input 
to the heater by converting the total wattage of 
the heater, which is listed on the data plate, to 
Btu/hour. 1 watt = 3.413 Btu/hour. 

To be effective, the relief valve should be 
located so that its sensing element is immersed 


Fig. 16-4, Bladder- 
type expansion tank 
installed to prevent 
relief valve from 


leaking due to thermal Relief 
expansion of the water valve 
in the domestic water 
heater tank, 
Water heater 


in the top 6 inches of water in the tank rather 
than in the hot-water outlet pipe. This is 
important because there is a temperature 
difference between the tank and the hot- 
water outlet pipe. For instance, when the relief 
valve is installed in the hot-water outlet pipe 
5 inches away from the tank, the water in 
the tank could be raised to 250° F before the 
temperature at the valve reaches 210? F. 

During my inspections, I have often found 
the relief valve located on the cold-water inlet 
pipe. This location negates the effectiveness 
of the valve. If you find a relief valve on the 
cold-water inlet pipe, you should notify the 
homeowner of the potential hazard and have 
it relocated after you take possession of the 
house. 

It is important that the diameter of the 
relief-valve extension pipe be the same as the 


a 


Bladder-type 
expansion tank 


outlet opening of thereliefvalve.Iftheextension 
pipe has a smaller diameter, it reduces the 
discharge capability of the valve and reduces 
its effectiveness as a safety device. 


Rumbling noise 
Over the years, sediment scale and mineral 
deposits tend to build up at the base of the 
tank. Manufacturers suggest that a few quarts 
of water be periodically drained from the water 
heater to help remove these deposits. However, 
this practice is not always effective, and if 
sufficient deposits accumulate, a rumbling or 
pounding sound can be heard when the unit 
is firing. If you hear a rumbling noise while 
inspecting the water heater, do not be alarmed. 
It is not a dangerous condition, although the 
noise can be annoying. In addition to their 
annoyance value, accumulated deposits at the 
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Fig. 16-5. Look for the AGA rating on the plate 
hanging from the relief valve, The rating must 
exceed the Btu input to the water heater 


base of the tank can act as an insulator between 
the water and the flame, decreasing the overall 
efficiency of operation. 


Exhaust stack 

All oil and gas-fired water heaters must 
have an exhaust stack to vent the products 
of combustion to the outside. If you find an 
exhaust stack that is loose or broken, so that 
the exhaust gases are discharging directly 
into the house (see FIG. 16-6), you should notify 
the homeowner of this potentially dangerous 
condition. Aswitha heating system, theexhaust 
pipe should have an upward pitch from the 
heater to the chimney connection. The exhaust 
pipe gets quite hot and therefore should not be 
in contact with combustible material. 


Operational inspection 
‘The water heater should be inspected while the 
burner is operational. This can be achieved by 
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Fig. 16-6. Disconnected exhaust stack. Exhaust 
gases from this gas-fired water heater discharge 
into the basement rather than a chimmey—a 
potentially dangerous condition. 


opening the hot-water faucet at a nearby sink. 
Within a few minutes, depending on the size 
of the tank and the water flow at the sink, the 
burner should fire. (This assumes that the pilotis, 
lit for a gas burner or that the electronic ignition 
is operational for an oil bummer, and that there 
is oil in the storage tank) If the burner fails to 
fire, there is a problem condition that should be 
checked. Oil and gas burners and their controls 
are discussed in detail in chapter 15. 

To provide an adequate draft for 
combustion gases, oil-fired units should have 
a draft regulator, and gas-fired units should 
have a draft diverter. (See FIG. 16-7) After the 
unit has been firing for several minutes, check 
the draft in a gas-fired unit. Put your hand 
near the draft diverter. If you feel a flow of hot 
gaseson yourhand, theres eithera blockagein 


Good joints: 


Great joints: 


What's the right amount? A large amount of solder is not needed, just enough to cover the pad and 
lead without any gaps (actually, only 270? is required by IPC J-STD-001), The measure for too much 
solder is whether or not you can see the outline of the lead in the solder. This is important because you 
need to be able to see whether the solder adhered or "clung" to the lead (indicating a true bond), and 


‘gas-fired water heater. 


the flue passage or there is a negative pressure 
in the house. This is a condition that must be 
corrected because the exhaust gas contains 
carbon monoxide. This colorless, odorless gas 
is poisonous and can cause asphyxiation. 

Another check for faulty venting of the 
exhaust gases is to hold a lit match at the draft 
diverter opening: If the exhaust gases spill out 
into the room, they will blow out the flame. 
If the venting system is functioning properly, 
the flame will be sucked into the draft diverter 
hood. Asa safety feature, some water heaters 
have a spill switch sensor mounted on the 
draft diverter. (See FIG. 16-8.) When combustion 
gases spill out of the draft diverter, the spill 
switches sense the heat from the exhaust 
gases. This causes the spillage sensor circuit 
to open, which shuts the pilot, causing the 
burner to shut down. 

Whenever there is a heavy draw of water, 
if the temperature of the inlet water is low, 
condensation can form on the tank. Ifthis should 
occur, you might see some water beneath the 
heater; ina gas-fired unit, you may hear sizzling 
or pinging sounds caused by water droplets 


Water 
‘alt 


Hester 
hood 


Linear sith 
shocating bracket 


ne it 
<— 

sptry Tevet 

mtn Porn 


Water eater 


Line Ut 
sich xpllary 


Fig, 16-8. Exhaust gas spill switch sensor. 
Courtesy of: Tjernlund Product, Inc. 


falling on the burner. Consequently, if you see 
a little water on the floor or hear the pinging 
noise of droplets, do not assume that the water 
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heater is leaking; it may be condensation. If it 
is, the condition will disappear after the water 
in the heater becomes heated. If the condition 
does not disappear, a leak should be suspected, 
and the unit may require replacement. 

If you notice a water pipe connected 
to the drain fitting at the bottom of the 
tank, it is probably a hot-water return line. 
(See FIG. 16.) This is the typical connection for 
providing “instant” hot water at the bathroom 
fixture that is farthest from the water heater. 
It is more often found in large pricey houses 
than in more modest homes. You can check 
out the effectiveness of the instant hot-water 
system during the interior inspection of the 
bathrooms. 

‘As with a gas-fired heating system, the 
pipe supplying gas to a domestic water heater 
should be rigid black iron and not a copper 
pipe or a flexible pipe. If the pipe is not black 
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iron, check with the utility company for its 
requirements. 

Some gas-fired water heaters use bottled 
gas (propane) because natural gas is not 
available. In that case, a copper gas-supply 
pipe is usually acceptable because the supplier 
provides a quality control over the impurities 
in the gas. All impurities that would react with 
the copper are removed. 


Water heater replacement 
‘A water heater requires replacement only 
when the tank is leaking, If there are problems 
with any of the controls, they can be replaced 
individually as needed. You cannot tell by 
looking at a unit when it will start leaking, The 
projected life for an oil- or gas-fired water heater 
is from seven to ten years, although units have 
been known to last over fifteen years. Electrical 
units have a longer projected life than oil- and 


Fig, 16-9, Hot-water 
return line supplies 
“instant” hot water to a 
fixture. This results from 
the constant recirculation 
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gas-fired heaters. This is because the electrical 
heating element is immersed in the water, 
imparting its heat directly to the water and not 
to the tank, whereas in an oil- or gas-fired heater 
the flame imparts its heat directly to the base of 
the tank. The intense heat results in expansion 
and contraction stresses that effectively shorten 
the life of the tank. Look at the temperature 
control knob (thermostat) on the tank. If it is 
at the maximum setting, the unit has been 
operating at a high temperature, and a shorter 
life span should be anticipated. 

The age ofa tank water heater can generally 
be determined from the serial number found 
on the tank’s data plate. The numbering 
system, however, varies by manufacturer. For 
example, for Rheem or Rudd water heaters, 
the first four numbers of the serial number 
indicate the month and year of production 
(thus 0286 would indicate that the heater was 
manufactured in February 1986). Usually a 
water heater is installed within several months 
of its manufacture. 

With newer A. O. Smith water heaters, 
the date of manufacture is listed on the data 
plate. However, with older A.O. Smith water 
heaters, the date can be found by checking 
the serial number. For example, in serial 
number 800-A-89-12345, the letter stands for 
the month of manufacture January in this 
case); and the middle number (89) stands 
for the year of manufacture, 1989. The letter 
code for month of manufacture is, 


AJanuary July 
B—February H—August 
(C—March J-September 
D—April K—October 
E—May L—November 
FJune M—December 


If you determine that the water heater is 
over ten years old, you should not anticipate 


an extended life for the unit, even though it 
might look relatively new (shiny and clean on 
the outside). 

Thave been asked by clients whether it is 
necessary to replace a gas-fired water heater 
that has been in a flooded basement. It is not 
necessary to replace the unit. The tank is 
designed to hold water and therefore cannot 
be damaged by it. However, the burner 
assembly and controls (pilot, thermocouple, 
and thermostat) can be damaged and should be 
checked by a competent serviceman. If any of 
the controls are malfunctioning, they should be 
replaced as needed. Also, when the insulation 
between the tank and the jacket gets wet to the 
extent that it becomes thoroughly soaked, it can 
sag and be less effective as an insulator. If this, 
should occur, you will feel “hot spots” on the 
jacket. This condition can easily be remedied. 
Insulation jackets are available that fit over 
water heaters to reduce heat loss. 


Water heater capacity and recovery 
The amount of hot water that your family 
requires depends on the number of people, 
their bathing and washing habits, and the 
number of tubs and showers available for 
simultaneous use. Do not judge whether a 
water heater is adequate by the capacity of 
the tank alone. Equally as important 
recovery rate—the volume of water that will 
have its temperature raised by 100° F in one 
hour. The capacity of residential water heaters 
typically varies between 30 and 82 gallons. 
The following example, although somewhat 
exaggerated, illustrates the point. 

Let us take an average home. Assuming 
normal water pressure and flow, the typical 
faucet delivers about 5 gallons of water per 
minute. Let us further assume that there is 
approximately a sixty-minute demand for 
hot water flowing at the rate of 2 gallons per 
minute. This hot water will usually be mixed 
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with cold water for washing and bathing. Ifthe 
home is equipped with an electric water heater 
that has a 60-gallon capacity and a 10-gallon 
recovery rate, after about thirty minutes 
there would be no more hot water. The low 
recovery rate of 0.17 gallons per minute is les 
than 10 percent of that required and would be 
totally ineffective in satisfying the hot-water 
demand. On the other hand, if the home had 
been equipped with an oil-fired water heater 
that had a capacity of only 30 gallons (half the 
capacity of the electric heater) and a 120-gallon 
recovery rate, the hot water would never run 
out, and the demand would be completely 
satisfied. 

Whatis the capacity and the recovery rate 
of the water heater that you are inspecting? 
‘The capacity of all water heaters will usually 
be stamped on the data plate. Gas-fired units 
might also have the recovery rate on the plate. 
If yours doesn’t, you can get an approximate 
value by dividing the number of input Btu 
(on the data plate) by 1,000 and multiplying 
the results by 0.85. Oil-fired water heatei 
might not indicate their recovery rate. Thi 
should be of little concern because oil-fired 
units have a high recovery rate, often on the 
order of 120 gallons per hour. Electric units 
will not have their recovery rate on the data 
plate. However, the wattage of the upper 
heating element, the lower heating element, 
and the total wattage will usually be stamped 
on the plate. You can easily compute the 
approximate recovery rate for an electric 
water heater by using the following formula: 
Each 250 watts heats about 1 gallon of water 
100°F in one hour. Thus a water heater rated 
at 4,500 watts has a recovery rate of only 
18 gallons per hour. This is a typical recovery 
rate for an electric water heater and is quite 
low in comparison to a gas- or oil-fired unit. 
To compensate for the low recovery rate, 
electric units should, and often do, have 
large-capacity tanks. 
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Thave found the following rule of thumb 
effective in determining the adequacy of a 
water heater for a house, regardless of whether 
the unit is gas- or oil-fired or electric: For a 
house with one full bathroom (sink, bowl, 
and shower-tub), the sum of the capacity plus 
the recovery rate should total about 70. For 
two full bathrooms, the total should be about 
90; for three full bathrooms, about 105; and 
for four full bathrooms, about 115. This also 
assumes that there is a washing machine in 
the house that might be operating while all the 
showers-tubs are being used. Of course, your 
requirements might be different. If you buy a 
house with three full bathrooms and there are 
only two people in your family, you obviously 
do not need a water heater whose capacity and 
recovery rate total 105. 

From an energy-conservation point of view, 
a small tank with a high recovery rate would 
be better than a large tank with a low recovery 
rate. In addition, it is more costly to maintain 
a large tank of hot water, especially during 
periods when there is no hot-water demand. 


Tankless (coil) water heaters 
Tankless water heaters, sometimes called 
“instantaneous water heaters,” should not 
be confused with tankless (wall-mounted) 
water heaters, which will be discussed in the 
next section. Tankless coil-type water heaters 


are used in conjunction with steam and hot- 
water boilers. Most tankless heaters consist 


of a small-diameter pipe shaped in the form 
of a coil that is located inside of the boiler 
(internal generator). (See FIG. 16-10) The coil 
might also be located in a casing outside, but 
connected to, the boiler (external generator). 
‘The coil is surrounded by hot boiler water that 
gives up its heat to the water flowing in the 
coil. Cold water enters the coil and leaves as 
hot water with its temperature increased by 
100° F. These units are designed for a specific 


Fig. 16-11. Mixing valve for tankless water heater. 


Fig. 16-10. Tankless water heater. Unit is 
mounted inside a boiler. Triangle Tube and 
Specialty Co., Ine. 


water-flow rate (gallons/minute) through 
the coil to achieve the desired increase in 
temperature. 

If water flows through the coil at a greater 
rate, less heat will be transferred to each 
gallon, resulting in a lower outlet temperature. 
Consequently, many units have a flow- 
regulating valve installed in the cold-water 
supply pipe to the tankless heater to limit the 
water flow to the capacity of the heater. The 
design flow through these heaters is usually 
about 3 to 4 gallons per minute. Assuming a 
normal water supply to the house, the typical 
cold-water flow will be between 4 to 8 gallons 
per minute. 

To regulate the temperature of the hot 
water being distributed throughout the house, 
there should be a mixing valve between the 
cold-water inlet and the hot-water outlet pipe. 
(Gee FIG. 16-11.) A mixing valve is considered a 
necessary feature to eliminate the possibility of 
scalding. Over the years, mineral deposits tend 
to build up inside the heater coil, especially in 


hard-water areas. This in turn further reduces 
the water flow through the heater and results 
ina higher water temperature at the outlet. The 
high-temperature water, which is a potential 
hazard, can be cooled to the design temperature 
by mixing it with cold water in the mixing 
valve. This water can then be distributed to the 
plumbing fixtures throughout the house. 

‘As mineral deposits form inside the heater 
coil, they restrict the water flow. It is possible 
for the deposits to build up to such a point 
that the hot water flow becomes a trickle when 
two or more faucets are turned on at the same 
time. The hot-water flow should be checked 
during your interior inspection, as discussed 
in chapter 10. A low hot-water flow that is 
caused by a blockage in the tankless coil can 
often be corrected by chemically flushing the 
unit and dissolving the deposits. However, 
when the flow becomes a trickle, the heater 
coil should be replaced. 

A tankless (coil) has virtually no storage 
capacity. Consequently, if there is a hot- 
water demand that exceeds the design flow 
(and it often does), there will not be enough 
hot water. To provide additional hot water, 
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some installations are equipped with a storage 
tank. Water heated in the tankless coil will 
be circulated to the tank by gravity flow or a 
pump. The pipe that distributes hot water to 
the plumbing fixtures will be connected to the 
storage tank rather than the tankless heater. 
When the hot-water flow between the tankles 
heater and the storage tank is by gravity, the 
storage tank must be located above the boiler. 
When the flow is induced by a circulating 
pump, the tank can be located alongside the 
boiler. (See FIG. 16-12) 


Fig. 16-12. Storage tank connected to tankless 
‘water heater. The hot water circulates between the 
tank and the coil to maintain high temperature. 
The tank increases the overall volume of available 
hot water. 


258 Domestic water heaters 


From an energy-conservation point of 
view, a tankless (coil-type) water heater is 
not desirable. It is inefficient and wasteful of 
energy. To produce domestic hot water, there 
must be a double heat transfer. The boiler 
water will first be heated with oil or gas, and 
it will then transfer its heat to the water in the 
tankless coil. To produce domestic hot water, 
the boiler must be heated all year long, winter 
and summer. As discussed in chapter 14, 
controls associated with the heating system 
prevent steam or hot water from being 
distributed throughout the house when heat is, 
not required. Nevertheless, the heated boiler 
water during those months does represent 
wasted energy. Italso introduces an additional 
heat load on the house at a time when heat is 
not desired. If you should decide to replace a 
tankless coil with a tank-type water heater, it 
can be done at a reasonable cost. An oil-fired 
water heater, however, is more expensive than 
a gas-fired or an electric unit. 


Inspection procedure 
The first portion of the tankless water heater 
inspection is performed in the bathroom. 
Turn on the hot water at the sink and the 
tub simultaneously and look at the flow. If 
the flow appears to be low, mineral deposits 
might have built up in the tankless coil, and 
maintenance might be needed. On the other 
hand, the low flow might reflect a constriction 
in the distribution piping. Record the fact that 
there is a low flow on your worksheet as a 
reminder that the condition must be corrected 
regardless of the cause. 

At the boiler, look at the joints around 
the tankless heater mounting plate. This is a 
vulnerable area for leakage. If there are water 
stains and deposits around the joint, even if 
you do not see water dripping, maintenance is 
needed. The deposits tend to self-seal the leak, 
but this is not a permanent fix. Any movement 


or vibration of the boiler can cause the deposits 
to loosen, reactivating the leak. Often, all that 
is needed is tightening of the mounting bolts 
around the joint or replacing the gasket around 
the joint. Look at the inlet and outlet pipes to 
the heater and the mixing valve (if there is one) 
for signs of past or current leakage. 

The temperature of the boiler water that 
heats the domestic hot water is controlled by 
an aquastat. You can check the operation of 
the aquastat by opening one of the hot-water 
faucets. After a while, the temperature of the 
boiler water will drop to a point where the 
aquastat will cause the oil or gas burner to fire. 
Tankless coils are designed to operate with a 
boiler-water temperature of about 200° F. Look 
at the boiler-mounted thermometer when the 
burner fires. If the boiler-water temperature is, 
less than 180° F, the aquastat may be in need 
of adjustment. In some homes, the aquastat 
is intentionally set lower. This, of course, will 
result in a lower hot-water temperature. 

Look for a temperature-pressure relief 
valve onthe hot-water outletline ofthe tankles 
coil. If there is a storage tank associated with 
the tankless coil, the relief valve might be 
located on the tank. A temperature-sensitive 
relief valve is a necessary safety control and 
is normally factory-set to discharge when 
the domestic hot water reaches a scalding 
temperature. If you do not find a relief valve, 
record the fact on your worksheet asa reminder 
to have one installed after you move in. 


Tankless (wall-mounted) 
water heaters 
A tankless (wall-mounted) water heater, also 
sometimes called an “instantaneous water 
heater,” is an appliance that heats water as the 
water is used. It’s about the size of a medium- 
capacity suitcase. Operating a hot-water 
faucet activates either a burner (natural gas or 


propane) or an electrical resistance heater that 
transfers thermal energy to a heat exchanger. 
As cold water flows through the heat 
exchanger, it is heated to a preset temperature, 
which is normally 120°F. However, for most 
units there is a temperature controller within 
the unit, which is accessible by removing the 
cover, that can adjust the temperature setting 
from 100° to 140°F. Some units have a remote 
control option for the homeowner to control 
the temperature. Tankless water heaters are 
designed for a maximum flow rate through the 
heat exchanger; exceeding the flow rate results 
ina cooler water outlet temperature. However, 
for high-demand applications, two or more 
tankless units can be connected together to 
operate as one. Closing the hot water faucet 
deactivates the heating mechanism. 

One advantage of this water heater is that 
because of its compact size it can be placed 
close to the point of use so that very little of the 
water's heat is lost between where the water is, 
heated and where itis used. However, if a gas 
fired unit is installed as a retrofit, as opposed 
to an electric unit, it must be located in an area 
where the exhaust gases can be vented to the 
outside. One item of concern with a retro fit is, 
the size of the gas line. It’s important that the 
gas pipe being used meets the requirements 
of the new gas-fired tankless water heater. 
The gas requirement of the tankless unit often 
exceeds that of the existing tank-style water 
heater. If the water heater is a retrofit, you 
should check with the owner to determine 
whether the installation was approved by the 
local municipal building department. If the 
house is located in an area where there are 
exceptionally hard-water conditions, the heat 
exchanger inside the unit may require periodic 
flushing by a plumber to remove built-up scale. 
To minimize this problem, a water softener or 
a descaling device should be installed in the 
water line before the heater. 
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Indirect-fired storage 
water heaters 


In the mid-1970s, a new type of water heater, 
an indirect-fired storage water heater, was 
developed. The unit is called indirect-fired 
because the medium used for heating the 
domestic water is boiler water, which itself 
is heated in a separate boiler used for either 
central heating or space heating. The boiler 
water circulates through a heat exchanger 
that is located either within the heater tank 
or in an external compartment. Figure 16-13, 
shows one type of indirect-fired storage water 
heater. This unit has a specially designed heat- 
exchanger coil mounted in the base of the 


Fig. 16-13. Indirect-fired storage water heater. 
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tank. Hot boiler water flows through the coil, 
which is surrounded by domestic water. The 
design of the heat exchanger, which consists of 
an inner core surrounded by an outer helical 
coil, is such that it results in a relatively high 
recovery rate. 

The typical capacity of this residential 
indirect-fired water heater is about 40 gallons. 
‘With water heaters, whether thereisan adequate 
supply will depend not only on the capacity but 
also on the recovery rate of the unit. The actual 
rate will depend on the Btu rating of the boiler 
that feeds the heat exchanger. For a typical 
house with a boiler that has an output rating of 
about 100,000 Btu per hour, the recovery rate is 
about 90 gallons per hour. 

The indirect-fired storage water heater 
works off the heating system as a separate 
zone, utilizing its own circulator pump. 
According to manufacturers, 15-20 gallons of 
domestic hot water is removed before the zone 
aquastat calls for hot water from the boiler. 
Consequently, with the high recovery rate, the 
boiler firings are kept to a minimum. 

In checking the unit, either raise the 
thermostat setting to Hor or let the hot water 
run until the boiler fires. You can tell if the 
pump is operating by touching the water 
supply to the heater before and after the 
boiler fires. The pipe should get hot. Look 
for signs of leakage around the base of the 
unit. Also, make sure that there is a pressure- 
temperature relief valve mounted directly on 
the tank casing. If you adjust the thermostat 
to activate the boiler and circulator pump, 
don’t forget to reset it. 

In hard-water areas, it is possible that 
even though the boiler is functioning properly, 
the domestic water does not get very hot. 
This is caused by a lime buildup on the heat 
exchanger, which acts as an insulator and 
inhibits the heat transfer. In this case, the coil is 
in need of a cleaning, although it may require 
replacement. 


Checkpoint summary 


Is hot water supplied by a separate-tank 
type of water heater, a tankless coil, or by a 
wall-mounted tankless heater? 

If you have a tank-type heater, record the 
capacity (gallons), the recovery rate (gal- 
lons per hour), and the age (from serial 
number). 

Are exhaust gas 
diverter? 

Is tank-type heater adequate for house? 
Gee table.) 


spilling out of the draft 


Sum of tank capacity 


Full bathrooms plus recovery rate 
1 70 
2 90 
3 105 
4 115 


fo} 


Is hot-water flow adequate when two fix- 
tures are turned on? 

Are hot and cold supply lines incorrectly 
installed (reversed)? 

Does water heater contain a properly in- 
stalled temperature-pressure relief valve? 
Is the relief valve dripping? 

Is there an expansion tank on the cold wa- 
ter line? 

Look for signs of corrosion or past leak- 
age: 

— Tank type (gas-fired unit): corrosion 
dust and flaking metal in burner area. 
— Tankless coil: rust and deposits around 
fittings and gasket. 

Is there an “instant” 

line? 


hot-water return 
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Before outlining the procedure for inspecting a 
central air-conditioning system, let me discuss 
the components of a typical residential system 
and their functions. Central air-conditioning 
systems provide comfort cooling by lowering 
the air temperature and removing exces 
moisture. This is achieved by recirculating 
air from the house across a cooling coil. As 
the air flows across the coil, its temperature 
drops, causing some of the moisture in 
the air to condense out on the coil. The 
cool, dehumidified air is then distributed 
throughout the house, and the moisture is 
disposed of through a drain. 

The basic components of an air- 
conditioning system are the compressor, 
condenser, expansion device, and evaporator. 
The evaporator is the cooling coil mentioned 
above. The other components simply provide 
the means for the evaporator coil to cool the 
circulating air. This is done using a cooling 
medium, a refrigerant, that cycles between the 
components. (See FIG. 17-1.) The refrigerant is 
normally a gas at atmospheric pressure and 
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temperature. By (1) applying pressure to the 
refrigerant and (2) removing absorbed heat, 
the refrigerant will change from a gas to a 
liquid. At this point, the refrigerant exists as 
a high-pressure liquid. When the pressure 
on the liquid refrigerant is released, the 
refrigerant (3) expands and changes back to a 
gas. In the process of changing from a liquid 
to a gas, the refrigerant (4) absorbs heat from 
its surroundings, thus cooling the air passing 
over the coil. 

An air-conditioning system is a closed 
yystem, and theoretically there should 
never be a need for additional refrigerant. 
However, in practice the various fittings on 
the connecting pipes can loosen or develop 
hairline cracks that can allow some of the 
refrigerant gas to escape. Usually, when a 
system is low in refrigerant, the practice is 
to introduce additional refrigerant and not 
to look for the openings in the system that 
allowed the refrigerant to escape. However, 
if the air-conditioning system cannot hold a 
refrigerant charge for at least one season, the 


didn't just freeze around it. This applies to all types of joints: tinning wires, soldering to connectors, 
surface mount components... the solder should never completely hide the underlying wires or leads. 
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Disturbed joint (bad): If the component moves during solidification, the intemal structure of the 
solder will have fractures, leading to a high resistance or unreliable electrical connection, as well as a 
fragile mechanical one. The solder also appears dull and grainy--typical signs of a "cold" joint that 
doesn’t actually bond with the underlying surfaces. 


"Cold!" joints are often formed when the underlying pad or lead didn't get hot enough for the solder to 
wet it, 
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Fig. 17-1. Basic air- 
conditioning cycle. 
Normally the compressor 
and condenser are 
contained in a single 
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leaks in the pipes or fittings should be located 
and corrected. 


Air-conditioning capacity 
The overall cooling capacity of an air- 
conditioning system is usually measured 
in Btus (British thermal units) or tonnage. 
One Btu is the heat required to raise the 
temperature of 1 pound of water 1° F. A rating 
in Btus per hour indicates the amount of heat 
that the unit will remove in that time. A ton 
of air-conditioning, historically, represented 
the cooling effect achieved by melting 1 ton of 
ice in twenty-four hours. An air-conditioning 
system thatiis rated at 1 ton will provide 12,000 
Btus of cooling in an hour. 

The cooling needed for a house depends 
on several variables, such as size of the rooms, 
whether thereare cathedral ceilings, the number 
and type of windows, the amount of insulation 
inthe walls and ceilings, and whethershading is, 


Low-pressure gas, 
High-pressure gas 


Evaporator 


Hill 


provided by trees. The following rule of thumb 
can be used to determine the size of the ait 
conditioning system needed to cool the house 
that you are inspecting. One ton of cooling 
capacity (12,000 Btu) is needed for every 550 
square feet in the structure. Therefore, if you 
are inspecting a house with 1,800 square feet, 
you will require an air-conditioning system 
rated at 3 tons. More recently, because newer 
homes are tighter and are better insulated, a 
figure of 700 square feet per ton has been used. 
‘The exact requirement can be determined by 
a professional. However, the rule of thumb 
is quite effective in determining whether the 
unit servicing the house is grossly oversized 
or undersized. Calculate” your cooling 
requirements and then ask the homeowner the 
capacity of the air-conditioning system. 

You can check the capacity yourself by 
looking at the data plate on the compressor 
condenser. Even though most manufacturers 
donot put the system’s capacity on the data plate, 
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it can be approximated. The model number 
of the compressor on most air-conditioning 
systems contains digits that represent the 
approximate number of thousands of Btu of 
cooling capacity. See TABLE 17-1 

Another figure on the data plate that can be 
used for determining the cooling capacity is the 
fall load amperage (FLA) or rated load amps 
(RLA). There are approximately 7 amps per ton 
of cooling. The FLA for the Tappan compressor 
in TABLE 17-1 is 27.1. When this figure is divided 
by?, yougetapproximately 4tons, which verifies 
the figure indicated by the model number. 

An air-conditioning system should be 
properly sized or slightly undersized, but it 
should not be oversized. A unit that is too large 
operates intermittently. It quickly chills the air 
and then shuts down. When the system is shut 
off, moisture in the air does not condense, and 
the system does not dehumidify the air. For the 
system to remove enough moisture to make the 
air comfortably dry, the evaporator coil must 
be kept cold. This means that the compressor 
should run almost continuously for maximum. 
comfort. Even though a system that is too small 
will run continuously, its cooling capacity is 
not adequate to remove enough heat to cool the 
room toa comfortable level. 


Air-conditioning systems 


There are basically two types of central air 
conditioning systems used in residential 
structures—the integral system and the split 
system. 


Table 17- 


Integral system 
This system, sometimes referred to as a 
single-package unit, is self-contained. That is, 
all the components—compressor, condenser, 
expansion device, and evaporator, plus the 
electrical controls and fans—are contained in 
a single housing. This system, which must be 
vibration-mounted, is often installed in the 
attic or a crawl space with ducts projecting 
through the exterior wall or roof to provide 
air for cooling the condenser. The integral 
system is less expensive than the split system. 
However, the noise level from the compressor 
makes an interior installation less desirable. 


Split system 
In this system, the compressor-condenser is 
physically apart from the evaporator coil. To 
eliminate the interior noise and provide outside 
air for cooling the condenser, the compressor 
and condenser are housed in a unit located 
outside the structure, usually at the rear or 
side. The evaporator coil, on the other hand, is, 
located in the house, either in the attic or inside 
the heating system. The specific location often 
depends on the type of heating system. When 
the house is heated by forced warm air, the 
evaporator coil is usually located in the furnace 
plenum and utilizes the furnace blower to 
move the air through the coil. When the house 
is heated by steam or hot water, the evaporator 
coil is usually located in the attic with a separate 
blower (fan) to move the air through the coil and 
distribute it throughout the house. When there 
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Manufacturer Model number Btu/hour Tons 
General Electric BTB390A 30,000 2% 
Bryant 567CO36RCU 36,0003 
Carrier 38CC042- 42,000 3% 
Tappan Company —CM48-42C 48,0004 
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is no attic, the evaporator unit can be located in 
a closet or the basement. 

The compressor-condenser is connected to 
the evaporator coil by two copper pipes that 
contain the refrigerant that cycles between the 
two units. (See FIG. 17-2.) The diameters of the 
two pipes are different—one pipe is the size of 
a pencil, the other the size of a broom handle. 
The small pipe (pencil size) is the liquid line; 
it carries the high-pressure liquid refrigerant 
from the condenser to the expansion valve. 
The larger pipe (broom-handle size) is the 
suction line; it carries low-pressure refrigerant 
gas from the evaporator coil to the compressor. 
The suction line should be insulated. Usually 
it is covered with black foam-rubber type of 
insulation. 

Inspection procedure Whether the air- 
conditioning system can be checked operatio- 
nally depends on the outside air temperature. 


at 


Most manufacturers do not recommend 
turning on the system at temperatures below 
60° F because of the possibility of damage to 
the compressor. If the outside temperature 
is below 60° F during your inspection, do 
not start up the air conditioner. If the system 
cannot be checked prior to purchasing the 
house, the seller should provide you with 
a guarantee of its operational iniegrity. IF 
the temperature is above 60° F during your 
inspection, walk over to the compressor and 
have someone turn down the thermostat that 
controls the air conditioner so that the system 
will begin to operate. 

Compressor The compressor is the most 
important part of any air-conditioning system 
and the most costly to replace. Its projected life 
is about eight to ten years, although units have 
been known tolastover fifteen years. Inareas of 
the sunbelt with long air-conditioning seasons, 
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Fig. 17-2, Schematic diagram of a split air-conditioning system. The comipressor-condenser is located 
outside the house, and the cooling coil is inside the house (usually in the furnace plenunt or attic). 
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the projected life will be somewhat less. After 
the system has been turned on, listen for any 
unusual sounds. The compressor should start 
upsmoothly.Astraining, grunting, groaning,or 
squealing noise indicates a problem condition 
that should be checked and corrected by a 
competent service organization. Shut the unit 
off and note the condition on your worksheet. 
Once the compressor starts up smoothly, it 
should then operate continuously without 
any noise (except a low hum) or squeaks. The 
compressor should not operate in short cycles 
(on and off repeatedly). If this occurs, there is a 
problem condition and the unit should be shut 
down. 

When the air-conditioning system is 
turned on, the fan associated with the 
condenser should begin to operate at the 
same time as the compressor. Look inside the 
unit to see if the fan is turning. If the interior 
portion is not visible and you cannot see 
whether the fan is operating, place your hand 
over the unit. Air rushing over your hand is 
an indication that it is operating. After the 
system has been operational for about fifteen 
minutes, the air being discharged through 
the condensing coil should be warm. This air 
is removing the heat that has been generated 
during the compression of the refrigerant. 
Air that is not warm is usually an indication 
that the compressor is not operating properly, 
a condition that should also be checked by a 
competent service company. 

After the system has been operational 
for about fifteen minutes, look at the low- 
pressure refrigerant line (the pipe about the 
size of a broom handle). Usually the pipe is 
covered with insulation. If a section of the 
pipe is exposed, grab it with your hand. If the 
compressor is working properly and there is 
an adequate refrigerant charge, the pipe will 
be quite cool to the touch. On many occasions, 
the pipe and end fittings will be “sweating” 
as a result of condensation. This is a normal 
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operating condition. However, a low-pressure 
line covered with frost usually indicates a 
deficiency in refrigerant. Even though cooling 
can be obtained with an air-conditioning 
tem that is deficient in refrigerant, the 
efficiency of the system is greatly reduced. 

Occasionally you will find a sight glass 
on the small-diameter refrigerant line. The 
sight glass is a small device installed directly 
into the high-pressure liquid refrigerant line 
that allows the homeowner to see whether 
there is a problem with the flow of the liquid 
refrigerant. The refrigerant is colorless, and 
if the system is operating properly, nothing 
unusual will be noted when looking at the 
sight glass. However, when the system is low 
in refrigerant, bubbles will show up in the 
liquid as it passes under the glass. Record it on 
your worksheet. 

‘The location of the compressor-condenser is 
important for efficient operation. (See FIG. 17:3.) 
‘The compressor should be located where it will 
receive a minimum of direct sunlight, since the 
cooler the air flowing across the condenser, the 
more efficient the cycle. See if the compressor 
positioned so that the condenser air intake 
is at least 12 inches away from any obstruction 


Fig. 17-3. Typical compressor-condenser for a 
split air-conditioning system. Airflow through 
unit must be unobstructed. 


or dense shrubbery. If it isn’t, there will not be 
an adequate airflow for condenser cooling. 

The compressor-condenser can be a noisy 
piece of equipment and should be vibration- 
mounted on a concrete slab or precast concrete 
blocks that will not settle. The unit should be 
level. Excessive uneven settlement can cause 
fractures in refrigerant-line fittings and thereby 
allow the refrigerant to escape. 

Look for an electrical disconnect switch 
on the exterior wall near the compressor. 
The purpose of this switch is to allow the 
‘maintenance man to disconnect the unit so that 
if someone in the house unknowingly turns the 
thermostat down, the unit will not be activated 
while he is making repairs. The absence of a 
disconnect switch should be recorded on your 
worksheet. The overall compressor-condenser 
unit should be checked to see whether it is in 
need of a cleaning. These units require periodic 
cleaning because leaves, seed pods, twigs, and 
dust tend to clog the condenser, thus restricting, 
the airflow. The condenser has fins like an 
automobile radiator’, which can clog easily. 

The condenser discussed above is air- 
cooled. On occasion, you might see a condenser 
that is water-cooled. A water-cooled unit can 
be located inside the structure since it does 
not require outside air. These condensers are 
generally not used for residential structures 
because they are quite wasteful and costly to 
operate. To cool the condenser adequately, cold 
water flows through a jacket around the coils 
absorbing heat and is then directed into a sink 
or floor drain. If the central air-conditioning 
system operates for twelve hours a day, this 
type of system can waste several thousand 
gallons of water a day. If you find this type of 
condenser in the air-conditioning system, you 
should consider its replacement. 

In large air-conditioning systems such as 
those found in apartment buildings, water- 
cooled condensers are not wasteful or costly 
to operate because the cooling water is 


recirculated. After the water absorbs heat in the 
condenser, it is pumped up to a cooling tower, 
often located on the roof, where it loses its heat 
and is then recirculated to the condenser. 

Evaporator After checking the compressor- 
condenser, you should inspect the evaporator 
unit, commonly called the cooling coil. The 
evaporator will usually be located in the attic 
or the basement. When the unit is located in 
the attic, you will often find the refrigerant 
lines from the compressor running up along 
the outside of the structure and entering the 
building at the attic level. When the evaporator 
coil is located in the basement, either as a 
separate unit or in the furnace plenum, the 
refrigerant lines from the compressor are short 
and run directly into the structure. If possible, 
the evaporator coil should be observed after 
the unit has been operational for about thirty 
minutes. The coil might not always be accessible 
because it may be covered with a sheet-metal 
casing that cannot be easily disassembled. If the 
evaporator is accessible, look at the coil and the 
associated refrigerant tubing. The evaporator 
is used to cool and dehumidify the circulating 
air. If you notice a frosting condition (a buildup 
of ice) on portions of the coil and refrigerant 
tubing rather than dripping water, the system is, 
not operating properly. The frosting is usually 
the result of an insufficient airflow through the 
evaporator coil or an inadequate amount of 
refrigerant in the system. This condition should 
be indicated on your worksheet. 

Furnace-mounted evaporator When the 
house is heated by forced warm air, the most 
common location for the evaporator is in the 
furnace plenum. A furnace-mounted unit takes 
advantage of the ducts that have been installed 
for heating the house and also uses the heating- 
system blower to circulate the cool air. 

You can tell if the evaporator coil is located 
inside the furnace plenum by whether there 
are refrigerant lines entering the sheet-metal 
casing of the plenum. The refrigerant lines 
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inside the casing are connected directly to the 
evaporator coil. The most common type of coil 
that is found in a furnace plenum is a two- 
section design, an A-coil (because of its shape). 
Sometimes an inclined or horizontal coil is 
used. (See FIG. 17-4.) 

Below the evaporator coil is a pan that 
collects the water condensing out of the 
circulating air. The water is then removed by 
‘means of a plastic drain line that will be visible 
when looking at the furnace plenum. Look for 
it. Depending on the location of the furnace, 
the condensate drain line will run to a nearby 
sink where the condensate drips down the 
drain or will run through the foundation wall, 
where the condensate drips on the outside. 
When the condensate drain line is extended 
through the foundation wall, there should be 
a splash plate below the end of the pipe so 
that the dripping water can be directed away 
from the foundation, 


Fig. 17-4. Evaporator (cooling) coil mounted in 
fuurnace plenum. 
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‘Sometimes the condensate drain line runs 
from the furnace down to a small hole in the 
floor slab. The condensate trickling out of the 
drain line accumulates below the slab. This 
method of removing the condensate is not very 
desirable in those areas where the water will 
not readily drain because of a high water table 
ora high clay content in the soil. Even though 
the amount of water discharging from the 
condensate drain is small, the introduction of 
additional water could aggravate a condition 
that makes the lower level of the structure 
vulnerable to water seepage. 

‘Thecondensate drain lineshould terminate 
at the plenum with a U-shaped trap. Since the 
condensate drain line is an open pipe leading 
directly into the cooling coil, the trap, which 
is on the negative side of the blower, prevents 
the blower from sucking air up through the 
drain line. This would inhibit the condensate 
from flowing out and could cause a flooding 
problem, Look for a trap. Ifitis missing, record 
that on your worksheet. 

Occasionally the condensate drain dis 
charges into a small rectangular box located 
near the furnace. This box is the reservoir for 
a lift pump. The purpose of the pump is to lift 
the condensate to a level where it can then 
flow to any desired location. Without a pump, 
it is often necessary to position the drain 
line so that it blocks a portion of the room or 
interferes with foot traffic. Check the pumps 
operation. These pumps have a float control 
that is activated when the water reaches a 
preset level. If there is only a small amount 
of water in the reservoir, the pump can be 
checked by pouring water from a glass into the 
reservoir. A malfunctioning pump should be 
recorded on your worksheet. 

Now look at the overall furnace plenum 
around the evaporator coil. Rust and mineral 
deposits indicate a past or present problem in 
condensate removal. Water overflowing the 
condensate drain pan can damage the heat 


exchanger below. If you see this condition, 
you should have the furnace heat exchanger 
checked by a heating contractor for signs of 
deterioration. (See chapter 14.) 

When the evaporator coil is located 
inside the furnace plenum, the blower for 
the heating system is also used as the blower 
for circulating the cool air. Because cool air 
s heavier than warm air, when the blower is 
used for air-conditioning, it should operate 
at a higher speed. Most often, however, the 
furnace is equipped with a one-speed motor. 
Consequently, the air-conditioning system 
is often not as effective as it might be. A 
pair of double- or triple-sheaved hubs can 
be installed to allow multispeed operation. 
When the blower is turned off by the master 
switch, check the tension in the fan belt. There 
should be no excessive slack. Press the belt 
midway between the pulleys. If the belt gives 
more than % inch to an inch, it is too loose, 
and adjustment is needed. When the blower 
is operating, listen for any unusual noises or 
vibrations. They should be recorded on your 
worksheet. You might also ask the owner 
when the unit was last serviced—there is no 
substitute for periodic maintenance. 

Blower coil When the evaporator coil 
is housed in a separate casing that contains 
a blower for circulating the cool air, the coil 
is commonly referred to as a blower coil. Most 
often, the blower coil is located in the attic. 
However, it can be located in a closet or in the 
basement. The blower coil should be vibration- 
mounted to prevent the noise of the blower 
unit from being transmitted into the living 
area. Vibration mounting can be achieved by 
placing the unit on rubber, cork, or styrofoam 
pads. (See FIG. 17-5.) The vibrations might also 
be isolated in the attic by suspending the unit 
from the roof rafters. 

The base of the blower coil is basically a 
condensate collection pan. The accumulated 
condensate is removed by means of a drain 


17-5, Attic-mounted blower coil. Unit is 
resting ona styrofoam pad to minimize vibrations. 
Below the unit is an auxiliary condensate drain 

pn and associated drain line. Note that the main 
condensate drain line does not have a U-shaped trap. 


line that will extend through the exterior wall, 
terminating on the outside, or extend through 
the lower portion of the roof, terminating in the 
gutter. Sometimes the condensate drain line 
terminates in the plumbing vent stack located 
intheattic. (See FIG. 17-6) In many communities, 
this type oftermination is not permitted because 
itis not in compliance with the plumbing code. 
If the drain terminates in the vent stack, record 
that on your worksheet. The legality of this 
type of connection should then be verified with 
the local building department. 

The purpose of the vent stack is to 
channel sewer gases in the plumbing system 
to the outside. If the condensate drain line is 
connected to the vent stack and there is no trap 
on the drain line, the sewer gases may back up 
into the condensate drain line, enter the blower 
coil, and be circulated throughout the house. 
An additional concern is bacterial growth 
developing in the air handler. The condensate 
drain line should have a U-shaped trap near 
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Fig. 17-6. Air-conditioning condensate drain line 
terminating in plumbing vent stack. In many 
communities, this type of termination does not 
comply with the plumbing code. 


its connection to the blower-coil housing. On 
many installations, this trap is omitted. Look 
for it. If it is missing, one should be installed. 

When the blower coil is located in the 
attic, certain steps must be taken to prevent 
cosmetic damage to the ceiling below in the 
event of a blockage in the main condensate 
drain line. Some blower-coil housings have a 
fitting for an auxiliary drain line that is located 
just above the main condensate drain fitting. 
If the main drain becomes clogged, the level 
of the condensate will rise and be drawn off by 
the auxiliary drain, 

For those blower coils that do not have a 
fitting in the housing for an auxiliary drain line, 
there should be an auxiliary drain pan below 
the unit. The auxiliary pan will collect any 
condensate that overflows from the main pan 
when there is a blockage in the main drain line. 
Look for an auxiliary drain pan. In some parts 
of the country auxiliary drain pans are installed 
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when the blower coil is located over any furred 
space, even when the blower housing has an 
auxiliary drain fitting. Record the absence of 
‘one on your worksheet. Unfortunately, many 
air-conditioning contractors do not install the 
auxiliary drain or drain pan. Because rising 
costs make it difficult to remain competitive, 
they cut costs wherever they can. 

The auxiliary drain pan must have a 
separate drain line that discharges to the 
outside. It should not be connected to the main 
drain line. (See FIG. 17-7) IF itis, it reflects poor- 
quality workmanship; if the main drain line 
becomes clogged near the discharge end, the 
auxiliary drain line will also not function. 

If the evaporator coil is accessible, it 
should be inspected for frost buildup. From 
an efficiency point of view, the attic is the 
least desirable area for locating the blower 
coil because of the high temperatures, easily 
reaching the 140° to 150° F that normally occur 
during the summer. Even though the blower 
coil is insulated, there will be a heat gain 
because of this high temperature. The overall 
attic temperature, however, can be lowered by 
increasing the number or size of the attic vent 
openings. A ridge vent is quite effective, as is a 
thermostatically controlled power ventilator. 

Ducts After the air-conditioning system 
has been operational for about fifteen minutes, 
the air discharging from the registers should 
be felt to determine whether it is relatively 
cool. The temperature of the air discharging 
from the supply registers should be about 
15 degrees lower than the temperature in the 
room. If the air does not have a slight chill, it 
might be because there is a heat gain along 
the duct leading to that register as a result of 
inadequate insulation, or the system may be 
undersized or low in refrigerant. 

While checking the temperature of the 
air leaving the supply registers, also check 
the airflow. If the air discharging from the 
registers has a low flow and appears to be 


Fig. 17-7. Auxiliary 
condensate drain line 
connected to main condensate 
line. This negates the 

use of an auxiliary drain 

and reflects poor-quality 
workmanship. If the main 
drain becomes clogged 

near the discharge end, the 
auxiliary drain will not 
function, Note that the 
U-shaped trap is missing. 


sluggish, it might indicate that there is an 
obstruction within the system caused by 
dirty filters or icing on the evaporator coils. 
Sometimes the condition is caused by an 
undersized fan or the need for balancing the 
airflow between the registers. In any case, 
the condition is abnormal and should be 
recorded on your worksheet. 

‘As with a heating system, the location of 
the supply registers is important for effective 
air-conditioning. Since cool air is heavier than 
warm air, the cool air will tend to accumulate 
near the lower portion of theroomand the warm 
air near the top. As a result, there is usually a 
temperature difference between the ceiling 
and floor. This stratification of heat layers can 
be minimized by adequate circulation in the 
room. Adequate circulation can be achieved by 
locating the supply registers on the opposite 
ide of the room from the return grille. When 
the return grille is near the supply register, the 
air discharging from the supply is drawn in by 
the return grille and does not have a chance to 
circulate adequately around the room. In many 
houses, the rooms do not have individual 
return grilles. Instead there might be a large 
central return located in the hall. In these cases, 


the supply registers should be located on a 
wall that will allow the supply air to circulate 
completely prior to being drawn off and 
returned to the central grille. Also, the doors 
to the individual rooms must be undercut so 
that when they are closed, the supply air will 
be able to flow to the return grille. 

Ideally, air-conditioning supply registers 
should be located in or near the ceiling. To 
minimize air-conditioning installation costs, 
rather than install new ducts many new homes 
use the ducts and registers provided with a 
forced-air heating system. These registers are 
usually located near or at the floor level and are 
quite effective for heating purposes. However, 
when they are used for air-conditioning, they 
are less effective and tend to increase the 
stratification effect. Some houses that have 
forced-warm-air heating have what are called 
high-low registers. The duct supplying the heat 
register is extended vertically to a point near 
the ceiling level where it terminates at another 
register. When the system is used for heating, 
the damper controlling the upper register 
is manually closed, and the lower register is 
opened. When the system is used for cooling, 
the damper controlling the lower register is 
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closed, and the upper register is opened. This, 
type of arrangement is very desirable and is 
often found in high-quality construction. 

The presence of a central air-conditioning 
system does not mean that the entire house is 
air-conditioned. Look specifically for registers 
as you walk through the house. In many raised 
ranches, Ihave found that the upper level is air- 
conditioned and the lower level is not. If you 
have any questions, check each room while the 
air-conditioning system is operating. 

There are two basic types of ducts used in 
residential structures—sheet metal and glass 
fiber. While checking the distribution portion 
of the air-conditioning system, look for exposed 
ducts. The glass-fiber type of duct is by its very 
nature insulated. However, the metal duct may 
or may not be insulated. The fact that there is 
exposed metal on the outside does not mean 
that the duct is not insulated. The insulation 
might be located inside the duct. Whether the 
‘metal duct is insulated can be determined by 
feeling the duct when the system is operating (if 
no insulation, the duct will be quite cool) or by 
striking the duct with your fingernail. If there is 
no insulation, you will heara ringing sound, and 
if there is insulation, you will hear a dull thud. 
All ducts that lead through unfinished areas 
such as crawl spacesand attics must be insulated 
so that the cool air flowing through the ducts 
will not absorb heat from its surroundings. Pay 
particular attention to the joints for indications 
of air leakage. Any open joints should be sealed 
with inexpensive duct tape. Also, whether the 
evaporator coil is located inside the furnace 
plenum or in the attic, check the joints around 
the housing for air leakage. Very often, there are 
open joints that must be sealed. 


Heat pump 
A heat pump is a year-round air-conditioning 
system that provides warm air during the 
winter and cool air during the summer. It is 
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basically a compressor-cycle air-conditioning 
system (similar to the one described previously) 
that can operate in reverse. During the reverse 
operation, the condenser functions as an 
evaporator, and the evaporator functions as 
the condenser. The overall refrigerant cycle, 
however, remains the same. (See page 262 and 
FIG. 17-1 for the operational flow details.) 

When the system is operating, the 
condenser (which is located in the house) is 
cooled by the air that is circulated around the 
house. As this air passes over the condenser, 
it absorbs heat that is used for heating the 
house. For the cycle to operate properly, the 
evaporator (which is located on the outside) 
must absorb heat from the outside air. Even 
when the outside temperature drops to as 
low as 20° F, the evaporator can absorb heat 
because the refrigerant within the evaporator 
is at a lower temperature. However, as the 
temperature of the outside air drops, the ability 
of the evaporator to absorb heat decreases, 
decreasing the effectiveness of the heat pump. 
Even though a heat pump may be operational 
at temperatures as low as 20” F, the Btu output 
sufficiently reduced so that auxiliary heaters 
are usually required. 

‘A heat pump should be sized for the 
air-conditioning load and not the heating 
load. Otherwise, the air conditioner will be 
oversized. Except for a small section of the 
Deep South, the heating load on a house will 
always be greater than the cooling load. A heat 
pump will produce approximately 20 percent 
more Btus per hour for heating than it does 
for cooling. Consequently, in most parts of 
the country, when a house is heated by a heat 
pump, auxiliary heat will also be needed. For 
‘example, in the New York area, a typical eight- 
room house would require a furnace that could 
produce about 100,000 Btus per hour for winter 
heating and also a 3% ton (42,000 Btu/hour) 
air-conditioning unit for summer cooling. If a 
properly sized heat pump was used for heating, 
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it would produce only 50,400 Btu/hour. The 
remaining 49,600 Btu/hour would have to 
be provided by auxiliary heaters, which are 
usually electrical resistance heaters. 

The auxiliary heaters in heat pumps 
are automatically activated when the pump 
cannot supply sufficient heat to keep up 
with the heat loss of the structure during the 
winter. In northern communities where there 
is a considerable amount of moisture and low 
temperatures during the winter, there is a 
tendency toward an ice buildup on the metal 
fins ofthe outdoor evaporatorcoil. Anexcessive 
ice buildup could cut off air circulation acros 
the coil and result in a loss of heating capacity. 
With some heat pumps, this icing condition is 
automatically controlled by a defrost cycle that 
reverses the flow of the refrigerant for a short 
time. The hot refrigerant heats the outdoor 
coil and melts the ice. During the defrost cycle, 
the auxiliary heaters are usually energized to 
offset the cycle’s cooling effect on the indoor 
circulating air. 

‘A heat pump can operate in either the 
heating or air-conditioning mode. Most 
manufacturers suggest that the unit be 
operated in the air-conditioning mode when 
the outdoor air temperature is above 65° F 
(unlike a regular air conditioner, where the 
recommended temperature is 60° F) and in the 
heating mode when the temperature is below 
65° F. Operating a heat pump in the wrong 
mode can result in damage to the compressor. 

The components and problems of heat 
pumps are basically similar to those of air- 
conditioning systems. Consequently, the 
overall inspection procedure outlined earlier 
in this chapter for air conditioners should 
be used when inspecting heat pumps. 
However, you should not check both modes 
of operation. As long as the unit is functioning 
properly in the mode tested, it is an indication 
that the major and most costly components 
(compressor, fans, and coils) are operational. 


The system should then also function in the 
opposite mode. If it doesn’t, a faulty reversing 
valve is usually the cause. 


Evaporative cooler 


One of the benefits of air conditioning is 
the dehumidification of the circulating air. 
This benefit is not without cost. Cooling and 
dehumidifying the air is more costly than 
cooling alone. In the southwestern part of the 
United States, the outdoor air is relatively dry, 
and dehumidification is not necessary. In this 
area, cooling can be achieved by means of an 
evaporative cooler. Because of the low humidity, 
water readily evaporates. In the evaporation 
process, the water absorbs heat from its 
surroundings and lowers the temperature. 

The typical evaporative cooler consists of 
a sheet-metal and plastic casing containing 
a fan, pads, filter, and a water source. The 
pads, which hold the water, can be wetted by 
a spray, by a trickling stream, or by passing 
through a reservoir on a rotating drum. In 
some units, the wetted pads also function as 
air filters. As the air passes over or through the 
pads, itis cooled by the evaporating water and 
then distributed throughout the house. 

When inspecting an_—_ evaporative 
cooler, turn the unit on and listen for any 
unusual sounds or vibrations in the blower 
compartment. Also look for signs of water 
leaks and check the pads for deposits and 
crusting. For efficient operation, the pads may 
require cleaning or replacement. 


Checkpoint summary 


General considerations 

O How old is the air-conditioning 

O When was the unit last serviced? 

© Do not turn system on if the outside air 
temperature is below 60° F. 


tem? 
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‘Compressor-condenser 

O Check compressor during startup. Listen 
for any unusual sounds, such as straining, 
groaning, or squealing, 

© Does compressor operate smoothly with- 
out short-cycling (repeated startup and 
shutdown)? 

O Is condenser fan operating properly? 

O Does compressor appear to be functioning 
properly? (Warm air should be discharg- 
ing from unit.) 

© Are there indications that the system is low 
in refrigerant (frosting on low-pressure ref- 
rigerant line or air bubbles in sight glass)? 

O Is compressor-condenser located properly 
for maximum effectiveness (minimum sun 
exposure and unrestricted airflow)? 

© Is unit in need of a cleaning (clogged with 
leaves, twigs, dust, etc.)? 

© Check that unit is level and adequately 
supported by a concrete pad or blocks. 

O For safety and maintenance, check for a 
main electrical disconnect for the compres- 
sor located near the unit. 


Evaporator (cooling coil) 

O During operation if possible, check cooling 
coil for frosting (ice buildup), usually the 
result of an insufficient airflow or lack of 
refrigerant. 


Furnace-mounted evaporators (installed 
in the furnace plenum) 

O Check for signs of leakage, mineral depos- 
its, and areas of rust and corrosion. 

© Note method of condensate discharge. Is it 
—to a nearby sink? 
—to the exterior? 
—to a floor drain? 
—to a hole in the floor slab (less desirable)? 

O If condensate discharges into a reservoir 
lift pump (small rectangular box), check 
operation of pump. 
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© Check blower motor for unusual noises 
and vibrations. Is blower a single- or two- 
speed unit? 


Blower coil (housed in a separate casing 

and most often located in the attic) 

Is unit vibration-mounted? 

If access is available, inspect evaporator 

coil for frost buildup. 

Check for a condensate drain line, 

Does this drain line discharge the conden- 

sate to a nearby roof gutter or directly into 

a plumbing vent stack? (The latter type of 

connection is usually not permitted and 

should be verified with the local building 

department.) 

© Check blower-coil casing for auniliary drain- 
line fitting; if not present, check for auxiliary 
drain pan below the unit. The auxiliary pan 
should contain an independent drain line 
that is not connected to the main drain line. 

© If blower coil is located in attic, is the attic 
adequately ventilated? 

O Is ventilation provided by ridge vent or ther- 
‘mostatically controlled power ventilator? 
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Ducts or registers 

© Check airflow and temperature after fif- 
teen minutes of operation. 

O Note type of supply registers—ceiling 
units, combined type (heating and air con- 
ditioning), or high-low registers. 

© Check whether all rooms 
conditioned. 

© Are supply registers and return grilles eff- 
iciently located? 

© If rooms do not have individual return 
grilles, check for a large central return grille 
(often located in the hall). 

© Are doors to the rooms undercut to permit 
proper air circulation? 

© Check ductwork for open joints, signs of 
air leakage, and uninsulated ducts (par- 
ticularly in the attic and crawl spaces) 
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Swimming pools, like central air-conditioning 
systems, are no longer considered a luxury 
that only a privileged few can afford. New 
construction methods and materials have 
considerably lowered the cost of construction. 
Swimming pools can be installed either 
in-ground or aboveground. You will find them 
with various sizes and shapes that can fit into 
almost every budget. Because the shape of an 
in-ground pool can be freeform, the shapes 
available are limitless. On the other hand, 
the shape of aboveground pools is basically 
limited to circular, rectangular, or oval. There 
are three types of construction for the shell of 
an in-ground pool: concrete, vinyl lined with 
sidewall supports, and preformed fiberglass. 
These items as well as the pool's associated 
equipment and accessories will be discussed 
below. 


Concrete pools 
Concrete pools can be constructed using any 
of four methods: shoterete, gunite, poured 
concrete, and concrete block. Both shotcrete 


and gunite are applied and sprayed from 
a hose that is directed behind, over, and 
above previously installed reinforcing rods 
(re-bars). (See FIG. 18-1,) Shoterete is premixed 
wet concrete, and gunite is a dry mix, which 
combines with water as it discharges from the 
hose. The spraying of the concrete mix allows 
complete freedom of size and shape because 
it can follow the contours of any excavated 
shape. Poured concrete and concrete block 
walls are more restrictive with regard to the 
shape of the pool. Whichever method is used. 
to construct the shell, an interior finish must 
be applied to provide a waterproof surface. 
‘Themostcommon finish used ona concrete 
pool is plaster. It gives a smooth finish to the 
pool and also provides a nonskid walking 
surface. (Gee FIG. 18-2) The projected life of a 
plaster finish is about 7 to 10 years depending 
on how well the pool and water quality has 
been maintained over the years. In many 
homes where the pool and the chemistry of 
the water have been diligently maintained, the 
plaster finish has lasted considerably longer. 
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Other finishes are paint, _fiberglas 
coating, and ceramic tile. Tile is by far the 
most expensive; so most homeowners opt for 
a decorative ribbon of tile above the water line. 
The top edge of the pool shell is covered with 
coping, which prevents water from getting 
behind the shell. Itcan also serve as a handhold 
for swimmers and as a shove-off point into the 
water. The coping can be in the form of precast 
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Fig. 18-1. Gunite being 
sprayed around reinforcing 
rads for a concrete 
swimming pool. 


Fig. 18-2. Plaster finish 
‘being applied to a concrete 
pool 


coping stones, flagstones, or brick, or it can 
even be the extension of a concrete deck over 
the edge of the pool shell. 


Vinyl-lined pools 
The advent of vinylined pools brought 
the ownership of swimming pools to within 
the reach of many families. Construction of the 


pool shell consists of two phases: building of 
the perimeter frame or sidewalls and installing 
the liner. The most common sidewall panels 
are galvanized steel or aluminum, The frame 
must be structurally adequate to support the 
various forces exerted on the pool. After the 
idewalls are bolted together, the bracing is 
installed. (See FIG. 183.) Then the area around 
the bracing is backfilled so that it is flush with 
the surrounding terrain. The sidewalls must 
have a smooth surface so as not to abrade the 
vinyl. They also don’t have to be waterproof 
since the vinyl lining is. Prior to installing the 
liner, the base must be prepared. The bottom 
of the liner generally rests on a 2- to 3inch 
sand base, and the top is secured with a special 
coping. The life of a vinyl liner is affected by 
the sun’s ultraviolet light and the chemistry of 
the water. Manufacturers generally guarantee 
a liner against defective workmanship for 
10 years. As vinyl pool liners age, the material 
becomes less supple and more prone to leaks 
from cracks or damage. It is possible to patch a 
small hole in a vinyl pool with a similar vinyl 
sheet material and a waterproof adhesive. 
Patching, if done correctly, can be effective, but 
once a liner has reached the age when several 
patches are needed, it is worth considering 
replacing the liner. 


Fig. 18-3. Steel bracing for 
the shell of a vinyl-lined 
pool. 


Aboveground pools are also vinyl lined. 
They are considered portable pools in that 
they can be dismantled and moved to a new 
location; however, many pools are partially 
or fully surrounded by a deck and are more 
permanent. The walls of the pool must be 
self-supporting and capable of withstanding 
the pressure being exerted on them by the 
water. The walls are usually galvanized steel, 
plastic, or aluminum and are 48 or 52 inches 
high. Because of the height of the walls, most 
municipalities do not require a safety fence 
surrounding the pool, 


Preformed fiberglass pools 
There are a number of advantages to a 
preformed fiberglass pool. The major 
advantage is its durability; the pool can flex 
and not get damaged. Also time is not lost in 
constructing the pool shell. After the site is 
excavated and prepared, the pool shell, which 
isbrought to the site by truck, is lifted by a crane 
and placed into the excavation. (See FIG. 184.) 
Another advantage is the low maintenance. 
It is difficult for algae to cling to the sides of 
the pool because of its very smooth surface. 
Asa result, the walls are very easy to clean. 
‘The main drawback of preformed pools is that 
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they are limited in size and shape. However, 
once the installation of the pool is complete, 
you cannot readily tell the difference between 
it and an on-site constructed pool. 


Pool equipment 


The standard equipment associated with 
circulating the water in a swimming pool are 
the pump and motor, filter, heater, and surface 
skimmer. The water circulation system is a 
closed system. The pump, which is driven by 
the motor, is normally located on the intake 
side of the filter. It draws water from the pool 
and forces it through the filter where dirt 
particles are removed. The water then flows 
to the heater and then back to the pool. To 
prevent the pump from getting clogged, there 
is a strainer basket on the water inlet side of 
the pump, which catches hair, lint, and other 
debris, 

There are three basic types of filters 
available for swimming pools: sand filters, 
cartridge filters, and diatomaceous earth (DE) 
filters. The filters have no moving parts, and 
any one of the three will provide effective 
filtration. No matter which filter is used, 
the filtering medium will require periodic 
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Fig. 18-4, Preformed 
fiberglass pool shell being 
installed in excavated area. 


cleaning. The process used toclean DE and sand 
filters is backwashing, which is sending water 
backward through the filter, thereby flushing 
the debris onto the lawn, into the street, or to 
an approved drain line or sewer. Cartridge 
filters are not cleaned by backwashing; the 
cartridge is simply removed from the casing 
and washed. Most filters havea pressure gauge 
that is mounted on the top of the casing. The 
normal operating pressure is usually around 
10 to 12 psi, although for some of the newer 
filters, it may be between 5 and 7 psi. As the 
filtering medium becomes dirty and clogged, 
it takes more pressure for the water to flow. 
It is generally time to clean the filter when the 
filter pressure increases approximately 10 psi 
above the normal operating range. 
Aswimming pool heater is not mandatory, 
but most houses with pools have one for 
comfort and because the heater can extend 
the swimming season. Most swimming pools 
are heated with a gas-fired heater, although 
they can also be heated with an electric heater 
and to a limited extent with solar heating or 
a heat pump. The ignition system in gas-fired 
heaters will be either a pilot light or electronic 
spark ignition. Either natural gas or propane 
gas (LP) can be used as the fuel for firing the 


heater. However, a heater that is designed for 
natural gas should not be used with propane 
gas and vice versa, because it will not operate 
properly. Keeping the pool water in the proper 
chemical balance is very important not only 
for health reasons and maintaining the quality 
of the water but also to extend the life of the 
pool heater. Water that is out of balance will 
result in a scale buildup within the heater, 
which if not corrected will cause a blockage oF 
water circulation, 

Most swimming pool shells have at 
least one to two built-in surface skimmers 
with skimmer baskets that are tied into the 
water's circulation system. When the pump 
is operating, dirt, leaves, oils from lotions, 


algae, and other debris that float on the 
water's surface are drawn into the skimmer by 
floating over the entrance weir. (See FIG. 18-5.) 
‘The baskets trap and collect the larger debris, 
and the oils and dirt particles circulate back 
to the filter where they are removed from the 
water. Some pools have skimmers that are 
also connected to a pipe located below the 
water level. This pipe prevents air from being 
sucked into the circulation system when the 
water level is down. Otherwise, when the pool 
water level is below the bottom of the weir, 
air will be drawn into the circulation system, 
which could damage the pump. The pump 
is not designed to run dry. Running a pump 
with air in the system or running it dry can 


Fig. 18-5. Cutaway view of a 
typical surface skimmer for a 
concrete pool. 


Floating weir 
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cause overheating and seriously damage both 
the pump and the motor. 


Pool accessories 


There are a number of accessories associated 
with a swimming pool, but the ones of concern 
from an inspection point of view are the pool 
cover, diving board, ladder, slide, and grab 
rails. 

The main use for a pool cover is to keep 
debris outof the pool. It is mostly used when the 
pool will not be used for an extended period of 
time, suchas during the winter months. (See FIG. 
186) However, depending on the material 
and design, the covers are also used by some 
homeowners during the swimming season to 
minimize heat loss and maximize heat gain. 
There are also safety covers that prevent small 
children or animals from falling into the pool 
‘These covers are reinforced mesh with spring- 
loaded straps that hook onto the deck. There 
s also a “thermal or solar” cover available for 
a pool. It is essentially a sheet of vinyl bubble 
wrap that floats on the water. One puts it over 
the pool during swimming season because it 
allows the sun to heat the water and because it 
provides a barrier against evaporation. 
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Diving boards are available in spring- 
assisted and simple platform models. They 
are covered with fiberglass to make them 
waterproof and topped with a nonslip coating. 
Because of the danger of injury, some homes 
have jump boards rather than diving boards. 
Jump boards are shorter and are considered 
safer than diving boards. The concern about 
ladders, slides, and grab rails is whether they 
are adequately anchored to the deck. 


Inspection procedure 

In most municipalities a swimming pool is 
considered to be an auxiliary structure, and, 
as such, a building permit is required prior to 
construction. After completion, depending on 
the municipality, a Final Inspection Certificate, 
a Certificate of Compliance, or a Certificate of 
Occupancy is normally issued. If the house 
that you are inspecting has a swimming pool, 
check to see if there is a completion certificate 
for the pool. 

There are certain limitations in a home 
inspection with regard to a swimming 
pool that you should be aware of. With no 
splashing, the average water loss in one week 
from evaporation is less than 1 inch. There 


Fig. 18-6, Pool cover keeps 
debris out when pool is not 
in use for extended period 
of time. 


could bea leak in the underground piping that 
causes the water level to drop more than what 
would be expected over a 24-hour period. This 
isa major problem to correct, but it will never 
be picked up during a home inspection. Pools 
lose water continuously through evaporation, 

plashing, and on the bodies of swimmers 
as they get out of the water. This is normal. 
However, a steady drop in the water line even 
when the pool is not being used may indicate 
a leak. This item should be discussed with the 
seller. In addition, the chemical composition of 
the water is generally not checked as part of a 
home inspection because it is considered to be 
normal ongoing maintenance. 

As you walk around the house during your 
exterior inspection, check to see if there is a 
fence that encloses the swimming pool. This is 
important froma safety point of view. The fence 
should provide limited access to the pool. The 
gate(s) must be self-closing and selflatching. 
Check the condition of the fence and the 
operation of the gate. If maintenance is needed, 
record it on your worksheet for later correction. 

The swimming pool and equipment can be 
inspected either before or after the inspection 
of the house, whichever is convenient. Check 
the condition of the deck that surrounds the 
pool. With an in-ground pool the deck is often 
concrete, although it could be stone, tile, or 
brick. Specifically look for cracked, chipped, 
or settled sections. Uneven joints between the 
sections are considered tripping hazards. If 
there are any open joints, particularly between 
the deck and the coping, they must be sealed. 
While on the deck if there is a grab rail, ladder, 
and slide, check to see if they are adequately 
anchored to the deck. If there is a diving 
board, look for cracks. If there are any, the 
board should be replaced. Is the board topped 
with a nonslip coating? Many older pools with 
diving boards do not meet new diving board 
tandards. The safety upgrades outlined in the 
standards are mandatory. Check with a local 


pool company for the latest standards. With an 
aboveground pool the deck is generally wood 
constructed. Check the decking and railing for 
cracked, broken, or rotting sections. If there is 
access to the area below the deck, inspect the 
support framing 
‘After the deck 


inspection check the 
condition of the pool's sidewalls. With a vinyl- 
lined pool, look for staining, discolorations, or 
tearsin the lining, Faded liners are more likely to 
tear. Has any portion of the lining pulled out of 
the edge retainer? If there are stains in the liner 
at the bottom of the pool that don’t continue up 
the sides, it may indicate a fungal growth in the 
sand below the liner. With tile-lined concrete 
walls, look for cracked, loose, chipped, or 
missing tiles. If the walls are finished with 
plaster, check for spalling (flaking or chipped) 
or cracked sections. With painted walls, look 
for flaking or faded paint and cracks. As you 
walk around the pool looking at the sidewalls, 
check the skimmer. Does the weir move freely? 
Is it broken or missing? Is the strainer basket in 
place? Is it damaged? 

Before you inspect the pump, filter, and 
heater, look closely at the pool water. If it is 
turbid, it would indicate that the filter is in 
need of a cleaning. If there are tiny bubbles 
dischargingat the water-supply outlet, it would 
indicate that air is getting into the system. This 
condition must be corrected to prevent possible 
damage to the pump. Check the cover to the 
pump’s hair and lint strainer. Most covers are 
transparent. If bubbles are visible, it would 
normally indicate that the cover is not tightly 
secured or that the gasket needs replacement. 
However, if there are no bubbles, you should 
suspect a leak in the water circulation system. 
In this case, further investigation is required 
bya pool service company. 

When inspecting the pump, listen for any 
abnormal sounds. If it is noisy, there may be 
impeller damage or worn bearings. A pump 
that is very hot to the touch is also a problem 
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condition. It could indicate that the pump is 
running dry. If there is water dripping around 
the pump, it may indicate leakage around the 
shaft because of worn seals or because the hair 
and lint strainer cap is not tightly secured. 
Check the pressure gauge on the filter. Is it 
inoperative? Is the pressure excessively high? 
If the heater is not on, turn it on. If it doesn’t 
fire up, record it on your worksheet. If the 
heater cycles on and off, it may indicate low 
water flow, a condition that must be corrected. 
To whatever extent the burner area is visible, 
look for a scale buildup with rust flakes and 
dust. Is water dripping in that area? Ifit is, you 
should suspect pin-hole leaks. If this condition 
exists, have the heater inspected by a pool 
service company. If there is an underwater 
pool light, check to see if it is operational. Also 
if there are electrical outlets nearby, check to 
see if they are GFI protected. 

If the pool is not being used and is covered 
over, check the condition of the cover. Is it 
worn, are there any torn or damaged sections? 
If the cover is held in place with straps, are any 
straps missing? Since the operation of the pool 
equipment and the condition of the pool shell 
cannot be checked at this time, you should 
contact the company that has been servicing 
the pool and ask them for a copy of their 
service record. If the record is not available, 
have the seller include a clause in the contract 
to guarantee that the pool shell and equipment 
are in good operating condition. 


Checkpoint summary 


General considerations 

O Has Certificate of Occupancy been issued 
for the pool? 

Q Istherea fence that encloses the 
pool? 

O Are fence gate(s) self-closing and self 
latching? 


swimming 
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Deck 

© Are there any cracked, chipped, or settled 
sections? 

© Look for uneven joints between sections. 

© Cracked or open joints should be sealed. 

© Are grab rails, ladder, and slide adequately 
anchored to dec! 

© Is diving board cracked or warped? 


Vinyl-lined pool 
Is lining stained, discolored, or torn? 
© Has lining pulled out of edge retainer? 
O Is bottom of liner stained? 


Concrete pool 

© Are there cracked, chipped, loose, or miss- 
ing tiles? 

© Does the plaster finish have flaking, 

chipped, or discolored sections? 

Are any cracks visible in the sidewalls? 

Is the painted surface flaking or faded? 

© Check the skimmer weir and strainer 
basket. 


Pool equipment 

O Is pool water turbid? 

© Are tiny bubbles discharging into pool? 

© Is the pump noisy? Is it very hot to the 
touch? 

© Check for water dripping around the 
pump. 

© Is the pressure gauge on the filter opera- 
tive? 

O Does heater cycle on and off? 

© Look for scale buildup with rust flakes and 
dust around heater. 

© Is water dripping under or around the 
heater? 

© Does pool cover have torn or damaged 
sections? 

© Check the operation of underwater pool 
lights). 

© Are electrical outlets GFI protected? 


Clean Up 


Most manufacturers will clean off residues from any flux that isn't labeled "no-clean," despite flux datasheets 
like Kester's that say even some of the more active fluxes do not need to be cleaned. For short life-span hobby 
projects, it probably doesn't matter unless you're using a solder/flux labeled "organic" or "water-soluble"--these 
fluxes leave behind very aggressive acids that will quickly eat away circuits. Cleaning may be necessary if 
you're applying a protective coating that won't adhere to flux residues. Finally, some rosin residues are tacky and 
may attract dust that can short a circuit, 


‘The fact that a flux is made from rosin doesn't tell you much about how strong itis or whether it should be 
cleaned. What matters is how concentrated the mix is and how much acidic (halides) activators were added. 
RadioShack® doesn't supply any information on the flux in their standard rosin-cored solder, but it's probably 
‘weak enough that the residues do not need to be cleaned off, 


Isopropyl alcohol works decently on rosin-based residues, but clean shortly after soldering because the residues 
quickly harden. Use water for water-soluble fluxes, This pump containing bottle dispenses a little aleohol when 
you push down on the top with a brush, and keeps the rest from evaporating. If you are going to clean, make sure 
Yyou wipe up the remnants with a lint-free cloth--don't just spread them around the board with a brush and 
alcohol 
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Manystateshaveenacted anenergy conservation 
construction code to supplement their building 
codes. The purpose of the energy conservation 
code is to provide a construction standard 
that will minimize energy consumption in 
a building while maintaining the necessary 
comfort factors. The conservation code applies 
to new construction, renovations, and additions 
to buildings. The code is not retroactive and 
therefore does not apply to buildings constr 
ucted prior to its enactment. You can check with 
the local building department to determine 
whether there is an energy conservation 
construction code in yourstate and ifso, whether 
it was in effect prior to the construction of the 
house you are planning to buy. 

If you are considering the purchase of an 
existing building, there is a high probability 
that the house is not as energy efficient as 
it could be. Although the energy-deficient 
items are usually found during a prepurchase 
home inspection, they are often not upgraded 
until the buyer takes possession of the house. 
Consequently, after you move into the house, 


you should perform an energy audit to bring 
back into focus those items that are needed for 
conservation improvement 

Having an energy-efficient house is not 
only good citizenship; it is also good for your 
pocketbook, resulting in reduced utility bills. 
The actual dollar savings will of course depend 
on the gas, oil, and electricity rates in your 
area; the climate; and the extent to which your 
houseis already energy efficient. You can often 
determine the projected savings and payback 
period for the costs involved in making your 
home energy efficient by contacting your local 
utility company. For a nominal fee, many 
utility companies will analyze your energy- 
conserving improvements, taking into account 
current and projected energy costs, and will 
estimate your dollar savings per year. 


Energy audit 


An energy audit is an inspection of the house 
to determine the extent of deficiencies that 
result in energy being wasted. The decision 
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whether to upgrade deficiencies is usually 
based on economics. Are the dollars spent in 
making energy-conservation improvements a 
wise investment? Will the improvements save 
you enough money on heating and cooling 
to pay for themselves? For most homes, the 
answer is yes, especially with ever-increasing 
costs for fuel. 

One cause for wasted energy in a house, 
especially an older one, is the lack of adequate 
insulation. Insulation is a basic energy saver 
and should be used in all houses regardles 
of location. In colder climates, it reduces heat 
loss and thereby reduces fuel costs. In warmer 
climates, the insulation reduces heat gain and 
consequently reduces cooling costs (electricity 
is used for running most residential air- 
conditioning units). During your energy audit, 
you should determine whether your house is, 
adequately insulated. 


Insulation 

Insulation is available in a variety of forms 
and materials. The three most common forms 
are flexible insulation, loose-fill insulation, 
and rigid insulation. Flexible insulation is 
‘manufactured in two types, batts and blankets. 
Both are made of fibrous materials such as 
glass fibers, rock wool, wood fibers, or cotton. 
Organic fibers are treated chemically to make 
them resistantto fire and decay. Batts are precut 
in 4- or 8-foot lengths and are available in 
thicknesses between 2and 6 inches. Blankets are 
furnished in continuous rolls and are available 
in thicknesses between 1% and 3 inches. Both 
batts and blankets are manufactured in 15- and 
23-inch widths so that they can be readily used 
in homes that have been constructed with joist 
and stud spacing of 16 or 24 inches. 

Loose-fill insulation is generally made from 
rock wool, glass fibers, vermiculite, pearlite, 
cellulose, granulated cork, shredded redwood 
bark, sawdust, or wood shavings. Itis normally 
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supplied in bags or bales and can be poured, 
blown, or placed by hand. Loose-fill insulation 
is suited for use in the sidewalls of homes 
that were not insulated during construction 
or between the floor joists of unheated attics. 
However, if there is no floor covering, it is 
not recommended for use between the floor 
joists when an attic fan could blow the loose 
material around. 

Rigid insulation is generally made from 
extruded polystyrene, polystyrene bead board, 
urethane, fiberglass, or wood fiberboard. It 
is often used to insulate masonry walls and 
‘comes in widths of 24 and 48 inches. Most rigid 
insulation boards are not fire resistant and 
should be covered with at least inch gypsum. 
wallboard to ensure fire safety. Rigid insulation 
boards are also used as backer boards for 
aluminum and vinyl exterior siding. 

Another type of insulation that was popular 
in the late 1970s was foanted-in-place insulation. 
It was made from urea formaldehyde. In many 
homes, the foam ingredients were improperly 
mixed and installed. This resulted in excessive 
formaldehyde vapor being released into the 
house, causing adverse health effects. Urea 
formaldehyde foam insulation (UFFI) is no 
longer being installed; however, many homes 
have UFFI in their walls. This is no longer 
considered a problem. See “Formaldehyde” in 
chapter 20. 

One measure of the effectiveness of 
insulation is its resistance to heat flow, the 
Retumber. The higher the R-number, the 
greater the resistance to winter heat loss or 
summer heat gain. Table 19-1 shows typical 
R-numbers for various types and thicknesses 
of insulation. 

R-numbers are additive. You can add an 
insulation rated R-11 to one that is rated R-19 to 
achieve a resistance value of R-30. The thermal 
resistance of an area covered with loose-fill or 
flexible insulation can change over the years. 
The insulation value depends not only on the 


Table 19-1. Insulation ratings. 
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Batts/blankets 
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Rock wool 3” 
Loose-fill 
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‘material but also on the amount of trapped air 
contained within the material. If the loose fill 
is disturbed or the flexible insulation crushed 
(because of items being stored on top of it), 
it will no longer be as thick as when it was 
installed. Consequently, its effective R-number 
will be reduced. To determine the current 
R-number of the insulation in your home, you 
should measure its thickness 

The insulation recommended for your 
house can be determined from the map in 
FIG. 1941. You might be surprised to learn 
how much insulation is recommended. The 
R-numbers, however, are based on current and 
projected fuel costs. If your house is already 
insulated, once you determine the amount of 
existing insulation, you can add the difference. 
Remember, the R-numbersareadditive. nsome 
homes, it might not be economically justifiable 
to increase the insulation to the recommended 
value. 

In determining whether your house is 
adequately insulated, you should check the 
exterior walls and the ceilings and floors that 
face unheated areas, such as the attic and 
crawl space. (See FIG. 19-2) In unfinished areas 


where the insulation is exposed (often in the 
floor of an attic or ceiling of a crawl space), the 
thickness can easily be measured. If the attic 
floor is covered, you can pry up one board and 
look for insulation. Determining the amount 
of insulation in a finished exterior wall is more 
difficult. However, you can make a quick 
determination whether the wall is inadequately 
insulated or has no insulation by feeling the 
inside surface during the heating season. If 
the wall feels cold to the touch, insulation is 
needed. 

Sometimes you can determine the 
amount of insulation by removing the cover 
to a light switch and peering into the wall 
space, using a flashlight. Caution should 
be observed, since the switch is electrically 
hot. Because of the small amount of open 
space between the wall and switch box, this 
method is usually not effective. Also, it is 
possible that the electrician who installed 
the wiring might have pulled the insulation 
away from the switch and outlet boxes to 
facilitate installation. In this case, you might 
think that there is no insulation in the wall. 
The only way to determine positively how 
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en. 


‘Add Insulation to Attic 
Zone Floor 
Uninsulated Attic | Existing 3-4 Inches of Insulation 
1 R30 to RAD R25 to RIO RI 
2 R30 to R60 R25 to RS RI3to R19 
3 R30 to R60 R25 to RS R19 to R25 
4 R38 to ROO R38, R25 to RIO 
5 tos R49 to ROO R38 to RAY) R25 to R30 


Fig. 19-1. Recommended insulation levels for retrofitting existing wood-framed buildings. Courtesy of: 


Energy Star (LS. Dept. of Energy and EPA) 


much insulation there is in a finished exterior 
wall is to make a small hole in the wall (in 
a nonobvious location such as a closet) and 
measure it. The hole can then be patched. 
While you are determining the amount 
of insulation, you should also determine 
whether there is a vapor barrier associated with 
the insulation. A vapor barrier is a thin sheet 
‘material such as polyethylene film, aluminum. 
foil, or an asphalt-impregnated kraft paper 
through which water vapor cannot readily 
pass. Many insulation materials are produced 
with a vapor barrier applied on one side. If 
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the insulation does not have a vapor barrier, a 
separate one can be installed. The purpose of a 
vapor barrier is to prevent moisture problems in 
exterior walls and ceilings, and floors that face 
unheated areas, due to condensation of water 
vapor (normal in a house) that passes through 
those surfaces. To be effective, the vapor barrier 
must be facing the heated room rather than the 
cool, unheated area. (See FIG. 19-3.) 

In addition to the need for insulation of 
the building shell (exterior walls, ceilings, 
and floors), all hot-water pipes and heating 
and cooling duets that pass through unheated 
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1. Ceilings below an unheated area. 

2. "Knee" walll of a finished attic level room. 

3. Floor of a craw! attic. 

4. The sloping portion of the roof in a finished 
attic. Leave an airspace between insulation 


and roof. 
5. Exterior wall. 
6. Floors above cold crawl spaces. Floors above 
a porch or an unheated garage. 
alls of a heated basement. 


19-2. Where to insulate 


portions of the house (such as a crawl space, 
garage, or unfinished attic) must be insulated. 
Most houses usually have no more than 1 or 
2 inches of insulation wrapped around ducts 
in unheated areas, Because of increasing 
fuel costs, this is considered minimal for 
most areas, and additional insulation can 
usually be justified. Check the condition 
of the insulation. Are there any loose, torn, 
or missing sections? Also, if there are any 
exposed duct joints, check them to see if 
they are sealed tightly. When the ducts are 
used exclusively for air conditioning or serve 
a dual function (such as heating and air- 
conditioning), the outside of the insulation 
should be covered with a vapor barrier 
to prevent condensation. A vapor barrier, 


however, is not needed on ducts used only 
for heating. If there is a vapor barrier on the 
ducts, check its condition. Look for torn and 
missing sections. All vapor-barrier joints 
must be tightly sealed. 

If the domestic hot water is produced in a 
tank-type water heater located in an unheated 
area, the tank should be covered with an 
insulation jacket. These jackets can be purchased 
in most building-supply or hardware stores. 
Although tank-type water heaters are normally 
insulated by the manufacturer, by installing 
an outer insulation jacket, you will further 
reduce heat loss and thereby minimize the 
energy needed to maintain the desired water 
temperature. The temperature of the hot water 
should not exceed 140° F. (See chapter 16.) 
‘Temperatures in excess of 140° F are not only 
wasteful of energy but will also shorten the life 
of the water heater. 


Attic ventilation 


While in the attic checking the insulation, 
see if the area is adequately ventilated. A: 
discussed in chapter 9, attic ventilation is 
necessary not only to prevent condensation 
problems during the winter months but also 
from an energy-conservation point of view to 
reduce the heat load on the structure during 
the summer. Because of trapped air, attic 
areas can become excessively hot during the 
summer, reaching temperatures of about 
150° F. If there is an air-conditioning blower 
coil located in the attic, the high temperature 
will tend to lessen its efficiency of operation. 
Ventilation in an attic should be provided 
by at least two vent openings located so that air 
can flow in one opening and out of the other. 
Vents in the eaves and at gable ends are better 
than gable vents alone. One of the most effective 
methods for ventilating the atticis a combination 
of vents in the eaves and a continuous ridge vent. 
Remember, the attic must also be adequately 
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Fig. 19-3. How a correctly positioned vapor barrier prevents condensation in the exterior wall. 


ventilated during the winter. As long as the 
attic is adequately insulated, the benefits of 
ventilation greatly exceed any fuel savings that 
might result from blocking the vent openings. 


Storm windows 


Most homes with single-pane windows will 
benefit by the installation of storm windows. 
(See chapter 5.) A storm window, whether a 
storm sash, panel, or combination unit, reduces 
the heat loss througha single-glazed window by 
about 50 percent. In cold climates, it also adds 
to physical comfort by reducing an apparent 
draft. Body heat radiates toward a cold surface. 
Also, warm air hitting a cold surface loses its 
heat, becomes dense, and falls to the floor. This 
combined effect creates what appears to be a 
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draft to someone sitting or standing near the 
cold surface (window). If the storm window is 
asash or combination unit (both of which cover 
the window frame), it also helps reduce cold- 
air infiltration through the movable and fixed 
joints around the window. 

Basically, a storm window is effective 
because it traps a layer of air between itself 
and the window. This dead air space acts 
an insulator and thus reduces heat loss. If 
installing storm windows is not economically 
justified because you are planning to move 
or your budget does not presently permit 
the purchase of storm windows, you can still 
make your windows energy efficient. Simply 
cover them with plastic sheets and secure the 
edges with tacks, molding strips, and caulking. 
Although temporary, these _ inexpensive 


homemade storm windows are an effective 
approach to reducing heat loss. They will 
more than pay for themselves in fuel savings 
in the first year. 


Caulking and weatherstripping 
In a well-insulated house with thermal-pane 
or storm windows, air leakage is the greatest 
source of heat loss. To conserve energy further 
by reducing the cold-air infiltration during 
the winter and the loss of air-conditioned air 
in the summer, the movable joints (such as 
those around windows and doors) should be 
weatherstripped, and the fixed exterior joints 
should be caulked. (See chapter 5 for types of 
caulking compounds.) 

Check windows and doors for 
weatherstripping and tightness of fit. Loose 
fitting windows and doors not only lose heat 
but result in uncomfortable drafts. All window 
sashes, exterior doors, and interior doors or 
hatches leading to unheated areas (such as 
an attic, basement, or crawl space) should 
be weatherstripped on their sides, tops, and 
bottoms. Periodically check the condition of the 
weatherstripping. Over the years, some types 
of weatherstripping will wear, tear, crack, and 
generally deteriorate so that replacement is 
required. 

The condition of the caulking on the 
exterior joints should be checked during 
your energy audit. Specifically, look at the 
joints (1) between the exterior siding and the 
window and door frames, (2) at the inside 
and outside corners formed by the exterior 
siding, (3) just under the bottom side of the 
exterior siding and the foundation wall, (4) 
between dissimilar siding materials (such as 
a masonry-and-shingle wall), (5) where the 
chimney meets the siding, and (6) where storm 
windows meet the window frame (except for 
drain holes at the windowsill). If the caulking 
is old, brittle, broken, or missing, the joints 


should be recaulked. Good home maintenance 
includes an annual check of all exterior joints, 
particularly in view of rising fuel costs. 


Fireplaces and 

wood-burning stoves 
Most fireplaces are used for creating a relaxed, 
cozy atmosphere rather than heating. Usually 
their use as an auxiliary source of heat cannot 
be economically justified, since they are very 
inefficient. A fireplace requires a large volume 
of air for combustion. Normally this air is 
drawn from the heated air in the house. Since 
the combustion air flows up the chimney, all 
the fuel that had been used in heating the air is, 
wasted. To minimize this problem, a fireplace 
should have dampered air vents that provide 
combustion air from the outdoors. Although 
newer fireplace installations have provisions 
for outside air, most existing fireplaces do not 
have this feature and therefore waste more 
heat than they generate. In fact, in terms of the 
total heating value of the wood being burned, 
a fireplace does not generate much heat at all. 
Only about 10 to 15 percent of the available 
Btus actually find their way out into the room, 
while much more warm air disappears up the 
chimney. 

Even when a fireplace is not being used, it 
is a potential source of heat loss. If the flue is 
not blocked, heat in the house will be drawn 
up the chimney. This condition can normally 
be minimized by closing the damper. Check 
the fireplace to see whether there is a damper 
and if so, whether it properly seals the flue 
opening. Fireplaces in many older houses do 
not have dampers. If a movable damper is 
too costly to install, you can always block the 
flue with a piece of sheet metal supported by 
guides on the sidewalls. It can be inserted and 
removed on an as-needed bas 

Some fireplaces have built-in convection 
ducts around the firebox that function as a 
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heat exchanger. Cool air entering the bottom of 
the ducts is heated as it circulates around the 
firebox. The warm air rises and flows out into 
the room through openings in the upper section 
of the ducts. This type of fireplace has a greater 
heating efficiency than the conventional open- 
faced masonry fireplace. Nevertheless, a much 
more efficient way to heat the house is by using 
a wood-burning stove. A good-quality stove 
will allow only the air needed for combustion 
into the unit. Consequently, heated room air 
is not lost up the chimney. If you control the 
airflow through the stove, a log will produce 
more heat by burning for a longer period of 
time. In addition, since the stove is physically 
located in the room that it is intended to heat, 
the entire surface of the unit will heat up and 
warm the room by convection and radiation. 
The cost-effectiveness of a wood-burning 
stove for heating will depend on the cost of 
the wood being burned. In those areas where 
‘wood is inexpensive, a stove is an economically 
viable method for providing auxiliary heat 
and reducing your overall heating bill. Even in 
those areas where wood is more costly, as utility 
rates increase, the use of a wood-burning stove 


becomes more attractive. Different woods have 
different burning characteristics. For example, 
wood from conifer trees (softwood) such as 
pine, spruce, and fir burns more quickly and 
gives less heat than wood from deciduous trees 
(hardwood) such as maple, oak, and beech. To 
aid you in making a proper selection for your 
fireplace or stove, TABLE 19.2, prepared by the 
Maine Bureau of Forestry, shows the various 
characteristics of wood. 


Heating and 
air-conditioning systems 
During yourenergy audit, youhave been mainly 
concerned with those items needed to reduce 
heat loss. Another item of concern is maximizing 
the Btu output of your heating system. As you 
walk around the house, check the radiators or 
heat registers to see that they are unobstructed. 
If your house is heated with a warm-air furnace, 
check the filter to see if it needs replacement. If 
the oil or gas burner for the heating system was 
not cleaned and tuned up prior to your energy 
audit, it should be done as soon as possible. 
A heating system out of adjustment results in 


Table 19-2. Characteristics of woods for use in a fireplace or stove. 


Easeof Ember 
Species starting generation 
Apple Poor Excellent 
As Fair Good 
Beech Poor Good 
Birch (white) Good Good 
Cherry Poor Excellent 
Cedar Excellent Poor 
Elm Fair Good 
Hemlock Good Low 
Hickory Fair Excellent 
Locust (black) Poor Excellent 
Maple (sugar) Poor Excellent 
Oak (red) Poor Excellent 
Pine (white) Excellent Poor 


Heating 
Sparks Fragrance _value 
Few Excellent Good 
Few Slight Good 
Few Slight Excellent 
Moderate Slight Good 
Few Excellent Good 
Many Good Fair 
Very few Fair Good 
Many Good Fair 
Moderate Slight Excellent 
Very few Slight Excellent 
Few Good Excellent 
Few Fair Excellent 
Moderate Good Fair 
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greater fuel consumption, which can be quite 
costly. Heating systems require a periodic 
tune-up for efficient operation. 

Various devices on the market to be fitted 
on or around the chimney flue are supposed 
to cut fuel consumption and conserve heat. 
Many of these furnace attachments, however, 
do not live up to the manufacturers’ claims of 
saving significant energy. 

One device of concern from a safety point 
of view is the automatic flue damper. This device 
is designed to close the furnace chimney after 
the burner turns off. The intention isto conserve 
heat by preventing room air from being drawn 
up the chimney. However, if the automatic 
flue damper fails to open when the burner 
fires, poisonous carbon monoxide fumes will 
vent into the house. If your furnace has such a 
device, you should find out whetherit has been 
approved by a nationally recognized testing 
agency and by your local utility company. IF 
it has not been approved, you should consider 


Table 19-3. Energy savings 
for lowering thermostat. 


Percent of energy savings for 
an 8-hour temperature setback 


Degree days 5°F 10°F 
5,000 81 124 
6,000 72 108 
7,000 61 96 
8,000 52 85 
8,500 46 78 


its removal or replacement as a precautionary 
measure. 

By lowering the thermostat setting 5 to 
10 degrees each night before going to bed and 
raising it in the morning, you will reduce fuel 
consumption and save dollars. The amount of 
the savings will depend on the duration of the 


setback, the climate, and the fuel costs in your 
area. See TABLE 193. 

The degree day is a unit that expresses the 
severity of the climate in an area. The reference 
temperature for evaluating degree days is 65° 
F. Degree days are the number of degrees that 
the average (of the high and low temperatures 
for a 24-hour period) is less than 65° F. For 
example, if for a twenty-four-hour period 
(during the heating season), the high and low 
temperatures are 50° F and 30° F, respectively, 
the average temperature would be 40° F. The 
degree-day number for that day is then 65-40, 
or 25. The total number of degree days for 
an area, therefore, is simply the sum of the 
degree-day numbers during the heating 
season. You can check with the local utility 
company to find the total number of degree 
days for your area. 

From a convenience point of view, if your 
heating system is controlled by a manual 
thermostat, you should consider replacing 
it with an automatic-lock thermostat. With 
this type of thermostat, you can regulate 
the amount of the setback and its duration. 
Depending on your requirements, thermostats 
with double setbacks are also available. 

If there is a central air-conditioning 
stem in your house, it must also be cleaned 
and tuned up to maximize the efficiency 
of operation. Prior to the cooling season, 
have the system checked to see if it needs a 
refrigerant charge. The system will cool even 
if it is low in refrigerant; however, it will 
operate inefficiently. Check the location of 
the compressor to see if it is in the shade and 
whether the airflow into and out of the unit 
is unobstructed. If the compressor is in the 
midday and afternoon sun, it will not perform 
efficiently. You should build a sunscreen 
to shade the unit if necessary. Be careful, 
however, not to obstruct the airflow. 
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Radon 292 
Asbestos 295 

Drinking water 297 
Lead 298 

Formaldehyde 300 
Leaky oil tanks 300 
Electromagnetic fields 301 
Mold 302 


In the past, whenever people bought a home, 
their main concern was the physical house; that 
s, the structural integrity of the building; the 
condition of the mechanical equipment such as 
the heating system, plumbing, water heater; the 
adequacy of the electrical system; the condition 
of the roof; whether the basement was dry; 
and whether there was a termite condition. In 
recent years, another factor has entered into the 
decision process—environmental _ problems. 

Some of these problems, such as a high 
radon concentration or deteriorating asbestos 
insulation, are potential health hazards. Others, 
likea leaky buried oil tank, can contaminate the 
soil and eventually the aquifer (water table). In 
all cases, it costs money to correct the problems. 

This cost should be added to the overall sale 
price of the house to determine the true cost of 
purchasing the house. 

In this chapter, I will discuss environmental 
problems that are or should be of concern to the 
home buyer or homeowner. There is no doubt 
that in the future, as technology improves and 
more statistical health information becomes 
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available, additional items will be added to the 
list of environmental problems. 


Radon 


Although the health risks associated with 
exposure to high concentrations of radon have 
been known for decades because of experience 
with uranium miners, it wasn’t until December 
1984 that it was realized that people in homes 
can also be exposed to high concentrations of 
radon resulting from uranium deposits in the 
soil on which the houses are built. A worker 
in a nuclear generating plant passed through 
a radiation detection monitor as he entered the 
plant. It turned out that his home had twenty 
times more radiation than is allowed in a 
uranium mine. 

Radon is a gas present in varying quan- 
tities in the atmosphere and soils around the 
world. It is colorless, odorless, and tasteless, 
and is produced by the natural radioactive 
decay of uranium deposits in the earth. 
Prolonged exposure to high concentrations 


Desoldering 


‘The three most common inexpensive ways to remove solder include a "solder sucker", solder wick, and an iron 
with an attached desoldering bulb, 


© Solder Sucker: To use, press in the plunger, heat up the joint, and as quickly as possible, pull out the 
iron, place the sucker's nozzle over the joint and press the release button. It may take a few iterations to 
clean out a joint enough to wiggle free a component. On plated through holes it may actually be easier 
to add more solder to the joint before sucking, since the sucker won't be able to create a vacuum with 
too litle solder remaining, 


‘* Desoldering Iron: This works just like the solder sucker, but is much easier to use because there's no 
race to suck out the solder before it freezes, as with the "solder sucker" 
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of radon can cause cancer. According to the 
US. Environmental Protection Agency (EPA), 
scientists estimate that between 5,000 and 
20,000 lung-cancer deaths a year in the United 
States can be attributed to radon. 

The concentration of radon in the air 
is measured in units of picocuries per liter 
of air (pCi/I). Based on currently available 
information, the EPA has set guidelines for 
radon levels in residential structures. (See 
TABLE 20-1,) Their “action level" is 4 pCi/I; that 
is, no action is needed if the radon concentration 
is below 4 pCi/L. The EPA acknowledges that 
even the action level is not risk free because 
exposure to an annual radon level of 4 pCi/lis 


Table 20-1. 
U.S. EPA guidelines for residential radon. 


‘Annual average 


Radon level Recommended action 


Over 200 pCi/l_ Take action to reduce levels 

within several weeks. 
Between 20 and Take action to reduce levels 
200 pCi/i within several months 


Between 4 and 
20 pCi/1 


Exposures in this range are 
considered above average 
You should take action to 
reduce levels to about 4 pCi/I 
or below within a few years 
(sooner if levels are at the 
upper end of this range). 
Exposures in this range are 
considered average or slightly 
above average. 

Although exposures in this 
range do present some 
Increased isk of lung cancer, 
reductions of levels this low 
may be difficult, and 
sometimes impossible, to 
achieve 


Below 4 pCi/I 


Below 1.0 pCi/I These are average first-floor 


residential levels, 


equivalent to the risk of smoking ten cigarettes, 
a day or having two-hundred chest X-rays a 
year. The action level was set at 4 pCi/Ibecause 
in some cases reduction below that level might 
be difficult or impossible to achieve. 

Although radon gas is present in varying 
quantities in soils around the world, not every 
house hasa problem with high radon levels. Itis, 
possible for one house to havea very low radon 
concentration while an adjacent house has a 
very high level. It depends on the construction 
of the house, the uranium-radium content in the 
soil, and geological formation below the house. 
The only way to know if a house has a radon 
problem is to test it. The radon concentration 
in a house varies with time. It is affected by 
a number of environmental factors such as 
rain, snow, barometric pressure, and direction 
of wind relative to open windows, and by 
induced negative pressures caused by periodic 
use of exhaust fans, attic fans, fireplaces, and 
heating systems. Consequently, the most 
accurate method of determining the average 
annual radon concentration is a long-term 
test. However, since time is usually limited in 
real estate transactions, a long-term test is not 
practical, and consequently a charcoal canister 
with a test period of three to seven days is 
generally used. 

Canisters can be purchased in hardware 
stores and home centers. Also, in many areas 
professional home-inspection companies offer 
radon-testing services. If you intend to place 
the radon-detection canister yourself, make 
sure that you follow the directions carefully; 
otherwise, the results might be inaccurate. 

Since radon is a gas, it can seep into the 
lower level of a house through dirt floors, 
cracks in concrete floors and walls, floor drains, 
sump pits, open joints and tiny cracks or pores 
in hollow block walls. (See FIG. 20-1.) If after 
a house is tested it is determined that it has 
a high radon concentration, don’t panic. The 
condition can be corrected at a reasonable cost. 
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A 


‘A. Cracks in concrete slabs FE 
B. Spaces behind brick veneer walls 
that rest on uncapped hollow-block 
foundation H. 


Pores and cracks in concrete blocks I 
Floor-wall joints J 
Exposed soil, as in a sump 


Fig. 20-1. Major radon entry routes 


mon 


A number of methods have been successful 
in reducing radon concentration levels in 
buildings to a point below the “action level.” 
A typical mitigation procedure that is very 
effective is to use a 4-inch plastic pipe with an 
in-line fan that vents the radon gas from below 
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Weeping (drain tile, if drained to 
pent sump 

Mortar joints 

Loose fitting pipe penetrations 
Open tops of blbek walls 
Shower 


the floor slab to above the roof. Correcting the 
problem is not a do-it-yourself task. It should 
be done by a radon-mitigation contractor that 
has completed the requirements for listing 
under the US. EPA’s Radon Contractor 
Proficiency Program, 


Radon can also enter the house through 
the domestic water supplied by a private 
well. It can be transferred into the air during 
a shower or when water is running in a sink. 
However, it takes relatively high levels of 
waterborne radon to produce a significantly 
elevated level of radon in a house; the large 
volume of air inside a house dilutes the radon 
being transferred to the air from the relatively 
small volume of water. It is estimated that 
the normal use of a water supply containing 
10,000 pCi/1 will produce a concentration of 
1 pCi/I of radon in the air. It therefore takes 
a waterborne radon level of 40,000 pCi/I to 
reach the EPA’s action level of 4 pCi/l 

In most parts of the country, radon gas 
emanating from the soilis the major contributor 
to indoor airborne radon. Asa result, the water 
from a private well is normally not tested 
for radon during the initial screening test. 
However, in some areas of the United States, 
waterborne radon significantly contributes to 
the total radon concentration. You can check 
with your local health department to find out 
if testing the water is recommended for your 
area. As of this writing, the EPA has not set a 
maximum level for radon in drinking water. 
Nevertheless, if the radon level is greater 
than 10,000 pCi/I, water-supply mitigation 
should be considered. There are water- 
treatment methods available that can be used 
for removing radon at the point of entry. The 
specific method should be discussed with 
the radon-mitigation contractor. Incidentally, 
do not worry about drinking the water. The 
health effect of drinking waterborne radon 
relatively insignificant compared to that 
associated with breathing in airborne radon. 


Asbestos 


A common concern of many home buyers is 
whether there is any asbestos in the house, 
and if there is, is it in a condition that would 


be considered a health hazard? Asbestos, 
which has been identified as a carcinogen, 
a naturally occurring fibrous mineral found in 
certain types of rock formations throughout 
the world. Asbestos fibers are strong, won’t 
burn, resist corrosion, and insulate well. These 
physical properties have made it a staple in 
architectural and construction applications. 
When the fibers are mixed during processing 
with a material which binds them together, 
they can be used in many construction 
products such as cement siding and roof 
shingles, vinyl floor tiles, ceiling tiles, textured 
paints or coatings, blown-in insulation, flexible 
fabric connections in ductwork, spackling 
compounds, boiler insulation, pipe insulation, 
caulking, putties, door gaskets on wood- 
burning stoves, and so on. (See FIG. 20-2.) The 
amount of asbestos in these products varies 
considerably, from approximately 1 percent to 
75 percent. 

Asbestos-containing material in the home 
doesn’t necessarily pose a health risk. Asbestos 
materials become hazardous only when due 
to damage, disturbance, or deterioration over 
time, they release fibers into the air. Airborne 
asbestos fibers can be inhaled through the 
nose and mouth and lodge in the lungs. 
According to estimates by the EPA, every year 
3,300-12,000 people die from cancer caused by 
exposure to asbestos. Of particular concern is, 
asbestos-containing material that is sprayed or 
troweled or that has become friable. (Friable 
material can be crumbled, pulverized, or 
reduced to powder by hand pressure.) As long 
as the asbestos-containing material is intact, it 
does not pose a health hazard. If the asbestos 
material is not likely to be disturbed or is in 
an area where renovations will not occur, the 
EPA suggests that it is best left alone. 

Many houses have old boilers that are 
insulated with asbestos. The insulation looks 
like a white plaster coating over the boiler shell. 
When the boiler is eventually replaced, it is 
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1, Some roofing and siding shingles are made of asbestos cement. 

2, Houses built between 1930 and 1950 may have asbestos as insulation, 

3, Asbestos may be present in textured paint and in patching compounds used on wall 
and ceiling joints. Their use was banned in 1977. 

4. Artificial ashes and embers sold for use in gas-fired fireplaces may contain asbestos. 

5, Older products such as stove-top pads may have some asbestos compounds. 

6, Walls and floors around woodburning stoves may be protected with asbestos paper, 

millboard, or cement sheets 

Asbestos is found in some vinyl floor tiles and the backing on vinyl sheet flooring 

and adhesives. 

8, Hot water and steam pipes in older houses may be coated with an asbestos material or 
covered with an ashestos blanket or tape 

9, Oil and coal furnaces and door gaskets may have asbestos insulation. 


Fig. 20-2, Locations of possible asbestos hazards in the home, 
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necessary first to remove the asbestos insulation, 
even if the insulation is in good condition, 
before disassembling the boiler. Most heating 
contractors are not certified in asbestos removal. 
The job must be done by a qualified asbestos- 
removal contractor that has been trained and 
certified. Once removed, the asbestos cannot be 
thrown out like ordinary household garbage. A 
licensed industrial-waste hauler must take it, 
properly identified and contained, to a landfill 
that accepts asbestos. 

Removal of damaged or deteriorating 
asbestos materials is not always necessary. 
In fact, it is the least desirable alternative 
because in the process it creates a considerable 
amount of airborne asbestos fibers that must 
be contained and removed. Depending on 
its condition, the asbestos material can be 
encapsulated by coating it with a sealant so 
that the fibers cannot be easily released. It can 
also be enclosed in airtight walls or ceilings 
that completely isolate and contain any fibers 
that become airborne. The decision whether to 
remove, encapsulate, or enclose deteriorating 
or damaged asbestos material, as well as the 
repair of damaged sections, should be made 
only by a certified trained professional. 

Although most of the asbestos materials 
that had been used in construction are no 
longer being manufactured, various items 
can be found in many homes built prior to 
1978. Identifying the more common types of 
asbestos material can generally be done in a 
visual inspection by home inspectors, asbestos- 
abatement personnel, or tradespeople who 
have frequently worked with asbestos material, 
and even by you. For example, in many older 
homes, the heating pipes in the basement or 
crawl spaces are covered with insulation that 
contains asbestos. The insulation on the straight 
sections of pipe, when viewed from an end, 
looks like corrugated cardboard. The angle 
fittings on the heating pipes are covered with 
an insulation coating that looks like plaster and 


shaped around the fitting, If you see this type 
of insulation, look for torn, loose, crushed, or 
otherwise damaged sections. In many cases, 
it is not readily apparent whether building 
products and ‘insulation materials contain 
stos. In those cases, positive identification of 
sbestos can be made by a qualified laboratory 
after analyzing representative samples of the 
material. 


Drinking water 


Domestic water is generally supplied to homes 
through private wells or public water companies 
Water supplied by public water companies is 
usually safe to drink and does not pose a health 
risk. The quality of the water supplied by these 
companies is periodically checked because it 
must comply with rigid standards set by the US. 
EPA. Nevertheless, the EPA has indicated that 
some 40 million people have been using drinking 
water containing potentially hazardous levels 
of lead. The problem does not originate with 
the water supply but with distribution piping, 
solder used at the pipe fittings, and fixtures in 
the house. In some older homes, the inlet water 
pipe is made of lead; the solder used on pipe 
fittings in homes built before 1988 contained 
lead; and lead is contained in the metal alloy 
used in the manufacture of many faucets. 

‘The most important factor causing a high 
concentration of lead in water is the contact 
time between the water and the lead. Water 
that is slightly acidic or soft (water that makes 
soapsuds easily) is corrosive and reacts with 
lead. When the water stands in pipes or faucets 
that contain lead for several hours without use, 
there is a potential for lead to leach, or dissolve, 
into the water. Also, hot water dissolves lead 
more quickly than cold water. 

Dissolved lead in water has no odor 
and cannot be seen or tasted. Testing by an 
approved laboratory is the only way todetermine 
if the drinking water has high levels of dissolved 
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lead. The test is generally conducted in two 
parts, A “first draw” sample is collected—water 
that has been sitting in the pipes overnight or at 
least four hours. Then a “fully purged” sample 
is collected; the water is tuned on and allowed 
to flow for at least one full minute before a 
sample is collected. According to preliminary 
studies at the University of North Carolina, 
about 30 percent of homes have a high lead 
concentration in the first draw, but purging 
corrects the problem more than 90 percent of 
the time. The current federal standards limit the 
amount of lead in water to 15 parts per billion 
(ppb), which is equivalent to 0.015 milligrams 
per liter (mg/D. 

Another domestic water problem is 
excessive sodium. This condition is the result 
of using a water softener in the water supply. 
The softener replaces the calcium in the water 
with sodium. When the sodium concentration 
in the water is greater than 28 mg/l, people 
with high blood pressure and those with low- 
salt diets should be warned. When using a 
water softener, the sodium content is usually 
100mg/lormore. Theproblem canbe corrected 
by having the pipe that supplies water to the 
kitchen sink bypass the water softener. All 
drinking and cooking water should then be 
taken only from the kitchen sink. 

In addition to the possibility of high 
concentrations of lead and sodium, domestic 
water supplied by a private well can be 
contaminated by harmful bacteria resulting 
from faulty septic tanks, chemicals from a 
toxic spill that occurred years before, leaking 
underground storage tanks, or pesticides and 
fertilizers. The only way to tell whether the 
water is potable is to have it tested. The tests 
for pesticides and other chemicals are more 
complex and costly than the routine tests for 
bacteria or minerals. If youare concerned about 
icide and chemical contamination of your 
‘well, first contact your county officials and find 
out whether contamination problems have 
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been reported in the area. As a precautionary 
measure, the water from a private well should 
be analyzed once a year for coliform bacteria 
to ensure that it is potable. 


Lead 


Lead poisoning is considered by many public- 
health officials the number-one environmental 
threat to children. It dwarfs radon and 
asbestos. High concentrations of lead in the 
body can cause permanent brain damage, 
even death. Low concentrations can result in 
reading disorders and hyperactivity and can 
affect a child’s ability to perform in school. 
‘The government is estimating that one out of 
every nine children under the age of six has 
enough lead in his blood to place him at risk. 
‘The sad truth is that lead poisoning is entirely 
preventable. 

Lead poisoning occurs in the home. It is 
not confined to children of low-income families 
living in the inner-city ghettos but has also 
been found in children of well-to-do families 
living in the suburbs. According to the EPA, 
about two-thirds of the homes built before 
1940 and one-third to one-half of the homes 
built between 1940 and 1960 contain heavily 
leaded paint. A smaller percentage of homes 
built between 1960 and 1980 also had surfaces 
coated with lead-based paint. In 1978, the US. 
Consumer Product Safety Commission (CPSC) 
lowered the legal maximum lead content in 
most kinds of paint to trace amounts (0.06%), 
so houses built after 1978 should be relatively 
free of lead paint. 

It has been known for years that children 
have been poisoned by eating chips of lead- 
based paint. However, it was only recently 
documented that they are also at risk of 
poisoning from exposure to lead dust in 
household air. Lead dust particles can become 
airborne when surfaces covered with lead- 
based paint are scraped, sanded, or heated 


with an open flame during paint stripping. 
Lead dust can also be created by the rubbing 
and sliding of lead-base-painted window 
sashes as they open and close. 

Lead dust can be inhaled when airborne. 
When the dustsettles on the floor, windowsills, 
or furniture, it can be ingested by children 
through their normal hand-to-mouth behavior. 
Also, settled lead dust particles can become 
airborne as a result of household cleaning. The 
particles, which are very fine, can penetrate 
the filter system of home vacuums and are 
recirculated in the exhaust airstream. Cleaning 
of lead dust should be done by a professional 
who specializes in lead abatement. 

The only way to tell whether the paint in 
a home contains lead is to have samples from 
different areas tested, such as windowsills, 
door trim, radiators, banisters, and walls where 
the paint may be peeling and flaking. Testing 
by a qualified laboratory is considerably 
more accurate than using a do-it-yourself kit. 
Many of these kits aren't very precise, since 
other metals can cause false-positive results. 
They are not sensitive to low levels of lead, so 
that a sample might test negative and still be 
considered hazardous. Also, the kits cannot 
tell how much lead is in the paint. According 
to the US. Department of Housing and Urban 
Development (HUD), action should be taken to 
reduce exposure to lead when the lead content 
in the paint exceeds 0.5 percent. Measures 
to reduce exposure to lead are particularly 
important when the paint is deteriorating or 
when infants, young children, or pregnant 
women are present. 

If you are planning on buying a house 
that has lead-painted walls and trim, you have 
several options not unlike those for asbestos. 
If it is in good condition and there is little 
possibility that it will be eaten by children, 
then leave it undisturbed. If there are damaged 
or deteriorating sections of paint on the walls 
or ceilings, you can have those areas covered 


over with gypsum wallboard or some other 
building material. 

You can also have the lead-based paint 
removed. This task, however, must be done by 
professionals trained in removing lead-based 
paint, since each of the paint-removal methods 
(sanding, scraping, chemical paint stripping, 
and heat guns) can produce lead dust or fumes. 
If not done properly, this option will create a 
greater health hazard than the original one. In 
some cases, complete removal and replacement 
of items such as windows, doors, and wall and 
door trim might be the best approach because 
of the cost or difficulty of removing the paint. 
This task should also be done by professionals, 
who will control, contain, and remove the lead 
a 


If a surface that has been painted with a 
lead-based paint is intact, painting it with a 
nonleaded paint is considered a viable method 
of reducing the hazard associated with lead 
paint. However, painting the surface is not 
considered a permanent or long-term solution 
becauise the lead-based paint below the top coat 
might eventually loosen and create lead flakes 
and dust. Before undertaking any abatement 
procedures, you should have a qualified lead 
inspector do a lead hazard risk analysis and 
have him develop an abatement strategy that 
considers all the options. 

Because awareness of the pervasive 
nature of the lead-dust problem is relatively 
recent, there is currently a lack of qualified 
lead inspectors and abatement contractors. 
However, a number of statesare in the process of 
implementing certification, licensing, or training 
requirements for abatement contractors. Also, 
HUD has prepared and published guidelines 
for identification and abatement of lead-based 
painthazards. To find a qualified lead inspector 
or abatement contractor, check with your state 
department of health or environmental agency. 
In those states that have not implemented 
certification procedures, you might still be 
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able to find qualified inspectorsand contractors. 
Certified lead-abatement training courses are 
available in Massachusetts and Maryland. A 
number of companies, including asbestos- 
abatement contractors from other states, have 
taken these courses and listed their companies 
in the telephone yellow pages under the overall, 
heading of “Lead Paint” with subheadings 
“Inspection” and “Abatement.” 


Formaldehyde 


Although formaldehyde gas had been known. 
for many years to be a powerful irritant that 
can contaminate the air in a house, it wasn’t 
until the installation of urea formaldehyde 
foam insulation (UFFI) in houses that state and 
federal agencies began to focus their attention 
on it. Exposure to formaldehyde vapor can 
cause eye, nose, and throatirritation; coughing; 
skin rashes; headaches; dizziness; and nausea. 
Ithas been shown to cause cancer in laboratory 
animals. 

After the oil embargo of 1973, many 
homeowners, realizing the need for energy 
conservation, had insulation or additional 
insulation installed in the exterior walls of 
their houses. It is estimated that about 500,000 
homes wereinsulated with UFFI, mostof which 
was done in the 1970s. With UFFI, the quality 
of formulation and installation determines the 
amount of formaldehyde released. The amount 
also increases under hot and humid conditions. 
By the end of 1980, the CPSC received more 
than 1,500 complaints of adverse health effects 
associated with the release of formaldehyde 
gas from UFFI. In 1982, the CPSC banned the 
use of UFFlin homes; however, in 1983, the ban 
was overturned by a USS. court of appeals. By 
that time, most of the installation contractors 
were out of busines 

At this time, the UFFI is not considered 
a major source of formaldehyde air contam- 
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ination. Formaldehyde levels decline rapidly 
to below 0.1 parts per million (ppm) within 
the first year of the installation of UFFI. 
Although people vary in their susceptibility 
to formaldehyde, most healthy adults do not 
experience ill effects from exposure below 
0.1 ppm. Also, since the UFFI was installed 
years ago, any vapors from the insulation 
would probably be negligible. 

Notwithstanding the above, there might 
till be a high formaldehyde vapor concentra- 
tion in the air. Formaldehyde is found widely 
in many household and construction products 
such as plywood, particle board, chipboard, 
plastic laminates, cosmetics, cleaners, paper 
products, drapes, carpets, and even tobacco 
smoke. Symptoms of exposure to formaldehyde 
generally resemble those associated with a cold 
or allergies; however, the symptoms usually 
cease once exposure is discontinued. If you 
are concerned about excessive formaldehyde 
concentration in the house, have the air 
analyzed by a private qualified testing 
laboratory. 


Leaky oil tanks 


Out of sight, out of mind. That's exactly how 
homeowners with oil-fired heating systems 
think about the buried tank that holds the heating 
oil. They could be in for a rude awakening. 
‘Most homeowners do not know that they are 
responsible if their oil tank leaks. Ifa tank leaks 
and contaminates the surrounding soil, the 
cost for the cleanup, which includes excavating 
around the tank, scooping up the oil-saturated 
soil, and carting it away by a licensed carter, 
must be paid by the homeowner. This effort 
can cost thousands of dollars. If the oil leak 
contaminates an aquifer or a stream, the cost for 
cleanup can run into tens of thousands. 

Most of the buried tanks used to store 
home heating oil are steel and have a projected 
life of about twenty years, although the actual 


life depends on the extent to which water has 
been accumulating within the tank and on soil 
conditions. If the oil tank for the house that you 
want to purchase is that age or older, you have 
three options. You can ask the seller to provide 
you with a certification on the integrity of the 
tank; you can have the tank tested for leaks 
at your expense; or as a preventive measure 
you can replace the tank—the most expensive 
option. 

Some homes have buried oil tanks that 
are no longer in use because their heating 
system has been converted from oil to gas. IF 
this is the case, ask the seller if the tank has 
been properly put out of service. If it hasn't, it 
should be; otherwise, safety and environmental 
problems can develop. In many communities, 
properly putting a tank out of service is a legal 
requirement. An abandoned tank that has 
not been properly prepared will eventually 
deteriorate because of corrosion resulting in 
leakage, collapse, or both. Leakage, of course, 
contaminates the soil. 

To put a tank out of service properly, the 
residual oil or sludge at the bottom of the tank 
must be pumped out and disposed of, using 
a licensed carter. The tank should then be 
removed entirely or filled with an approved 
filler such as sand. If the soil below the tank is, 
contaminated, it must be removed. The exact 
abandonment procedure may vary depending 
on the municipality. Check with your local 
department of environmental conservation or 
health department for the approved method. 


Electromagnetic fields 


More and more attention by the news media 
is currently being devoted to electromagnetic 
fields. Whenever electricity is present, there 
are both electric fields and magnetic fields. 
These fields, when taken together, are 
referred to as electromagnetic fields, or EMF. 
They exist around electrical transmission 


lines, transformers on poles, house wiring, 
appliances, electronic equipment, and so on. 
An epidemiological study published in 1979 
concluded that children living in Denver 
near certain power lines that were exposed to 
electromagnetic fields with a magnetic field 
strength of 2-3 milligauss (mG) were twice 
as likely to develop leukemia than children 
living in houses without such exposure. 
The conclusions of the above study were 
not universally accepted by the scientific 
community; some researchers felt that the 
study was flawed and not scientifically sound. 
In the early 1980s, the scientific community 
began looking extensively into whether 
exposureto electromagnetic fields is dangerous 
to a person's health. The complexity of the 
problem is compounded by the fact that the 
results vary according to the characteristics of 
the electromagnetic field, such as frequency, 
intensity, field orientation, period of exposure, 
and whether the field is continuous or pulsed. 
The studies to date have not resulted 
in definite conclusions. They have shown 
that there is a statistical association between 
electromagnetic fields and cancer. However, 
they have not shown that the fields are 
involved in causing cancer. Based on all 
available information, many scientists have 
concluded that more research is needed before 
they can understand how EMF interacts with 
the human body to cause health effects and 
whether there is indeed a risk from exposure 
to EMF. Also, since not enough is known 
about which elements of the exposure are 
important to health, a safe exposure level has 
not been established. Both electric fields and 
magnetic fields are being studied. However, 
more attention is being focused on magnetic 
fields because they can penetrate through 
common objects as thick as concrete walls 
without losing their strength whereas electric 
fields can be shielded by materials like wood, 
aluminum, or insulation around the wires. 
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How does all of the above affect a person 
contemplating purchasing a home near power 
lines or an electrical substation? You can 
have measurements taken to determine the 
magneticfield intensity in and around the 
house to see if the readings are within typical 
background levels. A few home inspectors 
provide this service. Unfortunately, as of 
this writing, no government regulation or 
scientific recommendation helps answer 
the question. Until the research is complete, 
it is premature to recommend any course 
of action. Nevertheless, prudent avoidance 
should be considered, because until the cloud 
of uncertainty is removed, this problem can 
affect the resale value of these homes. 


Mold 


Mold growth in a house is the latest 
environmental concern. Mold is the common 
name for simple plants or fungi, usually 
microscopic in size, which are naturally 
occurring and produce spores that can be 
found everywhere indoors and_ outdoors. 
It has been estimated that there are at least 
40,000 known species of fungi. Molds thrive on 
materials such as cotton, wool, paper, leather, 
and wood. As a result mold, which will grow 
anywhere indoors where there is moisture, 
is quite a common occurrence in buildings. 
‘The moisture may be in the host material, on 
its surface, or in the form of humidity in the 
air. Although there have been known health 
problems associated with mold, the one 
problem that brought it to the attention of the 
media and therefore the public is a house in 
Austin, Texas. Because of a series of water 
leaks in the house, a toxic buildup of mold 
developed. 

It is not unusual for a water leak in a 
house to cause the mold buildup. However, 
in this case the mold was the toxic speci 
Stachybotrys chartarum (atra), which is black 
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in color and produces airborne toxins. The 
spores of other molds can appear as black, 
brown, blue, orange, or white specks although 
they are not always visible to the naked eye. 
Because of the airborne toxins, the family 
living in the house suffered a number of very 
serious health problems, and the house was 
deemed uninhabitable. 

In order not to overreact to finding a mold 
buildup in the house, it’s important to separate 
the hype from reality. Fortunately, extensive 
Stachybotrys mold is relatively rare, and the 
molds usually found in homes are the less toxic 
species. Exposure to mold spores in a house 
does not always present a health problem. The 
testing for mold during a home inspection is 
not considered necessary even though there are 
a number of companies selling kits that test for 
mold. According to the U.S. Center for Disease 
Control, “It is not necessary to determine what 
type of mold you may have. All molds should 
be treated the same with respect to potential 
health risks and removal.” 

If there is a mold condition in the house 
that you are inspecting and you are allergic 
or otherwise sensitive to mold, you will 
usually know it because you may experience 
symptoms such as nasal stuffiness, eye 
irritation, or wheezing. During your inspection 
of the interior, check all the rooms, especially 
a basement, for indications of a possible mold 
buildup. In thiseffort youreyesand nose are the 
best tools. Large mold infestations can usually 
be seen or smelled. If you see a moldy buildup 
ona wall or ceiling, record the location on your 
worksheets for either cleanup or replacement. 
In most cases you can easily remove the mold 
bya thorough cleaning with bleach and water. 
(Never combine bleach and ammonia because the 
mixture produces a toxic gas.) However, if there 
is an extensive amount of mold, you may 
want to engage the services of a professional 
with experience in cleaning mold in homes. 
Eliminating the mold problem may include 


‘+ Solder Wick (desoldering braid): The above two tools will often not be able to completely remove all 
the solder. Many people use the sucker devices above to remove most of the solder, and then get the 
rest with solder wick, which absorbs solder through capillary action. It's a fine weave of copper wires 
that are coated in flux, Place it over a joint and then heat from the opposite side with a soldering iron. It 
may help to have a bit of solder already on the iron’s tip to speed heat transfer. 
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Surface mount desoldering: Surface mount chips are especially hard to desoldet because it's very difficult to 
completely remove all the solder pin by pin, and avoid overheating the board and lif_ing a pad. Professional 
shops use expensive hot air guns or special tips (shown below) to heat all the joints at once. 


desoldering a surface mount soie chip © 2007 Cusionstaventor com 


ey 
‘apply tux. ‘apply solder to up ‘contact chip litt off 


‘There are fortunately a few cheap ways to desolder surface mount chips. 


© ChipQuik provides an interesting solder that when melted over existing joints produces a new low- 
melting point alloy (under 200 °F) with a much longer solidification time. The longer solidification time 
enables you to melt all the joints at once and then flick off the chip. 

‘© There are many guides for making a DIY hot air gun with the RadioShack® desoldering iron and a fish 
tank air pump. Engadget has one of the better how-to guides, Here and here are some more plus the 
supposed original 
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discarding moldy items and replacing sections 
of walls and /or ceilings. 

Mold odors can be masked intentionally or 
unintentionally by a seller. If the house that you 
are inspecting has an odor because of incense 
burning, cinnamon water boiling on the stove, 
or some other pleasant odor, ask the seller if 
you can return for an additional inspection 
when there are no extraneous odors. 

If you detect a moldy odor in a room, look 
for water stains, even those stains that are dry 
to the touch. It is possible that there is mold 
buildup on the backside of the drywall or 
paneling. In this case further investigation is 
required. However, this type of investigation 
is beyond the scope of a home inspection 
and should be performed by a company or 
consultant that specializes in “sick houses.” 
Also, in those carpeted rooms that are 
vulnerable to occasional or more frequent 
flooding such as a bathroom or finished 


basement, if there is a moldy odor, the carpet 
should be suspect as the source of the mold 
buildup. If there is mold, the typical solution 
is to replace the carpet. The hidden dust in 
fibers and the underside of a wetted carpet are 
ideal locations for mold growth. In addition to 
the carpet, it is also possible that there is mold 
buildup behind the walls. 

Since basements are below ground and 
are therefore vulnerable to water penetration, 
pay particular attention for any signs of 
past water problems because mold growth 
is almost always due to excessive moisture. 
A moldy odor in the basement during the 
warmer months is not uncommon and is the 
result of condensation because of high relative 
humidity. 

The condition can be easily corrected with 
a dehumidifier. If the dehumidifier doesn’t 
correct the problem, further investigation will 
be necessary. 
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In the residential real estate market, a “green” 
home is the latest buzz word. But what does 
green really mean? There is no single fixed 
definition. It is interpreted in many different 
ways. A green home encompasses a myriad of 
factors such as 


Its impact on the environment 

The site the house is located on 

The actual building design 

‘The material used for construction 

‘The use of nontoxic and renewable ma- 

terial for decorating 

‘+ The efficient use of energy, which in- 
cludes heating and air conditioning 
equipment, appliances, and lighting 

‘+ The efficient use of water and its asso- 
ciated fixtures 

‘+ The quality of the indoor air 

+ Whether the project has a global 
impact 


In order for a house to be certified as a green 
home, it must satisfy certain criteria. There are 
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several shades of “green” depending on the 
extent to which the criteria have been satisfied. 
‘Therearea number oforganizationsthatprovide 
guidelines for a green building certification 
program. However, the two main organizations 
that certify homes are the U.S. Green Building 
Council, which issues the Leadership in Energy 
and Environmental Design (LEED) for Homes 
certification, and the National Association 
of Home Builders (NAHB), which issues the 
National Green Building certification. In 2008, 
the American National Standards Institute 
(ANSD approved the National Green Building 
Standard, which is used as part of the NAHB 
National Green Building program. 

Each of the above items is subdivided into 
great detail, and each subitem is assigned a 
number of points. Based on the total number of 
points received, houses are certified at one of 
fourlevelsof green. The green certification levels 
and the number of points required to achieve 
that level vary depending on the group that 
is doing the certifying. The LEED certification 


levels are Certified (45-59 points), Silver (60-74 
points), Gold (75-89 points), and Platinum 
(90-136 points). The NAHB certification levels, 
are Bronze (237 points), Silver (311 points), and 
Gold (395 points). 

The following checklist is from the US. 
Green Building Council’s The Green Home 
Guide. It lists those items in general terms that 
a person should look for and be aware of when 
looking for a green home. 


‘+ Location. New green homes and neigh- 
borhoods must not be built on envi- 
ronmentally sensitive sites like prime 
farmland, wetlands, and endangered 
species habitats. The greenest develop- 
ment sites are “in-fill” properties like 
former parking lots, rail yards, shop- 
ping malls, and factories. Look for com- 
pact development where the average 
housing density is at least six units per 
acre. The home should also be within 
easy walking distance of public trans- 
portation—like bus lines, light rail, and 
subway systems—so that you can leave 
your car at home. A green home should 
also be within walking distance of parks, 
schools, and stores, 

‘+ Size. No matter how many green build- 
ing elements go into the home, a 5,000- 
square-foot green home still consumes 
many more natural resources than a 
2,000-square-foot green home. The 
larger home will also require more 
heating, air conditioning, and lighting. 
If you really want a sustainable home, 
choose a smaller size. 

‘+ Building design. The home should be 
oriented on its site to bring abun- 
dant natural daylight into the interior 
to reduce lighting requirements and 
to take advantage of any prevailing 
breezes. Windows, clerestories, sky- 
lights, light monitors, light shelves, and 


other strategies should be used to bring 
daylight to the interior of the house. The 
exterior should have shading devices 
(sunshades, canopies, green screens, 
and—best of all—trees), particularly 
on the southern and western facades 
and over windows and doors, to block 
the hot summer sun. Dual-glaze win- 
dows reduce heat gain in summer and 
heat loss during cold winter months. 
The roof should be a light-colored, 
heat-reflecting Energy Star® roof, or a 
green (landscaped) roof, to reduce heat 
absorption. 

Green building materials. A green home 
will have been constructed or reno- 
vated with healthy, nontoxic building 
materials and furnishings, like low and 
zero volatile organic compound (VOC) 
paints and sealants and nontoxic mate- 
rials like strawboard for the subfloor- 
ing. Wood-based features should come 
from rapidly renewable sources like 
bamboo, but if tropical hardwoods are 
used, they must be certified by the For- 
est Stewardship Council. A green home 
uses salvaged materials like kitchen 
tiles and materials with significant 
recycled content. 

Insulation. A. nontoxic insulation, de- 
rived from materials like soybean or 
cotton, with a high R (heat resistance) 
factor in a home's walls and roof will 
help prevent cool air leakage in the 
summer and warm air leakage in the 
winter. 


Windows and doors. Windows and ex- 
terior doors should have Energy Star 
ratings and they should seal their open- 
ings tightly to avoid heat gain in sum- 
mer and heat loss in winter. 

Energy efficiency. A green home has 
energy-efficient lighting, heating, 
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cooling, and_water-heating. systems. 
Appliances should have Energy Star 
ratings. 

‘+ Renewable energy. The home should 
generate some of its own energy with 
technologies like photovoltaic (PV) 
systems. 

‘+ Water efficiency. A green home has a 
water-conserving irrigation system and 
water-efficient kitchen and bathroom 
fixtures. Look for a rainwater collection 
and storage system, particularly in drier 
regions where water is increasingly 
scarce and expensive. 

‘+ Indoor environmental quality. Natural day- 
light should reach at least 75 percent of 
the home's interior. Natural ventilation 
(via building orientation, operable win- 
dows, fans, wind chimneys, and other 
strategies) should bring plentiful fresh 
air inside the house. The heating, ven- 
tilation, and air conditioning (HVAC) 
system should filter all incoming air and 
ventstale air outside. The garage should 
not have any air handling equipment 
or return ducts, and it should have an 
exhaust fan. 

‘+ Landscaping. Vine-covered green screens, 
large canopy trees, and other land- 
scaping should shade exterior walls, 
the driveway, patios, and other paved 
areas to minimize heat islands. Yards 
should be landscaped with drought- 
tolerant plants rather than water- 
guzzling plants and grass in most 
regions. 


Along with green certification, homes are 
often rated by Energy Star, the government- 
backed symbol for superior energy efficiency. 
Products that can earn the Energy Star include 
windows, heating and cooling equipment, 
lighting, and appliances. Energy Star is a joint 
program of the U.S. Environmental Protection 
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Agency (EPA) and the US. Department of 
Energy. To earn the Energy Star, a home must 
meet guidelines for energy efficiency set by the 
US. EPA. These homes are at least 15 percent 
more energy efficient than homes built to the 
2004 International Residential Code (IRC), and 
include additional energy-saving features that 
typically make them 20 to 30 percent more 
efficient than standard homes. 

‘Typical features to look for in Energy Star— 
qualified homes include 


+ An efficient home envelope, with eff- 
ective levels of wall, floor, and attic insu- 
lation properly installed, comprehensive 
air barrier details, and high-performance 
windows 

* Efficient air distribution, where ducts 
are effectively insulated 

+ Efficient equipment for heating, cool- 
ing, and water heating 

+ Efficient lighting, including fixtures 
that earn the Energy Star 

+ Efficient appliances, including Energy 
Star-qualified dishwashers, refrigera- 
tors, and clothes washers 


In addition to the above, a green home is one 
that is environmentally sustainable. That is, 
the material used for the construction and the 
utilization of energy during the building's 
lifecycle will not compromise the health of the 
‘occupants or the ability of future generations 
to meet their own needs. Although a green 
home may be the ideal, in all probability you 
are more likely to find a home that is partially 
green than one that is certified green. 

Every year there are millions of homes 
where one or more of the home's major 
components is being replaced or upgraded, 
or a new room addition to the house is being 
planned or constructed. To a large extent the 
degree to which these items will conform 


to green principles will depend on the 
homeowner's budget and finances. 

During the construction phase of an 
addition, and in upgrading various home 
components, there are usually a number of 
different techniques, devices, materials, and 
equipment that can be used to comply with 
green principles. Discussing all of them is 
beyond the scope of this chapter. However, 
presented here is a sampling of some of the 
items that are used to green-up an existing 
house that you are likely to encounter when 
house hunting. 


Roof 


Asphalt shingles are the most common type 
of roof covering. Typically their lifespan has 
been between 15 to 25 years. When replacing 
a roof there are a number of “green” options. 
There are synthetic slate look-alikes that are 
now on the market. These products have the 
durability, texture, and appearance of natural 
slate and are lighter in weight. The materials 
used for synthetic slates are quite varied. One 
product is made from recycled steel reinforced 
rubber automobile tire treads. Others are 
made from recycled postindustrial rubber 
and plastic waste. There is also a synthetic 
slate made from ground natural slate, resin, 
and fiberglass, bonded under high pressure. 
Although synthetic slates are too new to 
comment on their life span, manufacturers 
estimate it at 40 to 60 years or more. 

Metal shingles are becoming more popular 
for residential roofing. They are available in 
several different shapes and are primarily 
made from painted or coated aluminum or 
steel panels although they are also made from 
copper. The panels are formed to resemble 
wood shakes, slate or Spanish, Roman, and 
Mediterranean tile. The shingles are durable, 
lightweight, and fire-resistant. Some have 
embedded stone chips for additional texture. 


In addition to. shingles, flat sheet metal 
roofing has also been gaining in popularity for 
residential pitched roofs. 

Also, shake-like shingles have been made 
from 100 percent recycled vinyl and cellulose 
fibers, and reclaimed wood can be reformed 
into shakes, or wooden shingles. Photovoltaic 
(PV) roof shingles are also used. They are most 
effective when the roof slope faces a southern 
or southwestern exposure. These shingles 
convert sunlight into electricity. 


Roof-mounted structures 


Some homes have thermostatically controlled 
roof-mounted attic fans, which are wired to 
the household electrical system (see discussion 
on attic fans in chapter 9). These units are 
being replaced with PV solar-powered attic 
fans, which can be mounted on a roof pitch of 
3/12 to 12/12. The PV panel on the unit can 
be adjusted from laying flat to a 45 degree 
angle. This unit qualifies for federal tax credit 
in the Solar Energy Systems category under 
Photovoltaic Systems as defined in the Energy 
Improvement and Extension Act of 2008. 
Gutters and downspouts can be an 
important part in water conservation. A simple 
rainwater collection system can be made by 
connecting the base of the downspout to a 
barrel. The water in the barrel can then be used. 
to water plants and shrubs, thereby saving the 
equivalent amount of potable water. 


Paved areas around the structure 


The driveways, walkways, and the patios 
in many homes have a surface area that 
impervious to water. As a result, rain washing 
over those areas picks up contaminants, 
pollutants, and oils that dripped from the 
underside of the family auto and carry them 
to the storm drain where they flow to the local 
water supply. Some homes have minimized 
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this problem with the use of permeable paving. 
With permeable paving, water drains naturally 
through the voids into the ground, where it 
helps torecharge the groundwater. For the most 
part, porous paving materials appear nearly 
indistinguishable from nonporous materials. 
Permeable paving can be made from asphalt, 
paving stones, bricks, or concrete. Even though 
the pavement may appear to be the same 
as traditional pavement, it is manufactured 
without the “fine” materials used in traditional 
pavement, and instead incorporates void 
spaces that allow for drainage. 


Exterior walls—siding (cladding) 
For hundreds of years wood, in the form of 
cedar shingles, shakes, and clapboard, had 
been the popular choice for siding a house. It 
was readily available, reasonably priced, and 
attractive. However, old growth forests have 
been depleted or are being depleted at a rapid 
rate, and as a result wood siding is no longer 
as readily available. Wood siding is still being 
used on houses, however; for a green house, 
the wood should be certified by the Forest 
Stewardship Council (FSC). This indicates 
that the siding came from a forest that was 
managed and harvested with sustainable 
methods. In fact, in addition to siding, all the 
lumber used for framing a green house should 
be FSC-certified. 

Fiber-cement siding is a popular cladding 
for green homes. It is made from a mixture 
of cement, sand, cellulose fibers, and other 
components. The siding is popular because 
unlike wood siding it is fire-resistant and will 
not bur. It will not rot, warp, or delaminate, 
and is resistant to termites. Itis also warranted 
to last 50 years. Fiber-cement siding can be 
textured to look like wood lap siding, shingles, 
and vertical siding, 

Vinyl siding, which is commonly used 
throughout the country because of its low 
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cost and low maintenance, does not have 
the blessings of many in the green building 
industry. Because of environmental concerns 
in the processing, manufacturing, and disposal 
of vinyl siding, there is controversy concerning, 
its use. Dioxin, an environmental toxin, is a 
by-product of the manufacturing process. Also, 
in the event of a fire, when vinyl siding burns, 
it can release toxic fumes into the atmosphere. 


Deck 


In the past most residential decks were 
constructed entirely of wood, and to a large 
extent many still are. Wood is a renewable 
resource and can easily be recycled. In 
addition to using domestic wood for decking, 
exotic South American hardwoods such as 
Ipe, Cambara, and Meranti, normally used for 
furniture, are now also being used for decking. 
The hardwoods are beautiful, durable, and 
rot- and insect-resistant. Bamboo is also being 
used for decking. Of course, all wood decking 
should be FSC-certified. 

In the last 20 years, composite decking has 
been displacing wood as the decking material 
of choice. Its popularity stems from the fact 
that it does not require waterproofing and 
's damage from weather and insects, and 
splinter-free. They are available in different 
colors and textures, which give the appearance 
of wood. The composites are generally made 
of recycled plastics such as shopping bags and 
wastewood fibers from reclaimed wood and 
sawdust. They are not intended for structural 
use. The structural support for those decks 
that use composite lumber, the joists, beams, 
and posts, will still be made of wood. 


Windows 
A big percentage of the heat loss in a house 
‘occurs at the windows. Most of the homes built 
before 1985 were erected with single glazed 


window panes. No doubt many windows 
have already been replaced, with many more 
due for replacement. A minimum replacement 
window for a green home is one that is wood 
framed and double glazed. A better window is, 
one where the void between the panes is filled 
with an inert gas such as argon or krypton, 
which are better insulators than air. The best 
window is one where the glazing has a low- 
emissivity (low-e) coating. Depending on the 
climate that the house is located in, the low-e 
coating can be used to reflect the heat back 
into the house during the winter and reflect 
the sun’s rays away during the summer. 

Vinyl frame windows have also been 
used in green homes. The downside, however, 
is that vinyl manufacturing and incineration 
create dioxin, a highly carcinogenic chemical. 
Fiberglass frames are also energy-efficient but 
are more expensive than vinyl. Regardless of 
which windows are used they should have the 
Energy Star label indicating that they are high- 
performance windows. 


Structural framing 


Mostexisting homes were built with traditional 
2x 4", 16” on-center framing. With green 
homes the recommended framing is 2 x 6”, 
24” on-center. This will not only save wood, 
but the additional depth of the wall allows for 
increased insulation, which in turn reduces 
heat loss and saves on fuel. Instead of stick- 
built exterior walls, some green homes have 
walls built with structural insulated panels 
(SIPs). These panels consist of a foam core 
of expanded polystyrene (EPS) sandwiched 
between two layers of oriented strand board 
(OSB). Typically, panels are 4 to 24 feet wide, 
8 or 9 feet high, and made in thicknesses of 
4% or 6% inches. SIPs are 35 percent more 
energy-efficient than stick frame walls and 
are approximately 50 percent stronger than 
standard construction. 


Heating, ventilation, and air-conditioning (HVAC) 


Framing of the interior portion of 
the house can be done with conventional 
lumber; however, engineered lumber has 
replaced solid-sawn lumber as the framing 
and structural support members of choice by 
builders in many newer homes and in homes 
that are currently being built. The decision is 
based on the fact that engineered lumber can 
be ordered to specific dimensions so that there 
is less wasted wood. Also, the lumber can be 
made from small-diameter, fast-growing trees 
that are grown in tree farms. The advantage of 
engineered lumber is that itis stronger, stiffer, 
and more dimensionally stable than solid-sawn 
dimensional lumber. Although the lumber is 
initially more expensive, the total installed 
costs are less than that of conventional lumber. 
The following products fall in the category of 
engineered lumber: Glued laminated beams 
(glulam), laminated veneer lumber (LVL), 
Hoists, and open web truss-joists. Glulam 
and wood [joists can carry greater loads over 
longer spans than is possible with solid-sawn 
lumber of the same size. Because of their “I” 
ectional shape, wood I-joists weigh up 
to 60 percent less than umber joists, making 
them easier to handle. They generally do not 
shrink, warp, cup, crown, or twist. As with 
all green homes, the wood used for framing 
should have the Forest Stewardship Council 
certification. 


cros 


Heating, ventilation, and 
air-conditioning (HVAC) 
‘The heating and cooling equipment in a house 
provides a comfortable environment, but it is 
also a major consumer of energy. In homes 
that have been “greened up,” the heating 
unit (furnace or boiler) is often replaced with 
a unit that has the Energy Star label. That is, 
the conventional heating unit, which had an 
operating efficiency of about 60 to 65 percent, 
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has been replaced with a condensing boiler or 
furnace with an operating efficiency of about 
90 percent. The increase in efficiency results 
from a redesign of the heat exchanger, which 
extracts the heat from the exhaust gases that 
normally flow up the chimney. During this 
process, the temperature of the exhaust gases 
drops to a point where the water vapor in the 
exhaust gases condenses, thereby releasing 
additional heat. With the conventional furnace, 
the temperature of the flue gases is about 
450-550° F. With the high-efficiency units, it’s 
about 120-130? F. 

An HVAC system that you are more likely 
to find in new construction than in existing 
homes is a geothermal heating and cooling 
system. This system is basically a modified 
heat pump often referred to 
as a ground source heat pump. Unlike an air 
source heat pump where the compressor/ 
condenser is located on the outside of the 
house, the geothermal heat pump is generally 
located in the basement or utility room. It is 
packaged in a single cabinet that includes the 
compressor, refrigerant heat exchanger, and 
various controls. The system uses the earth 
a heat source in the winter, and heat sink in 
the summer. It takes advantage of the earth's 
relatively constant temperature, at depths 
below the frost line, of 40° to 55° F year round. 
The system circulates a water/antifreeze 
solution through a loop of high-density poly- 
ethylene pipe that is buried in the ground. 
There are two basic types of loops used with 
this system: closed and open. The simplest, 
but less common, open loop system circulates 
a constant source of ground water through the 
heat pump’s heat exchanger, and discharges it 
back to the same aquifer. However, the supply 
and return lines must be placed far enough 
apart to ensure thermal recharge of the source. 
The open loop can also work with a stream, 
well, or pond, although in some areas this 
creates environmental concerns 
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Ina closed loop system, depending on the 
ground conditions and available space, the 
polyethylene pipe can be laid out vertically 
in holes 75 to 500 feet deep or horizontally in 
trenches dug below the frost line. Where there 
is a pond or stream that is deep enough and 
with enough flow, closed loop coils can be 
placed on the bottom of the pond or stream. 
Depending on which cycle the system is 
operating under (heating or cooling), the 
water /antifreeze solution circulating through 
the heat exchanger in the heat pump cabinet 
adds or extracts heat. It has been estimated that 
a homeowner may save anywhere from 20 to 
60 percent annually on utilities by switching 
from an ordinary system to a ground source 
system. 


Water heating 

Many geothermal systems installed today are 
equipped with desuperheaters, which provide 
domestic hot water when the system is prov- 
iding heat or air conditioning. A desuperheater 
isa small auxiliary heat-recovery system at the 
compressor outlet that uses superheated gases 
from the heat pump’s compressor to heat 
water, which then circulates through a pipe to 
the home's water heater tank. In the summer, 
when the air conditioning runs frequently, a 
desuperheater can provide all the hot water 
needed by a household virtually for free. 
However, it provides less hot water during the 
winter months, and none during the spring 
and fall months if the system is not operating. 
‘The home's conventional water heater is then 
used to meet household hot water needs in 
winter if the desuperheater isn’t producing 
enough hot water and in spring and fall when 
the geothermal heating and cooling system 
may not be operating at all. 


As discussed above, there is no single fixed 
definition of a green home. It is interpreted 


in many different ways. It encompasses envi- 
ronmentally sustainable construction, which 
is the responsible use of natural resources, 
and how it affects the quality of life for both 
present and future generations. It’s more than 
energy conservation; it includes the impact on 
the environment, the site the house is located 
on, the material used for construction, the use 


of nontoxic and renewable material for deco- 
rating, the efficient use of water and its associ- 
ated fixtures, the quality of the indoor air, and 
whether the project has a global impact. At the 
present time, from a home inspection point of 
view, you are more likely to find an existing 
home that has been “greened up” than a home 
that has been certified as a green home. 
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For most families, the purchase of a home 
is an emotionally charged event filled with 
anxiety, hopeful dreams, and sometimes 
disappointments after moving in. The dis- 
appointment, however, can be avoided or at 
east minimized if you know the true condition 
of the house that you are buying. Prior to 
purchasing the house, you or a professional 
should perform a home inspection. 


Professional home inspection 
The purpose of this book is to provide 
sufficient background material and an overall 
procedure, so that you can perform a technical 
inspection of the house you are considering 
buying or the one you are currently living in. 
As previously pointed out, at times the services 
of a professional home inspector are necessary. 
A professional inspector, however, will not 
inspect in as detailed a fashion as suggested in 
this book. He or she will normally not operate 
every window; check every light switch; check 
the temperature of every radiator; indicate 
every cracked wall, floor, or ceiling (unless the 
crack represents a structural problem); check 
the caulking at every joint; and so on. 


312. Conclusion 


‘The main concerns of an inspector are the 
major problems or deficiencies, ones that will 
be costly to correct and ones that pose a health, 
safety, or fire hazard. Because of the inspector's, 
training and experience, he or she is better able 
than a layperson to pick up problems through 
a more cursory inspection and relate problem 
conditions in one area to difficulties in another. 

When selecting a professional home 
inspector, choose one whose sole endeavor is 
inspection. It is advisable not to use an ins- 
pector who is affiliated with an exterminating 
company, a real estate broker, or a contractor 
(plumber, electrician, roofer, and so on). The 
inspector must be completely unbiased and 
must not have a vested interest in finding 
problem conditions. Licensed professional 
engineers who specialize in home inspections 
have an advantage (because of their training) 
in that they can evaluate certain problems in 
depth. 


Home inspection limitations 
A home inspection is not perfect and will not 
necessarily reveal every problem, but it is 
the best thing available. A home inspection 
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is basically a visual inspection as well as 
an operational check of the various visible 
elements and components of the house. If 
performed in the manner suggested herein, 
you should have a fairly good picture of 
the condition of the house at the time of the 
inspection. By taking into account the age and 
present condition of various items, predictions 
can usually be made about future problems. 

However, a home inspection cannot reveal 
a deficiency or problem if the conditions 
causing it are not visible. The following are just 
a few examples of such possible situations: 


* A house with a concrete block 
foundation may have termite infestation 
in the voids of the foundation walls. 
This condition would not be visible 
during an inspection. Nevertheless, a 
week later there may be visible termite 
shelter tubes or a swarm. 

© A basement or crawl space can be 
“bone dry” for the first three years and 
then flood in the fourth year because of 
a new building development nearby. 

© The operation of a septic system 
depends on the condition (porosity and 
degree of saturation) of the subsoil in 
the leaching field, an item that is not 
readily apparent during an inspection. 
Depending on the weather, the level 
of the water table, and the usage prior 
to the inspection, it is possible for a 
malfunctioning septic system to appear 
to operate properly during the time it 
takes to perform an inspection, 

‘* If there is an inadequately insulated 
water pipe in an exterior wall, it can 
freeze and burst during a severe cold 
spell. Since the pipe would not be visible 
during an inspection, the condition 
would not be detected. 


Even with such limitations, a proper home 
inspection will reveal considerable informa- 


tion about the house that very often even the 
owner does not know. 


Real estate warranty program 
Many homes throughout the United States are 
being sold with a warranty protection plan for 
the buyer. The warranty usually covers the 
following components: 


Electrical system 
Heating system 

Water heater 

Plumbing system 

Central air-conditioning system. 
Built-in appliances 


It is in effect for the first year that the 
buyer owns the house. The warranties are 
usually made available to the buyer through 
the real estate broker. Not all brokers, however, 
are affiliated with companies that offer home 
warranties. 

‘The home warranties that are currently 
available when you buy a house are very 
limited in scope and should not be considered 
a replacement for a home inspection. The 
warranty is basically an insurance plan that will 
protect the new homeowner against defects 
or malfunctions in the covered components, 
and nothing more. When you are planning 
on buying a house, many questions about the 
house should beanswered so that you can make 
an intelligent decision. These questions concern 
items that are not covered by the warranty, and 
their answers can have a significant impact on 
the true cost of buying the house. Remember, the 
true cost of a house is the purchase price phus the 
costs for upgrading substandard, deteriorated, 
or malfunctioning components. 

For example, the electrical system is cove- 
red against defects under the warranty. The 
fact that the electrical service in the house 
might be totally inadequate (110 volts at 
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30 amps) and would have to be upgraded at 
a considerable expense is not covered by the 
warranty. Alsonot covered by the warranty but 
costly tocorrectarebasementsthataresubjected 
to periodic water penetration, structural 
damage to the foundation and woodframing, 
termite infestation and deterioration, roof 
replacement, and improvements needed for 
energy conservation. In addition, items of 
concern are general and latent defects such 
as an inadequately ventilated attic. A home 
warranty is definitely of value as long as you 
realize that it is not the answer to all of your 
questions or potential problems. 


Private home inspection 
warranty programs 

For an additional fee, some private 
home inspection companies offer a warranty 
protection plan after they inspect the hot 
‘The warranty applies for a twelve-month period 
and is usually effective from the day of the 
inspection or the transfer of title. The warranty 
plan is basically an insurance program. In fact, 
in some states, inspection companies have 
been forced to drop their warranty programs 
because they were not licensed by the state 
insurance commission to sell insurance. 

As with all types of insurance, you should 
know exactly what you are buying before you 
put your money down. The warranty plan 
protects the buyer against defects in most of the 
major housing components, providing that the 
components are in reasonably good condition 
to begin with. If during the inspection any 
covered component is judged to be in les 
than satisfactory condition, it is excluded 
from coverage, although this is not reflected 
in the warranty fee. Also, for an item such 
as the roof, there is usually a prorated repair 
schedule that is a function of age. For example, 
in one plan if the roof is nine years old (which 
is not considered old or even aging), only 
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30 percent of the repair or replacement costs 
are covered. If the deductible (which might be 
$250 or $500) is subtracted, there might not be 
any coverage. 

‘The warranty agreement should be read 
very carefully. In addition to items excluded 
because of condition or age, many components 
that are costly to correct are often not included 
in the plan. As with real estate warranty plans, 
these warranties can also be of value as long 
as you know exactly what you are buying and 
understand the limitations 


Manufacturers’ warranties 


Many of the components and items in a 
house have the manufacturer's guarantee or 
warranty against defects for a specific number 
of years. Items that are usually covered are 
the furnace, water heater, roof shingles, well 
pump, air-conditioning compressor, and 
electrical appliances. If you are purchasing a 
relatively new house or are in an older house 
any of the above components are relatively 
new (because of replacement), you should 
obtain the warranties or bills of sale. Many 
warranties are transferable to a new owner. 
Also, if the house has been termite-proofed, 
do not forget to get a copy of the guarantee if 
it is still in effect. 


Contract 


Many lawyers indicate that the best time to 
inspect a house you are considering buying 
signing the contract. This avoids the 
that can develop if the contract 
has already been signed and the subsequent 
inspection reveals major deficiencies in 
the house. Often the buyer wants a price 
adjustment or wants to back out of the deal 
By inspecting the house before signing the 
contract, the correction of problems and 
deficiencies can be written into the contract. 


Ina seller's market, however, the buyer might 
feel pressured into signing the contract prior 
to the inspection in fear of having the house 
sold to another buyer before the inspection 
has been performed. 

If you do sign a contract before the hous 
has been inspected, for your protection, 
the contract should include an “inspection 
contingency” clause. 

It is important that the clause be broad 
enough to include all the major problems 
that can occur in a house. Otherwise, there 
might be legal problems in backing out of the 
deal because of a major defect that was not 
covered in the contract. For example, many 
years ago I received a telephone call from a 
buyer for whom had donea home inspection. 
The buyer indicated that his contract had an 
inspection clause that provided him with the 
option of declaring the contract null and void 
if there were structural deficiencies. That was 
basically the extent of the clause; it was very 
limited. My inspection had revealed that the 
electrical service was inadequate, that the 
heating system had to be replaced, and that 
there was evidence of water penetration into 
the basement. After the inspection, the buyer 
decided that he no longer wanted to buy the 
house. He called to find out if the problem 
items were considered structural deficiencies. 
No, they were not, and unfortunately, because 
of the wording in the contract, the buyer lost 
part of his deposit. 

One contingency clause that has been used 
states that the sales agreement is contingent 
upon having a home inspection within 1 days 
of the signing. The inspection is defined to 
include a physical check of the exterior and 
interior components of the house (including 
the structural integrity of the building) and 
the condition of the electrical and mechanical 
equipment. If the inspection reveals any defects 


for which the cost exceeds $1, the buyer should. 
have the following options: have defects 
corrected by the seller; negotiate the cost of the 
corrections with the seller; or declare the sales 
agreement null and void. The limitation of this, 
clause is in defining the means by which the 
costs for correcting the defects are determined. 

‘Toavoid this type of problem, one attorney 
I know uses the following clause: 


This contract is contingent upon the 
Purchaser's making, or having made on 
his behalf by another, a physical inspection 
of the entire premises. If such inspection 
reveals any condition or state of facts 
unsatisfactory to the Purchaser, in his sole 
discretion, the Purchaser shall receive back 
all monies paid hereunder. Upon receipt of 
said monies, this agreement shall be mull 
‘and void, and neither party under any 
abligation whatsoever to the other. 


This clause might not be valid in your state. To 
avoid any legal entanglement, your best bet is, 
to consult an attorney. 

‘As mentioned in chapter 1, just before 
the contract closing you should perform a 
final “walk-through” inspection of the house. 
Although most sellers will not deny you the 
right to make this inspection, itis not ensured. 
Consequently, the right to a final walk- 
through inspection should be made part of the 
contract. 

No two houses are alike. Just as a 
person changes with age, so does a house. 
Regardless of whether you are a home buyer 
or a homeowner, it is important to know the 
true condition of the house. With this book, 
you are now prepared to find out. Try doing 
the inspection yourself. It’s really a lot of fun. 
Worksheets are provided on which you can 
record your observations. Good luck! 
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Appendix 


Home inspector 
requirements 


Ina little over 30 years, home inspection as a 
service to home buyers has morphed from a 
part-time activity, by a number of individuals 
workinginandaroundlargemetropolitanareas, 
into a mature profession that has been accepted 
and recommended by government agencies. 
When I started my home inspection company 
in 1971 there were no specific requirements 
covering the items in a house to be inspected, 
and there were no specific qualifications to be 
an inspector. At that time anyone could hang 
out a shingle claiming to be a home inspector. 
‘Things started to change when we formed the 
American Society of Home Inspectors (ASHI. 
In January 1976 a small group of independent 
inspectors met and discussed the need to form 
a nonprofit professional organization. We 
recognized that in order for inspectors to be 
accepted by the publicas professionals, it would 
be necessary to establish an organization that 
has a set of standards regarding those items to 
be inspected, a code of ethics, and membership 
requirements. 

Today, ASHI is the largest national pro- 
fessional organization of home inspectors 
with 88 local ASHI chapters servicing thou- 
sands of members throughout the United 
States and Canada. ASHI’s Standards of 
Practice, Code of Ethics, and membership 
requirements are included at the end of this, 
appendix. As the profession of home inspec- 
tion matured, additional national organiza- 
tions were formed to promote excellence and 
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professionalism by also providing a set of 
standards and a code of ethics and providing 
educational opportunities such as technical 
seminars, continuing education courses, and 
monthly meetings at which there are relevant 
speakers and where members can exchange 
ideas and network. 

National home inspection organizations 
and their date of establishment are 


‘* American Society of Home Inspectors 
(ASHD)—1976 


+ National Association of Home 
Inspectors (NAHI)—1987 
+ National Association of Building 


Inspection Engineers (NABIE)—1989 

‘+ Housing Inspection Foundation (HIF)— 
1989 

‘+ National Association of Certified Home 
Inspectors (NACH) —1990 

‘+ Canadian Association of Home & Prop- 
erty Inspectors (CAHPI)—1994 

‘+ National Society of Home Inspectors 
(NSHD—2003 


In addition to the national home inspection 
organizations above, there is also a number of 
independentstatehomeinspection associations 
as listed below: 


‘+ California Real Estate Inspection Asso- 
ciation (CREIA)—1976 

‘+ Texas Association of Real Estate Inspec- 
tors (TARE —1977 

‘+ Minnesota Society of Home Inspectors 
(MSHD—1979 


+ Georgia Association of Home Inspec- 
tors (GAHD—1989 

‘* Connecticut Association of 
Inspectors (CAHD—1992 

‘+ Kentucky Real Estate Inspection Asso- 
ciation, Inc. (KREIA)—1992 

‘+ Arkansas Association of Real Estate 
Inspectors (AARED—1993 

‘+ Wisconsin Association of Home Inspec 
tors, Incorporated (WAHD—1995, 

‘+ North Carolina Licensed Home Inspec 
tor Association (NCLHIA)—1997 


Home 


+ Southern Nevada Association of 
Professional Property Inspectors 
(SNAPP)—1998 


As of this writing, 32 states have enacted 
legislation that requires individuals perform- 
ing home inspections to become licensed. 
This further ensures professionalism and 
provides consumer protection by preventing 
anyone who is not licensed by the state from 
holding oneself out as a home inspector, or 
from performing a home inspection. Although 
licensing requirements vary from state to state, 
‘most require the candidate to take the National 
Home Inspection Examination or equivalent, as 
a means of assessing their competence. Some 
states also require the candidate to successfully 
complete an exam of ASHI standards and ethics. 
The national examination is administered by 
Pearson VUE at more than 215 proctored test 
center locations throughout the United States, 
Canada, and Puerto Rico. Inaddition to theexam, 
depending on the state, there are requirements 
that the candidate must successfully complete 60 
to 180 hours of classroom instruction, approved 
by the state, with some states also requiring 
40 hours of field-based instruction; moreover, the 
candidate must have both liability insurance and 
errors and omission insurance, and must have 
completed 100 to 200 fee-paid inspections under 
the supervision of a licensed home inspector. 


Included in this appendix is a 128-ques- 
tion quiz along with the answers. The quiz 
is based on the inspection information that is 
presented in this book. It is not intended as a 
study guide for the National Home Inspection 
Examination. However, it is a good check on 
your understanding of some of the basics of 
home inspection. If you are interested in tak- 
ing the national exam, the national organiza- 
tions or their local chapters can provide you 
with information on schools that provide 
training for the exam. 

Once the candidate is approved for 
licensing, he or she must abide by the rules 
and regulations set out by the legislation. 
An example of an item that is included in 
the legislation of one state is the preinspec- 
tion agreement. There is a requirement that 
the home inspector must send a preinspec- 
tion agreement to the client no later than 
one business day after the appointment for 
the home inspection is made. The agreement 
must contain, among other things, the fee and 
a description of the systems and components 
that will be inspected, as well as those items 
that are not part of the home inspection. The 
preinspection agreement is also required to 
contain a description of any and alll services 
not part of the home inspection for which the 
client is charged an additional fee. The agree- 
ment must be executed prior to the start of 
the home inspection. 

In some states, these two areas of concern 
are not part of a home inspection and require 
the inspector to have a separate license in 
order to evaluate them: the presence of wood- 
destroying organisms and the condition of the 
septic system. A seperate license is also needed 
to performa test or collect samples to check for 
environmental hazards, such as a high radon 
concentration in the house and the presence of 
mold, asbestos, and lead in the water or paint. 
‘Those tests or samples must then be analyzed 
by a certified laboratory. 
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Depending on thestate, the licensing legis- 
lation may also contain a standards of practice 
section, which outlines in considerable detail 
those systems and components in a house that 
must be inspected, as well as those items that 
must be included in a written report to the cli- 
ent. The licensing law can be quite specific. 
One state, New Jersey, has included in its 
legislation a mandatory tools and equipment 
requirement. It states that all home inspectors 
during the performance of an inspection must 
be equipped with the following minimum 
tools and equipment; the inspector, however, 
is not limited to that list and can use additional 
tools and equipment. 


1. A ladder, minimum 11 feet in length. 

2. A flashlight, or another equivalent light 
source, with a minimum 15,000 candle- 
power illumination. 

3. A flame inspection mirror. 

4. An electrical outlet tester with ground 
fault circuit interrupter (GFCD test 
ability. 

5. Tools necessary to remove common 
fasteners on covers or panels that are 
required to be removed for inspection. 

6. A measuring tape. 

7. Aprobe. 

8. Thermometers 
conditioning. 


for testing air 
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9. Binoculars with a magnification 
between 8 x 42 and 10 x 50. 


10. A moisture meter. 

11. Combustible gas 
equipment. 

12. A voltage detector. 


leak detection 


Depending on the state requirements, when 
renewing the home inspection license, the 
inspector must attest or provide information 
showing successful completion of 10 to 
40 hours of continuing education units (CEUs) 
per renewal period. 

In most of those states that do not license 
home inspectors, there is usually a statute 
concerning the field of home inspection. In 
the statute there is a requirement that the 
inspector must be a member of a national or 
a state home inspection organization. This 
has helped the profession to be self-regulat- 
ing. When there is a new inspector in town 
the more-experienced inspectors will check 
to determine whether or not the new inspec- 
tor is a member of a national or state inspec- 
tion organization. They check because the 
new inspector is more competition for them. 
If he or she is not a member of a national or 
state home inspection organization, which 
have strict membership requirements, the 
new inspector is encouraged to join one of the 
organizations 


Quiz based on The Complete Book of Home Inspection 


A home inspection should begin on the 
a) exterior 

b) roof 

©) crawlspace 

d) interior 

e) electrical system 


. Roof sheathing is another term for 
a) wood shingles 
b) the roof deck 
©) thatched roofs 
d) roof runoff 
e) rain gutters 


;. The most common form of roof shingle 
used in this country is 
a) wood shingles 
b) asphalt shingles 
©) concrete tile 
d) synthetic shakes 
e) tarand gravel 


. On a 17-year-old asphalt shingle roof, 
you would expect to find the shingles on 
the slope more weathered than 
the shingles on the other slopes. 

a) easterly 
b) northerly 
©) southerly 
d) westerly 
©) none of the above 


.. A Cedar Breather is 


a) a beetle found in cedar shingles 

b)_anylon matrix underlayment for cedar 
shingles 

©) a finish coating on cedar shingles 

d) used for regenerating the odor in a 
cedar closet 

©) a device for removing moss from cedar 
shingles 


6. The most durable roof covering is 
a) modified bitumen 
b) treated shakes 
©) tile 
) 40-year dimensional asphalt shingles 
e) slate 


7. Ponded water on a flat roof that was not 

designed to hold standing water 

a) is desirable because it can reduce the 
heat load in summer 

b) is especially valuable in freezing weather 

©) must be maintained by hosing the roof 
in summer 

d) has more disadvantages than advan- 
tages and should be avoided 

e) is acceptable only on metal roofs 


8, Single-ply membranes 
a) are used as an underlayment below 
shingle roofs 
b) are used on steeply sloped tile roofs 
©) can only be found on commercial roofs 
4) are vulnerable to leakage at seams 
€) cannot be covered with gravel 


9. If the owner says the chimney has been 

leaning for 15 years 

a) it has withstood the test of time and is 
presumed safe 

b) corrective action is still needed 

©) itis because of uniform deterioration of 
the mortar on alll sides of the chimney 

¢) the chimney is not a potential hazard 

e) the owner probably removed an antenna 
from the chimney 


10. A chimney cricket 
a) an insect that nests in the chimney 
b) also known as a saddle 
©) found on every chimney 
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i. 


12. 


1B. 


4. 


6. 


4d) a code requirement 
e) able to prevent downdrafts 


Vent stacks 

a) are parts of the plumbing system that 
project through the roof surface 

) should not go all the way through the roof 

©) are self-sealing and not vulnerable to 
roof leakage 

d) need not be checked unless doing a 
smoke bomb test of the septic tank 

e) should end below the eaves 


The absence of rain gutters 

a) is a design defect, especially in snow 
country 

b) indicates that the soils are not expans 

©) should be noted on your worksheet 

4) is normal in houses with eaves having 
sufficient overhang, 

e) shows that the owner removed them 
rather than repaint them 


ve 


Rain gutters without seams 
a) are always copper 

b) can be aluminum, 

©) are not subject to corrosion 
d) do not require painting 

e) are an impossibility 


The acceptable difference 

between stair risers 

a) should be less than one inch 

b) can be any amount when the steps are 
not level 

©) should be zero to avoid potential trip- 
ping hazards 

4d) can be any amount as long as there is a 
handrail 

e) can be inch 


in height 


Sheathing on exterior walls 
a) is inappropriate and belongs only on 
the roof 
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16. 


1. 


18. 


19. 


b) is installed to provide bracing and 
minimize air infiltration 

©) cannot also be the exterior 
material 

d) must be made of solid material, not 
fiberboard or gypsum 

e) is always used as the nailing base for 
exterior siding 


ing 


When inspecting siding, it is important to 

pay special attention to 

a) the areas facing the north 

b) the area facing the prevailing winds 

©) the second story 

4) the areas facing east 

e) the sections that face south or south- 
westerly 


If you find vines growing up an exterior 

wall 

a) you should consider removing them 

b) you are not responsible for inspecting 
the siding in that area 

©) the vines provide extra insulating value 

4) there is no problem as long as this is on 
a south-facing wall 

e) the paint is being protected from sun- 
light and will be OK 


Aluminum siding 

a) is sometimes required to be grounded 

b) never needs repainting 

©) is durable and resistant to mechanical 
damage from impact 

4) is never used in new construction 

e) cannot incorporate insulation due to 
condensation problems 


Stucco siding 

a) is a concrete sheet that is poured first 
then applied to a wall 

b) is made of recycled marble 

©) can be applied to curved or irregular- 
shaped surfaces 


20. 


21 


22, 


23, 


24, 


4d) adheres directly to sheathing material 
e) is built up in five or six coats 


EIFS is the acronym for 
a) Exterior Interior Flame Safety 

b) Easily Installed Flue Shutoff 

©) Exterior Insulation Finish System 
d) Exterior Interior Final Siding, 

e) Every Interrupt Fault System 


Fiber-cement wall shingles are popular 

because they 

a) will not rot 

b) will not warp 

©) will not delaminate 

d) are resistant to termites 

) alll of the above 

In a brick veneer wall, the weakest 

point is 

a) the space between the bricks and the 
foundation 

b) the metal ties to the wall frame 

©) the mortar between the bricks 

d) the weep holes 

e) the area over 
openings 


window or door 


Exterior trim 

a) includes all portions of the exterior 
finish other than the siding 

b) serves a structural function 

©) isinstalled in addition to the protection 
for joints and edges 

4d) refers only to wood and not to metal 

e) cannot be exposed to the weather 


The most common type of window in 
older homes is 

a) awning window 

b) horizontal sliding window 

©) casement style 

¢) Craftsman style 

e) double-hung 


25. 


26. 


27. 


28. 


29. 


Jalousie refers to a style or type of 
a) soffit 

b) window 

©) porch 

) cornice 

e) tango 


Aswaleisa 


b) type of marine mammal 
©) Teach field for a septic tank system 
4) junction box for an underground drain- 


sssion in the ground to intercept 
and redirect surface runoff 


A high water table 

a) is especially good when there isa septic 
tank 

b) has nothing to do with local rainfall 

©) can be lowered by puncturing the 
ground 

4) will likely lead to flooding in basements 

e) is never within 20 feet of the ground 
surface 


A dry retaining wall is one constructed 

a) without weep holes to let water out 

b) only in areas where the soils percolate 
moisture readily 

©) without mortar 

) with the footing at least two feet below 
the frost line 

e) inone piece 


A retaining wall must be designed or 
approved by a licensed engineer if it is 
taller than 

a) 3 feet 

b) 4 feet 

©) 5 feet 

d) 6 feet 

©) 7 feet 


Quiz 321 


30. 


31. 


32. 


33. 


34. 


Where deck joists attach to a house, they 

should be secured by 

a) being toe-nailed into a header 

b) toe-nails and a ledger, or by metal 
brackets 

©) notches in the siding material 

d) diagonal braces 

€) posts set into the siding 


Wood decks 

a) that show any signs of deterioration 
should be replaced completely 

b) should have proper drainage slope on 
the surface 

©) do not require guardrails except on 

second stories and balconies 

should have repairs or replacement of 

deteriorated planks as needed 

e) must always be constructed with 
pressure-treated pine 


@) 


Composite decks 

a) are constructed entirely of wood 

b) are maintenance free 

©) do not expand and contract with tem- 
perature changes 

4d) can be used for structural members 

e) use wood for the structural support 
members 


Free-standing decks 

a) require two or more additional posts 

b) are as safe and secure as attached decks 

©) need diagonal bracing between the 
posts and the beams 

d) all of the above 

e) have posts that do not extend below 
the frost line 


A door between the house and the garage 

a) should have a metal surface on the 
house side 

b) must not be on a higher elevation than 
the garage floor 
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35, 


37. 


©) should be self-closing 
4) cannot have a tight seal 
e) may not be solid wood 


A wall between the garage and the house 

a) may not have the attic entrance hatch, 
even if covered 

b) should have vents to the crawlspace or 
basement 

©) need not be inspected if covered with 
storage shelving 

d) may have exposed wood framing if the 
rest of the garage is also open 

e) must be covered with plaster, stucco, 
or other fire-resistant material 


Garage doors with automatic openers 

a) should be checked for automatic 
reversal of the door 

b) need not be tested if the garage is 
detached from the main house 

©) should be tested only by disconnecting 

them from the automatic opener 

should only be tested by operating the 

remote control 

e) cannot be single-piece doors 


@d 


Garage door are 

used to 

a) prevent the door from closing too fast 

b) prevent the spring from whipping 
around in the event it breaks 

©) prevent the rollers from slipping out of 
the channels 

4) prevent fingers from getting crushed in 
door sections 

e) prevent the door from reversing auto- 
matically 


restraining cables 


The insect that causes the most damage to 
houses in the United States is the 

a) powder post beetle 

b) subterranean termite 

©) drywood termite 


‘more thai 


Man had scarcely learned how to 
use metals fr his purposes when 
the desire to jin them arose in 
him. Many of the pieces of jew 
‘ly, tools and weapons we know 
from the Bronze Age owe thelr 
usefulness and beauty to the art of 
soldering 


‘Today, itis ifcult to say who ist 
discovered how to “glue” metals 
One thing is certain -the gold 
smiths of ancient Egypt knew how 
to oin gold and siver already more 
than 5,000 years ago. Their col- 
leagues in Troy were also master 
craftsmen long before the ancient 
“Teutons could even dream of such 
handicraft. Soldering really "came 
‘of age" when tin was discovered 


5,000 years already 


8a joining metal. And that was, 
after al, already 4,000 years ago! 


From then on, soldering technology 
was on is way I fst spread around 
the Mediterranean, The Cretans 
showed i fo the Etuscans who then 
taught itto the Romans, Tunisians, 
Spaniards, folowed by many oters 
Including the less developed cultures 
ofthe time ~ the Swiss, Bohemians, 
Hungarians, Teutons and Scandina- 
vians. From culture to culture, rom 
‘generation to generation, the rat of 
soldering was continuously improved 
and refined. 


‘The ancient Romans already laid 
down and soldered 400 km of leaden 
ale pipes, conjured up stoves and 
bathtubs from bronze sheets, not to 
‘mention the excellent craftsmanship 
of ther armorers and goldsmiths, 
‘Apat from crfismanshipin solder- 
Ing our understanding ofthe sc- 
‘ence of soldering has grown and has 
been refined over the centuries 


Soldering - a never-ending story 


Today, sft soldering in he electron. 
les industry has developed into a 
fulledged production technol 

gy, encompassing the fields of 
mechanics, chemistry, physics 

‘and metallurgy. Emst Sachs, the 
founder of Ersa (te company name 
consists ofthe inal ltters of his 
frst and last name) contributed to 
this development. In 1924 he deve- 
‘oped the fist electrically operated 
soldering ion forthe industy that 
was manufactured in series, Since 
that time, Ersa has committed itself 
to the further development and 
perfection of soldering technology 
with great passion and extending i 
full power af innovation 


Today, Ersa sands forte most 
comprehensive product ange in 
the sof soldering technology word- 
wide and for more than 90 years of 
industry experience and innovation, 
know-how and highest product 
cual 


‘The Ersa soldering iron product 
range covers ullra-ne solder 

ing is, lasical soldering rons 
powered from the standard power 
net and special soldering tools upto 
the 550 W hammer saldering ron. 
Ersa's electronically temperature 
Controlled soldering stations repre- 
sent the industry standard, as does 
the extensive range of rework and 


39, 


40. 


41 
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@) carpenter ant 
e) dampwood termite 


In general, subterranean termites 

a) are very fast working and immediately 
destructive 

b) are likely to colonize within the home 
near the heating plant 

© can be permanently eradicated by 
pesticides and termite barriers 

@) are social insects with a rigid caste 
structure 

e) are rare in California and the Southeast 


Termite baits are 

a) considerably less toxic that most liquid 
termiticides 

b) slow-acting poisons combined with a 
termite food material 

©) usually installed in plastic tubes or 
boxes 

4) used by pest control operators 

) alll of the above 


Fiberglass batt insulation in an unfinished 

attic 

a) should be placed between rafters with 
the foil side showing 

b) should be placed between joists with 
the foil facing toward the attic 

©) is not necessary in warm climates such 
as California 

4d) should be placed between joists with 
the foil facing toward the heated por- 
tion of the structure 

e) should be slit to allow water vapor to 
escape 


Attic ventilation 

a) is not necessary in climates with no 
snowfall 

b) is very difficult to upgrade 

© is important in both summer and 
winter 
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4) should not be provided by openings in 
gable walls 

©) is typically provided by ducts from the 
Kitchen range hood 


An air admittance valve (AAV) 

a) isa pressure-actuated one-way mechan- 
ical vent 

b) isa code requirement 

©) allows sewer gases to vent to the attic 

) negates the need for vent stacks 

e) is only effective on rainy days 


Defective Chinese drywall 

a) isa gypsum wallboard made in China 

b) produces a rotten egg odor 

©) causes air-conditioning 
corrode 

4) causes copper plumbing and electrical 
wiring to corrode 

e) all of the above 


coils to 


Squeaks in flooring, 

a) indicate a significant structural defect 

b) are generally difficult to eliminate 

©) canbe easily repaired, especially on the 
second floor 

4) indicate problems with water vapor 

€) can be corrected by carpeting 


Roof truss uplift causes 
in door frames 

in joint between floor and walls 
in joint between walls and 


ceiling 
4) cracks in window frames 
©) permanent sag in roof ridge 


Ifa thermal pane window appears cloudy 

a) it indicates poor housekeeping on the 
part of the owner 

b) the hermetic seal should be repaired 

©) water has leaked into the window from 
the exterior 
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d) there is no insulating value to the 
window 
e) the window requires replacement 


Poor water flow is typically caused by 
a) too many fixtures on the second floor 
b) poor water pressure 

©) constriction in the supply pipes 

d) inadequate meter sizing 

e) clogged aerators 


S-type traps are 

a) used only in second floor bathrooms 

b) required in two-pipe steam systems 

©) installed on a/c condensate lines 

d) not permitted by most plumbing 
codes 

e) installed on water heaters 


Improper venting at sink traps 

a) can be determined by filling the 
sink with water and listening as it 
drains 

b) is not an important enough problem to 
be worth fixing 

©) is the term for lack of siphoning in a 
drain trap 

d) can be seen by tape on the drain trap 

e) will cause water hammer in the drain 
pipes 


A rule of thumb for the minimum height 
of the chimney above the fireplace floor is 
a) 8 feet 

b) 10 feet 

©) 12 feet 

d) 15 feet 

e) 18 feet 


The best location for a smoke detector is 

a) in the return air duct of the heating 
system 

b) over the stove, since most fires start 
there 
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©) on the ceiling of the hallway leading to 
the bedroom 

4) on a hallway wall but no closer than 
6 inches from the ceiling 

e) in the upper corners of each bedroom 


Soils with a high clay content can swell or 
shrink up to 

a) 10 percent 

b) 20 percent 

©) 30 percent 

4) 40 percent 

e) 50 percent 


Deteriorated mortar joints in foundation 

walls 

a) donot represent a weakened structural 
condition 

b) should be repointed to improve the 
appearance of the foundation 

©) should be  repointed to 
load-bearing capacity 

) should be repointed to prevent base- 
ment water entry 

e) can be painted to prevent further 
deterioration 


restore 


Superior walls are 

a) walls made from superior materials 

b) less likely to crack under pressure 

©) insulated, precast, ribbed concrete wall 
panels 

d) made from a mix of concrete and fiber 

e) concrete blocks with insulation in the 
voids 


Engineered lumber 

a) can only be used for roof framing 

b) is termite-resistant 

©) is stronger and more dimensionally 
stable than solid-sawn lumber 

4) will prevent squeaks in flooring 

e) is most effective when installed in cold 
weather 
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The inspection for water seepage into a 

basement or crawlspace begins 

a) after you see standing water in the 
crawlspace 

b) on the roof 

©) on the exterior 

@) by consulting maps available from the 
US. Geological Survey (USGS) 

e) by smelling damp conditions 


Efflorescence is 

a) a significant structural defect 

b) an enthusiastic spontaneous response 
from realtors reading a favorable 
inspection report 

©) a chalky residue of sand and dissolved 
concrete created by the action of acidic 
soils 

4d) an indication of effective damp proofing 

@) an accumulation of mineral salts created 
by moisture in masonry or concrete 


The minimum FHA 
crawlspace clearance are 
a) 24 inches between any wood and soil 
b) 18 inches soil-to-joist, 12 inches soil- 
to-girder 
©) 18 inches between any wood and soil 
d) 12 inches between the subfloor and soil 
©) any distance if pressure-treated lumber 
is used 


standards for 


Ina conditioned crawl space 

a) the foundation walls are insulated 

b) wall vents are closed 

©) a dirt floor, if there is one, is covered 
with large plastic sheets 

4d) the area is heated or air-conditioned 

) alll of the above 


110-volt electrical services 

a) are adequate for all modern appli- 
ances 

b) are adequate in most cases 
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©) will suffice for all houses except those 
with air-conditioning, 

4) are inadequate by current standards 

€) require that you use a gas refrigerator 


Circuit breakers 

a) are an inconvenience when compared 
to fuses 

b) are more reliable than fuses and always 
provide greater safety 

©) cannot be used to provide overcurrent 
protection 

4) prevent overloading by allowing just 
enough voltage to pass through to meet 
demand 

€) are somewhat less reliable than fuses 


The capacity of a branch circuit fuse 

a) can be increased by inserting a penny 
behind it 

b) should be as large as possible for added 
safety 

©) should match the current-carrying 
capacity of the branch circuit 

4) is electrically interchangeable with any 
other Edison fuse 

€) is increased by replacing the fuse with 
a fusestat 


Removal of the interior cover of an 

electrical panel box 

a) is necessary to locate the main circuit 
breaker 

b) cannot be done without an electrical 
permit 

©) will enable determination of the true 
electrical capacity 

) is not necessary when determining 
proper sizing of circuit breakers 

e) should be part of routine homeowner 
maintenance 


If a house is wired with aluminum 
a) itis normal and acceptable for switches 
and outlets to be warm to the touch 


Quiz 325 


66. 


67. 


68. 


b) the wiring is unsafe and should be 
completely replaced 

©) there is no problem provided that 
outlets marked AL/CU were used 

4) you should scan all the walls with an 
infrared heat detector to check for bad 
wiring 

e) the connections should all be checked 
by a qualified electrical contractor 


A ground fault circuit interrupter (GFCD) 

is an electronic device that 

a) can be used instead of a fuse 

b) is retroactively required for all bath- 
room receptacles 

©) will not work properly if the main 
grounding is faulty 

d) opens the circuit when it senses a 
potentially hazardous condition 

e) can be reached when touching another 
ground source such as a shower head 


An are fault circuit interrupter (AFCD) is 

an electronic device that 

a) isa backup if the GFI fails to operate 

b) does not require periodic testing 

©) disconnects the power if it detects arc- 
ing in electrical wiring 


4) is an important part of a fire alarm 
system 

e) is a retroactive building code 
requirement 


Knob-and-tube wiring is 

a) obsolete but usually safe if unmodi- 
fied 

b) acceptable when it includes grounding 
conductors 

©) dangerous because the wires are not 
insulated 

4d) exposed and readily accessible in walls 
and ceilings 

e) found only in Canada, Europe, and the 
East Coast 
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Systems with light fixture switches 

operating at 24 volts 

a) indicate a significant loss of current 
and waste of electricity 

b) can be operated from only one loca- 
tion, and do not work for three-way 
switches 

©) can be repaired by removing the 
transformer 

4) should be provided with spare replace- 
ment relays 

e) are borrowed from automobile wiring 
systems 


‘The house service main water pipe 

a) is maintained by the water company 

b) must always be at least 1 inch in 
diameter 

©) would be the homeowners’ expense if 
in need of repair or replacement 

@) must not be made of metal or a danger- 
ous electrical ground would result 

€) should be fully visible and accessible to 
inspection 


Hot water piping 

a) should be no further than 4 inches from 
the parallel cold water piping 

b) cannot be a part of the heating system 
of the house 

©) is not visually accessible due to 
insulation 

4) is required for all plumbing fixtures 

e) should be separated from cold water 
piping by at least 6 inches 


Drainage systems 

a) are simpler than supply 

b) consist of horizontal runs of piping 

©) include traps, drainpipes, and vents 

) cannot operate properly by gra 
alone 

e) must be the same diameter as supply 
Pipes 


73. 


74, 


75. 


76. 


The gases that are generated in a septic 

tank are usually 

a) explosive and must be kept out of the 
house drainage-vent system 

b) must be dissipated through a fresh air 
inlet at the house trap 

©) dissipated into the earth through the 
leach field 

4d) dissipated to the atmosphere through 
the house drainage-vent system 

e) an indication that the septic tank is 
sterilized and not functioning 


A mound septic system 

a) is most effective in areas with hard 
water 

b) isnormally found on top of a mountain 
ridge 

©) isused when the drainfield has a prob- 
Jem such as inadequate percolation 
rates 

d) can have a mound 6 to 8 feet high 

e) uses gravity to move the effluent 


Vent pipes in drainage systems 

a) allow air to flow in and out of drain 

stems 

b) are not neces 
public sewer 

©) carry water and wastes 

d) should not connect near fixtures 

e) are not allowed to discharge into the 
atmosphere 


sary when connected to a 


The presence of a septic tank 

a) cannot always be determined during 
an inspection 

b) can be determined by whether or not 
there is a house trap 

©) can be ruled out if there are sewers for 
other houses on the street 

d) cannot be determined from the 
building department or other public 
records 
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©) isa significant defect that must always 
be reported 


‘The appropriate size for a septic leaching 

field is determined by 

a) the number of seepage pits 

b) the size of the water supply piping 

©) the elevation above sea level 

@) whether or not a garbage disposer is 
installed 

e) the percolation rate of the ground 


Septic tank leaching field 

a) must be supplied with fresh leaches 
each year 

b) works best in clay soils 

©) will receive nitrogen and other natural 
fertilizers from the septic effluent 

4) definitely failed if the vegetation over 
them is lush and green 

€) area less likely area for failure to be v 
ble as compared to the area over the tank 


‘An atmospheric vacuum breaker 

a) cannot be used in residential plumbing 
withoutthe approval ofthe Department 
of Air Quality 

) is required for all lawn sprinkler systems 

©) may not be more than 6 inches above 
grade 

4) is required at each sprinkler head 

e) prevents dirty water from backing up 
from the drains 


A wall hatch providing access to the fixture 

side of a tub 

a) isa violation of most plumbing codes 

b) indicates that leakage occurred requir- 
ing the wall to be opened for repairs 

©) must be distinctly noticeable and not 
blocked by furniture 

4) is common in many older homes 

e) should never be found above the first 
floor 
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Inlet service pipes made of lead 

a) can sometimes be identified by a large 
bulge around a wiped joint 

b) are still installed in modern homes 

©) pose no hazard after prolonged use as 
interior corrosion prevents direct water 
contact with lead 

4d) are the responsibility of the water sup- 
ply company not the homeowner 

e) are common, but testing of the effects 
‘on water is very expensive and usually 
unnecessary 


PEX piping (tubing) 

a) should only be used for cold water 

b) should only be used for hot water 

©) isflexible, and won’tcorrodeor develop 
pin holes 

d) uses a special adhesive to seal the 
joints 

e) reacts with water-soluble oxidants 


Leaching zinc is the cause of 

a) encrustation around fittings of copper 
pipe 

b) pinhole leaks in brass pipe 

©) rusting in galvanized pipe 

@) galvanic corrosion 

e) agreen color at copper pipe fittings 


A pressure tank 

a) can be located near a well pump house 
or ina basement 

b) is an indication that the well pump is 
inadequate 

©) compensates for lack of water in the well 

4d) is illegal in most building jurisdictions 

e) is only needed for wells that yield les 
than 5 gallons per minute 


Central heating 

a) can be easily extended to room 
additions 

b) always includes the basement 
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©) has fewer moving parts than area 
heaters 

@) can usually be designed to provide 
distribution to separate zones 

e) automatically balances itself 


Every heating system should have 
a) a humidistat 

b) a setback thermostat with timer 
©) multiple zones 

) a master shutoff switch 

e) afilter 


A condition under which a furnace must 

be replaced is 

a) a cracked heat exchanger 

b) introduction of carbon monoxide into 
the air return 

©) blocking of the chimney 

4) being older than the anticipated service 
life of the furnace 

e) being over 30 years old 


Examples of a warm air heating system are 
a) single-pipe steam systems 

b) forced-air heating systems with ducts 
©) two-pipe steam heating system 

4d) electric baseboard heating system 

e) all of the above 


A multizoned forced-air heating system 

a) provides truly independent operation 
of one zone from another 

b) can only be controlled by a single 
thermostat 

©) requires motorized duct dampers 

) bypasses potential dangers of failed 
heat exchangers 

e) has no moving parts 


An “octopus” heating system 

a) is another term fora system that smells 
like dead fish 

b) requires air filters to function properly 
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©) will not work in thin atmospheres 
above 1,000 feet 

4) requires frequent lubrication of the 
blower motor 

e) isanother term fora large gravity warm 
air central furnace 


Condensing furnaces are 

a) furnaces with reduced clearances that 
fit into a condensed space 

b) the new generation of high efficiency 
furnaces 

©) furnaces that extract the heat from a 
refrigeration system 

@) furnaces without 
conditioning coils 

©) types with a single heat exchanger cell 


internal air- 


‘An extended plenum is 

a) a type of warm air distribution system 

b) the same as a radial duct system 

©) aplatform to provide clearance above a 
garage or basement floor 

4) a vibration damper in a duct system 

e) always composed of square or rectan- 
gular ducts 


The optimum location for 

registers is 

a) high on the wall or on the ceiling oppo- 
site from windows 

b) in the center of each room's ceiling, 

©) along the outside walls and below 
windows 

4) as close as possible to the return air inlet 

e) where it will produce a “short cycle” 


heating 


All hot water heating systems must be 
supplied with 

a) a pump 

b) an expansion tank 

©) radiators 

4d) storage-tank boilers 

e) an oil filter 
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Older coal-fired gravity-type boilers 

a) cannot be converted to oil or gas 

b) should be replaced with domestic 
water heaters 

©) are typically cast iron and very large 

) produce condensation and require 
drain piping 


€) operate at pressures in excess of 100 
PSI 
A gravity hot water heating system does 


not need an expansion tank 
a) True 
b) False 


‘An advantage of a forced hot-water 

heating system is 

a) immunity from problems with freezing 

b) easy adaptability to air-conditioning 

©) lack of any moving parts requiring 
maintenance 

) the absence of a need for any other 
energy source other than water 


sss heat fluctuation and adaptability 
to be multiple zones 


‘When a boiler is also used to provide heat 
for domestic hot water, it requires a 

a) flow-control valve 

b) second pressure relief valve 

©) seasonal setting on the thermostat 

4) sight glass 

e) supplementary circulating pump 


A pressure-temperature gauge is 

a) a necessary safety control on a hot- 
water heating system 

b) an operational control 

©) illegal, as there must be separate gauges 
for each function 

4) only necessary on steam heating 

e) sometimes provided with a scale in 
altitude 
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‘A quick means to determine whether a 

boiler is for steam or hot water is 

a) whether the system was installed 
before 1900 

b) if it is hooked up to the municipal 


steam supply 

©) if it includes a water-level gauge 
(sight glass) 

4) if the tank has welded pressure boiler 
plates 


€) the presence of a steam whistle 


‘A Hartford loop can be found on 
a) gas-fired water heaters 

b) steam boilers 

©) hot water boilers 

4) oil-fired water heaters 

©) air-conditioning piping 


‘The purpose of a Hartford loop is to 

a) provide a more efficient balancing of 
steam to the radiators 

b) prime the system and prevent freezing 

©) allow expansion and contraction of 
piping with changes in temperature 

) prevent water from draining out of 
the boiler in the event of a leak 

©) qualify the house for insurance by a 
certain company in Connecticut 


A blow-off valve is, 

a) an automatically self-cleaning valve 

b) a part of the fuel delivery system in 
an oil burner 

©) part of an externally mounted low 
water cutoff valve 

) a phrase to be used when disclaim- 
ing any knowledge about steam 
heating 

©) a type of pressure relief valve 


A one-pipe steam heating system can 


be easily converted to an induced hot- 
water heating system by changing the 
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radiators and adding a circulator pump 
and expansion tank. 

a) True 

b) False 


il burners 

a) burn cleaner than gas burners 

b) do not require maintenance 

©) must bear an approval stamp from 
the American Gas Association 

d) are often maintained by the compa- 
nies that supply the fuel oil 

©) do not require a source of combust- 
ion air 


‘Condensing furnaces 

a) can be vented into masonry chimneys 

b) are noisier than conventional furnaces 

©) have less air flow than conventional 
furnaces 

d) must have vertical or near-vertical 
exhaust piping 

e) can be combined with vents from a 
gas-fired water heater 


Gas burners 

a) should have a blue flame with little or 
no yellow 

b) should have a flame that lifts well 
above the burner 

©) should have an orange flame 

4d) will normally vary in height depend- 
ing on the barometric pressure 

e) do not produce soot or water vapor 
when functioning properly 


‘A.water heater temperature and pressure 

relief valve 

a) is not required for modern efficient 
water heaters 

b) can be placed in either the cold or hot 
water piping near the tank 

©) must always be placed in the lower 
third of the tank 
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4) should connect to the inlet with the 
dip tube 

e) should be provided with a discharge 
pipe ending in a visible location 


A rumbling noise from a water heater 

tank 

a) is an indication of imminent explosion 

b) means that the pressure-relief valve is 
blocked 

©) isa result of loose gas or oil burners 

4) results from accumulated sediment 

e) means that the water heater will leak 
soon 


A dripping water heater relief valve 
could be an indication of 

a) excessive high pressure 

b) defective valve 

©) thermal expansion 

d) all of the above 

€) none of the above 


Recovery rate most often refers to 
a) air-conditioning compressor 
b) warm air furnace capacity 

©) tank-type water heaters 

) hot water heating syster 
e) water pressure reducing valves 


‘A water heater should be replaced when 

a) the burners malfunction 

b) the flue is worn out 

©) the sacrificial anode contains magne- 
sium 

4d) it is more than 10 years old 

e) itleaks 


Electric water heaters 

a) are usually instantaneous, with no 
storage tank 

b) use much more energy and are not 
allowed by most cities for energy con- 
servation reasons 
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©) have lower recovery rates than gas- or 
oil-fired water heaters 

4) have higher recovery rates than gas, 
so the tanks are usually smaller 

e) always require a mixing valve to pre- 
vent scalding 


One ton of cooling capacity 

a) means that the air conditioner will 
produce one ton of ice per hour 

b) is needed for approximately every 
700 square feet of living space 

©) isa measure of pressure in an average 

ize compressor 

4) is the weight of the air cooled by a 
one-ton air conditioner each hour 

e) is equal to 2,000 Btu of cooling 
capacity 


An air-conditioning condenser 

a) draws approximately 7 amps per ton 
of cooling capacity 

b) must be provided with a condensate 
drain pipe 

should be located in a basement or 
furnace room 

a) must be protected from rainfall 

e) will weigh approximately one ton for 
each ton of cooling capacity 


° 


An evaporator coil is 

a) part of a hydronic heating system 
used for cooling interior air 

b) a ring on the outsi 
conditioning compre: 

©) an adaptation often found on air- 
conditioning when distilling spirits 

4) located on the building exterior 

e) the place where coolant changes state 
from a liquid to a gas 


An electrical disconnect switch 
a) isneeded to deactivate the evaporator 
coils 
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b) must be turned on to energize the 
condensing coils, 

©) is not needed except for the circuit 
breaker controlling the furnace 

) is required for a light near the 
condenser 

e) should be found near the portion of 
the air-conditioning system contain- 
ing the compressor 


A condensate trap in air-conditioning 

a) is to prevent any condensate from 
escaping 

b) means that the system has trapped 
too much cold air 

©) prevents the blower from sucking air 
up through the drain line 

a) must be vented to dissipate sewer gases 

€) recycles the coolant to the condenser 


When a split-system air conditioner is 

also part of a heating system 

a) the blower should have at least two 
speeds 

b) there should be a separate set of 
smaller ducts for the air conditioner 

©) the split should be healed before oper- 
ating the heating system 

4) the coolant can be run through the 
furnace heat exchanger 

©) the compressor should be next to the 
furnace plenum 


‘The temperature of air discharging 

from the registers during the cooling cycle 

a) should be 10 to 20 degrees lower than 
the outside air 

b) should be 15 degrees lower than the 
temperature during the heating cycle 

©) should be no more than 60 degrees 

d) should be about 15 degrees lower 
than the temperature of the air in the 
room 
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@) should be at least 20 degrees lower 
than the temperature of the return air 


A heat pump should 

a) not ever need supplementary electric 
resistance heating 

b) be sized based upon the cooling load, 
not the heating load 

©) be tested in both the cooling and heat- 
ing modes to ensure that the compres- 
sor works 

4d) be located entirely within the building 

e) not be tested when the outside air 
temperature is 40 degrees 


Evaporative coolers are most effective 
where? 

a) East Coast 

b) Florida 

©) Southwest 

@) California 

e) Washington and Oregon 


If attic insulation does not have a vapor 

barrier 

a) one should be laid over the top of it in 
anattic 

b) one cannot be added to it or the man- 
ufacturer’s warranty is void 

©) one can be laid under the insulation so 
that it is adjacent to the heated ceiling 

d) one can be added to the underside of 
the roof deck 

©) it is because a vapor barrier is never 
necessary 


‘The average water loss in one week in a 
swimming pool due to evaporation is, 

a) less than 1 inch 

b) Linch 

©) Tinches 

d) 2 inches 

e) 2inches 


Inspection systems, wave-,reflow- 
and selective soldering systems, 
‘The line of Ersa screen printers 
complements the product range. 


Ersa's qual soldering tols are 
used inthe hobby area, such as, for 
example, in madel-making or tiffany 


soldering inthe craft sector, in labo- 
ralores and in industrial electronics 
manufacturing. 


New challenges forthe sldering 
technology were raised by the ban 
‘on certain hazardous substances 
(RoHS) in 2006. Since 1 July 2006 
‘electric and electronic equipment 
may not contain any lead, mercury, 
hexavalent chromium, PBB (Po- 
Iybrominated biphenyls) or PBDE 
(Polybrominated diphenyl ethers) 


In many cases ths resticton 
enlalled having to depart from the 
Use ofthe wel-known soft solders 
based on tn and lead 


By publication of this small primer, 
Ersa would keto facta your 
entry inta the ‘World of Soldering’ 
and raise your enthusiasm for a 
modern technology with long 
history 
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Radon gas 

a) is one of the most significant forms of 
manmade pollution 

b) is odorless, tasteless, invisible, 
and formed by natural uranium 
deposit 

© is a result of high frequency radio 
waves generated for communications 
lines 

4) can be prevented from forming when 
a house is properly insulated 

e) most often enters a home through 
shower heads 


sbestos 

Kills thousands of people annually 

from asbestos-related cancers 

b) must always be removed prior to sale 
ofa home 

©) should never be encapsulated, as this 

only increases its dangers 
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d) can be removed only by a licensed 
heating or insulating contractor 

€) in any level is a health risk within a 
home 


Mold growth in a house thrives on 
moisture and 

a) cotton 

b) wool 

©) paper 

) wood 

©) all of the above 


A desuperheater 

a) is used to steam clean clothing 

b) eliminates static electricity in a house 

©) is a device on a geothermal system 
that is used to heat water 

a) uses gas as an energy source 

€) is a device on newly designed oil 
burners 
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ASHI Standards of Practice 


1, INTRODUCTION 
The American Society of Home Inspectors®, 
Inc. (ASHI®) is a not-for-profit professional 
society established in 1976. Membership in 
ASHI is voluntary and its members are private 
home inspectors. ASHI’s objectives include 
promotion of excellence within the profes 
and continual improvement of its members’ 
inspection services to the public. 


sion 


2. PURPOSE AND SCOPE 


24 The purpose of the Standards of 
Practice is to establish a minimum and 
uniform standard for home inspectors 
who subscribe to these Standards of 
Practice. Home inspections performed to 
these Standards of Practice are intended 
to provide the client with objective 
information regarding the condition of 
the systems and components of the home as 
inspected at the time of the homte inspection. 
Redundancy in the description of the 
requirements, limitations, and exclusions 
regarding the scope of the home inspection 
is provided for emphasis only. 


2.2 Inspectors shall: 
‘A. adhere to the Code of Ethics of the 
American Society of Home Inspectors. 


B. inspect readily accessible, visually 
observable, installed systems and 
components listed in these Standards of 
Practice. 

C. report: 

1. those systems and components 


inspected that, in the professional 
judgment of the inspector, are not 
functioning properly, significantly 
deficient, unsafe, or are near the end 
of their service lives 

2. recommendations to correct, or 
monitor for future correction, the 


deficiencies reported in 2.2.C.1, or 
items needing further evaluation. 
(Per Exclusion 13.2.A.5 inspectors 
are NOT required to determine 
methods, materials, or costs of 
corrections.) 

3. reasoning or explanation as to the 
nature of the deficiencies reported in 
2.2.C.1, that are not self-evident. 

4. systems and components designated 
for inspection in these Standards 
of Practice that were present at the 
time of the honte inspection but were 
not inspected and the reason(s) they 
were not inspected. 

2.3 These Standards of Practice are not 
intended to limit inspectors fro 
A. including other inspection services or 

systems and components in addition to 

those required in Section 2.2.B. 

B. designing or specifying repairs, 
provided the inspector is appropriately 
qualified and willing to do so. 

C. excluding systems and components 
from the inspection if requested by the 
dient. 


3, STRUCTURAL COMPONENTS 


3.1 The inspector shall: 
A. inspect: 

1. structural components including the 
foundation and framing. 

2. by probing a representative num- 
ber of structural components where 
deterioration is suspected or where 
clear indications of possible deterio- 
ration exist. Probing isNOT required 
when probing would damage any 
finished surface or where no dete- 
rioration is visible or presumed to 

exist. 
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B. 


describe: 
1. the methods used to inspect under- 
floor crawl spaces and attics. 

the foundation. 

the floor structure. 

the wall structure. 

the ceiling structure. 

6. the roof structure. 


ve eR 


3.2 The inspector is NOT required to: 


A. provide any engineering or architectural 
services or analysis. 

B. offer an opinion as to the ade- 
quacy of any structural system or com 
ponent 

4, EXTERIOR 
4.1 The inspector shall: 

A. inspect: 

1. siding, flashing and trim, 

2. allexterior doors. 

3. attached or adjacent decks, 
balconies, stoops, steps, Porches, 
and their a 

4. eaves, 

sssible from the ground level. 

5. vegetation, grading, surface 
drainage, and retaining walls that 
are likely to adversely affect the 
building. 

6. adjacent or entryway walkways, 
patios, and driveway 

B. describe: 


1. siding. 


4.2 The inspector is NOT required to inspect 
awnings, 


A 


™ 


. recreational faciliti 


roof 


screening, shutters, and 


similar 


outbuildings other than garages and 
carports. 
seawalls, break-walls, and docks. 
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G 


erosion control and earth stabilization 
measures, 


5. ROOFING 


5.1 The inspector shall: 


A 


inspect: 

1. roofing materials. 

2. roof drainage systems. 

3. flashing. 

4. skylights, chimneys, 
penetrations. 


and roof 


B. describe: 


1. roofing materials 
2. methods used to inspect the roofing. 


5.2 The inspector is NOT required to 
inspect: 


A 


B. 


c 


antennae. 
interiors of flues or chimneys that are 
not readily accessible. 

other installed accessories. 


6. PLUMBING 


6.1 The inspector shall: 


A 


inspect: 

1. interior water supply and distribu- 
tion systems including all fixtures 
and faucets, 

2. drain, waste, and vent 
including all fixtures. 

3. water heating equipment and hot 
water supply system, 

4. vent systems, flues, and chimneys. 

5. fuel storage and fuel distribution 
systems. 

6. drainage sumps, sump pumps, and 
related piping, 


systems 


. describe: 


1. water supply, drain, waste, and 
vent piping materials, 

2. water heating equipment including 
energy source(s). 

3. location of main water and fuel 
shut-off valves. 


6.2 The Inspector is NOT required to: 
A. inspect: 
1. clothes washing machine connections. 
2. interiors of flues or chimneys that 
are not readily accessible. 
3. wells, well pumps, or water storage 
related equipment. 
water conditioning systems. 
solar water heating si 
fire and lawn sprinkler systems. 
private waste disposal systems. 
B. determine: 
1. whether water supply and waste dis- 
posal systems are public or private. 
2. water supply quantity or quality. 
C. operate automatic safety controls or man- 
ual stop valves. 


Naas 


7. ELECTRICAL 


7. The inspector shall: 
A. inspect: 
1. service drop. 
2. service entrance conductors, cables, 
and raceways. 
3. service equipment and main dis- 
connects. 
4. service grounding 
5. interior components of service panels 
and sub panels. 
conductors 
overcurrent protection devices. 
8. a representative number of installed light- 
ing fixtures, switches, and receptacles. 
9. ground fault circuit interrupters, 
B. describe: 
1. amperage and voltage rating of the 
service. 
2. location of main disconnect(s) and 
sub panels. 
3. presence of solid conductor alumi- 
num branch circuit wiring, 
4, presence or absence of smoke 
detectors. 
5. wiring methods. 


7.2 The inspector is NOT required to: 
A. inspect: 

1. remote control devices. 

2. alarm systems and components. 

3. low voltage wiring systems and 
components. 

4, ancillary wiring systems and compo- 
nents that are not a part of the pri- 
mary electrical power distribution 
system. 

B. measure 
impedance. 


amperage, voltage, or 


8, HEATING 


8.1 The inspector shall: 

A. open readily openable access punels. 
B._ inspect: 

1. installed heating equipment, 

2. vent systems, flues, and chimneys. 

C. describe 
Lenergy source(s). 
2. heating systems. 


8.2 The inspector is NOT required 
A. inspect: 
1. interiors of flues or chimneys that 

are not readily accessible. 
heat exchangers, 
humidifiers or dehumidifiers, 
electronic air filters 

5. solar space heating systems. 
B. determine heat supply adequacy or 

distribution balance. 


9. AIR CONDITIONING 


9.1 The inspector shall: 
A. open readily openable access panels. 
B. inspect 
1. central and through-wall equip- 
ment. 
2. distribution systems 
C. describe 
1. energy source(s). 
2. cooling systems. 
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9.2 The inspector is NOT required 


A. inspect electronic air filters. 

B. determine cooling supply adequacy 
or distribution balance. 

C. inspect window air conditioning units 


10. INTERIORS 


101 


10.2 


‘The inspector shalll inspect: 

A. walls, ceilings, and floors. 

teps, stairways, and railings. 

C. countertops and a__ representative 
number of installed cabinets. 

D. a representative number of doors and 
windows. 

E. garage doors 
operators. 


and garage door 


The inspector is NOT required to 
inspect: 

A. paint, wallpaper, and other finish 
treatments. 

carpeting. 

". window treatments, 

central vacuum systems. 

household appliances. 

recreational facilities. 


11. INSULATION & VENTILATION 


m4 


12 


338, 


‘The inspector shall: 
A. inspect: 
1. insulation and vapor retarders in 
unfinished spaces. 
2. ventilation of attics and foundation 
areas, 
3. mechanical ventilation systems. 
B. describe: 
1. insulation and vapor retarders in 
unfinished spaces. 
2. absence of insulation in unfinished 
spaces at conditioned surfaces. 


‘The inspector is NOT required to dis- 
turb insulation. 
See 13.2.A.11 and 13.2.A.12. 
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12. FIREPLACES AND SOLID 


13, GENERAL 


FUEL 
BURNING APPLIANCES 


12.1 The inspector shall: 


A. inspect: 
1. system components 
2. chimney and vent 
B. describe 
1. fireplaces and solid fuel burning 
appliances. 
2. chimneys. 


12.2 The inspector is NOT required to: 


A. inspect: 
1. interiors of flues or chimneys. 
fire-screens and doors. 
seals and gaskets. 
automatic fuel feed devices. 
mantles and fireplace surrounds. 
combustion make-up air device 
heat distribution assists (gravity 
fed and fan assisted), 
B. ignite or extinguish fires. 
C. determine draft characteristi 
D. move fireplace inserts and s 
firebox contents. 


roves or 


LIMITATIONS AND 


EXCLUSIONS 


13.1 General limitations: 


A. The inspector is NOT required to per- 
form any action or make any determi- 
nation not specifically stated in these 
Standards of Practice. 

B. Inspections performed in _accor- 
dance with these Standards of 
Practice: 

1. are not technically exhaustive. 

2. are not required to identify con- 
cealed. conditions, latent defects, 
or consequential damage(s). 

C. These Standards of Practice are appli- 
cable to buildings with four or fewer 
dwelling units and their garages or 
carports. 


13.2 General exclusions: 
A. Inspectors are NOT required to 
determine: 


1 


10. 


u 


12. 


13. 


4. 


conditions of systems or compo- 
nents that are not readily acces- 
sible 

remaining life expectancy of any 
system or component 

strength, adequacy, effective- 
ness, or efficiency of any system 
or component. 

the causes of any condition or 
deficiency. 

methods, materials, or costs of 
corrections. 

future conditions including but 
not limited to failure of systems 
and components. 

the suitability of the property for 
any specialized use. 

compliance with regulatory 
requirements (codes, regulations, 
laws, ordinances, etc.) 

market value of the property or 
its marketability. 

the advisability of purchase of 
the property. 

the presence of potentially haz- 
ardous plants or animals includ- 
ing, but not limited to, wood 
destroying organisms or diseases 
harmful to humans including 
molds or mold-like substances. 
the presence of any environmen- 
tal hazards including, but not 
limited to, toxins, carcinogens, 
noise, and contaminants in soil, 
water, and air. 

the effectiveness of any system 
installed or method utilized to 
control or remove suspected haz- 
ardous substances 
operating costs of systems or com- 
ponents. 


15. acoustical properties of any sys- 
tem or component. 

16. soilconditionsrelating togeotech- 
nical or hydrologic specialties. 


. Inspectors are NOT required to 


offer: 

1. or perform any actor service con- 
trary to law. 

2. or perform engineering services 

3. or perform any trade or any pro- 
fessional service other than hiome 
inspection. 

4. warranties or guarantees of any 
kind. 


. Inspectors are NOT required to 


operate: 

1. any system or component that is shut 
down or otherwise inoperable. 

2. any system or component that does 
not respond to sormal operating 
controls. 

3. shutoff valves or manual stop 
valves. 


). Inspectors are NOT required to enter: 


1. any area that will, in the opinion 
of the inspector, likely be danger- 
‘ous to the inspector or other per- 
sons or damage the property or 
its systems or components. 

2. under-floor crawl spaces or attic 
that are not readily accessible 


'. Inspectors are NOT required to 


inspect: 
1. underground items including but 
not limited to underground stor- 
age tanks or other underground 
indications of their presence, 
whether abandoned or active. 
2. items that are not installed. 
installed decorative items. 
4. items in areas that are not entered 
in accordance with 13.2.D. 
5. detached structures other than 
garages and carports. 
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6. common elements or common 
areas in multi-unit housing, such 
as condominium properties or 
cooperative housing 


F. Inspectors are NOT required to: 


1. perform any procedure or operation 
that will, in the opinion of the inspec 
tor, likely be dangerous to the inspec 
tor or other persons or damage the 


property or its systems or components 
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describe or report on any system 
or component that is not included 
in these Standards and was not 
inspected. 

move personal property, furniture, 
equipment, plants, soil, snow, ice, 
or debris. 

dismantle any system or component, 
except as explicitly required by these 
Standards of Practice 


ASHI Standards of Practice glossary of italicized terms 


Alarm Systems 
Warning devices installed or 
free-standing including but 
not limited to smoke detec- 
tors, carbon monoxide detec- 
tors, flue gas, and_ other 
pillage detectors, and secu- 
rity equipment 


Automatic Safety Controls 
Devices designed and installed 
to protect systems and compo- 
nents from unsafe conditions 


Component 
A part of a system 


Decorative 
Ornamental; not required for 
the proper operation of the 
essential systems and compo- 
nents of a home 


Describe 
To identify (in writing) a 
system or component by its 
type or other distinguishing 
characteristics 


Dismantle 
To take apart or remove any 
component, device, or piece of 
equipment that would not be 
taken apart or removed by a 
homeowner in the course of 
normal maintenance 


Engineering 
The application of scientific 
knowledge for the design, con- 


trol, or use of building 
tures, equipment, or apparatus 


Further Evaluation 
Examination and _analysi 
by a qualified professional, 
tradesman, or service techni- 
cian beyond that provided by 
the home inspection 


Home Inspection 
‘The processby whichan inspec 
tor visually examines the readily 
accessible systems and components 
of a home and which describes 
those systems and components 
in accordance with these 
Standards of Practice 


Household Appliances 
Kitchen, laundry, and similar 
appliances, whether installed 
or free-standing 


Inspect 
To examine any system or com- 
ponent of a building in accor- 
dance with these Standards of 
Practice, using normal operat- 
ing controls and opening read- 
ily openable access panels 


Inspector 
A person hired to examine 
any system or component of a 
building in accordance with 
these Standards of Practice 


Installed 
Attached such that removal 
requires tools 


‘Normal Operating Controls 
Devices such as thermostats, 
switches, or valves intended to 
be operated by the homeowner 


Readily Accessible 
Available for visual inspec- 
tion without requiring mov- 
ing of personal property, 
dismantling, destructive mea- 
sures, or any action that will 
likely involve risk to persons 
or property 


Readily Openable Access 
Panel 

A panel provided for home- 
owner inspection and mainte- 
nance that is readily accessible, 
within normal reach, can be 
removed by one person, and 
is not sealed in place 


Recreational Facilities 
Spas, saunas, steam baths, 
swimming pools, exercise, 
entertainment, athletic play- 
ground or other similar 
equipment, and associated 


Report 
Communicate in writing 


Representative Number 
One component per room for 
multiple similar interior com- 
ponents such as windows, 
and electric receptacles; one 
component on each side of the 
building for multiple similar 
exterior components 


Root Drainage Systems 
Components used to carry 
water off a roof and away 
from a building 
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Shut Down 
A state in which a system or 
component cannot be operated 
by normal operating controls 


Siding 
Exterior wall covering and 
cladding; such as: alumi- 
num, asphalt, brick, cement/ 
asbestos, EIFS, stone, stucco, 
veneer, vinyl, wood, ete. 


Solid Fuel Burning Appliances 
A hearth and fire chamber 
or similar prepared place in 
which a fire may be built and 
that is built in conjunction 
with a chimney; or a listed 
assembly of a fire chamber, 
its chimney, and related fac- 
tory-made parts designed for 
unit assembly without requir- 
ing field construction 
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Structural Component 
‘A. component that supports 
non-variable forces or weights 
(dead loads) and_ variable 
forces or weights (live loads) 


System 
A combination of interacting 
or interdependent components, 
assembled to carry out one or 
more functions, 


Technically Exhaustive 
An investigation that involves 
dismantling, the extensive 
use of advanced techniques, 
measurements, instruments, 
testing, calculations, or other 
means 


Under-floor Crawl Space 
‘Thearea within the confines of 
the foundation and between 


the ground and the underside 
of the floor 


Unsafe 
A condition in a readily acces- 
sible, installed system or com- 
ponent that is judged to be a 
significant risk of bodily injury 
duringnormal, day-to-day use; 
the risk may be due to dam- 
age, deterioration, improper 
installation, or a change in 
accepted residential construc- 
tion standards 


Wiring Methods 
Identification of electrical con- 
ductors or wires by their gen- 
eral type, such as non-metallic 
sheathed cable, armored cable, 
or knob and tube, etc. 


rienem 


jooldor Iolite hold the world together 


makers ai 


ting p 


‘Ta imagine today’s world without 
sof soldering isnot possible. Its 
the means to fabricate safely 
functioning, electically conducting 
connections, Regardless of whether 
We tak about power technology, 
dive technology, telecommunica- 
tions, automation or electrnic 


controls ~ in al those fields sol Visionaries of the products. Today, Such failures ae immanent 
dered connections have a decisive soft soldering such a common _fe-hreatening. But nat to worry ~ 
share that everything functions ina place occurrence, that no one the highest quality demands apply 
\way as has been foreseen and wastes any further thought on i. We for those applications, and rightfully 
planned by the developers and take the dally use of our computers, sa! 

‘mobile phones and play stations for 


(granted, the madern comforts ‘Aside from soldering in consumer 
provided for by electronics found in electronic products, there are 
‘modern automobiles is expected as numerous other applications such 


‘amaltr of course, and we fly~ as, loname but a few, aterative 
privately or on business ~ tothe power generation with wind turbines 
farthest spots inthe wort. orsolar parks, R&D departments 


‘and in work performed by crafis- 
Consequential damage because of men such as electricians and 

the falure of a solder joint inan plumbers. Let us no forget the 
iPod is relatively limited. Its @ many parttime and hobby users for 
aifferent matter altogether, though, whom there are no limits cutaing| 
ifthe electronic in an airplane full their phantasies and artistic free- 
of vacationers, ina space shutle, dom when handling a soldering ron 
ori an implanted pacemaker fais. and solder 


ASHI Code of Ethics 


For the home inspection profession 


Integrity, honesty, and objectivity are fun- 
damental principles embodied by this Code, 
which sets forth obligations of ethical con- 
duct for the home inspection profession. The 
Membership of ASHI has adopted this Code 
to provide high ethical standards to safeguard 
the public and the profession 


Inspectors shall comply with this Code, shall 
avoid association with any enterprise whose 
practices violate this Code, and shall strive to 
uphold, maintain, and improve the integrity, 
reputation, and practice of the home inspec- 
tion profession. 


1. Inspectors shall avoid conflicts of interest 
or activities that compromise, or appear to 
compromise, professional independence, 
objectivity, or inspection integrity. 


A. Inspectors shall not inspect properties 
for compensation in which they have, 
or expect to have, a financial interest. 

B. Inspectors. shall not inspect proper- 
ties under contingent arrangements 
whereby any compensation or future 
referrals are dependent on reported 
findings or on the sale of a property. 

. Inspectors shall not directly or indirectly 
compensate realty agents, or other par- 
ties having a financial interest in cl 
or settlement of real estate transactions, 
for the referral of inspections or for 
inclusion on a list of recommended 
inspectors, preferred providers, or simi- 
lar arrangements, 

D. Inspectors shall not receive compen- 
sation for an inspection from more 
than one party unless agreed to by the 
dlient(s). 


E, Inspectors shall not accept compen- 
sation, directly or indirectly, for rec 
ommending contractors, services, or 
products to inspection clients or other 
parties having an interest in inspected 
properties, 

F, Inspectors shall not repair, replace, 
or upgrade, for compensation, sys- 
tems or components covered by ASHI 
Standards of Practice, for one year after 
the inspection. 


2. Inspectors shall act in good faith toward 


each client and other interested parties. 


A. Inspectors shall perform services and 
express opinions based on genuine con- 
viction and only within their areas of 
education, training, or experience. 

B. Inspectors shall be objective in their 
reporting and not knowingly understate 
or overstate the significance of reported 
conditions. 

C. Inspectors. shall not disclose inspec- 
tion results or client information with- 
out client approval. Inspectors, at their 
discretion, may disclose observed 
immediate safety hazards to occupants 
exposed to such hazards, when feasible. 


3. Inspectors shall avoid activities that may 


harm the public, discredit themselves, 
or reduce public confidence in the 
profession. 


A. Advertising, marketing, and promotion 
of inspectors’ services or qualifications 
shall not be fraudulent, false, deceptive, 
or misleading. 

B. Inspectors shall report substantive and 
willful violations of this Code to the 
Society. 
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ASHI membership categories and requirements 


All ASHI members are required to abide by the ASHI Code of Ethics, which specifically forbids 
home inspectors from active brokerage or sale of real estate, or performing repairs on homes 
that they inspect. ASHI members also agree to perform and report inspections in accordance 
with the ASHI Standards of Practice. Not only is the ASHI logo widely regarded as the mark of 
use by the ASHI membership is also carefully controlled. 


‘There are three designations of active professional home inspector membership in ASHI. 
‘These ASHI membership categories are as follows: 
ASHI Certified Inspectors—Inspectors in this category have: 
+ Passed the National Home Inspector Examination and ASHII’s Standards and Ethies 
module. 
‘+ Had inspection reports successfully verified for compliance with ASHI’s Standards of 
Practice. 
+ Submitted valid proof of performance of at least 250 fee-paid home inspections that meet 
or exceed the ASHI Standards of Practice 
ASHI Associates w/ Logo—Inspectors in this category have: 
* Passed the National Home Inspector Examination and ASHII’s Standards and Ethies 
module. 
+ ASHI has verified performance of 50 fee-paid inspections in substantial compliance with 
the Standards of Practice. 
‘* Had inspection reports successfully verified for compliance with ASHI’s Standards of 
Practice. 
ASHI Associates—Inspectors in this category have: 
+ Just joined ASHI and may be new to the inspection profession or may be a seasoned 
inspector who has not yet completed ASHI’s requirements to move up in membership 
and logo use. 
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Glossary 


alligatoring Extensive surface cracking in a pat- 
tem that resembles the hide of an alligator. 

areaway An open subsurface space around a 
basement window or doorway; provides light, 
ventilation, and access. 


backfill The gravel or earth replaced in the space 
around a building wall after the foundation is in 
place, 

bottom plate The bottom horizontal member of a 
frame wall. 

Blu (British thermal uni) The amount of heat 
required to raise the temperature of 1 pound of 
walter by I degree Fahrenheit. 


cantilever A. structural member that projects 
beyond its supporting wall or column, 

Cedar Breather A three-dimensional nylon mat- 
rix that is stiff enough to resist crushing, thereby 
allowing air movement to the underside of 
‘wood shingles and shakes. 

Conditioned crawl space A crawl area that has 
insulated foundation walls, closed vents, is 
heated and/or air conditioned and has a dirt 
floor that is covered over with large plastic 
sheets or cement, Basically an area that is dry 
and comfortable all year long. 

control joint A groove that is formed, sawed, 
‘or tooled in a concrete or masonry structure to 
regulate the location and amount of cracking. 

cornice Horizontal projection at the top of a wall 
or under the overhanging portion of the roof. 

cross connection A direct arrangement ofa piping 
line that allows the potable water supply to be 
connected to a line that contains a contaminant. 

cupping An inward-curling distortion at the 
‘exposed corners of asphalt shingles. 


downdraft. A downward current of air in a 
chimney, often carrying smoke with it, 

dry well A covered pit, either with open-jointed 
lining or filled with coarse aggregate, through 
which drainage from downspouts or foundation 
footing drains may seep into the surrounding, 
soil 


eaves The lower edge of a roof that projects 
beyond the building wall. 

efflorescence A white powdery substance 
appearing on masonry wall surfaces, composed 
of soluble salts that have been brought to the 
surface by water or moisture movement. 


fascia (or facia) A horizontal board nailed 
vertically to the ends of roof rafters; sometimes 
supports a gutter. 

feathering The tapering of one surface into 
another. 

flashing Sheet-metal or other thin, impervious 
‘material used around roof and wall junctions to 
protect joints from water penetration, 

flue A passageway in a chimney for conveying 
smoke, gases, or fumes to the outside air. 

frost line The depth of frost penetration in soil; 
varies in different parts of the country. 


gable roof A double-sloped roof from the ridge 
to the eaves; the end section appears as an 
inverted V. 

girder The main structural support beam in a 
‘wood-framed floor; a girder supports one end of 
each joist. 

glulam (glued laminated lumber) Anengineered 
structural timber product composed of several 
layers of dimensioned timber glued together. 
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By laminating several smaller pieces of timber, 
a single large, strong, structural member is 
manufactured. 

grade The ground level at the outside walls of a 
building or elsewhere on a building site. 


header A framing member that crosses and 
supports the ends of joists. 

hip roof A roof that slopes upward from all four 
sides of a building, 

hydro-air Basically a hot water/warm air system, 
which essentially consists of an air handler that 
looks like the blower compartment of a furnace, 
a hot water boiler, and a duct system. 


joist One of a series of parallel beams used to 
support floor and ceiling loads, supported in 
turm by larger beams (ginders) or bearing walls. 


knee wall A wall thatacts asa brace by supporting 
roof rafters at an intermediate position along, 
their length. 


Lally column A steel tube, filled with concrete, 
used to support girders and other floor 
beams, 

lath A building material of wood, metal, gypsum, 
or insulating board fastened to the frame of a 
building to act as a plaster base. 

lintel A horizontal structural member that 
supports the load over an opening such as a 
door or window. 


nosing The rounded edge of a stair tread that 
projects over the riser. 


parapet wall The part of a wall that extends above 
the roofline. 

pier A masonry column, usually rectangular in 
horizontal cross section, used to support other 
structural members. 

pigtail (1) A flexible conductor attached to a light 
fixture that provides a means of connecting the 
fixture to a circuit. (2) A short length of copper 
conductor that is attached to the end of an 
aluminum branch circuit by a special fastener, 
then fastened to the terminal of a switch or 
outlet. 
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pilaster A pier-type projection of the foundation 
wall used to support a floor girder or stiffen the 
wall. 

plenum A chamber or large duct above a furnace 
that serves as a distribution area. 

ply A sheet in a layered construction, such as 
plywood, roofing, 

pointing (repointing) Filling open mortar joints; 
removing deteriorated mortar between joints 
of masonry units and replacing it with new 
mortar. 


rafter One of a series of inclined structural roof 
‘members spanning from an exterior wall to a 
center ridge beam or ridge board. 

refractory A material, usually nonmetallic, 
used to withstand high temperatures, as in the 
combustion chamber of an oil-fired heating 
system. 

relay An clectromechanical switch; a device in 
hich changes in the current flow in one circuit 
are used to open or close electrical contacts in a 
second circuit 

resilient tile A manufactured interior floor 
covering that is resilient, such as vinyl oF vinyl- 
asbestos tile. 

ridge beam The beam or board placed on edge at 
the ridge (top) of the roof into which the upper 
ends of the rafters are fastened. 

riser The vertical height of a stair step; also the 
vertical boards that close the space between the 
treads of a stairway. 


sheathing The structural covering, usually wood 
boards or plywood, over a building’s exterior 
studs or rafters 

sheave A wheel with a grooved rim (pulley). 

shelter-tube Mud-type tube (tunnel) built by 
termites as a passageway between the ground 
and the source of food (wood), 

sillplate The lowest member of the house framing 
resting on top of the foundation wall. Also called 
mud sill 

soffit The visible underside of a roof overhang or 

stringer (step) One of the enclosed sides of a stair 
supporting the treads and risers. 


stud One of a series of slender wood or metal 
vertical structural members placed as supporting 
elements in walls and partitions. 

subfloor Boards or plywood laid on joists, over 
‘which a finished floor is to be laid. 

swale A shallow depression in the ground to form 
a channel for storm-water drainage. 


thermocouple Adeviceconsisting oftwojunctions 
of dissimilar metals; when the two junctions are 
at different temperatures, a voltage is generated 
Used in controlling gas valves. 

toenail Driving a nail at an angle into the corner 
of one wood-frame member to penetrate into a 
second member. 


tread The horizontal board ina stairway on which 
feet are placed. 

truss A combination of structural members 
usually arranged in triangular units to form a 
rigid framework for spanning between load- 
bearing walls 


weep hole A small opening at the bottom of a 
retaining wall or the lower section of a masonry 
veneer facing on a woode-frame exterior wall, 
that permits water to drain, 
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Inspection worksheets 


Address: 
EXTERIOR 

Front Exposure: NESW 

Condition 
1. Sidewalks: none___concrete_asphalt_stone_cracked_uneven, 
2. Exterior walls: brick ___stucco__stone_wood siding _fiber-cement siding 
wood /asbestos shingle __aluminum/vinyl siding __other_vines growing 
3. Trim: cracked___rotting___broken__loose_needs paint touch-up, 
4. Paths: concrete___stone___brick_asphalt_eracked_ settled 
overgrown ——2 
5. Steps:concrete___stone___brick_ wood_need repair. 
Handrail: = 
6. Porch front/reat/left/tight: cracked rotting ___chipped_loose 
7. Windows: wood___ aluminum __cracked_broken_reputty 
broken cords___needs lubrication/adjustment___do not close properly 
corroding rotting frames___thermal panes__faulty seals__ o—= 
8. Storms/screens: none___partial__full_cracked__broken_ 
torn sereens_ a= 
9, Roof:asphalt___wood_slate__tile_roll roofing__other 
Shingles: missing _loose_cracked_aging_eroded. 
10. Gutters/dewnspouts: none___partial__full_builtin__alurninum 
copper___galvanized___wood__loose/sagging___ open joints. 
need splash plates/elbows___need cleaning fs. 
1. Chimney: brick masonry __prefabricated__needs repair 
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12, 


13, 


14 


15, 


16. 


7. 


18, 


19. 


20, 
21 


Condition 


Garage: none___attached___detached__ear occupancy 
Doors: operational need lubrication/adjustment automatic opener — 
Driveway: cracked uneven __broken__heaving__drain 

Patio: yes___no__conerete_stone_brick_newds repair 
cracked__setled__ —= 
Deck: attached freestanding composite decking __ wood, 
cracked___roting__broken__needs additional bracing 

loose railings handrails loosesteps___loose posts__needs CO. 

Landscaping: grass needs recultivation__ shrubs need pruning 

Trees___overhanging roof__need pruning __dead/dyin 

Retaining walls brick __stone__concrete block __wood_need repair 

Fencing: wood/metal___broken__rolting/rusting, needs painting 


Drainage/grading: satisfactory poor_low spots_ needs regrading. 


stairwell____window well__ — 
Termites: no visible evidence: visible evidence__where_ = 
Caulking: needed around exterior joints: yes no — 
Comments: 
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ATTIC AREA 


© Typesfull___crawsl___finished___unfinished_ 
Accessible: yes_no_Evidence of condensation: yes__no___ 
Insulation: loor___roof_walls__partial_adequate_inadequate 
none visible loose sections_improperly installed 
Vapor barrier: yes no 
Ventilation: adequate___inadequate_none_need roof/gable vents__ ridge vent. 
power ventilator Atti fans__operational: yes no 
Past leakage: chimney plumbing vent stacks __rafters__other__ 
© Firestopping: needed around chimney and atte floor: yes no 
(CRAWL SPACE (BASEMENT LEVEL) 
O None: Accessible: yes__no_ Conditioned space: yes_ no. 
Floor dist__cement__asphalt_other_ 
Vapor barrier needed for floor: yes__no 
ast water seepage: yes__no 
Insulation needed: yes__no__loose section(s)_ 
Ventilation: adequate inadequate_ Dehumidifier needed: yes__no___ 
Termites: evidence of ___no visible evidence _ conditions conducive to activity 
Comments: 
BASEMENT AND/OR UTILITY ROOM(S) 
Evidence of water seepage: yes___no 
water stains efflorescence: on walls___ on floor_ 


swelled floor tiles joints 


pooling and flaking paint on walls corrosion below radiators 
Seepage condition extensive: yes__no 
Sump pump: yes__no_ Dehumidifier needed: ye 
Foundation walls: concrete __block__stone_brick__ other __ Condition 
|__reseal_cracked or loose mortar joints ___repoint_ a 
° jood___steel__none_not visible__ a 
© Joists: (partially) covered _sagging = 
Columns: wood ___steel_serewjack type_ a 
Mold: evidence of: yes___no a 
Comments: 
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ELECTROMECHANICALS 


Electricity amps 110-120 volts. circuit breakers__ fuses 
Service: adequate__marginal_ inadequate 
Wiring/outlets: adequate__marginal_inadequate_knob-and-tube wiring 


aluminum branch circuits 


Heating system: forced __gravity_; hot water_hot air__ steam. 


high-efficiency condensing type__hydro-air__ geothermal 


oil____gas_ electri 


Condition: good__fair__aging___ poor 


Buried oil tank Gas meter adequately sized 
Furnace room ventilation: adequate___ inadequate 


Fire-code plasterboard needed: yes___no. 


Asbestos insulation on heating pipes and /or boiler. 


Domestic hot water tankless coi thru heating system tankless wall unit_—_ 
separate tank unit capacity __recovery__age 
oil__gas_electsic_ 

Capacity: adequate __marginal__inadoquate_ recirculating system, 


Relief valve adequately sized, 
Indirect fired storage type 


Condition: good__fair__aging___ poor 


Plumbing: Pipes and fitings: copper__brass__ivon_PEX_other_ 
Water flow: adequate low 

Drain ines: castiton__ galvanized __copper__lead_ plastic 
Condition: good___fair__aging___poor_s leakage corrosion 
Water inlet copper___iron__lead_plastie_inaceesible_ 
Septicsystem: yes no 

Well pump: none__jet___submersible___ other 

Storage tank: yes__no__Insulation needed: yes no_ 

Rolie valve ceded: yes__ no 


Condition: good__fair__aging___ poor 
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SWIMMING POOL 


In-ground Aboveground 


° 


° 


° 


° 


° 


Safety fence: Y_N__ 


Needs repair: Y_N__ 


ate self-closing and self-latching: Y__N__ 
Masonry deck: cracked__chipped___uneven joints___open joints__ 


Grab rail__adequately secured ___Ladder_ adequately secured, 


Slide__ adequately secured ___Diving board__cracked__ warped 


Wood deck: cracked__rotting _broken___ Handrail: Y__N__ condition, 


Vinyl lined pool: 


Lining: stained _tears__ discolored ___ 


Lining pulled out of edge retainer: Y__ Replacement recommended: Y__ 


Concrete pool side walls: 


Tiles_cracked__loose__chipped_missing __Plaster_flaking._chipped__eracked 
Paint__faded_flaking cracked _ 

Skimmer: Weir. moves freely broken missing Strainer basket: damaged missing 
Pump: noisy hott the touch water dripping around pump_—_ 

Strainer basket: needs leaning 

Heater: operational Y_N___ Cycles on/off: Y¥_N__ 


[Rust dust and flakes around base of heater: Y_N__ 


Filter: Pressure gauge operational: Y__N___ Filter needs cleaning: Y__N__ 
Cover: worn__torn__damaged___ Repairs needed ___ Replacement recommended __ 
Comments: 
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The art of soldering 


Ina soldering progess two metal 
pars arejoined by means of amolten 
metalic bonding agen (solder, 
whereby the meting point of the 
bonding agent is avays lower than 
that ofthe meta parts obe joined. 

If the meting point is below 450°C, 
then tsa sof soldering process, it 
is above, itis called hard soldering or 
brazing. Welding, onthe other hand, 
isthe process where two metals wil 
be heated up o their meting point 
hich time they wil, together with a 
filer material fm 8 pool of alten 


Xi 
Soldering e\\ ‘Solder 


‘material causing coalescence, In soft 
soldering, the seams between the 
metals tobe joined wil be filed with 
atin allo. is important thatthe alloy 
does not simply sick to the foreign 
meals’ surface ater ooalng but unites 
withthe metal For this purpose, 2 


‘iy, 


‘mall quantity ofthe foreign metals 
‘must dissolve and uit wit the tn 
ally forming @ mix of crystals the 
so ale clusion zone. Thais the 
{ask of the tin, whereas the aloy's 
‘other companens ae responsile for 
the solder iquefacton andthe ont 
‘mechanical stably A sald joint 
consists of he following layers 

© Base metal 

@ Difuson zone 

® Solidi solder 

® Difuson zone 

© Base metal 


“Ts 


‘To achieve the highest mechanical 
sfabiity i. to assure the durability 
of the solder joint, the difusion 
‘zone may nether be to thick 

ot too thin is ideal thickness is. 


res 


(0.5 um. The formation of the df 
son zone depends on the tempera 
lure the solder time and the allay 
Used. If the ifusion zane is too 
thio, the solder joint wil be brite 


ct 


‘and porous, whereas the formation 
‘of @ zone whichis oo thin indicates 
that an insufcient connection or no 
‘mechanical connection at all has 
been formed. 


Room, 
Condition 

1. Ceiling/walls: plaster sheetrock __ Chinese wallboard _ 
Cracked: yes__no_ Broken: yes_no 


Evidence of past leakage: wall__ ceiling __ peeling and flaking paint/paper. 


ld layers of paint lead-based paint — 
2. Floor wood bamboo __laminate__tle_conerete_ carpet. 

cother___squeaks __slopes_sagging__refinish_tom/chipped. 

loose__ == 
3. Thim: cracked___chipped_missing,__lencbased paint_ a 
4. Blectical outlets: not observable___number__ should have 
5. Doors: Esteior:___weatherstripped:yex__no_sliding glass, 

Interior:__eracked__chipped_broken.__ pocket door 
6, Hardware (locks, hinges, knobs, handles): missing needs repair any 
7. Closets:yes___no__number__ — 
8. Heating: radiators __baseboord air egisters__convectors_ 

radiation panels___none__ — 
9, Ficeplace:yes___no_cacked/chipped morta joints__needs cleaning, 

Damper: missing: yes___no_needs repair yes, no. 

indiation of backsmoking — 
10, Cabinetscounter:none___kitehen.__medicine/vanity 

czacked___chipped__loose_ —_ 
11, Plumbing fixtures: yes___no___leaks__ Operational: yes__no, 

Water low: adequate low __Drainage:adequate__blockage 

Regrouting caulking needed at tub/shower joins: yes no. — 
12, Exhaust fam: yes___no___operational_ _*. 

Comments: 
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Room, 


1 


10. 


un 


2. 


Ceiling/walls: plaster__ sheetrock __ Chinese wallboard, 


Cracked: yes__no_ Broken: yes_no, 
Evidence of past leakage: wall___ceiling peeling and flaking paint/paper__ 
old layers of paint___ lead-based paint 

Floor wood bamboo __Iaminate__tile_conerete_eaypet. 


other____squeaks _slopes_sagging__refinish__torn/chipped 


loose 
‘Trim: cracked ___chipped_missing__lead-based paint. 


Electrical outlets: not observable__number_ should have 


Condition 


Doors: Exterior weatherstripped: yes_no_sliding glass. 


Interior:___eracked__chipped_broken_ pocket door 


Hardware (locks, hinges, knobs, handles): missing __needs repair. 


Closets: yes__no_ number 
Heating: radiators___baseboard__airrogisters_convectors, 
radiation panels___ none 


Fireplace: yes_no__cracked/chipped mortar joints_ needs cleaning. 


Damper: missing: yes___no_ needs repair: yes_no, 


indication of backsmoking, 
Cabinets/counter: none___ kitchen _ medicine vanity, 


cracked___chipped___ loos 


Plumbing fixtures: yes___no__leaks_ Operational: yes_no 
Water ow: adequate low _Drainage:adequate__ blockage 
Regrouting caulking needed at tub/showver joints: yes no. 

Exhaust fam: yes__no__operational_ 

Comments: 
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A 


air admittance valves (AVS), 
6-117 
air-conditioning systems, 
262-274 
basic components of, 262 
central, 264-272 
cooling capacity, 263-264 
energy considerations, 
290-291 
evaporative cooler, 273 
geothermal heating/cooling, 
218-219) 
heat pump, 272-273 
inspection checklist, 273-274 
antennas, 28-29 
inspection checklist, 35 
arc fault circuit interrupter 
(AFCD, 179-180 
American Society of Home 
Inspectors (ASH) 
Code of Ethies, 343 
glossary of italicized terms, 
341-342. 
‘membership categories and 
yuirements, 344 
Standards of Practice, 335-340 
asbestos, 295-297 
shingles, 13, 47-48 


Index 


attic, 114-123 
crawl, 114 
fans, 120 
fire hazards, 117-118 
full, 114 
heating system located, 115 
inspection checklist, 123, 
insulation, 115-116, 284-287 
structure, 121-123 
truss, 122-123, 125 
ventilation, 118-119, 287-288 
violations, 116 
water leakage, 117 


B 
basement, 147-169 
dampness, 154-155 
floors and floor joints, 
160-162 
foundation, 147-151 
furnace room, 163-165 
inspection checKlist, 168-169 
plumbing, 197-202 
sump pump, 155-156, 
61-162 
walls, 159-160 
water seepage, 155-163 
bathrooms, 137-141 
electrical outlets, 179 


bathrooms continued 
inspection checklist, 
143-146, 
shower diverter, 139 
‘walter pressure and flow, 
138-141 
whirlpool tub, 140 
bedrooms, 136-137 
closet, 136-137 
inspection checklist, 145 
smoke detectors, 136 
Board of Fire Underwriters, 181 
boilers, 210, 221-223, 
inspection checklist, 245 


c 


carpenter ants, 106-108 
inspection checklist, 112 
caulking, 59-60 
acrylic latex, 60 
butyl-rubber, 60 
inspection checklist, 61 
oil-base, 60 
silicone-base, 60 
‘windows and weather- 
stripping, 289 
ceilings, 125-128 
inspection checklist, 143-144 
sagging plaster, 125-126 
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ceilings continued 
tile, 127-128 
water stains, 126 

central air, 264-272, 
lower coil, 269-270 
compressor, 265-267 
condensate drain line, 

268-270 

condenser, 267 
drain pan, 270-271 
duets, 270-272 
evaporator, 267-269 
inspection procedure, 273-274 
integral system, 264 
split system, 264-265 
types of, 264 
vent stack, 269 

cesspool, 187 

chimneys, 22-26 
chimney-top damper, 25, 135 
cricket, 26-27 
inspection checKlist, 34 
saddle (see cricket above) 

chlordane, 95-96 

circuit breakers, 174 

contracts, 314-315 

crawl space, 165-168 
conditioned crawl space, 

167-168 

FHA standards, 165 
inspection checklist, 169 


D 
decks, 76-80 
bracing, 78 
column support, 77 
composite deck, 79-80 
free-standing deck, 79 
guardrails, 79 
Inspection checKlist, 82 
joist supports, 77-78 
spacing between planks, 78 
domestic water heaters, 247-261 
(see also water heaters) 
doors 
exterior, 56-57 
flush, 57 
inspection checKlist for 
exterior, 61 
metal-clad insulated, 57 
pocket, 124 
solid-core flush, 57 
stile-and-rail, 57 
storm, 59 
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drainage, 2-70 
curtain drain, 66-67 
flood plain, 63 
sgroundwvater/water table, 
65-67 
inspection checklist, 81 
plumbing system, 185-186 
Surface ninoft, 63-65 
driveways, 39-41 
inspection checklist, 41 
dry well, 33-34 
drywall Ge plasterboard) 


E 


efflorescence, 52, 158-160 
EIFS (synthetic stucco), 49-50 
electrical heating systems, 
336-237 
space heaters, 237 
electrical outlets, 132-134 
inspection checklist, 144 
electrical system, 170-182 
aluminum wiring, 176-177 
appliance power 
requirements, 173, 
are fault circuit interrupter 
(AFC), 179-180 
capacity, 171-173 
fuses and circuit breakers, 
VAIS 
sground-fault interrupter 
(GF, 179 
grounding, 177-178 
Inlet electrical service, 
170-171 
inlet service panel box, 
175-176 
inspection checklist, 181-182 
knob-and-tube wiring, 180 
Jow-voltage switching 
systems, 180-181 
outlets (receptacles), 134, 
178-180 
service switch, 171 
tamper-resistant receptacles, 
134 
violations, 181 
electromagnetic fields (EMF), 
301-302 
energy considerations, 283-291 
engineered limber, 183-154 
environmental concerns, 
292-303 
asbestos, 295-297 


environmental concerns 

continued 

clectromagnetic fields (EMF), 
301-302 

formaldehyde, 300 

lead poisoning, 298-300 

leaky oil tanks, 300-301 

radon, 292-295 

‘water contamination, 297-298 


F 
Federal Housing 
‘Acministration (FHA), crave 
space standards, 163 
fences, 80-81 
inspection checklist, 82 
replies, 13-136 280-290 
himney-top damper, 
25-26, 138 
creosote, 135 
gas-fired, 136 
Inspection checklist, 144 
recommended types of 
wood, 290 ae 
soot (se creosote abo) 
ventree, 136 
food plain, 63 
floors, 128-131 
teamboo flooring, 129-130 
carpet-covered (new), 129 
engineered hardivood floor, 
129 
inspection checklist, 144 
Tamtinate flooring, 129 
forced hot-water heating 
systems, 221-227 
advantages/disadvantages, 
223 
controls, 225-227 
Aistrbution piping, 223-224 
domestic water heater, 
226-207 
panel, 24-225 
sre temperature 
Pupuge 227 
radiators, 224 
relief valve, 227 
zone control, 226 
forced warmair heating 
systems, 215-218 
air distribution systems 
216-218 
supply registers and return 
ill, 216-218 


formaldehyde, 300 
foundation, 147-151 
Dridging, 154 
cracks, 149-150 
girders, 151-152 
inspection checklist, 168 
settlement, 148-149 
structural support framing, 
151-154 
Superior Walls, 150-151 
furnaces, 210 
condensing, 215-216 
furnace room, 163-165, 169 
inspection checklist, 245, 
pulse-combustion, 216 
fuses, 174-175 


G 
garages, 84-94 
‘attached, 84-90 
detached, 90-93 
door photoelectric eye, 88-89 
door restraining cable, 88-89 
doors, 88-89 
electricity, 89, 92-93 
exterior of detached, 90-91 
fire and health hazards, 
8-85 
flood potential, 88 
seneral considerations, 89-90 
eat, 92 
inspection checklist, 93-94 
interior of detached, 91-92 
plumbing problems, 86-88 
‘gas burner heating systems, 
235-236, 244 
inspection checklist, 246 
geothermal heating /cooling, 
218-219) 
gravity hot-water heating 
systems, 219-221 
expansion tanks, 220 
gravity warm-air heating 
systems, 213-215 
green home technology, 
307-311 
groundwater, 65-67, 202 
high level, 155-156 
gutters and downspouts, 29-34 
built-in, 30 
exterior: mounted, 30-32 
inspection checklist, 35 
types of material, 30-31 
gypsum board (see plasterboard) 


H 


hallway, 142-143 
inspection checKlist, 146 
heat pump, 218, 272-273 
heating systems, 209-246 
central, 210-211 
combustion air, 239 
direct venting, 238-239 
electrical, 236-237 
energy considerations, 
290-291 
forced hot-water, 221 
forced warm-air, 215, 
gas burners, 244 
geothermal heating/cooling 
218-219 
gravity hot-water, 219-221 
ravity warm-air, 213-215 
heat pump, 218, 272-273 
hot-water, 219-297 
hybrid, 231 
hydro-air, 231-232 
inspection checKlist, 244-246 
inspection procedures, 
237-244 
low-water cutoff, 227, 230 
oil bumers, 243-244 
registers and radiators, 211 
space heaters, 236-237 
steam, 227-231 
thermostat and master 
shut-off, 211-212 
venting, 288-239 
warm-air, 212-219 
home inspection 
contracts, 314-315 
electroméchanical systems, 4 
exterior, 2-3 
final, 4 
interior, 3-4 
limitations, 312-313 
procedures, 1-4 
professional, 312 
quiz, 319-333 
quiz answers, 334 
warranties (see warranties) 
worksheets, 348-354 
home inspector requirements, 
316-318, 
hot-water heating systems, 
219-207 
inspection checKlist, 245-246 
inspection procedures, 
41-242 


hybrid heating systems, 231 
‘steam-hot water, 231 


I 


insects 
carpenter ants, 106-108 
inspection checklist, 112-113 
powder-post beetles, 108-109 
termites, 95-106 
‘wood-destroying, 95-109 
instantaneous water heaters, 
254, 259 
insulation, 284-287 
attic, 115-116 
determining amount of, 
285-286 
flexible, 284 
foamed-in-place, 284 
jacket for water heaters, 287 
Toose-fll, 234 
R-value, 285 
recommended amounts of, 
286 
types of, 284 
urea formaldehyde foam 
(UFFD, 284, 300 
vapor barrier, 286-287 
interior rooms, 124-143 
bathrooms, 137-141 
bedrooms, 136-137 
ccracks (truss uplift), 125 
electrical outlets, 132-134 
floors, 128-131 
hallway, 142-143 
inspection checklist, 143-146 
kitchen, 141-142 
kitchen island sink, 142 
Staircase, 143 
walls and ceilings, 125-128 


K 


kitchen, 141-142 
inspection checklist, 145 
Toop vent, 142 


L 
landscaping, 74-76 

‘leeks, 70°80 

drainage, 62-65 

fences, 80-81 

foundation settlement, 

48-149 
inspection checklist, 81-88 
lawn, 7-76 
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landscaping continued 
Tawn sprinkler systems, 
ws 
retaining walls, 70-74 
Shrubs, 75-76 
trees, 76 
lead poisoning, 298-300 
lightning protection, 29 


M 


‘moisture meter, 1,126 
‘mold, 302-303 


oO 


oil burner heating systems, 
inspection procedures, 
243-244 
oil tanks 
buried, 300-301 
interior location, 234 
leaking, 300-301 


P 


patios, 38-39 
inspection checklist 41 
plasterboard, 133 
plumbing, 164-207 
basement, 197-198 
brass pipes, 199 
curb valve, 184 
distribution piping, 198-199 
drainage pipes 198-202 
drainage sytem, 185-186 
fixtures, 185, 193-194 
fresh ai vent, 185-187, 192 
house service main, 18 
ingpection checks, 145 
207-208 
island sink vent, 142 
lawn sprinkler systems, 
12-193 
PEX, 195-196 
pipes, 195-199 
polybutylene, 196-197 
problems in garages, 6-87 
Septic systems, 193, 187-192 
sewage ejector pump, 
201-200 
shower diverter, 139 
Sink trap, 139-140 
Sump pumps, 156, 161-162 
went slack, 36-27, 16-117, 
91-192 
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plumbing continued 

wall hatch, 194-195 

waste disposal system, 
186-192 

water pressure and flow, 
138-139, 194 

water supply and 
Cistribution, 184-185 

water supply pipes in 
basement, 107-198 

well-pumping systems, 
202-207 


powder-post beetles, 108-109 


inspection checklist, 112 


R 
radon, 292-295 
EPA guidelines for 
residential, 293 


‘water supply contamination, 


297-298 
retaining walls, 70-74 
inspection checklist, 81 
types of, 70 
roo, 626 
builtp (BUR), 17-19 
discolored, 10 
fat, 16-20 
hatch, 28 
icedam, 8 
inspection checklist, 20-21, 
Tess 
metal, 15-16, 19-20 
pitched, 6-8 
follrofing, 19 
Shingles ( shingles) 
Singleply membrane, 19 
Structures and projections, 
22-34 aa 
valley construction, 9 
vents, 27-28 


Ss 
screens, 58-59 
septic tank, 187-192 
alternating drainfields, 
190-191 
bacterial cleaner, 190 
cleaning, 190 
‘mound systems, 191-192 
water sojteners, 190 
sewage ejector pump, 
201-202 
sheathing paper, 43-44 


shingles, 8 
asbestos-cement, 13, 47-48 
asphalt, 10-13, 
clay tes, M15, 
lifespan of 11 
on piched roots, 6-8 
slate, 13-14 
Synthetic slat, 14 
wood, 45 
wood and shakes, 12-13, 

sidewalks, 36 
front and side pathways, 37 
inspection checklist 41 

siding, M9 
‘aluninum, 46-47 
asbesto-coment shingles, 

748 
asphalt, 48-49 
EIFS (synthetic stucco), 49-50 
exterion 44-49 
fibercement siding, 48 
hardboard, 46 
inspection checklist, 60-61 
masonry veneer, 50-52 
mmineraeAiber shingles, 47-48 
plywood panels, 46 
Sirco, 19 
Synthetic stucco (EIFS), 49-50 
vinyl 47 
wood, 1-46 
‘wood boards, 45-46 
wood shingles/shakes, 44-45 

skylights, 28 

Smoke detectors, 196,143 

ball erosion, 63-64 

Space heaters, 236-237 
electig 237 
gus 237 

staiease, 113 

Steam heating systems, 

327-231 
advantages /disadvantages, 
pa 
contols, 229-231 
distribution piping, 28-229 
domestic water heater 231 
inspection checklist, 246 
inspection procedures, 
2203 

steps 
ty, 37-38 
inspection checklist 41 
interior stairase, 143 

stucco, 89 

sump pumps, 156, 161-162 


swimming pools, 275-282 
accessories, 280 
‘concrete, 275-276 
‘equipment, 278-279 
inspection checklist, 282 
inspection procedure, 

280-282 
preformed fiberglass, 
277-278, 
vinyl-lined, 276-277 
synthetic stucco, 49-50 


T 
termites, 95-106 
bait, 83, 
dry-wood, 105 
Formosan, 106 
inspection checklist, 112 
subterranean, 98-105 
‘wood damaged by, 102 
trim 
‘exterior, 52-53 
interior, 128 


Vv 


vents 

air admittance valves 
(AVS), 116-117 

condensate drain line 
connected to, 269-270 

loop vents, 142 

stacks, 26-27, 115-117, 
191-192 


Ww 

walls 
‘basement, 159-160 
Chinese dry wall, 128 
exterior, 43-52 
interior, 125-128 
Toad-bearing, 43 
‘masonry, 51-52 


‘mold-résistant drywall, 126 


siding (see siding) 
studs, 43 

Superior Walls, 150-151 
veneer, 43, 50-51 

‘water stains, 125-128 


‘wood-framed exterior, 4-44 


‘warm-air heating systems, 
212-218 
advantages, 213 
disadvantages, 213 
inspection procedures, 
9-281 
warranties 
manufacturers’, 314 
rivate home inspection, 
e 314 : 
realestate 313-314 
waste disposal system, 186-191 
esspodl, 187 
Teaching fel, 188 
septic tank, 187-188 
water 
Contamination of, 297-298 
ground, 65-67, 202-203 
high groundwater level, 
135-156 
leaking into atic, 117 
pressure and flow, 1398-141 
Ecepage inspection checklist, 
168-169 
seeping into basement, 
155-156 
seeping through foundation 
walls, 156-158 
stains on ceilings, 125-126 
Supply requirements, 207, 
table, 65 
usage rates, 207 
water heaters 
capacity and recovery, 
335-256 
determining 3 
domestic, 247" 
exhaust stack, 252 
expansion tank, 250-251 
indirect fred storage, 260 
inspection checklist, 251 
instantaneous, 259 
insulation jacket for, 287 
operational inspection, 
252-254 
pressure /temperature-relief 
valve, 29-351 
recirculation, 254 
Felit valve, 349-251 
replacement, 254-255 


se of, 255 


water heaters continued 
reversed connection, 248-249 
rumbling noise, 251-252. 
spill switch, 253 
tank, 248-256 
tankless (coil), 256-258 
tankless (coil) inspection 
procedures, 258-259 
tankless (wall-mounted) 
heater, 259 
weep holes, 51 
‘well pumps, 202-206 
jet, 203-204 
piston, 203 
Submersible, 204 
wells, 202 
‘general considerations, 
206-207 
inspection checklist, 207 
pressure switch and 
gauge, 206 
storage (pressure) tanks, 
205-206 
windows, 53-56, 131-132 
awning, 54 
‘casement, 54 
caulking and 
weather-stripping, 289 
double-hung, 53 
fixed-pane, 55 
frames, 55 
glass used in, 55 
horizontal sliding, 53, 
inspection checklist, 61, 144 
jalousie, 54 
repairing broken, 131-132 
screens, 58-59 
storm, 58, 288-289 
thermal-pane, 132-133 
wood 
insects that destroy, 95-109 
rotting, 109-112 
wood-buming stoves, 289-290 
recommended types of 
wood, 200 
(see also fireplaces) 


Y 


yard (see landscaping) 
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What do you need for soldering? 


1. The soldering iron 


5 provid f 


4 


Heat is required to melt the solder, the saldering ion's thermal output because of the precise control 

This the soldering iron's job. and an efficient hea transfer o the of the preset temperature atthe 
solder joint tobe made is deciswe, soldering iron tp. 

Temperatures of 200°C- 450°C One either selects a soldering iron 

are required depending on solder that performs within the tempera- Both the soldering statlon’s regis- 

Joint and solder alloy. In he field of ture range required, or a soldering tration ofthe actual tip temperature 


electronics, the usual temperature sation with temperature contol shouldbe highly precise, andthe 

lies between 250°C and 375°C. is used. Temperature-conroled heating element shouldbe powerful 
soldering stations enable the user and recover quickly in order to 

Inorderto have the proper temper- to work on different applications avid overheated or cold solder 


ature for any soldering application, without loss of solder joint quality, joints. 
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“a" BATTERY—An appliance for far- | 
ishing electrical current to light the 
flaments of a vacuum tube, and eause 
emission of electrons (see Theory of 
Vacuum Tube Operation). This bat- 
tery may be in any of several forms, 


VACUUM TUBE r 


TUBE SOCKET ~ 3 


Fig. Method of connecting, the "A" bate 
cuits.” The Slower diagram” shows the VA" 


attery ar represented in achemase Wawings 


the two in popular use being the stor 
age type (see Storage Battery), and 
the dry-cell (see Dry Cell). ” Fig. 1 | 
shows ‘method of connecting’ the “A” 

Battery in a vacuum tube eireuit. 


SYMBOL=|III|F- | 
pean Nationat Corbon Co, Ine. 


Fig. 2, A storage battery such a5 weed for 


AAS Sitter current Sopa 


In Fig, 2 a popular type of storage 
battery “is shown, Batteries of this | 
type come in many individual forms, 
the usual voltage being standardized 
at 6 volts. However, for use with cer- 
tain tubes, 2 and 4'yolt storage bat- 
teries are available. For general radio 
work, using the —low-consumption 
tubes, the battery, as shown 
can hold a charge of from 
pere hours. (See Storage Battery.) 
‘The other common form of “A” Bat- 
tery is the dry cell, usually having a 
difference of potential (voltage) of 1.5, 
volts. Fig. 3 illustrates a popular type 
of dry eell. In connecting a number 
of cells for use with a vacuum tube, | 


A 


tae method of connecting will depend | 
on the voltage rating of the particular 

tube. If the tube is rated at 15 volts, 
a single dry cell may be used as in 
Fig. 4, or several may be connected in 
parallel (q.v.) shown in Fig. the 
{otal voltage however, being only the 
voltage of one cell. ‘Taree dry cells | 
connected in series (q.v.) will give 434 

volts, Pig. 6. A. gpnnection for dry 
cells, known as serlesperalict or mul- | 
tiple (q.s.), is shown in Fig. 7. This 

connection will also produce 4% volts 

‘and at the same time increase the life 
of the cells. Four diy cells connected 
in series will give six wolts for use 
with a standard six-volt tube, Fig. 8. 
Dry cells are only used with six-volt 
tubes where the tube has a current 
rating of & ampere, and seldom more 
than one tube is used in this manner 


| EVEREADY 
ioe 


‘SYMBOL 
| zS 


ig. 3, A dey cell “A batery 
due to the relatively high discharge | 
fand consequent short life of the bat 
tery 

‘A’ storage battery can be used for 
the “A” Battery current with a 4-volt 


vacuum TuBE— 


socKET — 


Vk VOLTS: 
ANEOSTAT“ 
Fig, 4 This ciruit shows how one dey cel 


EMtacd aa the SA" banery tor types of tuber 
Teduline 174 volts lament Current 


VACUUM TUBE 


TUBE socKET 


RHEOSTAT 


Fie, $., Several dry call may be conected 
pean Me af te A batery 


tube if the connection is made as in 
Fig. 9. Here a standard 6-volt stor- 
age battery is tapped at the four volt 
terminal, 


vacuum Tuae — 


SOCKET 


4% vour: 


RHEOSTAT 


cells conpected jo, seen 


Be he aatert 


Be tig 
for the U.V.199 or €209 type of tube 


VACUUM TUBE 


SOCKET: 


RHEOSTAT 


6 VOLTS 
Fig, & Four dry eels connected in strien 
ive. Swale lor low eonsumption tubes 


vacuum TUBE (= 


Fig. 9. 


‘Showing method of tapping at 4olt 
fegminal of aout storage betery lor type 
‘UNM ibe or" C99 tuber of other rat tubes 
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Abampere 


Another connection for low voltage 
tubes can be made as illustrated in 
Fig. 10," Here only one cell of the 


storage battery is used. This cell can 
de used until exhausted when the other 


vacuum TuBE —__(-) 


Fig 10, How call of a G-yolt storage 
Batiety' may be'employed. to furnish °A® bat 
Tey Sieeent for 158 volt tes 


cells can be used in the same manner. 
Wren “the three cells are, exhausted, 
the storage battery may be charge 
by means of a charger (q..). 


ABAMPERE—A uni 


of curreht used in 
special theoretical work. It has a 
value of 10 amperes (q.v.) and is not 
generally used in electrical work. 


ABBREVIATIONS, AMATEUR — The 
transmitting amateurs of the United 
States use their own peculiar abbrevi- 
ations in thelr inter-communication 
work, These are used to lessen the 

iterference between transmitting st 
tions as it permits conversation ina 
much quicker manner. The abbrevia- 
tions generally used are listed below. 

Simplified spelling is always resorted 

to, words being spelled according to 

their sounds. ‘Some such words are 
given, but others are s0 obvious that 
they are not listed. There are also the 


standard “Q” signals adopted by the 
International Radiotelegraphic Con- 
vention, to be found in official publi 


cations and given under the heading 

“Abbreviations, International Radio- 

telegraphic Convention.” 

ACCW—A transmitter using rectified 
alternating current as the plate 
supply. 

AFTRN or P.M.—Afternoon. 

AMMTR—Ammeter. 

ARRL—American Radio Relay League. 

BCL—Broadeast listener, one who does 
not have a transmitting station. 

BC STATION—Broadeast Station, 

BFRE—or B4—Before, 

BLO—Blow. 

BOTTLE or V.T.—Vacuum Tube. 

C—See or Call. 

CGE—Cage. 

CM—City Manager of A. R. R. L. 

CTPSE—Counterpoise. 

CUL—See you later or call you later. 

CW—Continuous wave transmitter. 

DCCW—A transmitter using direct 
current as the supply for the plate. 

DM—Distriet Manager of A. R. R. L. 

DOPE—Information, or in another 
sense, @ varnish for coating induc~ 
tance coil 

DS—District Superintendent of the 
ARR L. 


DX—Distance, receiving or transmit- 


FB—Fine Business. 

FONE—Phone. 

GA—Good afternoon. 

GLD—Giad. 

GM—Good morning. 

GN—Good night. 

FRQ—Frequency. 

HAM—Being a term for the transmit- 
ting amateur. 

HI—High or I am_laughing—it's 
funny, according to use in sentence. 

HI LOS—High loss. 

HR—Here. 

HV—Have. 

KCK BCK—Kick back 

KONGRATS—Congratulations. 

KY—Key. 

LW LOS—Low toss. 

LW WVE—Low waves. 

MGHT—Might. 

MIKE—Microphone. 


OM—Old man. 

OP—Operator. 

OPS—Operators. 

ORS—Official Radio Station. 

OT—Oscillation transformer. 

OW—Female operator. 

PEEP-PEEP—Continuous wave trans- 
mitter. 

QCW—Listen for my CW transmitter. 

QcW?—Shall I listen to your CW 
transmitte: 

QRMER—An_ operator who persists 
in interfering with other stations 
after being warned to stop. 

QSR—I will relay the message. 

QSR?—Will you relay the message? 

Q8S—You are fading. 

QSS?—Is my signal fading? 

RDO—Radio. 

RECVR—Receiver. 

RELY—Relay. 

ROCKCRUSHER—Spark transmitter. 

SA—Say. 

SIGS—Signal 

SPIKE—Message file. 

SPK—Speak. 

SUREFIRE—Something positive in 
action. 

THG—Thing. 

THT—That. 

TLL 

TM—Traffic manager of A. R. R. L. 

TMR—Tomorrow. 


TRAFFIC—The handling of messages 
among the stations. 

U—You. 

UNLIS—Unlicensed. 

UR—Your. 

VLTMTR—Voltmeter. 

WL—Will. 

WRLS—Wireless. 

WVL—Wavelength. 

“X" LICENSE — Experimental Li- 

‘YL—Young lady. 

“Z"—Special license. 

73—Best regards 


ABBREVIATIONS — RADIO — ELEC- 
"TRICALA letter of group of letters 
of the alphabet arranged 10 that there 

fs Getnite electrical meaning when 

Used in radio telegraphy or telephony 

These abbreviations are the means by 

which technical writings are simpli 

Fok iee Alternating Curcent it ait 

ply" A.C! when used in general teleg- 

Faphy. As moat of the latest radic 

ooks use these abbreviations, the 
following: are given to aid the read 
in understandifg the ‘various abbrevi- 
ton 


A.C.—Alternating Current, 
A.F—Audio Frequency. 

B.E.M.F.—Back Electromotive Foree. 
B, & S.—Brown & Sharpe Wire Gauge. 


C—Capacity. 


CGS. — Centimetre-gramme-second 
(gv). 

C.W.—Continuous Waves. 

D.C—Direct Current. 

D.C.C. — Double Cotton 
(Wire). 

D-S.C.—Double Silk Covered. 

E.—Induced Pressure (See Abvolt). 

E.M.F.—Electromotive Force. 

HLF.—High Frequency. 

HLF.C.—Iigh Frequency Current. 

LR.E.—Institute of Radio Engineers. 

Inductance (in Formulae). 

Low Frequency. 

L.F.C.—Low Frequeney Current. 

M.A—Milliampere. 

Mfad.—Microfarad. 

P.D.—Potential Difference. 

R.—Electrieal Resistance, 

R.F.—Radio Frequency. 

R.P.M.—Revolutions per Minute. 

Revolutions per Second. 

S.G.—Specifie Gravity. 

—Simple Harmonie Motion. 
Single Silk Covered. 
S.W.G.—Standard Wire 
W/L—Wavelength. 
X's—Atmospheries. 


ABBREVIATIONS, INTERNATIONAL 
RADIO TELEGRAPHIC CONVEN- 
TION—All messages and conversa- 
tions are not transmitted in regular 
form, Various forms of abbreviations 
being widely used to increase the spee« 
‘of transmission and. to reduce cost. 
Te also has the tendeney to decrease 
the interference as messages are sent 
swiftly in half. the time. In wireles 
telegraphy, abbreviations have been 
adopted as international, and today 
there are very few ships or shore sta- 
tions that do not use at least part of 
them daily. Below we give the Inter- 
national Radiotelegraphic | Abbrevia- 
tions as adopted at The International 
Radiotelegraphic Convention. An ex- 
ample of the use of the abbreviations 

A station wishing to learn the name 
of a ship which is seen off the ci 
sends in code the letters QRA?, wh 
peas, what ia the name of your ahi 
‘The station of ship answers with the 
Ietters, QRA°SS. Lapland, thus in a 


Covered 


Abbrevia- 

cat Question Sienas 6 ter or Notion 
inal of inquiry made by a station 
‘desiring to communicate. 

TR Signal announcing the sending of 
particulars concerning station 
on shipboard. 

Signal indicating that a station is 
‘thout to send & high power. 
PRB Do you wish to communicate by 
‘means of the International Sig- I wish to communicate by means of 
al Code? s.-.eesseu+ the International Signal Code. 

QRA What ship or coast station [This is eee 

QRB — What is your distance?........... My distance is fe 

QRC What is your true bearing? "My true bearing is J degrees. 

QRD — Where are you bound for?. ‘Lam bound for- Ze 

QRF Where are you bound from? “Lam bound from. .c.c0c0c002 

QRG What line do you belong to?.......1 belong to the... Line 

QRH What is your wave length in meters? My wave length is..........meters, 

QRJ_—_ How many words have you to send?.-I have .....--.-.... words to send. 

QRK How do you receive me? <u am receiving’ well, 

QRL Are you receiving badly? Shail 1 

Send 207 vssnss-.-ssseseurseueseoT am receiving badly. Please send 20. 
for adjustment? for adjustme 

QRM Are you being interfered with?......1 am being interfered with 

QRN Are the atmospherics strong?.......Atmospherics are very strong. 

QRO Shall I increase power? [Tinerease power. 

QRP Shall I decrease power? "Decrease power. 

QRQ Shall I'send faster?.. Send faster. 

QRS Shall I send slower? Send slower. 

QRT Shall I stop sendin "Stop sending. 

QRu eta T have nothing to transmit. 

T have nothing for you. 

QRV Are you ready’ fam ready. All right now. 

QRW Are you busy?, ‘am busy’ (or, I'am busy with... 
Please do not interfere). 

QRX Shall I stand by’ T will call you when 

QRY When will be my turn’. 

QRZ Are my signals weak? 

QSA Are my signals strong?. 

QSB Is my tone bad?...... 

Is my spark bad 3 
QSC Is my spacing bad? SlYour spacing is bad. 


{when an abbreviation {8 followsl by 
£ Niuestlon Indicated 


fa mark of tnterrogation, it refers to the 
for "hat “Sobreviation} 


ABSCISSA—A term in geometry adapt- 
fed to radio use in making curves to 
show various values. ‘The abscissae 
fare the horizontal lines, and the or 

es are the vertical lines. In the 
diagram, the line AY is the axis of 
ordinates (q.v.) and the line AX the 
axis of absclssae. Fig. 2 shows a sim- 
ple curve indicating the relation be- 
tween voltage and current (amperes) 
inan are (qv.).. The volts are given 


and ordinates are known, it ip a 3 
ple matter to plot a series of points 
and then draw the eurve through these 
points. (See curve.) Thus, in Figure 
2, the curve shows the operation of the 
wre to be such that when the voltage 
is zero, the current’ is 20 amperes; 


° 
Y é 
H 
9 a 
a Fa 
E 6 
Zz + a 
a Anpenes 
© asscisse 
6 Fig. 2A simple curve to iutrate the rae 
L sion betnces woe an inbred 
tJ SCISSA 
a when the voltage is 60, the current is 
1. dieting ain of abacite by abe | 6 amperes, ete. 


ordinates and the amperes are 
shown as abscissa 

‘The distance of any point from the 
axis of ordinates, measured on a line 
parallel to the other axis represents 
the value of the quantity and loc 
a point on the curve, Where abscissae 


ABSORPTION, ELECTRIC—(See Soak- 
ing-in.) 


ABSORPTION MODULATION—In the 
Production of modulated (see modula 
tion) waves, used to transmit speech 
in radio, it is necessary first to produce 
undamped (qv.) waves of high or 
radio frequency (qv.). Then other 


Accumulation of Electricity 


waves of low or audio frequency (q.v.) 
fare superposed or run together with 
them. Now, if we insert a microphone 
(g.v.) in the aerial ctreuit (q.v.) of the 
transmitting station, providing. that 
the resistance (q.0.) of that. instru- 
ment is such as to reproduce accurately 
the vibrations of the voice or music, 
it is possible to vary the current out 
put of the system producing the high 
frequency currents, so as to transmit 
the "voice vibrations.” It the, micro- 
Phone has resistance comparably low 
with the antenna or antenna resiet- 
ance (g.v.), then the high frequency 
ower output is handled (apportioned) 
equally between the aerial and micro- 
Phone. The result is the production 
of fairly well modulated waves, There 
are, however, better methods of modu- 
lating the waves for which see Modu~ 


ABVOLT—The CGS unit (q.v.) indicat- 
ing ihe oreaure of indeed EMEP. 
tween’ the ends of a wire one ‘centi- 
meter long, moving ‘with a, speed of 
‘one centimeter per second acrovs, the 
magnetic lines of force jn. fines) 

(ae) of a uniform magnetic feld of 

Unit intensity or Mux density. An 

abvolt is therefore a very smal unit 

and. 100,000,000 (108) ‘are required to 

Equal one volt. \In all formulae for 

determining the output or EMF. that 

can be expected to be produced ‘by a 

gertain allernator (qe), the result is 

{in abvolts, and the ‘complete formula 

usually. provides for obtaining the ac- 

ial volts. This ts done by dividing 
the result in abvolts by 10,000,000 oF 
Aa'it is generally expressed, (See 

Alternator dso abampere.) 
‘C-Abbreviation for. Alternating 

‘current. "(See Alternating Current) 


A 


ACCELERATION—The rate at which 
the speed of a body in motion increases 
within a certain period of time. If 
Wwe assume @ train running at a cer- 
lain" rate of speed ‘when the Drakes 
are) applied, he’ speed will ‘decreas, 

and if measured over a period of one 

second, there will be a definite amount 
of decrease or a rate of decrease, “This 
is \enown as. negative acceleration or 
deceleration, When the train is speeded. 

‘up there wil be a definite change (ine 

crease) in velocity. ‘The rate of change 

of velocity per ‘unit, of time is the 
acceleration. (See Velocity also Fre- 
aueney.) 


ACCEPTOR—A supplementary combina- 

mn of inductance (q.v.) and capacity 
(g.v.) tuned to the ‘frequency of the 
lesired signal and connected in series 
in the receiving antenna. Generally, 
a coil (q-v.) and condenser (q.v.) of & 
Value to correspond with a certain 
given wavelength—thus literally | to 
Eaccept” the desired signal. (See 
also Rejector.) 

‘A series combination of inductance 
(9.v.) and capacity (q.0.) connected 
in series with a high-frequency C.M.F. 
‘When tuned to resonance with the im: 
pressed E.M.F., the impedance drops 
to a low vaiue, limited by the resi 
tance of the system 


ACCUMULATION, OF ELECTRICITY 
—the process of storing electrical en- 
ergy ag (1)—a storage battery (q.v.) 
in which electric charges are placed to 
be later withdrawn and expended at 
will for various purposes, or (2)—the 
collection of energy by a condenser 
(qv.) wherein the electrona  (q-v.) 
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Accumulator 


or minute charges of electricity are 
stored up momentarily on the plates 
for electrodes of the condenser (q.0.) 
‘and then released into the circuit. 


ACCUMULATOR—(See Storage Bat- 
tery.) 
ACID—An active chemical compound 


‘combining hydrogen. with 
various acid radicals. Acids are much 

‘radio, particularly in storage 

(gv). The most common! 

Used "acid fn’ this connection is ule 
Phurie acid-—a_ compound or union of 
hydrogen, sulphur and oxygen in cer- 
tain defmite proportions as. indicated 
by the chemical symbol Hy SO. (See 
Pluz, Soldering.) 


ACIDIMETER or ACIDOMETER—An 
instrament used to determine the epe- 
ihe gravity (q.v.) of an acid. solu- 
tion. “it's similar to a hydrometer 
And used in the same manner. Much 
Used for testing strength or Purity of 
acids, or solutions. Operates on’ the 
principle that the strength of an acid 

be directly proportional to the 
quantity ‘of carbonie acid. gas which 

Ie will liberate from a carbonate of 

soda or potash. (See. Hydrometer.) 


IC LINE—An imaginary line on 
the earth's surface assumed as pass- 
ing through points where there Is no 
magnetic inclination or dip of the 
needle of a compass. (See Ayonic 
Line.) 


ACOUSTICS—The science of sound or 
the study of the cause and effect of 
vibrations ‘which effect the hearing. 

speaking, the production and 


ACOUSTIC WAVE—The term  oces 
sionally used to denote a sound wave, 


ACTINIC RAY—A light ray or bem 
of invisible radiant eneray (9: 

of light, generally ‘considered ag 

lying at the blue or extreme left of 

the spectrum (q.0.) and being of such 

short wavelength as to be invisible to 


the eye. These rays have the power 
to induce or bring about chemical ac- 
tion. 


ateon ean MO 
ing all PRS tl ue 


ACTIVE CONDUCTOR—(See Conde. 
tor. 


ACTIVE MATERIAL—The spongy part 
of a plate of a storage battery. ‘The 
part which changes in nature and al 
Pearance due to the flow of electric 
Gurrent and having the ability to, re- 
develop the current by a secondary 
chemical change. 


ACTIVE PRESSURE—The active eleo- 
tromotive force (q.v.) or the pressure 
which produces a current. The term 
J used "to distinguish, this, pressure 
from one impressed on the circuit 

‘A component in phase with the cur- 
rent in an alternating current (q.v.) 


ACTIVE SPARK—A spark produced 
from energy contained in a charged 
condenser, which produces active oscil- 
ations (9. ‘ 
‘Thus, the spark discharge from a coil 
without any method of storing energy 
will be “inactive.” When a condenser 
Ji inserted in such manner a to allow 
it to store up energy and then dis- 
charge, the resultant spark will be 


activ 
6 


ADAPTER, AERIAL —A device for util: 


m 


Fig. 1 shows a simple spark coil 
circuit with the secondary discharging 
across a gap. This is an Inactive 


INACTIVE SPARK 


BATTERY 


1. Showing Row ap Tnactve spark 


ACTIVE SPARK 
nts 


eatiery 


itine"of a eondsnser (e'the Circle te shows 
Spark, Fig. 2 represents the same 


coil with a condenser in the circuit, to 


across the gap (4.2-) 
tive Spark: 


izing an electric light line as an aer 
for the reception of radio signals. 


tration by coutss of Dublin Condenter end 
Redio Cort. fh 


sentially, two or more fixed mica con- 
lensers of comparatively high capac: 
ity, in series ‘with two metal legs at 
{ached aldo, standard ple. for 
Insertion “in” socket of clecttic light 
fixture, Terminals are ‘provided for 
connection to receiving apparatus. The 
iMlustratjon shows one of the popular 
types of Aerial. Adapters which con- 
Sats of merely a condenser to prevent 
the voltae of the line from passing 


directly to, or through, the instru- 
ments, 


ADAPTER, TUBE—A device sim 
form to @ vacuum tube socket. 
ally ‘comprises a cylindrical form or 
shell of either metal or insulating ma- 
terial with legs identical with the tips 
or legs of a vacuum tube. A recep: 
tacle is allowed for the insertion of 
tube, and the lead from each tip re- 
cess ig so connected toa leg or tip 
at its base, as to permit the use of & 


nstsation by courteny of Pacent Etec. Co Ine, 


nonstandard base tube in a standard 
socket (q.v.), ‘The illustration shows 
Adapter for U,V. 199 or 1-209 type of 
tube. “When it is desired to cmploy a 
tube having a non-standard base in & 
set already equipped with standard 
sockets, without the necessity of 
changing the sockets, an adapter may 
be used. (See Socket.) 


ADHESION, ELECTRIC—Affinity of 
one body ‘for another due to dissim- 
ilar charges of electricity, passing 
through or being carried by them. 

The electrical equivalent of magnetic 


attraction. 
ADJUSTABLE | CONDENSER — (See 
Variable Condenser.) 


ADJUSTABLE GRID LEAK—A form 
of grid leak (q.v.) that can be easily 


SymBo. 


twtration by courtesy of Allen-Bradiey Co. 


adjusted over a wide range of values 
‘Sithout removal from the circuit, ‘The 
iiustration ‘shows. one type of Ad: 
justable Grid Leak 


ADJUSTABLE, RESISTANCE — (See 
Variable Resistance.) 


ADMITTANCE—The inverse of impe- 
dance (qsv.). In an alternating en’- 
trent (9.0.) the Admittance acts in the 
opposite manner to impedanee.» A cir- 
cult having low impedance is said to 
have relatively high Admittance. 


AERIAL—A system of wires. suspend- 
fol in the ait or im any form in which 
they. may. be insulated or kept free 
from “surrounding objects, used for 
the purpose of receiving oF transmit- 
ting impulses an in radio transmiasion 
tnd. reception, ‘The. term Aerial. is 
Actually identical. with antenna, but 
ge. to the general’ English debnition 
Sf Antenna, authorities are gradually 
Eoming. to istinetion between tran 
‘mission and Teception Aerial systems 
by referring to a receiving device of 
this nature as an Antennas and. when 
tsed to transmit, as an’ Aerial, 

‘There are different twnes and forms 
of Aerials, varying mainly according 
to purpose and facilities. ‘The stand: 


more commonly used 
consists of a single 
Lor several wires as 
in Fig. 2. The wire used is usually 
‘of copper, as this metal combines low 
Tesistance with economy, strength, and 


jeaking, an Aerial should 
igh above the ground as pos- 
le, of course within practical limits. 
From 25 to 100 feet is the most prac- 
tical height to use. Where the Aerial 
is suspended at a substantial height 
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PREVENT SWINGING 
OF AERIAL 


‘AERIAL WIRES 
NOT SMALLER 
THAN NO. BES. 


TO THE RADIO SET. 


FLAT TOP INVERTED ’L’ AERIAL 


Fig. 2. Method of erecting © mul fn ether 


ice aerial, This type of serial 
ci Loe orm a Shown 


Acriat 


{ge or trees closely surround the 

‘The insulation of an Aerial is of 
particular importance, and especially 
So in the case of a transmitting Aerial 
‘The reason for insulating an Aerial is, 
to prevent the currents from escapin 
fo the ground by way of trees, bulld- 
ings, of the masts to which the Aerial 
as attached. 

Fig, 3 shows a method of arranging 
tan indoor Antenna system where tt 18 
fot Possibie to use the outdoor type. 
The Teonstruction ‘may. be essentially 
the same as the usual form of outdoor 
‘Aerial and can be arranged in a num- 
ter of different ways. Very often 
wire is merely suspended around two 
Sides of a room and insulated from the 
moulding. “One end will be connected 
‘5-8 leadein to the receiving apparatus. 
In constructing an indoor Antenna, it 
is well to remember that the effective 
length of the Antenna is not much 
greater than the direct distance from 
te receiving set to the farthest point 
of the Antenna. 

Fig, 4 shows a diferent type of 
Known as the Cage type. The 

mahows an inverted and 
rangement. Fig. 5 shows a 
Fan Aerial and Fig. 6 the umbrella 
type. The illustration, Fig. 7, shows 
one type of loop Aerial (g.v.) and 
Fig. 8 the same general ‘type in 
somewhat. different, form. , Owing to 
the fact that the theory of operation 
of a loop Aerial is somewhat different 
than the ordinary ‘types, it, will be 
Aeseribed more fully under the head- 
ing "Loop Aerial’ Fig. 0 ilstrates 
a form of Aerial Adapter which is 
Tanged to allow the electric light wires 
to be used a3.an Aerial, (See Adapter 
Aerial) Fig. 10" shows an. wnder- 

round Aerial system designed by Dr. 
fogers, and which is not appreciably 
affected ‘by atmospheric. disturbances. 
(See Straye.) ‘This form of Aerial, 


Aerials for transmitting may be of 
the same general types as receiving 
Antennas arranged outdoors, with the 
exception as explained previously, that 
heavy insulators must be used owing 
to the high voltage employed. Aerial 
for transmitting will depend for size 
on the wave-length desired. 

Fig. 11 illustrates several types and 
arrangements of counterpoiee (9. 


‘The theory of, the action 
he waves either received by, or 


mitted from an Aerial system 
Will’be found under the heading “Elee- 


er exact tyFe_and, extent. of an 
I'depend entirely on the avail- | inpooR 
‘able facilities and the particular pur- | WYat 


pose for which it ig intended. ‘These 
farious forms will be taken, up under 
their respective headings. In the re- 
ceiving Aerials, Figs. 1 and 2, a cer- 
tain definite wavelength (q.v.) is ob- 
tained by arranging a certain length 
to the wires of the Aerial system in- 
cluding the ground and lead-in. (See 
Fundamental Wave-Length. of Aer- 
fats.) In the single wire Aerial, the 
lead-in is usually taken from the end 
nearest the receiving apparatus, but 
where a particularly long Aerial is to 
be used, It is customary to attach the 


the aoa 


ing an Indoor. art 


lead-in to the centre of the suspended 
wire. The former is known as an in- 
rerted L type and the latter as a 
T type Aerial. These designations will 
apply a3 well where a number of wires 
are used as in Fig. 2. 


the incoming: waves will be less likely 
to be obstructed by surrounding. trees 
or buildings, and in dhe cave a tran. 
Mission. the’ same factor. will apply, 
Inusmuch ag the waves may. be ob: 
structed in their transmission, if build- 


used, the’ over-all Tength may be con- 


siderably less. Fundamental 


Wave-length.) 


(See 


Aerial 
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CAGE AERIAL 


Fig. 4. Cage aerials are usualy employed for teansmitting purposes. ‘The inverted Land 
(Gfpee bre erected "av shows 


ease FAN AERIAL Pune 


ig. 5 The Tan aeval has ies wires spread apart at the farthest point, forming a fan 


MARELLA TYPE AERIAL 
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Fig. 6 The umbrella type of acrial derived ts name from the arrangement of its wires in 
the form ot sn umbrella 
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Fig. 8 The spleal type lop serial 
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70 Fecaving Set venient position so that the operator 
meee flee. caing bytne motion of the hands. “A 
“@ 
[Pirin YY jh : 
The Rogers Buried anor et 
Ln Z ZLZLL -o 4 
UST! Forename a neceiven 
Feit Seoce wi ieee are rua 
Fie 2 Clrcult lo « simple Aerial Switch 


Counterpo/ses. 


Sto /0' from 
the ground — 


Insulators 


<K Jo set 
% Set hsylat 
Haas, 3 i 4 — 


\y 


Fig. 1. 


AERIAL, CAPACITY—(See Capacity, 
of Antenna.) 


AERIAL CIRCUIT—Consists, of aerial 
‘and earth or ground, including all 
coils o inductances, condensers, etc., 
Which may be connected with the aerial 
and earth and forming a direct path 
between those points, 


AERIAL SWITCH—A deviee to trans- 
fer the aerial and ground connections 


Different methods_of arranging counterpoues tor either transmission or reception 


from the transmitting, cireuit to the 
receiving cireuit or vice versa, Its 


Fig. 1. A simple Aerial Switch 


object is to separate the high tension 
current of the transmitter from the 


simple form of aerial switch is illus- 
trated in Fig, 1. The circuit for same 
ig shown in Fig. 2. A more efficient 

euit is the one shown in Fig. 3. ‘This 
ireuit requires another blade to con- 
trol the primary current to the trans- 
former. The latter circuit is most 


Fig. 4. An Acsal Switch with an‘extra Blaze 


satisfactory as it entirely disconnects 
the current to the transformer, doing 


shown in Fig. 4. 
‘The switches used in the various 
commercial wireless 
course more complicated. ‘There is a 
heed to control many eireuits with the 
Simplest possible method. In order to 
do this it was found more convenient 
te only change the aerial connestions 
and allow the ground connection to 
both ‘the receiver and transmitter to 
remain permanently. This of course 
necessitates a smali air gap in the 
aerial for the, transmitter. This, is 
falled an anchor gap (qv.). This 
Small appliance allows the transmitter 
to be connected continuously to the 
aerial as the high voltage from the 
transformer discharges across the 


small air gap, as provided for in the 


handle is pushed down it makes con- 
nections with the receiver, when it is 
raised, the transmitter is ready to be 
tused as the primary current is con- 
nected also. 


AERIAL TUNING CONDENSER—A 
condenser (q:v.), usually variable, 
connected in the ‘aerial circuit (4.v.) 
for the purpose of adjusting » the 
natural period of the receiving eireuit 
fo the period of the incoming waves 
(see Wavelength) or signals coming 
from the aerial. In the illustration Is, 


shown an Aerial Tuning Condenser. 
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(izeut for the Aerial Switch shown in Fig. 4 on pake 7 


Fig. 3 


TRANSFORMER 


ean 


PRIMARY. 


‘Ancnon 
ae 


RECEIVING SET 


Fig. 5. 


Any capacitive (9.v.) means of es: | 
tablshing or varyshe” the anciflcion 
onatant (qt) of the receiver. 


ie condenser such ae commonly used for 
Se Aceisl Tania Condenser (ace page 7) 


AERIAL WIRE—The wire forming the 


aerial (q.v.). Copper is generally used 
for this Purpose as it offers very little 


EN 


S0LI0 COPPER CLAD 7 STRAND 
BRASS OR 
16 STRAND @RAID mrss OF 
‘STRIP 


resistance (q.v.) to the feeble currents 
in receiving. 

The illustrations show various types 
of wire as used for aerials, Among 


10 


‘An Aerial Switeh employed in conjunction with an Anchor 6: 


ae 


0 explained on pase 7 


them there are the solid copper wire, 
copper clad steel wire, stranded wire, 
braided wire and brass or copper strip. 

AERO - FERRIC INDUCTANCE— The 
inductance (g.v.) of coils, wherein the 
magnetic circuit (q.v.) is completed 
through both air and iron 


AEROPLANE ANTENNA — Receiving 
or transmitting antenna (q.v.) used 
on an aeroplane. The commonest form 
is a suspended wire shown as A in 
the illustration. ‘The ground or coun- 


terpoiae (q.v.) in this case may 
another, wire suspended on and in 
Sulated from the fuselage ax indicated 
at B. When the plane ts in fight, the 
hanging wire tratis up and backward, 
depending on the speed of the plane 
find the size of the weight used, "Th 

type of antenna: will be slightly direct 
Honal (g.0.) in the direction the Plane 
fs traveling. "If it is. impractical to 


use a trailing wire antenna for any 
reason, a loop or coil of wire may be 
lused, the results of course being less 
satisfactory. The metal frame of the 


pl ‘often used as a counterpoise 
Ge.) 

A. Fe—Abbreviation for Audio-Fre- 
‘quency (4.v.) 


AFTER-GLOW—Fluorescent phenomena 
in a vacuum tube after current has 
been withdrawn, 


AGONIC LINES—Lines imagined as 
passing through points on the earth's 
Surface where the magnetic inclination 
or dip of a magnetic needle (compass) 
is zero. (See clinic Lines.) 

AGING, VACUUM  TUBE— Gradual 
diminishing of the brillianey of a tube 
due to the deterioration of the fila- 
ment (q.v.) and the coating or deposit 
on the bulb. A tube is said to be 
Aging when it gradually loses 
Power to emit electrons. (@.v.) 

AIR_CONDENSER— Condenser utilizing 
air ag the dielectric. The majority of 


its 


variable condensers used in radio work 
employ the air dielectric, that is, the 
space between plates is merely an air 
Rap. Most fized condensers (0.v.) use 
some substance such as mica, or sheets 
of waxed paper as a dielectric. 


trans. 

former used inf radio, having no metal 
core, the lines of force having their 

th through air. (See Ampliter, 
tadio Frequency.) 

ALBIZ, Count—Managing Director of 
the Compania National de Telegrafia 
sin Hiols in 1910, of Scotch origin. 

‘He was born in Madrid in 1858 and 
received a schooling at the Madrid 
University and London University 
College. “He was a Tory member of 

Parliament. 

ALEXANDERSON, Ernst Fredrick 
Werner (1878)—Radio engineer and 
inventor. Born at Upsala, Sweden, 
January’ 25th, 1878, he was educated 
at the High School and University of 


Photo by courtesy of General Elee. Co, 
E, 


W. Alexanderson 


Lund, Sweden, at the Royal Institute 
of Technology, Stockholm, and at Ber- 

‘In 1902’ he joined’ the General 
Electric Company, and has been for 
gome years their consulting engineer. 
He holds the post of chief engineer to 
the Radio Corporation of America, and 


1 member of the American Institute 
of Radio. Engineers. Alexanderson 
frag read many papers ‘on electrical 
subjects before: the chief technical so- 
Gieties of America. 

‘Alexanderan is fous for hi work 
‘on high-frequency alternators used. in 
Radio telegraphy. ‘The Alexanderson 
Alternator is connected directly oF in- 
Guctively to the aerial and earth, and 
Constitutes: the simplest possible’ con- 
fection, for producing continuous or 
Undamped waves. It isa machine of 
ifsat sped and many field pefen and 

frequencies as high ax” 200,000 yeler 
aes sbinined” For lng distance work, 
employing very long wavelengths, this 
Migicfreeney alternator ig Ieeaely 
ged, “Alexandersn if alo Feeponie 
or the magnetic amplifier, patented in 
1913, and has carried out successful 
experiments an duplex wireless tele- 
Dhony. In. the ‘Alexanderson  miero- 
phone’ transmitter the modulation is 
mainly effected by variations. in the 
Tining of the aerial erent 


ALEXANDERSON ALTERNATOR — A. 
type of. high-frequency _ alternator 
(Gia which “produces continuows os. 
clliations (qv) 


ALLOY—A compound of two or more 
metals, (See Woods Metal) 


ALTERNATING CURRENT—An elec- 
tric current that does not flow steadily 
in one direction—as from positive to 
negative—but completely reverses its 


direction or polarity (q.v.) at certain 
definite intervals. In other words, the 
current flows frst in one direction and 

then reverses and flows in the oppo 
Girection—these changes being. re- 
{ferred to as changes of phase 
An electric currant is Gither, dict 
gv), alternating, or pulsating. The 
Initer’ is an alternating current that 
has. been rectified. (See Rectified 
Currents). Practically the only direct 
current that is employed. or appears 
fn a radio receiver, ig that supplied 
by the “A and “B" Batteries Ca 
In an alternating current, the change 
in direction or polarity takes. place in 

a steady, even manner. 

‘An understandable analogy for al 
ternating carrent is its. comparison 
pendulum, In Fig. 1 the pen 
Uulum is supposed to be the alternating 
current’ or impulse. “Now' when the 
bob is swung from ite natural” (neu 
jon Ay which may be con- 


red as zero value of voltage or 
current, it will move to a maximum 
point, either B or ©. If we assume B 
fo be the positive side, then the bob 


Alternating Current 


A and B, At 12 noon the tide is at 
zero or “ebb” and there is no motion 
in elther direction, Now the flow 
starts toward shore line A and grad- 


will move to B which will be the max: 
imum positive amplitude (g.v.). It will 
then fall back to zero again, and with 
the power behind it, the momentum in 
this ease, will rise’ on the other side 

‘©, which is the maximum negative 


AMPLITUDE 
Gal 3PM iz euowenT? 
TEko (Ho MOTION Fm EiTHER ORECFTION 


AMPLITUDE 


martaun 


ually rises toward that side until at 3 
P.M, it has reached its maximum 
height, In the case of an alternating 


current, we may consider that at 3 
P. M. the current has reached max- 
‘mum value on the positive side or in 
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amplitude. ‘The bob will then fall back 
to'A once more and will have under- 
Fone a complete change of direction 
and values; it will have gone through 
eyele (q.v.). That is to say, it will 
have risen from zero. Ato. positive 
maximum B, then back to A, rising 
fn the other side to negative maximum 
Gland back to A. Now the length of 
time required for this complete cycle 
{ ernation), is known as, the 
ime ‘period of vibration or phase 
change. If, for example, it required 
one-sixtieth’ of a second for. this, 
change to take place, then we say that 
Wea) ia asty eyles, 
uaslyy a change requiring 
one-sixtieth of a second will occur sixty 
times in one second. 

"The action of alternating currents 
may algo be likened to that of ocean 
tides. In Fig. 2 the curved line repre- 
sents the water in motion and is to be 
compared with current in motion in 
an alternating circuit. For the st 
of clarity, we ean assume that the tide 
rises and falls between two shore lines, 


TIME 


‘a positive direction. It then reverses 
and falls toward zero until at 6 P. M. 
it has reached the zero voint, In the 
case of the current, it will have be- 
come zero. Motion again starts in the 
other direction and the tide rises once 
more, but in’ the opposite direction, 
tewatd shore line B. By 9 P.M. it 
will have reached maximum height in 
this direction, or in the case of the 
current it has reached maximum value 
or amplitude (9-v.) at D on the nega- 
je. “It then falis, back again to 

and, at 12 midnight has come 
back to. its original starting point, 
having. gone through all stages of 
value or height from zero to maximum 
at one shore and then back to zero; 
then from there to maximum at the 
other shore and back to zero. The 
action of the alternating current then 
will have been to flow. from zero to 
positive maximum, back to zero and 
Feversing, from zero to. maximum on 
the negative side, then back to zero. 
It will have completed one cycle. ‘The 
time required for the tide to go 
" 


Alternating Current 


through these changes E to F is 12 
hours and is known as the time period 
or period, (9.v.).. Therefore, the time 
required for a complete change in the 
case of alternating current will be re- 
ferred to as the period. ‘The number 
of times that these changes take place 
within a certain time limit is known 
as the frequency (q.v.) 

‘The current value in Fig. 3 is as- 
sumed to be 10 amperes, and the cur- 
rent values at any moment are shown 
as ordinates (q.v.), (vertical) while 


(g2..) If the above 
curve is to be agsumed as representing 
the Sine wave of an Alternating cur- 
rent having a frequency of 60 cycles 
per second, the total time in the chart 
Would be ‘one-thirtieth of a second, 
Thus, Time A to C would be one-six. 
tieth second, the Time of one complete 
cycle. A B is a positive Alternation 
and B Ga negative Alternation, D and 
E' represent maximum current’ values 
in each direction. 

If the above Sine Wave is to be used 
as an example of a high frequency 
oscillation as in radio, the Time of 
one eyele can be asstimed as about 


"second, (See Preguene 
1,000,000 y Spa 
Greiatgn - Sine » Phase - Character. 
istic of Alternating Current.) 

"The, trequeney of an aternatingcur- 
reget events oe she bumibet? pos 
en when the aUsin tenerated by an 
Mernator.” "(See Aleraator) 


ALTERNATING CURRENT, THEORY 
‘OF PRODUCTION OF—Electrie cur- 
rent in motion along a conductor 
ways has a magnetic field (magnetic 

) surrounding it. If this current 
assed near a number of turns of 


Fig a 


wire, the lines of flux will link with 
the ‘wire turns in the circuit. ‘The 
number of flux lines through a coil will 
depend upon the current. A change 
of current will change the number of 
linkages. If two turns of wire 
used, the circuit will link twice wi 
the "same magnetic flux. ‘Thus, 
change in the current or a change in 
the number of turns of wire will alter 
the linkages 

Now in the case of Fig. 1, the mag- 
net being placed near the coil causes 
lines of force to pass through the coil. 

Each turn of wire will link the flux 
lines. "Now any change in these lin 
ages between the flux lines and 
turns will produce an E.M.F. (electro 
motive force) in the circuit of the wire 
turns. This is calied an “induced cur- 
rent” because it ix induced by the 
change in linkages. “In Fig. 1, we have 
a coll of wire ina citcuit with some 
sensitive measuring instrument for 


magnet. 
foward or within the c 
induced in the circuit by reason of 
the change in linkages. ‘This current 
‘always in a direction to oppose the 


change, that eauses it. (See Lenz 
Law) “Whenever an induced. eurrent 
fariacs by reason of some change in the 
Tinkages, the magnetic field. about the 
induced current fs in such direction as 
10 oppose the change.” When the mag 
net fe "moved toward. the: coll, the 
change in linkages. creates or induces 
‘current that Hows in the circuit in 


such manner as to make A act as a 
North pole. As the North pole of the 
magnet is toward this point A, the 
imilar poles will oppose each other 
according to the simple law of mag- 
netic attraction and repulsion. Now 
if we attempt to withdraw the mag- 
net, the change will alter the linkages 
again, this time creating an induced 
current that makes A act as a South 
Role, thus. attracting the magne 
North pole and opposing in the op- 


osite manner, the change in linkages 
Bint have ereated the civrent u** 

We already know that if condvetor 
ig moved across a magnetic feld, an 
E.MLF. is induced In’ the conductor. 
‘The action Is the same ‘whether, the 


conductor is moved across the mag- 
netic field or vice versa. In Fig. 2, 
magnet, is shown in position on ‘an 
axis—C D for rotation within the loop 
AB, As the magnet is rotated, the 
North pole passes across A, an EMF. 
ig created toward F in the same direc: 
a 


mn and S passes A 
while N passes B, a current is induced 
in the opposite direction, both times 
in accordance with the law previously 
stated. Thus, if a meter is connected 
between the ends of the loop at EF 
and the magnet rotated, a current will 


be registered. With each half turn 
of the magnet, this current will re- 
verse its direction. Therefore, we have 
produced an alternating current that 
changes direction with each reversal 
‘of the position of the magnets, Thi 

is the simple AC generator or alter- 
nator. “The illustration, Fig, 4, shows 
4 standard “type of low: frequency 


ALTERNATION—In an alternating cur- 
rent, is the rise from zero to maximum 
amplitude and back to zero on either 
side, i.e, positive or negative direc. 
tions. “Two alternations—one positive 
and one negative—make a complete 
eyele. (See Alternating Current.) 

ALTERNATOR—A machine for the pur. 
pose of changing mechanical energy 
into electrical energy. Fig. 1 shows 
an alternator in its elementary. oF 


Fit 


simplest form—merely a conductor, 
B'C “moved across a magnetic. flu 
(g.v.)" (Note: For -a complete ex: 
planation of the production of alter- 
ating “current, "sg alternating 
‘urrent, Theory’ of Production of.”) 
Here the conductor BC is moved to 
the right ‘aerora the magnetic. flux 
shown as dotted lines between N and 


S, the poles of the magnets. As the 
conductor moves. across. the flux lines 
Of the magnet, an eleetro-motive force 
(az) or electric current is set up oF 
Induced in the conductor, this force 
being in such a direction that the eure 
Yent= produced” will create a_flux or 
magnetic field, Yn the same’ direction 
4s the flux on the side of the conductor 
hat comes first into contact with the 
flux lines N Son moving the conductor. 
In’ this" case EMF. (electromotive 
force) is ‘in the direction B to Cin 
the conductor. In order to establish 
a circuit and utilize the current pro- 


2. The soldering tip 


(to tra 


jer the heat from U 


ating element to the tip 


Tre base mater ma of igh conaue- | Te soldering tipi the "heart ofthe 
etapa iaes | soding rn ad esporsie 
rater tom Petesieg erat! the heat rane om the heating 
merce element via he solder othe solder 
ronepang pens | Jit Depending onthe soldering ton 
Coribrendeeter | andthe application diferent types 
folecon nardsiable | of is are avaiable. Prerequsies 
te {or good solder jit ae the correct 
sein ont shape, perfect heat 
transfer @ good contin ofthe tip 
andaarelable performance ver time, 
Inaton, the soldering tp has to 
convey so the necessary amount of 
sensty back tothe operator 


ERSADUR LE coating (af 600 mizon) 
Ista presmed uth eae sara 
ering ee 


(How to take solder joint quality to its peak — ERSADUR long-lif ring tips 
“Teatonal soldering ps are made of a comprehensve range of soldering be dry cleaned using the Esa ity 
copper which conducts heat well and tins forthe diverse requirements. sponge’, a sponge made of special 
is inexpensive, but he tp oxdizes ‘metal wool. Dry laring has proven 
heavily when heated andreleases Proper tp care increases tip lfeime tobe advantageous nearer 
copper particles into he solder unt considerably soldering, Te slderig tip are not 
ithas been corroded" ently To +-‘Neverclean the ong tip before cated abruptly, and contaminated 


maintain te tipin operational shape, puting the soldering ronini ts ps resulting from dty sponges re 
irequiresintensie care. Today only holder since the solder remaining aided. Due tothe slighty abrasive 


coated soldering tps ae used in ‘onthe ip prevents oxidation of properties ofthe special wire mesh, 

electronics production ~ the largest the solder track. assve layers thal accumulated on 

field of application for soft soldering. + Always keep thelong ie solder- the i can easily be removed. Tip 
ing tp covered with solder, as life is thus increased considerably in 

ERSADUR longi tps have been otherwise itbecomes passive and _lead-ee hand soldering 

‘concelved for continuous operation wil no longer wet property. 

‘and fr high-qualty results. They tsa TP REACTIVATOR. A 


are galvanicaly plated wih an ion Passive tps can be reactivated by range of 
coating and protected against crro- the application ofthe lead- and posal 
sion and oxidation by an addtional —_halogen-fe Ersa TIP REACTIVA- 

chrome lyer ina very special manu- TOR. Allthats needed is to wipe the 
facturing process, developed and —_—hatip onthe surface of the regen- 
used exclusively by Ersa. And ther eration compound. Furthermore, the 
perfect thermal conductvty protects hols should regulary be cleaned 
theheating element from overheat- witha mois viscose sponge before 
ing and premature weat Ersa ofers soldering. Alternatively the ps can 


duced in this manner, it is only neces: 
sary to attach wires’ to both ends of 
the conductor as shown by the dotted 
loop: "Now at this moment. the ‘con- 
ductor is being traversed by a current 
having @ definite polarity, that is to 
say, it is lowing in one direction only. 
When the direction of the flux lines 
N S'are reversed, ag by reversal of 
the magnet, or the conductor is turned 
80 that the other end comes into eon 
tact with the flux lines, then the di- 
rection of the current in'the conductor 
will reverse and it will fow in the op- 
Posite direction. In other words, with 
every reversal of the position of the 
conductor in its relation to the mag- 
netic flux NS, of the reversal of ‘the 
direction of the Aux lines, with respect 
to the conductor, the EMF. that is 
created “will change its direction of 
flow. (See Alternating Current.) 

Tn an alternator it has been shown 
that the ‘result is approximately the 
same whether the magnet is rotated or 
the conductor is rotated through the 
magnetic flux. In either ease. the 
moving member is known as the rotor 


(q.x.) and the stationary member 1s 
ealled the stator (g.v.). ‘The mag- 
nets producing the flux iines may be 
stationary or they may revolve; in 
ither case they are referred to as the 
“field” (qs 

It has been shown that with every 
change in the relative position of the 
field magnets and the armature (4.v.), 
irrespective of which member is’ the 
rotating one. a change of direction of 
the induced E.M-F. takes place. Then 
it is apparent that in order to increase 
the number of changes, that is, to in- 
crease the frequency (9.0.), it is only. 
necessary to use (1) a greater number 
Of field magnets, or (2) have the arm- 
ature or conductor pass the magnets 
more frequently by means of greater 
Speed in the rotating member, or by 
means of both. Now each of these 
changes is an alternation (see Alter 
nating current) and two such changes 
will be a cycle (9.v.). Let us suppose 

iat the moving member of a certain 
alternator has a rotary speed of 720 
revolutions per minute and there are 
10 poles or magnets. As frequency 
figured by the changes per second, it 
‘will be necessary to reduce this num- 
ber to "the revolutions per. second, 
Thus, there will be 12 reyolutions per 
second. This figure multiplied by the 
number of poles. (g.v.), which we. ai 
sume as 10, indicates 120 alternations, 
per second.’ As there are two alterna- 


Hons to each cycle (gv.)y. the. fre 
quency in this case wil be’ 60 cycles. 
The'equation ts as follows: 
PON 
Fo-x— 
2” 60 


‘where F is the frequency, P, the num- 
ber of poles and N the speed of rota- 
tion per minute, ‘The exact voltage or 


EMF. obtained will depend on the 
number of poles and the speed of ro- 
tation, and. also on the distribution of 
the field windings and total flux from 
all the poles or magnets. In designing 
alternators the effective E.M.F. (elec- 
tromotive force) is expressed by the 
formula! 


KPgNZ 
10" 


E is the effective electromotive force 
of the alternator. 

K represents the E.M.. factor of the 
alternator. ‘This factor depends upon 
certain chareteristics of the poles and 
also the distribution of the windings 
fon the armature. 

P is the number of poles of the field 
‘magnates. 

¢ is the number of lines of magnetic 
Hux that flow from one pole across the 
ap 10 the armature known 'as the 
Useful magnetic flux per pole; (see 
Maxwells). 

Nis the speed of rotat 
revolutions per. sect 
Z is the total: number of conductors 
fon, the surface of the armature. 
10" represents the number 100,000,000 
—the ‘calculation given would be’ de- 


n of the rotor 


termined in abvolte (q.v.), ——— 
100,000,000 


volt and it is therefore necessary to 
Feduee it to volts by division. 

In the “revolving field” aiternator, 
as explained above, the field magnets 
are rotated and the conductor remains 
Stationary. The windings in which the 

-M.P. is produced, are placed in slots 
in the inner surface of the stator, the 
stator and the windings composing it 

im the armature. 
In the alternators of the revolving 
armature type, the conductors or arm= 
atures are the rotating member. and 
the field magnets remain’ stationary. 
Fig. 2 shows the revolving armature 
type of, alternator in diagrammatic 
form. A “small direct. current gener- 
ator “(q.v.) may be used to excite or 
duild up the field. That is to say, a 


Fin + 


current is sent through the field mag- 
nets (windings in this ease) for the 
jereasing or building up 

(g.v.). This is known 
). The exciter 

may be mounted directly on the end 
Of the rotating shaft of the alternator, 
‘or mounted separately and connected 
to the alternator rotor shaft by means 
of a belt, This permits a heavy field 
to be built up by the electro-magnets 
used in place of the ordinary. magnet 
shown in Fig. 1. If the machine is to 
be single phase (q.) there will be 


Alternating Current 


two collector rings (g.v.), the two 
phase type will have four ‘rings, and 
the three phase six rings. The illustra- 
tion Fig. 2 shows the general design 
of a single phase alternator. In this 
ease there will be of course only two 
Fings to collect the EMF. set up by 
the machine, Fig. 3 illustrates. the 
general scheme of armature winding 
for a two phase machine. Here there 
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are actually two separate E.M.F’s set 
up by the separate windings and the 
ends of each of these windings are 
connected to collector rings as shown. 
In the three phase arrangement there 
may be three separate windings and 
six collector rings. 

"The use of the revolving armature 
type for comparatively small, voltages 
ig due, as mentioned previously, to the 
fact that they are easily constructed, 
and also the advantage that the ex- 


Sier need not. be an external source, 
Sut may e's separate winding with 

tater” (gen) mounted “on the 
‘fhe revalving Held type 


commutator 
main shaft 


ary members. not lim: 
ited to any particular space, whereas 
the moving member must be arranged 
5° small as possible todo away with 
mechanical" troubles. ‘Thus, the “sta: 
Tonary armature can be wound. and 
properly insulated for great voltages 
For this reason the revolving. field is 
seneally "used ip high power work 

mother” point of importance is" that 
shore Tale Taeature revolves, the 
‘windings must be made very carefully 
dn the centrifugal force due to rapid 
rotation of the members places'a ereat 
Strain an them, 

‘One of the widely used forms of alter- 
nator for extremely high frequencies, 
ithe Alexanderson, "named. after its 

on, Bast Alazanderaon (g.2-) 
ihgineer. ‘This machine fa of 
the‘induetor type, It ie well-known 
ct, that magnetism is more endl 

established’ through tron then throu 
sir, and therefore when iron is placed 
in the air gap of a magnetic circu, 
the. lines” of, force or” Mux. lines are 
greatly increased. “Then” when the 
From i withdrawn, the flux lines fall 
to'thelr original value. We have seen 
that “as changes” of ux ‘take place 
throughout a magnetic circuit an elec: 
ttomolive force 1s induced in a coll or 
conductor (armature) surrounding the 
magnetic ireuit. Now, if iron is 
Periodically inserted. into and’ with: 
Srawn from the magnetic feld, an al- 
ternating’ current wil be set-up in the 
coil surfounding. the field." This. prin: 
iple is made ase of in the inductor 
Sifernator and the feld and armature 
hus "remain stationary, contrary. to 
the usual form of an alternator. Now 
if we arrange.to have pleces of iron 
moved rapidty in the gap between feld 
andarmature, changer of Hux, wil 
18 
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take place. Obviously, it is easy in 
this manner to ereate’ many changes 
of flux within ‘a certain time, and 
therefore the alternating current ‘set 
up (E.M.F.) will have a high fre- 
luency as seen by the explanation of 
jis phenomena given previously, 
These moving pieces are so arranged 
that they practically close the gap be- 
tween field and armature with only 
enough clearance to prevent the ro- 
{ating member striking the stationary 
members. This is briefly the principle 
of the Alexanderson alternator. "Fi 
4 shows the eneral plan of an in- 
duetor alternator. On the right shows 
the scheme of winding in slots around 
the “entire form, and as there are 
necessarily many’ windings in order to 
obtain the high frequency, they are 
generally single turns of wire, each 
turn having @ separate slot. On the 
left is given a general idea of the 
arrangement of the rotor, which in 
this case, as explained previously, is 
neither field nor armature, but iron 
teeth arranged on the periphery of 
the moving disk, The field is increased 
or excited in. the usual manner. by 
means of a source of direct current, 
In the assembly, the relation of the 
moving disk to the field and armature 
is shown. Fig. 5 is @ commercial type 
of Alexanderson Alternator having. a 
frequency, (g-v.) of | 100,000 cycles 
used for high power radio transmis- 
sion (9.¥.) 


ALTERNATOR, SINGLE PHASE—(See 
Alternator.) 


ALTERNATOR, 
‘Alternator.) 


AMMETER OR AMPERE METER—An 
instrument for measuring current 
amperes in a circuit. Is connected in 
Serles with a circuit. Exists In ava: 
riety of forms. The operation of the 
most commonly used type depends 
upon the fact that the force a magnet 
exerts depends upon the number of 
ampere turns (g.v.). Therefore, the 
greater the current ‘sent through its 
Coils, the greater will be its attraction 
for 'a balanced armature. Fig. 1 
shows a common form of ammeter. 


POLYPHASE—(S ee 


SyReo. 


Photo by courtery of Weston Blec. Inst. Co 
Fig 


AMMETER, 
‘known as “Hotwire s 
called “Aerial Ammeter” and “Radio 
Frequency Ammeter.” Operates on 
the “principle of thermal expansion, 
Len the tendency of a wire to expand 
‘with heat of current passing through 
It. 'Ts used to measure current in am- 

péres at extremely high voltages as in 


“4 


THERMAL — Commonly 
jeter.” Also 


radio transmii 


yn. Figure 2 shows a 


‘Thermal Ammeter which is generally 
employed in radio work. 


Photo by courtesy of Weston Elec. Inst. Co. 
Fig. 2 


AMP.—Abbreviation for Ampere. 


AMPERE—The practical unit of the 
rate of flow of electricity. It'is the 
unit current, or the rate of flow when 
one coulomb’ (q.v.) flows each second. 
‘The value or strength of electric cui 
rent js almost invariably given in am- 
eres.” This unit is used to express the 
flow of a definite quantity of elec- 
tricity in a second. If, for example, 
ten coulombs pass a given point in 
cireuit in one second, then we say that 
the current in that circuit is ten am- 
peres. (See Coulomb, Milli-ampere, 
Micre-ampere.) 


AMPERE, Andre Marie—A distin: 
guished’ French physicist. born 1775, 
lied 1836." Noted for his researches 
in the field of electro-dynamics, 

AMPERE-HOUR—Commercial unit of 
quantity. Is that quantity which flows 
in one hour through a circuit carrying 
@ current of one ampere. It is equal 
to 3,600 coulombs. 


AMPERE, INTERNATIONAL—Symbol 
‘a—is defined as the unvarying electric 
current which deposits silver at. the 
rate of 0.00111800 gram per second 
from a specified solution of nitrate of 
silver in water, 


AMPERES RULE FOR DEFLECTION 
OF NEEDLE—If one swims with the 
current and looks at the plus (+) or 
north seeking pole of a magnetic 
needle it will be deflected to the left, 
while the negative (—) or south a 
ing pole will be urged to the right.” 


AMPERES THEORY OF MAGNETISM 
—The theory advanced by Ampere 
that an electric current continually 
circulates around each molecule of a 
‘magnetic “substance and that ” the 
process of magnetization is one of ar 
Fanging these currents in auch manner 
that they all take the same direction. 


AMPERE TURNS—Expressed by the 
product of number of turns of, and 
the number. of amperes flowing 
through, the coils of an electro-mag- 
net. Thus, one ampere turn would be 
one ampere flowing through one turn. 
‘The ampere turn is very frequently 
used as a unit of magneto-motive force 
(q.v-) due to the ease with which it 
can be obtained. 


AMPERE VOLT OR VOLT AMPERE— 
‘The expression sometimes used to de- 
note watts (g.v.). For examplé 1 volt 
ampere will be one watt, as watts are 
equal to the product of the volts and 


Simperes inDIC. cireuits. (See Eifice 
eney, also Watta) eee 
AMPLIFICATION CONSTANT — The 


factor expressing the maximum volt- 
age amplification (9.v.) that it is pos 
sible to obtain with a given vacuum 
tube. Thus, if a certain tube will per: 
mit amplification of eight times the 
original voltage, "the - amplification 
constant ig said to be 8 (See Vacuum 
Tube.) 


AMPLIFICATION FACTOR—The ratio 
of the change of instantaneous volt- 
age, between filament and plate of 
vacuum tube to a small change of in- 
stantaneous voltage between filament 


and grid for a given constant plate 
ap 
BVE 


The ratio of power (radio signals), 
voltage or current output of an. am: 
plifying device to the power, voltage 
or current delivered to the input ter- 
minals. Generally speaking the de- 
gree of increase in amplitude or vol- 
ume by insertion of an ‘amplifying de- 
vig in th (See Amplification 


AMPLIFICATION, VOLTAGE—In 9 
vacuum tube the ratio of the voltage 
apparent between the terminals of an 
impedance’ in series with the plate, 
tothe voltage impressed on the grid. 
(Bee Amplifer.) 

AMPLIFIER—One of the most impor- 
tant features of the vacuum tube 

) bility under certain con- 
ins to amplify or inerease the in- 
tensity of electrie currents. Such 
tubes are generally referred to’as am- 
plifier tubes and an amplifier is under- 

Stood to be ‘one or more such tubes 

with the necessary associated cireuits 

to accomplish amplification. 

X—in the accompanying diagram: a 
cireuit of a typical one stage audio 
frequency (q.v,) amplifier is shown i 
conjunction ‘with the detector cireui 
(9.). In this case ‘the radio fre- 
quency signals (9.0.) are impressed 

B ‘from the aerial and 

The resulting signals 
at points C-D’are audio frequency or 
voice frequency. because they have 
undergone a change or. rectification 

Now, if we consider only the 
ines, the circuit will be an or- 
dinary detector circuit and the signals 
fat C-D can be heard by merely con. 
necting the phones at that point in 
place ‘of the” primary of the. trans- 

Yormer—P-B. "However, by’ sending 

these currents through the trans- 

former and impressing them on the 
tube it is, possible to obtain 

; points, E-P'of much greater 

volume and yet having the same gen- 

eral characteristics or sound. ‘The 
signals or currents will have under- 
gone amplification——the effect of the 

Smplified tube on a local source of 

power increase the amplitude, but the 

form or nature of the signals or wave: 
will be the same. (This statement 

Bot entirely” trus, a8 amplification is 

generally accomplished only at the ex- 

Bense of some slight changes in the 

ature of the waves). They. will, 

however, sound about the same in the 
phones at E-* as they will when the 

Phones are placed at C-D, the volume 

at E-F being greater du¢ to the am 


plifcation. (See Distortion), 
fe must not be assumed that an_ampli- 
fier in itself actually has the ability to 
inerease power without some assist- 
ance. It is no more possible, to ob- 
tain something for nothing in elec. 
tricity than it'is in mechanies. What 
actually takes place is that the am- 


plifier tube and ai 


Control local inthis case the 


without materi- 


local source of power in accordance 
With the variations of input power, 
and. produces an increased output 
wer oF @ means of sepping-Up oF 
Increasing the amplitude or volume of 
a signal or series of, signals.,. (See 
Amplifier “Action or Vacuum Tube.) 
(See Amplifier, Audio Frequency, Am- 
pier Radio" Frequency, also Fron 
former.) 

AMPLIFIER ACTION OF VACUUM 
TUBE—The tendency of a vacuum 
tube to increase the power or voltage 
of incoming signals under proper con 

ditions.” In the illustration is shown 

fa simple vacuum tube circuit. ‘The 
incoming signals are impressed on the 
tube at points A ‘and B. Now it has 
been noted that. small changes of valt~ 
age, at the grid (a.v.). will produce 
ich reget hanes at tm pate 

( (See Vacuum Tube, Theory 
oF Operation. “tn otner: wordy the 

constant changes in value of the, in 

Coming signals that ave impressed at 

‘°B will produce comparatively larger 

changes in the current at the plate and 

therefore larger changes of voltage in 
the output “circuit at’ C-D. These 
changes will of course manifest. them- 

Selves in the form of ‘signals. inthe 

Phones placed at C-D. Now if these 

Voltages’ are impressed on a resistance 

(a. of puitable valge-guch as the 

Primary of an amplifying transformer 

ey can be gent to another tube and 
‘amplified. (See Amplifier, Audio 
In other. words the 


age 
Frequency.) 
amplifying action of a vacuum tube 
means the ability of that tube to use 
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pirates 
fore they have been changed 


audio, frequency. The signals that 
have been rectified (q..), oF change 
to audio frequency may be amplified 
by means of a similar arrangement of 
somewhat different type, ‘The latter 
would be known as audio frequency 
rmplification. ‘The inerease in power 
is accomplished without any material 


al 


witha guner and detector 
‘tio’ frequency 


change in the nature of the signals or 
wave form (@.7.) 


AMPLIFIER, INTERMEDIATE FRE- 
QUENCY—An arrangment of a radio 
Frequency amplifier to increase the 


Amplitude 


rectified by the detector. 
fustration is shown a 


In the ile 
Cl 


frequency are increased in strength 
and then passed on to the detector tube 
VT2, "If further amplification is de- 
sired, more stages may be used, the 
imber being held within certain’ lim- 
its due to distortion (q.v.).. If more 
than three stages are used, it is often 
difficult to control the feed-back effect 
(qv.) and efficiency is cut down. 


MPLITUDE—The current or voltage 
on an A.C. or HLF. circuit at any in- 
stant. 

The greatest vertical distance above 
or below zero of the crest or trough 
of a wave is the maximum amplitude 
of the wave. In the accompanying 
illustration’ the numerals atthe left 
(ordinates q.v.) may be assumed to be 
volts, current’ (amperes), oF voice vi- 
brations. Ais the zero ‘point; B the 
maximum positive, C the maximum 
negative, and D the length of the wave. 
‘Thus, A! B will be the maximum posi 
tive ‘amplitude, A C the maximum 
negative amplitude, and D the wave 
Tength. | Bis known as the crest oF 
Node—C is the trough or antinode. 
X—Now if in a certain train’ or 
group of waves, the amplitude of one 
‘wave is less than the one immediately 


‘A single stage radio frequency ampllier as 


strength of signals at the intermediate 
Frequency (q.)as used ina Super- 
Helerodyne receiver. This is. usually 
a‘ radio” frequency amplifier using 


fst wave ———+1-——-scon wave ———»} 


In conjunction with a tuner and detector 


preceding it, there is said to be damp- 
ing (9.2.), the degree of this damping 
gr diminishing in amplitude being. re- 
ferred to as decrement (q.0.)."ThUS, 
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NEGATIVE 


VOICE VIBRATIONS. 


MAX 


VOLTAGE CURRENT OR. 


Line wave showing two cycles of an alternating current, indicating the amplitude and damping 


(g.v.) the trans- 
formers be ned in, cover ex: 
emely high wave-lengths. (See 
Super-Heterodyne, also Transformer.) 


AMPLIFIER, RADIO. FREQUENCY — 
‘An amplifier used, to increase the vol 
ume of the incoming signals at radio 
Frequency (9.0.) before they have been 


if we assume that in Fig. 1 the current 


fecreased 
that’ much. Similarly, if the first 
wave amplitude were 10, and the 
ond were 9 amperes, then the decrease 
15 


because the amplitude has 


Arrester 


Super Regenerative and Super Hetero- | 
‘dyne. ‘The prineiple of regeneration is | 
one that has revolutionized the art of 
radio reception and broadcasting. The 
vast majority of present day receivers 
Use regeneration in one form or an- 
other. Basically, regeneration is the 


le 


complicated one. (See Regeneration, 
Super Regeneration and Super Heter 
‘dyne.) 

ARRESTER—A device used for by-pass- 
ing heavy electrieal discharges in the 
atmosphere in the vicinity of the an- 
tenna when they strike the antenna, 


$ |The Original 


process of returning a certain portion 
Of the unrectified or radio frequency 
(g.v.) current from the plate eireuit. 
of the detector tube to the grid circuit. 
‘This has the effect of reducing the 
resistance of the grid circuit and thus 
permitting more ready passage of the 
weak impulses, The result is not only 
to greatly increase the sensitivity of 
the detector to weak ‘signals, but ac- | 
tually. to step up or amplify’ the vol- | 
ume of the received signals. In Fig. 1, 
coils Lt and L2 are the aerial tuning 
units in conjunction with the variable 
condenser, C1; C2 and C3 are variable 
condensers of low capacity; L3 is the 
plate control for regenerative action; 


Armatcone Circuit. 
It ordinarily consists of a small gap 
between two metallic points connected 
in series with the antenna and ground 
in order to protect the apparatus and 
property against danger. (See Light- 
ning Arrester.) 

A.R. R. L.—Abbreviation for American 

dio Relay League. 

ARTIFICIAL ANTE! 
Antenna, 

ARTIFICIAL MAGNET—A magnet pro- 
duced by magnetizing a piece of, steel 
that previously had no magnetic at- 
traction. May be produced by rubbing 
a natural magnet or another artificial 


A — See Mute 


"Tis the telephone receiver, G, P and F 
are respectively the grid, plate an 
Alament elements of the tube; R the 
filament rheostat, 

batteries for filament and plate. 
the illustration Fig. 2, CI is the aerial 
tuning condenser, Li ‘the pri 

of a standard vario coupler; 
grid vas 

Fegeneration variometer. 
secondary of the vario coupler, and the 
balance of the elements are as in Fig. 
1, GL being the customary grid leak 


‘The Arms 


ir tendency to. radiate annoying 
Signals into he antenna, and also the 
howling within the get when not prop: 
erly adjusted. 
Some "form or other. is used 
majority of receivers, it is not widely 
Used now in its original state. (See 
Neverodynes Tuned Radio Preqeney, 
ete 

“Phere are many types of rexenera- 
tive set, some extremely simple. and 
thers more complicated.’ The original 

rmstrong. regenerative circuit is 
Shown in Fig. I, Fig. 2 shows a more 
modern application of the regenerative 
Principle and at the same time a more 
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i 1.-Creuit Retenerative Heceiver 


magnet across a piece of hard steel 
inthe same direction a number of 
times. (See Electro-magnet.) 


ASSUMED DIRECTION OF CURRENT 
FLOW—The direction which an_elec- 
tric eurrent ig assumed to take in its 
flow. Current is generally considered as 
leaving the. positive terminal of its 
source, flowing through the. circuits 
external to the source, and thence to 
the negative terminal’ of the source. 
‘The direction of flow within the source 
itself is from the negative to the pos 
tive terminal. (See Theory of Current 
Flow.) 


ASTATIC COMS—Colls wound in such 
‘tanner. that, when connected. to- 
gether, they neutralize each other's 
Feet id produce no external magnetic 

id. "They. are used in the measure: 
‘Rent of inductance 


ASYMMETRIC CONDUCTOR — One 
that permits the flow of greater cur- 
rent in one direction than in another. 
Non-symmetrieal as to conductivity. 

ASYMMETRICAL EFFECT—The lack 
‘of symmetry in the directional effect 
in a loop or frame aerial due to lack 


of symmetry in construction. (See 


Loop Aerial. 
ASYNCHRONOUS—A term used in. re- 
ferring to AC (Alternating Current) 
motors of generators and also to dis- 
chargers. used in- radio. transmission. 
aI to alternating current. maz 
is ‘Sgnified that the speed of 
mn of the machine does not have 
any definite relation to the frequency 
of the currents prodyced-thus, out of 
synchroniem. (See Synekronous,) 
An axynchronous radio eireuit is one 
which # not toned to, of in syntony 
ith, the frequency of the ovcillations 
Impressed on it. "(See A periodic.) 


ASYNCHRONOUS ROTARY DIS- 
CHARGE—A spark discharge pro- 
duced at electrodes of a rotary dis 
charger (q. v.) for transmitting radio 
signals, in which the spark rate or 
number of sparks per second has no 
relation to the frequency of the alter- 
nating current. (See Spark Dis 
charge.) 


ASYNCHRONOUS SPARK GAP—See 
‘Spark Gap. 

ATMOSPHERIC ABSORPTION — The 
portion of the total reduetion of radi 
ated power due to atmospheric co 
ductivity, reflection i 
‘The amount of energy’ loss in 
transmission due to atmospheric fac- 
tors. This applies only to electro- 
‘magnetic waves (g.v.) in. motion in 
the ether and should not be confused 
with the reception losses due to al 
mospherie disturbances, 


ATMOSPHERICS — See X's, Strays, 
Static. 
ATTENUATION — of the electrie_ or 


magnetic intensity or of the average 
energy density in electric ‘waves re- 
fers to the reduction in strength with 
crease of distance traversed du 

sorption or equivalent losses, as di 
tinguished "from the reduction in 
strength due to geometrical 

In free space, the geomet 
gence of waves from a small source 
involves a diminution of the 


divergence, but undergo 
‘due to resistance and other 


(See Attenuation, Geometrical Diver- 
gence). 


DI. 
whe gradual decrease in 
electromagnetic wavy 
(radio signals) as the distance which 
hey have traversed inereases: The ef 
fect ‘onthe waves. ap. they travel 
through the air is essentially the same 
fs in the case of light waves. Now if 
# beam of light, is viewed one. mil 
From its source it will have a cert 
Intensity, but if. it is. viewed again 
stance of two miles. the in- 
the ease 
of radio waves, the intensity 1s said 
to decrease as the square of the in- 
Greased distance traveled; that is t0 
Say, if they have a certain power at 
distance of five miles from the. tran 
‘mitten, the same waves at twice the 
Gistance or ten miles will be found to 
fave a, strength’ only one-quarter. ag 


great. Similarly, if the waves travel 
fifteen miles or three times the dis- 
tance, the signal strength will be only 


one-ninth that of the same waves at 
2 distance of five miles from the trans- 
miter. 


AUDIBILITY—The measure of strength 
of received radio signals as heard in a 


telephone receiver connected to the ri 
dio receiving apparatus. A radio tele- 
graph signal which is at all. audible 
can be read, i.c,, the dots and dashes 
distinguished from one another; radio 
broadcast programs heard at 
least some degree of clarity. 


AUDIBILITY (Radio. Telegraph) — A 
measure of the ratio of the telephone 
rent producing Signal in a tle 
phone ‘receiver fo that producing a 
Barely audible signal (4 barely “au: 
dible signal js one which just permits 
the differentiation of the dot and dash 
elements of the letters sent in cade.) 
Inthe simple shunted telephone 
method of measuring signals the audi- 
ilies defined a 

sit 


where s and t are the impedances of 
shunt and telephone respectively. 
AUDIBILITY FACTOR—A measure of 
signal strength obtained by observing 
the resistance to be placed in shunt 
ith the telephones of a receiving sta- 
tion to reduce the signals to un 
aibility, Approximately, the audibi 
factor is proportional to the power al 
sorbed from the signal waves by. the 
ceiving apparatus. Unit audibility 
is the strength of signal at which dots 
and dashes can just be discriminated, 
AUDIBILITY METER—A device for 
comparison of the strength of received 
ignals, either from different stations 


Photo by courtesy of General 


above illustration. 
For measurements with an audibil- 
ity meter, the following shunt formula 


stt 


K 


Where s is the impedance of the 
shunt resistance and t the impedance 
of the phones, then K is the audibility 
constant. In general practice a series 
resistance is devised to compensate for 
the reduction in resistance of the shunt 
circuit, this keeping the impedance of 
the plate circuit constant. 

AUDIO AMPLIFIER—An amplifier used 
to jperease the volume of ignels of 
audio frequency (g. v.). Audio ampli- 
fiers are connected in the circuit of the 


detector in place of the phones (input) 
as shown in Fig. I. This is the stand- 
ard two stage audio amplifier. ‘The 
separate stages each consist of a vac- 
uum tube, a transformer, socket for 


TRANSFORMER SOCKET 


Autoplex 


Noted for the fact that he is head of 
the U.S. Naval Telegraphic Labora- 
tory, Washington, D. C., and for his 
work in measuring’ high frequency 
currents. 


TRANSFORMER 


SOCKET 


RHEOSTAT Gack, 


"W BATTERY 


the tube and a control rheostat. If 
desired one rheostat may be used for 
both amplifier tubes ‘as the filament 
current (q. v.) can be the same if the 
tubes are of a similar design. This is 
known as “transformer coupled ampli- 
fication.” Another much used method 
is known as “resistance coupled am- 
plification.” 


Aud transt 


E avoio AMPLIFIER 


A omg staee 

Fig. 2 shows one. stage of audio 

frequency ‘amplification connected to 
a erystal receiving set. There are nu 
qperous variations of audio amplifien- 
Bone” See" Push-Pull Amplification, 
also Resistance Coupled "Amplifier, 
and Power Amplifer) 

AUDIO FREQUENCY —A frequency 
corresponding. to, normally’ audible 
Sound waves, ic, between 40_and.10,- 
G00"per second. ‘The limits of audibil- 
ity are given variously from 10 to 20,- 
000 eyeles, but for ordinary usage may 
be talon as from, 4 fo 10,000 eyes per 
second. In audio frequency amplification 
as used in conjunetion with the taming 
and detector apparatus of the. radio 
Feveiving. set, the volume of ‘the. re- 
ceived sound is amplified or increased 
over that of the originally rectified 
Sound waves. (See Radio Frequency; 
also Amplifier.) 

AUDION—The name given by Dr. L. De 
Forest toa vacuum. tube detector 
which possesses a glowing cathode and 
has a steady E. MF. (Electromotive 
force) “permanently applied. between 
‘node and hot cathode and two cold 
anodes.” (See Vacuum Tube.) 

AUSTIN, Louis Winalo, Ph.D.—Born in 
Ordwell, October “30th, 1867. Gradu- 
ated at’ Middlebury Callege and stud 

dat Clarke Universicy and the Uni 
versities “of Strasburg and’ Berlin, 


S BATTERY 45V> 
detector, rst stage, and 


AUTO-COHERER — A. coherer_ having 

tomatic action to release the par- 
ticles that cohere when circuit is es- 
tablished. Now obsolete. (See Co- 
herer.) 


AUTODYNE RECEPTION—See  Self- 
Heterodyne Reception. 


AUTO INDUCTIVE COUPLING—See 
Coupling. 


AUTOMATIC INTERRUPTER—A vi- 
brating electro-mechanical device to 
make and break an electric circuit by 
using the energy passing through it, 
The most common example is that of 
@ spark coil. An interrupter may be 
used for several purposes. In the case 
of a spark coil it is used to produce 
sparks for transmission of signals. In 
another form it may appear in a me- 
chanical battery charger, in this in- 
stance being used to interrupt the al- 
ternating current and permit. passage 
of the current in one ‘direction only. 
A buzzer uses a type of interrupter— 
8 vibrating device producing a buzzing 
sound having a piteh dependent on the 
rapidity with which the vibrations 
take place. 

AUTOMATIC TRANSMITTER—An ap- 
paratus for operating a sending key 
mechanically. (See Wheatetone Trans- 
miter.) 

AUTOPLEX—A type of radio receiver 
employing one vacuum tube, operating 


Gra Loud speoker 
vorometer , 


OL.250 FA a 
Reco Gstoisov 
iret of the Autopex redo receiver 


along the lines of the Super-regenera- 
tive prineiple and designed to operate 
a Loud-speaker. ‘The circuit comprises 
two standard variometers, a 1500 turn 
duo-lateral coil, and the usual vacuum 
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Auto-Receiver 


tube, socket, batteries, ete. Tt is ex 
tremely erifical in operation, but if 
carefully assembled will give excellent 
Volume under good conditions. Illus: 
tration shows the circuit diagram of 
the Autoplex receiver. 


AUTORECEIVER—A device for the 
tiutomatic reception and recording of 
Fadio signals. It is essential in the 
Feception of signals transmitted by an 
‘Katomatic’ transmitter” (see Wheat 
stone Transmitter) as the speed if too 

igh to permit reception by ear. There 
fe thre general canes of timate 
fecelver: a resonance intenaifer in con~ 

Junction with an inking arrangement; 

aphonographic recorder” and, ate. 

Corder using. photographie means. In 

fhe latter method, « powerful beam of 

light is projected on fo a mirror whieh 
is'arranged to respond. to the signals 
in approximately the same manner as 
fmtror galeavometer tn the Drone. 

Graphic. type, the signals” are repro- 

Aictd'on adrum.. (See Resonance In 

tensifer, Photographic Recorder, also 

Phonographic Hecorder:) 


AUTO TRANSFORMERSA device, for 
changing voltage in a circuit carrying 
Siternating currents, A form of trans 
Jormer. having but one ‘winding, any 
Are of which may "be "used the 
mary and any part. as the secon. 
Torys tn Big. 1 the two. windings P 
and 'S are continuous, elthough. dif- 
ferent sizes of 


from the ‘secondar if be, less 
than the voltage impressed at A By 
because the secondary has fewer turns 
of wire than the primary. Now in 
Fig, 2, this conditions is reversed, and 
as the primary has only a few turns 
of wire and the secondary has @ com- 


B—Abbreviation for Baumé, the scale 


‘used in a hiydrometer (q.v.) 


B._A. AMPERE—The standard ampere 
fixed by the British Association for 
the Advancement of Science. 


BACK COUPLING—See Reactance Coils. 


BACK ELECTRO-MOTIVE FORCE—An 
Electromotive force (E.M.F.) which 
‘the original electromotive 

In many arrange- 
circuits there will 
re force set up in 
such manner as to oppose the im- 
pressed voltage or force. This will be 
Erue in the case of a choke coil in 
which any variation in the pressure 
or electromotive force applied to the 
oil will result, under proper condi- 
fons, in the production of a back or 
counterislecrometive, force that “will 
‘the original force, 
frequently found 


duced for a purpose and at, others 
self-introduced, and therefore demand- 
ing consideration in design of appara 
tus, The rotation of the armature 

a motor creates a counter E. M. F. 
‘Opposed to the impressed E. M. F. and 
‘upon which the driving power of the 
‘motor depends. When an external E. 
M. F. is impressed on a circuit in 
which’ there exists a local E, M. F., the 
flow of the current through that "por- 
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paratively large number, the voltage 
obtained from D E will be greater than 
that impressed at A B. The voltage 
ratio is approximately proportional to 


A B 


Zi IRON CORE 


primary has 100 tu 
pressure of 100 volts is placed at AB, 
then the voltage at DE would be 
within certain limits about ‘equal to 
the number of turns of the secondary. 
In other words, if the number of turns 
fon the secondary is one-third the num- 
ber of turns on the primary, then the 
voltage at DE will be approximately 
one-third that impressed at A B. The 
main advantage of the autotrans- 
former is that. a saving is accom- 
plished by having the primary and 


B 


tion_of the circuit containing the lo- 
cal E. M. F. will result in an increase 
or decrease of energy depending on 
‘whether the local E. M. F. is opposed 
to, or in the same direction as, the 
external E, M. F. (See Counter Blec- 
tromotive force.) 

BACK OSCILLATION—When the con- 
denser of a transmitting circuit of the 
Spark type discharges across the 
spark gap some of the high frequency 
current. may flow back through the 
secondary of the transformer instead 
of taking its normal path across the 
gap. This back flow is usually referred 
fo as Back oscillation or Kick back, 
and is apt to break down (see Break: 
ing Down of Insulation) the insula. 
tion of the transformer if not pre- 
vented or controlled, Back oscillation 
ig retarded ordinarily by means of 
coils of wire having a certain ai 
trary inductance value. When the high 
frequency discharge from the conden- 
ver has any tendeney to break through, 
the reactance of these coils becomes $0 
great that they act in effect as insu- 
lators. As the capacity and inductance 
of these coils might create an oscilla- 
tory circuit of the same natural pe- 
riod as the primary oscillator, they are 
shunted with non-inductive carbon Te- 
sistances. These coils are termed 
Nchoke” coils. | 


BAKELITE —An insulating material 


having widespread use in radio. It 


windings combined. The 
chief disadvantage is that where © 
tremely high voltages are used there is 


always danger of the two windings be~ 
a 8 


ae 


@ IRON CORE 


Fig. 2. 


coming crossed or shorted. (See 
Short.) For this reason they are used 
‘mainly for comparatively low voltages. 
One of the most common forms is the 
step-down type, known as a “bell-ring- 
ing transformer.” These are used to 
cut down the voltage of an electric 
light line to suitable value for use with 
small toys or bells. If the transformer 
jis used to increase the, voltage, it is 
known as a ‘‘step-up”_ transformer. 
(See Transformer—Radio, Audio.) 


AUTO TRANSFORMER COUPLIN 
‘See Coupling. 


rostesses ereat strength and has a high 
Mielectric (insulating) value together 
with the ‘bility. to withstand. high 
lemperatures. Thin. material is, far- 
hed in. many forms and. under. & 
variety of trade names, being consid 
redone of the best of’ the Insulating 

Spots 
emieaily known, as Ozubencyl- 
methylenglycol anhydride. “Tt is "pro. 
diced by the union. under heat ‘and 
pressure of phenol and formaldehyde 
fopether with a small percentage. of 
tome aikaline agent. Is heat resisting 
lip to about 500 degrees, Fahrenheit 
‘ein somewhere 


BALANCED CIRCUIT—An electric cir- 
cuit arranged in such manner with re- 
lation to adjacent or neighboring cir. 
cuits as to do away with the effect of 
mattual induction (20.). 


BALANCED DETECTORS—A term ap- 

d to an arrangement of opposed 
1g detectors for reducing the 
effects of strong strays in receiving 
apparatus. The detectors must be bal- 
anced for violent electro-motive forces, 
But not balanced for the moderate 
E, M. F’s due to the signals. Actu- 
ally, ‘a method of eliminating stray 
impulses in reception. 


BALANCED METALLIC CIRCUIT—A 
circuit through conductors (wire or 
‘any metal) in which the total resi 


ice is the same on each side of the 

reuit. (See Circuit.) 

BALANCED ROTARY CONDENSER— 
‘A variable condenser having some ar- 
rangement for keeping the plates a 
eurately balanced in rotation at al 


points. Fig. 1 shows @ form known 
as the “balanced plate” type. In this 
ease the plates are so arranged that 
half the movable plates are on one side 
and half on the other side of the shaft. 


‘AQTOR PLATE 


Pe Atrind 


The weight of 
‘that of the 


the plates slipping due to 
‘ance and thus keep the setting at the 
desired point after adjustment. 

BALANCING—Any method of elim- 
inating interference by. reducing the 
‘amplification of the undesired signals 
while permitting full amplification of 
the desired signals. (See Interference 
Eliminator.) 

BALANCING AERIAL—An aerial sys 
tem designed to permit reception 
signals from distant points without i 
terference from a powerful nearby 
transmitter. ‘The system involves the 
use of two aerials, one for balancing, 
the other for receiving. The recei 
ing aerial ig tuned to the wavelength 
of the desired signals, while the bi 
fancing aerial is tuned to the wave- 
length of the nearby station (the in- 
terfering signals). ergo 

Tn operation the receiving circuit is 
coupled to each aerial electro-magneti. 
tally, and is acted on by both series of 
oscillations (distant and nearby, 
Waves). By careful adjustment of 
coupling and phase relation of the 
duced currents, the interfering wave 
may be balanced out in effect and the 
desired oscillations received. 


BALDWIN RECEIVER —Perhaps the 
most sensitive type of telephone receiv- 


signals being produced by the vibra- 
tions of a diapliragm which is not acted 
irectly by the magnets. The illus 
tration shows the general plan of a re- 
ceiver of this type ‘The armature (A) 
fon and is pivoted between 

‘two U-shaped soft iron pieces (M1, M2) 
ing-shaped horseshoe 

magnet (M) as indicated. The arma- 
ture is acted on by the magnets in 
response to incoming signals and the 
movement of this element in turn acts 


Principle plan of the Baldwin Recever unit. 


on the mica diaphragm (D) by means 
of avfine brass wire (C).. The usual 
windings (R) are placed between the 
two pole pieces, the armature being 
mounted in a central slot. ‘These re- 
ceivers are much used both for head- 
phones and for loud-speaker units. In 
the latter case the mica diaphragm is, 
generally made heavier to handie the 
more powerful vibrations due to the 
‘amplification of the signals. 

‘When no fuctuating impulses (sig- 
nals) flow through the windings (R. 
there is no magnetic stress on the ai 
mature (A), because this member is 
Suspended centrally between the pieces 
(M1) and (M2), the magnetic attrac- 
tion of which are equal. Now when a 
fluctuating impulse flows through the 
windings (R) it produces a magnetic 
flux which, combines with, the Aux of 
the permanent. magnet ‘and. the 
total flux is distributed asymmetrically 
or unevenly on both sides of, the ai 
mature, The result is a rocking i 
bratory movement to this member 
which is in turn communicated by the 
juncture wire (C) to the diaphragm 
(D), producing the audible signals. 
(For a comparison of this action with 
the conventional telephone receiver ac- 
tion, see Telephone Heceiver.) 

BALKITE BATTERY CHARGER—An 
‘lectrolytic battery charger _ which 
makes Use of a sulphuric acid solution 
and tantalum as the valve metal. 
Used for charging storage batteries 
from alternating current. See illus- 
tration. 


Photo by courtesy of Fonstel Products Co. 
‘A Balkite 


attery Charger. 


Note: The name Balkite is derived 
from the name of the man who per- 
fected the process of extraction of tan- 
talum from its ores. 


Basket Wound 


BALLAST TUBE—An automatic means 
of regulating the filament current of 
vacuum tubes. The device is enclosed 
in a glass tube and is arranged to 
permit passage of a certain. fixed 
amountof current. ‘The ballast element 
isa wire whose resistance changes 

with the current through it, due to the 

change of resistance with the tem- 
perature of the wire. When the elec- 
tromotive force increases beyond nor- 
mal, the increased current raises the 
temperature and hence the resistance, 
so that the current is held to the nor- 


B. and S—Abbreviation for Brown and 
Sharpe Gauge (q.0.). 


BAND OF FREQUENCIES—A contin- 
uous range of frequencies extending 
between two frequencies. (See Band 
of Wavelength; also Band Pass Fu 


BAND PASS FILTER—A filter arrange. 
ment designed to permit, passage of 
all frequencies extending between two 
definite frequencies but excluding all 
other frequencies. (See Bard of Fre- 
quencies.) 


BAND OF WAVE-LENGTHS—A con- 
tinuous range of wave-lengths extend- 
ing between two definite wave-lengths, 
For example, the usual broadcast band 
of wave-lengths is approximately 250 
meters to 850 meters, 


BANKED BATTERY—A battery that 
has its cells connected in parallel. 


BANK WINDING—A form of winding 
for coils in which the turns are stag: 
gered so that two or more layers may 
be used without having large dist 
uted capacity losses. ‘The illustration 
shows method of bank winding for two 
layers. Note that in this form the 
electrostatic capacity between any two 
turns is only that between adjacent 


SI 


Method of hank winding wite on a coll form 


turns, representing only a small part 
of the total winding, whereas on’ the 
taaal form, of winding the adlecent 
of the total inductance and hence the 
effect of distributed capacity “would 
then be much greater. (See Distributed 
Capacity.) 


BARRETER—A receiving instrument 
consisting essentially of @ small mass 
‘of conducting material that is heated 
by the passage of an oscillatory cur- 
rent, and arranged so that the conse 
quent alteration. of electrical condue- 
tivity affects an indicating instrument, 
such as a telephone receiver or gal 
vanometer. 


BASKET COIL—Variometers—couplers, 
ete, (See Basket Wound.) 


BASKET WOUND—A. method of wind- 
ing coils, such as variometers or vario- 
couplers. The winding is a lattice 
work of wires in skeleton form, the 
object being to save weight and elim- 
inate large losses such as occur in the 


Bt 


Batters 


types using a great deal of solid ine 
stlating material. 


‘The ‘iMustration 


“B” batteries give are 22% and 45 
volts. ‘The storage “B” battery is sim 
ilar'to the ordinary storage battery 
with the exception that the cells are 
touch smaller but contain mare eis 
in series. ‘These ean be charged in the 
same manner as the “A” or storage 
battery. In Fig. 1, we have a popular 
type of 3” battery, “Thia fe tapped in 
order that different voltages may. be 
obtained aoa 


VACUUM TUBE 
\ Phones: 


S) pute 


Gri0, 
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‘A Basket Wound Variometer. 


1ows a popular form of basket va- 
rlometer. 


BATTERY —In the electrical field, @ 
group of primary or storage cells, dy- 
namos, or condensers grouped together 
to form a single unit. ‘The term is 
often used incorrectly to refer to a 
single cell—as “dry battery,” the eor- 
rect name for which is “dry cell.” 
Thus a group of condensers joined to- 
gether as one unit is termed a battery, 
also a number of dynamos arranged 
ag a single unit for the production of 
electrical energy. (See Dry Cell, also 
Battery of, Alternators, Storage’ Bat- 
tery, “A,” “B" Battery, ete) 


ese E 
taining electricity’ of sufficient voltage 
to supply the plate of a vacuum tide. 

There are two types of “B” bat- 
teries, viz, the dry cell type and the 


storage types. In order to obtain the 
high voltage required for vacuum tube 
plates, many small cells are connecte 
in series. The usual method is to con 
nect them together and seal in a square 


Pile wt I, 


Fiuawent’ 
‘TeRMNNLS 


‘o-eatreRy 
2B VOLTS. 


‘The manner of connecting up the 
BM batteries in radio receiving is 
shown in Fig. 2. Here one battery of 


eptaueney 
"TRANG 


‘e axrreay 
eg vous. 
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Sti sala connected in 


22% volts is used. In Fig. 3, three bat- 
teries are connected in series so that 
7% volts are obtained. 

‘S common “B batter 
for the detector tube ani 
as shown in Fig. 4. 


may be used 
the amplifier 


To'B'- perEcTOR 
NBLIFIES 
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‘Photo By courtezy of Burgets Battery Co 


Fig. 1-8. A “B" Battery showing the contents of 
mall crite 


package. Often taps are brought out 
so, that various voltages may be ob- 
tained for critical vacuum tubes. The 
most popular voltages which dry cell 
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Hows comman “B™ Battery may be used 
both tor etector and nmpliser, 


Piet 


If separate batteries for each tube 
are desired, the circuit should be con- 
nected as in Fig. 5. ‘This lengthens the 


life of the “BY battery as the drain 
fon the battery is much less, i.e, only 


te Bucwrs (gpa 
“B' BATTERY, 
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Se 
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Thee PuaTesy 


TO AMPLIFIER 
richer +] 


Fie 6, Method at gman 
fone vacuum tube is operated on each 
Rattery. 


BATTERY OF ALTERNATORS —In 
ordinary electrical work such as house 
lighting, several alternators for the 
production of alternating current may 
be used together as one source of 
power. Also in high-power radio trans- 
mission, several high-frequency alter 
nators ‘may be used together to pro- 
duce added power. (See High-Fre- 
quency Alternator.) 


BATTERY TESTING INSTRUMENTS 
—The various devices used for deter- 
mining the condition of batteries used 
Bayrauig, apparatus, "(See Ammeter, 
Voltmeter, also Hydrometer.) 


BEAT FREQUENCY—The frequency or 
number of vibrations per second of a 
Series of oscillations representing the 
difference between two other series 
having different frequencies. Tt is nu: 
merically equal to the difference be- 
tween the original two series of os 
cillations. Thus, if we have a series 
of oscillations having a frequency of 
100,000 cycles per second, and combine 
it with ‘another series having a. fre- 
quency’ of 90,000 or 110,000 cyeles, the 
heat frequency will be 10,000 cycles 
or the difference between the other two 
frequencies. 

X. The frequency of recurrence per 
second of either maxima of addition or 
minima of opposition of two, super- 
posed periodic phenomena having the 
same nature but of different frequen- 
cies. The time measure of vibration 
of a beat or heterodyne. (See Hetero- 
dyne, also Beats.) 


BEATS—When two sets of oscillations 
Of different frequencies oceur in the 
same system, the difference in the fre- 
quency or rapidity of vibration causes 
a new set of oscillations having a fre- 
quency equal to the difference between 
the original two sets. This may be ac. 
eidental as in the case of certain types 
of receivers such as the regenerative 
type, in which case the beat oscillations 
are undesired and cause interference 
or disturbances in the set. Then again 
2 beat frequency may be purposely in- 
troduced as in the case of the Super- 
Heterodyne receiver. Here we have 
the natural incoming oscillations from 
the antenna combined with a series of 
oscillations produced locally in the sy- 
tem. ‘The result is a new set of oseil- 
lations where the incoming series and 
the locally produced series are not of 
the same frequency. (For more com- 
plete explanation see Super-Hetero- 
Gye feciven) aie ph 
XUWhere two periodic phenomena 
are super-posed or run together and 


the, frequencies difer, the gradual 
Shange in hase difference produces. a 
condition wherein the smplitiden are 
{nv opposition. at one instant. and. in 
Coneurrence at @ later Instant with the 


Various intermediate stages during the 
interval. (See Heterodyne, also Beat 
Frequency.) 


BEG OHM—A resistance of one billion 
‘ohms, (See Megohm.) 


BELIN, EDOUARD—French scientist, 
the inventor of what is considered the 
first practical system of radio trans- 
mission of photographs 


The device 


‘an be used for sending photos by cable 


fof telephone lines aswell as. radio. 
(See Transmiasion of Photographs by 
Radio.) 

BELL, Alexander Graham (18{7-1922)— 
‘Scottish scienti 


‘Born in Edinburgh, 


ry and 
graduated as a doctor of medicine. In 


Alexander Graham Bel 


1870 he went to Canada, and in 1872 
became professor of vocal physiology. 
in the University of Boston. In 1876 
he exhibited his apparatus for the 
transmission of sound, afterwards de- 
veloved into the telephone. 


Bell was experimenting with an elec 
tric Invention by means of which he 
hoped to. make speech visible to the 
deaf, A delicate metal reed was caused 
to vibrate by spoken speech and to 
transmit an electric current to the op- 
posite end of a wire, where the vibra- 
Tions of the first reed were reproduced 
in a second reed by a magnet. He 
found that it was possible to transmit 
not merely vibrations of the original 
Feed, but to reproduce the sound itself 
in the vibrations of the second reed. 
In 1878 he invented the photophone, 
to enable sound to be transmitted by 
variations on a beam of light, and 
later a phonograph. Bell was the au- 
thor of many. scientific papers, was 
awarded the Albert Medal of the Royal 
Society of “Arts in 1902 and the 
Hughes Medal of the Royal Society in 
1918. He died Aug. 2nd, 1922. 


BELLINI, Dr. Ettore—Born in Foligno, 
Italy, April 18th, 1876. Educated at 
the University of Naples. Noted as 
Eleetrieal Engineer to the Royal Ital- 
jan Navy, and chief of the Naval Elec- 
trical Laboratory at Venice, Joint in- 
ventor with Captain Tosi of the “Ra- 
diogoniometer” (q.. v.), a deviee for 
finding the direction’ of transmitted 
radio signals. 

BELLINI-TOSI 
‘ometer. 


BELLINETOS! DIRECTION 
—See Goniometer. 


BEZEL — In. 


AERIAL— See Goni- 


FINDER 


mechanics, 


generally a 


ith its 


real meaning, Its significance in this 


‘A Bezel on the panel of = radio receiving st. 


sense is a small metal ring having @ 
‘wire mesh or glass center. It is fitted 
Into a circular hole in the panel of a 
radio receiver and used as a peep hole 
to enable the operator to know at all 
times the conditions of the tubes, whe- 
ther or not they are properly lighted. 

BILLI CONDENSER—A variable con. 
denser of low capacity, consisting of 
two brass tubes, one of which is ar- 
ranged to slide in and out of the other 
for the purpose of varying the capac. 
ity. Such condensers were much used 
before the days of broadcasting, in 
conjunction with any circuit using a 
crystal and battery for detector. This 
type of condenser has long been obso- 
Tete in the United States. 

BINDING POST—A screw and nut ars 
rangement used on electrical units and 
radio apparatus to make convenient 
connections from an external source 
to the desired point within the appara- 
tus. Binding posts are provided, for 
Instance, to make handy connections 
from baiteries to the set and from the 
aerial and ground leads. ‘The illustra 
tion shows @ popular type of binding 
ost. 


Blondlot 


BI-POLAR—Having two poles. Usually 
‘a dynamo or motor whose armature 
Fotates between a field magnet having 
only. two poles. The most modern 
types are of the Multi-polar variety. 
(See Bi-polar Magnetic Field.) 

BIPOLAR ARMATURE WINDING— 
‘An drmature wound in a manner to 
permit its use with a dynamo having a 
bi-polar magnetic field. 

BIPOLAR MAGNETIC FIELD —The 
‘magnetic field (q.v.) created between 


Fico. 
wINBINGS 


Magnet of # dynamo. 


two magnetic poles. The illustration 
shows a common form of bi-polar ma 
net for a dynamo. Bi-polar magneti 
fields are now used as a rule only for 
rect current machines of low Power, 
such as those under 5 Kilowatts. (See 
Dynamo, also Generator.) 
BI-TELEPHONE RECEIVER—A head- 
‘set with two receivers or phones as 
generally used in radio. In the early 
days of radio transmission it was the 
eustom to use only one phone. 


BLONDEL, Andree—French _ electrical 


expert, Born at Chaumont, Franee, in 
1863, he graduated at Paris Univer- 
sity, 


and studied electric waves, on 
th subject he early contributed @ 
umber of papers to various sclentifie 
Journals, In 1893 he invented the os- 
Tillagraph, ‘an instrument somewhat 
Similar to! a mirror galvanometer, for 
Showing curves of oscillating or alter- 
nating curvents. ‘This invention opened 
up.a fresh field in the study of alter- 
hating currents. Inthe same year 
Blondel explained for the Arst_ time 
mathematically the effect of inertia in 
the shunting of alternators. He is re- 
sponsible for‘ system of acoustically 
ayntonic wireless telegraphy, and for 
rested, waves produced DY" double 
ferial. In 1902 hhe patented a. method 
for producing electric oscillations 
for wlreless telephony, and has Wri 
ten many papers on. microphonic con 
trol for’ transmitters, wireless tel- 
Phony, the singing are, ete. 
BLONDLOT, Professor Prosper Rene— 
French wireless expert. Born at 
Naney, France, in 1849, studied at 
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Blower Motor 


Paris, and became professor at the 
faculty of sciences, Nancy, and after- 
wards Honorary Professor and Cor- 
respondent of the Institute of France 
Professor Blondiot is famous for his 
1udies of electro-magnetic waves, par~ 
icularly with regard to their speed, 
and the laws of propagation of wire: 
less waves in various media. 


BLOWER MOTOR—A motordriven fan 
Used to deliver a high pressure blast 
at the spark gap to prevent arei 
(See Spark Gap, also Spark Dis- 
charger.) 


BLOWOUT—See Magnetic Blowout. 


BLUE GLOW—A condition within a 
vacuum tube when the vacuum has be- 
come poor. After continued use a tube 
will often hold a small percentage of 
as, which causes a blue glow when 
current is passed through it. A tube 
in thig condition is a poor detector or 
amplifier and should be replaced. ‘The 
condition should not be confused with 
the glow often caused by an. excessive 
voltage. In this latter case decreasing 
the voltage to the normal value will 
generally” permit the tube to be ope 
ated efficiently. The blue glow in this 
case is due to fonisation of the residual 
gas by the excessively high potential 
Impressed across the elements of the 
tube. 


BOARD OF TRADE 
1,000 Watt Hours. 
Horse Power, 


BODY CAPACITY—The effect of the 
human body when tuning a radio Te- 
ceiving set. The hand when placed on 
‘or near the controls very often throws 
the receiver out of balance with the 
incoming signals. In the case of ver 
sharp tuning this effect is more in evi 
dence and is likely’ to cause howls due 
fo selfoncillation. The howling is due 
to the production of an audible beat 
frequency in the system, cauied by 


UNIT—B.0.7, 
‘One and a third 


panei with metal foil or in some cases 
fo merely. alter the direction of -the 
leads from the tuning condenser. The 


experienced operator "seldom pays 
much attention to the phenomena, 
a little practice enables the listener-in 
to compensate for the effect. To make 
this more clear, if, when tuning. the 
set, the withdrawal of the hand from 
the dial detunes the set or throws it 
out of balance, it is due to the fact 
that the hand ‘has acted asa certain 
amount of capacity in the circuit, and 
naturally its withdrawal is equivalent 
to a change in the condenser setting. 
A simple system is to turn the con- 
trol beyond the point of maximum vol- 
ume, then when the hand is withdrawn 
the ‘capacity will drop to Its proper 
value. This can be mastered very read- 
ily. Tf the tuning condenser is con- 
nected across the secondary, ie, one 
side to the grid, and the other to the 
grid return, the stator plates of the 
condenser should be connected to the 
Brid of the tube. If metal foil or thin 
copper sheeting is used for shielding 

d 


it should be connected to the groun 

post of the set 
‘The tendency of the human body 
the 


to insert an arbitrary capacity, 
circuit, The phenomena is espe 
noted where maximum volume 
tained only by. very eritieal control 
close to the oscillating point, in which 
case the circuit may be thrown out of 
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BOLITHO CIRCUIT—A euper-regenera- 
tive civewit patented in’ England. in 
1919 by Captain J. B. Bolitho. ‘The 


Diagram of the Holithe Cited 


In the illustration the phones may 
be replaced by a loud speaker or relay. 
In operation, T1 is held at a point 
just below that where oscillation sets 
in by means of T2 which is excited by 
an oscillator O in the plate cireuit and 
coupled by means of coil Li to the 
tuned grid circuit through L2 and LS, 
the coupling, az explained, being s0 
arranged that the tube is always just 
below the oscillating point. A reac- 
tion coil L4 is placed in the plate cir. 
cuit of T2 in such manner as to op- 
pose the magnetic linkage between 
coils L2 and L3. The frequency of the 
generator O is lower than that of the 
received signals. As indicated, the 
grids of both tubes TL and TS are 
Joined together and the tube T2 main- 

ins the cireuit ina receptive condi- 
tion when tube TI is tuned just below 

‘ing. point. 

llator O makes the plate of 
T2 alternately positive and. negative 
with the following effect: When the 


Plate of 12 is negatively charged there 


ih coil’ Li this. coll 
ffecting coils \L3.and 
i tube TH to build up 
When the’ plate ‘is 
ade positive by the action of the os- 
Cillator, current flows through coll Ld, 
land. ag it is coupled in opposition ¢o 
coils L2 and 1 it neutralizes the coupe 
ling between L2 and 13 and prevents 
transfer of energy. between the grid 
and plate circuits of the tube Tl. his 
tends to. stop the self oscillation and 
makes the creuit receptive to the en- 
ergy (signal) produced by outside sig- 
nals in the aérial coil Li. ‘The. fre- 
quency, of course, is determined by the 
frequency ‘of the oscillator 0.” The 
system is especially’ adapted to. the 
Feception of ‘continuous wave signals, 
(See Super-regenerative circuits also 
Peed-back and Regenerative circuits.) 


BOLOMETER —Type of Wheatstone 
Bridge having an easily heated resiat- 
tance, such asa very fine wire in one 
arm. (See Wheatstone Bridge.) 


BOOSTER—An expression signifying a 
small dynamo used in conjunction with 
main ‘dynamo to. temporarily” raise, 
when necessary, its normal pressure 
It ig generally driven by a motor sup: 
plied ‘with energy from the main gen= 
erator and thus becomes in’ effect. a 
continuous current transformer. Fre- 
guently” used. for charging” accumula 
tors of a generating plant. ‘The term 


“Boost” is also used to denote increase 


or a. stepping-up of any electrical 


quantity. (See Amplification.) 
BORNITE—A crystal rectifier much 
used in radio reeeption. It is a nat 


ural sulphide of iron and copper, hi 
ing @ metallic blue lustre. ‘This’ min- 
eral is used in combination with zine- 
ite or copper pyrites as a crystal de- 
tector. Such combinations are gener- 
ally known as “erystal to crystal” de- 
tectors to distinguish them from the 
ordinary variety using one mineral and 
‘8 wire contact 


symbol B, atomic weight 11.0, specific 
gravity 26, 

B, 0, T.—The customary abbreviation for 
Board of Trade Unit. ‘The unit repre: 
gents 1,000 wate hours. (See Board of 
Trade Unit) 

BOX AERIAL—A term gocastonally ap. 
plied to loop aerials. (See Loop aerial, 
also Frame Aerial.) 

BRADFIELD INSULATOR— A par- 

ar form of Lead-in Ingulator, eon. 
sisting of an ebonite. tube provided 
‘with Zine cone and ebonite spark dises, 
for breaking up continuous streams of 
ain running down outside which might 
fause the aerial to become. Rrounded 
‘he whole i held In positon, halt way 
through root ‘of operating "room, 
Ineans of  stufing box. ‘The aerial is 
Jed. in by ‘means of « conducting’ rod 
through center of tube. (See Petticoat 
insulator.) 

BRANLY COHERER —Early form of 
‘Marconi Cokerer. (See Coherer.) 

BRANLY, EDOUARD—French radio ex- 
pert, Born at’ Amiens, France, Oct, 
25rd, 1844 He was educated at Par 
and ‘afterwards became Fellow of the 
University, doctor of physical science, 
and doctor'of medicine, Branley early 
made a. study” of electro-magnetic 
Waves, and in 1890 and 1801 patented 
Iethods of operating a local relay ei 
uit from a distance by means of wire- 
fess waves. In 1900 he was awarded 
the Grand’ Prix by the International 
Jury of Superior Precept Instruction 
tor his exhibition of radio-conductors. 

in 1890 Branly published an account 
of his very extensive, series of obser= 
Vations on the electrical conductivity 


of loosely packed metal filings, and he 
made the extremely important obser- 
vation that an electric spark at a di 


What do you need for soldering? 


{The basics — the 5 essential factors 


Prerequisites for good soldering results are: 
1 Suitable soldering ion 1 Suitable fuxes 

1 Clean surfaces of where o solder Suitable solder aly 
1 Sound sldeing tip 1 Correct saldring time 


Metalic bonding agents (solders), 
mostly in the shape of a wire ora 
bar, ae avalable as diverse alloys 


Soft solders consisted mosly of 
a mix of fn (Sn) and lead (Pt). 
Since te implementation ofthe 
RoHS directives on Ot July 2006 
the use of solders containing lead 


isprohibied. Lead-tee sodersae 4, The flux 


usualy loys cotaingsver(AQ) 
and copper (Cu), 3 


the ability to wet 


‘The alloy’ composition determines 
meling temperature and physical 
properties ofthe joint. Criteria for 
the choice of an alloy are: produc- 
lion process, specification of the 
product, field of application, cost 


Fluxes are used to alta the best made between acidic (as used in 
possible bonding between soller plumbing) and acre products 
‘and metal. They provide for metal (as used in electrical and electronic 
licaly clean surfaces of the parts applications). tis most common to 
tobe soldered, remove the cxides use solder wire wth one or mare 


areas as wel as other lowing {ux cares in electronics production, 
‘ontaminations and prevent the whereas bar solder is the form of 
formation of new oxides during the choivein plumbing as wel a inthe 
soldering process. difference is radiator and auto body work. 

Examples of some common alloys 

‘Alloy Flux type Melting point rang 

L-Sn0Pb40 EN 29454it.1.2(F-SW 2600IN 8511) 183°C 190°C 

L-Sné0Pb35cu2 EN 29464/1.1.2 (F-SW 2600IN 8511) 183°C- 190°C 

Lsn63°037 EN 29454/1.1.3(F-SW 3200IN 8511), fre of halogen 183°C eutectic 

-Sn62Pb36Ag2 EN 29454/1.1.3(F-SW 3200IN 8511), fre of halogen 478°C 190°C 

‘Alloy lead-free / complying RoHS-WEEE 

L-Sn96'5Ag3.8Cu0,7 EN 29454/1.1.2 (F-SW 26/01N 8511) 247°C eutedtic 

LSn06 5iAg3.5 EN 20454/1.23 (F-SW 33DIN 8511), fee of halogen 221°C eutectic 


L-So99.30u0,7 EN 29454/1 23 (F-SW 33/DIN 8511}, free of halogen 227 *Ceutectic 


tance had the power of suddenly chang- 
WF the electric conductivity of loose 

iiasses. of powdered conductors. To 
Brantey is due the coherer named af 
ter him. 

BRAUN, FERDINAND — Professor at 
the University of Strasburg, and one 
of the leading world authorities on ta- 
dio. transmission, As early as. 1899 
Braun waa granted a patent for closed 
oscillating systems with an inductively 
coupled “antenna, ‘The system. was 
claimed by. Braun to possess @_ much 
greater efficiency” than” the, directly 
Eoupled systems, ‘The Braun transmit- 
ting set, as manufactured by ‘Siemens 
and, Halske, ‘consisted of large coil 
‘Worked into’an electrolytic interrupter 
a ’set of Leyden jars, enclosed. spark 
Dap, onciliation traniaformer wound 
frith insulated. wire placed in oil, and 
for the receiving set the standard type 
of coherer relay and Morse. register. 
in 1899 Braun established communica: 
lon between Cxhaven and Heligaand, 
using aerial wires 90 feet high, an 
the inductive coupled aerial connection 
for transmitting. In 1003 Braun Joined 
with Slaby, von Atco, and Siemens to 
Form the ‘elefunken ‘system of trans 
Imistion, Professor raun waa awarded 
the Nobel prise with Marconi im 1900, 
for his work in wireless, Braun has de 
Viged a method of directional wireless 
hich “depends upon the interference 
Uf electrie waves travelling inthe same 
direction but different in phase. ‘Three 
Simple vertical wire aerials are set UD 
in positions corresponding to the angu- 
lar points of an equilateral triangle, 
tnd ‘onellations are created in. these 
which differ from one another in phase 
Tn 1807 Professon Braun published. 
description of his cathode ray tube, and 
afterwards pointed out, in 1902," how 
such a tube could be used to trace the 
forms of alternating current waves. 

BRITISH STANDARD WIRE GAUGE 
sUthe standard wire gauge of Great 

ain. The table shows the various 
diameters in thousandthe of an inch 


ay 


WIRE GAUGES IN MILS. 


GAUGE ‘New British Standard 

0 000 000 500 
00 000 464 
00 000 432 
0 000 400 
000 372 
00 318 
0 324 
1 300 
2 26 
3 252 
4 232 
5 212 
8 192 
Mi 176 
8 160 
9 4g 
10 128 
u 116 
2 104 
13 92 
M4 80 
15 2 
16 64 
YW 56 
18 8 
19 40 
20 36 
a1 32 
2 28 
23 24 
24 22 
35 20 
26 1B 

27 16.4 

2R Ms 

29 13.6 

30 124 


‘New British Standard 
116 


GAUGE 


BREAKER — See Cireuit 


BREAKDOWN POTENTIAL or 
BREAKDOWN VOLTAGE—The volt- 


ingulating material 
ig'an important matter. An insulator 
or dielectric material is usually given 
2 certain rating or point above which 
it is likely to fracture. Thus, a con- 
denser may have a breakdown rating 
fof 500 volts, That is to say that volt= 
fages up to 500 and slightly over may 
be handled with safety, but any large 
Increase above that figure may result 
in puncture of the material by the 


Broadcasting 


BRIDGES—Sce Capacity Bridge, also 
Wheatatone Bridge. 

BRIDGING—A term occasionally used 
for shunt (qwv.) connections... Thus, a 
grid condenser is generally shunted or 
bridged by a grid leak. 

BROADCAST—Transmission of music, 
news and other matters of general 
interest and entertainment by means 
of radio telephony. (See Broadcasting, 


General Treatise on Methods.) 


tion of radio telephony to the t 
mission through the ether of ‘musical 
programs, speech or any form of news 
or entertainment, in such manner that 
it can be readily received by anyone 
possessing @ radio receiver sufficiently 
Sensitive and capable of being tuned to 
Fesonance with the particular waves 
being sent out, While broadcasting in 
its present world-wide scope is a com- 
paratively new enterprise, it has ac- 
tually been used to a more or less 
degree since the practical development 
of the wireless telephone. As near as 
Tecords can be determined, the first 


Fie. 


excessive potential or voltage. The 
relation between. dielectric strength 
and breakdown voltage is shown in the 
following formula 

v 


V the potential difference in volts 

c-a constant representing the po- 
tential difference required to cause a 
dielectric breakdown of a sample of the 
material 1'mm, thick. (See Dielectric 
Strength.) 

BREAKING DOWN OF DIELECTRIC— 
In a condenser, the gradual weakening 
of the “dielectric or insulating, sheets 
which eventually causes them to permit 
direct passage of the current. For 
exemple, if force ‘of 1000 ots is 
‘applied for a considerable period to a 
condenser that has been designed for 
‘a maximum of 600 volts, the insulating 
material between the’ plates would 
probably be punctured by the current. 
(See Break-down Potential.) 

BREAKING DOWN OF INSULATION 
—The same effect as referred to under 
Breaking Down of Dielectric. ‘The in- 
sulation weakens and permits the ready 
passage of electric currents. (See 

jreakedown Potential.) 


A bank of 250-watt tranamitting tabes ins Re 


actual broadcasting was done in 1912. 
if'Was, however, not antl after the 
world war that ie began to develop into 
dn industry ‘of prominence. Now. 
fccupies place’ of very” definite im- 
portance “in. everday. Ife; carrying 
ews and entertainment. into. the tee 
fhote corners of the earth, far removed 
From telephone or telegraph eommuni= 
cation. 

‘The fundamental principles of broad- 
casting. are essentially those of radio 
EESnawihony eth headin of 
means ‘of combining the speech. or 
Inusie vibrations with the regular radio 
waves. First we have to consider the 
adio waves of high-frequency—alter- 
hating current that charges in direc- 
Hon many. thousands of times each 
Setond.  “Phese ‘high frequency waves 
fre iown ap the carrer waves.” The 
equency ofthese waves varies ac 
cording. to the length of the waves 
(wavelength), in the case of American 
Mondeasting’ ‘stations, being between 
60 and 860 etre’ in at” casey 
‘which "means a. frequency range ol 
pproniinatly "590,000 "€0 7280,000 
eveles. 

Now by means of a microphone, a 
device stinilar in’ principle to. the 
mouthpiece of an" ordinary telephone, 
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Broadeasteng 


but, desiened to handle large eur | 
ents, ihe “air pressure. waves, Le 
speech or mutiey "sre. converted. ints 
ariations of electric current, By ee 
Of sultabie amplifying apparatan, the 
irength of the electne waves radiated 
fromthe antenna ip Varied to, core 
Fespond electrially to the acoustic or 
ound variations due to the speech or | 
tusie Being: impressed” on the micro. 
phone. ‘The spesch of music waves ae 
[ow froauench waves, genecolly rene: 
ing etween 100 and” 4000 per secon. | 
“Thus, while the cureier wave cella: | 
Gone are of high frequency, the vari 
“ations in it are- low. frequency, or- 
Teaponding tothe ordinary speech or 
inusie vibrations | 


speech amplifier system, comprising 
Vacuum tubes and the necessary asso- 
Cinta ecu. 

‘These amplified currents are applied 
to the prid of a control tube or bank of 
tubes and result in large variations in 
the plate current of the tubes. (See 
Theory of Vacuum Tube.) ‘The control 
tubes are supplied with filament cur- | 
rent from storage batteries ‘or special 
low voltage D. C. generators, and the 
high voltage applied to the plates of 
the tubes is furnished by generators, 
‘This power will vary_ in most cases 
from about 1,000 to 5,000 volts. In 
sonie broadcasting stations, the power 
is obtained through high voltage direct 
current generators, while in others, the 


Pig. 2. 


‘The process of varying the radiated 
wave in accordance with the sound 
waves is known as. modulation, This 
adjustment. is of the utmost impor- 
tance, as defects here result in dis- 
torted or improperly modulated sound 
waves and the reproduction cannot be 
perfect. ‘The reception of broadcast 
Prograins is essentially the same as 
hat of ordinary radio signals, with the 
‘exception that care must be used at 
the receiving end to preserve the form 
of the original vibrations. When dot 
and dash signals are received, the tone 
is of comparatively little importance, 
whereas with voice or music it is essen” 
tial that the tone quality be retained. 

‘Tn broadeasting the high frequency 
oscillations are produced by means of 
2 tube or group of tubes, practically 
identical with those used for reception, 
but designed to handle large currents 
and voltages. The majority of Amer- 
ean stations use vacuum tubes of 250 
watts power rating, one or more of 
them being used to obtain the total | 
power required. ‘These tubes are shown | 
In the illustration, Fig. 1 

When a program is being broadcast, 
the action is somewhat as follows: The 
artists are disposed before the micro. 
phone with due regard to the effect of 
certain instruments, That is to say, one 
type of instrument may be placed hear 
the microphone, while another .nust be 
placed farther away, owing to the dif- 
ferences in tone and volume. This is 
done to prevent any one tone or range 
fof tones from predominating. ‘These 
Speech or music currents are converted 
into electrical variations by: the micro- 
phone ‘and then inereased many times 
in power or amplitude by means of 


Studio of 4 modern Radio Broadcast Station, 


alternating current supply is stepped 


Photos by courtesy of Station WRNY (New York) 
Fig. 4 


A section of the generator room with 


cordance with the variations of the 
speech or music being transmitted. The 
action of the transmitter and the 
effect of the modulation must be care- 
fully observed at all times during the 
transmission of programs. (See Har- 


‘monic Suppreasor, also Oseillograph.) 
Fig. 2 shows the’ studio of a me 
broadcasting station, 


Tt is interesting 


| ric. 2. atuin contrat gangs of « Radio Brondast 


to note that these studios are very 
carefully arranged and the walls eush- 
ioned to prevent troublesome acoustic 
effects. There must be no reverbera- 
tion—echoes—or the transmitted pro- 
gram would be distorted by the addi- 
tonal or repeated tones. Fig. 3 shows 
the main controk panels, Fig. 4 illus- 
trates the power generating system of 
a typical broadcasting station. 

‘The radio waves generated and radi- 
ated” from’ the broadcasting. station 
travel away from the antenna at tre- 
mendous speed—that of light waves, 
9 about 186,000. miles per second. 
‘These waves radiate off into space in 


met plant in & Radio Brondeatt Station. 


much the same manner. at ight waves 
mat a certain, portion, apparently” fol: 
ara ceria pet arent fo 
‘vaves impinge on a receiving 
1 they’ follow the path of least 
Fesistance, and being then In the na 
Tore of electrical impulses, they follow 
the‘ aerial and leadcin wie to the re- 
Celving sety and thence to the ground. 
‘The recelvér is arranged in auch fash~ 
fon chat it corresponds electrically. to 
the antenna circuit of the transmitting 
Station, ‘That is to aay, the receiver fs 
Placed in resonance with the particular 
Elgnels desired. ‘Phe usual system of 
detecting, ether with a simple erystal 
or by means of vacuum tubes, may be 
followed by special amplifeation which 
Wwill"make’ the. signals audible on a 
Toud Speaker. In many cases the sig- 
hols are amplified in’ thelr” originel 
orm (radio frequency ampliseation), 
then rectified by'the detector and fur: 
ther Inreged p shme a ai re 
quency. (See Modulation, Speech Amt- 
Hlifer, Electromagnetic Waves, ee.) 


BROAD TUNING—A term used to 
designate the lack of’ selectivity in 
reception or in transmission, the use 
of several wavee rather than’ a sharp, 
pure wave, If a receiving set is of 
fuch a nature that it is difficult or 
impossible to receive the desired sig- 
nals without hearing any other, the 
set ig said to be “broadly tuned,” '(See 
Tuning, also Selective Tuning.) 


BROKEN CIRCUIT—See Open Cireuit. 


BROWN AMPLIFYING RELAY — An 
erannement, "whereby the compara 
ively weak signals received by a eryo- 
tal detector, usually of the carborun- 
tem type, may be amplified. or in- 
creased in’ intensity, either to allow a 
recording machine to be used or merely 
Eo make the signals more readily audi 
bie'in the ear phones. The device co 
fists eaentiaily ofan arrangement for 
controlling and stepping up the vibra 
fions in conjunction with & small bat- 
tery oF dry cel. 

ne example of such a relay is 
shown in the illustration. In this case 
fie sort iron corer ce are magnetized 
the permanent magnets mm, the 
les of which are marked mand % 
“winding such a5 is 

avy used ear phones and 2 

larger winding placed over the 

main magneta mm. “Directly above the 


series with the mierophonic contact. 
When current (signal current) enters 


the leads AE through the windings 

Bi the resuit is a change of ux in 
ore of the magnet which vibrates the 
tongue V, “This in turn varies. the 
current of the battery Band causes 
correspondingly greater sounds in, the 
Cor pones BL” Several of these relays 
Say’ be connected together to permit'a 
much greater amplifeation of the orig- 
Inal signals. 

BROWN & SHARPE GAUGE—The 
‘American wire gauge adopted as stand- 
ard for wires for electrical Purposes 
Gommonty known as B. & 8.” The 
Various sizes run from 40 to, 0000, 40 

ing ameter of 0524 inch, and 

0000 being 48 inches in diameter. We 
refer to wire having a, diameter of 
‘00314 ‘inch as being 40 B. & 8. gauge. 
{See pave 26 for table.) 

BROWN, Sidney George—Born in Chic 
tego, U.S. Ay in. 1813, of English 

ted'at Harrogate 


investigations he 
fying relay for cables. 


‘Another im 
portant Invention was the cable drum 
In the year 1898 he invented 


the magnetic shunt. Since that time 
many of his activities have been 

Feeted to the solution of problems in 
telephone and wireless telegraphy. 

In Particular the radio experi- 
menter will know the telephone receiv- 
ers bearing his name and the important 
developments of the microphone relay. 
In the field of land telegraphy and tele- 

‘activities have resulted in 
the intention of auch itema an the car- 
jon telephone relay system, whi 
largely used on land trunk lines for the 
transmission and. reception of tele- 
phony. 

He is a Fellow of the Royal Society 
and Vice-President of the Radio So 
Ciety of Great Britain. His wi 
on technical subjects are extensive, 
{nd numerous valuable patents have 
Been taken out by him, Including the 
vacuum tube oscillation generator in 
1916 and ionic electric relays in 1918, 


BRUSH—A device for collecting current 
from the commutator (q.v.) of & dy 
namo or supplying current to the com- 
mutator of a'motor. Brushes are made 
ina great variety of forms, the most 


ti dake 


common being, carbon, blocky oF brass 
Greopper gauze, The illustration shows 
thro different types. 


BRUSH ANGLE—The angle formed by 
‘a brush in its contact with the com. 
mmctator, ‘The angle is usually 45°. If 
the brushes do not bed properly, spark- 
ing is apt to occur. 

BRUSH DISCHARGE—A faintly lu 
minous discharge which takes place on 
the surface of conductors 
high potential, due to ionization, 
effect can be noted at times on the an- 
tenna of a powerful transmitting sta- 


tion. (See Corona.) 


Bunsen Burner 


BRUSH HOLDER—Metal clamp capable 
‘of adjustment which holds the brush 
fn position on the commutator of a dy- 
namo or motor. (See Brush.) 


BRUSH LOSS—The loss in. watts or 
power due to the friction of the brushe 
against. the commutator. This loss 
ata minimum when the brushes make 
perfect contact at the proper angle. 


BRUSH PRESSURE—A term used to 
designate the Pressure with which the 
brushes bear on the commutator of a 
dynamo machine and also referring to 
the voltage of electrical pressure deliv 
fered at the brushes. 


B. 8, G.—Abbreviation for British Stand- 
‘ard Gauge of Wire, commonly known 
as B. 8. (See British Standard Wire 
Gauge.) 


Unit,” being the commonly used 
heat unit,’ The amount of heat required 
to raise the temperature of a pound of 
water one degree Fahrenheit at ordi- 
nary atmospheric pressure. 
BUCHER, Elmer E—Born Akron, Ohio, 
Nov. 11; 1885. Educated at high school 
and private tutors, An American p 
heer, Experimental Engineer with De- 
Forest Wireless Telegraph Company in 
1903; constructed several high power 
stations in Middle West and Gulf Coast 
and later for United Wireless, which 
absorbed the Deforest Compa 
ganized training school for 
Wireless and instituted first 
schools for ¥, M. C. A. in New York 
City, Supervised commercial opera~ 
and conducted research work for 
United. Wireless; later instructing en- 
gineer Marconi Wireless Tel. Co. Tech- 
hhieal Editor “Wireless Age” 1913 to 
1917, Appointed Commercial Engineer 
for newly formed Radio Corporation 
of America in 1920, and since 1922 
hhas been in charge of general sales 
for that corporation. Author of nu- 
merous standard works on radio, in- 
cluding, “Practical Wireless Telegr 
phy, '!Wireless  Experimenters 
Sranual,” “Vacuum Tubes in Wireless 
Communication,” “and many others. 
Holds numerous U. 8. patents on radio 
stems and devices. 


BUCKLED. DIAPHRAGM—Warping of 
he diephragm of hong a2 uae in 
radio, Excessive voltages if applied di- 
Feet to the head:phones will often bend 
The diaphragms. Any such defect may 
Seriously impair the operation ‘of ‘the 
Part and when it in noted that dine 
Hy S bent. of ‘warped throug? 
Pough usage oF the application of too 
reat voltages, it is best to replace it 

Tnmediately. 


BUCKLING OF PLATES—During dis- 
charge of a storage battery the plates 
gradually ‘expand, owing’ to the fact 
that lead sulphate has about twice the 
Volume of the same quantity of lead 
peroxide, Should this expansion or dis 
charge take nace to quickly, the plates 
will bend or buckle. (See Storage Bat- 


tery. 


BUNSEN BURNER —A form of gas 
burner frequently used in radio con- 
struction for heating the soldering iron 
‘where electricity isnot available. By 
special arrangement of the parts, the 
gas is combined with the proper 
mount of ‘air before it reaches, the 
urning part. This is done by driving 

the gas through a tube with small holes 

Grilled to allow the air to be sucked in. 

‘This ‘method promotes complete com- 

bustion and gives a non-luminous flame 

that heats the soldering iron without 
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THE BROWN & SHARPE (B.&S.) 
COPPER WIRE GAUGE—Below isa 
comprehensive copper wire table, which 
is the standard one in use in the United | diameter in mi 
States. ‘The resistance and cr 
areas of various si 

given, 90. th 
can be done with the data at hand. A mi 


‘of conductors are | mils area. TI 


having a diameter of 9 mi 
of cross-section of the wire in 
mils is found by squaring the 
thus the 9 mil condue- 

times 9, or 81 circular 
the end area of the 
ind is used in all electri- 
cal figuring. If the resistance per 1,000 


tor would have 


ing | wire, of course, 
i 


means 1-1000 (one thousandth) of an | feet of a certain size wire is; say, 50 
inch. Hence a wire with a diameter of 9 | ohmis, then 500 feet of the same’ size wire 


thousandths 


‘of an inch could also be | would have a proportionately less amount 


of resistance, or % of 69 ohms, that is 


25 ohms, The resistance per foot is found 
by dividing the resistance in ohms per 
1,000 ‘feet by 1,000. This wire table is 


for bare copper 
cording to the B. & 


e. Conductors, ac- 
standard gauge, 


halve their sectional area in circular mils 


(Cir, “Mils) for ever; 
wire; and dout 


2 Gauge 
ble their sectional 


ines 


‘area in Cir. Mils for every 3 gauge sizes 


5 Sue Wercnt asp Lesorn. Reststaxce. 
B 
= | Diameter} $attEof | Grains Fouts Feet Ohms Fat 
Z| natin. | orgieutar |, foo | para | RO | per Ohm 
0000 | 460.000} 211600.0 639.60 1.564 19929,7 0000785} 430 
000 | 409.640 167804.9 507.22 1.971 15804.9 000125 | 262 
00 | 364.800 133079.0 2.486 12534.2 000198 | 208 
0 | 324.950 10: 3.133 9945.3 000815 165 
1 | 289.300 83694.49 3.952 78828 000501 130 
2 | 257.630 66373.22 4.994 6251.4 000799 | 103 
3 229.420 52633.53 6.285 4957.3 001268 81 
4 | 204.310 4174257 7325 3931.6 002016 65 
5 181.940 33102.16 9.995 S78 003206 52 
6 | 162.020 26250.48 12.604 404 24724 005098, AL 
7 ‘| 144.280 20816.72 15.893 509 | 1960.6 008106 32 
8 128.490 16509.68 040, G43 1555.0 01289 26 
9 | 114.430 13094,22 265 Bil 1233.3 02048 20 
10 | 101.390 10381.57 ‘31.867 1.023 9778 03259 16 
Ww 90,742 8234.11 40.176 1.289 775.5 05181 13 
12 80.808 6529.93 50.659 1,626 08237, 10.2 
13 71.961 5178.39 63.898 2.048 13087 81 
4 4106.75 80.580 2.585 20830 64 
15 3256.76 101.626 3.177, 33133 Sa 
16 (2582.67 128.041 4.582 52638, 40 
7 2048.19 161.551 5.183 83744 32 
18 1624.33 203.666 6536 13312 25 
19 264.136 8.477 2.2392 1.96 
20 324.045 10.394 3.3438, 1.60 
21 408.497, 13.106 5.3539 1.28 
22 514.933 16.525, 8.5099 1.08 
23 649.773 20.842 13.334 80 
24 ‘819,001 26.284 21.524 63 
25 1044.126 33.135 34.298 50 
26 1302.083 41.789 54.410 40 
27 1644.737 52.687 86.657 31 
28 2066.16 66.445 137.283 
29 2604.167 83.752 218,104 
30 331.258 | 105.641 349.805 
31 4184.100 | 133.191 557.286 
32 263.158 | 168.011 884.267 
33 6622.517 211.820 1402.78 
34 8264.463 267.165 (2207.98 
35 10638.30 336.81 3583.12 
36 13333.33 424.65 5661.71 
37 1666.66 535.33, 8922.20 
38 2277222 675.22 15000.5 
39 26315.79 851.789 22415.5 
40 33333.33 1074.11 358038 
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depositing soot as in the case of an or- 
‘ary luminous flame, 


BURSTYN, Dr. W.—Born in Austria, 
1877, Educated ai Vienna University. 
Noted as: Developer of the quenched 
spark system in radio. transmission, 
pon which he worked in conjunction 
with Baron Lepel in 1907 to 1912, 


BUS BAR—A single bar, usually copper, 
‘which serves as @ common connector 
for a number of pieces of apparatus. 
‘Also referred to as Omnibus Bar. 


BUS BAR WIRE—Square copper wire, 
usually tinned, much used in. making 
radio connections. This wire is gener- 
ally furnished in lengths of two or two 

id a half feet and is particularly effi 
it for radio work, as it offers a low 

‘resistance connection, makes a neat ap- 

pearance, and is suitable for soldering 

at joints, 


BUSHING —Pieces of insulating ma- 
terial, usually fibre or rubber composi- 
tion, dsed to insulate parts of radio ap- 
paratus or in mounting machine screws 
‘or shafts of condensers and other 


devices. “The term is also applied to 
ase" or other mets wea through 
Which the shatt'of e of appara: 
BUTT JOINT—A method joining two 
lengths of 
them end to end or at right angles and 
Seurr 
Vane 


Sowing how a Butt Joint iy made, 
soldering the joint. The illustration 
shows @ common butt joint 


BUZZER—An electric call signal device 
that makes a buzzing noise caused by 


the rapid vibrations of contact 
C—The chemical symbol for carbon. 
When printed in italics, it ts also the 


synibol for coulomb in, electrical prac- 
tee, It ia the international symbol for 
capacity. 

CABLE—A number of wires stranded 
together, used to carry electrical cur- 
rents, heavily insulated and often cov. 
ered by a si 
Tead, rubber, gutta percha, or bi 
silk ‘or cotton. The term is, used very 
often in a broad sense to si 
heavy wire or strand of wires that ma 
be insulated more thoroughly than is 
ordinarily the case, (See Conductor, 
Stranded Wire, ete. 


CADMIUM—A, chemical metallic ele- 
‘ment somewhat resembling zine. In 
color, white with a bluish tinge. It is 
useful in fusible alloys because of its 
property for uniting readily with other 
metals, having @ low. melting point. 
Its electrical conductivity is about 25% 
of that of silver. It is very useful in 
the construction of a crystal detector, 
the molten metal holding the crystal 
firmly and as it melts at a low tem- 
perature the heat will not affect the 
Sensitivity of the erystal. Cadmium is 
‘also used in making cells, notably the 
Weston Cell. (See Weston Cell.) 


CAGE ANTENNA—An aerial having 
number of wires arranged in cylindri 


breaker in a circuit using a small bat- 
tery oF cell. (See Teating Circuit.) 


As the current flows from the posts 
AYR the electromagnets © and Dare 
energized’ and draw’ down the vibra- 
tor spring F- This breaks the contact 
between’ and Frand as the current 
no Tonger flows the magnets release 
the spring F, which returns to its no 
mal positfon and establishes the eireu 
once more. ‘This making and breaking 
of the circuit takes place so rapidly 
that the vibrator makes @ buzzing or 
humming sound, the speed with which 

‘vibrates determining the pitch of the 
note. (See Frequency, also vibration.) 

BUZZER EXCITER—A method of using 
& buzzer to produce local signals ina 
Exyatal receiving circuit to permit sen- 
sitive adjustment of the detector, The 
iilustration shows a common method of 
producing signals to test the receiving 
Setin this manner. In this cage a small 
oil having a few turns of wire 
placed. in the buzzer cireuit as. in 
fated and a similar one is placed in the 
round lead of the receiving set. When 
the button ig depressed the buzzer is 
set in Vilration and a transfer of en- 
ergy takes place between Li and 13. 
This causes an oscillating impulse 
(q.0.),to flow through the receiver cir= 
cult. ‘The detector can then be adjusted 


to the most sensitive point at which it 
can be left until outside signals are 
heard. Another but less efficient 


method of exeiting the circuit is to con- 
ect a short length of wire from the 
contact point of the buzzer to the 


C 


cai form, suspended either vertically or 
Spa horizontal top. So named because 
af ‘its resemblance to a cage. (See 
Aerial.) 


CALCULATION OF CAPACITY—The 

Tmathersatical or comparative dete 
Inination of eapacity. There. are va: 
Tous formulas in use for calculating 
ity Unde varios coaion, sch 
Ss" for capacity of various, types o 
Sendeaeray or the capacity of a iret 
Rough approximations of capacity o 
Condensers might be obtained by direct 
comparison with a known value. Other 
formulas are used for the calculation 
sfanterna Capacity. For determining 
fhe capacity of fat condensers, such a8 
fixed condensers used for transmitting 
Gr receiving eireuits, the following for 
‘mula is generally used: 


s 
= 0.0885 K — 
In this case, C is the capacity in 
micromicro farade; to obtain result in 


square centi- 


ig the thickness of tne dielec- 


meter 
trie in centimeters and K a constant 
depending on the material between the 
plates of the condenser. (See Dielectric 
Constants.) 


Calibration 


ground connection of the receiving set. 
‘The former system is much more prac 
tical and furnishes better test signals. 


AERIAL oerecroR5 
COUPLER 
euzzer 
? 
~ VARIAGLE 
cONDENSER 
Zexr uy Le PHONES 
pusi 
BUTTON GROUND 


Basser Exciter. 


Coil Li being placed in inductive re- 
lation to coi 


nic iin the a 
five when the buzzer is excited. This 


mary circuit, the signals will be au- 
dible in the phones when the detector 
is. properly adjusted. Also called 
Buzzer Wave Generator. 

BUZZER MODULATION—See Modula- 
tion. 

BUZZER PRACTICE SET—A combin: 

on of @ buzzer and signalling key 

arranged on a baseboard used for the 
purpose of practicing. signalling. 

B.W. G.—The abbreviation for Birming- 
ham Wire Gauge—a system of gaug- 


ing wire used in England. (See B & S 
Gauge,, also British Standard Wire 
auge. 


BY-PASS CONDENSER — See 
denser, also Filter. 


Con. 


CAL-ELECTRICITY — Electricity pro= 
hice in the econdary of mtr 
former due to changes in. temperature 
of the core. ‘This current is in addition 
to the current normally induced in the 
secondary. Transformer, Core, 
also Core Lossen) 

CALIBRATION —A process where! 
Inatrumente such ab" paltonamelerd 


NOT cALseRareD 


Hh 


i 


i Fig.2, 
Calibrating «Meter 


ammeters, wavemeters, ete, are made 
tolindicate certain values. Before such 
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Catido 


instruments can be made use of, it is 
necessary to mark the dials in such @ 
Tanner that the indiestor showing on 
the dial or scale will have definite 
meaning in terms of electrical values. 
Thus, a voltmeter before calibration is 
shown in Fig. 1. When it is. placed 
across a battery, the pointer will move 
to'some position on the white space, 
but without indicating any’ definite 
Value. Now by testing with another 
meter which is already marked or cali- 
brated in volts, we find, for example, 
that when the pointer is’ at the middie 
int in its swing, it indicates 10 volts. 
milarly various other positions are 
found to indicate more or less voltage 
by comparison with the standard. Th 

ig shown in Fig. 2.. Tt will be under- 
stood that one of the small switches 
‘must be open at all times. The readin 

‘of the calibrated meter is taken. witl 

the other meter ‘out of the circuit 
(switch open), then the reading is 
marked on the other meter at the point 
indieated. with the ‘calibrated. meter 
out of the circuit, Such a. method 
would, of ‘course, be inefficient and it 
ip shown only give a rough idea of 
the purpose and meaging of calibra- 
Hon. "Another example ‘of ealibration 
ig In the ease of a dial on a receiver. 
Fig. 3 shows the usual form of dial 
used in tuning a receiving set. ‘The 
jal ig marked off to scale, from 1 to 
100, the numbers having no particular 
signifeance. Now if we find that when 
the tuning dial is set at 20 it is a 
justed for'a wavelength of 260 meters, 
ive can put that gure in place of the 
20, “The same procedure can be foe 
jowed throughout the entire range o 
the dial, and. when thus marked in 
terms of a definite quantity—wave- 
Tength in meters in this case—the dial 
is said to be calibrated. 


‘The actual method to be followed aut 
in calibrating will depend on the equip- 
ment available and the accuracy. de- 
fired, “If's standard of comparison is 
Available, ft saves a great deal of work. 
‘Thus, voltmeter can easily be cali 
brated by means of a standard meter, 
already” calibrated, and’ ‘source, a 
Steady voltage controlled by a theosta 
‘An ammeter can be calibrated in the 
same manner by using a standard am- 
meter, and a wavemeter can be cal 
brated “from another wavemeter of 
Known values. ; 

Calibration may be done in such a 
manner that “the ‘readings. require 
Mathematical solution to. determine 
their value in terms of actual. volts, 
amperes, meters and so ony or it may 
be absolve, in which cage the readings 
are directly In terms of the quantity 
and require no solution. (See Volé- 
meter Calibration, Wavemeter Calibra- 
Hon, also Rough Calibration.) 

CALIDO— An alloy containing nickel 
‘and chromium with a small percentage 

‘The ‘melting point is very 


of iron. 
30 


Calido wire is much used as a resistance, 
particularly for heating devices. The 
chief characteristics are as. follows 
maximum working temperature 1100 
degrees centigrade; microhms per 
cubic centimeter at '20 degrees cent 
grade, 100; temperature coefficient per 
degree centigrade, 0.00034; specific 
gravity, 82. 


CALLAND CELL—A primary cell used 
Sn Bench telegraph works tis a form 
of gravity cell having a negative elec- 
trode of copper and a postive electrode 
of amalgamated sine, the electrolyte 
being sine sulphate. ‘Crystals of cop- 
per sulphate are used as a depolarizer. 
(See Gravity Battery.) 


CALORIE—The unit of heat in the 
©. G. 8. (Centimeter-Gram-Second) 
(v.)' system. It is equivalent to the 
amount of heat necessary to raise the 
temperature of one gram of water 
from 0° to 1° centigrade. (See Thermal, 
also C. G. S.) 


CALORIMETER—In electrical practice, 
gn cmatrument ‘used a” measure the 
eat generated in a conductor carryin 
an electric current, ae 


CAMBRIC, VARNISHED — Varnished 
‘muslin used as an insulating material. 
Also known as Empire Cloth. (See 
Spaghetti.) 


CANAL RAYS—When an electric 
charge takes place between the anode 
and a perforated cathode in a vacuum 
tube, fine pencils of light are seen to 
ass’ through the perforations in’ the 
cathode. These rays are called canal 
‘vays, and consist of positively charge; 
particles. © They. produce phosphor- 
escence on the wall of the tube, 

Canal rays travel at a lesser velocity 
and in the opposite direction to the 
cathode rays. This-fact and also the 
fact that the rays are deflected by pow- 
erful electric or magnetic fields in the 
‘opposite direction to cathode rays, is 
taken as proof that they” consist of 
positively "charged particles, (See 
Cathode Raye.) 


CAPACITANCE —A term very often 
‘used as synonymous with capacity. Due 
to the fact that capacity may refer to 
the current carrying ability of a con- 
ductor and, also, to electrostatic ce- 
pacity, it. has been ‘suggested that 
capacitance be used to refer only to 
electrostatic capacity of a body oF 
device. Capacity would then refer to 
current carrying ability, (See Ca- 
pacity, also Electrostatic.) 


CAPACITATIVE REACTANCE—That 


due to the capacity in the circuit. 
Reactance also Impedance.) 


CAPACITATIVE COUPLING — See 
Coupling. 


CAPACITY — Generally speaking, the 
‘quantity of electricity ‘in any’ form 
which a body is able to store or contain, 
‘The term is usually qualified to denote 
the particular case, such as electro. 
static capacity, which is a measure of 
the ability of a condenser to store 
gneray in, the form "of electrostatic 
charges; also current-carrying capacity 
of a conductor, which is considered as 


literature is to use the term capa 
tance as applying to the electrostatic 
capacity of a condenser. Thus, a cer= 


igh, about 1550 degrees centigrade. | 


taip condenser may have a capacitance 
of 2 slerodarads:” The unit af sleet: 
Static capacty 4 the’ farad. This Te 
Understood as the capscity of a cone 
deter that wil store one coulomb of 
slecticty under an eectrontive force 
of one soit, When Vly expressed 

volta, Cin farads, and @ in coulombs, 

ON. 


CAPACITY CONVERSION FACTORS 
“inthe ealelaton of eepaciy a the 
capacity of a condenser, there are sev- 
gral diferent units, For instance, a 
farad in a large unit of capacity. and 
{equal to one million microfarads, oF 
conversely, a microfarad is equal’ to 
ne millionth of a farad, In the same 
way'a farad is equal to one billionth 
of an abfarad. The four units used in 
capacity’ measurement are the farad, 
silrofared, micremlergferad, | oat: 
farad” and abfarad. "Phe following 
table gives the conversion factors for 
these various unite: 


10*farads 
10" mfds. 


10° stfds, 
X 10™ abtd, 
X10" farad 


Ammfd. = 10* méd. 


In the table above, farad is abbreviated 

F4.; abfarad is shown as abfd, 

farad is mfd., micromicrofarad is mmfd. 

and statfarad is stfd. In dealing with 

large figures containing many cipher 

the amount is shown as 1,000,000 is 10° 
1 


(See Capa- 


and 


in 104, ete. 
7,000,000 
city, Farad, also Unit.) 


CAPACITY EARTH or CAPACITY 
GROUND—A substitute for the usual 
ground connection where the wires or 
plates are buried beneath the ground 
or attached to a water or steam pipe. 
It is in effect a second aerial, and i 
placed either under the regular aerial 
or to one side. It is more used in radio 
transmission than in reception. (See 
Counterpot " 


CAPACITY ELECTROSTATIC — See 
Capacity also’ Electrostatic Capacity. 

CAPACITY FREQUENCY FACTOR— 
‘The relation between the apparent ca- 
pacity of a condenser and the electro- 
atatic capacity. (See Capacity, Con- 
denser also Electrostatic.) 


CAPACITY OF CONDENSERS 


IN 


rs are connected in parallel the result: 
lant capacity is the sum of the individ- 
‘ual capacities, It is written: 
Capacity =C, + C.+ Cyete. 

It will be evident that the resultant 
capacity of condensers connected in 
parallel ig just the reverse of case for 
Fesistances, where the total resistance 
is less than that of the smallest. in- 
dividual resistance in the parallel con- 
nection. (See Resistance Measurement 
also Capacity of Condenser im Series, 
also Condensere in Series and Con’ 
densers in Parallel.) 


CAPACITY OF CONDENSERS IN 
‘SERIES — When several condensers 
fre connected in series with each other 
the resultant capacity is always less 
than the capacity of the smallest con- 
denser in the group. The capacity of 
condensers in series is given as follows: 


‘The resultant capacity is thus the reci 
procal of the sum of the reciprocals of 
the several capacities. (See Condenser, 
In Serie 

CAPACITY MEASUREMENT OF AN- 
TENNA—A simple method for the 
measurement of the capacity of an an- 

given by Austin follows: The 
sneral arrange- 
ment. Lin Fig. 

coil that will increase the wavelength 

(natural) of the antenna system 4 or 5 

times; C is a calibrated variable con- 


ANT. 


BUZZER 


shows the measurement of the wave- 
length of the coil and condenser, (See 
Mutual Capacity, Wavemeter, Natural 
Wavelength, also Distributed Capa- 
city.) 

CAPACITY MUTUAL—See Mutual 
Capacity. 

CAPACITY RESISTANCE—The resi 
‘ance to alternating currents offered by 
a body possessing electric capacity. 
(See Capacity, also Resistance.) 


CAPACITY SWITCH—Any switch used 
ina circuit to introduce or cut out 
capacity (condenser). 


CAPACITY (UNIT OF)—The unit of 
capacity is the farad. A condenser 
hhas a capacity of 1 farad when 1 cou- 
Jomb is required to raise its potential 
from zero to 1 volt, ‘Since the farad is 
very large, its millionth part, or the 
microfarad is generally used. 


‘ment used for many, pUurp« 
tricity and radio. It exists in. three 
forms, two crystalline and one non- 
crystalline, The first two are diamond 
‘and eraphite. the third charcoal. Ci 
bon is asea ns an eiectroae «A electric 
ares, ag one of the poles in certain 
types of primary cells, as a material 
in place of wire for various forms of 
resfstance, and as brushes” in’ motors 
and. generators. (See Diaphragm, 
Carbon.) 


CARBON RHEOSTAT—A rheostat ov 
variable resistance using carbon 


ling contact. This 
1. Owing to the rela 


CARBON STRIP. 


® 
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Circuit for the ms 
“coll and condenser. 


denser and W a standard wavemeter. 
In operation the coil L is connected in 
the antenna cireuit, the buzzer is used 
to excite the antenna circuit and the 
Wavelength is, measured by w. The 
‘oil L is then taken out of the antenna 
rreuit and shunted by the condenser 
2 "The condenser Cis then varied 
‘until the wavelength of the combined 
coll, Land condenser C is the same 
fs that obtained before with the coil in 
the smtenna sreuit but without the 
jable condenser. The capacity of 
the condenser now will be approximate- 
that of the antenna, ignoring the 
istributed inductance of the antenna 
‘wstem. Fig. A shows the first opere 
tion, dhe measurement « the antenna 
with the coil in the circuit, and Fig. B 


Fig, LA carbon rheostat with « rotary sliding 


ance of carbon used 1a this manner, 
Such @ controlling resistance will gen: 
rally’be termed a potentiometer (a3) 

"The most practical form of a carbon 
rheostat is known as a carbon pile 
theostat, ‘This type uses a number of 
fiat pieces of carbon of relatively low 


CARBON 
‘DISCS: 


Fig. 2A carbon presure type rheostal, 


resistance placed together and ar- 
ranged with » knob and screw in such 


manner that the pressure can ve vaied. 


Carrier Wave 


‘This change in pressure alters the re- 
sistance of the mass and allows control 
of the current for vacuum tubes. The 
same principle is used for very high 
Fesistances as well as for low values. 
‘The principle will be seen from the il- 
lustration Fig. 2. 

CARBORUNDUM—An abrasive mate- 
rial, a product of the electric furnace, 
composed of silica and carbon, It is 
lsed in radio as a crystal rectifier, al- 
though the strides of radio have prac- 
tically rendered it obsolete, many other 
better erystals being in use. ‘The chief 

culty with its use as a rectifier or 
crystal detector was the fact that for 
efficient operation it required a cell or 
battery and potentiometer to regulate 


Dieeram of 5 sadn circle gmoloing & carbor- 
the current flowing through it, The 
simple erystal circuit using a carborun- 
dum detector is shown in the illust 
tion, C is a tuning coll, D the car- 
borundum erystal and contact, Pa 
potentiometer and T the head phones. 
(See Rectifier, also Detector.) 

CARDBOARD TUBING. 


‘of laminations of paper pasted to- 
gether. They are used for home made 
Coils of all descriptions, and while not 


8 efficient as the composition tubing, 

ean be used for many purposes with 

fut any great loss. As.a general rule 
Jaibetter to use some of the numer- 

ous. compositions, such as bakelite oF 
rubber compounds. 

CARPENTIER, JULES—French _radio 


expert. Born in Paris, in 1864, he 
Joined the Eeole Polytechnique in 1871, 
and in 1876 was appointed principal 


stores engineer of the Lyons Railway 
Company, making a special study of 
Fe electricity 


One of 


Tier of the Legion of Honor. 
the early pioneers of radio in France, 
he’ founded the ‘Compagnie “Generale 
Radiotelegraphique, afterwards" ab- 
sorbed in the Compagnie Generale do 
Telegraphie sans Fil. Carpentier isa 
member of the Academie des Sciences, 
Commander. of the Legion of Honor, 
land President of many selentifiesocie 
CARTIER WAVE—the contnuaua ware 
qv.) of radio frequency. generally 
thought’ of as carrying the voice. oF 
Imusie waves from the radio brosdeast= 
Ing station. Actually itis a radio 
wave of high frequency, which is ale 
tered in ‘amplitude bythe music oF 
Speech transmitted, “inaction, this 
continyous. wave has, another ' wave 
Superimposed on it. "This other wave 
having wave form and amplitudes de 
termined by the voive or other sounds 
being transmitted. ‘The. ilustration 
shows the carrier wave, the waves Fep- 
resenting speech or music and the com- 
Bination of the two. This. effect of 
Varying the amplitude or strength of 
continuous wave by means of some sort 
oft propa 1s known a, madulti ge 
fav) The “wave representing the 
Speech or musie is imposed on the car= 
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Carrying Capacity 


vier wave resulting in the combined 
‘wave which reaches the listener and 
Ts translated by “suitable apparatus 
into approximately the same sounds 
that are transmitted. (See Modula: 
tion, Broadcasting, also Speech Vibra~ 
tions.) 

CARRYING CAPACITY—See Current 
Carrying Capacity. 

CARTRIDGE, FUSE—A fuse in which 
‘the fuse wire is surrounded by ‘some 
roncinfammabe substance, enclosed in 
a cartridge-like tube and having brass 
Tugs soldered to caps at ends. Used to 
prevent the hot wire from “fying” 
When fused. (See Fuse.) 

CASCADE—A term applied to pieces 
‘of apparatus connected together in 
series, particularly vacuum tubes. In 
this case, the arrangement would be 
such ‘that each vacuum tube would 
amplify the signal output of the pre- 
ceding tube. ‘The tubes will be so con 
nected that the output of one is intro- 
duced as input to the next and so on 
tthe total result being greatly increased 
signal strength from the output of the 
last tube. ‘This term may apply. to 
either radio frequency ‘or audio  fre- 
quency. amplification. (See. /mplifer, 

fadio Frequency. also -twiio Frequency.) 
‘A simple “cascade arrangement 

shown in the illustration, Fig. 1 

cireult ‘with two stages of “ea: 

radio frequency amplification, and Fig. 
2a cireult using two stages’ of audio 


157 STAGE 
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CATHODE, RAY TUBE—A vacuum 
tube having a high vacuum, that is 
from which practically all air has been 
exhausted, used in. the production of 
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thowing two stages of cascade 
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Se ee eae all 

might also be used, the term cascade 
Anode.) 

Gell, Electrotysis, also Anode.) 
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cathode rays. These tubes in their 


modern form are used for many pur- 
poses in studying the nature and form 
of electric’ waves. The illustration 
shows one of the latest types of tube, 
known as the Cathode fay Oseillo: 
graph. ‘This tube is used for the fol- 
fowing purposes: examination of the 
wave forms of varlous rectifiers, study 
Of weave form of diferent types of 

nevators, study of vacuum tube char- 
{cteristics, examination of the charac. 
teristics of X-ray and other. types of 
tubes, examination of radio frequency 


waves modulated as in broadcasting, 


measurement of hysteresis and dielec- 
trie loss in various materials, study cf 
phenomena in ares and sparks, together 
with numerous other associated effects, 
‘The development of this tube is one of 
the marvels of seience, enabling the re- 
search engineer to virtually. see the 
electric wave, and to study exhaustive 
.lectrie phenomena otherwise in- 
‘The Western Electric modification of 
the Braun Cathode ray tube or oscillo- 
graph, isa three electrode glass tube 
About 30 ‘centimeters (about. twelve 
inches) long, in the form of « cylinder 
an inch and three-quarters wide, 
spreading out in conical shape, the 
tube being about ‘three and a’ half 
inches wide at the top. The eathode is 
a filament coated with active oxides 
and arranged to emit the number of 
electrons required for the. cathode 
rays, at a dull red heat. ‘The anode 
or plate is a small platinum tube set 
very near the filament, Between the 
filament’ and. the anodes is a. small 
circular sereen having a hole just a 
littie ‘smaller ‘than the circular fil 
ment. A battery of several hundred 
volts is connected between the filament 
and plates with the positive terminal 
connected to the plate. The electrons 
emitted from the hot filament are con- 
trolled by this field in the same manner 
as in an ordinary vacuum tube. A 
small portion of these electrons pass 
completely through the tubular anode 
and constitute the cathode rays. These 
tays are passed between two pairs of 
deflecting plates set at right angles to 
each other, and fly against the large 
end of the’ tube. This end is covered 
with’a fluorescent mixture which rend- 
ers the rays visible. These rays are 
eflected in various ways. For ex- 
ample, if an alternating current is ap- 
plied the visible spot on the sereen will 
be drawn out into a line... (See. Elec- 
fron, Vacuion Fube, also Wave Analy. 
ATHODE RAYS—The stream of elee- 
trons or electrical particles sent out 
from the cathode or filament of & vac- 
uum tube.” ‘These rays are negatively 
charged. (See Cathode, Electrons, Vac- 
uum Tube also Oscillograph.) 
CAT-WHISKER—The fine wire used 
with certain crystal detectors to make 
contact with the erystal. Usually a 
springy metal such as phosphor bronze 
‘C” BATTERY—One or more 


¢ 


small 


lapped at negative terminal 


‘a voltage generally be- 


cells_having 
10 volts, used in the grid 


tween 2 anc 


‘TO DETECTOR 
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ircuit of an amplifier tube for the pur- 

ose of impressing @ negative potential 

fn the grid of the tube. The method of 

onnecting it in the cireut is shown in 
i Fig. | shows a typical 

volt “G" battery. “(See also Grid Bias 

and “C” Battery Curve.) 


©” BATTERY CURVE—In order to 
show the effect of a “C” battery on th 
consumption of current from the “B” 
battery in an audio amplifier, a curve 
(qwv.) may be drawn as in the illust 
tion. In this case the test was made 
with a type UV 201A tube used asa 
one stage audio frequency amplifier in 
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PLATE voLTAGE 
ent conducted on UVIRIA tube sn 


a conventional circuit. Tt is readily 
Apparent on referring to the lines A 
and B that when the “C™ batiery is in 
ge the consumption of current by the 
plate fs much Tess than without it. 


CELL—A cell is one of the four chief 
‘sources of electric energy. In a cell 
the energy is created by an electro- 
chemical process, using in its simple 
form two unlike metals immersed ina 
dilute acid or alkaline solution. In the 
illustration Fig. 1 the common form of 
electric ‘cel Cis a strip of 


carbon and Z a strip of zine. These 
fare placed in the jar in a conducting 
solution of sal ammoniac. If the ex- 


posed terminals from the carbon and 
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Fla. 2—A diacram showing how the “C* battery ie connected in the audio frequency aml 


PHONES 


zine strips are connected together by a 
Piece of wire, current will flow from 
fone side of the cell to the other through 
the wire. The current flows from the 
carbon or positive pole to the negative 


CONNECTING WIRE 


Fig. 1—Common form of electri cll 


or zing pole through the wire, complet 
ing the circuit through the solution 
from zine to carbon. (See Current, 
Direction of Flow.) ‘The cell deseribed 
is known as a primary cell. 

In Fig. 2 a simple storage, cell or 
secondary cell is shown, In this case 


LEAD PLATES 


A cone 


ANODE 


le. 2—Storage or secondary cell 


there are two lead plates immersed in 
a dilute solution of sulphuric acid. A 
Source of primary current (primary 
cell) may be connected to the secondary 
cell in the manner shown in Fig. 3 and 
after being connected for_a_ cert 

length of time it will be found that the 


Celt, Secondary 


energy of the primary cell has been 
transferred to, the secondary cell and 
stored in it, This process of placing 


LEAD PLATES. 


PRIMARY CELL 


PEROXIDE OF LEAD 
THIS BLATE 8E~ 
COMES THE POSITIVE 
POLE OF CELL 

Fig, 3—Primary coll connected tu secondary oF 


electric charges in a secondary cell is 
snes as charging, and the current 
Now, if the wire is connected from one 
terminal to the other it wil be found 
that electric energy. can be withdrawn 
inva Csimilaymgtiner ta that of the 
Primary ‘cell, "A. secondary cell. ma 
Contain several plates and’ several of 
these cells may be connected together 
to'form a storage battery. (Sea Stor~ 
age Battery, Current, Production of, 
also Anode and Cathode.) 


CELL, SECONDARY—When a primary 
cell is connected to a storage or secon 
dary cell the current from the primary 
cell flows into the secondary cell and int 
fect deposits energy im that cell. Then 
when the charging source (the primary 
cell) is withdrawn, the secondary cell 
ean be used, in. practically the same 
‘manner 2 the primary cell. A wire 
Connected from "one. terminal ‘to the 
other will permit passage of current. 
‘ho action of storing up energy iy 
storage ‘ell is approximately as fol- 
lows: When the charging current fos 
from. plate to plate through the solu- 
tion in the secondary’ or storage cell, 
the plate connected to the positive (4) 
dete carbon or copper) of the primary 
eh, receives a brawn coating of pera. 
fe of lead. At the same time the other 
plate becomes spongy” porous, Now 
Ag one plate has received a. costing 
‘hile the other remains unchanged as 
far as its surface is concerned“ acts 

‘a primary cell ifthe charging source 
{2 taken" away and the two terminals 
connected: Tt now has all the essential 
ofan ordinary chemical cell, "As long 
ts the'coating of peroxide of fead ree 
mains on the Surface of one of the 


plates, the cell will be capable of de- 

livering current. 
When the coating has been worn off 
or eaten away the cell is said to be in 
Te will then be 


a discharged condition, 


fait 
Horage cell is charged, 
actually ‘stored in ity although in effect 
iChas received potential energy.” What 
has actually occurred is that the cur- 
rent supplied to the cell during ‘the 
charging process has produced electron 
chemical changes, ‘making the plates 
dissimilar and. thus producing & dif- 
ference of potential. [Soe Current. Pri 

duction ‘ofS ‘The “voltage. ot. leetro- 
motive force of primary cells ‘varies 
From .00:to 1.3 volts according to the 
nature of the elements used ‘and the 
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Colt, Theory of Primary 


grade of the electrolyte (qv). Sec- 
Sndary or storage cells of ihe lead 
2 type produce from 2.1 to 2 volts. 
(For more’ complete explanation of the 
theogy’ and action of a secondary. cell 
fee Storage Battery. ‘See also Blectré 
Bfotive Foree, Current and Voltage.) 


SELL, THEORY OF PRIMARY—It 
thas been explained under the heading 
Celt, that a primary cell produces elec 
trical energy by chemical action. More 

ecifically. the action of a simple cell 
ig as follows: When the copper and 

Zine, or carbon and zine placed in a cell 

are connected together by a conductor, 

ire or other conducting object) the 

acid in the case of a sulphuric acid so- 
lution, attacks the surface of the zine 
plate and forms a compound known 
Zine sulphate. While this sulphate is 
being formed some of the hydrogen con- 
tained in the sulphuric acid is liberated 
in the form of bubbles which appear 
fon the copper, plate. Some of these 
Bubbles escape into the surrounding air 
by rising to the surface of the solu- 
ton, but others cling to the surface of 
the ‘copper plate and gradually cover 
it with a film of hydrogen. It may be 
said here that the decomposition of the 
zine plate in the acid solution furnishes 
the electromotive force required to 
cause the flow of current between the 
plates, “through the solution, and 
Through the conductor. Now, hydrogen 
is a mon-conductor, and as the hydro- 
gen gradually covers the copper plate, 
tthe surface of the plate in contact with 
the solution gradually decreases. ‘The 
flow of current from zine plate to cop- 
per plate in the solution is thus grad- 
Lally “diminished, “until eventally we 
ean imagine the Copper plate as being 
entirely covered with hydrogen and no 
Tonger in contact with the solution. In 
addition to this insulating action of the 
mgdrogen, it tends to set up a current 
‘within the cell in the opposite direction 
to the normal flow of current produced 
by the chemieal action, A cell in, thi 
condition is said to be “polarized,” and 
Various means have been used to cut 
down or eliminate the polarization. ef- 
fect. ‘The purpose of these various 
means is to prevent the hydrogen bub- 
bles clinging to the surface of the cop- 
per Plate, thus allowing them to es 
Cape to the top of the. solution and 
thence into the surrounding air. (See 
Polarization, Current, Voltage, 
‘Storage Cells.) 

BENTIMETER—A measure of ength 
In the metric system. It is one hun- 
dreath art of (a meter, or appros 


sed as the 
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rmperes will mean a value equal to 
certain number of units. In adiition to 
thee. G'S 

a practical 
fised for ord 
this system, the following are the ma 
unite: "The volt is the practical un 
Of electro-motive foree:—~ths force rez 
ured muna How of current of 
{ne ampere through a resistance of one 
chm. "Phe unit of current atrength oF 
fate of flow of current fs the ampere; 
the strength of current maintained by 
‘force of one volt through a resistanc 
otone ohm. The unit of resistance 
fone ohm, and is. the resistance of 
conductor or cirenit: that. will permit 
thetpassage of'a current of one ampere 
Linder the force of one volt. "The unit 
of quantity isthe ‘coulomb, which is 
the “quantity of current 


iP thus appear that the practical 
system is actually based on the G-G. 8. 
Calculations of ‘an involved 
“iy make use of the C. 
G'S" system, and when multiples or 
Sub-multiples’ are used. they are’ 
Pisied, in Greek and Latin rete 
or example, a million ohms. is 10° 
ts expressed as‘ meg-ohi. 
being derived from mepe mil: 
Similarly a millionth of an sme 
is expressed ‘ag. microampere 
* AMPERE, “The various units 
tinder the ¢. G. 8. and practical sys- 
tems are taken up in defail under the 
Feapective hendings, na JOULE. ERG, 
DYNE and so forth, "(See also Taduet” 
ance (Enit of) Capacity (Unit of) 
Electrostatic" Unite and” Blectromay- 
elie Oat 


CE. M. F—The abbreviation for 
‘counter electromotive foree (4.¥.) 

©... UNIT OF CURRENT—The 
absolute electromagnetic unit of cur- 
rent. It is. the current which 
passed through a conductor 

cirele of one centimeter ra 

attract or repel a unit magnetic pole 
placed at its center, with & force of one 
dyne (av.)- 

CERUSITE—A kind of mineral used 
‘as a rectifier in some types of crystal 
detectors. It is a carbonate of lead hav- 


ish-grey color. This mineral 
ig not as good a rectifier as some of 
the others, but has the advantage of 


ong or suey gree pra 
aly ita entire surface.” (See Crys 
Detectors.) - 
CHALCOPYRITE—A crystal used in a 
Dericon detector, whieh’ is composed of 
Eineite and chalcopyrite in contact with 
each ‘other. It fea, combination de- 
Sector aultable for use where its sub- 
jetta darting ince has nearly an 
form characteristics over ts entire sur- 
face, “it works without the aid of an 
tlectrie battery. 
CHARACTERISTICS—A. term broadly 
‘applied in electricity to refer to any 
aleinguishing featuse in electrical ap 
parats, In radio usage the terms 
Eenerally applied to nactm tubes. The 
Characteristic of, a tube la. understood 
as the relation between the potential 
(Groltage) at the oral (aor) and the re- 
sulting curren obtained “from” fhe 
Plate. (qwv.) “it may also oceasiona 
Fefer tolother features of a tube, suc 
as its current requizements or Smpil 
Hying guy ag dltinct from the ratio 
of grid voltage to plate current. (See 


Characteristic Curve, Vacuum Tube 
Characteristics; also Plate Current.) 


CHARACTERISTIC, FOURS dia- 
SEE CURT a adhe 
span mong srgahigly i os form 
He is, "Fa het Share 
Ses bee sie de are ote 
Seeley ae Rare 
alee caren (ae) and Shen changes 
Lot Peake 


45 VOLTS PLATE POTENTIAL 


din 
aes aaa 
122 
B2 
dis 
us| 
a 
SeLSt Ta Eats 
soles 
Bio wither 
fois 


passing through it, and this increase 

may be shown by a curve, (See Vac- 
tuum Tube Characteristics.) 

CHARGE—The presence of. electricity 
ina body. Is usually defined as an 
excess or deficit of electrons (q.v.) on 
fan insulated body. “In the case of @ 
condenser (q.v.) after it has accumu- 
lated electrical energy it is said to be 
tn a charged condition, or to have an 
electro-static charge. "The charge in 
a condenser is mengured in, coulomb 
(qv.) A storage battery is said. ti 
contain a charge when it has been con~ 
ected to a source of direct current for 
a length of time, and the hydrometer 
test shows the electrolyte at proper 
specific gravity. 

CHARGE, SPACE—See Vacuum Tubes, 
also Space Charge. 

CHARGED BODY —Any 
‘accumulated electrical 
Charge.) 

CHARGER, STORAGE BATTERY— 
‘Any means of cohtrolling the current 
delivered from a primary source for 
the purpose of charging storage bat- 


wire 
RESISTANCE 
4 \ 


body that has 
energy. (See 


ANMETER 


yr other secondary cells. Charg- 
wre made in many forms and are 
designed for either direct or alternat- 
ing current, Direct current chargers 
consist of certain resistances, with the 
necessary meters and switches. A sim- 
ple form of direct current charger i 
own in the ilustration. "In construct- 
ing a direct current charger there are 
several important details that must be 


5. A safe and clean working environment 


f to ensure quality and health 


Safety fst, especially while solder 
ing, The VDE and GS emblems en- 
sue the electica safety of soldering 
equipment. The use of the VDE sign 
obligates the manufacturer to monitor 
prodtion accordance wih test 
(guidelines and to conduct tests ac- 
cording tothe regulations determined 
by the VDE testing institute 
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Health protection during soldering 


‘The breathing one is very close tothe salderng process during manual 
soldering, and the solder is added by hand, Thus there isthe danger of 
contaminated air and hands or tems which may have been touched 

Flux vapors can be damaging to the operator's health and shouldbe kept 
‘ut of the breathing area, Suitable devices fr tis purpose are solder 
fume extractions, which extract the smoke and associated vapors fram 
the workplace and remove patces and gases. Moder fume extractions 
‘an be programmes to operate only when the soldering process staking 
place, thus saving energy. 

(One should never ea, drink or smoke in rooms where soldering pre- 
farmed. Contaminations wich remain onthe hands can enter the human 
‘exganism through food or cigarette smoke. 


Hands should be washed thoroughly after soldering. 


taken into consideration, The plates 
of a storage battery require. certain 
charging rates in amperes, depend 
fon the size and number of the pla 
That is to say, tho manufacturer spect 
fies that when’charging, a certain hum. 
ber of amperes must be passed to the 
battery from the charging source for 
a.definite number of hours. This figure 
Tay be decrensed but. not increased. 
AAs'an example, tome storage batteries 
‘will take a charge of five amperes with- 
out injury to the plates, ‘which rate 
ould be ruinous for. other batteries. 
Now the question of obtaining. the 
Droper amount of charging current 
Enises, ‘The majority of house lighting. 
ystems have a voltage of from 110 to 
185 volts, "(Reference is now made only 
to direct current systems, alternating 
current chargers ‘taken up later 
on) According to Ohm's Law” (a-v.) 
the current flowing in a eireuit ts di 
Feetly proportional to the voltage and 
Erverely ‘proportional to the ema 
@nce.” Voltage is the product of  Te- 
‘Sistanee times the current, the resist- 
fance in ohms and the current in am- 
eres, ‘Therefore if we desire @ cur 
Fert of fve amperes from source of 
(0 volts, it is necessary to have a re- 
sistance of a value in_ ohms which, 
‘when multiplied by the current in am: 
eres,-—five in this ease—will produce 
110. " Conversely, we can divide the 
voltage—110 by the current—5 to ob- 
tain the correct resistance. This would 
indicate a resistance of 22 ohms,. There 
ig another factor which enters into the 
oblem however, the back pressure, or 
Counter, Blestromotive. Fofee. exerted 
on the charging source by the battery. 
In the cane ofa six volt storage bat- 
tery, this will be six volts. This must 
be subtracted from the voltage of ‘the 
charging. source to obtain the effective 
Value, ‘hus, the effective value in this 
¢ase would be 110 — 6 or 104 volts. 
Then as explained before, dividing’ the 
Voltage by. the current. required, we 
find that itis 104 ~~ 6 or approximate- 


{n the illustration, and connec 
battery as indicated, a charge 
amperes can be applied to the battery. 
‘The same result can be obtained by 
placing” an ‘ordinary electric amp, in 
Series in place of the resistance. (See 
Lamp Bank) ‘The. internat’ rovistance 
of the battery is very small compared 
fo that of the line resistance, and can 
be ignored. A point to remember 
that the voitage of the charging source 
must always be higher than that of the 
storage battery, because, as explained 
wwe, the back or. counter electro. 
‘motive foree of the battery, must be 
subtracted from the voltage of the 
Sharging source, to indicate the effec- 
tive voltage. Thus, if the battery 
exerts a counter electromotive force 
of six volts and the charging source 
Js only "six ‘volts the counter “force 
‘would be equal to the charging force 
and there would be no chargi 
rent, When direct current. is 
available and alternating current i 
Used to charge the battery, it will be 
necessary to change it to direct cur- 
rent. For this purpose it is essential 
that’ some form of rectifier be used. 
This rectifier may be of a che 
mechanical or electrical type. 
various forms will be taken up under 
their separate headings, (See Rect 
fer, Batkite. Tungar, Iectigon, 
trolytic Rectifier, Tube Rectifier.) 


CHARGING—The act of expending 
\ electrical eneray to place charge in 
or on a battery of body. ‘The term 

used generally to indicate the process 


of impressing electrical energy on the 
storage battery elements for the pur- 
pose of making the battery a secondary 
Source ‘of electricty. (See Charger, 
Chemical Rectifier also Tube Rect 

CHARGING BOARD—A term used 
Synonymously with charging panel to 
denote an arrangement for controlling 
the current used for charging storage 
batteries, It -generally consists of an 
insulated. panel with various switches, 
fuses and resistances thereon to limit 
the"amount of current delivered, and 
at the same time furnish a. ready 
theans of connecting and disconnecting 
the various circuits connected throug 
it. The fuses act az safety devices and 
‘break the eireuit when too great a cur 
rent is delivered.” (See Fuse, Switch, 
Charger.) 

CHEMICAL | RECTIFIER—Dovie, for 
changing alternating current to direct 
current. (See Blestrolytic Rectifier.) 

CHLORIDE BATTERY A. type of 
‘storage battery for heavy duty opera 
tion The positive plata is made of 
Tead with: a number’ of holes pierced 
in'it and each filled with a coil of pure 
lead. “This coil is forced into the holes 
during manufacture and is said to.en- 
able the battery to withstand heavy 
discharge without damage to the 
plates. (See Storage Battery.) 

CHLORIDE CELL—A cell (qv.) which 
uses in most cases, a positive plate 
Having tends the active material the 
negative Plate being made of metallic 
Zine, A solution of chloride of zine is 
used, from which the name is derived. 
(See Chloride Battery.) 

CHOKE OR CHOKING—The action of 
‘2 device in a cireuit wherein it tends 
to choke, or hold back, certain forms 
of current or certain frequencies While 
Permitting others to pass freely, or to 
Dppose fluctuations in the strength of 
the current passing through it in the 

CHOKE COIL—A coil of wire pos- 
sessing considerable self-mnductance 
and relatively little resistance. ‘These 
foils are used in various ways and for 
f variety of purposes. When connected 
{n'a direct eurrent circuit, and possess- 


LOUD SPEAKER 


conoengen 


| ares 


(CHOKE 


TO RECEIVING SET PLATE 
‘AND “8” BATTERY 


Method of onnu choke coll n connection with lod 


ing the proper value, they have a tend 
eney to prevent any fluctuations in the 
Surtent and. "thus” keep. the current 
smooth. An example of its use is with 
a" loudepeater. "Av condenser will p= 
mit padeage of high frequency (alter= 
hating) currents such as we find in 
Fadio reception, but will effectively 
ioc direct cutrents. "On the other 
hand a choke coil will pass direct cur 
Tent without offering any_ appreciable 
Fesistance, but, will retard the mode- 
Iated currents (av.) Tt will be appar- 
ent then that by a proper combination 


Chopper 


of the two (Choke Coil and Condenser) 
fas in the illustration, the direct cur~ 
Fents can be shunted around the loud 
speaker and thus prevent injury to it 
while the necessary modulated currents 
are allowed to pass through without 
iMieulty. Another use for the Choke is 
it carrying alternating cur- 
joke will Limit 


Whereas an ordinary resistance, while 
It'would limit the current, would’ dis- 
sipate's certain. amount” of energy. 
Ghaees ‘may be made. with iron cores 
ofthe open sed the, fo, lw 
Frequency currents, or may Only have 
Ales forthe core when sedi, Aigh 
requency circuits, The closed core 
Gp8'i8 the more: common form, ‘The 
formula most commonly used in. de- 
fermining the inductance ‘of a. choke 
coll in Renries is a8 follow 

1257 XX AX NE X 104 


La 


‘Where L is the inductance in henries. 

wis the permeability. (This varies 
from about 1000 to 2000 in most cases). 

‘Ais the effective area of iron cross 
section (square centimeters). 

'N is the number of turns of wire. 
Lig the length of iron path (in centi- 
meters). 

CHOKE, HIGH FREQUENCY — A 
choke coil of high self-inductance (a. 
¥.) used in’ transmitting circuits to 
prevent. puncture of the secondary 
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Position of choke colle In transmitting eleealt. 


windings of the transformer (a. 
Secale eens 
back ereaare is exerted on . rin 
high ‘voltage. The iiustration shows 
transmitting circuit. (See Back Os- 
aa 
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INDUCTANCE 


Showing, how chopper te ated to Snytrant shemale 


dinary damped waves (qv.) the head 
Phone produces signals that. have a 
Frequency. of vibration equal to the 
umber, of wave trains per second. 
When the transmitted waves are con: 
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Kinuous there is <visuly no iyterval 

that is, there are no groups of waves 
And they are therefore inate inthe 
‘usual receiving apparatus. The cho 
per is only necessary when eryetal de 
ectors are ‘used for reception. — (See 
Ticker, Beat Reception and Continuous 
Wave Transmission.) 

CIRCUIT—The path followed by an 
clectrie current passing from its source 
through a wire conductor or series of 
such conduetors, and back again {0 its 
Starting point. "A closed cireuit is one 
that is continuous and will permit the 
passage of current. An open circuit is 
fone that is not continuous and, being 
Broken"or open a some point wil not 
permit passage of the current. The 
form is used very commonly, and broad: 
ly covers any system for the eonduet= 
ing of electric eurrent from its source, 
through some electrical instrument of 
appliance and back to the starting 
point. 

CIRCUIT BREAKER—Generally speak- 
ing, any device for automatically 
breaking or opening a cireuit and thus 
preventing flow of current through the 
Gireuit, More specifically, it may be 
Gevice similar to'a switch, used to auto- 
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oF CURRENT 
Overload Circuit Breaker. 


Fie 


‘matically open the circuit when the 
current falls below a certain point, or 
rises above a certain fixed value. Thus 
fan overload circuit breaker is an ar- 
tangement. which will, automatically 
open the circuit if the current becomes 
too great. ‘This is shown in Fig. 1 
Tris'a simple form and consists of an 
electro magnet which requires a cer- 
tain force to operate it. When the cur- 
rent in the cireuit reaches a certain 

the magnet operates, pulling 
the bar “A” against the action 
of the spring “P,” and thus breaking 
the circuit, As long as the current is 
not more than that fixed by the require- 
ments of the 


ranged in 
ticular requirements — the current 
flows, the breaker operating to open 


the circuit only when more than the 
desired current is introduced into the 
circuit,_ In the illustration we can con- 
sider “S1” and “S2” as the source of 
current, “M" as an electromagnet, in 
series with the motor “D,” and “A-B” 


MOTOR 


t 


"ro source. 
OF CURRENT 


Fig. 2 Underlond Circuit Breaker. 


‘a switch, in which “A” has attached 
to it a piece of soft iron. Now if the 
current required for the motor is ten 
amperes, the magnet ean be so designed 
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that it will not ae on the bay “A” 
antil 15 amperes flow throagh it. Thus, 
as long as the current is less than this, 
the eireait is continuous, but if the eur- 
rent is increased to 15 amperes, the 
magnet operates and attracts the bar 
ZA‘ ‘breaking ita ‘contact with “BY 
and thus opening the circuit.” In Fig. 
2a simple underioad breaker is shown. 
In this case the operation is the reverse 
of that of the overload breaker. Here 
the bar, “A” is held down, in contact 
with “B” by the magnet “M” thus keep- 
ing the circuit closed through the motor 
‘D”. Now assume that the motor re 
ss ten amperes and the magnet 

fount to hold. the 


qui 
requires the same a 
bar “A” in place against “B”. If then 
the current’ in the cireuit falls below 
ten amperes, the magnet can no longer 


fod the ‘bara tenet the action 
Ef the spring “P* and i rsea, breaking 
fhe contact between “A” and “Band 


thes ‘openings the eireut. "These, ei 
fults ave of course only astumed for 
She purpose of Mustrating: the theory 
cf eireule Breakers. “Actually the sys 
fem is generally much more elaborate. 
Graf breers"are sed for man 

rposes-ehiefy fo prevent any” aud 

Ren increase or decrease of current in 
2 tireulty and. to: control the flow of 
current for charging batteries. (See 
Gharger-Storage Battery) 

CIRCUIT, BROKEN—A circuit that ig 
Wot costinuous, having. been opened 
Sher purposely, or due to some defect 
inthe Grea, ve serm fu oauslly ap- 
Plc where the crete opened by the 
renking of a wire, or through a faulty 
contact. 

CIRCUIT, OPEN — A, circuit whieh is 
fen ad through which current cane 
sot low, or a cteuit which is normally 
Spen bu which can be closed at will by 


eeu 


ory CELL 


‘Open circuit which can be cloned by pressing 
‘econ 


pressing a key or button, A common 
Example of open circuit is in the ease 
of an electric bell circuit, ‘The 
tation, shows ‘such cireult 
mally it is open and current does not 
How to the bell but on pressing the but 
fon B, the eircut is closed and current 
ase to the bell. (See Creu, also 
Brored Cireust.) 

CIRCUITS, PARALLEL — Circuits 
Starting at a common point and ending 
at a common point. ‘The sllustration 
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shows three parallel circuits. Actually 
each one is a part of the whole circuit. 
(See Parallel Resistances. 


SRCULAN MIL—"The | cross-sectional 
area of candectorr (wires) is usually 
designated in terns of circular mils, 
A circular mil is the area of a circle 
having a diameter of one thousandth of 
an inch. ‘Thus a wire having a diam- 
eter of one quarter of an inch is said 
to have an area of 250 circular mils 
(See Square Mil.) 


CLEAT—A form of porcelain inewlator 
lused in house wiring. They are gen- 
erally arranged in two parts, with cor- 
responding grooves in which the wire is 

held, and ‘are nailed or otherwise 
fastened to the wall. Cleats are about 
the cheapest form of insulator and 
where the voltages used are low, are 
quite as effective as the more elaborate 
types. Cleats are much used in radio 
work, both for insulating lead in wires 
coming from the aerial, and for insu- 
lating the aerial itself, 


CLERK-MAXWELL, JAMES—Born at 
Edinburgh, Scotiand, in 1831, and edu- 

at Edinburgh and Cambridge 
University, he became Professor of 
Natural "Philosophy. at | Aberdeen, 
1856-69, and Professor of Physics and 
Astronomy at King’s College, London, 
1860-65." In 1871 he became’ the first 


James Clerk-Maxwe 


holder of the new chair of experi: 
mental ‘physics at Cambridge, where 
he died, November 15, 1879,” Clerk- 
Maxwell was recognized in his later 
years as one of the greatest authori 
fies on physics of his time, and his 
fame has been steadily increasing since 
his death. “Radio owes Clerk-Maxwell @ 
deop ‘debt. “Electricity was the chief 
study of his lifetime, and his first im- 
portant paper on the theory of electro 
magnetism. was communicated to the 
Royal Society in 1867. In 1878 he 
published his “lectricity ‘and Mag- 
hetism,” a work on the subject whic 
has never been surpassed. In it he 
formulated his famous electyomagnetic 
theory of light and his. theories on 
electric waves, which ‘developed. into 
the modern system of wireless. tele 
raphy and telephony’ through the ex: 
periments of Hertz, 


CLIMAX—A high resistance nickel 
steel alloy, used extensively in 'rheo- 
stats (qv.}. It is one of the cheapest 
and. most. practical alloys. for low- 
temperature resistance wire. Its chief 
Properties are as follows: "Maximum, 
working temperature 540 degrees cen- 
tigrade, resistance in microhms per 
cubie centimeter at 20 degrees centi- 


sgrade, 87.2: temperature coeflcient per 
"gree centigrade, .00054, and having @ 
specific gravity of 8.14, 


CLIPS—A clamp connector used. for 
Various purposes ‘dio receiving 
and transmitting cireuits. (See illus 


tration) “Ina receiving seta. clip 
‘be used at the end of a flexible 
for the purpose of vai 
Connection to the various 
taps; clips are very frequently used in 


flip In een 


making the connections to the storage 
“A” battery, and for many other pur- 

1s about the receiving set. One of 
principal uses in the transmitter 
connection with the leads to the 
oscillation transformer. Flexible leads 
with clips attached come from the other 
units of the transmitter and are 
clamped at will along the various turns 

he oscillation transformer until the 


CLOCKWISE—A term used to indicate 
that the rotating part of an electrical 
machine or instrument moves from left 
to right (when facing it), or as the 


indicator meeiciockwise motion. 


hands of a clock. In the illustration 
the needle or pointer of the meter 
‘moves in a clock-wise direction. In 
électrical measuring instrument this is 
always true where the zero point is at 
the left part of the dial. The opposite 
is known ag counter-clockwise, When 
Jooking at the armature of & motor or 
generator, if the rotating, part moves 
from left to right it is ssid to have @ 
clock-wise motion. 

CLOSE COUPLING The, arrangement 
‘of two coils acting as primary and ee~ 
‘ondary, placed close together in. such 
manner that the coupling or electrical 
elation between them is close. In the 


PRIMARY 


_- SECONDARY 


close. If the secondary is withdrawn 
fa certain distance from the primary, 
the effect is referred to as loosening: 
the coupling, and the coils are then si 
to be loose coupled, the transfer of 
energy from one to the other bein 
considerably less than in the cage 0 
lose or tight coupling. (See Coupling.) 

CLOSED CIRCUIT—A. circuit which 
Permits the continuous flow of "elec 
tricity. ‘The illustration shows an or- 


BATTERY 
-1A- 
Circuit le 
dinary dry cell connected in cireuit 


with @ small lamp. In Fig. 1A the 
ja closed and current is per- 


SWITCH 
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Gattery 
-1 B - 


Circuit open by means of amiteh 


mited to flow to the lamp. In Fig. 1B 
the circuit is open and mo current can 
flow. A closed circuit is therefore an 
electrical circuit that is_ continuous. 
(See Cireuit, also Open Circuit.) 

CLOSED CIRCUIT CELL—A cell that 
ean be used in a closed circuit for 


Cockaday Cirewit 


considerable length of time without the 
impairing eects of polarization (a.) 
An open cireuit cell is one that can 
only be used intermittently, as for ex: 
ample, with an electric bell where the 
circuit is only closed for a brief period. 
n open circuit cell is used in 
that remains closed for some 
‘and ruins the 
‘An open cir- 


Iv.) because in this ease the 
circuit is elosed intermittently as the 
key is depressed. (See Cell.) 

CLOSED CORE—A core (qv.) used in 
transformers, chokes, ete., which is 
continuous, forming a closed magnetic 
path. The illustration shows the dif- 
ference between, a closed core and an 
‘open core. In the open core type, one 
end is the north pole, the other the 
south pole, Whereas in’ the closed core, 


tan 

Hy ! 

a i 1 
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Open core above on left: closed on 


there are obvious! 
closed ‘core type 
ferred to aga n 
Core, Transformer, also Choke.) 

CLOSED CORE TRANSFORMER—A 
transformer (av) having. a. closed 
core. In the illustration the magnetic 
path, or core, is continuous, being made 
of strips of uniform size” This form 


cone 


of core is known as “laminated.” An 
efficient transformer is generally made 
with @ closed core. A transformer may 
be for a variety of purpoges, auch a 
step-up, step-down, audio frequency oF 
fio frequency. (See Transformer.) 

C. M.—Abbreviation for circular mil. 
av) 

Cm—The abbreviation for, centimeter, 
tthe unit of length in the C. G. S. sys~ 
tem (qv.) 

COCKADAY | CIRCUIT— A popular 
radio receiving circuit devised by the 
‘American experimenter, Lawrence M. 


omse couple, wlth secondary placed to 


illustration the secondary coil is shown 
entirely within the primary. In other 
words the transfer of energy will be 
large in this case as the cou 


Original 3 tube Cockaday Circuit. 
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Gockaday. It ineludes several radical | 
features not found. in the usual sys 

tems, Receivers using this eireuit are | 
generally made in three, four or five | 
{fabe types. The chief value of this cit- | 


four windings, ie. tapped primary, sep- 
arate closed eireuit coil, grid or see. 
ondary winding and a ‘single turn 
Tooped around the closed circuit coil. 
(See Cockaday Circuit.) 
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after the establishment of that means 
of ‘communication. In. this. system, 
whieh is also called the “American 
Morse Code,” some of the, characters 
are made up with’ so-called spaces 
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cuit lies in jts extreme selectivity. It is 
usually referred to as a four circuit | 
receiver, owing to the addition of a 
sensitizing eireuit to the regular three 
eireuit regenerative system, The dia- 
gram for the three tube receiver is 
given in Fig. 1. Here the prima 
or aerial tuning eireuit is seen to have | 
@ single turn of wire, “Li, wound 
around another coil L2, ‘which is 
shunted by a variable condenser Cl, 
thus forming a separate closed, tun- 
able circuit, coupled very loosely with 
the antenna eireuit. ‘The primary, or 
antenna eireuit, has in addition to’ the 
single turn, a bank wound coil L3 con- 
nected in the ground side of the open 
circuit and tapped to permit coarse tun- 
ing. Thus, the primary is coupled in- 
ductively to the separate closed cireuit, 
which in turn is inductively coupled to 
the grid or secondary, circuit contait 
ing a coil L4 shunted by the condenser 
C2, allowing tuning, 

The tone of the music is varied by 
means of the novel arrangement using: 
a condenser C4 connected to a three 
point switch. When the switch is 
laced in the center position the con- 
denser is eliminated from the circuit 
and the wiring is standard. With the 
switeh on the top tap, the grid of the 
tube is connected to the ground, thus 


by-passing a portion of the oscillations 
and giving. a'smooth soft tone with | 
certain loss of volume. With the switeh 
firm on the bottom tap, the grid of the 
last tube is connected to the plate cir= 


a tai ie eid 
Co aC eae 
samo Oba et 
deer eta iy a 
Ia oe tae te 
io ent ahh fk 
steele ce mana | 
atat Ger Grint ler 
Mates amen ee 
sthige Ne Sat a a da 
cea tai, Se Pek ah 
SLIP ie ect Be 
caer 

COCKADAY, COML—the sil ud, 
RGPAAT SOE cae 


38 


& BSV, 


a “panini 


CODE—Telegraph codes consist of 
characters formed by combinations of 
dots, dashes and spaces which, repre- 
sent’letters, numerals, and punctuation 
marks. ‘These characters are sent out 

the radio operator with the aid of 
electrical impulses, and by using suit 
able receiving apparatus the receivi 
operator hears the ineoming signal anc 
is thus able to interpret the various 
combinations of dots and dashes and 
reproduce the original mes 
Morse Code of characters 


which are part of the group signal, 
and are necessary in distinguishing 
those characters. The International 
Morse code is a modified form of the 
‘American Morse code, and no spaces 
fare used in the characters of the In- 
ternational Code. “The International 
Morse Code is used all over the world 
for ‘radio telegraphy, and for wire 
telegraphy in almost every country ex- 
cept the United States, Canada and 
parts of Australia, ‘The American 
Morse, owing to the fact that there are 
fewer dashes in the characters, is about 


CONTINENTAL, 


Morse and Continental Codes 


S96 more rapid than the International 
Soa?" rhe? American Morse and hae 
teenational® Continental)” Coden. are 
dren herewith, 

CORFFICIENT—In algebra 
Or muliplien of «evibel hus the 
Seprension SYS the toeffiient in 8 ih 
eietrieity, ard’ in tie adle ‘applien: 
Seer i'n number expressing te es 
intl ‘of rade between quanttie one 
a the Guamtties eenerally being init) 
aes basia or standard for the co- 
Giestnt, “Hot Gkampler let us assum 
Sree lei eatrviog amieteate 
Surah" the reslotance of the vive at 
8 deyeee Fahrenhelt being one ohm 
if wer consider the’ resistance af the 
itie at 38 degrees to be unlg, or one, 
Whee Mts teotance att any other tem: 
Pefatue Will bevaome orber OF oo- 
Uifeient tines one 

re enaxe ig clerer, lt us take 1 
salle ofan inch tora foots “An inch 
Snetweifth, of approaimately 0880 of 
oferta number of inches mule 
pid by ths traction win give another 
Rusbe? infect Therefore’we say that 
amber feet meliplce'st ah inch 
me cceapared to a Toot is 888. "A co 
chien? te thus any number by. which 
sreietaty met be multiplied to sive 
Soother quantity. 

‘n'radlo the font common eases of 
cosftcents are the following, “the con 
Sfictnt of coupling. ig rats bez 
Ler ne ntl inductance Case) 
(Between exe ts cales primey “and 
Coeiiry nnd She eta’ roe ot the 
prec Mt he tal self inductances 
av in the two containing 
heels ‘Binary the eowfielent of 
tepliteation Ts the ratio of the effect 
Pratuced with an empliter (as) co the 
Brel protuced witeowt an applies 
‘Set Wruel Induction coepieien 
also Self-induction Coefficient.) 

COHEN, LOUIS, Ph. D—Born in Rus- 
Slay Dee 16, 1810", Educated at A 
mou Maule of Technology, 
Hoy of ‘Chiengo:and Colombls, Univers 
0.0" Noted for his formulae and 
Glen {30\the teteulstion f alern 
Rg Cherent problema fe hes written 
Sosokron dhe sublects “Has. eralved 
taany torts for the measurement 
Pease ad cantel Has 
cured a: gunber of atents on radio 
Spparatus: 

COHERER—A device formerly em- 
loved for detecting’ radia woetee. “Th 
Averigiat form f Cosisted of wo 
neta feds eparated by & natvow space 
Ina glass tube and the gap between 
Bret at hiled ott nickel Ene’ silver 


4 number 


filings. It was found that when the 
electromagnetic waves or signals were 
passed through the coherer the par- 
ticles of filings clung together and be- 
came conductors. Then by using some 
device such as the tapper hammer of 


an electric bell to strike the glass tube, 
‘again separating the particles. after 
ich signal, it was posable to keep the 
Soheret corstantiy in a state of change 
fencen a cguducive and mana: 

itive condition, thus making the g- 
nals audible. There were many vari 
ations of this type of detector, which, 
Rowever, is now obsolete. "(See Mar: 
cont Cokerer.) 

COIL—A term having very broad ap- 
plication in eletriety andra, Yi 
Thay be used fo designate any arrange 
ment'of a numberof turns of wire, 
{sually copper, and used for almmest any 
Purpose in the production of electric 
End nngmetic effects or phenomena, The 
most eommon significance. of a. coll™ 
In tadio isin reference to a number of 
then of insulated wire wound on var 
Hous forms and used for tuning (as). 
{The term inductance coil is generally 
aged, although actually, ang” col. of 

wire will have inductance, "Coils come 

In countless numbers and variety for 

any purposes.” A coll_may’ be used 

fot alone for tuning--that is to adjust 

{receiver or transmitter to-retonance 

‘with incoming or outgoing’ sama 

tay bests one to city in 

which ease It is known as a coupling 

oly it'miay be used with a core (aww) 

off ee amit cea, a3 8 

hoke coil (as) oF At may be ied in 

connection with igh frequency 
atu, such as used by physicians. Colle 

Ere generally referred Wo by individual 

hhames indicating. thelr construction or 

teen” (Bee Tndictence, Taming Col, 

Vario-coupler. Choke” Coil, “Honey 

Comb Coll, Pancake Coil, Spider Web 

Cell Loves Co, Duo Lateral Coils.) 


COM. ANTENNA—Or Loop Aerial. 
‘An antenna (aerial) constructed by 
winding the wire around a square form. 
The coil (or loop) antenna, because of 
its comparatively small size, is of 
mounted on a frame work which may 

If one end of the coil is 
Ps sta 
tion, the antenna (aerial) will pick up 
its signals with maximum intensity, 
but if the coil is rotated from that por 
sition the signals from that station 
row weaker, until when the plane of 
the loop is at right angles with the in- 
tercepted signals no sound will be ot 
tained. It is a part of the radio com- 
pass used at sea. (See Loop-Aerial.) 

COLLECTOR RINGS—Insulated metal 
rings attached to the armature (q.v.) 
of an alternator (generator of alter 
nating current) in-such fashion that 
the alternating currents can be col 
leeted and communicated to the brushes 
without change, these rings are used 
{to collect alternating current from that 
type of generator and brushes are used 
to collect direct current from a direct 
current generator. 

COLLODION—A solution used by sur- 


Hous forms. Tt has been found more 
efficient than shellac for this purpose. 
‘4A solution of pyroxylin or soluble gun- 
cotton in ether, with @ certain amount 
of alcohol, depending” on the. purpose 
for which’ intended. When used 
conting for coils it serves aa an 
{ator and also to hold the colle in place, 
but it should be sparingly applied 

COMBINATION DETECTOR—A de 
tector composed of two different crys. 
tals in contact, instead of one erystal 

ith a fine wire to search out the sen- 
itive spots. Some combination detec 


Compressed Air Condenser 


tors are composed of silicon and anti. 
mony; zineite and bornite; lenzite and 
gerutite, and zincite and. chaleopyrite. 
‘These detectors all function without @ 
battery and are simple to operate. 


COMMON. CONNECTIONS—A._ term 
‘often applied to a connection that Joins 
Several points. For example, in most 
Fadio receivers the binding. posts for 
Battery connections are arranged 0 
that the “Band the "A4" or A" 

ve connected to the same point. That 

2 aay the Dost common conn 
ton, fr these leads" The erm I also 
fpplied to'a battery, as a "2" battery, 

‘which is’ used. for both detector and 

amplifer, ‘Teis then, known a8 a com- 

mon “BM battery. "The other method 

‘would, of course, be to Use separate bat 

teries for the detector and amplifier, 


‘a circuit, A. 
commutator as used with a generator 
usually consists of a number of pieces 
called segments, mounted on a circular 
form but carefully insulated from each 
other. The illustration shows a com- 
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mon form. In the ease of an ordinary 
‘motor, the commutator is employed to 
distribute the current to the winding: 


lected. from the 
ture is alternating. 


COMPASS, RADIO —See_ Direction 
Finder, Goniometer, also Bellin-Tosi 


SA part of the whole, 
is one of the parts of 
(mechanical force). 
Tn electricity, component currents are 
the several currents into which a single 
current may be assumed to be sep- 
arated, so that If assumed to be acting 
together they would produce the equiva- 
Tent effect of the actual current. ‘Thus 
also, component E. M, Fs. (electron 
‘motive forces) are’ understood as the 
Several components into which any 
electro motive force may be divided, 
Impedance (qv.) is said to consist of 
two components, the actual resistance 
and the apparent resistance present in 
the opposition offered to the flow of 
current termed the reactance (q.v.) 
by' a circuit. For instance, the total 
gaprent in the plate circuit ofa vacuum 
tube responding to high frequency gri 
voltages may be considered as made up 
fof two components, viz., a steady or 
constant current and a high frequency 
component superimposed on it. 


COMPRESSED, AIR CONDENSER—A 

‘condenser which uses compressed air as 

the. dielectric or insulating material 

between the plates. This type of con- 

denser is used chiefly In transmitting 
(See Condenser.) 


Compound Magnets 


COMPOUND MAGNETS—A combina- 
tion of several permanent magnets. 
(See Magnets, Compound.) 

COMPOUND WOUND—A dynamo or 
‘motor field magnet wound with two 
field windings, one of which is con- 
nected in series, the other in parallel 
with the armatire (qv.)- 

CONDENSER—In_ electri 
practice a condenser consi 3 
more conducting surfaces placed in re- 
lation to each other and separated by 


the dielectric’ (q.v.) 
tused in radio fora variety of purposes, 
their broad use being to allow tuning. 
In action, a condenser permits charges 
of electricity known as electrostatic 
charges (q.v.) to be stored up and re- 


under a mechanical strain. In the il- 
lustration Fig. 1A a flat spring 'S is 
shown ina normal position, NB. In 


IB a waht W is placed on the surface 
of the spring. ‘This weight will foree 
fhe spring down, from ite normal 
tion to one of the positions (a), (b), 
() oF (d), according to the force, ex: 
erted and the strengih of the spring. 
AEs Neier wei in then ace o> 
the spring it will depress stil further 
Until Wwe ean imagine a point P in Fig. 
TC ae which the aaatety of the spring 
ip ood up and the oppoattion is auch 
that it will no longer depress and comes 
tovrest.” When the weight is removed 
hel spring will Ay back into normal pe 
Figs 1D, and in doing 30 will 
Mibrate back and forth a mimber of 
fimes, thus producing, of rather, re- 
turning the energy that was stored in 
Jeduning the moment of Stress. 
considered as analagous to a con 
denser, in the above case the weight 
an be likened to the electrical charge 
‘pplied to the condenser, the resistance 
of the spring may be considered. some- 
What similar ‘to the capacity of the 


condenser, or the power returned on 
release of the spring may be regarded 
4s the electrical power released by the 
condenser when the charging force is 
removed. The capacity of the con- 
denser then will be seen as the ability 
to store up energy placed in it. 
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In the ease of the spring, if too great 
a force is exerted, it may break down 
or as would actually happen, the elas- 
ticity would be lost. The same applies 
in the case of a ‘condenser. If the 
charging force is too great, it may ex: 
feed the dielectric strength of the con- 
denser and result in puncturing the in- 
sulating material between the plates. 
ASee, Breaking Down’ of Dielectric) 

ie energy obtainable from a charge 
condenser will be equal to the charge 
placed in it providing there is no leak- 
age or other loss. In a. well-designed 
condenser the leakage will be so negli- 
Bible that it need not be taken into con- 
Sideration. 

The relation between the charge in a 
condenser, the voltage applied and the 
capacity of the condenser’ is expressed 
as Q = C XE, where Q is the quan- 
tity ‘of the ‘charge in coulombe, E the 
potential in volts and C the capacity 
in farads. (See Capacity, Condenser, 
Variable; Condenser Fized; Condenser 
Transmitting, also Condenser Curves.) 


CONDENSER, AIR—See Air Conden- 


NSER, ANTE! 
Tuning Condenser, 

CONDENSER, BY-PASS—A condenser, 

ally” of ine, fixed Cay.) type ar: 

ranged in a circuit in such manner 

that currents of a certain frequency 

will pass freely around any obstruct- 


NA—See Aerial 


BY-PASS, 
CONDENSER 


the square law, Fig. 3. In Fig. 1A is 
shown the relation of capacity and 
wavelength changes when the dial of a 
sample compression condenser was ro- 


tated. “The condenser was shunted 
TTT I 
> _ 
3 Ho ++ 
it oS 
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DIAL SETTING 
Fla. 1A. Curve for comprenion type condenser. 
across a fixed coil. It will appear that 
the inerease in capacity is gradual at 


the lower part of the range but in- 
creases very rapidly at the upper 


Fig, 2 Steelght tine condenser. 
ranges. This is due mainly to the re- 
lation of the curvature of the upper 


plate to the lower plate as will be seen 
from the illustration, Fig. 1. ‘These 


By-puna condenser acroue 


sia 


ing object, as, for instance, a high re- 
sistance element, necessary’ to the cir 
cuit. An example of the use of a con- 
denser in this manner is shown in the 
case of a “B” battery where the battery 
‘a high internal resistance. A fixed 
condenser is placed across the ter- 
inals of the battery without injury to 
it and offers a path of low resistance 
for the high frequency radio currents. 
CONDENSER CURVES—Curves show- 
ing the relation of variations in wave 
length, frequency, ‘and capacity 


! ih 


Fig. 1, 


‘Compression type condenser. 


rotation of the dial of a variable con- 
denser. Three types of condensers are 
shown here, the compression, Fig. 1 
the straight line capacity, Fig. 2, and 


MICROFARADS 


000 
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DIAL SETTING 


Yue 2A, Carve for tral Hoe condenser 
condensers are very satisfactory on 
about the lower’ two-thirds of. their 
Fange, but through the remainder of 
their range a'very slight adjustment 
of the knob causes an extremely large 
Shane in capacity, making them very 
tified fo handle ear their maximum 
capacity. Fig. 2 shows the shape. o 
the vanable plates in the straight line 
capacity condenser and Fig. 2A. illus: 
trates the relation of wavesiength and 
capacity changes with rotation of the 
dial. Here the capacity depends upon 
the overiapping ares and fs therefore 
Proportional to the angle of rotation of 
{he'movable plates, The capacity curve 
appears aa a_practically straight line 
Funning diagonally across the. chart. 
‘The wave-length, However, "changes 
rapidly at the lower range’ and very 
gradually at the upper range es indi- 
fated by’ the wave-length curve. Fig. 


3 shows the shape and disposition of 
rotor and stator plates of a condenser 
50 designed as to read directly in waye- 
Tength from the settings of the dial. 


Pig 3. 8 


‘This is known as a square law con- 
denser, and the relational curves are 
shown in Fig. 8A. Here we find the 
wave-length curve a straight line and 
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Fig. 3A. Corve for ngeare law condenser 

directly proportional to the angle 

through which the dial is turned. The 


Tine indicating the square root of the 
‘eapacity VC is a straight line, and as 
the wavelength Is the Droduct of the 
square root of the capacity multiplied 
by a constant (varying with the 

dividual condenser) the wavelength 
curve must also be a straight line. 


‘MINIMUM minim} 


600 METERS! 


200 METERS 


Such condensers are much used in wave 
meters. (av). Condensers are also 
Inaile s0 that the frequency curve is.@ 
nearly straight line, varying more of 
Tees directiy aa the single of rotation of 
the plates.” Fig, 38 tustrates the re- 
Suit when an ordinary straight line ca- 
pacity condenser is arranged. with 
Tint calibrated. directly in meters. Tt 
appears that the readings are bunched 
atthe! lower range (A to B) and 
Spread out st the spper ranges (C te 
Bye rhe reason for this ean readily 
be seen by glancing at the curve Fig. 
En 


CONDENSER, 

which has a'fixed or constant capacity, 
Slowing "po variation of ithe ‘value 
(See Condenser, also Condenser, By- 
Pass.) 


FIXED—A _ condenser 


CONDENSER, GRID—A _ condenser, 
generally of low capacity, of the fixed 
ible type, used in series with 

the grid of the detector tube to prevent 
excessive charges from affecting the 
grid. These condensers generally have 
2 capacity between 00025 and .0005 


Grid oak and condenser, 


micro farads, Due to the blocking ac- 
ion of These condensera, 4 "high te: 
fistance, known as grid leak (g. 
{e placed across the condenser or from 
the grid to filament, thus allowin 
ficeuinulated charges. to leak. o 
rid of the tube in time for the 
Beibe’ tree for. the succeeding. elec 
charge. “The grid leak may be consi 
cred as a valve controlling the amount 
Gf energy that the detector can ef- 
Glently. take care of without overload. 
‘See Grid Leak.) 


the 
the 


tween it and the other condenser or 
coil with which it is connected. The 


AERIAL 


LU 


YARIABLE, 
poe 


Lonaonoa) 


INDUCTANCE 


‘GROUND 


cot a . 


illustration shows a variable con- 
denser connected in parallel with a coil, 
both placed in series between aerial 
and ground and forming a tuned pri- 
mary or aerial circuit, (See Parallel 
Connections.) 

CONDENSER, IN SERIES—A. conden- 
ser connected in a circuit with other 
condensers or coils in such manner as 
to form a continuous path, allowing the 
current to pass through each unit with- 


AERIAL VARIABLE 


CONDENSER 


Ae 


grouno-7 
Cot and condenser in sees, 


INDUGTANCE 


out dividing. ‘The illustration shows a 
Sondenser Connected. in series with a 
fing cil"aeial and ground, thus 
forming tuned primary or aerial cir~ 
eult GSee Condenser, ix Parallel, also 
Series Connections) 

CONDENSER, MICA—A condenser, us- 
ally of, the fixed. type, employing 
sheets of mica aa the dielectrie oF i 
Sulating. material between the plates, 
The condensers of small capacitY use 
in'“recelving circuits. are_-generally 
Thade with nica asa dielectric, but 
Ding Yo its cost and. thickness it is 
Seldom Used in low-power, high-capsc 
Sondensers: Mica ts also used in con- 


Conduetor 


densers for high-power work such as 
transmitting, when the capacity is low. 
(See Condenser.) 


CONDENSER, PHONE—A. fixed con- 
Cioneer of comparatively low capacity 
Used ncrom the telephone receivers. 2 
filow's by-pass fora. certain portion 
Sf the currents and thus prevent undue 
Strain on the phones.” (See Condenser, 
By-Pass 

CONDENSER, | TRANSMITTING—See 
Condenser, ica. 

CONDENSER, VARIABLE—Any_con- 
enero arranged ag to alow yarn: 

Hon of its eapaety. This. may 
complished in’ many Ways, the ‘ustal 
snethod being to have the plates divided 
So that one series ts movable with re~ 
Spect to the others, he capacity chang 
iitg with. the rotation. of ‘the variable 
pistes. "(See Condenser.) 

CONDUCTANCE —Sometimes called 
he conductivity. The quality of a given 
Conductor in virtue of which it facli= 
tales the fo of am cee current 

ondiuctor (q.) is a body. having 
fare condretance and. an’ fusulator 
ae.) isvone having negligible condue- 
Ghee. "Conductance 1s thus, the, oppo- 
site of ventstance. The unit of eon- 
uetance is. the mho, the, reciprocal of 
ghms ‘The symbol is obviously derived 
from ohm, reversed. tis the conduc- 
tance of 'a column of mercury. 106.8 
em. (centimeters). long, 1 square mm, 
{iilimeter) in cross-sectional area and 
Sta weight of 124521 grams 

ConDUCTIVE, COU! 
ciation of one circuit Wi 
freane of inductances (coils) mutual t0 
both circuits. 

CONDUCTIVITY, SPECIFIC—The re- 
Giprocal of Specific Iesistance;_ bein 
ft standard of reference for comparing 
the “conductances of diferent sub 
The ncos (See Specie Kesstance, Con 
iislenee) 


CONDUCTOR—Any substance that of. 
ers smal resistance tothe passage of 
tjectlc currents may ‘be termed acon. 
Gictors “This term te the opposite: of 
{nsulator, but there ia actually. 
ot demarcation Between the two, since 
Sy insulator will permit the Passage 
of current hen guile igh wal 
Ses ave used. "For all practical pur- 
Pesce, however, a conductor ia consid- 
Ered'as, material that. presenta tle 
Gimteutty "to the. passage ‘of current. 
‘The most common conductor ia copper, 
Uplally in the form of wire. "An idea 
Of the relative conductivity” (power of 
Caniving electric current possessed by 
Various robetances, pure copper being 
Taken 'ag standard) of various sue 
Stances eam -be gained from the table 
Following. The materials on. the eft 
are comparatively” good conductors 
given in the order of their conductivity, 
fihile those on the right are poor con” 
ductors and generally used for resist 
ances.” (Note! Acrevintance is used to 
Fetard the fw of electricity” without 
Hecessarly stopping it entirely, where- 
san insulator fs used to stop the pas. 
Sage’ of current) 


Copper 
eae Sorat, aie 
fluminom ng 

Zine. Mereury 

Platinum Graphite oF carbon 
Nickel 

Tin 


There are, of course, many other 
substances that can be classed as good 
conductors, or as poor conductors, but 


“a 


Connecting Up or Hooking Up 


the above are more generally known 
and used. It is a peculiar fact that 
while good conductors become less con- 
ductive as their temperature is raised, 
insulators lose a certain amount of 
their insulating ‘properties as. their 
temperature is raised. As too 
current in a conductor will cause heat, 
fand as explained above, cause lessen” 
ing of conducting ability, it will be ob- 
vious that for the fullest efficiency = 
conductor will necessarily be arranged 
to carry the required current without 
undue heating. It is understood. also 
that conductors in any part of a radio 
circuit should be carefully gauged as 
to size and the effective cross-section of 
the conductor determined, in order to 
offset the losses due to heating. It 
‘ust, not be assumed from the forego- 
ing that the larger the wire the greater 
the efficiency—in fact a large wire is 
often less satisfactory than a small one 
in high frequeney circuits, 

When the conductor is to carry direct 
garment the ‘only considerations, to 
ave the wire large enough to preven 
hheat losses and at the same time not be 

‘Where the conductor is to 
carry high-frequency (q.v.) currents 
there are other factors to consider. 
High frequency. currents are said to 
travel only on the outside of the wire 
(see. Skin Effect) and therefore it 
Possible to use very fine wire for this 
urpose when the very low current 
Values obtaining in reception ‘are in 
Question. A phenomenon that must be 
five ‘aitention, "however, is that, of 
listributed capacity (a.v.).. (For more 
complete vexolanation ‘of ‘this subject 
see ‘See also Bus bar.) 


CONNECTING UP er HOOKING UP 
"These general terms are used in radio 
to,refeh to the proces of wiring a re- 

iver or any particular part of & re- 
ceiver or other circuit, 

CONSTANT—A quantity or magnitude, 
‘which does not vary, derived from a 
Tual experiment, which is included 
a factor in moat formulas forthe por 
ose of bringing theoretical calculations 
Ynto agreement with experience. -Con- 
stants are much used in radio calcul 
fons. As an illustration, different. di 
electric o insulating materials used in 
fe condenser have different. constants 
Saleh mat be taken into consideration 
when calculating the capacity of. the 
tondenser.. ‘Thus, as-a dielectric, air at 
ordinary pressure is taken as the stand- 
‘ard, the ‘constant. being. stated -as 1. 

‘hag a high dielectric value, 
nt being stated as 10.10, other 


comparison with air as a standard, 
(See Dielectric.) 
CONSTANT CURRENT—An_unvary- 


‘Ing current. ‘The term “constant” is, 
applied to voltage when it is steady and 
unchanging, to resistance when it is 
fixed and unvarying, or to almost any 
value that does not change. 

CONSUMPTION, CURRENT — The 
term usually, émployed to denote the 
current required or consumed by any 
part of an electrieal clreuit or by the 
il tse, "A resistance in a circuit 

Gonsumes. a certain amount of energy 

because it dissipates it as heat en- 

ergy. A filament in the 

vaculim tube, requires a certain amount, 

of current to heat it to brilliancy. If 

the filament thus requires one-quarter 
ofan 


Plate Consumption.) 


is one-quarter ampere. 


CONSUMPTION, PLATE—The current 
required to energize the plate of a 
vacuum tube, (See Plate Consump- 
tion.) 


a2 


CONTACT BREAKER—A contrivance 
for quickly and automatically making 
or breaking an electrical circuit. nor= 
mally existing between two contacts, 
(See Cireuit Breaker.) 


CONTACT DETECTOR—A form of 
crystal detector, in which a small wire, 
“eatwhisker,” as it is called, makes 
contact with the crystal in the detector 
and acts as a rectifier of the high fre- 
queney waves received from the broad- 
casting station. (See Crystal Detector 
Theory of Operation.) 


CONTACT POINTS, 


or SWITCH 


contact point for a awitek, ‘The illu 
tration shows the types mostly used, 


Height of the wave above the straight 
line representing time or its depth e- 
low that line. Each loop above the line 
Gr lo ie represents an alteration 
fa.v.) (the increase in current to max 

Imm’ and: back to. minimom in either 
direction) —the loops above the line be- 
Ing considered as pontve alternations 
and ‘those below the line a8 negative 
flternationa. "Now it is evident. from 
the sketch that each succeeding alter= 
nation has the same strength Campi 
tae ap that receding andthe 
same is true of the complete cycle, con: 
Sisting of one alternation in’ each 

ection. ‘Thus the waves are eontina 


OU 
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Various contact points, 


Leads from various points of a tapped 
coil may be connected to the several 
contacts in order to permit variation 
of the inductance. "A\ “contact point” 
‘may also mean any point in an electri 


cal circuit at whieh contact is made to 
lose the circuit. 
CONTACT RECTIFIER—See Contact 


‘Detecior. 


CONTACT RESISTANCE—When two 
connecting surfaces in siruit carry 
{ng electrical energy do not make abso 
lute or. perfect “Contact, a certain 
Amount of resistance (q.v") results. In 
any part of a radio circuit where two 
‘wired or conductors are joined to form 
2 cireuit, itis easential that they make 
& positive contact. "The wires used for 
Connections in.a radio receiver are gen 
erally. soldered or fastened tightly by 
uta or bolt or'machime serews in or 

jer to form a good contact. “If this is 

not. done, energy may be. wasted, due 
to the resistance at the point of” con 
tact" 

CONTINUOUS OSCILLATIONS—Bach 
oneiiation, or vibration being” ofthe 
same amplitude 2s the preceding one. 
(Bee Sine wave) ‘P* Preceding 


C._W.—Abbreviation for 
wave (qv) 
CONTINUOUS DIRECT CURRENT. 
"A. direct current which flows steadily 
without interruption or reversal. The 
Current supplied from a battery for 
ious continuous drel caren 
while ‘that portion of the high fre: 
quency alternating current which 
Feetifed by a vactum tube detector is 
led pulsating direct current, as there 
an interval of time between the rec- 
tined half of each incoming wave, due 
tothe other ‘half not being rectified. 
(See Current, Pulsating Direct, Puleat- 
ing Current, also Rectification.) 
CONTINUOUS WAVES—Also called 
Undamped or Sustained waves and 
usually’ referred to. as C. W. Blectro~ 
magnetic waves, the separate oscilla: 
Eo (each vibration) of which are of 
constant or unvarying amplitude. In 
Fig. Aa" serien of orcillations (ax-) 
fare shown. It will appear that one 
oscillation or cyele is of the same am- 
plitude ‘as the preceding one—the am- 
Piitude (qy.) being considered as the 


continuous 


VVVVVVVY 


UNDAMPED 08 AN 


Series of und 


us, or constant, as far as amplitude is 
concerned, Now in he ampli 
fade is not constant: 
each succeeding alternation and hence 
‘ith each succeeding cycle’ (two alter- 
nations). After a comparatively few 
oscillations the current has decreased 
fo zero, that 
died! out complelely Tn this care the 
jreentage of decrease’ in. amplitude 
{from one eyele to another js known as 
decrement or damping, ‘Thus continu 
fous waves may be considered as waves 
in'which, with any train or group. of 
oscillations, each succeeding ogeilation 
fas the same amplitude as that preced 
ing it 

CONTINUOUS WAVES—KEY MoD- 
ULATED—Continuous, y 


dashes of the. telegr 
means of a telegraphic, 
nals being made audible at the receiv- 
ing end by the use of an oscillating re- 


he code 
Fey, these 3 


CONTINUOUS WAVES—MODULAT- 
ED-AT AUDIO FREQUENCY—The 
process of variation of the frequency 
(vibration) of waves radiated bya 
broadcasting station in accordance with 
the sound waves is known ag modula. 
tion. "Frequencies from 10,000 down to 
about 32 are audible to the human ear 
and are known as audio frequencies. 
Hence continuous’ waves which are 
modulated at audio frequencies are 
waves which have been modulated (va- 
ried) by having the voice or musie im- 
pressed on the microphone at the 

roadeasting station, which in turn 
causes the strength of the radiated elec- 
tric wave to vary so aa to correspond 
electrically to the sound vibrations at 
the microphone. 

CONTINUOUS WAVE SIGNALS—See 
Continuous Waves. 

CONTINUOUS WAVE TRANSMIS- 
SION—System of radio telegraphy 
using waves as described under “Con- 
tinuous Waves.” 

CONVECTION CURRENTS—When 
hot and a cold body are separated by 
fluid which is free to circulate, heat is 
transferred from the hot to the cold 
body by currents of the fluid itself 
flowing from one to the othe 
larly, all parts of a fluid which is being 
heated quickly come to approximately 


the same temperature, This transfer 
of heat by currents of the fluid itself 
{is called “convection.” In electricity 
“Convection Currents” are. currents 


arising from the motion of charged 
Particles thrown off in electrified 
Streams, ie., the flowing of charged air 


particles in’ streams from the pointed 
End of a highly electrified. conductor, 
Sometimes ‘called “electric wind.” 
CONVENTIONAL—This term is_much 
Used in radio to denote a form estab- 
lished by custom. °A conventional ei- 
cuit for some particular purpose is un- 
derstood asa circuit which has been 
generally used and which is generally 
Eonsidered as standard, Broadly, the 
most common form or use of anything. 
The conventional method of amplifying 
sigalg of ado frequency is Ly mee 
‘audio frequency transformers. AN 
Sthers means. to” unconventional, ale 
though it may produce similar results. 
CONVERSION FACTORS—A numer- 
{eal factor which gives relation between 
the magnitude of a quantity expressed 
fn’ terms of one. system of units, and 
the same quantity expressed in terms 
of any other system of units. |For ex- 
Gmple, ‘the yard is regarded in. the 
United, States as 3600/5837 meter (a 
meter is approximately 39.37 inches). 
We say, therefore, that, the conversion 
factor between the yard and the meter 
fs. 9600/3037 because any number, of 
‘yards multiplied by this Agure oF fac~ 
Yor will give the result in meters. (See 
Capacity Conversion Factors.) 
CONVERTER—A term applied_gener- 
‘ily to any mechanical, electrical or 
Clectro-chemical devies Which will con- 
Yert or change one form of energy to 
Another. More specifically in electricity 
the term is used in reference to (1) & 
dynamotor” designed with two. arma- 
ttiree, mounted on one shaft, one being 
Totor armature driven by the orig~ 
inal current, the other armature gener- 
gies new euirrent; this is also ealled a 
Smrotor-dynamo’” and it can transform 
continuous (direct) current to higher 
wer voltages, or, (2) a rotary elee- 
T device used to change direct to 
Slternating. current or vice vers 
(See Rotary Converter.) 
COORDINATES—A thing of the same 
cank with another thing may be termed 
wr coordinate, For example, lines. by 
Ineans of, which the position of an; 
point as of a curve maybe defined with 
Fespect to certain fixed lines. In the 
notration Fig. 1 lines Known ag axes 


Fig. 1 Axle of coordinates, 


of coordinates are shown. Such a sys- 
fens asthe wl Ue the basis fo curves 
(a: 


showing the relation between 
values. If we assume the hori- 

ie X as the axis of abscissas, 
all ees measured parallel to this 
Tine will be known as abscissas; dis 
tances measured parallel to the vertical 
Tine ¥ being referred to as ordinates, 
‘The Tine A-B is parallel to the axis of 
abscigeas X and is therefore an abscissa. 
‘The line B-C is parallel to the axis of 


ordinates and ig referred to as an or- 
Ginate, Now if we place a number of 
fines parallel to each axis (ordinates 
) and assign to each of 
them a certain value, such as amperes, 
to each abscissa, and volts to each or 
dinate, a Tine can be drawn through @ 


AMPERES. 


AXIS OF ORDINATES: 


x 


S015 20 25 90 


yours, 
AXIS OF ABSCISSAF. 


owing setumed value of car 
ved alta 
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number of points to represent the vari- 
ous values of each quantity as related 
forthe other. ‘Thus, in Fig, Ze have 
& purely hypothetical curve represent- 
ing. the assumed value of current in 
amperes under assumed voltages. In 
ther example the ‘curve at point, A 

‘ows approximately. three amperes 
funder a pressure of ten volts... This 
Imaginary curve is, of course, shown 
merely for the purpose of illustrating 
the meaning of coordinates, ordinate: 
abscissa, ete. (See Abscisna, Charac- 
teriatic curve, also Graph.) 

COPPER PYRITES—Sometimes refer- 
red to as Chaleopyrite. It is used 
Tadio reception af-one of the elements 
ofa oryetal rectifier (detector) gener- 
aly in fonjunction with incite or te 


COPPER, SULPHATE—A. salt of cop- 
‘Also known as blue vitriol or 
‘A copper sulphate solution 
es used as a preservative for 
wooden aerial masts. Tt is used in 
certain forms of primary cells (devices 
for transforming chemical action into 
electri current) and also produces sul- 
phurie acid when subjected to elec- 
Erolyeie (av) 
CORD, PHONE—The cord or flexible 
‘wire used to connect a headset (phone) 
or loudspeaker to the terminals of a 
feceiver. Phone cord is usually copper 
Uinsel wrapped around a cotton cord, 
the whole covered by braided 
cotton, threads. It eannot be 
carry high currents, but js efficient for 
the comparatively low currents flowing: 
through the phone circuit of a radio 
receiver. Some phone cords are also 
formed of a number of fine, copper 
ires covered with a suitable insulat- 
1g material. 


CORE—The central portion of a piece 
of certain electrieal apparatus, thus 
Ble“center of a coll wil be the core 
itrespective of its nature, whether 

rons. The core of a choke coil (a) 

Tisuatly made, of a bundle of soft 

Hon'wires or strips of iron. The core 
OF the Closed type is called laminated 
sore, being, made up of laminations or 
jets of the core metal. (See Choke 
ov Choking Franajormer, Closed Core.) 

CORE LOSSES—The losses due to_the 
iva currents (qv) set-up in an iron 
Corel ander the sree (ral) ot 
s°magnetic field (av). “Also losses due 
te Mlstercale an eddy-currentes (See 
Magnetic fluay Bddy current, also Hye 


teresia.) 


Corrosion 


CORE TRANSFORMER (Iron) —A 
transformer having the wire wound 
over an iron core, the iron forming & 
path for the magnetic lines of force, 
1s distinguished from a transformer in 
Which there js no iron core—called air 
core, (See Transformer.) 


CORONA—The Latin 


word meaning 
jo the crown 


occurs along high tension 
Tines or the aerial wi 
power radio transmitting station. (See 
Brush Discharge; also Corona Los 


CORONA LOSS—The energy loss due 
‘to corona discharge. (See Corona; 
also Brush Discharge.) 


CORRECTION FACTORS—A formula 
for the measurement of certain values 
Ip generally made by uting certain con. 

tions or types of apparatus as a 
standard. For example a formula for 
calculating the inductance of coll is 
made by using a particular type an; 
shape of coil as the standard, There- 
fore the formula will be essentially: cor- 
rect for this type of coil, assuming that 
its shape and other characteristics are 
the same. If, however, the nature of 
the coil to be tested differs from that of 
the standard coil in some way not cov- 
ered by the formula, a system of cor 
rection must be used to adjust the for- 
mula to the particular case. Thus, the 
formula for inductance of coils takes 
into consideration the size of the wire 
or the number of turns, the length of 
the coil, its diameter and so on, How- 
ever, it does not take into consideration 
the fatio between the length of the coil 
and its diameter. For this purpose a 
correction factor (necessary considera- 
tion), is needed to correct the result of 
the formula to fit the individual occa 
sion. This correction factor is gener- 
ally referred to asa constant (qv.), 
its value being determined. generally 
from a chart prepared to cover various 
ratios of length to diameter. 


CORROSION — Chemical action which 
‘causes destruction of the surface of @ 
‘metal. Tn the case of iron it is, gen~ 
erally rust, corrosion of copper being 
due to oxidation, or perhaps the action 
oft tray currents using. lectrolyes 

(qv). This effect is very often noted 
inthe case of an aerial wire where the 
wire is necessarily exposed to the action 
Of the atmonphere, rainy ete. The effect 
fs particularly important and undesir~ 

ible where the lead in wire is joined to 
the aerial. 
if the tivo wires are not soldered se- 
curely or at all, corrosion may set in, 
Schick will produce in time a high re 
sistance conne the vale 
table energy of the incoming signals. 
This is the main, point of danger in an 
aerial system and the best protection i 
fosolder the joint carefully. “As a mat- 
fer of fact the remamder of the wire 
tag cortode fo a considerable, extent 
without dlagstrous fect, “Tn the ease 
copper, the wire very quickly cor- 
fodes’ when exposed, For this reason 

Insulated wire is sometimes used for 

the aerial, As the eurrent received by 

gn aerial travels only on the outer sur. 
face of the wire (see Skin Effect), and 

a corroded surface is not a particularly 

ficient conductor, there seems to be 

feme basin for the ge of insulated wire 
for this purpose. Another instance of 
corrosion is in # soldered joint withi 

fe receiving set. All soldered joints 

Should be carefully wiped to remove 

any trace of acid flux (qwv.),, which 

may Temain to produce @ destroying 
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sof a high 


Coutomd 


chemical effect on the wire and cause 
loss of energy. (See Electrolysis, also 
High Resistance Joint.) 
COULOMB—The practical unit for elec- 
trical quantity. It is defined as the 
quantity of electricity delivered by a 
current of one ampere flowing for one 
second. Therefore a coulomb of 
tricity will pass each second in a 
cuit having one ohm of resistance and 
4 pressure of one rolt. Tt is also used 
to express the quantity of electricity 
which a condenser having one farad of 
capacity will absorb when placed under 
ressure of one volt. (See Capacity, 
Volt,” Ampere Hour, 


Practical Unite, COS Unite) 
COUNTER ELECTROMOTIVE FORCE 
“peoimeny known ae: Counter 2 

wie ig an. opposing. electromotive 
nds to resist or. act 


foree_which ten 
against. the ori 


to prevent any fluctuation of the orig: 

Inal "force. (See Hack Electromoniee 

Force, also Choke Coit) 

COUNTERPOISE—A counterpoite i 
generally” a second aerial” suspended 
Either below the main serial or to one 
Side of it Tt is used. more often in 
transmitting. stations in’ piace of the 
Usual ground connection, but ig oe 
onal also used in reception where i 

is Impossible to obtain an eft 
ground. (See Aerial) 

COUPLE, THERMO. ELECTRIC—See 
Thermo-Conple. 

COUPLED CIRCUITS—The term gen- 
‘erally. used to refer to circuits th 
folned by counting, “ca 

lastration ‘the prima 

Aerial ground and tuning devices) is 


PRIMARY SECONDARY 


And secondary are 
Soined'by inductive coupling. 


coupled or joined to the secondary cir- 
gut By inductive, coupling Thats 
Sty, the signals impressed on the pri- 
inary jcveut ane ranatereed 10 the 
Hecondary cirentt by means of induce 
fie" eouplings “when the. tines. of 
Magnetic. force “around. the primar 

toll eut the secondary coil, a voltage 
set up in this coll which causes a cur= 
Fent to Mow in the secondary cireuit, 
fn it is then taid the colle are “indu 


Bvely coupled" there being no con 
nesting wires Between them. Signals 
inight be transferred to the secondary 


clreult by any of several means, but in 
each cage the method of joining. the 
two. forthe. purpose of effecting a 
transfer of ‘eneray is referred. to as 
‘Coupling the circuits.” (See Coupl- 
ing.) 
COUPLER—See oupler—(Loose)” 
and “Coupler—(Vai io 
—A aes used 
consisting of a riz 
So constructed 
That the secondary coll slides on rods 
ied Sut of the Primary eoi.”"When 
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the secondary is entirely within the 
Primary the coupling ig said. to be 
ht,” and as the secondary is with 
rawn from the primary the coupling 
becomes “loose,” depending upon” the 
distance which the coils are separated. 
COUPLER—CVARIO)—Form of tuner 
‘used in a radio. receiver, having pric 
nary and secondary colle arranged in 
such # manner that the secondary co. 
{ates ‘on'a shaft within the primary, 
‘The: degree’ of coupling is governed 
by the variation of the angle ‘becween 
the axes of the two calls. 
COUPLING—The relation of one coil 
of wire carrying ‘alternating currents 
{fo another in which energy Is set up by 
the rst cot "Tei used to define the 
intimacy between the primary and sec- 
ondary windings of various types of 
ecillation, transformers, couplers and 
tuning devices. "This ‘transfer of 
energy may. be produced in. several 
wayaan ty, dure comping eon 
uctive coupling or electrostatic coup- 
@.. ‘The more common method is to 
place the primary and secondary coils 
In'cloge proximity and produce the en 
ergy in the secondary through induc- 


Fig, Lye lige 


tion. ‘The illustration Fig. 1 shows a 
simple, two slide tuning coil which is 
divided into a primary and secondary 
by conductive" coupling.” Here. the 
transfer of energy from the acrial and 
ground, or primary eircuit, to the sec- 
ondary’ circuit (detector and phones) 


Circuit im which primary and 
re inductively” coupled By leon 


is accomplished with little loss of en- 
ergy as the cireuit is through wire con- 
ductors. This is also known as direct 


egupling. Now in Fig. 2 8 simple form 
of Toose-coupler is shown. ‘This device 


is made in numerous forms, the prin- 
ciple of operation however, being the 
ame in all cases, "Here one eolh the 
secondary. in this casey ig made fo Rt 
into'the larger coll which is. the pri 


mary. ‘The energy flowing in the p 
mary coil induces or sets tup a similar 
current in the secondary by reason of 


its proximity. ‘The energy in the sec- 
ondary, however, will not be as great 
as in the case of Fig. 1 where it is 
transferred directly ‘through a wire 
conductor. |The coupling shown in Fig. 
2 will on the other hand, permit muel 
closer ‘adjustment’ to: the ‘desired sig- 
‘The other method is known as ca- 
pacitive or electrostatic. coupling. "This 
is shown in Fig. 3. Here the sec: 
ondary coil is not in direct inductive 
relation to the primary, in fact it 
might well be almost. any’ distance 
way were it not for the loss in efi 
ciency due to, long connections. 
connection between the primary and 
secondary coils is by means of conden- 
sers. ‘The transfer takes place through 
‘these and is determined by the setting 
of the condensers. "It will appear that 
from a standpoint of maximum trans- 
fer of energy, the direct or conductive 
coupling system is best. The factor of 
tuning enters here however, and must 
‘dered. In order to eliminate 
d signals the various systems 
of coupling are resorted to.” It 
Known that selectivity—the ability to 
tune out undesired signals while recei 
ing the desired signals—is often ob- 
tained only at the expense of  certai 
amount of energy or volume. Tt is & 
safe assumption therefore, that if 
any, such thing ag!maximum 
ey in tuning apparatus, it must 
be a general term covering both selee- 
ity and volume, 
Coupling in its various forms is in- 
tended to refer not only to receiving: 
circuits but to transmitting circuits as 
well. Its application in transmitting. 
is covered ‘under the heading Spark 
Transmiasion (av.)s 
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‘WINDING 
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COUPLING | COEFFICIENT — ‘The 
eloseness of coupling te specif by. 8 
juantity representing the ratio of the 
snuctual inductance between two cells t0 
the square root of the product of the 
two self inductances. In its practical 
sense coupling coefficient refers to the 
Induetive relation of two coils, Coup: 
ling’ coefficient is defined as the ratio 
Xm 


xX 
Where Xm ig the mutual or common 
reactance the otal inductive or 
Capacitive reactance ia. the primary 
ireuit and 3 the similar reactance in 
the secondary circuit. (See Coupling, 
Mutual Inductance.) 


Best solder quality 


10 


due to the right preparation and correct soldering parameters 


Preparation 


“The most important prerequisite 
for a good solder joints absolute 
cleanliness. Conductor and cam- 
ponent must be free of dito and 
oxides. They can be removed with 
solvents o ux 


Prioc to soldering ERSADUR solder- 
ing tips should be cleaned while hat 
with @ moist spange or with a metal 
lic dry sponge. Do not fle the tip as 
you would copper tps, Because this 
\Would damage the protective coat- 
ing and render the tip unusable, 


Soldering process 


‘The soldering process has three 
phases: weting, owing, and bond 
ing, whereas the working empera- 
ture isthe most important fron, 
Its best to work athe lowest 
temperature at which the three 
phases can progress smoothly. 
‘This requires some experience. A 


{emperature-contraled soldering 
station wil definitely faciitate this 
Work. Place the tip onthe jin to be 
soldered after cleaning and heat up 
the joint Then feed the fux-cored 
solder wire between the soldering 
tip and the joint and melt as much 


solder as is required to wet the com- 
plete joint Then remove the sokder 
Wire ist and right ater thatthe 
soldering tp to prevent vetheat- 
ing the solder. Allow the solder to 
solidly, avoiding any vibrations or 
Jarting during this time, 


COUPLING, DEGREE OF—The extent 
‘of, relationship. between coupled cir- 
cuits. In a grea number of circuits 
the coupling is arfanged so that it may 
be adjusted either close or loose, as the 
requirements of the reception may. be, 
Variable coupling may. be. obtained 
either by varying the distance between 
the two coils of @ loose coupler, or by 
changing the angle between the coils 
of @ variocoupler. (See Coupling.) 


COUPLING  TRANSFORMBR—(OS- 
CILLATION , TRANSFORMER) 
‘This‘ie the “tuner* of the. transmit- 
fing cireut. “It consists of primary 
nd secpndary windings natal of fat 
Strips of copper, or copper ribbon, im 
Stead of wire, in order to reduce teases 
due to-skin effect (av). The primary 
oll receives the energy in the form of 
alternating currents from the ener 
ating device; these currents. set "up 
fines of force which interlink with the 
‘windings of the secondary” coil “con 
nected in series with the antenna S93. 
Tom and in this manner the energy of 
the oscillation (alternating) eurrent is 
ifineferred, to. the. radiating system 
(aerial and ground) and thence into 
space, The Purpose of the oscillation 
Hransformer ‘is to. produce a. sharp 
wave which is readily tuned” at. the 
Tecelving end and causes a minimum of 
interference. “The greater the distance 
between’ the primary” and secondary 
folis the more sharp the wave becom 

‘A device serving the same purpose ih 
1 receiving set, fe, to enable the re 
Geiver to separate sharply the received 
Signals, is: sometimes, Called a. recely- 
ing. transformer, sithough commonly 
innown as a sumer, coupler, vario-coup- 
Ten, ete 
Cc. G—Abbreviation 


of, inquiry made 


in code by a radio. telegraph’ station 
desiring to, communicate with another 
station. 


(See Abbreviations.) 
al Distress Signal 


coni Compan; igi 
nal is said to have developed from the 
use by telegraphers on land lines send- 
ing the C. Q. call when they wished 
everyone on their cireuit to listen to 
the message being transmitted, 

"The signal C. Q. D. is now obsolete, 
having been replaced by S. 0. S. at the 
International Radio Telegraph Conven- 
tion held at Berlin, Germany, in July, 
1908. 

CRITICAL—A term often used in_ref- 
erence to the tuning qualities of a radio 
set, and, less frequently, to indicate a 
vacuum tube that oscillates too freely. 
Ifa receiving set is not eritieal, in 
adjustment it is said to tune broadly, 
that is to say, not sharp in tuning. A 
critical set has a very narrow margin 
of control in tuning the particular 
Signals being receivable within only a 
very few points on either side of their 
true wave setting on the tuning dials, 
If'a set is difficult to tune it is termed 
“too critical”. This means. that it 
tunes too sharply and it is dificlt 
Bet Proper, results, due to the poss 

lity of passing by signals unnotice 
when turning the dials. Obviously 
there is a middle point wherein a, set 
may be selective and yet not too diffi 
eult to tune. If @ vacuum tube goes 

self-oscillation. (q.v.) too readily 

It Is said to be critical. ‘This effect. is 

not desired ina tube except in rare in- 


stances. (See Resonance, Tuning, 
Broad, ete.) 
CRITICAL CURRENT—The current 


required to bring about some particu- 
lar effect in an electrical circuit. In 
radio use, a common example is the 
‘exact amount of current needed by the 


filament of a vacuum tube to bring it 
close to the oscillating point (av.) 
without actually going into oscillation, 
(Bee Critical) 

CRITICAL POINT OF CURVE—The 
peak or point of maximum value in a 
Eurve showing the relation of any 
varying values. The illustration shows 


RELATIVE. AUDI 


Cini wera Sa AgN SS: 
ENAMENT VOLTAGE, 


tration showing peaks of critical pointe 
oh Saree. 


the curve indicating relation between 

voltage and signal strength in two 
types of vacuum tubes. ‘The Points 
marked “Peak” in each curve repre 
sent the critical points of the curves at 
which maximum audibility is obtained, 
any further increase in voltage not in- 
creasing the audibility. (See Charac- 
teristic Curve, also Curve.) 

CROOKES, SIR WILLIAM (1832-1919) 
Frepeligh chemist and physicist, Born 
in London June 17th, 1832, Crookes 
was educated at the Royal College of 
Chemistry and afterwards became as- 


Se William Crookes. 


sistant in the meteorological depart- 
ment of the Radeliffe Observatory, Ox- 
ford. In 1855 he obtained a chemical 
ost at Chester. 

Crookes early began that series of 
brilliant researches which has left its 
mark on the scientific progress of the 
nineteenth century. In 1861 he iso- 
lated the new elemient thallium, during 
the investigation of the atomic weight 
of which he made the discovery of his 
radiometer. ‘This led to his researches 


Crystal Detector 


gn, the phenomena, of electric dis: 
charges through highly, exhauste 
tubes, or Crookes tubes. ‘The illustra- 
tion shows such a tube. When a cur- 
rent is passed through it. cathode nar- 
ticles travel along it, His discoveries 
‘on these phenomena ied directly to the 
development by Sir J. J. Thomson of 
the now generally ‘accepted electron 
theory. (qv.) In 1883 he began his 
study of the rare earths, and in 1892 
he forecast Radio telegraphy on, the 
strength of Lodge's and Hughes’ ex- 
periments. 


Knighted in 1897, Crookes was 
awarded the Royal médal in 1875, the 


Davy medal in 1880, and the Copley 
medal ‘of the Royal ‘Society in 1904, 
and the OM, in 1910. He died in Lon’ 

don, April 4th, 1919. 
CRYSTAL—A general radio term for 
‘a mineral used. as a detector (qwv.) of 
"he Physicist F. Braun, 


mitting them to pass readily in the 
other.” This was ‘really the birth of 
the crystal detector, although radio 
was not then developed. ‘There are a 
great many different minerals that wi 
fact as detectors for radio signals, some 
of which operate with a wire, or other 
‘metallic contact, others which require 
‘a combination of minerals, one in con- 
tact with the other. 


‘There are also 
erystals suchas 


‘more common natural crystals are sub- 
Jected to treatment by heat, or other 
means, to change their nature or to 
make them more sensitive. 

The following erystals are most used 
in radio reception: galena, silicon, 
‘molybdenum, carborundum, _zincite, 
bornite, chalcopyrite, and cerusite. All 
of these are taken up under their re- 
spective headings. (See Crystal De- 
tector, also Combination Detector.) 

CRYSTAL DETECTOR—A_ combina. 
tion of a cryatal rectifier with contact 
and supports, used to detect radio 


Fle 


detector ring, contact 
ae Mistorhaatee 


frequency oscillations. Detectors, of 
this nature are made in a great variety 
of styles, and use various kinds of erys- 


tals. In the more widespread form 
45 
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the erystal detector consists of a cry: 
tal with rectifying properties, held in 
a cup or spring grip and arranged 
with a contact wire as shown in the 
illustration Fig. 1.” This may be 


Fig. 2. Combination erystal detector. 


elaborated upon by supplying a series 
of flat springs to obtain very fine a 

Justment of the contact. Fig. 2. shows 
a combination detector, using two 
crystals, in contact with each other. 
‘This form has several advantages over 
the wire or cat-whisker (as the contact 


— 


Pie. 3. 
wire is called) type, chief among them 
the fact that it will withstand severe 
shocks. without. 10 djustment, 
Fig. 3 lilustrates a popular form of 
‘fixed erystal detector, in which the co 
tact seldom requires adjustment. Thi 
type is of advantage Providing it can 
ber made sufmeiently sensitive. (See 
Carborundum, Vacuum Tube, also 
Crystal Receivers.) 

CRYSTAL DETECTOR—THEORY OF 
‘OPERATION—Theory of operation of 
f8 device used to detect radio, waves, 
Usually comprising a erystal in. com 
bination with a metallie contact, or 
In'some eases, two erystals arranged to 
Test against cach other. In action th 
Mevice serves to rectify the incoming 

ignels, that is to say, it changes 
their nature from an alternating cur- 

Fent to pulsating direct current. ‘The 

Incoming waves or signals consist of a 

series of alternations, the current flow 

ing first in one direction, then reversing 
and flowing’ in. the opposite direction 
long the eireuit of the receiver. ‘The 
changes of direction take place ‘many 
times each second and would. not be 
audible inthe head phones in their 
ripinal state The orate ag used in 
lo reception, has the peculiar prop 
erty of furnishing a ready path for the 
flow of current in one direction wl 
offering high resistance to its passage 
‘Now an aitemation (av) 
current from minimum to 


minimum of zero, repeating the proc- 


fess in the other direction. Two of 
these alternations, one ina positive 
direction and the other in the negative 


direction constitute a cycle. (q.v.) If 
the crystal 
current in one dizection only, it 18 ap- 
parent that only half of each’cycle can 
pass through; the other half of each 
eyele being lost or blocked out by the 
‘Action of the crystal. 

‘The illustration “A” gives a graphic 
representation of the radio frequency 
oscillations as they move over the 
aerial circuit. The curves above the 
ine show the current in a positive 
direction while those below the 
show it in the opposite or negative 
direction. If the signals or waves in 
this state were sent through a tele- 
phone receiver or head phone in a 
radio receiving set no sounds would be 
reproduced, Then again if the incom- 
ing oscillations were continuous, of un- 
varying strength, the rectified current 
‘would merely act on the diaphragm of 
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the phone and hold it in a certain posi- 
tion as long as the signal persisted. 
This of course would not ereate any 
audible or intelligible sounds. If, how 
ever, the incoming oscillations are in 
the forms of groups or trains of waves, 
in any one of which the suce: 

oscillations were less than the pre 


Siiiniaecaiuivioes 
are font a oe 


Rectifying process of 


ones, the current would be rectified as 
Shown in Band the result would be 
Series of pulges in the phone as indi: 
ated in. These pulses would 
Ssroften a3 the trains of oscilla 
‘eeur. (for more complete expl 
Of the diterence, between continous 
and damped waves, see Damped 
Waves, algo. Continuous Waves). it 
will therefore appear. that a crystal 
Uetector can only be used to receive 
amped scaven. When the. rect 
portion of a" damped ‘wave train 
Feaches the phones, the diaphragm is 
depressed and held ‘until the train has 
died out, af which point the diaph 
{s released until another train 
it *this creates. the ‘audible. signals 
and the numberof trains. cescurring 
tach second will determine the number 
a 


hhragm 
hence the pitch of the audible signals. 
(See Crystal Receiver, Crystal Detec: 
tors, also Tickler.) 

CRYSTAL RECEIVERS—A crystal re- 
ceiver is the complete set of apparatus 
for receiving broadcast programs or 

spark transmission (signals), employ- 

ing a crystal as the detector’ or reeti- 
fier. ‘The set comprises a crystal detec. 
tor, tuning device and phones, together 
with the usual aerial and ground ar- 


rangement, In its simplest form it 
may be merely’ a crystal detector, coll 
of wire and phones as in Fig. 1 

Fig. 2 shows a more efficient form, 
using a two slide tuning coil. Th 


ca 9 


Fig. 2 Crystal receiver using: dou 


method permits closer adjustment of 
the recelver’ to, the particular’ si 

als “desired. “A. atl more, efcient 
form is the ‘inductively ‘coupled type 
sown io Fig his ‘method allows a 
very close adjustment and considerabl 

Feduces interference. The kind of de- 
tector to be used in any of the above 
types of receiver is immaterial as long 


as itis suffciently sensitive. "Such an 
a Aas 


ol 


Selective erratal receiver with loose 
‘coupler for toning 


arrangement as shown in Fig. 3 is very 
inexpensive to construct and when 
used within ten to twenty miles of the 
broadeasting station gives excellent re- 
sults. A very simple arrangement for 


Fenn 


VARIOMETER 


Grouno 


Fle. 4. A variometer ie used ax the tus 
slement"n thi crystal ne 


use with a crystal detector is shown in 
Fig. 4. This cireult uses a. standard 
sarigmeter and liminates the neces. 
Sity for a condenser, thus having only 
‘ne control in addition to the adjust” 
ment of the erystal 
CRYSTAL RECTIFIER—A device for 
lernating current in & 
walsating direct 
gurrent. This action is fully explained 
in "Crystal Detectors (Theory of OP- 
eration)” 


used in electrical 
y the rate at which 


in a Gireuit. “The current in_a circuit 
may be likened to the water flowing in 
@ pipe. In this case the water would 


Tepresent the electricity, the force or 
pressure represents the voltage, the 
in be compared to the conductor 
through which the electricity 
flows, and the eurrent can be likened to 
the discharge from the pipe over a 
given period of time, that Is the cubic 
feet of water per second. For practi- 
Purposes the unit of current is con- 
sidered as the Ampere. This is the 
rate of flow of electricity when one 


coulomb (q.v.). passes @ given point in 
the eireuit each second.. ft will thus be 
apparent that while the ampere is 


often considered as the amount. 
fent in a cireuit, in reality it is the 
Fate of flow of’ the electricity, the 
coulomb being the definite unit of 
quantity. Electric current is of course 
invisible. The only means of determin- 


ing when there is current in a ci 
is"ny observing its effect and. it 
always apparent by one or more of a 
number “of effects, ‘For example, it 
Current is flowing in a wire or other 
Sonductor and a compass 's placed neat 
the conductor in such a position that 
the axis on which the needle revalves is 
Parallel to the axis of the wire, the 
needle will be deflected, If the current 
Teverses and flows in the opposite direc= 
tion in the wire, the needle will be de- 
ected in the opposite direction. The 
effect of current is. also apparent by 
fenson of the heat which it generates 
ig through a wire conductor. If 

i Comparatively" small and 
we current correspondingly large, the 
fend nay saflent ta be ntleable 
Placing the hand on the conductor. 
When the current is, small, it can be 


detected by means of delicate 
ments 


This heating effect is m 
arious types of ammeters. 
‘of current may also be noted in 

Tn this case 


fine wire inside a globe from which the 
air has been extracted, and the heat 
generated by tho passing current 
eauses the filament, or fine wire, to 
glow. 

It is a well-known fact that heat 
causes expansion and this expansion of 
a fine wire is the principle on which 
one type of current measuring device 
operates. 


Current is divided broadly into two 
visions, direct and alternating. These 


Current, Dire 
rent, Production of.) 


CURRENT, ALTERNATING—A cur 
ent which does not flow steadily in one 
direction but changes its direction in 
the eireuit periodically. (See Alternat 
ing Current.) 

CURRENT CARRYING | CAPACITY 


OF WIRE—The amount of current 
which a wire or other metallic condue- 


ductor, heat 
of heat will 


square of the current in it 
Fesistance of a conductor depends on 
fs cross-sectional area, length, and also 
its nature. It is therefore correct to 
state that the heating will depend on 
fhe amount of eurrent owing and the 
cross section and length of the wire. 
‘Obviously, « large wire will carry more 
current without over-heating, than will 
‘a small wire. Thus, it is necessary 
when choosing wire for a conductor to 
carry a certain amount of current, to 
select a wire of a cross section sufl- 
lent to carry the desired amount of 
current without undue heating. 


The following formula for determin, 
ing the current carrying capacity 0 
various sizes and kinds of wire usea a 
certain factor T, whieh is the perm 

sible ee tn tenperatuce above. sur. 
Founding medium™-eh as. air, earth 
‘Gr water. "Where dis the diameter of 
the’ eonductor in Inches, the. per 
missible. temperature rise in degrees 
centigrade, N the resistance of come 
ductor in’ohms ‘per mil-foot_st final 
temperature, and I "the current. in 
amperes, then for solid conductors 


KyTF 


I= 
r 


‘and for stranded conductors: 


Current, Direction of Flow (Aeswmed) 
15085 K Te 


K is a constant (a.v.) depending upon the condition of the surface of the wire 


and upon the amount of heat convection due to 
K'for air differ according to different authoriti 
‘and the latter to open air. 


referring to still ai 
Table of current carrying capacities 
Wires and Cables, Insulated: Carrying 


fr eurrents, Values of the constant 
from 800 to 1000, the former 


follows: 
Capacities, in Amperes, allowed by The 


Regulations of The National Board of Fire Underwriters for Interior Copper Con- 


ductors. 
(For Aluminum 84 Per Cent 


of These Currents is allowed.) 


Single Conductor Cables or Each Conductor of Multipls Conductor Cables. 


Area in Table A. Table B Table C. 
A.W.G. | Circular Mils Rubber Varnished other 
Insulation insulation 
18 3 5 
16 6 10 
4 15 20 
2 20 25 
10 25 30 
8 35 50 
6 50 0 
5 55 80 
4 70 90 
3 80 100 
2 90 125 
1 100 150 
0 125 200 
00 150 225 
000 175 215 
200,000 200 300 
0000 211,600 225 525, 
250 350, 
215 400 
525 500 
400 600 
450 680 
500 760 
550 B40 
800 920 
850 1000 
690 1080 
730 1150 
710 1220 
B10 1290 
850 1360 
00, 890 1430 
00, 930 1490 
300,000, 970 1550 
200,000 1010 1610 
2'000,000 1050 1670 


CURRENT, CONVECTION—See Con- 

vection Current. 

CURRENT, CRITICAL —See Critica 
Current. 


‘SITY—The number of 
‘amperes passing through a wire con- 
ductor per square inch of area of the 
conduetor. For example, if a conduc- 
tor is a wire or bar of copper hav- 
Ing a eroas section of one square Jnch 
‘and ten amperes are passed through 
it the current density will be ten am- 
peres per square inch. 

CURRENT, | DIRECT—Current that 
flows steadily, and only in one direc- 
tion. (See Direct Current.) 

CURRENT, DIRECTION OF FLOW 
(ASSUMED) —In electrical practice 
the assumed direction of [low of cur- 
rent is often referred to. This refers to 
the fact that direct current is assumed 
to flow from the positive pole of a bat- 
tery, "or other sctree of este en. 
ergy, to the negative pole and thence 
back’ through the battery from ne; 
tive to positive. This assumed action 
is shown inthe illustration Fig. 1, 
where the arrows indicate the assumed 
direction of flow., Now while the cur- 


ze 
generally accepted theory that the elec- 
fron. stream moves in. the opposi 
direction, or from negative to positive. 
In other words, the current as we use 


ELECTRONS ORIFT 
wn Taig DIRECTION 


cundent Flows conoucroR 
: NOUC 


OIRECTION 


2. Showing sereaenctlon of current 


the term, flows backward along the 
pas ofp clestrons.” (See, Electron 
“low.). This Feverse action of eurrent 
‘and electrons is shown by the illustra. 
tion ‘Fig. 2) ‘This apparent anomaly 


a 


Current, Eddy 


ean be likened to a salmon swimming 
up a rapid. ‘The movement of elee- 
trons can be compared to that of the 
the water in the rapids and while the 
fish actually swim against the stream, 
and the electric current flows against 


‘cARBON 


Fig, Je Mlstration showing the assumed 
kethin current. aon "in'a ary 


the electron flow, the water and the 
electron stream nevertheless furnish 
the path ‘of motion in each instance. 
‘The reason for the contradiction lies in 
the. unfortunate arbitrary choice. of 
positive and "negative poles Jong. be- 
fore electrons were known. (See Elec- 
tron.) 

CURRENT, EDDY—See Eddy Currents. 


CURRENT, HIGH FREQUENCY—A 
current that changes direction many 
fimes each second. In radio. usage, 
currents having @ frequeney over ten 
thousand eyeles per second are. con- 
sidered as high "frequency or radio 
Frequency currente. (See Frequency, 
Radio Frequency also Low Frequency.) 

CURRENT, HIGH, TENSION—Alter- 
nate term High Pressure. When the 
Woltage, tension or pressure, in a ci. 

'B "comparatively low, the eurren 
fs said to be a low pressure or low 
tension current. When the voltage is 
high, the current is said to be of high 
tension or pressure, Thus, as applied 
fo radio usage, a dry cell’ or storage 
battery giving, respectively, one anda 
half and six volts for certain type, 
are said to produce low tension or low 
pressure current, A'“B” battery (q 
¥) giving from 22/4 to 45 volts (the 
Usual value) furnishes high tension or 
High pressure current. While there is 
not avery great difference in voltage 
Between a small “B" battery and an 
A" type storage battery, the ratio of 
voltage to current, ina “B” battery is 
far greater than in the ordinary case 
of the “A battery and this must. be 
taken into consideration. In general 
electrical practice the terms are not so 
arbitrary, and high tension currents 
ight be taken as those above a pres- 
sure of several thousand volts. 

CURRENT, LOW FREQUENCY—An 
alternating current that changes its 
Girection of flow & comparatively few 
times per second, "In commercial elec- 
trical work any frequency up to about 
500 eyeles per second is considered as 
low frequency current. In radio phrase- 
ology audio frequency (q.v.) currents 
fare termed fow frequency. For. ordi 
nary radio practice low frequency may 
be considered as any frequency below 
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about, 10,000 cycles. (See Oscillation 
also Oscillatory current.) 


CURRENT, OSCILLATORY—See Os- 
cillatory Current. 
CURRENT, PRIMARY. current 


A 
which flows directly from its source, 
such as a cell or generator. The cur” 
rent obtained from any source through 
a direct conductive circuit is termed & 
primary current. (See Secondary Cur- 
rent, also Induced Current.) 


CURRENT, NATURE OF ELECTRIC 
—As explained under the heading 
Current, electric current is manifest 
or understood by its effects. It may be 
apparent throtigh the production of 
heat or light, by producing mechanical 
action such ‘as required to operate a 
bell'or move an electric motor, or, 

in, by. producing chemical changes 
(See Electrolysis), and still further in 
its disastrous effects on the human 
body when the current has. sufficient 
intensity. Without any actual or 
le form of manifestation it can 


It'will be understood that ‘an 

electron (q.v.)_ small contains 

a charge of electric na sufi: 

tient number of electrons are in motion 
‘2 conductor (Note: current consists 
ot electrons in motion) the current 
recomes large enough to be measured. 
AS an instance of this fact a current 
of one ampere intensity (one coulomb 
per second) requires that about 10” 
electrons flow past a given point in the 
cireuit each second. When the elec- 
trons are not progressing along a con- 
ductor, no current flows in the circuit, 
If no current is being earried by the 
conductor, the electrons may move 
about, but they do not progress along: 
the eonduetor. 

CURRENT, PRODUCTION OF ELEC- 
TRIC—An clectric current is pro- 
duced ina conductor by applying an 
electromotive force (voltage) at 
points of the conductor or by maintain- 
ing a difference of potential (qwv.) be- 
tween two points. In the first example 
we can assume a metal, ring or closed 
coil of wire through which a magnet 
is pushed or perhaps in the core of 
which a magnet is beng excited, or in 
the general sense any complete cirei 
through which the number of magne 
lines of force are being varied. In the 

second instance the difference of po- 
tential may be due to a primary cell 
(qv.). ‘Thus, the first case can be 
understood as referring to any 
mechanical means of producing cur- 
rent, such as generators. ‘The other 
general method is by use of a voltaic 
cell, that is, by chemical action. ‘There 
are’ four important methods of pro~ 
ducing an electro-motive force. ‘The 
first is by friction, the apparatus used 
in this connection being termed a st 
machine; the sceond is by chemical 
action, a5 a primary or secondary cell; 
third, by mechanical motion, ie, dyna 
mos ‘and generators, and fourth, by 
thermal aetion—Known asa thermo- 
Junetion which is the wiring of two 
uunlike metals in a conductory circuit 
so that by heating one of the points 
of joining an electric current will be 
Setup in the circuit. (See "Static 
Electricity, Generator, Thermo Couple, 
also Current” and’ Electro-Motive 
Fore.) 

CURRENT, PULSATING _ DIRECT. 
When an alternating current, is recti 
fied by means of any device which per- 

its current to pass omy in one direc- 
tion, the resultant current. will, move 
only in one direction, hence it is known 
asa direct current. but unless both 


negative and positive halves of the 
tyele (qv.) are rectified or changed to 
rect Current, the resultant. current 
Wil appear as'a series of pulses in one 
direction. ‘The most common application 
of this is found in the ease of & crystal 
eetifer, or detector aa used. for re: 
Celving radio signals or broadcasting. 
cata 


(ORIGINAL. ALTERNATING 
“ah rREGUENCY Cle 


RECTIFIED 


A crvsTat 
LOWER HALF OF 

EACH CYCLE NOT 
RECTIFIED 


ae PHONES, 
Diggram showing how crystal detector con- 
Temnating hgh 1 


When the incoming waves, or high fre- 
quency. oscillations (Qu), are. im 
Pressed on the detector, due to its 


peculiar properties they can only pass 
through It in one direction. In other 
words, granting. that the incoming 
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GENERATOR, no ACTUAL CONNECT- 
fon'SeTWEEN. PRI 
MARY. AND. SECOND = 
ARV cimcurTs 
‘Masiration, shoning priary ond ncondaey 


ner of production. It will be under- 
stood that the primary current in thi 
case must be a varying current, (See 
Induced Current, also Inductive Coupl- 
ing) 


CURRENT, THEORY OF ELECTRIC 
—Under Blectromotive force it will be 
explained that voltage or pressure is 
te rent of ditfrepee of potential 

the power possessed by a charge 0 
clectrleity for doing work). between 
two points ina conductor, Electric 
current will flow from the point of 
higher pressure or voltage to the point 
of lower pressure, the How continuin 
4s long as the difference js maintained. 
This action 1s the same as with water, 
which will always seck to move from 
high point to-a lower point. ‘The flow 
fof current is thus an effort to equ 
the ty potentials, "See" Current A 
aumed Direction of Flow, also Prea- 
ture and Voltage) 

CURVE—A straight or curved 
showing the relation between 

lecrical phenomena or the character, 

{sties (relation of changing values) 
an electrical instrument. "(See Char- 
acteristic Curve, also Sine Wave) 

CURVE OF SINES—A curved line 
representing the vibration of body 


yao 270° 360° 


Sine carve. 


that oscillates like a pendulum. ‘The 
illustration shows a curve of sines 
which may be used to represent an 
alternating current. (See Alternating 
Current, also Sine Wave and Simple 
Harmonie Vibration.) 

CUT OUT—An electrical device to in- 
terrupt the flow of current through 
any particular piece of apparatus or 
instrument, either automatically or by 
hand; a switch. 

CYCLE—In electricity, a period of 
time during which certain changes 
take place in an alternating current, 
(v.) the same ‘changes occurring 
again in each successive eycle. We can 
imagine an alternating current ag 
travelling along a wire in the form of 
a wave, one half of the wave being in 
‘one direction and the other half being 
in the opposite direction. That is. to 
say, the eurrent flows from positive 
to negative for one half of the cycle 
and then in effect, flows from negative 
to positive the other half of the cycle. 


D_The symbol of electric displacement 
(av.); also occasionally used as a 
symbol for diameter in electrical cal~ 
culations. 

DAMPED OSCILLATIONS — Electrical 
‘oscillations which die away, each suc- 
ceeding oscillation in a group having 
lesser amplitude (q.v.) or strength 
than the preceding one. (See Damped 
Waves. 

DAMPED WAVES—Radio waves in the 
‘form of successive trains or groups, in 

ich of which the amplitude or 
strength decreases with each successive 

‘wave. When electrical oscillations are 

caused by a single impulse, they do not 

continue indefinitely, but ‘decrease in 
plitude or die away. Thus, if oscilla- 
tions are created in’ an antenna or 

other circuit by a discharge from a 

condenser (see spark discharge), each 

electric spark creates a train of  oscil- 
lations which die away more or less 


(It_will be understood that actually 


current always flows in the same 
10 BOS: 


“Wours= 


Curve showing actin of 110 volts alternating 


direction, but the action of alternating 
current fa due to a reversal of polarity 
atthe source) "The. difference be- 
tween direct and alternating current is 
that, in the case of direct, the polarity 
always remains the same at the source 
‘and hence the direction of flow of the 
current is always. in one direction, 
whereas with alternating current, the 
Polarity changes twice each cycle due 
fo changes at the source, and thus 
flows intone direction for a certain 
fixed period, then reverses and flows 
in the opposite direction. In the illus: 
tration the current is shown asa sine 
wave. (qv) We assume. that. this 
Tepreaents “an alternating. current, of 
HOT volte presgure” such sain, the 
average house lighting sysiem. "Now 
‘We consider the wave as & circle. The 
Current flows in a positive direction to- 
ward its maximum value and atthe 
30 degrees it has reached the positive 
maximum, It then falls back to zero 
IU 180 degrees and reverses, rising to 
Maximum on the negative side, which 
Benches. at. 270. degrees. it then 
falls back to zero at 360 degrees hav- 
ing completed a eyele or two alterna- 
tions. ‘Fhe operation is repeated. over 
and. over a tertain ‘number of times 
each ‘second. ‘Thus, the rise and fall 
from “K'to Bor 80 degrees is one 
alternation, the rise and fall {rom B 
to "is another alternation, the two 
alternations, one” positive "and. one 
fegative making a Complete cycle. If 
Shy. of these eyeles occur each see- 
fond we say that the frequency” (q¥.) 
ie'sinty cyclen (See Alternating Cur 
rent, Phate, Sine Wave.) 

CYMOMETER—The, name, given a 
type of wavermeter designed by Dr. 3. 
AP Pieming. itis used to messure the 
wave-length of oscillatory (vibrating) 
Sireuits. (See Wave 


Fig. 1. Pendulum coming to rest after being 


Been a momentary impulse 


Damped Waves 


CYMOSCOPE—A term used to desig- 
nate any instrument which enables one 


to see the effect of electrical wa 
or to detect their presence. The ori 
nal form was merely @ loop of wire 


a 


Early type of ermoncepe tued 
fate remnenee in crea 


not completely clased as shown in Fig. 
1. When held close to a transmitter 
of short waves a small spark will pass 
Between the ends of the loop provid- 
ing the wave-length is properly ad- 
justed. This was the form used by 


radio telegraphy and telephony) in his 
early experiments. ‘The more modern 
form is shown in Fig. 2 where a small 


Pla, 2. More modern form of ermoscope. 
lamp is made to light by holding the 
loop close to the transmitter. A’com- 
plicated arrangement used to acually 
Bee the waves and study their form is 
salled the Oseillopraph, (See Orcillo- 
graph, also Cathode Hay Tube.) 


gradually. Fig. 1 shows a pendulum 
Which is given a momentary impulse. 
Now as this source of power is only 


momentary the pendulum will not 
AMpLITUDE 
Pig. 2. Train of damped waves: 


swing from A to D indefinitely. If the 
first swing under the impulse carries 
the pendulum the entire distance A to 
D, the next swing will cover a lesser 
‘fe and so on until the movement has 
died out altogether. 

‘Now in Fig. 2, the graphic illustra. 
tion of a train of damped waves shows 
that each crest is a little lower than 
the one preceding it and after a short 
period the waves have died out alto- 
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Damping 
gether, These curved lines may be con- 
Sidered as an ‘ilustration of the path 
taken by the pendulum in its motion a 
shown in Fig: 1. The decrease in a 

itu of one crest over that preceding 
ei nown as Tho. damping, rand 
naperian logarithm of the Fatio of ame 
plitude of any oscillation to the ene 

Dreceding itis kmovn as the logarith- 

Ine decrement. 

Te'the impulse of force causing the 
oscillations 18 stendy-—not intermittent 
“he result will be a sustained series 
Of oselbiations that ‘will -continae at 
Constant. strength or amplitude ‘until 
the exciting force is withdrawn. Thus, 
in the ease of the peydulum, ‘we can 
Very easily “keep. exetting it "by “an 
Evenly exerted force and so insure that 


wy (See also 

Decrement Logaritine;” also Nape- 
Pisa Base 

DAMPINGA. progressive decrease in 
smplitade or Lvehgth, "(See Damped 
Waves, Damping in Instruments.) 

DAMPING COILS —Short circuited 
(ave) colla used fn elesiieal appars 
G'for the purpove of causing damp: 
dng (i en decrense’in the Intenaty ot 
tlesttici”otellaions). "The reaction 
of induced “currents in the ‘shorted 
it creates the damping effect." (See 
Damping) 

DAMPING DECREMENT—See Decre- 
tment, Logarithm 


DAMPING FACTOR—The product of 
the logarithmic decrement “qv.) and 
the frequency’ (rate of alternation). of 
a damped alternating current. (See 
Decrement, also Amplitude.) 

DAMPING IN_ INSTRUMENTS — The 

‘mping is applied in. mechane 

{cal sense az in the case of the needle 

of'a measuring instrument such"as 

Galvanometer.  (av.) 

‘n'a delicate Instrument for meas- 
turing current the needle is controlled 
by the current through the instrument, 
fand when this current is withdraws 
the needle is brought back to the neu: 
tral position by a fine spring. Now, 
unless some. precaution te. taken the 
needle will have a tendency to. swing 
or vibrate when measurement is being 
faken.”- Various ‘deviees are used. to 
Bring’ the needle quickly co rest with 
out ‘undue vibration. Ifthe needle 
comes to rest almost immediately it is 
‘sald tobe a highly damped or dead beat 
Satrament, because the ocliations or 
Vibrations die gut rapidly the same a 
Inthe ease of damped waves. 

There are two principal methods of 
damping “nstgmenta Wien the ae 
Strument is of the moving. coil type, 
the coll is generally wound on a light 
slominum frame which ts mounted bee 

iween the poles of a permanent. mag- 

net. "A soft iron core fills the gap be 
ween the two poles, allowing’ space 
for free movement ot the cof The 
result is that the metal frame carrying 
the coil moves through a very strong 
magnetic feld and” Eddy currents 
av.) are set up in the frame and 
serve to damp its motion. The other 

Common method is to have a light met- 

allie vane carried by the pointer in its 

‘motion and moving in an air chamber 

{> stop vibration. While ‘damping is 

highly'essential in a measuring instru- 

ment, too high a degree of damping is 
fot advisable. 1f there is a very alight 

Tendeney.on the part of the needle to 

vibrate, it permite the operator to de- 
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termine whether it is swinging freely. 
(See Voltmeter, Wattmeter.) 

DAMPING MEASUREMENT—See De- 
‘erement, Logarithmic. 

DAMPING WAVES—Term commonly 
‘used to denote the gradual decrease in 
amplitude of train of oscillations as 
fn radio transmission. If the oscillay 
Hons persist at constant amplitude oF 
strength, each oscillation being equal 
in amplitude to. the one preceding, 
there it no damping. When the ample 
tude of each successive oscillation. is 
less. than that of the preceding ‘one 
there is said. to be damping and the 
eselations wil aig out anurely, at & 
Tate dependent on the degree of damp 
ing. If the oscillations die out very 
rapidly they care said. to be highly 
damped; if they die out. slowly the 
damping is said to be feeble. 

DANIELL'S CELL—A two fluid voltaic 
cell containing a zine plate immersed 
in dilute sulphuric acid, and a copper 
Plate ina saturated solution of copper 
Sulphate; the two solutions being sep- 
‘arated by a porous cup. This cell has 
2 constant voltage and shows only 
slight polarization. Was formerly much 
tused in telegraph work. 

D'ARSONVAL GALVANOMETER— 
‘A type of galvanometer in which a 
soil ring he current t¢ Se 'mease 
tured is suspended in a fized magnetic 
field. "(See Galvanometer.) 

DASH—The long stroke used in. Morae 
‘and Continental Code, Tt is considered 


‘ag equivalent in length to three au. 
(See'Code.) 
D.C.C.—The customary abbreviation for 


‘double cotton covered wire, 

C.—The abbreviation commonly used 
“for direct current. av.) 

“p"'COlt Occasionally known as Fig- 
ture Bight coil. A form of inductance, 
used partielarly, in faned radio fre: 

iueney cireuits. The windings are in 
the shape of @ figure eight, either in 
pancake form (flat wound)’ or wound 
n'a slotted tube. Owing to the pect- 
Tar arrangement of the windings these 
coils have very little external feld and 
thus ean be used in radio frequency 
amplifiers without the usual oseillatin 

due to conflicting felds. (See Field, 
Induetanee, Radio Frequency Coils.) 

DEAD BEAT INSTRUMENT—A meas- 
‘uring instrument arranged so that. the 
needle comes quickly to rest with little 
or no vibration is said. to be dead beat 
or highly damped. (See Damping in 
Tnatrumente,) 

DEAD CELI—A cell which has been 
discharged.” (See Cell) 

DEAD CRYSTAL—A crystal used in. a 
erystal detector (q.v,) that has lost its 
Sensitivity. Very often 
comes dirty or oily from contact with 
the fingers. In Some eases they can be 
drought back to usefulness by eleanin 
with alcohol, or if the erystal is 
Through causes other than dirt on its 
surface, jt may be broken to present a 
new surface aid thus find a new sensi 
ive spot 

DEAD, END EFFECT—tThe effect on 
receiving circuit (oscillatory ire 
resulting from unused turns of wire 
inva coll. In the customary tuning 
coil or tapped coil'a certain portion of 
‘the wire is not in-use and. this idle 
Section, being. in. metallic connection 
with the main portion, but not aetually 
In use, acts asa miniature oscillator 
circuit. “This tends to reduce the eff 
Gieney of the tuning unit asa whole, 
Dead end effect may be eliminated by 
using the entire coil at all times, doing 
the tuning solely by the ‘variable con- 
denser, of it may be reduced by the 


use of a dead end switch (awv.). 
Puning Coit) 

DEAD END SWITCH—A. switeh used 
to eut out unwanted tarns of wire 
a, coil inorder to eliminate or reduce 
the dead ‘end efect (qv.).. Such & 
fwitsh fs generally atfanged so that 


(See 


Dead ond 


instead of taps being taken from vari 
ous points on the coil, the winding is 
‘tctually in. sections ‘and the switch 
Blade connects into the circuit the de- 
sired number of sections 
| DEAD SPACE—In the case of beat 
‘heterodyne reception if the two fre- 
Guencies are brought together or the 
Gitterence is. very slight there will be 
no beat. ‘This space where the two 
freqencies are identical, or very 
neatly #o, is known as the dead space. 
(See Beate, also ti-terodymne.) The bes 
resviting “fom ‘the superposition of 
two waves differing in frequency 1s 1 
difference or the sum of the two fre~ 
quencies. For instance, if two waves 
Srevpreient in. the azine circuit, of 
‘and 1,005 kilocyeles respectively, 
the two best frequencies will be 8 and 
3,08 iloeyeen, If however, the two 
frequencies are made identical, the 
difference between the two will be 
zero, and the sum of the two will be 
fwiee the original frequency. ‘Tn the 
‘one ease, where we take the difference 
of the frequencies, the beat note is 
zero, or there is no beat note at ally 
Tn the other case, where we add the 
two frequencies, the resulting. fre- 
quency is the harmonic (q.v.) of the 
Sriginal frequencies, which ia the same 
fs an octave in musi, In the present 
instance, this note will not be heard at 
all as it is above the range of aud 
ailiys 
DECADENT WAVE—A damped wave, 
‘A wave, or oscillation, n'a train of 
damped waves (qv) which is of lesser 
amplitude or strength than, the one 
Preceding it, “(See Damped Waves, 
also Undamped Waves.) 


DECAY OF CURRENT—The_ gradual 
dying out of current in an inductive 
circuit (q.v.) after the impres 
tential has ‘been removed. ‘The pres- 
ence of inductance in a circuit causes 
the current to lag in time behind the 
voltage producing it, As a result, 
when a highly inductive circuit is 
broken by opening a switch or bv other 

e current. still tends to flow 

‘and the induced 
voltage in the cireuit may become ve 
high. ‘This is the reason why a sparl 
often occurs when the switch ins 
highly induetive cireuit is opened. As 

a result the current decays gradually. 


after, the 
Tt will be noted that the decrement 
(a.y.) oF the rate of decay of the escil- 
lations. directly affects the number of 
oscillations in the wave train that will 
fe useful in transmitting signals, For 
instanee if a certain omillation in the 
figure. should represent. the smallest 
voltage that will operate a detector, 
it is evident that all oscillations in the 
wave train that have smaller ampli- 
des wil be useless, "Consequently, 
the Tower the decrement of the wave, 
the greater wil be the number of osel- 
lations ‘before the amplitude becomes 
too small for useful purposes. This 
Iikewise means that a greater amount 
of the energy in the wave can be util- 
‘ned. 

DECOHERER—In the type of detector, 
ow obsolete, known as. the coherer, 
the incoming’ signals caused the parti= 
sles of nickel and silver filings in the 
flass tube of the device to cohere or 
Eling together. "(See Coherer.) In 
‘order to place the coherer in its orig- 
inal state after each impulse, it, was 
necessary to have some means of sep- 
arating the particles. “These were 
Known as decoherers and were in many 
different. forms, some as separate at- 
fachments, others as apart of the 
detector of coherer. "(See Detector.) 

DECOMPOSITION, ELECTROLYTIC— 
‘The decomposition of chemicals taking 
Place in a cell due to the action of the 
Blestrolyte. (See Cell, also. Blectro- 
Iyte) 

DECREMENT—A term used to indicate 
‘the rate of decay or dying out of an 
eho oniinton chat abject to 

iamping. (av.) In the illustration 
{sshow a series of damped waves, Tt 
will be noted that the distance. from 
ero to he crest of wave (C2) i ens 

fan the one preceding it (C-1).. This 
Glstanee represents the amplitude and 
the ratio of any amplitude to the one 
preceding itis constant, that is. the 
Secay or decrease in amplitude ig eon- 
stant. The Naperian Logarithm (a.) 
of the ratio—of one wave to the one 
preceding itis called the logarithmic 
Uccrement. The damping of a train 
‘of waves ig:an important consideration 
fs it affects the tuning qualities to a 
reat gues hig it. covered by 

8. Government Statute Concerning 
‘Transmitting Stations, decreving that 
the logarithmie decrement per complete 
ncillation must not exceed 0.2, which 


impressed voltage is re- 


AMPLITUDE 


Damped waves gradually dyine out 


means that for each single spark dis- 
charge from the transmitter there 
must be not less than 24 complete 
oscillations in the antenna system. 
(See Oscillations, Damping, Naperian 
Logarithm, Sharp Wave.) 
DECREMETFR—An instrument used to 
ypeasure the decremont or degree, of 
famping in an oscillatory current. 
Such meters are made in several dif- 
ferent forms. Some types are direct 
reading in terms of the logarithmic 
decrement, while others require mathe- 
‘matical reduction from the readings of 
2dial. All decremeters operate on the 
basis of comparison of the resonance 
current ina tuned cireuit with that in 
a cireuit out of tune by a known or 


unknown percentage. (See Legarith- 
rie Decrement, also Damping.) 

DE FOREST, DR, LEB Electrical engi- 
meer be Gounell Bluffs, 1a, Aug. 25, 
Tg73, Grad. Yale (Shefield Scientific); 
Ph. Ba Haley Ph De 1600, Inventor 
De Forest system wireless telegray 
and founder Am. De Forest. Wireless 
Yelegraph Cor; system originally 
adopted largely by U.S. Govt.; demon- 
strated to the British, Danish, German, 


Dr. Lee De Forest. 


Russian and Indian Govts,, first used 
by the U.S. Signal Corps in the war 
manoeuvres and inst. in Alaska. 1905 
invented the Audion or three-electrode 
vacuum tube. 1906-09 was the pioneer 


Deionization 
medal by Franklin Inst. 1922 awardee 
medal by Inst. of Radio Engineers. Fel 
Tow American Inst, of Elec. Engineers, 
Fellow Inst. of Radio Engineers. Men 
of N.Y. Elec. Society; mem. of Nat 
Geog. Soe. 


ST COILS—A type of goit 

named after Lee De Forest (av), ‘The 
‘wires are wound in a dlamond shaped 
pattern in such manner that the turns 
Sf one layer cross. the turns of the 
presaling layer at an angle, thas mak 
Ing the distributed capacity (qwv.) very 
small compared withthe capacity of 
ther types of coils. | (Seo Honeycomd 
Coils.) 

DEGREES, ELECTRICAL—In an alter- 
mating current curve cach complete 
oscillation eyele Je Shown as, Ewe 
foops, one above the line representing 
ime, and, the other below it, the en- 

re eyele being considered as'360 elec- 

trical degrees tis possible in this 
manner to show relations between cu 

Fent and voltage phases, amplitude a 

any point, ete. (See Alternating Cur. 

Pou aisg Sing Wave) s 

the idea of electrical degrees comes 

originally trom the elementary electric 
Generator, with two-slip-rings taking 
Off the alternating current, and having 
only two poles. During one-half revo- 
fution of the armature tarna, the cur- 
rent inereaasefyom zoo to a inazimum 
‘and then back to zero again.” During 
the other half revolution the. current 
increases in an opposite direction from 
a zero value to. maximum and. then 
back to zero again. The curve shown 
in the figure. represents ‘the current 
Variation during the complete revolue 
tion, a crosssection of ‘the rotating 
armature wire being shown at A, The 
angles indicated on the line BC are 
laid off to any convenient scale, and 
the interseetion of the ordinates’ from 
these’ points ‘with horizontals. drawn 
from the circle as shown, give the 
points on the curve. 


in Radio Telephony. First to broadcast 
music and opera. "1908 equipped the 
24 battleships and destroyers of Ad- 
miral Evans for their historic round- 
the-world cruise. 1913 incorporated De 
Forest Radio Tel. & Tel. Co, which 
developed the audion amplifier and 
oscillator for commercial purposes, 
These De Forest devices completely 
revolutionized the radio art and made 
possible the Bell Tel. Transcontinental 
System. He was the father of radio 
Groadcasting and all radio broadcasting 
apparatus is built upon his audion in- 
ventions. Since 1919 he has devoted 
his attention to the phonofilm, photo- 
graphing sound waves directly’ on mo- 
tion picture film. Pres. of the De 
Forest Phonofilms, Ine; Dir. of De 
Forest Phonofilms, Ltd., London. 1921, 
‘Awarded Cross of Legion of Honor by 
the French Govt. in appreciation ren- 
dered by audion to. the Allies during 
‘the war. 1922 awarded Elliott Cresson 


‘The same ideas hold when the gen- 
erator has more than two poles 
‘this case a full 360 electrical degrees 

taken to represent the armature mo. 
tion from across two adjacent pairs of 
poles, so that a complete cycle of volt- 
age or current is generated. In a 
four pole machine, ‘therefore, a full 
revolution of the armature could be 
represented by 2x 360 or 720 electrical 
degrees. ‘This corresponds to 2 com- 
plete cycles. Or, looking at it the 
other way, 360’ electrical degrees 
would represent a half revolution of 
the armature wire. 


DEIONIZATION—The action of return- 
ing @ mass of ges that has became 
ionized (breaking up of the atoms of 
Bento postive and negative. ione 

jeing the elements to which and to 
whose motion, under the action of 
electric forces, ig supposed to be due 
their electrie conductivity) to ite orig: 


BL 


Delta 


a.v. 
ductive path which remains after the 
actual spark has pasted, thus prevent 
ing sharply defined oscillations. There 
‘are various methods of deionization, 
including cooling, absorption, air-blast 
‘or magnetic field, all tending’ to deion- 
ize or place the ‘spark gap in its pre- 
vious condition to prevent an are from 
following the discharge. This action 
ig also known as quenching. (See 
Quenched Gap.) 


DELTA—The fourth letter in the Greek 
alphabet, ‘The capital letter deita (A) 
is used as a symbol for delta connee- 
tion of three phase alternating current 
generators or transformers. ‘Phe small 
‘or lower case delta ()) is used as a 
symbol." for Logarithmic decrement. 
{See' Decrement alo" Delta Conne 
tion. 


DELTA CONNECTION—A In a three 
Phase alternating current generator, 
where three coils are mounted. sy 
metrically around a shaft rotating in 
a magnetic field, the connection or 
Grouping of the’ windings is called 


poe 


delta after the Greek letter which the 
grouping somewhat resembles. The 
illustration shows delta grouping in a 
three phase system. ‘The sum of the 
instantaneous Electromotive Forces of 
the three coils is zero, or in other 
words the sum of the Electromotive 


line voltage thus. being equal to, the 


Phase voltage. (See Alternator, Poly- 


phase.) 


DEMAGNETIZATION—The act of re- 
turning a ‘body to an unmagnetized 
state or of reducing the degree of 
‘magnetization. In the case of phones 
used in radio reception the permanent 
magnets are often weakened or demag- 
netized by connecting them in the elec- 
fronctube lreuite,m the ‘wrong. way. 

fagnetization, also Telephone 
Receiver.) 


DENSITY, CURRENT—See Current 
Density’ 


DENSITY, FLUX—See Flux Density. 


DENSITY OF ELECTROSTATIC 
CHARGE — The ciectrostatie charge 
per unit area. (See Electrostic Charge, 
‘also Condenser.) 


DEPOLARIZATION—In an electric cell 
hydrogen bubbles form on the surface 
‘of the positive electrode and unless 
some arrangement is made to counter- 
fact this effect, the usefulness of the 
Gell will soon be impaired due to the 
Insulating action caused by this film 
of gas, known as polarization. Usually 
‘Some means of oxidizing is employed to 
‘act upon the hydrogen as fast as it is 
Produced on the positive electrode, thus 
Preventing or reducing the effect of 
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polarization. (See Cell, also Polariza- 
tion, and Depolarizer.) 


DEPOLARIZER—The oxidizing agent 
or other means used in a cell to coun- 
teract the effect of polarization. Bi- 
chromate of potash or peroxide of 
manganese is commonly used for this 
urpose, (See Dry Battery, also Pol 
arization. 


DETECTOR—A device, for, converting 
oscillating currents of high frequency 
(radio waves) into a form suitable for 
‘operating a telephone receiver or sen- 
sitive measuring instrument. It is 
often referred to as a rectifier, because 
St serves to change the éncoming cur- 
rents from altemating to pulsating 
direct currents, Detectors vary in type 
and efficiency, ranging from the now 
obsolete coherer, to the modern sensi 
tive regenerative vacuum tube. The 
different types of detectors are taken 
up under their various headings. 
(See Crystal Detector, Vacuum Tubes, 
Electrolytic Detector.) 


DETECTOR CIRCUIT—That part of the 
circuit in-a radio. recelver_ 
ins the detector (av.). The 
cireuit may be closely coupled to the 
Stance "of the revelving ‘creat by 
means of'a tuning coll or it may be ine 
duotively “coupled by. Using a. vario- 
soupler or loose coupler. (See C 
fing). 

DETECTOR, DAMPED WAVE—Any 
special type of detector, such asa ery. 
Stal ete used for reception of damped 
ates: tar. (See Pakker, also" He- 
eroding, "and Vacuum Tube 


DETECTOR, VACUUM TUBE—The 
vacuum tube used as a detector of 
radio frequency (high frequency) os- 
éillations.A'vacuum tube may be used 
to change or rectify the high frequency 
alternating currents received at. the 
aerial to pulsating direct currents 
(q.v,) capable of operating a telephone 
receiver or recording device. | For- 
merly vacuum tubes were made for an 


‘oup- 


individual purpose, such as radio fre- 
quency amplifier, audio frequency am- 
lifer, or detector, the amplifier tubes 
ing ‘highly exhausted and the de- 
tector tube 
requiring eritical filament adjustment, 
Of late tubes have been developed to 
such an extent that no special tube i 
necessary for the detector cireuit, all 
being adaptable for almost any pur- 
Fig. 1 shows the ordinary cir 
cuit for a vacuum tube detector. ‘This 
method is not much used now since the 
advent of regeneration, except where 
stages of radio frequency amplifica- 
tion are used ahead of the detector to 
amplify the incoming signals. In this 
ease incoming signals, are impressed 
on the grid “G" and the slight va 
tions of potential at this point con- 
trol comparatively large currents at 
the plate “P,” actuating the telephone 
“T" (See Vacuum Tube, Theory of 
Detector Action.) 


‘Used in this manner the tube is a 
considerable improvement over the ery- 
Stal detector in point of sensitivity. 
However, by means of regeneration, 
the sensilivity may be Increased many 
times. Fig. 2'shows a simple regenera 
tive cireutt,. Here the unrectifed cur: 
ents passed through to the plate of 
the vacuum tube are fed” back by 
means of the coil L2 and by being ime 
pressed again on the grid, further am- 
Plifcation ean be attained. (Fer com. 


Fig. 2. 


plete explanation see Regenerative, 
Theory of Operation of Vacuum Tube, 
Detector, Puleating Direct Current, 
also Crystal Detector.) 

DETUNING—The opposite of tunin 
(av.) ‘The process of varying the ef- 
fective inductance or capacity ot both, 
to throw. the radio receiver “out. of 
resonance with the particular sig- 
nals to which it is tuned. This may be 
dane to crease the volume of the ig- 
nals or it-may be employed to elimi= 
nite OF reduce interference from some 
Undesired” signals. For example, "a 
Mation operating with a wavelength of 
400 meters might interiere with Fecep- 
tion ‘of a station operating on 60 
meters, providing, it has sufficient 
power gr the receiver is not particu. 
erly iclestive. “It the Fadio Feceiver 
is detuned slightly below 360 meters, 
the desired ‘signals. will still. come iny 
though at lesser volume, but the inter” 
fering. signals will be’ lost, entirely. 


Tuning i8 the act of producing reson: 
ance and. detuning is the act of de- 
‘in the ease of 


‘stroying resonance. 
heterodyne ret 
dyne circuit is 
the incoming oscillations, thus produe- 
ing a difference in. frequency or beat 
frequency (qN.). (See Resonance, 

jead-space.) 

DIAGRAM—A system of lines drawn to 
represent the circuit or connections for 
radio receivers oF transmitters oF ass0- 
ciated apparatus, ete, Diagrams may 
be in any of several forms, the two 


common” methods. being "known as 
Schematic "and. perspective, “in” the 
AcRIAL 
caysta, 
SER 
mS 
ARNG vane 
BiB ANDERE 
Roun 


Fin). of & mple eryatal 


schematic form, symbols are generally 
sed ta represent the various pieces of 
‘apparatus, whereas in the perspective 
form, drawings of the apparatus are 
used, Fig, 1 ilastrates atypical 
schematic diagram of a simple crystal 
receiver. Here the tuning’ coils, de 


tector, phones and so on, are shown in 
the form of symbols. Fig. 2 shows the 
aime circuit in perspective form, with 
the tuning coil and other parts’ actu. 
ally pictured. Diagrams may be used 


AERIAL 


2008 ne. 
cBNBENSEA 


‘ 


coubcEa 
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to show connections for any electrical 
oF radio circuits or for individual parts 
of instruments. (See Hookup.) 


DIAL—Deviees used to control the move- 
ment of condencers of” ober movin 
rts of radio apparatus. Most dials 
Bre made of a composition ‘such 
Bellis 'or hand, rubber! some” are 
made of metal.” The periphery is gen= 
ferally spaced off in numbers from 0 
0-100 oF 180, for purposes of Keeping 
2 record of the positions at which the 
aroun stations re, received. Dials 
hay be arranged to have the readin 
refer to" definite Values by'reans ot 
calibration (q.v.). (See Dial Vernier. 
See Log.) 


DIAL, VERNIER—A term, incorrectly 
applied toa dial arranged with slow 


‘motion linkage in order to permit very 
fine adjustment. ‘The illustrations 
show two types of vernier dials. Ver= 


nier dials are generally used on vari- 
able condensers and occasionally on 
other instruments, where close adjust- 
ment is necessary. “They are particu- 


g 
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larly useful in the case of a Super- 
Heterodyne receiver, the oscillator eon- 
trol being eritical, and the wavelength 
control as well, in certain eases, (See 
Dial, also Critical.) 


DIAMAGNETIC MATERIAL—Sub- 
stances’ not readily susceptible to 
magnetism. If a. substance ‘doesnot 
pass magnetic lines of foree, but rather 
1s repelled. by.'a magnetie’poley it is 


said to be diamagnetic; its perme- 
ability, or ability to permit magnetism 
to pass through it, i8 considered nega- 


tive ‘or. less than’ unity (ait). 
iagnetie™ substances cre 
Tepelled. from the po 
Tf'placed in a magnet 


field they 


4a tendency to diminish the magnetic 


‘induction (qv.)- 
also Permeability.) 


DIAPHRAGM—A thin disk, generally of 
soft iron used in telephone receivers 
and microphones. (q.v.) to 
duce or detect electrical pulst 
means of vibrations caused by 
tromagnet. Variations in the current 
through the electromagnet cause cor- 
responding vibrations. in the 
phragm. “While the common type of 
diaphragm is made of soft iron, there 
are numerous other materials” used. 
Certain alloys have higher permea 
ity, and therefore are more responsive 
fo the attraction of the magnet." In 
one type of telephone receiver that is 
particularly sensitive, ‘there are two 
diaphragms—one that is actuated di- 
rectly by the electromagnet under the 
influence of a varying current and an- 
other of thin miea, coupled to it by a 
fine wire. Another type employs a 
small iron armature suspended on a 
Pivot, and attached to a. mica ‘dia- 
phragm by means of a delicate lever, 
at right angles to the armature. The 
vibrations of the armature in the mag- 
netic field of the magnets are commu 
nicated to the diaphragm by means of 
this lever. (See. Baldwin Receiver.) 
Another type is of metal with fine eor- 
rugations and still another is a mica 
‘or parchment disk with a piece of soft* 
iron in the center.” (See Microphone, 
Telephone Receivers.) 


DIAPHRAGM, CARBON—A phone dia- 
Phragm in the form of a thin carbon 
fise."" (See Diaphragm.) 


DIELECTRIC—This term is, rather 
broadly used in electrical work Yo int 
dicate a non-<onductor ar inauigtr. “A 

electric may be a solid, quid or gas 
and is generally employed to separate 
two conducting surfaces. “The most 
common instance of the application of 
4 dielectric isin the ease. of a con 
denser. Here the plates are separated 
by-a dielectric material, the nature of 
this material” depending. on ihe pat 
ticular type and purpose of condenser 
A variable ‘condenser for “receiving 
Purposes generally employs alr-ag the 


(See Paramagnetic, 


Dielectric Coefficient and Constant 


dielectric. That is, the two sets of 
plates are kept from actual contact 
while one ig being rotated, by ‘an air 
space, In fized condensers the dielec- 
trie is usually “waxed paper, mica, 
glass, oil or compressed alr, depending 
én the purpose for which the con- 
denser is to be used and the dielectric 
strength necessary. While we refer 
to a dielectric as a non-conductor or 
insulator, there is actually no dividing 
line between conductors and insulators, 
practically any dielectric permitting 
Passage of a certain amount of current 
lunder the proper conditions. If a sub- 
stance is a very good insulator it is 
Said to have good dielectric properties, 
while one that is a poor insulator and 
Permits lenkage of current 1s Go 
respondingly poor dielectric. (See In- 
sulator, Conductor, Resistance, also Di- 
electrie Coefficient and Constant.) 


DIELECTRIC ABSORPTION—The ten- 
deney of the dielectric in a condenser 
telapparently absorb a certain amount 
ot the power applied to it. When a 
Gondenser is charged by a direct cure 
ent source such as a battery, the in: 
stantancous charge is often followed 
iy a small charge or flow of current 
that steadily decreases ag it flows into 
the condenser viditional charge 

ai ‘by the dielectric 
of the condenser, ‘The reverse effect 
4s obtained. when the condenser is dis: 
charged, the instantaneous. discharge 
being followed by a steadily decreusing 

Additional discharge. It will be appate 

ent, then, that if the ‘condenser. is 

charged "from an alternating’ current 

Souree, such as by radi frequency curs 

renta, the dielectric will show a. ten. 

deney. to. withhold @ certain ‘part of 
he’ harges das the shane and 
ischarging goes on rapidiy due to the 

Biba preveane of he ceva ae 
ih Frequency Alternating Current), 

the dielectric will continue to bold back 

this portion of the power-as long as 
tthe charging and discharging. protess 

Per 


‘This joss, due to the absorption in 
the dielectric, must not. be. confu 
with the losses due to faulty dielectric 
materiais, wherein a. certain portion 
of the current is allowed to leak away 
hy conductance through or on the sur- 
face of the insulator. Dielectric ab- 
sorption ig often referred to as dietec- 
trie viscowity or hysteresis because of 
8 similarity "to Wcoity uid 

‘iscosity is the property possessed by 
liquids "to" resist deformation. "The 
usual method of measuring viseosities 
is by measuring the time taken by a 
‘envi olume of th Hud, st known 
femperature, in flowing through. an 
aperture of known form and. dimen: 
sions under a known pressure. ‘Thus 
tested, water will flow rapidly, while 
cylinder oil is. very’ siugeish, "and 
hence is said to possess great viscosity. 
(See Condenser, also Dielectric.) 


DIELECTRIC COEFFICIENT and CON. 
STANT—The specific. inductive eu 
acity of a dielectric. “Generally speak 
ing, its properties to act as a diciectric. 
Inthe Centimeter ram, Second oe: 
tem (awv.)" the inductive capacity and 
the digs contrant wrest tea 
equal, the constant being the dielectriy 
Value of the material as compared with 
air at ordinary pressure taken as the 
standard (1).. The table of constants 
for the more important dielectric ma: 
terials follows. 

It will be seen that glass, oils and 
mica have the highest values, for which 
reason they are widely ‘used, “(See 
Specific Inductive Capacity, Dielectric, 
aso €: G'S) 


Dielectric Constante 
‘TABLE, OF DIELECTRIC CONSTANTS 


Dielectric Constant 
Air_at ordinary Pressure 

(Taken as the Stand- 

ard) o... + 1.000 
Manila Paper: 1150 
Celluloid vee ..20c0000) 1885 
Parrafine (clear) ..!//, 168 to2.32 
Beeswax... 186 


Parrafine Wax 1.9996 to 2.92 
Parrafined Paper’. 
Hard Rubber (nonite) 
India Rubber (pure) 
Gutta Percha |" 
Shellac <-.s 
Olive Oi”! 
Glass (Low “Frequency 
value) i 
Ginna (igh "Freaency 
Mica (Pure Sheet} 
Porcelain = y 
Castor Oi 
Flint Glass, very 
Flint Glass, light 
Flint Glass, very dense 
Flint Glass, double ext 
dense 
DIELECTRIC CON 
of Constants under * 
cient and Constanta.” 
DIELECTRIC HYSTERESIS—When the 
electric field in a dielectric material is 
favied rapa, fe when the ondencer 
ischarged by high frequency eurrente, 
heat may be generated. ‘This is due to 
Gletectrie. hysteresis which is synony- 
‘mous with dielectric absorption (a.¥-) 
DIELECTRIC STRENGTH—When an 
electric field is established in 
trie that is to say,-a charge 
toa condenser, and the field attains a 
certain intensity, the dielectric ceases 
to be an insulator and 
efteet, ‘a conductor. This condition 
snerally is accompanied by a punctur- 
fhe of the dielectric. material. Wh 
the charge applied to a condenser is 
{oo high the spark will burn throug! 
the dielectric and the condenser is then 
said to have broken down. In some 
eases the condenser may be perma- 


421 
400 to 8.00 
438 
430 
657 
6.85 
740 


210-10 
‘ANTS—See Table 
electric Coeffi- 


‘Strength of the material, (See Dielee- 

trie, also Table of Diclecirie Strength) 

DIFFERENCE FREQUENCY—The fre- 
‘uency of oscillations produced | by 
Superporing ‘oseliations ‘of one. fre- 
jaeney on oscillations of @ diferent 
frequency. In Super-heterodyne. re- 
civers the action is based on the pro- 
Siction ‘ofa diterence or beat re. 
quency. “It the incoming osellations 
fom the antenna are. combined. with 
sellations, of a" different. frequency 
Produced Toeally in the receiver, a new 
feries of oscillations will be: produced, 
these oscillations having @ frequency’ 
fhumerically equal to the difference in 
Frequency between the other two sets 
‘of ensllations. (See Beat Frequency, 
Slso Supersfleterode.) 

DIODE—A thermionie vacuum tube hav- 
ing only. two electroden, namely la- 
ment and plate. ‘The original vacqum 
Tabes were known as Fleming Vatvet 
Sind contained a hot filament and. cold 
jiate but no grid as found im the three 
Flement vacuum tube now in general 
tse. Several types of diode are still in 
tse as detectors, their, che "valve 
Iving in the fact that they require ne 
careful adjustments as in. the case of 
ferysial detector.” (See. Triede, 

acum Tube, sito Fleming Valve) 
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DIPLEX RECEPTION OR TRANSMIS- 
SION—The simultaneous reception 
or transmission of two series of signals 
by or from a single operating station. 
The systems are so arranged that two 
messages may be sent or received at 
the same time without interfering with 
each other. | (See Duplex Signalling.) 

DIRECT CONDUCTIVE CIRCUIT —Any 

it 


tromagnetic coupling. A metallic, con- 
ducting 

DIRECT COUPLING—The coupling or 
relation between two or more coils or 
ireuits, wherein the connection is 
‘metallic, ‘In the illustration Fig. 1 is 


i terial 


shown a two slide tuning coil. 
this ease A-B is the primary or aeri 
cireuit and C-D the secondary or de- 
tector cireuit. The two eireuits are 
Joined together by metallic connection. 


Y 
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Fig. 2. Cireult im hich primary and second: 
ary are inductively coupled: 


‘The illustration Fig. 2 shows essen- 
tially the same cireuit, except that the 
primary and seeondary are two sep- 
arate coils. Here the two coils or clr- 
cuits are joined by inductive coupling. 

DIRECT COUPLED—Cireuit in, which 
primary and secondary cireuite ave 
metallically connected. Generally per- 
mits little selectivity. For this reason, 
inductive coupling is more generally 

“used to permit close tuning or selec- 
tivity (qv.). (See Coupling, Indue~ 
tive Coupling.) 

DIRECT CURRENT—See Current, 
Direct, 

DIRECT READING—A term applied to 
various measuring or recording instru- 
ments which are 0 arranged as to 
show values directly without requiring 
mathematical reduction. Voltmeters, 
Ammeters and such instruments, used 
Widely for ‘showing the voltage, cur 
ent, ete, of batteries or cells, “are 
Girect reading, showing the values di- 
rectly in volts or amperes. A decre- 
meter oF wavemeter very often shows 
a reading that requires application o 
4 formula to produce the desired quan- 
tity." (See Calibration.) 

DIRECTION FINDER—See Radio Com- 
pase. 


DIRECTIONAL—The effect at an aerial 
wherein waves are transmitted better, 
or entirely, in a certain direction, oF 
received from a certain direction,’ de- 
pending upon the type and direction of 
aerial. (See Transmitting Aerial, also 
Receiving Aerial.) 

DIRECTIONAL EFFECT OF AD 
TENNA—An effect of an_antenni 
(aerial) for reception or transmission 
wherein signals from a certain. direc- 
tion are more readily. received than 
from another direction, or in the case 
of transmission, the’ range being 
greater ina certain direction. 

DISCHARGE-Generally speaking, a 
comparatively sudden passage of elec- 
tricity, ‘The term however, as applied 
to a storage battery will mean merely 
the effect of releasing the electrical 
charge stored up in it, in this case the 
discharge not being necessarily rapid. 
‘Av condenser has the ability to hold 
charges of electrical energy and to re- 
Tease them suddenly when the proper 


ree from & sper esl 


contact, is made. The term “dis- 
charge” as applied to a tranemitter 
indicates ‘the passage, usually in the 
form of a spark or succession of 
rks, of the electrical energy across 
‘between electrodes. The illus 
tration shows spark discharge from 
spark coil. (See Spark Discharge, 
forage Battery, also. Discharger.) 
DISCHARGERSAny device, allowing, a 
path for an electrical discharge. The 
term may be considered roughly 
synonym for spark gap. Usually two 
oF more electrodes, either stationary oF 
rotary, spaced a short distance apart 
to permit the released electrical eneray 
to bridge the space and thus complete 
an oscillatory cirenit, (See Dise Dis- 
charger Rotary Gap.) 
DISC_DISCHARGER—A form of dis- 
charger employing one or two rotating 
discs carrying the sparking surfaces, 
With the advent of modern undamped 
transmission methods, ‘these dischazg- 
ers are gradually passing out. (See 
Simchronous Discharger.) 
DISPLACEMENT CURRENT—A. cur. 
rent’ which flows for a short interval 
in'an insulating material or dielectric 
when an electromotive force is im 
pressed across it, or when the intensity 
Of the electromotive. force impressed 
across it is increased or decreased. 
This displacement current will flow 
only when the impressed electromotive 
foree is altered in intensity. After the 
§nitial current due to the sudden 
change in the electromot 
the material 
sulating 
terial will remain in a state of strain 
as long as the charging force persists 
without further change in. intensity, 
and mo further displacement current 
Will flow. (See Current, also Dielec- 
trie.) 


e force being 
the 


Soldering time 


“The soldering process should be 
completed within 2 to maximum 5 
seconds with a corretly dimen- 
sioned soldering tip. When solder- 
ing electronic components with 
leadstee solders, experience 


Solder joint quality 


Wen the leads ofthe components 
‘mounted on the board ae crimped, 
‘a good solder oit has been formed 
when the contour ofthe soldered 
lead s stil visible, Tis wll not be the 
case if an excessive amount of sol 
der has been used to frm the joint. 


further quality attributes the 
wetting angle, This consideration is 
based onthe fact that good wetting 
of the pad, discernible trough 2 
small weting angle, has given rise 
to the formation ofa difusion zone 
(intermetallic zone), Wetting angles 
of up to 25° identity 2 good jin, 
wetting angles of upto 50° are stil 
tolerable in manual soldering 


Correct! 


shows that more time is require. 
But even here requiring more than 
5 seconds is nat permissible, and it 
indicates tha elther the tempera- 
lure setting Isto low or the solder- 
ing ron lacks the necessary power. 


‘Another qualiy indicator is what the 
solder surface actully looks tke. It 
‘should be smaoth and shiny, without 
‘any porous areas visible. Grainy 
‘surfaces indicate ether overheating 
‘ofthe solder or an excessive solder- 
ing time. Using lea-tee solders, 
‘especially siver loaded alloys, matt 
surfaces may form. 


“The only absolute quay indicator 
fora sound and strong soler joints 
the formation of the difusion zone. 
Inthe diffusion zon, intermetalic 
compounds of copper and tn are 
formed, whose presence i the fal 
roof of qualty (mixed crystals, see 
page 6). Unfortunately, the only way 


Wrong! 


to make this zone visible i through 
a destructive test (sectioning ofthe 
joint. the diffusion zone i too 
thick, the solder joints have no ten- 
sie strength and become brite. The 
bigher the soldering temperature and 
the longer the soldering duration, 

the thicker the diffusion zone wil be. 
Therefore the joint should be made 
althe lowest suitable temperature 
and within shortest soldering limes. 


[As soon a the last solder joint 
‘has been made, the soldering iron 
Js placed securely into the holder. 

‘AL ths time, the tip should not be 
cleaned, because the remaining sol- 
der onthe tip prevents exidization 


i 


DISPLACEMENT, PHASE—See Phase 
Displacement, also Phase Angle. 
DISRUPTIVE VOLTAGE—The voltage 
sufficient to disrupt or break down a 
sample of dielectric. material under 
jven conditions, Known also 
reakdown potential. For example, 
‘a condenser will stand. an impressed 
potential or voltage of 600 volts with- 
Sut injury, but will be punctured by a 
potential of 1000 volts: minimum, the 
Uisruptive voltage is said to be 1000. 
(See Break Down Potential.) 


poritive and negative ions, these ions 
Carrying thelr respective ‘charges in 
fe directions. (See Electrolytic 


DISSONANCE—“Discord;  disagree- 
ment”—Webster. The antonym of 
‘resonance. A term broadly applied ii 


Impoved "on another alternating eur- 
rent of diferent frequency, the resul 
Ing inek of resonanger-dsssonence— 
mown as @ beat, (See Distortion.) 

DISTORTION—Lack of purity. or faith- 
falness in the reproduction of a vibra- 
tion or series of vibrations, The most 
common application “of the term. in 
Srondeast reception is in the case of re- 
Broduetion by'a foudspeaker. It wil 
Yery often be. found that music or 
pecch in not perfect reproduced, due 
Weiany of variety of causes, Vacuum 
{aves may themselves cause distortion; 
{oo high Potential applied to the plate 
‘of a tube may_rerultin_ distortions 
Srany transformers used in audio fre- 
‘duenty amplifier eireuits, may. distort 
Hotes of certain frequencies, or it may 
be due to self-oseliation of regenera 
tion in the receiving set. This effect is 
flso caused by ineficient transmitting 
broadcasting) apparatus, or by lack 
of careful adjustment. The transfor- 
Imation of speech or music. into elec- 
Erieal” impulses and "ita subsequent 
Htansmission and. reception are al- 
tended by ‘many. dificulties. 

‘The contra of wave form in broad 
casting is known ax modulation. (a¥.)- 
WF "the. transformation of speech or 
Trusie into electrical impulses and its 
Propagation into apace it accomplished 

at materially» changing or da 
forting the wave form from the orig- 
inal "foize, or music ‘vibrations, the 

Problem “of “aceurate reproduction. is 

Entively dependent on the. receiving 

Distortion may gften Be 
Of the oud 
speaker, certain types being more ef- 
slent'in'this respect than others. (See 
Goud-apeckers).- If the ordinary type 
of dice diaphragm is. used, It may be- 
ome bent and thus cause’ inequalities 
fn'the vibrations, Producing distortion 
Bf ‘the music’ of" speech being repro- 
Guceds (See Wave Porm, Modulation, 
Sis Amplifier.) 

DISTRESS SIGNAL—At the Interna- 
tional Radio Telegraph convention held 
at Berlin, Germany, in duly, 1908, the 
all letters CQ_Dy established by the 
Sfareoni, Co. in'February, 1904, ax the 
oficial distress all, were. superseded 
Sythe Jetiers S O'S'as the Marine dis- 
tress signal 

$0 8 is the Inte 
call for ships and- airships requiring 
Sisilanee Thelettera have ne parce 

iar significance, being chosen. Twainly 
Hor their distinctive sound.” In. the 


International Morse code, SO. S is 
composed of three dots, three dashes 
nd three dots, thus: é 
unusual combination which permits 
Chay” Fecoesiton among’ other | mes, 
Sages and alla.” When distress signals 
sre heard, the eaest government 
Eansmitting station. generally. sends 
out immediate notifeation to all broad: 
feasting stations in the vicinity to sus- 
pend operations untl the ship has been 

Tocated and assistance ‘rendered. 
DISTRIBUTED CAPACITY—The con- 
denser effect in a coll of wire. Any 
oll of wire postesses inherent capacity 
foe certain extent, depending. on 
Particular shape, size, ete.” In the case 
Bf a coll of wire wound on a cylindrical 
form as indicated in the illustration 


capacity 


Fig. 1, the passage of current through 
the coll sets up a local magnetic field, 
but algo an electrostatic field, the latter 
bejngr in the form of lines of force per- 
Pendicular to the conductor. Thus in 
Etfect, exch two adjacent turns of wire 
Sct ay a miniature condenser (Fig. 2) 


ELECTROSTATIC CHARGE” 


ACTS AS SMALL CONDENSER ACROSS COLLS 
Fig. 2 


‘There are numerous methods | and 
forms for winding coils in order to do 
away as much a8 Possible with this 
effect. (See Low-Loss Coils.) 

DISTRIBUTED INDUCTANCE — In, 
jong cable or any great length of wire 

- used for electrical purposes, additional 
inductance (wire) distributed through- 
out the entire length to compensate for 
the inherent capacity of the line. (See 
Distributed Capacity.) 

DOT—The short signal_in the Intern 
tional Morse Code. (See Code.) 

DOUBLE AMPLIFICATION CIRCUIT 

‘Also Known’ as dual amplification 

cirenit. ‘The arrangement whereby a 

Vacuum tube or several tubes may be 

made todo double duty, acting as both 

yadio frequency and audio frequency 
amplifiers. (See Reflez.) 

DOUBLE COTTON COVERED WIRE— 
"Abbreviation D, C. C.—Cotton covered 
copper wire widely used in radio work 
for coils and all forms of inductances. 
‘The insulating covering is composed of 
two distinet layers of cotton, wound on 

‘opposite directions to prevent loosen 

ing, Such wire is obtainable in a 
variety of sizes according to the stand- 
ard gauges. (See Mire Gauge.) 

DOUBLE FREQUENCY OSCILLA- 
TIONS—Sometimes referred to as a 
double humped wave. An irregular 


Double Modulation 


rave Temulting. from two frequencie 
Fencrally due'to top close coupling at 
Hee Sucllatton transformer. When the 
tobpilng beteecn the open, and closed 
secllatry eicueis 0 tight the open 
efseut wety ofcenosclintes at two tres 
Guencles; Fesulting in the radiation af 
Suvisregalet or ihpere ware." The 
Hantin' Fig. T'ahews ie. graphic 
jostratn Tak ieeguite wore Whe 
(e"penke of resotance explain the 
teins "double ‘hinmped waves Fig, 2 
tiem cuether cutve.ilustrating two 
Frequencies 

Th this ease however, the amplitude 
of the acest wave ts conaideratly ess 
Gfan‘ihat of the fral or main wave 

ding to te S. Government Tee 
intions, Wf the amplitude of the lester 
wets ol more than D4 of the ame 


SECOND WAVE MAIN WAVE. 


AMPLITUDE 


FREQUENCY 


Fig 1. 


plitude of the main wave, it is said te 
be pure. In other words, where thero 
are'twe frequencies, but the strength 
of one less than one tenth that of the 


MAIN WAVE 


AMPLITUDE 


other, it is considered negligible as it 
eannot be expected to cause any appre- 
Giable interference. (See Resonance, 
‘Amplitude, Decrement, ete.) 

DOUBLE GRID TUBE—A vacuum tub 
hhaving two distinet grid members. in 
addition to the usual lament and plate 
elements. Such a tube is used in cir- 
cuits where the customary “B” battery 
is not employed, the extra grid acting 
a5 8 booster for the electron flow, the 
SA” battery furnishing a small posi- 


tive potential “ig the. plate, (See 
Tuber)” ky aay 


DOUBLE MODULATION — Successive 
modulation of a radio frequency alter 
hating current at two lower frequer 
cles. The intermediate frequency is 
usually above audio frequency and the 
lowest frequency Is customatily wit 
audio limits or a combination of audi 


Frequencies. az in the ease of radio 
38 


Double Pole Switch 


telephony (broadcast). 

tion) 

DOUBLE POLE SWITCH—A. switch 
‘uted in electrical practice and in radio 
Installations having. two poles or con 
nections, thus permitting both sides of 
‘circuit to be opened or closed simul- 
taneously. 

DOUBLE RANGE METERS—Meters 
‘used for electrical measurements, ar 
Fanged to read to two scales. AS an 
Exam, the voltmeter shown han to 
Seale readings, one in fine degrees for 

a maximum of 7.5 volts, the other 

Coarser scale to a maximum ‘of 150 

Volts," Three. binding post connectors 

are. furnished, one being a. common 

Positive for both aeales. A ‘meter for 

Almost. any "measurement. might be 

made to have double range, although 

such instramente. are generally con 
fined to measurement of current. in 


(See Modula 


Photo By Courtery of 
Weston Fiscal Ierament Co, 
Double range meter, ane range to. Tie vllt 
higher range to 140 vols masinnem, 


amperes and pressure in volts—i, e, 
ammeters and voltmeters. (See Meter.) 


DOUBLE SLIDE TUNER—A tuning 
provided with two sliding contacts, 


generally used in crystal receivers 
TbgNBeon> 


‘SYMBOL, 
‘Tweslide tuner. 


The illustration shows a common type 
of two slide tuner. (See Coupling 
Crystal Receiver, also Tuning.) 

DOUBLE THROW SWITCH—A switch 
so arranged that a circuit or a certain 
instrument is connected in either of 
two different positions by throwing the 


Double throw single pole twitch, 


switeh lever. 
single pole double throw switch. 
Switch.) 


‘The illustration shows a 
(See 


ing set. Obviously the chief difference 
between such a lead for receiving pur- 
poses and for connecting a transmitter 


to the antenna is the matter of insula- 


56 


tion, The comparatively feeble im- 
pulses received or collected by the 
aerial when receiving require only 
ordinary care, whereas the high volt- 


fomite serial showing lead in and 
i instaling lighinine’rwiteh- 


ages used in transmitting require 

careful insulation and much heavier 

apparatus all around. (For more com- 

Bete detaie regarding insulation, ete, 

DRIFT, AVERAGE ELECTRON—The 
assumed rate of flow or drift of elec- 
trons under average or specific condi- 
tions. "(See Blectronic Flow. Also 
Current, Assumed Direction of Flow.) 

DRIVER—A term broadly used to de- 
note any system used to produce oscil- 
lations (vibrations) of a local nature. 
More specifically any means of produc. 
ing oscillatory currents as used to test 
or make measurements. in radio. cir 
cuits. A buzzer connected inductively 
to-a circuit to produce oscillations in 
that circuit for fhe purpose of making 
measurements of capacity, wavelength 
ets, Another means might be a Cir 
uit involving a vacium tube’and the 
ecessary apparatus to make it oscil- 
late at a given or variable frequency. 
The term may be used to signify the 
tube circuit used to produce local os- 
cillations in the case of a super-heter 
odyne (qwv.). Here the driver produces 
& geries of oscillations of a frequency 
different “from the incoming’ oscil 
Honsthe difference Between the two 

ing Known as the beat frequency. 
(See Heterodyne, Local Oscillations, 
Buzzer, Excitor.) 

DRIVER CIRCUIT—The ‘of the 
apparatus used to produce oscillations 
for purposes of test or measurement, 
of, im the case of a supersheterodyne, 
to'produce a beat effect. (See Driver.) 

DRUM ARMATURE—A form of arma- 
ture winding in the approximate shape 
of a drum. (See Armature.) 

DRY BATTERY—A battery or group of 
cells not employing a liquid electrolyte 
the cell being. filled with a mixture o 
carbon, manganese dioxide and. saw- 
dust or other absorbent) saturated 
‘with a solution of sal ammoniac, these 
forming a paste, as distinguished from 
Wet Battery. (See Battery, also Cell 
and B Battery.) 

DRY CELL—See Dry Battery. 

D.$.C.—The abbreviation for “Double 

fovered’” as applied to copper wire 
having two distinct layers. of 
wound generally in opposite directions. 

This wire is furnished 

sizes according tothe, vi 

gauges. (See Brown & Sharpe Gauge.) 


8. 
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DUAL AMPLIFICATION—The process 
of obtaining both radio frequency and 
audio frequency amplification from the 
same tube instead of using two sep- 
arate tubes. (See Double Amplifica- 
tion Cireuit, also Reflez.) 

DUBILIER, WILLIAM—President and 
technical ’ director; born, New York, 
July 25, 1888. “Educated New York 
‘Schools,’ Technical Inst. and Cooper 
Union; "Chief Engineer of Continental 
Wireless Tel. & Tel, Co.; 1910 Presi 
dent of Com. Wireless ‘Tel, Co.; at 
resent Technical Director of Dubilier 
Condenser and Radio Corp. of New 
York, The Dubilier Condenser Com- 
pany’ Ltd. of London, The Deutsche 
Dubilier Kondensator Gesellschaft. in 
Berlin, La Protection Electrique 
Capart-Dubilier in Paris, ‘ob 
tained over three hundred patents and 
applications of electrical devices, which 
have been purchased or licensed by 
many companies. Member American 
Institute Elect of 


‘Member of Royal So- 

ciety of Aris. 

DUCON—Trade name of a device which 
an be fitted to any electric light socket 
and made to serve in’ place of the 
Usual outdoor aerial. ‘This attachment 
Consists essentially of two condensers, 
So arranged as to prevent the passage 
of any direct current. or low frequency 
alternating current from the lighting 
main to the receiving set, But at the 
Same time to permit passage of the in- 
coming radio Signals, the electric light 
line "seting, therefore, as ‘an’ aerial 
(Bee Adapter, Aerial) 

DUDDELL SINGING ARC—Also called 
‘Musical are. An ave actuated by a 

puree of ‘direct current through, 8 re- 

Hatance and shunted by. condenser 

and inductance in series, ‘An oncilat- 


VARIABLE 
CONDENSER 


CARBON 


RESISTANCE 


ing current. is thus produced in the 
condenser circuit, the result being a 
Sinking note corresponding in pitch to 
the frequeney of the oscilla 
ondenserirult, "The schematic, 
Fangement js shown by the illustration. 
(See Are Generator.) 

DULL EMITTER—The English term 
for vacuum. tubes. having’ thoriated 
filaments and operating with low eur= 
Tent consumption. While the term is 
generally used to denote the tubes re- 
Guiring only one or two dry cells to 
operate, it may apply as well to stor. 


‘age battery tubes where the current 
requirements are low. (See Filament, 
Thoriated.) 


DUOLATERAL COILS — An alternate 
term for honey-comb coils; inductances 
wound in diamond-shaped layers to 
Feduce the distributed capacity effect. 
(See Honey-Comb Coils.) 
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parts are the field magnets, the arma- 


E—Common symbol for Electromotive 
force (av.). 


EAR CUSHION—Pads or cushions of 
soft rubber used in conjunction with 
head-phones to prevent unpleasant 
pressure against the ears and also, to 
exelude outside sounds when listening 


ture and the commutator. Now in the 
case of an alternator, each end of the 


) 


ENN 


loop or armature is connected by a 
brush bearing against a collector ring 
and the end of each loop is always con- 
nected to the same brush. This reeulte 
in an external current that changes ite 
direction with each reversal of direc- 
tion of the induced electromotive force. 
If the external current is to be direct 
it is necessary to have some means of 
collecting the current’ through one 
brush at the positive instant and the 
other at the negative instant. This is 
done by means of an armature, which 
is in effect a switching arrangement, 
so designed that it will reverse the 
Connections of the external circuit at 
the instant of each reversal of current 
the armature. The illustration 
shows a shunt wound dynamo. MM 
are the field magnets, FF the field 
windings, BB the brushes, A the arma- 
ture and’C the commutator. (See Al- 
ternator, Armature, Generator.) 
DYNAMOMETER—A delicate and ac- 
curate instrument for the measure- 
ment of currents and voltages or both, 
Such instruments depend upon the ac- 
tion of a cireuit earrying current upon 
another carrying the same current. 
Essentially it comprises two coils, one 
fixed and the other movable. | This aya- 
tem of measurement is used in a watt- 
‘meter, where it is necessary to mea: 
Ure The. instantaneous. current "and 
voltage, ie, power. (See Wattmeter, 
also Electro Dynamometer.) 
DYNAMOTOR—A direct current ma- 
chine which acts either as @ motor oF 
dynamo. It has an armature with two 
separate windings and two separate 
commutators, one at each end of the 
armature. Either winding may be 
's @ motor and the other as the 


sed 
erator winding” Such a. machine 
eed to convert high voltage direct 


current into low voltage direct current 
or viee versa, thus performing the 
same function with direct current as 8 


E 


FARTH—An alternate term for ground, 
‘where the earth or any metalfic con- 
nection thereto is used as a return 
transmission or reception of. electro-| 
magnetic waves. (See Ground.) 

BARTH CURRENTS—See Grownd Cw 


EARTH, DEAD—See Ground. 


Eddy Current Loss 


srforms for alter- 
© Converter.) 


power transformer 
nating current. ( 


DYNATRON—A form of vacuum tube 
generally used for producing oscilla- 
Tons as in radio telephony, wherein 
the, phenomena of “secondary electron 


” Tn this. form of 


traveling at high 


Showing how a standard 
dt 


are made to collide with a metallic sur- 

face. The collision of these electrons 

fon the surface of the interposed ele- 
ment has the effect, under proper con- 
ditions, of jarring ‘other electrons out 
of the ‘metal. The secondary emission 
thus obtained depends upon the speed 
of the original electrons which collide 
with the metal surface. Normally, 
secondary electrons will imme- 
diately re-enter the surface from which 
itted, but elec- 

of higher ‘potential i 

vieinity they will travel toward it in 

the same manner as the electrons are 

attracted to the plate of an ordinary 
three element tube. A standard tube 
can be connected as shown in the illus 
tration to act asa dynatron. Here the 
filament F emits electrons, some of 

which pass through the grid G 

collide with the plate P. This collision 

with the plate P may Jar loose from the 
surface additional ‘electrons, which 
normally would immediately ‘re-enter 

P. | However, as the grid G is hel 

a higher potential (higher positive 

voltage) than P, the electrons will be 

drawn toward it. A tube arranged 

this manner may be used for pract 

cally any of the purposes of the stand- 

ard tube, such as regenerative detector, 

detector ‘of continuous waves or as a 

generator of high frequency oscilla 

tions, but it has not been shown to 
ave’ any advantages in this respect, 

being used mainly as an oscillator 
(av.). (See Electron Emission, Vac- 
uum Tube, ete.) 

DYNE—The unit of force in the abso- 
lute or CGS system of units. “Tt is de- 
fined ag the force which, acting on 
mass of one gram for one second, will 
impart to the mass a velocity of one 
centimeter per second. (See CGS Sy 
tem, also Force.) 


EARTH DETECTOR—See Ground De- 
tector. 


EBONITE—See Insulating Materials. 
EBURIN—An insulating compound used 


for strain insulators (qv.). (See Ine 
sulating Materials.) 


EDDY CURRENT LOSS—The portion 
81 


Eddy Currents 


of the total loss in electrical apparatus 
due to Eddy Currents (a, 


EDDY CURRENTS—Currents induced 
in the mass of @ solid conductor due to 
the action of a varying magnetic field. 
The most ‘common example of eddy 
currents will be found inthe case of 
dynamo ot generator, Here the use- 
ful current generated in the armature 
is produced by the motion of the arma- 
ture inthe magnetic field. At the 
sume time currents are generated in 
the iron core due to its motion in the 
magnetic feld, As all currents. gen- 
grated in an electrical machine are Pro- 
uced at. the expense of '& certain 
‘amount of energy, and since the Eddy 
currents cannot be gathered or put to 
Useful account in this case, they repre- 
ent a loss. ‘This loss usually is ap- 
parent in the form of heat. If the core 
Be mmade’ up of solid metal it will be 
‘obvious. that. a. good closed path 
‘offered for. eddy currents produced. 
Now if the core 1s composed of « num= 
der of sheets or laminations, insulated 
by thin layers of paper or by an in- 
Sulating scale (see Transformer Steel) 
the path for the eddy currents is par- 
tially broken and the effect is reduced. 
Baldy currents are. produced in. the 
-core of a transformer due to the same 
‘action—the variation of the magnetic 
field in which the core is located. In 
order to reduce the effect, laminated 
‘Sores are employed as in the case of 
many generating machines. Eddy cur- 
ent loss is often given as the loss in 
watts per pound of core material at 
10,000 pauses (g.v.) and 60 cycles fo 
8 ‘sheet 0.0141 Inch or 0.0988. cent 
ineter thick, While eddy currents are 
‘usually productive of losses they. are 

ut to useful account in certain types 
St instruments, For example, the eddy 
‘turrents produced in the metal frame 
of moving oil meter maybe. em: 
Ployed'to damp of retard the free 
Srctiatios of the needle (See Damp- 
ng of  Inatrument ly currents 
are also ‘used in a form of speed in- 
dicator where the reaction of eddy cur- 
fents created in a moving disk are 
nade to deflect a pivoted, spring con- 
rolled, magnetic needle,” (See Core 
Loss, Hysteresis, also Foucault Cur- 
rents.) 


EDDY CURRENT COEFFICIENT—The 
coefficient or numerical multiplier, gen~ 
erally termed K, used in calculations 
of eddycurrent” loss Its numerical 
Value depends upon the specific resist- 
‘ance (q.v.) of the iron used in the core 
of the machine in question, the char- 
acter or wave shape of the induced 
voltage, the distribution of magnetic 
flux “(@sv,) in the core material, the 
Gegree ‘of insulation between sheets, 
where laminations are used, and upon 
the fluz distribution (q.v.) 'due to the 
shape of the magnetic circuit. Its 
Value will algo vary according to the 
tunits used in the computation. 


EDDY CURRENT LOSS, FORMULA 
FOR CALCULATING — A common 
formula for calculation of eddy current 
loss ia the following: Pe= © (xB)? 
Here the loss is expressed in watts as 
Pe Vis the volume of core metal in 
cubie centimeters, x the thickness of 
the sheets in centimeters, f the fre- 
ueney in cycles per second, B the fluz 
Genelty “(av.) in gauanee’ and «the 
eddy current coeficient. 


EDGE EFFECT—The effect on the ca- 
pacity of a condenser due to the curv. 
Ing of the lines of stress at the edge of 
the plates. This effect is not very 
pronounced where there is considerable 
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dielectric surface (insulating material) 
extending. beyond the edge of the 
plates. (See Distributed Capacity.) 

EDISON BATTERY—A number of Edi- 
‘son cells grouped together in one case 
to supply. various currents and volt- 
ages asin radio. | The_ illustration 
shows an Edison "B” battery, used to 
supply potential to the plates of 


Photo 


Courtesy of 


vacuum tubes. (See “A” Battery, “B” 

Battery, Plate, Filament, also Storage 
Battery’) 

EDISON CELL—A storage cell employ- 
ing electrodes of nickeled steel and a 
solution of potassium hydrate for the 
electrolyte as distinguished from the 

pe of storage cell using Iead 
plates and dilute sulphuric acid as the 
electrolyte. The chief point of su- 
periority of this type of cell is its com- 
parative ruggedness, due r-tially. to 
steel construction and also -. “reedom 


Photo b 
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alaon cell with part 


from the usual ills of cells employing 


acids and lead plates. The positive 
electrode in the Edison cell is made by 
tamping nickel hydrate and alternate 
layers of pure flake nickel into. per- 
forated steel tubes under pressure 
‘The negative electrode is made by 
pressing iron oxide into flat perforated 
steel pockets, A number of these 
pockets are forced into a stecl grid 
to form the complete negative plate. 
(Note: The negative electrode connee- 
tion on the outside of the coll is re- 


ferred to as the positive polo because 
{Coste in relation to he exe 
ternal circuit. Similarly the positive 
tlectrode connection ‘will be known a3 
the negative pole.) "The. potassium 
hydrate or hydroxide which Rakes’ the 
place. of the acid solution used in the 
Tend’ plate type of cell acts as a pre= 
servative of the steel elements. This 
naturally means greater life; in fact, 
TEs not Subject to. the chemical de: 
terloration of other cells, The illustra 
tion shows a cell with part of the sides 
Cutaway to. show. the interior ‘con 
Struction, (See Edison Battery.) 


EDISON, THOMAS ALYA—Born 1847. 
‘An inventor famous for his. experi- 
jents in applied electricity. He began 
fe with newspaper work which he 
soon abandoned for telegraphy, mak- 
ing many original inventions in duplex 
systems of operation. After a varied 
experience in that line he came to New 
York in 1871, where his talents were 
recognized and he had wpportunity. to 
profitably develop his ideas. The du- 
plex telegraph was made a success the 
following year, and two years later 
the quadruplex; and thereupon he be- 
gan manufacturing on a large scale 
for the Western Union Telegraph Co. 
In 1876 he gave up his factory, and 
established his experimental station at 
Menlo Park, N. J., where for several 
years he worked upon the problem of 
the incandescent electric light, exhibit- 
1G @ successful bamboo filament lamp 
in Paris in 1881. He invented the pho- 
nograph in 1878. He superintended 
the construction of the first incandes- 
cent lighting station in New York in 
1882. Moving his laboratory to Or- 
ange, N. J., he established there a 
large plant ‘for electrical experiment 
and invention and as a result of his 
labors there he has taken out 400 pat- 
ents, Among his inventions may be 
further named: a type of dynamo, a 
microphone, the chemical electrical 
meter, an electric pen, the mimeo- 


‘Thomas A. Edbon 


graph, the magnetic ore separator, 
dead beat galvanometer, the electric 
torpedo, a telephone transmitter, and 
a storage battery. His chief ‘fame 
rests with his development of the tele- 
graph, his invention of the incandes 
cent lamp and the phonograph. 


EDISON EFFECT—The blackening of 
the inner surface of an electric light 
bulb during use. Edison noticed that 
after the lamp had been burned for 
some time a coating of black formed 
fon the inner surface and increasedyin 
density, becoming finally almost opaque. 
Edison's experiments, followed by those 
of Professor Fleming (qwv.) resulted 
in the development. of the Fleming 
valve (av.)., it having been deter- 
mined that the black coating was due 
to the discharge of electrons from the 
hot filament, (See Vacuum Tube, 
Electron’ Emission, etc.) 

EFFICIENCY—A very flexible term in 
electrical practice. Generally speak- 
ing, the ratio of useful output of any 
piece of apparatus to total input. Efi- 
Gieney is customarily expressed in 
terms of percentage. Thus, broadly, 
a piece of apparatus may produce as 
useful output 80 per cent of the total 
input. "(See Power Factor.) 

EFFECTIVE ELECTROMOTIVE 
FORCE—The square root of the mean 
square of the full alternating eurrent 
wave. Usually abbreviated R. M.S. 
(root—mean—square). The effective 
yalue of the E. M. F, (electromotive 
force) is thus taken as the square root 
of the mean of the squares of the in- 
Mtantaneous values over a, complete 
period. (See Instantaneous Values.) 

EGG INSULATOR—A name applied, to 
‘a certain type of strain ingulator due 
to its egg-like form. The illustration 
shows such an insulator. ‘The two con- 


nections to the insulators are so ar- 
Fanged. that the wires will still be 
Tooped together in the event that the 
insulator breaks. (See Jnsulator, also 
Insulation of Aerial.) 

ELASTICITY—, 
which permits it to resist any change 
in shape or bulk and permits it after 
such a change to return to its original 
state. This property of materials by 
Virtue of which they are enabled to 
return to their original state after the 
force causing the distortion has been 
removed is & very. important one in 
all branches of engineering. | Its chief 
‘application in radio is in the matter 
of aerials and aerial guy wires. While 
the average. aerial installation does 
not represent any Serious problems in 
Stress, the large aerial systems of 
commerial stations must be carefully 
‘designed in this respect. For example, 
a. guy wire of one material may have 
more elasticity than, one of similar 
size in another material. The amount 
which the wire will stretch under @ 
Certain load may be determined by use 
of a table giving the elasticity of va- 
Fious metals. (See Electric Elasticity.) 

ELECTRIC ABSORPTION—An effect 
in condensers. ‘That quality of a con- 
denger by means of which it absorbs 
for “soaks up” a charge of electricity, 
and conversely, retains part of the 
charge when the condenser is momen 
tarily discharged. ‘This effect is more 


apparent in cases where a solid dieleo- 
ne “In fact, air con- 


trie material is used. 


in by Ault a Re 
fe a ae te 
SEL Ellin 
BUC DIGPLACESTENT™-A term 
ET PEA NT ee 
Eerarseane Sete a a 
sooo Biel, a cea 
seed Ti a a ae 
sa peter nar ie 
pep seen es ass 
ieee cel at 
wy acto oe tate 
L feet Aa hid take Peon 
Corel. Uti erent 


ELECTRIC ELASTICITY—In a diele 


stress. is equ alent to the electric 
Stress divided by. the electric strain. 
(See leet, hs Duplaement Cur 
rent 

ELECTRIC, FIELD—The area surround- 
the an elected body in which the 
tltetrcal influence of that body can be 


ELECTRIC INDUCTION—The transfer 
fof an electric state from a charged oF 
Slectrifed body" to. non-eleetrified 
Hody' without ‘cleetrical contact. (See 
Induction.) 

ELECTRICITY—The term giyen to an 
visible form of energy. Blectricity 

not tangible to the human, senses, 

But ity effects can readily be detected: 

‘The phenomenon’ of electricity is. rex 

garded ay due to the separation and 

Fndependent, movement of constituent 

parts. of atomecknown as electrons 

White electricity is really an intangible 

thing so far as the human perceptions 

we concrped i ig inno sient 
fot only: throgh its effects or_mani 

Festations of ‘energy, but has actually 

teen reduced fo quantities, The mass 

Gr electricity has been determined, 8s 

fins also the ‘rate of flow, ete. We 

have unite “which are used. for, the 

Basle of all calculations in electricity. 

"Fits, voltage is Tegarded ag the Pro- 

Pelling forces the auantity of electrie- 

Tyo given in coulombs, the current 

oF rate of Row of electrieity ig given 

fn amperes, ete.” Bach term for the 

Various, piises of electricity is based 

gna certain unit’ which teDresents 

Seine values under given conditions. 

The universally “accepted. theory. in 

Chemistry is that ail matter is made 

fp of molecules, which. in turn, are 

composed of one ox more atoms. These 
toms now are regarded as comprising 
minute solar systems made up of Post 
ve and, negative electrical particles. 

(For more complete explanation of the 

dtectron theory) see Electron. Theory 

See also Magnetiom, Current, Voltage.) 
:CTRO-CHEMICAL, CONDENSER— 

‘See Electrolytic Condenser. 

ELECTRO.CHEMICAL, 

Ane amount of substance I 
iy electrolytic action (electrolysis) by 


Electro-Dynamice 


the passage of one coulomb (q.v.) of 
electric. current. It represents. the 
weight in grams of each element of an 
electrolyte (a.v.), which is deposited by 
fone coulomb of electricity. It has been 
determined that one coulomb will ib- 
erate 00001035 grams of hydrogen, 
‘Sihich ig therefore used as the electro- 
chemical equivalent of hydrogen. Elec- 
ochemical equivalents are much used 


in applying the law of electrolysi 
Thig law states that the amount 
(weight) of anion liberated at an 


lectrode cach second during. electron 
foie is equal to the strength ‘of the 
Utrrent (amperes) ‘multiplied by the 
slectroschemical equivalent, The cor 
feoponding. equivalents. of other le= 
iments compared to hydrogen may” 
termined. by ‘multiplying the Agure 
<Goo0L095 by the atomic weight of the 
ather element in grams and. dividing 
the result by the valency (gy. of the 
tlement in question. (See Blectrolysia, 
Blectrolyte.) 
ELECTRO-CHEMICAL SERIES—A 
able of metals arranged in accordance 
With the potential they produce in a 
Particular electrolytic solution. 
EEECIRO-CHEMISTRY— The science 
‘dealing. with chemical changes due to 
lectrcity or effected by means of slee- 
trig (Bee, Blectrolyes, aso Cel, 
torage Batteries.) 
ELECTRODE —The conductor through 
‘which electric eurrent enters or leaves 
{an electrical device. That isto say 
he ‘pole ‘or terminal of the. current 
WG, conductors. separated by. & 
‘medium through which alectrie current 
an flow from:one to\the other. The 
host common ange of the term is in 
Tefersing tthe Poin and mepative 
Poles (av) of primary or storage 
Tele” Inthe case of a diy) cell, the two 
tlectrodes are the carbon rod ‘or block 


‘and 


Pon cag. “prado ifs used | 
jsignate. the flament and plate ele- 
nents of a racium tube. "The filament 
Is'termed the cathode, ot negative eleo- 
trode and the plate is the poeitive eleo- 


SYMBOL, 


Dey cell showing petitive and nerative elec- 


trode or anode, ‘The illustration shows 
an ordinary dry cell or primary cel 
with the two electrodes designated as 
Positive and negative. (See Anode, 
Cathode, Battery, Electrolysis, Positive 
Electrode and Negative Electrode.) 
ELECTRODYNAMIC—Term used to de- 
note electrie currents or the forces 
exerted by one current upon another. 
ELECTRO-DYNAMICS— A branch of 
the science of electricity dealing with 
electricity in motion; the study of the 
foree exerted by electric currents upon 
each other. This branch of electricity 
was’ first “accorded. serious attention 
when the French scientist, A. M. Am- 
ere (q.) announced the result of 
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his investigations in collaboration with 
D. FJ. Arago. Ampere stated in 
1820 that parallel conductors through 
which electric currents were flowing In 
the ‘same direction hada tendency to 
be’ attracted to each other and to be 
repelled when the currents were flow 
Ing in opposite directions. The subject 
In discussed under its various separate 
headings. (See Ampere, Electricity, 
Magnetiom.) 
ELECTRO-DYNAMOMETER—A device 
for measuring the current and voltage 
i that is, the actual power 
ina circuit,’ Ie is a form of wattmeter 
(@¥.) designed to indieate the power 
in aga” ia of particular impor- 
tance in measuring the power in alver~ 
nating current cigcults. In the case 
of direct current, the watts in the cir- 
cuit are the product of the volts multi- 
plied by the amperes, the result being 
the actual power, In'the case of alters 
nating current, however, the product 
Gf the volts and amperes is not neces- 
sarily, In fact, seldom, the true power 
or watts, “Here we have the proviem 
of true watts and apparent watts, or 
Volt-amperes. Tf voltmeter” and’ an 
ammeter are connected in'a circuit and 
Fead separately, the readings indicate 
the! makina oltage and the maxt 
mum current or amperage. ‘The prod- 
Uct of these two valtes ts the power in 
watts inva direct current cireuits If 
the current ia an alternating one, the 
true watts of actual power will be the 
Product of the instantaneous values 
(qwv.) of voltage and current. Under 
certain conditions in a cireuit carrying 
flteprating currents, "the current may 
lag behind or precede the voltage. "In 
other words, fhe maximum value of 


current is not reached at the same mo- 
ment as the maximum value of the 
Voltage, In this case the true watts 
can only be determined by obtaining 
the values of volts and amperes at the 
same instant, jc, instantaneous values 
‘The electro-dynamometer shown in th 
illustration gives the instantaneous 
values, or rather their product, and 
thus indicates the power or true watts 
Here the heavy lines represent the eu 
gent or moving coil and the light lines 
the stationary. or voltage coil. 
Dynamometer, also Wattmeter.) 

ELECTROLINES—A term advanced by 
Professor J. A. Fleming (qw.) to desig 
nate the lines of electric force radiating 
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from an electron, These lines are pie- 
tired "as. analogous to. Tong” straight 
wires extending’ in all directions from 
the center of a small sphere.” (See 
Electron, also Electromagnetic Waves.) 
ELECTROLYSIS—The decomposition of 
‘ comopund. substance, generally “a 
Tiquia, into its component parts by the 
action of an electric current passing 
Through it.” While electrolysia isan 
Undesired effect in certain phases of 
slectrical power work, causing compo- 
sition of grounded structures, {ts ap- 
Plieation to radio is mainly in ‘the case 
of cells for, producing an electromotive 
force or to furnish current for lighting 
tubes.” The constituent. elements. of 
chemical compound such as used in a 
wwet cell or any device using am electro 
Iyte for the production of electric cur- 
ent, are known aa ions (ae). Thete 
Ions; which are separated during elec- 
fre of two kinds ‘The elstro. 

Positive ions are known a cations: an 
The electro-negative ions are known as 
anions, ‘The electro-positive ions "ap- 
pear at the cathode or negative elec 
Trode during electrolysis and therefore 
ae of “pontve origin. “The elesto. 
hegative ions appear at the positive 
lectrode and are therefore of negative 
origin. This is easily understood when 
theions Ate consdered’ as toving from 
the positive electrode or to: the nega 
ive.” Thus the ions appearing at the 
negative electrode must have ‘come 
from the ‘positive electrode and are 
therefore considered electro-positive in 
nature, ihe iustration shows the 
jon of the ions in a typical primar 
Gell (ast). ‘The fons ‘are’ consider 


trol 


as carrying the current through the 
clecirlvteench fn crzying a ted 
charge of electricity of positive or 
negative nature. An ion is capable of 
carrying ‘only a certain fixed. charge 
of lectricity and. therefore any. in- 
erease in the current will necessarily 
fe accomplished by an increase in the 
number of ions. (Bee Pronary Cell, 
Electrolyte, Blectrolytic Detector, In: 
terrupter and Condenser.) 
ELECTROLYTE—The liquid decom- 
posed during electrolysis, as the exelt 
Ing’ ftuid'or solution. ina wet cell or 
elmary cel the figuid used im any 
Primary, secondary or electrolytic cell. 
(See Celt, also Storage Battery.) 
ELECTROLYTIC ACTION—The de- 
composition ‘of @ chemie 
(Clectrolyte) “into its cons 
ments—ions, by. the passage of an 
tlectric current through it. (See Elec- 
irolysis, Ions, also Cell.) 
ELECTROLYTIC BATTERY CHARGER 
A device for converting alternating 
current. such as supplied for house 
lighting purposes, to direet current for 
the purpose of charging storage bat- 


| Essentially one or more cells 

ing an electrolyte and two metal 

slectrodes, generally lead’‘and’ alumis 
‘num, 30 arranged that current can only 
ass! in one direction, thus making it 
Unidirectional and suitable for charg: 
ing batteries, Such chargers great: 
ranged to rectify either one-half of the 
alternating current eyele, "or “both 
halves of the wave. “(See Charger, 
Storage Battery, Electrolytic Rectifer, 
also Plectrolytit Cell). 

ELECTROLYTIC CELL —An_arrange- 
‘ment of two electrodes in an electrolyte 
Hhrough which electric current can be 
Passed to produce electrolysis. The 
Electrolyte {s decomposed or separated 
into ions by the action of the current, 
and at each of the electrodes one of 
the substances of whieh the electrolyte 
{s'composed accumulates. “Such. cell 

‘often used to measure electric cor- 
rent, aa, the amount of s, substance 
deposited on the electrode depen 
rectly on the amount of current passed 
through. the ‘electrolyte. (See Blec- 
tralyaie.) 

ELECTROLYTIC CON DENSER—A 
form of condenser making use of two 
electrodes placed in an electrolyte and 
ised for alternating current circuits of 
high voltage and low frequency, 
voltage and. high frequenty: on high 
Yoltage and high frequency, The ac. 
Hon f gach an arrangement a8 ac con- 

ser depends on the fact that pon 
the" pasange of certain form of ale 
fernating ‘currents through It, a. gu 
is formed around the electrodes, caus. 
ing polarization. (qv. “and: oppons 
ERE chert, This Poarnatlon dreatas 
avery good insulating medium anda 
condenser of 
fo'have very 


An'elee- 
trolytic condenser may be used to pre- 
vent any sudden surge of pressure due 
to. lightning. or other eauses,, The 
Polarization is instantaneous when any 
surge of voltage takes place and thus 


ch capacity. 


Forms “an automatic. ‘safety “device 
which operates instantly and returns 
to ite normal characteristicy aa w cone 
lenser_as soon as the surge has passed, 
(Bee Capacity, also Condenser} 

ELECTROLYTIC CONDUCTION — The 
‘action in an electrolyte. wherein the 
Fonathat have ‘bean separated, carry 
sitive and. negative electric char 
Imopposite directions to the electrodes 
(Set Electrolysis) 

ELECTROLYTIC DETECTOR A de- 
Vice which converts high frequency 
Currents into direct current pulsations 


FINE 
PLATINUM 
WIRE. 


ADJUSTMENT 
KNOB — 


4, nitric on pute 
SULPHURIC. ACID SOLUTION 


‘SVMBOL, 


Electrolyte det 
St eeysta detect 


lr originally uted in. place 
for" radia" rept 


capable of operating a telephone re- 
celver.. it {gan extremely” sensi 

detector of electromagnetic waves, (ra 
dio. signals). ‘The illustration shows 
simple form as originally” used in 
Place pf the customary erystel detect 
for. A'fine platinum wire dips into a 


cup of acid solution, generally cither 
nitric or dilute sulphuric. The fine 
wire is lowered until it just. touches 
the acid solution and must be very 
carefully adjusted as it has a tendency 
to curl up, its diameter being usually 

Dut one five thousandth of an inch or 

"The high frequeney currents can 

in only one direction through the 

tor which gives the rectifying 
‘action and makes the signals audible 
jin the head phones. ‘There are several 
theories regarding the action of an 
electrolytic detector, the most probable 
fone being that the contact of the wire 
on the urface of the acid. solution 
gives the effect of a very small elec- 
frolytic condenser. (q.v.) When the 
high frequency currents are passed 
through the detector there is a polari- 
zation action which causes high re- 
sistance to current in one direction but 
not in the other. (See Detector, also 
Polarization.) 

ELECTROLYTIC INTERRUPTER—A 
device using electrodes immersed in an 
electrolyte for the purpose of, inter. 
rupting or breaking up the flow of 
current. ‘It is used mainly for indue- 
tion coils for producing high voltages, 
The ‘common form comprises @ lead 
plate as a cathode or negative element 
and a platinum wire extending beyond 
a glass or porcelain tube in which it 
is tightly imbedded, both immersed in 

an electrolyte of dilute sulphuric acid. 

When current passes through, bubbles 

form on the platinum electrode caus- 

ing temporary stoppage of the current. 

The bubbles are automatically di 

pated and the current flows again, this 

occurring at rapid intervals 
‘many as 1000 interrup- 
(See Interrupter, 


ELECTROLYTIC RECTIFIER —A.de- 

ice for changing alternating current 
Into direct current by use of electrodes 
placed in an electrolytic solution. ‘The 
Action of such electrolytic cells or rect 

rs is to permit current to pass only 
in one direction, thus suppressing. one 
half of each cycle and produc in a 
Girect current. ‘The illustration shows 


PATH OF 
CURRENT. 


ALUMINUM 


through the battery, but when the eur- 
rent reverses and flows in the opposite 
direction through the electrolytic cell, 
oxygen is given of at the aluminum 
Slectrode and. forms. thin film of 
‘sluminum ‘oxide which acts as an ine 
Sulator and prevents the passage of 
the current In. that. direction. Thus 
wwith one cell one half of each alternat- 
ing current cycle Ia stopped ot cut off 
when the aluminum electrode is made 
positive and the result is an intermit- 
tent direet current suitable for charg- 
Ing batteries. Such rectifiers are also 
used for supplying current to the fla- 
ments of vacuum tubes, oF voltage to 
the plate members of the tubes, par 
Heularly for transmitting. (See’Blec- 
trolytie Rectifier Full Wave, also. Bal- 
lite Battery Charger.) 

ELECTROLYTIC RECTIFIER | FULL 
WAVE-This system is much used 
for charging storage batteries from an 
alternating current house lighting sup- 
ply. Four cells are used in this ine 


phate or 
cell has two electrodes, one 
aluminum and the other lead. 


i cad, The 
positive pole of the storage battery i 
connected to the lead electrodes of two 
cells and the negative pole is connected 
to the aluminum electrodes of two cells. 
By this means both halves of the al- 


ternating current cycle are rectified to 
direct, pulsating ‘current. This 
Known as full wove rectification (a 
(See Charger, Storage Battery, Bali 
Battery Charger, also Rectifier.) 

ELECTRO-MAGNET—A magnet using 
‘a curved oF straight piece of soft iron 
or other magnetic material so arranged 
‘as to become magnetized by the pas- 
sage of electrie current through a coil 
of wire surrounding it. The illustra- 
tion shows one of the 
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Customary method of electrolyte eee 


one of the customary arrangements for 
leetrolytic rectification, being an elec- 
frelyeie’ cell with, two electrodes, one 
being aluminam and the other a” lead 
electrode." One. or more’ lamps are 
placed in series or shunt in the cine 
{olpermit the proper current fow. “The 
Positive pole of '« storage. battery is 
Eonnected to the’ aluminum. plate. as 
Shown and the Jead electrode connects 
tothe ‘other side of the alternating 
Current line and back to the negative 
Side of the battery. At one” instant 
current flows tn the normal direction 


‘TO CURRENT SUPPLY 


(One of the common forme of clecromagnels, 
in a bell or buzzer to draw down the 
vibrator bar and break the circuit. 
(For explanation of action see Buzzer.) 
‘When the current is withdrawn from 
an electro-magnet, the magnetic force 
or attraction ceases. - Electro-magnets 
are used for a variety of purposes in 
radio, such as for test. buzzers, head 
phones, relays, ete, (See Magnet, also 
Magnetic Lines of Force.) 

ELECTROMAGNETIC CONTROL—The 
Gontrol of various switches and’ other 
apparatus by means of electromagnets, 
‘usually through an auxiliary contact at 
a distant point. - (See Remote Control, 
also Electromagnet.) 

ELECTROMAGNETIC FIELD—The 
Space understood to be filled with elec- 


Electromagnetic Microphone 
tromagnetic lines of force. (See Flux, 
also Lines of Force.) 
ELECTROMAGNETIC FLUX—The dis- 
‘ribution of the lines of force through 
an electromagnetic field. (See Pla, 
Also Lines of Force.) 
ELECTROMAGNETIC IMPULSE. —An 
impulse or electromagnetic disturbance 
conveyed to the ether from a conductor 
carrying high frequency currents. AN- 
other term for the electromagmetic 
Wwaves involved in radio. (See Blectro- 
‘magnetic Waves.) 
ELECTROMAGNETIC INDUCTION — 
‘The production of electric currents 
through a change in a magnetic feld 
(avo: Its production “is. due toa 
change in the number of lines of force 
‘which are linked with a conducting eir= 
Cult, he simplest example oft thin 
‘means of producing eurrent is shown in 
the illustration, "flere a conducton is 
Arranged to be moved 
vicinity of magnet, c 
‘nthe numberof lines of force that 
Tink the conductor ‘and. creating an 
duced current, ‘This current will per- 
sist only so long as the conductor Con 


IAONET 


CURRENT” 
INDUCED IN 


= THIS CIRCUIT 


tinues to be moved in the magnetic 
field. That is to say when there is no 
longer any change in the magnetic lines 
of force linking. the conductor, there 
‘will be no current induced. The dis- 
covery’ of ‘electromagnetic induction 
and formulation of its laws was pri 
marily due. to the stientist Faraday 
(ax.). Faraday’s law governing elec- 
tromagnetic induction follows: “The 
induced electromotive force around any 
cireult is the rate of the decreasa. of 
the total. flux ‘of. magnetic induction 
through the cireuit.” (See Induction, 
Fluz, and Linea of Force.) 

ELECTROMAGNETIC INSTRUMENTS 
“Electrical measuring instruments 
such as. voltmeters, ammeter, etc, 
whieh depend for their action on the 
exertion of electromotive forces upon 
fron armatures, (See Ammeter, Ther- 
‘mal; also Voltmeter.) 

ELECTROMAG 
<A type of microphone 
sound waves due to speech oF music 
cause vibrations of a suspended coil 
a'magnetic ‘field, inducing in. the. co 
minute waves of electromotive. force 
corresponding in form to the original 
sound waves. A form of microphone 
‘used in. radiophone (broadcasting) 
transmission when purity of sound 
fan important consideration. “Such a 
Tlerophone Tequires that the induced 
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currents be heavily amplified. (See 
Microphone, also Speech Amplifier.) 

ELECTROMAGNETIC RADIATION — 
‘The propagation or radiation of clec- 
tromagnetic waves through the ether. 
(See Electromagnetic Waves, also 
Ether.) 

ELECTROMAGNETIC ATTRACTION— 


nent that of to unl 
les of ordinary magnets. (See Mag: 
etic Attraction and Repulsion) 
ELECTROMAGNETIC REPULSION — 
‘The tendency of two like poles of elee- 
tromagnets to act against or repel each 
other. (See Magnetic Attraction and 
Repuision) 
ELECTROMAGNETIC SWITCH—A 
Erich Lor breaking electrical circuits 
‘the action of an electroma 
Bleetromagnet, also Remote Cont 
ELECTROMAGNETIC THEORY OF 
LIGHT—The theory and consequent 
SERRE root thal radio waves and 
ight waves are practically identical in 
nature. Light waves trayel-at.a tre- 
endows speed through the ether, ap 
Proximately- 188,000 miles per second, 
Which it also understood "tobe. the 
velocity’ of. electromagnetic. or. radio 
waves. (See Electromagnetic Waves.) 
ELECTROMAGNETIC UNITS—The 
fundamental” or absolute units _em= 
ployed in electricity 


electricity, and hence electricity itself, 
ean be. measured The 
firs y 
of electricity by the force it exerts upon 
another stationary quantity of elec- 
tricity. This is known as the electro 
itatic ayatem. ‘The second is by meas 
turing the force which a given quantity 
of electricity "“oxerta pon, a, magne tte 
pole when flowing through a. nearby 
Conductor. This is referred to as the 
flectromagnetic system. Fundamental 
or absolute unite are derived from the 
fondamental units of length, marr and 
tine. These ‘units are the’ ceutineter 
of lengthy the gramme’ of mess and the 
Zecond of time. The term centimeter- 
Eramme second, referning to this 34. 
fem, is abbreviated C.G,S: system, ‘The 
practical units of electricity are known 
As volts, amperes, ete, and are based 
on the absolute unite’ “(See Electro 
Static, Units, CGS. System, also Am- 
pere, Erg, Dyne and Coulomb.) 
ELECTROMAGNETIC WAVES—The 
term applied to the energy radiated 
from an antenna in radio transmission. 
So called because it is. understood to 
travel in the form of waves, One-half 
the energy of such a wave is electrical 


and the other half ‘electromagnetic, 
Electromagnetic waves travel with the 
speed of light waves or approximately 
Fi 


anh iferper second. "hese wave 
re of extremely high frequency that 
their direction changes! many thou: 
ind times each second. This will be 
better understood by means of thei 


LEAD-IN 


Mastration showing. the arrangement of the 
‘etre and Imagnetie Seid sroural s Todlating 
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tration showing the arrangement of the 
sleetric and. magnetic. felds around a 
radiating antenna. Here the lines tep- 
resent the electric field and the shaded 
ortion the magnetic feld.. The lower 
ops or eet" of these waves are as 
somed fo pase Over the surface of the 
earth which ia conductor. ‘Thus when 
slectromagnetie saves are being ra 


ated from an antenna, circular distri- 
butions of electric charges are in the 
earth's surface around. the antenna, 
these charges being alternately nega” 
tive and positive, the bands of charge 
spreading out or radi 


ves are subject 

to various influences which have a ten- 
dency to refract or reflect the waves 
‘much in the manner of light waves. 

AS these waves| move cut from the 
antenna they gradually increase in 
height, although the distance between 
the “feet,” i.e, from one wave to an- 
other, remains’ the same. This distance 
ig known ag the wave-length. . (See 
Reception of Electromagnetic Waves, 
also Wave-length, Radiation Tranemis- 
sion.) 

ELECTROMETER—An instrument used 
for measuring potential differences 
(voltages) and, under certain condi: 
tions, power in'watts. The operation 
of the instrument depends upon the 
attraction or repulsion of electrostatic 
charges and it may be used for either 
direct or alternating current measure- 
ments. (See Voltmeter, Electrostatic.) 

ELECTROMETRY—The practice or 
ence of electrical measurement, (See 
‘Meter, Voltmeter.) 

ELECTROMOTIVE FORCE—Symbot 
E or abbreviation E.M.P. The force 
or electrical pressure which starts and 
maintains @ current’ of electricity 
through a conductor. Electromotive 
force is commonly referred to in terms 

on 
oy 


Fig. 1-A. A. simple 


electromotive force 
analogous to the 
which produces pressure in pipes carry- 
ing water and forces the water to flow. 
Electromotiye force is produced by a 
difference of potential, and this in turn, 
sets up the flow of current. The illus- 
tration Fig. 14 shows a simple primary 
cell or electrolytic cell, and Fig. 18 is 
the analogous action of two tanks hold- 
ing water, connected by @ pipe and 30 
arranged ‘that the water level in. one 
tank is higher than in the other, thus 
having a difference of level and creat 
ing pressure which makes the water 
flow. ‘The water in tank A being at @ 
higher level than in the other, the pres- 
sure causes the water to seek its com- 
mon level and it flowed into tank B 
through the pipe. This flow continues 
as long as there is difference of level. 
In the case of the cell Fig. 1A there 


are two electrodes, one of which is at 
a higher potential than the other. ‘That 
is to say, one is ina state of higher 


Fle. 1-8. Water in 
br ancharaing ints tx 
rlogous fo tke Gow of electric current wher 
‘potential dimerence essa 


electrification than the other, eausing a 

difference of potentisl and’ producing: 

fan electromotive force. This foree fs in 
the direction from the point of greater 
potential to point of lesser potential as 

Ih the ease of the water, and causes @ 

flow of current in that direction. “Here 

the flow is from B to A in the electro. 

Iytic solution and from Ato B exter- 

nally through the conductor C. ‘Thus 

4s long as there exists a difference of 

Potential, current. will flow in an ate 

Tempt to equalize the potentials. “(TRis 

statement holds true only under ideal 

conditions. "See Polarization.) This 
flow of current in the illustration Fag. 
1A"is according to Okm's law (qwvbs 
4 ‘difference of potential of one 
voit ‘will eause one ‘ampere to. flow 
through the external circuit: when the 
resistance ‘of the circuit ig one ohm. 
(See Ampere, Ohm, Volt, Rewistance) 

ELECTRON— The smallest negative 
charge of elecirieity known. AREng- 
lish investigator, Dr. Johnstone Stoney, 
is credited with having named the elec 
fron although ie was go named by him 
in-anticipation of its being isolated an 
Measured. The setual prest, of the 
carler assumptions was due to Sir J. de 
Thomson. and others; ‘who actually 
measured, and in all effect weighed, the 
Iinute particles of negative electricity. 
(See Electron Theory.) 

ELECTRON FLOW—The theory of 
Tmoverent of free electrons siouk @ 
conductor through which an electric 
current fs flowing. (See Blectron, also 

mumed Direction of Flow.) 

ELECTRON EMISSION—The emission 
of digeharge of electrons or minute 

articles of negative electricity from & 
Reated body, particularly in a vacuum, 
‘The emigsion of electrons in a vacuum 
tube is the basis of operation ‘of all 
Vacuum tuber as used in radio, —(See 


Electron Theory, algo Vacuum Tube, 
Theory of Operation.) 

ELECTRON THEORY—The assumption 
that the atoms of all substances contain 


1 
These particles are known as electrons, 
and while the assumption is referred to 
asa theory, it has been rather definitely 
proven by numerous experiments, and 
lectrons have actually been measured, 
Under the electron theory it is assumed 
that the charge carried by a single 
electron is the smallest possible charge 
hich can exist in mature and that to 
charge of electricity exists or can 

produced which is not an integral mul- 


tiple of this charge. 
merely a mathemat 

that any charge of electri 
lent to the combined charges of a cer- 
tain number of electrons.) Probably 
the most accurate conclusion regarding 
the charge carried by an electron is, 
due to experiments carried on by. Prof, 
‘A. E. Millikan of the University of 
California, His’ measurements state 
this charge of a single electron as being 
4.77 X 10" electrostatic unit, which is 
1.59 10" of a coulomb (q.v.).. While 
the mass or weight of an electron is 
said to vary with its velocity, assuming 


lotration showing the electron 
rat ste 


fa velocity of less than one-tenth that 
of light, the mass will be 8.9 x 10-*5 
grams. ' This is approximately, one 
Seventeen hundredth of the weight or 
mass of an atom of hydrogen. For 
purposes of calculation the electron is 
‘Aasumed to be in the shape of a sphere. 
‘The radius has, been esti 
proximately 10" centimeter. 
fs considered that a centimeter is some- 
what less than half an inch it is readily 
seen that an electron is an infinitesimal 
fale ete 

‘The figures as to velocity of electrons 
vary somewhat with different authori- 
ties, but it is probably about. 100 kilo- 
meters (approximately 62/4 miles) per 
second at a temperature of zero degrees 
centigrade, the speed increasing as the 
temperature rises. Electrons may be 
understood as comprising minute solar 
systema of their own. In the illustra- 
tlon the electron or negative particle is 
shown revolying around the proton 
(qwv.) or positive nucleus in the man- 
ner ofa planet revolving around the 


Sun. vthie represents, natal atom 
of hydrogen, the simplest of all atoms, 
‘which, aa shown, is composed of a single 


positive nucleus anda single. electron 
Fevolving around i Tn the ease of an 
tom of helium there is a doubly 
charged positive nucleus, of proton, 
fand two negative electrons. revolving 
around it. “Other afoms have as many 
a5 92 electrons, 

‘All vacuum tubes used in radio oper- 
ate-on the basis. of the emission of 
slectrons from a heated flament within 
the tube, These electrons are being 
mitted from the hot flament av al 

imes during operation of the tube. 
‘When fhe incoming signals are such as 
fo charge the grid negatively they are 
repelled and held back to the flament, 
thus offering: no. path for the. signals 

als have re 
polarits, as they do thou- 
fs each’ second, the grid 
Wvely charged and the elec- 
trons wlll be aided in their travel to the 
piste, thus forming’ conductive path 
for the currents. “This; of course, Te- 


ra 
When the incoming si 
versed th 


sults in the elimination of one-half of 
each cycle of the Incoming currents oF 
oscillations. That is to say, they are 
rectified to, direct pulsating’ currents, 
(See Amplifer, Vacuum Tube, Theory 
of Operation and Space Charge.) 
ELECTRON RELAY—A term occasion- 
ally applied to’a, three clement tube 
(vacuum tube), "This alternate term 
is obviously derived from the fact that 
the vacuum tube makes use of the path 
of electrons and in effect acts as 
relay. (See Blectron.) 
ELECTRON TUBE—Any tube using a 
high vacuum and depending for opera- 
ion on the emission of elestrons from 
a heated cathode. "(See Electron, also 
Vacuum Tube.) 
ELECTRONEGATIVE—Having the 
Property of being attracted to the 
elie pole ofan electrolyte eel 
ie electronegative component. (See 
Anion, also Cathion.)— 
ELECTROPOSITIVE—Having the py 
erty of being attracted to the negative 
pole of an electroiytie cell during elee- 
frolysis. The electropositive component. 
(See Anion, also Cathion.) 
ELECTROSCOPE—A device for detect. 
‘ing. minute differences of potential 
Goltages).” Such'a machine will not 
measure the voltage but merely in 
‘ate its presence. ‘The simplest form 
of ‘lectroseope is shown in the illus: 
tration.” Here a ball B, composed of 
the pith of some wood, preferably elder 
due’ to its extreme lightness, te sus- 
pended bya thin silk thread’ from an 
Insulated'stand.” The object under in- 


‘Simplest form of electroscope. 
vestigation is moved near the pith ball, 
which will be repelled or attracted by: 
the object if the object is in a state 
of electeication: ut will seman mo 
tionless if no, difference, of potenti 
exists. (See Voltmeter, Potential, Dif- 
ference of.) 

ELECTROSE—An insulating composi- 
tion much used in electrical power work 
and for radio purposes. It has very 
high compressive strength, is hard and 
tough without being brittle, and is 
moisture, water and oil proof. Elec- 
trose is used extensively for antenna 
insulation. (See Insulator). 


ELECTROSTATIC—The term used to 
designate EMF's (electromotive forces) 
and the re- 


charges, et 
is. That 


fn onder to distinguish Ge from’ the 
forces due to electrondynamics (a) 
cA 


and storing one coulomb of electri 


Blectrottatte Induction. 


under a potential of one volt it is ssid 
to have an electrostatic capacity of one. 
farad, which is the unit of electrostatic 
capacity. The electrostatic capacity of 
1 condenser depends on several factors, 
mainly the size of the plates and the 
nature and thickness of the dielectric 
material (insulating sheets). (See. 
Capacity, also Condenser.) 
ELECTROSTATIC CHARGE—The pres- 
‘ence of electricity in the form of elec 
trostatic lines of force in a body such 
asa charged conductor. (See Charge.) 
ELECTROSTATIC COUPLING—The ai 
sociation or coupling of circuits one to. 
another by means of electrostatic ac- 


(See Coupling.) 

ELECTROSTATIC FIELD—A region 
‘wherein forces are present and exerted 
due to the presence of electric char 


Itis the area immediately surrounding 
a charged body. (See Field, Electro- 
‘magnetic, also Field, Electrostatic). 

ELECTROSTATIC FLUX —Lines of 
force making up an electrostatic field. 
(See Field, Flay also Fluz, Blectro- 
static). 

ELECTROSTATIC FLUX DENSITY 
‘The density or number of electrostatic 
lines of force ina unit area of an 
electrostatic field. (See Electrostatic 
Field, also Flux Density.) 

ELECTROSTATIC FORCE—The force 
due to interaction of electric charges. 
(See Electrostatic Field, also Blectro- 
static Flux Density.) 

ELECTROSTATIC | INDUCTION — The 
production of a charge in a body due 
fo the presence of an opposite charge 
i wrby conductor, oF synonymous. 

with dep 


tie influence or. in- 
duetion is the basis on which condensers 
operate. In the illustration Fig. 1 is & 
simple circuit containing a source of 
potential, which in this case is a bat- 
tery, AS the circuit is closed through 
the key a momentary flow of current. 
takes place. This flow ‘of current is 
accompanied by a condition of electric 
strain in the insulating material of the 
condenser. The electrically. strained 
dielectric or insulating material exerts. 
a back pressure against the pressure 
or force of the battery, and when this 
back pressure is equal’ to the original 
battery pressure the flow ceases. The 
strain. in. this dielectric is known as 

electric displacement and this displace- 
‘ment can be transmitted or passed on to 
neighboring parts of the medium and 
thenee into space. "Under the ‘proper 
conditions ‘this displacement ‘and. the 
magnetic. field which accompanies i 

may be detached from the circuit and 
move independently in space. This 


the fundamental process in the radia 
Key 
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Electrostatic Leakage 


for A has a positive charge and is 
Brought close to conductor Be although 
got in actoal contact with ity the result 
a dsplacement of electric char 

‘which results im the nes ide of eon 
ductor B becoming negative, while tre 
ptosis side assumes the sue ign 
(positive) as, conductor A. "Actually 
Bihas received wo charge, bat has heey 
placed im a state of strain due to cle 
Erostatic induction between it and the 
fonductor "A. Due’ to the negative 
Sherge induced on'B, the positive po- 
tential, difference of "Ahag een e- 
treased ‘and in order to maintain the 
onstant’ potential 4t must be given a 
further stppiy of electricity. tn this 
manner jt fg actully poste to’ store 
the’ electricity. by” eleetrostatic induce 
ton between two conductors oF plates 


Ele: 3, uration of daplacement of lee 
ia Soetorn, 7 °F ERS com 


by reason of the strain in the insulat- 
ing medium—air in the case of the two 
conductors—which in turn passes the 
Gisplacement‘on to conductor Bu (See 

iuctor, Capacity, Electrostatic, also 
Induction.) 

ELECTROSTATIC LEAK AGE—The 
gradual loss through leakage, of the 
electrostatic charge in a body, due. to 
the fact that perfect insulation is im- 
possible to obtain. (See Electrostatic 
Induction) 

ELECTROSTATIC LINES OF FORCE 
<The lines of force traversing an 
Glectrostatic field. ‘That is to say the 
electrostatic flux (q.v.). 

ELECTROSTATIC STRAIN—The strain 
oF state of stress in which a body is 

laced when in an electrostatic. field, 
in-a condenser, the strain experienced 
by the dielectric (a¥v.) when the con- 
denser is in a state of charge. (See 
Condenser,” also Capacity,  Blectro- 
static). 

ELECTROSTATIC SYSTEM—The elec- 
trostatic aystem of C.G.S. unite. One 
of the absolute unit ‘systems in elec- 
trical practice. (See C.G.8., also Elec 
trostattc Unite and Electromagnetic 
Units.) 

ELECTROSTATIC UNITS—A system of 
‘measurement used in electrical engi- 
neering. based ‘on the unit of electric 
quantity under the C.G.8. system (4). 
‘This unit guantty of electricity $8 the 
quantity of electricity which, placed on 
S amail ‘sphere’ will ‘epel’ an equal 
Guantity of electricity of the same 
Sign (both negative or both’ positive) 
‘ona similar sphere ‘with a force of 
one dyne. (qv.) when the enters of 
the respective spheres are one centi- 
meter apart. With this definition itis 
fasoumed that the. spheres are in 
vacuum, otherwise the distance between 
centers’ would vary according to. the 
dielectric’ or insulating medium. (See 
CGS, Electromagnetic Unite, also 
Conversion Factors.) 

ELECTROSTATIC YOLTMETER — A 
eter for measuring voltage, depend- 
Ing for its action on the electrostatic 
Action between a fixed and a moving 
Dlate connected respectively to the two 
poles or terminals between which the 
Source of potential io connected. (See 
Electrostatic Force, also Voltmeter.) 

ELECTROSTATIC WATTMETER — A 
type of wattmeter depending on, the 
electrostatic action between two sets of 

6 


fixed and moving plates, (See Elec- 
trostatic Force, also Watimeter.) 

ELECTRO-THERMAL METER — The 
term sometimes applied to a hot-wire 
ammeter (q.v.) or voltmeter operating 
fon the principle that the heat gener- 
ated by the passage of an electric cur- 
rent through a constant resistance will 
be equal to the square of the current. 
(See Thermal Ammeter.) 

ELEMENT—A term primarily applied 
in chemistry to the substances which 
are not subject to decomposition by 
electric analysis (see Electrolysis). 
‘These elements are hydrogen, helium, 
ete. The term is also used quite gen: 
erally to denote components such as the 
electrodes in a primary cell or the 
plate, grid and filament members of @ 
vacuum tube, (See Cell, also Vacuum 
Tube.) 

EMANATE—“To flow forth or proceed, 
‘as from @ souree.”"—Webster. ‘Thus, 

ating, issuing from, as the ema: 


tion of electrons from a hot filament 
in a vacuum tube. 
of electrons. 


‘The throwing of 
(See Electron Emission.) 


"The 

EMF. is the volt. 
Force, also Volt.) 

EMISSION—The act_ of sending forth. 
Used chiefly to designate the emission 
of electrons from the filament of @ 
Vacuum tube as used in radio. ‘The 
How of these electrons between, lament 
and plate is. controlled by. the grid. 
(See Electron Emission, also. Vacium 
Tube, Theory of Operation) 

EMISSION CURRENT—In a vacuum 
tube for transmitting it is the product 
of eta current multiplied the 
plate voltage and is generally given in 
Wwatts. Generally speaking, the power 
for which the tube is designed. 
Tranamittng Tube, Power Ratin, 
Vacuum Tubes.) 

EMISSIVITY OF FILAMENT — The 
Ability of a filament to ei 
‘when heated by an, electric current 
(See Electron, also Vacuum Tube.) 

EMPIRE CLOTI OR PAPER—A close- 
ly woven cambrie coated with two oF 
more films of an oxidized oll, or a tough 
Barer treated with some. oxidized ol 

impire products serve as insulating 

materials for transformers, condensers 


(See Electromotive 


fixed condensers it is used as a dic 
electric material. The cloth ha: 
higher breakdown strength; that is, it, 
will stand higher voltages than paper. 
(See Breakdown Potential, also Dielec- 
trie.) 

ENAMELED WIRE — Wire, generally 
copper, covered with a coating of 
enamel as an insulating covering and 
to protect, it from moisture and cor- 

1. (See Magnet Wire.) 

ENDODYNE—A term occasionally used 
to describe reception of radio signals 
by means of locally generated oscilla- 
tions such as in the ease of the hete 
dyne (q¥.), but wherein these oscil 
tions are created by a circuit or system 
that is part of the receiving circuit 
and not & separate arrangement. (See 
Self Heterodyne,) 

ENERGY—The capacity for doing work 
In ap clerical sense.” Energy is 
something furnished to a, body. by 
means of work done on it, Thus, if a 
ball is thrown, the operation of thr: 
ing ig the work, and the ball itself in 
traveling performs work, the means of 
doing this work being the energy. 


There are two kinds of energy, poten- 

tial, as in the case of electricity, and 

kinetic, the energy of 1 body due to 
motion. Kinetic energy belongs prop- 

erly in the realms of mechanics and 80 

will be passed over here with only this 

brief mention. 
‘When we speak of a difference of 

potential in a primary cell, it means 
in effect that the body or cell has po- 
tential energy. That is to say, the 
energy is present although not active, 
If, now, a wire is connected across the 
two terminals of the eell, the difference 
of potential will cause electric current 
to flow from one pole to the other. 
Actually, in a cell of this type, we have 
chemical’ energy stored up. When a 
circuit is completed, the stored chemi: 
eal energy is converted into electrical 
energy or creates the difference of 
potential, which in turn causes current 
to flow ‘and electrical work is thus 
done. "(See Potential, also Voltage and 
Generator.) 

EPSTEIN HYSTERESIS TESTER—A 
device for measuring hysteresis and 
Eddy current lose in a sample of sheet 
iron by using an alternating current 
wattmeter. ‘The device is used for de- 
termining the properties of samples of 
iron, particularly those to be used for 
transformers, (See Eddy Currents, 
also’ Transformer, Hysteresis and 
Wattmeter.) 

EQUIVALENT RESISTANCE — The 
value which a resistance would be re- 
quired to have in order to permit the 
Same quantity of current to flow with 
the same applied electromotive force 
(voltage) as in the case of a piece of 
apparatus wherein there are other fac- 
tors besides pure resistance to. deter- 


mine the amount of current. (See /m- 
pedance, also Reactance.) 
ERG—The fundamental unit of mechan- 


ieal work under the C.G.S. "system 
(qv.). This is defined as the work 
done by a force of one dyne (a.v.) when 
the body producing the force and the 
body ‘on which the force acts are one 
centimeter apart. (See Joule, also 
Practical Units.) 

E.S.U.— Abbreviation sometimes used 
for’ electrostatic unite (av.). (See 
Electromagnetic Units.) 

ETHER—or AETHER The term used 

snote the supposed or hypothetical 
medium by means of which electrora 
etic and light waves are propagated. 
(See Ether Waves.) 

ETHER WAVES—Term sometimes ap- 
plied to electromagnetic or radio waves 
gn account of the assumption thet they 
travel through the supposed medium 
ether. The assumption of an all- 
pervading medium such, as ether has 
yeen the basis of the major part of the 
extensive ‘research work Carried on 
with light ‘and electromagnetic waves 
for many years. Various experiments 
have shown beyond reasonable doubt 
that there is some such medium, cap 
ble of conducting or rather permitting 
passage of light waves and radio waves. 

‘accurate has this work been that, 
has been proven beyond question that 
light waves travel through the ether 

withthe tremendous velocity of 186,008 

miles per second (approximately). It 

has also been determined that radi 
waves travel at this same _speec 
through the ether. It has further been 
proven that radio waves all travel 
the same identical velocity, regardless 
of their length, form and other factors, 

(See Electromagnetic Waves, also The 

gry of Propagation of Blectromagnetic 


EXCITER—A mall direct current dy- 
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‘Soldering tia 


Desotorng win aso esaldenng wih a tamer 


curred soldering 


Correct desoldering made easy 


(The right tool for each application 


Desoldering 


Reheating isnot recommended for shouldbe the same size as the temperature-controlled desoldering 
repairing @ faulty soderjoint. tis diameter ofthe trougiv-ole or even irons also see pages 24/25), Please 
bette to remove the solder and lo sight larger (by max. 0.3mm, see note that basicaly thas tobe dis 
resolder the oil. When using ade- above drawing). The best desoldering tinguished between the desoldring 
soldering pump, the solder joint has results wih least damage to PCB or of througi-hole components and the 
lobe heated with he soldering iron the components can be achieved with desoldering of SMD components. 
ntl the solder has molten. Then the 

tip is removed andthe desoldering gu tec cto ba 

pump is placed onthe jon to extract = 

the solder 


Using a heated desoldering to} 
the hallow desoldering tipi placed 
on the joint fo be repaired, making 
certain that there is good thermal 
conlact. Once the solder has mol- 
ten, tis extracted. 


Desoldring is also dependent on 
prope tip selection, Fr example, 
the desoldering t's ier diameter 


2 


namo, used for the purpose of exciting 
the field. magnets of an alternating 
current generator. Such a device is 
generally a part of the main machine 
and mounted on the main shaft, but it 


F—The abbreviation for dielectric field 
intensity (see Field, algo Dielectric), 
also used as the symbol for the unit of 
‘maguetomotive force, the gilbert 
(qv.). The small or lower case f is 
sometimes used to denote the farad, the 
practical unit of electrostatic capacity 
(av.) and also as a symbol for fre~ 
quency (q.v.) a 

FADING—The tendency of radio signals 
to decrease in volume or amplitude, or 
to fade. ‘The strength of a signal is 
seldom the same at different hours, of 
the day or night, generally being 
stronger during the’ dark hours of the 
night. This has been attributed to a 
variety of causes, the most plausible 

ing that the air is more free of dis- 
furbances during the night and, thus 
permits ‘more ready passage of the 
waves through the ether. ‘The differ- 
ence between the strength of signals 
in the daytime and at night is some- 
times. very pronounced, but, the phe. 
nomenon of fading is usually noticed 
only when distant signals are being 
received. It has been fairly definitely 
established that fading of signals. is 
‘due to the reflection of the transmitted 
waves. (See Wave Dixtortion, also 


Reflection and Refraction.) 
FALL OF POTENTIAL—See Potential 


‘Drop. 

FAN AERIAL—An serial, usually for 
transmission, constructed’ in the shape 
of a fan. (See Aerial.) 

FAN CONNECTOR—A small triangular 
of fan-shaped piece of metal arranged 
with several holes along one edge, with 
set screws for fastening In each the 
several wires of the lead-in of a multi- 
Wire aerial.” The lower apex is fitted 
with some sort of connecting device to 
permit a single wire to be led in to the 
receiver. (See Lead-In.) 
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FARAD —The uit of electrouatis 
opacity. It is the practical unit-o 
capacity and is defined as the capacity 
of a condenser that is capable of bein 
charged to'a potential difference of one 
Voit ‘by a. charge of one ampere for 
Tne second Lee one ‘coulomb (a). 
Sad aa contraction of the ane 
of the distinguished. English. scientist 
Michael Faraday (ax.)-— Inasmuch as 
the farad ia too large a unit for prac= 
tical purposes, the yriero-farad, oF one 
millionth of a farad, is commonly Used 
See Blectrostatie Capacity, aso Con: 
denser.) 


may also be a separate unit. The pur- 
pose is to furnish current to the field 
magnets (electromagnets) to create a 
magnetic flux. (See Alternator, also 


Generator.) 
F 


FARADAY, MICHAEL. Born 1791, died 
1867. An English scientist famous for 
his discoveries in chemistry, electricity 
and magnetism, He first produced the 
rotation of the magnetic needle around 
the electric current in 1821, based upon 
Oersted’s discovery of electromagnet- 
ism in 1820; he discovered electromag- 
netic induetion (1831), a principle upon 
whieh is founded the’ development of 
dynamo machinery; specific inductive 
capacity (1838) ; magnetic polarization 
of light (1845) ;'diamagnetism (1846). 
He was a brilliant experimenter, and 
contributed greatly to the knowledge 
upon which is based present-day prac- 
tice of electricity. 


Michael Faraday. 


FEEBLY DAMPED—In spark transmis. 
sion, signals that are’ only” slight! 
damped. Where each succewling oscil 
lation in a train of oscillations fs. of 
slightly lesser amplitude (qav.) than the 
‘one preceding it, the signals are said 
to be slightly damped to distinguish 
them from signals that are highly 
damped and thus die out quickly.” (See 
Damping, also Damped Waves.) 

FEED—In electrical parlance, to furnish 
‘with a current of electricity. (See 


Feed-Back.) 


“A. term applied in radio 
to the coupling of one circuit to an- 
other, whereby a portion of the current 
present in one circuit is fed back or 
returned to the other cireuit, The com- 
mon use of the term is in reference to 
Fegeneration, where a certain portion 
of the radio frequency current present 
in the plate circuit of a detector is re- 
turned to the grid circuit of the tube 
by some form of coupling between the 
two circuits. Tt may also apply to the 
tendency of high-frequency currents to 
become transferred from one circuit to 
another due to undesired coupling be- 
tween two or more circuits. ‘The illus 
tration shows a simple feed-back or 
regenerative circuit, The incoming sig- 
nal energy is transferred from the 


Peed-Voltage Modulation 


EXPLORING COIL—A coil of insulated 
wire wound on a rotating form as an 
integral part of a direction finder or 
goniometer. (See Direction Finder, 
also Goniometer.) 


Primary of the coupler to the secondary 
3y means of inductive coupling and 
tuned by the condenser C. A grid con- 


Y7oenae, 


"othe grid circuit = 
frequency carrent in the 
‘ovalting ‘in inereaned“amplife 


denser and leak GC are placed in the 
grid cireuit in the customary manner, 
A feed-back of reaction coil T is placed 
in the plate cireuit and inductively 
coupled to the main coil. A portion of 
the radio frequency current in the plate 
circuit or output eireuit is transferred 
back to the grid eireuit by the coupling 
effect between the coil T and the see- 
ondary of the coupler. This serves in 
effect to reduce the resistance of the 

id cireuit and produces more current 
in the output or plate circuit, thus act- 
ing as a form of amplifier. ' (See Re- 
generation, Tickler.) 

FEED-BACK COIL—An inductance coil 
placed in the plate circuit of @ reger 
erative receiver and arranged in induc 
tive relation to the grid coil (secondary 
of tuner) for the purpose of effecting 
feed-back or regeneration. (See Feed- 
Back, also Regeneration.) 

FEED-BACK COUPLING—Any process 
by which the plate circuit of a detector 
is coupled to the grid circuit to allow 
@ portion of the output current to be 
transferred back to the grid circuit to 
produce regeneration. (See Feed-Back, 
also Regeneration.) 

FEED-BACK EFFECT—The effect of 
feeding back of currents from one cir- 
cuit to another as in the case of 
regenerative cireuit (av.). Generally 
the expression “feed-back effect” refers 
to-an undesired feed-back. ‘This may 
be the action of radio frequency com- 
ponents of the currents present in one 
part of a circuit being fed back to 
another part of the circuit due to the 
coupling effect of various coils or other 
devices used in the circuit. (See Feed- 
Back, also Regeneration.) 

FEED-VOLTAGE MODULATION — A 
process of modulating or varying the 

itude of a radio frequency alter- 
nating current to correspond to any 
wave form of speech vibrations as in 
radio broadcasting. The system in- 
volves the introduction of additional 
power into the circuit of the radio fre- 
quency generator until the desired wave 
form variations are obtained. This is 

done particularly in the case of a 

vacuum tube transmitter, in which case 

the voltage supplied to the plate of the 
65 
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Jagnetic Modulator 


tube is altered (increased or decreased) 
ts ecompliah the purpose. (See Alod- 
lation. 
FERRO-MAGNETIC MODULATOR—A 
device for modulating or varying the 
tude of radio frequency current 
to correspond. in wave form to the 
Speech oF music vibrations in broad: 
ehsting.. The system makes use of 
‘what is known as the hysteretic energy 
Bbeorption of iron, oF 
Utilizes the variation of inductance of 
Iron-core coils. (See Modulation, also 
Ferromagnetic Substances. 
FERRO-MAGNETIC SUBSTANCES 
Elements or compounds such as iron, 
nickel, cobalt and others which are 
strongly attracted by magnetic fields of 
foree, ‘Such substances vary widely in 
their’ magnetic properties ‘when gub- 
jected "to temperature changes. Soft 
iron loses its magnetization almost im- 
mediately on ‘removal of the magnet- 
{zing source, and for this reason it is 
Used as a pole piece in an electro: 
magnet, "(Bee Electromagnet, also 
Magnetiem and Magnetic Properties.) 
FESSENDEN, REGINALD AUBREY. 
“Canadian-American Radio expert. 
Born at Milton, Canada, October 6, 
1860, and educated at New York and 
Port Hope, Ontario. Fessenden became 
inspecting’ engineer for. the” Edison 
Company, New York, and afterwards 
profeasor of Bhysien and electrical en 
Bineering at Western University, 1892, 
Professor Fessenden is the author of 
well-known system of wireless, and be- 
Tow are brielly deseribed some of the 
Patents bearing his name. 
‘In 1906 and 1907 Fessenden invented 
a number of microphone transmitters 
which carried heavy currents for long 
periods, and also a heavy current tele- 
Phone ‘relay ‘which allowed the con- 
Trolling of heavy currents by means of 
small eurrents originating In an ord 
ary microphone scircuit. or “coming 
from a. telephone One of these 
transmitters was called by Fessenden 
2 trough transmitter. It consisted of 
a aoapatone annulus to. which ‘were 
lamped two plates. having platinum. 
iridium electrodes. Through 'a ‘hole in 
the center of one plate passed a rod 
attached atone end to @ diaphragm, 


Reginald Aubrey Peseenden, 


and at the other to a platinum-i 
spade. . The two outside electrodes were 
‘Water-jacketed. This form of trans- 
mitter required no adjusting, all that 
Was necessary being to place about 
60 


center space. 


much ag 15 amperes continuously with- 
out articulation falling off, and had the 
advantage that it never packed. By 


combination of the trough transmi 
and a differential magnetic relay, F 
senden produced a transmitting ‘relay 
for magnifying very feeble currents. 
‘An amplification of fifteen times. is 
possible without any loss of distinct- 
hess. Fessenden is algo responsible for 
a duplex. system of Radio telephony, 
and the heterodyne method of recep- 
tion is due to him. Fessenden hh 
written largely on radio subjects, and 
ig one of the leading authorities on 
both transmission and reception. 
FIBER—or FIBRE—A term used for a 
variety of substances, composed of fine 
slender thread-like materials, particu- 
larly a composition of vulcanized or 
compressed paper. It is much used in 
radio as an insulating material for 
panels and connection blocks. It 
as efficient as insulating medium as 
bakelite or some forms of rubber cor 
tion, but is durable, cheap and com- 
(See Bake- 


FIELD—Th 
‘or magnetic 
trie Pleld.) 

FIELD DENSITY—The strength of an 
cleetrie of magnetic field. Tt is meas- 
lured by the number of electric or mag- 
netic lines of force contained in'a given 
cross-sectional area... (See Density. 
Fins, “algo. Blectrie. Field and Fil, 
Magnetic) 

FIELD, ELECTRIC—The space tra 
ersed or occupied by electric lines of 
force. "(See Blectric Field.) 

FIELD, ELECTROMAGNETIC — The 
total area traversed by electromagnetic 
Hines ‘of force. ‘The ‘region in which 
electromagnetic lines of force are. ex- 
ferted. (See Field, also. Blectrostattc 
Fores.) 

FIELD, ELECTROSTATIC—The region 
in which electrostatic forces are pre 
ent of exerted, The total area trav 
ersed. by electrostatic lines of force, 
(Bee Field, also Electrostatic Fluz.) 

FIELD MAGNET—An. electromagnet, 
‘usually core of soft iron surrounded 
iyi winding of Insulated wire em- 
Ployed in generating machines to. pro- 
duce strong magnetic field. Ax the 
armature of a generator revolves the 
conducting. surfaces pass through the 
‘magnetic Feld ercated by the field mag- 
eit. This field maybe ‘merely the 
ordinary magnetic force due to perma- 
nent magnets, but is usually due to the 
powerful magnetic lines of force result 
Tra fom passage of electric ‘current 
through electromagnets. (See. Alver- 
nator, also. Alternating. Current, The- 
ory of Production and Electromagnet.) 

FIELD, MAGNET IC—The region 
through which magnetic flux pastes. 
Usually Yefers "to. the space” (air) 
through which the magnetic fax lines 
pass as distinguished trom the activity. 
{nthe iron path tself. (See Pield, also 
Magnetic Flu.) 

FIELD REGULATOR or RHEOSTAT. 
lAny device for varying the magnetic 
strength of the field magnets ina 
dynamo. or electri motor, by which 
Variations certain changes ‘may bea 
Complished in the operation or per- 

of the machine. A. held 
often eed in an leetrie 
motor to vary the strength of the fil 
find. thus either increase or decrease 
the speed of the machine without the 
necessity of changing the applied volt 


apace occupied by electric 
Tines of force. (See Blec- 


age. Tf the strength of the feld (m 
netic) is reduced by insertion of re 

ee, the armature or rotating part 
Specs up in an attempt to. generate 
ne a cumaler-slecirematlve? force 
the other hand, if the resistance {is 


FIELD WINDINGS, 


IMluseation showing method of connecting 
SAE eta ruler in the cri 


removed—that is, the strength of the 
feld Increased the ‘act that the arma- 
rure is running through a stronger field 
reduces the speed of rotation, the same 
counter-electromotive force being pres- 
ent. The use of a field regulator or 
theostat in connection with a generator 
is for the purpose of varying the out- 
put voltage without the necessity of 
altering the speed of the machine. The 
illustration shows the connection of a 
field rheostat or regulator in the circuit 
of the shunt wound generator (qwv.). 
(See Generator, Rheostat, Resistance.) 

FILAMENT—A fine wire, one of the 
elements of a vacuum tube, which is 
heated to throw off electrons. The 
term is also used to refer to the fine 
wire used in an incandescent lamp. 
‘The filament of a vacuum tube is gen- 
erally made of tungsten and is sup- 
ported by glass pillars within the tul 
in such manner as to be insulated from 
the other elements. Filaments are 
made to be heated with various volt- 


"The modern tubes have thoriated 
filaments, tungsten treated with tho- 


ere. 


RID 2 PLATE, 


FILAMENT. ELECTRONS, 
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‘TO"R" BATTERY. ‘CONDENSER 
When an "A" battery Is connected tothe fae 
en terminal nesting’ the foment elect 

tee intore of ‘eiween 


jum, which permits maximum effi- 
Geney with a-minimum of current 
consumption. When the filament. is 
hheated In the vacuum tube, by having 
the proper amount of voltage applied, 
electrons are thrown off and fill the 
space between filament and grid and 
grid and plate ag shown in the illus 
fration, (See Electron Theory, also 
Vacuum Tube, Theory of Operation.) 


FILAMENT BATTERY—The battery or 
cell used in lighting the filament of 
‘Yacutim tube. These range from a dry 
battery (q.v.) having a voltage of one 

ida half volts, to storage batteries 
x volts. Filament batteries are 


RHEOSTAT- 


of gonnecting “A hattery in series 


vacuum tube in the manner shown 
the, illustration, | The cheostat is) in- 
serted to permit the supply of current 
to the filament to be varied and thus 
change the operation of the tube. (See 
Filament, also Vacuum Tube, Theory 
of Operation.) 

FILAMENT CONSUMPTION — The 
amount of current consumed by the 
filament of a vacuum tube, The cur- 
rent requirements of vacuum tubes are 


tube with a rheostat in series between 

one filament connection and the nese 

tive terminal of the dry cell. Now as 
the arm of the rheostat is moved from 

A toward B resistance is introduced 

into the circuit between the filament 

and dry cell. As this resistance in- 
creases the current in the eircuit of the 
filament ‘will decrease according to 

Ohm's Law (q.v.); Le. Current = Volt 

age Resistance, the’ current in_am= 

eres or fractional amperes and the 
ice in ohms, (See -Impere, Cur 

Pent, Filament, Resistance or’ Iheostat 
and’ Vacuum’ Tube.) 

FILAMENT CURRENT—The current 
used to light the filament of @ vacuum 
tube. Different tubes require different. 
amounts of current; that is, one tube 
may consume a small fraction of an 
ampere and another may require a ful 
ampere. Of the tubes most commonly 
used, the UV199 type ‘uses the least 
currént, this tube requiring only .06 of 
an ampere each hour. The WD1I and 
12 types require one-quarter ampere 
per hour and also the UV201A, while 
the now obsolete UV200 and UV201 
required a full ampere. The 199 type 
operates, with filament, voltage of 3 
volts, although it is often used with 
three dry cells in series which deliver 
4% volts; the WD11 and 12 require 
Li volts each, which ig usually fur- 
nished by a dry cell, while the UV201A 
type is operated with a six-volt storage 
battery. (See Vacuum Tubes, Types 
of, alto Vacuum Pube, Theory’ of 
eration 

FILAMENT, FORMULA FOR ELEC- 
TRON FLOW—The extent of electron 
cemission—that is, the number of elec- 


Te ubon the type" of Tbe 


always, stated by the manufacturer, 
either’ in amperes or fractional m= 
peres, or in the ease of extremely low 
Consumption, in thousandths of an am- 
pere (milliamperes). Some typical 
examples are the UV201A and C201A 
types, which require one-quarter am- 
pere at five volts; the WD11 and 12 
and Ci1 and 12 types, which require 
one-quarter ampere at’ approximately 
Ta volts, and the UV200 and C200 
tubes, which require one am) 
volta. ‘Of the so-called stan 
the Uv 199 and C199 tubes consume the 
least current, requiring but sixty milli~ 
amperes or .06 ampere, with from three 
to four and a half volts. The state- 
ment that a certain tube consumes one- 
quarter ampere indicates that in oper. 
‘tion one-quarter ‘ampere is consumed 
each hour, this current being supplied 
by dry cells or storage batteries known 
as the “A” battery (qv.). 

Tt will be apparent from the above 
that the more current consumed by the 
filament the greater will be the drain 


fon the dry cells or storage battery. 
For this reason, and also to lengthen 
the life of the filaments, it is well to 


of the filament. rheostat. 
fration the usual “A” battery, which 
in this case is a dry cell, is shown con- 
nected to the filament’ of a vacuum 


trons—emitted from a hot filament in 
vacuum tube is ubject to certain 
nite laws. In ordinary practice the 
actual number of electrons are not re- 
ferred to, the ability of the filament 
to emit électrons being measured 
fractional amperes of output current. 
‘Thus a tungsten filament having a 
diameter of .0125 centimeters operating 
‘a power dissipation of 3.1 watts 
per centimeter of length has been found 
Yoemit a current of 03 amperes. This 
result was obtained with a filament 
having a clean surface and with no 
absorbed gas on its surface. The for- 
‘mula for electron flow most commonly 
used is as follows: 


b 


Ins ATH 


In ig the electron current in, milliam- 
peres per square centimeter of filament 
Surface, 7 is the absolute temperature 
and A and 6 depend on the metal used 
for the filament. 

FILAMENT RESISTANCE. or RHEO- 
STAT—A device placed in the fi 
ment cireuit of a vacuum, tube, con- 
nected between the filament battery and 
either filament lead on the tube socket 


for the purpose of reducing oF con- 
trolling the lament voltage. ‘The illus. 
tration Fig. 1 shows one type of 


Tiwsraton, by 
of The CutterHHamner BIfa. Co. 
A type of theoatat sed to control 


Filament, Thorlated 


filament 
permit 
rent. 


eostat which is used to 
ation. of the filament cur- 
Fig. 2. shows the manner of 


connecting such resistance in the fila 
ment eireuit of a vacuum tube. Fig. 3 
illustrates a type of filament control 
known as an automatic rheostat. In 


i 
filled with an inert, gas. |The wire 
hes the property of i ot, ing its Te 
sistance rapidly with any increase in 


ieetbed of connecting « 


the current passing through it. Tt is 

thus possible to arrange such a device 

to pass only a fixed amount of current 

for any type of vacuum tube. ‘The de- 
thus not onl 


Itestration by Cow 
Pig. 3. A’ type of sutometle theosta. 


yrevents excessive current reaching the 
lament and injuring it. ‘These con- 
trols are coming into widespread use 
due to these features and the fact that 
they reduce the number of controls 

Fig.4 
ia used 


_ i 
i Citler Hetmer Mifa. Co 


with tubes requiring less current to 
operate. (See Filament, also Vacuum 
Tube.) 

FILAMENT, THORIATED—A filament 
‘oF heating element of a vacuum tube 
in which @ certain amount of rium 


filament in. small quantities gives it 
the property. of emitting electrons at 
a relatively low temperature. From a 
Practical standpoint this permits. a 
vacuum tube to be operated with a 
Tow filament consumption (gv.).. A 
common example of the use of thorium 
in filaments is that of the UV201A or 
201A" vacuum tubes, which operate 
with a filament voltage of 8 volts and 

oT 


Filter 


consume but one-quarter ampere of 
current, giving essentially the same re- 
sults as the former type UV201 and 
C201 tubes which consumed one am- 
re. The value of thorium used in 
this manner is readily appreciated, the 
current. consumption being materially 
lessened and the life of the tube con- 
ceivably lengthened. | (See Thorium 
Treatment of Filamente, algo Vacuum 
Tubes, Type UV201A and C201A.) 
FILTER—In radio, a device arranged 
to permit passage through an electrical 
cireuit of currents of eertain frequency 
or frequencies (qv.) while excluding 
others of different frequencies, or any 
device for producing smooth direct cur- 
rent from @ generating source such as 
8 direct curent dynamo, or for eneath- 
ing out rectified direct current. Filters 
‘of one sort or another are much used 
where rectified direct curent or direct 
current from a generator is to be used 


for operation of tubes in radio trans- 
CONDENSERS ES 
t 
CHOKE COM, 


+E 


mission or reception. In the ease of 
Toclihed direct current, that is the cur= 
Tent derived from any device for chang- 
jng alternating to direct current, there 

always. present a tendency. op the 
1 of the current to surge or ripple 
Fn'oher words, i i not smooth and of 
constant "voltage, ‘or. there may. be 
Present. a generator hum which wil 
Seriously interfere with proper opera~ 
tion of & tube. The illustration shows 
the’ Conventional method of. filtering 
Fest direc current for Woe an piate 
Supply with vacuum tubes in recelving 
Seto. This system may also be used in 
Eonnection with the oatput of a direct 
current generator or dynamo, A filter 
Clreuit may be arranged to pass a band 
of frequencies (see and Fase Filer) 


or it may be made to pass either hig! 
or low frequency current. (See Filter, 
High Pass; also Filter, Low Pass.) 

ER, BAND PASS—-See Band Pass 


‘either fixed or variable, forming a, 


of a cireuit for filtering. (See Filter, 
flso Acceptor, Wave Trap and Re 
jector.) : 

FILTER, HIGH PASS—A filter circuit 
‘arranged to permit current above a 
certain frequency to pass freely while 
blocking ‘out or attenuating all fre- 
quencies below it. (See Filter, also 
Filter, Low Pass.) 

FILTER, LOW PASS—A filter circuit 
arranged to permit currents below a 
certain frequency to pass freely while 
Blocking currents of higher frequency. 
(See Band of Frequencies, also Filter, 
High Pass.) 

FIXED COILS—Induetance coils as used 
in radio eireuits, having no mechanical 
means of variation, such as in a Vario 
coupler. or movable coil. | (qwv.) The 
majority of tuned radio frequency re- 
ceivers employ fixed coils, shunted by 
Variable condensers, ‘These are known 
as tuned radio frequency transform 

(av.) (See Coupler, Loose, also 
ipler, Vario.) 

FIXED CONDENSER — A condenser 
having a certain definite or fixed value 
of capacity. Any condenser that is not 
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variable, (See Condenser, also Con- 
denser, Variable.) 

FIXED RESISTANCE—Any resistance 
device having a fixed or non-variable 
value. (See Rheostat, also Potentio- 
meter.) 

FIXED DISCHARGER—A fixed spark 
‘gap. (q-v.) A spark gap used in trans 
mission of radiotelegraphic signals in 
whieh the electrodes or sparking eur- 
faces are not moved during operation. 
(See Dise Discharger.) 


sowustMenT 
SCREWS. 


SPARKING | 
SURFACES: 


‘A type of Sxed spark 


FLAME MICROPHONE—A type of mi- 
crophone for radio telephone trans. 
Iniesion, wherein the height of a coal 
gas flame is varied by and according 
fo the speech fluctuations and the re: 
Sulting pulsations made ‘audible by 
Ineans of a selenium cell and. phones 
(See Microphone, also Selenium Cell.) 

FLASH SIGNALLING See Code, also 
‘Morse Light. 

FLAT-TOP_ AERIAL or ANTENNA— 
‘An aerial, generally composed. of a 
number of wires laced adjacent to 
each other equally’ spaced. on a 
spreader, oF hoop, and suspended paral- 
Jel with the earth. A flat-top aerial 
may be of the ind kg, an the 7 
type aeriat (q.v.) or in the form of an 
inverted L. “(See Aerial.) 

FLAT TUNING—A term sometimes ap- 
Blled here the Zesonance curve (av) 

sa fat top, that is where the peak 
of resonance isnot sharply defined. 
‘The effect is known as broad tuning. 


(qv.) (See Resonance, also Tuning.) 
FLEMING, JOHN AMBROSE. British 
radio expert. Born in Lancaster, 


November 39, 1849, he was educated a¢ 
University College, London, the, Royal 
School of Mines, and. St. John's Col- 
lege, Cambridge. 

From 1873-14 Fleming was, demon- 
trator at the Royal College of Chem- 
istry, and in 1877 he began work ander 
Gietk-Maxwell at the Cavendish La- 
boratory, Cambridge, ‘There he carried 
out a series of experimental researches 
fon the British Association Standards 
of Hletrcal Resatance. tn 188 Be 

jeming was appointed the first pro 
fessor of mathematics and. physiey, at 
University” College, ‘Nottingham, but 
the following year ke jomed the ison 
Electric Light Company, and. on the 
amalgamation of the Edison and Swan 
Companies, he was appointed advising 
electrician, a: post he held for twenty 
years. In'188) Fleming was appointed 
othe newly founded professorship of 
tleetrical engineerme” at. University 
College, Londen, and he was entirely 
responsible for the design and equip- 
ment of the new. electrical "and. en- 
Sineering laboratories "which "were 
pened in 1893. In 1892 he was elected 
Fellow of the Royal Society 

Dr. Fleming has been ‘very, closely 
associated for many years with radio 
iclegraphy and. telephony, and. has 
Since 1899 acted, ag the acentifc ade 
Visor fo Marconi's Wireless Telegraph 
Gompany. ite is well known as the 
ventor of the thermionie two electrode 
Vacuum’ tube, or glow-lamp detector, 


which was one of the greatest steps 
forward in radio telephony. 

Dr. Fleming has written a very large 
number of papers and books on wire 
less telegraphy and telephony, and his, 
“Principles of Electric Wave Tele- 
graphy” is the standard treatise on the 
Subject. “He has also published an 
“Tlementary Manual of Radio Tele- 


‘John Ambrose Flemin 


graphy and Radiotelephony”; “The 
Wonders of Wireless» Telegraphy’ 
“The Thermionic Valve and. Its De- 
velopment"; “A Pocket Book for Wire- 
less Telegraphists;” and other books, 
As-a lecturer at the Royal Society of 
Arts he has obtained a world-wide 
reputation for his lectures on electric 
‘oscillations and electric waves, Hertz- 
jan wave telegraphy, high-frequency 
‘measurements, ete. He has given many 
lectures on wireless at the Royal In- 
stitution eee 
leming was awarded the Hughes 
gold medal of the Royal Society in 1910 
a5 an acknowledgement of the value of 
his work in electrical science and en- 
gineering, and he has twice been 
awarded. the Institution Premium of 
the Institution of Electrical Engineers, 
the highest award for communicated 
papers, and he is an Albert Gold Medal- 
Vist of the Royal Society of Arts 
awarded to him for the pioneer inven- 
Hon of the thermionic valve, 
FLEMING’S RULE—A rule for deter- 
mining the direction of the induced cur 
rent (av.) ina circuit. Hold the right 


DIRECTION OF MAGNETIC 
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ouce 
eCTROMOTIVE —- 
FORCE MOTION OF 


coNDUeTOR. 


sing the right hand ip determining 
feelin tthe indeed current 


hand as shown in the illustration with 
the thumb, forefinger and middle finger 
as nearly as possible at right angles to 
each other. If the thumb f then point- 
ing in the direction of motion of the 
conductor and. the. forefinger points 
along the direction of the magnetic lines 
of force, the middle finger. will then 
Point in’ the direction of the induced 
electromotive fore. (See Induced Cur- 
rent, also Electromotive Force.) 

FLEMING VALVE—The forerunner of 
the modern vacuum tube, It was in- 
vented in 1904 by Professor J. A, 
Fleming and was for a short time used 
as a detector in place of the customary 
crystal or coherer types. The value 
of the discovery of the Fleming valve 
lies chiefly in its influence on the course 
of radio development, as in itself it was 
not nearly as efficient as a good crystal 
detector, A: 
of the Flemi 
leading scienti 
ward the discovery of better metl 
of detecting radio waves, culminating 
in the three element vacuum tube de- 
signed by Dr. Lee De Forest. 


vba g izh tes 


The, Fleming valve consats essenti- 
ally of an incandescent lamp using a 
filament of ‘carbon, tungsten or tan= 
talum which can be’ rendered incandes- 
cent by an electric current. ‘The fla 
tment is sealed in a glass tube which is 
highly ‘evacuated, that is from Ww 
ractically all air has been excluded. 
lurrounding the filament, but. sepa 
rated from it is a metal eVlinder, both 
ends of the filament and the plate being 
‘ttached ‘to ‘outside connections - by 
‘means of leads sealed in the tubo. ‘The 
Ilustration, Fig.l, shows the general 
arrangement of sucha” tuber The 
operation of the tube is due to the emis- 
Sion of electrons from the heated fa: 
ent. It was demonstrated by several 
Investigators that a filament: made of 
‘metals has the property of 
throwing off minute particles of mega. 
tive electricity or electrons when heated 
toa relatively high temperature. Tt 
was also found (see Electron) that 
these” slectons are. thrown’ off 
Ereater profusion when the filament. is 
Placed in high vacuum. Tt. was also 
found that the escape of negative elec- 
trons from the filament would in time 
leave it positively charged, this charge 
having an attraction for the negative 
electrons and preventing their escape 
from the flament. Hence it was ne 
sary to apply a charge of nega 
electricity’ to the filament.” The elec- 
trong ‘were now found to eseape in 
great number, but had the effect of 
forming a space charge (qwv.) of nega 
tive. electricity. around the. filament, 
which in time served to repel the escape 
of any ‘more electrons. To counteract 
this tendeney a strong: positive charge 
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Fig, 2, Method of connecting a Fleming 
Mate Scale Tecenine, create 

the currents impressed across the tube 

from the antenna circuit. While the 


plate is positive, electrons will be, a 
tracted away from the flament, which 
at that instant will be negative with 
respect to the plate. The current thus 
Flows foran instant, stopping when the 
Impresed current changes its direction 
and makes the plate negative. In this 
manner we have a flow of current from 
lament to plate in one direction in the 

form of surges appearing at every 
other alternation or change of current 

The’ diaphragms of the phones wi 
respond to these uni-drectlonal surge 
and il give out sounds almot iden 

cal with’ the original “signals. trans- 
mitted. ‘The tube thus serves ag a 
rectifier of the incoming signals and i 

Known a8 a detector of high frequency 
waves, oF oscillations. "The Fleming 
Valve ‘principle is used in rectifying 
{ches for chaning alternating current 
to direct current for charging batteries, 
its use ag a detector for radio reception 
having died out almost entirely. (See 
Charger, Storage Battery, Detector, 
Tungar, Rectigon, also Vacuum Tube.) 

FLEWELLING CIRCUIT—A modific 
tion of the Armstrong Super-regener 
tive designed by the American 
experimenter, Flewelling. Tn this sys- 
tem, the tendency toward aelf-oscilla: 
tion’ (qv,). is. retarded by ‘the use, of 
fixed condensers which are arranged to 
haye a damping’ (q.v.) effect on the 
rid of the detector tube, automatically 
Controlling the oscillations of the tube. 
‘The circuit controls the self-oscillation 
of the tube without the necessity for 
the separate control tube used in the 
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Armstrong circuit. ‘The llustration 
shows the original Flewelling circuit. 
Teis'easentially a standard regenerative 

reuit with certain necessary modifica: 
‘The coils Li and L2 give magne 
coupling between the plate cireult and 
the grid circuit. Cl ig a variable con- 
denser for tuning and condensers C2, 
C3 and Cé are of the fixed type and af: 
ford a path of relatively low tmpedance 
(Gv) for the high frequency currents 
CBis the customary grid blocking con 
denser across which a grid. leak is 
shunted. The usual telephone receivers 
'T, the plate battery B and the filament 
battery Aare included in the circuit 
in the customary manner. "The coils Li 


‘The Flewelling cirenit. 


‘and L2 may be two honey-comb coils 
having respectively 50 and 75. turns. 
The tuning. condenser Cl should. be 
(0005 mgd. for the broadcast band of 
wave-lengths and the loop may be a 
‘most any form. 
In operation three forms of current 
ss through the plate cireuit inclu 
Ing the coll L2, namely, the direct cu 
rent from the plate battery 3, the un 
‘Girectional surges of rectified current 
due to the action of the tube. as 
rectifier and the high frequency cur- 
Fents transferred through the medium 
of the magnetic coupling of the two 
coils L1'and L2. ‘The battery current 
{8 present only in the plate circuit, the 
condensers C2, C3 and'C4 blocking the 
direct curren¢ from the. grid. circuit, 
These condensers also block the rectified 
currents but afford two paths for the 
high frequency currents of 0 
tions. ‘The condensers ‘C2, C3 and C4 
have’ definite values, respectively. 005, 
1008 and .006 microvfarads, to allow 
by-pass through the grid’'to the fla: 
ment, thus causing accumulation of 
electrons “on. the grid and stopping 
‘oscillation “of ‘the tube. "The. charge 
then leaks ‘of by means of the grid 
leak connected across Ca the tube then 
building up oscillations again and con- 
Hnuing the process during operat 
‘The ‘high resistance connected across 
Sis variable and permits eontrolof the 
by-pass of high frequency current of 
the grid. Careful adjustment is nece 
sary to obtain "maximum, signal 
strength without distortion. (See Arm- 
strong. Cireuita, Regenerative Civenit, 
also Super-Regenerative Circuit) 
FLEX—Term used in Great Britain and 
eccasionally in this country to refer to 
a) number of smal wires twisted or 
Stranded together to form a single 
flexible conductor. (See Flexible Wire.) 
FLEXIBLE LEAD—Any conductor, par- 
ticularly the connections from rotary 
Parts" of couplers or condensers, in 
Which the conductor is made up of @ 
number of fine wires in such & W 
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that the necessary bending in operation 
of the unt will not snap the wire as 
‘would be the case with a solid conduc: 
tor. (See Pig-tail, also Flezible Wire.) 

FLEXIBLE WIRE—Any conductor com- 
‘posed of a. number “of fine wires. to 
Permit constant handling and bendinj 
Srithout breaking. (See Flexible Lead. 

FLOAT, BATTERY — Term sometimes 
‘applica to the bulb or float ina hydro- 
meter. for. testing. the condition of 
storage batteries. (See Hydrometer.) 

FLOW OF CURRENT—An expres 
fused to denote the passage of electri 
current along a conductor. (See Cur= 
Tent, Direction of Flow (Assumed), 

io Current.) 

FLOW OF MAGNETIC FLUX —The 
Passage of lines of magnetic force 
Through any magnetic circuit. (See 
Fluzy also Field, Magnetic.) 

FLUCTUATING CURRENT— An elec 
trie current that does not have stead; 
Value, rising and falling in strength 
or pressure, “A current that is not 
Constant. (See Constant Current, also 
Voltage, Constant.) 

FLUORESCENT SCREEN—A screen or 
‘Surface coated with fluorescent matter, 
Used to exhibit shadows cast by rays 
from various types of tubes. Its ap- 
lication in radio. js chiefly in the 
Cathode Ray Tube. (4..) 

FLUX—A very broad term in physics, 
‘The three more common examples of 
fhe ares(ah denote eletrwlaic or 
‘magnetic flux (av.); (b) a substance 
Used in soldering for the purpose of 
making the colder. flow readily and 
making it adhere to. the parts. being 
United, and_(e) in metal smelting, 
Ininerdl—customarily. chalk or lime 
stone—added to the charge in the fur- 
hace to adsorb mineral impurities and 
Uispose of them in the form of slag. 
Flux is also used to refer to the amount 
Of heat or fight flowing” or passing 
through a given distance or area in a 

Wwen time, (See Electrostatic. Flux, 
Bhuz Density, also Flue, Magnetic.) 

FLUX DENSITY—The number of lines 
Of force per square centimeter of see- 
ional area of a magnetic path. The 

flax in the C.G.S. 

(Centimeter, Gram Second) or electro- 

magnetic system of units is the Max- 

Well. It is generally referred to as a 

Mine” As @ magnetic flux is merely 

the effect of magneto-mative force, we 

je that the magneto- 

1.257 x ampere turns 
is the rule for determining the intens- 
ity or density of magnetie flux, "(See 
Flue; Field, Magnetic, also Ampere 
Turns and Maxwells.) 

FLUX DISTRIBUTION — The distribu- 
tion of lines of force in a magnetic oF 
lectrostatie field of force. "(See Field, 
‘so Flu.) 

FLUX, ELECTROSTATIC — Another 
term for electric displacement as in the 
ease of a condenser. The density of 
lectrostatic flux refers to the intensity 
of an electrostatic field. (qv.) (See 
Plus Density, Field, Electrostatic, also 
Electric Diaplacement.) 

FLUX LEAKAGE—Any loss or dissipa- 
‘tion of magnetic oF electrostatic Aux 
(See. Fluz, Electrostatic, also. Fluz, 
Magnetic.) 

FLUX LINES—The lines of force in a 
field of foree in which electrostatic o 
electromagnetic. force is exerted. An 
flternate term for lines of force. (av.) 

FLUX, MAGNETIC—The te-m broadly 
used to denote the, grouping. of mag. 
netic lines of force in a magnetic field, 
tan). Phe most common example of 

0 


magnetic flux is im the case of an ordic 
‘naty bar magnet as shown in the ius: 


BAR HONE 
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Here the lines of force 
or magnetic flax create a magnetic field 
indicated by the dotted lines. The num- 
ber of lines of force in a field of uw 

area is used as a basis for determining 
the density, of the flux. (See Flux 
Density.) This effect or magnetic flux 


tration Fig. 1. 


field is also present when a current of 
electricity is 


‘allowed to circulate 
, the larger the 


current and the greater the number of 

turns, the more powerful the flux 

created, The illustration Fig. 2 shows 

a coil of wire through which current i 

assumed to be passing, the dotted 
ies indicating the flux field. | (See 
Choke Coil, Transformer, Magnet, also 
Fluz, Electrostatic and Magneto-motive 
Foree.) 

FLUX MAGNETISM — The magnetic 
flux, or total number of lines of force 
pasting through a magnetic eireuit, Tt 
Is equal to the product of the magnetic 
density (see flue Density) ‘and. the 
cross sectional area of the magnetic 
path. ‘Itis also referred to as magnetic 
flow. (See Magnetic Flow.) 

FLUXMETER—A device for measuring 
flux density. ‘The Grassot fluxmeter 
uses an exploring coil. (q.v.). in con= 
junetion with a special form of moving 
oil galvanometer. “The coil is sus- 
pended on a silk fiber and its move- 
ments actuate a pointer across a scale. 
(See Flux, Magnetic.) 

FLUX, SOLDERING —See 
Plug, Flux. 

FOCUS or FOCI—The point or points at 
‘which converging lines ‘The 
magnetic foci 
earth’s surface in the vicinity of the 
magnetic poles, where the magnetic 
force of the earth is the greatest. Es- 
sentially a mathematical term. 

FORCE—An influence exerted upon a 
body so as to produce a change or & 

ney to cl 

motion. This is mechanical force. In 
electricity we have electrical 
‘analogyclectromotive force. This is 
the force which causes motion of elec- 
tricity and sustains the electric cur- 
rents against the resistance of a cir- 
cuit. (See Electromotive Force.) 

FORCE,MAGNETO-MOTIVE—The force 
which produces magnetic fax as in the 


Soldering 


case of a magnet moving through 
magnetic circuit. The abbreviation is 
M.M. F. and its unit is the gilbert. 


(Gv) (See Magneto-motive Force.) 
FORCED OSCILLATIONS — Electrical 
Vibrations or high frequency. oscilla~ 
ons which ‘tre imposed Upon an ov 
letory cireuit without being in tune oF 
Fesorance with the natural period of 
Vibration of the eireuit. The opposite 


of a free oscillation in which case the 
circuit oscillates freely on its own ac- 
count at the same frequency as. the 
{imposed or incoming oselllations or one 
of the harmonies qv.) of this. fre- 
Queney. ‘Free and forced. oscillations 
may be present in the same oscillatory 
cireuit, the forced oscillation’ being set 
up during the first stages of induction 
of free oscillations. (See Free Oscil- 
lations, also Ovcllatory Cirewit) 

FORM FACTOR—The ratio of the 
Footsmeanaquare value (av) to the 
algebraic mean ordinate taken over one 
alternation (half eyele) starting. wi 
Zero value of current, 
of the ram, 
electromotive force, current, ete, to it8 
true mean value. (See Wave Anaiyais.) 

FORMULA—A_ principle or rule. ex 
pressed in mathematical terms or chem= 
{eal symbols. Formulae are much used 
in radio to state ‘a problem as, for ex- 
ample, a formula for calculation of 
wave-length, which is written: Wave- 

‘This states. the 
problem or rule for the determination 
Of wave-length. Here we have certain 
Values ‘represented by ‘symbols. The 
capacity fs represented by C, the in- 
atekance by fate wave length "in 
meters being the product of the square 
Toot, of the product of these two mult 
plied’ by the factor 1884. (See ‘ear. 
trement of Wave-tength) 

FOSTER BRIDGE—A form of Wheat- 
atone Bridge (qv) of the slide wite 
Variety destimed'to permit comparison 
Sf two low value resistances that are 
neatly equal It was devised by Profes- 

sor Carey Foster and is used to deter- 

mine the difference between two resist: 
fnces as distinguished from the usual 


bridge for measuring the resistance of 
a single. “unit. {See Wheatetone 
Bridge.) 


FOUCAULT CURRENT—Another name 
for eddy’ currents, the electro-magnetic 
currents due to the eireulation of i 
duced current in the mass of a con- 
ductor. Foucault first proved that these 
currents were productive of losses of 
energy as they’ cannot be utilized ex- 
cept in certain forms of meters. (See 
Damping of Instruments.) "Alternating 
currents tend to set up eddy currents 
in metal masses near them. ‘Thus in 
the case of a transformer, eddy eur- 
rents are produced in the iron core duie 
to the induced currents’ circulating 
through its mass. These currents are 
wasteful and means are therefore used 
for reducing ‘them. ‘The core of a 
transformer may be made of numerous 
flat pieces called laminations, which 
serve to prevent the free movement of 
eddy currents in the core.” (See Eddy 
Currents, also Transformer and Core 
Losses.) 

FOUR ELEMENT or FOUR ELEC- 
TRODE TUBE—A ‘vacuum tube hay 
ing four elements instead of the usual 


[A four slement vacoum tebe, 


‘The standard tube has three 
namely, grid, filament and 


three. 
elements 


plate. The four element tube has an 
Additional grid element. The illustra~ 
tion shows one form of tube having a 

Such a tube 


battery to supply potential to the 
element. (For more complete explana- 
tion of the action of a four element 
tube ‘in the latter ‘manner see Solo- 
dyne).. (See also Vacuum Tube.) 

FOURTH CIRCUIT—A method of con 
trolling oscillation of a regenerative 
detector used in the Cockaday Circuit. 


av.) 

FRAME AERIAL—An alternate name 
for loop aerial, @ type of aerial con- 
sisting of a number of turns of wire 
round on an insulated frame and used 
in. place of the regular outdoor aerial 
with “sensitive receiving sets. (See 
Loop Aerial.) 

FREE ALTERNATING CURRENT— 
‘Term applied to alternating current 
assumed to be produced by the applica- 
tion of a single impulse of electricity 
to an otcillatory cireuit. (q.v.) See 
Free Oscillations.) 

FREE ELECTRONS—Name given to 
the outer electrons of an atom, which 
become detached under various’ chemi- 
cal transformations and are assumed 
to participate in electrical effects or 
phenomena. Free electrons are so 
named to distinguish them from the 
bound electrons of the proton oF posi 
tive nucleus of an atom, (See Electron, 
also Proton.) 

FREE MAGNETISM —The portion of 
‘magnetism which does not follow the 
magnetic path through the metal of a 
‘magnetized body, but leaves the sur- 
face of the magnet. Sometimes referred 
to as surface magnetiom. (See Mag: 
nnetiem. 

F REE OSCILLATIONS — Oscillations 
having the natural frequency. of the 
circuit in which they occur. (See 
Forced Otcillatione.) 

FREQUENCIES—The plural of the term 
denoting the number of complete eycles 
per, second in an. alternating. current. 
fn referring to vibrations, particularly 
audible or so-called voice frequencies, 
the term is used to imply all. fre- 

that are normally considered 
(See Frequency.) 

FREQUENCY —A term adapted from 
‘academic English to use in electrical 
practice. Thus, the number of times a 

‘action fs repeated per unit. of 

In the case of an alternating 


time, 
current (a.v.) the current reverses its 
direction of flow at certain definite in- 


tervals, If the reversing process takes 
place 120 times per second—that is 60 
reversals from negative to positive and 
viee versa—the frequency of the cur- 
ent is said to be 60 cycles. In ordinary 
commercial practice the majority of 
alternating current generators produce 
an alternating current or E.M.P. hav 
ing a frequency from 25 cycles per 
second to G0 eyeles per second. In 
radio transmission the alternating cur- 
rent or EMF, (Electro Motive Force) 
has an ly higher frequency—the 
reversals taking place many thousands 
of times each second, (See Alternating 
Current, Theory of Production, also 
Alternation, Cyele and Periodicity.) 

FREQUENCY, AUDIO—In radio, a fre 
queney within the limits at’ which 
audibie sounds are produced. It is gen- 
erally considered as a frequency less 
‘than’ 10,000. cycles per second, al- 
though some authorities refer to fre- 


quencies up to 16,000 or 20,000 eyeles 
ds being within the limits of audibility 
For ordinary. practice, the human ear 
{a capable. af hearing’ sounds only “up 


to about 2,500 cycles per second. In 
receiving sets the audio frequency cur- 
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rents appear only in the circuits carry- 
ing the rectified currents, although some 
types of super-heterodyne receiver use 
an intermediate frequency as low as 
80,000 cycles per second, these signals 
then being rectified and made audible 
in the telephone receivers. (See Fre- 
quency Cireuit, Audio, also Frequency, 
High) 

FREQUENCY, ALTERNATOR OF— 
The frequency of an alternating cur- 
rent dynamo or alternator is expressed 
in eyeles per second. With each com- 
plete revolution of the armature. a 
complete cycle or double alternation 
of current is generated. (See Alter- 
nator.) It is therefore a simple mat. 
ter to. determine the frequeney of 
alternating current, generated when 
the number of revolutions per second 
and the number of field poles or 
‘magnets is known. The frequency will 
be f=N#8, N being the number of 
field poles and S the number of revolu- 
tions "per second, ‘The divisor 2. is 
used t0 convert the result in alterna- 
tions per second to cycles per second, 
one cycle representing two alterna: 
fons. (See Alternating Current, 
Theory of Production of, also Fre: 
quency.) 

FREQUENCY BAND—A term used to 
denote all the frequencies lying within 
g certain minimum and maxing limit. 

ius, in broadeasting, the frequency 
band’ will be the frequencies corre 
sponding, the wavelengths, within 
the brondeast band. This will be gen~ 


eyeles, or a we 
proximately 200 to 650 meters. 
Band of Frequencies.) 

FREQUENCY CARRIER—In radio 
brondeast, tranqmission the radio fre: 
quency (high frequency) wave. wi 
Which the audio frequency speech 
riations are superposed. (See Broad. 
casting, General Treatise on Methods, 
also Carrier Wave.) 

FREQUENCY CHANGER—A device for 
converting currents at a certain fre- 
quency into currents. of a higher or 
lower frequency, without change of 
phase or voltage, A frequency. con- 
verter. Generally an alternator driven 
by a. synchronous motor, The term 
is also applied erroneousiy to certain 
forms” of super-heterodynes. (See 
Uleradyne.) 


tothe right of the dotted line Indlate the 
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FREQUENCY CIRCUIT, AUDIO—Ans 
cireuit in a radio, receiver or trans- 
mitter whieh earries currents, within 
the arbitrary limits of audibility. Tn 
the ‘diagram shown herewith, the 
heavy lines are the connections of the 


| AUDIO TRANSF. 
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frequency 


io tecalver 


audio frequency cireuit. In this part 
of the circuit only currents of audio 
frequencies “are present. (See High 
Frequency Component of Plate.) 

FREQUENCY CIRCUIT, RADIO—The 
circuits in a receiver 'in which only 
high or radio frequency currents, are 
supposed to be present. (See, Feed- 
Back, Audio Frequency, also illustrs 
tion in connection with Frequency Ci 
cuit, Audio.) 

FREQUENCY, FUNDAMENTAL—The 
frequeney of the fundamental “wave. 
(See Fundamental Frequency.) 

FREQUENCY, GROUP—The frequency 
of the separate trains of, waves in 
Tadio™ communication... (See Group 
Frequency, also Wave Train.) 

FREQUENCY, HIGH—Frequencies over 
certain definite limits, generally from 
10,000 to 20,000 eycles ‘per second in 
radio usage: Commonly’ used as. syn 
enymous with radio frequency. It is 
the opposite of low or audio fre- 
uency.. (See Frequency, also Audio 

vrequtency, Limita of Audibility.) 

FREQUENCY, LOW— Frequencies be- 
low certain limits, generally 10,000 or 

000 cycles, per’ second. (See Fre- 
quency: Limits of Audibility.) 

FREQUENCY METER—A device for in- 
dicating the frequency of an alternat- 
ing current in eyeles per second. ‘The 
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Iteration by Courtesy of Jas. G. Biddle. 
‘A vibrating reed type of frequency mater. 


most, simple form uses a system of 
tuned, vibrating reeds. The illustra- 
tion shows @ frequency meter of the 


1 
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reed_type. ‘These reeds 
arranged to respond to va 
quencies In ‘a similar ‘manner. to 
the "reeds, in_ Various musieal instru: 
ments. ‘These reeds are acted upon by 
an alternating current magnet. When 
the magnet is acted upon by an alter: 
nating current sent through the wind- 
ings, the reed nearest to that” fre- 
queney will vibrate in sympathy with 
the "vibration due tg the. alternating 
magnetic effect on the magnet. Sue 
meters and also those of ‘the induction 
type are used for comparatively low 
frequencies quch” as occur. in. com 
mercial lighting systems. For meas- 
Urement of the high frequencies used 
inv "radio’ communieation somewhat 
difterent systems are used. 

FREQUENCY, RADIO—An alternating 
Current or lectromotive foree above 
certain definite limits, generally above 
10,000 or 20,000 eyeles per second. The 
lng of demareaton between ews fr 
quency and radio frequency is not very 
Sharply. defined, as, in radio usa 
frequencies that’are actually inaudible 
to the human ear may yet be referred 
{9 as audio frequencies, ‘The term is 
used to differentiate between the recti- 
fied or audio currents ‘and. the high 
frequency ogeillations suchas are it~ 
pressed on the antenna in receiving oF 
Transmitting. (See Audio Frequency, 
also Frequency, Low.) 

FREQUENCY, UNIT OF—Frequency of 
‘alternating ‘currents. is expressed in 
tycles” per second and is” generally 


Written f, (See “Frequency, also 
Cycle.) “ 
FREQUENCY, VARIATION OF 
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FULL, WAVE RECTIFICATION — In 
rectifying, alternating current, the 
process of rectifying both the positive 


End negative. alternations or half 
cea “ne majority of rectifiers for 
anging storage batteries rectify ony 

hall waver of batt eye and thos do 
fot utilize the TUN alternating current 
tyien (See Rectipor, Full Wave sso 
Karger, Storage Battery.) 
FULLER CELL-A type of primary eel 
formerly much used in telephone, tele- 
aph or ang intermittent work: (Seo 
Gath Open Cirenie) 


‘A’ tine electrode 
cast in the shape of a cone is at the 
end of a soft copper wire and rests at 


GALENA—A natural crystal  sulphi 
‘of lead. Chemical symbol PbS. It i 
an ore of lead, grey in color and 
showing brilliant metallic lustre when 
fractured in cubical. form. Galena 
crystals are used either alone or in 
onjuneton with ther) minerals as 
erystal rectifiers (detectors) in radio 
reception. When used in combination 
it is generally in. conjunction with 
graphite or zincite. Used alone, the 


the bottom of a porous cup immersed 
ina dilute solution of sulphuric acid. 
‘The carbon electrode isin an outer 
jar in a Bichromate solution. (See 
Gent) 

FUNDAMENTAL FREQUENCY — The 
frequency. or number of eycles per 
second of the fundamental wave. (Bee 
Frequency, also Fundamental Wave.) 

FUNDAMENTAL UNITS—Units based 
‘on the fundamental quantities of length, 
mass and time. Under the C. GS. 
system the unit of length is the eenti- 
meter; of mass, the gram} and time, 
the second. ‘he absolute system of 
units, (See Centimeter-Gram-Second.) 


the component of the 
is a pure sine wave 
of the principal frequency. Upon this 
Principal frequency the various higher 
frequencies (harmonies) may be. su- 
perposed. A fundamental wave when 
combined with other frequencies which 
area whole multiple of it produce the 
harmonious ‘note. ‘These ‘terms are 
derived from’ acoustics in which the 
fundamental is ‘the pure sound wave 
er ‘pure note. (See Sine Wave of 
Alternating Current or EME.) 
FUNDAMENTAL WAVELENGTH — 
‘Term used to denote the wave-length 
‘at which the inductance and capacity 
of ‘a coil or antenna would be in 
Fesonance. “In referring to. antennas 
the fundamental. wave-length is the 
wave-length corresponding to the fre 
Gueney at which free oscillations will 
occur. This is often referred to as 
the natural waveclength andthe eor- 
responding frequency is referred to. as 
the: natural frequeney of the antenna, 
For practical purposes the. fun: 
‘mental ‘wave-length of an, aerial (an- 
tenna) may be computed from the 
dimensions.” Where no loading induct. 
ance is used, a single wire flat top 
antenna (Tr or inverted L type) will 
have a fundamental wave-length ‘ap- 
proximately four times the distance 
from the ground connection to the ex 
treme end of flat or horizontal portion 
as measured in meters. ‘Thus, if the 
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contact may be a fine wire or eat 
tehinher. (qev.) (See Crystal Detec- 
GALVANIC BATTERY—The term, now 
obsolete, formerly applied to a primary 
battery’ or group of primary cells. 
GALVANL LUIGI Born 1787, died 
1798—An “Italian — physician’ ‘and 
Physiologist noted as the discoverer 
of galvanic or current electricity. 


antenna is of the 1 type with a top one 
Hundred feet long and @ lead-in and 
round connection sixty feet long, the 
indamental waveclength will be about 
4x 00480) X14, the result. bene 
Biven in feet. Now as wave-length ie 
Slways "stated in meters it will, be 
necessary to divide this result by 3.28 
‘which isthe rough ‘conversion factor 
From fect to meters. The. multiplier 
1 adds ten per cent tovthe figures 
for necessary correction of length. If 
the ‘antenne is of the ‘type, the 
length of the ‘flat portion would be 
considered as half of the total. hori= 
ontal length or 80 feet instead of 100 
feet. The illustration. shows method 
of measuring length, (See "Wave- 
length Calculation for Antennae.) 


FUSE—A device used in electrical ¢i 
cuits to prevent the passage of exces. 
sive currents. Generally a strip of 
fusible metal, commonly lead with a 
small percentage of tin, enclosed i 
fiber or insulated and ‘fireproof con- 
tainer and. inserted” in’ the circuit. 
‘When the temperature, due to excessive 
current, reaches @ certain limit, the 
fuse “blows” causing a break in the 
circuit. It is thus possible to limit the 


Fle. common tre of fare ase in eht- 


current flowing in a circuit to a 
definite maximum in order to protect 
instruments’ from excessive charges, 
‘The most common use is in commercial 


Fic, 2. A fore uted @ protect the flement 
Gs Nacdum tube rom demere by excenive 
vole. 


lighting and heating systems where 
the current on any’ line is generally 
limited to ten or twenty amperes for 
the protection of the lines leading. in 
to the building. 


While dissecting the legs of a frog, 
they came by accident into contact 
with dissimilar metals which caused 
muscular action in them. Galvani 
thought that he had discovered elec- 
® 


tact and thereupon constructed hi 
voltaic pile. the forerunner of the 
primary cell. 


GALVANOMETER—An extremely sen- 
sitive instrument, used for detecting 
fand measuring electric currents an 
also for indicating the direction of the 
current in a circuit. In its simplest 
form it consists of a small iron needle 
pivoted in the center of a hollow coil 
of wire, The needle is controlled by 
the earth's field and points north and 
south when at rest. When an electric 
current is passed through the galvano- 
meter, winding the needle 1s deflected 
over a graduated scale the extent of 
the deflection depending on the force 
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of the current, ‘The instrument is ar- 
fanged in such a manner that’ the 
needle will be deflected in one direction 
when the current. flows, through the 
Windings ina certain direction, and 
When the cterent i reversed, the 
heeile will be deflected in the opposite 
direction. ‘Thus. when the connections 
fre known the direction of the current 
isaccurately indicated. as well as its 
strength. The galvanometer is one of 
the most. sensitive current. measuring 
devices, the deflection of the needle 
being due to the electro-magnetic field 
created by the passage of electric cur- 
rent through the coll of wire, — (See 
Anmeter or Ampere Meter, also Gal- 
Yanometer, D'Avaonval and Galvano- 
meter, Mirror) 
GALVANOMETER CONSTANT — Gen- 
number used to 
change the galvanometer reading to 
ordinary units, The instrument meas- 
tres extremely small currents and thig 
umber times a certain function. of 
the galvanometer reading gives” the 
Value in customary units. Technically, 
the strength of the field. produced at 
the center, of the coil of a salvano- 
eter by the unit of current to be 
used. (See Constant.) 
GALVANOMETER, D'ARSONVAL—A 
orm of galvanoineter having a dead 
beat indicator (see Dead Beat Instru- 
ment) in. which the indicating coil is 
Euspended in the feld of a powerful 
horseshoe magnet. “It is one of the 
ost sensitive forms of galvanometer 
‘he ame was rived from that of 
we designer, A. D'Arsonval.. (See 
Gatvanometer.) 
GALVANOMETER, MIRROR—A type 
of galvanometery the moving coil or 
indicator of which carries “a mirror 


which, reflects a beam of light from a 
fixed lamp. it is 90 arranged that the 
lamp is provided with a lens and the 
beam is s0 reflected that a visible spot 
of light is seen ona scale and deflected 
pret the ‘moving element, (earrying 
the mirror) swings, with the passage 
of current. In the beam of light isa 
sharp image of fine wire stretched in 
front of the lamp. This type of gal- 
vanometer may also be arranged 30 
that the reflection of a fixed scale may. 
be observed in the mirror by means of 
a small telescope arrangement. (See 
jalvanometer.) 

AMMA-—I—The third letter in, the 

Greek alphabet, "(See Gamma Type 

Antenna.) The lower, case Gamma 

fs"used asa symbol for conductivity. 

(av) 

GAMMA TYPE ANTENNA—An alter: 
nate name for the inverted L, type of 
antenna, so called because the. third 
etter in the Greek alphabet, I re- 
sembles an inverted “L," and a single 
wire antenna with lead-in from one 
end is in the shape of an inverted L. 
(See T Type Aerial.) 

GAP—See Spark Gap, also Lightning 

Gap. 
AP, ATR—Term applied to the gap, be: 
tween sections of an iron core as in a 
transformer for, the purpose of pre- 
venting saturation. (qwv.) Also ap- 
Dlied to speak dischargers where a 
Space is provided between the elec- 
trodes across which the spark jumps 
in operation. The term ‘is used as 
well in referting to the radial depth of 
the space between surfaces of the, ro- 
tor and stator in generating machines 
or motors, (See Spark Gap, also Ro- 
tary Gap.) 

GAP_ARRESTER—A. form of lightning 
‘arrester (q.v.) in which small air gaps 
fre provided between non-arcing metal 
electrodes. | (See Arrester.) 

GAP, MICROMETER—A small gap de- 
signed to protect apparatus from ex- 
cessive potentials. (See Safety Gap.) 

GASEOUS—Anything of the nature of 
‘@ gas, having no natural physical 

boundaries but accommodating itself 

to the shape of the container, expand- 
ing to the dimensions of any’ space in 
which it’ may be confined 

'SEOUS TUBE—A term sometimes 

spplied to a vacuum tube in which a 

certain amount of gas is present. 
Such tubes under ordinary conditions 
are not efficient "as amplifiers in 
‘acum tube circuits, the minute 
atoms presenting a more or less effec 
tive obstacle to the free passage of the 
electrons... (See Vacuum Tube, Theory 
of Operation 

GAS RECTIFIER—The term applied to 
’2 vacuum tube which is only partially 
exhausted of its residual gas. They 
fare also known as soft tubes and are 
generally used as detectors, although 
the tendency now is toward hard or 
highly evacuated tubes due to their 

lity. to all purposes in radio 
rs Whereas the soft tubes do not 
function well. as amplifiers. (See 

Vacuum Tube.) 

SSING—When the charging current 

ig continued after a storage battery 

has taken a normal charge the free 
liberation of oxygen and_ hydrogen 
takes place. This is manifest in the 
form of gaseous emanation or libera- 
tion of bubbles from the electrolyte. 
‘The same effect may be noted when a 
battery is charged at higher rate than 
the normal charging rate stated by 
the manufacturer, and under certain 
conditions may occur at the later 
stages of charging, even when the 
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battery ig not fully charged. In a 
storage battery that is in. good condi 
tion ft i8 a fairly accurate indication 
of a full charge. (See Charging, also 
Rate of Charging.) 

GAUGE, WIRE—The various systems of 
‘measurement used for denoting the 
Physical dimensions of wire. © The 
Standard gauge in the United States 
is known as the B & S or Brown and 
Sharpe gauge. (See Brown & Sharpe 
Guage.) 

GAUSS—The term adopted by the Amer- 
ean Institute of Electrical Engineers 
as applying to the magnetic fluz 
density. (av.) It is written B or 
land is also used in conjunction with the 

ilbert. to denote magnetizing force, 
fone gauss being one gilbert per Cen 
meter. It is incorrectly used to apply 
to magneto motive foree. (See Centi- 
‘meter Gram Second or C.G.S.) 

GENERATOR —Any machine for pro- 
ducing electric energy. Usually a de- 
vice for converting mechanical power 
into electrical energy. It may apply 
to a vacuum tube used to generate 
gecilations as, in trangmission or, for 
heterodyne action. (See Heterodyne, 
also Vacuum Tube Generator.) 

GERNSBACK, HUGO—Born 1884. Ed- 
tucated Ecole Industrielle, Luxembourg; 
Technikum, Bingen, Germany. | Presi- 
dent, The’ Experimenter_ Publishing 
Company, Publishers of Radio News, 
Seience and Invention, Amazing Stor- 
ies and Radio Internacional. President 
of The Consrad Company, Publishers 
of Radio Review, Radio Listeners’ 
Guide and Call. "Book, 


‘and. Money 


Hugo Gernsback. 


Making. Editor of Radio New: 
ence and Invention, Amazing Stories. 
Author of, “Radio for All,” © 

Telephone,” “Ralph 121C-41+.” 
RNSBACK, SIDNEY —Born_ 1876, 
Educated College of Luxembourg, 
Lycee de Nancy, France.” Vice-Presi 
dent and Treasurer of ‘The Exper 
menter Publishing Company, 
ers of Radio News, Scienct 
vention, Amazing Stories, and Radio 
Internacional. Vice-President and 
Treasurer of the Consrad Company, 
Publishers of Radio Review, Radio 
Listeners’ Guide and Call Book, and 
Money Making. Editor of Radio Re- 
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Gilbert 
view, Radio Listeners’ Guide and Call 
Book, and Money Making. Author of 
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“A ‘Thousand and One Formulas,” 
“Wireless Course in Twenty Lessons,” 
“Experimental Electricity Course,” 
“Radio Encyclopedia.” 

GILBERT —Symbol F, i the unit of 
Mmagnetormotive. force adopted by the 
American Insitute of ‘Blectrical En. 
Bincers. "(See Magueto-motive Force, 
Fes equlvalent to dx/" 10 or 1968 
ampere turns, "(See Ampere Turns.) 

GLASS PLATE CONDENSER—A eon- 
enaer, generally of the jheaey, ty 
fkeu types consisting of alternate lay- 
Gre of metal or foi and thin glass 
sheets asthe dielectric. Glass plate 
condensers are mainly used for trans- 
fittings glass having a very high die- 
Tectrie Constant. Such condensers may 
be'immeraed in oil to stand higher po- 
Lentiala: without breaking down. (See 
Condenser, also Dielectric Coefficient 
Gnd Constant.) 

GLASS SILENCERA glass tube hav- 
‘ng, wooden ends with ‘holes just per= 
imfiting discharge electrodes or rods to 
pass, used. in. conjunction ‘with spark 
Tolls’ and: aps to enclose the sparking 
Surfaces and thus dampen the noise 0 
the sparking. | (See Spark Gap.) 

GLOW. DISCHARGE—See Corona. 

GUIDING THEORY—A theory. regard- 
‘ng the propagation of electromagnetic 
(radio) "waves, which assumes. the 
eves as"fllowing the Careature of 
the earth and not being: subject to re- 
flection ‘due to objects in their path or 
by any reflecting surface above the 
arth.” This theory has been discarded: 
Gue to observations ‘of phenomena of 
ransmigsion it now is ‘generally, a- 
sumed that there must be a reflecting 
Surface high In the atmosphere, How: 
‘every tis considered probable that the 
Waves do not extend’ very. high aaa 
Zencral’ rule, the exceptions being. the 
Ensca of extreme distance transmission 
fncertain directions. in. the "upper 
Atmosphere, due to the rarifieation of 
the atmosphere ontzation (av) is 
Very pronouneed and the air may_be- 
tome ‘a fairly. good conductor. This 
conducting region or layer may’ impose 
Severe obstacles to the electromagnetic 
waves and thus limit them to a certain 
Testricted. zone. In the majority of 
Ensen this ionized region may. thus be 
fegarded ag damping or absorbing the 
waves, and in others it may conceivably 
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or concentrate them in one 

direction, producing instances of trans- 
tnission “over extreme. distances. with 
low power. For more complete discus 
sion’ along these lines “see fleaviside 
Layer, also Refraction and Reflection 
of Electromagnetic Waves. 

GOLD LEAF ELECTROSCOPE—A very 
‘Sensitive device for. determining the 
Presence and nature of an’ electrie 
charge. Tt comprises, essentially, two 
Strips of gold foil joined at one end by 
& conductor and suspended in a glass 
Jar. "When an electric charge is pres 
ent. the two strips of foil have a 
fendency to repel one angther and thus 

verging, indicate the presence of 
the charge.’ (See Galvanometer.) 

GOLDSCHMIDT ALTERNATOR—One 
‘of the first practical alternatora for 
Benerating high. frequency currente 
Suitable for continuous save radio 


transmission. “It was designed by 
Rudolph Goldschmidt in 1912 and was 
used mainly in Europe. This machine 


operated on a frequency step-up prin- 
ciple. "A single phase alternating cur- 
rent was first produced, the frequency 
ing about ten thousand cycles. This 
was about the highest possibie fre- 
queney obtainable ‘an ordinary 
type of alternator. By means of a 
cascade effect, obtained by an arrange- 
ment. of tuned cireuits “connected to 
stator and rotor of the alternator, a 
much higher frequency could be im- 
pressed on the antenna to radiate con- 
tinuous ‘waves. ‘The machine had. a 
number of disadvantages which limited 
ts commercial value, chiefly the fact 
that the air gap between rotor and 
stator was necessarily very’ small—a 
dificult matter with @ bulky machine, 
the rotor of which weighed several 
tons.” (See. Alternator, Continuous 
Waves, also Goldechmidt,’ Rudolf.) 
GOLDSCHMIDT, RUDOLF—Born 
March 19, 1876," at Neu-Buckow, 
Mecklenburg, Germany. After finish: 
ing his education at Wiemar Municipal 
School, “he studied engineering at 
Charlottenburg and Darmstadt Tech- 
nical High School. In. Darmstadt he 
obtained his degree as electrical engin- 
eer in January, 1898, and then became 
assistant to Professor Kittler. In 1900 
he obtained the college and travelling 
Scholarship, which enabled him to visit 
engineering works in. Belgium, Eng- 
land and France. Later in the same 
year he was appointed engineer in the 
laboratory of the Allgemeine Elek- 
trizitaets Gesellschaft in. Berlin. In 
1901-2 he occupied the position of chief 
laboratory engineer and designer to 
Kolben & Co, Ltd. in Prague. | He 
came to Engiand in connection with 
the Willesden Electricity Supply Sta. 
tion and was later appointed chief 
engineer to Messrs. Crompton & Co., of 
Chelmsford. In i905 he joined. ‘the 
Westinghouse Company. in Manchester 
ter private preparation he passed 
the German  abitur-examination and 
obtained the degree of Dr. Eng. In 
1907 he returned to Germany as lec- 
turer at Darmstadt ‘Technical College. 
Here he practiced as a consulting en- 
gineer, and also pursued the develop- 
ment ‘of several’ inventions, chiefly 
occupying himself with the inven 
and design of high-frequency’ alte 
tors for wireless telegraphy. In 1911 
hhe_ became manager ofthe Hoch: 
requenz-Machinen AKtiengesellachaft 
fur drahtlose Telegraphie" in Berlin, a 
gompany formed for the utilization af 
is inventions in wireless, telegraphy. 
In this position he established two 
large wireless stations at Bilvesen, 
Province of Hanover, and Tuckerton, 


New Jersey, for wireless communica- 
tion between Germany and America. 

NORTON — 
b. New York, 


GOLDSMITH, ALERED 
Elec. and Radio Engr.; 
N. ¥., Sept. 15, 1887; 
City of New York, 190 
bia Univ., 1911; cons. 


radio’ expert, 


U.S. Dept, of” Justice, 1912; cons, 
radio engr., Atlantic Communication 
Co,, 1914; cons. engr., Gen. Elec. Co. 
1915.17; ‘dir. 

Wireless 


‘of research, Marconi 
Telegraph Co. of America, 
ssociated professor of elec: 
ineering, College of City of 
, since 1924; dir. of research 
0 Corp'n of America, 1919- 
1922! Chief Broadcast Engineer, Radio 
Corp'n of America, since 1922; editor, 
Proceedings of the’ Institute of Radio 
1, since 1912, "Made investiga. 
in simplex ‘and duplex. radio 
telegraphy and telephony, transmission 
of canal rays, precision measurements 
in radio eng.” Author: “Radio Teleph- 
guy” (Wireless Press), 1918; “Radio 
leasurements,” “Radio Frequency 
Changers” (Proc. Inst. Radio Engrs.) 
1915; “World Communication’ 
A.1,E_E.), 1921. Technical 
U.S. ‘Signal Corps ‘School of Com 
munication, 1917-18; U.S. Naval Ra 
dio School, 1917-18. Fellow, A.I.E. E. 
I.RVE,, American Association for ‘Ad? 


yancement of Science. | Hon. _mem., 
Radio Club of America, Radio Society 
of Great Britain, Am. Physical Soc. 

GONIOMETER—A deviee used 
reception to determine the 
from which the electromagnetic waves 
(signals) are coming. The term is, 
also used at times to designate any 
system of directional transmission oF 
reception. ‘The device was originally 
designed as an aid to navigation. 

The original goniometer was de- 
signed by Messrs. Bellini and Tosi (see 
Bellini, Dr. Ettore, also Tosi, A.), but 
numerous changes “have since been 
made, notably by Marconi and his asso- 
lates, to adapt it to the requirements 
of ships at sea. The form most. used 

i-Tosi 
is essentially a special 
form of oscillation transformer. used 
in conjunction with a special aerial or 
loop. As an example of the Use of 
goniometer in connection with ships at 
sea, suppose a ship is in distress at a 
point about two hundred miles off the 
eastern coast. Perhaps the ship's Fe 
‘dio apparatus is working, but for some 
Feason the mariner does ‘not know the 
ship's position. The radio signals are 
then received, let us say, by three dif- 
ferent land ‘stations at widely sep- 
arated points. The receiving stations 
use their goniometers and determine 


Ever smaller, ever finer 


SMD Soldering 


‘SMD technology (Surface Mount 
Device Technology) is curently 

the standard process in electronics 
manufacturing. Ever smaller and 
highly integrated surface mount 
components place growing demands 
on SMD soldering equipment 


Single slder joins, for example on 
resistor, are made wth ERSADUR 
long fe soldering tip starting wih 
diameter of 0.2 mm. Fne-pitch con 
nections with ahigh pin-out, ie. C's, 
‘ate most efcenly soldered with 
Ersa Pawerell soldering fps. 
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more or less accurately the direction 
from which the signals are coming. 
‘The three. stations compare notes on 
the respective directions and any one 
of them ean readily plot out lines run- 
hing on a chart from each station in 
the’ directions indicated by the goniom- 
eter en by simple triangulation 
the location of the ship can be figured, 
enabling other ships in the vicinity to 
be instructed accordingly and go to 
their reseue, There sre, of course, 
many other uses that occur in every: 

‘Gonometers are also 


Stations that are interfering, using an 
unlicensed transmitter, or are other- 
wise not complying with the regula- 
tions. 
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The lustration Fig, 1 shows the 
mneral_arrangement of, the. instru- 
Sent." Here, cols Land Lat are the 
main’ windings. of the. goniometer. 
They are wound in two sections with 
Condensers C and Cl inserted between 
the sections of the two windings for 
purposes of tuning. Coil L2.is the 
Peploring coil. This is connected to 
the reeelving apparatus, which ip the 
Eistomary. detector. clneuit. Colle. 
and Li are connected to the two loop 
Serials shown in Fig. 2 Here it will 
appear that the loops are placed” at 
Hehe angles, their relation in this re- 
Spect being variable, In operation the 
soils Land LL have minimum miguel 
fnductiony ns they ‘are’ Placed at right 
Angles, “he exploring coll L2 canbe 
fotated through a complete circle and 
the pointer indicates’ the angle with 
relation to the fixed coils, "When one 
of the two loops points in the direction 
Ot ‘transmitting station it will pick 
Up the signals, the other being at that 
moment inoperative, as it ig at right 
Angles to the frst” as previously ex 
Disined.” Ifthe exploring eal L2 i 
Turned until maxi 
is obtained, the 
threction of the plane of the leon. 
the advancing. wave. strikes the’ two 
loops simultaneously at any angle, 
resulting magnetic feld will be set up 
in the coils Land L1 of the goniometer, 
the field having. a direction at right 
tangles to the direction from which the 
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waves are advancing. Now when the 

exploring coil L2. is turned to allow 

maximum signal strength due to this 
field. (permitting maximum ind 
transfer), the pointer will be 
direction ‘of the transmitting station. 

The direction indicated by the pointer 
of course, not the geographical di- 

rection, but this can readily be deter- 
mined by means of a compass. 
appears from the fore 
tion that the pointer will in 
dfrections, which, however, will be on 
the same’ geographic plane. In other 
words, the Pointer may be, for example, 
exactly north and south, 

GRAMME ARMATURE A form of ring 
type armature (q.v.) used in genera- 
tors, named for its originator. (See 
Generator.) 

GRANULAR, CARBON—The _ carbon 
graing used in a telephone transmitter 
{fo vary the resistance between the elec- 
trodes. The highest grade is made by 
earbonizing pure anthracite coal in an 
electric furnace, after which it is 
screened and graded. (See Microphone, 
Carbon.) 

GRANULAR COHERER—A form of 
coherer’(q.v.) used in the early days 
of wireless. “It employed carbon gran- 
tles between two electrodes, the whole 
enclosed ina glass tube,” (See De- 
tector.) 

GRAPH—The presentation in diagram- 
matic form of facts, formulae, ‘ete, 
particularly in the electrical and me: 
chanical fields, Graphs are much used 
in radio to give graphic illustrations 
of various functions, such as the rela 
Hon’ of currents and, voltages. |For 
this purpose ruled and squared paper 
is used. One of the most common and 
useful forms of graph is known as a 
characteristic curve of « vacuum tube. 
‘These curves may show the relation 
of changing values, such, for instance, 
as the relation of grid voltage to plate 
current, indicating certain of the op- 
erating’ characteristics of the vacuum 
tube. (See Characteristic Curve, also 
Sine Curve.) 

GRAPHIT® RESISTANCE—A form of 
resistance composed of graph 
in any of several ways. in radio 
cuits,” The most common usage is in 
the form of 'a grid leak (qv). Here 
it'may take the form of a thin sheet 
of ‘paper. coated with graphite or a 
glass tube filled with “graphite and 
some binding medium. | Such resist 
ances are also. used. in. resistance 
coupled amplifiers (q.v.), in which case 
they are interposed between the plate 
and “B” battery and couple the succes 
sive stages of amplification. (See 
Resistance, also Resistance Coupled 
Amplifier.) 

GRASSOT _FLUXMETER—An_ instru: 
‘ment used to measure the strength of 
‘magnetic fields and the regions around 
magnetic poles. It is of particular 
Value. in’ measuring the” relative 
strengths of various magnets. ‘The in- 
strument comprises avery sensitive 
Ralvanometer of the moving coil type 
with a special exploring coil. ‘This 
coil. is introduced into the magnetic 
field to be measured and readings of 
the proportionate strength of the field 
are obtained directly from the scale of 
the galvanometer, which is appropri- 
ately divided field strength is 
obtained by dividing the deflection 
value in Macwell turns (qv.) by the 
area of the search or exploring coil in 
square centimeters and the number of 
turns of the coll. (See Galvanometer, 
also Flux Density.) 

GRAVITY BATTERY—A 


combination 


Grid Battery 


of gravity cells, A group of cells, 
ach cell having two different electro: 
ites which remain separated without 
se of @ diaphragm due to their differ- 
ence in specific gravity. (See Gravity 
Cait) J 

GRAVITY CELL—A type of primary 
cell (G.¥.) ih the specific gravity 
‘of one electrolyte is less than the other, 
Which causes this lighter electrolyte to 
oat on top of the heavier fluid. One 
of the typical examples of gravity cells 
is the Daniel's Cell (qv.) (See Seex 
ondary Cell.) 

GRID—Generally, any system of wires 
‘laced parallel to each other and in the 
Eame plane, az a mesh.” Specifically in 
radio usage, the fine network of wires 
interposed ‘between the filament’ and 

late elements ina Vacuum tube, Tt 

Inay be in the form of a flat network 

Of tenon in the fort ofan oval 

eylindrieal mesh completely’ surround- 

ing ope filament and an oa) aus 
rounded by a similarly shaped plate of 
mnetal.. ‘The illustration shows the form 
taken by a typical grid member ina 
modern type of vacuum tube. Here 
the plate is not shown in order to per- 
mit "the grid member to show more 
clearly 

Tn receiving cireuits the grid acts as 

a valve to control the flow of electrons 

from hot filament to cold plate. When 

Signals. are: Impressed on the aerial 

they care tuned by. the customary 

agencies and passed to the grid circuit 

(qv.). As the incoming signals are 

in the form of high frequency oscilla- 

Hows. (qx) ‘changing. thelr” polarity 

(direction) many. thousands of mes 

ach second, it will be apparent that 

the grid is altered rapidly from posi- 
tive to negative and back. "As the elec- 
trons flowine from the’ flament are 
hegative, the grid. wil) thus have 
tendengy’ to retard” or increase’ the 


Showing the form taken by. 4 tye ard 
flow. ‘That is to say, at the instant the 
grid. is positive it will attract more 
Slestrona, but when it is momentarily 
negative’ the like charges will repel 
each other and less electrons will low, 
Some of them being held back to the 
filament, (See. Grid Battery, Grid 

as, iso Vacuum Tube, Theory 0 
Operation of.) i 

GRID BATTERY—A battery of small 
cells connected in the grid eireuit of @ 
Vacuum tube to. place a negative or 
ositive bias or charge on that ele- 
nent, The illustration Fig. 1 shows 
Small four and one-half volt battery 
inserted in stch a manner that a nega 

% 


Grid Bias 


tive potential is impressed on the grid. 
In this case the characteristic curve 
(qw.) of the tube is assumed to indi- 
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ing vacuum tubes, the part of the cir- 
76 


cuit containing the grid of the tube or 
tubes, but generally referring to the 
tuning circuit or that part of the s} 
tem which contains the tuning ele- 
ments. In the illustration is shown 
standard arrangement of a regenera- 
tive detector and one stage of audio 
frequency amplification, ‘The heavy 
lines at the left of the diagram rep 
sent the tuning circuit or detector grid 
circuit, while the section with heavy 
lines at the right is the grid eireuit of 
the amplifier tube. ‘The grid eireuit of 
detest tube may. generally ‘be dis 
‘inguished by means of the grid leab 
and condenser (30 marked in the illus 
ration), which controls the incoming 
signals and permits the tube to func- 
tion as a rectifier, (See Detector, Grid 
Control, also Grid Condenser and Grid 
Leak.) 
GRID CONDENSER—A small fixed 
Condenser, generally from” .00025, to 
0005 mictofarad capacity, inserted in 


GRID LEAK rio 


_GONDENSER, 


YOON 


the circuit of detector tube between 
the tuning coil and the grid member 
of the tube. The illustration shows the 
manner. of connecting the grid con- 
denser in a conventional detector cir 
cuit. This condenser insulates the grid 
from the filament by breaking the path 
F to G and permits the tube to act as 
4 rectifier or detector. A. resistance 
(called grid leak) is usually” placed 

this condenser to allow the ac- 
cumulated charges on the grid to leak 


GRID, CONTROL—The general term 
used to designate the various. devices 
4nd associated connections placed in oF 
allied with the grid circuit of a vacuum 
tube for the purpose of controlling to 
A greater or lesser extent the potential 
ofthe grid, or to tune or control the 
Incoming oscillations. "In the ease of @ 
Vacuum tube used as'a rectifier (detec: 
tor) the grid condenser and grid leak 
fare placed in series with it. (Note: 
the grid leak is often connected from 
the grid directly’ to the filament in- 
stead of across the grid condenser, the 
operation, however, being approxi- 
mately the same in either ease). Here 
the controls permit the tube to func- 

detector of the incoming 
is, Where the tube ts used 
as-a radiofrequeney (high-frequency) 

‘amplifier, the radio-frequency” trans- 

former ot other amplifying unit. con- 

trols the grid of the foliowing tube by 

Influencing the fluctuating potential 
ferences impressed on i Bee An: 

fier, Radio-Frequency.) ‘The. mos 
{important example of a grid eontrol is 
By lasing some means f0eontral the 
potential applied to the grid, such, for 
example, as a grid bias oF grid battery. 
(See Grid. Blae, Grid’ Battery, also 
Vacuum’ Tube, ‘Theory of Operation 

GRID CURRENT—The current present 
in the grid circuit of @ vacuum tube 
This is generally very ‘small, perhaps 


of the order of fifteen to twenty micro- 
). (See Plate Current, 
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Courtesy of Chas. Freshman Co. 
A tubular type of arid lesk. 


Pie 


For experimental work a fairly sat- 
isfactory grid leak can be made by the 
simple expedient of drawing a line on 
4 piece of cardboard with a soft peneil 
—<the graphite mark acting as the re- 
sistance, At each end of the cardboard 
is placed a binding post in contact with 


the graphite, each, binding post bein 
connected to’ opposite sides of the sid 
condensers.” Variable. grid leaks, the 
resistance of which canbe changed at 
SrHL'are aio Puriaed pa anita 
Varlety of types, two of which are 
shown in Fig.'2.” (See Variable Grid 

1 also Grid Control and. Resiot= 


of wnidamped 
toaves "(av.) generated by a vacuum 
tube, the process of varying or moda 
Jatin the potential of the grid element 
af. the tube with respect to. the. fl 

‘ment. In this method an alternating 
Potential may’ be applied, to the grid 
Erreut, the frequency of this varying 


potential being within the audio band 
Pepossibly about 500 cycles—supplied 
by. a. generator of that freqnency. 
(See Modulation.) 

GRID POTENTIOMETER—A _poten- 
tiometer—a variable resistance unit— 
Fig. 1, used in the grid cireuit of a 
vacuum tube for the purpose of con- 
trolling the potential applied to the 
grid. The conventional method i 
lace the potentiometer across the 

tery with the center or variable con- 
tact arm connected to the grid of the 
tube ‘in place of the usual connection 
to either positive or negative filament 
lead, This is shown in the illustration, 
ig 2, Here the customary circuit is 


wesy of the Cwtlertlemmer Co. 
“A type af potentiometer, 


Fig 


shown for the “A” battery to light the 
filament of the tube, Pris and See. are 
Fespectively primary and secondary. of 
The transtormer, (ther radietre- 
luency or audio-frequeney) and ©, the 
‘Ghter arm of the potentiometer. The 
center arm may be moved either to the 
Sight or left, permitting either nega 
{ive or positive potential to be appli 
to the grid, This system is much used 
in amplifying tube eireuits to control 
the action of the tube as. an amplifier 
‘Another method would be to connect 
one of the ends of the potentiometer to 
the negative lead of the “A” battery 
find ‘the center arm to the grid. leak 
Tn this way the potentiometer, would 
be acting as a pure variable resistance, 
the potential applied to the grid being 
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Fig: 2-—Method of connecting potentiometer 
‘arid creat 


1ys_negative, but susceptible of 
ion within the limits of 

ressitance and the voltage of the “ 
battery. (See Grid Bias, Grid Battery, 
also Grid Control.) 

GRINDER—Term occasionally _applied 
to one of the various forms of atmos- 
pherie disturbance known under the 
general heading of static. This form 
of static is more prevalent in warm 
Sreather and does not appear to have 
its origin in local electric storms. Its 
effect Is to produce rattling sounds of 
no definite pitch. (See Strays, also 
Static.) 

GROUND—The earth considered as an 
electric conductor, In radio it is con- 
Sidered as the return circuit for elec- 
tromagnetic waves. (See Ground Con- 
nection, also Theory of Propagation of 
Electromagnetic Waves.) 


GROUND CLAMP—A strip of metal, 
generally copper, having some sort of 


3 fastening the 


arrangement for fastening rigidly to a 
water or steam pipe to form the ground 
connection for a radio receiver. The 
illustration shows a conventional form 
of clamp. (See Ground Connection.) 

GROUND CONNECTION—In radio re- 
‘ception or transmission, the connection 
between the earth and the apparatus 
whereby the currents set up by the 
electromagnetic waves are returned to 
the earth as one side of the assumed 
cireuit. ‘The ground or earth connec- 
tion from a radio receiver or trans- 


Guy Wire 


the aerial, ground and apparatus in 
such manner that at one position the 
aerial is connected to the set, which in 
turn is connected to the ground, and in 
the other position the aerial being con- 
nected directly to the ground to protect 
the set from excessive static when not 
in use. (See Lightning Switch, also 
‘Aerial Switch, Down Lead.) 

GROUND WIRE—The wire connecting 
‘a receiving or transmitting set to the 
garth, “The underwriters specify not 
jess than No. 14 gauge copper 
wire. | (See Ground Connection.) 

GROUNDED, ROTOR—See Rotor, 
Grounded Connection. 

GROUP FREQUENCY—The number of 
separate trains or groups of waves per 
second in a damped or undamped sys- 
tem of radio transmission. ‘This fre- 
gueney is to be distinguished from the 
frequency of the individual waves. 
‘Thus ina spark transmitter, for exam- 
le, the condenser in the transmitting 

cireuit will be momentarily charged and 

discharged. ‘The discharges will occur 
in the form of trains of oscillations, 
each oscillation having a certain defic 
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jitter should be as short as possible 
and preferably a heavy wire as shown 
in the illustration. Such a connection 
for reselving purposes may be one or 
more heavy metal plates sunk in the 
ground and connected by a heavy wire 
fo the apparatus. The more common 
method to connect the set to a con- 
venient water or steam pipe, such pipes 
ig almost invariably well grounded, 
especially the former, (See Barth, also 
Ground and Tranemiasion.) 

GROUND CURRENTS—Electrie_cur- 
rents present in the ground due to the 
Brounding of commercial electric ma- 
chines. ‘These currents very often 
prove a disturbing factor in radio re- 
ception. (See Ground.) 

GROUND DETECTOR—A device for 
Indicating an accidental ground on a 
power transmission line or for any 
conducting systems for electric cur- 
rents. (See Detector, also Ground.) 

GROUND RESISTANCE—See  Resis- 
tance of Growid Connection. 

GROUND SWITCH—A switch, generally 
‘of rugged construction, connected. to 


Switch having = break dlatance of mot lew 


That inches 


radio receiver. 


nite frequency, but the trains or groups 
geeurring at definite intervals, the 
frequency of these intervals being 
called the group frequency. (See Fre- 
juency, also Spark Transmission and 
indamped Waves.) 

GUARD LAMP—An incandescent lamp 
having a straight ‘lament, sometimes 
shunted across the armature and field 
leads of a rotary converter used in 
radio transmission. “Its purpose is to 
protect the windings from injury due 
to the inducing of oscillatory sur 
from the high-frequency circuits. (See 
Rotary Converter.) 

GUTTA’ PERCHA—An insulating m: 
terial derived from the milky secretion 
of certain trees, used as an insulation 
for submarine cables on account of ite 
ability to resist the action of salt 
water, It is used to a lesser extent as 
a general insulating medium for wires, 
but owing to its scarcity and limited 
field of usefulness, rubber or rubber 
compounds are more widely used. (See 
Insulating Materials.) 

GUY WIRE—Wires used to brace aerial 
masts. for recsiving or ‘transmitting 
stations. Such guys are generally 
heavy galvanized wires attached to the 
mast at various points and extending 
radially downward and anchored to 
surrounding rigid objects or by means 
of some form of anchor in the ground. 
(See Aerial) 
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H—The chemical symbol for hydrogen. 
Tm electrical and’ radio usage IC toethe 
symbol for magnetizing force or mag- 
ietic field intensity, adopted ag ‘such 
by. the International “Electrotechnical 
Commission and by the American In- 
stitute of Electrical Engineers. Tt has 
also been adopted by the I. E, C. as the 
symbol for Henry (qx). (See Mag- 
netic Field) 

HALF WAVE, RECTIFICATION—The 
Drocean of changing alternating ire 
Tents to pulsating. direct. currents 
Wherein only one-haif of the full alter= 
hating current wave or eyele ip recti- 
fed, the other portion being blocked 
by the action of the rectifier, In the 
illustration is. shown atypical” halt 

one gre 


|12ONE ALTERNATION 


RECTIFIED D.C 


‘The upper graph represents tn 

Earrent andthe lower graph shows = 

EnLen bye "Current after" pearing through 
MD a wave soetter 


wave rectification process. The upper 
graph shows the sine wave represent. 
{ng an. alternating current, such a3 
supplied trom an ordinary alternating 
Current house lighting system. Here 
4B represents one complete cycle or 
two alternations, one positive and the 
other negative. "In the lower graph is 
Shown the form taken by the current 
After passing through a half wave ree- 
finer, Tt now appears asa puleating 
(oF iniermittent direct currenty only the 
‘upper or positive alternations having 
assed "through the rectifier. The 
Shaded portions below the line repre- 
Sent the negative or unused -alterna- 
tions. "(See Full Wave Rectification, 
Sine Wave of Alternating Current of 
EMF, also Charger, Storage Bat- 
tery.) 

HALF WAVE, RECTIFIER—Any_sys- 
‘tem for rectifying or changing’ alter. 
hating currents to” pulsating, direct 
currents, wherein only half of the full 
alternating current wave is used. ES- 
fentinliy such device is w uniaire: 
tional conductor, permitting current to 
passin one direction only and. sub- 
merging or blotting out the surges in 
he “opposite direction, A. typical ex” 

mple of a half wave rectifier is the 

erystal detector used in simple receiv 
ing circuits. Here the nature of the 
crystal is such that the currents. are 
perztied co pass only in one direction. 
half wave rectifiers used for charg 
ing storage batteries the effect is much 
the same. Where tubes such as’ the 
‘Tungar or Rectigon are employed, one 
tube is more commonly used, allowing 
the current to flow in one direction but 
submerging half of each cycle, (See 
Rectifier, Full Wave, also Rectifier and 
Charger, Storage Battery.) 

HAMMER BREAK —A._ magnetically 
operated device for making and break 

rr 


H 


ing contact in an electrical circuit. 
Hammer breaks are essentially. the 
same as a vibrator or buzzer break 
but are made to withstand heavy eur- 
rents without undue areing, and hence 
are much slower in action. (See 
Buzzer, also Spark Coil.) 


HAMMOND, JOHN HAYS, JR—In- 
entor. Born San Francisco, Calif. 
‘April 15, 1888. "'B.S., ‘Sheteld Scien: 
like School (Yale), 1910; ‘Se-D., George 
Washington University Inventor of 
type of torpedo for coast defense, con- 
trolled by’ wireless. energy from ‘coast 
fortfeations, which was recommended 
to Congress tor exclusive purchase 
U.S: by Board of Ordnance and Fort 
fications, U. S. Aj invented system of 
automobile torpedo "rings “alumino- 
thermic. incendiary projectiles em= 
ployed by Allied armies in World War 
Fadio system of control of ships, em 
ployed on U.S. 8. Towa for target 
Practice; a system of coastal patrol by 
Aeroplane; a system of selective radio 
telegraphs adopted by the U. 8. Navy, 
U.S Signal Corps, and U. S Army! 
system of aerial const surveying adopt- 
ed by the Bartlett Expedition for Polar 
exploration. President Radio Engineer- 
ing Company of New York; director 
Hammond. Radio Research Labs; di- 
rettor “adip’ Corp, of Amerie con- 
fulting engineer to’ Radio. Corp. of 
America and General Electric Co 
licensed the American, Tel. & Tei, Con 
and the Radio Corp. of America tinder 
his electrical patents in U.S. and. SA. 
for ‘commercial purposes’ only, U. 8 
Gov't retaining option on military uses. 
Has applied for. over. 221. patents. in 
U.S. and Europe relating to. Radio 
Telegraphy and Telephony and Wire 


lesly controlled torpedoes and various 
Improvements: in Pipe. organ mecha 
isms. ‘Formerly "member Advisory 
Board, U.S. Naval Board of Inven- 
tors, member Advisory. Com. Langley 
Rerodynamic “Lab. of Smithsonian 
inst, co-operating with Third. N 
Dist’; member Cont. Com. on Nation 
Preparedness (Sub.-Com. on Finance) ; 
Govt Aero Club America (mem. Acro: 
dynamic, Techy Pub. Safety and 

find Landing Pinees Coms.); ve-P- 
Soe, Aeronautic Engineers; mem. Inst- 


Radio Engineers (ex-treas., etc.), Am. 
Inst. E. Bey Royal Soc, Arts (London) 3 
feo. mem? Am. Soe M Evy hon, mem, 


Nat. Inst. of Inventors, Harvard Aero- 
Soe 


aut, Fellow Am. Geog. Soe. 


Radio-Telegraphie Com., 


HARD DRAWN WIRE—In radio usage 
generally confined to hard drawn cop 
per wire, i.e, copper wire that has 
been hardened by repeated drawing 


without being annealed. It is used 
chiefly for aerials. (See Aerial.) 

HARD TUBE—A vacuum tube is said 
to be hard when it has been evacuated 
of all gases to a high degree. The op- 
posite is a soft tube, one in which the 
vacuum is not of a very high order and 
more or less gas particles are present. 
Hard tubes are used for amplifiers, 
both audio and radio frequency, while 
the soft tubes are used mainly as de- 
tectors or oscillators. Hard tubes may 
be used with high plate voltages, 
whereas soft tubes require compara: 
tively low. plate voltages, the tubes 
having @ tendency to turn blue (see 
Blue Glow) under the influence of high 
plate (See Detector, also 
Amplifier.) 

HARMONIC CURRENT—An alterna 
ting current whieh can be represented 
by'a simple harmonic or sine curve. It 
may be considered as an alternating 
current, the waves of which are sinu- 
soidal or uniform. (See Simple Har- 
monic, also Sine Curve.) 

HARMONIC MOTION—A term signify- 
ing any periodic oscillatory motion, 
as, for example, the vibration or beat 
ing of a pendulum. The illustration 
shows the manner of indicating simple 
harmonic motion. ‘The distance A-B 
represents 360 degrees of a circle, or, 
if it is assumed to represent a ‘sine 
wave of alternating current, it will 
represent one complete cycle.” Curves 
representing harmonic motion are used 


- TIME 


Mostration showing method of indicating 
imple’ harmonic motion, 
extensively in radio engineering to 


fifustrate, in graphic form the oseilla: 
tions of an alternating current. (See 
Sine Wave, also Simple Harmonie Ve. 
ration and Oscillations.) 

HARMONICS—Osciliations, to which, a 
ireuit will respond-in addition to. the 
basic or fundamental oseliations.-‘The 
effect fs similar to that in sound, where, 
for instance, the primary” or’ funda: 
mental tone ‘struck by. ant_instrument 
may be accompanied by notes or tones 
oft eer ish sound these bare 
‘monies are principally the third, fifth, 
Seventh “and the octave. In radio, ¢ 
ircuit may respond. to oscillations’ of 
4 frequency either higher or lower than 
the fundamental frequency, aay for ex 
ample, one third, one fifth'or ‘one sev 
enth, ‘or again,’ double or treble ‘the 
original frequency. As a concrete ex- 
ample, with a fundamental waveslength 
of 240 meters, the harmonics migait be 


49, meters or 80 ietera, | The corre 
Sponding frequencies would be appro. 
ately 1,250,400 eyeles, 7,500,000 eyelea 
td 180,00 xeles.” (See' Harmonie 
Motwon, Oscillations, Wave-tength.) 

HARMONIC SUPPRESSOR—A dev 
red in Fadio transmission and in lab- 
oratory work, for the purpose of elimi 
mating undesired frequencies. (wave- 
Tengths)."Estentially such a device is 
a fiter (q.v.) 80 arranged as to aup- 
Dress or eliminate certain frequencies 
br harmonics (qwv.). In radio. broad- 
casting it i particularly essential that 
all undesired frequencies or harmonies 
be suppressed. Basically the. system 
involves & special coil shunted by 
condenser and tuned to the frequency 
of the interfering wave, the main tun- 
ng ‘eireuit at. the samme time being 
adjusted to the desired frequency. 
(See Broadcasting, General Treatize on 
Methods, also Tranemisnion and. Radio 
Telephony.) 

WAZELTINE NEUTRODYNE. RE- 
CEIVER—The radio receiver designed 
by Professor Hazeltine, employing the 
Neutrodyne circuit. Essentially these 
are fivetube receivers employing two 
Stages of tuned and neutralized radio- 
frequency amplifeation with. the con- 
venional detector and vo abdiostre. 
jueney. stages. In addition. to. the 
Hre-tube Neutrodyne receiver there are 
rumerous types involving the Neutror 
Ayme" principle in comiunetion with 
efter systems, (See Neutrodyne.) 

HEAD "TELEPHONE OR HEAD- 
PHONES—Telephone ‘receivers 
arranged with a band to At over the 
operator’s head, thus leaving him free 


istration by conrtery of C. Brondes, Ine. 
A tpe ef headphone ‘wed, ensvely| in 


use of both hands. Head-phones are 
aed) in commercial radio work, the 
operator being free to handle a key or 
the controls of the receiver or trans- 
mitter. ‘They are also used in broad- 
cast reception where the strength of 
Signals is not sufficient to permit the 
‘use of a loud speaker, and also in some 
eases to tune in distant signals before 


attaching a loud speaker. (See Watch 
Case Receivers.) 
HEAVISIDE, DR. OLIVER. — Born 


in London on May 18, 1850, Dr. Heavi- 
side was engaged in telegraph work for 
few years, but after 1874 he lived in 
retirement "studying Clerk-Maxwell’s 
theory. and applying it to. telegraph 
and wireless problems. Elected a Fel- 


low of the Royal Society in 1891, he 
was also Faraday. Medallist of ‘the 
Institution of Electrical Engineers and 
Hon. Ph.D. of Gottingen University. 
‘The name of Dr. Heaviside is primarily 
associated with:the theory, propounded 
by himself, of the existence of a 
permanently ionized layer in the upper 
atmosphere capable of deflecting elec- 
tromagnetic waves and thus permit- 
ting wireless communication round the 
earth, 

HEAVISIDE LAYER—An assumed 
layer or stratum of the atmosphere 
supposed to exist from fifty to one hun- 
dred miles above the earth’s surface 
according to the Heaviside Theory. 
Heaviside’s theory supposes this stra- 
tum to consist, of heavily ionized gas 
which is conductive and acts as. a 

reflector of electromagnetic 

‘waves). It is this layer 
which is supposed to reflect the electric 
waves and. force them to follow the 
curvature of the earth. This theory 
partially explains—if true—why radio 

Signals are transmitted over great dis- 

tances instead of being radiated off 

into space and lost. Tt has been ac- 
corded the support. of many eminent 
scientists, Elihu Thompson has pro- 
pounded an alternative theory which 
assumes the waves as attached to the 
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radiation being unchanged. In other 
words, increase of height increases the 
range within certain limits. (See Ka~ 
sianion, from, Anleenny olso Tiana 
HEISING, RAYMOND A.—Electricat 
‘Engineer, born Albert Lea, Minn., Au- 
gust 10, 1888, Educated University of 
N. D., Elec. Engineer, 1912; Univer- 
ity of Wisc. M.S., 1914 Grad. Work, 
in Physies, Research and Development 
of Radio’ Tel. since 1914; Tran: 
Atlantic test in 1915; for Army and 
Navy use during War, aeroplane, 
chaser, intership communication; since 
‘War continued research and develop- 
ment ship to shore use, trans-Atlantic 
test, 1923. Author of several technical 
papers; numerous inventions widely 
used in present broadcasting stations. 
HEISING MODULATION—A system of 
modulating radio currents for radio 
transmission, such as broadcasting, de- 
veloped by K. A. Heising. ‘The funda 
mental principle is shown by the illu 
tration. Here the customary antenna 
and ground sre connected with & 
frequency alternator, A; the field of 
the alternator, FW, is connected to the 
grid return and filament of the vacuum 
tube circuit, and through the “B” bat- 
tery BB to the plate P of the tube. 
The microphone circuit comprises 


ge 


Oras 


GROUND 


Circuit ie 


ng_the fundamental prin! 


garth and gliding along over the sur- 
face. (See Gliding Theory.) 

HEAVISIDE LAYER THEORY—The 
theory of an‘ upper ionized stratum 
from fifty to one hundred miles above 
the earth's surface, which is assumed 
to act as a reflector of radio waves and 
thus force them to follow the curvature 
of the earth. None of the theories th 
far advanced has been proven, but it 
has been definitely established that 
these waves do follow the curvature of 
the earth." (See Heaviside Layer, also 
Gliding Theory.) 

HEDGEHOG TRANSFORMER—A type 
of audio transformer so called because 
of its peculiar construction. ‘The core 
is cylindrical in shape and consists of 
@ great number of soft iron wires 
around which is a bobbin holding the 
primary” and secondary _ windings. 
After the windings are completed the 
wires forming the core are bent back 
over the form and held in place, com- 
pletely surrounding the windings. (See 
Audio-Frequency, also Transformer.) 


HEIGHT OF AERIAL—The elevation 
‘of an aerial system as used in radio 
transmission or reception, ‘The effec- 
tive height is roughly considered as the 
height above the earth or surrounding 
objects. The range of a station having 
constant power is dependent upon the 
height of the aerial, other factors of 


{the Helsing system of modula 


microphone M connected to the pri 
mary of a transformer T through the 
battery MB. The secondary of. the 
transformer is connected to the grid G 
of the vacuum tube and the filament F. 
R is the usual rheostat to control the 
filament of the tube and AB is the 
filament lighting battery. In operation 
the speech or sound vibrations are im- 
Dressed on the microphone M, thus 
varying the resistance of the current 
flowing from the battery MB. and 
through the. transformer T.” This. 


‘ se characteristics being” 

yaintained. "As the feld winding FW 
Iain the plate chreuityiefa'e 
the anterina current wil be modulated 
in accordance with the variations of 
the speech or sounds introduced at Me 
(See Grid Control, also Modulation and 
Brosdenating, "Goneral Treatise “on 
Methods) 

HELIOGRAPH—An_ instrument. involv- 
ings movable mirror, by" means. of 
which the sun's rays ate reflected and 
tae dt of a sigalg dyin 
Bin shade "cover themiron at 
rapid intervals by preseing wari 
Gevice. "In. this manner the’ flashes 
sin be made at dni intervay as 
In the case of the ‘Morse Tight. 

Code, lao Morse Light) NEN Se 


Heliz 


HELIX—The shape assumed by a line 
or Wire wound in a single layer around 
a cylinder, Generally speaking, a sole- 
noid (q.v.). A device in the form of 
4 helix was formally used in transmi 
ting cireuits to vary the inductance, 
for, practically speaking, the wavy 
length. It usually was a number of 
turns of heavy copper or aluminum 
wire wound on an. insulating form. 
Clips were provided to permit @ varia 
tion in the contact point and hence any 
necessary change in the value of the 
inductance. (See Oscillation Trans- 
former.) 

NRY, JOSEPH—Born in 1797, died 
in 1878. An American Physicist, noted 
for his researches in electromagnet! 

He developed the electromagnet which 

had been invented by Sturgeon in Eng- 

land, so that it became an instrument 
of far greater power than before. In 

1881 he employed a mile of fine copper 

wire with an electromagnet, causing 

the current to attract the armature 
and strike a bell, thereby establishing 
the principle employed in modern tele- 
graph practice. He was made a pro- 
fessor at Princeton in 1832. and during 
his experimenting there he devised an 
arrangement of batteries and electro- 
magnets embodying the principle of 
the telegraph relay which made possi- 

He 
self: 


ble long distance. transmission. 


and other electri 


phenomena. In’ 1846 he was chosen 
Secretary of the Smithsonian Inst, at 
Washington, an office which he. held 


until his death. “As chairman ‘of the 
U.S. Lighthouse Board he made impor- 
tant tests in marine signals and lights. 


Joweph Henry. 


In meteorology, terrestrial magnetism 
and acousties he carried on important 
Fesearches. Henry enjoyed an inter- 
national reputation and. is_acknowl- 
edged to be one of America’s greatest 
scientists, 

HENRY—The unit of inductance, named 
after the American physicist,’ Joseph 
Henry, who first produced high-fre- 
quency oscillations in 1832. A coil of 
Wire ig said to have an inductance 
Value of one henry when a. current 
passing through it changes at the rate 
of one ampere per second and an elec- 
tromotive force of one volt is produced. 
As the henry is too large a unit for 
practical purposes, the thousandth part 
of a henry, known as the milli-kenry, 

or the millionth part, known as the 

micro-henry, are more commonly used. 

Another mucb-used term is the centi- 
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meter, which is the thousandth part of 
fa miero-henry. ‘The abbreviation for 
henry is H, and for micro-henry yl 
(See Centimeter Gram Second, Centi- 
meter, also Inductance.) 
HERTZ, HEINRICH RUDOLF—Born 
1857, died 1804. A German physicist 
the discoverer of electromag- 
netic waves (1888) which form the 
basis of wireless telegraphy. He found 
that waves produced by the spark of @ 
simple device called the oscillator could 
be detected by a loop or square of wire 
Known as the resonator, and he was 
able to show the reflection, refraction, 
diffraction and poralization of the 


Heinrich Rudolf Hertz 


waves. ‘These remarkable discoveries 
demonstrated the practical possibilities 
of "radio-telegraphy. He ‘also. made 
Valuable experiments with electric phe- 
homena in vacuum tubes 

HERTZIAN WAVES—Term occasionally 
applied to radio or electromagnetic 
Waves, they being named after Dr. 
Heinrich Rudolf Hertz owing to his 
extensive researches. into electromage 
netic waves. (See Hertz, also Clerk. 
Maxwell, and Ether Theory.) 

HETERODYNE—The term originally 
applied by Fessenden toa method. of 
Teception of electromagnetic waves, 
Wherein the principle of Beats (a.¥.) 
was employed. It ts derived from the 
words “hetero,” meaning other or dif- 
ferent, and “‘dyne,” meaning power. 
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rm of heterodrne 


1a] conception by Fessenden, 
before the widespread use of vacuum 
tubes, it was used in conjunetion with 
crystal receivers for the reception of 
undamped waves (q.v.). ‘The hetero- 


dyne_prineiple jnvalves, production ‘of 
focal series of oscillations which are 
tuned to a frequency. differing from 
the frequency of the incoming osci 
tions from the antenna, ‘The differ- 
fence between the two is known as the 
beat frequency. (See Beats, also He: 
terodyne Recetver.) 

HETERODYNE RECEIVER—A__re- 
ceiver for electromagnetite (radio) 
aves employing the heterodyne prin- 
ciple. The illustration Fig. 1 shows the 
original form of heterodyne receiver, 
Wherein the local oscillations were pro- 
duced by means of a direct current are 
gap and associated cireuits, and com 
bined through a coupling medium, with 
the onclintons in the antenna ereut, 

fere the heavy lines represent a con- 
yentional erystal_teceiver circuit, Li 
and L2 are respectively primary and 
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Seriee of ergphe thawing the action of © 


secondary of a vario-coupler, C is a 
variable tuning condenser, D the erys- 
tal detector and T the head phones. 
If the dotted line is assumed as a con: 
nection to the ground, this will consti- 
fate complete receiver. " For’ the 
jeterodyne purpose, however, a special 
coil 3 is employed in the ground cir- 
cuit. “Coupled to this is the secondary 
La.” Cl is another tuning condenser 
and A is an are gap fed by 110 volts 
direct current... In operation the eir- 
cuit represented by the light lines acts 
as a generator of undamped oscilla 
tions, these oscillations being supplied 
to the antenna circuit and the fre- 
quency varied by means of the con- 
denser Cl and the coil Li. If the re- 
ceiving tuner is tuned to a. certain 
wave-length corresponding to incoming 
signals, and the generator system 
tuned to a different frequency, the dif- 
ference between the two frequencies 
will be a beat frequency whieh will be 
present in the detector cireuit. This 
new series of oscillations will be re 
fied by the detector D and will be audi 
ble in the head phones, T. ‘The action 
of this system Is shown by the series 
of curves given in Fig. 2. Here the 
incoming oscillations (signals) from 
the antenna are shown in graph 1 at 
the top of the illustration. These oseil- 
lations are of continuous amplitude or 
amdamped (gc.). Graph 2 shows the 
local oscillations. If we assume that 
the distance from A to B represents 
the time, it will be apparent that there 
are more oscillations per unit of time 
in the case of the incoming signals— 


thence the second graph indicates that 
the local oscillations have a lower fre- 
quency. Graph 3 represents the beat 
resulting from interaction of the two 
upper series of oscillations and the fre- 
queney corresponds to the numerical 

ference, When the two Upper groups 
of oscillations are opposed, the beat 
current is zero, and when they are in 
phase, or assisting each other, the beat 
current is maximum. When’ rectified 


by the crystal detector action the beats 

take the form shown in graph 4, the 

lower half of each cycle having been 

submerged. The telephone current of 

a periodic nature is indicated by the 
the original 


bottom graph, signals 


‘(See Heterodyne, 
Heterodyne.) 

HETERODYNE, SELF—See Self- 
Heterodyne. 

HETERODYNE WAVE-METER—A 
Wwavermeter-—device for measuring the 
wave-length of coils, cireuite oF jncom= 
Ing and outgoing signals—which util- 
iged ‘the heterodyne principle." Briefy 
the action is as follows: It has 
ready been explained under Heterodyne 
Receiver. that when the. local oscil 
tions and the incoming oacliations are 

paponed the beat current in zero. Tt 

ws,” then, that with a 

Phony’ comaetant tn ace 
beat signals will be audible only when 
the two frequencies are different. ‘Now 
if'a suitable means is present for vary- 
ing the frequency of the local. ose 
tions, in practice @ combination of coll 
fand condenser, the local cireuit can be 
ined toa. point. where the two. fre- 
quencies coneur or are similar and no 
Beat is audible, As the frequency is 
proportional to the eapacity and induc 
tance ina cireuit, and as wave-length 
can ‘easily ‘be figured when the fre~ 
ueney of the local. generating system 
fe known, the wave-length of the ine 
coming’ signals ‘must be. that of the 
Tocal eireuit when the beat is zero. The 
condenser dial on the heterodyne waves 
meter can thus be calibrated. directly 
in meters and a nearly true reading of 
the wave-length of incoming signals ob- 
tained, (See, Heats, also Heterodyne 
and Wave-meter.) 

HIGH FREQUENCY—A very general 
term applied to alternating electric 
currenta As a rale alternating cur- 
ents having frequencies “above. one 
thousand eyelee (av) per second are 
referred to as high frequency currents 
When the frequency is extremely high, 
of the order of hundreds of thousands 
es, tae current is amma re 
ferred to as high frequency, oscillatory 
current. ‘There is no definite level oF 
Tine of iatinetion ‘between ‘high and 
low frequency currents. In radio prac- 
tice, the audio. frequency currents are 
Renerally "considered below twenty 
thousand eycles per second and known 
glow fredvepcy currents, "The radio 
Frequency or frequencies above tent 
thousand are considered as the 
frequency “currents, although here 
again there is no definite level or 
of demareation between the two areas 
(See Audio Frequency, also Radio Fre- 
quency and Frequency.) 

HIGH FREQUENCY ALTERNATING 
CURRENT —See High Frequency Cus 
trent. 

HIGH FREQUENCY ALTERNATOR— 
‘An alternating current machine oF 
‘alternator, designed to produce cu 
Fents having high frequencies, ene 
ally above one thousand eycles per see- 
ond," Such machines are used In. high 
power radio. telegraph transmission 


(not broadcasting) producing _un- 
Aamped or continuous waves. (See 
‘Alternator, also “Aleranderson Alter- 
nator.) 

HIGH FREQUENCY AMPLIFICA- 
TiON—The process of stepping up oF 
amplifying currents of high frequency. 
In'radio circuits, the high frequency 
currents are known as radio frequency 
gpeiatons_ In rao iret the auiio 
requency (low frequency) currents 
and the high or radio frequency cure 
rents are Usually in different parts of 
circuit. When we consider alterna 
ing currents having a frequency above, 
say, twenty thousand cyeles per second 
as radio. frequency, and those below 

requeney, it is easy 
dio frequency. cur 
isting in all stages between 
‘and the detector. Beyond 
the detector, the ‘alternating currents 
having become uni-directional surges, 
We can consider these currents as being 
‘audio frequency curren 
"Thus we have a definite dividing line 
in any radio receiver using but_one 
detector, the detector or rectifier mark= 
ing the éransition from radio frequency 
to'audio frequeney. ‘Thus, any means 
of amplifying the signals before they 
reach the detector ‘Wil be enown 
gh. frequency. ampl 
Audio Frequency, 

HIGH FREQUENCY BUZZER—A 
Duzzer qv.) designed to produce a 
very high note. The term "high fre- 
quency” in this case merely indicates 
that the pitch or frequency (vibration) 
1a high In ‘compariaon with. the ordi 
nary buzzer, the sounds of course being 
factually of audible frequency. ‘The 
Reneral scheme. of such a buzzer is 
shout that of the ordinary type as used 
inconjunction with electrie bells oF 
signal systems, the armature, however, 
being very thin and thus permitting 
rapid make and break for the current. 
Such buzzers are used extensively in 
connection with crystal receivers” for 
the purpose of testing and also for 
code practice.” (See Buszer also High 
Frequency and Armature.) 

HIGH FREQUENCY COMPONENT OF 
PLATE—The high frequency currents 
present in the plate cireuit of a vacuum 
ube receiver, as distinguished from 
the audio or ‘low frequency currents. 
(See Feed-Back, also Plate Component, 
High Frequency, and Regeneration.) 

ILF.C—Abbreviation used abroad. and 


‘occasionally in the United States for 
high frequency current, 


‘The. more 


rule. "(See Radio Frequency Current, 
also High Frequency.) 

HIGH FREQUENCY CURRENT— 
Alternating currents having fre- 
quencies above certain limits, as, for 
example, the radio frequency ‘currents 
employed in radio transmission, which 
are usually of a frequency above one 
hundred thousand cycles per second. 
(See High Frequency, also Low Fre- 
quency and Radio Frequency.) 

HIGH FREQUENCY OSCILLATION — 

The term oscillation is generally ap- 
plea to an alternating current of very 
gh frequency. Thus radio frequency 
currents, which may run into hundreds 
of thousands of cycles per second, are 
called “high frequency — oseillations. 
(See Oscillation.) 

HIGH, FREQUENCY RESISTANCE— 
Resistance to the passage of alteri 
ing currents of high frequency. Sai 
of wires circuits 
The resistance’ of a certain 
or part of an electrical circuit, as in 


High Resiatance Joint 


radio, may be comparatively higher in 


the case of high frequency currents 
than to alternating currents of a low 
frequency. ‘This 1s due to the “skin 
effect” (a.v.) it being @ phenomenon of 


fadio frequency, (high frequency) cur- 
ents that they have a tendency to con- 
Centrate near the surface of the con- 
Guctor,. For this reason, small: wires 
fire more apt to have high radio fre- 
quency resistance, as obviouly the sur: 
face on which the currents can travel 
is restricted. (See High Frequency, 
also Skin Effect and Resistance.) 

HIGH PASS FILTER—An arrangement 
‘of electric circuits designed to permit 
ready pasange of high frequency alter~ 
hating currents while at the same tim 
presenting high. resistance ‘oF impe= 
dance to alternating currents. of low 
frequency,” generally “within. certain 
definite limits. "(See Filter also Filter, 
High Pase.) 

HIGH PRESSURE—A term occasionally 
‘used to denote high potentials or volt 
ages. (See High Tension, also High 
Potential) 

HIGH POTENTIAL—One of the several 
terms used. to indicate high voltage. 
(See High Potential Battery, also High 
Voltage.) 

HIGH POTENTIAL BATTERY—An- 
tother term for “B” battery, the battery 
used to supply potential t0’the plate of 
‘vacuum tube.” ‘The term “high poten 
tial" is used here, only in a comparative 
sense, the voltage of the battery bein 
high in proportion to that of the fil 
ment or A battery. High potenta 

mtteries for radio usage are generally 
furnished in blocks of 22% or 45 volt 
See High Voltage, High Tension and 

‘B Battery) 

HIGH RESISTANCE—The property of 
‘any circuit whereby it offers conside 
fable opposition to the flow of electri 
currents. ‘There. is no very. distinct 
line of demarcation between high and 
low resistance, One of the common ap- 
plications of the term is in the case of 
A grid leak or grid resistance. Here 
the resistance may be upward of a 
hai million ‘ohms, running into several 

jon ohms in certain cases.” An ex- 
ample of low resistance elements. is 
that of a rheostat for controlling the 
filament ‘current. Here the resistance 
ig relatively low, rarely more than 
thitty hima "The, averse, resatance 
of the magnet windings in headphones 

(as used in. radio) “ig one thousand 

ohms. The term “high resistance” is 

‘also used in a comparative sense in 

Tespect to various instruments or parts 

‘of radio circuits. Here the resistance 
most cases should be as low as pos 

sible, and therefore a resistance of even 
4 few ohms may be referred to as high. 
While resistance to direct currents is 
generally the feature of resistance coils 
Snd units, the opposition to currents 
of an’ oscillatory nature (high  fre~ 
ueney ‘alternating currents) may’ be 
of the utmost importance, and it is 
often the case that a cireuit has little 
direct current resistance but very high 
Fesistance or impedance (qx.) &0 high 
Erequeney currents. "(See Resistance, 
Impedance, also Skin Effect.) 

HIGH RESISTANCE JOINT—Any con: 
nection between two, wires or condu 
tors which offers resistance to the pa: 
sage of current due to defective con- 
tact or imperfect ‘connection through 
solder or any other medium. When bare 
Wires are joined they should be care- 
fully seraped and soldered. ‘Too much 
solder is a bad feature, as the resis 
tance of solder is naturally far higher 
than that of the copper wire.” (See 
Corrosion, also Soldered Joints.) 
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High Resistance Telephones 


HIGH RESISTANCE, TELEPHONES— 
Headphones or telephones used in radio 
reception, having high resistance wind- 
ings. In the ordinary telephone re- 
celver used with the commercial, tele- 
phone systems, the windings of the 
telephone magnets have s relatively 
low resistance, generally less than one 
hundred ohms. "Such phones would not 
be suficiently sensitive for radio usage, 

-the average resistance in this case 
being about one thousand ohms. The 
resistance here refers to the ohmic re- 
sistance of the many turns of wire 
wound around the magnets. This re- 
Sistance 1s not a required feature, the 
factor of importance being the num- 
ber of turns. Inasmuch as space is 
a factor to be considered, it is neces- 
sary to use very fine wire in order to 
permit use of the thousands of turns 
essential. The resistance of this fine 
wire is of course high. Where very 
high resistance windings are used. 
and this indicates small wire—it i 
Sometimes advisable to use a by-pass 
for the heavy plate potentials to pro- 
tect the windings. (See Ampere Turns, 
also, Output Transformer and High 
Resistance.) 

HIGH SPEED RECEPTION AND 
TRANSMISSION—The reception or 
transmission of radio messages by 
automatic means in order to. obtain 
much greater speed than would be pos- 
sible under the manual system or hand 
opereating and recording. ‘The gen- 
eral practice is to record the messages 
to be tranamitted on a tape by means 
of a punching machine. ‘They are then 
sent automatically through a high 
speed ‘automatic transmitter and. re- 
ceived automatically at the same high 
speed by @ machine which punches the 
messages or records them on some 
form of tape or sheet, The more com- 
mon of, these methods is the Wheat- 
‘atone Transmitter. (qv.). 

HIGH TENSION—One of the numerous 
rms used to denote high voltage. 

'B” batteries as used in radio recep- 

tion are generally known as high ten- 
sion batteries to distinguish them from 
the low voltage storage battery or dry 
cells used to light the filaments. Ab- 
breviation H. TT. mostly used in maga- 
zines and books printed in England. 

HIGH TENSION BATTERY—Term ap- 
plied to “B" ‘batteries used in 'radio 
reception to supply potential to. the 
plates of the vacuum tubes, ‘These 
batteries usually. are in biocks of 
twenty-two and a half or forty-five 
volts, (See “B” Battery.) 

HIGH TENSION CIRCUIT—Term oc- 
casionally applied to the part of a 
radio circuit In which high potentials 
are present, as in the plate circuit of 
a vacuum tube. Here the “B” battery 
is in the circuit. (See High Tension, 
also “B™ Battery.) 

HIGH TENSION INSULATOR—Insula- 
tors of large dimension and rugged de- 
sign, possessing unusual, insulating 
properties in order to withstand high 


voltages. As a rule such insulators 
are made of high grade porcelain and 
arranged with annular ridges or “‘pet- 
ticoats” to give greater surface and re- 
duce the possibility of surface leakage. 
‘The illustration shows a form of high 
tension of high potential insulator. 
(See Insulator, High Tension, also 
Petticoat Insulators. 
2 


HIGH VACUUM—A term applied to 
vacuum tubes when they have. been 
highly exhausted of air. That is, an 
almost perfect. vacuum. When a 
Vacuum tube has a very good vacuum 
has ‘been highly evacuated of, gases 

is generally called a “hard” tube. 

Avhigh vacuum is essential in tubes 
to, be used as amplifiers or for trans- 
mission. (See Vacuum Tubes, Theory 
of Operation.) 

HIGH VOLTAGE—A very indefinite 
term, us-d in ordinary electrical prac- 
tice to denote voltages above 600, but 
applied in radio practice to much 
lower potentials, as, for example, a 
“B” battery, which’ is generally 
ferred to as a high voltage battery in 
spite of being generally below 100 

inthis sense is 


fone of comps 
age of a storage or other type of “A” 
battery. (See Voltage, also Poten- 
tial.) 


HIGHLY DAMPED WAVES—An ox. 
pression applied to waves or trains of 
waves" wherein the amplitude or 
strength of each succeeding oscillation 
or train of oscillations is greatly de- 
creased. If the progressive decrease 
in amplitude or strength is very grad- 
ual, that is, if the waves die out slow- 
ly, they are said to be feebly damped, 
But if they die out rapidly they aré 
referred to as being highly damped. 
(See Damped Waves, also Decrement 
and Amplitude.) 

HOGAN, JOHN V. 


L.—Ameriean radio 


expert! Born at Philadelphia, Pa. He 
was educated at Sheffield Scientific 
School, Yale University, where he 


John V. L. Hogan, 


made a special study of physics and 
mathematics. In 1906 he became, as- 
sistant to Dr. Lee De Forest, and in 
1909 he jomed the National’ Electric 
Signalling Go. In 1914 he was ap- 
pointed chief research engineer to the 
International Radiotelegraphic Com- 
pany. Hogan has written many arti. 
les on radio and is a past president of 
the Institute of Radio Engineers, mem- 
ber of the American Institute of lec 
trical, Engineers, of the American 
Association for the Advancement of 
Science, of the Radio Club of America 
‘and other societies. 

HOMOPOLAR—Synonymous with uni- 
polar. Having but one pole. Said of 
@ dynamo having its conductor or 
armature rotating around a single 
pole of a field magnet. (See Multi- 
Polar.) 


HONEYCOMB COIL—A coil used in 
radio, having a peculiar construction, 
somewhat similar to a honeycomb. 
‘The illustration shows a typical honey- 
comb coil used as an inductance in re- 


Honeycomb coil used in radio recetien. 


ceiving circuits, The object of this 
Staggered winding. aystem fe to reduce 
thevself-capacity. between wires to 8 
‘minimum without reducing the 
tive valle.” The chiet valde of 
Winding method is that it per 
Tetaining of high inductance value in 
A limited ‘space, without undue high 
Frequency renatancee (av). (See fr 
ductancey ‘Distributed “Capacity and 
High Frequency. Resistance) 

HOOK UP—The general term in 
United States to. designate. the 
gram for any complete radio receiver 
bor transmitter, or for any specie part 
of such a circuit. Thus, when we ree 
fer tos hook-up for Ratio receiver, 
‘We mean a diagram, either. schematie 
(using symbols for the parts) or per= 
spective (showing pictures of "the 
Paris) which gives the various parts 
Hecessary and the manner of conmect- 
Ing them to each ‘other to” form’ the 


AERIAL, 
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Similarly, we may 


‘complete, circuit. 
use the term “hook-up” to deseribe a 
sketch or circuit for connecting vari- 

nstruments such as ammeters, oF 


‘wavemeters and the like. 
also Diagram.) 


HOOPER, STANFORD C.—Ameriean 
Naval wireless expert. Horn August 
it Colton, ‘California, and 
‘San Bernardino, Califor- 
ined the Southern Pacific 
Company as a telegraph operator. In 
1201 he entered the Naval Academy at 
‘nnapolis, and entering the Navy was 
advanced " to Com in 191 
From 1910-11, he was instructor in 
electrical engineering, physics and 
chemistry at the U. S. Naval Academy, 
‘and in 1912-18 Fleet’ Radio Officer of 
the United States Atlantic Fleet. 
During the great war he was respon- 
sible for the supply of wireless instru- 
ments, etc, for the American Navy, 
and he was also responsible for the 
construction of many. of the -larger 
American. wireless stations including 
those at Annapolis, San Diego and 
Pearl Harbor. Hooper was one of the 
chief_men concerned with the radio- 
compass system now used in. the 
‘American Navy. 
HORIZONTAL AERIALS — Aerials — 
overhead wire systems—for the recep- 


a 


tion or transmission of radio signals, 
wherein the major portion of the 
ferial is horizontal-—parallel to the 
earth's surface. Typical examples are 
fhe "and inverted it aerials “in 
the former type, the flat portion’ sus 
pended horizontally between two su 
porting structures and a leadsin wire 
Ip attached to the center and thence to 
in the latter type, the 
end giv- 
ing_@ shape. somewhat. similar tov an 
inverted Ly from which: the mame I 
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AERIAL WIRES 
NOT SMALLER 
THAN NO. BS. 


‘TO THE RADIO SET, 


HORIZONTAL AERIAL 


aontal serial of the inverted 


When the diaphragm of the unit is 
actuated by. the  sismals,. speech. oF 
music, the column of sir in the open 
tubes “displaced, “cresting audibie 


Three types of hors 


sounds which can be heard at a dis- 
tance or throughout a room,  Assum- 
ing other conditions equal, the volume 
will be more or less in proportion to 
the size of the norn, or more specifical- 
Iy'to the amount of air displaced by 
the ‘signals. When a telephone re- 
ceiver 18 used without horn, the open- 
ing above the diaphragm being un 

4, only a small column of air is 
displaced and the volume will not be 


PULLEY. 


PREVENT SWINGING 
OF AERIAL, 


Le" type, 


great under ordinary circumstances. 

When a horn is attached, however, the 

sound being. confined will displace a 

relatively greater amount of 

ly on the shape and size 

nanan’ the volume, wil be 

measurably greater. (See Loudspeaker, 

‘also. Acoustics and. Loudspeaker 
Units.) 

HORSE POWER—The unit of, power 
used in the United States and Great 
Britain, Tt is defined a5 the 
required to lift 550 pounds to 
‘of one foot in one second, or similarly, 
83,000 pounds to that ‘height ‘i 
minute. ‘The term “foot-pounds’ 
derived trom this! value . 
jorsepower is the power required to 
perform 550 foot-pounds of work per 
second of time. (See Horse Power, 
Electrical.) 

HORSE POWER, ELECTRICAL—The 
unit of electrical work similar to the 
mechanical horge power. It is actual- 
ly mecharical horse power expressed 
in wate (qv... One electrical horse 
Power is equivalent to 746 watts. In 
the centimeter gram second (a.v.) sy¥s- 
tem of units, the unit of work is the 
erg. This unit is too small for ordi- 


nary usage and the customary unit is 
the watt, which is equal to 10" 


per second, ‘The unit used in electrical 
power work is still larger; it is the 
Kilowatt or one thousand watts. (See 


Units, also Watts.) 
HORSESHOE MAGNET—A_ magnet 
(qv.) in the shape of a horseshoe or 
letter U, both poies heing brought 


Fla. 1. A permanent horseehoe macnet, 
nearer together so that they may act 
fon the armature or “keeper.” Gen- 
erally a magnetized, steel bar which 


Pg. 2. A horseshoe eectromusnet, 


period. ‘The illustration, Fig. 1, shows 
& permanent horseshoe magnet. Such 
magnets are also used with external 
power, then being termed electromag- 
nets. "In this ease the magnet is made 
of soft iron. The illustration, Fig. 2, 
shows a horseshoe electromagnet. Here 
the magnetic attraction is supplied by 
application of an external’ electrie 
force to the windings WW, and the 
magnet being of soft iron, loses its 
magnetic attraction almost. immediate- 
ly upon withdrawal of the. electri 

current, magnetizing force. (See Tel 
phone Receiver, also Electromagnet.) 


HOT-WIRE_AMMETE! 
or instrument form 
current amperes, which depends for 
its action on, the expansion of a fine 
wire under the influences of the heat 
produced init, by the passage of the 
electric current to be measured. In 
the illustration the current to be 
measured is passed through the fine 
resistance wire A-B. Pisa pointer 
moving over a graduated seale, and 
attached at its other end to a coiled 
spring S, which in turn is. attached 
to the wire A-B by the silk thread T. 
The tendency of the spring is to, move 
the pointer to the right, but owing to 
the pull of the thread in the normal 
Position of the wire A-B, the pointer 
rests at zero at the left of the scale. 
‘As current is passed through the wire 

, it heats and expands, thus per 
mitting more or less slack to oceur in 
the thread T and allowing the spring 

S to move the pointer over the seal 

toward the right, As soon as the cur- 

rent is withdrawn, the wire cools and 
contraets to its former size, thus again 
restoring the tension to the thread and 
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Hot Wire Instrumente 


returning the pointer to zero. 
Wire ammeters are used extensively 
for meastirement of currents at radio 
frequency, that is, extremely high fre- 
queney as! in radio transmission, The 


Ww 


T 4 
est AMPpeg 


Use, as the 
foil, In addition to this, the length 
of these windings “would affect. the 
ireuit and probably throw it out of 
resonance (awv.). (See Ammeter oF 
Ampere Meter, Prequency, Resonance, 
‘so Tnatrument Shunt.) 


HOT WIRE INSTRUMENTS—Current 
measuring instruments which utilize 
the tendency of a fine wire to sag or 
expand under the heat caused by pas- 
sage of an electric current through it. 
Such instruments may be used for 
direct or alternating current. (See 
Hot Wire Ammeter.) 


HOT WIRE OSCILLOGRAPH —See 
Oscitlograph. 


HOT WIRE TELEPHONE—See Ther- 
‘mal Telephone. 


HOT WIRE WATTMETER—An in 
strument. used to measure combined 
volts and amperes, i, e,, watts in a 
Gireuit. It comprises essentially @ 
mirror, which is deflected according to 
tthe difference in expansion of two fine 

res. (See Hot Wire Instruments, 

also Wattmeter.) 


HOUR METER, AMPERE—An instru- 
ment used extensively in connection 
with storage batteries, to measure the 
input or output, in amperes per hour. 
(Ammeter or Ampere Meter.) 


HOUSE MAINS—A term much used in 
connection with storage battery 
charger and battery. elimination de- 
vies. The term implies the main cir- 
cuit of any standard house lighting 
system, either direct or alternating 
current. Thus in the case of a rec- 
tifier for charging storage batteries 
from alternating. current, a lead is, 
provided for connecting to the house 
mains, offering a means for introdue- 
ing the required current into the de- 
vice. (See Current Direct, also Alter- 
‘nating Current and Chargers, Storage 
Battery.) 


HOWLING—The general term used to 
imply any undesired sounds) produced 
in of by a radio receiver. Howling is 
usually caused by feed-back effecte 

‘The most common example of 


howling is in the case of a regenera- 
tive receiver. Here the detector tube 
may have a tendency to generate i 
‘own oscillations Ag long as these 0 
cillations are equal in frequency to 
any incoming signals there will be no 
howling, but should these local oscil- 
lations ‘differ in frequeney from. the 
incoming series of signals, the result 
will be a how! resulting from the beats 
(x.) established owing to the diffe 
ence between the two sets of oscil 
tions. “This is essentially the principle 
of heterodyne or “beat” reception, but 
in the case of a heterodyne, the effect 
is utilized, whereas in the case of a 
regenerative receiver it is undesirable. 
Interaction between various parts. oF 
different parts of a circuit may often 
lead to howling. (See Feed-Back, also 
Regeneration, “Reflex, Beats and Re- 
Radiation.) 


H. Pe—abbreviation sometimes. used in 
‘radio for high potential or high pres. 
ure, In mechanies it is the standard 
abbreviation for Norse poiver. 


HOZIER-BROWN DETECTOR—A form 
of electrolytic detector, which, how- 
ever, does not use a liquid electrolyte. 
It consists of a small pellet of lead 
oxide held more or less rigidly between 
two electrodes, one platinum and the 
other lead. (See Detector, also Elec- 
trolytic Detector.) 


HYDROGEN—A gaseous chemical ele- 
nent, ‘The symbol is Hand its specific 
gravity is taken as 1) that of air being 
rte tasteless and odor 
Henown body. 

Hydrogen is. a constituent of wate 

which fs composed of one atom of oxy" 

‘and two atoms of hydrogen accord- 
hg to the chemical formula for water, 
Hydrogen ig used in radio tran 
ion in connection with are genera: 
Kav)” (See Poulsen Are) 


HYDROMETER—An instrument used to 
measure the specific gravity (qwv.) of 
a liguid. Tn radio it has an extensive 
use In connection with storage batter- 


ies. Various types of hydrometers are 
used to indieate the specific gravity of 
the electrolyte of a storage battery and 
hence in a manner, to indicate the state 


drometer using @ weighted float. in 
the illustration the float is shown in- 
side the barrel of the instrument, In 
operation the bulb B is compressed and 
the tube T inserted in the open vent 


of a storage battery. When pressure 


on the bulb is released some of the 
electrolyte is drawn up inside the bar- 
rel and the float rises ‘more or less 
within the barrel in proportion to the 
ty or density of the elec 
the hydrometer held in 
the manner shown, that is, upright, 
the numbers just at the level of the 
liquid in the barrel indicate the speci- 
fic gravity. Thus, if the reading is 
1250° or higher the battery is consid- 
ered in fairly good operating condition 
—full charge being 1280° to 130°. If 
the reading is below 1200° it indicates 
the necd of charging, these levels not 
i arbitrary, a discharged condition 
being indicated’ by a reading of 1150" 
or lower. The use of a hydrometer is 
generally advisable and the reading 
accurate under ordinary conditions. If, 
however, water has just been placed 
in the battery, the reading may not be 
accurate for several hours due to the 
fact that the water and acid may not 
mix immediately. "(See Storage Bat- 


tery Teats, also Electrolyte.) 


or tubes for radio coils and inductances 
this feature is particularly undesirable, 
as obviously, moisture lowers the 
lectric value ‘of the form and may 
cause it to warp. (See Bakelite, also 
Tubing.) 

HYSTERESIS—The tendency of mag- 
netization to lag behind the mag- 
netizing force as, for. instance, in 
an iron core in a transformer (qv.)- 
When the core of such a trans 
former is undergoing rapid reversals 
‘of magnetism, there is often an ex- 
penditure of energy which is not_use- 
ful and which is converted into heat, 
thus representing a loss in power. 
effect is more noticeable with certain 
qualities of iron. In other words, when 
rapid reversals of magnetism take 
place in a poor quality of iron core it, 
may display a certain. sluggishness, 
This is actually the lagging of the 
magnetic flux behind the magnetizing 
force producing it. This loss of energy 
is assumed due to the work required to 
alter the position of the molecules of 
the iron composing the core and the 
less energy expended in this manner 
the less the hysteretic losses. “In de- 
signing transformers or armature 
cores, hysteresis must be taken. into 
consideration and the iron must be of 
high quality to hold these losses at a 


minimum. "(See Eddy Currents, also 
Core, Transformer.) 
HYSTERESIS COEFFICIENT — The 


amount of energy wasted or lost in the 
process of magnetizing and de-magneti 

Zing a unit volume of magnetic mate- 
rial is referred to as the hysteresis co- 
(See Hye 


HYSTERESIS LOOP—Graphic illustra- 
tion of losses due to hysteresis in any 
sample of core material. Loops are 
plotted in graphic curves of cycles of 
magnetization. (See Curve, also Hys- 
teresis.) 

HYSTERESIS LOSSES—The energy 
wasted or lost through hysteresis. (See 
Hysteresis.) 

HYSTERETIC LAG—The lagging of 
magnetization due to the effect of hys- 


feresin. (See Hysterens, alto Mayaet- 
ization.) 


Soldering fine-pitch components 


At first glance, soldering fne-pitch 
components by hand seems to be 
a tough job. Yet tis easy, with the 
right equipment at hand: 


Insert an Ersa PowerWell TIP (1) 
ino the -TOOL soldering ron (2) 
and seta tip temperature of 285°C 
10 360 C (depending onthe alloy 
Used ined o eae). 


‘Then postion the component (3) 
and fix twa corner pins 


‘Add flux cream (also see page 30) 
to the pins on all sides. Clean the 
front and concave partion of the 
PowerWel ip with @ damp sponge 
or the Ersa dry sponge. 


Fillthe concave portion with solder 
to slighty above the rim by melting 


the solder wire untl a small dome 
‘curs (4). Take care nat to ad too 
much solder. 


Pace the TOOL lightly on the fat 
section ofthe pins (5), and pul the 
tip across the pins towards you (8) 
without exercising pressure, 


Repeat steps (4) lo (6) to solder the 
remaining sides, 


‘The abbreviation adopted by the 1 

ternational Electrotechnical Commis 

sion (q.v.)_ and American Institute of 

Electrical Engineers, to denote current 

in amperes. ‘The small or lower case 

‘may also be used where the capital 
letter is not advisable. (See Current.) 
| ARMATURE—An armature used in 
generating machines, having a core 
Fesembling the letter I in shape. (See 
Armature, also Core.) 
L.C,W.—The customary 
interrupted continuo\ 
isa system of radio. transmission 
Wherein the waves are modulated at 
constant low frequency. (See Inter- 
rupted Continuous Wave, also Modula- 
tion. 

IDLE CURRENT—A name often applied 
to the component of an alternating cur- 
rent which contributes nothing to the 
ower. This is also known as the watt 
less component (q.v.) oF the wattless 
current (q.v.), It represents the com- 
ponent which, being in quadrature with 
the electromotive force in the circuit, 
thus has no active value—adds nothing 
to the total power. (See Current, also 
Electromotive Force and Alternating 
Current.) 

LE.C—The abbreviation, for, Interna- 
tional Electrotechnical Commision, the 
body which suggested the international 
electrical and magnetic abbreviations 

(See “Symbols, also 


IMPACT OR, SHOCK EXCITATI 
‘The method of producing free oxcilla- 
tions (qwv.) in a circuit by means of an 
exciting current of short duration com- 
pared to that of the resultant oscilla 
tions, The term is a general one and 
broadly covers the various methods of 
generating oscillations. in which an 
oscillatory cireuit is thrown into elec- 


GRID 


I 


mary or exciting circuit to the oscil- 
latory circuit takes place during one 
pulse or vibration of the exciting cur- 
rent. (See Impact or Shock Ezeitation, 
‘also’ Tranemitter.) 


IMPEDANCE—The total resistance to 
the flow of alternating current in 
circuit." Impedance combines the ohmic 
resistance and the apparent resistance 
Ge to seltinduction” When a divect 
electromotive force is impressed on a 
cireuit, the current flowing in that cir~ 
cuit depends directly on the ohmic 
resistance of the circuit, ‘The for- 


mula is according to Ohm's law I =. 


I representing the current in amperes, 
R' the resistance in ohms and E the 
electromotive force in volts. Now if 
this direct electromotive force is. re- 
placed by an alternating EMF (elec 
tromotive force) and the ohmic resist- 
ance remains the same, the total 
resistance of the eireuit to the alternat- 
ing EMF wT nevertheless be greater 
than in the ease of direct current. Now 
the ohmic resistance is still the same 
but we have added to it the apparent 
resistance due to the self-induction of 
the circuit. In other words the induct- 
ance of the circuit has a marked effect 
fon the current flowing in the circuit. 
What actually occurs is that the self 
induction sets up a counter-ele 
motive force (a.v.) which continues to 
act against the impressed EMF as long 
as the flow of cu The 
result 

flowing in the cireuit, the EMF having 
been, in effect, reduced, and hence 


according to the law above, I == 


the current is less. 71 
lance, due to self-induction, is referred 
to as reactance and the flow of current 


actually wastes or dissipates a certain 
amount of energy. In the alternating 
current cireuit, the ohmic resistance 
has the same effect. ‘The reactance, 
however, does not dissipate energy. It 
merely reduces the effective EMP b 
means of the counter EMF and thus 
necessitates the application of a 
Impressed voltage in order to maintain 
the same flow of current, 

This is one of the major advantages 
of alternating over” direct. current, 
Alternating current can be transformed 
readily and can also be readily. con- 
trolled by means. of a reactance or 
choke coil, which by ereating a counter 
EMF limits the current flowing in the 
cireuit, without dissipating any great 
amount of energy. (See Alternating 
Current, Current Direct, Choke Col, 
and Reactance,) 


IMPEDANCE COIL—A coil of wire or 
inductance coil, generally wound on an 
‘on core, used in alternating current 
circuits to limit the current flowing in 
the circuit. In action such a coil serves 
through the medium of its self-indue- 
tion, to create a counter electromotive 
force which acts against the impressed 
EMF (electromotive force) and thus 
reduces the current in the circuit ace 
rding to ohm's law that the eurrent 
juivalent to the EMF in volts, 
divided by the resistance in ohms. An 
impedance coil js also known as a choke 
coll although the two may have some- 
what diferent meanings. For example, 
choke coil might be used in. eit 
direct or alternating current circuits, 
whereas an impedanee coil as its name 
indicates, offers impedance, an effect 
only present in alternating current cir~ 
cuits. ‘The simplest. formula for im- 
pedance of a coll is the following: 
Impedance = VW FRIX Here it is 
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Schematic dagr 


trical vibration at its natural or funda. 
mental frequency by means of an elec 
tromotive shock or exeiting force of 
short duration. Also covers the term 
Impulse Excitation. (See Orcillations, 
also Fundamental Frequency.) 

IMPACT TRANSMITTER — Apparatus 
for transmitting radio waves ‘wherein 
‘the transfer of energy from the pri 


‘of an impedance coupled andio frequency amplifer. 


“- 


in an alternating current circuit is 
thus governed by the ohmic resistance 
and the reactance. ‘The application of 
the term “apparent resistance” to 
describe the added resistance due to 
self-induetion, is a concession to the 
fact that it is not actually resistance 
in the proper sense of the word. In a 
direct ‘current circuit, the resi 


+A=B +B 100-150 V. 


(See Impedance Coupled. Ampifer 


assumed that the current takes the 
form of a sine wave (qwv.), then R is 
the resistance of the coil,” L the co- 
efficient. of self-induetion’ in henries 
and p is 2 x times the number 
Iternations per second. (See Choke 
Coil, Alternating Current, Current 
Diréct, Reactance, Impedance, also 

Impedance Coupled Amplifier.) 
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Impedance Coupled Amplifier 


IMPEDANCE COUPLED AMPLIFIER 
A system of amplifying radio signals, 
Voice or music, whereby the successive 
stages are coupled or joined by means 
of impedance coils. ‘This system is 
much used in audio amplifiers, the am 
plification being much’ more’ uniform 


Te will be noted 
that three stages are used. This is 
necessary” owing to. the. lower" am- 
plifeation per stage. Using this sys- 
em, then, three stages are necessary 
in’ place’ ‘of the customary. two 
stages of transformer coupled” ampli: 
fication. In the illustration, whieh i 
schematic diagram of the 
such an amplifier, the impedances 1, 2 
fand S are in the’ form of auto trans: 
formers. (q-v.) 1, R2 and R3 are grid 
feaks ‘ranging in’ value between ‘one 
cunrter megohm and one and one-half 
mmegohms. C1, C2 and CB are stoppin 
fondensers of about 1 “nicrotara 
capacity each." The variations in 
potential are transferred successively 
from stage to stage, the amplifieation 
factor being roughly the sum of the 
individual factors of ‘the tubes. In 
other Words the ratio of the windings 
of the impedances is one to. one, oF 
nity, and therefore no. voltage am- 
plifeation takes flace. “The resistances 
fre the usual grid leaks and.the con- 
densers C1, C2'and C3 are to block the 
high plate’ voltages from the grids of 
the succeeding tubes, (See. Tuned 
Impedance, also Amplifer and Vacium 
"ube Amplifiers, Theory of. 
IMPEDANCE FACTOR The ratio of 
the impedance to the ohmic resistance 
in'an alternating current cireuit. (See 
Impedance, also Resistance.) 
IMPEDANCES, MATCHED — Arrange- 
‘ment of an amplifying eireuit and the 
choice of an audio transformer or loud: 


Pedance of a certain am) 
10,000 ohms, and the resistance of a 
loudspeaker ‘unit being used is. 2,500 
ohms, then for maximum. response 
when’ used with an output transformer 
(awv.) the impedance of the primary of 
the transformer should be ‘equivalent 


to the total or 12,500 ohms. (See 
Matched Impedances.) 
IMPREGNATED INSULATING MA- 


TERIALS—Cloth. or paper impreg- 
nated with an oily or resinous sub- 
fance to render it moisture proof and 
prove the insulating properties. 
Cardboard is sometimes treated in thi 
manner and used for tubing to win 
inductance coils. (See Empire Cloth 
or Paper, also Ineulating Property.) 
IMPRESSED ELECTROMOTIVE 
FORCE—The term used to distinguish 
the EMF (electromotive fore). im- 
pressed on or applied to a certain part 
of an clectrical circuit from the 
counter or back-electromotive force due 
fo constants of the circuit. ‘The term 


rent ig applied ina circuit, but it 
should be confined to use where a coun- 


ter EMF (electromotive force) is, 
present. (See Counter Electromotive 
Foree, also Choke or Choking and 
Reactance.) 

IMPRESSED FIELD—An electric or 
‘magnetic field of force impressed on or 
applied to a body or region (area) for 
the purpose of producing other fields 
of force, (See Field.) 

IMPULSE—Electrically, an electromo- 


tive foree which produces an impulsive 
rush or discharge of electricity. The 
term is used to distinguish between 
this form and an electromotive foree 
producing a steady flow of current. 
(See Current, also Electromotive 
Foree,) 

IMPULSE E.M.F.—The more specific 

ignating an EMF (electromo- 

tive foree) which produces an impul- 
ive rush or discharge of electricity. 

It ig defined technically, as having 
maximum value which is large com- 
pared with its average value, the 
average value being taken over # time 
equivalent to the time-constant (a.v.) 
of the circuit on which the EMF is im- 
pressed. (See Current, alto Electro 
motive Fores 

IMPULSE "EXCITATION. 

citing or starting oscillatior 

Gireuit, such as the acrial circuit of @ 

transmitter, by a sudden surge of im- 

pulse EM" (electromotive. force) 
ther than by application of oseills 

tions of the frequency of the circuit, 


YARINOLE 
CONDENSER 


This system of impulse or shock excita: 
tion may be used for transmission and 
tlso has application in connection with 
{esting or comparing. of wavemeters 
‘The illustration shows a buzzer co 
nevied with the necessary components 
toNform a" source of nigh frequency 
Chcillatons, “This syatem‘is capabie of 
Producing’ through coupling from the 
Eni Ly currents” by shock exeltation, 
Those currenta can be used in a variety 
of ways for tenting purposes. In apers- 
tion ‘the condenser is ‘charged to the 
Voltage’ of the battery atthe instant 
the buser contact is’ open and’ when 
the contact closes, discharges through 
the coll L thus furnishing’ series of 
fteintions ‘to aurge through the coll 
and by inductive coupling to any other 
toll placed im proximity to ie “(See 
Buaser Exciter) 

INCANDESCENCE— The glowing of 
‘any substance when brougM to ah 

‘The term a used in rad 

y ‘the ‘condition “of the heated 

fathode or lament in a vacuum tube 

fn order to produce electrons Cas.) it 
toveause the filament. to 

Become’ white hot, the condition being 

Known as ineandescence."" (See Pile 


heat, 


little used term 
jon of a substance 


NI 
signifying the conc 
by virtue of which it will not act ag. 


conductor for electric currents, (See 
Conductivity, Specific.) 
INDEPENDENT UNIT—A unit of a 


wwantity, such as length, mass or time, 

chosen arbitrarily and without having 

any relation to any other unit, (Cente 

‘meter Gram Second, or C. G. S., also 

Fundamental Units.) 

NDICATING INSTRUMENTS 

instrument or device which in 

values, as for example, a voltmeter or 
ammeter. (qwv.) (See. Instruments, 

Measuring.) 

INDIRECT CURRENT—Term for alter- 
nating current—now obsolete. "(See 
Alternating Current.) 

INDUCED CURRENT—The current in 


a circuit uve to an induced EMF (cle 
{romotive force): The current produced 
by an EMP induced in a circuit due to 
avchange in the magnetic flux linking 
the circuit with another. (See Induced 
Biri also Induction.) 

INDUCED” EMF—"The  clectromotive 
force induced ina condustor or bod 
The phenomena of induced EMF (cle 
tromotive foree) i the b 
tion of generating. machines. 
conductor is rotated or moved in # held 
of force, the action eausing a change in 
the flox’tines linking the cireuits oF the 
conductor. An EMF 
duced. by” placing 
relation to'another coll through ‘which 
Alternating current is passing. ‘Were 
the transfer is caused. by. induction, 

See Induction) 

INDECTANCE™The broad term used 
to designate any wire, wound ‘toil as 
used in radio practice for tuning units, 
Inductive couplers and any variety of 
Purpose, Actually the term ie derived 
From self-Induction or, self-inductance, 
4 property of a coil of wire by virtue 
ot which it sets up a counter EMF 
(clctrometive forse, whlch serve to 
oppose. “the original "EME “passin 
through it. When a certain cirduit has 
Inductance, it is to say that a number 
of turns of wire possessing. self-ndue- 
tion “are prevent in the circuit. The 
Breater the inductance in a circuit the 
Ereater its opposition to the passage of 
fn alternating corrent. The un of 
inductances. s\ the Henry. ‘This 
defined asthe self-induction of ci 
uit or éoil when the induced: EME ig 
one Wolt with the inducing ‘current 
Varying: at the rate of one ampere per 
seconds "(See "Alternating "Current, 
Henry, also Inductance Cole) 


INDUCTANCE, . 
‘ance (coil) placed in antenna circuit 
of transmitting set for purpose of 

length of the open or 
to any, desire 

ferred to as an a 

tenna ‘loading inductance or loading 

coll. In high. power transmitting sta- 


Tt is generally, 


tions it is very often the case that the 
natural 
length of 


riod or fundamental wave 
the tena Je nol ag great 

ng. wavelength, 
x g inductance is 
used to bring it up to the desired value, 
Tn some. instances the ‘fundamental 
wavelength is too high, in whieh case 
a condenser is placed in ‘series to re- 
luce the wavelength and then afew 
tums of Ynductance placed in series 
‘with the condenser and antenna for the 
purpose of tuning.” Such inductances 
ust be of a very rugged nature when 
High power is used, sgenerally consist. 
ing of comparatively few turns of 
heavy copper ribbon mounted on ‘high 
tension. Insulators. ‘The’ illustration 
shows commen form of antenna. inc 
‘uetance ‘used in. radio transmission, 
(See Loading Inductance, also Tuned 
Antenna.) 


INDUCTANCE COILS—Any coil of wire 
‘wound in such @ manner as to Possess 
the property of self-induction. Such a 
coil may be in almost any conceivable 
form, providing the turns are separated 
or insulated from each other. Induct- 
‘ance coils are a very necessary part of 


Honeycomb tepe inductance coil 


jreuits, being used in conjune- 
tion with condensers to obtain reson- 
ance or desired wave-length. Such coils 
can also be arranged as separate cir- 
cuits and placed in inductive relation 
to each other, thus permitting energy 
present in one to. be transferred 
through induction to the other. ‘The 


‘most common example of inductance in 
a receiving set is that of a tuning coil 
or vario-coupler. The illustration shows 
several forms of inductances known as 
inductances, (See under sepa. 
rate headings as follows: Inductance, 
Loading, Tuning, Tapped, also Induct: 
ance, Units of- 


compensate for the capacity of the line, 
(See Distributed Inductanee.) 

INDUCTANCE, LOADING—1 
‘inductance to'load a circuit, 
is used to designate any inductance coil 
or unit used in series with the antenna 
for the purpose of increasing the wave- 
ength of the circuit, (See Inductance, 
Antenna.) 

INDUCTANCE, MEASUREMENT OF— 
"Any. Process or means of determining 
the inductance value of coil or cir: 
cuit, ‘The usual method is by formula, 
(Fully. deseribed under “Measurement 
of Inductance.) 

INDUCTANCE, MUTUAL—Symbol_M. 
"The number of linkages of flux lines or 
the flux that is common or mutual to 
two circuits which are adjacent to each 
other oF inductively coupled. Tt is gen~ 
erally defined as the amount of the flux 
“av.) which Is common to. two titked 
cireuits per unit of current flowing in 

Tin the iilustra- 
segnesina an Inductance 
cing. traversed by an 
jectromotive.foree. ” Cir- 

'B contains merely. an 

Ly'and a measuring device, M. 

ag the alternating EME. 


through coil Ly it sets up a field of 
foree, or rather flux lines as shown. 
‘These lines link with the coil Ly and 
an alternating B.M.F. is set up. “Now, 
suppose that the inducing current flow: 
ing in. cireuit A is changing at the 
rate of one ampere per second and an 
EMF. of one volt is induced in the 
cireuit B, or rather in coil Ls. We 
then say that the mutual inductance of 
the two circuits will be one henry. This 
is the same unit used for self-indue- 
tance and in fact, mutual inductance 
and self-inductance are virtually the 
same thing. 

‘The effect of mutual inductance must 
be taken into consideration when meas- 
uring the fundamental - wave-length, 
capacity or inductance of an antenna, 
That is to say, where a number of 
parallel wires are used, the mutual in- 


duetanee between them must be taken 
into consideration as well_as other 
values or constants. (See Self-Indue- 
tance, Mutual Inductance, Induction, 
Coupling and Induced E.M-F.) 

INDUCTANCE, REACTANCE—Symbol 
x—The reactance present in a coil pos- 
sessing self-inductance, The  self- 
inductance in such a coil opposes the 
flow of alternating current due to the 
back electromotive force set up as a 
result of the changing magnetic field 
of the current. Inductance reactance 
(or inductive reactance) is the term 
used to define this opposition. Induc- 
tance reactance acts similarly to resiet- 
‘ance (q.v.) in that it opposes the flow 
of an electric current, It is measured 
in ohms (qv.), just, as resistance is 
measured, It should be noted, how- 
ever, that inductance reactance only 
‘opposes the flow of alternating cur- 
rents, whereas resistance opposes the 
flow of both direct and alternating 
currents. Furthermore, resistance in 
‘offering opposition to current flow con- 
sumes power, while inductance reac- 
tance merely takes up energy from the 
cireuit_ momentarily while current is 
increasing and thereafter gives it back 
while the current is decreasing, 

The combined opposition offered to 
the flow of alternating current by the 
resistance and the inductance reactance 
of a circuit is called the impedance 
(qv) of that circuit. The voltage dro 
due to resistance is in phase (qv. 
with ‘the current, The voltage drop 
Yue to inductance reactance is 90 de- 
‘grees in advance of the current, 

Expressed as a formula, x= VBR, 
where X is the inductance reactance, 
Zis the impedance and R is the resist” 
ance, all measured in ohms. 

Knowing the frequency (q.v.) of the 
alternating current and the inductance 
of the circuit through which this eur- 
rent flows, it is possible to calculate the 


inductance, Tapped. 


faductonce reactance by using. the 
Fermat's Bey heree aa om 
ant equal fo Stier i the frequency 
feepale ves scm, ana Lo tie 
ductanee the elceult in” henge 
ace) "Ta ferrule is sometimes Be 
Werikied by subetitatine the sytnbol 
omens). for Bef. From the formula 
(Pane teen that Ge Indistance rer 
fcfanee increases ditectiy “both with 
iherndactance af the ercuit and With 
ke Requeney of the current fowing 
(See Current, also Electromotive Force, 
Iesintancer Reaelonce) 

INDUCTANCE, RECEIVING Broadly, 

‘The term. thus, includes 


AERIAL 


PRIMARY CIRCUIT 


‘SECONDARY 


ty “carcurr 


retinas used 


1 form of tuning inductance 
G'radie receiving sea. 


all types of coils for tuning purposes, 
uch as couplers, tuned transformers, 

variometers, ete. ‘The illustration shows 
a common form of luctance. 
Here the coil L is. i 
aerial cireuit and Ly the coil 
secondary circuit, Here the eners 
from the aerial traverses coil L and by 
induetion is transferred to coil L, 
(See Tuning Coil, Vario-Coupler, Re- 
ceiving Circuit.) 

INDUCTANCE, SELF—Symbol L—An 
‘alternate term with self-induction for 
the. inductance (qv.) due to the field 
of force produced by the circuit itself. 
Tt ig virtually the same ag mutual in: 
duetance. For example, in a coil. of 
wire being traversed by alternating 
currents the adjacent turns may act 
upon each theron. the principle of 
mutual induction between two separate 
adjacent circuits. The induced cur- 
rents are the result of self-induc 
(See Self-Induction, also Mutual In- 
duetance and Induction.) 

INDUCTANCE, TAPPED—Any type of 
inductance having taps for connecting 
at different peints on the coil in order 


TO SET 
70 set 
[A tapped inductance which permits nductance 
& ‘he creat BY 
Wo 


to vary the inductance value. The 
illustration shows a form of ‘tapped 
inductance, Here the taps at different 
portions of the coil are connected to 
Switch points and the switeh lever per- 
mits. instant change to any of the 
available values. "(See Inductance 
Coil, also Tuning Coil.) 
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Inductance, Unite of 


INDUCTANCE, UNITS OF—The me 
uring units for inductance, The ri 
tical unit is the henry. (H), the value 
of inductance which, if current varies 
ft the rate of one ampere each second, 
Fesults in an Pinduced electromotive 
force (q.) of one volt. When we 
Speak of an ‘induced EMP. of one 
Wolt, the volt is used as a practical 
unit. “Under the electromagnetic sys- 
tem of units, the absolute unit of n- 
duced E.M.F. is known as the abvolt, 
This unit is very. small, 100,000,000 
of them being required to equal ‘one 
Volt. We thus ‘say that the volt. of 
Induced E.M.F. is equal to Ixi0" ab- 
volts. The ‘electromagnetic unit 
EMP, or the abvolty is defined 
the E.3L8. induced in a conductor 
ting one line of magnetic foree each 
second. As we haye shown that one 
‘olt is equal to 1x10" abvolts of induced 
EMF, and since one ampere is equal 
to ixid™” abamps of current (see 
Unie, Blectromagnetie) then the Unit 


1x102 
or) 1x10" abhenrys. ‘The unit of indue- 
tance (the henry) being too large for 
Practical purposes, the milli-henry 
onesthousandth henry) or the micro- 
henry (one-millionth henry) are com- 
monly used. Occasionally the centime- 
ter is used as a measure of inductance, 
being the thousandth part of a micro- 
henry or a milli-micro-henry. The 
henry is written as 1x10™ henry, 
the micro-henry as 1x10 henry, and 
the centimeter as 1x10" henry. (See 
Induced Current, Induced EMF, In- 
duction, Electromagnetic, also Units. 
INDUCTANCE, VARIABLE—Any. coil 
Possessing. self-inductance and being 
arranged in such a manner that the 
value of the inductance ean be chang 
at will. The simplest form of variable 
inductance is the sliding contact tuner. 
This is merely a coil of wire of any pre- 


of inductance or one henry 


rmerly used in radio 
determined value (maximum) mounted 
fand arranged with a sliding contact 
moving over the’ wires, which are 
bared of insulation at a certain point 


ustraton by courtesy of Redio Specialty Ce 
‘Variable inductance known a2 a varlocouple 


to permit contact. By using the slid- 
ing’ contact "as “one connection and 
either end of the coil as the other lead, 
the effective value of the inductance in 
the circuit may be varied within the 
Timits of the coil itself. Other forms 
of variable. inductance include the 
Variometer, vario-coupler and various 
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modifications. The illustration shows | 
the two more common forms of variable | 


Miasraton by courtesy of Radio Specialty Co, 
‘Another txpe of varlocoepler. 


inductance. (See Inductance, and In- 
ductance Coils.) 


inductance, ‘connected. in 
parallel or shunt to each other. The 
illustration shows two standard coils 


COWL 4 


Sach a condition can usually be eli 
hated ‘by running the aerial at righ 
fngies tothe power line. By doing this, 
industion ‘between the two. condsctors 
{s reduced to-s minimum, 

Biectrostatie “induction is a ree 
arrangement of an electrostatic eld 
whereby body in the neighborhood of 
& charged body ‘will have an. opposite 
charge induced on it. An induction 
machine (a). kmown as the. Wins: 
hhurst utilizes the principle of eleetro- 
Static Induction, 

INDUCTION BRIDGE—Also called in- 
dductance bridge. A. balance ‘arranged 
Similarly to's Wheatstone” Briige 
(qv.), used in induction measurement. 
(Sco induction, Measurement of Tn 
ductance, also induction Density.) 

INDUCTION COM—A form of trans- 
Yormer, having a primary winding ar 
ranged’ with a means of making the 
direct current. applied ‘to ‘ity pulsate, 


HIGH VOLTAGE. 
‘OUTPUT 


SECONDARY 
‘WINDING 


connected in a circuit in this manner. 
‘The effective inductance is less than 


that of either coil alone, (See Indue- 
tance Coils.) 
INDUCTANCES IN SERIES —Coils 


possessing the property of self-induc- 
tion, connected in ‘series in a cireuit, 
The’ illustration shows two coils con: 


cont coe 


Dire sloping fre piacere ele 
nected in series in a cireuit, Here the 
effective inductance value is the sum 
‘of the separate inductances. (See 
Inductance Coils.) 

INDUCTION—The influence exerted by 
‘one field of force (electromagnetic oF 
flectrostatic) on another or on a con 
ductor. Whenever a. magnetic. field 
interlinked with an electric circuit: is 
changed, an electromotive force (a.v.) 

induced in that cireuit.” ‘The ‘mag: 
netic field is considered to originate 
from ‘the heart of the conductor, 
spreading out concentrically’ from the 
conductor as the current increases and 

Shrinking back into the center of the 

conductor as the current decreases. 

In either case, the conductor is cut by 

the magnetic ‘field, and in. accordance 

with the law of eléctromagnetic induc 

tion (avv.) an electromotive force is 1 

duced in the ‘circuit proportional in 

‘amount to the rate of change of the 

magnetic Geld and acting in a dire: 

tion which would, by producing @ cur 
rent, tend to oppose the change, 
bothersome type of electromag- 
netic induction sometimes occurring fn 
radio takes place when a radio aerial is 

Fun parallel to a high-tension line ot 

even'a trolley line. ‘The varying field 

of foree about the high-tension line sets 
P, by induction, a corresponding Aeld 
‘the parallel serial, thus eausing a 


disturbing hum in the loud speaker. 


Condenser and hey. 


ly, & transformer with open 
magnetic circuit, carrying « pulsatin 
direct current. which induces a higl 
vellage, altemating current inthe ae. 
ondary’ by means of the step-up effect 
of the windings. ‘The illustration shows 
f typical form of induction coil and 
fhe, taseiated’crsuts for producing 
igh voltages. "Here, there’ are two 
windings, a primary and a secondary, 
ver and insulated from & sore com: 
posed of a number of soft iron ‘wires 
The primary fa arranged with a Key, 
K, and a battery, B, to, supply dire 
current to the elreuit. When the ke 
{s depressed the current flows througl 
the primary cireuit, including the con- 
tact"G and the vibrator V. The core 


‘A form of apark col 


becomes saturated (q.v.) or magnetized 
and attracts the armature or spring V. 
As this spring is drawn toward the 
core it breaks the contact between the 
spring and the contact. post. This, of 
course, breaks the circuit from the bat- 


tery. and the flow of current. stops, 
Fesulting in the collapse of ‘the ux 
Throughthe core. “When the magne 
Attraction ‘eases the spring. goes back 
into normal position and the contact is 
once more complete, allowing. current 
{o"fiow: through the ‘windings. This 
make-and break process ig more or less 
Tapld and fe repeated continuously, BY 
Induction, an alternating Eli. (elec- 
Wome force) erent inthe 
Secondary windings, and as these wind- 
Inge have many more tarns than the 
Primary ‘winding the induced EMF. 
Will be proportionately greater. If the 
Breaks occur at arate of from thirty 
to one ‘hundred per second, the key 
an’be used to interrupt the primary 
Gurrent and produce at the secondary 
ferminals a high voltage suitable for 
Spark transmission, (See Induetion, 
Transformer, Spark Coil.) 

INDUCTION COIL, PRIMARY — The 
‘Simplest form of induction coll. Te con 
Sine of an von core wound, with 8 
Felatively large: amount of, Tow Te 
ance copper ‘wire, which is well in- 
Sulated, "The iron core increases the 


effect of self-induction and the size or 
Tength of the core and the number of 
turns of wire determine the efficiency 

‘are used exten- 
(See 


of the coil Such : 
Sively for Jow tension ignition. 
Induetion Coll) 

INDUCTION COIL, SECONDARY 
‘ype of induction coil employing ap 
mary and secondary winding. ‘The pri 
Thavy i wound over anion core and 
the secondary ig-generally wound over 
the primary. (See Induction Coil) 

INDUCTION. DENSITY—A. term occa. 
Wonaily used to refer to the density of 
flux in a magnetic or electromagnetic 
Field of force, It is synonymous with 
fax density, under: whieh heading it 
‘will be found more fully defined. "(See 
Tnduetion, Electromagnetic, also Gauss, 
and Induction, Magnetic.) 

INDUCTION, ELECTROMAGNETIC— 
"Phe production or sndueing of elect 
Currents. in a. condactor ‘when it is 
moved in s magnetic Reld of force in 
Such manner aa to cut magnetic lines 
OF force he simplex exampie of tit 

nomena is the Faraday experiment 
InSwnich he discovered that a wire 
with its ends joined, when moved rap- 
Ttiy' in the eld of! &- magnet, would 
esult in current Being Induced inthe 
fring or conductor, “All dn i 
machinery is based upon this prineiple 
of clckromagnetie Induction, ae are 


ory of production of current by electro- 
Tmagnetic induction. Fig. 1 shows a 


DOTTED LINES REPRESENT, 
LINES OF FORCE, 


INIFORM. 
MAGNETIC FIELD 


coll of wire placed in a uniform mag 
netic field of force between two mag- 
nets, Here the coil is assumed to have 
been moved from A to B in the same 


plane, This is known as ion of 
transiation, and the field being uniform 
at all points the same number of lines 
pass through the coil at both points. 
Therefore no current is induced in the 
coil anda sensitive instrument, placed 
across the leads, C, C, would show no 
current present, In Fig. 2 the same 
oll is shown at A in its original po 


se 
ace 


TS obelbolation' of the 
tion. Here, however, it is rotated, and 
when in position B it is apparent’ that 
less lines of force pass through it. We 
thus fulfilled the conditions for 
dif the instrument 

, the 

fil Be in 


to. increase and 
‘will be produced in the coil as long as 
the motion persists. From the above 
it will appear that current can be in- 
duced either by rotating the coll 
round any axis in its plane, or by tilt- 
ig it in its motion across the field. 
‘The coil of wire in this case is known 
as an inductor because the current is 
induced in it.” Tt is also referred to as 
a conductor when describing the Pro- 
‘duetion of alternating currents. 

‘Now it wag stated that current is in- 
duced in the inductor whether the lines 
of force through it are increased or 
decreased by its motion through the 
field, We can reduce the action to two 
simple rules. First, the relative motion 
between an inductor and a magnetic 
field must be such that the number of 
lines Passing through the inductor are 
altered, i.e, increased or decreased. 
Second, the electromotive force induced 
in the’ inductor. circu 
Fortional’ tothe rate of ‘nerense or 

jecrease in the number of magnetic 
lines embraced by the inductor circuit. 
We know from the Lenz Law (see 
Alternating Current, Theory. of Pro- 
duction of) that current will flow in 
the inductor in @ direction dependent 
upon whether the lines of foree through 
itare being increased or decreased, 
and as the inductor is being rotated 
continuously ‘the current will change 
direction with each change in the num- 
ber of, lines. (See Alternating Cur- 
rent, Alternator, Electromative Force, 
Fleming's Rule, Laws of Electromag: 
netie Induction, Lenz's Law.) 
INDUCTION, ELECTROSTATIC— The 
production 'of an electric charge in a 
body due to the presence of a nearby 
conductor having an opposite charge. 
‘The effect is known as a displacement 
of electrie charge. (See Electrostatic 
Induction, also Induction.) 
INDUCTION INSTRUMENTS —Measur- 
ing instruments used in electrical and 
radio practice, which make use of the 
principle of electromagnetic induction. 
Such instruments are used for measur- 
ing alternating currents, the torque or 


actuating force for the indicator being 


Induction, Mutual 


produced by the effect of a rotating 
feld on a metal disc or drum which is, 
not connected to the circuit carrying 
the currents, ‘The instruments operate 
fon the same basic principle as the 
induction motor (a.v.) 

INDUCTION MACHINE—A machine 
wherein the primary and secondary 
Tindings rotate with respect to, each 
other. Examples of induction machines 
gre induction motors, certain types, of 
frequeney converters and induction 
generators, An entirely different kind 
of induction machine is one whieh gen- 


nen ORS the Winsharst 
eater low potentials, 
Principle. of electrostatic 
Cawv.) ‘The most common form of this 
type is known as the Wimshurst (q.v.). 

INDUCTION, MAGNETIC —The com- 
‘munication’ of magnetism to a metal 
by the presence of a magnet without 
any actual contact. The effect of the 
presence of a magnet in the neighbor- 
hood of a piece of magnetic material 
is to induce magnetic poles in it, (See 
Magnetiem, Magnetic Poles, Induction, 
also Induction, Electromagnetic.) 

INDUCTION MOTOR — An alternating 
‘current motor in which the input cur- 
rent is passed through the field coils 
only, the armature not being connected 
to the external circuit. Hers the arma- 
ture is rotated by currents induced by 

‘ing, field set up through the 

. ‘The induction motor is, the 

most widely used of the alternating 
current types, maintaining a practi- 
cally constant’ speed from no load to 
full load and being simple and rugged 
in construction. ‘This type of motor 
hhas two windings, the primary and sec- 
ondary, and two members called stator 
and rotor. The primary winding is 
usually on the stator and the second- 
ary winding, which is therefore cus- 
tomarily on’ the rotating member, is 
not connected electrically to the pric 
mary. Current to operate the rotor is 
induced in the secondary windings by 
the magnetic action of the current 
circulating in the primary’ windings. 
(See Alternating Current, also Induc- 
tion, Electromagnetic.) 

INDUCTION, MUTUAL—The interfer- 
fence or mutual effect between two elec- 
trie or magnetic fields, due entirely to 
their proximity and without electrical 
contact. The mutual induction or elee- 
omaghetie influence’ of one ‘cir 
upon another is measured by the co- 
ficient of mutual. inductance or 
duction. | (See Mutual Induction, also 


Sfutnal Induction Coegiciens, and Mu. 
tual Inductance.) i ee 
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Induction Reactance 


INDUCTION REACTANCE—The value 
‘in ohms of the inductance in an electric 
cal clreuit as distinguished from the 
eapacity or capacitive. reactance. It 

‘he part of the total impedance in 

fn alterating current circuit that fs 

due'to the presence of inductance in 

the circuit. (See Inductance Reactance, 
Ohm, Impedance.) 

INDUCTION REGULATOR—A. system 
of regulsting the voltage in alternating 

‘employing a choke 

ble core, or some form of 
‘transformer whieh will 

Assist or oppose the current by "re- 

istment of the ratio. (See Choke 

Coil Reactance, and Variable Ratio 
Transformer.) 

INDUCTION SCREEN—A. metal sereen 
‘or shield placed between two electrified 
for magnetic bodies to reduce the effect 
‘of Induction between, them. A ‘come 
‘hon example of this in redio usage Ts 
the placing of « sheet of metal between 
twor cll the sheet generally 

rovision of a metal 

‘around each eof. 

reduces’ the interaction of the 

fields of the coils, which leads to losses 

a howling, capecllly "in tuned radio 

frequency.’ amplifiers (av. “(See 
Sieiding) 

INDUCTION UNIT—The henry, defined 
‘as the induction in a cirewit when the 
lectromotive force induced in that cit= 
SES ne ternational ot (eo) 

the inducing current Varies at 
the rate of" one ampere each second. 
(See Henry, also Self-Induction.) 

INDUCTION YOLTMETER—See Induc- 
tion Wattmeter, also Induction iatre- 
mente. 

INDUCTION WATTMETER—An_in- 
‘strument for measuring the power de- 
iivered to acireuit. ‘The induction type 
‘watimeter operates on a principle used 
In the. induction motor, a" magnetic 
body ‘attached to a pointer being ‘ro- 
tated ‘by 8 changing magnetic eld 


(See Induction “Motor, also. Watt 
meter.) 
INDUCTIVE CAPACITY — Generally 


referred to as the specific indu 
capacity in rating the dielectric quali- 
ties of substance. It is the quality 


of any dielectric substance by ‘Teason 
of which it permits electrostatic 
tion through it. The term is more oF 


less synonymous with Dielectric Con- 
stant, the latter, however, being gen- 
erally given in terms, of ‘a numerical 


(See 

Dielectric Coeficient and Constant, 
also Specific Inductive Capacity.) 

INDUCTIVE CIRCUIT—An electrical 
circuit possessing inductance but not 


capacity. (See Inductance, also Ca- 

pacity.) 

INDUCTIVE CONNECTION —A_ con- 
‘nection between two circuits entirely 
srough the property of induction and 
‘without any metallic contact. ‘The two 
tolls, primary and secondary, of a 
‘Varié.coupler as used in radio receiving 
Ureuita, are sald. to have Indu 
connection where, the windings are 
Separate,” Thus, the primary coll wil 
Belin One ‘lectin! 'ireult and, the 
it'by means of induction. (See Tndue- 
tion, Coupling, Vario-Coupler. 

INDUCTIVE COUPLER —The_ indue- 
tances oF coils placed in inductive rela 
tion or inductively connected with each 
other for the purpowe of transferring 
ners lectromagnetic. coupling. 
‘ny Weviee consisting of a primary 
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and secondary inductance and used to 
transfer energy from one circuit to an- 
other by means of induction. (See 
Coupler, Induction, Vario-Conpler.) 

INDUCTIVE COUPLING—The coupling 
‘or connection between two circuits, by 
means of electromagnetic induction. 


AERIAL wiry TUBE 
) 


FF crouno 


‘The most common example of inductive 
coupling is in radio receiving circuits 
‘where coupling coils are used to asso- 
jate the primary or aerial circuit with 
the secondary circuit. In the illustra- 
tion L, is the primary of a var 
coupler’ and Ly the secondary. The 
Primary is inserted between the ground 
and aerial and the secondary is con- 
nected to the grid and filament of the 
detector tube." The variable condenser 
©, tunes the primary circuit, the pri 
mary coil also being variable by means 
of taps if desired.” The variable co 
densed Cy tunes the secondary indue- 
tance and the condenser and grid leak 
GL are the customary elements in the 
detector grid circuit. As the high fre- 
quency’ currents traverse the primary 
circuit, passing through coll Ly, lines 
of force ate set up ae showa and some 
of these lines embrace the secondary 
coil Ly inducing similar currents in 
the secondary or vacuum tube circuit, 
is not shown, 
This type of 
etween cireuits is much more 
than the straight coupling or 
conductive coupling. . (See Coupling, 
‘also Conduetive Coupling.) 
INDUCTIVE, DISTURBANCE—The dis 
turbing effects sometimes experienced 
radio broadeast or telegraph recey 
tion due to induction from nearby 
power or telephone lines. ‘This some- 
times occurs when an aerial is. strung 
close to,and parallel with a line carry- 
ing high voltages, and occasionally is 
experienced with telephone wires nest 
the receiver. (See Induction.) 
INDUCTIVE DROP IN VOLTAGE—The 
drop or diminution of voltage in an 
alternating current circuit due to the 
Presence of inductance. Inductance in 
current 


to set up a counter-electromotive force 
which opposes the original E.M.F. 
(electromotive force), thus reducing 


the effective voltage in the line. (See 
Inductance, ‘also "Inductance React- 


INDUCTIVE EMF—The electromotive 
force due to induction. That is to say, 
the electromotive force induced in s 
circuit. (See Induction, Induced BMF.) 

INDUCTIVE REACTANCE—The re- 
actance or portion of the total im- 
pedance in a circuit, due to the pres- 
ence of self-induetance. (See Indue- 
tance Reactance, also Impedance.) 


INDUCTIVE RESISTANCE—A. re: 
‘ance clement possessing inductance, as 
for example a resistance coil, which 

Iso has, the property of self-induc- 
tance.” (See Resistance, also Indue- 
tance.) 


INDUCTIVE RISE—The rise in voltage 
noted in transformers or other alter- 
nating current apparatus due’ to the 
Presence of a leading current (q. 
(See Inductance, also Transformer 
Angle of Lead or Lag.) 


INDUCTIVITY—Another term used al 
ternately with dielectric constant and 
conductive capacity, referring to the 
dielectric properties of materials. (See 
Dielectric Coefficient or Constant, also 
Induetive Capacity.) 

coils or conductors in 
int is induced through elec- 
tromagnetic induction, as in an indue- 
tion motor. Any conduetor in which 
current is induced due to. change in 
magnetic flux may be called an indue- 
tor. (See Induction, Inductor Alter 
nator, and Induetion Motor.) 


INDUCTOR ALTERNATOR—An alter- 
nator for producing high frequency 
currents. It employs the armature and 
field windings on projections inside the 
atator, the rotor consisting of a drum 
carrying a magnetic material. By 
using a rotor of solid steel, very high 
speeds and consequently, ‘high  fre- 
quency currents are obtainable. ‘The 
‘Alezanderson Alternator (q.v.) is an 
inductor type alternator. (See Alter 
nator, also Inductor.) 
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INERTIA, ELECTROMAGNETIC—The 
‘same as'electric inertia, being, in effect, 
the energy required to start or stop # 

current in a circuit possessing self- 
inductance. (See Inertia.) 

INFERRED ZERO—A term used in con- 
nection with certain instruments hav- 
ing extremely high’ sensitivity, where 
the zero is removed from the seale. In 
a galvanometer, for example, the zero 
Position on the seale may be merely 
assumed, an electrical or mechanical 
force being applied to bring the zero 
off the scale entirely, only a part of 
the fol range of the full scale being 

lized, (See Galvanometer.) 

NFLUENCE—A broad term signifying 

‘action at a distance, as by electro 

static induction, without any actual 

physical contact. “It is considered as 

the effect of a charged body on a 


neutral body or 
within its field, 
duction.) 

INFRA-RED RAYS—The heat waves 
for rays which lie Sotween light waves 
and ‘electromagnetic (radio) waves, 
The infrared fies at the extreme low 
frequency end sf the invisible spec 
tum, the wavedength being extremely 
(See Wave, also Ether Waves.) 

INFRA-SATURATION PART OF 
CHARACTERISTIC—In a characteris 
tie curve of a vacuum tube, this is the 
portion over which the tube ia operable, 
br the operating portion of the curve. 
‘See Charactertatic Curve, also Vacu 
um Tube, Theory of Operation.) 

INITIAL MAGNETIZATION — The in- 
‘tial stages of magnetization as diatin= 
Rulshed from the effect after satur 
Hlon thas been approached or reached. 
(See Saturation, Magnetic.) 

INPUT—Generally speaking, the energy 
‘absorbed by a machine as distinguished 
from the output energy. (See Input 
Voltage, ete.) 

INPUT CIRCUIT OF VACUUM TUBE 
“Vacuum tube cireults are generally 
vided ito three separate 
cluding the filament, ie, the “A” 
tery elrcuit through’ the Alament. 


conductor coming 
(See Field, also In- 
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Inpat and outpat clreults of « yacuum tube 
Pedevess “envy linen. show the former” ight 
ines the atten 


second is the circuit between filament 
and grid and the third is the circuit 
Between filament and plate. The fil 
ment grid circuit’ is called the input 
cfreuit because the, incoming” oscil 


‘See Grid, Filament, 


Gal erent 
Plate, also Vacuum Tube, Theory of 
Operation.) 

INPUT VOLTAGE—The voltage 


‘pressed on circuit or machine ae dis- 
Enguished from the output voltage. 
(See Input.) 

INSTANTANEOUS CURRENT —The 
Yalu of current in an alternating cur~ 
Tent circuit measured at any instant, 
as distinguished from the average 
urrent, value. (See™ Inotantancous 
Values.) 

INSTANTANEOUS VALUES—The a 
ual value of an alternating current, 
EME. (electromotive foree), ete, 
measured at any instant. This value 
nay. be anything. from zero to maxi 
num of peak If must be remembered 
That in an alternating current the eur- 
ent and. voltage are both variable 
factors, rising fo. a maximum in one 
Givection, then falling to a mini 
and ther’ 
other direction. 


"Thus, a wattmeter 


measures the actual value of current 

‘and voltage at each instant and the 

instantaneous. torque at each instant 

is. proportional to. the instantaneous 
power. The average torque acting. on 
the moving element during each cycle 
of the current and voltage is then pro- 
portional to the average power. If we 

Tneasure an alternating current with an 

‘mmeter, and then measure the voltage 

with a voltzmeter, the product of the 

Ywo will be. the “apparent power, 

(apparent watts). Tt should be noted 

that these instruments measure effec- 

tive ‘and not. instantaneous values, 
In order to ascertain the true watts 
(ax), it is necessary to multiply the 
Apparent watts by. the power factor. 
Ae wattmeter, measures true watt 
(See Effective ‘Electromotive Foree, 
Power Factor, also Wattmeter.) 

INSTANTANEOUS VOLTAGE OR 
PRESSURE—The voltage or pressure 
in an alternating current circuit. meas- 
ured at any instant, as dintngulahed 
from “the average value of -E- 
{electromotive fekce). (See Instance 
neous Values.) 

INSTRUMENTS, MEASURING —In 
electricity or radio, any di 
strument for recording or indicating 
Values, such as an ammeter for ind 
cating’ the current. in amperes, of a 
Voltmeter to indicate the electromotive 
force in volts.” (See Ammeter or Am 
pere Meter, Voltmeter, Wattmeter.) 

INSTRUMENT SHUNTS—In electrical 
‘measuring instruments, « branch con- 
Guctor, generally of relatively heavy 
wire or metal strip, joining the meter 
Cireuit at two points and forming a 
parallel circuit, thus dividing the cur 
Tent and protecting the delicate wind- 
Ings of the instrument. . (See Skint, 
also Ammeter, or Ampere Meter, Hot 
Wire Ammeter. 

INSULATE—To. provide a. protective 
covering or shield for a part or con- 
Guetor, preventing flow of electricity 
from It or the passage of electricity 
through it. A ‘conductor of electric 
currents is generally insulated to pre- 
Yent the flow of the electricity through 
contact. with other parts or conductors 
except where contact is intended to be 
made. (See Inmulated Wire.) 

INSULATED. WIRE— Wire, generally 
copper, covered with insulating mate 
tial to’ prevent leakage of the electric 
Current. Standard insulated: wire of 
the heavier gauges is usually covered 
with a layer of rubber and-an outer 
covering of braided cotton, "(See Lead- 
‘in, also Insntation ) 

INSULATING COMPOUND—Liguid or 
easily liquifiable mixture of some in- 


‘Ate core coll made rigid by use of insulating 


sulating material, used in radio to coat 
cardboard tubes and to cover any open 


Ineulation of Aertal 


int of contact in an otherwise insu 
Rated conductor or part. Coils are very 
often coated with shellac or some other 
figaid““and “quick-drying. substence, 
‘This serves 0 hold the, windings in 
place ‘and slso acts aaa protective 
Eovering. A very valuable application 
of an ingulating liquid ts shown in the 
Sihustration.. ‘Here’ an inductance. is 
wound. on'a form of, stiff paper or 
Cardboard tube and after being. com- 
Pleted is coated with one or two treat 
ents of coliodion or similar’ iguid. 
(Shellac introduces losses through the 
tnedium of distributed capacity.) The 
Form is ‘then cut-away and the coll 
emains self-supporting "as shown. 
‘This method produces coil ha 


capacity loss for a cylindrical shape. 
(See Dielectric, Induetance Coil, Low 
Loss Coils, Coltodion.) 

INSULATING MATERIALS—Non-con- 
ducting substances, for example, glass, 
hard rubber or porcelain, which’ do not 
conduct electric currents. Strictly 

ig, there are no perfect insulat- 

rials. ‘The most perfect in- 
sulators are certain gases, although at 
low pressure these may ‘act as. very 
nd conductors. The ‘more common 

Ingulating materials in radio are the 

following: mica, glass, bakelite and 

hard rubber, the insulating values 
being in that order. 


‘we are actually referring to its 
resistance, a good insulator offering 
infinite resistance to the passage of 
electri currents and poor ones being 

ively good conductors. ‘The term 
specific resistance is used extensively 
in connection with the insulating prop- 
erties of materials. This term is. de- 
fined as the resistance of a piece of 
material of unit length and Unit cross 
sectional area at 


i gi 
Cocficient and. Constant, 


Dielectric 
Table of, also Ohms, Resistance and 
Insulate 

INSULATING PROPERTY—The ability 


of any material to inawlate electric cur- 
rents. Accepting mica as an insulator, 
we say that ite insulating properties 
fare superior to glass or hard rubber. 
(See Insulating Materials, also Dielec~ 
tric Coeficient and Constant and In- 
sulation of Aerial.) 

INSULATION—Broadly 

8 used 

in radio, lays a most im- 
portant part, providing protective cov- 
erings or separators between conduc 
tors of the electric current and oe 


Paccage of decicicty, “There ia no 
clearly defined line of demareation be- 
tween an insulator and a conductor, @ 
oor insulator being to some extent a 
conductor. (See Bakelite, Conductor, 
Dielectric Coefficient and Constant, In: 
sulations of Aerial, Panel.) 
INSULATION OF AERIAL—The means 
‘used’ in connection with an aerial for 


reception or transmission of radio 
waves, to prevent leakage or ground- 


a 


Inaulation Resistance 


ing of the currents. The insulation of 
fan aerial for reception purposes shoul 
be given very careful consideration. 
‘The wires may be suspended by means 
of small glass or porcelain insulators 
‘and the lead-in rubber covered wire, 
entering the building through a lead-in 
ingulator (av.),. The aerial for trans- 
mission must be accorded specially 
careful attention as far as insulation 
is concerned. The bare wires must be 
suspended with heavy duty insulators, 
capable of withstanding high voltages 
without “breaking down.” ‘The lead 
wire must be conducted into the build- 
ing through a high-tension insulating 
tube or other lead-in device to prevent 
leakage of the current to the ground. 
(See Aerial, Ineulation of Aerial and 
High Tension Insulators, aiso Lead-In 
Insulator.) 

INSULATION RESISTANCE —The ac- 
‘tual resistance in ohms, generally meg 
ohms, of the insulation of any ‘con- 
ductor or piece of apparatus, If we 
assume two conductors, carrying sep- 
arate currents and crossed so that the 
only. protection would be the actual 
insulation of the wires, the insulation 
resistance would be the actual resist- 


depend- 

of the insulation. 
‘The term “ "is 
more easily understood when it is con- 
sidered that an insulator or insulating 
‘material is merely a very poor con 
ductor, or one having extremely high 
resistance to electric eurzents, there 
being actually no perfect insulator. 
(See Insulation, Insulated Wire, also 
Conductor and Resistance.) 

INSULATION TESTER—An instrument 
‘or set of meters for testing the resist 
ance of an insulator in fractional ohms, 
generally megohms. (See Ineulation 
Resistance.) 

INSULATOR —Any_ substance having 
insulating properties. Ineulatore are 
used to keep electric currenta flowing 
in predetermined paths. It is neces: 


usyaton by courte 
‘Comna Ghats Work, 
antenna intlater, showing 


A opi ntenna in 


sary to use insulators on all electric 
circuits in order to prevent grounds, 
leakage and short circuite. Insulators 
are of the utmost, importance in radio. 
At the transmitting end, where high 
Voltages as well as high frequencies 


wre used, the insulators must be spe- 
jally designed to prevent leakage. A 
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typical installation of insulators in use 
on the aerial system of a modern 
broadcasting station utilizes @ 12-inch 
pyrex insulator at each end of each 
wire between the spreaders. A stand- 
ard porcelain strain insulator is used 
every 14 feet on each guy wire. At 
gach end of each guy wire a standard 
24cinch porcelain insulator. is used. 
Insulators used on receiving an- 
tennas are made of porcelain, pyrex, 
rubber “and composition. These are 
usually “about 4 inches in’ length. 
Sometimes porcelain tubes are used as 
ingulators to bring a lead-in (a.v.) into 
building, but these have been gener~ 
ally superseded by flat window lead-ins. 
INSULATOR, LEAD IN—The insulat- 
ing tube through which a lead wire 
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‘A Mat window lead-in which permite entrance 
ae ieeeZn nde hatdine without the necessity 
t'borine holes: 


from a radio aerial enters a building, 
used to prevent grounding or leakage 
of the current by contact with another 
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Leads inelators of conventional type 
conducting surtace, (See Lead-in In 
ulator. 

INTEGRATING DETECTOR—The 
name sometimes given to any detector 
‘which yields a response proportional to 
the total energy received from a spark 
train rather than to the maximum vale 
use of the current or voltage in the 
train, 

INTEGRATING INSTRUMENTS —Me- 
ters so designed as to record the total 
quantity of electricity. (ampere hours) 
ar the total energy (watt-hours) pass- 
ing in a circuit im a given time, (See 
Ammeter or Ampere Meter, also Inte- 
grating Watimeter.) 

INTEGRATING WATTMETER— 
‘An instrument which measures and 
records the total amount of electrical 
energy, being. consumed in a eireuit, 
‘These instruments are also known as 
recording watthour meters (a.v.)y 
integrating watthour meters, and some: 
times are simply referred to as watt 
hour meters (a 

Broadly speaking the integrating 
wattmeter isa type of small motor 
Whose rotations are counted by means 
of @ worm on the armature shaft en- 
Baging a set of cogs working a counter. 
‘The construction ts such that the aver- 
age longue (a) exerted by the motor 
is proportional to the average power 
taken by the load. In other words, 
the" motor rotates at speed directly 
proportional to the energy being ex- 
pended. "For. direct current ‘work, 
integrating wattmetere are, either of 
the “commutator "type, such as. the 
Thompson, Westinghouse and Duncan 
meters or of the no-commutator. type, 
such as the Sangamo, ‘The commutator 
type. instruments operate on. the 
dynamometer (qv.), principle, “Meters 
‘of the no-commutator type are essen- 
tially’ motors whose armatures, always 
cut the same direction flux. That is 
to say, they are essentially homapolar 

av.) motors. ‘The principle of opera: 
tion ‘of these meters is the law of 
motor action which states that # con- 
ductor, free to move and. carrying a 
current whose direction of flow is at 


right angles to a fixed magnetic feld, 
will be moved out of this feld, and in 
a direction at right angles both to the 
direction of current. flow and to the 
field. For alternating current work, 
integrating “wattmetere are of the 
indwetion (qwv.) type. ‘The principle of 
operation of these meters is identical 
fo that of induction motors (a.¥) 

ing shunt and series windings station- 
ary and s0 related and located as to 
Produce a rotating field acting upon 
2 closed rotable secondary. In the in- 
dyetion meter the secondary "consista 
of. a” light aluminum dise, These 
Inetera may te ether of single phase 
‘a¥.) of polyphase. (q.v.) “construc- 
tion. (Bee Blectrodynamometer.) 

INTEGRATOR—A device which auto- 
‘matically, by means of clockwork, adds 
up and récords on a dial items of cal- 
lation or measurement. ‘The system 
used in “a ‘recording or integrating 
Wattmeter, "(See Integrating Watt 
meter) 

INTENSIFICATION — Broadly an ine 
tensifying or increasing of the density 
of electric current, but specifically in 

it refers to the tendency of radio 
als to Increase in intensity under 
conditions. The phenomena of 

Intensification ie naturally. closely re- 

lated. to fading, as obviously the in- 

ication process must. necessarily 
follow or be followed by a fading proc- 
ess. The tendency toward intensifiea- 
tion is more pronounced toward night 
and generally on the shorter wave: 

Tengths, t being noted that quite often 

signals’ from a distant station will be 

increased. in ‘volume ot intensity. as 
much as fifty per cent or more between 
the fate afternoon ‘and. late evening. 
While the periodic fading of signals 
and the Subsequent inereae in value 
over regular periods, usually of a few 
‘minutes’ duration, may i 
as fading and intensification, it. i 
Preferable to think of fading’’as one 
Speration together with. the subse 
{Quent increase in volume, and the term 
tntensifcation ax referring” strictly to 
the’’change’"to greater "volume that 
takes place toward night. (See Fading, 
also’ Phenomena off Electric Wave 
Propagation.) 

INTENSITY OF ELECTRIC CURRENT 

term more oF less in use to imply 

the strength of an electric current in 
amperes, the symbol I. for current 
being’ derived from it. (See Ampere, 
Current Density, also Intensity of 
Field) 

INTENSITY OF FIELD—The intensity 
or strength of the force exerted in 
magnetic field. ‘Tt is measured by i 
action or effect on a unit pole placed 
at any point in the field, the intensity 
of the field, of course, varying at di 
ferent points. (See Pluz Density, In- 
teneity of Magnetic Fluz.) 

INTENSITY OF MAGNETIC FLUX— 
"The strength of the force exerted in @ 
magnetic held.” (See Intensity of Fietd, 
also Flux Density.) 

INTENSITY OF MAGNETIZATION— 
‘The, density of force per unit cross: 
jonal area of a magnetized mate- 

Fal. "The extent of the magnetizing 
effect on'a material placed ina. mage 
netic field of force, This applies only 
to material in a magnetic cireuit and 
should not be confused with the lines 
of force due to-a field arising from the 
presence of neighboring ‘currents or 
magnets. "(See Magnetization, also 
Tntensity of Magnetic Plus.) 

INTERFERENCE—The interruption or 
interference with desired electromag- 


netic waves by undesired or extraneous 
fraven The Interference of undesired 
rroadcast or radio-telegraph signals 
with the desired signals. Als, broadly, 
the ‘detrimental ‘effect of power lines 
land other electric circuits on. radio 
communication, Interference is. en- 
countered chiefly in receiving sets hav- 
ing poor selectivity (q.v.). 


ally impossible to obtain clear 
signals from the desired station. Or- 
dinarily, and where the effect is due to 
lack of’ sharp resonance or tuning, 
certain changes can be made in the 
receiver to sharpen the tuning, or if 
the disturbance is due to the transmit- 
ting stations and the receiver is nor- 
mally sharp, various circuits can be 
employed. to’ filter out the undesired 
signals. (See Interference Preventer, 
also Wave Trap.) 

INTERFERENCE ELIMINATOR —A 
device or system as shown in the il- 
lustration for reducing or preventing 
reception of undesired signals in radio 
work. Practically all interference 
climinatora make use of a separately 
tuned inductance across the aerial and 
ground and in parallel with the re- 
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ceiving set. ‘The inductance is usually 
tuned by ‘means of a variable con~ 
denser which allows it to be tuned to 
the wave-length of the interfering 
signal. The interference can thus be 
by-passed to the ground. Interfer- 


ence eliminatore of the kind described 
fre generally known as wave trape 
(qv.), A special form of interfer~ 


ence due to atmospheric and electrical 
disturbances ja known as static (4.¥-)- 
(See Statio Eliminator.) 
INTERFERENCE PREVENTERS — 
"Any. arrangements either within the 
Feceiving set, or external to the set, 
for. limiting’ of preventing. interfer: 
ence, "In addition to tterference 
eliminatore (axy.) and static. elimina- 
tore (qv,) various other methods are 
wllzed in radio’ to" prevent. interfer- 
ence. Thus the arrangement of & Fe- 
Seiving set to. give sharp ning” and 
great selectivity, results in the pre- 
Nention of much interference. "A 
method of ‘preventing. interference 
‘Which has been. used, is, the utiliza 
Yion of filter circuits which can be 
tuned: to pass any desired. frequency 
and exclude. all others. The use of 
the loop aerial (q.v.) results in great 
selectivity. The loop has a very pro- 
ouneed directional effect and this in 
Itself acts to narrow the fleld of sta- 
tions offering” possible interference, 
For. example, [f' stations of very 
nearly ‘the same wave length are in 
‘opposite or different directions and are 
‘at the. same time, the. loop 
selection of the station 


permits 


wanted, with no interference from the 
others. 
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‘A multiple tuner intermediate cirenit. 


coils shunted by a variable condenser. 
‘One coil acts as primary to the sec- 
ondary coil of the detector circuit and 
‘the other coil acts as secondary to the 
Primary of the aerial circuit. A cir- 
cuit such as this is sometimes referred 
to as a multiple tuner intermediate 
circuit and may be used as an inter- 
ference eliminator. 


INTERMEDIATE | FREQUENCY—This 
‘frequency higher in number of 
oscillations than audio frequency 


(av.) but lower than radio frequency 

(av). "Te is generally around 0,000 

eyeles or 10,000 meters. wave-length. 

In the super-heterodyne (qwv.) the in- 

coming signal is converted. from. the 

Droadeast frequency tothe so-called 

intermediate frequency at. which it 

ean "be amplified. by. means of fixed 

Winding ‘transformers "to. almost any 

extent desired, The method of, con- 

Yerting. the” incoming signal in 

uper-heterodyne from radio frequency 

fo’ intermediate. frequency. is by. the 
beat" method. In this. cave an oscil- 

Tating eireuit controlled by means of « 
variable condenser so.as to obtain any 
desired frequency, is brought into in- 
terference with the first detector’ and 
produces a’ beat. note (qwv.) for the 
intermediate frequency which has all 
the characteristics of the original sig- 
nal. In this. way, no matter what the 
frequency of the intercepted signal 
maybe, the intermediate frequency 
amplification is always carried ‘on at 
a fixed wave-length, thus making for 
high etcieney. (See Beat Frequency: 
Beate.) 

INTERMEMEDIATE FREQUENCY 
"AMPLIFIER—An arrangement of 
tubes, ‘and. transformers, for stepping 
up the current, used in the super= 
heterodyne (awv.) circuit, The ‘inter- 

mediate frequency amplifier is located 

Between the first “detector and. the 
second. detector. (See Intermediate 
Frequency.) 

INTERMEDIATE TRANSFORMER. 
The, name, given to the transformers 
used "in the intermediate frequency 
amplifier (qv.) of the auper-hetero- 
dyno circuit. Intermediate trans. 
formers are’ often referred to as 
intermediate. frequency. transformers. 
They are radio. frequency transform: 
ers (av.), but have an iton core and 
instead’ of tuning’ to a maximum’ of 

850 or 600 meters they are designed 
to cover wave-lengths of 10,000 meters 
or higher. (See Intermediate Fre- 
quency.) 

INTERMITTENT CURRENT—A cur. 
vent which flows irregularly or which 
is interrupted at intervals, or ‘with: 
out continuity, “The current obtained 
from a magneto generator (q.v.) is an 
interrupted or intermittent’ current. 
Such a current may be either alter: 


Interrupter 


nating or direct, A magneto gen- 
erator constructed to give direct cur- 
rent is equipped with a two segment 
commutator having a stationary brush 
in contact with it (See Pulsating 
Current.) 

INTERNAL RESISTANCE—Resistance 
‘within an electric source. In the ease 
of a primary cell such as a dry bat- 
tery, the internal resistance causes an 
intefference with the flow of current, 
This varies in amount with the con: 
struction and materials of the battery. 


INTERNATIONAL MORSE CODE— 
This is also known as the Continental 
code. (See Code.) 


INTERPOLE—A small_magnetic pole 
placed between the main field poles 
of an electric generator for the pur- 
pose of obtaining better commutation. 
Interpole windings are connected in 
series with the armature winding and 
the load. ‘The action of the interpole 
is exactly analogous to the shifting of 
the brushes, but when interpoles are 
used, brush ‘shifting is dispensed wit 

id ‘the magnetic flux is shifted 


INTERRUPTED CONTINUOUS 
WAVES—abbreviation “LW. ‘These 
aves arg obtained by the adulation 
St an otherwise continuous toave (30. 
(See “Continuous "Waves Key Modu 
lated, also Continuous Waves Modu 
lated’ at Audio Frequency.) 

INTERRUPTED WAVES—abbreviation 
TW .— Interrupted. waves are waves 
Produced ‘by modulation at audio fre- 
Guency, of otherwise continuous waves: 
(Gee Tntermupted Continuous Wave 

INTERRUPTER—A combjnation of an 
electromagnet with a vibrating arma: 
ture which carries a’ contact point on 
a ‘piece of ‘spring steel fastened to 
the” armature. When the. electro- 
magnet attracts the armature the 
Contact points are drawn apart thus 
interrupting the eireult:” This action 


only momentary for the spring 
again brings the circuit back to its 
original condition. ‘The most. impor 
tant use of the interrupter’ in radio 
is as a rectifying valve (qwv.) in 
in mechanical chargers. _ A typical 
ibrator panel is shown inthe illus- 
tration. The armature, A, is the mov- 
ing element. This carries’at its outer- 
most end a heavy Tungsten contact, 
B, which is caused to vibrate in syn= 
chronism with the supply current, by 
the actuating coil, C. When the cur- 
rent from the transformer is of the 
correct polarity and value the actu- 
ating coll, attracts ‘the armature, 
closing the charging circuit to the 
battery through ‘the fixed contact, D. 
‘The contact end of the armature, A, 
vibrates within the air gap of the 
pole shoe, G. 
A common use of the interrupter is 
in the ordinary electric bell. In this 
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Interrupter, Electrolytic 


apparatus, the electromagnet pulls 
the armature carrying the spring and 
contact point, breaking contact and 
‘opening the cireuit. This immediately 
de-energizes the magnet since its coils 
fare in series with the circuit. The 
spring tension pulls the armature 
back to its original position thus ag: 
closing the contact. As soon as. the 
contact is closed, the electromagnet is 
again energized ‘and it again attracts 
the armature, opening the circ 
This action keeps on indefinite 
long as a difference of potential is 
maintained at the terminals of the 
bell. 


The interrupter is used in the indue- 
tion coll (qx) for breaking ‘up the 
Airet"eurvent int a series of ne 
uises, thug: producing. an intermittent 
Eurrent. (See Circuit. Breaker.) 

INTERRUPTER, ELECTROLYTIC—A 
Yar containing. diluted sulphuric a 
as the electrolyte, @ large sheet of 
feed as one electrode anda, platinum 
Recdle’ point introduced. through & 
fiass tube as the other electrode. If 


radio frequency tube is also the first 
audio tube and the second radio fre- 
queney tube is the second audio tube. 
‘The inverse duplex circuit has the ad- 
vantage over the reflex in that the 
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when they allow the flow of electricity. 
A gas may be made conductive by 
passing X-rays (qv.) through it, by 
the action of ultra-violet light, by sub- 
Jecting it to radium rays, by’ passing 


DETECTOR 
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Diagram showing method of ree 


tubes which are reflexed operate 
more efficiently since the relatively 
weak radio currents pass through the 
same tube as the stronger audio cur- 
ice-versa. The 

the i 


ION—An atom of matter carrying an 


these electrodes are connected through 


re handle can "be 


1n induetance to a source of current 

supply, the current in the circuit will 
be rapidly interrupted. Electrolytic 
interrupters are suitable for, radio 
transmitters using small spark coils 
and are also used in X-ray work. (See 
Electrolytic Interrupter.) 

INVERTED “L” AERIAL—A flat, top 
‘aerial (antenna) in which the down 
ead is tapped off one end of its hori- 
zontal span. (See Length of Aerials, 
Horizontal Aerial.) 

INVERSE DUPLEX CIRCUIT—A cir- 


‘xpened to the seidelated wal 


electron or an atom deprived of elec- 


es 
© Wa 
eave runeaneo 
anne 


——. 


bre uber int the 


gpersted to al 


trons. Monad-ion refers to a unit 
charge, dyad-ion, divalent carries two 
units, the triad-ion carries three unit 
charges. The positive ion is an atom 
minus an electron. A negative ion is, 


an atom plus an electron. (See Anion, 
‘also Cathion, Electron, Bilectron 
Theory.) 


TONIZATION—sometimes spelled 1ON1 
SATION—The splitting up of mole- 
cules into ions (q.v.). lontzation may 
Apply either to a chemleal compound 


uit in which the vacuum tubes are | or to gas, When a electric current 

Utilized both for radio frequency and | is passed through an electrolyte (a.v-) 
197 STAGE RF 280. STAGE RF DETECTOR 
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157 STAGE AUDIO 
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Diagram showing the carrent path a 


for audio frequency amplification as 
in the reflex (q.v.) circuit with this 
important differentiation that. the 
first radio frequency tube is utilized 
as the second audio frequency tube and 
tthe second radio frequency tube is used 


28. STAGE AUDIO 
AMDLIFICATION 


the constituents of the electrolyte 
which are liberated or deposited at the 
electrodes (qv.) are called ions and 
this process is called ionization. 
Gases at or near atmospheric pressure 
re normally good insulators. ‘They 


as the first audio frequency tube. 
the ordinary reflex circuit the first | 
o 


are said to undergo ionization when 
they are made conductive, that is 
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it close to a flame or hot piece of 

metal or by forming in it a brush dis- 

charge or corona (q.v.).. Gases which 
have been made conductive carry cur- 
rent because of their dissociation into 

i i itive or negative 
(See Electro 

Electrolytic Action, also Valve 

Detectors.) 

LR, DROP.—The voltage drop due to 
the resistance in a current-carrying 
conductor. It is directly. proportional 
to the current flowing in’ the circuit 
multiplied by the resistance of that 
cireuit. 

FR LOSS—The power loss in any cir- 
cuit due to the resistance offered. to 
current flow. It is proportional to 
the square of the current flowing in 
the cireuit multiplied by the resistance 
of the circuit. Whenever current 
flows there is an I'R loss. This is 
measured in watte (q.v.) oF kilowatts 
(av). 


Tron pyriter a Yiaked with shiny spois 
‘whit have the appearance of gold, 
‘nd. for this reaagn it in sometimes 


called “fools gold.” Iron pyrites is 
very hard and brittle. The. present 
commercial use of iron pyrites is in 
the produc of, sulphuric acid. 


Ferrous Sulphide, Fe8, has also been 
employed in the past ‘as a radio de- 
tector. This. substance is chemically 
formed by fusing equivalent quantities 
of sulphur and iron together. 
resultant substance has. a 
surface. (See Crystal Detector. 

ISOCHRONOUS—A term applied to 
‘two or more oscillatory circuits, mean- 
ing that they have the same natural 
frequency Stated in another 
way, two or more radio frequency cir- 
cuits are isochronous when they are 
in electrical resonance (qv.). Cit= 
cuits are said to be in resonance when 
they have the same oscillation con- 
stant (qwv.). ‘The oacillation constane 
ofa circuit is equal to the square 
root of the product of the inductance 
multiplied by ‘the capacity of that 
cireuit. Circuits having equal oscilla- 
tion constants will have the same dis 
charge frequency. 

ISODYNAMIC LINES—Lines on a. 
magnetic map connecting all parts of 
the earth where the magnetic inten- 

ity is the same. In other words, there 

lines" pass through points of equal 

horizontal component of the earths 
magnetic field, 

ISOGONIC LINES—Lines on a mag- 
netic map passing through points of 
equal declination. Lines connecting 


SMD Desoldering 


To desolder or rework a damaged 
SMD component, the suitable 

tools are reuied to remove the 
component from the board When 
using desolderng tweezers, Ris 
eatremely important to select the 
proper pair of soldering tps. After 
having desodered the component, 
the pad has to be cleared ofthe 
resiual solder (e.g. witha suitable 
soldering tip anda nolan desol 
dering wick). Aterwards the new 
component can be posoned and 


Desoldering 
Wick 


Soldering tp 


soldered. An oponal IR heating 
plate is avery useful adltion ~ par 
ticularly in leadree hand soldering 
applications. 


More comprehensive instructions 
‘on SMD desolderig is avaiable 

in the process description "SMD 
desolderng’ on our website at wn. 
ersa.com. For the soldering and 
desolderng of BGAs or other high 
pin-out SMDs, partculay those 
‘with hidden oits, we recommend 
the semi-automatic Ersa rework 
stations (see page 31), 
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variation of 


all points of 
from the 


the “magnetic 
geographic meridian, 
ISOTHERMS—Lines on a meteorolog- 


JACK—An arrangement of | spring 
terminals as shown in the illustrations 
which can be connected. together or 
separated thus closing or opening cir- 
cuits through the insertion of a plug 
which also forms a part of the cir- 
cuit, The plug (qv) has a tip and 


tactration by conrtery of 
Radio” Specialty Co 

Uiustration at left shows onecpring open cle- 

cuit Jocks "At the right laa threwspeing Jock: 


fa sleeve at one end (that is at, the 
end inserted into the jack)” and at 
the other end it has the two terminals 
for ‘connecting the apparatus to be 
cut into the circuit. As an example, 
the terminals of the plug may be con 
nected to a loud apeaker (qv.).. The 
Jack in this case is of the open cir- 
cuit variety. “That, is to say, the 
springs of. the jack “are separated 
when not in use and the circuit is 
normally open. When the plug is in- 
serted, the tip of the plug makes con- 
tact one spring and the sleeve 
makes contact with. the other thus 
closing the circuit through the loud 
speaker. In cases where the plug is 
Used to open a cireuit, that is to make 
the jack springs break contact with 


KANALSTRAHLEN—A German word 
‘meaning Rays of Canal. It has been 
found that by perforating the cathode 
of 'a tube producing cathode. raye 

faint’ luminous ‘streaks "Will 
tions, ina 

‘opposite, to. that of the 

rays. ‘These are called 

‘They. communicate a 


direction 
cathode 
Kanalstrahten. 
positive charge to an insulated con- 
Guctor.. In terms of the electron theory 


‘Red fons 
‘an elec 
and the 


(aw.) they are positively eh 
(aw.) The cathode particle 


the ‘atom which has lost an electron. 

KATHODE—This is a negative electrode 
(av.). (See Cathode, also Blectro- 
lysis.) 

KATHODE OF CELL—The positive 
pole of a cell. This is indicated by the 
plus C+) ‘sign. (See eell.) 


cal chart joining’ all points having 
the same temperature. 

ISOTROPIC CONDUCTIVIT 
‘conductivity 


Equal 
in every direction. A 


J 


each other, the jack is called a closed 
cirenit zack since i nals 
are normally making contact. In 
eases where the jack is used not only 
to put the loud speaker in the ci 
but also to act as a filame 
switch, it is known as an automatic 
filament control jack. Jacks which 
fare used to control a single circuit 
only, are referred to as single circuit 
jacks. Those controlling two or more 
Gireuits simultaneously are known as 
multiple circuit jacks. Jacks are 
usually’ mounted ona panel so that 
the plug. can be inserted from the 
the spring 
id the 


tua 


tom by courtery of Radio Specialty Co. 


JAMMING—An denoting 


expression i 
interference at “a” receiving. station 
caused by a transmitting station not 
desired to be heard. More specifically, 
such interference, prevents the recep” 


jon of signals, jamming the receiving 
station by drowning out with stronger 
signals or noises the station desired, 


K 


KATHODE RAYS—The 
electrons (a.v.) thrown off. by the 
kathode of a vacuum tube, "These pro- 
duce a glow when they strike the walls 
forming the tube. They can be de- 


stream of 


flected bya ‘magnet, (See Cathode 
Faye) 

KATION—The charged particles or 
fone (q.v.) moving in_the direction of 


the cathode (qwv.)- (See Cathion.) 
KEEPER—The piece of iron used to 
close a magnetic circuit to protect it 
from external disturbances. ‘The term 
kegper is generally used to refer to 
such a piece of iron when used with 
permanent magnet such as a horseshoe 
magnet. In the case of the piece of 
iron which closes the magnetic circuit 
of an electromagnet, this is more often 
referred to as. an armature (q.v.).. Th« 
keeper may be used with a straight bar 
magnet also. In this case, two bar 
magnets are laid side by side with un- 


Keeper 


conductor is said to be isotropic when 
it offers the same resistance to the * 
flow of an electric current in every 
direction through its mass. 


JANET, PAUL—Born in Paris, January 
10, 1863. Educated at Lycee Louis- 
le-Grand and at’ the high school. 
He was, Professor of Physics at the 
University of Paris and University 
of Grenoble. Professor Janet was the 
author of several important works, and 
first to make the experiments in elec- 
trical resonance successful. ‘The re- 
ults of these experiments are applied 

in present day wave meters, 

JAR—A unit of electrostatic capacity. 
It is mainly used in the Bri 
Naval service, One jar equals 1000 
centimeters which equals .0011 micro- 
farads (av.) 


r. Dr. J, Erskine Murray refers 

to high frequency oscillations as Jig: 
Jiggers are also knows as magnetic 
‘coupling transformers (qwv.). They 
fare also sometimes referred to a& 
auto-jiggers. 

JOULE—symbol J—The practical unit 
of electrical energy. It is equal to 10° 
ergs (qwv.).. ‘The joule is also’ the 
lunit of electrical work. It is equ 
to the work done or the heat gei 


erated by a watt aecond (qwv.); oF an 
‘ampere 


(qv.). flowing for a’ second 

Buprusistance of one “ohm 

K ixpressed another way the 

joule is the work done by one coulomb 
(av.) flowing under the pressure of 
one volt (q.v.). One joule is equal to 
18782 foot pounds, or .24 calories 
‘av. 

JOULE EFFECT, or JOULEAN HEAT- 
TING—This occurs when an electrie 
current traverses a resisting conduc~ 
tor, The rate of generation of heat 
in the conductor by a steady current 
equals the square of the current multi- 
plied by the resistance. 

JOULES EQUIVALENT—The amount 
of energy equal to's heat unit. 


JOULES LAW—The hest produced in 
an electric cireuit is directly propor- 
tional to the square of the current, to 
the resistance of the conductor and to 
the time of current flow. 


Vike poles adjacent and two keepers 
are used, one at each end. ‘The use of 


KEEPER 


KEEDER/ 


At left la shown keeper, used with a herthor 
imagnet." ACHM tn hooper ate shown we 


a keeper avoids the demagnetizin 
aitect of leakage tines (avd: (See 
Horseshoe Magnet.) 
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Kelvin, Lord 


KELVIN, LORD (William Thomson) 

+ “was born at Belfast in 1824; he entered 
Glasgow University as a student at 10 
years of age; graduated at Cambridge 

in 1845, When only 22 years of age 

he was called to occupy the chair of 
natural philosophy in the University of 


‘Lord Kelvin (Wiliam Thomsen) 


Glasgow, a chair which he adorned by 
his genius for fifty years. He was for 
40. Years or more regarded as the ac- 
knowiedged leader of British seience on 
ite physieal and mathematical side, His 
great” inventions in telegraphy, his 
Magnetic compass and sea sounding ap- 
Perales brought him fame and fortune, 

fe was knighted in 1860; and in 189 
was "raiged tothe pecrage as Baron 
Kelvin of Largs; he'died on December 
17, 1907. 

KELVIN'S BRIDGE—A method of 
measuring low resistance in which the 
voltage drops, produced by the same 
Current in the resistance under test and 

standard low resistance slide wire 
re balanced against each other. This 
bridge ise modification of the iVheat~ 
stone Bridge (qv.) and was designed 
by Lord Kelvin to eliminate the errors 
introduced when measuring resistances 
much less than one ohm (q.v.). In the 
case of the Whentatone Bridge, such 
Fesistances could not be measured ac 
curately on account of the errors pro- 
duced by" the terminal and contact 
resistances 

KELVIN'S ELECTROSTATIC VOLT- 
MBTER—A voltmeter used for me 
Seng high, and some canes low, 
alternating current volta con 
trueted "on the "principle" f ant 
condenser” One, fipe of elestrontatc 
Voltmeter is a high potential mstru- 
nent having the needle made of a thi 
‘tluminum plate suspended vertically on 
delicate knife edges, with a pointer 
extending from the upper part. toa 
Seale. Two quadrant plates, metal 
fally connected together, are placed on 
either side of the needle and parallel to 

2 face. ‘These serve as one terminal 
of the circuit to be measured. The 

Recdle acts as the opposite. terminal, 

When there is a difference of potential 

Detween the needle and the plates, the 

reel is deflected out of its neutral 

Feaition’ The value of the scale ind 

Eations ‘can be change anging 

calibrated weights on the bottom of the 

needle. 


96 


KENOTRON—A type of vacuum tube 
rectifier (q.v.) in which the vacuum is 


Mastration by courtery of Rosi 
“A Kenotron tube. 


extremely high and the discharge is 
carried almost entirely by electrons, 


Corb. of America 


elementary text-books on same, He 
has ‘written @ very large number of 
papers. on radio, and he fs an author- 
yon alternating currents, 

ie is past president of the America 
Institute of Electrical Engineers, was 
president in 1916 of the Institute of 
Radio Engineers, and vice-president of 
the International Electrieal Congresses, 
held in Paris and Turin. He sa mem: 
ber of many sclentife societies, and has 
received many honorary degrees. In 
1921 ‘he was appointed a delegate to 
the Interailied Radio ‘Technical Com= 
mittee in Paris. 

KEY—A form, of switch for convene 
ently and quickly opening and closing 
g.tranamitting, cet, in the act of 
transmitting signals.” An ‘operati 
or telegraph, sowcalled Morse hey ia 


‘A standard tranamitting ker. 


form of tapping key designed especially 
for the rapid sending of signals by the 
dot and dash code. A tapping key has 
fone contact carried by a springy strip 


Tiasraton by courtezy of Radio Corporation of America. 
Stages im the construction of a kenatron. 


not by gas ions. In these tubes, the 
plate current is always less than ‘that 
actually emitted by the hot filament. 
Kenotrons are made sufficiently large 
to rectify several kilowatts. 

KENNELLY, A. E.—Anglo-American 
radio expert, Born at Colaba, Bombay, 
December 17, 1861, he was educated in 
England, Belgium, France and Italy. 
In 1875 he became a telegraph opera. 
tor in the employ of the Eastern Tele- 
graph Company, and in 1886 became 
the. principal electrical assistant to 
Thomas Alva Edison in the labora- 
tories at Orange, N. J., a post he held 
until 1892. 

He was engineer-in-chief with E. J. 

Houston, of the Thomson-Houston Com- 
pany, for the laying of the cables from 
Vera’ Cruz to Campeche, 1902. 
1902 he has been Professor of Electri- 
cal Engineering at Harvard Univer- 
sity, and since 1914 professor of the 
same subject at Massachusetts Insti- 
tute of Technology. 

‘Kennelly has written a large number 
of books on electricity and radio, and 
is the author of one of the standard 


of metal, In signalling, this key, is 
depressed by the fingers, thus closing 
the circuit, by bringing the contact to- 
gether with a fixed contact. A stand. 
fard type of transmitting key (a. 

such as used in sending wireless mes- 


construction than those used to inter- 
rupt the smaller currents used in wire 
telegraphy. 

KEY, ANTI-CAPACITY—This_ ii 
eality.a formof switch, (See Switch) 

KEY, HIGH-SPEED—A_ transmitting 


High speed key. 
ey usually operated from side to side 


inate 


downwards, which makes 


contact both on the right and on the 
eft, side. Such a key requires only 
half the travel of the ordinary trans- 
mitting key and thus facilitates high- 
Speed manual transmission of code 
signals. 

KEY 


SWITCH—A, type of | switch 
by a 


‘removable 


times used to’ lock a receiving set so 
that it cannot, be operated unless the 
filament circuit is closed by the inser- 
tion and turning of the key. Key 
switches are generally operated by a 
hollow slotted key, although there are 
other types on the market. ‘The slot 
in the key fits a projection or pin on 
the spindle or shaft of the switch 
which earries. the movable contact. 
When the key is inserted in the socket 
and turned, it turns the shaft and 
brings the movable contact against a 
fixed contact. Key switches are also 
used for turning on or off electric 
lights and for locking or unlocking the 
ignition systems of automobiles. 


KILO—Symbol K—A. prefix placed be- 
fore the name of @ unit to indicate the 
multiple 1000 or 10% In eases. where 
Standard Units are too small. for 
Yenient use, it js customary to utilize 
this prefix as, for example, in stating 
the voltage of a high tension trans 
mission line. This would. atten be 
given as. 10. kilovolts (K.V.). rather 

than as 10,000 volts. In like manner, 
in referring to large amounts of power, 
it would be. preferable to. give the 
amounts_in' kilowatts rather ‘than in 
watts. ‘Thus the better way to express 
10,000,000 watts would be to divide by 
1,000, ‘thus converting to 10,000 kilo- 
watts. 

KILOAMPERE-TURN—One kiloampere- 
tarn is equivalent. to 1,000. ampere- 
tums. "In'referring to the magnetic 
circuits of electrical machinery it is 
usual to specify the magnetomotive- 
forces in kiloampere-turns rather than 
in ampere-turns. (See ampere-turns, 
also magnetomotive-force.) 


Kilooyele 
KILOCYCLE—1,000 eyeles—Two imme- 
diately succeeding half waves of an 
alternating current constitute a cycle 
(ay). The number of cycles per sec- 
‘ond is called the frequency (Q¥v.)- In 
housetighting “and similar circuits, 
where a, comparatively low frequency 
1 ase, ifs usual fo refer tthe fre- 
ruency in cycles per second. However, 
fn“radio. circuits, where ‘currents as 
high as 800,000,000 eyeles per second 
are used, it is preferable to divide by 
4,000, thus converting to kilocyeles. If 
the wave-length in meters is known, it 
{s'a simple matter to determine the fre- 
quency in kilocyetes. ‘This is calculated 
4s follows: The speed of light is 186,000 
miles per second and experiments have 
shown that this is practically the same 
fas the velocity of electromagnetic or 
radio waves. Expressed in meters this 
‘equal to $00,000,000 (appx.) meters 
erisecond, Assuming that a trang: 
itting station is using a wave-leni 
af 500 meters, the frequency Wil be 
tained in eycten per second by divide 
ing’ the velocity of the waves by the 


KILOCYCLES TO METERS, OR METERS TO KILOCYCLES 
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Kiloune 


KILOLINEThis is equal t0 1,000 lines 
Oy yorce, or 1000 masvoelle (av.). The 
Stanwell or the line of foree is the unit 
Teed to measure magnetic fluz. (See 
Line (of "Force, "Maxwelt, Magnetic 
Fs.) 

KILOVOLT — abbreviated KV.—The 
Movoto 3,000 volt 

ILOVOLT-AMPERE — Abbreviate 

He enor ra —The product of the 
stfectie volts across the terminals of 
Sireutt by the effective amperes flow- 
ing in that sireuty divided by 1,000. 
‘flernatens ‘te fate i ill 
amperes because thelr load: determines 
Sh Gower fact. nga ith zero 

ony factor, tay.) the true power 
Ree fe tlowatts) would equal zero 
Gon ie'The alternator were delivering 
spasm amperes and meni ols 
At 0% power factor the ‘low 
capacity would be half that at 100% 
er factor, On the other hand the 

Sioveltampere capacity. remains. the 

game ae tier what “the power 

acter, 

KILOWATT— abbreviation K.W.—The 
Kilowatt fs a unit of electrical power 
faving the value of 1000 watts.” One 
Etowate equals 1,000" watts: To te- 
duce the power_cxpressad in kilowatts 
foSfatts, issnecessary to multiply the 
umber’ of, kilowatts by 1000.” Most 
Glectrcal formulas ‘use! watts rather 
fhan kilowatts, ‘Therefore, in solving 

malas, ware, ower 

Hen in Kilowatt, it ig necessary t2 

Fhultiply this by 1,000 before using it 

inthe formala” Fon example, suppone 

cultcartysne 100 amperes is. 20 bil 

ratte, The voltage will equal the 

power in watts divided by the current 
30 31,000 


in amperes. Thi 


100 i 
volts. Motors are often rated in kilo- 
watts instead of horsepower. For 
practical calculations, the horsepower 
Pating of a motor is equivalent to four- 
thirds of its Kilowatt rating. (See 

watts.) 

KILOWATT-HOUR—The energy | ex- 
pended when work is done for one hour 
at the rate of one kilowatt. It is pos- 
sible to calculate the energy expended 
tn gn electrical circuit over a certain 
period of time, knowing the current in 
amperes and the resistance of the cir- 
cuit. Using the following formula the 
energy expended will be obtained in 
kilowatt-hours 
Work performed or energy ex} 

‘Current® x Resistance? x 


3,600,000 
= kilowatt-hours. 

KIMURA SHUNKICHI—Japanese radio 
authority. Kimura was born in 1866, 
and educated at the Scientific College 
of the Tokyo Imperial University, his 
Special study being physics, which he 
eontinued to, study ‘at’ Harvard and 
Yale Universities, United States 

1901, Kimura’ entered the Japanese 

Navy and first began to study wireless 

telegraphy, particularly for naval use. 

In 1908 he ‘was appointed the Japanese 

delegate to the International Wireless 

Telegraph’ Conference, Berlin, and 

ofter his retirement from the Navy, 


ended 
met 
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Seconda, 


1912, he became the director of the 

Nippon. Radio Telegraph and. Tele- 

phone Company. Kimura has written 

largely on radio subjects for various 
‘entific Journals, 

NETICS—That branch of dynamics 

dealing with forees that produce or 
change motion. Energy is usually 
classified either as potential or kinetic. 
‘When energy is available for the pro- 
duction of work it_is referred to 
potential energy. Energy at work is 
Kinetic energy (a.v.).. The term kinetic 
refers to motion. 

KINETIC ENERGY—The work a body 
ig able to do by reason of its motion. 
‘The unit of energy is the erg. This 


unit is also used to measure work. 
(Ges,Pra) It should be noted ‘that 


tig energy is stored in the mage 
netic field. It requires more energy to 
start a current in a circuit having 
great inductance than in one having 
Small inductance, This greater amount 
of energy is stored in the magnetic 
field and is returned to the circuit 
when the current decreases to zero. 
KINRAIDY SPARK GAP—A form of 
quenched spark gap (q.v.) consisting 
Of two. water-cooled flat terminals 
Close together and between which dis- 
charge occurs, 
KIRCHOFF'S LAWS—These are two 
number. First Law 
the currents flowing to 
electrical circuit, is equal to the sum 
of the currents flowing away from that 
Second Law: 


squires me 

in so Far a5 Haadition” of valt- 

‘ages is concerned. Voltages are added 
ovided that they are in the same 

direction, but must be subtracted if in 

‘opposite’ directions. ‘These two laws 

depend on Ohm's Law (qv) and c 

stitute a further application of that 

law to more complicated electrical cir- 
cuits, In addition to simple electrical 
€ ‘conductors may be connected 
in various complicated networks, all of 
which come under the heading of 
divided circuits, By means of Kirch- 

fs Jeane, the current in any part of 8 
vided ‘may be found, if the 

resistances of the various parts, and 
the electromotive forces are given. 

KITES AS AERIAL SUPPORTS— 
During the early experiments. with 

less, Kites were successfully ‘em- 
ployed by Marconi as aerial supports. 

KLEIN, RENE HENRI—Anglo-French 
radio expert. Born at Soults-sous-Foret, 
France, in 1880, he first became inter” 
ested in wireless telegraphy in 1908. 
He was the founder and first, honorary 
secretary of the Wireless Society of 
London, 1913-20, and became a vice- 
President of the’ society. He was one 
of the inventors with H, L, MeMichael 
of the synthetic galena crystal Radio- 
ite, and has written many articles on 

wireless subjects. 

KNIFE SWITCH—A witch in which 
fhe ‘movable arm wedges, in beeen 
two "parallel spring clips, Knife 
switches may be either of the single 
pole (s.p.) or double pole (d.p.) types 
and also may either be single throw 
(St) or double throw (d.t.). Knife 
switches are often referred to as Lever 
switches ‘They are used on direct cur- 
rent circuits up to 250 volts and on 
alternating current circuits up to 500 
volts (See Ground Switch; Double 
Throw Switch.) 

KLEMENCIC THERMAL JUNCTION 

device consisting of two thin 


sheets of brass, designated in the ills 
tration as A, A. ‘These are 4 inches f 
118 inches and are placed about 1 inck 
apart. Soldered to one plate is @ fine 
platinum wire and to the other plate 


f fine platinum-nickel wire, These 

10 wires are connected together at J 

to form a thermal junction (q.v.) and 

are then led off at right angles and are 
soldered at their other ends to the leads 

RR, of a sensitive  galvanometer 

(ay.)., This resonance system is fixed 

at the focal line of a suitable cylindrical 

metallic reflector. When electric waves, 

‘with the electric force parallel to AA 

fall on this receiver, electric oscilla- 
na between A and A produce heat~ 

ing at the junction J which is the point 
oft contact between the two dissimilar 
metal” "In consequence, the heat de- 
eloped gives rise to a. thermoclectro- 
Inotive force at the junction and conse- 
‘Guently toa current in the galvanom= 
ter. ‘This instrument can be used to 
detect and measure electric waves. 

KOEPSEL PERMEAMETER—An_ in- 
strument used for measuring the per 
meability (q¥.) of an iron or steel bar, 
in‘its principle of ‘operation, this de- 

ee lara movable coll mil-vltmeter 
‘which "the permanent. magnet is 
replaced by an electromagnet. ‘The 
sample to be tested forms a part of thi 
fleetromagnet. The flux produced in 
the sample and in the pole pieces of 
the instrument is measured by a mov- 
able coil similar to those used in direct 
current voltmeters, ‘The coll is. sup- 
plied ‘with energizing current from ‘a 
Small dey battery. Deflections are in- 
dicated by pointer on a dial, the 
scale being calibrated directly in mag~ 
netie densities. 

KOHLRAUSCH’S 
states that the 
ftom in 
lysis for a given liquid is independent 
of the element with which it may have 
been in combination. 

KOLSTER, FREDERICK A.—American 
radio authority. Born at Geneva, 
Switzerland, January 13, 1883, he was 
educated vat Cambridge, Mats... and 
Harvard University. From 1903-08 he 

‘assistant to J. S. Stone, the radio 
ind from 1909-12 to Dr. Lee de 

He was appointed chief of the 

Radio Section of the Bureau of Stand- 

ards, a post he held until 1921, when he 

became research engineer tothe Fed- 

eral Telegraph Company. 
Kolster has written a large number 
ies on radio subjects, including 
uted 

“Reinforced, Har- 

Transmission,” ete 

He is the inventor of the Kolster di 

cremeter, of a radio compass, of diree- 

tional ‘radio systems, etey and is & 


itute of 


member of the Ameriean Ini 
Radio-Engineers. 
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L—The symbol of inductance (qv.) ot 
the ‘corficient. of "self-induetion.” In 
Keneral, the co-efficient L by which the 
Fate of change of current in any eireult 
‘must be multiplied to obtain the value 
Of the self-induced electromotive. force 
(ay.) is called the coefficient of self- 
fuduction or simply. the inductance, 
(See Self-induetion, coefficient.) 

LAG—One alternating eurrent quantity 
Teaching its maximum at a later time 
than a second alternating current quan 
tity, "Ag an example,—the current is 
said to lag behind the impressed volt- 

‘when maximum current oceurs 
after “maximum "voltage. In “other 

‘words, the current and voltage in such 

tnvaernating current circuit are out 

of phage (qv). In the above example, 

Sinee ‘the etirrent lags behind the volt: 

age, the voltage is said to lead the 

current. Inductance (qxv.) in an alter~ 
hating current circuit will cause the 

Current’ to lag behind the impressed 

voltage, Capacity (q.v.) in such a cir- 

cuit will cause the current to lead 

(qwv.) the impressed voltage. ‘The word 

lag inay be applied to magnetic. quan- 

ties aa well as electrical quantities, 

‘Thus, one magnetic. flux may lag be- 

hind ‘another aa. in the 

duction motor where the induced mag- 

netic flux (qv.) lags behind the ime 

Dressed magnetic flux. Another type of 

Magnetic lay 18 the retardation of mag- 

netic effects behind their causes, due to 


hysteresis (av,) in, the magnetized sub- 
slanees"(Se0 Lead, also Leading Cur= 


LAMINATED—Composed of a number 
‘of thin plates, one on top of another. 
Examples of laminated. construction 
are laminated brushes, laminated cores 
laminated conductors, ete. 

LAMINATED CORE—An arrangement 
of soft iron plates or stampings form- 
ing the core of a transformer, of of an 
armature of a motor or generator, 
Gores are laminated in this Way prin: 
cipally to reduce eddy current (qw.) 
fosses. “In the ease of an armature 
core, this must be laminated parallel 
to the direction of rotation (in other 


words, ‘perpendicular to the axis of 
otation, "Laminations are. insulated 
From each other by means of japan, 


varnish, shellac or simpiy rust 

LAMP BANK—A bank of incandescent 
lamps arranged. 20 that they ‘can be 
connected in series or parallel. Lamp 
Sen are ud In laboratories in ‘con 
Sunetion' with electrical. machiner 
inder’ test. In this case, the lamps 
act as the load, the more lamps. be- 
Ing connected in parallel, the greater 
the amount of current. being drawn, 
Eamp ‘banks ‘are sometimes connected 
in'serien ina civeuit for the purpose of 
reducing voltage. An example In 


neering at the school of the Dutch Post 
and Telegraph Administration. 

KORDA AIR’ CONDENSER—A vari- 

Sable ‘condenser (qw.) using air at the 
dielectric av.) consisting. of two sets 
of semi-circular plates, one set being 
Connected together and fixed in position 
find the other set being also connected 
together but capable of being rotated 
about a central axis. Rotating the 
‘movable plates brings a greater of less 
ren, of the two sets_of plates. into 

interlapping position, thus permitting 
the capacity of the condenser. to. be 
Varied. ‘This condenser was patented 
by Korda in Germany in 1893. 

KORN, ARTHUR—German radio ex: 


L 


connection is the use of a lamp or bank 
of lamps in charging a G.volt storage 
battery from a 110-volt direct current 


source, Lamp banks are sometimes 
called lamp panels or lamp batteries, 
LANGMUIR, IRVING—American 
authority.” Born at Brooklyn, New 
‘York, January Bist, 1881, he was edu- 
ated at the School ‘of Mines, Columbia 
University, and was for some time as- 
sistant to Brofessor Nernst at the Uni- 
versity of Gottingen. In 1906-9 he was 
instructor in chemistry at the Stevens 
Institute of Technology, and in the 
latter year he became a research as- 
sistant to the General Electric Com- 
pany, at Schenect He has carried 
out @ series of brilliant researches on 
apparatus used in wireless telegraphy 
and telephony, on ‘electron discharge 
apparatus, atomic and molecular strue- 
‘Langmuir has paid particular atten- 
tion to high-vacuum valves, and is the 
inventor of the Langmuir’ valve. To 
hhim is due the discovery that by treat- 


Lap Winding 


pert. Born at Breslau, Germany, 1870, 
Korn was educated at Leipzig and 
Paris and became professor of physics 
at the University of Munich, 1903-8, 
and afterwards professor at the Poly: 
technical High Sehool, Charlottenburg, 
Berlin. 


Korn is well known for his experi- 
ments on and the invention of a method 
of transmitting photographs by teleg- 
raphy, the first photograph being tele- 
graphed from Munich to Berlin in 
1007 by his methods. He is the in- 
ventor of a system of telautography 
‘and wireless phototelegraphy, and the 
author of a number of standard Sooks 
on electricity. 


ing the tungstic oxide uged in the,con- 
struction of tungsten filaments with 
certain compounds of thorium the fila- 
tment becomes thoriated tungsten and 
the electronic emission is enormously 
Increased, These filaments are the ones 
sed inl emitter valves, the ele: 
trons being given off at comparatively 
low. temperatures Langmuir is. the 
suthor of many papers to scientific and 
echnical journals, including those on 
Pure" electron discharge, "thermionic 
Currents in high vacua, ete. ‘He is also 
‘well known for his mereury condensa- 
Yon pump for high vacus 
LAP WINDING—An armature winding 
which the opposite ends of each coll 
are connected to adjoining commuta- 
{or seumenis, As a reault the wind 
lap back and upon themselves forming 
loops, Lap winding, is also called lo 
winding, parallel whiding and maltiple 
winding’ "In the elementary form of 
ap winding the ‘method of connection 
to'the commutator bars is aa follows: 
Gne' side of coll is connected 10 a 
commutator bar, and the other side of 
the coll, which ia located 180 electrical 
degrees’ (the distance from the center 
ofta north pole ta the center of the 
Adjacent south pole) away, has its end 
connection. brought back and soldered 
to the ee adlaceat commutator seg- 
ment. ‘This method of overlapping the 
ends is continued ail the way around 
the armature until all the slots have 
heen filed and the ‘cireuit he 
closed on itself, ‘The colls mus 
symmetrical, ‘Phis means that if there 
iS'0"forward throw of a certain num 


Law of Electromagnetic Induction 


bber of slots on the first coil, all the 
other coils must have the same forward 
throw. In like manner all the return 
throws must be the same. In the lap 
wound generator there are as many 
paths for the current as there are poles, 
Hence the name parallel or multiple 
winding. This necessitates the use of 
as many sets of brushes as there are 
poles. An increased number of paths 
in parallel means inereased current 
capacity. In the case of a motor, the 
greater the number of armature paths 
between brushes, the greater will be 
the speed, other’ conditions remaining 


ual. 
LAW. OF ELECTROMAGNETIC, IN. 
DUCTION—Also known as the “Law 
of Generator Action” and as. “Fara- 
u's Law,” if there is relative mo- 
tion between an electrical conductor 
and a magnetic field, such that the con~ 
ductor euts flux, an electromotive force 
{Gg} willbe induced in the conductor. 
amount of the induced elestroma: 
tive foree will depend upon the stren; 
fof the magnetic field, upon the speed 
Of cutting, upon the length of the con- 
Guetor cutting the field and upon the 
direction of motion between the con- 
Guetor and thefield. Thus the stronger 
the magnetic field, the greater the in- 
duced electromotive force. ‘The induced 
electromotive force will also. increase 
With’ increased speed of cutting, and 
With increased conductor length. "When 
the conductor cuts the flux at right 
angles, the induced electromotive force 
ismaximum. If the fux is cut in any 
other direction, the induced electromo- 
five force will be less, ‘The induced 
electromotive force’ decreases from 
maximum to zero as the angle of cut- 
ting decreases from 90 degrees to zero 
degrees. If a conductor is of such 
Iength and moves in such a direction, 
land at such a speed, as to cut 100,000," 
000 lines of force in one second, one 
volt (qv.) will be induced in it.’ Ex- 
pressed as an equation the induced elee- 
Eromotive foree (in volts). will equal 
the flux cut (in lines or mazwells) 
divided by the product of the time (in 
seconds) times 100,000,000. ‘This equi 
tion refers to the average value of the 
electromotive force induced in a, single 
conductor. If a number of conductors 
fare used the same electromotive force 
will be induced in each. If the con- 
Guetors are 30 connected that. their 
electromotive forces add up, the total 
Average electromotive force can. be 
found by multiplying the above equa- 
‘ion by the number of conductors. 
LATOUR, MARIUS—French radio ex- 
pert. Born in October, 1875, he was 
educated at the Ui y of Paris and 
fhe (Beole Super 
Pa fe was for many years con 
ig engineer to the General Electri 
‘Company, and he specialized in the cor 
struction of high-frequency machines 
Latour is the designer of the so-calles 
S°F. R. alternator, in which there are 
‘amaller number of stator slots t 


‘During the World War Latour was 
engaged in research work under Gen- 
eral Ferrie, and he invented a system 
of elimination of the interference pro- 
duced in telephone lines by neighboring 
‘high-tension power lines which has been 
installed throughout the greater part 

Latour is the inventor of 


300 


scientific and technical journals, and 
is the inventor of a great many impor- 
tant radio developments covering prac- 
tically the whole range of the art. 

LEAD—Pronounced LEED—One_alter- 
nating current quantity reaching its 
maximum at an earlier time than a 
second alternating current quantity. 
‘Thus in an alternating current circuit, 
the current is said to lead the voltage 
if maximum. current occurs before 
maximum voltage. If the current 
Feaches its, maximum 90 electrical de; 
grees ahead of the voltage, current an 
Voltage are said to be in quadrature 

(ax.) with current leading and volt 
age lagging. (See Degrees, Electrical, 
also Leading Current and Lag.) 

LEAD. SULPHATE—Formula PbsO— 
‘A white insoluble salt which is found 
in native form in the ground and which 
can be formed artificially by adding 
Sulphuric acid to a soluble lead salt, 
‘The active elements of a lead storage 
battery (q.v.) consists of (PbO:) lead 
perozide on the positive plate and (Pb) 
Spongy lead on the negative plate, with 
dilute sulphuric acid (H:SO,) as the 
electrolyte (q.v.).. The final result, on 
discharge of such a. battery is ‘the 
formation of lead sulphate on both the 
positive and negative plates. ‘This is 
2 part of the process of producing cur- 
rent. After a normal discharge, the 
Sulphate is finely erystalline and of 
Such nature that it is easily reduced by 
the current fowing through the battery 
on charge. If charging is neglected 
and the battery is allowed to stand in 
a discharged state, the sulphate gradu- 
ally ceases to be crystalline. It fills the 
pores of the plates and finally makes 
fhe aetive material hard and dense thus 
lengthening the time required for a 
charge. A battery in this condition is 
said to be sulphated, If sulphating 
procetds foo far 1 wil result in buck 
ing of plates (q.v.), loss of active ma- 
terial, ‘greatly decreased — capacity, 
lower’ efficiency and an increased in- 
ternal resistance. A moderately, sul- 
phated battery can be restored by 
means of a prolonged charging at a 
moderate rate, In a badly sulphated 
battery, a number of successive charges: 
‘and discharges may be necessary. 

LEAD-IN—The wire leading from the 
‘aerial to the radio apparatus. Lead-in 
Wire, as used for receiving sets, is 
usually ‘rubber covered wire although 
bare antenna wire can be used pro- 
Vided itis properly. insulated from the 
walls of the building. A poorly in- 
Sulated leadsin will greatly reduce the 
efficiency of the finest antenna. (See 
Down Lead.) 

LEAD-IN- INSULATOR—Any form of 
insulator used for passing aerial lead- 
in through window, wall or roof, These 
insulators are usually made of porce- 
lain, electrose or insulated | copper 
strips. (See Ineulator, lead-in, also 
Window Lead-in.) 

LEADING CURRENT—An alternating 
Current’ which reaches its-maximum 
value at an earlier time than the volt 
age. When an inductance is inserted 
invan alternating current cireuit, the 
self-induced electromotive force (a.v.) 
will combine with the impressed el 
tromotive foree and the resultant of 
the two will be the active electromotive 
foree which causes the current flow. 
The current will always be exactly in 
phase (q.v.) with and proportional to 
the resultant electromotive foree. ‘The 
induced electromotive force is 90 de- 
grees behind the current and therefore 
behind the resultant electromotive force, 
Which ‘in phase ‘with the current 
‘The impressed electromotive force will 
lead the current and will be higher 
than the resultant electromotive force 


by an amount which at each instant i 
‘equal to the counter-electromotive fore 
of the inductance. When a condenser 
{s inserted in an alternating) current 
circuit the current will charge the con- 
denser. "As the amount of current 
stored in the condenser increases, the 
electromotive force of the condenser 
increases also until the impressed and 
the condenser electromotive forces are 
equal. ‘The condenser electromotive 
force, being a counter pressure, the cur- 
rent flow will cease when the two elec- 
tromotive forces bi ‘The current 
being zero at this point and the con- 
denser electromotive force a maximum, 
it follows that the condenser electro” 
motive force is 90 degrees in advance 
of the current and hence of the resul- 
tant electromotive force which is in 
impressed 
force lags behind the cur- 
rent which in this case is a leading 
current and moreover. the impressed 
electromotive force is greater than the 
resultant electromotive foree. It fol- 
lows that if either capacity or indue~ 
tance be placed in an alternating cur- 
rent cireuit, the phase of the current 
with respect to the impressed electro- 
motive force will change and the cur- 
rent flow will be reduced. Capacity 
sets up an electromotive force 90 de- 
grees in advance of current flow, while 
Inductance sets up’ an electromotive 
force of 90 degrees behind current flow. 
‘These two effects tend to neutralize each 
other when the proper amount of indue- 
tance and capacity are connected in 
series in a circuit and when they are 
just equal, no electromotive force other 
than the impressed is left to act on the 
circuit, the resultant and impressed 
flectromotive forces ‘are ident 
were is no phase displacement. This i 
said to be a resonant (qwv.) circuit. 
(See Lead, Lag, also Inductive Rise.) 
LEADS—Wites conveying or “leading” 
‘current from one point to another ina 
Circuit. ‘The conductors in any system 
of electrical distribution are referred 
Sometimes the term lead 
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LENZ’S LAW—An induced current al- 
ways tends to_stop the motion which 
produces it. Stated in another way, 
Whenever current flows ina conductor, 
due to electromagnetic induction, the 
faction between the magnetic field 
Which ig being cut and the field around 
the conductor is always such as to tend 
to oppose further motion of the con- 
ductor, The following is still another 
way of stating Lenz's Law: The field 
‘due to the induced current always acts 
to prevent a change of the original 


feld. 
LEYDEN JAR—A condenser consisting 
of a glass jar with an outer and an 
fnner coating of tinfoil covering the 
bottom and the sides nearly to the neck. 


Aanal 


‘A brass rod terminating in an external 
ienob passes through a wooden stopper 
and is connected to the inner coating 
by'a loose chain, This condenser re- 
ceived its name from Leyden, the city 
in Holland in whieh it was invented. 


Teyden Sere 


L. F. C.—Abbreviation for Low Fre- 
‘quency Current. (See Frequency, Low, 
also Prequency.) 


LIGHT — Radiant energy or visible 
‘radiation which affects the eye so that 
‘Objects become visible. Light consists 
St ether vibrations varying. between 
400 billions per second producing waves 
211 ten-milfionths of an inch im length 
nd giving red light, up to 750 billions 
Ber gecond producing waves of 165 ten- 
fhilionths in Jength, giving violet ight. 

ter or slower vibrations. pr 

ves not visible to the human eye. 

Shorter waves. are. called "ultravioled 

raya, immediately above 

the ted rays. are known as infraared 
raves. The apeed of light waves 

Heal with thet of other electromagnetic 

waves and electricity. and. ia” 180,000 

Inlles of 800,000,000 meters per second. 


LIGHT LINE AERIAL—A device which 


tached, 

lighting socket and the 

aerial connection of the receiving set 
it attached by means of a flexible lead 
to one terminal of the condenser. (See 
Adapter, Aerial.) 

LIGHTNING ARRESTER—(Also called 
lightning protector.) A device for prom 
tecting radio or other electrical “ap- 
paratus from lightning or from atmos- 
phere’ discharges, lio Lightning 
arresters are provided with two term- 
nals, one being connected with the 


aerial and the other directly to a 
ground. Between these terminals is a 


medium which offers practically no 
resistance (or technically speaking, 
Which offers low impedance (q.v.)) to 
the flow of very high frequency. cur- 

ining discharges. 
However, this medium acts as an in- 
sulator to the ‘normal operating cur 


| el 
ze 


a pay a 


Vacuum type of lighining arrester for Indoor 


ception of radio signals, the currents 
flow past the arrester to the receiving 
Instetment but they are unable to pass 
through the Instiating medium of the 
Ugining arceter tothe ground, When 

fre is a lightning discharge, the ar- 
rester offers the shortest fand most 

rect path to the ground and hence the 
dangerous current. never, reaches. the 
‘apparatus Sut proceeds dircetly to the 


Sectional view of racoum tre lightning at 
reste sedfor satdaor war 


ground through the lightning arrester. 
‘The more popular designs of lightning 
arresters are of three types: vacuum, 
non-air-gap and air-gap. ‘The vacuum 
type is the more sensitive of the three, 
due to its having a low functioning 
Voltage. In a usual form, it consists 


Outdoor vacuum type lightning arrester shown 
'SeaTe sectional ew 


of two terminals in a sealed glass 
chamber from which air has been par 
{ally exhausted. ‘This type of arrester 
gan he dicherged repeatedly without 
impairing its eficiency. The non 
Bap type of arrester involves the use 
Sf carborundum stone, with a special 
clay binder. ‘This type of arrester has 
fs rectifying action similar to that, 

in'a carborundum detector. The ai 
ap type of lightning arrester depends 
for its efficiency "on a. closely’ spaced 


Line of Force 


air-gap which offers a low break-down 
voltage. ‘The Underwriters require. 
‘ments call for the use of an approved 
lightning protective device on all radio 
receiving sets where outside aerials are 
used. Further requirements are that 
such arresters shall operate on 500 
volts or less. (See Arrester. 

LIGHTNING GAP—This refers to the 
air gap or vacuum gap ina lightning 
arrester (q.v.). ‘This gap is connected 
facroas the aerial and ground leads to 
the receiving set. When the potential 
in the aerial rises above a certain value 
(usually 500 volts or less) a spark 
jumps the gap, discharging the exces- 
sive energy tothe ground without dam. 
‘age to the radio apparatus. (See Gap 
Arrester.) 

LIGHTNING SWITCH—A single pole, 
double throw knife switch (q.v.), used 
for grounding the antenna dui 
storm, or in some cases at all 
‘when the apparatus is not in use. 


Lishtning ameh combined nih vacaam t790 
‘idniine acters 

upper terminal of the switeh 
connected to the aerial, the ce 
terminal. to which the switeh arm is 
connected, leads to the radio. set and 
the lower terminal ig connected to the 
ground. In. most. installations, the 
Fipktning switch is mounted outside the 
building in which the radio apparatus, 
in located. (See Ground Switch.) 

LIKE CHARGES—Bodies which carry 
lke electrostatic change (as.) exert & 
repulaion against each other. 

LIKE POLES—Like magnetic poles re 
pel one another. This is one of the 
Tews of magnetism. (See Magnetism. 
Lawe of.) 

LIMITING VOLTAGE OF BRUSH 
DISCHARGE—The potential at which 
brush discharge passes into an are or 
Spark. Brush discharges and ares may 
be reduced in radio transmitting. ap- 
paratus by eliminating sharp points or 
edges on conductors and by coating the 
edges “of, metal plates with paraffin. 
(See Brush Discharge, also Corona.) 

LIMITING VOLTAGE OF GLOW DIs- 
CHARGE—The potential at whieh the 
Elow gives place to the brush discharge 
(av.) ina high tension line or in a 
radio transmitting aerial (qv). (See 
Corona.) 

LIMITS. OF AUDIBILITY—The_limit- 

at which audible 
produced. ‘These range 
from 500 to 1000 eyeles per second 
tovas high as 10,000 cycles per second. 
Audio frequencies (q.v.) are sometimes 
defined as’ those conveniently heard in 
the telephone, (See Frequency, High, 
also Frequency, Low.) 
LINEA conducting wire between ter- 
als ina. system of electric commu- 
jeation oF distribution. ‘The positive 
re ig sometimes specifically referred 

Yo as the Tine and the return wire as 
carth, "in Many canes the earth oF 
found, ia" used in the place of @ re- 

LINE_OF FORCE—A theoretical con- 
ception used to map out a magnet 
field and to show the direction along 
which the magnetism acts, Lines of 
force are conceived as forming closed 
foops ‘and the path they traverse. is 
called the magnetic cirentt (av) Tho 
positive direction of the lines of fores 
Te arbitrarily taken as that in which 
the north-seeking. end. of a compass 
moves. Linea of force are represented 

101 


Linear Oscillator 


in diagrams by curves so drawn that 
the: direction of the tangent at any 
joint Hs the direction of the, magnetic 
force (q.) at that point. The close- 
ness of the lines is used to indieate the 
Intensity of ‘the force, ‘The line of 
force is also used to indicate and map 
Sut an electrostatic’ (av) field in'the 
Same way as it is used for the mag- 
etic field. ‘The line of force is also 
galled the line of flu of the line af 
‘induction. This latter term is used e3- 
pecially where the line of force is being 
Eonsidered in respect to its. electrical 
effect, In some cases it ia simply re- 
ferred to'as a line. Thus a line (of 
force, or of fluz, oF of induction) i an 
slectfomagnetic unit of magnetic flux 
fand is equal to 10” webere (qv.).. In 
the practical system of measurements, 
the mazwell (q.v.) equal to one fine, is 
Be unit of magnetic flux Cave). When 
100,000,000” maxwelle are "cut by a 
single conductor, in. one second, “one 
volt (qv.) will be induced. (See’ Late 
of Electromagnetic. Induction, als0 
Electromagnetic field.) 

LINEAR OSCILLATOR—See Oscillator, 
Linear. 

LINE RADIO—Also known as Wired 
Wirelese—A system of commuunciation 
devised by. Major ‘General George 0. 
Squier which permits the transmission 
of electromagnetic waves along a wire 
for ‘conductor. Instead of the waves 
spreading out in ail directions, as in or- 
dinary broadcasting, the waves, travel 
‘slong’ a predetermined path, viz: the 
conductor. It is possible to transmit 


either code or speech by wired wireless. 
‘Vacuum tubes are used as oscillators 
at the transmitting end and a specially 


the receiver. When code transmission 
is desired, a telegraph key is inserted 
in the circuit to intermittently stop 
and start the oscillating waves. Thi 
Produces dots and dashes and in thi 
‘way it is possible to send code using 
undamped” radio frequency waves. 
When it is desired to telephone, the 
key is omitted and the radio frequency 
or carrier waves (qwv.) are produced 
continuously except when they are 
varied or modulated in amplitude cor- 
responding to the voiee of the speaker 
at the transmitting end. ‘The wave 
which pastes from the transmitting 
end of ‘the wire to the receiving end 
is of radio frequency and is called the 
carrier wave. In a way, this wave is 
analogous to the wire which carries the 
Voice current in wire telephony. Line 
‘radio can be transmitted over ordinary 
telephone or telegraph lines at the 
same time as these lines are being used 
for their ordinary purposes and with- 
out any mterference whatsoever. High- 
tension lines are also used for trans- 
mission of wired wireless. 
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LIQUID BARRETER— An electrolytic 
detector which utilizes avery. fine 
platinum wire dipped to a small depth 

"These de- 


sages. The electrolytic detector of the 
barreter type was invented and named 
by Fessenden (q.v.)._ The illustration 
shows a liquid barreter. In the glass 
Jar is a platinum glass-anode, ‘lead 
teathode and sulphurie acid electrolyte. 

LITZENDRAHT—abbreviated Lite—A 
German word, meaning braided wire. A 
high frequency conductor built up of a 
number of very fine conducting strands, 
‘The individual strands are enameled 
and the conductor is usually 0 con- 
structed that each strand comes to the 
Surface or very near the surface, at 
regular intervals. In the most effec- 
tive form of conductor the strands are 
braided so as to form a woven tube, 
The strands are usually covered by @ 
single braided silk wrapper. The use 
of litz tends to reduce skin effect (a.v.)- 
This type of wire has been found to 
be especially effective when used in the 
construction of leop antennas (qwv.)+ 

LOADSTONE—also spelled Lode-stone 
—Iron ore which shows magnetic Prop- 
erties. ‘The name loadstone is derived 
froma word meaning leading stone 
and refers to the property of a com- 
Bass of pointing tothe north magnetic 
pole. The loadstone is also referred to 
asa natural magnet. (See Magnetite, 
also Magnet.) 

LOADING—Adding capacity or induc 
tanee to a cireuit. Inductance coils (4.V.) 
called loading coils are used to increase 
‘the inductance and condensers are used 

‘the eapacity. A loading 

’be used to increase the wave 

Tength (qv.) of an antenna by placing 

it in series between the lead-in (a.v.) 

In the case of 
a transmi the loading 
coil may be used to tune the aerial for 
resonance (qN.) ata desired. fre- 
quency. An ‘example of the use, of 
loading, is that of the addition of a 
loading’ coil to a receiving set for the 
purpose of enabling the set to receive 
higher wave lengths. 

LOADING INDUCTANCE— An induc- 
tance coil used to inerease the wave 
length of a circuit. ‘This term usually 
refers to an inductance coil used. in 
connection with a radio receiving set 
for increasing its receptive wave length 
range. Sometimes the term. loading 
coil is applied to a unit consisting of 
fan inductance coil, mounted beneath a 
panel ina small cabinet. On the out- 
side of the panel is a contact arm and 
& number of studs. | These latter lead 
to taps taken from the 
By moving the contact 
stud to another it is. possible to vary 
the loading of the cireuit as desired. 
A loading coil connected in series with 
the aerial will increase the natural 
wave length of the aerial. (See Load- 
ing. also Inductance, Antenna.) 


LOCAL ACTION — Electrochemical ac- 
tion within a cell, usually at the posi 
tive plate, which does not add to the 
useful output. “In primary cells, zine 
is the material usually employed for 
the positive plate. This zine pract 
ally always contains impurities such a 
carbon, iron, ete. When the zine is 
immersed in’ the electrolyte, there i 
a. difference of potential between the 
zine and the impurities and small local 
currents flow from the zine through 
the electrolyte to the impurities and 
back to the zinc again. ‘These currents 
serve no useful purpose and moreover 


use up the zine and the. electrolyte 
Local action ean be practically. eli 
nated by coating the surface of the zine 
with mercury. “This is ealled amalga- 
‘mation. In secondary cells or accumu 
lators:(q.v.) local action is due to the 
action which takes place between the 
lead of the positive and the coating of 
lead sulphate. 

LOCAL OSCILLATIONS — Oscillations 
set _up in the vicinity of ie 
set for test purposes or within the set, 
as in the aupersheterodyne, to produce 
oscillations differing in’ frequency 
from the incoming oscillations "so as 
to establish a beat frequency. Local 
oscillations may be produced by means 
of @ buzzer. This is a method fre- 
quently used in testing. ‘The use of 
such oscillations enables a manutac- 
turer of radio receiving sets to. test 
these sets for selectivity, ete., without 
waiting for actual broddeasting. “In 
the super-heterodyne (qwv.) local oseil- 
lations are produced by'a suitably ar- 
ranged vacuum tube. (See Driver.) 

LOCUS—The path of a movement 
graphically represented by a curve. ‘In 
‘mathematical language, the locus of an 
equation is the curve that contains all 
the points whose co-ordinates. satisfy 
the equation. ‘The circle is defined as 
the locus of all points in a plane equi- 
distant from a fixed point in the plane 
called the center. 

LODGE, SIR OLIVER—British Phy 
ist and radio pioneer, Born at Penk- 


Sie Oliver Lodge. 


hull, near Stoke-upon-Trent, June 12th, 
1851, Oliver Lodge went to the New- 
port’ Grammar School at the age of 
eight, but at fourteen was taken into 
business to help his father. He worked 
in the evenings for the intermediate 
examination in science at the Univer- 
sity of London, and eventually. took 
first-class honors in physies. In 1872 
he went to University College, London, 
and in 1877 took his D.Se. in electricity, 
oe kare, dented 28 ates 
wards assistant professor in physics 
at Uni College. 

In 1881 he was appointed first pro- 
fessor of physics at Liverpool, and. in 
1887 he was made a Fellow’ at. the 
Royal Society. "In 1888 he received the 
honorary L.L-D. of the University of 
St. Andrews, the first of a long series 
of such distinctions. In 1900 he Was 
appointed the first principal of the 
University of Birmingham, a post from 
which he retired in 1920.” In 1902 he 


Teas knighted.” 'Sir Olver Ladge is one 
of the foremost. physicists of his 
and his. brill 


time, 
int. series of researches 
Phenomena, which he 
is special study have had 
a profound effect in all branches of 
that subject. To him, indeed radio 
owes as much as to any man, for he 
dealt with fundamentals when the 
whole subject of electromagnetic radia 
tion was in its infancy." He was led to 
study the surging and oscillating ehar- 


acter of an electrical discharge along 
‘wires as a result of his investigations 
Beto the ent means of protetion 
Against lightning: 

‘One very remarkable experiment of 
tis now well known under the name 
of Lodge's resonating. jar, now sed as 
{i measurer of wave length, "In these 
experiments Lodge was really dealt 
‘with, the electromagnetic waves. die 
Covered by Hertz in £888. Lodge early 
fecopnized the vast importance of the 
Uiscevery by Herta, which so brilliantly 
Confirmed the theories of Clerk-3f 
Srell, and. he threw mimeelf into. work 
of Investigating these ways yeith an 
nergy which made him the foremast 
British phssicist on the subject at the 
time. All’this. was pioneer work be- 
fore Mareoni and. others came along 
and Built upon the solid foundations 
‘which Lodge hed prepared. 

Tt was during this early period 
Lodge discovered his coherer, and 
thisetediondeviaed the ira practical 
svireless telegraph, sending signals over 
2 distance of several hundred yeards. 
In’ May, 1807, ‘Lodge took. out. his 
Rindamental patent for. toniny 
patent that was successfully upheld in 
bie law courts, and extended for seven 
years by Lord Parker. ‘The patent was 
Zequired, by the Marconi Company in 
Tot. Sir’ Oliver. Lodge has been @ 
pioneer in many other directions. His 
Theories and experiments in_connection 
ih the ether, of which he isthe lende 
Ing exponent, ‘are well known, and he 
has carried: Gut a number. of interest 
Ing researches on the Passage of clec= 
{nfoty through guide.” Sir Oliver wag 
the fist to devise « simple and direct 
experiment to show the speed. and di- 
fection of travel of the constituents of 
S's in solution when Broken up by @ 
Current” of electricity. For his re- 
Searches ‘on electric’ waves and. the 
Passage of light. through a moving 
Inedium, Sir Oliver Lodge recelved 

1808 the Rumford Medal of the Royal 

Society, one of the highest honors the 

society bestows. 

‘Sir Oliver Lodge has won a. well- 
deserved Teputation for’ the clearness 
find simpliety. with which he is. able 
fo'expiain many of ‘the dificult and 
fundamental truths of physics, and this 
Clarity of expression ix well Shown in 
the many articles he hay written. 

LODGE DISC DETECTOR—An imper- 

ook contact detector consisting ot 8 

Scene rotating with ite sharp knife 

fuge Just touching some mercury hav= 

ing a fim of cil on ite, When an o2- 

Cilation "pastes through the cireuit, 

‘momentary cohesion sets in_ between 

the dise and the mercury, but this is 

Immediately” broken by. the. revalvin 

tmotion of the disc. in thia way, of 

Terinsulates the dise at the completion 

Of each passage of oselllations. Using 

this type of detector, code agnals can 

FeVrecorded with great preciion on a 

Morse tape using’s syphon recorder. 

‘The dise detector is in realty @ speci 

lized form of cokerer (a 
LOG—A list. of dial, readings of a 

Tadio receiving set with corresponding 

fall ietters of the broadcasting star 

tions ‘received. at these. readings. 
fadjo set is said to log when the same 

Stations always come in at exactly the 

Same dial readings. ‘Thus, on a three 

dint set, if WEAF comes in at 61, 60 

Sind 60 "and always comes in at these 

ientical "readings using the same 

serial, the set foge. “All present day 

Sete are constructed 0. that stations 

fan be accurately logged. "Sometimes 

the term log is, used to refer. toa 
graph or chart-on which dial settings 
re’ plotted. "against. wave lengths of 


stations recorded. A graph is a dia- 
grammatic representation by means of 
lines, of the relation between several 
Figure 1, gives a simple 
Mlustration of this. Suppose it 
sired to obtain a general idea of how 
the radio business varies from year 
to year or from season to season.” On 
a piece of paper, ruled both vertically 


san 


Log 
apparent at a 


acter of the busines 


lance. It can als 
that the business was better in 1 
than in 1924, ete 

slotted "in 


Rach point must be obtained individv- 
ally in order for the curve to be abso 
lutely” accurate, although in many 
cases a few well chosen points are 
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and horizontally, as in Figure 1, the 
months and years are marked at the 
bottom horizontally. ‘The vertical lines 
then "represent the, months and the 
bottom horizontal line is called the 
zis of time. These vertical lines are 
Known technically as ordinates, The 
vertical line to the extreme left, is 
called the axis of ordinates and after 
it has been marked as shown in Fi 

ure 1, to represent dollars, it may 


tiation of & burinwas, 


Bees seg 


sufficiently satisfactory. In Figure 2, 
the dial setting is marked along the 
bottom of the chart. The seale is here 
chosen_at_one division on the chart 
equal to 5 divisions of the dial. If 
preferred the scale could be chosen 0 


that one division on the chart would 
equal one division on the dial as shown, 
on chart. on the following page, 


Sthich is typical log of an actual set 
Broceeding, iis frst necessary to find 


A three 


referred to as the axis of dollars. The 
horizontal lines are known as absci 

sas, the bottom horizontal line being 
the’ azis of abscissas. Assume that a 
certain radio concern did $10,000 
worth of business in the month of 
January, 1924. Looking upward along 
‘the vertical ‘line representing this 
month, until the horizontal line repre- 
senting $10,000 is reached, a point is 
put at the intersection of these two 
lines. Suppose that in the following 
month, February, 1924, the firm does 
$12,000 worth of’ business. The point 
is found as before by following the 
Tine February, 1924, up to the line 
indicating $12,000." Each horizontal 
line in the figure represents $1,000, so 
that this point should be found two 
lines higher than the one marked for 
$10,000. This can then be continued 
indefinitely, plotting the amount of 
business for each month. Assume that 
in the summer there is a lull in busi- 


radio log using only one chart. 


‘out the limits of the chart. ‘The li 
‘of the horizontal scale are already 
Known, i.e, zero to 100 on the dial, 
Looking over the list of broadcasting 
stations, it is found that they all have 
wave lengths which fall, roughly be- 
Ewen 200 and 600 meters. ‘Therefore 
itis not necessary to make the vertical 
scale include wave lengths outside of 
this range, Consequently” the vertica: 
scale ig started at 200. Counting up- 
ward, two divisions on the chart are 
taken, for convenience, as equal to 5t 
meters. Having done this, actual 
readings are next taken on the radio 
set. “Suppose that the first station 
tuned in is WEAF and that this is 
‘tuned in at 85 on the dial. This sta- 
tion has a wave length of 492 meters. 
Looking along the bottom of the chart 
for 85, the vertical line is then fol- 
lowed until the position of 492 meters 

‘reached. This is slightly below the 


ESE 


Fig. SA theeedial radio 
The decline starts, say, in the 


h of fay, |The business “done 
amounted to $8,000, By glancing at 
the chart it is possible to ascertain a 
number of facts which stand out, much 
Glearer than where columns of figures 
are given. Thus the seasonal char- 


using three separate charts, 


500 line on the chart, Figure 2, and 

indicated by the letter A. Next sup 
pose that WOO, having a wave length 
of 509 meters ig tuned in at 90 on the 
dial, This, then gives” the point 
marked B.’ Then another station is 
tuned in, ‘indicated by the point ©, 
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Various stations are thus located. by 
points on the chart until enough points 
are obtained to draw the curve. If the 
points do not give a smooth curve, it 
Ig necessary. to approximate a curve, 
that is to draw. it. so a8 to pa 
through as ‘many ‘of the. points 
possible. “This has been done in Fig- 
ure 4. 

‘Sometimes points are obtained that 
do not seem to have any meaning, such 
as the point Avin Fig. 4. ‘This point 
may have been subject to inaccuracies 
in reading the dial, or perhaps the 
operator did not read the wave length 
correctly from the list of ‘stations, 
There is always the possibility, also, 
that he did not, plot the point’ prop” 
erly. He has plotted the point A as 
251 ‘meters at a setting of 20 when it 
might have been 835 meters at 20 «n 
the dial, in which ease it would have 
fallen directly upon the curve. If none 
of these difficulties can be found with 
the point A it can be discarded, how- 
ever, because it is an absurd point, as 
the 12 other points, which determine 
the curve, will testify. Generally it 
is not good practise to discard points, 
but! the experimenter must learn’ to 


for this is, that although these sets 
are supposed to tune to stations with 
identical dial settings, many of them 
do not do so, a difference az great as 
10 divisions "on the dial often being 
found. A three dial log is shown in 
Fig. 5. Separate charts may be used 
for each dial, or, for convenience, as 
has been done in Fig. 3, the three 
charts may be combined into one. If 
the difference between the dial settings 
is very small, say only a division or 
two, one curve will be sufficient. 
Many things can be learned from 
studying the curves obtained. Take 
for instance, Fig. 2. ‘This is practic 
ally a straight line at the higher wave 
lengths, changing from about 500 
meters’ to about 400 in 55 divisions 
of the dial, “In the remaining 35 divi- 
sions of the dial the wave length 
changes from 400 to 250. In the frst 
case there was a range of 100 meters 
for 55 divisions and in the latter case 
a range of 150 meters in 35 divisions. 
‘This is because the curve bends down. 
ward. At the low dial settings a small 
change in the ‘dial reading means a 
relatively large change in wave length, 
while at the upper end of the dial the 


eycle equals 1000 cycles), and a station 
on 200 meters corresponds to a fre- 
quency of 1,363.5 kilocyeles. In other 
words the difference in wave length 
is only 20 meters whereas the differ- 
ence in kiloeyeles in 136.5. These two 
wave bands are at the low end of the 
present broadeast wave band. Now at 
the high end of the band we find a 
wave length of 600 meters corresponds 
to 500 kilocycles, and a wave of 580 
meters corresponds to 517.2 kilocycles, 
or a difference of but 17.2 kilocycles 
for the 20 meter difference in wave 
length. At the lower end of the broad- 
cast band between 200 and 220 meters 
we found a difference of 20 meters 
equalled. 196.5 kilocyeles. ‘This indi- 
cates that ag the wave length becomes 
lower the difference in frequency  be- 
comes very high: 

‘To bring this most strongly to the 
mind, go down to the extremely low 
wave of 5 meters.” Here the frequency 
is found to be 60,000 kilocycles, ‘Going 
up to 25 meters, this corresponds to 
12,000 kilocyeles,'so that for this dif- 
ference of 20 meters there is the tre 
mendous difference of 48,000 kilocyeles, 

‘The accompanying illustration, Fig. 


use his good judgment. Same change in dial reading will mean | 6 will explain the matter Very clearls, 
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Tn. single-control sets, where only 
one dial is employed it is only neces- 
sary to have one of these radio log 
curves. In receivers, such as the Neu- 
trodyne or any two-stage radio fre- 
quency amplifier, where three dials are 
employed, it is generally necessary to 
log each ‘dial separately. ‘The reason 
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relatively small change in. wave 

Tength. ‘The reason why the sta 

are so crowded at present, at the small 

end of the dial, is' then’ very’ appar- 
‘To illustrate, a station operating on 

a 200 meter wave corresponds to. a 

frequency of 1500 kilocyeles (1 kilo 


In changing the dial setting from 100 
to, let us say, 90, the wave length is 
changed roughly’ from 600 to 580 
meters. This is @ change from 500 to 
517 kilocycles. On the other end of 
the dial from zero to about 10 we 
have a change of wave length ‘of 
roughly 200 to 220 meters, an approx- 
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Rework or repair soldering 


(The rework pr n the example of a BGA (Ball Grid Array) 
Rework designates the repair or Solder remaining onthe pads is _its back, the component is coated 
touch-up of electronic components remaved with a soldering ion, with flue fist. Then the new solder 
such as Bal Grid Arrays (BGAs) or To do so the residual solder is balls are attached, for example by 
SSNs. This chapter describes the coated with fux. Then a fat ‘means of a stencil. These solder 
process steps for BGA rework: soldering tp(e. 9. 0102ADLF0 balls are heated up tothe melting 

‘or 0102ZDLF150) is moved over point withthe rework station 
41. Desoldering the BGA the pad without applying any fore. to fimly connect with the BGA 
“The solder adheres tothe larger ‘body. Now the BGA.is ready tobe 
‘The rework station heats the surface area ofthe tp, thereby re-allached. 
printed circuit board from the bot- leveling off the remaining solder of 
tom, whereas the BGA body tse’ the connection pads. Flux residues 4. Application of flux 
is heated from the top. ate finally cleaned off (e.g. using or solder paste 
rsa FLUX-REMOVER) 
‘The real-time temperature of the ‘The component and the connec- 
component controls the pre-set —3,._-Reballing~ tion pads are now fuxed, of, as 
temperature curve sothatallsolder Reusing the BGA the case may be, solder paste is 
joints melt tthe same time. Then ‘added through stencil printing. The 
the vacuum suction cup is placed ——_Desoldered BGA can be refit with ype of technique applied depends 
on the BGA and ance all joints new solder balls and reattached toon the application, components 


have molten the BGA is ted off the board. This process s referred and the sil level of the operators. 
tos rebalng. Residual solder is For the commonly used PBGAS 
2. Removal of residual solder, removed from the BGA by means __the application of fuxis mostly 
cleaning cof a soldering station. Lying on sufficient 


mate change of from 1500 to 1363 
Kilocycles. Tn the first case on the 
upper part of the dial we have only 
made a change of 17 kilocycles in the 
frequency. On the lower end of the 
Gial we have made @ change of 137 
kiloeyeles. 


a number greater than unity is p 
tiye and is one less than the number 
of figures to the left of the decimal. 
‘The characteristic of a number less 
than ‘unity is negative and is one 
greater than. the number of ciphers 
between the decimal and the first sig~ 
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According to the frequency alloca- 
tion as made by the Government, 
which places broadcast frequencies. 16 
i ‘on the upper 10 divi- 
gdigh there "is room for 
approximately 2 frequency channels 
whereas on the lower 10 divisions of 
the dial there is room for roughly 14 
frequency channels. ‘This shows very 
clearly that we would have to be able 
to separate 14 stations on the lower 10, 
divisions whereas we have only 2 to 
separate on the upper 10 divisions of 
the dial. 


Side of the peak of the broadcast wave 
before it is tuned out. (See Dial.) 


LOGARITHM—abbreviation LOG—The 
Power to which a number (defined as 
EPS)” must be rated in order to 
qual s given number, "As an example, 
ffven the number. 100, aasume that. 
E'fesined ‘to determine the Tooarithm 
of this number to the base 10. (When 
10 {"used"as’a°base, the logarithms 
dbtained are’ said. t6, belong to. the 
common or Briggs system.) Then the 
Exponent or power which will raise 10 
fo'the value of 100 isknown as: the 
Togaritim of" 100. Obviously, 10" 
equile 100, therefore 2 is the logarithm 
SP t0.  bagarithme are used in the 
Processes of. multiplication, division, 
Paising fo powers and. taking. roote, 
‘The whole number, or integer part of 
Zlogarithm is called its characteristic 
find’ the fractional part is referred to 
an its mantissa. “The characteristic of 
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sare crowded on the dial 


nificant figure. A table of logarithms 
fives they mantisaas only, the char- 
Scteristic being determined as indicated 

‘Logarithms, are also used, which 
have as their bave the number 2.718 +. 
‘These are called natural or Naperian 
logs. The base number is usually rep- 
resented by the symbol. (epsilon). 
‘The natural logarithm of any number 
tay be found from a table of common 
logarithms by dividing the common log 
by the logarithm of 2718 or simply by 
rultiplying the common log by 2.90259. 
The symbol I, is often Used for the 
natural lozarithm and the abbreviation 
fog without a subseript is usually aged 
for the logarithm to the base 10.” (See 
Nepetien hog, also antin, and Log 
Tabie.) 

LOGARITHMIC CURVE—A curve 
Which has no. definite mi i 
Uccreasing curve, or no definite, maxi- 
num in'an inereasing curve. A loga- 
Fithmie curve may be further defined 


successive maximum displacements. 
he a logarithmic curve. 


LOGARITHMIC DAMPING—See Damp- 
ing. 

LOGARITHMIC DECREMENT—The 
Naperian logarithm (qv.) of the ratio 
of any maximum to the next following. 

maximum, with the current in the 

same direction in a decaying wave 
train. In other words the logarithm 
of the ratio of two maxima, one cycle 
apart. ‘The rapidity with which the 
oscillations deeay depends not only on 
the resistance of the eireuit, but on the 
inductance as well. The greater the 


Loop Antenna 


resistance and the smaller the induc- 
tance, the more rapid is the damping 
fand the rate at which the escillations 
Increase. “If the resistance, inductance 
and capacity of the circuit have #xed 
Values, each, successive maximum of 
current is the same fraction of the 
preceding maximum as the latter is of 
The maximum. Immediately preceding 
it! Thus, ifthe second: maximum, i= 
15 percent of the first maximum, the 
third will be 75 percent of the second, 
ele, The numerical value of the rate 
of decrease in this case is .75 and the 
hhatural logarithm of 75 is the loga- 
te deerement or simply the deere; 
nent. (See Decrement, also Dampe: 
Waves.) 

L0G TABLE—A tabulated arrangement 
‘of logarithms. which gives the. man: 
Poeun (av.) only. ‘The numbers whose 
fogarithins, are to be looked “up. are 
arranged for convenience in consecu- 
tive order. (See Logarithm.) 

LOMBARDI, DR. LUIGI—Italian radio 
‘authority.” Dr. Lombardi was born at 
Dronero, August 21, 1876.” ile gradu- 
ated. from. the Royal ~ Enginee 
School at Turin, Italy. He wa 
fessor of, Electricity’ at, the 
Polytechnical School, Zurich, Switzer 
land, and also at the Royal Polytechnic 
Schools Naples, Italy. Dr. Lombardi 
published “many scientific “papers. in 
Fluding'a study of condensers for tra 
thission and he also invented a spec 
high-tension electrical condenser. 

LONGITUDE—The distance east or west 
‘of a meridian, passing througn Ureen- 
wich, England) measured in. degrees, 
minutes and_ seconds. 

LOOP ANTENNA—Lop Aerial —Alsc 
called Coil Aerial oF simply Loop—A 

Fecviving or transmitting «erial Cave.) 

consisting essentially of one or more 

tums of wire connected to. the radie 
The 


Thage condenser with the aerial system 
asone plate of the condenser and the 
Drovnd or counterpoine lav.) as the 
tier,” Electromagmetic, waves Teach 
ing the ‘aerial setup an-alternatin 
alectromative force between the wires 
forming. the, upper plate of the ‘con 
denser and the ground-or lower plate 
Of the condenser, "This action. fakes 
Place" through electrostatic. induction 
{awv.).. Yn the loop aerial, electromag. 
netic induction av.) seta. up. an. ine 
iced electromotive force thus causing 


alternating current to flow to the de- 
fecting apparatus. While coil an- 
tennas may be used for transmitting, 
their use in this connection is rather 
limited. On the other hand, the use 
of the loop for radio receiving is wide- 
spread. The greator the area enclosed 
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Loops 


by a loop the greater the amount of 
energy it will “receive. ‘Loops more 
than two feet in diameter are usually 
constructed so a8 t0 be collapsible. "A 
common type of loop shown in the ile 
fustration is 36, inches high "and. 28 
Inches. wide. It ‘consists “of ‘twelve 
turns of wire wound in the same vere 
teal plane and held in place by pols 
ished "hard ‘rubber strips. It has a 
heavy cast base permitting rotation, of 


‘the loop as desired. This loop folds 
up so as to fit into a four inch 
tube.” In another type of loop, 


sometimes. called “the bos type, the 
wires are wound so\as to lie in the 
Same horizontal plane instead of the 
Vertical plane. The use of Litzendraht 


ion ete Seton Bas 


av.) for winding loops has been 
{Sire na" thee eBcency® Loops 
re “commonly” used. on uper-hetero- 
dune (qwv.) sets, reflez (qwv.) sets and 
in'some iuned radio. frequency. (a) 
sets, "These latter generally require an 
extra stage of amplification, although 
tuned radio frequency’ sets having only 
five tubes (detector, ‘two stages of 
radio frequency and two stages of 
audio frequency) “will operate on ‘a 
Toop and. give especially’ good. results 
when used with the new power tube, 
‘Asva general rule, it may. be_ stated 
that any” set which will give good re- 
sults witha loop, will give better re- 
sults, insofar as distance is concerned, 
‘with an outside aerial. For this reason 
Toop operating sets are quite generally 
constructed tra sbinding posts 
for connecting aerial and ground. "The 
Connected directly into the grid 
and ground 
uit through an 
inductance ‘such as an_oecillocoupler 
‘of antenna coupler. Loops may” be 
used with satistactory results inside of 
buildings, “Where a compact, portable 
and selective aerial is desired, the loop 
is especially useful. ‘The use of the 
loop, ‘results ina. marked directional 
effect and also has a tendency to. re- 
duce static (qv.) and other forms of 
interference (av... Loops are em= 
loved in wireless, direction finders or 
lio compasses (qv.) and are also 
Used as acrials in submarine and acro- 
plane work. Where the loop is used a3 
an aeroplane antenna it may be wound 
fon the wings of the plane or it may be 
‘wound on a small frame and placed in 
the rear of the plane.” (See Coil An- 
tenna, also Frame Aerial.) 
LOOPS—The points. of greatest _ampli- 
tude in a wave train. Sometimes called 
antinoden. ‘The term loop is also used 
in describing” the electrostatic eld 
spreading out from @ charged aerial. 
Each time an serial is charged. (for 
example by an induction coll) and dis: 
charged across a spark gan a group of 
Gradually decaying oscillations is. prox 
duced in the aerial ealled ‘a train of 
oscillations. ‘The. interval” of time 
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which elapses between a flow of the 
electricity’ in the aerial in one direc- 
tion, and a succeeding similar move- 


slectrie force repreented by the 
ea moting say tom the “Tele 
Dine na 


iat ald Ge pete wn he 
apt ted the peed ine ond he 
epee aaa 
gn ce 
fins nella ¢ set ie 
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LORENZ COIL—A form of low oe in 
IRENE COMA fee of elm 

pana see bao wend 

Fhe ater wih tae alent 
(See Coil, Inductance Coils, also Low 
fee Sat} 

LOER SPEAKER-A. sound protcng 
Te en ere 
Ete mentee eons 
ear Oy septa of people 
Henry od apetorletsa- 
Sen ere are on Oe 


AS the lefty shown a conetype speaker haw 
fhe Sainte nphe 

doable "Uapheaem 
The audio frequency currents flow 
through the windings of the electro- 
magnet and the vibrations of the dia- 
phragm "correspond. to” the minute 
changes and fluctuations of the cur- 
rent thus accurately reproducing 
sounds. ‘In loud speakers which utilize 
a metallic diaphragm, the electromag- 
net directly actuates’ the diaphragm. 
Th other types, the diaphragm may be 
of mica, as in’ the Baldwin unit type, 
or of parchment or wood as in the cone 
type speakers. In these speakers, the 
electromagnet actuates an armature 
which in turn actuates the diaphragm 
through a lever action. In. certain 
loud speakers, the electromagnet is of 
very powerful type and has a very 
small ‘coil of fine wire attached toa 
diaphragm but not touching the poles 
of the magnet. The small coil is con- 
nected to the radio set, or amplifier 
and the fluctuating audio, frequency 
currents pass through it. These cur- 
rents force the coil out of the strong 
magnetic field in the air gap. -In mov= 
ing, it moves the diaphragm to which 
it i attached. Speakers of this nature 
‘are’ sometimes called  electrodynam- 


ic speakers, They are also referred 
to as power speakers. Such. speaker 
give plenty of volume and in certain 


makes are reasonably good in tonal 
quality but they have the disadvantage 
that the electromagnet must he ener- 
gized from a source of current such as 
the storage battery. A loud speaker 


has been developed in England called 
the Crystavox for use with crystal 
sets. ‘This consists essentially of an 
electromagnetically operated speaker 
connected. with a microphonie relay. 
‘The relay is actuated by a storage bat- 
tery. Its function Is to magnify the 
incoming signals from the crystal set, 
passing” them along. with increased 
Strength to the electromagnet of the 
loud ‘speaker. Still another. type of 


speaker which has been used to'a lim- 


Ing source of diaphragm vibration 
this ‘type, electrostatic principles are 
Involved” A agate cylindrical dram, 
over which a band of copper or similar 
metal is wound, is revolved at a”uni- 
form rate by a small motor or by clock- 
Work.” To one end of the band dia 
Dhragm is fastened mechanically. The 
other end of the band is secured by 1 
fairly sti spring. Current from the 
receiving, set is led to the cylinder by 
means of ‘a brush contact and ag the 
Current fuetuates the attraction of the 
band to the eylinder fluctuates with it 
and the dragon the diaphragm due to 
the rotation is increased and decreased. 
The, use, of the’ motor constitutes the 
most serious disadvantage in this type 
of loud speaker. me be 

Having discussed the various typen 


“ea, 


‘A high ands low pitched speaher connected 
Inparaitel fer slmoltancoar operation, 


of loud speakers, from the standpoint 
of principles of’ operation. the more 
important of these will now be con- 
sidered from the constructional stand- 
point. The early forms of directly 
actuated metallic diaphragm, electro- 
magnetic loud speakers consisted es- 
sentially of a wateh-case telephone re- 
ceiver, or a pair of receivers attached 
toa horn. ‘The purpose of the horn 

‘as to concentrate and redistribute 
the sounds caused by the vibration. of 
the diaphragm. One of the first im- 


ker of the horn type hs 
Garved aut" metal neck "and pun” brass 


provements was to modify the shape 
of the horn s0 as to: make it conform 
more. nearly with correct acoustical 
principles. "Another improvement was 
to introduce an adjustment by means 
of which the air gap could be varied, 
In some cases this was accomplished 
by moving the magnet closer to. the 
diaphragm and in others by moving 
the diaphragm itself. This adjustment 
provided a means of gutting greater 
on distant stations — (by 
drawing diaphragm closer to the mag- 
net) and of preventing sticking of 
phragm or rattling, on local stations. 
The ordinary’ metallic diaphragm hat 
one frequency to which it will respon 
most strongly. This is called its reao- 
nant frequency. Special speakers 


called tuned receivers have been de: 
Signed in-England which permit the | 
resonant frequency tobe varied. In 
one type, the variations. of the mag- 
fetic held operate a vibrating reed at- 
Enched to a non-magnetic dlaphragm, 
The resonant frequency can be varied 
by adjusting the position of the vibrat- 
Tg" reed. with set. screw. Another 
method. of getting rid of resonant 
points in diaphragms has been to use 
Corrugated instead of flat diaphragms. 
in some of these «aphragms the cen~ | 
ter is left flat, the remainder of the 
Giaphragm being corrugated with eon- | 
centric civeles either evenly spaced or | 
Spaced. in section at radii bearing a 
Yatio to each other corresponding, to 
rime numbers. in some eases conical | 
Giaphragms with corrugated edges are 
Uses the material aa well, as the 
Shape of the horn have been found to 
materially affect the sound reprodue- 
Hon. Horns are constructed of metal, 
fibre, composition, hard rubber, wood, | 
ete. "In general the horn should be of 
finatertal which will not give out 
netallic sounds, ‘The tone arm whieh 
Carries the speaker unit at one end and 
the horn nt the other is usually con- 
Structed” of cust metal, such as, 4 fead 
alloy or aluminum. ‘The requirement 
Here js that it must be of an acoustic- 
ali “dead” material, In some. cases 
the speaker unit and sound ehamber 
are concealed in an artistically de- 
Signed cabinet thus forming a cabinet 
Speier oud speaker unis re also 
tuade especially for use in conjunction 
with, the sound chamber ‘of a phono- | 
Eraph. These are referred to as 
Phonoyraph attachments. ‘They are 
drainariy attached tothe phonograph 
Mone arin being putin place of the 
Dlonograph reproduce” Some phono- 
raphe are now made with. provision 
for attachment of the speaker” unit | 
‘without “removal” of. the. reproducer 
There. is ‘also an attachment on the 
market for use in connection with a 
Dlonograph ‘which hus provision for 
Conveniently changing over from the 
Feproducer to the speaker: unit or vice 
Versa. Cone speakers may be of the 
Single cone variety or ‘of the double 
‘cone style. In these speakers. a metal 
fod extends from the magnet. arma- 
Ure and Is rigidly fastened to the een 


ter of the cone, ‘The most common type 
Of cone speaker has a parehment dine 
hag. ‘This seems to give excelent 
Feproduetion especially for tones in the 
lower regis ior Its points of disad- 
Vantage are that it is affected to some 
extent by moisture and temperature 
change and furthermore scents to bring 
gut stati. Interference “more ‘lenriy 
Than some other types. Another type 
fof cone speaker uses a teak wood dia 
Dhragm, "Some of these speakers have 
Zu small fastening. serew at the point 
of attachment between the rod and the 
iaphragm. This is provided #0 th 
tension ean be temoved from the di 
Dhragm during shipment and. also 
the"spenker Te to remain in a Yoom 
Where change in temperature may take 
Pines: A eyfndrical parchment speaker 
Wwhich utilizes the same principle as 
The cone speaker, has recently” been 
Placed on the market.” Tts chief point 
Of difference is that the parehment is 
fot under tension as in the ease of the 
fone "apenker. Large volume loud 
Sheaker's are provided with power 
Plifers which are often an integral 
part of the speaker itself. "One of tre 
Inost recent Toud speakers is contained 
ince large eabinet and contains appara- 
tus for utilizing ordinary lighting eir- 
cuits for operating the set and speaker 
The power amplifier unit 18 also con- 
tained within the speaker eabinet and 
the design of the speaker is such that 
itcan handle any volume without dis- 
tortion, ‘The reetifer is arranged to 
Supply not only the necessary voltages 
for the power amplifier but also plate 
Voltage for practically any type of re- 
ceiving set. (See Horn, Loudspeaker, 
fso Distortion.) 
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A tood mesker wnit used ae a phonogranh 
LOUDSPEAKER UNIT—The sound, re- 
Producing unit attached to the tone 


Low Loss Coils 


arm of the horn type speaker or to the 
diaphragm of the cone type speaker 
Various types of units are described 
under the heading Loudspeakers. 

LOW FREQUENCY See Low Fre- 
quency Current. 

LOW FREQUENCY CURRENT—Anal- 
ternating current of less than 10,000 
cycles, In radio work the alternating 
currents used are often classified as 
Tow frequeney currents and high fre- 
queney currents, While there is no 
fixed value separating high and low 
frequencies, 10,000 cycles is generally 
taken as the dividing line. Thus audio 
frequeney currents are considered as 
low frequencies “and. radio frequency 
currents are high frequencies. The 
term low frequency current as applied 
to power and lighting cireuits refers 
to Cireuits having frequencies of 25, 


60, ete, eycles per second. (See Cur: 
rent, High Frequency.) 
LOW FREQUENCY IRON CORE I) 


DUCTANCE— A variable inductance 
having an open-ended iron wire core. 
This inductance is used with spark 
transmitters to place. the primary 
transformer circuit in. resonance with 
the alternating current frequency. 

LOW LOSS COILS — Inductance coil 
(ay.) having low resistance and spe 
cially wound so as to reduce to a mini 
mum condenser effect and hence dis 
Teetrie losses, The term low loss has 
been used rather loosely but for prac- 
tieal Purposes coil losses. should be 
taken Vag” referring, to" self-capact 
often called distributed capacity (q.v.) 
ohmic resistance, skin effect (qv.) in 
the wire due to the effects of frequency 
and’ leakage and absorption | in oF 
through the insulating materials upon 
which the eoil is ult or with which 
the wire is covered. While it is im- 
possible to obtain coil having pure 
Inductance only, it is feasable to de- 
sign the oil so that the various losses 
Will be reduced to a minimum. Often, 
it has been found that a design which 
will greatly reduce one type of loss 
Will Fesult in an increase of another. 
The illustrations show various types 
of low loss coils together with curves 
Showing comparative efficiency tests 
Figure 1 shows the results of an in- 
vestigation regarding the distributed 


Low Tension 


capacity of various coils. This was 
obtained by making measurements of 


amounts to anything, the curve show- 
ing the relation between inductance 


= 


100) 


muscreces 
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‘The eficieney of coil is ind 
eight of Wa Curves on 


the inductance of the coils. If the 
self-capacity of the coil is very small, 


18 


he selfinductance, will nat change 
Derceptibly as the frequency” changes. 
On the other hand, if the selt-eapacity 


MAGNET—A piece of iron or steel hav- 

the power to attract other pieces 

of iron and to attract or repel other 

magnets, Natural magnets are known 

as Loadstones (qv). (See Electro- 

‘magnet, also Permanent Magnet and 
Temporary Magnets.) 

MAGNET WIRE— Insulated wire for 
the construction of magnet. coils. In 
radio extremely fine wire is used to 
wind the coils of the electromagnets 
used in headsets and loud speaker 
units. “The most common insulation 
used ‘in radio work for magnet wire 
is enamel. Other types of magnet 
wire utilize a single cotton covering, 
a double cotton covering or a silk cov 
ering. (See Enameled Wire.) 

MAGNETIC ATTRACTION AND RE- 
PULSION—The mechanical force 
tending to draw together two magnetic 
poles ‘of unlike polarity, or, to force 
apart two magnetic poles of like po- 

MAGNETIC BLOWOUT—An electro- 
‘magnet with its pole pieces placed so 
that the direction of the magnetic 
field will be at right angles to the 
movement of the ions in an electric 
are. “The coil of this magnet is ener- 
Bized in some cases in series with the 
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and frequency will bend upward as 
increases, 


the frequency ‘and the 
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greater the capacity of the coil, the 
more sharply will the curve bend. 
The curves shown in Figure 1 do not 


M 


line and acts to expel or blow out the 
are. In the series arrangement, the 


_ ELECTRODE 


MAGNETIC 
£ *e 5 


Dlow-out action is stronger, the larger 
the current to be interrupted. For 
small shunted ares, permanent mag- 
nets are often used.” ‘The operating 
principle of the blowout oil depends 
lupon the fact that in a magnetic field, 
an electric current tends to move across 


the lines of force or in other words to 


give any idea of what value tue self- 
capacity may have, but simply show 
whether the inductance varies or not, 
which is one method of determining 
how harmful is the effect of the dis- 
tributed capacity." The more sharply 
the curve bends upward the less de- 
sirable is the coil. In general, the 
smaller the size of the wire (for’sizes 
smaller than about No. 16 B & S) the 

cher the resistance. The larger the 
ire and the thinner the insulation, 
the greater is the skin effect. . The 
greatest inductance is obtained for a 
given amount of wire when the coil 
has a true cylindrical shape. The 
skin-effect in multi-layer coils is much 
greater than in cells. 


any more 
turns are required to obtain a given 
induetanee, 


LOW TENSION — abbreviation 1,7. — 
comparatively low voltage. A cir- 
cuit supplied by a low voltage battery 
such as the filament cireuit of a vac- 
uum tube is ealled ‘low tension r= 
cuit. In electrical engineering work, 
any’ circuit of 600 volts or under is, 
considered to be a low tension eireuit, 


LUGS—Metal projections used for per- 
manently connecting conductors with 
electrical apparatus. In one type of 
lug, the metal is bent over at one end 
to form a tube into which the conduc- 
tor can be soldered, while the other 


end is flat and has a hole drilled to 
receive any desired terminal. 


cut them. In the illustration, the pole 
pieces are shown ‘so placed’ that the 
keneral direction of the lines of force 
is at a right angle to the flow of the 
ions in the are. The electromagnetic 
action causes the are’ to move out- 
fide the, field" ‘This increases "the 
length of the are, thus rapidly break- 
ing it. “Magnetic ares are used in con- 
nection. with keys (q.v.) used for in 
terrupting a large current. in certain 
types of lightning arresters (qv.) and 
also in motor controllers.. 

MAGNETIC CIRCUIT —The path tra- 
versed by magnetic lines of force, A 
‘magnetic cireuit» may be entirely 
through iron, as in the case of a closed 
cote transformer or partly through 
iron and partly through air as in the 
case of a motor or generator. "(See 
Line of Force.) 

MAGNETIC COUPLING—See Conp- 
ing. 

MAGNETIC COUPLING TRANS 
FORMERS—See Coupling Tran 
former, also Jigger. 

MAGNETIC FIELD —The whole space 
over which a magnet exerts influence. 
The space traversed by the magnetic 
flux. "Wherever magnetism is present 
the space in the immediate vielnity is 


called a magnetic field, (See Electro- 

‘magnetic Induction.) 

MAGNETIC. FLOW —The passage of 
‘magnetic lines through a magnetic ci 
cuit. This term is sometimes. used in 
the place of magnetic flux. "(See Flux 
Magnetism.) 

MAGNETIC FLUX —Symbol_ 6—The 
total magnetism present at any cross 
Section perpendicular to the lines of 
force.” Magnetic flux is analagous to 
current flow. That is to say, itis con- 
venient to consider a flow of magné 
Jamin the same way, a electricity is 
considered to flow. The unit of mag~ 
netic flux in the eg.s. (centimeter gram 
Second aystem) electromagnetic. sys- 
fem is the mazwell (qv.). or simply 
the line. The unit of magnetic flux 
the practical system js also, the maz- 
Wwell. (See Line of Force, «Alternator, 
also" Fluz, Magnetiom.) 

MAGNETIC FLUX DENSITY —The 
‘number of lines of force per unit cross 
ectional area of a magnetic Path. The 
gauss (av). is the unit, of magnetic 
flux density. “Tt is equal to one tine 
(qv.) per square centimeter. 

MAGNETIC FORCE—The force with 

ich a magnet attracts or repels any 

Piece of iron or steel. The intensity 

bf a magnetic field at_any point ag 

‘measured by the force which It would 


exert upon a unit magnetic pole if 
Placed at that point. 


mathematically for 
surrounding medium, Consider any 
closed stream line of electric current 
surrounded by a medium having uni- 
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Diagram ilstrating method of determining 
Tneenetic foree'due te current. 


form magnetic properties. Tt can be 
demonstrated that each elementary 
length of the current stream line, di, 
contributes to the magnetizing force 
H, at any point T an amount dH = 


(isin ©) dl 


where I is the current flowing along 
this stream line, r is the distance from 
T to dl, and © (theta) is the angle be- 
tween rand dl. The direction of dif 
ig perpendicular to the plane of r and 
‘The total magnetizing force at T 
is’ the vector sum of dH for all the 
elementary lengths into which the ear- 
rent stream line is divided, 
MAGNETIC HYSTERESIS — The oppo- 
les of a mag- 
netic material offer to being magnet 
ized or to having their magnetization 
changed. It is sometimes referred to 


as molecular friction or as magnetic 
lag. (See Hysteresis.) 

MAGNETIC INDUCTION — See Induc- 
tion, also Diamagnetic Material. 

MAGNETIC INDUCTIVE CAPACITY — 
‘symbol 4(mu)—Also termed Magnetic 
Thduetivity — Names sometimes used 
instead of Permeability (qv.), The 
ratio between the number of lines of 
foree per unit area passing through a 
magnetizable substance and the mag- 
netizing force which. produces. them, 
Stated another way, it is the ratio of 
flux density, to magnetizing force, It 


can be considered as a measure of the 
ease with which magnetism passes 
through any substance. ‘The magnetic 
Inductive capacity’ of 


ir is taken as 

‘The term magnetic inductive 
is analogous to specific i 

ductive eapacity (q.v.) which is the 
ratio of the dielectric constant of a 
material to that of a vacuum. 

MAGNETIC INTERRUPTER—A device 
energized by an electromagnet for in~ 
terrupting a" circuit. (See nter= 
rupter.) 

MAGNETIC KEY —An electromagnetic 
‘adjunct to a wireless transmitting key 
for reducing or eliminating. sparking 
due to the self-induction of the heavy 


A. magnetic ker. 


currents which are interrupted. | A 
form of magnetic key is shown in the 
ifustrationy: Underneathethe lever arm 
of the key is placed a spring to whic 
fn iron armature Cand a. platinum 
contact A. are attached. If’ the key 
and hence “the spring” are pressed 
down ‘contact “A, touches. contact Ay 
tnd the path of he current it com” 
pleted. fhe current passes not, only 
Through the key, but also through the 
winding of the electromagnet. if the 
Key is released so as to move upward, 
the contact A, still remaing touching 
‘Ay, ag the magnetic action due to the 
cuirent. continues to hold down. the 
‘armature C and hence the spi 
the contact A. Not until the alter- 
nating current’ reaches a, zero value 
ig the armature released. This releases 
‘A, from Ay at an instant of zero cur= 
ent and hence there is no spark. 

MAGNETIC LEAKAGE—Magnetie flux 
‘which serves no useful purpose. ‘There 
are no substances which will prevent 


the passage of magnetic flux. This 
fact ‘introduces a certain amount of 
difficulty int agnetic ci 


cuit calculations, since it is impossible 
to confine all the flux into a predeter 
mined magnetic path. Since there 
no. magnetic insulator there will al 
ways be a certain amount of leakage 
Tux, However this ean be reduced to 
a ‘minimum by proper design of the 
magnetic circuit. Magnetic Leakage 
is also referred to as Stray Fluz. 

MAGNETIC LINES OF FORCE —See 
Line of Force, also Electromagnet. 

MAGNETIC MOMENT—The product of 
the strength of pole of a magnet and 
its virtual length. ‘The torque ex- 


ig with | 


Magnetism, Laws of 


erted by a magnetic field upon a 
magnet depends upon the magnetic 
moment. 

MAGNETIC NEEDLE— A light, thin 
steel _magnet mounted on a pivot or 
Suspended so a8 to be free to move. It 
takes a position pointing to the mag- 
netic north. 

MAGNETIC POLES—Points on a mag- 
net where the lines of force leaving or 
entering the iron are concentrated. In 

that end which 


or positive pole; that end which tends 
to point south’ is called @ south or 
negative pole. A’ unit, magnetic pole 
Is"defined. as one which, ‘when placed 
at a distance of one centimeter’ from 
2 like pole of equal strength, will re 
pel it with the force of one dyne. The 
forth ‘magnetic pole of the earth is 
situated in latitude 70 North and longi 
tude 97 "West. The south pole is 
located at latitude 70:South and longi 
tude 102 East, It should be noted 
that the magnetic poles do not coineide 
with the geographical poles. (See In- 
etion, Magnetic.) 

MAGNETIC, PROPERTIES — Materials 
arg classified according to, whether 
not they offer a good path for the mag 
netic lines of “force. Substances of 
comparatively low reluctance (@.¥") 
fave termed magnetic. ‘Taey are al 
often referred to as ferromagnetic: 
‘They include iron, steel, nickel, cobalt, 
manganese, chromium, magnet 
tain alloys of copper, manganese and 
aluminum” (called Meusler~ Alloys), 
and certain other oxides. ‘The mag” 
netic laws governing these substances 
ean. best be set. forth by ‘means of 
Magnetization curves. Substances hav- 
ing: high reluctance are termed non- 
magnetic, "For commercial purposes, 
Air is the most important non-magnetic 
Substance." However, practically all 
Substances, with the exception of the 
ferro-magnetic ones, follow the same 
magnetic laws as air. While the re- 
Iuetance of a non-magnetic. substance 
Is constant, the reluctance of magnetic 
substances’ varies, as the amount. of 


flue (av) Yn the substance changes, 
‘Although air ‘and all other substances, 
‘with the exception of the ferrormag” 


netic ones are classed as non-magnetic 
Substances, and are poor conductors of 
magnetic flux, when compared to iron, 
ete, nevertheless they are by no means: 
‘magnetic insulators. ‘There are no sub- 
stances which will absolutely prevent 
the passage of magnetic flux. (See 
Forro-Magnetic Substances.) 
MAGNETIC PYRITES—See Pyrites. 
MAGNETIC STORM Sudden and i 
regular variations of the earths mag. 
netic field. Magnetic storms are some- 
snt, with. the appearance 
"These storms often dis- 


MAGNETISM—A_ phenomena exhibited 
by certain materials which is charac- 
terized by the attraction or repulsion 
Of sa on oF ond i 
slectricity., Magnetism 
manifestations of electriity,” since. a 
current flow ig. always. associated. or 
finked with a. magnetic fleld. (av). 
(See Free, Magnetiam, Magnet, also 
Magnetic Properties) 

MAGNETISM, LAWS OF —Like mag- 
‘etic poles repel one anothers unlike 
Magnetic. poles attract "one. another. 
The force ‘exerted between two mag” 
netic poles is proportional to the prod- 
dct of their strengths and is inversely 
Proportional to the square of the dis. 
Eanee between them. (See Like Poles 
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Magnetite 


MAGNETITE — symbol FeQ,—A min- 
eral composed mainly of’ magnetic 
oxide of iron. When. found in may 
etized condition it is known as a 
Toadstone (q.v.) or a natural magnet. 
Tt is a black brittle substance having 
a specific gravity of 5.2 

MAGNETIZATION—(also spelled Mag- 
netisation)—The process of communi 

netism. ‘The act of render- 
feel, ete, magnetic. Accord- 
ing to Ewing’s theory, a substance 
which is magnetized has its molecules 
rearranged s0 that they assume sym- 
metrical positions, each molecule lying 
in line with or parallel with its neigh- 
bor. In this rearranged position each 
molecule adds its separate magnetic 
force to every other one and the cum: 
lative effect of this is that the sul 
tance exhibits the property 
magnet. (See Demagnetization.) 

MAGNETO GENERATOR—A small 
generator consisting essentially of an 
Armature rotating between permanent 
magnets, usually’ of “the  horse:shoe 
type. Magnetos are mainly used for 
motor ignition, medical coils, bell ring- 
ing and for ‘firing high explosives. 
(See Intermittent Current.) 

MAGNETOMOTIVE FORCE OR DI 
FERENCE OF MAGNETIC POTED 
TIAL—abbreviation m.m.f—The fores 
causing magnetic flow. Magnetomo- 
tive foree is the magnetic cause, while 
flu (q.v.) is the magnetic effect, just 
ag lin (electrical terms, electronitive 
force (q.v.) is the cause and current 
{r"the iees.” The ‘ogra. ‘eentimeter 
gram second) unit of magnetomotive 
force is the gilbert (qwv.).. The unit 
ordinarily employed in practical caleu- 
lations of the magnetic circuit is the 
ampere-turn (qv.). (One ampere-turn 

‘equal to 1.2566 gilberts.) An am- 
pere-turn consists of a current of one 

Ampere flowing through one complete 

turn of a conductor. The expression 

“turn” means. thatthe conductor 

wound ina solenoid. ‘That is to say, 

it is wrapped around a core which may 

consist of air or of any other. sub- 

stance. ‘The same magnetic field will 

result from ten ampere-turns consist- 

ig of ten amperes flowing through one 

turn, as from ten ampere-turns con- 
sisting of one ampere flowing through 
ten turns. (See Force, Magnetomo- 
tive.) 

MAGNIFIER, OR RELAY—An appar. 
atus for intensifying the variations of 
@ current. The term ‘magnifier has 
been “incorrectly used ‘for. amplifier 
(aw.)., One type of magnifier used in 
radio is the microphonic relay” (see 
loud speaker) by means of which the 
minute currents in a crystal set can 
be magnified so as to actuate a loud 
speaker. In the ordinary telephone re- 
eater, a microphone is acted upon by 
the receiver of the first line circuit so 
as to introduce a local circuit which 

ts induetiveley on the second line 
re. Relays are also used in wire 
telegraphy to boost weak line currents 
by ‘means of strong local batteries. 
(See Relay.) 

MANTISSA—The di 
logarithm as differentiated from the 
integral part or characteristic. For 
example in the logarithm 1.23578, 1 ig 
the. character! the decimal 
23578 is the m (See Loga- 
rithma.) 

MARBLE—T 
stone sufficiently compact to permit 
being polished, Pure marble is white, 
the presence of oxides giving the dif: 
ferent colors. Marble is used exten- 
sively for switchboard work and when 

uo 


al part of 


name given to any lim 


20 used must be free from metallic 
veins. Where circuits carrying, 1000 
volts or more are used, the switchboard | 
should be saturated with an insulating 
varnish and baked. “Inasmuch as the 
marble shows oil spots, it is sometimes 
stained black and given a finish called 
& marine finish. 

MARCHANT, EDGAR WALFORD. 
British radio expert, Born in, 1876, 
hhe was educated at University School, 
Hastings, and Central Technical Col: 
lege and'London University. In 1897 
he was appointed ‘superintendent. of 
the laboratory and workshops of Lord 
Blythswood at Renfrew, where he 
carried out many experiments in wire- 
less telegraphy. He became chief as- 
sistant at Finsbury ‘Technical College, 
1900, under Professor Silvanus P. 
‘Thompson, and the following year was 
appointed lecturer in electro.technic at 
University College, Liverpool. In 1903 
he was appointed the first professor 
of electrical engineering at the univer- 
sity, 

Marchant was Zor some time closely 
associated with W. Duddell in develop- 
ing the oscillograph, and the two read 
a joint paper on the study of the elee- 
trie arc by the aid of oscillographs to 
the Institution of Electrical B fn 


‘vice-president. He is also a viee-presi- | 
dent of the Radio Society of Great | 
ritain. 


He has written many papers 

id contributed an article to 
‘of, the Royal Society 
wgnetic behaviour of iron un- 
der ‘oscillatory’ discharge of “a” con 


‘ealled Marconi Coherer—A detector of 
electric waves consisting of fine nickel 
and silver filings contained in a. suit- 
able glass tube between two electrodes 
consisting of two silver plugs. ‘These 
two plugs are connected to. platinum 
wires brought out through the sealed 
ends of the tube, which is carefully 
exhausted of its a 

ings in a loose con: 
conductivity for the current from a 
single dry cell. If a very weak electri 
oscillation is passed through the co- 


herer, the filings cling together or 
cohere and hence conduct electricity 
better and they will then pass sufficient 
current from a single dry cell to op- 
erate a telegraphic relay. 


To bring 


llth 


pumwum —\ 


sven pues’ 


PLATINUM 
wike 


‘The Marconi Slings coherer. ] 


these filings back to a non-conductive 
condition, the tube is tapped by an ( 
electromagnetic tapper, similar to an 
electric bell with the ‘gong removed, 
The Marconi coherer is now obsolete. 
(See Coherer.) 


MARCONI, GUGLIELMO—Italian-Irish 
radio pioneer. Guglielmo Marconi was 
born at Bologna, Italy, April 25, 1874, 
and was educated at the Leghorn Tech- 
nical School, under Professor Rosa. 
From his eafliest years he was keenly 

ication by means 

d began his bril- | 

Tiantly successful series of experiments 

ip June, 1895. ‘These first experiments | 


were carried out on his father’s estate 
near Bologna. Marconi. soon. found 
that the Hertzian form of reso 
gave only feeble signals at a 
and he substituted a vertical wire, 


with the result that in 1895 he was 


Able to transmit signals to a distance 
Of one and a half miles.” About the 
Sametime he improved” the Brant 
oherer, whieh he was using. as a de- 
fector, and invented an electric tapping 
Aleviee to decohere the flings 

This early’ apparatus of Marconi 
from which has. sprung the far-fung 
Wireless chain of today, consisted. of 
2 coherer. a relay, a decoherers anda 
Morse printing instrument, ail work: 
ing’ from storage batteries. "Between 
the coherer and the relay” Marcon! in- 
terposed choke coll, and this hada 
very marked effect onthe receptivity 
Of his set. By close attention to the 
details ‘of his system ‘he. was able to 
carry-on his signals at greater ranges 
than had up to this tine been accom: 
Plished. by other experimenters. 

‘The transmitting apparatur used by 
Marconi in these early efforts consisted 
of. a large. spark. gap to which the 
feria] and earth wires were connected 
The high-tension current for the spark 
was “provided. through. an_ induction 
Coil. from batteries. The "spark 
Sonsisted of a ball discharger comp 
ing four brass balls, ‘The two middie 
balls were separated by a small space 
filled with vaseline ol, the actual sparic 
Jumping trom the évo end bale to the 
middle ones and through the vaseline, 
Producing a high-frequency spark, 

Marconi came to. England’ in 1896, 
where he took out the frst patent ever 
Granted for a practical system of wire: 


less telegraphy. He made a number 
of experiments, at Westbourne Park, 
fand demonstrated. his system. before 
Sir William Preece and other ‘high 
afficials at the Post Office. ‘In the fol- 
lowing year ne increased 
his set to nine. miles using. 4:20" in 
coll and kites to raise the ver~ 
aerials. In July, 1897, in dem- 


t 
onstrating before the Italian Govern- 


ment, he covered 12 miles between 
warships, and he began to instal a 
number of his sets for lighthouses, and 
the success of his experiments led. to 
stations, being erected for the corpora- 
tion of Trinity House. 

‘In 1899, the first proof of the advan. 
tages of wireless over other forms. of 
communications came with the saving 
of the lives on board ‘the ship R. PF 
Matthews, which ran into the East 


Goodwin lightship. ‘The latter wa 
equipped with one of Marconi's tran: 
mitting sets and was able to communi 
cate with the South Foreland light 
house and, summon assistance 

les not, £0 


re 1 possi 

bilities of radio, and to make the best 
use of all the scientific effort of ‘his 
time to further the object he had in 

“Marconi has received innumerable 
honors from all countries, He holds 
the honorary degrees of universities all 
over the world, and the freedom of 
large number of cities. In 1909 with 
Professor Braun, he was awarded the 
Nobel Prize for Physics, and in 
he was given the Honorary Knighthood 
of the Grand Cross of the Vietorian 
Order. “He has been awarded the 
Alber’ Medal of the Koval Secety of 
‘Arts, the Gold Medal of the Institute 
of Radio Engineers of New York, the 
John Fritz Gold Medal for the inven- 
tion’ of wireless telegraphy, and the 
Franklin Gold Medal’ of the Franklin 
Institute, He was the Italian delegate 
to the Peace Conference, and signed 
on behalf of Italy. He’ is chairman 
of the board of directors of the Mar- 
‘oni Company. 

MARINE TYPE CHARGING PANEL— 
‘A switchboard equipped with “re 
ance coils, carbon filament pilot lights, 
Voltmeter’ and necessary. switches. 
Manipulation of the switches 
the battery to be placed on charge or 


on the line. By throwing a switeh on 
this board, it is also, possible to work 
the wireless transmitter either from 


the ship's generator or from the stor- 

age battery. 
MASS—The quantity of matter which a 

body contains. Physical quantities 
such as force, velocity, etc, are ex- 
pressed in terms of length, mass, and 
time. it of length is the éenti 
the gram; and of time, 
Hence this system of 


second. 
measurement is known as, the C.G.S. 


Keentimeter gram second) ayatem: 
amis equal to 15.482 grains an 
represents ‘the mane or quantity of a 
Cubje centimeter of water at 4 degrees 

centigrade. 

MASTER-OSCILLATOR SYSTEM—A 
Tadio telephone transmitting tireuit in 
Which a amall extra wndion (av). ts 

Used to supply, the power to excite the 

rid circult. This extra oscillator, oF 


‘The master-oscillator ays- 
tem has several advantages over the 
self-excited system. Changes in an- 
tenna ‘constants, “such as might ‘be 
caused by a swaying aerial or lead-in 
(qv) do not afect the transmis 
where the former system is used. In 
addition the master-osclllator system 
more convenient to work with and 
the adjustment for maximum output 
for different wave lengths and antenna 
Tesistances is more easily made. 
MASTER.OSCILLATOR SYSTEM AM- 
PLIFTER— In. the master-osciliator 
system, ‘the power tube acts as an 
amplifier of ‘the power supplied by 
the small extra exciting, or master-os- 
cillator. ‘The exeiter "must develop 
sufficient power to supply the losses in 
8 own oscillating circuit and. those 
of the grid circuit of the power tube, 
MASTS, ERECTION OF —High pow- 
cred stations generally “use “latticed 
steel masts. In ‘some cases tubular 
‘metal masts in telescoping sections are 
used. “Wooden masts have been used 
to quite an extent. For portable out- 


fits, these are made in sections which 
can be fitted together like a fishing 
rod. Guy ropes or wires are necessary 
in practically every instance. In erect- 


Measurement of Induetance 


it is acted upon by a force urg- 
ing it in such a direction ‘as to make 
it enclose the greatest possible num- 
her of lines of fore. 


‘A method of erecting a tall mast oning tackle and holsting pote. 


ing a mast, it is usual not to make 
the installation too rigid, but rather 
fo allow some freedom of movement 50 
that the mast may sway slightly in 
the wind. "Where a one-wire aerial is 
being erected this may be fastened to 
any support available. In marine con- 
struction, the ship’s masts are used to 
support ‘the aerial, ‘the wires being 
stretched between the two booms or 
spreaders. from which halyards run to 
the masts. (See Aerial.) 


MATCHED IMPEDANCES—Circuite 
balanced or matched so that the total 
impedance of one circuit will equal the 
impedance “of another ‘iret with 
whieh it is coupled. (See Impedances, 
Matched.) 

MAXWELL — symbol @—The unit of 
‘magnetic flux (q.v.). Tt is also known 
as the Line (qv.). One maxwell is 

(See Fluz 


equal to one line of force. 
Density, also Kiloline.) 

MAXWELL’S CORKSCREW RULE—If 
the direction. of ‘travel of a right- 
handed corkscrew representa the 


rection of current in a straight conduc- 
{ony the divecton ‘of rotation ‘ofthe 
corkcrew wil represent the diction 
of the magnetic Tres of fetes 
MAXWELL'S LAWS—The magnet 
fle surrounding parallel currents 
fhe tame direction Wil real upon cach 
other Im such a way. thet’ the conduct 
tors will tnd to move together. “Wethe 
tase of. parallel currerts ie oppasts 
Alrectiong the fields between the" two 
sendostors, wi Be In the sae die 
mn and will merge togttser ahaa See 
to push the Conditions apart Tae 
manele felds sround two eonductors 
Bean‘angle wil'reacl upos epek other 
tuck way as'te tee to Berne tee 
conductors" peralies and with the curs 
Fents flowing in the same directions 
MAXWELL'S LAW. OF MOTOR AC- 
TON A conctor carrying. & as 
rent whose direction of Age inset night 
thes to'n magnet feldy will tend to 
move out of th eld 


MAXWELL’S RULE—Every portion of 


MAXWELL TURNS — The deflection 

value in’ a ballistic galvanometer or 
fluzmeter (qv.). ‘This depends upon 
the number of turns in the exploring 
coil and the instantaneous value of the 
flux in maxwells linked with this coil. 
(See Grassot Fluzmeter.) 

McLACHLAN, NORMAN W.—British 
radio authority. Born at Longtown, 
Cumberland in 1888, and educated at 
Carlisle Grammar ' School and. the 
George Watson and the Heriot Watt 
Colleges, Edinburgh, and Liverpool 
University. He waa appointed  lee- 
turer in Engineering and Mathematics 
at Neweastie-on-Tyne in, 1909. In 
1918 MeLachlan was appointed super- 
visor of classes in engineering subjects 
in the Liverpool Technical Institutes, 
and Jafter ‘the Great War, "during 
which he was engaged in aeronautical 
research and the study of anti-sub- 
marine devices, he made a special 
study. of magnetos at the National 
Physical Laboratory, Teddington. Ap- 
pointed research engineer to the Mal 
coni Company, he is the author, of 
many papers on wireless and electrical 
subjects in the journal of the Institu- 
tion of Electrical Engineers and other 
scientific journals, including those on 
Characteristic Curves of a Poulsen 
Are, the Magnetic Behaviour of Iron 
at very’ High Frequencies; and Theory 
of Tron-cored High Frequency Trans 
formers. He has taken out @ number 
of radio patents. 

MEASUREMENT. OF INDUCTANCE— 
‘Some methods of measuring inductance. 
(also applicable to the measurement 
of capacity) are various bridge meth- 
‘ods; by measuring the voltage, cur- 
rent, power, and frequency; and by 
the wave meter method. Connections 
in one bridge method for measuring 
inductance are similar to those in the 
ordinary Wheatetone Bridge (qv.). A 
coil having a known induetanee is bal- 
anced against ‘the inductance. to. be 
measured, A device called a Secohm- 


portion of this current as flows in the 
Balvanometer circuit to a direct cur- 
ent, When a ‘source of alternating 
current of known frequency i 
able the following method is con: 
Venient. Place the inductance across 
the alternating current mains, meas- 
ture the power absorbed, the current 
flowing, the voltage across. the un- 
known ‘inductance and the frequency 
of the circuit. ‘Then the inductance 1. 
is equal to the reactance, x, divided by 
pre 


Measurement of Wave Length 


2 tines the frequeny. 
27s Lae 
G 


Ont 

The inductance L, should be ex- 
pressed in henries. This method gives 
Fesults. of fair accuracy but is not 
adapted to measurements of low vale 
tues of inductance. Small inductances 
are more usually measured by bridge 
methods. In the wave meter method, a 
condenser Is discharged through "a 
Spark gap in a circuit containing a 
Known ‘capacity and by means of a 
‘wave meter measuring the wave length. 
The expression for the m 


Expressed 


both inductance and capacity 
bby the formula 


a 


Qe VL 
and the wave length is equal to the 


Seloety of Propogstion divided by the 

umber of waves. and calling the 
wave length we haves 

Nav times 20 VEE 

In this last equation everything is 

known but the inductance which can be 


calculated. (See Inductance, Measure: 

ment of.) 

MEASUREMENT OF WAVE LENGTH 
The usual method of measuring an 
unknown wave length is by means of 
a. wavemeter, 


Other apparatus re- 


‘coupled ‘crs 
detector "and tele= 


or crystal 
Also an_antenna excited os- 


te" couping with oil or antenna 
carrying radio current. will. show de- 
erease of current in ity own 
foil and condenser ‘when it-is tuned 
fo" resonance with the source. ‘The 
wave length is read directly: from the 
wavemeter setting for resonance or 
froma calibration curve. A necelv= 
Ing'set canbe. used to. measure. the 
wave lengths of received waver if it 
Is frst standardized in terms of wave 
lengths. "The. operator listens. in 
through the head set attached to the 
receiving set. At the wavemeter con 
Genser “knob is turned. the loudest 
Sound, is heard. when, the. wavemeter 
cireuit is tuned” to” the same. wave 
fength as that for which the recelving 
Setis. adjusted. "The wave length is 
then read from the wavemeter. scale 
or calibration curve, " Continuing in 
his manner, the receiving eireuit can 
be calibrated as a wavemeter by set- 
Sing it-at many different adjustments 
and reading the wave lengths at res 
Snance each times The wave length 
of the waves emitted by an antenna, 
when no added inductance or capacity 
the antenna. ciretit, 
indamental 
mnie. vertical wire 
grounded antenna the “fundamental 
wave length is. slightly greater than 
Tour times. the ‘length of the. wire, 
‘The spproximate constant. often ‘used 
is'42'and this applies also tol” or "1 
type aerials with vertical lead in wire, 
the total length being measured from 
the ‘transmitting apparatus. up. the 
leadsin wire and over to. the end of 
the flat top. Tris of course, more ac- 
curate to/measure the. wave length 
Yadlated from an antenna directly by 
tse of a wavemeter. The wavemeter 
foil needs merely to be brought near 
the antenna, or Tead-in wire andthe 
Condenser of the wavemeter adjusted 
{fo give maximum current in the waves 
uz 


meter indicator. The wave length 
‘orresponding to the wavemeter set- 
s then the length of the waves 
radiated by the antenna. The funda- 
mental wave length of the anten 
may be determined by gradually de- 
creasing the number of turns in the 
loading inductance (q.v:), measuring 
the wave length for each setting of 
the loading coil and plotting a curve 
showing the wave length corespond- 
ing to the various numbers of turns 
of the loading coil. The fundamental, 
then, is the wave length corresponding 
to zéro turns and is found at the point 
where the extension of the curve cuts 
the wave length axis. (See Measure 
‘ment of Inductance, also Formula.) 
MECHANICAL MISTURE— A mixture 


them ‘essentially the same. 
Sometimes incorrectly called a mechan 
Fen" amped Sugar and) tard 
mixed together give an example of a 
mechanical mixture. "A chentieal com 
ound is formed. when ‘wo or more 
Substances combine chemically to form 
fnother’ substance “having different 
characteristics, ‘Thus iron flings and 
Sulphur can be combi 
hitd “substance un 
original twor 
MEG OR MEGA—symbol M—The pre- 
fix placed before the name of unit 
fo denote one milion times (10°) that 
nity'as. for, example. megokm (av) 
mmega-volt, megerd, ete. 
MEGGER—An instrument for measur- 
Ing insulation resistance of im general 
any resistance by the direct. defection 
af a pointer on a scale. The “Ever 
Shed” "type. is ‘made in two. forms (1) 


the megger insulation testing set and 
(2) "the. bridge-megger testing set 
th combines the functions of type 


(1) ‘with those of a Wheatstone Bridge 
(qv.). Both types, consist of an chm- 
meter’ of the, moving coil type com- 
bined in one box with a hand driven 
generator for providing the necessary 


testing voltage and current. When 
fhe (handle ‘ofthe 

eing turned, the pi 
free and will rest anywhere on the 
scale. The general. principles under- 
lying the construction and operation 
of the megger are shown in the illus- 
fration. As can be seen, the megger 
is a combination of a magneto gen- 
erator (qwv.) shown at the right, with 
an ohmmeter shown at the left in a 
magnetic cireuit common to both and 
consisting of two pairs of field poles 
braced by strong bar magnets, NS, 
NS, and forming two bi-polar’ field 
‘magnets in series, In the right hand 
fone, and rotated by a folding handle 
and spur gearing D, is, the armature 
of the generator, with its brush gear 


rent coil A, 
Benaating col © ofthe ohmineer, con, 
nected to resistances Q and R, a gua) 
plate G, and the only two external 
terminals Land E (marked Line and 
Barth on the actual instrument) 
e bridge-megger testing set is avail- 
able for use both as an. insulation 
testing set and as a specialized Wheat- 
lone Bridge. Tt difers trom the or- 
linary megger in outward appear- 
ance only by the addition of two pairs 
of terminals and of two switches, one 
of which is the ratio switch of the 
Wheatstone Bridge and the other, one 
is a twe-way change over-switch. ‘This 
latter when set to “Megger” prepares 
the instrument for measuring insula- 
tion resistance or high metallic resist 
ance by coupling the two windings of 
the constant voltage” generator in 
series and making the two front ter- 
minals, marked ‘and Earth, the 
galy, two available for. connection 
When the change-over switch is set to 
“Bridge” the instrument is ready for 
Wheatstone Bridge work, the two 
windings of the generator now being. 
connected in Parallel in order to ine 
crease the current obtainable from it. 
Th this case the ohmmeter part is 
changed into a galvanometer for the 
bridge and the arms of the bridge are 
switehed into their appropriate places 
in, the circuit and connected to the ter- 
minals marked R and X at the end. 
MEGOHM—One million ohms. This unit 
is usually employed inthe measure- 
ment of insulation resistance, It. is 
also used in measuring grid leaks 
(qv), ete. See Ohm, also Begohm.) 
MEGOHMITE, also spelled Megohmit— 
An insulating material similar to 
micanite, obtainable in several forms, 
one of which is known ag hard megoh 
mite and is made of thin sheets of 
mica built up of shellac.  Flezible 
Imegohmite consists of sheets of mica 
stuck together by vegetable adhesives. 
Flexible megohmite covered with Jap- 
anese paper is called mica paper while 
flexible megohmite covered with linen, 
is called mica linen. 
ER, ALEXANDER, — Austrian 
radio expert. " Born at Vienna, 1883, 
fe was educated at the Technical High 
School and University of Vienna. Ie 


including the Tele~ 

‘compass, " musical quenched 

sparks, interference preventers, the 
direct current eathode valve relay for 
the reception of Morse Code, ete. In 
1913 he invented the generation of 
oscillations by means of the three- 
electrode valve. "He holds many pat 
ents, including spark gap for impulse 
excitation, quenched-spark signalling 
Jn conjunction with G.’Von Arco, ete, 
and he is the author of many papers 
for scientific journals and societies on 
the subject. 

MERCURY ARC RECTIFIER (MER- 
GURY VAPOR CONVERTER)—A 
device for changing alternating cur- 
rent to direct current, which depends 
for its action upon the unidirectional 
conductivity of the mercury are in 
exhausted vessel. An idea of the prin- 


ciple of operation of the mercury are 
rectifie ‘the 


sr may be obtained from the il- 
mean instant when 
of the supply trans- 
rr is positive, the anode A is then 
positive and the are is free to flow be- 
tween A’and B, B being the mercury 
cathode. Following the direction of 


tne arrows still further, the current 
passes through the lead J, through the 
Feactance col E_and back to the nega- 
tive terminal G on the transformer. 

later when the impressed elec- 
om Is below value 
sufficient to maintain the are against 
the counter electromotive force of the 
are ‘and the lead, the reactance E 
whieh heretofore has been charging, 
now discharges, the discharge current 
being in the same direction as. for- 
merly. This serves to maintain the 
are in the rectifier until the electro- 
motive force of the supply has passed 
through zero, reverses and builds up 


the source is direct current. A form 
of mercury interrupter is shown in 
the illustration, A is a tooth-shaped 
wheel made of insulating” material, 
‘This wheel is driven by a small motor 
‘and the number of revolutions can be 
MaToR te 
\ oti 


to such a value as to cause A’ to have 
a sufficiently positive value to start 
qoac 9 

suey? 

o € 


“rpansroRMer 


o 


Mestration 


ing, tien of mercer ar 
se 
an are between it and the mereury 
Sathove Bu the digeharge circu of 
She Pesctance’ coil Bia Row through 
the sre ARs ingtend of through ite 
former cireutt. “Consequently the are 
AB's “how “supplied with, current 
Partly" from ‘the transformer and 
Partly trom the reactance coll, ‘The 
ow circult Teper the ieansforwer ie 
Indicated by the. arfows enclosed. in 
Eirelen, "The amount of reactance 
Sorted in the dreut reduces the pal 
sons of the direct current suficently 
for all-ordinary commercial purposes 
‘Phe mercury rectier is used in ama 
fines for. charging. storage. batteries 
From, alvernating. current circuits and 
Inthe. larger siacs for’ operating 
direct current are lamps’ from alter 
fing ‘eireuts and. algo in electric 
Traction work in’ the place of Tolary 
converters in the substations or even 
om the tain itseie 
MERCURY INTERRUPTER, (MER- 
CORY TET INTERRUPTER A 
Sontect ‘breaker in wich comtsce 4 
trade befwaey moving. metalic on 
tacts and a jet of mercury provide 
bya small centrifugal ‘pump. driven 
by the sane motor as, the contaces 
When the primary” winding of ain: 
Suction coil ie supplied with a"con- 
nuoup current its necessary to inter: 
rape the current in order that see- 
‘ondary voltage shall be induced in the 
secondary winding. The mercury, in- 
Eeprapter offers eesatistactory: method 
of sctomplishing this. tn one type of 
mercury interrupter a stream of mer- 
tury le forced from ase agsinat a 
metal plates The. siren of Swereury 
Binterrupied bya touthed. wheel cf 
Ingulating’ material ao'that the elec. 
trical circuit te periodically: made and 
Eroken tetween ‘the mercury”and the 
mrotal pints "Tn some fares of more 
Gory iMerrapters The (Jet itselt re. 
Solves, the mercury impinging against 
a fixed metal plate. "The mercury in- 
ferrupter is ued in operating rey 
Bulbe’from an induction coll where 


Ne 
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A tape of mercury Interrep 


varied, within wide timita, A small 

Centrifugal pump forces the mercury 
Spon the. jet By while the revolving 
Whect ‘A‘interrupts the contact of the 
Inereury with the plate ©. The wheel 
Kean be raised or lowered, thereby 
enabling the duration ‘of contact of 
the mercury with. the plate to be 
Varied without altering the number of 
Interruptions in a given time. 

MESH GROUPING—A. method of con- 
hecting colls in w polyphase circuit 
hereby they forma closed circuit and 
have the line wires attached to the 
points of Junction. between the coils. 
The term ‘mesh is osed interchange 
ably with deita. "(See Delta: Connec- 


ion.) 

METER—An instrument used to. make 
measurements. (See ammeter oF am- 
peremeter, double range meters, i- 
Fegrating wattmeter, voltmeter, wave- 
eter, wattmeter.) 

METER (Measure) 
inthe metric syatem 
meter is" equal to 100 centimeters oF 
30.37 inches. Tt ie equal to the length 
of a sandand platinum bar, "kept in 

"aris, and Tepresenting approximately 
2 tensmillionth part of a quadrant. of 
fhe rei meridian measured from 
the equator to the pole through Paris. 
Winsess "waves are, measured. in 
meters. The length of a wave is the 
distance, usually measured in meters 
between’ two points in the successive 
waves where the disturbance is ata 
Trani of at zinimum or Between 
Any. two points of equal. disturbance. 
There is & fixed relationship between 
the length of a single wave, the fre- 
‘quency of oscillation and. the velocity 
of the wave. Thus. if 3,000,000 waves 
pass 'a given point in one second, each 
Wave must be.100 meters. long,’ since 
the velocity ‘of radio waves 18| equal 
46'300,000,000 meters per. second, 

METER-AMPERES—The product of the 
‘antenna current. in amperes at. the 
ppoint of maximum current and the an- 
Kenna ‘effective height in meters, for 
any radio transmitting station. Tt con- 
stitutes a factor for indicating: the ra 
diating strength of radio transmitting 
Stations. 

METRIC SYSTEM—A system of meas- 
trement.in ‘which the meter is. the 
fondamental “unit. of “length. and in 
which all’ the units both. fundamental 
and derived are divided decimally and 

Neher units are formed in, multiples 
often. 
ond) 


(See Centimeter Gram Se 


Microphone 


FD—Abbreviation for 
(qv) 
MICA—An anhydrous silicate of alum- 
id potash or sodium, Mica has 
very high insulating qualities and can 
withstand high temperatures. | Mica 
obtained in the natural state is sep- 
‘arated into laminations which are 
sorted and graded. These are then 
Cemented together to. form plate or 
fiexible mica of any desired thickness 
or purity. Mica i used in radio 
work 3 the dielectric ‘of small fixed 
sound producing diaphragm in certai 
types of head sets and loud speakers 


(qwv.)- 
MICABOND CLOTH—India sheet mica 
faced on one side with muslin and on 
the other side with Japanese insulatin 
paper bonded together with a special 
Binder. “It is used for insulating field 

coils and transformer coils. 
MICABOND PAPER—India sheet mica 
faced on one side with Japanese insu- 
lating paper of one grade and on the 
other side with paper of a different 


grade, 
MICABOND PLATE—Mica sheets 
bonded together with orange shellac. 
Various grades of plate are made 
some of which are used for magnet 
spools, others for insulating of com- 
mutator segments, while still others 
fare used in electric irons. 
MICANITE— A. form of reconstructed 


\™ Mierofarad 


mica. Canadian amber mica and 
white India mica are used. 
MICRO—A prefix placed before the 


name of a unit to denote one-millionth 
part of that unit, as for example mi- 
crofarad (qwv.). 

MICRO-AMPERE — One-millionth of an 
ampere. A unit used in measuring 
extremely small currents. (See Am- 
ere.) 

MICROFARAD— abbreviation Mfd—A 
unit of electrical capacity equal to 
‘one-millionth of a farad. Since the 
farad is too large for most practical 
measurements, the microfarad is gen- 
erally used. (See Farad, also Jar.) 

MICROHM—A unit of resistance equal 
to one-millionth of an ohm (qw.). 

MICROMETER—An instrument for 
making minute measurements. Usually 
controlied by an accurate screw of 
fine pitch. 

MICROMETER SPARK GAP—A min- 
ute adjustable spark gap of about 
four-hundredths of an inch placed in 
the aerial circuit'of @ multiple tuner 
to allow heavy charges to pass readily 
to earth by sparking across ite points. 


Ceurteay of Western Elegie Co. 
‘An example Sfihe” microphone ec in 
MICROPHONE—A sound magnifier. 
The ordinary form of microphone con- 
13 


Alicrophone, Caron. 


sists essentially of a diaphragm set 
in vibration by the sound waves and 
causing by its motion variation in the 
Yesistance of a mass of loosely packed 
carbon granules. ‘This. variation 
Fesistance causes corresponding vari 
tions in the current through the in- 
strument so that at every instant the 
form of the current corresponds to the 
variations in sound. This. type of 
inierophone is often referred to as a 
Carbon Microphone. The telephone 
transmitter ia a form. of microphone, 
and the microphone (nicknamed Mike) 
used in radio broadcasting is merely 
a larger and more sensitive variation 
of the same instrument. (See Electro- 
‘magnetic Microphone.) 

MICROPHONE, CARBON — See Mier 
Phone, also Granular Carbon. 

MICROPHONE TRANSMITTER—See 
Microphone. 

MICROPHONIC JOINT—A -Joose_con- 
tact, between two solid conductors, 80 
mobile that feeble vibrations vary’ its 
resistance. 

MICROPHONIC RELAY —An 
ment for magnifying the variations of 

given current by passing it throu 
an electromagnet that acts on the dia~ 
Phragm or reed of a microphone. T' 
resistance variations are repeated in 
the current produced by a constant 
voltage ina circuit in series with t 
microphone (qv.). Tn general ami 
erophonic relay can be described as a 
microphone combined with a telephone 
80 that a message transmitted over 
the telephone is repeated by the micro- 
Phone over another line. 

MIL—A° unit of length equal to one~ 
thousandth part of an inch 

MIL-FOOT—A wire one foot long hav- 
ing a diameter of one mil. Unit re- 
sistance may be measured in ohms 
(ax.) per mil-foot. This refers to a 
conductor having a. cross-sectional 
‘area. of a circular mil (qv.) and a 
length of one foot 

MILLI—The prefix placed before the 
name of @ unit to Indicate one-thou- 
sandth part of that unit, as for ex- 
ample millicampere (qv.). 

MILLI-AMPERE—One-thousandth of an 
ampere (q.v.). Sometimes abbreviated 
to millicamp, 

MILLI-MICRO—A prefix, denoting one 
thousand millions. (10). ‘The term 
Billi is an alternate prefix. 

MILLI-VOLT—One-thousandth 
volt. 

MILS, CIRCULAR—See Cirenlar Mile. 

MIRROR GALVANOMETER—A_gal- 
vanometer for measuring very small 
currents which utilizes. a reflected 
beam of light for a pointer. In one 
type of mirror galvanometer a fixed 
nearly circular magnet is used and a 
coil of wire is suspended in its field. 
When the current flows through the 
coil it tends to turn the coil $0 as to 
Set its axis in the direction of the 
magnetic force. This movement can 
be observed by means of 2 beam of 
light ‘reflected from a mirror fixed to 
the coll. "(See Galvanometer.) 

MINERALLAC—An_ insulating com- 
pound made in several different grades 
all of which pervious to. water 
‘and show no alkali or acid reactions. 

MALF:— Abbreviation for. Magnetomo- 
tire force (q.). 

MODULATED CURRENTS — Currents 

hich’ have their amplitude periodic- 
ally varied as in the case of the car- 
rier current used In radio. telephony 
Which is varied or modulated in ac- 
cordance with the vibrations of a mi- 
erophone, If a sound wave actuates 
a microphone, its inward and outward 
displacement, varving. the resistance 
in the aerial’ cireuit, results ina high 
4d 


instruc 


of a 


frequency current in the aerial of 
variable amplitude, called a modulated 
high frequency current. The illustra- 
tion shows an extremely simplified dia- 
gram of the apparatus in a broadcast- 
ing station. ‘The initial impulse that 
starts a radio signal towards the re 
ceiving set is furnished by the voice 
fof the speaker. or singer or by some 
other sound originating in the studio. 
‘This sound strikes the inicrophone, the 
operating element of which is a thin 
metal disk or diaphragm. The sound 
waves cause this diaphragm to vibrate. 
Tn doing so, the disk causes changes 
to take place in the electrical circuit 
Pulsations of current are set _up, the 
pulsations corresponding in, strength 
to the variations of the spoken word, 
music or other sound as the case may 
be. These fluctuations are quite wea 
when they, first come from the micro- 
Phone and therefore they must be 
Strenethened. ‘They go through what 
is Known as a voice amplifier which 
utilizes vacuum tubes to make the eur- 
rent stronger. The next piece of 
apparatus to consider is the oscillator 
(av.). This consists of one or more 
vacuum tubes, connected in a circuit 
of such a type that the tubes, when 
lighted’ and. properly furnished with 
a high voltage direct current, will 
generate another current, alternating 
in character, which is said to be osci 
lating at radio frequency. Upon this 
current so generated, the voice cur- 
rent is impressed of super-imposed. 
This process is called » modulation 
(av.)," The current from the osci 
tor ia known as the carrier wave (4.¥.) 
current and when. voice currents are 
impressed upon it, itis known as 
modulated ‘radio frequency current, 
‘This current flows in the aerial and 
there sets up radio waves. 
MODULATION—Variation of current or 
wave form to conform to sound waves 


Graph of & modalated cacrier wave. 
or to other predetermined forms. 
Various forms of modulation are dot 
and dash modulation, chopper modula 
jon, buzzer modulation and speech 
modulation (q.v.). (See Distortion, 
Double Modulation, also Modulation 


— See Double 


hhe ratio of modulation frequency 

to wave frequency. An alternating 
current is said to be modulated when 
the amplitude of ite” oscillations is 
varied periodically. ‘The frequency at 
which the variations occur, that is to 
say the modulation frequency is nec- 
essarily Tess than. the frequency of 
the alternating current which is being 
modulated. The nature of the varis 
tions may assume practically any 
form. ‘As examples, there are dot and 
Gash’ modulation, chopper modulation, 
buzzer modulation and apecch modula 
tion (av.). 

MOLECELE—The smallest group of 
toms of an element. or compound 
Which can exist. by. themselves. A 
familiar analegy states that if a drop 
of water could. be magnified to the 
size of the earth, its component, mole- 
cules would be the size of base-balls. 

MOLYBDENITE—symbol MoS—A lead 
gray sulphide of Molybdenum. It is 
sed asa rectifier detector in contact 

| vith copper. 

MOLYBDENUM. 


ymbol Mo—A silver 


white metal found in nature as molyb- 
denite (qv.), a sulph molyb- 
denum. “Wheh pure this metal is due- 
tile and can be forged. It is used 
chiefly as an alloy to produce extreme- 
ly hard steel. Molybdenite is used ai 
a crystal (qv.) in the detection of 
radio waves. 

MORSE LIGHT—A_ search light used 
to signal code messages. by 
intermittent flashes 

MORSE TD i 
cording Morse code signals 
of dots and dashes on a moving paper 
band. In one form of Morse recorder, 
the attraction of the armature raise 
an inked wheel against the paper rib- 
bon and thereby prints upon it the 
dots and dashes of the message. 

MOSCICKI CONDENSER—A condenser 
in which the dielectric thickens out 
at the edges. It is essentially a form 
of Leyden Jar (qwv.) composed of 
glass tube, especially thickened at th 
Neck where the dielectric stress is 
greatest, coated inside and out with 
metal foil. The design of this con- 
denser is such as to minimize brush 
discharge (qv.) or corona (qv) effect 
at its edges. 

MOTOR—A’ device for transforming 
electrical energy into mechanical en- 
ergy. Motors may be designed for 
operation ‘on direct current, on alter 
nating current or on either direct or 
alternating current. ‘These latter are 
Known as. universal motors. Direct 
current motors are classified as shunt, 
series and compound. This classifies 
ton "is arrived "at according to the 
manner in which the field windings are 
connected, "In the shunt. motor. the 
field winding is connected in parallel 
with the brushes (that is with the 
armature winding). In the. series 
motor the field winding is connected 
in series with the armature and the 
line. “Compound ‘motors have a shunt 
winding in parallel with the brushes 
and a series winding in series with 
the armature and the line. "Compound 
motors may be further classified as 

ferentially compounded and cumu- 
latively compounded. A differentially 
compounded motor is one in which the 
series field winding is so connected as 
to oppose the shunt field. A cumul 
tively compounded motor is one. in 
which the series field aids the shunt 
field.” The speed of the shunt motor is 
nearly constant, falling slightly as the 
load increases. "The speed of the series 
motor decreases as the load increases. 

‘The differential motor may be con- 

structed 0 that an absolutely constant 

speed will be maintained at all loads. 

The speed of the cumulative motor 

decreases rapidly as the load is. in- 

creased. Alternating current motors are 
of the series type, the induction type, 
commutator. type, synchronous type 
and repulsion type. ‘There are a num- 
ber of special classifications of alter 
nating current motors such as single 
Phase. induction, polyphase induction, 
repulsion induction, ete. An ordinary 
direct current. series motor used on 
alternating current will operate but 
at a low power factor, with a large 
eddy, current loss and ‘with violent 
sparking at the commutator. In order 
pt the series motor for universal 
use, it must be specially designed, the 
field structure being laminated (@.v.) 
in order to avoid eddy currents (ay.) 
and the field coils having only a few 
tims "to avoid too great self induc- 
tance (qv.) and. consequently "low 
power factor (qwv.).. Sparking at the 
brushes can be avoided to a. certain 

extent by designing the motor for a 

Small field flux and with but a few 

turns in series in each armature coil. 


5. Placing the component 


Once the pad has been prepared, 
the component has tobe pled, 
Since all solder joints of a BGA are 
hidden under the component body 
‘ component placement unit is 
quired. Successful visual placement 
by hand requies an operator with 
extensive experience and excellent 
stills If the component is placed on 
solder paste deposits, great care 
has to be taken nolo squash the 
solder depot, since doing so may 
lead to shorts after salderng 


6. Resoldering the BGA 


The components heated to the melt 


ing temperature ofthe solder alloy 
used via a controled temperature 
curve. The heating continues unt 
al solder joints have meted and 
remained so for some seconds 


During this time durable and lasting components. Subject tothe typeof 
solder joints are formed. Aer ccannectons (wired, hidden) they may 
resokderng, the board is cooledin sight vay. 

a similar fashion as had been done 

aller desolering, 


“These process sleps are gener 
aly applicable forall surface mount 


al count IC's 


v 


‘Dimensions and properties of the assembly have an influence on its 
temperature requirement 


"Y PCB holders and supports keep the assembly fat and prevent warpage 


‘Agente and coniroled heating process, continuously monitored, prevents 
damage of components or he board 


‘V Accurae component placement i a prerequisite fora good soldering result 


‘Y Operators that are well irsined wil understand the process and ensure 
0d rests 


MOTOR-ALTERNATOR—A motor gen- 
erator (q.v.) set consisting of an al- 
ternator. (q.v.) driven by a direct or 
alternating current motor. Such a set 


may be used for converting from di- 
Feet to alternating current, or for 
frequency changing. 


MOTOR.GENERATOR—A generator or 
generators driven by an electrie motor. 
Motor generators are used for convert: 
ing alternating current to direct cur- 
Tent or vice versa, for changing from 
fone voltage or from one frequency to 
another or to obtain a variable from 
fixed voltage. 


MOVABLE COIL—Inductance coils 
which can be moved or rotated so as 
to vary the inductance. “Examples of 
movable coils used in radio are vario 
souplers, loose cquplers, ete.” (See 

‘upler, Loose; Coupler, Vario, also 
Fixed Coils.) 


MULLARD, 8, R.—British radio au- 
thority. 


Born in 1884, he was edu- 

I’ engineer and 
y" appointed head of the 
laboratory of “Edison | & 
Swan, Ltd, where he developed the 
Pointolite "are lamp. During the 
World War, he served in the Royal Air 
Force and became head of the wite- 
less section laboratory at the Imperial 
College of Science for the Air Min- 
istry. He carried out a series of re- 
searches on vacuum tubes and in 1920 
founded the Mullard Radio Valve 
Company. 


MULTIPLE—As applied to an electric 
circuit, ‘a divided circuit. “Two con- 
ductors are said to be connected in 
multiple or parallel (q.v.) when their 
two ends are joined together. 


NAGYAGITE—A mineral _containin 
lead, gold, antimony, sulphur, and tel- 
lurium. It receives its name’ from the 
location of its discovery near Nagyag 
in Transylvania, It i also known as 
black or leaf teilurium, and has been 


used as a crystal rectifier in conjune- 
tion with zincite. 
ALLY, Edward Jul 


n— American 


MULTIPLE SERIES—See Series 
Parallel. 


MULTIPLIER —A resistance plac« 
series with a voltmeter for. limiting 
and controlling the amount of current 
flowing through the voltmeter wind- 
ings. “This resistance may be either 
internal (enclosed by the voltmeter 
case) or external, 


MULTI-POLAR—Haying more than two 
poles. Usually a generator or motor 
Whose field magnet has more than two 
oles Smal machines "maybe made 
with two poles, bi-polar’ (qwv.), but 
all others Ihave a number. of poles, 
that’ isto say they are. multipolar 
‘The use of multi-poles.remults in 
lighter machine and incidentally there 

igia saving of field copper and a reduc. 
tion in sparking. “TP there are. too 
many poles, however, there will be ex 
Gessive leakage fur between the poles. 
‘See Homo-paler-) 

MUSICAL SPARK—A spark giving a 
regular distinct. musical note. This 
Inay be produced by a high speed ro- 
tary discharger, a quenched gap Cav) 

MUSICAL, SPARK SIGNALS—Signals 
in which the sparks occur ‘at regular 
intervals of time and fast enough to 
Zive a musical note. Usually” the 
Spark rate is between 100 to 1200 dia: 
charges per second, 


MUTE ANTENNA—A local circuit or 
resistor used in testing transmitting 
apparatus. The mute antenna in. this 
case is substituted in the place of the 
actual antenna. Tt. is also referred 
to as a dummy aerial, phantom an- 
tenna, mock antenna, or artificial an- 
tenna. 

MUTUAL CAPACITY—The capacity 
‘effect, of one conductor upon another 
fone in the same electrostatic field. 
The mutual capacity is not the same 
as the capacity of the two wires re- 


garded ‘as the two plates of a con- 


spect to earth caused by the presence 
Of the electrostatic field of the other. 
The ‘total capacity of the two. wires 
is diminished by the overlapping of 
the two individual fields. (See Ca- 
pacity Measurement of Antenna.) 


MUTUAL INDUCTANCE—Symbol M— 
‘The magnetic flux that is common oF 
mutual to two induetively coupled cir- 
cuits, The mutual inductance of two 
circuits is the change in the interlink- 
age of flux that takes place in one cir- 
cuit for a change of Unit current in 
the other. ‘This is also called the co- 
efficient of mutual induction or the 
mutual ‘induetion. coefficient. The 
Units of mutual inductance are the 
same as those of self-inductance. (See 
Inductance, "Mutual; Self-Induetance, 
Induction, ‘Coupling, Induced EMF, 
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radio pioneer, Born april 11th, 1859, 
in Philadelphia, he joined the Western 
Union Telegraph Company in St. Louis 
and worked his way up. in the tele- 
Braph service until in 1913, he was ap- 
pointed vice-president and. general 
manager ‘of the Marconi Wireless 
‘Telegraph Company of America. Nally 
was one of the first to see the possil 


Nally 


Induction, Mutual; Coefficient, and 
Mutual Induction Coefficient.) 
MUTUAL INDUCTION —The interac- 
tion between two current-carrying 
coils, not having direct metallic con- 
nection. The reactance coil such 
as shown in the illustration at A, is 
reduced by the proximity of another 
coil, As if the circuit of the latter con- 
Jig no external source of electromo- 
tive force, such as an alternator. The 
reason for this lessening in the prim- 
ary reactance is that the flux excited 
by the first coil induces a current in 
the secondary coil and this eurrent op- 
poses the action of the primary cur- 
rent, As a result the total magneto- 
motive force (q.v.) the flux (q.v.) and 
consequently the counter-electromotive 


Kee 
the fron “dove feally increase 


force (qv) induced in the first coil 
fare reduced. The effect of the secon 
Bry oll depends upan te dgtance from 
the primary’ coil and upon the amounts 
of the resistance Ry and reactance X» 
if both coils are mounted on the same 
iron core, the action is greatly” 
creased. "In some instances, mutual 
induction is desirable, as in the case 
of coupled ‘radio circuits, or even in 
the ordinary. transformer. In other 
eases, mutual induetance may be tne 
desired as in, the case where a radio 
antenna parallels a power Tine. "(See 
Induetion, Mutual: Mutual Inductance, 
also Mutual Induction Coefficient.) 
MUTUAL, INDUCTION COEFFICIENT 
Another name for mutual induction 
‘That. coefficient. by which the 
Cuit ‘must. be multiplied to give the 
lectromotive force induced in an ade 
Jacent circuit. Prom the principle of 
conservation “of energy, it can. be 
shown that the mutual inductance of 
a cireuit “A with respect toa. second 
Sireuit B equals the mutual induetance 
of B with respect to A. (See Mutual 
Inductance, Inductance, Mutual; Self- 
Inductance, Induction, Coefficient, also 
Coupling.) 


ties of wireless, and under his control 
the first commercial wireless communi- 
cation was established between the 
United States and Japan, in 1914, and 
in 1920, he founded the 
cial wireless service the 
United States and Grest Britain, and 
afterwards to other countries. “He was 
appointed the first president of the 


Fr 


Name Flate 


award Julian 


NAME PLATE—A metal plate affixed 
fon radio set or other apparatus, giv. 
ing the makers name, trade name of 
Apparatus, serial number or other de- 
Edis concerning the machine. 

PERIAN BASE—The base of the 
called natural system of logarithms 

Gey it is usually Tepresented. by 

Ge syinbel ¢ {epsilon} and.is numeric. 

alfy‘equl to 2708 appa" (See Damped 
‘aven) 


NAPERIAN LOG—See Naperian 
Logarithms. 
NAPERIAN LOGARITHMS— Also 


galled Natural Logarithms. Logarithms 
to the base «Logarithms ‘constitute 
‘tabular system of numbers, by ‘which 
the operation of multiplication ean be 
performed by addition, division by sub- 
Eraction, involution by a single multi- 
Plication, and evolution by a single 
ivision.. John Napier, Laird of Mer- 
chiston, Scotland, ia generally regarded 
fas the’ inventor’ of logarithms. The 
logarithms aet forth by Napier were 
those of trigouometrie functions. Later 
on Napier’s logarithms were adapted 
to positive integers, using “as @ hase 
the'number 2718 appx, and these log- 
arithme are now. called natural or 
Naperian logarithms. (See Decrement, 
also Logarithms.) 

NATIONAL ELECTRIC CODE—A | 
Uniform code of rules, based upon the 
Fequirements of fire underwriters, for 
the electric wiring and electric installa 
tions in buildings, "Unless these rules 
are compiled with fire insurance will | 
hot be issued or if issued previously 
Will be voided. ‘The National Electric | 
Code contains a section covering spe 
cial requirements for radio. installa- 
tions. ‘The code is revised annually to 
meet new conditions and requirements, 
Gopies of the code can be obtained 
from. local insurance agents or. from 
the "National Board of Fire Under- 
writers at New York or Chicago.” | 

NATURAL ELECTRIC WAVES— | 
‘Wireless waves due to natural causes 
such lag lightning discharges, When 
Tecelved in the radio apparatus, they 
are called strays (qwv.), static (ax), 
atmospherics, X's (q¥v.), and various 
other names.” There’ are many differ- 
ent causes for these stray waves. Some 
produce « grinding moise in the loud 
Speaker, others a hissing: noise often 


associated with snow or rain. Nearby 
116 


lightning produces a sharp snap. An- 


other type of strays cause loud 
erashes in the speaker. 
NATURAL MAGNET—A_ substance 


‘which possesses in a natural state the 
properties of a magnet. Such a sub- 
Stance is the lodestone, a magnetic 
oxide of iron also called magnetite 
(qv.).. (See Loadstone.) 

NATURAL FREQUENCY — The fre 
{quency at which free oscillations occur 
ina circuit. If L, C, and R are re- 
spectively the inductance, capacity and 
resistance of a circuit, then free oscil- 
Tations in the circuit will have the fre- 
quency 


5 
tr Le ab 
This is the natural or fundamental 
frequency of the circuit. ‘The natural 
frequency of an aerial is the frequency 
corresponding to the ‘natural wave 
lengths (See Natural Wave Length, 
tise Measurement of Wave Length) 

NATURAL RECTIFIER—A mineral 
Which possesses the property of ‘con- 
ducting an electric current in one dic 
fection only. (See Crystal, also Crye- 
{al Detector) 

NATURAL WAVE-LENGTH — Length 
of the wave emitted by an aerial when 
fo added inductance or capacity is 
Serted in the aerial circuit. ‘This is 
fiso, known as the fundamental wave 
Tength (qv). By putting inductance 
coils (qs) (loading inductance) (a.¥.) 
{n the serial elzeuit, longer waves may 
be ‘radiated, while ‘condensers put in 
Series with’ the antenna enable it to 
Produce shorter waves than the aerial 
Would ordinarily radiate, The use of 
a series condenser is avoided wherever 
possible since it has the effect of de- 
Ereasing the total capacity of the aerial 
cireuit and thereby decreasing the 
mount of power which can be given 
to the antenna, The addition of some 

ductance has a. beneficial. effect, 
sinc, the” decrement of the aerial 
thereby lessened and a sharper wave 
results, (See Measurement of Wave 
Length; Wave Length) 

NAUTICAL MILE—abbreviation Nant 
A marine unit of distance. - Equiva- 
Tent to one minute of longitude at. the 
equator, This unit is also sometimes 
referred co as a Telegraph Naut. Tt 
Frequal to 11528 statute miles (the 
statute mile being equal to 5,280 feet). 
The term nautical mile se used expe. 
cially. in submarine cable work. and 
flso in matters pertaining to navige- 
tion. “The term naut is differentiated 
from knot in that the former refers 
to a. distance whereas the latter re- 
fers to a rate or unit of speed. 

NEGATIVE CARRIER*—An_ electron 
combined with neutral gas molecules, 
When the velocity of the electrons in a 
Yacuum tube is less. than the. val 
necessary to cause ionization by colli 
Bon the electrons atiract the neutral 
as molecules and so form heavy nega- 
five carriers, The ease with which thia 
formation of negative carriers. takes 
place depends "on the nature of the 
Bas.” Such gases as argon and. mer- 
fury vapor do not readily form nega: 
tive carriers, while hydrogen and o¥y- 
Fen combine with electrons more easily. 
The effect. of this negative carrier 
formation ia to counteract the redue- 
tion of the negative space charge occa- 
Sioned. ‘by “the heavy. positive fons 
formed by collision ionization. The 
Positive ions are ions of the gas from 
Which one of more electrons have been 


(Van der Bijt—The Termionie Vecwam Tube) 


removed. The ions therefore have very 
nearly the same weight as the gas 
atoms, The negative carriers, on the 
other hand, may consist of an atom or 
molecule to which has been attached 
fan electron. “It is also possible that 
the attraction between an electron and 
the neutral gas molecules can result in 
the formation of clusters consisting of 
more than one molecule held together 
by’ the electron. ‘These negative ca 
riers, therefore, move as slowly as, and 
often more slowly than, the positive 
fons and consequently have a rela- 
tively great effect in counteracting the 
tendeney of the positive ions to reduce 
the negative space charge of the elec- 
trons. (See Blectron Theory, also 
Ton.) 

NEGATIVE CORPUSCLE—The natural 
unit of negative electricity. ‘The elec- 
tron (q.v.). It is more usual to refer 

‘le simply as the 
corp the name given 
by Sir 4-3. Thomson to the carriers of 
electricity shot off from the cathodes in 

vacuum tubes. The  corpuscle was 
found to have a charge equal to the 
electron and a mass which is <7) 
of that of the hydrogen atom. 

NEGATIVE ELECTRODE— In a pri- 
mary cell (qv.) the cathode ay.) 
which is the carbon, copper, ete., elec- 
trode, is the negative electrode, while 
the pole of this electrode is the pos 
tive ‘pole, since it is positive in rela- 
tion ‘to ‘the external’ eireuit. In a 
secondary or storage cell, the spongy 
lead plate, which is the anode during 
discharge, is called the negative elec- 
trode and its pole the negative pole. 

NEGATIVE ION—An atom, which is 
the smallest particle of an element 
capable of existing, plus an electron 
(av.) _ (See Anion, Cathion, Electron 
Theory, also fon.) 

NEGATIVE POLE—The south-secking 
end of a magnet. In a generator, the 

terminal into which the current re 

turns from the external circuit. In a 

storage cell, the terminal of the nega- 

tive plate. "In a primary cell, the pole 
of the positive plate. 

EGATIVE RESISTANCE—A current 

path within a vacuum tube or an are 

In which current decreases as voltage 

increases. ‘The emission of electrons 

from cold electrodes under the impact 
of electrons (known as secondary elec- 
tron emission (q.v.) oF delta rays) re- 
sults in a negative resistance or falling 
characteristic. The presence of sec- 


AMMETER 


© GRID CURRENT 
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ondary electrons can be shown by re- 
ferring to the illustration. | The plate 
P is kept at a constant positive poten. 
tial with respect to the filament F by 
means of the battery B. When there 
iS no. difference of potential between 
the filament and the grid G, the cur- 


rent in the circuit FGA is very small, 
since practically all the electrons emit- 
ted from the lament are drawn 
through the openings of the grid and 
thrown on to the plate. If the poten- 
tial of the grid (positive with respect 
to the filament) is increased, the cur- 
Tent to the grid at first increases, as 
shown by the part OC in the accom- 
panying curve. When the grid poten- 
tial reaches a certain value, the cur- 
rent as indicated by the ammeter be- 
Bins to decrease, drops down to zero at 
Band then reverses its direction of 
flow. The reason for this is that while 
the difference of potential between the 
filament and the grid is small, the 
tlectrons that strike the grid enter it, 
but as the positive grid potential is 
inereased the electrons on striking the 
grid emit secondary electrons from it 
And these are drawn to the plate 
hich is’ maintained by the battery B 
fat a positive potential, with respect 
to the grid. The net current as shown 
by the ammeter is the sum of the elec- 
trons entering the grid and those leav- 
ing it, When the velocity with which 
the electrons strike the grid increases 
beyond a certain value, one primary 
electron ean knock out more than one 
Secondary electron from the grid and 
the current in the filament-grid cir- 
cuit reverses, When the positive grid 
potential is increased to such an, ex- 
Hent that the grid becomes positive 
with respect to the plate, the secondary 
clectrons are no longer drawn away to 
the plate, but are driven back to the 
grid '8o that the reversed current in the 
Evid circuit again decreases as shown 
ALE on the curve, and finally assumes 
the original direction. Hence, con- 
sidering the current as indicated by 
the ammeter and the voltage between 
filament and grid, it ean be seen that 
‘over the portion’ of the curve CDE, 
the current decreases ag the voltage in: 
creases. Therefore CDE represents a 
negative resistance characteristic. It 
has been found that a device which 
possesses a negative resistance can 
function as an amplifier and also as a 
generator of continuous oscillations. 

NEGATRON—An English vacuum tube 


—criD 
DIVERSION 


containing a filament, a grid and two 


plates, This tube was devised by J. 
Scott-Taggart, who used it for’ ob- 
taining negative resistance (q.v.) char- 


acteristics, The two plates are fixed 

One on each side of the filament. The 

Accompanying illustration "shows a 

typical negatron. ‘The bulb is tubular 

in’ shape and the four electrodes. are 

Plainly’ shown. The grid, in this tube, 
‘2 metal rod. 


NEON LAMP—An incandescent lamp 

‘Which a reddish light is produced 

by tre incandescence of neon gas at 

low pressure. This lamp has very low 

current consumption and has been ap- 
plied to pilot lights, signs, ete. 
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Neon Lamp 


NEON TUBE—A vacuum tube con- 
taining the gas neon at low pressure 
used in the Fleming Cynometer (a.v.) 
ete. In this instrument, which is used 
to measure the frequency of electric 
waves, wave lengths, etc., a capacity 
formed by one brass tube’ sliding over 
another can be varied simultaneously 
with an inductance consisting of an 
air core solenoid and arranged so that 
the ‘point st Which resonance takes 
place is indieated by the glowing of the 
eon tube and ean be read from a cali- 
brated scale, 

NERNST LAMP—An incandescent lamp 

which’ the ineandescent body con- 

ists of a strip of material composed 
'a mixture of oxides of metal such 
tirconium, magnesium and other re- 
fractory oxides. The incandescent por- 
tion of the lamp is called the glower 


Neutrodyne Circuit 
nected alternator is also known as the 
heutral wire. The neutral wire is here 
also known as the common return. 


MAIN GENERATOR 
GENERATOR “/ 
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MOTOR 


NEUTRAL 

WIRE 

A three ire yateon with unbalanced 
‘homing mentee wit 


NEUTRODYNE—See Neutrodyne Cir- 
‘nit, also Hazeltine Neutrodyne Re- 
NEUTRODYNE CIRCUIT—A. circuit 


used in radio reception in which radio 
frequency amplification is used for 
neutralizing the effects of capacity of 


Fig 2. 


and is conductive only at_a high tem- 
Peratare, Consequently it has to 
jeated by an auxiliary heating coil. 
‘The heating coil is automatically cut 
out of the circuit when the current 
starts to flow through the glower. 


NEUTRAL BODY—A body void of 
electrification, A charged body which 
Toses its electrification is said to. be 


discharged or neutralized. All matter 
‘capable of electrification. 

NEUTRAL LINE OF MAGNET —The 
middle portion between the two mag- 
netic poles of a bar magnet, where 
there is no manifestation of magnet- 

NEUTRAL WIRE—A middle wire, in 
fa three wire system (4.v.) of power 
distribution, which is kept at a poten- 
tial mid-way between the positive and 
the negative mains. In the three-phase 
system of alternating current distribu- 
tion, the conductor, connected to the 
neutral point of a “star” or “Y” con- 


A typlenl neutrodyne a 


the tube and its socket. Figure 1 
shows @ portion of a receiving circuit. 
In this diagram the tube capacity is 
represented by a condenser shown 
in dotted lines. By studying this ci 

cuit, it can be seen that a closed oscil- 
latory circuit exists, made up of the 
inductances and capacities in the plate 
and grid circuits, Just as radio fre- 
quency currents can pass through con- 
Tensers in a receiving set, so they can 
pass through or across ‘the, vacuum 
Qube from the plate to the grid, which 
forms a condenser. This condenser ef- 
fect is the reason why radio frequency 
amplifiers oscillate, A difference of 
potential oceurs in the plate side of the 
oil in the plate cireuit, Instead of 
this being handed on to the next tube 
for additional amplification, a portion 
of this potential leaks through the ca- 
pacity of the tube and its socket and 
affects the grid in such a way that 
trouble is experienced with self-oscilla- 
tion. In the neutrodyne circuit, the 
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Nickrome Wire 


inter-element capacity of the amplifier 
vacuum tubes is neutralized by means 
of special “condensers. called” neutro- 
lone. ‘The capacity of these {2 very 
{ow being approximately equal to the 
internal capacity. of a vacuum tube, 
By reason of this equality, any ten: 
dency of a large amount of radio fre- 
queney current to pass back through 
the tube through the grid is defeated 
and instead is neutralized by the com= 
Dination of the neutralising capacities, 
the inter-element eapacity of the vacu: 
tum tubes and the secondary windings 
of the tuned radio frequency. trans- 
formers. This effect is in reality a 
bucking’ one, since the current is made 
to take two’ paths. Each neutralizing 
condenser must bs adjusted so that is 
capacity will equal that of the vacuum 
tube itis connected with. “Since it 3 
impossible for @ neutrodyne circuit to 
oscillate, “there. is no. radiation of 
energy trom the set, with consequent 
disturbance of other receiving sets in 
the vicinity. 

‘The neutrodyne eireuit was invented 
by Profeamor ibe ‘Av Hazeltine, "The 
typical neutrodyne receiving set uses 
Fie. tubes, employing two “stages of 
tuned and’ neutralized radio frequency 
amplifeation, with detector and two 


lio frequency stages. (See Hazel- 
tine Neutrodyne Receiver.) 
NICHROME WIRE—A._ nickel-chro- 


‘mium-steel alloy wire, which is able to 
withstand a bright red heat in the at- 
mosphere without oxidizing. Nichrome 
is practically non-corrosive, “It has a 
very high melting point, about “1850 
degrees Centigrade and is used exten- 
sively in electrical heating appliances 
and resistance element 

NIGHT EF FECT—Changes in the 
strength of radio signals noticeable 
‘especially at night. ‘This effect is also 
known as fading (qv.).. Fading does 
not generally occur in the immediate 
vicinity of the transmitting station, It 
seems to happen more often on wave 
lengths below 400 meters. A certain 
station is being received with normal 
intensity, when suddenly the sounds be- 
Some very faint and in a few minutes 

ey may again become normal or may 
even become stronger than usual, In 
some cases the variations from strong 
signals to weak take place every few 
minutes while in other eases there may 
be an interval of several hours. It 


hhas been observed that fading takes 
place over land more often than in 
radio transmission at sea. 

NOBLE, Sir William—British engineer, 
Born in 1861 and educated at Gordon's 


Broadcasting 
Sir William Noble has 


OCTAHEDRITE—Chemical Symbol TiOs 
—Titanium dioxide, an eight sided crys. 
tal which has been us a crystal 
detector for detecting and. recti 
radio currents. (See Crystal.) 

OERSTED—The unit of 
(qv). The reluctance or in other 
words, the magnetic resistance offered 
by a cubie centimeter of vacuum. Unit 


magneto-motive.foree (q.v.)_ will gen- 
erate a unit of magnetic flux (av.) | 
18 


written many articles on telegraphy 
and telephony and is considered to be 
in authority on these subjects, 
NODES—In a wave form, such as 
shown in the illustration which repre- 
sents an alternating current sine wave, 


ting current sine wave, the points of 
zero current or potential, at A, C, B, 
and G, are nodes, 
D, 
( 


‘and the points By 
‘and F are the anti-nodes or loops 
ve 


Sine wave illustrating nodes and anti-nodes, 


NODEN VALVE—An electrolytic recti- 
fier (q.v.)_which allows only current 
in one direction to pass through it. 
This rectifier utilizes an aluminum rod 
or cylinder as a cathode and the anode 
may be of iron, lead or of carbon. 
Ammonium phosphate is used as the 
electrolyte. ‘The. principal of opera- 
tion of this rectifier depends upon the 


ELECTROLYTE 


‘A.C. GENERATOR 

Diagrammatic ilutratlon of the 
‘ine of the Noden valve, 

fact that the current in the positive 

direction is stopped at_the ‘aluminum 

plate through the formation of an in- 


Firs, 
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sulating crust of aluminum phosphate 
and aluminum oxide. ‘These two sub- 


O 


through unit reluctance. ‘The oersted 
‘was named after the Danish physicist, 
H.C. Oersted. 

OHM—Symbol 2 (Omega)—The unit of 
electrical resistance. “It is the ratio of 
unit electromotive force (qn). to 
unit current. The ohm is the basis of 
the entire clectrical system of u 
and the volt and the ampere are de- 
fined in relation to it, | Very elaborate 
apparatus is required in order to de- 


stances present an extremely high re- 
sistance to the passage of the current 
in the positive direction, but the com- 
pounds dissolve again upon reversal of 
the current. By suitably ‘combining 
two or more cells, both the half waves 
of an alternating current can be recti- 
fied. In Fig. 1 is shown the principle 
‘upon which the Noden Valve acts, and 
ig. 2 shows a hook-up for connecting 
four cells to obtain full wave rectifies 
tion. (See Electrolytic Rectifier Full 
Wave, also Rectifier.) 
NON-CONDUCTOR—See Insulator. 
NON-INDUCTIVE COIL—A. coil ha 
ing negligible inductance. Such a coil 
may be wound by doubling the ‘wire 
upon itself and then winding the two 
parallel halves side by side. 
NON-OSCILLATORY—Free from oscil- 
lations or vibrations. Without perl 
Odicity, that is to say, aperiodic (q, 
A current which is unitorm in direc: 


uperiodiec circuit (q.v.)." Such a.cir- 

cuit can have no natural period of os- 

cillation. 

ON-PERIODIC—See Aperiodic, 

non-oscillatory. 

NON-RADIATIVE ANTENNA—A com- 
bination of capacity and. inductance 
equivalent to that of an aerial, used to 
test transmitting “apparatus ‘without 
radiating waves. (See Mute Antenna.) 

NORTH MAGNETIC POLE—A_ point 
on the earth at a latitude 70 degrees 
North, longitude 97 West, ‘The north 
ragndtic Pole docs 70 coincide with 
the: north) (geographic) “pole. (See 
Magnetic. Poles.) 

ORTH POLE— See Magnetic Poles, 

‘also North Magnetic Pole. 

NO-VOLT RELEASE—An electro-mag- 
netically controlled deviee, inserted in 
the field circuit of a motor so that it 
holds the handle of the motor starter 
in place on the last stud, but if the 
supply current fails, the magnet be- 
comes, demagnetied and ‘allows the 
spring attached to the starter, han 
{pull ‘the handie ‘back to the “oft 

position, This prevents damage to the 

‘windings of themotor, in case the cur- 

rent comes on again,’ since it 19 then 

necessary to start up’ the motor in the 

Usual way, using the starter and grad. 

ually inereasing the voltage by. cut- 

ting out the limiting resistances pro. 
vided in the starter. 

Release.) 


(See Overload 


ed 
a galvanometer, as for example 
when ‘using a. IWheatstone Bridge 
(qv.). This is sometimes referred to 
as the zero method. (Null is also @ 
German word meaning zero.) 


termine the ohm absolutely, However, 
resistances can be compared easily and 
once the standard is determined it is. @ 
simple matter to make duplicates. In 
‘accordance with an act of Congress, 
the ohm was adopted as a legal unit 
and defined as follows: The unit of 
resistance shall be what is known as 
the international ohm, which is sub- 
stantially equal to one thousand mil 
lion units of resistance of the centic 


meter-second-gram system of electro- 
Magnetic units and ie represented by 
the resistance offered to.an unvarying 
electric current by a column of mer 
‘cury at the temperature of melting lee, 
144521 grams in mass, of @ constant 
eroas-sectional area and of the length 
‘of 108.3 centimeters. ‘Stated in English 
nits, the ohm is specified as the re- 
sistance offered to an unvarying elec. 
trie current by a column of mercury at 
the temperature of melting ice (32 de- 
fees Fahrenheit), 0.5050 of an ounce 
fn'mass (approximately 8/100ths of a 
pound), of 8 constant. cross-sectional 
rea and of a length of S487 feet. 
OHMMETER— An instrument used to 
gisasure resistance ‘directly in ohms, 
iis particularly adapted for measur~ 
ing high resistances, although certain 
types of ohmmeters are made for meas- 
Uring lower resistances. In one form 
of ohmmeter, the moving system is. de- 
flected by forces due to currents in two 
coils at right angles to one another. 
‘These carry currents in one case Dro- 
portional to the current through the 
Sonductor under test, and in the other 
case proportional to the potential drop 
‘teross it. This isin effect, a special 
form of galvanometer (q.v.) and when 
combined with a hand driven generator 
gives the conventional megger (av.) 
‘The bridge type ohmmeter depends on 
the Wheatstone Bridge (qwv.)  prinel- 
ple. “In this instrument, however, the 
Theostat resistance remains’ constant 
id the bridge arms are formed by a 
wire, called a alide wire, resistances 
being varied by means of a moving 
‘contact as shown in. the illustration. 
This type of instrument is often re: 
ferred to as & slide wire ohmmeter. 
While a straight slide ‘wire is used in 
some types, in others the wire is wound 


UNKNOWN 
RESISTANCE, 


on an insulating cylinder. In the 
Weston direct-reading ohmmeter, there 
is a permanent magnet and a moving 


‘are made for connecting an unknown 
resistance and an auxiliary battery in 


the circuit’ of the instrument. A 
checking plug is provided for checking 
the accuracy of the instrument before 
use. When the key is closed, the bat 
"y, current is divided between two 
windings. The magnetic force exerted 
‘on the one winding, which is in series 
‘with a fixed resistance, tends to deflect 
the pointer up the scale, while the 
force exerted on the other. winding 
fends to return it to zero.” With the 
correct battery voltage the magnetic 
Shunt may be adjusted to bring’ the 
pointer to full scale position. When 
the plug is shifted to the low range 
position, a resistance equal to that of 
the low range is removed from the cir- 


cuit whose magnetic force tends to de- 
flect the pointer towards the zero posi- 
tion, By connecting a resistance equal 
to that of the low range across the 
“unknown” binding posts, the previous 
condition is restored and the pointer 
‘will go back to the full seale position. 
For values of resistance lower than 
this the opposing force will be greater 
and hence the coil will be brought back 
to a lower position on the scale. At 
zere resistance across the “unknown” 
binding’ posts, the magnetic forces of 
the two windings will balance each 
other, thus causing the coil to stand 
at zero on the scale, The Vawter 
dieating ohmmeter is of the galvano~ 
meter type and utilizes two coils car- 
Fed by a shaft and moving in the field 
of a permanent magnet. A. specially 
Shaped core is used to give the desired 
scale characteristics. By making con- 
nections to the coils through spirals of 
negligible torque, the position of the 
pointer does not depend upon the value 
of the current nor on the strength of 
the permanent magnet. 

OHMIC COUPLING —See Resistance 
Coupling. 

OHMIC DROP —The fall in_ potential 
which occurs when an electric current 
flows through a resistance. (See /R 
Drop.) 

OHMIC LOSS—Power or energy loss 
due to the resistance which an_elec- 
trical circuit offers to the flow of cur- 
rent. (See IR Loss.) 

OHM’S LAW —Current flowing ina 
conductor will increase directly with 
inerease of voltage and will decrease 
directly with increase of resistance. 
In other words, voltage is the cause, 
while current is the effect. The effect 
is directly dependent upon the cause 
and inversely dependent upon the op- 
position offered to the cause. Ohm's 
Taw is the fundamental law of elec- 
trical engineering. Ohm's law can be 
stated as an equation as follows: 

Current (in Voltage (in volts) 
amperes) = Resistance (in ohms) 


Current X Resistance 
Voltage 
Current 

‘The above three equations all mean 
the same thing and serve to express in 
various forms, the idea set forth above. 
Ohm’s law ean be applied to every con- 
ductor, provided that the conductor 
stays at a constant temperature, that 
there is no internal electromotive force 
inthe conductor and that the dis- 
tribution of the stream lines in the 
conductor remains unchanged, Ohm's 
law is easy to understand and easy to 
apply. Thus in a particular circuit, a 
certain voltage causes a certain cur- 
rent to flow. Double the voltage will 
cause double the current to flow, if the 
resistance is the same. If the resist- 
ance is doubled, however, the same 
voltage will result in only half the 
current flow. Double voltage and 
double resistance results in unchanged 
current flow. Ohm's law applies to a 
portion of an electrical as well 
as to the entire circuit. “Care must be 
taken when applying the law to only 
part of the circuit, to consider only the 
resistance, current and voltage of that 
part. 

OMNIBUS BAR—A conducting bar of 
copper, mounted in back of a switch: 
board, ‘or panel and serving as a com- 
mon connector for two or more pieces 
of apparatus. This term is more usu- 
ally shortened to bus bar (qv.) 

OMNIGRAPH — An intrument whieh 
‘sends code (dots and dashes) me- 


Voltage: 
Resistance 


Open Cireuit Primary Cell 
chanically. It is usually operated by 
clockwork and is connected with a buz- 
zer. It employs metal dise records 


"ode mechanically 


each of which has a series of notches 
Which correspond tothe dots and 
dashes of the telegraph code. The 
omnigraph is used by beginners in’ 
learning the code and is also used to 
test the speed of reception of appli- 
cants for radio operators’ licenses. 

ONDOGRAPH—An instrument for auto- 
graphically recording the wave forms 
of varying currents, especially cur- 
rents which are alternating rapidly, 
‘This form of curve tracer was invented 
by Hospitalier. 

ONDOMETER — Another 
wave meter (4.¥.) 

OPEN ANTENNA — According to the 
report of the Institute of Radio Engi- 
neers standardization committee, this 
is a condenser antenna, that is to say 

an antenna consisting of two capacity 

areas. Antennas may be subdivided 
into two general classes, those which 
act principally as condensers, usually 
ply called antennas, and. those 
which act principally as inductances. 
These latter are loop antennas (q-v.); 
coil antennas (q.v.), ete. When elec 
trie waves reach a condenser antenna, 
they set up an alternating electromo- 
force between the wires forming 
the upper plate of the condenser and 
the ground or the other lower plate of 
the condenser. As a result of this al- 
ternating electromotive force, alternat- 
ing current will flow in the antenna 
system. (See Aerial.) 

OPEN CIRCUIT — An electrical eireuit 
which does not offer a complete path 
for the flow of electricity. ‘There may 
be one or more breaks in the path. 
open circuit is often referred to as a 
broken cireuit.- Open circuits often 
cause trouble in radio apparatus, They 
may be due to the burning out of @ 
winding, to a connection coming off & 
terminal, to a. soldered connection 
breaking’ loose. or to similar causes. 
‘The method of testing for an open cir 
cuit is to connect a battery and a head- 
set in series with the eireuit in ques 
tion. “If there is no click in the head- 

» there is evidently a break in the 
cireuit. 


name for a 


‘An open circuit primary cell. 
CIRCUIT PRIMARY CELL—A. 
‘erimary cell (qwv.) designed for inter- 
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Open-Core Transformer 


mittent use and normally kept on open 
circuit. Such cells usually have a de- 
polarizer (q.v.) which acts slowly. In 
certain cases, no depolarizer’ what 
ever is employed. Open. circuit cel 
are designed for use during short in- 
tervals of time only and must stand for 
long’ periods on open circuit, during 
which the hydrogen is gradually taken 
away from the negative plate. “The 
operation of the open circuit cell will 
not be satisfactory’ if the rest periods 
are not long enough or are not at fre- 
quent intervals. 


DRIMARY 
WINDING: 
‘ 


SECONDARY 
WINDING 


<a 


_ 


‘An open-core transformer, 


OPEN-CORE TRANSFORMER—A 

ssformer in which the (useful) 

‘agnetie circuit is partly through iron 
‘instead of 


former. In one type of open-core trans- 
former the arrangement is similar to 
that of an induction coil (q.v.), a hol- 
low iron core, filled with’ soft. iron 
wires being employed to concentrate 
the magnetic field. 

OPPOSING ELECTROMOTIVE- 
FORCE —See Back Electromotive- 
force. 

OPTOPHONE—An instrument utizing 
f@ telephone receiver controlled by the 
Variations of resistance of a selenium 
cell (a.v,) by means of which the blind 
fare enabled to read ordinary type, 
through the sense of hearing. 

ORDINATE—A mathematical term used 
in radio in making loge (q.v.) oF other 
curves. Defined in mathematical lan- 
‘guage, the ordinate is that one of the 
Coordinates of a point which is drawn 
parallel to a line (ealled the axis of 
ordinates) to the point from the other 


AXIS. OF OROINATES 


AXIS OF ABSCISSAS 


‘The dated line ivan ordinate 


axis (called the axis of abscissa: 
from the plane of the other axi 
coordinates, assumed as a basis of ref- 
erence. This definition will be clearer 
if reference is made to the acc 
panying illustration, The dotted line 
drawn from the point A to the axis of 
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abscissas is the ordinate of the point 


OSCILLATING CURRENT — An alter- 
nating current of high frequency, con- 
sisting of a succession of waves of con- 
stant length. In some cases, the term 
oscillating current refers. particularly 
to a current where the amplitude is 
decreasing in constant proportion due 
to damping. (See Oscillation, Oscilla- 
tion Frequency, also Logarithmic Dec- 
rement.) 

OSCILLATING IMPULSE — An oscilla 
ting current set up for the purpose of 
producing electric waves. 

OSCILLATING PERIOD—The time of 
‘one complete oscillation (q.¥.) 

OSCILLATION —Pe 
in one direction and then in the other. 
Electrical oscillations are the surgings 
backward "and forward of “current 
periodically, as, for example, in th 
case of a condenser being discharged 
in-an oscillating circuit, The oseil- 
lating action ina discharging con- 
denser is as follows: In the case of a 
condenser, positively charged, upon 

ig discharged through an’ induc 
tance, the charge rushes out of the 
condenser, the current increasing in 
strength until it reaches a maximum. 

Then, due to self-induction the current 

prolongs itself, and it continues until 

its energy is ‘changed back into an 
electric charge of an opposite sign, 
current flowing into the condenser 
which is then charged negatively. 

The condenser again discharges giving 

a ‘maximum current. in the. opposite 

direction. the current thereafter flow- 

ing back into the condenser. with the 
same direction charge as at first. ‘This 
action, constitutes one complete ‘swing 
oF oscillation and the current continues 


trie waves. It is Important’ to note 

that the propagation of electric waves 

could net be accomplished without elec- 
ations. ‘Thus at the trans- 

wf station, the electrical oscilla- 
re converted into electric waves 
and at the receiving station, the waves 
fre re-converted back into oscillations. 

OSCILLATION CONSTANT —The 
square root of the product of the ca 
pacity and the inductance of a circuit. 
‘The natural period of a circuit is de- 
termined by {ts inductance and capac- 
ity'in the same manner as the natural 
Period of a steel spring clamped at one 
{nd in a vise is determined by its mass 
‘and elasticity. Where @ simple aerial 
{s'used it is an easy matter to calcu- 
late the length of a wave radiated from 
{t, provided the oseillation constant has 
deen found. ‘The velocity of electric 
waves is approximately 3 x 10"em. per 
Second, and hence the length of the 
wave radiated is about 60 times the 
oscillation ‘constant where the wave 
Jength is measured in meters. (See 
Aerial Tuning Condenser, also Ie0- 
ehronous.) 

OSCILLATION FREQUENCY—The 
number, of complete. oscillations or 
eyeles flowing in a circuit per second. 
The oscillation frequency of a circuit 
varies inversely as the square root of 
The product of the inductance and ca 
pacity. The frequency is inversely pro- 
Portional to the wave length, hence the 
Addition of either capacity’ (qv) oF 
inductance (a) tothe oxclatory ci 
cuit will result im an increase of wave 
length (qwv.).. (See Frequency.) 

OSCILLATION POINT—That current 
‘value, known as the critical current 
(avs, at which the vacuum tube or 


tubes in a radio receiving set start to 
oscillate, 

OSCILLATION TRANSFORMER—A 
high-frequency | air-core transformer 
used for transferring electrical oseil- 
lations ‘trom one, circuit te, angther. 

fer one or both the windings may 

be tuned to the frequency of the dscil- 

lations. The transformer ysed for 

coupling the oscillator of a transmit- 

set to the aerial is an example of 

gn ellation transformer, "(See 

‘oupling,  Induetive Coupler, also 
Transformer.) 

OSCILLATION VALVE—See Oscillator, 
also Vacuum Tube. 

OSCILLATOR—A device or apy 
for producing electrical oscillations. 
The vacuum tube (qv.) under correct 
conditions may be used to produce sus: 
tained oscillations of a definite ampli- 
tude and frequency. “In order for @ 
vacuum tube to act as an oscillation 
generator it must be capable of am- 
plifying, part of its ‘output energy 
must be’ returned to the input, an os 
cillation cireuit must be combined with 
the tube, which possesses induetance, 
capacity and resistances of values such 
that the tube will oscillate ‘with the 
desired frequency and finally the tube 
must have certain characteristics which 
when combined with the constants of 
the oscillatory circuit, will determine 
the amplitude of the oscillations. "Os 
cillations. may also be produced by 
means of a high frequency alternator 
and by a direct current generator and 
electric are. “(See Aléernator, also 
Alezanderson.) 

OSCILLATOR, HERTZIAN—Two 
sulated rods, with axes in line, with 
their nearer ‘ends forming a spark gap 
and their outer ends bearing plates or 
balls to give the system the required 
capacity. The overall length is usually 
less than 6% ft. and the whole con 
stitutes an open’ oscillator. A Hertz 
ian oscillator is “sometimes called a 
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Typical Mertsian Oscillators. 


dipole. When the rods are brought 
hear each other but not in actual con- 
taet and the conductors are connected 
to the terminals. of an induction coil 
(a.v.)" a succession of sparks can be 
caused to jump the gap and these set 
up electric waves in the ether (4¥-)- 
OSCILLATOR, LINEAR—The straight 
‘wires connected on either side of the 
Spark gap of an induction coil, tr 
Versed by oscillations. Linear ‘ose 
lators are of the open type. As used 
by Herts, they consisted of two. rods, 
having a'spark gap between their ad~ 
Justed ends, while thelr outer ends ter- 
inated in’ plates or balls in order to 
Increase the capacity of the system 
OSCILLATOR, RIGHI—In this type of 
oscillator, the spark gap is established 
between two metal spheres placed be- 
tween two smaller spheres. "(See Os- 
eillator, also Oscillator, Hertstan.) 
OSCILLATOR, THERMIONIC_A 
vacuum’ tube used to generate con- 
Unuous oscillations. (See Ovcillator.) 
OSCILLATORY CIRCUIT—A circuit 
possessing inductance (qv) and ca- 
pacity. (qv.), the electrical constants 
Keing such that an oscillatory current 
canbe set up. The accompanying 


figure shows a simple oscillatory cir- 
uit, consisting of a condenser, an in- 
duetance and a spark gap. When a 
source of high potential is connected 
across the spark gap and the latter is 
properly adjusted, the condenser is 
charged and there is a spark across 
the gap. Provided that there is not 
too much resistance in this circuit, 


INDUCTANCE 


CONDENSER 


TO souRcE OF 
HIGH POTENTIAL 


there will be set up an oscillating cur- 
rent (4.v.) of high frequency, decreas- 
ing in'amplitude according to. a fixed 
ratio. Such a current can be used to 
set up electric waves. Oscillatory cir- 
cuits are of two general classes, closed 
fs shown in the illustration and open, 
as in the ease of an aerial system. An 
aerial which has no. tuning: condenser 
or inductance in its cireuit still has 
distributed inductance and. capacity, 
Whereas an aerial having a tuning fi 
Yuctance and a condenser in its cit- 
cuit, has a combination of concentrated 
and distributed inductance and capac- 
ity. 

OSCILLATORY CURRENT—Ser Orci 
ating current. 

OSCILLION—Name which has been ap- 
plied to the vacuum tube (a.v.) espe- 
ally where ‘used "as an oscillation 
Renerator. 

OSCILLOGRAM—A picture, graph or 
record of a wave form usually obtained 
by’means of an oneillograph (a.t.)- 


TUNING FORK 


= 


The illustration shows an oscillogram 
obtained on smoked glass by means of 
a tuning fork. (See Oscillagraph.) 

OSCILLOGRAPH —An_ instrument for 
recording photographically or showing 
visually the wave form of alternating 
currents or of other rapidly changing 
currents ‘or voltages. ‘The essential 
parts of such an. instrument are a 
‘moving coil mirror galvanometer, a ro- 
tating or vibrating mirror and a mov- 
ing photographic plate or film. Figure 
T illustrates the principle of the oscil- 
lograph and shows the curves it. pro- 
duces. The oscillograph was invented 
by M.A Blondel in 888. "By means 
of the oscillograph the wave form of a 
current may be shown as a curve and 
its characteristics may thus be exam- 
jned and studied. "In order to form 
the curve, it is necessary to have simul- 
taneous motion in two directions. ‘The 


mirror attached, is made extremel 
light #0 that the moving system will 
have as little inertia as possible. The 


ADJUSTING. 
SCREW) ban 
Coit, 


Fig. 1, The prineile 
ata A 


coil is placed in a powerful magnetic 
field and when an oscillating current is 
passed through it, it oscillates in syne 
Chronism with the current. A spot of 
light focused on the mirror is made to 
fall on a sereen at the predetermined 
distance from the vibrator. This spot 
of light traces out a straight line on 
the “sereen. Substituting a _photo- 
raphe film for the sereen and arrang 
Ing. the film 30 that it will move in-a 
Vertical path across the moving beam 
of light (which 1a assumed to be mov- 
ing from right. to left. across the 
sereen) @ curve is traced on the film. 
‘The’ commensal form of oxilographs 
are provided with apparatus whereby 
the Curve may. be examined without 
the necessity of photographing it. In 
these the beam ‘of light. is. reflected 
from a rotating or vibrating mirror in 


GaTHODE. 
VOLTAGE 
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PHOTOGRAPHIC f 
FILM = 


such a way that it receives a hori- 
zontal and an up and down motion and 
is focused onto a curved plate of glass. 
‘Tracing paper may be stretched over 
the glass'so that the Image of the spot 
of light traces a visible curve on it. 
‘The curve being repeated very rapidly 


Oudin Resonator 


appears to be standing still and hence 
eis possible to trace over it with @ 
pension even to nes apse of Bho. 
mraphic. paper. on the. curved. gia 
and make a record of the curve in th 
"The motion picture camera has 
deen applied to the oscillograph and is 
Useful Where longer records) are  re~ 
fiuired, “It should be noted that. oscil- 
lographs which utilize a moving. co 
such-as the Duddell or Blondin types 
‘will work over a band of frequencies 
Up tova maximum of about 900 eyeles 
per second. Inasmuch as the oscilla: 
Hong ‘common in radio work are, of 
much “higher frequeney” than 300 
Cycles, it has been found necessary. to 


use an oscillograph whose moving 
parts are without appreciable weight 
‘The use of electrons as moving parts 

"A Prench- 


an oscillograph which has no appreci- 


able inertia and which is capable of 
operating at a frequency up to a mile 
Hon cycles per second. This device 


uses only minute amounts of energy 
in its operation and therefore does not 
disturb the original circuit. It is able 
to register both voltage and current 
Simultaneously and is go arranged that 
a single impulse is sufficient for a pho- 
tographic impression. The Dufour 03 
cillograph consists essentially of two 
lass tubes fitted by means of a ground 
Joint into a bronze chamber. ‘The up- 
per glass tube carries a cathode and an 
Bnode and the other tube has one pair 
of deflecting plates for electrostatic de- 
fection of the electron stream. Two 
sets of coils perpendicular to each 
other are used for magnetic deflection 
fand these are placed outside the tube 
and slightly below the deflecting plates. 
In order to photograph the oscillations, 
a drum is used which is provided with 
2 film magazine allowing six films to 
be taken in succession. When visual 

of the oscillations are to 


when using the screen, 


films are put into the drum, this is 
placed within the bronze chamber and 
[oeked into position. An air-tight door 
is used to close the opening and the 
film changing ‘mechanism is operated 
by means of external controls. Glass 
windows on either side of the bronze 
chamber allow the fluorescent screen to 
be seen, The accompanying sketch 
shown at Figure 2, gives a diagramma- 
tie representation of the operation of 
the Dufour oscillograph, 

OSMOSIS, ELECTRIC—When an elec~ 
trie current is passed through an 
electrolyte having an anode on one 

ide of a porous diaphragm and a 
cathode on the other side, there is a 
tendency for the liquid to pass through 
the diaphragm towards ‘the cathode 
raising the level of the liquid on the 
cathode side. This phenomenon is, 
Known as electric osmosis. 

OTOPHONE—A device for the hard of 
hearing, which utilizes an extremely 
sensitive microphone connected to, a 
two-stage vacuum tube amplifier. ‘The 
instrument uses dry cell tubes and the 
batteries are contained in the ease wit 
the microphone. A small telephone re- 
ceiver completes the outfit. 

OUDIN RESONATOR —A device used 
for obtaining high-frequency brush dis- 
charges. Discharges of this nature 
are used in the investigation of reso- 
ance effects and also in medical work. 
The accompanying diagram explah 
the principle of the Oudin resenator. 
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‘Output 


B D is an uninsulated coil of copper 
wire wound on an insulating core with 


tapped, by means of a ali 
aC. The sliding contact is connected 
through a. condenser to the induction 
‘coll H, with a spark gap © in parallel 


in the circuit as shown. The circuit 

BGFC jis a closed oscillatory cireui 

receiving its excitation from the in- 

duction coil H. The circuit C DE is 
an open in contact with the 
oscillatory’ ‘By moving the slid- 
ing contact, C, a point is reached where 

a brush discharge appears at E, thus 

{ngieating that electric ocllations are 
jeing. set up in the open circuit. (See 
Brush Discharge, Corona, also. Osi 
lator.) 

DUTPUT—The useful energy given out 
by a machine, circuit, vacuum tube 
oF other device. "(See Input: Output, 
Transformer; Output Cireuit of 
Vacuum Tube.) 


PACKING (referring to a microphone). 
The tendency of carbon granules in 
a microphone to settle oF pack. In 
this position they ‘are no longer sen- 
sitive and do not readily respond to 
the. vibrations of the diaphragm. 
Packing may be caused by irregularity 
in the sizes of the carbon granules. It 
may be remedied by gently tapping the 
microphone. 


Cate 


VARIABLE 


Front and aide view of « pancake coil 
PANCAKE COIL —A flat inductance 

coll. Coils of this type are used in 
radio receiving sets as radio frequency 
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PUT CIRCUIT OF VACUUM 

TUBE—The filament-plate circuit as 
differentiated from the filament-grid 
‘or input circuit. (See Input Cireuit 
of Vacuum Tube.) 

OUTPUT, TRANSFORMER—The prod- 
uct of "the voltage at the secondary 
terminals of a transformer by the cur- 
rent flowing in the secondary winding. 
‘The output of any transformer is al- 
ways less than the input by an amount 
equal to the losses. The efficiency of 
a transformer is the ratio of its use- 
ful output to the total input. (q.v.) 

OVERLOAD RELEASE—An clectro- 
‘magnetic device which is used to cause 
@ motor starter handle to return to 


AK | overcan No 
AYN RELEASE LOK 
5 RELEASE 


(Overload Relene. 


the off position when the current ex- 
ceeds a pre-determined overload value, 


transformers, 


itenna couplers 
and oscillator couplers. ‘They ‘may be 
basket wound (av.), spider wound, 
etc. In. wireless transmitting appa” 
ratus, aerial tuning inductances, load- 
ing inductances, and oscillation ‘trans- 
formers (illustrated) are frequently of 
the pancake coil type. (See Induc- 
tance, Antenna.) 


PANEL—A board of insulating _ma- 
terial carrying the controlling or meas 
Bing “devices of an electric cre 
‘The panel for controlling the charging 
of storage batteries is called a charge 
ing panel. X panel carrying generator 
controls ia referred to as @ generator 
panel, "Where only a. single panel i 
dused this is usually called the switch 
Toard. The ‘usual switchboard. com 
Pre a numberof" panels." Switch: 
joard panels are cornmonly made of 
marbles "The usual varieties avaiable 
are white Italian, pink or grey Ten 
hessee and blue’ Vermont marbles 
ip alate fn ‘sometimes, ued for 
nels where the voltage is not too 
Righ.” When the panels do nat Tequise 
4 finish, soapstone. fs sometimes. used, 
The front of a radio receiving set on 
which the dials and theostat controls, 
Ste», are mounted fs also called a panel 
These “panels are “usually” made ‘of 
Bakelite, hard rubber, composition or 
similar” insulating subseances, "ale 
though a'"number’of sets are’ being 
made with metal panels. ‘The horizon 
tal. panel. on which the sockets and 
transformers are usually ‘mounted 1s 
Known at the sub-panel (qv 

PANNILL, Charles Jackson—Ameriean 
radio pioneer. Born in’ Petersburg, 
Virginia, May 13, 1879. He entered 
the American Navy, 1808. In 1902 he 
took a post under Professor B. A. Fes: 


‘The overload magnet is usually ar- 
ranged so that too strong a current 
will result in short-cireuiting the no- 
volt release thus switching off the 
driving ‘current. One form of over- 
load release consists of a magnet in 
series with the line 


ron keeper whenever excessive 
current flows, The pivoted arm, when 
attracted by ‘the magnet, makes con: 
nection between two contacts, them 
selves connected soas to short circuit 
the holding magnet when the eireuit, 
is closed. ‘Therefore, when more than 
the allowable current is drawn from 
the line, the overload magnet attracts 
its pivoted keeper which closes the cir- 
cuit short-circuiting the holding mag- 
pet, The contact arm is then released 
y the holding magnet and the arm is 
Pulled back to the off position, thus 
cutting the motor off the line. Another 
form of overload release. utilizes an 
electromagnet to attract a pivoted arm, 
ranged so that this will break the 
uit between the motor and the line. 
This results in operating the no-volt- 
age release. (See No-Volt Release.) 
OVERTONE CURRENTS—Alternating 
currents which have harmonic. fre 
quencies of /a higher value than the 
fundamental or first harmonies. 


OVERTONES—Higher harmonics asso- 

ted the first harmonic. ‘This 
term particularly refers to” sound 
waves.” In various “musical instru- 
ments, different overtones are brought. 
out and this results in each instruc 
ment having its own tone character- 


senden and carried out a series of 

wireless experiments at Hampton 

Roads, later inaugurating wireless 

communication between New York and 

Philadelphia. Pannill was. the first 

‘man to install wireless on the battle: 

ships of the U. S. Navy. Afterwards 

he carried out a series of communica 
tion experiments between various parts 

of the United States and erected a 

number of wireless stations. He joined 

the Marconi Wireless Telegraph’ Com- 

Pany in 1912 and became a radio ad- 

viser to the United States Govern 

ment, 1914, and assistant director of 

Naval Communications, 1916. Pannill 

is a fellow of the Institute of Radio 
Engineers and a member of the Wash- 
ington Society of Engineers, 

PAPER CONDENSER—A fixed con- 
denser, usually made of tin foil and 
utilizing a dielectric of paraffin-waxed 
Baer. ‘The i microtarad by-pass con- 
lenser is a typical example of a paper 
condenser. (See Condenser, By-pass.) 

PARALLEL—See Parallel Connection. 

PARALLEL CONNECTION —Two or 
‘more parts of an electrical circuit $0 + 
connected that the current divides be- 
tween them. is also known as a 
multiple (q.v.) connection, divided ei 
cuit, or shunt circuit. “Where a num- 
ber of parts of a circuit are connected 
in parallel, the ‘same potential is im- 
pressed on’ each part.” The current 
flowing in each branch will depend 
upon the impressed. voltage and’ the 
resistance of each branch. (See Cir 
cuit, Paradlel.) 

PARALLEL RESISTANCES—Resist- 
‘ances connected so that their terminals 

ave the same difference of potential 
between them. The greater the nu 
ber of resistances in parallel, the lesa 
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will be the total resistance of the 
cult. “If there. are. three resistances 
in parallel of %4, 14 and % ohm, re- 
spettively, then the total resistance is 
‘equal to the reciprocal (one divided by 
‘f'number) of the sum of the separate 
Teciprocals. In this case the sum of 
the reciprocals is 2 plus 3 plus 5 equal 
to.10 and the reciprocal of this is equal 
to one-tenth, s0 that the total resistance 
‘of this parallel circuit is one-tenth of 
fan ohm. Te can be seen that the totel 
Fesistance of any cireuit having @ num- 
ber of resistances in. parallel is. less 
than the resistance of anyone of the 
branches. "(See Circuits Parallel, also 
Parallel Connection.) 

PARALLEL RESONANCE— When a 
concentrated capacity and a concen- 
trated. inductance. are connected in 
parallel between terminals. to. which 
fan alternating electromotive force is 
Applied, and the inductance or capacity 
oF Frequency ig varied, the condition of 
parallel resonance exists when the cur- 
Fent supplied by the source is. a: mink 
ium. [e should be noted that in series 
Tesonance, the total current. supplied 
bythe source flows through both the 
Inductance and the capacity. whereas 
parallel resonance the current sup- 

plied by the source is the vectorial sum 
Df the two. currents, one flowing 
through the capacity and one through 
the inductance. 

PARAMAGNETIC-—Having a perme- 

‘ability greater than unity. -Magmetic 
42 opposed to diamagnetic. ‘The term 
darumagnetie is used in some cases to 
Epply. to substances. which have only 
av shghtly” greater permeability than 
air_such, as liquid ‘oxygen, the rare 

etal erbium, etc. If -used in 
sense it does not include ferro-magnetic 
ftubstancea (qv). (See Diamagnetic 
material.) 

PARTIAL—An acoustical term denot- 
Ing any one of the natural vibrations 
of which a body is capable. "An elec: 
trical oscillator’ (qv.) possessing di 
tributed capacity ‘and inductance. has, 
theoretically, an infinite number of pos: 
sible frequencies, each” of which ia 
called a partial. "The lowest frequency 
{fs called the fundamental. (See Har- 
‘monies, Harmonie Current, Overtones, 
also Overtone Currents.) 

PARTITION INSULATOR—An ebonite 
tube having a metallie. rod: running 
through its center with wing nuts at 
each end. Tt is used for continuing 

ireuit through a wall or partition. 


P.D“Rbbreviation for. potential difler= 
(See Potential, Diperence of) 


metals, depending upo 
sleetri¢ current originating from an 
External alectromotive. force, is ent 
through the Junction in one’ direction 
or the other, The Peltier effect is the 
opposite of the thermoveectric effect. 


pling between the pri 
mary and the secondary of an oscilla- 
tion transformer in a wireless trans- 


winding is pl 
dary, the coupling 
or tight. 


‘said to be close 
When the two windings are 
art the coupling is said Lo be loose. 
With the ordinary spark gap in the 
closed circuit, if the primary’ and the 
Secondary windings are closely coupled 
a broad wave will be radiated from the 


ferial system, Tf they’ are. loosel 
coupled, a tharp wave will be radiated, 
PERIKON DETECTOR—A crystal rec: 
tifier utilizing a plece of zineite in firm 
contact with @ piece of chaleopy? 


(See Combination Detector, also 
tal Detector.) 


Crys 


PERIOD —The time required for one 
complete eyele. (qwv.) Referring to an 
alternating current (qv.) itis the 
time required for the current or elec- 
tromotive force to pass through the 
various values from zero to a positive 
maximum back to zero again, then to & 
negative maximum and finally to zero. 

PERIODIC—-A vibration is said to be 
periodic if all the phenomena are re- 
peated regularly at equal intervals of 
time, This time is called periodic time 
or the period. 

PERIODICITY — A synonym for fre- 
quency, or for angular velocity. 

PERMANENT MAGNET—Hardened 
steel which when magnetized retains 
its magnetism after the removal of the 
magnetizing foree.. The usual method 
of making permanent magnets. is to 
place the steel in a Powerful electro- 
‘magnetic field. ‘They can also be made 
by stroking with another magnet. Per- 
manent magnets are used in all elec- 
tromagnetically operated headsets and 
Toud. speakers. (qv. (See Magnet, 
Electromagnet, also Temporary Mag- 
nets.) 

PERMEABILITY —The permeance (4.v.) 
existing between the opposite faces 
of a cube of the substance each side 
fof which is one centimeter in length. 


Since the permeability of air 
sumed to be unity, the permeability of 


any substance is the ratio of the Mux 
that passes through it to the fux that 
would exist in air if the magnetomo- 
tive and flux path remained unchanged. 

PERMEANCE —That, property of a 
magnetic circuit which allows the flow 
of magnetic flux. Ite reciprocal is 
reluctance (qv.). which is the prop- 
erty of a magnetic cireuit by which it 
resists the flow of magnetic flux. 

PERMITTANCE—A synonym for capac- 
ity (qy.) or capacitance (qv.).. This 
property is possessed by every elect 
eal circuit, but does not_manifest it- 
self unless'there is a change in voltage, 
‘The greater the permittance of a 
cuit, the greater will be the opposition 
offered to,a change in voltage. 

PERMITTIVITY —See Dielectric Coefi- 
cient und Constant, Inductive Capacity, 
also Inductroity. 


PETTICOAT INSULATOR—An insula- 
tor having two or more flanges or 


Phase 


petticoats arranged one on top of the 
other for the purpose of reducing leal 
fage and preventing accumulation of 
moisture," Petticoat insulators are 
usually made of porcelain. Insulators 
used on low tension lines are also of 
the petticoat type, in such eases being 
constructed of glass. (See High Ten- 
‘ion Insulator, also Insulator.) 


PHANTOM AERIAL—See Mute an- 
tennd. 


PHASE~A particular state in a regu- 
wrly recurring cycle of changes. In 
imple harmonic. motion, uniform ci 
cular, motion, ‘or, in periodic changes 
of any magnitude varying according 
to a simple harmonic lav (as for ex- 
ample an. alternating current) the 
point or stage in the period to which 
the rotation, oscillation or variation 
has advanced, considered in its rela- 
jon to the position or instant of start- 
ing or to some other standard Position, 
is usually expressed 
in angular measure. Defined in elec- 
trical. terms, phase is the distance, 
usually measured as an angle, of the 
base of any ordinate (q.x.) of an alter- 


ALTERNATING CURRENT 
WAVE SHOWN BY 
‘SINE CURVE. 
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TIME OF CYCLE= PERIOD 
CYCLES PER SECOND- FREQUENCY 


Phase daplacement, cree, te, Mastated By 


nating wave from any chosen point on 
the time axis. ‘This distance represents 
the phase of the ordinate with respect 
to the point. In any. sinusoidal alter 
nating current quantity, the Phase at 
any instant may be shown by the cor 
responding position of a vector (a.v.) 
revolving about a point with such an 
angular velocity that its projection at 
each jnstant upon a chosen reference 
line’ is proportional to the value of 
the quantity at that instant. As an 
example, consider a conductor rotat- 
ing in @ magnetic field. The induced 
clectromotive force, in one complete 
Fevolution, Passes through the follow- 
ing values, Tt starts at zero and rises 
tova maximum positive value, then 
falls to zero and rises to a maximum 
positive value In the reverse direction, 
finally falling to zero agai 

sitions through these various, 
constitute a cycle (qv.). The time of 
this transition is called a period, the 
number of eycles per second being the 
frequency (a.v.)- The angle at any 
instant through which the conductor 
has rotated since the electromotive 


angular velocity 
ductor and f the frequency, then « 
Dat (since there are 2 Fadians, in 

& complete revolution). If the time 
in Seconds, which has elapsed since the 
conductor last pasted the point of zero 
sfecromotvg oree be represented, by 
t then the phase i) at that particular 
instant is equal to wt = 2aft. Periodic 
Variations are conveniently expressed 
iy sine curves and the relative Phases 
are indicated by the relative Positions 
OF the nodes (Qs.) and loope (9.v.). 
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Phase Angle 


‘Magnitudes having maximum and min- 
imum values occurring simultaneously 
fare said to be in phase. If they do not 
occur simultaneously, they are out of 
phase. When the corresponding maxi- 
mum or minimum values of two sinus- 
oidal “alternating quantities of the 
same frequency occur at different in- 
stances, the two quantities are said to 
differ in phase by the angle between 
their nearest negative maxima or their 
nearest positive maxima or any other 
nearest corresponding values. The 
quantity whose maximum value occurs 
first is said to lead (qwv.) the other. 
‘The quantity whose maximum value 
occurs later is said to lag. (qv.). 
Where one quantity lags behind an- 
other by 180 degrees, the values are 
said to be of opposite phase. An alter- 
nating current may be single phase or 
polyphase. Another term for  poly- 
phase is multiphase. In a three-phase 
Biternating current system the three 
separate currents differ in phase from 
each other by 120 degrees. "Ina poly- 
phase system, if the various phases 
each carry or supply equal current, the 
system it said to be balanced. 

PHASE ANGLE—See Phase. 


PHASE DISPLACEMENT—The differ- 
ference in phase or the phase angle 
between two. alternating’ quantities, 
auch as voltage and current, of the 


NOLTAGE 


same frequency. Such quantities do 
not pass through their respective maxi- 
mum positive quantities or through 
their. zero values at. the same t 

‘The instantaneous values of any sine- 
shaped wave ‘can be represented "as 
being proportional to the sine of an 
angle, a complete cycle being equal to 
360 degrees. When two quantities are 
ut of phase, the respective angles cor- 
esponding to ‘each quantity “at. any 
given instant are Unequal, the differ- 
nee between ‘the two angles being 
Called “the: phase displacement or. the 
phase difference. In the accompanying 
filustration, the current. and. voltage 
relationship in an alternating current 
cireuit are shown’ by the two. sine 
curves, “As ean be seen, the current 
find voltage are out of phase, the phase 
displacement being equal to’ the angle 


6 in his case 90 degrees (Z radians. 


‘The current reaches its maximum value 
at a later time than the voltage, In 
this case the current lage behind the 
voltage by the angle q, the voltage 
leading the current by this angle. 
ince the angle of lag of the current 
‘90 degrees, the current and voltage 
are said to be in quadrature. “In an 
alternating current circuit having pure 
inductance and no tesistance (a theo- 
retical circuit, since all electrical con- 
Alactorspotsckt resistance), the Cur. 
rent would lag by 90 degrees as in the 
example given, (See Lag, Lead, Lead- 
ing Current, also Phase.) 
PHENOMENA OF ELECTRIC WAVE 
PROPAGATION—Flectrie waves are 
Greated by electric oscillations (a, 
‘They are often referred to as radio 
waves. Electric ‘waves, light waves 
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and radiated heat waves are included 
in the. general term electromagnetic 
waves (G.v.). The velocity of electric 
waves is’ the same as that of light 
‘waves, 300,000,000. meters per second 
oF 186,000 miles per second (appx.). 
Electric waves used for radio. work 
have frequencies from about 10,000 to 
8,000,000 eyeles per second. Since the 
welocity of electri waves is known, it 
is possible to calculate the length’ of 
@ wave if the frequency. is known. 
‘Thus if the electric wave has a fre. 
quency of 10,000 eycles per second, the 
‘wavelength is found by dividing’ the 
yelocity in, meters per second by the 
frequency in cyeles per second, which 
gives in this case a wavelength of 
$0,000 meters. “Electric waves are in 

reality a combination of electromag 
netic and electrostatic disturbances in 
‘The displacements are at right 

m of the wave tr: 

‘The electric field and the magnetic 
field are at right angles and travel to- 
ther. They spread out or expand 
from the point of disturbance just as 
water waves spread out from a point 
where a stone strikes the surface of 
the water. Electric waves are propa- 

gated from an aerial when certai 
forms of alternating current flow in 
the aerial. Since the frequency of the 
ropagated wave corresponds to the 
frequency of the current in the aerial, 
high frequency current must, flow in 
the aerial to produce the high fre- 
quency electric’ waves used in. radio. 
Such current may be produced by a 
high-frequency generator, by a direct 
current generator and an electric arc, 
or by means of vacuum tubes. The lat” 
ter offer ‘the simplest means of pro- 
ducing the rapidly reversing currents. 
Electric waves may be classified as 
continuous and discontinuous. Exam- 
ples of the former are the waves pro- 


Buced by'a high frequency alternator, 
fin oscillating vacuum tube or a Pou 
Sen arc.” Examples of the latter are 


the waves produced by condenser dis- 
charges in a spark cireuit. In these 
the amplitude of the waves diminishes 
in-each wave train and the waves are 
referred to as damped waves. The 
high frequency current used to produce 
continuous waves used in radio tele- 
phony is modulated in accordance with 
the vibrations of a microphone (qwv.). 
‘As a result modulated waves are sent 
out ‘from the aerial and these 

spond in wave form to the vat 
of the ‘sound waves. The sensitive 
apparatus at the distant receiving set 
picks up or intercepts the modulated 
Glectrie waves, reconverts them to high 
frequency electric currents which are 
rectified into direct currents capable 
of actuating a ‘phone and usually am 
plified so that they have energy enough 
to operate a loud speaker. (See Oscil- 
lator, Carrier Wave, also Modulated 
Currents.) 


PHILLIPS, Raymond—British radio ex- 
pert. Born October 6, 1879, he was 
educated at Edgebaston, Birmingham 
Schorne College, Buckinghamshire, and 
Windsor High School. For three years 
he was engaged on railway constru 
tions and repairs, with special applic: 
tion to electric railways. In 1902 he 
invented a system of automatic train 
control and a number of appliances for 
flectric railways which were widely 
‘adopted. In 1905 he took up the study 
of wireless and specialized in the con- 
trol of mechanisms at a distance by 
electric waves. In 1910 he patented 
a system for controlling airships by 
radio and by means of a working model 
demonstrated how an airship could be 
thus controlled. During the World 


War he was inspector of ordnance ma- 
chinery and in 1921 was appointed a 
member of the Inter-Allied Commission 
of Control in Germany. He is the au- 
thor of many articles on the control of 
machines by electrie waves. 


PHONOGRAPHIC RECORDING —This 
refers to the amplifying of code sig- 
nal currents by means of relays in 
tandem until the sounds produced in 
a telephone receiver are loud enough 
to ut, @ distinct record, on the wax 
of a phonograph. ‘The signals can be 
received at high ‘speed and thereafter 
read at low speed. Instead of a pho- 
nograph a telegraphone may be used. 

PHOTO-ELECTRIC EFFECT—A 
change in the electrical conductivity 
of a gaseous or solid substance when 
radiations of certain wavelengths come 
in contact with them. This refers par- 
ticularly to rays of the visible spec- 
trum and ultra-violet and infra-red 
rays, 

PHOTOGRAPHIC RECORDER—A de 
vice for recording high-speed wirel 
messages by recording the deflections 
of a sensitive galvanometer on a mov- 
ing photographic film. (See  Auto- 
Receiver.) 

PICKARD, Greenleaf Whittier—Amer- 
ican radio expert. He was born at 

Portland, Maine, on February 14, 1877, 

and was edueated at Westbrook’ Semi 

nary, Lawrence Scientific School, Har- 
yard’ and Massachusetts Institute of 

‘Technology. “He made a special study 

of wireless telegraphy and telephony 


Greenleal Whittier Pickard. 


and has taken out many United States 
and foreign patents for radio inven- 
tions. "He is noted for his pioneer work 
in ‘radio. telephony. Pickard. began 
radio work in 1809 at Blue Hill obser- 
vatory, Milton, Massachusetts, under & 
grant from the Smithsonian Institute. 
He was on the engineering staff of the 
American Telephone and ‘Telegraph 
Company from 1902 to 1906. Later he 
was connected with the Wireless Spe- 
clalty Apparatus Company as consult 
ing engineer. He has an extensive 
practice as a patent expert in radio 
patent litigation. Pickard is a fellow 
Of the American Institute of Electrical 
Engineers, a Member of the American 
Chemical Society’ and also is a Member 
of the Society of Chemical Industry. 

PIG-TAIL—A flexible braided or 
stranded copper conductor used to 
carry the current to the rotor of a 
condenser or a coupler. "Pig 


Miniature soldering iron 


a MINOR S 


MINOR S,5W 


Micro soldering irons 


Ersa MULTITIP S| 


MULTITP series, 1525 W 


‘The MINOR S miniature slder- 
ing iron with a rating of 5 W and 
‘a maximum lip temperature of 
440 °C isan ideal tool for ultrafine 
soldering applications on micro 
ICs and under a microscope. 
Itcan either operate with a6 V 
transformer or a 6 V battery. 


Besides electronics the MINOR S 
‘can also be used in watch repair, 
in the photographic industry and in 
dental technology 


‘The MULTITIP soldering rons are 
especially short, ight and easy-to 
handle soldering irons with minimal 
distance between soldering tip and 
the handles front part. They are 
Ideally suited for small alder joins 
Is internally heated soldering tip 
provides an enhanced degree of 
efficiency. 


The MULTITIP is available for 
415 Wand 25 W which makes it 
stable for micro soldering joints 
‘and medium-sized joints, a8 for 
‘example, on distributor strips or in 
the hobby sector. 


filso used on the carbon brushes of 
motors and generators. (See Flezible 


Lead.) 

PITCH — Frequency of vibration of a 
sound. A shrill note to be of 
high pitch, a bass note of low pitch. 


P low. 
The pitch of an armature winding re- 
fers 'to the distance from the, center 
of a winding to the center of the next 
winding. 

PLAIN AERIAL—An aerial having the 
transmitting oF receiving circuit. con 
nected directly to it without the utii- 
Zation of inductive coupling oF any in- 
Termediate tuned eireutt. "An example 
of a plain aerial is one used to trans 
‘mit code, having a spark gap in series, 
‘with the aerial and the ground. 

PLATE—The anode or positive elec- 
trode of a vacuum tube. ‘The vacuum 
tbe plate Ys usually made of nickel 


The shape of the plate varies accord- 
ing to the type and construction of the 
tube. 


In some tubes the plate is tubue 
‘others flat. When the cathode 
oF filament is heated, t emits electrons 
Mihi pass fo the grid Gr through the 
Eri to the plate, depending upon the 
rid charge.” In’ power tubes (trans- 
Initing) We is neceasary to tse. some 
Cooling device to conduct away the heat 
Gissipated at the plate. In some cases 
fa lighid bath or a blast of air is used 


FLAMENT ——riLawenT 
ay 


oustes_! crip 
‘Vacuum tubes, showing construction of plates, 


(oF the plate may be constructed 0 that 
BE can ‘be cooled by water eirculation 
Gther methods of preventing overheat 
Ine ‘ot these tubes arg increasing the 
trea’ of the plate as. for example in- 
Eftasing ‘the diameter of -a. tubular 
Plate, of blackening the surface of the 
Plate to inerense its heat emissivity. 

PLATE RATTERY—A battery, usually 
referred to as the“ Baitery hav- 
Ing its. positive terminal. conmected 
tor the plate of the” threeelectro 
Vacuum fube and its negative termi 
hal leading to the flament.. ‘The pur- 
ote of this battery is to keep the Plate 
Foltage positive with respect tothe 
lament bo that the electrons will be 
attracted. suficiently. to. the "plate 
Plate batteries are ‘usually’ dry’ cells 
Although there are a number of stor~ 
fge plate of “B” batteries on the mar- 
et Both of the acid andthe alkaline 
types. It ts possible to dispenge Wil 
the plate battery by using a'°B" elim 
nator, which is connected to the ordi 
nary houseclighting circuit. ( See "2 
Battery.) 


PLATE CIRCUIT—The circuit con- 
nected to the plate (q.v.) oF anode of 
f three-electrode vacuum tube. 


QUENCY—The radio frequency cur- 
rent flowing in the plate circuit (a.v.) 
of a vacuum tube.” (See High Fre- 
uency Component of Plate.) 


PLATE CONSUMPTION —This refers | 


to the current consumed in energizing 
the plate of a vacuum tube. Increas- 


ing the grid voltage tends to increase 

the plate consumption. An increasing 

plate voltage also increases the plate 

Current, but tends to decrease the rela- 

tively small grid current, (See Con- 

| sumption, Current; also Consumption, 
Plate.) 

PLATE CONTROL —The vacuum tube 
starts oscillating at @ plate voltage 
which will depend on the adjustments 
of the cireuit.. When the plate voltage 
is raised, the oscillation current be 
comes greater, increasing in direct pro- 
portion, 

PLATE CURRENT—The current in the 


ing between the plate and the heated 
cathode or filament. 


PLATE IMPEDANCE—The total _re- 


stance offered to alternating current 

‘between the filament andthe plate in 
a vacuum tube. "itis often referred 
to as the tube impedance. ‘The impe- 
dance is independent of the alternat- 
ing current input voltage. 

PLATE VOLTAGE—The voltage of the 
Plate of a vacuum tube above the fla- 
Inent, ‘The potential difference between 
the plate and the filament. ‘This term 
{is usually used to refer to the voltage 
of the “B” battery (qwv.) connected to 
the plate, as for exampie, if the 22% 
volt terminal of the "B™ battery is con- 
nected to the plate of the detector tube, 
the plate voltage is, said to be 2246 
volts, " Soft tubes, formerly used as 
Uetectors, operated best at this voltage, 

| Sfost‘of the amplifier tubes now used 

| as detectors operate best with 45 volts 
on the plate, although these tubes vary 
individually, "some. operating better 
with slightly “increased. voltage and 
others" with a voltage leas than “46. 
‘The plate voltage, generally used on 
the amplifiers is 90 volts. ‘The new 
power Feception tubes use plate volt- 
ages up to 135 volts 

PLIODYNATRON—A_ special vacuum 
tube, designed by A. W. Hull, having 
two grids instead of one, This. tube 
Ullliges the normal amplifying property 
of the vacuum tube to obtain avery 
high Voltage amplification, as high as 
1,000 ‘fold. When such high amplif- 

jon_ip obtained, however, the oper- 
tion is unstable and extremely careful 
adjustment is necessary. 

PLIOTRON—A name given to a highly 
evacuated vacuum tube used for trans- 
imitting purposes. Large pliotrons are 
Capable ‘of developing ‘as high as 800, 
‘watts output since they are so highly 
exhausted that several thousand volts 
ay be applied to the plate and also 

ince they can carry a plate current of 
nearly one-half an ampere. 

PLUG—A connecting device used ex- 
fenalvely in radio and telephone work 

for making ‘connection of "plugging 
in” Toud speakers. (a.v.), head tet 
power supply, microphone transmit 


ac 


Crosesection of plug. 


ters, ete. ‘The plug has an insulating 
handle and the metal contact tip is 
designed to fit into a standard jack 
(qv.). A flexible wire fits into termi- 


type or they may consist of internal 
| spring clips 


Polarized Relay 


PLUG-IN COI,—An_ interchangeable 
oll, often of the honey-comb. type, 
which can be plugged into a. socket 
thus permit it to be quickly and 
conveniently put into or taken out of 
fa circuit. Plug-in coils are used in 
Some cases in receiving sets designed 
for operation on widely varying wave 
bands. 

PLUG-IN TRANSFORMER—A plug-i 
¢oil (q.v.) specifically used as a radi 
frequency transformer. 

POLARITY —In magnets the differen- 
tiation between North Pole and South 
Pole. In electrical devices or circuits, 
the ‘difference between positive and 
negative poles 
to determine wh 


fand. which the negative. 3 
various methods of indicating polarity. 
‘A'voltmeter or an ammeter will show 
the direction of current flow. An ex- 
tremely simple method of determining 
polarity is to place the two terminals 
{na glass jar containing salt water 
or some other electrolyte. A much 
greater number of bubbles’ will be ol 
Served to collect around the terminal 
of negative polarity. A piece of use 
biue print paper can be utilized to in- 
dieate polarity. It is simply necessary 
to moisten the paper and place the ter- 
minals on it, at a distance of about % 
of an inch apart. The paper will be 
whitened at the negative terminal. 

POLARIZATION —In a primary cell, 
the current liberates hydrogen from 
the electrolyte in passing through it. 
‘The hydrogen is carried to the nega- 
tive plate with the current and collects 
there. It ‘thus increases the internal 

"This makes it 


resistance of the cell. 


the 
and this acts in opposition to the elec- 
tromotive force of the cell. ‘This fur- 
ther reduces the effective voltage of 
the cell.. ‘The entire effect is known at 
polarization. Polarization may be ce 
red to such an extent that current car 
no longer flow from the cell. “It may 
be counteracted or prevented by the 
use of depolarizers (q.v.).. There are 
three different kinds of depolarizers. 

Chemical depolarizers are placed in the 

cell near the cathode. Substances such 

‘8 manganese dioxide, potassium 

chromate, nitric acid or | cuprous 

chloride are used. When the hydrogen 
shes ‘the depolarizer it combines 

‘with it to form @ new compound. Elec 
trochemieal depolarizers depend for 
their action upon the use of a sub- 
stance which will liberate a metal such 
as ‘copper at’ the cathode instead of 
hydrogen. “Thus with no hydrogen 
Present there is no polarization. Of 
Course it is necessary to use the proper 
electrodes and the correct electrolyte 
to obtain this result. Mechanical de- 
polarizers merely blow or sweep tho 
hydrogen away” from the cathode 
Being the least effective of the three 
methods, the latter is seldom used. 
(See Local Action.) 

POLARIZATION, ELECTRIC—The 

when subjected to 

Electric polar 

tion is synonymous with electric di 
placement. 

POLARIZED RELAY—A relay i 
which magnetized swinging arm is 
placed ‘between poles of two electro= 
magnets. When current. pastes, one 
pole must change, so that the arm is 
Attracted by one and repelled by the 
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Poles 
other, «4 polarized relay is much more 
Sensitive to weak currents than the 
ordinary relay. 

POLES—See Magnetic Poles. 

POLYPHASE— Referring. to an_alter- 

PMhating current systent in which. the 
Circuits are divided up ‘into two or 
nore branches having thelr. currents 
Uisplaced in. phase from each other 
The term multiphase has the same 
meaning as polyphase. (See Phase.) 

POLYPHASE ALTERNATOR—An al- 
Temating current generator wound in 
Such a way that it supplies two oF 
more currents which differ. in Phase 
Va.) from each other by -defin 
$Mase angles. ‘The usual form of poly- 
Phase alternator is the three-phase al 
fernator. 

PORCELAIN CLEAT—See Cleat. 

POSITIVE ELECTRODE—In « primary 
ell, the zine plate or anode (a) 18 

jive electrode, while the pole 

Of this electrode is the negative Pole 

Gav) because it is negative in. relax 

iih'to theexternal cree in a stor 

fge cell, the lead peroxide plate, which 
the ‘cathode. during discharge, 3 

Called, the positive electrode and” its 
pole the positive pole. 

POSITIVE, TERMINAL PO.LE—The 
pole or terniinal out of which current 
Ee considered to low. This is more or 
Jess of a handy convention, 

sent day knowledge of 
‘electrons 
move from negative to positive. 

POTENTIAL—See Potential, Electric. 

POTENTIAL, DIFFERENCE OF—ab- 
‘breviation P.D.—Difference of electri- 
eal level. Theoretically the potential 
dierence between two points. in an 
electric Held is measured by the work 
dione by the electric feld on a unit point 
charge of positive electricity. moved 
from one point to another without di 
turbing the feld, Potential difference 
is measured in volts, It may refer to 
ny two points in a clreuit, even though 
there ia’ no. source of electromotive 
foree between these points. When ap- 
piled to eireuit between two points not 
possessing a source of electromotive 
Force, the potential difference between 
the two points under consideration is 
equal to the product ‘of the current 
flowing times the resistance of the cit- 
cult between the two points, In the 
ease of an open cireult, such as the 
ferminals of a cell, the potential di 

‘equal to the ‘electromotive 
force. (See Potential, Blectromative 
foree, also Vole.) 

POTENTIAL DROP—The fall in volt- 
‘age in a circuit due to the resistance 
of the conductor. . (See Potential, Blec- 
trie; also Potential, Diflerence of-) 

POTENTIAL, ELECTRIC— Electrical 
‘pressure, of the degree of electromotive 
force (§wv.).. Potential is. electrical 
fevel, Electrical potential can be,com- 
pared with the “head” of water. ‘Thus 
PNs‘customary to measure the height 
or head of water above sea level, which 
{8 taken as an arbitrary base. “In. a 
somewhat similar manner, the poten 
tial of the earth is taken as zero and 
fll potential is measured from this at 
an arbitrary base. With this under 
stood, it 1 no longer necessary to refer 

to the degree of electromotive force, 
but. simply to. the electromotive force 
or the potential. See Potential, Dif- 
ference of, also Volt.) 

POTENTIAL ENERGY — Energy of 
Position, When energy is available for 
the production of work, it is referred 
to as. potential energy. Energy at 
work is kinetic energy (qv). 
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POTENTIAL RECTIFIER — A crystal 
(q.) oF other form of rectifier which 
requires an. initial current to pass 
through it'to become sensitive. 


POTENTIOMETER (Potential Divider) 


A resistance connected across a bat- | 


AERIAL 


at Fig. 1, Potentiometers used in radio 
apparatus are usually made either 
from high resistance wire or from 
carbon granules. In electrical engi 
neering work, the term potentioineter 
‘means, in general, an arrangement of 


a sap szne 
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CONTROL OSCILLATION~ 
Fle 1 


tery or other source of electromotive 
foree and equipped with a. slid 

that the voltage on another circuit may 
be varied from zero to the full poten- 
tial of the battery. Where a gas con- 
tent detector vacuum tube is used, the 
purpose of the potentiometer is to 'per- 
Mita close adjustment of the 

battery (q.v.) potential. The potenti 


GALVANOMETER 


rm of potentiometer uted 


‘meter is shunted around the filament 
heating or “A” battery, its resistance 
being so high that its power consump- 
tion is practically negligible. In tuned 


SYMBOL 


ihuatration of 1 radio potentiometer, showing 
"iynbal atthe Tighe 


radio frequency sets, a potentiometer 


fg used to control the tube oscillation. | 


‘The advantage of being able to make 
a system oscillate is obvious, as the 
Breatest amplification is obtained when 
the circuits are operated just at the 
Faint "before "selfoucliation | starts 
‘his condition is easily found in oper- 
ation, since the instant self-oscillation 
Starts, a whistle is heard in the phone 
for loud speaker when tuning to any 
Station it is desired to receive, 
luse of a potentiometer to control oscil- 
lations in a tuned radio frequency cir- 
cuit is illustrated in the diagram shown, 


The | 


‘Tuned radio frequency cicuit showing wse of potentiometer to control ove 


‘BATT, 


tons, 


cireuits for measuring potential dif- 
ference. 
ing certain accessories, laboratory 
potentiometers can be used to measure 
voltages over all ranges, and by apply- 
ing’s Ohm's law (q.v.) the measure~ 
ments obtained can be used to deter- 
mine a wide range of current values. 
‘The simplest form of potentiometer 
used’ for electrical measurements is 
shown in Fig. 2. AC is a resistance 


"The current in 


force of the battery. 
‘AC is checked for constancy by noting 
that the drop in potential between the 
two points selected in it is equal to the 
electromotive force of a standard cell. 
The standard cell is connected in the 
circuit GHJ at J and the regulatin 
resistance is adjusted until the se 

tive galvanometer shows no deflection. 
With the assumption that AC has a 
uniform. resistance throughout — it 

Tength, and the current, in it remain~ 
ing constant, it is obvious that any 


until the galvanometer again comes to 
a balance. 

‘A direct reading scale may be placed 
between A and C.. For ordinary poten- 
tiometer measurements, the drop be- 


tween A and C is made about 1% volts 
as this is approximately the electro~ 
motive force of a standard Clark cell. 


POULSEN ARC—An are usually 
burned in hydrogen between a rotat- 
ing carbon eathode and a water-cooled 
copper anode in a magnetic field. ‘Thi 
fare is connected to an oscillating cir- 
cuit, anc due to its instability it mair 
tains continuous oscillations which are 
utilized for the production of continu- 
fous waves for radiv telegraphy and 
telephony. 


POULSEN, Valdemar —Danish radio 
pioneer. ' Born in Copenhagen, Novem- 
Ber 23, 1869; he was educated at 


Copenhagen University. and in 1803 
he joined the Copenhagen Telephone 
Company. In 1903 he invented his 
famous system, of are, transmission. 
Poulsen isa fellow of the Danish 
Society. of Sciences. Tn 1900 he was 
warded the Grand Prix at Paris, 


POUNDAL—A_ unit of force. That 
force which acting on a mass of one 
pound gives ita velocity of one foot 
er second. It is equal to the weight 
bf'a pound mass divided by the acccler- 
ation of gravity; equal to'15,825 dynes 
or approximately half an ounce. 

POWER—The rate of doing work. A 
certain amount of work may be done 
inva day or in a week. In the former 
case, more power is expended than in 
the latter case.” Mechanical power is 
measured in horse power (av.),-One 
horse power is equivalent. to 33,000 
foot-pounds per minute. Since power 
is the rate of doing work, the expres- 
sion for power must contain a time ele. 
ment anda work element. Work is. 
measure of a force exerted through @ 
distance. " Hence the footspound meas- 
tires work. Electrical’ power is. the 
product of voltage times Amperage. It 
[emeasured in watts (qv). (See 
Kilowatt.) 

POWER AMPLIFIER —See Power Am- 
plification 

POWER AMPLIFICATION—A mplifica- 
‘tion by means of apparatus consisting 
of 'a combination "of power. vacuum 
tubes, designed to carty larger, cur: 
ents than the ordinary tubes and spe- 
Gially “designed transformers. "Power 
amplifers provide additional audio 
Amplifieation and are used. in connec: 
tion with radio receiving. sets. where 
great volume is required as in the case 
Gf apparatus used for public address 
Systems and for use with power oper- 
ated loud speakers. (See Amplifier) 

POWER” AMPLIFICATION | COEFFI- 
CIENT—The ‘ratio of the plate out. 
put power to the grid input power of 
A vacuum tube. “This value may be as 
High as 10,000. The output power of 
a vacuum tube comes. from the plate 
battery." When ‘the grid. is operated 
at low or negative voltage, the input 
power needed to produce the changes 
Ingrid voltage faye made very 
small compared with the output power 
of the tube, pete 

POWER, APPARENT—The 
the voltage and the current 
hating. current circuit. expressed. in 
Volt-amperes. This expression does 
hot take into account any difference in 
phase (qwv.) between the voltage and 
the current, ‘Thus in an extreme case 
(heoretical) ‘where an -alwernating 
current flows in a. purely” inductive 
cireuit, the current wil lag behind the 
Voltagé by phase angle of 90 degrees, 
In such circuit, the true power (av) 
would be Zero, since the cosine of" the 
Phase angle between the current and 
the voltage would be zero, Whereas the 
apparent. power. might be quite high 
anda heavy current might be flowing 
in'the circuits Apparent power is of 
dinarily expressed in kilobolt-amperes 
(av). (See Power Facto 

POWER FACTOR The ratio of the 
true power (watts) in an alternating 
current eireuit to the apparent power 
(volt-amperes).. Where the wave form 
of the alternating current 1s sinusol- 
dal, the power factor is equal to the 
cosine of the angle between the volt: 
age and, the current Expressed a5 
an equation, power P is equal to the 
product of the current T-and the com: 
ponent of the impressed electromotive 
force which is in phase with the cur- 
rent, E cos, where # is the angle of 
Phase displacement. between the. eur- 
Fent and the voltage (P= IE cos $). 
Expressed in another way, the power 
factor is the fractional amount which, 
if'muttiplied by the effective. values 
of the current and the voltage, will 
Bive the value of the power expended. 
(See Efective Electromotive’ joree, 


Power, Apparent, also Power, True; 
Kilovolt-ampere, Kilowatt.) 

POWER, TRUE—The product of the 
apparent power and the power factor 
qv.) in an alternating current. cir- 
cuit. A" wattmeter will measure true 
power, inasmuch as it takes into ac- 
count’ the phase displacement. (a.v.) 
Uetween the current and the voltage. 
A voltmeter and an ammeter cannot 
be ‘used to measure power, however, 
sinee the product of the two readings 
only gives the apparent power. 

POWER TUBE—See Vacuum Tube, 

PRACTICAL UNITS—In the practical 
system of electrical units, the ohm, 
the ampere and the volt are the fun- 
damental units, While the practical 
system is based originally on the Cet 
timeter Gram Second systems, it is in 
no way dependent upon these’ systems 
for practical use. When used with the 
fundamental units of length and time, 
all other electrical as well as magnetic 
nits can be derived from the funda- 
mental units of the practical system. 
At the recommendation of the Chicago 
International Electrical Congress in 
1893, the fundamental electrical units 
of the practical system were adopted 
as legal units in the United States by 
fan act of Congress, July 12, 1894. 

PR B—International Radiotelegraphie 


Convention abbreviation. | Followed by 
question mark it means, “Do you wish 
to communicate by means of the Inter- 
national Signal Code?” Without the 


fuestion mark it means, “I wish to 
Sommanicate by means of the intern 
onal Signal Code." (See Abbrevia- 
lions, International Radio Telegraphic 
Conventional 

PRESSURE See Potential, Electric. 

PRESSURE, ELECTRICAL™The. term 
is synonymous with voltage (aw), oF 
clectromative force. (awv.)._ Electrical 
eswure is the cause of current ove 
iris measured im volte (qv.).. ‘The 
flow of ‘electricity. along: conductor 
fe analogous. 10° the flow of water 
through pipe. “In order to ‘make 
water fost, ‘a pump is often used to 
Porce the water or'in other words to 
apply ‘pressure, “Similarly, electrical 
presure must be applied in order for 
fin electric current #0 ow. 

PHIMARY CELLA device for trans- 
orming chemical eneray into electrical 
energy. Ie consists of two sifferent 
condciors placed. ina liquid. which 
feta chemically on one. conductor, or 
more on one ‘conductor than on’ the 
ther, ‘thus "keening «difference ‘of 
potential between them, While the cell 
being discharged either one or both 
of the conductors iss used up and the 
iguid is also consumed. In many types 
of primary cells these can be replaced, 
The. liquid “is called “an. electrolyte 
(qv.).. In some eases am acid is used 
while in others: a salt solution is the 
slectrolyte. (av.)_ (Bee Cell, Cell See- 
ondary?” Celly Theory of | Primary 
Eleetrolvsia, Local Action, “Polar 
tion, also Storage Celle) | 

PRIMARY CIRCCIT—A circuit supply. 
‘ng current to another which is called 
the secondary circuit. “The. two cir- 
cuits ‘are‘utvaly coupled hy means of 
f transformer, ‘the primary winding 
being in the primary cireuit and. the 
Secondary winding being in the secon: 
dary eiecuit 

| PRIMARY ConmEnt—s ee Current, 

PRIMARY ELECTRONS—The main 
stream of electrons given off by the 
hot flament of a vacuum tube, ay dif 
ferentiated. from ‘secondary. electrons 
(av.) which ‘may be. detached from 
the plate by the impaet of the primary 


Pupin 
electrons. (See Negative Resistance.) 
PRIMARY TUNING INDUCTANCE— 
‘A variable inductance in the primary 
circuit of a radio transmitter. It is 
algo referred to as the aerial tuning 
indwetance. The aerial inductance coil 
may be continuously variable utilizing 
sliding contact which bears on an 
edgewise copper strip or it may be of 
the drum type, in this case being made 
of stranded copper eable. (See Jn- 
ductance Coils, also Pancake Coils.) 

RINCE, Charles Edmond — British 

radio expert. Born in 1874 at Cape 

Town ‘and. educated at Clifton and 

Faraday House, he joined the Mar- 

coni Wireless ‘Telegraph Company in 

1007, where he was concerned chiefly 

in research work on wireless telephony. 

Tn 1900 he carried out experiments 

in Italy and Switzerland with the first 

Marconi Field Station and made a 

number of valuable improvements in 

the Bellini-Tosi direction finder. In the 

World war, he joined the Royal Flying 

Corps and in 1915 he installed’ the 

first radio telephone on aircraft. 

PRINTER, MORSE—See Morse Inker. 

PROTON—A unit of positive electricity. 
The smallest quantity of positive elec- 
tricity capable of existing in a free 
state. A minute particle or quantity 
of positive electricity carried by the 
nucleus of a hydrogen atom.” See 
Electron Theory, also Free Electrons, 

PULSATING CURRENT—A_ periodic 
urrent, that is to say a current pass- 
ing through the successive equal cycles 
of values, the average value of which 
is not zero. A pulsating current is the 
sum of an alternating and a direct cur- 
rent. A current, which varies regu- 
larly in magnitude is said to be pul- 
sating while if it remains the same in 
magnitude it is called continuous. 
(See Continuous Direct Current, also 
Current, Pulsating Direct.) 

PULSATING DIRECT CURRENT—See 
Pulsating Current. 

PUPIN, Michael — American radio au- 
thority. Born in. Hungary, October 
4th, 1868, he eame to the United States 
fat the age of 10, and was educated at 
Columbia University. “He also studied 
at Cambridge University, England. In 
1891 he was appointed’ professor of 


P 


Michael Papi 


mathematical physics at Columbia Uni: 
versity, where he earried out an im- 
portant series of researches in radio 
telegranhy and telephony. He is the 
holder of a large number of patents 
relating to telephony and radio, has 
done valuable research. work on ‘reso- 


az 


Push-Pull Amplification 


nance and has developed radio circuits 
of extreme selectivity. 

PUSH-PULL AMPLIFICATION —A 
method of connection in a vacuum tube 
receiving set, for supplying more power 
to the loud’ speaker than that ordi- 
narily obtainable from a one or two 
stage audio amplifier, In the push~ 
pull amplifier two tubes are used in 

I stage of the amplifier, con- 
‘such @ way that they are 
Used alternately on the two halves of 


are usually used for the other two 


transformers. These have connections 
brought out from the center point of 
fone of the windings as shown. The 


transformer between the two ‘stages 
has a split secondary while the last 
transformer has a split primary. In 
cases where a tapped wound trans- 
former is not available, two trans: 
formers can be used instead. In thi 

ease the two primary windings are 
connected in series and the two secon- 
dary windings are also connected in 


INPUT, PUSH-PULL To 
et TRANSE\\ Loup, 
TRANSr SPEAKER 
\ + 
‘ t 
y 
' 
output 
to PUSH-PULL 
DETECTOR TRANSF. 
GiRCUT 
°K BATT” 


Fie. 
frequeney cycle. A push- 
ication circuit is shown in 


‘The first tube at the left 
jet the first stage of amplification 
and the other two In combination give 
the second stage. An ordinary audio 
frequency amplifier transformer. is 
connected to the grid and filament of 
the frst tube. Special’ transformers 


Q SIGNALS—International Radiotelegraph 
asks the question. Otherwise the answer is 
Abbrev'n Question 

QRA™ "What ship or coast station is that? 


QRB What is your distance? 

Re What Jour Cae Sctringe 

QRD = Where are you bound for? Tam bound for . . 

GRP Where are 20a dead £2 ae 

GRE Where 2 ou bln te era 

QRH ‘is your wave length in meters? My wave length is... . ‘meters. 

ee What eer eee aes re Reis SL os 

See Ree ane stare nae foto tend? set tee an oe 

nice. a dane arte | Dt cane ae 

GRE ASVGSOEP'&ES! shan 1 send 20... — tor adjntment? 1am stag BOM. Please send 20 

v epee 

QRLL Request permission to test . . . minutes. Permission to test granted. 

QRM Are you being interfered with I am being interfered with. 

GEN Are fee Being nertered wit ee sre 

Say As stmommherie tetera 

QRP Shall I decrease power? Decrease power. 

QRQ Shall I send faster? Send faster. 

QRS Sh Sete Seer Sora awe. 

oat, She ieee ees {I have nothing to transmit. 

anu 11 RNS feet fo se 

QRY. Are you ready? er, 
crs See ee a «crlage @ 

Say Are you panty et Tea ‘ 

QRX Shall I stand by? Ba a yon hen require 

QRY ‘When will be my turn? each turn ta be Ne. . 

QRZ ~~ Are my signals weak? Sone si me are tn es 

gen) Ae Oe cee Drange ee 

QsB Is my tone bad? Is my spark bad? bi ‘The spark is bad. 

Qsc Is my spacing bad? 

G85 Mint Wyoutaney 5 . 

GSP is rnson ob in trate order oi ei Transmission vi bi erate order, 

QsH Transmission will be in a series of 10 messages. 

SBF wnat rate shall I callect fort Ai ceria 


Diagram of « push-pull ampliteation 


series. Figure 2 shows the method of 
connecting two transformers for this 


purpose, a connection being made to 
the ‘mid-point between the secondary 
windings. 


Tt is essential that the two 


they are continuous in the same dire 
tion around the transformer cores. In 
theory, the nush-pull amplifier uses 


Q 


Convention, abbreviations. 
indicated. A 


one tube during one half of the cycle 
‘and the other tube during the other 
half of the cycle. While the terminal 
of the secondary transformer winding 
leading to the grid of the tube is at a 
| Positive potential with respect to the 
middle of the winding, the tube is ef- 
fective, During the remaining half of 
the cycle when the terminal is negative 
with respect to the tap, the tube 18 not 


i 


"Wend Uastornier ie net 


unio FREQUENCY 
TRANSFORMERS. 


operating. The action however is such 
that one tube is effective at all times. 
Although ordinary amplifier tubes can 
be used in the push-pull amplifier cir- 
cuit it is desirable to use special power 
tubes which have a high amplification 
coefficient. 


PYRITES—Compounds of iron or cop- 
per and sulphur. Three of these are 
Ferrous Sulphide (FeS), Binulphide 
(FeS,), and an intermediate known as 
Magnetic Pyrites. (Fe,S,).  Pyrites 
rystals have been used ‘in radio as 
detector crystals. (See Crystal, also 
Crystal Detector.) 

PYRON DETECTOR—A crystal detec- 
tor (qv.) having an iron pyrites erys- 
tal and_a copper or other metallic con- 
tact point. 


When the signal is followed by a question mark it 
ist of these abbreviations and their meanings follow: 
‘Answer 


Quiescent Acriat 


Abbrev’n Question Answer 
QSK Is the last radiogram cancelled? ‘The last radiogram is cancelled. 

QSL Did you get my receipt? Please acknowledge. 

QSM — What is your true course? My true course is degrees. 

QSN Are you in communication with land? Tam not in communication with land. 

Q80 Are You in communication with any ship or station (or: with... .)?1.am in communication with «... (through. 
QSP Shall’ I inform... .. that you are calling him? Inform... . that Lam calling him. 

@Sq Is... calling me? ‘You are being called by . « 

QSR Will you forward the radiogram? I will forward the radiogram. 

QSS Are my signals fading? Your signals are fading. 


Is pul 


Have you anything to transmit? 


What is my true bea 


Have you received the general call? 
Please call me when You have finished (or: at . . o'clock). 
correspondence being: handled? 


Shall I increase my spark frequency ? 
Shall T decrease my spark frequency ? 
‘Shall I send on a wave length of . . 


++ meters. 


General call to all stations. 

‘Will call when I have finished. 

Publie correspondence is being handled. Please 
do not interfere. 

Increase your spark frequency. 

Decrease your spark frequency. 

Let us change to a wave length of... +... + 
meters. 

Send each word twice. 


I have difficulty in re- 


ceiving you. 
Repeat the last radiogram. 
T have something to transmit. I have one ot 


more Tadiograms for 
Your true bearing is 


degrees from. 
“latitude... longitude. 


QUADRANT—A. term formerly in use | 
fas the unit of inductance (q.v.), now 
called the henry (q.v.). Inductance 
has the same dimensions as length and 
this unit is equivalent to 10" em, this 
being approximately the length of one 
‘quadrant of the earth. 

QUADRANT ELECTROMETER—A 
sensitive electrometer (qv.) which in 
its calibrated form is known as an 
electrostatic voltmeter (qv... In the 
usual type, the “needle” consists of a 
thin aluminum plate suspended on deli- 
cate knife edges, with a pointer extend- 
§ng from the upper part to a scale. 
‘Two pairs of quadrant plates, having 
opposite faces metallically connected 

wre placed on either side of 
‘and parallel to its 


face. Each pair is insulated from the 
other pair. "When the pairs of quad- 
Tants are subjected to a difference of 


potential, the needle, if highly charged, 
will be attracted into one pair or re- 
pelled out of the other. (See Kelvin’ 
Electrostatic Voltmeter.) 

QUADRATURE—The differing in phase 
(aw) of two alternating current quan- 

tities by 90 degrees. For example, 
‘when the current lags behind the i 
pressed voltage by 90 degrees, as in 
the ease of pure inductance in a cir- 
cuit, the current and the voltage are 
said to be in quadrature. 

ead, also Leading Current.) 

QUANTITY OF ELECTRICITY —When 
referring to static electricity, it is the 

amount of the charge. Referring to 

electricity in motion, or an electric cur- 
ent, it is the amount of current flow- 
ing in a given time. Quantity of elee- 

tricity is' measured in eoulombe (q.v.)- 

The coulomb is the quantity of elec: 

tricity, which has passed when a cur- 

rent of one ampere flows for one second. 

‘The symbol whieh is usually used to 

fy quantity of electricity is Q. 

QUANTOMETER—A type of ballistic 
galvanometer in which the swing of 
the movable system is proportional to 
the “quantity of electricity” passing 
through the instrument. A galvanom- 
eter (qv.) of this type is used for 
magnetic testing as in the case of the 
fluzmeter (q.v.). 

QUARTER PHASE—A two-phase al- 
ternating current. system. An_alter- 
nating current system having two cur- 
rents differing in phase by 90 degrees 
or in other words by one-quarter of a 


eyele, 
QUARTZ LAMP—A mercury vapor 
lamp which utilizes a tube of quartz 


instead of a glass container. Increased 
current densities can then be employed, 
Since higher temperatures can be used 
with quartz than with glass. 

QUARTZ OSCILLATOR—The piezo- 
‘electric quartz plate may be used as a 
resonator (qv) or as an oscillator 
(av... When used as an oseillator it 
may be used either as a master oecil- 
ator controlling the frequency of a 
radio transmitting. station's output or 
fas.a frequency indicator. "All three of 
these uses are applicable to the work 
of maintaining station frequencies 
Constant. ‘The applicability of - the 
piezo oscillator asa frequency indi- 
ator in broadcasting stations has been 
tested carefully by the United States 
Bureau of Standards, and, found to be 
useful and satisfactory. ‘This method 
gives a means of maintaining an ex- 
tremely ‘accurate check of the trans- 
ming station frequency. (See Men 
ter-Oncillator System, also Frequen 
Meter) a 

QUENCHED GAP—See Quenched Sperk 

ap. 

QUENCHED SPARK—See Quenched 

Spark Gap. 


FIBRE GASKET 
‘COPPER, PLATE 


PRESSURE 


A typical quenched spark. plu 


QUENCHED SPARK GAP—A_ spark 
ischarger in a wireless, telegraph 
tranamfting circuit in which the Spark 
ig deionized to. prevent the gap re- 
Inaining conductive after the spark 
has passed, In this way only a few 
Sharply. defined oscillations are. per- 
mitted to occur. ‘The particular ad- 
Yantages of the quenched spark gap is 
that it enables the serial to oscillate 

‘own frequency Fegardiess of the 

Period of the spark system. In one 

form of. convertion, a” Ramer of 
‘avy copper Plates aré used, separa 

by micanite, fiber insulating ‘washers 


ing material. These 
re placed in.an iron ack. and com: 
rested by means of a pressure bolt. 
whe inside edge of the ‘washer rests 
Upon '@.Broove which is"eut in each 
Plate, " This makes it impossible for 
thet spark to discharge over the edge 
of the washer. In order to make the 
discharge surface airtight, the washers 
ae specially treated and as a rele 
this ‘helps in quenching. the primary 
oscillations ‘and makes the dlscharge 
foiseless. A small motor driven 
Brower is mounted at the base of the 
spark discharger for the purpose of 
forcing air. through the base of, the 
Tack against the cooling flanges of the 
Plates. (See Deionization, Musical 
Bpark, Kinreidy Spark Gap, also 
Quenched Spark Transmitter. 
QUENCHED ‘SPARK TRANSMITTER 
—A radio telegraph transmitter which 


trans 
arts 
fs addi 


current because closer. coupling is pos- 
sible. (See Quenched Spark Gap.) 

QUICK BREAK SWITCH—A_ switen 
provided with auxiliary contacts which 


ullea 
This action is obtained by the tension 
of a spring connected between the main 


AUXILIARY 
BLADE, 


Guiek Break Switch, 


he ausilary 
‘pring contol 


| Switch blade and the auxiliary blade, 
a3 shown in the illustration, 
QUIESCENT AERIAL in a radio tele 
phone transmitter, an_acrial opera 
Inisuch a manner thatthe carrier wave 
suppressed when transmission is not 
ually taking: place. 
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“R"_Symbol for resistance (qv.) | 
RADIANT. ENERGY — Energy trans- 


‘mitted through space by means of | 
vibrations of the ether, auch as electro- | 
magnetic energy, light or heat. (See 


‘Actinic Ray.) 

RADIANT HEAT —Infra-red radiation 
(qv.)_ as for example radiation from 
substances at temperatures insufficient 
to cause visible light rays. 

RADIATING CIRCUIT—An electrical 
‘circuit which emits energy in the form 
of ether waves. In a transmitting sys 
tem, the aerial circuit, Any circuit 
which radiates energy is o radiating 

RADIATION—The transference of en- 
‘ergy in waves through space which is 
hot necessarily occupied. by matter. 
Transference of energy through ether 
(ax). Blectrie or. electromagnetic 
radiation refers to the radiation by 
means of electromagnetic induction. 
The radiation field is transmitted by 
wave motion. Various types of elec- 
tromagnetic waves may be sent out 
by a radiating system. In one system 
the waves are known as damped waves 
(qv.), in another tundamped waves 
(qwv.)’ are used. 

RADIATION EFFICIENCY—The radi- 
ation efficiency of an antenna at a 
given wave length is the ratio of the 
Power radiated to the total power 
delivered to the antenna (resistance). 

RADIATION FROM ANTENNA — In 
‘the ease of a simple vertical antenna, 
clectromagnetic waves are radiated in 
semicloops since the lower end of the 

fs grounded. Fig. 1 gives an 


Ks 


ELECTRIC | 
FIELD 


r 
(epee WAVE 
i FORM 
1 

a 
(ewe MAGNETIC 
ra “FIELD 
He 


Fie 


idea of the way in which the inter 
twined electric and magnetic fields 
radiate from the antenna, It should 
be noted that the electric and the mag 


iM 


Fix. 2. 
the 


Electric tines of 
ha raneled 
‘the tei 


netic fields are in planes which are 
at right angles to each other. The 
electric lines are shown in elevation 
while the magnetic lines appear in 
lan, with the wave form common to 
th’ being shown between, At any 
single point in space, the lines sepa- 
Tate and come together like a bellows. 
‘After the wave has travelled a certain 


distance, the lines can be regarded as 
130 
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sections of planes and the electric lines 
can be. represented by. the. diagram 
Shown in Fig. 2. The magnetic lines 
ean be shown by the same figure, pro- 
Vided' this ia considered to have’ been 
Totated about its. horizontal axis 
Through an angle of 90 degrees. Re- 
Rardless of whether the aerial is of 
the open or closed coil. type, the ra 
tion will take place in the same general 
way, loope (ax.). being formed and 
detached “as described, (See Blectro- 
‘magnetic "Waves, also. Height of 
Aerial.) 

RADIATION RESISTANCE—The ratio 
‘of the total power radiated by an 
Antenna to the square of the effective 
Current’ at, the point” of ‘maximum 
current. ‘The property of an antenna 
by'means of which radiation of energy 
takes place. “Some of the power sup 
piled fo. circuit, carrying radio cur. 
Fents, is. radiated in. the form of 
electric waves. ‘The radiation is a 
neasure of the useful work obtained 
from the cireuit, ‘The greater. the 
power radiated in comparison with 
The power dissipated in the eireuit it- 
self, the better will be the transmission. 
‘At any frequency, the power radiated 
{s\ proportional t6 the square of the 
current, flowing, hence the radi 
effect may be," regarded as causing 
artificially, an increase in the effective 
Fesistance of the circuit. This resist- 
ance increase is known as “radiation 

sistance’ and is directly. Propor- 
Honal to the square of the frequency 
ory invergely proportional tothe 
square of the "wave length, (See 
Antenna’ Resistance.) 

RADIATION TRANSMISSION —See 
Radiation from Antenna. 

RADIO—The ‘transmission of, intl 
‘ence by means. of electromagnet 
Saves through the ether, Radio falls 
Under two general - classification 
aati telephonw Cav.) and redo fle 
graphy (av), (See Hadio Channel, 
Radio" Communication, Radio Control, 
also Radio Frequencies.) 

RADIO-ACTIVITY—The emanation of 
‘energy by certain substances, such as 
Tadium, caused by a continuous de 
tachment of electrons from the sub- 
stance, 

RADIOCAST—A term sometimes used 
instead of Broadsast. (q.v.).. ‘To trans- 
mit speech, musie or other sounds by 
radio telephony (4. 

RADIO. CHANNEL—A band of wave 
Tengths or frequencies of a width su 
ficient to permit of its use for radi 
communication. without, the radiation 
of subsidiary waves of more than a 
certain intensity at_wave lengths or 
frequencies outside of such # band. 

‘ATIO 


ans of electromagnetic waves. 

ignals maybe in the form of code 
IiERalo telegraphy or in the form of 
Speech or musie aa in radig telephony. 

Hoy maybe transmitted throygh the 

trher Care) without the use of inter 
Senine “onductors as. in. ordinary 
Taslo® or along conductors as in wired 
wireless Cave) 

RADIO’ COMPASS A simple form ot 
Talo. direction fxdey ‘especially use 
Bor marine works ‘The radjo.com 
depends for its principle of operation 
tpn’ the directional effect of a coll 
Shtennas “Hience' a coil "antenna 
fhounted on ‘vertical axis so that it 
Can be rotated freiy, (san essential 
pre ot the radio direction finder. "BY 


rotating the coil while a particular 


station is transmitting, it ig. possible 
to fix the line of direction of the sta- 
tion. ‘The coil may be mounted so 


that the maximum signal will be re- 
ceived when the transmitting, station 
ies in ‘the plane of the coil, The 
device may also be set, for minimum 
Signal ‘reception in which case the 
transmitting station lies in a direction 
peypendicular to the face of the col 
fe is possible to obtain a much sharper 
determination ‘of direction by. setting 
the coil on the minimum position an 
hence this method is generally used 
for diretion finder work. "(See Gonte- 
RADIO. CONTRO L—The control of 
motor driven devices such as marine 
Vessels, trains, torpedoes, automobiles, 
sles by means of special radio rece 
ing’ apparatus designed to respond to 
radio impulses. B. P. Glavin's radio 
controlled automobile isan example 
John 


dio controlled ships and also tadio 
controlled air. craft. 

R.F—Abbreviation for radio frequency. 

RADIO. FREQUENCIES — Frequencies 
higher than. those corresponding to 
normally audible sound waves. (See 


Frequency, Radio; Frequency, High: 
gadie Frequency: alo "Freawency, 


RADIO. FREQUENCY COILS—Induct 
ance coile (qv.) used to carry radio 
Frequency currents oF, to couple radio 
requeney circuits, Radio frequency 
transformers (av.) may be of either 
iron core or air core types although 
the air core transformers are more 

(See Low Loss Coil 


) 

RADIO FREQUENCY CURRENT—An 
alternating current having a fre- 
queney of from 20,000 to. 2,000,000 
cycles per second. There is no hard 
and fast rule regarding the upper and 
Tower’ limits, since ‘much higher or 
much lower frequencies may stil 
considered as radio frequency cur- 
Tents. (See High Frequency Current.) 

RADIO. FREQUENCY SELECTIVITY 
“The radio frequency selectivity of a 

imple element of a receiving system 
is the ratio of resonant response (in 
terms of effective voltage or current 
‘measured at the indicator) to the non- 
Fesonant response when the radio fre- 
quency Portions of the elements of that 
system are detuned by one percent of 
the resonant frequency. In this case, 
a'simple element refers to a combi 
tion of an’ capacitance 
and optionally a resistance. 

RADIO FREQUENCY SIGNALS—Cur- 
rents flowing in a radio recei 
cuit up to the point of rectification. 
‘The currents flowing in the antenna 
circuit are radio frequency currents 

wrresponding to the currents flowing 
the ‘transmitting aerial. (See 


‘Amplifier, Radio Frequency.) 

RADIO GONIOMETER— See Gonio- 
‘meter. 

RADIOGRAM—A message sent in code 


by radio, A radio telegraphic mes 
sage, 

RADIOPHARE—A _radiotelegraphie 
‘ighthouse” intended to ald navigi 


tion by emitting characteristic signals. 
By' estimating the bearings, of two 
charted radiophares, the mariner may 
determine the position of his ship. 
RADIO TELEGRAPHY—The transmis 
sion of messages by means of electro- 


magnetic waves using dot and dash 
Code signals. “A transiitter furnisher 
source of high frequency’ alternating 
Current. which oscillates rapidly in 
the antenna system thus sending out 
slectromagmetie waves. ‘These are in- 
fercepted at the receiving station by 
the recelving aerials "At the receiving 
aerial, the electromagnetic waves are 
Changed back into alternating current 
which is rectified by a detector in the 
Feceiving apparatu et 
td made audible n'a Rea felphone 
wv) oF Toud speaker (a). 
Gite, & means bf Interrupting the 
current to produce dots and. dashes 
fnust "be ‘present. in the transmitter 
and suitable tuning. devices are used 
in“both the transmitter and" the re- 
RADIO TELEPHONY — The transmis- 
sion of speech, music or other sounds 
By"meane, of ‘electromagnetic waves. 
Ih the standard systems of radio tel 
Phony continuous waves are Used of 
uch higher ‘frequency’ than those of 
fudible ‘sounds. "The amplitude of 
‘tece is, modulated by the connection 
ofa, microphone. in. the. transmitting 
Chreuit ‘The teoeiving” apparatus 1s 
ila to that emplayed im radio tle 
graphy and is arranged 0 that the 
Arad Set or loud speaker Fesponds to 
the, modulations of the waves and 
Feproduces. the sounds as" originally 
oguced at the transmitter. 
RADIO TRANSMISSION —The sending 


of signals, or other 
Sounds sctromagnetic 
waves, The transmission of intelli- 
gence through the ether. (See Radio 


Communication, Radio Control, Radio 
Telegraphy, also Radio Telephony.) 
RAT-TAIL—A single wire, of a group 

‘of wires used to connect the main part 
Of ‘an aerial with the lead-in (4.v.) 
RATIO—Relative values of quantities 
‘of the same kind, oF number of times 
one quantity is contained in the other, 
RATIO OF TRANSFORMATION The 
Tatio between the primary and second- 
ings of a transformer. This 
io of the. primary 
to the secondary voltages. “Thus if & 
transformer. has ratio, of tran: 
formation of 3 to 1, then the second- 
ary will have three times. as” many 
turns as the primary and the second- 
ary voltage. will. be, approximately 
triple that of the primary voltage. 
RATIO. OF UNITS—The ratio of the 
‘unit pole in the electromagnetic sys- 
tem fo the unit pole in the electro- 
Static system, of of the unit charge in 
{the electromagnetic system to the un 
charge in the electrostatic system. It 
humerical value is approximately 3x 
io", 
RAYLEIGH, John 
British’ physicist 


William Strutt — 
Born at Langford 


Philosophy at the Royal Institution 
And was appointed president of the 
Royal’ Society. in 1905. In. 1908 he 

‘appointed Chancellor of Cam- 
bridge University, and died June 30th, 
191%, Rayleigh was considered by 
many to have been one of the most 
brilliant experimental physicists of the 
nineteenth eentury. He not only had 
a Temarkable power of mathematical 
analysis, but was equally skillful in 
carrying out the experimental proofs 
‘of his theoretical researches. | Many 
of his experiments were made with 


home-built apparatus. He threw a 
fresh light on nearly every branch of 
physics, from the theory of gases to 
Wave theories and electric and mag- 
netie problems. ‘Due to the care with 
which he earried out his experiments, 
he was the first to detect the presence 
of neon in the atmosphere, this being 
the forerunner of the discovery of @ 
number, of inert gases in the atmos- 
phere. The Rayleigh balance for abso- 
lute current measurement is aswell 
known as” it’ is important. Lord 
Rayleigh was one of the original mem= 
bers of the Order of Merit. In 1882 
he was awarded the Royal Medal, in 
1899 the Copley Medal of the Royal 
Society and in 1004 the Nobel Prize 
for physics, 

REACTANCE — That. property of an 
electric circuit, aside from its ohmic 
esistance, which tends to oppose the 
flow of an’ alternating current. Mathe- 
matically, “reactance is defined | a: 
the square root of the difference be- 
tween the square of the impedance 
(qy.) and the square of the effective 
resistance of a given portion of an 
electric circuit." Expressed as an 
equation reactance x = Viz — 
where z is the impedance and r the 
resistance of the part of the circuit 
under consideration. Reactance due 
to capacity in a circuit is capacity or 
condensive reactance. The reactance 
of a condenser of capacity ‘© to an 
alternating” current (of sine wave 
form) of frequency f is expressed by 

i 


the equation Xe = ———. Reactanee 


rf. 


waveform) of “frequency, £ 
pressed by. the equation XL 
Reactance is measured in ohma. 

REACTANCE COIL—REACTION COIL 
—Terms used in England to describe 
the tickler coil (a.v.) used in regen- 
erative sets to couple back part of the 
energy in the plate or output cire 
to the input circuit. 
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OB VOLTAGE 
OA- AMMETER READING 
OG- ACTIVE COMPONENT. 
AG-REACTIVE COMPONENT 


REACTIVE COMPONENT—The _com- 
ponent of an alternating current used 
to overcome the reactance of the cir- 
cyit, ‘This component acts at an angle 
‘of 90 degrees from the voltage. Tt is 
‘also known as wattless current. (qv.)- 

REACTIVE CURRENT — See Reactive 
Component. 

REACTIVE DROP—The portion of the 
voltage drop in an alternating current 
circuit, due to the reactance. 

REAL POWER—See Tre Power, 

RECEIVER—A term rather loosely ap- 
lied to cover the entire radio recelv- 


Rectifier, Full Wave 


ing apparatus within a station. Also 
sometimes used as a synonym for 
Detector (qwv.) 

RECEIVING AERIAL—A wire or 
Broup of wires suspended at a suit 
fable height and connected to a radio 
receiving set. The purpose of the 
receiving aerial is to intercept the 
electromagnetic waves. It should be 
placed well above surrounding build- 
Ings if possible, and. should ‘be well 

und. (See 


RECEIVING CIRCLIT—Any clectrical 
feeuit used in. conmestion with the 

Feception of radio. "The. more_im 
portant vacuum tube receiving eircults 
Ere. the mupercheterodyne (a 
newrodyne (ards the rece eirout 
(awh. the repenerative eivenit (ace) 
and” the ed." frequency ey 
(aw). There are 
SGn0 and "Combinations of hone i= 

RECEPTACLE—A form of socket into 
Which. a plug is inserted for making 
lectriel connections. 

RECONSTRUCTED MICA—See Mica- 
ite. 

RECORDER—A telegraphic instrument 
‘which automaticaly records, messages 
ent over a telegraph system. 

RECORDING WATTHOUR  METER— 
‘An instrument. for measuring. and 
Fecording the total amount of electri 
al energy being consumed in'a circuit, 
Gee Yitegrating Wattmeter) 

RECTIFICATION—The changing of al- 
ternating current. to direct current. 

ccornlished By means 

of the. vacuum™ tube, although the 
Ordinary ‘rystal detector rectifes the 
alternating current also, “Before. s 
Storage battery an be’ charged from 
fn alternating current sources the cur. 
ent must frst be changed to" direct 
Sarrent, "Hence. the ‘batery charger 
designed to work on, alternating. cor 
Fent must be equipped with a reetifa 
lon device, or rectifier (a. 

RECTIFIED CURRENT—An aiternat- 
ing current (a: 


current either by preventing alternate 
waves trom flowing or by’ reversing 
their direction. (See Rectified Signale, 
Rectification, also. Rectifier.) 
RECTIFIED "SIGNALS—Radio signals 
which have passed through a detector, 
such a8 a vacuum tube or a crystal’ 
Rectifeation of the oseillations results 
in audible or audio frequency currents 
which can’ be heard in a telephone 
feceiver. (See Rectification, Rectifier, 
Rectilying Tube, also. Rectifying “Act 
tion of Crystal Detectors) 
RECTIFIER —An apparatus for con= 
verting alternating current to uni- 
Girectional or direct current. Ex: 
amples of rectifiers are certain crystals 
used as crystal detectors; the commus 
tators of direct current motors. and 
‘electrolytic 
batteries, 


ULL WAVE—A device 
alternating current to 
n which both the posi- 

ive and negative alternations are 

utilized. This differs from the half- 
wave rectifier which rectifies by sup- 
pressing alternate waves. (See Full 


4st 


et current, 


Rectifying Action 


Wave Rectification, also Half Wave 
Rectifier.) 

RECTIFYING ACTION OF CRYSTAL 
DETECTOR—The crystal detector 
has the property of allowing radio 
frequency alternating currents to flow 
‘through it in one direction only. In 
other words the alternating current is 
rectified. (See Crystal Detector- 
Theory of Operation, Crystal Detector, 
Crystal Rectifier, Rectified Signals, 
calao Rectified Current.) 

RECTIFYING TUBE—A vacuum tube 
uused to convert alternating current 
into direct current. Rectifieation can 
be accomplished by a two-electrode 
tube, having filament and. plate. In 
this case the electron flow is from the 
hot filament to the plate. A two- 
electrode vacuum tube made especially 
for rectifying Purposes is known as 
the Renotron. (Q.v.).. Another recent 
type of rectifying tube, known as the 
helium tube (trade name, Raytheon) 
utilizes a different operating principle, 
known as the “short path” prineipl 
whereby the rarefied gas acts as a 
insulator between points which are in 
close proximity. ig in apparent 
‘contradiction of the observed phenom- 
‘enon that the smaller the distance be- 
tween two points the more readily a 
spark will jump between them due 
to the ionization of the gas. How- 


Fig. 1A Raytheon tube, 


ever, if the distance is small enough 
and’ a suitable gas is used at a 
Tow enough pressure, an electron 
encounter no. gas molecules 
in. its path between the points 
and there (will be no ionization ‘by 
collision. Consequently, the inert gas 
helium,” may be made’ to act as 
jerfect insulator “at low pressure 
‘urthermore, it has been found that 
when a larger electrode of a gas con- 
duction tube is negative, there is a 
greater current flow than when the 
smaller electrode is negative and that 
the smaller the positive relative to the 
negative electrode, the smaller is the 
back current and hence the more com- 
plete is the rectification. Figure 
shows a typical helium tube, while 
Figure 2 illustrates its. construction. 
‘The two small positive electrodes A, 
are carried through two small i 
fubes imbedded in a lava insulating 
block L'so as to project very slightly 
ito a lava cup C whose wells 
stitute the. negative electrode, being 
connected to the negative terminal 
through the base. ‘The diameters of 
‘the small wires and the diameters and 
positions of the holes whereby they 
Enter the cup are so proportioned as 
to give the necessary short path to 
the negative electrode. ‘The cup C 
contains helium gas at such low pres- 
sure as to prevent gaseous conduction, 
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‘This gives an insulation of great re- 
liability and long life and makes 

ssible extremely small anode sur- 
Faces which reduce the back current to 
‘a negligible quantity. 


Faia 


Construction of the Raytheon tube. 


Positive Electrodes! 
Fis. 2. 


RECTIFYING VALVE—This usually 
refers to a rectifying tube (av.) al- 
though it may refer to an electrolytic 
rectifier (qv) 


Amonityng tube 


energy striking it. A conductor parallel 
tothe direction of motion of & wave 
Serves to guide the direction of the 
wave. The reflection and other modi- 
Healone /of""radio waves, serves t0 
explain. fading. (qxv.) and. other ir- 
regularities of broadcast signals Te 
hhas been found that broadeast signals 
Yel Rave mot uniform intensity when 
long waves are used and during’ the 
daytime. Moreover, transmission will 
be better over a uniform conducting 
Surface, such as the ocean. It is ase 
sumed that the space through which a 
radio wave travels is bounded by. the 

ce of the earth and by an upper 
jon which during the day isa 
fafrly. good conductor. The transmit~ 
ted waves are guliied by the two con- 
Gucting ‘mediume but in addition are 
Sssisted materially by reflection espe- 
Gially during. the time that the air ig 
artally ionized by the radiation of 
the sun. 


REFLECTION COEFFICIENT—(Of a 
surface of discontinuity between two 
media.) "The ratio. of the reflected 
Feld intensity near the surface to the 
Hnciant eld intensity near the sure 


REFLEX—See Reflex Cirewit. 


REFLEX CIRCUIT—A radio receiving 
circuit invented by Marius Latour in 
Which the vacuum tubes are made to 
perform double duties as both radio 
and audio frequency amplifiers. The 
incoming radio. frequency current. is 
amplified at radio frequency, rectified 
by''a. detector (which may be a crys- 
tal “detector) and then amplified at 
audio frequency, using the same tube. 


f 


Was 


A typical telex circuit using one tube a 


RECTIGON—The trade name of a stor- 
‘age battery charger which utilizes the 
Yacuum tube rectifier principle. 
Charger, Storage Battery, also Reeti= 
fuing Tube.) 

RED MAGNETISM—An obsolete term 
for the lines of foree coming from 
the north pole of a magnet. 


REDUCE "WAVELENGTH OF 
ROSE oh ANKE Ban 
AERC Th Rca eS" 
ioe ee oe 
ita Stays wite 

ie, ole the ati 
erttawe alten saat! wie 
isc 

ERLECTING GALYANOMETER—See 
pre ea 


REFLECTION —Redio waves are, re- 
flected and also. refracted when they 
pass into a region of different dielec- 
Trie. constant. A. perfect. conducting 
sheet would “reflect all of the wave 


A typical four tube reflex set uses 
the second and third tubes as ampli 
fiers simultaneously for both the radio 
and the audio frequency amplification. 
As a result the four tubes are made 
to produce the effect. of six. Reflex- 
ing may. be accomplished in a num- 
bet of different ways. In some cases 
all the tubes are made to work twice. 
In other cases, only a part of the tubes 
are used for dual amplification. A 
Variation of the reflex circuit, is the 
Tnverse Duplex Circuit (av.).” In this 
system the incoming signal reaches 
the first tube where it is amplified 
at radio frequencies and passes to the 
Second tube, where it is again ampli- 
fied at radio frequencies. From the 
second radio frequency “tube, it, is 
passed to the detector tube, where it is 
converted to audio frequency. The 
current. then flows back to, the second 
radio frequency” tube which, is now 
Used as an audio frequency amplifier. 
Thence it flows to the first radio fre. 
quency tube Which acts as the second 


stage of andio frequency amplifica- 
tion. 

REFRACTION—The refraction of elec- 
trie waves is analogous to the refrac- 
tion of light, ‘The electric (radio) 
waves are refracted when they pass 
into a region of different, dielectric 
constant, ‘That is to say, their direc 
tion is slightly altered, "(See Fading, 
Gliding Theory, also Reflection.) 

REFRACTION AND REFLECTION 
OF. ELECTROMAGNETIC WAVES 
—See Reflection, also Refraction 

REGENERATION—The amplifying 
properties of the three-electrode vac~ 
‘tum tube ean be used to obtain what 
is termed regeneration. Since it is 
possible to have greater output energy 
than input energy, part of the output 
may be returned’ to the input side, 
thus resulting in amplification of 
energy or in regeneration. By feed- 
ing back the correct amount of enersy 
and in the right phase relation a con- 
stant reamplification may be obtained, 
and the tube can be made to act as a 
generator of austained oscillations. 
(See Armetrong Circuits, Feed-Back, 
Feed-Back Coil, Feed-Back Coupling, 

jack Effect, also Regenerative 


of connecting up vaccum tubes for ra- 
io reception in which the amplified 
variations of the plate circuit are su- 
perimposed inductively on the grid or 


Imput eireuit thus producing. &. tein 
forcing. effect, which results in ine 
Greased sensitivity. (See. Armetrong 
Girenite.) 

REGENERATIVE COUPLING—A radio 
Teceiving system designed to increase 
Amplifestion in. a. vacuum tube, by 
coupling the plate or output. cireuit 
Sack to the grid or input ercuit thus 
Producing rageneration "(See feed: 
Back," "Beed Back Coil, ‘Peed-Back 
Counting, Peed: Back Efect, also Re- 
Deneratiie Circuit) 

REINARTZ CIRCUIT—A selective re- 

crative eireuit devised by John T. 
{Reinarts in which ® spider-teb jnduc- 
tance ili use the, el acting a6 
Primary, secondary and tickler. "Cap- 
Reity feed-back Cav.) is accomplished 


Diagram showing Reinarte circuit 


by means of a variable condenser. In 
the improved Reinartz a variocoupler 
is used, connected as a variometer, in 
addition to the condenser feed-back. 

REJECTOR—See Rejector Circuit. 

REJECTOR CIRCUIT—A circuit’ con- 
sisting of a combination of inductance 
and capacity for filtering out or pre- 
venting the passage of currents of cer- 
fain frequencies. This circuit is used 
in connection with a radio receiving set 
{ obtain greater selectivity. The in- 
ductance and the capacity are ar- 


ranged in parallel to form a resonant 
Circuit, ‘The constants of this circuit 
gre chosen so that lat the, partieal 

Frequencies to be filtered, the capa 
current will exactly equal the inductive 
current, thus giving zero resultant cur- 
rent, The primary application of the 
ejector cireuit is as an interference 
eliminator (qv.) or wave trap (a)- 
Figure 1 shows the application of the 
rejector circuit. applied to a radio, 

ceiving set. ‘The circuit shown is a 
combination acceptor-rejector circuit. 
‘The rejector circuit is shown in heavy 


REJECTOR 
ciRcUIT 


/ ACCEPTOR 
CIRCUIT 


Fig. 1, An acceptortefector circuit used at 


lines. The inductance and the capacity 
are connected. in parallel with each 
other and with. the acceptor circuit 
fand this latter is inductively coupled 
to the receiving set cireuit. Both the 
acceptor and the rejector circuits are 
tuned to the wave length of the receiv- 


ing aerial. By using more than one 
7 AERIAL 
SPIDERWEB COIL, 
750 TURNS 


[A rejector circuit designed to filter 
ut uhdesired spark wlenalt 


rejector and acceptor circuit increased 
selectivity can be obtained. A rejector 
circuit used to filter out, undesired 
spark signals is shown in Figure 2. A 
small inductance ‘of about ten turns 
is employed in this circuit and this 
ig inductively coupled to a closed tuned 
ireuit and wired in series with the 
aerial, and the aerial terminal of the 
set. If'a spider-web coil is used in the 
closed cireuit, a suitable value for 
broadcast wave lengths is a 50 turn 
coil, placing the aerial coil in such a 
position as to get closest coupling. 
The variable condenser should have a 
capacity of 0005 mid. (See Accep- 
tor) 


RELAY—An electromagnetic device by 
means of which contacts in one circuit 
fare operated by a change in conditions 


Resinous Electricity 


in the same circuit or in one or more 
ssceiated circuits. (Seo Magnifier.) 


RELUCTANCE — Magnetic resistance. 
‘The reluctance of a magnetic circuit it 
fndiogoe th setticalFesttance Al 
Inngnetic. circuits offer reluctance to 
Hux The name rel is widely used as 
the unit of reluctance: The rel 1s the 
reluctance of @ magnetic circuit which 
vrill have one Tine of force in it, upon 
Mpplieation ‘of one ‘ampere-turn Phe 
Tel can also’ be‘ specified aa the relue 
Hance of a cylinder of air, of of any 
Sther “non-magnetic. materfal, one 
Square ineh in cross-sectional area, and 
55g inches long. The flux through & 
magnetic eireutt is equal to the mag- 
xetomotive force (ay) divided by the 
Teluctance, |” (See ‘Biagnetic Proper- 
ties) 

RELUCTIVITY—The reluctance (a.x.) 


Bon. 
Specific magnetic resistance, 
reciprocal of permeability. (aw.). 

REMANENCE ~The term ‘applied to 
the magnetism remaining i 
after the magnetizing force 1s removed. 

REMOTE CONTROL A. control ays: 

tem whereby & radio transmitting oF 
Fecciving apparatus may. be opersted 
at any desired. distance from the. ap- 
Paratte. ‘The chief ndvantage of Te- 
Inote control lies in the fact that the 
High tension apparatus and the tal 
fetal masts maybe located in outly- 
ing districts whereas the studio can 
Tocated at” any” desired, convenient 
win. In addition it 8 possible to 
omicast’ concerts, theatrical enter- 
tainments, ‘prize fights, ete, direct 
from the scenes of action by wtilizing 
emote. control. 

REPEATING COIL—A transformer of 
‘nity ratio used in Gelephone practice 
RADIATION —"The “relaying. of a 

radio wave through the action of a re- 

ceiver “employing regeneration. 

phenomenon. is most commonly 
erved in receivers of the super hetero 
dyne type. 

RESIDUAL’ CHARG ary 
flectricty retained. by a condenser 
Stier discharge, This in also known 
5 electric rertdue ot noakage. After 
the condenser is discharged in the or- 
inary’ way, the residual charge per= 

4 secahd discharge, smaller than 
the first. (See Soaking in) 

RESIDUAL MAGNETISM 
netism -retained by 
After the. magnetizing 
drawn, "After mass of iron has be- 
come magnetized, some of the magnet 
{sm will remain, even though the mag 

izing Torce has-been. taken aw 

‘The amount of residaal magnetism d 
pends on the quality of the iron. Pure 
Wrought iron, in general, retains very 
Hite’ residual ‘magnetism, whereas 
‘wrought iron which has gone throgh 
1 hardening process, or which contains 
& large percentage of impurities and 
flso east ron” possess a” inuch larger 
amount of residual magnetism. 

RESINOUS ELECTRICITY—An_cbso- 
Tete term for negative charges of elee- 
teeity, adopted because of the fast 
that Fesinous bodies become nerativel 
charged by friction, (See Vitreous 
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Resistance 


RESISTANCE — Symbol 0 (Omega) — 
Every conductor of electricity. offers 
apposition to. the ‘low of electricity. 

esistance is a property of the condue- 
tor itself.” It increases with increased 
Tength of conductor, decreases ‘with in- 
created’ cross-sectional ‘aren, “and is 
Rreater or less depending upon. the 
material of the conductor. Resistance 
is measured in ohme, (q.v.). The ohm 
{5 equal to 10"'C.G'S, electromagnetic 

RESISTANCE BOX—A box containing 
‘a number of wire coils of known resist 


A resistance bor. 


Hons, by means of swi 
to "produce “any ‘des! 

RESISTANCE COUPLED, AMPLIFIER 

of amplifer (axy.) which utile 

ines ‘Mgh’'resletances “for. ‘interst <e 

coupling. Resistance coupled ampliic 


cation is generally used only for audi 
Frequency’ amplification. although 
ay be’ used. for “radio “frequencies 
atove 3000 "meters, “The eich advan 
tage of resistance coupling consists in 
the purity of tone obfainsble and the 
nce of Tn addition ra- 


gheence of distortion, 
‘receivers of this type are compara- 
tively inexpensive to build. It should 
be noted, however, that with resist- 
fanee coupled amplification, the ampli 

fication per tube is much less than with 
transformer coupled amplifieation and 
furthermore the drain on the “B” bat- 
‘teries is also much greater. Of course, 


Fig, 2. In this clrcat there must be toro sets 

etrbntterig, bot’ even then the end ‘of tu 

anE HT haves ponitive bass which 
‘anderirable: 


where a “B" eliminator is used “B” 
Battery consumption is not a considera 
tion “The resistances used for resist. 
fance coupling. are nonsinductive and 
may have resistances of from “i, me- 
ohm to 2 Inegohma, Figure shows 
Sn elementary eireuit utilizing a non- 
Inductive reslatance in the plate cir- 
cuit of the tube. When a signal is ime 
pressed upon the grid. circuit. of this 
Smplying tube, ter, s& correqponde 

voltage set up in the Plate circuit. 
The resistance Rin the plate eireult 


1st 


causes a voltage drop to take place in 
fo places in the tube.” The total re 

ance of the plate circuit is equal to 
the internal “resistance “of the. tube 
fdded'to'the resistance Ry and if the 


“3” battery has 90 volts 
equivalent ‘to the tube resistance at 
that moment the voltage drop across 
the tube ‘will be 45 volts with the same 
drop across R. Theoretically it is pos- 
sible to vary the voltage drop across R 
from zero to almost 90 degrees. Dis- 
counting the small resistances of the 
“A” ‘and “B® batteries, a changing 
voltage will occur across the filament 
and plate when the grid potential var- 
jes, and also across the resistance R. 
Naturally these last, variations depend 
upon the tube resistance and upon 
the value of the resistance R. These 
variations will be largest when R has 
a greater resistance than that of the 
tube, "The resistance or impedance of 
the tube is constantly ina state of 
change and ean assume very high val- 
ues. For this reason the value of R 
should be equal tothe higher values 
of the tube impedance in order to 
maintain maximum effectiveness. As 
used with ordinary amplifier tubes, a 


value of 100,000 ohms has been found 
to gi 


In Fi 
lies in the gri 
as in the plate circuit of tube 1. ‘Henee 
the magnified changes in tube 1 are 


er, cx 


number of tubes in an amplifier. In 
order to do this the grids of the tubes 
‘must be separated electrically from the 
high voltage of the plates of the pre- 

ling tubes, but only. as far as the 
steady voltage is concerned, while the 
fluctuating voltage of these plates 
must be impressed on the grids of the 
following tubes. This is done by intro- 
ducing condensers between the two re- 
sistances. | These effectively block the 
direct currents while they afford easy 
passage to alternating currents. Fig- 
ure 3 shows the introduction of the 
condenser between the plate resistance 
and the grid resistance. Inspection of 
this diagram shows that although tube 
No. 1 remains the same, the plate in- 


stead of being connected directly to the 
grid of tube No. 2 is separated from 
the latter by means of the condenser 


C. If voltage fluctuations now. oct 
across the resistance R, they will al 
be effective across the’ grid and fila- 
ment of tube No. 2, because R exerts 
its influence between plate and filament 
of tube No. 1. As the condenser, C, 
conducts the variations very easily, the 
voltage fluctuations against Rare then 
effective across the lament and grid 
of tube No.2. It is necessary that 
tube No. 2'be provided with a grid 
leak, R, for the accumulated negative 
charges to leak off the grid to the fila- 
ment, “This grid leak at the same.time 
serves the purpose of a by-pass for 
voltages, occurring due to possible 
leaks in’the condenser C, which would 
tend to make the grid positive, thus al- 
lowing a grid current to flow and stop- 
ping the perfect action of the tube as 
an amplifier, Since the grid leak R, 
ig a direct shunt across the grid and 
Alament of tube No.'2, Tt must have a 
relatively high value in order to retain 
the highest possible amplification... Ry 
should have a value lying between 500, 
(000 and 2,000,000 ohms. If this reaist- 
ance is made’ variable, it will be pos- 
sible to control the resulting amplifica- 
tion completely, ‘The value of the con- 


denser C, must be chosen so that its re- 


ner nes 


+|F 
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Fig. 4. Diagram showing three stages of resistance coupled amplifeation. 


transferred from R to the grid and 
Blament of tube 2, thus the latter tube 
will'be affected directly by the output 
Urcuit of the first tube and thus there 
Swit "be amplification in both tubes 
thereby causing a resultant magnihed 
Signal to be heard. However, such 
a hook-up, the same “A” and “BY bate 
fery"cannot be used since this. would 
mean that there would posive 
charge on the grid of tube No.2, whiel 
would then be unable. to. function. 
Naturally. ft would be impracticable to 
tse a circuit having so many batteries, 
soa means must be found. whereby i 

posible. to have a power supply 
consisting of but one filament battery 
fand one plate battery for any given 


sistance to the flow of alternating eure 
rent will be as low as possible. Figure 
4 shows three stages of resistance cou- 
pled: amplifi a. "C" battery 
lused to give proper grid 

value of the resistance R, in the plate 
circuit of the tubes is 100,000 ohms and 
the value of the resistance in the grid 
circuits is 1,000,000 ohms (1 megohm). 
‘The condenser C has in each case a 
sapacty of 0.05 mtd. | The value of the 
“CG” battery is about 4% volts, but this 
should be determined by experiment 
for best results. 


RESISTANCE COUPLING—RESIS- 


TIVE COUPLING—The transference 
of electrieal energy from one eireuit to 


Universal soldering iron 


‘The proven ERSA 30, available 
with @ 30 or 40.W rating, is very 
fabust and durable soldering ron. 

1 Its improved ergonomics i further 
‘enhanced by the practical stick-on 
rubber suppor isk. This universal 
soldering ion is designed for mult- 
purpose use inthe crals, service 
and hobby sector. 


‘The MULTI-PRO with ts heatesis- 
tant power supply cor is extremely 
flexible, as itcan be operated 

witha wide range of diferent tps. 
Therefore tis suitable for almost all 
conventional soldering applications 


‘The ERSA 15¢ universal sl- 
ering iron is the ideal too for 
cost-effective soldering, Internally 
heated saldering ips guarantee 

‘an outstanding performance. The 
ERSA 15+ can be operated with 
clerse ine is ofthe 832 and B42 
tip series. ls ergonomic handle as- 
sis in the safe processing of fne 
soldering jain 


ERSA 30 5, 20/40 W. 
rsa MULTE-PRO, 20 W 
ERSA15+,15W 
ERSA 254, 250 


‘The ERSA 25+ is perfect for sak 
dering applications with increased 
heat requirements, The internally 
heated, larger soldering tps of the 
892 and 842 tp series ensure good 
heat transfer ata high thermal 
performance, The ergonomic 
handle provides a safe grip for 
every soldering application, 


another, by means of resistance com- 
mon to both. "(See Resistance Coupled 
Amplifier. 

RESISTANCE, HIGH FREQUENCY— 
‘The increased resistance of a conduc- 
tor to high frequency currents, due to 
concentration of current at the sur- 
face of the conductor. This phenom- 
enon ‘is known as skin effect (a.v.) 
Skin effect becomes more pronounced, 
the greater the frequency of the im: 
pressed electromotive force. Skin ef- 
Fect also. increases with’ increased 
cross-section of the conductor, with in- 
creased conductivity of the conductor 
Gnd. with inereased magnetic perme- 
ability (qx.). As a result of skin ef- 
fect, the setual resistance of a conduc- 
tor to alternating currents is greater 
than to direct currents. 

RESISTANCE OF GROUND CONNEC- 
TION—The connecting wire leading 
from the radio apparatus to the 
ground should be of low resistance. If 
fonmble, the eround should be made by 
Gurying’ a copper plate in moist earth. 
The usual way to obtain a ground is to 
fasten a copper strap or ground clamp 
(qv.) around a water or a steam 
pipe. 

RESISTANCE (RADIATION)—This 
the ratio of the total energy radiated 
(per second) by the antenna to the 
square of the root-mean-square current 
ata. potential node (generally the 
ground connection). 

, RADIO. FREQUENCY 
—The ratio of the heat produced per 
second, in watts, to the square of the 
root-mean-square current (Tadio fre- 
quency), in amperes, in a conductor. 

RESISTIVITY —See Resistivity of a 
‘Material, also Resistivity, Surface. 

RESISTIVITY OF A MATERIA 
SPECIFIC RESISTANCE — Symbol 
» (tho)—The resistance in ohms of 
‘unit Tength nd unit cross-section of 
the material under consideration. Re- 
tivity may be measured in ohms per 

inch cube or per centimeter cube, but 

‘measured in, ohms 
of a 


8. Fesistance. 


upon 
length and unit cross-section of alum- 
inum has about one and one-half times 


ihe"resistance of copper having. ‘the 
same dimensions, Platinum has about 
six times the resistance. 

RESISTIVITY, SURFACE — Referring 
to an insulating substance, surface re- 
Sistivity Is the resistance between two 
opposite edges of a surface film, 1 cen- 
meter’ square. “Surface resistivity 
tlepends to'a considerable extent on hu- 
midity. 

RESONANCE—A. condition which ex: 
ists in-an electrical eireuit where the 
frequency of the applied electromotive 
force is the same as the natural fre- 
Gueney of the eireuit.. Resonance is the 
Cumulative effect produced by a pe- 
odie force in a circuit, so adjusted in 

the effect can attain 
‘The effect, mens 


which the force comes, 
Fesonance is to bring the current, into 


‘with the electromotive force, 
ance in a circuit has the effect of 
bringing the reactance due to the in- 
Guetance (inductive reactance) in ex- 
fact opposition to the reactance due to 
capacity (capacity reactance). ‘The 
total reactance is therefore zero and 
therefore the impedance is equal to 
the resistance. When two or more cir~ 
cuits have the same natural frequency 
they are said to be in resonance. Res- 


phase 
Re 


onance of a circuit to a given exciting 
that 


alternating electromotive force i 
condition due to variation of the 
duetance or capacity in which the re- 
bultant effective current (or voltage) 
in that circuit is maximum. Instead 
of varying the inductance and. the 
capacity, the frequency of the excitin 
field may be varied. The condition o 
resonance is determined by the fre- 
queney at which the current or voltage 


ing the relationship between the cur- 
rent induced in_an oscillatory circuit 
and the frequency of the inducing cur- 
Tent. Inthe case of two oscillating 
circuits placed near each other so that 


A~ point oF 
RESONANCE 


CURRENT IN 2H CIRCUIT 


NATURAL FREQUENCY OF 
SECOND CIRCUIT 


A typical resonance curve, 


oscillations in one circuit will. induce 
oscillations in the other, the induced 
oscillations will be weak ‘or strong de- 
pending whether or not the second cir- 
cuit ig in tune with the first one. The 
capacity and the inductance of the se 
fond circuit canbe varied until it i 
exactly in tune with the first at which 
time maximum current will flow in it, 
The resonance curve is obtained by 
measuring the current in the second 
circuit for Various noted oscillation 
constants, and plotting the curve with 
the ordinates representing the current 
and the abscissae the corresponding 
natural frequeney of the second cir- 
cuit, ‘The diagram shows a typical 
resonance curve. The Peak of 
curve is the point where the two 
cuits are in tune, or in other word: 
the point of resonance, 

RESONANCE INTENSIFTER—An au 
tomatic receiver used for the reception 
of high-speed radio telegraph signals. 

RESONANCE. TRANSFORMER — Any 
Toose-coupled tuning inductance having 
a primary and secondary each with a 
Variable. condenser in’ the circuit 
‘Tuning the secondary circuit brings it 
in resonance with the primary, thus 
enabling. signals to be heard’ with 
Breatest volume. 

RESONANT—See Resonance. 

RESONATOR—A device for detecting 
by Tesonance, oscillations produced by 
gn oxcllator. ‘This term is also used 
fo refer to the soun employe 
with the telegraph sounder. 

RESONATOR, ACOUSTIC—A. vessel 
containing volume of air which can 
easily be set into vibration by sound 
Waves or by the oscillation of a solid 
object. ‘Typical forms are cylindrical 
or spherical and the ear is applied to a 
small tube opening into the air cham- 
ber. 

RETARDATION COLL —A reactance 
coil used in a circuit for the purpose 
of selectively reacting on currents 
which vary at different rates, 

RHEOSTAT—A variable resistance used 
to control current flow. Rheostats may 


Root-Mean-Square 


be made of resistance wire or of car- 
bon or for special purposes, liquids 


Battery in order to control the amount 
of current flowing in the filaments. 


ties. 


if physical re 
searches at the Cavendish Laboratory, 
Cambridge, and did a great deal of 
work on thermionies and other radio 
He is a doctor of science 
‘of the Institute of Phys- 
feral radio patents to 
mn expert in electrical, 
optical and acoustical sciences. 
ROBINSON, James — British radio in 
ventor. Born in 1884, he was educated 
Be Durham “and Gottingen Universi 
es. He was appointed lecturer in 
physics at Durham University, 1906- 
07, lecturer in physics Sheffield Univer- 
ity, 1910-12, and lecturer in physics 
at the East’ London College, London 
University, 1912-15. Robinson is 
known chiefly for his direction finding 
apparatus. He is a member, of the 
Radio. Society of Great Britain. 
ROBINSON, Samuel S.—Rear-Admiral, 
U.S.N. He was born May 10th, 1867, 
and was educated at the United States 
Naval Academy, from which he 
uated, He wrote the Manual of Wi 
less Telegraphy for Naval Electri- 
cians, and was in charge of the Bureau 
of Equipment, Navy Department, 
ROOT MEAN. SQUARE —The square 
‘root of the mean value of the square 
of an alternating current or voltage. 
‘An alternating "current whose root- 
mean-square value is one ampere has 
the same heating effect as a direct 
carent of Jone “ampere, Root, mean 
square is also referred to as effective 
oF virtual value. The Toot mean 
Square is derived as follows. In elec- 
{cal measurements, itis necessary to 
compare direct and alternating cur- 
rents. Moreover, the same units of 
measurement, the ampere (q.v.) and 
the vole (q.v.) are used in referring to 
both direct and alternating currents. 
However, in a direct current, a certain 
voltage will produce a steady current, 
whereas” in ‘an alternating current, 
both the voltage and the current, are 
constantly varying both in magnitude 
fand direction. The common basis of 
Measurement is found in the value of 
the alternating current which will 
produce the same amount of heat as a 
Certain direct current, Heating effect, 
according to Joules Law (q¥.) is di 
rectly proportional to the square of the 
current, Hence, in an alternating cur- 
rent varying according to a sine law, 
itis necessary to square each ordinate, 
find ‘the mean or average value of 
these squares, and then extract the 
Square foot of this mean. Stated in 
coneise terms, it is necessary to find 
the root mean square. An alternating 
current having a maziman value of 
fone ampere would have a root mean 
square value of .707 amp. (See Form 
Puctor.) 
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Root-Mean-Square Value 


ROOT-MEAN-SQUARE VALUE —See 
Root-Mean-Square. 

ROTARY CONDENSER — A synchron- 
ous motor used on a power line to ad- 
varve the phase (q,v.) of the current. 
‘Asa result. there isan improvement 
in the power factor (q.v.), ‘The action 
of the synchronous motor is similar to 
that of a condenser, whence the name 
rotary condenser. 


ROTARY CONVERTER—A device for 
converting alternating current into dic 
fect current or vie versa. ‘The rotary 
Converter is also known aa a aynchrove 
ous converter. It ia built like a direct 
Current. generator, except that it has 
ertain’ commutator segments of con 
ductors in the armature, connected to 
Slip'tings. “"fwo, three’ four, or_six 
ings may be uscd.” When the arma 
fre is rotated there {2 an alternating 
Yoltage between the rings, If the con 
Yerter is driven by motor oF by" an 
Engine, it may be used as a double'cur- 
Fent generator, ditect current. being 
Sbtained irom the brushes and alter: 
‘ating current from the slip Hinge (col 
lector rings). When the celestor 
ings are supplied. with alternating 
Current, the converter runs. asa. st 
Chronows motor and direct current can 
fe'ebtained from the brushes on, the 
Commutator. It should be understood 
that there is only one set of windings 
on the rotary converter which act sim= 
Uitancously as alternating current mo: 
tor and direct current. generator, "A 
Converter which it used fo convert die 
fect current to alternating current. is 
tiled an tered covey: he 
Shugte-phase. converter, there are. (wo 
Sin igs Sonnected to the windings by 
stmang cqualiy spaced taps as there 
fre poles. In’ the three-phase con 
Seiten, tree Fings are used, with three 
tually spaced taps for each pair of 
Poles.” The single phase rotary, con- 
etter must be brought up to synehron- 
Sus speed by external power ae will 
‘tot start Wacif. The polyphase: con 


PETY GAP—A spark gap which i 

Satmnested bn parallel with condenset 
soPnther apparatus, and. which. pro- 
Era he Btperine, fom’ scene 
serie gel” when the voltage exceeds ¢ 
predeiermined limit, the gap breaks 
Breet thas aseing the curt around 
ihemartins "Ses Cap acon 

SAL AMMONIAC—A term commonly 
Ae AO Mnmoniom chloride. This 
seed for aMTohie'exyutal very aoe 
sie water, and ts uued Sh 
Wetytd fe primary ells and. slao<in 
Tnang’ electroplating processes. (See 
Cell.) 

SATURATED—The magnetic condition 
of a substance when ierenne of ad: 
Staluing free produeas no further 1 
crease sin ‘fax. de ty. A point is 
Sree" in every nagnetie material 
Tench panther nereate of magnetic 
Intstsiey wil not produce any Increase 
ey natye AC ths poi, the mae 
oe enatd tobe saturated. Cast 
eri Same saluraieg at lower ux 
jon eum steal or wrought Wen. 

SATURATION-See. Situated, 

SATURATION, SiRoNEHC ce sate 
vated 

SECONDARY CELL —A unit conse. 
son a pestis und negative elec: 
1n6 of ntorse in ay clecralyie (aie) 
Se aes active only after “the 
Face aera Scie etreat The 
Be  eiat metal of ofs malic 
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verter will start itself from the alter- 
hating current side, but since it draws 
a very great lagging current, it should 
ine started whenever possible’ from the 
direct current side. (See Converter.) 

ROTARY CURRENT—A term infre- 
quently used to denote polyphase (a.) 

ROTARY DISCHARGER— A. rotating 
disc discharger used in wireless transe 
mmitiers in which the sparks occur be- 
tween metal studs mounted on a motor 
driven ise. "(See Dise Discharger.) 

ROTARY FIBLD—A magnetic field ro- 
tating in space. It may be due to ro- 
tating windings or stationary windings 
Properly spaced through which poly- 
phase currents are flowing. 

ROTARY GAP—A form of rotating 


spark gap utilizing two or more rotat- 
ing dises carrying studs between which 
the Sparks pass.” Spark gaps of this 
type were formerly used. in. wireless 


telegraph transmitters. (See Di 
charger, also Dise Discharger.) 

ROTARY HYSTERESIS—Hysteresis 
(qv.) produced by a rotating field as 
distinguished from that produced by 
a changing field. 

ROTARY SPARK GAP—See Rotary 
Discharger. 

ROTARY TICKER—A ticker (qv.) in 
which the interruptions are produced 
by’ the chattering of a springy brush 
on a rapidly rotating metal whee. 

ROTOR—The rotating part of any elec- 
trical apparatus. It may refer to the 
revolving portion of a motor (qwv.) oF 
Dencrator (av.) or to the rotable part 
of a variable condenser (qwv.). The 
Totor in a direct current motor or gen- 
erator is the armature, In an alter- 
ator or an alternating current motor, 
the rotor may be either the armature 
or the field. 

ROTOR, GROUNDED CONNECTION— 
This refers to the grounding of the 
rotors of variable condensers in a ra- 


SS) 


compound. An electric current, flow- 
ing into a secondary cell causes certain 
chemieal actions to take place whe 
by electrical energy is transformed 
into chemical energy. This process is 
termed “charging.” After the cell is 
charged, the reverse action takes place 
and chemical energy is_transformed 
into electrical energy. In this case, 
the cell i 

current to an outside circuit. 
process is termed “discharging.” 
Secondary cell is also known as an 
accumulator or storage cell. However, 
the eell does not store electricity. It 
merely holds or stores. the 

energy, for immediate tra 


into electrical energy. It ig. usual 
practice for several positive plates to 
be connected in multiple to form one 


Positive electrode and. for several 
negative plates to in par- 
allel to form a single negative elec 
trode. ‘The storage battery consists of 
two or more storage cells. ‘The opera- 
tion of the storage cell depends upon 
the fact that certain metals. immersed 
in an electrolyte may differ in poten- 
tial, In the secondary cell, no elec- 
trical action takes place until after 
charging. Thereafter, chemical action 

aintains a difference of potential un- 
til the stored energy has been retrans- 
formed. While the negative electrode 
is used up to a certain extent during 
the process of discharging, it is re- 
placed electrochemically during’ the 


dio receiving set. This is often done 
to eliminate hand capacity. Some- 
times the rotors are connected to the 
shielding, which is grounded. 


ROUGH CALIBRATION — Meters such 
altmeters, ammeters, ete are often 
Galibrated by) comparison ‘with sland: 
rd in Pin east such. in- 
bie, it may be 
hecessary to use less accurate meth 
is, As an example of rough calibra: 
thon, an. experimental wave. meer 
could be calibrated roughly by tuning 
in an various rondcsting satan 
Whose wave lengths are known. (See 
Catibration:) 


RUHMKORFF COIL— See Induction 


FORD, Sir, Ernest — British 
Phvsicist. Born at Nelson, New Zea- 
land, he was educated at Canterbury 
College, Christchurch, ‘New Zealand 
University, and Trinity College, Cam- 
bridge. From, 1898 to 1907 he held 
the "position of MacDonald protessor 
of physics at Manchester University. 
In the latter year he was appointed 
Professor of physics and 
rector of the Cavendish laboratory 
Rutherford is an ox 

fiant_ physicist_and has 
carried out a series of researches ‘on 
‘the ultimate composition of matter. 
Many of these experiments have con- 
firmed the researches of J. J. Thom 
son and others. Some of Sir Ruther- 
ford's experiments have revolutionized. 
the theories of matter." He has re- 
ceived many ‘honors for his brilliant 
researches. including the Nebel prize 
for chemistry awarded to him in 1908. 
He has written extensively on radio 
tivity, his books including “Ra 
tivity,” 1904; “Radioactive Transfor- 


7 ions,” 191: 
as well as many papers for technical 
journals. Sir Ernest was knighted in 
iors, 


charging process, due to the flow of 
current through the electrolyte in the 
‘opposite direction to that of discharge. 
The two principal types of storage 
cells are the lead cell and the nickle. 
iron-alkaline (or Edison Cell). In lead 
cells, the negative electrode’ is ‘made 
of spongy ead and the positive elec- 
trode is of lead peroxide. The elec- 
trolyte is dilute sulphuric acid. “The 
following chemical action takes place 
within the lead cell. When the cell is 
charged, hydrogen ‘is released at the 
negative plate, and oxygen at the pos 
tive plate. ‘The oxygen combines Wi 
the lead f the positive plate to form 
lead peroxide. while the hydrogen re- 
duces’ the oxide in the negative plate. 
When the cell is discharged, both elec- 
trodes are changed to lead sulphat 
and the liberated hydrogen combines 
with the oxygen to form water. Care 
must be taken not to allow the cell to 
discharge too far as in this case, too 
great an amount of lead sulphate ‘may 
form and this may cause buckling of 
the plates or may make it very difficult 
to recharge the cell. ‘The indications 
of a completely charged cell are in- 
creased gassing of electrolyte together 
with a stop in the rising of the voltage 
and the specific gravity. In the Edi 
Son-type secondary cell, the active 
terial are of nickel and iro 
hydrate forms the active material of 
the positive plate, while iron oxide 
forms the active material of the nega- 


tive plate. The electrolyte is a 21 per 
ent. solution of potassium hydrate 
combined with a small amount of lith: 
jum hydrate. The chief advantage of 


the Edison cell (qv.) is that it can be 
left idle indefinitely in a fully charged, 
ischarged 

Tn 


semi-charged, or. fully 
state without any harm to the cell, 
‘addition it is lighter and smaller th 
the same capacity lead cell. The unit 
used for measuring the capacity of 
Storage cells is the ampere-hour (Q..) 
This 18 based on the rate of discharge 
normally used in measurement, the 
eight-hour rate. As an example, an 
80 ampere-hour storage battery ‘will 
furnish a continuous current. of 10 
amperes for 8 hours. If the battery 
is discharged at a more rapid rate, it 
‘will not have the rated capacity. 

SECONDARY CURRENT—The current 
flowing in the secondary windings of 
inductive apparatus, Current induced 
in a secondary winding due to the ac- 
tion of primary current. (See Cur 
rent, Primary.) 

SECONDARY ELECTRON EMISSION 

See Secondary Electrons, also 5 

ondary Emission. 

SECONDARY. ELECTRONS—Flectrons 
‘emitted by the plate of a vacuum tube 
When struck by the electron. stream 
from the filament. (See Negative Re- 
sistance, also Secondary Emission.) 

SECONDARY EMISSION — Electron 
‘emission in which the exciting agency 
{s bombardment of the emitting ma- 
terial by electrons, ‘The emission of 
electrons from cold electrodes under 
the impact of other electrons. (See 
Negative Resistance.) 

SELECTIVE—See Select 

SEL 


tye 
‘TIVITY —The sharpness with 


short aerial makes the receiving set 
more selective but reduces the. vol- 
SELECTOR—A tuning device connected 
in a radio receiving circuit for the 
purpose of eliminating undesired sta- 
tions. (See Wave Trap.) 
SELENIUM CELL—A cell constructed 
of a thin layer of the metal selenium, 
‘This metal is extremely sensitive to 
light. “In its erystalline form, it is a 
conductor of electricity, its conductiv- 
fty'varying with the amount of light 
allowed to fall on it. As a result it is 
possible to regulate the flow of cur- 
Tent in a cireuit by varying the light. 
‘The selenium cell thus offers a means 
of transmitting pictures by wire or 
radio. Selenium cells. are also being 
used in experimental devices for the 
transmission of motion. pictures and 
for obtaining television (q.¥.). 
SELF-CAPACITY —The capacity of a 
circuit or a portion of a circuit. Every 
electrical circuit possesses inherent 
capacity, which varies in degree, de- 
ete, of 
algo" re- 


a ltl 
bay ply fees ae 


ENCHFED, GENERATOR—A 
iRenerator which depends upon its own 
Grrent for its eldexelation, "Such 
S'generator must build up. its 
hetie field and hence its voltage, grat 
Salle. “In onder to 

pends upon the residual’ magnetism 


(q.v.) present in the iron of the poles 
There are three types of self-excited 
generators, the shunt generator (qw.), 
the serier’ generator (q.v.) and the 
compound generator. (See Compound 
Wound.) 

SELF-HETERODYNE—A_ system 


reception of continuous wave signal 
by the production of audio. frequency 
be: 


through the use of a device 
fh is both @ radio frequency gen- 
erator and a detector of the audio fre- 
quency beat currents produced. 
SELF-INDUCTANCES—See Inductance, 


Self 
SELP-INDUCTION—Induetance due to 
the field produced by the circuit itself 
Changes in current are always accom- 
panied by’ selfinduction, When the 
Eurrent is decreasing, the electromo- 
tive force of self-indction isin the 
Same direction, thus tending to. pre- 
‘ent the decrease, When the current 
Is"increasing, the electromotive force 
of selfsinduetion, tends to Prevent the 
Increase, (See Tuduetence, Self Mu- 
tinal Inductance, also Induction.) 
SELF-INDUCTION | COEFFICIENT— 
"The ratio of the number of lines of jn 
duction produced by 2 current flowing 
in'the clreuit divided. bythe current 
in the circuit. “The coeficient of self 
induction of a conductor of finite cross 
section may be defined asthe rat 
Of twice the enerey of the magnetic 
Reld produced by the current, flowing 
fo the sguare of the current, The fol: 
Towing factors affect the coeffckent of 
telf-nduction of a cireuit: the cross- 
Section and shape of the conductor, the 
size and shape of the eireut, the per- 
Ienbilities of the surrounding: medium 
nd of the conductor itself, "Where the 
Skin effect is large, the frequency of 
the current and the’ specific resistance 
Sf the conductor will also. affect the 
coeficient of self-intuction. 
SELF-OSCILLATION—Th e tendency 
for the vacuum tubes ina radio re- 
Celving set to act as generators of ra- 
Frequency oscillations. (See Body 
Capcity, also Bolitho Cireut,) 
SENSITIVE SPOT S— Points on the 
‘mineral of a crystal detector which 
Show a. greater Peaponse.to. incoming 
Osellations than others. Dust, grease, 
or dampness reduce the sensitivity of 
these’ spots and therefore the crystal 
should be properly. protected. 
SEPARATELY EXCITED GENERA- 
TOR—A generator in which current 
for producing the magnetic field is. ob- 
tained from™some source external to 
enerator itself. This source is 
either another generator or else a 
Storage ‘battery. "Separately excited 
encrators are generally used only for 
Epecal work such aa battery charging, 
‘lectroplating. and. testing. 
SERIES See Series Connection. 
SERIES CONNECTION—When two or 
‘more parts of an electrical circuit are 
So connected that the same current 


+ TorAL 4} vouTs = 
The three dey cll 


flows through them they are said to 
be in eerien and the circuit is called a 
series circuit, the connection being a 


Series Resonance 


series connection. In order to connect 
Primary or other cells in series, it is 
hecessary to connect the positive ter~ 
minal of one to the negative terminal 
fof another, ete. In this case, the total 
Voltage of ‘the battery equals the sum 
of the separate voltages. 

SERIES GENERATOR—A generator in 
which the exciting winding is connect- 
ed in series with the armature and the 
Toad, ‘This ‘type of generator is of 
small commercial importance being 
used mainly for certain constant cur~ 
rent systems. 


SERIES MOTOR —A commutator-type 
‘motor having the field and armature 
windings connected in series, Ordin- 
arily, the series motor is a direct cur- 
rent ‘motor, but with minor, modifica 
tions, such’as lamination of the field 

‘well-as armature, this motor can 
be used for alternating current. al 

With the applied voltage constant, the 

greater the load, the less will be the 

speed of a series motor. As the load 
is lessened, the motor will speed up, 
and if the load is entirely removed, 1¢ 
will “ran away.” \ The torque (av.) 
characteristic is the most important 

Feature of a series motor. Instead of 

varying directly with the current as 

inthe shunt motor, the torque in- 
creases with the square of the cur- 
rent. 

Hence, if the current ig doubled. 
the toraie wil be Inereazed four times, 
while if the current is quadrupled, the 
torque will be increased sixteen times. 
For the same current, the torque of the 
series motor is higher than that of the 
shunt and in addition, the series mo- 
tor has @ much better ‘starting torque. 


SERIES-PARALLEL—This refers to a 
cireuit_ which is a combination of @ 


PUSH 
BUTTON 


PARALLEL“ 
CONNECTION 


“SERIES CONNECTION 


en witht each other ‘end 
‘il and the pushbutton. “They 
ee taka 


A series parallel 


Se stat eae: 
se poe ores daviin pare 
anaheg mi eas 
Soper Pail ee hacag ter 
co pat or re ica 
are also in series. (See Parallel Con- 
Battery.) 


SERIES RESONANCE—When a single 
lumped capacity and a single lumped 
inductanee are connected in series be- 
tween terminals to which an alternat- 
ing electromotive force is applied, and 
the ‘inductance or capacity’ or’ fre- 
quency is varied, the condition of se- 
ries resonance exists, when the cur 
rent isa maximum. "(See Resonance, 
also Resonance Curve.) 
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‘Sharpness of Resonance 


SHARPNESS OF RESON 
juantity expressing the fractional 
change of current in a simple series 
circuit for a given fractional change 
in either eabacitative or inductive re- 
actanee, 

SHARPNESS OF TU 
tivity. 

SHARP WAVE—A wave in which the 
energy radiated is confined to a single 
frequency of oscillation. Tight coup- 
ling of the oscillation transformer 
tends to give a broad wave, whereas 
Toose coupling gives a sharp wave. 
(See Deerément.) 


CE—A 


ING—See Selee- 
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homing diference between sharp and 
‘SHLELDED TRANSFORMER—An au- 
dio or a radio frequency transformer 
surrounded by a metal casing. Shield- 
ing. of radio frequency. transformers 
Prevents interference from external 


‘Typical shielded tranaformers. 


fields and also_keeps body, capacity 
from affecting the tuning. Attdio fre- 


quency transformers are shielded 
mainly to prevent interaction between 
the flux” from ‘the transformer "and 


other parts of the radio set. 

SHIELDING—Metallie sereening placed 
around radio apparatus to prevent in- 
terference from stray electromagnetic 
or electrostatic fields. In radio. sets, 
the inside surface of the panel is often 
shielded by means of @ metallic lining, 
thus eliminating body capacity. “It is 
usual to ground the shielding. In sets 
having more than two stages of radio 
frequency amplification complete shield- 
ing Is essential. (See Induction Screen.) 

S.H.M.—Abbreviation for Simple Har- 
‘monic Motion. (q.v.). 

SHOCK | EXCITATION 
Excitation. 

SHORT—See Short Cireuit. 


ins 


PUSH BUTTON 


See Impact 


BELL, 


‘The dotted line between A and representa 
"S SiadSeut"moreircuting "the dry eat 


SHORT CIRCUIT—A short circuit re- 
138 


fers to a condition of an electrical cir- 
cuit whereby an external path of low 
resistance is connected across the 
source of electrical energy. A short 
circuit is accompanied by an increase 
in current flow, although this current 
is no longer usefully employed. Ap- 


Paratus may be protected from short 
circuits by means of circuit breakers 
(qv) or fuses (av.). 


NING COND 
condenser connected in series with the 
antenna and the ground, for the pur- 
pose of diminishing the ‘natural wave 
ength. 


SHUNT WOUND GENERATO! 
‘generator in which the field winding is 
shunted across the armature termin- 
als... The resistance of the shunt wind- 
ing is made high enough, so that only 
small percentage of the load cur- 
ent flows through it. 


SHUNT WOUND MOTOR—A motor in 
which the field winding is connected 
yn parallel with the brushes (and the 
armature winding). ‘The speed of 
shunt motor is "practically constant, 
but falls to a slight extent as the load 
is increased, ‘The drop in speed may 
be only a few per cent between no 
Toad and full ‘load, for large motors, 
while for small ones it may be as high 
as 15 per cent. As the load ona 
shunt motor is increased, the torque 


MAGNETIC. LINES 
‘SF FORCED 


AMPLITUDE. 


a straight line in the plane of the cir- 
le, the back and forth motion of the 
projected point is referred to as. sim- 
ple harmonic. motion. True simple 
Rsrmonié motions aye the mations of 
pendulum, a vibrating tuning for! 
articles of water in a wave, ete. Other 
motions whieh are not. precisely 
ple harmonic motions maybe treated 
as resulting from several such mo- 
tions. Examples of these are motions 
‘oceurring in alternating currents in 
ight waves, in electrie waves and in 
sound waves, 

SIMPLE HARMONIC MOTION — Ab- 
breviation S.H.M.—The motion. exe- 
cuted by the foot of a perpendicular 
It fall on the diameter of a circle from 
a particle moving with uniform veloc- 
ity in that circle. The piston rod of a 
steam engine, turning a crank uni- 
formly approximates a simple harmon- 

SIMPLE HARMONIC VIBRATIONS— 
‘The vibrations of a body such as a tun- 
ing fork which follow the law of sim- 
ple harmonic motion (qwv.). (See An- 
gular Velocity, also Simple Harmonie.) 

SINE CHARACTERISTIC OF ALTER- 
NATING CURRENT—See Sine Curve, 
also Sine Wave. 

SINE CURVE—A curve whose perpen- 
dicular at any point is proportional to 
the sine of the angle ecrresponding to 
that point. The sine curve is used to 
represent the changes in direction and 
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LINE OF ZERO 
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which the motor develops will increase 
and the armature current will algo in= 
crease in almost direct proportion. 

S.1LC.—Abbreviation for Specific Indue- 
tive Capacity (a.). 

SIDE BANDS—A group or band of 
frequencies formed by the interaction 
of the Carrier Wave (qv.) and the 
‘modulations above and below the main 


Garrier wave ‘frequency. (See Har- 
SIGNAL, STRAY RADIO—See Strays. 


SILICON—A metalloid occurring widely 
in nature, It is a component of most 


of the rocks forming the earth's crust. 
crystals are used as detectors 
(See Crystal, also Sili- 


Si 
in radio work. 
an, Datei) 


tal. The 
tibia watl a'eet-sehiaber Casey ie gene 
erally used to locate the sensitive spots 
(q.v.) and make contact. 

SIMPLE HARMONIC—Referring to a 
‘imple harmonic motion (qv.). If & 
Dolt moves at a uniform rate around 
a circle and the point be projected in 


strength of an alternating current or 
voltage. The coil illustrated at the left 


in the accompanying diagram | gen- 
erates a sine wave current as it re 
Volves “through the 


shown. by’ the arrows, < 
is moving parallel to the magnetic flux, 
no electromotive force is induced and 
hence current flow is zero. As the 
coil is rotated in a clockwise direction, 
it cuts the flux at a greater and great- 
er angle, until the maximum is reached 
when the flux is cut at a right angle. 
This gives a gradually increasing elec” 
tromotive foree (and hence current) 
until maximum is reached, then when 
the angle at which flux’ is cut de- 
creases, the electromotive force de- 
creases’ until the coll again moves 
parallel to the flux, at whieh point elec- 
Eromotive force is 


the opposite direction, electromotive 
force ts reversed, increasing to a max 
mum and then decreasing to zero thus 
completing the eyele (av). Current 
bor electromotive force in one direction 
(positive) is represented by the height 
of the ordinates of the sine, curve 
hove the line, while current in the re- 


verse direction is represented by, the 
height of the ordinates below the line, 
The horizontal distances (abscissae) 
represent. time generally measured in 
Phase angles (position of coil at. any 
particular instant). (Seg Alternating 

urrent, also Curve of Sines.) 

SINE WAVE—As referring to an al- 
erating current, a sine! wave OF 
Simple alternating current, is a cu 
Tent whose wave shape is” sinusoidal 
The wave shape is the shape of the 
Curve obtained when the instantaneous 
Values” of the” current. are" plotted 
against “time in rectangular co-ordi- 
hates. The wave shape 1s independent 
of the frequency and of the scale to 
whieh the curve is plotted. 

SINE WAVE OF ALTERNATING 
CURRENT OR EMF.—See Sine 

SINGING ARC—See Duddell Singing 

SINGING SPARK—A spark used in a 
‘wireless telegraph transmitter which 
produces a singing note in the receiv- 
Ing: head ‘set, A spark which occurs 
at regular intervals and at an audible 
Frequency such as that obtained ina 
quenched. spark’ system of wireless 
telegraphy. 

SINGLE CIRCUIT TUNER—A regen 
‘erative receiving. circuit in which the 
antenna’ and grid circuits are condue- 
Evely coupled. Feedback (a.v.) is ob- 
tained by: placing the plate circuit 
inductive relation with the primary. 

SINGLE-PHASE—This term is used to 
refer to an alternating current, an. al- 
fernating current system of distribu- 
tion, or to alternating current appara- 
tus. “A single phase system or circuit 

‘one energized by a single alternat- 
if velectromotive force. A. single 

Phase circuit is usually _ supplied 
Through two wires. “The Currents in 
these two. wires counted outwardly 
from the’ source, differ in phase by 
one-half a eyele’ (180. degrees). In 
{he single phase generator the voltage 
per phase is the same as the voltage 
between the lines and the current per 
phase ts the same as the current per 
Fine. Since there isa great saving of 
copper in the use of three phase tran 
Imlesion of power, three phase gener 
tore are more frequently Used than sin= 
fle phase machines. "(See Alternator.) 

SINOIDAL, VIBRATION —See Simple 
Harmonie Motion. 

SIPHON RECORDER —A moving coil 
Balvanometer originally used for re- 
fording messages. sent over long. sub. 
marine cables.” ‘The received currents 
fre. passed to a. coil suspended. in a 
Strong magnetic field. "This coll car- 
Ties "a Ane glass ayphon which di 
charges ink onto a moving paper tape. 
In-eable signaling, dots and dashes are 
Usually” indieated’ by opposite. deflec- 
Hons which result in'a wavy line being 
produced on the tape. 

SKINDERVIKEN TRANSMITTER 
BUTTON —A small carbon grain 
microphone (qv.) button less than an 
inch In-diameter and about half, a 
inch high containing a polished metal- 


Fie. 1. Skinderviken Transmitter Button. 


lie tutton affixed to a mica diaphragm 
anda surrounding case of brass, the 
space between the ease and the’ pole 


ished button being partially filled with 
8 good grade of carbon granules. The 
button {s very sensitive to sound waves 
when it is attached to any form of a 


fra 


Fig, 2 Retranemitth 


radio 


rams. 


diaphragm, thus making it applicable 
wherever a sensitive telephone trans- 
mitter should be used. Fig. 1 shows 
the external appearance, fuil size, of 
the Skinderviken button. This trans- 
mitter button has a number of appli- 
ations in radio work and can be used 
fn connection with speech amplifiers, 


Fig, 2. Retranemiaion from ear phone. 


telephone transmitters, detectaphones, 
ete.” It-can be made to transmit in 
any. position, either horizontal or ver- 
tical. It is small enough to be readily 
concealed. Fig. 2 shows how radio 
music can be re-transmitted to distant 
points and incidentally, amplified at 
the same time. ‘The microphone but- 


Botton used 


Pa 4. 


ton is shown fastened to a cone and 
mounted in front of the loud speaker. 
The leads from the button are con- 
nected in series with several dry cells 
‘and another loud speaker at a distant 
point. Fig. 3 shows how the trans- 


MeTAL OF 
HEAVY 
PAPER 


S MICROPHONE 
BUTTONS, 


mitter button can be attached to an 
ordinary receiver to produce the same 
effect. ‘In this case also, the leads are 


Skinderviken Button 


connected in series with several dry 
ells and with a low resistance phone 
at the distant end. In Fig. 4 the 
transmitter button is shown in use as 
a grid leak in a regenerative circuit. 
Where it is desired to get greater sen- 
sitivity and volume for either radio 
telephone transmitting or for ordinary 
phone transmission the system illus- 
trated in Fig. 5 will be found highly 


ig. 6 shows the construction of a 


F 
hand microphone for transmitting sets 


Fig, 6 Construction of hand 


lrophone. 


or for inter-departmental telephone 
circuits. A. very simple circuit closer 
is mounted in the handle of the micro- 
phone which in this particular case is 
simply an ordinary piese of wood hol, 
lowed out to receive the switeh and 
the wires, This wooden handle is then 
fastened to the rubber case of a tele- 
phone receiver. | The coils and mag- 
nets in the telephone receiver are re- 

a. small hole is drilled or 


dicated in the diagram. 


RGD” TRANSMITTER. 
rm , 
ule BUJTON 
RASS srniP 
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moe 


ERS 
RECEIVER 


ed ona brass strip which is bent so 
that the center of the button will rest 
upon the diaphragm of the telephone 


receiver fixed to the base, "A threaded 
Tod and nut. regulate the pressure of 
the button against the diaphragm. In 
he event that not desired fo make 
tiny changes to pair of telephone Te- 
ceivers, the transmitter button ean be 


[A simple form of ample 


fastened in the. shell of an old re- 
ceiver, B in Fig. 8, and the head 
phone’ may be rested on the shell. For 
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Skinderviken Button 


luge with Baldwin receiver, a micro- 
phone transmitter button is fastened 
fo it in the following manner: ‘The 
diaphragm of the Baldwin receiver is 


Fig. 9. Batton attached to 


first removed, and a thin rod is sol- 
dered to the lever, as indicated in Fig. 
9. "The transmitter button is. then 
soldered to the rod as shown. Another 


VOLTS exonocaapn 
1300 Renooueee 
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Fle, 10. Load ester 


‘way of making a loud speaker set from 
Gnordinary one-tube Teeeiving. act it 
Mustrated In Fig. 10, Where & phono- 
Eraphvis avalible, the hookup lus 
frated may" be employed, placing: the 
Teproducer of the phonograph on the 


Fig radio ampliter 


receiver, which should be placed in a 
suitable position on the turntable. | In- 
Semuch As the movement of the dia- 
phragm of the seventy-five ohm re- 
feiver, is an up and down one, the 
reproducer of the phonograph. shoul 

be turned as it would be for “hill and 
dale” records. A tiny drop of solder 


amplify the music or sounds picked up 
by a transmitter button. For this pur- 
pose, microphone transformers, or as 
they’ are better known, modulation or 
telephone induction transformers, are 
employed. In Fig. 11 this instrument 
is illustrated, together with the circuit 
for its use. "Here the incoming radio 


Mester 
D 


Fig. 12, A single stage ampliser. 
signals are made to operate the micro- 
Phone fastened to the receiver. ‘The 
Current which the microphone passes 
then goes through the primary of the 
microphone transformer, the second- 
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ary of which is connected to another 
receiver similarly fitted with another 
transmitter button, The output of the 
second microphone transformer is then 
connected toa loud speaker. A di 


Fig. 13. A 2atage vaceum tobe ampliter. 


gram for using but one stage of 
amplification through — transformers 
is ‘illustrated in Fig. 12. For. the 
better class of work, however, it is 
desirable to use a stan 

tube amplifier as ill 
18. “Here the mi 
ton is placed in series with the prima 
of a modulation transformer, and in 
series with several dry cells ‘or flash 
light batteries. ‘The secondary of the 
‘modulation transformer then connects 
to the grid and filament, the same as 
it would in a standard’ vacuum tube 
amplifying. circuit. ‘The music from 


To AMBLIFIER 


Fig, 1A tuning 


the output is, of course, very loud. 

‘A very, splendid oscillator is ilius- 
trated in Fig, 14. Here a tuning fork 
of standard frequency is mounted on 
a suitable holder in a cigar box. Two 
low resistance coils, about five to 


= an 


Seventy-five ohms, are then placed 
under one prong of the tuning’ fork. 
These are connected in series with the 
transmitter button fastened in the 
cigar box, which serves as a base for 
‘mounting’ the tuning fork.» The bat- 
teries may be concealed in the cigar 
box. ‘Thus when’ the tuning fork is 
struck, it will continue to vibrate as 
long as the current is applied to the 
microphone. To use this as an oscil: 
lator, a pair of magnets from a tele- 
phone receiver ‘and. the permanent 
magnets are mounted near’ the other 
vibrating prong. The current. con- 
stantly being changed by means of the 
vibrating bar of. steel produces a 
standard frequency, which when am- 
plified can be used’ for making radio 
measurements of different kinds. Fig. 


15 shows the transmitter button con- 
nected in a radio eireuit for use as a 
detector of radio waves. Fig. 16 shows 
‘@ method of making a cote practice 
device. An audio frequency howl 

produced which will enable an instruc 
tor to teach an entire classroom the 
radio code. Sometimes the key, instead 


Fle. 16. A code practice machine, 
of interrupting the circuit, merely 
shunts a. small. portion of the current 
passing through the transmitter but- 
ton, and for this purpose the key 


TO OSCILLATOR 


Fig. 12. Uae of bs 


fm Heiing modslation 
‘stem. 


would have to be placed 
the transmitter button and in series 
with a small resistance. Fig. 17 shows 


Method of varying rid ¥ 
‘welllator tube 


indicates its 
tion of eri 


Method of modulating cutpat cor- 


tube and Fig. 19 shows how the trans- 
mitter button may be hooked up to 
modulate the output current. These 
last three figures indicate the use of 
transmitter buttons in vacuum tube 
transmitters, 


SKIN EFFECT — The name given to 
the crowding of alternating or oscll- 
latory currents into the surface layers 
ofa aod condgetor, ‘This phenomenon 
nereases ‘with increased” frequency. 
‘As a result the resistance of sold con 
Guctors is much higher at high than 
at low frequencies. (See High, Fre- 
quency, aleo High Frequency Reviat- 
face) 

SLABY-ARCO-SYSTEM —A system of 
Wireleastelography "which "used “8 
Guenched spark gap. ‘This system is 
Tow obsolete, 

SLABY-ARCO-VACUUM. COHERER — 
‘A filings coherer enclosed in a sealed 
lass tube from which the air has been 
extracted, 


[A Slaby-Arco vacuum coherer, 


SLIP RINGS —Metallic rings, sepa- 
rated by insulators, from which collec- 
fing brushes pick up current generated 
by an alternator. Slip rings take the 
place of the commutator used on the 
direct current generator. 

SLOTS—Channels cut in ‘the armature 
core dises and into which the windings 


fit 
ARMATURE 


ARMATURE 
‘CORE 
LAMINATION) 


‘Details of armature slot 


SLUDGING OF TRANSFORMER OIL 
—The thickening of the oil used for 
cooling in large transformers. A 
muddy deposit is formed due to. oxi- 
dation. ‘The presence of - metallic 
copper in contact with the oil is 
considered to hasten this act 
catalytically. 

SOAKING-IN—An increase in a con- 
denser charge above its initial value, 
which takes place gradually if the 
potential is kept applied, Soaking-n 
fakes pace due fo" change: in the 

electric (aLv.). 

SOAKING-OUT— A gradual continua- 

of the discharge of a condenser 

after the first rapid discharge. In this 

cease, the dielectric is returning to its 
original state. 

SOCKET—A receptacle for holding and 
making electrical connections with a 
vacuum tube, an ineandescent lamp, oF 
a connection plug. Vacuum tube 
sockets are made of bakelite, hard 
rubber, porcelain, pyrex and other suit- 
able dielectrict’ (qwv.). ‘They are 
Usually molded. One type of socket is 
composed of a shell of insulating ma- 
terial, or in some cases of metal. Four 

contact blades extend within the base 


of the socket, for making contact with 
the prongs of the tube. These blades 
may. be of strong phosphor bronze. 
‘Their outer ends ave attached to bind- 
ing posts. It is important. that the 
base supporting the binding posts and 


socket 


contacts be of good insulating material 
such as bakelite or hard rubber. Mod- 
ern sockets are of the spring or shock 
abeorbing type. This construction pro- 
tects the tube and does away. with 
microphonic sounds, One type of 
spring socket consists of two molded 
bakelite parts, the outer one square 
‘with a binding post at each corner and 
the inner one circular with holes for 
the tube prongs and steel spring con- 
tacts fastened underneath the holes. 


Shock 


‘The circular molding is suspended 
within ‘the square one by means of 
two rubber pads. Other types of shock 
absorbing sockels use spring suspen- 
sion instead of rubber. 

SOFT IRON INSTRUMENTS — Am- 
meters, voltmeters and other measur- 
ing instroments whieh depend upon the 
magnetic force between a current car- 
Fying coil and a movable core of soft 
fron to produce the deflection of the 
needle oF pointer. The movement, of 
the iron may be controlled by a spring 
or by gravity. ‘These instruments 
may be used for either direct or alter- 
nating current measurements. ‘They 
ae not as accurate a instruments of 
the dynamometer type. 

SOFT TUBE— A’ vacuum tube wl 
contains a gas content instead of being 

chly. evacuated, Soft tubes were 
formerly recommended for use as de- 
tector tubes but at present have been 
superseded for this use by the ordinary 
amplifying tube. 

SOLDER—An alloy of lead and tin used 
for making good electrical connections. 

SOLDERED JOINT — A connection be- 
‘tween two metallic surfaces, cemented 
together by means of solder. Where 
the joint is between two electrical con- 
duetors, it must be made both mechan- 
ically and electrically secure. 

SOLDERING —The process of joining 
together two or more conductors or 
other metallic surfaces by means of 
solder, $0 as to give a good electrical 
‘or. mechanical, connection, or both. 
‘After the surfaces to be ‘united are 

refully cleaned, a flux is applied to 

iszolve the oxides which occur on the 
surface of the parts to be joined with 
solder. 

SOLDERING FLUX—A substance used 
to dissolve the oxides on the surfaces 


Solodyn 


of the metals to be soldered. | Wher 
these oxides are dissolved, the flux en: 
ables the solder to enter the minute 


Soldering.) : 
SOLENOID — A coil of wire of helical 
form used as an electromagnet, gen- 
erally. to attract’ a movable” iron 
Plunger, which is drawn within the 


BRASS TUBE. 


IRON OR 
STEEL 
PLUNGER 


A typical sole 


solenoid when the current flows 
through the windings. ‘The solenoid 
never has a fixed core. A coil wound 
fon a cylinder so a8 to give uniform 
magnetic field within it when traversed 
by a current is often called a straight 
solenoid. 

SOLODYNE—A radio cireuit which 
penses with high-tension or “"B” bat- 
teries and which utilizes a double grid 
vacuum tube. ‘The solodyne principle 
ig also known as the Unidyne. The 
theory of ‘the solodyne is as follows 
‘The small plate current due to the 
electron emission from the lighted fil 
ment pastes through the tickler coil 
Which feeds back to the main grid 
cuit in the usual way, the primary of 
step-up transformer, through the 
telephone receivers, and then back 
aga’ to the filament of the tube. ‘The 
electron stream passing from the fila- 
ment to the plate inside the tube must 
Pass the two grids. The first of these, 
Which may be referred to as the a 
tional grid, is primarily made positive 

‘connecting it directly to the posi 
tive terminal of the “A” battery. ‘Thi 
in itself tends to assist, the electron 
stream, to reduce the resistance of the 
vacuum of the tube.” But the addi- 
tional grid is assisted in its work by 
having’ impressed upon it the stepped 
up voltage from the plate circuit, due 
to the transformer, the secondary of 


which is in direct connection with the 
additional grid. ‘Thus a building up 
process is Introduced, every. possible 


electron primarily due to the electron 
emission of the filament of the tube 
being made use of and ultimately 
passing through the telephone receivers 
to be reproduced in the form of audible 
signals. The main grid functions in 
the usual manner, 
can be made 
‘well, by_giving 
bias. Atypical 


it a strong. pe 
Solodyne eircuit is, 


ma 


Sounder, 


shown in Fignre 1. In this circuit L 


and L! may be honeycomb coils of & 
varlocoupler. In Figure 2 is shown the 


SOUTH MAGNETIC POLE—Situated 
in Latitude 70 South and Longitude 
102 East. The South Magnetic Pole 
0s. 


Cowper Solodyne cireuit which utilizes 
standard tubes. In this diagram, the 
numbers printed near each coll indicate 
the size of honeyeomb or duo-lateral 
colls to use in each circuit. (See Four 
Element Tube) 


does not coincide with the geographic 
South Pole. 

SOUTH POLE — When referring to a 
magnet, the pole which tends to point 
to the south when the magnet is freely 
suspended. 
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SOUNDER—An instrument used for re- 
ceiving telegraph signals which utilizes 
the attraction of an armature by an 
electromagnet to make sounds as the 
armature hits against stops at the 

beginning and end of each current im- 

pulse, ‘The sounds thus produced form 

the characteristic dots and dashes of 


‘Telegraph sounder 


the telegraph code and can be casi 
By the ‘experienced’ telegraph 
operator 
30ND WAVE—A wave of alternate 
‘condensation and rarefcation through 
fan elastic body such as air, water, ete, 
Sound waves travel at the Fate of 1096 
fect per second in air. 


Mz 


SOUTH SEEKING POLE—See South 


SPACE CHARGE —The difference be- 
tween the number of electrons and 
positive ions in unit volume,. multi- 
plied by the charge per ion. "This is 
algo called the volume density of elec- 
trification. Let us consider the dis- 
tribution ‘of “electrons. in a_vacuum 
tube, between the hot filament and the 
plate. An electron close to the sur- 
face of the plate is attracted to the 
plate by two forces, attraction from 
the plate and repulsion from the elec- 
trons located between it and the fila- 
ment. An electron close to the surface 
of the filament, however, is repelled by 
the electrons between the plate and 
itself, although it receives some attrac- 

mn trom the plate. It may, either 
move towards the plate or go back to 
the filament. This will depend upon 
whether the plate voltage is high 
enough to result in a force of attrac- 
mn sufficiently great to overcome the 
repulaive foree of the space charge, 

SPACE CURRENT—Current which 
flows between the cathode and the 
anode in a vacuum tube. Space cur- 
rent is the result of the motion of 
electrons through space. It does not 


follow the same laws which govern the 
flow of current in a metallic circuit, 
deviating from Ohm's law toa certain 
extent, depending upon the relation be- 
tween the impedances of the tube and 
the metallic portion of the circuit and 
also upon the nature of the discharge. 

SPAGHETTI—A varnish-impregnated 
cloth tubing used to insulate bare con- 
ductors. (See Cambric, Varnished.) 

SPARK—See Spark Discharge. 

SPARK COIL—An induction coil (a.v.) 
used to produce spark discharges 


(av.). 
SPARK DISCHARGE—A passage of 
electrical current between two. con- 
ductors across a previously non-con- 
ducting “space. ‘The discharge is 
accompanied by light, heat and sound. 
Tt may take place through a liquid, a 
of a gas but whenever it occurs, 

it means that there has been a break: 
ing down of the dielectric stress. A 
spark passing through a solid” will 
Puncture it, The passage of spark 
ough @ liquid does not affect the 
dielectric properties of the liquid. On 


the other assing 
through a fhe gas 
for a period of time after the passage 


Enuous are may follow the frst spark 
‘An oecillating current (G.) may Pro 
duce a rapid train of sparks which 
Persists “until. the “osellations” are 
damped out. (See Sparking.) 

SPARK DISCHARGER—A form of 
‘park gap (a) such a5 e rotary die 
charger {a5 or a fixed gap, auch ag 0 
Guenched spark gap (av). (See Dis= 
tharger, also Dise Discharger) 

SPARK GAP—A break in an oscillating 
circuit’ which. acts as" an automatic 
Safety valve to the condenser. Since 
the air between the gap haa’ high 
esistance, the condenser cannot “dis= 


charge until the potential is sufficient 
to break down its insulation, thus per- 
mitting only heavy discharges to take 
place.” (See Quenched Spark Gap, 
Fized Discharger, also Safety Gap. 
SPARKING — The production of spar 
ischarges, especially when an induc- 
tive circuit is broken. Sparking at the 
brushes of a motor or generator is 
caused by armature reaction and self 
induction. Sparkless commutation can 
be obtained by shifting brushes or by 
the use of interpoles (q.v.).. Sparking 
jurious to contact surfaces and 
should be avoided if possible. Spark= 
ing between contacts of induction eo 
vibrators is usually reduced by placing. 
condenser across the Rap. 

SPARK MICROMETER —A graduated 
adjustable spark gap for determining 
sparking distances for various. volt= 
ages, ete. This device also permits the 
approximate measurement of high 
voltages provided the sparking dis. 
tances for the particular type of 
terminals, are known. 

SPARK RATE, SPARK FREQUENCY, 
‘or GROUP FREQUENCY—The num: 
her of sparks per second occurring in 
a spark system of wireless teleerank 


transmission. It refers to the Group 
Frequency of the wave <rain rather 
than to the waves themselves. 

SPARK RECORDER — An instrument 
for recording telegraph. signals, in 
which sparks from an induction’ coil 
pass through and mark a paper tape 
carried on a drum which turns under 
fa metallic pointer. The use of a spark 
recorder dispenses with the use of ink, 
thus doing away with the friction of 
the pen on the paper. 

SPARK TRANSMISSION —A wireless 
telegraph transmitting system which 
uuses.a succession of spark discharges 

acillating circuit, to produce 

ns. These traverse an aerial 

system and a series of short trains of 
damped waves are emitted. 

SPECIFIC GRAVITY—abbreviation S.G. 
—The weight of a body compared with 
that of another, having equal bulk, 
considered as a standard. ‘The sta 
dard for liquids and solids is water, 
Pile hydrogen or alr is the standard 
for gases. The specific gravity test of 
the radio storage battery. isan. im- 
portant means of testing the condition 
Of the battery, A hydrometer (q.v.) 
is used for this purpose. 


SPECIFIC INDUCTIVE CAPACITY— 
symbol k—abbreviation 8,1.C.— A 
‘measure of the degree to which a body 
permits electrostatic induetion through 
It) "The ratio between the capacities 
of two condensers, one employing the 
material under consideration as the 
dielectric and the other using an air 
or vacuum dielectric, The Specific 
Inductive ‘Capacity of a material 
the indwetivity (g.v.) of that material 
relative to that of air. (See Inductive 
Capacity also. Dielectric Coefficient or 
Constant.) 

SPECIFIC RESISTANCE — The resist 
ance in ohms, of unit length and unit 

(See 

Resistivity of a Material, also Reais: 

tivity, Surface.) 


SPECTRUM—An image formed by rays 
of light or other radiant energy in 
which the parts are arranged. ac- 
cording to their refrangi 
length. ‘The image may be visible or 
invisible, ‘The arrangement is. such 
that all parts of the same wave length 
fall together, while those of different 
wave lengths are separated from each 
other forming @ regular series. ‘The 
spectrum produced by the light of the 
sun passing through a triangular glass 
prism and falling on a sereen is one 
Of the moat common forms.” ‘The var 
ous colors, since they are unequally re- 
fracted, are spread out into a band, 
showing the seven rainbow colors. ‘The 
red is atone end (that of the least 
deviation), while the violet is at the 
other end. 

SPEECH AMPLIFIER—An audio fre- 
‘quency amplifier designed especially 
for public. address systems, where 
addresses are to be heard over a com- 
paratively wide area. By means of 
speech amplifiers, it is possible for one 
speaker to address an unlimited num= 
ber of listeners. 

SPEECH MODULATION—The modula- 
tion ‘of radio frequency currents, a8 
utilized in radio telephony. ‘The pro- 
duetion ‘of speech modulated ‘waves 
calls for a source of undamped waves 
and a method of causing variations in 
the current output of ths sogree which 
will accurately correspond. to. the 
vibrations of the voice. The souree of 
undamped waves may be a_ high- 
frequency alternator or an electron 
tube generator, the latter being in 


most common use. The radio fre- 
queney antenna current may be varied 
by inserting a speech-controlled vari- 
able resistance, such as a microphone, 
in the antenna circuit at the trans: 
mitter. The microphone may be put 
in the direct current power supply of 
the generating system, 50 that the 
radio frequency output of the system 
will be varied as the power input. 
varied. (See Modulation, also Modw- 
lation Frequency Ratio.) 


SPEECH VIBRATIONS—The wave cor- 
responding to a given sound. There 
are various methods ‘of "obtaining 
graphically, the picture of the wave 
form of any particular sound. One 
method is to make a phonograph record 
of the sound and then as the sound is 
reproduced from the record, to mag- 
nify the movement of the needle, using 
a lever to trace the form of the waves. 

SPIDER WEB COIl,—A_ form of in- 
ductance coil in which the wires ar 
wound on a frame consisting of radi 
ating arms similar to the spokes of a 
wheel. The wire is wound in succes- 
sive turns in and out around the arms, 


Details of epider web coll construction. 


starting from the center, until it 
reaches the ends of the arms. An odd 
number of turns are used so that alter- 


nate turns will follow the same 
that is to say, adjacent turns wi 
on opposite sides and separated by an 
arm. Coils of this type have eompara- 
tively low distributed capacity and in 
addition have the advantage of being 
extremely compact. Figure 1 illus 
trates the frame on which the wire is 
wound. This is known as the spider. 
A spider cut from qth inch bakelite, 
as shown in Figure 2, ean also be used, 
although, owing to 4 smaller number 
f divisions, the latter does not have 

large inductance as the former, 
In winding, the wire is fastened around 
‘one of the’ pegs and is then taken in 
and out around the pegs, as shown in 
Figure 3. When starting the second 
turn, the wire will be around the pers 
the épposite way to the first turn, and 
all successive odd-number turns will be 
on the same side as No. 1, while all 
successive even number turns will be 
fon the same side at No. 2, ‘The finished 
coll is shown in Figure 4. Spider web 
foils’ are also known as basket wound 
(ay), basket woven, oF stagger wound 
| SPLICE—A method of joining two or 

more conductors by interweaving or 


Squer 


entwining the, strands, ina 
manner to that of splicing a rope. 


lar 


SPREADER —A spar or pole used on 
‘an aerial, where two or more wires are 
Used, to’ keep. these wires properly 
spread out and parallel to each other- 


SPREADER 


INSULATORS 


AERIAL, 
Wines 


a 
Guy wines. 


Atrial showing use of spreader. 


SQUARE MIL—A square mil is the 
‘area of a square, one mil, or 0.001 inch 
on each side. | (See Cirewlar, Mil.) 

SQUIER. MAJOR-GENERAL SIR 
GEORGE OWEN—American radio 
authority. He was educated at the 
Johns Hopkins University and became 
‘a research student under Professor 
Rowland and Sir William Preece at 
the: British General Post Office. _ In 
1904 he published his famous paper 
‘on the absorption of electromagnetic 
waves by living vegetable organisms 
‘and showed how trees could be used for 
the reception of radio messages. In 
1911 he read a paper on multiple 


‘Major-General George Omen Sauer, 


telephony before the American Insti- 
tute of Electrical Engineers. In 1912 
he was awarded the Elliot Cresson 
Gold Medal for his researches in multi- 
plex telephony and in 1919 the Frank- 
lin’ Medal of the Franklin Institute, 
Major-General Squier was awarded 

pers 


Squirrel Cage Ind. Motor 


the K, C, M. G. for distinguished ser- 
vices during the World War. 


iy gn 
Yentor of Line Radio (g.v. 
also known as Wired. Wi 
Radio Telephony, Guided Wave Tele. 
phony, and Carrier Current Telephony. 
SQUIRREL CAGE INDUCTION 
MOTOR—A type of induction motor 
having @ rotor consisting of copper 
bars connected to rings at each end 50 
sto forma short-circuited system, 
There are no windings in this type of 
rotor nor are there any’ external. con- 
nections through slip. rings. ‘These 
motors are used for constant speed 
Work, where starting is necessary only 
A¢ infrequent intervals, The squirrel 
cage motor, draws @ large. starting 
current, but has a relatively small 
starting torque. It is possible, how- 
ever, by properly designing the rotor 
S0.a8 to have enough resistance, to use 
motors of this type for loads re 
‘Guiting frequent starting, Papld accel: 
eration and high starting torque. 
SQUIRREL CAGE ROTOR See 
‘Seuirvel Cage Indwetion Motor. 
STAR GROUPING—A method of con- 
necting up polyphase apparatus or cit~ 
cuits. “One end of each. phase is con= 
nected toa common pointy. usually 
alled the neutral point.” This method 
‘of connection is called a “Y” grouping, 
fn the cage of a Uhreesphane syntem, 
STATIC—An irregular disturbing noise, 
heard in. the radio loud. speaker oF 
head set due to atmospheric discharkes, 
Iightning and: similar. phenomena. A 
common. form of statie produces an 


AERIAL 


plate resistance of the tube. 
There the ‘external circuit contains 
reactance, the true characteri 
could not be obtained using direct cur- 
ent. ‘In this case, an alternating elec- 
fromotive force ia impressed on the 
grid and the curves’ obtained. are 
Known as dynamic characteristics 
(av 

STATIC ELECTRICITY —Electricity 
which is stored in a circuit, manifest- 
ing itself in the form of charges at 
high potential. Electricity, as pro- 
duced ‘by frictional or influence ma- 
chines. 

STATIC ELIMINATORS—A device for 
climinating or reducing the effect of 
atic Cas), Various. circuits have 

en. proposed for accomplishing. static 
elimination... Some. of the most recent 
‘and successful of these are the MeCaa 
Anti-statie circuits described inthe 
‘aly, 1925, fssue of Rapio REVIEW, on 

age 63," There are. two types of 
MieCas eireuits, one applicable to radio 
felegraphy and the other. to” radio 
telephony. Both have for their object 
the reduction of ‘signal static ratio. 
‘The wiring diagram shown is that of a 
standard five-tube neu i 
plus. a MeCaa antist 
eceiver type. In this diagram Ta is 
the repeater tube, Tb and Te are the 
two radio-frequency amplifier’ tubes, 
Ta'is the detector tube and Te and Tf 
are the two audio-frequency ampli 
tubes. “The cireuit from tube Tb on is 
Unchanged and is the same as any 
standard. neutrodyne receiver. The 
input cireult of tube. Tb, however, and 
also the antenna circuit, have ‘been 


In cases 


22 dc. ¢. wire. The coupling between 
these cofis is not variable. “After the 
Bispet value "et ‘coupling, Bas been 
found by experiment ft maybe made 
permanent. 

Coils Ld and La are_also shown 
coupled in the diagram. ‘They may be 
S0"and 75 turn honeycomb coils, re- 
Spectively, or 60 and’ 90 turn home- 
ade coils wound on a three 
Ameter tube with No. 22... c. wire, 
‘The coupling’ between these. coils 
also fixed after the proper value has 
Bese determined by experiment, 

proper valves for the. various 
fes used in this circuit are as 

Gon, 001 mfd. {43 plate) + 


Cs, "000035 "mfd. (17 plate); Cr., 
00035 mfd. (17 plate) ; Ca; .00035 mtd. 
(7 plate), 


In building this set it is advisable 
to place both the anti-statie device and 
the receiver in the same cabinet. ‘This 
cabinet must be shielded and the shield 
should be connected to the ground. It 


is also advisable to shield the anti- 


either by placing them inside the cabi 
net or in metal boxes which are con- 
nected to the ground. The wires from 
the batteries to the set may be effec- 
tively shielded by using BX cable, the 
outside covering of which should ‘also 
be connected to the ground. For the 
phone wires special phone cords which 
are shielded with a flexible copper 
braid are desirabl 

STATOR— The stationary plates of a 
rotary condenser. The fixed portion of 
a ‘oF a generator, which carries 
a Winding. 


In induetion motors, that 
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Arrangements of a static reducing device employing repeater circuits, 


Intermittent crashing sound. , Other 
types cause grinding noises or hissing 
sounds. Nearby. lightning is usually 
accompanied by a sharp snap in the 
oud speaker. "Various methods have 
een devised for. eliminating or Te- 
ducing static, although it cannot be 
Said that any of these has. been en: 
tirely successful. The combination of 
‘coil and ground aerials results. in the 
Feduction of static; also the use of 
beat reception, using continuous waves 
ass in certalg methods of wireless 
elegraphy, Static is also referred to 
under various other names, such as 
strays, atmospherics, X's, ete. 

STANCE ‘CHARACTERISTIC—The 
‘curves obtained by the use of a steady 
dresayrrent potential for, showing 
the performance, efficiency, ete, of & 
‘vacuum tube. ‘The static. characteris- 
ties of the tube iteelf are obtained 
When the resistance of the external clr- 
{uit is very small in comparison to the 


a 


| 


altered to make possible the install 
flon‘of the’ anti-static device, 

For the neutroformer which usually 
couples the first tube of 8 neutrodyne 
fo the antenna circuit, the coils Lor Ls 
‘ind Lp have been substituted. ‘These 
oils may either be homemade coils or 
Foneyeomb coils, “If honeycomb. coils 
are selected each may have Atty turns, 
‘The coupling between Le and Lp should 
be'fixed so that the coils are about an 
inch “apart and some” arrangement 
should ‘be made for” changing "the 
coupling between Lo.and La. If home: 
made coils are used each coil should 

ave approximately sixty turns of 
22'd.‘e..c. wire on a three-inch diam 
eter tube and they should be coupled 
the same as the honeyeomb coils. 

“the coils Lr and Le are also coupled 
and_ ina be ether” 9b and 10” Corn 
Honeycomb “coils, respectively, or 60 
find 10 turn homemade coils wound on 
a” threesinch “diameter tube with No. 


portion of the motor which is fixed in 
position and which carries the winding 
Connected to the external circuit, (See 
Rotor, also Alternat 

STATOR PLATES—The plates of a 
condenser which remain stationary. in 
Position as differentiated from "the 
plates which rotate. (See Shielding, 
also Stator.) 

STOPPING CONDENSER—A condenser 
‘which opposes or prevents the flow of 
direct current, but which 
nating current to flow in a circuit, 

STOHAGE BATTERY — See Secondary 


BATTERY TESTS—The 
ting instrament | most commonly 
used in storage battery work is. the 
hydrometer (qv.), The purpose of the 
hydrometer is'to determine the state of 
the charge of the battery, as indicated 
by the relative specific gravity of the 
electrolyte. ‘The specific gravity of a 
fully charged battery is not a fixed 


Standard and hammer soldering irons 


ERSA 50 5, 80 


\ 


ERSA 50 S, 80 S, 150 S, 50/80/150W 


High-speed soldering 


‘The Ersa MULT-SPRINTis an er 
‘gonomically designed and extremely 
light-weight, pstohtype soldering 

iron wih upto 150 W power which 
does not require a transformer ts 
PTC heating element, together wih 
the internaly heated ERSADUR 
long fe soldering tip, ensures its 
‘exceptionally high efficiency Due 
toils very short heat-up time, tis 
ideal suited for making quick single 
soldering joints. The MULTI-SPRINT 
is powered only as lng asthe button 
is pressed. Depending on the heat 
Fequrement ofthe solder jin to 

be made, addtional energy can be 
supplied by periodical pressing the 
bultlon. The large variety of soldering 


S/ER 70, 30 0 


The ERSA 50 S80 Sor 1508 
= series is designed for applications 
where a lage amount of heating 
capac is required, 28, forex 
ample, on copper condos wih 
cross-sections of 25 mm to 6 mm, 


‘The ERSA 200, 300 and 550 
hammer soldering iron series are 
particularly sulted for sheet metal 
processing and installation work 
‘and for soldering commutators and 


= 
5 
io. copper bus bas. 
Z g Hammer soldering irons have 
eo: als proven ther mein evelng 
& g applications during body work and 
Pe lea gazing 

Iron 


tips ofthe 832 42 series make the 
MULTLSPRINT suitable for more 
than only the use in repair 
‘and serve applications, 


rsa MULTESPRINT, 150/75 W 


value but depends entirely upon the 
standard specific gravity employed by 
ite manufacturer ‘which may be any- 
where from 1.260 to 1.300. The user 
should always ascertain the correct 
specific gravity for the make of bat- 
tery before attempting to test it with 
achydrometer. A voltmeter may be em- 
ployed as a meana of testing a storage 
jattery provided it is of the proper 
‘type and is used correctly. It must be 
accurate with sufficient length of scale 
to read tenths of a volt clearly. Volt 
meters are obtainable, which may be 
Used for both the “A” and “B" bat- 
teries whether dry or storage. It is 
not possible to test. the storage “A” 
battery with cheap types of so-called 
pocket voltmeters. It must be kept in 
mind that a voltmeter reading on a 
storage “A” battery is of value only 
‘when the battery is either charging or 
discharging, except when the battery is 
practically dead. A voltmeter reading 
taken when the battery is not con- 
nected to the circuit, either charging 
or discharging, may be misleading. If 


full six volts, the battery 
Under the same conditions, if the volt- 
meter lage appreciably below six volts 
the battery should be charged in order 


to keep it in the best condition. When 
it falls to 5.4 volts the battery is dis- 
charged and cannot possibly operate 
the set with any degree of satisfaction. 
When the battery is connected to the 
charger and the voltmeter shows from 
75 to 7.8 volts the battery is fully 

ged. It is possible to test roughly 
Without instruments. If neither a 
hydrometer nora voltmeter is handy 
it is possible to recognize the necessity 
for charging by the fact that the 
amplifying rheostats have to be moved 

‘ward of the normal working posi 
tion, indieating low voltage and that 
the ‘battery must be charged, When 
the battery is on the charging line, 
being charged at the ordinary rate of 
the commercial charger, and all of the 


cells of the battery are bubbling, t 
is an indication that the battery is 
charged. An interesting meter has 


Fecently’ been placed on. the market 
‘hich should prove of considerable use 
Lo'owners of orage batteries. “Tt is 
fan ammeter of special design which is 
to be connected in. series with the 
Morage battery on charge, ‘There isa 
third terminal on back of the instru 
ment by meang of which the same 
Instrument can be used to measure the 
current consamption of the: fiaments 
By pressing a. small button inthe 
center of the meter, the needle swings 
‘over to the riehtchand. portion of the 
Scale and indicates whether the battery 
is"fully charged, half charged or low. 
HEL -_See Secondary Cel. 

TOR —An insulator 


A strain inestator. 
insulators to which the guy wires of an 
aerial are attached. ‘The simplest form 
of strain’ insulator consists of 
eylinder or ball having an eye-bolt at 
each end. Where the aerial guy is 
fastened to a strain insulator, the pur- 


pose of the insulator is to prevent the 
szuy from having a natural wave length 
nearly the same as the wave length o 
the antenna, A common form of strain 
insulator is of nearly spherical form 
and is s0 grooved as to carry the two 
Wires firmly, without permitting them 
to come into’ contact. 

STRANDED WIRE—A wire made up 
‘of a number of smalier wires, twisted 
or braided together. An uninsulated, 
large ‘stranded wire is generally. re: 
ferred to as a bare cable. Stranded 
wires are of four general classes; (1) 


Super-Heterodyne Receiver 


through the earth, through piping, ete., 
ther than through the path ’pro- 

ided are known as stray currents, 

STRAY FLUX—Magnetic flux which i 
not usefully employed. The leakage 
fin or leakage lines (q.v.) which stray 
from the closed magnetic path  pro- 
vided ina transformer or other elec- 
tromagnetic or magnetic apparatus, 
(See Magnetic Leakage.) 

STRAY S—Atmospheric disturbances 
which manifest themselves as noises 
in the radio loud speaker or head set. 
(See Static.) 


Uae rato the'set and how they support the sub-pansl 


wire braid, (2) bunched wire, (3) 
rope-lay cables, | (4) | concentric-lay 
cables.” Wire braid is used to afford 


protection to the insulation of various 
Eypes of eable, In flat form, it is used 
ata flexible lead. Bunched wire isa 
type of cable also referred to as a cord. 

iis form, of ‘cable is very. Aexible, 
gince the individual wires are small 
tral core of stranded wire, having one 
‘or more layers of stranded wire wound 
helically about. ‘it. Concentric-lay 
cables are formed in the same way as 
the rope-lay type, except, that the core 
and. layers are’ of individual solid 
‘wires instead of stranded. Stranded 
wire is very often used in radio work 
4 aerial wire. ft haa the advantage 
of being more flexible than solid wire 
fand it alo has a lower resistance. at 
high frequencies because of akin effect 
(qv.). A greater cross-sectional area 
Is'available in the stranded conductor 
than in the solid conductor of the same 


weight, for carrying current, Tf used 
for radio frequency currents, however 
it ig. essential that the individual 


strands be enameled if the lower re- 
sistance is to be attained. 

STRAY CURRENTS—Currents induced 
by stray magnetic fields such as eddy 
currents. "Such currents always result 
in an energy loss. In electric Tailway 
systems, the currents returning 


SUB-PANEL—A secondary panel in a 
radio set, mounted at an angle with the 
main panel. ‘The sub-panel usually 
carries the transformers, sockets, grid 
‘condenser and grid leak. 
are made of bakelite or composition, 
hard rubber, ete. (See Panel.) 


SUPER-HETERODYNE—See Super- 
Heterodyne Receiver. 

SUPER-HETERODYNE_ RECEIVER— 
‘A circuit used in radio reception in 
which the wave lengths of the incom. 
Ing signals are inereased to. several 
thousand, meters, by the aid of local 
source of oscillations. It is @ Tecog- 
ized fact that radio signata at “radio 
Frequencies," that is, the original sig 
nals as they are impressed on the 7e- 
ceiving set from the aerial, must be 
amplified or built up in some way to 
‘operate the detector. "However, i 
fala-at low wave lengths such as. tn 
use for broadcasting, cannot be ampli- 
fied very efficiently’ at radio frequen- 
ies. By “changing the waves. from 
the ordin ry broadcast band between 
about 200 and 850. meters to wave 
lengths of from 4500" to 10,000, it is 
Possible to “obtain. more * complete 
Emplifeation. "As a retult the re- 
ceiver is more sensitive and greater 
Gistance ean be received. in 
the super-heterodyne receiver, a dif- 
ference frequency, vermed a hetero- 
dine note, is created. This is done by 
fan arrangement for generating osc 
Tations. locally. When the. incoming 
oscillations are combined or super- 
imposed. with the local oscillations in 
such a manner that there is differ. 
ence in frequency, this difference will 
be'in the form of new set of scilla- 
tions. "If the receiver is arranged in 
such a form that the new set of oscil- 
lations has a comparatively low. fre- 
queney, the wave length will be corre- 
Spondingly high, Ina standard super- 
heterodyne teceiver the action can be 
Imagined as follows: the signal energy 


pr} 


Super-Heterodyne Receiver 


from a certain transmitting: station is | 
gathered on an antenna oF loop aerial 
‘These signals are tuned in by means of 
a condenser in the ease of a loop | 


INTERMEDIATE. 
FREQUENCY 
AMPLIFIER 


Loud, 
SPEAKER -—~ 


fier, consisting essentially of a vacuum 
tube and a radio frequency trans 
former) 


Fig. L—Thi shows the general arrangement of the units of » teal wiperheterdyne receiver 


aerial, or by a regular tuning device 
such as a coupler and condenser in the 
case of an outside antenna, ‘The energy 


$0000 OWS 


detector, the apparatus for producing 
the heterodyne action is located. This 
part of the outht consists of a Vacuum 


S10 Lean a 
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SPECIAL TRANS 


At this point in the cireuit, 
between the tuning device and the first 


AMDUIFIERS ~, 


local frequency. In this way, the dif- 
ference between the incoming oseilla- 
tions and the locally generated oscilla: 
tions may be adjusted to a prearranged 
value or frequency. In inductive re- 
lation ‘to the grid and. plate coils, 
another coil is arranged, referred to a8 
a'pick-up coil. ‘The-energy obtained 
from the first detector tube. signals 
having a frequency equal to the dilfer- 
‘ence between that of ‘oming sig- 
hals and the local oscillations, is, sent 
fo a filter transformer or tuned filter. 
‘The construction of this filter and the 
number of windings used is of the 
utmost importanee, a it determines the 
Frequeney’ of the new set of oscillations 
and will permit the passage of no other 
frequency than the desired band. ‘This 
is a very essential feature, as. it 1s, 
necessary to pass only the d re 
queney in order to permit maximum, 
transfer of energy. The energy at 
this predetermined frequency is then 
passed to the intermediate frequency 
‘amplifier (qv.). After being amplified 
or built up by’ the intermediate fre- 
‘Quency amplifier consisting of tubes 
and transformers, the energy is then 
passed to the second detector tube and 
Fectified or changed from radio. fre- 


Li 
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Or 


Fic, 2—Wiring dingtam of a standard Tube niperseleredyne, 


thus obtained is passed through to the | 
grid member of a vacuum tube, which 

Keknown as the first detector tube, 
(in some ‘cases the energy is first 
amplified by a radio frequency ampli- 


yeasTosov 


DoT 400 OHMS 


tube with coupled coils in the grid and 
plate circuits, with a variable con- 
Genser. (the heterodyne condenser) 
connected across them, having a suit. 
able value for obtaining any desired 


quency. 
37e now amplified by one or yo audie 
rrequency ‘amplifiers consisting 0 
amplifying tubes and transformers and 
the resulting signals, speech or music 


The audio frequency signals 


us 


are used to operate the loud speaker. 
igure 1 shows the general arrange. 
ment of the various sections or units of 
& typical Super-Heterodyne receiver. 
little more fully into the action, 


Every 
wave length is equal to a certain fre- 
quency. 


‘That is to say, every wave has 
a certain number’ of vibrations per 
second. ‘The frequency of a wave 400 
meters in length will be about 760,000 
cycles or 750 kilocycles. By adjusting 
the wave length condenser, the aerial 
oF loop cireuit is placed in resonance 
with this particular wave length or 
frequency. ‘This energy is passed 
through the oscillator pick-up coil and 
the local oscillations super-imposed on 


‘The oscillator condenser, let us aay, 
has been adjusted to ‘permit the 
oscillator eireuit to produce oscillations 
of-a frequency such that the difference 
between the incoming oscillations and 
tthe local ones will be in resonance with 
the windings of the tuned filter. For 

Instance let us suppose that the tuned 

filter is arranged for tuning to 10, 

meters, which corresponds to 30,000 

eyeles. 

Now the oscillator circuit must be 
tuned either 30,000 cycles above or 
below the incoming, wave frequency. 
In other words, if the incoming wave 
frequency is as stated—750,000 meters, 
the oscillator circuit will be tuned to 
either 780,000 or 720,000 cycles so that 
the difference between the two frequen- 
cies will be 30,000 eycles, “No matter 
what the frequency of the incoming 
oscillations, the local oseillating circuit 
will be tuned in a manner to produce 
the definite difference of 30,000 cycles. 
These signals will then be passed to 
the intermediate frequency ‘amplifier 
and built up before being passed to 
the second detector tube for rectific 
tion. 

After this, the signals that are now 
of audio frequency can. be further 
amplified or built up by the audio fre 
queney amplifier. The two operations 
that are of the utmost importance in 
receiving with the. super-heterodyne 
are first, the tuning of the incomin 
signals and second, the adjustment o 
tthe oscillator circuit to produce"the dif- 
ference between. two frequencies ac. 
cording to a definite plan. Figure 2 
shows the hook-up of & typical Super- 
Heterodyne receiver. 

SUPER-REGENERATION—See Super- 
Regenerative Circuit. 

SUPER-REGENERATIVE CIRCUIT — 
‘A radio receiving circuit which permits 
reception under conditions of opera- 
tion, which in an ordinary regenerative 
set would result in howling. In. the 
Fegenerative set, “which 
coupled, the si 


ind thereafter a still 
further inerease in regeneration will 
result in greatly increased signal 
strength for a minute fraction of time, 
followed by viclentorlliations.” In the 
super-regenerative circuit, 1 Is 
are received at the point of very. 

amplification by suitably controlling 
the set. The great advantage of the 
super-regenerative circuit, is the 
enormous amplification obtainable. An- 
other advantage is the fact that radio 
code signals are not amplified to the 
same extent as radio telephony. The 
super-regenerative circuit was devised 
by Major Armstrong. The Flewelling 
Cireuit (qwv.) is a modification of the 


Armstrong circuit. (See Armstrong 


Circuits.) 


“TWICE USUAL 12000 OHMS EACH 
PeGaNS. 


12501” 1so0% 
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Flivver Armstrong Super-Regenerative cirult, 


SURFACE MAGNETISM —A synonym 

for Free Magnetiem (4.) 
SUSTAINED WAVES— Continuous or 

undamped waves. 

current cycles follow each other 

continuously instead of being. broken 
up. into groups like damped waves 
(iv). The sustained waves may be 
interrapted by means of a sending key 
and this weed for sending radio tee 
raph messages oF they may be mor 
Slated “and thus. utilized “in” rad 
telephony. . Sustained waves are ob- 
tained by the use of high frequency 
alternators, are condensers, or ther= 
Ijonie electron tubes (vacuum tubes). 
The use of sustained waves has made 
radio telephony practicable,” Sustained 
waves permit sharper tuning, require 
less energy at the transmitter than in 
the case of undamped waves, and per- 
mit ‘the use of “beat” reception ‘and 
other sensitive methods of reception. 
(See Continuous Waves.) 


wire gage is the British Standard Wire 
Gauge. It is also referred to as the 
New British Standard, the Imperial 
Wire Gauge, and the ‘English Legal 
Standard. Tt ‘is the legally adopted 
standard of Great Britain.” The fol- 
lowing table shows a comparison be- 
tween the American Wire Gauge (B. & 
S. Gauge and the Standard Wire 
Gaus 


American __ Standard 

Wire Gauge Wire Gauge 

Gauge No. Dia. in Mils Dia. in Mile 
10 102 128 
n 1 16 
12 81 104 
13 2 92 
4 64 80 
15 57 nm 
16 BL 64 
7 45 56 
18 40 48 
19 36 40 
20 32 36 
21 28.5 32 
22 25.3 28 
23 22.6 24 
24 20.1 22 
25 179 20 
26 159 18 

o7 M42 164 


Switehboard 


American Standard 
Wire Gauge Wire Gauge 
Gauge No. Dia. in Mile Dia. in Mile 
28 126 148 
28 113 13.6 
30 10.0 24 
31 89 6 
32 80 108 
33 11 10 
34 63 92 
35 56 84 
36 50 16 
37 45 68 
38 40 60 
39 35 52 
40 ES 48 


SWITCH —A device for conveniently 

or breaking an electrical cir- 
cuit. Switches must. be. designed: to 
carry their rated current’ without 
overheating or undue voltage drop, to 
handle overloads, to prevent arcs’ on 


= PUSH 
‘BUTTON: 


Various type of amitches. 


being opened and to properly insulate 
ive parte when swith ts open. The 
common form of switch 

inte switch (q.v.). A switch which 
opens or closes but one iret, shat is 
operating in only a single position, is 
failed. a. single’ throw avlteh. One 
sperating ‘when throvn ‘in either of 
Bho positions is called a double throw 
switch (qv). A. switeh whieh con- 
{role only’ one, side of «circuit is a 
single pote switch; bath sides of a cir- 
cult, a double pole switch: ‘The abbrev 
ation for a single pole, single throw 
switch is SP. 8 T.. The abbreviation 
for a double pole, double throw switeh 
ie’, PD. Tate. There are various 
types of switches ranging. from: ol 
‘eitehee used fo handle engrmoue cute 
ents to the small push button or snap 
Switches for turning on of off electric 
fights." Among. the. switches used. in 
radio" work. may be mentioned the 
Frown etch gv), Taerat witch 
(a), quick break switch (qe) an 
ti switch. Thi is latter 

2 of a small handle with 

scam attached ffs other end which 
serves to press together or release 
Spring contacts. The electrostatic ea- 
pacity between the springs is low, due 
{othe construction ‘used. ‘The ‘plug 


radio, equipment. push-pull 
switch, operating as its name implies, 

‘often used to control the filament 
ighting cireuits of radio receiving 
sets. 


SWITCHBOARD—In its broadest sense, 
this term is applied to any collect 
of control, operating and measuring 
apparatus’ mounted on a panel oF 
panels for ‘the purpose of ‘starting, 
Stopping or otherwise controlling 
electrical installation. Tn a small elee- 


trical plant, all control and 


Switchgear 


may be mounted on a single structure, 
Which is. referred to as the switch: 
board, “Switehboards are used at the 
radio broadeasting station to carry the 
Various meters, control” rheostats, 
Switehes, ete. (See Panel.) 


ANTENNA 


radio hook-ups to represent various 
electrical and radio apparatus. The 
use of symbols has been standardized 
land results in clearer and more easily 
drawn diagrams. A table of symbols 
is given below: 


Table of Radio Symbols 


rotary gap discharger driven by a 
synchronous motor from the same line 


pees 
ielerranhe 


‘the transformer in a radio 
transmitting system or a 


rotary gap mounted on the shaft of the 
alternator supplying the 500 cycle or 


100P. 
ANTENNA 


cRYSTAL, 
DETECTOR 


RID LEAK 


swiret 


Bh SE 


ig 
BATTERY 


RID LEAK 


FORMER 


a 


SWITCHGEAR— Apparatus used in 
connection with the control of an el 
trical. installation, such as switehes, 
rheostats, starters, circuit breakers, 


SYNCHRONOUS—As applied to. alter~ 
‘nating currents, these are said to be 
Synchronous when of the same {> 
quency (q¥.) and exactly in phase 


ae ey 
SYHBOLS—Conventional signs used in | SYNCHRONOUS DISCHARGER—A 


14g 


higher frequency current, 


Discharge 
SYNTONY. 
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(See Disc 


the relationship between 


two oscillating currents when one reso- 
nates to the waves produced by the 


Oscillations of the other. 


TABLE OF DIELECTRIC STRENGTH 
table showing the voltages at 
which certain thicknesses of various 
‘materials will break down or puncture, 
‘The following table has been obtained 
from Pender's Handbook for Electrical 
Engineers: 
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Si twrebest, aj ber il, multiply ilove 

pet millimeter by 26.4. 

“T" ANTENNA—A flat top antenna, in 
which the down lead is taken from the 
center of the horizontal portion. (See 
Aerial, also Flat Top Aerial.) 

‘TATLS—Name given to small iron wires 
forming core of induction coils (q.v.). 

TANGENT GALVANOMETER—A type 

‘of galvanometer in which the strength 

of the currents which pass through the 

coil is proportional to the tangent of 
the angle of deflection of the magnetic 
needle in the center of the coil. In 

‘construction, the tangent galvanometer 

consists essintilly ofa small mag 

netic needle suspended in the center o 

8 large circular coil _made of the few 

turns of insulated wire. Attached to 


the needle is a light aluminum pointer 
‘which allows the deflections to be read 
fon a horizontal seale, ‘The coil is 


placed in the magnetic meridian with 
the needle and the coil in the same 
plane. When the current passes 
through the coil, the pointer is deflected 
and the angle ‘of deflection recorded. 
Knowing the constant of the galvano- 
meter, it ig possible to caleulate the 
gurtent in absolute units or in amperes 
y multiplying. the constant by the 
tangent of the angle recorded. 


Te 


TANGENT OF AN ANGLE—In a right 
‘angle triangle having the given angle 
‘as one of its angles, the tangent of the 


TAN ASE 


c 


ry 


le Ais the ratio of side 
‘o atte bs 


‘The tangent of 


angle under consideration, is equal to 
af the side opposite the angle 


‘TAP-TAPPING—The connection made 
to an intermediate point in a winding 
thus permitting the number of turns in 
the cireuit to be varied at will. Vario- 
meters, variocouplers and other coils 
fare made with taps, also transformers, 
armatures of rotary converters, etc. 

TAPPED—See Tap, also Tapped In- 

luctance. 

TAPPER — An electromagnetic device, 
similar to an electric bell, but, with 
gong removed, arranged so that a 
Wammer gently taps a coherer thus 
decohering filings after the passage of 
incoming oscillations. This device was 
formerly used as a detector of wireless 
telegraph signals. 

TAPPING-BACK—The application of a 
Tight blow to a filings coherer to de- 
cohere the filings. (See Tapper.) 

TELEFUNKEN SYSTEM —A wireless 
telegraph system employing a quenched 
spark gap (qv.) and giving a singing 
spark of rather high note. ‘This sys- 
tem has been developed and used by 
the Germans. 

TELEGRAPH — Any system of trans- 
mitting Intelligence from one point to 
another over a distance. ‘The word 
‘was at one time applied to visual sys- 
tems such as wig-wagging and sema- 
phore, but at the present is used only 
to refer to electrical systems. ‘The one 
exception to this rule is the use of the 
term to refer to signals sent either 
mechanically, or electrically from the 
bridge of a ship to the engine room. 

TELEGRAPHONE—A magnetic phono- 
graph in which speech currents or sig- 
fal currents are recorded as permn- 

nent magnetic impressions on a moving 

eel wire. Instruments such as this 
have been used for recording telephone 
conversations and also in high speed 
‘automatic wireless telegraph transmis- 
sion. (See High Speed Reception and 
Tranamieion.) 

TELEGRAPH NAUT—A nautical mile 
‘of 2,029 yards or 1.1528 statute miles. 
(See Nauttical Mile.) 

TELEGRAPHY, RADIO—See Radio 
Telegraphy. 

TELEPHONE CONDENSER —Tn radio 
‘work, this is a fixed condenser shunted 
across the head set or loud speaker. 
Used in this connection, the condenser 
is-also referred to as a by-pass con- 
denser since it offers a path of low 
resistance to the radio frequency cur- 
rents. By-pass condensers are usually 

ide of tin foil with a mica or paper 
lectric. Condensers used for ordi- 
nary. telephone work ‘are also re- 
referred to as telephone condensers. 


Telephone Transmitter 


TELEPHONE RECEIVER—An clectro- 
‘magnetic instrument by means of 
‘which variations of current are caused 
to reproduce sound waves correspond- 
ing to words spoken into a transmitter 
ata distant point. The essential fea- 
tures of the telephone receiver are an 
electromagnet, a permanent magnet 
and a diaphragm held in a suitable 
case. The diaphragm is supported by 
the rim of the case, at a short distance 
from the face of the magnet and it 
attracted by the magnet when it is 
energized by the current flowing in the 
windings. "The steady magnetic flux of 
the permanent magnet draws the dia- 
phragm to the pole pieces, leaving 
small gap between, so that, the di 
Phragm Is held under tension. The 
currents passing through the clectro- 
magnet are modulated in accordance 
with the transmitted speech. ‘These 
change the tension of the diaphragm 
due to the change in magnetic pull and 

6 a result the diaphragm vibrates giv- 
ing forth speech or music. ‘The tele- 
phone receivers used in radio work are 

Of the watch case type. (See Head 

Telephone or Head-Phone.) 


iit Shot ta od Seton see 

TELEPHONE TRANSMITTER—A 
sound.wave operated or vibration-oper- 
ated device designed to’ produce else. 
Eromagnetic waves or vibfations which 
correspond to the sound, waves or 
Brationg actuating it ‘The standard 
ransmitter used in ordinagy talephone 
work is known as the ol I-back” 
Transmitter.” A gong-ahaped back sup- 
Ports the transmitter and carries all 
The parts. “A mouth piece of hard 
rubber is crewed into the front, Just 


Dhragm is held securely. by damping 
Eprings having soft rubber cushions at 
thelr tips, a0 that it,can onl 
forced vibrations. An alla 
phragm of mica 
ned fo the front electrode of the tr 
imitter button, ‘Both the front and the 
Fear electrodes are made of ‘carbon 
‘fses, between which ‘carbon granules 
fare placed in cylindrical chamber 
Tined'with varnished paper. A rigidly 
Connected pin communicates the Vibe. 
flone of the’ diaphragm. to. the front 
slectrode,. The movement. of the elec- 
Erde fariey the prearare on the carbon 
Granules, thus ‘giving the. require 
ation of resistance, which in turr 
Varies the current. ‘The microphone 
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Telephone, Tuned. 


TELEPHONE, TUNED—See Tuned 
Telephone. 


TELEPHONY, RADIO—See Radio Tele- 


ISION—Electrie vision at a dis- 
tance. The transmission by wire or 
by radio of vision—that is to say the 
ability to. see objects at any distanco 
by changing the light waves to elec- 
tric currents or to. electromagnetic 
waves, transmitting these to the dis- 
tant receiving point, and then retrans- 
forming them back to the original 
light waves. ‘Television is still in the 
experimental, stage. Of course, the 
sending of pictures by radio has’ been 
accomplished by Capt. Ranger, in this 
country, Belin in France, Karolus in 
Germany, Baird in England, and sev- 
eral others. Both Belin and. Baird 
have been working on the problem of 
television and are reported to be near- 
ing success. In this country, Mr. C. 
Francis Jenkins, of Washington, D. C., 
has constructed a non-commereial (that 
ig in its present stage) machine which 

send. motion pictures by radio. 
s is practically the last word in the 


OBJECTIVE Se 


present development of television. Tt 
fs possible to broadeast a film picture 
with this device at the rate of sixteen 
pictures per second showing the mov- 
Ing outlines as silhouettes, but without 
the intermediate tones. "The method 
by which a photograph is transmitted 
by radio in the Jenkins system may be 
illustrated. by the example of a coin 
covered by a thin sheet of paper on 
which serried pencil lines are drawn. 
The design of the coin appears in lines 

1 “The variations 
lines may be transformed into 
pulsing electric current by means of a 
[ight sensitive cell passing over the 
Tines in question. Place the lines end 
to end and the current ean modulate a 
carrier wave. The forming of the con- 
tinuous line presented a difficulty which 
‘was solved in the following way. The 
inventor proceeded along the line that 
a prism bends a ray of light and that 
fan image will appear upon a. photo- 
Braphie lens placed before a. picture. 
From this it’ follows that a” prism 
placed near a lens will eause the imaze 
to be displaced sideways, the extent of 
the displacement being dependent on 
the angle of the prism. If the prism 
could change its angle, the result would 
be motion on the part of the image, 
The prism used is circular, with rapi 
change of, form across the prismatic 
fection. Around the circumference of 
the dise, the prism changes in thick- 
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Mr REVOLITAG MIRROR 


ness according to a graduated scale. 
Revolving the dise causes the image to 
move ina straight line. When the end 
of the prism passes the lens, there is 
instantaneous snapping back of the 
picture and the journey is repeated. If 
4 small hole be made in the sereen, the 
light from a given point on thelpicture 
will pass through and can be made to 
operate a light sensitive cell at the 
back of the screen. When the image is 
made to move down over the screen by 
the prismatic ring, the aperture will 
admit light of varying intensity, ac- 
cording to the light value along a line 
erossing the picture. This means that 
the light falling on the photo cell as 
the image travels will represent a line 
across the pieture from top to bottom. 
‘This leads to the creation of the sue- 
cessive lines that make up the picture 
asa whole. The image is moved along 
from side to side by means of a second 
prismatic ring working 

Angles to the frst, but 
speed. ‘This second prism makes but 
one revolution during the time that the 
first makes one hundred, producing the 
hundred lines assumed to be necessary 
for making the picture. ‘The cell used 
may be selenium or thalium oxide. ‘The 
former requires twenty minutes to 


CONVEX. LENS. MIRROR 


RECEIVING 
‘SCREEN 


a 


RECONSTITUTED IMAGE 


cover the picture, the latter six. Tt is 
gbvious that to Feproduce the picture 
at the other end the process must be 
reversed, the lines being replaced side 
by side by means of a pair of prismatic 


discs similar to those at the transmit- 
ig end. As noted above, the main 
difference between sending photographs 
‘and motion pictures is in the necessary 
speeding up. For this purpose, Mr. 
Jenkins uses a potassium light-sensi- 
tive bulb, the action of which is much 
more rapid than that of either selenium 
or thalium oxide. ‘The cell is composed 
of a bulb with its inner surface coated 

‘metallic potassium. ‘The bulb has 
a high vacuum, The device has two 
electrodes, one being a wire through 
tthe stem, ending in a loop in the center 
of the bulb; the other passing through 
the side of the bulb and connecting 
with the potassium deposit. Absence 
of the potassium from a small part of 
the surface forms a “window” opposite 
the last named contact. Application, 
of a positive potential to the central 
electrode, attended by connection with 
the potassium coating, permits no cur- 
rent to flow, as long as no light enters 
the bulb. ‘The admission of light frees 
¢lectrons from the potassium, in num: 
bers proportionate to the strength of 
the light. In this way a current flows 
through the bulb when light enters the 
“window.” In this cell, there is no 
appreciable lag due to’ the amazing 
speed of the electrons. 

The sending station has a. motion 
picture projector, a small machine used 
to cut up the image, a light-sensitive 
cell, anda transmitter. The receiving 
station has a. radio. receiving 
machine for reassembling the 
and a_screen for the reproduction of 
the image. 

‘The lamp required for the rec 
station must be able to pass s 
from darkness to extreme. brilliancy, 
and the ordinary filament lamp could 
not attain the tremendous speed in- 
yolved. “The lamp used by Mr. Jenkins 
is the creation of Professor MeFarlane 
Moore, and is eapable of handling com= 
plete eyeles at the rate of 75,000 to the 
second. This lamp has a glass bulb 
containing two concentric cylinders, 
the larger almost filling the bulb, and 
the smaller almost filling the larger. 
‘The inner cylinder has a small axial 
hole, drilled almost to the bottom and 
forming a deep cup, ‘The principle of 
this lamp is much the same as that of 
the Amrad “‘S” valve. 

It is a truism that the fundamental 
principle of cinema pictures is that the 
human eye continues to see an image 


& 


prefect lantern at the ahs he dram ofr 


after that image itself has disap- 
peared. In the case of an electric 
spark lasting one ten thousandth of a 
second, the image lasts for at least 
one-sixteenth of a second as visualized 
by the eye. Mr, Jenkins assumes that 
if 10,000 dots of light and shade flash 
successively on a screen with sufficient 
speed, the eye will see the picture to 
whieh the dots belong even though but 
fone dot is on the screen at a time. Hey 
therefore, aimed at flashing the 10,000 
dots on the screen within the space of 
one-sixteenth of a second, 

‘Theoretically, this feat might be ac- 
complished by ‘halving the slow dise 
revolving rate to 960 revolutions per 
minute, Keeping ‘the faster disc at a 
rate exactly one hundred times greater. 
But the glass dise would be shattered 
by the centrifugal force before the 
attainment of a speed of 96,000 revolu- 
tions per minute. 

"Mr. Jenking gets over this difficulty 
by the use of forty-eight lenses at- 
tached to a large aluminum dise rotat- 
ing in front of the prismatic dise, thus 
giving the effect of, a slow-moving 
Tens. Each of these forty-eight lenses 
makes a line across the plate, which 
thus becomes the screen of the’ motion 
picture apparatus. This makes it pos- 
Sible to reduce the speed to one forty- 
eighth of that which would otherwise 
be required, that. is, to one of 2,000 
revolutions per minute. 

‘At the receiving station, the modu- 
lated wave is received by’ a set but 
slightly different from many in com- 
mon use. ‘The last amplifier tube is 
gne_ of 8 watts, “By the use of the 
MeFarlane’ Moore light already de- 
seribed, the modulations in the plate 
cireuit'of the last valve are trans- 
formed into light, and the rays are 
distributed over the screen by pris- 
matic and lens dises similar to those 
used at the sending station, In actual 
practice, ‘the picture appears on a 
screen about 6 in, by 8 in. More pow- 
erful lamps would allow of larger 
pictures. 

‘The process described is for sending 
photographic pictures. But it can be 
Adapted for the sending of direct views 
without the intervention of photog- 
raphy. 

‘All that is done in this case, is to 
remove ‘the projector and focus the 
eng so that {t will throw the view as 
an image. 

‘So far as radio features of the trans- 
mission are concerned, there is little to 
be explained. At the receiving station 
the elrcuit resembles the superhetero- 
dyne, ‘The picture is at 75 kilocycles 
‘frequency and does not interfere with 
broadcasting. 

The carrier wave may be modulated 
with voice frequeney, so that the voice 
ean travel with the picture, which en- 
fables ‘vocal explanations to be given 
simultaneousl) with the flashing of the 
film or actual scene being transmitted. 

TEMPORARY 


joved, Soft iron displays the proper~ 
ties of a temporary magnet and hence 
{siden for ape ag the org of letro- 
magnets." (See Magnet, Blectromag- 
ete also Permanent Magnet.) 
TERMINAL —A binding post or other 
fitting attached to the electrodes, ends 
of windings or other parts of electrical 
Spparatus 30 as to permit the external 
Glreuie to be connected to the appa- 
TESLA COML— An oscillation trans: 
former for producing high potential 
discharges from oseilations. of "low 
tential. The Tesla Coil or Tesla 
‘ransformer, aa it is sometimes called, 


is somewhat similar to the ordinary 
transformer, although it is much more 
heavily insulated and has the ends of 
the secondary connected to a condenser 
which discharges across a spark gap, 
thug ‘inereasing, the rapidity of the 
oscillations, which then pass into a 
secondary induction coil. ‘This second 
coll has neo iron core, ‘The Tesla Coll 
consists essentially of a primary wind- 
ing having-a relatively ‘small number 
of turns of heavy wire and a secondary 
having a large number of turns of fine 


wire. An air, glass, or ebonite dielec- 
trie separates the ‘primary and. the 
secondary. Due to the sufficient thick- 
ness of the dielectric, there is no possi 
Bity of a direct discharre between the 
two” windings. Both the primary 
winding and the secondary winding 
Consist of but one layer each. The 
Primary winding forms part of an or- 
dinary oscillation discharge cireuit. A 
high frequency electromotive force is 
induced in the secondary winding, due 
to the high frequeney oscillating cur- 
Fents whieh flow in the primary wind- 
ing thus setting up an oscillating mag- 
netic field. Due to the high ratio be- 
tween the windings of the primary and 
the secondary, very high voltages are 
set up in the Secondary, in some cases 
as high as a million volts, and hence 
a very powerful brush discharge can 
be obtained. 


TESLA, NIKOLA—American electrical 
‘and radio expert, Tesla was born at 


Nikole Teste, 


Smiljan, in Jugo-Slavia, 1857, and was 
educated at Graz and Prague Universi- 
ties. He entered the Austrian ‘Tele 
graph Service and in 1884 he came to 
the United States where he became an 
assistant to Edison, He specialized in 
the study of high, frequeney and, high 
potential alternating currents. Tesla 
Is noted for his many revolutionary 
inventions which inelude polyphase al- 


Theory of Vacuum Tubes 
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Theory of Prop. Elee'magnetic Waves 


lator or generator of high frequency 
oscillations, as an amplifier, as an elec- 
trostatic voltmeter, as a voltage and 
current regulator,’ a power limiting 
device, ete. 

HEORY OF PROPAGATION OF 
ELECTROMAGNETIC WAVES— 
Waves are due to vibrations tr 
mitted through a continuous elastic 


3 


medium. Electromagnetic waves a1 
due to vibr an_osei 
lating circuit (the 


transmitting aerial circuit). ‘The eur 
rent flowing in the aerial is oscillating 
(surging back and forth) at an ¢ 
mously high frequency and in addition 
to its induction field, the aerial has 
associated ‘with ita radiation feld 
which spreads. out, ‘in all-directions 
from the aerial. ‘The strength of the 
radiation field decreases in inverse Pro- 
Yortion to the dstance from the aeri 

any given point the strength 1s 
directly proportional to the frequency. 
The. transmission of electromagnetic 
waves is considered as due to the mo= 
tion of the lines of force. There is a 
displacement of electricity along these 
lines against the elastic force of the 
medium, termed for convenience. the 
ether (av.)., Displaced electricity 
continuously tends 0 go. back to its 
position of Fest under the action of the 
Elastic forces. ‘There is pressure 
Tight angles to the lines of force 
Addition to. the tension” along’ them. 
‘The pressures may be considered as 
due to the repulsion between the dis- 
Placed charges of the same Sign in 
helghboring lines of force. 

THEORY. OF RECEPTION OF ELEC. 
'TROMAGNETIC WAVES — As elec- 
tromagnetic waves cut across a receiv 
ing aerial, the electric field intensity 
along the’ serial alternates in. value. 
There is an alternating potential. be: 
tween the aerial and the ground which 
ives rise to the flow of an alternating 
Eurrent. Another explanation is based 
fon the’ principle of induction. The 
magnetic and electric fields, in cutting 

duce electromotive forces 


radio frequency current and it 
passed to the grid of the detector tube 
and. rectified” as” explained under 
Theory of Detector Action (of Vacuum 
Tube), (See Electromagnetic Waves.) 

THEORY OF VACUUM TUBE OPERA. 
TION —See Theory of Operation of 
Vacuum Tubes 

THERMAI—Pertaining to heat. There 
fare various electrical and radio devices 
‘which depend upon heating or thermal 
properties, The. thermal. ammeter 
(aw). is described under the heading 

Hot-Wire Ammeter. ‘The thermal de- 

teetor is taken up under Barreter and 

Liquid Barreter. 


the wire, causing it to expand or say 
‘This deflects a pointer or mirror acros 
a calibrated scale, The thermal am- 
meter can be used for measuring direct 
or alternating currents. (See Blectre 

thermal Bleter, also Hot-Wire Am- 


meter.) 
THERMAL DETECTOR—A 
tector (a.v.) which, d 


operation upon the he 
wire by the passage of electrical o8- 
cillations. (See Barreter.) 

THERMAL JUNCTION —THERMO- 
ELECTRIC JUNCTION—The con- 
tact, point o joining point of the two 
dissimilar metals of a. thermo-clectric 
couple (qv.).. (See Klemencic Ther- 
‘mal Junction.) 

THERMAL TELEPHONE—A tele- 
phone receiver in which the movements 
of the diaphragm are regulated by the 
variations of expansion of a wire 
heated by the telephone currents thus 
reproducing sound waves. In another 
type of thermal telephone, the dia- 
phragm is. dispensed with, "sound 
waves” being reproduced" directly 
through the expansion and contraction 
of air in contact with the heated wire. 
‘This device is also known as a thermal 
receiver of a hot-wire telephone. 

THERMIONIC EMISSION —The emis- 
sion of a stream of negative electrons 
from a heated filament (cathode) in a 
vacuum tube. 

THERMO-ELECTRIC COUPLE— 
THERMO-COUPLE—A pair of 
similar metal pieces placed in contact 


SUE eed the direction 
‘hon bythe arrow 


and connected by electrical conductors 
ina closed circuit. When the Junction 
of the two dissimilar metals is heated, 
‘an electric current will flow. 

THERMO-ELECTRIC CURRENT—A 
current which is caused to flow due to 
fan electromotive force set up at the 
junction of two dissimilar metals when 
these metals are at different temper: 


THERMOPILE—A device for magnify 
ing the effect of the thermo-couple by 


Ry are two reclangies of very fine iron wire. 


THERMAL AMMETER—A current 
‘meter, in which the current or a fixed 
proportion of the current in question, 


Passes along a fine wire. This heats | 


[AL the left in shown method of Sonn ther- 
th efeets "AU the 


connecting a number of these in series 
and exposing one set of alternate june- 
tions to the heat, thus causing the elec- 
tromotive forces to add up. 

THOMSON EFFECT—The phenomenon 
‘of the appearance or disappearance of 


heat when a current flows from a cold 
towards a hot part of a conductor. If 
copper is unequally heated, heat is lib- 
erated at a point when the current and 
the heat flow in the same direction 
is absorbed when they flow in oppo: 
directions. "The Thomson. effect, is 
measured’ by a quanti 
specific heat of electricity.” 
THORIUM—A rare metal which in cor- 
tain compounds in Fadio-active. This 
metal has a specific gravity of eleven 
and an atomic weight of 232.5, ‘Thor- 
jum is used for coating Welsbach 
mantles and is also used in connection 
with the coating of the tungsten fila- 
ments used in vacuum tubes. (See 
Filament, Thoriated, also. Thorium 
Treatment of Filaments.) 
THORIUM. TREATMENT OF FILA- 
—A compound of thorium, 
(ThO,) is used extensively in 
‘manufacture of filaments for 
vacuum. tubes. Sometimes thorium 
nitrate is used for this purpose. The 
termed thoriated 
Since the rate of electron 


filament at a given temperature is sey- 
eral thousand tyes greater than in 
the case of the ordinary tungsten fila 
ment, it is possible to use the former 


ata’ much lower temperature. (See 
Filament, Thoriated,) 

THREE CIRCUIT TUNER— A regen- 
erative cireuit (qy.) in which the pri 
mary, the secondary or grid circuit, 
‘and the plate circuit are capable of 
being tuned in resonance with each 


other. 
THREE-ELECTRODE THERMIONIC 
TUBE—An evacuated bulb or vessel 
containing a combination of a heated 
cathode, a relatively cold anode and a 
third electrode for controlling the cur- 
rent flowing between the other two 
lectrodes. (See Triode, also Vacuum 


te 
THRE: t -ELECTRODE TUBE—The 


three element thermionic vacuum tube 
having @ filament or cathode, a plate 
‘This tube can 


ima ar ait 
radio signals, an amplifier (q. 
‘an electrostatic voltmeter (q.v.), a8 & 


potenti 
Ewo. A part of the load is connected 
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TICKER or TIKKER—A form of in- 
ferrupter of an equivalent apparatus, 
Used in sustained wave telegraphy. It 
{s'really-a commutator interrupter: In 

commercial type ilustrated, a. disk 

{s mounted on a'motor sha‘. ‘The disk 

has a number of teeth flied in between 

With fibre or other insulating material 

The radiofrequency currents How 


fe Pouleen_ ticker 
iecerabt fe Fee 


from one brush to the other through 
the disk which interrupts them at the 
Fate’ of from 300 to 1000 times. per 
second. A charge is built upin the 
condenser C, by resonance with the 
ferial aystert and this discharges into 
the telephone condenser C, at regular 
Intervals, The telephone condenser 
then discharges through the head set, 
thus, producing a single sound corres” 

nding to. the charge ‘accumulated, 

ince’ the tikker ‘discharges ‘the con 
denser, C, at different places on the 
eyele of the incoming oscillations, the 
ote produced is not uniform and. is 
hard to read through atmospheric in- 
larference. (See Chopper’) 

TICKLER—TICKLER COM,—A coil 
placed in the plate circuit of a tegen- 
Srative receiver and coupled. induc. 
Lively in the grid coil in order to obtain 
regeneration’ (See Feed ack, Feed- 
Back Coll, Feed-Back Coupling, Regen 
trative Cireuit, Regenerative Coupling, 
flso Regeneration.) 

TIME CONSTANT The ratio, in an 
leetrie circuit, of the inductance in 
hhenries to the resistance in ohms, It 
is the time, in seconds, required for a 
Current to attain 62.2 per cent of its 
‘Sltimate value as 


bling whee! in which the conduc 
eth are separated by insulat! 
material. “A brush is used, to. make 
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which produces or tends to produce 
forsion” Thus if a force acts at a 
tangent to the periphery of a circle, 
thus producing” a turning moment 
about ‘the center of the circle, the 
product of the force and the radius of 
the circle is called the torque. 

TRAIN RADIOPHONE Communication 
by means of radio between moving 
trains and ordinary land-line  tele- 
Phone systems. Such a system is in 
operation commercially in Germany on 
trains operating between Berlin and 
Hamburg. ‘The voice frequency cur- 
rents from the telephone are impressed 
ona carrier wave by a method similar 


od to it. ‘The modulated 
emitted through a four-wire 
strung along the roofs of two 
coaches.’ ‘The nearby telegraph wires 
ick it up and carry it to the receiving 
Sets, located in stations along the line, 
‘The ground for the system is obtained 
through contact of the car wheels with 
fie rail “"In reverse order, the voice 
rrequencies of messages from the tele- 
phone at the other end are used, to 
modulate a carrier wave (using a dif- 
ferent frequency) ‘at the nearest train- 
telephone switehboard. They are then 
transmitted over the wires and induc- 
tively to the train. An arrangement 
is provided to prevent interference be- 
tween the sending and the receiving 


sets. 
TRANSFORMER—A type of induction 
‘apparatus, usually stationary, having 
primary and secondary windings, ordi- 


PRIMARY “SECONDARY 
WINDING ‘WINDING 


CORE-TYPE TRANSFORMER 


core | 
ra 


DRIMARY SECONDARY 
WINDING WINDING 


SHELL-TYPE TRANSFORMER 


‘Two standard types of transformers, 


narily insulated from each other. 
‘These are wound about an iron core. 
‘The function of the transformer is to 
change the electrical energy either in- 
creasing or decreasing the voltage, 
current, frequency or phase. ‘Tran: 
formers can only be used in connection 
with alternating currents, Trans- 
formers for changing voltage have a 
different number of turns in the pri 
ry than in the secondary. In the 
‘up transformer, the primary. 


usually consists of a small number of 


Transmission 


turns of comparatively heavy wire, 
while the secondary consists of a 
larger number of turns of fine wire. 
The ratio of the primary and second: 
ary windings determines the ratio be- 
‘tween the input and the output volt~ 
ages; thus a 10 to 1 step-up trans. 
former could be used to step @ primary. 
voltage of ten to a secondary voltage 
of 100. There are various methods 
of classifying transformers, namely, 
according to their operating character 
isties, according to their ‘method. of 
cooling, or to their construction. 
‘Transformers which are meant to give 
@ constant voltage on the secondary 
side are known as constant, potential 
transformers. Those meant to give 
constant current are called constant 
current transformers. Transformers 
may be air cooled, water cooled or oi 
cooled. In some cases a natural air 
draft ‘is used as in transformers of 
‘the smaller types. Larger trans- 
formers may be designed with special 
duets through which blowers force a 
current of air. Oil cooled transformers 
may have the cores and windings im- 
mersed in oil, or the oil may be circu 
lated through external coils. Water 
cooled transformers are immersed, in 
oil, but have pipes carrying running 
‘water submerged in the oil. Accord- 
jing to construction, transformers are 
‘of the core type and the shell type. 
The core type transformer Is. used 
more for high voltage, low capacity 
work, while the shell type is used for 
low "voltages and high capacities. 
‘Transformers find a application 
in radio apparatus. Audio trans- 
formers are used to couple audio fre- 
‘quency circuits as for example in the 
case of an audio frequency amplifier. 
Audio transformers have an iron core 
and may be shielded or unshielded. 
Radio frequency transformers are used 
to couple radio frequency circuits. 
They are usuelly of air core type, al- 
‘though in special instanees iron cores 
are used. Transformers are also used 
in alternating current chargers, in 
“A” and “B” battery eliminators ‘and 
in power sets which operate directly 
from alternating current houselight- 
ing circuits. (See Charger, Storage 
Battery, Audio Amplifier, ‘Coupling 
Transformer, | Jigger, Intermediate 
Transformer, Inductive Coupler, Os- 
cillation Transformer, Air Core Trans- 

former, Core Transfomer, Ratio of 
i gaaal come ie eee Skiaiaod 7 rene) 
former.) 

TRANSFORMER COUPLING—A 
method of transferring the electrical 
energy of an alternating current from 
‘one circuit to another inductively by 
means of a transformer, one of whose 
windings is connected in one circuit, 
the other winding being connected in 
‘the second circuit. Radio frequency 
circuits are usually coupled by radio 
frequency transformers, audio fre- 
‘quency transformers being used. to 
couple audio circuits. (See Coupling, 
also Amplifier, Intermediate Fre: 
quency.) 

TRANSFORMER STEEL—A special 
steel usually containing a high silicon 
content used for stamping out, trans- 
former laminations. (See Eddy Cur- 
rents. 

TRANSEORMER, 2201 

TRANSMISSION — As applied to. radio 
communication, this Is the sending of 
signals, speech or music from one 
point to another by means of electro- 
magnetic waves. (See Radio Tele- 
phony, Radio Telegraphy, Theory 


NED—See Reso- 


of "Propagation of Electromagnetic 
Waves) 
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Transmission of Photo's by Radio 


TRANSMISSION OF PHOTOGRAPHS 
BY RADIO—Various methods have 
boen devised and are now im use for 
the transmission of photographs by 
radio. Among these may be mentioned 
the systems of Belin (q.v.), Baird, and 
Jenkina. ‘The principies ' underlying 
the Jenkins system are explained 
under the heading of Television. 

‘sing the system developed by Capt. 

. H. Ranger, photographs were 

transmitted by radio from Honolulu 

to New York, a distance of 6,136 mi 


between New York and London using 


the Ranger apparatus. Two distinct 
methods have been applied for analyz- 
ing the picture in the process of trans- 


the electron flow constitutes a dis 
charged circuit, so that the grid be- 
comes less negative. The first ampli 
fying tube is a direct current potential 
amplifier, and is resistance coupled. 
‘The grid’ and plate connections of the 
amplifier are connected across a con- 
denser which becomes discharged with 
the fall in the grid to plate resistance 
of the valve brought about by the grid 
fluctuations. A charging cir- 
Cuit is connected to the condenser and 
is controlled by a valve, the grid cir- 
cuit of which operates ‘by variations 
of the potential across the condenser. 
‘The charging current is fed through 
the plate circuit of this valve, in which 
a relay is connected, which working 
through other mechanical relays in 


TA penall of leh 
low rotating neton 


mission. One arrangement consists of 
rodueing an image as a non-conduct- 
ng deposit upon a metal foil which is 
traversed by a stylus, while the other 
Inethod makes use of an opaque image 
ited. upon a. transparent film 
traversed by a beam of light, 
the light interruptions being’ recorde 
by a light sensitive cell. ‘The Ranger 
aystem makes use of this latter method. 
‘The image is photographically recorded 
upon a celluloid sheet lange enough 10 
Accommodate easily a picture of half 
late size. In the ease of sketches and 
Written messages the image for tr 
Inission Is-made directly by ‘writing 
‘upon a piece of transparent film with 
at'dense black ink. ‘The image Is then 
‘ecured to the face of a glass cylinder, 
‘and by means of a lamp, focussing lens 
and reflecting prism, a narrow pencil 
‘Of light is passed through the film. 
The evlinder is mounted on a carrier 
which is caused fo be moved backward 
and forward so that the beam of light 
{s concentrated in turn on all parts of 
the picture. A rotary motion 1s aD- 
plied, as well as the transverse motion, 
The cylinder being given a slight rota: 


tion when it completes each transverse 
motion. ‘The beam of light is passed 
through a ‘special photo-electrie cell. 
‘This consist a spherical globe, 


coated on the inside with potassium 

‘droxide, which is very sensitive to 
light. | The coating is connected to the 
grid of a vacuum tube, while an “elec- 
fron collector” near the center of the 
‘tube is joined to the plate of the first 
amplifier. When no light is falling on 
the deposit on the inner surface of the 
globe, the grid acquires a negative 
charge, stopping the flow of electrons 
between filament an’ plate, and hence 
xno current flows in the external circuit. 
The ray of light, however, causes an 
electron stream to flow between the 
coating and. the collector, and since 
the coating is connected to the grid, 
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controls the radio trans- 
mitter. "Wave trains from the trans. 
mittng station after ‘detection and 
amplifeation, are applied to the pic- 
ture recorder. “The recording mechan- 


cascades, 


ism, in order that it may be sensitive 


B ig coi 
netic field created by three electromag- 
nets. ‘The coil of wire, in moving in 
the field, as the received fluctuations 


are applied through its windings, 
operates a stylus. while travelling 
across the surface of the paper. The 
yylus traverses the paper in perfect 
synchrony with the ‘carriage of the 
transmitter, the paper being lifted 


each time the stylus completes a for- 
ward and backward. movement acros 
the paper. A small flashing neon lamp 

sused to indicate the correct “speed 
adjustment of the driving motor. 

TRANSMITTER—An apparatus for 
sending out electrical messages. As 
applied to radio telegraphy or radio 
telephony, the transmitter refers. to 
the entire sending apparatus. ‘The 
term transmitter is often used to refer 
tova telephone transmitter (qw.)., (See 
Automatic. Transmitter, also’ Wheat= 
stone Transmitter.) 

TRANSMITTING AERIAL—A wire, or 
‘more usually a group of wires; sus 
Pended at a suitable height and con- 
nected to a radio transmitting set, The 
Purpose of the aerial is to. facilitate 
the radiation “of the electromagnetic 
waves generated by the high frequency 
osellatimg. current which flows Im the 
Aerial. (See Directional, also Receiv- 
ng Aerial) 

TRANSMITTING JIGGER—An oseilt 
tion transformer (a.¥.) having a vari- 
able secondary, permitting of various 
degrees of coupling, by adjustment, 
iyetween the two circuits. (See Jigger): 

TRANSMITTING REY —A_ telegraph 
key, used in the sending of radio code 
messages. ‘This key must be of rather 
hheavy" construction since it. handles 
Jargee currents than those, used in oF- 

inary ‘wire telegraphy. Pressing the 
Key, loses the etreuit, and by holding 
the key down for a longer or a shorter 
period, the dots and dashes of the con- 


Enental. "code are reproduced. (See 
Cote, Key, Key High Speed) 
TRANSMITTING TUBE, POWER 


RATING —The useful power output 

ing tube is the power 
expended by the oscillating current in 
the resistance ‘of the output circuit, 
‘The power input to the tube, not count- 
ing that expended in'heating the fi 


ply voltage and the average plate cur- 
rent during an oscillation. 
TREMBLER—A springy metallic blade 
carrying a soft iron armature. The 
spring makes contact with a fixed con- 


tact point, but when current passes 
through the electromagnet, the arma- 
ture is attracted and. the contact is 
broken, ‘The spring then resumes its 
normal position, re-establishing the 
contact and the’ same process is re 


Power soldering iron 


(Ersa MULTI-TC and PTC 7 


‘The MULTETC and PTC 70 are 
powerful and robust, temperature- 
‘controlled soldering irons. Bath 
tools offer an outstanding heat-up 
rating 


Due to thelr high thermal per- 
formance, and because of the 
lage selection of soldering tips, 
the MULT-TC and PTC 70 are 
‘suitable for ine soldering joints in 
electronics as wel as for joints with 
‘medium heat requirements. The 
MULTL-TC is furthermore also used 
anywhere else where standard 
irons with 150 W power are in use, 
including for example, lead glass 
and Tiffany soldering. 


Ersa MULT-TC, 750 
Era PTC 70, 75W 


Gas soldering irons 


[ Ersa INDEPENDENT 75 and INDE 


Ersa gas soldering rons are fueled 
with commercially avalable lighter 
‘gas and are fred up trough the 
piezo ignition. Compared wih electi- 
‘al soldering ions, the INDEPEN- 
DENT 75 has between 15 75 W, 
‘and the INDEPENDENT 130 be- 
‘ween 25 ~ 130 W performance. Both 
irons are availabe nthe BASIC-SET 
‘and PROFI-SET versions. 


‘Aside from handing the usual types 
‘of electronic components, the selec: 
‘ion of tips avaiable enables the 
INDEPENDENT to also handle SMD 
soldering, micro-weldng, forming and 
‘cutng of synthetic materials and the 
processing of shrink sleeves. 


rsa INDEPENDENT 75,15 -75W 
rsa INDEPENDENT 130, 25-190 W 


peated again and again. 
rupt 

TRIGGER BATTERY—A term (seldom 
used) “denoting a” small battery. ine 
serted in the grid circuit to give the 
fd its initial charge when a tube is 
ing used for radio transmission. «In 

this connection, the battery is. used to 
Feplace the potentiometer.” (See Grid 
Battery, also Grid Bias.) 

TRIODE-A name used to designate 
‘the threevelectrode type of thermionic 
ube, Other names sometimes applied 
to the same device are qudion (qv), 
Gndiotron, erotron, electron. relay 
(qv), electron tubs (av), pliotron 
av.) thermionic valve,” oscilion 
(Gv; vacuum tude (av), ete. (Seo 
Three'Blectrode Thermionic Tube.) 

TRUE POWER—The product of the 
apparent power and the power factor 
(av) in ‘an. alternating current cir- 
cuit.” (See Power, True, also Power, 
Avparent.) 

wa TYPE, AERIAL—See. “T" Antenna. 

TUBE OF FORCE—A theoretical con: 
ception, similar to Line of Force (4.v-) 
used. in. mathematical considerations 


(See Inter- 


of electrostasie or electromagnetic 
held: 
‘TUBE RECTIFIER—A vacuum tube or 


gas filled tube used to change or rectify 
flternating current to direct current. 
‘The principle of the action of the 
vacuum tube reetifier ia the fact that 
the electrons ‘will flow from the hot 
filament to the plate, but not in the 
reverse direction. Tubes are made for 
half-wave or full-wave rectification. 
(See Rectifying Tube.) 


‘AERIAL 


by short transverse ribs for the pur- 
pose of giving strength to the plate. 
‘This gives a large surface and since 
there is no central web, the electro- 
lyte is enabled to circulate through 
the plate thus working the active ma- 
terial uniformly. 

TUNED ANTENNA — A. transmitting 
aerial, having a loading inductance or 
a variable condenser or both in series 
with it, for the purpose of changing 
the antenna wave length. 

TUNED IMPEDANCE—This refers es- 
Pecially to a circuit, or to a method 
of ‘radio frequency” amplification in 
‘which a tuned inductance connected 
in parallel with a variable condenser 
fs used as the method of coupling 
rather than transformer or resistance 
soupling. "(See Impedance Coupled 
Amplifier.) 

TUNED RADIO. FREQUENCY —See 
Tuned Radio Frequency Circuit, 

TUNED RADIO FREQUENCY AM- 
PLIFLER—A combination of a radio 
Jrequency transformer, a variable con- 
denser and an amplifying vacuum tube 
ina radio receiving circuit for the pur- 
pose of increasing the intensity or 
amplifying the radio frequency. sig- 
nals. 

TUNED RADIO FREQUENCY CIR- 

HIT—A radio receiving circuit em- 
ploying radio frequency amplification 
the radio frequency amplifier 

circuits may ‘be tuned to the desired 
wave lengths by varying the induct- 
jacity, of both although 

the usual method of funing is by means 
of a variable condenser in parallel 


Tuning Coit 


TUNED TRANSFORMER —See Reso- 
nance Transformer. 

TUNGAR—A trade name for a two. 
electrode vacuum tube especially de- 


RHEOSTAT 


used in chargers (aq. 


¥GROUND, 


TUBE, THREE ELEMENT—See Triode, 
also ‘Three-Blectrode Thermionic Tube 
TUBE, TWO ELEMENT—See Fleming 


—In general, this refers to the 
bakelite or hard rubber forms used to 


rUDOR ACCUMULATOR A storage 
‘battery “having special positive plates 
formed by the Plante process and 
Regative plates of the Faure or pasted 
type. The ‘Tudor positive is. of the 
ccastlead type, ‘This plate has no cene 
ral web ais ming by casting rare 
soft Tend in. @ mtd. Casting is” pe 
Yantageous since it permits tho. di 
Teuton vet" Cha metal Jn the late 
without’ Umitatfons inthe manuface 
Turing process. After the plate is 
toved From the mold, ts sbrface con 
Slste of large number of short ver 
eal ribs which run entirely through 
the plate. “These are bound together 


"W BATTERY 


‘A standard ve tube toned radio frequency circuit. 
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TUNED, TELEPHONE — One in which 
the diaphragm is adjusted to vibrate 
at the samo frequency as the current 
impulses to be indicated, In addition 
the telephone circuit may have its in- 
duetaneo and capacitance chosen. to 
have the came electrical frequency, and 
a tuned acoustic resonator may inter- 
Yene between the diaphragm and the 


RHEOSTAT 


radio sets operating directly from the 


lighting socket, without the use of bat- 
teries, (See Rectifying Tube.) 

TUNING — The process of regulating 
the inductance and the capacity of 
radio eireuit in order to be in unison 
with a desired wave length, 

TUNING, BROAD—Reception of a sig- 
nal over a wide range, that is on a 
number of wave lengths, rather than 
fon & single one. A receiving set which 
tunes broadly cannot be used where 
the broadcasting stations are trans- 
mitting on_wave lengths near to one 
another. Tong an aerial may re- 
sult in a receiving set tuning broadly. 
(eo Selectivity.) 

TUNING COIL—A coil of wire so ar- 
ranged that each turn is electrical 
insulated from its neighbor and with 
a device by which contact may be 
made to bring any desired number of 
turns into the 's0 as to increase 
or decrease the inductance of a radio 
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T.Y.K. Are 
to the desired 


cireuit s0 as to tune i 
wave length. A variable inductunce 


Torikata, E. Yokoyama and M, Kita: 
mura of Japan. This are uses mag- 
netite and brass electrodes instead of 
copper-earbon electrodes. A circuit 
diagram of the T.Y.K. system is shown 
in the illustration. ‘The materials used 
for the electrodes are such that a high 
esistance film forms on their surfaces 

This requires a temporary high voltage 
to start the discharge. This is accom- 
plished as follows: An armature, A, 
Is attached to one of the electrodes, 
‘The two electrodes are in contact, and 


| 
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ULTRA-AUDION—A name sometimes 
applied to the vacuum tube used in 
connection with beat reception for sup- 
plying local oscillations. In. general, 
h ame ultra-audion ap” 

plies toa circuit for radio reception. 
(See Ultra-Audion Cireuit,) 

ULTRA-AUDION CIRCUIT—A type of 
circuit used for long wave radio recep- 


{RIO CONDENSER 
4 wexrtey 


ow bat TERY, 


| 

BwONeS 

Diagram of an aireanon regenerative 
: | 
tion which uses a form of regencra- 
tion, without aiing for the nfrodue- 
tion of auxiliary equipment in the cir- 
cuit.” A'typical ultravaudion circuit fs 
inlustrated. "Tt ‘will be noticed that 


a steady current is eaused to flow in 1 


Wwriey 


Circolt diagram of the T. Y- Kare, 


U 


rile one terminal, of the. secondary 
goes to the grid, the other terminal, 
which usually goes to the filament, in 
this case goes to the plate. Thus 
there is a direct plate-flament circuit 
which does not involve the plate and 
filament batteri 
ULTRADYNE— tion of the 
‘super-heterodyne circuit (q.v.), which 
uses the modulation method to produce 
beats. In this method the incoming 
signal is caused to modulate the oscil: 
lations produced locally in a similar 
way. to that in which the speech oF 
music modulate the carrier wave of 
broadcast station. It is claimed that 
this method is simpler than the ordi- 
nary, super-heterodyne and also more 
sensitive to weak signi 
The circuit of the improved model 
L-2 ‘Ultradyne, incorporating 
eration is shown below. ‘The long 
wave intermediate transformers are 
accurately tuned to a wave length of 
3000 meters. Referring to the dia- 
gram, it will be noted that a special 
form’'of oscillator, comprising a eri 
and plate col, are used together with 
fan oscillator ' tuning. condenser con- 
nected across the grid coll. ‘The first 
tube, which is usually the detector 
the standard super-heterodyne circuit, 
is known as the modulator tube. (See 


Super-Heterodyne Receiver.) 


the circuit, through the spark indue- 
tion coil B. This attracts the arma- 
ture A, drawing the electrodes apart, 
The break of the spark-coil current at 
its interrupter induces a high electro- 
motive foree which, acting through the 
coil and the spark gap in series, breaks 
down the film on the gap electrodes. 
‘The power supplied to the gap is 500 
volts and 0.2 ampere. A condenser of 
approximately .05 mfd. is used in the 
primary oscillating eireuit, 

T.Y.K, sets have been used only in 
smail units, having a range of 30 oF 40, 

Several unusual features appear in 
the cireuit shown in the accompanying 
illustration, ‘which gives the circuit 
diagram of the T.¥.K. are. 


UMBRELLA ANTENNA—An antenna, 
‘the conductors of which form elements 
of a cone with the apex at the top to 
which the down lead (q.v.) is con 
nected. 


UNDAMPED—See Undamped Alternat- 
‘ing Current, also Undamped Waves. 


UNDAMPED ALTERNATING CUR- 
RENT—Periodie current (ie., eurrent 
passing through successive equal 
cycles of values) whose average value 


UNDAMPED OSCILLATIONS — Osc 
lations which are ‘sustained, Un- 
damped alternating “current (q, 
Oscillations such as are generated by 
a vacuum tube oscillator or by an are 
generator. 


UNDAMPED WAVES— Continuous 
waves. Waves in which similar cur: 
rent cycles follow each other continu- 
ously instead of being broken up into 
groups." (See Sustained Waves, De- 
cadent Wave, also Damped Waves.) 


UNITS — Specified amounts of physical 
quantities used asa basis of measure- 
(See Practical Unite.) 


UNITS, ELECTROMAGNETIC—See 
Electromagnetic Units. 


ment. 


scatatoR 
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VACUUM TUBE — An evacuated bulb, 
‘or one containing a rare gas and hav- 
fing three elements, filament, plate and 
grid. (See Three-Blectrode Ther- 
mionie Tube, Triode, 
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VACUUM TUBE AMPLIFIER, 
THEORY OF—The vacuum tube may 
be used as.an amplifier or magnifier 
Because of the fact that under proper 
Conditions, a amall variation of. the 
slectromotive force “applied between 
the filament. and the rd. produces. 
Very large variation ‘in. the current 
Towing’ inthe. plate cireait. Tt is 
tusual to use. several amplifying tubes 
together, ‘suitably coupling the plate 
cfrone tube to the grid of the next, 
Shoe neressing the" umplitntion t6 
the desired. valve, 

VACUUM TUBE CHARACTERISTICS 
Performance curves of vacuum tubes. 
‘These are obtained experimentally by 
ecping the lament current constant 

‘Dplying. various known voltages 
fetween the plate and the flament and 
Between the grid and the filament and 

Feading the resultant currents that 


flow to the plate and the grid. The 
various values obtained “are then 
plotted on cross-section or graph 


‘per. Such curves are convenient 

Tor determining the operating charac: 
teristics of a partiesiar vacuum tube 
under gonaierntion, (See Cheracter= 
atic Curve) 

VACUUM TURE GENERATOR —The 
‘Vacuum tube can be used to. produce 
Sustained oscillations without the nec- 
sity of supplying potential variations 
fo the grid from an external source, 
This can, be accomplished as a direct 
result" of the amplification properties 
Of the vacuum tube, since the eneray 
of the output creult is greater: than 
the: energy of the input circuit and 
part of this output energy may be re 
Enimel to the input to: produce con- 
stant reamplifc 

VACUUM TUBE, POWER—A tube of 
Special design,” made for use in the 
Idst audio stage of a radio receving 
set, which will handle greater current 
than the. ordinary amplifying. tube, 
thus resulting in more volume and af 
the same time clearer and more satis- 
factory tone reproduction. Power 
tubes now on the. market require 
Igher "plate™ voltages. than conven- 
tional tubes, ranging. from 185 volts 

upwards. “The amount of grid bias or 

Br attery ranges from approx 


Argon of devel xacuam tar: ‘he, fre tro difer only a tthe type of bases Lath re 


Vacuum Tube, Theory of Op. 


mately 4% volts to 45 volts, depend- 
ing upon’ the type of power tube. 
‘Tubes suitable for developing consi 

erable power, in radio transmission 
‘are also referred to. as power tubes. 


low shows one of the new power tubes 
used for recept e 
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nected, im seein, 


Ux-I71 


“1 ¢x-371 


iy va ampere of current. The 
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VACUUM TUBE RECTIFIER—A 
vacuum tube designed or used to 
change alternating current to direct 
current. (See Rectifying Tube, Keno- 
tron, also Tube Rectifier.) 

VACUUM TUBE, THEORY OF 
OPERATION—See Theory of Opera- 
tion of Vacuum Tubes. 


the bulb, thus allowing a higher plate 
voltage, the output of the tube may be 
increased. A form of transmitting 
ower tube is described under the 
jeading Pliotron. ‘The illustration be- 


CHART OF VACUUM TUBE TYPES AND CHARACTERISTICS 
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Vacuum Tubes, Types of 


VACUUM TUBES, TYPES OF— 
Vacuum tubes are of various types 
and designs depending upon the work 
Which they must do.’ They may be 
divided into two general classes, re~ 
ceiving tubes and transmitting tubes. 


OR 
' 
Sipe eE reece 
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Tubes for receiving purposes are de- 
signed either for dry cell operation or 
else are of the storage battery type. 


Ste 
rues 


— 
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"UX 120 UX 210 
“CX 220 CX 310 


They may be further classified as de- 
tector "tubes, amplifying tubes or 
power tubes.” There ate many special 
Eypes of tubes, such as kenotrons 
(aw.), pliotrons’ (a.v.), ete. 
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property possessed, by 

flements in combining with or replac- 
ng other elements ina certain definite 
proportion, Also’ referred to. a3 
Dalene. (See Blectro-Chemical 
Bquivatent.) 

VALVE—This generally refers to a 
vacuum tube used as a ‘detector or 
Fectfer, "The name vee ig weed in 
thermionic vacuum tube, as used for 
any purpose. 

VALVE DETECTOR—See Valve 

VARIABLE CONDENSER —A_conden- 
ser having rotable or ‘movable. metal 
Plates and an air dielectric. Both the 
Hationary and rotating plates may be 
made of brass, copper or aluminum. 
Bakelite fibre or composition are used 
to insulate the stationary from the 
movable plates ‘Turning the movable 
Plates ‘either increases or decreases 
the capacity of the condenser. Vari- 
able ‘condensers are primarily used in 
Fadio for tuning (ade). They are con 
Htructed so as. to have straight line 
requency characteristics either by 
undereutting a portion of the movable 
plates or else: by ‘making these of a 
Variable. thickness. 

VARIABLE GRID LEAK —A variable 
high resistance unit designed to be 


aes 


iB 
UX HZ 
exe 


placed in the grid circuit of a vacuum 
tube used as a detector. Certain 
types of variable grid leaks may haye 
their, resistance varied from 

miegohm to 10 or more megohms by 


1 


‘The fest tube in of the dey-cell type, requleing & 
7; pater emolitce whien can: be used I 


merely tightening a thumb-screw. 
(See Grid Leak, also Adjustuble Grid 
Leak.) 


ARIABLE RATIO TRANSFORMER— 
A transformer in which the ratio, be- 
tween the primary and the secondar,; 
windings canbe varied, usually by 
means of suitably located taps. 

VARIABLE RESISTANCE — Both the 
‘rheostat and the potentiometer used in 
radio work, are variable resistances. 
Variable resistances are usually of 
high resistance wire type, with a slid- 
ing contact so that the resistance can 
be easily altered, 

VARIO COUPLER — A tuner formerly 
used in radio’ receiving sets, having a 


form of vario couples 


primary and a secondary coil indue- 
Lively coupled, with the secondary ar- 
ranged so. as to be rotable within the 
primary. The amount of coupling de- 
pends upon the variation of the angle 
yetween the axes of the two coils. 


meter 


—A tuner, similar to the 
vario-coupler, exeept that the primary 
and. secondary coils are electrically 
connected. 
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VECTOR—A graphical illustration used 
in mathematical calculations, consist- 
ing of a line with an arrow-head at 
fone end, used to show by means of its 
Tength, ‘direction and the angle be- 
tween’ itself and another 


the magnitude, 
nngle of alternating current 
quantities. 


VELOCITY—The distance passed 
through in a certain time. Velocity 
is measured in feet per second, miles 
per hour, ete. 

VIBRATION—A to and fro motion. An 
oscillating or swinging motion, 

VITREOUS — Consisting of or pertain- 
ing to glass. (See Resinous Elec- 
tity.) 

VOLT—The practical unit of electro- 
motive force (av.). ‘The volt is a 
measure of the electromotive force 
whieh will cause a current of one am- 
pere to flow through a resistance of 
one ohm. It is equal to 10° absolute 
electromagnetic units (Abvolts). 

VOLTAGE — The electrical pressure or 
the electromotive force between two 
points in an electrical circuit, meas- 
ured in volts 

VOLTAGE, CONSTANT—A steady un- 
varying electrical pressure or electro- 
motive force, as differentiated from a 
pulsating or fluctuating voltage. 


WALL TUBE—See Partition Insulator. 

WATCHCASE RECEIVER—A tele- 
Phone receiver having a shape some- 
what similar fo a watch. Watch case 
receivers are compact in construction 
and are the usual type used in the 
radio telephone head set. 

WATT—The unit of electric power. 
One Joule (qv.) per second. To find 
power in a direct current circuit, mul- 
tiply voltage by amperage. ‘The Kilo. 
reatt "(ge)" equals one , thousand 
watts, Seven hundred and forty-six 
watts are equivalent to one electrical 
horsepower. 

WATT HOUR—The commercial unit of 
‘electrical work. The work done in 
fone hour by a current of one ampere 
flowing between two points of a con- 
ductor having a difference of potential 
of one volt. 

WATT-HOUR METER—An integrating 


meter which measures energy in watt- 
hours or in kilowatt-hours. (See Jn- 
fegrating Wattmeter.) 


VOLTAGE DROP—The fall in potent 
caused by the resistance of the € 
ductor through "which the current 13 
Rowing, The, longer the conductor, 
the greater will be the voltage drop. 
The “greater ‘the erostesection of the 
éonduetor, the less will be the voltage 
drop. 

VOLTAMPERES—The product of volts 
‘as measured with n voltmeter, by Uh 
Current as. shown on an ammeter, ih 
fin alternating current circuit, gives 
fhe Spparent Dower, of ater word 
the apparent watts: (See Tnatantend 
our Valuer.) 

VOLTMETER—An instrument for 
‘measuring. voltage drop or. potential 
difference: "Most. of the voltmeters 


A plug-in type of voltmeter. 


used in radio work operate on the 
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WATT, INTERNATION AL—symbol W 

‘The energy expended per second by 

an unvarying electric current of one 

International ampere under an elec- 

trical pressure of one International 

volt. IW = 1 Joule per second = 10° 
srgs per second. 

ATTLESS COMPONENT—WATT- 
LESS CURRENT—The component of 
an alternating current whieh isin 
quadrature with the voltage. (See 
Reactive Component.) 

WATTMETER—An instrument designed 
to measure the power being expended 
in ‘an electrical circuit. ‘The most 
common form of direct current watt- 
meter is of the dynamometer type. 
‘This has two coils, one fixed and one 
movable, one coil being connected 30 
as to exert a force proportional to the 
current flowing in the circuit, and the 
other coil exerting a force’ propor- 
tional to the electromotive force. The 
induetion type of wattmeter is in gen~ 
eral use for alternating current cir- 
a (See. Blectro-Dynamometer, 
Dynamometer, also Induction Watt- 
meter.) 

WATT SECOND —A unit of electrical 
energy, representing the energy eX- 
pended’ by one watt flowing for a sec- 
ond, ‘The watt second is the same as 
the Joule (q.v.) and is usually applied 
to the measurement of heat developed 
by an electric current. 

WAVE—A periodic alternation of an 
alternating current. As applied to an 
clectrie or electromagnetic disturb- 
dance, an electric wave is an undula- 
tory’ movement of the ether, radiated 
from conductors carrying ‘electrical 
oscillations. 

WAVE ANALYSIS— A study of the 
wave form of an alternating current 
or other type of wave. The wave 
form of commercial alternating cur- 
rent. used for lighting purposes ap 
proximates a sine curve (qwv.). A 
Convenient instrument for the analysis 
and study of alternating current wave 


Wave Length Allocations 


moving coil principle. (See Galvano- 


meter) 


Paneltype of voltmeter. 


VOLTMETER CALIBRATION—A 
method of correctly ‘marking the volt- 
age readings on the scale of a volt- 
meter or of checking up the voltmeter 


bration is to check the voltmeter read- 
ing by comparison with a standard 


voltmeter. (See Calibration.) 

V.T.Abbreviation for vacuum tube. 

VULCANITE — (EBONITE) — A hard 
black substance produced by vulcaniz~ 
ing rubber with about 25 per cent 
sulphur. Tt is readily polished and 
has excellent insulating properties 

VULCANIZED, RUBBER—Pure rubber, 
mixed with five per cent sulphur and 
baked at_a temperature of about 150 
degrees Centigrade. Vuleanized rub- 
ber must not be allowed to come, into 
contact with copper, which is chem- 
ically attacked by the sulphur. 


form is known as the oscillograph 
(av). 

WAVE ANTENNA —A horizontal an. 
Enna, the phsnical length of, whieh fe 
approximately equal to the length o 
signaling ‘waves to be received, and 
‘hich is s0 used as to be strongly 
directional, 

WAVE DISTORTION—Alteration in the 
wave form of a wave after it has 
traversed a considerable distance. 
(Bee Distortion.) 

WAVE FORM_Referring to an alter 
nator, the “shape” of the curve of the 
current generated. 

WAVE FREQUENCY—See Frequency. 

WAVE LENGTH—symbol \ (ambda) 
the distance between two successive 
‘atinodes (qwv.) in the same direction. 
{n referring to. the wave length of 
‘electrical oscillations in a circuit, this 
means the length of the waves in free 
space’ that would have a frequency 


Electromagnetic wa 
work have frequencies of from 10,000 
0 8,000,000 eyeles per second. Since 
these waves have a velocity of approxi- 
mately 300,000,000 meters per second, 
itis possible to calculate the length 
of a wave by dividing the velocity by 
the frequency. In other words meters 
per second divided by eycles per sec- 
fond gives length of the wave in 
meters. Thus © wave having a fre- 
quency of 100 kilocycles (100,000 
cycles) will have a wave length of 
300,000,000 divided by 100,000 or 3,000 


mete 

WAVE LENGTH ALLOCATIONS — In 
order to prevent radio transmittin 
Stations ffom lnterfering with end 
other, or creating interference at a 
receiving station, various wave length 
bands have been’ allotted to each type 
of service. The following table shows 
the Present short wave assignments 
and the service for which they are 
used: 


69 


Wave Length Cale. for Ant. 


Wave-length Service 
in Meters 
109-105 Relay broadcasting only. 
105-857 Public toll service, Govern 
‘ment mobile, and point-to- 
point communication by 
electric power suppl 
utilities, and point-to-poi 
and multiple address mes- 
sage service hy press or- 
ganizations only. 
857-780 Amateur, Army mobile, 
naval airera(t, and_naval 
vessels Working aircraft 
only. is 
75.0 -663 Public toll service, mobile 


Government point-to-point 
and point-to-point pub= 
fie wulites. 

Relay broadcasting only. 

Public toll service only. 

Relay broadcasting only. 

Point-to-point only. 

Amateur and Army mobile 


Public toll service, mobile, 
Government point=to- 


service utilities. 

Relay broadcasting only. 

Public toll service only. 

Relay broadcasting only. 

Public service, mobile, and 
Government point=to- 
point. 


214-187 Amateur only. 
187 166 Public toll service, mobile 
‘and Government point-to- 
Pol 
166, - $35 Experimental. 
5.35 — 469 Amateur. 
X69 = 07496 Experimental. 


07496- 0.7477 Amateur. 

Radio broadcast stations work withi 
‘the wave length band of 200 to 545 
meters at intervals of 10 kilocycles. 
800 meters is reserved for distress 
signals. ‘The higher wave lengths are 
allocated to various marine, govern- 
ment, university, aircraft and other 
uses. 


WAVE LENGTH CALCULATION FOR 
ANTENNA —For the ordinary yer- 
the fun- 

slightly, 


damental 


greater than four times the length of 


Tength is 


Grtwvire, "AR constant suggested is 42 
and appiies approximately also to flat 
top antennae having vertical Tead ins. 
For “other ealeulations see Funda: 
mental Wave Length. 


WAVE. LENGTH, FUNDAMENTAL— 
See Fundamental Wave Length. 

WAVE LENGTH, 
Toaded antenna ‘(th 
duetance or capacity) 


the natural 
wave length corresponds to the lowest 


free oscillation. 
Length.) 


WAVE LENGTH OF STATIONARY 
$.H.M.WAVES—On a straight wire, 
the smallest distance, between "two 
points where the disturbance is of the 
fame, amplitade and phase; or, since 
consecutive loops. (qv.) are in oppo- 
Site phases, the wave length is double 
the distance between consecutive loops 
or consecutive "nodes av). (See 
Sut) 


WAVEMETER—A radio instrument for 
measuring frequency. “A. calibrated 
resonator, of variable frequency, 
capable of easy excitation by the oscil” 
lation under test, combined with a 
means of indicating the attainment of 
Fesonance. The calibration ‘may be 
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(See Natural Wave 


given directly in wave lengths or fre- 
quencies or both. 


Photo by courtesy of General Rasio Co. 


‘The selectivity of the radio set may be greatly 
reece ee Sea wavemeter ae & 


WAVEMETER CALIBRATION—Wave- 
meters may be calibrated by com- 
parison with a standard wavemeter. 
An accurate method of calibrating a 
wavemeter, known as the Three-Way 
Method is shown in the accompanying 
diagram. In this illustration A is the 
standard wavemeter, B the wavemeter 
to be calibrated, and C is a condenser 
and coil of size permitting resonance 


should be putin operation, varying 
the capacity of the condenser C' until 
L'C' ig in’ resonance with [°C" as 
noted in the head set. The wavemeter 
B should then be put in inductive rela- 
tion to C and the condenser C varied 
tunti] the wavemeter “A resonates with 
©. “The wave length of B is now the 
same as A. This procedure should 
be carried out over the whole range 
of the condenser C. 

WAVE MOTION—A disturbance of the 
equilibrium of a medium or body, ex- 
t propagated from point to 
point with a continuous motion, each 
article vibrating only on each side 
of its position of equilibrium, while 
each phase of vibration moves on- 
ward. "Examples of wave motion are 
the propagation of "electromagnetic 
‘waves, of the waves on the surface of 
a body of water. 

WAVES, CONTINUOUS—See Continu- 
ous Waves. 

WAVES, CONTINUOUS, KEY MODU- 
LATED—See Continuous Waves, Key 
Modulated. 

WAVES, CONTINUOUS, MODULATED 
AT AUDIO FREQUENCY—See Con- 
tinuous Waves at Audio Frequency. 


WAVES, ELECTROMAGNETIC? 
odie electromagnetic disturbances pro- 
Bressive through space. (See Wave.) 
WAVES, SUSTAINED — See Suatained 
Waves, also Continuous Waves. 
WAVE TRAIN—A series of waves. An 
xample of s wave train ts the sriet 
of disturbances set up by each spar 
in a spark system of radio telegraphy. 
WAVE TRAP—A device consisting of 
variable condenser and coil, usually 
conneeted in the antenna circuit of a 
receiving, set, to eliminate interference 
from undesired stations. (See Filter, 
Filter Condenser, Acceptor, also Re 


jeetor.) 

WAVE:WOUND—A class of drum 
armature in which connections Dro- 
duce a “stepping forward” in a zigzag 
‘wavy’ line ‘all the time. Also. calied 
Seriee and Pwo Circuit Windings 

WEBER—The Practical Unit (av) of 
magnetic flux. ‘The engineers’ anit 18 
the “line” which ig also the clectro- 
magnetic unit. 1 Weber is equal to 
108 electromagnetic units. (or “lines”). 
The Weber is produced by a current 
of one ampere flowing through a cit= 
cuit having one henry of inductance 

WEHNELT BREAK — An electrolytic 
interrupter (a. 

WEIGHT — ‘The force with which the 
earth attracts a body. A’ body. varies 
in" weight according to. its. distance 
from the centre of the earth, although 
its mags remains constant. 

WESTON CELL—The present st 


lard 


cell, It consists of mercury’ a 
paste of mercurous and cadmium sul- 
phates which form the cathode. The 


Weston cell has an anode of 13.5 per 
gent cadmium amalgan in an electro- 
Iyte of saturated solution of cadmium 
sulphate. It has a constant electro- 
motive force of 1.0125 volts at 20 de- 
grees Centigrade. (See Electromotive 
Force, also Cadmium.) 

WHEATSTONE BRIDGE — An instra- 
ment for measuring resistance in 


A 


x 

earrery 

ii —4 
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ng, prinsine of the When 


which the current from a batter 
divides into two parallel circuits, ead 


PostOfice type of Wheststone Bridee. 


divided into two “arms” capable of 
being adjusted so that there. is no 
difference of potential. between the 
dividing points on. both sides.” The 
int of zero difference of potential is 
Indicated by the abrence of ‘deflection 
of a galvanometer placed across the 
dividing points. The ratio of the re: 
fistance of the two parts of the arms 
then, the same, s0 that if the re 
ance of three of the arms is kno 


sistance to be measured) 
termined. 


WHEATSTONE TRANSMITTER —An 
apparatus for delivering telegraphic 
currents to a line at high speed. Con- 
trol is effected by aid of a moving per- 
forated paper tape, prepared accord- 
ing to a code. 


WHIPPING—The binding of string or 
small wire round the end of a rope or 
multiple wire to prevent the ends from 
fraying out. 

WIMSHURST— A_ type of Induction 
or Influence Machine consisting, in a 
simple form, of two dises of insulating 
material revolving in opposite direc- 
tions. ‘These carry a number of equal 
sectors which form combined inductors 


X—Symbol for Reactance (qwv.). 
“X" RAYS—Also called Roentgen Rays 
Blectrie waves of much higher fr 
quency than light, produced by the 
striking of cathode raye upon a solid 
substance. ‘These rays are not de- 
flected by electric or magnetic fields 
and possess the property of penetrat- 
{ng solid substances which, dguld not 
penetrated by ordinary light rays. 
‘The use of the “X”” Rays permit photo- 
graphs to be taken of bones or other 
parts of the human body which could 
not be seen in any other wa 

X'S—Disturbances of an erratic nature 
heard from time to time in the ‘phones 
or loud speaker of a radio receiving 
set, due to storms, electric disturb: 
ances, ‘ete, (See Atmonpherics, Nat- 
wal’ Electric Waves, Static, also 
Strays.) 

YAGI SPARK GAP—A form of spark 
gap originated by H. Yagi. Tt is a 
quenched spark gap, the electrodes. of 
which are aluminum and brass. The 
gap functions in an atmosphere of coal 
gas. 

“y” GROUPI 


G—See Star Grouping. 


/- NEUTRAL 


A thacephase "connection. 


YOKE—A piece of soft iron used in 
certain forms of electromagnets to 
yoke two parallel cores together mag- 


and carriers. There are usually two 
collectors and two pair of brushes, 
(See Induction Machine. 


WINDOW LEAD-IN—A form of in- 
sulator for passing an aerial lead-in 
through a window. In some cases por- 
celain tubes are used as window lead- 
in’s. A common form’ of window 
lead-in consists of a flat copper con- 
ductor covered with woven catton in- 
sulation. 


WIRED WIRELESS—A method of 
transmitting radio messages, in which 
the waves are guided by wires instead 
of radiating freely through the ether. 
(See Line Radio.) 


WIRE GAUGE—A device for measur- 
ing the diameter of a round wire in 
accordance with a predetermined seale, 
The gauge commonly used in’ thi 
country, is the Brown and Sharpe 
(B. & 8.) or American gauge. 

WIRELESS TELEGRAPHY — Also 
known as RADIO. TELEGRAPHY 
(qwv.).—A system of telegraphy, util- 
izing electromagnetic waves set up by 
oscillating currents as the means of 
transmission. The waves generated at 
the transmitting station “spread. out 
from the aerial (q.v.) in all directions. 


> on a 


netically, ‘The cores of the ordinary 
slectric: bell are fastened together at 
fne end by means of a yokes 

YOKOJAMA, EITARO—Japanese radio 
expert. “He was born in 1883 and was 
educated at the Engineering College 
St. the. Tokyo. Imperial University. 
While’ at ‘college, "he specialized. in 
radio. He was appointed to the Elec- 
fro-technical Laboratory of the Japa: 
nese. Ministry of Communieationsy to 
carry out. research “work in ‘wireless 
telegraphy ‘and. telephony.” He was 
ones ofthe inventors of the T.-K. 
oscillation “gaps for ‘radio’ telephony, 
for which fe received many distinc: 
tions" "In 1910 he was appointed head 
of the Radio Section, Yokojamna, who 
{s one of the most brillant Japanese 
Fadio. experts, ie a. member of the 
Institute of Radio Engineers and of 
many other scientific recieties. 

ZEEMAN EFFECT—Doubling of the 
‘spectrum lines of Tight. soutces when 
Placed in a'strong magnetic field 

ZENNECK, J.— German wireless. ex- 
Pert. He was born April 1sth, 181 
St Wurtemberg- and was educated af 
Tuebingen. 1m 1805 he was appointed 
assistant in the Physical Tnstieute in 
Strassburg, a post he held until 1899, 
when he carried out a series of tests 
in radio telegraphy in the North Sea, 
Tn "1908 ‘he ‘was appointed ‘assistant 
Professor of Physics. atthe Institute 
of. Technology. "Brunswick and. wa 
fppointed professor. at “Murch "in 
1915." Professor Zenineck has written 
a. number of authoritative. books. on 
‘wireless and. also a large number of 

tiles) on. electro-magnetic oaella~ 

Hons. 

ZERO BEAT RECEPTION—The detec- 
tion of continuous ‘modulated waves 
using’ teal source of high reaency 
current, having a frequency. eaua 
hat the Tncomina wave,» When 
this continuous voltage is. impres 
an the incoming. ‘modulated "voltage, 


(both of the same frequency) the out 
ut of the detector contains a current 


Zarconum 


are intercepted by the receiving 

detected by a rectifying device 

such as a crystal or vacuum tube, am= 
piled and delivered to, a head ‘set or 
loud speaker. A key is used at the 
tranamitter to contra the duration of 
the waves so that they will correspon 
to the dots and dashes of the conti 
nental code and these dots and dashes 
fare reproduced in the phones at the 
receiving’ station, 

woul 
di 


material, drawing the whole down to- 
gether, ‘and (if required) removing 
the coating by dissolving it off. 

WORK —The action of a force upon a 
body to overcome resistance, "Work 
is measured by the product of the 
force exerted and the distance moved. 
Work may be measured by erge (av.), 
foot-pounds, horsepower, ete. 

WOOD'S METAL—A ‘soft’ metallic alloy 
having “a low melting ‘point, This 
alloy ‘consists of two parts of lead, 
one part of tin, four parts of bismuth, 
and one, part. of ‘endmium, all’ by 
weight. This metal has been’ used ex: 
tensively for setting detector crystals 
in their cups, so as to make a good 
electrical contact. 


acter to the modulated current at the 
transmitter, 

ZERO METHOD —A method of meas 
urement in which various adjustments 
are made until the current. flowing 
through a galvanometer is reduced to 
ere A gln neaalone Brave 

) eth 

ZANCA metalic, clement. 

ical aymbal is Zn. "In color, 2ine is 

luish-gray. “It "is practically non= 
corrosive in the atmosphere, is Capable 
of taking a high polish, is’ unaffected 
by water, but is soluble’ in nitrie acid 
and in soda and p tash solutions. Pure 
Zine is. attacked very slowly by sul 
{Bhosle acid but this feature is ane of 

we greatest in the application of zine 
in. radio work and in electrical: work 
generally, 

Zine is one of the most. important 
components of most dry cells. It forms 
the negative terminal in most “B" by 
teries. Zine in rod. form is used in 
most forms of wet cells. 

ZINCITEAn oxide of zine, Zincite 
crystals can be distinguished by their 
red color, often broken up by orange- 

ellow streaks. This erystaly in com 
ination with’ several other’ crystals 
makes a very excellent detector for 
Tadio purposes. The perikon detector 
(G.v.) is. combination of zincite and 
chaleopyrites. "Zincite is also used in 
combination with bornite,” galena, 
copper, iron pyrites, tellurium and 


UM—One of the metallic ele. 
Its chemical symbol is Zr, and 
Ts atomie weight ts80.6, Zirconium 
is'an fron-gray powder in one form, oF 
it ‘may be made to crystallize. ‘The 
crystals look like antimony, are very 
brittle and extremely hard, being cap 
able of scratching glass. ‘and. Tubies. 
Zirconium resembles thorium in many 
of its, chemical. properties. For’ the 
gupttal of the vacuum tn high vacuum 
fabes, small quantity of thorium or 
Zinconium is included inthe. tube, 
These metals combine with hydrogen, 
oxygen, nitrogen, ete, to form cone 
pounds ‘of very low varor pressure. 
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convenience of the reader or student, under appropriate headings. Thus, under the heading of 
Circuits,” every circuit contained in the Encyclopedia is list her important subjects are 
similarly treated. Where the reader is interested in but a single item such as, for example 
tho Cireuit,” this can be found more conveniently by referring to the Encyclopedia itself 
hich, of course, is arranged in alphabetical order. All separate and unrelated headings 0 
subjects should be looked up in this manner, that is by referring directly to the Eneyclopedia, 
as these are not listed in the index. 
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The basic soldering station 


a ANALOG 60 


‘The electronically temperature-con- 
lroled ANALOG 60 is Ersa's basic 
soldering station made! thas the 
lied and proven RESISTRONIC 


{temperature contol technology 
withthe PTC heating element 
serving asthe temperature sensor 
“The high heat-up rating of 190 W 


Ersa RDS 80 — high performance for low cost 


“The digital soldering station 
Ersa RDS 80 offers the proven 

and tested Ersa RESISTRONIC 
temperature control technolagy with 
strong heating power of 80 W. 
‘The ceramic PTC heating element 
(Positive Temperature Coefficient) 
acts asthe temperature sensor in 
this control system. Due to its very 
high ramp-up capability of upto 
4190 Whe station reaches operat 
ing temperature very fast 


(guarantees the immediate supply 
Of heat and a heat-up from room 
temperature to 280 °C within 60 
seconds. The BASIC TOOL 60 
soldering iron uses the internally 
healed ERSADUR longi solder- 
ing tips ofthe 832/842 series and 
provides very high performance 


Due tothe wide range of 832/842 
soldering tins, the Ersa ANA- 
LOG 60, which is also available as 
an anlistatic version, covers a wide 
range of applications withthe most 
varied soldering requirements, 
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Preface 


“An acupuncture point is located where itis located” — like veins, 
arteries or nerves, the location of acupuncture points may vary. 
Consequently, locating and stimulating acupuncture points is an 
individual process in each patient, similar to locating veins or 
arteries for puncture. The goal of this atlas is therefore to help 
acupuncture students and therapists find the correct lox 
acupuncture points. Ultimately, the exact location of an 
“acupuncture hole* will be where it can be palpated, addressed 
energetically in a safe way, and ~ most importantly ~ where it 
will be therapeutically effective. 


tion of 


Acupuncture therapy requires not only the knowledge to locate 
individual points but also an understanding of the context of 
these points. This atlas therefore includes both a description of 
the individual points as well as the central idea ~ the channel 
system, 

‘The core chapters 4, 5 and 6 contain single page portraits of all 
the channel points as well as extra points used in body acupun 
ture, The clearly structured page layout, complemented by pic- 
tograms, allows for quick access to the clinically relevant 
information for the location and indication of individual points, 
Clear step-by-step instructions guide the reader through the sur- 
rounding surface anatomy to the correct location of the point. 
Figures with the relevant anatomical structures, as well as draw- 
ings showing channel pathways pertaining to the relevant region 
of the body, provide a further practical aid for correct point lo 
tion. The text and the photo details also contain information 
regarding other points located in the vicinity or points in compa- 
rable locations in other parts of the body. This not only draws 
attention away from the individual points tothe larger anatomical 


betw 


tation, but also fosters an understanding of the context 
en the location and the action of a given point. 


Chapter 7 presents the channel points according to the anatomi- 
cal region ~ including illustrations of anatomical overview as 
well as text/picture details. This format will deepen the under- 
standing of the anatomical relationship between the channel 
points and complete this academic concept. Chapter 2 ‘Location 
Methods and Cun Measurements’ and Chapter 3 ‘Anatomical 
Orientation’ provide further support in locating the individual 
points, The modified illustrations in these chapters are based on 
the well-known Sobotta Atlas. 


Chinese medicine practitioners work with the Qi and its flow. In 
this context the individual ‘acupuncture hole’ has both an 
anatomical and an energetic component and is an intrinsic part of 
the channel and vessel network, which provides an exchange 
between the body's Exterior and Interior, In this way Chapter 1 
describes the network of channels and vessels, and Chapter 8 the 
point categories and point combinations, explaining them in 
terms of their effects with relation to channel energetics, and pre- 
senting them in a clearly defined and visually organised manner. 
Chapter 9 contains up-to-dat 
entifically proven effects or otherwise of individi 


information and data about the sci- 


I points. 


Thope the new edition of this atlas will provide a valuable help 
to students and therapists alike in studying acupuncture and 
applying the information in clinical practice. I look forward to 
hearing your constructive 


jcism and ideas. 


Claudia Focks, March 2008 
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Pictogrammes 


Angle of insertion: The angle of insertion recom- 
mended for a particular point (see figure below) is 
shown in colour. (Note that occasionally more 
than one angle is possible ~ this is signified by 
colouring as appropriate). 


T Depth of insertion: Shallow: up to 0.5 cun, 
Medium: 05-1 cun, Deep: >1 cun. (In some 
| [|] catetamare than one depth i posite depending 
on the angle of insertion ~ this is signified by 

colouring as appropriate). 


Caution! Organs and structures such as the eyes, 
| nerves, blood vessels, peritoneum (symbolised by 
intestinal tissue) ete, that might be injured by 
needling a particular point are shown by a symbol 
together with a blue exclamation mark. A lightning 
bolt signifies a point that is painful when needled. 


Moxibustion: In principle all points can be treated 
with moxibustion. ‘The following options are 
ed out: Blue colour below moxa cigar: 
moxibustion particularly recommended, Question 
mark next to moxa cigar: moxibustion question- 
able (contraindicated according to some classical 
texts, but contradictory information), Moxa cigar 
crossed out: moxibustion contraindicated. 


Bloodletting: In principle bloodletting may be 
VA applied to all points. Neutral pictogramme: 
bloodletting possible, Blue droplet of blo 

bloodletting particularly recommended, Blue 


question mark: bloodletting questionable 


= Blue cup: Cupping particularly recommended. 


Anatomical orientation: A blue hand signifies 
cases Where anatomical structures ure of particu- 
Jar importance for point location (for more detail 
chapter 3). 


) 


© 

Angle of insertion 

a) Angle of insertion and layers of tissue: All needles are inserted 
to the same ‘depth’ (=the same proportion of the needle is 
inserted into the tissue), but reaching different levels of tissue 

bb) Angle of insertion: transverse (subcutaneously): 5-15; 
oblique: 15-45°; perpendicular: 90° 


Point hierarchy (Chapters 4-6) 


In the introductions to the channels (chapters 4~6) the importance 
Of points are marked with the following symbols: 

very important, universal point 

im: important point 

This hierarchy is of course subjective and influenced by the 
authors’ clinical experience but has proved very helpful for 
beginners. 


Multifunctional soldering stations 


f CON NANO and |-CON PIC val ful and ile 


adjustment of operating tempera 
ture as well as the setting of stand- 
by lime and calibration value. 


Further adjustments such as xed 
temperatures, power level, interlock 
‘and shutdown functions ae aval- 
able withthe free PC software and 
‘an optionally available micro smart 
SD cad, 


The soldering staions CON NANO manufacturing environment as well The concept ofthe Ersa CON 
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tinuous operation in the eleconic tory settings provide fora variable operating cost. 


‘YSmal footprint (145 x 80 mm) ~ saves valuable space 
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1 Three fixed temperature setings or continuously adjustable temperature 
settings from 150 °C to 450°C 


1 Thvee selectable power levels 
‘V Utrasight and ergonomic sldering tool with max. 80 W power 
"V Wide range of low-cost exchangeable long solering tips 


‘Automatic stand-by and sleep functon for low energy consumption and 
longer tp ite 


‘Password interlock for maximum process contol, 


‘Calibration function for precise tip temperature 
i ‘Y Complete parameterization trough PC sofware and Micro-SD card 
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1 Jing luo (Channel and Network Vessel System) 


Claudia Focks 


1.1 Introduction 


1.1.1 Two Models of Qi Flow in the 
Channels — Historical Overview 


‘There exist essentially two views about the direction of the Qi 
flow in the channels, which are based on different understand- 
ings of the Qi movement within the body (+ Pirog 1995, 
‘Manaka 1995/2004). Fora better understanding of either model, 
imagine a person extending his/her arms towards the sky 
(++ Figs. 1.1 and 1.2) 


Centripetal circulation model 

‘The centre of classical Chinese cosmology, which describes 
humans as standing between heaven (Yang) and earth (Yin), 
includes the mutual relationship, influence, and dependence 
between cosmos and man, Accordingly, early records of the 
pathways (+ see appendix) depict the (11/12) channels as path- 
Ways that originate at the extremities, flow towards the centre of 
the body and terminate either on the head or the torso. This is 
the distinguishing feature of the centripetal circulation model 
(Fig. 1), 


> 


Fig. 1.1. Centripetal circulation model (modified according to 
Pirog 1996) 


‘This model is also present in the theory of the five shu-Trans 
porting points (+ 8.1.6). The macrocosmic Qi enters the body 
at the tips of the extremities and can be compared to the course 
of a river. It begins very dynamically as a well, spring and 
stream, expands to form a river and flows into the wide, deep 
sea at the elbows and the knees and then further to the internal 
organs via the channels. 

‘According to this model, the functi 
compared to antennae, which receive the cosmic influence, 
transmitting it into the body. ‘The Qi flow in the channels is 
always from distal (coming from the Exterior, entering at the 
tips of the extremities) to proximal (towards the centre, flowing 
towards the internal organs), Each channel connects man with a 
different part of the cosmos, which can be identified by a 
numerological structure. ‘Thus a relationship was assumed 
between the eight extraordinary vessels and the eight trigrams 
of the Yijing (+ 1.7). The primary channels reflect the 12 
earthly branches and the 10 heavenly branches. Since the early 
records only mention 11 channels (—* Appendix 2), they were 
counted as 10 channels on the arms and 12.channels on the legs. 
Later, the 12 primary channels were mainly associated with the 
12 earthly branches ~ the 10 heavenly branches rather repre- 
senting the Five Phases model (note: the earthly branches can be 
included in the latter as well) 


ins of the channels can be 


Self-contained circulation model 

In the course of the development of modern Chinese society, the 
idea of a close relationship between man and cosmos (as a 
heaven-earth-man model) became weaker. The channel system 
‘was now increasingly compared to phenomena created by man 
himself such as canals and drainage ditches. The importance 
Of the original connection with the cosmos declined while that 
Of relationships within society was on the rise. Chinese society 
became more complex, forming a self-contained unit. Similarly, 
the concept of the channels as a connection to the macrocosm 
‘was partially abandoned and the Qi flow is described as inde- 
pendent and self-contained (+ Fig, 1.2). According to this self- 
contained circulation model, Qi can flow forward as well as 
backward — from the outer extremities to the Interior of the body 
and from the Interior to the Exterior. 


ChO1-F10028.qxd 2/22/08 2:30 PM Page 2 


1 Jing luo (Channel and Network Vessel System) 


Fig. 1.2 Self-contained circulation model (modified according 
to Pirog 1996) 


‘Thus the direction of the Qi flow in the primary channels can be 
from proximal to distal and vice versa, depending on the 
Yin/Yang polarity of the respective channel, as well as the 
respective extremity. 

‘This second, probably more recent concept describes the Qi as eir- 
culating continuously through the body (-* Appendix 2): from 
the thorax to the hand, to the head, tothe foot and back to the tho- 
racic region, These ideas reflect the development of the Chinese 
civilisation, its agriculture and in particular its water control and 
‘water storage in reservoirs, drainage canals, ditches, ete,, which 
largely form the foundation of the theory of the channels as water 
conduits circulating Qi and Blood, The connections among the 
channels are considered to be anastomoses (—+ 1.2.2), which facil- 
itate the ceaseless, circular flow of Qi from one channel to the next, 
allowing the exchange of the Qi flow with the Interior. 

‘The self-contained circulation model can thus be described as 


follows: 

© Hand Yin channels run from the thorax to the hand: LU, 
HE,P 

© Hand Yang channels run from the hand to the head: LL, 
S.L, TB. 

© Foot Yang channels run from the head to the foot: ST, 
BL, GB. 

* Foot Yin channels run from the foot to the thorax: SP, 
KID, LIV 

‘More importance is attached to this model of Qi flow in the 

‘Western acupuncture tradition, which can in part explain the use 

of numbers in naming the acupuncture points, rather than names 

as in China, 

However, the structure of this new circulatory model was proba- 

bly also too rigid to sufficiently explain some of the effects of 


= 


acpuncture, According to Pirog (1996), this might be the reason 
why the secondary channels, for example the sinew channels 
(= 1.4) and the divergent channels (1.3), with their rather 
primitive and natural pathways, were integrated into the channel 
and network vessel system (jing luo) in accordance with the een- 
tripetal circulation model, 


‘Comparison of the two circulation models (modified 
according to Pirog 1996) 


Direction of “Always from distal | Either from proximal 
Qi-flow to proximal to distal or vice versa, 
depending on the 
polarity of the 
channel (Yin/Yang) 
Origin of Or From outside the ‘Originates ia the 
body. The distal end | inside of the body. 
of the channel is The distal end of the 
‘open in order to channels is connected 
receive cosmic Qi | to the channel that 
follows next. 
Function ofthe | Transporting the Qi | Circulation of the Qh 
channels fom the outer cosmos| inside the body. 
tothe Interior of the | Supporting man's 
tbody. Supporting the | relationship with 
relationship between | himself 
‘man and nature/ 


1.1.2 Overview of the Channel and 

Network Vessel System 

(jing luo System) 
In Ling Shu, chapter 11, it says: ‘Man lives, diseases occur 
both the beginner and the experienced master always have to 
start with the channels and network vessels (jing lua).” 
In Chinese Medicine, the jing luo are considered to be a network 
of channels and vessels in which the Qi and Blood (xue) flow. 
‘They are connected to the Organ systems (cangfit) and ‘water’ 
the whole organism, supplying the body with Qi and Blood (xue) 
on the surface (Exterior) and deep inside the body (Interior), 
above as well as below. 
From a functional point of view, the channels and network ves- 
sels (jing luo) govern the distribution of Qi and Blood (xe), 
they regulate Yin and Yang and they protect the body. However, 
they also enable the spreading of diseases. Reactions to any dis- 
orders may therefore manifest along these channel pathways. 
‘These could be either disorders of the channels themselves, or 
external reflections of zangfu disorders. In clinical practice, 
the channels and network vessels (jing luo) can be utilised in 
order to send Qi to the diseased parts of the body (for an 
overview of the classification and nomenclature of the jing luo 
system —+ Fig. 1.3) 
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a taiyin LU channel 
3yin {shoo yin HE channel 
. jueyin P channel 
Henle is) taiyong_S.\. channel 
3 yang J shao yang 1.8. channel 
et yang ming Ul. channel 
taiyin SP channel 
sshao yin. KID channel 
Be LIV channel 


12 jing zheng (primary channels) 


1 spreads from the SP primary 
channel (great luo-connecting 
vessel of the Spleen) 

2 spread from the extraordinary 
vessels (ren mai and du mai) 

1 spreads from a fu-Organ (great 
luo-connecting vessel of the 
Stomach) 


4 luo-connecting vessels (begin at the torso) 


Superficial aspect of the jing luo 
4 system (channel and network vessel 
12 pi bu (cutaneous zones) system), covering it towards the 
Exterior (outer layer) 


b) 
taiyin LU channel 


3 shou shao yin HE channel 
in {iy (Hand) jueyin P channel 
ie { pees 3.2 taiyin SP channel 
5 ‘shao yin KID channel 
12 jing zhen« Gace) 
AO aaeoe F000 ue UN channel 
6 liu jing taiyang_S.\. channel 
(great channels) 3 shou Shoo yong TB. channel 
< ares) (Hand) yang ming LJ. channel 
eo) ‘ming J | 32u — taiyong BL channel 


Fig. 1.3 (2) Overview and classification of the jing uo system (channel and network vessel system); (b) the 12 primary channels and 
the six great channels (jing) 


== 


a 
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1 Jing luo (Channel and Network Vessel System) 


1.1.3 Distribution and Organisation of 
the Channel and Network Vessel 
(jing luo) System 
According to the law of the Exterior—Interior (biao-li) the ‘Exterior” 
communicates with the ‘Interior’ 
Exterior (biao) corresponds to the skin, the muscles and the 
pathways of the channel and network vessel superficial (jing 
Juo) system. The deeper pathways of the channels and the Organ 
systems (cangfie) are attributed to the Interior (li). A particular 
organisational structure within the jing luo system is necessary 
to safeguard the circulation of Qi and the communication 
between the Exterior and the Interior. In this respect, the extra- 
ordinary vessels play a special role. While they play a major role 
in coordinating and regulating the primary channels and the jing 
uo system in general, they do not directly connect the Interior 
and the Exterior. There is also no direct connection between the 
extraordinary vessels and the cangfie-Organs (see —* 1.7 and 
Chapter 5. 


Depth organisation of the jing uo system 

Differing ideas exist regarding the depth at which the various 
channels and vessels are located within the body. The table 
below and Fig. 1.4 show the ideas according to Solinas et al. 
(1998) and Deadman et al. (1998) in a modified way. While 
these authors regard the deep, Interior pathways of the primary 


and divergent channels as the deepest channel structures, other 
authors attribute this role to the eight extraordinary vessels (for 
the eight extraordinary vessels, see 1.7) 


Overview over the possible location with regard to 
depth of the jing Ino system 


Supert 12 cutaneous regions 

(skin and muscles) + Superficial lao-connecting vessels 
(ce tuo, fr luo, sun luo) 

+12 sinew channels (jing jin) 


Midlevel + 15/16 luo-connesting vessels 
(luo mai) 

+ External pathways of the 12 primary 
channels 

+ External pathways of the 12 divergent 
channels (jing bie) 

+ Eight extraordinary vessels 

Deep levels, * Deep (internal) pathways of the 12, 

(cangfi-Organs) primary channels 

+ Deep (internal) pathways of the 12 

divergent channels 


Pibu (cutaneous zones) ea ssc 
Superficial fu luo ff iva 
levels < _---sun luo sun ha 
}- -___—_--_-] 
he-confuence 
yuan source point* 
Txteral pathway ransverse branches 
a ‘tthe yn uo mal 
Tansee branches 
‘ofthe yor 
Yin primary channel ee 
wane nt 
ohthe yin os mat 
f_...Deep (internal) pathway 
Deep ternal pathway ‘of the Yang primary channels 
of the Yin primary channel --=-Yin divergent channel 
Yang divergent channel 
mp | 9 ver 


zanghi-Organs 


= 
ha 

‘aczitng tasome eaters o the yorsoues post 
ofthe nterrty-Exteroly paired chen 


Fig. 1.4 Illustration of the possible organisation of the jing luo system (channel and network vessel system) 


= 


a 
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Channel systems 

Each primary channel, together with its pertaining ‘secondary 

channels’, forms a complex, multi-layered organisational unit, a 

‘system’. These systems comprise the various relationships and 

connections among each other as well as with the eight extraordi- 

nary vessels (+ 1.7, + Chapter 5). They support the harmonious 

regulation within the body, There are 12 channel systems (hand 

taiyin, hand yangming, etc.) each of which includes the following: 

* a primary channel (jing zheng) (1.2) with an external and 
internal pathway, which enters its pertaining zangfi-Organ 

* adivergent channel (jing hie) (—* 1.3) 

* a sinew channel (jing jin) (+ 1.4) 

a great fuo-connecting vessel (lio mai) (+ 1.5) 

{In turn, the cutaneous zones (pi bu) (1.6) wrap around the 

Whole channel system. 


1.1.4 Qi Circulation and the Channel 
System 


What moves with and within the channels? 
‘The channel system represents the ‘pathway of the Qi’. In 
acupuncture many schools of thought work with the True Qi 
(chen gi), which, according to Maciocia (1989), represents the 
final stage of a process of Qi refinement and transformation: the 
Gathering Qi (cong qi), acted upon by the Original Qi (yan qi) 
as a catalyst, becomes True Qi (zhen qi), which manifests in its 
two aspects, the Defensive Qi (wei qi) and the Nutritive Qi (ying 
qi). According to Larre and Rochat de ta Vallée (1986), the True 
Qi is regarded as the sum of all Qi mechanisms and/or forms 
of Qi in the body. In other words: if there is a balanced and har- 
monious flow in the channels, this can be called ‘True Qi (chen 
qi). It means that which circulates in the ‘here and now’. The 
sum total of all forms of Qi in their correct alignment is called 
Upright Qi (cheng qi) and forms the counterpart to Evil Qi (xie 
gi), for example to pathogenic factors or counterflow Qi. 


Forms of Qi 
Essence (Qi) (jing qi) 


‘The Essence (Qi) acts within the organism and, according to 
some authors, to some extent also in the extraordinary vessels 
(> 1.7). Itrepresents the combination of Early Heaven Essence 
inherited from the parents, which, according to many schools of 
thought, is stored in the Kidneys and has a relationship to the 
Life Gate (mingmen), and the Later Heaven Essence of the 
Middle Burner. They support and complement each other. 


Original Qi (yuan qi) 
‘The Original Qi (yuan qi) is often described as the active form 
of Essence (jing), circulating in the channels and spreading to 
the whole organism with the help of the Triple Burner. Like a 
catalyst, it is the dynamic driving force whi. 
tains the functional activity of all organs and structures. It has a 


wakens and sus- 


1.1 Introduction 


pre-and a postnatal component. Therefore its proper functioning 
is dependent on the supply of acquired Qi derived from water 
and food supplied by the Middle Burner. The Original Qi can be 
directly accessed and influenced at the yuan-source points 
( 8.1.1) or at the points Ren-17 (danchong/shanzhong), 
Ren-12 (shongwan) and Ren-6 (gihai) 


Gathering Qi (zong qi) 
Accortling to Larre and Rochat de la Vallée (1986), the Gather- 
ing Qi (cong gi) is formed in the centre of the thorax when the 
ration (Great Qi, da gi) meet with the 
food (shui gu, from Grain Qi (gu gi) and water) and are set in 
motion through ancestral mechanisms by the first postnatal 
breath. Like an ‘engine’, it dictates the rhythm and circulation, it 
controls respiration and it regulates the he: 
culate itself, butis like a ‘Sea of Qi that ‘collects’ in the centre 
of the thorax behind Ren-17 (danchong/shanzhong). ‘This sea 
contains the water from all the rivers (e.g. the vessels), resem- 
bling an inexhaustible reservoir that does not overflow but redis- 
tributes all its water supplies. 


essences derived from re: 


beat. It does not cir- 


Defensive Qi (wei qi) 
‘The wei gi is the body's Defensive Qi. Thus it defends the body 
at the level of the skin, the fascia and the muscles. In relation to 
the Nutritive Qi (Ying qi), itis a more slippery and less pure form 
of Qi that moves dynamically and quickly through the body like 
1 guard. Its root ies in the Lower Burner, where itis produced 
by the mingmen-Fire (Life Gate fire), so that it has a consider- 
able genetic or constitutional component. Essence (jing) and 
Original Qi (an gi), which are stored in the Lower Burner 
(according to many schools in the Kidneys). a 
formation of Defensive Qi (wei qi), therefore also playing a role 
in the defence against Exterior pathogens. Additionally 
gi is constantly being replenished with pure essence, formed 
from food by the Spleen and Stomach in the Middle Burner. It 
is dispersed throughout the body by the Upper Burner. Proper 
functioning of the wei gi therefore depends on all thre 


involved in the 


the wei 


e Burners. 


Nutritive Qi (ying qi) 
‘The Nutritive Qi (ying qi) is the result of a purification and/or 
distillation process of pure, clear origin. Compared to Defensive 
Qi (vei gi), it is more Yin in nature, It nourishes the whole body 
and is its “building substance’, thus often translated as “con- 
structive Qi’ or ‘building energy 


Circulation of Defensive Qi (wei qi) and 
Nutritive Qi (ying qi) 


Circulation of Defensive Qi (wei qi) 
In chapter 43 of the Su Wen the wei qi is described as flowing 
“outside of the mai’ (the channels and vessels). However, it cit- 
culates in part along the channel pathways, moving in the space 
between the skin and the muscles ~ the cou fi 


a 
oe 
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‘The cow li — often unsatisfactorily translated as ‘pores’ ~are the 
striae or compartments between the skin and the muscles. They 
have the function of a gateway for the entry and exit of Qi and 
fluids and serve as protection against the invasion of Exterior 
pathogenic factors. According to Larre and Rochat de la Vallée 
(1986), the cou li, as the outermost of the wrappings of the 
Triple Bumer, cover the whole body. They connect the surface 
of the body with its inner organs. This explains the effectiveness 
Of acupuncture and other manual therapies for the treatment of 
internal disorders as well as showing up the presence of diseases 
Of the inner organs on the Exterior of the body. 

In the superficial layers of the body, the Defensive Qi (wei gi) 
circulates through the skin and the superficial musculature, 
warming, nourishing and strengthening them. Through these 
actions it supports the general defence against Exterior patho- 
genic factors, acting mainly in the realm of the sinew channels 
jing jin) (> 1.4). In the deep layers of the body, it plays an 
important role in the functioning of the ‘diaphragm’. According 
to Larre and Rochat de la Vallée (1986), this represents not only 
a membranous barrier between the thorax and the abdomen, but 
can be regarded as a ‘sac of membranes’, including and con 

neeting the peritoneum, the pleura and the pericardium. Nielsen 
(1995) interprets this ‘network of caves’ as the inner aspect of 
the Triple Burner, which connects with its outer aspect, the 
cou ti, Following this interpretation, the Defensive Qi (wei gi) 
‘would also be involyed with the mesenteric defence and the 
protection of the inner organs, 

According to chapter 75 of the Ling Shu, the circulation of the 
Defensive Qi (wei gi) is cyclical, changing from day to night and 
Vice versa At dawn, when the Yin Qi is exhausted, the Yang Qi 
pours itself from the eyes and the eyes are opened. As a result, the 
wei gi tises from the heel via the (Yin) giao mai upwards to the 
eye to BL-1 (jingming) and flows into the whole body like a 
‘waterfall by following the six great Yang channels ~ “it moves 
times in the Yang’. At dusk, when the Yang Qi is exhausted, the 
wei qi enters the Interior of the body and moves ‘25 times in the 
Yin’, following the controlling cycle (ke cycle 8.2.5): from 
the Kidneys to the Heart from the Heart to the Lungs, from the 
Lungs to the Liver, from the Liver to the Spleen, and back to the 
Kidneys. Therefore the wei gi has a relationship with the 
sleep-wake rhythm: during sleep it withdraws deeper into the 
body — during daytime it circulates in the outer layers of the body. 
‘The two extraordinary vessels, the yin giao mai and the yang giao 
‘mai (—+ 1.7, -* Chapter 5), play an important role in this respect. If 
their cycle is blocked, the circulation of the wei qi will be inter- 
rupted and disorders will arise. The yin giao mai ascends, while 
the yang giao mai descends, both meeting at the eyes at BL-1 
Gingming) and forming a cycle, similar to the small heavenly 
cycle of the ren mai and du mai. If there is an excess of Yang Qi, 
this will be drained from the channels into the yang giao mai, ‘the 
eyes cannot close’ and insomnia will occur. If there is an excess of 
this will be drained from the channels into the yin giao 
‘mai, ‘the eyes cannot open’ and somnolence will occur. In both 
cases, a relative disharmony develops between the two opponents. 


Circulation of the Nutritive Qi (ying qi) 

‘The Nutritive Qi (ying gi) circulates in the mai. The mai include 
both the primary channels (ing mai) and the secondary channels 
such as the Connecting Vessels (luo mai, sun luo), the divergent 
channels (ing bie), the extraordinary vessels and the Blood Ves- 
sels. Wherever there are channels and vessels, the ying gi will 
circulate, According to chapter 16 and 18 of the Ling Shu, the 
ying qi circulates constantly and continuously. 


First circulation of the ying qi (+ Fig. 1.5) 

‘The first circulation of the ying gi encompasses the 12 primary 
channels. The cycle starts at the primary LU channel and ends 
at the primary LIV channel, which in turn connects with the 
primary LU channel, thus closing the cycle (-+ Fig. 1.5). The 
Middle Burner provides and distributes the ying gi throughout 
the whole body. According to some of the classics, the Grain Qi 
(gu qi) derived from food is only transformed into Nutritive Qi 
(ving gi) in the Lungs, not already in the Middle Bumer. Since 
the internal pathway of the primary Lung channel begins in the 
Middle Burner, these two statements do not contradict each 
other in principle. 


yin yang 

LU i(shou tain) JIL [Latatshow yorgming) 
First 
dreult 


SP (2u avin) am TET STA yorarning) 


RE hou apm arm [Sino aan) 


Second 
circuit 


KID (zu shooyin) Queer BLEU toiyana) 


a 
P (hou jen) ETN [THBNow shooyana)] 


Third 
circuit 


DOIN Wood fe eee 


# Circuit according to Organ clock shou = hand 2 = foot 


Fig. 1.5 First circulation of the Nutritive Qi (ying qi) 


‘The changes in Yin/Yang polarisation ~ the changes from a 
Yin channel to a Yang channel and vice versa — always take 
place in the hand or the foot (also —* 1.2.2). For example, the 
Yang energy potential rises from the Yin channel to the Yang 
channel, and then descends again from the Yang channel to the 
Yin channel (—+ Fig. 1.6). 
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Fig. 1.6 Changes in Yin/Yang polarisation, shown as a sinus 
curve 


First circulation of the Nutritive Qi (ying qi) and the 
Organ clock 

‘The Nutritive Qi (ying qi circulates in the 12 primary channels 
ina cireadian 24-hour rhythm (—+ Fig. 1.7) with each Chinese 
hour, named after one of the ‘earthly branches’, comesponding 
to two Western hours (+ expanded Organ clock, Fig. 1.8). 
Each two-hour slot favours a particular channel, in other words: 
for two (Western) hours per day, energy flow peaks in a partic- 
ular channel. During this period, the respective channel Qi 
increases, falling again during the following two hours. How- 
ever, it will never fall below a particular level, so that there is 
always a certain portion of energy flowing continuously through 
the channels. 

Example: The channel Qi of the primary Stomach channel will 
begin to appear more ‘powerful’, when the channel Qi of the 
Large Intestine is very strong. Therefore the ‘high tide’ of the 
Stomach channel takes place between 5-7 am., its peak is 
between 7-9 am, and its ‘low tide’ between 9-11 am, During 
the peak period of the Stomach channel, the channel on the 
opposite side of the Organ clock is at its Lowest point (+ 8.3.7); 
while the Stomach channel is peaking, the Pericardium channel 


is at its lowest point 
In figure 1.8 the “expanded Organ clock 
lation through the 12 primary channels is shown in relation to 
the earthly branches and the hexagram of the Yijing. 


with its 24-hour cirou- 


1.1 Introduction 


Fig 1.7 Organ Clock 


*, 


Fig. 1.8. Expanded Organ clock 


ying qi) 
According to chapter 16 of the Ling Shu, the Nutritive Qi (ving 
qi), afier having circulated through the 12 primary channels, 
takes a deep pathway of the primary Liver channel, which origi- 
nates at LIV-14 (gimen), passes the Lungs, the posterior aspect 
of the neck, the inner nasal passages and reaches Du-20 (bai- 
Jui), then follows along the du mai on the back and the ren mai 
along the midline of the abdomen, At the approximate level of 
Ren-22 (tiantu) the ying gi again reaches the Lung channel, 
which traverses the supraclavicular fossa (near ST-12). Here, a 
new circulation of the ying qi through the 12 primary channels 
starts at the beginning of the primary LU channel. 


= 
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Fig. 1.9 First and second circulation of the Nutritive Qi (ying qi) 
with the Middle Burner 


1.2 The 12 Primary Channels 
(jing zheng) 


1.2.1 Background Information 


‘Synonyms: Meridians, regular channels. ‘zheng’ can be trans- 
lated as ‘mainly’ (primary channels), but also relates to terms 
such as ‘straight’ and “direct” 


Chinese terms for the channels 


Meanings (also + 1.2.4, the six great channels 
(liu jingy 

Tai: means greater, highest. The polarised energy (Yang or Yin) 
develops and reaches the maximum extent of its activity in the 
taiyang and taiyin channels. Here, the maximum extent of their 
respective polarity is reached and begins to fall again. 

Shao: means less or younger. The polarised energy (Yang or 
Yin) is less in the shaoyang and shaoyin channels than in the 
taiyang or taiyin channels. 

‘Ming: means clear, bright, radiant, shining (for more detail see 
1.24, the six great channels). 

Jue: means ‘absolute’, ‘at the end’, ‘exhausted’, and according 
to Wiseman also ‘inverted’. The polarised energy (Yi 
jueyin channel represents the terminal phase of the 
polarity changes to Yang, 


‘Composition of the channel names 

In the Chinese language, the name for each channel comprises 

the nature or polarity of the energy (Yin or Yang) that flows 
in the channel 

the quality or intensity (ai, shao, jue, ming) of the Yin ot 
Yang energy and 

the extremity at which the channel originates or terminates, 

‘Thus the Yin or Yang channels that begin or terminate at the 

hand carry the name of the primary hand channels (shou jing 

ing).’The Yin and Yang channels that terminate or begin at the 


= 


feet carry the name of the foot primary channels (zu jing zheng) 
(> Fig. 1.2) 


1.2.2 Communication and 
Connections 


Principle of the primary channel system 

‘The 12 primary channels cover the body bilaterally. Each chan- 
nel has its individual regular course with a deep, internal and 
‘a more superficial external pathway. 

One can distinguish between Yin and Yang channels, which are 
Interiorly/Exteriorly paired. While each channel is connected 
with its pertaining <ang or fi Organ, itis also connected with the 
Organ of its Interiorly/Exteriorly coupled channel. 

All hand Yin channels begin in the region of the thorax and flow 
to the hand. All hand Yang channels start at the hands and travel 
to the head, where they meet the foot Yang channels. These 
descend down to the toes, where they meet the foot Yin chan- 
nels, which ascend to the thorax and there meet the hand Yin 
channels, 


For a better understanding of this model, imagine a person 
standing with his/her hands raised to the sky, In this position, 
all Yin channels are ascending (a Yang phenomenon), while 
all Yang channels are descending (a Yin phenomenon) 
(> Fig. 1.10). 


— Descending 
yang- 
channels 

— Ascending 
yin. 
channels 


Fig. 1.10 Ascending and descending primary channels 
{according to Pirog 1996) 
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Each channel is associated with its own specific pathological 
symptoms, which are an important diagnostic tool in clinical 
practice (for channel-specific pathologies see —* chapter 4). 


Communication between channels and 
zangfu-Organs 

‘The connections (anastomoses) between the channels have the 
function of allowing communication within the channel system 
as well as between the channels and the Organ systems. This 
external/internal (biao-li) relationship comprises the following 
aspects 


Communication from the Interior to the Exterior 

© The internal pathways of the hand Yin channels connect 
with their pertaining Organ as well as with their Yin/Yang- 
paired fu-Organ. They flow from the thoracic region to the 
Exterior and connect with their paired Yang channel at the 
finger tips or on the hand (—* Fig. 1.11). 

«The internal pathways of the foot Yang channels connect 
With their pertaining fu-Organ as well as with their Yin/Yang- 
paired zang-Organ, They then flow from the centre of the 
body to its Exterior and connect with their paired Yin-cl 
nel at the foot (+ Fig, 1.11 b). 


Communication from the Exterior to the Interior 

* Each hand Yang channel begins on the hand, runs to the 
thoracic region, penetrates the thorax and connects in the 
Interior of the body with its pertaining fi-Organ and its 
‘Yin/Yang-paired cang-Organ (+ Fig, 1.11 c) 

* Each foot Yin channel starts at the foot, penetrates the 
abdomen, reaches the Interior of the body and its pertain- 
ing cang-Organ as well as its Yin/Yang-paited u-Organ 
(> Fig, 111d). 


Fig. 1.11 Communication Interior — Exterior, hand-¥in 
channels (a). Communication Interior» Exterior, foot-Yang 
channels (b). Communication Exterior Interior, hand-Yang 
channels (c). Communication Exterior —» Interior, foot-Yin 
channels (4) 
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Channel circuits 

Within the primary channel system we can distinguish three cir- 
cuits, each circuit comprising four primary channels. The trajec- 
tories of two of the channels in one circuit are located on the Yin 
side of the body, the more anterior side (Interior), and two are 
found on the Yang side, the more posterior side of the body 
(Exterior). The Stomach channel (foot yangming, for more 
detail + 1.2.3) presents the exception to this rule. Despite its 
‘major part running along the anterior side of the body, itis con- 
sidered a Yang channel (—* Fig. 1.12 and 1.3). 


Yang 
channels 


Fig. 1.12 Principle of the channel circ 
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Fig. 1.13 Overview of the channel circuits 


Connections among the primary channels 

In order to ensure the continuous circulation (also see + 1.1.4) 
Within the primary channel system, there need to be connections 
among the individual primary channels. Fig. 15 illustrates these 
in a schematic graphic overview. 

According to some schools, the connections among the primary 
channels are facilitated by so-called entry/exit points. Various 
authors (for example Worsley, Jarrett, Pirog, Hicks et al., for 
more detail + 8.1.16) describe these as the shunting points 
between successive channels according to the Organ clock. The 
exit point marks the point on a channel from which the (internal) 
flow moves to a point (the entry point) on the channel that 
succeeds it on the Organ clock. There are some discrepancies 
regarding the location of the connections as described by the 
above authors and those described by Solinas et al. (1998), which 
are marked below as appropriate 


Yin-Yang connections 
‘The connections ~ anastomoses ~ between the Yin and Yang 
channels are located on the hands and feet, The channels are most 
commonly connected at their respective final points, but some- 
times also by branches separating from the main channel. These 
‘Yin-Yang connections are places where the Qi can change its 
polarity: Yin Qi becomes Yang Qi, and Yang Qi becomes Yin Qi 
‘This creates a dynamic balance and allows fora better circulation 
of the Qi, The Yin-Yang connections follow the order of the 
basic structure of the circadian rhythm (24-hour eycle), 


© 


1.2 The 12 Primary Channels (jing zheng) 


Hand Yin-Yang connections (—+ Fig. 1.14) 
‘The hand Yin channels are in most cases connected to the hand 
Yang channels at the tips of the fingers: sometimes they are 
ed on the hand by a branch that separates from the pri- 
mary Yin channel and runs to the hand Yang channel: 

Fins cmcurr 


LLU channel (show taiyin) = LL channel (shou yangming) 
LU-7 (lieque) * Lal (shangyang) 

A branch separates from the primary LU channel at + LU-7 
(lieque) and travels to the primary LiL. channel at + LLL 
(shangyang). 

Note: According to Hicks etal. (2004, -# 8.1.16) LL (hegu) is 
considered to be an entry point. 

SECOND CIRCUIT 

HE channel (shou shaoyin) = 8.1. channel (show taiyang) 
HE-9 (shaoyang) * S.L-1 (shavze) 

‘Tap crecurr 

P channel (shou jueyin) = T.B. channel (show shaayang) 

P-8 (laogong) = TBI (guanchong) 


1 


a 
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Fig. 1.14 Hand Yin-Yang connections (primary channels) 


Foot Yang-Vin connections (— Fig. 1.15) 

‘The foot Yang channels are connected to the foot Yin channels 
at the toes by branches that separate from the primary Yang 
channels and run to the foot Yin channels (—* Fig. 1.15) 

First crecurt 

ST channel (cu yangming) = SP channel (cu taiyin) 

ST-42 (chongyang) = SP-1 (yinbai) 

ALS S142 a branch separates from the primary ST channel and 
travels to SP-L 

SECOND cRCUTT 

BL channel (cu taiyang) = KID channel (cu shaoyin) 

BL-67 (chiyin) * KID-1 (yongguan) 

‘Tame circurr 

G.B. channel (cu shaoyang) = LIV channel (cu jueyin) 

G.B-l (culingi) = LIV-1 (dadun) 

(On the instep of the foot, at + G.B.~41, a branch separates from 
the G.B. channel and travels to + LIV-1 


Be et PT 


BL67] Secondeireit> [KID 


EE] reared [CT 


Fig. 1.15 Foot Yang-Vin connections (primary channels) 


Yang-Yang connections (—+ Fig. 1.16) 
‘The Yang-Yang connections between the primary channels are 
located on the head. They are rather superficial and follow the 
order of the channels within the eireadian eyele (according to 
the Organ clock + Fig. 1.7). These connections support the 
communication between the hand Yang and foot Yang primary 
channels in the cranial region, which convey Qi of the same 
nature and quality (yangming, taiyang, shaoyang). They also 
‘mark the connections between the Yang axes, also referred to as 
hand-foot pairing (+ 1.2.3), and serve as a link between above 
and below, 

First curt 

LiL channel (show yangming) = ST channel (<u yangming) 
L.L-20 (yingsiang) © ST-1 (chenggi) 

SECOND ciRCUTT 

S.L channel (shou taiyang) = BL channel (zu taiyang) 

S.L-18 (quanliao) = BL-I (yingming) 

‘Tren circurr 

‘TB. channel (shou shaoyang) = G.B. channel (<u shaoyang) 
TB.-23 (sichukong) = G.BeI (tongziliao). Comment: accord- 
ing to Hicks et al, (2004, + entry/exit points, -¥ 8.1.16) T.B.-22 
(erheliao) is considered an exit point. 
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Yin Yang 
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Fig. 1.16 Yang-Yang connections of the primary channels 


Yin-Yin connections 
‘The Yin n the primary channels are 
located in the thoracie region (Fig. 1.17). 

In contrast to the more superficial Yang-Yang connections, 

they are located deep inside the body (internal pathways of the 

channels). 

‘There are two types of Yin-Yin connection: 

«the Yin axes connections or hand-foot pairings (taiyin, jueyin, 
shaoyin), which are non-eireadian (do not flow according to 
the Organ clock) and 

the (deep) Yin-Yin connections, whose Qi flow follows the 

ian rhythm of the Organ clock. 


connections betw 


Second 
circuit 


KID (zu shaoyin) “Water 
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Fig. 1.17. Overview of the Yin-¥in connections (primary 
channels) 


Connections of the Yin axes (hand-foot pairings) 
‘These Yin-Yin connections support the communication between 
the hand Yin and the foot Yin channels, which convey Qi of the 
same quality (taiyin, jueyin, shaoyin) and serve as a link between 
above and below. Their Qi flow does not follow the eireadian 
rhythm of the Organ clock (+ Fig. 1.17) 

Finsr cmcurr 

SP channel (<u taiyin) = LU channel (shou taiyin) 

SP-20 (zhourong) = LU-1 (shongfiu) 

According to Solinas et al. (1998), a superficial branch separates 
from the primary SP channel at + SP-20 and travels to the pri- 
mary LU channel at + LU-L 

SECOND CIRCUIT 

LIV channel (<u jueyin) = P channel (shou jueyin) 

LIV=P 

‘An internal branch ascends from the Liver, passes through the 
diaphragm, connects with the primary P channel below — P-L 
(tianchi) 

Tap ciecurr 

KID channel (zu shaayin) = HE channel (show shaoyin) 

KID © HE 

An internal branch of the primary KID channel runs to the Liver, 
penetrates the diaphragm and spreads into the Lungs. From the 


3 
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Lung a branch travels to the Heart, where it connects with the 
primary HE channel 
Many authors give HE-I (jiguan) as the site of connection. 


Deep Yin-Yin connections 
‘These Yin-Yin connections facilitate the cireadian eyele accond- 
ing to the Organ clock and mark the transitions of the channel 
cuits. They are located deep in the thorax area on the level of 
the zang-Organs, 

CONNECTION OF THE FIRST AND SECOND CIRCUIT 

SSP channel (cu taiyin) = HE channel (shou shaoyin) 

SP= HE 

‘An internal branch of the primary SP channel spreads in the 
Heart and connects with the HE channel. Note: according to 
Hicks et al. (2004, + entry/exit points, 8.1.16) SP-21 is con- 
sidered to be the exit point of the SP channel and HE=1 the entry 
point of the HE channel, 

CONNECTION OF THE SECOND AND THIRD CIRCUIT 

KID channel (<u shaoyin) = P channel (shou jueyin) 

KID=P 

An internal branch of the primary KID channel travels to the 
Kidneys, then to the Liver, penetrates the diaphragm and spreads 
into the Lung. From the Lung, an internal branch runs to the 


Heart, where it meets the primary P channel and also reaches 
+ Ren-17 (shanchongidanchong). Note: according to Hicks 
etal. (2004, + entry/exit points + 8.1.16) KID-22 is considered 
to be the exit point of the KID channel and P-1 the entry point of 
the P channel, 

CONNECTION OF THE THIRD AND FIRST CIRCUIT 

LIV channel (<u jueyin) = LU channel (shou taiyin) 

LIV=P 

An internal branch of the LIV channel originates in the Liver, 
passes the diaphragm, spreads in the Lungs and connects with 
the LU channel through a network of branches. Note: according 
to Hicks et al. (2004, entry/exit points 8.1.16) LIV-14 is 
considered to be the exit point of the LIV channel and LU-1 the 
entry point of the LU channel. 


1.2.3 The Six Great Channels (liu jing) 


Based on the Yang-Yang and Yin—Yin connections (+ 1.2.2, 
Fig. 1.16, Fig, 1.17), primary channels of the same nature and 
quality can be divided into six great channels (liu jing) ot 
hand-foot pairings (or axes). They represent the three great 
Yang channels and the three great Yin channels. 
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Fig. 1.18 Overview of the six great channels (liv jing) 
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Fig. 1.18 (cont'd) Overview of the six great channels (ly jing) 
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Names and func! 
channels (liu jing) 


ns of the six great 


Tai means ‘greater’, ‘highest’ 

‘The polarised energy (Yang or Yin) develops and reaches its 
‘maximum activity in the faivang or taiyin channels. Here, the 
maximum level of the respective polarity is reached and 
begins to fall again, “Taiyang opens to the outside’ means that it 
spreads to the Exterior (-+ see comments below under yang- 
ming, also + Fig. 1.19) 


Shao means ‘less’ or ‘younger’ 

‘The polarised energy (Yang or Yin) is less in the shaoyang or 
shaoyin channels than in the taiyang or taiyin channels, This also 
‘manifests in their location: the shaoyang channels are located 
midway between the inside (or anterior aspect) and the outside 
(or posterior aspect) of the body, acting like a hinge. According 
to Larre and Rochat de ta Vallée (1986), shaoyang should be 
translated as ‘young Yang’. In their view itis positioned between 
the outside (the other two Yang channels) and the inside (the 
other three Yin channels), 

Depending on the interpretation, the shaoyin channels are con- 
sidered either to be located between the taiyin and the jueyin 
channels or to be the deepest of the six channels. Thus they are 
et seen as a hinge or as a fixed central point (for more detail 
see “+ Depth organisation of the channels). 


Ming means ‘clear’, ‘bright’, ‘radiant’, ‘shining’ 
*Yangming closes towards the inside — yangming contracts 
towards the inside.” 

‘The yangming channel has some unique features. Based on its 
course alone, itis not *Yang" like the other two Yang channels, 
but it develops as a Yang phenomenon within the Yin aspect of 
the body (partially anterior pathway of the ST channel), 

‘The character for ming is composed of the radicals for the sun 
and the moon. The character for Yang also contains the sun radical 
According to the Su Wen, the yangming is where the two Yang 
shine together. Thus, the two suns can be symbolically interpreted 
as a doubling of Yang energy. Taiyang and shaoyang are “Yang” 
simply due to their physical location. Yangming, however, is 
“Yang” due to the content of its stored energy. This raises the ques- 
tion as to why the yangming channel is so abundant, why it carries 
so much Qi and Blood. Pirog (1996) explains this fact based on 
embryonic development. The ‘closing’ of the yangming’ can be 
equated with the image of a curled-up embryo (+ Fig, 1.19) 
Because of its contracting, ‘closing’ position, the energy of the 
yangming channel can be compared to the compressed energy ina 
pressure cooker. Thus the “Yin’ process of contracting towards the 
Interior results in producing Yang or, in other words, compression 
of the energy in the Interior, 


‘This naturally compressed energy is utilised in clinical practice. 
‘The yangming channels, but especially the ST channel, can be 
accessed, either by massage or by acupuncture, to supply the 
‘whole body with the energy stored and accumulated here, By the 
same token, the yangming channels can be needled in order to 
drain excess Heat ~ a procedure comparable to a controlled 
release of steam from a pressure cooker. 


Jue means ‘absolute’, ‘at the end’, ‘exhausted (also, 
according to Wiseman, ‘to revert’) 

‘The polarised energy (Yin) in the jueyin channel represents the 
terminal phase of the Yin; here polarity changes to Yang (+ see 
below for more detail) 


Fig. 1.19. Embryonic development of the yangming and taiyang 
channels (according to Pirog 1996) 


The six great channels (liu jing): 
relationships and depth organisation 

‘The systemic division of the channels into six levels or stages is 
‘mainly associated with the Shang Han Lum, a herbal classic. But 
according to Pirog (1996), this system can also be used as a par- 
adigm for acupuncture, since it provides fundamental ideas 
regarding the functions of the points and channels as Well as the 
relationships among the channels. It focuses particularly on 
changes of characteristics ofthe channel Qi, depending on which 
level it is ucting within the body. The channels can be described 
as being stacked one upon each other, similar to layered rocks in 
quarry. The depth of a channel or a point will bein 
function and significance. The postulate is that the more deeply a 
channel is located in the body, the more deep-seated its functions 
are and the more deep-seated illnesses it will be able to treat 
‘They are not static, however. Depending on their location in the 
‘human body, they are indeed living structures with specific activ- 
ities such as openers, closers, hinges or pivots, reflected in the 
‘meaning of the Chinese names. Fig 1.20 illustrates the arrange- 
ment of the six great channels from the outside to the inside, 
resembling the layers of an onion (—+ Fig. 1.20) 


tive ofits 
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Oo 
1.2 The 12 Primary Channels (jing zheng) 
‘Nguyen Van Nghi (1996) compares the three Yin and three Yang Talyang opens to the outside Yangming closes towards the inside 
channels to doors. The door (taiyang or taiyin) is closed to pre- to the Yin channels 


Vent the entry of unwelcome guests such as external pathogenic 
factors. But the door can also be opened to let in friends 
Whether the door opens and closes well depends largely on the 
hhinges (shaoyang, shaoyin). Only if the hinges function 
smoothly can the energy circulate adequately. The doorframe 
(or closing mechanism) (yangming, jueyin) closes towards the 
Interior; in other words, it protects and supports what is con- 
tained on the inside. (+ Fig. 1.21), 
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‘Yang channels a 

yang (S../B1) Toaiyin opens toward the Jueyin closes towards the 
outside to the Yang channels inside to the Yin 
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Fig. 1.21 The six great channels as opener, hinge and frame of 
adoor 


‘The literature is somewhat contradictory about which are the 

og deeper of the six great channels, the shaoyin or the jueyin chan- 
Yio channels nels. Pirog (1996) has contributed an interesting theory in sug- 
gesting that the shaoyin channels occupy the deepest position in 
the body. They are located in such a medial location (near the 
middle of the body) that, When a person is standing in a normal 


ct 


— Yang channel 
— Yin channel 
Deep Yin-¥in connection (Circadian) 


Fig. 1.20 Relationships of the three Yin and three Yang 


Channels ecrording on Aiguyen Van Nahi 1596) position, the shaoyin channels are covered and not directly visi- 


ble. According to Pirog, the shayin does not function like a 
hinge, but rather like a fixed pivot, similar to the axis of a mill 
wheel, which itself is immobile, but is able to cause movement. 
‘When the Qi has reached the deepest point of the shaoyin, and the 
“Yin of the juevin is exhausted’, it has to revert. In other Words: it 
has to return to a more superficial level on the outside or it has to 
transform into Yang, In that sense, it is the P and LIV channels 
that again start the flow of the Qi towards the Yang, from the 
inside to the outside and from below to above (—* Fi 
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Fig. 1.22 Depth organisation of the six great channels 
{according to Pirog, 1996) 


Confluent or connecting points of the six 
great channels (liu jing) 

‘The primary Yin channels (i jing) connect in the thor: 
region (see also “+ Yin axes or hand-foot pairings + 1.2.2, Fig. 
1.17). In contrast, the primary Yang channels connect in the 
cranial region (see also + Yang axes or hand-foot pairings 
1.2.2, Fig. 1.16). Many schools of thought suggest the con- 


nections of the channels of the same nature and quality at the fol- ama 
lowing six confluent points: Fig, 1.23 Confluent points of the six great channels 
Vin channels [ LU-I (hong, Pl (ianchiy, Hel (jiguan) 
Yang channels | BL-T Gjingming), G.B=l (ong 
SPA (chengai) 
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1.2 The 12 Primary Channels (jing zheng) 


Starting and end points of the six great 
channels (liu jing) 

Fig. 1.24 shows the starting and end points of the six great chan- 
nels on the feet or hands respectively 


Great Yang channels 


iy 


! 
talyang 


(sheoyang 


Fig. 1.24 Starting and end points of the jiu jing 


Root points and binding points of the six 
great channels (Jiu jing) 

According to Chapter 5 of the Ling Shu, each of the six great Root points of the three Yin channels (—+ Fig. 1.24) 
channels (liu jing) has a root point (gen) anda binding point (jie). These always represent the first point of each great Yin channel. 


Root points (gen) 
AL the root point, the polarised energy (Yin/Yang) of a great [aiying (SP = LU) SPA (vinbai) 
channel is at its minimum — this point marks the end of the Yang [Juexin (LIV =P) LAVA (dada 

or the beginning of the Yin. The root points are all located on the [#40 (KID = Hy KID-1 (yongquan) 


foot (— Fig. 1.24). 
Binding points (jie) 


Root points of the three Yang channels (—+ Fig. 1.24) ‘The binding point is the point at which the polarised energy 

‘These ulways represent the terminal point of cach great Yang (yin/Yang) of a great channel reaches its maximum level. It is at 
channel, this point that the hand channel and the foot channel are connected. 
Taivang (S1= BL) ‘BL-67 (chiyin) 


shaovang (TB. = GB) | GBA augiaoviny 
ranging (LL = ST) | ST-48 (ida) 
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Binding points of the three Yang channels 
‘These are the switching points of the great Yang channels (hand 
to foot) and are located in the eranial region. 


taiyang (BL = SL) BLA Gingming) 
shaoyang (G-B.= TB) | TB-21 (ermen)® 
SLD [SEI chenganr® 


yangmning ¢ 


Binding points of the three Yin channels 
‘These are the switching points of the great Yin channels (foot to 
hand) and are located in the thoracic or abdominal region, 


‘aiying (SP = LU) 
jueyin (LIV = PY 
shaoyin (KID = Fl) 


Ren-12 (chongwan) 
Ren-18 (vutang) 
Ren-23 (iangian) 


1.3 Divergent Channels (jing bie) 


Synonyms: Channel divergence (Wiseman), separate pathways 
(Larre and Rochat de ta Vallée) 

Character: bie means diverging, separating, branching off. In this 
sense, the 12 divergent channels can be seen as branches of the 
primary channels, 


General pathways of the divergent channels 
( Fig. 1.25) 

‘The 12 bilateral divergent channels, which have no specific points 
of their own, are named afler and are dependent on their corre- 
sponding primary channel. 

‘They can be divided into six great Yin and six great Yang 
pairs and have their own system of six confluences (reunions) 
BL/KID, G.BJLIY, ST/SP, S.L/H, T.B,/P, L.L/LU. According to 
Ramakers (course material, 2003) the divergent channels follow 
their own (non-cosmic) daily biorhythm: 

BL= ST = Si. = TB. = LL = KID = LIV = SP 
-H=P=LU. 

Al divergent channels separate (li) from their corresponding 
primary channel on the extremities, except for the divergent T.B. 
channel, which branches off on the head. But many authors sus- 
pect that their pathways begin before the actual branching off 
Based on this assumption, the divergent channels begin at the 
distal ends of the primary channels, running parallel to them, but 
as separate entities. The circulation in the divergent channels is 
of a centripetal nature (+ 1.1.1); in other words, the flow is 
always from a distal in a proximal direction, towards the trunk 
and the head. After separating from the primary channels, they 


“Recording to Nguyen Van Nahi (1996) apd Solinas et al (1998), this is G.B-2 
(angi) 
“According to Nguyen Van Nghi (1996) and Sona etal. (1998), tis is ST 


inter- 


enter deeper (ru) into the body and, after completing th 
nal pathway, they re-emerge close to the surface of the body 
(chu). The divergent channel pairs (Yin/Yang) pass together 
through the Interior of the body to join (he) their pertaining pri- 
‘mary Yang channel in the occipital or cranial region. It is this 
joining of the courses that is referred to as the six confluences 
(or reunions) (liu he) 


Pathways of the divergent Yin channels 
After separating from their primary channels, they connect with 
their pertaining cang-Organ, then with the Interiorly-Exteriorly 
paired fiu-Organ. They continue their flow in the upper half of 
the body together with their paired divergent Yang channel to 
join the paired primary Yang channel, In contrast to the diver- 
gent Yang channels, the divergent Yin channels will not return to 
their pertaining primary Yin channel after having completed 
their internal pathway (—* Fig. 1.25), 


Pathways of the divergent Yang channels 
After separating from their primary channels, the divergent 
Yang channels travel to their pertaining fi-Organ, then to the 
Interiorly-Exteriorly paired zang-Organ. They connect again with 
their pertaining primary channel and also with their Interiorly- 
Exteriorly paired divergent Yin channel in the upper half of the 
body (+ Fig. 1.25). 


The divergent channels and the Heart 
All divergent channels pass the thoracic region and the Heart, 
except for the divergent channels of the LU, LL and KID. 
According to Shima and Chase (2001), this means that all diver- 
gent channels passing the thorax will communicate with the 
‘True Qi (chen gi), representing the synthesis of the Gathering Qi 
(cong qi) and Original Qi (yuan gi) (+ 1.1.4). They suggest that 
this hypothesis is in a 
able about the divergent channels, and explains furthermore why 
the divergent channels are so useful in the treatment of deep- 
seated Organ disorders as well as for disharmonies of the Defen- 
sive Qi (wei qi). It supports the image of a divergent channel as 
a fundamental axis between the Interior and the Exterior of the 
body. In the opinion of Shima and Chase (2001), the divergent 
channels are an invaluable connection to facilitate the return of 
the Defensive Qi (wei gi) tothe Interior of the body and to trans- 
fer the fundamental inner Original Qi (yuan qi) to the periphery. 
In that respect the Original Yang (yuan yang) not only touches 
upon, but also strengthens the Defensive Yang (wei-yang). 


cordance with all the information avail- 
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Fig. 1.25 Schematic illustration of the divergent channel 
pathways (according to Shima and Chase 2001) 


Functions 

‘The divergent channels reinforce the circulation of and commu- 
nication between the primary channels in the Interior of the 
body. On the one hand, this is achieved due to their connection 
with the primary Yang channels (+ pathways). But their 
organisational structure also supplements the primary channels in 
a functional way for example they also control areas of the body 
not covered by the primary channels. Thus points on the primary 
‘Yin channels can affect the head and face, in spite of their “exter- 
nal’ pathways ending in the thoracic region, This effect can be 
explained by the fact that the Yin divergent channels, after 
branching off from their pertaining primary Yin channel, pour 
into the Yang divergent channels flowing to the head. A deeper 
understanding of the trajectory and functions of the divergent 
channels will in turn lead to a better understanding of the clini- 
cal application of some commonly used acupuncture points. 
Since their pathway passes the Heart and thorax, the divergent 
channels further strengthen the connection to the Heart 
( explanations above). According to some schools, they can 
theretore also be used for the treatment of psychosomatic disorders, 
Many interpretations and Variants exist regarding the pathways 
and clinical application of the divergent channels (for a good 
overview see Shima and Chase 2001), 


1.4 The 12 Sinew Channels 
(jing jin) 
‘Synonyms and translations: muscle channels, muscular meridi- 


ans/the muscles in connection with the meridians (Larre and 
Rochat de la Vallé 


‘muscle regions, channel sinews. 


1.4 The 12 Sinew Channels (jing jin) 


Principles of the sinew channel system 

The sinew channels mainly represent the muscles, sinews and 
ligaments located along the pathways of the primary channels 
and their pertaining connecting vessels. They do not have their 
own specific points and also no direct connection to the cangfu- 
Organs. The 12 bilateral sinew channels are connected to and 
named afer 


ir pertaining primary channel, Each sinew channel 
has its own pathway, which generally follows the trajectory of its 
pertaining primary channel. However, in contrast to the primary 
channels, the sinew channels always begin at the extremities, 
mostly separating from the primary channels at the jing-Well 
points (+ 8.1.6) on the tips of the fingers and the toes. ‘Their 
pathways always run from the extremities to the trunk or further 
to the head and face (+ centripetal circulation + 1.1.1). They 
cover a larger area than the primary channels, in the shape of a 
band and binding (jie) like a spindle at the joints and other areas 
of the body. This allows them to cover areas of the body which are 
not reached by the primary channels or the divergent channels. 
‘It further explains the actions of some of the points located on their 
pertaining primary channel. Under pathological conditions, the 
sinew channels will manifest as so-called ashi-points (a shi xue) 
or as trigger points, 


Terms 
Binding (jie) refers to spindle-shaped concentrations of the sinew 
channels, which tend to be located on the bigger muscles and joints 
(for more details on specific sinew channels see Chapter 4), 
‘The term ju (point of confluence, gathering) is used to signify an 
the larger muscles, the Qi dispei 
can be divided into smaller muscle groups. The sinew channels 
ct (luo) the muscles, sinews and ligaments with the joints 
in order to facilitate mobility. 


Where two or more sinew channels are bundled together. In 
es or spreads (sa), so that they 


conn 


Rhythm of Qi flow 
According to Ramakers (course material, 2003) the sinew chan- 
nels are subject to their own daily rhythm of Qi flow: 

BL = G.B. = ST = S.L. = TB. = LL. = SP= LU = LIV 
= P= KID=HE. 
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General pathways of the sinew channels 

(G Fig. 1.26) 

© The three hand Yang sinew channels (LIVS.L/TB.) flow 
from the finger tips towards the scapula, ascend to the ear and 
intersect with G.B.13 (benshen) 

© The three foot Yang sinew channels (ST/BLIG.B.) run from 
the tips of the toes towards the head, join each other on the 
cheek and meet with S.L-18 (quanliao) 

‘The three hand Yin sinew channels (HE/P/LLU) flow from the 
finger tips towards the thorax, joining within the thoracic 
musculature and meeting at G.B.-22 (yuanye) 

‘© The three foot Yin sinew channels (LIV/KID/SP) run from 
the tips of the feet towards the thorax, join each other in the 
genital region and, depending on the author, intersect in the 
area of Ren-2 (gugu) or Ren-3 (chongji) 


[e.8-13]-—-.- — 


Hand Yang channels, 
(SL, TB, LL) 


sae ) 


Foot Yang channels > ee 
(BL, GB, ST) 
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Hand Vin channels \ i 
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Foot Yin channels 
(5P, LIV, KID) 


Fig. 1.26 Meeting points of the sinew channels 


Functions 

‘The main function of the sinew channels is to distribute Qi and 
Blood (aue) over the surface of the body as well as to integr 
the muscles, sinews and ligaments with the joints. Generally, the 
sinew channels join groups of synergistic muscles, supporting 
their mobility and 
function of integrating the surfs 
they protect the bones and skeletal structur 
tures of the body. 

Proper functioning of the muscles is dependent on the Spleen 
(pi) and the Liver (gan) and particularly on their Blood (xue) 
While the Yin (or material) aspect of the musculature, the 
“flesh’, is governed by the nourishing function of the Spleen, the 


ural movement while also s 


linking the struc 


functioning of the muscles and sinews is governed by the Liver. 
But the Liver is also connected to the mesenchymal structures of 
the body, especially those surrounding the organs. The sinew 
channels are not only composed of the muscular structures, but 
also of the mesenchymal formations, so that according to Larre 
and Rochat de la Vallée they are also involved in the structural 
aspect of the diaphragm as well as the thoracoabdominal serous 
‘membranes, in particular the pleura, peritoneum and pericardium. 
In the deeper pars of the body they act through the deep muscular 
fascia. One of the main functions of the sinew channels is that of 
a “protective coat” that shields the body against attacks from the 
Exterior. In this respect the Defensive Qi (wei qi) is of particular 
importance ((—+ 1.1.4): the muscle spindles are crossed by loose 
and diffuse flows of Qi, which also contain Defensive Qi (wei qi) 
Nutritive Qi (ying qi) is also present, particularly at the outer 
ends of the spindles (+ 1.1.4), 

‘The sinew channels also have the task of barring access to the 
deeper channels. In other words, in a pathological situation, a 
deeper channel can only be reached if the resistance of the mus- 
coular layers can be broken, An important aim of Tuina therapy is 
to remove muscular tension, According to Larre and Rochat de 
a Vallée (1996), the sinew channels also play a role in psycho- 
somatic disorders since they very ellectively constitute the 
‘muscular carapace, The authors refer here to a bioenergetic 
interpretation of muscular tension. 


Clinical and therapeutic importance 

Disorders of the sinew channels will show the following symptoms 

along their pathway: muscular tension, pain, cramping, spasms, 

stiffness, but also paralyses, weakness and swellings of the mus- 

cles, tendons and ligaments. Any impairment of range of motion 

of the joints also indicates that the sinew channels are involved. 

In addition, each sinew channel also has its specific symptoms 

(> chapter 4, individual channel descriptions). 

‘The following factors can contribute to disorders of the sinew 

channels: 

© Bi syndromes ~ external invasion of pathogenic Wind, Cold, 
Damp or Heat 

© Traumatic injuries 

‘© Muscle strain through over-use 

‘© Muscle strain and contraction due to longstanding emotional 
and mental stre 

While the sinew channels do not have their own specific points, 

they can easily be accessed by needling ashi-points, as well as 

through adjunctive therapies such as cupping, Tuina massage, 

plum blossom needling, moxibustion and gua sha (scraping 

technique). Distal points can also be used in treating disorders of 

the sinew channels. 
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For traumatic injuries with limited range of motion, needling of 
distal points with simultaneous movement of the affected joint 
has proven to be very eflctive. The distal points (-* 8.2.1) can 
be chosen by first determining the affected area, then needling 
points in the corresponding area on the contralateral side. 

For example, for a knee injury, the exact location of the pain is 
determined, then the corresponding point or area on the contra- 
lateral elbow is needled or massaged. Fig. 1.27 illustrates the areas 
that have been found to be eff 
to as reciprocal areas (for more detail also See + 8.2, 8.3) 


ctive. These areas are also referred 
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Fig. 1.27 Corresponding areas of the bady 


1.5 Luo-Connecting Vessels 


midary pathways (Larre and Rochat de ta Vallée), 
collaterals 


Synonyms: 
network vessels, 


Organisation 
‘The Iuo-connecting vessels can be divided into 15/16 great luo- 
connecting vessels as well as into many smaller and more super- 
ficial Iuo-connecting vessels, Looking at the luo-connecting 
- they form a network that spans the entire body. 
connecting vessels in turn connect with the great 
Juo-connecting vessel of the Spleen (at + SP-21), which plays a 
‘major role within the network of the /uo-connecting vessels (Ling 
‘Shu, Chapter 10). Together with the primary channel system, 


1.5. Luo-Connecting Vessels 


they form a network of vessels which distribute Qi and Blood 
not only within the body, but also to its surface (Fig. 1.3, 1.4), 


The 16 great Juo-connecting vessels 
‘Traditionally there are 15 /uo-connecting vessels, but if one 
includes the gre: mnecting vessel of the Stomach (wei zhi 
da luo or xu li), it raises the number to 16: 
#12 lwo-comnecting vessels (luo mai), related to the 12 primary 

‘channels and beginning at the extremities 
* 4 luo-connecting vessels beginning atthe thorax: 

— 2 luo-connecting vessels of the ren mai and du mai 

— 1 great fuo-connecting vessel of the Spleen 

— 1 great fuo-connecting vessel of the Stomach, 
Except for the Great luo-connecting vessel of the Stomach (xu 
i) which originates in a fi-Organ, all other 15 Juo-connecting 
vessels emerge at a specific point on their pertaining primary 
channel, the /vo-connecting point (+ 8.1.2). 13 Juo-connecting 
points are located on primary channels, two on extraordinary ves- 
sels (ren mai and du mai). The [uo-connecting points are located 
on areas of the body, where the /ua-connecting vessels that con- 
nect the Interiorly-Exteriorly pertaining channels with each 
other divide into smaller vessels. The 15/16 luo-connecting ves- 
sels thus fullil a controlling function over all the other, smaller 
Juo-connecting Vessels. Each [uo-connecting Vessel has its own 
pathology according to its pertaining primary channel (—+intro- 
ductions to the primary channels —* Chapters 4 and 5). 


luo 


‘Superficial uo-connecting vessels 
‘The smaller superficial luo-connecting vessels are sub-branches 
of the ‘great’ /uo-connecting vessels, ‘They, in tum, are divided into 
the sun luo, vertical branches whi 
to as tertiary branches or grandchild-vessels. ‘The sun luo not 
only spread over the surface of the body, but also cover the inter- 
nal Organs. The sun Juo further divide into the more superficial 
fu luo. The fit luo again divide horizontally into small branches 
called the xue luo (blood vessel network). 

Pathogenic factors tend to enter the body through the superficial 
Juo-connecting vessels. By the same token, disorders such as Qi 
or Blood stagnation in a primary channel or an Organ may man- 
ifest in the xue luo as skin discolorations, spider veins, ete, 


hare sometimes also referred 


Clinical importance 

‘The {vo-connecting vessels can be accessed through superficial 
needling techniques as well as skin-sensitising techniques such 
as plum blossom needling, bloodletting, cupping, gua sha and 
‘moxibustion. 


[New diseases are located in the primary channels; old (chronic) 
diseases lodge in the luo-connecting channels, 
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ind Network Vessel System) 


1.6 Cutaneous Regions (pi bu) 


Characteristics 

‘The cutaneous regions form the most superficial aspect or outer 
cover of the primary channel system (pi = skin). According to 
Ramakers (course material, 2003), they can be compared to a 
“big bag that holds everything together’ and ~ besides the extra- 
ordinary vessels they represent the oldest tissue in the body, 
‘which developed from the ectoderm. The cutaneous zones are not 
channels per se, but rather areas of skin connected to and cover- 
ing the network of superficial channels and vessels. They are 
‘named after the six great channels (liu jing —* 1.2.3) (Fig. 1.28). 


aiyang 
Bi shaoyang 
Eyangming 
Baiyin 
jeeyin 
I shooyin 


Fig. 1.28 Cutaneous zones (anterior and posterior aspect) 


Functions 

‘The cutaneous zones circulate Blood and Qi, especially Defen- 
sive Qi (wei qi), to the surface of the body and regulate the skin 
and pores, thus strengthening the body's defences. Proper func- 
tioning depends on the Lung Qi, which governs the skin, and the 
Defensive Qi (wei gi) (+ 1.1.4), Pathogenic factors can enter 
and exit the body through the cutaneous zones. 


Clinical importance 
Disorders of the primary channels and their pertaining zangyfit- 
Organs may be reflected on the outside of the body by the cuta- 
neous zones, for example pathological skin sensations, lesions 
or discolorations may occur. A bluish-gre 
‘may indicate pain or obstructions, a reddish colour Heat and a 
pale-whitish colour deficiency or Cold. Therefore, the cutaneous 


ish discoloration 


zones can serve as a diagnostic tool for skin disorders or pain, 
specifically for chronic pain. Treatment techniques include 
superficial needling, plum blossom needling, cupping, massage, 
and gua sha (Chinese scraping technique). The author had good 
results in the treatment of chronic pain with the somatopic 
wrisVankle acupuncture developed by Dr Zhang Xin Shu 
(JCM, No. 37,11/1991, + Focks and Hillenbrand 2003), The 
strictly subcutaneous needling used in this technique influences, 
of course, the cutaneous zones, 


1.7 The Eight Extraordinary 
Vessels (qi jing ba mai) 


‘Synonyms: Extraordinary meridians, Wondrous meridians 
Meaning of gi jing ba mai: 

Qi: extraordinary, strange, not paired, miraculous, wonderful 
Jing: channels, meridians 

Ba: eight (first differes 
Mai: vessels 

‘The eight extraordinary vessels are not channels such as the jing 
‘mai, but they are ~ as the name implies ~ extraordinary. While 
they are often mentioned together with the primary channels 
Ging mai + Fig. 1.3), they still play a special role. 


mn) 


1.7.1 Theories about the Origin of the 
Extraordinary Vessels 


‘The eight extraordinary vessels are often considered to be the 
deepest and most original structures of the body and channel 
system, developing very early on during the embryonic phase. 
‘They are considered to ‘cover all of human activity” (Larre et al 
1986). They also initiate all secondary functions and always 
remain operative. Therefore, their pathologies manifest with 
complex symptoms and include pre- and postnatal Essence 
problems. The Nanjing (Unschuld’s translation, 1986) is the first 
to describe the extraordinary vessels as a complete system. Ear- 
lier records only mention them individually in the context of 
their respective functions 


Origins of the extraordinary vessels 

In order for the manifestations of life to develop, the body 
requires structures that keep the rhythm of the Qi and its related 
processes in harmony and balance. The Nanjing introduces the 
concept of an energetic centre in the human body, the ‘moving 
Qi between the Kidneys’, which is often seen as connected with 
the mingmen and gihai dantian and is subject to the influences 
of the cosmic as well as of the prenatal and postnatal Qi. 
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According to Matsumoto and Birch (1986), the ‘moving Qi 
between the Kidneys’ represents the Taiji of the body, the Great 
One, the origin of Yin and Yang. tis considered to be the root and 
origin of all human systems and structures and, according to some 
authors, it has a connection to the Original Qi (yuan gi) (—* 1.1.4) 
‘The chong mai, as the oldest vessel, is sometimes equated with the 
‘moving Qi’. The ren mai and di mai represent the basic division 
of the Yin and Yang in the body; in other words, they originate 
from the ‘moving Qi’ or chong mai as Yin and Yang branches. 
During the ‘division’, one movement ascends the front of the body 
(ren mai), the other movement the back (du mai), 

Heaven and Earth have noon and midnight, the body has the ren 
‘mai and du mai as its polar axes. The du mai, ren mai and chong 
‘mai have different names, but in the end they are the same and 
have the same signi ‘The chong mai ensures the insepara- 
bility or unity of the du mai and ren mai —of Yin and Yang. If we 
tried to separate Yin and Yang, we would have to realise that 
they are an “inseparable whole, a unit’ 

‘Therefore, the extraordinary vessels function asa kind of matrix, 
Which is the source of the energetic functioning and the cellular 
divisions in the body. This matrix is present from the moment of 
conception and organises the structuring of the embryonic devel- 
‘opment from the earliest stages. 


an 


Explanation of Fig. 1.29 (after Matsumoto and Birch) 

In the beginning, there is the Great One, the Taiji (first level). At 

this level of ‘no-form’ the Great One begins to separate (second 

level) and becomes Yin and Yang (third level), At the fourth 
level, Yin and Yang separate twice (two branches): 

* One branch separates in a threefold way to become the 
‘Triple Burner (sam jiao) and its associated forms of Qi. Fur- 
ther separations lead to the formation of the six great channels 
(liu jing 1.2), the Five Phases and their source, as well as 
the 12 primary channels. 

© The other branch separates at the fourth level to form the 
four body areas (left, right, above, below) and then the eight 
extraordinary vessels, 


1.7 The Eight Extraordinary Vessels (qi jing ba mai) 


First level The Great One 
Second level Separation 
Third level Yin/Yang 


Fourth level 


4 body areas 3 Burners 


+ + 


8 extraordinary vessels 6 levels or great channels 


4 


12 channels 
Fig, 1.29 Origin of the channels 


Scars of the first cell division 

Matsumoto and Birch (1986) comment on the work of Manaka 
and others, who interpret the extraordinary vessels with regard 
to embryonic development, regarding them as sears or ‘lines of 
separation of the first cell divisions’, 

‘The du mai and ren mai are the result of the first division of 
the fertilised egg, while the dai mai develops during the second 
division. ACthis stage, the embryo is essentially a torso, While the 
extremities and the more ‘peripheral’ extraordinary vessels ~ the 
yang giao mai and the yin giao mai as well as the yang wei mai 
‘and the yin wei mai — only form during subsequent divisions, 


The eight extraordinary vessels and body 

structure 

# According to Manaka et al (1995), a close connection exists 
between the eight extraordinary vessels and body structure/ 
symmetry. 

# The du mai and the ren mai separate the body vertically into 
left and right: the ren mai marks the anterior midline, the di 
‘mai ascends the posterior midline. 

# The dai mai circles the waist horizontally, forming a hori- 
zontal axis. It separates above from below (+ Fig, 1.30). 
{Ina further development of this idea, Manaka describes the divi- 
sion of the body into eight areas, using the structure of a topo- 
-al octahedron for illustration. (+ Fig. 1.30 b). In this model, 
the eight extraordinary vessels directly relate to the lines “sepa- 

rating” the faces of the octahedron: 

* Due to their location on the anterior/posterior midline, the rent 
‘mai and the du mai separate the body into its right and left 
section. 

# The dai mai separates above and below. 

* The G.B. and TB. channels compare to the anterior and 
posterior dividing lines at the lateral edges of the Yang aspect 
of the body. 
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© The P and SP channels compare to the anterior and posterior 
dividing lines at the lateral edges of the Yin portion of the body. 
‘The opening points of the extraordinary vessels, with the excep- 
tion of SP-4 (a point on the LIV channel would be more appro- 
priate), represent this division: 
* P-6 and T.B.-5 are the opening points of the yin wei mai and 
yang wei mai respectively 
+ SP-4 and G.B.-41 are the opening points of the chong mai 
and dai mai respectively. 
‘These four channels divide the anterior and the lateral aspects 
of the body and connect the upper and lower parts, the four 
associated extraordinary vessels functioning accordingly. The 
yin giao mai and the yang giao mai, due to their connection to 
the KID and BL channels (opening points KID-6 and BL-62) 
have a close relationship to the ren mai and dic mai. Furthermore, 
the pathway of the KID channel is located close to the ren mai 
‘while the BL channel is close to the du mai. 


du mai ven mai, san jo, GB. 


PsP 


dai mai 


dat mai 


Fig. 1.30 Development of the octahedral structure based on 
body symmetry 


j= 


1.7.2 Principles and Functions 


“The primary channels are the rivers, the extraordinary vessels 
are the lakes, 
In some of the 


lassics, the extraordinary vessels are compared 
to reservoirs, which store excess Yang, Yin, Qi or Blood, releas- 
ing it into the primary channel system in times of need. With the 
exception of the ren mai and du mai they do not have their own 
points, but they can be accessed through and are connected by 
points on the primary channels (see pathways of the primary 
channels + Chapter 5). All extraordinary vessels (with the 
exception of the dai mai with its horizontal trajectory) begin at 
the lower extremities or in the lower part of the torso and travel 
to the head, They can be activated by needling their opening and 
coupled points (differential therapy — 8.1.8) 


Reservoir and compensation function 
*..avhen the network vessels (the primary channels) are filled to 
overflowing, none of the... conduits could seize any of their con- 
tents, and itis only then that the surplus contents of these vessels 
flow into the single conduit vessels (the extraordinary vessels)” 
(Nanjing, translation by Unschuld 1986) 

‘The Nanjing compares the extraordinary vessels to reservoirs, 
‘which are able to absorb a surplus of Qi and Blood in the primary 
channels, releasing them again during periods of defi 
example, if pathogenic factors penet 
system, this excess can be absorbed by the extraordinary vessels, 
‘This will ensure that the zangfi-Organs remain unaffected. In that 
sense, the extraordinary vessels have a regulating compensation 
function 


Reproduction and fertility 
‘The chong mai and the ren mai in particular, but also the de mai, 
play an important role in reproduction and fertility 


Connecting the primary channels 

© The chong mai, also known as the ‘sea of the 12 primary 
channels’, connects the primary ST and KID channels. I also 
strengthens the connection between the ren mai and the die mai 

© The ren mai as the sea of Yin connects all Yin channel 

© The du mai as the sea of Yang connects all Yang channels at 
Du-14 (dazhui) 

‘© The dai mai circles the body at the waist and binds the verti- 

trajectories of all 12 primary channels in general, but 
especially the chong mai, the ren mai and the KID, LIV and 
SP channels 

‘The yin wei mai dominates the Interior of the body and con- 
neets the KID, SP and LIV channels and the ren mat. 

© The yang wei mai controls the Exterior of the body and con- 
neets the BL, G.B., T.B., S.1. and ST channels and the di mai. 

‘© The yin giao mai connects the KID and BL channels and con- 


trols balan 
# The yang giao mai connects the BL, G.B., 8.1, LL. and ST 
channels and controls activity. 
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{In addition, the eight extraordinary vessels are regarded as con- 
necting channels for the extraordinary fu-Organs, 


Protection of the body 

‘The chong mai, ren mai and du mai circulate the Defensive Qi 
(wei qi) in the thorax, abdomen and the back, and thus help to 
protect the body against external pathogenic factors. Due to their 
origin, they are also directly linked to the Kidneys, the pre- 
Heaven Qi and to the constitutional forces 


1.7.3, Comparison of the Eight 
Extraordinary Vessels with the 
Primary Channels 


1.7 The Eight Extraordinary Vessels (qi jing ba mai) 


Points, ‘Specific, bilateral points Only the ren mai and due mai have their own points (and internal 

trajectory pathways): all other extraordinary vessels “borrow” points from the 
primary channels. The four central vessels are unilateral (except for the 
chong mai, which also has a pathway on the extremities); the four 
peripheral vessels are bilateral 

Girculation | Continuously circulate Nurritive Or and Blood | Circulate Essence Qi, Nutritive Qi and Defensive Qi, but according 10 
some authors they do not have a continuous flow of Qi 

Deptt ‘Superficial, external pathway and a deeper, ‘Compared tothe internal pathways of the primary channels they are more 


internal pathway: directly connected to their 
pertaining zangfu-Organs 


superficial, compared to the external pathways of the primary channels, 
they are deeper. They have no direct connection to the zangfi-Organs, 
but their origin — especially ofthe four central vessels — lies deep within 
the body. 


‘Connections | They connect the Exterior and Interior (ihrough 

internal/ external pathways and through 
‘Yin/Yang channels) as well as above und below 
(hand-foot pairing, axes) 


They do not connect the Inierior with the Exterior, nor do they connect 
Yin and Yang 


Functions Guide excess to the eight extraordinary vessels 
fr to other secondary channels 


[Reservoir function: excess of Qi and Blood in the primary channels flows 
to the eight vessels and are stored there. In times of deficiency they are 
tansported back into the primary channels, 


Diagnosis Diagnosis based on channel theory (meridian 
therapy), in TCM according to the ba gang 


(canyfu, pulse and tongue) 


Diagnosis is characterised by specific arrays of symptoms and specific 
pulses. 
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1.7.4 Pairing and Special 
Functions 


‘The eight extraordinary vessels can be paired in several ways 

(Fig. 1.31): 

‘© The central vessels and the peripheral vessels can be coupled 
to form Yin/Yang pairs 

© Or a central vessel can be paired with a peripheral vessel. 
‘These pairs support particular regions and are very important 
in acupuncture therapy (—* Opening points 8.1.8). 


Centre <> periphery (Yin-Vin, Yang-Yang) 
Periphery <> periphery (Yin-Yang) 
b Centre <> centre (¥in-Vang) 


Fig. 1.31 Pairing of the extraordinary vessels (b, graphic 
overview modified according to Pirog 1996) 
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Pairing according to Yin/Yang polarity 


Pairing of the extraordinary vessels according to Yin/Yang polarity 


of the 

Central vessels (pathways on the head and torso) 

en mal du mai The da mai ean be considered to be the first Functions: Storage and distribution (of 
‘manifestation of the Qi and Yang, the ren mai the first | Yin and Yang). Foundation of the eight 
‘manifestation of the Blood and Yin, This pairstores | extraordinary vessel, stores Essence Qi, is 
the Yin Qi and Yang Qi responsible forthe support of the 

along pal Tai mat The chong mai ts Tihs a harcooniond connecion intemal organs and extraordinary fi 
between Vin and Yang, it expresses vitality and organs, as well as for the fundamental 
sets impulses body structures 


The dai mai encircles; it is like a container and 
prepares the cigculation of Yin and Yang. The pair 

lates the Essence (jing) and Qi between the 
‘Yin and Yang regions of the body. 


[Peripheral vessels (pathways from the lower extremities to the torso) 


yin giao mai | yang qiao mai | This pair ereates balance between Vin and Functions: Balance, circulation and 
Yang (for example balance between Essence connection (of the Yin and Yang 
Ging) and Qi, Blood and Qi, left and right, aspects). Provides contact between the 
Nutritive Qi and Defensive Qi, also on the outside — distal regions of the body and the torso 
between day and night), conirols and regulates and head. 


the ascending (yin giao mai) and descending 

(ang giao mai) movement in the body. is 

responsible for balance and rhythm between 

Yin and Yang 

Vin wel mai | yang wet mal | The yin wei mal governs the Interior (1), it 

organises and creates connections within the 

Yin aspects of the body. The yang wei mai 

governs the Exterior (bio, it organises within 

the Yang aspects of the body. This pair connects the 
and Yang respectively, “That which moves and 

circulates between the Yin channels is called the 

yin wei ~ that which moves between the Yang 

‘channels is ealled the yang wel 


Central-peripheral pairing 

Here, a central vessel is combined witha peripheral vessel, This 
pairing probably refers to regions of the body which are traversed 
and supplied by the pair 


Central-peripheral pairing of the extraordinary vessels 


[Pair Vessel Relationship | Opening point [ Coupling point | Supported regions 
Pair I chong mai Tuther ‘SPs P6 Heart, thorax, Stomach 
vin wei mai | mother Pe SPa 
Pair du mai Thusband Sia BLOG uhus ofthe eye, occiput, shoulders 


JL and BL channels 


rear wife Ble sia 
Fair | dal mai man Gal TES Tatar eye and tiple Felon, ear, cheeks 
cccipit and shoulders 
yng wel mal — | woman TBs Gai 
Fara [ren mai host LUT KIDS Face, throat, hora Langs, apr 
yin giao wal —| goes KIDS LUT abdomen 
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2 Location Methods and Cun Measurements 


Claudia Focks 


(One of the basic prerequisites for any successful acupuncture 
tweatment, besides a differential Chinese Medicine diagnosis 
‘and the relevant point selection, isthe correct point location. 


2.1 Location Methods for Body 
Acupuncture 


“There are vatious methods fr locating acupuncture points 
Anatomical approach: many acupuncture points ate siuated at 
clearly defined anatomical locations, for example in depressions 
at muscle and tendon insertions, ingrooves at joint lefts, at bony 
‘prominenees te. With some experince, the palpating finger wil 
‘ofiensutomatically “all” into te right depressions and holes 
‘Various anatomical structures and zones form the bass for point 
location. These are described in more detail in Chapter 3. We 
can distinguish between the following 
+ Fixed markers are not affected by the body position or by 
‘movement. These include bony landmarks suchas depressions 
or prominenees of the skeletal system, but also the finger- and 
toenails. the nipples, the umbilicus, ete. Most ofthe propor- 
tional eun measurements (+ 2.2) ely on fixed markers 
‘Movable markers often become more clearly defined with a 
particular body posture oF movement (—* 23.2), For exam 
ple, by flexing the elbow, the cubital crease becomes much 
smote clearly visible to locate LaL-I1 precisely. Equally, the 
‘most distal palmar erease becomes much more visible when 
‘aking a loose fist. in order to locate S.l-3. Other para- 
‘meters that might determine the location of a poi 
changed skin consisteney, sensitivity to pressure, puffiness or 
‘resistant sensation when palpating gently with a finger 
Proportional measurements: Whea tying to late points not 
Situated at any prominent structures, Chinese Medicine applies 
the proportional cun measurement (-* 2.2) 
Electric tools: These measure the electric resistance ofthe skin 
in order to find the eorect location of the points. Generally elee- 
tv resistance is lower in the immediate area around the point 
“This method is especially used in auricular acupuncture, but i 
thas not proved to be a practical method for body acupuncture 
Very point technique (after Gleditsch 2005): The needle is 
held loosely and guided in a “dancing” fashion over the skio 
‘When the corzect point ~ the “very point’ — is found, the needle 
will ‘catch’ on to it and penetrate the skin a if out of its own 
volition 


2.2 Cun Measurements of 
the Body 


In Chinese medicine, distances on the body are traditionally 
measured in cun, In contrast 10 the official Chinese cun 
(Leun = 2.5em), the cun used in a medical context is a pro- 
portional unit of measurement that takes the individual pro- 
portions of each body into account. 

“This relative unit of measurement is defined either by using the 
Width of a particular finger or fingers (finger cun) or by the dis- 
tances between clearly defined landmarks of the body (body 
cnn). 

In clinical practice, many points ean be located by using finger 
ceun measurements (-* Fig. 2.1) Ibis important, however, to use 
the patient’s fingers, not the practitioner's fingers, for refer- 
ence. Ifthe Fingers of both the practitioner and the patient have 
approximately the same width, the width of the practitioner's 
fingers can be applied for point location, Otherwise, measure- 
‘ments have to be adapted to correct minor deviations, for exam- 
ple by adjusting the spaces (narrow or wide) between the 
practitioner's fingers when using finger cun measurements 

‘The body or proportional cun is based on the proportions of 
particular sections of the body. which are divided into a speci 
‘number of units (—* Fig. 2.3)-In clinical practice, the measure- 
‘ment of these divisions can be quite cumbersome. Therefore, 
the spreading hands technique is commonly applied (Koenig 
and Wancura 1979/1983). It allows the practitioner to quickly 
determine the midpoint ofa given distance (~* 2.3.3) and, com 
bined with finger cun measurements und palpation, is in most 
ceases sufficient For correctly locating a point, For point location 
oon the abdomen, a prepared elastic tape can be useful for meas- 
uring proportional cun (+ 2.3.1), 
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2 Location Methods and Cun Measurements 


Finger cun 


Body cun or proportional cun - the most 
commonly used proportional distances 

“Tip fr locating the end of the axillary fold: The anterior or pos- 
tetor axillary fold defines the end ofthe ila, forming a fold in 
the skin (bo anteriorly and posteriorly), where the arm joins 
the thorax, The axillary fold isthe reference pont for any cun 
smeasutements on the upper arm (-* Figs 2.2, 2.3, LU-3 and LU- 
4), which ean be found by asking the patient to adduct ise 
am and to insert hisMer flat hand into the axilla, The en ofthe 
axillary fold poins in a supetiordivetion, terminating at the 
lower border of the pectoralis major muscle, which in 


& extends to its insertion in the humerus, below the deltoid muscle. 
“The end of the axillary fold may vary considerably, depending 
on the individual proportions positioning of the arin and flexing 
rR e e othe muscles. I should therefore be located with the patient's 
Ta Pau Tun ams hanging down in a relaxed way. 
thumb inden ger fiager-width liad Y 
« Pp 
Tun Pun 
middle oger foger width 
% 
Faun 
fger width 
Fig 21 
[A] ema tum measure | The with ofthe inerpalangeal 
join ofthe thumb ts widest, apes 
point 
B] Seana index ager | The diance ofthe ovo dal _ \ i 
tease Dlalanges ofthe inden ing Stat 
Fe | Teun as middle nger | With the ip ofthe mille finge? | uypartrey 5 
esse placed onthe hun, the Fistor Md aia 
listance Between tends ofthe | Sm) 7 = 
crests ofthe interpalangeal itt 
Joins ofthe il finger \y » | i) aL 
D_]TScanastworngss | The wid ofthe index and tt 
esse mde finger when placed — 
closely together, at the level of famed \ and 
the dsl iterphalangealjlns bla 
Een ade, Ide |The wit ofthe dex, mile eta 
and ing finger meastre | and ing finger when paced som. | | wget 
Slow togetie the evel of = an 
the dial interphalangeal las poo Eesen 
TE] San four ager | The wid of the four fingers ie wi 
mewure when placed closely togater, eg tes lea ate 
ihe lve ofthe dsl ieee, Eres 
interpalangeal joints 
(= hand-breadth) Fig. 2.2 
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2.2 Cun Measurements of the Body 


Longitadinal rom the anterior (> 31.1) to the posterior balrine (= 3.1.5) 
rom the midpeit of the eyebrows to the anterior aiine (= 31.0) 
rom te Tower border af the spinous procers of CT (= 38.1) wo he ponerne hailing [> NTS) 
Fro ExcHINGS Qintang) to Dusit 

arizona “The distance between the mastoid procenee (=>) 


rom corer to comer onthe forehead (SEK wo SES) 


structures For mor 


Longitudinal can rom the suprasiemal depression (Ren-22) 9 the stemocostal angle (+ 3.5 xiphostemal synchondrosis) 
Teun rom the Hemocostal angle (+ 3.5, xiphosternalsynchondrosis) to the centre of the umbilicus 
Sun From the centre ofthe umbilicus to the upper barder ofthe pubic symphysis = 33) 

orzona Teun “The distance Retwoen the bwo apples 

aera Teun rom the end ofthe wxllary fold to the Up ofthe fee nd ofthe 1th ib (LINAS) 

iongitudinal 


[Both the spinous processes and the intercostal spaces a used for ericotaion. Main reference poinls ae: the spinous process of C7, the infer 
angle of the scapula level with T?), 
forthe 2nd sacral foramen). Please note the position of the patient (standing, sting. lying) as well as individual anatomy and spinal structure 
(kyphosis, lonlosis etc) all influenc 

re detail Chapter 3 


the iliac erest (level with the spinous process of L4), the posterior superior ilise spine (PSIS) (evel with S2 


the level ofthe vertebrae, which consequently may vary considerably in relation to other anatomical 


Longitudinal 


Wear 


Trams spinous proces ofthe TI tothe up ofthe noe 


arizona 


"From te medial order of he scapala to he posterior midline spinous processes), Wilh Whe shoulder 
relaxed and hanging arms 


From the end ofthe anterior axillary Told 1 The wansverse cubital crease 


rom the wansverse cubital crease to the wrist joint space (=> 3.33, transverse wast cease) 


Lateral Teun rom tbe highest prominence ofthe greater wochanle (= 3.6) w the popliteal crease 
Tecan From the popliteal crease to the highewt prominence of the lead malleolus (= 3.6.2) 
Teun From @.B.-3 (anterior and inferior (othe Read ofthe ibla) to the highest prominence of ts Taira 
rullcalus (= 3.62) 
Tam Frome hight prominence of The Tteral mallsotun (3.62) to the Tower Ponder ofthe heed 
Nea Teun rom the upper border of the pubic symphysis (3.5) the upper border ofthe patella (3.6.1) 
Teun rom the medial end ofthe popliteal cease to the highest prominence ofthe medial malleolus (43.63) 
Teun From the medial condyle ofthe ibia (= 3.6.1, junction of the head andthe shaft of he tibia) othe 
highest prominence ofthe medial malleolus (—* 3.6.2) 
Ta rom the gluteal crease tothe popliteal crease 


Difference berween the level ofthe Righest prominence ofthe ateral and medial malleolus respectively 
(362) 
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2.3 Tips for Point Location 


2.3.1 Elastic Tape 


‘A marked elastic tape as proven a very useful tool for simplify 

ing cun measurements and facilitating correct point location. It 

is especially recommended for measurements on the abdomen, 
the shape of whieh can vary considerably from patient to patient 

(Kitzinger 1995), An elastic tape, 1-2 em wide and approxi- 

‘mately 40 cm long, is marked at regular intervals of 2em, which 

‘can optionally he numbered from I-20. The tape is placed onto 

the distance fo be measured, stretching it according to the eor- 

rect number of cun for that particular distance, This method 
allows the use of proportional cun for exch individual patient, 

Examples: 

‘For locating points on the upper abdomen, stretch the tape $0 
that eight units cover the distance between the sternacostal 
angle and the centre of the umbilicus (+ Fig. 2.4), 

‘© For locating points on the lower abdomen, stretch the tape so 
tha five units cover the distance between the upper border of the 
pubic symphysis and the centre ofthe umbilicus (~* Fig. 25). 


Fig. 24 


‘ 


Fig. 25 


2.3.2 Patient Positioning and Body 
Movements 


“To locate certain points, it ean be very helpful to ask the patient 
to assume a particular position or to perform a specific move- 
‘meat, 

Examples: 

‘© For locating points on the P channel on the forearm, ask the 
patient to tightly press the thumb and litle finger together. 
‘This will make the tendons more visible (-* Fig. 2.6) 

© ‘Tiger mouth grip” as location help for LU-7 and LL-6 
(+ Fig.27) 

For locating Lal, ask the patient to press his/her thumb and 

index finger together. A muscle bulge will form; LI is 

located on its highest point (~+ Fig. 28). 

When turning the wrist joint from a pronated 10 a half: 

supinated position, the palpating finger will ple into a bony 

cleft just proximal to the styloid process of the ulna (S.1-6, 

= fig 29). 

As the palpating finger glides along the skin, the skin bulge 

forming in front of it will ‘arrest’ the finger atthe point tobe 

located. This method is very useful for quick location of cer- 

tain points such as T1B.§ of P-6 (—* Fig, 2,10), 


Fig. 2.7 


2.3 Tips for Point Location 


Fig. 2.8 


Fig. 2.10 
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2.3.3 Spreading Hands Technique 
According to Kénig and 
Wancura 


“The spreading hands technique is particularly useful for quickly 

dotermining the midpoint of a given distance. For this purpose, 

the litle fingers of each hand are placed oa the endpoints of the 
distance to be measured. Both hands are then evenly spread over 
the distance. The thumbs are joined inthe middle, indicating the 

‘midpoint ofthe distance. 

Examples: 

‘= To determine the midpoint ofthe 16 cun-distance between the 
popliteal crease and the prominence of the lateral malleolus, 
the little fingers are placed on both endpoints of this distance 
(> Fig. 211) 

‘= Tolocate Du-20, the hands are placed on the lateral aspects of 
the patient’s head, with the litle fingers touching the apices 
of the ears. The thumbs are then joined on the vertex of the 
‘head, and will be pointing to Du-20 (— Fig. 2.12). 


Fig. 2.11 


Fig. 2.12 


3 Anatomical Orientation 


Ulrich Marz 


Fig. 3.1 


Sagital suture! 


cepital bone 


Fig. 3.2 


3.1 Head 


3.1.1 Vertex, Forehead and 
Supraorbital Region 


Vertex (+ Figs 3.1, 3.2) 
+ Du-20 (babu is located a the junction of the cranial mide 
Tine and an imaginary line connecting the apices ofthe eas 
“This point is ata distance of 5 cun from the anterior hatine and 
cus from dhe posterior hailne, marking the highest point of 
the cranium (‘vertex’), 

Please note: Whe locating Du-20, the patent's head shouldbe 
jin an upright postion, Spreading hands technique (afer Kinig 
and Wancura, —* Chapter 2): Place the hands on the lateral 
aspects ofthe patient's head, with the lite fingers touching the 
apices ofthe eas, The thumbs ae then joined at the cranial mid- 
Tine und will be pointing wo Du-20 (ai). 


Fig. 33 
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rior hairline (+ Fig. 3 

"The anterior hairline forms the superior border of the forehead and 
‘can yary considerably from person to person. The original line of 
hair growth is enerally considered as the anterior hairline 

In men especially, the hairline may begin to recede early in Tife 
due fo progressive baldness, so thatthe existing hairline may not 
bbe identical wit the original line, which will now be located in an 
‘area not covered by hair. In these cases ask the patient to frown: 
the original hairline will be located supetior to the wrinkled fore- 
‘head, atthe junction ofthe stil sighily creased skin with the com- 
pletely smooth skin, Points in this urea are —* Du-20 to Du-24, 
BL  BL-7, G.B-4 10 G.B-7, G.B-13 0 G.BelS, SES. 


Fig. 35 


Fig. 34 


Fig. 36 


Frontal bone 


Fig. 3.8 


Parietal bone 


‘Occipital bone 


“Temporal bone 
zygomatic arch 


' zygomatic bone 


Temporats 


1 
Stemocteidamastoid 


Temporalis muscle and temporal corner of 
the forehead (— Figs 3.7-3.9) 

By asking the patient to firmly clench and release hisherteth, 
the temporalis muscle canbe palpated on the aera aspect ofthe 
forehead. The corner between the forehead and the temples is 
snarked by the junction ofthe anterior haitine with the temporal 
tine, which tends to become more pronounced witha receding 
taittine 

~ STi located in the centre ofthis are, at the insertion point 
ofthe temporlis muscle and 0.5 cun within the natural hattine 
Often, the coronal suture canbe palpated here 


Fig. 3.9 


3.1 Head 
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3 Anatomical Orientation 


Forehead (= Figs 3.10, 3.11) 
“The more or lss prominent bulge ofthe frontal eminences can 
tv palpated on both sides ofthe Forehead. + G.Bb-14is located 
at their lower border, ina shallow depression atthe junction of 
the eminences and the superciliagy arches, With the patient lok 
ing straight ahead, G.B-14 is located dvecty above the pupil, 
approximately 1cun superior tothe supraorbtal margin, 


Glabella, superciliary arches 
“The plabella isthe central ony reference point onthe forehead, 
forming a slightly convex, level area superior to the root of the 
‘se and between the supeciiary arches 

The extra point yintung (Ex-HN-3) is located atthe cente of 
the plabella, Several points are located along the superiiary 
arches (from medial to lateral): + BL-2, yuyao (EX-HN-4) and 
‘rn.23, 

Please note: + BL-2is located superior tothe inner canthus of 
the eye, in the area ofthe frontal (nt the suprarbital incisue, 
when this present 


Fig. 3.10 


etna 


Ging) Front sama 


inh Bema 


TOPO eye 


Fig. 3.12 


NhOmnees) 


oe 


3.1.2 Centre of the Face and 
Nasal Region 


Cheek bones (— Figs 3.12, 3.13) 

Both the maxilla and the zygoma form the cheek bones below 
the eyes. Important anatomical landmarks are the infaorbital 
foramen, the lower border ofthe zygoma and the zygomatic arch 
ofthe temporal bone. 


Infraorbital foramen (— Figs 3.12, 3.13) 

‘With the patient looking stright ahead, the infraorbita foramen. 
with + $1.2 s located on the maxilla, directly below the pupil. 
‘The foramen lies 1 finger-width below the infraorbital ridge. By 
palpating inferioely from there, it can be felt below the maximal 
‘curvature of the ridge, ina stall depression that is often sensi 
tive to pressure 


Fig. 3.14 


3.1 Head 


al 


rsa EASY ARM 1 


The Ersa EASY ARM 1is 2 
‘compact yet powerful iter uit fo 
efficiently clean the process air 
alte workplace. Both -CONI C, 
CON? C and -CON VARIO can be 
connected to the EASY ARM 1 with 
‘an interface cable. The solder fume 
extraction has three firation levels 
to remove noxious gases. 


With the solder fume extraction 
EASY ARM 2, Ersa offers the user 


OEE AN: AIR solder fume extractions 


2 ting environment, health and resource 


Ersa EASY ARM 2 


a further compact and highly ef 
ficient fume extraction unit for ether 
‘one or two workplaces. One or two 
units (CON1 C/-CON2 C/-CON 
VARIO can be connected fo the 
EASY ARM2 via inlerface cable. 


Boh EASY ARM systems are 
provided witha stand-by mode and 
operate only when the soldering sta- 
tions they ae connected to are being 
used, The EASY ARM 1 and 2 are 


es to intall and can be placed very 
‘lel. Due othr very low noise 
level, they canbe operated in vitally 
allemvironment, be repair shops, 
development facites or laboratoes. 


‘To accommodle different working 
‘coneitions and applications, a var- 
ely of extraction arms and nazzle 
shapes which can easly and quickly 
be exchanged are avaliable to meet 
different working condition, 
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Zygoma (— Figs 3.15, 3.16) 

“The bony structures Below the lateral orbit are formed by the 
~zygoma, —SL-18is located directly below the outer cans of 
the eye atthe lower border of the zygoma, a the junction ofthe 
~zygoma and the maxilla, on the anterior border ofthe masseter 
tnuscle. (+ Lower face and hin) 


Zygomatic arch (— Figs 3.15, 3.16) 

(On the lateral aspect of the face, the temporal process of the 
~zygoma articulates with the zygomatic process of the temporal 
bone to form the zygomatie ach, This isan approximately hor 
~ontal bony siucture which canbe palpate ntrally to the eu 
+ G.B.3 and —+ TB.-22 are both located onthe upper border of 
the zygomatic arch, while ST-7 and —+T.B.21 ave situate at 
its lower bord. 


‘Occipital bone 


‘18-23 
‘sv7 


¢Zygomatic arch 
Mandibular angle 
Fig. 3.16 


Fig. 3.17 


External 

Mandibular Mandibular Articular acoustic 

incture head dc meatus 
\ 1 


Condi 
procese 


Ramus of the mandible 


‘Coronold procest 


Fig. 3.18 
extemal 

Mandibular Articuar acoustic 

head dic meatus 


‘ofthe mandible 


Fig. 3.19 


Fig. 3.20 


Temporomandibular joint 

(Figs 3.15, 3.18, 3.19) 

“The temporomandibular joint is located inferior to the zygo- 
imate atch and anterior othe tagus of the ea. Is movement can 
cesly be palpated by gently opening and closing the mouth, 
SET is located in a depression anterior to the joint and 
directly inferior tothe zygomatic arch, This depression is situ- 
ated in the manakibularincsure, which is formed by the coronoid 
an! condylar processes of the mandible, By opening the mouth, 
the palpating finger resting on + ST-7 is “ited” out of the 
‘depression by the condylod process siding anteriony 


3.1 Head 
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Orientation 


Nasolabial groove (— Fig. 3.21) 
“The nasolabial groove begins lateral tothe nose and superior to 
the ala nas, atthe junetion of the cartilage and the bone. From 
there it runs wo the eorners of the mouth, “+ EX-HN-8 (shung- 
‘ingsiang,bitong is located at its upper end, at the junction of 
{he upper jaw and the nasil cavities. L..-20s located slightly 
below bitong, between the lateral Borde of the side ofthe nose 
and the nasolabial groove 


3.1.3 Lower Face and Chin 


Mandibular angle (— Fig. 3.22) 
“The mandibular angle corresponds tothe atea where the lower 
jaw line changes its direction from horizontal to vertical. Iti 
Tocaled markedly inferior and anterior to the ear lobe, This angle 
‘marks the location of + ST6 (1 fingerwidth anterior and 
superior to the mandibular angle) as well as of + SL-17 and 
= TB1G (level withthe mandibular ange) 


Fig. 321 


Fig. 3.24 


Masseter muscle (— Fig. 3.23) 
By firmly clenching the jaw, the contours of the masseter 
muscle become well defined, stretching fom the lateral aspect 
‘ofthe lower jaw to the aygomuatic bane. It origintes a the zyg0- 
amatic arch (- Fig, 3.15) and insets at the mandibular angle 
(= Fig. 322) 


Mentolabial groove (— Fig. 3.24) 
“This forms a transverse groove at the junction ofthe chin and the 
lower tip. Ren-24 is located in its enue 


3.1 Head 
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3 Anatomical Orientation 


3.1.4 Ear Region 


Note: points used in auricular acupuncture are not discussed. 


fe etx 
tet root 
Helix root (— Figs 3.25, 3.26) 
“The helix root borders the upper pat ofthe ea. This is the 1oca-—_antitix suprtagic 
tion of + T.B,-22. ceed 
| Tages 
Supratragic notch (— Figs 3.25, 3.26) Anttragus 
“The supratigie noch forms an incsure within the cartilage of 
the eat, separating the Helix root from the agus. —* TB. is a 
located anterior wo it Nd icaceage 
Interag 
nth 
Tragus (+ Figs 3.25, 3.26) 
= S.1.-19 is located anterior to the midpoint of the tragus. Fig. 325 


Intertragic notch (— Figs 3.25, 3.26) 

‘The intetragie notch forms un insure in the auricular catiage, 
separating the tragus from the lobe and antitragus. -* G.B.2 is 
located anterior to this notch 


Ear lobe (— Figs 3.25, 3.26) 

Inferior tothe earlobe and the ea canal is a depression, which is 
bordered posteriorly by the mastoid process and anteriorly by 
the lower jaw, The lower border is Formed by the transverse 
process ofthe Ist cervical vertebra (alls), + TEB17 is located 
in this depression 


Border between the auricle and the face 

(> Fig. 3.26) 

“The border between the auricle and the temple/cheek generally 
forms a more or less vertical Hine, which will become more 
clearly defined by bending the auricle and tragus towards the 
terior, Several points are located along this Hine (from top to 
bottom): + TB-22, TB 


Fig. 326 


Mastoid process (— Figs 3.26, 3.27) 

“The mastoid process is a cone-shaped bony structure which can 
be palpated posterior tothe ear. + G.B.-12 is located a its tp, 
while anmian (Ex-HN) can be found atthe border ofthe mas- 
{oid process andthe occiput. + ylang (ExcHN-14) is located 
Somewhat more infrionly 


Occipital 
bone 


CB eva (min) 
(ining) 


Fig. 328 


Fig. 329 


Transverse process of the Ist cervical 
vertebra (atlas) (+ Fig. 3.28) 

“The transverse proces ofthe alas canbe palpate inferior tothe 
calobe as a deep bony structure, which in most cases is very 
sensitive to pressure 


3.1 Head 
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Orientation 


Craniocervical transition (— Figs 3.28-3.32) 
“The tasiton from the head to the neck i formed by the mas- 
toid process, the adjacent dorsal musculature and the occiput 
‘The following points are located in this area (Krom lateral to 
medial) + G.BL-12, yiming (EX-HN-14), anmian (Ex-HN), 
6.8.20, BL-10, DuclS and Ducl6. 


External occipital protuberance 

(G Figs 3.32, 3.33) 

“The external occipital protuberance forms Mat projection on 
the posterior midline of the occiput, which can be palpated 
lightly superior to the craniocervical transition, It defines the 
location of -* Du-I6, Du-17 and BL-9, Sometives, and more 
frequently in women, the protuberance may be defined only 
poorly oF not at al, 


Posterior hairline (no figure) 

‘The posterior Isirline is used as a reference point for locating 
points on the occiput, but due to its yariable position itis not a 
very reliable landmark 


Fig. 3.31 


Fig. 332 


Sait ste Parietal bone 


lambdoid suture 


External ceepital 
protuberance 


Fig. 3.34 


Fig. 3.35 


3.2 Neck 


Laryngeal prominence (— Figs 3.34, 3.35) 

Tn men, the laryngeal prominence asthe highest point ofthe lr= 
yx (’Adam’s apple’) tends to form a clearly palpable and vis- 
ible structure, n women, visual identification is mone difficult, 
so that palpation is necessary in order to Tocate the Veshaped 
incisure onthe upper border ofthe thytoid cartilage on the larya- 
‘geal midline, Locited at the level ofthe laryngeal prominence 
ae ST9, LA-18 and SL-16. 


3.2 Neck 
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3 Anatomical Orientation 


Sternocleidomastoic 
(C Figs 3.36, 3.37) 
This muscle forms a distinct, easily identifiable structure on the 
aaerior and lateral aspect of the neck, which becomes visible 
‘ad palpable by rotating the neck in the opposite direction. This 
effect can be increased by rotating the head against resistance 
(by pushing against the chin for example), The more slender 
clavicular head originates from the anterior aspect of the 
‘manubrium, while the more flat claicular head originates fom 
the medial third of the clavicle, revealing a small triangle 
between the two heads near the sternoclaviculat joint. This isthe 
location of —* STL, By palpating along the SCM muscle in a 
superior direction, the two heads can be distinguished for the 
tnajor part of the muscle, before they merge to insert a the pos- 
tetior part ofthe mastoid process and te lateral supetio nuchal 
line of the occiput. Besides ~» ST-11, the following points are 
located alongside the muscle belly of the SCM: —* LL-17, 
L.L-18, S.L-16, ST-9, G.B-12 and anmian (EXx-HN). 


(SCM) muscle 


Great auricular 
nerve 


Major occpitat 


Sternacieidomastoid muscle 
Fig. 337 
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Fig. 3.38 


Vertebral prominence, 
‘spinous process 


External occipital protuberance 
| Stemocleidomastaid 


Splenus capitis 


Seapula, 
Inferior angle 


Fig. 3.39 


3.3 Shoulder and Arm 


3.3. Shoulder and Arm 
3.3.1 Shoulder and Upper Arm 
Trapezius muscle (= Figs 3.38, 3.39) 


‘This musele covers the superior aspeet ofthe shoulder, its super 
jor portions extending from the cervical spine tothe aeromion at 
the lateral end of the seapula. Located at the midpoint of the 
superior border of the muscle ure“ G.B.-21 and, slightly infer- 
lorly, —* T.B.1S, 
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Tifany salting 


Soldering tip 


‘Stop 1: pot sldoing 


Stop 2: ough soloing 


Tiffany or sheet metal soldering 


Soldering beyond the field of electron 
Tiffany soldering {.e.the glass parts ae fastened or 
(Lead glass soldering) connected by taking a crop of solder 
wth the tp ofthe soldering ron and 
Soldering a Tiany objet generally careful applying to the soldroint. 
imohes three indvdual steps: Each spot soldering operation should 
+ Spot soldering only take about a second, During 
+ Rough soldering ‘ough soldering the gap bebveen the 
+ Finishing assis filed with soder aftr fux 


hasbeen apled. For his purpose 


Prior othe actual saldering process, the tp nd solder are moved together 


copper folis glued. 


on the glass edg- along the on. Always drag the 


es. The nex slep is spot soldering, soldering ran, never push i Oniy it 


ng the solder 


the sole 


NY 


Soldering tp 


ton when soldenng a narrow seam 


this provetue is accurate flowed, 
andi a sufcient amount of solder 
is apple, the desired, haltround 
and convex seams ae achieved. The 
lack of visual quality ofthe seam 

al his slags optinized during the 
fishing soldering step n which the 
soldering tip is dragged sony and 
from he begining ofthe seam un 
the end at an even speed. The seam 
werkt on shou ways le ton 
the bench 


Plumbing and tinsmith work 
For he joining of sheet metal and 
ret pies, jon to be soldered 
have tbe bar. This cal for a good 
pro cleaning. 

Aer, the fx eer oder 
‘grease or solder fluid, a zine chloride 
Solon is applied. Then the area to 
be soldered i heated with et of 
the solering on. 

‘Once the soldering area is sufficiently 
thot, solder is added and the solder 
copie ile. 

“he agoressve fa residues are 
remoied ater coolng oad the risk 
of fate cain, 
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Acromion (— Figs 3.39, 3.42, 3.43) 

‘When palpating the shoulder joint trom a lateral direction, the 
aacromion can be felt as a bony extension with a flat surface, 
Slightly superior tothe laterally protruding head ofthe humerus. 


Scapular spine (+ Figs 3.39-3.44) 

The scapular spine forms a bony ridge that originates atthe 
‘cromion and runs in an oblique angle across the seapuly end- 
ing a its meatal border in an upward opening curve, This is the 
location of + SsL-13, —* Lal-I6 is located on the most lateral 
portion ofthe wapezius and supraspinatus muscles, in the angle 
between the acromial origin of the scapular spine and the 
scromioclavicua joint. 


Head of the humerus, shoulder hollows 
(Figs 3.42, 3.44) 

“The head of the humerus s located inferior tothe cromon and 
protrudes slighily on the lateral aspect of the shoulder. When 
ducting the arm horizontally, wo hollows will fray athe 
ttanstion from the am tothe shoulder, The aterior Hallow is 
the location of + LaL-15, while ~h.14 is located inthe pos- 
tevior one. The hollows mark the border between the clavicuar 
and acromial potion and the border between the acromial and 
spinal portion ofthe deltoid muscle 


7, so 


Fig. 3.40 


Fig. 3.41 
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Fig. 3.43 
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Fig. 3.44 


Fig. 3.45 


3.3 Shoulder and Arm 


Deltoid muscle (+ Figs 3.42, 3.45-3.51) 
“This muscle covers the anterior, postetior and lateral aspect of 
the head ofthe humerus, The following points are located either 
‘on the muscle oF on its margins: + S.L-9, 8.110, TB-14, 
LAS jianguan (EX-UE), LU-1, LU-2, LU, LL-1d, 


Dettod, 
posterior bres 
Dettid, 
Intra fibres 


Fig. 3.47 
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Trapezius, 
> Sternacieidomastois 


Aeromion 
Clavel 
Scapular spine 
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“eres minor. 


“eres major 
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“Triceps brachi, ] 
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® siceps brah 


“Triceps rach,“ 
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Fig. 3.48 
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Fig. 3.49 
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Fig. 3.52 
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Fig. 3.53 


3.3 Shoulder and Arm 


3.3.2 Elbow 


Elbow, tendon of the biceps muscle 

(G Figs 3.52, 3.53) 

“The anevir aspect ofthe elbow is marked by the cubital crease, 
extending ftom the lateral to the medial epicondyle ofthe uments 
Tis divided by the tendon ofthe biceps muscle, —* LaL-I1 and 
= LU-S ae located lateral to the tendon while + P-3 and 
+ HE-3 ace located wedial 0 it 


Lateral and medial epicondyles of the 
humerus (— Figs 3.53, 3.55, 3.56) 

“The lateral and medal epicondytes ofthe humerus form the lat 
cera aspects of the elbow. The olecranon is located between 
them, on the posterior aspect of the elbow, The medial epi- 
condyle isthe origin ofthe extensor muscles ofthe wtst join, 
while the lexor muscles originate atthe medial epicondyle 


Fig. 3.54 
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Olecranon (— Figs 3.55, 3.56) 
“The olecranon forms the tip ofthe elbow. Located in the ulnar 
suleus, between the medial epicondyle and the tip ofthe olers- 
fn, is —¢ SAL-8, while + TB-10 is located in a depression 
proximal w the olecranon 


3.3.3 Forearm and Hand 


For locating points on the forearm, itis important to note whether 
the arm is ina pronated or supinated position, since this can have 
‘considerable effect on the relative location of some points (see 
‘also location details of specific points), For example, in supination 
the ine connecting -* LL-S and —* L.L-11 runs along the lateral 
border ofthe Forearm, while in pronation it traverses the forearm, 


Fig. 3.55 
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Lumbosacral junction 
Following orientation inthe lumbar region with the help ofthe 
iliac crests (-» Mae crest, the lumbosacral joint canbe located 
by counting the spinous processes in an inferior direction, Ikan 
‘generally be felt a marked “kink” or depression, followed by 
the sinaller spinous processes of the slighily convex median 
sacral crest directly below: 

‘Caution: Note that (according tothe Hiteratue in up to 15% of 
cases) there can he lumbarizaton of the Ist sacral vertebra ot 
sacralization of L. In these cases there wil be either four or six 
luunbar vertebrae. 


Posterior superior iliac spine (PSIS) 
( Figs 3.73, 3.74) 

Another important landmark on the lower back isthe posterior 
‘superior iia spine (PSIS), which forts the posterior end ofthe 
iiae eres Tatra to the upper sacral region, The PSIS can often 
be idemitied by swo superficially visible dimples. 1 is best 
located by palpating ftom an inferior in a supetiordicection, If 
the dimples are not visible, they can be Tocated by palpating 
3 cun fom the sia ani ina superior and lateral direction at an 
‘ample of 45°, uni a marked boay ridge ca be felt 

Generally, the PSIS is located a the level ofthe space between 
the Ist and 2nd sacral foramina, so that “+ BL-27 is located 
directly medial of slightly superior and medial to the PSIS, 
‘while ~ BL-28 is located just inferior and medial to the PSIS, 


Fig. 3.73 


Fig. 3.75 


Fig. 3.76 


3.4 Spine and Sacroiliac Region 


3.4.4 Sacrum and Sacroiliac Joint 


Sacrum (= Figs 3.75, 3.76) 

(On the sacrum, landmarks for palpation are the median sacral 
crest and the steal hiatus as well asthe sacra foramina on its 
Intra aspects 


Sacral crest (+ Figs 3.74, 3.75) 
“The sacral crest is formed by the narrow, itregular spinous 
processes, which canbe palpated on the steal midline. 


Sacral hiatus (— Figs 3.75, 3.76) 
The suc iatus can be palpated as a U-shaped depression at 
the inferior end ofthe sacral crest. + Du-2is located on the mid- 
line, just inferior to i Both the sacral hiatus and the greater 
trochanter (+ Lower extremly) ae reference pots for locating 
+630, 


Sacral foramina (— Figs 3.75, 3.76) 
The sacral foramina are located Hetween the lumbosaeral joint 
‘andthe steal hiatus and can usually be palpated. They ae in 
most caes evenly spaced and ie approximately 1 finger- width 
lateral to the midline, withthe distance decreasing ina distal 
direction, The foramina ae the location of BL-31-BL-34, 


Fig. 3.78 
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Orientation 


iosacral joint (+ Figs 3.80, 3.81) 
‘The iiosacal joint can be palpated bilaterally as a shallow 
groove between the sacrum, the PSIS (see above) and more 
inferiorly located ilial structures, + BL-26-BL-29 are located 
in this area 


evel of 
‘ae 


Fig. 3.80 
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Fig. 3.82 


3.5 Anterior and Lateral Aspect of the Thorax and Abdomen 


3.5 Anterior and Lateral Aspect 
of the Thorax and Abdomen 


Clavicle (— Figs 3.82, 3.86) 
The clavicle forms the conection between the shoulder girdle 
and the thorax. I separates the major and minor supraclavicular 
fossae with + STALL, STZ and jingbi (EX-HN) from the 
ribcage. Located onthe lower border ofthe clavicle are» ST-13 
(atts midpoint) and —* KD-27 (2cun lateral 1 the midline). 


Suprasternal fossa (— Fig. 3.82) 

“The suprastemal fossa forms a depression superior tothe ster- 
hum between the sternoclavicular joints. I is the location of 
= Ren22, 


Ribs (+ Figs 3.83, 3.86) 

For anomsical orientation of the ribs, the midsection of the 

clavicle is a good starting pont. The first rib lies directly below 

the clavicle, forming a narrow bow. Kt ariulates with the 

snanubvium just inferior wo the sternoctviculr jot. 

Pease note the fllowing when palpating the ribs and inter- 

‘costal spaces (ICS) and locating the respective acupuncture 

points: 

‘From thei articulation with the sternum, the ibs run initially 
Iorizontall or ina gentle curve in an inferior direction, while 
a the lateral aspect of the thorax, they assume a superior 
direction towards the posterior aspect of the boy 

* Inferior tothe 4h/Sth intercostal spaces, the medial sections 
of the ribs merge withthe costal cartilage, so thatthe inter- 
costal spaces do not extend very far medially. Therefore i is 
necessary to palpate somewhat more laterally 


Fig. 3.84C 


ERSADUR Tiffany soldering tips 


‘The types VD, GOLF LDLF and 
MDLF ofthe comprehensive 832 
tip series are particularly sulted for 
Tiffany work. On account oftheir 


eeOMOLF 


‘shapes and theirhigh mass (excel- and easly be fled with solder. And 
lent because of the ensuing heat the ERSADUR finish warrants a 
retention capaciy), the seams be- ong tp Ifetime. 

tween the glass parts can quickly 


ens eDUR R Tiffany soldering tips 


Ersa D 


The MULTI-TC soldering iron is 
very light, robust and powerful. The 
Ersa SENSOTRONIC Control with 
the PT-1000 temperature sensor 

in the tip reacts immediately when 
heats withdrawn, 


‘The MULTI-TC is provided with a 
2.2 mm wide, chiselshaped sol 
dering tip. Together withthe Tiffany 
soldering tis, the slim MULTI-TC 
Is superbly suited fr the use in 
Tiffany work. 


Due tots precise temperature con- 
trol, the DIGITAL 2000 A soldering 
station completely eliminates the 


a MULTI-TC 


ADUR soldering tips 


possibilty lo overheat any glass The longue ceramic PTC heating 
‘components or the copper fol, and element provides upto 200 W 
the station has tremendous power heat-up rating which means that 
reserves, making it comparable the powerful soldering ron is ready 
and putting it on an equal level with for use in only 60 seconds. 
unregulated 160 W soldering irons. 

‘The DIGITAL 2000 As provided 
‘The Ersa SENSOTRONIC control with a 2.2 mm wide, chise-shaped 
with its internaly heated soldering soldering tip. Particularly good 
lip, where the temperature sensor results are achieved withthe 


is mounted dielly below the tp, _opllonaly aval tp versions 
provides for pecse temperature 832 VD, {2 GDLF, 82 CDLF and 
conial and ensures uniform B32 MDLE which are specially 
temperature levels atthe offered fr Tiffany applications 
soldering jit. 
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Ist rib, 1st intercostal space (—+ Fig. 3.86) 
[By palpating parastemally in an inferior dvection, the fest sib 
can generally be fel diecly below the clavicle. Here,* KID-27 
is tocated 2 cun lateral to the anterior midline. Below follows the 
frst intercostal space, then the second rib and so on, + Rew-20 
is located on the anterior midline, atthe level ofthe Hitt inter- 
costal space, —* Ren-21 is located lightly superior to it. 


2nd rib, manubriosternal synchondrosis 
Gauersenal junction) (— Figs 3.83, 
86) 


‘The synchondtoss is usually a cleaely defined tansverse bony 
structure on the superior section of the sternum, level with the 
articulation of the second rib. Direetly below the synchondrosis 
is the 2nd intercostal space from where subsequent ribs and 
imercostal spaces can be counted by palpation. 


Laterosuperior aspect of the thorax and 
coracaid process (— Fig. 3.87) 

“The laterosupeior aspect ofthe dhorax is bowered by the clavicle 
‘un the deltoid muscle withthe eoracoid process deep 10 the Tater 
“The deliopectoral angle ean be located by palpating from the 
end of the anttior axillary fold along the bondet of the deltoid 
‘nusle towards the shoulder and the lower border ofthe lav 
er, in the cente ofthe tangle, tes —LU2, Lately the wi- 
angles bordered by a clearly palpable bony structure, the coracoid 
races. In order to disingush he proces rom the lesser tubercle 
‘ofthe humerus the ass rotated externally with the elbow flexed 
tthe sume time, While the process will emin fixed, the tubercle 
vl follow the movement. LU-1 is Tocate slighly superior and 
Inter to —* LU-2 and medial othe lower border ofthe coracoid 
process. The contours ofthe deltoid muscle and the deliopectoal 
triangle can be emphasised dough muscle flexion, for example 
by pressing the hands agains each other in foot ofthe chest. 


f 
Fig. 3.85 


Fig. 3.87 
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Fig. 3.88 


3.5 Anterior and Lateral Aspect of the Thorax and Abdomen 


Midclavicular line (+ Fig. 3.88) 
“The midclavieular line provides a futher tool for reference on 
the upper thorax, Ii an imaginary line dat runs fro the id= 
point ofthe clavicle wo the nipple. Since in most cases the nipple 
lies somewhat more laterally dhan the clavicular midpoint, the 
line tends to have a lightly oblique pathway, —* ST-3 to SE-16 
are all located on the line 


Nipple (= Fig. 3.88) 
In men, the nipple is located in the At intercostal space, lateral 
to the midline, while in women, the aeation ean vary depending 
‘on the shape ofthe breast, + ST-17 is located onthe nipple 


Mamillary line (+ Fig. 3.88) 
“The mauillay line is an imaginary line for orieotaion on the 
mediolateral thorax and abdomen, It runs vertically fom the 
nipple in an inferior direction, The points ~ ST-1, LIV-14 and 
.8.-24 ave allocated on this fine 


Sternocostal angle, xiphoid process and 
umbilicus (= Figs 89, 3.91) 

The lower borders ofthe ribcage unite atthe lower stemal bar 
der, forming the strnocosta angle. This angle and the umbiicus 
are the two major anatomical landmarks for pont loeation on the 
upper abdomen. 

Caution: tis important not to mistake the sterocostl angle For 
the tip of the xiphoid process, The Tater is atached to the ster= 
tuum atthe sternocostl angle, projeting infrioly twats the 
abdomen, For definite identification, palpate along the costal 
cariage in a superior dicection to where it meets the ster 
nocostal angle, This isthe location of = Rem-16. 
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Axillary line (— Fig. 3.92) 

“The axillary line is an imaginary line for orientation on the lat- 
cil aspect ofthe thorax and abome. It runs vertically from the 
thiddle ofthe axila in an inferior ditecton, Both + G.B-22 and 
SSP-21 ate located on this line 


Free end of the 11th rib (— Figs 3.91, 3.92) 
“The free end of the 11th ib can be palpated below the costal ear 
tilage, at the tansitional zone from the thorax to the abdomen. 
Location tip: the patient places his/her flexed elbow (90° angle) 
alongside hishher thorax. The tp of the olecranon will then ust- 
ally be close to the free end of the Ith rib,» LIV-13 is located. 
below its anterior lower border. 


Free end ofthe 
rain vita 
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3.5 Anterior and Lateral Aspect of the Thorax and Abdomen 


Anterior superior iliac spine (ASIS) 

(C Figs 3.93-3.95) 

By palpating along the iliac crest in an anterior and inferior 
Alisection, the anterior superior iae spine (ASIS) is reached at 
the lateral end of the inguinal groove, The ASIS is felt as a 
distinct bony ridge. + G.B-27 is locaed anterior to it, while 
~ G.B.28 is located slightly more inferiorly and medially 


Fig. 3.93 Fig. 3.96 


Anterior superior 
tae spine 
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Fig. 3.95 


7 


3 Anatomical Orientation 


Pubic symphysis, umbilicus (—+ Fig. 3.98) 

“The upper border ofthe pubic symphysis san important orienta- 
tion point for point location onthe lowe abdomen, The distance 
between the centre ofthe umbilicus andthe upper horde ofthe 
symphysis canbe divided into S proportional cun, which can dif 
fer significantly ftom the patients finger cun (-* Chapter 2) 
= Ren-2s located on the anterior midline and on the upper bor 
der ofthe pubic symphysis. 


3.6 Lower Extremity 
Greater trochanter (= Fig. 3.99) 


‘The greater trochanter forms a distinct, projecting bony structure 
(on the hip area. It is one of the endpoints on an imaginary lis 
connecting it with the sacral hiatus. Located on this line 
= G.B.-30, a thind of the distance from the greater trochanter. 
Another line connecting the greater trochanter and the anterior 
superior iliac spine (ASIS) is used for locating -* G.B.-29. 


Fig. 3.97 
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3.6 Lower Extremity 


3.6.1 Knee Region 


For locating and needling points in the knee region, the patient 
should be in a relaxed supine position, with the knees slightly 
flexed and supported by pillows. This opens up the knee joint 
tnd allows for better palpation of the eyes of the knees. A prone 
position with a support below the feet and ankles is recom- 
‘mended for teating points in the popliteal crease 


Patella (+ Figs 3.100, 3.101) 
“The upper patellar border marks the location of + SP-10 as well 
as of + ST-32 co ST. 


Eyes of the knee (+ Figs 3.100, 3.101) 
“The eyes of the knee are formed by the depressions on either side 
ofthe patellar tendon atthe lve of the lower patellar border. The 
lateral eye coresponds tothe location of S35, the medial eye 
is the locaton of the extra point + EXLE-4 (nein), 


Head of the fibula (+ Figs 3.100, 3,101) 

The ea ofthe fibula forms further important reference point 
inferior to the lateral aspect of the knee joint. For locating 
~* G.B-34, ind the head ofthe fibula (approximately where the 
sea of a pair of trousers would be) and bold it wth two fingers. 
By sliding downward, the anterior finger will ‘drop’ into the 
‘depression anterior and inferior w the head ofthe fibula, which 
snarks the location of + G.B34 
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Fig. 3.102 


3 Anatomical Orientation 


74 


Tibial shaft and medial condyle of the tibia 
(> Fig. 3.103) 

Flow the mei aspect of the knee joint, dhe transition from 
the medial condyle ofthe bia to the ial shalt marks the Toca 
tion of + SP-9. This transition is hest located by palpating in a 
superior direction along the posterior border ofthe med aspect 
ofthe tibia. When using knee rol, be awae that the sot tse 
ound this area may be pushed anteriorly, hindering palpation, 


Fig. 3.103 
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Fig, 3.105 


Fig. 3.106 


3.6 Lower Extremity 


3.6.2 Ankle and Foot 


Highest prominence of the medial/lateral 
malleolus (+ Figs 3.105, 3.106) 

Please note: The highest prominence ofthe malleolus does not 
refer to its lower border, but tray to its most protruding tip 
‘The prominences are important reference points for the lower 
leg and ankle, + Ex-LE‘# (neihuajian) is located on the 
highest prominence of the lateral malleolus, while + Ex-LE-9 
(waibuajion sits medial counterpart. 

Please also note: 
medial prominences are anatomically not located atthe same 
level. There is approximately a1 eun (-* Chapter 1 Fig. 1.2) df= 
ference in level. Thus, + BL-60 and — KID-3 are ot located 
dliretly opposite each other, but rather occupy a comparable 
position, 


ithe aes 


Fig. 3.107 
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3 Anatomical Orientation 


Joint space on the anterior ankle 
(G Figs 3.108, 3.109) 

“The joint space on the anterior aspect ofthe ankle (between the 
tualleoli) is best palpated by passively Mexing and extending the 
foot, + LIV-4 and + ST-41 are both located here 
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3.6 Lower Extremity 


Achilles tendon (— Fig. 3.110) 

‘On the distal aspect ofthe lower leg and on the heel, the Achilles 
tendon defines the location of KID-3, KID-4, and KID-7 on 
its medial aspect and of ~ BL-S9 und BL-60 on its lateral aspect. 


Tuberasity of the Sth metatarsal bone 

(O Figs 3.111, 3.112) 

“The tuberosity athe proximal end of the Sth metatarsal bone is 
the most palpable orientation point on the Tatra aspect of the 
tmidfoot. + BL-63 is located in the depression proximal to the 
tuberosity, while + BL-64 is located in the depression distal 10 
ita the junction ofthe bea and the sat 
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Auxiliary products and practical accessories 


erything for your soldering needs from one s 


a= 


‘solder wie dispenser 
rea DTM 100 tempera- 
{ture measuring devies 


rea solderbaths 
Ersa soldor wire and 


o 


Ersa tip exchanger 


Ersa TIPREACTWATOR rea desoldering wicks 


Further peripherals and accesso- 
ries can be oblained from your local 
rsa distributor and at www.ersa. 
‘com. Or just ask for our catalog! 


rsa SOLDAPULLT desoldering pump 
Ersa VAC X desoldering pump 

Ersa SMD flux and fx cream 

rsa FLUXREMOVER 
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Orientation 


Base of the Ist metatarsal bone 
(Figs 3.114, 3.115) 

‘When palpating along the medial aspect ofthe midfoot in a proxi 
tual dzection the proximal end (base) ofthe Ist metatarsal bone 
forms the fis dsint prominence, SP-4 is located distal o this 
tay orientation point, athe junction ofthe salt andthe base, 


Navicular tuberosity (— Fig. 3.115) 
‘When palpating along the medial side of the fot, past» SP-4 
‘an the base ofthe Ist metatarsal bone, a further bouy structure ean 
be cleay felt. This is the navicular tuberosity, where ~* KID-2 
is located, 


Fig. 3.114 
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4 Acupuncture Points of the Twelve Primary Channels 


Claudia Focks, Ulrich Marz 


4.1 The Lung Channel System — 
Hand-taiyin (shou tai yin 
jing luo) 


4.1.1 The Lung Primary Channel 
(shou tai yin jing) 


Pathway 

‘The internal section of the Lung primary channel originates in 

the Middle Burner in the region of the Stomach (vei) 

= descends to connect with the Large Intestine (dachang), its 
paired fir Organ 

= curves upwards again to the Stomach (wei) 

© penetrates the diaphragm 

= enters the Lung (fei), its pertaining zang-Organ 

= ascends to the throat region 

= and curves towards the lateral thoracic region. 


‘The Lung primary channel emerges at LU-1 (chongfit) on the 

lateral thoracic wall at the level of the first intercostal space 

= trayels along the anterolateral aspect of the upper arm and 
forearm 

= ends at LU-11 (shaoshang) on the thumb, at the radial aspect 
of the comer of the nail, 

‘A branch separates from the primary channel at LU-7 (atthe sty- 

oid process of the radius) and travels along the radial side of the 

index finger to its tip, where it connects with + LLL 

(shangyang) (band Yin—Yang connection of the first great circuit). 
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Clinical importance (— 1.2) 
Exterior (biao) signs and symptoms: 
nasal blockage, headache, pain in the region of the thorax, shoul- 
der and back, pain with cold sensations along the channel 
Interior (i) or zangyiv-Organ signs and symptoms: Cough, asthma, 
wheezing, dyspnoea, shortness of breath, fullness and tightness 
of the chest, expectoration of phlegm, dry throat, changed colour 
of the urine, irritability, heat sensation in the palms, abdominal 
fullness and distension, diarrhoea 

Excess (shi): Shoulder and back pain, Wind-Cold attack with 
spontaneous sweating, frequent urination, yawning 

Deficiency (xu): Shoulder and back pain with aversion to cold, 
shortness of breath, changed colour of urine 


er, aversion to cold, 


Connections of the Lung primary channel 
(91.2) 


Connections with other channels 


Large Intestine primary channel (shou yang ming jing) 
Connection: Hand Yin-Yang connection of the first great circuit 
Location: LU-7 + L.L-1 (on the hand). A branch of the Lung 
primary channel separates at LU-7 (lieque) and connects with 
the Large Intestine primary channel at LLL (shangyang), 
ing to some authors also with + LL (he 

Circulation: Circadian (according to the Organ clock) 
Importance: Interior-Exterior relationship 


Spleen 
Connection: Paired according to the six channel theory 
(hand-foot pairing): tai yin (Yin axes of the first great circuit) 
Location: SP-20 + LU-1 (on the thorax). A branch of the 
Spleen primary channel separates at + SP-20 (chowrong) and 
connects with the Lung primary channel at LU-L (chongfit). 
Circulation: Non-circadian (not according to the Organ clock) 
Importance: Above-below relationship 


Liver primary channel (zu jue yin jing) 

Connection: Deep Yin-Yin connection 

Location: LIV —* LU (on the thorax), An internal branch of the 
Liver primary channel emerges at the Liver, passes the diaphragm 
‘and spreads inside the Lung (fe, forming a network with the Lung 
primary channel. 

Circulation: Circadian (according to the Organ clock) 
Importance: Closes the circle of the first great circuit of the 
Nutritive Qi (ying gi, + 1.1.4) 


Ren mai 
Connection: Ren mai Lung primary channel 

Importance: Closes the circle of the second circuit of the Nutri- 
tive Qi (ying gi, + 1.1.4), The Lung primary channel as well as 
the great circuit (circulation through the 12 primary channels) 
receives Qi from the small circuit (ren mai — du mai). 


Connections to the zangfu-Organ systems 
Lung (fei). Large Intestine (dachang), Stomach (wei) 


= 


4.1.2 The Lung Divergent Channel 
(shou tai yin jing bie) 


Pathway 

‘The Lung divergent channel separates from the Lung primary 

channel in the axillary region 

= travels anteriorly to G.B.-22 (yuanye) on the midaxillary 
fi 

= enters the thoracic region 

= disperses in the Lung (fei), its pertaining zang-Organ 

= descends to the Large Intestine (dachang), its paired fu-Organ 

= ascends again and emerges in the region of the supractavicu- 
lar fossa at + ST-12 (quepen) 

= traverses the neck in a cranial direction and connects with the 
Large Intestine primary channel at + L.L-18 (futu) at one of 
the six he-confluences* (L.L/LU as 6th confluence. -+ 1,3). 

‘There exist variations regarding the channel pathway due to dif- 

fering interpretations of the Ling Shu (+ Solinas et al, 1998). 


un inferior to the axilla 


"Recon 


To some authors the Gih confluence is localised at “+ ST: 


(quepen. 
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Clinical importance 

© Strengthens the connection between the Lung and the Large 
Intestine (cangfiu-Organ systems). Points on the Large Intes- 
tine primary channel can therefore be used for disorders of 
the Lung, and vice versa points on the Lung primary channel 
can treat disorders of the Large Intestine, 

* Creates a network between the Lung primary channel and the 
neck region at the confluent point — L.L.-18: thus LU points 
such as + LU-10 or “+ LU-11 may be used to treat the neck 
region. 


4.1.3 The Lung 


inew Channel 


(shou tai yin jing jin) 


GB22, 


(Meeting point of 
the three hand Yin, 
sinew channels) 


ws 


Pathway 

‘The Lung sinew channel 

= begins on the thumb at LU-I1 (shaoshang), at the radial 
aspect of the comer of the nail 

= spreads along the radial aspect of the thumb and the Ist 
‘metacarpal bone as well as the thenar eminence 

= meets LU-9 (taiyuan) and binds (jie) at the radial wrist joint 
space 

= travels proximally along the anterolateral aspect of the 
forearm 

= reaches the elbow at LU-S (chize) and binds (jie) at the biceps 
tendon 

= follows the biceps brachii muscle and the lateral portion of 
the deltoid muscle 


4.1 The Lung Channel System — Hand-taiyin (shou tai yin jing luo) 


= binds (jie) at the anterior shoulder region near the acromio- 
clavicular joint 

= continues to the axilla and meets the other hand Yin sinew 
channels (P, HE) at + G-B.-22 (yuanye) and binds (jie) there 

= continues deep to the pectoralis major muscle and enters the 
supraclavicular fossa at + ST-12 (quepen) 

= courses to + LL-IS (jianyu) and returns to + ST-12 
(quepen) 

= penetrates the supraclavicular fossa and disperses in the 
thoracic and hypochondriac region and the diaphragm (—+ Fig.) 


Clinical importance 

Pathology: Stiffness, cramps and pain along the sinew channel, 
Xi fen: spasms and pain in the thorax and hypochondriac region. 
In severe cases formation of nodules below the right lateral 
costal region and distension along the lateral costal region, 
Indication: Mainly for bi-syndromes (painful obstruction syn- 
drome) along the LU channel. 

‘The area covered by the Lung sinew channel is larger than that 
covered by the Lung primary channel. This explains why the 
indications of points on the Lung primary channel include disor- 
ders and diseases of the thoracic and hypochondriac region. 


4.1.4 The Lung /uo-Connecting Vessel 
System (shou tai yin luo mai) 


Pathway 

‘The Lung Juo-connecting channel system separates from the 

Lung primary channel at LU-7 (lieque) (+ 8.1.2) and forms a 

three-dimensional reticular network, dividing into multiple 

branches and sub-branches (sun luo, fie luo, xue luo + 1.5) within 

the surrounding tissue. 

= Horizontal divisions course to the Interiorly-Exteriorly paired 
Large Intestine primary channel: according to some schools 
(for example Van Nghi, -* Appendix) they travel as a trans- 
verse Lung /uo vessel tothe yuan-source point —* L.L-4 (hegu). 

= A longitudinally orientated division spreads on the palm and 
thenar eminence. 
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Clinical importance (— 8.1.2) 


Pathology 

‘© Excess (shi): Hot and burning sensations in the palms and the 
wrist joints 

© Deficieney (x1): Yawning, shortness of breath, frequent uri- 
nation, enuresis, 


4.1.5 Cutaneous Region (tai yin pi bu) 


See description and figures + 1.6, 


4.1.6 Points of the Lung Primary 
Channel (Overview) 


Specific points according to function 
Yuan-source point (+ 8.1.1): LU-9 (taiyuan) mm 
Luo-connecting point (—* 8.1.2.): LU-T (lieque) mim 
Xi-cleft point (+ 8.1.3): LU-6 (kongzui) 
Pertaining Back-shu point ( 8.1.4): BL-13 (/eishu) sm 
Pertaining Front-mu point (+ 8.1.5): LU-I (shongfid) mm 
Five shu-transporting points (+ 8.1.6): 
Jing-well point (Wood): LU-L1 (shaoshang) mm 
ying-spring point (Fire): LU-10 (yuji) 
shu-stream point (Earth), tonification point: LU-9 (taiywan) mat 
Jing-tiver point (Metal), ben point: LU-8 (jinggu) mm 
hhe-sea point (Water), sedation point: LU-S (chize) mim 
+ Influential /i-meeting point (—+ 8.1.7) of the vessels: LU-9 
(taiyuan) mm 
* Opening point (— 8.1.8) of the ren mai: LU-7 (lieque) tm 
* Siaohui-meeting points (+ 8.1.10): 
— with the SP primary channel: LU-I (chongfit) 
— of other channels with the LU channel: — 
‘* Gao Wu Command point (— 8.1.11) for the occiput and 
nape: LU-T7 (lieque) mm 
‘© Window of Heaven point (+ 8.1.12): LU-3 (sianyiu) 
* Ma Dan Yang Heavenly Star points (+ 8.1.14): LU-7 
(lieque) mm 
‘+ Sun Si Miao Ghost point (+ 8.1.15): LU-L1 (shaoshang) mm 


Points according to region 

© Local points (= 8.2.1): Lung ~ LU-1 (chongfu) mm; 
elbow ~ LU-S (chize) am; wrist — LU-7 (lieque) 

‘© Adjacent points (— 8.2.1): hands ~ LU-7 (lieque) mam 

‘Distal points (— 8.2.1): occiput ~ LU-7 (liegue mm): throat ~ 
LU-10 (yuji) ~ LU-11 (shaoshang); Lung ~ LU-S (chize) mm, 
LU-7 (lieque) mm; shoulder ~ LU-7 (lieque) tm 


Specific points according to the course of the 

channel (in numeric order) 

© LU-L (chongfic mm): associated Front-mu point (+ 8.1.5), 
Jiaohui-meeting point with the SP channel (+ 8.1.10) 

© LU-3 (1ianfi): Window of Heaven point (8.1. 

© LU-S (chize) mm: he-sea point (Water) (-+ 8.1.6): sedation 
point; distal point of the Lung (+ 8.2.1) 

© LU-6 (kongzui): xi-clelt point (+ 8.13) 

© LU-7 (lieque) mm: tuo-connecting point (+ 8.1.2); opening 
point (+ 8.1.8) of the ren mai; Gao Wu Command point 
($+ 8.1.11) of the nape and occiput; Ma Dan Yang Heavenly 
Star point (+ 8.1.14); distal point for the occiput, shoulder 
and Lungs (8.2.1); adjacent point for the hands (—* 8.2.1) 

© LU-8 (jingqu): jing-river point (Metal) (+ 8.1.6); ben point 
(Five Phase point) 

© LU-9 (taiyuan) mm: yuan-source point (+ 8.1.1), hui-meet- 
ing point (+ 8.1.7) of the vessels; shu-stream point (Earth) 
(48.1.6); tonification point 

© LU-10 (yuji): ying-spring point (Fire) (+ 8.1.6); distal point 
for the neck (+ 8.2.1) 

© LU-11 (shaoshang) mm: Sun Si Miao Ghost point (+ 8.1.15); 
Jing-well point (Wood) (— 8.1.6); distal point for the neck 
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Central Residence ZHONGFU [ERTS 


Location 
6 cun lateral of the anterior midline and approximately 1 cun 
below + LU-2, slightly medial to the lower border of the cora- 
coid process. 


Minor tubercle Coracoid 
of the humerus process 


How to find 

First, locate + LU-2 in the deltopectoral triangle, which is bor- 
dered superiorly by the clavicle and laterally by the coracoid 
process (within the deltoid muscle). From there, palpate along 
the border of the deltoid for 1 cun and there locate LU-I slightly 
medial to the lower border of the deltoid on the thoracic wall, 
approximately 6 cun lateral to the midline. For orientation: when 
externally rotating the arm with the elbow flexed at the same 
time, the coracoid process will remain static, while the minor 
tuberculum of the humerus will follow the movement. —+ SP-20 
is also located 6 cun lateral to the midline on the level of the 2nd 
intercostal space. Located approximately on the same level are 
= Ren-20, + KID-26 and + ST-14. 


Needling 
0.5-1 cun obliquely in a cranial (approximately 45°) and lateral 
direction towards the coracoid process, 


Actions/Indications 

# Regulates and descends the Lung Qi 

* Clears Heat in the Upper Burner, transforms Phlegm 
# Regulates the water passages 

* Moves Qi locally and in the sinew channel 


Special features 
Front-mu point of the Lung, meeting point with the Spleen chan- 
nel, entry point. Important point for disorders of the Lung. 


Clavicle 
1 


| Infraclavicular 
fossa 


=~ Ww 


~ Pectoral major, 
‘laviculae portion 
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Cloud Gate YUNIMEN 


g 


Location 
6 cun lateral to the anterior midline, below the clavicle, in the 
centre of the deltopectoral triangle. 


How to find 

Find the angle formed by the lateral lower border of the clavicle 
and the coracoid process (within the deltoid muscle). Locate 
LU-2 at the junction of the clavicular insertions of the deltoid 
and pectoralis muscles (deltopectoral triangle), in the centre of a 
clearly palpable depression in the thoracic wall, 6 cun lateral to 
the anterior midline. 

= ST-13 is also located at the lower border of the clavicle, 4 cun 
lateral to the anterior midline or at the midpoint of the clavicle. 
Also located on approximately the same level are -* KID-27 
(2cun lateral to the midline) and + Ren-21 (on the midline) 
+ LU-1 is located 1 cun below and in most cases slightly lateral 
to LU-2, 


Needling 
Obliquely to a maximal depth of 0.8 cun, No needling in a 
‘medial direction! Risk of pneumothorax! 


Actions/Indications 

Clears Lung Heat, decends the Lung Qi 
© Opens the channel and sinew channel 

‘© Clears Heat from the extremities 


Minor tubercle Coracoid 
‘of the humerus process 


Lis 


Deltoid 


_- Infraclavicular 
fossa 


tw 


~Pectoralis major, 
clavicula portion 
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Heavenly Residence TIANFU 


Anterior end ofthe axillary fold Location 
On the medial aspect of the upper arm, 3 cun distal to the end of 
Ne, the anterior axillary fold, in the groove on the lateral border of 
Lateral border biceps brachii. 
ofthe biceps muscle 
How to find 


Ask the patient to flex the biceps muscle against resistance. 
Locate LU-3 3 cun below the anterior end of the axillary fold 
(+ 22) in a groove on the lateral border of biceps brachii 
Sometimes, you can feel the pulse of the brachial artery here. 
Or: Divide the distance of 9 cun (+ 2.2) between the end of the 
axillary fold and the cubital crease (+ LU-S) into thirds and 
locate LU-3 a third of the distance from the axillary fold. 

+ LU-4 is located in the sulcus, 1 cun distal to LU-3. + P-2 is 
located 2 cun below the axillary fold, between the two heads of 
the biceps brachii muscle. 


Needling 
Vertically 0.5-1 cun. Moxibustion is contraindicated according 
to some classics, 


Actions/Indications 

# Regulates and descends the Lung Qi 
Clears Lung Heat 

Cools the Blood and stops bleeding 
Calms the po (corporeal soul) 

Opens the channel and alleviates pain 


Special features 
Window of Heaven point | 


2 SPINK 
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PRET clasping the White XiABAI 


* PVIOININ IETS 


Location 

(On the medial aspect of the upper arm, 4 cun distal to the end of 
the anterior axillary fold, in the depression on the lateral border 
Of sulcus bicipitalis lateralis 


How to find 

‘Ask the patient to flex their biceps muscle against resistance. 
Locate LU-4 4 cun below the anterior end of the axillary fold 
(= 2.2) in the depression on the lateral border of the sulcus 
bicipitalis muscle. Sometimes you can feel the pulse of the 
brachial artery here. Or quick method: Spreading hands tech- 
nique (+ 2.3.3): place the little fingers on the axillary fold and 
the cubital crease (al + LU-S) respectively (this distance corre- 
sponds to 9 proportional cun —* 2.2) and determine the midpoint 
of this distance by joining the thumbs. Locate LU-4 0.5 proxi- 
‘mal to the midpoint in the sulcus on the lateral border of the 
biceps muscle, + LU-3 is also located in the sulcus, 1 cun prox- 
imal to LU-4 


Needling 
Vertically 0.5-1 cun 


Actions/Indications 

Regulates and moves Qi and Blood in the chest 
© Descends the Lung Qi 

* Opens the channel and alleviates pain 


‘Anterior end of the axillary fold 


Lateral border of 
* the biceps muscle 


Cho4d.1-P10028.qxd 2/23/08 7:03 PM Page 87 Oo | 


4.1 The Lung Channel System - Hand-taiyin (shou tai yin jing luo) 
Cubit Marsh CHIZE TE 
Location 


In the cubital crease, on the radial aspect of the tendon of the 
biceps. 


How to find 

By slightly flexing the forearm, the biceps tendon becomes more 
visible, LU-5 is located on its radial aspect in the cubital crease. 
Also located in the atea of the cubital crease are —+ P-3 (ulnar to 
the tendon), + HE-3 (at the ulnar end of the cubital crease) 
and L.L-11 (between the radial end of the cubital crease and 
the lateral epicondyle). 


Needling 
Vertically 0.5-1 cun, Needle with the arm slightly flexed. Use 
bloodletting for Heat disorders. Caution: Avoid cubital vein, 


Actions/Indications 

* Clears Heat in the Upper Burner 

# Descends the Lung Qi 

# Regulates the water passages 

# Opens the channel and luo-connecting vessels, alleviates pain 


Special features 
He-sea point, Water point, sedation point, distal point for the 
Lung, local point for the elbow. Use bloodletting for disorders of 
the skin and Lung due to excess and/or Heat 


< 
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Triceps brachii, 
Biceps brachii medial head 
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technology offers a considerable 
added value to any quality assur- 
‘ance program! 


Today more than eer, cost-fien- 
tve production and highest qualty 
inthe electronics manufacturing 
industry is the basis for profitable 
compeliveness. A key ingredient 
forbeing compete is a wel- 
‘quale sta which s uptodate 
‘on current technology and process, 
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HUE Biggest Hole KONGZUI 


* VIIN INIT 


Location 

On the line connecting + LU-S (in the cubital crease) and 
+ LU-9 (on the wrist crease/joint space), 5 cun distal to 
+ LU-5 or 7 cun proximal to LU-9. 


How to find 

‘The biceps tendon becomes more visible with the arm flexed. 
First, locate + LU-5 radial to the biceps tendon in the cubital 
crease and + LU-9 radial to the radial artery on the wrist joint 
space (+ 3.3.3) between the proximal row of carpals and the 
radius/ulna, By moving the hand, the joint space becomes more 
easily palpable, Next, find the midpoint of the distance between 
> LU-S and + LU-9 using the spreading hands technique 
(42.3.3), LU-6 is located I cun proximal to the midpoint of this 
distance, 

+ P-4is located more medially (between the tendons) and dis- 
tally (1 cun distal to the midpoint of the distance). 


Needling 
Vertically 0.5-1 cun 


Actions/Indications 
© Descends the Lung Qi 

© Clears Lung Heat 

* Cools Blood Heat, stops bleeding. 
‘* Expels Exterior pathogenic factors 
‘© Opens the channel 

Special features 

Xi-cleft point 


Biceps tendon . 


Cho4.1-P10028.qxd 2/23/08 7:03 PM Page a9 O | 


4.1 The Lung Channel System ~ Hand-taiyin (shou tai yin jing luo) 


Broken Sequence LIEQUE 


Wrist joint abductor pollicis 
tongus 


Radius Ulna 


Styloid process 
// of the ulna 


Triquetrum 


— Hamate 


Left hand, dorsal aspect 


Styloid process, 


Tendon of extensor attbe es 


pollicis longus. 


Location 

On the radial aspect of the forearm, directly above the styloid 
process of the radius, approximately 1,5 cun proximal to the 
\wrist joint space (wrist crease) in a V-shaped groove. 


How to find 

Place the palpating forefinger on the anatomical snuffbox 
(+ L.L-5), From there, glide proximally over the styloid 
process of the radius and locate LU-7 where the finger can pal- 
pate a cleft between two tendons (brachioradialis/abductor polli- 
cis longus). Or: “Tiger mouth grip’ (+ Fig. 2.6): spread the 
thumb and forefinger of both hands, crossing them so that the 
forefinger of one hand comes to rest on the styloid process of the 
other, but avoiding bending the wrist, LU-7 is located directly 
below the tip of the forefinger in a V-shaped groove 


Needling 

Lift the skin above the styloid process by pinching it. Insert the 
needle 0.5~1 cun obliquely and proximally (reducing) or distally 
(tonifying). Caution: Cephalic vein, 


Actions/Indications 

# Supports the occiput and head 

Releases the Exterior, expels Wind, descends the Lung Qi 
Opens and regulates the ren mai 

Regulates the water passages 

Opens the channel and fuo-connecting channel, alleviates 
pain 


Special features 
Luo-connecting point, opening point of the ren mai, Ma Dan 
Yang Heavenly Star point, Gao Wu command point of the 
occiput, exit point. 


ay Ol INN IK Ss 
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DECK channel cutter jincou 


8 


Location 
Lateral to the radial artery, 1 cun proximal to the ventral wrist 
joint space (most distal wrist crease). 


How to find 

AS the location of the wrist erease varies, use the joint space 
(> 3.3.3) between the proximal row of carpals and the 
radius/ulna for orientation. By loosely moving the hand, the 
joint space is easily palpable. This is the level for palpating the 
radial pulse (using the finger tips, not the finger pads), + LU-9 
is located on the radial side of the artery, while LU-8 is located 
1 cun proximal to + LU-9. 

+ LIL-Sis located close to LU-8, but on the dorsal aspect of the 
‘wrist joint in the anatomical smuffbox. 


Needling 

0.3-0.5 cun proximally or vertically. Avoid the radial artery 
by gently pushing it to the side when palpating for the point. 
Moxibustion is contraindicated according to some classics, 


Actions/Indications 

# Descends the Lung Qi, alleviates cough and wheezing 
‘© Opens the pores and expels Wind in particular 

© Opens the channel, especially locally 


Special features 
Jing-river point, Metal point, bem point (Five Phases). 


Abductor pollicis longus 


Distal . 
radioulnar >} 
joint 


Styloid process ~ 
(of the ulna 


Pisttorm ~_ 
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Supreme Abyss TAIYUAN [TEN 


Location 


ios polis On the ventral aspect of the wrist, at the level of the wrist joint 
space (most distal wrist crease), on the radial aspect of the radial 
artery and ulnar to the tendon of the abductor pollicis longus 
muscle, 
How to find 


As the location of the wrist crease varies, the ventral joint space 
(+ 3.3.3) between the proximal row of carpals and the 
radius/alna is a more reliable landmark for orientation, By 
oosely moving the hand, the joint space is easily palpable. Pal- 
pate the radial artery (pulsation) on the radial side and locate 
LU-9 on its radial aspect. Located on the same level are —* P-7 
(between two tendons) and > HE-7 (radial to the insertion of 
the tendon of the flexor carpi ulnaris on the pisiform bone). 


‘Tendon of the 


flexor carpi uinaris Tendon sheath 
Ne ofthe flexor Needling 
_ nen rates: Vertically 0,2-0,5 cun. Caution: Avoid radial artery, Ifthe needle 
y is pulsating (desired effect), no additional stimulation! 
Abduetor 
ight mien 7a Actions/Indications 
«Flexor polis # Strengthens the Lung, transforms Phlegm, descends the Lung Qi 
o bevis «Regulates and harmonises the vessels (relationship between 


ong gi and Blood circulation) 


° pal © Opens the channel, alleviates pain 
brevis 
Special features 


Yuan-source point, shu-stream point, Earth point, tonification 
point, /uz-meeting point of the vessels. Important point for toni- 
{ying the Lung Qi and Yin, especially with chronic disorders. | 
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DETED fish Border vuji 


Location 
Atthe midpoint of the palmar border of the Ist metacarpal bone, 


How to find 

With the thumb relaxed, palpate the ‘belly’ of the thenar emi- 
nence from palmar to lateral (radial), then palpate the first 
‘metacarpal bone. LU-10 is located at the midpoint of its palmar 
border’ 

+ LiL-4is located on the dorsal aspect of the hand, close to the 
2nd metacarpal bone, 


Needling 
Vertically 0.5-1 cun, Caution: Painful! 


Actions/Indications 

© Regulates the Lung Qi 

* Cools Blood Heat 

‘© Expels pathogenic factors from the throat 
Descends rebellious Qi 

 Harmonises the Stomach and Heart 


Special features 
Ying-spring point, Fire point, important distal point for sore 
throat caused by Wind-Heat, 
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Lesser Shang SHAOSHANG [CER 


Location 
(On the thumb, 0.1 cun from the radial corner of the nail. 


How to find 

‘The point is located at the junction of two tangents running 
along the proximal and radial border of the thumb nail, approxi- 
‘mately 0.1 cun from the actual border of the nail. 


Needling 
0.1-0.2 cun vertically or obliquely in a proximal direction or 
prick to bleed. Avoid needling the perionychium. 


Actions/Indications 

‘© Frees the senses 

© Regulates the Lung Qi 

* Clears Heat (especially from the throat) 
* Opens the channel 


Special features 
Jing-well point, Wood point, Sun Si Miao Ghost point, impor- 
tant distal point for sore throat caused by Wind-Heat. 


% 


i 
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4.2 The Large Intestine 
Channel System — Hand 
yangming (shou yang 
ming jing luo) 

4.2.1 The Large Intestine Primary 
Channel (shou yang ming jing) 


ower BeSea point 
tthe Lge esting) 


Pathway 

‘The external part of the Large Intestine primary channel begins 

on the index finger at + L.l-1 (shangyang, at the radial aspect 

of the comer of the nail), This point is reached by a branch 

Which separates from the Lung primary channel at + LU-7 

(lieque; hand Yin-Yang connection of the first great circuit) 

‘The Large Intestine primary channel runs between the first and 

second metacarpal bones, 

= then runs proximally along the radial aspect of the forearm 
towards the Lateral aspect of the elbow 

= travels in a proximal direction along the lateral aspect of the 
upper arm towards the shoulder 

= crosses the Small Intestine primary channel at + $.L-12 
(bingfeng) in the centre of the suprascapular fossa 


= continues to Du-14 (dazhui) inferior to the spinous process 
of the 7th cervical vertebra, where it meets with the other five 
Yang primary channels, 

= crosses the neck and enters the supraclavicular fossa at 
= ST-12 (quepen). 

Here the internal pathway branches off and connects with the 

Lung (fei), its paired zang-Organ, penetrates the diaphragm and 

enters the Large Intestine (dachang), its pertaining fu-Organ. 

From the Large Intestine (according to some authors: the Large 

Intestine primary channel) an internal branch runs in an inferior 

direction to — S'1-37 (shangjuccu) on the lateral aspect of the 

ower leg, the lower he-sea point of the Large Intestine, 
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~ temectedomatoid 


‘The external branch ascends from the supraclavicular fossa, 

travels along the lateral aspect of the neck and traverses the 

cheek. 

= From here another internal branch enters the lower gums, 
where it extends further. 

= The external course of the primary channel passes + ST-4 
(dicang) and curves around the mouth to the upper lip, crossing 
to the contralateral side of the body at + Du-26 (renchong). 
located at the philtrum. On the contralateral side of the body, 
it reaches + LL-19 (kowheliao) and terminates contralater- 
ally at + L.L-20 (yingviang) on the side of the nose. 

Note: Deadman et al. (1998) mention + Ren-24 (chengjiang) as 

additional meeting point (variant —+ figure). They also mention 

> G.B.-5 (xuantu), + G.B.-6 (suanli) and + G.Bo14 (yang- 

bai) as classic meeting points with the Large Intestine channel 

bbut these are not normally shown in illustrations of the channel 


Clinical importance (— 1.2) 

Exterior (biao) signs and symptoms: Fever, dryness of the 
‘mouth, thirst, a sore and swollen throat, nosebl 
red, painful eyes, stiff fingers, painful cold or painful hot 
swellings of the upper arm and shoulder 

Interior (li) or zangfu-Organ signs and symptoms: Pain in the 
lower abdomen, borborygmus, diarrhoea or yellow stools with 
‘mucus, shortness of breath, dyspnoea 

Excess (shi): Heat sensations along the channel 

Deficiency (xu): Cold sensations and chills along the channel 


toothache, 


Connections of the Large Intestine primary 
channel (— 1.2) 


With other channels 


Lung primary channel (shou tai yin jing) 
Connection: Hand Yin-Yang connection of the first great circuit 
Location: LU-7 + L.L-1 (on the hand). A branch of the Lung 
channel connects with the Large Intestine primary 
A (shangyang) 

Circadian (according to the Organ clock) 
Importance: Exterior~Interior relationship 


Stomach primary channel (zu yang ming jing) 
Connection: Paired according to the six channel theory (hand~ 
foot pairing): yangming (Yang axes of the first great circuit) 
Location: L.L.-20 + (BL-1) + ST-1 (on the head) 

Circulation: Circadian (according to the Organ clock) 
Importance: Above-below relationship 


With the zangfu-Organ systems 
Lung (fei), Large Intestine (dachang), Stomach (wei) 
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4.2.2 The Large Intestine Divergent 
Channel (shou yang ming 
jing bie) 


Pathway 

‘The Large Intestine divergent channel separates from the Large 

Intestine primary channel on the hand, 

= travels along the arm to the shoulder to —* LaL-15 (jianyu) 

© from L.L-15 a branch runs to the thorax and branches out 
into the breasts 

= another branch runs to the cervical spine at the 7th cervical 
Yertebra, returns from there to the supraclavicular fossa, 
descends to the Large Intestine (dachang), ascends to the Lung 
(fei) and emerges to the Exterior at + ST-12 (quepen).* 

Itthen travels along the anterolateral aspect of the neck and con- 

neets with the Large Intestine primary channel and the Lung 

divergent channel at * LL-18 (futu) at one of the six he- 

(here: L.L/LU as 6th confluence + 1.3) 


confluen 


Clinical importance 

Strengthens the connection between the Lung and the Large 
Intestine (cangfiu-Organs). Points on the Large Intestine pri- 
mary channel can therefore be used for disorders of the Lung, 
and vice versa points on the Lung primary channel can treat 
disorders of the Large Intestine. 

# A branch of the Large Intestine divergent channel spreads 
(from —* Lul1S) across the thorax and the breasts, thus 
extending the actions of the points on the Large Intestine pri- 
mary channel to these regions, for example for the treatment 
of mastitis, myalgias and thoracic pain. 


Some authors deseribe the divergent channel as wavelling directly from the 
spine to the Large Intestine, without meeting —» ST-12 (variant Fig.) 
"According to some authors the 6th he-Confluence is located at —» ST-12 
(quepen. 


= 
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4.2.3 The Large Intestine Sinew 
Channel (shou yang ming jing jin) 


(ating pint the 
camel 


Pathway 

‘The Large Intestine sinew channel 

= begins on the index finger at + LL-I (shangyang) 

= runs along the index finger and the 2nd metacarpal bone 
towards the wrist, where it binds (jie) at + L.L-S (yangxi) 

= travels along the posterolateral aspect of the forearm 

= reaches the elbow and binds (jie) at + Ll-11 (guchi) 

= continues along the lateral aspect of the upper arm and the 
deltoid muscle to the shoulder, where it binds (jie) again at 
+ LL-AS (jianyu) 

= from Lal-15 a branch spreads across the scapula and then 
attaches to the spine between the 7th cervical vertebra and the 
Sth thoracic vertebra (or between + Du-l4 (dazhui) and 
> Du-11 (shendao). 

= The main braneh ascends from LL-IS, crosses the supra- 
clavicular fossa and continues from there along the lateral 
aspect of the neck towards the angle of the jaw where it binds 
(ie) 

Here it forks into two branches: 

= One branch runs across the zygomatic bone towards the lat- 
eral side of the nose 

= The other branch ascends the lateral aspect of the face and 
anterior to the Small Intestine sinew channel, connects at 
= G.B.-13 (benshen) with the other sinew Yang channels, 
crosses over the head and ends at the lower jaw on the 
opposite side. 

Note: According to some schools of thought, the sinew channel 

only ends at + L.L.-17 (tianding; Sotinas et al. 1998). 


Clinical importance 
Pathology: cramps, pain, tension and stiffness along the Large 
[Intestine sinew channel. Limited range of motion of the upper limbs 
and shoulders. Occipital pain, stiffness and limited range of motion. 
Indication: Mainly for bi-syndrome (painful obstruction syn- 
drome) along the Large Intestine channel. The area covered by the 
Large Intestine sinew channel is larger than that covered by the 
Large Intestine primary channel. This explains why the indications 
Of points on the Large Intestine primary channel include disorders 
and diseases of the upper neck and thoracic region as well as of the 
‘whole face (for example frontal and temporal headaches). 


Ersa Electronics Production Equipment 


= Technical data 
and further 
detailed 
information on 
cur range of 
hand soldering 
ANT ~~ equipment is 
available in aur "Soldering Tools" 
catalog. This is avalalein printed 
farm and as POF. as ave the 
Rework & Inspection” catalog 


Aside fram 
the extensive 

selection of hand 
zs soldering tools, 

rework stations 
and inspection 
systems for 
non-destructive inspectin, Ersa, 
as Europe's largest manufacturer 
of soldering systems, also offers a 
‘complete range of selective, wave 
and reflow soldering systems, as, 
Wall as stencil printers fr the 
industrial electronic manufacturing 
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4.2 The Large Intestine Channel System — Hand yangming (shou yang ming jing luo) 


4.2.4 The Large Intestine 
Juo-Connecting Vessel System 
(shou yang ming luo mai) 


Pathway 

‘The Large Intestine /uo-connecting channel system begins at the 

Juo-comnecting point + LiL-6 (pianli) (+ 8.1.2), where it 

branches off from the primary channel and forms a three-dimen- 

sional reticular network, dividing into numerous branches and sub- 

branches (sun luo, fu luo, xue luo —* 1,5) within the surrounding 

tissue. 

= Horizontal divisions course to the Interiorly-Exteriorly paired 
Lung primary channel: according to some schools (for example, 
Van Nghi + Appendix) they travel as a transverse LU 
Juo-connecting vessel to the yuan-source point + LU-9 
(taiyuan), 

= A longitudinally orientated division follows the Large Intes- 
tine primary channel to LaL-15 (ianyu), continues via the 
supruclavicular fossa to + ST-12 (quepen) and along the 
neck to the mandibular angle, where it spreads. One branch 
runs to the teeth; another branch reaches the 
‘communicates with all channels reaching th 


where it 


Clinical importance (- 8.1.2) 


Pathology 

«Excess (shi): Disorders of the teeth and gums, disorders of 
the ears 

# Deficieney (xu): Sensitive teeth and gums (such as sensitivity 
to cold), sensation of tightness in the chest and diaphragm 


4.2.5 Cutaneous Region 
(yang ming pi bu) 


and figures + 1.6 


4.2.6 Points of the Large Intestine 
Primary Channel (Overview) 


Specific points according to their function 

© Yuan-source point (+ 8.1.1): L.L-4 (hegu) mm 

# Luo-Connecting point (— 8.1.2.): L.L-6 (pianli) mm 

© Xiccleft point (+ 8.1.3): L.L-7 (wenliu) 

# Associated Back-sfiu point (— 8.1.4): BL-25 (dachangshu) 
- 

# Associated Front-mu point (—* 8.1.5): ST-25 (sianshu) 

«Five shu-transport point (~ 8.1.6) 

Jing-well point (Metal), ben point:, Li-Ldl (shangyang) 

ying-spring point (Water), sedation point: L.L.-2 (erjian) 

sshu-stream point (Wood): L.L-3 (sanjian) 

Jing-river point (Fire): L.-8 (yangxi) 

hhe-sea point (Earth), tonification point: LaL-11 (guchi) mm 

Hui-meeting point (+ 8.1.7): — 

Opening point (+ 8.1.8): ~ 

Lower he-sea point (+ 8.1.9) 

JFiaohui-meeting points (+ 8.1.10): 

~ with the Small Intestine primary and BL channel, yang wei 
mai: LAVA (binao)* 

~ with the yang giao mai: LL-1S (jianyu) mm, LA.-16 (jug) 

~ with the primary ST channel: L.1.-20 (yingjiang) sm 

~ of other channels with the LL. channel: ST-4, ST-12, 
S.L-12, Du-14, Du-26, Ren-24*; according to some 
classics: G.B.-5, GB. 

© Gao Wu command point (+ 8.1.11) for the face and 
mouth: LiL-4 (hegu) mm 

© Window of Heaven point (+ 8.1.12): LL-18 (jiutu) 

© Point of the Four Seas (+ 8.1.13): 

ia Dan Yang Heavenly Star points (+ 8.1.14): L.L-d 
(hegu) mam, LAL (quchi) mm 

* Sun Si Miao Ghost point (= 8.1.15): L.L-11 (guchi) am 


Mentioned by only some authors 


f= 
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Points according to region 

© Local points (4 8.2.1): nose ~ Ll-20 (yingviang) mm; 
shoulder ~ Ll-15 (jianyu) am; elbow ~LL-11 (quchi) ma, 
hand — L.L-5 (yangxi); hand and fingers — LL (hegu) 
fingers (numbness and pain) — L.L.-3 (sanjian) 

© Regional points (+ 8.2.1): elbow ~ LiL-10 (shousanli), 
LL-13 (shouwuli): shoulder and elbow ~ Ll-14 (binao) 

* Distal points (~+ 8.2.1): forehead, eyes, mouth/teeth ~ LL 
(hegu) mm; nose ~ L.L-3 (sanjian), LL4 (hegu) 
Lil-4 (hegu) mim, L.L-I (quchi) mm; mouth/teeth ~ LiL. 
(erjian), L-4 (hegu) mm: shoulder, elbow, hand, fingers — 
LiL-4 (hegu) mit, LLL (shangyang): knee and foot ~ LL 
(angri); foot ~ Ll-2 (erjian), LiL-3 (sanjian): toes ~ LL 
(hegu) mm 


neck ~ 


Specific points according to the course of the 

channel (in numerical order) 

© LL-L (shangyang): jing-well point (Metal) (—* 8.1.6); ben 
point (Five Phase point); distal point for the elbow and the 
hhand (+ 8.2.1) 

© LL-2 (erjian): ying-spring point (Water) (+ 8.1.6); sedation 
point; distal point for the mouth/teeth (—* 8.2.1); distal point 
for the foot (+ 8.2.1) 

© LAL-3 (sanjian): shu-stream point (Wood) (+ 8.1.6): local 
point for the fingers (numbness and pain) (8.2.1); distal 
point for the nose (+ 8.2.1); distal point for the feet (+ 8.2.1) 

© L.L-4 (hegu) mm: yuan-source point (8.1.1); Ma Dan Yang 
Heavenly Star point (+ 8.1.14); Gao Wu command point 
(8.1.11) for the face and mouth; important point for acupunc- 
ture anaesthesia; distal point for the forehead, eyes, nose 
mouthvteeth, jaw, shoulder, elbow, hand, fingers (+ 8.2.1); 
local point for the hand and fingers (stiffness) (+ 8.2.1) 


—6— 


5 (yangxi): shu-stream point (Fire) (—+ 8.1.6); local point 

the hand (+ 8.2.1); distal point for the knees and feet 

82.1) 

6 (pianti: luo-connecting point (—* 8.1.2) 

1 (wenliu): xi-cleft point (+ 8.1.3) 

10 (shousanli): adjacent point for the elbow (—* 8.2.1) 

11 (gichi) mm: Sun Si Miao Ghost point (-* 8.1.15): he~ 
sea point (Earth) (—* 8.1.6); tonification point; Ma Dan Yang 
Heavenly Star point; distal point for the neck (—* 8.2.1); local 
point for the elbow (+ 8.2.1) 

© L.L-13 (showwuli): regional point for the elbow (—* 8.2.1) 

© LAL-14 (binao)*: jiaohui-meeting point with the S.1. and BL 
channel and the yang wei mai* (+ 8.1.10); regional point for 
the shoulder and elbow (—* 8.2.1) 

© LAL-15 Gianyu) mim: jiaohui-meeting point with the yang giao 
‘mai (—* 8.1.10); local point for the shoulder (+ 8.2.1) 

© LL-16 (jug): jiaohui-meeting point with the yang giao mai 

8.1.10) 

18 (futu): Window of Heaven point (+ 8.1.12) 

© LL-20 (yingxiang) sm: local point for disorders of the 
nose (+ 8.2.1); jiaohui-meeting point with the ST channel 
(8.1.10) 


General location help 

‘©The course of the line connecting L.L-S and L.L-11 (12 cun) 
changes depending on whether the forearm is in a supinated 
of a pronated position. For location purposes the forearm 
should be in a midposition with the elbow slightly flexed. 

‘Since the L.1. channel crosses to the opposite side of the body 
at Du-26 (nasolabial groove), locate L.L-19 and L.L-20 
contralaterally 


Mentioned by only few authors 
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Shang Yang SHANGYANG [QE 


Location 
(On the index finger, 0.1 cun from the radial corner of the nail. 


How to find 

‘This point is located where two tangents bordering the nail of 
the index finger medially and proximally cross, approximately 
0.1 cun from the corner of the nail. 


Needling 
0.2-0,3 cun vertically or obliquely in a proximal direction. 
Avoid needling the perionychium. For acute disorders (pain, 
inflammation), prick to bleed with needle, lancet or three-edged 
needle, 


Actions/Indications 
'* Expels pathogenic factors and opens the channel 
© Frees the senses 


Special features 
Jing-well point, Metal point, ben point (Five Phases), entry point 
according to some authors, 


[9] INI NETS 
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La-2 | Second Space ERJIAN 


* flO) ININ EIEN 


Location 

(On the radial aspect of the index finger, distal to the metacarpo- 
phalangeal joint, at the junction of the shaft and the basis of the 
proximal phalanx. 


How to find 

With the hand relaxed, palpate the border between the ‘red to 
white” skin along the shaft of the second proximal phalangeal 
bone towards the metacarpo-phalangeal joint until the angle 
between the base and the shaft ofthe bone can be clearly felt. LL-2 
is located at the junction of the shaft and the base and slightly 
below (palmar to) the most external curvature of the bone, 

+ S.L-2 is located in a similar position at the proximal phalanx 
of the little finger. 


Needling 
0.2-0.5 cun obliquely in a proximal direction or distal in a 
slightly palmar direction. 


Actions/Indications 
© Clears Heat and expels Wind 


Special features 
Ying-spring point, Water point, sedation point, distal point for 
the mouth and teeth 


Proximal phalanx i 
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Third Space SANIAN JER 
Location 


—,,, On the radial aspect of the index finger, proximal to the 
‘metacarpo-phalangeal joint, at the junction of the shaft and the 
head of the 2nd metacarpal bone. 


How to find 

With the hand relaxed, palpate along the radial aspect of the 2nd 
metacarpal bone in a distal direction until the angle formed 
between the head and the shalt can be clearly felt, Lu-3 is 
located at the junction of the shaft and the head and slightly 
below (palmar to) its most external curvature. —* S.1.-3 is located 
in a comparable position on the ulnar aspect of the Sth 
‘metacarpal bone (on the ulnar border of the hand). Located in a 
comparable location on the feet are + SP-3 and + BL-63, 


Needling 
With the hand relaxed, 0.3-1 cun vertically directly below the: 
lower border of the metacarpal bone towards — $.L.-3. 


Actions/Indications 

* Clears Heat and expels Wind 
© Benefits the throat and teeth 
# Alleviates pain 


Special features 
Shu-stream point, Wood point. Important point for pain in the 
fingers and the metacarpus. 
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DEEL soining vattey Hecu 


Location 

On the radial aspect of the hand, between the Ist and 2nd 
‘metacarpal bones, closer to the 2nd metacarpal bone and 
approximately at its midpoint. 


How to find 

‘When pressing the thumb and index finger together, the adductor 
pollicis and the interosseus dorsalis muscles will form a bulge. 
Needle L.L.-4 at the highest point of the bulge and push it further 
towards the inferior aspect of the second metacarpal bone. Or: 
Spread the thumb and forefinger and place the distal phalanx of 
the thumb of the other hand on the webbed border. When flexing 
the thumb, its tip will point to L.-4, Or: Insertion on the angle 
bisector between the Ist and 2nd metacarpal bones, needling in 
the direction of the midpoint of the second metacarpal bone. 


Needling 
0.5-1 cun vertically or slightly obliquely towards the palmar 
aspect of the hand, Caution: Reducing needle techniques are 
contraindicated during pregnancy; exception: to induce labour, 


Actions/Indications 

Releases the Exterior (main point!) 

Regulates the face and head 

Regulates the Defensive Qi (wei gi) and sweating 
Opens the channel and /uo-connecting vessels 
Alleviates pain 

Promotes labour 


a 


Special features 
| | Yuan-source point, Gao Wu command point for the head and 

‘mouth, Ma Dan Yang Heavenly Star point, entry point according to 
some authors. Most important analgesic point for the whole body. 
‘Most important single distal point for disorders of the face and 
sensory organs. It is the most commonly used point in clinical 
practice. The combined bilateral needling of L.J.-4 and — LIV-3 
(between the 2nd and 3rd metatarsal bones) is known as si guan 
(Four Gates): they strongly regulate the Qi and Blood, stop pain 
and relieve spasms. 


Cho4.2-P10028.qxd 2/23/08 7:05 PM Page 105 O | 


4.2 The Large Intestine Channel System — Hand yangming (shou yang ming jing luo) 
Yang Stream YANGX! [JTS 
Location 


With the thumb abducted, in a depression between the tendons 
of the extensor pollicis longus and brevis muscles (“anatomical 
smuffbox’), on the radial aspect of the wrist. 


Tendon of the extensor Styloid process 
pollicislongus ° of the radius 


How to find 

‘The anatomical snuffbox is a depression on the radial aspect of 
the wrist formed when abducting the thumb, Holding the hand in 
a horizontal position, it opens towards the body. L.L.-5 is located 
on the wrist joint space, which becomes palpable by moving the 
Wrist. + LU-9 is also located on the wrist joint space and can be 
found by moving anteriorly from L.l.-8 across the short tendon 
of the extensor pollicis muscle, 


Needling 
Vertically 0.5—1 cun. Caution: Avoid the superficial cephalic vein. 


Actions/Indications 

© Supports the wrist joint 

# Clears Fire and expels Wind 

# Clears Fire from the yangming (L.L., ST) and calms the shen 


Special features 
Jing-river point, Fire point. Important local point for disorders: 
of the wrist, together with T.B.-4, S.L-5, HE-7, P-7 and LU-9. 


Ss OIN INE IS 
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Veering Passage | 


3 cun proximal to + LL-S (in the centre of the anatomical 
snufbox), on the ine connecting —* L.L-S and — LiL, 
between the abductor pollicis longus and the extensor pollicis 
brevis muscles, at the level of the junction between the tendon 
and the muscle. 


Please note: The course of the line connecting -* L.L-S and 
+ L111 depends on the position of the forearm. For location pur- 
‘poses, a midposition of the forearm with flexed elbow is recom- 
‘mended. To locate L.L-6, measure 3 cun (1 handsbreath) from 
+ LL-S (centre of the anatomical snuffbox) on the connecting 
fine, Or: “Tiger mouth grip’ (+ Fig. 2.6): Spread thumb and index 
finger of both hands, crossing them so that the forefinger of one 
hhand comes to rest on the styloid process of the other, but avoiding 
bending the wrist. Place the middle finger against the forefinger: 
L.L.-6 is located directly below the tip of the middle finger. 

Located at the same level (3 cun proximal to the wrist joint 
space) on the dorsal side of the forearm are —+ T.B.-6 (in the 
depression between the radius and the muscle) and —* T.B-7 (in 
the depression between the ulna and the muscle) as well as + P-S 
(on the ventral side of the forearm between the tendons). 


| Obliquely or transversely (subcutaneously) 0.5-1 cun 


Expels Wind, clears Heat 
Regulates and opens the water passages 
Opens the channel and uo vessels 


Lio-connecting point, Major point of the L,I. channel for regu- 
lating the water passages. 
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Warm Flow WENLIU 
Location 


5 cun proximal to the anatomical snuffbox in the direction of the 
lateral end of the elbow crease or 1 cun distal to the midpoint of 
the line connecting + LL-5 and + L.L-11. 


How to find 

Please note: With the hand supinated, the line connecting 
> LL-S and = L.L-11 runs alongside the radial margin of the 
forearm. However, with the arm pronated, it transverses the fore- 
arm, L.L-7 lies on the dorso-lateral aspect of the radius and is 
best located with the forearm in midposition and the elbow 
flexed. Spreading hands technique: Place the little fingers on 
> LL-S and = LL-L1 and span the hands evenly so that the 
thumbs join at the midpoint of the line, From there, measure 
1 cun distally. + T.B.-8 is located 4 cun proximal to the wrist 
crease between the radius and the ulna in the centre of the dorsal 
forearm or 1 cun distal to L.L-7. 


Needling 
Vertically 0.5-1 cun 


Actions/Indications 

© Treats acute disorders 

© Clears Heat and toxic Heat 

© Regulates the Stomach and Large Intestine 


Special features 
Xi-cleft point 


@y [OJIN I EET 
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DET tower Angle XiALiAN 


Location 

4 cun distal to the lateral end of the elbow crease in the direction 
of the anatomical snuffbox and on a line connecting + L.L-S 
and + LL-LL. 


How to find 

Please note: In supination, the line connecting —* L.t.-5 and 
J LiL-IT runs along the radial margin of the forearm: in 
pronation, it transverses the forearm, L.L.-8 lies on the dorsal 
aspect of the radius and is best located with the forearm in mid- 
position and the elbow flexed, L.L-8 can be found either 4 cun 
distal to L.L-11 or 2 cun proximal to the midpoint of the line 
connecting + L.l.-5 and + L.L-11 (spreading hands technique, 
423.3). 

+ TB.-9 is 5 cun distal to the olecranon between the radius and 
the ulna, about 1 cun distal to L.L-8 in the middle of the dorsal 
forearm, 


Needling 
Vertically or obliquely 0.5-1 cun 


Actions/Indications: 

© Opens the channel 

* Cools and expels Wind 

‘© Harmonises the Small Intestine 


Soldering Guide 


Safety Precautions 


Never touch the element or tip of the soldering iron. 

They are very hot (about 400°C) and will give you a nasty burn. 

‘Take great care to avoid touching the mains flex with the tip of the iron. 

The iron should have a heatproof flex for extra protection, Ordinary plastic flex melts 
immediately if touched by a hot iron and there is a risk of burns and electric shock. 
Always return the soldering iron to its stand when not in use. 

Never put it down on your workbench, even for a moment! 

Allow joints a minute or so to cool down before you touch them. 

Work in a well-ventilated area. 

The smoke formed as you melt solder is mostly from the flux and quite irritating. Avoid 
breathing it by keeping you head to the side of, not above, your work. 

Wash your hands after using solder. 

Solder contains lead. 


Treatment for minor burns 
Most burns from soldering are likely to be minor and treatment is simple: 


+ Immediately cool the affected area under gently running cold water. 
Keep the bur in the cold water for at least 5 minutes (15 minutes is recommended). 
If ice is readily available this can be helpful too, but do not delay the initial cooling 
with cold water. 
Do not apply any creams or ointments. 
The burn will heal better without them. A dry dressing, such as a clean 
handkerchief, may be applied if you wish to protect the area from dirt. 

+ Seek medical attention if the burn covers an area bigger than your hand. 


Preparing the soldering iron 


Place the soldering iron in its stand and plug in. 

The iron will take a few minutes to reach its operating temperature of about 400°C. 
Dampen the sponge in the stand. 

The best way to do this is to lift it out the stand and hold it under a cold tap for a moment, 
then squeeze to remove excess water. It should be damp, not dripping wet. 

Wait a few minutes for the soldering iron to warm up. 

You can check if it is ready by trying to melt a little solder on the tip. 

Wipe the tip of the iron on the damp sponge. 

This will clean the tip. 

Melt a little solder on the tip of the iron. 

This is called ‘tinning’ and it will help the heat to flow from the iron’s tip to the joint. It only 
needs to be done when you plug in the iron, and occasionally while soldering if you need to 
wipe the tip clean on the sponge. 

You are now ready to start soldering! 

Please turn the page for further instructions. 


John Hewes 2006, The Electronics Club, www.kpsec.freeuk.com 
This document may be copied for educational purposes. 
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4.2 The Large Intestine Channel System — Hand yangming (shou yang ming jing luo) 


Upper Angle SHANGLIAN [RRR 


Location 

3 cun distal to the lateral end of the elbow crease in the direction 
of the anatomical snuffbox, on the line connecting + L.L.-S and 
SLL. 


How to find 

Please note: With the hand supinated, the line connecting 
+ LiL-S and — L.L-11 runs along the radial margin of the fore- 
arm, However, with the arm pronated, it transverses the forearm. 
L.L9 lies on the dorsal aspect of the radius and is best located 
with the forearm in midposition and the elbow flexed. From 
+ L.L-11, measure 3 cun distally. The point is located in an eas- 
ily palpable depression between two muscle bellies and is often 
tender with pressure. 


Needling 
Vertically or obliquely 0.5—1 cun 


Actions/Indications 
‘© Opens the channel, cools and expels Wind 
> e Harmonises the Large Intestine 


my OJIN IN L-IE 
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Arm Three Miles SHOUSANLI 


Location 

2 cun distal to + L.L-I1, on the line connecting * L.L-S and 
= L.L-11, on the extensor carpi radialis longus muscle; a deeper 
insertion will reach the supinator muscle. 


How to find 

Please note: With the hand supinated, the line connecting 
> LL-S and + L.L-L1 runs along the radial margin of the fore- 
arm. However, with the arm pronated, it ransverses the forearm. 
L.L-10 lies on the dorsal aspect of the radius and is best located, 
‘with the forearm in midposition and with the elbow flexed. First, 
‘palpate + L.L-11 in the depression lateral to the radial end of the 
cubital crease. L.L.-10, usually sensitive to pressure, is found by 
‘measuring 2 cun distally from + L.L-11 on the connecting line. 


Needling 
Vertically 1-2 cun 


Actions/Indications 

‘Regulates the Qi and Blood (in the upper extremity), opens 
the channel and fia vessels, alleviates pain 

¢ Regulates the Stomach and Intestines 


Special features 
Important local point, often used in chain-and-lock method with 
other channel points 
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4.2 The Large Intestine Channel System — Hand yangming (shou yang ming jing luo) 
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twiceps brachii 
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Lateral head 
of the triceps 
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Tendon of the 
twiceps brachii 


-~18.10 


Maar Olecranon 


Flexor carpi 
Ulnaris 


Left arm, posterior aspect, 


Pool at the Crook QUCHI [ESET 


Location 

With the elbow flexed, on the lateral end of the elbow crease, in 
a depression between the end of the crease and the lateral epi- 
condyle of the humerus, on the extensor carpi radialis longus 
muscle, 


How to find 

First, with the elbow completely flexed, locate the lateral end of 
the elbow erease. Next, with the elbow flexed at approximately 
90°, palpate for a pressure-sensitive depression in this area on 
the extensor carpi radialis longus muscle. L.L-11 is located 
close to the border of the proximal aspect of the ulna, 

Aso located at the level of the elbow crease are —* LU-8, -+ P-3 
(radial/ulnar of the tendon of the biceps) and —* HE-3 (with the 
elbow completely flexed at the medial end of the cubital crease), 


Needling 
Vertically 1-1.5 cun 


Actions/Indications 

© Clears Heat, expels Wind 

© Clears yangming ~ Fire 

© Cools the Blood, drains Dampness, alleviates itching 
© Opens the channel 


Special features 
He-sea point, Earth point, tonification point, Sun Si Miao Ghost 
point, Ma Dan Yang Heavenly Star point. Important point for 
Heat conditions and disorders of the upper extremity. 


Right arm, anterior aspect 
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Elbow Crevice ZHOULIAO 


Location 
1L.cun proximal to the lateral end of the elbow crease (+ L.L-11), 
on the anterior border of the humerus. 


How to find 

L.L-12 is best located with the elbow flexed at 90°. From 
+ LL-11 (on the lateral end of the elbow crease), palpate 1 cun 
towards proximal. There, palpate for the anterior border of the 
humerus, Ll-12 is located at the junction of the shaft with the 
lateral epicondyle of the humerus and in front of the anterior 
border of the bone, 


Needling 
Vertically 0.51 cun, needle insertion between the border of the 
‘humerus and the flexor muscles in a medial direction. 


Actions/Indications 
© Opens the channel 
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Arm Five Miles SHOUWULI 


Location 

On the lateral aspect of the upper arm, 3 cun proximal to the 
lateral end of the elbow crease (+ LL-11), in the direction of 
the head of the humerus. 


How to find 

‘This point is located on a line connecting + L.-L1 (lateral end 
of the elbow crease) and = L.L15 (in a depression anterior and 
inferior to the acromion), on the lateral border of the biceps, in & 
groove between the biceps and the brachialis muscles, With the 
elbow flexed at 90°, measure 3 cun from — LLL towards 
proximal. Ask the patient to flex their biceps. 


Needling 
Vertically 0.5~1 cun, alongside the anterior border of the humerus. 


Actions/Indications 
© Opens the channel 


ms FO/INN IK F=IE TiS 
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4 Acupuncture Points of the Twelve Primary Channels 


Upper Arm BINAO 


Location 

On the lateral aspect of the upper arm, on a line connecting 
J La-IL and + LaL-15, 7 cun proximal to + LL-H and 
slightly superior to the pointed insertion of the deltoid muscle. 


How to find 

‘This point is best located with the elbow flexed and the deltoid 
‘muscle flexed against resistance, making the lateral border of the 
‘muscle belly more visible. L.L-14 is located in a depression on 
the lower pointed insertion area of the deltoid, ‘By moving the 
upper arm towards the tip of the nose, the patient will touch the 
approximate location of this point’ For orientation: This point 
fies approximately 2 cun inferior to the anterior end of the axil- 
lary fold (+ 2.2), 


Needling 
Vertically 0.5~1 cun: also obliquely towards the shoulder for dis- 
orders of the eyes. 


Actions/Indications 
© Opens the channel and /uo vessels, alleviates pain 
© Benefits the eyes 


Special features 
Important local point. According to some authors, meeting point 
With the yang wei mai and the S.I. and BL channels. 


clavicular head 


I 

| 
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4.2 The Large Intestine Channel System — Hand yangming (shou yang ming jing luo) 
Shoulder Bone JiANYU [ERE EI 
Location 


In the depression distal and anterior to the acromion, between 
Deltoid, lateral —_—_the clavicular and acromial portions of the deltoid muscle. 
fibres 


Deltoid, posterior 
fibres 


How to find 

‘Ask the patient to abduct their arm. With the arm in a horizontal 
position, two depressions will form in the insertion area of the 
deltoid, distally to the acromion, By placing the thumb and 
index finger in those depressions in a pincer-like grip (with 
thumb and finger 1 thumb’s breadth apart), the anterior finger 
Will be in the anterior depression, where L.L.-15 is located. 

+ TB.-14 is located under the posterior finger in the dorsal 
depression, 


Needling 
With the arm slightly adducted, 1~1.5 cun obliquely in the bony 
cleft and in a posterior direction: with the arm abducted, 0.51 
cun vertically. Caution: Shoulder joint. 


Actions/Indications 
« Expels Wind-Damp, opens the channel, alleviates pain, sup- 
2 Aeromion ports the shoulder joint 
# Expels Wind 
_-_ Deltoid # Regulates the Qi, resolves Phlegm 


Special features 
Meeting point with the yang giao mai. Important local point for 
disorders of the shoulder, often used with chain-and-lock method 
(+ 8.3.6) with other channel points of the upper extremity. 


_- Triceps brachii, 
lateral head 


eres major” 


Triceps brachii/ 
long head 
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4 Acupuncture Points of the Twelve Primary Channels 


GREET creat Bone jucu 


Location 
In-a depression between the acromial extremity of the clavicle 
and the junction of the scapular spine and the acromion. 


Scapular spine 


How to find 

‘This point is located on the shoulder, at the angle between the 
acromio-clayicular joint and the junction of the scapular spine 
and the acromion (3.3.1), above the most lateral portion of the 
trapezius and supraspinatus muscles. At this point, the tendon of 
the supraspinatus delves below the actomion, where it often 
causes problems owing to the cramped anatomical structure (for 
example, impingement syndrome). 


Needling 
Vertically 0.5-1 cun 


Actions/Indications 
* Opens the channel, supports the shoulder joint 


Special features 
Meeting point with the yang giao mai 


_- Triceps brachii, 


| | {ateral head 
! ee 
e v 
“Triceps brachii/ 
z tong head 
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l, Tray 
_- (Superior fibres) 
S113 
S12 
LING 
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Heaven's Tripod TIANDING 


Location 
On the posterior border of the stemocleidomastoid muscle, 1 cun 
below the laryngeal prominence (—+ 3.2), 


How to find 

‘This point is located on the lateral musculature of the neck, 
directly posterior to the sternocleidomastoid muscle, By rotating 
the patient’s head to the opposite side, this muscle will become 
more visible and palpable, + L.L.-18 is located 1 cun superior to 
L.L-17, between the two heads of the stemocleidomastoid. 


Needling 
Rotate the head back to its normal position before needle inser- 
tion. Vertically 0.3-0.5 cun or obliquely up to 0.8 cun, Caution: 
Carotid artery, jugular vein. 


Actions/Indications 
© Benefits the throat and larynx 
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4 Acupuncture Points of the Twelve Primary Channels 


} LA.-18 | Support the Prominence FUTU 


Location 

On the lateral aspect of the neck, at the level of the laryngeal 
prominence, between the two heads of the sternocleidomastoid 
muscle (+ 3.2). 


How to find 

From the laryngeal prominence (tip of the Adam's apple), draw 
line actos the stemnocleidomastoid muscle to its posterior bor- 
der. L.L-18 is located between the two heads of this muscle, 
Which becomes more visible and palpable by rotating the head to 
the opposite side. 

Located on the same level are “+ S79 on the anterior border and 
+ S.L-16 on the posterior border of the sternocleidomastoid 
muscle. 


Needling 
Rotate the head back to its normal position before inserting the 
needle. Vertically 0,3-0,5 cun or obliquely up to 0.8 cun, Caution: 
Carotid artery, jugular vein, 


Actions/Indications 
Benefits the throat and larynx 


Special features 
Window of Heaven point. Often used when swallowing is diffi- 
cull, for example after a stroke. 


Superior 
thyroid 
notch 


Laryngeal 
prominence 


22> Tracheal 
antlage 


== External jugular vein 


— Transverse cervical 


Making soldered joints 


+ Hold the soldering iron like a pen, near the base of the handle. 
Imagine you are going to write your name! 
Remember to never touch the hot element or tip. 
+ Touch the soldering iron onto the joint to be made. 
Make sure it touches both the component lead and the track. 
Hold the tip there for a few seconds and... 
+ Feed a little solder onto the joint. 
It should flow smoothly onto the lead and track to form a volcano shape as shown in the 
diagram below. Make sure you apply the solder to the joint, not the iron, 
+ Remove the solder, then the iron, while keeping the joint still. 
Allow the joint a few seconds to cool before you move the circuit board. 
+ Inspect the joint closely. 
It should look shiny and have a ‘volcano’ shape. If not, you will need to reheat it and feed in 
alittle more solder. This time ensure that both the lead and track are heated fully before 
applying solder. 


GOOD JOINT —_BAD JOINT 


(volcano shape) (ary joint) 
shin) 
solder dull 


solder 


PCB or 


component stripboard 


lead 


Using a heat sink 

Some components, such as transistors, can be damaged by heat 
when soldering. It is wise to use a heat sink clipped to the lead 
between the joint and the component body, as shown in the picture. 
You can buy a special tool, but a standard crocodile clip works just 
as well and is cheaper! 


Soldering advice for components 

Some components require special care when soldering. 
Many must be placed the correct way round and a few 
are easily damaged by the heat from soldering. 
Appropriate warnings are given in the table on the next 
page, together with other advice which may be useful 
when soldering. 


a 


y, 


© John Hewes 2006, The Electronics Club, www.kpsec.freeuk.com 
This document may be copied for educational purposes. 
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4.2 The Large Intestine Channel System — Hand yangming (shou yang ming jing luo) 


Mouth Grain Crevice KOUHELIAO [ESET 


Location 
On the maxilla, slightly below the lateral margin of the nostril. 


How to find 

By dividing the distance between the margin of the nostril and 
the margin of the upper lip into three sections, L.L-19 is located 
at the junction of the upper and the middle third, 

+ Du-26 is located on the same level, on the anterior midline 
and at a distance of approximately 0.5 cun, 


Needling 
Obliquely 0.3-0.5 cun, Painful point! According to some clas- 
sics, moxibustion is contraindicated. 


Actions/Indications 
© Expels Wind and opens the nasal passages 
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} LA.-20 | Welcome Fragrance Y\NGXIANG 


Location 
In the nasolabial groove, on the level of the midpoint of the lat- 
eral border of the ala nasi. 


How to find 

L.L.-20 is located by finding the midpoint of the lateral border of 
the ala nasi (—+ 3.1.2) and following it to the nasolabial groove. 

‘Tip: The nasolabial groove becomes more pronounced if you ask 
the patient to smile, 


Needling 
0.3-0.5 cun vertically, obliquely or transversely (subcuta- 
neously) in a medial and superior direction towards the extra 
point + EX-HN-8 (shangyingxiang or bitong: at the upper end 
of the nasolabial groove, at the transition between the nasal bone 
and the cartilage). According to some authors, moxibustion is 
contraindicated. 


Actions/Indications 
© Opens the nasal passages, expels Wind, clears Heat 


Special features 
Meeting point with the ST channel, exit point. Most important 
local point for disorders of the nose. 
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4.3, The Stomach Channel 
System — Foot yangming 
(zu yang ming jing luo) 

4.3.1 The Stomach Primary Channel 
(zu yang ming jing) 
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Pathway 

‘The Stomach primary channel begins with an internal branch at 

the Yang axes connection of the first great circuit (yangming, 

hand-foot pairing) at + L1-20 (yingriang) lateral to the ala nasi 

= trayels internally to + BL-I (jingming) at the inner canthus 
of the eye 

= emerges at the infraorbital ridge at ST-1 (chenggi). the begin- 
ning of the external part of the primary channel 

= descends laterally along the nose and enters the gums of the 
upper jaw 

= meets the contralateral Stomach primary channel and the du 
‘mai at + Du-26 (renchong) and emerges again 

‘= curves around the lips to meet the ren mai and again the con- 
tralateral Stomach channel at + Ren-24 (chengiiang) 

= traverses the lower cheek and winds around the lower angle 
of the mandible 

Here, at + STS (daying), the external channel divides into two 

branches: 

= One branch ascends anterior to the ear, travels via + G.B.-3 
(shangguan), + G.B.-6 (xuanli), + G.Be3 (xwanie) and 
= G.B.-4 (hanyan) o the temporal region to + ST-8 (towel) 


and continues to the forehead to meet + Du-24 (shenting), 
where it terminates. 

‘= The other external braneh descends along the lateral aspect 
ofthe neck to the supraclavicular fossa and travels posteriorly 
over the back of the neck to Du-14 (dazhui) below the 
spinous process of the 7th cervical vertebra, where it meets 
the other five Yang primary channels 

An internal branch descends from the supraclavicular fossa, 

passes the diaphragm, enters first its pertaining fu-Ongan, the 

Stomach (vei) and then connects with its paired zang-Organ, the 

Spleen (pi). Minor branches of the internal channel intersect 

with 4 Ren-13 (shangwan), + Ren-12 (chongwan) and 


= 


— Ren-10 (xiawan). The internal branch then descends towards 
30, 


the inguinal region where it emerges slightly superior to 

(gichong) and reconnects with the external branch. 

= The external channel descends from the supraclavicular fossa, 
crosses the nipple and laterally passes the umbilicus, travels in 
a curve to the leg and knee, continues along the: 
the tibia and the dorsum of the foot and terminates on the sec- 
ond toe at + STS (lid) atthe lateral comer of the mail 

= An internal branch originates below the knee area at 
= S136 (<usanli) and travels to the lateral aspect of the mid- 
dle toe. 

A further branch separates from the primary channel at 
= ST-42 (chongyang) on the dorsum of the foot and connects 
at + SP-1 (yinbai) with its paired SP channel on the medial 
aspect of the big toe (foot Yin-Yang connection of the first 
great circuit). 


erior crest of 


Clinical importance (— 1.2) 

Exterior (biao) signs and symptoms: High fever, malaria, 
flushed face, sweating, confused mental state, aversion to cold, 
eye pain, dry nasal passages, nosebleeds, dry lips and mouth, 
lesions of the lips and mouth, sore and swollen throat, thoracic 
pain, red and swollen legs 

Interior (li) or zangfu-Organ signs and symptoms: Abdomi- 
nal distension, sensation of fullness, oedema, irritability during 
work and rest, mania and epilepsy, hyperpepsinia, constant 
hunger, yellow urine 

Excess (shi): Heat sensations on the anterior aspect of the body, 
constant hunger, yellow urine 

Deficieney (xu): Cold sensations on the anterior aspect of the 
body, chills, Stomach Cold with distension and fullness 


Connections and meeting points of the 
Stomach primary channel (— 1.2) 


Connections with other channels 


Spleen primary channel (zu tai yin jing) 
Connection: Foot Yin—Yang connection of the first great circuit 
Location: ST-42 + SP-1 (on the foo) 

Circulation: Circadian (according to the Organ clock) 
Importance: Exterior-Interior relationship 


Large Intestine primary channel (shou yang ming jing) 
Connection: Paired according to the six channel theory 
(hand-foot pairing): yang ming (Yang axes of the first great 
circuit) 

Location: L.L.-20 + (BL-1) + ST-1 (on the head) 

Circulation: Circadian (according to the Organ clock) 
Importance: Above-below relationship 


Connections with other zangfu-Organ systems 
Stomach (wei), Spleen (pi) 
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4.3.2 The Stomach Divergent Channel 
(zu yang ming jing bie) 


Pathway 
‘The Stomach divergent Channel separates from the Stomach pri- 
mary channel at + ST-31 (biguan) on the antero-lateral aspect 
of the thigh 
= penetrates the body at the inguinal region at S'T-30 (gichong) 
= continues to the Stomach (wei) and disperses in the Spleen (pi) 
‘= ascends and penetrates the Heart (xin) 
= ascends along the oesophagus to the suprasternal fossa and 
travels laterally to the supraclavicular fossa at ST-12 (quepren). 
From there it rises along the anterior border of the sternocleido- 
mastoid muscle and meets its primary channel as well as the 
divergent Spleen channel at ST-9 (remrying) at one of the six he- 
contluences (here: ST/SP as third confluence — 1.3). 
It then emerges at the mouth, ascends along the nose, reaches 
the inner canthus of the eye and connects with the eye, circles 
the eye region and meets the Stomach primary channel at ST-1 
(chenggi) where it terminates (— fig.) 
Accorting to some authors, the Stomach divergent channel con- 
nects with the Stomach primary channel at BL=I (—+ variant, fig.) 
ier intersecting with BL-1. the divergent channel could enter the 
head, disperse in the brain and re-emerge at ST-1. 


Clinical importance 

© Strengthens the relationship between the Stomach and the 
Spleen (cangfit-Organs). Points on the Stomach primary 
channel can therefore be used for disorders of the Spleen, and 
vice versa points on the Spleen primary channel can treat dis- 
orders of the Stomach. 

Spreads Qi to the face and sensory organs: many points on the 
ST channel treat disorders of the head and face 

# Strengthens the relationship between the Stomach and the 
eyes: Heat and excess in this region can be directed down- 
‘ward by using points on the ST channel 
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4.3.3 The Stomach Sinew Channel 
(zu yang ming jing jin) 


Pathway 

‘The Stomach sinew channel begins as a wider band, encompassing 

the second, third and fourth toe, traverses the dorsum of the foot, 

binds (jie) atthe tibial depression and divides into two branches: 

= One branch obliquely ascends the anterolateral aspect of 
the leg and binds (jie) atthe lateral aspect of the knee. It then 
ascends the anterolateral aspect of the thigh and binds (jie) at 
the anterior hip region, From there it sends a braneh to 
= G.B.-30 (huwantiao) in the direction of the greater trochanter. 
‘The sinew channel travels from the anterior hip region across 
the lateral abdomen and spreads across the lower ribcage pos- 
teriorly to the spine 

= Another branch follows the tibia on the anterior aspeet of 
the lower leg and binds (je) at the level of the patella, From 


= 


there a branch runs to the head of the fibula where it meets the 
G.B. sinew channel at + G.B.-34 (yanglingquan) 

= From the patella the channel ascends along the anterior 
aspect of the thigh, binds (jie) in the inguinal region, passes 
= Ren-2 (qugu) and binds (jie) at + Ren-3 (chongji). It then 
ascends across the abdominal and thoracic region and reaches 
the supraclavicular fossa to bind (jie) at ST-12 (quepen). It 
then continues along the anterolateral aspect of the neck and 
binds (jie) at the angle of the mandible, 

At the angle of the mandible the channel divides into three 

branches: 


= One branch terminates anterior to the ear. 

= A further branch ascends to the zygomatic bone where it 
meets the other Yang sinew channels at + S.L-18 (quanliao), 

= The third braneh circles the mouth, ascends to the upper 
nose region, there connects with the Bladder sinew channel 
and then spreads along the lower eyelid, ‘The Bladder sinew 
channel spreads along the upper eyelid, so that the two chan- 
nels together form a network around the eyes. 


Clinical importance 
Pathology: Stiffness and aching of the toes, leg cramps (gastro- 
cenemius and quadriceps muscles), stiffness and pain on the dor- 
sum of the foot (at $'F-41), swelling and tension in the inguinal 
region, shan-disorders, cramping in the abdomen as well as in 
the supraclavicular fossa and the face, facial paralysis, weakness 
and paralysis of the superior rectus muscle, 

Indication: Mainly used for bi-syndromes (painful obstruction 
syndromes) along the Stomach channel. The area covered by the 
‘Stomach sinew channel is larger than that covered by the Stomach 
primary charinel. This explains why the indications of points on the 
Stomach primary channel include disorders and diseases of the 
extemal genitalia (for example urinary tract disorders such as cysti- 
tis, hemia and orchitis, which are often treated in combination with 
LIV points) as well as disorders of the eyelids and of all sensory 
organs. 
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4.3.4 The Stomach luo-Connecting 
Vessel System (zu yang ming 
luo mai) 


Pathway 

‘The ST luo-connecting vessel separates from the Stomach primary 

channel at its /uo-connecting point ST-40 (fenglong) (—* 8.1.2) 

[forms a three-dimensional reticular network, dividing into multi- 

ple branches and sub-branches (sun luo, fir luo, xue luo 1.5) 

within the surrounding tissue. 

= Horizontal divisions run to the Interiorly-Exteriorly paired 
primary SP channel; according to some schools of thought 
(for example Van Nghi, — Appendix) they travel as a trans- 
verse Stomach uo-connecting vessel to the yuan point —* 
SP-3 (iaibai), 

=A longitudinal division ascends along the anterolateral 
aspect of the leg to the torso and reaches the lateral aspect of 
the neck at + ST-12, where it divides into two branches: one 
branch traverses the neck, the other branch runs to the 
occiput and ascends the head to reach —+ Du-20 (bath). 


Clinical importance (— 8.1.2) 


Pathology 
* Counterflow Qi: Swelling and pain of the throat, sudden loss 
of voice, sensation of tightness in the throat 


«Excess (shi): Psychological disorders, also epilepsy and 
mania 

* Deficieney (xu): Wei-syndrome of the legs (atrophy syn- 
drome with muscle weakness and paralysis) 


The great luo-connecting vessel of the 
Stomach (wei zhi dao luo or xu Ii) 


Pathway 

‘The great Stomach /uo-connecting Vessel begins at the Stomach 
(vei), passes through the diaphragm, intersects with + Ren-17 
(shanzhong) and spreads in the Lungs (fei), trachea and larynx. 
From the Lung it travels to the Heart (xin) and emerges on the 
loft aspect of the thorax near —+ ST-18 (rugen) which is located 
where the heartbeat is visible (—* 8.1.2). 


Clinical importance (— 8.1.2) 


Pathology 

«© Excess (shi): Dyspnoea 

* Deficieney (xu): Chest tightness, for example with asthma, 
coughing, angina pecto 


ele, 


4.3.5 Cutaneous Region (yang ming 
pi bu) 


See description and figures —* 1.6 


4.3.6 Points of the Stomach Primary 
Channel (Overview) 


Specific points according to their function 
(38.1) 
* Yuan-source point (+ 8.1.1): ST-A2 (chongyang) am 
Luo-connecting point (+ 8.1.2.): ST-40 (fenglong) mm 
Xi-cleft point (+ 8.1.3): ST-34 (lianggiu) am 
Associated Back-shu point (— 8.1.4): BL-21 (weishu) lm 
“Associated Front-mu point (+ 8.1.5): Ren-12 (shongwan) sm 
Five shu-transporting points (+ 8.1.6): 
Jing-well point (Metal), sedation point: ST-45 (lidui) mm 
ying-spring point (Water): ST-44 (neiting) mm 
‘shustream point (Wood): ST-43 (xiangu) 
jing-tiver point (Fire), tonification point: ST-41 (jiexi) aim 
‘he-sea point (Earth), ben point: ST-36 (zusanli) mat 
* Hui-meeting point (+ 8.1.7): — 
* Opening point (+ 8.1.8): 
* Lower he-sea points (8.1.9) 
of the Stomach: $1-36 (cusani) mm 
of the Large Intestine: ST-37 (shangjixu) 
of the Small Intestine: ST-39 (xiajus/u) am 
* jiaohui-meeting points (—* 8.1.10): 
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4 Acupuncture Points of the Twelve Primary Channels 


~ with the ren mai, yang giao mai, du mai*: Sl (chenggi) aim 

~ with the yang giao mai*: ST-2 (sibai) mim 

~ with the yang giao mai: ST-3 (juliao) 

~ with the primary L.L. channel, yang giao mai, duu mai®, ren 
mai*: ST-4 (dicang) 

~ with the G.B. channel*: ST-S (daying), ST-6 (jiache) 

~ with the G.B. channel: ST-7 (xiaguan) am, ST-9 (renying) 

~ with the G.B. channel, yang wei mai: ST-8 (touwei) mm 

~ with the primary LL, Si, TB., G.B. channels: ST-12 
(quepen) 

~ with the chong mai, G.B. channel*: ST-30 (gichong) mm 


~ other channels with the ST channel: L.L-20, BL-L, G.B.-3, 
G.B.-4, G.B.5, G.B.-6; Du-l4, Du-24; Du-26, Du-28% 
Ren-10*, Ren-12, Ren-13, Ren-24; G.B-14*, G.B-21* 


Gao Wu command point (+ 8. 
S1-36 (cusan/i) mm 
Window of Heaven point (= 8. 
Points of the Four Seas (— 8.1.13): 
Sea of Qi point: ST-9 (renying) 
Sea of Grain: ST-30 (gichong) mm, S wsanli) mm 
Sea of Blood: ST-37 (shangjuxu) mm, ST-39 (xiajushu) mm 
Ma Dan Yang Heavenly Star points (+ 8.1.14): ST-36 
(cusanti) mat, ST-44 (neiting) mm 
Sun Si Miao Ghost point (—+ 8.1.15): ST6 (jiache) im 
Other functional points: 
— Front-mu point of the Large Intestine: ST-25 (rianshu) mm 
~ most important acupuncture ‘Phlegm’-point: ST-40 (feng- 
Jong) mm 
Points according to region 
Local points (+ 8.2.1): eyes — ST-1 (chenggi) mim; mouth 
and teeth ~ ST-4 (dicang), ST-6 (jiache) mm: jaw ~ ST-7 
(xiaguan) tam; Large Intestine — ST-25 (tianshu) samt; Small 
Intestine and Bladder ~ $T-28 (shuidao); urogenital region ~ 
SY-30 (gichong) mm: knee ~ ST-34 (lianggiv) mm, ST-3S 
(dubi) mm, ST-36 (cusanli) ma; foot — ST-A1 (jievi) mm 
Adjacent points (+ 8.2.1): forehead — ST-8 (iouwei) mm; 
2 (sibai) mim; mouth/teeth ~ ST-7 (xiaguan) mm; 
throat ~ ST-10 (shuiru); Spleen, Stomach, Gall Bladder ~ 
ST-21 (liangmen): Kidney ~ ST-29 (guilai); abdominal region ~ 
SY-25 (tianshu) tal, ST-26 (wailing), ST-30 (gichong) am; 
foot ~ ST-34 (lianggitt) am, ST-36 (cusanli) mm; toes ~ ST-AL 
Giexi) am 
Distal points (+ 8.2.1): frontal headaches ~ ST-44 (neiting) 
lum: nose ~ ST-44 (nciting) tm; mouth/eeth — ST-44 (neiting) 
lam; throat ~ ST-44 (neiting) mim; shoulder region ~ ST-38 
(iakou) am: Lung ~ ST-40 (fenglong) mim; Spleen/Stomach ~ 
ST-36 (cusanli) mim; Large Intestine ~ ST-37 (shangjuxu) tm, 
Small Intestine ~ $1-39 (xiajushu) mim; epigastrium ~ ST-36 
(cusanti) mat; shoulder ~ S1-36 (cusanli) mm, ST-38 (tiakow) mm 


11) for the abdomen: 


ST-9 (renying) 


Specific points according to the channel 

pathway (in numerical order) 

© STI (chenggi) mm: meeting point with the ren mai, yang giao 
‘mai*, du mai (8.1.10); local point for the eyes (+ 8.2.1) 

© S122 (sibai) mm: meeting point with the yang giao mat 
(7 8.1.10); adjacent point for the eyes (+ 8.2.1) 

© S13 (juliao): meeting point with the yang giao mai 
(481.10) 

© ST-4 (dicang): meeting point with the Large Intestine chan- 
nel, yang giao mai, du mai®, ren mai* (—* 8.1.10); local point 
for the mouth/teeth (+ 8.2.1) 

‘© S15 (daying): meeting point with the Gall Bladder channel 

© $1.6 (jiache) mm: Sun Si Miao Ghost point (+ 8.1.15): meet- 
ing point with the Gall Bladder channel* (+ 8.1.10); local 
point for the mouth/teeth (+ 8.2.1) 

© S127 (viaguan) mm: meeting point with the Gall Bladder 
channel (+ 8.1.10); adjacent point for the teeth and jaw 
(8.2.1); local point for the jaw (+ 8.2.1) 

© ST-8 (touvei) mm: meeting point with the Gall Bladder chan- 
nel, yang wei mai (+ 8.1.10); adjacent point for frontal 
hheadaches (—* 8.2.1) 

© S19 (renying): meeting point with the Gall Bladder channel 
(8.1.10); Sea of Qi point (— 8.1.13); Window of Heaven 
point (8.1.12) 

© $1.10 (shuitu): adjacent point for the neck (+ 8.2.1) 

© ST-12 (quepen): meeting point with the L.L., S.1, T.B. and 
G.B. channels (+ 8.1.10) 

© S121 (liangmen): adjacent point for the Spleen, Stomach 
and Gall Bladder (+ 8.2.1) 

© S125 (tianshu) mm: Front-mu point of the Large Intestine 
(> 8.1.5); adjacent point for the abdominal region (+ 8.2.1) 

© $1.26 (wailing): adjacent point for the abdominal region 
(F821) 

$1.28 (shwidao): local point for the Small Intestine and Blad- 
der (8.2.1) 

$1.29 (guilai): local point for the urogenital region (+ 8.2.1) 

© $1-30 (gichong) am: meeting point with the chong mai, G.B. 
channel* (+ 8.1.10); Sea of Water and Grain point 
(7 8.1.13); local point for the urogenital region (8.2.1); adja- 

ent point for the abdominal region (—+ 8.2.1) 

© $1.34 (lianggiu) mm: xi-cleft point, important adjacent point 
for disorders of the knee (+ 8.2.1) 

‘© S1-35 (dubi) mm: local point for the knee region (—* 8.2.1) 

© $1.36 (cusanli) mm: he-sea point (Earth) (—+ 8.1.6), ben-point 
(Five Phase point); Lower he-sea point of the Stomach 
( 8.1.9}; Gao Wie command point (+ 8.1.11) for the 
abdomen; Sea of Water and Grain point (-* 8.1.13); Ma Dan 
Yang Heavenly Star point (+ 8.1.14); distal point for the 
Spleen/Stomach and epigastrium (+ 8.2.1); local point for 
the knee (+ 8.2.1); distal point for the shoulder (—* 8.2.1); 
adjacent point for the foot (+ 8.2.1) 


7 Mentioned by oaly some authors 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


«81-37 (shangjucu) am: Lower he-sea point of the Large Intes-. — General location help 
line (+ 8.1.9): Sea of Blood point (8.1.13); distal point for ST-1 to ST-4: with the patient looking straight ahead, these 


the Large Intestine (+ 8.2.1) points are located on the vertical pupil line 
© S138 (riakow) mm: distal point for the shoulder region ST12 to ST-18 are all located on the midclavieular/mamillary 
(482) line, 4 cun lateral to the anterior midline 


© S1-39 (xiajushu) mm: Lower he~ 
tine (+ 8.1.9); 


<a point of the Small Intes- — ST-12: in the supraclavicular fossa 
ea of Blood point (= 8.1.13); distal point for ~ $1-13: on the lower border of the clavicle 


the Small Intestine (+ 8.2.1) ~ ST-14 to ST-18: in the first to fifth intercostal space: 

© ST-40 (fenglong) mm: [uo-connecting point (— 8.1.2); main §7-19 to ST-30 are all located on a Vertical line midway 
‘Phlegm'-point; distal point for the Lung (+ 8.2.1) between the mamillary line and the anterior midtine, 2 cun 

© ST-41 (jiexi) mm: jing-river point (Fire) (+ 8.1.6); tonifica- lateral to the anterior midline: 
tion point; local point for the foot (8.2.1); adjacent point for ~ $1.19 to ST-25 are located on the 8 cun section (+ 2.2) 
the toes (+ 8.2.1) between the sternocostal angle and the umbilicus (ST-19 to 

+ ST-42 (chongyang) am: yuan-source point (8.1.1) STP25 are evenly spread on this ine, fram 6 cun above the 

© ST-43 (xiangu) mm: shu-stream point (Wood) (> 8.1.6) umbilicus to the same level as the umbilicus) 

© ST-44 (neiting) mm: ying-spring point (Water) (—* 8.1.6); dis- ~ ST-26 to ST-30 are located on the 5 cun section (+ 2.2) 
tal point for frontal headaches, as well as for the nose, between the umbilicus and the upper border of the pubic 
mouth/eeth and throat (~* 8.2.1); Ma Dan Yang Heavenly symphysis (1 cun steps from 4 cun superior to the upper 
Star point (+ 8.1.14) border of the pubic symphysis to its upper border). 

© S145 (divi) am: jing-well point (Metal) (+ 8.1.6); sedation 


point. 


a 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Container of Tears CHENGQI 


Location 
With the eyes looking straight ahead, directly below the centre 
of the pupil, between the eyeball and the infraorbital ridge. 


How to find 

With the patient looking straight ahead, the first four points of the 
ST channel are located on a vertical line drawn through the centre 
of the pupil. Within the area of the lower eyelid, the infraorbital 
ridge presents itself as a distinct bony structure. ST-1 is located on 
the pupil line, directly superior to the infraorbital ridge. 


Needling 

‘Ask the patient to look upward, gently push the eyeball upwards 
and insert the needle vertically along the orbital ridge in a dorsal 
direction. Caution: Venous plexus and arteries, avoid injuring the 
eyeball and periost! Needling recommended only by experienced 
practitioners! Pay attention to needling pain! No needle manipu- 
lation! After removing the needle, press firmly on the insertion 
site for about one minute to prevent haematoma, Inform the 
patient that it may still be possible for a haematoma to develop. 
Moxibustion is contraindicated! Points for disorders of the eyes 
With less risk of complications include BL-2, LB-21, G.B-1, 
ST-2, Ex-HN-S (taiyang), EX-HN-4 (yuyao). 


Actions/Indications 
# Expels Wind and Heat, clears and ben 


the eyes 


Special features 
Meeting point with the yang giao mai and ren mai, also with the 
du mai according to some authors, important point for the eyes, 
entry point. 


Components Pictures Soldering advice 

Resistors No special precautions are required. 
—1n- Conneet either way round. 

Diodes Diodes must be connected the correct 
2 ep way round: a = anode, k = cathode. 

Use a heat sink with germanium diodes. 
IC holders Ensure the notch is at the correct end. 
(DIL sockets) S&S Do not insert the IC at this stage to 


prevent it being damaged by heat. 


Presets (small 
variable resistors) 


No special precautions are required. 
On stripboard take care to ensure you 
insert them the correct way round. 


Capacitors, 
non-polarised 
(less than 1yF) 


No special precautions are required. 
Connect either way round. 
Take care to identify their value. 


Capacitors, 
electrolytic 
(1uF and greater) 


Electrolytic capacitors must be 
connected the correct way round, they 
are marked with + or - near one lead. 


LEDs 
(Light Emitting Diodes) 


LEDs must be connected the correct 
way round: a = anode, k = cathode. 
Use a heat sink with small (3mm) LEDs. 


Transistors 


Transistors have three leads and must 
be connected the correct way round. 
Use a heat sink clipped to each lead in 
turn between the joint and the transistor. 


Wire links Use tinned copper wire (such as the 
between points on offcut from a resistor lead) or single-core 
the board plastic-coated wire. 

Other parts No special precautions are required for 


mounted on the 
board 


most parts, but make sure they are the 
correct way round. 


Battery clips, 
buzzers and other 
parts with wires 


Red (+) and black (-) wires must be 
connected the correct way round. 


Wires to parts off 
the board such as 
switches 


Use plastic-coated stranded wire which 
is flexible, single-core wire is likely to 
break at the joint. 


Integrated Circuits 
(ICs or ‘chips’ 


When all soldering is complete, carefully 
insert ICs the correct way round in their 
holders. Make sure all the pins are lined 
up before pushing in firmly. 


For further information about electronic components please see: www.kpseo.freeuk.com 


John Hewes 2006, The Electronics Club, www.kpsec.freeuk.com 
This document may be copied for educational purposes. 
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4 Acupuncture Points of the Twelve Primary Channels 


Four Whites SIBAI 


Location 
With the eyes looking straight ahead, directly below the centre 
of the pupil, in the depression at the infraorbital foramen. 


How to find 

With the patient looking straight ahead, the first four points of 
the ST channel are located on a vertical line drawn through the 
centre of the pupil. Within the area of the lower eyelid, the intra- 
orbital ridge presents itself as a distinct bony structure, Starting 
at the infraorbital ridge (— 3.1.2), palpate inferiorly until you 
can feel the depression of the infraorbital foramen (this is often 
located slightly medial to the pupil line), where ST-2 is located, 


Needling 
0.3-0.5 cun vertically or transversely (subcutaneously) towards 
 S.L-18 of + L.L-20 (or example, in cases of facial paraly- 
sis). Deep needling (in an oblique cranial direction) is contra- 
indicated, Caution: Infraorbital nerve, eye injury. According to 
some classic texts, moxibustion is contraindicated. 


Actions/Indications 
«Benefits the eyes, clears Heat, eliminates Wind 


Special features 

Important local point for disorders of the eyes, pain and paraly- 
sis of the face; meeting point with the yang giao mai according 
to some authors. A less risky substitute for ST-1. 


Maxila 
(upper jan / 


st2 


foramen 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Great Crevice JULIAO 
Location 


With the patient looking straight ahead, directly below the cen- 
tre of the pupil, on the level of the lower border of the ala nasi. 


How to find 

With the patient looking straight ahead, the first four points of 
the ST channel are located on a vertical line drawn through the 
centre of the pupil (pupil line). ST-3 is located at the crossing 
point of the pupil line and a horizontal fine on the level of the 
lower border of the ala nasi. 


Needling 

Vertically or obliquely 0.3-0.5 cun or penetration method: trans- 
versely (subcutaneously) towards > ST-4, + S.L-18. cic, for 
example, in cases of peripheral facial paralysis, 


Actions/Indications 
‘* Expels Wind, opens the channel, disperses accumulations 


Special features 
Meeting point with the yang giao mai 
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4 Acupuncture Points of the Twelve Primary Channels 


Earth Granary DICANG 


Location 

With the patient looking straight ahead, directly below the cen- 
tre of the pupil and approximately 0.4 cun lateral to the corner of 
the mouth. 


How to find 

With the patient looking straight ahead, the first four points of 
the ST channel are located on a vertical line drawn through the 
centre of the pupil (pupil line). ST-4 is located at the crossing 
point of the pupil line and a horizontal line originating at the cor- 
ner of the mouth. The point is located in the nasolabial groove 
(> 3.1.2), approximately 0.4 cun lateral to the comer of the 
‘mouth. Ask the patient to smile in order to make the line more 
clearly visible. 


Needling 

Obliquely in a lateral direction or vertically 0.3-0.5 cun or pen- 
tration method: transversely (subcutaneously) approximately 
1.5-2.cun in cases of facial paralysis towards — S1-6, for trigem- 
{nal neuralgia towards -* L.L-20. Caution: Facial artery/vein, 


Actions/Indications 

© Expels Wind (fom the face), opens the channel, alleviates 
‘pain, relaxes the facial musculature 

‘© Sometimes as distal point for disorders of the leg 


Special features 

Meeting point with the L.1. channel, the ren mai and yang giao 
‘mai (also with the du mai according to some authors). Important 
local point for neuralgias and pareses affecting the mouth and 
cheeks. 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Great Welcome DAYING 
Location 


(On the lateral mandible, anterior to the masseter muscle. 


How to find 

By asking the patient to clench their teeth, the anterior border of 
the masseter muscle becomes clearly palpable. ST-S is located 
directly anterior to the border of the muscle, in a shallow depres- 
sion on the mandible and slightly above the angle of the jaw. 
Here, the facial artery ean be palpated. 


Needling 
0.3-0,5 cun obliquely or transversely (subcutaneously) in the 
direction of + S1T-6, Caution: Facial artery/vein, 


Actions/Indications 
* Expels Wind, opens the channels 


Special features 
Meeting point with the G.B. channel according to some authors 
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4 Acupuncture Points of the Twelve Primary Channels 
ST-6 Jaw Bone jIACHE 


Location 

With the teeth clenched, on the highest prominence of the mas- 
seter muscle, approximately one finger-width (middle finger) 
anterior and superior to the angle of the jaw. 


How to find 

‘Ask the patient to clench their teeth, which will allow the mus- 
cle belly of the masseter muscle to bulge. ST-6 is located on its 
prominence, a little anterior and superior to the angle of the jaw 
(mandibular angle + 3.1.3). With chewing movements of the 
jaw (biting and relaxing’), the palpating finger will naturally 
fall into the right depression when the muscle is relaxed. 
STS is located more medially in the depression at the ante- 
rior border of the masseter muscle, 


Needling 

Insertion with the patient's mouth slightly opened (relaxed mas- 
seter muscle). Vertically 0.3-0.5 cun or obliquely or transversely 
(subcutaneously) 1-1.5 cun in the ditection of + ST-4, ST-5, 


Actions/Indications 
‘© Eliminates Wind, benefits the jaw and teeth, opens the chan- 
nel and luo vessels, alleviates pain 


Special features 

Sun Si Miao Ghost point. Important local point for the jaw 
region. Its location corresponds to a commonly used trigger point 
fon the masseter muscle. According to some authors, ST-6 is a 
‘meeting point with the G.B, channel 


MV HOIN INEGI 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Below the Joint XiAGUAN 


Location 

With the mouth closed, at the lower border of the zygomatic arch 
(73.1.2) in the centre of the depression of the mandibular fossa, 
between the coronoid process and the condyloid process of the 
mandible. 


How to find 

Palpate along the lower border of the zygomatic arch (+ 3.1.2) 
towards the ear. ST-7 is located in a clearly palpable depression 
just before the temporomandibular joint and at the posterior bor- 
der of the masseter muscle (clench teeth). To confirm: When the 
patient's mouth is fully opened, the condyloid process of the 
lower jaw slides anteriorly and the depression disappears (tigre 
modified after Deadman et al). 

 G.B.-3 is located directly superior to ST-7, on the upper border 
of the zygomatic arch, 


Needling 

Insert the needle with the patient's mouth closed, 0.3-0.5 cun 
vertically or 1-1.5 cun transversely (subcutaneously) in the 
direction of + ST-6,—+ S.L-19, + S.L-18, 


Actions/Indications 
# Opens the channel, benefits the jaw and teeth, alleviates pain 
* Benefits the ears 


Special features 
Meeting point with the G.B. channel, Important local point and 
frequently used trigger point. 


Mandibular Head of the auditory 
notch mandible Articulardisc meatus 


" | 
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Mandibular angle 


Coronaid process 


T Acconding to Deadaman et al 1998, 


135 


Cho4d.3-P10028.qxd 2/22/08 8:42 PM Page 136 Oo 


4 Acupuncture Points of the Twelve Primary Channels 


Head's Binding TOUWEI 


Location 

At the temporal corner of the forehead, on the border of the tem- 
poralis muscle and 0.5 cun within the anterior hairline or 4.5 cun 
lateral to the anterior midline (+ Du-24). 


How to find 

First, find the anterior hairline (-* 3.1.1). Then locate ST-8 at the 
temporal comer of the forehead 0.5 cun within the hairline. 
Chewing movements of the temporalis muscle will still be palp- 
able here. 

Also located 0.5 cun superior to the anterior hairline are 
 Du-24/BL-3/BL-4/G.B.-15/G.B.-13 (anterior midline/superior 
to the inner canthus of the eye/1.5 cun lateral to the anterior mid- 
fine/3 cun lateral to the anterior midline). These distances refer to the 
distance between + Du-24 and ST-8 (=4.5 cun, + 2.2), ST-8 and 
 G.B.7 (a depression on the level of the apex of the ear, within 
the temporal hairline) mark the endpoints of a curved line, on 
which S18 and + G.B.-4-7 are located at regular intervals (by 
dividing the line into five parts). 


Needling 

0.5-1 cun transversely (subcutaneously) or obliquely in the 
direction of the disorder. Moxibustion possible (contraindicated 
according to some classical texts). 


Actions/Indications 
‘* Eliminates Wind from the head and eyes, benefits the eyes, 
alleviates pain 


Special features 
Meeting point with the yang wei mai and the G.B. channel. 
Important local point for headaches and disorders of the eyes. 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Man’s Welcome RENYING 


Location 

15 cun lateral to the anterior midline, on the level of the laryn- 
geal prominence and at the anterior border of the sternocleido- 
mastoid muscle. 


How to find 

From the laryngeal prominence, palpate posteriorly to the anterior 
border of the sternocleidomastoid muscle (+ 3.2). ST-9 is located 
at the anterior border of the muscle, which becomes more clearly 
visible and palpable if the patient’s head is turned in the opposite 
direction 

Located on the same level are — §.L.-16 on the posterior border 
of the sternocleidomastoid muscle and L.1.-18 between the two 
heads of the sternocleidomastoid muscle. 


Needling 
If necessary, move the head to its normal position before 
needling. Caution: Carotid artery, carotid sinus, jugular veins. 
‘The carotid artery is located directly at the anterior border of the 
sternocleidomastoid muscle, The needle should be inserted 
anterior to where you can feel the pulsating of the carotid artery. 
Vertically 0.5-1 cun between the artery and the thyroid cartilage. 
For reasons of salety, the artery should be held in a lateral posi- 
tion with one finger of the palpating hand above and one finger 
below the insertion site. Irritation of the carotid sinus can lead to 
a lowering of the blood pressure and fainting! 


Actions/Indications 

# Regulates the Qi 

* Opens the channel 

‘#  Harmonises excess or deficiency in the thorax 


Special features 
Window of Heaven point, Sea of Qi point, meeting point with 
the G.B, channel, 


Superior 
thyroid 
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137 


fe 3-P10028.qxd 2/22/08 8:42 PM Page 138 O 


4 Acupuncture Points of the Twelve Primary Channels 


ST-10 Water Prominence SHUITU 


Location 
(On the anterior border of the sternocleidomastoid muscle, at the 
midpoint of a line connecting -+ ST-9 and ST-11, 


How to find 

+ ST-9 and ST-10 are both located on the anterior border of the 
sternocleidomastoid muscle (+ 3.2), + ST-11 is located pos- 
terior to the sternal head. Place the middle finger of the left hand 
onto + ST-9 on the level of the laryngeal prominence and the 
thumb on — ST-11 posterior to the sternal insertion, ST-10 is 
located at the midpoint between the two fingers. With the 
patient's head rotated in the opposite direction, the muscle will 
be more visible and can be more easily palpated. 


Needling 

0.5-1 cun obliquely in a medial direction, away from the artery. 
Caution: Carotid artery, jugular veins. If necessary, rotate the 
head back to a middle position before needling, 


Actions/Indications 
© Regulates the Lung Qi 
© Benefits the throat 


Laryngeal ~ 
prominence 
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4.3. The Stomach Channel System ~ Foot yangming (zu yang ming jing luo) 
Qi Abode QISHE ST-11 
Location 


On the upper border of the clavicle, between the tendons of the 
sternal and clavicular heads of the sternocleidomastoid muscle. 


How to find 

By rotating the patient's head in the opposite direction (espec- 
{ally against resistance), the ropey sternal insertion of the sterno- 
Cleidomastoid muscle (3.2) becomes clearly visible, ST-11 is 
located in a shallow depression, the minor supraclavicular fossa, 
between the sternal insertion and the more extended insertion of 
the clavicular head. 


Needling 
Vertically 0.3-0.5 cun. Caution: Pneumothorax, jugular veins. 


Actions/Indications 
© Benefits the throat and neck 
© Regulates counterflow Qi 


Minor supraclavicular fossa 


Major supraclavicular fossa 
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Desoldering 
At some stage you will probably need to desolder a joint to remove or re-position a wire or 
component. There are two ways to remove the solder: 


1. With a desoldering pump (solder sucker) 


* Set the pump by pushing the spring-loaded plunger down until it locks. 

+ Apply both the pump nozzle and the tip of your soldering iron to the joint, 

+ Wait a second or two for the solder to melt. 

+ Then press the button on the pump to release the plunger and suck the molten solder into the 
tool. 

+ Repeat if necessary to remove as much solder as poss 

+ The pump will need emptying occasionally by unscrewing the nozzle, 


le. 


2. With solder remover wick (copper braid) 


+ Apply both the end of the wick and the tip of your soldering iron to the joint, 
+ As the solder melts most of it will flow onto the wick, away from the joint. 

+ Remove the wick first, then the soldering iron. 

+ Cut off and discard the end of the wick coated with solder. 


After removing most of the solder from the joint(s) you may be able to remove the wire or component 
lead straight away (allow a few seconds for it to cool). If the joint will not come apart easily apply 
your soldering iron to melt the remaining traces of solder at the same time as pulling the joint apart, 
taking care to avoid burning yourself. 


Using a desoldering pump (solder sucker) 


What is solder? 

Solder is an alloy (mixture) of tin and lead, typically 60% tin and 40% lead. It melts at a temperature 
of about 200°C. Coating a surface with solder is called ‘tinning’ because of the tin content of solder. 
Lead is poisonous and you should always wash your hands after using solder. 


Solder for electronics use contains tiny cores of flux, like the wires inside a mains flex. The flux is 
corrosive, like an acid, and it cleans the metal surfaces as the solder melts. This is why you must melt 
the solder actually on the joint, not on the iron tip. Without flux most joints would fail because metals 
quickly oxidise and the solder itself will not flow properly onto a dirty, oxidised, metal surface. 


‘The best size of solder for electronic circuit boards is 22swg (swg = standard wire gauge). 
For plugs, component holders and other larger joints you may prefer to use 18swg solder. 


© John Hewes 2006, The Electronics Club, www.kpsec.freeuk.com 
This document may be copied for educational purposes. 
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4 Acupuncture Points of the Twelve Primary Channels 


Empty Basin QUEPEN 


Location 
In the supraclavicular fossa, superior to the midpoint of the clav- 
icle, approximately 4 cun lateral to the anterior midline. 


How to find 

From the anterior midline, palpate to the midpoint of the clavicle 
(=4 cun in a lateral direction), There, an imaginary vertical line 
‘marks the midclavicular line. S¥-12 is located on the midclavicutar 
fine, at the upper border of the clavicle, in the supraclavicular 
fossa, lateral to the clavicular head of the sternocleidomastoid 
muscle. 


Needling 
Vertically (0.3-0.5 cun. ‘The needle should be guided along the 
posterior border of the clavicle. Caution: Pneumothorax, espe- 
cially with emphysema; superficial and deep cervical arteries. 
According to some authors, this point is contraindicated during 
pregnancy. 


Actions/Indications 

© Opens the channel 

# Disperses and descends the Lung Qi 
© Clears Heat in the throat 


Special features 


Meeting point with the L.L., $.L., G.B. and T.B. channel 


nor supraclavicular fossa 
Major supraclavicular fossa 
- Clavicle 
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4.3. The Stomach Channel System ~ Foot yangming (zu yang ming jing luo) 
Qi Door QIHU ST-13 
Location 


At the midpoint of the clavicle and on its inferior border, 4 cun 
lateral to the anterior midline. 


How to find 

On the upper thorax region, the midclavicular line (4 cun lateral 
to the anterior midline) runs slightly obliquely from the clavicu- 
lar midpoint to the generally more lateral nipple. Find the mid- 
point of the clavicle (or measure 4 cun lateral to the midline) and 
locate ST-13 at the lower border of the clavicle. Since the Ist rib 
curves posteriorly in a short bow, ST-13 is generally situated lat- 
eral to the Ist rib, 

+ KID-27 is located medial to ST-13, but inferior to the lower 
border of the clavicle and 2 cun lateral to the anterior midline. 
= Ren-21 is located on the midline, + S¥-14 is located only 
slightly inferior to ST-13 in the Ist intercostal space. 


Needling 
0.3-0,5 cun obliquely in a lateral or medial direction or trans- 
versely (subcutaneously) along the channel pathway. Caution: 
Pneumothorax, subclavicular artery/vein, 


Actions/Indications 
# Descends counterflow Qi 
* Clears Heat 

# Unbinds the chest 
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4 Acupuncture Points of the Twelve Primary Channels 


Store House KUFANG 


Location 
(On the midclavicular line, in the first intercostal space, 4 cun lat- 
ral to the anterior midline, 


How to find 

On the upper thorax, the midclavicular line (4 cum lateral to the 
anterior midline) runs slightly obliquely from the clavicular 
midpoint to the generally more lateral nipple. By palpating 
across the clavicle from superior to inferior, the first rib will gen- 
erally be felt directly below the clavicle, although, in some 
cases, the Ist rib might be completely hidden under the clavicle. 

‘The Ist intercostal space follows directly inferior to the Ist rib, 
where ST-14 is located, 

+ ST-13 is located only slightly superior to ST-14 at the lower 
border of the clavicle. Also located on the level of the first inter- 
costal space are + Ren-20 (anterior midline), + KID-26 (2.cun 
lateral to the anterior midline) and —* LU-1 (6 cun lateral to the 
midline). For more detail about orientation regarding intercostal 
spaces 3.5. 


Needling 
05-08 cun obliquely or transversely (subcutaneously), parallel 
to the course of the intercostal space or with or against the chan- 
nel pathway. Caution: Pneumothorax, 


Actions/Indications 
# Regulates the Qi 

© Unbinds the chest 

* Benefits the breasts 
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Location 


4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Room Screen WUY! ST-15 


In the 2nd intercostal space, on the midclavicular line, 4 cun lat- 
eral to the anterior midline. 


How to find 


On the upper thorax, the midclavicular line (4 cun lateral to the 
anterior midline) runs slightly obliquely from the clavicular 
midpoint to the generally more lateral nipple, Locate the 2nd 
intercostal space by palpating downward from the clavicle or by 
palpating from the manubriostemal synchondrosis (second rib) 
(3.5). Then palpate along its course to the midelavicular line, 
where ST-15 is located. Note the ascending course of the inter- 
costal space! Located on the same level are Ren-19 (anterior 
midline), -* KID-25 (2 cun lateral to the anterior midline) and 
— SP-20 (6 cun lateral to the midline). 


Needling 


0.5-0.8 cun obliquely or transversely (subcutaneously), parallel 
to the course of the intercostal space or with or against the chan- 
nel pathway. Caution: pneumothorax. 


Actions/Indications 
© Regulates the Lung Qi 


© Unbinds the chest 
© Benefits the breasts and cleurs Heat 
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4 Acupuncture Points of the Twelve Primary Channels 
ST-16 Breast Window YINGCHUANG 


Location 
In the 3rd intercostal space, on the midclavicular line, 4 cun lat- 
ral to the anterior midline, 


How to find 

On the upper thorax, the midclavicular line (4 cum lateral to the 
anterior midline) runs slightly obliquely from the clavicular 
midpoint to the generally more lateral nipple, Locate the 3rd 
intercostal space by palpating downward from the clavicle or by 
palpating from the manubriosternal synchondrosis (second rib) 
(43.5). Then palpate along its course to the midclavicular line, 
where ST-16 is located. Note the ascending course of the inter- 
costal space! In male patients, this point can also be located by 
counting one intercostal space upward from the level of the 
nipple. 

Located on the same level are -* Ren-18 (anterior midline), 
+ KID-24 (2 cun lateral to the anterior midline) and + SP-19 
(6 cun lateral to the midline). 


Needling 
0.5-08 cun obliquely or transversely (subcutaneously), along 
the course of the intercostal space or with or against the flow of 
the channel. Caution: pneumothorax. 


Actions/Indications 
# Regulates the Qi 

© Unbinds the chest 

* Benefits the breasts 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Breast Centre RUZHONG 


Location 
In the centre of the nipple. 


How to find 

In the centre of the nipple. In men, this is usually located 4 cun 
lateral (0 the anterior midline, at the level of the 4th intercostal 
space and is also used for reference. 

{In men, also located on the same level are + Ren-17 (anterior 
midline), ++ KED-23 (2 cun lateral to the anterior midline), 
SP-18 (6 cun lateral to the midline), + P-I (1 cun lateral to the 
nipple), + G.B,-22 and + G.B.-23. In Women, the location of 
the nipples varies considerably and should therefore not be used 
for reference. 


Needling 
No therapy: this point is for reference only. 
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4 Acupuncture Points of the Twelve Primary Channels 


Breast Root RUGEN 


Location 
In the Sth intercostal space, on the mamillary line, 4 cun lateral 
to the anterior midline. 


How to find 

‘The mamillary line, a vertical line used for reference, is located 
4 cun lateral to the anterior midline (+ 3.5). In men, the nipple is 
generally located on the level of the 4th intercostal space, and 
ST-18 is located in the intercostal space directly below. The point 
is often located at the lower border of the pectoralis, major mus- 
cle: in women, itis often found at the root of the breast. Location 
help in women: Find the Sth intercostal space by palpating down- 
‘ward from the clavicle or trom the manubriosternal synchondro- 
sis (second rib) (—¢ 3.5), Then follow the course of the intercostal 
space laterally to the mamillary line and there locate ST-18. Note 
the ascending course of the intercostal spaces! 

Located on the same level are + Ren-16 (anterior midline), 
+ KID-22 (2 cun lateral to the anterior midline) and + SP-17 
(6 cun lateral to the midline). 


Needling 
05-08 cun obliquely or transversely (subcutaneously), parallel 
to the course of the intercostal space or with or against the chan- 
nel pathway. Caution: Pneumothorax, 


Actions/Indications 

‘Benefits the breasts, moves the Blood 
* Unbinds the chest 

Regulates the Lung Qi 


Special features 
Important local point 


- 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Not Contained BURONG ST-19 
Location 


2 cun below the sternocostal angle and 2 cun lateral to the 
jor midline, 


ant 


How to find 

“The distance between the sternocostal angle and the centre of the 
umbilicus is divided into 8 cun, which can vary considerably 
from the patient's finger cun; therefore, only proportional cun 
measurements should be used (helpful tool: elastic tape 
2.3.1), First, measure 2 cun down from the stemmocostal angle. 
Or: Measure the midpoint of the upper half of the distance 
between the umbilicus and the subcostal angle (+ Ren-12: 
spreading hands technique + 2.3.3), From there, measure 2.cun 
in a lateral direction to locate ST-19. As its Location depends on 
the shape of the thorax, it might be located either on the rib or on 
the abdomen, Located on the same level are + Ren-14 (anterior 
midline), + KID-21 (0.5 cun lateral to the anterior midline) and 
+ LIV-14 (on the mamillary line and in the 6th intercostal 
space). Please note: From ST-19 onwards, the ST channel is 
located only 2 cun lateral to the anterior midline. 


Needling 
Vertically 0.5-1 cun, Ifthe correct location projects this point on 
the lower ribeage, needle transversely on the rib or locate the 
point more medially (or choose an alternative point) Caution: 
Peritoneum, pericardium, 


Actions/Indications 
Regulates the Stomach, Intestines and Middle Burner 
# Regulates the Lung Qi 
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4 Acupuncture Points of the Twelve Primary Channels 


Supporting Fullness CHENGMIAN 


Location 
3 cun below the sternocostal angle (or 5 cun above the umbili- 
cus) and 2 cun lateral to the anterior midline, 


How to find 

‘The distance between the stemnocostal angle and the centre of the 
umbilicus is divided into 8 cun, which can vary considerably 
from the patient’s finger cun: therefore, only proportional cun 
‘measurements should be used (helpful tool: elastic tape 
2.3.1), First, measure 3 cun down from the sternocostal angle. 
Or: Measure 1 cun up from the midpoint of the distance 
between the umbilicus and the sternocostal angle (+ Ren-12. 
spreading hands technique ~ 2.3.3). From there, measure 2 cun 
in a lateral direction to locate ST-20. Depending on the shape of 
the thorax, ST-20 might be located on the lower border of the 
ribcage in some cases (narrow subcostal angle). 

Located on the same level are —* Ren-13 (anterior midline) and 
+ KID-20 (().5cun lateral to the anterior midline) and + G.B.-24 
(on the mamillary line, in the 7th intercostal space). 


Needling 
Vertically 0.5-1 cun. Ifthe correct location projects this point on 
the lower ribcage, needle transversely on the rib or locate the 
point more medially (or choose an alternative point). Caution: 
Peritoneum. 


Actions/Indications 
Regulates the Middle Burner and the Stomach Qi 
© Regulates the Lung Qi 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Beam Gate LIANGMEN ST-21 
Location 


2 cun lateral to the anterior midline, 4 cun above the umbilicus 
(or4 cun below the subcostal angle). 


How to find 

‘The distance between the sternocostal angle and the centre of the 
umbilicus can be divided into 8 cun, Which can vary consider- 
ably from the patient’s finger cun: therefore, only proportional 
cun measurements should be used (helpful tool: elastic tape 
23.1), Quick method: Find the midpoint between the 
umbilicus and the sternocostal angle (+ Ren-12) by using the 
spreading hands technique ( 2.3.3), then measure 2 cun in a 
lateral direction to locate ST-21. Depending on the shape of the 
thorax, this can be located on the lower rib cage, 

Located on the same level are + Ren-12 (anterior midline) and 
> KID-19 (0.5 cun lateral to the anterior midline), 


Needling 
Vertically 0.5~1 cun, Ifthe correct location projects this point on 
the lower ribcage, needle transversely on the rib or locate the 
point more medially (or choose an alternative point). Caution 
Peritoncum, enlarged liver (on the right), pregnancy, 


Actions/Indications 


Regulates the Qi, harmonises the Middle Burner, eliminates 
stagnation, raises the Qi and stops diarrhoea 


Special features 
Important local point for distension and pain in the epigastrium 
and the lateral abdomen 
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Safety Rules for Soldering 


Department of Electrical, Computer and Biomedical 
Engineering, University of Rhode Island 


1. Wear goggles for eye protection. When trimming off 
leads or excess solder dross, be careful of the 
flyaway that could injury yourself as well as other 
people nearby. 

2. Work in a well-ventilated area and use a fume 
extractor. Do not inhale fumes from the soldering 
processes. 

3. Always return the soldering iron to its stand when 
not in use. Never put it down on your workbench. 
The soldering iron tip is very hot (about 400°C). 
Avoid touching plastic, wire insulator, or any 
flammable material in the working area with the 
soldering iron. Turn the soldering station to standby 
or off if not used for more than few minutes. Turn 
unit off or unplug it when done, 

4, Use a third hand, a circuit board vice, pliers, 
tweezers, or clamps for holding components to 
avoid burns. Legs and arms should be covered to 
avoid burns from splashed hot solder. 

5. Do not have food or drink near the working area 
The solder is usually a tinflead alloy and lead is 
toxic. The flux is a chemical used to help metal parts 
soldered together. It is acidic and toxic. Clean up 
spilled flux immediately. Wash hands after 
soldering. Flux can cause acid burns to the skin or 
damage clothing. In case of acid bums, flush 
immediately with water. 

6. Wash hands thoroughly after handling flux and 
solder containing lead. Use lead-free solder 
whenever possible. 


7. Clean up the area when finished. Discard lead and 
silver solder and dross in a container with a lid. 
Label the container: “Lead/Silver Solder Waste for 
Recyoling’. Used solder sponges and contaminated 
rags must be disposed of as hazardous waste. 


Soldering Techniques 


1. Basic tools include an electric soldering station (a 
temperature-adjustable type preferred), solder, a 
pair of needle-nose pliers, a wire stripper, a flush 
cutter, a desoldering bulb, a utility blade, and a third 
hand or a vice. 

2. Workspace should be as uncluttered as possible. 
Clear the path between the soldering station stand 
and the project to be soldered. 

3. Prepare the soldering iron tip. Scrape off oxides with 
a utility blade if necessary. Adjust to an appropriate 
temperature. It won't work if you can't get the solder 
melt onto the soldering tip. Tinning the soldering tip 
by coating it with a thin coat of solder. This helps 
heat transfer between the tip and the components. 
The cleaning sponge should be soaking wet. Quickly 
run the soldering tip over the wet sponge to get rid 
of excess solder. 

4, Clean the contact surfaces of the metal parts if 
necessary. Scrape off oxides with a utility blade. In 
some cases, it is easier to tin the individual 
components first before joining them. 

5. Position the components using a third hand or a 
vice. Avoid holding the metal part of a component 
with your fingers. 

6. Timing is important for soldering the components 
together. The solder needs to be completely melt at 
the joint to avoid a “cold solder point.” However, too 
much heat could damage a sensitive electronic 
component or melt the insulator of a wire. The 
required time depends on the heat transfer, which is 
affected by the temperature of the soldering tip, the 
mass of the components, the presence of flux or 
rosin, and how clean the contact surfaces are. 

7. Start over when an attempt fails. Old solder has 
impurities. Remove old solder completely with a 
desoldering bulb or pump. Clean up fluxirosin 
residuals. Try again 


Examples: www. laadsdlrect.co.uk/echnical/perfectsalderjoint.htm! 


x Ew Ref eatin 


Good - clean, shiny, 
‘and just the right 
‘amount of solder. 


Bad — too much 
‘solder which is 
uneven, has sham 
points in places, and 
\was probably 
overheated, 


Chod.3-P10028.qxd 2/22/08 8:42 PM Page 150 Oo 


4 Acupuncture Points of the Twelve Primary Channels 


Pass Gate GUANMEN 


150 


Location 
3 cun above the umbilicus (or 5 cun inferior to the sternocostal 
angle) and 2 cun lateral to the anterior midline. 


How to find 

‘The distance between the sternocostal angle and the centre of the 
"umbilicus can be divided into 8 cun, which can vary considerably 
from the patient’s finger cun: therefore, only proportional cun 
‘measurements should be used (helpful toot: elastic tape -* 2.3.1) 
First, measure 3 cun up from the umbilicus. Or: Measure 1 cun 
downward from the midpoint of the distance between the umbili- 
ccus and the sternocostal angle (—* Ren-12: spreading hands tech- 
nique + 2.3.3), 91-22 is located 2 cun lateral from here. 
Located on the same level are -* Ren-II (anterior midline), 
+ KID-18 (0.5 cun lateral to the anterior midline) and —+ SP-16 
(4.cun lateral to the midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
© Regulates the Stomach and Intestines 
© Regulates the water passages 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Supreme Unity TAIY! ST-23 
Location 


2.cun above the umbilicus and 2 cun lateral to the anterior midline. 


How to find 

‘The distance between the sternocostal angle and the centre of the 
umbilicus is divided into 8 cun, which can vary considerably 
from the patient’s finger cun; therefore, only proportional cun 
‘measurements should be used (helpful tool: elastic tape 2.3.1), 
First, measure 2 cun up from the umbilicus, Or: Measure the 
midpoint of the lower half of the distance between the umbilicus 
and the subcostal angle (+ Ren-12: spreading hands technique 
2.33), ST-23 is located 2 cun lateral from here. 

Located on the same level are + Ren-10 (anterior midline), 
+ KID-17 (0.5 cun lateral to the anterior midline) and + Ex-CA 
(eishang: 4 cun lateral to the midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
* Harmonises the Middle Burner, strengthens the Spleen 
* Benefits the Heart and calms the shen 
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4 Acupuncture Points of the Twelve Primary Channels 


Slippery Flesh Gate HUAROUMEN 


Location 
| cun above the umbilicus and 2.cun lateral to the anterior midline, 


How to find 

‘The distance between the stemnocostal angle and the centre of the 
umbilicus is divided into 8 cun, which can vary considerably 
from the patient’s finger cun: therefore, only proportional cun 
‘measurements should be used (helpful tool: elastic tape -* 2.3.1). 
ST-24 is located 1 cun above the umbilicus and 2 cun lateral to 
the anterior midline. 

Located on the same level is + Ren-19 (anterior midline); often, 
also + LIV-13 (at the ftee end of the 1th rib) will be located at 
this level 


Needling 
Vertically 0.51 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
© Regulates the Stomach 
Transforms Phiegm and calms the shen 
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4.3 The Stomach Channel System ~ Foot yangming (zu yang ming jing luo) 


Heaven's Pivot TIANSHU ST-25 


Location 
2cun lateral to the umbilicus. 


How to find 

Measure 2 cun lateral from the centre of the umbilicus. For refer- 
ence: On the abdomen, 2 cun lateral corresponds to the midpoint 
between the anterior midline and the mamillary line (+ 3.5). 
Located on the same level are + Ren-8/KID-16/SP-15/G.B.-26 
(umbilicus/0.5 cun lateral to the umbiticus/mamillary line or 4 cun 
lateral to the umbiticu/at the level of the umbilicus and directly 
inferior to the free end of the 11th rib) 


Needling 
Vertically 0,5-1.5 cun. For gynaecological disorders, obliquely 
in an inferior direction towards the uterus. Caution: Peritoneum, 
pregnancy. The needle may reach the aponeuroses of the oblique 
abdominal musculature at the transition to the sheath of the rec- 
tus abdominis muscle, 


Actions/Indications 

# Regulates the Spleen, Stomach and Intestines, eliminates 
Dampness and clears Damp-Heat 

© Eliminates stagnation 


Special features 
Front-mu point of the Large Intestine, Important point for disorders 
of the gastrointestinal tract. 
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4 Acupuncture Points of the Twelve Primary Channels 


Outer Mound WAILING 


g 


Location 
| cun below the umbilicus and 2.cun lateral to the anterior midline, 


How to find 

‘The distance between the umbilicus and the upper border of the 
pubic symphysis is divided into 5 proportional cun, which can 
vary considerably from the patient’s finger cun; therefore, only 
proportional cun measurements should be used (helpful tool: 
clastic tape + 2.3.1), From the umbilicus, measure 1 cun down: 
ST-26 is located 2 cun laterally from there. 

Located on the same level are + Ren-7 (anterior midline) and 
= KID-15 (0.5 cun lateral to the anterior midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
* Regulates the Qi, alleviates pain and Cold 
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Location 
2 cun below the umbilicus and 2 cun lateral (© the anterior 
midline. 


How to find 

‘The distance between the umbilicus and the upper border of the 
pubic symphysis is divided into 5 proportional cun, which can 
vary considerably from the patient’s finger cum; therefore, only 
proportional cun measurements should be used (helpful tool: 
elastic tape + 2.3.1), From the umbilicus, measure 2 cun down 
and 2 cun laterally, where S1-27 is located, 

Located on the same level are + Ren-5 (anterior midline) and 
> KID-14 (0.5 cun lateral to the anterior midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 

«Regulates and strengthens the Qi 

‘© Benefits the Kidneys and promotes diuresis, strengthens the 
Yang and Essence (jing) 


4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


The Great DA 
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4 Acupuncture Points of the Twelve Primary Channels 


Water Passage SHUIDAO 


Location 
3 cun below the umbilicus or 2 cun above the upper border of the 
pubic symphysis and 2 cun lateral to the anterior midline. 


How to find 

‘The distance between the umbilicus and the upper border of the 
pubic symphy’is is divided into 5 proportional cun, which can 
vary considerably from the patient’s finger cun: therefore, only 
proportional cun measurements should be used (helpful tool: 
elastic tape “+ 2.3.1), From the upper border of the pubic sym- 
physis, measure 2 cun up or measure 3 cun down from the 
umbilicus, $1-28 is located 2 cun laterally from there, 

Located on the same level are + Ren-4 (anterior midline), 
= KID-13 (0.5 cun lateral to the anterior midline) and + Ex-CA 
(vituo/quimendyijing: 4/311 cun lateral to the anterior midline), 


Needling 
Vertically 0.5-1 cun. Caution: Peritoneum, urinary bladder, 
‘Pregnancy. 


Actions/Indications 
‘* Clears Damp-Heat, benefits the Lower Burner and eliminates 
stagnation 


Special features 
Important local point for the urogenital tract 
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Location 
| cun above the upper border of the pubic symphysis or 4 cun 
below the umbilicus and 2 cun lateral to the anterior midline. 


How to find 

‘The distance between the umbilicus and the upper border of the 
pubic symphysis is divided into 5 proportional cun, which can 
vary considerably from the patient’s finger cum: therefore, only 
proportional cun measurements should be used (helpful tool: 
elastic tape ~* 2.3.1). From the upper border of the pubic sym- 
physis, measure 1 cun up and 2 cun lateral to ST-29. 

Located on the same level are + Ren-3 (anterior midline), 
= KID-12 (0.5 cun lateral to the anterior midline) and + EX-CA 
(igong: 3 cun lateral to the anterior midline). 


Needling 
Vertically 0.5-1 cun. Caution: Peritoneum, urinary bladder, 
pregnancy. 


Actions/Indications 
‘© Warms and regulates the Lower Burner and menstruation 


Special features 
Commonly treated with moxibustion, the combination of acupune- 
ture and moxibustion being particularly beneficial. Important local 
point for the urogenital tract. 


4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Return GUILAI 
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4 Acupuncture Points of the Twelve Primary Channels 


Rushing Qi QICHONG 


Location 
2 cun lateral to the upper border of the pubic symphysis and 
‘medial to the femoral artery and vein, approximately 1 cun 


superior to the inguinal groove. 

Upper border 
How to find ‘of the pubic. 
First, locate the upper border of the pubie symphysis (location of poeta 


= Ren-2), ‘Then locate $1-30 2 cun lateral from there (on the ver- 
tical line halfway between the anterior midline and the mamnillary 
fine). This often corresponds with a location 1 cun superior to the 
inguinal groove and medial to the femoral artery/ein, 

Located on the same level are + Ren-2/KID-1/SP-12 (anterior 
‘midiine/0,5 cun lateral to the anterior midline/3.5 cun lateral to 
the anterior midline), + LIV-12 is located in the inguinal groove, 
1 cun inferior and 0,5 cun lateral to ST-30. 


Needling 

05-1 cun vertically or 1.5 cun slightly obliquely towards the exter- 
nal genitalia for disorders of the urogenital tract. Caution: Femoral 
artery, urinary bladder (quite superficial in a superior direction); in 
‘men, the spermatic duets (quite superficial in an inferior direction), 
‘pregnancy. Ask the patient to empty their bladder before needling 
this point, 


Actions/Indications 
‘© Regulates the Qi in the Lower Burner 
‘Strengthens the Sea of Grain (later Heaven Qi) 


Special features 

Meeting point with the chong mai (according to some authors, 
also with the G.B. channel), Sea of Grain point. Wide usage for 
disorders of the Lower Burner. 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Thigh Gate BIGUAN ST-31 
Location 


Inferior tothe anterior superior iliac spine and Lateral to the sartorius 
‘muscle, at the level of the lower border of the pubic symphysis. 


How to find 

‘The sartorius muscle originates at the anterior superior iliac spine 
(ASIS) and crosses the thigh towards the medial aspect of the knee. 
With the knee and hip slightly flexed and with active lateral rota- 
tion, it can be isolated easily. ST-31 is located on the lateral border 
of the muscle, at the crossing point ofa vertical line connecting the 
ASIS and the lateral upper border of the patella and a horizontal 
line atthe level of the lower border of the pubic symphysis. 


Needling 
Vertically 0.5-2 cun 


Actions/Indications 
© Opens the channel. warms and expels pathogenic factors 


Special features 
Particularly useful for Cold bi-syndrome, disorders of the knees 
and lower back. The chain-and-lock method in combination (+ 8) 
with + S136 and — STEAL is often used for paraesthesia and 
pain in the hip and leg radiating along the channel, 
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4 Acupuncture Points of the Twelve Primary Channels 


Crouching Rabbit FUTU 


Location 

(On the thigh, on a line connecting the lateral patellar border and 
the anterior superior iliac spine, 6 cun superior to the upper, lat- 
eral border of the patella. 


How to find 

Divide the distance between the tip of the greater trochanter and. 
the lateral upper border of the patella into three sections. ST-32 
is located at the junction of the lower and the middle third of the 
thigh in a depression on the quadriceps muscle. 


Needling 
Vertically 0.5-2 un 


Actions/Indications 
Opens the channel and expels Wind, Dampness and Cold 


1 Upper border 
Te ofthe patella 
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Popliteal 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Yin Market YINSHI ST-33 
Location 


On a line joining the lateral patellar border and the anterior 
superior iliac spine, 3 cun superior to the upper lateral border of 
the patella. 


How to find 
‘Measure 3 cun up from the upper lateral border of the patella, on 
the connecting line to the anterior superior iliac spine, ST-33 is 
located in a groove at the junction of the rectus femoris and vastus 
lateralis muscles. 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 
* Opens the channel and expels pathogenic factors 
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4 Acupuncture Points of the Twelve Primary Channels 


Ridge Mound LIANGQIU 
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Location 

On a line joining the lateral patellar border and the anterior 
superior iliac spine, 2.cun proximal to the upper lateral border of 
the patella, in a groove of the vastus lateralis muscle, 


How to find 

Locate the lateral upper border of the patella and from there 
cun proximally, ST-34 is located in a palpable groove 
on the vastus lateralis muscle of the quadriceps femoris group. 
‘This point projects on the line joining the lateral upper border of 
the patella and the anterior superior iliac spine (ASIS ~¥ 3.5). 
Located on the same level are the points -* Ex-LE-I (each 1.5 
cun lateral and medial to ST-34). —* SP-10 is located in a com- 
parable position on the medial aspect of the thigh (2 cum proxi- 
‘mal to the medial upper border of the patella and in a groove on 
the vastus medialis muscle). 


measur 


Needling 
Vertically or obliquely 1-1.5 cun 


Actions/Indications 
© Regulates the Stomach Qi, alleviates acute condi 
© Opens the channel and alleviates pain 


Special features 
Xi-cleft point. Important local point for disorders of the knee 
Modern application for acute epigastric pain ~ strongly reducing 
needling techniques have an immediate and calming effect on 
gastrointestinal peristalsis. 
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‘Eye of the knee’ ——. 


Head of the fibula 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


oo Patella 


_> Medial condyle 
‘of the femur 


~ tye of the knee! 


~ patellar ligament 


Calf’s Nose DUBI ST-35 


Location 
With the knee flexed, in the depression inferior to the patella and 
lateral to the patellar ligament. 


How to find 

‘This point is best located and needled with the knee slightly 
flexed (use knee support). ST-AS is located in a depression on 
the lower lateral border of the patella, in a groove lateral to the 
patellar ligament. It projects onto the level of the knee joint 
space and more or less corresponds with the arthroscopic access 
to the joint, ST-38 is also known as ‘lateral eye of the knee” and 
is part of the extra point + EX-LE-S (siya). 


Needling 

05-1 cum slightly obliquely in a medial direction, towards the 

medial eye of the knee + Ex-LE-4 (neixiyan). Caution: Knee 

{joint (the location of this point corresponds approximately with 

the arthroscopic access to this joint!). 

Actions/Indications 

# Expels Wind and Dampness, reduces swellings, opens the 
channel, alleviates pain 


Special features 
Important local point for all disorders of the knee 


‘Correspon 
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4 Acupuncture Points of the Twelve Primary Channels 


Leg Three Miles ZUSANLI 


Location 

3 cun distal to —* ST-35 (“lateral eye of the knee") and 1 finger- 
breadth lateral to the anterior crest of the tibia, on the tibialis 
anterior muscle. 


How to find 

First, locate + ST-35 (‘lateral eye of the knee’, at the level of the 
knee joint space). From — S35, palpate 3 cun (1 handbreadth) 
down and 1 fingerbreadth towards lateral by placing the middle 
finger adjacent to the tibial crest, There, ST-36 is located in a 
depression, which can be palpated ‘dynamically’ (choose the 
point according to pressure sensitivity). Or: Palpate the lower 
border of the tibial tuberosity and “dynamically” locate ST-36 
1 fingerbreadth lateral to it, 


Needling 
Vertically 11.5 cun. Moxibustion is often used on this point. 


Actions/Indications 

© Regulates the Stomach, strengthens the Spleen, transforms 
Dampness 

‘© Tonifies Qi and Yang, nourishes the Blood and Yin 

© Calms the shen 

© Opens the channel 


Special features 
He-sea point, Earth point, ben point (Five Phases point), lower 
he-sea point of the Stomach, Gao Wi command point for disor- 


Th ders of the abdomen, Ma Dan Yang point, Sea of Water and 
e 


Grain point. Main point to tonify Qi and Blood for general 
‘weakness. Very important point. 


6 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Upper Great Emptiness SHANGJUXU 


Location 
6 cun distal to + ST-35 (at the knee joint space) or 3 cun distal to 
+ST-36 and | fingerbreadth lateral to the anterior crest of the tibia. 


How to find 

First, find + ST-35 (“lateral eye of the knee’, level with the knee 
{joint space). From + ST-35, measure 6 cun (2 handbreadths) in a 
distal direction and, at that level, 1 fingerbreadth towards lateral 
(place the middle finger onto the anterior crest of the tibia). There, 
ST-37 is located in a depression, which can be dynamically” pal- 
pated (choose the point according to pressure sensitivity). Or: 
Find the midpoint of the line joining + ST-35 and —* ST-41 (in 
the depression between the tendons of the extensor digitorum 
Jongus and the hallucis longus, level with the highest prominence 
of the lateral malleolus) by using the spreading hands technique 
(+ 2.3.3), S137 is located 2 cun proximal and 1 fingerbreadth 
lateral to this point, 


Needling 
Vertically or obliquely 11,5 cun 


Actions/Indications 

Regulates the Spleen, Stomach and Intestines, eliminates stag- 
nation, clears Damp-Heat 

© Opens the channel, alleviates pain 


Special features 
Lower he-sea point of the Large Intestine, Sea of Blood point. 


STON NIN 
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4 Acupuncture Points of the Twelve Primary Channels 


Lines Opening TIAQKOU 


‘At the midpoint of the line joining + ST-38 and > ST-41 and 1 
fingerbreadth lateral to the anterior crest of the tibia. 


Quick method: Spreading-hands technique (+ 2.3.3): place the 
small fingers on ++ ST-38 (‘lateral eye of the knee’, level with the 
knee joint space) and + ST-41 (in the depression between the ten- 
dons of the extensor digitorum longus and the hallucis longus, 
level with the highest prominence of the lateral malleolus) and 
determine the midpoint of this line, using the thumbs. S¥-38 is 
located in a depression 1 fingerbreadth (middle fingerbreadth, 
‘measured from the anterior crest of the tibia) lateral to the mid- 
point. ST-38 may be palpated ‘dynamically’ (according to pressure 
sensitivity). Or: From — ST-35, measure 8 cun (-+ 2 handbreadths 
and 3 fingerbreadths) distally and 1 fingerbreadth laterally. 
Located on the same level are “+ ST-4O (1 fingerbreadth more 
laterally) and + BL-S7 (dorsal aspect of the lower leg, on the 
‘midpoint of the line joining -* BL-40 and —* BL-60), 


Acti ions 


‘ Expels Wind-Damp, opens the channel, alleviates pain, bene- 
fils the shoulder 


ited range of motion of the shoulder joint: apply strong reducing 
needling techniques while the patient moves their shoulder joint. 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Lower Great Void X\AJUXU 


Location 

1 cun distal to —* ST-38 (midpoint of the line joining + ST-35 
and — ST-41) and 1 fingerbreadth lateral to the anterior crest of 
the tibia. 


How to find 

Quick method: Spreading-hands technique (-* 2.3.3): Place the 
litle fingers on —+ S'-3S (‘lateral eye of the knee’, level with the 
knee joint space) and + ST-41 (in the depression between the ten- 
dons of the extensor digitorum longus and the hallucis longus, 
level with the highest prominence of the lateral malleolus) and 
determine the midpoint of this line (level with + ST-38), using 
the thumbs, S1-39 is located in a depression 1 cun distal and 1 
fingerbreadth (middle fingerbreadth, measured from the anterior 
crest of the tibia) lateral to this point. ST-39 may be palpated 
‘dynamically’ (according to pressure sensitivity). 

Located on the same level (7 cun proximal to the lateral malleo- 
lus) are + G.B.-85 (on the posterior border of the fibula), 
+ G.B.-36 (on the anterior border of the fibula) and —+ BL-88 (on 
the lateral border of the gastrocnemius muscle), 


Needling 
Vertically or obliquely 11,5 cun 


Actions/Indications 

# Moves the Small Intestine Qi, eliminates stagnation, clears 
Damp-Heat 

* Opens the channel, alleviates pain 


Special features 
Lower he-sea point of the Small Intestine, Sea of Blood point. 


JONREAE 
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4 Acupuncture Points of the Twelve Primary Channels 


Abundant Bulge FENGLONG 


Location 

‘AL the midpoint of the line joining —+ ST-38 and — ST-41 and 
2 fingerbreadths lateral to the anterior crest of the tibia or | finger- 
breadth lateral to + ST-38, between the extensor digitorum 
Jongus and peroneus brevis muscles. 


How to find 

Quick method: Spreading-hands technique (+ 2.3.3): Place the 
little fingers on + ST-35 (‘lateral eye of the knee’, level with the 
knee joint space) and + ST-41 (in the depression between the ten- 
dons of the extensor digitorum longus and the hallucis longus, 
level with the highest prominence of the lateral malleolus) and 
determine the midpoint of this line, using the thumb, ST-40 is 
located in a depression 2 fingerbreadths (2 middle fingerbreadths, 
‘measured from the anterior crest of the tibia) lateral to this point. 
STF-40 may be palpated ‘dynamically’ (according to pressure sen- 
sitivity). Located on the same level (8 cun proximal to the highest 
‘prominence of the lateral malleolus) are —* S¥-38 (I fingerbreadth 
lateral to the tibia) and + BL.-S7 (on the dorsal aspect of the lower 
leg, halfway between —* BL-40 and —* BL-60). 


Needling 
Vertically or obliquely 1-1.5 un 


Actions/Indications 
Transforms Dampness and Phlegm, clears Phlegm in the 
Lung and Heart, calms the shen 


Special features 
Luo-connecting point. Main acupuncture point for eliminating 
Phlegm, 
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Location 

On the ankle, on the level of the highest prominence of the lat- 
eral malleolus, in the depression between the tendons of the 
extensor digitorum and the extensor hallucis longus. 


How to find 

With the patient extending their big toc against resistance, the 
tendon of the extensor hallucis longus muscle will become more 
distinct. ST-41 is located lateral to this tendon, in an obvious 
depression on the level of the highest prominence of the lateral 
malleolus (+ 3.6.2) and ankle joint space. 

Located on the same level is + LIV-4 (medial to the tendon, 
halfway between ~* SP-S and ST-41), 


Needling 
(05-1 cun vertically or obliquely deep to the tendons in a medial 
direction towards + SP-5 or in a lateral direction towards 
= G.B.-40, Caution: Tibial artery/vein/nerve lie deep to this point. 


Actions/Indications 

# Clears Heat from the Stomach and Stomach channel 
© Calms the shen 

# Opens the channel and Juo vessels, alleviates pain 


Special features 

Jing-river point, Fire point, tonitfication point. Important local 
point for disorders of the ankle joint. Important distal point for 
frontal headaches caused by Stomach Heat or Stomach Fire, 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 


Stream Divide JiEX\ 
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4 Acupuncture Points of the Twelve Primary Channels 


Rushing Yang CHONGYANG 
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Location 

On the highest point of the dorsum of the foot, between the ten- 
dons of the extensor hallucis longus and the extensor digitorum 
Jongus, directly lateral to the point where the dorsalis pedis artery 
‘may be palpated. The point is bordered proximally by the 2nd and 
3rd metatarsal bones and distally by the 2nd and 3rd cuneiform 
bones, Alternative location: Sometimes, this point may be 
located lateral to the medial portion of the extensor digitorum 
Jongus tendon (joining the 2nd toe). 


How to find 

With the palpating finger, glide from —+ STT-43 (in the depression 
between the base of the 2nd and 3rd metatarsal bones) proximally 
towards + ST-41 (in the depression between the tendons of 
extensor digitorum longus and hallucis longus). Locate ST-42 at 
the highest point of the dorsum of the foot, in a depression lateral 
to the pulse. In most cases, $T-42 is located lateral to the tendon 
Of the extensor hallucis longus, which becomes more distinet by 
extending the big toe. 


Needling 
‘Vertically 0.2-0.5 cun, Caution: Dorsalis pedis artery. 


Actions/Indications 

# Clears Heat from the Stomach channel, regulates the 
Stomach 

© Calms the shen 

© Opens the channel and luo vessels 


Special features 
Yuan-source point, exit point, 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Sunken Valley X\ANGU ST-43 
Location 


On the dorsum of the foot, in the depression between the 2nd. 
and 3rd metatarsal bones, at the level of the junction of the shafts. 
and the heads of these metatarsal bones. 


How to find 

Palpate from distal (toes) towards proximal (ankle) between the 
2nd and 3rd metatarsal bones, until the finger glides into a 
depression distal to the metatarsophalangeal joint, where ST-43 
is located. It is approximately on the same level as the junction 
of the shafts and the heads of the two metatarsal bones. 


Needling 
Vertically or obliquely 0.5—1 cun 


Actions/Indications 
* Regulates the Spleen, Stomach and Intestines, reduces oedema 


Special features 
Shu-stream point, Wood point, generally used for ‘inflammatory’ 
{joint disorders (bi-syndromes). 
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4 Acupuncture Points of the Twelve Primary Channels 


ST-44 Inner Court NEITING 


Location 
‘Between the 2nd and the 3rd toes, proximal to the interdigital fold. 


How to find 
Locate ST-44 just proximal to the interdigital fold between the 
2nd and the 3rd toes. 


Needling 
0.5-1 cun yertically or obliquely in a proximal direction 


Actions/Indications 

* Opens the channel, expels Wind and clears Heat, alleviates 
pain 

Regulates the Intestines, clears Damp-Heat 

© Calms the shen 


Special features 
Ying-spring point, Water point, Ma Dan Yang Heavenly Star 
point, Major point for clearing Heat from the head and face. 
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4.3 The Stomach Channel System - Foot yangming (zu yang ming jing luo) 
Strict Exchange LIDUI ST-45 
Location 


On the 2nd toe, 0.1 cun from the lateral corer of the nail. 


How to find 

STT-4S is located at the junction of two tangents drawn along the 
lateral and proximal border of the nail of the 2nd toe, approxi- 
‘mately 0.1 cun from the margin of the nail, 


Needling 
0.1 cun yertically or obliquely in a proximal direction or prick to 
bleed. 


Actions/Indications 

© Opens the channel and clears Heat from the yangming chan- 
nels (L.L/ST) 

© Calms and regulates the shen 


Special features 

Jing-well point, Metal point, sedation point, important distal 
point for all Heat disorders affecting the head, For severe insom- 
nia due to Fire or Phlegm-Heat, apply moxibustion (‘small Fire 
attracting big Fire’ technique). 


173 


Ch04.4-P10028.qxd 2/23/08 7:08 PM Page 175 by 


4.4 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 


4.4 The Spleen Channel eesenriey 
System - Foot taiyin saeotine | 
(zu tai yin jing luo) eae”, 


4.4.1 The Spleen Primary Channel 
(zu tai yin jing) 


( 


( 


ar de 
( 
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Pathway 

‘The external pathway of the Spleen primary channel begins at 
SP-1 (yinbai) on the big toe at the medial comer of the nail, This 
point is reached by a branch that separates from the Stomach 
primary channel at + ST-42 (chongyang) (foot Yin—Yang con- 
nection of the first great circuit), 

= From SP-1 the channel courses along the medial aspect of the 

foot 
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4 Acupuncture Points of the Twelve Primary Channels 


= ascends anterior to the medial malleolus and continues along 
the posterior border of the medial crest of the tibia 

= passes the anteromedial region of the knee and thigh 

= ascends the abdomen lateral to the midline to the second 
intercostal space, passing on its way + Ren-3 (chongii), 
= Rend (guanyuan), + Ren-10 (xiawan), + G.B-24 
(riyue) and + LIV-14 (gimen) 

= curves downward again and terminates 6 cun inferior to the 
axilla on the midaxillary line at SP-21 (dabao). 

According to Solinas et al (1998), its inner pathway branches off 

at + Ren-10 (siawan) and enters the Spleen (pi), its pertaining 

sang-Organ, and connects with the Stomach (wei), its paired 

fi-Organ, From the Stomach (wei), an Interior branch passes 

the diaphragm, ascends part of the oesophagus and enters the 

Heart (xin), where it connects with the Heart primary channel 

(shou shao yin jing) (deep Yin-Yin connection —* 1.2). From 

SP-20 (chourong), @ further branch ascends to + LU-1 

(chongfis) atthe level of the first intercostal space to form the 

hand-foot pairing (Yin axes of the first great circuit, taiyin) 

‘The branch ascends further to the tongue, reaches the root of the 

tongue and disperses on its lower surf 


Clinical importance (— 1.2) 

Exterior (biao) signs and symptoms: Heavy sensations of the 
head and body, sens: gs, general fever, 
pain in the lower cheek, muscular atrophy and weakness of the 
legs and medial hip region, cold knees, feet and legs, oedema 
Interior (li) or zangfu-Organ signs and symptoms: Abdomi- 
nal pain, diarrhoea or loose stools with undigested food, borbo- 
loss of 


jon of weakness in the I 


rygmus, belching and dizziness, abdominal masses, 
appetite, a sallow complexion, retention of urine 
Excess (shi) + Spasms, foot pain 

Deficiency (xu) + Abdominal fullness, borborygmus, diarrhoea 
with undigested food 


Connections and meeting points of the 
Spleen primary channel (+ 1.2) 


Connections with other channels 


Stomach primary channel (zu yang ming jing) 
Conneetion: Foot Yin-Yang connection of the first great circuit 
Location: ST-42 SP-1 (on the foot), 

Circulation: Circadian (according to the Organ clock) 
Importance: Interior-Exterior relationship 


Lung primary channel (shou tai yin jing) 
Connection: Paired according to the six channel theory (hand~ 
foot pairing) — rai yin (Yin axes of the first great circuit) 
Location: SP-20 + LU-I (on the thorax). A branch of the 
Spleen primary channel ascends from SP-20 (zhourong) to LU-1 
(chongfi) 

Circulation: Non-circadian (not according to the Organ clock) 
Importance: Above-below relationship 


Heart primary channel (shou shao yin jing) 
Connection: Deep Yin-Yin connection. 

Location: SP + HE (on the thorax). An internal branch of the 
Spleen primary channel spreads inside the Heart (xin) and con- 
neets with the Heart primary channel 

Circulation: Circadian (according to the Organ clock) 
Importance: The Heart primary channel receives Nutritive Qi 
(ing gi) from the Spleen primary channel (first circulation of 
the ying gi# 1.1.4) 


Connections with other zangfu-Organs 
Spleen (pi), Stomach (wei), Heart (xin) 
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4.4.2 The Spleen Divergent Channel 
(zu tai yin jing bie) 


sto 
(Grd confluence) ~ 


4.4 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 


Pathway 

‘The Spleen divergent channel separates from the Spleen primary 

channel near SP-11 (jimen) on the anteromedial aspect of the thigh, 

at the medial border of the Sartorius muscle. It 

= penetrates the abdomen in the inguinal region at + ST-30 
(gichong) 

= connects with the Stomach (wei), Spleen (pi) and Heart (xin) 

= ascends along the oesophagus to the suprasternal fossa and 
travels laterally to + ST-12 (quepen) in the supraclavi. 
fossa 

= crosses the Stomach primary channel and the Stomach 
divergent channel at -+ ST-9 (renying) where they meet to 
connect at one of the six he-confluences (here: ST/SP as third 
confluence“ 1,3) 


Clinical importance 

* Strengthens the relationship between the Spleen and the 
Stomach (cangfi-Organs). Points on the Spleen primary channel 
can therefore be used for disorders of the Stomach, and vice 
versa points on the Stomach primary channel can treat disorders 
of the Spleen. In clinical practice, Spleen points are used forthe 
whole gastrointestinal tract. 

# Meets the Stomach primary channel at -* ST-30; this is also 
a Sea of Water and Grain point, which can be used for many 
digestive disorders, 

‘Links the Spleen primary channel with the Heart; in combination 
with other points, SP points can be used for Qi and Blood 
deficiency as well as for psycho-emotional disorders. 

* Connects the Spleen primary channel and the neck region and 
‘can therefore be used for chronic disorders of the neck and 
thyroid caused by retention of Phlegm (for example SP-3 with 
ST-40, P-5). 

‘Connects the Spleen primary channel with the mouth and tongue 
and can therefore be used for disordervulcers of the tongue 
and mouth caused by retention of Phlegm (for example SP-2, 
SP-3, SP-6). 
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4.4.3 The Spleen Sinew Channel 
(zu tai yin jing jin) 


geno 
sae 


Pathway 

‘The Spleen sinew channel begins on the medial aspect of the 

big toe at SP-I (yinbai) 

= mins along the medial border of the foot 

= binds (jie) anterior to the medial malleolus at SP-S (shanggiu) 

= ascends along the medial aspect of the tibia to SP-9 (yin- 
Jingquan) and binds (jie) anterior to the medial head of the tibia 

= runs along the medial aspect of the thigh and binds (jie) on 
the medial aspect of the inguinal region 

= continues to Ren-3 (chongji) where it meets the other sinew 
channels of the foot Yin channels 

At Ren-3 the sinew channel separates into three branches: 

© One branch runs to the genital region 

+ A further branch ascends along the anterior midline, cover- 
ing the ren mai and binding (jie) at the umbilical region. It 
penetrates the abdomen and spreads in the costal and thoraci 
region. 

* A third branch penetrates deeper into the body and ends at 
the spinal region at + BL-20 (pishu). 


Clinical importance 

‘© Pathology: Distending pain of the big toe, pain at the medial 
malleolus, cramps and pain in the calves, pain of the medial 
aspect of the knees and thighs, pain in the inguinal and geni- 
tal region (radiating to the umbilicus, thorax and back). 

‘Indication: Mainly for bi-syndromes (Painful Obstruction 
Syndrome) and wei-syndrome (atrophy syndrome) along the 
Spleen channel, especially along the medial aspect of the leg 
‘The area covered by the Spleen sinew channel is larger than 
that covered by the Spleen primary channel, This explains why 
Spleen primary channel points can also be used for disorders 
and diseases of the external genitalia and the umbilical region 


4.4.4 The Spleen /uo-Connecting 
Vessel System (zu tai yin luo mai) 


Pathway 

‘The Spleen /uo-connecting channel separates from the Spleen 

primary channel at its Juo-connecting point SP-4 (gongsun) 

(= 8.1.2). It forms a three-dimensional reticulate network, 

dividing into multiple branches and sub-branches (sun luo, fu 

Juo, xue luo —* 1,5) within the surrounding tissue. 

= Horizontal divisions run to the Interiorly-Exteriorly paired 
Stomach primary channel, according to some schools of thought 


fam 
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(for example Neyen Van Nghi = Appendix) they travel as a 
transverse Spleen luo-connecting vessel to the yuan-souree 
point + ST-42 (chongyang). 

* A longitudinal division follows the pathway of the Spleen pri- 
‘mary channel, enters the abdomen in the inguinal region and con- 
nects with the Large Intestine (dachang) and the Stomach (wei) 


Clinical importance (+ 8.1.2) 


Pathology 

‘© Excess (shi): Colicky pain in the Stomach and Large Intestine 

* Deficiency (x1) + Gu zhang (drum-like abdominal distension) 
such as digestive disorders in children, abdominal fullness and 
distension, ascites 

© Counterflow Qi: Acute vomiting, diarrhoea, severe abdominal 
pain 


The great luo-connecting vessel of the 
Spleen (zu tai yin luo mai) 


Pathway 

‘The great Iuo-connecting vessel of the Spleen begins on the lateral 
aspect of the thorax at -+ SP-21 (dabao). It contains the Blood 
of the Iuo-connecting vessel and disperses to the vessels of the 
‘whole body, covering them in a net-like fashion (-* 1.5, -+ 8.1.2). 


Clinical importance (+ 8.1.2) 

‘Excess (shi): Pain in the whole body, polyarthritis, bi-Syndrome 
(Painful Obstruction Syndrome) 

* Deficiency (x1): Muscular atrophy and weakness, weakness of 
the joints, weakness in the whole body. 


4.4.5 Cutaneous Region (tai yin pi bu) 


See description and 


4.4.6 Points of the Spleen Primary 
Channel (Overview) 


Specific points according to their function 

# Yuan-source point (+ 8.1.1): SP-3 (raibai) wm 

# Luo-connecting point (+ 8.1.2.): SP-4 (gongsun) sa SP-21 
(dabao) wm 

Xi-cleft point (— 8.1.3): SP-8 (dij) am 

Associated Back-shu point (+ 8.1.4): BL-20 (pishu) sm 
Associated Front-mu point (~* 8.1.5): LIV-1 
Five shu-transporting points (+ 8.1.6): 
Jjing-well point (Wood): SP-1 (yinba) a 
ying-spring point (Fire). tonification point: SP-2 (dadu) 
shu-stream point (Earth), ben point: SP-3 (‘aibai) am 


4.4 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 


Jing-river point (Metal), sedation point: SP-5 (shanggit) mim 

hhe-sea point (Water): SP-9 (yinlingquan) tam 

Hui-meeting point (+ 8.1.7): — 

Opening point (+ 8.1.8) of the chong mai: SP-A (gongsun) tm 

Lower he-sea points (8.1 

JFiaohui-meeting points (+ 8.1.10): 

~ with the Kidney and Liver primary channels (meeting point 
Of the three foot Yin channels and the yin giao mai*: SP-6 
(sanyinjiao) mm 

~ with the LIV and T.B.* channels and the yin wei mai 
SP-12 (chongmen) 

~ with the LIV channel and the yin wei mai: SP-13 (fushe) 

th the yin wei mai: SP-15 (daheng), SP-16 (fuai) 

— of other channels with the SP channel: LU-1, G.B.-24, 
LIV-14, Ren-3, Ren-4, Ren-10, Ren-17* 

Gao Wu command point (+ 8.1.11): 

Window of Heaven point (= 8.1.12): 

Points of the Four Seas (—* 8.1.13): ~ 

Ma Dan Yang Heavenly Star point(—+ 8.1.14): ~ 

Sun Si Miao Ghost point (~ 8.1.15): SP-I (yinbai) mm 

Other functional points: 

— important point for diarthoea: SP-4 (gongsun) mim 

important point for Damp bi-syndrome: SP-S (shanggiu) sam 

— important point for eliminating Dampness: SP-9 (yin- 

lingquan) wa 

— important point for regulating the Blood: SP-10 (xuehai) sm 

— important point for general pain: SP-21 (dabao) m 


Points according to region 

* Local points (+ 8.2.1): knee region ~ SP-9 (yinlingguan) mae; 
Large Intestine ~ SP-15 (daheng) su; knee ~ SP-9 (yinlingquan) 
‘um; foot - SP-S (shanggit) mm: toes ~ SP-3 (taibai) mm 

# Adjacent points (— 8.2.1): Spleen/Stomach ~ SP-15 (daheng) 
‘um: hypochondrium ~ SP-21 (dabao) ma; knee — SP-10 
(suchai) mm; toes — SP-4 (gongsun) mm, SP-5 (shanggitt) mm, 
SP-9 (yinlingquan) mm 

«Distal points (+8.2.1): forthe Spleen/Stomach, upper abdominal 
region — SP-4 (gongsun) mm; for the female genital organs, 
urogenital region — SP-6 (sanyinjiao) mm; lower abdomen — 
SP-1 (yinbai) tm; for the hand and knee ~ SP-S (shanggiu) mm 


Specific points according to the channel 

pathway (in numerical order): 
SP-1 (yinbai) sm: Sun Si Miao Ghost point (—+ 8.1.15); distal 
point for the lower abdomen (+ 8.2.1); jing-well point 
(Wood) (—* 8.1.6) 

# SP-2 (dad): ying-spring point (Fire) (+ 8.1.6), tonification 
point 

© SP-3 (1aibai) mm: yuan-source point (+ 8.1.1), shu-stream 
point (—+ 8.1.6), bem point (Five Phase point) (—* 8.1.6) 


7 Mentioned by only some authors 
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© SP-4 (gongsun) mm: luo-connecting point of the Spleen 
(48.1.2); opening point of the chong mai (+ 8.1.8); distal point 
for the Spleen/Stomach, upper abdomen (— 8.2.1); important 
point for diarrhoea; adjacent point forthe toes (+ 8.2.1) 

* SP-5 (shanggitt) am: jing-river point (Metal) (+ 8.1.6); Seda- 
tion point: important point for Damp bi-syndrome; local point 
for the foot (— 8.2.1); distal point for the hand and knee 
(F821) 

© SP-6 (sanyinjiao) mm: jiaohui-meeting point with the KID 
and LIV channels and the yin giao mai (—* 8.1.10) (meeting 
point of the three foot Yin channels); distal point for the 
female genital system, the urogenital region (+ 8.2.1) 

© SP-8 (aij) left point (+ 8.1.3) 

© SP-9 (yinlingguan) mm: he-sea point (Water) (+ 8.1.6); 
important point for eliminating Dampness: local point for the 
knee region (8.2.1); local point for the knees (+ 8.2.1) 

© SP-10 (xuehai) mm: important point for regulating the Blood; 
adjacent point for the knees (+ 8.2.1) 

© SP-12 (chongmen): jiaohui-meeting point with the LIV and 
‘T.B* channels and the yin wei mai (+ 8.1.10) 


"Mentioned by only some authors 


© SP-13 (fushe): jiaohui-meeting point with the LIV channel 
and the yin wei mai (+ 8.1.10) 

© SP-15 (daheng) tam: local point for the Large Intestine 
(+ 8.2.1); adjacent point for the Spleen/Stomach (—+ 8.2.1); 
Jiaohui-meeting point with the yin wei mai (+ 8.1.10) 

© SP-16 (fai): jiaohui-meeting point with the yin wet mai 
(48.1.10) 

© SP-21 (dabao) tm: adjacent point for the hypochondrium 
(48.2.1); Main-fuo-connecting point of the Spleen (—* 8.1.2); 
important point for generalised pain 


General location help 

*  SP-13-SP-16; these points are all located 4 cun lateral to the 
anterior midline (= mamillary line) —* SP-13: 0.7 cun superior 
to SP-12; SP-14: 1.3 cun inferior to the umbilicus: SP-1S: at 
the level of the umbilicus; SP-16: 3 cun superior to the 
umbi 

«  SP-17—SP-20: these points are all located 6 cun lateral to the 
anterior midline in the fifth to second intercostal spaces. 


us, 


SOLDERING 


1. Introduction : 

Progress within the electronics industry would not have resulted in the mass production of 
electronic appliances as we know them today, without a similar progress in the field of soldering 
technology. 


To be able to understand how soldering techniques are used in the electronics industry, 
we first have to get familiar with the materials used during the soldering process, and we have to 
learn how a soldering connection is created on a molecular level 

Soldering is an old technique for creating permanent electrical and mechanical connections between 
metals. In contrast to ordinary glueing, which makes only a physical connection between materials 
(although electrically conducting glue also exists) soldering causes a chemical reaction with other 
materials, creating a new alloy. 

There are several soldering techniques, which all have a few things in common: basic metals, 
soldering flux, solder and heating, 


2. Basic metals : 

When we place electronic components on a PCB, the legs of the components and the 
soldering lands on the PCB, are the basic metals that will connect with the solder. 

Several metals like copper, bronze, silver and some types of steel react with solder 

and make a strong chemical and physical connection 

Other materials ike aluminium, titanium, etc. are difficult or even impossible to solder. 

The fact that materials exist which can not be soldered is very important, as these materials can 
be used for making soldering machines and soldering irons. These materials can also be used 
for covering components during soldering, 


There is a direct relationship between how strongly the surface of the basic metal oxidizes and how 
the soldering reacts on this: When there is more oxidation present, the soldering connection 

will be weaker. 

The fact that most metals oxidize very quickly when heated, is a specific problem, because 

if one wants to obtain a chemical soldering reaction, a high temperature is necessary. 

Flux is used to counteract this oxidation problem. 


3. Soldering flux 

Although the soldering surface looks clean, there is always a thin layer of oxide on the metals. 
This layer always arises as soon as the metal is exposed to air. Reliable soldering connections 
can only be made on "clean" surfaces. "Clean" surfaces could be accomplished using 
cleaning product, but this would be insufficient as metal oxidizes incredibly fast when heated. 
To prevent the creation of the layer of oxide, the use of soldering flux is necessary. 


Using soldering flux on the basic metals before the soldering starts has various reasons and 
advantages: 


The main reason of the use of flux is to stop the oxidation of the basic metals during heating. 
The flux makes sure that the air can't reach the soldering surface, and therefore prevents the 
formation of oxidation during warming up. 

Most of the different flux types have acid components which are used to remove the oxidation 

that is already present on the basic metal 

Ifa very strong acid is active in the flux, theoretically it would be possible to remove all the oxides. 
This however is in practice not possible, as the acid would also affect the PCB and the components, 
which of course is not the intention. 
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4A The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 
Hidden White ViNBAL JS 
Location 


On the big toe, 0.1 cun from the medial comer of the nail. 


How to find 

SP-1 is located at the junction of two tangents drawn along the 
‘medial and proximal border of the nail of the big toe, approxi- 
‘mately 0.1 cun from the margin of the nail, 


Needling 
0.1-0.2 cun vertically or obliquely in a proximal direction or 
prick to bleed with a needle, lancet or three-edged needle. 


Actions/Indications 
# Regulates the Blood 

* Regulates the Spleen 

* Unbinds the chest 

# Calms the shen 

* Revives consciousness 


Special features 
Jing-well point, Wood point, Sun Si Miao Ghost point, entry 
point, important distal point for the lower abdomen, 


ay Ol IN IKIINEJIS 
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4 Acupuncture Points of the Twelve Primary Channels 


Great Metropolis DADU 


Location 

On the medial aspect of the big toe, at the junction of the shaft 
and the base of the proximal phalanx, distal to the Ist meta- 
tarsophalangeal joint, 


How to find 

On the medial aspect of the big toe, palpate from distal to prox- 
imal towards the metatarsophalangeal joint, until you can feel 
the junction of the shaft with the base of the proximal phalans. 
SP-2 is located distally to the base of the bone, which forms a 
distinct step. and slightly inferiorly to its outer curvature, at the 
border of the red and white skin (sole/dorsum of the foot). 
Located in comparable positions are —* BL~66 on the lateral bor- 
der of the foot, + LL-2 on radial aspect and -* S.1.-2 on the 
ulnar aspect of the hand. 


Needling 
0.2-0.5 cun vertically or obliquely, just below the lower border 
of the bone. Caution: Painful point. 


Actions/Indications 
© Regulates and supports the Spleen, harmonises the Lower 
Burner and clears Heat 


Special features 
Ying-spring point, Fire point, tonification point, 
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4.4 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 
Supreme White TAIRA [JEW 
Location 


On the medial aspect of the foot, in the depression proximal to 
the head of the Ist metatarsal bone, at the border of the red and 
white skin, 


How to find 

‘When palpating along the border of the red and white skin on the 
‘medial aspect of the foot ftom distal (toes) to proximal (ankle), 
the metatarsophalangeal joint forms a prominent landmark. 
SP-3 is located just proximal to this joint in a clearly palpable 
depression, which marks the junction of the head and the shaft of 
the Ist metatarsal bone. 

Located in a comparable position is + BL-65 (proximal to the 
head of the Sth metatarsal bone) on the lateral border of the foot. 
{In comparable locations on the borders of the hand are L.L-3 
on the radial aspect and ~ $.L.-3 on the ulnar aspect of the hand, 


Needling 
0.5-1 cun vertically or obliquely from medial towards lateral, 
Caution: Needling this point tends to be painful. 


Actions/Indications 

# Tonifies the Spleen, harmonises the Lower Burner 
«Eliminates Dampness and Damp-Heat 

# Regulates Qi locally 


Special features 
Yuan-source point, shu-stream point, Earth point, ben point 
(Five Phases). Important point for tonitying the Spleen. 
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4 Acupuncture Points of the Twelve Primary Channels 


Grandfather Grandson GONGSUN 


184 


Location 
In the depression distal to the base of the Ist metatarsal bone, on 
the border of the red and white skin, 


How to find 

When palpating along the border of the red and white skin 
(sole/dorsum of the foot) on the medial aspect of the midfoot 
from proximal towards medial, the base of the Ist metatarsal 
bone (+ 26.2) forms a distinct bony prominence. SP-4 is 
located in the depression distal to this prominence, at the junc- 
tion of the shaft and the ase of the bone. 

= SP-3 is located slightly more distally at the junction of the 
head and the shalt of the Ist metatarsal bone, + BL-64 is 
located in a comparable position on the lateral aspect of the mid- 
section of the foot (at the junction of the shaft and the base of the 
Sth metatarsal bone), 


Needling 
0.5-1 cun vertically or obliquely from medial towards lateral 
Caution: Needling may be painful 


Actions/Indications 

‘© Strengthens and regulates the Spleen Qi, eliminates Dampness 
Calms the shen 

Benefits the Heart and chest 

Regulates the chong mai 

Local point, for example for metatarsalgia 


Special features 

Luo-connecting point, opening (master) point of the chong mai. 
Important point for distension and pain in the upper and lower 
abdomen caused by Qi stagnation, Blood stasis or obstruction 
due to Dampness, 


Nayicular 
\ 


fal cuneiform \ 
Medial cuneitorm \, 


Metatarsal bones \ 


Proximal 
phalanges 
‘ 


Caleaneus 


~ Medial Base of the \ 
Distal phalanges Ist metatarsal Navicular 
phalanges bone tuberosity 


Base of metatarsal 


1s Highest 

‘i prominence 
ofthe mediat 

mmallelus 


Cho4d.4-P10028.qxd 2/23/08 7:08 PM Page 185 Oo | 


4.4 The Spleen Channel System - Foot taiyin (zu tai yin jing luo) 


Shang Mound sHANGQIU [ES 


Location 

In the depression at the junction of a vertical line drawn along 
the anterior border and a horizontal line drawn along the lower 
border of the medial malleolus. Or: In the depression halfway 
between the highest prominence of the medial malleolus and the 
tubercle of the navicular bone. 


jhest prominence 
the ei teas 


How to find 

SP-5 is located in a depression anterior and inferior to the 
‘medial malleolus, at the junction of a vertical line drawn along 
the anterior border and a horizontal line drawn along the inferior 
border of the medial malleolus. SP-5 is located distal to the ten- 
don of the tibialis anterior muscle. 

Located in a comparable position on the lateral aspect of the foot 
is + G.B.-40 (in a depression at the junction of a vertical line 
drawn along the anterior border and a horizontal line drawn 
along the inferior border of the lateral malleolus). 


Needling 
0.3-0.6 cun vertically, obliquely or transversely (subcuta- 
neously) deep to the tendons towards —+ ST-41. 


Actions/Indications 

# Tonifies the Spleen, eliminates Dampness, benefits the ten- 
dons and bones 

* Moves Qi locally 

# Calms the shen 


Special features 
Jing-river point, Metal point, sedation point. Important point for 
treating Damp bi-syndrome. 
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4 Acupuncture Points of the Twelve Primary Channels 


DEEZ tree vin intersection SANYINJIAO 


Location 
3 cun proximal to the highest prominence of the medial malleo- 
us, on the posterior border of the medial crest of the tibia. 


How to find 

From the highest prominence of the medial malleolus (+ 3.6.2), 
‘measure 3 cun (1 handbreadth) in a superior direction, where 
SP-6 is located in a depression at the posterior border of the 
‘medial crest of the tibia, This point is often sensitive to pressure. 

‘Sometimes, this depression is located more anteriorly, and locat- 
ing SP-6 should be based on pressure-sensitivity. 

Located in a comparable position is + G.B,-39 (3 cun proximal 
to the prominence of the lateral malleolus, on the anterior border 
of the fibula, intersecting point of the three foot Yang channels). 


Needling 
Vertically or obliquely 1-2 cun. Caution: Contraindicated dur- 
ing pregnancy, particularly with reducing needle techniques; 
exception: to promote labour, 


Actions/Indications 

© Tonifies the Spleen and the Stomach, eliminates Dampness 

‘© Nourishes the Blood and Yin, regulates menstruation, pro- 
motes labour 

* Regulates urination, benefits the genitals, harmonises the 
Lower Bumer 

© Calms the shen 


Special features 

Meeting point with the Liver and Kidney channels (group luo- 
connecting point) and the yin giao mai. Very important point for 
disorders of the Lower Burner (especially for gynaecological 
disorders, birth and urinary disorders), as well as for many 
digestive disorders and psychological disorders (caused by 
Blood and Yin deficiency). 


1s. Highest 
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4.4 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 


Dripping Valley LOUGU 


Location 
6 cun proximal to the highest prominence of the medial malleo- 
lus, on the posterior border of the medial crest of the tibia. 


How to find 

From the highest prominence of the medial malleolus, measure 
6 cun in a superior direction, where SP-7 is located at the pos- 
terior border of the medial crest of the tibia, Or: Spreading 
hhands technique (+ 2.3.3): SP-7 is located 0.5 cun distal to the 
midpoint of a line connecting + SP-9 (distal to the tibial 
condyle) and the highest prominence of the medial malleolus. 
= SP-6 is located midway between the tip of the malleolus and 
SP-7 (3 cun superiorfinferior respectively). 


Needling 
Vertically 1-1.5 cun 


Actions/Indications 
Strengthens the Spleen, drains Dampness, opens the channel 
© Promotes urination 
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4 Acupuncture Points of the Twelve Primary Channels 


BE cores Pivot 01 


‘SONNEES 


Location 

3 cun distal to the junction of the shaft and the medial condyle of 
the tibia (+ SP-9), at the posterior border of the medial crest of 
the tibia. 


How to find 

Measure 1 handbreadth directly inferior to the medial condyle of 
the tibia (+ SP-9), SP-8 is located 3 cun distal to SP-9 on the 
posterior border of the medial crest of the tibia, on a line con- 
necting + SP-9 and the highest prominence of the medial 
‘malleolus. 


Needling 
Vertically 1-1.5 cun 


Actions/Indications 
Regulates the uterus and the Blood 
‘© Regulates the Spleen and eliminates Dampness 


Special features 
Xi-clefi point. Important point for acute dysmenorthoea, often 
used in combination with + LL-4, 


Popliteal crease 
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4.4 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 


Yin Mound Spring YINLINGQUAN [J 


Location 

With the knee flexed, this point is located in a depression distal 
to the medial condyle of the tibia, at the junction of the shaft and 
the medial condyle. 


How to find 

Patient’s position: Preferably locate and needle SP-9 with the 
nee bent and the hip slightly externally rotated, so that the knee 
slightly lifts from the surface, or rest the knee in an externally 
rotated position on a knee support. Location: Palpate along the 
posterior border of the medial crest of the tibia towards the head 
of the tibia to locate SP-9 in a pressure-sensitive depression at 
the junction of the shaft and the head of the tibia. This depres- 
sion is located between the pes anserinus superficialis and the 
belly of the gastrocnemius muscle (—* 3.6.1), 

Located on the same level but 1 cun posterior to SP-9 is —* LIV-7. 
Located on the lateral aspect of the lower leg is + G.B-34 
(anterior and inferior to the head of the fibula), 


Needling 
1-15 cun vertically, along the posterior border of the tibia. 


Actions/Indications 

# Regulates the Spleen, transforms Dampness, regulates the 
‘water passages, benefits the Lower Burner 

# As local point for disorders of the knee, especially if there are 
swellings 


Special features 

He-sea point, Water point. One of the major points for eliminat- 

ing Dampness anywhere in the body. Important local point for | | 
e 


disorders of the knee. SP.9 is located approximately on the same 
level as + G.B.-34, If indicated, this point tends to be very ten- 
Upper border der upon pressure. 
ofthe 
seni patella 
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4 Acupuncture Points of the Twelve Primary Channels 


(ESD sea of Blood XUEHAI 


Location 

With the knee flexed, SP-10 is located 2 cun proximal and 
slightly medial to the medial superior border of the patella, in a 
depression on the vastus medialis muscle. 


How to find 

Measure 2 cun proximal to the medial superior border of the 
patella and locate SP-10 by palpating slightly medially fora soft 
depression. Or: The practitioner places their left hand on the 
ppatient’s right patella, with the heel of the palm level with the 
inferior patellar border and the extended fingers pointing in a 
superior direction. With the thumb and index finger forming an 
angle of 45°, the tip of the thumb will point to SP-10, 


Needling 
Vertically or obliquely 1-1.5 cun 


Actions/Indications 

‘© Strengthens the Blood, dispels Blood stasis, cools the Blood, 
stops bleeding, regulates menstruation, benefits the skin 

‘© Local point for disorders of the knee 


Special features 
Important point for regulating the Blood 


OJIN IKE TIS 


2 
3) 


Therefore there will always be a search for the balance between a flux that contains strong acids, 
and as a consequence also removes the oxidales more effectively (but also affects the PCB), and a flux 
that contains a less strong acid and therefore removes less oxides. (but does not affect the PCB). 


Most fluxes though use types of acid. Therefore it generally is necessary to remove the flux residues 
after soldering, 

‘When solder is applied, the flux needs to flow off so that the solder can make direct contact with 

the basic metal. During this process it is however impossible to avoid the flux mixing with 

the solder. 

Flux developers make Use of this fact to develop a flux that has the property to reduce 

the surface tension of the solder on contact, as a result of which better "wetting" arises. 


Flux consists of natural or synthetic resin and chemical additives, called activators. 
In PEM a "no clean’ flux of Tamura is used (for the placement of Flat-Package-IC's). Consequently 
itis not necessary to remove the flux after soldering, 

Furthermore itis not necessary to add extra flux when doing easy manual soldering 

because the soldering wire contains flux (3.3 %), like a resin core. 


4. Solder 

‘There several existing metals and metal alloys that can be used for soldering, 

‘The choice for using a certain metal is based on the properties of the metal: 

{s the metal flexible or fragile? How well does it conduct heat? 

Does it expand rapidly when heated? What is the electrical resistance of the metal? 

How strong is it? Is it toxic? And not unimportant: what does it cost? 

Aithough itis not perfect, an alloy of tin and lead is most often used traditionally. 

Pure tin melts at 203°C and pure lead melts at 330°C. A mixture of both metals has a lower 
‘melting point. 

By using a different mixture the melting temperature of the soldering alloy can be changed. 
Alloy of tin and lead (e.g. 60/40) has a relatively low melting point (183°C) and can be produced at 
a relatively low price, in comparison to other alloys with similar properties. 

Lead is a very cheap and can be found in a lot of places. Therefore the cost of the tin-lead alloy 
is mainly determined by the cost of tin. 


‘When this alloy is warmed up, it goes through several phases: 
the alloy goes fram a “fixed” condition, to a "paste" condition (semi-liquid), and finally becomes totally 
liquid. It is difficult to solder with an allay that is in a "paste" condition: because there is 

little movement or vibration during this "paste" condition, this can cause bad soldering. 

IT the alloy is of 50% tin and 50 % lead, it starts to melt at a temperature of 193°C, 

and will be totally melted at a temperature of 216°C. 


To prevent bad soldering during the "paste" condition, “eutectical solder is used. 
‘An “eutectical" alloy is an alloy that, when heated, goes immediately from a fixed condition to 

a liquid condition: the “paste” stage is effectively skipped 

‘An “eutectica"tin-tead alloy contains 63% tin and 37% lead. 

Often a tin-lead alloy with 60% tin and 40% lead is used. This alloy can be produced cheaper than the 
eutectical solder because it contains less tin. But because this alloy is almost "eutectical, it can 
effectively be used for soldering 

During soldering, be careful to make no sudden movements whilst the solder is cooling. 

This can cause “interrupted connections" and therefore unreliable soldering 

‘An “interrupted! soldering connection has a rough and irregular surface and appears dim 

instead of clear and shiny. 

Itis also very important that no impurities get into the solder. 
I'small metal particles from the components get into the soldering "cup" of the soldering machine. 
This can result in a serious change to surface tension, and consequently bad soldering connections. 
‘These metal impurities could even change the melting temperature of the solder. 
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4A The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 
Winnowing Gate jiIMEN SP-11 
Location 


6 cun proximal to + SP-10 or 8 cun proximal to the medial 
upper border of the patella, at the midpoint of the femur between 
the sartorius and vastus lateralis muscles. 


How to find 

First, locate + SP-10 by measuring 2 cun proximal and 1 cun 
‘medial from the medial upper border of the patella. From there, 
measure 6 cun vertically in a proximal direction to locate SP-11 
in a depression on the lateral border of the sartorius muscle. 
Or: Spreading hands technique (+ 2.3.3): SP-11 is located mid- 
Way between the knee joint space and —* SP-12 (2.cun lateral to 
the anterior midline, on a level with the upper border of the 
pubic symphysis), 


Needling 
Vertically 0.5-1 cun, Caution: Femoral artery/vein. 


Actions/Indications 
‘© Regulates the Lower Burner and urination, drains Dampness, 
clears Heat 


Upper border 
‘ofthe pubie 
symphysis 


AIO INIKI SEIS 
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4 Acupuncture Points of the Twelve Primary Channels 


Rushing Gate CHONGMEN 


Location 
3.5 cun lateral to the midline, at the level of the upper border of 
the pubic symphysis, lateral to the femoral artery. 


How to find 

From the upper border of the pubic symphysis (+ Ren-2), 
‘measure 3,5 cun in a lateral direction. There, you can feel the 
pulsation of the femoral artery. SP-12 is located in a depression 
immediately lateral to the artery 

Located on the same level are Ren-2 (on the midline), —* KID-11 
(0.5 cun lateral to the midline) and + S¥-30 (2.cun lateral to the 
midline). + LIV-12 is located 2.5 cun lateral to the midline, but 
1 cun inferior to the upper border of the pubic symphy'is 


Needling 

Vertically 0.5-1 cun, Caution: Needing in a medial direction 
‘may puncture the artery; needling in a lateral direction may 
injure the femoral nerve. 


Actions/Indications 

© Regulates Qi and Blood in the Lower Burner 
© Descends rising fetal Qi 

‘© Clears Heat and drains Dampness 


Special features 
‘Meeting point with the LIV and T.B.* channels and the yin wei mai 


According t some authors 


Upper border. 
‘of the pubic 
caw 
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4A The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 
Abode of the Fu FUSHE SP-13 
Location 


4-cun lateral to the anterior midline and 0.7 cun superior to the 
upper border of the pubic symphysis. 


How to find 

First, measure 4 cun in a lateral direction from the upper border 
of the pubic symphysis and from there 0.7 cun in a superior 
direction to locate SP-13 in a depression in the inguinal groove. 
SP-13 is located 0.5 cun lateral and 0.7 cun superior to SP-12 
(+355 cun lateral to the upper border of the pubic symphysis). 


Needling 
Vertically 0.51 cun. Caution: Peritoneum. 


Actions/Indications 
© Disperses accumulations 
© Regulates the Qi 


Special features 
ST25 KIDS Meeting point with the yin wei mai and the Liver channel 


Highest 
prominence 
ofthe greater 
trochanter 
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4 Acupuncture Points of the Twelve Primary Channels 


QREERII Abdomen knot Fujié 


Location 
4 cun lateral to the anterior midline, on the mamillary line, 3 cun 
superior to —* SP-13 or 1.3 cun inferior to + SP-15. 


How to find 

First, measure 4 cun from the umbilicus in a lateral direction in 
order to locate the mamillary line, This is the point + SP-15, 
From there, measure 1.3 cun in an inferior direction to locate 
SP-14. 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
© Moves Qi and Blood, warms the middle, dispels Cold 
Regulates the Lower Bummer and descends countertlow Qi 


Special features 
Sensitive to pressure with appendicitis 


Upper border 
ofthe pubic 
symphysis 


Upper border 
ofthe pubie 
J symphysis 
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44 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 


Great Horizontal DAHENG [ESSE 


Location 
4 cun lateral to the centre of the umbilicus, on the mamillary 
line. 


How to find 

Locate SP-15 4 cun lateral to the umbilicus, using the mamillary 
line for reference, especially in male patients, 

Located on the same level are “+ Ren-8/KID-16/ST-25/G.B.-26 
(umbilicus/0.5 cun lateral to the umbilicus/2 cun lateral to the 
umbilicus/below the free end of the 11th rib at the level of the 
umbilicus) 


Needling 
Vertically 11.5 cun, Caution: Peritoneum, pregnancy. Deep 
needling may reach the aponeuroses of the transverse abdominal 
musculature. 


Actions/Indications 
# Regulates and moves Qi in the Intestines (promotes bowel 
‘movement by stimulating peristalsis) 


Special features 
‘Meeting point with the yin wei mai. Important point for regulating 
the Large Intestine Qi. 
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4 Acupuncture Points of the Twelve Primary Channels 


| sP-16 | Abdomen Sorrow FUAI 


Location 
3 cun above the centre of the umbilicus and 4 cun lateral to the 
anterior midline, on the mamillary line. 


How to find 

‘The distance between the stemocostal angle and the centre of the 
‘umbilicus can be divided into 8 proportional cum, which can dif- 
fer considerably from the patient's finger cun; therefore, only 
proportional cun measurements should be applied (elastic tape 
2.3.1), First, measure 3 cun from the umbilicus in a superior 
direction, then 4 cun in a lateral direction, where SP-16 is 
located on the mamillary line, Depending on the shape of the 
thorax, this point will either be located on the abdomen or it will 
project onto the lower border of the ribcage. 

Located on the same level are -* Ren-II (anterior midline), 
+ KID-18 (0.5 cun lateral to the anterior midline) and —+ ST-22 
(2.cun lateral to the anterior midline). 


Needling 
Vertically 0.5-1 cun. Caution: Peritoneum, pregnancy. Depend- 
ing on the shape of the thorax, the correct location of this point 
might be on the costal cartilage. In this case, either transverse 
(subcutaneous) needling or locate the point more medially (or 
choose an alternative point). 


Actions/Indications 
Regulates Qi in the Intestines 
* Drains Dampness 


Special features 
Meeting point with the yin wei mai 
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4.4 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 
Food Cavity SHIDOU SP-17 
Location 


In the Sth intercostal space, 6 cun lateral to the anterior midline 
(in male patients, 2 cun lateral to the nipple). 


How to find 

In men, the nipple is generally located on the level of the 4th 
intercostal space, while in women, when in a supine position, it 
is not always at this level. Locate SP-17 in the Sth intercostal 
space, 2 cun lateral to the mamillary line (note that the inter- 
costal space laterally curves upward). Both the clavicle and the 
manubriosternal synchondrosis are good reference points for 
locating the Sth intercostal space. SP-17 can be located by fol- 
lowing the course of the intercostal space in a lateral direction 
and measuring 2 cun lateral to the mamillary line, 

Also located on the level of the Sth intercostal space are—+ Ren-16 
(anterior midline), + KID-22 (2 cun lateral to the anterior mid- 
line) and —* ST-18 (4 cun lateral to the anterior midline), 


Needling 

0.5-0.8 cun obliquely or transversely (subcutaneously), parallel 
to the intercostal space or with or against the channel pathway. 
Caution: Pneumothorax. 


Actions/Indications 

© Regulates the Qi 

© Harmonises the Stomach and eliminates stagnation 
* Drains Dampness 
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4 Acupuncture Points of the Twelve Primary Channels 


DESE Heavenly stream TIANXI 


Location 
In the 4th intercostal space, 6 cun lateral to the anterior midline 
or 2 cun lateral to the midclavicular 


How to find 

In men, the nipple is generally located on the level of the 4th 
intercostal space, while in Women, when in a supine position, it 
is not always at this level. Follow the course of the 4th inter- 
costal space in a lateral direction and locate SP-18 2 cun lateral 
to the nipple (note that the intercostal space laterally curves 
upward), In Women, either the clavicle or the manubriosternal 
synchondrosis are good reference points for locating the 4th 
intercostal space (3.5). SP-18 can be located by following the 
course of the intercostal space in a lateral direction while meas- 
uring 6 cun laterally from the anterior midline or 2 cun laterally 
from the nipple. 

‘Also located on the level of the 4th intercostal space are + Ren-17 
(anterior midline), -* KID-23 (2 cun lateral to the anterior mid- 
line), + S1-17 (nipple), + P-1 (1 cun lateral to the nipple) and 
+ G.B-23 (1 cun anterior to G.B.-22) 


Needling 
0.5-0.8 cun obliquely or transversely (subcutaneously), parallel 
to the intercostal space or with or against the channel pathway. 
Caution: Pneumothorax, 


Actions/Indications: 
© Unbinds the chest 

© Descends the Qi 

© Benefits the breasts 
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44 The Spleen Channel System — Foot taiyin (zu tai yin jing luo) 


Chest Village XIONGXIANG [RSE 


Location 
In the 3rd intercostal space, 6 cun lateral to the anterior midline 
or 2 cun lateral to the midclavicular line. 


How to find 

Locate the 3rd intercostal space by counting parasternally from 
the clavicle or from the manubriosternal synchondrosis (+ 3.5). 
Follow the course of the intercostal space in a lateral direction 
and locate SP-19 6 cun lateral to the anterior midline or 2 cun 
lateral to the midelavicular fine (note: the intercostal space later- 
ally curves upward). 

Located on the same level (note: course of the intercostal space) 
are + Ren-18 (anterior midline), + KID-24 (2 cun lateral to the 
midline) and + ST-16 (4 cun lateral to the midline) 


Needling 

0.5-0.8 cun obliquely or transversely (subcutaneously), parallel 
to the intercostal space, or with or against the channel pathwvay. 
Caution: Pneumothorax. 


Actions/Indications 
# Disperses and descends the Lung Qi 
© Unbinds the chest 
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4 Acupuncture Points of the Twelve Primary Channels 


DEE tncircting Glory ZHOURONG 


Location 
In the 2nd intercostal space, 6 cun lateral to the anterior midline 
or 2 cun lateral to the midelavicular line, 


How to find 

Locate the 2nd intercostal space by counting parasternally from 
the clavicle or from the manubriosternal synchondrosis (+ 3.5) 
Follow the course of the intercostal space in a lateral direction 
and locate SP-20 6 cun lateral to the anterior midline or 2 cun 
lateral to the midclavicular line (note: the intercostal space laterally 
curves upward). SP-20 is located 1 cun inferior to LU-1, 
Located on the same level (note: course of the intercostal space) 
are + Ren-19 (anterior midline), KID-25 (2 cun lateral to the 
midline) and —+ ST-15 (4 cun lateral to the midline), 


Needling 
0.5-08 cun obliquely or transversely (subcutaneously), parallel 
to the intercostal space or with or against the channel pathway. 
Caution: Pheumothorax, 


Actions/Indications 
© Unbinds the chest 
© Regulates the Lung Qi 


5. Heat, generation of soldering connection 

if the solder gets in contact with a copper surface, 

the solder dissolves and penetrates the copper layer. 

‘The molecules of the solder and the copper get mixed and a new 

alloy is created, consisting partially of copper and partially of solder. 

This reaction is called "wetting" and has as a result an "inter-metallic connection 

between the components. "Wetting" can only take place if the surface of the copper does not contain 
oxides. The solder and the surface of the copper also have to be at the right temperature before the 
“wetting” can take place. 


SOLDER 
INTERMETALLIC BOND 


PCG BOARD 


6. Soldering with a soldering iron 
‘The following 4 factors determine the quality of the soldering connection: 
- clean surfaces 
~ temperature 
~time 
~ quantity of solder 


a) Clean surfaces. “dit is the enemy of a good soldering connection!" 
Itis enormously important that there are no impurities on all of the components (including the 
soldering bit). Soldering on “dirty” components is not possible! 
(Old PCB's or components sometimes can not be soldered due to a 
large layer of oxide on the islands and the legs of the components. 
In such cases the solder is rejected and goes to everywhere, except for where we want ito go. 
In a desperate attempt to solder in such a situation, a common reaction is to raise the 
soldering temperature. However, this is certainly not a solution. On the contrary! 
The only correct solution is thorough cleaning. (e.g. with a brush of glass fibre) 


Before the soldering iron can be used, the soldering bit first has to be coated with tin 
‘Some solder has to be melted onto the bit. Afterwards the bit has to be cleaned, 

For cleaning the soldering bit, itis best is to use a slightly moistened sponge 

(with demineralized water). The use of ordinary tap water is not reccomended, because the 
silver layer on the bit gets affected by calcium in the tap water, which results in less thermal 
contact. This diminished thermal contact runs the risk of cold soldering, ete. 

To improve the thermal contact between the bit and the soldering surface, itis advisable 

to coat the soldering bit with a little bit of solder before every soldering action. 


b) Temperature & 


1 


‘The temperature of the soldering bit is not the most determining factor for successful soldering 
the heating cycle (combination of temperature of the bit and the time the heating takes) is! 
How fast the soldering components warm up, how warm they get and how long they stay warm, are 


the most important factors that have to be controlled to make a reliable soldering 
connection. 


The time soldering takes is very important. A soldering task may only take a couple of 
seconds: when heated too long, the components and the soldering lands can be damaged. 


itis also totally wrong to use the soldering bit to rub melted solder across the soldering surface. 


Although the temperature of the bit is not the most determining factor, itis advisable to 
to do soldering at the lowest possible temperature. 
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4.4 The Spleen Channel System - Foot taiyin (zu tai yin jing luo) 


Great Wrapping DABAO 


Location 
On the midaxillary line, in the 6th intercostal space. Note: 
According to some texts, this point is located in the 7th inter- 
costal space. 


How to find 

Locate the 6th intercostal space by counting parastemnally from 
the clavicle or from the manubriosternal synchondrosis (+ 3.5), 
Follow the course of the intercostal space in a lateral direction 
and locate SP-21 on the axillary midline (note: the intercostal 
space laterally curves upward), SP-21 is often sensitive to pres- 
sure. Or: Locate SP-21 on the midaxillary line, midway between 
the axilla and the end of the 1th rib 


Needling 
0.5-0.8 cun obliquely or transversely (subcutaneously), parallel 
to the intercostal space or with or against the channel pathway. 
Caution: Pneumothorax, 


Actions/Indications 

‘© Regulates Qi and Blood, governs and wraps all the Juo- 
connecting vessels of the body 

‘© Unbinds the chest 


Special features 
Great luo-connecting point of the spleen (—+ 8.1.2), exit point. 
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4.5 The Heart Channel System ~ Hand shaoyin (shou shao yin jing luo) 


4.5 The Heart Channel System — 
Hand shaoyin (shou shao yin 
jing luo) 


4.5.1 The Heart Primary Channel 
(shou shao yin jing) 


ag Theta 

me cre | A 
ate Fosse [il 
Pathway 


‘The internal pathway of the Heart primary channel originates in 
its related zang-Organ, the Heart (xin). An internal branch of 


the Spleen primary channel reaches the Heart and connects with the 

Heart primary channel (deep Yin-Yin connection + 1.2). 

‘The internal pathway of the Heart primary channel splits into 

three branches: 

= the first branch penetrates the diaphragm and connects with 
the internally-externally related fi-Organ, the Small Intestine 
(xiaochang) 

= the second branch ascends along the oesophagus and the 
neck region, disperses in the tissues around the eyes and, 
according to some authors, also spreads inside the brain. 

= the main branch runs from the Heart to the Lung (fei) and 
descends again to emerge in the centre of the axilla at * HE=1 
Giquan) (beginning of the external pathway). 

From here the external pathway runs along the anteromedial 

aspect of the upper arm and forearm, traverses the palm 

between the fourth and filth metacarpal bones, continues along 

the radial aspect of the litle finger and ends at the radial corner 

of its nail at HE-9 (shaoyang), 

From HE-9 (shaoyang) a branch crosses to the ulnar border of 

the little finger’s nail to -¥ S.L-I (shaoze) (hand Yin—Yang con- 

nection of the second great circuit). 


Clinical importance (+ 1.2) 

Exterior (biao) signs and symptoms: General fever, headaches, 
pain in the thorax and back, thirst with a desire to drink, Heat 
sensation in the palms, Cold invasion in the extremities, pain in 
the shoulder and the medial aspect of the upper arm 

Interior (li) or zangfu-Organ signs and symptoms: Heart 
pain, pain and fullness in the thorax and lateral costal region, 


= 
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4 Acupuncture Points of the Twelve Primary Channels 


204 


hypochondtiae pain, irritability, shortness of breath, restless- 
ness, dizziness, mental confusion 


Connections of the Heart primary channel 
1.2) 


Connections with other channels 


Small Intestine primary channel (shou tai yang jing) 
Connection: Hand Yin-Yang connection of the second great 
circuit 

Location: H-9 ~ §.1.-1 (on the hand), 

Circulation: Circadian (according to the Organ clock) 
Importance: Exterior-Interior relationship 


Kidney primary channel (zu shao yin jing) 

Connection: Paired according to the six channel theory (hand 
foot pairing): shao yin (Yin axes of the second great circuit) 
Location: KID + HE (on the thorax), An internal branch of the 
Kidney primary channel travels tothe Liver (gan), penetrates the 
diaphragm and spreads in the Lung (fei). From the Lung a branch 
runs to Heart (vin) and there connects with the Heart primary 
channel 

Circulation: Non-circadian (not according to the Organ clock) 
Importance: Above-below relationship 


Spleen primary channel (zu tai yin jing) 

Connection: Deep Yin~Yin connection 

Location: SP HE (on the thorax). An internal branch of the 
Spleen primary channel spreads in the Heart (xin) and connects 
with the Heart primary channel. 

Circulation: Circadian (according to the Organ clock) 
Importance: The Heart primary channel receives Nutritive Qi 
(ving qi) from the Spleen primary channel (first circulation of 
the ying gi 1.1.4) 


Connections with other zangfu-Organ systems 
‘Smalll Intestine (xiaochang), Heart (xin), Lung (fet) 


4.5.2 The Heart Divergent Channel 
(zu shao yin jing bie) 


(Ath confluence 
* variant) 


(Ath confiuence 
= variant) 


Pathway 

‘The Heart divergent channel separates from the Heart primary 

channel at HE-1 (jiquan) in the axilla 

= penetrates the thorax at + G.B.-22 (yuanyue) on the mid- 
axillary fine and 3 cun distal to the axilla 

‘= and reaches the Heart (xin) (see commentary below). 

= It then ascends to the neck and crosses + Ren-23 (ianguan) 

= disperses in the cheek and reaches the medial canthus of the 
eye at + BL-I (jingming), where, according to most authors, 
it connects with a small branch coming from + S.L-18 
(quantiao) to form one of the six he-confluences (here: S.L/BL. 
as fourth confluence + 1.3). 

Commentary: according to Solinas et al (1998) the Heart diver- 

gent channel meets the Small Intestine divergent channel and 

the Small Intestine primary channel at the Heart (xin) in order to 

bind with one of the six he-confluences, 


Clinical importance 

«Strengthens the relationship between the Heart and the tho- 
racic region. Points on the Heart primary channel mainly treat 
disorders of the Heart and the thorax. There is no connection 
with the Small Intestine (xiaochang). 
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4.5 The Heart Channel System - Hand shaoyin (shou shao yin jing luo) 


Connects the Heart primary channel with the neck, Points on 
the Heart primary channel can be used to treat disorders of the 
throat and vocal chords such as laryngitis, pharyngitis, etc 
Use points such as HE-S, HE-8, 

«Strengthens the connection between the Heart and the inner 
ccanthus of the eye. Heart points can thus be used for disorders 
of the eyes. 


4.5.3 The Heart Sinew Channel (shou 
shao yin jing jin) 


G82 
(Meeting point 
ofthe three 
hand Vin 

sinew channels) 


Pathway 
‘The Heart sinew channel begins on the radial aspect of the little 


ger 

= continues along the anterior and radial aspect of the little fin- 
ger and the hand 

= binds (jie) atthe pisiform bone at HE-7 (shenmen) 

= ascends the anterior and ulnar aspect of the forearm, binds 
ie) at the medial epicondyle at HE-3 (shaohai) and contin- 
ues to the axillary region, where it meets the Lung sinew 
channel, binds (jie) in the axilla and meets the other hand Yin 
sinew channels near —* G.B.-22 (yuanye) 

= from here it continues at a deeper level, crosses the thoracic 

region, binds (jie) at Ren-17 (shanzhong), descends to the 

upper cardiac orifice, penetrates the diaphragm and termi- 

nates in the umbilical region. 


Clinical importance 
Pathology: Stiffness, cramps and pain along the pathway of the 
‘Heart sinew channel. Internal cramping in the cardiac region, for 
example disorders with angina-like pain due to stress, hiatal her- 
nia and disorders of the stomach. 

Indication: Mainly for bi-syndromes (painful obstruction syn- 
drome) along the pathway of the Heart channel. ‘The area cov- 
ered by the Heart sinew channel is larger than that covered by 
the Heart primary channel, This explains why Heart primary 
channel points can also be used for disorders and diseases of the 
thorax and the chest, for example pain and tightness in the chest, 
mastitis and mastopathy. Since the Heart sinew channel also 
penetrates the diaphragm, ted for disorders such, 
as hiccups, acid reflux and oesophagitis. Due to its connection 
With the umbilical region, the Heart sinew channel has a direct 
link to the Original Qi (yuan qi: if the Heart (shen) has suffered 
a shock, for example due to fainting or collapse, direct moxibus- 
tion at Ren-8 can be very helpful. 


also indi 


4.5.4 The Heart Juo-Connecting Vessel 
System (shou shao yin luo mai) 


Pathway 
‘The HE /uo-connecting vessel separates from the Heart primary 
channel at its uo-connecting point HE-5 (tongli) (+ 8.1.2). 
It forms a three-dimensional reticulate network, dividing into 


j= 
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‘multiple branches and sub-branches (sun luo, fir luo, xwe luo 

1.5) within the surrounding tissue. 

Horizontal divisions run to the Interiorly-Exteriorly paired 
Small Intestine primary channel; according to some schools 
of thought (for example Ngyen Van Nghi — Appendix) they 
travel as a transverse HE /uo-connecting vessel to the yuan- 
source point + S.L.-4 (wangu). 

«A longitudinal division follows the pathway of the Heart 
primary channel along the anteromedial aspect of the arm, 
ascends to the axilla, reaches the Heart, ascends to the root of 
the tongue and terminates in the eye while further branches 
penetrate the brain, 


Clinical importance (— 8.1.2) 

Pathology 

Excess (shi): Distension and fullness of the thorax and 
diaphragm 


«Deficiency (x1): Aphasia, disorders of the vocal cords 
4.5.5 Cutaneous Region (shao yin 
pi bu) 


See description and figures + 1.6, 


4.5.6 Points of the Heart Primary 
Channel (Overview) 


Specific points according to their function 
Yuan-source point (—* 8.1.1): HE-7 (shenmen) ma 
Luo-connecting point (~ 8.1.2.): HE-S (rong!) am 
Xi-cleft point (— 8.1.3): HE-6 (yinxi) mm 

Associated Back-shu point (8.1.4): BL-15 (xinshu) sm 
Associated Front-mu point (+ 8.1.5): Ren-14 (jugue) tm 
Five shu-transporting points (—+ 8.1.6): 

Jing-well point (Wood): HE-9 (shaochong) tm 

ying-spring point (Fire), ben point (Five Phases): HE-8 
(shaofu) am 


shu-stream point (Earth), sedation point: HE-7 (shenmen) tm 
Jing-river point (Metal): HE-4 (Jingdao) 

hhe-sea point (Water): HE-3 (shaohai) mm 

Hui-meeting point (8.1.7): ~ 

Opening point (+ 8.1.8): — 

Lower ke-sea points (—* 8.1.9): 
JFiaohui-meeting points (8.1.10) 
Gao Wu command point (8.1.11 
Window of Heaven point (+ 8.1.12): — 
Points of the Four Seas (—* 8.1.13): 

Ma Dan Yang Heavenly Star point (— 8.1.14): HE-S 
(tongli) am 

Sun Si Miao Ghost point (8.1.15): ~ 

«Other functional points: ~ 


Points according to region 

«Local point (+ 8.2.1): elbow ~ HE-3 (shaohai) mm 

«Distal points (+ 8.2.1): tongue ~ HE-S (iongli) mim; Heart ~ 
HE-7 (shenmen) wa, HE-S (tongli) sim, HE-3 (shaohai) mm 


Specific points according to the channel 

pathway (in numeric order) 

« HE-3 (shaohai) mm: he-sea point (Water); local point for the 
elbow (+ 8.2.1); distal point for the Heart (+ 8.2.1) 

¢ HE-4 (lingdao): jing-river point (Metal) 

«ECS (‘ongli) am: luo-connecting point (—* 8.1.2); Ma Dan 
Yang Heavenly Star point (= 8.1.14): distal point for the 
tongue and Heart (+ 8.2.1) 

¢ HE-6 (yinxi) mm: xi-cleft point (— 8.1.3) 

¢ HE-7 (shenmen) tm: yuan-source point (+ 8.1.1); distal 
point for the Heart (+ 8.2.1); shu-stream point (Earth), seda- 
tion point 

© HE-S (shaofix) mm: ying-spring point (Fire); ben point (Five 
Phases) 

« HE-9 (shaochong) 
point 


Jing-well point (Wood), tonification 
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4.5 The Heart Channel System - Hand shaoyin (shou shao yin jing luo) 
Summit Spring )lQUAN [EES 
Location 


With the arm abducted, in the centre of the axilla, medial to the 
axillary artery. 


How to find 
With the arm abducted, palpate along the thoracic wall in a 
superior direction towards the centre of the axilla until you reach 
the highest point. 


Needling 
Palpate for the artery before needling! 0.5~1 cun vertically in the 
direction of + G.B.-21 (border of the trapezius, middle of the 
shoulder). Caution: Axillary plexus and artery. Needling in a 
‘medial direction may puncture the lung! 


Actions/Indications 
© Unbinds the chest 
© Opens the channel 
© Nourishes the Heart Yin 


Special features 
Entry point. Important point in Qigong practice: During practice 
(and in everyday life) the axillary region should always be slightly 
open to allow for the free circulation of Qi and Blood to and 
{from the upper extremity. 


Spin 2, 
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BE creen Spirit QINGLING 


my OJIN INE TIS 


8 
8 


Location 
3 cun proximal to the cubital crease, on the medial border of the 
biceps brachii muscle. 


How to find 

With the elbow flexed, measure 3 cun from the ulnar end of the 
cubital crease (+ HE-3) towards the axilla, HE-2 is located ina 
groove on the medial border of the biceps brachii muscle, Ask 
the patient to flex this muscle for easier location. 


Needling 
Vertically or obliquely 0.51 cun, Caution: Brachial artery! 
According to classic texts, needling is contraindicated, only 
‘moxibustion is permitted. 


Actions/Indications 
Opens the channel 
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Cubital crease: 


Medial epicondyle of the humeris 


Medial head of 
the triceps brachil 


‘Aponeurasis, 
of the biceps 
brachii 


_Palmaris 
longus 


Right arm anterior aspect 


Biceps tendon 


Cubital 
crease 


Right arm 


® | 


4.5 The Heart Channel System - Hand shaoyin (shou shao yin jing luo) 
Lesser Sea SHAOHA! [TE 
Location 


With the elbow flexed, this point is in a depression between the 
ulnar end of the transverse cubital crease and the medial epi- 
condyle of the humerus, 


How to find 

‘This point should be located with the elbow slightly flexed and 
the forearm in a supinated position, Find the ulnar end of the 
transverse cubital crease and palpate towards the medial epi- 
condyle of the humerus (—+ 3.2.2), HE-3 is located in a depres- 
sion approximately midway between — P-3 and the medial 
epicondyle, Or: With the elbow fully flexed, HE-3 is located 
directly at the medial end of the transverse crease. 

Located on the same level are P-3 (ulnar to the tendon of the 
biceps muscle), + LU-S (radial to the tendon of the biceps mus- 
cle) and + L.L-1I (at the radial end of the crease) 


Needling 
0.5-1.5 cun obliquely in a distal or proximal direction or verti- 
cally towards # L-LL 


Actions/Indications 

+ Transforms Phlegm, clears Heat (from the heart), calms the 
shen 

‘© Opens the channel and /uo-vessels 


Special features 
He-sea point, Water point. Important local point, important 
calming point, 


KEE 
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BZ spirit path uncpao 


A O/IN IKE TIS 


X 
Ss 


Location 
1.5 cun proximal to the transverse wrist crease, on the radial side 
Of the tendon of the flexor carpi ulnaris muscle, 


How to find 

‘The flexor carpi radialis muscle has a distinet tendon which can 
be easily palpated ulnar and proximal to the wrist crease, It 
attaches to the pisiform bone (—+ 3.3.3). HE-4 is located directly 
on the radial side of the tendon, 

> HE-5, + HE-6 and + HE-7 are located at 0.5 cun intervals 
distal to HE-4, + LU-7 is located approximately 1.5 cun proximal 
to the wrist crease on the radial aspect of the forearm, 


Needling 
0.3-1 cun vertically or obliquely in a proximal or distal direction. 


Actions/Indications 

«Opens the channel 

4 Nourishes the Heart, calms the shen 
Strengthens the voive 


Special features 
Jing-tiver point, Metal point. 


Tendon sheath 
of the flexor 
carpi radials 


‘Opponens 
ppollcis 


Flexor 
2“ pols brevis 
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4.5 The Heart Channel System ~ Hand shaoyin (shou shao yin jing luo) 


Penetrating the Interior TONGLI | HES | 


Location 

1 cun proximal to the ventral wrist joint space (‘most distal 
transverse wrist crease’), on the radial side of the tendon of the 
flexor carpi ulnaris muscle. 


How to find 

Position the forearm in a relaxed fashion, ‘The location of the 
ventral wrist crease is variable; therefore, the proximal border of 
the pisiform bone (+ 3.3.2) provides a more reliable landmark. 
+ HE-7 is located on the wrist joint space, radial to the distinct 
tendon of the flexor carpi ulnaris muscle. Locate HE-S 1 cun 
proximal to HE-7, also on the radial side of the tendon. 
Located along a tine on the radial aspect of the tendon are 
+ HE-6 (0.5 cun proximal to + HE-7) and + HE-4 (1.5 cun 
proximal to HE-7), + LU-8 is also located 1 cun proximal to 
the ventral wrist joint space, but on the radial aspect of the 
forearm, 


Needling 
Vertically 0.3-0.5 cun or obliquely 05-1 cun in a proximal or 
distal direction, Caution: Needling may be painful. 


Actions/Indications 

«Regulates and strengthens the Heart Qi (main point!) and the 
Heart rhythm 

Calms the shen 

Benefits the tongue 

Benefits the Bladder (via the raiyang channel) 

Opens the channel and Iuo-connecting vessels 


Special features 
Luo-connecting point, Ma Dan Yang Heavenly Star point. Main 
point for regulating and strengthening the Heart Qi. 


The first that has to be examined before the soldering starts in the ‘thermal mass" of the components. 


Every soldering task has its own specific "thermal mass" which is determined by the heat absorption 
of the components. For soldering e.g. the component pins and solder lands. 

For components on a heat sink there will be a large thermal mass. In other words: the heat will be 
“absorbed " by the heat sink, as a result of which more warmth will have to be added than 

e.g. for soldering the leg of an IC. 

‘Secondly itis very important that the temperature of all the components that will be soldered have 
‘more o less the same temperature. 

‘An example: itis necessary that the leg and the soldering land have had at the same time the 
necessary warming up before the solder is added 

We have to take care that, while warming up, the soldering bit gets in contact with both the leg and the 
soldering land. 

"Thermal contact" is therefore very important. 


The thermal contact is low The thermal contact is higher 
Ine warmin 1s transmitted by means of the bit. by againg a bit of solder 
to the leg and the soldering lana {0 the point of contact 


‘The size and the shape of the soldering bit, as well as the position of the bit, will determine 
whether or not it makes a good thermal contact. For being able to make a good thermal contact ir 
all circumstances, different types of soldering bits exist (different shapes). 

Normally the soldering bit has to be placed on the "largest mass point” of the soldering connectior 
that needs to be made. 

This will make fast heating possible. 


¢) Adding solder & quantity 

‘The last factor necessary for a high quality soldering connection, is adding the correct quantity 

of solder. 

Too much solder is an unnecessary waste and can aid the formation of "bridges" across legs 

lf not enough solder is added, this can cause an “insufficient soldering" or "dry soldering” 

‘Adding the correct quantity of solder takes a lot of exercise and experience 

Melted solder always flows from a "colder" area to a "warmer" area. 

Before the solder is added, the surface temperature of the components to be soldered has to be 
higher than the melting temperature of the solder. 

Never let the soldering wire melt by holding it against the soldering bit. This may cause the soldei 
to fall on a surface where the temperature is lower than the melting temperature 

This can result in a cold soldering, with almost no or insufficient "wetting’. 

If the solder is added to a clean, fluxed and sufficiently heated surface, then the solder will melt and flow 
nicely without direct contact with the heat source. (soldering bit! 

‘Therefore it is advisable to put the soldering wire on the sufficiently heated surface 

0 that the solder melts as a consequence of the contact with the heated surface 


The solder is melted as a consequence ofthe contact wit 
the heated surface. No contact with the soldering bit is necessary. 
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BS vin cleft vinxi 


Location 
0.5 cun proximal to the transverse wrist crease, on the radial side 
Of the tendon of the flexor carpi ulnaris muscle, 


How to find 

‘The flexor carpi ulnaris muscle has a distinct tendon on the ven- 
tral aspect of the forearm that can be easily palpated ulnar and 
proximal to the wrist. HE-6 is located on the radial aspect of the 
tendon, 0.5 cun proximal to + HE-7 (located on the joint 
space). 

+ HE-S and + HE-4 are located proximally on the same line at 
05 cun intervals. 


Needling 
0.3-1 cun vertically or obliquely in a proximal or distal direc- 
tion, Caution: Ulnar artery/nerve. Painful point! 


Actions/Indications 
«© Tonifies and regulates the Heart Yin and Blood, clears empty 
Heat in the Heart, calms the shen 


Special features 
‘Xi-cleft point 


Z, _ in jie space 
e > 


‘Tendon of the 
flexor carpi 
ulnaris 


‘Tendon sheath 
of the flexor 
featpi radials 


Oppanens 
pollicis 


Flexor 
pols brevis 


Abductor 
digit minim 


Abductor 
~ pollicis brevis 
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4.5 The Heart Channel System - Hand shaoyin (shou shao yin jing luo) 
Spirit Gate SHENMEN 
Location 


On the ventral aspect of the wrist joint space (‘most distal wrist 
j crease’), radial to the insertion of the tendon of the flexor carpi 
ulnaris muscle. 


j How to find 
Position the forearm in a relaxed supinated position. As the loca- 
tion of the wrist crease can vary, the proximal border of the 
- piisiform bone (+ 3.3.3) should be used for relerence instead. 
HE-7 is located radial to the insertion of the tendon of the flexor 
carpi ulnaris muscle, in a depression proximal to the pisiform 
bone. 
+ HE-6, + HE-5 and HE-4 are all located on a line on the 
radial aspect of the tendon at 0.5 cun intervals, Also located on 
the wrist crease are ~* P-7 (between the tendons of the palmaris 
longus and the flexor carpi radialis muscles) and -* LU-9 (on 
the radial aspect, lateral to the radial artery), 


~ Joint space 


Needling 

0,3-0,5 cun vertically or transversely deep to the tendon (paral- 

lel to the wrist crease 0.5~0.8 cun). Caution: Ulnar artery/nerve. 
Painful point! 


Actions/Indications 

«Regulates and strengthens the Heart (Blood and Yin), calms 
the shen 

«Clears Heat from the Heart channel 

= Moves Qi locally for disorders of the wrist 


Special features 
Yuan-source point, shu-stream point, Earth point, sedation point, 
Major point for calming the shen. 


Tendon ofthe 
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TE lesser palace sHAOFU 


my Fol I WEIS 


Location 
(On the palm, between the 4th and Sth metacarpal bones. 


How to find 

‘When making a fist, HE-8 is generally located below the tip of 
the little finger, in the depression between the 4th and Sth 
‘metacarpal bones. HE-8 often lies between the two transverse 
palmar creases, Itis often sensitive to pressure, 

+ P-8 is also located on the palm, generally below the tip of 
the middle finger when making a fist (between the 2nd and 3rd 
‘metacarpal bones). 


Needling 

‘Vertically 0.51 cun. Caution: Needling this point may be painful. 
Provide a competitive stimulus by pressing the palm with the fin- 
gemail close to the point before inserting the needle. Ask the 
patient to breathe out during needle insertion. 


Actions/Indications 

‘© Clears Heat in the Heart and Small Intestine 

«Regulates the Heart Qi for Liver Qi stagnation 

© Calms the shen and strengthens the Heart Qi 

© Opens the channel, especially for contractures of the fingers 


Special features 
Ying-spring point, Fire point, ben point (Five Phases) 
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4.5 The Heart Channel System ~ Hand shaoyin (shou shao yin jing luo) 


Lesser Rushing SHAOCHONG [Ty 


Location 
On the little finger, 0.1 cun lateral to the radial corner of the nail. 


How to find 

‘This point is located at the junction of two tangents that border 
the radial and proximal aspect of the nail, approximately 0.1 cun 
from the actual comer of the nail. + S.L-1 is located on the 
opposite (ulnar) aspect of the nail, 


Needling 

02-0, cun vertically or obliquely in a proximal direction, For 
acute disorders (pain, inflammation), prick to bleed with a 
needle, lancet or three-edged needle. Caution: Painful point! 


Actions/Indications 

e Revives consciousness 

© Clears Heat from the opposite end of the channel 

© Regulates Qi in the chest and clears Heat in the Heart 
© Opens the channel 


Special features 
Jing-well point, Wood point, tonification point, exit point. 


ay Ol IN IKIINEJIS 
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4.6 The Small Intestine Channel System — Hand taiyang (shou tai yang jing luo) 


4.6 The Small Intestine Channel 
System — Hand taiyang 
(shou tai yang jing luo) 


4.6.1 The Small Intestine Primary 
Channel (shou tai yang jing) 


ee 


‘meeting points only : 
oeree Renae 
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Pathway 

‘The external pathway of the Small Intestine primary channel 

begins on the little finger, on the ulnar comer of the nail, at 

A (shaoze). This point is reached by separates 

from the Heart primary channel at + HE-9 (shaochong) (hand 

Yin-Yang connection of the second great circuit) 

‘The channel runs along the ulnar border of the hand, passes the wrist 

and continues along the ulna to the medial aspects of the elbow. 

= passes between the olecranon and the medial epicondyle, 
ascends the posterior aspect of the humerus to the shoulder 
joint and, according to some authors, meets + LL-14 

= zig-zags across the scapula, passes + BL-41 (fifen) and 
= BL-11 (dazhu) and meets the extraordinary vessel due mai 
and the other Yang primary channels at + Du-14 (dazhui), 
below the spinous process of C7 

= continues anteriorly to the supraclavicular fossa to + ST-12 
(quepen 

An internal branch originates at + ST-12 and runs inferiorly to 

the Heart (xin), the paired zang-Organ, continues to + Ren-17 

and descends along the oesophagus, penetrates the diaphragm 

and continues to the Stomach (wei). Here it crosses + Ren-13 

(shangwan) and + Ren-12 (chongwan), further descends and 

tine (xiaochang) 

According to the Neijing Ling Shu, an internal branch courses 

from the Small Intestine (according to some authors from the 

‘Small Intestine primary channel) to + ST-39 (viajuxu), the 

point of the Small Intestine. 

‘The external pathway of the Small Intestine primary channel 

continues from the supraclavicular fossa along the neck and 

ascends to the cheek to 8.118 (quanliao). 

From S.L-18, 

= a branch courses to BL-I (jingming) at the inner canthus 
of the eye, where it connects with the Bladder primary chan- 
nel (six channel theory, Yang axes: taiyang) 

= a further branch travels to the outer canthus of the eye, int 
sects with + G.B-1 (tongziliao), according to some authors 
also with + T.B.-20 and + G.B.-LL, continues to T.B-22 
(erhelian) anterior to the ear and terminates anterior to the ear 
deep to S.L-19 (inggong) 


branch 


lower he- 


Clinical importance (= 1.2) 

Exterior (biao) signs and symptoms: Mouth and tongue ulcers, 
cheek pain, neck pain, occipital stiffness, pain on the lateral 
aspect of the shoulder and the upper arm 

Interior (li) or zangfit-Organ signs and symptoms: Pain and dis- 
tension of the upper abdomen, radiating to the genital region, 
diarrhoea, epigastric pain with constipation 


Connections of the Small Intestine primary 
channel 


Connections with other channels 


Heart primary channel (shou shao yin jing) 
‘Connection: Hand Yin-Yang connection of the second great circuit 
Location: H-9 — S.L-1 (on the hand) 


f= 


Circulation: lian (according to the Organ clock) 
Importance: Exterior—Interior relationship 


Bladder primary channel (zu tai yang jing) 
Connection: Paired according to the six channel theory (hand~ 
foot pairing): tai yang (Yang axes of the second great circuit) 
Location: S.1-18 -* BL-1 (on the head) 

Circulation: Circadian (according to the Organ clock) 
Importance: Aboye-below relationship 


Connections with other zangfu-Organ systems 
Heart (xin), Stomach (wei), Small Intestine (xiaochang) 


4.6.2 The Small Intestine Divergent 
Channel (shou tai yang jing bie) 


Pathway 
‘The Small Intestine divergent channel separates from the Small 
Intestine primary channel at the shoulder, depending on the 
school of thought in the area of —* S.L-12 (bingfeng) or in the 


area of + S.L-10 (naoshu) 
= descends towards the axilla and continues to + G.B.-22 
(yuanye) 


= penetrates the thorax and spreads in the Heart (xin) where, 

irding to most authors, it forms the fourth confluence 

= penetrates the diaphragm to connect with its pertaining 
4fu-Organ, the Small Intestine 
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Clinical importance 

Strengthens the relationship between the Heart and the Small 
Intestine (cangfi-Ongan system). It provides an explanation 
for the pattern of Heart Fire transferring to the Small Intestine 
and the Bladder. 


4.6.3 The Small Intestine Sinew 
Channel (shou tai yang yin 
jing jin) 


Pathway 

‘The Small Intestine sinew channel begins on the ulnar aspect of 

the litle finger at + S.L-I (shaaze) 

= continues along the ulnar aspect of the little finger and the 
ulnar border of the hand 

= runs to S.L-5 (yanggu) distal to the styloid process of the ulna 
and binds (jie) at the wrist 

= travels along the ulnar aspect of the forearm to the elbow, 
continues to the axilla, binding at 8.L-8 (tiaohai) and the 
posterior aspect of the axilla 

From here a branch courses into the axilla where it binds (jie) 

Another branch spreads across the scapula and ascends anterior 

to the Bladder and Gall Bladder sinew channels and posterior to 

the Stomach sinew channel to the lateral aspect of the neck, 

‘where it meets the Triple Burner sinew channel 

At the neck it divides into two branches: 

= the anterior branch runs to the mandibular angle where it 
binds (jie), continues along the mandible to the ear and the 
zygomatic bone to bind (jie) atthe lateral aspect of the orbit 

= the posterior branch binds (jie) at the mastoid process (from 
here a small branch runs to the ear). The branch curves 


Intestine Channel System — Hand taiyang (shou tai yang jing uo) 


around the ear, descends to the cheek and binds (jie) at the 
insertion of the masseter muscle on the mandible, continues 
to the lateral aspect of the orbit and reaches + G.B.-13 (ben- 
shen) on the frontoparietal aspect of the head, where it meets 
the other hand Yang sinew channels. 


Clinical importance 

Pathology: Distending sensations, stiffness and pain of the little 
finger, impaired range of motion of the upper extremity and 
shoulder. Pain, stiffness and impaired range of motion of the cer- 
vical spine and occiput. Tinnitus and ear pain radiating to the 
mandible. 

Indication: Mainly for bi-syndromes (painful obstruction syn- 
drome) along the pathway of the S.L. channel. The area covered 
by the Small Intestine sinew channel is larger than that covered 
by the Small Intestine primary channel. This explains why Small 
Intestine primary channel points can also be used for disorders 
and diseases of the cervical and thoracic spine and the whole 
face (for example frontal and lateral headaches). 


4.6.4 The Small Intestine 
luo-Connecting Vessel System 
(shou tai yang luo mai) 


Variant according 
to some schools 
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4 Acupuncture Points of the Twelve Primary Channels 


Pathway 

‘The S.1. luo-connecting vessel separates from the Small Intestine 

primary channel at its /uo-connecting point S.L-7 (shizheng) 

(8.1.2). It forms a three-dimensional reticular network, divid- 

ing into multiple branches and sub-branches (sun luo, fu luo, rte 

uo — 1.5) within the surrounding tissue. 

‘Horizontal divisions run to the Interiorly-Exteriorly paired 
Heart primary channel, according to some schools of thought 
(for example Ngyen Van Nghi Appendix) they travel as a 
transverse S.L. luo-connecting vessel to the yuan-source 
point + HE-7 (shenmen). 

‘A longitudinal division runs to the medial condyle of the 
humerus, ascends to the shoulder to + LL-1S (jianyu) 
According to some schools of thought the vessel spreads and 
terminates here, while according to other schools it traverses 
the acromion, continues to + ST-12 (quepen) in the supra 
clavicular fossa, penetrating the thorax in order to connect 
with the Heart. 


Clinical importance (= 8.1.2) 

Pathology 

‘© Excess (shi): Weak and unstable joints, weakness and paraly- 
sis of the elbow and the arm 

© Deficiency (xu): Warts 


4.6.5 Cutaneous Region (tai yang 
pi bu) 


See description and figures 1.6, 


4.6.6 Points of the Small Intestine 
Primary Channel (Overview) 


Specific points according to their function 

© Yuan-source point (+ 8.1.1): S.L-4 (wangu) 

+ Luo-connecting point (+ 8.1.2,): S.-7 (shizheng) 

 Ni-cleft point (+ 8.1.3): S.L.-6 (yanglao) mm 

# Associated Back-shu point (= 8.1.4): BL-27 (xiaochang- 
shu) sm 

Associated Front-mu point (+ 8.1.5) 

«Five shu-transporting point (8.1.6): 

Jing-well point (Metal): 8.11 (shaoze) 

ying-spring point (Water): S.L.-2 (giangu) 

shu-stream point (Wood), tonification point: S.L-3 (howxi) fm 

jing-riyer point (Fire), ben point: S.1-8 (yangeu) 

hhe-sea point (Earth), tonification point: 8.L-8 (xiaohai) 

Hui-meeting point (+ 8.1.7): ~ 

Opening point (~ 8.1.8) of the du mai: S.1.-3 (howsi) mm 

Lower he-sea points (— 8.1.9): ~ 

JFiaohui-mmecting points (+ 8.1.10): 

—Wwith the BL channel, the yang wei mai, yang giao mai: 
S.L-10 (naoshu) 

—with the Lil, T.B,, G.B. channels: $.1.12 (bingfeng) 


ented (guanyuan) am 


—Wwith the T.B. channel: $.L-18 (quanlao) mm 
—with the T1B., G.B.: S.L-19 (tinggong) am 
—of other channels with the S.1. channel: L.L-14*, Du-14, 
BL-41, BL-11, ST-12, Ren-17*, Ren-13, Ren-12, G.B.-1, 
G.B-11*, TB.-20%, TB-22, BL-1 
* Gao Wu command point (= 8. 
‘© Window of Heaven point (+ 8.1.12): S.1-16 (tianchuang), 
S.L-17 (tianrong) mm 
* Points of the Four Seas (+ 8.1.13): — 
‘+ Ma Dan Yang Heavenly Star point (+ 8.1.14): ~ 
+ Sun Si Miao Ghost point (+ 8.1.15): ~ 


Points according to region 

= Local points (+ 8.2.1): face and cheek ~ $.L.-18 (guanlao) mam 
jaw — S.L-19 (tinggong) 7 (tianrong) fam 
ears ~ S.1-19 (tinggong) lam; shoulder ~ S.L-9 (ji 
S.L-10 (naoshu), S.L-11 (tiancong), SL-12 (bingfeng) mm 

14 (jiarwaishu) mm; elbow — S.L-8 
(siaohaiy; hand ~ S.L-4 (wangu), S.L-5 (yanggu); finger 
(numbness and pain) ~ S.L-3 (houxi) mm; finger (stiffness) ~ 
S.L-3 (howxi) mm, S.L-S (yangeu) 

* Adjacent points (+ 8.2.1): shoulder ~ S.L-9-S.L-15; 
finger —S.L-5 (yanggu) 

= Distal points (8.2.1): for the occiput ~ SL 
for the eyes — S.L-6 (yanglao) mm; for the cervical and tho- 
racic spine ~S.L-3 (houxi) si: for the thoracic spine ~ S.1-6 
(vanglao) mm; for the lumbar region — $.L-3 (howxi) sm, 
S.L-6 (yanglao) am 


(howxi) mm, 


Specific points according to the channel 

pathway (in numerical order) 

© S.L-1 (shaoze): jing-well point (Metal) 

© S.L-2 (giangu): ying-spring point (Water) 

© S.L-3 (howxi) mm: shu-stream point (Wood), tonification 
point, opening point (+ 8.1.8) of the du mai, distal point for 
the occiput and the lumbar region (—+ 8.2.1); local point for 


the fingers (—+ 8.2.1); distal point for the cervical and thoracic 
spine (— 8.2.1) 

# S.L-4 (wangu): yuan-source point (+ 8.1.1); local point for 
the hand (8.2.1) 

© S.L-S (yanggu):jing-river point (Fire), ben point (Five Phases); 
local point for the hand and fingers (stiffness) (+ 8.2.1); 
regional point for the fingers (8.2.1) 

# S.1-6 (yanglao) am: xi-cleft point (— 8.1.3); distal point for 
the eyes, the thoracic and lumbar spine (+ 8.2.1) 

© SL7 

# S.L-8 (siaohai): he-sea point (Earth), sedation point; local 
point for the elbow (+ 8.2.1) 

© S.L-9 (jian 
to pressure) (8.2.1) 

« S.L-9—S.L-15: adjacent points for the shoulder (often sensi- 
tive to pressure) (+ 8.2.1) 


cheng): luo-connecting point (+ 8.1.2) 


en): local point for the shoulder (often sensitive 


*Acconding w Deadman etal 1998, 
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© $.L-10 (naoshu): jiaohui-meeting point with the BL channel, 
the yang wei mai, yang giao mai (+ 8.1.10); local point for 
the shoulder (often sensitive to pressure) (—* 8.2.1) 

# S.L-11 (tianzong) mm: local point for the shoulder (often sen- 
sitive to pressure) (+ 8.2.1) 

# S.L-12 (bingfeng): jiaohui-meeting point with the LL, T.B. 
and G.B. channels (+ 8.1.10); local point for the shoulder 
(often sensitive to pressure) (+ 8.2.1) 

# $.L-13 (guyuan): local point for the shoulder (often sensitive 
to pressure) (> 8.2.1) 

# S.L-14 (jianwaishu) mm: local point for the shoulder (often 
sensitive to pressure) (—¢ 8.2.1) 


Intestine Channel System — Hand taiyang (shou tai yang jing luo) 


16 (tianchuang): Window of Heaven point (—* 8.1.12) 
.-17 (tianrong) tam: Window of Heaven point (—* 8.1.12); 
local point for the neck (+ 8.2.1) 


S.L-I8 (quanlao) mm: local point for the face and cheek 
(4 82.1): jiaohui-mecting point with the T.B. channel 
(48.110) 


S.L-19 (1inggong) tm: jiaohui-meeting point with the TB., 
G.B. channels (— 8.1.10); local point for disorders of the ear 
and jaw (+ 8.2.1) 
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intestine Channel System — Hand taiyang (shou tai yang jing luo) 
Lesser Marsh SHAOZE [TEV 
Location 


On the litle finger, 0.1 cun from the ulnar comer of the nail. 


How to find 

a ‘This point is located at the junction of two tangents drawn along 
dee the lateral and proximal borders of the nail, approximately 0.1 

cun from the actual corner of the nail. + HE-9 is located at the 

radial comer of the nail 


Needling 

0.1-0.2 cun vertically or obliquely in a proximal direction or 
prick to bleed with a needle, lancet or three-edged needle. Cau- 
tion: Painful point, 


Actions/Indications 
Expels Wind and Heat 
‘Opens the orifices 
Revives consciousness 
‘Opens the channel 
Benefits the breasts, 


Special features 
Jing-well point, Metal point, entry point. 


my FO IN IK) WEIS 
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d) Solder Zste 


GOOD JOINT BAD JOINT 


(woleane shape) ‘ery in) 


1. Cleaning of the soldering bi 
For soldering to be effective, the soldering bit has to be clean: 
no dirt and no oxides are allowed on the soldering bit. 
‘The soldering bit needs to be cleaned before soldering. 


2. Heating of the components that will be soldered. 
For soldering to be effective, the components which have to be 
connected, have to be heated (in this case the pin and the solder 
lands) to a temperature that at least equals the temperature of 
the melting point of the soldering alloy. (183 °C) 

Bear in mind the "thermal mass’, the type of bit and the position 
of the bit! 


3. Adding the solder: 
After both components are heated sufficiently, solder can 

be added. 

Let the solder melt as a consequence of the contact with the heated 
surface. In other words: don't make any direct contact with the 
soldering bit. 


4. Quantity of the solder to be added and letting the solder flow. 
Let the solder flow nicely between both components 
and add solder until the right quantity is reached, 


5. Remove the soldering wire 
When sufficient solder is added, the soldering wire 
may be removed. 


6. Remove the soldering bit. 
When the solder has nicely flowed open, and there is "wetting", 

the soldering bit may be removed so that the solder 

can solidify. 

Pay attention for possible sudden movements during this operation. 
(risk of "disturbed" soldering) 


7a a tetrad cat 
auorremme irene J 
Tsay ed encrog irog wa f 

Sea tae oe 

eee seu 
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4 Acupuncture Points of the Twelve Primary Channels 


DEE Front vatiey aiancu 


* IO IN IN WEIS 


Location 

On the ulnar aspect of the litle finger, distal to the metacarpo- 
phalangeal joint, at the junction of the shaft and the base of the 
proximal phalanx. 


How to find 

On the ulnar aspect of the little finger, palpate along the border 
of the ‘red and white’ skin in the direction of the metacarpo- 
phalangeal joint, until you can clearly feel the junction between 
the shatt and the base. S.1.-2is located at the junction of the shaft 
and the base and slightly inferior (palmar) to the exterior curva- 
ture of the bone. + L.l.-2 is located in a comparable position on 
the proximal phalanx of the index finger. In a comparable location 
oon the foot are + BL-66 (on the lateral aspect) and + SP-2 (on the 
‘medial aspect). 


Needling 
0.2-0.5 cun obliquely in a proximal or distal direction and 
slightly towards the palm. Caution: Painful point. 


Actions/Indications 
© Drains Heat, expels Wind 
© Disperses accumulations 


Special features 
Ying-spring point, Water point. 


‘Proximal phalanx I 
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4.6 The Small Intestine Channel System — Hand taiyang (shou tai yang jing luo) 


Back Stream HOUX! JEWS 


On the ulnar border of the hand, in the depression proximal to 
the metacarpophalangeal joint, at the border of the ‘red and 


white’ skin, 


How to find 


Quick method: Stide from proximal (wrist) to distal (little fin- 
ger) along the ulnar border of the hand, until the palpating finger 
comes to rest at the junction between the base and the head of 
the Sth metacarpal bone proximal to the metacarpophalangeal 


joint, Here, locate 8.L-3. Or: Locate, with the patient making a 
loose fist. Locate S. 


3 al the end of the most distal transverse 


crease (this often originates between the index and middle fin- 
gers and runs to the litle finger), When making a fist, a small 
bulge forms at the end of the crease. There, locate S..-3 in a pal- 
pable depression slightly proximal and dorsal to the bulge. 

+ L.L-3 is located in a comparable position on the radial border 
of the hand, Located in a comparable position on the foot are 
+ SP-3 (on the medial aspect) and + BL-65 (on the lateral 


aspect), 


Needling 


0,5-1 cun horizontally below the bone ~ that is, vertically to the 


skin towards the palm ~ of 02-03 cun obliquely in a distal 
direction, Caution: Painful point. 


Actions/Indications 

Eliminates Wind and Heat from the taiyang (S.L., BL) 
* Opens the channel and the /uo vessels 

* Clears Heat and benefits the orifices 

# Regulates the du mai, calms the shen 


Special features 
‘Shu-stream point, Wood point, tonification point, opening (mas- 
ter) point of the du mai. Important distal point for pain, stiffness 
and contractures along the course of the channel and for disor- 
ders of the cervical spine. 
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4 Acupuncture Points of the Twelve Primary Channels 


DEE wrist Bone wAncu 


Location 
On the ulnar border of the hand, between the Sth metacarpal bone 
and the carpal bones, on the border of the red and white skin. 


How to find 

On the ulnar aspect of the hand, palpate along the shaft of the Sth 
‘metacarpal bone in a proximal direction, until the finger glides 
over the curvature of the base and into the cleft between the 
metacarpal and carpal bones. 

= S.L-5 is located on the same line, proximal to the pisiform 
bone and at the level of the wrist crease. 


Needling 
Vertically 0.3-0.5 cun. Caution: Painful point. 


Actions/Indications 
‘* Clears pathogenic factors from the taiyang channel 
© Clears Damp-Heat in the Small Intestine 


Special features 
Yuan-source point 


* A OIN KINWE TIS 
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4.6 The Small Intestine Channel System — Hand taiyang (shou tai yang jing luo) 


Yang Valley YANGGU [REE 
Location 


On the ulnar aspect of the wrist, at the level of the lateral joint 
space. 


How to find 

By moving the wrist in a relaxed way, the wrist joint space can 
be palpated on the ulnar side. 8.1.5 is located directly distal to 
the styloid process of the ulna (+ 3.3.3), ona line running along 
the ulnar border of the hand and continuing to the wrist, Located 
on the same line and distal to the prominence of the pisiform 
bone is + S.1.-4, 


Needling 
Vertically 0.3-0.5 cun 


Actions/Indications 
© Clears Heat and reduces swellings 


Special features 
Jing-river point, Fire point, hen point (Five Phases point) 


= Styloid process 
of the radius 


ce ly 


Pisiform —_ 
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4 Acupuncture Points of the Twelve Primary Channels 


QE support the Aged YANGLAO 


* fe HO) INI IE 


Location 

In the depression radial and proximal to the styloid process of 
the ulna, which forms when the hand is turned from a pronated 
to a supinated position. 


How to find 

‘This point is best located with the elbow slightly flexed. Place 
the palpating finger on the distal portion of the styloid process of 
the ulna (+ 3.3.3), When turning the hand from a pronated to a 
supinated position (mnemonic: cut bread and eat soup), the pal- 
pating finger will glide into a bony cleft at the proximal aspect of 
the styloid process (the tendon of the extensor carpi ulnari mus- 
cle runs along this groove). ‘This cleft also becomes palpable 
‘when the patient rests the hand on the chest (half-supinated pos- 
ition), Locate §.L.-6 in this bony groove. 


Needling 
0.3-0.8 cun vertically or slightly obliquely in a proximal direction 
towards ~* P-6 or along the tendon towards the elbow joint, 


Actions/Indications 

© Opens the channel, alleviates pain, benefits the shoulder and 
arm, alleviates acute conditions 

© Benefits the eyes 


Special features 

Xi-cleft point, Important distal point for pain and limited range of 
‘motion of the occiput and shoulder (for example, acute torticol- 
lis) and the lumbar region (for example, acute sciatica). For acute 
and painful impairment of motion, use strong reducing needling 
technique while the patient gently moves the affected region, 
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Medial epicandyle 
of the humerus 


yachials— Tceps bach 
me lateral head 


Brachloradialis Triceps brachil, 


medial head 


taplrdlls — Tendon othe 
fongus theeps beach 
~ rato 
agi ‘Olecranon 
Lateral 
epcondye 
_-lexr cap 
tina 
Passer Extensor carpi 
igor — Eas 


Location 

5 cun proximal to the wrist joint, on the line connecting the ulnar 
\wrist joint space with the ulnar sulcus of the elbow (—* S.L.-5 to 
= S.1-8) or I cun distal to the midpoint of this line. 


How to find 

Find the midpoint of the distance between + S.1.-5 and + S.L-8 
by using the spreading hands technique (—* 2.3.3): Place the 
little fingers on + S.L.-5 and + S.L.-8 respectively and span the 
hhands evenly, with the thumbs joining at the midpoint, From 
the midpoint, measure 1 cun in a distal direction. The point lies 
between the palpable border of the ulna and the more anteriorly 
located flexor carpi ulnaris muse! 


Needling 
Vertically 0.5-1 cun 


Actions/Indications 
© Opens the channel 

# Releases the Exterior 

© Calms the shen 


Special features 
Luo-connecting point 


“Sth metacarpal 
Site 
Pisiform 
SUS 
<< Wrist joint space 


Intestine Channel System — Hand taiyang (shou tai yang jing luo) 


Branch of the Upright ZHIZHENG 


229 


Chod.6-P10028.qxd 2/22/08 9:47 PM Page 230 Oo 


4 Acupuncture Points of the Twelve Primary Channels 


HERE smait sea xiaonat 


Location 
With the elbow flexed, in the depression between the olecranon 
process of the ulna and the medial epicondyle of the humerus. 


How to find 

S.1.8 is located on a line connecting the tip of the olecranon and 
the tip of the medial epicondyle, at the deepest point of the 
gtoove between those two bony protrusions, 


Needling 
0.3-0.5 cun vertically or obliquely with or against the flow of 
the channel, Caution: The ulnar nerve is located in this groove. 


Actions/Indications 
© Opens the channel 


Special features 
He-sea point, Earth point, sedation point, 


= Triceps brachil, 
Brachialis lateral head 


Triceps brachi, 

medial head 

__ Tendon of the 
triceps brachii 

~Ta-10 


Olecranon 


Lateral 
epicondyle 
Flexor carpi 
- ulnaris 
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4.6 The Small Intestine Channel System — Hand taiyang (shou tai yang jing luo) 


oid 
i 
i 


‘Acromion 
Trapezius 


2 TBA14 


_ Deltoid 
Scapular spine 


Triceps brachii, 
lateral head 


“Triceps brachii,” 


Jong head iceps 
brachii 

Triceps brachii, 

medial head 


True Shoulder jIANZHEN [RE 


Location 
With the arm adducted, 1 cun superior to the posterior axillary 
fold, on the lower border of the deltoid muscle. 


How to find 

With the patient sitting upright, palpate upward from the end of 
the posterior axillary fold, until you can feel the lower border of 
the deltoid muscle, If in doubt, ask the patient to flex their muscle. 
S.L-9 is located on its lower border. 


Needling 
Vertically 1-1.5 cun 


Actions/Indications 
* Opens the channel, expels Wind and benefits the shoulder 


Special features 
S.L-9 corresponds to a trigger point that is often sensitive to 
pressure, 
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4 Acupuncture Points of the Twelve Primary Channels 


ETE upper arm shu NAOSHU 


Location 

With the arm adducted, on an imaginary line extending in a 
superior direction from the posterior axillary fold, on the lower 
border of the scapular spine. 


How to find 

With the patient sitting upright, palpate from the posterior axil- 
lary fold upward, past the lower border of the deltoid muscle 
(> S.L-9) to the bony resistance of the scapular spine and 
acromion, which here form a curve that opens towards the 
inferior. S.1.-10 is located below its bony border. 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 
© Opens the channel and relaxes the sinews 


Special features 
Meeting point of the yang wei mat and the yang giao mai. $.1.10 


corresponds to a trigger point that is often sensitive to pressure. deenian 
It also corresponds to the posterior access for puncturing the Trapezius oe 
shoulder joint, “ 


_- Deltoid 


Scapular spine 


“Triceps brachii, 
}-~ tateral head 


‘Triceps brachi, 
long head 


‘Triceps brachii, 
medial head 


— 


‘ 


WEBI 
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4.6 The Small Intestine Channel System — Hand taiyang (shou tai yang jing luo) 


Heavenly Gathering TIANZONG } s.-11 | 


Location 

On the scapula, in a depression on the infraspinatus muscle, one 
third of the distance from the midpoint of the scapular spine and 
the inferior angle of the scapula. 


How to find 

Patient’s position: Prone position or better seated with relaxed 
shoulders. Draw an imaginary line from the midpoint of the seapu- 
lar spine (+ 3.3.1) to the inferior angle of the scapula, S.L-I1 is 
located at the junction of the upper and middle third of this line, in 
a depression on the infraspinatus muscle, which is often sensitive 
to pressure, In a seated or standing position with the arms hanging 
down, it will generally be level with the spinous process of the 4th 
thoracic vertebra or the body of the Sth thoracic vertebra, 

= S.L-12 is located directly above S.L-11, in the centre of the 
supraspinous fossa. 


Needling 


0.5-1.5 cun vertically or obliquely into the muscle tissue 


Actions/Indications 

© Opens the channel, alleviates pain, moves Qi locally, unbinds 
the chest and lateral costal region 

«Benefits the breasts 


Special features 
S.L-11 is often a trigger point on the infraspinatus muscle. 


233 


2) Soldering of a flatpackage IC 
For soldering a "Flat-package IC” (gull wing type) one can use, beside the ordinary point soldering, 
(¢ leg by leg), a special soldering technique: the DRAGGING TECHNIQUE. 

For this technique, one must use a special soldering bit that will, after filling-up, act as kind of 
‘mini-soldering-wave", and with which one can solder a whole row of legs in one ongoing movement 


1 Cleaning of the soldering surface: 
Remove all possible soldering residues (caused by desoldering) ane 
rake all the paths nicely even by going aver those paths with the 
soldering bit. (without adding solder) 


2. Positioning of the IC: 
Position the IC on the patterns. 
‘This has to be very precise. 

‘A little movement can cause 
serious problems. 


2. Fixing ofthe IC: 
Fix the IC on the PCB, by “temporarily” soldering 
some legs on both sides. 


4. Add sufficient fluc on all sides 


5. Filling ofthe bit and star ofthe soldering: 
Fill the special (concave) soldering bit with solder, 

Now start a slow dragging mavement from ane leg to another. 
Pay attention that the solder nicely moves up an the 

legs ofthe IC. 


the PCE is equipped with a ‘soldering thier” (a soldering land 
that is positioned next to the last leg, one has to solder 
in the direction of the soldering thie, so that at the end 
the possible surplus of solder flows on this soldering thief and 
no short circuit is created on the last two legs of the raw. 
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4 Acupuncture Points of the Twelve Primary Channels 


QETEDD) crasping the Wind BINGFENG 
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Location 
Directly above + S.L-I1, in the centre of the supraspinous 
fossa. 


How to find 

Patient’s position: Prone position or better seated with relaxed 
shoulders. First, locate + S.L-L1 (one third of the distance 
between the midpoint of the scapular spine and the inferior angle 
of the scapula). S.L.-12 is located directly above + S111 in the 
centre of the supraspinous fossa. 


Needling 
0.5-1 cum vertically or obliquely into the supraspinatus muscle 
in the direction of the shoulder, Caution: Pneumothorax. 


Actions/Indications 
‘Eliminates Wind, benefits the shoulder and scapula, opens the 
channel and the /uo vessels 


Special features 
Meeting point with the Gall Bladder, Triple Burner and Large 
Intestine channels. S.L-12 is often a trigger point in the 
supraspinatus muscle, 
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4.6 The Small Intestine Channel System — Hand taiyang (shou tai yang jing luo) 
Crooked Wall QUYUAN [EX SFIS 
Location 


At the medial end of the supraspinous fossa. 


How to find 

tits medial end, the scapular spine fans out in a deltoid shape, 
curving round in a superior direction, When palpating, this feels 
like a ‘crooked wall’, hence its name. $.1.-13 is located on the 
scapula, in the slightly concave bend, at the medial origin of the 
supraspinatus muscle, 


Needling 
0.5-1 cun vertically or obliquely in a lateral direction, No danger 
of puncturing the pleura if located correctly. 


Actions/Indications 
© Opens the channel 


e Deltoid 


Scapular 
spine 


_Trieps brachii, 


“lateral head 
Teres major 
Triceps brachi, / 
long head 
= Biceps brachi 
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4 Acupuncture Points of the Twelve Primary Channels 


DRETEYY) outer shoulder Shu jiANWAISHU 


Location 
3 cun lateral to the lower border of the spinous process of the Ist 
thoracic vertebra, atthe insertion of the levator scapulae muscle. 


How to find 

‘The levator scapulae muscle originates on the upper aspect of 
the medial border and the superior angle of the scapula. In this 
area, itis often myogelotic and therefore well defined and often 
sensitive to pressure (trigger point). S.L-14 is located just 
superior to the actual muscle insertion; in contrast to + S.L.=13, 
it is not located on the scapula 

Located on approximately the same level are -* Du-13 (below 
the spinous process of the Ist thoracic vertebra) and —* BL-11 
(2.5 cun distal to the posterior midline). 


Needling 
0.5-1 cun vertically or obliquely in a medial direction, Caution: 
Pneumothorax. 


Actions/Indications 
© Opens the channel 
# Expels Wind-Cold 


Special features 
‘Trigger point on the levator scapulae muscle 


5 S113 
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intestine Channel System — Hand taiyang (shou tai yang jing luo) 
Middle Shoulder Shu JiANZHONGSHU ETE EI 


Location 
2 cun lateral to the lower border of the spinous process of the 7th. 
thoracic vertebra. 


How to find 

For locating the 7th cervical vertebra, see + 3.4. 

Located on the same level is + Du-14 below the spinous process 
of the 7th cervical vertebra, Locate S.L.-15 by measuring 2 cun 
in a lateral direction, 


Needling 
0.5-1 cun vertically or obliquely in a medial direction, Caution: 
Preumothorax. 


Actions/Indications 
* Opens the channel 


Special features 
“Trigger point on the levator scapulae muscle, effective point for 
disorders of the cervicodorsal area, 


Base of the 
scapular spine 


fay FO) [is IK ee ES 
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QETET Heavenly Window TIANCHUANG 


Location 

Approximately 3.5 cun lateral to the anterior midline, at the 
level of the laryngeal prominence, on the posterior border of the 
sternocleidomastoid muscle. 


How to find 

From the laryngeal prominence (—+ 3.2), draw a line to the pos- 
terior border of the stemocleidomastoid muscle. S.L-16 is 
located directly at its posterior border, which can be made more 
clearly visible and palpable by rotating the patient’s head in the 
opposite direction, 

Located on the same level are -+ ST-9 (on the anterior border of 
the sternocleidomastoid muscle) and + L.L-I8 (between the 
two heads of the SCM muscle). 


Needling 
Vertically 0.5-1 cun, If necessary, rotate the patient's head back 
to its normal position before needle insertion. 


Actions/Indications 
©  Expels Wind and Heat, benefits the throat, ears and voice 
© Opens the channel 


Special features 
Window of Heaven point 


Tracheal 
cartilage 
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Heavenly Appearance TIANRONG 


Location 
Posterior to the mandibular angle, on the anterior border of the 
sternocleidomastoid muscle. 


How to find 

By rotating the patient’s head in the opposite direction, the border 
of the stemocleidomastoid muscle becomes more pronounced, 
S.L-17 is located halfway between the angle of the mandible and 
the anterior border of the stemocleidomastoid muscle, 


Needling 
Vertically 0.5-1 cun, Cauti 
and extemal jugular veins. 


: Internal carotid artery, internal 


Actions/Indications 
+ Expels Wind, opens the channel, disperses accumulations, 
‘benefits the ears and throat 


Special features 
Window of Heaven point 
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ETE cheekbone Crevice QUANLIAO 


Location 

At the intersection of a vertical line through the outer canthus of 
the eye with the lower border of the zygomatic bone, on the ante- 
rior border of the masseter muscle, 


How to find 

Draw an imaginary vertical line from the outer canthus of the 
eye to the lower border of the zygomatic bone. S.L.-18 is located 
in a depression on the anterior border of the masseter muscle, 
approximately on the level of the lateral border of the ala nasi 
(> L.L-20), By making chewing movements, the anterior bor- 
der of the masseter muscle becomes easily palpable. 


Needling 
0.3-0.5 cun vertically or 1-1.5 cun transversely (subcutaneously) 
in the direetion of + ST-4, + ST-7 and + L.L-20. According to 
‘some texts, moxibustion is contraindicated. 


Actions/Indications 
‘© Eliminates Wind, alleviates pain, clears Heat, reduces swellings 


Special features 
Meeting point with the Triple Burner channel, Important local 
point for disorders of the face (caused by internal or external 
Wind). 


Zz * 
> 


‘nfraorbital 
foramen 


iN 
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Palace of Hearing TINGCONG [EXE 


Location 

Anterior to the ear, with the mouth open at the level of the middle 
of the tragus, in a depression between the tragus and condyloid 
process of the mandible. 


How to find 

Locate and needle this point with the mouth open, This allows 
the condyloid process of the mandible to slide anteriorly and 
reveals the depression, Locate the Vertical sulcus at the junction 
between the ear and the cheek (this is not always very pro- 
nounced). Then locate §.1.-19 on the level of the tragus on the 
sulcus. If you cannot clearly define the sulcus (it becomes more 
pronounced with increasing age), an (ear) point locator can be 
used to locate the point (the patient should have their mouth 
open in order to reveal the depression), 

S.1-19 is the centre point of three points located anteriorly to the 
ear (+ T.B.-21 is located proximal and + G.B.-2 is located 
distal to S.L-19) 


Needling 
0.5-1 cun vertically or slightly obliquely in an inferior direction. 
Needle with the mouth open (to avoid intra-articular needling) 
Caution: This point is located close to the superficial temporal artery 
and the auriculotemporal nerve (as are + T.B.-21 and G.B.-2). 


Actions/Indications 
* Benefits the ears 
© Calms the shen 


Special features 

Meeting point with the Gall Bladder and Triple Burner channels, 
exit point, Important local point for disorders of the ears. For | 
temporomandibular joint dysfunction and pain, rather use | 
= G.B.-2 as a local point 


Helix root 


Supratragic 
notch 


Tragus 


Ss Intertragic 
notch 


 Assording to Deadman oral DOR, 
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4.7 The Bladder Channel 
System - Foot taiyang 
(zu tai yang jing luo) 


4.7.1 The Bladder Primary Channel 
(zu tai yang jing) 


Meeting points BL-7_Du-20 
C8.7, GB < 

8-9, G.B-10, 
GB-11,GB-12 


GBs, 
G18) 


Pathway 
‘The external pathway of the Bladder primary channel begins at 
the inner eanthus of the eye at * BL-I (jingming), This point is 
reached by a branch that separates from the Small Intestine pri- 
‘mary channel at + S.L-18 (quanliao) (hand-foot pairing of the 
second great circuit, Yang axes: taiyang). 
‘The external pathway ascends the forehead, the 
= Du-24 (shenting) and + G.B-1S (toulingi), continues to the 
Vertex and there connects with the du mai at Du-20 (bait). 
At Du-20 two branches separate from the primary channel 
= one braneh travels to the temporal region and intersects the 
Gall Bladder primary channel at G.B.-8 (siuaigu), G. 
(qubin), G.B-9 (tianchong), Ga 
(tougiaoyin) and G.B.-12 (wangu) 
= the other branch penetrates deeper into the brain and re- 
emerges at + Du-I7 (naohu) or, according to some authors, 
at BL-8 (luogue). 
From + Du-20, the external pathway runs to BL-8 (logue) 
and BL-9 (yuzten), passes + Du-17 (naohu) and continues to 
BL-10 (tianchu) in the occipital region. Here, the external 
pathway of the channel separates into two branches: 
= the medial branch runs to + Du-14 (dazhui) below the 
spinal process of C7 where it meets the other Yang primary 
channels, then continues to —* Du-13 (taodao). From T1 it 
runs parallel to the posterior midline, 1.5 cun lateral to it, 


intersects with 
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flIncorrect soldering 


For certain soldering problems or soldering mistakes, specific terms are used: 


SOLDER BRIDGE 
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At the level of L2, it enters the abdomen and reaches its 
paired zang-Organ, the Kidney (shen) and its pertaining fiu- 
Organ, the Bladder (pangguang). The external branch runs 
through the gluteal region and the thigh to the popliteal fossa 
(BL-40), where it re-unites with the lateral extemal branch 

© the lateral branch runs from BL-10 (tianchu) to BL-41 
(fufen) at the level of T2, from where it descends down the 
back, 3 cun lateral to the midline to the level of the fourth 
sacral foramen, From there it traverses the gluteal region to 
= G.B-30 (iuantiao), continues along the posterolateral 
aspect of the thigh and meets the medial external branch at 
the popliteal fossa 

From the popliteal fossa (BL-40) the channel descends along the 

posterolateral aspect of the foreleg to the foot 

= passes the lateral malleolus 

= travels along the lateral border of the foot to the lateral comer 

to BL-67 (chiyin). From here, a branch 

travels to + KID-1 (yongquan) located on the Interiorly— 

Exteriorly paired Kidney primary channel (foot Yin-Yang 

pairing of the second great circuit) 


of the little toenai 


Clinical importance (— 1.2) 
Exterior (biao) signs and symptoms: Chills and fever, 
headaches, occipital stiffness, pain in the lumbar region, obstruc- 
tion of the nasal passages, eye pain with tearing, pain along the 
posterior aspect of the hip. knee and foreleg, foot pain 

Interior (li) or zangfu-Organ signs and symptoms: Pain and 
tension in the lower abdomen, retention of urine, enuresis, 
psycho-emotional disorders, opisthotonus 


Connections and meeting points of the 
Bladder primary channel (— 1.2) 


Connections with other channels 


Kidney primary channel (zu shao yin jing) 
Connection: Foot Yin-Yang pairing of the second great cirouit 
Location: BL-67 + KID-1 (on the foot). 

Circulation: Circadian (according to the Organ clock) 
Importance: ExteriorInterior relationship 


Small Intestine primary channel (shou tai yang jing) 
Connection: Paired according to the six channel theory (hand-foot 
pairing): tai yang (Yang axes of the second great circuit) 
Location: 8.L-18 — BL-I (on the head). 

Circulation: Circadian (according to the Organ clock) 
Importance: Above-below relationship 


Connections with other zangfu-Organ systems 
Kidney (shen), Bladder (pangguang) 


4.7.2 The Bladder Divergent Channel 
(zu tai yang jing bie) 


sito | 
1st confluence 


Pathway 

‘The Bladder divergent channel separates from the Bladder pri- 

‘mary channel in the popliteal fossa at BL-40 (weichong) 

= ascends to the centre of the gluteal crease at BL-36 (chengyit) 

= ascends further and penetrates the anus, continues to the Bladder 
(pangeuang), its pertaining fu-Organ, and the Kidney (shen), 
its paired zang-Organ 

‘= rises along the spine and spreads in the Heart (xin) 
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= from here it ascends to the occiput, where it unites at BL-10 
(tianchu) with the Kidney divergent channel and the Bladder 
primary channel to form one of the six he-confluences (here: 
KID/BL as first confluence = 1,3) 


Clinical importance 

* Strengthens the relationship between the Bladder and the 
Kidney (cangfi- Organs). Points on the Bladder primary channel 
can therefore be used for disorders of the Kidney, and vice versa 
points on the Kidney primary channel can treat disorders of 
the Bladder. 

‘© Supports the connection between the Bladder primary channel 
and the Heart 

‘© Supports the connection between the Bladder primary channel 
and the anus 

‘© Creates a connection between the popliteal region (BL-40) 
and the sacral region (BL-32, BL-31) as well as with the occipi 
tal region (BL-10), 


4.7.3 The Bladder Sinew Channel 
(zu tai yang jing jin) 


(Meeting point of 
+ the three faot Yang 
sinew channels) 


Ga34 


Pathway 

‘The Bladder sinew channel begins on the lateral aspect of the little 

toe and travels along the lateral border of the foot to the lateral 

‘malleolus, where it binds (je), 

At the lateral malleolus three branches separate from the sinew 

channel 

= one branch runs to the calcaneus where it binds (jie) and dis- 
perses over the heel 

= a further branch ascends the lateral aspect of the lower leg and 
binds (je) at the head of the fibula, where it also meets the Gall 
Bladder and Stmach sinew channels at + G.B.-34 (yanglingguan) 

= the main branch travels to the Achilles tendon, binds (jie) in 
the area of the two heads of the gastrocnemius muscle, ascends 
the posterior aspect of the leg along the gastrocnemius 
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and soleus muscles and binds (jie) on either side of the 
popliteal crease, ascends the posterior aspect of the thigh and. 
binds (jie) at the centre of the gluteal crease, ascends as a 
broad band along the spine and binds (jie) at BL-10 (tianzhu). 

‘Two branches separate from the main branch in the thoracic 

region at the level of the axilla: 

= one branch ascends to the shoulder and reaches + La 
ianyu) 

© the other branch penetrates the axilla, ascends the thorax 
and runs to the supraclavicular fossa, where again two sub- 
branches separate: 

* one sub-branch ascends to the mastoid process to + G.B-12 
(wangu) 

© the other sub-branch crosses the cheek to S.1-18 (quan- 
igo) where it meets with the other foot Yang sinew channels 

‘The main branch divides at BL-10 (tianzhu) into two branches: 

= one branch penetrates deeper to the root of the tongue 

= the other branch crosses the head lateral to the midline, 
reaches the inner canthus of the eye and separates into two 
branches: 

* one branch binds (jie) lateral to the nose and descends the 
cheek 

the other branch crosses the upper eyelid and connects with 
the Stomach sinew channel, together forming a network 
around the eye. It then penetrates deeper into the upper orbital 
region and ends at the roof of the mouth. 


1S 


Clinical importance 
Pathology: Muscular cramping in the region of the little toe. 
Tension and pain in the heel. Stiffness and limited range of 
‘motion of the joints. Tension and stiffiiess in the back and along 
the spine, and difficulty when bending forward. Inability to lift 
the arms above the shoulder region, Stiffness o distending pain 
in the axillary region, Pain and tense musculature in the supra- 
clavicular fossa. Limited range of motion of the cervical spine 
Indication: Mainly with bi-syndromes (painful obstruction 
syndrome) along the Bladder channel, The area covered by the 
Bladder sinew channel is larger than that covered by the Bladder 
primary channel. This explains why Bladder primary channel 
points can also be used for disorders of the scapula and the 
shoulder region as well as for disorders of the lower eyelid and 
the nasal region. 


4.7.4 The Bladder /uo-Connecting Vessel 
System (zu tai yang luo mai) 


Pathway 

‘The Bladder luo-connecting channel separates from the Bladder 

primary channel at BL-S8 (feiyang) (—* 8.1.2). It forms a thre 

dimensional reticular network, dividing into multiple branches 
and sub-branches (sun luo, fit luo, xue luo + 1.5) within the sur- 
rounding tissue. 

* Horizontal divisions run to the Interiorly-Exteriorly paired 
Kidney primary channel; according to some schools of thought 
(for example Nguyen Van Nghi > Appendix) they travel as a 
transverse BL luo-connecting yessel to the yuan-source 
point + KID-3 (taixi), 


f= 
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# Solinas et al. (1998, variant > fig.) describe a longitudinal 
division following the pathway of the Bladder primary channel, 
reaching the head and penetrating the nose. While this div- 
ision is not mentioned in the classies, according to Solinas et al 
it becomes descriptions of the 
pathologies of the /uo-connecting vessels. 


ent based on the class 


Cli 


Pathology 

‘© Excess (shi): Obstruction of the nasal passages 
nasal discharge, headaches, back pain 

* Deficieney (x1): Nosebleeds, chronic clear nasal discharge, 
sinusitis 


al importance (— 8.1.2) 


clear watery 


4.7.5 Cutaneous Region 
(tai yang pi bu) 


See description and figures + 1.6, 


4.7.6 Points of the Bladder Primary 
Channel (Overview) 


Specific points according to their function 
‘© Yuan-source point ( 8.1.1): BL-64 (jinggu) 


‘© Luo-connecting point (+ 8.1.2): BL-S8 (feiyang) 
‘* Xi-cleft point (8.1.3): BL-63 (jinmen) 
‘*  Xi-cleft point of the yang giao mai: BL-S9 (fuyang) 
# Associated Back-shu point (-* 8.1.4): BL-28 (pangguang- 
shu) 
~Back-shu point of the Lung: BL-13 (feishu) mat 
~ Back-shu point of the Pericardium: BL-14 (jueyinshu) 
~ Back-shu point of the Heart: BL-1S (xinshu) 
~Back-shu point of the die mai: BL-16 (dushu) 
~Back-shu point of the diaphragm: BL-17 (geshu) mat 


shu point of the Liver: BL-18 (ganshu) sa 
shu point of the Gall Bladder: BL-19 (dansh) mm 
-shu point of the Spleen: BL-20 (pishu) sm 
shu point of the Stomach: BL-21 (weishu) mim 
~ Back-shu point of the Triple Burner: BL-22 (sanjiaoshu) mim 
~ Back-shu point of the Kidneys: BL-23 (senshi) mm 
~Buck-shu point of the Large Intestine: BL-25 (dachang- 
shu) am 
~Back-shu point of the Small Intestine: BL-27 (xiaochang- 
shu) 
~ Back-shu point of the Bladder: BL-28 (pangguangshu) mat 
* Associated Front-mu point (— 8.1.5): Ren-3 (chongji) mim 
Five shu-transporting points (+ 8.1.6): 
Jing-well point (Metal), tonification point: BL-67 (chiyin) mm 
ying-spring point (Water), ben point (Five Phases): BL-66 
(cutonggu) 
shu-stream point (Wood), sedation point: BL-65 (shugu) 
Jing-river point (Fire): BL-60 (kunlun) mm 
hhe-sea point (Earth): BL-40 (wweishong) mm 


© Hui-mecting point (~ 8.1.7): 
~of the Blood: BL-17 (geshut) 
—of the Bones: BL-11 (dazhu) mm 

* Opening point (+ 8.1.8) of the yang giao mai: BL-62 
(shenmai) mm 

© Lower he-sea points (= 8.1.9): 
of the Triple Burner: BL-39 (weiyang) mim 
of the Bladder: BL-40 (weizhong) mm 

* Siaohui-meeting points (8.1.10): 

—Wwith the ST, T.B.* channels, the yin giao mai, yang qiao 
mai, $.1.,G.B.* channels, du mai: BL-1 Gingming) sm 

~ with the S.1. channel, (T.B., G.B. channels, du mai*) 
BL-11 (dachu) am 

—with the die mai: BL-12 (fengmen) mm 

~ with the die mai*: BL-23 (shenshu) mm 

~Wwith the G.B. channel: BL-31-BL-34 mm 

— with the $.1. channel: BL-41 (fufen) 

—with the yang giao mai: (BL-S9 (fuyang)*), BL-61 (pucan), 
BL-62* (shenmai) mm 

—with the yang wei mai: BL-63 (jinmen) 

~ of other channels with the Bladder channet: Du-24, G.B.-13, 
Du-20, (G.B.-6%), G.B-7, G.B-8, G.B-9, G.B-10, G.BeLL, 
G.B-12, Du-17, Du-16*, Du-14, Du-13, G.B.-30 

‘© Gao Wu command point (— 8.1.11) for the Back and lum- 
bar region: BL-40 (weizhong) 

‘© Window of Heaven point (—* 8.1.12): BL-10 (tianzhu) im 

* Points of the Four Seas (+ 8.1.13): 

— Sea of Blood point: BL-I1 (dazhu) mm 

* Ma Dan Yang Heavenly Star points (+ 8.1.14): BL-40 
(eizhong) mut, BL-S7 (chengshan) sm, BL-60 (kuntun) mm 

‘© Sun Si Mino Ghost point (+ 8.1.15): BL-62 (s/tenmai) mm 

© Other functional points: 

—xi-cleft point of the yang giao mai: BL-S9 (fieyang) 


Points according to region 
© Local points (— 8.2.1): oceiput ~ BL-10 (ianzhu) ma; eyes ~ 
BL-1 (jingming) mm; Stomach/Spleen ~ BL-20 (pishu) mm, 
BL-21 (weishu) mm; Kidney — BL-23 (shenshu) tm, BL-62 
(shenmai) mat; rectum — BL-35 (huiyang); cervical spine ~ 
BL-10 (tiarchu) mm; thoracie spine ~ BL-17 — BL-23; lumbar 
spine ~ BL-23 ~ BL-26, BL-S2 (chishi);iliosacral region ~ 
BL-27 (xiaochangshu), BL-28 (pangguangshu); hip ~ BL-49 
(vishe), BL-S0 (weicang), BL-S4 (chibian); knee ~ BL-40 
(weizhong) sm: foot —BL-60 (kunlun) wat, BL-62 (shenmai) mm 
‘* Adjacent points (+ 8.2.1): eyes ~ BL-2 (canzhu) mim; nose ~ 
BL-7 (tongtian); Lung —BL-13 (feishu) ta, BL (gaohuang); 
Heart ~ BL-14 (jueyinshu), BL-1S (xinshu) mm; Liver~BL-18 
(ganshu) ma, BL-20 (pishu) mx; Gall Bladder ~ BL-19 (danshu) 
Large Intestine - BL-25 (dachangshu) mm; Small 
Intestine ~ BL-27 (xiaochangshu) mm; rectum ~ BL-30 (bai- 
uanshu), BL-34 (xialiao) tam; Bladder ~ BL-28 (pangguang- 
shu) mim, BL-23 (shenshu) tm; urogenital region ~ BL-23 
(shenshu) mat, BL-32 (ciliao); cervical spine ~ BL-LI (dachu) mm; 


7 Mentioned by oaly some authors 


fam 
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iliosacral region ~ BL-23 (shenshu) mm; thoracic spine — 
BL-38 — BL-47; toes ~ BL-60 (kunlun) mm, BL-65 (shugu) 

* Distal points (— 8.2.1): occipital region ~ BL-65 (shugu), 
BL-60 (kunlun); rectum ~ BL-S7 (chengshan) mm; thoracic 
spine ~ BL-S7 (chengshan) am; cervical, thoracic, lumbar 
spine ~ BL-60 (kurlun) mat; shoulder and iliosacral n 
BL-S8 (feiyang); for the thoracic spine, lumbar spine and 
iliosacral region - BL-40 (weichong) tam; lumbar spine 
BL-40 (weichong) mm, BL-59 (ficyang), BL-60 (kunlun) ma; 
lumbar spine and hip ~ BL-62 (shenmai) mm 


Specific points according to the channel 

pathway (in numerical order): 

© BL-l (jingming) am: jidohui-meeting point with the ST, T.B.* 
channels, the yin giao mai, yang giao mai, S.1., G.B.* chan- 
nels, du mai (+ 8.1.10): local point for the eyes (+ 8.21) 

© BL-2 (canzhu) mm: adjacent point for the eyes (+ 8.2.1) 

© BL-7 (tongtian): adjacent point for the nose (+ 8.2.1) 

© BL-10 (tianchu) mm: Window of Heaven point (8.1.12); 
important point for eliminating Wind; local point for the 
occiput and the cervical spine (+ 8.2.1) 

© BL-11 (dazhu) am: hui-meeting point (+ 8.1.7) of the bones; 
Sea of Blood point (— 8.1.13); jiaohui-meeting point with 
the SL. channel (T.B., G.B. channels, du mai*) (—* 8.1.10); 
adjacent point for the cervical spine (+ 8.1.10) 

© BL-12 (fengmen) am: jiaohui-meeting point with the du mai 
(48.1.10) 

© BL-13 (feishu) mm: Back-shu point of the Lung (+ 8.1.4); 
adjacent point for the Lung (—+ 8.2.1) 

© BL-14 (jueyinshu): Back-shu point of the Pericardium 
(+ 8.1.4); adjacent point for the Heart (+ 8.2.1) 

© BL-15 (vinshu) mat: Back-shu point of the Heart (+ 8.1.4); 
adjacent point for the Heart (+ 8.2.1) 

© BL-16 (dushu): Back-shu point of the du mai (+ 8.1.4); 

© BL-I7 (geshu) mm: Back-shu point of the diaphragm 
(+ 8.1.4); hui-meeting point of the Blood (+ 8.1.7) 

#  BL-17 to BL-23: local points for the thoracic spine (-* 8.2.1) 

© BL-18 (ganshu) mm: Back-shu point of the Liver (— 8.1.4); 
adjacent point for the Liver (—+ 8.2.1) 

* BL-19 (danshu) mm: Back-shu point of the Gall Bladder 
(+ 8.1.4); adjacent point for the Gall Bladder (—* 8.2.1) 

* BL-20 (pishu) mm: Back-shu point of the Spleen (8.1.4); 
adjacent point for the Liver (+ 8.2.1) 

* BL-21 (weishu) mm: local point for the Stomach (+ 8.2.1); 
Back-shu point of the Stomach (+ 8.1.4) 

© BL-22 (sanjiaoshu) tam: Back-shu point of the Triple Burner 
(+814) 

= BL-23 (shenshu) mm: jiaohui-meeting point with the di mai* 
(+ 8.1.10): local point for the Kidneys and lumbar region 
(+ 8.2.1); adjacent point for the Bladder, urogenital region 
and iliosacral region (—¢ 8.2.1); Back-shu point of the Kidney 
(+814) 

© BL-24 (gihaishu): local point for the lumbar spine (+ 8.2.1) 


BL-25 (dachangshu) mim: Back-shu point of the Large Intes- 
tine (+ 8.1.4); adjacent point for the lumbar spine (+ 8.2.1) 
BL-26 (guanyuanshu): local point for the lumbar spine 
(482. 

BL-27 (xiaochangshu) mm: Back-shu point of the Small 
Intestine (+ 8.1.4); adjacent point for the Small Intestine 
(+ 8.2.1); local point for the ilio 
BL-28 (pangguangshu) mm: Back-shu point of the Bladder 
(+ 8.1.4); adjacent point for the Bladder (+ 8.2.1); local 
point for the iliosacral region (> 8.2.1) 

BL-30 (baihuanshu): regional point for the rectum (+ 8.2.1) 
BL-31 ~ BL-M: jiaohui-meeting points with the G.B. chan- 
nel (+ 8.1.10) 

BL-32 (ciliao): regional point for the urogenital region 
(+ 8.2.1); local point for the ili 
BL-34 (xiaoliao): regional point for the rectum (—* 8.2.1) 
BL-35 (/iuiyang): local point for the rectum (+ 8.2.1) 
BL-38 — BL-47: adjacent points for the thoracic spine 
(482. 

BL-39 (veiyang) mm: lower he- 
(48.19) 

BL-40 (weichong) mim: he-sea point (Earth); lower he-sea 
point of the Bladder (+ 8.1.9); Gao Wu command point 
(+ 8.1.11) of the back and lumbar region; Ma Dan Yang 
Heavenly Star point (-* 8.1.14); distal point for the thoracie 
and lumbar spine as well as for the iliosacral region 
(+ 8.2.1); local point for the knee (+ 8.2.1) 

BL-A1 (fufen): jiaohui-meeting point with the S.1. channel 
(4 8.1.10) 

BL-43 (gaohuang): adjacent point for the Lung (+ 8.2.1) 
BL-49 (yishe): local point for the hip (—* 8.2.1) 

BL-S0 (wveicang): local point for the hip (-* 8.2.1) 

BL-S2 (chishi): local point for the lumbar region (+ 8.2.1) 
BL-S4 (chibian): local point for the hip (—* 8.2.1) 

BL-S7 (chengshan) am: Ma Dan Yang Heavenly Star point 
(+ 8.1.14); distal point for the rectum (—+ 8.2.1); distal point 
for the thoracie spine (+ 8.2.1) 

BL-S8 (feiyang): luo-connecting point (—+ 8.1.2); distal point 
for the shoulder and iliosacral region (—+ 8.2.1) 

BL-59 (figyang): xi-cleft point of the yang giao mai; jiaohui- 
meeting point with the yang giao mai (+ 8.1.10)*; distal 
point for the lumbar spine (+ 8.2.1) 

BL-60 (kunlun) wm: jing-river point (Fire); Ma Dan Yang 
Heavenly Star point (+ 8.1.14); distal point for the cervical, 
thoracic and lumbar spine (—* 8.2.1): distal point for the occip- 
ital and lumbar region (+ 8.2.1); local point for the foot 
(8.2.1); regional point for the toes (—* 8.2.1) 

BL-61 (pucan): jiaohui-meeting point with the yang giao mai 
(4 8.1.10) 

BL-62 (shenmai) mm:Opening point of the yang giao mai 
(+ 8.18); Sun Si Miao Ghost point (—* 8.1.15); jiaohui- 
meeting point with the yang giao mai (+ 8.1.10): local point 


ral region (—* 8.2.1) 


ral region (+ 8.2.1) 


sea point of the Triple Burner 


7 Mentioned by oaly some authow 
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for the Kidney (—* 8.2.1); local point for the foot (+ 8.2.1) 
distal point for the lumbar spine and hip (—* 8.2.1) 

© BL-63 (jinmen): xi-cleft point (— 8.1.3); jiaohui-meeting 
point with the yang wei mai (—* 8.1.10) 

© BL-64 (jingu): yuan-source point (8.1.1) 

© BL-65 (shugu): shu-stream point (Wood); sedation point; 
distal point for the occiput (+ 8.2.1); adjacent point for the 
toes (4 8.2.1) 

© BL-6 (<utongu): ying-spring point (Water); ben point (Five 
Phases point) 

© BL-67 (chiyin) am: jing-well point; tonification point 


General location help 

«The medial branch of the Bladder channel runs from BL-11 
(below the spinal process of the T1) to BL-30 (level with the 
fourth sacral foramen), 1,5 cun lateral to the midline 


“Memorisation help for the medial branch of the BL. channel: 

* BL11 to BL-17: the second digit of the point number cor- 
responds to the level of the respective thoracic vertebra, 
Example: BL-13 is located below the spinal process of T3. 

‘+ BL-18 to BL-21: second digit of the point number + 1. 
Example: BL-19 (9 + 1) is located below the spinal process 
of the T10. 


‘The outer branch of the Bladder channel runs from BL-41 
(below the spinal process of the T2) to BL-S4 (below the spinal 
process of Sd/level with the 4th sacral foramen) 3 cun lateral to 
the midline, 


‘Memorisation help for the lateral branch of the BL channel: 

* BLAI to BL-46: second digit of the point number + 1. 
Example: BL-42 (2 + 1) corresponds to T3 

‘+ BL-47 to BL-49: second digit of the point number + 2. 
Example: BL-47 (7 + 2) corresponds to the level of T9. 

‘© BL-S0: second digit of the point number + 12. 


Needling: ‘The Back-shu points are also commonly needled 
transversely (subcutaneously) towards the spine, This allows the 
patient t0 lie in a supine position during needle retention (the 
needles can be secured with tape) 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Bright Eyes |INGMING [Sa 


Location 
0.1 cun superior and medial to the inner canthus of the eye, in a 
depression. 


How to find 

BL-L is located in a small depression near the inner canthus of 
the eye, superior to the insertion of the upper eyelid. Medially, it 
is bordered by the bony root of the nose. * BL-2 is located 
directly above BL-1 in a depression at the medial end of the eye- 
brow. + ST-1 is located on the pupil line between the eyeball 
and the border of the infraorbital ridge, + G.B-1 and T.B.-23 
are located on the outer canthus of the eye. 


Needling 
Ask the patient to look downward and outward, with their eyes 
closed. Gently push the eyeball downward and outward from 
above. Needle perpendicularly along the supraorbital ridge in a 
posterior direction. Caution: Angular artery and vein, eyeball, 
periosteum. This point should only be needled by experienced 
practitioners, After removing the needle, press on the insertion 
site for 10 minutes. Despite this precaution, a bruise may still 
{form (inform the patient). No needle stimulation! Moxibustion 
is contraindicated. Alternative point: + BL-2 or transverse (sub- 
cutaneous) insertion at BL-1 in the direction of + BL-2. 


Actions/Indications 
# Expels Wind and clears Heat, benefits the eyes 


Special features 
Meeting point with the du mai, yin giao mai, yang giao mai as 
well as the ST, S.1,, G.B. channels and, according to some authors, 
also the T.B. channel. Entry point. 
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DET cathered Bamboo ZANZHU 
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Location 
Ina depression at the medial end of the eyebrow, directly above 
the inner canthus of the eye. 


How to find 

As the location of the eyebrow can vary, the medial canthus of 
the eye should be used for reference (+ BL-1). Palpate for a 
generally pressure-sensitive depression in this area of the orbital 
ridge. Caution: According to Sobotta, except in rare cases, BL-2 
is not located on the supraorbital foramen (mainly located more 
laterally), but in the area where the supratrochlear artery and the 
supraorbital nerve emerge (frontal notch). 

+ BL-L is located inferior to BL-2, 


Needling 

0.3-0.5 cun obliquely from lateral to medial or transversely 
(subcutaneously) in the direction of the disorder. Caution: Branches 
of the frontal nerve, facial nerve, blood vessels! According to the 
‘majority of authors, moxibustion is contraindicted, Considered a 
less risky alternative to + BLL. 


Actions/Indications 

© Benefits the eyes 

‘© Expels external pathogenic factors such as Wind, clears Heat 

Clears the head. 

‘© Moves Qi in the Bladder divergent channel (for example, for 
painful haemorthoids) 


Special features 

Important and frequently used local point for the eye region. 
Good point for excess and Heat syndromes of the eye region: 
prick to bleed (puncture the point and fet it bleed), but avoid 
facial haematoma. 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Eyebrows’ Pouring MEICHONG [TER 


Location 
0.5 cun within the anterior hairline, vertically above the medial 
canthus of the eye. 


How to find 

BL-3 is located directly above the medial canthus of the eye 
(> BL-1) and 0.5 cun within the anterior hairline (+ 3.1.1). 
Located on the same level (0,5 cum within the anterior hairline) 
are + Du-24 (on the midline), + G.B.-15 (on the pupil line), 
G.B-13 (3 cun lateral to the midline) and —+ ST-8 (on the comer 
of the forehead). 


Needling 
0.5-1 cun obliquely in a dorsal direction or transversely (subcu- 
taneously). According to some classic texts, moxibustion is 
contraindicated. 


Actions/Indications 
« Expels Wind and clears Heat from the head and forehead 
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DE crooked curve QUCHA 


GOVINO IE 


Location 

0.5 cun superior to the anterior hairline and 1.5 cun lateral to the 
midline (or one third of the distance between + Du-24 and 
4 ST-8). 


How to find 

While + BL-3 is still located on a vertical line through the inner 
canthus of the eye, BL-4 is located slightly more laterally (hence 
its name). The distance of 1,5 cun from the midline refers to the 
proportional cun measurements along the anterior hairline 
(73.1.1): the distance between —* Du-24 (on the midline) and 
= ST-8 (on the comer of the forehead) is 4.5 proportional cun; 
therefore, the distance between BL-4 and the midline is one 
third of this distance, 

Located on the same level (0.5 cun within the anterior hairline) 
are + Du-24 (on the midline), + BL-3 (superior to the inner 
canthus of the eye), * G.B.-15 (on the pupil line), ++ G.B-13 
(3 cun lateral to the midline) and —+ S'T-8 (on the comer of the 
forehead). 


Needling 


‘Transversely (subcutaneously) 0.5-1 cun 


Actions/Indications 

© Expels Wind and Wind-Heat, especially from the eyes and 
the nose 

* Clears the head, opens the orifices, alleviates pain 


7) (De)soldering with warm air and soldering paste: 


In some cases it is impossible to solder or desolder certain components 
with a classical soldering iron or a normal desoldering station. 


This is often the case for SMT components, with contact legs 


(partly) underneath the component. ‘SMT component 
In such a case one has to use a (de)soldering appliance that uses with contact surfaces 
warm air or infra-red heat. beneath the component 


Fluxing of the component: 
‘To have a good temperature conductance during warming up, 
the soldering surfaces need to be moistened with flux. 

If these surfaces are parly underneath the component, flux can 
be put on the borders of the component. 


2. Warming-up of the soldered surfaces: 
Use a “pointing nozzle" and point it at the component you want to 
remove. Keep a distance of 1 cm between the nozzle and 

the surface you want to warm up. Choose the temperature of the 
warm air e.g. +/- 340°C. (dependant on the temperature profile of 
the compents.) 

Pay attention : if the contact surfaces are partly under the 
component, it is necessary to warm up the body of the component. 
Often the component is not useable afterwards. 


3. Removal of the component 


When the solder (paste) has melted, the component can be removed 
with a pair of tweezers. 


4, Cleaning of the soldering surfaces: 
Remove all redundant soldering paste with a classical 
desoldering station. 


5. Adding soldering paste: 
‘Add with a measured squirt the necessary soldering paste 


on the soldering lands. 
Pay attention: soldering paste needs to be stored in strict 


circumstances, (see the instructions of the supplier) 


6. Checking the quantity of soldering paste: 
Check the quantity of the added soldering paste. 

Only the contact surfaces should be covered with soldering paste. 
‘Too much soldering paste can cause a short circuit during 
“re-flowing’. 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Fifth Place WUCHU 


Location 
| cun superior to the anterior hairline and 1.5 cun lateral to the mid- 
line or one third of the distance between —* Du-24 and —* ST-8. 


How to find 

‘The distance of 1,5 cun refers to the proportional cun measure- 
‘ment for the distance of 4.5 cun between Du-24 (midline, 0.5 
cun superior to the anterior hairline) and —+ ST-8 (comer of the 
forehead), (+ 2.2). By dividing this distance into thirds, BL-S 
can be located one third of the distance from —* Du-24 and 1 cun 
superior to the anterior hairline. 

Located on the same level is + Du-23 (on the midline). 


Needling 
‘Transversely (subcutaneously) 0.5-1 cun, Moxibustion is con- 
traindicated according to some texts, 


Actions/Indications 

# Releases the Exterior, expels Wind and Heat from the head 
and eyes 

# Opens the channel and the fo vessels 

# Opens the orifices (especially the eyes) and revives con- 
sciousness 
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RE Receiving Light CHENGGUAN 


* IN INIEIE 


Location 

2.5 cun superior to the anterior hairline and 1.5 cun lateral to the 
midline or one third of the distance between + Du-24 and 
ST, 


How to find 

Spreading hands technique (+ 2.3.3): First, locate the anterior 
‘midline at the level of the anterior hairline (—* 3.1.1) as well as 
+ Du-20 (5 cun superior to the anterior hairline, on the vertex, 
at the junction of the midline with a line connecting the apices of 
the ears). Next, determine the midpoint between those two refer- 
cence points (—¢ 2.5 cun superior to the anterior hairline). From. 
this point, measure 1.5 cun laterally (or one third of the distance 
between “+ Du-24 and + ST-8) to locate BL-6, 

Located on the same level (—* 2.5 cun superior to the anterior 
hairline), but more laterally (pupil line), is + G.B-17. 


Needling 
‘Transversely (subcutaneously) 0.5-1 cun, Moxibustion only 
following careful diagnosis, 


Actions/Indications 
¢ Expels Wind, especially from the head and eyes 
Clears Heat from the head, especially from the eyes and nose 


Du-20 


eis. } 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Heavenly Connection TONGTIAN 


Location 
1.5 cun lateral to the midline and 4 cun superior to the anterior 
hairline or I cun anterior to —* Du-20, 


How to find 

BL-7 is best located by using + Du-20 (5 cun superior to the 
anterior hairline, on the vertex, at the junction of the midline 
With a line connecting the apices of the ears) as a reference 
point. Measure 1 cun anterior from — Du-20 and 1.5 cun lateral 
to the midtine (or one third of the distance between — Du-24 
and ST-8, + 2.2) to locate BL~7. Located on the same level 
(4-cun superior to the anterior hairline), but more laterally (pupil 
line), is + G.B.-18, + Du-21 is located on the midline, 1.5 cun 
anterior to Du-20, 


Needling 
‘Transversely (subcutaneously) 0.5-1 cun 


Actions/Indications 
‘© Clears the head, benefits especially the nose 


Special features 
Important point for treating disorders of the nose 
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Declining Connection LUQQUE 


Location 
1.5 cun lateral to the midline and 5.5 cun superior to the anterior 
hairline or 0.5 cun posterior to Du-20. 


How to find 

BL-8 is best located by using + Du-20 as a reference point. 
+ Du-20 is located at the junction of the vertical midline with a 
fine connecting the apices of the ears, 5 cun superior to the anterior 
hairline (+ 3.1.1). To locate BL-8, measure 0.5 cun from 
= Du-20 in a posterior direction and 1.5 cun in a lateral direction, 


Needling 
‘Transversely (subcutaneously) ().5~1 cun, Moxibustion possible, 


Actions/Indications 
‘Opens the orifices 

© Subdues Wind 

# Transforms Phlegm 
Calms the shen 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 
Jade Pillow YUZHEN JRE 
Location 


2.5 cun superior to the posterior hairline and 1.3 cun lateral to 
the midline or + Du-17 (directly superior to the external occipi- 
tal protuberance). 


How to find 

‘To locate BL-9, + Du-17 is a good reference point, located on 
the midline, in the depression directly superior to the upper bor- 
der of the external occipital protuberance (+ 3.1.5). From there, 
measure 1,3 cun in a lateral direction to locate BL-9, which is 
generally located on an imaginary vertical line through —* BL-10, 
Or: Locate the posterior hairline (often not very accurate 
3.1.5) and, on the midline, measure 2.5 cun in a superior 
direction, then 1.3 cun towards lateral 

Located on the same level are + Du-17 (midline, in the depres- 
sion at the upper border of the external occipital protuberance) 
and + G.B.-19 (more laterally, on a yertical tine through 
> G.B-20). 


Needling 


‘Transversely (subcutaneously) 05-1 cun. Moxibustion possible. 


Actions/Indications 
« Expels Wind and Cold 


* Opens the channel and Jo vessels, alleviates pain 
* Benefits the eyes and nose Zz 


Special features 
In Qigong practice, BL-9 plays an important role as one of the 
three gates (san gua). | 


process 


Occipital bone 
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4 Acupuncture Points of the Twelve Primary Channels 


DEED Heavenly Pittar TANZHU 


Location 

Approximately 1.3 cun lateral to Du-18, where the trapezius 
‘muscle inserts on the lower border of the occiput, close to where 
the major occipital nerve emerges. 


How to find 

With the patient's head in an upright and relaxed position, first 
locate + G.B.-20 below the lower border of the oceiput and 
between the insertions of the sternocleidomastoid and trapezius 
‘muscles. From there, palpate in a medial and inferior direction at 
45° angle, until the finger comes to a halt against the bulge of 
the trapezius muscle, This is the location of BL-10, For refer- 
ence: If the practitioner places their left middle finger on 
= G.B.-20, the (shorter) index finger will be pointing to BL-10. 
Located on the same level is -* Du-15 (approximately 1.3 cun 
lateral to the midline and superior to the axis (list palpable spin- 
ous process)). 


Needling 
0.5-1 cun vertically or slightly obliquely in a dorsal direction. 
Caution: Do not needle in a superior direction. 


Actions/Indications 

Regulates the Qi, calms Wind and the shen, benefits the head 
and sensory orifices 

* Opens the channel 

‘Strengthens the lower back 

© Expels Wind 


Special features 

Window of Heaven point. Important point for expelling (internal 
and external) Wind. In contrast to —* G.B.-20, BL-10 is used in 
clinical practice mainly for pacifiying internal Wind. 


Vertebral prominence, 


srinausyocess External accipital protuberance 


|] Stemoceidomastoid 


__ Splenius capitis 


Trapezius 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 
Great Shuttle DAZHU [JEST 
Location 


15 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the Ist thoracic vertebra (TI, 
with hanging shoulders on the level of the acromion). 


How to find 

First, locate the spinous process of C7 (+ 3.4.1). ‘The next spin- 
ous process inferior to this belongs to the TL. Locate BL-11 1.5 
cun lateral to the lower border of TI, at the highest point of the 
paraspinal musculature. 

Located on the same level are “+ Du-13 (on the midline), a point 
of > Ex-B-2 (0.5 cun lateral to the midline) and —* S.L-14 
3-cun lateral to the midline). 


Needling 
0.5-1 cun obliquely towards the spine or transversely (subcuta- 
neously). Caution: Pneumothorax. 


Actions/Indications 

# Expels pathogenic factors (Wind-Heat) 

# Regulates the Lung Qi 

# Opens the channel, benefits the bones and joints 


aay 


ee gi 


Special features 

Hui-meeting point with the bones; meeting point with the S.L. 
channel, according to some authors also with the T.B., G.B. chan- 
nels and the du mai: Sea of Blood point. 


aaa 
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Base of the 
scapular spine 
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4 Acupuncture Points of the Twelve Primary Channels 


Wind Gate FENGMEN 


Location 
1.5 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 2nd thoracic vertebra (T2). 


How to find 

First, locate the spinous process of C7 (+ 3.4.1). From there, 
count down two spinous processes to the lower border of the 
spinous process of T2. Measure 1.5 cun laterally to locate BL-12 
on the highest point of the paraspinal musculature. 

Located on the same level are a point of + Ex-B-2 (0.5 cun lateral 
to the midline), -* BL-41 (3 cun lateral to the midline) and 
+ S.1-13 (on the scapula, on the medial end of the scapular 
spine). 


Needling 

0.5-1 cun obliquely towards the spine. In clinical practice, this 
point is often needled transversely (subcutaneously) towards the 
spine. This allows the patient to lie in a supine position during 
needle retention (the needles can be secured with tape). Caution: 
Pneumothorax. For acute febrile colds, use reducing needling 
techniques or cupping. For susceptibility to catching colds, use 
tonilying needling techniques and/or moxibustion. 


Actions/Indications 

‘© Expels (external) Wind and releases the Exterior 

© Spreads and descends the Lung Qi 

# Tonifies the defensive Qi (wei qi), stabilises the Exterior 
* Benefits the nose 

* Opens the channel 


Special features 
Meeting point with the die mai. Important point for expelling 
pathogenic factors, especially Wind. 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 


Lung Shu FEISHU 


Location 
15 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 3rd thoracic vertebra (13). 


How to find 

First, locate the spinous process of C7 (+ 3.4.1). From there, 
count down three spinous processes to the lower border of the 
spinous process of the T3. Measure 1.5 cun laterally to locate 
BL-13 on the highest point of the paraspinal musculature. Or: 
With the patient seated and their arms hanging down, the spin- 
ous process of the T3 is generally on the level of the medial end 
of the scapular spine (+ 3.4.2). Locate BL-13 1.5 cun lateral to 
the midline, 

Located on the same level are * Du-I2 (on the midline), 
a point of + Ex-B-2 (0.5 cun lateral to the midline) and BL~42 
3 cun lateral to the midline). 


Needling 

05-1 cun obliquely towards the spine. In clinical practice, this 
point is often needled transversely (subcutaneously) towards the 
spine, This allows the patient to lie in a supine position during 
needle retention (the needles can be secured with tape). Caution: 
Pneumothorax. For chronic Lung Qi deficiency without Heat 
signs, use moxibustion. 


Actions/Indications 

* Tonifies, spreads and descends the Lung Qi, nourishes the 
Lung Yin 

* Clears Heat from the Lung 

# Releases the Exterior 

* Opens the channel, alleviates pain 


Special features 
Back-shu point of the lung. Major point for all disorders of the 
Lung (Lung deficiency and excess patterns). 
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4 Acupuncture Points of the Twelve Primary Channels 


BEES jueyin shu juevinsou 


Location 
1.5 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 4th thoracic vertebra (T4). 


How to find 

First, locate the spinous process of C7 (+ 3.4.1). From there, 
count down four spinous processes to the lower border of the 
spinous process of T4. Measure 1.5 cun laterally to locate BL-14 
on the highest point of the paraspinal musculature. Or: With the 
patient seated and their arms hanging down, the spinous process 
of T3 is generally on the level of the medial end of the scapular 
spine (+ 3.4.2). The next spinous process in an inferior direction 
belongs to the T4, Locate BL-14 1.5 cun lateral to the midline. 
Located on the same level are a point of + Ex-B-2 (0.5 cun lat- 
eral to the midline) and — BL-43 (3 cun lateral to the midline. 


Needling 
0.5-1 cun obliquely towards the spine or transversely (subcuta- 
neously), Caution: Pneumothorax. 


Actions/Indications 

‘© Regulates and tonifies the Heart 

‘© Unbinds the chest, regulates the Qi 
© Calms the shen 


Special features 
Back-shu point of the Pericardium 


eae 
ws 3 


en 


Positioning of the component 
Position the new component carefully with the contact surfaces 
in the soldering paste with a pair of tweezers. 

Position the component by the guide lines on the PCB. 


Reflowing of the compone: 
Use a "pointing nozzle" and point it on the component you want to 
remove. Keep a distance of 1 cm between the nozzle and 

the surface you want to warm up. Choose the temperature of the 
warm air e.g. +/- 340°C. (dependant on the temperature profile of 
the component.) Warm up until one sees that the soldering paste 
is active or flowing. The result should be a good soldered joint. 
Pay attention: For most of the warm air soldering appliances one 
can choose the air pressure. The speed should be minimum, 
otherwise there is a possibility of blowing the component away. 


9. Checking of the soldering: 
If possible, check the soldered joints. 
Good soldering shines and has flowed evenly. 


| 


= 
10. Checking of the electrical connection 


If possible check the electrical connection with a meter. 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Heart Shu XINSHU SESE 


Location 
15 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the Sth thoracic vertebra (TS). 


How to find 

First, locate the spinous process of C7 (+ 3.4.1). From there, 
count down five spinous processes to the lower border of the 
spinous process of TS, Measure 1.5 cun laterally to locate BL-1S 
on the highest point of the paraspinal musculature, Or: With the 
patient seated and their arms hanging down, the spinous process 
of the 3 is generally on the level of the easily palpable medial 
end of the scapular spine (—* 3.4.2). From there, count down two 
spinous processes in an inferior direction to the TS. Locate 
BL-15 1,5 cun lateral to the midline 

Located on the same level are “+ Du-LI (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline) and + BL-44 
3-cun lateral to the midline). 


Needling 
0.5-1 cun obliquely towards the spine, In clinical practice, this 
point is often needled transversely (subcutaneously) towards the 
spine, This allows the patient to lie in a supine position during 
needle retention (the needles can be secured with tape). Caution: 
Pneumothorax. 


Actions/Indications 

© Tonilies and nourishes the Heart, regulates the Heart Qi, 
unbinds the chest and removes Blood stasis, calms the shen, 
clears Fire, moves Qi locally and along the channel pathway: 
for example, for disorders of the thoracic spine and inter- 
costal region 


Special features 
Back-shu point of the Heart 
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4 Acupuncture Points of the Twelve Primary Channels 


DEEPA coverning shu pusHu 


Location 
1.5 cum lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 6th thoracic vertebra (1). 


How to find 

First, locate the spinous process of the C7 (+ 3.4.1). From there, 
count down six spinous processes to the lower border of the 
spinous process of T6. Measure 1.5 cun laterally to locate BL-16 
on the highest point of the paraspinal musculature. Or: With the 
patient standing and their arms hanging down, the spinous 
process of T7 is level with the inferior angle of the scapula 
(3.4.2). The next spinous process in a superior direction 
belongs to 6. Locate BL-16 1,5 cun lateral to the midline. 
Located on the same level are -+ Du-10 (on the midline), a point 
of + Ex-B-2 (0,5 cun lateral to the midline) and BL-4S 
(3 cun lateral to the midline). 


Needling 
05-1 cun obliquely towards the spine or transversely (subcuta- 
neously), Caution: Pneumothorax. 


Actions/Indications 
‘© Unbinds the chest and regulates the Qi movement in the tho- 
rax and the abdomen 


Special features 
Despite its designation as Back-shw point of the di mai, this 
point is hardly mentioned in classical or modern texts. 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 
Diaphragm Shu GESHU BL-17 
Location 


15 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 7th thoracic vertebra (T7).. 


Base of the 
scapular spine 


How to find 

‘The spinous process of the T7 is approximately on the level 
of the inferior angle of the scapula (+ 3.4.2). BL-17 is located 
on the level of the lower border of its spinous process and 1.5 cun 
lateral to the midline at the highest point of the paraspinal mus- 
culature. Or: Use the spinous process of the 3 for reference 
(generally on the level of the medial end of the scapular spine) 
(+ 3.4.2), Or: Use C7 as a reference point (3.4.1), 

Located on the same level are -* Du-9 (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline) and + BL-46 
(3 cun lateral to the midline). 


Needling 

0.5-1 cun obliquely towards the spine. In clinical practice, this 
point is often needled transversely (subcutaneously) towards the 
spine, This allows the patient to lie in a supine position during 
needle retention (the needles can be secured with tape). Caution: 
Pneumothorax. 


Actions/Indications 

* Cools Blood-Heat, stops bleeding, removes Blood stasis, 
nourishes and harmonises Blood (and Yin) 

# Regulates the diaphragm, descends counterflow Qi 

# Moves Qi locally and along the channel pathway 


Back-shu point of the Diaphragm, /ui-meeting point of the 
Blood. 


Special features 
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4 Acupuncture Points of the Twelve Primary Channels 


Liver Shu GANSHU 


Location 
1.5 cum lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 9th thoracic vertebra (9). 


How to find 

Ina standing position with the arms hanging down, the spinous 
process of 17 is approximately on the level of the inferior angle 
of the scapula (—* 3.4.2), From there, count down two spinous 
processes to the spinous process of T9. BL+1I8 is located on the 
level of the lower border of its spinous process and 1.5 cun lat- 
eral to the midline at the highest point of the paraspinal muscu- 
lature. Or: Use the C7 as a reference point (3.4.1), From there, 
count down nine spinous processes to T9 and locate BL-18 1.5 
cun lateral to the lower border of its spinous process. 

Located on the same level are —* Du-8 (on the midline), a point 
of + Ex-B-2 (0,5 cun lateral to the midline) and BL-47 
(3 cun lateral to the midline). 


Needling 

0.5-1 cun obliquely towards the spine. In clinical practice, this 
point is often needled transversely (subcutaneously) towards the 
spine. This allows the patient to lie in a supine position during 
needle retention (the needles can be secured with tape). Caution: 
Pneumothorax. 


Actions/Indications 

Spreads Liver Qi, cools Fire, clears Damp-Heat, regulates 
and nourishes Liver Blood, subdues (internal) Wind 

‘Benefits the eyes 

‘Benefits the sinews 


Special features 
Back-shu point of the Liver 
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4.7 The Bladder Channel System — Foot taiyang (zu tai yang jing luo) 


Gall Bladder Shu DANSH 


15 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 10th thoracic vertebra (T10). 


Ina standing position with the patient’s arms hanging down, the 
spinous process of T7 is approximately on the level of the inferior 
angle of the scapula (+ 3.4.2). From there, count down three 
spinous processes to the spinous process of T10, BL-19 is located 
on the level of the lower border of its spinous process and 1.5 cun 
lateral to the midline at the highest point of the paraspinal mus- 
culature. Or: Use C7 as a reference point (+ 3.4.1), From there, 
count down 10 spinous processes to T10 and locate BL-19 1.5 
cun lateral to the lower border of its spinous process. Or: Use 
the lumbar spine as a reference point (+ 3.4.3). 

Located on the same level are -* Du-7 (on the midline), a point 
of > Ex-B-2 (0.5 cun lateral to the midline) and + BL-48 
3 cun lateral to the midline). 


0,5-1 cun obliquely towards the spine. In clinical practice, this 
point is often needled transversely (subcutaneously) towards the 
spine, This allows the patient to lie in a supine position during 
needle retention (the needles can be secured with tape). Caution: 
Pneumothorax. 


Clears Damp-Heat from the Liver and Gall Bladder 
Expels pathogenic factors from the shaoyang 
‘Tonifies and regulates the Gall Bladder Qi 


Unbinds the chest and relaxes the pathway of the channel | 


Back-shw point of the Gall Bladder. Important point for cleuring 
Damp-Heat from the Liver and Gall Bladder. 
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4 Acupuncture Points of the Twelve Primary Channels 


Spleen Shu PISHU 


270 


Location 
15 cum lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 11th thoracic vertebra (T11). 


How to find 

Ina seated position with the arms hanging down, the spinous 
process of 17 is approximately on the level of the inferior angle 
of the scapula (+ 3.4.2). From there, count down four spinous 
processes to the spinous process of TH, BL-20 is located on the 
level of the lower border of its spinous process and 1,5 cun lateral 
to the midline at the highest point of the paraspinal musculature. 
Or: Locate the articulation of the most inferior rib (T12) and 
palpate in a superior direction to TH. Or: Use the lumbar spine 
for reference (3.4.3), 

Located on the same level are + Du-6 (on the midline), 
a point of + Ex-B-2 (0.5 cun lateral to the midline) and BL-49 
(3 cun lateral to the midline). 


Needling 

0.5-1 cun obliquely towards the spine. In clinical practice, this 
point is often needled transversely (subcutaneously) towards the 
spine. This allows the patient to lie in a supine position during 
needle retention (the needles can be secured with tape). Caution: 
Pneumothorax. 


Actions/Indications 

* Tonifies the Spleen Qi and Yang, regulates Qi in the Middle, 
raises Qi 

‘© Transforms Dampness 

‘* Holds and nourishes Blood 


Special features 

Back-shu point of the spleen. Major point for tonifying the Mid- 
dle, especially for Spleen deficiency syndromes. Use moxibus- 
tion or tonifying needle techniques for nourishing the Blood. 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Stomach Shu WEISHU 
Location 


1.5 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 12th thoracie vertebra (T12). 


How to find 

Ina seated position with the arms hanging down, the spinous 
process of 7 is approximately on the level of the inferior angle 
of the scapula (+ 3.4.2). From there, count down five spinous 
processes to the spinous process of T12. BL-21 is located on the 
level of the lower border of its spinous process and 1.5 cun lateral 
to the midline at the highest point of the paraspinal musculature. 
Or: Palpate for the articulation of the most inferior rib with T12 
and locate BL-21 1.5 cun lateral to the lower border of its spin- 
ous process. Or: Use the lumbar spine for reference (+ 3.4.3). 
Located on the same level are a point of + Ex-B-2 (0.5 cun lat- 
eral to the midline) and + BL-S0 (3 cun lateral to the midline). 


Needling 

05-1 cun obliquely towards the spine. In clinical practice, this 
point is often needled transversely (subcutaneously) towards the 
spine, This allows the patient to lie in a supine position during 
needle retention (the needles can be secured with tape). Caution: 
Preumothorax. 


Actions/Indications 

# Regulates the Stomach, descends counterflow Qi, harmonises 
the Middle Bummer, eliminates Dampness and food stagnation 

* Opens the channel 


Back-shu point of the Stomach, main point for regulating any 
dysfunction of the Stomach. 


Special features 
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4 Acupuncture Points of the Twelve Primary Channels 


San Jiao Shu SANJIAOSHU 


Location 
15 cum lateral to the posterior midline, on the level of the lower 
border of the spinous process of the Ist lumbar vertebra (L1), 


How to find 

For orientation in the lumbar region (—* 3.4.3), first, determine the 
‘Tullier’s line (a line connecting the highest points of the iliac 
crests), which in most cases intersects with the spinous process 
of LA (note: this varies depending on the patient's position 3.4.3). 
From there, count upward to the lower border of the spinous 
process of L1 and, on this level, locate BL-22 1,5 cun in a lateral 
direction, on the highest point of the paraspinal musculature, 
Located on the same level are + Du-S (on the midline), a point 
of  Ex-B-2/BL-S1/Ex-B-4 (0.5 cun/3 cun/3.Scun lateral of the 
midline). 


Needling 
Obliquely 0.5-1.5 cun, Caution: Kidneys. 


Actions/Indications 

Regulates the Triple Burner 

© Opens the water passages and promotes urination 
© Has an effect on the shaoyang 


Special features 
Back-shu point of the Triple Burner. Especially regulates the 
relationship between the Middle and Lower Burner. 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 
Kidney Shu SHENSHU BL-23 
Location 


1.5 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 2nd lumbar vertebra (L2). 


How to find 

For orientation in the lumbar region (—* 3.4.3), first, determine 
the Tutlier’s line (a line connecting the highest points of the iliac 
crests), which in most cases intersects with the spinous process 
of LA (note: this varies depending on the patient's position + 3.4.3) 
From there, count upward to the lower border of the spinous 
process of L2 and, on this level, locate BL-23 1.5 cun in a lateral 
direction, on the highest point of the paraspinal musculature, 
Located on the same level are —* Du-4 (on the midline), a point 
of + Ex-B-2/BL-52 (().5 cun/3 cun lateral of the midline), 


Needling 
Vertically or obliquely 0,5—1,5 cun, Caution: Kidneys. 


Actions/Indications 

# Strengthens the Kidneys, tonifies the Kidney Qi and Yang, 
benefits the Essence (jing), nourishes the Kidney Yin 
Regulates the Lower Bummer, benefits the uterus 

Benefits the bones and the marrow 

Benefits the eyes and ears 

Strengthens the lower back 


Special features 

Back-shu point of the Kidneys, according to some authors, 
meeting point with the du mai. Major point for tonifying the 
Kidneys. Use tonilying needle techniques for all Kidney deficiency 
syndromes. Moxibustion tonifies especially the Kidney Yang, 
Caution: Moxibustion is contraindicated for Kidney Yin defi- 
ciency with empty Heat (Heat in the Five Hearts (Heat in the 


thorax, the palms and the soles of the feet), night sweats, rest- ] 
lessness, often a red tongue). H 


Level of 
ae crests 
(dependenton “4 ~ 
patient pos! 
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4 Acupuncture Points of the Twelve Primary Channels 


Sea of Qi QIHAISHU 
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Location 
15 cum lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 3rd lumbar vertebra (L3). 


How to find 

For orientation in the lumbar region (+ 3.4.3), first, determine 
the Tuffier’s line, Place both hands directly superior or lateral to 
the highest points of the iliac crests, joining the thumbs on the 
‘midline at the lumbar spine. In most cases, this line intersects 
With the spinous process of L4 (note: this varies depending on 
the patient's position ~* 3.4.3), From there, count upward to the 
lower border of the spinous process of L3 and, on this level, 
locate BL-24 1,5 cun in a lateral direction. 

Located on the same level are a point of + Ex-B-2 (0.5 cun lat- 
eral to the midline) and — Ex-B-S (xiazhishi; 3 cum lateral to the 
midline according to the WHO location notes). 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 
‘© Benefits the back and strengthens the knees 
© Regulates and tonifies Qi and Blood of the Lower Burner 


8) Lead free soldering 

Introduction: 

Normally all solderings (mechanical - and hand soldering) were executed with soldering material that 
contained lead. (40 % lead / 60% tin) 

But lead is toxic and therefore damaging for humans and for nature, 

Hence European directives were made in which companies will be obliged to use soldering techniques 
without lead after July 2006. 


Soldering without lead is relatively new in the world of electronics, 


Lead-free solder 
If no lead is present in the soldering wire, this has to be replaced. The soldering wire needs to contain 
another metal, like SILVER & COPPER. ( 96,5 % tin / 3% silver / 0,5 % copper ) 


‘This new composition has the advantage that it is no longer toxic and that the soldering connections are 
stronger. (lead is relatively weak). But this new composition also has some negative consequences: 

1) The cost is higher (silver and copper alloys are more expensive than lead) 

2) The joints look different (more granular instead of shining) 

3) The melting temperature is higher 
One of the main points of interest is the higher melting temperature, One would think that as a 
consequence of the higher melting temperature of the solder, also the soldering temperature needs 
to be raised. This however is not always allowed! Some components are only able to handle a certain 
maximum temperature for a certain time. 


In practice, 
- You can use your original soldering station if you can reach the correct temperature at the soldertip 
- The soldering bit has to be a bit larger than a soldering bit for soldering with lead. 


Pay attention: Solder with lead and solder without lead can never be mixed. 


9) Temperature specifications of the soldering bit 


Solder with lead 


Proces: Bit Type Solder [Min [center [Max 
Pins ETE / BTCC] 1131-0519 _|UOS-014 |a40°C [380°C 00°C 
en) ETF / BTCC UOS-005 |320°C__ [340°C [60°C 
OBL Display ETCC UOS-004 [220°C _ [290°C 00°C 
Connector ETL / ETF UOS-005 [320°C [340°C 60°C 
Flexible PCB ETF UOS-004 [280°C [300°C [20°C 
IC's & QFP IC's 1121-0490 vos-005 [280°C [300°C [320°C 
Removal bridge ETE 7 BTCC WOS-005 [320°C _[s40°e BeOS 
rights ETF / ETB /1121-0519 __|UOS-005 [280°C [300°C a20°C 
SMT/SMD repair _|ETL / ETF [UOS-005 [280°C _ [800°C [20°C 


‘Temp. specifications Pioneer standard ZES-AOIS & ZBS-BOI6 
Solder without lead 


Pins ETB 7 Lice Wos-026 [400 [410°C 20°C 
en) TF / LTCC WOS-027 [320°C [840°C [60°C 
OBL Display TCC WOS-028 [280°C _[s00°C a20°C 
Connector CTL / LiF vOs-027 |320°C__[s40°c 60°C 
Flexible PCB LF UOS-028 [280°C [300°C [a20°C 
IC's & QFP IC's 1121-0490 Uos-027 [280°C [300°C [320°C 
Removal bridge LTB / LTCC jvos-027 |320°C [340°C [60°C 
Lights LTR / LTB UOS-027 [280°C [300°C [20°C 
SMT/SMD repair _|LTL (LIF UOS-027 [280°C [300°C [a20°C 


‘Temp. specifications Pioneer standard ZESA0#S 


‘Types of soldering wire: 
With lead [WOS-014 (1 mm) + UOS-005 (0.8 mm) + UOS-004 (0.5mm) 
Without lead [WOS-026 (1 mm) + UOS-027 (0.8 mm) + UOS-028 (0.5 mm) 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Large Intestine Shu DACHANGSHU 


Location 
15 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 4th lumbar vertebra (L4). 


How to find 

For orientation in the lumbar region (—* 3.4.3), first, determine 
the Tuffier’s line. Place both hands directly superior or lateral to 
the highest points of the iliac crests, joining the thumbs on the 
midline at the lumbar spine, In most cases, this line intersects 
With the spinous process of L4 (note: this varies depending on 
the patient's position + 3.4.3). On this level, locate BL-25 1.5 
cun in a lateral direction, 

Located on the same level are + Du-3 (on the midline), 
8 point of —+ Ex-B-2 (0.5 cun lateral to the midline), + Ex-B-6 
3 cun lateral to the midline) and + Ex-B-7 (3.5 cun lateral to 
the midline), 


Needling 
Vertically 11.5 cun 


= 


Actions/Indications 
# Regulates the intestines and promotes the Qi flow 
# Strengthens the lower back 


Special features 
Back-shu point of the Large Intestine. Important point for regu- 
lating the Large Intestine Qi. Important local point for acute and 
chronic lumbar disorders. 
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4 Acupuncture Points of the Twelve Primary Channels 


BEE cote of origin shu GUANYUANSHU 


Location 
1.5 cum lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 5th lumbar vertebra (LS). 


How to find 

For orientation in the lumbar region (+ 3.4.3), first, determine 
the Tuffier’s line, Place both hands directly superior or lateral to 
the highest points of the iliac crests, joining the thumbs on the 
‘midline atthe lumbar spine. In most cases, this line intersects with 
the spinous process of L4 (note: this varies depending on the 
patient's position; for more detail on orientation in the lumbar! 
sacral region + 3.4.3, 3.4.4). Next, locate the lower border of 
the spinous process of LS and, on this level, locate BL-26 1.5 cun 
in a lateral direction. 

Located on the same level are + Ex-B-8 (on the midline) and a 
point of + Ex-B-2 (0,5 cun lateral to the midline), 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 

© Strengthens the back, especially for Kidney deficiency 
syndromes 

Regulates the Lower Bumer 
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4.7 The Bladder Channel System — Foot taiyang (zu tai yang jing luo) 


Small Intestine Shu X!AOCt 


15 cun lateral to the posterior midline, on the level of the first 
sacral foramen, 


3.4.3): from the rima ani, palpate 3 cun (1 handbreadth) in a 
superior and lateral direction at a 45° angle, until you can feel 
distinct bony ridge (often superficially visible by a dimple) 
BL-27 is located slightly superiorly and medially to the PSIS, 
15 cun lateral to the midline, on the level of the first sacral fora 
men. For more detail on orientation in the lumbar and sacral 
region 43.4.3, 3.4.4, 

Located on the same level are + BL-31 (over the Ist sacral fora- 
men) and —* BL-28 (slightly below and medial to the PSIS at the 
level of the 2nd sacral foramen). 


Vertically 0.5-1 cun 


‘Tonifies the Small Intestine Qi 
Drains Dampness and Damp-Heat 
Regulates the water passages 


Back-shu point of the Small Intestine L 
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4 Acupuncture Points of the Twelve Primary Channels 


Bladder Shu PANGGUA H 
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1.5 cun lateral to the posterior midline, on the level of the second 
sacral foramen, 


Quick method: Locate the posterior superior iliac spine (PSIS 
= 3.4.3): from the rima ani, palpate 3 cun (I handbreadth) in a 
superior and lateral direction at a 45* angle, until you can feel a 
distinct bony ridge (often superficially visible by a dimple). 
BL-28 is located slightly inferiorly and medially to the PSIS, 
1.5 cun lateral to the midline on the level of the 2nd sacral fora- 
‘men, For more detail on orientation in the lumbar and sacral 
region + 3.4.3, 3 
Located on the same level are -* BL-32 (over the 2nd sacral 
foramen) and —* BL-S3 (3 cun lateral to the midline), -* BL-27 
is located slightly superiorly and medially to the PSIS on the 
level of the Ist sacral foramen. 


Vertically 0.5-1.5 cun. For local disorders, slightly oblique 
insertion towards the iliosacral joint. 


© Regulates the Bladder and the Lower Burner, clears Damp- 
Heat from the Lower Burner, removes stagnation and trans- 
forms masses 

‘Benefits the lumbar region and the legs 


Buck-shu point of the Bladder 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 


Mid Spine Shu ZHONGLUSHU [JETS T 


Location 
15 cun lateral to the posterior midline, on the level of the 3rd 
sacral foramen, 


How to find 

For more detail on orientation in the lumbar and sacral region, 
see + 3.4.3, 3.4.4, First of all find LS. The next palpable struc- 
ture in an inferior direction is the most superior sacral spinous 
process, Palpate in an inferior direction for two further sacral 
processes and locate the 3rd sacral foramen in a depression less 
than 1 cun lateral to the 3rd process, BL-29 is located on the same 
level (3rd sacral foramen) and 1.5 cun lateral to the midline. 
Also located on this level is + BL-33 (over the 3rd sacral 


foramen). 
Needling 
My Vertically 0.5-1.5 cun 
Tuffie'stine, Hae crest 


Actions/Indications 

Strengthens the lower back and the Kidneys 

# Expels Cold 

# Regulates the Lower Burner and stops diarrhoea 


Lumbosacral 
junetion 


Sacrum / 


Higsacral joints 


Bladder channel, 

lateral branch 

Him Bladder channel, 
‘medial branch, 
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4 Acupuncture Points of the Twelve Primary Channels 


White Ring Shu BAI HUAN SHU 


Location 
1.5 cun lateral to the posterior midline, on the level of the 4th 
sacral foramen, 


How to find 

For more detail on orientation in the lumbar and sacral region, 
see + 3.4.3, 3.4.4, First, find LS, The next palpable structure in 
an inferior direction is the most superior sacral spinous process. 
Palpate in an inferior direction for three further sacral processes 
and locate the 4th sacral foramen in a depression less than I cun 
lateral to the 4th process. BL-30 is located on the level of the 4th 
foramen, 1.5 cun lateral to the midline. 

Located on the same level are —* BL-34 (over the dth sacral fora- 
‘men) and + BL-S4 (3 cun lateral to the midline). 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 

‘© Strengthens the lower back and the knees 
Eliminates Damp-Heat from the Lower Burner 
© Regulates menstruation 


lateral branch 
Bladder channel, 
‘medial branch 


* IN IRENE TIS 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 


Eight Liao BALIAO 


How to find 

For more detail on orientation in the lumbar and sacral region, 
3.4.3, 3.4.4, First, locate LS. The next palpable structure in an 
inferior direction is the most superior sacral spinous process. 
Palpate in a lateral direction on the level of the sacral processes 
for the depressions of the sacral foramina. Or: Locate the 4th 
sacral foramen on the level of the superior end of the rima ani 
(sometimes a bit more superiorly or inferiorly). Place the little 
finger on the 4th foramen, then the ring, middle and index fin- 
gers on a slightly V-shaped line in a superior direction, palpating 
for the depressions of the sacral foramina. With the fingers in 
this position, the index finger will be resting on the Ist foramen 
(BL-31), the middle finger on the 2nd foramen (BL-32), the ring 
finger on the 3rd foramen (BL.~33) and the little finger on the 4th 
foramen (BL-34). Located on the same level as BL-31-BL-34 
are the points + BL-27-BL-30 on the inner branch of the BL 
channel (1.5 cun lateral to the midline) as well as + BL-S3 (on 
the level of BL-32) and + BL-54 (on the level of BL-34), both 
3 cun lateral to the midline, Also on the level of BL-34 is 
+ Ex-B-11 (3.5 cun lateral to the midline), 


Needling 

Vertically 0.7-1.5 cun. Caution: Pregnancy (especially reducing 
needling techniques are contraindicated); exception: to promote 
labour. 


These points are described together because of their similar  Actions/Indications 


actions and indications. # Regulates the Lower Bumer, promotes urination (all eight 
BL-31 (shangliao) ‘Upper Crevice’, 1st sacral foramen points) (BL-32 and BL-33 have the strongest action in cases, 
BL-32 (ciliao) ‘Second Crevice’, 2nd sacral foramen of urinary disorders, while BL-34 has the strongest action in 
BL-33 (zhongliao) ‘Middle Crevice’, 3rd sacral foramen cases of genital disorders) 


BL-34 (xialiao) ‘Lower Crevice’, 4th sacral foramen * ‘Strangthens the Kisineys and Essence (jing) 
* Benefits the Intestines (BL-34 has the strongest action in 


B 
im 
i 


* Promotes labour (for example, use BL-32 with clectro- 
acupuncture) 

© Benefits the lumbar region (BL-32 and BL-33 have the 
strongest action) 


Special features 
According to some authors, meeting point with the G.B. channel, 
Clinically, BL-32 is the most commonly used point owing to its 
Widest range of indications. Electro-scupuncture at BL-32 is 
useful for alleviating pain during labour: after needling this 
point, bend the handle of the needle in a superior direction at a 
90° angle and tape it to the skin, Now attach the electro-stimulation, 
‘This method allows the woman to lie down if desired. 
Moxibustion of the baliao is indicated for difficult urination or 
defecation due to Kidney deficiency in elderly people. 
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4 Acupuncture Points of the Twelve Primary Channels 


Meeting of Yang HUIYANG 


* CIN IRENE TIS 


Location 
0.5 cun lateral to the posterior midline, on the level of the tip of 
the coceyx. 


How to find 

Locate the coccyx superior to the anus. In contrast to the sacrum, 
the coceys is movable, BL-35 is located 0.5 cun lateral to the 
‘midline on the level of the tip of the coccyx, 

— Du-2 is located on the midline, on the level of the sacral 
hiatus (+ 3.4.4) and superior to BL-38 and the tip of the coceyx. 


Needling 
Vertically 11.5 cun 


Actions/Indications 

© Clears Damp-Heat from the Lower Burner 
© Treats haemorthoids and rectal prolapse 
Benefits the coceyx 


Special features 

Especially in patients with a weakened immune system, this 
point should be needled only if strictly necessary and after using 
a disinfecting wipe three times. 


Bladder channel, 
‘medial branch 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Hold and Support CHENGFU 


Location 
In the gluteal crease, superior to the midpoint of the popliteal 
crease (+ BL-40). 


How to find 

Locate the midpoint of the popliteal crease (in obese patients, 
use bony/muscular structures to find the midpoint), BL-36 is 
located directly vertically above the midpoint of the popliteal 
crease, in the gluteal crease atthe transition between the buttocks 
and the posterior aspect of the thigh (palpate for a depression). 


Needling 
Vertically 1-2 cun 


Actions/Indications 

© Opens the channel, alleviates pain 

© Relaxes the tendons 

© Regulates the Lower Burner and treats haemorrhoids 


Highest 
prominence 1 
ofthe greater 2} 
trochanter qe 
° Centre ofthe 
H popliteal 
7 } Q| 
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4 Acupuncture Points of the Twelve Primary Channels 


Gate of Abundance YINIMIEN 


ly 


g 


Location 
6 cun distal to + BL-36 (gluteal crease), on a line connecting 
= BL-36 and + BL-40 (in the popliteal crease), in a gap in the 
‘musculature, 


How to find 

First, locate + BL-36 in the centre of the gluteal crease and, 
from there, palpate 6 cun along the posterior aspect of the thigh 
in an inferior direction towards the centre of the popliteal crease 
(> BL-40), This is the location of BL-37, which in slim patients 
can be located where the long head of the biceps femoris muscle 
and the semitendinosus muscle converge (ustally 8 cun superior 
to the centre of the popliteal crease. Or: Spreading hands tech- 
nique (— 2.3.3 or elastic tape): Place the little fingers on the cen- 
tre of the popliteal crease (+ BL-40) and the centre of the 
gluteal crease (+ BL-36). Locate BL-37 1-2 cun proximal to 
the midpoint of the distance, in a depression between the two 
muscle bellies. 


Needling 
Vertically 0.5-2 cun 


Actions/Indications 
#Relaxes the tendons 

‘© Opens the channel and luo vessels 
‘Benefits the lower back 


ic a A 


Highest 
prominence 
‘of the greater 
trochanter 


Centre of the 
popliteal 


types of soldering bits: 


~ = ss Se 


=] (Ecc ] 


—._ ™ +See 


{Eto 


[cTsD7] {ETc 


ail) 2 ig devices: 


“Glean-opoint”: for automatic 
cleaning of the soldering bit 
with 2 rotating sponges 


* Brush" : for removal 
of possible soldering residues 
after soldering 


"Solder dispenser”: for a simple 
supply of soldering wire 


“Bit cleaner”: 


‘for drying and cleaning 
of the soldering bit 


" Flux dosing bottle: 
(for easy adding of flux 
(with brush) 


iter” : for making a cut 
in the soldering wire, in order to 
reduce the formation of little 
soldering balls 


“Tweezer-copper bit": handy tool for 
the removal of SMD/SMT components. 


ia 


"Warm air desoldering appliance’: _"Desoldering appliance’: "Soldering magnifying glass": 
{for easy desoldering of ‘for easy desoldering {for a good view during 
‘lat: package IC's of point solderings soldering 


uy 
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4.7 The Bladder Channel System — Foot taiyang (zu tai yang jing luo) 
Floating Cleft FUXI BL-38 
Location 


On the laterodorsal aspect of the knee, 1 cun superior and lateral 
to the centre of the popliteal crease (+ BL-40), medial to the 
biceps femoris muscle, or 1 cun proximal to + BL-39. 


How to find 

“To locate the popliteal crease, ask the patient to flex their knee 
slightly and palpate for the knee joint space. By flexing the knee 
against resistance, the tendon of the biceps femoris muscle will 
become more pronounced and visible. Locate BL-38 1 cun 
superior to the knee joint on the medial border of the tendon. 

+ BL-39 jis located 1 cun distal to BL-38 on the level of the 
popliteal crease. 


Needling 
Vertically 1-2 cun 


Actions/Indications 

* Relaxes the muscles and tendons 

© Opens the channel and [uo vessels 

© Clears Heat (from the Small Intestine) 
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4 Acupuncture Points of the Twelve Primary Channels 


Outside of the Crook WEIYANG 


Location 

At the lateral end of the popliteal crease, on the medial side of 
the tendon of the long head of the biceps femoris muscle, 1 cun 
lateral to + BL-40 (in the centre of the popliteal crease). 


How to find 

‘This point is best located with the patient’s knee slightly flexed. 
Find the midpoint of the popliteal crease (+ BL-40) and locate 
BL-39 approximately 1 cun lateral in a depression medial to the 
tendon of the long head of the biceps femoris muscle, Located 
onthe same level is—+ BL-40 at the centre of the popliteal crease. 


Needling 
Vertically 0.5-1.5 cun. Caution: N. fibularis communis, 


Actions/Indications 
‘* Harmonises the Triple Burner and regulates the water passages 
© Opens the channel and the /uo vessels, alleviates pain 


Special features 
Lower he-sea point of the Triple Burner 
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4.7 The Bladder Channel System — Foot taiyang (zu tai yang jing luo) 
Middle of the Crook WEIZHONG BL-40 


Location 
In the centre of the popliteal crease, between the tendons of the 
biceps femoris and semitendinosus muscles. 


How to find 

‘This point is best located with the patient’s knee slightly flexed. 
Locate the centre of the popliteal crease (a pulse may be palpa- 
ble) and there locate BL-40, 

Located on the same level are * BL-39 (1 cun laterally), 
+ KID-10 (more medially, between the tendons of the semi- 
‘membranosus and semitendinosus muscles) and —+ LIV-8 (more 
medially, anterior to the tendons of the semimembranosus and 
semitendinosus muscles). 


Needling 
Vertically 0.5-1,5 cun. Caution: Popliteal nerve, artery and vein 
lie deep to this point, Use moxibustion with caution (contraindi- 
cated according to some authors). To clear Heat and eliminate 
stasis: bleed the superficial veins, possibly followed by brief cup- 
ping. Caution: Only use for excess conditions and in constitution- 
ally robust patients. BL-40 is also indicated as a distal point for 
the lower back: needle with the patient standing (for safety and 
balance, use a treatment couch or chair as a support for the hands) 
and ask them to move their lower back gently while manipulating 
the needle (only short needle retention). When needling this point 
with the patient in a prone position, place a supporting roll or 
pillow under the ankles to relax the popliteal crease. 


Actions/Indications 

* Clears (summer) Heat, stops vomiting and diarrhoea 

* Cools the Blood 

‘Benefits the lower back and knees, opens the channel and fo 
vessels, alleviates pain 


Dan Yang Heavenly Star point, Gao Wu command point of the 
lumbar region, Important distal point for the lower back, point 
with a wide range of indications. 


Special features | 
He-sea point, Earth point, lower /e-sea point of the Bladder, Ma 
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4 Acupuncture Points of the Twelve Primary Channels 


DET attached Branch FUFEN 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 2nd thoracic vertebra (2). 


How to find 

After locating the spinous process of C7 (—* 3.4.1), count down 2 
spinous processes tothe lower border of the spinous process of T2. 
Locate BL~41 3 cun lateral from the midline (with the shoulders 
relaxed and the arms hanging loosely down, 3 cun corresponds 
on this level to the distance from the midline to the medial bor- 
der of the scapula), Note: From BL-41 to + BL-S4, all points on 
the BL channel are located on its outer branch. 

Located on the same level are a point of + Ex-B-2 (0.5 cun lat- 
eral to the midline), BL-12 (1.5 cun lateral to the midline) and 
= S.L-13 (more laterally, on the scapula). 


Needling 
Obliquely 0.3-0.5 cun, Caution: Pneumothorax. 


Actions/Indications 
©  Expels pathogenic factors such as Wind and Cold 
‘© Opens the channel and the luo vessels, alleviates pain 


i 


Special features 
Meeting point with the $.1. channel 


Y 


_SH3, 


* fey FO] [Is DR fee) TS 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 


Door of the Corporeal Soul POHU 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 3rd thoracie vertebra (T3). 


How to find 

After locating the spinous process of C7 (+ 3.4.1), count down 
3 spinous processes to the lower border of the spinous process of 
“T3, Located on this level and 3 cun Lateral to the midline is BL-42, 
(Or: With the patient seated and their shoulders in a relaxed post 
tion, the spinous process of 'T3 is generally on the level of the 
medial end of the scapular spine, an easily palpable structure 
(+ 3.4.2), Locate BL-42 on the level of the lower border of 
the spinous process of T3, 3 cun lateral to the midline, With the 
patient's shoulders relaxed, 3 cun corresponds on this level to the 
distance from the midline to the medial border of the scapula. 
Located on the same level are “+ Du-12 (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline) and + BL-13 
(2.5 cun lateral to the midline). 


Needling 
Obliquely 0.3-0.5 cun, Caution: Pheumothorax. 


Actions/Indications 

‘Tonifies and nourishes the Lung 

Alleviates wheezing and coughing, calms the corporeal soul 
(po) 

Opens the channel and alleviates pain 

Clears Heat from the Lung 
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4 Acupuncture Points of the Twelve Primary Channels 


Vital Region Shu GAOHUANG 


4 


‘SHNKZSS 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 4th thoracic vertebra (T). 


How to find 
After locating the spinous process of C7 (+ 3.4.1), count down 
4 spinous processes to the lower border of the spinous process of 
‘T4. Located on this level and 3 cun lateral to the midline is 
BL-43. Or: Locate BL-43 by using the spinous process of T3 
(generally, on the level of the easily palpable medial end of the 
scapular spine, 3.4.2) as a reference point, 

Located on the same level are a point of + Ex-B-2 (0.5 cun lat- 
eral tothe midline) and —+ BL-14 (1.5 cun lateral to the mi 


Needling 
Obliquely 0.3-0.5 cun. Moxibustion is often used on this point. 
Caution: Pneumothorax, 


Actions/Indications 

© ‘Tonifies and nourishes the five zang-Ongans: Lung, Heart, 
Kidneys, Stomach and Spleen 

Nourishes Yin, clears Heat 

Calms the shen 

Strengthens the Original Qi (yuan gi) 

Eliminates Phlegm 


Special features 
Important point for deficiency syndromes (classic indication) 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 
Spirit Hall SHENTANG BL-44 
Location 


3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the Sth thoracic vertebra (T5).. 


How to find 

Alter locating the spinous process of C7 (3.4.1), count down 
5 spinous processes to the lower border of the spinous process 
of TS, Located on this level and 3 cu lateral to the midline is 
BL-44, Or: With the patient seated and their shoulders in a relaxed 
position, the spinous process of T3 is generally on the level of 
the medial end of the scapular spine, an easily palpable structure 
(+ 3.4.2), Locate BL-44 by counting down to the level of the 
lower border of the spinous process of TS and measure 3 cun 
lateral to the midline. 

Located on the same level are “+ Du-LI (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline) and + BL-1S 
(1.5 cun lateral to the midline), 


Needling 
Obliquely 0.3-0.8 cun, Caution: Pneumothorax. 


Actions/Indications 
* Regulates the Upper Burner, unbinds the chest 
‘© Opens the channel and alleviates pain 
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4 Acupuncture Points of the Twelve Primary Channels 


DED cry of Pain vixi 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 6th thoracic vertebra (T'). 


How to find 

After locating the spinous process of C7 (+ 3.4.1), count down 
6 spinous processes to the lower border of the spinous process 
of T6, Located on this level and 3 cun lateral to the midline is 
BL-4S. Or: With the patient seated and their shoulders in a relaxed 
position, the spinous process of 7 is generally on the level of 
the inferior angle of the scapula (+ 3.4.2). Locate BL-45 on the 
level of the spinous process of 6, 3 cun lateral to the midline. 
Located on the same level are —+ Du-10 (on the midline), a point 
of + Ex-B-2 (0,5 cun lateral to the midline) and — BL-16 
(1.5 cun lateral to the midline). 


Needling 
Obliquely 0.3-0.8 cun, Caution: Pneumothorax. 


Actions/Indications 

© Expels pathogenic factors, especially Wind and Heat 
Descends the Lung Qi and unbinds the chest 

‘© Strengthens the Qi and Blood and alleviates pain 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Diaphragm’s Gate GEGUAN 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 7th thoracic vertebra (T7).. 


How to find 

With the patient standing and their shoulders in a relaxed posi- 
tion, the spinous process of T7 is generally on the level of the 
inferior angle of the scapula (+ 3.4.2). Locate BL~46 on the 
level of the spinous process of T7, 3 cun lateral to the midline. 
(Or: With the patient seated, the spinous process of T3 is gener- 
ally on the level of the medial end of the scapular spine, an eas- 
ily palpable bony protrusion at the medial border of the scapula 
(+ 3.4.2). From there, count down 4 spinous processes to the 
spinous process of T7. Locate BL-46 on this level, 3 cun lateral 
to the midline, Or: Find the spinous process of C7 (+ 3.4.1), 
From there, count down 7 spinous processes in an inferior direc- 
tion to the spinous process of T7. Locate BL-46 on this level, 
3 cun lateral to the midline. 

Located on the same level are -* Du-9 (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline) and + BL-17 
(1.5 cun lateral to the midline), 


Needling 
Obliquely 0.3-0.8 cun, Caution: Pheumothorax. 


Actions/Indications 

Regulates the diaphragm and descends counterflow Qi 
‘* Harmonises the Middle Burner 

© Opens the channel and alleviates pain 
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4 Acupuncture Points of the Twelve Primary Channels 
Gate of the Ethereal Soul HUNIVIEN 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 9th thoracic vertebra (9). 


How to find 

Ina sitting position with the arms hanging down, the spinous 
process of T7 is generally on the level of the inferior angle of the 
scapula (+ 3.4.2), From there, count down 2 processes to the 
lower border of the spinous process of T9. BL-47 is located 3 cun 
lateral to this paint, Or: Locate the spinous process of C7 (+ 3.4.1), 
From there, count down 9 processes to the lower border of the 
spinous process of T9 and locate BL-47 3 cun lateral to it. 
Located on the same level are —* Du-8 (on the midline), a point 
of + Ex-B-2 (0,5 cun lateral to the midline) and BL-18 
(2.5 cun lateral to the midline). 


Needling 
Obliquely 0.3-0.5 cun, Caution: Pneumothorax. 


Actions/Indications 

© Spreads the Liver Qi 

‘© Harmonises the Spleen and the Stomach 
© Relaxes the tendons 


AE 
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The Basic Soldering Guide 


http://www.epemag.wimborne.co.uk/solderfag.htm (for text in this document) 


LAXXRIRIZY 
-AL-_RGbyfls 


basics for wire (Good intro) : http://www youtube.com/watch? 
The Happy Soldering Iron: http://www youtube.com/watch? 
basics: http://www youtube.com/watch?v=1_NU2ruzye4 
Watvtemp comparison hupy/ww.xouube com/watchv=Vi9pWu6K6tc&NR=L 
nw youtube.com/watch?v=Sfb1 Ve5221V &NR=1 

types of solder: http://www.youtube,com/watch?v=COgGkY MOA44 
maintenance: http://www youtube.com/watch?v=krxTIZCFptk&NI 


Good overview with some odd bits: http://www.youtube.com/watch 2v=AOdnGUMi7IQ 


2 good overview: http://www.youtube.com/watch'v=8UN3D2-(64A 
Hot air pencil/gun: hitp://www.youtube.com/watch?V=Ax YRF6AB2CU 
Desoldering gun (short): http://www. youtube.com/watch?v=8Z6MvZz_ uNe 


Crazy Guy from Make Electronics: http://www youtube.com/watch?v=3N3ApzmyjzE 
Not Soldering!! — Bread board: http://www.youtube.com/watch?v=0igNaSPTI7w 


This written guide will help beginners and novices to obtain effective results when 
soldering electronic components. If you have little or no experience of using a soldering 
iron, then EPE (Everyday Practical Electronics magazine) recommends that you practice 
your soldering technique on some fresh surplus components and clean stripboard 
(protoboard), before experimenting with a proper constructional project. This will help 
you to avoid the risk of disappointment when you start to assemble your first prototypes. 
If you've never soldered before, then read on! 


Soldering irons 


The most fundamental skill needed to assemble any electronic project is that of 
soldering. It takes some practice to make the perfect joint, but, like riding a bicycle, once 
learned is never forgotten! The idea is simple: to join electrical parts together to form an 
electrical connection, using a molten mixture of lead and tin (solder*) with a soldering 
iron, A large range of soldering irons is available - which one is suitable for you depends 
on your budget and how serious your interest in electronics is. 


[*Note: the use of lead in solder is now increasingly prohibited in many countries, "Lead 
free" solder is now statutory instead.] 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 


Yang's Key Link YANGGANG 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 10th thoracic vertebra (T10), 


How to find 

In a sitting position with the arms hanging down, the spinous 
process of T7 is generally on the level of the inferior angle of the 
scapula (+ 3.4.2), From there, count down 3 processes to the 
lower border of the spinous process of T10, BL-48 is located 
3 cun lateral to this point. Or: Locate the spinous process of C7 
(3.4.1), From there, count down 10 processes to the lower 
border of the spinous process of T10 and locate BL-48 3 cun 
lateral to it, 

Located on the same level are -* Du-7 (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline) and + BL-19 
(1.5 cun lateral to the midline), 


Needling 
Obliquely 0.3-0.8 cun, Caution: Pheumothorax. 


Actions/Indications 

# Regulates the Gall Bladder 

© Clears Damp-Heat 

# Harmonises the Middle Burner 
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4 Acupuncture Points of the Twelve Primary Channels 


Abode of Thought YISHE 


‘ WONREEIS 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 1 Ith thoracic vertebra (T11). 


How to find 

Ina sitting position with the arms hanging down, the spinous 
process of T7 is generally on the level of the inferior angle of the 
scapula (+ 3.4.2), From there, count down 4 spinous processes 
to the lower border of the spinous process of THI and locate 
BL-49 3 cun lateral to this point. Or: From the articulation of 
the most inferior rib, palpate in a superior direction to THI. 
Or: Use the lumbar spine for reference (+ 3.4.3). 

Located on the same level are —* Du-6 (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline) and + BL-20 (1.5 
ccun lateral to the midline). 


Needling 
Obliquely 0.3-0.8 cun, Caution: Pneumothorax. 


Actions/Indications 
© Clears Damp-Heat 
‘© Harmonises the Spleen and the Stomach 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Stomach Granary WEICANG | BL-5o | 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 12th thoracic vertebra (T12). 


How to find 

In a sitting position with the arms hanging down, the spinous 
process of T7 is generally on the level of the inferior angle of the 
scapula (—* 3.4.2). From there, count down 5 spinous processes 
to the lower border of the spinous process of the T12 and locate 
BL-50 3 cun lateral to this point, Or: Locate the articulation of 
the most inferior rib with T12 and palpate 3 cun in a lateral direc- 
tion for BL-S0. Or: Orientation from the lumbar spine (3.4.3). 

Located on the same level are a point of + Ex-B-2 (0,5 cun lateral 
to the midline) and —* BL-21 (1.5 cun lateral to the midline). 


Needling 
Obliquely 0.3-0.8 cun, Caution: Pneumothorax, especially with 
asthenic patients or patients with emphysema. 


Actions/Indications 
« Harmonises the Middle Burner 
© Opens the channel 
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4 Acupuncture Points of the Twelve Primary Channels 


BS Vitals cate HUANGMEN 


* PIC IN INSETS 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the Ist lumbar vertebra (L1). 


How to find 

For orientation in the lumbar region (+ 3.4.3), first, the Tuflier’s 
line: place both hands superior or lateral to the highest points of 
the iliac crest, joining the thumbs in the middle above the spine. 
In most cases, this line intersects with the spinous process of L4 
(note: this varies depending on the patient's position + 3.4.) 
From there, count upward to the lower border of the spinous 
process of LI and, on this level, locate BL-S1 3 cun in a lateral 
direction. Or: With the patient seated and their arms hanging 
down in a relaxed way, the spinous process of T7 is generally on 
the level of the inferior angle of the scapula (+ 3.4.2). From 
there, count down six spinous processes and locate BL-S1 3 cun 
lateral to the spinous process of LI 

Located on the same level are —* Du-S (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline), + BL-22 (1.5 cun 
lateral to the midline) and + Ex-B-4 (+ 3.5 cun lateral to the 
midline). 


Needling 
‘Vertically or obliquely (05-1 cun. Caution: Kidneys, 


Actions/Indications 
‘© Moves the Qi and resolves stagnation 
Benefits the breasts 


Special features 
Distal point for disorders of the breasts 


ping 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Residence of the Will ZHISHI 


Location 
3 cun lateral to the posterior midline, on the level of the lower 
border of the spinous process of the 2nd lumbar vertebra (L2). 


How to find 

For orientation in the lumbar region (—+ 3.4.3), first, locate the 
“Tuflier’s line: place both hands superior or lateral to the highest 
points of the iliac crest, joining the thambs in the middle above 
the spine. In most cases, this line intersects with the spinous 
process of L4 (note: this varies depending on the patient's posi- 
tion + 3.4,), From there, count upward to the lower border of the 
spinous process of L2 and, on this level, locate BL-52 3 cun ina 
lateral direction, 

Located on the same level are -* Du-4 (on the midline), a point 
of + Ex-B-2 (0.5 cun lateral to the midline) and + BL-23 
(L.5 cun lateral to the midline), 


Needling 
Vertically or obliquely 0.5-1 cun, Caution: Kidneys, 


Actions/Indications 
‘«  Tonifies the Kidneys and Essence (jing), regulates urination 
© Benefits the lumbar region 
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4 Acupuncture Points of the Twelve Primary Channels 


Bladder Vitals BAOHUANG 


mJ OJIN I L=IE TIS 


300 


Location 
3 cun lateral to the posterior midline, on the level of the 2nd. 
sacral foramen, 


How to find 

For details on orientation in the lumbar and sacral region, 
73.4.3, 3.44, First, locate LS. The next palpable bony structure 
inferior to LS is the highest process of the medial sacral crest. 
Palpate inferiorly for the 2nd process and locate the 2nd sacral 
foramen slightly less than 1 cun lateral to the process. Next, 
locate BL-83 3 cun lateral to the midline on the level of the 2nd 
foramen. Or: Use the sacral foramina as a reference point 
(> 3.44), BL-83 is located on the level of the 2nd foramen, 
3 cun lateral to the midline. 

Located on the same level are —* BL-32 (over the 2nd sacral 
foramen) and > BL-28 (1.5 cun lateral to the midline), 


Needling 
Vertically or obliquely 1-1.5 cun 


Actions/Indications 

‘© Benefits the lumbar region, opens the channel and alleviates 
pain 

Regulates the Lower Burner 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 
Order's Limit ZHIBIAN BL-54 
Location 


3 cun lateral to the posterior midline, on the level of the 4th 
sacral foramen, approximately at the centre of the buttock, 


How to find 

For details on orientation in the lumbar and sacral region, see 
3.4.3, 3.4.4, First, locate LS. Inferior to it, the next palpable 
bony structure is the highest point on the medial sacral crest 
(= sacral spinous processes). Palpate downward for 3 more 
bony elevations and locate the depression of the 4th sacral foramen 
Jess than I cun lateral to it, This is on the level of BL-54, located 
3 cun Lateral to the midline. For further reference: ‘The 4th sacral 
foramen is mostly level with the superior end of the rima ani. 
Located on the same level are —* BL-34 (over the dth sacral fora~ 
men) and -* BL-30 (1.5 cun lateral to the midline). 


Needling 
Vertically 1.5-2.cun or 2-3 cum in the direction of the anus or the 
genital region, depending on the indication. 


Actions/Indications 

# Opens the channel and Jo vessels, eliminates stagnation 
# Regulates urination 

«Eliminates haemorrhoids 


Special features 
Important local point 
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4 Acupuncture Points of the Twelve Primary Channels 


| BL-55_ | Confluence of Yang HEYANG 


my F/I IK) F=IE TiS 


Location 
2cun inferior o the midpoint of the popliteal crease, in a depres- 
sion between the two bellies of the gastrocnemius muscle. 


How to find 

Locate the popliteal crease by flexing the knee. In slim patients, 
palpate for the joint space. From the centre of the popliteal 
crease, palpate 2 cum in an inferior direction and locate BL-8S 
in a depression between the twWo bellies of the gastrocnemius 
muscle. 


Needling 
Vertically or obliquely 1-1.5 cun 


Actions/Indications 
Opens the channel, alleviates pain (also in the urogenital region) 
© Stops uterine bleeding 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Support the Sinews CHENGJIN [ETE 


Location 
5 cun inferior to the midpoint of the popliteal crease, between 
the two bellies of the gastrocnemius muscle. 


How to find 

Locate the popliteal crease by flexing the knee. In slim patients, 
palpate for the joint space. BL-S6 is located 5 cun distal to the 
popliteal crease, in a depression between the two bellies of the 
gastrocnemius muscle, 


Needling 
Vertically or obliquely 1—1.5 cun 


Actions/Indications 

© Relaxes the muscles and tendons 
© Opens the channel 

© Eliminates haemorthoids 
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4 Acupuncture Points of the Twelve Primary Channels 


Supporting Mountain CHENGSHAN 


Location 

In the middle of the calf, between the two heads of the gastro- 
cnemius muscle, on a line connecting + BL-40 and + BL-60, 
approximately 8 cun distal to BL-40. 


How to find 

Slide along the dorsal aspect of the Achilles tendon in a superior 
direction until you can feel the depression between the two bel- 
lies of the gastrocnemius muscle, This will become more defined 
when the patient's muscles are flexed, Or: Spreading hands 
technique (—+ 2.3.3): Place the little fingers on + BL-40 (centre 
of the popliteal crease) and —+ BL-60 (depression between the 
Achilles tendon and the highest prominence of the lateral mal- 
leolus). The midpoint of this distance, where the thumbs meet, 
‘marks the location of BL-S7. 

Located on the same level on the anterolateral aspect of the 
lower leg are + ST-38 (1 finger-width lateral to the tibia) and 
+ ST-40 (2 fingerbreadths lateral to the tibia). 


Needling 
Vertically or obliquely 1-1.5 cun 


Actions/Indications 

 Relaxes the muscles and tendons, opens the channel 

‘Eliminates haemorshoids (pathway of the Bladder divergent 
channel) 


Special features 
Ma Dan Yang Heavenly Star point. Important local point with 
distal effect on the lumbar and anal region, 


* CIN IKI EFIE TIS 


Electronics catalogues often include a selection of well-known brands of soldering iron. 
Excellent British-made ones include the universally popular Antex, Adcola and Litesold 
makes. Other popular brands include those made by Weller and Ungar. A very basic 
mains electric soldering iron can cost from under £5 (US$ 8), but expect a reasonable 
model to be approximately £10-£12 (US$ 16 - 20) - though it's possible to spend into 
three figures on a soldering iron "station" if you're really serious! Check some suppliers’ 
catalogues for some typical types. Certain factors you need to bear in mind include:~ 


Voltage: most irons run from the mains at 240V, However, low voltage types (e.g. 12V 
or 24V) generally form part of a "soldering station” and are designed to be used with a 
special controller made by the same manufacturer. 


Wattage: Typically, they may have a power rating of between 15-25 watts or so, which is 
fine for most work. A higher wattage does not mean that the iron runs hotter - it simply 
means that there is more power in reserve for coping with larger joints. This also depends 
partly on the design of the "bit" (the tip of the iron). Consider a higher wattage iron 
simply as being more "unstoppable" when it comes to heavier-duty work, because it 
won't cool down so quickly 


Temperature Control: the simplest and cheapest types don't have any form of 
temperature regulation. Simply plug them in and switch them on! Thermal regulation is 
"designed in" (by physics, not electronics!): they may be described as "thermally 
balanced” so that they have some degree of temperature "matching" but their output will 
otherwise not be controlled. Unregulated irons form an ideal general purpose iron for 
most users, and they generally cope well with printed circuit board soldering and general 
interwiring. Most of these "miniature" types of iron will be of little use when attempting 
to solder large joints (e.g. very large terminals or very thick wires) because the 
component being soldered will "sink" heat away from the tip of the iron, cooling it down 
too much, (This is where a higher wattage comes in useful.) 


A proper temperature-controlled iron will be quite a lot more expensive - retailing at say 
£40 (US$ 60) or more - and will have some form of built-in thermostatic control, to 
ensure that the temperature of the bit (the tip of the iron) is maintained at a fixed level 
(within limits). This is desirable especially during more frequent use, since it helps to 
ensure that the temperature does not "overshoot" in between times, and also guarantees 
that the output will be relatively stable. Some irons have a bimetallic strip thermostat 
built into the handle which gives an audible "click" in use: other types use all-electronic 
controllers, and some may be adjustable using a screwdriver. 


Yet more expensive still, soldering stations cost from £70 (USS 115) upwards (the iron 
may be sold separately, so you can pick the type you prefer), and consist of a complete 
bench-top control unit into which a special low-voltage soldering iron is plugged. Some 
versions might have a built-in digital temperature readout, and will have a control knob to 
enable you to vary the setting. The temperature could be boosted for soldering larger 
joints, for example, or for using higher melting-point solders (e.g. silver solder). These 
are designed for the most discerning users, or for continuous production line/ professional 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Soaring Upward FEIVANG 


Location 
1cun distal and 1 cun lateral to + BL-87 or 7 cun proximal to 
+ BL.-60, at the posterior border of the fibula and at the lower 
border of the gastrocnemius muscle. 


How to find 

First, locate + BL-57 (in the centre of the calf, between the two 
bellies of the gastrocnemius muscle). From + BL-87, palpate 
cum in a distal direction and 1 cun in a lateral direction, There, 
locate BL-58 on the lower border of the gastrocnemius muscle. 
Located on the same level (7 cun superior to the highest promi- 
nence of the lateral malleolus) are —+ G.B.-35 (at the posterior 
border of the fibula), + G.B.-36 (at the anterior border of the 
fibula) and —+ S¥-39 (1 cun distal to the midpoint of the line con- 
necting - ST-35 and + ST-41 and 1 fingerbreadth lateral to the 
anterior crest of the tibia), 


Needling 
Vertically or obliquely 11.5 cun 


Actions/Indications 

# Opens the channel and Juo vessels, alleviates pain 

+  Expels pathogenic factors ftom the raiyang channels (S.1., BL) 
# Harmonises above and below 

Treats haemorrhoids 


Special features 
Luo-connecting point 
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4 Acupuncture Points of the Twelve Primary Channels 


DEED tstep vang FuvANG 


Location 

(On the lateral aspect of the lower leg, 3 cun superior to BL-60 
{in the depression between the highest prominence of the lateral 
‘malleolus and the Achilles tendon). 


How to find 

First, locate + BL-60 in the depression between the highest 
prominence of the lateral malleolus and the Achilles tendon, 
With oedema of the lower leg, this point is not visible but palpa- 
ble, From — BL-60, measure 3 cun (I handbreadth) in a superior 
direction. ‘There, locate BL-59 in a depression between the 
Achilles tendon and the tendons of the peroneous longus and 
brevis muscles. 

Located on the same level is + G.B.-39, 3 cun directly above the 
prominence of the lateral malleolus. 


Needling 
Vertically or obliquely 1-1.5 cun 


Actions/Indications 

© Opens the channel and fuo vessels 

‘© Benefits the lower back 

© Benefits the head, activates the yang giao mai 


Special features 
Xi-cleft point of the yang giao mai, meeting point with the yang 
giao mai according to some authors. 
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Achilles tendon 
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Location 
In the depression on the line connecting the Achilles tendon and 
the highest prominence of the lateral malleolus. 


How to find 

Locate the highest prominence of the lateral malleolus (+ 3.6.2) 
From there, palpate horizontally towards the Achilles tendon 
and locate BL-60 in a depression anterior to the tendon, 


Needling 

Vertically 0.5-1 cun, Caution: Reducing needle techniques 
contraindicated during pregnancy. Exception: A supportive point 
during labour. If the patient has cold fect, the therapeutic effect 
can be increased by using a heatlamp or a hot cherry-pit bag 
under the soles of the feet, 


Actions/Indications 

* Clears Heat, subdues Yang and Wind and eliminates excess, 
especially in the head 

# Opens the channel, alleviates pain, relaxes the tendons, 
strengthens the lumbar region 

# Promotes labour 


Special features 
Jing-river point, Fire point, Ma Dan Yang Heavenly Star point. 
Important distal point for the cervical, thoracic and lumbar 
spine, especially for chronic cases. 


4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 


Kunlun Mountains KUNLUN 
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4 Acupuncture Points of the Twelve Primary Channels 


| BL-61 | Servant’s Respect PUCAN 


J OJIN INI -IE 


Location 

On the lateral aspect of the heel, 1.5 cun inferior to + BL-60 
{in the depression between the highest prominence of the lateral 
‘malleolus and the Achilles tendon), in a depression on the 
calcaneus. 


How to find 

First, locate + BL-60 in the depression between the highest 
prominence of the lateral malleolus and the Achilles tendon, 
With oedema of the lower leg, the depression is not visible but 
palpable, From + BL-60, measure 1.5 cun in a distal direction. 
‘There, locate BL-61 in a depression on the calcaneus, approxi- 
‘mately on the midpoint of a line connecting the sole of the foot 
and + BL-60, 


Needling 
Vertically or obliquely 0.3-0.5 cun 


Actions/Indications 
# Relaxes the tendons 
© Opens the channel, alleviates pain 


Special features 
Meeting point with the yang giao mai 
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4.7 The Bladder Channel System ~ Foot taiyang (zu tai yang jing luo) 


Extending Vessel SHENMAL [SRI 


Location 

Ina depression directly inferior to the highest prominence of the 
lateral malleolus, above the joint space between the talus and 
calcaneus. 


How to find 

First, locate the highest prominence of the lateral malleolus 
(> 3.6.2), BL-62 is located directly below it, in a depression 
inferior to the lower border of the malleolus and superior to the 
tendons of the peroneus muscle, in the joint space between the 
talus and calcaneus, 


Needling 
Vertically or obliquely 0.3-0.5 cun, The needle may reach the 
calcancofibular ligaments superior to the tendons of the per- 
oneus longus and brevis muscles, possibly also the joint space. 


Actions/Indications 
© Subdues (internal) Wind, clears Heat from the head, calms 
oe ate the shen, benefits the head and eyes 
Intermediate cuneiform @ Expels external Wind 
y © Opens and regulates the yang giao mai 
if Lateral cuneitorrn ae 
Uf aape ree © Opens the channel, alleviates pain 
ie ee * Moves the Qi in the Bladder sinew channel 


Prhalanges Special features 

Opening (master) point of the yang giao mai, Sun Si Miao Ghost 
point. 

h 7 
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4 Acupuncture Points of the Twelve Primary Channels 


Golden Gate JINIVIEN 


Location 

On the lateral aspect of the foot, proximal to the tuberosity of 
the Sth metatarsal bone, in a depression anterior and inferior to 
+ BL-62 between the calcaneus and the cuboid bone. Note: 
Some authors locate BL-63 between the cuboid bone and the 
tuberosity of the Sth metatarsal bone (see figure on p. 311); the 
‘more tender point should be selected. 


How to find 

When palpating along the lateral aspect of the foot on the level 
of the border of the ‘red and white’ skin, a bony structure can be 
felt approximately at the midpoint of the foot, ‘This is the 
tuberosity of the Sth metatarsal point (—+ 3.6.2). Slightly proximal 
to it (Cowards the heel), you can palpate a depression between 
the calcaneus and the cuboid bone. There, locate BL-63, 

+ BL-64 is located distal (towards the toes) to the tuberosity of 
the Sth metatarsal bone. 


Needling 
Vertically 0.3-0.5 cun 


Actions/Indications 

‘© Opens the channel, alleviates pain and eliminates stagnation 
(xé-cleft point) 

‘© Subdues internal Wind and calms the shen 


Special features 
Xi-cleft point, meeting point with the yang wei mai. 


[9] INIKUE-JE 
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4.7 The Bladder Channel System — Foot taiyang (zu tai yang jing luo) 
Capital Bone jINGGU BL-64 
Location 


On the lateral aspect of the foot, distal to the tuberosity of the Sth 
‘metatarsal bone, 


How to find 

When palpating along the lateral aspect of the foot on the level 
of the border of the ‘red and white’ skin, a bony structure can be 
felt approximately at the midpoint of the foot. This is the 
tuberosity of the Sth metatarsal bone (—* 3.6.2). BLL-64 is located 
directly distal to it (towards the toes), at the junction between the 
base and the shaft of the Sth metatarsal bone. 

+ BL-63 is located proximal to the tuberosity of the Sth metatarsal 
bone, in a depression between the calcaneus and cuboid bone 
(or between the tuberosity and the cuboid bone). + SP-4 is 
located in a comparable position on the medial aspect of the 
foot, in a depression distal to the base of the Ist metatarsal bone. 


Tuberosity of the Sth metatarsal 


Needling 
Vertically 0.3-0.5 cun_ 


Actions/Indications 

Clears Wind and Heat from the head and eyes 
© Calms the shen 

+ Opens the channel 


Special features 
Yuan-source point 
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4 Acupuncture Points of the Twelve Primary Channels 


| BL-65 | Restraining Bone SHUGU 


Location 
On the lateral aspect of the foot, in the depression proximal to 
the head of the Sth metatarsal bone. 


How to find 

‘When palpating along the bony structures on the lateral aspect of 
the foot, a prominent bony landmark can be felt approximately at 
the midpoint ofthe foot. This is the tuberosity of the Sth metatarsal 
bone. Distal to it (lowards the toes), you can feel a further bony 
structure, the head of the Sth metatarsal bone. Directly proximal to 
it, at the border of the ‘red and white’ skin (border dorsum/sole of 
the foot), BL-65 can be palpated in a depression. + BL-6 is 
located in a depression distal to the head of the Sth metatarsal bone 
(distal to the metatarsophalangeal joint) at the junetion of the base 
and the shalt of the proximal phalanx of the litte to. 

= SP-3 is located in a comparable position on the medial aspect 
of the foot (proximal to the head of the Ist metatarsal bone). 
§.1-3 and + L.L-3 are located in comparable positions at the 
ulnarflateral border of the hand. 


Needling 
Vertically 0.3-0.5 eun. Cauti 


‘ainful point. 


Actions/Indications 

‘© Expels pathogenic factors (especially from the head) 
* Clears Heat 

© Opens the channel and /uo vessels, alleviates pain 

© Calms the shen 


Special features 
‘Shu-stream point, Wood point, sedation point, 


Tuberasity ofthe Sth metatarsal 
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4.7 The Bladder Channel System - Foot taiyang (zu tai yang jing luo) 
Foot Connecting Valley ZUTONGGU BL-66 


Location 
At the lateral border of the foot, in the depression distal to the 
‘metatarsophalangeal joint of the little toe. 


How to find 

When palpating along the border of the ‘red and white’ skin on 
the lateral aspect of the foot, at approximately the midpoint of 
the length of the foot, a clearly defined bony structure can be 
felt. This is the tuberosity of the Sth metatarsal bone. Distal to it 
(towards the toes), you can feel a further prominent bony struc- 
ture, the head of the Sth metatarsal bone (or the Sth metatarso- 
phalangeal joint). BL-66 is located directly distal to it, in a 
depression at the junction of the base and the shaft of the proxi- 
‘mal phalans of the little toe, 

+ BL-65 is located proximal to the head of the Sth metatarsal 
bone, + SP-2 is located in a comparable position on the medial 
aspect of the foot. Located in comparable positions on the hand 
are ~ S.L.-2 (on the ulnar aspect) and + L.-2 (on the radial 
aspect), 


Tuberosity of the Sth metatarsal 
a 


Needling 
Vertically 0.3-0.5 cun. Caution: Painful point. 


Actions/Indications 

© Clears the head 

© Descends the Lung and Stomach Qi 
© Calms the shen 


Special features 
Ying-spring point, Water point, ben point (Five Phases point). 


Proximal phalanx 


‘Metacarpal I 
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4 Acupuncture Points of the Twelve Primary Channels 


Reaching Yin ZHIYIN 


Location 
(On the dorsal aspect of the little toe, 0.1 cun from the lateral cor- 
ner of the nail. 


How to find 

‘This point is located at the junction of two tangents that border 
the nail of the little toe laterally and proximally, approximately 
0.1 cun from the actual comer of the nail. 


Needling 
Vertically 0.1 cun or obliquely 0.2 cun in the direction of the 
foot. Prick to bleed. Caution: Painful point. 


Actions/Indications 

‘Scientifically established: conversion of breech presentations 
prior to birth: moxibustion and electro-acupuneture at this 
point seem to be most effective (approximately 70-80%) 

© Facilitates labour 

© Expels pathogenic factors from the opposite end of the 
channel 

© Regulates Yin and Yang of the Water element 


Special features 
Jing-Well point, Metal point, tonification point, exit point. An 
isolated case has been reported regarding a pregnant woman 
‘who was treated with moxibustion at BL-67. This resulted in a 
fetomaternal transfusion of 300 ml of blood, endangering the 
fetus. For this reason, treatments should be controlled by 
cardiotocography. 


Ql 


om Ja1-67\ | 
A | 


Wrong Correct 


use. The best stations have irons which are well balanced, with comfort-grip handles 
which remain cool all day. A thermocouple will be built into the tip or shaft, which 
monitors temperature. 


Anti-statie protection: if you're interested in soldering a lot of static-sensitive parts (e.g. 
CMOS chips or MOSFET transistors), more advanced and expensive soldering iron 
stations use static-dissipative materials in their construction to ensure that static does not 
build up on the iron itself. You may see these listed as "ESD safe" (electrostatic 
discharge proof). The cheapest irons won't necessarily be ESD-safe but never the | 
will still probably perform perfectly well in most hobby or educational application: 
you take the usual anti-static precautions when handling the components, The tip would 
need to be well earthed (grounded) in these circumstances. 


Bits: it's useful to have a small selection of manufacturer's bits (soldering iron tips) 
available with different diameters or shapes, which can be changed depending on the type 
of work in hand, You'll probably find that you become accustomed to, and work best 
with, a particular shape of tip. Often, tips are iron-coated to preserve their life, or they 
may be bright-plated instead. Copper tips are seldom seen these days. 


Spare parts: it's nice to know that spare parts may be available, so if the element blows, 
you don't need to replace the entire iron. This is especially so with expensive irons. 
Check through some of the larger mail-order catalogues. 


A solder gun is a pistol-shaped iron, typically running at 100W or more, and is 
completely unsuitable for soldering modern electronic components: they're too hot, heavy 
and unwieldy for micro-electronics use. Plumbing, maybe..! 


Soldering irons are best used along with a heat-resistant bench-type holder, so that the 
hot iron can be safely parked in between use. Soldering stations already have this feature, 
otherwise a separate soldering iron stand is essential, preferably one with a holder for tip- 
cleaning sponges. Now let's look at how to use soldering irons properly, and how to put 
things right when a joint goes wrong, 


The Basic Soldering Guide Photo Gallery 


Sordering is a delicate manual skill which only comes with practice. Remember that 
your ability to solder effectively will determine directly how well the prototype or 
product functions during its lifespan. Poor soldering can be an expensive business - 
causing product failure and downtime, engineer's maintenance time and customer 
dissatisfaction. At hobbyist level, bad soldering technique can be a cause of major 
disappointment which damages your confidence. It needn't be like that: soldering is really 
easy to learn, and like learning to ride a bike, once mastered is never forgotten! 
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4.8 The Kidney Channel 
System — Foot shaoyin 
(zu shao yin jing luo) 


4.8.1 The Kidney Primary Channel 
(zu shao yin jing) 


J = According to Deadman 


Pathway 
‘The Kidney primary channel hegins beneath the little toe, which 
is reached by a branch separating from the Bladder primary 
channel at its endpoint at + BL-67 (chiyin) (foot Yin-Yang con- 


nection of the second great c 
‘The Kidney primary channel diagonally crosses the sole of the 
foot to KID-1 (yongquan) and to KID-2 (rangu) below the 


4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


nein shat ot 
‘hema cone 


navicular tuberosity, continues to the posterior aspect of the 

‘medial malleolus and descends to enter the heel. From here it 

ascends the medial aspect of the lower leg, intersecting with 

+ SP-6 (yinlingquan) and continuing to ascend the postero- 

‘medial aspect of the thigh towards the perineum. 

In the perineal region the primary channel divides into two 

branches: 

= the deep, internal branch travels to + Duel (changgiang) and 
ascends alongside the spine to connect with its pertaining <ang- 
(Organ, the Kidneys (shen), and its paired fu-Ongan, the Bladder 
(pangguang). Here it divides into smaller branches which con- 
nect with + Ren-4 (guanyuan) and + Ren-3 (chongji), and, 
according to some authors, also with + Ren-7 (yinjiao). From 
the Kidney (shen) a branch ascends to the Liver (gam), runs 10 
and spreads in the Lung (fei), continues to the trachea and termi- 
nates at the root of the tongue, From the Lung (fei), an inner 
branch travels to the Heart (vin), where it meets the Peri- 
cardium primary channel (deep Yin-Yin connection). It then 
disperses in the chest and reaches —+ Ren-17 (shanchong). 

‘= the external branch separates in the perineal region and runs 
to the lower abdomen at KID-L1 (henggu). From the pubic 


== 
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4 Acupuncture Points of the Twelve Primary Channels 


bone it ascends initially 0.5 cun lateral to the anterior midline 
from the Sth intercostal space (KID-22) 2 cun lateral to the 
midline to the infraclavicular fossa. 


Clinical importance (+ 1.2) 
Exterior (biao) signs and symptoms: Pain in the lumbar 
region, counterflow Cold or weakness of the legs, dry mouth, 
sore throat, pain in the lateral gluteal region and on the posterior 
thigh, pain on the soles of the feet. 

Interior (li) or zangfu-Organ signs and symptoms: Pain, facial 
oedema, dark rings under the eyes, shortness of breath, somino- 
lence, restlessness, diarrhoea, thin or dry stools, abdominal disten- 
sion, nausea and vomiting, impotence. 
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Connections of the Kidney primary channel 
Connections with other channels 

Bladder primary channel (zu tai yang jing) 

‘Connection: Foot Yin-Yang connection of the second great circuit 
Location: BL-67 + KID-1 (on the foot) 

Circulation: Circadian (according to the Organ clock) 
Importance: Exterior~Interior relationship 


Heart primary channel (shou shao yin jing) 
Connection: Paired according to the Six-Channel theory 
(hand-foot pairing): shao yin (Yin axes of the second great circuit) 
Location: KID + HE (on the thorax). A branch of the internal 
pathway of the Kidney primary channel travels from the Kidney 
to the Liver, penetrates the diaphragm and spreads in the Lung 
(fei). From the Lung a branch runs to the Heart (xin), there con- 
necting with the Heart primary channel, 

Circulation: Non-circadian (not according to the Organ clock) 
Importance: Above-below relationship 


Pericardium primary channel (shou jue yin jing) 
Connection: Deep Yin-Yin connection 

Location: KID ~ P. A branch of the internal pathway of the 
Kidney primary channel travels from the Kidney to the Liver, 
penetrates the diaphragm and spreads in the Lung (fei). From 
the Lung an internal branch courses to the Heart (xin), Where it 
joins the Pericardium primary channel (deep Yin-Yin connec- 
tion) and also reaches + Ren-17 (shanchong). 

Circulation: Circadian (according to the Organ clock) 
Importance: ‘The Pericardium primary channel receives Nutri- 
tive Qi (ving gi) from the Kidney primary channel (first circula- 
tion of the ying gi 1.1.4). 


Connections with other zangfu-Organ systems 
Kidney (shen), Bladder (pangguang), Liver (gan), Lung (fei), 
Pericardium (xin bao), Heart (xin) 
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4.8.2 The Kidney Divergent Channel 
(zu shao yin jing bie) 


4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


Pathway 

‘The Kidney divergent channel separates from the Kidney primary 

channel in the popliteal fossa at + KID-10 (yinggu). It 

= meets + BL-40 (weichong) in the popliteal fossa 

= ascends to BL-36 (chengfiv) in the centre of the gluteal crease 

= penetrates the anus and reaches the Kidney (shen) and the 
Bladder (pangguang) 

= ascends to + BL-23 (shenshu) at the level of the lower bor- 
der of the spinous process of L2, where it also meets the dai 
‘mai. following it round the waist to the abdomen 

= ascends lateral to the midline to the infraclavicular fossa 

= reaches the neck at + Ren-23 (liangquan) 

= emerges at the nape of the neck at ~* BL-10 (tianchu) and con- 
verges with the Bladder primary channel and the Bladder dives 
gent channel to form one of the 6 re-confluences (here: BL/KID 
as first confluence -* 1.3), 


Clinical importance 

# Strengthens the relationship between the Kidneys and the 
Bladder (cangfi-Organ systems). Points on the Kidney pri- 
mary channel can therefore be used for disorders of the Blad- 
der, and vice versa points on the Bladder primary channel can 
treat disorders of the Kidneys. 

«Through the connection with the dai mai, KID points can be 
used for disorders of the dai ma. 

* Kidney Qi and Essence (jing) are sent to the Brain through the 
Kidney divergent channel via the spinal canal, thus strength- 
ening the connection between the Kidneys, the Marrow and 
the Brain 

* Supports the connection to the tongue. 
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4.8.3 The Kidney Sinew Channel 
(zu shao yin jing jin) 


Pathway 

‘The Kidney sinew channel originates beneath the little toe 

‘© diagonally crosses the sole of the foot, meets the Spleen sinew 
channel and continues to the medial malleolus where it binds 
(jie). From here a minor branch travels to the medial portion of 
the calcaneus. The main branch ascends the posteromedial 
aspect of the leg, binds (jie) at the medial condyle of the femur, 
crosses the Bladder sinew channel, ascends the posteromedial 
aspect of the thigh to the genital region to + Ren-3 (chongji) 
and + Ren-2 (+ 1.3), where it meets the other Yin sinew chan- 
nels. It then penetrates the abdomen, runs along the spine to the 
nape of the neck and there meets the Bladder sinew channel. 

From the genital region an internal braneh traverses the gluteal 

region and follows the deep musculature along the spine to the 

occiput, where it meets the Bladder sinew channel. 


Clinical importance 

Pathology: Spasms on the sole of the foot, pain or spasms along 
the posteromedial aspect of the lower extremity, the back and the 
occiput. Chronic bi-syndromes. Epileptic seizures, limited range 
of motion with spinal flexion and extension, Degenerative disor- 
ders of the bones and joints, spondylosis, osteoarthritis, 
Indication: Mainly for chronic pain, spasms and Cold sensa- 
tions of the lower back and spine, accompanied by limited range 
of motion, 
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4.8.4 The Kidney /uo-Connecting 
Vessel System (zu shao yin 
luo mai) 


Pathway 
‘The Kidney fuo-connecting channel separates from the 
Kidney primary channel at KID-4 (dachong). It forms a three 
dimensional reticular network, dividing into multiple branches 
and sub-branches (sun luo, fi luo, xue luo 1.5) within the sur- 
rounding tissue 
= Horizontal divisions run to the Interiorly-Exteriorly paired 
Bladder primary channel; according to some schools of 
thought (for example Ngyen Van Nghi + Appendix) they 
travel as a transverse KID /uo-connecting vessel to the yuan- 
source point BL-64 (jingeu). 


4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


= A longitudinal division follows the Kidney primary channel to 
= Ren-17 (shanchong), penetrates the thorax and reaches the 
spine in the lumbar region. 


Clinical importance (— 8.1.2) 


Pathology 

Exess (shi): Retention of urine 

Deficiency (11): Pain in the lumbar region 

Counterflow Qi: Restlessness, anxiety, fear, depression, fullness 
in the chest and epigastrium. 


4.8.5 Cutaneous Region (shao yin 
pi bu) 


See description and figures —* 1.6. 


4.8.6 Points of the Kidney Primary 
Channel (Overview) 


Specific points according to their functions 


Yuan-source point (8.1.1): KID-3 (taixi) mm 
Luo-connecting point (—* 8.1.2.): KID-4 (dazhong) 
Xi-cleft point (+ 8.1.3): KID-5 (shuiguan) 
Associated Back-shu point (+ 8.1.4): BL-23 (shenshu) mm 
Associated Front-mu point (—* 8.1.5): G.B.-25 (jingmen) sm 
Five shu-transporting point (+ 8.1.6): 
Jing-well point (Wood), sedation point: KID-1 (yongquan) 
ying-spring point (Fire): KID-2 (rangu) 
‘shu-stream point (Earth): KID-3 (taixi) 
Jing-tiver point (Metal), tonification point: KID-7 (fil) mm 
hhe-sea point (Water), ben point (Five Phases): KID-10 
Gingu) am 
© Hui-meeting point (8.1.7): — 
* Opening point (+ 8.1.8) of the yin giao mai 
(chaohai) am 
# Lower he-sea points (+ 8.1.9):— 
* Jiaohui-meeting points (+ 8.1.10) 
~ with the yin giao mai: KID-2 (rangu)*, (KID-6 (zhaohai)*, 
KID-8 (jiaoxin)*) 
~ with the yin wei mai: KID-9 (chubin) 
th the chong mai: KED-11-KID-21 
~ of other channels with the Kidney channel: SP-6, Du-1, 
Ren-4, Ren-3, Ren-7*, Ren-17 
* Gao Wu command point (+ 8.1.11): ~ 
* Window of Heaven point (— 8.1.12) 
# Points of the Four Seas (+ 8.1.13): — 


KID-6 


7 Mentioned by ealy some author 
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‘© Ma Dan Yang Heavenly Star point (+ 8.1.14): ~ 
+ Sun Si Miao Ghost point (+ 8.1.15): ~ 
‘* Other functional points: 
~ xi-eleft point of the yin giao mai: KID-8 (jiaoxin) 
— xiceleft point of the yin wei mai: KID-9 (chubin) 


Points according to region 

* Local points (+ 8.2.1): foot ~ KID-6 (shaohai) 
KID-10 (yingu) mm 

© Adjacent points (+ 8.2.1): foot ~ KID-7 (ful) mm; toes ~ 
KID-6 (haohai) mm 

* Distal points (+ 8.2.1): for the throat ~ KID-6 (shaohai) ma; 
for the tongue ~ KID-6 (haohai) mm; for the Kidneys and the 
Bladder KID-3 (taixi) mm, KID-7 (fils) mm; for the genito- 
urinary region ~ KID-3 (caixi) im 


Specific points according to the channel 

pathway (in numerical order) 

© KID-1 (yongquan) am: jing-well point (Wood): sedation point 

© KID-2 (rangu): ying-spring point (Fire); jiaohui-meeting 
point with the yin giao mai (+ 8.1.10) 

© KID-3 (‘aixi) mm: shu-stream point (Earth); distal point for 
the Kidneys, Bladder, urogenital region (-+ 8.2.1); yuan- 
source point (—* 8.1.1) 

© KID-4 (dazhong): luo-connecting point (-* 8.1.2) 

© KID-S (sfusiguan: xi-cleft point (-+ 8.1.3) 

© KID-™6 (chaohai) mm: opening point (-* 8.1.8) of the yin giao 
‘mai; distal point for the tongue and throat (—* 8.2.1); jiaohui- 
‘meeting point with the yin giao mai* (—* 8.1.10); local point 
for the foot (+ 8.2.1) 


Mentioned by only some authors 


© KID-7 (filiu) mm: distal point for the Kidneys and the Blad- 
der (+ 8.2.1); jing-tiver point (Metal); tonification point; 
regional point for the foot (—* 8.2.1) 

© KID-8 (jiaoxin): xi-cleft point of the yin giao mai; jiaohui- 
meeting point with the yin giao mai* (8.1.10) 

© KID-9 (chubin): xi-cleft point of the yin wei mai; jiaohui- 
meeting point with the yin wei mai* (—* 8.1.10) 

© KID-10 (yingu) tam: he-sea point (Water), ben point (Five 
Phases); local point for the knee (> 8.2.1) 

© KID-I1 to KID-21: jiaohui-meeting points with the chong 
‘mai (= 8.1.10) 


General location help 
© KID-11 to KID-21 are all located 0.5 cun lateral to the midline 
~ KID-11 to KID-15 are spread on the 5 cun distance 
(+ 1.2) between the upper border of the pubic symphysis, 
and the umbilicus (they are spaced at 1 cun intervals from 
the upper border of the pubic symphysis to 4 cun above it) 
~ KID-16 to KID-21 are spread on the 8 cun distance 
(+ 1.2) between the umbilicus and the sternocostal angle 
(they are spaced at 1 cun intervals from the level of the 
umbilicus to 6 cun superior to it). 
© KID-22 to KID-27 are all located 2 cun lateral to the midline 
~ KID-22 to KID-26 are located in the Sth to Ist intercostal 
spaces 
~ KID-27 is located on the lower border of the sternoclavie- 
ular joint 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


Gushing Spring YONGQUAN [TEI 


Location 

On the sole of the foot, in a depression between the 2nd and 3rd 
‘metatarsal bones, at the junction of the anterior third and the 
posterior two-thirds of the sole, 


How to find 

Measure one third from the anterior border of the sole of the 
foot. Palpate for a pressure-sensitive point dorsal to the balls of 
the foot, at the midpoint of the width of the foot. 


Needling 
Necdling this point is very painful and is therefore only recom- 
mended for severe disorders of in an emergency. Acupressure is 
commonly used instead; moxibustion is possible, For the treatment 
of collapse, unconsciousness, shock or a severe excess condition, 
this point should be strongly stimulated: in pronounced deficiency 
conditions, stimulation should be applied more cautiously. 


Actions/Indications 

‘© Revives collapsed Yang 

‘© Clears excess, Heat and Wind from the head, lowers Yang 
‘© Calms the shen 


Special features 
Jing-well point, Wood point, sedation point, entry point. KID-1 
is the lowest acupuncture point on the body and the only point 
On the sole of the foot. For this reason, it plays an important role 
in Qigong, forming a grounding point in the centre of the foot, 
‘where the energies of the Earth and Man unite. During practice, 
the centre of gravity should be above this point. 
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| KID-2_ | Blazing Valley RANGU 


Location 
Atthe medial border of the Foot, in a depression at the anterior bor- 
ddr of the navicular bone, at the border of the ‘red and white” skin. 


How to find 

Palpate from distal to proximal along the tarsal section of the 
‘medial aspect of the foot, past the shaft and the head of the Ist 
‘metatarsal bone (+ SP-4) and the medial cuneiform bone, 
finally reaching the prominent navicular bone, Locate KID-2 
anterior to the navicular bone, at the inferior angle of the joint 
between the medial cuneiform bone and the navicular bone. 


Needling 
From the medial aspect of the foot, 0.5-I cun vertically below the 
border of the bone. Use reducing needling techniques for empty 
Heat. Use tonifying techniques for Kidney Yang/Qi deficiency. 


Actions/Indications 

© Clears empty Heat 

‘© Regulates the Lower Bummer and the Kidneys 
# Local point 


Special features 
Ying-spring point, Fire point, meeting point with the yin giao mai. 


Metatarsal 
bones 


Proximal 
phalanges 
\ 


Distal 


phalanges bone 


Navicular, 


Medial cuneiform, 


v y x 
Bue ofthe \ Caleaneus 


Ist metatarsal 


~ Medial 
phalanges Navicular 


tuberosity 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 
Supreme Stream TAIX! ETSI 
Location 


In the depression between the highest prominence of the medial 
malleolus and the Achilles tendon, 


agi prominence: How to find 
‘of the medial malleolus - " Locate the highest prominence of the medial malleolus (+ 3.6.2). 

; From there, palpate horizontally towards the Achilles tendon. 
KID-3 is located in a depression that can be palpated anterior to 
the tendon. 


Needling 
Vertically 0.3-1 cun 


Actions/Indications 

* Nourishes Kidney Yin and clears deficiency Heat, tonifies 
Kidney Yang, stabilises the Kidney Qi and the Lungs (helping 
the Kidneys absorb the Qi, regulates menstruation 

Strengthens the lower back. local point 


Special features 
Yuan-source point, shu-stream point, Earth point. Important 
point for tonifying the Kidneys (especially Kidney Yin. 


Fibula 


Medial 
malleolus ~~ 


lateral 


Tendon of the 
gastrocnemius ~~~} 


Talus 


Achilles tendon — 


 Caleaneus 


Lateral 


Caleaneal tendon —— malleolus 


(Achilles tendon) 


Caleaneal tuberosity — 
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BE creat Bel! DAZHONG 


324 


Location 
Anterior to the medial border of the Achilles tendon, superior to 
its insertion at the calcaneus. 


How to find 

From the highest prominence of the medial malleolus, draw a 
horizontal line to the medial border of the Achilles tendon, From 
there, measure 0.5 cun in a distal direction, KID-4 is located in 
a depression anterior to the Achilles tendon, slightly superior to 
its insertion at the calcaneus. Or: KID-4 is located posterior to 
the midpoint of a line connecting —* KID-3 and -* KID-S 
anterior to the Achilles tendon, 


Needling 
Vertically 0.3-0.5 un. Avoid puncturing the tendon. 


Actions/Indications 

‘Firms the Kidney Qi (helping the Kidneys absorb the Qi) and 
supports the Lungs 

Strengthens the Kidneys and cools empty Heat 

© Strengthens the will, dispels fear 

# Local point 


Special features 
Luo-connecting point 


Highest prominence 
fof the medial malleolus ~ 


Tendon of the 
‘gastrocnemius 


Medial _. 
malleus 


CCaleaneal tendon 
‘Achilles tendon) 


CCaleaneal tuberosity —— 


Highest prominence 
of the medial malleolus 


These photos illustrate the basic steps in making a perfect solder joint on a p.c.b. If you're 
a beginner, our advice is that it's best to practice your soldering technique using some 
clean, new parts with perhaps some new stripboard (protoboard). Be sure to avoid using 
old, dirty parts; these can be difficult if not impossible to solder. 


(Left) Printed circuit board copper tracks must be clean to begin with, especially if 
they're not previously "tinned" with solder. Clean any raw p.c.b. copper tracks gently 
with e.g. an abrasive rubber block available from electronics suppliers. (Right) Clean the 
iron "bit" (soldering iron tip) using a damp sponge. The soldering iron featured is an 
Ungar Concept 2100 Soldering Station. Other popular brands of soldering equipment 
include Weller and Antex. 


(Left) A useful product is Multicore's Tip Tinner Cleaner (TTC) - a 15 gramme tin of 
special paste which cleans and "tins" the soldering iron iron, in one go. New tips must be 
tinned immediately when used for the first time. (Right) Insert components and splay 
the leads so that the part is held in place. 
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Water Spring SHUIQUAN [DE 


Location 
1 cun distal to + KID-3, in a depression over the joint space 
between the talus and calcaneus. 


How to find 

First, locate + KID-3 on the level of the highest prominence of 
the medial malleolus (+ 3.6.2), in a depression between the 
‘malleolus and the Achilles tendon, From KID-3, palpate | cun in 
an inferior direction to a palpable depression over the joint space 
between the talus and calcaneus, This is the location of KID-S. 


Needling 

0,3-0,5 cun obliquely to vertically superior to the margin of the 

bone, 

Actions/Indications 

* Regulates the chong mai and ren mai, benefits menstruation 
and urination 


Special features 
Xi-cleft point, Especially indicated for acute disorders and painful 
conditions. 
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BZ shining sea zHAoHAI 


(9) INIKUE-JE 


Location 

Approximately 1 cun inferior to the highest prominence of the 
‘medial malleolus, over the joint space between the talus and the 
calcaneus. 


How to find 

From the highest prominence of the medial malleolus (+ 3.6.2), 
palpate distally, until the palpating finger can feel the depression of 
the joint space between the talus and the calcaneus, (KID-6 is often 
located between the tendons of the tibialis and flexor digitorum 
longus muscles.) Directly distal to this point, you can palpate a 
small bony prominence, the sustentaculum tali. With the patient's 
{foot in a supinated position, a visible skin crease forms on the level 
of the point, Note: There are several variations regarding the exact 
location of this point. However, the determining aspect for its toca- 
tion is not the cun measurement but the joint space below the 
prominence. 


Needling 
0.3-0.5 cun vertically or obliquely in a proximal direction. The 
needle may reach the deltoid ligament, 


Actions/Indications 

‘© Nourishes Kidney Yin, clears empty Heat, benefits the throat, 
regulates the Lower Burner 

© Calms the shen 

* Moves Qi locally 


Special features 
Opening (master) point of the yin giao mai. Important point, 
especially for strengthening the Kidney Yin. 


Highest prominence 
‘of the medial malleolus ~~ 
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Returning Current FULIU KID-7 


Location 


How to find 

First, locate + KID-3 on the level of the higest prominence of the 
‘medial malleolus (+ 3.6.2), in the depression between the mal- 
Jeolus and the Achilles tendon, From —+ KID-3, measure 2 cun in 
4 proximal direction (towards the knee joint) and locate KID-7 in 
a depression at the anterior border of the Achilles tendon. 
Located on the same level, but more medially, is + KID-8 
(2 cun directly proximal to the medial malleolus). 


Needling 
Vertically 0.5-1 cun 


Actions/Indications 

# Regulates the water passages and treats oedema, strengthens 
the Kidneys (especially Kidney Yang), drains Dampness and 
clears Damp-Heat 

«For disorders of the Intestines de to Damp-Heat 

# Strengthens the lumbar region 


Special features 
Jing-river point, Metal point, tonification point 
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4 Acupuncture Points of the Twelve Primary Channels 


PRRTE Exchange Belief jiAoxin 


OJIN INE TIS 
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Location 
2 cun proximal to the highest prominence of the medial malleo- 
lus, posterior to the medial border of the tibia. 


How to find 
KID-8 is located on the same level as + KID-7, but slightly 
closer to the border of the tibia (approximately 0.5 cun). 


Needling 
Vertically 0.5-1 cun 


Actions/Indications 

Regulates menstruation, regulates the ren mai and chong mai 
© Clears Heat and eliminates Dampness from the Lower Bumer 
‘Treats blockages of the yin giao mai 


Special features 
Xi-clefi point of the yin giao mai 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


Guesthouse ZHUBIN [JIE 


Location 
5 cun proximal to the highest prominence of the medial malleo- 
lus, 2 cun posterior to the medial border of the tibia. 


How to find 

On a line connecting + KID-3 (posterior to the medial malleo- 
lus) and + KID-10 (medial aspect of the popliteal crease), 
measure 5 cun from the level of the prominence of the medial 
malleolus. Here, KID-9 is located 2 cun posterior to the medial 
border of the tibia 

Located on the same level, but directly posterior to the medial 
border of the tibia, is + LIV-8, 


Needling 
Vertically 11.5 cun 


Actions/Indications 
# Clears the Heart and transforms Phlegm 
# Regulates the Qi and alleviates pain 


Special features 
Xi-cleft point of the vin wei mai 
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4 Acupuncture Points of the Twelve Primary Channels 


BCS vin vatiey vincu 


OJIN IN I-IE TIS 


Location 

Atthe medial end of the popliteal crease, between the tendons of 
the semimembranosus and semitendinosus muscles, on the level 
Of the knee joint space. 


How to find 

With the knee flexed less than 90°, ask the patient to press their 
heel against the treatment couch so that the two tendons will 
become more pronounced in the popliteal crease. From a medial 
direction, KID-10 is located in a small gap anterior to the more 
prominent tendon of the semitendinosus muscle and posterior to 
the less well-defined tendon of the semimembranosus muscle. 
 BL-40 is located on the same level, in the centre of the 
popliteal crease. 


Needling 
Needle I-1,5 cun vertically from a dorsomedial aspect towards 
the tibial tuberosity. Avoid puncturing the tendon. 


Actions/Indications 

© Drains Damp-Heat from the Lower Burner and benefits the 
Kidneys 

© Opens the channel 


Special features 
He-sea point, ben point (Five Phases point); for recurring uri- 
nary disorders with Kidney Yin deficiency. 


Upper bardes| 
of the patella 


Popiiteal -~ 
crease 


Popliteal crease 


] junetion o the 


{bia share 
‘with the medial 


2 condyle ot 
the tla 


|Chog.8-P10028.qxd 2/22/08 


6:14 PM Page 332 


° 


4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


Pubic Bone HENGGU [SR 


Location 
At the upper border of the pubic symphysis, 0.5 cun lateral to the 
anterior midline, 


How to find 

Close to the midline, the upper border of the pubic symphysis is 
generally easily palpable. KID-11 is located directly superior to 
its bony margin and 0.5 cun lateral to the midline, 

Located on the same level are + Ren-2 (on the midline), 
= ST-30 (2 cun lateral to the midline) and —* SP-12 (3.5 cu lat- 
eral to the midline). 


Needling 
Vertically 0,5~1 cun. Caution; Peritoneum, full bladder, pregnancy. 


Actions/Indications 
* Regulates the Lower Burner and the water passages, streng- 
thens the Kidneys 


Special features 
Meeting point with the chong mai 
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4 Acupuncture Points of the Twelve Primary Channels 


Great Luminance DAHE 


Location 
| cun superior to the upper border of the pubic symphysis, 0.5 
un lateral to the anterior midline, 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphy sis is divided into 5 proportional cun, 
‘As these can vary considerably from finger cun measurements, 
only proportional cun measurements should be applied (elastic 
tape + 2.3.1), From the upper border of the pubic symphysis, 
‘measure 1 cun in a superior direction and on this level locate 
KID-12 0.5 cun lateral to the midline. Located on the same level 
are + Ren-3 (on the midline), -* 1-29 (2 cun lateral to the 
midline) and + Ex-CA-I (zigong: 3 cun lateral to the midline). 


Needling 
Vertically 0.5~1 cun. Caution: Peritoneum, full bladder, pregnancy. 


Actions/Indications 
Regulates the Lower Burner, strengthens the Kidneys and the 
Essence (jing) 


Special features 
Meeting point with the chong mai 
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Location 
2.cun superior to the upper border of the pubic symphsis, 0.5 cun 
lateral to the anterior midline, 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphy ss is divided into 5 proportional cun. 

As these can vary considerably from finger cun measurements, 
only proportional cun measurements should be applied (elastic 
tape + 2.3.1), From the upper border of the pubic symphysis, 
measure 2 cun in a superior direction and on this level locate 
KID-13 0,5 cun lateral to the midline. 

Located on the same level are —* Ren-4 (on the midline), + ST-28 
(2.cun lateral to the midline), —* EX-CA (titwolgimentyijing: A/3/1 
cum lateral to the midline) and -+ G.B.-27 (anterior and medial to 
the ASIS). 


Needling 
‘Vertically 0.51 cun, Caution: Peritoneum, full bladder, pregnancy. 


Actions/Indications 
‘© Regulates the Lower Burner, regulates the chong mai and ren 
‘mai. strengthens the Kidneys and the essence (jing) 


Special features 
Meeting point with the chong mai 
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Qi Cave QIXUE 
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4 Acupuncture Points of the Twelve Primary Channels 


Four Fullnesses SIMAN 


Location 
2 cun inferior to the umbil 
midline, 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 proportional cun, 
‘As these can vary considerably from finger cun measurements, 
only proportional cun measurements should be applied (elastic 
tape + 2.3.1). From the centre of the umbilicus, measure 2 cun 
in an inferior direction and on this level locate KID-14 0.5 cun 
lateral to the midline. 

Located on the same level are + Ren-5 (on the midline) and 
+ S¥-27 (2.cun lateral to the midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 

© Regulates the Lower Burner and benefits the Kidneys 
Regulates the water passages 

© Regulates the Qi and moves Blood stasis, 


Special features 
Meeting point with the chong mai 


(Left) It's usually best to snip the electronic component wires to length prior to soldering. 
This helps prevent transmitting mechanical shocks to the copper foil (Right) Apply a 
clean soldering iron tip to the copper solder pad and the component lead, in order to heat 
both items at the same time. 


(Left) Continue heating and apply a few millimetres of solder. Remove the iron and 
allow the solder joint to cool naturally. (Right) It only takes a second or two, to make the 
perfect joint, which should be nice and shiny. Check the Guide for troubleshooting help. 


An example of a "dry" or "gray" soller joint - the solder failed to flow, and instead 
beaded to form globules around the wire. 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


Middle Flow ZHONGZHU 


Location 
1 cun inferior to the umbilicus, 0.5 cun lateral to the anterior 
midline. 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphy ss is divided into 5 proportional cun. 
As these can vary considerably from finger cun measurements, 
only proportional cun measurements should be applied (elastic 
tape + 2.3.1). From the centre of the umbilicus, measure 1 cun 
in an inferior direction and on this level locate KID-15 0.5 cun 
lateral to the midline, 

Located on the same level are + Ren-7 (on the midline) and 
+ S1-26 (2 cun lateral to the midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
© Regulates the Intestines 
‘© Regulates the Lower Burner 


Special features 
Meeting point with the chong mai 
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4 Acupuncture Points of the Twelve Primary Channels 


HICSS Vitis shu HUANGsHU 


Location 
0.5 cun lateral to the centre of the umbilicus. 


How to find 

From the centre of the umbilicus, measure 0.5 cun in a lateral 
direction. Located on the same level are + Ren-8 (in the centre 
of the umbilicus), + ST-25 (2 cun lateral to the midline), SP-15 
(4 cun lateral to the midline) and + G.B.-26 (on the level of 
umbilicus, on a vertical line drawn through the free end of the 
11th rib). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. Avoid the 
umbilicus 


Actions/Indications 
* Regulates the Qi, regulates and warms the Stomach and 
Intestines. 


Special features 
Meeting point with the chong mai 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


Shang Bend SHANGQU 
Location 


2 cun superior to the umbilicus, 0.5 cun lateral to the anterior 
midline. 


How to find 

‘The distance between the sternocostal angle (+ 3.5) and the cen- 
tre of the umbilicus is divided into 8 proportional cun, which can 
vary considerably from the patient’s finger cun. Therefore, only 
proportional cun should be used (elastic tape + 2.3.1), From the 
centre of the umbilicus, measure 2.cun in a superior direction and 
on this level locate KID-17 0.5 cun lateral to the midline. 
Located on the same level are + Ren-10 (on the midline), 
— ST-23 (2 cun lateral to the midline) and Ex-CA (weishang, 
4 cun lateral to the midline), 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
«Regulates the Stomach and Intestines, eliminates stagnation 


Special features 
Meeting point with the chong mai 
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4 Acupuncture Points of the Twelve Primary Channels 


HS) stone cate sHIGUAN 
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Location 
3 cun superior to the umbilicus, 0.5 cun lateral to the anterior 
midline. 


How to find 

‘The distance between the sternocostal angle (+ 3.5) and the 
centre of the umbilicus is divided into 8 proportional cun, which 
can vary considerably from the patient’s finger cun. Therefore, 
only proportional cun meastirements should be used (elastic tape 
+ 2.3.1), From the centre of the umbilicus measure 3 cun in a 
superior direction and on this level locate KID-18 0.5 cun lateral 
to the midline. 

Located on the same level are + Ren-11 (on the midline), 
+ S1-22 (2 cun lateral to the midline) and + SP-16 (on the 
mamillary line), 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy, 


Actions/Indications 
Strengthens the Middle, regulates the Stomach and Intestines, 
removes Blood stagnation. 


Special features 
‘Meeting point with the chong mai 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 
Yin Metropolis YiNDU [TSE 
Location 


Midway between the stemocostal angle and the centre of the 
umbilicus, 0.5 cun lateral to the anterior midline. 


How to find 

‘The distance between the stemocostal angle (+ 3.5) and the 
centre of the umbilicus is divided into 8 proportional cun, which 
can vary considerably from the patient's finger cun. Therefore, 
only proportional cun should be used (clastic tape + 2.3.1), 
Spreading hands technique (+ 2.3.3): Place the little fingers on 
the centre of the umbilicus and the stemnocostal angle respec- 
tively and join the thumbs at the midpoint of this distance by 
evenly spreading both hands. KID-19 is located on this level, 0.5 
cun lateral to the midline. 

Located on the same level are + Ren-12 (on the midline) and 
+ S1-21 (2 cun lateral to the midline), 


Needling 
Vertically 0.5-1 cun. Caution: Peritoneum, pregnancy. 


Actions/Indications 
«Regulates the Qi, regulates the Stomach and Intestines 
«Regulates counterflow Qi 


Special features 
Meeting point with the chong mai 
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4 Acupuncture Points of the Twelve Primary Channels 


QRZ Abdomen connecting Valley FUTONGGU 


Location 
5 cun superior to the umbilicus or 3 cun inferior to the sterno- 
costal angle, 0.5 cun lateral to the anterior midline. 


How to find 

‘The distance between the sternocostal angle (+ 3.5) and the 
centre of the umbilicus is divided into 8 proportional cun, which 
can vary considerably from the patient’s finger cun. Therefore, 
only proportional cun meastirements should be used (elastic tape 
+ 2.3.1), From the stemocostal angle, measure 3 cun in an infe- 
rior direction and on this level locate KID-20 0.5 cun lateral to 
the midline, 

Located on the same level are + Ren-13 (on the midline), 
+ ST-20 (2 cun lateral to the midline) and + G.B.-24 (on the 
mamillary line, in the 7th intercostal space). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy, 


Actions/Indications 
‘© Strengthens the Spleen, harmonises the Stomach and Intestines, 
regulates countertlow Qi 


Special features 
Meeting point with the chong mai 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 
Hidden Gate YOUMEN [CEI 
Location 


2 eun inferior to the sternocostal angle, 0.5 cun lateral to the 
anterior mi 


line. 


How to find 

‘The distance between the sternocostal angle (+ 3.5) and the cen- 
tre of the umbilicus is divided into 8 proportional cun, which can 
‘vary considerably from the patient’s finger cun. Therefore, only 
proportional cun should be used (elastic tape + 2.3.1), From the 
stemocostal angle, measure 2 cun in an inferior direction and on 
this level locate KID-21 0,5 cun lateral to the midline. 

Located on the same level are + Ren-14 (on the midline), 
+ ST-19 (2 cun lateral to the midline) and + LIV-14 (on the 
‘mamillary line, in the 6th intercostal space). 


Needling 
Vertically 0.5-1 cun, Caution: The liver is located on the right, 
the peritoneum on the left, Caution during pregnancy. 


Actions/Indications 
# Harmonises the Stomach, regulates counterflow Qi 


Special features 
Meeting point with the chong mai. Last point of the chong mai 
located on the Kidney channel 
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4 Acupuncture Points of the Twelve Primary Channels 


QTE walking corridor BULANG 
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Location 
In the Sth intercostal space (ICS), 2 cun lateral to the anterior 
midline. 


How to find 

Locate the Sth ICS either by counting parasternally from the 
clavicle or from the manubriosternal synchondrosis (—+ 2nd rib) 
(3.5), then locate KID-22 2 cum lateral to the anterior midline. 
Located on the same level (Sth ICS) are + Ren-16 (on the mid- 
line), + ST-18 (on the mamillary line) and —* SP-17 (6 cun lat- 
eral to the midline), 


Needling 
0.5-0.8 cun obliquely or transversely (subcutaneously) with or 
against the channel pathway. Caution: Avoid injuring the liver 
(on the right side), the heart (on the left side) and the pleura. 


Actions/Indications 
© Regulates the Lung Qi and counterflow Qi, unbinds the chest 


Special features 

Exit point, The Su Wen describes points KID-22 to KID-27 as shu 
points of the chest, indicated for difficult breathing and disorders 
of the thorax. They are particularly indicated for breathing difli- 
culties due to ‘excess above, deficiency below’, which refers to 
the inability of the Kidneys to absorb the Qi that has descended 
from the Lung. 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


Spirit Seal SHENFENG [DSSS 
Location 


In the 4th intercostal space (ICS), 2 cun lateral to the anterior 
midline. 


How to find 

Locate the 4th ICS either by palpating parasternally from the 
clavicle or by counting from the manubriostemal synchondrosis 
( 2nd rib) (+ 3.5), then locate KID-23 2 cun lateral to the 
anterior midline 

Located on the same level (4th ICS) are + Ren-17 (on the mid- 
line), — ST-17 (on the nipple),  SP-18 (6 cun lateral to the 
midline), + P-1 (1 cun lateral to the nipple) and + G.B.-22 
3 cun inferior to the axilla) as well as G.B.-23 (1 cun anterior 
to G.B-22). 


Needling 
0.5-0.8 cun obliquely or transversely (subcutaneously) along 
the course of the ICS of with of against the channel pathway. 
Caution: Heart, pneumothorax. 


Actions/Indications 

# Regulates the Lung Qi and counterflow Qi, unbinds the chest 
# Harmonises the Stomach 

# Benefits the breasts 


Special features 
‘The Su Wen describes points KID-22 to KID-27 as shu points of 
the chest, indicated for difficult breathing and disorders of the tho- 
ax. They are particularly indicated for breathing diffic 
to ‘excess above, deficiency below’, which refers to the inability 
of the Kidneys to absorb the Qi that has descended from the Lung, 
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4 Acupuncture Points of the Twelve Primary Channels 


BEEZ spirit Ruin uincxu 


Location 
In the 3rd intercostal space (ICS), 2 cun lateral to the anterior 
midline. 


How to find 

Locate the 3rd ICS by palpating parasternally from the clavicle or 
by counting from the manubriosternal synchondrosis (+ 2nd rib) 
(6355), then locate KID-24 2 cun lateral to the anterior midline. 
Located on the same level (+ 3rd ICS) are “+ Ren-18 (on the 
midline), ++ ST-16 (4 cun lateral to the midline) and + SP-19 
(6 cun lateral to the midline). 


Needling 
0.5-0.8 cun obliquely or transversely (subcutaneously) along the 
course of the ICS or with or against the channel pathway. Caution: 
Pneumothorax. 


Actions/Indications 
Regulates the Lung and Stomach Qi 
© Unbinds the chest 

© Benefits the breasts 


Special features 
‘The Su Wen describes points KID-22 to KID-27 as shu points of 
the chest, indicated for difficult breathing and disorders of the 
thorax. They are particularly indicated for breathing difficulties 
due to ‘excess above, deficiency below’, which refers to the 
inability of the Kidneys to absorb the Qi that has descended from 
the Lung. 
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How to solder 


Tirning to the actual techniques of soldering, firstly i's best to secure the work 


somehow so that it doesn't move during soldering and affect your accuracy. In the case of 
a printed circuit board, various holding frames are fairly popular especially with densely 
populated boards: the idea is to insert all the parts on one side ("stuffing the board"), hold 
them in place with a special foam pad to prevent them falling out, turn the board over and 
then snip off the wires with cutters before making the joints. The frame saves an awful lot 
of turning the board over and over, especially with large boards. Other parts could be 
held firm in a modeller's small vice, for example. 


Solder joints may need to possess some degree of mechanical strength in some cases, 
especially with wires soldered to, say, potentiometer or switch tags, and this means that 
the wire should be looped through the tag and secured before solder is applied. The down 
side is that it is more difficult to de-solder the joint (see later) and remove the wire 
afterwards, if required. Otherwise, in the case of an ordinary circuit board, components’ 
wires are bent to fit through the board, inserted flush against the board's surface, splayed 
outwards a little so that the part grips the board, and then soldered. 


In my view - opinions vary - it's generally better to snip the surplus wires leads off first, 
to make the joint more accessible and avoid applying a mechanical shock to the p.c.b. 
joint. However, in the case of semiconductors, I often tend to leave the snipping until 
afier the joint has been made, since the excess wire will help to sink away some of the 
heat from the semiconductor junction. Integrated circuits can either be soldered directly 
into place if you are confident enough, or better, use a dual-in-line socket to prevent heat 
damage. The chip can then be swapped out if needed. 


Parts which become hot in operation (e.g. some resistors), are raised above the board 
slightly to allow air to circulate. Some components, especially large electrolytic 
capacitors, may require a mounting clip to be screwed down to the board first, otherwise 
the part may eventually break off due to vibration, 


The perfectly soldered joint will be nice and shiny looking, and will prove reliable in 
service. I would say that: 


+ cleanliness 
+ temperature 

+ time 

+ adequate solder coverage 


are the key factors affecting the quality of the joint. A little effort spent now in soldering 
the perfect joint may save you - or somebody else - a considerable amount of time in 
troubleshooting a defective joint in the future. The basic principles are as follows. 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 


Spirit Storehouse SHENCANG [PET 


Location 
In the 2nd intercostal space (ICS), 2 cun lateral to the anterior 
midline. 


How to find 

Locate the 2nd ICS by palpating parasternally from the clavicle or 
by counting from the manubriosternal synchondrosis (+ 2nd rib) 
(+35), then locate KID-24 2 cun lateral to the anterior midiine. 
Located on the same level (-* 2nd ICS) are Ren-19 (on the 
midline), + ST-15 (4 cun lateral to the midline) and — SP-20 
(6 cun lateral to the midline). 


Needling 
0.5-0.8 cun obliquely or transversely (subcutaneously) along 
the course of the ICS of with of against the channel pathway. 
Caution: Pneumothorax. 


Actions/Indications 
© Regulates the Lung Qi 
+ Unbinds the chest 


Special features 
‘The Su Wen describes points KID-22 to KID-27 as shu points of 
the chest, indicated for difficult breathing and disorders of the 
thorax. They are particularly indicated for breathing difficulties 
due to ‘excess above, deficiency below’, which refers to the 
inability of the Kidneys to absorb the Qi that has descended from 
the Lung. 


345 


Cho4.8-P10028.qxd 2/22/08 6:14 PM Page 346 O 


4 Acupuncture Points of the Twelve Primary Channels 


QRTET comfortable chest YUZHONG 


Location 


lercostal space (ICS), 2 cun lateral to the anterior 


How to find 

alpating parastemally from superior to inferior, the Ist rib can be 
palpated directly below the clavicle: in some cases, it can be com- 
pletely hidden under the clavicle, Locate KID-26 below the Istrib 
in the 1st ICS, 2 cun lateral to the midline. Located on the same 
level (Ist ICS) are + Ren-20 (on the midline), + ST-14 (4 cun 
lateral to the midline) and —* LU-1 (6 cun lateral to the midline). 


Needling 
0.5-0.8 cun obliquely or transversely (subcutaneously) along the 
course of the ICS or with or against the channel pathway. Caution: 
Pneumothorax. 


Actions/Indications 

© Regulates the Lung Qi and transforms Phlegm 
© Unbinds the chest 

© Benefits the breasts 


Special features 
‘The Su Wen describes points KID-22 to KID-27 as sfu points of 
the chest, indicated for difficult breathing and disorders ofthe tho- 


rax. They are particularly indicated for breathing difficulties due 
to ‘excess above, deficiency below’, which refers to the inability 
of the Kidneys to absorb the Qi that has descended from the Lung. 
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4.8 The Kidney Channel System — Foot shaoyin (zu shao yin jing luo) 
Shu Mansion SHUFU [44 
Location 


At the lower border of the clavicle, 2 cun lateral to the anterior 
midline 


How to find 

When palpating parastemally from superior to inferior, the Ist 
rib can be felt directly below the clavicle; in some cases, it can 
be completely hidden under the clavicle, ‘Therefore, KID-27 
Will be located either on the Ist rib or, in some cases, at its lower 
border. + ST-13 is located lateral to the short curvature of the 
Ist rib, below the midpoint of the clavicle, 

Located on approximately the same level are + Ren-21 (on the 
midline) and —+ LU-2 (6 cum lateral to the midline) 


Needling 
0.5-0.8 cun obliquely or transversely (subcutaneously) along the 
course of the ICS or with or against the channel pathway. Caution: 
Pheumothorax. 


Actions/Indications 
© Regulates the Lung Qi and transforms Phlegm 
+ Unbinds the chest 
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4.9 The Pericardium Channel System ~ Hand jueyin (shou jue yin jing luo) 


4.9 The Pericardium Channel 
System - Hand jueyin (shou 
jue yin jing luo) 


4.9.1 Primary Pericardium Channel 
(shou jue yin jing) 


Pathway 

‘The Pericardium primary channel begins in the centre of the thorax 

oon the level of + Ren-17 (shanshong), where an internal branch of 

the Kidney primary channel ends, having also connected with the 

Liver, Lung and Heart (deep Yin—Yin connection). 

‘The Pericardium primary channel then divides into two branches: 

= The first branch penetrates the diaphragm, descends to the 
abdomen and connects with the Upper, Middle and Lower 
Burner. 

=A further internal branch also originates in the thoracic 
region, continues tothe breast and emerges approximately 1 cun 
lateral to the nipple in the 4th intercostal space at PI (rianchi), 
Beneath P-1, an internal branch of the Liver primary channel 
‘emerges from the Liver and joins the Pericardium primary chan- 
nel (Yin axes of the third great circuit: jueyin). 

‘The external pathway ascends to the axilla, follows the medial 

aspect of the upper arm between the Lung and Heart primary 

channels, passes the elbow and continues along the forearm 


between the tendons of the palmaris longus and flexor carpi 
ulnaris muscles, ending at the tip of the middle finger. 

Another internal branch originates in the centre of the palm at 
8 (/aogong), runs along the ring finger and connects at its tip 
With the Triple Burner primary channel (hand Yin-Yang con- 
nection of the third circuit) 


Clinical importance (— 1.2) 

Exterior (biao) signs and symptoms: Occipital stiffness, leg 
cramps, red complexion, eye pain, swellings in the subaxillary 
region, hypertonic musculature with limited range of motion of 
the arm and elbow, Heat sensations in the palms 


j= 
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Interior (li) oF zangfu-Organ signs and symptoms: Delirious 
speech, confusion, irritability, fullness and distension in the tho- 
rax and lateral costal region, aphasia, palpitations 


Connections of the Pericardium primary 
channel (— 1.2) 


Connections with other channels 


Triple Burner primary channel (shou shao yang jing) 
Connection: Hand Yin-Yang pairing of the third great circuit 
Location: P-8 + T.B.-1 (on the hand) 

Circulation: Circadian (according to the Organ clock) 
Importance: ExteriorInterior relationship 


Liver primary channel (zu jue yin jing) 
Connection: Six-channel pairing of the third great circuit (Yin 
axes): jue yin 

Location: LIV — P. An internal branch of the Liver primary 
channel emerges at the Liver, penetrates the diaphragm and con- 
neets with the Pericardium primary channel beneath P-I (tianchi) 
Circulation: Non-circadian (not according to the Organ clock) 
Importance: Above-below relationship 


Kidney primary channel (zu shao yin jing) 
Connection: Deep Yin-Yin connection 

Location: KID — P (on the thorax). A branch of the internal 
pathway of the Kidney primary channel travels from the Kidney 
to the Liver, penetrates the diaphragm and spreads in the Lung 
(ei). From the Lung, an internal branch runs to the Heart (xin) 
‘where it joins the Pericardium primary channel (deep Yin—Yin 
connection) and further reaches + Ren-17 (shanzhong). 
Circulation: Circadian (according to the Organ clock) 
Importance: The Pericardium primary channel rec: 
tive Qi (ving gi) from the Kidney primary channel (first citcula- 
tion of the ying gi 1.1.4). 


ves Nutri- 


Connections with zangfu-Organ systems 
Pericardium (xin bao), Triple Burner (san jiao) 


4.9.2 The Pericardium Divergent 
Channel (shou jue yin jing bie) 


TB-16_ 
(Sth confluence) 


Pathway 
‘The Pericardium divergent channel separates from the Pericardium 
primary channel near P-I (tianchi), 1 cun lateral to the nipple on 
the level of the 4th intercostal space. It 
= runs in a lateral ditection to + G.B.-22 (yuanye) 
= penetrates the thorax, continues to the Heart (xin) and divides 
into two branche 
© one branch connects with the Upper, Middle and Lower 
Burner 
© the other branch ascends to the neck 10 + Ren-23 
(ianguan) and continues to the lateral aspect of the neck, 
‘emerges at + T.B.-16 (tianyou) on the posterior border of the 
stemocleidomastoid muscle on the level of the mandibular 
angle, connecting with the Triple Bumer primary channel 
and the Triple Bumer di 
hhe-confluences (here: P/TB. as Sth Confluence — 1,3) 


rent channel to form one of the 6 


Clinical importance 

‘Strengthens the relationship between the Pericardium and the 
‘Triple Bumer (cangfu-Organ systems). Points on the Peri- 
cardium primary channel can therefore be used for disorders 
of the Triple Burner; vice versa, points on the Triple Burner 
primary channel can treat disorders of the Pericardium, 
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# In contrast to the Pericardium primary channel, the Pericardium 
divergent channel reaches the occiput and the neck. This 
explains why several points on the P channel can be used for 
disorders of the neck and ears, chronic throat pain, ete 

* By reaching the thorax, breast and hypochondrium, the Peri- 
cardium divergent channel supports the relationship between 
the Pericardium primary channel and these regions 


4.9.3 The Pericardium Sinew Channel 
(shou jue yin jing jin) 


(Meeting point 
ff the three hand Yin 
sinew channels) 


Pathway 

‘The Pericardium sinew channel begins at the tip of the middle 

finger 

= runs along the anterior aspect of the middle finger and along 
the 3rd metacarpal bone 

© spreads in the centre of the palm and meets the Lung sinew 
channel 

© binds (jie) in the centre of the wrist 

= ascends the anterior aspect of the forearm as well as the 
anteromedial aspect of the upper arm to the axilla, binding 
(jie) at P-3 (quze) on the elbow and at + G.B.-22 (yuanye), 
‘where it meets the other hand Yin sinew channels 

At G.B.-22, the channel separates into two branches 

* one branch disperses on the anterior, lateral and posterior 
aspects of the costal region 


«the other branch penetrates the thorax below the axilla and 
reaches the midthoracic region on the level of — Ren-I7 
(shanzhong), from where it spreads in the thoracic cavity to 
bind (jie) at the diaphragm, 


Clinical importance 
Pathology: Stiflness, pain, spasms and distending sensations 
along the pathway of the Pericardium sinew channel, Thoracic 
pain and tightness, xi fen syndrome (one of the five ji-syndromes, 
aan ‘accumulation syndrome’) due to Lung Qi stagnation with 
accumulation of Phlegm and Heat manifesting with symptoms 
such as masses in the right hypochondriac region, possibly 
accompanied by thoracic or back pain, haemoptysis, chills and 
fever, shortness of breath and dyspnoea, etc. 

Indication: Mainly for pain, spasms and distending sensations 
along the pathway of the sinew channel, limited range of motion 
along the medial aspect of the arm and elbow, swellings and pain 
in the axilla and the breast. 


4.9.4 The Pericardium /uo-Connecting 
Vessel System (shou jue yin 
luo mai) 
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Pathway 

‘The lvo-connecting Pericardium vessel system separates from the 

Pericardium primary channel at its associated /uo-connecting point 

P.6 (neiguan) (8.1.2). It forms a three-dimensional reticular net- 

‘work, dividing into multiple branches and sub-branches (sun luo, 

Jfu luo, xue luo + 1.5) within the surrounding tissue. 

‘Horizontal divisions run to the Interiorly-Exteriorly paired 
‘Triple Bummer primary channel; according to some schools of 
thought (for example, Neyen Van Nehi -* Appendix), they 
travel as a transverse Pericardium Iuo-connecting vessel to 
the yuan-source point + 'T.B.-4 (yangchi. 

‘A longitudinal division follows the Pericardium primary 
channel along the anterior aspect of the arm, crosses —* Ren-17 
(shanzhong) on the midline on the level of the th intercostal 
spac 


yenetrates the thorax and terminates at the Pericardium 


(xin bao) and the Heart (xin), 


Pathology 
Excess (shi): Heart pain, angina pain, thoracic pain 
Deficiency (ru): Restlessness, irritability 


4.9.5 Cutaneous Region (jue yin pi bu) 


See description and figures 1.6, 


4.9.6 Points of the Primary 
Pericardium Channel (Over 


w) 


Specific points according to their function 

© Yuan-source point (+ 8.1.1): P-7 (daling) m 
Luo-connecting point (+ 8.1.2.): P-6 (neiguan) am 
Xi-cleft point (+ 8.1.3): P-4 (ximen) mm 

Associated Back-shu point (+ 8.1.4): BL-Id (jueyinshu) 
Associated Front-mu point (+ 8.1.5): Ren-17 (shanzhong) 


Five shu-transporting points (—* 8.1.6): 
Jing-well point (Wood), tonification point: P-9 (chongchong) 


ying-spring point (Fire), ben point (Five Phases): P-8 (lao- 


point (Earth), sedation point: P-7 (daling) 
Jing-river point (Metal): P-S (jianshi) aim 
hhe-sea point (Water): P-3 (quze) 
‘¢ Hui-meeting point (+ 8.1.7): - 
‘© Opening point (+ 8.1.8) of the yin wei mai: P-6 (neiguan) a 
© Lower he-sea point (— 8. 


©  Siaohui-meeting points (+ 8.1.10): 
—Wwith the LIV, T.B., G.B.* channels: P-l (tianchi) 
— of other channels with the Pericardium channel: ~ 
‘© Gao Wu command point (= 8.1.11) for the thoracic region: 
P.6 (neiguan) wm 
Window of Heaven point (= 8.1.12): P-l (tianchi) 
Points of the Four Seas (—* 8.1.13): — 
Ma Dan Yang Heavenly Star point (+ 8.1.14): — 
Sun Si Miao Ghost point (+ 8.1.15): P-7 (daling) 
P-8 (laogong) sm 
© Other functional points: 
~ important point for eliminating Phlegm misting the orifices: 
PS (jianshi) 
~ important point for calming the shen: P-6 (neiguan) mi 


Points according to region 

© Local points (8.2.1): hand ~ P-7 (daling) a 

© Adjacent points (— 8.2.1): 

Distal points (8.2.1): tongue ~ P-8 (/aogong) mm; Lung ~ 
6 (neiguan) mm; Heart —P-4 (ximen) mm: P-6 (neiguan) 
Spleen ~ P-6 (neiguan) mm; thorax and epigastrium ~ P-6 
(neiguan) aim; foot ~ P-7 (daling) mm 


Specific points according to the channel 
Pathway (in numeric order) 
P-L (tianchi) a: jiaohui-meeting point with the LLY, T.B., 
G.B* channels (+ 8.1.10); Window of Heayen point 
(> 8.1.12) 


# P-3 (quze) aim lower he-sea point (Water) (—* 8.1.6) 
© P-4 (simen) mm: xi-cleft point (—+ 8.1.3); distal point for the 
Heart (-* 8.2.1) 


© P-5 (jianshi) mm: jing-river point (Metal) (+ 8.1.6); impor- 
tant point for eliminating Phlegm misting the orific 

© P-6 (neiguan) mim: luo-connecting point (+ 8.1.2); Gao Wu 
command point (+ 8.1.11) for the thorax; Opening point 
(> 8.1.8) of the yin wei mai; distal point for the Heart, 
Spleen, thorax and epigastrium (— 8.2.1); important point for 
calming the shen 

© P-7 (daling) mm: yuan-source point (> 8.1.1); shu-stream 
point (Earth) (+ 8.1.6); sedation point; Sun Si Miao Ghost 
point (+ 8.1.15); local point for the hand (+ 8.2.1); distal 
point for the foot (8.2.1) 

© P-8 (laogong) mm: ying-spring point (Fire) (+ 8.1.6); ben 
point (Five Phases); Sun Si Miao Ghost point (—* 8.1.15); 
distal point for the tongue (+ 8.2.1) 

© P-9 (chongchong) mm: jing-well point (Wood) (—* 8.1.6); 


7 Mentioned by only some authors 
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Heavenly Pool TIANCH! JS) 
Location 


In the 4th intercostal space (ICS), 1 cun lateral to the nipple. 


How to find 

Quick method, especially in male patients: The 4th ICS is 
located on the same level as the nipple. Locate P-1 1 cun lateral 
to the nipple in the 4th ICS (note: ascending course of the ICS 
towards lateral), Or: For bette orientation inthe intercostal region, 
first, locate the manubriosternal synchondrosis (+ 3.4.2.). This 
is on the level of the costal cartilage of the 2nd rib, followed by 
the 2nd ICS below it. Count down to ICS to the 4th ICS and 
measure 5 cun in a lateral direction, There, locate Pel 

Located on the same level (4th ICS) are + Ren-17 (on the mid- 
line), —* KID-23/ST-17/SP-18 (2/4/6 cun lateral to the midline), 
as well as + G.B.-22 and + G.B.-23, 


Needling 
(0.5-1 cun transversely (subcutaneously) along the course of the 
ICS, Especially in women, transverse needling only, avoid punc- 
turing the mamillary tissue. Caution: Pheumothorax. 


Actions/Indications 

# Descends counterflow Qi 

«Eliminates excess (especially Heat and Phlegm) from the thorax 
Promotes lactation and eliminates local Qi stagnation 


Special features 

Meeting point with the LIV and T:B. channels, also with the G.B. 
channel according to some authors. Window of Heaven point, 
entry point. 
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Heavenly Spring TIANQUAN 


* RS TOJIN IRIE TIS 


Location 
Between the two heads of the biceps brachii muscle, 2 cun 
inferior to the axillary fold, 


How to find 

Locate the biceps brachii muscle through slight external rota- 
tion; in patients with less muscle definition, ask the patient to 
flex their elbow against resistance, P-2 is located between the 
two heads of the biceps brachii muscle, 2 cun inferior to the 
upper end of the anterior axillary fold (-* 2.2) 

+ LU-3 is located radial to P-2, on the lateral aspect of the 
biceps brachii muscle and I cun more distally. 


Needling 
1-1.5 cun obliquely in a proximal or lateral direction, 


Actions/Indications 

‘* Unbinds the chest. 

¢ Nourishes and invigorates the Blood 
© Calms the shen 


Cho4.9-P10028.qxd 2/23/08 3:57 PM Page 355 O 


4.9 The Pericardium Channel System ~ Hand jueyin (shou jue yin jing luo) 


Marsh at the Crook QUZE [SWS 


Location 
On the cubital crease, on the ulnar side of the biceps tendon, 
between the tendon and the brachial artery. 


How to find 

Place the patient’s arm in a relaxed supinated position. This 
point is best located with the elbow bent and the biceps flexed in 
order to make the tendon and elbow crease more clearly visible 
and palpable, P-3 is located on the cubital crease, on the ulnar 
aspect of the tendon, 

Also located in the area of the cubital crease are LU-S (on the 
radial side of the tendon), -* L.L-11 (between the radial end of the 
crease and the lateral epicondyle of the humerus) and — HE-3 
(with the elbow fully flexed, at the ulnar enc! of the cubital erease), 


Needling 
0.5-1 cun vertically or prick to cause bleeding of the vein. Cau- 
tion: Brachial artery/vein, Palpate for the pulse before needling 


Actions/Indications 

© Clears Heat, drains Fire 

# Harmonises the Stomach and Intestines, stops vomiting 
© Opens the channel, alleviates pain 


Special features 
He-sea point, Water point. Important local point and important 
point to drain Heat. For Heat conditions, apply bloodletting. 


= 


Cubital crease 


ay FO) fis IX Ss 
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Really Clean 


First, and without exception, all parts - including the iron tip itself - must be clean and 
free from contamination. Solder just will not "take" to dirty parts! Old components or 
copper board can be notoriously difficult to solder, because of the layer of oxidation 
which builds up on the surface of the leads. This repels the molten solder and this will 
soon be evident because the solder will "bead" into globules, going everywhere except 
where you need it. Dirt is the enemy of a good quality soldered joint! 


Hence, it is an absolute necessity to ensure that parts are free from grease, oxidation and 
other contamination. In the case of old resistors or capacitors, for example, where the 
leads have started to oxidise, use a small hand-held file or perhaps scrape a knife blade or 
rub a fine emery cloth over them to reveal fresh metal underneath. Stripboard and copper 
printed circuit board will generally oxidise after a few months, especially if it has been 
fingerprinted, and the copper strips can be cleaned using an abrasive rubber block, like an 
aggressive eraser, to reveal fresh shiny copper underneath. 


Also available is a fibre-glass filament brush, which is used propelling-pencil-like to 
remove any surface contamination. These tend to produce tiny particles which are highly 
irritating to skin, so avoid accidental contact with any debris. Afterwards, a wipe with a 
rag soaked in cleaning solvent will remove most grease marks and fingerprints. After 
preparing the surfaces, avoid touching the parts afterwards if at all possible. 


Another side effect of having dirty surfaces is the tendency for people to want to apply 
‘more heat in an attempt to "force the solder to take". This will often do more harm than 
good because it may not be possible to burn off any contaminants anyway, and the 
component may be overheated. In the case of semiconductors, temperature is quite 
critical and they may be harmed by applying such excessive heat. 


Before using the iron to make a joint, it should be "tinned" (coated with solder) by 
applying a few millimetres of solder, then wiped on a damp sponge preparing it for use: 
you should always do this immediately with a new bit, anyway. Personally, I always re- 
apply a very small amount of solder again, mainly to improve the thermal contact 
between the iron and the joint, so that the solder will flow more quickly and easily. It's 
sometimes better to tin larger parts as well before making the joint itself, but it isn’t 
generally necessary with p.c.b. work, (All EPE printed circuit boards are "roller-tinned" 
to preserve their quality and to help with soldering.) A worthwhile product is Weller's Tip 
Tinner & Cleaner, a small 15 gram tinlet of paste onto which you dab a hot iron - the 
product cleans and tins the iron ready for use. An equivalent is Adcola Tip-Save. 


Normal electronics grade solder is now "lead free” and typically contains Sn 97 Ag 2.5 
Cu 05 (ie. 97% tin, 2.5% silver and 0.5% copper). It already contains cores of "flux" 
which helps the molten solder to flow more easily over the joint. Flux removes oxides 
which arise during heating, and is seen as a brown fluid bubbling away on the joint. The 
use of separate acid flux paste (e.g. as used by plumbers) should NEVER be necessary in 
normal electronics applications because electronies-grade solder already contains the 
correct grade of flux! Other solders are available for specialist work, including 


Chod.9-P10028.qxd 2/23/08 3:57 PM Page 356 O 


4 Acupuncture Points of the Twelve Primary Channels 


BZ Xi cleft cate ximen 


OJIN IIE TIS 


356 


Location 

5 cun proximal to the anterior space of the wrist joint (most distal 
‘wrist crease), between the tendons of the palmaris longus and 
flexor carpi radialis muscles. 


How to find 

Spreading hands technique (+ 2.3.3): Place the little fingers in 
the centre of the anterior wrist joint space (—* 3.3.3, + P-7) and 
the cubital crease respectively (-* P-3). From the midpoint of 
this distance, measure 1 cun in a distal direction, On this level, 
locate P-4 between the two tendons, which become more pro- 
nounced when the fingertips are pressed together. If only one 
tendon is visible, this will be the tendon of the flexor carpi radials 
muscle. P-4 is located on its ulnar aspect. 


Needling 
05-1 cun vertically or 11.5 cun obliquely in a proximal direction, 


Actions/Indications 

© Tonifies the Blood, dispels Blood stasis 
© Calms the shen 

© Cools the Blood 

© Opens the channel 


Special features 
Xi-cleft point. Major point for acute, painful Blood stasis in the 
region of the thorax and the Heart 
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Intermediary Messenger jiANSH! [JS 


Location 
Pressing the thumb and ite ws 
igo tects forbear eee. Tepdonofthe 3 cum proximal tothe anterior wrist join space (‘most stl wrist 
presentation ofthe tendons tadals eeu crease"), between the tendons of the palmaris longus and flexor 


carpi radialis muscles. 


How to find 
As the location of the wrist crease varies, the wrist joint space is 
1a more reliable reference point (-* 3.3.3). It can easily be pal- 
pated by moving the patient's hand in a relaxed way. From the 
centre of the joint space (—* P-7), measure 3 cun in a proximal 
‘ direction and locate P-S between the two tendons, which become 
Ruetonn ace ‘more pronounced when the fingertips are pressed together. If only 
one tendon is visible, this will be the tendon of the flexor carpi 
radialis muscle, P-5 is Located at its ulnar aspect. 


Needling 

0.5-1 cun vertically or obliquely in a proximal direction, Caution: 
‘The median nerve here is only covered by the radial head of 
the flexor digitorum superficialis. Vertical needling should not 
exceed (05 cun; no strong needle stimulation. 


Actions/Indications 
aia) Triceps © Calms the shen and the Heart 
lateral head © Harmonises the Middle Burner 
Brachioracalis— * Clears Heart Fire 
Triceps brachil, ae Unbinds the chet 
medial head Valens te che 
Transforms invisible Phlegm 
Extensor carpi — = Tendon of the 


radials longus triceps brachii 


_ Special features 
Tato Jing-river point, Metal point, Important point for transforming | 


it~ | Phlegm blocking the orifices, 


Olecranon 


Lateral 


epicondyle 
ee Flexor carpi 
ulnaris 


Extensor Extensor carpi 
digitorum ulnaris 
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EZ inner Gate NEIGUAN 


Location 

Pressing the thumb and litle of Tendon of 
2.cun proximal to the anterior wrist joint space (‘most distal wrist finger together for better thetlor the 
crease’), between the tendons of the palmaris longus and flexor Ree i ofthe tendons carpi radi longus 


carpi radialis muscles. " a 
i 2an 

How to find " 

As the location of the wrist crease varies, the wrist joint space is 
a more reliable reference point (+ 3.3.3). It can easily be pal- 
pated by moving the patient's hand in a relaxed way. From the 
centre of the wrist joint space (+ P-7), measure 2 cun in a prox- 
imal direction and locate P-6 between the two tendons, which 
become more pronounced when the fingertips are pressed 
together. If only one tendon is visible, this will be the tendon of 
the flexor carpi radialis muscle. P-6 is located on its ulnar aspect. 
Or quick method: From the centre of the wrist joint space, 
slide in a proximal direction between the two tendons. The skin 
will begin to form a bulge in front of the sliding finger, which 
will come to a halt at P-6, 

+ TB.-5 (2 cun proximal to the dorsal wrist joint space) is 
located opposite P-6, 


Needling 

0.5-1 cun vertically or obliquely in a proximal or lateral direc- 
tion, Caution: The median nerve is located directly below this 
point, 


Actions/Indications 
Calms the shen 

© Unbinds the chest 

‘© Harmonises the Stomach 
© Opens the channel 


Special features 

Luo-connecting point, opening (master) point of the yin wei mai, 
Gao Wu command point for the thorax. Main point for nausea 
and vomiting. Very important point. 


my OJIN IIE TIS 
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4.9 The Pericardium Channel System - Hand jueyin (shou jue yin jing luo) 
Great Mound DALING 
Location 


On the anterior aspect of the wrist joint space (‘most distal wrist 
crease’), between the tendons of the palmaris longus and flexor 
carpi radialis muscles. 


Pressing the thumb andlittie Tendon of Tendon of 
finger together for better the flexor the palmars 
presentation ofthe tendons capiradiais longus 


i 


How to find 

As the location of the wrist crease varies, the wrist joint space 
is a more reliable reference point (+ 3.3.3). By moving the 
patient's hand in a relaxed way, it can easily be palpated. Locate 
P-7 on this level between the two tendons, which become more 
‘ pronounced when the fingertips are pressed together. If only 
one tendon is visible, this will be the tendon of the flexor carpi 
radialis muscle. P-7 is located on its ulnar aspect, 

Located on the same level are —* HIE-7 (on the ulnar aspect of 
the wrist joint, radial to the tendon of the flexor carpi ulnaris 
muscle) and —* LU-9 (on the radial aspect of the wrist joint, lat- 


aces 


Tendon of the 


flexor carpi ulnaris scale eral to the radial artery. 
i ofthe flexor carpi 
. radialis 
/ Needling 


Vertically 0.3-0.5 cun, for carpal tunnel syndrome also 05-1 
cun obliquely in a lateral direction along the tunnel. Caution: 


Abductor  Opponens pollicis ‘The median nerve is located directly under this point, thus 
Sah ew needling can cause a significant electric sensation; in this case, 
5 ane ene no further needle manipulation to avoid possible injury. 
_- oductor Actions/Indications 


polis brevis Clears Heat from the Heurt, calms the shen 


‘*  Harmonises the Stomach and Intestines 
* Cools Heart Fire affecting the Bladder 
* Unbinds the chest | 


* Cools the Blood 
# Opens the channel, alleviates pain 


Special features ] 
Yuan-source point, shu-stream point, Earth point, sedation point, e| 
Sun Si Miao Ghost point, Important point for calming, main 

point for carpal tunnel syndrome. 


__-Wst joint space 
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4 Acupuncture Points of the Twelve Primary Channels 


BEE Palace of Toit LAOGONG 


my FOI IK WEIS 


Location 
In the centre of the palm, between the 2nd and 3rd metacarpal 
bones, slightly closer to the 3rd metacarpal bone. 


How to find 

‘When making a loose fist, the tip of the middle finger will rest 
on P-8, between the 2nd and 3rd metacarpal bones, slightly closer 
to the 3rd metacarpal bone, 

+ HE-8 is located more radially, between the 4th and Sth 
‘metacarpal bones, 


Needling 
Vertically 0.3-0.5 cun. Thinner needles should be used as 
needling this point can be painful. 


Actions/Indications 

Clears Heart Fire and calms the shen 

‘* Harmonises the Middle Burner 

© Clears the ying-nutritive level and cools the Blood. 


Special features 
Ying-spring point, Fire point, ben point (Five Phases). Sun Si 
‘Mino Ghost point, exit point, 
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Middle Rushing ZHONGCHONG JZ 


Location 
On the most distal point of the middle finger. 


How to find 
Find the most distal point on the tip of the middle finger and 
there locate P-9. 


Needling 
Vertically 0.1-0.2 cun or prick to bleed. Caution: Painful point. 


Actions/Indications 

© Clears Heat, especially from the Heart and Pericardium 
© Strengthens collapsed Yang 

© Expels internal Wind 


Special features 
JJing-well point, Wood point, tonification point, 


361 


Cho4.10-F10028.qxd 2/23/08 2:26 PM Page 363 


4.10 The Triple Burner Channel System - Hand shaoyang (shou shao yang jing luo) 


4.10 The Triple Burner Channel 
System — Hand shaoyang 
(shou shao yang jing luo) 


4.10.1 Triple Burner Primary Channel 
(shou shao yang jing) 


CB-6 GBS CB-4 


Si-14 GB21 $112 


Upper Burner 
"ERENT 
eG 


Pathway 

‘The external pathway of the Triple Burner primary channel 

begins on the ring finger, at the ulnar comer of the nail at 

(guanchong). T:B.+1 is reached by a branch of the Pericardium 

primary channel that separates on the palm of the hand at —* P-8 

(laogong) (hand Yin-Yang connection of the third great circuit) 

‘The channel runs along the ulnar side of the ring finger 

= continues between the 4th and Sth metacarpal bones 

= travels along the posterior aspect of the forearm between the 
radius and the ulna towards the lateral aspect of the arm 

= passes the olecranon and continues along the upper arm to the 
shoulder 

= traverses the shoulder, intersects with + S.L.-12 (bingfeng) and 
meets the other Yang primary channels at —* Du-I4 (dachu) 

= runs to the anterior aspect of the body, crossing + G.B.-21 
Giianjing) and — ST-12 (quepen), the latter in the supraclav- 
‘cular fossa. 


At ST-12, the channel enters the body to begin its internal 
section. It meets the Pericardium (xin bao) at Ren-17 
(shanzhong), penetrates the diaphragm and enters the abdomen, 
connecting with the Upper. Middle and Lower Burners. 

From the Lower Burner, an internal branch (according to some 
authors, the .B. channel) descends to the popliteal fossa to 
+ BL-39 (weivang), the lower he-sea point of the Triple Burner, 
A further inner braneh originates in the thorax at + Ren-17 
(shanzhong), emerges at the supraclavicular fossa and ascends 
to the posterior border of the stemnocleidomastoid muscle to 
TB-16, follows via TB-17, LB.-18, T.B.-19 the temporal 
bone along its border behind the ear and reaches "TB.-20 
(Jiasun) above the apex of the ear. It crosses the Gall Bladder 
primary channel at G.B.-6 (xuanti), G.B.-5 (xuanlu) and G.B.-4 
(hanyan), according to Deadman et al 1998) also at G.B.=LL 
(tougiaoyin) and G.B.14 (yangbai), descends the cheek to the 
lower jaw and ascends again to intersect with + S.L-18 
(quantiao) on the lower border of the zygomatic arch and con- 
tinues to the infraorbital region, 

From T.B.-17 (yifeng), a branch penetrates the ear, emenges to the 
Exterior anterior to the tragus, intersects with + S.L-19 
(tinggong), continues past B21 (ermen) and T.B.-22 (erhe 
igo), meets + G.B.-3 (shangguan), crosses its own cheek branch 
and ends at TB.-23 (sichukong) on the frontozygomatic suture, 
From T.B.-23, or, according to some authors from 'LB.-22, a 
small branch runs to G.BelI (tongciliao) atthe lateral canthus 
of the eye (Yang axes of the third great circuit: shao yang). 


Clinical importance (+ 1.2) 
Exterior (biao) signs and symptoms: Neck pain, cheek pain, 
red and painful eyes, dealness, pain behind the ears, pain on the 
posterior aspect of the shoulder and the upper arm 

Interior (li) or zangfi-Organ signs and symptoms: Abdominal 
fullness and distension, difficult urination, skin oedema and 
skin swellings, enuresis 


Connections of the Triple Burner primary 
channel (— 1.2) 


Connections with other channels 


Pericardium primary channel (shou jue yin jing) 
Connection: Hand Yin-Yang pairing of the third great circuit 
Location: P-8 + .B.-1 (on the hand). 

: Circadian (according to the Organ clock) 
Exterior-Interior relationship 


Gall Bladder primary channel (zu shao yang jing) 
Connection: Paired according to the six-channel theory 
(hand-foot pairing): shao yang (Yang axes ofthe third great circuit) 
Location: '.B.-23 (or T.B.-22) + G.B.-1 (on the head), 
Circulation: Circadian (according to the Organ clock) 
Importance: Above-below relationship 
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Connections with zangfu-Organ systems 
Pericardium (xia bao), Triple Burner (san jiao) 


4.10.2 The Triple Burner Divergent 
Channel (shou shao yang jing bie) 


Pathway 

‘The Triple Burner divergent channel separates from the Triple 

Burner primary channel near T-B.-20 (jioasun) 

= ascends to —+ Du-20 (baihui) 

= descends along the posterior aspect of the ear to the neck to 
TB-16 (tianyou) on the posterior border of the sternocleido- 
mastoid muscle, where it connects with the Triple Bumer pri 
‘mary channel and the Pericardium primary channel to form one 
of the six he-confluences (here: P/T.B. as fifth confluence + 1,3) 

= The Triple Burner divergent channel further descends to 
= ST-12 (quepen) in the supraclavicular fossa, penetrates the 
thorax, disperses in the Pericardium (xin bao) and reaches the 
Upper, Middle and Lower Burners. 


Clinical importance 

‘© Strengthens the relationship between the Upper, Middle and 
Lower Burners. TB. points can be used for disorders affect- 
ing these areas and Organs. 

© The Triple Burner divergent channel reaches the vertex at 
= Du-20. Therefore, T.B. points can be used for headaches, 
dizziness, etc, but also to raise the Yang Qi for prolapse, etc. 


== 


© The Triple Bumer divergent channel spreads in the thorax, so 
that ‘.B. points can be used to support the treatment of tho- 
racic problems such as pain, coughing ete. 


GB-3 
(Meeting point 
of the three 
hand yang 
sinew channels) 


4.10.3 The Triple Burner Sinew 
Channel (shou shao yang jing jin) 


Pathway 

‘The Triple Burner sinew channel begins on the ring finger, at the 

ulnar corner of the nail at TBI (guanchong) 

= travels between the 4th and Sth metacarpal bones to the wrist 

= binds (jie) at T.B.-4 (yangchi) 

= continues along the posterior aspect of the forearm between 
the Small Intestine and Large Intestine sinew channels, binds 
(jie) at the olecranon, ascends the posterior aspect of the upper 
arm to bind (jie) at the posterior comer of the acromion, trav- 
erses the posterior aspect of the shoulder and the lateral 
aspect of the occiput and there meets the Small Intestine 
sinew channel, Itthen reaches the mandibular angle, where it 
divides into two branches 

= One branch enters intemally and penetrates the root of the 
tongue 
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© The other branch ascends in front of the ear, binds (jie) at 
the outer canthus of the eye, crosses the temple and termi- 
nates at + G.B.-13 (benshen) in the frontoparietal region. 
‘There, it also meets the other hand Yang sinew channels, 


Clinical importance 

Pathology: Stifiness, swellings and distending sensations along the 
course of the sinew channel. Curling or contraction of the tongu 
Indication: Predominantly for pain, stiffness, spasms, tension 
and distending sensations along the course of the channel, includ- 
ing the lateral aspects of the head and the body as well as the lat- 
eral sections of the extremities. T.B. points can also be used for 
‘muscle tension caused by emotional disorders. Owing to the con- 
nection of the sinew channel with the tongue, some T.B. points 
are also indicated for motor disorders of the tongue. 


4.10.4 The Triple Burner /uo- 
Connecting Vessel System 
(shou shao yang luo mai) 


Pathway 
‘The Triple Burner /uo-connecting vessel system separates from the 
‘Triple Burner primary channel at its associated fuo-connecting 
point T.B.-§ (waiguan) (+ 8.1.2). It forms a three-dimensional 
reticulate network, dividing into multiple branches and sub- 
branches (sun luo, ft luo, xue luo 1.5) within the surrounding 


tissue, 


= Horizontal divisions run to the Interiorly-Exteriorly paired 
Pericardium primary channel; according to some schools of 
thought (for example Ngyen Van Nghi + Appendix), they 
travel as a transverse Triple Bumer lio-connecting vessel to 
the yuan-source point P-7 (dating). 

= A longitudinal division follows the posterior aspect of the 
arm, crosses the posterior shoulder region, continues to the 
front ofthe body and, according to some authors (for example, 
Solinas et al 1998), reaches —* ST-12 (quepen) in the supra- 
clavicular fossa, penetrates the thorax and reaches the Peri- 
cardium primary channel, both dispersing in the Upper, 
Middle and Lower Bumers, 


ad 


Pathology 

Exess (shi): ‘Tension of the elbow joint 

Deficiency (x): Muscle weakness in the arm, difficulty flexing 
the elbow 


ical importance 


4.10.5 Cutaneous Region (shao 
yang pi bu) 


See description and figures ~+ 1.6. 


4.10.6 Points of the Triple Burner 
Primary Channel (Overview) 


Specific points according to their function 
© Yuan-source point (8.1.1): T.B.-4 (yangchi) 
Luo-connecting point (+ 8.1.2.): TB. (wwaiguan) sm 
Xi-cleft point (+ 8.1.3): TB.-7 (/uizong) 
Associated Baek-shu point (+ 8.1.4): BL-22 (sanjiaoshu) 
Associated Front-mu point (+ 8.1.5): Ren-S (shimen) 
Five shu-transporting points (+ 8.1.6): 
Jing-well point (Metal): TBI (guanchong) 
ying-spring point (Water): .B.-2 (yemen) 
“shu-stream point (Wood), tonification point: T.B.-3 (chongzhu) 
Jing-river point (Fire), ben point (Five Phases): .B.-6 (chigou) 
‘he-sea point (Earth), sedation point: .B.-10 (tianjing) 
* Hui-meeting point (+ 8.1.7): — 
* Opening point (+ 8.1.8) of the yin wei mai: TBS 
(waiguan) mm 
* Lower xiahe-sea points (8.1.9): 
* Fiaohui-meeting points (8.1.10): 
~ with the yang wei mai and the G.B. channel: T.B.-13* 
(naohui) 
~ with the yang wei mai and the G.B. channel: T.B.-1 
(tiantiao) am 
ith the G.B, channel; T.B.-17 (yifeng) mm 
th the S.L* and G.B. channel: T.B.-20 (jiaosun) 
th the S.1. and G.B. channels: T.B.-22 (erheliao) 


Mentioned by only some authors 
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~ of other channels with the T:B. channel: $.L-12, BL-I1, 
19*), Du-14, Ren-12, Ren-17, ST-12, 
14, G.B-L1, G.B.-6, 
(S.L-9*) 

Gao Wu command point (— 8.1.11): 
Window of Heaven point (+ 8.1.12): 
Points of the Four Seas (—* 8.1.13): — 
Ma Dan Yang Heavenly Star point (+ 8.1.14): - 
Sun Si Miao Ghost point (— 8.1.15): 
Other functional poii 


T.B.-16 (tianyou) 


Points according to region 

* Local points (+ 8.2.1): ears ~'T.B.-21 (ermen) tm: shoulder ~ 
TB-14 (jianliao) mm, T.Bo15 (tianliao) mm 

© Adjacent points (+ 8.2.1): temporal aspect of the head ~ 
TB-17 (vifeng) mm; eyes — T.B.-23 (sizhukong) mm 
ears — T.B.-17 (yifeng) mm: jaw ~ TB-17 (yifeng) mm 
shoulder ~T.B.-13 (naohui), T.B.-15 (tianliao) mm 

‘Distal points (— 8.2.1): temporal aspect of the head ~ T.B. 

(waiguan) mm; ears ~ especially TI 

(waiguan) mm; hypochondrium — 

(waiguan) mm, T.B.-6 (chigou): cervical spine ~ TB-8 

(sanyangluo); cervical spine and shoulder ~ (waiguan) 

tum; shoulder ~'T.B.-1 (guanchong) 


Specific points according to the channel 

pathway (in numeric order) 

© TBel (guanchong):jing-well point (Metal) (—+ 8.1.6): distal 
point for the shoulder (+ 8.2.1) 

© TB.-2 (vyemen): ying-spring point (Water) (+ 8.1.6) 

© TB.-3 (chongchu): shu-stream point (Wood) (-* 8.1.6): toni- 
fication point; distal point for the temporal region and the ears 
(= 8.2.1); local point for the fingers (numbness and pain) 
(F821) 

«© TB.-4 (vangchiy: yuan-source point (+ 8.1.1); local point for 
the hand (+ 8.2.1) 


TB.-5 (waiguan) mm: Iuo-connecting point (+ 8.1.2); Open- 
ing point (+ 8.1.8) of the yang wei mai; distal point for the 
temporal region, the ears, the cervical spine, the shoulder, the 
elbow and the hypochondrium (+ 8.2.1): regional point for 
the hand and fingers (+ 8.2.1) 

T.B.-6 (shigou): jing-river point (Fire) (+ 8.1.6); ben point 
(Five Phases); distal point for the hypochondrium (—+ 8.2.1) 
LB.-7 (huizong): xi-cleft point (8.1.3) 

TB.-8 (sanyangliao): distal point for the cervical spine 
(4821) 

TB-10 (tianjing): he-sea point (Earth) (—* 8.1.6) 
point; local point for the etbow (+ 8.2.1) 

TB-13 (naohui): jiaohui-meeting point (+ 8.1.10) of the 
yang wei mai* and the G.B. channel*; adjacent point for the 
shoulder (+ 8.2.1) 

TB-14 (jianliao) am: local point for the shoulder (+ 8.2.1) 
TB.-15 (rianliao) tm: jiaohui-meeting point of the yang wei mai 
and the G.B. channel; local point for the shoulder (+ 8.2,1) 
TB-16 (tianyou): Window of Heaven point (— 8.1.12) 
TB-17 (vifeng) mm: jiaohui-meeting point of the G.B, chan- 
nel; adjacent point for the temporal region, the ears and the 
jaw (> 8.2.1) 

T.B.-20 (jiaosun): jiaohui-meeting point of the S.1* and G.B. 
channels 

‘T.B.-21 (ermen) mm: local point for the ears (+ 8.2.1) 
TB.-22 (erheliao): jiaohui-meeting point with the S.1. and 
GB. channels 

TB.-23 (sizhukong) mim: adjacent point for the 


dation 


les (48.2.1) 


Mentioned only by some wuthors 


aluminium and silver-solder. Different solder diameters are produced, too; 20-22 SWG 
(19-21 AWG) is 0.91-0.71mm diameter and is fine for most work. Choose 18 SWG (16 
AWG) for larger joints requiring more solder. 


Temperature 


Another step to successful soldering is to ensure that the temperature of all the parts is 
raised to roughly the same level before applying solder. Imagine, for instance, trying to 
solder a resistor into place on a printed circuit board: it's far better to heat both the copper 
p.c. and the resistor lead at the same time before applying solder, so that the solder will 
flow much more readily over the joint. Heating one part but not the other is far less 
satisfactory joint, so strive to ensure that the iron is in contact with all the components 
first, before touching the solder to it. The melting point of most solder is in the region of 
188°C (370°F) and the iron tip temperature is typically 330-350°C (626°-662°F). The 
latest lead-free solders typically require a higher temperature. 


Now is the time 


Next, the joint should be heated with the bit for just the right amount of time - during 
which a short length of solder is applied to the joint. Do not use the iron to carry molten 
solder over to the joint! Excessive time will damage the component and perhaps the 
circuit board copper foil too! Heat the joint with the tip of the iron, then continue heating 
whilst applying solder, then remove the iron and allow the joint to cool. This should take 
only a few seconds, with experience. The heating period depends on the temperature of 
your iron and size of the joint - and larger parts need more heat than smaller ones - but 
Some parts (semiconductor diodes, transistors and i.c.s), are sensitive to heat and should 
not be heated for more than a few seconds. Novices sometimes buy a small clip-on heat- 
shunt, which resembles a pair of aluminium tweezers. In the case of, say, a transistor, the 
shunt is attached to one of the leads near to the transistor’s body. Any excess heat then 
diverts up the heat shunt instead of into the transistor junction, thereby saving the device 
from over-heating. Beginners find them reassuring until they've gained more experience. 


Solder Coverage 


The final key to a successful solder joint is to apply an appropriate amount of solder. Too 
much solder is an unnecessary waste and may cause short circuits with adjacent joints. 
Too little and it may not support the component properly, or may not fully form a 
working joint. How much to apply, only really comes with practice. A few millimetres 
only, is enough for an "average" p.c.b. joint, (if there is such a thing). 


Here's a summary of how to make the perfect solder joint. 


1. All parts must be clean and free from dirt and grease. 

2. Try to secure the work firmly. 

3. "Tin" the iron tip with a small amount of solder. Do this immediately, with new 
tips being used for the first time. 

4. Clean the tip of the hot soldering iron on a damp sponge. 

5. Many people then add a tiny amount of fresh solder to the cleansed tip. 
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Rushing Pass GUANCHONG 


Location 
On the ring finger, 0.1 cun from the ulnar corner of the nail. 


How to find 

‘This point is located at the junction of two tangents bordering 
the ulnar and proximal margins of the nail, approximately 0.1 
cun from the comer of the actual nail. 


Needling 

Approximately 0.2 cun vertically or obliquely in a proximal 
direction or prick to bleed. Caution: Avoid needling too close to 
the nail; painful point. 


Actions/Indications 

* Clears Heat from the Upper Burner 
* Benefits the ears and tongue 

* Opens the channel and alleviates pain 


Special features 
Jing-well point, Metal point, entry point. Especially indicated 
for acute disorders, 
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Fluid Gate YEMEN 


Location 
Between the little finger and ring finger, proximal to the margin 
of the web. 


How to find 

‘This point is best located when making a loose fist. Locate the 
web between the little finger and ring finger (4th and Sth fingers) 
and locate T.B.-2 proximal to its margin. 'LB.-2 is part of 
+ Ex-UE-9 (baie: proximal to the Webs between the fingers). 
Located in a comparable position on the foot is + G.B.-43 
(on the Web between the 4th and Sth toes), which is also part of 
A Ex-LE-10 (bajeng).. 


Needling 
Vertically up to 0.5 eun 


Actions/Indications 

* Clears Heat from the Upper Burner 

© Benefits the ears and calms the shen 
© Opens the channel and alleviates pain 


Special features 

Ying-spring point, Water point, Especially indicated for psycho- 
neurological disorders caused by Heat and local channel 
problems. 


(9) INIKUEIE 
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Central Islet ZHONGZHU 


Location 

On the dorsum of the hand, in a depression between the 4th and 
Sth metacarpal bones, proximal to the metacarpophalangeal 
joints. 'T.B.-3 is located at the junction between the heads and 
shafts of the two metacarpal bones. 


How to find 

‘The hand should be relaxed or a loose fist should be made, Pal- 
pate from the metacarpophalangeal joints along the groove 
between the 4th and Sth metacarpal bones towards proximal 
LB.-3 is located at the widestideepest point of the groove, 
slightly distal to the carpometacarpal joints. 

Located in comparable positions are — Ex-UE-8 (wailaogong: 
between the 2nd and 3rd metacarpal bones), — S..-3 (on the 
ulnar aspect of the Sth metacarpal bone) and + L.L-3 (on the 
radial aspect of the 2nd metacarpal bone). 


Needling 
0.5-1 cun vertically or obliquely in a proximal direction, 


Actions/Indications 

# Benefits the ears, clears Heat (and drains Fire), clears the 
hhead and the eyes 

# Opens the channel and lvo-connecting vessels, alleviates pain 


Special features 
Shu-stream point, Wood point, tonification point, One of the 
‘most important distal points for any disorder of the ears. 
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Yang Pool YANGCHI 


Location 

On the dorsum of the wrist (above the wrist joint space, “dorsal 
wrist crease’), in the gap between the tendons of the extensor 
digitorum (on the ulnar aspect) and the extensor digiti minimi 
‘muscles (on the radial aspect). 


How to find 

As the location of the dorsal wrist crease varies, the wrist joint 
space should be used for orientation instead (+ 3.3.3). By mov- 
ing the patient’s wrist in a relaxed way, the joint space becomes 
well defined. 'LB.-4 is located slightly laterally to the midpoint 
of the joint space, in the depression between the tendons of the 
extensor digiti minim muscle (continuing to the little finger) on 
its radial aspect and the tendon of the extensor digitorum muscle 
on its ulnar aspect, The tendons of the extensor digitorum mus- 
cle will become more pronounced by moving the three middle 
fingers. 

Located on the same level but radial to the tendons of the exten- 
sor digitorum muscle is + Ex-UE-3 (chongguan). 


Needling 

0.3-0.5 cun vertically or slightly obliquely in a proximal direc- 
tion or transversely (subcutaneously) deep to the tendons 
towards the radial aspect of the wrist. 


Actions/Indications 

* Clears Heat, opens the channel, relaxes the tendons. In Japan- 
ese acupuncture tradition, T.B.4, in its function as yuan- 
source point, is used for deficiency syndromes. 


Special features 
Yuan-source point 


Joint space 
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Outer Pass WAIGUAN 


2 cun proximal to the dorsal wrist joint space (‘dorsal wrist 
crease’), between the radius and the ulna. 


How to find 


AS the location of the dorsal wrist crease varies, the wrist joint 
space should be used for orientation instead (—* 3.3.3). By mov- 
ing the patient’s wrist in a relaxed way, the joint space becomes 
more easily palpable. LB.-5 is located 2 cun proximal to the 
midpoint of the joint space, in the depression midway between 
the radius and the ulna, Or quick method: With the palpating 
finger, slide with slight pressure ftom the dorsal aspect of the 
\wrist joint in a proximal direction between the radius and the 
ulna, until the finger is brought to rest at L,B.-§ by the increas- 
ing skin bulge building up in front of it. 

= P46 is located opposite 'EB.-S, on the anterior aspect of the 


forearm, 


Needling 


Vertically or obliquely 0.5-1.5 cun. Caution: Movement of the 
hand/arm during needle retention may cause bending of the needle. 


Actions/Indications 


# Expels Wind and benefits the head and ears, clears Heat, 
‘opens and regulates the yang wei mai 
* Opens the channel and alleviates pain 


Special features 
Luo-connecting point, opening (master) point of the yang wei 
‘mai. Major point for expelling Wind-Heat, analgesic point for 
the upper extremity. 


JONES 


371 


ae 10-F10028.qxd 2/23/08 2:27 PM Page 372 Oo 


4 Acupuncture Points of the Twelve Primary Channels 


Branching Ditch ZHIGOU 


Location 

3 cun proximal to the dorsal wrist joint space (‘dorsal wrist 
crease’), in a depression between the radius and the ulna, radial 
to the tendon of the extensor digitorum communis muscle. 


How to find 

As the location of the dorsal wrist crease varies, the wrist joint 
space should be used for orientation instead (+ 3.3.3). By mov- 
ing the patient’s wrist in a relaxed way, the joint space becomes 
‘more easily palpable. From the joint space, measure 3 cun in a 
proximal direction. At this point, the extensor digitorum com- 
‘munis muscle will often lie midway between the ulna and the 
radius. T.B.-6 is located in a depression close to the border of the 
radius, on the radial side of the muscle. 

Located on the same level is + T.B.-7, in a depression between 
the ulna and the extensor digitorum communis muscle, + P-S 
is also located on this level, but on the anterior aspect of the 
forearm, 


Needling 

0.5-1.5 cun slightly obliquely towards the ulna or obliquely in a 
proximal (elbow) or distal (wrist) direction, Or through-needling 
to P-5 (jianshi). Caution: Movement of the hand/arm during 
needle retention may cause bending of the needle. 


Actions/Indications 

Regulates the Qi, clears Heat in the Triple Burner, benefits 
the lateral costal region, promotes bowel movements 

* Benefits the voice 

* Opens the channel 


Special features 
Jing-river point, Fire point, bem point (Five Phases). 
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4.10 The Triple Burner Channel System ~ Hand shaoyang (shou shao yang jing luo) 


Ancestral Meeting HUIZONG 


Location 
3 cun proximal to the dorsal wrist joint space (‘dorsal wrist 
crease’) and 0.5 cun ulnar to the centre of the forearm, 


How to find 

AS the location of the dorsal wrist crease varies, the wrist joint 
space should be used for orientation instead (—* 3.3.3). By mov- 
ing the patient's wrist in a relaxed way, the joint space becomes 
‘more easily palpable, From the joint space, measure 3 cum in a 
proximal direction and locate T.B.-7 in a depression between the 
ulna and the extensor digitorum communis muscle, Or: Spread- 
ing hands technique (-+ 2.3.3): Place the little fingers on the 
elbow crease and the wrist joint space respectively (this distance 
corresponds to 12 cun), Divide this distance into quarters and 
locate 'LB.-7 one quarter of the distance from the wrist joint and 
0.5 cun ulnar to the centre of the forearm (Where + T.B.-6 is 
located) on the border of the ulna. 

Located on the same level is + T.B.-6 (0.5 cun towards the 
radius). 


Needling 
Vertically or obliquely up to 1.5 cun 


Actions/Indications 


= Opens tisha nd aed ln 
Benois the eas 44 


Special features 
Xi-cleft point 
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4 Acupuncture Points of the Twelve Primary Channels 


Three Yang Connection SANYANGLUO 


Location 

4/cun proximal to the dorsal wrist joint space (‘dorsal wrist 
crease’), between the radius and the ulna, radial to the tendon of 
the extensor digitorum communis muscle, 


How to find 
As the location of the dorsal wrist crease varies, the wrist joint 
space should be used for orientation instead (+ 3.3.3). By mov- 
ing the patient’s wrist in a relaxed way, the joint space becomes 
‘more easily palpable. From the joint space, measure 4 cun in a 
proximal direction and locate T.B.-8 in a depression between the 
ulna and radial to the extensor digitorum communis muscle, Or: 
Spreading hands technique (+ 2.3.3): Divide the distance 
between the elbow crease and the wrist joint space (=12 cun) 
into thirds and locate ‘T.B.-8 one third of the distance from the 
‘wrist joint between the radius and the ulna, 


Needling 
Vertically or obliquely up to 1.5 eun 


Actions/Indications 

© Benefits the ears and the voice 

‘© Opens the channel and the /uo-connecting vessels, alleviates 
pain 


r 


Wrist joint space 
4cun 
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Wrist joint space 


® 


Location 
7 cun proximal to the dorsal wrist joint space (‘dorsal wrist 
crease’), between the radius and the ulna. 


How to find 

From the wrist joint space (+ 3.3.3, more accurate reference 
point than the variable dorsal wrist crease), measure 7 cum in a 
proximal direction and locate T.B.-9 in a depression between the 
extensor digitorum communis muscle and the extensor carpi 
ulnaris muscle, Alternatively, measure 5 cun distally from the 
lateral epicondyle of the humerus, B.-9 is located on a line 
connecting the midpoint of the dorsal wrist joint space and the 
lateral epicondyle of the humerus. Or: Spreading hands tech- 
nique (+ 2.3.3); Place the little fingers on the cubital crease and 
the wrist joint space (+ 2.2) respectively and join the thumbs at 
the midpoint of this distance (=12 cun). From the midpoint of 
this line, measure 1 cun in a proximal direction and there locate 
‘LB.-9 between the radius and the ulna, 


Needling 
Vertically or obliquely up to 2 cun 


Actions/Indications 
# Opens the channel and /uo-connecting vessels 
* Benefits the ears and throat 


4.10 The Triple Burner Channel System - Hand shaoyang (shou shao yang jing luo) 


Four Rivers SiDU 
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4 Acupuncture Points of the Twelve Primary Channels 


Heavenly Well TIANJING 


Location 
On the lateral aspect of the upper arm, with the elbow flexed in 
a depression approximately 1 cun proximal to the olecranon, 


How to find 

‘This point is best located with the patient's elbow flexed to 90°, 
‘which will reveal an casily palpable depression 1 cun superior to 
the olecranon, 'T.B.-10 is located in this depression, on the ten- 
don of the triceps brachii muscle. 


Needling 
Upto 1 cun vertically or obliquely in a proximal direction. 


Actions/Indications 

‘Transforms Phlegm and disperses accumulations 
Regulates and descends the Qi 

© Calms the shen 

© Clears Heat from the channel 

© Opens the channel and fuo-connecting vessels, alleviates pain 


Special features 
He-sea point, Earth point, sedation point, 


he \—— Triceps brachi, 
i lateral head 
Brachioradiais——| 
— Triceps brachii, 
‘medial head 
| ete = ~ Tendon of the 
carpi radials triceps brachi 
tongus 
J “reo 
e ad ‘Olecranon 
} 
> Lateral / 
iP epicondyle 
=~ Flexor carpi 
tlnars 
Q 


6. Heat all parts of the joint with the iron for under a second or so. 
7. Continue heating, then apply sufficient solder only, to form an adequate joint. 
8. Remove and return the iron safely to its stand. 

9. Itonly takes two or three seconds at most, to solder the average p.c.b. joint. 
10. Do not move parts until the solder has cooled. 


Troubleshooting Guide 


+ Solder won't "take" - grease or dirt present - desolder and clean up the parts. Or, 
material may not be suitable for soldering with lead/tin solder (eg aluminium). 

+ Joint is crystalline or grainy-looking - has been moved before being allowed to 
cool, or joint was not heated adequately - too small an iron/ too large a joint. 

+ Solder joint forms a "spike" - probably overheated, burning away the flux. 


Desoldering methods 


A soldered joint which is improperly made will be electrically "noisy", unreliable and is 
likely to get worse in time. It may even not have made any electrical connection at all, or 
could work initially and then cause the equipment to fail at a later date! It can be hard to 

judge the quality of a solder joint purely by appearances, because you cannot say how the 
joint actually formed on the inside, but by following the guidelines there is no reason why 
you should not obtain perfect results, 


A joint which is poorly formed is often called a "dry joint". Usually it results from dirt or 
grease preventing the solder from melting onto the parts properly, and is often noticeable 
because of the tendency of the solder not to "spread" but to form beads or globules 
instead, perhaps partially. Alternatively, if it seems to take an inordinately long time for 
the solder to spread, this is another sign of possible dirt and that the joint may potentially 
be a dry one. 


There will undoubtedly come a time when you need to remove the solder from a joint: 
possibly to replace a faulty component or fix a dry joint. The usual way is to use a 
desoldering pump or vacuum pump which works like a small spring-loaded bicycle 
pump, only in reverse! (More demanding users using CMOS devices might need a pump 
which is ESD safe.) A spring-loaded plunger is released at the push of a button and the 
molten solder is then drawn up into the pump. It may take one or two attempts to clean up 
a joint this way, but a small desoldering pump is an invaluable tool especially for p.c.b. 
work, 


Sometimes, it's effective to actually add more solder and then desolder the whole lot with 
a pump, if the solder is particularly awkward to remove. Care is needed, though, to 
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4.10 The Triple Burner Channel System ~ Hand shaoyang (shou shao yang jing luo) 


Clear Cold Abyss QINGLENGYUAN 


Location 

On the lateral aspect of the upper arm, with the elbow flexed 
| cun proximal to T-B.-10 or 2 cun proximal to the olecranon, 
oon the triceps brachii muscle, 


How to find 

‘This point is best located with the patient's elbow flexed to 90°, 
using + T.B.-10 as a reference point. This is located in an easily 
palpable depression 1 cun superior to the olecranon, From 
+ T.B.-10, palpate approximately 1 cun in a proximal direction 
and locate .B.-11 in a depression on the triceps brachii muscle. 


Needling 
Vertically up to 1 cun 


Actions/Indications 

* Dispels Wind-Damp 

© Opens the channel and the /wo-connecting vessels 
© Clears Damp-Heat 


SONNE 
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4 Acupuncture Points of the Twelve Primary Channels 


Dispersing Luo River XiAOLUO 


Location 

4 cun proximal to + 'T-B.-10 (with the elbow flexed in a depres- 
sion superior to the olecranon) or 5 cun proximal to the olecra- 
non on a fine connecting the olecranon and the lateral extremity 
of the actomion (location of + T.B.-14). 


How to find 

First, locate the acromion (+ 3.3.1), When the patient's arm is 
in abduction, two depressions will form below the acromion, in 
the area of origin of the deltoid muscle. -+ -B.-14 is located in 
the posterior depression, below the posterior aspect of the lateral 
extremity of the acromion, Next, on a line connecting + B14 
and the olecranon, measure 4 cun from — T.B.-10 (1 cun proxi- 
‘mal to the olecranon, in the depression that forms when the 
elbow is flexed) in a proximal direction and there locate T-B.-12. 
Or quick method: Spreading hands technique (+ 2.3.3): Place 
the little fingers on —* T.B.-14 and —+ T.B.-10 respectively and 
determine the midpoint of this distance with the thumbs. From 
the midpoint, measure 1 cun in a distal direction and there locate 
‘T.B-12, For orientation: T.B.-12 is midway between > T.B-11 
(1 cun proximal to T,B.-10 or 2 cun proximal to the olecranon) 
and + T.B.-13 (3 cun distal to 'T.B.-14, on the margin of the 
deltoid muscle). 


Needling 
Vertically or obliquely up to 2.cun 


Actions/Indications 
* Opens the channel and alleviates pain 


Special features 

‘TB.-12 represents an area extending from 5-7 cun proximal to 
the tip of the elbow rather than a discrete acupuncture point. 
Determine the exact location by tenderness. 


10 
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4.10 The Triple Burner Channel System ~ Hand shaoyang (shou shao yang jing luo) 


Upper Arm Meeting NAOHUI 


Location 
Posterior extremity 3 cun distal to the lateral extremity of the acromion (location of 
of the acromion + TB.-14), on a line connecting + T.B.-14 and the olecranon, 


af the junction of this line with the margin of the deltoid muscle. 


How to find 

First, locate the acromion (+ 3.3.1). When the patient's arm is 
in abduction, two depressions will form inferior to the acromion, 
in the area of origin of the deltoid muscle. -* T.B.-14 is located 
in the posterior depression, below the dorsal aspect of the lateral 
extremity of the acromion. Next, locate T.B.-13 3 cun distal to 
= TB.-14, on a line connecting + T.B.-14 and the olecranon. 
‘LB.-13 is located at the junction of this line with the margin of 
the deltoid muscle, approximately on the level of the end of the 
posterior axillary fold, 


Needling 
Vertically or obliquely up to 2.cun 


Actions/Indications 

# Opens the channel and the /wo-connecting vessels, alleviates 
pain 

# Regulates the Qi flow and transforms Phlegm 


Special features 
According to some authors, meeting point with the yang wei mai 


and the G.B. channel 
‘Acramion 


zB 

in 
! 

Py, 


Trapezius 


Scapular spine 
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4 Acupuncture Points of the Twelve Primary Channels 


Shoulder Crevice JIANLIAO 


380 


Location 

Inferior to the lateral extremity of the acromion between 
the acromial and spinal portions of the deltoid muscle or, with 
the arm abducted, in the posterior of the two depressions on the 
shoulder joint. 


How to find 

‘Ask the patient to abduct their arm to a 90° angle, which will 
reveal two depressions anterior and posterior to the acromion, 
‘L.B.-14 is located in the posterior depression, directly below the 
dorsal aspect of the lateral extremity of the acromion, between 
the acromial and spinal fibres of the deltoid muscle. ‘The dorsal 
aspect of the lateral extremity of the acromion becomes more 
easily palpable when the upper arm is gently pulled (extension 
of the upper arm), allowing the head of the humerus to glide 
anteriorly. 

+ LL-15 is located in the depression anterior to T.B.-14. 


Needling 
With the arm adducted, 0.5~1 cun perpendicularly towards the 
centre of the axilla or 1-2 cun transversally to obliquely towards 
the elbow. 


Actions/Indications 

* Disperses Wind and Dampness, benefits the shoulder joint, 
opens the channel and the /uo-connecting vessels, alleviates 
pain 


Special features 
Important local point for shoulder pain, especially for the dorsal 
aspect of the shouler 


Actomion 


Trapezius. / qp.14 
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4.10 The Triple Burner Channel System ~ Hand shaoyang (shou shao yang jing luo) 


Heavenly Crevice TIANLIAO 


Location 

At the midpoint of an imaginary line between the spinous 
process of the 7th cervical vertebra (C7) and the tip of the 
acromion (lateral extremity of the acromion). 


How to find 

First, locate C7 (3.4.1) and the acromion (3.3.1), which rep- 
resents the lateral extension of the scapular spine (+ 3.3.1) and, 
at its most lateral end, forms a flat surface superior to the head of 
the humerus (acromial angle), Using, for example, the spreading 
hands technique (-* 2.3.3), determine the midpoint between C7 
and the actomial angle. Located at the highest point of the shoul- 
der is + G.B.-21. T.B-15 is located approximately 1 cun inferior 
to + G.B.-21, on the superior angle of the scapula, 

= S.L-13 is located inferior to T.B-15, directly superior to the 
‘medial end of the scapular spine, 


Needling 
05-1 cun vertically or obliquely towards the neck or shoulder. 
Caution: Pneumothorax. 


Actions/Indications 
© Opens the channel and alleviates pain 
© Dispels especially Wind-Damp, unbinds the chest 


Special features 
‘Meeting point with the yang wei mai and the G.B. channel | 
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4 Acupuncture Points of the Twelve Primary Channels 


Window of Heaven TIANYOU 


382 


Location 

At the posterior border of the steno 
directly inferior to the mastoid process, on the level of the 
‘mandibular angle, 


Jomastoid muscle, 


How to find 

Fora better definition of the sternocleidomastoid muscle, ask the 
patient to rotate their head against resistance towards the side to 
be needled, ‘.B.-16 is located on the level of the mandibular 
angle, on the dorsal aspect of the sternocleidomastoid muscle. 
‘This point is located inferior to the posterior border of the mas- 
toid (+ 3.1.4), + G.B.-12 is located directly posterior and 
inferior to the mastoid: -* $.1.-17 is also located on the level of 
the mandibular angle, but on the anterior border of the sterno- 
cleidomastoid muscle, 


Needling 
Vertically 0.5-1 cun, Caution: Carotid artery. 


Actions/Indications 

Benefits the head and sensory organs 
Descends the Qi, expels Wind 

© Opens the channel and alleviates pain 


Special features 
Window of Heaven point 
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4.10 The Triple Burner Channel System - Hand shaoyang (shou shao yang jing luo) 
Wind Screen YIFENG 
Location 


With the patient’s mouth open, in the depression behind the ear- 
lobe, between the mastoid process and the mandible. 


How to find 

This point should be located with the patient's mouth open. 
Quick method: When pressing onto the ear lobe, it will touch 
TB-17. Or: Gently fold the earlobe anteriorly. T.B-17 is 
located posterior to the lobe, in a pressure-sensitive depression 
which can be palpated between the mandible and the mastoid 
process, The tip of the needle will get close to the transverse 
process of the Ist cervical vertebra (transverse process of the 
atlas, “+ 3.1.4), which, below the earlobe, can be palpated as a 
deep bony structure often sensitive to pressure. 


Needling 
‘This point should be needled with the patient’s mouth slightly 
open, Caution: This point is close to the facial nerve, therefore 
no deep needling. Superior to the transverse process, the verte- 
bral artery curves round posteriorly, therefore strictly needle 
0.5-1 cun in an anterior direction, 


Actions/Indications 
# Expels (external) Wind, benefits the ears, clears Heat, opens 
the channel and Iuo-connecting vessels, alleviates pain 


Special features 
Meeting point with the G.B. channel, Important local point for 
disorders of the ears and the temporomandibular joint. 
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4 Acupuncture Points of the Twelve Primary Channels 


Spasm Vessel QUNVIAI 


Location 

Posterior to the ear, in a well-defined depression in the centre of 
the mastoid. 

How to find 


On an imaginary clock face superimposed over the auricle 
(12 o'clock = apex of the ear, 6 o'clock = earlobe), you can 
find an easily palpable depression at § o'clock (on the right side) 
and at 4 o'clock (on the left side). It is located directly behind the 
‘margin of the auricle and is the location of T.B.-18, 

= G.B.-11 is located slightly superior to T.B.-18 and approxi- 
‘mately 0.3 cun from the ear; + G.l 
TB--18, directly posterior to the mastoid. 


-12 is located inferior to 


Needling 
(0.5 cun transversely (subcutaneously) in an inferior direction or 
prick to bleed. 


Actions/Indications 

© Dispels Wind 

© Opens the channel, alleviates pain 
© Benefits the ears 
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Location 
Posterior to the ear, in a well-defined depression superior to the 
centre of the ear, 


How to find 

On an imaginary clock face superimposed over the auricle 
(12 o'clock = apex of the ear, 6 o'clock = earlobe), you can find 
an easily palpable depression at approximately 10 o'clock (on the 
right side) and at 2 o’clock (on the left side). Its located directly 
behind the margin of the auricle and is the location of .B.-19, 
= G.B-11 is located slightly inferior to T.B.-19 and approxi- 
‘mately 0.3 cun from the margin of the ear. 


Needling 
‘Up to 0.5 cun transversely (subcutaneously) in an inferior direc- 
tion or prick to bleed. 


Actions/Indications 

‘© Dispels Wind 

‘© Opens the channel 

‘© Benefits the ear, clears Heat 


4.10 The Triple Burner Channel System - Hand shaoyang (shou shao yang jing luo) 


Skull’s Rest LUXI 
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4 Acupuncture Points of the Twelve Primary Channels 


Minute Angle jIAOSUN 


386 


Location 
Directly superior to the apex of the ear 


How to find 

Directly superior to the apex of the ear. + G.B~-7 is also located 
(on the apex of the ear, but anterior to it, within the circumauric. 
ular hairline. + G.B.-8 is located 1,5 cun superior to the apex of 
the ear. 


Needling 
Up to 1.5 cun transversely (subcutaneously) in the direction of 
the disorder. 


Actions/Indications 
Benefits the ears and the eyes 
* Clears Heat, especially from the mouth 


Special features 
‘Meeting point with the G.B. channel, also with the S.J. channel 
according to some authors, 
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ensure that the boards and parts are not damaged by excessive heat; the pumps 
themselves have a P.T.F.E. nozzle which is heat proof but may need replacing 
occasionally. 


An excellent alternative to a pump is to use desoldering braid, including the famous 
American "Soder-Wick" (sic) or Adcola "TISA-Wick" which are packaged in small 
dispenser reels, This product is a specially treated fine copper braid which draws molten 
solder up into the braid where it solidifies. The best way is to use the tip of the hot iron to 
press a short length of braid down onto the joint to be de-soldered. The iron will 
subsequently melt the solder, which will be drawn up into the braid. Take extreme care to 
ensure that you don't allow the solder to cool with the braid adhering to the work, or you 
run the risk of damaging p.c.b. copper tracks when you attempt to pull the braid off the 
joint. See my photo gallery for more details. 


I recommend buying a small reel of de-soldering braid, especially for larger or difficult 
joints which would take several attempts with a pump. It is surprisingly effective, 
especially on difficult joints where a desoldering pump may prove a struggle. 


The Basic De-soldering Guide Photo Gallery 
(and Black Museum of Bad Soldering) 


De-soidering is required when electronic components need to be removed from a 
circuit, usually because they are faulty. It may sometimes be necessary during testing or 
assembly, if a wrong part has been fitted or a modification has to be made. In the field, 
it’s not uncommon for faulty electronic components to be swapped out, or poor joints 
(pethaps "dry" or gray joints) to need re-making properly, months or years after 
manufacture. Experienced engineers can often diagnose a particular faulty joint 
immediately, because they may have seen the same problem on similar electronic 
equipment before, especially if the equipment has a "reputation". A proper desoldering 
technique can soon be acquired with practice - all you need to do is buy some scrap 
boards to have a go with, and desolder to your heart's content! 


The next photo sequence illustrates the basic steps for desoldering a printed circuit board, 
in order to remove a faulty part. Both the technique for using a desoldering suction pump 
as well as desolder braid are illustrated. Some real-life examples of poor soldering are 
shown too, in my Black Museum of Bad Soldering! 


Remember - it costs just as much to get it right as it does to get it wrong! Practice makes 
perfect. 


cho, 
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Location 

Anterior to the ear, with the patient’s mouth open in the depres- 
sion on the level of the supratragic notch and slightly superior to 
the condyloid process of the mandible. 


How to find 

This point should be both located and needled with the patient's 
mouth open. This allows the condyloid process of the mandible 
to slide anteriorly to reveal the depression where TLB.-21 is 
located. Locate the sulcus between the auricle and the cheek 
anterior to the tragus (this can be more or less well defined), 
‘Then locate .B.-21 on the level of the supratragic notch on the 
sulcus. Ifthe latter cannot be clearly identified (it becomes more 
pronounced with increasing age), the depression can be located 
‘with an (ear) point locator when the patient’s mouth is opened, 
‘LB.-21 is the most superior of three points located anterior to 
the ear (+ $.1-19 and + G.B.-2 are located more distally). 


Needling 
0.51 cun vertically or slightly obliquely in an inferior direction, 
Needle with the patient’s mouth open (to avoid intra-articular 
insertion), After insertion, patients can close their mouth again. 
Caution: Like §.1.-19 and G.B.-2, this point is close to the super- 
ficial temporal artery and the auriculotemporal nerve. 


Actions/Indications 
# Clears Heat, benefits the ears 


Special features 
Important local point for disorders of the ears 


‘Aesoring to Deadman et al 1998 


= 


4.10 The Triple Burner Channel System ~ Hand shaoyang (shou shao yang jing luo) 


Far Gate ERIMEN 
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4 Acupuncture Points of the Twelve Primary Channels 


Far Harmony Crevice ERHELIAO 


Location 
In a depression at the border of the circumauricular temporal 
hairline, anterior to and on the level of the root of the auricle, 


How to find 

First, locate the anterior aspect of the root of the ear. From there, 
palpate approximately the breadth of the litte finger in the direc- 
tion of the eye. There, 'l.B.-22 is located superior to the zyg0- 
‘matic arch (+ 3.1.2), which forms a bony ridge when sliding 
inferiorly from T.B.-22. 

Located inferior to the zygomatic arch is T.B.-21. 


Needling 
‘Transversely (subcutaneously) 0.5 cun, Caution: Superticial 
temporal artery. 


Actions/Indications 
# Dispels Wind 
‘© Opens the channel and the /uo-connecting vessels 


Special features 
‘Meeting point with the $.. and G.B. channels, exit point aecord- 
ing to some authors. 
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4.10 The Triple Burner Channel System - Hand shaoyang (shou shao yang jing luo) 
Silken Bamboo Hollow SiZHUKONG 


Location 
(On the lateral end of the eyebrow, in the bony depression of the 
frontozygomatic suture, between the frontal and zygomatic 


How to find 

The frontozygomatic suture (between the zygoma and the 
frontal bone) is generally located at the lateral end of the eye- 
brow. As the position of the latter can vary considerably, the 
suture is a more suitable reference point. In order to locate it, 
palpate from the outer canthus of the eye superiorly along the 
orbital margin, from its zygomatic to the frontal section, until 
you can feel a bony depression in the area of the suture, Locate 
‘TB.-23 in this mainly pressure-sensitive depression, 


Needling 
0.5-1 cum obliquely or transversely (subcutaneously) in a pos- 
terior direction towards Ex-HIN-S (taiyang). In China, this point 
is also needled along the eyebrow to EX-HN-4 (yuyao: in the 
centre of the eyebrow). Moxibusti 
ing to some classic texts 


is contraindicated accord- 


Actions/Indications 
# Benefits the eyes, alleviates pain, eliminates Wind 


Special features 
Important local point for headaches and disorders of the eyes 
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4.11 Gall Bladder Channel 
System — Foot shaoyang 
(zu shao yang jing luo) 


4.11.1 The Gall Bladder Primary 
Channel (zu shao yang jing) 


* According to Deadman 


ea 1998, 
away ‘an 
cad Tain, 

Pathway 


‘The Gall Bladder primary channel begins at G.B.-I (tongciliao) 
at the outer canthus of the eye. This point is reached by a small 
branch which separates from the Triple Burner primary channel the external pathway runs to G.B.-2 (ringhwi) in 
al + T.B.-23 (sizhukong) on the frontozygomatic suture, accord- front of the ear 

ing to some authors at —*T.B.-22 (hand-foot pairing of the third = ascends to the forehead and ST-8 (tower) 

{rcuit, Yang axes: shaoyang). = traverses the temporal region in a slight curve, passing 


391 


= 


Chod.11-F10028.qud 2/23/08 11:23 AM Page 392 Oo 


4 Acupuncture Points of the Twelve Primary Channels 


392 


G.B-4 to G.B-7, and continues to + TB-22 (erheliao) 
anterior to the root of the ear 

= passes + T.B.-20 (jiaosun) superior to the apex of the ear and 
curves posterior to the ear from G.B.-8 to G.B.-12 

'= traverses the lateral aspect of the head to G. 
and G.B.-14 (yangbai) on the forehead 

= again traverses the side of the head to G.B.-20 (fengchi) 

= crosses the superior aspect of the shoulder and passes 
G.B-21 (jianjing) and 'T.B.-15 (tianliao) to reach + Du-14 
(dazhu), where it meets the other Yang primary channels 

= continues to S.1-12 (bingfeng), according to some authors 
(Deadman et al 1998) previously passing + BL-11 (dashu) 
and S¥-12 (quepen) in the supraclavicular fossa. 

One branch runs from G.B.-20 to + T.B.-17 (vifeng), enters 

the ear and travels to + S.L-19 (tinggong), passes + ST-7 

(aiaguan) and continues to G.B.-1 (tongziliao) atthe lateral can- 

thus of the eye, descends to ST-S (daying), again ascends to 

the infraorbital region, where it meets the Triple Burner primary 


= 


tur 


ies prominence 


cy 


aa 
—— 


prone 
[ser 


Hd 
i 
by 


€ 


—— 


channel; then descends to -+ ST-6 (jiache) on the lower jaw, 
traverses the lateral aspect of the neck, passing -* ST-9 (renying) 
al the sternocleidomastoid, and meets the main branch again at 
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+ ST-12 (quepen) in the supraclavicular fossa, where the latter 

divides into 2 branches: 

= The inner branch enters the thorax, meets the Pericardium 
primary channel at —* P-1 (fianchi), runs across the 
diaphragm, connects with the Liver (gan) and the Gall Blad- 
der (dan), traverses the hypochondrium and continues to the 
lower abdomen, enters the lumbar region near the femoral 
artery, according to Solinas et al (1998) via + ST-30 
(gichong), and continues along the pubic hairline to the hip. 

= The outer branch descends superficially from the supraclavi- 
cular fossa, crosses the midaxillary tine and continues along 
the lateral thoracie wall, passing + LIV-13 (changmen) at the 
free end of the 11th rib and continuing to the hip to G.B.-29 
(juliao). 1 then traverses the sacral region, passing + BL-31 
(shangliao), + BL-32 (ciliao), + BL-33 (chongliao) and 
= BL-34 (xialiao) over the sacral foramina and continues to 
= Duel (changgiang). From there, it travels laterally to 
G.B.-30 (huantiao), where it reconnects with the main branch 
(> see comment below*), 

‘The external pathway descends along the lateral aspect of the 

thigh to the knee and further along the anterior/posterior border 

of the fibula, passing the anterior aspect of the lateral malleolus 

and ending at the ulnar corner of the nail of the fourth toe, 

A further branch originates at G.B.-41 (culingi) on the dorsum 

of the foot and travels between the Ist and 2nd metatarsal bones 

to the tip of the big toe and LIV-I (dadun), where it joins the 

LIV channel 


Clinical importance (— 1.2) 
Exterior (biao) signs and sympto 
chills, headaches, eye pain, pain in the cheek and on the chin, 
subaxillary swellings, deafness, lateral knee and leg pain 
Interior (li) or zangfu-Organ signs and symptoms: Pain in the 
lateral costal region, vomiting, bitter taste in the mouth, thoracic 
pain 


Alternating fevers and 


Connections of the Gall Bladder primary 
channel (+ 1.2) 


other channels (+ 1.2) 


Connections 


ary channel (zu jue yin jing) 
Foot Yin—Yang pair of the third great circuit 
B.-41 = LIV-1 (on the foot) 

Circadian (according to the Organ clock) 
Importance: ExteriorInterior relationship 


Triple Burner primary channel (shou shao yang jing) 
Connection: Hand-foot pairing of the third great circuit: shaovang 
(Yang axes) 


Noval authors describe the pathway of the G.B. channel as passing the points 
BL-31 to BL-M and Duct (see figure for variant pathway), 


Location: T.B.-23 (or 'T1B.-22, according to some authors) 
= G.B-1 (on the head) 

Circulation: Circadian (according to the Organ clock) 
Importance: Above-below relationship 


Connections with zangfu-Organ systems 
Liver (gam), Gall Bladder (dan) 


4.11.2 The Gall Bladder Divergent 
Channel (zu shao yang jing bie) 


rain") (Variant) 
% 


Gal 
(2nd confluence) 


: } | 
(Wariant: 
thigh ein) 


Pathway 

‘The Gall Bladder Divergent channel separates from the Gall Blad- 

der primary channel near G.B.-30 (huantiao): according to some 

authors, it separates on the thigh (—* variant inthe illustration) 

= traverses the hip region to the anterior aspect of the body 

= reaches the inguinal region and crosses the Liver divergent 
channel at + Ren-2 (qugu) 

= ascends the abdomen to LIV-13 (shangmen) below the free 
cend of the 11th rib 

= continues internally along the thoracic wall 

= connects with the Gall Bladder (dan) and the Liver (gan) and 
passes the Heart (xin) 

= ascends to the neck 

= emerges on the lower jaw 
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= disperses on the face 

= connects with the Gall Bladder primary channel and the Liver 
divergent channel to form one of the six he-confluences 
(here: G.B/LIV as 2nd confluence + 1.3) 

= continues to the eye system and ends in the Brain. 


Clinical importance 
‘Strengthens the relationship between the Gall Bladder and the 
iver (zangfu-Organ systems). Points on the Gall Bladder pri- 
mary channel can therefore be used to treat disorders of the 


Liver and vice versa. 

‘Supports the relationship between the oesophagus and the 
Heart. 

«The Gall Bladder Divergent channel covers the area around 
the eyes, thus supporting the action of some G.B. points for 
disorders of the eyes. 


4.11.3 The Gall Bladder Sinew 
Channel (zu shao yang jing jin) 


-Du20 


sig 
Meeting point 
‘ofthe three hand Yang 
Sinew channels 


-sr12 


saa 


Pathway 

‘The Gall Bladder sinew channel begins at the 4th toe, binds (jie) 

anterior and inferior to the lateral malleolus in the area of 

G.B.-40 (giuxi), follows the lateral aspect of the leg, binds (jie) 

at the fibula and the lateral aspect of the knee 

From the fibula, it continues to ascend the lateral aspect of the 

thigh 

= while a branch runs obliquely to —+ ST-32 (futu), where it 
binds (ie. 

‘The main branch further ascends the leg to bind (jie) at the 

greater trochanter, Here, a branch separates and disperses over 

the gluteal and sacral regions. 

From the hip, the channel continues to ascend the flanks to the 

lower costal region, where it divides into two branches: 

= one braneh traverses the lateral aspect of the thorax and 
ascends to bind (jie) at + ST-12 (quepen) 

= the other branch follows the midaxillary line to the thorax, 
meeting the other branch in the supraclavicular fossa. 

From ST-12, the channel ascends the lateral aspect of the neck 

= curves around the ear 


= a branch continues to the apex of the ear and to + Du-20 
(baihui) 

= from the temporal region, a branch descends and traverses 
the cheek to the lower jaw 

= crosses the zygomatic arch to reach S.L-18 (quanliao), where 
it meets the other foot Yang sinew channels and divides into 
two branches. One branch travels laterally to the root of the 
nose, the other to the outer canthus of the eye. 


Clinical importance 
Pathology: Stiffness and distending sensations in the area of the 
4th toe as well as on the lateral aspect of the knee. Limited range 
of motion of the knee joint. Pain, tension and distending sensa- 
tions in the popliteal crease radiating to the thigh and the sacral 
region and vice versa. Pain and distending sensations in the 
sacral region radiating to the hypochondrium and. vi 
Pain and tension in the supraclavicular fossa, thorax, breast and 
neck region, Pain along the left side of the channel and inability 
to open the right eye and vice versa. 

Indication: Predominantly for pain, muscle tension, stiff joints 
and distending sensations on the lateral aspect of the body. Used 
for disorders of the anterior, lateral and posterior aspects of the 
legs, especially those affecting the knees and the thighs, The Gall 
Bladder Sinew channel spreads in the thorax and the breasts so 
that points on the G.B. channel can be used for disorders in those 
areas, Also for headaches on the yertex and temporal regions, 
‘The channel also reaches the lateral aspect of the nose, which 
supports the relationship with the nose. Therefore, G.B. points 
can be used for chronic nasal disorders, chronic sinusitis 


e versa. 
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4.11.4 The Gall Bladder /uo-Connecting 
Channel (zu shao yang luo mai) 


Pathway 

‘The Gall Bladder luo-connecting channel separates from the Gall 

Bladder primary channel at its /uo-connecting point G.B.-37 

(guangming) (= 8.1.2). It forms a three-dimensional reticulate 

network, dividing into multiple branches and sub-branches (stn 

uo, ft luo, xue luo — 1.5) within the surrounding tissue 

* Horizontal divisions run to the Interiorly-Exteriorly paired 
Liver primary channel; according to some schools of thought 
(for example, Neyen Van Nghi = Appendix), they travel as a 
transverse G.B. uo vessel to the yuan-source point LIV-3 
(taichong), 

# A longitudinal division descends to the dorsum of the foot 
and spreads to the 3rd, 4th and Sth toes, 


Clinical importance (— 8.1.2) 
Pathology 

Excess (shi): Cold sens: 
Deficiency (xu): Weakness, weak musculature ofthe foot, includ- 
ing difficulty in standing, paralysis of the lower extremity 


jons in the feet 


4.11.5 Cutaneous Region (shao yang 
pi bu) 


See description and figures —+ 1.6. 


4.11.6 Points of the Gall Bladder 
Primary Channel (Overview) 


Specific points according to their function 
© Yuan-source point (+ 8.1.1): G.B.-40 (gicu) mm 

* Luo-connecting point (—* 8.1. .-37 (guangming) am 
© Xi-cleft point (— 8.1.3): G.B.-36 (waigi) 

* Associated Back-shu point (— 8.1.4): BL-19 (danshu) am 


«Associated Front-mu point (8.1.5): G.B.-24 (riyue) am 

Five siu-transporting points (~* 8.1.6): 
Jing-well point (Metal): G.B.-44 (cugiaoyin) mm 
ying-spring point (Water), tonification point: G.B.-43 (xiaxi) 
‘shu-stream point (Wood), ben point (Five Phases): G.B.-4l 
(culingi) am 
Jing-river point (Fire), sedation point: G.B.-38 (yangfit) 
hhe-sea point (Earth): G.B.-34 (yanglingguan) mm 

* Hui-meeting point (8.1.7) 

th the sinews: G.B.-34 (yanglingguan) mat 

— with the Marrow: G.B.-39 (xuanc 

* Opening point (+ 8.1.8) of the dai mai: G. 

* Lower he-sea point (—+ 8.1.9) of the Gall Bladder: 
(vanglingquan) wm 

© Jiaohui-meeting points (8.1.10): 

~ with the S.1. and T.B. channels: G.B.+1 (tongziliao) 

B-3 (shangguan), GBA 


(hanyan) 

~ with the T.B,, L.Land ST channels: G. 
6 (xuanli) 

~ with the BL channel: G.B.-7 (qubin); G.B.-8 (shuaigu) am, 
G.B-9 (tianchong), G.B.-10 (fubai) 

~ with the BL, (S.L., T-B.*) channels: G.Be11 (tougiaoyin) 


(xuanlu), GB. 


~ with the BL channel: G.B.-12 (wangu) tm 

~ with the yang wei mai: G.B.=13 (benshen) mim 

~ with the yang wei mai, (T.B., ST, L.A. channels*): G. 
(vanghai) mm 

~ with the yung wei mai and the BL. channel: G. 


(chengying), G.Be18 (chengling), G. 

—Wwith the yang wei mai, yang giao mai and (T-B. channel*): 
G.B.-20 (fengchi) mm 

~ with the yang wei mai, .B, and (ST*) channels: G. 
(iianjing) am 

~ with the BL channel*: G.B.-23 (chejin) 

~ with the SP channel and (yang wei mai: 

~ with the dai mai: G.B.-26 (daimai, G. 

-28 (weidao) 

ith the yang giao mai and (dai mai*): G.B-29 (juliao) 

ith the BL channel: G.B.-30 (huantiao) mm 

ith the yang wei mai*: G.B.-35 (yangjiao) 

~ of other channels with the G.B. channel: ST-7, ST-8, ST-9, 
ST-12, S.L12, $.L-19, (BL-1, BL-11*), BL-31-34, P-1, 
(LB.-15*), EB-17, TB.-20, T.B.-22, LIV-13, Du-1, Du- 
14, (Du-20, ST-5, ST-6, ST-30*) 

Gao Wu command point (+ 8.1.11): 

Window of Heaven point (8.1.12): Ga 

Points of the Four Seas (—* 8.1.13): — 

Ma Dan Yang Heavenly Star points (~ 8.1.14): G.B.-30 

(huantiao) wm, G.B.-34 (yanglingquan) wm 


19 (naokong) 


24 (rivue) mm 
1-27 (wushu), 


9 (tianchong) 


7 Mentioned by only some authors. 
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‘© Sun Si Miao Ghost point (+ 8.1.15): ~ 
‘* Other functional points: 
— main point for all disorders of the head, sensory organs, 
Brain: G.B.-20 (fengchi) 
~ front-mu point of the Kidneys (+ 8.1.5): G.B.-25 
Gingmen) am 
~ xi-cleft point (+ 8.1.3) of the yang wei mai: G.B-35 
(vangjiao) 


Points according to region 

* Local points (+ 8.2.1): forehead ~ G.B.-14 (yangbai) mm; 
head, temporal region — G.B.-8 (shuaigu) sim: head, occipital 

.-20 (fengchi) mm; ears ~ G.B.-2 (tingshui) mm; 

spine ~ G.B.-20 (fengchi) mm; neck and shoulder 
region ~ G.B.-20 (fengchi) mm, G.B.-21 (jianjing) wm; Gall 
Bladder ~ G.B.-24 (riywe) tam; hypochondrium — G.B.-25 
Gingmen) am, G.B-26 (daimai), G.B.-27 (Wushu): hip ~ 
G.B-29 (juliao), G.B-30 (luantiao) tam; knee ~ G.B.-34 
(vanglingquan) wa, G.B.38 (yangjiao); foot ~ G.B.-80 
(giuxu) am 

* Adjacent points (+ 8.2.1): head, temporal region ~ G.B.-20 
(fengehi) mm; cars — G.B-8 (shucigu) mm, G.B.-20 (fengchi) 
lum; cervical spine and shoulders — G.B.-21 (ianjing) mm; 
lumbar region ~ G.B.-25 (jingmen) sim, G.B.-30 (huantiao) 
um: hip ~ G.B.-31 (fengshi); knee ~ G.B.-33 (xivangguan) 
foot ~ G.B.-34 (yanglingquan) mm; toes ~ G.B.-38 (yangfi) 

* Distal points (+ 8.2.1): head, temporal region ~ G.B-43 
(siati), G.B.-A1 (culingi) am: eyes ~ G.B.-37 (guangming) mm; 
ears ~ G.B.4l (<ulingi) mm; Liver ~ G.B.-34 (yanglingguan) 
tum; Gall Bladder ~ G.B.-34 (yanglingquan) mm, G.B.-40 
(giuxu) am; bypochondrium ~ G.B.38 (ungfid), G.B.-34 
(vanglingquan) ma, G.B.-43 (xiaxi); cervical spine and hip ~ 
G.B-39 (xuanchong) am; hip ~G.B.-41 (culingi) sm 


region ~ G. 


Specific points according to the channel 

pathway (in numeric order) 

© G.Bel (‘ongziliao): jiaohui-meeting point with the 8.1. and 
TB, channels (—+ 8.1.10) 

© G.B.-2 (singhui) mm: local point for the ears (+ 8.2.1) 

* G.B.-3 (shangeuan): jiaohui-meeting point with the T.B. and 
ST channels (8.1.10) 

*  G.B-4 (hanyan): jiaohui-meeting point with the T.B. and ST 
channels (-* 8.1.10) 

* G.B.-S (svanlu): jiaohui-meeting point with the TB.,L.L.and 
ST channels (8.1.10) 

* G.B.-6 (suanli): ): iaohui-meeting point with the T.B., LiL 
and ST channels (8.1.10) 

© G.B-7 (qubin): ):jiaohui-meeting point with the BL channel 
(781.10) 

© G.B-8 (shuaigu) mm: jiaohui-meeting point with the BL 
channel (-+ 8.1.10); local point for the lateral aspect of the 
head (+ 8.2.1); adjacent point for the ears (—+ 8.2.1) 

© G.B-9 (sianchong): jiaohui-meeting point with the BL chan- 
nel (4 8.1.10)*; Window of Heaven point (-* 8.1.12)" 


G.B-10 (fiubai): jiaohui-meeting point with the BL channel 
(48.1.10) 

G.B-11 (tougiaoyin): jiaohui-meeting point with the BL, 
(S.L, T.B.)* channels (8.1.10) 

G.B.-12 (wangu): jiaohui-meeting point with the BL channel 
(48.1.10) 

G.B-13 (benshen) tm: jiaohui-meeting point with the yang 
wei mai (8.1.10) 

G.B-14 (yangbai) am: jiaohui-meeting point with the yang 
wei mai and (TB., ST, L.l.*) channels (—* 8.1.10); local point 
for the forehead (+ 8.2.1) 

G.B-15 (roulingi): jiaohui-meeting point with the yang wei 
‘mai and BL channel (+ 8.1.10) 

G.B-16 (muchuang): jidohui-meeting point with the yang 
wei mai (+ 8.1.10) 

G.B-17 (chengying): jiaohui-meeting point with the yang 
wei mai (8.1.10) 

G.B-18 (chengling); iaohui-meeting point with the yang wei 
‘mai (+ 8.1.10) 

G.B-19 (naokong): jiaohui-meeting point with the yang wei 
mai (+ 8.1.10) 

G.B.-20 (fengchi) mm: jiaohui-meeting point with the yang 
wei mai, yang giao mai and (T.B. channet*) (—+ 8.1.10); local 
point for the occiput (+ 8.2.1); local point for the neck and 
shoulders (+ 8.2.1); local point for all disorders of the head, 
sensory organs, Brain; adjacent point for the lateral aspect of 
the head and the ears (+ 8.2.1) 

G.B-21 (jianjing) mm: jiaohui-mecting point with the yang 
wei mai, T.B. and (ST*) channels (+ 8.1.10); adjacent point 
for the neck and shoulders (+ 8.2.1) 

G.B.-23 (chejin): jiaohui-meeting point with the BL channel 
(48.1.10) 

G.B.-24 (riyue) mm: associated Front-mu point (+ 8.1.5); 
jéaohui-meeting point with the SP channel and (yang wei 
‘mai*) (+ 8.1.10): local point for the Gall Bladder (—* 8.2.1) 
G.B-25 (jingmen) mm: Front-mu point of the Kidneys 
(+ 8.1.5); local point for the hypochondrium (—+ 8.2.1); adja- 
cent point for the lumbar region (—* 8 
G.B-26 (daimaiy: jiaohui-meeting point with the dai mai 
(8.1.10); local point for the hypochondrium (—+ 8.2.1) 
G.B-27 (wushu): jiaohui-meeting point with the dai mai 
(+ 8.1.10); local point for the hypochondrium (—+ 8.2.1) 
G.B.-28 (weidao): jiaohui-meeting point with the dai mai 
(4 8.1.10); 

G.B.-29 (juliao): jiaohui-meeting point with the yang giao 
mai and (dai mai*) (> 8.1.10); local point for the hip 
(F821) 

G.B.-30 (huantiao) am: jiaohui-meeting point with the BL 
channel (+ 8.1.10); Ma Dan Yang Heavenly Star point 
(> 8.1.14); adjacent point for the lumbar region and the hip 
(+ 8.2.1); local point for the hip (= 8.2.1) 

G.B.-31 (fengshi: adjacent point for the hip (+ 8.2.1) 
G.B.-33 (xiyangguan): adjacent point for the knee (+ 8.2.1) 
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hhui-mecting point with the sinews (+ 8.1.7); lower he-sea 
point of the Gall Bladder (—* 8.1.9); Ma Dan Yang Heavenly 
Star point (+ 8.1.14); distal point for the Liver, Gall Bladder 
and hypochondrium (+ 8.2.1); local point for the knee (+ 
8.2.1); adjacent point for the foot (+ 8.2.1) 

G.B.-35 (yangjiao): xi-clelt point of the yang wei mai 
(> 8.1.3); jiaohui-meeting point with the yang wei mai* 
(+ 8.1.10); local point for the knee (+ 8.2.1) 

G.B.-36 (waigiu): xi-cleft point (— 8.1.3) 

G.B.-37 (guangming) tm: Iuo-connecting point (+ 8.1.2); 
distal point for the eyes (+ 8.2.1) 

G.B.-38 (yangfiu): jing-river point (Fire) (+ 8.1.6); sedation 
point; distal point for the hypochondrium (—+ 8.2.1) 


ing point with the Marrow 
vical spine and the hip 


(482. 

G.B.-40 (giusu) am: yuan-source point (—* 8.1.1); local point 
for the foot (+ 8.2.1); distal point for the Gall Bladder 
(482. 

G.B.-41 (culingi) tam: shu-stream point (Wood): ben point 
(Five phases) (8.1.6); Opening point (+ 8.1.8) of the dai 
‘mai; distal point for the temporal region and the ears 
(+ 8.2.1); distal point for the hip (+ 8.2.1) 

G.B.-48 (xiaxi): ying-spring point (Water) (—* 8.1.6); tonifi- 
cation point; distal point for the lateral aspect of the head and 
the hypochondrium (—+ 8.2.1) 

G.B.-44 (cugiaoyin) mm: jing-well point (Metal) (+ 8.1.6) 
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(Left) The two solder joints to be desoldered, to enable a faulty electrolytic 
capacitor to be removed from the printed circuit board. 


(Right) Ifusing a suction-type desoldering pump, apply the soldering iron tip first 
to melt the solder joint (say for 1-2 seconds). Ensure the spring-loaded desoldering 
pump is ‘primed’ and ready to go... 


(Left) The PTFE nozzle of the desoldering pump is applied to the molten solder and 
the spring-loaded plunger is then immediately released, drawing the molten solder 
up into the pump. Remove the soldering iron tip. Repeat the process if needed. 
Handy tip: sometimes it helps to add some fresh solder and then desolder the whole 
joint. 


(Right) The first p.cc. joint, now desoldered. The second joint will be desoldered 
using traditional desoldering braid. 
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Pupil Crevice TONGZILIAO [RCS 


Location 
Ina bony depression on the lateral aspect of the orbital margin, 
on the level of the outer canthus of the eye. 


How to find 

From the outer canthus of the eye, palpate in a lateral direction. 
Locate G.B1 on the outer aspect of the orbit (diagonally infer- 
ior to the temple), where a bony depression can be palpated. 

+ T.B.-23 is located more superiorly on the lateral end of the 
eyebrow, in a depression on the frontozygomatic suture, -* BL-L 
is located at the inner canthus of the eye. 


Needling 
02-03 cun obliquely in a posterior direction or up to 1 cun 
transversely (subcutaneously) towards + Ex-HN-S (taiyang), 
According to some texts, moxibustion is contraindicated, 


Actions/Indications 
#Expels Wind and Heat from the eyes 


Special features 
Meeting point with the S.1. and T:B. channels, entry point 
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Meeting of Hearing TINGHUI 


Location 

Anterior to the ear, with the patient’s mouth open in the depres- 
sion on the level of the intertragic notch, on the lower border of 
the condyloid process of the mandible, 


How to find 

Locate and needle with the patient's mouth open as this allows 
the condyloid process of the mandible to slide towards the 
anterior, revealing the depression where G.B.-2 is located. Find 
the Vertical sulcus anterior to the ear (at the ear/cheek junction), 
Which may be more or less pronounced. Then locate G.B.-2 on 
the sulcus, on the level of the intertragic notch. If the sulcus is 
not clearly defined (it becomes more clearly visible with 
increasing age), the depression can be located by using an (ear) 
point locator. G,B.-2 is the most distal of three points located 
anterior to the car (+ $.1-19 and + ‘T.B.-21 are both located 
‘more superiorly). 


Needling 
05-1 cun vertically or slightly obliquely in an inferior direction. 
Needle with the patient's mouth open to avoid intra-articular inser- 
tion, Caution: Like .B.-21 and S.1-19, this point is located close 
to the superficial temporal artery and the auriculotemporal nerve. 


Actions/Indications 

‘Eliminates Wind, clears Heat, benefits the ears and the tem- 
poromandibular joint 

* Opens the channel and the /uo-connecting vessel, alleviates 
pain 


Special features 
Important local point for disorders of the ears and the jaw. This 
point is often used alternately with T.B.-21 and S.1-19. 


T Aeconding t Deadman et al 1998 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Above the Joint SHANGGUAN [RACER 


Location 
{Ina depression on the upper border of the zygomatic arch, approx- 
imately 1 cun anterior tothe root of the ear, superior to ST-7 


How to find 

Locate the zygomatic arch (~¥ 3.1.2) by palpating from the root of 
the ear (root of the helix) approximately 1 cun towards the orbit. 
Follow its course by placing one finger above and the other finger 
below the arch. As soon as the lower finger has reached a clearly 
palpable depression anterior to the temporomandibalar joint and 
posterior to the masseter muscle (+ ST-7), the upper finger will be 
resting on G.B.-3, which is located directly superior to ST-7 in 
1 shallow depression on the superior border of the zygomatic arch, 


Needling 
Vertically 0.3-0.5 cun, no strong stimulation, Caution: Branches 
of the temporal, transverse facial and masseteric arteries! ‘Tradi- 
tionally, deep needling is prohibited. 


Actions/Indications 

# Opens the channel, alleviates pain 
© Eliminates Wind 

# Benefits the ears 


Special features 
Meeting point with the T-B. and ST channels 


‘ 
Occipital 
‘bone 


\ T.B-23 
st 


Zygamatic arch 
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Mandlibular angle 
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4 Acupuncture Points of the Twelve Primary Channels 


Jaw Serenity HANYAN 


Location 
At the junction of the upper quarter and the second quarter of a 
line connecting + ST8 and + G.B.-7. 


How to find 

First, locate the two reference points: + ST-8 (4.5 cun lateral to 
the midline and 0,5 cun within the anterior hairline, at the comer 
of the forehead) and — G.B.-7 (in the depression on the level of 
the apex of the ear, within the circumauricular temporal hair- 
line). Then divide the slightly curved line between these two 
points into quarters and locate G.B.-4 at the junction of the 
upper quarter with the lower three quarters, Generally, G.B.-4 is 
located on the temporal hairline and the anterior portion of the 
temporalis muscle, which can be felt when chewing. 


Needling 
(0.3-1.5 cun transversely (subcutaneously), tangentially along the 
skull, in the direction of the occiput or towards the disorderipain, 


Actions/Indications 
‘Eliminates Wind and Heat 
© Opens the channel 


Special features 
Meeting point with the T.B. and ST channel 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Suspended Skull XUANLU JRE 


Location 
At the junction of the 2nd and 3rd quarter of an imaginary tine 
connecting + ST-8 and + G.B.-7 


How to find 

First, locate the two reference points: + ST-8 (4.5 cun lateral to 
the midline and 0.5 cun within the anterior hairline, at the comer 
of the forehead) and —+ G.B.7 (in the depression on the level of 
the apex of the ear, within the circumauricular temporal hairline) 

“Then divide the slightly curved line between these two points into 
quarters and locate G.B.-5 at the junction of the upper two quar- 
ters with the lower two quarters, Generally, this point is located 
oon the level of the parietal suture, just within the hairline. 


Needling 
0.3-1.5 cun transversely (subcutaneously), tangentially along the 
skull, in the direction of the occiput or towards the disorder/pain, 


Actions/Indications 
« Expels Wind and Heat 
© Opens the channel 


Special features 
Meeting point with the T.B., L,I. and ST channels 


\ Parietal bone 
/ 
/ 


\ 


‘\ 
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4 Acupuncture Points of the Twelve Primary Channels 


Suspended Hair XUANLI 


Location 
At the junction of the lower quarter and the upper three quarters 
of a line connecting = ST-8 and + G.B.-7. 


How to find 

First, locate the two reference points: + ST-8 (4.5 cun lateral to 
the midline and 0.5 cun within the anterior hairline, at the comer 
of the forehead) and G.B.-7 (in the depression on the level of 
the apex of the ear, within the circumauricular temporal hair- 
line). Then divide the slightly curved line between these two 
points into quarters and locate G.B.-6 at the junction of the 
upper three quarters with the lower quarter. 


Needling 
(0.3-1.5 cun transversely (subcutaneously) in the direction of the 
oceiput or towards the disorder/pain, 


Actions/Indications 
‘© Expels Wind and Heat 
© Opens the channel 


Special features 
Meeting point with the L.L., ST and T.B. channels: 
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4,11 Gal 


jadder Channel System - Foot shaoyang (zu shao yang jing luo) 


Crook of the Temple QUBIN 


Location 

Ina depression on the level of the apex of the ear, within the cir- 
cumauricular temporal hairline, approximately at the junction of 
a horizontal line through the apex of the ear and a vertical line 
along the posterior border of the temple anterior to the ear. 


How to find 

Locate G.B.-7 by palpating for a small depression anterior to the 
apex of the car al the circumauricular temporal hairline. The 
point is located approximately at a junction between a horizon- 
tal line through the apex of the ear and a vertical line along the 
posterior border of the temple anterior to the ear. 

For orientation: —* T.B.-20 is located directly superior to the 
apex of the ear. 


Needling 
0.3-1.5 cun transversely (subcutaneously) in the direction of the 
occiput or towards the site of the disorder/pain, 


Actions/Indications 
© Expels Wind 
¢ Benefits the mouth and jaw 


Special features 
Meeting point with the BL channel 


BS ISIN I IETS 
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4 Acupuncture Points of the Twelve Primary Channels 


Leading Valley SHUAIGU 


Location 
1.5 cun directly superior to the apex of the ear, in a depression on 
the upper border of the temporalis muscle, 


How to find 

Locate the apex of the ear, which becomes more clearly defined by 
folding the auricle towards the anterior so thatthe posterior part of 
the upper helix covers its anterior part. From the apex of the ear, 
‘measure 1.5 cun (2 fingerbreadths) in a superior direction. There, 
the palpating finger will glide into a bony depression (G.B.-8) 
‘which is often sensitive to pressure. For orientation: When a chew- 
ing movement is made, this can just about be felt at this point, 

= G.B.-9 is located on the same level, 0.5 cun dorsal to G.B-8. 


Needling 
0.3-1.5 cun transversely (subcutaneously), mostly from anterior 
to posterior or towards the site of the pain, 


Actions/Indications 
© Expels Wind, benefits the head and ears, alleviates pain, har- 
monises the diaphragm and Stomach 


Special features 
Meeting point with the BL channel, Important local point for 
al and temporal headaches. 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Heavenly Rushing TIANCHONG [SS 


Location 

15 cun directly superior to the apex of the ear (+ .B.-20) and 
0.5 cun posterior to + G.B.-8. The point is approximately supe- 
rior to the posterior margin of the ear. 


How to find 

First, locate + G,B.-8 1.5 cun superior to the apex of the ear. 
‘The latter becomes more clearly defined by folding the auricle 
towards the anterior so that the posterior part of the upper helix: 
covers its anterior part. From — G.B.-8, measure 0.5 cun in a 
posterior direction and there locate G.B.-9, Similar to + G.B-8, 
G.B.-9 is located in a slight ‘dip’ in the bone, 

Both G.B.-9 and + G.B.-12 (in the depression posterior and 
inferior to the mastoid process) are reference points for a curved 
fine that runs approximately parallel to the posterior margin of 
the ear within the hairline, When dividing this line into thirds, 
= G.B.-10 and + G,B-11 are located at the junctions of the 
thirds, 


Needling 
0,5-1.5 cun transversely (subcutaneously) towards the occiput 
or the site of the pain, 


Actions/Indications 

© Expels Wind and Heat 

© Opens the /io-connecting vessels 
© Calms the shen 


Special features 
Meeting point with the BL channel; Window of Heaven point 
according to some authors. 


40: 
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4 Acupuncture Points of the Twelve Primary Channels 


Floating White FUBAI 


* WIC IN INLETS 


Location 
Posterior to the ear, at the junction of the upper third with the 
two lower thirds of the curved line connecting + G.B.-9 and 
4 G.B.12. 


How to find 

First, locate + G.B.-9 (1.5 cun superior to the apex of the ear 
and 0.5 cun in a posterior direction). Then locate — G.B.-12 in 
a depression posterior and inferior to the mastoid process 
(= 3.1.4). These two points are the endpoints of a curved line 
that runs approximately parallel to the posterior margin of the 
ear within the hairline, Divide this line into thirds and locate 
G.B.-10 at the junction of the upper and the middle third, where 
often a small ‘dip’ can be felt on the bone. G.B.-10 tends to be 
on the level of the apex of the ear. 

+ T.B.-20 is located directly above the apex of the ear. 


Needling 
‘Transversely (subcutaneously) 0,5~-0,8 cun 


Actions/Indications 
© Expels Wind 
© Opens the /uo-conneeting vessels 


Special features 
“Meeting point with the BL channel 


(Left) Select a suitable width of desoldering braid, and press it down onto the 
COLD joint using the hot tip of the iron. A flat soldering iron bit is preferable. 


(Right) The molten solder is drawn up by capillary action into the desoldering 
braid. Take care not to overheat the board (the p.cb. copper track may lift off), nor 
‘drag whiskers’ of solder over the board, nor let the braid solidify onto the joint! 
Remove the braid while the jointis still molten. 


(Left) The faulty electrolytic capacitor dropped out of the board after desoldering. 
Sometimes, it may need persuading with pliers... but don't overdo this or you risk 
damaging the copper tracks on the p.c.b. 


(Right) Close-up photograph of both joints, now desoldered and ready for the 
replacement component to be fitted. 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Head Portal Yin TOUQIAOYIN [ae 


Location 
Posterior to the ear, at the junction of the lower third with the 
‘two upper thirds of the curved line connecting + G.B.-9 and 
GBA. 


How to find 

First, locate + G.B.-9 (1.5 cun superior to the apex of the ear and 
0.5 cun in a posterior direction). Then locate > G.B.-12 in a 
depression posterior and inferior to the mastoid process 
(7 3.1.4). These two points are the endpoints of a curved line 
that runs approximately parallel to the posterior margin of the ear 
Within the hairline, Divide this line into thirds and locate GB 
at the junction of the middle and the lower third. At this point, a 
small ‘dip’ often can be felt in the bone, For reference: GBI 
is located at the midpoint between a fine connecting 
= G.B-10 and + G.B-12 and is generally on the level of the 
root of the helix. 

= T.B.-19 is located on the same level, directly posterior to the 
helix, 


Needling 
“Transversely (subcutaneously) 0.5-0.8 cun 


Actions/Indications 

‘© Expels Wind and Damp-Heat 

‘© Opens the ears and the eyes 

‘* Moves the (Liver) Qi and Blood 


Special features 
Meeting point with the BL channel, also with the S.1. and T.B. 
channels according to some authors. 


. SONREEE 
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4 Acupuncture Points of the Twelve Primary Channels 


Mastoid Process WANGU 


410 


Location 
In a depression directly posterior and inferior to the mastoid 
process. 


How to find 

First, locate the mastoid process posterior to the ear (+ 3.1.4). 
‘This can be palpated at the junction of the cranium and the neck 
as a cone-shaped, bony structure, With the palpating finger, find 
the inferior aspect of the mastoid process and locate G.B12 on 
its lower border posterior to the tip of the process. 

+ TB.-17 is located more anteriorly, in the depression posterior 
to the earlobe, between the mastoid process and the mandible. 


Needling 
0.5-1 cun obliquely in an inferior direction, 


Actions/Indications 

© Expels Wind, Heat and Dampness/Phlegm 
© Opens the ears 

© Calms the shen 


Special features 
Meeting point with the BL channel 
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4,11 Gall Bladder Channel System — Foot shaoyang (zu shao yang jing luo) 
Spirit Root BENSHEN [CER 
Location 


3 cun lateral to + Du-24 (on the midline, 0.5 cun superior to the 
anterior hairline). 


How to find 

First, locate the anterior hairline (3.1.1, with hairloss: when 
the patient frowns, the anterior hairline is marked by the border 
between the creased forehead and the smooth skin above) and 
there locate + Du-24 on the midline and 0.5 cun within the hair- 
line. G.B.-13 is located on the same level, 3 cun lateral to the 
midline, measured in proportional cun based on the distance 
= ST-8 to + Du-24 (=4.5 cun, 2.2). Divide this distance into 
thirds and locate G.B.-13 one third of the distance from ST°8. 
Located at the same level (0.5 cun within the anterior hairline) are 
= Du-24/BL-3/BL-4/G.B.-15/ST-8 (on the midline/superior to 
the inner canthus of the eye/1.5 cun lateral to the midlinefon the 
pupil line or 2.25 cun lateral to the midline/on the comer of the 
forehead). 


Needling 


0.5-0.8 cun transversely (subcutaneously) towards the occiput. 


Actions/Indications 
# Expels Wind 

* Calms the shen 

* Benefits the eyes 


Special features 
Meeting point with the yang wei mai 


411 
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4 Acupuncture Points of the Twelve Primary Channels 


Yang White YANGBAI 


Location 

With the patient looking straight ahead, on the pupil line, approx- 
imately 1 cun superior to the midpoint of the eyebrow, at the 
{junction of the frontal eminence and the superciliary arch. 


How to find 
(On the pupil line, palpate from the anterior hairline in an inferior 
direction, past the frontal eminence, and locate G.B.-14 at the 
deepest point between the frontal eminence and the superciliary 
arch, The distance between the midpoint of the eyebrow and the 
anterior hairline (3.1.1) is 3 proportional cun (—+ 2.2). G.BeI4 
is located one third of the distance or 1 cun superior to the mid- 
point of the eyebrow. With the patient looking straight ahead, 
G.B--14 is located on the pupil line, 


Needling 

(0.3-1 cun transversely (subcutaneously) towards the centre of the 
eyebrow or towards the site of the pain, The pinching-skin method 
‘might be used for needling: pinch the skin between the thumb and 
index finger so that a skin fold forms, Insert the needle subcuta- 
neously into this fold, directing it towards the site of the pain. 


Actions/Indications 

 Expels (internal and external) Wind and Wind-Heat, benefits 
the head, alleviates pain 

Benefits the eyes 


Special features 

‘Meeting point with the yang wei mai, also with the T.B., LL. and 
ST channels according to some authors. Important local point 
for frontal headache regardless of the pathology. 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Head Governor of Tears TOULING! [SE 


Location 
With the patient looking straight ahead, directly superior to the 
pupil and 0.5 cun superior to the anterior hairline. 


How to find 

First, locate the anterior hairline (+ 3.1.1, with hairloss: when 
the patient frowns, the anterior hairline is marked by the border 
between the creased forehead and the smooth skin above). With 
the patient looking straight ahead, G.B.-15 is located 0.5 cun 
superior to the anterior hairline and directly superior to the 
pupil. G.B.-15 can also be described as being located midway 
between + Du-24 (on the midline) and + ST-8 (4.5 cun lateral 
to the midline, on the comer of the forehead). 

Located on the same level (0.5 cun within the anterior hairline) 
are + Du-24/BL-3/BL-4/G.B.-13/ST-8 (on the midline/ 
superior to the inner canthus of the eye/I.5 cum lateral to the 
‘midtine/3 cun lateral to the midline or one third of the distance 
from + ST-8 (on the corner of the forehead) to + Du-24. 


Needling 


‘Transversely (subcutaneously) 0.3-0.5 cun 


Actions/Indications 
© Expels Wind 


© Opens the eyes and nasal passages 
© Calms the shen Zz 
Special features 


Meeting point with the yang wei mai, also with the BL channel 
according to some authors. | 
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4 Acupuncture Points of the Twelve Primary Channels 


Window of the Eye MIUCHUANG 


Location 
1.5 cun superior to the anterior hairline, on the pupil line or 2.25 cun 
lateral to the midline (midway between —* Du-24 and —* ST-8). 


How to find 

Locate the anterior hairline (— 3.1.1, with hairloss: when the 
patient frowns, the anterior hairline is marked by the border 
between the creased forehead and the smooth skin above). With 
the patient looking straight ahead, G.B.-16 is located 1.5 cun 
superior to the anterior hairline, on a vertical line through the 
centre of the pupil. This tine is located 2.25 cun lateral to the 
midline (this corresponds to the midpoint of the distance 
between + Du-24 and + ST-8), For further orientation: The dis- 
tance between the anterior hairline and —* Du-20 (atthe junetion of 
the vertical midline and a line connecting the apives of the ears) 
is 5 cun, + G.B.-16 is located 3.5 cun anterior to > Du-20, on 
the curved line connecting + G.B.-1S and + G.B.-20. 

+ G.B-15 is located on the same vertical line, but 0.5 cun 
superior to the anterior hairline. 


Needling 
0.3-1.5 cun transversely (subcutaneously) towards the occiput 
or the site of the disorder/pain, 


Actions/Indications 

‘*  Expels pathogenic factors (especially Wind) from the head 
and eyes 

‘© Opens the fuo-connecting vessels 


zB 
im Special features 
! 


Meeting point with the yang wei mai 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Upright Nutrition ZHENGYING 


Location 
2.5 cun superior to the anterior hairline and 2.25 cun lateral 
the midline. 


How to find 

First, on the midline, locate the anterior hairline (+ 3.1.1, with 
hairloss: when the patient frowns, the anterior hairline is marked 
by the bortler between the creased forehead and the smooth skin 
above) and —* Du-20 (at the junction of the vertical midline and 
a line connecting the apices of the ears). ‘The distance between 
these two points is 5 proportional cun (—* 2.2). Locate the mid- 
point (for example by using the spreading hands technique 
+ 2.3.3). G.Be17 is located on the curved line connecting 
= G.Be15 and + G.B.-20 (an extension of the pupil line, 2.25 
cun lateral to the midline), 

= BL-6 is also located 2.5 cun anterior to Du-20, but 1.5 cun 
lateral to the midline. 


Needling 
0.3-1.5 cun transversely (subcutaneously) towards the occiput 
or the site of the disorder/pain, 


Actions/Indications 
#Expels Wind 

# Opens the Juo-connecting vessels 
# Descends counterflow Stomach Qi 


Special features 


i 
! 
A 
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4 Acupuncture Points of the Twelve Primary Channels 


Support Spirit CHENGLING 


OJIN II-IE TIS 


416 


Location 
4 cun superior to the anterior hairline or 1 cun anterior to Du-20 
and 2.25 cun lateral to the midli 


How to find 

First, locate + Du-20 (at the junction of the vertical midline and a 
fine connecting the apices of the ears, distance to the anterior hair- 
line = 5 cun), Next, locate G.B.-18 1 cun anterior to -* Du-20 on 
the curved line connecting + G.B.-15 and —+ G.B.-20 (= extension 
of the pupil line, midway between —* ST-8 and —* Du-24), 

+ BL-7is located on the same level (I cun anterior to Du-20), 
bbut 1.5 cun lateral to the midline, 


Needling 
0.3-1.5 cun transversely (subcutaneously) towards the occiput 
or the site of the disorder/pain. 


Actions/Indications 
‘* Expels Wind, especially from the nose 


Special features 
Meeting point with the yang wei mai 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Brain Hollow NAOKONG [LSE 


Location 

On the posterior aspect of the head, at the upper border of the 
external occipital protuberance (+ Du-17) and 2.25 cun lateral 
to the midline, 


How to find 

First, locate the external occipital protuberance (—* 3.1.5), which 
can be palpated as a flat protruding area on the midline. Next, 
find + Du-17 in the depressoin just superior to the protuber- 
ance, From there, measure 2.25 cun in a lateral direction and 
locate G.B-19 on the curved line connecting + G.B.-15 and 
— G.B.-20, an extension of the pupil Hine (2.25 cun lateral to 
the midline or midway between ~ Du-24 and — ST-8). For ori- 
entation: G.B.-19 is located approximately 2,5 cun superior to 
the posterior hairline (+ 3.1.5) and approximately 1.5 cun supe- 
rior to + G.B.-20 (on the lower border of the occiput, between 
the origins of the sternocleidomastoid and trapezius muscles). 


Needling 
0.3-1,5 cun transversely (subcutaneously) towards the occiput 
or the site of the disorder/pain, 


Actions/Indications 

© Expels Wind 

© Clears the sensory orifices 
© Opens the Juo-connecting vessels 

Special features 


Meeting point with the yang wei mai 


protuber 
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4 Acupuncture Points of the Twelve Primary Channels 


G.B.-2 


‘0 


Wind Pool FENGCHI 


Location 

At the lower border of the occipital bone, in the depression 
between the origins of the sterocleidomastoid and trapezius 
muscles 


How to find 

Patient’s position: Prone, sitting or supine (supported by a pil- 
ow, so that the occipital region is accessible), Starting at the 
tidline, glide with the palpating finger along the lower border 
of the occiput, crossing the bulge of the origin of the trapezius 
‘muscle, until you reach a depression the size of a finger pad. 
Locate G.B.-20 in its centre. 

Located on the same level is -* Du-16,—+ BL-10 is located more 
‘medially and inferiorly. 


Needling 
Needle with the patient’s head bent forward and the tip of the 
needle pointing inferiorly. Depending on the position of the 
head, insertion towards the tip of the nose or the contralateral 
orbit, 0.5-1.2 cun, Caution: In slim patients, do not needle 
deeper than 2 cm (the vertebral artery is located at a depth of 
approximately 4 em), 


Actions/Indications 

‘Eliminates Wind, benefits the head, clears the sensory organs 

* Opens the channel 

‘© With tonitying needle technique: strengthens the Marrow and 
the Brain (according to Maciocia) 


Special features 

Meeting point with the T:B. channel*, yang wei mai, yang giao 
‘mai. Major point for all “Wind disorders’, very important point 
for disorders of the head and eyes. 


‘Rewoeding to Deadman ot al 198 


External occipital protuberance 
A ‘Sternacleidomastoid 


The Black Museum of Bad Soldering 


‘These are all genuine examples which have not been retouched or reworked in any way. 


(Left) A tenfold excess of solder on this hand-soldered printed circuit board, and 
(extreme left) an incomplete solder joint with poor coverage. There is no need to 
add more solder "for luck". 


(Right) An example of a dry (or gray) solder joint found inside a commercial PSU 
for a computer peripheral. The wire had been fed through the hole in the brass 
terminal, and merely tacked on with a blob of solder. This isa fire hazard (risk of 
arcing and overheating). 


(Left) Hmmmm.. this joint looks somewhat suspect as well... it's the earth (ground) 
wire in the same PSU 


(Right) A close-up reveals the terrible standard of soldering (and quality control), 
with a fracture visible on this ground/ earth joint. 
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4,11 Gall Bladder Channel System — Foot shaoyang (zu shao yang jing luo) 
Shoulder Well jIANJING 
Location 


At the highest point of the shoulder, at the midpoint of a tine 
connecting the 7th cervical vertebra (C7) and the lateral extrem- 
ity of the acromion. 


How to find 

First, locate C7 (+ 3.4.1) and the lateral extremity of the 
acromion (+ 3.3.1), Next, locate G.B.-21 at the midpoint of 
line connecting these two reference points, on the highest point 
of the trapezius muscle on the sagittal plane. 

EB.-15 is located 1 cun inferior to G.B.-21, midway between 
G.B.-21 and = $.1.-13 (medial to the supraspinous fossa). 


Needling 

Vertically approximately 0.3-0.5 cun (lift the muscle), An alter- 
native, safer method: Lift the muscle and insert the needle approx- 
imately 1 cun anteriorly or posteriorly into the muscle belly. 
Caution: Contraindicated during pregnancy! Pneumothoras. 


Actions/Indications 

© Opens the channel 

# Descends the Qi 

# Regulates the Qi flow, transforms Phlegm, di 
«Promotes labour, henefits the breasts 


Special features 

Meeting point with the yang wei mai and the'T.B. and ST* chan- 
nels. Important local point. Trigger point for the shoulder with a 
distal effect on the Uterus. 


‘According t Deadman etal 19%, 
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4 Acupuncture Points of the Twelve Primary Channels 


Armpit Abyss. YUANYE 


Location 

On the midaxillary line, with the arm abducted approximately 3 
un inferior to the apex of the axilla, in the 4th intercostal space 
{according to some authors, in the Sth intercostal space). 


How to find 

With the patient's arm slightly abducted, locate the apex of the 
axilla, Locate G,B-22 3 cun inferior to it in the 4th intercostal 
space, For orientation: In men, the nipple is located in the 4th 
intercostal space: in women, in a supine position, its location may 
‘vary. Therefore, in women, the manubriosternal synchondrosis 
(3.5) is a more reliable reference point for the costal region. 
Note: The intercostal space curves in a superior direction towards 
lateral. 

Also located on the level of or in the 4th intercostal space, 
but more medially, are —* Ren-17/KID-23/ST-17/P-1/SP- 
18/G.B.-23 (on the midline/2 cun lateral to the midline/in the 
centre of the nipple or 4 cun lateral to the midline/1 cun lateral 
to the nipple or 5 cun lateral to the midline/6 cun lateral to the 
‘midline/1 cun anterior to G.B.-22). 


Needling 
0.5-1 cun obliquely or transversely (subcutaneously) along the 
intercostal space. Caution: Pneumothorax. 


Actions/Indications 
Regulates the Qi in the Upper Burner 
© Opens the fuo-connecting vessels of the axilla 
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4,11 Gall Bladder Channel System — Foot shaoyang (zu shao yang jing luo) 
Flank Sinews ZHEJIN 
Location 


1 cun anterior to + G.B.-22 (on the midaxillary line, 3 cun 
inferior to the apex of the axilla in the 4th intercostal space). 


How to find 

With the patient’s arm slightly abducted, locate the apex of the 
axilla, First, locate —* G.B.-22 3 cun inferior to it in the 4th inter- 
costal space, then locate G.B.-23 1 cun anterior to + G.B.-22 
and also in the 4th intercostal space. For orientation: In men, 
the nipple is located in the 4th intercostal space: in Women, in a 
supine position, its location may vary. Therefore, in Women, the 
manubriosternal synchondrosis (+ 3.5) is a more reliable refer- 
ence point for the costal region, Note: The intercostal space 
curves in a superior direction towards lateral. 

Also located on the level of or in the 4th intercostal space, but 
‘more medially, are Ren-17/KID-2VST-17/P-1/SP-18 (on the 
‘midline/2 cun lateral to the midline/in the centre of the nipple or 
4-cun lateral to the midline/! cun lateral to the nipple or 5 cun 
lateral to the midline/6 cun lateral to the midline), 


Needling 
0.5-1 cun obliquely or transversely (subcutaneously) along the 
4th intercostal space, Caution: Pneumothorax. 


Actions/Indications 
# Regulates the Qi between the Upper and Middle Burners 
* Opens the channel 


Special features 
Meeting point with the BL channel according to some authors 


421 
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4 Acupuncture Points of the Twelve Primary Channels 


Sun and Moon RIYUE 


422 


Location 
In the 7th intercostal space, on the mamillary line (4 cun lateral 
to the anterior midline). 


How to find 

‘The mamillary line, a vertical line 4 cun lateral to the midline, is 
used for reference in the thoracic region (+ 3.5). Quick method, 
especially in men: In men, the nipple is usually located on the 
level of the 4th intercostal space. From the nipple, count down- 
‘ward to the 7th intercostal space. Or: A more reliable reference, 
especially in women, is the manubriosternal synchondrosis, a 
horizontal bony structure on the sternum. The costal cartilage of 
the second rit is lateral to the synchondrosis, with the 2nd inter- 
costal space below. From there, count downward to the 7th inter- 
costal space and locate G.B.-24 on the mamillary line, -* LIV-14 
is located directly superior to G.B.-24 in the 6th intercostal 
space. 

Located approximately on the same level (1 cun inferior to the 
sternocostal angle) are ++ Ren-13/KID-20/ST-20 (on the mid- 
line/0.5 cun lateral to the midline/2 cun lateral to the midline). 


Needling 
0.3-0.8 cun obliquely in a lateral direction along the intercostal 
space, Caution: Pneumothorax. 


Actions/Indications 

* Benefits the Gall Bladder, eliminates Damp-Heat, regulates 
and spreads Liver Qi, descends counterflow Qi, harmonises 
the Middle Burner 


Special features 

Front-mu point of the Gall Bladder, meeting point with the SP 
channel, also with the yang wei mai according to some authors, 
“Major point for disorders of the Gall Bladder. 


Level ot 
‘the nipples 


Level of th 


en-ty 


Manubriosternal 
synchondrosis 
2nd rib 
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4,11 Gall Bladder Channel System — Foot shaoyang (zu shao yang jing luo) 
Capital Gate }INGMEN 
Location 


On the lateral aspect of the ribeage, at the lower border of the 
free end of the 12th rib. 


How to find 

Place the hand on the upper abdomen and, with gentle pressure, 
glide along the lower border of the ribcage until you can feel the 
free end of the 11th rib (+ LIV-13) slightly superior to the 
umbilicus. By continuing to palpate along the lower border of 
the ribeage, you will feel the free end of the 12th rib on the lat- 
eral aspect of the waist, Locate G.B.-25 on its lower border. For 
orientation: When pressing the flexed elbow onto the thorax, 
the tip of the olecranon will rest on the area around the free end 
of the 11th rib (+ LIV-13). 


Needling 
Vertically or obliquely (,3~1 cun. Caution: Peritoneum; the needle 
should be inserted into the obliquus externus or interus muscles. 


Actions/Indications 

«  Tonifies the Kidneys and regulates the water passages 
‘© Strengthens the Spleen, regulates the Intestines 

© Benefits the lumbar region 


Special features 
Front-mu point of the Kidneys 
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4 Acupuncture Points of the Twelve Primary Channels 
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Girdling Vessel DAIMAI 


Location 

On the lateral aspect of the waist, atthe junction ofa vertical line 
through the free end of the 11th rib and a horizontal fine through 
the umbilicus, approximately 1.8 cun inferior to LIV-13. 


How to find 

First, palpate the lower border of the ribcage to locate the free 
end of the Ith rib (+ LIV-13). Next, locate G.B.-26 inferior to 
the free end of the 11th rib, level with the umbilicus. Quick 
method for locating + LIV-13: When pressing the flexed 
elbow onto the thorax, the tip of the olecranon will rest on the 
area around the free end of the L1th rib (+ LIV-13) 

Located on the same level are + Ren-8 (in the centre of the 
umbilicus), + KID-16/ST-25/SP-15 (0,5/2/4 cun lateral to the 
midline). 


Needling 
Vertically 0.5-1 cun, Caution: Be careful with slim patients, 


Actions/Indications 
© Regulates the dai mai 
© Regulates the Uterus 

© Drains Damp-Heat 


Special features 
Meeting point with the dai mai 
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4,11 Gall Bladder Channel System — Foot shaoyang (zu shao yang jing luo) 
Fifth Pivot. WUSHU 
Location 


In the depression medial to the anterior superior iliac spine 
(ASIS), approximately 3 cun inferior to the umbilicus. 


How to find 

First, locate the anterior superior iliac spine (ASIS + 3.5) by 
palpating along the upper border of the iliac crest in an anterior 
and inferior direction, AC its anterior end, the ASIS can be pal- 
pated as a bony ridge on the lateral aspect of the lower abdomen, 

Locate G.B.-27 in a depression anterior and medial to the ASIS. 

= G.B.-28 is located approximately 0.5 cun inferior and medial 
to G.B-27. 

Located approximately on the same level (3 cun inferior to the 
umbilicus) are + Ren-4/KID-13/ST-28 (on the midline/0.5 cun 
lateral to the midline/2 cun lateral to the midline). 


Needling 
Vertically 1—1.5 cun, Caution during pregnancy. 


Actions/Indications 

# Strengthens the Kidneys 

# Regulates the dai mai 

# Regulates the Triple Burner 


Special features 
Meeting point with the dai mai 


Anterior superior 
Tae spine 
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4 Acupuncture Points of the Twelve Primary Channels 


G 
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Linking Path WEIDAO 


Location 

(On the lateral aspect of the abdomen, anterior and inferior to the 
anterior superior iliac spine (ASIS), approximately 0.5 cun 
anterior and inferior to + G.B.-27. 


How to find 

First, locate the ASIS (—+ 3.5) by palpating along the upper bor- 
der of the iliac crest in an anterior and inferior direction. On its 
anterior border, the ASIS can be palpated as a bony ridge on the 
lateral aspect of the lower abdomen, with + G.B.-27 located in 
a depression anterior and medial to the ASIS, Locate G.B.-28 
approximately 0.5 cun anterior and inferior to + G.B.-27. 


Needling 
Vertically 1-1.5 cun, Caution during pregnancy. 


Actions/Indications 
Regulates the dai mai 
Regulates the Triple Burner 
Eliminates Dampness 


Special features 
‘Meeting point with the dai mai 


Anterior superior 
illae spine 
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Stationary Crevice JULIAO 


Location 

At the midpoint of a line connecting the anterior superior iliae 
spine (ASIS) and the greater trochanter, at the anterior border of 
the iliac crest. 


How to find 

First, locate the ASIS (—+ 3.5), the highest point on the anterior 
aspect of the itiac crest, by palpating along the upper border of 
the iliac crest in an anterior and inferior direction, At its anterior 
end, the ASIS can be palpated as a bony ridge on the lateral 
aspect of the lower abdomen, With the patient lying on their 
side and their leg slightly flexed, locate the greater trochanter 
(73.6), a clearly marked bony structure in the region of the hip 
joint, G.B.-29 is located at the midpoint of a line connecting 
these two reference points, 


Needling 
Vertically 1-2 cun 


Actions/Indications 
* Expels Cold, Dampness and Wind, opens the channel 


Special features 
Meeting point with the yang giao mai, also with the dai mai 
according to some authors. 


4.11 Gall Bladder Channel System — Foot shaoyang (zu shao yang jing luo) 


G.B.-29 
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4 Acupuncture Points of the Twelve Primary Channels 


Jumping Circle HUANTIAO 


Location 

With the patient lying on their side, the point is at the junction 
between the medial two-thirds and the lateral third of a Line con- 
necting the greater trochanter and the sacral hiatus, 


How to find 

Patient’s position: Supine or, better, ying on their side, prefer- 
ably with the hip and knee joints of the side to be needled flexed 
and the lower leg straight. Use pillows, ete, for a comfortable 
position. Reference points: the sacral hiatus (+ 3.4.4) and the 
lateral prominence of the greater trochanter (—+ 3.6). G.B.-30 is 
located on a line connecting these two points, one third of the 
distance from the greater trochanter. 


Needling 

1.5-3 cun vertically towards the genital region. The needle may 
reach the fascia of the obturator internus muscle as well as inter- 
‘muscular connective tissue. Long 3 cun needles (50mm) should 
be used. Caution: Needling is often painful, Needling can result 
in an electric de gi sensation radiating to the toes. This sensation 
is particularly common with sciatic disorders and if G.B.-30 is 
needled 1 cun inferior to its normal location, 


Actions/Indications 
© Opens the channel and the /vo-connecting vessels, alleviates 
pain, benefits the hip and legs, eliminates Wind-Damp. 


Special features 
‘Meeting point with the BL channel, Ma Dan Yang Heavenly Star 
point. Important point for disorders of the hips. 


(Left) How not to make a mains voltage soldered joint. This solder joint went "dry" 
and starting arcing, nearly destroying the attached equipment. Itis also a fire 
hazard. 


(Right) The same mains connection, the wire merely being ‘tacked on’ with a blob of 
solder. 


First Aid 


If you are unlucky enough to receive burns which require treatment, here's what to d 


Immediately cool the affected area with cold running water for several minutes. 
Remove any rings etc. before swelling starts. 

Apply a sterile dressing to protect against infection. 

Do not apply lotions, ointments ete., nor prick any blisters which form later. 
Seek professional medical advice where necessary. 


yeeye 
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4,11 Gall Bladder Channel System — Foot shaoyang (zu shao yang jing luo) 
Wind Market FENGSH! OSES 
Location 


On the lateral aspect of the thigh, inferior to the greater 
trochanter, approximately 7 cun proximal to the popliteal crease. 


How to find 

Ask the patient to place their hands on the imaginary seam of their 
trousers (this is best done with the patient standing). G.B.-31 is 
located where the middle finger touches the lateral aspect of the 
thigh. Or: The distance between the highest prominence of the 
seater trochanter (+ 3.6) to the popliteal crease is 19 cun (+ 2.2) 
Divide this distance into thirds and locate G.B.-31 1 cun proximal 
to 8 third of the distance from the popliteal crease. Sensitivity to 
pressure should help determine the location of this point. 


Needling 
Vertically 1-2 cun 


Actions/Indications 
«Eliminates Wind, Dampness and Heat 
© Opens the channel and alleviates pain 


Median sacral 
crest 


Sacral hiatus 


Popliteal crease 
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4 Acupuncture Points of the Twelve Primary Channels 


Middle Ditch ZHONGDU 


AO/INII-IEIIS 


s 
& 
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Location 
(On the lateral aspect of the thigh, 5 cun proximal to the popliteal 
crease, between the vastus lateralis and biceps femoris muscles. 


How to find 

First, ask the patient to place their hands on the imaginary seam 
of their trousers (this is best done with the patient standing) and 
locate + G.B.-31 where the middle finger touches the thigh. 
G.B.-32 can now be located 2 cu distal to + G.B.-31. Or: The 
distance between the highest prominence of the greater 
trochanter (+ 3.6) to the popliteal crease is 19 cun (+ 2.2). 
Divide this distance into quarters (use an elastic tape or the 
spreading hands technique) and locate G.B.-32 slightly proximal 
to a quarter of the distance from the popliteal crease. Sensitivity 
to pressure should help determine the location of this point. 


Needling 
Vertically 1-2 cun 


Actions/Indications 
‘Eliminates Wind, Dampness and Cold, opens the channel 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Knee Yang Gate XIYANGGUAN [SLES 


Location 

On the lateral aspect of the knee. With the knee flexed, in the 
depression between the shaft and the lateral epicondyle and the 
tendon of the biceps femoris muscle, approximately 3 cun prox- 
imal to + G.B.34, 


How to find 

‘This point is best located with the patient’s knee flexed, On the 
level of the lateral upper border of the patella, palpate in a lateral 
direction towards the thigh and palpate for the distal end of the 
lateral epicondyle of the femur, Then locate G.B.-33 in a clearly 
palpable depression between the epicondyle and the tendon of 
the biceps femoris muscle. ‘The latter runs along the lateral 
aspect of the leg (along the line of an imaginary trouser seam) 
and attaches inferior to the knee joint at the head of the fibula, 
= G.B-34 is located 3 cun more distal, + S1-34 is located 2 
cun proximal to the lateral upper border of the patella, 


Needling 
Vertically 1-2 cun 


Actions/Indications 
# Opens the channel 
#- Relaxes the tendons 
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4 Acupuncture Points of the Twelve Primary Channels 


Yang Mound Spring YANGLINGQUAN 


Location 

In the depression anterior and inferior to the head of the fibula, 
between the peroneus longus and extensor digitorum longus 
muscles. 


How to find 

‘This point is best located with the patient’s knee flexed (use knee 
support). Palpate for the head of the fibula on the lateral aspect 
of the leg and hold it with the index and middle fingers in a 
tweezer-like way. Gliding distally with both fingers, the more 
‘medial finger will drop into a depression directly anterior and 
inferior to the head of the fibula, the location of G. 
Located on the same level but on the medial aspect of the lower 
eg is + SP-9 (at the junction of the shaft and the medial condyle 
of the tibia), 


Needling 
1-1.5 cun Vertical insertion between the tibia and fibula towards 
the interosseous membrane, Caution: Deep peroneal nerve with 
deep needling, in some cases also common peroneal nerve. The 
needle may the interosseous membrane as well as the 
epineural tissue of the peroneal nerve. 


Actions/Indications 

‘Benefits the tendons and joints 

* Opens the channel, alleviates pain, benefits the lateral costal 
region 

‘© Clears Damp-Heat from the Liver and Gall Bladder 

# Spreads Liver Qi 


Special features 

He-sea point, Earth point, hui-meeting point of the tendons 
(coordination/movement), lower he-sea point of the Gall Blad- 
der, Ma Dan Yang Heavenly Star point, Major point for disor- 
ders of the tendons and musculature, 


Medial condyle 
of the tibia 
“$7.9 
At the junction 
‘of the shaft and 
Gastrocnemius- medial condyle 


of the tibia 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Yang Intersection YANGJIAO AEE 


Location 
7 cun proximal to the highest prominence of the lateral malleo- 
lus, on the posterior border of the fibula. 


How to find 

Quick method: Spreading hands technique (+ 2.3.3): Locate 
G.B.-35 at the midpoint of a line connecting + G.B.-34 (in the 
depression anterior and inferior to the head of the fibula) and 
the highest prominence of the lateral malleolus (-* 3.6.2), on the 
posterior border of the fibula (distance = 14 cun). G.B.-38 is 
located 7 cun proximal to the prominence of the lateral malleo- 
lus, Or: Spreading hands technique (2.3.3): Locate G.B.-35 1 
cun distal to the midpoint of a line connecting the popliteal 
crease and the highest prominence of the lateral malleolus, on 
the posterior border of the fibula (distance = 16 cun, -+ 2.2) 
For orientation: The borders of the fibula are deep to the pero- 
neus brevis muscle and are often not easily palpable. For this 
reason, it is suggested to palpate the posterior border of the 
fibula just superior to the lateral malleolus and then locate the 
point on an imaginary line running to the head of the fibula, 
Located on the same level are —+ G.B.-36 (on the anterior border 
of the fibula) and — BL-S8 (7 cun proximal to + BL-60). 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 
* Clears Heat, opens the channel, relaxes the tendons 


tena # Regulates Qi of the Gall Bladder 

crease © Calms the shen 

iy Special features | | 
e 


Xi-clett point of the yang wei mai, meeting point with the yang 
‘wei mai according to some authors. 
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4 Acupuncture Points of the Twelve Primary Channels 


G.B.-3 


6 


Outer Mound WAIQIU 


Location 
7 cun proximal to the highest prominence of the lateral malleo- 
us, on the anterior border of the fibula. 


How to find 

Quick method: Spreading hands technique (+ 2.3.3): Locate 
 G.B-35 at the midpoint of a line connecting + G.B.-34 (in 
the depression anterior and inferior to the head of the fibula) and 
the highest prominence of the lateral malleolus (+ 3.6.2), on the 
anterior border of the fibula (distance = 14 cun). G.B.-36 is 
located 7 cun proximal to the prominence of the lateral malleo- 
us, Or: Spreading hands technique (+ 2.3.3): locate G.B.-36 1 
cun distal to the midpoint of a line connecting the popliteal 
crease and the highest prominence of the lateral malleolus, on 
the anterior border of the fibula (distance = 16 cun, -* 2.2) 
For orientation: ‘The borders of the fibula are deep to the per- 
oneus brevis muscle and are often not easily palpable. For this 
reason, it is suggested to palpate the anterior border of the fibula 
just superior to the ankle and then locate the point on an imagi- 
nary line running to the head of the fibula. 

Located on the same level are ~* G.B.-35 (on the posterior bor- 
der of the fibula) and —* BL-S8 (7 cun proximal to + BL-60). 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 
Regulates Gall Bladder and Liver Qi 
Drains Damp-Heat 

‘© Relaxes the tendons and muscles 
Calms the shen 


Special features 
Xi-cleft point 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Bright Light GUANGMING 


Location 

5 cun proximal to the highest prominence of the lateral malleo- 
lus, on the anterior border of the fibula, between the peroneus 
Jongus and extensor digitorum longus muscles. 


How to find 

Quick method: Spreading hands technique (+ 2.3.3): Place the 
little fingers on + G.B.-34 (in the depression anterior and infe~ 
rior to the head of the fibula) and the highest prominence of the 
lateral malleolus (—+ 3.6.2). This distance is 14 cun, From the 
midpoint of this distance, measure 2 cun in a distal direction and 
locate G.B.-37 on this level in a depression on the anterior bor- 
der of the fibula. This depression is located 5 cun proximal to the 
prominence of the lateral malleolus (the width of 1 hand and 2 
thumbs). For orientation: The borders of the fibula are deep to 
the peroncus brevis muscle and are often not easily palpable. For 
this reason, itis suggested to palpate the anterior border of the 
fibula just superior to the ankle and then locate the point on an 
imaginary line running to the head of the fibula. 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 
# Benefits the eyes 
* Eliminates Wind-Damp, opens the channel, alleviates pain 


Special features 


Luo-connecting point, Important distal point for disorders of the 
eyes | 
e 
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4 Acupuncture Points of the Twelve Primary Channels 


Yang Assistance YANGFU 


Location 
4 cun proximal to the highest prominence of the lateral malleo- 
us, on the anterior border of the fibula. 


How to find 

First, locate the prominence of the lateral malleolus (+ 3.6.2) 
and, from there, measure 4 cun in a proximal direction. There, 
locate G.B.-38 on the anterior border of the fibula. Or: On the 
lateral aspect of the lower leg, the distance between the promi- 
nence of the lateral malleolus (—* 3.6.2) and the popliteal crease 
is 16 cun (+ 2.2). Divide this distance into quarters and locate 
G.B.-38 one quarter of the distance from the lateral malleolus 
(aid: spreading hands technique or elastic tape -+ 2). For orien- 
tation: The borders of the fibula are deep to the peroneus brevis 
‘muscle and are often not easily palpable, For this reason, it is 
suggested to palpate the anterior border of the fibula just 
superior to the ankle and then locate the point on an imaginary 
fine running to the head of the fibula. 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 
# Opens the channel 
Clears Wind and Heat 


Special features * 


Jing-tiver point, Fire point, sedation point. 10 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Hanging Bell XUANZHONG [CED 


Location 
3 cun proximal to the highest prominence of the lateral malleo- 
lus, on the anterior border of the fibula. 


How to find 

From the highest prominence of the lateral malleolus (+ 3.6.2), 
measure 3 cun (I handbreadth) in a proximal direction and 
locate G.B.-39 in a depression on the anterior border of the 
fibula. According to some authors, itis located between the pos- 
terior border of the fibula and the tendons of the peroneus longus 
and brevis musles. When in doubt, choose the more pressure- 
sensitive point. 

Located on the same level but 3 cun proximal to + BL-60 
(depression between the malleolus and the Achilles tendon) is 
+ BL-59. In a comparable position but on the medial aspect of the 
leg is + SP-6 (3 cun proximal to the highest prominence of the 
‘medial malleolus, meeting point of the three leg Yin channels). 


Needling 
Vertically 11.5 cun 


Actions/Indications 

© Opens the channel, benefits the tendons and bones 
© Benefits the Marrow, clears Wind-Dampness 

* Clears Heat from the Gall Bladder 


Special features 
Hui-meeting point of the Marrow. Important distal point for dis- 
orders of the cervical spine. 


S~ONREEE 
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4 Acupuncture Points of the Twelve Primary Channels 


G 


40 


Mound of Ruins QIUXU 


Location 
In the depression anterior and inferior to the lateral malleolus, 
lateral to the tendons of the extensor digitorum longus muscle. 


How to find 

For easier location, ask the patient to flex their ankle at a 90° 
angle. From the lateral malleolus (+ 3.6.2), let the palpating fin- 
ger glide into a well-defined depression anterior and inferior to 
the malleolus. By lifting the toes, the tendons of the extensor dig- 
itorum longus muscle as well as the depression (G.B.-40) will 
become more pronounced. For orientation: G.B.-40 is located 
at the junction of a vertical line along the anterior border of the 
lateral malleolus and a horizontal line along its lower border. 

= SP-5 is located in a comparable position but on the medial 
aspect of the ankle (in the depression anterior and inferior to the 
‘medial malleolus). On a line connecting + SP-5 and G.B.-40, 
+ LIV-4 is located medial to and + ST-A1 is located lateral to 
the tendon of the extensor hallucis longus muscle, which runs to 
the big toe. 


Needling 
0.5-1.5 cun vertically or slightly obliquely in the area of the 
fibulotarsal ligaments towards the medial arch of the foot. 


Actions/Indications 

Opens the channel, benefits the joints 

‘Spreads Liver Qi, clears Heat and Dampness from the Gall 
Bladder 


Special features 
Yuan-source point 


der of 


A Few Hints about soldering on a Ground Plane 


Before starting 

Always remove any grease and water from 
your hands, This will reduce the extent to 
which you oxidise and contaminate the board. 

* Avoid touching the copper surface with your 
hands, always hold a board by its edges. 

Ensure all power and signal inputs are turned 
off (the soldering iron will short anything 
you touch to ground!!!) 


© Bend legs touching the copper plane 
at the end to make small feet, then 
bend all other legs so that they are 
horizontal. This will result in the chip 
hovering just off the GND plane 
reducing the stability, but increasing 
the space to connect further 
components, 

* Keep component leads as short as possible. 
This will reduce parasitics, improve 
mechanical robustness and reduce the chance 
of accidental shorts 


Soldering a component 

Consider the circuit pathway from input to 
output in order to minimise the distance. 
This is especially important between ICs. 

© Use the cleaning rubbers or solutions to 
clean away the oxidised surface where you 
are going to mount the component. This will 
help improve the electrical characteristic and 
improve solder flow 

© Where you intend to place solder, VERY 
LIGHTLY scratch a cross-hatch pattern on 
the copper plate with a sharp tool. This will 
increase the friction thereby preventing your 
soldering iron skating across the board 


These rules should be followed in conjunction with 
Dr Clarke’s Soldering Guidelines found on the EE2 
lab website. 


Here is a good copper board layout. Notice the neat 
leads with none left loose above the cireuit, and the 
surface way that the layout looks like a schematic. See the 


* Apply heat to the copper surface first then web copy (on the AMP handout page) of this picture 
add the solder so it smoothly flows on to the for more detail, 


copper. 
© Use pliers to bend the wire/chip legs to form 
small feet as this will increase the stability 
and make them much easier to solder. All 
wire bends should be done with pliers! 
Tin the legs before trying to mount them on 
the board 
© When using wire, devise a colour coding 
system and stick to it ie. red +ve rail, black 
GND rail, yellow —ve rail, blue input ete. 
This will make debugging so much easier 
# Ifyou are soldering an IC, two good 
techniques are: 
© Bend its legs with pliers so they are 
all horizontal and the chip can sit flat 
on the GND plane surface. Then 
place a bend just after where the pin 
leg narrows and bend again slightly 
further down so the leg it touching 
the ground plane (see image below). 
This way the IC is firmly held in 
place. 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 


Foot Governor of Tears ZULINQ\ 


Location 

In the depression at the junction of the shafts and the bases of the 
44th and Sth metatarsal bones, lateral to the tendon of the exten- 
sor digitorum longus muscle. 


How to find 

Palpate for the distinct tuberosity of the Sth metatarsal bone 
(73.6.2) on the lateral aspect of the midfoot. With the palpating 
finger, glide on from the tuberosity to the dorsum of the foot, 
into the groove between the 4th and Sth metatarsal bones. There, 
palpate in a distal direction, G.B.~41 is located at the junction of 
the heads and the shafts of the two bones. Or: Ask the patient to 
abduct their toes so that the branch of the tendon of the extensor 
digitorum longus muscle extending to the little toe becomes 
‘more pronounced. Then palpate in the groove between the 4th 
and Sth metatarsal bones from distal to proximal to where the 
tendon crosses the groove. + G.B.-42 is located medial (or 
anterior) to it, while G.B.-41 is located in the depression lateral 
(or posterior) to the tendon, 


Needling 
Perpendicularly or obliquely approximately 0.3-0.8 cun 


Actions/Indications 

# Spreads Liver Qi, benefits the thorax and the lateral costal 
region, transforms Phlegm, dissipates nodules, benefits the 
breasts 

© Clears the head, benefits the eyes 


‘Shu-stream point, Wood point, opening point of the dai mai, ben 


Special features | 
point (Five Phases), exit point. | 
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4 Acupuncture Points of the Twelve Primary Channels 


G 


42 


* FeO IN IKI E-IE TIS 


Earth Five Meetings D\WUHUI 


Location 

Between the dth and Sth metatarsal bones, proximal tothe metatar- 
sophalangeal joints and medial to the tendon of the extensor dig- 
itorum longus muscle. 


How to find 

From the space between the 4th and Sth toes, palpate towards the 
ankle, Locate G.B.-42 in the groove between the two bones, 
‘proximal to the metatarsophalangeal joints (and proximal to the 
heads of the two metatarsal bones). Or: Ask the patient to 
abduct their toes so that the branch of the tendon of the extensor 
digitorum longus muscle extending to the little toe becomes 
‘more pronounced. Then palpate from the space between the toes 
along the groove between the 4th and 5th metatarsal bones from. 
distal to proximal to where the tendon crosses the groove. G.B.- 
42 is located medial (or anterior) to the tendon. 

— G.B-1 is located lateral (or posterior) to the tendon when 
continuing to palpate along the groove. * BL-65 is located. 
approximately on the same level on the lateral border of the foot, 
‘proximal to the head of the 5th metatarsal bone. 


Needling 
Vertically or obliquely (0.3-0.8 cun 


Actions/Indications 
© Moves Liver Qi 
Clears Heat from the Gall Bladder 
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4.11 Gall Bladder Channel System - Foot shaoyang (zu shao yang jing luo) 
Clamped Stream JIAX1/XIAXI (e325) 


Location 
Between the 4th and Sth toes, proximal to the margin of the 
interdigital web. 


How to find 

Locate the interdigital web between the 4th and Sth toes. Then 
locate G.B.-43 slightly proximal to the margin of the Web. G.B.43 
as well as + LIV-2 and + ST-44 are part of + Ex-UE-10 
(bafeng: proximal to the margins of the webs between the toes). 
+ TB.2 is located in a comparable position on the hand, 
between the ring finger and little finger. It is also part of 
+ Ex-UE-9 (baxie) 


Needling 
‘Upto 0,5 cun vertically or 1 cun obliquely in a proximal direction. 


Actions/Indications 

* Clears Heat, Damp-Heat and Wind, especially from the oppo- 
site end of the channel 

© Calms Liver Yang 


Special features 
Ying-spring point, Water point, tonification point. 


: BOIVN-ES 
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4 Acupuncture Points of the Twelve Primary Channels 


Foot Portal Yin ZUQIAOYIN 


may 0) IN IIE TIS 


Location 
On the 4th toe, 0.1 cun from the lateral corner of the nail. 


How to find 

G.B-44 is located at the junction of two tangents along the 
proximal and lateral borders of the 4th toe, 

+ BL.67 is located at the lateral comer of the little toe. 


Needling 
0.1 cun Vertically or 0.2 cun obliquely in a proximal direction or 
prick to bleed. Caution: Painful point. 


Actions/Indications 

* Clears Wind, Heat and Fire 

‘* Harmonises the Liver and Gall Bladder 
* Calms the shen 


Special features 
Jing-Wwell point, Metal point 
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4.12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 


4.12 The Liver Channel 
System — Foot jueyin 
(zu jue yin jing luo) 


4.12.1 The Liver Primary Channel 
(zu jue yin jing) 


Pathway 
‘The Liver primary channel begins at LIV-1 (dadun) on the lat- 
eral comer of the nail of the big toe. This point is reached by a 
small branch of the G.B. channel, which separates from the Gall 
Bladder primary channel on the dorsum of the foot at + G.B.-41 
(culingi) (foot Yin—Yang connection of the third great circuit). 
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4 Acupuncture Points of the Twelve Primary Channels 


‘The external pathway runs proximally between the Ist and 2nd 

‘metatarsal bones 

'= ascends anterior to the medial malleolus 

= crosses the SP channel at + SP-6 (yinlingguan) on the medial 
aspect of the lower leg 

= ascends the medial aspect of the leg towards the knee anterior 
to the SP channel 

= continues along the medial aspect of the thigh to the pubic 
region, where it passes “+ SP-12 (chongmen) and > SP-13 
(fushe) 

= circles the external genitalia 

= ascends the lower abdomen, passing + Ren-2 (qugu), 
= Ren-3 (chongji) and + Rend (guanyuan) 

= obliquely traverses the abdomen to LIV-13 (hangmen) at the 
free end of the 11th rib and to LIV-14 (gimen), where the 
external pathway terminates, 

ALLIV-13, the channel enters the abdomen, marking the begin- 

ning of the internal pathway. It 

‘= circles the Stomach (wei) 

‘= connects with its pertaining zang-Organ, the Liver (gan) and 
its paired fi-Organ, the Gall Bladder (dan) 

= penetrates the diaphragm 

‘= spreads in the lateral hypochondrium and thoracic region. 

‘The channel then ascends along the posterior aspect of the tra- 

cchea to the throat and nasopharynx and connects with the 

system and the brain, It crosses the forehead and ascends to the 

vertex, where it connects with the extraordinary vessel die mai at 

+ Du-20 (bai), 

An internal branch descends from the maxillary sinus to the 

cheek and circles the inner surface of the lips. 

An internal branch emerges from the Liver, penetrates the 

diaphragm, disperses in the Lung (fei) and meets the Lung primary 


channel (deep Yin-Vin connection), closing the first circuit of the 
Nutritive Qi (ving gi) (+ 1.1.4). This branch further connects with 
the Pericardium primary channel beneath > P-I (tianchi) (hand~ 
foot pairing of the third great circuit: Yin axes, jue yin), 


Clinical importance (— 1.2) 

Exterior (biao) signs and symptoms: Headaches, dizziness, 
blurred vision, tinnitus, fever, spastic extremities 

Interior (Li) or zangfu-Organ signs and symptoms: Distension, 
fullness and pain in the costal region, tightness and fullness in the 
chest, abdominal pain, vomiting, jaundice, diarrhoea, shan disor- 
der, enuresis, urinary retention, yellow urine 


Connections of the Liver primary channel 
(71.2) 


Connections with other channels 


Gall Bladder primary channel (zu shao yang jing) 
Connection: Foot Yin-Yang pairing of the third great circuit 
Location: G.B.-41 + LIV-I (on the foot) 

Circulation: Circadian (according to the Organ clock) 
Importance: Exterior~Interior relationship 


Pericardium primary channel (shou jue yin jing) 
Connection: Paired according to the six-channel theory 
(hand-foot pairing): jue yin (Yin axes of the third great circuit) 

Location: LIV + P. An internal branch originating in the Liver 
penetrates the diaphragm and connects with the Pericardium pri- 
‘mary channel beneath —* P-1 

Circulation: Non-circadian (not according to the Organ clock) 
Importance: Above-below relationship 


Lung primary channel (shou tai yin jing) 
Connection: Deep Yin-Yin connection 

Location: LIV — LU (in the thorax). An internal branch origi- 
nating in the Liver penetrates the diaphragm and disperses in the 
Lung to connect with the Lung primary channel 

Circulation: Circadian (according to the Organ clock) 
Importance: The Lung primary channel receives part of its 
Nutritive Qi (ving gi) from the Liver primary channel (first cit- 
culation of the ying gi 1.1.4) 


Connections with zangfu-Organ systems 
Stomach (wei), Liver (gan), Gall Bladder (dan), Lung (fei) 
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4.12.2 The Liver Divergent Channel 
(zu jue yin jing bie) 


‘A Gain) 


Gael 
(2nd confluence) 


4,12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 


Pathway 

‘The Liver divergent channel separates from the Liver primary 

channel on the dorsum of the foot 

= ascends the medial aspect of the leg to the inguinal region 

= meets the Gall Bladder divergent channel near + Ren-2 
(qugu) 

= traverses the abdomen and enters internally at LIV-13 
(changmen) 

= continues inside the thoracic cavity, spreads in the Liver 
(gan), connects with the Gall Bladder (dan) and runs to the 
Heart (xin) 

= ascends to the neck 

= emerges at the mandibular angle and disperses over the face 

= connects with the Gall Bladder primary channel and the Gall 
Bladder divergent channel at + G.B-I (tongciliao) on the 
outer canthus of the eye to form one of the six e-confluences 
(here: G.B/LIV as 2nd confluence + 1.3) 

= continues to the eye system and ends in the Brain, 


Clinical importance 

# Strengthens the relationship between the Liver and the Gall 
Bladder (cangfu-Organ systems), Points on the Liver primary 
channel can therefore be used to treat disorders of the Gall 
Bladder and vice versa. 

* Based on the pathways of the Gall Bladder and Liver diver- 
gent channels, points on both channels can be used for disor- 
ders of the hips and the lower extremities as well as for 
disorders of the eye system. 
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4 Acupuncture Points of the Twelve Primary Channels 


4.12.3 The Liver Sinew Channel 
(zu jue yin jing jin) 


the three foot Yin 
sinew channels) 


Pathway 

‘The Liver sinew channel begins on the dorsum of the big toe 

= follows the dorsolateral aspect of the big toe to the anterior 
aspect of the medial malleolus, where it binds (jie) 

= ascends the medial aspect of the tibia and binds (jie) at the 


= further ascends the medial aspect of the thigh between the 
Kidney and Spleen sinew channels 

'= reaches the inguinal region, meeting the other foot Yin sinew 
channels at + Ren-3 (chongji) and continues to the genitalia. 


Clinical importance 
Pathology: Stiffness, tension and distending sensations along 
the big toe. Pain around the medial malleolus and medial aspect 
of the knee. Pain and muscular tension along the medial aspect 
of the thigh, Disorders of the genital region. 

Indication: Pain, tension, muscle contractions and distending 
sensations along the pathway of the channel. Disorders of the 
genital region. 
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4.12.4 The Liver Juo-Connecting Vessel 
System (zu jue yin luo mai) 


4.12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 


Pathway 

‘The Liver /uo-connecting vessel system separates from the Liver 

primary channel at its Zuo point LIV-S (ligou) (+ 8.1.2). It forms 

a three-dimensional reticular network, dividing into. multiple 

branches and sub-branches (sun luo, fia luo, xue luo —* 1,5) 

Within the surrounding tissue. 

‘* Horizontal divisions run to the Interiorly-Exteriorly paired 
Gall Bladder primary channel; according to some schools of 
thought (for example, Ngyen Van Nghi + Appendix), they 
travel as a transverse Liver /uo-connecting vessel to the 
yuan-source point + G.B.-40 (giuxw). 

‘A longitudinal division ascends the medial aspect of the leg 
to the genital region, where it branches out 


Clinical importance (— 8.1.2) 


Pathology 
Counterflow Qi: Swellings and pain of the testicles and sero- 
tum, hernia 

Excess (shi): Pray 
Deficiency (x1): Itching of the external genitalia 


4.12.5 Cutaneous Region 
(jue yin pi bu) 


See description and figures ~+ 1.6. 


4.12.6 Points of the Liver Primary 
Channel (Overview) 


Specific points according to their function 
Yuan-source point (= 8.1.1): LIV-3 (taichong) mm 
Luo-connecting point (+ 8.1.2.): LIV-S (ligou) am 
Xi-eleft point (+ 8.1.3): LIV-6 (chongdu) sm 
Associated Back-shu point (+ 8.1.4): BL-18 (ganshu) im 
Associated Front-mu point (—* 8.1.5): LIV-14 (gimen) am 
Five shu-transporting points (— 8.1.6): 
Jing-well point (Wood): LIV-1 (dadun) mm, ben point (Five 
Phases) 
ying-spring point (Fire): LIV-2 (xingjian) mm 
‘shu-stream point (Earth): LIV-3 (taichong) mm 
Jing-tiver point (Metal): LIV-4 (chongfeng) 
hhe-sea point (Water): LIV-8 (quguan) tm, tonification point 
«© Hui-mecting point (+ 8.1.7) of the zang-Organs: LIV-13 

(changmen) mm 
* Opening point (+ 8.1.8): — 
Lower he-sea point (+ 8.1.9): 
* Siaohui-meeting points (8.1.10): 

—with the G.B, channel and the dai mai*: LIV-13 

(changmen) am 


‘Meationed hy only some authors 
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a 
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4 Acupuncture Points of the Twelve Primary Channels 


~ with the yin wei mai and the ST channel: LIV-14 (gimen) mim 
~ of other channels with the LIV channel: SP-6, SP-12, 
SP-13, Ren-2, Ren-3, Ren-4, P-1, (Du-20*) 
Gao Wu command point (— 8.1.11): 
Window of Heaven point (+ 8.1.12) 
Points of the Four Seas (—* 8.1.13): 
Ma Dan Yang Heavenly Star point (+ 8.1.14): LIV-3 
(taichong) wm 
+ Sun Si Miao Ghost point (+ 8.1.15): 
* Other functional points: 
— Front-mmu point of the Spleen: LIV-13 (changmen) mat 


Points according to region 

© Local points (+ 8.2.1): Liver ~ LIV-13 (changmen) mm 
knee ~ LIV-7 (xiguan), LIV-8 (ququan) tm; foot ~ LIV-4 
(chongfeng) 

© Adjacent points (+ 8.2.1): Stomach/Spleen ~ LIV-13 
(changmen) mm; hypochondrium — LIV-13 (changmen) ma, 
LIV-14 (gimen) 

‘Distal points (+ 8.2.1): vertex ~ LIV-3 (taichong) mm; eyes 
~ LIV-2 (xingjian) mm, LIV-3 (taichong) mim: Liver — LIV-3 
(taichong) mm: Gall Bladder — LIV-3 (taichong) mm; urogen- 
ital region ~ LIV-3 (taichong) mm; genital region ~ LIV-S 
(ligow) sm; lower abdomen ~ LIV-8 (guguan) mma 


Specific points according to the channel 

pathway (in numeric order) 

© LIV-1 (dadun) 1am: jing-well point (Wood), ben point (Five 
Phases) (= 8.1.6) 

© LIV-2 (xingjian) mm: ying-spring point (Fire) (+ 8.1.6), 
sedation point; distal point for the eyes (+ 8.2.1) 

© LIV-3 (taichong) mm: yuan-source point (—* 8.1.1); shu- 
stream point (Earth) (—+ 8.1.6); Ma Dan Yang Heavenly Star 
point (+ 8.1.4); distal point for the vertex, eyes, Liver, Gall 
Bladder and urogenital region (+ 8.2.1) 

© LIV-4 (chongfeng): jing-tiver point (Metal) (-* 8.1.6); local 
point for the foot (8.2.1) 

© LIV-S (ligow) mm: fuo-connecting point (+ 8.1.2); distal 
point for the genital region (—* 8.2.1) 

© LIV-6 (chongdu) mm: xi-cleft point (+ 8.1.3) 

© LIV-7 (xiguan): local point for the knee (—+ 8.2.1) 

© LIV-8 (ququan) mm: he-sea point (Water) (+ 8.1.6); toni 
tion point; distal point for the abdomen (—+ 8.2.1); local point 

8.2.1) 

ingmen) mim: Front-mu point of the Spleen 
(> 8.1.5): hui-meeting point of the zang-Organs (—* 8.1.7); 
Jiaohui-meeting point with the G.B. channel and the (dai 
‘mai*) (+ 8.1.10); adjacent point for the Spleen/Stomach and 
the hypochondrium (—+ 8.2.1) 

© LIV-14 (gimen) mm: associated Front-mu point(+ 8.1.5); 
Jiaohui-meeting point with the yin wei mai and the SP channel 
(+ 8.1.10); regional point for the hypochondrium (—* 8.2,1) 


for the kne 


Mentioned by only some authors 


Soldering and Desoldering Instruction 


Soldering is defined as "the joining of metals by a fusion of alloys which have relatively low 
melting points", In other words, you use a metal that has a low melting point to adhere the 
surfaces to be soldered together. Soldering is more like gluing with molten metal than anything 
else, Soldering is also a must have skill for all sorts of electrical and electronics work. It is also 
a skill that must be taught correctly and developed with practice. 


Remember that when soldering, the rosin in the solder 
releases fumes. These fumes are harmful to your eyes 
and lungs. Therefore, always work in a well-ventilated 
area, Hot solder is also dangerous. Be sure not to let is 
splash around because it will burn you almost instantly. 
Eye protection is also advised. 


The Tools 

Soldering Iron — Even the cheapest of them will do the job. They 
may not last as long, but they do get hot enough to melt solder and 
that is the goal. You only need to make sure that the one you buy 
has a suitable tip on it. The most typical tip is the one that is about 
the size of a 1/8” stereo mini-plug. 


Solder — Get Rosin Core solder. Rosin will help the solder to flow 
onto the wires. Solder comes in different thickness. Buy what is 
appropriate for your job. 


Desoldering Gun — This tool will make life a lot easier when you 
need to rework a previous solder job. 

Solder Wick — Braided copper with rosin coating used to draw sol 
der off of circuit boards. 


SMD Rework station— Basically this is a high temp hair dryer 
with special nozzle attached. It heats up entire pins of the SMD 
device so you can remove them. 


The Methods 


Soldering - There is not art to soldering, it takes patience and practice to get it right. If you are 
doing it right, it will be easy and very fast. First, make sure that your soldering iron tip is clean, 
Ifit is dirtier than just a light gray color, you need to clean it. You can do this with sandpaper or 
a Scotch Brite pad. Next, turn your iron on and give it plenty of time to heat up, To test the heat, 
use a piece of solder touched to the tip. If it melts immediately, it is ready. 

‘The most common way to mess up a solder job is to let the soldering iron stay on the parts to be 
soldered too long. What this does is oxidize the metal, making it too dirty to attract solder. If you 
are working with a circuit board, too much heat can damage the board, rendering it useless and 
in need of repair. You should only hold the soldering iron to the parts to be joined for no more 
than 10-12 seconds, Any longer and you will melt insulation on wire or damage a circuit board. 
Tt has been said that soldering is a two-person job. You need two hands to hold the parts to- 
gether, one hand to hold the iron, and another to feed the solder. The correct method for applying 
solder is to hold the joint perfectly still while heating with the soldering iron, After a few sec- 
onds, introduce the end of the solder at the point where the iron meets the parts 
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4.12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 
Big Mound DADUN Liv-1 
Location 


On the lateral aspect of the big toe, 0.1 cun proximal and lateral 
to the corner of the nail. 


How to find 

LIV-1 is located at the junction of two tangents along the proxi- 
‘mal and lateral borders of the big toe, 0.1 cun from the actual 
‘margin of the nail. * SP-1 is located at the medial comer of the 
big toe. 


Needling 
‘Vertically or obliquely 0.1-0,2 cun. Avoid needling into the peri- 
onychium, For excess conditions, prick to bleed. Caution: 
Painful point. 


Actions/Indications 

# Regulates the Lower Burner, the genitals and Liver Qi 
* Eliminates Dampness 

# Opens the sensory orifices 


Special features 
Jing-well point, Wood point, ben point (Five Phases), entry 
point. 


yO] IN IKIINWETIS 
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4 Acupuncture Points of the Twelve Primary Channels 


Moving Between XINGJIAN 


JO] IN IIE 


Location 
Between the Ist und 2nd toes, proximal to the margin of the 
interdigital web. 


How to find 

Locate LIV-2 slightly proximal to the margin of the interdigital 
web between the Ist and 2nd toes. 

Located in comparable positions are + ST-44 (between the 
2nd/3rd toes) and + G.B.A3 (between the dth/Sth toes). 
= LIV-2, + ST-44 and — G.B.-43 are all part of the extra point 
A Ex-LE-10 (bafeng). Its counterpart on the hand is the extra 
point + Ex-UE-9 (baxie). 


Needling 
0.3-0.5 cun obliquely towards the heel or vertically. 


Actions/Indications 

Clears Liver Fire, spreads Liver Qi, calms (internal) Liver 
Wind, clears Heat and Blood Heat, stops bleeding, benefits 
the Lower Burner 


Special features 
Ying-spring point, Fire point, sedation point. Major point for 
excess syndromes of the Liver (especially Liver Fire). 
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4.12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 
Great Rushing T 


On the dorsum of the foot, between the Ist and 2nd metatarsal 
bones, in the depression proximal to the metatarsophalangeal 
{joints and the proximal angle between the two bones. 


From the web between the Ist and 2nd toes, palpate proximally 
past the metatarsophalangeal joints and along the groove 
between the Ist and 2nd metatarsal bones, until you reach the 
Widest and deepest part of the groove. There, locate LIV-3, 
which is often sensitive to pressure. ‘To double-check: When 
continuing to palpate along the groove, it will become more nar- 
row and shallow again. 

Located in a similar position on the hand is + L.l.-4 (between 
the Ist and 2nd metacarpal bones). 


eedling 
Vertically or slightly obliquely 0.5—1 cun, Caution during 
Pregnancy. 


‘© Spreads Liver Qi, clears the head, benefits the eyes, nourishes 
Liver Blood and Liver Yin, calms spasms, alleviates pain, 
‘regulates menstruation and the Lower Burner 

Eliminates (internal) Wind, pacifies Liver Yang 


Yuan-source point, shu-stream point, Earth point, Ma Dan Yang 
Heavenly Star point (later added by Xu Feng). Major point for 
spreading Liver Qi. 
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4 Acupuncture Points of the Twelve Primary Channels 


Middle Seal ZHONGFENG 


452 


Location 
1 cun anterior to the prominence of the medial malleolus, medial 
to the tendon of the tibialis anterior muscle. 


How to find 

Even with slight dorsiflexion of the ankle, the tendon of the tib- 
ialis anterior muscle will become more pronounced on the 
‘medial aspect of the ankle, LIV-4 is located between the tendon 
and the prominence of the medial malleolus, in a depression 
over the palpable joint space. 

+ SP-Al is also located over the joint space (on the midpoint of 
its anterior aspect): + SP-5 lies only slightly distal to + LIV-4 
at the junction of a vertical line along the anterior border and a 
horizontal line along the lower border of the medial malleolus. 


Needling 
Vertically 0.3-0.5 cun 


Actions/Indications 
# Opens the channel, promotes the flow of Liver Qi, regulates 
the Lower Burner 


Special features 
Jing-river point, Metal point, 


Fibula 


Talocrural 


Trochiea —| ber 


tall 


Medial 
malleolus Subtalar 


joint 


Lateral + 
malleolus 


Tendon of the 
‘extensor pollicis longus 
and 


tibialis anterior 
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4.12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 


Woodworm Canal LIGOU 


Location 

On the medial aspect of the lower leg, 5 cun proximal to the 
highest prominence of the medial malleolus, just posterior to 
the medial crest of the tibia, between the crest of the tibia and the 
gastrocnemius muscle, 


How to find 

First, locate the highest prominence of the medial malleolus 
(+ 3.6.2), From there, palpate 5 cun in « proximal direction and 
there locate LIV-5 in a depression directly posterior to the 
‘medial crest of the tibia, Or quick method: Divide the distance 
between the medial end of the popliteal crease and the highest 
prominence of the medial malleolus (approximately 15 cun, 
2.2) into thirds and locate LIV-5 a third of the distance from 
the medial malleolus. Note: Some texts locate LIV-5 on the 
tibia, others on the posterior border of the tibia; sensitivity to 
pressure should be the determining factor. ++ KID-9 is located 
on the same level but directly superior to + KID-3 (between the 
‘medial malleolus and the Achilles tendon), 


Needling 
0.51 cun vertically or obliquely in a posterior direction towards 
the fibula or transversely (subcutaneously) along the tibia 
towards the abdomen, 


Actions/Indications 
# Regulates Liver Qi, benefits the genitals, clears Damp-Heat 
from the Lower Burner, regulates menstruation, 


© Eliminates ‘plum-pit’ Qi 

* Moves Qi locally. 

ateeen: I 
! 


Luo-connecting point. Important distal point for the urogenital 
region (especially with Liver Qi stagnation and Damp-Heat). 
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4 Acupuncture Points of the Twelve Primary Channels 


Central Capital ZHONGDU 


Location 
7 cun proximal to the highest prominence of the medial malleo- 
us, just posterior to the medial crest of the tibia. 


How to find 

First, locate the highest prominence of the medial malleolus 
(73.6.2), From there, palpate 7 cun (= the width of 2 hands and 
1 thumb) in a proximal direction and there locate LIV-6 in a 
depression directly posterior to the medial crest of the tibia, Or 
quick method: Spreading hands technique (—* 2.3.3): Place the 
little fingers on the medial end of the popliteal crease and the 
highest prominence of the medial malleolus respectively and 
join the thumbs on the posterior border of the tibia at the mid~ 
point ofthis distance (= approximately 15 cun, 2.2). From there, 
‘measure 0.5 cun in a distal direction and here locate LEV-6 pos- 
terior to the medial crest of the tibia, Note: Some texts locate 
LIY-6 on the tibia, others on the posterior border of the tibia; 
sensitivity to pressure should be the determining factor, 


Needling 

0.5-1 cun vertically or obliquely in a posterior direction towards 
the fibula or transversely (subcutaneously) in a proximal direction 
along the tibia. 


Actions/Indications 
# Spreads Liver Qi, regulates the Lower Bumer, regulates 
Blood, eliminates Dampness 


Special features 
Xi-cleft point 
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4.12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 
Knee Joint XiIGUAN LIV-7 
Location 


At the junction of the shaft and the medial condyle of the tibia, 
1 cun posterior to —* SP-9, 


How to find 

‘The junction of the shaft and the medial condyle of the tibia can 
be easily palpated. There, locate = SP-9 and LIV-7 1 cun pos- 
terior to it. Both points tend to be sensitive to pressure if indicated, 


Needling 
Vertically 1-2 cun 


Actions/Indications 
# Opens the channel 
‘*  Expels Wind and Dampness 


Popliteal crease 


1 junation of. 
| the shaft and 

medial condyle 
3 ofthe tia 


u 

1s Highest 

‘hn prominence 
‘ofthe medial 
malleolus, 
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4 Acupuncture Points of the Twelve Primary Channels 


Liv-8 


my F/I IK) F=IE TIS 


Spring at the Crook QUQUAN 


Location 

With the knee flexed, LIV-8 is located directly proximal to the 
‘medial end of the popliteal crease, in a depression anterior to the 
tendons of the semitendinosus and semimembranosus muscles. 


How to find 

LIV-8 is best located with the patient’s knee flexed and slight 
external rotation of the hip. First, palpate the prominent, ropey 
tendon of the semitendinosus muscle, which becomes more pro- 
nounced with the knee flexed, The tendon of the semimembra- 
nosus muscle lies deep to the semitendinosus and is often more 
difficult to isolate, With the palpating finger, glide from the ten- 
don of the semitendinosus towards the patella, Approximately 
after 1 cun, you can feel a depression between the muscle bel- 
lies. LIV-8 is located anterior to both tendons. Some authors 
locate LIV-8 1 cun superior and anterior to + KID-10, Sensi- 
tivity to pressure should determine the location. 

+ KID-10 is located approximately 1 cun in the direction of the 
popliteal crease and, from a medial perspective, posterior to the 
tendon of the semimembranosus and anterior to the tendon of 
the semitendinosus. 


Needling 
Vertically 0.5-1.5 cun 


Actions/Indications 

* Clears and eliminates Dampness and Damp-Heat from the 
Lower Burner (major action), benefits the genitals and the 
Uterus 

‘© Nourishes Blood and Yin 

© Moves Qi locally 


Special features 
‘he-sea point, Water point, tonification point, 
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4.12 The Liver Channel System ~ Foot jueyin (zu jue yin jing luo) 
Yin Wrapping YiNBAO LIV-9 
Location 


4-cun proximal to the medial condyle of the femur, between the 
sartorius and vastus medialis muscles. Altemative locations: 4 cun 
proximal to + LIV-8 (for example, Deadman et al 1998, 
= photo), 4 cun proximal to the junction of the shaft and the 
condyle of the femur (for example, Hecker et al - see line draw- 
ing) or 4 cun proximal to the midpoint of the condyle of the femur 
(or example, Ogal and Stir 1999, —+ illustration on p. 443). 


How to find 

From + LIV-8, measure 4 cun in a proximal direction, There, 
locate LIV-9 on the border between the more medial, narrow sar- 
torius muscle and the anteromedial vastus medialis muscle, Sen- 
sitivity to pressure should determine the location of this point. 


Needling 
Vertically 1-2 cun 


Actions/Indications 
© Benefits the Lower Burner 
© Opens the channel 
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4 Acupuncture Points of the Twelve Primary Channels 


Leg Five Miles ZUWULI 


PETS 


ONE 


458 


Location 

On the anterior aspect of the thigh, 3 cun inferior to the upper 
border of the symphysis, on the lateral border of the adductor 
longus muscle. 


How to find 

‘Ask the patient to Mlex their adductors by pressing their feet 
against each other. LIV-10 is located in a groove on the medial 
border of the adductor longus muscle, where it forms an angle 
with the sartorius muscle, 


Needling 
Vertically 0.5—1.5 cun, Caution: Great saphenous vein, femoral 
artery/nerve. 


Actions/Indications 

‘* Relaxes the tendons and muscles 

© Clears Damp-Heat from the Lower Burner 
Regulates the water passages 


tthe pubie 
Symp 


If the solder does not melt immediately and flow onto the joint, pull the solder away and try 
again after a couple seconds longer. If you exceed 10 seconds, pull the iron off and try again after 
it all cools down, You probably didn’t have the iron touching enough of the parts to be soldered. 
Sometimes, the parts to be soldered are so big that they conduct the heat away very quickly and 
make it difficult to solder. In this case, it is OK to put some solder on each part individually and 
then put them together later by melting the solder on each one while they are touching. 

Joining Two Wires - Strip off about 3/8” of insulation from the two wire ends to be joined. Place a 
4° length of heat shrink tubing over one wire and push it back so that the heat from soldering 
won't shrink it prematurely, Fold each bare wire end back on itself so that the tip of the wire now 
comes back to the end of the insulation, Link both wires together using the bends like hooks. 
Now, twist the ends of the wires around themselves tightly. This type of connection is called a 
Western Union and it is the strongest method of joining two wires together, Now, heat the con- 
nection with the iron and allow solder to flow over the entire joint. Wait a few seconds for it to 
cool off and then slide the heat shrink tubing down over the connection and heat it with a match 
or heat gun, 

Soldering a Wire to a Circuit Board — This is delicate work that you will do while soldering. Too 
much heat and your board will be damaged. If you are attaching a wire to an existing hole on 
the board, make sure that the hole is clean and free of any excess solder (see de-soldering for 
more detail). The best advice when soldering to a circuit board is to angle your soldering iron 
tip so that it makes good contact with the pad on the circuit board and the wire or part to be 
soldered at the same time. Heat the parts up and touch the solder at the point where the tip 
meets the part and the pad. If the solder does not flow immediately, pull everything off and 
wait for it to cool down and try again later. 

Step 1 Step 4 s 


j ‘ / 
Apply heat to both pin 5/ Remove solder away. 


and pad on the circuit N 
board. Make sure tip of | 


the soldering iron is L 
touching both pin and 


pad. 


When the both pin N 
and pad are heated 
enough, apply solder 4 — 
to the pin and pad, = = 
Solder should starts 
to flow. 


Remove tip of soldering 
iron also, 


sk / Apply enough but not Done! Check the joint to 
>“ too much solder. make sure the connec- 
While applying the sol - tion, 
der, do not move the 
tip of iron. 
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4.12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 
Yin Corner YINLIAN LIV-11 


Location 

On the anterior aspect of the thigh, 2 cun inferior to the upper 
border of the symphysis and on the lateral border of the adduc- 
tor longus muscle. 


How to find 

‘Ask the patient to flex their adductors by pressing their fect 
against each other, LIV-11 is located 2 cun inferior to the upper 
border of the pubic symphysis, in a groove on the medial border 
of the adductor longus muscle, 

LIV-11 is located approximately 1 cun inferior to where the 
femoral artery passes under the inguinal ligament. 


Needling 

Vertically 0.5-1.5 cun. Caution: Great saphenous vein, femoral 
artery/vein/nerve. Classical texts recommend moxibustion for 
female sterility 


Actions/Indications 

‘© Relaxes the tendons 

# Benefits the Uterus and regulates menstruation 
‘© For disorders of the lumbar spine 


a FO] IN IX ETS 
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4 Acupuncture Points of the Twelve Primary Channels 


Urgent Pulse jiNMAI 


Location 
Inthe inguinal groove, 2.5 cun lateral to the anterior midline and 
| cun inferior to the upper border of the symphysis. 


How to find 

From the upper border of the pubic symphysis, measure 2,5 cun 
{na lateral and 1 cun in an inferior direction. In this area, you can 
‘palpate the pulse of the femoral artery. LIV-12 is located medial 
to the pulsating of the artery. As the femoral vein also runs 
‘medial to the artery, LIV-12 should be needled in a medial direc- 
tion, at least 1 fingerbreadth from the artery. 

+ S1-30 is located 1 cun superior and 0.5 cun medial to LIV-12, 


Needling 

Slightly obliquely 0.5-0.8 cun, Caution: Femoral artery/vein. The 
femoral vein is located medial to the artery and is approximately 
the breadth of a finger. To avoid injury to the vein, LIV-12 should 
not be needled medial to the artery. Owing to its tricky location, 
classical texts recommend moxibustion only, while in modern 
texts moxibustion is contraindicated for the same reason, 


Actions/Indications 
*  Dispels Cold from the Liver channel and benefits the Lower 
Burner 
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4.12 The Liver Channel System — Foot jueyin (zu jue yin jing luo) 


Completion Gate ZHANGMEN 


Location 
Anterior and inferior to the free end of the 11th rib, approxi- 
‘mately 1 cun superior to the umbilicus. 


How to find 

Quick method: Ask the patient to press their flexed elbow (90°) 
against the lateral aspect of the thorax and the tip of the olecra- 
non will be pointing to the free end of the 11th rib, LIV-13 can 
then be located on its anterior and inferior border. Or: Place the 
hand on the upper abdomen and, with gentle pressure, palpate 
along the lower border of the rib cage until you can feel the free 
end of the 1 1th rib just superior to the umbilicus. Locate LIV-13 
on its anterior and inferior border, 

Located on approximately the same level (1 cun superior to the 
umbilicus) are —+ Ren-9 (on the midline) and + ST-24 (2.cun lat- 
eral to the midline), + G.B.-25 is located more laterally and 
inferiorly, at the free end of the 12th rib, 


Needling 

05-1 cun vertically or better obliquely in a lateral direction. 
Caution: Peritoneum, hypertrophied organs (right: liver, left: 
spleen). 


Actions/Indications 

# Harmonises the Liver and the Spleen, regulates Liver Qi 
(especially in the Middle and Lower Burner), strengthens the 
Spleen 

# Opens the channel 


Special features 
Front-mu point of the Spleen, meeting point with the dai mai and 
the G.B. channel, Hui-meeting point of the zang-Organs. 


i 
a OJIN IO IETS 
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4 Acupuncture Points of the Twelve Primary Channels 


Cycle Gate QUIEN 


Location 

In the 6th intercostal space, on the marnillary line or 4 cun lateral Manubriosternal 
to the midline. eC TS 
How to find 


Quick method, especially in men: The nipple is generally 
located on the level of the 4th intercostal space. From there, pal- 
pate downward 2 intercostal spaces and locate LIV-14 in the 6th 
intercostal space. Or: For more precise orientation on the 
ribcage (3.5), palpate for the manubriosternal synchondrosis, 
a well-defined horizontal bony structure on the sternum, Lateral 
to it, locate the 2nd rib and below it the 2nd intercostal space. 
From there, count downward 4 intercostal spaces to the 6th 
intercostal space and there locate LIV-14 on the mamillary line 
(4 cun lateral to the midline). 

 G.B.-24 is located in the 7th intercostal space, Located on the 
same level (2 cun inferior to the stemocostal angle —* 3.5) are 
= Ren-14 (on the midline), + KID-21 (0.5 cun lateral to the 
midline) and —+ $1-19 (2 cun lateral to the midline). 


Needling 
05-1 cun obliquely, either in a lateral or medial (along the 
course of the ICS) direction. The latter is recommended for dis- 
orders of the breasts, Caution: Pneumothoras. 


Actions/Indications 

Regulates Liver Qi and Liver Blood (especially in the Upper 
and Middle Bumer), cools the Blood, disperses accumula- 
tions, harmonises the Liver and the Stomach 


Special features 
Front-mu point of the Liver, meeting point with the yin wei mai 
and the Spleen channel, exit point. 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with 


Points 
Claudia Focks, Ulrich Marz 


For an overview of the theoretical background of the eight 
extraordinary vessels + 1.7. 


5.1 Chong mai 


Synonym: Penetrating Vessel 


Relationships (— 1.7.3) 

# Yin/Yang: chong maildai mai 

* Central/peripheral: chong mailyin wei mai. Regions sup- 
ported by this pairing: Heart, thorax, Stomach. Opening 
point: SP-4 (gongsun). coupled point: P-6 (neiguan) 


Pathway 

‘The extraordinary vessel chong mai originates like the die mai 

and ren mai in the lower abdomen at bao zhong (in Women in the 

Uterus) oF, according to some authors, at the Kidneys. It crosses 

the genital area and divides into two branches: 

= A deep branch reaches the perineum at + Ren-I (huiyin), 
travels to the spine, penetrates the spinal canal and ascends to 
the level of TI and 2, (According to some authors the vessel 
ascends the anterior aspect of the spine.) 

‘= The other branch emerges at + ST-30 (gichong) to the sur- 
face of the body and divides into two external branches, one 
descending and one ascending branch: 

# the ascending branch reaches + KID-11 (ihengew) 0.5 cun 
lateral to the midline at the level of the pubic symphysis and 
from there follows the KID channel to KID-21 (youmen). 
‘The KID channel initially ascends the abdomen at a distance 
of 0.5 cun from the midline, passing + KID-12 (dake), 
= KID-13 (gixue), + KID-14 (siman) and + KID-15 
(chongzhu), runs to the midline, meeting + Ren-7 (yinjiao) 
Jcun inferior to the umbilicus, and again returns to its 
pathway 0.5 cun lateral to the midline, passing + KID-16 
(huangshu), + KID-17 (shangqu), + KID-18 (shiguan), 
= KID-19 (indus), + KID-20 (futonggu) and — KID-21 
(vyoumen). The vessel then disperses into the intercostal 
spaces, ascends the neck, circles the inner surface of the lips 
and spreads in the upper pharynx and the nasal cavities. 


* the descending branch meets the Kidney primary channel 
and descends the medial aspect of the thigh (according to the 
Ling Shu it divides into the three foot Yin channels), pene- 
trates the popliteal fossa, follows the medial border of the 
tibia and emerges posterior to the medial malleolus, where it 
divides into two sub-branches: one branch travels along the 
anteromedial aspect of the foot to the big toe, the other branch 
reaches the sole of the foot. 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


Ren-1 (huiyin): In the centre of the perineum. 


Upper border 
‘ofthe pubic 
symphysis 


Si sm 
'ST-30 (gichong): 2 cun lateral to the upper border of the pubic 
symphysis, medial to the femoral artery; at the level of Ren-2 


Sea 
KID-11 (henggu): On the upper border of the pubic symphysis, 
0.5 cun lateral to the anterior midline 


<i 
KID-12 (dahe): 1 cun superior to the upper border of the pubic 
symphysis, 0.5 cun lateral to the anterior midline 


KID-13 (gixue): 2 cun superior to the upper border of the pubic 
symphysis, 0.5 cun lateral to the anterior midline 


KID-14 (siman): 2 cun inferior to the umbilicus, 0.5 cun lateral 


KID-15 (zhongzhu): 1 cun inferior to the umbilicus, 0.5 cun 
lateral to the anterior midline 


Ren-7 (yinjiao): On the anterior midline, 1 cun inferior to the 


KID-16 (huangshu): 0.5 cun lateral to the centre of the 
umbilicus 


KID-17 (shangqu): 2 cun superior to the umbilicus, 0.5 cun 
lateral to the anterior midline 


KID-18 (shiguan): 3 cun superior to the umbilicus, 0.5 cun 
lateral to the anterior mi 


KID-19 (yindu): Midway between the sternocostal angle and 
the centre of the umbilicus, 0.5 cun lateral to the anterior 
midline 
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KID-20 (futonggu): 5 cun superior to the umbilicus or 3 cun 


inferior to the sternocostal angle, 0.5 cun lateral to the anterior 
midline 


a. | 


KID-21 (youren): 2 cun inferior to the stemocostal angle, 0.5 
un lateral to the anterior midline 


5.1 Chong mai 


Connections with other channels and organs 

Kidney primary channel, ren mai, du mai, Stomach and Liver 
primary channels 

+ Kidney, Uterus 


Clinical importance (+ 1.7.2, 1.7.3) 

* Sea of Blood, strong connection to the various functions of 
the Blood 

Strong relationship to the Uterus, regulates the menses 

# Regulates the 12 primary channels, effectively regulates the 
Circulation of the Blood (xue) in the whole body 

# Regulates counterflow Qi 

* Connects the Stomach and Kidney primary channels and 
strengthens the relationship between the ren mai and du mai 
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5.2 Ren mai 


5.2 Ren mai 


Synonym: Conception Vessel 


Relationships (+ 1.7.3) 

# Yin/Yang: rem maid mai 

* Central/peripheral: ren mailyin giao mai. Regions sup- 
ported by this pairing: face, throat, thorax, Lungs, diaphragm, 
abdomen. Opening point: LU-7 (lieque); coupled point: 
KID-6 (zhaohai) 


Pathway 
‘The extraordinary vessel ren mai originates like the chong mat 
and du mai in the lower abdomen (bao chong) or, according to 
some authors, at the Kidneys, connects with the urogenital area and 
emerges at the perineum at Rent (/iviyin). From there the external 
pathway ascends the anterior midline, passing the abdomen, the 
cchest, and the throat, It terminates on the chin in the mentolabial 
groove at Ren-24 (chengjiang), where it meets the Stomach pri- 
‘mary channel and the extraordinary vessel du mai. From here the 
vessel continues internally, encircles the inner surface of the lips 
and connects with the dir mai at + Du-28 (yinjiao) beneath the 
upper frenulum. It divides into two branehes, which both reach 
the infraorbital ridge at + ST-1 (chengqi), where they cross the 
Stomach primary channel as well as the extraordinary vessel yin 
giao mai, and terminate near the eyes. 
* An internal branch runs from the perineum to the spine, 
penetrates the spinal canal at Duel (changgiang) and ascends 
in the spine. 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


468 


Meeting Points of other channels with the 
ren mai 


Du-28 (yinjiao): On the inside of the upper lip, at the junction 
of the frenulum and the upper gum. 


'ST-1 (chengqi): With the eyes looking straight ahead, directly 
below the centre of the pupil, between the eyeball and the 
infraorbital ridge 


Du-1 (changgiang): On the midline, midway between the tip of 
the coccyx and the anus 


Connections with other channels and organ 
systems 

© Du mai, chong mai, Kidney and Stomach primary channels 
© Uterus, Kidney 


Clinical importance (— 1.7.2, 1.7.3) 

© Sea of the Yin Qi, regulates and circulates the Yin Qi (including 
the Blood, Essence (jing) and body fluids) in order to nourish 
and moisten the body 

* Connects all Yin channels, especially those of the lower 
abdomen 

* Controls the anterior thoracic region and the abdomen 

‘© Close relationship to the functions of the abdominal organs, 
particularly the Kidney, Bladder, Uterus and Lung 

«Regulates reproduction 

# Stores the Essence Qi (jing gi) overflowing from the Yin 
channels 

‘© Absorbs excess from the Yin channels, especially stagnant Qi 
and Blood 


Notes about the ren mai 


Both the ren mai and du mai have a unique position among the 
ight extraordinary vessels. ‘They are the only two extraordinary 


f= 


‘vessels with their own specific points ~ all other extraordinary 
vessels can only be accessed through points on the primary 
channels. For this reason the ren mai and the du mai together 
With the primary channels are often categorised as 14 channels, 
However, from the point of view of channel energetics this is not 
correct, since the extraordinarily vessels occupy a special posi- 
tion, both evolutionary as well as functionally (++ 1.7). 

‘The pathway of the ren mai, like that of the du mai, is limited to 
the torso and the head. While it does not course along the extrem- 
ities and does not have any points on the limbs (neither general 
points nor specific points such as the five s/u-transporting points, 
ywan-source point, etc.) it does have an opening point (or Master 
point) (+ 8.1.8). The ren mai is also referred to as the Sea of Yin 
and governs the Yin in the whole body. Along its pathway are 
located the anterior aspects of the energy centres (or chakras 
according to Yogi tradition). Daoist tradition describes three 
energy centres, the three cinnabar fields (dantian) on the anterior 
aspect of the body, which play an important role in Qigong prac- 
tice as centres where the Qi pools and originates. While all three 
centres are located on the pathway of the rent mai. they do not cor- 
respond to specific points but rather to certain areas. 

‘The ren mai runs along the Yin side of the body. It contains not 
only several Front-mu points acting directly on the zangfiu- 
Organs, but also multiple meeting points with other channels. 
This clearly denotes the outstanding importance of the ren mai. 


Specific points according to their function 

© Yuan-Source point (8.1.1): 

© Luo-Connecting point (+ 8.1.2.): Ren-15 (jiiwvei) sm 

* Xi-Cleft point (+ 8.1.3): — 

* Associated Back-shu point ( 8.1.4): 

Associated Front-mu point (— 8.1.5): 

«Five shu-transporting points (— 8.1.6): 

* Hui-meeting point (8.1.7) 

~ of the Qi: Ren-17 (danzhong) mam 

— of the fi-Organs: Ren-12 (chongwan) mim 

Pertaining opening point (—+ 8.1.8): LU-7 (lieque) 

Pertaining coupled point (~* 8.1.8): KID-6 (chaokai) 

Lower ke-Sea point (+ 8.1: 

JFiaohui-meeting points (+ 8.1.10): 

~ with the chong mai and the duu mai: Ren-1 (huiyin) 

~ with the LIV channel: Ren-2 (qugu) mm 

~ with the SP, LIV, KID channels: Ren-3 (chongji) mm, 
Rene4 (guanyuan) mm 

~ with the chong mai and the KID channel*: Ren-7 (yinjiao) 

~ with the SP and ST* channels: Ren-10 (xiawan) 

~ with the $.L, .B.* and ST channels: Ren-12 (chongwan) mm 

~ with the ST and S.1. channels: Ren-13 (shangwan) 

~ with the SP*, KID, S.1* and TB. channels: Ren-17 
(danzhong) mm 

~ with the yin wei mai: Ren-22 (riantu) mi, Ren-23 (liangquan) 


T Mentioned by only some authors 
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468 with the du mai, the Ll. and ST channels: Ren-24 
(chengjiang) am 
~ of other channels with the ren mai: Du-28, S' 
+ Gao Wu command point (+ 8.1.11) 
+ Window of Heaven point (~* 8.1.12): Ren-22 (tian) mm 
* Points of the Four Seas (+ 8.1.13) Qi: Ren-17 (danzhong) mm 
+ Ma Dan Yang Heavenly Star point (—* 8.1.14): ~ 
# Sun Si Miao Ghost points (8.1.15): ReneI (/uiyin), Ren-24 
(chengjiang) am 
* Other functional points: 
— Front-mi point of the Bladder: Ren-3 (chongji) mm 
~ Front-mu point of the Small Intestine: Ren-4 (guanyuan) mm 
— Front-mu point of the Triple Burner: Ren-S (shimen) 
— important, general tonification point: Ren6 (gilai) mm 
— Front-mu point of the Stomach: Ren-12 (chongwan) mm 
~ Front-mu point of the Heart: Ren-14 (jugue) mat 
— important calming point: Ren-15 (jiuwei) mm 
— Front-mu point of the Pericardium, point of the Sea of Qi 
Ren-17 (danzhong) mm 


1, Du-l 


Points according to region 

* Local points (+ 8.2.1): throat ~ Ren-23 (lianguan); Lung: 
Ren-22 (tiantu) mat, Ren-17 (danzhong) mut; Heart — Ren-17 
(danzhong) wa; Spleen/Stomach ~ Ren-12 (zhongwan) iat 
Small Intestine ~ Ren-4 (guanyuan) mm, Ren-9 (shuifen); 
Bladder ~ Ren-3 (chongji) mt; urogenital region ~ Ren-3 
(chongji), Ren-4 (guanyuan) mm; epigastrium ~ Ren-12 
(chongwan) tat, Ren-13 (shangwan); abdomen ~ Ren-3 
(chongji) mm, Ren-4 (guanyuan) mim, Ren-6 (gilai) am 

* Adjacent points (+ 8.2.1): throat ~ Ren-22 (tiantu) sas; 
tongue — Ren-23 (lianguan); Heart ~ Ren-14 (jugue) a; 
Gall Bladder ~ Ren-11 (jianli); Kidney ~ Ren-4 (guanyuan) 
‘am; epigastrium ~ Ren-8 (shengue) 

# Distal points (~ 8.2.1) 


Specific points according to the vessel 

pathway (in numerical order) 

# Ren-l (/miyin): jiaohui-meeting point with the chong mat 
and du mai (—* 8.1.10); Sun Si Miao Ghost point (+ 8.1.15) 

# Ren-2 (gugu) sm: jizohui-meeting point with the LIV chan- 
nel (4 8.1.10) 

# Ren-3 (chongji) mm: jiaohui-meeting point with the SP. LIV, 
KID channels (-* 8.1.10); Front-mu point of the Bladder; 
local point for the Bladder, uro 
abdomen (+ 8.2.1) 

# Rend (vanyvan) mm: Front-mu point of the Small Intestine 
(> 8.1.5); jiaohui-meeting point with the SP, LIV, KID chan- 
nels (-* 8.1.10); local point for the Small Intestine, urogenital 
region und lower abdomen (+ 8.2.1): adjacent point for the 
Kidneys 


tal region and lower 


Ren-5 (shimen): Front-mu point of the Triple Burner 
Ren-6 (gihai) mm: important general tonification point; local 
point for the lower abdomen (= 8.2.1); adjacent point for the 
Lung (8.2.1) 

Ren-7 (yinjiao): jiaohui-meeting point with the chong mai 
and the KID channel (— 8.1.10) 

Ren-8 (shenque): adjacent point for the epigastrium (—+ 8.2.1) 
Ren-9 (shuifen): local point for the Small Intestine (+ 8.2.1) 
Ren-10 (xiawan): jiaohui-meeting point with the SP and ST* 
channels (+ 8.1.10) 

Ren-11 (jianli): adjacent point for the Gall Bladder (+ 8.2.1) 
Ren-12 (chongwan) mim: hui-meeting point (+ 8.1.7) of the 
fiu-Organs; jiaohui-meeting point with the S.L., .B.* and ST 
channels (+ 8.1.10); Front-mu point of the Stomach 
(+ 8.15); local point for the SP/ST and the epigastrium 
(4821) 

Ren-13 (shangwan): jiaohui-meeting point with the ST 
and S.1. channels (+ 8.1.10); local point for the epigastrium 
(482) 

Ren-14 (jugue) sim: Front-mu point of the Heart (—* 8.1.5); 
adjacent point for the Heart 

Ren-15 (jiuwvei) mm: fuo-connecting point (+ 8.1.2) 
tant point for calming 

Ren-17 (danchong) ‘mt: ui-meeting point (8.1.7) of the 
Qi: jiaohui-meeting point with the SP, KID, S.1. and TB. 
channels (+ 8.1.10): Front-mu point of the Pericardium, point 
of the Sea of Qi: local point for the Lung and Heart (+ 8.2.1) 
Ren-22 (tiantu) mm: jiaohui-meeting point with the yin wei 
‘mai (+ 8.1.10); Window of Heaven point (8.1.12); local 
point for the Lungs (—* 8.2.1); adjacent point for the throat 
(4821) 

Ren-23 (lianquan): jiaohui-meeting point with the yin wei 
‘mai (+ 8.1.10); local point for the throat (—* 8.2.1); adjacent 
point for the tongue (—* 8.2.1) 

Ren-24 (chengiiang) mm: jiaohui-meeting point with the du 
‘mai. the L.1. and ST channels (—* 8.1.10); Sun Si Miao Ghost 
point 


impor- 


Mentioned by only some authors 
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Good soldering and Bad soldering Joints 


Here are some example of Good soldering and Bad soldering joint. 
For Japanese, we often say, “Good soldering joint should look like Mt. Fuji 


‘Too much soldering "Too little soldering 


Cold Solder Joints 

A cold joint is a joint in which the solder does 
not make good contact with the component 
lead or printed circuit board pad. Cold joints 
occur when the component lead or solder pad 
moves before the solder is completely cooled. 
Cold joints make a really bad electrical con- 
nection and can prevent your circuit from 
working, 

Cold joints can be recognized by a character- 
istic grainy, dull gray color, and can be easily 
fixed. This is done by first removing the old 
solder with a desoldering tool or simply by 
heating it up and flicking it off with the iron, 
Once the old solder is off, you can re-solder 
the joint, making sure to keep it still as it 
cools, 


s and Tricks 


a 2) 


Good soldering A 


~— 


Cold soldering joints 


Soldering is something that needs to be practiced. These tips should help you become successful 
so you can stop practicing and get down to some serious building, 
1. Use heat sinks, Heat sinks are a must for the leads of sensitive components such as 
ICs and transistors. If you don't have a clip on heat sink, then a pair of pliers is a good 


substitute, 


2, Keep the iron tip clean. A clean iron tip means better heat conduction and a better 
joint. Use a wet sponge to clean the tip between joints. 


3, Double-check joints. It is a good idea to check all solder joints with an ohmmeter 
after they are cooled. If the joint measures any more than a few tenths of an ohm, then 


it may be a good idea to re-solder it. 


4, Use the proper iron or temperature. Remember that bigger joints will take longer to 
heat up with an 30W iron than with a 150W iron. While 30W is good for printed cireuit 
boards and the like, higher wattages are great when soldering to a heavy metal chassis. 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 
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Luo-Connecting Vessel of the Ren Mai (+ 1.6) 


Pathway 
‘The Juo-connecting vessel of the ren mai originates at Ren-15 
(jiwwei). below the xiphoid process (* 3) and disperses over the 
skin of the abdomen, 


Clinical importance 
Pathology 


Excess (shi): pain of the abdominal skin 
Deficiency (xu): itching of the abdominal skin 
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5.2 Ren mai 
Meeting of the Yin HUIVIN [ESS 
Location 
In the centre of the perineum. 
How to find 


In women: midway between the anus and the posterior labial 
commissure. In men: midway between the anus and the scrotum. 


Needling 
Vertically 0.5-1 cun, Caution: Contraindicated during preg- 
‘nancy. Some classic texts prohibit needling this point. Particular 
attention should be paid to the prevention of infection. 


Actions/Indications 
‘* Clears Heat, strengthens the Kidneys and drains Dampness 
© Regulates menstruation 


Special features 

Meeting point with the du mai and the chong mai. As a Sun Si 
Miao Ghost point, Ren-1 is traditionally indicated for treating 
epilepsy and psychoses. 


SINKS EIS 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


Curved Bone QUGU 


Location 
On the anterior midline, on the upper border of the pubic sym- 
physis. 


How to find 

In the pubic area, locate the upper border of the pubic sym- 
physis. Ren-2 is located directly superior to its upper bortler, on 
the anterior midline. 

Located on the same level are + KID-11 (0.5 cun lateral to the 
midline), ++ ST-30 (2 cun lateral to the midline) and + SP-12 
(3.5 cun lateral to the midline). 


Needling 
Vertically 0.5-1 cun. Caution: Peritoneum, Also caution with a 
full bladder and during pregnancy. 


Actions/Indications 

Benefits urination, warms the Yang and strengthens the Kid- 
neys 

«Regulates the Lower Burner 


Special features 
Meeting point with the LIV channel 


Antetor superior 
lac spine (ASIS) 
\ 


Sacroiliac joint 


sali 


Greater 
wochanter 


h 
1 
i 
i 


Symphysis pubis, 
interpubie disc 


BOING 


S 
8 
N 


|ChoSa-F10028.qxd 2/22/08 


9:43 PM Page 473 


Middle Pole ZHONG)I 


Location 
On the anterior midline, 1 cun superior to the upper border of the 
pubic symphysis or 4 cun inferior to the umbilicus. 


How to find 
‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 cun, As these can 


vary considerably from the patient's finger cun, only propor- 
tional cun measurements should be used here (helpful device: 
elastic tape 2.3.1). Locate Ren-3 on the midline, 1 cun 
superior to the midpoint of the upper border of the pubic sym- 
physis. 

Located on the same level are KID-12 (0.5 cun lateral 
to the midline) and —* $1-29 (2 cun lateral to the midline). 


Needling 

Vertically 0.5-1 cun, Caution: Peritoneum, bladder. Contraindi- 
cated during pregnancy. Ask the patient to void their bladder 
before needling. 


Actions/Indications 

‘© Benefits the Bladder, drains Dampness and Damp-Heat, dis- 
pels stagnation, benefits the Lower Burner 

‘* Regulates menstruation 

‘© Strengthens the Kidneys (+ Rent is more commonly used 
for this purpose) 


Special features 
Front-mu point of the Bladder, meeting point with the LIV, KID 
and SP channels, Important point for disorders of the urogenital 
tract, with its main action on the Bladder (especially for acute 
cases). 


5.2 Ren mai 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


Gate of the Source GU/ \ 
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(On the anterior midline, 2 cun superior to the upper border of the 
pubic symphysis or 3 cun inferior to the umbilicus. 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 cun, which can 
‘ary considerably from the patient's finger cun, Therefore, only 
proportional cun measurements should be used here (helpful 
device: elastic tape + 2.3.1), Ren-4 is located on the midline, 
either 2 cun superior to the midpoint of the upper border of the 
‘pubic symphysis or 3 cun inferior to the umbilicus. 

‘Located on the same level are + KID-13 (0.5 cun lateral to the mid- 
line), —¢ S1-28 (2 cun lateral to the midline) and three extra points 
Ex-CA (vijing: 1 cun lateral to the midline: gimen: 3 cun lateral 
to the midline: titwo: 4 cun lateral to the midline). Also located on 
approximately this level s+ G.B.-27 (medial to the ASIS). 


traindicated during pregnancy. 


tions/I jons 

© Tonifies the Original Qi (yuan qi), benefits the Essence (jing), 
strengthens and nourishes the Kidneys as well as the Blood 
and Yin 

* Eliminates Cold and Dampness from the Lower Bumer 
(especially with moxibustion) 


Front-mu point of the Small Intestine, meeting point with the SP. 
KID and LIV channels. Important point for tonification. Major 
point for urogenital disorders (especially gynaecological disorders). 
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Stone Gate St 


On the anterior midline, 2 cun inferior to the umbilicus or 3 cun 
superior to the upper border of the pubic symphysis. 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 cun, which can 
vary considerably from the patient’s finger cun. Therefore, only 
proportional cun measurements should be used here (helpful 
device: elastic tape + 2.3.1). Ren-S is located on the midline, 
2 cum inferior to the umbilicus. Located on the same level are 
= KID-14 (0.5 cun lateral to the midline) and + ST-27 (2 cun 
lateral to the midline). 


Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


'* Moves and benefits the water passages 
‘* Regulates the Qi and Blood in the Lower Burner 
‘+ Regulates the Uterus 


Front-mu point of the Triple Bumer, Some classic texts warm 
that needling this point in women can lead to infertility (hence 
the name: infertile women were referred to as ‘stone women’). 
‘There are no such warnings in modem texts. 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


EEA sea of ai aitial 


Location 
On the anterior midline, 1.5 cun inferior to the umbilicus or 3.5 
cun superior to the upper border of the pubic symphysis. 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 cun, which can 
‘ary considerably from the patient's finger cun, Therefore, only 
proportional cun measurements should be used here (helpful 
device: elastic tape + 2.3.1), Ren-6 is located on the midline, 
1.5 cun inferior to the umbilicus or 3.5 cun superior to the upper 
border of the pubic symphysis. 


Needling 

‘Vertically (.8-1.5 cun. Caution: Peritoneum, pregnaney. Accond- 
ing to some authors, this point should never be needled with 
strong reducing techniques owing to its strong Qi tonifying action, 
‘Moxibustion and cupping are recommended for this point. 


Actions/Indications 

© Tonifies the Original Qi (yuan qi) as well as Qi in general, 
strengthens the Kidneys (especially Kidney Yang), regulates 
Qi, harmonises Blood and eliminates Dampness 


Special features 
Important tonification point for mental and physical exhaustion, 
strengthens especially the Qi and Yang with moxibustion. One 
Of the most important acupuncture points. 
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5.2 Ren mai 
Yin Intersection YINJIAO 
Location 


On the anterior midline, 1 cun inferior to the umbilicus. 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 cun, which can 
‘vary considerably from the patient's finger cun. Therefore, only 
proportional cun measurements should be used here (helpful 
device: elastic tape + 2.3.1). Ren-7 is located on the midline, 1 
cun inferior to the umbilicus. 

Located on the same level are + KID-15 (0.5 cun lateral to the 
midline) and —+ S1-26 (2 cun lateral to the midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
© Regulates menstruation 
‘© Regulates the Qi flow in the abdomen and the genital area 


Special features 
Meeting point with the chong mai and the KID channel 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


Spirit Gateway SHENQUE 


Location 
In the centre of the umbilicus. 


How to find 

Located on the same level are + KID-16 (0.5 cun lateral to the 
midline), + ST-25 (2 cun lateral to the midline), + SP-15 
(4cun lateral to the midline) as well as + G.B.-26 (on a vertical 
line through the free end of the 11th rib). 


Needling 
Needling contraindicated, Only indirect moxibustion (on salt or 
ginger, moxa pole, moxa box). 


Actions/Indications 
* Warms and stabilises the Yang and the Intestines 
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5.2 Ren mai 


Water Separation SHUIFEN [TS 


Location 
(On the anterior midline, 1 cun superior to the umbilicus. 


How to find 

‘The distance between the stemocostal angle (+ 3.5) and the 
centre of the umbilicus is divided into 8 cun, which can vary 
considerably ftom the patient's finger cun, Therefore, only pro- 
portional cun measurements should be applied here (helpful 
device: elastic tape -* 2.3.1), From the centre of the umbilicus, 
‘measure 1 cun in a superior direction and there locate Ren-9 on 
the anterior midline, 

Located on the same level is -* ST-24 (2 cun lateral to the mid- 
line), + LIV-13 is also located on approximately this level (at 
the free end of the 11th rib). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy 


Actions/Indications 

«Eliminates water accumulations, drains Dampness and con- 
trols the water passages Regulates the Intestines and dis- 
perses accumulations 

# Delayed closure of the fontanelles 
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Desoldering 


Desoldering is extremely difficult compare to soldering. In the process of RomBoard installation, 
the parts and circuit board must be in the good shape to re-use them. ‘The tool we use is Desol- 
dering Gun, This device has vacuum pump built in with heater tip. Process of desoldering it self 
is very simple, but there are some tricks to do clean and safe desoldering job. 


Step 1 


Step 2 


Put the desoldering 
gun's tip over to the 
soldering joint. Make 
sure nozzle is 90° an- 
gle from circuit board. 


Apply the enough heat 
to melt entire solder. 
Multi-layer board or 
ground pin may take 
while to transfer heat. 


Step 3 


Step 4 


(aes 


While applying vacuum, 
move the tip around the 
pin to get all the solder of 
around the pin out. At 
this time, you can also 
feel pin moves freely, so 
you know pin is free from 
circuit board. 


When you can hear air flow 
sound from hole, you should 
be done. Stop applying vac- 


uum and remove the gun 
from the pin, Inspect hole 


and pin. 


When you done with desoldering, the parts that you are trying to remove should move freely. If 
it doesn’t, find which pin is still has solder left, and re-apply fresh solder to it and try desoldering 
process again, The multi-layer circuit board require more heat to get solder to melt, Make sure 
pin start to move freely by moving the tip of soldering gun before you apply vacuum to it, 
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ht Extraordinary Vessels (qi jing ba mai) with Points 


DEED) tower cavity XIAWAN 


Location 
On the anterior midi 
umbilicus. 


2 cum superior to the centre of the 


How to find 

‘The distance between the sternocostal angle (+ 3.5) and the 
centre of the umbilicus is divided into 8 cun, which can vary 
considerably from the patient's finger cun, Therefore only pro- 
portional cun measurements should be applied here (helpful 
device: elastic tape —+ 2.3.1). From the centre of the umbilicus, 
‘measure 2 cun in a superior ditection and there locate Ren-10 on 
the anterior midline. 

Located on the same level are + KID-17 (0.5 cun lateral to the 
midline), + S¥-23 (2 cun lateral to the midline) and Ex-CA 
(weishang: 4 cun lateral to the midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy, 


Actions/Indications 
© Tonifies and regulates the Spleen and Stomach Qi, dispels 
food stagnation 


Special features 

Meeting point with the SP channel and according to some 
authors with the ST channel, According to some classical texts, 
this point is contraindicated during pregnancy (for both needling 
and moxibustion). 
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5.2 Ren mai 


Interior Strengthening jiANLI [EST 


Location 
(On the anterior midline, 3 cun superior to the umbilicus. 


How to find 

‘The distance between the sternocostal angle (—* 3.5) and the centre 
of the umbilicus is divided into 8 cun, which can vary considerably 
from the patient's finger cun, Therefore, only proportional cun 
‘measurements should be applied here (helpful device: clastic tape 
2.3.1), From the centre of the umbilicus, measure 3 cun in a 
superior direction and there locate Ren-11 on the anterior midline. 
Located on the same level are + KID-18 (0.5 cun lateral to the 
midline), + $T-22 (2 cun lateral to the midline) and + SP-16 
(4-cun lateral to the midline). 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
‘* Harmonises the Middle Burner, regulates the Qi flow 
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jht Extraordinary Vessels (qi jing ba mai) with Points 


HSE Middle cavity ZHONGWAN 


Location 
(On the anterior midline, 4 cun superior to the umbilicus or 4 cun 
inferior to the sternocostal angle. 


How to find 

‘The distance between the sternocostal angle (+ 3.5) and the 
centre of the umbilicus can be divided into 8 cun, which can vary 
considerably from the patient’s finger cun, Therefore, only pro- 
portional cun measurements should be applied here (helpful 
device: elastic tape -+ 2.3.1). From the centre of the umbilicus, 
‘measure either 4 cun in a superior direction or fiom the ster- 
nocostal angle 4 cun in an inferior direction, There, locate Ren- 
12 on the anterior midline, Or: Spreading hands technique 
(7+ 2.3.3): Place the litte fingers on the stemocostal angle and 
the centre of the umbilicus respectively and determine the mid- 
point (=Ren-12) of this distance by joining the index fingers. 
Located on the same level are + KID-19 (0.5 cun lateral to the 
midline) and —+ ST-21 (2 cun lateral to the midline). 


Needling 
0.8-1.5 cun vertically or obliquely towards surrounding points 
(> ST-21, Ren-10, Ren-15), Caution: Peritoneum, pregnaney. 
IFindicated, moxa is recommended. 


Actions/Indications 

‘© Harmonises and tonifies the Middle Bumer, descends coun- 
terflow Qi, regulates the Qi flow and alleviates pain, trans- 
forms Dampness 


Special features 

Front-mu point of the stomach, meeting point with the S.L, 
‘TB* and ST channels, hui-meeting point of the fu-Organs. 
‘Major point for (functional) stomach disorders. 
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Mentioned by only some authors 
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5.2 Ren mai 


Upper Cavity SHANGWAN [EQISER 


Location 
(On the anterior midline, 3 cun inte 


jor to the sternocostal angle. 


How to find 

‘The distance between the stemocostal angle (+ 3.5) and the 
centre of the umbilicus is divided into 8 cun, which can vary 
considerably ftom the patient's finger cun, Therefore, only pro- 
portional cun measurements should be applied here (helpful 
device: elastic tape + 2.3.1). From the sternocostal angle, meas- 
ure 3 cun in an inferior direction and there locate Ren-13 on the 
anterior midline 

Located on the same level are + KID-20 (0.5 cun lateral to the 
midline), + S¥-20 (2 cun lateral to the midline) and + G.B.-24 
(approximately on this level, in the Tth intercostal space, on the 
‘mamillary line). 


Needling 


Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
© Regulates the Stomach and counterflow Qi 
«Regulates the Heart 


Special features 
Meeting point with the ST and $.1. channel 
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DEST] creat Gateway jUQUE 


Location 
On the anterior midline, 2 cun inferior to the sternocostal angle 
or 6 cun superior to the umbilicus 


How to find 

‘The distance between the sternocostal angle (+ 3.5) and the 
centre of the umbilicus is divided into 8 cun (note: these are pro- 
portional cun — 2.2), Ren-14 is located on the midline, 2 cun 
inferior to the stemocostal angle or 6 cun superior to the umbili- 
cus. Or: Use spreading hands technique (+ Chapter 2): Place 
the little fingers on the stemocostal angle and the umbilicus 
respectively and determine the midpoint of this distance (—* 
Ren-12). Then locate Ren-14 on the midpoint of the distance 
between + Ren-12 and the sternocostal angle. 

Located on the same level are + KID-21 (0.5 cun lateral to the 
midline), + ST-19 (2 cun lateral to the midline) and —* LIV-14 
(approximately on this level, in the 6th intercostal space, on the 
‘mamillary line). 


Needling 
0.3-0.8 cun vertically or often obliquely in an inferior direction ot 
up to 1.5 cun transversely (subcutaneously). Depending on indi- 
‘vidual anatomy, this point can be located on the xiphoid process. 
Caution: Peritoncum, injury to hypertrophied organs (left: heart, 
right: liver) depending on the thickness of the abdominal wall, 


Actions/Indications 

* Regulates the Heart, disperses stagnant Phlegm, alleviates 
pain, unbinds the thorax, descends the Qi 

‘© Harmonises the Stomach, descends Stomach Qi 

|_| =: Tsmstoms Phe, cas the she 


Special features 
Front-mu point of the Heart. Major local point for thoracic pain 
caused by Blood stasis or Phlegm blockages. 
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5.2 Ren mai 
Turtledove Tail j\UWeE| ESSE 
Location 


On the anterior midline, 1 cun inferior to the stemocostal angle 
or 7 cun superior to the umbilicus. 


How to find 

‘The distance between the stemocostal angle (+ 3.5) and the 
centre of the umbilicus is divided into 8 cun, which can vary 
considerably from the patient's finger cun, Therefore, only pro- 
portional cun measurements should be applied here (helpful 
device: elastic tape + 2.3.1). From the stermocostal angle, meas- 
lure 1 cun in an inferior direction and there locate Ren-15 on the 
anterior midline. Its often located directly below or, depending 
on individual anatomy, on the xiphoid process. 


Needling 

05-1 cun obliquely in an inferior direction, ‘The patient should 
be in an extended position, Caution: Possible injury to organs 
With deep needling or oblique insertion in a superior direction, 
especially in patients with hypertrophied organs (left: Liver, 
right: Heart), According to some classical texts, moxibustion is 
contraindicated. 


Actions/Indications 

# Regulates the Heart, calms the shen 

# Descends counterflow lung and stomach Qi, unbinds the chest 
# Regulates the luo-connecting vessel of the ren mai 


Special features 
Luo-connecting point of the ren mai. Important point for calming. 


Zz 

I 

| Z 
| 4 


Free end of Free end af 
the 12th eb the 11th rib 


f= 
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DOESTA) central courtyard ZHONGTING 


Location 
On the anterior midline, on the level of the sternocostal angle, 


How to find 

Ren-16 is located on the level of the sternocostal angle, where 
the two lower borders of the ribeage (+ 3.5) meet. To locate this 
point, palpate upward along the lower borders of the ribeage 
‘with one hand on either side until the palpating fingers meet at 
the sternocostal angle, Here, locate Ren-16 in a shallow depres- 
sion between the sternum and the xiphoid process. 

‘Located on the same level (approximately the Sth intercostal space) 
are + KID-22 (2 cun lateral to the midline), + ST-18 (4 cum lateral 
to the midline) and —* SP-17 (6 cun lateral to the midline). 


Needling 
0.5 cun transversely (subcutaneously) in a superior or inferior 
direction. Caution: Danger of heart injury in patients with a split 
xiphoid process or a sternal foramen, Therefore, only transverse 
needling is recommended, 


Actions/Indications 
© Unbinds the chest 
‘© Regulates the Stomach and counterflow Stomach Qi 


‘Manubriasternal 


synchondrosis Coracold process 


— Xiphoid 
process 


Free end of 
the 12th rib 


Free end af 
the 11th rib 
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5.2 Ren m 
Chest Centre DANZHONG 
Location 


On the anterior midline, on the level of the th intercostal space. 


How to find 

Quick method, especially in men: Locate Ren-17 on the ster- 
‘num, between the two nipples. For more detailed orientation on 
the intercostal region (—+ 3.5), first, locate the manubriosternal 
synchondrosis, which can be felt on the sternum as a well- 
defined horizontal bony structure on the level of the costal carti- 
lage of the 2nd rib. The 2nd intercostal space is below it. From 
there, count in an inferior direction to the 4th intercostal space. 
Locate Ren-17 on this level on the midline of the sternum, 
Located on the same level in the 4th intercostal space are 
— KID-29/ST-17/P-1/SP-18/G.B.-22/G,B.-23 (2 cun lateral to 
the midline/on the nipple/1 cun lateral to the nipple/6 cun lateral 
to the midline/on the axillary line/1 cun anterior to —* G.B.-22), 


Needling 

Depending on the indication, (05-1 cun transversely (subcuta- 
neously) in a superior or inferior direction or towards the nipples 
(for mamillary disorders), Caution: Intracardiac needling, pneu- 
mothorax, The sternum can be very thin in this area owing to 
embryonic ossi 
in order to tonily the Qi, but caution with asthmatic patients 


Actions/Indications 
# Regulates and benefits the Qi, unbinds the chest, descends 


counterflow Lung and Stomach Qi 
# Benefits the breasts 


jion disorders! Moxibustion is recommended 


Special features | } 
Front-mu point of the Pericardium, meeting point with the SP, 

KID, S.L and TB, channels. Hui-meeting point of the Qi. Sea of 
Qi. Important point for respiratory disorders. 
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Jade Hall YUTANG 


Location 
(On the anterior midline, on the level of the 3rd intercostal space. 


How to find 

Locate the 3rd intercostal space either by parasternal palpation 
starting at the clavicle or by counting downward from the 
‘manubriosternal synchondrosis (+ 2nd rib) (+ 3.5). 

Located on the same level (+ 3rd intercostal space) are 
+ KID-24/ST-16/SP-19 (2/4/6 cun lateral to the midline), 


Needling 
0.5-1 cun transversely (subcutaneously) in a superior or inferior 
direction. Caution: Danger of injury to the heart or the pleura in 
patients with a stemal foramen, therefore only transverse 
needling with or against the flow of the channel. 


Actions/Indications 
‘© Unbinds the chest, regulates and descends the Qi 
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5.2 Ren m 
Purple Palace ZiGONG [ESSE 
Location 


On the anterior midline, on the level of the 2nd intercostal space. 


How to find 

Locate the 2nd intercostal space by parasternal palpation start- 
ing at the clavicle or by palpating from the manubriosternal syn- 
chondrosis (+ 2nd rib) (3.5), 

Located at the same level (2nd intercostal space) are 
+ KID-25/ST-15/SP-20 (2/4/6 cun lateral to the midline), 


Needling 
0.5 cun transversely in a superior or inferior direction, Caution 
{In patients with a sternal foramen, danger of injury to the pleura 
or the mediastinum, therefore only transverse needling with or 
against the flow of the channel. 


Actions/Indications 
* Unbinds the chest 
# Regulates and descends the Qi 


Manubriosternal 
‘synchandrosis, Coracold process 


angle 


~ Stermacosta | | 


~ Xiphoid 


the 11th rib 
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SMD device soldering and removal 


In the process of RomBoard installation, chance of handling SMD devices is becoming higher and 
higher due to ECU configuration change. 

Soldering of SMD devices are not much different from regular through hole soldering. 

Important thing is positioning of the device is very critical. 

Start with applying little solder to two of the each corner of the pads on the circuit board. 

‘Then, place the SMD device and re-heat a one of the solder you just applied to connect a SMD 
device pin to the pad. Check the position of the device, if position is right re-heat the other end of 
solder to secure the device completely. If you didn’t get position right, re-heat the pin that you 
just soldered and while heating a pin, move the device to the right position. 

Once you positioned the device in the right position, apply Rosin Flux to both pins and pads, 

‘This will help your soldering job by keeping solder separate from each pin. 

Here is how the joint on SMD device pin should look like. 


Sees 


QEP and SOP chip PLCC chip 


RomBoard adapter 
socket 


Removing SMD device will be the probably the most difficult process. SMD rework station is 
used to do this, Make sure all the pins are completely heated otherwise you will be removing a 
pad from the circuit board along with device. Also, you should note, when you are applying heat 
to the device, some parts around the device is also heated and moves around when you touch. It 
is good idea to take a note of location of the devices near the target device. 


Step 1 

Apply pre-heat from back side of the target device. Keep applying 
heat until you can’t touch the chip. By this time, circuit board 
should have enough heat. 


Step 2 

Apply heat from top of the target device. Nozzle should cover entire 
chip. You can check if chip is free from solder by sliding the nozzle 
left and right, Make sure you don't move other parts. If the chip 
moves freely, it is ready to be removed. 


Step 3 

Remove the chip straight up to avoid making solder bridge between 
pins. Chip is extremely hot! Unless you have skin of steel, avoid 
imitating the picture, 
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| Ren-20 | Magnificent Canopy HUAGAI 


Location 
On the anterior midline, on the lower part of the manubrium 
sterni, on the level of the Ist intercostal space. 


How to find 

‘The manubriosternal synchondrosis generally forms a distinct 
horizontal bony structure on the upper part of the sternum, 
Locate Ren-20 slightly superior to the synchondrosis, on the 
‘midline and on the level of the Ist intercostal space. 

Located at the same level (Ist intercostal space) are 
+ KID-26/ST-14/LU-1 (2/4/6 cun lateral to the midline). 


Needling 
0.5 cun transversely in a superior or inferior direction. Caution: 
In patients with a sternal foramen, danger of injury to the pleura 
or the mediastinum, therefore only transverse needling with or 
against the flow of the channel 


Actions/Indications 
©  Unbinds the chest 
# Regulates and descends the Qi 


. 


Ri 


LH 
y 
wl 
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5.2 Ren m 
Jade Pivot XUANJI 
Location 


On the anterior midline, below the upper border of the manubrium 
stern 


How to find 

‘The upper border of the manubrium sterni forms the lower bor- 
der of the suprasternal fossa, Locate Ren-21 on the midline, 
inferior to the bony margin of the sternum, 

Located on approximately the same level (below the clavicle) 
are + KID-27/ST-13/LU-2 (2/4/6 cun lateral to the midline). 


Needling 
0.5 cun transversely in a superior or inferior direction, Caution 
In patients with a sternal foramen, danger of injury to the pleura 
or the mediastinum, therefore only transverse needling with or 
against the flow of the channel. 


Actions/Indications 
+ Unbinds the chest 

© Benefits the throat 

© Descends counterflow Qi 


nS Coraccid process 


\, Glenoid cavity 
Clavicle 


‘Acromion 
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| Ren-22 | Heavenly Prominence TIANTU 
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Location 
0.5 cun superior to the sternum, in the centre of the suprasternal 
fossa. 


How to find 

‘This point is best located with the patient in a supine position 
and a pillow under the shoulders or seated with a comfortable 
and safe head support. Locate the centre of the suprasternal 
fossa, approximately 0.5 cun superior to the sternum and there 
locate Ren-22, 


Needling 
Initial vertical insertion 0.2 cun (in order to penetrate the skin), 
then direct the tip of the needle inferiorly and continue to insert 
the needle parallel to the posterior aspect of the sternum up to 
0.5-1 cun, Caution: Dangerous point, Wrong insertion technique 
(for example, vertical or oblique retrosternal needling) may lead 
to injury of the big vessels and organs inside the mediastinum, 
‘This point should only be needled by experienced practitioners, 


Actions/Indications 
© Descends counterflow Lung Qi, alleviates coughing and dys- 
pnoca, benefits the throat 


Special features 
Meeting point with the yin wei mai, Window of Heaven point. 
Important emergency point for acute asthma attacks. 


Coracoid process 


\ 


Glenoid cavity 


Acromion 


‘th rib 


7th ib 


2th rib 


10th rib 
Vth rib 
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5.2 Ren mai 


Corner Spring LIANQUAN [EGES EE 


Location 
On the anterior midline, superior to the upper border of the 
hyoid bone. 


How to find 

‘The hyoid bone can be palpated as a delicate bony structure 
slightly superior to the upper border of the laryngeal promi- 
rence. The patient should not recline their head too much, as this 
will cause the soft tissue to become stretched, making palpation 
of the bone difficult. Ren-23 is located on the midline, on the 
upper border of the hyoid bone and at the junction of the vertical 
aspect of the neck to the horizontal floor of the mouth (with nor- 
‘mal tissue distribution), 


Needling 

03-1 cun obliquely in a superior direction towards the vertex 
(> Du-20). Moxibustion is contraindicated according to some 
texts, 


Actions/Indications 

# Benefits the tongue 

© Benefits the throat, eliminates Phlegm and Heat 
Strengthens the yoice 


Special features 
Meeting point with the yin wei mat 


SENNEE 
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Container of Fluids CHENGJIANG 


OJIN E-IE 


Location 
On the anterior midline, below the lower lip, in the mentolabial 
groove. 


How to find 

On the chin, locate the mentolabial groove (+ 3.1.3), which 
forms a horizontal depression at the transition from the chin to 
the lower lip, Locate Ren-24 in this groove, on the midline. 


Needling 


0.2-0.3 cun obliquely in a superior direction. 


Actions/Indications 

‘Eliminates (external) Wind, opens the fuo-connecting ves- 
sels, alleviates pain and swellings, regulates the ren mai 

‘As Sun Si Miao Ghost point for epilepsy and mania 


Special features 
Meeting point with the du mai, ST and L.l, channels, Sun Si 
‘Miao Ghost point, Important local point, 
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5.3 Du mai 


Synonym: Governing Vessel 


Relationships (+ 1.7.3) 

# Yin/Yang: rem maild mai 

* Central/peripheral: du mai/yang giao mai. Regions sup- 
ported by this pairing: inner canthus of the eye, 0 
shoulders, back, S.1. and BL channels, opening point: $.L 
(houxi), coupled point: BL-62 (shenmai) 


Pathway 

‘The extraordinary vessel du mai originates like the chong mai 

and ren mai in the lower abdomen (bao zhong), according to 

some authors at the Kidneys, emerges at the perineum and 

divides into several branches: 

= The main pathway of the du mai begins at + Ren-1 (Iuiyin) 
at the perineum, reaches Du-I (changgiang) between the 
anus and the coceyx and ascends the posterior midline along 
the spine. At Du-12 (shenchu), below the spinous process of 
‘T3, a branch separates on either side to reach + BL-12 (feng- 
‘men), rejoining the main branch at Du-13 (taodao) below the 
spinous process of TI. It then continues to Du-16 (fengyiz) on 
the lower border of the occipital bone. Here, an internal 
branch enters the Brain, The external pathway continues to 
ascend the head to Du-20 (bails), from there beginning its 


descent along the midline to the forehead and the nose to 
Du-26 (renshong) where it crosses the ST and LJ. channels 
I terminates inside the mouth below the frenulum at Du-28 
(yinjiao) where it meets the ST channel and the extraordinary 
vessel ren mai 

= one branch of the du mai (the spinal branch) originates at 
= Ren-I (/niyin), courses to the tip of the coceyx where it 
meets the Kidney primary channel, ascends within the spinal 
‘canal to the space between L2 and L3 and enters the Kidneys. 

= The second branch of the du mai (the abdominal branch) 
also originates at + Ren-I (/uiyin), encircles the external 
genitalia and ascends to the umbilicus, passes through the 
Heart (xin), continues to the throat, circles the lips, travels to 
the cheek, passes + ST-1 (chenggi) at the infraorbital ridge 
and reaches + BL-I (jingming). 

© The third branch of the du mai travels bilaterally alongside 
the BL channel from + BL-1 (jingming) to the vertex. From 
here, it branches out internally into the Brain. The external 
pathway follows the medial branches of the BL. channel in an 
inferior direction and enters the body at the level of the lower 
border of the spinous process of L2 at + BL-23 (shenshu) to 
terminate at the Kidneys (shen), 


5.3. Du mai 
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Meeting points of other channels with the 
du mai 


Ren-1 (huiyin): In the centre of the perineum 


BL-12 (fengmen): 1.5 cun lateral to the posterior midline, on 
the level of the lower border of the spinous process of the 2nd 
thoracic vertebra (T2) 


'ST-1 (chengq): With the eyes looking straight ahead, directly 
below the centre of the pupil, between the eyeball and the 
infraorbital ridge 


BL-1 (jingming): 0.1 cun superior and medial to the inner 
canthus of the eye, in a depression 


Level of 
tac 


BL-23 (shenshu): 1.5 cun lateral to the posterior midline, on the 


level of the lower border of the spinous process of the 2nd 
lumbar vertebra (12) 


Connections with other channels/Organs 
‘© Ren mai, chong mai, Bladder and Kidney primary channels 
Uterus, Kidneys, Brain 


Clinical importance (+ 1.7.2, 1.7.3) 

«Sea of the Yang Qi, supplies Yang Qi in order to warm the 
Organs and channels 

‘© Supports and regulates all Yang channels, especially those of 
the upper back and head 

‘© Influences and strengthens the functions of the Brain, Mar- 
row and sensory organs 

* Strengthens the body constitutionally and supports the 
immune system (circulation of the Defensive Qi (wei qi)) 

© Stores the Essence Qi (jing gi) overflowing from the Yang 
channels 

‘Absorbs excess from the Yang channels, especially excess 
Heat and internal Wind 


Notes about the du mai 

Both the die mai and ren mai have a unique position among the 
ight extraordinary vessels. They are the only two extraordinary 
‘vessels with their own specific points ~ all the other extraordi- 
nary Vessels can only be accessed through points on the primary 
channels. For this reason the ren mai and the dic mai, together 
With the primary channels, are often categorised as 14 channels, 
However, from the point of view of channel energetics this is not 
correct, since the extraordinary vessels occupy a special posi- 
tion, both evolutionarily and functionally (+ 1.7) 

‘The pathway of the duu mai, like that of the ren mai, is limited to 
the torso and the head. While it does not course along the 
extremities and does not have any points on the limbs (neither 
general points nor specific points such as the five shu-transporting 
points, yuwan-source points, etc.) it does have a pertaining opening 
point (or master point) (+ 8.1.8). 

‘The die mai is also referred to as the Sea of Yang and governs the 
‘Yang in the whole body. Located along its pathway are the pos- 
terior aspects of the energy centres (or chakras according to Yogi 
tradition) while their anterior aspects are located along the path- 
way of the ren mai. In Daoist tradition the du mai plays an 
important role in the cultivation of Qi. This concerns the devel- 
‘opment of a ‘spirit child’, which can be influenced by opening 
and activating energy centres located along the spine. 
Furthermore, the du mai contains many meeting points with 
other channels. This clearly denotes the outstanding importance 
of the du mai. 


Specitic points according to their function 
Yuan-source point (8.1.1): 

* Luo-Connecting point (+ 8.1.2.): Du-l (changgiang) 

* Xi-cleft point (+ 8.1.3): — 

© Back-shu point (+ 8.1.4): ~ 

© Front-mu point (+ 8.1.5): ~ 

+ Five shu-transporting points ( 8.1.6): ~ 

© Hui-mecting point (8.1.7): 

‘Pertaining opening point (—+ 8.1.8): S.L-3 (howxi) 

‘+ Pertaining coupled point (+ 8.1.8): BL-62 (shenmai) 

© Lower he-Sea point (~ 8.1.9) 

* Siaohui-meeting points (= 8. 
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~ with the G.B. and KID channels and the ren mai: Duel 
(changgiang) 
~ with the BL channel: Du-13 (taodao) 
— with all Yang channels: Du-14 (dachui) mm 
~ with the yang wei mai: Du-LS (yamen) sm 
— with the yang wei mai and the yang giao mai*: Du-16 
(fengfia) a 
~ with the BL channel: Du-17 (naohu) 
~ with the BL, G.B., 1.B. and LIV channels: Du-20 (bai) 
— with the BL and ST channels: Du-24 (shenting) mm 
~ with the LL and ST channels: Du-26 (renzhong) mm 
~ with the ren mai and ST channel*: Du-28 (yinjiao) 
~ of other channels with the du mai: Ren-l, BL-12, ST-1, 
BL-1, BL-23 
© Gao Wu command point (= 8. 
© Window of Heaven point (— 8. 
© Points of the Four Seas (8.1.13): 
~ Sea of Qis Duel4 (dachui) mit, Du-15 (yamen) mm 
~ Sea of Marrow: Du-16 (fengfi) mat; Du-20 (bails) mam 
‘* Ma Dan Yang Heavenly Star point (8.1.14): 
* Sun Si Miao Ghost point (+ 8.1.15): Du-16 (/engfis) mm, 
Du-26 (renzhong) mm 
* Other functional points: 
— very important point for strengthening the Yang (with 
moxibustion): Du-4 (mingmen) mat 
— important emergency point: Du-26 (renzhong) mat 


1)s— 
Du-l6 (feng) am 


Points according to region 

* Local points (+ 8.2.1): Temporal region ~ Du-20 (bailui) 
fm; nose ~ Du-25 (suliao); rectum — Du-L (changgiang); 
lumbar spine — Du-3 (yaoyangguan), Du-4 (mingmen) maa 

# Adjacent points (+ 8.2.1): occipital region ~ Du-l4 
(dazhui) mm; temporal region, eyes ~ Du-23 (shangxing); 

Du-23 (shangxing), Du-24 (shenting); Lungs ~ Du-l4 
(dachui) mm; Heart ~ Du-I1 (shendaoy; cervical spine — 
Du-14 (dachui) ma 

# Distal points (* 8.2.1): tongue ~ Du-LS (vamen) sim; 
rectum ~ Du-20 (baihwi) mat; lumbar spine ~ Du-12 (shen- 
hut), Du-26 (renchong) tm 


nose 


Specific points according to the vessel 
pathway (in numerical order) 


Duel (changgiang): luo-connecting point (+ 8.1.2): jiaohui- 
meeting point with the G.B., KID channels and the rem mai 
(+ 8.1.10): local point for the rectum (+ 8.2.1) 

Du-3 (yaoyangguan): local point for the lumbar spine 
(4821) 

Du-4 (mingmen) ma: very important point for strengthening 
the Yang (with moxibustion) 

Du-11 (shendao): adjacent point for the Heart (+ 8.2.1) 
Du-12 (shenzhu): distal point for the lumbar spine (+ 8.2.1) 
Du-13 (taodao): jiaohui-meeting point with the BL channel 
(48.110) 

Du-14 (dachui) mim: jiaohui-meeting point with all Yang 
channels (+ 8.1.10); point of the Sea of Qi (+ 8.1.13): adja- 
cent point for the occiput and Lung (+ 8.2.1); adjacent point 
for the cervical spine (—* 8.2.1) 

Du-13 (yamen) sm: jiaohui-meeting point with the yang wei 
‘mai (+ 8.1.10); Sea of Qi point (+ 8.1.13); distal point for 
the tongue (= 8.2.1) 

Du-16 (fengfiz) mm: point of the Sea of Marrow (—* 8.1.13); 
Window of Heaven point (+ 8.1.12); Sun Si Miao Ghost 
point (-+ 8.1.15): jiaohui-meeting point with the yang wei 
‘mai and the yang giao mai* (—* 8.1.10) 

Du-17 (naohu): jiaohui-meeting point with the BL channel 
(48.110) 

Du-20 (baihui) mm jidohui-meeting point with the BL, G.B., 
‘TB. and LIV channels (+ 8.1.10); point of the Sea of Mar- 
row (~ 8.1.13); local point for the temporal aspect of the 
hhead (—+ 4.2.1); distal point for the rectum (+ 8.2.1) 

Du-23 (shangxing): regional point for the temporal region, 
the eyes and the nose (> 8.2.1) 

Du-24 (shenting) lm: jiaohui-meeting point with the BL and 
ST channels (—+ 4.1.10); adjacent point for the nose (+ 8.2.1) 
Du-25 (suliao): local point for the nose (—* 4.2.1) 

Du-26 (renzhong) sm: jidohui-meeting point with the LL 
and ST channels (+ 8.1.10); Sun Si Miao Ghost point 
(+ 8.1.15); distal point for the lumbar spine (+ 8.21); 
important emergency point 

Du-28 (yinjiao): jiaohui-meeting point with the ren mai and 
ST channel (+ 8.1.10) 


Mentioned by only some authors 


chos: 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


luo-Connecting Vessel of the Du Mai Clinical importance 


Pathology 
Excess (shi): limited range of motion and stiffness of the spine 
Deficiency (xu): heavy sensations of the head, dizziness, bal- 
ance disorders 


Pathway 
‘The fuo-connecting vessel of the du mai originates at Duct 
(changgiang) between the anus and the tip of the coccys, bilat- 
erally ascends the spine to the neck and disperses in the oceipi- 
tal region, where it connects with the Bladder primary channel, 
Both course together to the shoulder region. There the /uo- 
connecting vessel enters deeper into the body at the level of 
the scapula and spreads in the paravertebral musculature. 
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5.3 Du mai 


Long Strong CHANGQIANG [DSS 


Location 
On the midline, midway between the tip of the coceyx and the 
anus. 


How to find 

First, locate the coceyx superior to the anus, then palpate for its 
tip. From the tip of the cocey, palpate with pressure towards 
the anus. Du+l can often be located based on a strong de Qi 
sensation. 

= Ren-1 is located anterior to the anus, posterior to the genitals. 

> BL-35 is located 0.5 cun lateral to the midline, atthe level of 
the tip of the covey. 


Needling 
After thorough disinfection, vertically (05-1 cun, Ayoid pune- 
turing the rectum, 


Actions/Indications 

© Clears Damp-Heat, lifts the Qi 

© Opens the channel and alleviates pain 
© Calms the shen 


Special features 
Luo-connecting point, meeting point with the ren mai, G.B, and 
KID channels. 


my [HO] [IN IX gE TS 
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Step 4 
After remove the chip, cool down both circuit board and 
chip. 


Step 5 

Clean the pads on the circuit board with desoldering gun, 

Do not apply too much heat to the pad. Pad might peel off 
from circuit board. Clean the chip by desoldering gun also, 
Check for any bridge between pins, If the chip has too much 
> protective coating on it, use solvent to clean it up. 


Step 6 

If the pads on the circuit board is too small to use desolding 
gun, try cleaning by solder wick with rosin flux. This may 
take time but it is much better than peeling pads off. 

Once again, do not apply too much heat. 


Step 7 

Solder the RomBoard adapter where the chip was. 

Refer SMD device soldering section for how to solder 
adapter. 


The Final Word 


Soldering, desoldering, and working with SMD device will take some effort to learn, You 
should be relaxed and concentrated when you work. 

Keeping every thing clean (tip of iron, gun, work surface, etc) will help you also. 

Once you get comfortable to work with soldering you may find your own tips and tricks, 
Experience is all bout soldering. 


EOF 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


DREYER tumbar shu yaosu 


Location 
On the midline, in the sacral hiatus. 


How to find 

Palpate for the sacral hiatus (+ 3.4.4) from the sacrum. It ean be 
felt at the inferior end of the iliac median crest as a U-shaped 
depression opening towards the inferior. Du-2 is located on the 
midline, directly below the hiatus, 

 BL-35 is located slightly more inferiorly, 0.5 cun lateral to 
the midline, on the level of the tip of the coceyx, 


Needling 


Upto 1 cun vertically or obliquely in a superior direction, 


Actions/Indications 

‘© Strengthens the lumbar region and the legs 
* Dispels Wind-Dampness 

© Warms the Lower Burner 


crest 


AV OJIN NI-IE TIS 


Sacral hiatus” 
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Lumbar Yang Gate YAOYANG 


On the midline, below the spinous process of the 4th lumbar ver- 
tebra (LA). 


For orientation in the lumbar region (+ 3.4.3), first, locate the 
“Tulfier’s line (a line connecting the two most superior points on the 
iliac crest), which generally intersects with the spinous process of 
1A, (Note: Point location in the lumbar region is dependent on the 
patient’s position: for more detail on orientation — 3.4), Locate 
‘Du-3 on the midline, below the spinous process of LA, 

Located on the same level are a point of + Ex-B-2/BL-25/ 
Ey-B-GE-B-7 (00.5/1,5/3/3.5 cun lateral to the midline). 


05-1 cun strictly vertically to the skin or obtiquely in an inferior 
direction (generally, there is only danger of accidental puncture 
of the spinal canal from the level of L.2 in a cranial direction), 


© Dispels Wind, Cold and Dampness 
« Regulates Qi in the Lower Burner, strengthens the Original 
Qi Guan gi) 


Important local point for combined back and leg pain 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


BET cote of tife MINGMEN 


Location 
On the posterior midline, below the spinous process of the 2nd 
lumbar vertebra (L2) 


How to find 

For orientation in the lumbar region (+ 3.4.3), first, locate the 
‘Tullier’s line by placing both hands directly superior and lateral 
to the two highest points on the iliac crest, joining the thumbs on 
the midline. ‘The line will generally intersect with the spinous 
process of L4, (Note: Orientation on the lumbar region depends 
on the patient's position; for more detail on differential orienta- 
tion + 3.4), From there, count up to the spinous process of L2 
and locate Du-4 on the midline, below the spinous process. 
Located on the same level are a point of + Ex-B-2/BL-23/ 
BL-S2 (0,5/1.5/3 cun lateral to the midline), 


Needling 

0.5-1 cun vertically to slightly obliquely in an inferior direction, 
With the patient's back straight or flexed. The spinal cord gener- 
ally ends between the Ist and 2nd lumbar vertebrae: still, there is 
hardly any mention in the literature of spinal punctures with 
deep needling and/or insertions in a superior direction, 


Actions/Indications 

‘* Tonifies Kidney Yang (especially with moxibustion), warms 
the mingmen, strengthens the Kidneys, regulates the du mai, 
benefits the lumbar region 

* Pacifies Wind in the du mai 


Special features 
“Major point for tonifying Yang, especially Kidney Yang 
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5.3 Du mai 
Suspended Pivot XUANSHU [PS 
Location 
On the midline, below the spinous process of the Ist lumbar ver- 
tebra (L1). 
How to find 


For orientation in the lumbar region (—+ 3.4.3), first, locate the 
“Tuflier’s tine by placing both hands directly superior and lateral 
to the two highest points on the iliae crest, joining the thumbs on 
the midline. The Tuffier’s line generally intersects with the spin- 
ous process of L4, (Note: Anatomical orientation in the lumbar 
region is dependent on the patient's position: for more detail on 
differential orientation + 3.4.) From there, count up to the spin- 
ous process of L1 and locate Du-S on the midline, below its 
spinous process. Or: Use the spinous process of T7 (inferior 
angle of the scapula + 3.4.2) for reference. 

Located on the same level are a point of + Ex-B-2/BL-22/ 
BL-SL/Ex-B-4 (05/1.5/3/3.5 cun lateral to the midline). 


Needling 
0.5-1 cun strictly vertically to the skin or obtiquely in an inferior 
direction, with the patient's back straight or flexed in order to 
avoid puncturing the spinal canal. Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight), the spinal canal may be 
reached after only 1.25 cun. 


Actions/Indications 
# Opens the channel 
# Regulates Qi in the Lower Bumer 


Tels 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


DYES centre of the Spine jIZHONG 


Location 
On the midline, below the spinous process of the 11th thoracic 
vertebra (T11). 


How to find 

Locate T7 (+ 3.4.2) and, from there, count down 4 spinous 
processes to TL. Locate Du-6 on the midline, below its spinous 
process. Or: Use the Tuffier’s line for reference (+ 3.4.3) 
Locate THI by counting up 5 spinous processes from L4 and 
there locate Du-6 on the midline, below the spinous process, 
Located on the same level are a point of + Ex-B-2/BL-20/ 
BL-49 (0,5/1.5/3 cun lateral to the midline) 


Needling 
0.5-1 cun strictly vertically to the skin or obliquely in an inferior 
direction, with the patient’s back straight or flexed in order to 
avoid puncturing the spinal canal. Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight) the spinal canal may be 
reached after only 1.25 cun, 


Actions/Indications 

© Strengthens the Spleen and its function of transforming 
Dampness 

* Benefits the spine 


spl 
Spir 
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5.3 Du mai 
Central Pivot ZHONGSHU 
Location 
On the midline, below the spinous process of the 10th thoracic 
vertebra (T10).. 
How to find 


Locate T7 (+ 3.4.2) and, from there, count down 3 spinous 
processes to T10. Locate Du-7 on the midline, below its spinous 
process, Or: Use the Tuffier’s line for reference (+ 3.4.3). 
Locate T11 by counting up 5 spinous processes from L4 and 
there locate Du-7 on the midline, below the spinous process. 
Located on the same level are a point of + Ex-B-2/BL-19/ 
BL-48 ((1.5/1.5/3 cun lateral to the midline), 


Needling 

0.5-1 cun strictly vertically to the skin or obtiquely in an inferior 
direction, with the patient's back straight or flexed in order to 
avoid puncturing the spinal canal. Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight), the spinal canal may be 
reached afier only 1.25 cun, 


Actions/Indications 
© Tonifies the Middle Burner 
© Benefits the spine 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


EYE sinew contraction jiNsuo 


Location 
On the midline, below the spinous process of the 9th thoracic 
vertebra (19). 


How to find 

Locate T7 (+ 3.4.2) and, from there, count down 2 spinous 
processes to T9, Locate Du-8 on the midline, below its spinous 
process. Or: Use the Tuffier’s line for reference (+ 3.4.3) 
Locate 'T9 by counting up from L4 and there locate Du-8 on the 
‘midline, below the spinous process. 

Located on the same level are a point of + Ex-B-2/BL-18) 
BL-47 (0.5/1.5/3 cun lateral to the midline) 


Needling 
0.5-1 cun strictly vertically to the skin or obliquely in an inferior 
direction, with the patient’s back straight or flexed in order to 
avoid puncturing the spinal canal, Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight) the spinal canal may be 
reached after only 1.25 cun, 


Actions/Indications 
© Soothes the Liver 

© Dispels Wind 

© Calms the shen 
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5.3 Du mai 
Reaching Yang ZHIVANG [EYE 
Location 
On the midline, below the spinous process of the 7th thoracic 
vertebra (T7).. 
How to find 


Find T7 (+ 3.4.2) and locate Du-9 on the midline, below its 
spinous process. Or: Use the Tuflier’s line for reference 
(+ 3.4.3). Locate T7 by counting up from L4 and there locate 
Du-9 on the midline, below the spinous process. 

Located on the same level are a point of + Ex-B-2/BL-17/ 
BL-46 (1.5/1 5/3 cun lateral to the midline), 


Needling 

0.5-1 cun strictly vertically to the skin or obtiquely in an inferior 
direction, with the patient's back straight or flexed in order to 
avoid puncturing the spinal canal. Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight), the spinal canal may be 
reached afier only 1.25 cun, 


Actions/Indications 

# Strengthens the Spleen and eliminates Dampness 
# Clears Damp-Heat from the Middle Burner 

# Harmonises the Upper Burner 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


BEETS spirit tower uinctat 


Location 
On the midline, below the spinous process of the 6th thoracic 
vertebra (T6). 


How to find 

Locate T7 (+ 3.4.2). Du-10 is located on the midline, below the 
spinous process of the T6. Or: Locate C7 (+ 3.4.1). Du-10 can 
then be located by counting down 6 spinous processes (T1~T6). 
Located on the same level are a point of + Ex-B-2/BL-16) 
BL-45 (0,5/1.5/3 cun lateral to the midline), 


Needling 

0.5-1 cun strictly vertically to the skin or obliquely in an inferior 
direction, with the patient’s back straight or flexed in order to 
avoid puncturing the spinal canal. Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight) the spinal canal may be 
reached after only 1.25 cun, 


Actions/Indications 
© Harmonises the Upper Burner 
Clears Heat and Fire toxins 


pi 


TLALLLEL 


ChoSb-F10028.qxd 2/22/08 9:55 PM Page 509 O | 


5.3 Du mai 
Spirit Pathway SHENDAO [PSST 
Location 
On the midline, below the spinous process of the Sth thoracie 
vertebra (TS). 
How to find 


Locate T7 (+ 3.4.2), From there, count up 2 spinous processes 
and find Du-11 on the midline, below the spinous process of TS. 
Or: Locate C7 (+ 3.4.1), Du-LL can then be located by count- 
ing down 5 spinous processes (T1-T5).. 

Located on the same level are a point of + Ex-B-2/BL-15/ 
BL-44 (1.5/1 5/3 cun lateral to the midline), 


Needling 

0.5-1 cun strictly vertically to the skin or obtiquely in an inferior 
direction, with the patient's back straight or flexed in order to 
avoid puncturing the spinal canal. Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight), the spinal canal may be 
reached afier only 1.25 cun, 


Actions/Indications 

© Tonifies the Heart and the Lungs 
© Calms the shen 

# Dispels Wind and Heat 


MICRO= 
IN@IEASUREMENTS 
AVPG Brand 


MICRO-MEASUREMENTS, 


Strain Gages and Instruments 


Introduction 


The most common method of making electrical 
connections in strain gage circuits is by means of soft 
solders, in wire form, Other methods, such as spot 
welding, brazing, compression bonding, paste solders, 
and conductive epoxies, are also available, but find only 
limited application. Solders have many advantages for 
strain gage use — they are low in cost, readily available in 
various alloy compositions to provide a range of melting 
temperatures, and are easily obtained in the form of either 
solid wire or wire with a core of flux. They are convenient 
to use, and offer an excellent combination of electrical and 
mechanical properties, 


Although soldering is basically a simple procedure, 
it must be done with appropriate tools, supplies, and 
techniques to assure accurate strain measurement. This is 
particularly true when test requirements are severe in the 
sense of approaching the limits of the strain gage circuit, 
capabilities; e.g., long-term stability, high-elongation 
measurements, fatigue endurance, ete. Use of improper 
materials or techniques can significantly degrade strain 
gage performance, 


‘The purpose of this Tech Tip is to outline recommended 
procedures and materials for attaching leadwires to strain 
gage solder tabs or to bonded printed-circuit terminals. 
‘These reliable, experience-proven methods are based 
on the use of a professional quality soldering station, 
in conjunction with Micro-Measurements solders and 
installation accessories. 


Soldering Station and Pencil 


Forprecision soldering of strain gages, itisalwaysnecessary 
to use a temperature- or power-controlled soldering station 
that provides low voltage and adjustable temperature to 
the soldering iron tip. An unregulated soldering iron, 
connected directly to the power line, is not ordinarily 
suitable for strain gage use because the tip temperature is, 
apt to be far too high. This tends to oxidize the tip, and to 
instantly vaporize the flux, making soldering much more 
difficult. In addition, the unnecessarily high temperature 
‘may damage the strain gage, the bonding adhesive, or even 
the test specimen. For these reasons, the soldering station 
should incorporate provision for adjusting the soldering 


temperature to suit varying installation conditions and 
requirements, The temperature must be adjusted, of 
course, to accommodate the melting points of the different 
solders commonly used for strain gage connections, but 
also to allow for environmental conditions such as drafts 
or outdoor soldering in cold weather. Moreover, the 
temperature controller should be carefully designed to 
ensure that it does not generate electrical noise that could 
versely affect nearby measuring instruments when both 


Design of the soldering pencil also requires special 
consideration. It should be light in weight, with a very 
flexible power cord, and with the gripping area thermally 
insulated from the heating clement. These characteristics 
contribute to the comfort, ease, and precision of soldering, 
and minimize operator fatigue during long periods of 
use. The soldering tip itself should be of the flat, chisel, or 
screwdriver type. Pointed tips should not be used, because 


flat tips act to confine the solder, while offering greater 
surface area for better heat transfer and more effective 
soldering, generally. 


Micro-Measurements soldering units incorporate all of the 
above features and a number of others, designed to help the 
user easily make consistent, reliable solder joints, These 
soldering units are widely used by professional strain gage 
installers everywhere, in both stress analysis laboratories 
and in transducer manufacture. 


Solder Selection 


‘The Micro-Measurements Division stocks a broad range 
of solder types to mect various installation and test 
requirements. While solders are sometimes selected to 
provide specific electrical or mechanical properties, the 
most common basis for selection is simply the melting- 
temperature range. Low-melting-point solders, for 
example, are generally used for strain gage installations 
on nonmetallic test parts to avoid damaging the gage, 
bonding adhesive, or test material due to overheating. In 
contrast, high-temperature solders are normally selected 
only when necessary to satisfy clevated-temperature 
testing requirements. These solders are somewhat more 
difficult to handle because the higher working temperature 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


Body Pillar SHENZHU 


Location 
On the midline, below the spinous process of the 3rd thoracic 
vertebra (T3). 


How to find 

Locate T7 (+ 3.4.2). From there, count up 4 spinous processes 
and locate Du-12 on the midline, below the spinous process of 
T3. Or: Locate C7 (+ 3.4.1), Due12 can then be located by 
counting down 3 spinous processes (T1~T3). 

Located on the same level are a point of + Ex-B-2/BL-13/ 
BL-42 (0,5/1.5/3 cun lateral to the midline) 


Needling 

(0.3-1 cun strictly vertically to the skin or obliquely in an inferior 
direction, with the patient’s back straight or flexed in order to 
avoid puncturing the spinal canal, Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight) the spinal canal may be 
reached after only 1.25 cun, 


Actions/Indications 

© Dispels internal and external Wind 
© Calms the shen 

* Tonifies the Lungs 


Special features 
Meeting point with the BL channel 
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5.3 Du mai 
Way of Happiness TAODAO | Du-13_ | 
Location 
‘On the midline, below the spinous process of the Ist thoracie 
vertebra (T1). 
How to find 


Locate C7 (+ 3.4.2). Palpate downward to the next spinous 
process (T1) and locate Du-13 on the midline, below its spinous 
process, 

Located on the same level are a point of —* Ex-B-2/BL-L1/S.1-14 
(0.5/1.513 cum lateral to the midline), 


Needling 

0.3-1 cun strictly perpendicularly to the skin or obliquely in an 
inferior direction, with the patient's back straight or flexed in 
order to avoid puncturing the spinal canal, Oblique insertions 
should only be carried out by experienced practitioners, as in 
small persons (irrespective of their body weight), the spinal 
canal may be reached after only 1.25 cun. 


Actions/Indications 
#  Dispels pathogenic factors 
‘© Opens the channel and Ivo-conneeting vessels 


Special features 
Meeting point with the BL channel 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


DEYEYY) creat vertebra DAZHUI 


Location 
On the midline, below the spinous process of the 7th cervical 
vertebra (C7). 


How to find 

First, identify C7 (+ 3.4.1): Place 2 fingers on the spinous 
processes believed to belong to C6 and C7 and ask the patient to 
flex and extend their head. In a fully functional spine and with 
correct finger placement, C6 will glide anteriorly with neck 
extension, while C7 will remain fixed. However, if the vertebra 
below the upper finger does not move with neck extension, the 
fingers will most probably have been placed on C7 and TI 
Locate Du-14 below the spinous process of C7. 

Located on the same level are + Ex-Bel (dingchuan)! 
S.L-1S/EX-B (jieherue) (0.5/2/3.5 cun lateral to Du-14). 


Needling 
0.3-1 cun strictly vertically to the skin or obliquely in an inferior 
direction, with the patient's back straight or flexed in order to 
avoid puncturing the spinal canal, Oblique insertions should 
only be carried out by experienced practitioners, as in small per- 
sons (irrespective of their body weight) the spinal canal may be 
reached afier only 1.25 cun. For persistent epistaxis, place a cold 
‘metal object (for example, a spoon) or a cold cloth on Du-14. 
Cupping on this point for acute colds. 


Actions/Indications 

* Clears Wind, firms and regulates the surface, dispels patho- 
genic factors 

# Clears Heat 

© Calms (internal) Wind and the shen 

# Strengthens Qi and Yang in deficiency conditions 

‘Benefits the spine, especially the cervical spine 

Special features 

‘Meeting point with all Yang channels, Sea of Qi point. 
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5.3 Du mai 


Gate of Muteness YAMEN | Du-15 | 


Location 

On the occiput, on the posterior midline, in the depression 
between the Ist (atlas) and 2nd (axis) cervical vertebrae, approx- 
imately 0.5 cun inferior to Du-16 (directly below the external 
occipital protuberance). 


How to find 

‘The external occipital protuberance (—* 3.1.5) is a hump-shaped 
projection on the posterior surface of the occipital bone, on 
the midline and slightly superior to the craniocervical junction 
(7 3.1.5). + Du-16 is located in a depression on the posterior 
midline that you can palpate directly inferior to the protuber- 
ance, From there, glide 0.5 cun in an inferior direction and locate 
Du-15 superior to the first palpable spinous process (belonging 
to the axis; the atlas has no spinous process) and approximately 
0.5 cun superior to the postetor hairline, 

Located on the same level is BL-10 (on the lateral aspect of 


Sagittal suture asi aoe the trapezius muscle). 


Lambdoid suture \ 
‘ 


Needling 
0.5-1 cun strictly perpendicularly in an inferior direction. Cau- 
tion: Injury to the cervical marrow. According to classic texts, 
moxibustion is contraindicated, 


Clears Yang Heat/excess 


Special features 
Meeting point with the yang wei mai. Sea of Qi point. 


Actions/Indications 
* Benefits the tongue, ears, neck and spine 
# Dispels Wind 


BLO pua7/ 
/ f| 
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5 The Eight Extraordinary Vessels (qi jing ba mai) with Points 


DEYETAN Palace of wind FENGFU 


514 


Location 

On the posterior midline, directly below the external occipital 
protuberance, in the depression between the origins of the 
trapezius muscle. 


How to find 

‘The external occipital protuberance (+ 3.1.5) is a hump-shaped 
projection on the posterior surface of the occipital bone, on 
the midline and slightly superior to the craniocervical junction 
(3.1.5), Locate Du-16 in a depression on the posterior midline 
that can be palpated directly inferior to the protuberance and 
between the two origins of the trapezius muscle, Generally, Du-16 
is located approximately 1 cun superior to the posterior hairline. 
= G.B.-20 is located on the same level below the occiput, in a 
depression between the origins of the trapezius and stemnocleido- 
mastoid muscles, 


Needling 

0.5-1 cun slightly obliquely in an inferior direction, Bend the 
patient's head slightly forward when needling. Caution: Danger- 
ous point with deep needling! No stimulation, Strictly no 
needling in a superior direction, danger of puncturing the cere- 
bellomedullary cistern (also site for suboccipital puncture). The 
needle should be inserted into the nuchal ligament. According to 
some authors, moxibustion is contraindicated. 


Actions/Indications 

* Dispels (external) Wind 

© Calms internal Wind and the shen 

# Nourishes the Sea of Marrow, lightens the shen 


Special features 

Meeting point with the yang wei mai and, according to some 
authors, the yang giao mai. Sea of Marrow point, Window of 
Heaven point, Sun Si Miao Ghost point. Used for all disorders 
Which are caused by “external or intemal’ Wind and which are 
characterised by sudden onset, changing location and/or inten- 
sity of the disorder, involuntary movements, 
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Brain’s Door NAOHU 
Location 


In a depression superior to the external occipital protuberance, 
approximately 2.5 cun superior to the posterior hairline or 1.5 
cun superior to + Du-16, 


How to find 

First, locate the external occipital protuberance (—* 3.1.5), which 
forms a hump-shaped projection on the posterior surface of the 
occipital bone, Next, locate Du-17 on the posterior midline, in a 
depression directly superior to the protuberance. This corre- 
sponds to a distance of approximately 2.5 cun superior to the 
posterior hairline (-+ 3.1.5). 

+ Du-I6 is located directly inferior 10 the protuberance, 
Whereas + BL-9 is located 1.3 cun lateral to Du-17, 


Needling 
05-1 cun transversely (subcutaneously) in an inferior or 
superior direction, Moxibustion controversial. 


Actions/Indications 
# Dispels Wind 
Sagittal suture Parietal bone # Opens the channel 
Lambdoid suture \ # Benefits the eyes 
\ © Calms the shen 


Special features 
Meeting point with the BL channel 


/ 
ccipitomastoid | 
suture duis | Occipital bone 


External occipital 
protuberance 
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DREYER) unyielding space QiaNcjiAN 


516 


Location 

On the posterior midline, 1.5 cun superior to Du-I7 (directly 
superior to the external occipital protuberance) or 3 cun inferior 
to + Du-20 (on the vertex). 


How to find 

First, locate + Du-17 in a depression directly superior to the 
external occipital protuberance (-* 3.1.5), which forms a hump- 
shaped projection on the posterior surface of the occipital bone. 
From there, palpate 1.5 cun in a superior direction and there 
locate Du-I8 on the posterior midline. 

 Du-20 is located 3 cun in a superior direction, on the vertex. 


Needling 


‘Transversely (subcutaneously) 0.51 cun 


Actions/Indications 

* Dispels Wind, especially internal Wind 
© Opens the channel 

© Calms the shen 


Sogital suture Parietal bone 


‘ 
\ \ 


Lambdoid suture 
\ 


/ or, i 
/ BLS Dua _/ Mastoid 
/ / process 
Cccipitamastoid ‘ 
ame burs | Occipital bone 


External occipital 
protuberance 
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5.3 Du mai 


Behind the Crown HOUDING [PYSE) 


Location 
(On the midline, 3 cun superior to Du-17 (directly superior to the 
external occipital protuberance) or 1.5 cun posterior to + Du-20. 


How to find 

‘This point is best located by using —+ Du-20 as a reference point 
(at the junction of the Vertical midline and a line connecting the 
apices of the ears). Du-19 can then be located by palpating 
1.5 cun in a posterior direction from + Du-20. Or: First, locate 
= Du-17 superior the external occipital protuberance (+ 3.1.5), 
then locate Du-19 on the midline, 3 cun superior to + Du-17. 


Needling 
“Transversely (subcutaneously) 0.5-I cun. 


Actions/Indications 
* Dispels Wind 

* Opens the channel 

© Calms the shen 
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Hundred Meetings © 


Atthe junction of a line connecting the apices of the ears and the 
‘midline, 5 cun from the anterior or 7 cun from the posterior hair- 


line respectively. 


How to find 


Spreading hands technique (-* 2.3.3): Place the hands on both 
sides of the head, with the little fingers touching the apices of the 
cars. Join the thumbs on the midline and locate Du-20 in shallow 
depression on the vertex of the head (alternative location 
‘method: use an elastic tape, with the midpoint marked on it). 
‘The symbolic counterpart to Du-20 (as the highest point on the 
body and in contact with heaven) is * KID-1, the lowest part of 


the body and in contact with the earth, 


0.5-1 cun transversely (subcutaneously) towards the posterior 
(reducing effect) or the anterior (tonifying effect). Caution: 
Apply pressure to head points alter needle removal to avoid 


bleeding. Remember to remove the needle after treatment, 


1s/li tions 


© Calms Wind, pacifies Yang, benefits the Brain and sensory 


organs, calms the shen 


the Yang 


techniques, moxibustion). 


© Nourishes the Sea of Marrow; applying moxibustion raises 


Meeting point with the BL, G.B., TB. and LIV channels: Sea of 
‘Marrow point. Important point for descending the Yang (reduc- 
| | ing needle techniques) or raising the Yang (tonifying needle 
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In Front of the Crown QIANDING 


Location 
On the midline, 3.5 cun superior to the anterior hairline or 1.5 
cun anterior to Du-20. 


How to find 

First, locate + Du-20 (at the junction of the vertical midline and 
a line connecting the apices of the ears) and, from there, meas- 
ure 1.5 cun in an anterior direction. Or: Locate the anterior hait- 
fine (-* 3.1.1: the distance from the anterior hairline to Du-20 
is 5 cun) and palpate 3.5 cun in a superior/posterior direction. 
‘There, locate Du-21 on the midline. 


Needling 
“Transversely (subcutaneously) 0.5-1 cum. Caution with infants 
whose fontanelle has not yet closed, Moxibustion possible. 


Actions/Indications 

* Dispels Wind and Dampness 
© Opens the channel 

© Calms the shen 


Coronal suture 


Frontal 


Sagital suture” 


Occipital bone 
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Strain Gage Soldering Techniques 


rapidly vaporizes the flux, and oxidizes the soldering 
tip, both of which tend to impede the soldering process. 
Specially designed soldering tips are recommended for 
high-temperature use. 


For routine applications, where test conditions do not 
dictate the use of either a low- or high-temperature solder, 
an alloy with an intermediate melting temperature is 
the normal selection, The 63/37 tin-lead alloy (Type 
361A-20R) is an excellent choice for general-purpose 
strain gage soldering. As an eutectic alloy, it has a sharply 
defined melting temperature — a characteristic that 
largely eliminates “cold” solder joints. The addition of a 
trace of antimony provides superior performance when 
the soldered connections will be exposed to very low 
(cryogenic) temperatures for long periods of time. 


‘The general-purpose solders are supplied with a core of 
activated rosin flux. This makes soldering much more 
convenient, and is particularly useful in ficld applications 
where accessory liquid rosin flux (M-Flux AR) may not be 
available, Solid-wire solder, with externally applied acid 
flux (M-Flux SS), is recommended for making soldered 
connections to Micro-Measurements K- and D-alloy 
(modified Karma and isoclastic) strain gages. Rosin-core 
solders should not be used in conjunction with acid flux. 


Silver solder (Type 1240-FPA) is available for applica- 
tions where leadwire connections will be exposed to 
temperatures above about +550°F (+290°C), This solder, 
in paste form, is not suitable for attaching wires directly 
to strain gage solder tabs or to bondable terminals, but is 
intended for connecting instrument leads to preattached 
strain gage leads, as with WK-Series gages using a special 
resistance soldering unit, Techniques for making leadwire 
connections with silver solder are described in Micro- 
Measurements Tech Tip TT-602, Silver Soldering Technique 
for Attachment of Leads to Strain Gages. 


Soldering Flux 


‘The function of a soldering flux is to remove oxidation 
from the members being joined (solder tabs, terminals, 
Ieadwires), and to prevent further oxidation during 
soldering. For making leadwire splices, or soldering 
directly to constantan foil or copper terminals, the flux 
contained in a rosin-core solder is usually sufficient 
With higher temperature solders, however, it may be 
necessary to supply additional flux, A liquid activated- 
rosin flux such as M-Flux AR is recommended for this 
purpose. 


Acid fluxes should never be used on constantan strain 
gauges or copper terminals, or for splicing copper leadwires 
and paste fluxes, containing chlorides, should not be 
used under any circumstances for strain gage soldering, 


When tinning bare (without soldering options) solder 
tabs of Micro-Measurements K- and D-alloy strain 
gages, a liquid acid flux (M-Flux 8S) is recommended, 
After the tinning operation, the residual flux must be 
completely neutralized within one to two minutes: 
and then the leadwire joint can be completed using the 
same solder and M-Flux AR rosin flux or a rosin-cored 
solder. 


Preparation of the Soldering Tip 


New soldering tips should always be tinned with solder prior 
to initial use. This is easily accomplished by wrapping one 
to two in (25 10 50 mm) of solder wire around the working 
portion of the tip while the soldering iron is cold, before 
applying power to the soldering station, If rosin- 
solder is used, no external flux is required. With solid: 
solder, however, the wrapped tip should be dipped into 
liquid rosin flux (M-Flux AR) to provide sufficient flux 
for initial tinning, Sct the control on the soldering station 
to the appropriate temperature range for the solder, and 
apply power to the unit. Allow the soldering pencil to heat 
until the solder wrapped around the tip melts completely. 
Remove excess melted solder from the tip with a dry gauze 
sponge. Never knock the heated soldering pencil against 
any object to remove excess solder, since this may result in 
personal injury or damage to the soldering pencil. 


Note: Cross-alloying of solders can change the electrical 
chemical, thermal and mechanical properties of the solder 
being used. To prevent cross-alloying, it is recommended 
that only one type of solder be used with each soldering 
tip. Of course, if one type of solder is incorporated in a 
gage with solder dots and another type is added, a mixture 
is produced. This mixture cannot be expected to have 
melting and strength properties any better than those of 
the lower temperature component. 


Oxidation of the soldering tip seriously hinders the 
soldering operation, The tendency for oxidation can be 
minimized by ensuring that excess melted solder remains 
on the tip at all times when it is not actually in use. 
Negligent maintenance practices, or wiping the hot tip 
with materials that char on the surface, will produce a 
buildup of oxide that prevents proper soldering, If the tip 
does become oxidized, the following procedure is effective 
for cleaning and re-tinning 


1. Set the soldering station to the appropriate temperature 
range for the solder in use. 


Place several drops of M-Flux SS on a glass plate. 
Re-tin the soldering surface by holding the heated tip in 
the $S flux while feeding solder onto the tip. A generous 
amount of solder is essential for proper tinning. 
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Fontanelle Meeting XiNHUI 


a FOJIN IN IETS 
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Location 
On the midline, 2 cun superior to the anterior hairline. 


How to find 

First, locate the anterior hairline (—* 3.1.1) and, from there, pal- 
pate 2 cun in a superior direction, There, locate Du-22 on the 
‘midline. For reference: The distance from the anterior hairline to 
= Du-20 is 5 cun, Or: From “+ Du-20 (at the junetion of the 
Vertical midline and a line connecting the apices of the ears), 
‘measure 3 cun in an anterior direction and there locate Du-22 on 
the midline. 


Needling 
‘Transversely (subcutaneously) 0.5-1 cun, Caution with infants 
whose fontanelle has not yet closed (Du-22 is located on the 
anterior border of the fontanelle), Moxibustion possible. 


Actions/Indications 
© Dispels Wind 
© Calms the shen 
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5.3 Du mai 
Upper Star SHANGXING 
Location 


On the midline, 1 cun superior to the anterior hairline or 4 cun 
anterior to + Du-20, 


How to find 

First, locate the anterior hairline (+ 3.1.1) and, from there, pal- 
pate 1 cun in a superior direction. There, locate Du-23 on the 
midline. For reference: The distance from the anterior hairline to 
= Du-20 is 5 cun, 

Located on the same level is + BL-S (1.5 cun lateral to the 
midline). 


Needling 
‘Transversely (subcutancously) 0.3-0.5 cun. Moxibustion possible. 


Actions/Indications 

* Dispels pathogenic factors (especially Wind and Heat) from 
the nose 

'* Dispels pathogenic factors (especially Heat) from the face 

‘© Calms the shen 
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Courtyard of the Spirit SHENTING 


Location 
On the midline, 0.5 cun superior to the anterior hairline or 4.5 
un anterior to -* Du-20, 


How to find 

First, locate the anterior hairline (—* 3.1.1) and, from there, pal- 
pate 0.5 cun in a superior direction. ‘There, locate Du-24 on the 
‘midline. For reference: The distance from the anterior hairline to 
= Du-20 (at the junction of the vertical midline and a line con- 
necting the apices of the ears) is 5 cun, 

Located on the same level (0.5 cun superior to the anterior hair- 
line) are + BL-3/BL-4/G.B.-15/G.B.-13 (superior to the inner 
canthus of the eye/1.5 cun lateral to the midline/on the pupil line 
or 2.25 cum lateral to the midline/3 cun lateral to the midline) 
‘These distances refer to the proportional cun distance (—+ 2.2) 
between Du-24 and + ST-8 (on the comer of the forehead), 
which equals 4.5 cun (1.5 cun lateral to the midline), 


Needling 
‘Transyersely (subcutaneously) 0.3-0.5 cun, Moxibustion possible. 


Actions/Indications 

© Calms the shen 

‘© Dispels (internal) Wind 

* Clears pathogenic factors from the eyes and nose 


Special features 
Meeting point with the BL and ST channels. One of the major 
points for calming the shen. 
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5.3 Du mai 
White Crevice SULIAO EYER 
Location 


In a depression on the tip of the nose. 


How to find 
AS the name implies, Du-25 can be located in a depression on 
the tip of the nose, which generally can be easily palpated. 


Needling 
0.2 cun vertically of transversely (subcutaneously) in a superior 
direction up to 1 cun. Or prick to bleed, Moxibustion controversial 


Actions/Indications 
* Benefits the nose 


523 
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ESET Man's Middle RENZHONG 


Location 
Below the nose, on the upper third of the philtrum. Note: 
shuigou (Water Grave) is an alternative name for this point. 


How to find 

Locate the philtrum, which forms a distinet groove on the mid- 
line between the root of the nose and the margin of the upper lip. 
Locate Du-26 sligthly superior to the midpoint of the philtrum. 
= L.L-19 is located on the same level, 0.5 cun lateral to the mid- 
line. 


Needling 
0.3-0.5 cun obliquely in a superior direction, Caution: Needling 
this point may be painful 


Actions/Indications 

# Revives consciousness 

* Benefits the face and nose, eliminates (external) Wind 
# Benefits the spine 


Special features 

Meeting point with the L.l. and ST channels; Sun Si Miao Ghost 
point. Major point for acute emergencies: Needle with strongly 
reducing technique. If no acupuncture needle is available, use a 
syringe or perform strong acupressure with the nail of the thumb or 
index finger, supporting the patient’s chin with the same hand. Can 
be used in cases of needle collapse ~ first remove all other needles. 
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5.3 Du mai 


Extremity of the Mouth DUIDUAN 


Location 
On the midline, on the margin of the upper lip and the philtrum. 


How to find 
Location help: As the name implies, Du-27 is located on the 
midline, at the junction of the upper lip and the philtrum. 


Needling 
Up to 0.3 cun obliquely in a superior direction. No moxibustion. 


Actions/Indications 
* Clears Heat 

© Moistens the body 

© Local point for the mouth 
© Calms the shen 
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Gum Intersection YiNJIAO 


Location 
On the inside of the upper lip, at the junction of the frenulum and 
the upper gum. 


How to find 

Hold the upper lip in a raised position in order to reveal the 
frenulum and the upper gum. Locate Du-28 on the midline, at 
the junction of the frenulum with the upper gum, 


Needling 
0.1-0.2 cun obliquely in a superior direction or prick to bleed. 
Do not puncture the frenulum. 


Actions/Indications 
* Clears Heat (especially from the eyes and the mouth) 


Special features 
As the name implies, meeting point with the ren mai and the ST 
channel 
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5.4 Dai mai 


Synonym: Girdling Vessel 
‘The extraordinary vessel dai mai is the only vessel (or channel) 
with a horizontal pathway (except for fuo-connecting vessels). 


Relationships (+ 1.7.3) 

* Yin/Yang: chong maildai mai 

*  Central/peripheral: dai mailyang wei mai. Regions supported 
by this pairing: lateral eye region as well as temporal region, 
ears, cheeks, occiput and shoulders. Opening point: G.B.-41 
(culingi), coupled point: .B.-5 (waiguan).. 


Pathway 
‘The extraordinary vessel dai mai originates in the hypochon- 
drium at the level of L2; according to many other authors it orig- 
inates at + LIV-13 (changmen) at the free end of the 11th rib. It 
encircles the waist of the body like a belt. As it does so it passes 
= G.B.-26 (dai mai) atthe level of the umbilicus and below the 
free end of the 11th rib, + G.B.-27 (wushu) and + G.B.-28 
(weidao). 


Meeting points with other channels 


LIV-13 (zhangmen): Anterior and inferior to the free end of the 
11th rib 


G.B.-26 (daimai): On the lateral aspect of the waist, at the 
junction of a vertical line through the free end of the 11th rib 
and a horizontal line through the umbilicus, approximately 1.8 
un inferior to —* LIV-13 


rior 
ine 


-27 (wushu): In the depression medial to the anterior 
1¢ spine, approximately level with Ren-4 


Wee = 


.B.-28 (weidac): Anterior and inferior to the anterior superior 
1¢ spine, 0.5 cun anterior and inferior to G.B.-27 


Connections with other channels/Organs 

# Gall Bladder and Liver primary channels, Kidney divergent 
channel 

* Kidney, Uterus 


Clinical importance (+ 1.7.2, 1.7.3) 

* Controls and encireles the horizontal channels like a belt 

* Connects the upper and lower halves of the body at the waist 

«Regulates vaginal discharge 

* Eliminates Damp-Heat from the Lower Burner, especially 
from the genitalia 

* Controls the shaoyang channels, especially the G.B. channel 


= 


5.4 Dai mai 
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5.5 Yin wei mai 


Synonym: Yin Motility Vessel (Deadman), Yin Heel Vessel 


(Maciocia) 


Relationships (— 1.7.3) 

# Vin/Yang: yin wei mailyang wei mai 

© Central/peripheral: chong mailyin wei mai. Regions sup- 
ported by this pairing: Heart, thorax, Stomach, Opening 
point: P-6 (neiguan), coupled point: SP-4 (gongsun).. 


Pathway 
‘The extraordinary vessel yin wei mai originates in the hypochon- 
drium at + KID-9 (chubin), 5 cun proximal to the prominence of 
the medial malleolus, ascends the medial aspect of the leg to the 
inguinal region, follows the Spleen and Liver primary channels, 
passing the points SP-12 (chongmen) and — SP-13 (fushe). It 
then passes + SP-15 (daheng) and — SP-16 (fuai) and again 
‘meets with the Spleen and Liver primary channels at + LIV-14 
(qimen). The vessel then traverses the thoracic region, passes 
+ Ren-22 (tiantu) in the suprasternal fossa and follows the 
extraordinary vessel ren mai to —* Ren-23 (liangiao) where it 
terminates. 


Meeting points with other channels 


KID-9 (zhubin): 5 cun proximal to KID-3 and 2 cun posterior to 
the medial border of the tibia 


Upper border 
‘of the pubic 
symphysis 


Symp 


‘SP-12 (chongmen): 3.5 cun lateral to the midline, level with the 


upper border of the pubic symphysis, lateral to the femioral 
artery 


Upper border 
‘of the pubic 
symphysis 
‘sym 
! 
‘SP-13 (fushe): 4 cun lateral to the anterior midline (mamillary 
line) and 0.7 cun superior to the upper border of the pubic 
symphysis 


‘SP-15 (daheng): 4 cun lateral to the centre of the umbilicus 


‘$P-16 (fuai): 3 cun superior to the centre of the umbilicus and. 
4 cun lateral to the anterior midline, on the mamillary line 
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5.5 Vin wei mai 


Connections with other channels/organs 
Kidney, Spleen and Liver primary channels, ren mai 
# Internal organs 


Clinical importance (+ 1.7.2, 1.7.3) 

# Connects and regulates all Yin channels of the body. Itcon- 
nects the KID, SP and LIV channels and the ren mai and 
dominates the Interior of the body (the internal organs). 

* Strengthens Yin and Heart-Blood, especially in women 

* Balances the emotions 


LIV-14 (gimen): In the 6th intercostal space, on the mamillary 
line, 4 cun lateral to the midline. 


Ren-22 (tiantu): 0.5 cun superior to the sternum, in the centre 
of the suprasternal fossa 


Ren-23 (lianquan): On the anterior midline, superior to the 
upper border of the hyoid bone 
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Strain Gage Soldering Techniques 
3. Wipe the excess solder from the tinned tip with a dry M-Flux AR to the tab or terminal (this step can be omitted 


gauze sponge. For severely oxidized tips, it may be 
necessary to repeat this operation several times to 
obtain a properly tinned surface. The soldering tip 
should never be filed or sanded, since this may remove 
the plating on the tip, accelerating the oxidation and 
leading to the early deterioration of the tip. After the 
cleaning operation, remove excess solder, re-tin and 
clean the tip several times, using rosin-core solder, oF 
solid-wire solder withM-Flux AR. 


‘Tinning Solder Tabs and 
Bondable Terminals 


All strain gage solder tabs, terminals, and leadwires must 
be properly tinned before making soldered connections. 
This helps ensure active surface wetting and good heat 
transfer during the soldering operation, Tinning stranded 
leadwires to produce a formable solid conductor will also 
greatly simplify the leadwire attachment procedure, 


Before tinning the solder tabs on open-face (unencapsulat- 
ed) strain gages, the measuring grid should be protected 
with PDT drafting tape. The drafting tape is positioned 
to cover the entire grid and the upper portion of the solder 
tabs, as shown in Figure 1, This not only shields the grid 
from soldering flux and inadvertent solder splash, but 
also restricts the flow of solder on the tabs. The tinned 
area on the solder tabs should be only large enough to 
easily accommodate the leadwire size in use. The latter 
consideration is particularly important when making 
installations for dynamic applications or large-strain 
measurement. 


The tinning procedure for strain gage tabs and terminals 
consists of first cleaning and reapplying a small amount of 
solder to the hot soldering iron tip. Next, apply a drop of 


Figure 1 ~ Gage grid and upper portion of 
solder tabs masked with drafting tape. 


if'a rosin-core solder is used), When soldering directly to 
bare Karma or isoclastic foil, use M-Flux SS on the gage 
tabs only. Hold the soldering pencil in a nearly horizontal 
position (<30°), with the flat surface of the tip parallel to 
the solder tab or terminal. Place the solder wire flat on the 
gage tab, and press firmly with the tinned hot soldering tip 
for about one to two seconds, while adding approximately 
1/8 in 3 mm) of fresh solder at the edge of the tip. This, 
procedure assures that there is sufficient solder and flux 
for effective tinning. Simultaneously lift both the soldering 
pencil and solder wire from the tab area. 


NOTE: Lifting the soldering iron before lifting the solder 
‘may result in the end of the solder wire becoming attached 
to the tab; lifting them in the reverse order can leave 
a jagged (spike) solder deposit on the tab, When the 
operation is performed properly, it will produce a small, 
smoothly tinned area on the tab or terminal. 


IfM-Flux AR ora rosin-core solder is used in the tinning, 
it is not necessary to remove the residual soldering flux 
at this time. However, when M-Flux SS is employed to 
tin the bare solder tabs of K- or D-alloy gages, the acidic 
flux residue must be removed immediately following the 
tinning operation. To remove the residue, apply M-Prep 
Conditioner A liberally, and wash the area with a soft 
brush; then blot dry with a clean gauze sponge, Next, wash 
again with freely applied M-Prep Neutralizer SA, and blot 
dry with a clean gauze sponge 


NOTE: Special procedures for tinning and wiring strain 
gages supplied with preattached solder dots are described 
in Micro-Measurements Tech Tip TT-606, Soldering 
Techniques for Lead Attachment to Strain Gages with 
Solder Dots. 


‘Tinning and Attaching Leadwires 


Of course, leadwire ends must be stripped of insulation 
before tinning, and this should be done with a thermal 
Wire stripper to avoid the damage to the wire that often 
occurs when mechanical wire strippers are used. After 
the wires are stripped, the ends of stranded conductors 
should be twisted tightly together before tinning, The bare 
leadwire ends can then be tinned easily with the following 
procedure: 


1, Remove excess solder ftom the soldering tip, using a 
dry gauize sponge. Then melt fresh solder on the hot tip 
to form a hemisphere of molten solder about twice the 
diameter of the wire to be tinned. 


If rosin-core solder is used, slowly draw the bare wire 
through the molten solder while continuously adding 
fresh solder to the interface of the wire and soldering 
tip. With solid-wire solder, apply M-Flux AR to the 
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5.6 Yang wei mai 


Relationships (— 1.7.3) 

Yin/Yang: yin wei mailyang wei mai 

Central/peripheral: dai mai/yang wei mai. Regions supported by 
this pairing: Lateral eye region, temporal region, ears, checks, 
neck and shoulders. Opening point: T.B.-5 (waiguan), coupled 
point: GBI (cudlingi). 


Pathway 
‘The extraordinary vessel yang wei mai originates at + BL-63 
(jinmen) in the depression posterior to the tuberosity of the Sth 
‘metatarsal bone, runs anterior to the lateral malleolus, passes 
 G.B.-35 (yangjiao), ascends the lateral aspect of the leg, 
passes the hip, ascends the posterior aspect of the costal region 
to the shoulder, passes + S.L-10 (naoshu), + TBI (tian- 
liao), + G.B.-21 (jianjing) and ascends the neck. The vessel 
then ascends anterior to the ear (according to some authors, for 
example Solinas et al. (1998), posterior to the ear) to the fore- 
head, passing + ST-8 (rouvei), —* G.B-13 (benshen) and 
 G.B-14 (yanghai). It then runs with the G.B, channel from 
G.B--15 to G.B.-20 on the occiput, passing + G.B.-15 (toulingi), 
+ G.B.-16 (muchuang), + G.Be17 (chengying), + G.Be18 
(chengling), + G.B.-19 (naokong) and — G.B.-20 (fengchi) 
‘The vessel then continues from G.B.-20 to the posterior midline, 
passing + Du-16 (fengfi) and + Du-1S (yamen), where the 
‘vessel terminates. 


BL.63 (jinmen): In a depression anterior and inferior to + BL-62 
between the calcaneus and the cuboid bone, proximal to the 
tuberosity of the Sth metatarsal bone 


.B.-35 (yangjiao): 7 cun proximal to the highest prominence 
of the lateral malleolus, on the posterior border of the fibula 
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10 (naoshu): With the arm adducted on a line extending in 
a superior direction from the posterior axillary fold, on the 
lower border of the scapular spine 


15 (tianliao): At the midpoint of an imaginary line 
between the spinous process of the C7 and the lateral 
extremity of the acromion 


21 (jianjing): At the highest point of the shoulder, midway 
between the lower border of the spinous process of C7 and the 
lateral extremity of the acromion 


ST-8 (touwel): At the temporal comer of the forehead, on the 
border of the temporalis muscle and 0.5 cun within the anterior 
hair line or 4.5 cun lateral to the anterior midline (Du-24) 


-13 (benshen): 3 cun lateral to -+ Du-24 (on the midline, 
0.5 cun superior to the anterior hairline) 


5.6 Yang wei mai 


.B.-14 (yangbai): When looking straight ahead on the pul 
line, approximately 1 cun superior to the midpoint of the 
eyebrow, at the junction of the eminence and the superciliary 
arch 


G.B.-15 (toulingi): When looking straight ahead superior to the 
pupil, 0.5 cun superior to the anterior hairline 


.B.-16 (muchuang): 1.5 cun superior to the anterior hairline, 
con the pupil line, or 2.25 cun lateral to the midline (= midway 
between —+ Du-24 and + ST-B) 


G.B.-17 (zhengying): 2.5 cun superior to the anterior hairline 
and 2.25 cun lateral to the midline 


G.B.-18 (chengling): 4 cun superior to the anterior hairline or 
1 cun anterior to + Du-20, 2.25 cun lateral to the midline 
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.B.-19 (naokong): On the occiput, level with the upper border 
of the external occipital protuberance (+ Du-17), 2.25 cun 
lateral to the midline 


Occipital - Lower 
bone {border of 
the occiput 
‘Sternocleido- 
ass ‘mastoid 


.B.-20 (fengchi): On the lower border of the occipital bone, in 
the depression between the origins of the stemocleidomastoid 
and trapezius 


pital 
berance 

Occipital va 
ts the occiput 
Du-16 (/engfu): On the posterior midline, directly below the 


extemal occipital protuberance, in the depression between 
the origins of the trapezius 


‘Occipital Lower 
bone “border of 
the occiput 
Axis ‘Stemnocleido- 
mastoid 


Du-15 (yomen): On the occiput, on the posterior midline, in 
the depression between the 1st (atlas) and 2nd cervical 
vertebrae, approximately 0.5 cun below —* Du-16 


Connections with other channels/Organs 
© BL, G.B., ST, S.L, TB. and LiL. primary channels, du mai 


Clinical importance 

© Connects and regulates all Yang channels of the body. It 
connects the BL, G.B., ST, $.1., T.B. and L.L. channels as well 
as the du mai and controls the Exterior of the whole body 
(especially the taiyang and shaoyang channels) 

‘* Harmonises the Nutritive Qi (ying gi) and the Defensive Qi 
(wei gi) 

‘* Expels Exterior Wind-Cold, especially with shaoyang- 
syndrome. 
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5.7 Yin giao mai 


Synonym: Yin Motility Vessel (Deadman), Yin Heel Vessel 
(Maciocia) 


Relationships (> 1.7.2, 1.7.3) 
#  Yin/Yang: yin giao mailyang giao mai 

* Central/peripheral: ren mailyin giao mai. Regions supported 
by this pairing: Face, throat, thorax, Lung, diaphragm, abdomen, 
Opening point: KID-6 (chaohai), coupled point: LU-7 
(lieque). 


Pathway 
‘The extraordinary vessel yin giao mai originates at + KID-2 
(rangu) inferior to the navicular tuberosity (according to some 
authors it only begins at + KID-6), runs to KID-6 (shaohai) and 
= KID-8 (jiaoxin), ascends the posteromedial aspect of the leg 
to the external genital region, ascends the abdomen to the tho- 
ax, crosses the supraclavicular fossa and continues to the throat 
and face. It then runs to the inner canthus of the eye where it 
connects with the Bladder primary channel and the yang giao 
‘mai at + BL-I Gingming). Itthen ascends to enter the Brain, 


5.7 Yin qiao mai 


Meeting points with other channels 


KID-2 (rangu): In a depression at the anterior/inferior border of 
the navicular bone, at the border of the ‘red and white skin 


lao 


KID-6 (zhaohai): In the depression inferior to the highest 
prominence of the medial malleolus, over the joint space 
between the talus and calcaneus 


ail 


KID-8 (jiaoxin): 2 cun proximal to the highest prominence of 
the medial malleolus, posterior to the border of the tibia 


BL-1 (jingming): In a depression 0.1 cun superior and medial to 
the inner canthus of the eye 


Connections with other channels/Organs 
«Kidney and Bladder primary channels 
+ Brain 


Clinical importance (+ 1.7.2, 1.7.3) 

# Together with the yang giao mai controls the musculature of 
the lower extremities 

# Together with the yang giao mai regulates the opening and 
losing of the eyes 

# Regulates the functioning of the Brain 

# Removes stagnation (of Qi, Blood or Dampness) in the Lower 
Burner, especially in the Uterus in women 
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5.8 Yang giao mai 


Synonym: Yang Motility Vessel (Deadman), Yang Heel Vessel 
(Maciocia) 


Relationships (— 1.7.3) 

© Yin/Yang: yin giao mailyang giao mai 

© Central/peripheral: du mailyin giao mai, Regions supported 
by this pairing: Inner canthus of the eye, occiput, shoulders 
and back. Opening point: BL-62 (shenmai), coupled point: 
S.L3 (houxi)). 


Pathway 
‘The extraordinary vessel yang giao mai originates at + BL-62 
(shenmai) below the prominence of the lateral malleolus, curves 
briefly around the malleolus to + BL-61 (pucan) and ascends 
anterior to the Achilles tendon to BL-S9 (furyang), travels up 
the lateral aspect of the leg, crosses the hip, passing + G.B.-29 
(juliao), ascends the flanks and the posterior aspect of the shoul- 
ders, passes — 8.10 (naoshu), continues to + L.L-15 (jiamyu) 
and runs in a curve to * L.L16 (jugu), crosses the supraclavic- 
ular fossa, ascends the throat, according to some authors passing 
+ ST-9 (renying), and reaches the face. Here the vessel passes 
the points + ST-4 (dicang) and —* ST-3 (juliao): according to 
some authors also + ST-2 (sibai) and + ST-1 (chenggi) in the 
infraorbital region. It then reaches — BL+1 (jingming), where it 
meets the extraordinary vessel yin giao mai, ascends the fore- 
hhead to the yertex and descends posteriorly to + G.B.-20 
(engehi): according to the Nan Jing and the Nei Jing it also 
reaches + Du16 (fengfis). where it enters the Brain. 


Intersection points with other channels 


= 


BL.62 (shenmai): In a depression directly inferior to the highest 
prominence of the lateral malleolus, over the joint space 
between the talus and calcaneus 


BL-61 (pucan): In a depression on the calcaneus, approximately 
1.5 cun inferior to + BL-60 
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5.8 Yang qiao mai 


‘cun superior to + BL-60 (in the depression ‘ST-9 (renying): Approximately 1.5 cun lateral to the anterior 
between the highest prominence of the lateral malleolus and midline, level with the laryngeal prominence, at the anterior 
the Achilles tendon) border of the sternocleidomastoid 


Greater 
trochanter = 


G.B.-29 (juliao): At the midpoint of a line connecting the 
anterior superior iliac spine and the greater trochanter, at the 
anterior border of the iliac crest 


'ST-4 (dicang): When looking straight ahead on the pupil line, 
approximately 0.4 cun lateral to the corner of the mouth 


$.1.-10 (naoshu): With the arm adducted on a line extending in 
a superior direction from the posterior axillary fold, on the 
lower border of the scapular spine 


'ST-3 (juliao): When looking straight ahead, directly below the 
centre of the pupil, level with the lower border of the ala nasi 


LAL-15 (jianyu): In the depression distal and anterior to the 
acromion, between the clavicular and acromial portions of the 
deltoid muscle 


ST-2 (sibai): When looking straight ahead, directly below the 
Centre of the pupil, in the depression at the infraorbital foramen 


Orbital 


ST-1 (chengqi): With the eyes looking straight forward, directly 
below the centre of the pupil, between the eyeball and the 
LA.-16 (jugu): In a depression between the acromial extremity _infraorbital ridge 

of the clavicle and the junction of the scapular spine and the 

actomion 
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BL-1 (jingming): In a depression 0.1 cun superior and medial to 
the inner canthus of the eye 


occipia over 
bone | corde of 
‘the occiput 
Sternocleido- 
iad ‘mastoid 


.B.-20 (fengchi): On the lower border of the occipital bone, in 
the depression between the origins of the stemocleidomastoid 
and trapezius 


Occipital 
bone 


Du-16 (/engfu): On the posterior midline, di 
external occipital protuberance, in the depression between the 
origins of the trapezius 


Connections with other channels/Organs 

* Kidney, Bladder, Gall Bladder, Stomach, Large Intestine and 
Small Intestine primary channels, 

© Brain 


Clinical importance (+ 1.7.2, 1.7.3) 

© Together with the yin giao mai controls the musculature of 
the lower extremities 

‘Together with the yang giao mai regulates the opening and 
closing of the eyes 

© Regulates the functioning of the Brain, eliminates internal 
and extemal Wind from the head 

‘© Removes obstructions and stagnation from the spine, espe- 
cially after traumatic injuries 
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6 Extra Points 
Claudia Focks, Ulrich Marz 


Besides the 361 classic acupuncture points located on the chan- 

nels there are a number of Extra Points (Ex), located with a few 

exceptions outside the pathways of the primary channels, In 

1991, a new nomenclature for these extra points was confirmed 

in the People’s Republic of China, listing 48 points (The Loca~ 

tion of Acupoints, State Standard of the People’s Republic of 

China, Foreign Languages Press, Beijing, 1990). 

In the past, authors have developed ways of identifying the extra 

points by names or numbers: 

Nguyen Van Nehi: Kénig and Wancura: ‘Punkte auBerhalb der 
“Meridiane* (points not on meridians) (PaM) and *Neu-Punkte’ 
(new points) (NP); Schnorrenberger (wall charts translated 
from the Chinese language) uses the same numbering system 
as Nguyen Van Nghi but refers to the PaM as “Zusatzpunkte’ 
{additional points) (ZP) and also as ‘Neu-Punkte’ (NP) 

‘* Shanghai College for Traditional Medicine (Acupuncture ~a 
Comprehensive Text, English translation by O*Connor J, 
Bensky D. which also forms the foundation for Deadman 
et al. 1998 and Ellis and Wiseman 1991): Miscellaneous (M) 
and New (N) Points 

‘+ Hempen 1995: “Extrapunkte” (extra points) (Ex). 

‘The following tables give an overview of the most commonly 

used extra points also listed in this atlas. 


6.1 Extra Points: Head and Neck 
(EX-HN) 


x2 (dengan) 


et (tng) 


Bett xj) 
eH hanomis) 


HO (aha) 
SH haningong) 


eH Gicheriana) 


et leon) 


nH een) — 
eH ana) 


(changing) 


ocerain) kay 


eH (ei) 


(ermian 2) (rig) 
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6 Extra Points 


wishencong PaM or ZPL ExX6 
aang 
Yintang PaM or ZP5 ET 
yao PaM or 26 
‘ya PaMl or 2P9 Ee 
“rjian PaM or ZP10 
‘giuhow PaM or ZP8 
shangyingxtangZbitong |_NPI2 (PuM or 2P14*) me 
nelvingxiang 
7guan 
Taiquan 
Tinjnt Pant orZP20 
wave” PaM or ZP20 
ving PaM or 213 Ee 
ing(ballao) PaMl or 2P30 
| | 
hanging NHN 
cana NPI and 25 NANT ES 
(ania und 2) M-HN-S4 (Deadman) 
Ec Tabi PaM or ZPIS 
‘Fiachengjiang PaM or 218 MEHNAS ET 
(heliaohelian) 
TonggaTcradong PaMl or 2P3I MANGT 
EcHN Fingbi MEHN-ST 


iguyen Van Nghi and Schnorrenberger describe a different location for the point with this pinyin name locaton: 0.$cun inferior tothe inner canthus of the eye}: the 
standard’ loeation is described under NP12 as “bitong' or “bivong 
* ‘The Shanghai nomenclature and also Nguyen Van Nghi. Konig and Wancura and Schnorrenberger describe the extra points infin and yuye asa pair of points 
* ‘There exists dlifering information regarding the extra point ania; for example the Shanghai College (and Wiseman) describe arian as N-HN-S4 (in Deadman: 
M-HN-54) with the following locaton: midway between G.B-20 and B.-17; Nguyen Van Nghi and Schnorrenberger describe aman as two new points with the 
following locations: anmian 1 is located midway between TB.-17 and yiming (PaMI3 or Ex-HN-14), anmian 2 midway between G.B.-20 and yiming (anmian 
according to the Shanghai College is shown onthe point page: the location of arma 1 and 2 according to Nguyen and Schnocreaberger in figure 61). 


538 


= 


|ChO6a-F10028.qxd 2/23/08 1:24 PM Page 539 1?) | 


6.1 Extra Points: Head and Neck (EX-HN) 


Four Alert Spirit SISHENCONG [ENE 


Location 
A group of four points, each located 1 cum from — Du-20 
(anterior, posterior and lateral) (—* 3.1.1). 


How to find 

First, locate + Du-20 on the highest point of the head, at the 
junction of a fine connecting the apices of the ears and the verti- 
cal midline, Alternative location method: Locate + Du-20 5 cun 
superior to the anterior and 7 cun superior to the posterior hair- 
line. Ex-HN-I (sishencong) forms a star-shaped group of points 
around + Du-20: two points are located at a distance of 1 cun 
each on the du mai, whereas the other two are Located I cun each 
from — Du-20 in a lateral direction. 


Needling 
0.5-1 cun obliquely towards + Du-20 


Actions/Indications 
© Calm the shen 

= Alleviate pain 

© Calm Wind 

‘* Benefit the eyes and ears 


JONES 


TT-609 


MICRO= 
IVIEASUREMENTS 
AVE Bran 


Strain Gage Soldering Techniques 


Figure 2 ~ Trimming leadwire ends before taping in place. 


Figure 3 - Leadwire end taped to surface 
In preparation for soldering, 


wire end before starting to tin, and proceed in the same 
manner. This will produce a smooth, shiny coating of 
solder over the bare wire. 


For applications employing bondable terminal strips and 
stranded instrumentation wire, it may be convenient to use 
single strand of the wire asa jumper between the terminal 
and the strain gage solder tab, In such cases, the single wire 
strand should be separated out before twisting and tinning 
the remaining strands (see Micro-Measurements Tech Tip 
TT-603, The Proper Use of Bondable Terminals in Strain 
Gage Applications), 


Leadwires should be formed and routed to the strain 
gage or terminal strip, then firmly anchored to the 
test-part surface with drafting tape before making the 
soldered connection, Attempting to route the leadwires 
after completing the solder joint will often result 
in damage to the gage or terminals, Routing into the 
connection area should be along a minimum strain 
direction (such as the “Poisson” direction in a uniaxial 
stress field) particularly for high elongation or dynamic 
tests. The tinned leadwire end should be trimmed short, 
enough so that it will not protrude through the connection 
area, and cannot inadvertently make electrical contact, 
with the test-part surface or adjacent solder connections, 
Figure 2 illustrates this stage in the procedure, In the final 
preparatory step, bend the leadwire end slightly to form a 
spring-like loop, and tape the wire firmly in place over the 
connection area, using PDT drafting tape. The tape should 
be within about 1/8 in (3 mm) of the connection area, as 
shown in Figure 3, 


Clean and re-tin the soldering iron tip with fresh solder. 
‘The temperature of the iron should be adjusted so that the 
solder is easily melted, without rapidly vaporizing the flux. 
Ifthe iron temperature is either too low or too high, it may 
cause poor solder connections, or it may damage the strain 


gage, terminal, or bonding adhesive, Apply a small amount 
of M-Flux AR to the joint area and, holding the soldering 
pencil nearly horizontal, firmly press the flat surface of the 
lip on the junction for about one second: then lift the tip 
from the soldered joint. If needed, additional flux can be 
provided during the joining operation by feeding a little 
fresh solder into the joint from a spool of rosin-core solder. 
This procedure should result in a smooth, hemispherical 
solder joint, without any peaks or jagged areas. If the 
solder joints are not smooth and uniform in size, repeat the 
soldering procedure, using additional flux and/or solder as 
necessary. 


Cleanup and Inspection of 
Soldered Joints 


After completing the soldering operation, it is imperative 
that all traces of residual flux be completely removed 
with RSK Rosin Solvent. The same solvent is used to 
soften the mastic of the drafting tape, permitting its easy 
removal. Do not try to pull away the tape with tweezers 
or other tools, because this may result in damage to the 
soldered connections or the strain gage grid. Thoroughly 
clean the entire installation area with generously applied 
rosin solvent and a soft-bristled brush, Clean the solder 
connection area until no visible signs of residual flux 
remain, and blot the area dry with a clean gauze sponge. 
Any traces of residual flux can cause gage instability 
and drift, and will inhibit bonding of the installation’s 
protective coating. Incompletely removed soldering flux is 
the most common cause of degraded performance in strain, 
gage installations. Residual flux mixed with a protective 
coating application can completely destroy the coating 
objective. 


Visually inspect the soldered joints for any gritty or jagged 
joint surfaces, and for traces of flux, Solder connections 


‘iwwimiore-measurements.com 
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6 Extra Points 


Above the Yang DANGYANG 


‘SONKEE 


Location 
With the patient looking straight ahead, vertically above the pupil, 
| cun above the anterior hairline, 


How to find 

In patients with a receding hairline, the original hairline can 
often be recognized by a change in skin texture, Location help 
(23.1.1): Ask the patient to frown, as this often reveals the site 
of the original hairline, Ask the patient to look straight ahead, 
then locate Ex-HN-2 by measuring | cun from the hairline, ona 
‘Vertical line through the pupil. 

= G.B-14 is also located on the pupil line (on the lower border 
of the frontal eminence). Located on the same level (1 cun above 
the hairline) are + BL-S (more medial, 1.5 cun from the anterior 
midline) and Du-23 (on the anterior midline). 


Needling 
0.5 cun transversely (subcutaneously) towards the site of the 
disorder/pain. 


Actions/Indications 
© Dispels Wind and Heat, alleviates pain 
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6.1 Extra Points: Head and Neck (EX-HN) 


Hall of Impression YINTAt x-HN 


(On the anterior midline (die mai), between the eyebrows. 


Locate the glabella (+ 3.1.1), a smooth surface on the frontal 
bone, directly above the root of the nose, between the supercil- 
inry arches. Then locate Ex-HN-3 (yintang) in its centre, on the 
midline and between the medial extremities of the eyebrows. 
Located along the superciliary arches (from medial to lateral) 
are + BL-2, + Ex-HN-4 (juyao) and + T.B.-23, 


Pinching-skin method: With the thumb and index finger, form a 
skin fold above the point and insert the needle 0.3-0.5 cun trans- 
versely from superior to inferior into the fold, towards the root of 
the nose. Alternative methods: Oblique or transverse (subcuta- 
neous) insertion towards the eyebrows (+ BL-2) or prick to bleed. 


Calms the shen 
Benefits the nose 

Eliminates (internal) Wind 

‘Opens the channel, alleviates pain 


Commonly used extra point with a harmonising effect, 
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6 Extra Points 


PRET Y fish waist vuvao 


Location 
Inthe centre of the eyebrow, with the eyes looking straight ahead 
directly above the pupil 


How to find 
With the patient looking straight ahead, palpate the eyebrow 
directly above the pupil, superior to the supraorbital ridge. 
‘There, locate Ex-HN-4 (yuyao) in a small depression on the 
superciliary arch, 


Needling 
0.3-0.5 cun vertically or obliquely towards the eye. 


Actions/Indications 
Benefits the eyes 
* Dispels pain 


Choéa-F10028.qxd 2/23/08 1:25 PM Page 543 oO | 


6.1 Extra Points: Head and Neck (EX-HN) 


Supreme Yang TAIVANG EST 


Location 

On the temple, in a depression approximately 1 cun lateral to the 
midpoint of a line connecting the lateral extremity of the eye- 
brow and the outer canthus of the eye. 


How to find 

On the temple, first, draw a line between the lateral extremity of 
the eyebrow and the outer canthus of the eye. Next, palpate from 
the midpoint of this line in a lateral direction, until you can feel 
1 distinct depression in the temporal bone. EX-HN-5 (‘aiyang) 
is located in the centre of this depression. This point tends to be 
pressure-sensitive, especially with temporal headaches, Patients 
ofien get relief by using acupressure on this point. 


Needling 

0.5-0.6 cun vertical insertion into the temporal muscle or 
obliquely in a lateral direction or transversely (subcutaneously) 
towards ~+ G.B.-8. This point often bleeds when needled. Prick 
to bleed to drain Heat, 


Actions/Indications 
«Eliminates Wind, clears Heat, reduces swellings, opens the 
channel, alleviates pain 


Special features 
One of the most important and most commonly used extra points, 
especially with headaches 
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(TTA Tip of the Ear ERJIAN 


* GOIN NEE 


Location 
(On the apex of the ear, on the helix. 


How to find 

Fold the ear anteriorly, so that the posterior portion of the upper 
helix covers its anterior part. The point is located at the highest 
‘point ofthe fold, This is also the location of the auricular point 78, 


Needling 
Vertically 0.1-0.2 cun, Some authors advise to bleed this point 
for Heat conditions, but this is not recommended owing to the 
danger of causing an otic haematoma, Indirect moxibustion for 
vision disorders. 


Actions/Indications 
‘* Clears Heat, alleviates pain, benefits the eyes and the throat 
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Behind the Ball Q\UHOU 


Location 
On the lower border of the orbit, atthe junction of the lateral quar- 
ter and the medial three quarters. 


How to find 

Divide the horizontal extension of the diameter of the orbit in 
quarters. Then locate the point at the junction of the first and sec~ 
ond lateral quarters, slightly superior to the border of the orbit. 


Needling 

Ask the patient to look upward and gently push the eyeball upward, 
away from the lower eyelid, Slowly insert the needle 0.5-1 cun 
into the fatty tissue immediately above the bone (orbit). Caution: 
Do not injure the eyeball and the periosteum. Avoid the venous 
plexus and arteries! Pay attention to any pain from needling, 
No needle manipulation! After removal of the needle, compress 
the site for 10 minutes, Haematomas may still occur (inform the 
patient prior to needling). Moxibustion is contraindicated. Alter- 
native, less difficult points for eye disorders: BL-2, T.B.-23, 
G.Be-1, ST-2, Ex-HN-S (taiyang), EX-HN-4 (yuyao). 


Actions/Indications 
«Disorders of the eyes 
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6 Extra Points 


BSE per Yingxiang SHANGYINGXIANG 


AO IN IKI WE TIS 


Location 

At the upper end of the nasiolabial groove, at the junction of the 
‘maxilla and the nasal cavity. Note: bitong (Clear Nose) is an 
alternative name for this point. 


How to find 

At the upper end of the nasiolabial groove, palpate for the bony 
‘margin of the nasal cavity, Here, EX-HN-8 (shangyingsiang ot 
bitong) is located at the junction of the nose and the cheek. 


Needling 
0.3-0.5 cun vertically towards the centre of the nasal cavity, 


Actions/Indications 
* Clears Heat, opens the nasal passages 
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6.1 Extra Points: Head and Neck (EX-HN) 


Inner Yingxiang NEIYINGXIANG 


Location 
In the nasal cavity, atthe junction of the nasal bone and the nasal 
cartilage. 


How to find 

‘This point lies ‘opposite’ the external point + Ex-HN-8 (shang- 
_yingxiang or bitong), Which is located at the upper end of the 
nasolabial groove. 


Needling 

Prick to bleed with a needle, lancet or three-edged needle. Caution: 
Contraindicated in patients with bleeding disorders (or taking 
anticoagulants). Needling may be painful! 


Actions/Indications 
© Clears Heat, drains Fire 


54) 
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6 Extra Points 


QRETTEDY catering spring jUQUAN 


* CIN IKI WETS 


Location 
With maximal extension of the tongue, in the centre of the 
tongue body. 


How to find 
With maximal extension of the tongue in the centre of the 
tongue body. 


Needling 
Vertically 0.2 cun. Needling may be painful! 


Actions/Indications 

‘* Deviation of the tongue, impaired mobility or atrophy of the 
‘musculature of the tongue: for example, after a stroke or with 
loss of sense of taste 
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6.1 Extra Points: Head and Neck (EX-HN) 
Sea Spring HAIQUAN [ESEIRS RE 
Location 


Below the tongue, in the centre of the frenulum, between the 
points + Ex-HN-12 (jinjin) and + Ex-HN-13 (yuye). 


How to find 

Ask the patient to roll their tongue upward to reveal the frenulum. 
“To avoid injury to the frenulum, this point should be located at 
the base of the frenulum, 


Needling 
Vertically 0.2 cun, Remove needle immediately after short stim- 
ulation. Necdling may be painful! 


Actions/Indications 
Mouth and tongue ulcers, hiccups 
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Strain Gage Soldering Techniques 


should be smooth, shiny, and uniform in appearance. 
Any soldered joints that look questionable should be 
re-soldered, and flux removed. Check the resistance-to- 
ground of the completed gage installation, using the Model 
1300 Gage Installation Tester, Low or marginal resistance 
readings suggest a leakage path between the soldered 
connections and the test-part surface. This condition 
usually results from residual soldering flux, or from bare 
leadwire conductors partially shorting the gage tabs oF 
terminals to the test part, Soldered joints should not be 
tested by pulling on the leadwire, or by probing at the joint 
area, These practices frequently cause lifting or tearing of 
the solder tab from the gage bucking material 


Summary 


The ability to make consistently good soldered joints is 
essential for precision strain gage measurements. The 
techniques described here are straightforward and easily 
mastered, but they are most effective when used wit 


professional soldering equipment which is specially 
designed for making soldered connections in strain gage 
circuits. The soldering pencil should be lightweight, with 
a flat chisel or screwdriver tip, and it should be connected 
to the soldering station with a very flexible power cord. 
Requirements for the soldering station include low-voltage 
operation of the soldering pencil, and provision for 
temperature adjustment to suit the type of solder and the 
application conditions. The equipment should not generate 
electrical interference that could affect sensitive measuring 
instrumentation, Solder selection is based primarily on the 
expected operating temperature range of the strain gage 
installation; and all solder tabs, bondable terminals, and 
leadwire ends should be tinned before soldering the joints. 
Soldered joints should always be smooth and shiny, with 
no jagged or irregular edges, and all traces of resid 
must be thoroughly removed prior to the appli 
protective coating. Use of the recommended materials and 
techniques, with careful attention to detail, will result in 
consistently proper and reliable soldered connections. 


Document Number: 17085 
Revision: 13-Jul-2015 


For technical questions, contact 
‘mm@vpgsensors.com 5 


‘www.miore-measirements.com 
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6 Extra Points 


Golden Liquid jiNjIN 


Location 
(On the underside of the tongue, on the lingual vein to the left of 
the frenulum, 


How to find 
Ask the patient to roll their tongue upward to reveal the lingual 
veins. 


Needling 
Prick to bleed: Briefly puncture with a needle, lancet or three~ 
edged needle and let bleed, Often used together with > Ex-HN-13 
(yuye). Caution: Contraindicated with bleeding disorders or in 
patients taking anticoagulant medication, 


Actions/Indications 
* Dispels Heat and Wind. 
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6.1 Extra Points: Head and Neck (EX-HN) 
Jade Fluid YUYE | Se 53 
Location 


On the underside of the tongue, on the great lingual vein to the 
right of the frenulum. 


How to find 
‘Ask the patient (o roll their tongue upward to reveal the lingual 
veins, 


Needling 
Prick to bleed: Briefly puncture with a needle, lancet or three-edged 
needle and let bleed. Often used together with -* Ex-HN-12 
Ginjin). Caution: Contraindicated with bleeding disorders or in 
patients taking anticoagulant medication, 


Actions/Indications 
© Dispels Heat and Wind 


JONREE 
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6 Extra Points 


DESIST] te Brightening YiMING 


Location 
At the junction of the head and the occiput, posterior to the 
‘mastoid bone. 


How to find 

Ex-HN-14 (yiming) is located on a line connecting + 'T.B-17 
(below the earlobe, between the maxilla and the mastoid) and —* 
G.B.-20 (at the junction of the occiput and the neck, in the cen- 
tre of the dorsolateral depression). From + T.B.-17, measure 1 
cun towards the posterior and there locate yiming posterior to the 
mastoid, 

Located slightly superior and posterior to yiming is + EX-HN 
(anmian), in the corner between the mastoid and the occiput, 


Needling 
Vertically 0.5-1 cun 


Actions/Indications 
Disorders of the eyes and cars, dizziness, insomnia 


Mastoid process 


\ 
‘Occipital 
bone 


ExHNAd 
(ming) 
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6.1 Extra Points: Head and Neck (EX-HN) 
Hundred Taxations JINGBAILAO/BAILAO 


Location 
2 cun superior to the lower border of the spinous process of the 
7th cervical vertebra (C7) and I cun lateral to the midline, 


How to find 

For locating C7, see -¢ 3.4.1, -* DueLd (dazhui) is located below 
the spinous process of C7. From there, measure 2 cun in a superior 
and 1 cun in a lateral direction, 


Needling 
Vertically 0.5-0.8 cun_ 


Actions/Indications 
* Dispels Wind and Dampness 
# Opens the channel 


I 


Medial base of 
Spinou _seapular spine 


SHINKE 
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6 Extra Points 


DET upper Brightness SHANGMING 


Location 
Directly superior to the pupil, below the margin of the orbit. 


How to find 

With the patient looking straight ahead, palpate for the margin of 
the orbit directly above the pupil. Ex-HN (shangming) is located 
between the upper margin of the orbit and the eyeball 


Needling 

Gently push the eyeball downward. Slowly insert the needle 
0.5-1 cun vertically into the fatty tissue immediately below the 
bone (orbit), Caution: Pay attention to any pain from needling, 
No manipulation! After removal of the needle, compress the site 
for 10 minutes. Haematomas may still occur (inform the patient 
prior to needling). Alternative points with less risk of complica- 
tions are BL-2, T.B.23, G.B.-1, ST-2, Ex-HN-S (taivang), 
Ex-HN-4 (y1ya0). 


Actions/Indications 
© Disorders of the eyes 
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6.1 Extra Points: Head and Neck (EX-HN) 


Peaceful Sleep ANMIAN [ESTOS 


Location 
Posterior to the ear, between — 'T.B-17 and = G.B.-20, pos- 
terior to the mastoid process. 


How to find 

Fit, locate + T.B.-17 (directly below the earlobe, in the depres- 
sion between the lower jaw and the mastoid process (—* 3.1) that 
forms when the mouth is open). Next, locate -+ G.B.-20 on the 
lower border of the occiput, in the depression between the ori- 
gins of the sternocleidomastoid and trapezius muscles. Locate 
Ex-HN (anmian) approximately midway between these two 
points, slightly posterior to the mastoid bone and superior to 
 G.B-12, in a depression on the lower border of the occiput. 


Needling 
05-1 cun vertically or obliquely towards + T.B.-17 (vifeng) 
or 4 G.B.-20 (fengehi. 


Actions/Indications 
© Calms the shen 


Special features 
Important calming point for sleeping disorders. This extra point 
is not part of the WHO classification of extra points, 


Great auricular 
y perve 


Major oct 
pn | | 


— Transverse cervical 


nerve |Z 
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6 Extra Points 


DETTIU cheek centre ji 


556 


Location 
Inside the mouth, on the mucosa of the cheek, 1 cun posterior to 
the comer of the mouth, 


How to find 
Locate this point on the mucosa of the cheek, I cun posterior to 
the corner of the mouth, 


Needling 
0.3-0.5 cun obliquely in a posterior direction, prick to bleed. 


Actions/Indications 
* Clears Heat 
‘+ For inflammations of the mouth and throat, for gastritis 


Choéa-F10028.qxd 2/23/08 1:25 PM Page 557 Oo | 


6.1 Extra Points: Head and Neck (EX-HN) 


Adjacent to Container of Fluids iACHENGJIANG [IE 


Location 
1 cun lateral to the centre of the mentolabial groove. 


How to find 
‘This point is located on the mental foramen. —* Ren-24 
(chengjiang) is located in the centre of the mentolabial groove. 


Needling 
0.3-0.5 cun vertically or up to 1 cun obliquely towards the men- 
tal foramen, 


Actions/Indications 
# Dispels Wind, opens the channel 


~ONNESE 
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6 Extra Points 


BE Prominent Bone CHONGGU ZHUIDONG 


Location 
Below the spinous process of the 6th cervical vertebra (C6). 


How to find 

‘This point is located on the posterior midline and thus on the duu 
‘mai. In fact, the ‘prominent bone’ (vertebra prominens) inferior 
to chonggu zhuidong is the spinous process of either C7 or Tl. 
= Du-I4 is located between the two. For the correct method of 
locating C6 and C7 3.4.1, 


Needling 


0.5-1 cun obliquely in a superior direction, 


Actions/Indications 
‘* Dispels external pathogenic factors 
© Harmonises the shen 


Extension and 
flexion of the head 
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6.1 Extra Points: Head and Neck (EX-HN) 


Upper Arm scot NI 
Location 


| cun superior to the junction of the proximal and middle third 
of the clavicle. 


How to find 

Measure a third of the clavicle from its medial end, then measure 
| cun in a superior direction and there locate jingbi in the supra 
clayicular fossa. The point is located above the brachial plexus. 
= ST-12 is very close to this point, directly superior to the mid- 
point of the clavicle. 


Needling 
Vertically 0.3-0,5 cun, During insertion or stimulation, a tingling 
(or Warm sensation should be felt radiating to the fingers. Caution: 
Pneumothorax. 


Actions/Indications 
© Paraesthesia and paralysis of the upper extremity 


Minor supraclavicular fossa 
Major supraclavicular fossa 


Clavicle 
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5) Diagonal eters 


Digital Electronics ™ 
1.1 Foundations and The Board Game Counter 


Soldering & De-soldering 


This presentation will... 


+ Review the tools needed to solder and de-solder 
electronic components. 


+ Demonstrate how to tin a soldering iron tip. 
+ Demonstrate the soldering process. 


+ Show the characteristics of a good solder 
connection, 


+ Review classic soldering mistakes. 
+ Demonstrate the de-soldering process. : 


Soldering Iron 
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6.2 Extra Points: Chest and Abdomen (EX-CA) 


6.2 Extra Points: Chest and 
Abdomen (EX-CA) 
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ee a | 
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6.2 Extra Points: Chest and Abdomen (EX-CA) 


Palace of the Child ZIGONG 


Location 
3 cun lateral to the anterior midline and 1 cun superior to the 
upper border of the pubic symphysis. 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphy ss is divided into 5 proportional cun, 
which can vary considerably from the patient's finger cun. 

‘Therefore, only proportional cun measurements should be used 
(helpful device: elastic tape + 2.3.1). From the upper border of 
the pubic symphysis, measure 1 cun in a superior direction ~ this 
is the location of + Ren-3. From there, measure 3 cum in a lat- 
eral direction to locate zigong. 

Located on the same level are + KID-12 (0.5 cun ftom the 
midline) and —+ ST-29 (2 cun lateral to the midline). 


Needling 
05-1 cun Vertically or 1-2 cun obliquely towards the upper 
border of the pubic symphysis. Caution: Peritoneum, pregnancy, 
full bladder, 


Actions/Indications 

‘© Strengthens and raises Qi 

‘© Regulates menstruation 

#  Alleviates pain in the abdomen and the lumbar region 
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6 Extra Points 


y Lifting the Stomach WEISHANG 


On the Spleen channel, 4 cun lateral and 2 cun superior to the 
umbili 


‘The distance between the stemocostal angle and the centre of the 
umbilicus is divided into 8 proportional cun, which can vary 
considerably from the patient's finger cun, Therefore, only pro- 
portional cun measurements should be used (helpful devie 
elastic tape + 2.3.1), From the centre of the umbilicus, measure 
2 cun in a superior direction (location of + Ren-10) and then 
locate weishang 4 cun lateral to the midline. 1 cun superior to 
TF EX-CA (weishang) is + SP-16. 

Located on the same level are Ren-10/KID-17/S1-23 (on the 
‘midtine/0,5 cun lateral to the midline/2 cun lateral to the midline). 


2-3 cun obliquely in the direction of the umbilicus, Caution: 
Peritoneum, pregnancy. 


© Gastroptosis, abdominal pain 
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6.2 Extra Points: Chest and Abdomen (EX-CA) 


Four Points Around the Umbilicus Q\IZHONGSIBIA 


Four points, 1 cun lateral, superior and inferior to the umbilicus. 


“These four points are arranged in a star shape around the umbilicus. 


Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


* Distension, diarrhoea, dyspepsia, dysmenorrhoea 
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6 Extra Points 


Loss of Semen YI\JING 


Location 
| cun lateral to the anterior midline and 2 cun superior to the upper 
border of the pubic symphysis. 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 proportional cun, 
which can vary considerably from the patient's finger cun, 
‘Therefore, only proportional cun measurements should be used 
(helpful device: elastic tape + 2.3.1). From the upper border 
of the pubic symphysis, measure 2 cun in a cranial direction 
(> Ren-4) and, ftom there, measure 1 cun in a lateral direction, 
‘There, locate yijing. 

Located on the same level are —+ KID-13 (0.5 cun lateral to the 
midline), Ex-CA (gimen, 3 cun lateral to the midline), -+ ST-28 
(2 cun lateral to the midline) and Ex-CA (tituo, 4 cun lateral to 
the midline). + G.B.-27 is located medial to the ASIS, approxi- 
‘mately on the same level. 


Needling 
0.5-1 cun, Caution; Peritoneum, full bladder, pregnancy. 


Actions/Indications 
Ejaculation disorders, impotence, scrotal eczema 
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6.2 Extra Points: Chest and Abdomen (EX-CA) 


Qi Gate unin 
Location 


3 cun lateral to the anterior midline and 2 cun superior to the 
upper border of the pubic symphysis. 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 proportional cun, 
which can vary considerably from the patient's finger cun. 

‘Therefore, only proportional cun measurements should be used 
(helpful device: elastic tape + 2.3.1). From the upper border of 
the pubic symphysis, measure 2 cun in a cranial direction 
(> Ren-4) and, from there, measure 3 cun in a lateral direction. 

‘There, locate gimen. 

Located on the same level are + KID-13 (0.5 cun lateral to the 
midline), Ex-CA (jing, 1 cun lateral to the midline), + ST-28 
(2.cun lateral to the midline) and EX-CA (tituo, 4 cun lateral to 
the midline), + G.B,-27 is located medial to the ASIS, approxi- 
‘mately on the same level. 


Needling 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


Actions/Indications 
# Metrorthagia, female infertility, orchitis, urinary tract infec- 
tions, persistent lochial discharge 
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6 Extra Points 


Lift and Support T 


4 cun lateral to the anterior midline and 2 cun superior to the 
upper border of the pubic symphysis. 


‘The distance between the centre of the umbilicus and the upper 
botder of the pubic symphysis is divided into 5 proportional cun, 
which can vary considerably from the patient's finger cun, 
‘Therefore, only proportional cun measurements should be used 
(helpful device: elastic tape + 2.3.1), From the upper border of 
the pubic symphysis, measure 2 cun ina cranial direction 
(> Ren-4) and from there measure 4 cun in a lateral direction, 
‘There, medial to the ASIS, locate tituo. 

Located on the same level are + KID-13 (00.5 cun lateral to 
the midline), + EX-CA (vijing, 1 cun lateral to the midline), 
= ST-28 (2 cun lateral to the midline) and + Ex-CA (gimen, 
3 cu lateral to the midline). — G.B.-27 is located medial to the 
ASIS, approximately on the same level. 


Needlin 
Vertically 0.5-1 cun, Caution: Peritoneum, pregnancy. 


© Strengthens the rising Qi and alleviates organ prolapse 


In modern TCM, tituo is considered one of the most important 
points for prolapse of the uterus. 


my O|IN IU GETS 
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6.2 Extra Points: Chest and Abdomen (EX-CA) 
End Diarrhoea ZHIXiE 
Location 


On the anterior midline, 2.5 cun inferior to the umbilicus. 


How to find 

‘The distance between the centre of the umbilicus and the upper 
border of the pubic symphysis is divided into 5 proportional cun, 
which can vary considerably from the patient's finger cun. 
‘Therefore, only proportional cun measurements should be used 
(helpful device: elastic tape + 2.3.1). Zhivie is located at the 
midpoint of this distance, between + Ren-4 (2 cun superior to 
the upper border of the pubic symphysis) and + Ren-5 (2 cun 
inferior to the umbilicus). Or: Spreading hands technique 
(+ 23.3): Place the little fingers on the umbilicus and the upper 
border of the pubic symphysis respectively and spread the hands 
evenly, joining the thumbs at the midpoint of this distance. 


Needling 
‘Vertically 0.5-1 cun. Caution: Peritoneum, full bladder, pregnancy. 


Actions/Indications 
© Stops diarrhoea 
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6 Extra Points 


Triangle Moxibustion SANJIAO)IU 


Location 

‘These three points are located on the comers of an equilateral 
triangle, the apex of which is formed by the umbilicus, while the 
‘base forms a horizontal line on the abdomen. The sides are equal 
to the patient’s smile. 


How to find 

is helpful to explain the location of this point to the patient. 
Invariably, this will make them smile, allowing the practitioner 
to determine the length of the sides of the triangle. 


Needling 
Moxibustion only, no needling, 


Actions/Indications 
© Regulate Qi and stop diarrhoea. 
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6.3 Extra Points: Back (EX-B) 
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Soldering & Desoldering 


Solder 


+ Solder is an alloy of tin and lead. 

+ The solder used for electronics is 
frequently called 60/40 solder because it is, 
made of 63% tin and 37% lead. 

+ 60/40 solder melts at 361° F. 

+ Lead-free solder: As of July 1st, 2006, 
European laws mandated that new 
electronics be entirely lead-free. As of yet, 
no such laws exist in the United States. 


_____Tinning Process 


Pop Solero Soderng Won Ti 


Fl Tpan Damp Sponge 


Propey nad Soierng kon Te 
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Digital Electronics ™ 
1.1 Foundations and The Board Game Counter 


Soldering Iron Care & Maintenance 


+ Asoldering iron must be coated 
with a thin coat of solder. This will 
allow for the transfer of heat to the 
work piece. 


+ This procedure is called tinning. 


+ The tip must be kept coated with a 
shiny layer of solder by occasional 
\wiping and applying solder directly 
to the tip. 


Solder Process 


Heat both tems at the same 
time by applying the soldering 
ron to the copper pad and the 
‘component lea. 


Continue heating and apply a few] 
rillmeters at solder, Remove the] 
‘ron and allow the solder joint to 
cool naturally. 


‘only takes a second orto 
to. make the perfect joint, 
which should appear shiny, 
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6.3 Extra Points: Back (EX-B) 


Calm Dyspnoea DINGCHUAN [ESS 


Location 
0.5 cun lateral to the lower border of the spinous process of the 
‘7th cervical vertebra (C7). 


How to find 

First, identify C7 (+ 3.4.1). Next, measure 0.5 cun from the 
lower border of its spinous process in a lateral direction and 
there locate Ex-B-1, 

Located on the same level are + Duc14 (on the midline), -* S.L-1S 
(2.cun Lateral to the midline) and Ex-B (jiehexwe, 3.5 cun lateral 
to the midline). 


Needling 
0.5-1 cun in a medial direction. 


Actions/Indications 
# Harmonises Lung Qi 
* Local point for the neck and shoulders 


Special features 
Modern main point for dyspnoea 


Tole 
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6 Extra Points 
Hua Tuo’s Paravertebral Points HUATUOJIAjI 


Location 

17 point pairs, 0.5 cun lateral to the lower borders of the spinous 

processes, close to the spinal facet joints: 

© 12 thoracic point pairs (xiongjiaji): between TL and T12 

© 5 lumbar point pairs (yagjiaj): between L1 and LS, Depend- 
ing on the school of thought, corresponding points lateral to 
the cervical spine are described as ‘additional huatuojiaji’. 


How to find 

Select points of Ex-B-2 depending on the disorder. Determine 
the relevant spinous process and locate the point pairs (0.5 cun 
lateral to its lower border. 


Needling 

0.5-1 cun vertically or better obliquely in a medial direction 
towards the spine, up to 1.5 cun in the lumbar region, The purpose 
of needling these points is to stimulate the local nerve roots. This 
‘means that the insertion angle has to be adapted to the patient's 
anatomy. Never needle in a lateral direction, Once deqi is 
obtained, do not further stimulate the needle; it is possible to 
apply electrostimulation. 


Actions/Indications 
© Regulate and harmonise the five sang and six fu Organs, 
depending on the points selected 


Special features 

With disorders of the facet joints of the cervical spine, there are 
often tender points 0.5 cun lateral to the lower borders of the 
spinous processes. In China, these are needled for chronic disor- 
ders of the cervical spine. If oblique insertions (approximately 
45°) in a medial direction are used for points on the inner branch 
Of the Bladder channel, the tip of the needle will reach the area 
of the huatuojiaji points. This enhances the therapeutic effect. 
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6.3 Extra Points: Back (EX-B) 


Stomach Controller Lower Shu WEIWANXIASHU 


Location 
15 cun lateral to the lower border of the spinous process of the 
8th thoracic vertebra (T8), 


How to find 

Locate T7 (+ 3.4.2). From there, count down one spinous 
process (1oT8) and locate Ex-B-3 1.5 cun lateral from the mid- 
line. Use the Tuffier’s line (L4, 3.4.3) to confirm the location of 
this point: from L4, count up the spinous processes of L3 to L1 
and of T12 to TS. 

Located on the same level is a point of + Ex-B-2 (0,5 cun lat- 
eral to the midline), 


Needling 
(05-1 cun vertically or up to 1,5 cun obliquely in a medial direc- 
tion, Do not needle ina lateral direction, Caution: Pneumothorax. 


Actions/Indications 
© Opens the channel locally 
# Moistens the body and clears Heat 
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Location 
3.5 cum lateral to the posterior midline, on the level of the lower 
border of the spinous process of the Ist lumbar vertebra (L1). 


How to find 

Locate the T7 (+ 3.4.2) and count down 6 spinous processes to 
LI. Locate Ex-B-4 on the level of the lower border of its spinous 
process, 3.5 cun lateral to the midline, Use the Tutlier’s line (LA, 
3.4.3) to confirm the location of this point: from L4, count up 
the spinous processes of L3 to LI. 

Located on the same level are —* Du-S (on the midline), a point 
of > Ex-B-2/BL-22/BL-S1 (0,5/1.5/3 cun lateral to the midline) 
as well as + G.B.-25 (on the lower border of the free end of the 
12th rib), 


Needling 
0.8-1 cun obliquely in a medial direction, Caution: Injury to the 
kidneys! 


Actions/Indications 
‘© Improves the Qi flow between the Upper and Middle Burner 
© Eliminates local Qi and Blood stagnation 
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6.3 Extra Points: Back (EX-B) 


Lower Shu Point X!AJISHU 


Location 

Some authors consider Ex-B-S (xajishu) to comprise three points: 
fone point on the midline below the spinous process of the 3rd 
lumbar vertebra (L3) (this is the more common and single loc: 
tion of this extra point), complemented by two lateral points 
3 cun lateral to the centre point on the midline. 


How to find 

Locate the Tulfier’s line and L4 (+ 3.4.3). Locate Ex-B-S on the 
midline, on the lower border of the spinous process of L3. Then 
‘measure 3 cun in a lateral direction and there locate the two lat- 
eral points of EX-B-8. 

Located on the same level ate a point of —* Ex-B-2/BL-24 
(0.5/1.5 cun lateral to the midline). 


Needling 

0.5-0.8 cun vertically to the skin or obliquely in an inferior direc- 
tion, ‘The patient’s back should be straight or overextended to 
avoid a spinal puncture. Oblique insertions in a superior direction 
should only be carried out by experienced practitioners, as in 
small persons (regardless of their weight), the spinal canal can be 
reached after only 1,25 cun, Caution: In pregnant women about 
to go into labour, this point might have a labour-promoting effect. 


Actions/Indications 
* Tonifies Kidney Yang 
* Opens the channel locally 


Special features 
Strictly speaking, this extra point should be considered as a single 
point and a pair of points with differing indications: depending on 
the school of thought and the clinical requirements, the lateral 
points are used for localised Qi and Blood stagnation, whereas the 
central point is indicated for Kidney Yang deficiency. 
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DET Back Pain point yAovi 


Location 
3 cum lateral to the midline, on the level of the lower border of 
the spinous process of the 4th lumbar vertebra (L4).. 


How to find 

Locate the Tutlier’s line and L4 (—* 3.4.3), On the level of the 
lower border of the spinous process of L4, measure 3 cum in a 
lateral direction and there locate EX-B-6. Located on the same 
level are + Du-3 (on the midline), a point of + Ex-B-2/BL-25) 
Ex-B-7 (0.5/1,5/3.5 cun lateral to the midline). 


Needling 
Vertically 0.5-0.8 cun 


Actions/Indications 
© Opens the channel and luo vessels 
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6.3 Extra Points: Back (EX-B) 


Lumbar Eyes YAOYAN Ex-B-7 


Location 
3.5 cun lateral to the midline, on the level of the lower border of 
the spinous process of the 4th lumbar vertebra (L4).. 


How to find 

Locate the Tuflier's line and L4 (—+ 3.4.3). Ex-B-7 is located 3.5 
ccun lateral to it, Located on the same level are —* Du-3 (on the 
midline), a point of  Ex-B-2/BL-25/Ex-B-6 (0.5/1.5/3 cun lat- 
cal to the midline). 


Needling 
Vertically 0.5-0.8 cun. 


Actions/Indications 
# Opens the channel locally 
* Tonifies the Kidneys 


I 
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6 Extra Points 
Below the 17th Vertebra SHIQIZHUI/SHIQIZHUIXIA 


Location 
On the midline, below the spinous process of the Sth lumbar 
vertebra (L5). 


How to find 

Locate the Tulffier’s line and L4 (+ 3.4.3). Next, palpate in an 
inferior direction to the next vertebra (L5) and locate Ex-B-8 
below the border ofits spinous process, at the lumbosacral joint. 
Located on the same level are a point of + Ex-B-2/BL-26 
(0.5/1.5 cun lateral to the midline), 


Needling 

0.5-1 cun Vertically to the skin or obliquely in an inferior direc- 
tion. The patient's back should be straight or slightly flexed to 
avoid a spinal puncture. Oblique insertions in a superior direction 
should only be carried out by experienced practitioners, as in 
small persons (regardless of their Weight), the spinal canal can be 
reached after only 1.25 cun, Caution: In pregnant women about to 
20 into labour, this point might have a labour-promoting effect, 


Actions/Indications 
© Tonifies the Kidneys 
© Opens the channel locally 
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6.3 Extra Points: Back (EX-B) 


Miraculous Lumbar Point YAOQ\ 


Location 
2 cun superior to the tip (inferior end) of the coceyx. 


How to find 

Locate the tip of the coceyx superior to the anus and palpate for the 
sacral hiatus. From there, palpate 2 cun in a superior direction and 
locate Ex-B-9 in a depression between the sacral processes. 

= Du-1 is located on the midline, between the tip of the coceys 
and the anus. 


Needling 
Up to 15 cun obliquely in a superior direction, 


Actions/Indications 
© Calms the shen 
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6 Extra Points 
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Location 
3.5 cun lateral to the lower border of the spinous process of the 
7th cervical vertebra (C7). 


How to find 

Locate the spinous process of C7 and, on this level, palpate 3.5 
cun in a lateral direction, There, locate Ex-B (jiehexue) 
Located on the same level are + Du-l4 (on the midline), 
+ Ex-B-2/8.1-15 (0.5/2 cun lateral to the midline). 


Needling 
Vertically 0.5-0.8 cun. Caution: Pneumothorax, 


Actions/Indications 
© Tonifies the Lung 
© Opens the channel locally 


Special features 
‘This is an unofficial extra point, 
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Soldering & Desoldering Digital Electronics ™ 
1.1 Foundations and The Board Game Counter 


A Good Solder Joint Bad Solder Connections 
+ Smooth 
Bright 
= Shiny 
Clean 


‘Too Much Solder Too Little Solder 


+ Concave 
filet 


Bad Solder Connections Bad Solder Connections 


Cold Solder Joint Solder Bridge Lifted Trace/Pad 
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6.3 Extra Points: Back (EX-B) 


Buttock Centre TUNZHONG JE 


Location 
At the centre of the buttock, 3.5 cun lateral to the posterior mid- 
line, on the level of the 4th sacral foramen, 


How to find 

Locate the lumbosacral joint, which often forms an easily palpa- 
ble ‘kink® between the LS and the sacrum. Alternatively, locate 
the Tulfier’s line (+ 3.4.3) for reference. Then palpate the inferior 
aspect of the sacrum for the sacral hiatus (+ 3.4.4), Between 
these two reference points, the four pairs of sacral foramina are 
arranged on either side of the midline in a slight V-shaped form 
and can be palpated as shallow depressions. Ex-B (tunchong) is 
located 3.5 cun lateral to the lowest depression (=4th foramen), 
approximately at the centre of the buttock. 

Located on the same level are -* BL-34/BL-30/BL-S4 (over the 
4th foramen/1.5/3 cun lateral to the midline). 


Needling 
Vertically 2-3 cun 


Actions/Indications 
# Opens the channel and Jo vessels locally 


Special features 
‘This is an unofficial extra point. 


583 


Chosb-#10028.qxd 2/22/08 10:04 PM Page S85 O 


6.4 Extra Points: Upper Extremities (EX-UE) 


6.4 Extra Points: Upper 
Extremities (EX-UE) 
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6 Extra Points 
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6.4 Extra Points: Upper Extremities (EX-UE) 
Elbow Tip ZHOUJIAN [EER 
Location 


On the tip of the olecranon, 


How to find 
On the tip of the olecranon. This point is best located with the 
elbow flexed. 


Needling 
Moxibustion only! 


Actions/Indications 
© Opens the channel and Juo vessels locally 
* Disperses Phlegm locally 
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Location 

A pair of points on the palmar aspect of the forearm, 4 cu prox- 
imal to the wrist joint space (most distal wrist crease), on either 
side of the tendon of the flexor carpi radialis muscle. 


How to find 

Place the patient's arm in a relaxed supinated position. As the 
location of the wrist crease can vary, the wrist joint space pro- 
vides a more reliable point of reference (3.3.3). From the cen- 
tre of the wrist joint space, measure 4 cun in a proximal direction 
and, on this level, locate one of the points lateral to and the other 
‘point medial to the tendon of the flexor carpi radialis muscle 
Or: Divide the distance between the cubital crease (at + P-3) 
and the wrist joint space (at > P-7) into thirds, then locate —+ 
Ex-UE-2 one third of the distance from the wrist joint (helpful 
tool: elastic tape + 2). 


Needling 
‘Upto 1 cun vertically or up to 1.5 cun obliquely towards proximal. 


Actions/Indications 
© Raises Qi to treat prolapse of the rectum and haemorrhoids 
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6.4 Extra Points: Upper Extremities (EX-UE) 


Posterior Spring ZHONGQUAN 


Location 
On the dorsal aspect of the wrist joint space (dorsal wrist crease), 
radial to the tendon of the extensor digitorum communis muscle. 


How to find 
Place the patient's arm in a relaxed pronated position. As the 
location of the dorsal wrist crease can vary, the joint space 
between the proximal row of carpals and the radiuv/ulna provides 
joint space amore reliable point of reference (+ 3.3.3). By moving the wrist 
Tendon ofthe _itva relaxed way, you can easily palpate the joint space. Locate 
“extensordigiti_ -EX-UE-3 in the joint space, radial to the tendon of the extensor 
nines digitorum communis muscle, The tendons become more pro- 
nounced by moving and overextending the three medial fingers. 
+ TB.-4 is located on the same level, ulnar to the tendon of the 
extensor digitorum communis muscle. 


Needling 
Vertically 0.3-0.5 cun 


Actions/Indications 
#  Harmonises the Qi flow between the Upper and Middle Burner 
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Back of the Middle Finger ZHONGKUI 
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Location 
As the name implies, on the dorsal aspect of the middle finger, 
in the centre of the transverse creases of the proximal inter- 


phalangeal joint (PIP). 


How to find 

Slightly bend the PIP of the middle finger. The point is located. 
al the vertex of the flexed joint 

Located in a comparable position on the little finger is + Ex-UE-6 
(aiaokugong, in the centre of the proximal PIP of the little finger). 
Also located in a comparable position is + Ex-UE-10 (sifeng, 
four points on the palmar aspect of the fingers of each hand, in the 
centre of the creases of the PIP joints of the 2nd to Sth fingers). 


Needling 
Prick to bleed or moxibustion. 


Actions/Indications 
# Descends Stomach Qi 
Clears Heat 


Ch0sb-F10028.qxd 2/22/08 10:04 PM Page 591 Oo | 


6.4 Extra Points: Upper Extremities (EX-UE) 


Thumb Joint DAGUKONG 


Location 
AS the name implies, on the dorsal aspect of the thumb, in the 
centre of the transverse creases of the interphalangeal joint. 


How to find 
Ask the patient to slightly flex the interphalangeal joint of the 
thumb, The point is located at the Vertex of the bent joint, 


Needling 
Prick to bleed or moxibustion. 


Actions/Indications 
© Clears Heat 
* Harmonises the Middle Burner 
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RTT tittle Finger joint XiAoGUKONG 
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Location 

As the name implies, on the dorsal aspect of the little finger, in 
the centre of the transverse creases of the proximal interpha- 
Jangeal joint (PIP). 


How to find 

Slightly bend the PIP of the little finger. The point is located at 
the vertex of the flexed joint. 

Located in a comparable position on the middle finger are 
> Ex-UE-4 (in the centre of the proximal PIP of the middle finger) 
and, on the palmar aspect of the little finger, Ex-UE-10 (four 
points on the palmar aspect of the fingers of each hand, in the 
centre of the creases of the PIP joints of the 2nd to 5th fingers). 


Needling 
Prick to bleed 


Actions/Indications 
© Clears Heat 
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6.4 Extra Points: Upper Extremities (EX-UE) 


Lumbar Pair Point. YAOTONGDIAN 


Location 

“Two points on the dorsal aspect of the hand, between the 2nd/3rd 
and th/Sth metacarpal bones, on the level of the junctions of the 
shaft and the base of the respective metacarpal bones. 


How to find 

On the dorsal aspect of the hand, glide withthe palpating fingers 
in the grooves between the 2nd and 3rd as well as between the 
4th and Sth metacarpal bones towards the wrist joint, until the 
fingers come to rest in the depressions just distal to the bases, 
of the metacarpal bones. Here, locate the points of Ex-UE-7 
(vaotongdian or yaotongxue). 


Needling 
0.5-0.8 cun vertically or slightly obliquely towards the centre of 
a loose fist, Caution: Painful point! Do not stimulate these distal 
points in patients with a weak constitution: danger of needle 
collapse! 


Actions/Indications 
Strengthen the Qi and Blood in the lumbar region, alleviate pain 


Special features 
Very effective distal point for acute disorders of the lumbar spine 
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Digital Electronics ™ 
1.1 Foundations and The Board Game Counter 


Soldering & Desoldering 


De-Solder Process: Solder Sucker De-Solder Process: Solder Wick 


Apply heat to the connection 
ta be de-soldered, When the 
solder melts, tigger he 


solder sucker 


Ropeat de-soldering as needed 
nti al slder is removed. Remove 
soldering ion & solder sucker from 


Remove component lead. 


Soldering Safety 


+ Wear safety glasses when soldering, This includes al 
Individuals in the vicinity of someane wha is soldering 

+ Place soldering iron in an approved holder when nat in 
use. The iton is hat and can eause bums. 

+ Place the soldering ran so tha the card dos not get 
‘caught up in your arms or on others. 

+ Ensure access to proper ventiaton. 

Verity thatthe typeof solder is safe to use in your 

working environment 


+ Secure the components to be soldered before beginning 
the soldering process. 


Project Lead The Way, Inc. 
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‘Solder wick is finaly braided 
copper that Is used to wick 
Janay excess solder trom a 
de coldered connection. 


Apply the solder wick and soldering 
iran to the de-solderad connection, 
The solder wick will raw tre excess 
solder of ofthe PCB pad, 


De-soldered PCB pad 


Soldering Safe 


+ Provide plenty of space 1 work. 

+ Use a propery sized point forthe soldering ob tobe 
completed. 

Verity that the tip onthe soldering ran has a sharp point 

and has not been damaged in any way. 

Check the power cord for burned or melted sections that 

show bare wires. Label those cords DO NOT USE and 

ask the instructor 1 repair or replace 

+ De net to lauch molten solder - it shat! 

+ Make sure thatthe solder strand is lang enough to keep 
fingers away from the ho ifn. 
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6 Extra Points 
BE stir Neck WAILAOGONG/LUOZHEN/XIANQIANG 


Location 

On the dorsal aspect of the hand, between the 2nd and 3rd 
‘metacarpal bones, proximal to the metacarpophalangeal joints, at 
the junction of the heads and the shafts of the metacarpal bones, 


How to find 

‘This point is best located with the patient making a loose fist. 
With the palpating finger, glide in the groove between the 2nd 
and 3rd metacarpal bones from the wrist joint towards the fin- 
‘gers until the finger comes to rest in the depression just proximal 
to the heads of the two metacarpal bones. Here, locate Ex-UE-8 
(wailaogong). Located in a comparable position between the 4th 
and Sth metacarpal bones is + T.B.-3, 


Needling 

(0.5-1 cun vertically or slightly obliquely. Caution: Painful point! 
Do not stimulate this point in patients with a weak constitution: 
danger of needle collapse! 


Actions/Indications 
Strengthens the Qi and Blood of the neck and alleviates pain 


Special features 
Very effective distal point for acute disorders of the cervical 
spine, Use strongly reducing needling techniques (for 1-2 minutes) 
on the affected or contralateral side while asking the patient to 
gently move their neck/cervical spine. The practitioner should 
keep the patient's hand in a fixed position and ensure that the 
hhand and forearm are sufficiently supported. 
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6.4 Extra Points: Upper Extremities (EX-UE) 


Eight Pathogens BAXIE 


Location 
Slightly proximal to the margins of the webs between the fingers, 
on the border of the red and white skin, 


How to find 

‘These points are best located when a loose fist is made. Locate 
the points on the border between the red and white skin, -* T.B.-2 
(between the 4th and Sth fingers) is a point of Ex-UE-9 (baxie) 
‘The points of + Ex-LE-10 (bafeng) are located in a comparable 
position on the foot (proximal to the margins of the webs 
between the toes). + LIV-2, + ST-44 and = G.B.-43 are all 
part of + Ex-LE-10, 


Needling 
Up to I cun parallel to the metacarpal bones. 


Actions/Indications 
* Clears Heat 
‘# Expels Cold and Dampness 
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6 Extra Points 
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Location 
(On the palmar aspect of the 2nd to Sth fingers, at the midpoint of 
the transverse creases of the proximal interphalangeal joints (PIP). 


How to find 

Locate these points on the palmar aspect of the 2nd to Sth fin- 
gers, at the midpoint of the transverse creases of the proximal 
interphalangeal joints (PIP). 

Located in a similar position on the dorsal aspect ofthe little and 
middle fingers are + EN-UE-6 and + Ex-UE-4 respectively. 


Needling 
Prick to bleed 


Actions/Indications 
‘* Harmonises the Qi flow between the Upper and Middle Burner 
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6.4 Extra Points: Upper Extremities (EX-UE) 


Ten Diffusions SHIXUAN JEST 


Location 
On the tips of the 10 fingers. 


How to find 

‘These 10 points are located on the tips of the 10 fingers, approx- 
imately 0.1 cun from the free margin of the fingemail. 

Located in a comparable position on the foot are the points of 
+ Ex-LE-12 (gidusan, on the tips of the 10 toes). 


Needling 
Prick to bleed 


Actions/Indications 
© Expels pathogenic factors 
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6 Extra Points 


DETTE Front of the Shoulder jIANQIAN/JIANNEILING 
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Location 
(On the midpoint of a line connecting the end of the anterior axil- 
lary fold and + L.L-1S. 


How to find 

To locate + L.L-18: Ask the patient to actively abduct their arm 
and locate L.L.15 in the depression anterior and inferior to the 
acromion (=ventrolateral extremity of the acromion), The end 
of the anterior axillary fold is formed by the easily palpable 
lower border of the pectoralis major muscle. Jiangian is located 
on the anterior aspect of the shoulder joint, midway between 
these two reference points. 


Needling 
Vertically up to 1.5 eun 


Actions/Indications 
© Opens the channel and fuo vessels locally 


Addendum: For more details, + Table 6.4 


= Infraclavicular 
fossa 
~~ Ww 


~ Pectaralis major, 
clavicular head 
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6.4 Extra Points: Upper Extremities (EX-UE) 
Arm Centre BIZHONG [ETA 
Location 


On the palmar aspect of the forearm, midway between the cubital 
crease and the wrist joint space (‘most distal wrist crease’). 


How to find 

Place the patient’s forearm in a relaxed supinated position. As the 
location of the wrist crease may vary, the wrist joint space presents 
1a more reliable reference point (+ 3.3.3). The spreading hands 
technique is the best method for locating this point (—* 2.3.3): 
Place the litle fingers on the centre of the wrist joint (—* P-7) and 
the cubital crease (+ P-3) respectively and determine the mid- 
point of this distance by joining the thumbs. Locate Ex-UE 
(bizhong) on this level between the radius and the ulna, 

+ P-4 is located 1 cun distal to the midpoint of the distance 
between — P-3 and + P-7 or 5 cun proximal to P-7. 


Needling 
Vertically 11.5 cun 


Actions/Indications 
‘© Opens the channel and the /uo vessels locally 
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6.5 Extra Points: Lower Extremities (EX-LE) 


6.5 Extra Points: Lower 
Extremities (EX-LE) 
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ExLE-d Twang PaM or ZP165 (change) | M-LE-28 

ExLE Tedinghiding PaM or ZPIS6 MLEST 

Ext baichongwo PaM or ZP163 MLESd Ea 
Exe etxiva (aM or ZPIAS) MOLE aa) 
EXLES xian PaM or ZP145 MLE Bas 
ExLE6 Tannangane PaM or ZPIS2 MLEIS 

ExLE7 Tanweiwue PaM or ZP142 MLE Ex 
ExLE® vnelhuaijian PaM or ZP146 MLEIT 

EXLES wathuaijian PaM or ZPIST MLE22 

ExLE-10 bafeng PaM or ZPI37 MILES ExI9 
Exel duyia MLE 

Exe “idan MALES 

ExLE Tuanzhong PaM or ZP84 MBW-34 Ex20 
ExLe sigiang NPS NLE19 

Ex LE Tineiting PaM or ZPI30 MLEI 
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6.5 Extra Points: Lower Extremities (EX-LE) 
Location 


A pair of points 2 cun superior to the patella and 1.5 cun lateral 
and medial to + ST-34 (lianggiu). 


How to find 

First, locate + ST-34; measure 2 cun superiorly from the lateral 
upper border of the patella and there locate ~* ST-34 in a depres- 
sion on the vastus lateralis muscle, Then locate Ex-LE-1 1.5 cun 
lateral and medial to —+ ST-34. 


Needling 
Vertically 1-1.5 cun 


Actions/Indications 
© Alleviate pain 


Quadriceps 
femoris 


Upper border 
of the patella 
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6 Extra Points 


BES ceane’s Summit HEDING/XIDING 
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Location 
In the centre of the upper border of the patella 


How to find 

‘This point is best located and needled with the patient’s knee 
slightly flexed (knee support). Locate the midpoint of the upper 
patellar border and there locate Ex-LE-2 (/reding). 


Needling 
Vertically 0.5-0.8 cun 


Actions/Indications 


Benefits the knee joint 


Soldering & Desoldering Digital Electronics ™ 
1.1 Foundations and The Board Game Counter 


Soldering Safety 


+ Tie back long hair and remove or tuck loose clothing 


+ Use hal sinks for heat-sonsitve parts. Provide 
sulcient cooling ime botore removing parts. 


+ Do not lick solder oof the ion. Flcking can cause 
solder to spray and hit skin or eyes. 


+ Hold the scrap end when cutting excess leads so that 
the serap lead is not thrown into the air. 


+ Cut leads evenly with wire cuttrs. 


+ Make sure that leads do not short across other traces or 
leads. 


+ Thoroughly wash your hands alter handing solder. 


Project Lead The Way, Inc. 
Copyright 2009 5 
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6.5 Extra Points: Lower Extremities (EX-LE) 


Hundred Insect Burrow BAICHONGWo [BESTE 


Location 

3 cun superior and 1 cun medial to the upper medial border of 
the patella, in a small depression on the vastus medialis muscle 
or I cun superior to —* SP-10. 


How to find 

‘The patient should be in a supine or preferably in a seated posi- 
tion, with their knee flexed. Locate the upper medial border of 
the patella and, from there, measure 3 cun (1 handsbreadth) 
towards proximal, There, locate Ex-LE-3 in a small depression 
oon the vastus lateralis muscle, 


Needling 
Vertically 1-2 cun 


Actions/Indications 
* Cools Blood-Heal, eliminates Wind, drains Dampness 
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6 Extra Points 


ETE inner Eye of the Knee NEIXIVAN 


Location 
With the knee flexed, inferior to the patella, in a depression 
‘medial to the patellar ligament, 


How to find 

‘This point is best located with the patient's knee flexed (use knee 
support). The medial eye of the knee can be located in a distinct 
depression on the level of the lower border of the patella, medial 
to the patellar ligament. The lateral eye of the knee corresponds 
to + ST-35 (dubi). Together, these two points form the extra 
point + EX-LE-S (xiyan). 


Needling 
0.5-1 cun vertically or obliquely towards the lateral eye of the 
knee, Caution: Knee joint. 


Actions/Indications 
* Disorders of the knee joint 


Special features 
Important local point 


Vastus 
lateralis 


Patella 


_- Medial condyle 
of the femur 


‘tye of 
the knee" 

Head of the ~~ ye of 

fibula the knee 


~~ patellar 
ligament 
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6.5 Extra Points: Lower Extremities (EX-LE) 


Eyes of the Knee XIYAN 


Location 

With the knee flexed, this pair of points is located inferior to the 
patella, medial and lateral to the patellar ligament. Ex-LE-S 
(xiyan) includes two points: the medial eye of the knee corre- 
sponds to + Ex-LE-4 (neixiyan), the lateral eye of the knee to 
ST-3S (dubi).. 


How to find 

‘This point is best located with the patient’s knee flexed (use knee 
support). The eyes of the knee can be located on the level of the 
lower border of the patella, lateral and medial to the patellar 
ligament. The lateral eye of the knee corresponds to + ST-38 
(dub), the medial eye of the knee to + EX-LE-4 (neixiyan), 
“Together, these two points form the extra point EX-LE-S (xiyan). 


Needling 

Medial eye of the knee: 05-1 cun vertically or obliquely towards 
the lateral eye of the knee; lateral eye of the knee: 05-1 cun ver- 
tically or obliquely towards the medial eye of the knee. Caution: 
Do not needle too deeply to avoid intra-articular puncture (these 
points correspond to the incision sites for knee arthroscopy). 


Actions/Indications 
«Eliminate Wind-Dampness, reduce swellings and alleviate pain 


Special features 
Important local points for disorders of the knee 
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6 Extra Points 
BSCE call Bladder point DANNANG/DANNANGXUE/DANNANGDIAN 


Location 
On the G.B. channel of the right leg, approximately 12 cun dis- 
tal to G.B.-34, palpate for the most tender point. 


How to find 

First, locate + G.B.-34 on the right leg: locate the head of the 
fibula on the lateral aspect of the leg (where the seam of the 
{trousers would be) and hold it with the index and middle fingers 
(as with tweezers), By gliding distally with both fingers, the 
index finger will come to rest in a depression directly inferior 
and anterior to the head of the fibula (+ G.B.-34). From there, 
continue to palpate slowly along the G.B, channel, until you find the 
‘most tender point approximately 1-2 cun inferior to + G.B.-34. 
‘This is the location of Ex-LE-6 (dannangxue). 


Needling 
Vertically 1-1.5 cun 


Actions/Indications 

‘© Clears Heat and drains Dampness for acute and chronie disor- 
ders of the Gall Blader such as cholecystitis and cholelithiasis 
(tendemess on this point is diagnostically significant). 


ChOsb-#10028.qxd 2/22/08 10:05 PM Page 609 Oo | 


6.5 Extra Points: Lower Extremities (EX-LE) 


Appendix Point LANWEI/LANWEIXUE 


Location 
On the ST channel of the right leg, the most tender point approx- 
imately 2 cun distal to + ST-36, 


How to find 

Locate this point on the right leg only (this corresponds to the 
Unilateral location of the appendix on the abdomen). First, locate 
= S1-36 3 cun inferior to the knee joint space (+ ST-38) and 
1 cun lateral to the anterior crest of the tibia. Then continue to 
palpate along the ST channel for approximately 2 cun (towards 
S137, 3 cun inferior 10 + S¥-36) and locate Ex-LE-7 
(lanveixue) on the most tender point. 


Needling 
Vertically 1-1.5 cun 


Actions/Indications 
© Activates the Qi and Blood flow in the Large Intestine, clears 
Heat and Heat toxins from the Large Intestine 


Midpoint 


Chosb-F10028.qxd 2/22/08 10:05 PM Page 610 O 


6 Extra Points 


RET Medial Matteotus Tip NEIMUAIIAN 


610 


Location 
(On the highest point of the medial malleolus. 


How to find 

Find the highest prominence of the medial malleolus and there 
locate Ex-LE-8 (ncihuaijian). Located in a comparable position 
but on the lateral malleolus is + EX-LE-9 (waihuajian). 


Needling 
0.1 cun transversely (subcutaneously) or prick to bleed. 


Actions/Indications 
Pain in the medial ankle region 


Highest prominence 
of the medial malleolus 


> Fibula 


Achilles tendon 
- Calcaneus 


Ch0sb-F10028.qxd 2/22/08 10:08 PM Page 611 Oo | 


6.5 Extra Points: Lower Extremities (EX-LE) 


Outer Malleolus Tip WAIKUAIIAN ESTE 


Location 
On the highest prominence of the lateral malleolus 


How to find 

Find the highest prominence of the lateral malleolus and there 
locate Ex-LE-9 (waihuaifian), Located in a comparable position 
but on the medial malleolus is + EX-LE-8 (neihuaijian). 


Needling 
Highest prominence i 
er eal aoe 0.1 cun transversely (subcutancously) or prick to bleed. 


Actions/Indications 
* Pain in the lateral ankle region 


SONSESS 
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Eight Winds BAFENG 


SONGS 
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Location 
Eight points located on the dorsum of the foot, slightly proximal 
to the margins of the interdigital webs. 


How to find 

Locate the points of Ex-LE-10 (bafeng) on the dorsum of the foot, 
‘proximal to the margins of the Webs between the toes, on the bor- 
der of the red and white skin, + LIV-2 (xingjian), + ST-84 (neit- 
ing) and + G.B.-43 (xiabai) are all part of the hajeng points. 
‘The extra points + Ex-UE-9 (baie) are located in a comparable 
position on the dorsum of the hand, proximal to the margins of the 
‘webs between the fingers (+ 'T.B.-2 is part of the + Ex-UE-9). 


Needling 
0.3-1 cun obliquely in a proximal direction or prick to bleed. 


Actions/Indications 
© Clears Heat and reduces swelling 
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6.5 Extra Points: Lower Extremities (EX-LE) 
Solitary Yin DUYIN JSC 
Location 


On the plantar aspect of the 2nd toe, at the midpoint of the trans- 
verse crease of the distal interphalangeal joint. 


How to find 

Locate the plantar aspect of the 2nd toe. There, locate EX-LE-I1 
(duyin) at the midpoint of the transverse crease of the distal 
interphalangeal joint. 


Needling 
0.2-0,3 cum vertically or transversely (subcutaneously) or prick 
to bleed or moxibustion. 


Actions/Indications 

Acute angina, thoracic and hypochondriae pain, nausea, vom- 
iting, retention of the lochia, irregular menstruation, inguinal 
hernia 
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6 Extra Points 


End of Qi QIDUAN 


ay FO INTIKIINE TiS 
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Location 
(On the tips of the 10 toes, 


How to find 

Locate the points of Ex-LE-12 (giduan) on the tips of the 10 
toes, 0.1 cun from the free margin of the nail. 

‘The points of + Ex-UE-11 (shixwan) are located in a compara- 
ble position on the hand, on the tips of the 10 fingers, 


Needling 
Prick to bleed 


Actions/Indications 
‘Syncope, oedema of the feet, acute abdominal pain 


How to Solder 
Like a Pro 


Detailed instruction, helpful hints, 
safety tips, and a comprehensive 
troubleshooting guide 


GAMAN x orabte products you canst!’ Minland 
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6.5 Extra Points: Lower Extremities (EX-LE) 


Circle Centre HUANZHONG [SCR 


Location 
Midway between + G.B.-30 (huantiao) and —* Du-2 (yaoshu) 


How to find 

First, locate + G.B.-30: divide the distance between the promi- 
nence of the greater trochanter and the sacral hiatus into thirds 
(43.44) and locate + G.B.-30 a third of the distance from the 
greater trochanter. Then locate  Du-2 directly below the sacral 
hiatus, Next, locate Ex-LE (imanchong) midway between these 
two points, 


Needling 
Vertically 2-2.5 cun 


Actions/Indications 
* Sciatica, urinary tract infection, haemorthoids, paralysis of 
the lower extremities 


Special features 
«This point is not part of the WHO classification of extra points. 
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6 Extra Points 


| EX-LE | Four Muscles Strengthening Point SiQIANG 


Location 
4.5 cun superior to the centre of the upper patellar border. 


How to find 

Find the centre of the upper patellar border. From there, measure 
45 cun (1 handbreadth and 2 fingerbreadths) in a superior direc- 
tion, Or: The distance between the upper border of the pubic sym- 
physis and the upper border of the patella is 18 cun (+ 2.2), Divide 
this distance into quarters (spreading hands technique, elastic tape 
— Chapter 2) and Ex-LE (sigiang) is located on the centre of the 
thigh, one quarter of the distance from the upper patellar border. 


Needling 
Vertically 1-2 cun 


Actions/Indications 
‘Paralysis and atrophy of the muscles of the lower extremities, 
especially of the quadriceps femoris muscle 


Special features 

“Four muscles’ refers to the four portions of the quadriceps 
femoris muscle. This point is not part of the WHO classification 
of extra points. 


J OJIN INET 
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6.5 Extra Points: Lower Extremities (EX-LE) 


Plantar Inner Space LINEITING | Ex-LE | 


Location 
On the plantar aspect of the foot, between the 2nd and 3rd 
‘metatarsal bones, opposite + ST-44 (neiting). 


How to find 

Locate the space between the 2nd and 3rd toes on the plantar 
aspect of the foot. The extra point lineiting lies opposite ST-44 
(on the dorsal aspect of the foot, proximal to the margin of the 
web between the 2nd and 3rd toe). 


Needling 
0.2-0.3 cun vertically towards + S'1T-44. Caution: Painful point. 


Actions/Indications 
* Acute epigastric pain, local pain, epilepsy, restlessness 


Special features 
‘This point is not part of the WHO classification of extra points. 
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7 Important Points According to Region 
Claudia Focks 


BL-S (wuchu) ‘Fifth Place’ 1 cun superior to the anterior 
hairline and 1.5 cun lateral to the midline (directly above BL-4, 
level with Du-23) 


Du-23 (shangxing) ‘Upper Star’ On the midline, 1 cun 
superior to the anterior hairline 


ST-8 (touwel) ‘Head's Binding’ At the temporal comer of 
the forehead, on the border of the temporalis muscle and 
0.5 cun within the anterior hair line or 4.5 cun lateral to the 
anterior midline (Du-24) 


G.B.-13 (benshen) ‘Root of the Spirit’ 0.5 cun superior to 
the anterior hairline and 3 cun lateral to the midline, on the line 
between Du-24 and ST-8 (= 4.5 cun) at the junction of the 
lateral and medial third 


G.B.-15 (toulingi) ‘Head Governor of Tears’ On the pupil 
line when looking straight ahead, 0.5 cun superior to the 
anterior hairline, at the midpoint of the line between Du-24 
and ST-8 (= 4.5 cun) 
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7 Important Points According to Region 


Du-24 (shenting) ‘Courtyard of the Spirit’ On the midline, 
0.5 cun superior to the anterior hairline 


-14 (yangbai) ‘Yang White’ When looking straight 
ahead on the pupil line, approximately 1 cun superior to the 
‘midpoint of the eyebrow (centre of the eyebrow to anterior 
hairline =3 cun) 
Mies 


Ex-HN-4 (yuyao) ‘Fish Waist’ In the centre of the eyebrow, 
with the eyes looking straight ahead directly above the pupil 


23 (sizhukong) ‘Silken Bamboo Hollow’ In the 


depression (frontozygomatic suture) at the lateral end of the 


eyebrow 
BL-4 (qucha) ‘Crooked Curve’ 0.5 cun superior to the 


anterior hairline and 1.5 cun lateral to the midline, or one third 
of the distance between Du-24 and ST- 


5 cun) 


BL-2 (zanzhu) ‘Gathered Bamboo’ In a depression at the 


‘medial end of the eyebrow, directly superior to the inner 
canthus of the eye 


Ti 


BL-3 (meichong) ‘Eyebrows’ Pouring’ 0.5 cun within the 


anterior hairline, superior to the medial canthus of the 
eye (BL-1) 


Ex-HN-3 (yintang) ‘Hall of Impression’ On the anterior 
idline between the eyebrows 
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BL-1 (jingming) ‘Bright Eyes’ 0.1 cun superior to the inner 
canthus of the eye, where spectacles tend to rest 


G.B.-1 (tongziliao) ‘Pupil Crevice’ 0.5 cun lateral to the 
outer canthus of the eye 


Ex-HN-7 (giuhou) ‘Behind the Ball’ On the lower border of 
the orbit, at the junction of the lateral quarter and the medial 
three-quarters of the orbital margin 


ST-1 (chengqi) ‘Container of Tears’ With the eyes looking 
straight forward, directly below the centre of the pupil, 
between the eyeball and the infraorbital ridge 


ST-2 (sibai) ‘Four Whites’ When looking straight ahead, 
directly below the centre of the pupil, in the depression at the 
infraorbital foramen 


7.1 Anterior Aspect of the Head 


Ex-HN-8 (shangyingxiang or bitong) ‘Upper Yingxiang’ or 
“Free Nose’ At the upper end of the nasolabial groove, at the 
junction of the maxilla and the nasal cavity (at the border 
between the nasal bone and cartilage) 


ST-7 (xiaguan) ‘Below the Joint’ With the mouth closed in 
the depression of the mandibular incisure, between the 
coronoid and condyloid process of the mandible 


~ #o 


G.B.-2 (tinghui) ‘Meeting of Hearing’ Anterior to the ear, 
with the mouth open in the depression at the level of the 
intertragic notch, on the lower border of the condyloid process 
of the mandible. 


S.L.-18 (quantiao) ‘Cheek Bone Crevice’ In a depression at 
the intersection of a vertical line through the outer canthus of 
the eye with the lower border of the zygomatic bone 


ST-3 (juliao) ‘Great Crevice’ When looking straight ahead, 
directly below the centre of the pupil, level with of lower border 
of the ala nasi. 
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7 Important Points According to Region 


Du-26 (renzhong or shuigou) ‘Man’s Middle’ Below the 
‘nose, on the midline, at the junction of the upper and middle 
third of the philtrum, 


‘ST-4 (dicang) ‘Earth Granary’ When looking straight ahead 
fon the pupil ine, approximately 0.4 cun lateral to the comer of 


the mouth 


ST-5 (daying) ‘Great Welcome’ On the lateral mandible, 
anterior to the masseter (ask the patient to clench the teeth); a 
branch of the facial artery is palpable here 


Bc HN jiachengiiang) 


Ex-HN (jiachengjiang) ‘Adjacent to Container of Fluids’ 
( At the same level and 1 cun lateral to Ren-24 (chengjiang) 


Ren-24 (chengjiang) ‘Container of Fluids’ On the midline, 
the mentolabial groove below the lower lip 


L1.-20 (yingxiang) ‘Welcome Fragrance’ In the nasolabial 
groove, at the level of the midpoint of the lateral border of the 
ala nasi 


L1.-19 (kouheliao) ‘Mouth Grain Crevice’ Directly inferior 
to the lateral margin of the nostril, level with Du-26, which is 
located slightly superior to the midpoint of the philtrum 
(meeting point of the L.L. channel) 
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7.2 Head and Lateral Aspect of the Neck 


7.2 Head and Lateral Aspect of 
the Neck 


ST-8 (touwei) ‘Head's Binding’ At the temporal comer of 
the forehead, on the border of the temporalis muscle and 0.5 
cun within the anterior hair line or 4.5 cun lateral to the 
anterior midline (Du-24) 


/ 


.B.-14 (yangbai) ‘Yang White’ When looking straight 
ahead on the pupil line, approximately 1 cun superior to the 
midpoint of the eyebrow (centre of the eyebrow to the anterior 
hairline = 3 cun) 


G.B.-8 (shuaigu) ‘Leading Valley’ 1.5 cun directly superior 
to the apex of the ear 


.B.-9 (tianchong) ‘Heavenly Rushing’ 1.5 cun superior and 
0.5 cun posterior to the apex of the ear or 0.5 cun posterior to 


8 (chengling) ‘Support Spirit’ 4 cun superior to the 
anterior hairline or 1 cun anterior fo Bu-20, on the line 
connecting 6.B.-15 and G.B.-20, or 2.25 cun lateral to the 
midline (midpoint of the line connecting ST-8 and Du-24) 


10 (jiaosun) ‘Minute Angle’ Directly superior to the 
apex of the ear 


.B.-13 (benshen) ‘Root of the Spirit’ 0.5 cun superior to 
the anterior hairline and 3 cun lateral to the midline, on the line 
between Du-24 and ST-8 (= 4.5 cun) at the junction of the 
lateral and medial third 
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7 Important Points According to Region 
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T.B.-23 (sizhukong) ‘Silken Bamboo Hollow’ In the 
depression (frontozygomatic suture) at the lateral end of the 
eyebrow 


imately level 
helix root 


.B.-10 (fubai) ‘Floating White’ At the junction of the 
Upper third with the lower two-thirds of the curved line 
connecting 6.B.-9 and G.B.-12 


Ex-HN-5 (taiyang) ‘Supreme Yang’ In the depression 
approximately 1 cun posterior to the midpoint between the 
lateral end of the eyebrow and the outer canthus of the eye 


.B.-1 (tongziliao) ‘Pupil Crevice’ 0.5 cun lateral to the 
outer canthus of the eye 


.B.-3 (shangguan) ‘Above the Joint’ In a depression on 
the upper border of the zygomatic arch, approximately 1 cun 
anterior to the root of the ear, directly superior to ST-7 (lower 
border of the zygomatic arch) 


T.B.-21 (ermen) ‘Ear Gate’ Anterior to the ear, with the 
‘mouth open in the depression at the level of the supratragic 
notch, slightly superior to the condyloid process of the 


mandible 
‘Apex of the ear 
yroximately q 
with the “~~ i 
root 
\ 
.B.-11 (tougiaoyin) ‘Yin Portals of the Head’ At the 


junction of the lower third with the upper two-thirds of the 
curved line connecting 6. 


19 (tinggong) ‘Palace of Hearing’ Anterior to the ear 

the mouth open, at the level of the middle of the tragus, 
in a depression between the tragus and condyloid process of 
the mandible 


T Recording to Deadman et a 1998 
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ST-7 (xiaguan) ‘Below the Joint’ With the mouth closed in 
the depression of the mandibular notch, between the coronoid 
and condyloid process of the mandible 


-2 (tinghui) ‘Meeting of Hearing’ Anterior to the ear 
with the mouth open, in the depression at the level of the 
intertragic notch, on the lower border of the condyloid process 
of the mandible 


S118 (quanliao) ‘Cheek Bone Crevice’ In a depression at 
the intersection of a vertical ine through the outer canthus of 
the eye with the lower border of the zygomatic bone 


depression behind the earlobe, between the mastoid process 
and the mandible 


Ex-HN-14 (yiming) ‘Eye Brightening’ On the occiput, 1 cun 
posterior to T.B.-17, on a line connecting T.B.-17 and G.B.-20 


7.2 Head and Late 


Aspect of the Neck 


Ex-HN (anmian) ‘Peaceful Sleep’ Posterior to the ear, 
midway between T.B.-17 and G.B,-20, posterior to the 
mastoid process 


Occiput ~ 
‘of the occiput 


‘Stemocleido- 
mastoid, 


-20 (fengchi) ‘Wind Pool’ On the lower border of the 


axis + 


« 


occipital bone, in the depression between the origins of the 
stemocleidomastoid and trapezius 


G.B.-12 (wangu) ‘Mastoid Process’ In a depression posterior 
and inferior to the mastoid process 


ST-6 (jiache) ‘Jaw Bone’ With the teeth clenched, on the 
highest prominence of the masseter, approximately one 
fingerbreadth anterior and superior to the mandibular angle 


ST-5 (daying) ‘Great Welcome’ On the lateral mandible, 
anterior to the masseter (ask the patient to clench the teeth); a 
branch of the facial artery is palpable here 
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yocleidomastoid 


S.1-17 (tianrong) ‘Heavenly Appearance’ Level with and 
posterior to the mandibular angle, on the anterior border of the 
sternocleidomastoid 


jomastoid 


‘T.B.-16 (tianyou) ‘Window of Heaven’ posterior and 
inferior to the mastoid process, on the posterior border of the 
sternocleidomastoid, directly level with the mandibular angle 


Ren-23 (lianquan) ‘Corner Spring’ On the anterior midline, 
superior to the upper border of the hyoid bone 


ST-9 (renying) Man's Welcome’ Approximately 1.5 cun, 


lateral to the anterior midline, level with the laryngeal 
prominence, at the anterior border of the sternocleidomastoid 


LA.-18 (futu) ‘Support the Prominence’ At the level of the 
laryngeal prominence, between the sternal and clavicular heads 
of the stemocleidomastoid muscle 


16 (tianchuang) ‘Heavenly Window’ Approximately 
3.5 cun lateral to the anterior midline, level with the laryngeal 
prominence, on the posterior border of the sternocleidomastoid 


‘ST-10 (shuitu) ‘Water Prominence’ On the anterior border 
of the sternocleidomastoid, at the midpoint ofa line connecting 
ST-9 and ST-11 
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Laryngeal 
prominence ben 


Li.-17 (tianding) ‘Heaven's Tripod’ 1 cun inferior to the 
laryngeal prominence, on the posterior border of the 
stemocleidomastoid 


ST-11 (qishe) ‘Abode of Qi’ On the upper border of the 
clavicle, between the tendons of the sternal and clavicular 
heads of the sternocleidomastoid 


ST-12 (quepen) ‘Empty Basin’ In the supraclavicular fossa, 
superior to the midpoint of the clavicle, approximately 4 cun 
lateral to the midline 


7.3 Occipital region 


7.3 Occipital Region 


Du-20 (baihui) ‘Hundred Meetings’ At the junction of a line 
connecting the apices of the ears and the midline, 5 cun from 
the anterior or 7 cun from the posterior hairline respectively 


BL-8 (Iuoque) ‘Declining Connection’ 1.5 cun lateral to the 
midline and 5.5 cun superior to the anterior hairline, or 0.5 cun 
posterior to Du-20 
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Du-19 (houding) ‘Behind the Crown’ On the midline, 
1.5 cun posterior to Du-20 or 3 cun superior to Du-17 


jee |) 


Du-18 (qiangjian) ‘Unyielding Space’ On the posterior 
midline, 1.5 cun superior to Du-17 or 3 cun posterior to Du-20 


G.B.-8 (shuaigu) ‘Leading Valley’ 1.5 cun directly superior 
to the apex of the ear 


j= 


-19 (naokong) ‘Brain Hollow’ Level with the upper 
border of the external occipital protuberance (Du-17), on the 
line connecting G.B.-15 and G.B.-20, and 2.25 cun lateral to 
the midline 


BL.9 (yuzhen) ‘Jade Pillow’ 2.5 cun superior to the posterior 
hairline and 1.3 cun lateral to the midline or Du-17 (directly 
superior to the external occipital protuberance) 


Du-17 (naohu) ‘Brain's Door’ On the midline, in a 
depression superior to the external occipital protuberance, 
approximately 2.5 cun superior to the posterior hairline, 
1.5 cun superior to Du-16 


k 


G.B.-12 (wangu) ‘Mastoid Process’ In a depression posterior 
ferir to the mastoid process 


cae order 
‘ef the occiput 
Stemocleido- 
a mastoid 


-20 (fengchi) ‘Wind Pool’ On the lower border of the 
occipital bone, in the depression between the origins of the 
sternocleidomastoid and trapezius 
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ital 
iberance 
er border 

the occiput 

Du-16 (fengfu) ‘Palace of Wind’ On the posterior midline, 


directly below the external occipital protuberance, in the 
depression between the origins of the trapezius 


Occiput- border 
occiput 
Axis: a J 


BL-10 (tianzhu) ‘Celestial Pillar’ Below the lower border of 
the occiput, approximately 1.3 cun lateral to the midline 
(Bu-15), at the insertion of the trapezius 


Game border 
the occiput 
Axis stemocleido- 
‘mastoid 


Du-15 (yamen) ‘Gate of Muteness’ On the posterior 
‘midline, in the depression between the 1st (atlas) and 2nd 
cervical vertebrae (axis = first palpable spinous process), 
approximately 0.5 cun below Du-16 


8.21 
Spin § 
7815 


-21 (jianjing) ‘Shoulder Well’ At the highest point of 
the shoulder, midway between the lower border of the spinous 
process of C7 and the lateral extremity of the acromion 


Occiput - 


Base of the 
_ scapular spine 


Du-14 (dazhui) ‘Great Vertebra’ Below the spinous 
process of C7 


7.4 Vertex 


BL-8 (Iuoque) ‘Declining Connection’ 1.5 cun lateral to the 
midline and 5.5 cun superior to the anterior hairline, or 0.5 cun 
posterior to Du-20 


Du-20 (baihui) ‘Hundred Meetings’ At the junction of a line 
connecting the apices of the ears and the midline, 5 cun from 
the anterior or 7 cun from the posterior hairline respectively 


7.4 Vertex 


629 


Cho7-F10028.qxd 2/22/08 10:08 PM Page 630 O 


7 Important Points According to Region 


630 


an 


18 (chengling) ‘Support Spirit’ 4 cun superior to the 
anterior hairline or 1 cun anterior to Bu-29, on the line 
connecting 6.B.-15 with G.B.-20, or 2.25 cun lateral to the 
‘midline (midpoint of the line connecting ST-8 and Du-24) 


BL-7 (tongtian) ‘Heavenly Connection’ 1.5 cun lateral to 
the midline and 4 cun superior to the anterior hairline or 1 cun 
anterior to Du-20 


Du-21 (qianding) ‘In Front of the Crown’ On the midline, 
1.5 cun anterior to Du-20 or 3.5 cun above the anterior 
hairine 


.B.-17 (zhengying) ‘Upright Nutrition’ 2.5 cun superior to 
the anterior hairline, on the pupil line, on the line connecting 
.B.-15 and G.B.-20 (= 2.25 cun lateral to the midline or 
midway between Du-23 and ST-8) 


BL-6 (chengguang) ‘Receiving Light’ 2.5 cun superior to 
the anterior hairline and 1.5 cun lateral to the midline, or one- 
third of the distance between Du-24 and ST-B. 


Du-22 (xinhui) ‘Fontanelle Meeting’ On the midline, 2 cun 
superior to the anterior hairline or 3 cun anterior to Du-20 


.B.-16 (muchuang) ‘Window of the Eye’ 1.5 cun superior 
to the anterior hairline, on the pupil line, on the line connecting 
-15 and G.B.-20 (= 2.25 cun lateral to the midline or 
midway between Du-24 and ST-8) 


BL. (wuchu) ‘Fifth Place’ 1 cun superior to the anterior 
hairline and 1.5 cun lateral to the midline (directly above BL-4, 
level with Du-23) 
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7.4 Vertex 
a _, f--$0u.23 = 
Du-23 (shangxing) ‘Upper Star’ On the midline, 1 cun BL.3 (meichong) ‘Eyebrows’ Pouring’ 0.5 cun within the 
superior to the anterior hairline anterior hairline, superior to the medial canthus of the 
eye (BL-1) 
G.B.-15 (toulingi) ‘Head Governor of Tears’ On the pupil 
line when looking straight ahead, 0.5 cun superior to the Du-24 (shenting) ‘Courtyard of the Spirit’ On the midline, 
anterior hairline, at the midpoint of the line between Du-24 0.5 cun superior to the anterior hairline 
and ST-8 (= 4.5 cun) 
BL-4 (qucha) ‘Crooked Curve’ 0.5 cun superior to the 
anterior hairline and 1.5 cun lateral to the midline, or one-third 
of the distance between Du-24 and ST-8 (= 4.5 cun) 
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Vertebra Below the 03 cum lateral to the 1S cum lateral to the 3 cum lateral to the midline, 
spinous process | midline, level with the lower | midline, level with the evel with the lower border of 
‘or in the sacral | border of the spinous. lower border of the spinous | the spinous process or sacral 
foramen process or sacral foramen | processor sacral foramen | foramen 
oT Dui Ex-B-l (dingehuan) 2 cum lateral 73.5 cum lateral 
SA-15 ExcB (jiehewe) 
TI Duis ‘A point of Ex-B-2 (huaruajiaji) | BLL Si 
T2 K point of Ex-B-2 (huanojiajiy | BLA BLal 
re Dui A point of ExB-2 (huamuojiagy | BLAS BLA 
ry ‘A point of Ex-B-2 (huatuojiajiy | BL-W4 BL-a3 
ws Dull A point of Ex B-2 Guanojiag | BL-1S BLA 
TS Duco A point of Ex-B-2 (huatuojiajiy | BLT BLS 
17 Dud A point of ExB-2 (huanuojiajiy | BLT BL-46 
TS A point of Ex-B-2 (huanwajiajiy | Ex-B-3 welwanslashay 
wD Duk A point of Ex-B-2 (huanwajiajiy BLT 
TIO Dut A point of Ex-B-2 (huarwojiajiy Law 
TH Dubé ‘A point of Ex-B-2 (huaruoyiajiy BL-49 
TI A point of Ex-B-2 (huanwajiajiy BL30 
ur Dus A point of Ex-B-2 (huanuojiajiy BL-S1/ Ec Bot (35 cun lateral) 
[ey Dut B-2 (huatwojiajiy BL-32 
G Ex-B-S (sigjishuy B-2 (huanwajiajiy Ex-B-5 (according WHO ast 
‘of 3 pois) 
zy B.2 Ghwatwojiajiy ExB-G/Ex-B-7 33 cun lateral) 
i B-2 (huanuojiajiy 
Tst sacral foramen 
2nd sacral Toramen BLS3 
3ed sacral foramen 
ak sacral Foramen BL-S47Ex 8-11 
(3.35 cun lateral) 
Sacral hiatus Did 
BL-35 (0.5 cun lateral 
and inferior to Du-2} 
Between the coccyx | Dud 
and the anus 


7.5 Back 
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7.6 Frontal and Lateral Thorax 
and Abdomen 


Los 
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7.6 Frontal and Lateral Thorax and Abdomen 


Below the LU2 

Ist 1S Td 

Ind ICS SPa0 

ard 1CS Sey 

ath ICS ‘SP-18/P-1 (1 cun lateral tothe 
nipple'G.B.-22 (3 cun inferior 
the apex of the axillayG.B.-23, 
(1 cun anterior to G.B.-22) 

sh Ics Ren lo KID22 San SPAT 


[6 cun superioe/6th ICS_| Ren-14 LIV-14 (6th ICS) 

[Scum superior TICS _| Rens GBD TRIS) 

Teun superior Ren-12 KID-19 

3-cun superior Ren KIDS P16 

Zeun superior Rem KID-IT EXCA (welshang) 

Teun superior Ren = LIV-13 (live end of the 
1th sib) 

Level of umbilicus | Rene KID-I6 STs SP-15, G.B26 (inferior to the 
free end of the 12th sib, level 
with the umbilicus) 

Teun inferior Ren? KIDS 3E36 

(15 cun inferion) Reno 

Zeun inferior Rend KID SET 

(25 cun inferion) EXCA (Ghishiy 

3 eun Inferior Rent sre EX-CA (aioVEX-CA (gimeny 
Ex-CA (yijing)/4/3/1 cun lateral 
to the midliney= G.B-27 
(anterior and medical to the 
ASIS +3) 

cua inferior Rend ar) EX-CA (cigong), 3 eun lateral 
to the midline 

[Scum inferior Rend SEO SP-12 (3.5 cun lateral wo the 

[symphysis midline) 


Note: The intercostal spaces and the ribs curve upwards laterally! 
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The Importance of Safety 


One of the most important aspect of soldering any stained glass project is to take the proper measures 
to safeguard your health, Soldering involves working with potentially hazardous materials like lead, flux and 
harmful fumes. By observing specific safety precautions and using informed common sense, working in stained 
glass can be a safe and enjoyable past time. The following is intended to serve as a general rule of thumb. 

Since each person and situation is unique, you should use this information as a starting point to help you make 
informed safety decisions concerning your soldering habits. 


Fumes 


Solder only in a well ventilated area, and use an exhaust device that moves solder 
fumes away from your face. It's preferable to exhaust outside (check local/state 
building codes and restrictions on venting to outside air). If you don't exhaust to the 
outside, use a bench top fan or intake device with a replaceable smoke/fume ab- 
sorber made for stained glass artists. It should draw solder fumes into the replaceable 
filter. The filter should be activated charcoal and designed to remove particles 
smaller than 1/2 micron from the air. There are also several OSHA approved respira- 
tors available for fumes. Consider wearing one in conjunction with a venting s 
especiallly if you plan on soldering for several hours every day. 


Lead 


Most popular solders used in stained glass are lead based. When you are using them, follow these precautions: 
? Never eat, drink, or smoke in any area where soldering takes place. 
Always thoroughly wash your hands after soldering. 


stem, 


e 


e 


Make sure your soldering equipment and supplies are kept out of the reach of children. 

? Do not discard lead or solder scraps into the trash. Find a means or place to recycle them. 

? Never use lead based solders or cames on items that will come in contact with food or children, or will 
be frequently handled, If you are making kaleidoscopes, jewelry or napkin holders, use lead free solder. 


© Consider having your blood lead level checked by your physician on a regular basis to help you monitor 
your handling practices, 


Sif you are pregnant, or considering it, you should check with your doctor before using lead or solder. 


Heat 


Soldering tools operate at high temperatures, so these safeguards are important: 
© Wear safety glasses! Solder and flux can "pop" and "spit." 
& Solder on a fire resistant surface. Homosote, or dry wall are good . 


Never leave your iron plugged in and unattended. 

Do not overload a wall outlet with too many electric appliances. 
© Never set your hot iron down on anything other than an iron stand. 
® Replace the cord of your iron if it becomes worn or gets burnt. 


© To prevent burning your fingers, use needle nose pliers or heat resistant gloves to hold small pieces. 


Never cut off a grounding prong on an iron plug to make it fit an ungrounded receptacle. 
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7.7 Posterior Shoulder and Arm 


hy 


ip 
: 


TUAUDIN 
vi 
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1s 
G.B.-21 (jianjing) ‘Shoulder Well’ At the highest point of 


the shoulder, midway between the lower border of the spinous 
process of C7 and the lateral extremity of the acromion 


_ 


S..-14 (jianwaishu) ‘Outer Shoulder Shu’ 3 cun lateral to 
the lower border of the spinous process of the T1 (Du-13), at 
the insertion of the levator scapulae 


TB.-15 (tianliao) ‘Heavenly Crevice’ At the midpoint of an 
imaginary line between the spinous process of the C7 and the 
lateral extremity of the acromion 


12 (bingfeng) ‘Grasping the Wind’ Directly superior to 
11, in the centre of the supraspinous fossa 


JENN 


$.1-10 (naoshu) ‘Upper Arm Shu’ With the arm adducted 
on a line extending in a superior direction from the posterior 
axillary fold, on the lower border of the scapular spine 


S.1-15 (jianzhongshu) ‘Middle Shoulder Shu’ 2 cun lateral 
to the lower border of the spinous process of the T7 (Du-14) 


‘T.B.-14 (jianliao) ‘Shoulder Crevice’ Inferior to the lateral 
extremity of the acromion between the acromial and spinal 
portions of the deltoid, or with the arm abducted in the 
posterior of the two depressions on the shoulder joint 
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spi 


S113 (quyuan) ‘Crooked Wall’ At the medial end of the 
supraspinous fossa 


14 (binao) ‘Upper Arm’ 7 cun proximal to 
the distal end of the deltoid, on a line connecting 
and LA-1S 


S111 (tianzong) ‘Heavenly Gathering’ On the scapula, in 
a depression on the infraspinatus, one third of the distance 


from the midpoint of the scapular spine and the inferior angle 
of the scapula 


T.B.-12 (xiaoluo) ‘Dispersing Luo River’ 4 cun proximal to 
TLB.-10 on a line connecting the olecranon and the lateral 
extremity of the acromion (location of T.B.-14) 


T.B.-13 (naohui) ‘Upper Arm Meeting’ 3 cun distal to the 
lateral extremity of the acromion (location of T.B.-14), on a line 
connecting T.B.-14 and the olecranon, at the junction of this 
line with the margin of the deltoid 


LiL-13 (shouwuli) ‘Arm Five Miles’ On the lateral aspect of 
the upper arm, 3 cun proximal to LA.-11 


4 Sy 10 
n 
S.1-9 Gianzhen) ‘True Shoulder’ With the arm adducted on 


a line extending in a superior direction from the posterior 4 With the 
duly other borer of ede, team supeie TB-19Hanjing) "eavenly Well Wi te ebow Need na 
ty ln the ove pression aprarmatly 1 can proximal toe lewanon 


LiL-11 (quchi) ‘Pool at the Crook’ With the elbow flexed, 
Con the lateral end of the elbow crease, in a depression between 
the end of the crease and the lateral epicondyle of the 
humerus, on the extensor carpi radialis longus muscle 
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Up 


TAN PEI 


L-8 (xialian) ‘Lower Angle’ 4 cun distal L-11, on the line 
connecting La.-S and Li-11 


T.B.-9 (sidu) ‘Four Rivers’ 5 cun distal to the olecranon or 
in proximal to T.B.-4, between the radius and the ulna 


S.1.-7 (zhizheng) ‘Branch of the Upright’ 5 cun proximal to 
the wrist joint space, on the line connecting $.L.-5 and S.1-8 


S.1.-8 (xiaohai) ‘Small Sea’ With the elbow flexed in the 
depression between the olecranon process of the ulna and the 
medial epicondyle of the humerus 


LL-7 (wenliu) ‘Warm Flow’ 5 cun proximal to L. 
midway between LA-5 and LL-11 


LL-10 (shousanli) ‘Arm Three Miles’ 2 cun distal to Li-11, 
on the line connecting LA.-S and L.-11 


T.B.-7 (huizhong) ‘Ancestral Meeting’ 3 cun proximal to 
T.B.-4, between radius and ulna, ulnar to extensor digitorum 
communis 
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6 (zhigou) ‘Branch Ditch’ 3 cun proximal to T.B.-4, 
between radius and ulna, radial to the tendon of extensor 
digitorum communis 


LiL-6 (pianli) ‘Veering Passage’ 3 cun proximal to 
the line connecting Ll-S and L.-11 


5,0n 


5 (waiguan) ‘Outer Pass’ 2 cun proximal to T.B.-4 (on 
the dorsal wrist joint space, between radius and ulna. 


7.7 Posterior Shoulder and Arm 


S.1.-6 (yanglao) ‘Support the Aged’ In the depression radial 
and proximal to the styloid process of the ulna that forms when 
turning the hand from a pronated to a supinated position. 


joint space 


Tendon of the: 


‘.B.-4 (yangchi) ‘Yang Pool’ On the dorsum of the wrist, in 
the gap ulnar to the tendons of the extensor digitorum 


LiL-5 (yangai) ‘Yang Stream’ With the thumb abducted in 
the depression between the tendons of the extensor pollicis 
ongus and brevis muscles anatomical snuff box’) 
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7.8 Anterior Shoulder and Arm 


LU-1 (zhongfu) ‘Middle Palace’ 6 cun lateral to the anterior 
midline and approximately 1 cun inferior to LU-2, slightly 
‘medial to the lower border of the coracoid process 


HE-1 (jiquan) ‘Summit Spring’ With the arm abducted, in 
the centre of the axilla, medial to the axillary artery 


P-1 (tianchi) ‘Heavenly Poo!’ In the 4th ICS, 1 cun lateral to 
the nipple 


il 


P-2 (tianquan) ‘Heavenly Spring’ Between the two heads of 
the biceps brachii muscle, 2 cun inferior to the axillary fold. 


Lateral border of 
“S the biceps muscle 


LU-3 (tianfu) ‘Palace of Heaven’ 3 cun distal to the end of 
the anterior axillary fold, on the medial aspect of the upper 
arm, radial to the biceps brachialis 


LU-2 (yunmen) ‘Cloud Gate’ 6 cun lateral to the anterior 
midline, below the clavicle, in the centre of the deltopectoral 
triangle. 
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LU-4 (xiabai) ‘Clasping the White’ 4 cun distal to the end 
of the anterior axillary fold, on the medial aspect of the upper 
arm, radial to the biceps brachii 


LU-6 (kongzui) ‘Maximum Opening’ 5 cun distal to LU-S or 
7 cun proximal to the wrist joint space, on a line connecting 
LU-S and LU-9 


HE-2 (qingling) ‘Green Spirit’ 3 cun proximal to the cubital 


crease, on the medial border of the biceps brachii P-4 (ximen) ‘Ki-Cleft Gate’ 5 cun proximal to the palmar 


\wrist joint space, between the tendons of palmaris longus and 
flexor carpi radialis, or 1 cun distal to the midpoint of the line 
connecting P-3 and P-7 


ce Biceps tendon 


LU-S (chize) ‘Cubit Marsh’ In the cubital crease, radial to the 
tendon of the biceps brachii 


5 (jianshi) ‘Intermediate Messenger’ 3 cun proximal to 
the palmar wrist joint space, between the tendons of palmaris 
longus and flexor carpi radialis 


3 (quze) ‘Marsh at the Crook’ In the cubital crease, ulnar 
to the biceps tendon 


6 (neiguan) ‘Inner Pass’ 2 cun proximal to the palmar 
\wrist joint space, between the tendons of palmaris longus and 
flexor carpi radialis, 


‘Abductor 


HE-3 (shaohai) ‘Lesser Sea’ With the elbow flexed, in the 
depression between the ulnar end of the cubital crease and the 
‘medial epicondyle of the humerus 


LU-7 (lieque) ‘Broken Sequence’ On the radial aspect of the 
forearm, immediately above the styloid process of the radius, 
approximately 1.5 cun proximal to the wrist joint space in 

a V-shaped groove 
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HE-4 (lingdao) ‘Spirit Path’ 1.5 cun proximal to the palmar 
\Wrist joint space, radial to the flexor carpi ulnaris tendon 


LU-8 (jingqu) ‘Channel Gutter’ 1 cun proximal to the 
palmar wrist joint space (LU-9), lateral to the radial artery 


Join space 


HE-S (tongli) ‘Penetrating the Interior’ 1 cun proximal to 
the palmar wrist joint space, on the radial side of the flexor 
carpi ulnaris tendon 


LU-9 (taiyuan) ‘Supreme Abyss’ On the wrist joint space, 
lateral to the radial artery and ulnar to the tendon of abductor 
pollicis longus 


P-7 (daling) ‘Great Mound! In the centre of the palmar 
aspect of the wrist joint space (most distal wrist crease’), 
between the tendons of palmaris longus and flexor carpi radialis 


HE-6 (yinxi) ‘Yin Cleft’ 0.5 cun proximal to the palmar wrist 
joint space, radial to the flexor carpi ulnaris tendon 
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7.8 Anterior Shoulder and Arm 


HE-7 (shenmen) ‘Spirit Gate’ On the palmar aspect of the 
Wrist joint space (‘most distal wrist crease’), in the depression 
radial to the insertion of the flexor carpi ulnaris tendon 


LU-11 (shaoshang) ‘Lesser Shang’ 0.1 cun from the radial 


comer of the thumb nail 


~™ 


HE-9 (shaochong) ‘Lesser Rushing’ 0.1 cun lateral to the 
radial comer of the nail of the littl finger 


LU-10 (yuji) ‘Fish Border’ At the midpoint of the palmar 
border of the 1st metacarpal bone 


.9 (zhongchong) ‘Middle Rushing’ On the most distal 
point of the middle finger 


P-8 (laogong) ‘Palace of Toil’ In the centre of the palm, 
between the 2nd and 3rd metacarpal bones, slightly closer to 
the 3rd metacarpal bone. When a fist is made, the point is, 
located beneath the tip of the middle finger 


= 


HE-8 (shaofu) ‘Lesser Palace’ When a fist is made, beneath 
the tip of the litte finger, on the palm, between the 4th and 
Sth metacarpal bones 
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7.9 Dorsum of the Hand 


f A: 
Li-1 (shangyang) ‘Shang Yang’ On the index finger, 
0.1 cun from the radial comer of the nail 


(ie 


T.B.-1 (guanchong) ‘Rushing Pass’ On the ting finger 
(4th finger), 0.1 cun from the ulnar corner of the nail 


S.L-1 (shaoze) ‘Lesser Marsh’ On the litte finger, 0.1 cun. 
from the ulnar corner of the nail 


Li.-2 (erjian) ‘Second Space’ On the radial aspect of the 
index finger, distal to the metacarpophalangeal joint at the 
junction of the shaft and the basis of the proximal phalanx 


‘TB.-2 (yemen) ‘Fluid Gate’ Between the little finger and ring 
finger, proximal to the margin of the web; locate with the 
patient making a fist 


Z: 


S..-2 (qiangu) ‘Front Valley’ On the ulnar aspect of the little 


finger, at the junction of the shaft and the base of the proximal 
phalanx 
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Li-3 (sanjian) ‘Third Space’ On the radial aspect of the 
index finger, proximal to the metacarpophalangeal joint at the 
junction of the shaft and the head of the 2nd metacarpal bone 


Ex-UE-8 (wailaogong/luozhen/xiangiang) ‘Stiff Neck’ On 
the dorsum of the hand, between the 2nd and 3rd metacarpal 
bones, approximately 0.5 cun proximal to the 
‘metacarpophalangeal joints 


T.B.-3 (zhongzhu) ‘Central Islet’ On the dorsum of the 
hand, in the depression between the 4th and Sth metacarpal 
bones, proximal to the metacarpophalangeal joints. T.B.-3 is 
located at the junction between the heads and shafts of the two 
metacarpals 


S.1-3 (houxi) ‘Back Stream’ On the ulnar border of the 
hand, in the depression proximal to the metacarpophalangeal 
joint, at the junction between the head and shaft of the 

Sth metacarpal 


LiL-4 (hegu) ‘Joining Valley’ On the radial aspect of the 
hand, between the Ist and 2nd metacarpal bone, closer to the 
2nd metacarpal bone and approximately at its midpoint 


7.9 Dorsum of the Hand 


EeUE7 


_ Metacarpal V 


Ex-UE-7 (yaotongdian/yaotongxue) ‘Lumbar Pair Point’ 
‘Two points on the dorsum of the hand, between the 2nd/3rd 
and 4th/Sth metacarpal bones 


S.L.-4 (wangu) ‘Wrist Bone’ On the ulnar border of the hand, 
between the Sth metacarpal and the carpal bones, at the 
border of the red and white skin 


LiL-5 (yangxi) ‘Yang Stream’ With the thumb abducted in 
the depression between the tendons of the extensor pollicis 
longus and brevis muscles ‘anatomical snuff box’) 


BA 
Joint space 


.B.-4 (yangchi) ‘Yang Pool’ On the dorsum of the wrist, in 
the gap ulnar to the tendons of extensor digitorum 


S14 


SLs 


S.L.-5 (yanggu) ‘Yang Valley’ On the ulnar aspect of the 
Wrist, at the level of the lateral joint space 
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Soldering Irons 


Choosing a Soldering Iron 


‘There is a lot to consider when you choose an iron for stained glass. The handle should be heat resistant and 
comfortable for you to hold. You may be holding it for several hours at a time, so consider the weight and 
balance of the iron. Carefully check the wattage of the iron that you are considering. It must be able to continu- 
ously generate enough heat to melt all of the types of solder you plan to work with and be compatible with the 
type of construction you use (i.e.-copper, foil, lead came, rebar, etc.). You will need an iron that is at least 60 
‘watts, with chisel type tips, and a way to control the temperature, 


Types of Temperature Controls 


A broad range of soldering irons are available. Most irons, which we will call "conventional irons,” are made 
with wound wire heaters in a barrel with mica insulation. They are often inexpensive, but they do not offer the 
ability to control operating temperature. A separate temperature controlling device must be used with these 
irons to achieve the best results. There are three types of soldering irons that are easier to use for stained glass 
projects, because they allow you to control temperatures more effectively 


am Se 


Irons with temperature Irons used with tempera- Irons with ceramic 
controlled tips. ture controlling devices. heaters. 


Irons with Temperature Controlled Tips 


These irons are supplied with an internal regulator in the tip that does not allow 
the iron to exceed a predetermined temperature. An example would be a 600°F 
tip. The iron heats to that temperature then "shuts off.” When heat is required, 
the iron "turns on” again. Tips are available in predetermined temperatures up to 
800°F, These irons are easy for beginners to use, because the temperature is 
automatically maintained for you, however, as your skills increase, you may 
prefer to control the amount of heat yourself for different soldering situations. 
The limited amount of control may become frustrating as your soldering skills increase. With 
this type of iron you will likely encounter "cold spots" where the iron will not melt your solder. 
These cold spots occur when heat is being drawn out of the tip faster than it is being replen- 
ished. You will need an iron with a minimum of 100 watts. 


Ceramic Heating Element Irons 


‘These irons are relatively new to the stained glass trade. They are made with highly 
efficient ceramic heating elements. Like a ceramic room heater, they produce a 
consistent temperature using less electrical wattage during operation. When initially 
heating and when reheating during "recovery" periods, they can draw a "burst" of 
power exceeding 100 watts and then efficiently reduce electrical consumption, often Ceramic Heater 
below 60 watts, during the soldering process. The result is efficiency and economy. 


Iron Tip 
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7 Important Points According to Region 


7.10 Anterior Leg 


Upper border 
ofthe puble 
ctighest ymphysis 
prominence 


upper pater 
popttast 3 


il 
| 


| " Highest prominence 
a ofthe lateral malleolus 
5.1.-6 (yanglao) ‘Nourishing the Old’ In the depression 

radial and proximal to the styloid process of the ulna that forms 

‘when the hand is turned from a pronated to a supinated 

position 


SP-15 (daheng) ‘Great Horizontal’ 4 cun lateral to the 
oe 3 centre of the umbilicus, on the mamitlary line 
7.B.-5 (waiguan) ‘Outer Pass’ 2 cun proximal to T.B.-4 (on 

the dorsal wrist joint space, between radius and ulna) 
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x | 


SP-14 (fujie) ‘Abdomen Knot’ 4 cun lateral to the anterior 
midline (mamillary line), 3 cun superior to $P-13 or 1.3 cun 
inferior to $P-15 


Upper border 
‘of the pubic 
symphysis 


SP-13 (fushe) ‘Meeting of the Fu Organs’ 4 cun lateral to 
the anterior midline (mamillary line) and 0.7 cun superior to the 
upper border of the pubic symphysis 


Upper border 
‘of the pubic 
symphysis 


SP-12 (chongmen) ‘Rushing Gate’ 3.5 cun lateral to the 
‘midline, level with the upper border of the pubic symphysis, 
lateral to the femoral artery 


yer border 
the pubic 
symphysis 
iE 
ST-30 (qichong) ‘Rushing Qi’ 2 cun lateral to the upper 
border of the pubic symphysis, medial to the femoral artery; 
at the level of Ren-2 


‘bor 
pl 


ST-31 (biguan) ‘Thigh Gate’ With the hip joint flexed, in the 
depression below the anterior superior iliac spine, lateral to the 
sartorius 


7.10 Anterior Leg 


2.5 cun lateral to the midline and 1 cun inferior to the upper 
border of the symphysis, inferior to ST-30 and medial to the 
femoral artery 


LIV-11 (yinlian) "Yin Corner’ 2 cun inferior to $T-30 (level 
with the upper border of the pubic symphysis), on the lateral 
border of the adductor longus muscle or approximately 1 cun 
inferior to where the femoral artery passes the inguinal 
ligament 


LIV-10 (zuwuli) ‘Leg Five Miles’ On the anterior aspect of 
the thigh, 3 cun inferior to the upper border of the symphysis, 
on the lateral border of adductor longus 


ull 


SP-11 (jimen) ‘Winnowing Gate’ 6 cun proximal to $P-10 
at the midpoint of the femur, in the depression between the 
sartorius and vastus lateralis 


Upper 
‘bor 


ST-32 (futu) ‘Crouching Rabbit’ 6 cun proximal to the 
lateral upper border of the patella, on a line connecting with 
the anterior superior iliac spine 
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Upper border 
ofthe pubic 
Highest symphysis 
prominence 
of the greater 
trochanter 
1, Upper patellar 
border 
Popiitea! ] 
Midpoint 
Highest 


of the lateral malleolus 


ST 


Upper patella 
border 


7-33 (yinshi) ‘Yin Market’ 3 cun superior to the upper 
lateral border of the patella 


Ex-LE-3 (baichongwo) ‘Hundred Insect Burrow’ 3 cun 
superior and 1 cun medial to the upper medial border of the 
patella, in a small depression on the vastus medialis muscle or 


V cun superior to SP-10 


Ex-LE-1 (kuangu) ‘Hip Bone’ A pair of points 2 cun superior 
to the patella and 1.5 cun lateral and medial to ST-34 


Quadriceps 
Tematis 
Upper 
patelar 
‘border 
ST-34 (iangqiu) ‘Ridge Mound’ 2 cun proximal to the upper 
lateral border of the patella, in a depression on vastus lateralis 


SP-10 (xuehai) ‘Sea of Blood’ With the knee flexed, 2 cun 
proximal to the medial superior border of the patella. To find: 
place the right palm on the patient's left patella and locate the 
ppoint at the tip of the thumb 


Bele —— 
sas 4 


Ex-LE-2 (heding/xiding) ‘Crane's Summit’ With the knee 
flexed, at the midpoint of the upper patellar border 
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ST-35 (dubi) ‘Calf’s Nose’ With the knee flexed, in the 
depression inferior to the patella and lateral to the patellar 
ligament; corresponds to the lateral eye of the knee; Ex-LE-5 
(siyan) is the combination of this point and Ex-LE-4 


Ex-LE-4 (neixiyan) ‘Inner Eye of the Knee’ Inferior to the 
patella, in a depression medial to the patellar ligament; EX-LE-S 
(siyan) is the combination of this point and ST-35 


| ae 


-34 (yanglingquan) ‘Yang Mound Spring’ in the 
depression anterior and inferior to the head of the fibula 


Medial condyle 
of the tibia 


SP-9 (yinlingquan) ‘Yin Mound Spring’ With the knee 
flexed in a depression distal to the medial condyle of the tibia. 
To find: palpate from the medial posterior border of the tibia 
towards proximal, at roughly the same level as G.B.-34 


*s 


ST-36 (zusanlf) ‘Leg Three Miles’ one fingerbreadth 
(middle finger) lateral to the anterior crest of the tibia, 
3 cun distal to ST-35 


7.10 Anterior Leg 


ST-37 (shangjuxu) ‘Upper Great Void’ 1 fingerbreadth 
lateral to the anterior crest of the tibia, 6 cun distal to ST-35 or 
3 cun distal to ST-36 


ST-40 (fenglong) ‘Abundant Bulge’ 2 fingerbreadths lateral 
to the anterior crest of the tibia, at the midpoint of the line 
joining ST-35 (‘lateral eye of the knee’, level with the knee joint 


space) and the highest prominence of the lateral malleolus 


ST-38 (tiaokou) ‘Lines Opening’ 1 fingerbreadth lateral to 
the anterior crest of the tibia, at the midpoint of the line joining 


ST-35 (‘lateral eye of the knee’, level with the knee joint space) 
and the highest prominence of the lateral malleolus 


ST-39 (xiajuxu) ‘Lower Great Void" | cun distal to $T-38 


== 
ST-41 (jiexi) ‘Stream Divide’ On the ankle, between the 

tendons of the extensor digitorum and the extensor hallucis 
longus, at the level of the highest prominence of the lateral 
malleolus 


= 
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7.11 Medial Leg 


cage fr oe 
rice 
a Pal 
‘SP-11 (jimen) ‘Winnowing Gate’ 6 cun proximal to SP-10 
at the midpoint of the femur, in the depression between the 


sartorius and vastus lateral 


seal LIV-9 (yinbao) ‘Yin Wrapping’ 4 cun proximal to the medial 
eee condyle of the femur, between the sartorius and vastus medialis 


SP-10 (xuehai) ‘Sea of Blood’ With the knee flexed, 2 cun 
proximal to the medial superior border of the patella. To find: 
place the right palm on the patient's left patella and locate the 
point at the tip of the thumb 


LIV-8 (ququan) ‘Spring at the Crook’ With the knee flexed, 
at the medial end of the popliteal crease, in the depression 
anterior to the tendons of semitendinosus and 
semimembranosus 


4 
KID-10 (yingu) ‘Vin Valley’ At the medial end of the popliteal 
crease, between the tendons of semimembranosus and 


LIV-10 (zuwull) ‘Leg Five Miles’ On the anterior aspect of 
the thigh, 3 cun inferior to the upper border of the symphysis, 


on the lateral border of the adductor longus 


semitendinosus, atthe level ofthe knee joint space 
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Medial condyle 
of the tibia 


Gastrocnemius 


SP-9 (yinlingquan) ‘Yin Mound Spring’ With the knee 
flexed, in a depression distal to the medial condyle of the tibia. 
To find: palpate from the medial posterior border of the tibia 
towards proximal, at roughly the same level as G.B.-34 


LIV-7 (xiguan) ‘Knee Joint’ At the junction of the shaft and, 
the medial condyle of the tibia, 1 cun posterior to SP-9 


Medial condyle 
of the tibia 


SP-8 (diji) ‘Earth Pivot’ 3 cun distal to SP-9 (at the junction 
of the shaft and the medial condyle of the tibia) on the 
posterior border of the tibia 


LIV-6 (zhongdu) ‘Central Capital’ 7 cun proximal to the 
highest prominence of the medial malleolus, just posterior to 
the medial crest of the tibia 


SP-7 (lougu) ‘Dripping Valley’ 6 cun proximal to the highest 
prominence of the medial malleolus or 3 cun proximal to $P-6, 
(on the medial posterior border of the tibia 


7.11 Med 


us| pes 


LIV-5 (ligou) ‘Woodworm Canal’ 5 cun proximal to the 
highest prominence of the medial malleolus, just posterior to 
the medial crest of the tibia 


KID-9 (zhubin) ‘Guest House’ 5 cun proximal to KID-3 and 
2.cun posterior to the medial border of the tibia 


SP-6 (sanyinjiao) ‘Three Yin Intersection’ 3 cun proximal 
to the highest prominence of the medial malleolus, posterior 
border to the medial border of the tibia 


ys 


KID-8 (jiaoxin) ‘Exchange Belief’ 2 cun proximal to the 
highest prominence of the medial malleolus, posterior to the 
medial border of the tibia 


2am 


KID-7 (fuliu) ‘Returning Current’ 2 cun proximal to KID-3, 
in a depression on the anterior border of the Achilles tendon 
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Upper border ean 
lihe pubic 
‘ys 


Highest prominence 
of the medial malleolus ~~ 


SP-5 (shanggiui) ‘Shang Mound’ In the depression at the 
junction of a vertical line along the anterior border and a 
horizontal line along the lower border of the medial malleolus. 
Or: in the depression halfway between the highest prominence 
of the medial malleolus and the navicular tuberosity 


KID-2 (rangu) ‘Blazing Valley’ In a depression at the anterior 
inferior border of the navicular bone, at the border of the red 
and white skin 


SP-4 (gongsun) ‘Grandfather Grandson’ In a depression 
distal and inferior to the base of the Ist metatarsal bone, at the 
border of the red and white skin 


Highest prominence 
‘of the medial malleolus -_ + tendon 


A0-3 (tlc) “Supreme Stream’ nthe depresion between 0-1 (bal “Hkdden White! On he ig oe, 0.1 cn fom 
the highest prominence of the medial malleolus and the 
Cie den 
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7.12 Lateral 


as, \\ > Se 
| e 


A G.B.-28 (weidao) ‘Linking Path’ Anterior and inferior to the 
anterior superior iliac spine, 0.5 cun anterior and inferior to 


\ G.B.27 


Greater 
re a 


G.B.-29 (juliao) ‘Stationary Crevice’ At the midpoint of a 
line connecting the anterior superior iliac spine and the greater 
trochanter, at the anterior border of the iliac crest 


s i 
a i [EePneat crosee: me | t 


A .B.-30 (huantiao) ‘Jumping Circle’ With the patient lying 
Is con his/her side, at the junction between the medial two-thirds 

ls and the lateral third on a line connecting the greater trochanter 
Is and the sacral hiatus 


hs. prominence BL.36 (chengfu) ‘Hold and Support’ In the gluteal crease, 
fe oF the lateral ° 
is cikechie superior to the midpoint of the popliteal crease 


BLa7 
rior 
ne Harmearinoat| 


BL-37 (yinmen) ‘Gate of Abundance’ 6 cun distal to BL-36 
G.B.-27 (wushu) ‘Five Pivots’ In the depression medial to the _ (luteal crease), on a line connecting BL-36 and BL-40 (centre 
anterior superior iliac spine, approximately level with Ren-4 of the popliteal crease), in a gap in the musculature 


Leg 
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7 Important Points According to Region 


Highest 
prominence 
‘of the greater 1 
‘rachanter 2 


Gt 


31 (fengshi) ‘Wind Market’ On the lateral aspect of the 


thigh, approximately 7 cun proximal to the popliteal crease. 
With the patient standing upright, the point is where the 


patient's midalle fingertip touches the thigh 
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.B.-32 (zhongdu) ‘Middle Ditch’ On the lateral aspect of 
the thigh, 2 cun inferior to G.B.-31 or 5 cun superior to the 
popliteal crease, between vastus lateralis and biceps fernoris 


.B.-33 (xiyangguan) ‘Knee Yang Gate’ On the lateral 
aspect of the knee, with the knee flexed, in the depression 
between the lateral epicondyle of the femur and the tendon of 
biceps femoris, approximately 3 cun proximal to G.B.-34 


Popliteal .... j 
crease eo 


BL.39 (weiyang) ‘Outside of the Crook’ At the lateral end 
of the popliteal crease, on the medial side of the tendon of the 
long head of the biceps femoris, 1 cun lateral to BL-40 (in the 
centre of the popliteal crease). 


- | 4 


BL.40 (weizhong) ‘Middle of the Crook’ In the centre of 
the popliteal crease, between the tendons of the biceps femoris 
and semitendinosus. 


Head of | 


-34 (yanglingquan) ‘Yang Mound Spring’ In the 
depression anterior and inferior to the head of the fibula 
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LE 


BL.S7 (chengshan) ‘Support of the Mountain’ In the 
middle of the calf, between the two heads of the 
gastrocnemius, on a line connecting BL-40 and BL-60, 
approximately 8 cun distal to BL-40 (spreading hands 
technique + 2) 


-36 (waigiu) ‘Outer Hill’ 7 cun proximal to the highest 
prominence of the lateral malleolus, on the anterior border of 
the fibula 


-35 (yangjiao) ‘Yang Intersection’ 7 cun proximal to 
the highest prominence of the lateral malleolus, on the 


«. 


posterior border of the fibula 


BL-58 (feiyang) ‘Soaring Upwards’ 1 cun distal and 1 cun 
lateral to BL-87 or 7 cun proximal to BL-60, at the posterior 


border of the fibula and on the lower border of the 
le \ ) | 


gastrocnemius 
Highest promi 
ete | 


-39 (xuanzhong) ‘Suspended Bell’ 3 cun proximal to 
the highest prominence of the lateral malleolus, on the anterior 
border of the fibula 


7.12 Lateral Leg 


Highest prominence ‘ofthe Achilles 
of the lateral malleolus >>. (oT tendon 


BL-59 (fuyang) ‘Instep Yang’ 3 cun superior to BL-60 (in the 


depression between the highest prominence of the lateral 
‘malleolus and the Achilles tendon) 


BL.60 (kunfun) ‘Kunlun Mountains’ In the depression 
between the Achilles tendon and the highest prominence of the 
lateral malleolus 


.B.-40 (giuxu) ‘Large Mound’ In the depression anterior 
and inferior to the lateral malleolus, lateral to the tendons of the 
extensor digitorum longus muscle. 


.B.-42 (diwuhui) ‘Earth Five Meetings’ Between the 4th 
and Sth metatarsal bones, proximal to the metatarsophalangeal 
joints and medial to the tendon of extensor digitorum longus 


Proximal to 
‘interdigital fo 


.B.-43 (jiaxi/xiaxi) ‘Clamped Stream’ Between the 
4th and the Sth toes, proximal to the margin of the 
interdigital webs 


655 


‘A remarkable feature of ceramic heater irons is they generally reach operating temperature in less than 60 
seconds. Of the three types of noncoventional irons, the ceramic heater type best maintains consistent tip tem- 
perature over extended periods of time. Problems with slow heat recovery generally don't exist. A ceramic heater 
iron offers excellent flexibility and can be used with a temperature controller if you like. 


‘A temperature controller is a device that operates similarly to a light dimmer 
switch, By dialing the control to a higher or lower setting, more or less electricity is 
fed to the iron. This increases or decreases the iron temperature, allowing the tip 
temperature to be controlled. You can establish the maximum temperature without 
changing tips. 

A temperature contro//iron combination offers you greater control and 
flexibility than a temperature controlled tip iron when working with different 
metals and solder mixes, Look for one that is at least 85 watts. Since the flow of 
electricity to the tip is consistent and never completely stops, encounters with cold 
spots are nearly eliminated, A temperature control/iron combination is 
suitable for all types of stained glass construction. 

‘Temperature controllers are generally separate units that the iron 
plugs into. They are small, easy to use and relatively inexpensive. There 
are also irons that have controls built into the handle of the iron, which 
generally cost less than buying an iron and a separate control. Never 
plug an iron into a temperature control unless the manufacturer specifi- 
cally states it is suitable for use with it, 


Stained glass irons are generally sold with a “chisel” style tip. There are a variety of tip sizes and styles available 
for nearly every iron used in the stained glass industry. Different tips can expand the versatility of your soldering 
iron, so select an iron that offers more than one size replacement tip. 


Z Zw 


The standard tip size that A smaller chisel tip, 3/16" Very small tips, 1/8" or 
comes with an iron is usu- wide, can be useful when narrower, are usually used 
ally from 1/4” to 3/8" wide, soldering small pieces or for decorative soldering. 
This size works well for when soldering in a tight They allow you to create 
soldering either copper foil area, such as a narrow in- very fine details and de- 
or lead came projects. side part of a kaleidoscope. signs with the solder. 


Itis also very effective for 
decorative soldering. 


GANaNnd _ sierable products you canis! inland 5 
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.B.-44 (zugiaoyin) ‘Yin Portals of the Foot’ On the 4th 
toe, 0.1 cun from the lateral comer of the nail 


7.13 Dorsum of the Foot 


BL.63 (jinmen) ‘Golden Gate’ In a depression anterior and 
inferior to BL-62 between the calcaneus and the cuboid bone, 
proximal to the tuberosity of the Sth metatarsal bone 
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7.13 Dorsum of the Foot 


BL.64 (jinggu) ‘Capital Bone’ Distal to the tuberosity of the 
Sth metatarsal bone, at the border of the red and white skin 


SP-5 (shangqiu) ‘Shang Mound! In the depression at the 
junction of a vertical line along the anterior border and a 
horizontal line along the lower border of the medial malleolus. 
Or: in the depression halfway between the highest prominence 
of the medial malleolus and the navicular tuberosity 


ST-42 (chongyang) ‘Rushing Yang’ On the highest point of 
the dorsum of the foot, between the tendons of extensor 


-40 (qiuxu) ‘Large Mound! in the depression anterior hallucis longus and extensor digitorum longus, directly lateral 
and inferior to the lateral malleolus, lateral to the tendons of to where the dorsalis pedis artery may be palpated. The point is 
extensor digitorum longus muscle. bordered proximally by the second and third metatarsal bones 


and distally by the second and third cuneiform bones. 
Alternative location: sometimes this point may be located 
lateral to the medial portion of the extensor digitorum longus 
tendon (joining the second toe) 


G.B.-41 (zulingi) ‘Foot Governor of Tears’ In the 


- dlepression at the junction of the shafts and the bases ofthe 
4th and Sth metatarsal bones, lateral to the branch of the 
ST-41 (iexi “Stream Divide’ On the ankle, between the extensor digitorum longus tendon running to the litle toe 


tendons of extensor digitorum and extensor hallucis longus, at 
the level of the highest prominence of the lateral malleolus 


SP-4 (gongsun) ‘Grandfather Grandson’ In a depression 
distal and inferior to the base of the Ist metatarsal bone, at the 
border of the red and white skin 


LIV-4 (zhongfeng) ‘Middle Seal’ 1 cun anterior to the 
prominence of the medial malleolus, medial to the tendon of 
the tibialis anterior 
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aE 


BL-65 (shugu) ‘Restraining Bone’ In the depression 


proximal to the head of the Sth metatarsal bone, at the border 
of the red and white skin 


.B.-42 (diwuhui) ‘Earth Five Meetings’ Between the 4th 
and 5th metatarsal bones, proximal to the metatarsophalangeal 
joints and medial to the tendon of the extensor digitorum 
longus 


LIV.3 (taichong) ‘Great Rushing’ On the dorsum of the foot, 
in the depression between the Ist and 2nd metatarsal bones, 
approximately 1,5-2 cun proximal to the interdigital web 


ST-43 (xiangu) ‘Sunken Valley’ In the depression between 
the second and third metatarsal bones, at the junction of the 
shafts and the heads of these metatarsal bones 


.B.-43 (xiaxi) ‘Clamped Stream’ Between the 4th and the 
Sth toes, proximal to the margin of the interdigital web 


BL.66 (zutonggu) ‘Foot Connecting Valley’ In a depression 
distal to the metatarsophalangeal joint of the little toe 
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7.13 Dorsum of the Foot 


. 
zy ae, : 


SP-3 (taibai) ‘Supreme White’ In the depression proximal to. _G.B.-44 (zugiaoyin) ‘Yin Portals of the Foot’ On the 4th 
the head of the 1st metatarsal bone, at the border of the red toe, 0.1 cun from the lateral comer of the nail 
and white skin 


BL-67 (zhiyin) ‘Reaching Yin’ On the little toe, 0.1 cun from LIV-1 (dadun) ‘Big Mound’ On the lateral aspect of the big 
the lateral comer of the nail toe, 0.1 cun proximal and lateral to the corner of the nail 


LIV.2 (xingjian) ‘Moving Between’ Between the Ist and 


2nd toe, proximal to the margin of the interdigital web ‘és iiel hier Gaile bignaeenors 
the medial comer of the nail 


ST-4S (lidui) ‘Strict Exchange’ On the 2nd toe, 0.1 cun from 
the lateral comer of the nail 


SP-2 (dadu) ‘Great Metropolis’ On the medial aspect of the 
big toe, in the depression distal to the first metatarsophalangeal 
joint, on the border of the red and white skin 


ST-44 (neiting) ‘Inner Court’ Between the 2nd and the 3rd 
toe, proximal to the interdigital fold 
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7.14 Medial Foot 


‘SP-6 (sanyinjiao) ‘Three Yin Intersection’ 3 cun proximal 
to the highest prominence of the medial malleolus, on the 
posterior border of the medial crest of the tibia 


KID-8 (jiaoxin) ‘Exchange Belief’ 2 cun proximal to the 
highest prominence of the medial malleolus, posterior to the 
‘medial border of the tibia 


KID-7 (fuliu) ‘Returning Current! 2 cun proximal to KID-3, 
in a depression on the anterior border of the Achilles tendon, 


‘Tendon of 
extensor 
pollicis longus 


LIV-4 (zhongfeng) ‘Middle Seal’ 1 cun anterior to the 
prominence of the medial malleolus, medial to the tendon of 
tibialis anterior 


Highest prominence tendon. 
‘of the medial malleolus 


KID-3 (taixi) ‘Supreme Stream’ In the depression between 
the highest prominence of the medial malleolus and the 
Achilles tendon. 


SP-5 (shanggiu) ‘Shang Mound’ In the depression at the 
junction of a vertical line along the anterior border and a 
horizontal line along the lower border of the medial malleolus. 
Or: in the depression halfway between the highest prominence 
of the medial malleolus and the navicular tuberosity 


Highest prominence — 
‘of the medial malleolus. 


KID-4 (dazhong) ‘Great Bell’ Anterior to the medial border 
of the Achilles tendon, superior to its insertion at the calcaneus 


i 


KID-6 (zhaohai) ‘Shining Sea’ In the depression inferior to 
the highest prominence of the medial malleolus, over the joint 
space between the talus and the calcaneus 
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7.14 Medial Foot 
KID-5 (shuiquan) ‘Water Spring’ 1 cun distal to KID-3, in a ‘ 5 
: : SP-1 (yinbai) ‘Hidden White’ On the big toe, 0.1 cun from 
depression over the joint space between the talus and etuedal concede rat 
caleaneus 
KID-2 (rangu) ‘Blazing Valley’ In a depression atthe anterior sp. (taibai) ‘Supreme White’ Inthe & 
; jepression proximal 

inferior border of the navicular bone, at the border of the red tp the lead ofthe “st retatarsal bone; at tive border of the red 
and white skin aod tie san 
SP-4 (gongsun) ‘Grandfather Grandson’ In a depression . 
distal and inferior to the base of the 1st metatarsal bone, at the 
border of the red and white skin SP-2 (dadu) ‘Great Metropolis’ On the medial aspect of the 

big toe, in the depression distal to the first metatarsophalangeal 

joint, on the border of the red and white skin 
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7.15 Lateral Foot 


BL-60 (kunlun) ‘Kunlun Mountains’ In the depression 
between the Achilles tendon and the highest prominence of the 
lateral malleolus 


.B.-40 (qiuxu) ‘Large Mound’ In the depression anterior 


and inferior to the medial malleolus, lateral to the tendons of 
extensor digitorum longus muscle. 


BL.62 (shenmai) ‘Extending Vessel’ In a depression directly 
inferior to the highest prominence of the lateral malleolus, over 
the joint space between the talus and calcaneus 


hh 


G.B.-41 (zulingi) ‘Foot Governor of Tears’ In the 
depression at the junction of the shafts and the bases of the 4th 
and 5th metatarsal bones, lateral to the branch of the extensor 
digitorum longus tendon running to the little toe 


=o 


-42 (diwuhui) ‘Earth Five Meetings’ Between the 4th 
and Sth metatarsal bones, proximal to the metatarsophalangeal 
joints and medial to the tendon of extensor digitorum longus 


BL.61 (pucan) ‘Servant’s Respect’ In a depression on the 
calcaneus, approximately 1.5 cun inferior to BL-60 


Proximal to 


.B.-43 (xiaxi) ‘Clamped Stream’ Between the 4th and the 
Sth toes, proximal to the margin of the interdigital web 


BL.63 (jinmen) ‘Golden Gate’ On the lateral aspect of the 
foot, proximal to the tuberosity of the Sth metatarsal bone, in a 
depression anterior and inferior to BL-62 between the 
calcaneus and the cuboid bone 


GB4d 


.B.-44 (zugiaoyin) ‘Yin Portals of the Foot’ On the 4th 
toe, 0.1 cun from the lateral comer of the nail 
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BL.67 (zhiyin) ‘Reaching Yin’ On the litle toe, 0.1 cun from 
the lateral comer of the nail 


BL.64 (jinggu) ‘Capital Bone’ Distal to the tuberosity of the 
Sth metatarsal bone, at the border of the red and white skin 


7.15 Later: 


Foot 


BL.65 (shugu) ‘Restraining Bone’ In the depression 
proximal to the head of the Sth metatarsal bone, at the border 
of the red and white skin 


BL.66 (zutonggu) ‘Foot Connecting Valley’ In a depression 
distal to the metatarsophalangeal joint of the little toe 
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8 Point Categories and Point Selection 


Claudia Focks 


‘There are a total of 361 acupuncture points located on the chan- 

nels (+ Chapter 1). Translated literally from the Chinese lan- 

guage, the meaning of the word for ‘point’ is rather ‘opening’ or 

‘hole’. Stimulation of the points can be achieved through massage 

(in acupressure) or through the insertion of needles (in acupunc- 

ture). Besides the regular acupuncture points, there exist a wide 

variety of so-called extra points, located outside the pathways of 

the channels. The most commonly used of these extra points are 

described in Chapter 6, as classified by the WHO. 

‘The acupuncture points are effective 

* locally (for example, points on the elbow treat disorders of 
the elbow) 

regionally (the channel pathway ~ for example, points on the 
arm treat disorders of the upper extremity) 

some points have an effect on their pertaining zangfu-Organ 

* some points have additional actions such as calming the 
shen or eliminating Heat. 

‘The following table provides an overview for the general indica- 

wannel points (modified after Ellis and Wiseman 


tions of the 
1991) 


Indications of the channel points 


Channel Indic 
[Hand-Yin channels 
LU [ Lungs, throat Disorders ofthe 
P__| Hearn, Stomach Spuit Gen) | thoracic region 
Heart disorders 
“Yang channels 
Face, mouth, occiput, eth, nose | Eyes, disorders of 
HeadTateral Disorders of the throat, febrile 
costal region theears | diseases 
Si. | Occipital region, 
shoulder, scapula, 
shen disorders 
Foot-Vin channels 
[SP | Spleen, Stomach, intestines Urogenital 
LIV Liver. genitalia disorders, menstrual 


disorders, vaginal 
discharge, spirit 
(shen) disorders 


KID_| Kidneys, Lungs, throat 


| Foot-Yang channels 

IST _ | Frontal aspect ofthe head, face, Peychoemonanal 
touth eth, throat, Stomach, | disoades (en 

inestines disondes), febrile 

(GB. | Lateral aspect of Disorders of colds 
theteadcxs, | theeyes 

lateral costal region 

BL | Posterior aspect of 
the head, lower back 


8.1 Point Categories 


Certain acupuncture points or groups of points are categorised 
accorting to their actions or location on their respective chan- 
nels, (For an overview of these points and point groups + inside 
back cover) 


8.1.1 Yuan-Source Points 


At the yuan-source points, the Original Qi (yuan gi — 1.1.4) of 
the respective Organ system emerges to the surface of the body. 
Location: near the hand or ankle. 
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Points 


Yuan-source points of the Yin channels 

LU-9 (taiyuan) —SP-3 (taibai) — HE~7 (shenmen) 

KID-3 (1aixi) P-7(daling) ——LIV-3 (taichong) 

© On the Yin channels the yuan-source point is always the 3rd 
point from the distal end of the channel 

© They are identical with the shu-stream points and the Earth 
point of the channel 


Function 

+ They tonily deficiency or weakness of their pertaining zang- 
Organ 

They regulate the Yin/Yang balance, restoring homeostasis 

‘© As Earth points they have a ‘grounding’ effect on the body, the 
emotions and the mind. 


Yuan-source points of the Yang channels 

LiL-4 (hegu) ST-42 (chongyang) SL Gvangu) 

BL-64 (jinggu) —"T.B-4 (yangchi) G.B.-40 (giuxu) 

© Onthe Yang channels the yuan-source point is always the 4th 
point from the distal end of the channel, except for the G.B. 
channel (Sth point) 

© Regarding the energetics of the channel, they are all located 
between the shu-stream point and the jing-river point, 


Function 

‘Their main function is to expel pathogenic factors in excess 
syndromes 

They tonify their pertaining fu-Organ. 


Clinical application 


Diagnosis 
Disorders of a particular channel or its pertaining zangfu-Organ 
will often manifest themselves with tenderness, skin changes 
such as discolorations, swellings, redness, ete. in the area of the 
respective ynan-source point. 


Therapy 

‘For deficiency of the relevant channel or Organ, use tonifying 
needling techniques; for excess, use reducing techniques 

© Combine with the fuo-connecting point of its Interiorly— 
Exteriorly paired channel (+ 1.2.2) in order to increase the 
therapeutic effect and to balance Yin and Yang (+ 8.3.3) 

© Combine with the respective Back-shu point (-+ 8.1.4) for 
disorders of the zangfu-Organs 


8.1.2 Luo-Connecting Points 


‘The Juo-connecting points are located in those regions of the body 
‘where the /uo-network vessels (—* 1.5) branch out, connecting the 
Interiorly-Exteriorly paired Yin and Yang channels (+ 1.2.2) 


ip Maintenance 


The Importance of Proper Care 


Your soldering iron may very well be one of your biggest tool investments, so you will want to do everything 
possible to ensure that it gives you many years of service. Well maintained soldering irons and tips perform 
better and make the job of soldering much easier. Always place your soldering iron in a stable iron stand 
whether itis being used or not. 


The Cord 


Make sure you plug the iron into the correct type of outlet. 
©Try not to use an extension cord. If you must, use a heavy duty one. 
Don't drop or bang the iron. Ceramic heaters are especially easy to crack or break. 


Regularly check the cord for bums or cracks and have a professional electrician replace worn 
cords before using the iron. 


©Make sure that the cord is not hanging in such a way that it can be pulled off of the table. 


The Heating Element 


Do not allow the iron to idle at operating temperatures for extended periods. This could burn out the 
heater element. Unplug the iron or, if you are using a rheostat, turn it down to a low "idle" setting. 


Occasionally, remove the tip and lightly tap the barrel of wire wound heater irons to remove debris. 
If you will not be using your iron for an extended period of time, you may want to store it (after it has 
fully cooled) in a zipper type bag to protect it from corrosion and humidity. 


The Tips 


When you are finished using your iron, remove the tip from the barrel. Removing the tip is essential to 
preventing “seizing” which can occur if it is left in the iron for extended periods. (If your tip seizes, you 
can easily damage the heating element trying to remove it, It is best to return you 
iron to the manufacturer for removal.) 

© When reinserting tips, make sure they are properly seated in the barrel. 


Never dip your tip into flux in order to clean it. Instead, use a clean damp 
sponge to wipe all sides of the tip periodically as you solder. Doing this removes 
impurities the tip has accumulated from the solder and the environment. It will 
ensure that you are receiving the maximum heat at the tip surface. 

Properly cleaned tips are bright and shiny. If your tip becomes "blackened," you 
can usually remove the buildup with a wet sponge, a tinning block or by gently 
using a brass brush. A “tinning block” (sal-amoniac) is used by placing a small 
amount of flux on the block and rubbing the tip of your hot iron in it. Wipe the tip 
on a damp sponge to remove debris. You may need to repeat this several times if 
your tip is very dirty.) 

Never use sandpaper or any abrasive material to clean a tip. 

The best way to minimize your tip maintenance is to find a good quality solder. Use 


one that has a high tin content and high metal purity. 
6  IMAN  sordable products you can trust Minland 
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‘The 12 fuo-connecting points of the primary channels are 
located between the fingers and the elbow on the upper extrem- 
ity and between the toes and the knee on the lower extremity. 

*  Luo-connecting points of the primary Yin channels 
—hand Yin channels: LU-7 (lieque), P-6 (neiguan), HE-S 

(tongliy 
— foot Yin channels: SP-4 (gongsun), LIV-5 (ligou), KID-4 
(dazhong) 

* Luo-connecting points of the primary Yang channels 

—hand Yang channels: LiL-6 (pianli), TBS (waiguan), 
S.L-1 (chicheng) 

~ foot Yang channels: ST-40 (fenglong), G.B.-37 (guangming), 
BL-S8 (feiyang) 

+ Luo-connecting points of the ren mai: Ren-15 (jiunvei); action: 
regulates the fuo-connecting vessels of the Yin channels; 
indication: abdominal diseases and disorders 

* Luo-connecting points of the dit mai: Ducl (changgiang); 
action: regulates the /o-connecting vessels of the Yang cha 
nels; indication: disorders of the back 

* Great Juo-connecting point of the Spleen: SP-21 (dabao); 
action: connects with all Iuo-Vessels and governs all fuo and 
Blood vessels of the body; indication: disorders of the joint, 
general weakness and pain 

* Great luo-connecting point of the Stomach: x1 fi*, near the 
left $T-18; moxibustion is contraindicated, only superficial 
needling is recommended. Indication: breathing and heart 


8.1 Point Categories 


disorders such as asthma, dyspnoea, emphysema and brady- 
cardia, also for shortness of breath due to anxiety attacks 


Clinical application 


Diagnosis 

# Inexcess syndromes the {uo vessels often become visible near 
the fuo-connecting points, for example skin discolorations and 
swellings may occur. With pain due to Cold the predominant 
colour may be bluish to greenish, with Heat syndromes red- 
dish, with chronic stagnation and stasis dark to dark purple. 

* In deficiency syndromes there are often no colour changes. 
However, in severe chronic cases (for example severe Qi defi- 
ciency) there will more likely be distinct muscular flaccidity, 
presenting as a dip or depression in the area of the point 


Therapy 

© For disorders of the pertaining zangfi-Organ or channel 

© For diseases of the Interiorly-Exteriorly paired Organ or 
channel 

‘For disorders due to the accumulation of pathogenic factors or 
substances, for example Qi stagnation, Blood stasis, retention 
of Dampness or Phlegm 

‘* For psychoemotional problems, especially Iuo-connecting 
points of the Yin channels, forexample classically P-6 (neiguan) 
and HE-S (rongii) 

* Bloodletting (three-edged needle, lancet or plum-blossom 
needle) on the fuo-connecting point of the affected channel: 
this is particularly indicated for excess syndromes with 
Qi stagnation and Blood stasis. For more details on point 
selection 8.3.3 


8.1.3 Xi-Cleft Points 


Synonyms: Accumulation points (Maciocia) 
‘The xi-cleft points are all located between the fingers and the 
elbow on the upper extremity and between the toes and the knee 
on the lower extremity. Only ST-34 is located more proximally 
oon the thigh. 


Tir is only rarely mentioned in Wester literature, The location and signifi 
cance of this point is based on Su Wen, chapter 18: “The geat luo vessel ofthe 
Stomach is called sw fi and emerges at ST-I8 under the left breast, passes 
‘through the diaphragm and ascends to connect with the Lung. One can fel its 
pulsation withthe hand. tis the place where the song gi (—* 1.14) ofthe chan- 
nels resides” (Ngyen Van Nahi, 1989). Xu lis the only luo-connecting vessel 
to directly emerge from a fi-Organ. It plays an important role in Korean 
scupuncture, 


j= 
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Yin Yang 


Points 
Xi-cleft points of the primary Yin channels 


Hand Yin channels 


LU-6 (kongzui) ——-HE-6 (yinxi) P-4 (ximen) 
Foot Yin channels 

SP-8 (difi) KID-S (shuiguan) — LIV-6 (chongdu) 
Xi-cleft points of the primary Yang channels 

‘Hand Yang channels 

LAL-7 (wenliu) S.L-6 (yanglao)——"T.B-7 (huichong) 
Foot Yang channels 

ST-34 (lianggiu) —BL-63,Ginmen) ——_G.B.-36 (waigi) 


Xi-cleft points of the extraordinary vessels (point 
names printed in blue) 

‘© Xi-cleft point of the yang giao mai: BL-59 (firyang) 

¢ Xi-cleft point of the yin giao mai: KID-8 (jiaoxin) 

© Xi-cleft point of the yang wei mai: G.B.-35 (yangjiao) 
‘© Xi-cleft point of the yin wei mai: KID-9 (zhubin) 


Clinical application 


Diagnosis 
‘They provide information about disorders affecting their per- 
taining channel or zangfie-Organ 
—Excess: acute, intense pain upon pressure or redness and 
swelling in the area of the point 
—Deficiency: dull, mild pain upon pressure or presence of a 
depression in the area of the point 


Therapy 

© Mainly used for acute and/or thetapy-resistant disorders, 
especially for excess conditions and pain of the affected chan- 
nel and/or pertaining zangfir-Organ, In patients with a robust 
constitution use reducing needling techniques. 

© Add the xi-cleft points of the Yin channels for disorders of the 
Blood, 

‘* In onder to increase the therapeutic effect, the xi-cleft point 
may be combined with a relevant /ui-meeting point (8.1.7). 


8.1.4 Back-Shu Points 


‘Synonym: Back-transporting points 
‘The Back-shw points are located on the inner branch of the BL 
channel at the level of their pertaining zangfi-Organ. They are 
‘mostly at the same level as the corresponding Front-mu point 
(78.15). 


Lung BL-13-. 
Pericatdium BL-14--._ 
Heart BL-1S 


Liver BL18-._ 
Gall Bladder BL-19. 


Spleen B1-20~ 
Stomach BL-21~ 
Triple Burner BL-22--~ 
Kidney BL-23; 


Large Intestine BL-25 ~~ 


/ i}. \/ 


Bladder BL-28°*/0" 
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Points 
Lung BL-13 (feishuy 

Targe Tnenine TBL=25 (dachangstay 
Stomach LAZU (weishuy 

Spleen B20 shay 

Heart BL=AS ccnsiuy 

Small nesting BL-27 Giaochangstay 
Bladder BL=2E (pangguangshuy 
Kidney TBL=Z3 henshay 
Pericardam BL=T4 Gueyinsay 
Triple Burner BLE (sanjaashuy 
Gall Bladder BLD cdanshay 

iver BL-18 (ganshu) 


Clinical application 


Diagnosis 
# Often spontaneously tender and/or sensitive upon pressure in 
disorders of the pertaining cangfi-Organ 


Therapy 

© Mainly used for disorders of the corresponding zangfiu- 
Organ. These points have a tonifying effect for chronic disor- 
ders and deficiency syndromes, but can also be used for acute 
disorders of their pertaining zangfu-Organ. 

For disorders of the sensory organs, use the Back-shu point of 
the pertaining zangf-Organ. 
Example: for disorders of the eyes, needle the Back-shu 
point of the Liver BL-18 (ganshu), 


For excess syndromes, the Back-shu points can be needled 
with reducing needling techniques; for deficiency syn- 
dromes, tonifying needling techniques should be applied. 
When Cold signs are present, moxibustion can also be used. 
‘The needles should not be retained longer than 10 minutes — 
longer needle retention can have a sedating effect and lead, 
to tiredness, 


8.1.5 Front-Mu Points 


Synonym: Alarm points 
‘The Front-mu points are \ 
the area of their pertaining z 


O 
8.1 Point Categories 
lung LUT 
Pericardium Ren-17 - 
Heart Ren-14- 
Liver Lv-14 


Gall Bladder C.8-24 
Stomach Ren-12-- 
Spleen LIV-13--~ 
Kidney 6.8.25 

Large Intestine ST-25 


Triple Burner Ren-S —~ 
Small Intestine Ren-4 ~< 


Bladder Ren-3 
Points 

Lung, LU-1 Ghonsf) 
Large Intestine ‘SES _ (ianshu) 
Stomach Ren-I2 (Ghongnan) 
Spleen TIV-I3 (changmen) 
Heart Ren-14 (jugue) 
Simall Intestine Ren-4_(guanyuany 
Bladder Ren-3_(chongid) 
Kidney G.B-25 Gingmen) 
Pericardium Ren-I7 (danzhong) 
Triple Bumer Ren-5_(shinen) 
[Gall Bladder GBP (rive) 
Liver LIV-14 (ginen) 


Clinical application 


Diagnosis 
* Often spontaneously tender or sensitive upon pressure in dis- 
orders of the pertaining zangfit-Organ 


Therapy 
* Used to regulate the perta 
dromes use reducing needling techniques; for deficiency syn- 
dromes use tonifying methods, 
* Commonly used point combinations 
~ Shu-mu method (—+ 8.3.2) 
— For disorders of the firOrgans: simultaneous needling of 
the lower he-sea point (+ 8.1.9) and the Front-mu point of 
the affected fir-Organ. 


ing cangfit-Organ, For excess syn~ 
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8.1.6 The Five Shu-Transporting 
Points 


‘The five shu-transporting points are located between the fingers 
and the elbow on the upper extremity, between the toes and 
the knee on the lower extremity. ‘The classification and appli- 
cation of these points is based on two theories: on the one hand 
they are applied according to the Qi flow in the channel from 
distal to proximal, on the other hand they are used according to 
the Five Phases (+ 8.2.5). 

While the location of the five shu-transporting points is identical 
to the Five Phase points, their dynamics and range of application 
based on the Qi flow in the channels differs from or is even con- 
trary to their actions as Five Phase points. The theoretical foun- 
dations of the Qi flow in the channels as applied in the instance 
Of the shu-transporting point are based on a rather earlier ci 
latory concept (+ 1.1.1). 
‘The therapeutic application of the Five Phase points will be 
5, while the clinical applic 
tion according to channel flow is described below. 


explained in more detail in + 


Theoretical background of the Qi circulation 

in the channels 

According to the more original centripetal model (—* 1.1.1), the 

Qi flows from the peripheral parts of the body to the elbows and 

knees, similar to a river coursing from its spring to its estuary 

and finally into the sea: 

The Qi flow begins at the anastomosis at the jing-well point. 
Here the water surfaces, it is dynamic and unstable (change of 
polarity from Yin to Yang) 

‘© The water course then changes to a spring (ying) and a stream 
(shu) — both are at this point still quite dynamic features, the 
water flowing rapidly and superficially. 

‘© The water then becomes increasingly deeper and slower, tak- 
ing on the characteristics of a river (jing). 

Eventually it flows as a big river into the sea (he). 
‘This image of a river system is often used to explain disorders 
caused by pathogenic factors (xie gi). Due to the superticial 
position of these points on the extremities, pathogens can here 
easily penetrate the body. By the same token, they can be 
removed again with relatively litte effort. Barbara Kirschbaum 
(course material 1999) provides a useful visual image: she sug- 
gests imagining a ship carrying a cargo of pathogens that begins 
its journey at the tips of the extremities. The further a point is 
located peripherally in the body, the easier itis for the ship to get 
rid of its dangerous cargo (or to expel the pathogen according to 
the dynamics of the Qi flow). However, once the ship has 
reached the he-sea point, the ship and its cargo will disappear in 
the big, wide sea, having the potential to injure the internal 
zangfu-Organ, Thus it is the therapeutic goal to eliminate 
pathogens from the body as soon as possible. 


Yin 
Element 


Earth 
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8.1 Point Categories 
Overview: shu-transporting points Clinical application of the shu-transporting 
points 


fing well points (ing nue 
| Phase/ Wood Fire Earth ‘Metal Water i F 
[channel_| point point point point [point 


LU [iu [tui [Lu9+ [ius [bus ts ofthe Vin channels 
SP spi [sp2+ [spa [sp3— [spo Phase/ | Wood | Fire Metal 
HE [REST [HES [HET = [HES —]HES camel_| point _| point fie 
KID [xb [xi xS [xiDTy feo] | (LU | Luo Lu 
Pot PR P7 PS P-3 SP [SP-9 
GV nos pens pone oe] RE Hea [HES 
Channel | Jing-well | Ying Shu Ting. |He-sea xD ‘KID-7 + [KID-10 
Qiflow | point spring | stream river [point P PS Pa 
point | point | point LIV a 
[Chaanal ing He-sea 
Phase? | Metal [Water | Wood [Fire [Earth Qi flow stream | river | point 
fchannel_| point | point | point | point [point point | point 
LL Li LLS [LL + 
ST SEs Staiy_[ST36 Phase [Ean 
SI Sit [Sz Sis [Sis pel point 
BL BLOT + | BL-66 BL) [BLO del: Ltt 4 
a ee A 78-6 [TBO St S36 
GB. GB-4a | GB-3+ GB.38 -[G.B-34 SL S.-8 
Channel | Jing-well | Ying. ‘Shu Ting-  |He-sea BL BL-60[BL-40 
Qitlow | poim — | spring | seam | river [point TE TB-6_|TBA10 
point | point | point GB. GE38- [GB 
+, tonification point; — , sedation point [channel Sin He-sea | 
Qi ow spring | stream | river point 
point | point | point 
+ toificaion pon ~ sedation point | 


According to the Five Phases (+ 8.2.5) the jing-well points of 
the Yin channels correspond to the Wood points, while those of 
the Yang channels correspond to the Metal points. 

Location: as the last or first point of each channel, they are 
located on the tips of the fingers or the toes (exception: KID-L 
of the sole of the foot). The course of the channel is het 
most superficial. Its also here that a change of polarity is taking 
place in the energy: from Yi 
needling thes 
ing a strong stimulus to the body 


e at its 


to Yang or vice versa. Caution: 


points can be quite intense and painful, present- 


Actions 

# Clear Heat, restore consciousness, eliminate Heat and excess 
{from the upper end of the channel: commonly pricked to bleed. 

© Treat fullness and Cold below the Heart 


‘© Treat disorders of the spirit (shen) for psychological disorders 


In ns 
© For acute 


conditions and emergencies: the jing-well points 
can quickly expel Exterior pathogenic factors (sie gi), espe 
cially Heat, They have a strong effect on the psyche, for 
example for coma, collapse and shock as well as for severe 
irritability and restlessness. 

‘© The points on the Yin channels also have an effect on their 
pertaining 


ng-Organs and can eliminate internal Wind, 
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Examples 

© LU-L1: prick to bleed for acute sore throat 

© KID-1: for spasms and unconsciousness 

© HE-9: for collapse 

 SP-I: for uterine bleeding 

For psychological disorders: 

© KID-L: for severe restlessness 

‘* P-9 and HE-9: for extreme restlessness and insomnia 


a = > 
hes 
mee ie ie 
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8.1 Point Categories 


Ying-spring points (ying xue) 


hu-transporting points of the Yin cha 


hu-teansporting points of the Ya 


point 


+ tonifiation point: ~ , sedation point 


According to the Five Phases (~* 8.2.5) the ying-spring points of 
the Yin channels correspond to the Fire points, while those on 
the Yang channels correspond to the Water points, Caution: 
needling some of these points can be painful, for example 
LU-10, P-8, HE-8, 


Location: as the second most distal point of each channel, they 
are located on the upper extremity between the phalanges and 
‘metacarpal bones and on the lower extremity between the pha- 
anges with the exception of KID-2. 


Actions 

* They are very dynamic points that eliminate both external and 
internal pathogenic factors. 

* They clear Heat from their pertaining cangfiOrgan and 
channel, especially in the upper half of the body. 


Indications 

* For example for febrile diseases: Exterior Heat syndromes 
are mainly treated using points on the Yang channels while 
Interior Heat or deficient Heat syndromes are treated with 
points on the Yin channels. 


Examples 

© LU-10: for acute inflammations of the throat 

© STE-44: for acute frontal headaches or acute inflammations 
affecting the face 

© LIV-2: for severe temporal headaches, for example due to 
blazing Liver Fire 
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Shu-stream points (shu xue) 


oints of the Yin channel: 


LU-LT Ls = 
SPT [sP-9 


HE HES + [HES HES 
Kib__|[ Kiba — [KID [KID-T0 
P Poe Pa 
mv [ova Lave 
Channel | ing-well He-sea 


point point 


sporting points of the Yang channel: 


Lit 
Shs 


SI Sit 
BL BLOT 
oa TET 


GB. | GBT 
Channel | ing-well 
Qittow | point 


++, tonifieation point: ~ , sedation point 


According to the Five Phases (+ 8.2.5) the shu-stream points of 
the Yin channels correspond to the Earth points and yuan- 
Source points (—+ 8.1.1), while those on the Yang channels cor- 
respond to the Wood points. 

Location: counting from the periphery, they are the third point 
of each channel, the only exception being the G.B. channel (4th 
point on the channel). They are located proximal to the metacar- 
pophalangeal or metatarsophalangeal joints, except for KID-3 
{posterior t0 the medial malleolus), LIV-3 and SP-3 (both 


located at the distal ends of the metatarsal bones) as well as 
LU-9, HE-7 and P-7 (all located on the wrist joint space). 


Actions 
‘They are considered to be the entry points for pathogenic factors; 
needling these points can strengthen the Defensive Qi (wei gi) 
(> 1.1.4) and eliminate pathogenic factors from the respective 
channel, At the siu-stream points, the Qi flow is already somewhat 
deeper: the bed of the river is widening and deepening, 


Indications 

For bi-syndromes of the joints, especially due to Damp or patho- 

genic Wind. They are generally used for heaviness of the body 

as well as for shaoyang syndrome with intermittent symptoms. 

‘© Points on the Yang channels are predominantly used for Exterior 
syndromes: they have a specific action on ther respective channel. 

* Points on the Yin channels are more commonly used for 
Interior syndromes; they strengthen and harmonise their 
respective zang-Organs (this isin part due to these points also 
being the yuan-source points). 


== 
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8.1 Point Categories 


Jing-river points (jing xue) 


Shu-transporting points of the Yin channel 


LUA 


SP SPT 
HE HES [HES [HET — 
Ki | Kibi— |Kib2 | KIDS 
P Pot [Pe 

civ [over 

[Channel| Jing-well 

Qi flow | point 


ting points of the Ya 


Lib 


ist sts [Sha 
Si Sia [Sia 
BL BLOT + [BLOG 
bo TB [TE 

GB [GBT | GB] 


[Channel | Fing-well | Ying 
Qiflow | point — | spring 
point 


+ tification point: ~ , sedation point 


According to the Five Phases (—+ 8.2.5), the jing-river points of 
the Yin channels correspond to the Metal points, while those 
on the Yang channels correspond to the Fire points. 

Location: they are located between the shu-stream points and 
the he-sea points. On the upper extremity, they are located 
either at, or distal or proximal to the wrist, while on the lower 
extremity they are located either at, or distal or proximal to the 
ankle (see figure on p. 676). 


Actions 
‘They divert external pathogenic factors away from joints, bones 
and tendons towards the Exterior. At the jing-river points the Qi 
flow becomes incteasingly wider. slower, deeper and larger ~ 
thus the actions of these points are also less dynamic compared 
to the first three, more peripheral, shu-transporting points. Atthe 
Jing-tiver points external pathogens have already penetrated 
deeper into the body, especially into the joints, bones and tendons. 


Indications 

* Dyspnoca, disorders of the throat such as inflammations, 
cough, disorders manilesting in the voice. 

* Alternating fever and chills (especially points on the Yin 
channels) 

# Also for 

isorders. 


yyndromes such as painful joint and tendon 
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He-sea points (he xue) 


transporting points of the Yin channel 


Tingwell 
}Qiflow | point 


porting poit channels 


LL Lid 


ST SEs 
St Si [si2_ [sia 
BL BL67 + [BLG6 | BLOS — 


oo ee 
ca [GB [GBai7/ GBT 
[Channel | Jing-well | Ying- | Shu- 
fQiftow | point — spring | stream 
point | point 


+ tonification point; ~ , sedation point 
‘According to the Five Phases (+ 8.2.5) the he-sea points of the 
‘Yin channels correspond to the Water points, while those on 
the Yang channels correspond to the Earth points. 

Location: on the upper extremity these points are located near 
the elbow. on the lower extremity near the knee. 
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Why Do We Use Solder? 


Solder is a combination of tin and lead used to create a strong bond between other metals. Since solder won't 
stick to glass, we apply a copper foil tape (our metal) to the edges of the glass. This is refered to as the 
copper foil method of stained glass construction, Solder is melted over the copper foil, creating a structure that 
holds the pieces of glass together, The other option is to set the glass into channels of lead or metal, and 
solder the channels together, This is refered to as the lead came method. 


The Advantages of Solder 


Some of the ad 


tages of soldering versus other bonding methods are: 

& Solders are easy to use and relatively inexpensive. 

& Low energy is required to solder. 

Properly soldered joints are highly reliable. 

& Solder joints are easy to rework or repair, 

© Experienced craftpersons can exercise a high degree of control over the soldering process. 
& Solder joints age very well. They can last for years, decades and centuries. 


Types of Solder 


Stained glass solders are usually a mixture of tin and lead, designated by two 
numbers representing the percentages of each metal in that specific mix. The first 
number always refers to the percentage of tin, the second is the 
percentage of lead. The most commonly used solders in stained glas 
are 60/40, (60% tin/40% lead) 50/50 and 63/37. "Lead-free" solders 
have no number designation and are a mixture of tin and small 
amounts of other metals. Avoid solders containing antimony, a very 
toxic element. Instead look for lead-free solders containing silver, or 
copper. They are safer and easy to use. (Note they are, however, 
more difficult to patina.) 

In North America, you will find s 
form ona 


Ider is generally sold in solid core wire 
pool. The common spool size is one pound. In Europe, you will find 
solders primarily sold in a bar form. Never use acid-core or rosin-core solders for 
stained glass work. Look for solders that are sold as "free of impurities” in the component metals. Impurities 
cause a "scum" on your solder bead, degrade soldering iron tips, and interfere with the proper reaction of 
patina chemicals resulting in undesired finishes. 


An important term for solders is the “working range" or "pasty range.” This is the range of temperature 
between which solder transitions from liquid back to solid. 
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Actions 

© They descend counterflow Qi and stop diarrhoea. At the he-sea 
points the Qi flow is very wide, deep and slow, ‘terminating 
in the deep sea’ where the ‘toxic cargo’ can ‘disappear’ into the 
body unless treated adequately. External pathogens (xie i) 
\which have not been eliminated from the channel beforehand 
can here penetrate the Interior of the body and injure the 

ingfir-Organs. 

* Diseases of the fu-Organs (here especially points on the lower 
extremities are indicated) 


Indications 

* Disorders of the fi-Organs, especially gastro-intestinal disor- 
ders with symptoms such as vomiting and diarrhoea 

* Some he-sea points are also indicated for skin diseases, for 
example LI-11, BL-40, 


Biceps tendon . 


inosus 


8.1 Point Categories 


cae 


— 4 
n 
Tea 


Head of 


8.1.7 The Eight Hui-Meeting Points 


Synonym: Gathering Points (Maciocia) 
‘The Qi of a particular issue, Organ system or substance gathers 
at the fuui-meeting points and can be influenced through these 
points. 
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Points and clinical application 8.1.8 Opening Points of the Eight 
Extraordinary Vessels 


Synonyms: Confluent points (Deadman et al 1998), Master 
points (Pirog 1996) 

‘The table below shows the opening points of the eight extraordi- 
nary vessels. For more detail on their origin and pathways 
1.7, Chapter 5. 


LIV-13 “ang-Organs Disorders of the zang- 


Ghangmen) Organs (onifes the Spleen 
and indirectly all sang-Orpans) 

Rentz | firOrgans Disorders ofthe fa-Orpans, 

(chongwwan) for example of the gastro- 
intestinal wact 

Renl7 ‘Ci hasaswong | Respiratory diseases and 

(danchong or | effect on the disorders ofthe Qi low such 

shanzhong) | zomg gi as hiccups; controls the zong 


igi and therefore functioning 
Of the Lungs and Heart 


BLAT Blood (we) Disorders of the Blood such as 

(esha) anaemia, Blood stasis, 
hhaemoerhagia and 
aynaecological disorders 

GE | Snews Disorders of the joins, 

(angling- sinews and muscles 

quan) 

Lo Blood vewsels | Stimulates the peripheral 

Gaiyaany Blood ereulation for disorders 


of the blood vessels such as 
vasculitis and arteriosclerosis 
BLAT Bones Disorders of the Bones 


black Opening paint 
blue Coupled point 


(dachu) such as shoulder and spine 

problems, joint and bone pain Central <> Peripheral (Yin-Vin, Yang-Yang) 
GB-39 Marrow Disorders of the Bones, Peripheral <> Peripheral (Yin-Yang) 
(uanzhong) the Marrow and Brain (nerves) 


Central <> Central Yin-Yang) 
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Points 


° 


8.1 Point Categories 


Pi chong. mai SPA (gongsun) | P-6 (neiguany Heart, chest, Stomach’ 
in wel mat P-6 (ueiguan) ‘SPH (gongauny 

Pair2 |_dumai S13 Grows) BL-@2 (shenmai) ‘Occiput, shoulder, back 
yang giao ral BL-@ (shenmat)_|_Sil-3 (ious) 
dai mat GBA Gulingi) [EBS (waiguany “Temples, ears, lateral aspects of the body 


yang wel mat EBS (waiguan) 


ren ma LU-7 (ieque) RID-6 


haohaiy Face, throat, chest, Lungs, abdomen 


yin giao mal 


KID-6 (Ghaohaiy_| LU-7 equa) 


Clinical application 

Various approaches exist for needling the opening/coupled 

points of the extraordinary vessels. The following method for 

‘opening’ or regulating the extraordinary yessels has been 

used with good therapeutic results in clinical practice: 

* Needle the opening point of the relevant channel first, then 
needle the contralateral coupled point (opening point of the 
paired extraordinary vessel). This will mobilise and regulate 
the Qi of the extraordinary vessel, making it more dynamic. 

* During a subsequent session, needle either the xi-cleft point 
of the previously treated extraordinary vessel (— 8.1.3) or 
add other channel points of the vessel (sce channel path- 
‘ways, chapter 5) during the same or subsequent session. This 
will further support the dynamics of the Qi flow in the vessel. 

In addition Maciocia (1989) and Kirschbaum (1995) suggest the 

following procedure for ‘opening’ the extraordinary vessels: 

+ In women: First needle the opening point on the right side 
with even method, then the coupled point on the left side with 
‘even method. Afterwards other points on the respe. 
may be added. 

+ In men; First needle the opening point on the left side with 
even method, then the coupled point on the right side with 
‘even method. Afterwards other points on the respe: 
may be added. 

+ Needle retention: the needles should be retained for 20-25 
minutes and should be removed in the opposite order. 


8.1.9 Lower He-Sea Points 


‘The lower he-sea points are used as the main points for disorders 
of their pertaining fu-Organ. 


Points and clinical application 


(yy 
sone 536, 
\ | 


Gall Bladder 6.834 


“Triple Burner BL-39" 
Bladder BL40” 


Large intestine ST-37. 1. 


soutien 39-1} 


\ 


wsanli): Lower he-sea point of the Stomach; indica- 

epigastric pain and fullness, acid reflux, 
abdominal pain, constipation, diarrhoea 

# $9.37 (shangjuxu): Lower he-sea point of the Large Intes- 
tine; indication: appendicitis, diarrhoea 

# $1.39 (viajuxw): Lower he-sea point of the Small Intestine; 

iarrhoea, abdominal pain 

© G.B.-34 (yanglingquan): Lower he-sea point of the Gall 
Bladder; indication: cholecystitis, vomiting 

* BL-40 (iveishong): Lower he-sea point of the Bladder; indi- 
cation: urinary incontinence, urinary retention 

* BL-39 (weiyang): Lower he-sea point of the Triple Burner; 
indication: urinary incontinence, urinary retention 


indi 


tio 


8.1.10 Meeting Points (Jiaohui Points) 


Synonym: Intersecting points (Practical Dictionary) 
Meeting points (jiaohui points) represent intersections between 
channels and vessels. Needling them allows more than one chan- 
nel to be influenced and widens the range of actions of a given 
point. By the same token, the number of needles may be reduced 
‘while maintaining a good therapeutic effe 
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Lot KID 19] 
[KID 20] 
[KID 21 


so a 


SP 12 
SPS 
SPs 
SP 16 


KIDZ 
KID G 
KIDS 


KID | a 


KIDTH 
KID ZI 
KID 

KID 
KIDS| 
RID 
KID 


KID Rent | 


ov | 
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only mentioned by some authors 


8.1.11 The Gao Wu Command Points 


Synonym: none known 

‘These points have the ability to affect certain regions of the 
body. By combining these points with local and other specific 
points they can increase the therapeutic effect in a particular area 
of the body. 


~ (to revive 
consciousness) 


8.1 Point Categories 


Points and clinical application 

© ST-36 (cusanli: for all disorders of the abslomen 

© Lil (eg): for disorders of the face and mouth 

© LU (lieque): for disorders of the occiput 

© BL-40 (weizhong): for disorders of the back and lumbar 
region 

* P-6 (neiguan): for disorders of the thorax 

# Du-26 (renzhong): for restoring consciousness (The last two 
points were added later, + Deadman et al 1998) 


8.1.12 The Window of Heaven Points 


In Chinese classical literature there are only a few references to 
these points. In modern times, both Ross (1995) and Deadman 
et al (1998) mention this group of points. 


Points 

LU-3 (tianfu) LAL-18 (futu) P-l (tianchi) 
TB-16 (tianyou) —S.L-16 (tianchuang) —S.1.-17 (tianrong) 
ST-9 (renying) —— BL-10 (tiantshu) Ren-22 (tiantu) 
Du-l6 (fengfu) 


Location: Eight of the Window of Heaven points are located in 
the neck region (exceptions are LU-3 on the upper arm and P-L 
on the thorax). This might provide a clue about the action of 
these points in regulating the Qi flow between the head and the 
body. 

Comment: According to Deadman, the Ming dynasty physician 
Ma Shi remarked that $.L-17 should be replaced by G.B.-9 
(tianchong). Af that was the case all six Yang channels running to 
the head Would be represented by a Window of Heaven point. 


Clinical application 
«For disorders of the Qi flow: 
— LU-3, LiL-18, Ren-22 for counterflow Qi causing cough, 
wheezing, ete. 
~ P-1 for counterflow Lung Qi with copious Phlegm 
~ ST-9 for counterflow Lung and Stomach Qi 
— BL-10 treats dizziness, headaches and stiffness of the 
‘occiput, et. 
~ Du-16 for internal Liver Wind 


= 
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«For goitre, swellings, pain and Qi stagnation in the occiput 
and neck: especially indicated if these occur locally 
For disorders with an acute onset, for example 
— L.L-18 for acute aphonia 
~ ST-9 for acute diarrhoea 
~ $.L-16 for acute aphonia, for example following a stroke 
~ BL-10 for epilepsy 
~ TB.-16 for acute hearing loss 
~ Ren-22 for acute dyspnoea 
~ Du-I6 for acute aphasia following a stroke 
* For psychological disorders: 
~ LU-3 for somnolence, grief, disorientation, forgetfulness, 
insomnia 
~ $.L-16 for manic agitation and bipolar disorder 
~ BL-10 for mania, hallucinations, epilepsy, childhood con- 
vulsions 
~ TB.-16 for vivid dreaming 
~ Du-16 for mania, grief, anxiety with anxiety-induced pal- 
pitations 
For disorders of the sensory organs: 
— LU-3 for nose bleeding, blurry vision, myopia 
~ ST-9 for blurry vision 
~ $.L-16 for deafness, tinnitus, ear pain 
~ $.-17 for tinnitus and deafness 
~ BL-10 foreye pain, blurry vision, excessive tearing, speech 
disorders, blocked nasal passages, loss of sense of smell 
~ T.B.-16 for hearing disorders, visual disorders, eye pain, 
excessive tearing, loss of sense of smell, blocked nasal pas- 
sages 
— Du-16 for speech disorders (for example following a 
stroke), blurry vision, nosebleeds 
~ Ren-22 for speech disorders 


8.1.13 Points of the Four Seas 


‘These points have a parti 
tive ‘Sea’ 


lar, supportive effect on their respec~ 


pu-14 | 


Ren-17_ Qi 


‘Ling Shu*: "When the Sea of Qiis in excess there is fullness in the 
chest, urgent breathing and a red complexion, When the Sea of Qi is 
insufficient, there is scanty energy, insufficient for speech, 


[Ling Shu®: “The Penetrating vessel is the sea of the twelve channels. 
In the upper it is conveyed to BL-11 (dazhu), and in the lower it 
Jemerges at both the ST-37 (shangjusu) and ST-39 (viajusu) ... When 
the Sea of Blood is in excess, then one has a sensation of the body 
being big; one feels disquiet, but does not know what the illness is; 
\when the Sea of Blood is insufficient, one has the sensation of one’s 
body being small; one feels reduced but does not know what the 
illness is.” 


[Ling Shu*: "When the Sea of Water and Grain is in excess, there Is 
abdominal fullness, and when it is deficient, there is hunger with 
inability wo eat. 


i 
ing Shuts "When the Sea of Marow is in excess, here is Tabiness 
forthe body and much strength, anda person's feling of sell” 
exceeds the normal level; when the Sea of Marrow is insufcient 
thete is whirling sensation ofthe brain, dizziness, tinnitus, pain of 
the lowe legs, impairment of vison, indolence and deste ta sleep? 


* Quotes fom the Ling Shur according to Deadman et al. (1998), 
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8.1.14 The 12 Heavenly Star Points of 
Ma Dan Yang 


Ma Dan Yang, a famous physician of the Jin dynasty, considered 
these initial 11 points as the most important acupuncture points 
{twas the physician Xu Feng who later added LIV-3 as the 12th 
point, 


LU-7 (lieque) Lil (hegu) L.L-11 (quchi) 
S1-36 (cusanli) — ST-44 (neiting) HE-S (tongli) 
BL-40 (weizhong) BL-S7 (chengshan) —— BL-60 (kunlun) 
G.B-30 (huantiao) G.B.-34 (yanglingguan) LIV-3 (taichong) 


8.1.15 The 13 Ghost Points of 
Sun Si Miao 


Sun Si Miao, a famous physician of the Tang Dynasty, applied 
these 13 points (also called demon points) for treating disorders 
that today would be considered severe, manic, psychological dis- 
orders and/or epilepsy. Each Sun Si Miao Ghost point has an 
alternative Chinese name containing the component ‘demon’ or 
‘ghost’ (see list according to Deadman et al. 2000). According to 
Deadman et al., some authors assumed that guixin is LU-9 
(taiywan) rather than P-7 (daling), while guilu is believed to be P- 
5 (jianshi) or P-8 (laogong) rather than BL-62 (shenmai). There 
also exist different versions of this list of points; for example the 


8.1 Point Categories 


physician Gao Wu omitted BL-62, Du-23, Ren-1* (in the origi- 
nal text of Sun Si Miao: yumentow/yinviafeng) and LLL, 
adding Du-24, ST-17, LIV-2 and G.B.-34 instead, 


[Erneaten] 
Duv26 | renchong | guigong Ghost Paice 
Ducié | fenafa | suchen Ghost Pillow 
[Du-23 | shangring [guia Ghost Fal 
Ren-2_| chengziang | gush Ghost Mark 
[EU-IT | shaoshang | guitn Ghost Fath 
tit | gach | gual Ghost Les 
S74 | gluche | guichaang Ghosts Be 
SP-1| vinbut | gue Ghost Fortes 
Pa dating | unin Ghost Heart 
Pa Taogong | gui Ghost Cave 
BL-G2 [athena —| gua Ghost Pah 
Ex ANAT | faiquan | ues Ghost Seal 
Ren-i* | Tuiyin | uicang Ghost Sone 


(qumentou 


vyirwiateng) 


7 Vimentow (in women) and yinsiajeng (in men: these two extra points appeoxi- 
‘mately correspond to Res-1(/uiyin/guicang) (Ghost Store) 


= 
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8.1.16 Entry/Exi 


While in moder Chinese literature entry/exit points are not 


‘mentioned as a separate point category, they are listed as such in 
some Western literature (for example Jarrett 2003, Hicks et al, 
2004, Pirog 1996). However, Hicks et al. (+ 2004, p. 250) pos- 
tulate that original Chinese sources exist for these points. The 


concept of entry/exit points is based on a continuous flow of Qi 
from one channel to the next, the Sequence corresponding to the 


Organ clock (+ 1.1.4). Shunts are suggested in order to facili- 
tate the flow of Qi from the end of one channel to the beginning 
of the next, Atan entry point the Qi therefore flows from the pre- 
ceding channel into the following one, while at the exit points it 
leaves the current channel in order to enter the next one. 

However, it should be noted that the entry/exit points do not 
always correspond to the first or last point on a channel, In the 
following table these points are marked by grey shading, 


‘Channel (sequence “Time of maximum Qi flow “Entry/exit points in sequential order 
[according to Organ clock) 
LU (LU-I-LU-11) 35am Te [LUST (chong = [EET Wenner 
O 
TEL Sam T1230 Gingatangy = [ES Cem 
1 
ST SESE) 2am SEI__chenga = [SER ehongane 
1 
SPSPLSPA Tam SP21_(dabaoy = [SP1_oinbaiy 
7 
HE (HEHE) Tramp TET Giguany = [RES Ghaochongy 
7 
SL Si-S119) 73pm SI-19_(inggone) = [SET Ghaosey 
7 
BL (BL-BLG) 3pm BLA Gingningy = | BLe7 Givin, 
7 
KID (KID -KID 7) Spm RIDE (ulangh = [RIDT_Goneguany 
v 
PPPo 3pm Pa anche = [PR daogone 
O 
BBB) ipa TB=22 (erhelay = [EBT cguanchoneh 
CBGE-GR, Tipartam = [GBS ena 
1 
TV LIV Tamm L fava Ginny = [EV adiny 


"Tn women Pa 


j ofien vubsttated for Po due to its anatomical location close to the brea 
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Entry/exit block and therapy 

Pulse diagnosis can reveal the partial or complete block between 
entry and exit points. An entry/exit block will inhibit the Qi flow 
from one channel to the next. In order to restore the blocked 
flow, the exit point of the blocked channel and the entry point of 
the following channel are needled at the same time. According 
to Hicks et al. (2004), further exit and entry points preceding or 
following the affected channel can be added in order to regulate 
the Qi flow over a greater distance. Needling should always be 
bilateral, even if the disorder occurs only on one side of the 


8.2 Strategies for Point Selection 


body. If itis not only the shunt between two channels, but the 

circulation in a channel as a whole that is affected, the flow in 

the whole channel can be strengthened and stimulated by simul- 
taneous needling of both its entry point and its exit point. 

Pirog (1996) compares the entry/exit points to input and output 

valves regulating the flow in a series of pipes (the channels) by 

“opening” or ‘closing’ them, 

* Tonifying needling techniques at the entry point (opening the 
input valve) will increase the flow into the channel. For exam- 
ple: tonifying LU-1 opens the input valve. This will increase 
Qi flow in the LU channel for deficiency in this channel 

# Tonifying needling techniques at the exit point (opening the 
output valve) will decrease the flow in the channel, For exam- 
ple: Tonifying LIV-14 opens the output valve: excess in the 
LIV channel will be drained. 

«Reducing needling techniques at the entry point (closing the 
input valve) will reduce the flow into the channel. For exam- 
ple: Reducing LU-1 closes the input valve and reduces the 
flow from the LIV channel into the LU channel, for example 
if there is pre-existing excess in the LU channel. 

* Reducing needling techniques at the exit point (closing the 
output valve) will strengthen the flow in the channel. For 
example: Reducing LIV-14 closes the output valve and pre- 
vents a further loss of Qi if there is a pre-existing deficiency 
in the LIV channel, 


8.2 Strategies for Point Selection 


8.2.1 Local, Adjacent and Distal Points 


Local points 
Local points are located in the immediate vicinity of the affected 
region, Each point that is tender with pressure (ashi point) can 
be considered to be a local point. 


Adjacent points 
‘Adjacent points are located near the affected or painful region. 


Distal points 

Distal points, despite being located at a distance from the 
sd area, still have a therapeutic effect, either directly or by 
sd to the affected area by a channel (1, also 
tion of distal points). The most effective and 
dynamic distal points are located distal to the knee (for the leg) 
or the elbow (for the arm). Generally the distal points of the foot 
channels tend to be more dynamic and effective than those on 
the arm channels, 
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Needling technique: In acute conditions or with severe pain the 
distal points should be needled with a reducing technique in 
order to activate the Qi flow more strongly in the blocked 
channels. 

Stimulation of distal points: For a limited range of motion 
accompanied by pain the relevant distal point is strongly stimu- 
lated with a reducing technique while the patient moves the 
affected joint. 

Enhancing the therapeutic effect: The therapeutic effect can 
be enhanced by combining distal points on the hand channels 
ith those on the foot channels or by combining distal points 
With relevant local and adjacent points (—* 8.3.1), 


8.2.2 Point Selection According to 
Affected Channel 


Here the method of selecting points is based on the channel 

system (+1): 

‘Selecting points on the channel which traverses the affected 
area 

‘Selecting points on the channel that is Interiorly-Exteriorly 
pertaining (—+ 1.2) to the affected channel 

* Selecting points from the channel which is connected to the 
affected channel by hand-foot pairing (for example, taiyang 
axis, ete. + 1.2.3) 


Differential selection of distal points 

‘The following possibilities for selecting distal points are, among 
others, based on course material about the ‘one point therapy” by 
R. Thambirajah (1990, 1991), R. Tan (2003) and my own clini- 
cal experience. 


Selection of distal points according to 
corresponding areas 

‘The distal points can be selected according to corresponding 
areas. The affected area is carefully examined, then the corre- 
sponding area is needled contralaterally (+ Fig.) 
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Selection of distal points according to 
Interiorly-Exteriorly connected channels 

Here points are selected on the Interiorly-Exteriorly connected 
channel (Yin/Yang). The affected area is carefully located, then 
the corresponding point (mirror point) is needled with reducing 
technique on the contralateral side on the Interiorly-Exteriorly 
pertaining channel, Another specific example for this method of 
point selection is the yuan-luo combination (—* 8.3.3). 
Example: For a disorder affecting the ST channel (foot yang- 
‘ming) select a point on the Interiorly-Exteriorly pertaining SP 
channel (foot taiyin). For example, for knee pain at ST-35, nee- 
dle SP-9 contralaterally (—+ Fig.). 
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Characteristics of Solder Types 


60/40 Solder: Composed of 60% tin and 40% lead, this solder melts at 
374°F, but doesn't become completely solid until it cools to 361°F. This 
means it has a "pasty range” or "working range” of 13 degrees. This solder is 
your best choice for copper foil work. The liquid temperature and narrow 
pasty range” make it easy to form and maintain consistent high, rounded, 
beaded seams. Because of its relatively low melting point, "60/40" solder is 
easy to rework to maintain a smooth finish solder bead. 


50/50 Solder: This is composed of 50% tin and 50% lead. It is liquid at 
42.1°F, solid at 361°F and has a pasty range of 60 degrees. This solder will 
produce a much “flatter” bead than 60/40. Because of its higher melting 
point, 50/50 solder is often used on the back (or inside) of a stained glas 
project to protect against "melt through” when soldering the front. Because 
it spreads and flattens out, 50/50 solder is often used when soldering lead 
came joints, 


63/37 Solder: This solder is 63% tin and 37% lead. It becomes liquid at 
361°F, and solid at 361°F, with a pasty or working range of 0 degrees. This 
solder is called a eutectic alloy which means at 361°F, you can go instantly 
from solid to liquid to solid just by applying or removing the heat source. 
You will often find "63/37" solder referred to as decorative or quick set 
solder. Itis primarily used to create dimensional effects in the solder itself 
and can be "pulled" and manipulated to produce a variety of textures and 
designs, 63/37 solder also makes an excellent solder to bead up the outside 
rim of copper foiled pieces. 


Lead-Free Solder: Depending on the specific mix of metals, lead free will 
produce differing liquid, solid, and pasty range temperatures. Check with the 
solder manufacturers for these specifics. Lead-free solders will perform 
similar to a 50/50 mix. Lead-free solders require more practice in order to 
obtain a smooth bead on copper foiled pieces and should not be used on 
lead came projects. Lead-free solder is the most expensive solder, but is the 
solder of choice when constructing pieces that will contact food, that will be 
handled frequently, or that will be used in a child's play area or room. 


Solder Composition Reference Table 
Alloy Tin% Lead% Solidto Liquid at Pasty Range| 
50/50 | 50 50 361" | 421° 60° 
60740 | 60 40 Ber" | 374° 13" 
63/37 | 63 37 361° | 361° 0" 
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Selection of distal points according to the 

six great channels (liu jing, hand-foot 
pairing, — 1.2.3) 

‘The point selection with this method is based on the six great 
channels (hand-foot pairing: taiyin, taiyang. ete., + 1.2.3). Dis- 
orders affecting the area of the hand channel are therefore treated 


With points on the corresponding foot channel and vice versa 
Example: Disorders in the area of the hand faiyin channel (LU 
channel) can be balanced by contralateral needling of points on 
the foot raiyin channel (SP channel). For example, shoulder pain 
With limited range of motion and maximum pain near LU-1 
(chongfis) can be improved by contralateral needling of SP-9 
(vinlingguan) with reducing technique, 


Selection of distal points according to the 
Organ clock (— 1.4) 

Distal points are selected on the channel that lies chronologically 
opposite to the affected channel on the Organ clock (+ 1.4). 
With this method, band channels will treat disorders affecting 
the foot channels and vice versa. 

Example: For a disorder affecting the G.B. channel (foot 
shaoyang), needle point on the HE channel (hand shaoyin) 
located opposite the G.B. channel on the Organ clock. Needling 
can be contralateral or ipsilateral 


© 


8.2 Strategies for Point Selection 


8.2.3 Point Selection Based on 
Symptoms 
Points can also be selected based on traditional or empirical 


therapeutic experiences. While this method cannot replace a root 
treatment based on a differential diagnosis, it can be very help- 


ful in situations where quick action is required. 
Examples: 
© Du-Id of L.L-11 for fever 


# $1.36, Ren-12 for acute gastrointestinal disorders 


8.2.4 Point Selection Based on the Qi 
Flow of the Organs 


Descend counterflow Qi: 
Stomach: Ren-10, Ren-13, ST-34, ST-44, ST-45, Ll.-4 
Lung: LU-1, LU-S, LU-7 

Heart: HE-S, HE-8, Ren-15 

Kidney: KID-1, KID-7, Ren-4 

Liver: LIV-2, LIV-3, LIV-1, LIV-14 

Raise Qi: 

Spleen: Ren-6, Ren-12, Du-20, BL-20 
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8.2.5 Point Selection According to the 
Five Phases (Elements) 


While the Five Phase points are identical to the shu-transporting 
points in location, their function and application differ from the lat- 
ter (for more detail + 8.1.6). There exist various very specific 
‘methods regarding diagnosis, point selection and therapy based on 
the Five Phases, which are practised by several different schools of 
thought, Within the framework of this Atlas, only a simplified 
‘overview of the possible clinical applications is listed below. 
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Cycles 

‘The Five Phases influence each other both physiologically 

(sheng and ke cycle) as well as pathologically (cheng, wu and to 

some extent also sheng cycle). If the balance between the Five 

Phases is disturbed, pathological syndromes will appear. 

© Sheng cycle (generating cycle, mother-son cycle): a phase 
generates and nourishes the following phase. Each phase 
nourishes (as mother) and is nourished (as son) at the same 
time, Fire nourishes Earth, Earth nourishes Metal, Metal 
nourishes Water, Water nourishes Wood, and Wood nourishes 
Fire, In a pathological condition either the mother is too weak 
to nourish the son sufficiently or the son is too strong, draining 
his mother and weakening her. 

* Ke cycle (controlling cycle): one phase controls another and 
is itself controlled by yet another phase. 

© Cheng cycle (overacting cycle): The controlled phase is 
pathologically suppressed or weakened, 

‘© Wicycle (insulting cycle): A phase is pathologically stronger 
than its controlling phase 
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8.2 Strategies for Point Selection 


Simple point selection according to the 
sheng cycle 


Yang 


For excess: If there is excess in a particular channeV/Organ, 
select that point on the channel which corresponds to the phase 
of the son and needle it with reducing technique. 

Example: Water is the son of Metal. If the Lung (Metal) is in 
excess, needle the Water point (LU-5) on the Lung channel with 
reducing technique. 


‘Treatment principle: For deficiency tonify the mother, for _ 
excess drain (sedate) the son. Mother-son points are identical to ater pt on 


the tonification and sedation points of a channel. The correct 
needling technique is important in order to obtain the desired 
result: 

* tonifying method for tonification points 

‘reducing method for sedation points 


Example for the clinical application of the 
sheng cycle 

For deficiency: In cases of deficiency of a particular channel/ 
Organ, tonify that point on the affected channel that corresponds 
to the phase of the mother. 

Example: Earth is the mother of Metal. If the Lung (Metal) is 
deficient, needle the Earth point (LU-9) on the Lung channel 
with tonifying technique. 
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Addendum: The terms toni 


cation/sedation points are some- 
‘what controversial, since the properties of a point can often be 
overshadowed by its other features. For example, according to 
the Five Phase theory, P-9 and HE-9 are considered tonification 
points, since they correspond to the phase of the mother. How- 
ever, in clinical practice they are much more frequently used as 
jing-well points for acute situations ~ thus they are considered 
from the point of view of the Qi flow in the channels, especially 
in order to drain Heat. 


Application of the Five Phase points for the 

elimination of external pathogenic factors 

‘A connection exists between the Five Phases and pathogenic 

factors (Maciocia 1994; according to Ross 1998, however, these 

points should only be used for internal disorders) 

© Wood corresponds to Wind. 

«Fire corresponds to Heat 

«Earth corresponds to Dampness 

© Metal corresponds to Dryness. According to Maciocia this 
correlation presents an exception: the Metal point should not 
be needled to treat Dryness: a moistening treatment is here 
the preferred choice. 

Water corresponds to Cold. 

In accordance with these interrelations, Five Phase points ean be 

applied to eliminate pathogenic factors 

Example: Acute sore throat with fever, redness and swelling of 

the throat due to Wind-Heat 

Affected phases: Wood (Wind), Fire (Heat) 

Affected Organ/channel: Lungs 

‘Therapy: Needing of the Wood point on the LU channel (LU-11) 

and the Fire point on the LU channel (LLU=10). 
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Water Metal 


‘The application of the ke eyele (controlling eyele) allows a 
‘more differentiated approach in the therapy and elimination of 
pathogenic factors 

* On the Yin channel, needle the point corresponding to the 
pathogenic factor with reducing technique (for example, for 
Heat needle the Fire point) 

* In addition, needle the point which corresponds to the con- 
trolling phase (according to the ke cycle/controlling cycle 
8.2.5) of the pathogenic factor on the paired Yang channel 
with tonifying technique. 


Ben points 
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Ben points (root points, element points) represent the same 
phase as its pertaining channel. Example: The Spleen corre- 
sponds to Earth; thus the Earth point on the Spleen channel is its 
ben point. 
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8.3 Point Combinations 


8.3 Point Combinations 


8.3.1 Combining Local and Distal 
Points 


Point selection and combination can be carried out according to 
affected areas and channels (8.2.1, + 

For disorders affecting the channel: For example, for bi-syn- 
dromes affecting the sinews and joints, distal points can be stim- 
ulated first. Then local and adjacent points can be selected based 
oon tenderness. These are needled and/or subsequently cupped. 
For disorders of the zangfu-Organs: Generally, only distal 
points are applied in acute conditions. Once the condition (for 
example, acute pain) has improved, local points can be selected. 
In chronic conditions the combination of local and distal points ~ 
and especially Back-shu and Front-mu points as adjacent points 
(+ 8.3.2) —is commonly used. Another possibility is the combi- 
nation of the opening point of an extraordinary vessel (+ 8.1.8) 
‘with local points in the affected area. 


Clinical application 

+ For deficiency conditions: needling the ben point with toni- 
{ying technique will tonify its corresponding Organ or channel 

+ For excess conditions: needling the ben point with reducing 
technique will drain the excess from its corresponding Organ 
or channel 

* Spiritual aspeet: the ben points on the Yin channels also 
affect the spiritual aspect of their corresponding phases. Thus 
the LU ben point LU-8 allows the po (corporeal soul) to 
unfold its potential. Similarly the HE ben point HE-8 will 
empower the shen (spirit), the SP en point SP-3 the yi 
(thinking), the LIV ben point LIV-1 the hun (ethereal soul) 
and the KID ben point KID-10 the zhi (will) 
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8.3.2 Combining Points on the Front 
and Back of the Body 


Here, points on the anterior and posterior aspect of the body are 
combined: 

* Anterior points: mainly located on the thorax and abdomen 
* Posterior points: mainly located on the back and lumbar region 


Back-shu/Front-mu method 

‘The combination of the Back-shu point (~* 8.1.4) and the Front- 
‘mu point (+ 8.1.5) of the affected Organ is the most important 
‘way of combining points on the front and the back of the body. 

‘The Back-shu/Front-mu method enhances and extends the ther- 
apeutic effect, compared to using either of those points only. It 
hhas a strong Yin/ Yang balancing effect and it is particularly ben- 
eficial for chronic disorders of the cangfir-Organs. 
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Clinical application of the 

Back-shu/Front-mu method 

© Needling of the Back-shw and Front-mu points during one 
session 

For repeated treatments within a short period of time, alter- 
nate needling of the Back-shu and Front-mu points (for exam- 
ple, during the first treatment select the relevant Back-shu 
point, in the next treatment select the corresponding Front-mu 
point, etc.) 

‘© The Back-sfu/Front-mu combination can also be applied to bal- 
ance an incorrect treatment. For example, if the needles have 
been retained too long in the Back-shu points and the patient is 
tired, Front-mu points can be needled to restore balance. 


[| o-Ren-4 Small intestine BL-27-} 


Balancing the du mai and the ren mai 

‘The points on the rem mai are located on the anterior aspect of 
the body, while those of the duu mai are predominantly located on 
the posterior aspect. Combining points on the ren mai and du 
‘mai has a balancing affect on the Yin and Yang and can regulate 
the ascending and descending flow of Qi. This combination 
therefore not only balances the front and the back of the body, 
but also the Yin and the Yang. Furthermore, it has a strong effect 
fon the psyche and, depending on the needling technique and 
point selection, will have a calming or stimulating effect (figure 
‘modified according to Ross 1998), 
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8.3.3 Yin-Yang Combination 


Synonym: Interior/Exterior combination 
‘The Yin-Yang combination balances the flow of Yin and Yang 
in the channels. It is based on the concepts of channel energetics 
(> channel circuits, Fig. 1.12). 


Necdling too many points on the Yang channels can make 
the patient nervous and restless. In this case, needling points 
on the Yin channels can restore balance and have a calming 
etfect, 

Necdling too many points on the Yin channels can lead to 
tiredness, In this ease, needling points on the Yang channels 
has a balancing, stimulating effect. 


Balancing Yin and Yang in paired channels 

* Points on the Interiorly-Exteriorly paired channels are com- 
bined in order to balance Yin and Yang. For example the LU 
and LiL. channels are the Interiorly-Exteriorly paired channels, 
of the hand, while the ST and SP channels are the Interiorly~ 
Exteriorly paired channels of the foot of the first circuit, 

* This method increases the therapeutic effect compared to 
using only Yin or only Yang points 


Yuan/luo combination 

Most important Yin-Yang combination (Synonym: host-guest 
combination): The yuan-source point (host) of the primarily 
affected channeV/Organ is combined with the lu-connecting 
point of the Interiorly-Exteriorly paired channel. 


e 


8.3 Point Combinations 


Important yuan/luo combinations 

© LiL-4 (hegu) and LU-7 (lieque) support the descending func- 

jon of the Lung Qi, expel pathogenic factors, tonify the 
Defensive Qi (wei gi) and calm the shen 

© SP-3 (taibai) and ST-40 (fenglong) tonify the Spleen and 
transform Phlegm 

* LIV-3 (taichong) and G.B.-37 (guangming) benefit the eyes 
for Liver syndromes 

© TBA4 (vangehi) and P-6 (neiguan) regulate the Triple 
Burner, move Liver Qi, calm the shen, relax the muscles in 
the occiput and shoulders. 
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Further methods of combining points of 
Interiorly-Exteriorly paired channels and 
modified yuan/luo combinations 

a Combining the !uo-connecting points of Interiorly-Exteriorly 
paired channels tends to enhance the therapeutic effect: for 
‘example combine ST-40 and SP-4 for abdominal pain 

bb For chronic disorders, combine the yuan-source point and the 
Juo-connecting point of the same Yin channel in order to 
increase the therapeutic effect: for example needle LU-9 and 
LU-7 for chronic cough. 

© For disorders affecting a Yin channel, only needle the yuan- 
source point of the Interiorly-Exteriorly paired Yang channel 
For example for an acute cold (a Lung syndrome), needle 
only L.L.-4 (yuan-source point), 

For unilateral musculoskeletal disorders affecting a Yang 
channel: in addition to local and adjacent points on the 
affected channel, needle the contralateral Juo-connecting 
point of the Interiorly-Exteriorly paired Yin channel. This 
method, which promotes balance between Yin and Yang, is 
mainly used for channel-pertaining disorders. For example: 
for uni ‘arm or shoulder pain along the Ll. channel, 
needle points on the L.1. channel on the affected side as well 
as LU-7 on the opposite side of the body. 


= 
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Yin-Yang balance for unpaired channels 


Examples: 


ST.36 + P-6 


‘Harmonises the Middle Burner and descends 
counterflow Qi 


Tia Lvs 


“Most important combination for regulating the 
Qi flow in the whole body 
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8.3.4 Combining Points from Above 
and Below 


‘* A balance between the upper and lower half of the body is 
achieved by selecting points that are evenly distributed. For 
headaches, therefore, Ll.-4 on the upper extremity is com- 
bined with STF-44 on the lower extremity. 

© Combining points above with points below promotes the 
smooth flow of Qi. For example: combining the opening 
point and coupled point of an extraordinary yessel (+ 8.1.8). 


When points from above and below should not be 

combined 

‘for acute disorders of the joints and the buck — here only dis- 
tal points should be needled with the reducing method. 

‘if there is a pre-existing energetic disharmony between above 
and below. For example: for Heat sensations of the head (for 
example due to Kidney Yin deficiency with Empty Fire) 
needle KID-1 in order to cause the Qi to descend. On the 
other hand, for a uterine prolapse use moxibustion on Du-20 
in order to raise the Qi. 


8.3.5 Left-Right Combination 


Often the balance between the right and! left half of the body can 
be restored through bilateral needling of the relevant points. This 
will increase the therapeutic effect as opposed to unilateral 
needling. 
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channels (+ 1 

«For acute unilateral channel disorders caused by the invasion 
of pathogenic factors, combine local points on the affected 
side with the fva-connecting point on the contralateral 

For chronic unilateral channel disorders caused by the inv 
sion of pathogenic factors, combine local points on the affected 
side with the /uo-connecting point of the Interiorly-Exteriorly 
paired channel on the contralateral side (with tonifying 
technique) 


Indications for unilateral and/or contralateral 

needling 

* For acute, painful disorders: contralateral or diagonal 
needling (corresponding hand and foot channel, also see —* 
8.2.1 and 8.2.2) 

+ For chronic joint disorders: ipsilateral needling of several 
points balanced by needling of contralateral points. 

«In paediatric acupuncture (use fewer needles) 

+ For ongoing treatment sessions: occasional balancing con- 
tralateral needling of the healthy side of the body 


8.3.6 Chain and Lock Point 
Association Method 


‘Two, three or more points on the same channel are selected and 
needled one after the other (in a row). This method is predomi- 
nantly applied for disorders of the musculoskeletal system or the 
nervous system. 


8.3 Point Combinations 


8.3.7 Point Selection According to the 
Organ Clock 


Within a 24-hour cycle each channel experiences a two-hour 
period of maximum Qi flow (+ Fig, 1.17, Chinese Organ clock), 
‘Some modern (Western) schools extrapolate the circadian Qi flow 
to the Organs (intemal channel pathways and divergent channels). 
If one Organ is at its maximum period, the Organ on the oppo- 
site side of the clock will be at its minimum period, in other 
‘words the Qi flow will at that time be at its Lowest. Symptoms of 
a disorder occurring ata particular time may provide a hint about 
the Organ affected, which at that time will be during its maxi- 
‘mal period in excess syndromes or during its minimal period 
in deficiency syndromes, 

For example: Always waking up between 1 and 3 am can be a 
sign of a Liver syndrome. Thus the tonification point and/or luo- 
connecting point of the channel opposite to the Liver on the 
Organ clock could be selected, in this example S.L-3 (houxi, 
tonification point) or S.L-7 (chizheng, luo-connecting point) 


Medial epicondyle 
of the humerus, 


Addendum: There are some very specific methods for chrono- 
acupuncture, for exampel the <i wu liu zhu method and the ling 
‘gui ba fa method, where points are needled at specific times (+ 
Kubiena and Ramakers 2002). 
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8.3.8 Clinical Application 
‘The following illustration shows the clinical application of sev- 
eral point selection methods (8.3.1 ~ 8.3.5) for the treatment of 
dysmenorrhoea. 


Possible point combinations for the treatment of dysmenorthoca: 
a. combining local and distal points (+ 8.3.1) 

combining points on the front and the back of the body (+ 8.3.2) and Yin-Yang (+ 8.3.3) 
‘Yin-Yang combination (+ 8.3.3) and above-below (—+ 8.3.4) 

Combination of all of the above methods (+ 8.3.1-8.3.4) 

Additionally combining points on the left and right side of the body (+ 8.3.5) 
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Flu 
Why Do We Use Flux? 


Flux is a chemical compound that is used to promote the bonding of metals by removing the oxide residue 

imultaneously with the soldering process. Most metals left exposed to the air around us react with the air to 
form residue on the surface of the metal. The process is oxidization and the residues are oxides. Each mix of 
metals being joined has a specific flux that best promotes this bonding process. In stained glass, the metals being 
joined are primarily copper to tin/lead solder and lead, brass or zine to tin/lead solder, 


Types of Flux 


Selecting the correct flux for your application is as critical as any other step of the soldering process. The proper 
flux will assure less soldering problems and a satisfactory solder bond. The best fluxes do three things: 


© They remove all the residue that has formed on the surface of the meta 
© They prevent oxides from forming while you are soldering. 
© Any po: 


Is you are going to solder. 


‘oldering residue they leave is noncorrosive and easily cleaned off. 


Fluxes are available in organic and inorganic forms, If you touch the flux and your skin seems to have a sensi 
tivity to one type of flux, an inorganic type for example, try an organic variety. Often you will find that you are 
less sensitive to irritation by using the opposite type flux. Organic fluxes are generally some form of oleic (fatty) 
acids, while inorganic fluxes are most often zine chloride based. 


Characteristics of Fluxes 


Liquid flux is the most widely used. It may or may not be water soluble. Water soluble fluxes clean up very 
but are thinner and some have a tendency to evaporate quickly and require repeat applications. Some 
liquid fluxes are thinner than others and have a tendency to run or spread out from their point of application. 


Gel Flux is generally water soluble and "adheres" well to the surface being 
soldered. Gels tend not to evaporate as readily as liquid flux, but if you apply too 
much, they produce more "spitting" and "popping" as you solder. 


Paste Flux is very thick, stays where it’s applied, and doesn’t evaporate easily. It's 
effective when soldering 3-D forms such as lamps. Paste fluxes can be difficult to 
clean. Be very careful not to over apply a paste flux as it will also spit and pop, 
leaving pits on your solder seams. 


Getting the Most From Your Flux 


Itis important to keep your flux clean and free of impurities. This will ensure the purest possible solder joint. 
One way to keep your flux clean is to avoid dipping in and out of the original container, Pour out the amount 
you will need for your current project into a separate, smaller container. Don’t leave the flux bottle sitting 
around with the cover off, Never pour leftover flux back into the original container. Fluxes often will produce 
fumes as you solder, Make sure you are aware of and follow the precautions suggested in the health and safety 
section of this guide, 
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9 Scientific Research 
Ingolf Hosbach 


9.1 Introduction 


‘The aim of this chapter is to give a comprehensive overview 
about the scientifically proven ur disproved effectiveness of cer- 
twin points, Itis not the aim of this chapter to prove the effee- 
tiveness of acupuncture as such, Based on the latest researc 
‘and 1000 recent human studies with mostly positive results, itis 
assumed that acupuncture is effective, despite criticism. If 
applied property it is a well-established, low-risk method with 
sini side effects. 

Accordingly, the scope of acupuncture research has developed 
from simple questions, such as whether acupuncture works, to 
more specific questions such as which acupuncture points can 
bbe used for which conditions and with which stimulation meth- 
ods. Furthermore, studies are increasingly designed for preci 
diagnoses and treatments based on the principles of Traditional 
Chinese Medicine, By the same token, the quality of the bio- 
mathematical methods used for the design and analysis of the 
suidies is increasing. The number of randomised, controlled 
Studies (RCTS) is also on the rise (Fig, 1), 


z Ba 


1954 and 2005. (Source: PubMed, US National Library of 
Medicine, Bethesda, Maryland) 


‘The percentage of RCTS of all publications is nearly 7%, a fig- 
ture that compares well with most conventional forms of therapy 


(for example: arthroscopy 5%, beta-blockers 7%, pain medica- 
tion 7%, lowering cholesterol medication 811%). 


Fundamental principles for scientific 
assessment 

One ofthe prerequisites for including & study in this chapter was 
the mention of specitie acupuncture points inthe abstract. Out 
co 1092 studies listed in PubMed until May 2006 under the key- 
‘ord ‘acupuncture’, 259 were therefore chosen for this chapter. 
Tn some exceptional cases, studies based on animal experiments 
‘were also considered, Regarding the presentation ofthe resulls, 
particular emphasis was placed onthe cole of biomathematical 
‘methods as « parameter for reliability, The terms which allow 
assessment of a study in terms ofits biomathematical quality 
are explained below. 

(Case study: Usually a retrospective (=in hindsight) summoary 
of results ofa particular treatment method in patients with a par- 
ticular disorder; no contol group or contol therapy. Most basic 
form of clinical ta 

Controlled study: Usually a prospective (planned in 
axvance) scientific comparison of a teatment method with a 
group of untreated patents or of patients teated with a placebo 
cr conventional therapy. 

Placebo: A form of ‘mock’ of shan therapy. This can take 
the form ofa pill containing no active ingredient or a therapy 
without any authentic foundation, The administation of a 
placebo tres wo eliminte the non-specific improvement of 
the researched disorder (such a the therapis’s care of the 
patient and expectations of the patient) compared to the study 
group receiving authentic ueatment. While the possibilities for 
placebo-acupuncure ate plentiful, none is fee of disadvan- 
tages. The effectiveness of acupuncture as a holistic therapy 
can be seen as the sum of many psychological as well as 
non-specific and specific physiological effets, Depending on 
the choice ofthe acupuncture placebo, certain effects can be 
excluded, Based onthe concept of he sinew channels, however, 
there is an ongoing debate whether non-acupuncture points 
exist at al The highest level of placebo acupuncture is the 
so-called ‘sham acupuncture” where actual deep needing takes 
place at non-acupuncture points, The value ofa study increases 
considerably i ts conolled by a placebo therapy. 
Randomisation: The random assigament ofa patient to a eat 
‘ment group, without any influence of either the patient the 
therapist. Randomisation significantly increases the value of a 
study. 
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Waitlist: A control group formed by patients receiving no weat- 
ment asa form of conteol, While a patient is waiting for hisiher 
‘treatment, all his/her data relevant to the treatment are collected. 
and later compared 0 those data obtained during teatment. 
Since thee is neither randomisation nora placebo treatment, the 
value of a Waitlist group as a control group is very low. 
Cross-over study: A particular design of controlled study. Each 
patient will participate in two different courses of treatment (for 
‘example treatment 1; medication; teatment 2: acupuncture). The 
fonder in which the teatments are administered can differ from 
patient to patient and be random (=randomised exoss-over study) 
‘However, any long-term effect ofthe first form of treatment poses 
‘a problem for the final result. Therefore so-called washout phases 
during which patients receive no weatments at all are implemented. 
tweliminate these effects and prevent a distortion of the data to be 
collected during the second phase. Since the effects of some 
acupuncture treatments have been shown to last for up ta year, 
crossover studies are not very suitable for acupuncture research, 
‘and partculuely non-significant results should be questioned, 

‘The ‘n of 1” study is another form of research: a patient will 
receive various different treatments in order to find out which 
form of teatment led to the best improvement for the relevant 
disorder, However, the same limitations as discussed above will 
affect this type of study. 

Significance: In simple terms, the significance of study indi- 
cates if the difference of a particular parameter which has been 
‘observed between two groups is caused by the teattent (and is 
therefore a tue difference) or whether the difference isthe result 
of random deviation, For example, ifn a large number of treated. 
patients the observed data differ “significantly” from a group of 
untreated patients, it is highly probable that this difference is 
not due to a random deviation. This probsbility can be expressed 
‘mathematically. If, for example, the significance is expressed as 
1p = 0.03 this means that, considering a random error of 3%, the 
difference noted between the two groups is statistically signifi- 
cant. The convention isto accept a random error of up to 5% as 
‘acceptable, The significance of a study is based on the number 
of patients treated and the extent of the difference in the teat 
‘ment result (for example by assuming the same random error, 
the difference in teatment results has to be much larger in a 
‘group of 10 patients (n = 10) than ifthe same study was carried 
‘out with 100 patients (n = 100), Only differences classified as 
‘significant’ are accepted for research studies, 

Power of the study: This refers to the ability of a study to be 
‘statistically significant. The higher the number of participants, 
the higher the power of the study. By international standards, 


80% is an acceptable level of power. Depending on the differ- 
ence between the two study groups, the number of patients 
required cun therefore easily be inthe 100s or 10006. 
Experimental studies: Through standardising and eontolling 
conditions of the experiment strictly, every attempt is made 10 
avoid random results often leading to just a small number of 
participants, Generally these tend to be healthy volunteers, who 
are subjected to a clearly defined stimulus. In this case acupune- 
‘of therapy will achieve u high level of validity 
More questionable are studies of healthy subjects without a 
well-defined stimulus, since in that ease acupuncture as a bal- 
tancing form of treatment is not used according to its principles 
(for example changes in peristalsis caused by acupuncture in 
healthy subjects). 
Blinding: The gold standard of clinical trials are the so-called 
double blind studies in which both the patient and the therapist 
remain ignorant as « which teatment (for example the tablet 
With oF without the active ingredient) is administered w the 
patient, However, blinding of an acupuncturist is not possible. 
Even in a single blind study (only the patient is ‘blinded’, 
his/her behaviour will distort the result of the trial. This effect 
‘ean be counterbalanced to some extent hy blinding the assessor 
of the treatment results (for example changes in the range of 
motion) so that he/she does not know which treatment (authen- 
tic ur sham acupuncture) was received by the patient. 
Standardisation: In pharmaceutical wials the amount of the 
active ingredient per tablet can easly be stated (for example 
standatdisation of a 10 mg tablet). However, acupuncture cannot 
be standardised. The acupuncturist’s point selection will largely 
be influenced by experience, prior knowledge, specialisation 
and cultural background. Swictly speaking, acupuncture tials 
therefore do not investigate acupuncture per se but acupuncture 
as performed by an acupuncturist or a group of aeupuncturists, 
“The fact that acupuncture i to a large extent centred on the the 
apist has in the past led 10 a paradoxical situation: experienced 
Chinese acupuncturists performing the “best” acupuncture peo 
duced biomathematically bad” tials due to their kick of train- 
ing, while ‘bad’ Western acupuncturists produced “good” wials 
from a biomathematical point of view. “Importing” Chinese 
aacupuncturists into Western wials did not solve the problem 
either, since the Chinese clinicians were now treating Europeans 
with diseases not common in China and which reacted differ 
ently 10 acupuncture, Only as experience grows on both sides — 
\hich would have tobe evaluated individually for eac trial — wall 
the Value of acupuncture as researched form of therapy increase 
accordingly 


ture as a fo 


9.2 Scientific Research According 
to Channels 


Lung Channel 
u 


L.U.6 192 patients with bronchial asthma were teated with 
1LU.6 und LU-10. 98.9% of the patients experienced an immedi 
ale improvement; the rate of clinical remission plus masked 
improvement was 76.5%. Best therapeutic results were achieved 
for allergic asthma according to Western medicine (asthna due 
to Cold according to TCM) and with longer needle retention 
(approximately 40 minutes). The lack of blinding and control 
‘groups reduce the value of this precise therapeutic case study. 
Zang, J Tradit Chin Med 1990 

LU-79ST8 

LUO LU 

A Chinese prospective, randomised, controled, non-blinded tial 
investigated the effect of bilateral bloodletting at LU-1O, P- 
HES, LL-2, 118-2 and S.1-3 on heart rate and consciousness 
{in patients with apoplexy that had occurred within 3 days. Only 
patients with mild injuries showed improved consciousness 
While the heart rated increased independently of the size of 
injury. Viet al, J Tradit Chin Med 2005 


L.U-11 Three Russian animal tials demonstrated the antipyretic, 
action of LU-HL, LU-L1 ean also strengthen the effect of hypother- 
mie substances, suggesting a combination with antipyretic Chi 
nese herbs. Nezhenzev et al, Biull Eksp Bio Med 1992, and 
Fizion Zh SSSR Im I M Sechenova 1991 

A Taiwanese prospective, randomised, non-blinded, controlled 
trial (n = 76) investigated whether bloodletting at LU-11 and 
[LiL-I can prevent or eat the occurrence of laryngespasm after 
‘tacheal extubation in children, The incidence of laryngospasm 
‘was significantly less in the bloodletting group (5% ys 24%). IF 
luryngospasm developed, this could be relieved with the treat- 
‘ment of LU-I of L.L-1 within one minute in all patients. Lee 
etal, Anaesthesia 1998 
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Large Intestine Channel 
Lael LU-11 
LL 10-10 


LiL} A Chinese prospective, randomised, controlled study 
(= 210) reports the significantly beter effects of needling 
LiL sand lingxia in the teatment of perlarthritis of the 
Ibumerus compared to the control group treated with local points, 
(Of interest is the application of Kingsia, an unofficial extra point 
2 cum inferior to G.B.-34. Feng, J Tradit Chin Med 2003 


L.L-4— S736; P-S, P-6; STS; G.B-43; Du-20; LIV-3; S.L-18; 
SP-9;L1-11; ST2 

A Turkish prospective, controlled, non-blinded, group-compari- 
son trial (n = 55) investigated the effect of electro-acupuncture 
(EA) at LAL, LL-11, ST-25, ST-36, ST-44 and LIV-3 (com- 
bined with auricular points shenmen and sanjiav) on obesity in 
Wonten, Treatments were given daily for 20 days, One control 
‘group received a 1425 keal diet for 20 days while the other con- 
trol group received no treatment. There was a 4.8% weight 
reduction inthe EA group, whereas women on the restricted diet 
had a 2.5% weight loss. Both groups showed a significant reduc- 
tion in total cholesterol and triglyceride levels, Inthe EA group 
‘only, LDL levels were also reduced significantly. Cabiogha et 
Ergene, Am J Chin Med 2008 

A Chinese (Hong Kong) prospective, randomised, controled, non- 
Dlinded study (n = 29) investigated the effect of Lit and P-6 on. 
the heart rate variability (HRV) in normal subjects in fatigue and 
nnon-fatigue states respectively. Only fatigued subjects showed a 
significant change in HRV. The authors concluded that the effect of 
scupuneture depends not only onthe points selected but also oa the 
functional state of the subject, one of the principles of Chinese 
Medicine. Let al, Eur J Appl Physiol 2008 

‘An unusual veterinary case study investigated the effects of 
acupuncture on the immune system, According to the authors. 
immunostimulant points include LI-4, LI-11, ST-36, GB-39, 
SP-6, GY-14, BL-I1, BL-20, BL-23, BL-24, BL-25, BL-26, 
BL-27, BL-28, and Ren-12. BL-47 is considered to be immuno 
suppressive, Antisebrlle points include ST-36 and Du-l4, 
Rogers et al, Probl Vet Med 1992 
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A Chinese prospective, randomised, single-blinded, experimen 
tal tial (= 20) compared the effect of transcutaneous electric 
imulation (TENS) at Li.-4 on the heat pain threshold 
and vibration threshold in humans with « placebo contol 
point. Inthe study group, after TENS at Li.-4, the pain thresh 
‘old for heat was higher for up to balf a hour compared to the 
control group. There was no effect on the threshold for feeling 
vibration. Wang et al, Chin Med J (Engl) 2003 
A Korean prospective, randomised, placebo-comtolled ial 
(= 35) evaluated the efficacy of electro-acupuneture (EA) and. 
moxibustion on LL-4, LL-10, L-l-11 and T.B.S on spasticity 
due to stroke, The conteol group was weated with routine 
acupuncture. Only the EA group experienced a significant, 
immediate and lasting reduction in spasticity (using a modified 
Ashworth scale). Moon et al, Am J Chin Med 2003 
‘A German prospective, randomised, controlled, non-blinded trial 
(= 29) investigated if acupuncture at LL-4, TBS, ST-36, 
P-6, Du-20 and Ex-UE-9 (barie) had a vasospasmolytic effect 
‘on patients with Raynaud’s syndrome during the winter season, 
‘There was no significant difference regarding the number and 
iensty of episodes, nor was there a significant effect on skin 
microcirculation between the acupuncture group and the 
placebo group before and after treatment, Hahn et al, J Dtsch 
Dermatol Ges 2004 
‘A Japanese prospective, randomised, controlled study (n = 21) 
investigated the effect of LiL-4, ST-36 and SP-6 on objective 
and subjective parameters regarding exhaustion in elite female 
soccer players dusing a competition period, Only the subjects 
tweated with acupuncture experienced a better rating for both 
subjective and objective parameters, Akimoto et al, Med Sei 
Sports Exere 2003 
A Chinese prospective, randomised, controlled tral (n= 89) 
researched the effect of LiL-4, ST-36, BL-18 and BL-23 com: 
bined with CT positioning sealp eircum-needling (SCN) and 
herbal therapy in patients with poly-infarctional vascular 
dementia, The control group received herbal teatment only 
‘The treated group had a significantly better short 
(96.5%) than the control group (754%) regarding changes of elin- 
ical symptoms, intelligence and haemortheological characteris- 
tics, Lum ef al, Zhongguo Zhong Xi Vi Jie He Za Zhi 2003, 
A Chinese prospective, randomised, controlled experimental 
‘vial (x = 11) investigated the changes in brain uetivation pat- 
terns evoked by stimulating Led manually versus stimulation 
With electro-acupuncture (EA). These were assessed by fune- 
tional magnetic resonance imaging (IMR), Results showed that 
EA mainly produced fMRI signal increases in precentral gyrus, 
postcentral gyrus/inferior parietal lobule and putarnenfinsula: in 
contrast, manual needle manipulation produced prominent 
decreases of FMRI signals in posterior cingulate, superior tem 
poral gyrus, putamen/insula, These results suggest that different 
‘brain mechanisms may be recruited during manual and EA, 
Kong et al, J Altern Complement Med 2002 
‘An American prospective, randomised, controlled, non-blinded 
‘experimental tral (a = 13) evaluated the effect of transcutaneous 


electric acupoint stimulation (TEAS) on Lil-4 and P-6 on tonie 
pain induced with the cold-pressor test. While TEAS alone had 
«significant analgesic effet, this could be inereased by combin- 
ing TEAS analgesia with low-dose morphine. Yuan et al, J Clin 
Pharmacol 2002 

A Taiwanese prospective, randomised, placebo-controled experi- 
‘mental study (n = 13) investigated the effect of manual acupunc- 
ture as well as transcutaneous electrical nerve stimulation (TENS) 
with 2 Hz and 100 Hz respectively at LaL-4 on the spinal cord by 
‘measuring the H-reflex. While the application of TENS with both 
2H and 10H changed the amplitude of the H-reflex, it was 
retained longer with the 100Hz stimulation. These findings sug- 
gest that TENS enhances the excitability of the motoneuron pool 
in the spinal cord. Chang et al, Acupunet Electrother Res 2001 
‘An Austrian prospective, randomised, controlled study (n = 45) 
evaluated whether acupuncture at LiLed and SP-6 at term can 
influence cervieal ripening, induce labour and thus seduce the 
reed for postdate induction, Compared to the conteol group, the 
study group showed a significantly shorter time span (three days) 
between estimated date of confinement (EDC) and actual time of 
delivery. Medical induction of labour 10 days after EDC was also 
significantly lower in the acupuncture group (20%) than in the 
control group (35%), Rabl etal, Wien Klin Wochenschr 2001 
‘An Israeli prospective, randomised, double-blinded controlled 
tial (n = 25) investigated the effect of acupuncture in the teat- 
‘ment of irritable bowel syndrome. True acupuncture was pet 
formed at L1- and sham acupuncture at BL-60 during a total of 
two sessions, There was no significant difference between the to 
groups. However, the choice of acupuncture points seems some- 
‘what peculiar. While both points are Ma Dan Yang points (the 12 
‘most important points, they have no specific action for intestinal 
disorders. Obviously the authors chose the points according tothe 
channel (Large Intestine). Furthermore, only two treatments does 
‘not seem suflicent, Fireman et al, Digestion 2000 

A British prospective experimental tial (n= 14) investigated 
the effect of acupuncture at Lil-8 on the resting EEG of 
healthy subjects. Acupuncture did not induce any changes in the 
resting EEG. Rosted et al, Complement Ther Med 2001 

An Irish prospective, randomised, controlled ial (n= 30) 
applied transcutaneous electric nerve stimulation (TENS) either at 
L.L-4 or over the median nerve inorder to investigate cutaneous 
blood flow, The control group received no treatment. Only TENS 
lover the median nerve showed a significant increase in cutaneous 
blood flows, Cramp et a, Acupunet Eleetrother Res 2001 

A Japanese prospective, randomised, controlled, non-blinded 
tial (x = 22) investigated the effect of acupuncture at Lio 
S16 and ST-7 on pain after mandibular wisdom tooth extrac- 
tion. Compared to the control group there was a significant 
reduction in pain in the treatment group. Kitade et al, 
Acupunet Eleetrather Res 2000 

A Swedish prospective, randomised, controlled experimental tial 
(= 12) investigated if acupuncture at L.L-4 induced changes 
in the sympathetic and/or parasympathetic nervous system 
in healthy subjects. For this purpose, regular and superficial 


needling of Lt was compared, Changes were measured by 
using power spectral analysis and heat rate frequency analysis, 
(Only deeper needling at L.1 led toa significant activation of the 
npathetic and parasympathetic nervous system during and after 
treatment as well as to a sigaificant reduction ofthe heat rate fre- 
quency. Haker etal, J Auton Nerv Syst 2000 
AUS prospective, randomised, sham-controlled, single-blinded 
trial (n = 101) assessed the effect of varying intensities of trans- 
cutaneous electric acupoint stimulation (TEAS) at Lil-8 on the 
postoperative patient-controlled analgesia (PCA) require- 
nt for hydromorphine (HM), the incidence of opioid-elated 
side effects, and the recovery profile after lower abdominal sur- 
‘gery in womea. In the sham-TEAS group HM-requirement was 
reduced by 23%, low-intensity TEAS produced 1 34% decrease 
in the HM requitement while the high-intensity TEAS reduced 
requirement significantly by 65%, accompanied by a reduction 
in the occurrence of dizziness, nausea and pruritus. Wang et al, 
Anesth Analg 1997 
A Chinese prospective, randomised, controlled trial (1 = 110) 
investigated the effect of transcutaneous electric acupoint stinwu- 
lation TEAS) at Lil-d, EX-HN-4 (juyao) and G.B-31 during 
cenflurane anaesthesia in patients undergoing craniotomy. In 
comparison to the control group (anaesthesia maintained with 
enflurane only) the minimum alveolar concentration (MAC) 
of enflurane decreased in the TEAS-supplemented group by 
38-47%, If anaesthesia was supplemented by TEAS plus scalp 
infiltration with procaine, there was an even higher reduction of 
42-66%, The hemodynamic balance was also mote stable dur- 
ing the operation, and postoperative recovery was faster. Wang, 
et al, Zhongguo Zhong Xi Yi Jie He Za Zhi 1994 
A German prospective, waitlist-controlled tial (1 = 6) investi- 
gated the effect of electro-acupuncture at LL, ST-28, LIV-3 
and BL-25 on stool frequency und colonic transit time in 
chronic constipation. There were no significant differences in 
all the parameters between the contol group and the Waitlist 
group. Klauser et al, Z Gastroenterol 1993, 
‘A Japanese experimental trial researched the influence of LiL 
on vibration induced finger flexion reflex. Unilateral 
acupuncture at Lit suppressed the reflex in both hands, 
‘Takakura et al, Am J Chin Med 1992 
A Chinese prospective, randomised, matched controlled ial 
(= 12) investigated the analgesic effect of aqueous acupune 
ture (injection of glucose solution) at LiLef and G.B.-34 in 
postoperative pain control. In comparison tothe conteol group, 
the intensity of postoperative pain as well a the requirement for 
analgesic medication were significantly lower in the swdy 
group, Chen et al, Gaoxiong Yi Xue Ke Xue Za Zhi 1991 
‘A German prospective, non-randomised, sham-controlled tial 
(r= 36) investigated the analgesic effect of acupuncture at LiL-4, 
P-6, ST-36 and SP-4 prior to a colonoscopy, The pain experi- 
fenced by the acupuncture patients was significantly lower com- 
pared to the group receiving sham acupuncture, The analgesics 
and sedatives required were also significantly less. Li etal, Disch 
‘Med Wochenschr 1991 
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{A prospective, randomised, single-blinded experimental study 
(= 39) investigated the effect of acupuncture and laser 
scupunctue at Ld and EX-UE jiangian on the pain thresh 
‘old, Compared to laser acupuncture, acupuncture significantly 
increased the pain dresbold. Brockhaus etal, Pain 1990 

A British prospective, controlled experimental crossover study 
investigated the effectiveness of eleceo-acupuncture at LL on 
‘experimental tooth pain, After 30 minutes of electsic simula- 
tion the pain threshold increased by 27%. This increase could be 
partially blocked by naloxone, Eenst et al, Acupunct Elee- 
‘trother Res 1987 

A British prospective, randomised. placebo-contolled study 
(n= Sl) vestigated the effect of acupuncture at Lilt as an 
‘analgesic for operative dentistry. There were no sigoificant 
differences between the treatment group and the placebo group, 
‘Taub et al, Oral Surg Oral Med Oral Pathol 1979 

{A prospective non-andonised, placebo-contlled experi 
tal wil (x = 40) investigated the effect of acupuncture at Lad 
‘on the pain threshold of postoperative dental pain compared 
to codeine, Both Lal and codeine had a significantly heter 
effect than the placebo, The combination of both had the 
strongest effect. Sung et al, Anesth Analg 1977 

An Austrian prospective sham-contolled,sngle-blinded exper- 
imental wal (n= 12) measured the effect of Lil~4 and P-6 on 
pain threshold and pain tolerance. In contrast 10 sham 
scupunctue, true aeupuncture significantly raised the pin 
threshold. Stacher etal, Am J Chin Med 197 

Liss Ps 

Lio Ps 

Liar Ps 


Estensor capi radials 


LL-10 + L.1-4; Du-l2; S36 
A Swedish prospective, randomised, controlled, double-blinded 
tial (n = 49) investigated the effect of laser acupuncture on 
L110, LI-I, Ll-12, LU-S and TBS on lateral humeral 
epicondalgia (tennis elbow). No significant difference occurred. 
at a dose of 0.36 Ipoint, Haker et al, Pain 1990 


LLL + L.1-4; S736; LIV: L110; L1-15 
‘A Taiwanese prospective, randomised, placebo-controlled, sin- 
‘le-blinded trial (n = 40) investigated the effect of acupuncture 
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‘at LL-11 on uraemie pruritus. The results ofthe peusitus score 
‘questionnaires demonstrated that only ue acupuncture at LaL-L 
resulted ina significantly reduced pruritus lasting for a period of 
three months. Uruemia levels remained unchanged. Che-yi et al, 
‘Nepheo Dial Transplant 2005 

A German prospective, randomised, placebo-controlled, single- 
blinded experimental trial (x = 22) investigated the effect of 
L.L-11 on the phagocytic immune system, Based on laboratory 
parameters, the activity of neutrophils was significantly higher 
in the study group. Karst et al, Complement Ther Med 2003 
‘A. Swedish prospective, non-tandomised, plicebo-controlled, 
single-blinded experimental longitudinal tial investigated the 
influence of electro-acupuncture at L.L-IT and Ll-d on sym 
pathetic nerve activity and the pain threshold. Only electro- 
‘acupuncture at LL-1] and L.1-# inereased the pain threshold in, 
combination with inereased sympathetic nerve activity. Knar= 
dahl et al, Pain 1998, 

‘A Swedish prospective, randomised, placebo-controlled, single- 
blinded trial (n = 58) investigated the effect of laser acupune- 
ture ot LL-I1 and Ll12 for lateral humeral epicondalgia 
(tennis elbow) compared to laser application on the painful 
area, There were no significant differences between the laser and. 
placebo treatments after the treatment period. Haker et al, Arch, 
Phys Med Rehabil 1991 


Lb LA LL-10 
‘A Chinese prospective, randomised, controlled trial (n = 64) 
investigated the effect of electro-acupuncture at L.L-12, TBS, 
G.B-30 and ST-36 accompanied by medication for acute eere- 
bral infarction with eegard to the plasma and CSF somatostatin 
levels. The control group received medication only. Both plasma 
and CSF somatostatin levels increased significantly in. the 
acupuncture group. Zhang et al, J Tradit Chin Med 1999 

‘A Chinese prospective, randomised, controlled trial (n = 64) 
investigated the effect of electro-acupuncture at L.L-12, TBS, 
G.B-30 and ST-36 on the plasma and CSF levels of VIP 
(vasoactive intestinal peptide), somatostatin and pancreatic 
polypeptide in patients with acute cerebral infarction, The 
CSF VIP level dropped significantly while the plasma pancre- 
atic polypeptide level increased significantly. In patients with a 
‘good response both plasma and CSF somatostatin levels 
increased significantly after acupuncture. Zhang et al, Zhen CL 
‘Yan Jiu 1996 


L.L-I5 A Taiwanese prospective, randomised, controlled, non- 
blinded tial (n= 150) investigated the effect of electro- 
acupuncture at Lil-1S, G.B.21 and Ex-UE jianneiting with or 
Without regional nerve block (RNB) (stellate ganglion and 
suprascapular plexus) for “frozen shoulder" (adhesive eapsuli- 
tis). This was compared to RNB treatment alone, The combina- 
tion of electro-acupuncture and RNB produced the most 
significant reduction of pain and duration of pain relief as well 
as improvement of range of motion, Lin et al, Aeta Anaesthe- 
‘iol Sin 1994 

A Chinese prospective, randomised, controlled, non-blinded tial 
(= 63) investigated the effect of acupuncture at LaL-1S, LAL-11, 
LL, G.B.-30, G.B-M, G.B.37, LIV, G.B-20, ST-25, ST- 
40, S136, SP-6 and KID-3 on symptoms of cerebral infaretion 
‘compared to the treatment with the calcium channel blocker vera 
pumil. The effectiveness inthe acupuncture group was 94%, inthe 
verapamil group 84%, This difference is statistically significant. 
However, the choice of a calcium channel blocker seems unusual 
for this indication. Zou et al, Zhong Xi Vi Jie He Za Zhi 1990 


L20GB-14 

A British prospective, randomised, controlled trial (n = 20) 
investigated the effect of a 30 second massage at LL-20 on 
nasal airflow compared to an untreated control group. Symp- 
toms improved significantly in the massage group, Takeuchi 
etal, Am J Rhinol 1999 


Stomach channel 


mar 


Sr2 408-14 

A. prospective, non-randomised experimental trial (n= 33) 
investigated the effect of acupuncture and electro-acupuncture at 
ST2, LiL-4 and ST-44 on experimentally induced tooth pain. 


‘While both procedures increased the pain threshold, the increase 
‘was not sufficient to justify acupuncture as a means of pain con- 
‘sol in conservative dentistry. Bakke, Seand J Dent Res 1976 
STA 4GB-14 

S64 GBA: LL4 

STL 


ST-8 A large prospective, randomised, multi-centre, group- 
comparison trial (n = 120) in patients suffering from migraine 
without aura demonstrated that acupuncture at ST-8, G.B.-S, 
G.B.20, Du-I4 and LU-7 was significantly more effective than 
conventional drug therapy, regarding both frequency and dura- 
tion of the migeaine attacks as well as number of sick days. The 
authors calculated that by treating migraine with acupuncture 
the Taian health system could save approsimately 0.5 billion 
Euros per year. Liguori etal, J Tradit Chin Med 2000 

‘A Bulgarian case study (n = 45) reports the successful treat- 
‘ment of headaches following caesarian sections with spinal 
anaesthesia with acupuncture at ST-8, L.L-4, G.B-11, GB-14, 
BL-10, Du-l4 and Du-20 during 1-3 teatments. ‘Tsenov, 
Akush Ginekol (Sofia) 1996 

A Swedish prospective, placebo-controlled trial investigated the 
effect of intrasegmental (ST-8) and extrasegmental (LL-4) 
electro-acupuncture on sensory thresholds, Only the pain thresh- 
fold could be increased, and this only with intrasegmental 
Acupuncture at STS. Lundeberg et al, Am J Chin Med 1989 
STIS G.B-14;Du-1 

ST204 TBS 

‘ST-21 4 Du-20 


$1.25 Du-l; Du-20; LI-4: LA-1S 
A Chinese prospective, randomised, controlled trial (n = 62) 
investigated the effect of acupuncture and moxibustion at ST-25 
and Ren-4 for chronic colitis. This was compared to modem 
drug therapy. The acupuncture group showed the same thera- 
peutic results but with fewer side effects. Yang et al, J Tradit 
Chin Med 1999 
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SP24G.B-31 
SPM ST-36; SP.9 

ST-3S A Chinese prospective, randomised, single-blinded, com 
twolled, long-term tral (n = 24) investigated the effect of electto- 
‘acupuncture (EA) and transcutaneous electrical nerve stimulation 
(TENS) at ST-38 and Ex-LE- (eight treatments over a period of 
two weeks) in older patients (average age: 85 years) suffering 
from painful esteoarthitie knees. This was compared to con- 
ventional therapy for this disorder. Both TENS and EA. signifi- 
‘cantly reduced the knee pain. EA also had an effect on range of 
‘motion, Ng et al, Altern Complement Med 2003, 


— 


SP36-*L1-4; BL27, P-6:TB-8; GB.26:G.B-31; Du-l, Bx 
B.3: Dus: Du-20: LIV-3; SP-9; BL-6O; L1-12: L1-15; Ren-t7 
‘An Iranian prospective, randomised, placebo-contlle, single- 
‘lined wial (x= 51) investigated the effeet of tanscutaneous 
clectic nerve stimulation (TENS) at S36 and ST-38 on nitw- 
‘lycerin-induced hypotension under general anaesthesia with 
halothane. With true scupuncture a the aboe points, the mean 
arterial blood pressure (MAP) was significantly lower (60 vs 
6 mnulig). The effect of acupuncture was significantly greater 
with lower dosages of nitroglycerin compared with higher dosage. 
In addition, the time to wach stwady ste MAP was sguticanly 
shorter (10 vs 158 minutes) and dh quality of operative ichensia 
was excellent in 83.3% subjects compared to 25% in the sham 
sroup. Saghaet Me al, Acta Anaesthesiol Taiwan 2005 
A.US prospective non-blinded experimental tral investigated 
the response to acupuncture at S136 as evidenced by fMRI. 
“The limbic and parulimbie structures ofthe cortical and subcor- 
tical epions inthe telencephalon, diencephalon, brainstem and 
cerebellum were autvated in response to acupuncture, Hui eta, 
Neuroimage 2008 

‘A prospective, randomised placebo-contrlled single-blinded 
tial (n= 13) investigated the effect of elecro-acupuncture at 
‘$1.36 on the heart rate variability (HRV) in bealthy subjects. 
“There was no acupuneture-specific effect on HRV. Chang et al 
‘Am J Chin Med 2008 

A German prospective randomised placebo-contolled single- 
‘blinded experimental crossover study (n = 10) investigated the 
effet of acupuncture at ST-36, L-l-I1, SP-10 and Du-l4 on 
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leukoeyte circulation in healthy young subjects. There was a sig- 
nificant decrease in leukocyte and lymphocyte values in the 
acupuncture group while cortisol und norepinephrine plasta lev 
cls remained unchanged. Kou et al, Brain Behay Immun 2005 

A.US prospective, non-randomised, plucebo-controlled, single- 
Dlinded trial (a = 7) investigated if electro-seupuncture at ST-36, 
P-6, ST-34 and LiL-4 before and during induction of general 
anaesthesia (desflurane) influenced the anaesthetic requirement 
‘compared toa conteol group. There was no reduction in pain in the 
‘ueatment group, Chernyak et al Anesth Analg 2005 

A Taiwanese prospective, randomised, placebo-controlled, sin 
sle-blinded experimental eross-over study (n = 15) investigated. 
if electro-acupuncture (EA) at ST-36 can normalise atropine- 
induced gastrie dysrhythmia, While there was a significant 
increase in the percentage of normal frequency, atropine 
induced gastric dysthythmia was not normalised by EA (no si 
niffeant differences in the EGG). Chang et al, Dig Dis Set 2002 
A Taiwanese prospective, randomised, contolled experimental 
‘rial (x = 15) investigated the effect of ST-36 on gastrie myo- 


electrical regularity, There was a significant decrease in the 


tachygasiric and bradygastic rhythm during electro 
tute on ST-36, Chang et al, Digestion 2002 
A Taiwanese prospective, randomised, sham-controlled ial 
(a= 100) investigated the effect of elecro-acupuncture at ST-36 
‘on postoperative pain and opioid-related side effects. The 
postoperative pain, the requirement for morphine (Via PCA) and. 
the incidence of nausea and dizziness were all significantly 
reduced. Lin et al, Pain 2002 
A. US prospective, randomised, double-blinded, sham-con- 
‘rolled experimental wial (n= 14) investigated if electro- 
acupuncture at ST-36, G.B-34 and BL-60 could reduce the 
Anaesthetic requirement (desflurane) for experimental pain 
stimuli. Eleewo-stimulation of these points did not reduce des- 
FHurane requirements compared to the control group. Morioka 
et al, Anesth Analg 2002 
‘A Taiwanese prospective ease study (n= 15) investigated the 
effect of bilateral electro-acupuncture at ST-36 on gastric slow 
diabetic patients with symptoms suggesting gastric 
‘motor dysfunction, Changes of gastric activity were measured 
by EGG, During and after acupuncture there was a significant 
increase in the percentages of normal frequency. In addition the 
percentage of chy gastric frequency was decreased significantly 
during and after ucupuncture, Chang etal, Digestion 2001 
[A Chinese case study ( = 104) reports the successful injection- 
‘acupuncture at ST-36 for chemotherapy-induced leukopenia, 
Yin et al, J Tradit Chin Med 2001 
A Chinese prospective, randomised, controlled, non-blinded 
lwial (n= 26) investigated the effect of acupuncture at ST-36 
plus auricular plaster therapy on peristalsis for postoperative 
recovery of intestinal function after abdonsinal surgery. 92% of 
patients in the treatment group showed recovery of normal pes 
stlsis within 72 hours, while in the control group only 46% 
patients recovered within the same time-period. Wan et al, 
J Tradit Chin Med, 2000 


cupune- 


A.US prospective, randomised, controlled pilot study (x = 17) 
investigated the effect of acupressure at STE-36 and P-6 on the 
intensity and frequency of nausea in patients undergoing 
chemotherapy due to breast cancer, Both the frequency and 
intensity of the nausea was significantly lower in the treatment 
group than in the contzol group, Dibble et al, Oncol Nurs 
Forum 2000 

An Italian prospective, randomised, controlled experimental 
ial (1 = 120) investigated the effect of acupuncture at ST-36 
and LL regarding changes in the levels of beta-endorphins 
and other parameters (VIP, lymphocyte subsets, NK cells and 
monocyte phagocytosis) in patients suffering from various 
painful disorders. These changes were compared 10 un untreated 
control group. Only in the acupuncture group were the endor- 
phin levels, the CD3 and CD4 values and monocyte phagocyto- 
sis increased for at least 24 hours afer treatment. At the 
sume time there was an increase of the CDS values. Peti etal, 
J Tradit Chin Med 1998 

A Chinese retrospective case study reports good resulls in treat- 
ing leukopenia with acupuncture at ST-36, Wel, J Tradit Chin 
Med 1998 

A Taiwanese prospective, randomised, sham-controlled experi- 
‘mental trial (= 18) investigated the effect of acupuncture at ST-36 
and L.L-4 on central nervous system pathways with functional 
MR imaging of the brain. Besides a significant reduction of the 
beat rate frequency, acupuncture at both points resulted in activa- 
‘don of the hypothalamus and nucleus accumbens (structures of 
the descending antinociceptive pathway) and devetivation of the 
rostral part of the anterior cingulate cortex, amygdala formation, 
and hippocampal complex (limbic areas of pain recognition), 
“Therefore this study provides explanations forthe paln-reducing 
effect of acupuncture. Wu et al, Radiology 1999 

A prospective, sham-controlled, single-blinded experimental 
longitudinal wial (n = 13) investigated the effect of acupuncture 
at ST-36 only, compared t acupuncture at ST-36 plus L.L-10 
on auditory endogenous potentials (P300). The effect ofthe di 
ferent forms of acupuncture wus identieal. fa contrast to the shan 
group, it led to a decrease of P300 amplitude in the acupuncture 
group. Hsieh et al, Am J Chin Med 1998 

AUS prospective, randomised, sham-contolled, single-blinded 
tial (n= 100) investigated the effect of transcutaneous electric 
nerve stimulation (TENS) at ST-36 on opioid analgesic 
requirement by PCA following hysterectomy or myomectorny 
compared to peri-incisional dermatomal stimulation by TENS. 
‘TENS applied atthe dermsatomal level of the incision is as effec 
tive as stimulation at ST-36, and both were more effective than 
stimulation ata sham location. Chen et al, Anesth Analg 1998 
A Chinese prospective, randomised, controlled tril (= 69) 
compared the so-called immunotherapy at ST-36 10 com 
tional desensitisation therapy in patients suffering from anaphy- 
lactic asthma. Resulis in the acupuncture group were 
significantly better, regarding both clinical and immunohisto- 
chemical parameters. Chen et al, Zhongguo Zhong Xi Yi Jie 
He Za Zhi 1996 


A Mongolian prospective, randomised, controlled study (n = 48) 
‘compared the effect of acupuncture at ST-36 and P-6 combined 
‘with epidural anaesthesia to simple epidural anaesthesia For subto- 
{al gastrectomies. The acupuncture group, while requiring a lower 
dosage of anaesthetic, experienced a stronger analgesic effect, the 
abdominal muscles were more relaxed and the haemodynamic 
disturbances were smaller. Sun, Zhen Ci Yan Jiu 1996 

A US prospective, randomised, controlled, experimental tial 
(= 11) researched the effect of transcutaneous electric nerve 
stimulation (TENS) at ST-36 and ST-37 on peripheral blood 
circulation and haemodynamics. Tweaty minutes of TENS on 
healthy subjects did not produce a significant change in the 
‘measured parameters. Balogun et al, Disabil Rehabil 1996 

A Taiwanese prospective, randomised, placebo-controlled, sin- 
sle-blinded wial investigated the influence of acupuncture at 
ST-36 on the pulse spectrum, The results indicated that 
acupuncture at ST-36 has a specific effect on the Fourier compo- 
nents of the pulse: C2 and C4 decreased while C5, C6, C8 and 
C9 increased. This specific frequency effect was not found when 
acupuncture was applied on a non-acupuncture point, Wang, 
etal, Am J Chin Med 1995 

A Chinese prospective, randomised, controlled trial (n= 45) 
investigated the effect of $T-36, LiL-11 and KID-6 on the 
‘immunowetivity of natural killer cells and the interleukin-2 level 
‘in malignant tumour patients. After eceiving one treatment of 
30 minutes daly for 10 days, parameters in the treatment group 
hhad increased significantly compared to the control group. Wt 
et al, Zhongguo Zhong Xi Yi Jie He Za Zhi 1994 

A Chinese prospective, randomised, controlled tril (n = 80) 
compared anaesthesia with eleetro-aeupuneture at ST-36 und 
LiL-4 to epidural anaesthesia in appendectomies. The operi- 
tions were equally suecessful in both groups, without any sigait= 
icant differences regarding the suecess rate. Sun et al, Zhen Ci 
‘Yan Jiu 1992 

A Chinese prospective, randomised, controlled tial (n = 39) 
investigated the effect of acupuncture at ST-36 and SP-6 on 
bowel moyements following abdominal surgery. In the 
Acupuncture group the first postoperative bowel movement 
‘occurred after upproximately 58 hours, but only after 86 hours in 
the untreated control group. Liu et al, Zhong Xi Yi Jie He Za 
Zhi 1991 

SE37 4 ST36 

ST38 GB 

ST404LL-15 
SELL ST 


S36 


Spleen channel 
SP-L AUS prospective experimental ial (w = 13) investigated 
the effect of electro-acupuneture (EA) at SP-1 and LIV-1 on 
{Herma pain thresholds, The pain threshold increased sia 

cathy 30 seconds after onset of EA. The authors postulate that 
EA at the ahove points hasan inhibitory effect on the C-fbre 
ferent; the analgesic benefit observed is most probably A-dlla 
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afferent mediated. Leung et al, J Altern Complement Med 
2005 
SP-4 + Dud; P-6; LL 


ae 


SP-6 + ST-36; L1-4: P-6; G.B.26; Du-4; Du-20; LIV-3; L115 
Ina prospective, randomised, double-blinded group-comparison 
tsial (n= 56) patients suffering from interstitial cystitis per- 
formed daily laser therupy on SP-6 at home for 30 seconds over 
a period of 12 weeks. There were no significant differences 
between the treatment and control cohorts. O'Reilly et al, 
J Urol 2004 

‘An Australian prospective, randomised, placebo-controlled trial 
(x= 20) investigated the effect of transcutaneous electrical 
stimulation (TENS) at SP-6 and LIV-3 on uterine contractions 
in postdate pregnant women, A significant increase in fre- 
‘quency and strength of contractions was found in the TENS. 
‘sroup compared with the placebo group. Dunn et al, Obstet 
Gynecol 1989 


Metal condyle 
ofthe tibia 
sP-9 
Junction of the 
shaft and medial 
Ccastrocnemius 


condyle ofthe 
tibia 


SP-9 A British prospective, randomised. controlled, assessor- 
blinded trial (n = 44) investigated the influence of SP-9, SP-10, 
‘ST-34, ST-36 and L.L-4 on unilateral versus bilateral acupun 
ture in patients with advanced osteoarthritis of the knee, The 
symptoms improved significantly in both groups. This improve- 
ent was sustained for six months, There was no statistically 
cant difference between the groups. Tillu et al, Aeupunct 
Med 2001 


SP-10-— SP-9; ST-36; Ren-17 
A Chinese prospective, randomised, controlled tril (1 = 62) 
investigated the effect of Q-wave millimetre microwave applica- 
tion at SP-10 and BL-17 on chemotherapy-induced leuko- 
penia in gastrointestinal cancer patients, One group received 
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irradiation before the stat of chemotherapy the other group only 
after the onset of the chemotherapy-induced leukopenia, Begin- 
hing the irradiation before starting chemotherapy produced a sig- 
nificantly beter result (86% versus 73% with later application). 
‘Wu et al, Zhongguo Zhong Xi Vi Jie He za Zhi 1997 
SP-12— Dut 


Heart channel 


HE = P-6 
HES = P-6 


HE-T = G.B_26; Du-4: Du-20; 81-4: P-6 
A German prospective, randomised, placebo-controlled, single- 
‘blinded wial (n = 36) investigated the effect of H-7, P-6, Du-20, 
[BL-62 and Ex-HN-6 erjian on the cardiae autonomous nervous 
system in patients with minor depression and anxiety disor- 
ders. Only the acupuncture group demonstrated a relative 
increase of cardiovagal modulation of heart rate. Agelink et al, 
Fortschr Neurol Psychiatr 2003 

A British pilot study (n = 17) investigated the effect of HE-7 on 
certain stress parameters. There was an average decrease of 
44% (based on the Edinburgh Postnatal Depression Seale 
(EPDS). Chan et al, Acupunet Med 2002 

HES = LU-10 

HEI = Dut 


‘Small Intestine channel 


Sule LUAIO; Du-l2 
‘A larger-scale Taiwanese prospective, controlled, randomised 
{rial (x = 100) demonstrated a significant improvement of neu- 
ological functioning in patients with severe spinal cord 
injuries (ASIA status A and B) after electro-acupuncture at S.L-3 
‘and BL-62 plus auricular acupuncture versus the control group 
(conventional and rebabilitation therapy only). Wong et al, Am 
J Phys Med Rehabil 2003 

‘A non-controlled pilot study (1 = 18) found thatthe treatment 
of acute torticollis with a single treatment of ipsilateral 
acupuncture at S.1-3 and M-UE-8 resulted in a mean improve- 
‘ment of lateral head rotation of 53%, Samuels N, Am J Chin, 
‘Med 2003 


A Chinese prospective, randomised, controlled trial (x = 62) 
Investigated the effect of acupuncture at S.L3 and HET in 
patients with cerebral traumatic dementia compared to con- 
ventional physiotherapy, There were significant changes of 
MMSE scores and auditory P300 values in the acupuncture 
group only. Zhang et al, Zhen Ci Yan Jiu 1996 and Zhang 
etal, Zhongguo Zhong Xi Yi Jie He Za Zhi 1995 


SiL-I8 A Chinese prospective, randomised, controlled, single- 
blinded trial (n = 42) investigated the effect of electro-acupune- 
ture at S.Le18, EXxHN-O4, G.B20 and LL-4 on controlled 
hypotension induced by isoflurane during a cerebral operation in 
‘order to avoid blood loss, The concentration of isoflurane neces- 
sary to achieve controlled hypotension was significantly reduced 
by 31-42% compared to the contol group, Wang et al, Zhong- 
guo Zhong Xi Vi Jie He Za Zhi 2000 


Bladder channel 


BLIGB-14 
A non-randomised group-comparison tral (n = 34) investigated 
the effect of warmed needle acupuncture at BL-1 in patients suf- 
fering from epiphora due to dysfunction of the lacrimal duet. 
“The effect in the treatment group was significantly better in 
comparison to the coutrol group teated with lacrimal duct 
irrigation and norfloxacin eye drops (92% vs 54%). Ni et al, 
J Tradit Chin Med 2002 

‘A Chinese case study reports the treatment of epiphora due 10 
Insufficiency of lacrimal passage with acupuncture at BL-1. Of 
the 68 eyes treated in 42 patients, 28 eyes were cured and 35 
improved. 34 eyes improved after only one course of treatment. 
NIY et al, J Tradit Chin Med 1999 


BL-7 A Chinese experimental trial carried out in 1988 was the 
first to discuss the possible effect of BL-7, G.B.-6 and EX-HN- 
on hemiplegia through changes of the mieso-cieculation in the 
nail bed, Shun et al, Zhen Ci Yan Jiu 1988 


‘The quality of the solder job can make or break your project, yet it is the step that takes the most practice to 
become good at. Soldering is more difficult than the other steps in stained glass because there are so many 
things that can effect it: the amount of heat, the amount of solder, the type of flux, the rate at which you move, 
gaps in the project, etc. The following step-by-step instructions will give you the basics of soldering. If you are 
just starting out, you will learn a lot. If you are experienced, you may just find the trick that makes it all come 
together. Great soldering takes a little bit of knowledge and a lot of practice. 


Before You Start 


Preparation is the key to producing a good solder bead. Here are some 
suggestions to help you get of to a great start! 

& Make sure that the foil is seated properly over the glass. 

© Trim all overlaps in the foil using a sharp craft blade. 

© Assemble all the tools you will need so they are at hand. 

© Wear safety glasses, 

® Have a proper ventilation set up. 

© Make sure the foil is well burnished and sealed smoothly to the glass surface. 

© Secure the glass pieces using pins, or squaring blocks made for this purpose before soldering. 


Set aside enough time to solder your entire project all at once. If you don't, dried flux and solder residues on 
the unfinished parts will make further soldering difficult. Flux allowed to remain on a project can compro- 
mise the strength of the solder joints. 


Cleaning Before Soldering 


Sometimes the surface you are going to solder needs cleaning to remove 
visible grime, dirt, residue or oxidization. In this case, use 000 or 0000 
steel wool to clean the surface of copper foil. For lead came or excessive 
oxidation carefully use a soft brass brush. If you won’t be able to solder 
your project immediately after itis copper foiled, store it in a plastic bag 
to help reduce oxidation. If you partially solder the project and have to 
stop before it is complete, be sure to clean off all of the flux and store the project in a 
plastic bag until you are ready to continue. You will probably still need to use steel 
wool on the joints when you are ready to solder, but the clean up should be minor. 


Getting Started 


Begin the soldering process by fluxing all intersections of the glass project. Then "flat 
tack" solder these intersections together by using a very small amount of solder and the 
flat face of the iron tip. The solder should lay flat on the intersection and you shouldn't 
have any beads or bumps of solder on the piece. Hence the name "flat-tack” soldering. 

Now, fill any gaps between the glass pieces by melting solder into them until the 
solder is level with the surface of the glass. If you have large gaps, you can ball up some 
copper foil, with the sticky sides together, and fill the gaps. This will help keep the 
solder from seeping out the other side. 


cipal Lower 
bone border of 
the oecput 
is i 
BL-10- STs 


A. placebo-controlled, non-blinded group-comparison tial 
(1 = 65) investigated the effect of treating children with an acu- 
plaster at BL-1O, BL-11 and G.B-34 the night before undergoing 
strabismus surgery, fo the prevention of post-operative nausea 
and emesis. Nausea and emesis were reduced by 50% during the 
early and later postoperative stage compared to the placebo- 
‘group. The well-esearched point P-6 often failed to prevent aau- 
sea inthis type of surgery. Chu etal, Acta Anaesthesiol sin 1998 
BL-L1 9 Du-12; BL-10; Li.-4: Ex-B-1 

BL-12 ExB-1 

BLS Ex-B-l; Du-l4 


BLAS + EB: P-6 
Tan animal experiment, moxituston at BL-27 was ale vo reduce 
the renal excretion of Na* while at the same time decreasing uri- 
nary volume. Systolic blood pressure remained unchanged while 
plasma levels of aldosterone and ANP (atrial natriuretic peptide) 
decreased. In contrast, moxibustion at BL-15 increased urinary 
‘volume while reducing excretion of Na” and decreasing systolic 
blood pressure. Plasma levels of aldosterone and ANP 
decreased. These results suggest that BL-15 and BL-27 might be 
applied fr eestain forms of hypertension, Lee et al, Am J Chin 
Med 1997 

BL-I7+ 8-10 


BLS BL2: 
A Japanese prospective, randomised, placebo-contrlled, dou- 
ble-blinded tial (x = 189) investigated the effect of Japanese 
intradermal acupuncture at BL-18, BL-19, BL-20, BL-21, BL-22, 
BL-23, BL-24, BL-25 and BL-26 on unalyesie requirement, 
nausea and emesis as well us stress markers after abdominal 
surgery. Starting from the recovery rom and including the see 
‘ond postoperative day incisional pain at rest and during eough- 
ing was significantly lower in the verum group than in the 
control group. The requirement for epidural moephine was also 
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significantly lower (only 50%), Nausea and emesis were also 
significantly lower (20-30%). Plasma cortisol and epinephrine 
concentrations were reduced by 30-50% in the acupuncture 
‘group during recavery and on the first postoperative day. This is 
‘one of the most valuable trials due to its excellent methodology 
and design. Kotani et al, Anesthesiology 2001 

BL-19 > BLAS 

BL-20—+ LI. Du-l; BL-18; Du-14: P-6 

BL-21— BLS 

BL-22 + BL-I 
BL-234 LA 
BL-24 LL 
BL-25 + L1-4; BL-18; Ex-B2 
BL-26-+ LL, BL-18 


Ex. 


BL27 + L1-4, BLAIS 
A German randomised, placebo-controlled experimental trial 
(n= 42) compared the effect of acupuncture at BL-27 on pain 
‘eduction with a point of the Yamamoto New Scalp Acupuncture 
CYNSA). Experimental pain stimuli were set on the upper eal- 
ccaneus edge. The difference in pain reduction between the 
“upuncture group und the scalp acupuncture group was highly 
significant. Thete are also highly significant differences con- 
cerning the verum and the placebo weatment. BL-27 could 
therefore be a useful point fr treating ealeaneal pain, Ogal et al, 
Anasthesiol Intensivmed Notfallmed Schmerzther 2002 
‘An animal experiment in 15 healthy dogs investigated the effect 
of acupuncture on intestinal (duodenum) motility. Electro- 
‘upuneture at BL-27 decreased the frequency of intestinal 
motility by 31% during stimulation, while showing an increase 
of 18% after stimulation, Electro-stimulation of ST-36 led to the 
‘opposite result: a 20% inerease during stimulation followed by a 
decrease of 7% after stimulation, Based on this result, BL-27 
could be applied for paralytic ileus or constipation while 
S736 could be used for treating bloating, tenesmus and 
diarrhoea. Choi etal, J Vet Sei 2001 
BL-28+ L14; Dud 


BL-29 There exists only a small case study describing various 
disorders. This is of educational value rather than anything else 
Chen ¥., J Tradit Chin Med 2002 
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BL-32— Dud; Ren-3 

‘A medium-scale Chinese case study (n= 30) reports the sue- 
cessful twatment of urinary and faecal incontinence due 1 
nerve damage with electro-acupuncture at BL-3§ and BL-32. 
‘Yang et al, J Tradit Chin Med 2003 


BL-33 A Japanese ease study (1 = 10) documents a significant 
reduction of pain for chronic pelvic pain syndrome with 
intrapelvie venous congestion by weekly treatments with bila 
eral acupuncture at BL-33 (needle retention 10 minutes, manusl 
‘otation). Honjo et al, Int J Urol 2004 

‘A Japanese prospective case study (n= 13) investigated the 
effect of bilsteral acupuncture at BL-33 on cystometry and 
incontinence in spinal-cord-injured patients. Incontinence 
completely disappeared in 15% of cases and decreased to 50% 
cor less compared to baseline in a further 46% of patients. Maxi- 
mum eystometric bladder capacity increased significantly from 
‘75m to 148ml. When cystometry was repeated in six patients 
‘one month after the last acupuncture teatment, bladder eapacity 
showed a further average inerease to 187 ml. Honjo et al, Urol 
Int 2000 


BL35 + BL29; BL-32 
‘A larger-scale Chinese case study (n = 103) reports the success- 
{ul ueatment of post-partum urinary retention with classic 
scupuncture st BL-3S. Li etal J Tradit Chin Med 1996 
BLT Lt 


BLSd Dus 
A larger-scale Chinese case study (n = 100) reports the success- 
{ul treatment of lumbar pain with acupuncture at BL-S4, Cui, 
J Tradit Chin Med 1992 


‘BL-S9 A smaller-scale Chinese case study reports the treatment 
of acute lumbar pain with acupuncture at BL-S9. Hu, J Tradit 
(Chin Med 1993 


BL-60 4 Du-3: ST36; LL 
AUS prospective case study (n = 7) reports the positive subjec- 
tive (questionnaire) and objective (tibial H-teflex) effect of non- 
invasive electro-seupuncture at BL-60, ST-36, KID-L and 
LIV-3 on HIV-related neuropathy. Results showed a signifi- 
cant overall improvement in functional activities. Galantino 
etal, J Altern Complement Med 1999 

BL-62 4 S.L-3: HE-7; Du-20 


‘BL-64 An animal experiment demonstrated that electro 
acupuncture at BL-64 and BL-65 increased the uctivity of nitric 
oxide synthase in the brain stem nuclei (nucleus gracilis), Ma 
‘at al, Acupunct Electrother Res 2002 

BL-65 + BL-64 


BL-66 An experimental study in rats inestigated the antipyretic 
effect of manual acupuncture at BL-66 on lipopolysaccharide- 
induced fever, Acupuncture at this point reduced the fever und 
also reduced the production of the pro-inflammatory cytokines 
interleukin-1 beta and interleukin-6 in the hypothalamus of the 
lweated rats. Son et al, Neurasei Lett 2002 


BL-67 An Italian prospective, randomised, controlled, single- 
blinded wal (n = 123) investigated the effect of moxabustion at BL~ 
67 on the coaversion rate in breech presentations, The tal had to 
be terminated prematurely due to a high drop-out rate of partici- 
pants. At that time, there were no significant differences between 
the moxibustion group and the contol group. The authors conclude 


that there is too litle acceptance for moxibustion treatment in non 
Asian cultures. Carding etal, Br J Obstet Gynaecol 2005 
A randomised, controlled, prospective larger-scale trial (n = 67) 


ddemonsirated a higher rate of coaversion of fetal breech pre- 
sentations in a group teated with 30 minutes of manual 
acupuncture at BL-67 (76.4%) compared to an unteated contol 
group (45.4%). Habe et a, Fetal Diagn ‘Ther 2003 

‘A large-sale (n= 260), randomised, controlled, prospective 
‘wal demonstrated a higher rate of conversion of fetal breech 
presentations in women teated with moxibuston at BL-67 for 
7-14 days (75.4%) than the conventionally treated conto group 
(47.7%). Cardini etal, JAMA 1998, 

‘A medium-scale case study (a = 48) with retrospective contol 
groups demonstrated that electo-acupuncture at BL-67 for the 
conversion of fetal breech presentations had a 81.3% success 
sate, Liet al J Tradit Chin Med 1996 

Acupuncture at BL-67 resulted in a significant increase in the 
‘numberof e-Fos-positive cells in the primary visual cortex of 
binocular deprived rat pups w levels suggesting that BL-67 
hasan influence onthe activity ofthe primary visual cortex. Lee 
etal, Am J Chin Med 2002 

A recent Italian prospective, randomised wal investigated the 
effect of acupuncture and moxibustion at BL-67 on the eanver- 
sion of breech presentations in 240 pregnant wornen. At deliv- 
ry, breech presentation was significantly lower inthe 
active-treatment group (37%) than in the observation group 
(649), Therefore the proportion of caesarean sections indicated 
{or breech presentation was also significantly lower inthe treat- 
‘meat group than in the observation group (52% vs 67%). Neri 
etal, J Matern Neonatal Med 2004 
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A Croatian prospective, randomised, controlled, non-blinded 
_group-comparison tral (n = 67) assessed the value of acupune~ 
ture at BL-67 for 30 minutes in the conversion of breech pre- 
sentation, The suecess rate of the acupuncture correction of the 
breech presentation was 76% while the rate inthe untreated con- 
twol group was only 45%. This isu highly significant difference, 
Habek et al, Fetal Diagn Ther 2003 
An Austrian prospective, randomised, placebo-controlled exper 
mental trial (n = 10) investigated the effect of laser acupuny 
ture at BL-67 on the visual cortex using (MRI to monitor 
neuroradiological changes. Only yerum acupuncture resulted 
jn an activation in the cuneus (Brodmann Area BA 18) and the 
‘medial occipital gyrus (BA 19). These results confiem the tradi- 
tional application of this point For ophthalmic disorders. Sieden- 
topf etal, Neurosci Lett 2002 
‘An Italian prospective, non-randomised, sham-controlled, single- 
Dlinded tal (1 = 12 pregnant women with breech presentation) 
‘demonstrated that acupuncture at BL-67 significantly reduced the 
fetal heart rate while increasing fetal movement and producing 
ire accelerations. Neri et al, J Soc Gynecol Invest 2002 


Kidney channel 


KID-1 + BL-60 
A Chinese prospective, randomised, controlled, non-blinded trial 
(n= 150) investigated the effect of acupuncture at KID- in the 
leeatment of ehildren with bronchial asthma compared t/a 
‘control group treated with conventional drugs. The clinical efTec- 
liveness of acupuncture st KID-I was significantly higher than 
treatment with drugs (89% vs 64%). In addition, in the acupune- 
ture group the level of eosinophils and IgE was highly significant 
and significantly lower respectively than in the eonteol group, 
Gao et Zhu, Zhongguo Zhong Xi Yi Jie He Za Zhi 2008 

A Chinese retrospective case study reports the suevessful local 
Simulation of KID-1 by applying a paste in the weatment of 
essential hypertension, Gong et al, J Tradit Chin Med 1995 


Lis 
A Taiwanese prospective, randomised, controlled experimental 
teil (n= 157) compared the absorption of Te-99 m (a rudioac- 
live technetium marker) st KED-3 with non-acupuncture points. 
Absorption at KID-3 was significantly better than at non- 
acupuncture points, Wu et al, Am J Chin Med 1994 
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KIDM + P-6 
KIDS Dut 
KID-6 + ST.-36 


Pericardium channel 


P-2 A Chinese experimental tial (n= 100) examined cardiac 
Function before and during acupuncture at P-2, P-3, P-4 und P-6 
as well asa control points (some arbitrary points and G.B.-37) in 
patients with coronary heart disease. In contrast to the control 
‘points the verum points had an effect even if only a minor one — 
fon the measured parameters (PEP, LVET, P/L, HI, SV, CO, ST 
segment and T wave of ECG). You et al, Zhen Ci Yan Jiu 1993 
P3aP2 

Pape 


P-S Aneatlier Chinese tial interpreted the synchronising effect 
of electro-acupuncture at P-5 on EEG activity as having a home- 
‘static effect on the whole body. Huang et al, Zhen Ci Yan 
Jiu 1990 

lectro-acupuncture at P-S improved the ST segment of ECG in 
subbits with induced aeute myocardial infarction. Cao et al, 
‘Zhen Ci Yan Jiu 1990 

‘An earlier Chinese experimental wial (n = 10) found that elec 
‘wo-acupuncture at PS and P-6 shortened sino-atrial conduction 
in healthy subjects and increased frequency at the sinus node 
(positive chronotropic and bathmotropic effect). Xi et al, 
‘Zwongguo Zhong Xi Yi Jie He Za Zhi 1993 

Previous work of the team led by Li und Tjen-A-Looi suggests 
that the inhibitory effect of electro-acupuneture (EA) on the 
pressor reflex induced by bradykinin (BK) applied to the gall- 
‘ladder isin part due to the activation of opioid receptors most 
likely located in the rostral ventrolateral medulla (°VLM), This 
tial investigated the specific opioid receptor subtypes and neu- 
‘otransmiters responsible for this inhibition. Therefore BK was 
applied to the gallbladder of anaesthetised eats to induce an 
increase of arterial blood pressure. It was found that applying 
EA at P-5 and P-6 activated the mu and delta opioid receptors 
located in the rVLM, thus preventing a rise of the arterial blood 
‘pressure fora longer period of time through the activating influ- 
cence of the splanchnic nerve (for example due to stetching of 
the gallbladder or stomach). This experiment substantiated the 


positive effect of EA at P-5 and P-6, especially for myocardial 
‘schaemia due to coronary heart disease. Li et al, Auton Neu- 
rosci 2001; Li et al, Am J Physiol Regul Integr Comp Phys- 
{ol 2002; Tjen-A-Lool et al, Auton Neurosci 2003, 

In a US study 17 healthy subjects were subjected to weekly 
bicycle taining for 3-4 weeks, Subjects were asked to perform 
the training with and without electro-acupuncture (EA) at PS, 
P-6, Ld, Lil-S, LiL-6, LAL-7, G.B-37, G.B.38 und G.B-39, 
In 70% of subjects, EA at points on the Pericardium and Large 
Intestine channels led to an increase in maximal workload with 
decreased blood pressure, Points on the Gall Bladder channel 
had no effect. Further trials may investigate the application of 
these points in the treatment of hypertension induced by exercise 
stress. Lit al, Clin Auton Res 2004 


P.6 +P; P.5; Du-20; Du-14; HE-T; LIV-3; L1-4: ST-36 
A Taiwanese prospective, randomised, placebo-controlled, double- 
blinded trial (n= 110) investigated the effect of acupressure 
bands at P-6 on nausea and vomiting during spinal anaesthe- 
‘ia for caesarean delivery. The reduction and occurrence of 
nausea (64% vs 71%) and vomiting (22% vs 27%) was not sig- 
nificant. Ho et al, Anesth Analg 2006 

A. US prospective, randomised, placebo-controlled, single- 
blinded ial (1 = 94) investigated the effect of acupressure 
bands at P-6 oa the occurrence of nausea and vomiting during 
caesarean delivery under spinal anaesthesia, There was no 
statistically significant difference between the active and sham 
control groups inthe incidence of intraoperative nausea (30% vs 
43%), postoperative nausea (23% vs 41%), intraoperative vom 
iting (13% vs 9%), postoperative vomiting (26% ys 34%), intra- 
‘operative antiemetic requirement (23% vs 18%), postoperative 
antiemetic requirement (34% vs 39%), complete intraoperative 
response (55% vs 57%) or complete postoperative response 
(51% vs 34%). These results did not reach the selected level of 
significance, There were also no significant differences between 
the groups in nausea scores, number of vomiting episodes and 
patient satisfaction. Habib et al, Anesth. Analg 2006 

A Swedish prospective, randomised placebo-controlled experi- 
‘mental double-blinded trial (n = 60) investigated the effect of 
acupressure at P-6 on nausea induced by eccentric rotation. 
Mean time to nausea was significantly the longest in the P-6 
group (352 seconds), compared 1 the placebo-scupressure 
group (280 seconds) and the untreated control group (151 sec- 
Oonds). Alkaissi et al, Can J Anaesth 2005, 

A Turkish prospective randomised contolled non-blinded trial 
(= 90) investigated the effect of transcutaneous electrical acu- 
point stimulation (TEAS) at P-6 and Ren-13 compared to 
‘ondansetron on postoperative nausea following paediatric 


tonsillectomy. There was the same incidence of nausea episodes 
in the TEAS group and in the ondansetron group, but sigai 
cantly fewer episodes than in the untreated contol group. Side- 
effects were significantly higher in the ondansetsun group. 
Kabalak et al, J Altern Complement Med 2005 

‘An Indian prospective, randomised, placebo-controlled, double- 
blinded wal (n = 120) investigated the effect of eapsicum-plas- 
{ers on P-6 on postoperative nausea and vomiting (PONV) 
compared to conventional treatment with ondansetron, For the 
duration of the plaster application (6 hours after the operation) 
the incidence of PONV and the requirement for antiemetics 
‘were significantly lower in both groups. Misra et al, Can J 
Anaesth 2005 

A Turkish prospective, randomised, placebo-controlled, single- 
blinded wil (n = 127) investigated the effect of transcutaneous 
electric nerve stimulation (TENS) at P-6 on the incidence and 
severity of nausea and gagging during gastroscopies, There 
‘were no significant differences between the tueatment group and 
placebo group. Tarein et al, Turk J Gastroenterol 2004 

A Chinese prospective, non-blinded, randomised, yroup-compar- 
ison trial (2 = 30) investigated the effect of acupuncture at P-6 
plus mexiletin on intermittent ventricular extrasystole, The 
treatment group had a total effective rate of 90% compared with 
the conteol group, who was administered mexiletin only (8056 
total effective rate). Only the acupuncture group showed n0 
increase in extrasystole. Zhang et al, J Tradit Chin Med 2004. 
A Chinese group-comparison tial investigated the effect of 
acupuncture at P-6 in the teatment of patients with angina pec- 
toris and acute myocardial infarct. The effectiveness of 
Acupuncture was significantly better (91%) than conventional 
treatment with isosorbide dinitrate and nifedipine. Meng et al, 
J Tradit Chin Med 2004 

AUS prospective, controlled, group-comparison trial (n= 77) 
investigated the effect of stimulation at P-6 on the symptoms of 
‘motion sickness during exposure to optokinetic drum rotation, 
Despite the extreme test conditions, stimulating P-6 delayed 
the onset of sympioms considerably. Miller et al, Aviat Space 
Environ Med 2004 

A Croatian prospective, single-blinded group-comparison trial 
(= 36) investigated the efficiency of acupuncture at P-6 in the 
‘reatment of hyperemesis gravidarum, Treatment results were 
measured by the requitement for anti-emetic medication 
Acupuncture at P-6 had an efficiency rate of 90%, acupressure at 
6 64%, placebo acupuncture 12.5% and phacebo acupressure 
0%. Habek et al, Forsch Komplementarmed Klass 
Naturheilkd 2004 

In a German prospective, randomised, placebo-controlled 
double-blinded group-comparison tial acupuncture at P-6 sig- 
nificantly reduced the incidence of emesis after gynaecological 
and breast surgery (40% placebo, 25% P-6). Postoperative 
emesis was only reduced for gynaecological surgery, not for 
‘breast surgery. Streltherger et al, Anaesthesia 2004 

A Chinese prospective, randomised, single-blinded. placebo- 
controlled group-comparison trial (n= 41) investigated the 
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effect of twice daily acupressure at P6, ST-36 and SP-6 on gas 
frointestinal motility following trans-abdominal hysterec- 
tomy. In comparison tothe control group receiving acupressure 
fon sham points, gasteointestinal motility (measured with a mul- 
tifunctional stethoscope) increased significantly in the acupre 
sure group. Chen etal, Am J Chin Med 2003 

A German prospective, randomised, placebo-controlled, single- 
blinded trial (n= $0) investigated the anti-emetic effect of 
acupuncture at P-6 in addition to administration of ondansetron 
in patients with chemotherapy-related nausea, There was no 
significant difference between the treatment and control group. 
Streitherger et al, Clin Cancer Res 2003 

AUS prospective, randomised, placebo-controlled, double- 
blinded trial (n = 230) investigated the effect of TENS at P-6 for 
the relief of nausea and vomiting in pregnaney. Based on the 
Rhodes Index, results in the verum group were significantly bet- 
ter than inthe control group. Rosen et al, Obstet Gynecol 2003 
A British prospective, partially randomised, partially blinded, 
placebo-contrlled trial (n = 301 patients with aeute myoeai 
‘dial infarction, 125 of whom acted asa non-randomised control 
_group) compared the effect of wristhand-acupressure at P-6 with, 
placebo-acupressure. P-6 led to a significant reduction in nau 
‘sea and yomiting during the last 20 hours of the 24-hour study 
phase (18%), compared with the placebo group (32%) and the 
control group (43%). Dent et al, Complement Ther Med 2003, 
A Swedish prospective case study (= 39) investigated the 
effect of P-6 combined with ondansetoon For nausea and vor 
iting associated with eyelophosphamide chemotherapy. The 
authors stated that, compared with ondansetron treatment alone, 
the combined acupuncture-ondansetron treatment was signifi- 
cantly more effective, but they do not mention a control group. 
Josefson et al, Rheumatology (Oxford) 2003, 

In a US prospective, randomised, single-blinded ial (n = 53) 
the application of “minute sphere’ acupressure at P-6, ST-36, 
'SP-6 and SP-4 showed no decrease of postoperative pain and 
morphine requirement after abdominal surgery. Sakurai 
etal, Anesth Analg 2003 

A Swedish prospective, randomised, placebo-controlled, dow- 
bie-blinded, multi-centre trial (n = 410) investigated the effect 
of P-6 for the weatment of postoperative nausea and vomiting 
after gynaecological surgery. The inci 

vomiting was significantly lower in the acupuncture group 
(33%) than in the control group (46%). Alkalssi et al, Can 
J Anaesth 2002 

A US prospective, randomised, placebo- and sham-controled, 
double-blinded tial (n = 120) investigated the effect of the pro- 
phylactie application ofa ‘ReliefBand” at P-6 on the incidence of 
nausea and yomiting after plastic surgery, compared to the 
application of the ReliefBand in addition to 4mg ondansetron, 
‘The occurrence of nausea and vomiting as well asthe need for 
tuntiemetic ‘rescue’ medication was significantly the lowest inthe 
P.6 plus ondansetron group. White etal, Anesthesiology 2002 

A Korean prospective, randomised, placebo-controlled, double- 
blinded trial (n = 160) investigated among other parameters the 


ce of nausea and 
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effect of a capsicum plaster applied at P-6 on postoperative 
‘nausea and vomiting. The incidence of nausea and yoriting 
was significantly less (P-6: 26% within 24 hours, placebo: 57%). 
Kim et al, Anesth Analg 2002 
A Tapanese case study investigated the effect of different stimu: 
lation techniques at P-6 on the coronary arteries in patients with 
coronary heart disease. The mean coronary dilation with 
‘acupuncture was 69% of that caused by isosorbide dinitrate 
Kurono et al, Am J Chin Med 2002 
AUS prospective, randomised, sham-controlled, single-blinded 
‘rial (1 = 187) investigated the effect of P-6 on the incidence of 
postoperative nausea and vomiting in children, P-6 produced 
significantly better results than the sham points and was equally 
effective as administration of droperidol, but without the seda- 
tive, hypotensive side effects. Wang et al, Anesthesiology 2002 
A US prospective, randomised, sham-controlled, single-blinded 
‘rial (x = 27) investigated the effect of P-6 on the incidence of 
‘nausea and vomiting during chemotherapy. Compared to the 
‘control group the anti-emetic requirement was significantly lower 
inthe P-6 group. Roscoe etal, Altern Ther Health Med 2002 
‘An Austrian prospective, randomised, placebo-controlled, experi- 
mental cross-over study (n= 51) investigated the effect of 
‘acupuncture at P-6 on the skin blood perfusion measured by 
laser Doppler perfusion imaging. This was compared to needling 
a sham point, Changes in the skin blood perfusion occurred sig 
nificantly earlier inthe acupuncture group than in the sham group, 
With a basically more pronounced reduction in skin blood perfu- 
son atthe verum point, Litseher et al, Lasers Med Sei 2002 
A large-scale Australian prospective, randomised, sham-conigolled 
wil (n = 593) investigated the effect of acupuncture at P-6 on the 
incidence of nausea and vomiting in early pregnancy. Women 
traditional acupuncture reported significantly less nau- 
sea afler the second treatment and significuntly less dey retebing 
after the thied week compared with women in the contol group, 
‘Women treated with sham acupuncture showed significantly less 
nausea and retehing afler the third treatment compared with 
untreated wonven. Individualised acupuncture resulted in signiti- 
cantly less nausea and retching already aftr the first weatment. In 
this study nove ofthe weatments had a significant influence on the 
frequency of vomiting. Smith etal, Birth 2002 
AUS prospective, randomised, sham-controlled trial (n= 120) 
investigated the influence of electo-acupuncture (EA) at P-6 on 
postoperative nausea and vomiting in paediatric patients who 
hhad undergone ENT surgery and were awake, EA at P-6 signif 
icantly decreased the incidence of nausea (P-6: 60%, sham: 
85%, control group: 93%). While vomiting had the lowest inei- 
dence in the P-6 group, the difference from the other groups was 
not significant, Rusy et al, Anesthesiology 2002 
A Swedish prospective, randomised, placebo-controlled pilot 
study (= 60) investigated the effeet of tuina (acupressure) at 
P-6 on preguancy-related nausea and vomiting. The frequency 
‘oF both nausea and Vomiting was significantly lower inthe aecu- 
pressure group compared to the sham acupressure group and 
untreated control group. Werntoft et al, J Reprod Med 2001 


AUS prospective, randomised, controlled trial (# 
gated the effect of an acupressure wrist band at P-6 on motion 
‘sickness. Both the symptoms of motion sickness and abnormal 
gastric activity as recorded via EEG were significantly lower in 
the group treated with wristhands at P-6, Stern et al, Altern 
‘Ther Health Med 2001, 

A. US. prospective, randomised, placebo-controlled, single- 
blinded ial investigated the effect of ‘sea-bands' (acupressure 
wristhands) at P-6 on the incidence of postoperative nausea 
and vomiting. There were no significant differences. Windle 
etal, J Perianesth Nurs 2001 

A Swedish prospective, randomised, sham-contolled, single- 
blinded cross-over study (n= 33) investigated the effect of 
acupuncture at P-6 on pregnant women with hyperemesis 
gravidarum (vomiting in pregnancy), The verum group showed 
1 significantly faster reduction of the nausea, and also a higher 
‘number of the patients experienced no vomiting. Carlsson et al, 
J Pain Symptom Manage 2000 

‘A Chinese prospective, controlled, randomised, group-compari- 
son study (7 = 181) and a Chinese ease study (n = 33) demon- 
sirated that electro-acupuncture at P-6 and P-8 as well as at 
L.L-4, TB.-S, S136 and SP-6 with de-escalating treatment fre- 
{quency from four times daily 1o once weekly for a period of 15 
and 28 days had a significant effect on the withdrawal symp- 
toms of heroin addicts. Zhang et al, Zhongguo Zhong Xi Yi 
Jie He Za Zhi 2000; Wu et al, Zhongguo Zhong Xi Yi Jie He 
Za Zhi 2000 

A Taiwanese prospective, non-randomised, placebo-controlled, 
single-blinded experimental cross-over study (1 = 44) investi- 
gued the effect of acupuncture at P-6 on the left yentricular 
ejection fraction (LVEF) in 22 healthy subjects and 22 patients 
with coronary artery disease (CAD). There was no change of 
LVEF in the healthy subjects while LVEF significantly increased 
in the CAD patients, Ho et al, Am J Chin Med 1999 

A US prospective, randomised, placebo-controlled, single- 
blinded trial (n= 100) investigated the effeet of pre-operative 
acupressure (verum group) and intra-operstive acupuncture 
(verum and control group) at P-6 on postoperative nausea and 
vomiting after tonsillectomy in children. There were no signif- 
‘cant differences. Shenkman et al, Anesthesiology 1999 

A Swedish prospective, randomised, placebo-controlled, dou- 
bie-blinded trial (x = 60) investigated the effect of acupressure 
at P-6 on nausea and vomiting afier minor gynaecological 
surgery. Only the group receiving acupressure at P-6 experi- 
enced no Vomiting and also required no anti-emetic medication, 
Allkaissiet al, Acta Anaesthesiol Seand 1999 

‘An Austrian prospective, randomised, placebo-controlled, double- 
blinded tial investigated the effect of laser acupuncture at P-6 
‘oa nausea and Yomiting in children undergoing strabismus 
surgery. The laser acupuncture was administered 15 minutes 
before induction of anaesthesia and 1S min after arriving in the 
recovery room. In the laser stimulation group, the incidence of 
vomiting was significantly lower (25%) than that in the placebo 
group (85%). Schlager etal, Br J Anaesth 1998 


25) investi- 


A Chinese prospective, randomised, placebo-controlled, double- 
blinded trial (x = 163) investigated the effect of acupoint stick- 
ers at P-6, Ren-8 and .B.-18 on motion sickness. All tested 
acupuncture points showed a significantly beter result than the 
active contol points (scopolamine plaster) and the placebo contol 
(lactose plaster). B.-18 was the most effective point (symptoms 
100% reduced), followed by Ren-8 (81%) and P-6 (46%) Pei etal, 
‘Zhongguo Zhong Xi Vi Jie He Za Zhi 1998 

‘A Chinese prospective, randomised, controlled tial (n = 50) 
compared two forms of anaesthesia for the anterior approach 
cervical diseectomy: local anaesthesia plus intravenous anes- 
thesia (IVA) in the control group and eleetro-acupuncture at P-6 
and Ll. plus IVA. The effect of the anaesthesia was the same 
in both groups, The authors therefore recommend electo- 
acupuncture at P-6 and L148 a less risky alternative. Liet al, 
‘Zhongguo Zhong Xi Vi Jie He Za Zhi 1997 

‘A British prospective, randomised. placebo-controled, double- 
blinded ial (n = 81) investigated the effect of intraoperative 
acupuncture at P-6 in the prevention of postoperative nausea 
and vomiting in patients undergoing gynaecological laparo- 
scopic surgery. The use of acupuncture significantly reduced 
the incidence of postoperative nausea and vomiting by 30-38% 
‘compared with placebo. ALSadi etal, Anaesthesia 1997 

A.US prospective, randomised, placebo- and sham-contolled, 
double-blinded trial (n = 75) investigated the effect of aeupres- 
sure at P-6 0n nausea and vomiting during caesarean section 
under spinal anaesthesia compared with administration of 
10mg metoclopramide, Acupressure at P-6 is as effective as 
10mg metoclopramide. Stein etal, Anesth Analg 1997 

‘An Australian prospective, randomised, placebo-controlled, 
double-blinded tral (n = 84) investigated the effect of TENS at 
P-6 and L.J.-4 on pastoperative nausea and vomiting in pac- 
diatrie patients undergoing minor urological surgery. The 
differences between the treatment and control group were not 
statistically significant. Sehwager et al, Anaesth Intensive 
Care 1996 

A Taiwanese prospective, randomised, sham-controlled, single- 
blinded experimental tial (n = 48) evaluated the relationship 
between electo-scupuncture at P-6 and ST-36 and cardiopul- 
‘monary function in healthy subjeets. Inthe P-6/ST-36 group 
resting heart rate, carbon dioxide production and oxygen 
requirement were significantly decreased, indicating that 
acupuncture can lower the metabolic rate. Lin et al, Chin Med 
J (Engh) 1996 

‘A Taiwanese prospective, randomised, placeho-contolled, double- 
blinded trial (n= 60) investigated the effect of acupressure 
‘wristbands at P-6 on the incidence of nausea and vomiting 
after epidural morphine for post-caesarean seetion pain 
relief. Compared to the control group, the incidence of nausea 
significantly decreased from 43% to 3%. vomiting significantly 
decreased from 27% to 0%. Ho etal, Aeta Anaesthesiol Seand 
1996 

AUS prospective, randomised, placebo-controlled, single 
blinded cross-over study (n= 9) investigated the effect of 
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acupressure wristhunds at P-6 on nausea and vomiting for sea- 
sickness. Depending on the time of application (earlier or later 
during the trip) subjects were either symptom-free oF com- 
pluined about nausea and vomiting. The difference was highly 
significant, Bertolucci et al, Aviat Space Environ Med 1995 
AUS prospective, randomised, placebo- and sham-controlled, 
single-blinded experimental trial (n = 9) investigated the effect 
of acupressure at P-6 on the incidence of visually-induced 
motion sickness. Acupressure at P-6 significantly reduced the 
incidence of nausea and abnormal gastric myoelectic activity. 
Hu et al, Aviat Space Environ Med 1995 

A Chinese prospective, randomised, controlled tril (n= 40) 
investigated the effect of acupuncture on P-6, LiL, ST-36 and 
KID-4 on the regulation of cellular immune function in patients 
\With malignant tumours. There was a highly significant increase 
of the CD3+ and CD4+ levels, an increase in the CD44/CD8+ 
ratio, a higher endorphin level and a decreased level of soluble 
interleukin-2 receptor (SIL-2R), Wu, Zhen Ci Yan Jiu 1995 

A British prospective, randomised, controlled trial (n = 46) 
investigated the effect of acupressure at P-6 on nausea and 
Vomiting following laparoseopy for gynaecological surgery 
and the requirement for anti-emetic therapy. There was a signif- 
‘cunt eduction inthe requests for anti-emetic therapy in the P- 
acupuncture group. Allen et al, Anaesth Intensive Care 1994 
A Chinese prospective paired trial (1 = 40) investigated the 
effect of electro-neupuncture (EA) at P-6 during different t 

of the day (chew-time: 7-9am, xu-time: 7-9pm) on left ventricu- 
Jar function (LVF) in patients with coronary heart disease. EA 
performed at chen-time improved LVF, while EA administered 
Under the same conditions during xu-time led to an impairment 
of LVE, Liet al, J Tradit Chin Med 1994 

A British prospective ease study (n = 27) reports thot weati 
special wrist band decreased pregnaney-related nausea and 
vomiting more than 50%. Stainton et al, Health Care Women 
Int 1994 

AUS prospective, randomised, sham-controlled, single-blinded 
teil (n = 60) investigated the effect of acupressure at P-6 on 
pregnancy-related nausea and vomiting. There was a signiti- 
cant decrease of nausea in the P-6 acupressure group. The inci- 
dence of vomiting did not differ from the sham conteol group. 
Belluomini et al, Obstet Gynecol 1994 

A German prospective, randomised, placebo-controlled, single- 
blinded trial (n = 60) investigated the effect of acupressure at 
P-6 on nausea in patients undergoing gynaecological opera- 
tions of longer duration (6-8h)- Nausea was reduced trom 
530 in the placebo group to 23% in the acupressure group. 
Gieron ef al, Anaesthesist 1993 

A Chinese prospective, randomised, placebo-contrlled, single 
blinded wial (n = 15) investigated the effect of acupuncture at 
6, HE-7 and HE-3 on the frequency and duration of angina 
pectoris during exercise. The control groups received either 
sham acupuncture or no treatment at all In the verum group, the 
anginal attack occurred significantly later and the duration ofthe 
attack after stopping the exercise was significantly shorter than 
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in the conteol groups. Zhou et al, Zhongguo Zhong Xi Yi Jie 
He Za Zhi 1993 

‘A Tuiwanese prospective, randomised, controlled tial (n= 120) 
investigated the effect of P-6 acupoint injection with 0.2m SO% 
_lucose in water compated to intravenous injection of 20 micro 
‘eramv/kg droperidol for the prevention of vomiting after 
gynaecological laparoscopy. A non-controlled comparison- 
‘group received no treatment at all. The incidence of vomiting 
sighificantly decreased in both the P-6 group aad the droperidol 
ssroup. Yang et al, Acta Anaesthesiol Scand 1993 

‘An Italian prospective, randomised, placebo-controlled, double- 
Dlinded cross-over study (n = 60) investigated the effect of unilat- 
eral and bilateral acupressure at P-6 forthe treatment of morning, 
sickness compared to acupressure at a sham point. Compared to 
the placebo group both unilateral and bilateral acupressure at P-6 
significantly reduced the frequency of morning sickness fom 60% 
10 30%. De Aloysio et al, Obstet Gynecol 1992 

AUS ‘n of I” tial investigated the effect of P-6 wristbands on 
‘nausea and vomiting in hospice patients (1 ~ 6). There were 
ho significant differences between the verum group, the placebo 
‘group and the group without wristbands. Brown et al, Am J 
Hosp Palliat Care 1992 

A Canadian prospective, randomised, controlled, double-blinded 
‘vial (n = 90) investigated the effect of acupuncture at P-6, admin- 
istered after induction of anaesthesia on the frequency of nausea 
‘and yorniting after strabismus surgery in children, The control 
‘group received droperidol. There was no significant difference 
between the two groups. Yentis etal, Can J Anaesth 1992 

‘A Canadian prospective, randomised, controlled, single-blinded 
‘vial (n= 45) investigated the effect of acupuncture at P-6 
‘administered after induction of anaesthesia on the frequency of 
‘nausea and vomiting after tonsillectomy in children. There 
was no Significant difference between the yerum group and the 
untreated control group. Yentis et al, Br J Anaesth 1991 

AUS prospective, randomised, controlled, double-blinded trial 
(7 = 66) investigated the effect of acupuncture at P-6 adminis 
tered after induction of anaesthesia on the frequency of nausea 
and vomiting after strabismus surgery in children, There was 
no significant difference between the treatment group and 
placebo group, Lewis et al, Br J Anaesth 1991 

‘An Irish case study (1 = 100) reports that TENS at P-6 reduced 
‘chemotherapy-induced nausea by 75%. Dundee et al, JR Soe 
Med 1991 

A Swedish prospective, randomised, controlled eross-over study 
(= 21) investigated the effect of acupuncture at P-6, HE-S, 
BL-15, BL-20 and ST-36 on the frequency of angina pectoris 
(AP) and the performance before onset of pain during exercise 
in patients suffering from coronary heart disease, The frequency 

Of AP attacks decreased significantly from I 0 6 attacks per 
week. Accordingly, the performance before onset of pain during 
exercise increased significantly from 82W 1 94W, Richter 
et al, Eur Heart J 1991 

A Chinese prospective, randomised, non-blinded, controlled 
twial (1 = 64) investigated the effect of a ml normal sali 


injection into P-6 on the incidence of pastoperative vomiting, 
Compared to the control group, vomiting was significantly 
reduced (2 vs 10 patients) inthe trestment group. Shyr et al, Ma 
Zui Xue Za Zhi 1990 
A British prospective, randomised, controlled experimental tial 
(= 18) compared the effectiveness of acupressure bands at 
P-6 on motion sickness toa placebo and 06mg scopolamine. 
Only the subjects taking scopolamine showed a significant 
increase in tolerance to a laboratory nauseogenic eross-coupled 
‘notion challenge, Bruce etal, Avint Space Environ Med 1990 
A Taiwanese prospective, randomised, controlled tial (1 = 100) 
compared the effect of electro-acupuncture (EA) and TENS at 
P-6 00 nausea and yomiting after lapareseopy. Compared 10 
the control group (44%), nausea was significantly reduced inthe 
EA and perchlorperazine group (12% each), but notin the TENS 
group (36%). Ho et al, Anaesthesia 1990 
A British prospective, randomised, controlled tial (n = 162) 
‘compared the effect of acupressure wristbands at P-6 on pastop- 
erative nausea and vomiting in he recovery room with conver 
tional anti-emetic teatment. Acupressure at P-6 significantly 
reduced the intensity of the nausea, The reduced anti-emetic 
requitement and the reduced incidence of vomiting were not sta- 
Listically significant Barsoum et al, J R Soc Med 1990 
A Chinese prospective randomised, contolled wal n = 40) com- 
pared the effect of elecro-acupuncture (EA) at LiL-4 and P6 on 
n-operative analgesia in patients undergoing thyroidectomy 
with superficial cervical plexus block. There was no significant 
difference between the two groups, Ouyang et al, Zhen Ci Yan 
Jiu 1990 
An Irish prospective, randomised, sham-controlled, single- 
blinded ial investigated the effect of pre-operative electto- 
acupuncture and acupuncture at P-6 on the frequency of nausea 
and vomiting after minor gynaecological surgery compared 
tw sham eupuncture. The frequency of nausea and vomiting was 
significantly reduced in the P-6-group only. Dundee et al, Br J 
Anaesth 1989 
AUS prospective, randomised, controlled cross-over study 
(= 16) investigated the efficacy of acupressure wristbands at 
P-6 on morning sickness. Use of the acupressure wristbands 
significantly relieved morning sickness and also significantly 
reduced anxiety, depression and behavioural dysfunction, Hyde, 
J Nurse Midwifery 1989 
An Irish prospective, randomised, sham-controlled cross-over 
study (n = 10) investigated the effect of electro-acupuneture on 
P-6 on chemotherapy-induced nausea. In the verum group 
sickness was either completely absent or reduced considerably 
in 97% of patients and no side effects were encountered. The 


‘same research team confirmed these results in a larger-scale ease 
study (n = 105). Dundee et al, J R Soc Med 191 
An Irish prospective, randomised, sham-controlled trial 
(= 350) compared the effect of acupressure at P-6 on morn~ 
ing sickness to sham acupressure and a control group. Only acu- 
pressure at P-6 significantly relieved the symptoms of morning 
sickness, Dundee et al, J R Soc Med 1988, 


A prospective, randomised, placebo-controlled trial (n = 75) 
investigated the effect of acupuncture at P-6 on nausea and 
vomiting after minor gynaecological surgery. Acupuncture at 
6 significantly reduced both nausea and vomiting. Dundee 
et al, Br Med J (Clin Res Ed) 1986 

PS P6:LU-10 


P-9 A Tangerseale Chinese case study (1 = 100) describes the 
positive effect of P-9 on infantile morbid night exying in oth- 
erwise healthy children. Zhao, J ‘Tradit Chin Med 2002 


Triple Burner channel 
EBS PG; L$; L112: LA-10 


“TBA8 Acupuncture at TB and Du-IS activates areas important 
{ior word generation in the right inferior frontal gyrus, but not in 
the left inferior frontal gyrus. Liet al, Hum Brain Mapp 2003 

‘A Russian case study reports the positive effeets of acupuncture 
at TB-8, T.B.-9, ST-20, ST-36, G.B-14 and Du-20 in 66 
patients with duodenal uleer accompanied by apparent shits in 
psychovegetative correlations. Kravtsova et al, Vopr Kurortol 
Fizioter Lech Fiz Kult 1994 

TB-9 4 TBA 


Gall Bladder channel 


G.Bo1 An earlier Halian case study reports the successful 
application of G.Bo-L for heroin withdrawal in nine male 
heroin addicts. After six months, 66% of these patients were 
classified as ubstinent, Besides eservations regarding methodol- 
ogy of such a small-scale trial, the accompanying medication 
also poses problems in evaluating the effect of the acupuncture 
‘reatments. Cocehi et al, Minerva Med 1979) 


9.2 Scientific Research According to Chan 


G.B.3.A.US prospective, randomised, double-blinded, experi- 
mental crossover study (n= 20) investigated the effect of 
‘TENS at G.B.-3 on the anaesthetic requirement (desflurane) 0 
prevent purposeful movement of the extremities in response to 
noxious electrical stimulation. In comparison with the placebo 
‘group, bilateral application of TENS at G-B.-3 significantly 
reduced the desflurane requirement by 11%. Greif et al, Anes- 
thesiology 2002 


G.B-4 Following the induction of an ischaemie cerebral 
infaretion by occlusion of the mide cerebral artery in rats, ani- 
mals treated with electro-acupuncture (EA) at G.B.4, G.B-S, 
G.B-6 and G.B-7 showed a significantly faster recovery than 
tnimals in the untreated control group or in the group treated 
With EA at Du-20 and Du-26. Infarct volume was significantly 
reduced in the EA-treated groups. The authors diseuss the 
acupuncture-induced production of vascular endothelial growth 
factor (VEGF) in astrocytes of the peri-infaret area as a 
‘causative factor. Wang et al, Neurol Res 2003 


“54 GB-4: STS 
A Chinese case study recommends a purticular needling eck 
nique (from G.B.-5 or EX-HN-S to G.B-8) for the treatment of 
migraine. Gan et al, J Tradit Chin Med 1986 

6 BLT: GB-4 
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GB-14GB4 
‘A large-scale Chinese ease study (1 = 500) reports the success 
ful application of acupuncture at G.B.-7 in the treatment of 
‘hemiplegia after apoplexy. Sun et al, J Tradit Chin Med 1985 
GBAAGB-S 


G.Bo1d + TB-8: STS; LIV3 
‘A-case study reports that 63 patients with facial paralysis were 
‘reated with acupuncture at G.Beo14, BL-1, ST-2, LAL-20, ST- 
ST-6 and ST-18 plus auxiliary points according to the underly 
ing TCM pattern. Just over half of the patients were cured and all 
except one patient showed a marked improvement, Liu et al, 
‘Zhen Ci Yan Jiu 1992 


G.B-15 An uncontrolled, non-randomised, group-comparison 
‘vial investigated the effect of acupuncture on ehildhood di 
hoea. Group I received scalp acupuncture (after Yamamoto) 
With points om line 3 starting at G.B.-1S: Group II received body 
‘acupuncture; and Group IIT was treated with antibiotics. Group 1 
showed the best results, followed by Group II and Group 1, 
with results in Group I und IT significantly better than in Group 
INL However, besides some methodological shortcomings. the 
authors did not seem to have a very firm grasp of their subject 
matter: while using the correct points for the correet indication, 
they refer to line 3as line 2 and to G.B.-15 as BL-15! Lin et al, 
J Tradit Chin Med 1993 

G.B-20 + STS; LIV; S118; LL-1S 


GBI LL-1S 
‘A.Chinese case study reports the successful treatment of acha- 
Jasia of the cardia with acupuncture at G.B-21. Shi et al, 
J Tradit Chin Med 1994 

G.B-24 5 LIVE 


G.B.26 An earlier prospective group-comparison tial investi- 
gated the analgesie effect of elect-seupuncture (EA) at G.B-26, 
ST-36, SP-6 and HE-7 in patients who underwent hysterectomy 
by subumbilical midline incision. EA for 40 minutes had the 
same analgesic effect as 30mg pentazocine. However, in con- 
twast to pentazocine; EA also improved the vital capacity of the 
lung for 3-4 hours after the treatment. Faeco ef al, Am J Chin 
Med 1981 

GB.30> LIA LLAS, 


GB3I LL 
‘Thee publications by a Canadian research team led by Romita 
demonstrated that electro-acupuncture (EA) at G.B-31, ST-32 nd 
51°36 resulted in a more pronounced inhibition ofthe nocfeeptive 
tail withdrawal reflex than classical acupuncture in slightly 
‘anaesthetised rats. Romita etal, Brain Res 1997, Romita etal, 
Brain Res Bull 1997, Romita et al, Brain Res 1996 


1 S36; L1-4: LIS 
fe randomised placebo-controlled experi- 
‘mental tial (1 = 10) investigated the effect of acupuncture at 
G.B.-34 on motor cortex activities as evidenced by [MRI Bilat- 
eral sensorimotor areas BA 3, 4. 6 and 7 were activated during 
acupuncture, providing a basis for future investigations regard- 
ing therapeutic interventions in stroke patients, Jeun et al, Am 
J.Chin Med 2005 

A Chinese prospective, randomised, controlled tril (x = 20) 
Investigated the effectiveness of electro-acupuncture (EA) at 
.B.-34 and ST-38 on epicondylitis lateralis (Lennis elbow) 
compared to manual acupuncture at the same points. After six 
treatments over a period of two weeks, the EA group showed 
significantly better results in relation to pain ree (Pain visual 


"Tin" the entire perimeter making sure to work some solder into seams that 
intersect the perimeter. (Tinning is the process of coating a surface with a thin 
layer of solder. Apply just enough solder to turn the foil to the silver color of the 
solder.) This creates a "dam" that prevents solder from spilling over the edge 
when you solder the interior seams. 

Next, flux an area you can comfortably finish soldering before the flux 
can evaporate. Start at the top of the piece and work down. This prevents you from dragging your sleeves and 
hands through the flux. 


Hold your soldering iron in your writing hand. Position the iron comfortably 
so the face of the iron tip is perpendicular to the seam. If you hold your iron 
like a carving knife you will automatically put the tip in the best position for 
soldering. It will also keep you from "painting" with the iron. You will hold 
the solder in the opposite hand. Start soldering by placing the iron tip down 
on the foil seam with the wider face perpendicular to the seam and 
facing you. Touch the solder to the tip of the iron, just above the 
point where the iron tip touches the copper foil. Allow the solder to 
flow down the tip face onto the seam as you move the iron along the 
seam. Feed the solder at a continuous, even rate to create a consis- 
tent, rounded bead of solder over the seam. This takes practice! 

If you apply too little solder or move too quickly, your seam 
will be flat, To correct this problem, allow the solder to cool, then 
resolder the joint applying more solder. On the other hand, be 
careful not to feed the solder too fast or move the iron too slowly, as 
this will cause the solder seam to bulge and flow out over the glass. 


Fixing Imperfections 


If you have too little solder, just add more, being sure to remelt the previous 
solder line as you apply another coat. If you applied too much solder the first 
time, it’s easy to remove the excess with the following procedure. Clean your 
iron tip thoroughly on a sponge. With the iron tip positioned with the flat face 
down, move it across the seam, “pulling” the excess solder onto the glass. 
Clean your tip and repeat the process until all excess solder is removed. 
Another method for removing excess solder is to wait until all the seams have 
been soldered. Then place your project up on edge and run the tip through 
the seam allowing the excess to run off. Lay the piece flat, reflux, and rework 
the seam, adding additional solder as needed. 


When you solder, work slowly enough to produce a good bead, but not so slowly that solder melts 
through seams to the back side of the project. Here's a hint: one way to prevent this is to put damp paper towel 
under your panel before you start soldering. Moving too slow also increases the likelihood of causing heat 
fractures on your glass. 


Always keep your tip clean by frequently wiping all sides of the tip on your damp sponge. Wait momentarily for 
the tip to reheat before continuing to solder. A clean tip maintains proper heat and removes impurities. 


analogue scale) and pain free hand grip strength (PEG). ‘Tsui 
et al, Acupunet Electrother 2002 

A British, prospective, randomised, sham-controlled, double- 
blinded experimental tral (1 = 240) investigated the effect of 
transcutaneous electsie nerve stimulation (TENS) at G.B.-34 on 
‘mechanical pain thresholds. Low frequency, high intensity 
stimulation showed a significant analgesic effect that was sus- 
tained post-stimulation, Chesterton et al, Pain 2002 
(G.B.37 = P-2; P-S: LIS 

G.B.38 4 P-S 

6.8.39 LIV'S 


Proximal to 
interdigtal 


43 An Austrian prospective, randomised, placebo- 
controlled, single-blinded trial investigated the effect of laser 
acupuncture at G.B.-43 on cerebral cortical and subcortical acti- 
vations as evidenced by EMIRI. Only true laser acupuncture led 
{o ipsilateral activations within the thalamus, nucleus subihala- 
‘micus, nucleus ruber, the brainstem, and the Brodmann areas 40 
and 22. Siedentopf et al, Laser Med Sei 2005 

A purely descriptive study investigated the effect of G.B.-43 und 
L.L-4 on somatosensory evoked potentials, Particular atten- 
tion was paid to the effect ofthe degi-sensation, Wu et al, Zhen 
Ci Yan Jiu 1993 


Liver channel 
LIV = SP-1 


LIV-3 + Du-20; BL-60; LL-4:L1-15: SP-6 
‘Ina Chinese-German single-blinded experimental trial, acupune- 
‘ure at LIV-3 and G.B.-40 resulted in the activation of the see 

ondary somatosensory cortical areas frontal areas, te right side 
of the thalamus and the left side ofthe cerebellum. Sham-points 
hhad no effect. Fang et al, Neuroradiology 2004 

An Italian open, prospective, randomised group-comparison tial 
investigated the effect of acupuncture, laser acupuncture and 
TENS on LIV-3, SP-6, L.L-4, G.B.-20, Du-20 and EX-HN-S on 
transformed migraines. The number of days with headache per 
‘month significantly decreased during treatment in all groups. 

Acupuncture showed the best effectiveness over time. Allais 
et al, Neurol Sei 2003, 


9.2 Scientific Research According to Channels 


An Italian prospective, randomised, controled, non-blinded trial 
(r= 160) investigated the effectiveness of acupuncture at LIV- 
3. SP-6,ST-36, Ren-12, LiL, P-6, G.B.20, G.Bol. E 
5 and Du-20 on migraine attacks without aura compared to 
flunarizine. The number of attacks ulter two and four months of 
therapy was significantly lower in the acupuneture group than in 
the flunarizine group, and analgesic consumption was accord- 
ingly also significantly lower in the acupuncture group. Pain 
intensity was significantly reduced only by acupuncture treat- 
‘ment. Alla et al, Headache 2002 

A British prospective, randomised, placebo-controlled cross- 
over study (1 = 56) investigated the effect of LIV-3 on rheuma- 
told arthritis (RA), There were no significant changes between 
the treatment and placebo group. The teatment of only one 
point for a condition such as RA is unusual. David et al, 
Rheumatology (Oxford) 1999 

AUS prospective, randomised, sham-controlled, single-blinded 
tial (1 = 10) investigated the effect of electro-acupuncture 
(EA) on LIV.3, $7.36 and L.L-L1 on lowering diastolic blood 
pressure in hypertensive subjects. Compared to the sham group, 
diastolic blood pressure showed a significant decrease in the 
EA-group. Williams et al, Phys Ther 1991 

LIV-13 + Du-20 


L | 


LIV-14 A Chinese prospective, non-randomised, controlled, 
nhon-blinded wial (n = 56 plus control group) investigated the 
effect of water injections at LIV-14, G.B.-24 and Ren-I4 on bil- 
iary colic pain. The pain disappeared in 57% of eases and 
showed improvement in a further 39%. This result is signifi- 
‘cantly better compared to the control group receivis 

tional treatment. Jiang et al, J Tradit Chin Med 1995 


Du mai (governing vessel) 


De-l A prospective, controlled, group-comparison ial in 
bypogalactic postpartum sows (n = 42) showed that spitherapy 
(acupuncture with bee venom) at Du-l and ST-18 was superior to 
treatment with conventional drugs. Cho etal, J Vet Set 2001 

A prospective, controlled, group-comparison animal experiment 
showed that apitherapy at Ducl and ST-25 in piglets with 
preweaning diarrhoea (1 = 91) is as effective as conventional 
treatment with drugs. Chot etal, Am J Chin Med 2003 
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In an earlier prospective, controlled, group-comparison trial in 
piglets (n= 44) with induced enteropathogenic Escherichia 
coli diarrhoea, traditional acupuncture at Du-1, ST-36, BL-20, 
Ren-12 and ST-25 produced the best results in comparison 10 
the groups treated with electro-acupuncture or antibiotics. There 
were too many groups given the number of cases. Hwang et al, 
‘Am J Vet Res 1988 

‘Several animal experiments investigated the effect of acupune- 
‘ure on signalling and modulating pain. Acupuncture at Du-L 
and Du-2 inhibited the reaction on experimental pain stimuli 
Bing et al, Neuroscience 1991, Xu et al, Zhen Ci Yan Jiu 
1989, Xu ef al, Zhen Ci Yan Jiu 1989 

Ded Du 


[Dv-3 Rats ueated with electro-acupuncture at Du-3, BL-S4 and 
[BL-60 15 minutes after a standardised spinal cord injury at TS, 
showed a marked improvement (regarding both morphology and 
functioning) three days postoperatively compared 0 rats not 
treated with acupuncture. However, none of the beneficial 
effects occurred in rats given acupuncture treatment 24 hours 
after spinal cord injury. Politis et al, Aeupunct Electrother Res 


Du-4 A Turkish prospective, randomised, non-blinded, con- 
‘rolled group-comparison trial (n = 24) investigated the efficacy 
of acupressure at Du-d, Du-IS, Du-20, BL-23, BL-28, BL-32, 
HE-7, HE.9, ST-36, SP-4, SP-6, SP-12, Ren-2, Ren-3, Ren- 
KID-3 and KID-S on enuresis compated to oxybutynin given to 
the control group. Acupressure was administered to 12 patients 
by the parents. While treatments in both groups were successful, 
complete recovery was significantly higher in the acupressure 
_2roup (83.3%) compared to the control group (58.3%). Yuksek 
et al, J Int Med Res 2003 


\ 


Dv-6 An earlier Chinese case study reports the application of 
‘Du-6 for acupuncture anaesthesia for hysterectomies. Authors’ 
Collective, Chin Med J (Engl) 1978 


DUB An experiment in rats supports the effeet of Dus8 on 
seizures (by releasing melatonin) and on cerebral infaretion 
(ceduetion of the cerebral infarction volume due to release of 
taurine and decrease of aspartame). Chao et al, Acupunet 
Flectrother Res 2001, Zhao etal, Acupunet Electrother Res 
1997, Yin etal, Zhen Ci Yan Jiu 1994 


DU-2 The effeet of electeo-acupuncture at Du-9 was investi- 
gated in 23 patients suffering from coronary heart disease. The 
results shoved a slight dilation of the coronary arteries and a 
slight decrease of the heart rate frequency (monitored by coro- 
nary arteriography). Yan et al, Zhongguo Zhong Xi i Jie He 
Za Zhi 1998 

“Two earlier Chinese case studies report decreased symptoms in 
patients with coronary heart disease after acupuncture or tuina at 
Du-9, Wang et al, Zhong Xi Yi Jie He Za Zhi 1988, Wang eta 
Zhong Xi Yi Jie He Za Zhi 1987 

‘A Chinese case study reports the successful treatment of angina 
pectoris by implanting a micro-depressor at Du-9. Wang et al, 
‘Zhong Xi Yi Jie He Za Zhi 1988 


‘Dv-II Electro-acupuncture at Du-H1 and Du-16 prior to, during 
and afer an experimentally induced transient ischaemia in ger- 
bils suggests the protective influence of these points, They seem 
{suppress both glutamate release and reperfusion injury follow- 
Ing the ischaemic insult. Pang et al, Am J Chin Med 2003, 


‘Du-12 A Chinese case study reports that classie aeupuncture at 
Du-12, LL-10, BL-H1 and S.L-3 with degi sensation in the 
direction of the disorder in 55 patients with cervieal vertebra 


disease and impaired cerebral blood flow capacity led to a 


significant improvement of blood flow capacity. Qle et al, 
‘Zhong XIYi Jie He Za Zhi 1991 
Base ofthe 


aE scapula spine 


Du-l4+L1-4, ST8; ST-36 
A Chinese experimental tial (n = 40) investigated the effect of 
acupuncture at Du-Id and P-6 on driving performance during a 
three-hour driving simulator test. The acupuncture group 
showed a significantly better driving performance anda 
decrease in driving fatigue. compared to the untreated control 
group. Liet al, Accid Anal Prey 2004 

A Chinese prospective, randomised, controlled, non-blinded 
tial (n= 40) investigated the effect of acupuncture at Ducl4 
and P.6 on heart rate and driving performance during a three- 
hour driving simulator test. The acupuncture group showed a 
significantly decreased aetivation of the sympathetic nervous, 
system and increased parasympathetic activity compared 10 
the untreated control group. Li et al, Eur J Appl Physiol 2003, 
A Chinese retrospective ease study (a = 25) investigated the 
effect of cupping at Du-l4, BL-13, BL-20 and BL-23 on 
bronchial asthma while reducing orally administered cott- 
sone, The author reports that 56% of patients showed a marked 
improvement after 30 treatments. Hu, J Tradit Chin Med 1998 
A Chinese prospective case study (1 = 50) reports the success- 
ful treatment of perennial allergic rhinitis by applying 10% 
Cantharides extract st Du-14 and P-6, The results showed an 
effective rate of 885. The allergic nasal mucosa provocative test 
of the treated group improved after the treatment, the number of 
eosinophils and basophils in nasal secretion decreased and the 
serum total IgE also reduced significantly. Tang etal, Zhongguo 
‘Zhong Xi Vi Jie He Za Zhi 1998 

Du-lS + TB.-8; Dut 

Dv-16— D-IL 


Dv-20-+ TB.-8: G.B-4, STS; Dust; LIV-3; HET, LL-+ 
A Chinese prospective randomised controlled single-blinded 
‘group-comparison tial (n = 50) investigated the effect of a stan- 
dandised acupuncture protocol, used either on its own or accom- 
panied by needling of Du-20, Du-26 and HE-7 (either singly or 
in combination) on vascular dementia in hemiplegic 


9.2 Scientific Research According to Channels 


patients, Clinical sympioms were observed and scales such as 
HDS-R, ADL und functional activities questionnaire (FAQ) 
used for assessment. The group additionally teated with Du-20 
and HE-7 showed marked improvement of memory, orientation 
and reaction. At the same time mental rigidity and tance 
‘decreased, Du-20 on its own improved understanding, ealeulat- 
ing and social adaptation, while Du-26 was helpful in treating 
‘mental retardation, failure to perform daily activities, trance and 
poor memory. The combination of the three points showed over- 
all the best results in improving intelligence and social adapta- 
tion, The particular design of this trial - combining a standard 
protocol used in both groups with the actually relevant points in 
the verum group — presents an interesting model for eliminating 
persistent problems regarding placebo methods and blinding, 
However, in this particular tial the number of participants (5 
_sroups of 10 subjects) was to0 low to determine if the results, 
\Were statistically significant. Lai et Huang, Chin J Integr Med 
2005 
A German prospective, non-blinded, pair-matched, controlled 
lial (n= 121 pregnant women between 30 and 39 weeks of 
gestation) investigated the effect of acupuncture at Du-20 and. 
‘ST-36 on fetal and maternal cardiotocographie parameters 
‘and maternal circulation. The main difference was a ansient 
increase of the Fisher score in the treatment group compared to 
the control group, with a persistent increase of the Fisher score, 
‘Scharf et al, Z Geburtshilfe Neonatol 2003, 
A Croatian prospective, randomised, placebo-controlled tial 
(ir = 57) investigated the effectiveness of Du-20, L.L-4, Ren-3, 
Ren-d, Ren-6, G.B-34, BL-23, SP-6 and HE-7 on primary 
dysmenorrhoea compared to placebo-acupuncture. Subjects 
Were observed fora period of two years. After one year, 93.3% 
of acupuncture patients were symptom-free and/or not taking 
medication compared to only 3.7% of the placebo patients. 
Habek et al, Gynakol Geburtshilfliche Rundsch 2003 
A Polish prospective, randomised, controlled, non-blinded trial 
69) investigated the effect of acupuncture at Du-20, Ren~ 
1, $1.28, LIV-3, LIV-13, P-6 and HE-7 in addi- 
tion to a low calorie diet in the treatment of obesity (BMI 
approximately 33 kg/m”), This diet consisted of a daly intake of 
ahout 1200-1500keal, which was about 1000kcal below the 
daily energy requirement ofthe patients. The acupuncture group 
showed a significantly hetter result afte only 12 treatments over 
ta period of 6 weeks. The mean body weight decreased from 
B5.5kg w 72.7kg, while it only decreased to 77.1 ky in the diet 
‘eroup. Wozniak et al, Ginekol Pol 2003 
A German prospective, randomised, placebo-controlled, double- 
blinded tial (n = 56) investigated the effect of acupuncture at 
Du-20, Ex-HN-6, HE-7, P-6 and BL-62 in the treatment of 
depression and generalised anxiety. Results were assessed 
using questionnaires. After 10 treatments, the verum acupune- 
lure group showed a significantly larger clinical improversent 
compared to the placebo group (61% vs 21%). Eich et al, 
Fortschr Neurol Psychiatr 2000 
Dv-26 + G.B-4; Du-20 
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Ren mai (conception vessel) 
Rev-2— Dud 


Rey3 + Dut; Du-20 
‘A Taiwanese prospective, randomised, controlled trial (1 = 60) 
investigated the influence of electro-acupuncture (EA) at Ren-3, 
Ren-4 and BL-32 on the neurogenic bladder of spinal cord 
injured patients compared to the conventional bladder taining 
programme received by the control group. The acupuncture 
‘eroup took significantly less time to achieve balanced voiding 
than the control geoup (on average 28 days les). The best results 
‘were achieved in patients who received acupuncture within three 
weeks after injury (39 days less), Cheng etal, Spinal Cord 1998 
Revd + Du-20; ST-25: Ren-3 

Re-6 + Dud; Du-20: Ren-I7 


Riv. + P6 
A Chinese prospective, randomised, controled, noa-blinded trial 
(iv = 56) investigated the effect of moxibustion at Ren-8 in addi- 
tion t chemotherapy for nasopharyngeal carcinoma (stage IIL 
‘and IV). There were significantly fewer oxic and side effects in the 
moxibustion group compared to the control group. The five-year 
survival rate in the two groups were 50.0% and 35.7% respectively 
‘Chen etal, Zhongguo Zhong Xi Yi Jie He Za Zi 2000 

‘A Chinese prospective, randomised, controlled trial (n = 140) 
investigated the effect of applying a topical ointment at Ren-8 
‘on epigastric pain, Results in the weatment group were signifi- 
cantly better than in the control group (94% vs 53%). Ba et a, 
J Tradit Chin Med 1999 
Bene L-4: Duel: Ds 
RiN-13 9 P6 

Revel 9 LIV-14 


je LIV-3; Ren-17 


[ReN-I7 A Chinese prospective, randomised, controlled tial 
(a= 60) investigated the effect of Ren-17, Ren-12, Ren-6, 
ST-36 und SP-10 on the symptoms of yaseular dementia 


‘compared to conventional treatment. Both acupuncture and con- 
ventional teatment showed a highly significant increase of 
MMSE, HDS-R and ADL scores. However, the results of the 
Acupuncture group were statistically more significant regarding 
MMSE, HDS-R and the total rate of effectiveness (80% vs 
47%), Yu etal, Neurol Res 2006 


Rex-23 A Chinese retrospective ease study (n= 120) 
reports the successful treatment of pseudobulbar palsy with 
acupuncture at Ren-23 and LU-S. Wang et al, J Tradit Chin 
Med 1998 


REN-24 A German prospective, single-blinded, controlled tial 
(= 41) repos that acupuncture at Ren-24 significantly 
reduced the severity of the gag reflex during transoesophageal 
echocardiography compared to acupuncture at a sham point. 
Rosler etal, Altern Complement Med 2003, 


Extra points 


Ex-HN-1 BLT 
A Taiwanese, prospective, randomised, plucebo-controlled, sin- 
sle-blinded experimental tial (n = 9) investigated the effect of 
the sishencong-points (EX-HIN-1) on the variance of heart rate 
frequency, The authors observed un increase inthe vagal activi- 
ties but a suppression of the sympathetic activity. Wang et al, 
“Auton Neurosci 2002 

A.Chinese case study (n= 51) reports the successful treatment 
of hyperthyreosis with acupuncture at Ex-HIN-I. Xie et al, 
J Tradit Chin Med 1994 


ExcHN-3 An Austrian prospective, randomised, single-blinded 
experimental cross-over study (n = 25) showed that acupuncture 


(but not laser acupuncture) at yintang monitored by EEG had a 
sedating effect. Clinical application of this point, for example for 
sleeping disorders, requires further investigation, Litscher et al, 
Eur J Anaesthesiol 2004 

Ex-HN4— S1-18; L1-4 

EsHINS = G.B-5;LIV3 

Es-HN-6 + HE-7; Du-20 


ase of the 


mee scapular spine 


EX-B-l A Chinese prospective, randomised, controlled trial 
(a = 84) investigated the effect of a herbal plaster at Ex-B-1, 
BL-L, BL-12, BL-13 and BL+15 on ehronic bronchitis com- 
pared to intramuscular injection therapy. Ia the plaster group the 
clinical total effective rate was 93.2% immediately after the 
trealment course and 91.5% after 18 months (control group: 
80% and 80°). X-rays ofthe thorax showed the effectiveness of 
the plaster as 40.7% and 89.8% after 18 months (control group: 
20% and 76%). Huo et al, Zhongguo Zhong Xi Yi Jie He za 
Zhi 2001 


Ey-B-2 A Chinese case study (n= 43) reports the positive 
effects of treating uleerative colitis with acupuncture at Ex-B-2 
as well as stimulation witha plum-blossom needle at BL-22 and 
BL-25. Yue and Zhenhui, J Tradit Chin Med 2003 

A Chinese retrospective case study (n = 168) reports the suc- 
cessful treatment of seiatica with acupuncture at the EX-B-2 
points. Pet etal, J Tradit Chin Med 1994 


EX-B3 An experiment in diabetic rabbits demonstrated that 
electro-acupuncture at Ex-B-3 decreased plasma glucose levels 
and inhibited the release of pancreatic glucagon, The effect was 
increased by adding ST-36. This latter point led 1o no significant 
changes when needied alone. Zeng et al, J Tradit Chin Med 
2002 

Ex-UE2 4 LL 


9.3 Summary 


Ex-LIE-10 A case study describes the successful treatment of 
hiccups with acupuncture at Ex-UE-10. Qi, J Tradit Chin Med 
1993 

Ex-UE (IANNEILING) = L115 

Ex-UE (mangiay) > LL 

Ex-LE-l 9 ST-35 

EX-UE (amovaenve) 

A Chinese retrospective ease study (n = 115) reports the suc 
‘cessful treatment of shoulder and back pain with acupuncture 
at zhongping. The point zhongping is located midway between 
ST-36 and ST-37. Wang et al, J Tradit Chin Med 1995 


9.3 Summary 


“The data presented clearly demonstrates that several actions of a 
rhumber of acupuncture points are undoubtedly effective. These 
points (for example P-6) were tested according 10 the highest 
Scientific standards, comparing standard acupuncture to deep 
acupuncture at non-acupuneture points (a methodology consid- 
‘ered the most superior acupuncture placebo). 
‘This proof is even more important since the results of the two 
largest acupuncture trials to date, ART (Acupuncture Random- 
ized Trials) and GERAC (German Acupuncture Trial), may have 
Jed to the impression that, while acupuncture is indeed effective, 
its effects independent of the location ofthe acupuncture points. 
‘The hitherto unsurpassed size of the wials and the undoubtedly 
intelligent and biomathematically impeccable design (especially 
ofthe GERAC tral) further contribute to this impression. Due to 
their flexible point prescriptions and their complexity these stud- 
ies have not been included in section 9.2. 
But what are the basic results of these trials? (up to May 2006: 
Witt tal, Lancet 2005; Linde et al, JAMA 2005; Melchart 
et al, Br Med J 2005; Brinkhaus, Arch Intern Med 2006; 
Diener et al, Lancet Neurol 2006) 
For both gonarthrosis and lower back pain, acupuncture had 
significantly better results than the untreated waitist (ART) or 
conventional therspy (GERAC). For migraine, acupuncture is 
significantly beter than the untreated waitlist (ART), and treat- 
ents with acupuncture for only six Weeks had the same results 
as ueatments with conventional medicine for six months 
(GERAC). For tension headaches, acupuncture provided sig- 
nificantly better results than the waillist (ART). A comparison 
between acupuncture and conventional therapy in the treatment 
of tension headaches within the framework of GERAC was not 
possible, since all but two patients refused the stigmatised con 
ventional treatment with amitriptyline due tothe high incidence 
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of side-effects. So far the results do not hold any surprises, Theit 
nportance lies in the comparison between true and placebo 
acupuncture (acupuncture at non-acupunctute points). 
For the treatment of lower back pain, both studies (GERAC and. 
ART) showed no significant advantage for true acupuncture: the 
effect of acupuncture therefore seems to be independent of the 
location of the acupuncture points. For the ueatment of 
gonarthtosis, the ART trial observed a signi 
effect in favour of teue acupuncture. However, without consis 
tent treatments the disorder will progress, further data showing 
tno significant difference between true and sham acupuncture 
Results of the GERAC tial confirm the significant short-term, 
‘results. For the treatment of migraines and tension headaches, 
the relevant ART trials could not establish a significant differ 
cence hetween true and placebo acupuncture. The migraine sec- 
tion of the GERAC tial found a sigoificantly reduced number of 
days with headache in subgroup analyses. Regarding tension 
headaches, up to now the GERAC reports show significant dif- 
ferences in favour of true acupuncture 
How can we explain the good results of placebo acupuncture, 
especially forthe treatment of lower back pain? And how can the 
differing results between the ART and GERAC wials for 
‘gonarthrosis, migraines and tension headaches be explained’? 
‘Shouldn't the trials, which are both designed according tothe eri- 
teria listed in Section 9.1, be very reliable because of the high 
‘power oftheir design? The key tothe answer —besides the aleady 
Well-known deficits of the GERAC trials (by international stan- 
dards, with only 140 hours — lowest standard — of taining, ques- 
tionable choice of true and sham acupuncture points) lies in the 
so-called “internal validity’ of the collected data. The external val- 
‘dation, especially of the GERAC tials, was carried out in an 
‘exemplary manner: patients and physicians were separately ques- 
tioned about the weatments by telephone interviewers, This 
tered out a high number of patients receiving unacceptable 
‘additional therapies hus increasing the validity of the data. How = 
ever. it was hardly possible 10 control the intemal validity of the 
‘vial. With treatments taking place in hundreds of elinies, no one 


was able to control if tue or sham points were needled. One 
peculiarity of both trials suggests that physicians treating patients 
in the placebo group selected tue acupuncture points: generally 
the participating physicians weren’t research scientists, but family 
doctors who, by participating in the tial, were able to give their 
patients treatments paid for by their obligatory health insurance, 
thus securing a part of their own income. Therefore, participation 
{nthe rials not only conitibuted to the income ofthese physi 

it also meant that the crucial performers of the tials had other 
goals in mind — patient satisuetion, their income — rather than the 
tial itself (Le. collecting reliable dat regarding the effectiveness 
of acupuncture). These conflicting goals particularly affected the 
placebo-acupuncture, which had a higher potential of negatively 
affecting patient satisfaction and the income of the puticipating 
physicians, and which could not be balanced by external quality 
assurance through telephone interviewers, The part of the 
GERAC tials investigating tension headaches provides another 
ineresting insight, This section ofthe wials prohibited needling 
of points located on the head and it was here thatthe treatment 
protocol was disregarded most often (according 10 GERAC sy 
posium, RUB 16 November 2005). And it was exactly in this 
externally validated past of the tial that GERAC observed signif: 
‘cant differences between true and placebo acupuncture! 

‘An important lesson to be learnt from the ART and GERAC wi- 
als is that size and adherence to biomathematical standards alone 
will not guarantee quality. If, ina tial above a certain size, the 
«data collection is compromised due to conflicting interests ofthe 
initiators of the trial and the treating physicians, this will have a 
considerable adverse affect on the validity ofthe study. 

‘The above reservations should result in a rather cautious 
interpretation of the results of large-scale trials such as GERAC 
and ART. 

Even conventional medical procedures, considered as proven 
beyond doubt, recently failed spectacularly in controlled, dou- 
ble-blinded trials (Moseley, N Engl J Med 2002), which means 
thatthe efforts for scientific proof regarding specifi details of 
acupuncture will be seen in a different light, 
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Appendix 


Notes on Chapter 1 


1: The yin yang sho yi mai jiu jing (Treatise on the Yin Yang 
Eleven Vessels Moxibustion), a manuscript found at an archaeo- 
logical site at Mawangdui and dated to 169 BC, contains a simple 
description of the channel system. In this manuscript, th 
nels refer to regions of the body rather than to internal organs, It 
does not mention the Pericardium channel (hand jueyin), the 
channels are not divided into three Yin and three Yang channels, 
nor is the concept of the Five Phases mentioned. 

According to chapter 17 of the Ling Shu and chapter 22 of the 
Nanjing, the channels have a centripetal course, originating at the 
fingers and the toes. They do not representa closed circuit. Equally, 
chapter 5 of the Ling Shu, describing the ‘roots’ and “knots” of the 
channels (+ 1.2.3) is based on a centripetal model 

In contrast, chapter 21 of the Su Wen contains references about 
the early conceptual stages of the channel theory, listing channel 
categories: 

‘+ The posterior of the body is governed by the taiyang 

‘+ The anterior of the body by the yangming 

‘+ The lateral aspect by the shaoyang 

‘+ The medial aspect by the taiyin. 


2: Chapters 10 and 15 of the Ling Shu describe the channel sys- 
tem as a continuous circuit in the order LU + LST ete. But 
only later texts such as the Shi Si Jing Fa Hui (‘Commentary on 
the 14 Channels’, 1341 AD) routinely mention the circulation 
model, first hinted at in chapter 15 of the Ling Shu. “The Yang 
dectines when the Yin increases’ ~ according to Manaka et al 
(1995); this statement from the classics is at the root of the later 
theory that the Yin channels represent the ascending flow of Qi, 
running from the toes to the trunk and from the trunk to the fin- 
gers. It was further suggested that the Yang channels represent 
the descending flow of Qi, running from the fingers to the head 
and from the head to the toes. 
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PREFACE 


The Publishers make no apology for reviving interest in the 
crystal set. For too long the technical press has immersed itself in an 
orgy of complex superheterodyne receivers and television equipment, 
all of which is necessarily expensive. In the 1920's, crystal set 
construction was a fascinating and inexpensive pastime indulged in by 
the majority of boys of that day. Today this pleasurable hobby can 
be even more attractive, the introduction of the germanium crystal 
diode and high performance coils, has opened up new paths which will 
capture the interest of boys of all ages. Perhaps most important of all. 
not only can a receiver capable of impeccable reproduction be 
produced without any technical knowledge; but the cost is no greater 
than that of a few visits to the cinema 


¥ 


To achieve a smooth solder line, solder the longest continuous seam possible, Don't start 
or stop a solder seam at an intersection with another seam, As you meet an intersection, 
allow the solder to break or "y" out over the intersecting seam about 1/2" and then return 
to the original path you were soldering in one continuous motion. As you continue to 
solder seams, you will connect these branches, thus preventing pulling out at intersections 
of seams (which is a noticeable sign of a beginner). When you encounter a "v" type joint. 
Solder in a direction that moves up into the "Vv" point, instead of coming down onto the 
point. This keeps a nice clean "v" joint without excess solder obscuring it. Do this by 
soldering up one leg of the "v" and as you approach the apex, drop your iron tip down 
flatter on the glass, so that it crosses over both seams, Then continue solder- 


ing into and out of the point of the "y." 


Avoid a "painting" motion when soldering. Visualize your iron as a magnet Effects of using the iron 
pulling along a metal strip. Maintain a small puddle of solder at the base of the like a paint brush 

tip as you solder. When two adjacent pieces of glass vary in thickness, ride the 
tip on the higher piece of glass as you solder. 


A big advantage of using copper foil is that not-so-perfect solder seams can be 
reworked, Allow the seam to cool, reflux it, then resolder, Be careful because 
reworking a seam too many times (more than 2-3) can cause the adhesive on 
the foil to loosen and bubble, 


Solder one side of your project completely, then tum it over and repeat the 
process on the other side, Some of the flux from the first side you soldered 
will have seeped to the other side. You may encounter more "spitting," so use flux very sparingly. To achieve a 
smooth, beaded solder seam: practice! practice! 


Ending A Bead 


When you are ready to end your seam, pull off across the face of the glass making sure 
you are in a liquid section of the solder seam and do not lift straight up. This technique 
leaves a smooth exit point that is virtually unnoticeable. You may notice that this is the 

same photo used for removing extra solder. It’s not a mistake. The action is very much 
the same. 


Practice! 


Creating perfect solder seams takes practice. One good way is to make a 
practice board, Make sure to include all types of intersections and lines (curvy 
and straight), Foil the piece and flat solder it on the front and back, Practice 
each different soldering technique. When you are finished, you can hold the 
piece vertical and melt the solder off. Now you are ready to start again. Many 
people use the practice board before they start soldering each project, just to 
get the feel of soldering again. 
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INTRODUCTION 


Before any attempt is made to construct a 
receiver, it is necessary to examine the problems 
which surround the crystal set, so that the best 
can be obtained from any of the designs 
attempted. 

Firstly, it must be understood that the crystal 
set as it is to-day does not provide any amplifica- 
tion. It relies entirely on what is fed into it via 
the aerial and earth system and gives a very faith- 
ful replica of the original transmission, 

From this it will be obvious that the aerial and 
earth system must be as efficient as possible if 
the final results are to be in any way outstanding. 
This because these are the only means by which 
the signals are fed to the receiver. 

Secondly it is necessary to understand the 
nature of the transmitted signal, then it will be 
easy to understand the working of the set and to 
appreciate the function of each of the components. 

When crystal sets first became popular, very 
little information was generally available, at 
least, not in a form that school-boys could 
understand. 

‘We all built sets of all shapes and sizes, with 
coil designs that had to be seen to be believed, 
‘but very few of us had much idea of how they 
worked. 

I well remember the case of a cousin of mine 
who, in those days acquired a magnificent vari- 
able capacitor or condenser as it was then called, 
this instrument had a most impressively engraved 
dial of polished ebonite, brass vanes and nickel 
plated end plates. Having observed similar dials 
on several highly priced commercial receivers in 
the town, he at once ripped out the somewhat 
tattered coil from the family receiver and replaced 
it with this device. ‘The profound silence which 
ensued caused considerable amazement and dis- 
may until a better informed adult explained the 
mysteries of L and C to him. Readers of this 
manual, however, will be better informed and 
there is no risk of failure with any of the designs 
described provided the instructions are carefully 
followed. 


‘The Signal 


To commence, we will assume that an orchestra 


is playing in a broadcasting studio, Since the 
Ptinciple of radio transmission is electrical it is 
necessary to change the sound produced by the 
orchestra into an electrical equivalent. This is 
cattied out by the microphone, which picks up 
the sound and changes it into minute electric 
currents, 


‘As they appear at the output of the micro- 
phone they are too small to be of use and 
accordingly are passed through a high power 
amplifier. These amplified currents could now 
be transmitted, but unfortunately, as we shall 
learn, owing to the inherent nature of the signal 
in this state, transmission over any useful distance 
would be impractical. 


When the music from the orchestra is trans- 
formed into electrical currents they are in the 
form of alternating currents, usually called A.C., 
that is they rise to a maximum in one direction, 
fall to a minimum, tise to a maximum in the 
opposite direction and then fall to minimum 

in. This process is repeated over and over 
One complete rise and fall in each direc- 
tion is called a cycle and is drawn in Fig. 1. 
Every time a note is struck on a piano, vibrations 
are sent out which reach the ear enabling you to 
hear it. These vibrations are also spoken of as 
cycles, they rise and fall in intensity the same way 
as an alternating current. The number of cycles 
radiated by any given note over a period of one 
second are referred to as its frequency. Middie 
C on the piano sends out 261 cycles every second 
and is known as having a frequency of 261. The 
microphone also “hears” the note and in the 
case of middie C produces minute A.C. at 261 
cycles. This can be drawn as in Fig. 2, the only 
difference between Fig. 1 and 2 is, that the time 
factor is given so that the frequency can be iden- 
tified. The higher the pitch of a note the higher 
the frequency and the lower the pitch the lower 
the frequency. On a piano the frequency of the 
top note is 3515 cycles and that of the lower 27 
cycles. Those of you who have listened to an 
organ in a concert hall will have noticed that 
when a very deep note was played, it sounded 
like a growl to the ear, but the vibrating fre- 
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quency could be distinctly felt through the seat. 
Higher notes have too high a frequency to be 
observed in this manner. 

‘The range of sounds which can be detected 
by the human ear are known as audio or low 
frequencies. From this you will understand that 
low frequency amplifier is one which amplifies 


So that the transmitter will carry the pro- 
gramme over a useful distance it is necessary to 
radiate high frequencies. Now, as explained, the 
programme to be transmitted consists of low fre- 
quencies, and to overcome the difficulty, the 
transmitter generates A.C. of high frequency and 
combines it with the low frequencies. It will now 
be understood that the transmitted signal consists 
essentially of two different parts, a high and a low 
frequency content. 

ig. 3 gives a representation of the high fre- 
quency signal generated by the transmitter. In the 
case of the London Home Service, the frequency 
When fering high al 

mhen referring to a high frequency signal on 
the medium or long ravesband tis ual to 
reas the frequency in thousands of cycles, thus 


908000 cycles becomes 908 kilo-cycles, which in 
turn may be abbreviated to 908 k/cs. It might at 
first be thought that by adding the low frequ 
or LF. signal to the high frequency or HLF. 
cartier a form such as in Fig. 4 would result, such 
a combination is uscless, and, so that the original 
LF. content can be satisfactorily extracted by the 
receiver, the LF. signal must vary the amplitude 
or output power of the HLF. signal as in Fig. 5. 

It is in this form that the signal arrives at 
the receiving aerial. The aerial in itself is in 
capable of discriminating between one signal and 
another, and countless signals will be collected 
by the aerial at any one time. Many of these are 
too weak to be of use but the stronger ones must 
be sorted out since there is no point in receiving 
several programmes at once. 

Fig. 6 shows the basic circuit of the input to 
a crystal. The coil L possesses a quality known 
as inductance, and the capacitor C, that of capa- 
citance, If the coil had no capacitance whatever 
across it, all signals arriving at the aerial would 
be effectively short circuited to earth. As a matter 
of interest, it is impossible to obtain this state 
of affairs since even without any additional capa- 
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citor any coil must contain a certain amount of 
self capacitance. 

By combining a coil and capacitor as in Fig. 
6 a peculiar effect is observed, at one particular 
frequency, the signals are not’ short circuited to 
earth, but are developed across the coil. In other 
Words the combined effect of L and C no longer 
provides a short circuit, but only at one particu- 
Jar frequency. If the value of C is altered the 
effect will be observed at a different frequency: 
likewise by altering L the frequency at which the 
effect will take place can be changed. There is 
a name for this phenomena, the frequency at 
which it occurs with any given L and C combina- 
tion is known as the resonant frequency. 

‘The values of the coils and capacitors shown in 
this manual have been carefully chosen so that 
resonance will be obtained at all frequencies 
where stations are broadcasting. Broadcasting 
stations work in bands of frequencies, those of 
major interest to crystal set constructors are the 
medium wave-band 1200 k/cs—600 k/es and the 
Tong wave-band 300 ke/s—150 k/cs. 

‘Usually a variable capacitor is used with a fixed 
inductance to cover one band and an additional 


coil switched in to increase the inductance to 
cover the other. In this way the L and C com- 
bination can be adjusted to provide resonance at 
the desired frequency of any given station. In other 
words you can select the station you want by 
varying C, that is turning the dial of the variable 
capacitor. This procedure is referred to as tuning. 
Having selected or tuned the required station it 
still remains necessary to change the form of the 
signal back to that of the original transmission. 
This process is called detection or de-modulation, 

Examination of Fig. 5 will show that the signal 
hhas been duplicated, in other words, as it rises 
in one direction it also rises equally in the other. 
In this form the signal is useless since each half of 
the signal cancels the other. and if this signal is 
applied to a pair of headphones silence will 
result. Obviously some provision must be made 
to get rid of the unwanted half of the signal, and 
it is here that the crystal detector must be con- 
sidered. This device will pass current in one 
direction only, ignoring any signal in the opposite 
direction, so that if the signal of Fig. 5 is passed 
through such a crystal, that of Fig. 7 will result. 
There is still the HLF. content to be reckoned 


ai 


mes 


G 


THE BOY'S BOOK OF CRYSTAL SETS 


with, fortunately this is easily dealt with, a capa- 
Gitor connected across the beadphone ‘erminals 
effectively disposes of this, leaving only the audio 
or LF. content, as shown in Fig. 8. This audio 
content, which is a faithful replica of the original 
transmission is fed to the headphones. ‘These in 
turn reverse the process of the microphone and 
transform the electrical currents into sound waves 
acceptable to the human eat. 

Briefly then, your requirements are as 
follows:— 

(1) A. good aerial and earth installation, to 

make the most of the available signals, 

@) A receiver containing: 

(@ Some form of coil and capacitor (L & 
©) combination to select or tune in the 
wanted station, 

MA to get rid of the unwanted 
hhalf of the signal (detection), 

(© A fixed capacitor across the head- 
phones to get rid of any remaining 
cartier. 

@) A pair of sensitive high resistance head- 
phones. 


Aerials 


By this time the intending constructor will be 
able to appreciate the necessity of a good aerial. 
It is a point which cannot be over-emphasised. 
Assuming that you are in the fortunate position 
of being able to erect an outdoor aerial there are 
two main considerations, height and length. 

One of the best that can be used is the inverted 
L shown diagramatically in Fig. 9. 

Tt should be erected as high as is practical, 
every foot counts. The horizontal wire, that is 
the aerial ptoper, should have a minimum length 
of 60’ to which of course the length of the down 
lead is added, Where it is impossible to erect 
‘an aerial with an ideal horizontal length, a com- 
Promise must be effected. 

Fig. 10 shows a three wire spreader aerial 
which gives quite a good effective length. 

Suitable wire for a receiving aerial will not set 
any problems, stranded copper about 7/22 gau 
is the best. 7/22 means that it consists of 7 
of 22-gauge wire. This wire may be obtained 
covered, and for the present purpose is better 
than the plain or enamelled kind. 

Note that insulators are used between. the 
actual aerial wire and its anchoring supports, 
is important that these are used, otherwise 
leakage will occur which will of course spoil its 
efficiency. Fig. 11 and 12 show how the wire may 
best be attached to two of the most common 
types of insulator available. Fig. 11 is of porce- 
Tain and is usually referred to as an egg insula- 
tor, whereas Fig. 12 shows a more modern (and 
more expensive) type in glass. If you are using 


the glass pattern, one is usually sufficient at each 
end of the aerial, but with the egg type two 
should be used. No doubt many readers will not 
be in a position to erect an out-door aerial, and 
must necessarily be content with an indoor in- 
stallation. 

‘The next best thing to a good out-door aerial 
is a replica constructed in a loft. If this form of 


feeding the down lead to avoid close contact with 
the wall of the house. At the point where the 
Tead feeds under the caves, a length of rubber 
tubing can be used to cover the wire. The lead 
is fed through one of the small spaces left for 
Yenllaion purposes, “A general idea is given by 

ig. 13. 

A less elaborate but quite effective aerial can 
be obtained by using a bed-spring. A length of 
7/22 copper insulated wire is connected between 
the receiver and the spring. ‘The spring should 
first be cleaned with emery cloth. Remove about 
% of insulation from the wire and bind it tightly 
Tound the prepared spring. The joint may 
covered with insulating tape which is obtainable 
from all electrical stores for a few pence. 

Such aerials are quite popular since so many 
‘crystal sets are built for bedroom use. 

‘When an aerial is required in the living room, 
the picture rail can be conveniently used. Insu- 
lated screw-eyes are fixed at intervals of about 
3 feet along the rail, the wire is firmly anchored 
to one of them, and stretched right round the 
room until you artive back at the starting point. 
By use of one of the insulated screw-eyes, the 
wire is secured and the down lead fed to the 
receiver. The idea is illustrated in Fig. 14. 


Soldering 

Before leaving the subject of aerials, a few 
words on soldering will not come amiss. Down 
Jeads on outdoor aerials should be soldered, and 
the same applies to loft types. Apart from aerial 
Teads; earth leads and all the connections in the 
receiver will require soldering. 

For the type of soldering necessary in radio 
‘construction an electric iron is the best solution. 
One of the small types marketed by Adcola or 
Henleys will be found admirable for the job. 
‘These are excellent for actual set construction but 
are hardly large enough for soldering the down 
lead to an outdoor type of serial. Here the heat 
is dissipated much more quickly and a larger 
iron is required in order to get the solder to flow. 

Ordinary irons which may be heated by a gas 
flame can be obtained very cheaply from most 
ironmongers’ stores. Assuming the use of such 
an iron, first heat the iron until the copper bit 
is giving off a green coloured flame, the iron is 
now at the correct operating temperature. ‘The 
bit is now discoloured or oxidised and its tip 
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should be quickly cleaned with an old file which 
should be kept specially for the purpose. A better 
idea is to obtain a small block of sal-ammoniac 
and rub the tip of the hot iron on it. This will 
clean the tip of the bit perfectly. Next take a 
length of cored solder such as Ersin Multicore, and 
melt a little on to the prepared tip faces, now 
smooth it evenly over the surface with a piece 
of old rag (be very careful not to burn your 
fingers) the iron is now “tinned ” and ready for 
use. When heating the iron, be very careful not 
to let the bit overheat or get red hot, otherwise 
the tinned surface will be destroyed and the whole 
process will have to be gone through again. 

‘An electric iron will not overheat, and the tin- 
ning will last much longer than with ordinary 
types, and since the heat does not deteriorate 
there is less likelihood of making faulty joints. 

Having obtained a tinned iron, the process of 
soldering joints is remarkably simple and anyone 
with a little patience can acquire the art in a very 
short time. 
per wires together: clean the 
wire with emery cloth, apply a prepared iron 
and some cored solder to it, the solder will flow 
evenly over the wire thus tinning it, Repeat the 


process with the remaining wire and then twist 
the two together. Now apply the iron to the joint 
from the underside and the cored solder to the 
joint on top. Solder will flow evenly over the 
joint. Remove both iron and solder and allow 
to set. The solder will harden or set in a few 
seconds but during this period the joint must 
not be touched or moved, as otherwise the joint 
will be “dry” and quite useless mechanically or 
electrically. On radio components, tags for sol- 
dering are already tinned though if they are old, 
or discoloured it is best to re-tin them, Normally, 
however, it is only necessary to twist the connect- 
ing wire to it and apply the iron and solder as 
explained. 

Remember: never apply the solder to the iron 
and then the iron to the joint, always apply the 
iron and the solder to the joint. It is however a 
‘g00d thing to apply a little solder to the iron tip 
‘even when it is perfectly tinned just before making 
a new joint. 

One final “DON’T,” you will have noticed 
that the solder referred 10 is “cored,” that is, it 
contains resin and other substances through its 
centre, plain solder as used by clectricians and 
plumbers will not do, as it is the resin or flux 
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as it is called which makes the solder flow evenly 
and permits a good electrical joint. 

Equally important do not attempt to use a 
separate flux or soldering fluid with plain solder 
or to “help” the cored solder; since these are 
almost certain to cause eventual corrosion and 
will destroy any components that have been con- 
taminated. 

Earths 

The provision of a good earth is just as 
important as the rest of the installation. 

‘Much disappointment would be avoided if this 
fact were not lost sight of, to avoid any slip uy 
in this direction I am proposing to outline sever 
well tried and efficient earth systems. 

If it can be obtained, an earth rod, specially 
designed for the purpose provides the basis of a 
good earth connection. ‘These were very popular 
some years ago when the majority of receivers 
were either crystal or battery operated, but in 
these days of modern mains driven sets they are 
not often used and consequently not always 
readily available. 

Fig. 15 shows how it is used. First excavate a 
hole to a depth of three feet and fill with a mix- 
ture of soot and coke. Drive in the earth rod, 
which is a hollow copper tube, perforated. The 
ead to the receiver is connected at the top, and 
should be of covered 7/22 gauge, as used for the 
aerial system. Though not obvious it is important 
that this lead-in should be in covered wire, other- 
wise a number of indifferent earth contacts are 
likely to be made at various points along its 
length until it reaches the set. This is very un- 
desirable and will spoil the efficiency of the 
system. It is essential to keep the soil surround- 
ing the rod moist, which is one reason why the 
tube is hollow, and care must be taken to pour 
water into the tube at intervals, 

‘A very efficient earth is the percolative type 
also popular at one time. Due to the chemicals 
used, it will extract moisture from its surround- 
ings, thus maintaining a permanently moist earth. 

It should be installed as in Fig. 15b. 

‘The container is of copper or zinc, anything 
else will quickly rust away, again a good quantity 
of coke is used. Fill the container with a mixture 
of sal-ammoniac and coke, and then bury in coke 
as illustrated. ‘This earth will not require further 
attention. It is possible to use powdered calcium 
chloride ‘instead of sal-ammoniac but unless 
chemist can be persuaded to make some up it is 
better to stick to sal-ammoniac. 

If a zinc container is not available and you do 
‘not use or cannot easily get coke, Fig. 15¢ should 
be used. This makes a better carth than many 
so-called “earths” that I have come across. 
‘Obtain as large a tin as possible, make a number 
of holes as shown. Solder the lead in the bottom 


and fill it with sal-ammoniac. Replace the lid 
and bury in the ground. The tin will eventually 
rust away, but the replacement cost is negligible. 

it is quite impossible to make direct contact 
with the ground, a water pipe must be pressed 
into service. This should be a main pipe feeding 
straight to ground and not a hot water pipe or 
‘one fed from a tank. Scrape the pipe clean and 
twist the lead in tightly around it, a copper clip 
is even better. Do not attempt to solder on to 
the water pipe; since cold water is flowing through 
the pipe, it is extremely unlikely that your sol 
dering iron will heat up the water supply sufl- 
ciently to allow a sound electrical joint, though 
you may spring a leak. 

No attempt should be made to utilise gas pipes: 
the possibility of causing a fire is certainly very 
remote but, they make incredibly bad earth con- 
nections due to a number of joints made before 
true ground is reached. These joi 
only semi-conductors, at least from an electrical 
standpoint. 

Headphones 

Since the late war there have been a large 
number of head-phone sets available on the sur- 
plus market, These may be roughly divided into 
two types, high-impedance and low-impedance. 
For the crystal sets detailed in this book high- 
impedance "phones are required and the low- 
impedance pattern will not be suitable unless a 
matching transformer is used. As this is likely 
to cost more than the rest of the installation in- 
cluding the set, it will be as well to avoid them, 

High-impedance types have an impedance of 
2000 to 40009 ‘Whereas the low-impedance 
‘types are usually 6009. 

‘The remaining consideration is weight; often 
cheap headphones are very heavy and uncomfort- 
able to wear, every endeavour should be made 
to obtain ’phones as light in weight as possible. 
Crystals 

Alll the sets shown in this book have been de- 
signed to work with modern germanium crystals 
rather than the older galena crystal. 

‘These germanium crystals require no adjust- 
ment, which, in itself, removes the main objec- 
tion to this ‘class of ‘receiver. Suitable crystals 
are available from the following manufacturers 
and on the surplus market: Mullard, GEC. 
Brimar, Westinghouse and B.T.H. They are of 
robust construction, some in glass, others in cera~ 
mic or plastic, but must not be subjected to heavy 
knocks, otherwise the contact point may become 
dislodged. 

From the information given, you should now 
be able to install an excellent aerial and earth 
system, and have some idea of how the crystal 
set works, 80 it is time to pass on to the actual 
Teceiver construction. 
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CONSTRUCTION 1 


If you examine the following circuits you will 
find that each one is different. In most cases the 
ifference lies in the coil design and/or the 
method by which the crystal and aerial is tapped 
into it. Each of these circuits has its own par- 
ticular advantage to suit different conditions and 
the ideal circuit in some localities is not neces- 
sarily the best in others. It is not just a matter 
of a given circuit giving louder results than an- 
other, if it were there would be no point in 
showing more than one. 

The main problem is to obtain adequate 
selectivity without reducing the volume level. 

A receiver is said to be selective when it tunes 
sharply, a set with poor selectivity allows the 
stations to spread over the dial and when used 
near a transmitter will receive the local stations 
mixed together, which of course is useless. 

Consider Fig. 16a, this is a very simple receiver, 
with mo special attempt to provide any great 
amount of selectivity. In areas where signal 
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is not high, Or a short aesial is used, it 
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providing a tap on the coil for the 
17a, but unfortunately, as the 
is increased overall volume is likely 
decrease, so that unless you live close enough 
the transmitter to have a large signal avail 
and therefore need the selectivity, the circuit 
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jing unnecessarily, however with small 
it may be better to take the aerial direct 
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provided 
set is neatly wired. It must be drilled slowly, 


container can be made to house the com- 


work on any receiver or amplifier is connected 
to earth, 

When SI is open as in the diagram, the set will 
tune in long-wave stations, but when closed the 


medium wave-band will be received. 


Components List, Fig. 16a 
100pF mica capacitor. 
SO0pF tuning capacitor, solid dielectric, 
1000pF mica capacitor. 
Germanium crystal. 
Crystal Set Coil. R.E.P. 
SI Single Pole toggle switch. 
4 Insulated wander-plug sockets and plugs. 
* 2-0z, tobacco tin (or similar container). 
Make sure that the wander-plug sockets are of 
the insulated type, otherwise the metal case will 
join all the sockets together electrically. 
‘Try to follow the theoretical diagram when 
wiring, a little practice will soon enable you to 
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Wire up a set without a practical diagram, which 
is a great advantage because often only the theo- 
retical diagram is given when circuits are detailed 
in the technical press. 

Fig 28 on page 34 gives a list of symbols 
‘used on the theoretical diagrams, so that you cam 
readily identify the components, 


from the green tag on LI and co 


it to 


yellow, at the same time removing the lead from 
C1 to'yellow and connecting it to green. Once 
‘the best arrangement has been found the wiring 
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Cleanup After Soldering 


After soldering, you will need to remove all flux and solder residues from your solder lines 
and glass. The best cleaners to use are ones that neutralize the acid property of fluxes. To 
properly clean your project, you will need a good flux cleaner, very warm water and a soft 
serub brush, Thoroughly brush the cleaner into every corner of your project, front and 
back, Follow this with a long rinse in clean, warm water and then towel the project dry. 

This step is very important because any flux that remains will continue to react with the 
solder, causing oxidation. If your project looks good after the initial cleaning, but the 
solder lines have a white or green growth on them after a few weeks, it generally means 
that all of the flux was not removed from the project. You can use 000 steel wool to 
remove the patina and finishing compound and thoroughly clean the project. Then reapply 
the patina and finishing compound. 


A simall stiff scrub brush is the You may find small pieces. An old toothbrush can be helpful 
best way to clean the entire of solderstucktotheglass, —_for cleaning in tight intersections 
project. After the initial clean- You can easily remove —_andrightup against the solder line. 
ing, you may find some areas _ these using your fingemail, 
that need additional attention, _ or 000 steel wool. Be care- 


ful notto seratch the glass, 


jionally you may find that after applying patina, certain types of glass acquire a “rainbow” effect. This is 
most likely to occur on hot colors, black, white and iridized glass. It is one of those things that is unpredictable 
It or impossible to remove. You can try to remove it by using a paste made from baking soda, but it 
doesn’t always work. The only way to prevent this occasional problem is to be very careful not to get patina on 
your glass, Use a cotton swab to apply the patina only to the solder lines of the project. If you have this prob- 
lem, it is a good idea to make note of it on any remaining glass, so you can be more careful the next time you 
use that particular glass. 


Finishing 


‘After cleaning your project you should use a finishing wax or compound to keep it 
looking it’s best. A good quality carnauba wax or pre-mixed wax and cleaner should 
be applied to all of the solder lines, A nice side effect is that the wax also enhances 
the color of the patina making it either rich black or shinny copper. You may find it 
helpful to reapply the wax after a few months, (If you would like to change the color 
of the solder, see the section about patina on page 16.) 
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can be left permanently in that position. Note 


OF CRYSTAL SETS 
Components List, Fig. 17a 


that two tags on the coil are unused, this is C1 100pF mica trimmer capacitor. 
intentional because on this circuit the extra C2 S00PF_ variable capacitor (air spaced. 
winding connected to these tags is not required. [000pF mica capacitor. 
With the switch S1 closed, the coil will cover the £1 Dual Range Coil REP: (Blue Box). 
ih S1_— Single Pole toggle switch. 

medium wave-band, and when open, long wave Sy GeSwanium Cepstal 
stations can be received. It is customary to 4 Terminals or wander-plugs and sockets. 
abbreviate the expression medium wave-band to Perspex, bakelite or wood for mounting 
MLW. and long wave-band to L.W. panel. 
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The design shown in Fig. 184 and 18b is more 
flexible than either of the preceding sets. That 
is, it can be varied to suit local conditions to a 
greater extent than the first two sets. This is made 
possible by the large number of taps provided 
‘on the coil. 

‘You will notice that in this instance the coil 
is home-constructed on a cardboard former and 
is much larger than commercially produced 
coils. Coils wound in this manner are called 
solenoids, the turns are wound on side by side: 
in this case to a ‘of some three inches. The 
diameter of the coil is made purposely large s0 
as to obtain high efficiency. Modern commercial 
coils are invariably wave-wound and quite often 
are litzendraht which is the German for litz wire. 


3 


‘This wire is made up of a number of strands of 
fine copper wire, each strand is enamelled to in- 
sulate it from the others, the whole is then silk 
covered. Litzendraht is more efficient than solid 
copper wire, and by using this and wave-winding, 
manufacturers can produce an efficient coil which 
is also small. Unfortunately wave-wound coils 
cannot be produced without a complex winding 
machine and home-constructed coils must take 
the solenoid form. It would be possible to use 
litzendrabt but it is not easy to obtain by the 
reel, it is most expensive, and is difficult to handle. 
This last point is becatse at termination, points 
each strand must be cleaned of its enamel before 
a joint is made, and if one strand is broken, its 
advantage over plain copper wire is lost. How- 
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cheaply using ordinary copper wire, 

‘The wire must be firmly secured at the start 
and finish of the windings. Pierce three small 
holes about 2” apart 4” from the end of the 
former. Pass the wire through the first from the 
outside, return it through the second and pass it 
back again through the third. Leave some 6” of 
wire at the end to make off the connection. It 
will now be possible to wind the turns on tightly 
without wire slipping. 

Count on ten turns and make a loop 1” long. 
‘The method of preparing loops is shown in Fig. 
18a, loops or taps should always be made in this 


Construction is carried out on a wooden base- 
board and front panel. Secure the coil to the 
base-board as shown on Fig. 18b, mount the re~ 


‘maining components and proceed with the wiring. 


1s 


the earth end, the greater the selectivity. A posi- 
tion should be found which permits separation 
of local stations without excessive loss of sensi- 
tivity. 

‘The crystal tap is adjusted for best results and 
different settings of Cl tried out, when choosing 
the best position for the aerial tap. 


‘Components List, Fig. 18a 
C1 450pF padder. 
C2 S00pF variable capacitor. 
C3 1000pF mica capacitor. 
LI See text and Fig. 182. 
XI Germanium Crystal. 


me Clips (to connect leads to coil 
taps). 
‘Wander-plugs and sockets, 7 
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of most unusual design is reproduced i Fig 

It first appeared in America about three years 
ago, and it certainly does offer some. advai 
over more conventional sets. The tuning circuits 
are duplicated and two crystals are used, so the 
circuit may be described as a full-wave receiver. 
Signals received will certainly be louder than 
wath simple sets, but care must be taken with the 
coil winding, as with the other receivers using 
home-made coils, otherwise results will be dis- 
appointing. Be very careful to ensure that all 
three windings are in the same direction, this is 
very important. 

‘The distance between each winding should be 
¥°. After the coil has been wound it is a good 
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‘one of the crystals is connected the reverse way 
round. 

A baseboard and panel form of assembly is 
used for this set which looks quite attractive if 
housed in a small polished cabinet. Dimensions 
are not at all critical but Fig. 19b gives a general 
idea of the layout that should be used. To avoid 
any unnecessary losses the coil should be mounted 
on perspex. 

Obtain two strips of perspex 54” long by 3” 
wide, drill fixing holes at both ends of each strip. 
It is best to clamp the two together when drilling 
these holes. Place one strip on the board in posi- 
tion, then put the coil and remaining strip over 
the first one and screw down. The coil will be 
clamped neatly and rigidly into position. 

Twin socket bakelite strips are used to carry 
‘the acrial/earth and ‘phone connections, if de- 
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sired terminals mounted on pieces 
could be used. These socket strips can be pur- 
chased from most ‘shops selling components. If 
feet are not provided, drill two holes and screw 
into the edge of the base-board. Tag-strips are 
‘used to anchor some of the wires from the coil, 
and the germanium crystals. These also can be 
purchased for a few pence. At least two tags are 
necessary on one, and three on the other, though 
if the strips have more tags than required it is of 
mo consequence. C3-C4, the ganged tuning capa- 
citors have trimmers fitted, this should be stipu- 
lated when purchasing, and when first operating 
tthe set these small trimming capacitances are set 
about half-way. The idea of these trimmers is, 
that they compensate for any difference between 
the self-capacity of the tuning coils. With the 
‘switch S.1 open, that is in the OFF position, tow 
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in a station at the high-frequency end of the 
band, that is with the vanes of C3-C4 towards 
the disengaged position. Adjust CI for maximum 
volume, without interference from other stations. 
Now adjust the trimmers for loudest headphone 
strength. It may be necessary to run over the 
adjustments several times for best results. Once 
they are correctly set, the trimmers require no 
further adjustment. The tuning coil covers the 
MW. band, 1500 kc/s. to 600 Ke/s., as the capa- 
citor C3-Cé is advanced and the vanes start to 
mesh, the frequency to which the receiver tunes 
decreases so that with the vanes disengaged the 
set is tuned to 1500 kc/s. approximately and at 
full mesh, 600 ke/s. Switch SI is used as follows, 
for stations lower in frequency than 850 ke/s it 
should be in the ON position with the contact 
closed, but for stations higher in frequency, it is 
in the OFF position. As an example both the 
London Home Service and London Light Pro- 
gramme transmitters on the M.W. band operate 
at a higher frequency than 850 ke/s. If any doubt 
exists as to the operating frequency of a given 


Whenever crystal sets are discussed, construc- 
tors are apt to think in terms of medium-wave 
reception. When you consider that at least 98% 
‘of published circuits are designed for this band 
(ometimes with the long-wave band thrown in as 
an afterthought) it is understandable. However, 
if you can provide a good outdoor aerial (and 
an equally good earth) there is a lot of fun to 
be had listening to the short-wave bands. This 
receiver is designed specially for short-wave re- 
ception. 

‘A metal chassis is used for construction, these 
can be obtained ready made in aluminium from 
‘most good supply houses. It can be quite small 
and on the original model a 6” x 4” was used. 
Low loss components are used so as to obtain 
‘greatest efficiency on the short wave bands. The 
coil is a commercial product which plugs into a 
4-pin base. Best results were obtained on the 
3me/s to 7me/s band though coils covering other 
bands are available. 

Note that the tuning capacitor Cl is smaller 
than normally used and has a maximum capaci- 
tance of 140pF. 

Coil type 706/R covers the 3me/s to 7mc/s 
band, but the set is equally satisfactory on the 
M.W. band, and to cover this coil type 706P 
should be used. This coil has an iron dustcore 
which can be adjusted to make the coil cover 
the required band. The effect of the core is as if 
turns were being added or removed from an or- 


station, reference should be made to the Radio 
Times ‘which quotes both wave-lengths and fre- 
quency. If you know the wave-length in metres, 
it is simple fo find the frequency. Divide 300,000 
by the wave-length in metres, the dividend equals 
the frequency in Kilocycles, ite, 300,000 = 300 
metres=1,000 kc/s. In the same way, dividing 
300,000 by the frequency in kilocycles will pro- 
duce the wave-length in metres. 
To use the receiver, tune in the signal by C3- 
C4, adjust Cl for maximum volume without 
allowing stations to overlap. 


Components List, Fig. 19a 
cL 300pF solid dielectric variable capacitor. 
Cc 1000pF mica capacitor. 

3-4 S00pF twin gang variable capacitor. 
L1-2-3 See text and Fig. 19a, 

X12 Germanium Crystal. 

2 Tag-strips. 


2 ‘Twin socket strips. 
st Single Pole toggle switch. 


dinary coil, When dealing with the short waves 
it is customary to refer to the frequencies in terms 
of mega-cycles (mo/s) rather than kilo-cycles. One 
mep-cyce is equivalent to 1000 kilocyces, that 
is 1,000,000 cycles. 

Layout and wiring can be clearly followed from 
Fig. 20b and a theoretical diagram is shown in 
Fig. 20a. Care should be taken when arranging 
a mounting for the aerial terminal. The best plan 
is to cut a 1” hole in the chassis, mount the aerial 
terminal on u piece of perspex and screw into 
the chassis. This avoids any unnecessary losses 
between aerial and chassis. The earth terminal 
is screwed directly into the chassis. 
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Wiring as shown in Fig. 20a is likely to give 
the best results, but other arrangements are pos- 


sible and to get the best out of the set they should 


be tried. 
Refer to Fig, 20a. The aerial is connected to 
pin 3 on Li, 1 to ‘pin 2 and XI the ental to 


pin 4. If you have a long aerial try this com 
bination—Aerial to pin 4, Cl to pin 2, and the 
crystal to pin 3. Connections to pin 1 are not 
altered, In a few cases the following arrange- 
ment may prove best, Crystal and CI to pin 2, 
aerial to pin 3, pin 4 left free and again pin 1 
is unaltered. 

Tuning on the short-wave bands is more 
critical than on the medium waves so tune very 


J. Spain, The original used 
ich preceded the development 


Results are certainl 
tn the ‘model builf here 


slowly over the band and remember signal 
strength is likely to vary from day to day. 


Components List, Fig. 208 
140pF variable capacitor Eddystone 586. 
1000pF mica capacitor. 

Coil holder Eddystone 707. 
3mje—TmJe coil Eddystone 706/R. 
Engraved tuning dial. 

6'xa"x24" chassis. 

Terminals (Aerial-Earth). 

‘Twin socket strip (‘phones). 
Germanium Crystal. 


"ge 


yreee 


a germanium crystal was used. Selectivity can 
bbe adjusted to suit all conditions and even at short 
distances from local stations. Good volume a 
be obtained without the programmes overlay 
Home made coils are used and for best 

75° outdoor aerial is desirable. 


ya 
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Baseboard and panel construction is used, 
which can conveniently be housed in a small 
wooden cabinet. 

Operation is a little more complicated than 
some of the other designs, but the results cer- 
tainly merit the extra trouble taken. As with 
the other receivers much of the success obtain- 
able is due to the coils and these must be care- 
fully made otherwise results will be dis- 
appointing. = ts 

‘Layout and wiring can be followed quite easily 
from Fig. 21b and requires no special comment. 

First make the coils. L1 is a tapped coil, the 
taps should be made in the same way as shown 
in Fig. 18,_It consists of 90 turns of 22 DCC. 
(Gouble cotton covered) copper wire tapped at the 
following number of turns, 5, 10, 15, 25, 30, 
40, 50, 60, 70 and 80. The former used has a 
diameter of 2”. L2 is also wound on a 2” dia- 
meter former, this coil however is not tapped, 
it consists of 110 turns of 38 D.C.C. or enamelled 
copper wire. Great care must be taken when 
handling this wire, it is quite fine and in the 


hands of the inexperienced will easily break. 

After wiring has been carried out the set can 
‘be put into operation, 

Selectivity is controlled by S2, in position B 
tuning is broad but in position A’it can be quite 

When searching for a station switch $2 to B 
‘Tune the station and switch $2 to A. The fre- 
quency range is controlled by the position of the 
tap on Li, a good plan is to start with the 5 turn 
tap on LI. 


Components List, Fig. 21a 
C1 500pF variable capacitor. 
2 500pF variable capacitor. 
€3 1000pF Mica Capacitor. 
X1_ Germanium Crystal. 
L1&L2 Sec text. 
SI Single Pole toggle switch. 
S2 Single Pole 2-way toggle switch. 
2 Twin socket strips 
(Acrial/Earth and "Phones). 


£1G. 21 
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EIG. 21b 
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SI open and Ci for tuning, adjusting the 
tap on Li for best results. Very powerful signals 
are best brought in with S1 closed. When using 
Cl and adjusting the taps on Lt, switch S2 is 
kept in the A position. 

Tt will be found that C2 acts as a fine control 
on Cl. One division of the tuning dial on Cl is 


A very useful receiver for both medium and 
long-wave reception is possible with the circuit of 
Fig. 22a-b. A home-made coil is used. On the 
original a 1}” diameter former was used but in 
fact this is not very critical and a 14” former 
could be used. An interesting point is the con- 
struction of the long-wave coil section. Solenoid 
coils as used for the medium wave-band are not 
efficient if the length is too great relative to the 
diameter.? Now as the long-wave section has 300 
turns, if wound as a solenoid the winding length 
would be very great and a lot of efficiency would 
be lost. To overcome the difficulty the coil is 
pile wound. If the whole coil were to be wound 


Seeahly equal fos mores of 20 divislons os, 


‘Note that the coils are mounted at right angles 
to one another and that in this instance wood 
has been used as far as possible, an aluminium 
or other metal chassis is not suitable, 


in one pile it would still be inefficient because of 
the capacity formed in the winding, but by divi- 
ing it into five sections a coil of reasonable effi- 
ciency results. ‘The same remarks concerning 
winding apply to this coil as to all the others in 


Components List, Fig. 228 
Cl 300pF Mica Capacitor. 

€2 S00pF Variable Capacitor, 

€3_ 1000 Mica Capacitor. 

X1_ Germanium Crystal. 

L1-2See Text. 

SI Single Pole Toggle Switch. 


QETAILS OF con 


‘ALL COILS WOUNO IN SAME DIRECTION. 


FORMER CAN BE BAKELITE OR WAXED 
‘EARDBOARO TUBE. 


Lead came construction requires a different soldering technique than that used for copper foil. You can use the 
same iron and flux, but the preparation and actual soldering will differ. You will be soldering only the joints, 
instead of running an entire bead, With a little knowledge and some practice, you will be able to make perfect 
solder joints on lead or other metals, 


Getting Started 


First, make sure that all joints are in line with each other and butt against each other with 
no gaps. Use a triangle and/or square to check the squareness of the panel and make sure 
that your lines run true across the panel in all directions. Make any adjustments that are 
needed. Thoroughly clean surface oxidation from intersections with a soft brass brush. 


Soldering 


The most desirable solder to use when constructing a lead project is 50/50. It 
flows out from the point of contact, leaving a nice joint, Do a "lead" test to check the 
heat of your iron. Allow the iron tip to heat for several minutes. Then, place the flat face 
of the tip on a scrap of lead. If the lead melts, the iron is too hot, Lower the temperature 
or change to a lower temperature tip. (This is where a rheostat iron is great.) Now test 
the tip with 50/50 solder to make sure it can melt it. If it does, your tip temperature is adjusted correctly. If 
not, raise tip temperature just until you melt the solder. Recheck the tip temperature and test it on the lead 
again, Now flux all the joints on your panel 

Begin by holding the solder on the joint. Move in to the joint across the glass, not 
from across the came. The wide face of the tip should be down toward the joint. Coming 
into the joint over the glass prevents leaving a solder trail on the lead came at one end of 
the solder joint. Techniques like these are the signature of an accomplished craftsperson. 

Melt only a small amount of solder and move the tip in a slight circular motion 
allowing it to flow out over the joint a distance equal to the width of the came being 
used. Pull the iron tip straight up off the center of the joint. The desired end result is that 
intersections of the lead cames are not visible through the solder and the solder on them 
is smooth, not beaded. You should be able to run a fingernail over the came and into the 
soldered joint without it catching or clicking. Solder the joints on the front of the 
project. Then turn the project over and repeat the same process on the back. 


‘Finishing 

Lead projects need to be finished by applying a cement. The cement will weatherproof the project and 
secure the glass in the channels. This step is necessary on any came project to ensure a strong, secure panel. 
Cement is easily applied to the panel by using a small scrub brush to work the cement under the channels both 
on the front and back of the project. After the cementing process is complete, whiting sprinkled over the 
entire surface and allowed to absorb excess moisture for a few minutes. Using a stiff brush, vigerously brush 
the lead channels, removing excess cement from the glass. The brushing process allows a natural patina to 
form on the lead, so it is not necessary to apply patina to the project. Allow the project to dry thoroughly, 
usually for a few days, before installing or hanging the project. 
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"PHONES 


this book, and readers should not, by this time, 


‘The design provides good selectivity with good 

tivity, and provided the set is not required 
to operate within a few miles of a powerful trans- 
trouble will be encountered from inter- 
between adjacent stations. 


f 


If you look at all the other circuits shown in 

is will find that in each case the 
and tuning coil are in parallel, 
ins essential and the circuit 

8 a series arrangement that is the 


‘A wooden base-board and front panel is best 
for this design, and the wiring and layout can be 
clearly followed from Fig. 22b. Switch Si is open 
for long-wave reception and closed for the 
medium-wave band.. * 

Coil mounting can be on the same principle as 
for the full-wave design Fig. 19a-b. 


also appeared in Radio Craft a few years ago. 

An interesting point is that the coil is a con- 
version adapted from another type of component. 
To make this coil you must obtain an old LF. 
transformer as used in supetheterodyne receivers, 

You will require one designed to work any- 
where between 450 and 470 kc/s. Some of the 
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very ary one worked at 110 ke) but these are 
Tastitable 
The LF. ‘transformer must also be of the type 
tuned by an iron dust core at each end. 
Dismantle the transformer, remove the parallel 
capacitors and mounting wires so 
tei careful when waolderng the 


e 
a3 


259% (approximately) of the turns from one coil 
vhich I call the secondary, and completely 
sag trom this coll, now 
mount as in Fig. 23a. 


remove the iron dust 
cut the former in half, 


position at the ends of the former as in 
ie rad let bain ec Oo 
‘new position. 

Note that the wires from the 


used on the LF. transformer can be used. 

‘A word about soldering litzendraht. Do not 
attempt to use emery paper. Prepare the end of 
wire by removing the outer silk covering and dip 
*he end in methylated spirits. Tgnite with a match 


and after about five seconds wipe with a cloth 
ield between finger and thumb. ‘This will quench 
the flame and will remove all traces of enamel 
from the wire. It is a good plan to experiment 
with the odd length of wire removed from the 
secondary coil. If the coils prove to be con- 
structed of copper wire, it can of course 
emery cloth in the normal 


Components List, Fig, 230 


Tea ans i clahs Serval a cl Ce even fe 
and requires no explanation. 
‘Operation is as follows, selectivity is controlled 
by varying the distance between coils with the 
wing nut, and to an extent by the position of the 
primary iron dust core. Remember that the aerial 
and earth installations are as important with this 
set as with any other crystal receiver. No parallel 
capacitance appears necessary across the " 

the set works quite happily relying on 
capacitance of the head-phones. 


self: 


EIG.23.4 


ADJUSTING NUT. 


SLUG LOCK 
NUT. 


PRIMARY 


SECONDARY. 


=a 
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YUNING CONTROL 


ba 
PHONES 


FIG. 23 


Af 


SELECTIVITY 
CONTROL 


= FRONT view — 
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So as to give a truly varied selection of circuits, 
some of the sets have been designed around com- 
mercial coils whilst others use coils which must 
be home-constructed. 


Most enthusiasts like to build their own coils 
but when it is a question of something really 
small combined with efficiency a commercial coil 
is the obvious choice. 

Fig. 24a-b uses a tobacco tin or_a similar 
container just as the design shown in Fig. 16a. 

This receiver however is a little more selective 
and is more suitable than the earlier design, if 
you are near a transmitter or have a very long 
aerial. Take great care to connect the coil accord- 
jing to the colours shown on the diagrams. 
Sockets are used for wave-changing, this cheapens 
the cost a little and they are just as efficient. 


Components 
100pF Mica capacitor. 
SO0pF variable capacitor solid dielectric. 
C3 1000pF Mica capacitor. 
X1_ Germanium crystal. 
L1-2REP. dual range coil. Blue box. 
6 Insulated wander-plug sockets, 
5 Wander Plugs. 
oz. Tobacco tin or similar container, 


» Fig. 240 


ca 
a 
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MEDIUM 
WAVE 


WAVECHANGE PLUG 


AERIAL EARTH 


"PHONES 
LID SHOWN BROKEN AWAY TO REVEAL 


POSITION OF COMPONENTS- 
FIG. 24b 


itter are too powerful to permit 

a normal coil to be of much use. T myself 
five in Hertfordshire a few miles from the Lon 
on transmitters, and find a more elaborate 
cuit is necessary. Now in radio circles it is a 
well-known fact that the greater the number of 
tuned circuits, the greater the overall selectivity. 
Look at Fig. 25a, you will see that the usual L 
and C tuning arrangements have been duplicated. 
iis type of circuit is known as a Band-Pass 
Filter. There are many kinds of such filters, this 
particular type is an inductively-coupled filter, 
‘ote that ‘nergy from the first half (L2) is con- 


veyed to L3 by way of two small inductors L1 
wun feel” of the 

Tuning is quite sharp and the “feel” 
set is quite diferent from that of single coil de- 
signs. A small chassis is ideal for construction. 

6’x4"x24” was used on the original, though it 
could have been smaller. 

Fig. 25b gives the layout and wiring. 

Take particular notice that L1-2-3 is mounted 
horizontally and at right angles fo L4-5-6, this 
is to prevent the coupling from being too “ tight” 
which would ruin the of the filter. A good 
aerial and earth is of course necessary. It may 
be found on test that the selectivity is too great 
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1G. 25a. 


and that volume has suffered. This can be in- 
geniously overcome by connecting a very small 
capacitance between the two Green tags on the 
coils. The simplest way is to connect it across 
the fixed vane connections on C2-C3. Values for 
this extra capacitance are a matter for experiment 
usually a value between 10pF and 47pF is sufli- 
cient. A small SOpF trimmer could be used and 
adjusted to suit. ‘The ideal setting is to enable 
powerful adjacent stations to be received just 
short of overlap s0 that as much volume as pos- 
sible is obtained. 

‘There is one point to be observed with the 
‘ganged capacifor. It should be of the type fitted 
with trimmers’ though of course, there is no rea- 
son why you should not fit them yourself. These 
are to allow for differences between coils to be 
balanced out, and consist of a small variable 
capacitance across each main section, 


_When setting up the receiver, first set each 
trimmer at half way and tune in a station near 
the high-frequency end of the band (vanes nearly 
out) adjust the trimmers for maximum volume. 
If extra coupling capacity is added as described, 
try adjusting them further. 

‘Once properly set up, no further adjustment 
is necessary. 


Components List, Fig. 25a 
C1 100pF Mica capacitor. 
€2-3 2 x S00pF variable capacitor (sce text). 
C4 1000pF Mica capacitor. 
L1-2-3 Dual Range Coil REP. (Blue Box). 
14-5-6 Dual Range Coil R.E.P. (Blue Box). 
XI Germanium . 

a single throw togele switch. 

4°" "Terminals or plugs and sockets 
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AERIAL WAVECHANGE, 
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FRONT OF COMPLETED RECEIVER, — 


MOVING 


EXPLODED _UNDER-CHASSIS VIEW 
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Another band-pass circuit is shown in Fig. 26a. 
This time home-made coils are used. This filter 
is not inductively coupled but entirely capacitive, 
relying on C3. As in the previous circuit it must 
be adjusted to give just sufficient “ broadness ” to 
the tuning to provide adequate volume without 
station overlap. To avoid unwanted coupling a 
sereen is mounted between the coils, this is neces- 
sary because due to the size of the coils they 
would be bound to couple quite tightly without 
it. Such precautions were not necessary with the 
circuit of Fig. 25a, as the commercial coils are 
much smaller physically and the risk of un- 
wanted coupling reduced. 

The coils for this receiver are for medium wave 
reception only, this keeps the size down. Coil 
winding procedure has already been fully ex- 
plained, and covers all the requirements of these 
coils. Base-board and panel construction is used, 
and for more accurate tuning since the coils are 
home-made, separate tuning capacitors are re- 


commended. Fig. 26b gives the layout and prac- 
tical wiring. 


Components List, Fig. 26a 
C1 100pF Mica capacitor. 

C2 500pF variable capacitor. 

C3. 50pF Mica trimmer. 

C4 500pF variable capacitor. 
C5_1000pF mica capacitor. 
LI-2Sec text. 

XI Germanium Crystal. 

4 — Terminals or plugs and sockets. 


For those who do not wish to bother with these 
‘a ganged capacitor can be used, but tuning may 
not be as good as with separate ones. The screen 
mounted between the coils is of aluminium or 
copper and should be about 1” higher than the 
coils and the same length as the baseboard depth. 
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3 
— y, | 
OP ol > TOP OF COIL 
L2 SCREEN u (OF ALUMINIUM 
7 2| TOBE 3" HIGH 
3 || TOBE S HIGH, 
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Fig. 27a-b uses a band-pass filter for 
tuning, and the coils are home-constructed. 

With this design a ganged capacitor is quite 
suitable as the coils tune quite accurately. It is 
essential that the coupling condenser C3 is non- 
Inductive, there will be no difficulty in obtaining 
‘a new component of this pattern but it is as well 
to avoid old components which may not employ 
this form of construction. 
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Receivers using this type of filter are used to 
the best advantage when situated a short distance 
from a powerful transmitter and if selectivity is 
not important this particular design is not the 
‘most suitable. 

‘Both medium-waves and long-waves are catered 
for: consider L1-2-3, this is the first half of the 
filter. 

LI is the aerial coupling coil, with S1 closed, 
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the medium-waves are received. This coil is 
inductively coupled to L2 and L3. Again with S2 
open L2 and L3 combined cover the long-waves 
and when $2 is closed the medium waves are 
covered. 

Tuning for this half of the filter is by means 
of the capacitor Cl, which is one half of the 
ganged capacitor. A screen is erected between 
the two sets of coils comprising the filter, and 
coupling is effected by C3, an earth return for 
the coils is provided by RI. 

L4 and LS operated in a similar manner to 
L2 and L3, tuning is by means of C2, the re- 
maining section of the ganged capacitor. You 
will realise that the coils must be accurately 
wound otherwise tuning will not remain constant 
between the two sections over the band. 

‘The ganged capacitor should be fitted with 
trimmer capacitors when purchased so that the 
‘two circuits can be balanced. 

‘You will have noticed that this circuit uses 
three sets of switch contacts. A three-pole two- 
way wafer switch is the best choice otherwise 
either two or even three separate switches are 


necessary. All the necessary coil details are giver. 
in the diagrams, the tap on L4 is made in the 
same way as shown for other coils in the manual. 
One other component used only on this design, 
is the resistor RI, its size is not important be- 
cause the current flowing is so small it can be 


is adequate, its precise value 


‘A watt ratiny 
st a 20% tolerance component 


is not critical so 
is quite suitable. 

Resistors are coded by colours and the 10009 
type you require will bear the following sequence. 
At one end will be painted three coloured rings. 


Components List, Fig. 27 
1-2 500pF 2 gang, variable capacitor. 
C3 0.05mfd. non-inductive paper capacitor. 
C4 1000pF mica capacitor. 
RI 1000 ohm resistor. 
X1_ Germanium Crystal. 
S1-2-3 3-pole 2-way wafer switch. 
L123 & LAS. See text. 
4” Terminals (Aerial, Earth and "Phones). 
Sheet copper or aluminium for screen. 


FIG, 274 
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KEEP LEADS 6"LONG 
CUT TO LENGTH ON 
CONSTRUCTION 


pa 


ON COIL L4 8 LS, 
i OMIT_WINDINGS 


36 SWG. ENAMELLED 
WIRE - WOUND IN 3 
PILES OF $8 TURNS 


4106 
CENTRE COIL_DETAILS. coco, 
ve cole DETAILS: 


MOVING VANES. 
‘ON Ct C2 


TO FIXED. 
st ‘VANES ON Ct 


To FIXED, 
VANES ON SCREEN MADE 
C2 OF COPPER OR 
ALUMINIUM & 
Fi % TO BE 45 HIGH. 


Vase Caps 


‘Vase caps are generally made from spun brass. The cap must be very clean of all dirt and oils for the solder to 
adhere. Use 0000 steel wool to clean the areas that you will be soldering. The cap also needs to be quite hot in 
order to achieve a good bond between the solder and the brass. An 
easy way to get the cap hot is to heat it in a hot oven for about 15 
minutes. Use pliers to carefully remove the cap from the oven. 
Center the vase cap on the lamp. Flux all areas you will be soldering. 
(Paste flux is easy to use for this purpose, because it doesn’t drip.) 
Get a small amount of solder on your iron and hold it on the vase cap 
for a minute or so at the area you want to make a connection to the 
lamp. When the cap is hot enough, the solder will spread out instead 
of lumping up. Add more solder to make a connection to the lamp. 
(Some vase caps have a lacquer finish on them, This must be re- 
moved at the areas you need to solder, Use a craft knife to gently 
serape the lacquer in these areas. 


Spiders 
Spiders are made from brass as well. You can either cut the legs to fit, or bend them. Like a vase cap, you 
need to get the brass quite hot in order to create a good bond with the solder. Unlike vase caps, you can get 
the smaller area of the spider hot enough using just your soldering iron. Simply hold your iron tip on the area 
that you need to solder for a minute or so. Apply flux and a little solder, and continue to heat the spider with 
your iron, When it is hot enough, the solder will smooth out around the spider leg and adhere to the lamp. If 
the solder is globed up, the spider leg isn’t hot enough. Continue in this manner for all of the legs. 


Metal Outer Channels 


When attaching a zine, copper or brass edge to a project, use 
this solder technique: Cut the zinc, copper or brass came 
vertical members to overlap the horizontal members ir 
type joint, A butt joint provides structural stability and distrib- 
utes weight. Before you solder the butt joints, you can use 
masking tape to contain the size of the solder joint. 

Clean and flux these joints and solder them to each 
other using the flat tip of the iron on the metal. The metal 
channel will take a little longer to get hot than copper foil. If the metal is not hot enough the solder will not 
mooth out. The metal frame should be attached to the panel by soldering it to any lead lines that it touches. 

On leaded projects, solder from the outer metal edging onto the lead came, pulling the iron tip straight 
up over the point of intersection when completing the solder joint. This 
imple technique will level the solder smoothly over the joint. 


For copper foil pieces, stop your solder bead about 1/4-1/2" ] 
from the outer edge to allow room for the metal edging to fit onto the ] 
perimeter of the project. If you forget to do this initially, flatten the 
solder bead so the outer edging fits onto the project. After fitting the — 
outer edging material, flux and solder the corners as outlined above. 
Connect the copper foil beads that intersect with the outer edging metal 


by continuing the solder bead into the edging making sure that the 
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is BROWN which represents 1, the 


‘The first one 
re of the value, the second BLACK, this 
Peicetts the second numeral is nought, and the 


third colour is RED which tells us that two fur- 
ther ciphers or noughts are added to give the 
total value. From this you can see, we have 1 
10, plus ‘two further 
Some earlier types of 


‘When setting up the receiver, tune to a station 
at the high-frequency end of the M.W. band and 
set the trimmers for loudest volume, no other 
adjustments are necessary. 


CONCLUSION 


__ The twelve receivers described are representa 
tive of the best crystal set designs available to-day. 
Their construction will provide many hours of 
useful enjoyment, and the results will give lasting 
pleasure. 

A final word about components, if no actual 
maker is specified, any good class component can 
be used. Switches, fixed and variable capacitors 
and crystals, are available from numerous manu- 
facturers all of which are invariably of excellent 
quality. Where a particular manufacturer’s pro- 
duct is called for, the specification should be 
adhered to. The commercial coils specified are 
freely available from most supply houses speciai- 
ising in components for constructors, but in case 
of difficulty write to Bernards (Publishers) Ltd., 
‘The Grampians, Western Gate, London, W.6, who 
will, on receipt of a S.A. be pleased to supply 
the address of your nearest stockist. Coil formers 
are not always easy to obtain and in this case 
advice should be sought from Post Radio 
Supplies, 395, Queensbridge Road, London, E.8, 
who will be pleased to help in any way possible. 
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Crystal Set Mobile 


By Al Klase — N3FRQ — December 2006 


Back in the 1990's there was a Yahoo Internet “club”, devoted to crystal 
radio development called “The Ferrite Core.” One of the perennial topics 
of conversation was the difference between operating a crystal set near 
high-power stations as opposed to a more rural setting. Someone, who 
had read Aesop's Fables likened this to “The City Mouse and the Country 
Mouse.” The country mouse needed a sensitive radio hooked to a large 
antenna, but could faintly hear distant stations without a lot of 
interference. The city mouse’s crystal set could drive a loudspeaker using 
only the bed springs for an antenna, but he couldn’t hear much beyond the 
city limits. 


I’ve spent most of my life as a country mouse, but recently I've been 
frequently finding myself in Jersey City. Indeed, crystal set operation is 
very different there. Short antennas work pretty well, and even my 
nearly-deaf rocket radio picks up multiple stations. It’s even possible to 
operate a properly designed set with the antenna terminal connected to 
ground with the headphone cord and listener serving as the actual antenna. 


I decide to apply what I learned down town to a couple of radios I was 
building as Christmas presents. The circuit is very similar to the NIARC 
Pretty-Good Crystal Set, but the coil is wound on a ferrite toroid to save 
space, and there are additional antenna taps on the “high end” of the coil 
to better accommodate short antennas. 


I recently found myself in Maywood, near Hackensack, with some time to 
kill while Peggy rehearsed 
before a Sunday-afternoon 
concert. I took the city 

SkyWaves mouse for a walk in a 
City-Mouse Special Crystal Set nearby park. With 20 feet 
nus —[re ey] of wire, 5 feet in the air, and 
the ground wire clipped to a 
metal park bench, I could 
comfortably choose from 
five or six stations. I could 
still hear the Jets game on 
WABC, with just the 
ground connected to. the 
antenna terminal. 


Still having some time to 
waste, I picked up a four- 
foot stick as I returned to 
the car. I grounded the set 
to the ignition key, and 
extended the antenna wire out the sunroof with the stick. Sure enough, the 
Jets were still ahead. I wound the rest of the wire around the stick as a 


loading coil. 


The ugly stick 


After an enjoyable concert (The Four Seasons and a Brandenburg 
Concerto w/harpsichord), I listened to the crystal set down the turnpike 
through the Meadow Lands, past all the towers, all the way home. I think 
most were on night-time power by now, as none were obnoxiously loud. I 
need to try that again, in broad daylight, with a speaker. 


‘SkyWaves City Mouse 
Crystal Radio 
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PREFACE 


In the beginning of this century, when radio was called 
"Wireless", most of the early experimenters used a 
crystal set to receive radio signals. 


a 


The crystal set is still the simplest type of radio 
receiver. A catwhisker (made froma thin wire) touching a 
sensitive spot on a piece of galena or silicon mineral 
crystal and a tuning coil, form the basic parts of this 
radio. 
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Radio signals from a nearby station are picked up via 
antenna and ground connections to the crystal set. The 
galena or silicon crystal detects the signals and the 
resultant audio is heard with headphones, No battery or 
electrical power is required. 


This book tells you about crystal sets and shows you how 
to build them. 


Charles Green 
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THE CRYSTAL DETECTOR 


A crystal detector of radio waves can be either a 
traditional catwhisker and natural mineral crystal, or a 
modern semiconductor diode. 


—ea— 


SEMICONDUCTOR 
DIODE 


CATWHISKER 
DETECTOR 


Certain natural minerals such as galena (lead sulphide) 
and silicon have electrically sensitive surface spots. In 
the beginning of this century, experimenters discovered 
that electrical current would flow into the sensitive 
spot on a mineral crystal froma catwhisker, but would 
not pass readily (high resistance) from the crystal to 
the catwhisker. This unique feature was used to detect 
(rectify) radio waves and extract the audio modulation 


HOW-IT-WORKS 


There are two general types of crystal detctors; 


« Point contact diode 
Junction diode 


Both types use semiconductor material such as silicon, 
germanium, or galena. The basic semiconductor junction 
diode is made of two portions of the material "doped" in 
manufacturing by adding controlled amounts of chemicals. 
The doped portions have opposite electrical properties: 


TYPE, with an excess of positive electrical 
charges (holes). . 

"NH" TYPE, with an excess of negative electrical 
charges (electrons). 


the crystal detector 


Junction Diode 


SPACE CHARGE 


The boundary between the two doped portions is called a 
PN junction. The area on both sides of the PN junction is 
called the space charge region, When a positive voltage 
is applied to the "P" material (and negative voltage to 
the "N" material), the space charge region becomes narrow 
and electron current flows through the PN junction, 


ELECTRON FLOW 
——__—_—_———> 
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When the voltage polarities are reversed, negative to "P" 
and positive to “N", the space charge region widens 
(inereasing the effective resistance of the PN junction) 
and the electron flow is very small (back current). If an 
ac voltage is applied to the PN junction, it will act as 
a rectifier (or radio wave detector). 


solder adheres securely to the metal edge. 

As you work more with your iron, different solders, lead came, and copper foiled projects, your skills 
will increase. You will quickly develop the techniques that will make you more confident in tackling increas- 
ingly complex projects. 


Hanging Hardware 


There are many ways to hang your project. You will want to 
make sure that the method you choose will support the 
weight of the project. You can purchase pre-made hardware 
from your stained glass store, or make your own using any 
type of solderable wire. If you are using wire look for 16 to 
18 gauge. 

Rings can be added to the metal border of the project 
if it is not too heavy. A general rule of thumb is about one 
square foot. Hold the ring with pliers and solder rings to the 
metal border of the piece wherever they allow it to hang 
properly, Just like soldering the channel together, if you don’t allow the metal to 
get hot enough, the solder will not adhere well. This will result in your hanging 
rings failing. 

A stronger type of hardware is made using wire. Twist together four 
strands of 16 -18 gauge wire, leaving a loop at the end. Cut the wire to about 1/ 
Insert the wire into the opening of the metal channel, 
bending the loop the direction you need it to be. Solder the 
hanger to the channel and fill the opening with solder. 

Another option is to make a loop from twisted wire and 
solder it to the front and back of the metal channel, with the 
loop extending above the project. Be sure to solder the hanger 
into an existing solder joint, not just to the channel, This will 
prevent the weight of the project from pulling the channel away from the glass. 

By the way, the joint on the hanger at the right was painted to match the 
brass channel using a gold paint pen. 


Patina 
Solder and lead change color naturally over time, but you can change their color instantly by using patinas. 
‘There are several different formulas producing a variety of colors. Patinas are easy to use. Make sure that your 
project is thoroughly clean and free of solder, flux and cutting residues. Use a brush or soft rag to apply the 
patina to the solder until you reach the desired color. Wash the panel again to remove any patina from the 
glass. 
When using antique brass patina, first scrub your solder seams with fine steel wool. Apply the patina 
sparingly with a clean brush, using only a few strokes. Over use will produce a coppery finish. 
“PNever mix patinas and always use proper ventilation and skin protection. 
To get a nice black finish on brass, add a dash of table salt to a little black patina in a glass or plastic jar. 
Mix well, apply and allow to dry. Clean and finish a usual. 
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Point Contact Diode 


The point contact diode uses a "catwhisker" of thin wire 
contacting the surface of doped “N" semiconductor 
material. The pointed end of the wire produces a high 
intensity electric field in the area of the semiconductor 
surrounding the wire. When an electric current flows from 
the wire to the semiconductor material, a small region of 
“p" material forms around the area of the point contact. 
Thus a PN junction is formed which operates in the same 
way as the junction diode. 


CATWHISKER 


The sensitive spots of galena and silicon crystals used 
in traditional catwhisker detectors have naturally doped 
areas of semiconductor material, and operate in the same 
way as the point contact detector. 


DETECTION OF RADIO WAVES 


At the transmitting radio station, a microphone converts 
sound waves into electrical audio signals. The audio 
signals then modulate the transmitted radio waves. 


MODULATED RADIO WAVES ——>— 
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The transmitted radio waves are intercepted by the 
receiving antenna and small rf currents are induced in 
the antenna wire. The rf currents (high frequency ac) 
flow through the detector to ground, As previously 
explained, the crystal detector will pass current in only 
one direction, therefore, pulsating dc voltages (detected 
audio signals) are developed by the crystal equivalent to 
the audio modulation of the transmitted radio waves. 


ereres 


The detected audio signals flow through the headphone 
coils and affect the intensity of a magnetic field. This 
causes the steel discs of the headphones to vibrate and 
produce audible sound waves, 


TUNING THE CRYSTAL SET 


The antenna intercepts all radio waves in the area, and 
the signals will be heard jumbled up in the earphones. A 
nearby radio station may be received with the other 
stations heard in the background, 


TUNED 
CIRCUIT 


DETECTOR [ =) 


In order to receive a radio station properly, the crystal 
set must be tuned to the frequency of the transmitter, A 
tuned circuit composed of an rf coil (inductance) and a 
capacitor, is connected between the antenna/ground 
circuit and the detector, 
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Capacitor 


The modern capacitor is evolved from the old Leyden jar 
It consists of two or more metal sections separated by a 
dielectric (air, paper, or plastic). The capacitor stores 
energy in the form of an electrostatic charge in its 
dielectric. A variable capacitor (used in a tuned 
circuit) has movable metal sections that adjust the 
amount of capacity. 


af 
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A capacitor will allow pulsating de current or ac current 
to flow through it, but will block steady de current. A 
capacitor has an oppositon or “reactance” to ac that 
varies with frequency. The higher the frequency, the 
lower the reactance of a given value of capacity 
Capacity is measured in  micro-farads (uF) or 
micro-micro-farads (picofarads) (uuF or pF). 


RF Coil 


An rf coil is made of insulated copper wire wound on a 
plastic or cardboard tube. When electric current flows 
through the coil, a magnetic field is created. This 
magnetic field resists any change in electric current 
flow. This opposition or "reactance" to ac varies with 
frequency, The higher the frequency, the higher the 
reactance of a given value of rf coil inductance. 
Inductance is measured in  millihenrys (mH) and 
microhenrys (uH). 


the crystal detector 


Tuned Circuit 


A tuned circuit is composed of a capacitor and an rf 
coil. As previously described, the reactances of a 
capacitor and an rf coil change with frequency (but in 
opposite ways). At a particular frequency, the two 
reactances will cancel each other out, This condition is 
called "resonance". ‘The impedance of a parallel tuned 
circuit is at its highest at resonance, Radio signals at 
the resonant frequency will be greatly magnified, while 
signals at other frequencies will be shunted to ground 
(re jected). 


HIGH Q 
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— 
FREQUENCY 


The resonant frequency of a tuned circuit can be changed 
by adjusting the capacitance (using a variable 
capacitor),or by varying the inductance (using a slider 
or taps on the rf coil). A ferrite core can also be used 
to change the inductance of a coil. The selectivity of a 
tuned circuit is dependent upon the quality (Q) of the 
components and the inductance /capacity ratio (L/C 
ratio). A high-Q tuned circuit is more selective than a 
low-Q circuit. A tuned circuit with a high L/C ratio 
(large inductance and small capacity) is more selective 
than a low L/C ratio circuit. 
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ANTENNA AND GROUND 


A simple crystal set depends upon the strength of the 
radio waves received by the antenna to produce audio in 
the earphones. If you live ina strong signal area (a 
nearby radio transmitter), a crystal set can produce loud 
audio in earphones with only an inside antenna. But in 
lower signal areas, a good outside antenna with a ground 


connection is required. 
INSULATOR 


ZNTERAA 


LEAD-IN 


If you are fortunate enough to be able to put up an 
outside antenna, the basic rule of thumb is the higher 
the better reception. Check your local electronics store 
for an antenna kit. You can construct an antenna using a 
glass or plastic insulator at each end of a length of 
copper wire (insulated or bare). Make the antenna as long 
as possible. It does not have to.be in a straight line to 
work. 


CAUTION 


ANTENNA INSTALLATION 
NEAR ELECTRICAL POWER 
LINES IS DANGEROUS. 


Make sure that your antenna 
is far enough away from any 
power line, so that it will 
not touch a wire if it falls. 


Connect a length of insulated wire between the end of the 
antenna and your crystal set antenna terminal. This 
antenna lead-in wire can be fed into your house through a 
window. 
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If you can not erect an outside antenna, run a length of 
insulated wire as long and high as possible through your 
house or apartment, It will work, but not as well as an 
outside antenna because of the shielding affect of the 
house walls, 


Connect a ground lead to a cold water pipe. Make sure 
that it is a metal pipe. Or, you can buy a ground rod 
from your local electrical supply store and drive it into 
the ground near your house. Then connect your crystal set 
ground lead to the rod. For safety install a lightening 
arrestor between the antenna lead and ground (see the 
instructions with the device). 


HEADPHONES 


Headphones (also called earphones, or headset) are 
required to hear the received audio froma crystal set. 
The standard headphones are made with dual coils of fine 
wire connected in series in each phone, Horseshoe magnets 
are built into each phone case to provide a magnetic 
field. A disk of thin sheet iron (diaphragm) is mounted 
near the top of the coils, The phones are connected in 
series with a set of flexible leads terminated in metal 
“phone tips". 


Detected audio signals flow through the coils and affect 
the intensity of the magnetic field from the horseshoe 
magnet. This changes the magnetic attraction of the 
diaphragm, and causes it to vibrate and produce audible 
sounds. 


The total resistance of the series headphone coils is 
used as a measure of audio sensitivity. A resistance of 
2000 ohms is sufficient. More sensitive headphones have a 
resistance of over 5000 ohms and are used to hear very 
weak signals. 


The 2000 ohm headphones can be obtained at electronic 
parts mail order houses. 
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SIMPLE RECEIVER PROJECTS 


SIMPLE CRYSTAL SET 


Look at the schematic diagram. The crystal set uses a 
tunable ferrite coil L1, and a_ crystal diode Dl. This 
type of tuning coil is called a “loopstick". The ferrite 
core is screwed into the coil form and increases the 
inductance of L1, thus tuning the receiver to a lower 


frequency. 
ii  « 


CONSTRUCTION 


As shown in the illustration, the crystal set components 
are mounted on a 5 1/2-inch by 2 1/2-inch by 3/4-inch 
wood base. Layout and install the crystal set parts in 
the locations shown. The loopstick L1, is mounted with a 
metal strip supplied with it, Push the snap-in end of Li 
into the large hole of the metal strip. Then bend 
1/2-inch of the other end of the strip to form a bracket 
and mount it on the base with a wood screw. If the metal 
strip is not available, make one out of sheet metal 
approximately 2-inches long by 1/2-inch wide. Then drill 
a hole to fit Li at one end, and a small hole to fit a 
wood screw at the other end. 


Mount the four fahnestock clips and solder lugs with wood 
screws in the locations shown in: the illustration. 


WIRING 


Use hookup wire to connect the crystal set components as 
shown in the schematic and illustration, The loopstick Li 
may have three terminals. One of the terminals is a tap, 
which is not used in this circuit. Make sure that you 
connect only to the terminals at the start and end of the 
loopstick coil. 
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List of Materials 


D1 - Germanium diode 

(1N34A or equiv.) 
Li - Loopstick 

(see text) 
4 ~ Fahnestock clips 
BASE - 5 1/2 X 2 1/2 X 

3/4-inch wood section 

PHONES - 2000-chm headphones 
MISC, - Solder lugs, wood screws 
knob and bracket to fit Ll, 
hook-up wire. 
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Install a small knob on the end of the L1 adjustment 
screw. Make sure that the screw turns freely with the 
knob. Position the 1N34A diode as shown before soldering 
the leads. 


Experiment 1 


Connect the antenna, ground, and 2000-ohm headphones to 
the crystal set terminals. Rotate the Li knob 
counter-clockwise as far as it will go. Do not turn past 
this point, or you may break the ferrite rod inside the 
coil form. The ferrite is now outside of the coil 
winding. This is the highest frequency point of the 
tuning range of Ll. 


Slowly turn the L1 knob clockwise and listen for received 
radio stations. When the L1 knob is turned fully 
clockwise, the ferrite will be completly inside the coil 
(increasing the inductance) and it will be at the lowest 
frequency point of the tuning range. 


Experiment 2 


Connect capacitors, with values from 50 mmf to 300 mmf, 
in parallel with Li. Then tune Li and note how the 
frequency range has changed. 


AMPLIFIER CONNECTION 


The simple Crystal Set (and the other receiver projects) 
can be connected to an amplifier in place of earphones. 
This amplifier can be a single channel input of your home 
stereo, 


Parts values are not critical; C1 is approximately .005 
mfd, and the volume control Ri can ve any value from 1000 
ohms to 10,000 ohms, Use shielded wire between Ri and the 
amplifier input jack. 
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ble Shootin: 


Problem: The solder won't adhere to the foil or came. 


Solutions/Explanations: 
1) Did you apply any flux? 
2) Did you apply enough flux? 


3) Was your iron too cool? 
4) Is the foil or lead came too oxidized for flux to activate the surface? 


A) Buff copper foil with 000 or 0000 steel wool. 
B) Clean lead came with brass brush. 


Problem: Solder is melting through to the backside of my project. 


Solutions/Explanations: 
1) Your iron is too hot. Depending on what type of iron you are using, either turn the temperature controller 


down or change to a lower temperature tip. 
2) You may be soldering too long in each area, Move on and let the solder cool. Return to those spots later. 


3) The gaps between your glass are too wide. Try to fill the gaps with solder and let it cool. Then go back 


and solder a bead on top of the filled gaps. 
4) Try placing a wet paper towel under the project to provide cooling. 


Problem: My solder is "stiff." I am unable to get a smooth bead. 


Solutions/Explanations 

1) Your iron is too cool. Depending on what ty 
ler up or change to a higher temperature tip. 

2) You may not be using enough flux, 

3) Is the tip of the iron getting hot? Check to see that the tip is seated correctly down in the barrel of the iron 

4) Are you "painting" with solder, instead of running a long bead with a steady, even, one directional move- 


one of the most common mistakes that beginners make. In order for the solder to create a 
the solder is not getting hot 


of iron you are using, either turn the temperature control- 


ment? This 
bead, it has to get molten. If you are using the iron as a “paint brush” 


enough to melt thoroughly. 
5) You may be soldering with just a comer of the iron tip. Check for proper positioning of your iron. 


6) Try a different solder with a lower melting point. 


Problem: My iron seems to be hot, but the solder isn't melting as fast as normal. 


Solutions/Explanations: 
1) Check your tip. Is it loose? 
2) Is your tip too dirty? 
‘A) Clean it on a wet sponge. 
B) Clean it on a tinning block. 
3) Your tip is too corroded or defecti 


4) Your rheostat may be malfunctioning, 
A) Plug the iron into the outlet you are using without the temperature controller. If the iron works, the 


controller is malfunctioning. If the iron doesn’t work, the problem may be with the iron itself. 
B) With some types you can check the temperature controller by plugging a lamp into it, Turn on the 


lamp and see if the controller dims and brightens the lamp. 


e. Replace it, 
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List of Materials 


D1 - Germanium diode, type 
1N34A, 1N60, 1N82A, 


or equiv. u 
Li - Slider-tuned coil 
(see text) 
4 - Pahnestock clips 
(terminals) 
BASE - 6 x 3 x 1/2-inch fe 
section of wood (see text) GND 


PHONES - 2000 ohms headphones 
MISC. - Coil form (see text), 
No. 24 enameled copper wire, 
3/32 inch dia. brass rod, brass 
ball slider (see text), solder 
lugs, two small brackets, 
hook-up wire, wood screws, 
machine screws and nuts. 


SLIDER TUNED CRYSTAL SET 
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SLIDER TUNED CRYSTAL SET 


In the early days of radio, slider tuned coils were used 
in crystal sets, This method of tuning the inductance 
uses an adjustable metal contact (slider) that moves over 
the coil. The slider makes contact with individual coil 
wires to tune in the radio stations. 


The enamel insulation of the coil wires in the slider 
path is removed for good electrical contact. 


You can experiment with a slider tuned coil by building 
this crystal set, As shown in the illustration, the coil 
is mounted upright on a 6-inch by 3 1/2-inch by 1/2-inch 
wood base, A semiconductor diode is used for a detector. 


TUNING COIL CONSTRUCTION 


Look at the drawing of the tuning coil Ll construction 
details on the next page, The tuning coil is wound on a 
cardboard or plastic mailing tube section, 2 5/8-inches 
in diameter and 5-inches long. Make sure that you select 
a rigid, thick-walled tube for a coil form. The tube used 
in our model has a 3/16-inch wall. The coil form must be 
rigid to hold the slider ball and rod assembly. 
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Before q@ winding the coil, drill all the holes in the form 
as shown in the drawing, and then install the solder 


lugs. Position the solder lug ends toward the coil form 
edges. 


The coil is wound with No., 24 enameled copper wire. 
Remove the enamel from the wire end with sandpaper and 
then solder the wire to the lug. Start winding the coil, 
keeping the turns as tight and close together as 
possible. Wind the wire to the front of the bottom solder 


lug B. Remove the enamel and solder the wire end to the 
lug. 
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A brass ball approximately 3/8-inches in diameter is used 
as the moving contact slider. This brass ball can be 
found at your local electrical supply store. It is a type 
of ball that is used as a top nut for small table lamps, 
Drill a hole through the ball so that it will slide over 
a length of 3/32-inch diameter brass rod, Bend the brass 
rod at each end (after placing the ball in the center of 
the rod), to fit through the holes in the coil form as 
shown in the drawing, Cut the rod 1-inch down from the 
bend at each end, 


ROD IAL 
( 
i COjL FORM 
WIRE. 
ASHER 
SPRING 


Insert the brass rod with the slider ball into the coil 
form holes, Then place a small washer and spring on one 
end of the rod (inside the coil form), Solder a nut on 
the end of the rod to hold the spring in place. Do the 
same to the other end of the rod, After soldering, slide 
the ball over the wires and check that it slides 
smoothly. Use sandpaper to remove the enamel insulation 
of the wires in the path of the ball slider. Connect a 
wire between the soldered nut on the bottom end of the 
brass rod and the solder lug near the rod, 


BASEBOARD 


All of the crystal set components are mounted on a wood 
baseboard as shown in the drawings, Cut the baseboard to 
size; a 6-inch by 3 1/2-inch section of 1/2-inch thick 
wood (maple is used in our model), Sand the edges after 
cutting. It is not necessary to paint or stain the 
baseboard. 


Mount the four terminals and solder lugs as shown in the 
drawing, Label the four terminals with either rub-on 
lettering or cemented paper tags. Install two brackets on 
opposite sides of the bottom of the coil, and mount it on 
the baseboard with the lugs toward the terminals. 
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WIRING 


Bare No.22 wire was used to wire our model, but any kind 
of hookup wire can be used. Connect the wires between the 
solder lugs as shown in the drawing, except do not 
connect the antenna terminal lug wire to the coil 
terminal at this time. Connect the crystal diode between 
the solder lugs as shown. 


Experiment 1 


This experiment will show how an untuned crystal detector 
functions. 


Connect the untuned detector circuit as shown in the 
drawing, and then hook-up your antenna and ground leads. 
Connect 2000-ohm headphones to the circuit and listen to 
the detected radio waves, 


You will probably hear a strong local radio station, with 
other, weaker radio station transmissions all jumbled 
together. 


Experiment 2 


Reconnect the baseboard wires to the circuit of the 
Slider-Tuned Crystal Set as shown in the drawing. Listen 
to the detected radio waves as you tune the coil by 
sliding the brass ball over the sanded wire path. You 
should be able to receive the radio stations much better 
than the untuned detector circuit of Experiment 1. 
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LOADING COIL 


An additional slider tuned coil, Li, can be used as a 
Loading Coil to increase the electrical length of your 
antenna, This may allow better reception of the lower 
broadcast band frequencies, Connect Li in series with the 
antenna lead to the receiver, and tune it for best 
reception, 


WAVE TRAP 


Li can also be used in a Wave Trap circuit to tune out a 
strong local signal, and allow easier tuning of weaker 
stations, Cl is a 365 mmf variable capacitor connected in 
parallel with Li, Adjust Li and C1 so that the 
interfering station is at’ minimum, 
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List of Materials 


C1 - 365 mmf variable capacitor. 

D1 - Germanium diode (1N34A or 
equiv.). : 

L1 - Ferrite coil (see text). 

4 ~ Fahnestock clips. 

2 - wood sections; 6 X 1/2-inch 
square (see text). 

BASE - 8 1/2 X 6-inch sheet 
plastic (see text). 

PHONES - 2000-ohm headphones 

MISC, - plastic tube section for 

Ll primary winding (see text), 

solder lugs, machine screws and 

nuts, wood screws, bracket for C1 

(see text), knob for C1, hookup wire. 
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FERRITE COIL CRYSTAL SET 


This crystal set has a large ferrite core coil Lil of a 
type that is normally used for a built-in antenna in 
portable radios, This type of coil has a very high "Q" 
and may be more selective than an air-core coil. As you 
can see in the schematic, a primary coil is wound around 
the ferrite coil, The original winding is used as the 
secondary. 


The primary coil (connected to the antenna and ground) 
can be moved close to, or away from, the secondary 
(original winding connected to D1), his variable 
coupling is used to control the selectivity of the 
crystal set. 


PRIMARY COIL 


The primary coil is wound ona 1-inch section of plastic 
tube that can fit loosely over the ferrite rod, A 
1/2-inch diameter plastic tube is used on the receiver 
shown in the illustration, Wind 12-turns of hookup wire 
evenly over the tube and twist the ends together to 
prevent movement, Leave 4-inch leads from the primary 
coil winding. Slide the primary coil over the center of 
Li, 


BASEBOARD 


The crystal set components are mounted on a 8 1/2-inch by 
6-inch section of sheet plastic, The thickness of the 
plastic is not critical, but it must be rigid enough to 
hold the parts without bending. A 6-inch long 1/2-inch 
square wood section is installed under each end of the 
baseboard, A section of wood can be used for the 
baseboard with wood screws to mount the parts, in place 
of machine screws and nuts. 
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‘The model shown uses a plastic variable tuning capacitor, 
but an air type capacitor can be used for C1 instead. 
Make a metal bracket approximately 1-inch wide by 1 
1/4-inch high and a 1/2-inch right angle mounting foot 
from sheet aluminum, Drill a hole in the top of the 
bracket to fit C1 and two holes in the mounting foot to 
fit small machine screws. Locate the components on the 
baseboard as shown in the illustration and then drill 
mounting holes. If you have a cardboard or plastic 
mounting supplied with ferrite coil L1, you can mount it 
on the baseboard. If not, Li can be taped loosely on top 
of the baseboard. Th ferrite coil Li in our crystal set 
was obtained from an old radio. Install the components on 
the board with solder lugs, machine screws, and nuts, 


WIRING 


Connect the parts with hookup wire as shown in the 
illustration. Use the schematic diagram as a guide, Make 
sure that the ground lead from Li secondary passes inside 
the primary coil. Also check that the primary coil slides 
freely over the Ll winding. Install a knob on the Cl 
shaft, and mark the terminal designations on the 
baseboard. 


Experiment 1 

Hookup the antenna, ground and 2000-ohm headphones to the 
crystal set terminals, Slide the primary coil over the 
center of the Li winding. Tune C1 for radio stations. 
Then slide the primary coil towards the ground end of Li 
while tuning C1. Note the difference in selectivity. 
Experiment 2 


Change the number of turns of the primary winding and 
repeat Experiment 1, 
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Operating Tips 


After operating a crystal set for some time, you may 
notice a difference between day, evening, and night 
reception of radio stations. This is due to the two ways 
that radio signals travel between the transmitting 
antenna and a receiving antenna, 


(a) The ground wave; which moves along the surface of 
the earth. 

(b) The sky wave; which travels upward and is 
reflected by the ionosphere, 


The reception of broadcast stations is dependent upon the 
time of day. During daylight hours, stations are received 
primarily by ground wave transmission, At night, the 
broadcast stations will be received via sky wave 
transmission, Also, some radio stations change to a lower 
power at night, Reception in the evening may be more 
difficult as the fading ground wave is interfered with by 
reflected waves, But later, it may be possible to hear 
far-away stations transmitted by sky wave, 


Your geographical location to radio stations is very 
important for reception, as a crystal set receiver does 
not amplifiy signals, It is entirely dependent upon the 
strength of the radio waves, If you are in a deep valley 
surrounded by high mountains, reception will de 
difficult. If you live in a flat plain, with no obstacles 
to radio transmission, reception may be very good. 


An outside antenna is necessary for for best reception. 
If possible, try erecting an extra antenna at a right 
angle to the original one, and switch it in to provide a 
directional effect for increased signal strength. Keeping 
a log of received stations for a week may be helpful in 
determining the radio reception conditions in your area, 


—— 
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Solutions/Explanations: 

1) You are not using enough solder. Reflux your project and add more solder. 

2) You are soldering too fast. Move at a speed that lets the solder bead. 

3) If the bead was there, but disappeared, you may be working too long in one area causing the solder to melt 
through to the other side. Allow the area to cool down before trying again. Another option is to place a 
damp paper towel under the seam you are working on. This will help keep the glass cool, allowing you a 
little more time to work. 

4) Check the type of solder mix you are using. For copper foil work, 60/40 will help produce a higher, more 
rounded bead. Don’t make the mistake of buying 40/60 solder. It has an even longer pasty range than 50/ 
50, and is not recommended for stained glass work. 


Solutions/Explanations: 


1) Do you have large gaps between the pieces you are soldering? 
A) You may have to recut some pieces. 
2) You may be using too much solder causing the seam to bulge over onto the glass. "Pull" or "bleed" the 


excess solder from the seam. 
3) Is the copper foil too wide? This is another common mistake for beginners. Remember that the width of 


the solder seam is determined by the width of the foil. An attractive solder seam is accomplished by using 
a foil that shows about 1/16" on both sides of the glass. 


Solutions/Explanations: 

1) You may have poorly fitting pieces that create different size gaps in your project. Recut these pieces. 

2) Your foil may be applied unevenly on each side of the glass in some places. You may try to correct this by 
trimming the foil with a craft knife. If that does not work, remove the foil and start again. 


Solutions/Explanations: 
1) Your iron is too hot. Depending on what type of iron you are using, either turn the rheostat down or 


change to a lower temperature tip. 
2) You "worked" too long in one location with the iron, 
3) There could have been a smalll chip or crack in the glass which was expanded when it was heated by the iron, 


Solutions/Explanations: 
1) The solder was applied too cold, so it never fully reached its "liquid state.” Turn up the temperature if you 
are using a rheostat or change to a higher temperature tip if you are using a temperature controlled tip. 
2) You may not be using enough flux to "wet" your foil or lead and create a proper solder condition. 
3) If you're using 50/S0 solder, try 60/40. Because solder crystallizes as it cools through the pasty range, 50/ 
50 is more prone to having a textured look on its surface because of its considerably larger pasty range. 


4) The solder you are using may be of inferior quality. 


List of Materials 


C1 - 365 mmf variable capacitor. 

Di ~ Catwhisker crystal detector 
(or 1N34A or equiv. diode). 

Lil - Spiderweb coil (see text). 

4 — Fahnestock clips. 

2 ~ small alligator clips 

BASE - 8 X 6 X 1/2~inch section 
of wood (see text). 

MTG. POST - 5 x 3/4 x 3/8-inch 
wood section (see text). 

PHONES - 2000 ohms headphones, 

MISC. - Coil form (see text), 

No. 22 enameled copper wire, 

solder lugs, hook-up wire, 

wood screws, machine screws, 

and nuts. f, 


SPIDERWEB COIL CRYSTAL SET 
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SPIDERWEB COIL CRYSTAL SET 


The spiderweb coil is a tuning coil that is wound on a 
flat wheel form that has an uneven amount of spokes, This 
type of coil was also used as a loop antenna in early 
radios. 


Our receiver uses a tapped spiderweb coil that is tuned 
by a variable capacitor. As shown in the illustration, 
the spiderweb coil is mounted at the rear of a 8-inch by 
6-inch by 3/4-inch wood base. A catwhisker crystal 
detector and a variable capacitor are mounted near the 
front of the wood base. 


SPIDERWEB 


The spiderweb coil is wound on a 6-inch diameter flat 
form that has nine vanes. Make a tracing of the spiderweb 
coil form template on the next page. Then use carbon 
paper to transfer the tracing to a section of 1/8-inch 
fibreboard or sheet plastic, Cut the coil form out with a 
jeweler's saw, and drill a center hole to fit a small 
wood screw, 
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Spiderweb Coil Form Template 
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Wind the coil with No. 22 enameled copper wire, starting 
from the center and winding outward. Leave about 5-inches 
of the starting end of the wire free, It will be used as 
a connecting lead, Feed the wire behind a vane and over 
the front of the next vane as you wind. Wind the wire 
closely and evenly on the form. It is not necessary to 
count the turns, Wind the wire to about 1/4-inch from the 
end of a form vane. Then drill a small hole near the vane 
end, and bend a solder lug through it. Solder the wire 
end to the lug. 


On one of the vanes, count down five wires and then 
carefully lift it outward. Remove about 1/4-inch of the 
enamel with a section of sandpaper and then bend the end 
of a solder lug aound the bared wire. Solder the lug to 
the wire, then cut off remaining portion of the lug (away 
from the bentover end), Repeat this every five turns 
until you have a total of six lug taps on the coil 
Stagger the lugs away from each other to keep them from 
shorting. 


BASEBOARD 


As shown in the illustration, the Spiderweb Coil Crystal 
Set parts are mounted on a wood baseboard. Cut the 8-inch 
by 6-inch baseboard from a section of 1/2-inch thick 
wood. White pine was used in our model. Sand the surface 
of the wood after cutting. 


Make the spiderweb coil mounting post by cutting out a 
5-inch by 3/4-inch by 3/8-inch wood section. Then cut a 
notch in the center of the rear of the baseboard to fit 
the wood section, Install the wood section in the notch 
with small wood screws, 


Mount the parts on the baseboard as shown in the 
illustration with small wood screws. If the mounting 
holes of the tuning capacitor C1 are on the bottom, drill 
matching holes in the baseboard and use flathead machine 
screws to hold the capacitor. 


Install solder lugs with the four terminals, and mount 
the spiderweb coil to the mounting post with a wood screw 
through a center hole in the coil form. The coil should 
be positioned with the lugs facing forward (on the left 
side of the coil form). 
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WIRING 


Connect the crystal set components with hookup wire as 
shown in the illustration. Use 6-inch lengths of 
insulated stranded wire to the two small alligator clips. 


Experiment 1 


Connect antenna, ground, and 2000-ohm headphones to the 
crystal set. Then connect the D1 alligater clip lead to 
the antenna terminal. Set the tuning capacitor C1 to 
minimum capacity (rotor blades all the way out). Connect 
the antenna clip lead to the tap on Ll near the center of 
the form. 


Adjust the crystal detector Dl catwhisker to a sensitive 
spot and tune Cl for a radio station, It may be easier to 
tune for stations if you temporarily connect a crystal 
diode (1N34A or equiv.) in place of the catwhisker 
crystal detector. 


After a station is heard, you can disconnect the diode 
and probe for a sensistive spot on the crystal with the 
catwhisker. Change the antenna clip lead to other Ll taps 
and continue tuning Cl for radio stations. 


Experiment 2 


Disconnect the Dl clip lead and reconnect it to a tap on 
Ll close to the center of the coil. This will load L1 
more lightly than if the detector was connected to the 
top of the coil. Repeat the tuning procedure of 
Experiment 1 and note the difference in selectivity and 
volume of the received radio stations. Then tune in a 
radio station and move the D1 clip lead to other taps on 
Li, There will be a particular tap point for optimum 
selectivity and volume for each received station, 
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ADVANCED RECEIVER PROJECTS 


DUAL TUNED CRYSTAL SET 


This crystal set circuit uses two variable capacitors Cl 
and C2, As you can see in the schematic drawing, Cl tunes 
the ground circuit, and C2 tunes a tapped coil Ll. The 
taps of Ll are connected via the rotary switch Sl. 


TUNING COIL 


Look at the drawing of the coil form construction details 
on page 34. The tuning coil 11 is wound on a section of 
1/8-inch wall plastic tube, 2-inches in diameter, and 
approximately 4-inches long. 


Drill holes in the form and install three solder lugs 
with machine screws and nuts. Position the solder lug 
ends towards the coil form ends as shown. 
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ANT A c pl 


PHONES 


; 
»< GND gy 
List of Materials tS 


C1,C2 - 365 mmf variable 
capacitors. 
Di - Germanium diode 
(iN34A or equiv.). 


Li - Tuning coil (see text). DUAL TUNED 
$1 - 1l-pole, 10- iti 
rovary’ewiten (see text). CRYSTAL SET 


4 - Fahnestock clips. 

Small alligator clip. 
BasEBOARD - 5 x 8 x 3/8-inch 

wood section (see text). 
PHONES - 2000-ohm headphones, 
MISC. - Coil form (see text), 
No. 24 enameled copper wire, 
solder lugs, hook-up wire, 
wood screws and nuts, knobs, 
bracket for Sl, 
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The coil Ll is wound with No. 24 enameled copper wire, 
and is tapped every five turns for a total winding of 75 
turns. 


Drill a small hole in the coil form approximately 1 
1/4-inch from the "A" lug. Remove the enamel from the 
end of the No. 24 wire and then feed the wire end through 
the hole. Solder the wire to lug "A". 


Wind five closely spaced tight turns around the coil 
form. Then bend back and twist together 1/2-inch of the 
wire to make a tap. Position’ the tap outward and then 
continue winding the coil, keeping the turns as tight and 
close together as possible. Make a tap every five turns 
and then drill a small hole in the coil form after the 
75th turn. Feed the wire through the hole, remove enamel, 
and solder the end to lug "B". 


BASEBOARD 


The Dual-Tuned Crystal Set is built on a wood baseboard 
as shown in the illustration. Cut the 5-inch by 8-inch 
baseboard from a section of 1/4-inch thick plywood. Sand 
the edges and surface of the baseboard to remove any 
splinters. Drill holes in the baseboard and install the 
parts with small machine screws and nuts in the locations 
shown in the illustration. Drill mounting holes at each 
end of the tuning coil L1 and position it on the rear of 
the baseboard with the coil taps toward the front. The 
illustration shows a commercial rotary switch, but a 
wooden rotary switch can be used for S1 instead. (See 
page 53 for construction details.) 
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Install the four fahnestock clips (used as antenna 
ground and headphone terminals) with solder lugs. Mount 
an additional solder lug on the baseboard midway between 
S1 and Li. 


WIRING 


Connect the crystal set parts with hookup wire as shown 
in the pictorial illustration and the schematic diagram. 
Use the center solder lug as a junction point for leads 
from Cl, C2 and Si as shown in the illustration. Connect 
the leads from S1 to the taps on Ll in numerical 
sequence; every 5 turns for 7 taps. Then connect the last 
three leads every 10 taps. Insert the lead ends into the 
taps and hold them with a drop of solder. This will make 
it easier to move leads to other Li taps. Use a 5-inch 
length of stranded hookup wire for the alligator clip 
lead connected to Di at solder lug C. 


Experiment 1 


Connect 2000-ohm headphones, antenna and ground leads, 
to the crystal set terminals, Then connect the Di clip 
lead to the Li "A" solder lug. 


Set S1 to each tap position in turn and tune C1 and C2 
for received radio stations. If all of the local 
stations can not be heard, experiment with different 
connections to the L1 taps. More turns may have to be 
added to L1 (with additional five-turn taps) to receive 
stations at the lower frequency end of the broadcast 
band, 


Experiment 2 


Remove the Di clip lead from "A" and then connect it to 
the "B" solder lug on Lil. Repeat the tuning method of 
Experiment 1 and note if the crystal set is more 
selective. This is possible, because L1 is now connected 
as an rf transformer, You can also connect the Dl clip 
lead to each of the Si taps and note if there has been 
any improvement in reception 
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Solutions/Explanations: 


1) You are likely using too much flux. It is literally boiling when you apply the solder. Wipe some of the flux 
off with a paper towel and try soldering again. You may find areas that now need a little more flux, be- 
cause you removed too much. 

2) If the spitting only occurs on the back side of your project (or the second side you are soldering), the 
problem is still too much flux, but the cure is different, When you use too much flux on the front side of 
the project, the excess to flows through the panel, so the spitting isn’t as bad as it could be. When you 
use too much flux on the back side of the project, it can’t flow through to the front, because the front is 
already sealed. The obvious cure for this problem is to use less flux the next time. But what about now, 
when you already have too much and can’t remove it from between the glass? The only good solution is 
to apply your solder, and allow the flux to boil up and out of the seam. (Keep your face as far away from 
the project as you can.) Once it stops spitting, you can remelt the solder and make it look as good as new. 


Solutions/Explanations: 


1) Adhesive from foil may be working up and out onto your glass. This can be caused by poor foiling or 
burnishing of the copper foil, which allowed flux to seep underneath the foil. To correct this use a cuticle 
stick or soft toothbrush to clean adhesive away. 

2) Your iron is too hot, causing the adhesive on the back of the foil to melt and seep out onto the glass. 
Depending on what type of iron you are using, either turn the rheostat down or change to a lower tem- 
perature tip. 

3) If you reworked a seam too often, it may have loosened the foil. Allow the seam to cool to the touch and 
gently press the foil back down to the glass. 


Solution/Explanations: 


1) Hooks and rings should never be attached to just a foiled edge. Attach hooks/rings to vertical seams in the 
piece or at a juncture between a vertical seam and the perimeter, 
2) If there is no vertical seam or intersection, then attach the ring/hook to a horizontal seam in the piece, 


Solution/Explanations: 


1) Alll of the flux was not washed off of the project after it was soldered, 

2)The project was not sealed with a finishing compound or wax, or it has worn off. Use 000 steel wool to 
remove the patina and any remaining wax. Clean the project thoroughly paying special attention to the 
corners and edges. Reapply the patina and wax, 

3) The project has been exposed to the outside elements. Most waxes are intended for indoor use only. Others 
can be used outside, but must be reapplied regularly. Projects that will be exposed to the elements are 
better constructed using the lead came method, 
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SELECTIVE CRYSTAL SET 


This receiver uses two spiderweb coils in a two-circuit 
tuner for good selectivity and sensitivity. As you can 
see in the schematic diagram, the antenna-ground rf 
input circuit is tuned by L1-C1 for maximum signal gain. 
Ll acts as the primary winding of an rf transformer, with 
L2-C2 as the tuned secondary. Coupling between L1 and L2 
is variable for best selectivity, L2 is connected to a 
catwhisker crystal detector and the audio signals are fed 
through the phone jack to 2000-ohm headphones. 


As shown in the illustration, the crystal set parts are 
mounted on the rear of a black plastic panel. This type 
of layout is similar to the type of construction of the 
old-time crystal sets, 


SPIDERWEBS 


Both Li and L2 spiderweb coils are made exactly the same 
way. Ll and L2 are wound on 1?-vane coil forms 3 
5/8-inches in diameter, The coil forms in our receiver 
are made from 1/16-inch sheet plastic of the same type 
used for printed circuit boards (but without the copper 
foil). Any kind of rigid sheet plastic should be suitable 
for the coil forms. 
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Make a tracing of the spiderweb coil template. Then use 
carbon paper to transfer the tracing on a section of 
1/16-inch thick sheet plastic. Cut out the vanes with a 
jeweler's saw. Drill two holes as shown, and install the 
two solder lugs. 


COIL FORM TEMPLATE FOR LI-L2 


Wind as much No.22 enameled wire as possible on each coil 
form. Solder the wire to a solder lug before winding a 
coil. Then wind the wire over ‘a vane and under the next 
vane. Wind the wire closely and evenly on the form. It is 
not necessary to count the turns. Solder the wire end to 
the remaining solder lug 
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CONSTRUCTION 


The panel used in our receiver is a 7 3/4-inch by 4 
1/2-inch section of 1/4-inch thick black acrylic plastic. 
The size is not critical, but it should be large enough 
to mount all of the parts as shown in the illustration. 


Layout and drill the mounting holes of the components on 
the panel, Make sure that Cl and C2 are positioned so 
that the edges of the tuning knob dials are more than 
1/2-inch apart. Install the catwhisker crystal detector 
assembly, antenna and ground terminals, and the phone 
jack in the locations shown. 


As you can see in the illustration, Li is installed on 
the end of a variable coupling metal rod. This 1/4-inch 
diameter rod is 3-inches long with a flat side, Drill and 
tap a small hole close to the end of the rod. The rod 
used in our model came from a discarded volume control 

Cut a 2-inch long by 1/2-inch wide by 3/8-inch thick wood 
section and drill holes to fit the rod, two mounting 
screws, and a hole for the rod set screw. Locate and 
mount the wood section in the center of a spiderweb coil 
Ll so that the rod will be 3/4-inch down from the edge of 
the top vane. 
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Hold 11 behind the panel and using the free end of the 
rod, locate the panel hole. Position Li midway between C1 
and C2, and make sure that the top edge of the coil is 
below the top of the panel. Drill a hole to fit the rod 
bushing in the panel hole location. The panel bushing in 
our model was removed from a discarded volume control, 


Drill a hole to fit the bushing in one end of a 2-inch by 
1/2-inch section of sheet aluminum. Bend the other end of 
the section to fit against the flat side of the rod. 
Install the metal section and the bushing in the panel 
hole. 


Insert the rod into the bushing and make sure that the 
metal section end fits close to the flat side to prevent 
rotation of the rod. Install a knob on the rod end and 
make sure that the rod can be pushed in and out easily. 
If necessary, put a small amount of grease on the flat 
side of the rod. 


Install the remaining spiderweb coil L2 on a wood section 
that is mounted on the rear of the panel with two 
spacers, The spacers should be long enough for L2 to be 
located 1/4-inch behind L1 with the rod pushed all the 
way in. The 5 1/2-inch by 1-inch by 1/4-inch wood section 
in our model is supported with screws installed through 1 
1/2-inch metal spacers into tapped holes in the rear of 
Cl and C2. The screws and bushings can be made longer and 
mount into panel holes in your receiver. 


Install a wood section on the bottom rear of the panel to 
keep the receiver upright. A 5-inch by 3-inch section of 
1/4-inch thick wood is used in our receiver. 


SET WIRING 


Connect the receiver components with hookup wire as shown 
in the illustration and schematic diagram. Use flexible 
stranded wire for connections to L1. Make sure that the 
Li leads do not touch any component as the variable 
coupling rod is moved in and out. 


Install knobs on C1, C2, and the variable coupling rod. 
Then place the crystal in the detector assembly. 
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OPERATION 


Connect antenna and ground leads to the receiver 
terminals, Plug in a set of 2000-ohm headphones into the 
panel phone jack. For easier initial operation of the 
receiver, temporarily connect a germanium diode (1N34A or 
equivalent) across the D1 connecting lugs. Make sure that 
the catwhisker is not touching the crystal at this time 


Push the variable coupling rod half way in and tune Cl 
and C2 for a station, Adjust the variable coupling rod 
and retune C1-C2 for best reception. Check operation over 
the entire broadcast band. It may be necessary to add or 
subtract turns of wire on Ll-L2 for complete coverage. 
After checking operation with the germanium diode, remove 
it and try using the catwhisker crystal detector, 


List of Materials 


C1,C2 - 365 mmf variable capacitor. 
D1 - Catwhisker crystal detector 
assembly. 
L1,L2 - Spiderweb coils (see 
text). 
2 - Terminals. 
1 - Phone jack. 
PHONES - 2000-ohm headphones, 
MISC.- Plastic sheet for spiderweb coils, solder lugs, 
machine screws and nuts, wood screws, hookup wire. 
CONSTRUCTION MATERIALS (See Text), 
A ~ knob 
- Panel 
1- Bushing 
- Aluminum section 
- Rod 
Wood section 
- Setscrew 
- Ll coil form 
- Wood section 
- Spacers (2) 
- Wood section 


GHmosnuems 
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List of Materials for Carborundum Crystal Set 


C1A-C1B ~ Dual 365 mmf variable capacitor. 

C2 - 365 mmf variable capacitor. 

C3 - 0.1 mf capacitor. 

ch - 1000 mmf capacitor. 

D1 - Carborundum crystal and catwhisker detector assembly 
(see text), 

Ji to J6 - Fahnestock clips. 

Li - Tuning coil (see text). 

R1 - 5,000-ohm potentiometer (linear taper). 

BAT - 6-volt battery 

PHONES - 2000-ohm headphones. 

MISC. Coil form (see text), No.24 enameled copper wire, 

1/2-inch long spacers, perfboard strip (see text), 

push-in clips, solder lugs, knobs, hook-up wire, 1N34A 

diode (or equiv.), wood for base and D1 detector assembly 

(see text), wood screws, machine screws and nuts, 

alligator clips X-Y, brackets for L1 and Rl. 
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CARBORUNDUM CRYSTAL SET 


Materials other than galena, silicon or germanium have 
the property of detection. In the beginning of radio, 
carborundum (the name given to a compound of silicon 
carbide) was also used as a detector. The required heavy 
catwhisker pressure made it suitable for the early radio 
stations on ships, as it did not fall out of adjustment. 
It would also handle the strong signal energy from nearby 
spark transmitters without burning out. But what makes 
this type of crystal detector different, is the necessity 
for a bias battery. 


A crystal detector has a high current flow with voltage 
applied so that it conducts in the forward direction 
(catwhisker to crystal), and a very low current flow in 
the reverse direction. The amount of current flow in the 
forward direction depends upon the characteristics of the 
crystal material and the applied forward voltage. 


FORWARD 

CURRENT GERMANIUM __ SILICON CARBORUNDUM 
MA N34A ‘1NO14 
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2.0) 
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FORWARD VOLTAGE 


TYPICAL CRYSTAL DIODE CURRENT 


The graph compares carborundum with germanium and silicon 
crystal detectors. Germanium minimum conduction voltage 
is about 0.3 V, Silicon is 0.6 V, and carborundum is 3 V. 
The high carborundum minimum conduction voltage is the 
reason a bias battery is used to moye the threshold down 
so that weak radio signal voltages can be detected, 
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TUNING COIL 


As shown in the illustration, the tuning coil L1 is wound 
on a cardboard (or plastic ) mailing tube section 
2-inches in diameter and 2 3/4-inches long 


PERF BOARD 
TUNING COIL ASSEMBLY 


Locate and drill a hole 1/4-inch from each coil form end 
for machine screws to fit the two spacers. Also drill 
holes for two mounting brackets at one end. Then drill a 
small hole near each spacer hole to feed the wire on the 
form before you start winding. 


Wind the coil with No. 24 enameled copper wire. Tap the 
coil every 10 turns for a total of 9 taps. An easy way to 
make the taps is to twist the wire together for a half 
inch and position the free end out. Make all the coil 
taps in the area between the two spacer holes. Thread the 
free end of the wire through the small hole at the end of 
the form near the spacer hole. Make sure that all of the 
turns are tightly wound and close together. Use a section 
of sandpaper to remove the enamel from the tap wire ends 
Then tin the ends. 
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advanced projects 


Mount 9 push-in clips in a 1/2-inch by 2 1/4-inch perf 
board section. Locate and drill holes on the board and 
install it on the coil form with two solder lugs 
1/2-inch spacers, machine screws, and nuts. Solder the 
coil taps to the ends of the push-in clips. Connect the 
coil leads to the solder lugs and mount the two 1/2-inch 
brackets on the coil form. 


DETECTOR 


The crystal detector assembly is vertical, (as shown in 
the illustration) instead of horizontal as in most 
catwhisker detectors, Begin construction by cutting the 2 
1/2-inch diameter base and 2-inch by 4-inch vertical 
section from 1/4-inch thick wood. 


DETECTOR ASSEMBLY 


Locate and install the two fahnestock clips on the base 
with solder lugs and small wood screws. Mount the 
vertical section on the edge of the base with wood screws 
(or cement). Locate and install the catwhisker holder 
with a solder lug, machine screw and nut near the top of 
the vertical section. 
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An element used in the production of son 


Ceramic Heater 


me solders. It should be avoided for use in stained glass 


A type of heating element comprised prir 


marily of ceramic, noted as extremely fast heating and efficient. 


Chisel Tip 


Chisel tips are made in a variety of sizes, 


A soldering iron tip shaped like a chisel tool. This is the most common shape used for soldering stained glass. 


the most common being 1/8”, 1/4” and 3/8” 


Heat Sink 


A device used to draw or absorb heat bein 
acts as a heat sink to the soldering iron. 


nj 


generated by another source. For example, an object being soldered 


Decorative Soldering 


pasty range. 


Any decorative effects created in solder, These effects are created with a soldering iron, usually with a very 
narrow tip. Special solder, like 63/37 or QuickSet, make it easier to create special effects because it has a 


Eutectic Point 


An exact single temperature point at whic! 


ample, the eutectic point of lead and tin is 


Hh an alloy goes from solidus to liquidus with no pasty range. For ex- 
361° F. This point is obtained only by 63/37 tin/lead alloy. 


Flux 


organic and inorganic flux.) 


A chemical agent used to remove compounds from the surface of metals during the soldering process. (See 


Idle Temperature 


A very low temperature at which the iron 
was off or “cold”, Thi 


usually between 


is on, maintaining the capability of a more rapid heat up than if the iron 
200°F and 300°F. 


Inorganic Flux 


A flux comprised of one or more inorganii 


more corrosive and conductive than organic fluxes,. They are effective on all common metals. 


ic salt such as zine chloride or ammonium chloride, Inorganic fluxes are 


Leaded Solder 


A material used to join metals comprised of 


f tin and lead 


Liquidus 


The temperature at which 


pure metal bi 


yecomes completely 


nolten or liqui 


Mica 


A mineral 


sed material used as a constr 


uction component in wire wound type heaters of soldering irons 


Organic Flux 


Organic fluxes are not as corrosive as inor 
effected by the flux, such as painted glass 


rganic fluxes, They are often used when the surface of the glass may be 
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Temporarily position the crystal holder on the base so 
that the catwhisker will touch the center of the crystal. 
Locate and mount the crystal holder in this position with 
a solder lug and machine screw and nut, Connect the 
detector assembly with hookup wire as shown in the 
illustration. Solder a short section of coiled steel 
spring wire to the end of the positioning rod to serve as 
a catwhisker. Cut the end of the wire diagonally to give 
it a sharp point. 


BASEBOARD 


The receiver parts are installed on a 8-inch by 7-inch by 
3/4-inch wood base. Wherever poossible, small wood screws 
are used to hold the components on the base, 


Begin construction by laying out and installing the parts 
in the positions shown in the illustration. It will be 
necessary to make a metal mounting bracket to fit Rl. 
C1A-B and C2 are mounted with machine screws in the 
tuning capacitor frames through countersunk holes in the 
base. Install solder lugs in the rear frame of both 
tuning capacitors. Also mount solder lugs with all of the 
terminals. Install knobs on the tuning capacitors and Ri. 


WIRING 


Use hookup wire to connect the crystal set parts as shown 
in the schematic and illustration, Connect 5-inch leads 
of flexible stranded insulated wire to each alligator 
clip. Solder one lead to the stator lugs of C1A-B and 
connect the other lead to Dl. Connect C3 and Ch as shown 
and keep their leads as short and direct as possible. 


Experiment 1 

Connect your antenna to J1, ground to J2, and 2000-ohm 
headphones to J5 and J6, Temporarily connect a germanium 
diode (1N34A or equiv.) in place of the carborundum 
crystal detector Di. The diode will make it easier to 
check out the receiver. 


Do not attach the battery 
to J3-J4 at this time, or 
the diode may be damaged. 
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advanced projects 


Connect X CIA-B clip lead to the top tap of Li, and Y 
D1 clip lead to the second tap from the top, Tune in a 
radio station with C2 and then adjust C1A-B for best 
volume, Change the position of the clip leads and retune 
C1A-B and C2 for best reception. Check operation of the 
receiver over the entire broadcast band, 


Experiment 2 


Tune the receiver to a radio station and then disconnect 
the germanium diode. Do not disturb the receiver tuning. 
Install a carborundum crystal into the Di assembly, Set 
Ri to mid range, and connect a 6-volt battery to the 
receiver; negative lead to J3, positive lead to J4. 


Adjust the Di catwhisker for a sensitive spot on the 
carborundum crystal. Then set Ri for best volume of 
received signal, Retune C1A-B and C2 and change the clip 
leads on the Li taps as necessary for reception of radio 
stations. 


Note 
Carborundum that will work as a detector may be hard to 
find. Grinding wheels are not suitable as a source, 


because the carborundum is usually in fine particles 
mixed with other material. Best bet is to contact 
collectors of antique radio parts. But you can use 
this receiver to experiment with minerals for 
semiconductor operation. See the Workshop Section for 
information on mounting mineral sections for detector 
experiments. 
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4 © COMPONENT PROJECTS 


BOOK TUNING CAPACI TOR 


During the roaring 20's,the Crosly Radio Corporation used 
a type of tuning capacitor that had two plates hinged 
together on one edge. The dielectric was a sheet of mica 
between the two plates. This type of tuning capacitor was 
called a Book Condenser. 


The tuning capacitor shown in the illustration is similar 
to the Crosly Book Condenser. It uses aluminum foil 
plates cemented to fixed and movable wood sections, and 
a plastic sheet dielectric (cut from thin transparent 
plastic notebook protector material). 


MOVING 
SECTION 


DIELECTRIC. 


FIXED SECTION 


Adjusting the tuning knob causes a metal cam to rotate 
and control the movement of a spring loaded wood section. 
This varies the capacity between the two foil plates. As 
the plates are brought closer together, the capacity 
increases. As they are separated, the capacity decreases. 
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component projects 


ALUM. FOIL 
TOP 


BOOK TUNING CAPACITOR 


List of Materials 


A - 3x 3 1/2 X 3/8-inch wood section 
B- 3x 1 3/4 x 3/8-inch wood section 
Cc - 3 x 3 1/8 x 3/8-inch wood section (one end beveled 45 
degrees - see text). 
= 3/4 - inch diameter wood dowel, 2 1/4 inches long. 
- 3 1/2 x 3 -inch sheet plastic (See text). 
F - 2 triangular 1-inch metal sections 
G - 1/4-inch metal rod, 3 -inches long. 
H - Metal cam (see text). 
I - Machine screw (see text) 
J - Bushing 3/8-inch long (to fit rod G). 
- Tuning knob (to fit rod G). 
L - 2 springs 1/4-inch diameter by 1 1/4-inch long. 
M- 4 solder lugs. 
MISC, Small wood screws, nails, aluminum foil, machine 
screws, nuts, solder lugs and washers. 
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CONSTRUCTION 


Start construction by cutting the wood sections from 
3/8-thick wood to the sizes shown in the drawing. Section 
C has a 45 degree bevel at one end, This acts as a pivot 
point for the movable section. Drill and countersink a 
hole to fit a flathead machine screw in the places shown 
on sections A and C. Do not install the screws at this 
time. 


Cement aluminum foil on the top of section A and on the 
bottom of section C, Then cut and remove a 1/2-inch strip 
of foil from the front edge of section A. Cut a 1/8-inch 
strip from the remaining edges. Also cut away a 1/8-inch 
strip from all the edges of the foil on section C. 


Carefully slit the foil on top of the machine serew hole 
on section A and press the foil gently inside the hole. 
Install the flathead machine screw into the hole, making 
sure that it is in contact with the foil, Fasten the 
screw with a washer and nut. Make sure that the screw 
does not turn and rip the foil. Install a solder lug and 
nut on the free end of the screw. Repeat this operation 
with section C. 


Cut the sheet plastic E to size and place it on top of 
section A, Then place section B on top of the plastic 
sheet and install it on the end of section A with wood 
screws. Install the two metal sections F with small 
nails. 


Saw the metal rod G to size and tap one end to fit a 
machine screw. Cut the dowel D to size and center drill 
it to fit the rod G. Cut a flat on one side of the dowel. 


Make a tracing of the cam H template and cement it on a 
section of heavy gauge sheet aluminumm. Cut the cam to 
size and drill a hole to fit the rod machine screw in the 
location shown. Install the cam with a lock washer on 
rod G. Insert the free end of the rod into dowel D. Place 
section C on top of the plastic sheet E on section A. 
Then temporarily position dowel D with rod G in the 
center of section B. Rotate the cam so that its long end 
touches the top of section C. Mark the placement of the 
dowel on section B, Drill a hole in section B to fit 
dowel D. Cement the dowel in place. 
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component projects 


Locate and install solder lugs with wood screws on 
sections A and C as shown in the drawing. Bend over the 
ends of the solder lugs and install two springs L in the 
lugs. 


Mount tuning knob K and bushing J on the free end of rod 
G. Adjust the knob and check that section C moves in and 
out with the cam rotation, changing the capacity between 
the foil plates. 


You may have to experiment with the cam diameter for best 
operation of section C. File the cam edges in small 
inerements only and recheck the operation often. Use very 
light springs to keep section C from pressing against the 
cam and moving it. 


Reverse the camon rod G to alter the direction of 
capacity (clockwise or counterclockwise). The capacitor 
can be installed vertically on a receiver project with a 
small metal bracket mounted on the bottom side of section 
A. 
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List of Materials 


L 
Kk 
A 
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ROTARY SWITCH 


2 1/4 diameter x 3/8-inch wood section. 

Flat head machine screws. 

- Solder lugs. 

Nuts to fit B, 

Machine screw 1 1/4-inches long. 

1/4 diameter x 1/2-inch long bushing (to fit E). 
Switch arm 1 x 1/4-inch (sheet brass, see text). 


»M - Nuts to fit E. 


- Washers to fit B. 
Small woodscrew. 
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ROTARY SWITCH 


In the early days, radio experimenters could not buy 
parts that are readily available today, ‘They had to build 
their radio components from wood sections and common 
hardware.The rotary, switch ilustrated is similar to a 
type constructed for use with tapped coils of crystal 
sets. 


The rotary switch shown uses flat head screws for contact 
points that are mounted on a wood section. The switch arm 
is cut from sheet brass and is installed on a machine 
screw. 


CONSTRUCTION 


Refer to the drawing of the rotary switch, Begin 
construction by cutting the 2 1/4-inch diameter section A 
from 3/8-inch thick wood. Locate, drill,and countersink 
the holes for the flathead machine screws B. The rotary 
switch shown has 10 machine screws, but you can space the 
hole locations for the number of switch contact points 
desired, Allow a space between the starting and ending 
contact points for the woodscrew N, This woodscrew is 
used as a stop for the rotary arm G, Locate and drill a 
cer «r hole for the machine screw E, Install the screws B 
in section A with solder lugs C and nuts D, Install the 
woodscrew N, 


Measure and cut the rotary arm G from a section of. sheet 
brass. The arm should be long enough to reach the 
contacts. Make sure that it is not too wide, or it may 
short out to a nearby contact. Make a dent or "dimple" on 
the contact end, and drill a hole for screw E on the 
other end. Bend the rotary arm as shown in the drawing. 
Install screw E into bushing F, and arm G, and tighten 
the assembly with nut H. Place washer I on the screw and 
install screw E into the center hole of A. loosely fasten 
the screw with washer J and nut K, Then rotate the 
bushing F and arm G. Adjust the tightness of nut K as 
required to allow rotation of G with only a slight 
"drag". Install solder lug L on screw E with nut M, and 
bend the lug towards the screw end. Install knob O on 
bushing F, and recheck operation of the arm G. It should 
touch all of the contacts B and stop at screw N. 


The rotary switch is used as shown in the Dual-Tuned 
Crystal Set Construction Project, Make sure that extra 
le’ * length is allowed for connection to the solder lug 
L, send the lead into a "pig-tail," so that it will not 
break as the solder lug L is rotated. 
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WORKSHOP 


The construction projects in this book can be built with 
common hand tools found in an average home workshop. 


Useful Hand Tools 


Safety glasses or face shield 
Steel rule 
Square 

Hack saw 

Wood saw 
Screwdrivers 
Pliers 
Wirecutters 
Tin snips 
Center punch 
Files 

Hammer 
Soldering Iron 


Wear safety glasses or face shield while working, Observe 
common sense safety precautions 


SOLDERING 


Make sure that the part to be soldered is clean. Use only 
rosin core solder. Prepare the soldering iron tip as 
follows: 


File each surface of the tip to remove oxidation. Plug in 
the iron and let it heat until you can melt solder on the 
tip (before the copper tip turns blue or bronze color) 
Melt enough solder until all sides of the tip are coated. 
Then wipe off excess solder with a damp sponge or cloth. 
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workshop 


Make sure that the bare wire lead to be soldered is free 
of oxide. It is best to tin it first by melting a bit of 
rosin core solder on the lead end, Crimp the lead in the 
part hole to keep it from moving during soldering. Hold 
the iron tip under the part until it is hot enough to 
melt solder; Apply only enough rosin core solder to cover 
the surface of the part. Remove the iron, Do not move the 
part or wire while it is cooling 


PROJECT CONSTRUCTION TIPS 


Tape a sheet of graph paper over a project wood section. 
Mark locations of the parts on the paper. Center punch 
mounting hole centers through the paper. Use a compass to 
draw circles the same size as the holes. Then drill holes 
through the paper. 


Lettering on the projects can be done with a labelmaker 
that prints on strips of adhesive coated plastic. You can 
also use decals or dry transfer lettering sheets 


Small metal brackets can be made from heavy gauge sheet 
aluminum, Layout and drill the mounting holes and then 
cut it to size with a tin snips, Form the bracket by 
using a heavy mallet and a vise. 


Tuning Capacitors, Knobs, and Dials 


Old radios are a good source of components. The radios 
generally use two tuning capacitor sections ganged 
together. The receivers previously described will operate 
with one of the capacitor sections (365 mmf). You can cut 
out cardboard discs and cement them to radio knobs and 
use them as dials with the tuning capacitors. Mark the 
dials with dry transfer lettering, or black drawing ink. 


Panels and Cabinets 


The layout and construction of crystal sets is not 
critical. They can be fitted into many different types of 
wood cabinets, You can use almost any type of 
non-metallic box, but metal’ boxes are not recommended as 
sheet metal close to the tuning coil may lower its "Q 
Black sheet plastic used for the front panel with white 
dry transfer lettering will give your receiver project an 
antique look. 
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Debris on the surface of a metal which is the result of the reaction with chemicals in its environment. Oxides, 
must be removed mechanically (with steel wool or a brass brush) and chemically for proper wetting to occur. 


The temperature range which is the difference between the solidus and the liquidus temperatures, This is some- 
times referred to a the “working range” 


Another name for 63/37 solder. See decorative solder. 


The time required for a soldering iron to reach soldering temperature after it has hita “cold spot”. 


The term applied to a soldering iron control which is used to vary the temperature of the heater in the iron. 


Analloy of two or more metals with a liquidus temperature of less than 800° F, 


The term used to describe the look of solder when it has been properly applied to a copper foil seam. 


The temperature at which a pure metal or alloy goes from liquid to solid (or “freezes” 


Anelectrical or electronic device into which a soldering iron is plugged, or which is within a soldering iron, The 
device is used to vary the temperature of the soldering iron heater. 


Applying a thin layer of solder to a metal surface. Most commonly used in reference to the copper foil technique. 


A block of sal-ammoniac on which a soldering tip is cleaned and resurfaced with a layer of solder. tis not actually 
used for soldering. 


The process of renewing a soldering iron tip using a sal-ammoniac (tinning) block. 


The term used to describe the proper flow of liquid solder, promoted by flux, on the surface of another metal. “Wet- 
ting” is necessary to form a proper soldering joint. 


Soldering iron heaters constructed with heating wires wound in a coil around Mica. 
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MOUNTING MINERALS FOR CRYSTAL DETECTORS 


Minerals (galena, etc) for experimentation as crystal 
detectors, will work best when mounted in a metallic 
base. For temporary mounting (while testing), wrap 
aluminum foil tightly around the sides and bottom of the 
mineral. Then place it into a sheet metal ring or cup 
that will fit into the detector assembly. 


After testing, the mineral can be permanently mounted in 
a metal slug. Drill a shallow hole of a diameter equal to 
the detector assembly crystal in a block of wood. Fill 
the hole with melted solder. While the solder is still 
molten, carefully place your mineral section into the 
center. Hold the mineral in place with tweezers or long 
nose pliers until the solder cools. Then pry the metal 
slug out of the wood. Be sure that the top of the mineral 
section is free of solder. 
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Advanced receiver projects, 32 
Amplifier connection, 14,15 
Antenna lead-in, 10 

Antenna, 10 


Book tuning capacitor,48 
Boundary, 5 
Bias, 5 


Capacitor ,8 

Capacity,8 

Carborundum crystal set ,43 
Carborundum 43 

Catwhisker detector,4,6 
Catwhisker ,6 

Component projects,48 
Construction tips, 55 

Crystal detector assembly,45 
Crystal detector ,4 


Detected audio signals,7 
Detection,4, 

Diode electron flow,5 
Dual spiderweb coils,37 
Dual-tuned crystal set, 32 


Earphones, 11 
Enamel] insulation, 17 
Electron current flow,5 


Ferrite coil crystal set,23 
Ferrite coil,12 
Ferrite rod,23 


Galena,4 
Germanium, 4 
Ground lead, 10 
Ground wave ,25 
Ground, 10 


Hand tools, 54 
Headphones, 7,11 
Headset, 11 
Junction diode,4,5 
Knobs and dials, 55 
Lettering, 55 
Loading coil,21 
Loopstick, 12 
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Modulated radio waves,6 
Mounting minerals, 56 


N type material ,4 
Natural crystal,4 


Operating tips, 25 


P type material ,4 

PN junction, 5 

Panels and cabinets, 5 
Parallel tuned circuit,9 
Point contact diode, 4,6 
Primary coil,23 


Reactance ,8 

Receiving radio waves,7 

Resonant frequency,9 

Rf coil,8 

Rotary switch project, 53 


Schematic symbols, 15 
Secondary coil,23 
Selective crystal set, 37 
Selectivity,9 
Semiconductor diode,4 
Silicon,4 

Simple crystal set,12 
Simple receivers, 12 
Sky wave ,25 

Slider tuned coil,17 
Slider tuned set,17 
Soldering, 54 

Space charge region,5 
Spiderweb coil set,27 
Station log,31 


Tapped coil, 32,44 
Tapped spiderweb,27 
Transmitted waves,6,7 
Transmitting station,6 
Tuned circuit,7,9 
Tuning crystal set,?7 


Untuned detector,20 


Variable capacitor,8 
Variable coupling, 39 


Wave trap, 21 
Workshop, 54 
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A sun-powered transistor amplifier 


makes this a— 


Space-Age 
Crystal Set 


By D. S. Halacy Jr. 


HIS tiny radio puts satellite tech- 
nology in the palm of your hand. 

Like radios in artificial moons, it's 
powered by the sun—or any other light. 
Basically, it's a 1960-model crystal set. 
‘A tugged’ sealed-in-glass diode’ has_re- 
placed the shaky catwhisker and galena 
crystal. The usually faint crystal-set sig- 


Author Halacy is an expert on the. sun. A 
couple of years ago he wrote Fabulous Fire- 
ball, a book that tells the story of the sun and 
solar energy. Last fall. Macinillan also pub- 
lished his Fun with’ the Sun. a book describ- 
ing how to make seven solar-energy projects 
at home. The present, article is an outgrowth 
of his research for the latter book. 
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LIGHT-POWERED RADIO plays indoors 
under artificial light, too. Perform 
ance is boosted by connecting antem 
to TV aerial or telephone-dial finger 
stop; a short length of wire, with al- 
ligator clips at the ends, helps. 


nal is magnified many times by a tran- 
sistor, in turn powered by a high-efficiency 
silicon solar cell. 

This unit—and other parts—can prob- 
ably be obtained locally for less than five 
dollars. All are standard parts, stocked 
by most retail and mail-order shops. Ina 
pinch you can substitute the less-efficient 
International Rectifier B2M__ selenium 
cell for the quarter-round section of a 
Hoffman silicon solar battery. 

First steps. Best place to begin con- 
struction is with the case for the radio— 
a small plastic box. You may find one in 
the medicine chest or at the druggist 
Start the necessary holes with a hot ice 
pick, then file or ream to size Keep try- 


ing the part as you enlarge the hole, to 
insure a snug fit: 

The case can be painted or lefi trans- 
parent. The one pictured has a finish of 
Day-Glo spray paint, applied to the out- 
side of the case. The paint softened the 

1a 


plastic slightly and created a wrinkled 
finish. 

The hinged top is left clear and a piece 
of painted bond paper cut to fit inside. 
This paper was lettered, and cut to accept 
the dial shaft and solar battery. The 
lettering is pure whim—there's no trade- 
mark or commercial name. 

After painting, go ahead with the as- 
sembly. Set the antenna mounting base 
through the bottom hole, put on the nut, 


cut off excess threads, and file smooth. 
Add a 6-32 screw and nut to the other 
side if you expect the radio to stand up. 
Condenser and battery. Install the 
tuning condenser in the ‘hinged top by 
first removing the dial and the small 
flathead screws. Remove both hex nuts; 
use one on the outside to hold the con- 
denser in place. Then mount the dial and 
twist the silver center screw thumb tight. 
Place the solar battery in position over 
the opening in the bond paper, and fasten 
it in place with a strip of cellophane tape. 
Bend the loopstick mounting bracket 
as shown, snap the loopstick in place, and 
fasten the bracket with a 6-32 screw and 
[Continued on page 230] 


Space-Age Crystal Set 
{Continued from page 171] 
nut. Install the phone jack, and the radio 
is ready for wiring 

Use stranded hookup wire; it can take 
the flexing imposed by opening and 
closing the case 

Pitfalls. for amateurs. The wiring 
shown in the drawing is straightforward 
and follows the circuit If 
you're familiar with electronic wiring, 
you'll probably find some short cuts. If 
you're a beginner, stick to the diagram. 
If you run into trouble, don't hesitate to 
remove the parts, do the soldering out- 
side, and then replace them. 

Use care when soldering the diode and 
transistor—excess heat will damage them. 
Sidestep part of the risk by soldering to 
the lugs of a transistor socket, then slip- 
ping the transistor in place. You'll have 
to clip the transistor's leads to make it fit. 

Bend the diode's leads to fit before 
soldering it between the base of the tran- 
sistor and the loopstick. 

Close the case when you've finished 
soldering, plug in the earphone, and lis- 
ten. There's no on-off switch: The battery 
never wears out. 

You should pick up stations at their 
proper position on the dial as indicated 
by the point of the battery or a dot on 
the lid. If the calibration is too far off, 
make a hole in the end of the case in line 
with the slotted screw on the loopstick. 
Turning this screw one way or the other 
will shift the stations enough to align 
the dial. 

Outdoors, you'll find you don't have to 
point the Solar Mite at the s 
plenty of incident light for s 
operation. Keep the whip upright for 
maximum volume. 

For stronger signals. Touching the 

silver center of the tuning dial may give 
you a stronger signal, since your body 
ts as a ground. Also try wetting your 
inger before touching the dial. 
While the Solar Mite will play on the 
whip antenna, for peak performance con- 
nect the whip to your TV antenna. If 
you don't have an outdoor antenna of 
any kind, clip a lead on the finger stop of 
a telephone dial. You'll find that the 
radio works well enough to bring in a 
strong station even in the dark—acting 
as a crystal set without the help of its 
transistor amplifier. 
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CRYSTAL SET 
CONSTRUCTION 


SIMPLE INSTRUCTIONS FOR MAKING 
NINE CRYSTAL SETS 


by B. B. BABANI 


There is to-day a marked revival of interest in cryatey 
receivers, and this book has been specially prepared to introduce 
the home constructor to the design and building of the various types. 
The text is simple and free from technicalities, so that even the 
young reader may confidently embark on the construction of any of , 


the receivers shown. 
CONTENTS 

et rere 9, HIGH SELECTIVITY RECEIVER 
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FIG 1 SYMBOLS USED IN THE CIRCUITS DESCRIBED. 


1. Aerials. 


One of the essentials for satisfactory reception with crystal sets is an efficient 
aerial. Four different types are suggested and are shown in Fig. 2. 

There are several important points to be noted when erecting an aerial for 
a crystal set. 

(1) See that it is suspended as high as possible and is not screened by tall 
buildings, obstructions, etc. 

(2) The aerial itself and the tead-in from the aerial must be adequately 
insulated. Be sure that the fain or plastic insulators do not permit the 
aerial or Icad-in to touch the building. tree. or post from which they are 
suspended: The lead-in should be brought into the house through an insulated 
tod. 

“@) It is exceedingly important to use insulated copper wire, either single 
or multi-stranded, for both the aerial and the lead-in, 


2, Earths, 


An adequate and efficient carth contributes to the good performance of any 
well-designed crystal set and Fig. 3 shows the best method of obtaining an 
efficient carth where there is a garden or patch of ground available ata short 
distance from the receiver. 

Obtain a 3-ft, Jengih of {-in, galvanised iron pipe and at one end drill a 
hole right through. Insert a bolt with spring washer and locking nut in the hole. 
Connect the earth lead-in wire to the bolt; the other end of the lead-in to the 
earth connection on the receiver. Leave both ends of the pipe open. Insert 
the end opposite the bolt into the ground vertically untit only 3-in. are showing 
above the surface of the surrounding earth. 

It is important to ace that the surrounding ground is kept damp, if necessary 
y oorasl ionally pouring 2 pint or two of water down the open projecting end 
of pipe. 

Ready-made copper earthing rods with a pointed end for easy hammering 
into the earth are sometimes obtainable from radio dealers, 

Should a garden not be available, an alternative earth is a cold water = pipe 
coming from a rising main. Simply file very lightly the pipe at the back 
tap and wind the copper wire earth lead-in round the filed part and cover the 
joint with insulating tape. 

In no circumstances should a gas pipe be used for an earth. 


3. Crystal Detectors. 


Most radio dealers can supply very efficient permanent of semi-permanent 
crystal detectors of proprietary makes. However, there are always availeht= 
quite a number‘of ex-Government surplus units which are called crystal valves 
and, though these were originally designed for a very different use in service 
equipment, they are easily adaptable and will give extremely efficient results 
when used in circuits designed for them. To enable the constructor to purchase 
suitable types for this purpose—and they cost very little—the following Hist 
gives the Government reference numbers. 
C¥ 101, CV 102, CV 103, CV 111, CV 112, CV 113, CV 226, CV 241, CV 246, 
Cy 247, CV 253, CV 291, CV 351, CV 361, CV 364, CV 367, CV 727, cv 749, 
and CV 1785. 

‘One of the satisfactory proprietary makes of this class of crystal detector 
isthe BTH CS7A, which, incidentally, isthe commercial equivalent of the CV 253. 

For all these Government types, one connection should be made to each 
end by arranging 4 holder to fix them into or by carefully soldering the appropriate 
connecting wires to each end. 
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Soldering & Desoldering ae 


Soldering/Desoldering Tools & Accessories 


Soldering Station with LCD 

Display, ESD Safe 400 Ser 

> High-quality sensor and heat 
Gchange system guarantee 

precise temperature contro at the 

Soldering tip 

Soldering iren tool heats rapidly from 

room temperature to 350 in 30 seconds 

Suitable for general purpose soldering 

2: well as specialized lond-free soldering 

applications 

Sponge and coiled brass tp cleaner ensure a clean soldering tip 

free from debris and corrarive material 

Strong, deluxe iron holder provides safe secure place to store 

heated iron between uses 


17400 


v 


v 


Product ID Description 


Soldering Station with LCD Display, ESD Safe 

405 Series 

> LCD temperature control display with blue 
backlight 

Long lasting, durable high - quality 

ceramic heater 

Sponge and recessed area 

provides a convenient method for 

cleaning the tip 

Suitable for general purpose soldering 

as well as specialized lead-free soldering 

applications 

> Safety guard iron holder 
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17405 


Product ID Description 


Soldering Kit - 6pc 


40 Watt Soldering Iron heats up to 900° 
Ideal for use on electrical/electronic 
components, audio equipment, ete. 
Includes desoldering pump for 
removing liquid solder 

Provides basic tools needed far many 
soldering projects 

6 Pc kit comes complete with replaceable fine tip 
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Product ID Description 


Soldering Kit -7pc 


40 Watt Soldering Iron heats up to 800° F 
Ideal for use on electrical/electronic 

components, audio equipment, ate. 

Includes desoldering pump for removing 

liquid solder 

Provides basic tools needed for many 

soldering projects 

6 Pc kit comes complete with replaceable 

fine tip 47502 


Product ID Description 
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AVEN 


Soldering Iron 80W with Fine Tip 
Ideal for general purpose soldering applications 
including metal board tube or large components 


> Round, soft grip, non-slip handle 
> Durable cord with a 5-foot reach A 


> Fitted with long life replaceable fine tip 


17510 


Product ID Description 


Soldering Iron 40W with Fine Tip 


Ideal for general purpose soldering 
Round, soft grip, non-slip handle 
Durable cord witha S-foot reach = 
Fitted with long life replaceable 

fine tip 
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a7521 


Product ID Description 


N-Series Soldering Iron Tips : 
> 


Long life, lead-free soldering iron tips 
Replacement tips for soldering the 
different components of PCBS 

Five different sizes 

Includes two tips 

For use with 17400 & 17405 ESD Safe 
Soldering Stations with LCD Display 


Product ID Description 


> 
> 
> 
> 


17400-NB-1_ | N-Series Slderng rn Tes (W3-1 
7W400-No-2 | N-Serie Sldeving Won Tos (80-2) 
TW600-Ne-3_| W-Series Saldering ron Fes (89-3) 
TWAO0-Ne-+_| N-Seria Slderng Wan Tips (89-4) 
W400-NG-5 | Series Sldering hon Tes (89-5) 


-Series Soldering Iron Tips 


Long life, lead-free soldering iron tips 
Replacement tips for soldering the different 
components of PCBs 

Four different sizes, 

Includes two tips 

For use with 17521 Soldering Iron 4OW 


Product 1D Description 
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B-Series Soldering Iron Tips 


> Long life, lead-free soldering iron tips 
> Includes two tips 
> For use with 17510 Soldering Iron 80W 


Product ID Description 


vwst0-85-1 | s-Seres Soldering lon Tips (05-1) 


AVEN, INC. | 4330 VARSITY DRIVE | ANN ARBOR, MI 48108 
Tel: 734.9 


0099 | Fax: 


4, Coils, 


In Fig. 3 two methods are shown of fixing the coil to the chassis. However, 

the ingenious constructor may evolve another arran} a, 
1¢ important thing to remember is that the coll should be fixed so that it 
is completely insulated from the metal chassis that may be used, 

It is also important to remember that if a metal chassis is used, one must 
see that all components and wiring, with the exception of earth connections, 
are adequately insulated from this chassis so as to make sure that no short 
circuits take place. It is recommended that all crystal sets should be built 
on a panel, and that both panel and chassis should be of bakelite, paxolin or 
perspex, as these three materials are efficient insulators in themselves. 


5, The Beginners’ Crystal Receiver. 


The popularity of the crystal receiver among beginners is undoubtedly due 
to the very modest outiay necessary, and the ease with which such receivers 
may be built. It is not always appreciated that, to obtain worth while results, 


icopere of 
GALVANISED IRON PUP 


INSET SHOWS METHOD. 
OF TAPPING COS 


VERTICAL MOUNTING 


CO MOUNTING METHODS 


far more care in avoiding losses is necessary than with a three or four valve 
receiver, One reason for this is the fact that the crystal receiver can offer no 
help by way of amplification and it is therefore dependent on an efficient aerial’ 
earth system, low loss design within the receiver itself, and the use of sensitive 
headphones.’ The experience gained is well worth the time expended since, 
when more ambitious receivers are attempted, the constructor will r\emember 
the benefits gained by efficient construction and installation with the result that 
each receiver attempted will be an instrument capable of giving a first class 
performance. 

Losses within the receiver itself may be considerably reduced by efficient 
coil design. Unfortunately, selectivity is a factor which must not be overlooked; 
itis this factor which governs the sharpness of the tuning and permits the separa~ 
tion of adjacent powerful stations, The greater the selectivity, the greater the 
ease with which signals may be separated; but at maximum sclectivity the 
received signals are at minimum strength, In Fig. 4, the coil is tapped at four 
points, which enables the best point between selectivity and sensitivity to be 
chosen. The nearer the aerial tap to the earth end of the coil, the greater the 
selectivity. The pre-set condenser Cl also aids selectivity; at minimum capacity 
the selectivity is high, and vice versa. 

Used in conjunction with the coil taps, the constructor should have no 
Aifficulty in selecting a condenser setting and tapping point which permit the 
seception of strong signals and at the same time effect the required separation 
of powerfui stations, 

The coil is constructed on a former 3-in. diameter x 2-in., and consists 
of SC turns 36 S.W.G. enamelled wire close wound and tapped at every tenth 
turn, These taps are brought out in the form of loops twisted firmly so that 
there is no actual break in the winding continuity. After completion the 
winding may be painted with Durafix to prevent any movement, and the taps 
End two free ends cleaned with emery cloth to remove the enamel. The layout 
and wiring is shown in Fig. 4. The headphones should have a resistance of 
tome 4,000 ohms or more and should be of reputable manufacture. Any of 
‘the serials previously described are suitable for use with this receiver. 


C2 0005 variable condenser. 2 02, 30 S.W.G. enamelled copper 

C1 0002 pre-set condenser. * wire. 

€3_ .001 mica condenser. 1 Cou former 3-in. dia. x 2-in. 

1 Crystal detector, semi-permanent 1 Ebonite or Bakelite panel 6-in. « 
pattern, Sein. x fein. 


4 terminals, connecting wire, etc. 


» Frame Aerial Receiver for Local Station use 
on Medium wave bands, 


This .eceiver was specially designed for constructors who are within 
$ to 10 miles of a powerful station and who have no facilities for constructing 
@ good outdoor aerial. 

‘The frame itself consists of two @-in. x 4-in, square section wooden rods 
cach 36-in. in length. These are placed together at their centre tine to form a 
cross; they are fastened by a nut and bolt and these in turn pass through an 
upright piece of wood ;-in. x 1-in. section 2-ft, in length. | This upright support 
is then screwed into a baseboard x 8-in. x Tin. thick. At each of the 
arms of ihe 36-in, cross a 4-in, strip of }-in, square section wood is placed. 
Reference to Fig. 5B will give the details of the construction of this aerial 
quite clearly. 

It will be noted that approximately 85-ft. of 20 S.W.G. double cotton- 
‘sovered ‘wire are required for the inductance te cover the medium wave broadcast 
band, The wire should be wound around the four crossbars, thereby creating 


OETECTOR 


#1G.4 THE SEGINNERS CRYSTAL RECEIVER. 


‘@ square wire frame, and each turn of the wire should be spaced approximately 
in. The best way to effect this spacing accurately is to fileon the 4-in. crossbars 
x number of smal] nicks at ¢-in. intervals. The two ends of the wire should 
then be brought down on the two terminals which may be screwed into the 
‘peare baseboard and two leads taken from there to the crystal set itself. 

‘The actual set may be constructed on a small cbonite, paxolin or perspex 
panel 8-in. x 3-in. which may be screwed to one side of this base supporting 
piece of wood, thereby making the set virtually self-contained except for the 
earphones, Fig. 5A shows the circuit of the receiver. 

To obtain the best results with this receiver, the aerial should be rotated by 
hand until the signals become loudest. 


1 Semi-permanent crystal detector. 1 pair of high sensitivity earphones. 

Cl 1.0005 mf. variable condenser. —_—&85-ft. to 90-ft. of 20 S.W.G. double 

C2 1.0005 mf, fixed condenser. cotton covered wire. oz.) 

T condenser dial marked 0 to 100 or ‘Sufficient connecting wire for wiring 
Oto 180, purposes. 


7. Long Distance Receiver. 


ite straightforward, as can be seen from Fig. 6 and the 
in winding the coil L1, 

This coil consists of a 23-in. diameter former on which are wound a total 
of 51 turns using 24 §.W.G. double cotton wire. Starting at one end, tap every 
two turns until there aro cight taps; wind a further 15 tums and tap; then 
a further 10 turns and tap; finally, add 10 turns to end the winding. The wire 
should be close wound, é.e., with tums touching. 

To obtain the best results, the two crocodile clips A and B should be tried 
on the various cail taps until the loudest reception is obtained, It may be 
found in use that the loudest reception of any particular station causes another 
station to be heard at the same time; care should, therefore, be taken to select 
the appropriate tapping point to separate any two powerful stations that may 
interfere with one another. 


4 02. 24 S.W.G. DCC copper wire. 1 Permanent crystal detector. 

Coil former 2}-in, dia, x 3-in, C3. .001 fixed condenser, 

1-2 single variable condensers 1 pair of high sensitivity earphones 
00035 mfd. (preferably between 4,000 ohms 

2 Condenser dials marked from and 8,000 ohms impedance}. 
Oto 100 oF 6 to 180. 2 Crocodile clips. 


8. High Gain Receiver. 


This receiver has been designed to give good recoption up to 50 miles distance 
from any normal power broadcasting station in the medium band. It is a very 
selective circuit and will therefore enable the user to separate closely situated 
stations. 

It will be noticed in the circuit (Fig. 7) that the variable condenser C1, has 
an on/off switch S1 to throw it out of circuit if necessary, It is used to increase 
the selectivity of the receiver and, in operating, it should be tried with this 
condenser either in or out of circuit on the various tappings on the coil L1. 

Li consists of 90 turns of 22 S.W.G. double cotton covered wire wound 
on a 2-in. diameter former and tapped every ten turns. {1.2 separately wound 
on & 2-in. former, consists of 90 turns of 22 S.W.G. double cotemm ceared 
wire, also tanped as Ll. The components required are given on page ? 


FIG.5A FRAME AERIAL CRYSTAL RECEIVER 
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FIG.6 LONG-DISTANCE CRYSTAL RECEIVER 


C1-2 Single variable condensers 1 Pair of high sensitivity earphones. 
.00035 mfd. 8 oz. 22 S.W.G, 
SI Single pole single throw switch. 2 Dials for variable condenser 


CS .0001 preset condenser. marked 0 to 100 or 0 to 180, 
1 Permanent crysta! detector. 


34.00] mfd. fixed condenser. 
9. High Selectivity Receiver, 


This circuit (see Fig. 8) is for use in high saturation strength areas where itis 
desired to separate powerful stations. The circuit is not complicated and is 
extremely effective. 

It will be noted that C1 and C2, cach 00035 mfd. capacity, are 2 gang unit, 

The only special point in this set is the design of coils LI, 2 and 3, which 
are constructed as follows: L1, 60 tums of 22 S.W.G. double cotton covered 
wireona3 x 4 inches former tapped every five turns; L2, 15 turns of 22§,W.G. 
double cotton covered wireon a 3 x 6 former; and’ L3, 85 turns of 22 S.W.G. 
double cotton covered wire wound on the same former as L2, the two windings 
being separated by approximately }-in. (see Fig. 8), 

Note that the aerial Jead is brought down to one of the tappings on wire L1, 
This should be tried on each of the tapings and the one giving the required 
selectivity should be used. 

C1-2 2-gang variable condenser 3.0005 fixed condenser. 

00035 mfd. t Semi-permanent crystal detector. 
2 3-in. formers for coils L1-2-3. 


8 oz. 22 S.W.G. DCC. 


10, Battery-alded Crystal Receiver. 
Fig. 9 shows a design which utilises a 9-volt grid bias battery to improve 
formance. 


The charge built up in the .02 mfd. fixed condenser is changed to a positive 
current when it passes through the coil Li. This, in turn, is superimposed on 
the positive charge that is commencing to be rectified by the crystal detector 
and thereby increases the signa] strength. 

Coil LI consists of a 4-in. diameter former wound with 85 tums of 24$,W.G. 
double cotton covered wire tapped at 5, 25, 45 and 65 turns from the earth end. 
‘The carth end and these four taps are brought out to five small sockets and the 
connection from the earth is taken to a small socket. The plug should be tried 
in each of the five positions to find which one gives the greatest signal ‘strength, 

The 9-volt battery is connected across the 02 mfd. condenser and special 
erase be taken to see that the battery is connected correctly, Le., negative 
pole to earth. 


1 Permanent crystal detector, C3 Fixed condenser .02 mfd. 

1 4-in, dia, x 3-in, former. 1 pair of high sensitivity headphones, 
8 oz. 20 S.W.G. DOC copper wire, 1 Clix plug. 

Cl Variable condenser .0005 mfd. 5 Clix sockets. 

C2 Fixed condenser .005 mfd. 1 9-volt grid bias battery. 


Il. Medium and Long wave band Receiver. 


‘This set has been designed for reception on two wave bands. 

Care musi be taken in winding the coils Lt, 2, 3 and 4, These are wound 
on a single 3-in. diameter former. Li consists of 30 turns of 28 S.W.G, DCC 
tapped at 8, 16 and 24 turns. L2, 60 turns of 32 §.W.G. DCC. L3, 40 turns of 
28 S.W.G. DCC, and L4, 80 turns of 32 $,W.G. DCC. All are close wound 
and are separated from each other as followa: between Li and L2, 3/16-im. 
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FIG A HIGH SELECTIVITY CRYSTAL RECEIVER 


FIG. GATTERY-AIDED CRYSTAL RECEIVER 
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between L2 and L3, i-in.; and between L3 and L4, 3/J6-in. See Fig. 10. 


C1-2 single variable condensers 3-00! mfd. fixed condenser. 

.0005 mfd. 1 Pair of high sensitivity earphones. 
2 Variable condenser djals marked 1 3-in. dia. x 8-in. former, 

0 to 100 or 0 to 180. 20z of both 28 and 32 S.W.G. 
1 Clix plug. double ‘cotton covered wire to 
3 Clix sockets. make these 4 coils, 
51 Single pole double throw switch, 1 Permanent crystal detector. 


In use, the plug should be tried in each of the three sockets to find the point 
which gives the best results. The switch is used as a wave band change switch. 


12. Ultra Sensitive All Wave Receiver. 


The receiver shown in Fig, 11 is for long distance reception. Tt is a novel 
circuit and, though apparently complicated in construction, it is really very 
simple to assemble with the minimum of tools and labour. 

it will be seen from the circuit diagram that there are two banks of sockets, 
five black and six red. “When using this set the appropriate black and red plugs 
in whichever of the similar coloured sockets give the best 
Tesults. The coil is quite easy to construct and consists of a primary winding 
which is inserted at the earth end of the secondary winding. For the mediurs 


The coil is wound on a 3-in, diameter former which may be a paper tube, 
bakelite, paxolin or perspex, and spacing is approximately 17 turns to the inch. 

For short wave work down to about 30 metres, L2, the secondary coil, will 
consist of the same diameter former wound with 15 turns of the same gauge wire, 
the four taps being taken at 3, 6, 9 and 12 turns from the earth end, 

LI, the primary coil, is used for both wave bands and consists of 11 turns 
of similar gauge wire to that used for L2, wound on a 2-in. x 1-in. former, the 
winding to be spaced the same as L2. ‘The coil is then inserted at the earth end 
of whichever secondary coil L2 is being used. 

‘The crystal detector may be one of the semi-permanent types freely available 
to-day; the old-fashioned cat's whisker pattern; or one of the silicon Permanent 
detectors which are sold by many surplus dealers. 

The phones should be of a standard type 4,000 ohms impedance although 
“phones of other values will probably operate quite satisfactorily with this 
Powerful receiver. It should, however, be stressed that the better the head- 
hones used, the more satisfactory the reception, 

Coils for other wave bands may be experimentally designed by the con- 
structor, remembering that four tappings are advisable for the secondary coil L2. 

A long aerial is very desirable with this receiver, placed as high as possible, 
It is recommended that a minimum length of 70-ft. be allowed, to include the 
aerial and lead-in. 

The values of the components are shown in the following components list. 
The constructor should experience no difficulty in obtaining excellent results 
from this cleverly designed receiver. 


Cl 0005 variable condenser. + 1b. 20 S.W.G, enamelled or DCC 
C2 .002 fixed condenser. copper wire. 

1 semi-permanent crystal detector. 6 red wander plug sockets. 

1 coil former 3-in. dia. x 4}-in. 6 black wander plug sockets. 

J coil former 2-in, dia. x i-in, ‘red and 1 black wander plug. 


Headphones, ‘terminal, ~snnecting wire 
Ww 
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ULTRA-SENSITIVE ALL“WAVE CRYSTAL RECEIVER 


13. An Advanced Crystal Diode Receiver. 


lern crystal diode of the radar {ype does not require any adjustment 
and hue fave @ distinct advantage over the ordinary crystal detector which needs 
elicate ee aetustentevea the semi-permanent type. 

Is are now obtainable on both the regular and the surplus 
‘oases @ popular type is the B.T.H. CS7A silicon crystal (also coded 


different circuit from the usual crystal set arrangement is needed 
to mit fe characte of's @ crystal diode. The diode must be tapped on to 
‘the tuning coil, and it is found that the tuning circuit itself gives best results if 
a seciesetuned acceptor circuit is used. The circuit of a radar crystal receiver is 
iowa Ia ip. 12, The type of aerial used with this circuit has a very great 
‘bearing 6 behaviour of the receiver for, in effect, the tuned circuit, with a 
scties resistance equivalent to the reflected ‘crystal load resistance, is in series 
with the capacitance of the seria] to earth and the aerial’s effective series 
resistance. 


At resonance—when the combination is tuned to any particular signal— 
the inductance resonates with the capacitances of the tuning condenser and the 
aerial in series, and the final effect is that the reflected load of the crystal, in 
serios with the coil’s R.F. resistance, is paralleled across the acrial's series 
resistance. 

For maximum power transfer, the crystal load resistance must be made 
ZaURL to ths fara ot the ucsidl series resistance paid the ooil RF: resistance and 
so the method in which the crystal is tapped into the tuning coil, and the exact 
capacitance required to tune the receiver to any required signal, must depend 
toa very great extent on the aerial itself. 

At the same time the crystal resistance varies with the signal strength, the 


resistance being high for weak and dropping by as much as 50 per cent. 
and more for strong signals, so that this effect also has a bearing on the correct 
soil tap. The output ‘of the crystal also varies similarly, affectin; 


the matching of the headphones into the crystal diode, and so for any set 
conditions, the receiver requires to be matched up to both the aerial and the 
signal being received for best results. This would mean a series of coil tapa 
and (theoretically, not practically) a matching transformer between the diode 
and the headphones; but in practice it will be found that a receiver using standard 
parts can be built up to give very good results under various conditions. 

It has been shown already that the tuning of the receiver depends to a great 
extent on the characteristics of the acrial, and while a .0005 mid. variable 
capacitor is shown in Fig. 12 as the tuner, the constructor must be prepared 
to experiment with different capacitance values until the required station is 
tuned in. The range of reception given by the receiver is quite good, if a really 
Jong and high aerial, and a good earth connection, are used; but n0 more than 
the local station signal can be expected, and the tuning therefore must be adjusted 
to suit the station frequency. 

Tt must be mentioned that the headphones are shown parallel connected. 
High resistance headphones of the 4,000 chm type must be used, and if two of 
these are connected in parallel rather than in the more usual series method, they 
will provide a roughly accurate match to the crystal. If more than one pair of 
headphones are to be connected in, then the pairs of headphones may be left 
series connected in the usual manner, the sets of headphones being connected 
in parallel. 

The capacitor across the headphone terminals completes the crystal R.F. 
circuit, and any value between about 0.001 and 0.005 mf, will serve, The higher 
capacitance will, of course, by-pass some of the higher audio frequencies, so 
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SMD Soldering 


Your reference guide to soldering with surface mount devices 


Short cut to your reference guides and charts 


1. Introduction to SMD soldering 
2. SMD soldering (prototyping board) 
3. SMD soldering (prototyping PCB socket 2.S4mm pitch) 


1. Introduction to SMD soldering 


SMD IC stands for surface mount device integrated circuit, or commonly 
known as SMT surface mount technology. Why go into SMD? Small in 
size, light in weight. This is the advantage of smd. Being small, engineer 
is able to design small electronics gadget that people can carry around. It 
is quite obvious that people prefer small mobile phone 


The ultimate advantage will be lower cost to consumer. Being small in 
size, the printed circuit board (pcb) can be small, meaning low cost 
‘Transportation cost can be reduce because it is now lighter and more 
products can be packed into the same box. Space required is less, 
meaning cost saving on the warehouse storage. PCB board is easy to route 
without the through hole. Better signal integrity, Easily assembled by 
machine, There is too much advantages. Going SMT is certainly the way 
forward. 


[used to build circuits using dual in-line package (DIP or DIL) IC only. 1 
hardly thought of using surface mount device/component (SMD) because 
Thave great doubt that I can solder the fine legs of the IC chip. The pitch 
for the older DIP IC package are 2.54mm., Pitch is the distance between 
adjacent pins as illustrated in the picture. Most IC comes with a variety of 
packages. The IC that I know of, offer both the SMD and DIP packages. I 


‘tp sivawsiongboon.com/projects/2008-04-22_smd_soldering/index him 


‘SMD soldering, PCB cleaning 


Edited by Lim Siong Boon, last dated 06-May-08. 


email: mailgsiongboon.com 
website: http://w, sionabeon..eo 
Technology evolution, from big to small 
BJA phone small enough to carry 


Even smaller phone 


Mobi 


‘Through hole packages 
DIP = 8 pins 
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that if good steady reception is obtained some experiment with this condense? 
is also worth while. ‘ 
Cl, .0005 mfd. variable condenser. MLR.1 CV 253 Crystal diode. 
C2, .005 mfd. fixed condenser, Coil former 1}-in. dia. x 4¢-in. 
402. 26 §.W.G. enamelled copper wire. 

Coil details are as follows: 150 turns of 26 $.W.G. tapped at 20, 25, 30, 
35, 40 and 45 wurns from the earth end. At cach tapping-point the wire should 
‘be twisted up into a loop and the winding then continued without breaking the 
fais ‘when the coil is completed and the ends anchored the tapping loops ua 
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Defines Success" 

QUESTION: What is Success? 


ANSWER: Success is the progressive realization of a worthy idea. If you have a goal and you are working 
towards that goal, then you're on the path to success. 


"A 30 Day Program" 
All One Has to Do Is Apply The Method To Their Life And Your Life Will Never Be The Same Again! 


SAY This for 30 days straight 

I plant positive thoughts in my mind 

Tam practicing this for 30 days straight. 

Tam doing a 30 day practical method. 

Tam applying this method for 30 days straight. 

This is going to be easy, 

This will alter my life for the better and for ever. 

I think and I relax. 

Tam writing down my want list on a card. 

Tam imagining and concentrating on my want list for 30 days straight and 3 times a day 
Tam looking at this want list for 30 days straight and 3 times a day. 
SAY This for 30 days straight 


Lwant (state wish or want) ? 


This is my reality the moment I think about it 


I create positive habits. 
L always think positive. 

T take control of my mind, 

‘My mind will only think of what I allow it to think. 
I Do more. 


I think more. 
I give myself more then I ever did before. 


I don't worry about how I am going to achieve my goals. 
All The answers will come to me. 

I think of all the reasons I can be successful. 

write out the persons that I love to become 


Tam like 


I can not live no other way after this right knowledge, 
my whole life to live in a superior way. 

Lam super-strong mentally. 

Lama super-strong physical . 

Tam super-strong 9 Ethereally 

Tam cured of all mental diseases, namely ignorance. 
Lam a Supreme Being of the pure radiant Green Light, 
I change my mental environment and I change my life. 
Lama superior thinker. 

Lam bred to be superior in mind. 

Lam programmed by my superior mental environment 


Tam educated In a Superior mental environment. 


Named Nuwaubu/Wu-Nuwaubu 

Lam physically and spiritually free. 

Tam a supreme being. 

Tam goal-minded. 

Lachieve anything I want to achieve in my life. 

Lam financially independent, 

T know how to use my superior knowledge to become super-successful, 
I get everything I want in my life 

Thave the super-magic touch. 

Anything I touch turns Into success. 

I continue to become more & more successful in my life. 
T always think big and successful 

Tam a super-successful supreme being. 

L.am progressive In the realization of my worthy ideas. 


I do everything in any field I choose to, 
Lam successful in anything I choose to do, because that's what I want to do, 


I propagate the ‘Message of the Most High’ 
I set goals. 


Lam going to ...(state action), 


Lam going to ...(state action), 


Lam going to ...(state action) 


(set date for deadline) 


Twill succeed, 


Iwill reach all of the goals that I set for myself. 

I set out to achieve all of them, 

want to become a "Supreme Being " 

Tam a "Supreme Being " 

Success is anybody that's doing a pre-determined job, 


Iwill (state action), 


Lam (Determine) 


I posses a burning desire to be what I think about all the time. 
I create all my opportunities in my life. 


I know where I am going. 

Thave complete plans, 

I know my directions, 

I know my destination, 

I know where I am going all the time, 
Thave the superior guidance. 


Tam a superior sales man. 
Thave no limits in ALL 


L always achieve. 
T sell anything, because I want to. 

I sell everything 

I believe in what I am selling. 

I don’t hurt anybody. 

I don’t displease anybody. 

make everything I do marketable to all. 
Tam superior competitor. 

Tam a super-winner. 

T super-succeed in my life. 


I really overstand this principle completely. 


My life is altered for super-success 


The Bes things are always attracted to me, 
Everything I want, I get. 

From now on, I won't have any problems. 
won't have any worries. 


I. don’t have any doubt, nor any fears in my life. 


“THIS IS THE KEY!" 

SAY This for 30 days straight 

Tam what I think about all the time. 

(say what you want to think about All the time) 


<cchere>> 


Everything will come if I only be patient and wait for it 
Tam completing my purpose. 

Lalter my life for The Bes. 

Lalter my attitude to a superior state of mind 
Tam a superior mind, 

I care enough for super results. 

Iwill achieve it. 

Lachieve all 

Tam super-rich, 

Lam super wealthy 

Lam super-healthy. 


Lam super-intelligent. 
Lam super- knowledgeable on all subjects on earth and the whole boundless universe. 


Anything I think in my mind, I am it. 
Anything I feel in my heart I am it. 


My life is what my thoughts make it 


I posses positive, crystal clear and vivid pictures in my mind of what I want to do. 


I posses positive, crystal clear and vivid pictures in my mind of what I want to become 


I know my goals and purposes In my life 
Thave set a target before me. 

Tam prepared. 

I practice, 

Lam talented, 

Lam skillful. 

Thave the complete idea 

Lachieve all of my goals when I think about them. 
Lam helping to save positive agreeable Nubian people 
who don’t believe in themselves. 


Possible Nine-mind revision: 
(Lam helping to save positive agreeable Nubian people who don't KNOW themselves.) 


I totally believe in myself. 


Possible Nine-mind revision: 
(L totally trust in my abilities within myself.) 


Lwill instill this superior mind-concept in all of my children, 
Lam the greatest of the great. 
‘My children are the greatest of the great. 


Tama chosen child of Anu. 


Thave the superior-faith 
Thave super-determination 

Iwill succeed, 

T succeed 

I know all things are possible to me, 


T think in only positive terms. 
I get only positive things sent to me. 


I believe and I succeed, 
Possible Nine-mind revision: 

(Lam conscious of my ability to achieve success) 
I know and I succeed, 

Thave no doubt in myself, 

Lattempt all things I want & wish for. 

make everything happen for me in my life 

I become what I think about. 


I think about positive, concrete, worth-while goals and ideas. 


Twill always become what I think about. 


I think about all the positive things I want to become in my life. 


T become what I think about. 


Anything I plant in my mind I become it. 


T plant super-success in my mind and everything I want and wish for in my life becomes reality. 


sni016 ‘SMD soldering, PCB cleaning 


thought that I will never ever need to use smd packages until one day, I 
have no more choice. I managed to pick up new circuit designs, and 
discover more and more new IC chips. Most new IC chips design do not 
have DIP packages. You can hardly find one. I realised that in order to 
implement better circuits, I need to learn to use new IC chip, In order to 
use the new chip, I have to find ways to solder smd components. That's 
where I venture into the world of smd. 


Nowadays people prefer to use smd, because they are small in size, which 
tums out to be cost efficient fabricating small PCB. With smaller PCB, 
space & weight is saved, resulting in lower cost for the 
transportation/distribution and storage. 


Research and research, I got to know from other electronics guru that smd 
is in fact easier to work with than through hole. I try it out and from that 
day onwards, I am in love with smd components. Small to solder, but it 
save me the effort to cut the lead for through hole component. I managed 
to store my component using minimum box and space. There are many 
many advantage to work with smd, 


Many people might think that you need special tools like a rework station 
or fine tip iron to solder the small smd components with small pitches. 
With the correct technique, you can use your soldering iron to do the 
soldering, In fact my 60W goot TQ-95 soldering iron has quite blunt tip. 
So thick that most people think that it is not possible to solder smd IC 
with fine pitches. Fine tip iron is easy to reach the fine lead, but I find that 
it is not as hot as the same iron with blunt tip. If you prefer fine tip, I will 
recommend hotter soldering iron or those which can allow you to adjust. 
the temperature, they can be hot. I managed to solder smd package TOFP, 
SSOP QSOP with pitch as small as 0.5mm. Width of the lead of about 
0.3mm, 


Dealing with SMD components do not necessary requires you to fabricate 
8 professional peb board. You can also mount smd components on low 
cost prototyping board, To start off implementing smd components, you 
might like to try using the soie package. Quite common at this point in 
time, but may just phase out as what has happened to the dip packaging, 
SOIC has a pitch of 1.27mm, which is exactly half of DIP packages. This 
size is great because I can solder the IC to the same old 2.54mm pitch 
prototyping donut padded board. What I usually do is to cut the donut pad 
into half. Soldered onto each pad is two pins 1.27mm apart 


‘You can refer to the following article, for further illustration 


'SMD soldering (prototyping board)" 


With so much advantage there is indeed a disavantage. SMD IC comes 
with many type of packages with different pitches. Unlike DIP IC, the 
pitch is typical 2.54mm. I can easy purchase a prototype board with 
2.54mm, and almost all the DIP will fit to the board. SOIC package can 
still be mounted onto the 2.54mm prototype board. The rest of the SMD 
IC chip has quite a wide range of completely different packaging. This 
make them difficult to start with, without having to fabricate a PCB. 


‘There are actually solution to this. Most IC company usually introduce 
their IC chip together with a prototype board for the IC. 


Another solution will be to use a pre-fabricated prototyping board that 


allows mounting of various smd footprint, You can search for the various 
names such as 


‘tp sivawsiongboon.com/projects/2008-04-22_smd_soldering/index him 
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I concrete on only worth-while goals. 


Talways value my mind, my body, my soul and my spirit: 


I. don’t take my mind, my body, my soul and my spirit for granted. 


T plan my goals in my mind. 


Tam making the most important decision in my life. 


T plan all my goals in my mind and I achieve them. 


I picture myself as a Supreme Being, 


I see myself as having already achieving all goals in my life. 
Tam outstanding in everybody's eyes. 


Tam a great, supreme being, 


I find everything I need in my life to help all others. 


Lam super-rich in personality, fame and respect. 


I plant any thought In my mind and I easily achieve it 


T care and work towards achieving my goals in life and everything 
I plant in my mind becomes a reality. 


That is Universal law. 


This always works, because this is Universal law. 


Tam where I want to be. 


Tam guided by my Inner Being 


I think, I think and I think 


Lam learnt in this superior science. 


Loverstand this Supreme science. 
I know this supreme science works with the forces of nature 


put your want and wish in the lines 


Tam 
T believe in 


Possible Nine-mind revision: 
(Z focus on) 


Thave faith in 


Possible Nine-mind revision: 
(strive towards) 


Lam in control of. 
T.do the job that I love doing 


Lonly do super-great things in my life 


Tam A Supreme Being of the pure radiant GREEN LIGHT 
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aioe ‘SMD soldering, PCB cleaning 


- prototype adaptor 
~ chip adaptor 

~ smd prototyping board 

= smd to dip adaptor 

= smd socket 

~ smd adaptor 

~ smd to 2.54mm converter 
= SMD to DIP converter 

~ chip carrier 


You can refer to the following article, for further illustration. 


MD soldering (prototyping PCB socket 2.54mm pitch)" 


In prototyping with DIL IC, peb mount IC socket is usually u 
the IC can be removed easily if damaged. Some sockets are designed for 
programming used where the chip can be inserted and remove easily for 
programming purpose. To remove the component, you need not have to 
do de-soldering. Like DIL package, smd also comes with their own IC 
socket. There are many variety of smd packaging, and getting the socket 
for your smd components is not going to come cheap & easy compare to 
DIL. Therefore I usually built prototype without any sockets for smd 
design. After numerous attempts designing and building of circuits, you 
will definitely attain a certain level of confident on your design without 
considering IC socket. Without the socket, cost and space are saved 
significantly. 


SMD IC socket 


‘The headache will come when you really need to removed the smd IC. 
How do you remove the IC from the PCB? For de-soldering of smd 
component more than 3 leads, you can add in more solder to connect up 
the IC pins heat pins on all the sides of the IC and eventually pull out the 
component. It is easier to use the rework station or IR heater to de-solder 
smd components. The rework station uses hot sir to melt down the solder 
on the board, You will need to aim the hot air at the solder joint 


If you do not have the lurxy of getting the rework station, another 
possible method might be to use a special solder that has lower melting 
point, LowMelt® DeSolder Wire. A lower melting point means that the 
solder will takes a longer time to cool down to a solid. This allows you 
more time to remove the IC after heating up the solder. The solder is 
flooded onto the pins of the IC. The pins are heated up together using a 
soldering iron and the smd IC ean then be removed easily with a tweezer. 


‘http iivawsiongboon.com/projects/2008-04-22_smd_soldering/index him 
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PREFACE. 


“Tw only way in which the Bitor ofa book of reference can 
show hia gratitude to the public for demanding new editions 
on the exhaustion of the oi, is by doing his best to keep its 
contents up to date, The reviser has done so; many articles 
have been entirely rewritten or enlarged—e4, Copyright and 
Licensing, Madrigal, Mass, Opera, Panoforte, Pitch, and others 
of less dimensions; also, many of those litle slips which show 
sich persistent survival in works of this kind have been 
removed, The Editor is grateful to many, whose names are 
among the authors snd helpers, for thei share in this last 


Oxronv, July, 1698. 
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sni016 ‘SMD soldering, PCB cleaning 


2. SMD soldering (prototyping board) 


~ 


The prototype board above has pad with 254mm pitch and is designed 

for DIL and through hole components. The board is easily available from 

local store. Dealing with smd components on this 2,54mm pitch board is 

not difficult as well. I have been using this board to solder quite a 

‘number of surface mount components 

- SOIC 

- DPAK 

- SOT23-6, SOT-3 

- 70-263, High pin count component with pitch less than 127mm 

“psop will not be suitable to mount onto this board. For passive 
smd component like resistor, capacitor or inductor which 

only have 2 pin, mounting is simpler. Size is not an issue 

soldering onto the board, 


Align the SMD IC to the position on the pad. Mark out the 
pad for the cutting to be done. 
~~ ‘ 
= Use a penknife to cut the donut pad into half. Ensure that 
the half pad does not short circuit using your multi-meter. 
Sometimes the cut may not be deep enough or conductive 
reside between the gap resulting in a short circuit 
Remember to ensure that each is proper cut before you start 
nN to solder. 
e Align the smd with your finger or tweezer and begin 


soldering one of the pin, Check if the IC is still properly 


align after soldering the first pin. If not, heat up the 
soldered pin and realign again. After the ICis align, solder 
all the rest of the pin. If the solder bridge across to the 
adjacent pin, use a soldering sucker to remove the excess 
solder. 

‘The cut between the pad usually make the solder harder to 
bridge across the adjacent pin, Bridging is still possible, 
and itis quite easy to have it removed 
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Example of building the circuit using surface mount 

GS component on the prototyping board with 2.54mm pitch 
pads. As shown above, the pins are being wired by fine 
‘wire wrapping wire, The single core wire is very flexible 
and comes in a variety of color, making it easy to identify 
the type of signal being carried by the wire. 


SMD ribbon cable connector being soldered onto the 2.54mm pitch 
prototype board, 


3. SMD soldering (prototyping PCB socket 2.54mm pitch) 


What you need List of items: 
urface IC chip (TQFP package) 

- Surface mount IC adaptor or converter 
~ Soldering Iron 

~ Tweezer or Pincer 

~ Solder with flux core 

~ Soldering Flux 

~ Stick for coating flux 

= Wiping paper 

~ Tinner 


INTRODUCTION 


In this setup, Iam going to solder a surface mount microcontroller (TQFP 44 pins) 
onto a smd adaptor. The adaptor will then be used on the commonly available 
prototyping board, so that I can try out my new design for circuit control. 


TOFP, QFN and SOIC are quite some common footprint for prototyping smd 
microcontroller from 18 to 64pins. This prototyping adaptor pic-200 (on the left) 
that [ have is an ideal adaptor for my microcontroller. Converting the smd device 
into 254mm, I can easily mount the smd unit onto my 2.54mm pitch prototyping 
board. It is available locally. 


PIC-200 smd to 


trom Pe 


mm pitch adaptor 


Prototyping board with 2.54mm pitch donut pads. 


‘The pic-200 smd adaptor originate from PIC-CONTROL and is well documented 
Commonly used smd footprint can be found on either the top or bottom side of the 
pcb adaptor. These are some of the smd packages that can be mounted onto pic- 


200 adaptor. 


Ic Front Back 
TOQFP-44 
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With a wide range of smd components that can be mounted, itis easier to stock up 
this peb adaptor for future prototyping use. 


Holding onto the side view of the The following article is about getting my smd microcontroller PIC24FI64G004 
QEN package IC soldered onto this board. After which I will be on my way to do prototyping for my 
° new control circuit, 


This smd adaptor origined from PIC-CONTROL. For other type of adaptors, you 
can also refer to other manufacturer as mention above, 


lick here to 


Buy this SMD Adaptor Now at the PIC-store 


= PlC-store 


<Step I> Before soldering, ensure that the soldering pad on the PCB is free of oxidation, 
PCB is usually tinned to protect the copper surface from oxidation, In cases where 
the surface is oxidized, you can try cleaning the surface with a contact cleaner. 
Apply the solution with tissue paper or toothbrush to clean up the contact. This 
solution make the PCB board rather oily, which I don't quite appreciate. 


Contact cleaner. — 


Lot us start our smd soldering here, Soldering surface mount component. The first 
important thing to introduce would be the solder. 


There are many type of solder. Choosing the correct solder takes a bit of some 
knowledge too. Leaded or lead free solder? The industries is moving towards Pb 
free components & PCB, calling for unleaded product. Lead is toxin and not 
environmental friendly. I would advise ou to wash your hand after soldering or 
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<Step 2> 


eae 


One of the pad being tinned. 


Align smd IC to the respective pad. 


‘SMD soldering, PCE cleaning 


handling peb board. A soldering fume extractor to vacuum the smoky fume would 
be quite comfortable for your soldering. The smoke is quite choking and a health 
hazard if you breath that in, 


solder 


ume extractor, 


Solder also comes with a variety of metal alloy combination. Nowadays it is 
common in solder core to contain flux. If the solder do not have the flux in the 
core, the flux have to be manually applied onto the metal surface before the 
soldering beginning. The flux cleans up the soldering surface, and also make the 
solder flow rather smooth like liquid. One of the important ingredient to make a 
good solder joint lays in the soldering flux. 


Solder wire also comes in a wide range of diameter to choose from. Generally 1 
use 0.8mm soldering wire roll with flux at the core. Smaller diameter solder wire 
allows you a better control of the amount of solder to apply. For soldering larger 
pins or connector component thicker diameter wire will be preferred. Wire to0 
thin is rather troublesome, because you need to feed in a longer length of solder in 
order to solder the large surfuce‘lead, For general purpose PCB board soldering 
0.8mm wire fits somewhere in the middle. Not too thick nor too thin, For smd 
components, diameter smaller than 0.8mm is preferred. Using 0.8mm for smd 


oe 


12mm Lomm 8mm 0.Smm 


My microcontroller TQFP package has 44pins around the square package. To 
secure the package to the adaptor, I will need to solder one of the pin to the board 
first. It is important to solder only one pin, In case of mis-alignment, we can 
correct it easily. If more pins are soldered, it will be more difficult to correct any 
alignment. 


Pin 1 of the adaptor pad is. first tinned with a layer of solder. A tweezer is then 
used to align the IC chip on the pad, The IC is secure to the board with a slight 
touch from my soldering iron, soldering the IC pin to the pad, 


‘The important factor to consider would be the heat generated by the iron. I prefer 
to use a 60W iron, which still works well in air-con room. A lower wattage or fine 
tip iron will not heat up that well in colder environment 


Goot TQ9S 60W 


If you prefer a fine tip, perhaps the soldering station will 
be more suitable, The iron temperature can be adjusted to a higher or precise 
temperature for the component that you want to solder. Component with thick 
metal contact like connector, heat sink, for thick cables should be solder with a 
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IC being fixed in position 


Checking if alignment is correct, 


Flooding the pins with the rest ofthe solder. 


Pins flooded with solder 


<Step 3> 


<Step 4> 


‘SMD soldering, PCE cleaning 


higher temperature, The iron should be held on longer, in order to have the 
component fully heated up before any solder is applied. 


Solder Station 


For soldering the IC pin to the pad, you can start off by heating up the pad. Then 
‘while heating up the pad, touch the IC pin and apply the solder wire directly to the 
pad or IC pin, allowing the solder to flow like liquid. The IC pin is heated last to 
minimize the chance of over heating the pin. If it doesn't flow very well, you can 
‘manually some flux to the joint. The solder wire should not touch the iron directly, 
because this will vaporize the flux, and solder flow will be restricted 


Heat up the lead and pad longer allows the solder to flow and form a good joint 
Not for too long as it can also damaged your IC. You should be able to see the 
solder flow eventually onto the lead & pad. With a bit of practice, you will see the 
difference between a quick solder touch and another one with lead & pad heat up a 
little bit longer. It takes a number of practice to get a good joint with minimum 
amount of heating time. 


‘The soldering iron that I use has rather thick tip, but that does not matter when I do 
soldering for the smd microcontroller. All we do is to flood the pins with solder. 
They can be be suck up later, 


There is a technology known as ultrasonic soldering, The soldering iron tip has 
this micro vibration which helps the solder to flow more easy without much use of 
flux. It can also solderthose difficult to solder material, The following is one article 
that I found that describe about it, - Soldering the unsolderable. 


Thave applied more flux at this stage. It should have been applied before flooding 
the pin, but it doesn't matter too much. The flux will make the solder rather liquid 
so that itis easier to suck up the excess solder. 


@ 
E 


—— Baker Soldering Fluid 


solder flux paste 


The flooded solder is being heated up, and the excess solder are being sucked up. 
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<Step 5> 


‘SMD soldering, PCE cleaning 


Each pins is being touch up, ensuring that the pin is solder to pad and that they are 
not bridged across to the adjacent pins 


Now we have got our smd component soldered onto the board. 


‘The flux helps a lot in doing a good solder but it often leaves the board with tiny 
dots of transparent strain, a bit sticky, also known as grease or flux residue. The 
board looks untidy with these tiny bits of grease. 


‘These are the various recommended cleaning solution for peb. 
= 50% Alcohol + 50% Water 

- Thinner 

- Flux remover 

~ Multicore Prozone MCF800 

= Solvent-> Bromopropane; propane, I-bromo-; propyl bromide (Chemical 
Formula: C3H7Br) 


‘Alcohol MSDS (Material Safety Data Sheet) 


‘Thinner MSDS (Material Safety Data Sheet) 


Brush for the crush 
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‘SMD soldering, PCB cleaning 


mse “9 Muticore Prozone MCF800 


Besides using chemical, or after using chemical, there may still be some white blur 
stain. Those are flux spread dry up on the surface. Using a hot air blower, or heater 
on the surface can melt the dry up flux, and recover the smooth shiny PCB board 
surface again. Clean away the melt flux immediate after the heat. 


Using alcohol is strongly recommended. Thinner is not suitable for certain 
plastic/material. Care is required when using thinner for cleaner. Using thinner on 
the PCB, copper pads and soldering joint isn't a problem. When use on plastic, you 
are advise to do a trial to ensure that the material is able to with stand thinner 
solution, Flux remover is commercially ready mixed solution, From what I learn in 
the manufacturer website, they are non-flammable chemical solution. 


Chemical comes in different level of grade. A slight different in the chemical 
concentration or purity can results in a large difference in cost. Alcohol can be 
expensive. For peb cleaning purpose, request for technical grade alcohol. Higher 
grade alcohol is typically used for consumption or lab experiment purpose. Since 
we are using it for cleaning, there is not much advantage in using high quality 
chemical which is expensive. Dickson chemical is specialized in high graded 
chemical for laboratory use. They do sell lower cost technical grade alcohol. They 
are not suitable for consumption but is ok for cleaning application 


Dickson Chemical selling Technical grade aleohol 


‘You can easily buy thinner from your local hardware. Typically used for cleaning 
your brushes afterall the wall painting works, 


y, 
Kosaas\ 
Tepiyrtconc 


Non-flamr 


lc Flux remover 


click here to 


Buy Cleaning Solution Now at the PIC-store 


= PlC-store 
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‘SMD soldering, PCE cleaning 


‘These are other recommendation in the web. After researching further, 1 would 
advise not use them. These chemical are of health hazard, Exposure will have 
severe adverse health effects, 


= 50% isopropanol + 50% water 
= Trichlorocthylene 
~ Carbon tetrachloride 


Isopropanol (true chemical name) is also known as Isopropyl alcohol or 
propanol. 2- is refer as Iso. Other chemical may starts with I refer as N. These are 
some jargon used in the chemical industrial. I managed to learn a few of the terms 
from the vendor. 

Trichloroethylene (true chemical name) is typically used for degreasing the metal 
It is an extraction solvent for oil. Another name for Trichloroethylene is Trielin 
Based on some read up, they can cause cancer. 
http//www.answers.com/opicitrichloroethylene 


Carbon tetrachloride can harm our environment, producing CFC which deplete the 
earth's ozone layer. http://en,wikipedia org/wiki/Carbon_tetrachloride 


Initially I tried using contact cleaner to clean the stain off. I use cloth or tissue but 
the fabric is often tear by the component sharp edges. Most comers are not easy to 
reach. Later on I tried using a toothbrush, the result is better. 


For mass cleaning job, you can try using the ultrasonic peb cleaner. It is a deep 
‘metal container for the solution, using micro vibration to shake off the dirt. I have 
never tried on it before, and I believe it is the same machine people used for 
cleaning their jewelry. Basically, you will need to dip the peb board into the 
solution, and the ultrasonic will be activated to do it's job. The solution used is the 
same as manual cleaning, requiring 3-5 minutes of cleaning 


2 


Ultrasonic cleaner 


=<, 


Qw 


Ultrasonic jewelry cleaner 


There is also a flux that does not leave residue on the PCB. I found it on the 
internet, and have not try it before 


INTERELUX, IF 2005M No-Residue™ flux, paf file 
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<Step > 


‘SMD soldering, PCE cleaning 


Article relating to removing flux residue: 


~ pob cleaning - Aqueous Cleaning Process.pdf 

- peb cleaning - Flux Removal, nuxx.pdf 

~ peb cleaning - pcb cleaning article.pdf 

- pob cleaning - PCB Cleaning, Printed Cire.pdf 

~ peb cleaning - peb washing chemical composite.txt 

- peb cleaning - remove solder flux.pdf 

- peb cleaning - Solvent washing PCB boards. pdf 

- peb cleaning - washing the board using alcohol.pdf 

- peb cleaning - PCB cleaning article Inventee S24 03.pdf 


A close up view of the clean and neatly soldered surface mount IC on the 
prototyping adaptor. Soldering smd components is simple and fast with a bit of 
practice, Small and easy to clean up. There are too many advantage in working 


With surface mount, compared to through hole components, 


This is the end of the short demonstration on smd soldering, I hope these article 
can provide you some insight and confident to start experimenting circuits using 


surface mount components, 


Video available, Please click here, 
1B snd soldering mpg (25MB) 

an 

2° smd cleaning peb.mpe (5.5MB) 


Article on smd soldering, 


lick here to 


Buy this SMD Adaptor Now at the PIC-store 


‘Various Chemical Reference: 


Alcohol 70% + Distill Water 30% 
MDX4-4159 
7MHFE-71DE 
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sinaota ‘SMD soldering, PCB cleaning 
Cyclohexanone 
Methylethytketone 
ethylacetate, 
Silicon Wacker 
Wacker M4503, General purpose mould making silicon (Using Two Part Silicon Mold Putty to Make Molds) 
hitp://www-kirkside.com.au/, Mould Material Specialist 


Propanol, used to clean PCB. (close to white electric oil) 
‘Acetone, remove away ink printed on PVC stickers 
n-Hexane (white electric oil) 


‘smd glue for surface mount component mounting / soldering use 
|-glo NE scries, NE3000S, NES800T, more Seal-glo 


email: _mailésiongboon.com 
website: http://w, sionaboon 


Keyword: surface mount soldering, smd adaptor, smd to 2.54mm convertor 


‘tp iivawsiongboon.com/projects/2008-04-22_smd_soldering/index him 144 
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Surface Mount Soldering Procedure 


We believe that the following procedures describe the simplest way to reliably assemble surface mount components 
without special tools. The only tools required are a pair of fine-tip tweezers, a rosin based flux pen, rosin core solder 
(.025" dia. preferred), and a soldering iron with a small, clean tip. A spool of fine (0.075”) solderwick will come in handy 
if you need to rework connections. You will need isopropyl alcohol, cotton balls, and cotton swabs for cleanup. If you 
have access to hot air rework tools and the skill to use them, feel free to use them instead. 


Solder Component 


ONS 


PC Board PC Board Pads 


A proper solder joint with fillet 


y | iy 


Proper joints Poor joints 


Placing the component 


Soldering surface mount components is not diffi- 
cult, but it does require good eyes, a steady hand, 
and a soldering iron with a small, clean tip. The 
illustrations at the left show a proper and a poor 
solder joint. In the proper joint, the flux has 
“wetted” both mating surfaces, allowing the molten 
solder to adhere to both the printed circuit board 
pad and the component lead. In the illustration of 
the poor connection, insufficient heat or flux has 
forced the solder to ball up on the end of the 
component, without making it to the PCB pad. The 
component is not attached properly, and the electri- 
cal connection will be intermittent at best. This 
connection can be salvaged by applying flux and 
heat to the PCB pad to get the solder to flow to the 
area between the pad and the component. 


‘The most important characteristic of your soldering 
iron is that it must be equipped with a small, clean 
tip. If the tip is too large or is covered with oxida 
tion, creating a well-flowed solder joint will be 
nearly impossible. Wipe your tip on a sponge 
before each joint - it must be shiny and well-tinned 
in order to transfer its heat properly. 


You will find it easiest to work on your board if 
you clamp it in a moveable vise or stick it toa 
small block of wood with double-stick tape. This 
will allow you to rotate the board to whatever angle 
is most comfortable for access to the component 
being installed. If you try to hold the tiny parts at 
awkward angles, you will not have good results! 


‘The first step is to apply a small bead of solder to 
‘one of the PCB pads for the component to be 
installed (the left-hand pads of RI and R2 in the 
photo at right). The bead should be approximately 
0.020" to 0.030” high (you may want to reevaluate 
your bead size after you have completed several 
joints). Apply some liquid rosin based flux from a 
flux pen to the solder bead and to the other pad(s) 
for the component. 


Next, using a pair of tweezers, pick up the compo- 
nent to be installed and place it over the appropriate 
pads. 
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With the part in position, solder the other end 


With the part in position, move the soldering iron 
to the solder bead on the PCB pad. Apply a small 
amount of heat from the iron to flow the bead, 
simultaneously lowering the part against the board 
and correcting for any rotational misalignment. 
Remove the iron and allow the solder to cool. 
Inspect the joint - at this point you are not con- 
cemed about the quality of the actual solder joint, 
just the positioning of the component. The part 
should be flush against the PCB, with both ends 
properly contacting the pads. The part should be 
straight, and centered between the two pads. 


Apply a liberal amount of liquid flux (again, a flux 
pen is the ideal applicator) to both ends of the 
component. Heat the currently unsoldered end of 
the component and the adjacent pad with the 
soldering iron, and carefully wipe on a small 
amount of solder. You want a small fillet as shown 
in the earlier illustration, not a large glob of solder. 
Make sure that the solder has flowed onto the pad 
as well as the component lead - don’t be fooled by 
a lump of solder on the end of the component that 
doesn’t flow under the component and onto the 
PCB pad. 


After the second end is soldered, go back to the 
original solder joint and reheat the solder. The flux 
will allow the solder to flow freely, and a good 
fillet should be observed. If there seems to be 
insufficient solder, add a little more. If either of the 
ends appears to have an excessive amount of solder 
(a large blob sticking up above the part) it can be 
removed with solder wick. Apply flux to the blob 
and the wick, position the wick over the blob, and 
press lightly on the wick with your iron. As the 
heat is conducted through the wick the solder blob 
will melt and be drawn off by the wick. You may 
end up removing too much of the solder, in which 
case you can reapply a small amount of fresh solder 
to the joint. 


After the joints have cooled, inspect them carefully 
to make sure that they are solid and make contact 
with the board. If you have any doubt about the 
quality of the connections, apply more flux and 
reflow the joints until you are satisfied. 


‘The same procedure is also used for installing 
components with three or more leads (transistors, 
ICs, etc.). Start with a bead of solder on one pad, 
position and “tack” the part, then add more flux 
and solder the remaining leads. Don’t forget to 
reflow/improve the first “tacked” connection if 
necessary. 
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Electrical Wire soldering For Beginners 
by Randy Glass 


DISCLAIMER. First, soldering can be dangerous. This lesson is not meant to be everything you need to know. Your 
safety is up to you, and you take full responsibility for any damage or injury caused by these instructions, whether as an 
act of omission or commission on your part or mine. Be aware that an improperly soldered wire can lead to fire, loss of 
vehicles, injury, and even death. By reading and/or using these instructions you take full responsibility and release me 
from all liability. Second, 1 took these photos as I did the work, pressing the remote control for my camera with one 
finger as I held the soldering pencil in one hand and the solder in the other. 1 apologize for any images that might be out 
of focus or poorly composed. 


If Yogi Berra ever wrote a book on motorcycles he would probably say, "We seem to spend around forty percent of 
‘our time taking things apart, and the other seventy-five percent of the time putting them back together.” Some things 
are easy to put together. We use specialized fasteners like nuts, bolts and screws to hold things together that, some day, 
we might want to take apart again. But there are some things that, once put together, we would like to know that, to 
some degree, our fastening system is permanent. One of those places is in electrical wiring. When a wire breaks or 
needs to be fastened to a connector or another wire in such a way as to be dependable, then the very best way is to 
solder. 


soldering is a method to attach one metal part to another. It is part of a family that uses molten metal to do this job, 
At the top of the ladder is welding This is a very high temperature method that actually melts the parts a bit where they 
are attached, along with some other metal, usually in the form of welding rods. Next is brazing. This melts some hard 
‘metal, usually brass, into the gap between two pieces of metal. Normally, the surface of the material being joined is not 
‘melted in this process, but it gets very, very hot. Finally there is soldering. soldering flows some molten metal between 
‘metal parts at relatively low temperatures. 


For our purposes I am going to speak of the type of soldering that attaches two wires together or one wire to a 
connector- the sort of soldering that any backyard mechanic might need to do when working on any electrical 
component or the wires that connect them together in almost any type of vehicle. 


WHY solder? 


Although there are methods that can be used to make these connections without soldering, they are usually inferior. 
soldering does a lot of things: 


1) It Is Strong- You are connecting two metal parts with a liquid metal that becomes solid after it fills the joint and 
cools. When properly done it leaves no voids so the joint is very strong and the wire is well supported. 


2) It Slows or Stops Oxidation - Because solder fills the joint it excludes air and moisture so the metal in the joint will 
not oxidize. This maximizes electrical flow over time. 


3) It Makes An Excellent Electrical Connection- because the solder is a conductor it gives the wire more area from 
which it can flow electrons to whatever it is connected. 


4) Non-permanent - Although soldering is very strong, it can be removed and the joint taken apart in the future if 
necessary. 


5) Connectors do Not Need to be Crimped - Those little metal connectors that are designed to be crimped have a 
terrible habit of coming loose as well as breaking the little copper wires in the conductor making a weak joint as well as 
‘one that does not conduct as well as it should. They easily let air and moisture in which causes corrosion and that leads 
to poor and broken connections. 


MATERIAL LIST 
It doesn't take much to set yourself up as a soldering wizard, Here is a list (numbers refer to image to the left): 


*1) soldering Pencil - Something around 25 to 40 
‘watts would probably be fine for most electrical 
work. You don't need a huge soldering gun to do 
electrical work. A little smaller is actually better 
than too big, as we shall see, Get a brand-named 
pencil so that down the line you will still be able to 
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How To solder 


get replacement tips for it. A chisel tip as seen in 
the pictures that follow is best for most work but 
you might also need a pointed tip for more deticate 
work, Those old soldering guns are nice for 
making battery cables, but are generally too large 
for what we are doing. it would be like using a 
sledge hammer to make a picture frame- it would 
have to be a REALLY big picture frame! 


‘There are also cordless, rechargeable soldering 
irons available, They generally run about $35-75 
or so, Although these cost substantially more than 
a corded iron, and the replacement tips are more 
expensive as well, there is no cord to get in the way 
when working and as they can be carried along on 
trips. These generally have a built-in light as well 
making repairs at night easier. I normally loosen 
the lamp so that it does not light, so the battery lasts 
longer in use. 


‘There are soldering tools that are actually litle, 
refillable, butane-powered torches with a soldering 
ip at the end which is heated by the flame. As they 
are about the size of a fat ball point pen, they are 
another good way to get a portable soldering tool 
‘These generally are available for less cost than the 
rechargeable irons mentioned above. I have used 
electric irons to solder around a gas tank on an 
automobile- something that I would never consider 
with one of these. 


‘And a soldering Peneil Holder - Most 
soldering pencils come with a holder or a rest as 
seen here, but if'not, get one, These metal stands 
are very handy and will help avoid melted parts and 
bummed hands and work surfaces. 


*2) solder - Resin core solder is what you want 
NEVER use acid core solder on electrical 
components. The acid will stick around and 
continue to eat into components and wiring well 
after the soldering job is over. 


Resin core solder can be had in various 
quantities, but I buy the one pound roll for around 
$12-15 which will be a lifetime supply for most 
folks. Luse Kester brand "44" Resin Core solder in 
the .031 diameter size. This is about the size of 
mechanical pencil lead and works quite well for 
what you will be doing, 


It use to be that a standard part of a soldering kit 
‘was a little tub of flux. This paste would be spread 
on the joint ahead of time to help clean the joint 
chemically as it was heated by the iron, It was 
necessary as flux-core solder was unavailable. If 
your wires are clean and you are using a quality, 
resin core solder, additional flux is not necessary. 


*3) An Old kitchen sponge or two 


* Tools to work on wires such as a (4) wire stripper 
and a (5) wire cutter, and possibly needle nosed 
pliers and a small vise (not shown). 
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How To solder 


* 6) A few bits of insulated wire and an old spade 
connector or two on which to practice. Two or 
three feet of wire will do, 


*7) Heat Shrink Tubing - | rarely use electrical 
tape any more, Heat shrink is really great 
buy it in three foot lengths in two or thr 
This is a sort of memory tubing that, I believe, 
made by heating a special tubing and stretching it 
and allowing it to cool while still stretched, it 
maintains that size. When heat is applied once 
again the tubing will shrink back down to its 
original size, 


+8) Protection for the work surface like an old 
piece of 1/4" plywood about 12" square or such. 
An old piece of counter-top lamination works also. 


* Wicking material (not shown)- You can purchase 
some special copper wick that is used to unsolder 
joints. This is usually not necessary, but handy at 
es, and inexpensive, 


* Eye protection 
* A Ventilated workspace 
SOME WARNINGS 


HEAT - A soldering pencil as well as molten solder are both really hot. They will burn you and it will hurt, It can hurt 


alot. Itean make your skin give off smoke and that smells bad. If left unattended a hot soldering pencil can cause fires, 


melt carpeting, burn workbenches, and make the cat dance like never before. An unsuspecting person can pick up a hot 
soldering iron and get a nasty burn (trust me on this one!). Never leave a soldering tool warming or hot and unattended. 


Additionally, a hot soldering iron can almost instantly melt plastic parts and upholstery in a hurry. Use care when 
soldering as well as when moving the iron to and from the solder joint. If the cord gets caught when moving the iron it 
‘can easily cause you to drop the hot tool onto something expensive or painful. NEVER place a soldering iron on 
saddles, luggage, body work, painted surfaces, or on or near any heat-sensitive surface. 


LEAD and VAPORS- solder contains a good amount of lead and handling it over a long period of time may have 
negative health consequences. ‘The vapors caused by soldering can, over time, cause health problems as well. Work in 
well ventilated area. I usually work out doors and use a fan to blow the vapors away from me, The smoke that is 
given off by the flux in the solder is also not a good thing to breathe. 


MOLTEN METAL - When soldering (and particularly when un-soldering) it is very possible to flick bits of melted 
solder about. As this stuff is quite hot, even a small drop in the eye can cause permanent damage. Wear eye protection 
and do not wear your good glasses, or wear them under goggles. ‘The dripped solder can melt plastic parts and 
permanently damage auto carpeting as well. Be aware of other folks or critters who may be in the area as well, 


ELECTRICITY - You will be soldering on wires that, if shorted out, could cause a blown fuse, damaged electrical 
‘components, or melting wires and a fire. Always disconnect the battery when soldering wires on a vehicle and remove 


connectors from heat-sensitive components before soldering on them. 


LETS GO 
1 could spend a lot of time talking about how it all works, but jumping right in is the best way to learn how to 
solder and I will explain as I go 


Begin by creating a safe work area, One free of 
clutter, with sufficient light, and protected from the 
soldering iron and melting solder. Set the soldering 
pencil in its stand and plug it in. be sure that the 
cord is placed in a way that it will not be accidently 
pulled or tripped on, upsetting the soldering pencil 


While that is heating up, prepare your sponge. 
Wet it, squeeze out the excess water, then fold it in 
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an7ro18 How To solder 
half and rubber band it about half-way down. 


Pull out about a foot or two of solder from the roll and 
touch it to the tip of the soldering iron. Always apply the 
solder to the flat parts of the tip and not to the sides. When 
the solder melts fairly easily, melt an amount all over the tip 
‘There will be some smoke from the resin in the solder. 


‘The solder you bought is actually a bit hollow. Inside of the metal there is 
a channel (or in some cases, channels) that make it sort of like a litle garden 
hose. ‘The channel is filled with a resin. When heated it melts and some of it 
burns off. The action of the resin when it is heated helps clean the surface to 
be soldered which helps the solder stick a lot better. Unfortunately, the 
bummed resins can also leave deposits on the soldering pencil, and over time 
will make it difficult to solder. That's where the sponge comes in, After you 
have melted some solder onto the tip (about a quarter inch or so of the thin 
stuff) wipe the soldering pencil’s tip off on the damp sponge a few times. 


If you examine the tip of the soldering pencil carefully you will 
see that it is now covered with a thing coat of shiny, silver metal- the 
solder. You have successfully "tinned" the tip of the peneil. This 
keeps the metal tip from oxidizing and will assist you in soldering 
from now on, Always do this before starting a soldering job and 
occasionally during a larger job. 


Place the soldering pencil back into its holder and let's prepare the wires. We are going to solder two wires together, 
‘making believe they have broken or need extending, 


We start by "stripping" some of the plastic insulation away from 
where we want to connect the wires. The thicker the wire the more 
insulation we remove, For most common wires on a motorcycle or 
in a car, removing about 3/8 to @ inch works fine. You will get a 
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FILAR LA VOCE—PINGERING. 


‘te manne ia which goresare uscd? 


eae fy rte carl 
miacef be tentetine ne 

Bid he opting + sno of 
SERS eto, and te oa a ly 
See Sete moro 


senete cee agcee tir eee Eat 
ae Saree Ree eee 
| Sipe ssi Agere in te flowing 

ioc ae | te 

Sars une te peice othe tine ee 

Gwarcsacges! oes 
seit arte | 

‘he toe by agree "mands ye tam, fr he frog 

eo eee 1 the lat gets one SE 


t,o ne movment ofa 


"Fine (2) The end: woe to show the end 
ota pare eevee de tape 


ard, Fieeiett (Gr) 
‘he Bt or ng roel pte wad 
‘iced fo te et of ines of the 
‘ln and ptr ae.on 0 hic sagt 

rhe by the Rages) 


ise Serer 


Sock aes 
{era he ou ete Reus 
ere by each teacher, on belore tas | fercinger de} nag aioe 
Seceeet oe Smears | meee o ts 

eee a ne pt cee 
Amara eect aat| 


Gr) 


FINGERING. 


aged to thumb Weng indicted Ly te 
ome ia 


‘Eiie fae Soe er 


SESS preg os it cetera, 


‘devised bn the meanwle im ether peblicn- 


E So Binet 

Sichgedtmear otra FE 

Beewepeg setts er | heaped tis rare 
Sood i ht ns ace 

Seeger slp SES eter aoe i a 

UU LLL | Ries rea tie 

= ES wie 


ihe wae weed Boge fe ee ed auch by Bac ao 
fom i pares | eee eee 
‘Eines tee Em pen Go| somewhat ot of ac eu 
Dawa Ae | SR 


Gn) 


FINGERING. 


cal Be Bigenef cer 


| tec pig ta hei cemey mts 


HA ee essieig 


Slcm  ie 
Seen ‘Sper cana iege be ated 
Seve a Baca re or age 
nade veh Ponsa | tghnet male cxravogance te the che 
isl ho ama en ete: | Achar aeration gba ee 
Repo “Gtteie' Eaton Eee tee bing have on pt btn sen 


fit eo fn the aye dope in Elna | 3) Tn alin papa the Agen seve at 
{lp Hany the barpathor tucton | portion ofthe Severe ngs ax thy = 


pric in Began athe cety ant | feted its pasee Bene i 
fpited he Cost een fae 
et 


yt nant ae enter dey ita 


ree he = 
uae ve, aiming of 


FINGERING. 


Beenie sha bene 
Te ROR mannan 
| Rages ade ce eat 


righen the ite finger ben the eet 
SEineimenber elms ae Fact 
he escent 


iriver itp eh uremia 
Secs betas eo ocean 


Bebe corsacearre| cece erect 
ti paint ie proportonatly Tong and | and shape, which scat ea ingen fo 
Seven fopenissaniy "tus toot: | tecuee Sony enptyecigsds her’ ae 
eas Sow ae | Simona cet 

{Gngth of the distal phalanx of each tig "at thd individual 
State itis eseeeir inch oe topes | tenes sage atthe inert, Oe 
DEE crea tae | SRE pee re 
Zaatly ight aydens' wo that he idle | the hand which iol rest iterest to musa! 
ee eee oe | ee eee 
Fe tale ens tine ea | Leta eaten a bat perio tt 
Some hes [sierra 


FINGERLEITER FISTULA. 


own, and he wil find «pecan dificult in | to detach one without the ret. The 
ar coy 


Petnt inlay ue paper tlre ed 


era piv tiger | corm of fete. THe east 
Fiahoaeeanins (oo tenes 
deme dh Eee yer ies | enema eeatyertrealy 
rote | Meeyegenceens tn 
wee 


rer | each 


aorear 


skehact we are largely indeed lon the 
‘ember irate Companions What 
| Sabet OES Say (Sincere 


era fob a aie aed 


‘Be wound ue Belle "Wl seperd tothe 
Arve Jot at figure 2 Sapir von gue tin i soul oe ae 
‘enor tendons ike tendo | ify i would be woth every pana’ whe 
Satan ee apm te tetice | Th eperiment of Schumann, wich ed 
‘eterna ofthe gerbe ae at | re teh nines 

se rer sera |e he Hong Mca ed Sure 
‘Son ofthese pa we shall sce ha hey do mt 
‘Brot tom ein net | 


Gen) (ego 
rg} (Ger) [Fingering] 


ocheta ),Sigtyb 
loco ti) Hoe 
leracete,) Ornament oi. 


Bare eee giag "Ta ie 
Bere iat ee 


| EAS dene Pae" 
Fiche Feb 


ee i act RANE Ai to «ac, 

Ear ee ahaa | FRR oy mana, 

cy EE OY ow at 

Tlic gt seam o [ao ns OT 

Sein Aa: 

se oS 

fae ty les 

Erase wens 

‘ully han’ hat prodiced fom the fata 
ie Ieee 


erwigst (Tete 
ac toma lt by Tht eee 
foe th hea tee ely ia 


““Fiageotettdne (Ger) (Plagelet tone.) Evrae ol fee meme aes 
fetBpsntoenociefaw e| meysg J br cm 


te Ger) 
ourah” (1) The ercuion af pie 
mn 


oe 
fagelbors (er, A bape 


the tr pitch (3) | Flute. (1) One ofthe moat widely ued 
ae et cocat lt ater Sod 2s 


love of aisha pred | hel ied cae the Wg 


TS pay epee 


ut ning? teeta te Poss 
Eee ae |Sebeome 
simi Hee) oe: ake rr 
plaating (ie) Cy as tnstment ofthe meng ti fii.ke; einer 
meee Ogee | ey ae 


see ar fate ae 


Spey ef pach lee our armen cui 
"Fiaute dole fi) rie, ‘re ae (ane are tage tne 
Flsutone i) ibs tae yea ow a coaien "Te le be 
Finato iceo {it} (cnn fat) | Sau sed coment Engng tat 

eld Teale" eng beer Teel | Thay tne te eid Wet atom rss 


(8) 


hs ey of 
Seen ‘Se aa tes ore 
Gites he elongate 


frm turer eens 1th ders ae 
See | 


the denon aed abupe ‘he lowing 
we shows 


aeestesher ie nated 
‘The Romane gave varices name to vit | Guten Fa, 4 ust have bem of even gine 
a rues tt (fe 
SERENE cae Gs | censvenmr ny 
paar cit 
Ena 
Preiba br tinbone be made fot ae, 
Seer es 


Pore Moor Me renee paeed 
Sere se as |e ee 
ete ‘Same eared ery fe ‘he | proved, ue har sow nompaneo teee 


‘inneascon hy ee eed Geta Bs 


eel geere eatin of eae 


a) 


PLOTE-A-BEC—FOLIATED, 


jon Primer, page 37, and | Rute (having pipes larger | cake epstan at 
Bariiooac: Epler aes 
Se Seeks tate 


Se thot hael ae 
Ree Sttet pick Wey ood fo oe so te rat 
P| Sethe” Sette arr 
“yard eee 

tates ae 


‘storm aoe ss 


Soon Shey 


odie” ‘he contacto of he te | 
movie wil be the ei ‘aot 


Bec ete Bad oa 
ie anne 
rte toa) (Courhatch, 


en |i a 
reg Ail te rece a | aa eee ae ed 
Ete a pen de al traf et od 
Sects Rona "ek i cua 
Tomo te op oS 
a gry me 
Lasers 


ean | gate svete Er) The Carmen 
ps on Engin and foreign wy, ing oud which cove te 
Bones Foca Ut) Pie iy aFaee 


a 

te Sa. 
SRE es 
pestle om 


FOLLIA—PORM. 


“e "Eayaa’” eeu ppd 
Into tag nother mutt beaien : 
Fondamentale (Fr. and Jt) Funda- | Porm, The shape and onder in which 
smote fndemontal,bitse onde: | mul an septate 


cae 
Pe ae 
fora ere es 


nine tae 


re (Fe) A dance 
saree 


ot 
ray 
ehane any ede 
ee Trt bet. 


eh ‘pone sf mene wid te oe 


Siteet cindnei Slemag oar 
ones 


‘aed this seme 


ete o's maven in 


si pr ee 


‘Ee Ey sen 


an7ro18 How To solder 


feel for how much in a short period of time, When stripping wire be 
very careful not to cut the strands of the conductor. 


‘There are special tools available for stripping wire that can save a lot of time. ‘These can be as simple as a carefully 
wielded razor blade to fancy and somewhat expensive automatic strippers. 


Once stripped, twist the strands together into a neat little bundle, 


‘The exposed wires should look fairly clean and in most cases, shiny, but certainly not green or cruddy. If corroded, 
then the wires should be cut back and re-stripped until clean wire is found. 


Now cut a length of heat shrink tubing off 
about an inch long. It should be of a large 
enough diameter that at least two of the wires 
you are soldering can easily fit into it at the 
‘same time. Slide the length of the tubing over 
one of the stripped wires- it doesn't matter which 
here, but in real life we would slide it over the 
lower wire or the one which slopes most 
downward away from the joint so it will tend to 
slide out of the way. make sure itis al least 
three or four inches away from the joint. 


Now, twist the two wires together into a tight, neat pair. This is 
important because it helps create a good electrical connection, You 
also do not want any little wires sticking out. Start by crossing the 
wires about mid-strip, crossing them at about 45 degrees or so, and 
twisting in opposite directions. When done, the joint should be 
fairly strong on its own, holding the two wires together tightly. The 
connected pair of wires should be in line as if they are a single wire 
and not two joined together. 


I's time to solder. Place the roll of solder on your left (if you are right handed) with a good length of solder hanging, 
‘out of the roll. With the solder in your left hand and the soldering iron in your right hand, check to see that the tip is still 
tinned and shiny. If not, repeat the process with a bit of solder melted to the tip, then wipe the tip off on the sponge. 


‘Melt a little ball of solder onto the iron... 
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and immediately place the soldering iron under the twisted 
wires (if possible) so that the little ball of solder fills much of the 
gap between the soldering pencil and the wire, Since heat rises, 
placing the iron under the joint will heat it faster. The little ball of 
« = solder works as a heat conductor and will very rapidly conduct the 
ee yl, _ 5 heat from the soldering pencils tip into the wires. Ifthe ball of 

Sean solder does not seem like itis contacting the wire very well, without 

bees | removing the pencil from the joint, melt just a bit more solder in 

there by feeding the end of the solder wire into the tip. This will not 
only increase the contact area of the solder to the wire but it will 
also add a bit of flux that helps the solder adhere to the wire at this 
time, 


After about two or three seconds, start to feed solder, slowly at first, into the 
void between the pencil and the wire. You should soon see the solder is flowing 
(o the twisted wires. WHen that happens, increase the feed rate of the solder 

(othe joint, and you can now also feed a litte into the top of the joint. Don't 
‘move the iron’s placement, jut take the end of the solder wire and touch it to the 
tip of the joint. Continue to feed solder until the individual wires are almost 
filled with solder and the entire joint has turned silver. When that happens, stop 
feeding the solder in and immediately but gently remove the soldering iron, 


How long do you wait until feeding in solder? One way to test how long to wait is to touch the solder on top of the 
joint and wait until that area is hot enough to melt the solder. The amount of time it takes varies with the size of the 
Wires to be soldered, the size of the solder, the wattage of the iron, the size of the irons’ tip, the ambient air temperature, 
and other factors, Experience will teach you how long this takes, 


‘The problem comes from waiting too long and putting too much heat into the joint. When you do that it begins to 
‘melt the insulation on the wires around the joint (you can see that beginning to happen above at the end of the insulation 
Of the green wire next to the soldered joint). ‘That is why I like tho flow the solder in from where the iron's tip touches 
the wire. This is the place that will come up to soldering temperature first, and then the flowing solder will more easily 
flow solder into the joint as it carries heat with it. ‘The larger the wires, the longer it takes and the more important it 
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becomes to feed in some solder from the top of the joint as well. Again, experience will teach you when that is 
necessary. 


How much solder is enough? Too much? The correct amount of solder 
is used when the joint is fairly all silver colored but still shows the 
outlines" of the individual strands of wire in the joint, If there is very 
much in the way of copper colored wire showing then you probably di 
use enough solder or the wires weren't clean and would not accept the 
solder. If there are big blobs and drips of hardened solder on the joint then 
you probably had either too cool of a joint or used too much solder. 


t 


After soldering, let the joint cool for about thirty seconds to a minute or so before handling. If you were successful 


‘you should have: 


* A pair of 


{res tightly joined together 

* The joint between them is very shiny, looking like polished sterling silver. 

* No hardened dribbles or drops of solder hanging off the joint 

* No little wires sticking out of the joint. 

* A union only slightly larger than each of the wires themselves. 

Ifyou were NOT successful you might see: 

* Large blobs or possibly a long, pointy finger of hardened solder hanging off the joint, Sometimes, after cleaning the 
iron, these can be removed by simply heating the joint until the solder melts, then removing the iron which will pull 
away some of the excess solder with it. This may need to be repeated a few times to remedy the situation 

* Wires that are not soldered together and has movement within it. Re-heat the joint and add some more solder. 

** Melted insulation, This can be so bad that the wires are revealed with the insulation dripping off the wires. At this, 
point you will probably need to cut the wires and begin again, or unsolder the joint and add a long piece of heat-shrink 


tubing to cover the exposed wires. 


* Little ends of the copper wires sticking out. These can sometimes be cut off with a wire cutter and/or pressed down 
with a pair of smooth-jaw pliers, possibly needle nose pliers. 


Now itis time to cover the joint with the heat shrink 
tubing. You DID remember to slide on the heat shrink 
tubing before beginning, didn't you? Once the joint is 
cool enough to touch, slide the tubing so it is centered 
over the joint and gently touch the meaty part of the 
soldering iron’s heating element to the center of the 
tubing 


Continue this around the center of the tubing until it 
tightly grips the wire joint, then work outwards until the 
centire piece of tubing has shrunk tightly around the joint. 
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an7ro18 How To solder 


Attaching An Electrical Connector 


Besides connecting two wires together, soldering is the best way top attach some sort of connector to the end of a 
ite. The connection is strong as well as fairly well sealed against the elements. It works pretty much the same way as 
above. 


Remember when we "tinned! the tip of the soldering pencil?” We did this to apply a film of solder to the tip so it 
wouldn't oxidize and thus be able to more easily transfer heat. Now I am going to do the same with a piece of wire, 


Here [am applying a good amount of solder ahead of time to this wire 
because I am planning on soldering it to a fairly heavy connector. This way, 
the wire will be "pre-soldered" and easier to attach, and will have less of a 
chance of melting the insulation. 


When soldering a connector to the end of a piece of wire it 
very helpfll to use some sort of vise to hold the connector. A 
small pair of locking pliers or a pair of needle nose pliets with a 
rubber band around the handles to hold the jaws shut works well. 
Here I have locked a pair of locking pliers into a small vise to 
work as a "hands-free" holder. This not only allows me to use 
both hands to work but isolates me from the heat of the soldering 
process. 


Remember that the heavy metal pliers will work as a heat sink, pulling heat away from the soldering joint, soit 
‘might take longer to achieve the proper heat level in the joint. ‘That is why I have gripped the connector as far away 
from the area to be soldered as possible, 


Be careful as the pliers may get hot near the tips and you might overheat the wire as well. Be sure to slide the heat 
shrink tubing over then wire BEFORE beginning to solder! If you leave it off and finish soldering, you will be left with 
the soldering job in one hand, the heat shrink tubing in the other hand, and a stupid look on your face. We call this, 
"Heat Shrink Tubing Syndrome.” 


Additionally, if you apply too much solder, particularly with a small connector, it is very possible to fill the 
connector with solder and thus make it difficult or impossible for the connector to function properly. ‘There are ways to 


http siwGrec.comiduane/bmwisolder! 
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an7r2018 How To solder 


get the solder out, but they are generally more difficult (or dangerous) than just chucking it and starting over. To keep 
this from happening: 


¥ Never touch the area of the connector where you don’t want solder to flow 

¥ Orient the connector with the part where solder shouldn't flow, upwards (or Higher than the end where solder will 
flow). 

¥ Apply solder sparingly and slowly 

¥ Use a lower wattage soldering pencil 

¥ Use a smaller tip on the soldering pencil 


1 sometimes use two pieces of heat shrink, one 
over the other, shrunk one at a time, in areas where 
extra protection is needed. This is particularly useful 
when soldering a connector to the end of a wire, 1 
first shrink a small diameter piece about an inch long, 
over the wire up to where it joins the connector as. 
shown here, This acts as a strain relief as well as 
insulation, 


Notice the small amount of flux on the connector 
ring left over from the soldering process. If you use 
resin core solder, this stuff is harmless to the 
electrical device. It can be brushed off with a small 
wire brush if you wish. 


| then shrink another larger diameter piece about @ an inch long over 
the connector to act as an insulating cover. In the case of something like a 
female spade connector, the entire connector except for the opening can be 
covered and protected in this way. Ifthe heat shrink interferes with the 
connection, simply cut the offending part away with a razor blade being 
careful not to damage anything else including yourself! 


In areas where the joint needs to be protected from corrosion, slather the terminal with petroleum jelly, or the special 
sstease for this application, 


Following these directions you will become a "master solderer” in a short period of time. It takes some practice to 
get a feel of how hot for how iong with how much solder it takes to create to make a good solder joint, so get some 
scrap wire and practice before attempting to solder on anything important. 


If there are any questions or comments, please feel free to E-mail me at fren@cnenet.com. 

Note by Duane; If you appreciate articles like this, I suggest that you thank Randy at the email address above. 
More BMW info. 

Home page 
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Soldering and Desoldering Instruction 


Soldering is defined as "the joining of metals by a fusion of alloys which have relatively low 
melting points", In other words, you use a metal that has a low melting point to adhere the 
surfaces to be soldered together. Soldering is more like gluing with molten metal than anything 
else, Soldering is also a must have skill for all sorts of electrical and electronics work. It is also 
a skill that must be taught correctly and developed with practice. 


Remember that when soldering, the rosin in the solder 
releases fumes. These fumes are harmful to your eyes 
and lungs. Therefore, always work in a well-ventilated 
area, Hot solder is also dangerous. Be sure not to let is 
splash around because it will burn you almost instantly. 
Eye protection is also advised. 


The Tools 

Soldering Iron — Even the cheapest of them will do the job. They 
may not last as long, but they do get hot enough to melt solder and 
that is the goal. You only need to make sure that the one you buy 
has a suitable tip on it. The most typical tip is the one that is about 
the size of a 1/8” stereo mini-plug. 


Solder — Get Rosin Core solder. Rosin will help the solder to flow 
onto the wires. Solder comes in different thickness. Buy what is 
appropriate for your job. 


Desoldering Gun — This tool will make life a lot easier when you 
need to rework a previous solder job. 

Solder Wick — Braided copper with rosin coating used to draw sol 
der off of circuit boards. 


SMD Rework station— Basically this is a high temp hair dryer 
with special nozzle attached. It heats up entire pins of the SMD 
device so you can remove them. 


The Methods 


Soldering - There is not art to soldering, it takes patience and practice to get it right. If you are 
doing it right, it will be easy and very fast. First, make sure that your soldering iron tip is clean, 
Ifit is dirtier than just a light gray color, you need to clean it. You can do this with sandpaper or 
a Scotch Brite pad. Next, turn your iron on and give it plenty of time to heat up, To test the heat, 
use a piece of solder touched to the tip. If it melts immediately, it is ready. 

‘The most common way to mess up a solder job is to let the soldering iron stay on the parts to be 
soldered too long. What this does is oxidize the metal, making it too dirty to attract solder. If you 
are working with a circuit board, too much heat can damage the board, rendering it useless and 
in need of repair. You should only hold the soldering iron to the parts to be joined for no more 
than 10-12 seconds, Any longer and you will melt insulation on wire or damage a circuit board. 
Tt has been said that soldering is a two-person job. You need two hands to hold the parts to- 
gether, one hand to hold the iron, and another to feed the solder. The correct method for applying 
solder is to hold the joint perfectly still while heating with the soldering iron, After a few sec- 
onds, introduce the end of the solder at the point where the iron meets the parts 
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If the solder does not melt immediately and flow onto the joint, pull the solder away and try 
again after a couple seconds longer. If you exceed 10 seconds, pull the iron off and try again after 
it all cools down, You probably didn’t have the iron touching enough of the parts to be soldered. 
Sometimes, the parts to be soldered are so big that they conduct the heat away very quickly and 
make it difficult to solder. In this case, it is OK to put some solder on each part individually and 
then put them together later by melting the solder on each one while they are touching. 

Joining Two Wires - Strip off about 3/8” of insulation from the two wire ends to be joined. Place a 
4° length of heat shrink tubing over one wire and push it back so that the heat from soldering 
won't shrink it prematurely, Fold each bare wire end back on itself so that the tip of the wire now 
comes back to the end of the insulation, Link both wires together using the bends like hooks. 
Now, twist the ends of the wires around themselves tightly. This type of connection is called a 
Western Union and it is the strongest method of joining two wires together, Now, heat the con- 
nection with the iron and allow solder to flow over the entire joint. Wait a few seconds for it to 
cool off and then slide the heat shrink tubing down over the connection and heat it with a match 
or heat gun, 

Soldering a Wire to a Circuit Board — This is delicate work that you will do while soldering. Too 
much heat and your board will be damaged. If you are attaching a wire to an existing hole on 
the board, make sure that the hole is clean and free of any excess solder (see de-soldering for 
more detail). The best advice when soldering to a circuit board is to angle your soldering iron 
tip so that it makes good contact with the pad on the circuit board and the wire or part to be 
soldered at the same time. Heat the parts up and touch the solder at the point where the tip 
meets the part and the pad. If the solder does not flow immediately, pull everything off and 
wait for it to cool down and try again later. 
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Good soldering and Bad soldering Joints 


Here are some example of Good soldering and Bad soldering joint. 
For Japanese, we often say, “Good soldering joint should look like Mt. Fuji 


‘Too much soldering "Too little soldering 


Cold Solder Joints 

A cold joint is a joint in which the solder does 
not make good contact with the component 
lead or printed circuit board pad. Cold joints 
occur when the component lead or solder pad 
moves before the solder is completely cooled. 
Cold joints make a really bad electrical con- 
nection and can prevent your circuit from 
working, 

Cold joints can be recognized by a character- 
istic grainy, dull gray color, and can be easily 
fixed. This is done by first removing the old 
solder with a desoldering tool or simply by 
heating it up and flicking it off with the iron, 
Once the old solder is off, you can re-solder 
the joint, making sure to keep it still as it 
cools, 


s and Tricks 


a 2) 


Good soldering A 


~— 


Cold soldering joints 


Soldering is something that needs to be practiced. These tips should help you become successful 
so you can stop practicing and get down to some serious building, 
1. Use heat sinks, Heat sinks are a must for the leads of sensitive components such as 
ICs and transistors. If you don't have a clip on heat sink, then a pair of pliers is a good 


substitute, 


2, Keep the iron tip clean. A clean iron tip means better heat conduction and a better 
joint. Use a wet sponge to clean the tip between joints. 


3, Double-check joints. It is a good idea to check all solder joints with an ohmmeter 
after they are cooled. If the joint measures any more than a few tenths of an ohm, then 


it may be a good idea to re-solder it. 


4, Use the proper iron or temperature. Remember that bigger joints will take longer to 
heat up with an 30W iron than with a 150W iron. While 30W is good for printed cireuit 
boards and the like, higher wattages are great when soldering to a heavy metal chassis. 
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Desoldering 


Desoldering is extremely difficult compare to soldering. In the process of RomBoard installation, 
the parts and circuit board must be in the good shape to re-use them. ‘The tool we use is Desol- 
dering Gun, This device has vacuum pump built in with heater tip. Process of desoldering it self 
is very simple, but there are some tricks to do clean and safe desoldering job. 


Step 1 


Step 2 


Put the desoldering 
gun's tip over to the 
soldering joint. Make 
sure nozzle is 90° an- 
gle from circuit board. 


Apply the enough heat 
to melt entire solder. 
Multi-layer board or 
ground pin may take 
while to transfer heat. 


Step 3 


Step 4 


(aes 


While applying vacuum, 
move the tip around the 
pin to get all the solder of 
around the pin out. At 
this time, you can also 
feel pin moves freely, so 
you know pin is free from 
circuit board. 


When you can hear air flow 
sound from hole, you should 
be done. Stop applying vac- 


uum and remove the gun 
from the pin, Inspect hole 


and pin. 


When you done with desoldering, the parts that you are trying to remove should move freely. If 
it doesn’t, find which pin is still has solder left, and re-apply fresh solder to it and try desoldering 
process again, The multi-layer circuit board require more heat to get solder to melt, Make sure 
pin start to move freely by moving the tip of soldering gun before you apply vacuum to it, 
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SMD device soldering and removal 


In the process of RomBoard installation, chance of handling SMD devices is becoming higher and 
higher due to ECU configuration change. 

Soldering of SMD devices are not much different from regular through hole soldering. 

Important thing is positioning of the device is very critical. 

Start with applying little solder to two of the each corner of the pads on the circuit board. 

‘Then, place the SMD device and re-heat a one of the solder you just applied to connect a SMD 
device pin to the pad. Check the position of the device, if position is right re-heat the other end of 
solder to secure the device completely. If you didn’t get position right, re-heat the pin that you 
just soldered and while heating a pin, move the device to the right position. 

Once you positioned the device in the right position, apply Rosin Flux to both pins and pads, 

‘This will help your soldering job by keeping solder separate from each pin. 

Here is how the joint on SMD device pin should look like. 


Sees 


QEP and SOP chip PLCC chip 


RomBoard adapter 
socket 


Removing SMD device will be the probably the most difficult process. SMD rework station is 
used to do this, Make sure all the pins are completely heated otherwise you will be removing a 
pad from the circuit board along with device. Also, you should note, when you are applying heat 
to the device, some parts around the device is also heated and moves around when you touch. It 
is good idea to take a note of location of the devices near the target device. 


Step 1 

Apply pre-heat from back side of the target device. Keep applying 
heat until you can’t touch the chip. By this time, circuit board 
should have enough heat. 


Step 2 

Apply heat from top of the target device. Nozzle should cover entire 
chip. You can check if chip is free from solder by sliding the nozzle 
left and right, Make sure you don't move other parts. If the chip 
moves freely, it is ready to be removed. 


Step 3 

Remove the chip straight up to avoid making solder bridge between 
pins. Chip is extremely hot! Unless you have skin of steel, avoid 
imitating the picture, 
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Step 4 
After remove the chip, cool down both circuit board and 
chip. 


Step 5 

Clean the pads on the circuit board with desoldering gun, 

Do not apply too much heat to the pad. Pad might peel off 
from circuit board. Clean the chip by desoldering gun also, 
Check for any bridge between pins, If the chip has too much 
> protective coating on it, use solvent to clean it up. 


Step 6 

If the pads on the circuit board is too small to use desolding 
gun, try cleaning by solder wick with rosin flux. This may 
take time but it is much better than peeling pads off. 

Once again, do not apply too much heat. 


Step 7 

Solder the RomBoard adapter where the chip was. 

Refer SMD device soldering section for how to solder 
adapter. 


The Final Word 


Soldering, desoldering, and working with SMD device will take some effort to learn, You 
should be relaxed and concentrated when you work. 

Keeping every thing clean (tip of iron, gun, work surface, etc) will help you also. 

Once you get comfortable to work with soldering you may find your own tips and tricks, 
Experience is all bout soldering. 
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ing is defined as "the joining of metals by a fusion of alloys which have relatively low melting 
. In other words, you use a metal that has a low melting point to adhere the surfaces to be 
soldered together. Consider that soldering is more like gluing with molten metal, unlike welding 
where the base metals are actually melted and combined. Soldering is also a must have skill for all 
sorts of electrical and electronics work. It is also a skill that must be taught correctly and developed 
with practice. This tutorial will cover the most common types of soldering required for electronics 
work. This includes soldering components to printed circuit boards and soldering a spliced wire 
joint. This presentation came from http://www.aaroncake.net/electronics/solder.htm 


Soldering Equipment 


The Soldering Iron/Gun 
The first thing you will need is a soldering iron, which is the heat source used to melt solder. 
Irons of the 15W to 30W range are good for most electronics/printed circuit board work. 
Anything higher in wattage and you risk damaging either the component or the board. If you 
intend to solder heavy components and thick wire, then you will want to invest in an iron of 
higher wattage (40W and above) or one of the large soldering guns. The main difference 
between an iron and a gun is that an iron is pencil shaped and designed with a pinpoint heat 
source for precise work, while a gun is in a familiar gun shape with a large high wattage tip 
heated by flowing electrical current directly through it. 


A 300W Soldering Gun 


A 30W Watt Soldering Iron 


For hobbyist electronics use, a soldering iron is generally the tool of choice as its small tip 
and low heat capacity is suited for printed circuit board work (such as assembling kits). A 
soldering gun is generally used in heavy duty soldering such as joining heavy gauge wires, 
soldering brackets to a chassis or stained glass work. 


You should choose a soldering iron with a 3-pronged grounding plug. The ground will help 
prevent stray voltage from collecting at the soldering tip and potentially damaging sensitive 
(such as CMOS) components. By their nature, soldering guns are quite “dirty” in this respect 
as the heat is generated by shorting a current (often AC) through the tip made of formed 
wire. Guns will have much less use in hobbyist electronics so if you have only one tool 
choice, an iron is what you want. For a beginner, a 15W to 30W range is the best but be 
aware that at the 15W end of that range, you may not have enough power to join wires or 
larger components. As your skill increases, a 40W iron is an excellent choice as it has the 
capacity for slightly larger jobs and makes joints very quickly. Be aware that it is often best 
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to use a more powerful iron so that you don't need to spend a lot of time heating the joint, 
which can damage components. 


A variation of the basic gun or iron is the soldering 
station, where the soldering instrument is attached to a 
variable power supply. A soldering station can 

recisely control the temperature of the soldering tip 
unlike a standard gun or iron where the tip temperature 
will increase when idle and decrease when applying 
heat to a joint. However, the price of a soldering station 
is often ten to one hundred times the cost of a basic 
iron and thus really isn't an option for the hobby 
market. But if you plan to do very precise work, such as 
surface mount, or spend 8 hours a day behind a soldering iron, then you should consider a 
soldering station. 


The rest of this document will assume that you are using a soldering iron as that is what the 
majority of electronics work requires. The techniques for using a soldering gun are basically 
the same with the only difference being that heat is only generated when the trigger is 
pressed. 


Solder 
The choice of solder is also important. There several kinds of solder available but only a few 
are suitable for electronics work. Most importantly, you will only use rosin core solder. Acid 
core solder is common in hardware stores and home improvement stores, but meant for 
soldering copper plumbing pipes and not electronic circuits. If acid core solder is used on 
electronics, the acid will destroy the traces on the printed circuit board and erode the 
component leads. It can also form a conductive layer leading 
to shorts. 


For most printed circuit board work, a solder with a diameter 
of 0.75MM to 1.0MM is desirable. Thicker solder may be used 
and will allow you to solder larger joints more quickly, but will 
make soldering small joints difficult and increase the likelihood 
of creating solder bridges between closely spaced PCB pads. 
An alloy of 60/40 (60% tin, 40% lead) is used for most 
electronics work. These days, several lead-free solders are 
available as well. Kester "44" Rosin Core solder has been a 
staple of electronics for many years and continues to be 
available. It is available in several diameters and has a non- 


corrosive flux. 


Large joints, such as soldering a bracket to a chassis using a high wattage soldering gun, 
will require a separate application of brush on flux and a thick diameter solder of several 
millimeters. Remember that when soldering, the flux in the solder will release fumes as it is 
heated. These fumes are harmful to your eyes and lungs. Therefore, always work in a well- 
ventilated area and avoid breathing the smoke created. Hot solder is also dangerous. It is 
surprisingly easy to splash hot solder onto yourself, which is a thoroughly unpleasant 
experience. Eye protection is also advised. 
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Preparing To Solder 


Tinning the Soldering Tip 
Before use, a new soldering tip, or one that is very dirty, must be tinned. "Tinning” is the 
process of coating a soldering tip with a thin coat of solder. This aids in heat transfer 
between the tip and the component you are soldering, and also gives the solder a base from 
which to flow from. 

Step 1: Warm Up the Iron 
Warm up the soldering iron or gun thoroughly. Make sure that it has fully come to 
temperature because you are about to melt a lot of solder on it. This is especially important 
if the iron is new because it may have been packed with some kind of coating to prevent 
corrosion. 

Step 2: Prepare A Little Space 
While the soldering iron is warming up, prepare a little space to work. Moisten a little sponge 
and place it in the base of your soldering iron stand or in a dish close by. Lay down a piece 
of cardboard in case you drip solder (you probably will) and make sure you have room to 
work comfortably. 

Step 3: Thoroughly Coat the Tip in Solder 
Thoroughly coat the soldering tip in solder. It is very important to cover the entire tip. You 
will use a considerable amount of solder during this process and it will drip, so be ready. If 
you leave any part of the tip uncovered it will tend to collect flux residue and will not conduct 
heat very well, so run the solder up and down the tip and completely around it to totally 
cover it in molten solder 


Step 4: Clean the Soldering Tip 
After you are certain that the tip is totally coated in solder, wipe the tip off on the wet sponge 
to remove all the flux residue. Do this immediately so there is no time for the flux to dry out 
and solidify. 
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Step 5: You're Done! 
You have just tinned your soldering tip. This must be done anytime you replace the tip or 
clean it so that the iron maintains good heat transfer. 


Soldering a Printed Circuit Board (PCB) 


Soldering a PCB is probably the most common soldering task an electronics hobbyist will perform. 
The basic techniques are fairly easy to grasp but it is a skill that will take a little practice to master. 
The best way to practice is to buy a simple electronics kit or assemble a simple circuit (such as an 
LED chaser) on a perf-board. Don't buy that expensive kit or dive into a huge project after only 
soldering a few joints. 


Soldering components onto a PCB involves preparing the surface, placing the components, and 
then soldering the joint. 


Step 1: Surface Preparation: 
Aclean surface is very important if you want a strong, low resistance solder joint. All 
surfaces to be soldered should be cleaned well. 3M Scotch Brite pads purchased from the 
home improvement, industrial supply store or automotive body shop are a good choice as 
they will quickly remove surface tarnish but will not abrade the PCB material. Note that you 
will want industrial pads and not the kitchen cleaning pads impregnated with cleaner/soap. If 
you have particularly tough deposits on your board, then a fine grade of steel wool is 
acceptable but be very cautious on boards with tight tolerances as the fine steel shavings 
can lodge between pads and in holes. 


Once you have cleaned the board down to shiny copper you can use a solvent such as 
acetone to clean any bits of the cleaning pad that may remain and to remove chemical 
contamination from the surface of the board. Methyl hydrate is another good solvent and a 
bit less stinky then acetone. Be aware that both these solvents can remove ink, so if your 
board is silk screened, test the chemicals first before hosing down the entire board. 


A few blasts with compressed air will dry out the board and remove any junk that may have 
built up in the holes. 
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Step 2: Component Placement 
After the component and board have been cleaned, you are ready to place the components 
onto the board. Unless your circuit is simple and only contains a few components, you will 
probably not be placing all the components onto the board and soldering them at once. 
Most likely you will be soldering a few components at a time before turning the board over 
and placing more. In general it is best to start with the smallest and flattest components 
(resistors, ICs, signal diodes, etc.) and then work up to the larger components (capacitors, 
power transistors, transformers) after the small parts are done. This keeps the board 
relatively flat, making it more stable during soldering. It is also best to save sensitive 
components (MOSFETs, non-socketed ICs) until the end to lessen the chance of damaging 
them during assembly of the rest of the circuit. 


Bend the leads as necessary and insert the component through the proper holes on the 
board. To hold the part in place while you are soldering, you may want to bend the leads on 
the bottom of the board at a 45 degree angle. This works well for parts with long leads such 
as resistors. Components with short leads such as IC sockets can be held in place with a 
little masking tape or you can bend the leads down to clamp onto the PC board pads. 


In the image below, a resistor is ready to solder and is held in place by slightly bent leads. 


Step 3: Apply Heat 
Apply a very small amount of solder to the tip of the iron. This helps conduct the heat to the 
component and board, but it is not the solder that will make up the joint. To heat the jaint you 
will lay the tip of the iron so that it rests against both the component lead and the board. It is 
critical that you heat the lead and the board, otherwise the solder will simply pool and refuse to 
stick to the unheated item. The small amount of solder you applied to the tip before heating the 
joint will help make contact between the board and the lead. It normally takes a second or two 
to get the joint hot enough to solder, but larger components and thicker pads/traces will absorb 
more heat and can increase this time. 


If you see the area under the pad starting to bubble, stop heating and remove the soldering 
iron because you are overheating the pad and it is in danger of lifting. Let it cool, then carefully 
heat it again for much less time. 
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Step 4: Apply Solder to the Joint 


Once the component lead and solder pad has heated up, you are ready to apply solder. 
Touch the tip of the strand of solder to the component lead and solder pad, but not the tip of 
the iron. If everything is hot enough, the solder should flow freely around the lead and pad. 
You will see the flux melt liquefy as well, bubble around the joint (this is part of its cleaning 
action), flow out and release smoke. Continue to add solder to the joint until the pad is 
completely coated and the solder forms a small mound with slightly concave sides. If it 
starts to ball up, you have used too much solder or the pad on the board is not hot enough. 


‘Once the surface of the pad is completely coated, you can stop adding solder and remove the 
soldering iron (in that order). Don't move the joint for a few seconds as the solder needs time to cool 
and solidify. If you do move the joint, you will get what's called a "cold joint". This is recognized by 
it's characteristic dull and grainy appearance. Many cold joints can be fixed by reheating and 
applying a small amount of solder, then being allowed to cool without being disturbed. 


Step 5: Inspect the Joint and Cleanup 


Once the joint is made you should inspect it. Check for cold joints (described a little above 
and at length below), shorts with adjacent pads or poor flow. If the joint checks out, move on 
to the next. To trim the lead, use a small set of side cutters and cut at the top of the solder 
joint. 
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After you have made all the solder joints, it is good practice to clean all the excess flux residue from the 
board. Some fluxes are hydroscopic (they absorb water) and can slowly absorb enough water to become 
slightly conductive. This can be a significant issue in a hostile environment such as an automotive 
application. Most fluxes will clean up easily using methyl hydrate and a rag but some will require a stronger 
solvent. Use the appropriate solvent to remove the flux, then blow the board dry with compressed air. 


Cold Solder Joints 


A"cold solder joint" can occur when not enough heat is applied to the component, board, or both. 
Another common cause is a component moving before the solder has completely cooled and 
solidified. A cold joint is brittle and prone to physical failure. It is also generally a very high 
resistance connection which can affect the operation of the circuit or cause it to fail completely. 


Cold joints can often be recognized by a characteristic grainy, dull gray color, but this is not always 
the case. A cold joint can often appear as a ball of solder sitting on the pad and surrounding the 
component lead. Additionally you may notice cracks in the solder and the joint may even move. 
Below is the shocking image of every example of a bad solder joint you will ever see. It appears 
that this FM transmitter kit was assembled using the technique of "apply solder to iron then drip 
onto joint”. If your joints are looking like this, then stop and practice after rereading this page. Note 
that not a single of of these joints is acceptable, but amazingly, the circuit worked. 


Most cold solder joints can be easily fixed. Generally all that is required is to reheat the joint and apply a 
litle more solder. If there is already too much solder on the joint, then the joint will have to be desoldered 
and then soldered again. This is done by first removing the old solder with a desoldering tool or simply by 
heating it up and flicking it off with the iron. Once the old solder is off, you can resolder the joint, making 
sure to heat it thoroughly and keep it still as it cools. 
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We are loTalabs and we are a group of Internet of Things enthusiasts that love 
hacking together different devices. Over the past few months we have immersed 
ourself in the wonderful world of hardware! In our journey, we learned the best 
soldering practices around. 


We've been working on many projects (check out our current project 
http://doteverything.co/) and we wanted to share our experience on safely and 
correctly soldering connections! 


Add Tip Ask Question 


Step 1: What Is Soldering? 


Soldering accomplishes a strong bond between two pieces of metal by joining them 
together. In this procedure, a material called solder, an alloy mixture of tin and lead, 
flows over two pre-heated pieces of metal and holds them together. The process is 
similar to welding but differs because when you weld you are fusing and melting 
two pieces together to make one. When you solder you are essentially ‘gluing’ two 
parts together with molten metal. Most metals with the exception of aluminum, 
white metal and porous cast iron can be soldered. Below, you will find instructions 
and illustrations that show you how to use a soldering iron. 


Add Tip Ask Question 


Step 2: Materials for Soldering 
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Soldering Iron 


Modeler’s Vise or Frame (optional) 
Solder 

Damp Sponge 

Flux to remove oxides 
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Step 3: Prepare Your Workspace 


Make sure your table or bench top is clear and free of obstructions. You will want as 
much freedom as possible to move your hand around and make adjustments. 
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Step 4: Turn on the Soldering Iron 


The soldering iron needs to be warmed up properly before it can be used to ensure 
clean application of the solder. Some soldering irons heat up in seconds while 
others take minutes. Turn it on and leave it in the stand for 2-3 minutes to be safe. 
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Step 5: (Optional) Secure the Items You Are Soldering 


Because we only have two hands, it would be nice to stabilize the item we want to 
solder. This is where a vice or clamp that can hold your item sturdily would come in 
handy. This is not required, but can greatly increase the ease and quality of your 
solder joints. 
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Step 6: Cleaning the Soldering Iron 
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Because soldering irons get so hot, they oxidize and become dirty quickly. They key 
to reliable connections is clean components so make sure that your soldering tip 
and parts you are joining are clean. To accomplish this, pass the tip of your 
soldering iron on a wet sponge until it shines. 
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Step 7: Apply Flux 
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In soldering it often becomes necessary to use materials called fluxes to help 
remove oxides and keep them absent while you solder. Flux needs to melt at a 
temperature lower than solder so that it can do its job prior to the soldering action. 
There are different methods to apply flux. The method you choose will be 
dependent on the items you are soldering. 
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Step 8: Tin the Soldering Iron 
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If you want to know everything there is to know about how to use a soldering iron, 
you'll need to know how to tin. Tinning is the process of coating a soldering tip with 
a thin coat of solder. Melt a thin layer of solder on your iron’s tip. This aids in heat 
transfer between the tip and the component you are soldering, and also gives the 
solder a base from which to flow from. This process may need to be repeated as 
you solder. You will only touch the tip of the soldering iron to the solder when you 
tin. Do not touch the tip of the iron to the solder while you are actually soldering. 
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Step 9: Start Soldering 
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Hold the soldering iron like you would a pen in the hand you write with and the 
solder in the other. Then place the tip of the soldering iron. The tip needs to touch 
both the wire lead and the surface so they achieve the same temperature. 
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Step 10: Feeding the Solder 
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Touch the solder to the side of the connection opposite the soldering iron after 
heating the area for 2-3 seconds. Then, let the solder flow only until the connection 
is covered. 
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Step 11: Removing the Solder 
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Remove the solder first, then the iron otherwise your solder will get stuck to your 
connection point without the appropriate heat. Make sure the joint remains 
stationary while it cools. 


Add Tip Ask Question 


Step 12: Check to See If the Connection Is Solid 


A smooth, shiny and volcano shaped joint is what you are looking for. If this isn’t 
what you see, you'll need to reheat and feed in more solder. 


Add Tip Ask Question 


Step 13: Warnings 


DO NOT lay a soldering iron down on any surface. A soldering iron should either 


be placed on a stand or sealed with a heat resistant cap after every use. 


Soldering should be completed in a well ventilated area. 


Lead is present in most solders. Be sure to wash your hands after your project, 


or better yet wear gloves. 


Try not to inhale any of the solder smoke that comes off the solder. This is lead 


and can be dangerous. 


The tip of a soldering iron is very hot. Contact with the tip of a soldering iron 


would result in a nasty burn. 


Your soldering iron will perform better if kept clean. A damp sponge can be used 
to clean residue caused by flux material. A very small skim of flux should be 


applied to the iron after the cleaning. 
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THE BASICS OF HOW TO SOLDER, 


Soldering Tutorial for Beginners: Five Easy Steps 


Table of Contents: 


Before you begin 
Step 1: Heat your iron to the appropriate temperature 
Step 2: Make your connection mechanically stable 
Step 3: Clean the tip of your iron 

Step 4: Apply heat and solder 

Step 5: Inspect the joint 

Common mistakes 


Before you begin 


You will need the following equipment: 


A temperature-controlled soldering iron of 25W or more 
‘Atip cleaner such as a brass sponge or a wet sponge 
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Solder (leaded is easier to work with than lead-free) 
(Optional) Helping hands 
Safety glasses 


Note: molten solder is extremely hot! Irons heat up to around twice the boiling point of water, so be extremely careful. Wear 
safety glasses when soldering, 


Step 1: Heat your iron to the appropriate temperature 


For through-hole components in a circult board, you will want 600-700 degrees fahrenhett. 


Iyou're soldering a larger connections, with more copper that’s dissipating heat, then you may want a slightly higher temperature. With 
a temperature-adjustable iron you can see what works and adjust accordingly. 


Step 2: Make your connection mechanically stable 


While your iran is heating up, you can work on making your components stay in place without your help. This is where your helping 
hands may come in handy. Use them to help you arrange your components to be stable without you needing to hold anything. If you're 
soldering a thraugh-hole campanent in a circuit board, you can bend the leads of the component into a V-shape so that it stays in place 
flush against the board, For components without lang leads, you can use a piece of tape to hold them in place. 


Step 3: Clean the tip of your iron 
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Essential Dictionary 
of Music Notation 


A Practical and Concise Source for 
Students to Professionals 


Take the mystery out of music notation. 
Whether you're using a pencil to sketch a 
melody or a computer to score a symphony, 
this multi-purpose quick reference is for you. 


Every aspect of notation is covered in a 
versatile, easy-to-use format. From beginning 
music students to seasoned engraving 
professionals, everyone notating music will 
love this dictionary! 


to-use 
dictionary 
format 


illustrated 
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topics 
spanning 
158 pages 
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Music Notation 


The most practical and concise 
source for music notation available 
Lane {for students to professionals. 
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You can check whether your iron is close to its final temperature by touching your solder to the end of the iron and seeing if it melts. 
When you do this, you'll see some smoke come out. This is not the metal vaporizing, but rather the flux inside of itis burning. Flux is @ 
mild acid that eats away at the oxidation layer that forms on the surface of hot metals. Without flux in the solder to clean your surfaces, 
you would have a very hard time getting the solder to wet. 


Clean your iran using a brass sponge or a wet sponge to remove any oxidation or excess solder fram the tip. Remember to always 
keep your tip clean while you're soldering. A dirty tip is covered in metal oxides that transfer heat badly and can result in poorly 
jsre Joisis 


Step 4: Apply heat and solder 
FORUM GALLERY 


Search entire store here. 


Touch the flat part of your iron’s tip to one side of the joint, while feeding solder from the ather side of the joint. The idea is to heat up 
the entire joint to the melting temperature of solder, so when you touch the solder to the surfaces it melts right on. The only way you can 
ensure a good electrical connection is by letting the solder flaw over the components you're joining. Don't apply the solder directly to the 
tip of the iron, For through-hole components, hold the iron against both the lead and the pad. 


‘Small joints can heat up within a few seconds, but larger joints can take a minute or two. Keep the joint steady for a few seconds after 
removing the iron, as the solder needs time to cool. Remember that the joint is hot now! don't touch it with your fingers right away. 


Step 5: Inspect the joint 
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The Essential Dictionary of Music Notation 


Accidlentals 3 


APPROACHING MUSIC 
le NOTATION 


Music notation is a language and, as such, it 
must be communicable. The closer the notation 
adheres to common rules and guidelines, the 
more successfully the music will be performed. 
The rules and guidelines presented here will 
make the notation easier to read and will help (© 
make the musical intent clear. Although these 
rules are not inflexible, they should not be 
ignored. 


For music notation, the first priority is always 
clarity. Choices need to be made that are solely 
dependent on the situation; a rule may not 
provide the most desirable answer to a problem. 
(It would be an endless task to list every musical 
exception to a rule.) Problems are usually solved 
by deciding which rule is more flexible (least 
important to clarity) 


Although meticulous adjustment can only clarify 
and beautify the notation, sometimes such 
attention to detail is not practical. All decisions 
must depend on a wide variety of situations. An 
understanding of the rules allows these choices (0 
be made wisely—the notation can only be as 
good as the knowledge at hand. 


+ ABOUT THIS BOOK 


The Essential Dictionary of Music Notation is in 
an easy-to-use formai, which includes cross 
referencing. At the top of each page. running 
heads show exactly which topic is being treated 
on that page. Bold treatments of text highlight 
important points for clarity and quick reference. 
Text is accompanied by numerous examples 
directly related to the topic being discussed. 
These examples are kept as simple and complete 
as possible, with an emphasis on presenting 
correct and current notation practices. Obsolete 
rules are mentioned only when necessary 

The focus of this book has been narrowed 
avoiding the discussion of orchestration or music 
theory, in order to present as much information 
as possible that is directly related to the actual 
notation of music. The serious musician is 
encouraged to seek out other sources that more 
thoroughly address the subjects of orchestration 
and music theory 

Whether you are using a pencil or a computer, all 
principles within this book are applicable. No 
computer software or specific tool is referenced, 
in order to make this a useful guide for any 
musician. 

An Index of Topicsis provided on the last page. 


A cappella 


Vocal music that is to be sung without 
accompaniment (a cappella) often has a 
piano part for rehearsal only. 


The piano part may be full size or cue size 
(see Cue notes). If cue size, the staff should 
be cue size also. (Cue-size notes ona 
full-size staff are not as easy to read.) 


The indication for rehearsal only should be 
clearly placed above the piano part. 


A due (a2) ‘ee Sharing a staff 


Place above the staff (sometimes within 
the grand staff) to indicate a return to the 
normal tempo. Used after tempo 

alterations such as ritardando, accelerando, 
piit lento or ad libitum. (See Tempo marks 


See Articulations 


‘Temporary alterations to the pitch of 
a note, 


THE 5 SYMBOLS 


If appearing in the music, apart from use 
in the key signature, these symbols are 
called accidentals. 


# Sharp 

Raises a note one half step. 
x Double-sharp 

Raises a note two half steps. 


b Flat 


Lowers a note one half step 


b — Double-fat 

Lowers a note two half steps. Notice that 
the flats touch, forming one symbol. 
Natural 

Cancels any of the above, whether 
indicated in the key signature or as an 
accidental. 
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Accidentals 


Accidentals 5 


— = = 
NE ACCIDENTAL PER NOTE add accidental again 
Do not use multiple accidentals on one — aa 
note. (A double-flat is a single accidental —s 27 


Accidentals shown altering one note 
from lowest to highest. 


The lowest a note can be lowered is ay. 


‘The highest a note can be raised is a x. 


WITHIN A MEASURE 


Any accidental is cancelled when a new 
accidental appears on the like pitch. 


tht 
babetatt — 
— 


Notice that only the flat (nottp) is needled to 
change from a double-flat to a flat. 


ard 
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An accidental affects all subsequent notes 
of the same pitch within the measure. 
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Se 
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iy 


An accidental must be added again in the 
following measure. 


LS 


An accidental carries over toa tied note 
extending from one measure to the next. 


The accidental will reappear only 
when the note is re-struck. 


no repeat of accidental 


OCTAVE ALTERATIONS 


Accidentals do not apply if an 8va sign is 
added; repeat the accidentals. 
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COURTESY ACCIDENTALS 


Used as reminders of the key signature 
when an accidental has been used in the 
previous measure, or to avoid ambiguity 
in certain situations. 


Use a courtesy accidental as a reminder 
to return to the original pitch. 


courtesy accidental 


eS 


Courtesy accidentals may or may not be 
enclosed in parentheses. The parentheses 
show that it isa courtesy accidental, and 
help avoid confusion about the key 
signature. However, if many courtesy 
accidentals are used, and the piece is also 
crowded, the parentheses could make it 
look cluttered and more complicated. For 
this reason some editors choose not to use 
parentheses at all 


Ifa chord has more than one courtesy 
accidental, each accidental gets its own. 
pair of parentheses. 
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Accidentals 


Accidentals 7 


Itis best to add a courtesy accidental for 


octave shifts although the notes of the 
same pitch in different octaves are 
considered separately. 


courtesy accidental for clarity 


2 


He 


ee <— 


tel 


& 
accidental /” 
applies to this note only 


GRACE NOTES WITH ACCIDENTALS 


The accidental placed on a grace note 
will be smaller (cue size), like the grace 


note. 


The accidental affects all subsequent 
notes of the same pitch within the 
measure. 


Depending on the clarity of the situation, 
courtesy accidentals are often needed to 
avoid confusion. 
grace-note accidental 
4 applies to entire measure, yet 


te se te 
Ets 
4 courtesy accidental is 
needed for clarity 


ALIGNMENT FOR INTERVALS (2 Notes) 


For intervals of a 2nd through a 6th, place 
the upper accidental closest to the note, 
the lower accidental to the left 


paper 


When intervals are greater than a 6th, 
accidentals align vertically. 


to —te be 
$e— 


For the interval of a 6th, if the two 
jentals don't collide they may be 
aligned vertically. 


te ae 


ar 


ALIGNMENT FOR CHORDS (3 Notes) 


When outer notes are a 6th or less, the 
upper accidental is closest to the note, 
the lower accidental is placed left, and the 
middle accidental is placed farthest left. 


| (highest) 


(ole) 3 
2 


(lowest) 


When outer notes are greater than a 6th, 
upper and lower accidentals are aligned 
closest to the notes—the middle 
accidental is placed to the left. 


: 1 align 

(middle) 3 | highest 
& 

2 lowest 


Accidentals Accidentals 
= == =z 

ALIGNMENT FOR CHORDS ‘one instrument. 

(More than 3 Notes) = the accidentals carry through tie measure 


When dealing with accidentals for 
complex chords, rules are treated more as 
guidelines or suggestions. Keep the 
arrangement of the accidentals as 
compact as possible. 


Make the arrangement of accidentals as 
easy to read as possible for the situation. 


Align the highest and lowest accidentals 
whenever possible. 


The center accidentals are usually 
arranged diagonally from highest to 
lowest. 

Align accidentals for octaves whenever 
possible. 

‘Accidentals for the 2nd should usually be 
shaped like the 2nd (if the outer notes are 
greater than a 6th), 

The upper accidental is placed closest to 
the note, the lower accidental to the left, 


‘Accidentals are always placed before the 
entire note structure. (Do not place an 
accidental between notes that are played 
together, even if they are stemmed in 
direction.) 


wrong 


4 QO 4 


TWO PARTS ON A STAFF 


For multiple notes played by one 


Parts on the same staff that are played by 
more than one instrument (including 
vocal parts) are treated individually. 
Repeat accidentals in the same measure if 
the voices cross. 


two instruments sharing a staf 
Ue acidentals are considered separately 


ry an 


A courtesy accidental 
‘avoids confusion 


CHROMATIC PASSAGES 


In general, use sharps when ascending, 
flats when descending. 


When choosing accidentals, consider the 
context of the music, such as key 
signature, harmony and voice leading. 


In the chord below, both a sharp and a flat 
are required (Cf, not Db; Eb not D4). 


augmented 6th chord 


== 


instrument, an accidental carries through ACCIDENTALS WITH TRILLS (See Trild 

the measure. Cancellations must be ACCIDENTALS IN HARP MUSIC 

a (See Pedal marks) 
— - =i 


10 Alternating instruments Arpeggio signs = AL 
me 
|AZZ ENSEMBLE 
Alternating instruments - u 
Allrules above apply except that “muta in 


CONCERT ORCHESTRA / BAND 


1. To alternate instruments, enough 
time must be given to allow the 
change. 

2. During the measures of rest the 
indi n “Muta in [second 
instrument]” is indicated below the 
staff as soon as the first instrument 
stops. 


3. Any change to the key signature 
occurs after the barline following the 
rest, before the new instrument 
begins. 

4, ‘The new instrument is indicated 
above the entrance of the 
instrument, 


change key after 


allow ample time Measure of rest 


to change instrument 


indicate new 
instrument 


(bee) 


Bg. 
a 
penser 


ae 


Muta in 
English Horn 
Pa 

place below 


INCORPORATING CUES 


1. Cue notes should be added after 
many measures of rest, to help the 
performer make a correct entrance. 

2. The cued instrument is indicated 
above the passage in a smaller type 
size. 


3. The key signature changes at the 
beginning of the cue. 

4. Full-size rests are indicated below 
(or above, depending on stem 
direction). 


cue notes are 


writen in mew key Bas 
Yrs 
7 yee 
— : 
Mata in 
English Hom _, 7 
add rest 


(See Cue notes) 


[..1” is written “Change to inew 
instrument]” and is placed above the staff. 


for jazz orchestra 


place above staff 
“ 


(Alto Sax) Change to Flute 


pide te 


ni ¥ 


COMMONLY ALTERNATING 
INSTRUMENTS, 

The following is a listing of commonly 
alternating instruments in a standard 


orchestra: 
Alternate 
Flute IIT Piccolo 
Oboe II English horn 


Clarinet Ill Bass clarinet, 


Bassoon III Contrabassoon 


Insmaller orchestras, the second player 
alternates in all cases above. 


Arpeg 


igns 


vertical wavy line before a chord or 
interval indicates an arpeggio (rolled 
chord). 

ARPEGGIO DIRECTION 


‘The chord is to be played quickly from 
bottom to top (no direction arrow). 


= 


played upward 
(no direction arrow) 


If the arpeggio is to be played from top to 
bottom, an arrowhead is added to the 
bottom of the wavy line. 


played downward 


12 Arpeggio signs 
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When the arpeggio returns to normal 
(bottom to top) or alternates with an 
arpeggio played downward, an arrowhead 
is added to the top of the wavy line. 


=3 


played upward 


The arpeggio sign should not extend 
much past the chord affected. 


PLACEMENT WITH ACCIDENTALS: 


Arpeggio signs are always placed before 
accidentals. 


allow space 
for accidentals 


FOR KEYBOARD INSTRUMENTS 


The arpeggio sign can extend across both 
staves. The right hand begins after the left 
hand has completed the chord. 


played upward, 
from bottom to top 


If the wavy line is broken between 
staves, both hands begin the arpeggio 
simultaneously. 


ot | 


hands start 
simultaneously 


ulations 


Articulations are symbols used to 
indicate how a note or chord is played, 
alone or in relation to other notes and 
chords. 


There are five main articulations: 
staccatissimo, staccato, tenuto, 
accent, marcato. 


An articulation's influence on a note or 
chord varies depending on its context. 

A staccato note in a slower tempo is not 
played as short as it would be played ina 
faster tempo. An accent is softer in the 
dynamic p than in the dynamic f. 


One articulation applies to all notes of an 
interval or chord (on one stem). 


Nee 


DURATIONAL ARTICULATIONS 


There are three articulations that affect 
the duration of a note or chord: 
staccatissimo (1), staccato ()) and tenuto (-). 


The following illustrates durational 
articulations compared to. an unmarked 
note, from shortest to longest. 


SHORTER > LONGER 


(unmarked) 


staccatissimo staccato tenuto 


can be same duration 
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14 Articulations 
— £5.23, 
Staccatissimo Center on the stem for opposite stem 


The shape varies slightly among engravers, 
but is always wedge-shaped. It indicates 
that a note or chord is to be played as 
short as possible. 


staccatissimo 


Used only with note values of a 
quarter note or less. 


The staccatissimo is centered on the 
notehead. Placement is in the next space 
from the notehead, whether the note is on 
aline or space. 


——- 
—— 
Z 
Center on the stem for opposite stem 
direction. 
eT oy y 
2 
ma yf 
Staccato 


A dot above or below a note or chord 
indicates that the note or chord is to be 
played short. 


staccato 


Used with note values of a 

quarter note or less. 
The staccato is centered on the notehead. 
Placement is in the next space from the 
notehead, whether the note is on a line or 
space. 


direction, 


Tenuto 
A short, heavy line above or below a note 
or chord, thicker than the stafflines. 
A tenuto indicates that a note or chord is 
to be held for its full value (durational 
articulation), or the intent may be to apply 
a slight stress (articulation of force) 


tenuto —> — 


However itis interpreted, the tenuto is 
meant to ensure that a note or chord will 
be given a certain amount of attention. 


This emphasis allows the tenuto to be 
flexible in its application, especially when 
combined with other articulations. 


The tenuto is sometimes referred to as a 
sostenuto or stress, 


Used with notes of any rhythmic value. 


‘The tenuto is centered on the notehead. 
Placement is in the next space from the 
notehead, whether the note is on a line or 
space. 


Also center to the notehead, not the stem, 
for opposite stem direct 
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ARTICULATIONS OF FORCE 


‘There are three articulations that affect 

the force of attack of a note or chord: the 
tenuto [-] discussed earlier, accent |>] and — 
marcato [\\.* 


The following illustrates articulations of 
{force compared to. an unmarked note, from 
lesser to greater force of attack. 


Dynamic MOST STRESS ms 
Level ——» ADDED 
(unmarked) 
1 eA 
— a a 


fenuto accent marcato 
(when used = 
as srs) 

“Terminology varies for the symbols [> | 

and [ A}. For the sake of this discussion, - 

the words accent and marcato have been 

attached to the symbols. 


Accent 


When an accentis placed over or under a 
note or chord, the note or chord istobe = — 
played with more attack, more marked. 


accent — >> 


Used with notes of any rhythmic value. 


The accent is centered on the notehead. 
Preferred placement is outside the staff. 

SiS tice 
——* 


z 
— 
SSS 


Although itis to be avoided, sometimes 
placing an accent within the staff is 
acceptable. A decision needs to be made 
whether it is preferred to have the accent 
closer to the notehead, or outside the staff. 


Center to the notehead, not the stem, for 
opposite stem direction. 


ha 


fae 
a 


OD 


Marcato 


When the marcato is placed over or under 
a note or chord, the note or chord is to be 
played with even more attack, and more 

marked, than an accent. 


marcato —~ 


Used with notes of any rhythmic value. 


The marcato is centered on the notehead. 
Preferred placement is outside the staff 


and above the staff. 
preferred placement— 
above the staff 
AAAAAA 
SSS = 
yoy 


acceptable below 


Also center to the notehead (not the stem) 
for opposite stem direction. 
_ 

sia 

2 
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OTHER ARTICULATIONS OF FORCE. 


Sforzando (ef), forzandolforzato (fs) and 


sforzato (gfx) are also included in this 
articulation group and are 
interchangeable with accents and 
marcato accents, depending on the 
dynamic range. 


These three articulations have the benefit 


ofa built-in indicator of dynamics. 


For instance, a gf should be indicated only 
in the dynamic ranges from ppp tof. With 


each increase of dynamic level, the 


sforzando reflects the higher dynamic level: 


oF ING, OF ine 


The following chart illustrates the 
relationships between accent [>] and 


‘marcato A| to sforzando Igf'|,forzando 


([fzl,and sforzato gfx] within various 
dynamic levels. 


Dynamic Range 


[4] 2 9 


Reg 
ef 
Sr 


sf y 
Abe fe ie 


ft She 


A(>1in g is comparable toa iy 


AJA] in gg is comparable to a lggege 


COMBINED ARTICULATIONS 


Durational articulations can be 


combined with articulations of force to 


create variations of the basic 
articulations. 


The following examples are the 
most used combinations. 


force 
~2Azhex 
a a a oe 


durational 


Staccatissimo and staccato are 
never combined (they basically 
have the same function in varying 
degrees). 

Accent and marcato are never 
combined for the same reason, 
Staccatissimo and tenuto are not 
commonly combined. 


Staccatissimo and marcato are not 
commonly combined. 


Combining articulations with tenuto 


The dual function of the tenuto—the 
idea of more importance, more attention, 
whether of duration or force (or both) — 
allows the tenuto to be combined with 
either articulation group. 


When a tenuto is combined with an 
articulation of force, the tenuto has more 
ofa durational function, but may also 
retain its idea of force. 


When combined 
with at tenuto is 


articulation ge >a durational 
af force. articulation 
and may also 


add extra force. 


When a tenuto is combined with a 
durational articulation, the tenuto has 
the function of an articulation of force, 
while retaining its durational function, 


Tenuto is an articulation 


offorce ye 

and combined 

of duration ~ with a durational 
articulation 


Usual interpretation: play detached and 
with a slight stress 


‘The solder should have wetted to both surfaces. On pads of a printed circuit board, the solder should be covering the entire pad, and it 
should make a volcano shape between the pad and the lead, indicating good adhesion. Once the joint is perfect, clip the leads of 
through-hole components. 


Common mistakes, or what NOT to do 


Now that we've gone over what to do, let me tell yau what NOT to do. 


Don't put a blob of solder on the iron and then try to transfer it to your joint. This burns away all of the flux in the solder, which prevents 
the flux from cleaning the metal surfaces. Furthermore, i's easy to transfer the solder blab away from the iron without actually making it 
‘wet to the joint. | guarantee you that this will result in an awful electrical connection, so don't do it. 


Basic Tutorials 


Soldering Basics 
Desoldering Tutorial 
‘Tesla Coll FAQ 


tinyTesla Assembly Tutorials 
tinyTesta Manual 

Heat Sink Hardware Installation 

Main Board's Logic Component Installation 
Low Voltage Driver Board Test 


Main Board's Power Component Installation 
IGBT installation 
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PLACEMENT WHEN COMBINED 
The following can be used as guides for the BasSeessisscasao=! 
placement of combined articulations: + sa aoe aoe al 
a a a a a a 
aah SF a ee = = 
ena & ACC pattern is established 
fyejece 
wee 
— articulation pattern 
continues 
Notice that the simile was not used at the 
eet beginning of the line, even though the 
pattern had already been established. 
accent & staccato 
es — The simile is ended when the pattern ends 
——— eke or when different articulations are added. 
bier =e = 
Sr 
SSS tee sine 
Bern led (articulations continue) shell sops 
as 
marcato & staccato SLURS WITH ARTICULATIONS (See Slurs) 
AA a eS 
2 Augmentation dot 
Keep the two combined articulations PLACEMENT 
together (on the same side of thenote) ‘Always place one dot per space and only 
whenever possible, ; . 
in a space—never on a staff line or on the 
Notice that when a staccato is combined same level as a leger line. 
with another articulation (and is on the oa 
same side of the note), it is centered on Foraline note—place to the right of the 
the notehead, even when it is on the notehead, in the space above. 
stem side. x ro 
2 
= 
zs = 
SIMILE 


When an articulation (or pattern of 
articulations) is applied in a repetitious 
and predictable manner, the word simile 
may be used. 
Simile is indicated after the pattern has 
been clearly established (usually two or 
three measures) 


For a space note—place to the right of the 
notehead in the same space as the note. 


o 


22 
= 


Augmentation dot 
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For notes with a flag—the dot is placed 
further right, altogether avoiding the flag. 
Never place a dot between the notehead 
and its flag. 


Double and triple dots are placed directly 
to the right of the first dot. Horizontal 
spacing is equal to that of the first dot. 
‘Multiple dots should be used only in 
situations where they will be easily 
understood. 


Never separate a dot from its notehead. 
Stem direction and creative positioning of 
a dotted note must be considered. 


' 
Th a —- 


Ties always avoid the dot—place the tie 
clearly to the right of the dot, 


— 


oO oOo 


For two or more notes in a chord with the 
same stem direction, always align the dots 
vertically. 


ha 


‘Two dots never share the same space. 


FOR INTERVALS OF A SECOND 


The dot for the space note is always placed 
in the space to the right of the notehead. 


If the line note is above, place the dot in 
the space above. If the line note is below, 
place the dot in the space below. 


FOR TWO OR MORE PARTS 


For stems up, place dots for line notes in 
the space above. For stems down, place in 
the space below. 


DOTTED RESTS. 


Rests are dotted in the same way notes 
are dotted, but with some restrictions on 
their use. 


Place the dots as follows: 


Dotted rests are used mainly to clarify 
the subdivision of a measure. (See Meter) 


Dotted whole rests are the least used of, 
all the dotted rests. ‘They are never used 
simple meter. 


Possible use of dotted whole rest: 


— = 
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Likewise, a dotted half rest should not be 
used in simple meter. eda 


Possible uses of dotted half rest: 


=== 


Barlines are vertical lines that divide a 
= staff into measures. 


SINGLE BARLINE 


Dotted quarter rests are used in 
compound meters. Avoid using them in 
simple meters. 


In § time, dotted quarter rests can be used — 


on beat 


Gr J MT 


s land 4 only. 


In § time, dotted quarter rests can be 
used on beats 1, 4 and 7 only (the pulses). 


RES Ot 


In ¥ time, do NOT use a dotted half rest 
across the middle of the measure. Use 
dotted quarter rests. 


ie ae oe ae 


Itis acceptable to use the dotted eighth 
rest, dotted sixteenth rest, etc., for a 


cleaner look. 
Da, een 


The thickness of a barline is equal to, or 
greater than, the staff line thickness (staff 
lines being thicker than stems). 

To help the performer follow the music 
from staff to staff, avoid the alignment of 
barlines from staff to staff (or from system 
to system). 


pie oy 


Allow a small amount of space after a 
barline—depending upon the density of 
notes within the measure. 


yer space after barline 
eee be ao we 


Less space may be allowed after the 
barline if the density of notes is high. 


use less space 


ra 


‘eta! tat set 


== 


More space may be allowed after the 
barline if the density of notes is low. 


use more space 


x 


Less space may be allowed before the 
barline if density is high. Avoid adding 
space before the barline. 


less space 
—— ae 
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26 Barlines 
= s 
DOUBLE BARLINE SYSTEMIC BARLINE 
(Thin/thin) = 


Used to clarify the end of a section of 
music, such as in a Da Capo layout. 


D.C.al Fine 


FINAL DOUBLE BARLINE 
(Thin/thick) 


Marks the end of a composition, or the 
end of a movement within a larger work. 
Consists of a thin barline followed by a 

thick barline. 


' 


BROKEN BARLINES 


Broken (dashed) barlines are sometimes 
used when a situation calls for the 
completion of a section mid-measure, 
although the final double barline is 


preferred. 
Fine 
j re z 
—= — 
i. 
Fine 
] | 
— = = 
preferred 


For composite meters, a broken barline is 
sometimes used to clarify the meter 
division within a measure. 


THE LEFT BARLINE 


Asingle staff should neverbegin with a 
barline. 


A systemic barline connects two or more 
staves together, as in the grand staff. 


Barlines are used to group staves of like 
instruments in a score layout. 


co | Et 
sate tat 
ine serine 


WITH CHANGING CLEFS 


The new clef (cue size) is placed before the 
barline if the clef changes mid-staff. 


new clef placed 
before the barline 
mid-staff | 


— 


Oy) 


28 


Barlines 


Beams 29 


Acourtesy clefis placed before the last, 

barline of the staff if the new clef begins 
immediately on the next staff 

courtesy clef placed 

fore the barine, 


end a | 


= 


Oy 


(See Clef signs) 


WITH CHANGING KEY SIGNATURES 


The new key signature is placed after an 
added double barline if the key signature 
changes mid-staff. 
new key signature 
placed after the barline 
y midst 
4 


& ty 


oe 


‘A courtesy key signature is placed after the 
last barline (add double bar) if the new key 
signature begins on the following staff. 


courtesy key signature 
placed after the barline 


z 


& 


Leave open # 


Note: A single barline may be used in both 
the above instances, but a double bar calls 
‘more attention to the change. 


WITH CHANGING TIME SIGNATURES 


‘The time signature is placed after the barline 
if the time signature changes mid-staff. 


time signature placed 
after the barline 
mid-staff | 


E 


A courtesy time signature is placed after 
the last barline if the new time signature 
begins on the following staff. 


courtesy time signature 
placed after the barline 


ct i 


- leave open A 


WITH MULTIPLE COURTESY SIGNS 


Ifa courtesy clef, key signature and time 
signature all appear together, they follow 
the rules for each individual courtesy 
change. 

The order is the same as the order 
presented at the beginning of the piece 
(clef, key signature, time signature). 


Yo 
4 


aay 


4 


INCOMPLETE MEASURES 


Ifa piece begins with a pick-up, the 
barline is positioned according to the time 
value of the beat(s).. 


Although sometimes referred to as. 
“balkans” or “ligatures,” “beam” is the 
preferred term for the connection 
between two or more consecutive notes, 
replacing the flag. 


Beams greatly simplify the reading of 
music, substituting for individual flags in 
groupings of notes smaller than a quarter 
note. 


Because of the ease in reading of beams, 
the use of flags in vocal music—in relation 
to the lyric—has become obsolete. 


30 Beams 
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CONNECTION TO THE STEM 


Beams are connected to the side of the 
stem. They must be flush to the stem, 
both vertically and horizontally. 


PRIMARY AND SECONDARY BEAMS 


‘The beam that is furthest from the 
noteheads and connects a group of notes 
called a primary beam. This beam remains 
unbroken throughout the grouping. 


Any beam other than the primary beam is 
a secondary beam. The secondary beam 
may be broken, to divide the grouping 
into smaller units for easier reading. 


beams may be joined 
with primary beam 

primary 

iF 7 beam 


<= secondary 
~~ beams 


Stems extend through secondary beams 
and connect to the primary beam. 


DOUBLE BEAMS 


Normal stem length will accommodate 
a double beam—the stem need not be 
adjusted. 


TRIPLE AND QUADRUPLE BEAMS 


When a third or fourth beam is added 
below the secondary beam, the stems 


If 32nd- and 64th-note values occupy the 
majority of the rhythmic values, it may be 
better to double the rhythmic values of the 
entire piece and alterthe tempo. 


FRACTIONAL BEAMS 
A fractional beam is also a secondary beam, 


Fractional beams are associated with only 
one note. 


The length of a fractional beam is the 
same as the width ofa notehead. 


= 


Place exactly the same as full-length 
secondary beam would be placed. The 
beam is always inside the grouping, and it 
usually follows or precedes a beamed 
dotted note 


— 
ee 


BEAMING AND METER 


The basic purpose of beaming is to 
connect two or more notes within the 
same beat (or pulse). Meter must be 
considered when grouping notes with a 
beam. (See Meter) 


par eacoms Aa oma a Reg In any simple meter, each beat is divisible 
Se ee Deca - by two; a beam may connect the two 
The extension of the stems allows the notes. Simple duple, simple triple and 
space between the noteheads and the simple quadruple meters each have 
I st be te normal. " i + " 
Death = slightly different considerations. 

—vz 
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Simpl 


le duple meter (3, 7, 3) 
In some cases, the entire measure may be 
beamed. 


Some combinations of beams, flags and 
rests in simple duple meter: 


2 5 x 
Fie ee 


cae ieaae os 
ees 


—— sa) 


Although some contemporary engravers 
beam over a rest at the beginning or 
ending of a beamed grouping 7) > 9. itis 
not the preferred notation. 


Simple triple meter (3, 3, 3) 


Consideration is given to visually 
maintain the three beats within the 
measure. In some cases the entire 
measure may be beamed. 


=e 


Itis better to avoid arbitrary groupings of 
442 or 244, However, they are sometimes 
used to emphasize phrasing. 


= 


eH 


The combined use of flags and beams 
clarify the meter. 


feat 2 as 
y y+ 
PS hag 


weeeele wee 


Avoid beaming in a manner that would 
suggest § time. Use flagged notes to 
differentiate } meter from § meter. 


Beat! 2 a 3 
voy voy 


pSEr prea aae 


use flagged notes to 
avoid groupings of tree 


Beaming to include rests inside the 
grouping is acceptable. 


TPS 
— So mal 


Simple quadruple meter (3,4) 


In time, beats 1 & 2 and beats 3 & 4 may 
be beamed together to form a unit. 


Never connect the notes of beat 2 with beat 3 


¥ ’ 


Gina 


‘The basic rule in $time is that the two 
halves of the measure (beats | & 3) must 
be immediately recognizable. The only 
exception to this would be a very simple 
syncopation (such as JJ J). 


Because of this rule, all the notes in the 
measure would not be beamed together, as 
is possible in the other simple meters. 


Beams 35 


THE SAME RHYTHM THREE WAYS 


Each could be the best for a particular 
situation. 


Notice that each beat is recognizable in 
the following example. 


p Sptrrursir arn Psi 


Notated with beams only, the two halves 
of the measure are easily recognizable: 


eat 1 3 


Ifthe above example were in a piece that 
contained triplets, it could at first glance 
be mistaken for triplets. In that case, a 
better notation would be: 


beat 23 3 4 


For any simple meter, when a beat is 
uneven or contains more than two notes, 
the two adjacent beats should not be 
beamed together as a unit 


Compound meter 


When each pulse of the measure is divided 
into three beats, the meter is called 
“compound,” A beam may connect the 
three beats 


compound duple (2 pulses, 6 beats) 


————_— 
a 


compound triple (3 pulses, 9 beats) 
compound quadruple (4 pulses. 12 beats) 


ae 


The units of three beats for each pulse in 
compound meter must always be 
maintained. Even when rests are included 


in the measure, as in the example below, 
beats 1, 4 & 7 must be clearly visible. 
beat 1 4 7 
’ ’ ’ 


The three units in the above example could 
be made even more obvious by including 
the rest on beat 5 in a beamed unit. 


beat 4 7 


Itis possible to group all notes within a 
pulse. All the notes in the measure, 
however, cannot be beamed together— 
this could cause the measure to appear to 
be in some other meter. 


beat 1 4 
¢ ; 


SS —S 


Although different groupings are sometimes 
used for phrasing or interpretation, the 

above should be generally adhered to 
— 
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TIES AND BEAMS 
Avoid using tied notes within a beamed 
grouping. The unit should be broken 
where the tie is pla 


preferred in 
some situations 


In this case, there would not 6e a continuous 
eam, since beats 2 and 3 should not 
be beamed together in this meter 


STEM DIRECTION OF BEAMED 
GROUPS 


Simple rules for stemming of single notes 
apply to beamed groups when possible 
(for example, if all notes in a beamed 
grouping are on or above the middle line 
of the staff, stems are down), but some 
additional guidelines are needed. 

(See Stems) 


For two beamed notes 
Stem direction is determined by the note 


farther from the middle staff line. 


farther above 


uae 
midle === 
7 
stems down 
farther below 


If both notes are the same distance from 
the middle line, the preference is for stems 
down. 


same distance 


rsx 
middle y—— 
line —_ 
SN 
stems down 


fall other stems in the surrov 
measures are up-stem, that direction is, 
sometimes continued if the two notes are 
the same distance from the middle line. 
(This is a very subtle point, and somewhat 
obsolete.) 


Barz 


Y 


For three or more beamed notes 


If the majority of the notes are on or above 
the middle line, the stems go down. 


majority on or above line 


poe toe ft | 


stems down 


Ifthe majority of the notes are below the 
middle line, the stems are up. 


stems up 


4 
middle a 


line 


majority Below line 


If the number of notes above and below 
the middle line are equal, the note 
farthest from the middle line dictates the 
stem direction. (Ifall notes are the same 
distance, the preference is down.) 


equal distance above 
and below line 


farthest fron 
middle 
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BEAM SLANT & PLACEMENT 
Concerning the computer 
With most computer engraving today, the 
direction, slant and placement of the 
beam are automatic. 
However, the defaults—or even the 
settings allowable—may not conform to 
traditional practices. Even though some of 
these practices are in the process of 
change, there are some guidelines to keep 
in mind for a more professional look. 
Beginning placement of the beam 


‘When stems are up, the stem length of 
the highest note determines the beam 
placement. 

When stems are down, the stem length 
of the lowest note determines the beam 
placement. 


\. higher note lower note 


Direction of slant 
Beams usually follow the contour of the 
notes, ascending or descending. 


For mixed direction of notes, the beam 
usually follows the direction between the 
first and last note of a grouping. 


When two or more notes share a stem, the 
note closest to the beam dictates the 
beam direction. 


Horizontal beaming 


Abeam should be horizontal if the first 
and last note of the beamed group is on 
the same pitch level. 


' t 

Y + 

% — 
a? ee 
Lo 


If the grouping consists of repeated 
intervals, the beam should be horizontal. 


Horizontal beams may be used if inner 
notes do not follow the interval direction 
of the outer notes. 


Some other examples of horizontal 
beaming: 


Interval-specific beam slant 


Determining the placement and slant 
of beams in traditional plate engraving 
was complicated and detailed. 


The following are approximate guidelines, 
modified from the strict traditional rules 
for beaming of intervals. There are two 
main reasons for this modification: 


1. The consistency of the computer and 
the quality of modern printing make it 
no longer necessary to avoid the small 
“wedges” of white space that in the past 
often filled in with ink, 


2. Adjusting many beams individually on 
s very time-consuming. 
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Beams 


A pair of notes of different pitch should 
not have a horizontal beam. (Exception: 
two notes on the same line or space, one or 
both altered with an accidental) 

Ifa beam slants, it is usually from 1/2 to 2 
staff spaces—very seldom more. 


Intervals of a 2nd slant 1/2 space. 


ands 
ete _ 
===== 


Intervals of a 3rd slat 


aris 


Intervals of a 4th slant from 1 to 1-1/2 staff 
spat 


4s 
as 
a hd ~ 


Intervals of a Sth, 6th & 7th each slant 
approximately 1 to 1-1/2 staff spaces. 


Intervals of an octave and greater slant 
1-1/2 to 2 staff spaces. 


So 1 6 


= : 


Beamed notes with leger lines slant 1/2 
staff space. (Remember that stems must 
extend to the middle line.) 


Beams 41 
= 
leper lines 
2 
2 
——— 


Depending upon the amount of space 
allowed between the beamed notes, the 
slant of the beam naturally decreases with 
an increase in the amount of space 
allotted, if stem lengths remain the same, 


natural decrease in slant 
4 space is increased 


For tightly spaced beamed notes, adjust 
the slant (by lengthening the stem of the 
farthest note) so that it is not so extreme. 


z becomes Ps 
a 


Alternative beaming 


For grand staff notation, cross-staff 
beaming is acceptable in some situations. 
The slant of the beam is determined by the 
amount of space between the two staves, 
the length of the stems, and by avoiding 
exaggerated angles. 


For single-staff music, alternative beaming 
should be used only in exceptional 
circumstances. Stems must not be too 
short. 


ste ee 


a 
« 
« 
« 
e 
« 
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Bowing 


Down-bow and up-bow markings are 
centered to the notehead and are placed 
above the staff, except when two parts 
share a staff. 


down-bow ——up-bow 

mom ov Vv 
— a od 
—? . 


String techniques such as spiccato, 
legato, portato and jeté are notated 
conventionally, with slurs and/or 
articulations. 


he study of orchestration is necessary to 
properly specify string indications. 


Slurs can indicate either phrasing or 
bowing, or both, 


Brackets to the left of the chord may be 
used for multiple stops if the chord is to 
be divided a particular way. Usually no 
bracket is used. 


Multiple stops may be double, triple 
or quadruple stops. 


walt 


PLACEMENT OF TEXT 
All text for bowing indications is placed 
above the staff. 


When a particular string is to be played 
exclusively, suf [string] is indicated. 


sul G 
Pizzicato is cancelled with the arco 
indication. 
pizz. arco 


With any of the following indications, ord, 
or ordinario is commonly used to indicate 
the return to normal playing 

non vib. sul pont. sul tasto col legno 


Brace 


The brace is used to connect the two 
staves in scores for instruments such as 
piano, organ, harp and marimba. 


The brace connects two staves to form a 
grand staff, 


The bracket is used to connect two or 
more staves to form a system or to group 
certain instruments within a system. 


The bracket is different from the brace in 
that it connects the staves for two or more 
separate instruments, while the brace 
connects staves for one instrument (such 
as keyboard) 


‘The grouping may be two or more unlike 
instruments, identical instruments, or a 
family of instruments, such as strings. 


connects unlike instruments 


44 Bracket 
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Ifthe breath mark occurs between two 
notes, the placement is toward the end of 
the space for the full value of the note. 


o) 


connects identical instruments 


y 


Ifthe breath mark occurs at the end of a 
re, the placement is just before the 


The caesura (//) is a small pause or break 
in the tempo (implying a break in sound). 


The pause of the caesura is slightly longer 
(See Barlines, Scores) than a breath mark, but shorter than a 
fermata 


Breath ma PLACEMENT 


77 . ‘The caesura is placed on the fourth line 
The breath mark (9) has two similar uses: from the bottom of the staff (extending to 


* anactual breath indication for the first leger line), at the point where a 
instruments (including voice) is break ie desired. 
requiring the breath to sound. 


+ a small pause or break (as if taking a 
breath) for instruments nor requiring 
breath to sound. 


‘A breath mark may or may not interrupt The caesura is placed toward the end of the 
the tempo. If it does interrupt the tempo, full value of the note. 

the break or pause is shorter than that of 
a caesura or fermata. 


PLACEMENT o 


‘The breath mark is indicated just above 
the staff, at the point where a breath or If space is tight, the caesura can be 
break is desired. centered between two ni 
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Ifthe caesura occurs at the end of a 
measure, the placement is just before the 
barline. 


Ifa longer pause is desired, a fermata may 
be placed above the caesura 


Chord frames & symbols 


Chord frames are diagrams that contain 
all the information necessary to play a 
particular chord on a fretted instrument. 


The photograph below shows the finger numbers 
corresponding to the fingerings used for guitar 


The number of strings and tunings vary 
between string instruments. The chord 
frame is modified (number of strings, 
tunings) according to the differences 
between each instrument. 


The following examples explain the 
rious chord frame elements for guitar. 


‘The number of Vertical 

the fret on lines 

which the fingers represent 
the strings 


Horizontal 
lines represent 
the frets 


arRona 


(EA DGB E) 
The notes of 
the open strings 


The fingerings, note names and position 
of the chord on the neck are all provided 
on the chord frame. 


An X indicate 
Wat the 
unplayed or mut 


AEAGE 


Circles indicate the fret and string 
‘on which the finger Is placed — 
the number indicates which 

finger is used 
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— 
Aur indicats that the finger 
iS placed lat, covering the 
The following are commonly used clefs. 
Middle C is shown for comparison in 
all examples except neutral clef 
wT TTI 
AEAGE TREBLE AND BASS CLEFS 
eal Treble and bass clefs are most frequently 
used. Keyboard, harp and organ music is 
written using only these clefs. 
CHORD SYMBOLS 


The chord symbol is always placed above 
the frame to identify the chord. 


Chord symbol > A. 


“WEAGE 
Careful attention must be given to the 
consistent identification of chords, in the 
least ambiguous way possible. 


Chord symbols often appear without a 
frame. Whether or not there is a frame, 
space must be allowed so that the symbol 
is aligned with the proper beat. 


chord 


[See Tablature) 


A complete listing of guitar chords 

along with chord theory, is provided 
in Alfred's Guitar Chord 
Encyclopedia (Item #4432). 

Italso includes a listing of chord 

symbols and a listing of 
ambiguously named symbols. 


treble clef 


a 


Se __omiddle C 


bass clef 
@__ middle c 


—— 


The octave treble clef is sometimes used 
for tenor vocal parts, to indicate that the 
part is one octave lower than written. 


The double treble clef serves the same 
function as the octave treble clef but is 
much less frequently seen. 


octave treble clef double treble clef 


@ ve 


‘The regular treble clef is also commonly 
used for tenor vocal parts; the octave is 
assumed. 


treble clef for 
tenor voice 


middle C 
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Clef signs 


CCLEF: 
Alto clef is commonly used for viola, to 


avoid excessive leger lines. (Viola also uses 
treble clef) 


alto clef 


— es 


Tenor clef is primarily used for bassoon, 
cello and trombone when playing in 
higher registers. 


tenor clef 


The following C clefs are obsolete: 


soprano clef ‘mezzo-soprano clef 
baritone clef 


—e— 


NEUTRAL CLEFS 


Neutral clefs are used by percussion 
instruments of indefinite pitch. The 
following is most commonly used. 


Neutral clef for single-line percussion 


POSITIONING 


Clefs are slightly indented on the staff, to 
the right of a systemic barline or the open 
single staff. Be sure to leave the single 
staff open—do not put a barline before 
the cleft 


indent on single staff—no left barline 


indent on staf with systemic bartine 


The clef is always placed before the key 
signature and time signature. 
Notice the distance from the end of 
the staff to the clef, from the clef to 
the key signature, and from the key 
signature to the time signature. 


cL 


EF CHANGES 
When the clef changes within a staff, a 
cue-size clef is used (usually 75% of the 
ize). Courtesy clefs are also 


If a clef change affects a complete 
measure, it is always placed before the 
barline, 


Only a systemic barline can precede 
aclef sign. (See Systems) 


Ifa clef change is within a measure, the 
clef is placed directly before the first note 
involved. 
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Clef signs 


Credits 58 


Ifa clef change begins after a rest and is 
ona beat, the clef is placed directly before 
the first note affected, 


a eS 


Oy ry 


Ifa clef change begins after a rest but is 
not on a beat, the clef precedes the rest. 


a oan 
car ias 


i 


Ifa clef change occurs at the beginning of 
astaff, a courtesy clef is placed before the 
barline at the end of the previous staff, 
followed by the new clef at full size in the 
new staff, 


The rules for clef changes are not affected 
by the addition of a key change and/or 
time signature change. The clef sign 
precedes the barline: the key signature and 
time signature follow the barline. 


be 
ONS 


Braid ere sins a 


Notice that the order of courtesy clef, key 
mature and time signature is the same 
as the order at the beginning of a piece. 


The courtesy clef is cue size; the key signa. 
ture and time signature are normal size. 
Also notice the open staff after the courtesy 
key signature and time signature. 


Coda sign Seed. 


Credits may consist of the composer, 
lyricist and arranger, or a word such as 
traditional, anonymous, folk song, etc. 


1. The composer credit is placed flush 
right with the page margin, [tis not 
horizontally aligned with the tempo 
marking. 

2, The arranger credit is placed below 
the composer credit (also not 
horizontally aligned with the tempo 
marking) 

3. The lyric credit is placed flush left 
with the page margin, horizontally 
aligned with the composer credit. 


The typeface for all three credits is usually 
Roman. 


For aless formal style, such as pop 
piano/vocal music, the lyric credit would 
go under the composer credit, with the 
arranger under that. All credits would be 
flush right with the page margin 

Some examples: 


Words and Music by. 


Words and Music by 


Masie by. 
Words by. 
Arranged by. 
The word “arranged” may be abbreviated 
{Arr.). 
=a 


54 Cue notes D.C.alCoda 55 


— = — 
Not all notes that are cue size are used as 
acue. 

Cue notes may be given as guidance only, Ossia passages and grace notes are 
to assist a performer’s entrance after typically notated at cue size. (See Ossia, 
numerous measures of rest. Grace notes) 


ie notes may also be given for possible 
performance if the cue instrument is weak 
or missing. (See Alternating instruments) 
The size of cue notes is somewhat smaller 
than normal note size, but still large 
enough to be legible (65-75% of normal 
note size). 


grace note 


65% 75% 100% 


D.C. al Coda (da capo al coda) 
a —, 


Means go back to the beginning, play to 
the “to coda” sign (@), then jump to the 
coda to finish the piece. 


All musical elements associated with the 
cue notes will also be at cue size. 


There are two ways to notate cue 


passages. O pia jon deanna fom at ode 
With reverse stem direction and added 
rests: © 2d tie pay 0 eto coda € sign 
ce notes with : 
apposite stem direction 
ni O jump to Coda 
~ - in Code 
B ‘ © #1 double bartine, > 
with rest featnning Die at Coda 


With normal stem direction and no added 
rests: 


cae notes with 
rrormaal stem direction 


' 
© coua 
3 Me Eng. Hn ———=— 


, 
QS 
7 


without rest ‘Align the edge of the “to coda” sign 


Piano accompaniment parts may include flush right with the barline. 
a cue-size solo part above the grand staff. 


The words to Coda are often omitted 
from the “to coda” sign. 


86 _D.C.al Coda 


D.C.alFine 87 


Place a double barline (thin/thin) at the 
D.C. al Coda, (D.C. at Coda can also be 
written D.C. al Coda ) 

D.G.al Coda 


—————— 


add double barine 


Separate the coda from the staff above 
(optional) and indent, 
Dal Coda 


are 
aud space to 
separate adn 


} O-coda 


‘Align the coda sign with the beginning of 
the staff. It should be somewhat larger 
than the “to coda’ sign. 


larger coda sign 


@ Coie 


ie 


align coda sign 


end with a final double 
thick). 


The coda wil 
barline (thi 


Itis sometimes necessary to begin the coda 
on the same staff as the D.C. al Coda. Ifso, 
break the staff and add aclef and key 
signature. (Do not add a time signature 
unless it changes at the coda.) 
add space to 
separate coda 
y 
pc.atcoda Coda 


aa clef and 
fey Signature 


al Fine (da capo al 


Means go back to the beginning and play 
to the Fine. 


O piau from beginning to D.C. at Fine 


Oend tere 
~ Fine mS 


© et double bartine, retund 
to the beginning - 
Dial Fine 


———— 


Place a double barline (thin/thin) at the 
D.C. al Fine. 
D..al Fine 


add double 
barline 


A final double barline (thin/thick) is 
added at the Fine. 


add final 
double barline 


Fine 


_—— 


58 _DS.al Coda 


al Coda (dal segno al coda) 


Means go back to the sign (5), play to the 
“to coda” sign (4), then jump to the coda 
to finish the piece. 


pay fro besinning to DS. Cada 
© 2 ie play fore te 


Segno fo theo Cade Q sian 


% b- 


double bal 
ack to the sega 
DS.alCo 


‘The segno & should be aligned flush left 
with the barline. 


Align the edge of the “to coda” sign 
flush right with the barline. 


— 


o 


‘The words to Coda are often 
omitted from the “to Coda” sign. 


Place a double barline (thin/thin) at the 
D.S. al Coda, (D.S. at Coda can also be 
written D.S. al Coda .) 


4 : 


= * 


DS. al Coda 


«add double barine 


Separate the coda from the staff above 
(optional) and indent. 


, 8 


add space to 


Q Coda 


Align the coda sign with the beginning of 
the staff. It should be somewhat larger 
than the “to coda” sign, 


larger cada sign 


P 
@ Coda 
6 q 
ae add fi 4 
doubt ba 


align coda sign 


‘The coda will end with a final double 
barline (thin/thick) 


Means go back to the sign and 
play to the Fine. 


Qpiay from beginning to D.S. at Fine 


© play from the sign to 
the final dowbte farline 


Oend here 


Fine 


Oat the double barline, 
jump back to the sign - 
DS.al Fine 
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‘The segno & should be aligned flush left 
with the barline. 


‘Add a double barline (thin/thin) at the 


DS. al Fine. 
DS. al Fine 


— = 


add double bartine 


A final double barline (thin/ thick) is 
added at the Fine. 


add fina 


dowble 6arline 


Divisi is used for instruments (such as 
strings) that can produce more than one 
note at a time, indicating that the notes 
should be divided among the group of 
instruments (i.e., instead of multiple 


stops) 


Divisi dots 


). (See Sharing a staff, 


See Tremolo 


Dotted rhythms See Augmentation dot 


Dynamics indicate the varying degree of 
volume or intensity of a note, phrase or 
section of music. 


softest 


The following lists the most common 
dynamics from the softest to the loudest: 


—= > loudest 


ppp pp p™p f F SS If 


Dynamics softer than ppp or louder than 
SOF are impractical, although 
theoretically any dynamic is possible. 


COMBINED DYNAMICS 


Dynamics such as mf; f; 
combined with por pp. The resulting 
dynamics function as a somewhat broader 
form of articulation. 


Sp Sp sfpp 


Spwould mean to play loudly, then 
immediately play softly 
(See Articulations) 


Cl 


INDO & DIMINUENDO 


‘The crescendo sign is wedge-shaped and 
opens toward the right. 


The diminuendo sign is wedge-shaped 
and opens toward the left. (The words 
diminuendo and decrescendo are inter- 
changeable, but diminuendo is preferre 


A crescendo or diminuendo sign is used 
when a gradual inerease or decrease is 
wanted from one dynamic to another. 


Musical elements should not be placed 
within the opening of the signs. 


The word crescendo or diminuendo 
(decrescendo) may be written or 
abbreviated cresc., dim. (decresc. 


The effect is identical whether us 
sign, word or abbreviation. 


ing the 


If space doesn’t allow the use of the 
sign, or the passage is a long one, it is, 
best to use the word. 


62 


Dynamics 


Dynamics 63 


A dashed line may be used if it helps 
clarify the length of the passage. 


‘The word is sometimes hyphenated to 
extend throughout a section of music. 


GENERAL PLACEMENT 


Place the dynamic sign slightly before the 
notehead whenever possible. 


For single-staff instruments 


Dynamics are placed below the staff. 


‘dynamics Below for instruments 


When two parts share a staff and the 
dynamics vary between parts, the 
dynamics will be placed above and below 
the staff. 


For vocal music 


Dynamics are placed above the staff to 
avoid conflicting with the lyric. 


pP— 


| will nev-er cease to see 


For the grand staff 


Dynamics are placed between the two 
staves. 


If two different dynamics are needed for 
each staff, the dynamics may be placed 
above for the top staff and below for the 
bottom, or in positions that clarify the 
situation best. 


Mt ge, 


bo, 


64 Dynamics 


Fermata 65 


Horizontal placement is preferred for 
crescendo and diminuendo signs, 
although an angled placement is 
acceptable if necessary. 
cas 


yh 


ee 


The signs may also be placed outside the 
staff if space is tight within the grand staff. 


‘molto cantabile 


ath 


Ifa dynamic mark must be placed on a 
barline, the barline should be broken, 


For crescendo and diminuendo signs, the 
barline is left intact. 
break barline dow’ break barline 


Dynamics with crescendo/ 
diminuendo signs 
The intensity of the increase/decrease in 
volume is relative to the dynamic level of 
the section of music. 
Ifa dynamic is not indicated at the end 
of a crescendo sign, and the music is 
consistently gentle, the increase in 
volume would probably 
be subtle 


The level at the beginning of the sign 
the same as the dynamic last indicate 


suipss yy 
ta : 


Itis advised to carefully begin and end the 
sign so that it makes sense. 


While the example below would make 
perfect sense in a clarinet part, it would 
make no sense in a piano part. 


Repeat signs 


Ahold or pause sign (7). It is used with 
any rhythmic value—single notes, 
intervals, chords or rests. 


PLACEMENT 


Preferred placement is above, regardless 
of stem direction, except when parts share 
astaff. 


The fermata is centered on the notehead 
(or rest), whether it is on the notehead side 
or the stem side. 


Am 
r 2 


—- a 


Y 


One fermata applies to all notes of an 
interval or chord, 


66 
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Fermata 


Fingerings (for keyboard) 67 


Place outside the staff i at all possible. 
AD 


é 
Place outside articulations and slurs. 


ma- 
S 


Place the fermata on the exact beat that is 
to be held, so that there can be no 
confusion. In the first example below, it 
might be wondered whether the fermata 
over the whole notes would apply to the 
eighth rest in the lower voice. 


Confusing 


Same example, more clearly written 


TIME VALUE 


A fermata over a note or chord not only 
indicates that the tempo is interrupted but 
that the note or chord is sustained, 
The length of a fermata is determined by 
the performer and is relative to the 
musical situation, 
Ina fast tempo, placed on a sixteenth note, 
the fermata would be a shorter value than 
ifplaced on a whole note, ina slow tempo. 


USING WITH RESTS 


In the following example, the fermata 
prolongs silence rather than sound. 


ABOVE A CAESURA. 


‘The following example is similar to the last 
one, The caesura indicates a small break 
in the sound; the addition of a fermata 
lengthens the break. 


o 
ee ee 


Occasionally a fermata is seen over a final 
double barline before another movement. 
However, since a barline has no time 
value, avoid using a fermata over a single 
barline. 


ACCOMPANYING TERMS 


Langa (long) or poco (little or short) may 
be used with a fermata for a more specific 
intent. 


These should be centered above the 
fermata. 


Fingerings (for keyboard) 


GENERAL PLACEMENT 


‘ingerings for the right hand should be 
placed above the staff, away from all 
musical elements, 


Fingerings for the left hand should be 
placed below the staff, away from all 
musical elements. 


right hand 


left hand ro 


below 
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Fingerings (for keyboard) 


Fingerings (for keyboard) 69 


Fingerings are centered above or below 
the notehead, when possible. 


4 
right hand = rs 


e 


left and BE = 


Le 5 


‘A finger number is preferably placed 
outside a beam. 


ager 


CHORDS 


Fingerings are stacked above or below a 
chord; all notes should have a fingering 


Ifa chord includes notes that are tied and a 
fingering is indicated for a note that is nor 


tied, only that fingering is necessary. 


ALTERNATING FINGERINGS 


Ifa fingering changes on a note that is 
held, a hyphen (-) or an “en-dash” (~) 
separates the two fingerings. The first 
fingering is centered on the note; the 
second is to the right. 


An alternate method uses a small slur 
instead of the hyphen or en-dash. 


USE WITH TRIPLETS: 


The triplet 3 is sometimes mi: 
fingering when the fonts are similar. 


‘aken for a 


The fingering font should be smaller and 
ofa different typeface than the font used 
for triplets 

Avoid positioning the triplet 3 on the 
same side of the staff as a fingering. 
Instead of moving the fingering, move the 
triplet 3 to the opposite side from the 
fingering, The triplet 3 would normally be 
on the beam side; if on the notehead side 
itis helpful to add a bracket. (See Tuplets) 


size and font different 


‘move triplet 
and add bracket 


70 Fingerings (for keyboard) Glissando sign 71 
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TWO HANDS ON ONE STAFF 


If both hands share the same staff, the 


fingering for the right hand is above, the 
left hand below. Glissando sign 


RH (right hand) or LH (left hand) may be A glissando is indicated by a wavy or 
added for clarification. straight line placed at an angle, 
ascending or descending. 


Indicate the beginning and ending notes 


ge Sf of the glissando. 
fo 8 
== : 3 


AMOUNT OF FINGERING 


Fingering should be used sparingly and =~ — 
only to establish a pattern or hand 


Sita: - aa 
fingering no needed E = 
s4¥y E 
a od B= 
Git — 
ADD THE ABBREVIATION 

OVERLAPPING ELEMENTS Itis helpful to add the abbreviation 

iigerings nip oveslap alae (Gliss.), placing it at the same angle as the 

preference is to break the slur at the symbol. 

point of intersection, if possible. Fae 


4 


, TWO OR MORE NOTES 
The vertical space sometimes dictates that ifthe glissindo affects more than one 


fingerings be placed within the staff. The note, add a glissando symbol for each 
staff lines should be broken to accom- note. The word (gliss.) is used only once 


modate the overlapping fingerings. regardless of the number of notes. 


papi 
: - ae 


a 


Se = 
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Grace notes are small notes without a 
rhythmic value of their own, taking their 


value 


from the previous or following beat. 


Grace notes are notated at cue size or 
slightly smaller (65% of normal size works 


well). 


SINGLE GRACE NOTES 


Single grace notes are considered eighth 
notes. 

Place the stem up regardless of the main 
note’s stem direction (except when two 
parts share a staf) 


Usually a small slur connects the grace 
note to the main note; the slur usually 
begins below the grace note. 


‘The slur end does not need to be centered 
on the main notehead like slurs normally 
do. It may end slightly to the left of the 
notehead. (See Slurs} 


For single grace notes with a flag, a small 
line can intersect the flag, always slanting 
upward, from left to right, regardless of 
stem direction. 


td AY 


(for a lower voice 
sharing a staff 


PLACEMENT ON THE STAFF 


The grace note is centered in a space or 
placed directly on a line. 


Grace-note accidentals are also cue size. 
(See Accidentals) 


Stems for grace notes on leger lines do not 
have to be lengthened to meet the middle 
line. 


SS 


rad 


SHARING A STAFF 


When two parts share a staff, the grace 
note stems follow the stem direction of the 
parts. 


MULTIPLE GRACE NOTES 


Multiple grace notes should never have a 
slanted line through the stems or beams. 

The slanted line is only for single, flagged 
grace notes. 


Ifa sluris used, the slur connects all the 
grace notes to the main note. 


‘Two grace notes are considered sixteenth 
notes and should be beamed accordingly. 
‘Three and four can be either sixteenth or 
32nd notes. 


Larger groupings, such as five and six 
grace notes, are usually beamed as 32nd 
notes. 


DIRECTION OF GRACE-NOTE SLURS 


Ifa grace note precedes an interval or 
chord, the slur will follow the direction of 
resolution (from the grace note to the 
appropriate main note). 


Fa 
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Grace notes 


Grand staff 75 


WITH LEGER LINES 


Ifleger lines are used, the slur may be 
placed above to avoid the leger lines. 


The grace-note leger lines can be the 
same thickness as staff lines, but shorter 


The grand pause or general paus 


(G.P) 


over a measure of rest indicates that the 
entire orchestra is silent, often 
unexpectedly. 


The grand staff is used to notate scores 
for instruments such as piano, organ, 
harp and marimba. 


The grand staff consists of two staves 
joined by a brace and a systemic barline. 
(See Brace) 


Although the “normal” clefs for the grand 
staffare treble above and bass below, either 
staff may have either clef, and may change 
clefs at any time. (See Clef signs) 


FOR ORGAN 


Organ scores use the grand staff 
connected to a staff used to notate music 
for the organ pedals. 

Except for the systemic barline, barlines 
are separated between the manuals 

and pedal 


systemic barine 


net y——F 


FOR INSTRUMENT & PIANO 


Scores for an instrument (including voice) 
and piano use a grand staff, with the 
instrument staff above. 


‘The staff above the grand staff is 
sometimes cue size, if the instrument has 
its own full-size, separate part. 

Except for the systemic barline, barlines 
are broken between the instrument staff 
and the grand staff. 


system 


Flue 


Piano 


TWO-PIANO MUSIC. 


Two-piano music requires two grand 
staves joined together with a systemic 
barline. 

The measure barlines connect staves for 
each grand staff only. 


76 Grand staff Harmonics 77 
— = 5. = 
eos Such notation indicates a natural 
Fane harmonic. 
f natural 
’ fiarmonic 
— = 
Oo) aren 
Piano 
__—— Carefil consideration of an instrument's 
— capabilities is necessary. Only some instruments 
break barline are capable of producing harmonics. 
si (for strings) is to use a diamond-shaped 
Piano I notehead. 
‘ The position on the staff indicates where 
————— the finger is placed—NOT the sounding 
note. 
The sounding note may be indicated in 
cue size and in parentheses. 
ONE PIANO—FOUR HANDS 


Facing pages are required. 


The Secundo part is notated on the left- 
hand page; usually both staves are in 
bass clef. 

‘The Primo part is notated on the right- 
hand page; usually both staves are in 


treble clef. 
Secundo on the Primo on the 
left-hand page right-hand page 


The page layout for primo and secondo is 
preferably identical, system-for-system; 
if they are not identical, the facing pages 
‘must begin and end with the same 
measures. 


NATURAL HARMONICS 
Natural harmonics are indicated by a 
small circle centered above the notehead. 


The indicated note is the SOUNDING 
NOT 


sounding note 


ul 


» 
fingered note 


ARTIFICIAL HARMONICS (STRINGS) 


Adiamond-shaped notehead with a 
standard notehead comprises an artificial 
harmonic. The standard notehead 
indicates the placed finger; the diamond 
indicates where the second finger lightly 
touches the node to produce the 
harmonic. 


2nd finger 
ae touches node 


—— placed finger 


Often the sounding note is indicated in 
cue size and in parentheses. 


78 Keysignatures 


aa 
Key signatures 


Key signatures appear after the clef but 


before the time signature. 


CHANGING KEYS 


The preference is 
the beginning of a staff or s 


previous one. 


1. Akey change is traditionally 


o make key changes at 
fem, with a 
courtesy key signature at the end of the 


preceded by a double barline. 


2. Ifthe key change is at the beginning 
ofa staff or system, a courtesy key 
signature is placed at the end of the 


previous one. 


3, The staffis left open after the 
courtesy key signature, 


4. The new key signature is indicated 


on the next staff. 


Cx) 
C) 
hie =H 
eo 
ee 
@, 
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rr 


Ifa key changes mid-staff: 
1, adouble barline is added, 
2. followed by the new key signature. 


3. The new key signature continues on 
the next staff, 


CANCELLATIONS 


Cancellations are no longer considered nec 
unless the new key is C major or A minor (no 
sharps or flats). In that case, cancel the old sharps 
or flats with natural signs, in the same order as the 
old key signature 


ry, 


The following illustrates the positioning of 
the clef, key signature and time signature if 
all three change simultaneously. 


a 
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How To Solder: A Beginner’s Guide 


Learning how to solder w/ proper soldering techniques is 


a fundamental skill every maker should master. In this 
tutorial, we outline the basics of soldering irons, soldering 
stations, types of solder, desoldering and safety tips. 
Whether you're building a robot or working with Arduino, 


knowing how to solder will come in handy. 


FREE EBOOK (PDF) - Learn To Solder Guide (17 
pages. 


What Is Soldering? 


If you were to take apart any electronic device that 
contains a circuit board, you'll see the components are 
attached using soldering techniques. Soldering is the 
process of joining two or more electronic parts together 


by melting solder around the connection. Solder is a 


bttps:/www.makerspaces.comihow-to-solder! 118 
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= ss =a 


Se gente [legerlines 


The Circle of Fifths serves as a quick 


reference guide to the relationship of the Leger lines are used to extend the range 
keys and key signatures, and how they of the five-line staff. 
can be figured out in a logical manner. Leger lines are the same line weight as 


staff lines, or slightly heavier. 


‘The Circle of Fifths will also help to clarify 
which keys are enharmonic equivalents. 
(Enharmonic means notes that sound the 
same but are written differently.) 


‘The vertical spacing of leger lines must be 
identical to the vertical spacing between 
staff lines. 


Clockwise movement (up a perfect 5th) 
provides all of the sharp keys by adding one 
sharp to the key signature progressively 


Counter-clockwise (down a perfect 5th) * = 
provides the flat keys by adding one flat = 
similarly. a 


Leger lines extend slightly past the 
notehead. They will need to extend 
sufficiently enough to be seen. 


\ STEM LENGTH 
a #e Stems of all notes ABOVE or BELOW the 
S of ? 2 first leger line past the staff must extend at 
Sths ' least to the middle staff line. 


xharmoni eons 


OVERCROWDING 


To avoid leger lines that touch, 2 
must be made either in the horizontal 
spacing of the music or by shortening the 

= leger line length. The first is preferred, but 
is not always possible. 


84 Legerlines lyric 85 
= ” = 
In the first example below, the leger lines PLACEMENT OF STAFF INDICATIONS 
re qvererousdea aiid dea Dynamics and tempo indications go above 
un be soucaing: the staff to avoid conflicting with the lyric. 
cea | 
(oo crowded; leger lines rum together | 
{ 
. 1 will nev-er cease to see 
Corrected by shortening the leger lines (0 
createa slight amount of space 
between the lines. USE OF SLURS 
Slurs are seldom used in a vocal part for 
anything other than a melisma (a term 
used here simply to mean a syllable or word 
that is sung to more than one note) 
' t + 
— 
CLEF CONSIDERATIONS # = 
Choose the appropriate clef for the SS ene See 
situation. The viola, for instance, may be ' will al = ways 


written in alto clef to avoid excessive leger 
lines. (See Clef 


The following examples illustrate the 
same musical example in three different clef 


e = 


Pad 


————— 


Beaming of notes associated with a lyric 


now follows standard notational pr: 


ce. 
Traditional practice, now obsolete, was to 


use flags for eighth notes, sixteenth notes, 
etc. Beams were used only for melismas. 


However, in several other ways the lyric 
makes the notation of a vocal part 
different from that of other parts. 


ALIGNMENT OF LYRIC FOR MELISMA. 


Another help in reading a melisma is the 
proper alignment of the lyric. The word or 
syllable, instead of being centered under 
the note, should be aligned flush left with 
the left edge of the notehead (see above) 


EXTENDER LINES 


In addition to the slur, extender lines at 
the baseline of the lyric help to show the 
length of a melisma. However, extender 
lines are only used for one-syllable words, 
or for the last syllable of a word. A 

hyphen is used in the middle of a word, 
The thickness of extender lines should be 
less than that of the staff lines, 

The end of the extender line should be 
aligned flush right with the last note of the 
melisma. The most common mistake in the 
use of lyric extender lines is to extend the 
line for the full value of the note. 


—— 
— 
word! 

4 4 


86 Lyric lyre 87 
— —= = 
When an extender line is called for, there HYPHENATED WORDS 
should always be one, even if the words o 
are crowded and it has to be very short. (In Center the hyphen (not a dash or extender 
this case, the line can extend slightly past line) between syllables. 
the note.) If the melisma (or tie) is extremely long, 
more than one hyphen may be used. 
‘oe oe ea ‘yp! 
== If the hyphenated word wraps to the next 
Se line, another hyphen maybe used at the 
long the straight. and - beginning of the line. 

d Hyphenate words according to the 
dictionary. Do not hyphenate according 
to how the word sounds like it should 

When an extender line wraps to divide. If there is any question at all, check 
the next staff, begin the line at the the dictionary. 
end of the key signature. 
———— PUNCTUATION 
——————— | Use normal punctuation and 
straight. and capitalization. (Sometimes capitalization 
- is done asif the words were poetry, with 
each “line” capped, but this is becoming 
less common.) A common mistake is to use 
= little or no punctuation. 
MULTIPLE VERSES & REPEATS 
Broken slurs 
Notice the comma in the previous A weckena ae ee 
example. Any punctuation always et ea used ie on me a 
proondeoan tender ling: melisma, especially ifitis not the first verse. 
7 + 
TIES sae 
Ties are treated exactly like melismas, < ft aalae caik 
including the use of extender lines and Now see you here id 
alignment of lyric. When_ I was quite young, 
‘Treat the lyric for each verse separately. 
Notice in the above example that the 
melisma is aligned as a melisma, while the 
previous verse is aligned normally. 
word__ L ene y 
‘ Omission lines 
An omission line is sometimes used to 
clarify that there is no word or syllable 
WORD PLACEMENT (NORMAL) sue 
Words or syllables for notes other than 
melismas or tied notes are centered to the 
notehead. If the lack of space does not 
allow a word or syllable to be exactly 
centered, at least some part of the word or 
syllable should be under the note. Now I see you here — with 
When I was quite young, 
In many cases, however, there is a better 
way to treat the situation. In the previous 
example, the omission line could be 
‘ mistaken for an extender line, so it would 
be better without it, letting the cue-size rest 
serve the same purpose. 
=a — 
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Cue-size notes, rests 


Use cue-size notes and rests when a 
rhythm is different from the first verse 
(see previous example). Stems and beams 
should also be cue size. 


Ifthere are more than two verses with 
different rhythms, the notation can 
become quite complicated. It may be 
better to write out the music. 


Numbering 


Multiple verses are numbered. There are 
several ways to treat these when there are 
pick-ups, repeats, first and second 
endings, etc. Be clear and consistent. 


m1. Verse, verse, verse 
—P 2. Verse, verse, verse 
3 


Verse, verse, verse 


Using a brace 


When multiple lines converge into one 
line, such asa chorus or refrain, a brace is 
used. 


1, Verse 


TE a ower ven | chon ofan = 


—> 3. Verse, verse, verse 


he understanding of meter is essential 
to the placement of ties, rests, 
syncopated rhythms and proper 
beaming. 

Time signatures identify the meter. 


There are two overall classifications of 
meter: perfect and imperfect (odd) meter. 


PERFECT METER 
In perfect meter the measure can be 
divided into equal halves or thirds. 


‘There are two classifications of perfect 
meter: simple meter and compound 
meter. 
In simple meters each BEAT can be 
subdivided by 2. 
In compound meters each PULSE 
can be subdivided by 3 
Metric subdivisions should not be 
confuused with ruplets. 


SIMPLE METER 


The classification of duple, triple or 
quadruple reflects the number of BEATS 
in the measure. 


Simple duple meter 


Simple duple time signatures have a2 as the 
upper number of the time signature. 

22 2 

24 3 


Each measure contains 2 BEATS. 
beat | 
toy 


ql 


Each BEAT can be subdivided by 2. 


feat 
’ y 
417) 
Only rests of equal value to the beat or less 


may be used (except in a complete measure 
of rest, which is indicated by a whole rest) 


ES SS 
S| Ss 


Rests of equal value to the beat are used 
ONLY on the beat. 


dd not combine 


do not combine 


The following are all acceptable examples 
in simple duple meter. 


quarter note is acepable, but no a quarter rst, 


fe ESE 
ght ere 
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Simple triple meter 


Simple triple time signatures have a 3. as 
the upper number of the time signature. 


3 
22 8 
Each measure contains 3 BEATS. 


alddi 


Each beat can be subdivided by 2. 


5 


ann 


Only rests of equal value to the beat or 
less may be used (except in a complete 
measure of rest, which is indicated by a 
whole rest). 


dee 
p==—— ee! == 


Beaming should reflect the simple triple 
meter, NOT compound duple meter. 


Simple quadruple meter 


Simple quadruple time signatures have a 
4.as the upper number of the time 


signature. 
4 4 4 
$04 8 

Each measure contains 4 BEATS. 


Each beat can be subdivided by 2. 


To successfully notate simple quadruple 
meter, itis best to consider the meter as 
a combination of 2 units of duple meter. 


i 7 


In simple quadruple meter, these 2 units 
must always be clearly distinguished. The 
only exception to this would be a very 
simple syncopation (such as JJ 4). 


The following examples illustrate the subdivision 
of the 2 units, The notation of each unit, 
separately, is identical to that of simple duple 
meter. 


' wn 4 wnt ani 


Whole rests are used to indicate a 
complete measure of rest 


Rests twice the value of the beat are used 
ONLY on beats 1 & 3 (the first beat of each 
half of the measure) 


== 
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Rests of equal value to the beat can ONLY 
appear on the beat. 


Rests less than the value of the beat are 
used freely as long as the two units are 
apparent. 


bee Bes 
Bess Ba 


COMPOUND METER 

The classification of duple, triple or 
quadruple reflects the number of 
PULSES in the measure. 
Compound duple meter 


Compound duple time signatures have a 
6 as the upper number of the time 
signature. 

§ § 

gf 8 


Each measure contains 2 PULSES. 


pulse | i 


Oe | 


Each PULSE can be divided into 3 BEATS. 


¢ | 


Only rests of equal value to the pulse or 
less may be used (except in a complete 
measure of rest which is indicated by a 
whole rest) 

Rests of equal value to the pulse can ONLY 
appear on the pulse. 


BS Ges 


Rests of 2/3 the value of a pulse may be 
used ONLY on the pulse. 


Rests of equal value to the beat, not 
appearing on the pulse, CANNOT 
be combined. 


Beaming should reflect the compound 
duple meter, NOT simple triple meter. 


Compound triple meter 


Compound triple time signatures have a9 
as the upper number of the time signature. 
‘An example is 


Each measure contains 3 PULSES. 


pul i 
y ¥ 


Rises, 


Each PULSE can be divided into 3 BEATS. 
pulse 
¥ ¥ y 
Rules governing rests and beaming are 
identical to compound duple meter. 


Compound quadruple meter 


Compound quadruple time signatures 
have a 12 as the upper number of the time 
signature. An example is ¥. 

Each measure contains 4 PULSES. 

Each PULSE can be divided into 3 BEATS. 
To successfully notate compound 
quadruple meter it is best to 
consider the meter as a 


combination of 2 units of 
compound duple meter. 


¥mmmm 
gg 


Rules governing rests and beaming are 
identical to compound duple meter. 


IMPERFECT METER (ODD METER) 


In imperfect meter (odd meter) the 
measure CANNOT be divided into equal 
halves or thirds. 


Imperfect meter can be considered as any 
combination of duple or quadruple meter 
AND triple meter. 


3 time can be considered a 
combination of f+ 8 orf +3. 


8 JIT) 
Fed 3 
Notice that 7 is not divisible by 2 or 3. 
MODERN APPROACHES TO METER 


A broken barline is sometimes added to 
imperfect meters. 


Metronome marks — See Zempo mark. 


Natural sign 
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A.composite meter is another option to 
clarify the subdivision of imperfect meters. 


When two or more measures alternate 
meters in a manner that repeats 
predictably, a time signature reflecting the 
alternating meter may be used. 


irs of meters will continu to aternae 


BAe aaae 


See Accidentals 


Traditionally there are five main shapes 
representing noteheads: 


Pitched Non-pitched 
© whole nore © whale note, 
half note 


O half note 


PLACEMENT ON THE STAFF 


On a five-line staff, notes are either in a 
space or on a line. 


a 0 a 


ina space 
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= = — 
On asingle-line staff, the notehead ‘An X notehead is used primarily in non- 
usually intersects the line, with the stem pitched percussion music. It is also seen 


always up. in vocal music to indicate approximate- 
When two instruments share a staff, one pitched singing (Sprechstimme), 
part sits on the line; the other hangs from thythmically spoken parts, clapping, etc. 


the line. 
‘ The diamond-shaped notehead serves as 


a half note (with stem) ot whole note 
(without stem) 

When used as a harmonic, the diamond- 
shaped notehead is always open, 
whatever the rhythmic value. 


STEMS AND NOTEHEADS, 


Double whole notes (or breves} and whole 


k 
b 


notes are without stems i 
== 
toll ° 
double — whole 
WHE dg ONE In some software programs the 


characters for the diamond-shaped 
notehead and the harmonic are 
slightly different. 

Half notes and quarter notes are always 


stemmed. ry 
as 


‘The use of octave signs is primarily to 
avoid multiple leger lines. While 
frequently used in piano music, octave 


half — quarter 
role note 


é signs are only selectively used in 
Single eighth, sixteenth, 32nd and 64th instrumental music. 
notes are always stemmed and with a 8va or all’ottava means “at the octave. 


flagis). : 
va (or sometimes 8) is indicated above a 


treble clef staff only. Do not use above 
) a any other clef. 
Usually accompanied by an extender 


8th = 16th «32nd 64th line—a broken line with a downstroke 
mole note note note tik endl 
The alignment of the 8va is centered 


above the notehead. 
Two or more eighth, sixteenth, 32nd and 
64th notes are usually beamed into groups. The end of the &va bracket extends slightly 


past the last note affected. 
nas 


8th (16th «32nd Gath 


ve down 


98 


Octave signs 


Octave signs 99 


va bassa or ottava bassa means “at the 
octave below.” 
8a (or8) below the staff, especially in 
keyboard music, is always understood (0 
‘mean 8va bassa. 
va bassa is indicated below a bass clef 
staff only. Do not use for treble, alto or 
tenor clefs. 


Usually accompanied by an extender 
line—a broken line with an upstroke at 
the end. 


‘The beginning of the 8va bassa is placed 
below the notehead 


The end of the 8va bassa line extends 
slightly past the last note affected. 


The abbreviation &vb is only a copyist’s 
shorthand and should not be used in 
engraved music. 


PLACEMENT CONSIDERATIONS 


‘The 8va or 8va bassa with its extender line 
should be clearly placed, to avoid conflict 
with as many musical elements as possible 
st be as close to the notes affected as 
possible. 

In the example below, the 8va is placed 
entirely above the slur. 


Sra 


et 


In this example, the 8va intersects the slur 
due to a possible limitation of space. 


Soa a 


sip et 
——— = 


WITH ACCIDENTALS 


Accidentals must be repeated for the 
ed within 8va or 8va basa 


WRAPPING FROM STAFF TO STAFF 
‘The va or 8va bassa breaks at the end of 


the first staff, aligned with the right 
barline. 


The extender line begins again just past 
the clef or key signature. 


A courtesy 8va or 8va bassa may also be 
indicated at the beginning of the second 
staff when wrapping from staff to staff. 


(8va) 


LOCO. 


Although the ending of the extender line 
should suffice, the word loco (meaning “at 
place") may be added as a reminder that 
the 8ra or 8va bassa no longer applies. 
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using a desoldering tool as described below. 


7 


Soldering Iron 


Copper Pad 


Circuit Board iz 


Makoropaco corthow te anor 


Soldering Tools 


The good thing about learning how to solder is the fact 
that you don't need a lot to get started. Below we'll 
outline the basic tools and materials you will need for 


most of your soldering projects. 


Soldering Iron 


A soldering iron is a hand tool that plugs into a standard 
120v AC outlet and heats up in order to melt solder 
around electrical connections. This is one of the most 
important tools used in soldering and it can come in a few 
variations such as pen or gun form. For beginners, it's 


recommended that you use the pen style soldering iron in 


bttps:/iwww.makerspaces.comihow:to-solder! ane 
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ONAN 


IDING NOTE 


‘The 8va or 8va bassa is centered to the 
notehead and, since it is the last note of 
the piece, it may or may not be 
accompanied with a downstroke (or 
upstroke) 


Ifa single note is altered but is not the last 
note of the piece, an upstroke (or 
downstroke) mustbe added. 


SPECIAL SITUATIONS 


The following examples are incorrectly 
notated. ‘The 8va or 8va bassa is never 
placed between the two staves of a 
grand staff. 


| SSS | 
1 


| 


L 


These two incorrect examples would need 
to be rewritten—perhaps in one of the 
following ways: 


WITH RESTS 


Ifthe 8va or 8va bassa is interrupted with 
short rests, the extender line may 
continue over them. 


If the rests are of a larger value, the line 
should be broken and reintroduced, 


When rests precede the 8va or 8va bassa, 
begin on the first note after the rests. 


8va-- 
h is 4 
_—— 
s 


When rests follow the 8va or 8va bassa, the 
octave alteration ends with the last note in 
the grouping—the rests should not be 
included in the grouping. 


8va-- 


CUE SIZE 


For any passage at cue size the va will 
likewise be at cue size. 
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15MA 


15ma or quindicesima means 

fifteenth” (two octaves). Th 

use 15ma bassa are very rare. 
All rules for 8va apply to 15ma. 


15ma-~ 


COLL 8VA 


Coll’ 8va (or coll’ 8) is an abbreviation for 
coll’ ottava meaning “with the octave.” It 
is a shorthand system of writing octaves, 


discouraged in traditional engraving. 


The function of coll’ 8va differs from 8va in 
that the written notes are doubled at the 


octave. 


For the extender line, a longer dash length 
ora solid line is recommended, to make 


the coll” 8va distinguishable from 8va. 


[he coll’ 8va doubles at the octave above 


when notated in the treble clef. 


coll” Bva~ ~~ ~ 1 


‘The coll’ 8va doubles at the octave below 


when notated in the bass clef. 


INSTRUMENT CONSIDERAI 


ORCHESTRA / BAND SCORE! 
Often a score will have limited space, 
using leger lines to become too crowded 
and illegible. Octave signs help to 
eliminate vertical overcrowding. 


|ONS 


WOODWINDS 
Wind players prefer to read leger lines. 
STRINGS 


Octave signs should be used ve 
for viola and cello. Violins are a 
to reading either leger li 
15ma) 


KEYBOARD INSTRUMENTS 
Celesta uses 8va but not 8a bassa 
(the range does not extend low enough). 


sparingly 
customed 
ies OF 8va (but not 


Harpsichord rarely uses va or 8va bassa 
Leger lines are more commonly used. 


Piano uses 8va and 15ma in the treble clef 
and 8va bassa in the bass clef. 


Organ uses 8ra but not 8va bassa (the 
range does not extend low enough). 


Ornaments are primarily used in 
Baroque, Classical or Romantic period 
music. The interpretation of an 
ornament varies according to the 
musical period or composer. It is 
advised to consult detailed references on 
ornament usage and interpretation. 


Omament symbols are placed above the 
staff regardless of stem direction 


AAA AA Ao tee Sale: 


‘When two parts share a staff, an 
ornament symbol applying to the lower 
part is placed below the staff. 
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Ornaments are us tally centered to the }Pedal marks = 
notchead. Depending upon the position Pedal marks 


of the ornament, the realization of the 
ornament will vary 
In the example below, the turn symbol is 


presented two ways, centered above the note and 
positioned afier the note. 


Notice the different realizations of the ornament. 


ENTERED 


above Wh 
indicate 


placed 


Ossia is an indication for an alternate 
version, which may be easier or more 
difficult. It is treated the same as a 
realized ornament. 


The ossia passage is placed above the full 
size staff. The passage is cue size (65-75" 


Only the passage concerned is notated. 
the staff begins directly betore and ends 
directly after 


Align all beats. 


= ee 


FOR TE 


e PIANO 


There are three pedals on a grand piano: 
the damper pedal (right), the sostenuto 
pedal (center) and the una corda pedal 
(left). Some upright pianos have only two 
pedals—the damper and una corda. 


Damper pedal 
Markings for the damper pedal (sustain 
pedal) are always placed below the grand 
staff and are usually placed below all other 
musical elements. 
The most commonly used pedal marks 
consist of three elements: pedal down, 
pedal change and pedal up. 


a es 


pedal down pedal change pedal up 


The pedal-down marking begins vertically 
aligned with the left edge of the notehead.* 


ie mole 


‘The point of the pedal-change marking is 
vertically aligned with the center of the 
notehead. 


*Some publishers center or align flush right 
Inany case, a style decision should be made. 


or 
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The pedal-up marking 
to the left of the notehead. 


—— 


vertically aligned 


end fs 


with the notehead 


The traditional method of pedal marking 


consisted of pedal down and pedal up. 
This method is somewhat obsolete. 


Fed. 


pedal down pedal uy 


Drawbacks of this method of pedal 
indication include the potential for 
inaccuracy and a cluttered look. 


Flutter Pedal 


To notate the rapid fluctuating of the 
pedal, a zigzag pattern interrupts the 
usual pedal marking. 


LWW 


Wrapping from staff to staff 
‘The pedal mark is interrupted at the end of 
the staff, It continues on the next staff, 
beginning immediately after the key 
signature. 


If the pedal mark continues to the end of 
the piece, itis vertically aligned with the 
thin line of the final double barline. 


verticaly aan 
with barns 


gir inmoediauty after Kew Sanatur 


Simile 


When the pattern has been clearly 
established, simile may be used instead of 
continuing the pedal marks. (See Simile) 


x A simile 
Ifthe pattern changes, simply begin the 
pedal marks again. 
Half pedal 


The clearest indication is to simply adé 
1/2" to the pedal marking, whether at the 
down pedal or at the pedal change 


Una corda pedal 
The indication una corda (one string) or 
xe. is placed where the pedal is pressed 
tre corde (three strings) or te. indicates the 
return to normal. 


Sostenuto pedal 


‘This is indicated by the abbreviation sos. 
(sometimes in combination with a 
bracket) 


S05. —-—_—} 
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FOR THE ORGAN 


‘Two symbols are used, one for the heel, 
one for the toe. 


U A 


The symbols are NOT inverted when 
moved from one side of the staff to. 
the other. 


The pedal marks for the right foot are 
always placed above the staff and 
centered on the notehead. 


rigt-foot hee! right-fo0 00 
U_U AA 
st, = 


om a 


The pedal marks for the left foot are always 
placed below the staff and centered on 


the notehead. 
= 
a = 
UU AN 
HARP PEDALS 

Pedal indications for harp are settings for 
tuning. 
The left and right foot have separate sets 
of pedals, 


Notation for the harp is closely linked to 
the position of each of these pedals, 
Therefore, enharmonic spellings are 
frequent in harp music. 


‘The tuning of the harp is based on the 
three notch positions of the pedals. 
When a pedal is in its resting positio 


center, the string is tuned to the not 
letter name (D, C, B, E, F, G&A) 
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When a pedal is raised, the note is lowered 
a half step (loosens the string). 


When a pedal is lowered, the note is raised 
a half step (tightens the string). 


‘The following three examples illustrate 
possible ways (o indicate harp pedal 
settings in a score. 


They may be listed horizontally, stacked 
or using the Salzedo diagram. 


Db CH By EB Fb G AR 


Db C# Bb 
E Fo G AR 


ine Salzeda diagram 


Picking is notated with down-stroke 
and up-stroke symbols. The same 
symbols may be used as those that are 
used for down-bow and up-bow. 


Down-stroke and up-stroke indications 
are centered to the notehead and are 
always placed above the staff. 


down-stroke upstroke 


0 


Repeat signs 


Repeat signs WM 


Repeat signs 


Indications for repeats occur on three 
levels; beat repetitions, measure 
repetitions and section repetitions. 
The first two are used almost exclusively 
in manuscript or in popular music. 


BEAT REPETITIONS 


Angled slashes following a single beat 
indicate that whatever is written on the 
first beat is to be repeated. These are 
commonly used in manuscript. Do not 
use in engraved music. 


Another use of beat repeats is in guitar or 
rhythm parts, where they help pinpoint 
where chord changes occur. These are 


used in engraved music. Stems, beams 
and ties may be used when necessary 


G c 
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ONE-MEASURE REPEAT 
This sign (4), meaning repeat the 
previous measure, consists of a slash with 
two dots and is centered in an otherwise 
empty measure. In engraved music, its 
use should be limited to rhythm parts. 
When several consecutive measure repeats 
are used, numbering is helpful. Place a 
small number above the staff and center it 
on the measure repeat sign. 
The notated measure is considered the 
first measure, with the actual numbering 
beginning on the first repeated measure. 


a 


ee 
Write out the music at key points such as 
rehearsal numbers, page turns, etc 


TWO-MEASURE REPEAT 


‘When two measures are to be repeated, a 
sigh consisting of two slashes with dots is 
placed on the center bar line of two other 
wise empty measures, with the number 2 
above it. The number is in the same 
typeface and size as a time signature 
number. 


2 


This sign should nor be used when one 
measure is to be repeated twice. It should 
only be used for two consecutive 
measures that are different, and are to be 
repeated. In engraved music, it should 
only be used in rhythm parts 


If more than two measures are to be 
repeated, the repeat sign should be used. 


SECTION REPETITIONS 


‘The repeat sign is used to indicate the 
repeat of one or more measures, or an 
entire section. 


The repeat sign looks like a final double 
barline, with two dots positioned in the 


spaces above and below the center line of 
the staff. 


The right-facing repeat sign is placed at 
the beginning of the first measure of the 
section to be repeated. The left-facing sign 
is placed at the end of the last measure of, 
the same section, 


Thus, the section that is to be repeated is 


framed by the inward-facing repeat signs. 


Oi] 


“Ifthe repeat begins at the beginning of a 
piece, the right-facing sign is not needed. 


112 Repeat signs 


= 


For two adjoining repeated sections, 
repeat signs are placed, as before, framing 
each section. The adjoining repeat signs 
may share the thick bar. 


Fee aE 


With key changes 
When a key signature change occurs at the 
beginning of a repeated section, a double 
bar is added and the key signature is 
placed before the first repeat sign. 


key signature change 
before repeat sian 


———— 


With multiple endings 

section that is repeated may have a 

different ending each time it is played. 
The repeat sign is placed at the beginning 
of the section and at the last bar line of the 
Istending, 


The brackets do not intersect or touch the 
staff but are placed above the staft, 
avoiding all musical elements. They are 
aligned vertically with the barlines, 


Ist ending brackets are always closed. 


If the 2nd ending is not the end of the 
piece, the bracket will be open-ended. 


Ifit is the end of the piece (or movement) 
the bracket will be closed. 


Rests 113, 
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Ifa section is played three or more times 
but there are only nwo endings, number 
the brackets accordingly. This occurs 
often when there are lyrics. 


ie ee 


= 


This section deals mainly with the 
positioning of rests. For more on the use 
of rests, see Meter and Augmentation dot. 


TABLE OF RESTS 


In the listing of rests below, each rest is 
half the value of the previous rest, 
starting with the double whole rest. 


double half quarter 

== 

eighth sixteenth 32nd 64th 
rest rests rest 


=e zz 


DOUBLE WHOLE REST (BREVE) 


‘The double whole rest is placed between 
the third and fourth staff lines, touching 


both lines. 
———— 
WHOLE REST 


With the exception of $ and §, the whole 
rest is used to signify a complete measure 
of rest in any time signature. 


1-1 


HALF REST 


When two parts share a staff, whole rests 
are positioned on the fifth line for the top 
part and the first line for the bottom. 


Ifeither part conflicts with the placement 
of the rest, the rest may be positioned 
outside the staff, 


The half rest is positioned to sit on the third 
staff line. 


When two parts share a staff, the half rest 
will siton either the fifth line or the first 
line. 


Ifeither part conflicts with this placement, 
the rest may be positioned outside the 
staff. 


Half rests are positioned at the beginning 
of beat 1 or 3—never centered between 
two beats. 


atin wit 
beat 3 3 
ee Pe Seen 
—— 
? 
} ~ 
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In the above example the use of half rests 
instead of two quarter rests is correct. 
However, meter must be considered—do not 
automatically substitute a half rest for two 
quarter rests 


(See Meter) 


QUARTER REST 


‘The quarter rest is positioned as follows. 
Notice the position of the bottom hook. 


== 


When two parts share a staff, the quarter 
rest is moved up or down from its normal 
position, The relationship of the rest to 
lines and spaces must be the same as in 
normal position. 


‘The rest may be completely outside the 
staff when necessary. 


Wace tee 
i 


In some situations the above rests could 
be left out entirely. In other situations, if 
both parts were resting, one rest in normal 
position could serve for both. 
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EIGHTH, SIXTEENTH & 32ND RESTS, 


The guidelines for positioning quarter 
rests in the example above also apply for 
eighth, sixteenth and 32nd rests. 


The hook of these rests is always placed in 
aspace (or between imaginary leger lines 
if placed outside the staff 


ith sietwoth 2nd oat 


= t= =e 


Ifone of the above rests interferes with a 
beam, the rest moves up or down so that 
stem lengths may be more normal. Other 
rests in the measure remain in normal 
position. 


MULTIPLE-MEASURE RESTS 
For a rest of more than one measure, a 
horizontal line (the thickness of a beam) 
is placed on the middle staff line, with a 
thinner vertical line at each end 
extending from the second to the fourth 
staff line. 
A number the size and font of a time- 
signature number is placed above the staff 
and centered in the measure. 


4 


Break the multiple-measure rest for 
rehearsal numbers, tempo changes, etc 


‘Tempo 1 
4 8 
— 


RESTS ON A SINGLE-LINE STAFF 


When there is only one part on a 
position the rests as follows 


tall, 


When two parts share a single-line staff, 
place the rests above and below the line, 

not touching the line. Use a leger line for 
whole and half rests. 


- 


Ona complete score all parts are 
included on a system and are arranged in 
acertain order. 


All information contained on the parts 
and score must be identical. 


On the first page of the score the system 
(or first system) is indented. Brackets 
connect instrument choir. (See Bracket, 
Systems) 
The full name of each instrument is given 
to the left of the first system. 


Abbreviations are substituted for the full 
instrument names on subsequent systems, 


Rehearsal numbers (indicated at the top 
of the score) serve as key reference points. 


They may be letters or measure numbers 
enclosed in a circle or square. 


All extracted parts will have identical 
rehearsal numbers, 


SCORE ORDER 


Instruments should be arranged in what 
is known as score order. 


Woodwinds 
Brasses 
Percussion 
Other instruments 
Strings 


Each family of instruments is predom- 
inantly grouped together from highest- 
pitched instruments to lowest-pitched 
instruments, with some traditional 
exceptions. 
‘The French horns, although not the 
highest-pitched, are traditionally placed 
above the other brass instruments. 
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Sharing a staff 


In band or orchestra music some parts of 
instrument families share the same staff. 
Combine parts 1 & 2 or 2 & 3; avoid com- 
bining three instruments on one staff. 


BEGINNING A PASSAGE 


If parts are divisi, no indication is necessary 
unless one or both instruments (such as 
strings) can play more than one note at a 
time. Gee Divisi) 


Indicate a2 above staff if both parts play in 
unison. Use only one stem per note 


Ifthe unison continues after a page turn, 
repeat a2in parentheses, 

If like instruments are sharing a staff and 
only one part plays, indicate which part 
Lorll 


+ 


fs 


Ifunlike instruments are sharing the staff 
and one part plays, indicate which 
instrument is playing. 


Oboe 


STEMMING OF TWO PARTS, 


Iftwo parts are playing different pitches 
but the same rhythm, they share one stem. 


BS aaas 


Ifthe parts are alternating between 
unison and divisi, and share the same 
rhythm, opposite stem direction makes 
the unisons clear. 


If both parts have different rhythms, 
opposite stem direction is neces 


(See Accidentals, Rests) 


FROM TWO PARTS TO UNISON 


Opposite stem direction is used for clarity 
‘on unison notes in short passages. 


Gee 


Indicate a2 above staff and use one stem 
for longer passa 


FROM TWO PARTS TO ONE: 


Use rests in shorter passages. 


Hy 


Place I. or II. above the staff and use one 
stem (for two like instruments in longer 
passages or after long rests). 


=== aaa == 


an7ro18 How To Solder: A Complete Beginners Guide - Makerspaces.com 


type of soldering iron because it can heat up to 896’ F 


which is extremely hot. 


Soldering Station 


A soldering station is a more advanced version of the 
basic standalone soldering pen. If you are going to be 
doing a lot of soldering, these are great to have as they 
offer more flexibility and control. The main benefit of a 
soldering station is the ability to precisely adjust the 
temperature of the soldering iron which is great for a 
range of projects. These stations can also create a safer 
workspace as some include advanced temperature 
sensors, alert settings and even password protection for 
safety. 


bttps:/www.makerspaces.com/how.to-solder! ane 
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Mark passage with instrument name (for 
two unlike instruments in longer passages 
orafter long rests} 


Behr 


=== 


TAFF INDICATIONS 


Staff indications (dynamic, slurs, tempi) 
are placed below the staff. 


place below 


If the two parts move independently, a 
separate set of directions is needed for 
each part, above and below the staff 


WHEN NOT TO SHARE A STAFF 

1. Ifthe range of one part tends to cross 
the range of the other, the parts 
should have separate staves. 

2. Ifthe parts require different clefs or 
clef changes the parts should be 
separated. 

3. Ifthe two parts are too rhythmically 
diverse, they should be separated 

Inall cases a bracket should be used, 
nota brac 
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When the word simile is indicated after a 
pattern has been established (for example, 
of articulations, pedal marks, bowing, 
etc.), it means to continue in the same 
manner. ‘See Articulations, Pedal marks) 


Although a slur looks somewhat like a tie, 
the placement, positioning and use of 
slurs are different from ties. Slurs and ties 
should not be confused. 


Slurs are used to indicate phrasing or 
technique. Depending on the instrument, 
the slur will imply different techniques to 
be used. 


PLACEMENT OF SLURS 
The stemming of the notes is the main 


factor in determining whether the slur i 
to be placed above or below. 


When stems extend up, the slur is placed 
under, on the notehead side. 


When stems extend down, the slur is 
placed over, on the notehead side. 


eek 


When stems are in both directions, 
the slur is always placed over. 


Slurs 


Ifthe notes are whole notes, imagine the 


stems! 
aes Ss 
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PLACEMENT ON THE NOTEHEAD 


Slurs have a definite beginning and 
ending; they should not be “hanging in 
space” so that the beginning and ending 
notes must be guessed at. 


If the slur is on the notehead side, the 
beginning and ending of the slur should 
be centered on the notehead. It should 
not touch the notehead. 


end centered 
Begin centered 9ver notehead 
over notehend 


oO 


oO 
\ oO 


begin centered 
under nateiead ond cen 
ander no 


BEGINNING FROM THE STEM 


Place the beginning of the slur so it starts 
mid-stem (to the right of the stem—never 
begin to the left, crossing the stem). 


In some cases the slur may begin at the 
end of the stem. 


Begin at the end of the stem if beaming is 
involved. Never cross the beam with a slur, 


ENDING ON THE STEM 
Place the end of the slur so it slopes 
towards the notehead, away from the end 
of the stem, Center the slur on the 
notehead. 


The slur may also end at the end of the 
stem if it would make a more pleasing 
shape. 


End at the end of the stem if beaming is 
involved. Never cross the beam with a slur 
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SLUR DIRECTION 


Ifthe direction of the phrase ascends, the 
slur will slope upward. If the direction of 
the phrase descends, the slur will slope 
downward. 


Se _ 


When a slur begins and ends on the same 
note, the slur can remain on the same 
horizontal level 


SLURS WITH CHORDS 


Only one slur is needed when there is only 
one stem per chord. 


SHARING THE SAME STAFF 


For two parts, place slurs above for the 
upper part, below for the lower part. 


ee er aes 
ese ae oe 


For two setsof parts, place slurs above for 
the upper parts, below for the lower parts. 


a 


WRAPPING FROM STAFF TO STAFF 


Align the end of the slur with the end of 
the staff. The slur ends at an angle 
(ascending or descending) at the end of 
the staff, 


ends at a slight angle 
aligned with end of staf 


continues at a slight angle 
after key signature or clef 


Continue the slur in the lower staff 
immediately after the key signature (or 
clef, also at an angle. Be sure the first 
note is far enough to the right so that it is 
very clear that the slur does not begin on 
the note. 


If the slur is over the staff it remains over 

when continuing on the next staff. Ifitis 

under, it remains under on the next staff. 
‘The direction of the slur (ascending or 


descending) continues logically in the 
following staff. 


slur ascends to follow direction of notes 


ce nes 
fi 


een ees: 


slur descends to follow direction of notes 


DIFFERENTIATING SLURS FROM TIES 


When slurs and ties are both involved ina 
chord progression such as the following, 
position the slur opposite to the tie and at 
anoticeable angle. 


slur MUST be moved opposite oe 


== 


wrong 


An even better way to write the above 


Ifa slur begins and ends on the same 

pitch and could possibly be mistaken for 

atie, position the slur on the stem side. 
Juris move above 

a ey 
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When a slur connects chords with tied 
notes within, combine the tied notes into 
asingle note with opposite stem direction. 


BEGINNING OR ENDING WITH A TIE 
Aslur must include both notes of the tie, 
whether the tie is at the beginning or at the 
ending of the slur. (For an exception, see 
“Elisions," on the next page.) 


ELISIONS 


In keyboard music, one sur might end at 
the same point where another slur begins. 


The two slurs share the center of the note- 
head (clide) without touching each other. 


end of 
one phrase 


When the elision occurs on tied notes, the 
first phrase may end on the first tied note. 
The second phrase can then begin on the 
second tied note, 


end of be 
‘one phrase an 


9 of 
her phrase 


GRACE-NOTE SLURS. 


Grace notes may or may not have slurs. 
The slurs are usually somewhat smaller to 
match the grace notes, 

Since grace notes are always stemmed up 
(unless there are two voices), the slur is, 
usually placed below. 


Grace-note slurs may be placed more to 
the inside edges of the noteheads. 


arace-note star 


_ 


slur for beamed 


race notes 


Grac 


note slurs elide with slurs. 


grace-note slurs 


SLURS AND ARTICULATIONS 


Beginning or ending on notes with an 
articulation: 


‘The beginning or ending ofa slur is placed 
outside staccato and tenuto marks. 


Center over or under the articulation. 


slur is outside notehead 
sand articulation 


<a! 
Sees 


‘The beginning or ending of a slur is usually 
placed between accents and the notehead. 


slur fetwwon noted and articulation 
N A 
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here the accent is placed 
Inside the slur 


Articulations between the beginning and 
ending notes remain inside the 
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Fermatas are placed outside the end of a 
slur. 


“LET RING” SLURS 


The use of a short slur to indicate 
continued vibration should be placed on 


notes of longer duration only. Angle the 
slur slightly. 


INSTRUMENT CONSIDERATIONS 
Woodwinds and brass 
Legato technique is indicated by the use 


ofaslur. The slur might also indicate 
breathing and phrasing. 


Slurs in combination with staccato or 


tenuto marks show varying degrees of 
legato 


For keyboards 


Ifthe space between the two staves is lim- 
ited, slurs may be placed outside the staff. 
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An S-shaped slur is sometimes used in 
music notated on the grand staff. 


For strings 
Sturs can only partially indicate phrasing, 
Slurs are also used to indicate various 
bowing techniques. (See Bowing) 


For vocal music 
Aslur is used for a melisma (two or more 
notes that are to be sung on a single 
syllable) 
The word or syllable should be placed 
flush left with the notehead 


where you 
align Iyrc with lf edge of notehend 


Slurs to indicate phrasing in vocal music are 
seldom used. Since breathing isa major 
factor in phrasing, rests and breath marks 
can be used asa partial indicator of phrases. 
Slurs can be drawn using a broken line 
instead of a solid one. The broken slur is, 
most often used to accommodate lyrics 
for multiple verses. 


=— 
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se ee 
you be there for 
No where have 1 seen 


Similarly, broken slurs may also be used 
for syllable differences of translated text 


slur for translation 


Spacing is of primary importance to the 
visual quality of any musical notation. 
While the attention to musical detail may 
be excellent, poor judgment in spacing 
may make the score look ill-conceived. 


An awareness of spacing occurs on many 
levels, from the smallest element (the 
beat) to the largest (the score or book) 
The desired effect is that the notation and 
layout will immediately convey the 
musical intent. Ultimately, any score 
should look accessible regardless of the 
level of difficulty, 


PROPORTIONAL SPACING 


The concept of proportional spacing takes into 
consideration the mathematical spacing of a 
beat, measure and system, in relation to the 
density of activity (the number of notes per 
beat, measure and system). 

With proportional spacing, a half note, for 


example, must get more space than a quarter 
note, but not twice as much. 


SPACING WITHIN THE MEASURE 


Notes are spaced within the measure according to 
a compromise between two extremes: 


1) Space given according to note-value (for 
example, a half note getting twice as much space 
as a quarter note) 


2) Equal spacing given to each note. 


Compare the normal (proportional) spacing with 
the two extreme examples. 


Normal spacing proportional 
— SSS 
ae 


SS 
SS 


Wrong: cach noe spaced equally 


x — 


“Make sure that consecutive notes of equal value 
have equal space following each note. 


Spacing 
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MEASURES WITHIN THE STAFF 
The size of the measure within the staffis 
determined according to a compromise 
between two extremes: 
1) Equal space for each measure. 
2) Measure size based on note density 
only. 


Normal spacing of measures 


— ee 


i ——— re a el 


Wrong: spaced according to equal measure size 


wedees eee 


Wrong: spaced according to measure density only 
= ee 
VERTICAL SPACING 


Between staves 


Musical elements (notes on leger lines, 
articulations, slurs, pedal marks) projecting 
beyond a staff should never conflict with the 
elements of another staff or system. There should 
be enough space allowed for ease of reading. 


Inside systems 

On the other hand, the staves of a system should 
not be too far apart. This is especially important 
for a system that is to be read by one performer— 
akeyboard player, for example. The eye should 
not have to jump too far from one staff to the 
other, in order to read notes for the right and left 
hand simultaneously. 


The most common misjudgment is to place staves 
(or systems) exactly the same distance from one 
another without adjusting (0 compensate for the 
projecting musical elements. 


Between systems 


More space should be be provided between 
systems than between the staves of the systems, 


‘The spacing between systems should be 
balanced, with the page margins and the number 
of systems on the page in mind. Ifthe page is 
dense, the systems will be closer to each other 


and to the minimum vertical margins, while 
allowing enough distance between systems to 
distinguish one from another. If the page is 
sparse, the upper and lower page margins could 
be larger. 


GENERAL PAGE LAYOUT 
Page numbers 


The position of the page number in relation to 
the page edges should never change, regardless 
of page spacing. Printers can use the page 
number as a guide for positioning the image area 
on the page. 


If page numbers are placed to the left and right, as 
is usual, even numbers are always to the left, odd 
numbers always to the right. Page numbers may 
be centered, but this is not the usual practice. 
Centered page numbers interfere more with the 
music and text. 


Page numbers should be positioned no closer than 
1/4inch from the top (or bottom) of the page edge. 


Title page 
The title, credits, copyright and any accom- 
panying text can be vertically adjusted to 
accommodate a loosely spaced page or a tightly 
spaced page. Such type should always be well 
placed, considering the space allowed. 


Facing pages 
Facing pages should look good together. As 
much as possible, they should have a balanced 
Jook (notes on a system, number of systems, 
white space, etc.). ‘The vertical page margins 
should be the same ifat all possible 


Page turns 


Itis very important to lay out the measures and 
‘tems in a manner that will allow a good page 


turn, Having rests in the last measure before the 
page turn is the most desirable. Second to rests 
would be perhaps a whole note (that could be 
held with the pedal) or a sparse measure— 
anything that would allow a hand to be free to 
turn the page. 


Try to minimize the number of page turns by 
adjusting the amount of music on the page or by 
changing the sequence of pieces. 


Staccato 


Spacing 


Book layout 

Calculating the number of pages needed 
or what will work in the allowed number 
of pages is crucial to an appealing layout. 


Ifa book contains many short pieces and 
a particular order is not important (or 
can be adjusted slightly), there are several 
things that can be done to make a good 
layout. 


Often a piece can be condensed or expanded to 
offer choice page tums and good facing pages. 


Consider reordering the pieces to minimize the 
number of page turns. Group pieces with an odd 
number of pages together so that the ones with an 
‘even number of pages can have facing pages. 


A poorly placed piece at the beginning of a book 
can throw off the facing pages for the rest of the 
book 


Backing up 


Expect to go back and adjust various elements 
(page turns, systems, staves, measures or notes, 
within a measure) when planning a layout for a 
book. A change in the order of pieces and the 
number of pages might create density problems 
on other pages. 


The part must be considered with the whole and the 
whole considered with the part. 


White space 


With experience comes the appreciation of white 
space on a page or within a book. There is 
nothing more daunting than overwhelming 
density. The eye should be guided from note to 
note, measure to measure, staff to staff and page 
to page with a minimum of surprises. Ifa 
performer must stop playing in order to 
understand the notation, or loses his place 
because of poor placement, the notation and 
layout are not successful 


he staff commonly consists of five lines. 


The staff line weight should be thick 
enough to be clearly legible but thin 
enough for the notes of the staff to be 
easily read. 


A staff line will be thicker than stem lines 
and equal to (or thinner than) barlines. 


Ifa note is on the line, the line will always 
run through the center of the notehead, 
regardless of the note value 


Anotehead in a space is always clearly 
positioned between the two staff lines 


A one-line staff is used for non-pitched 
percussion. 


Stems 137 


— = — 
leger lines Stems are thinner than staff lines and 
barlines. 
STEM LENGTH 
Leger lines ‘The normal stem length is 3!/2 spaces 
(one octave). 
= 
Barlines divide the staff into measures. 
With leger lines 
When a note extends beyond one leger 
Alef placed on a five-line staff determines line, the stem must touch the middle 
the pitches for each line and space. staffline. 
2 
middle middle middle -e fete 
B= : 
“3a 
eee 
Akey signature determines the key of the 
music notated on the staff. When parts share a staff 
= = Up-stem notes above the middle line are 
shorter than normal. Traditionally, thei 
stem length is relative to surrounding 
notes, getting progressively shorter as the 
notes go higher. The shortest stem length 
s grouped together is 21/2 spaces (interval of a 6th) 
(with a systemic barline) form a system. 
Abracket groups staves into SHES IAA 
systems or paris of systems. 
fee Bracket) 
A brace groups staves into a grand 
staff. (See Brace) 
Some examples of systems: normal lenath (31/2 spaces—one octave} 
= sand stat For the computer, a setting should be chosen 
that works well for most situations. 
Down-stem notes below the middle line 
Z follow the same guidelines as the above. 
bracket 
acl - 
The first system (or staff) of music is peer! ee ea | 
usually indented about !/2 inch 


With the interval of a 2nd 


‘The stem is always placed between the 
two notes of an interval of a 2nd, with the 
upper note always to the right, the lower 
note always to the left. 


STEM DIRECTION 


For notes on the middle line and above, 
the stem is down, 


—_ 


For notes below the middle line, the stem 


is up. 
Ho yg 
# 


When sharing a staff 
Notes have opposite stem direction when 
sharing a staff. (Stems in the “wrong 
direction’ have shorter stems, as 
previously mentioned.) 


When notes share a stem 
If the note above is farther from the 
middle line than the note below, the stem 
goes down. 
If the note below is farther from the 
middle line, the stem goes up. 


stem down 
faner fare 
middle middie 


stem wp 


When the two notes are an equal distance 
from the middle line, the preferred 
direction is down. 


equal 


stem preferred 
down 


Ifa pattern of stem direction is 

tablished, stem direction is sometimes 
maintained when the notes are an equal 
distance from the middle. (This practice is 
all but obsolete.) 


The same rules apply to more than two 
notes sharing a stem, ‘The distance of the 
OUTER NOTES from the middle line 
determines stem direction 


When the outer notes are an equal 
distance from the middle line and the 
majority of notes are above the middle 
line, the stem goes down. 


stem down 


When the outer notes are an equal 
distance from the middle line and the 
majority of notes are below the middle 


line, the stem goes up 
stem up 


For beamed groups 


Simple rules for stemming of single notes 
and chords apply to beamed groups when 
possible (for example, if all notes ina 
beamed grouping are on or above the 
middle line of the staff, stems are down). 
(See Beams) 
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Soldering Iron Tips 


At the end of most soldering irons is an interchangeable 
part known as a soldering tip. There are many variations 
of this tip and they come in a wide variety of shapes and 
sizes. Each tip is used for a specific purpose and offers a 
distinct advantage over another. The most common tips 
you will use in electronics projects are the conical tip and 


the chisel tip. 


Conical Tip — Used in precision electronics soldering 
because of the fine tip. Because of its pointed end, it's 
able to deliver heat to smaller areas without affecting its 


surroundings. 


Chisel Tip — This tip is well-suited to soldering wires or 


other larger components because of its broad flat tip. 


Image Credit — Sparkfun.com 


Brass or Conventional Sponge 


bttps:/www.makerspaces.comihow-to-solder! ane 


140 Systems 


Tablawre 141 


‘Two or more staves grouped together 
(with a systemic barline) form a system. 


‘Abracket groups staves into systems or 

parts of systems. (See Bracket) 

A brace groups staves into a grand staff. 
(See Braceand Grand staff 


Some examples of systems: 


temic 


barline 


== rand staff 


(See Barlines 


The first system of music is usually 
indented about 1/2 inch. 


Tablature is a system of notation that 
graphically represents the strings and 
frets of a stringed instrument (such as 
guitar). 
‘The letters “TAB” are placed where a clef 
‘would normally be. The only function of 
these letters is to identify the staff as being 
tablature. 
Each note is indicated by placing the fret 
number on the appropriate string. 


Ist string, 10th fret 
2nd string, 10th fret 


1] played gtr 


Se a ea ER 


4th string, 5th fret ‘an open G chord 


Tablature does NOT indicate rhythmic 
values; therefore, a five-line staff using 
standard notation is placed above the 
tablature staff. 


standard notation 

on top staff chord 
a“ symbols 

y 0 Am7=— Em? Dm7 


TAB 
replaces clef 


A systemic barline connects the two 
staves together. Measure barlines are 
broken. 


Chord symbols (when appropriate) are 
often added above the top staf. 


Picking or fingering techniques notated 
on the top staff are repeated on the 
tablature staff. 


Every note on the top staff must have a 
corresponding finger number on the 
tablature staff—tied notes are in 
parentheses. 


142 Tablature 


Ties 143 


Tablature may consist of four lines (for 
electric bass and mandolin) or five lines 
(five-string banjo). 


The notation for guitar tablature outlined 
on the previous pages applies to all tab- 
ature, regardless of the number of strings. 


Electric bass 


Ist string, open 


4th string, 3rd fret 


Five-string banjo 


—— 
— 3 
a ees 
7 
4.G7 chord 


‘Tempo marks indicating the rate of speed 
may be followed by an expression mark 
and/or metronome mark. 

The left edge of the tempo mark is 

vertically aligned to the left edge 

of the time signature. 


The type is bold Roman. 


WITH EXPRESSION MARKS 
Tempo marks are often accompanied by 
an indication of expression; however, 
sxpression marks should never replace 
tempo marks. 


Presto con brio 
Slowly, with much emotion 


WITH METRONOME MARKS 


The tempo mark may be more precisely 
indicated with the addition of a 
metronome mark. 


‘The metronome mark may be specific, a 
tempo range or general. ‘The type is 
slightly smaller than that of the tempo and 
usually enclosed in parentheses. The 
note is cue size or smaller. 


Allegro con moto (4 = 144) 
Allegro con moto (« = 132-144) 


Allegro con moto (4 =a. 144) 


EMPO VARIATIONS 


Ifthe tempo is varied by the use of 
markings such as ritardando, rallentando ot 
accelerando, the term a tempo is placed at 
the point where the tempo is reinstated. 
The type will be bold italic 


If the tempo changes, and then returns to 
the original tempo later in the piece, the 
term Tempo I is indicated above the staff. 
The type will be bold Roman. 


a uC) 


A tie connects two consecutive notes of 

2 the same pitch, extending the duration of 
the first note to include the second. (The 
second note does not have its own 
attack.) 


The shape of a tie is somewhat similar 

= toa slur, but the placement, positioning 
and use of ties and slurs are different; the 
two should not be confused. 


BEGINNING AND ENDING 


Begin and end on the same horizontal 
level. 


Ties 


Begin to the right of the notehead. 
End to the left of the next notehead. 
‘The tie does not touch the noteheads. 


begin 
1 — 
Oo oO 
4 
end 


AVOID AUGMENTATION DOTS 


Ties should never collide with augmenta- 
tion dots. Begin the tie to the right of an 
augmentation dot. 


PLACEMENT ON THE STAFF 


Avoid touching staff lines. 
Place the center of the curve ina “space.” 


Ends of ties may cross staff lines—it is, 
better to cross even slightly, than to just 
touch a staff line. 


pond eee oot 
= 


Adjust curve for longer ties. 
Raise or lower the center of the curve to 
the next space. 


———— 
——————— 


DIRECTION ON THE STAFF 


Curve ties opposite of stem direction. 
Stem down—curve above notehead. 
Stem up—curve below notehead. 


ry 


Ties on whole notes are treated as if the 
whole notes had stems. 


For mixed stem direction, the tie is always 
placed above. 


a 
Ss, 4 9 @ 
ff * 6 lee a 
SHARING THE SAME STAFF 


For two parts, place ties above for the 
upper part, below for the lower part. 


4 


hd De} 
aad 


For two sets of parts, place ties above for 
the upper two parts, below for the lower 


pi Pd) p 


146 Ties Ties 147 

= = 
MULTIPLE TIED NOTES Notes between highest and lowest—on the 

middle line and above, ties are above. 


When more than two notes are tied, ties 
must be added from note to note. 


WRAPPING FROM STAFF TO STAFF 


Align end of tie with end of staff. 


Continue tie in the lower staff. 
immediately after the key signature 
(orclef) 


Beginning and ending points always 
remain on the same horizontal level. 


O} 


DIRECTION OF TIES FOR CHORDS: 


Highest note—tie is above. 


For intervals of a 2nd, ties will be in 
opposite directions whenever possible, 


Ifsome notes are not tied within the 
chords, the uppermost tied note has the tie 
above; the lowermost tied note has the tie 
below. 


lop tieup A 


== 


¥ Bottom tie down 


ALIGNMENT OF TIE ENDS 
Align ends of ties within a chord. 


—— 


Tie ends for intervals of a 2nd should be 
adjusted if possible 


lo. 
of 
iyo 
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ADJUSTMENT OF TIES 


Whenever possible, maintain the curve of 
atie in uncommon situations. It should 
look like a tie, not a slur. 


eS 


In this instance it is better to have the 
top tie curved up even though it is a part 
of the lower voice. 


Ifa time signature interrupts a tie, break 
the tie to avoid colliding with the time 
signature. 


c=: 


ja 


BROKEN (DASHED) TIES 


Ties using a broken line instead of a solid 
one are often used to accommodate lyrics 
for multiple verses. 


y 
ra 
par see 5 = = 
When will you be there for 
No| = where have | seen 


‘TIES IN MEASURED ARPEGGIOS 


Although traditionally considered incorrect, 
ties are sometimes extended to the 
unbroken chord to avoid a cluttered look 


Traditional 


Time signatures indicate the meter for a 
measure(s) or an entire piece. 


Since meter is so closely connected with 
the proper use of ties, rests, beams and 
syncopated rhythms, the correct time 
signature must be chosen. 
The upper number indicates the number 
of beats per measure 
The lower number indicates the note that 
gets one beat (2 = half note, 4 = quarter 
note, 8 = eighth note, 16= sixteenth note, 
etc). 
All measures after a time signature will be 
in the same meter until a new time 
ignature is indicated. 


PLACEMENT 


The upper number is always placed 
between the top line and the middle line 
of the staff. 

The lower number is always placed 
between the middle line and the bottom 
line of the staff 


—— 


For a single-line staff, the line intersects 
the two numbers. 


ne 


The time signature is indicated after the 
clef and key signature. 


ttt 
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Tremolo 151 


CHANGING TIME SIGNATURES 


COMPOSITE M 


Time signatures may change from 
‘measure to measure, applying to all 
measures until the next time signature 
change. A change in time signature 
always appears AFTER a barline. 


y 


—— 


e 


Ifthe time signature changes at the begin- 
ning of line, a courtesy time signature is 
added at the end of the previous staff, after 
the last barline. The new time signature 
appears after the clef (and key signature, if 
any) on the next staff. 


lime signature ¥ 


———— 


e ‘open staf & 


The following illustrates the positioning of 
the clef, key signature and time signature if 
all three change simultaneously 


(double barline is added for 
fey signature change) 


R (See Meter) 


ALTERNATING METER (See Meter) 


A tremolo may be on one note, or 
between two or more notes. It may be 
measured (a clear subdivision) or 
unmeasured (as fast as possible). 


ON ONE NOTE 
Measured tremolo 


A short slanted line, ascending from left to 
right, through the stem of a note indicates 
that a note is to be subdivided. 


Each line placed on the stem indicates the 
rhythmic value of the tremolo. 


For instance, one line will indicate eighth 
notes, 
two lines—sixteenth notes. 


In string music, a measured tremolo is 
sometimes indicated by placing divisi dots 
above the note, in addition to the slashes 
through the stem. 


The divisi dots precisely indicate the 
divisions per note. The slashes through 
the stem indicate the rhythmic value. 


152 Tremolo Trill 153 
== a 2 = 
Unmeasured tremolo With such a subdivision of the tremolo, 
An unmeasured tremolo (on one note) is Seema me eevee wee 
indicated by placing three lines through pose 
the stem and adding the abbreviation trem. unmeasured lente remo (traditional 
above the note. (If placed on a beamed 
Most often seen in notation for strings, 
percussion and fretted instruments. 2 usage 
trem. 
trem. trem, 4 
=== eee 
: In the previous example, a complete 
measure of tremolo in rf time consists of 
Tremolo lines on whole notes are two sets of half notes beamed together. 
traditionally indicated above or below the 
note (positioned asif there were a stem, ~ INTERVAL / CHORD TREMOLO 
but centered on the notehead). For some instruments, a tremolo is possi- 
rasa Se z ble between two, three or more notes, 
Z Z £ 
= Zo pS $ = 
a — 
Modern style breaks the whole note into 
through the stems as usual. - 
The abbreviation ¢r indicates a trill. 
modern style 
a The #r is always placed above the note, 
——2 —" regardless of stem direction (unless two 
parts share a staff). 
bot 
ON MORE THAN ONE NOTE - == 
When a tremolo is indicated between two ——— 
(or more) different pitches, the notes are 
connected with a beam, with incomplete Each trilled note must have its own trill 
beams placed between to indicate the symbol. 
rhythmic value. \ 
= Ay ka 
= boro tf 
——? = _ A wavy line may be indicated after the tr, 
: 5 = especially if the trill is extended. 
t~ 
Stems are lengthened to. — 
accommodate added beams. 
— — 


154 Trill 


Tuplets 155 


If the trill extends over two or more notes, 

the wavy line continues to the end of the 

notehead of the last note affected by the trill. 
nd just after 
noteiead | 


tr 


aoe 


If the wavy line extends over consecutive 
notes of the same pitch but without ties, 
the notes are to be clearly articulated. 


tr 
——— at 


When two parts share a staff, the trill for 
the lower partis placed below the note. 


SS SS 


When the upper note ofa trill is altered 
from the diatonic scale, a small accidental 
used with the trill sign. ‘The accidental 
placed after the trill sign but before the 
wavy line (if used.) 


The accidental may also appear above the 
till sign, 

Po: 

rit tf 

S—_— 


A cue-size notehead is sometimes used. 


tr 


SE 


‘Terminations can be indicated by cue-size 
or full-size notes. 


or 


termination 


Triplet See Tuplets 


Rhythmic groupings of notes that are 
NOT metric groupings are known as 
tuplets. 


Duplets, triplets, quadruplets, quintuplets, 
sextuplets and septuplets are all examples of 
tuplets. 


TUPLET NUMERALS, 


The numeral is larger than a finger 
number and is distinctly italic, 


preferably bold italic. (See Fingerings for 
keyboard}) 


For beamed tuplets, the numeral is 
preferred on the beam side, centered. 


3 


é 


Do not use a tuplet slur with the 
numeral. This is an obsolete 
practice and causes confusion 
between normal slurs and tuplet 
slurs. 


Place the tuplet numeral outside the staff 
whenever possible. 


Ifplaced within the staff, the numeral 
must be clearly positioned, avoiding staff 
lines as much as possible. 


156 Tuplets Tuplets 157 


= i — 
‘The numeral remains placed with the Ifthe tuplet numeral is moved to the 
beam, whatever the stem direction. notehead side of a beamed tuplet (for 


example, to avoid fingerings), add a 
bracket for clarity. 


‘The bracket is placed at the same angle as 
the beam. 


angle _'——~3 
When parts share a staff, the numeral is fous z 
placed normally (beam/stem side). ss SS —— 


m4 


—— When placing a bracket with unbeamed 
notes, the bracket angle can vary. 


After a pattern of tuplets has been P= o* _— 


established, the numeral may be omitted. 
Simile may also be used for clarity. 


BRACKETS AND UNEQUAL VALUES 
For unequal rhythmic values within the 


TUPLES BRACES uplet group, the bracket must include all 
If the tuplet is not beamed, a bracket is notes of the group. 
added and the numeral is centered within sth aurntbal neladine select 
the bracket. es within the bracket. 
The bracket always begins flush left with 
the notehead and ends flush right with | 


the notehead, whether on the notehead or 


— 


stem side. - - ren 
f age 
f a) ‘The tuplet unit is clearly seen if the 
u—3 i‘ bracket extends to include the 
A Latered ee entire allotted space for the tuplet 
align left | {as in the first tuplet below). 


‘The bracket is broken to accommodate The bracket does not extend to include 
the flag (as shown in the 


EA a n 
the number; the ends are always vertical second tuplet) 


break bracke! y 


en pl ahh 


158 Tuplets 


Tuplets 159 


Del = 
3 
——<—<—<——— oS 
WITH RESTS Short slurs may be considered articulations. 
The bracket extends to include rests. 
DETERMINING NOTE VALUE 
Atuplet may occupy a beat, a pulse, a 
portion of a beat or pulse, or an entire 
Although the bracket is preferred, an measure. 
a ean series To determine the rhythmic value of a 
4 PI tuplet that occupies one beat, subdivide 
2 = the beat metrically as many times as you 
can without exceeding the number of 
notes in the tuplet. The note value of the 
tuplet will be equal to the note value of 
that metric subdivision. 
’ In the example below, if each beat were 
FINGERINGS ‘ g 
WITH FING subdivided further, it would have more 
Itis advised to move the tuplet figure to notes than the tuplet; therefore the tuplet 
avoid confusion with finger numbers. noted ore sixtaanthanies: 
finger numbers 5 subdivision of each beat (4 sixteenth notes) 
mA 
Se tuplet numeral 
« numeral : 
~T 
finger numbers ~ 
finger numbers Use the same principle to determine the 
note value of tuplets that occupy an entire 
measure (or another unit of a measure). 
WITH ARTICULATIONS 
subdivision of the measure (4 eighth notes} 
If the bracket must be placed on the same praccaciacich bias oS hep 
side as articulations, the bracket is placed . . Y 
outside articulations. 
+ 
+> 3— 
as 
— 
—— 3 
tuplets occupying an entire measure 
—_ = E = 
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it did when it was new. You could use a conventional wet 
sponge but this tends to shorten the lifespan of the tip 
due to expansion and contraction. Also, a wet sponge 
will drop the temperature of the tip temporarily when 
wiped. A better alternative is to use a brass sponge as 


shown on the left. 


Soldering Iron Stand 


A soldering iron stand is very basic but very useful and 
handy to have. This stand helps prevent the hot iron tip 
from coming in contact with flammable materials or 
causing accidental injury to your hand. Most soldering 
stations come with this built in and also include a sponge 


or brass sponge for cleaning the tip. 
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160 Tuplets 
— 


subdivision of the measure (12 sixteenth notes) 


Duplets are the only exception to the 
previous rule deciding tuplet rhythmic 
value. 


Duplets are equal in rhythmic value to the 
beat (not to be confused with pulse). 


Duplets only occur in compound meter. 


subdivision of the PULSE 


Duplets = 


HORIZONTAL SPACING 
A tuplet is spaced mathematically, as 
proper spacing dictates—not aligned 
with the metric rhythm, 


subdivision ofthe PULSE 
16 sixteenth no 


7 
Words See Lyric 
X notehead See Not 
al 


The Essential Dictionary of Music 
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Solder 


Solder is a metal alloy material that is melted to create a 
permanent bond between electrical parts. It comes in 
both lead and lead-free variations with diameters of .032" 
and .062” being the most common. Inside the solder 
core is a material known as flux which helps improve 


electrical contact and its mechanical strength. 


For electronics soldering, the most commonly used type 
is lead-free rosin core solder. This type of solder is 
usually made up of a Tin/Copper alloy. You can also use 
leaded 60/40 (60% tin, 40% lead) rosin core solder but 
it's becoming less popular due to health concerns. If you 
do use lead solder, make sure you have proper 


ventilation and that you wash your hands after use. 
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WHAT IS A MINERAL? 


‘A mineral is a naturally occurring solid with a specific chemical 
composition and a distinctive internal crystal structure. Most 
minerals are formed inorganically but some, such as those 
found in bone, are formed organically (by living organisms). 


WHAT MINERALS ARE MADE OF 
Most minerals are chemical compounds 
composed of twa ar more chemical 
elements. However, copper, sulfur, gold, 
silver, and a few others occur as single 
native" elements. A mineral is defined 
by its chemical formula and by the 
arrangement of atoms within its crystals, 
For example, iron sulfide has the 
chemical formula Fe, (where Fe is iron 
and Sis sulfur iron sulfide can crystall 
in two oifferent ways, Wher 

he cubic system (pp.2 


‘same composition but efferent structure 
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crthorhos 
‘mineral marcaste. Minerals ae clas 

by their chemical content: for example, 
those containing axygen ions are called 


oxides and those having carbon and 
‘oxygen ions are called carbonates, 
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ELECTRICAL CHARGE AND 
COMPOUNDS 

A mineral compound is based on an 
electrical balance between a posttively 
charged metal and a negatively charg 
part. In many minerals, negative charge 
carried by a “radical: @ combination of 
atoms acting asa single unit. For example, 
carbon and oxygen combine in a 13 ratio 
to give te CO, radical, which acts as a 
single, negatively charged unt. 
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COMMON MINERALS 
There are more than S00 known minerals, 
ttonly about 100 of these are camman, 
Silicon and oxygen make up about three. 
(quarters of the crust by weight, and slate 
minerals such as quar par, and 
olivine are by far the mast common 
minerals in rocks, making up 90 percent 
the rocks at Earth's sur 
onates calcit 


MINERAL GROUPS AND 
ASSOCIATIONS 


‘Some minerals belong to chemical groups or series called solid 
solutions. in some circumstances, minerals are found together in 
groupings known as associations or assemblages. These patterns 
of occurrence can provide clues as to the minerals’ origin. 


SOLID SOLUTIONS 
Some minerals do not have specific 
chemical compositions. instead, they are 
homogenous mixtures af two miner 
These homogenous mixtures are known 
as sold solutions, For example, the olivine 
‘group of silicates includes forsterite and 
fayalite. Forsterite's a magnesium silicate, 
‘while fayaltes an ron slicate. Most olivine 


PRIMARY AND SECONDARY 
MINERALS. 

Primary minerals crystallize directly 
from magma and remain unaltered, 
They include essential minerals used 
to assign a classification name to a 
rock and accessory minerals that are 
present in lesser abundance and da 


Primary copper mineral 
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specimens are homogenous mixtures 
of the two, with the relative content of 
‘magnesium and ron varying in specimens. 
These minerals are described as part of a 
solid-solution series, in which forsterite and 
‘ayalte are the end-members. 
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not affect the classification of a rock 
Secondary minerals are produced by 
the alteration ofa primary mineral after 
is formation, For example, when 
‘copper-bearing primary minerals come 
into contact with carbonated water, 
they alter into secondary azurite 

or malachite, 


‘Secondary copper mineral 
‘Chena and malate ate secondary minerals 
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MINERAL ASSOCIATIONS 
Some minerals are consi 
together aver large a 
are found in the same rock 
associations occur in encn 
cavities, or thin layers. The fact that 
minerals ae ely to be found toge 
helo in very andi 
minerals. Lead a 

often associate 


tly found 
as because they 


2. other 


certain 


1c ore minerals are 
calcite and bart, 


Metamorphic mix 


is frequently found in assoc 
ith quartz 

Associated minerals that form almost 
simultaneously and are usually present ina 
specifi make up an 
Orthoclase, alte biotite, and quartz 
ana 

augite, magnetite, and 
Assembl 


CLASSIFYING MINERALS 


Classification of minerals is an ongoing study among mineralogists— 
geologists who specifically study minerals. The ability to delve deep 
into the structure and chemistry of minerals has increased dramatically 
‘with advances in instruments and techniques. 


MINERAL OR NOT? 
‘The term “mineral is commonly applied to 
certain organic substances, such 3s coal 
oll, and natural gas, when referring to a 
nation’s wealth in resources. However, 
these materials are more accurately 
Teferred to as hydrocarbons, Gases and 
liquids are not, in the strict sense, minerals, 
‘Although ice—the solid state af water— 
is aminera, liquid water's nat; nor is liquid 
mercury, which can be found in mercury 
‘ore deposits, Synthetic equivalents of 


‘minerals, for examole emeralds and 
diamonds produced in the laboratory, are 
not minerals because they do not occur 
naturally. The “minerals” referred to in 
foods are also not strictly minerals—they 


' ' refer to elements, such 


CHEMICAL FORMULAE: 
A chemical formula identifies the atoms 
present in aminera and their proportions. 
In some minerals, the atoms and their 
proportions are fixed. Pyrite, for example, 
is always FeS,, denating iran (Fe) and 
sulfur) in a 12 rato. n solid solutions, 


a tan, calcium, or zine 
Synthetic ruby boule 
‘bjs ae ether gs grown 
sythetcaly ae ot casted 
2: mera Some gar suchas 
\eure-aumaram game do ret 
the components may be variable. For 
olivine, where complete substitution is 
possible between iran and magnesium 
(Meg), the formula is (Fe.Mg),SiO,, 
Indicating that iron and magnesium 
are found in varying amounts. 
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CLASSIFYING MINERALS 
Minerals are primarily classfied according 
to their chemical compositian. shown 
below are the major chemical groups, with 
‘an example of each, Minerals are further 
classified into subgrouns, with each 
subgroup taking its name from its mast 
typical mineral. radical isa group of 
atoms that acts as a single unit. 
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IDENTIFYING MINERALS 


‘There are certain physical properties determined by the crystalline 
structure and chemical composition of a mineral. These can 
commonly help to identify minerals without the use of expensive 
equipment. Even a beginner can readily use these pointers. 


COLOR 
Some minerals have characteristic 
colors—the bright blue af azurte, the 
yellow of sulfur, and the green of 

malachite allow for easy identification, 
This snot true af all minerals—fuorite 
‘occurs in virtually all colors, so it is best 
Identified by other properties. 

In minerals, colar is caused by the 
absorption or refraction of light af particular 
‘wavelengths. This can happen for several 
reasons. One is the presence of trace 
elements —oreign’ atoms that are not 
part of the basic chemical makeup ofthe 
‘mineral inthe crystal structure. As few at 
three atoms per milion can absorb enough 
af certain parts ofthe vsibleight spectrum 
togive color to some minerals, Calor can 


Color range 
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also result from the absence of an atom 
or lonic radical from a place that it would 
normally occupy ina crystal, The structure 
of the mineral tsel, without any defect or 
foreign element, nay also cause color: opal 
| composed of minute spheres of silica 
that difractlignt, and the thin interlayering 
of two feldspars in moonstone gives it 
or and sheen, 
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LUSTER 
A mineral’ luster isthe appearance of 
its surface in reflected light. There are 
two broad types of luster: metallic and 
nonmetallic. Metallic luster is that of an 
Lntarmished metal surface, such as gold, 
silver, oF copper. These minerals tend to| 
be opaque. Minerals with nonmetallic 
luster commonly show transparency 

ar translucency. Vitreous describes 
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the luster of a piece of broken glass; 
‘adamantine, the brilant luster of damiong, 
resinous, the luster ofa piece af resin; 
‘and pearly, the uster of mather-oF pear! 
or pearl. Greasy luster refers to the 
‘appearance of being covered with a thin 
layer of al, and siky, the appearance of the 
surface of sik or satin, Dull luster implies 
lite or no reflection, and earthy luster the 
rnonlustrous look of raw earth. 
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STREAK 
“The color of the powder produced when 
a specimen is drawn across a surface 
such as unglazed porcelain is known as 
streak, A minera's streak is consistent 
and Is more useful diagnostic indicator 
than its color, which can vary, Streak can 
help distinguish between minerals that 
are easy to confuse. For example, the 
Iron oxide hematite has a red streak, 
While magnetite, anather iran axide, 
gives a black streak 


consistent streak 
Theta ota minerals certent fom specrnen 


specimen, aslongas an unneshered surface tested, 
[ethane ashe claro he poerered mineal. 


CLEAVAGE 
‘The ability of a mineral to break along flat, 
planar surfaces is called cleavage. occurs 
in the crystal structure where the forces 
that bond atoms are the weakest. Cleavage 
surfaces are generally smooth and reflect 
light evenly, Cleavage is described by its 
direction relative tothe orientation of the 
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crystal and by the ease with which itis 
produced. cleavage easily produces 
‘smooth, lustrous surfaces, its called 
perfect Distine, imperfect, and officult 
Indicate less easy kinds of cleavage. 
Minerals may have different quality 

cleavages in different 
directions, Some have 
no cleavage at al 
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FRACTURE 
Some minerals can break in directions 
other than along cleavage planes, These 
breaks, known as fractures, help in 
identifying minerals, For example, hackly 
fractures (with jagged edges, ae often 


‘ound in metas, while shell-tke conchoidal 
fractures are typical of quartz. Other 
terms for fractures include even (rough 
but more or less flat), uneven (rough and 
completely irregular, and splintery (with 
partially separated fibers, 
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‘The term tenacity describes the physical Ductile copper 


properties of a mineral based on the 
cohesive force between atoms in 

the structure. Goa, silver, and copper are 
malleable and can be fattened withaut 
crumbling, Sectile minerals can be cut 
smoothly with a knife; flexible minerals 
bend easily and stay bent after pressure 
Is removed, ductile minerals can be drawn 
Into a wire; brittle minerals are prone to 
breakage; and elastic minerals return to the 
original form after they are bent. 
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HARDNESS 
‘The hardness of a minerals the relative 
ease or dificult with which it can be 
scratched. A harder mineral wil scratch a 
softer one, but not vice versa. Minerals are 
assigned a number between 10 10.n the 
Mots scale, which measures hardness 
relative to ten minerals of increasing 
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hardness. Hardness differs fram toughness 
cr strengt very hard minerals can be quite 
bite. Mast hysraus minerals—those that 
contain water molecules—are soft, as are 
phosphates, carbonates, sufates, halides, 
‘and most sulfides. Antiydrous oxides— 
those without water molecules—and 
silicates are relatively hard 
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REFRACTIVE INDEX 
Light changes velocity and alrection ait 
passes through a transparent or transtucent 
mineral. The extent of this change is 
Measured by the refractive index: the ratio. 
‘of ight's velocity in arto is velocity in the 
crystal A high index causes cispersion of 
light into its component colors, Refractive 
Indices can be found using specialized 
liquids oF inexpensive equipment. 
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FLUORESCENCE 
Some minerals exhibit luorescence—that 
is, they emit visible ight of various colors 
\When subjected to ultraviolet radiation 
Uttraviolet lights for testing fluorescence 
can be obtained from dealers selling 
collectors’ equipment. Fluorescence is an 
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Imperfect indicator of a mineral's identity 
because nat all specimens of a mineral 
show fluorescence, even if they look 
‘identical and come from the same location. 
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When buying solder, make sure NOT to use acid core 
solder as this will damage your circuits and components. 
Acid core solder is sold at home improvement stores and 


is mainly used for plumbing and metal working. 


As mentioned earlier, solder does come in a few different 
diameters. The thicker diameter solder (.062") is good for 
soldering larger joints more quickly but it can make 
soldering smaller joints difficult. For this reason, it's 
always a good idea to have both sizes on hand for your 


different projects. 


Helping Hand (Third Hand) 


A helping hand is a device that has 2 or more alligator 
clips and sometimes a magnifying glass/light attached. 
This clips will assist you by holding the items you are 
trying to solder while you use the soldering iron and 


solder. A very helpful tool to have in your makerspace. 
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WHAT ARE CRYSTALS? 


Virtually all minerals are crystalline—solids in which the component 
atoms are arranged in a particular, repeating, three-dimensional 
pattern. all crystals of a mineral are built with the same pattern. Some 
are 10 feet long; others can only be seen with a microscope. 


ATOMIC STRUCTURE 
‘crystals bul up of indvcua, identical sure 
Structural unis of atoms or molecules 

Called unt els. crystal can consist, ne 
ofonlyafew unit caso los of 

them, The unital is repeatedly repeated 

intivee dimension, forming the ger 

internal sttuctue of the crystal. The 

shape ofthe unitcall andthe symmetry ysatstctre - 
ofthe structure determine the postions Skane tayare sia ison, 
and shapes ofthe crystal’ faces 


yet sone to ether 
Crystals of many different minerals have 
Unit cells that are similar in shape but are 
‘made of aifferent chemical elements, The 
final development af the faces af a crystal is 
determined by the symmetry ofthe atomic 
structure and by the geological conaions 
atthe time of ts formation. Certain faces 
‘may be emphasized, whl others disapoear 
altogether. The final form taken by a crystal 
Isknown as ts habit (ep20-21). 
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CRYSTAL SYMMETRY 
Allcrystals exhibit symmetry because 
each crystal is bult up of repeating 
‘geometric patterns, These patterns of 
crystal symmetry are divided into six main 
‘groups, or crystal systems (pp.22-23). 
‘The first of these symmetrical patterns 

Is the cubic system, in which al crystals 
‘exhibit cubic symmetry, The characteristics 
af cubic symmetry may be explained as 
follows: f opposite face centers of a 
cube-shaped cubic crystal, such as 


sym 


Cuble symmetry 
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halite, are held between the thumb and 
forefinger and the crystal is ratated 
through 360 degrees, the pattern of faces 
will appear identical four times as the 
different faces and edges come into view. 

Al cubic crystals have three axes of 
fourfold symmetry They have other axes of 
symmetry, but these differ among classes 
within the cubic system. For example, 
cube-shaped crystals af halite have three 
‘axes of fourfold symmetry, n addition tots 
‘our axes of threefold symmetry 
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‘TWIN CRYSTALS 
[When two or more crystals ofthe same 
species (a grou of minerals that are 
chemically similar), such as gypsum or 
fluorite, form a symmetrical intergrowth, 
they are referred to as twinned crystals, 
‘Twins can be described as interpenetrating 
or contact. Penetration twinning may 
‘occur with individual crystals at an angle 
to one anather—for example, forming a 


‘contact and penetration twins 
Paral wining and fcoract winingin 
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cross. It can also occur with individual 
crystals parallel to ane another, as in 
Carlsbad twinning. if 2 twin involves three 
(or more individual crystals itis referred 
to as a multiple twin or a repeated twin 
Albite often forms multiple twins. Many 
‘other minerals form twins, but they are 
particularly characteristic of Some, such as 
the “fishtal” contact twins of gypsum or 
the penetration twins of forte. 
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CRYSTAL HABITS 


Habit refers to the external shape of a crystal or an assemblage 
of intergrown crystals. It includes names of crystal's faces, such 
as prismatic and pyramidal, names of forms, such as cubic and 

octahedral, and descriptive terms, such as bladed and dendritic. 


CRYSTAL FACES 
The three types of crystal face—prism, 
pyramid, and pinacoid—are determined 
by a relationship to a crystallographic 


axis (9.22) Prism faces are parallel to the 


as; pyramid faces cut through the axis 
at an angle; and pinacoid faces are at 
Tight angles to the axis. A crystal may 
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have numerous sets of pyramid faces, aber 
each ata different angle to the c axis J 
Crystals may also have major and minor 
prism faces with edges parallel toeach — (§™ la 
ther. n most crystals, some faces are ee 
more developed than athers, A eo 
Prismatic topaz 
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CRYSTAL FORMS 
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Habits can be named after crystal forms: 
“cubic” implies crystalizing in the form 
cf cubes, dodecahedral” in the form of 
dodecahedrons, and “rhombohedral 
Inthe form of rhombohtedrans, When 
crystals of one system crystalize in forms 
that appear to be the crystals of anather 
system, the habit name is preceded by 
the word “pseudo When terminations 
take different forms in the same crystal, 
the habit is known as hemimorphic, 
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AGGREGATES 
Aggregates are groups of intimately 
associated crystals. In general, 
aggregates are intergrowths of 
imperfectly developed crystals. In 
some aggregates, the crystals may be 
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CRYSTAL APPEARANCE 
Some habits are descriptions ofthe general 
‘appearance af a crystal. Me term “tabular” 
describes a crystal with lage, fat, parallel 
faces, “bladed” describes elongated 
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‘microscopic. The type of aggregation 
i often typical ofa particular mineral 
species, Terms used to describe 
‘aggregates include granular, vous, 
radiating, botryoial, stalacttc, geodic, 
and massive 
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crystals that ae flattened ike a kife bla 
“stalacttic’ ds 
shaped ike stalactites; and “blocky or 
“equant” descrines crystals with faces that 
are roughly the same size in all directions, 
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CRYSTAL SYSTEMS 


Crystals are classified into six different systems according to the 
maximum symmetry of their faces. Each crystal system is defined by 
the relative lengths and orientation of its three crystallographic axes— 
imaginary lines that pass through the centre of an ideal crystal. 


cuBic 
Clb crystals have three crystallographic 
‘axes (a, a, and a) at right angles and a 


TETRAGONAL 
Tetragonal crystals have three 
ystallographic aves at right angles—two 


equal lengt, and four threefold axes 
cof symmetry. The main forms within this 
system are cube, octahedron, and rhombic 


equal in ength (a, and a), and the third (c) 
longer or shorter. These crystals have 
‘one principal, fourfold axis of symmetry 


dodecahedron. Halite, copper, ld, sive 
platinum, iron, fluorite, and magnetite 
rystalize in the cubic system, which is 

also known as the isometric system. 


Crystals look like square or octahedral 
prisms in shape. Rutie, zircon, 
{and calomel are minerals that 
inthe tetragonal system. 
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HEXAGONAL AND TRIGONAL cs doaite 
Some crstalloraphers conser jae Metfomstecga 


hexagonal and trigonal crystals, 
to comprise a single syster, 
Whereas others regard them 
as forming separate systems, = 
Bot crystalline forms have - 
three crystallographic axes 
{@,, a5, and a) of equal length. 
These are at 120 degrees to one 
‘another and to a fourth axis), wich is 
perpendicular to the plane of the ather 
jee axes. Triganal crystals have only 
threefold symmetry, whereas hexagonal 
crystals have sixfold symmetry. Minerals 
that crystalize in the hexagonal system 
Include beryl (emerald and aquamarine) 
and apatite, Some of the minerals that 
crystallize in the trigonal system are 
calete, quartz, and tourmaline 
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MONOCLINIC 
‘The termn "monociinic” means “one 
incline. Monocinic crystals have three 
crystallographic axes of unequal length. 
One (c) is at right angles to the other 
two (a and b), These two axes are not 
perpendicular to each other, though 
they are in the same plane. The crystals 
have one twofold axis of symmetry. More 
minerals crystallize in the manociinic 
system than in any other crystal system, 
Examples are gypsum, 

rthoclase, malachite, 
and jadeite 


ypsum 
The praltogam shape 
fs cst of gypsum 
erate te is 


igang te 
‘ornoctase, which 
henge re same 
sy fen erm 
Fame ert 


traps | 


sta 


means “perpendicular 
Crystals inthis systern have 
three crystallographic axes (a, b, and c) 
at right angles, all of which are unequal 

in length. They have three twofold axes of 
symmetry, Minerals that crystalize in this 
system include ovine, aragonite, topaz, 
marcasite, and barite, 
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TRICLINIC 
clic crystals have the 
least symmetrical shape, 
with three crystallographic 
axes of unequal length (a, 
», and.) incline at angles 
other than 90 degrees to 
each other. The orientation 
ofaatriclnic crystal 
arbitrary Minerals that 
crystalze in this system 
Include alte, anorthite, 
kaolin, and kyanite, 
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GEMS 


‘A gem is any mineral that is highly prized for its beauty, durability, 
and rarity. It is enhanced in some manner by altering its shape, 
usually by cutting and polishing. Most gems begin as crystals of 
minerals or as aggregates of crystals. 


HISTORY OF GEMS. 
The use of gemstones iq human history 
goes back to the Upper Paleolithic Period 
(25,000-12,000acx). People were initially 
drawn by the bright colors and beautiful 
patterns of gems. when the shaping af 
stones for adomment frst began, opaque 
and soft specimens were used. As shaping 
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GEM MINING 
Gemstone deposits form in different 
geological environments. Perhaps the best 
known are the “pipes" of kimberite, from 
Which most diamonds are recovered by the 
hare-rock methods of eriling and blasting. 
other gems also recovered from the rack in 
‘hich they form are quartz vaneties, opal 
tourmaline, topaz, emerald, aquamarine, 
some sapphires and rubies, turquoise, lapis 
lazuli, and chrysoberyl. Hard and dense 


‘Gem panning 
Many gemstone ners suchas sappy 
sro reae than noma sbeam gave These canbe 
recovered wing the abut torah panning 


techniques improved, harder stones began 
to be cut into gems. Beads of the quartz 
varieties hard carnelian and rack crystal 
were fashioned in Mesopotamia (now iraq) 
inthe 7th millennium ace. Records ofthe 
time suggest that people thought that 
stones had a mystic value—a belief 

that persists to the present, 
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gemstones that are impervious to chemical 
Weathering ae carried by water to placer 
deposits such as river beds, beaches, and 
the ocean floor. Placer mining techniques 
‘mimic the creation ofthe placer by 
separating denser minerals in running 
water. The simplest methods are panning 
and sieving, or passing gravel trough a 
‘rough of flowing water with baffies at the 
bottom. The lighter material washes away 
but denser gemstones remain. 
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FACETING 
Gemstones can be shaped in several 
‘ways. Opaque or translucent semiprecious 
stones, such as agate and jasper, are 
‘tumble-polished, carved, engraved, or 
cut with a rounded upper surface and 

a flat underside. Grinding and polishing 
of fat faces on the stone is caled faceting. 
Facets are placed in specific geometric 
positions at specific angles according to 
the bending of light within a particular 


stone. Transparent stones, such as 
‘amettiyst, amond, and sapphire, are 
faceted to maximize their briliance and 
“fir” or enhance color Although much 
‘materials ground away wile cutting, 
the final value is much enhanced, 
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GEM CUTS ‘The rose cut was developed in the 17th 


“There are three basic types of facet cut: 
step (with rectangular facets, brilant (with 
‘ulangular facets, and mixed (a combination 
‘of the two), The first faceting probably 
involved aiamond cutting in italy prior to the 
‘sth century Fist, only the natural faces of 
‘octahedral diamond crystals were polished. 
Gemstone shapes 
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century. By about 1700, the briliant cut 
(today's favorite for diamonds and other 
Colorless gems) was created, The emerald 
cut was soon developed to save valuable 
‘material sits rectangular cut conforms to 
the shape of emerald crystals, Today there 
are hundreds of possible gem cuts. 
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WHAT IS A ROCK? 


A rock is a naturally occurring and coherent aggregate of one or 
more minerals. There are three major classes of rock—igneous, 


sedimentary, 


ind metamorphic. Each of these three classes is 


further subdivided into groups and types. 


TYPES OF ROCK 
Igneous rocks form from melted rock 
called magma. When magmas solidify 
lunderground, intrusive rocks such as 
granite are created, Intrusive rocks are 
also known as plutonic rocks. the magma 
flows onto the surface ofthe land ar 
‘ocean bed, extrusive rocks such as 
basalt, are formed, 

Sedimentary rocks are usually made 
‘of deposits laid dawn on Earth's surface 
by water, wind, or ice. They almost 
always accur in layers or strata 
Stratification survives compaction and 
cementation and isa distinguishing 
feature of sedimentary racks. Some 
sedimentary rocks are of chemical arigin, 
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having been deposited in solid form from 
‘a solution. Others are of biochemical 
nig and are composed predominantly 
of the compound calcium carbonate, 

When existing rocks are subjected 
to extreme temperatures or pressures, 
or both, their composition, texture, and 
internal structure may be altered to 
fori metamorphic rocks. The original 
rocks may be igneous, sedimentary, 
‘or metamorphic. 
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Meteorites are not considered igneous, 
sedimentary, or metamorphic but are a 
‘group of their awn, Many are remnants of 
asteroids, which are themselves remnants 
‘of the formation of the Solar System, Some 
meteorites are remains ofthe nickel-ron 
cores of asteroids, some contain nickel- 
iron and minerals such as olivine from 
the mantles of asteroids; and others are 
‘made up principally of slicate minerals. 
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‘THE ROCK CYCLE 
“The series of processes by which racks are 
created, broken down, and reconstituted 
‘as new rocks is known as the rock cycle 
“These processes depend on pressure, 
‘temperature, time, and changes in, 
environmental conditions in Earth's crust 
and surface. At various stages inthe rock 


‘The rock cycle 
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cele, old racks are broken down, new 
minerals form, and new rocks originate 
from the components of the old. Thus 
‘rock that began at the surface as an 
Igneous rock may be reworked into a 
sedimentary rock, metamorphic rock, 
(oF new igneous rock to continue the 
cycle again 
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Soldering Safety 


Now that you know what tools and materials are required, 
it's time to briefly discuss ways of staying safe while 


soldering. 


Soldering irons can reach temperatures of 800’ F so it's 
very important to know where your iron is at all times. 
We always recommend you use a soldering iron stand to 


help prevent accidental burns or damage. 


bttps:/www.makerspaces.com/how:to-solder! 
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COLLECTING ROCKS 
AND MINERALS 


‘The world of rocks, minerals, gems, and fossils offers endless 
possibilities for the hobbyist. Only a small amount of specialized 
knowledge is required to open a whole world of enjoyment of 
some of nature's finest creations. 


WHERE TO LOOK 
Most collectors begin by just 
accumulating rocks, minerals, and 
fossils. As their collection grows, 
they start being more selective, 
keeping only specimens with better 
color and crystallization and more 
interesting crystal forms. A wide range 
of specimens can be purchased from 
dealers, but itis often more enjoyable 
tofind your own. in many countries, 
there are guidebooks that give precise 
directions to collecting localities for 
rocks, minerals, and foss 

Sample collection isnot without feck cab ay air 
its constraints: working mines and asthe colecr develops kode and Sit 
{quarries have legal restrictions on people ‘mee the acy, 
permitted on thelr premises; old mines oad eutting 


are dangerous; old mine dumps have Tebankofa 


been gone over for decades by other 
collectors; and put sto land is 
often restricted, However, traditional 
collecting site 35 road cuttings 


and eroded cltfs onshoreines, continue Shecmaneare 
to provide excellent opportunities erved fom 


for col 


Looking for There is also an increasing number of 


teganres _cocting cates tht are open he 
Seeralaeest cic onthe payment cafe, some 


lubs for collecting enthusiasts have 
their own collecting sites, and they also 
arrange trips to sites that are otherwise 
inaccessible to the publi. Collectors 
should beer in mind that permission 
‘must always be sought to collect 
samples on private property 


ls working 
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SAFETY AND THE 
COLLECTING CODE 
While mineral colectingis 
hobby, there are a few definite hazards 
that a collectar needs to be aware of. The 
most dangerous collecting localities are 
araund old mines and workings. Tunnels 
should never be entered—shoning 
timbers rot quickly, and cave-ins and rock 
falls are almost guaranteed to happen. 

Collectors must also pay attention to 
hat is underfoot—old shafts are 
sometimes cavered over. In any case, 
there is often remarkably poor collecting 
Inside old mines because mast material of 


TAKING NOTES 
When they start out, new collectors often 
ignore the need to wnite down information 
‘about thelr finds. But experience soon 
‘shows that investing in a notebook ang 
devoting the minimal amount af time 
it takes to keep at least basic notes 
‘essential. tis especially important 

to make notes 
about exactly 
where specimens 
were found. A 
considerable time 
may go by before 
you revisit the 
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value has usually already been removed 
by miners. Mine dumps, by contrast, can 
bbe a good source of specimens. However, 
‘caution should be exercized because 
‘mine dumps are often loosely piled and 
canbe unstable, 

When collecting in beach cfs, road 
cuttings, and rack falls, pay attention not 
only to loose material underfoot but also 
to anything that may fal or rll from above, 
itis best to avoid a collecting locality ifyou 
are not sure that is sae. 


locality, and by then, in the absence of 
‘notes, you will probably be unable to 
find the spot again. It is useful to make 
a sketch of important landmarks or 
‘outcrops, because these can help 
relocate a specific spot 
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EQUIPMENT 


Mineral collecting Is a safe hobby, but some simple pieces of 
equipment increase the safety factor dramatically. Just a few 
basics, such as the right hammer and chisel, a hard hat, goggles, 
gloves, and things you already have, will get you started. 


FIELD EQUIPMENT 
In addition to the basic collecting tools 
described here, safety equipment 
should be considered essential. Access 
to some collecting localities requires 
safety clothing such as a hard hat and 
fluorescent vest. Carry a cell phone with 
a fully charged battery with you even if 
you are oniy going a short cistance from 
the car. falta ravine or another low 
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spat may take you out of sight of potential 
help and add hours to the time it takes to 
find you. In desert country, an adequate 
supaly of water is essential, and if you 

are in snake country take an appropriate 
snake-bite kit. Clothing suitable to the 
Weather and terrains, of course, vita. 
Leave your low-cut shoes and sneakers 
at home. Leather boots offer better 
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protection fram snake bites, cactus 
spines, sharp stones, jagged metal, 
and raling stones, and ensure much 
better traction. 


MAGNIFICATION 
There Is an entire area of miner 
collecting devoted to tiny crystals known 
‘as micromounts. Small crystals often 
develop superb forms and groupings 
that are obscured as the process of 
crystallization progresses. Micromount 
collectors need effective micrascopes, or 
atthe least large magnifers, to examine 
‘and enjoy these minute specimens. For 
collectors not wishing ta incur the expense 
of a microscope, a simple hand lens 
will reveal much of the beauty of the 
tiny micromounts. 
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ORGANIZATION, STORAGE, 
AND CLEANING 


Finding mineral specimens is only the first stage of collecting. 
‘The number of specimens damaged in the course of the journey 
home or while cleaning can be large. Care must therefore be 
taken from the moment a specimen is collected. 


‘TRANSPORTING SPECIMENS 
‘Wrapping of some sort is essential when 
transporting newly colected specimens, 
whether they are being carried ina 
backpack or a car. Delicate specimens 
should be wrapped firstin tissue and 
then in newspaper. if your wrapping 
materials used up, try leaves, grass, 

or pine needles as a natural altemative 
Unwrap wet specimens and let them ary 
as soon as you get home. Catton balls and 
cellulose wadding should be kept entirely 
away from specimens, because the fibers 
are almost impossible to remove. 
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CLEANING SPECIMENS 
‘As a general rule, clean specimens as 
little as possible, starting withthe gentlest 
‘methods first Begin by using a soft brush 
{0 remove loose soll and debris. Hard 
rock specimens, such as gneiss or granite, 
are unlikely to be damaged by vigorous 
Cleaning, With delicate minerals, such 

as calcite crystals, itis essential to use 

a fine, soft brush. Never use hot water 

to wash a specimen, because the heat 


‘may cause some minerals to crack or 
shatter. Toothbrushes that use a pulsing 
Water jet are useful cleaning tools. Soaps 
shoul be avoided, but f you must use 
them, choose liquid dishwashing soaps 


‘over hand ar toilet soaps, which have 
adaitives that can penetrate specimens, 
‘The use of ultrasonic cleaners is nat 
recommended—they can shatter delicate 
specimens even at low intensities, Certain 
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acids are sultable for cleaning specific 
minerals. Sllicates are nat harme 

by weak acids, but carbonates ant 
phosphates can be damaged by them, 
If you do use acids, seek specific 

in 


books or ather collectors, 
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‘STORAGE AND DISPLAY 
‘Once specimens have been collected 
{and cleaned, they need to be stored or, 
inthe case of the mast attractive pieces 
displayed, Many coll 
specimens in card tray 
‘drawers. once collected, some minerals 
are lable to experience physical and 
chemical effects that may change 0 
sometimes even dest them. Fortunately, 
these problems are well knawn and 
preventative measures can be taken 
in advance. 

Every specimen collected should be 

panied by a label with as much 
information about it as is feasible. For 
display, use a sturdy, preferably gas 
fronted cabinet or shelf. Many guests wil 
wish to handle specimens, but they may 
not be aware that handling can damage 
ate examples. 
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NATIVE ELEMENTS 


‘There are 88 chemical elements known to occur in nature. Of these, 
less than two dozen are found uncombined with other elements. 
This group is called the native elements. Only eight of these native 
elements are found in significant quantities. 


COMPOSITION 
The native elements are classified into 
three groups: metals lke copper and gold, 
ssemimetals ike arsenic; and nanmetals 
Ike suffur and carbon. The metals rarely 
form well-defined crystals; the semimetals 
typically occur as nodular masses; and 
the nonmetals form aistinct crystals, 
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Le OCCURRENCE AND USES 
— sian _ Native ements are known o form under 
a Wide range of geologic conditions 
‘Sulfur crystal structure and in a variety of rock types. A native 
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Native gold and siver have been media 
of exchange for three millennia, and native 
cropper and meteoric ran were among the 
first metals to be used by humans, 
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UK 


Make sure you are soldering in a well ventilated area. 
When solder is heated, there are fumes released that 
are harmful to your eyes and lungs. It's recommended to 
use a fume extractor which is a fan with a charcoal filter 


that absorbs the harmful solder smoke. 


It's always a good idea to wear protective eye wear in 
case of accidental splashes of hot solder. Lastly, make 
sure to wash your hands when done soldering especially 


if using lead solder. 


Tinning The Tip 


Before you can start soldering, you need to prep your 
soldering iron by tinning the tip with solder. This process 
will help improve the heat transfer from the iron to the 
item you're soldering. Tinning will also help to protect the 


tip and reduce wear. 


Step 1: Begin by making sure the tip is attached to the 


iron and screwed tightly in place. 


bttps:/www. makerspaces.com/how:to-solder! one 
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PLATINUM 


The first documented discovery of piatinuim was by the 
‘Spaniards inthe 1500s, n the alluvial gold mines of the Rio 
Pinto, Colombia, They called it latina del Pint, fram plat 
Which means “litle siver," thinking that it was an impure 
re of silver. It was not recognized as a distinct metal unt 
1735, is opaque, sivery gray, and markedly dense. 
Platinum usually occurs as disseminated grains in ran- 
‘and magnesium-rich igneous rocks and in quartz veins 
associated with hematite (p:91), chlorite, and pyrolusite 
(9.80). When rocks weather, the heavy platinum 
accumulates as grains and nuggets = 
inthe resulting placer deposits. 
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cee Five percent of Earth's crust is made up of iron. 
ie ‘Native (ron is rare in the crust and is invariably alloyed 
a ra79 with nickel. Low-nickel iron (up to 7.5 percent nickel) is 
MA 3) called kamacite, and high-nickel iran (up to 50 percent 
EF stecvzray ‘A third fori of iton-nickel, mainly found in meteorites 
D metalic and crystallizing in the tetragonal system, is called 


tetrataenite, all thee forms are generally faund either 
as disseminated grains or as rounded masses. 
Kamacite is the major component of most ran 
‘meteorites (9.335). Its found in 
‘mast chondfrtic meteorites 
(0.337), and occurs as 
‘microscopic grains in some 
lunar rocks. Taenite and 
tetrataenite are mainly found in viking xe head 
meteorites, often intergrown with Ths ten Ving re head 
kamacite. ron is also plentfulin fortes Pena 
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BISMUTH 


‘Asa native metal, bismuth has been known since the 
‘Middle Ages. A German monk named Basi Valentine first 
described itin 1450. Bismuth isaften found uncombined 
with other elements, forming indistinct crystals, aften in 
parallel groupings. itis hard, brittle, and lustrous. ts also 
found in grains and as folated masses. Siver-white, 
usually has a reddish tinge that distinguishes it. Specimens 
‘may have an iridescent tarnish, 

Bismuth is found in hydrothermal 
veins and in pegmatites(p.260) and 
soften associated with ores of tin, 
lead, or capper (p37), from which 
tis Separated as a by-product. 
jismuth expands slightly when i 
solcfies, making its alloys useful in 
the manufacture of metal castings Hoppershaped erystals 
with sharp detaling, Bismuth salts 'sbertery_roun bsruth 
are often used as soothing agents 
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ANTIMONY 


Although recognized as a metal since the ath century 
or earlier, antimony was only identified as an element 
in 1788. Crystals are rare but when found are either 
suedocubic ar thick and tabular. Antimony usually 
‘occurs in massive, falated, or granular form. itis lustrous, 

very, bluish white in color, and has a flaky texture that 
‘makes it brittle. 1t almost always contains some arsenic 
and is found in veins with silver (9.43), arsenic (9.4), and 
other antimony minerals. 

‘Antimony is extremely important in alloys. Even in 
‘minor quantities, it imparts strength and hardness to 
other metals, particularly ead, whose allays are used 
inthe plates of automobile storage batteries, in bullets, 
and in coverings for cables. Combined with tin and lead, 
antimony forms antfriction allays called babbitt metals, 
Which are used as components of machine bearings. 
Like bismuth (9.40), antimony expands slightly on. 
solidifying, making ita useful alloying metal for 
detailed castings. 
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GOLD 


‘Throughout human history, gold has been the most 

prized metal. tis opaque, has a highly atractive metallic 

olden yellow color, is extremely malleable, and is usually 

found in a relatively pure form. It is remarkably inert, 0 it 

resists tarnish. These qualities have made it exceptionally 

Valuable. Gold usually occurs as treelike growths, grains, 

and scaly masses. It rarely occurs as well-formed crystals, 

‘but when found these are octahedral or dodecahedral 
Gold is mostly found in hydrothermal veins 

with quartz (p-168) and sulfides, 

Virtually all granitic igneous rocks— 

‘in which it occurs as invisible, 

disseminated grains—contain 

‘ow concentrations of goa. 

‘Aimost all ofthe gold recovered 

since antiquity has come from amet in gota 

placer deposits—weathered gold Ths got righas an 

particles concentrated in river {inva oe 


fylereen sant 
‘and stream gravel Stink 
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_ SILVER 


The earliest silver ornaments anc decorations were 
found in tombs that date as far back as 4000ccr. Silver 
coinage began to appear around 5S0acc. Opaque and 
bright silvery white witha sight pink tint, siver readily 
tarnishes to either gray or black. Natural crystals of siver are 
uncommon, but when found they are cubic, octahedral, or 
dodecahedral. iver is usually found in granular habit and 
as wiry, branching, lamellar, or scaly masses. 

Widely distributed in nature, siver 
isa primary hydrothermal mineral 
it also forms by alteration of other 
silver-bearing minerals. Much 
of the world's siver productio 
isa by-product of refining lead, 
-apper (p.37), and zinc. iver is 
the second most malleable and siver inwett 
ductile metal, and itis important io ana 
inthe photographic an 


Tamishedsiver nent 


Dendetie ser i 


electronic industries. 
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SULFUR 


‘The ninth most abundant element in the Universe, 

after oxygen and slicon, sulfur js the most abundant 

Constituent of minerals. occurs inthe form of sulfides 

(99.49-60, sulfates (pp.132—41), and elemental sulfur 

Fumarolecystalsacusiat | The bright yellow or orangish color of sulfur makes 

(eraralsufreysistomt a | the mineral easy to identify. Sulfur forms pyramidal or 

Serle i ree tabular crystals, encrustations, powdery coatings, and 
‘granular or massive aggregates, Crystalline sulfur may 

exhibit as many as 56 different habits, 

‘Most sulfur forms in volcanic 

fumaroles, but it can also result 

from the breakdown of sulfide 

Dy | ore deposits. massive sulfur is 

found inthick beds in sedimentary 

rocks, particulary those associated 

with salt dames, Sulturis a Powdered sulfur 

oor conductor of heat, which Sur isused in arumber 

means that specimens are warm <ul andmerical 
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ARSENIC 


Known since antiquity, arsenic is widely dstributed in 
nature, although itis unusual in native form. tis classified 
asa semimetal, because it po me properties of 
metals and some of nanmetals. Crystals are rare, but 
when found they are rhomaonedral. Arsenic usually 
| massieareniccatiy | occurs in massive, botryoidal to renform, or staacttic 
oie habits, often with concentric layers, On fresh surfaces, 
arsenic i tin-white, but it quickly tarnishes to dark gay. 
Native arsenic is found in 
hydrothermal vers, often associated 
with antimony (p.), sver(.43), 
alt, and nickel-bearing mineral 
iishighly posanous, although 
isused in same medicines to 
treat infections, arsenic-hase 
compounds can be used in alloys arse paint 
toincrease high-temperature Arcert Even art 
strength and as a herbicide 
and pesticide me 
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GRAPHITE 


Like diamond, graphite is form of native carbon. It 
iame from the Greek term graphein, whic 
10 write"—a reference to the black mark leave 
‘on paper. Graphite is opaque and dark gray to black. It 
Rot ecasiertl occurs as hexagonal crystals, lexble sheets, scales, or 
croak a large masses, it may be earthy, granular, or compa 
Graphite farms from the metamorphism of 
carbonaceous sediments and the reaction of carbon 
‘compounds with hydrathermal solutions. Graphite 
looks dramatically diferent fram diamond and is at 
the other end of the hardness 
scale. Graphite's soft 
the way carbon aton 
to each other—nings of six 
‘atoms are arranged in widely 


erystatine graphite 0 ‘atoms are strongly bonded within 
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DIAMOND 


The hardest known mineral, cl 

ystals typically occur a 
‘edges and slightly convex 

2 transparent, transiuce They range from 

colorless to black, with b ing the most 

‘common colors, Other forms include bort ar boart 

Jar or granular black diamond) and carbonada 
taliine masse: 


ond fs pure 
snd cub 
Crystal 


Carbonad 1m ot ack 


Cola 

are most often used in jewelry 
‘Most diamonds come fram tw 

olcanic rocks—lamproite and 

kimbertte (2-269). The diamonds 

crystallize in Earth's mantle, 

‘generally mare than 95miles 

(50km) deep, and are formed 

Pink lamond up to Earth’s surface through 

Aare pk volcanism. Diamonds are also 
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Step 3: Wipe the tip of the soldering iron on a damp wet 
sponge to clean it. Wait a few seconds to let the tip heat 


up again before proceeding to step 4. 


Step 4: Hold the soldering iron in one hand and solder in 
the other. Touch the solder to the tip of the iron and 


make sure the solder flows evenly around the tip. 


You should tin the tip of your iron before and after each 
soldering session to extend its life. Eventually, every tip 
will wear out and will need replacing when it becomes 


rough or pitted. 


How To Solder 


To better explain how to solder, we're going to 
demonstrate it with a real world application. In this 


example, we're going to solder an LED to a circuit board. 


bttps:/www.makerspaces.comihow:to-solder! 10/18 
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SULFIDES 
Sulfides are minerals in which sulfur (a nonmetal) is combined either 


with a metal or a semimetal. Some sulfides are brilliantly colored, 
and most of them have low hardness and high specific gravity. 


Sulfides are common and are found widely in nature. 


Red tive deposit 


Side deposts the Ro Tino 
Seat sohwestm Sainte 
fren miged ors Fe, ard 
copper nce ace 


COMPOSITION 
have simple atomic 
ures, in which sulfur atom: 
mately with metal or semimetal 
jms and arranged as cubes, octahedra, 
or tetrahedra. This yields highly symmetrical 
crystal forms. Except in a few sulfides, 
such as orpiment and realgar, the 
symmetrical form also gives rise to 


ic, 


crystal structure 
ot bore 


cxystatine 
fhe mo fides The cubic eres ct 


‘many of the properties also found in 
‘metals, including metalic luster and 
electrical conductivity. 


OCCURRENCE AND USES 
Sulfides tend to form primarily in 
hhydratherm fluids circulating 
within fractures in Earth's crust. Sulides 
such as pyrite and marcasite can form in 

cimentary environments; others may 
‘ofr in magmas. itis common to find 
several sulfide minerals together 

Sulfides are the major are minerals, 
of many metals, including lead, zinc, iron, 
antimony, bismuth, molybdenum, nickel, 
silver, and copper—all of which have 
industrial uses. Gold is commonly found 
in sulfide deposits, 
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ACANTHITE 


Asilver sulfide, acanthite is the mast important ore 
of ser. It takes from the Greek akantha, 
‘means “thom’ and refers tothe spiky appearance of some 
ofits crystals, it also occurs in massive form and has an 
‘opaque, gravis '350°F (177°0) silver 
fide crystallizes in the cubic and it used 
assumed that cubic sliver sufide—known as argentite— 
was a Separate mineral fom acanthite. itis now known that 
they are the same: ystalizingin the 
noclinic system at temperatures below 350°F (177°C) 
Acanthite farms in hydrothermal veins with other 


‘Thomy acanthite Or, <p 


of primary sivver sulfides. When 
heated, acanthite fuses readily and releases sulfuraus 
fumes, The most famous locality of acanthite, the 

ck Lode in Nevada, USA, was 60 rich in siver 
that a branch of the US mint was established at nearby 
Carson city to coin its 
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BORNITE 


One of nature’s most colorful minerals, bornite isa 
copper iron sulfide named after the Austrian mineralogist 
ignaz von Born (1742-97). A malor ore of copper, is 
natural colar can be coppery red, coppery brown, of 
‘bronze. It can also show iridescent purple, blue, and red 

ashes of color on broken, tarnished faces, which 
explains its common name, “peacock ore.” Bornite is also 
‘knawn 2s “purple copper ore® and “variegated copper ore. 

Brite crystals are uncommon. Although they exhibit 
orthorhombic symmetry, crystals, when found, are 
cubic, octahedral, or dodecahedra, often with curved o 
rough faces. Bornite is frequently compact, granular, 
(or massive and alters readily to chalcocite (9.51) and 
‘other capper minerals upan weathering. t forms mainly 
in hydrothermal copper ore deposits with minerals such 
1s chalcopyrite (p.57), pyrite (0.62), marcasite(p.63), and 
‘quartz (16a). t also forms in some siica-poor, intrusive 
igneaus rocks and in pegmatite veins and contact 
‘metamorphic zones, 
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CHALCOCITE 


The name chalcoeite is derived from the Greek word 
for copper, cha/cos. Chalcocite is one of the most 
Important ores of copper. Its usually massive but, on 
rare accasions, occurs in short, striated prismatic or 
tabular crystals or as pseudahexaganal prisms formed by 
Prismatic rystas Sr twinning. tis opaque, dark metallic gray, and becomes 
elo dull on exposure to light. Chalcacite was formerly known 
as chalcosine, copper glace, and redruthite, but these 
names are naw obsolete, 

Chalcocite forms at relatively low ternperatures (up to 
400°F/200C", often as alteration products of ather copper 
minerals such as bornite (0.50) tis found in hycrothermal 
veins and porphyry copper deposits with other minerals 
bornite, covellite (p.52), sphalerite (0.53), galena (p.5, 

haleapyrite (.57), calcite (p.114, and quartz (p.168), 
Deposits in Cornwall, England, have been worked since 
the Bronze Age. Concentrated In secondary alteration 
zones, chalcocite can yleld mare copper than the 
element’ primary deposits 
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COVELLITE 


Named in 1832 after the italian minerologist Niccolo, 
Covel, who first described it, covelite is a copper sulfide. 
Arminor ore of copper (.37), covelite is opaque, with a 
bright metalic blue or indigo coor. tis easy to recognize 
because ofits brassy yellow, deep red, or purple 
idescence, Covelite Is generaly massive and folated 
inhabit, although sometimes spheroidal. n crystaline 
form, itoccursas thin, tabular, and hexagonal plates, 
“aba covette re \which ae flexible when thin enough. Plates formed trom 

prepasted ts perfect basal cleavage are likewise flexible. fuses 

=e very easily wnen heated, emitting a ue fame 

Covellte isa primary mineral in some places, but it 
typically occurs as an alteration product of other copper 
sulfide minerals such as bonite (9.50), chalcocite (p51, 
and chalcopyrite (.57). tsometimes forms asa coating 
‘on other copper sulfides. t rarely occurs as a voleanic 
sublimate, aS on Mt. Vesuvius, where Niccolo Covel first 
collected it. Covelte is abundant in the massive copper 
mines in Arizona, USA. 
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SPHALERITE 


Sphalerite is the principal ore of zine. Pure sphalerite 
is colorless and rare. Normally, iron is present, causing 
the color to vary from pale greenish yellow to brown and 
black with increasing iron content. ts als 
-ambine tetrahedral or dadecahedral forms with other 
faces. Sphalerite gets its name fram the Greek sphaleros, 
meaning “deceitful” because its lustrous dark crystals can 
‘be mistaken for other minerals. ts often coarsely 
crystaline or massive, or forms bande, 
botryoidal, or st 

Sphalerite i 
with galena (0. 
deposits, It occurs in hydrothermal 
vein deposits, contact metamorphic 
zanes, and replacement denosits 
formed athigh temperature ovateut 
(1,065°F/575°C or above) It is 
also found in meteorites and 
lunar rocks. 


) in lead-zine 
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GALENA 


There are more than 60 kr 


Wn minerals that contain 


lead, but by far the most important lead ore is galena, 
or leat jossible that galena was the first are 


t0_be smelted to release ts metal—lead beads found in 
Turkey have 2d to around 6500acc. Galena is 
‘opaque and bright metalic gray when fresh, but it dulls 
‘on exposure to the atmosphere. its crystals are cubic, 
hedral, dodecahedal, or combinations of these forms. 
iegular, coarse, or fine crystaline masses are cornman. 
Galena is cammon in hydrothermal lead, 
deposits worldwide and is often 
ed with sphalerte (0.59), chalcopyrite (p.57), and 
yetamorphic racks, 
form secondary lead minerals 
such as cerussite (.119, anglesite(p-132, and pyromarphite 
(.151. Galena is both the principal oe of ead and the main 
source of silver (p.43}—it often iderable 
amount ofsiver inthe form of acanthite as an impurity. It 
canalso| ce of other met 
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PENTLANDITE 


Named in 1856 after the irish scientist aseph Pentland, 
its discoverer, pentiandite is a nickel and iron sulfic 
‘Nickel is usually a smaller component than iron, but both 
‘may be present in equal parts. Pentlandite mainly has 
ammassive or granular habit, and its crystals cannot be 
en by the naked eye. itis opaque, metalic yellow in 
lor, and has a bronzelike tarnish, 
Pentlandite occurs in silica-poor, intrusive igneaus 
/ocks. Its almost always accompanied by pyrrhotite, 
with other nas chalcopyrite (.57) and pyrite 
(0.62), and with sone arsenides. The chief ore of nickel, 
pentlandite is relatively widespread, but commercial 
deposits are scarce. In Ontario, Canada, nickel from an 
ancient meteorite s thought to have enriched the ore. 
ntlanlit is also found as an accessory mineral in some 
‘meteorites, Siver (43) can be present in the pentlandite 
structure, yielding the mineral argentopentlandit, 
when cobalt replaces the Iron and nickel, the mineral 
‘omes cobalipentianclte 
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CINNABAR 


A mercury sulfide, cinnabar takes its name fram 
the Persian zijsfrah and Arabic 2inafr, which mean 
“dragon's blood” It isbright scarlet to deep grayish red 
in color. It's the major source of mercury. Crystals are 
uncommon but when found they are rhombal 
tabular, or prismatic. it usually 0 
granular 
inna 
innite (2.60, pyrite (9.62), and marcasite (p.63)—in veins 
recent voleanic racks. - 
itis also found around hat 


asevecnnabar pe 


urs as mas: 
sgregates, but sometimes po 


springs. Cinnabar is believed 
to have been mined and 


Used in Egypt in the early 
2nd millenniumace. te has 
also been mined for at least 
2,000 years at Almadén, 
Spain. This site stil yields 
excellent crystals, 
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CHALCOPYRITE 


‘One of the minerals worked at Ria Tito, Spain, since 
;nalcopyrite is a Copper and iron sulfide. 
itis opaque and brassy yellow wren freshly mined, butt 
scent tamish on exposure 
sahere. This tetraganal mineral forms 
tetrahedral crystals, which can be upto 4in Yer) long 
‘on a face. tt commonly occurs as massive aggregates 
and less frequently as botryoidal masses or as scattered 
grains in igneous ro« 

CChalcopyrte forms under a variety of conditions. tis 
mostly found in hydrothermal sulfide veins asa primary 
‘mineral deposited at medium and high temperatures 
(40o"F/200°C or above}, and as replacements, often with 
large concentrations of pyrite (p.62.It is alsa found as 
gains in igneous rocks and isan important are mineral in 
porphyry copper deposits, Rarely, itoccurs in metamorphic, 
‘ocks. Chalcapyrite Is an important ore of copper owing to 
its widespread occurrence. In some cases, selenium can 
replace a portion af the sulfur 
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Step 1: Mount The Component — Begin by inserting the 
leads of the LED into the holes of the circuit board. Flip 
the board over and bend the leads outward at a 45’ 
angle. This will help the component make a better 


connection with the copper pad and prevent it from falling 


out while soldering. 


bttps:/www.makerspaces.com/how-to-solder! wie 
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REALGAR 


‘An important ore of arsenie, realzar s bright edo! 

‘orange in color. Crystals are not often found, but 
they are short, prismatic, and strated. Realgar 

urs a5 coarse to fine granular masses and 

ar disintegrates on prolonged 


mie they o« 


ae most 0 
"“ as encrustations. Real 


Sen exposure to light, forming an opaque yellow powder, 
i searetrocrangeetow | hich i principally pararealga. Therefore, specimens 
22 resinoustogessy ate kept in darkened containers 


Realgar is typically found in a 
hydrothermal deposts at low 
temperature (up to 400°F/200°C) 
often with orpiment (p59 and 
ther arsenic minerals. also forms 
asa sublimate around volcanoes, 
hot springs, and geyser deposits and 
as a weathering product of other powdered retgar 
arsenic-bearng minerals. Realgar Stet oarge lio 
soften found with stibnite (p61) <ee pant eta 
and calcite (9114) Pent and ewes 
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When found they are short prisms. Orpiment occurs in 

hydrothermal veins at low temperature (up to 400°F/ 

Bi aeyetow | 200°C) hot spring depots, and volcanic fumaoles, and 
2 resinous | itmay occur with stiite (.61) and realgar (0.58), also 

"feu from the alteration of other 

arsenic-bearing minerals. 

When heated, orpiment gives off 
the garlic odor typical of arsenic 
minerals. The luster is resinous on 
freshly broken surfaces but pearly 
fon cleavage surfaces. twas used as 
‘pigment, mainly in ancient times Yellow pigment 
Inthe Middle East. Itwas also used Powered opment was 
later in the West butsoon replaced (Sea235/suupem=s 


due tots toxicity Sidi pant 


‘cystaline opment 3 
subby praratc eyss 
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set) MILLERITE 


Anickel sulfide, milerte commonly occurs as delicate, 
needlelike, opaque golden crystals. It can form free: 
standing, single crystals or occur as tufts, matted groups, 
or radiating sprays. tis also massive and frequently found 
with an iridescent tarnish. Nickel is more abundant in 
Earth’s crust than copper (p.37), but it is generally more 
dispersed. Millerite is an ore of the element nickel, which 
|s sed in corrasion-resistant metal allys, especialy inthe 
Ccopper-nickel coinage that has replaced silver. It was 
named in 1845 after the Engish mineralogist W.H. Miler, 
‘who was the first person to study it 

Milerite normally forms at low temperatures (up to 
400°F/200"C). it's often found in cavities in limestone 
(0.319) oF dolamite (0.320), in carbonate veins and other 
associated rocks, within coal (p.253) deposits, and in 
serpentinite (0.298) itcan occur as a later-formed mineral 
in nickel sulfide deposits and as an alteration product of 
‘ther nickel minerals. Miler is also found in meteorites 
and asa sublimate an Mount Vesuvius, tly, 
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STIBNITE 


The principal ore of antimony, stbnite is antimony 
sulfide. tts nan atin stibium. 
-gray to silvery gray In color, it often develops a 
black, iidescent tarnish on expasure to light. ft normally 
d, prismatic crystals that may be bent 

or tw is are often marked by striations 
parallel ta the prism faces. tipnite typically forms coarse, 
imegular masses or radiating sprays af needieike cry 
but itcan also be granular or massi 

‘Awidespread mineral, stibnite occurs in hydrath 
veins, hot-spring deposits, and replacement deposits that 
form at low temperatures (up to 400°F/200°C). Iris often 
associated wath galena (p.54),cinnabar (p56), realga (058), 
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» PYRITE 


known since antiquity pyres comment ered to 
as oot got Although much ie han go is brassy 
Color and relatively hig density mised many novce 
prospectors is name derved fom te Greek wort py, 
meaning ire” because temit spark when struck by 
ror Its opaque and pale svery yelow when res, 
sznen | ting darter and tamsning wt exposure to oxygen 
ssid Pyrite crystals may be cubic, octahedral, or twelve-sided 
“pyonecra, and are ofenstrted yite can 
also be massive or granular or form ether 
Prtenaiesbaistons. | fattened ck or nodules of 
Liat tt ct radiating, elongate crystals. 
pnt occurs in hyroteral 
vein by segeasion frm 
agra, in contact metamorphic 
rocks, andin sedimentary rocks, yt bente 
such as shale (9.313) and coal | Wil car bite pyre cn 
(6253, where itcan either itor SERS 
repiacefssi, aes 


ctahedral pyrite 


Pytobedra pyrite Acs 
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MARCASITE 


An ron sulfide, marcasite is chemicaly identical 
to pyrite (.62), but unike pyrite ithas an orthomombic 
crystal structure. Marcasite opaque and pale sivery 
yellow when fresh but darkens and tarnishes an 
fimestane main: /” ‘exposure. Ithas a predominantly pyramidal or tabular 
Searshaped maraste | crystal form. is also found in characteristic twinned, 
see poset em curved, sheafike shapes that resemble a cackscomb 
Nodkles with radialy arranged fibers are common, 
Marcasite can also be massive, stalaciic, or reniform. 
‘Marcasite is found near Earth's surface 
st farms fom acc salutons 
percolating downward 
through beds of shale 
(0.313, clay, limestone 
(0.319) oF chak (p20, 
where itoften fils oF ‘r.Decojewety 
replaces fossis. Marcasite Mrcaste asa ponur 


also occurs asmadules Sturt ofthe teal ised 
incoal (p.253). tal yt 
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MOLYBDENITE 


‘A molybdenum sulfide, malybdenite is the mast 
important source of molybdenum, which Is an important 
elernentn high-strength steels. Molyodenite was origivaly 
thought to be lead and its name is derived from the Greek 
word for lead, molybdos. I was recognized as a distinct 
‘mineral by the Swedish chemist Carl Scheele in 1778, 

“Molydeniteis soft, apzque, and bluish gray. forms 
tabular hexagonal crystals, foliated masses, scales, and 
disseminated grains. it can also be massive or scaly, 
‘The platy, flexible, greasy-feeling hexagonal crystals 
‘of molybdenite can be confused with graphite (p46), 
although molybdenite has a much higher specif 
sravity, a more metalic luster, and a slightly bluer tinge, 
Molybdenite occurs in granite (ap-258-59), pegmatite 
(9.260), and hydrothermal veins at high temperature 
(,065°F/575°C or above) with other minerals—fluoite 
(9.109), ferberite(p:145), scheelite(p.146), and topaz 
(0238, tis also found in porphyry ores and in contat 
‘metamorphic deposits, 
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SULFOSALTS 


Sulfosalts are a group of mostly rare minerals that contain two 
or more metals in combination with sulfur (a nonmetal) and 
semimetals such as arsenic and antimony. Sulfosalt minerals have 
a high density, a metallic luster, and are usually brittle, 


COMPOSITION OCCURRENCE 
Sulfosalts have complex crystal Sulfosalts occur in small amounts 
tures, The structures of many in hydrathermal veins formed at low 
salts appear to be based on ‘temperatures (up to 400°F/200°C). They 
fragments of simpler sulfur compounds. are generally associated with the more 


‘Metals commonly found in sufosalts ymman sulfides. A single Swiss deposit 
are lead, siver, thallum, copper, tn, 'sknawn to have yielded up to 30 aifferent 
bismuth, and germanium, sulfosat minerals. 


USES 
Suifosaits are typically found in smal 
amounts but in a few deposits are 
namically important. Sometimes, 
they can constitute minor ores of silver, 
‘mercury, and antimony. 


many ane may v 
manaiacron, Wx Na els the meta 


he mineral einer 


‘sulfosatt deposit 
‘Many sufsat mera are 
‘ound incor england These 
sone bulngs once housed 
‘Seamengine 0 pum wate 
‘tom mine ans 
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VARIANT A, (CUFe) ASS: 


TENNANTITE 


Named in 1819 after the English chemist Smithson 
Tennant, tennantite is a copper iran arsenic sulfid 
ron, zinc, mercury, bismuth, and siver may substitute 
{or up to 15 percent of the copper in tennantite 
Tennantite is gray-black, stee-gray,iron-gray, or black 
in color. forms cubic and tetrahedral crystals. may als 
occur in massive, granular, ana compact forms. 
Massive tennant Tennantite is an end member ofa soi 
Feotenal mest tematte ith the similar mineral tetrahedrit (0.73), The two have 
very similar properties, making it difficult to distinguish 
ae similar and both 
contact and penetration twinning. 
Tennantit is found in hydrathermal and contact 
metamorphic deposits, often asso ith sphalerte 
(©.53, galena (p 54, chalcopyrite (2.57), fuorite (p09), 
and quartz (p168). Deposits are found in 
Freiberg, Saxony, Germany; Lengenbach, Switzerland: 
and Butte, Montana, and Aspen and Central City, 
Colorado, USA 
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nargte crystals 


wb CusAss: 


ENARGITE 


A copper arsenic sulfide, enargite tak: 
from the word enarge, which means "dist 
cleavage. An in 


iaees areference to its 


agray-bh 
even, ite 

turns dull black sure to light and pollutants. 
DB oiack 


Enargite may occur in massive or granular habits. Crystals 
2 metac are usually smal, ether tabular or pr metimes 
pseuddohexagonal or hemimorph tt 
erminations at each enc), and have 
prism faces. Enargite crystals 
tar-shaped multiple ti 
Enargite forms in hydrothermal vein deposits at low 
di 0 1,065°F/575°C) 
replacement depi itis associated with 
50), covelite(p.52), sphale 
5¢), chalcopyrite (0.57), pyrite (p.6 
sulfides. ttalso occurs in the cap rot 
minerals such as anhycrte (p33), 


ceasionally form 
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resistor lead at the same time. You need to hold the 


soldering iron in place for 3-4 seconds in order to heat 


the pad and the lead. 


Step 3: Apply Solder To Joint — Continue holding the 
soldering iron on the copper pad and the lead and touch 
your solder to the joint. IMPORTANT — Don't touch the 
solder directly to the tip of the iron. You want the joint to 
be hot enough to melt the solder when it's touched. If the 


joint is too cold, it will form a bad connection. 


bttps:/www.makerspaces.com/how-to-solder! 1218 
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Fibrous habit 


{ Prorite Peres. 

i JAMESONITE 
ore ‘Named in 1825 afer he Scottish mineralogist Robert 
cee Jameson, jamesonite i led iron antimony sue, 
aeets i isopagie leas gay but can often evel an descent 


tan nite is normally found as needielike 
or fibrous crystals combined together into columnar, 
pie ere: ‘adiating, plumose (featherlike), or fltike masses. 
leet sik curs in hydrothermal veins at low oF 
2 metac ‘mecium temperature (up 40 1,065°F/575°C), wher 
Cchemica-rch fluids have permeated joints and faut lines, 
pg minerals during cooling. In tyrot 
itoften occurs with other lead and antimony sulfide 
and sulfosat mine; 
associated with c 
dolomite (9.177, and rhodo 
‘minor ofe of antimony, which is used as a strengthening 
‘agent in alloys. It's widespread in small amounts, with 
‘200d specimens coming from Frelburg, Saxony, Gefmany, 
kuti, Russia} Trepca, Serbia} Dachang, China; Corrwall, 
gland; and Oruro, Bolivia. 
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PROFILE ob Ag,505: 


STEPHANITE 


Asilver antimony sulfide, stepharite was named in 
nonor of Archduke Victor Stephan, the mining directo 
giver of Austra, in 1845. tis somet bi black 


st: stver ot opaque, on-lack to black col, and 
ts has a metalic lster on fresh faces. Stephanite crystals 
eeatedD ange from short prismatic to tabular and are repeatedly 
Bt wor tice ‘twinned to form pseudohexagonal groups. Stephanite 
: may also accut In ma 
Stems ‘granular habits. 
Stephan s generally 
misma amounts in ete-stage 
nydrothermalsiverv 
associated with native 
(0.43, sulfides, and othe 
suifsalts, such as acanthite 
(0.49) and tetrahedrte (079) istoresver processing 
sound nsufcent quantty The 0 woos on 
siver In Comst terre 
ade, Nevada, USA 
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Dark uby sver 


PROFILE B. AgsS08, 
) PYRARGYRITE 

tea fn important ore of slverpyraayrte takes ts name 
z: fromthe ros, which means fe,” ar 
rhe argent, hich means “slver™an alusion tot sver 
re ont an its tranlucent, dark ed colar. Als known 


Foaieeeee as dark ruby siver, pyrargyrite tums opaque dull gray Wh 
‘never, er ed to light. Therefore, prized specimens are stored in 
Rate the dark. Pyrargyrite is typically massive or granulat. ca 

vi also occur as well-formed prismatic cr 

with chombahedral, scaleno 

flat terminations, different at each 

fend and frequently twinned, 
Pyrargyrite forms in 

hydrothermal veins at relat 

temperature (up to 400"F/200°C) 

with the minerals sphaleite (2.53), 

galena (0.54), tetrahedrite (2.73), oman siver 

Droustite (2.72), and calcite (p.11a). Ths Roman dean 

also forms by the ateration of | ‘ehet 


‘other minerals, ‘ait ing 


2B adamanine 
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BOURNONITE 


Alead copper antimony sulfide, boursnite occurs as 
heavy, dark crystal aggregates and masses, a5 well as, 
interpenetrating cruciform (c wins. When 
‘epeatedly twinned, bournonite has the appearance of 2 
to pee, giving rse ta the informal name cogwt 
ore. Untwinned c ofthis opaque mineral are 
tabular or short prismatic and usualy have smooth and 
Prismatic burnt bright faces. Bournanite was first mentioned asa mineral 
in 1797 bu only In 1805 after the French 
mineralogist 

widely distributed mine noite is found 
inhydrothermal veins at medium temperatures 
(400-1,065°F/200-575°C) and associated with sphalerite 
(@.53), galena (p.54), chalcopyrite (p.57), pyrite (9.62), 
tetrahedrite (p.73), and ather sulfide minerals. 
Particulaty prized specimens of bournanite come fram 
the Harz Mountains of Germany, where a few crystals 
exceed %4in 2.2cn) in diameter. This mineral has 
used as a minar are of antimony (0.4) 
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striated proustite A 


ab, Agass 


PROUSTITE 


As its original name ruby silver ore sug oustite 
oF siver 

aed ight red silver ore. The na 

h chemist Joseph Proust, 


inguis ‘mineral pytargyri 
mical anal ts stra 

briliant crystals are typically prismatic with rhombohedral 
lenohedtral terminations, often resembling 


form of calcite (9-14) n habit. Proustite also 
urs as massive or granular aggregates. The mineral 


ight, 5 


Proustit 


forms inthe secondary zone of silver 
me fram Chattarcillo, Chile, and 


PROFILE 
ws 
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subconchoial te uneven 


Bh srowntobiace 
tocherry ed 


2 merac 


MINERALS | 


73 


A, (CUFe) SDS 


TETRAHEDRITE 


The name tetrahedrite comes from this mineral’s 
characteristic tetrahedral crystals, although italso occurs 
‘as massive, compact, or granular aggregates, Tetrahecrite 
ss opaque, metalic gray, or nearly black, and it someti 
coats or is coated with brassy yellow chalcopyrite (p57). It 
forms a continuous solid-solution series with the similar 
‘mineral tennantite(p 6), In which arsenic replaces 
antimony in the crystal structure. Bismuth 
‘also substitutes for antimony and form: 
bismuthian tetrahedrite or annivite. 
Tetrahedrite is an important ore of 
‘copper and sometimes silver. form: 
in hydrothermal veins at low to 
‘medium temperatures (upto 1055°F 
575°C), often with borne (2.50), galena 
(p50), chalcopyrite, pyrite (p62), copper oe 
barite (9.134), and quartz (o6g). Ths ceruy 
tis also found in o 
‘metamorphic deposits, 


ct 
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OXIDES 


‘The minerals in this group have crystal structures in which metals or 
semimetals occupy spaces between oxygen atoms. The properties of 
oxides vary: the metallic ores and gemstone varieties tend to be hard 


and have a high specific gravity. 


COMPOSITION 
‘can be either simple or muttip 
Simple oxi as cuprite (Cu 

contain only one metal ar semimetal 
and oxygen. Multiple oxides have two 
cifferent metal sites, both of which may 
be occupied by several different met 
or semimetals. The minerals in the 
ine! (MgAL,O.) 
cof multiple oxides, 


Spine crystal structure 


cassitrte crystals 


fewer may 


‘queensland 


oxi 


cxystalizing 
In pegmatit omposiion 
products of sulfide minerals. Mi 

eathering and are found concentrated 


als are Important 
ores af chromium, uranium, tantalum, 
in, cerium, tungsten, manganese, 

taniurn. other axides, such 
as quartz and corundum, are important 
gemstone minerals 


chrome bumper 
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1D vireoue 


VARIANTS. A120 


4 ICE 


Although largely absent at 
is probably the most abundant mineral expased on 
Earth's surface. Liquid water isnot classified as a mineral 


use it has no crystalline farm. As snow, ice forms 
ystals that seldom exceed isin (7mm) in length, although 
Z ‘as massive aggregates in glaciers, individual crystals may 
up to 17%in (acm) long. Other forms of ice include 
Frost cryztaline ein branching, treelike frost, skeletal, hopper-shaped, 
sft frm prismike frast, and hailstones and icicles made up of 


ary randomiy oriented crystals. 
Ice crystals re generally colorless, but the common 
white color of ice isdue to gaseous inclusions of air that 
ject pt. Thee area east nine poymorohs—aeren 
ystaline forms—of ing under dis 
pressure and temperature coal 

stsat Ert’s surface. The hardness 
al structure, put, endtemperture. At temperatures 
vader Ash found inthe arctic and high-slpine 

tan erode she wher nc 
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Black anatage schist 


Cctaneal esta =) 


formed meses pam! 


Pare, 
ANATASE 


Formerly known as octahedrite, anatase is 
ppolymorp of titanium dioxide. 
the Greek word anatasis, which means “extension’—a 
reference tothe elongate octahedral crystals that are the 
rast common habit of anatase, Anatase crystals can also 
bbe tabular and, rarely, prismatic. Hard and briliant, the 
crystals can be brown, yellaw, indigo-blue, green, gray, 
lac, or black in coor. 

Anatase forms in veins and crevices in metamorphic 
racks, such as schists (pp.291-92) and gneisses (0.288), 
and is derived from the leaching of surrounding racks by 
hhydrathermal solutions. Anatase also forms in pegrnatites 
(0-260), often in association with the minerals brookite 
(77, iimenite (2.90, fluorite (p109, and aegiine(p.209). 
'tis found in sediments and is sometimes concentrated in 
placer deposits. Much anatase is formed by the weathering 
of titanite (p-234), Weathered anatase becomes rutile 
(078) Although rutile replaces anatase, it retains the 
anatase crystal shape 
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Pato, 
BROOKITE 


‘Named in 1825 after British crystalographer H.. Brooke, 
bbrookite ike anatase (0.76) and rutile (p-78), is composed 
of titanium dioxide. However, unlike anatase and rutile, 
bbrookite exhibits ortharhambic symmetry. Usually brown 
‘and metalic, brookite may also be red, yellow-brawn, of 
black. Crystals can be tabular or, ess commonly, pyramidal 
or pseudohexagonal. They may be thin ar thick and up 
0 2in (Sem) long iron is almost always present in this 
rminerai’s structure to a small degree, and brookite 
containing niobium is also known. 

Brookite occurs in hydrothermal veins, in some 
‘contact metamorphic racks, and as a detrital mineral in 
sedimentary deposits. Being relatively dense, itis cmon 
in areas with natural concentrations of heavy minerals, 
such as the dlamond placer deposits of Brazil. generally 
‘occurs with other minerals, including rutile, anatase, and 
alte (0-777). Brookite is widespread in mineral veins in the 
‘ps. inthe Fronolen leclty in northern Wales, UK, it forms 
crystals an crevice wals in ciabase rock 


Dipyramisl crystal 
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Step 4: Snip The Leads — Remove the soldering iron 
and let the solder cool down naturally. Don’t blow on the 
solder as this will cause a bad joint. Once cool, you can 


snip the extra wire from leads. 


A proper solder joint is smooth, shiny and looks like a 
volcano or cone shape. You want just enough solder to 
cover the entire joint but not too much so it becomes a 


ball or spills to a nearby lead or joint. 


How To Solder Wires 


bttps:/www.makerspaces.comihow-to-solder! 19/18 
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Pato: 
RUTILE 


{A form of titanium oxide, rutile takes is narne from 
the Latin nti ns “ted” or “lowing” often 
appears as pale golden, needielke crystals inside quartz 
(9.168), When not enclosed in quart, it's usually yelowish 
‘brown, dark brawn, or black. Crystals are 
‘generally prismatic but can alsa be slender and needle, 
“Multiple twinningis common and is ether knee-shaped, 
et-oflaticaike, or radiating, forming wheel-ike twins. 
Rutile may also racate in starlike 
sprays from hematite crystals. 
nen Rutile often occurs as a minor 
stituent of granites (pp. 258-59, 
gneisses (p.288}, and schists 
(9.299, and also in hydrothermal 
veins and in some clastic 
sediments. Itcommionly forms quart rutie cabochon 
microscopic, onented inclusions Seer nie crystal are 
in other minerals, producing an 
asterism effe 
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Paso 
CASSITERITE 


The tin oxide cassiterite takes its name from the Greek 
\word fo tin, assiteros. Also called tinstone, tis the only 
Important ore of tn. Colarless when pure, it commonly 
appears brown or black due to iron impurities. Rarely itis 
gray or white ts erystals are usually healy striated prisms 
‘and pyramias, Twinned crystals ae quite common. It can 
‘also be massive, occurring as a botryoidal, fibrous variety 
Variamotite casstente A | (yao tin) ar as Water-worn pebbles (steam ti. 

ae Cassitenite forms in association with, 

igneous rocks in hydrothermal veins 

athigh temperature (1,065°F/575°C 

fr above, with tungsten minerais 

such as ferberite(p.145), and 

with topaz (0.234), molyodenite 

(9.68), and tourmaline (9.224), 

Durable and relatively dense, it ailant gemstone 
becomes concentrated in placer 

deposits after erosion from its 
primary rocks. 
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regal Pyrolusite isthe primary ore of: 
ue manganese. Specimens ae typical i 
aes black in color Pyle usualy occurs am 
cating, 


Uneven te, sinery 
FI iackornusn ice 
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egates. also forms| 
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ans, and coatings 


crystals are rar; 


dal mas 
owdery or branching 


Pyrolusite forms u 
nat duct af manganese minerals, s 
found in 
dasa d 


they are 


found at Hori 


c, and at Bathurst, New Brunswick 
ed extensively in Russia, indi, 
sed as a deco 


Pyrolusite 
tin glass, as a coloring agent in bricks, and ind 
tteries. Its also used in the manufacture of st 
Itwater his used to 


2 ships’ 


tant manganese-brona 


MINERALS | OXIDES #1 


a 


rtarnomble 
u 

ar 

WA veto: 


Bh coiarees 


1 vireoue 


[vanes [Ea ceai.0. 


r CHRYSOBERYL 


A beryllium aluminum oxide, cirysobery| share and 
durable. tis inferior in harness ony to corundum (25) 
and damon (p47. Chrysobery|s typical yellow, green, 
fr brown in coor. forms tabular ar short prismatic crystals 

Sos alxndite mio | and heart shaped or pseucohexagonaltwinnes erste 

amet aeere¥ES¥38 | lexanaite, one of ts gemstone varies, one ofthe 
rarest and most expensive gms. Another variety, 

1, salso przedas a gemstone. contains paral 
rystals of other minerals 

that elect ight across the 
surface ofa polshed gemstone— 
aneffect known as chatoyancy. 

Cihrysobery occurs in some 
sranite pegmatites (0.260, 
gneisses (9.288), mica schists 
and marbies (9300) Crystals colorenange 

Yotow gemstones that weather out ofthe parent Asians ens cer 

ocmotmyinpemes, | rockare often found in steams eneataies 

manent and gravel beds. = 
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COLUMBITE-TANTALITE 


Columbite forms the coltan series—a nearly complete 
inthe mineral tantalte, Minerals 

bite end ofthis series are nlobiumt-rich, and 
tantalite end are tantalum-rich. T 
similar crystal structures, b 


vtrotantalte ok tantalte is 
fthecotaneareemrera’ | aton 

of the min 

depending on the content of iran or manganese. 


Ferrocolumbite isthe mast common mineral ofthe 
coltan group. Scandium and tungsten may also be 
present as minor consti 


Coltan minerals are bro 


n or black in color and are 
often iridescent. 1 massive or form tabula 
or short, pis are the mast abundant 
and widespread of the niobates and tantalates, and 

are the mast important ores of nioblum and tantalum 

Coltan minerals mainly accur in granite pegmat 
-acks (p.260) and in detrital deposits, 


abe crystals. T 


J) ProFite 


B 
se 
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A srownis ack 
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Sotryoidaluraninte 


J Avo. 
URANINITE 


Discovered by the German chemist Mi klserot in 
179, urennte fs a major ore of urenium. The pioneering 

i on radioactivity by Pere and Mare Curie was based 
on uranium extractea from uraninite ore. is black tc 
brovmish Black, dark ray, or greenish, Itcommanly our 
in massive or botryoial forms, orn banded or granular 
habits, and ess commonly as opaqu 
cubic crystals 

Usaninte crystals occurin grat 
pegmatite (p 260), Uraninte forms 
with casstete (2.79) and arsenopyrite 
i nyerothermal sulfide vin at high 
peratures (1065°F/S75°C or above 
abo forms at mecium temperatures 
(ao0-4065°F200-575°C) as nchblende 
also occurs as small grains in. Uranium pelts 
sandstones and conglomerates, erates 
may have Seas 
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SAMARSKITE 


Named in 1847 after Vasil Yetrafovich von Sarmarski 
Bykhovets of Russia, samarskite is @ complex oxide of 
yttrium, iron, tantalum, niobium, and uranium. Two types 
of samarskite are recagrized—samarskite-() or yttrium 
ssamarskite; and samarskite-b) ar ytterbium samarskite, 
The mineral is usually black and opaque but transtuceat in 
thin fragments. Crystals are stubby, apaque, and prismatic 
gular crass section—although samarskite is 
‘commonly fund inthe ras 
n due to surface alteration. Specimen: 

high uranium content have a yellow-brown, earthy ind 
Samarskite samples are Usually radioactive. 

SSamarskite is usually found in rare, earth-bearing 
granitic peematites(p.260) It forms in similar cantons 

minerals are closely 

also associated with monazte 
inerals, Yttrium from 
n used in cathade-ray television 
optical glass, and special ceramics. 
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PYROCHLORE 


lex niobium sodiurn calcium os 
from the Greek pyr and chiloros, 
fire® and “green” respectively—a reference to some 
that turn green after heating, Pyrachiare is 

red, br vst 


orange, bi 


quently twinned of accur as eth 
ive aggregates. Pyrochlore often contains traces 
of uranium and thorium, and it may be radioactive. in 

ce, is internal structure may 


Pyrachlare forms in pegmatite rac 


often accurring 
id zircon ( 


et apatite (0.148), 
also accumulates in some detrital de 
‘a major alloying element In nickel-based 
has be: alone with zirconium in 
Claddings for nuciear-reactor cores. 


eit 


Microtte crystals 
Thisspecinen ol 
place ofthe nictium ypicaby 
foun pyro 
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{[Prorue ff &. tvacate.o.0.01,7 
B MICROLITE 
cue Named In 1835, microlite takes it name from the Greek 
Md ssn | word micros, which means “srnall—a reference to the 
es small sizeof the crystals found in the locality where 
Md dst test the mineral was fst discovered. Mirae can, i fac 
sconchotaltounewn | form excellent octahedral crystals, which can be up © 
Tf veionish to brownish 4uin (Lom) on an edge. tt also occurs as iregular grains. 
Z resroustovirens | Specimens can be yellow, brown, black, green, or 


reddish, Microlite is related to pyrochlore (o.85), and 
booth minerals are dominated by rare-earth elements: 
‘microlte by tantalum and pyrochlore by niobium 

‘Microliteis found in pegmatites(p 260), especialy those 

In lepidolte (9.198) or other ithium-bearing minerals, 

‘and in alte (0-177. Itis amajor ore of tantalum, which is 
especially useful in high-capacitance electronic devices, 
particularly those used in miniaturized circuitry. Micralite 
is also used in corrosion-resistant chemical equipment 
Excellent crystals are found at Don, New Mexico, USA, 
shingus, Gilg, Pakistan, Mattawe, Ontario, Canada and at 
rnurnerous locales in Braz 
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TH srowrisnred. string | freshly broken but turns toa dull metalic gray color 


cometimes 
olor 


2 saamantine submetatic 
its distinctiv 


VARIANT cor plush copper ore, the cry 
fh carmine colar, forous, 
apilary, and are 
appearance. They are found 
step at 
chaotic i ed incor and atten contains Rab tospa cute 
ibe yeeeetee intermixed hematite (291) 


goethite (.102) 


an7ro18 How To Solder: A Complete Beginners Guide - Makerspaces.com 


Begin by removing the insulation from the ends of both 


wires you are soldering together. If the wire is stranded, 


twist the strands together with your fingers. 


Make sure your soldering iron is fully heated and touch 
the tip to the end of one of the wires. Hold it on the wire 


for 3-4 seconds. 


Keep the iron in place and touch the solder to the wire 
until it's fully coated. Repeat this process on the other 


wire. 


bttps:/mw.makerspaces.com/haw-to-solder! santa 
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Red oxide of zinc is another nam 


a aminoroe of ane, nt occ 

Bi orange yoaw Or granular masses. Natural crys 
fat at th 

VARIANT yee 


is found mainly as an accessory mineral in 
its and is commanly associated with black 
ite calite. tt may also 
tals are found only in 
secondary veins or frac incite forms by the 
pemical alteatio of zine deposts, 
‘Sore so-called natural zincite crystals in the collectors 
marl act, large crystals that have 
the chimneys of smelters. Natural crystals are rarely 
fluorescent; artificial crystals may range from fluorescent 
green to fluorescent yellow. The classic lacality for fine 
rystals is Franklin, New Jersey, USA. isso 
at Varmiand and Nordmark, Sweden. 
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PEROVSKITE 


A calcium titanium oxide, peravskte wes named after 
the Russian mineralogist Count Lev Alekseevich Perovski 
in 1839. The composition of perovskite varies considerably: 
riobium can substitute for up to 44.9 percent titanium 
by weight, and cerium and sodium can substitute for 
calcium. When specimens are black, they have a metalic 
luster; when brown or yellow, they appear adamantin. 
Although perovskite is an artharhombic rineral, its 
crystals are usually pseudocubic. Perovskite crystals 
ccan be pseudooctanedtral in varieties where niobium 

or cerium has replaced a large amount of titanium, 

The crystals tend to be deeply striated and are 
frequently twinned, 

Perovskite occurs in igneous rocks that are rich 
iniron and magnesium. it also occurs in contact 
‘metamorphic rocks associated with magnesium- and 
lron-rich intrusive igneaus rocks and in some chiorite 
and tale schists. it is also found in carbonaceous 
chondrite meteorites (9.337) 
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ILMENITE 


Named after the imenski Mountains near Miass, 
Russia, where it was discovered, ilmenite is a major 
source of titanium. Usualy thick and tabula, its 
tals sometimes occur as thn lamellae fine plats) or 
‘hombohedra.merite can aso be massive, or accu as 
attered grains. intergrowths wth hematite (p21) or 
ears | magnetite (p92) are common, and limenite can be 
Tabularcystaisin, | mistaken for these minerals because of is opaque, 
‘a imente sts | metalic, ray-biack color Unike magnetit, however, 
. imenite s nonmagnetic or very weakly magnetic, and 
ican be distinguished fram hematite by ts black streak 
itmay weather toa dul brown color 
lmenite is widely distributed as an accessory mineral 
in igneous racks, such as crite (p.264) and gabbra 
(6.265). tis a frequent accessory in kimberiite ri 
(0.269, associated with damond (p47). ts also found n 
veins, pegmatite rocks (0.260), and black beach sands 
associated with magnetite, rutile (0:7) zircon (P.233, 
and other heavy minerals, 
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HEMATITE 


Dense and hard, hematite isthe mast im 
tre of ron (2.9) because of its high iron content and 
its abundance. The mineral occurs in various habits: 
stee!-gray crystals and coarse-grained varieties with a 
biliant metalic luster are known as specular hematite; 
hin, scaly forms make up micaceous hematite; and 
crystals in petal-tike arrangements are called ron roses, 
Hematite also accurs as short, black, chambahedral 
crystals and may have an iridescent tarnish. The sof 
fine-grained, and earthy form of hematite 


is used as a pigment = 
Important hematite its 4 ‘ 

occur in secimentary bed 

in metamorphosed seciment, A 

cempact variety known 2s = 

orehas akicneyshaped surfece, ov etechon 

rouge us ne eo 


and jewelry pen sca 
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Magnetite crystals Ac 


Area. 
MAGNETITE 


‘An iron oxide, magnetite Is named after the Gr 
shepherd boy Magnes, who ne 
fis staff and the n 
bearing rock. All magneti 
magne, but some magnetite is itself naturally magne 
and attracts iron flings and deflects cor 
Magnetite usualy forms octahedral crystals, although it 
netimes occurs as highly 
specimens can also be massive o 
disseminated grains a centrations in black sand. 
M he p91), but 


ek 
thatthe iron ferrule 


issimiar in. 
nematite is non 
Magnetite occu 


It forms at high temperatur 
an accessory mineral in metamorphic and ig 
A front 


and in sulfide veins. A majo y 
forms large ore bodies. Economically important deposits 
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FERGUSONITE 


Named after the Scottish mineraiogist 
(1767-1840), the fergusonite group contains several 
‘minerals, al ergusonites may be considered as sou 
of the rare metals they contain. The mast camman is 
fefgusonite-(¥), whichis rch in yttrium. Is crystals are 
prismatic to pyramidal in shape and black to brownish 
black, Fergusonite-Ce) is cerium-rieh, dark red to black 
in color, and forms prismatic dipyramial crystals— 
although these are rare, Fergusonite-(Nd}, a neodymium 
bearing fergusonite, is usually granular. Another member 
of the fergusonites, formanite-Y), is found as tabular 
ystals and anhedral pebbles. Yet ther fergusorites, 
‘mast of which appear in minor quantities, bear the 
prefix “beta” 

FFergusonites can also have varying amounts of erbium, 
lanthanum, niobium, dysprosium, uranium, thorium, 
2iconiumn, and tungsten, They can be found in granitic 
pegmatites (p.260) associated with ather rare-earth 
‘minerals and in placer depo: 


Ferguson 
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ROMANECHITE 


‘hard, black, barium manganese oxide, ramanéchite 
is named forts ocurtence at Romanéche-"h 
France Ris one of the manganese oudes that were 
ety groupe together under the name pslomelane, 
which has Been applied to several dsinct mineral. 
soxylromuéeme | although te name pslomelane fo longer use to 
moneda refer toa particular mineral, it continues to be used as 
henson nce for a group of barium-bearing 
manganese xis. Romanécite specimens are usualy 
Sne-praned or forous. Crystals are rae, when foun 
hey are prismatic 
omanécit forms as an aeration produc foe 
manganese minerals andi an oe of manganese. The 
mineral als forms in bogs, lates, and shallow seas, 
Attough romaneehite is named ater a French ocaty, 
3 fst dented at Schnaebere. Saxony, Germany 
important deposits ofromanechite area ek 
Inca; ibaa, Australia, Comal, England and Hidalgo 
County, New Mexico, USA 
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after dlamond, corundum she hardest mineral on 
Earth. The name corundum comes from the Sanskrit 
kuruvinda, meaning “ruby"—the name given to red 
corundum. Ruby andl sapphire are gem varies of 
corundum. an aluminum cxde, corundum commonly 
wh, ay or row, but gam colors Include re ruby are 
blue, geen, yelow,orange, vile, and pk saphie 
Colores forms also acer Ruby forms a canto colar 
Phat ie succession with pink sapphire; only stones ofthe darker 
eres hues ae considered tobe ruby 
Corundum crystals are generay 

hexagonal ether tabulr, tapering 

barel-shaped, of cpyramidal 
coon Corundum can also be massive 


ruby n matrix 


bean lr granular. tforms in syenites 

pyar (0.262), certain pegmatites (0260), amique aby ring 

oyna and in high-grade metamorphic | hising axaaecit 
commen fy rasteor st t 


rocks, tis concentrated in Chet 
placer deposits use set 
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SPINEL 


Spinel is the name of bath an individual mineral and 


ofa group of metal-oxide minerals that share the same 
crystal structure. Minerals inthis group include gannite 
(0.97) franlinte, and chromite (299), Spinel is found as 
5), hard octahedra, or as gains or masses. although 
familar as abu, purple, red, or pink gemstone, spinel also 
‘occurs in other colors. Red spinel is called ruby spinel; its 
blood-red color is due tothe presence of chromium. 
‘Aminor constituent of perottes 
(0.266, kimberites (0.269, basalts 
(0.273, and other igneous rocks, 
spin! also forms in aluminum 
rich schists (pp-291-92) and 
‘metamorphosed limestones. 
Water-warn crystals come fom 
stream deposits. The earliest 
Black spinel nates known spinel dates back to 
gezacenetpacks3re | apace and was discovered near 
na Kabul, Afghanistan. 


Spinel aggregate 
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GAHNITE 


Azinc aluminum oxide, gahnite is a member of the 

spinel graup and frequently forms the simple octahedral 

Or crystals typical of the group. Crystals usually 

WA natin ‘200d external form, They may be striated on faces and 

‘concnodtal regular leavage surfaces. Usually dark green or blue to black 

Bh crayse in color, they can reach up to 4Ysin (12cm) on an 

2 vireous Crystals can sometimes be gray, yellow, ar brown in 
or. Gahnite also occurs as irregular grains and 

and in some lithium pegmatites (p.260) as 

‘ar nodules. 

Gehnite was named in 1807 after the Swedish chemist 
and mineralogist John Gottieb Gah, ts found in 
line schists (pp.21-92) and gneisses (p.288), 
in granites (np.258-58) and granitic pegmatite, and in 

intact metamorphosed limestones. it sometimes forms 
from the je metamorphism of bauxite (p101) and 

tals occur at 
Salida and Cotopaxi, Colorado, USA; at Falun, Sweden, 
and at Minas Geral 


an7ro18 How To Solder: A Complete Beginners Guide - Makerspaces.com 


Hold the two tinned wires on top of each other and touch 
the soldering iron to both wires. This process should melt 


the solder and coat both wires evenly. 


Remove the soldering iron and wait a few seconds to let 
the soldered connection cool and harden. Use heat 


shrink to cover the connection. 


Desoldering 


The good thing about using solder is the fact that it can 


be removed easily in a technique known as desoldering. 


btps:/wwu.makerspaces.com/haw-to-solder! 18/18 
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HAUSMANNITE 


Named in 1827 after Johann Friedrich Ludwig Ha 
man professor of mineralogy, hausmannite is 
own or black and is usually granular or massiv 
ell-formed crystals are uncamman yet distinctive 
They are pseudooctahedal in shape but often have 
additional faces. small amounts of fran and zine may 
substitute for manganese in the hausmanni 
Hausmannite forms in 


nann, 


ructure, 


rothermal vein, 
se-rich rocks have been 
itis often found associated with other 
‘manganese oxides, such as ayroluste (p80), ramanéchite 
(294) and the manga ‘mineral bixbyite, Super 
crystals, up to Tin (4c long, come fram Brazl, South 
Arica, and Germany. 

Heuismannite isan ore af manganese, which is added 
0 aluminum and magnesium alloys to improve corrosion 

Manganese oxides are important in the 

ure of steel, where they absorb the sulfur in ior 
impart 


ialso 


manuf 


[ pronue 


wo» 
One 

WA wove 
Uneven 
F brown 
2. metatc 


varia 


Mazave chromite 


MINERALS | OXIDES 99 


er ro Nodular chromite 


Barco. 
CHROMITE 


‘A member of the spine! mineral group, chromite is an 
iron chramiurn oxide and the most important ore of 
Chromium. Crystals are uncommon, but when found they 
are octahedral. Chromite is usually massive or in the form 
offenses and tabular bodies, or t may be disseminated as 
granules. tis sometimes found asa crystalline inclusion in 
diamond. Chramite is dark brown to black in color and 
‘can contain some magnesium and aluminum, 
Chromite is most commonly found as an accessory 
alin iron- and magnesiurn-rich igneous racks or 
concentrated in sediments derived from them, t acct 
a layers in a few igneous rocks that are especialy rch in 
ron and magnesium. Almost pure chromite is fauna 
in similar layers in sedimentary rocks. The layers are 
preserved when the sedimentary rocks metamorphose 
to form serpentinite (9-298) Referred to as chromittes, 
these rocks are the most important ores of chromium. 
‘The weathering of chromite ore bodies can also lead to 
entration in placer depos 


mi 
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HYDROXIDES 


Hydroxides form when metallic elements combine with a hydroxyl 
radical. They are found predominantly as weathering products of other 
minerals. Hydroxide minerals are usually less dense and softer than 
oxide minerals. Many hydroxides are important ore minerals. 


COMPOSITION OCCURRENCE AND USES 
Nearly all hydroxides form at low Hydroxide minerals are found in most 
temperatures (up to 400°F/200°C), wher here water has altered 

water reacts with an oxide. They contain ides are al 
he hydroxy! radical, which isa single They are often 
chemical unit made up of one atom of aluminum 
hnydragen and ane atom of axyger 


stitute bauxite, the ore of 
n. Goethite, an iron hydroxide, 
isan ore of ian. 


Crystal structure of daspore 
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BAUXITE 


Although bauxite is nota mineral, itis one ofthe most 
Important ores because tthe Sole source of aluminum. 
The product of weathering of aluminumch rocks, 
contains severlconsttuent minerals. Bau is varchly 
creamy yellow, orang, pin, or red because ofthe 
presence of quartz (0.168) clays, and hematite 
(p97) and other iran axides in 
addition to several hydrated 
aluminum axes. 

aut forms as extensive, 
shallow deposits in humid 
tropical environments. tmay 
be nocuar,psoltic, or earthy 
Deposits are soft, easily crushed, 
and textureless or hard, dense, 
and pealke. Bauxite may aso be vrai summa 
porous but srongandstatiied, Ayre ren 
oritmayretain the form ofits SES 
parent rock tind boca 
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GOETHITE 


‘Named after the German mineralogist Johann 
Wolfgang von Goethe in 1808, goethite is a common 
nineral. it can be brownish yellow, reddish brown, 0 
riamaticergtaesraea | dark-brown in color, depending on the size of the crystal in 
serait the specimen—smal crystals anpear lighter, and larger 
Cones darker. Itcan occur as opaque black, prismatic 

vertically strated crystals, velvety, radiating fbrous 
aggregates; flattened tablets or scales, and reniform or 
botryoidal masses. Goethite can also occur in stalacttic 
Cormassive forms and in tufts and drusy coatings. 

Goethite isan iron oxide hydroxide, although 
manganese Can s ntof the 
ron. Itforms as @ weathering product inthe oxidation 

188 of veins ofiron minerals, such as pyrite (p.62 
Sone ‘magnetite (p92), and siderite (9.129, Goethite may occur 
rotnte with these minerals in the gossan, or iron hat, which is 
ou sn the weathered capping ofan iran ore deposit also 
eee occurs in a form cal ron ore, which can be 

: produced by living organisms 


MINERALS | HYDROXIDES 103 


Prismatic manganite 


PROFILE Teaecrentehemsct 


uneven 
TA rece town ta lack 
2. submetaie 


Pe) 
MANGANITE 


‘A widespread and important ore of manger 
nanganite Is hydrated manganese oxide. The mineral 
had been described by a number of different names 
since 1772, but was finally given its current name, which 
nanganese campanent, in 1827. Opaque 
caystals of manganite are 


mostly aseudaortharhombic prisms, typically with flat or 
blunt terminations, and are often grouped In bundles and 
striated lengthwise. Multiple twinning is common, 


Manganite can also be massive o} 
hard to distinguish by eye from ot 
such as pyrolusite( 

‘An important ore of manganese, manganite occur 
nydrothermal deposits formed at low temperature (uy 
400°F/200°C) with calcite (p.14, siderite (.123), and barite 
(0134), an in replacement deposits with goethite (p02) 
Manganite also occurs in hot-spring manganese deposits. 
alters to pyrolusite and may form by the alteration of 
other manganese minerals, 


granular; itis then 
‘manganese oxides, 
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| DIASPORE 

Srrenenbl Diaspore takes its name from the Greek word 

re dlaspors, which means “scatterings reference 0 
mee the way daspore crackles and deprectos under gh 


heat. Its crystals are thin and platy, elongated, tabular, 
prismatic, or needlelke and are often twinned. Diaspore 
can be massive or can accur as disseminated grains. It 
‘may be colarless, white, grayish white, greenish gray, 
me 


WA erie, mparect 
conch rit 
B white 


2 Vireous ight brown, yellowish, llc, ar pink in colar, The s 


specimen can appear to have different colors when 
viewed fram alferent directions, 


Diaspore forms in metamorphic 
rocks, such as schists (2.292) 

and marbles (p.30), where 

itis often associated with 

‘orundum (9.9), spinel 

(9.98), and manganite (p.109. Faceted gom 
ils widespread in bauxite Zula, whic 


(0.101), laterite (p.326), and 
luminous clays 
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BRUCITE 


‘Named after the American mineralogist Archibald 
Bruce in 1824, brucite is magnesium hydroxide. Usually 
white, can be pale green, gray, or blue. Manganese may 
substitute to some degree for magnesium, producing 


tt yellow to red coloration. ts crystals can be tabular a form 
Coeds ie aggregates of plates. They tend to be soft, and range from 
Jhuureomtals nist | ayy to glassy in appearance. Fine large crystals have 


been collected from nemalite, a variety of brucite that 
occurs in bres and lathis. Brucite may also occur in 
‘massive, foliated, fibrous, or 


‘more rarely, granular habits 
Bucite is found in metamorphic 

rocks, such as schist (292), and 

In low-temperature hysrothermal 

veins (up to 400"F/200°C) in 

‘marbles (p.301) and chlorite ating 

schists. tis used as a primary Becas ofits ih meting 


pei, bruce usd oie 
source of medical magnesia and Fi truce us! ine, 


retardant teing used ere 


Nemalite a rcusariey 
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HALIDES 


Minerals in this group consist of metals combined 


one 


of the four common halogen elements: fluorine, chlorine, 
iodine, or bromine. Halides tend to be soft and many crystallize 


in the cubic system. 


COMPOSITION 
mposttionally an 


mineral: simple halides, halide cornplexes, 
and axyhydroxy-haldes. Simple halides 
‘a metal combines with 
halogen. Halite an 


halides. n halide 
Usually bound 
‘molecule that 


behaw 
turn bound to a metal, For exam 
in cryolite, fuorne and aluminum 

nd to sodium. Oxyhyaraxy-hali 
are very rare. Atacamite isan example 
of these halides. 
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Fluorite crystals 


OCCURRENCE 
‘Many halides occur in eve 
Others accur in hydrothermal 


en hal 
on the oxidation products of 
other minerals, 


USES 
Halides are important industrial minerals, 
Halite or table salt, isthe classic exam 
ther halides are us In 

lass making and metal refining, and as 


as fertl 
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CARNALLITE 


First discovered in Germany, carnallite was named. 
after Rudolph von Carnal, a Prussian mining engi 
1856. Its usually 

edidish or yellawist 


nite or colorless but may appear 


conchae 
F wie massive to granular in habit. Cryst 
2 oemy they absorb water from the 
When found, crystals ar thick and tabular, 

sudohexaganal, or pyramidal 

Carnalite form: 


layers of marin 


fe itoccurs with 
magnesium 
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also known as desoldering braid. 


\sering g 


RoHS 


Step 1 — Place a piece of the desoldering braid on top of 


the joint/solder you want removed. 


Step 2 — Heat your soldering iron and touch the tip to the 
top of the braid. This will heat the solder below which will 
then be absorbed into the desoldering braid. You can 
now remove the braid to see the solder has been 
extracted and removed. Be careful touching the braid 


when you are heating it because it will get hot. 


bttps:/www.makerspaces.comihow-to-solder! 18118 
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CRYOLITE 


Few people have heard of cryolite, but it's one of 
the most important minerals of aur age. aircraft could 
not fly without it, and modern engineering of all kinds 
Would be stunted in its absence, synthetic cryalite isan 
‘essential ingredient in aluminum production. The mineral 
takes its name from the Greek terms kryos and lithas, 
Which mean “ice” and “stone’—an allusian to i 
translucent, icelike appearance. Cryolite is usually 
Colorless or white. Rarely can be brown, yellow, redlish 
‘brawn, or black. Itoccurs commonly as coarse, granular, 
‘or massive agavegates and rarely as pseudacubic crystals. 
Cryolte forms main in 
certain granites (pp.258-59) 
‘and granitic pegmatites (p.260). 
The largest deposit of 
at Wigtut, Greenland, is Cyt in aviation 
exhausted. Lesseramounts Stet sed 
are found in Spain, Russia, een ee 


indent i 
and the USA, raven 
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FLUORITE 


An important industrial mineral, fc 
known as fluorspar. The name fluorite 
Latin word fluere, which means "to flow 


2 used to he 
omes from the 
"—a reference 


Pink octahedron to its use in iron smelting to improve the fluidity of slags 
raedrale o ote and the refining af metals, Fluorite commonly accurs as 
aoe vibrant, well-formed crystals. A single crystal may has 
zones of different colors that falow the contour of the 
| cist aces rune eras re widely ound cues, 
& while fluorite octanedra—which 
%> are often ty 
Yellow fuorte ru ot comman. The mineral can 


uote ce ‘massive, granular, of compac 
Fluorite occurs in hydrothermal 
deposits and as an accessory 
mineral in intermediate intrusive and 
cks. Ibisused in the ale John 


‘manufacture ofhigh-octane fuels ves of bande sue 
and steel and in the production Wht ysow tur 


cof hydrofluoric aci. 
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HALITE 


Culinary rock salt is actually halite. ts name is derived 
fom the Greek word hals, which means “salt” Most halite 
is colorless, white, gray, orange, or brown, butit can also 
be bright blue or purple. The orange color cames from 
inclusions of hematite (p.97), while the blue and purple 
Colors indicate defects inthe crystal 
structure, Hate is cammaniy found in 
‘massive and bedded aggregates as 
ack salt. It also occurs in coarse, 
crystalline masses or in granular 
and compact forms. 

Halite crystals are usually 
cubic. Sometimes, halite may 


‘cubic halite inna cutie 


form “hopper” crystals—in which 
the outer edges ofthe cube face 
| have grown mare repidy than Table salt 
Be nate their centers, leaving cavernous Mined soe ancien tie 


faces. it's widespread in saline 


abi sath 
} evaporite deposits. 
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SYLVITE 


Millions of tons of sylvite are mined anrwally for the 
‘manufacture of potassium compounds, suchas potash 
fertlizes. Sylite is aso used to manufacture metalic 
potassium, The mineral was firs dlscovered in 1823 on 
Mount Vesuvius, aly, whee ft occurs as encrustations 
on lava. The name syvte comes from ts Latin mecicinal 
name, sai digestivus Sylvil, which means “digestive salt,” 
and itis also known as syvne. Usually cooress to white or 
srayish, syite can be tinges 
‘ue, yelow, purple, or red, Syvte 
crystals are cubic, octahedral, 
or both tcommonly occurs as 
crusts ands columnar, gran, 
or massive agregates. 

Syvt is found in thick beds 
ether mixed or interbeded with —syiteferti 
‘halite (p.110), gypsum (p.136), and Crushes potash, as seen 
ater evaporite minerals, athough mst fear 
its rarer than halite wines 
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CALOMEL 


‘A mercury chloride, calomel takes its name from two 
Greek words: dmorf, which means "oeautifu," and mei, 
which means “honey'—an allusion to its sweet taste, 
although itis, n fact, toxic, Calomel is also referred to as 
horn quicksilver and horn mercury. Specimens are soft, 
heavy, and plastilike, with crystals that are pyrarmidal 
tabular, or prismatic, often with complex twinning, Calomel 
found as crusts and can be massive and earthy 
sces brick red. 
| calomel occurs as a secondary mineral inthe oxidized 
zones of mercury-bearing deposits, together with native 
‘mercury, cinnabar (0.56), goethite (9.102), and calcite (p11. 
it was used asa laxative and a disinfectant as well as in 
the treatment of syphilis from the téth century until th 
early 20th century, when the toxic effect of its mercury 
component was discovered. Calome'’s use as a teething 


widespread poisoning. tis stil used as an ore of mercury 
and in insecticides and fungicide 


CARBONATES 
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‘There are approximately 80 known carbonate minerals. Most of them 
are rare, but the common carbonates calcite and dolomite are major 
rock-forming minerals. Carbonates form rhombohedral crystals and 
are soft, soluble in hydrochloric acid, and often vividly colored. 


COMPOSITION 
Al carbonates contain the carbonate 
rau CO; as the basic compositional and 
structural unit This group has a carbon 
atom in the center of an equilateral 
triangle of oxygen atoms, giving nse 10 
the tgonal symmetry af many carbonate 
minerals. This basic unit is joined by one 
‘or more metals or semimetals such as 
calcium, sodium, aluminum, manganese, 
barium, zine, and copper 


Caleite eystalsructure 
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OCCURRENCE 
Calcite and dolomite are found in 
sediments such as chalk and limestone. 
They also occur in seashells and coral 
reels, in evaporate deposits, and in 
‘metamorphic rocks, such as marble. 
ther carhonates, such asrhadochrosite, 
azurite, and malachite, are principally 
secondary minerals, 


USES 
The carbonate minerals calcite 

and dolomite are important in the 
‘manufacture of cement and building 
stone. Other carbonates find uses a 
res af metals: witherite of barium 
strontiante of strontium; siderite of ron 
modochrasite of manganese, smithsonite 
of zinc; and cerussite of lead. 
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CALCITE 


‘The most common form of calcium carbonate, calcke 
| known for the variety and beautiful development of its 
crystals. These accur most often as scalenohedra and 
are commonly twinned, sometimes forming heart-shaped, 
butterfly twins. Crystals with rhombohedral terminations 
are also common; those with shallow 
thombahedral terminations are called 
nailhead spar. Highly transparent calcite 
Is called optical spar. 

‘Although calcite can form 
spectacular crystal, itis usually 
massive, occurring either as 
‘marble (p,301) or as limestone 
(0.319) Its also found as fers, 
nodules, stalactites, and earthy ~ 
aggregates, Calcite specimens alabaster sphinx 
‘can occur in metamorphic funy ance aan 
used tame the sl 
‘shine me stu eae, 


deposits, igneous racks, and 
hhysrothermal veins. 
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ARAGONITE 


‘Although aragonite has te same chemical composition 
as calcite (p.114), its crystals are different. They are tabular, 
prismatic, or needieike, often with steep pyramidal or 
chise-shaped ends, and can form columnar or radiating 

mmmowm enmtaisariss | aggregates, Multiple twinned crystals are common, 

3 eognte appearing hexagonal in shape. Although aragonite 
sometimes looks similar to calcite itis easily 

distinguished by the absence of rhombohedral 

cleavage, Specimens can be white, 


roster 
conte coloress, gay, yellowish green, 
= Dive, reds, violet, or brown, 
tal Aragonite is found in the 
cniizec-zones of re deposts 
a andin evaportes, hot spring 
cyte | o2POStS and caves. tis ako 
S80" | found in some metamorphic and mothe of peat 
Sere | igneous rocks. Banded staacttic Naame eaoprcetty 
geictin | cragonite can be polished as an Tertanmas sam 


‘ornamental stone. ‘famine meld sal 
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Ortarnamble This barium carbonate was named in 1790 after the 
ree English mineralogist Wiliam Withering. withenite Is white, 
mie colorless, or tinged yellow, brown, or green. Its crystals 


are always twinned, either as prisms which appear 
hexagonal in shape, or as pyramids, which are frequently 
paired. They can also be short to long prismatic or tabular 
B wore and may have striations running across the prism faces. 

2 vitreous \Witherite can also be fibrous, botryaidal, soherulr 
columnar, granular, or massive. 

‘Most witherite comes from hydrothermal veins formed 
atlow temperatures (up to 400°F/200°0), usually resulting 
from the alteration af baryte (p.134) Specimens fee! 
relatively heavy for thelr size due to the presence of the 
high-density element barium. therteis preferred over the 
‘commonly found barium mineral bate forthe preparation 
cf ather barium compounds because its more soluble in 
acids, These compounds are used in case-hardening ste, 
in copper refining, in sugar refining, n vacuum tubes, and 
in many other application, 
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ay DOLOMITE 


‘An important rock-forming mineral, dolomite is armed 
ater the French mineralogist Déodat Gatet de Dolomiew 
itis a colorless to white, pale brown, grayish, reds, or 
pink mineral. ts crystals are commonly rhombohedral 
or tabular, often have curved faces, and sometimes cluster 
In saddle'shaped aggregates. Dolomite may be striated 
Tabular estas it horizontally and twinned. Some crystals may be up to 
ide shapes bar 2in (Sem) lon. tt can alsa be coarse to fine granula, 
ne ree ‘massive, and, arly, fbrous. 

Dolomite isthe main constituent in dolomite rocks 
and dolamitc marbles. occurs as replacement deposit 
in limestone (p39) affected by magnesium-bearing 
solution, in ale schists, and in other magnesiumrich 
‘metamarphic racks, Dolomite is found in hydrathermal 
veins associated with lead, zinc, and capoer ores. iis 
aso found in altered slca-poor igneous rocks, in some 
carbonatites (p272}, and in serpentinites (p.298). Crystals 
of dolomite Frequenty frm in cavities in limestone 
and marble (300) 
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solder with a press of a button. 


To use, press the plunger down at the end of the solder 
sucker. Heat the joint with your soldering iron and place 
the tip of the solder sucker over the hot solder. Press the 
release button to suck up the liquid solder. In order to 


empty the solder sucker, press down on the plunger. 
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MAGNESITE 


‘This carbonate of magnesium takes its name 
‘rom its magnesium component. Its generally massive, 
Jamelia, fibrous, chalky, or granular. Distinct crystals are 
rare, but when found they are either rhombohedral or 
prismatic. Most commonly white or ight gray, magnesite 
can be yellow or brownish when iron substitutes for 
some of the magnesium, 

“Magnesite forms mainly as an alteration product in 
‘magnesium-rich rocks, such as peridotites(p.266) It can 
‘occur as a primary mineral in imestones (9-319) and talc 
or chlorite schists, in cavities in volcanic racks, and in 
‘oceanic salt deposits. tis also found in some meteorites 
(op.335-a7). An important source of magnesium, 
‘magnesite is used as a refractory material, as a catalyst 
nd file in the production of synthetic rubber, and in the 
‘manufacture of chemicals and fertilzers. Magnesium 
derived from magnesia is alloyed with aluminum, zinc, 
or manganese for use in alrcraft, spacecraft, road 
vehicles, and household appliances. 
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CERUSSITE 


Known since antiquity, cerusste is named after the 
Latin wore cerussa which describes a whit lead pigment. 
After galena (p54), itis the most common ore of lead 
Ccerussite is generally colorless or white to gray, but may 
be blue to green due to copper mauris. ts crystal habits 
are highl varied, Cerussite forms tabular or pyramical 
crystals or, sometimes, twins that may be star-shaped 
oF reticulate (netike) masses, Fragile aggregates of 
randomly grown prismatic crystals 
known as jacestraw cerussie are 
also camman. The adamantine 
luster of cerussite crystals is 
particulary brit. 

widespread secondary mineral 
that occurs inthe axdaton zones of 
lead veins, cerussiteis formed by the colectors gem 
action of carbonated water on other el caine 
lead minerals, particularly golena ana os Hh 
angleste (9132) Eine sottope wm, 
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AZURITE 


‘A deep blue copper carbonate hydroxide, azurite 
used as a blue pigment in 15th- to 17th-century 
uropean art and probably in the production of blue gl 
in ancient Egypt. fe takes ts name from the Persian wor 
lazhuward, which 0 ‘Azurite forms eithe 
tabular or prismat ide variety of ha 
Tabular crystals commonly have wedge-shaped 
terminations shaped crystalline 
sive, stalacti 


Dotryoidal forms. 
ark azure bh 
orearthy 
nay be paler 
Auurite is 
formed in the 
copper deposits. Massive azurite cabochon gemstone 
= used for ornamental purposes Is Thscabecran exit 
. sometimes called chessylte, aft 
Chessy, France. 
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RHODOCHROSITE 


A prized collectors’ mineral, hadochrasite is 2 
‘manganese carbonate. It was given its name—derived 
from the Greek rhodokiros, which means “of rosy 
‘color’—in 100, Rhodachrasite has a classic rose-pink 
color, but specimens can alsa be brown or gray. it forms 
dogtoath or rhombohedral crystals ike calcite (0.114), 
Gemtieiaitedscreste | —Dutitmay also occur in stalactite, granular, nodular, 
pinkcaor botryoidal, and massive habits. 
Rhadachrosite is found in 
hhydrothermalore veins with sphaierte —“W®. 
(253, galena (2.54) fluorite (2.105), 
and manganese axides. it also 
‘occurs in metamorphic deposits 
and as a secondary mineral in 
sedimentary manganese deposts. 


AAbundantat Butte, Montand, —_hodoctrosite earings 
Red odoehroste res. | and other lacaltes, hodochroste These wosecsatve 
Senet issometimesmined as an ore arsaumecenadton 
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named in 185 afte the Austian mineralogist ML. Anker. 
Although usually pale buff in color, ankenite can be 
colorless, white, gray, or brownish. Much ankerite 

B wore becomes dark on weathering, and many specimens are 

1 vireousto pea fluorescent. Ankerite forms rhombohedral crystals 
“similar to those of dolomite (2.17, often with simlarty 
curved faces forming sadile-shaped groups, it can also 
form prismatic crystals. However, ankente is mare 
‘commonly massive or coarsely granular. 

Ankerite forms as a secondary mineral from the 
action of iron-and magnesium: bearing fds on limestone 
(0.319) or dolomite rock (9.320). tis a waste mineral in 
hydrothermal re deposits and also occurs in carbonates 
(0.272, low-grade metamorphosed iranstones, and banded 
Ironstone formations p.329), Ankeite is also found in ron 
cre deposits with siderite (p23, 
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SIDERITE 


An ore of iron, siderite takes its name from the 
Greek word sideros, which means “iran.” Formerly 

known as chaiybite, siderite can form rhombohedral 
crystals, often With curved surfaces. The mineral can 


also form scalenohedral, tabular, ar prismatic crystals 


somtasemcsee | singe 


Up to in (15cm) long are found in 
(Quebec, Canada. However, siderite is mare cammanly 
‘massive or granular and sometimes botryoidal or 
slobular in habit. 

‘A widespread mineral, siderite occurs in igneous, 
sedimentary, and metamorphic racks. in sedimentary 
rocks, siderite occurs in concretions (p,333) and in thin 
beds with coal (p.253) seams, shale (p.313), and clay. 
\Well-formed crystals are found in hydrathermal metallic 
Veins and in some granitic and syenitic pegrnatites(p.260). 
‘An outerop of siderite originally mined for iron by American 
Single crystal sre Colonists is stil visible at Roxbury, Connecticut. Rare 
Mpemecnedal sree | transparent siderite is sometimes cut as gemstones 
for collectors, 
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SMITHSONITE 


{An ore of zine that continues to be frequently mined, 
smithsonite may have provided the zinc component of 
brass in ancient metallurgy. Specimens can be of various 
colors, such as yellow, orange, brown, pink, tl, white, 
sy, green, and blue, though smithsonte rarely forms 
Crystals, when found, they are pismatc, rhombohedral, 
or scalenahedral and often have curved faces, A zine 
carbonate, smithsanite commonly occurs as 
white smithonite ass | massive, botryoidal, spear, oF 
giewtnyamtsonteame | —talactitic masses, or sometimes, 
as honeycombed aggregates called 
dry-bone ore. 

‘smithsonite is a common mineral, 
found inthe cxdation ones of many 
Zine ore deposits and in adjacent 
calcareous rocks. tis often found cabochon 
wth malachite (p29, azurte p12), Samteonia 
pyromorphite (151), cerussite (p.119}, Sepa 


(abocren gerezores 
and hemimorphite (2.227. forcaleeis 
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MALACHITE 


Possibly the earlest ore of copper, malachite is 
Tellved to hve ben ried ithe Sand eastern 
deserts of ancient Egypt from as early a5 3000sce. Single 
crysis afore en fund ey resort io 

ros malachite long prisms. Malachite is usually found as botryoidal or 

Araiezem tio | Gherasing anes ote wit adann trois St 
are banded he vatousahadesc green felse ocours 


re 


Malachite occursin the altered 
zones of copper deposits, where 
itis usually accompanied by lesser 
‘amounts of azurite (9.120) Itis 
primarily valued as an omamental 


sates ‘material and gemstone. Single 
cn masses thet weghed upto polaa malate 

este 5 tons were found inthe These 

a Ural Mountains ofRussiin ina as 


the 19th century. 
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BORATES 


Borate minerals are compounds containing boron and oxygen. 
Most borate minerals are rare, but a few, such as borax, ulexite, 
colemanite, and kernite, form large, commercially mined deposits. 
Borates tend to be soft and either white or colorless. 


COMPOSITION = 
Structurally, boron and oxygen may form 2 

triangle (80,) or a tetrahedran (B0,), each 

‘ith @ boron atom. These structures act as 

a single chemical unit that bonds to a metal, 

such as sodium in borax and calcium in 

colemante. Gorates tend to contain water lente 
molecules or a hydroxyl (OH) group, which 
acts as. chemical unitbonded into ther rat ct 
structure. Some borates contain both. 


ult can form paral, 


activity flow into a closed basin, where 
‘evaporation takes place. Basin deposits 
Usually ccur in desert regions, such as 
um the Mojave Desert and Death Valley in 
California, Borax, ulexte and colemarite 
‘occur in these evaporate deposits, in the 
second environment, borate minerals are 
formed as a result of rocks beng altered 
by heat and pressure at relatively high 
temperatures (1,065°F/S75°C of above} 
Borates are used as pottery glazes, 
solvents for metal-oxide slags in metallurgy, 
welding fuxes, fertilizer adlitives, soap 


crystal stuctir of voracte |g supplements, and water softeners. 
Sethe metal ragresium ae on rot few 


OCCURRENCE AND USES. \ fgeencoorte 
Borates appear in two geologic Freon pl 
environments. In the fist, brate-bearing corpaucasia’ 
solutions that result from valcanic 


The cust formed atthe edge 
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_ BORAX 


{An important source of boron, borax has been mined 
since ancient times. A hydrated sodium borate, borax’s 
Colores crystals dehycrate in arto become the chalky 
mineral tincalconte. Specimens can asobe white, gay, 
pale green or pale blue. oraxhas short prismatic to 
| tebutarcrytais,athough in commercial deposts itis 
predominantly massive 
Borax san evaparte formed 
inary lake beds with tte (10) 
and other borates and evaporite 
sulfates and carbonates. 
'Susea in metal-cesting and 
staelmaking. Motten borax beads 
wer historically used to test he 
compostion of ther minerals— 
owdered minerals were fused ren soap 
with the beads, and color change tne 
inthe beadsrevealed what tne SE ae 
mminera’s contained camer cay 
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ULEXITE 


‘An important economic borate mineral, ulexite is 
named after the German chemist George Ludwig Ulex, who 
determined its composition in 1850. It's either colorless 
‘or white and has a number of habits. tis commonly found 
Innodular, rounded, or lenslike crystal aggregates, which 
often resemble balls of cotton. Less commonly, ulexite 
's found in dense veins of parallel fibers known as 
television stone because the fers transmit ight from ane 


Porous erystals a, lend ofthe crystal to the other. Uexite 
anemic ty ‘also occurs in radiating or compact 
aggregates of crystals, 


‘leit is found in playa 


Jakes and other evaporite 
basins in deserts, where 
itis derived from hot, 


boronic fulds. The mineral Tlesion stone 

commonly occurs with colemanite 1 unaual ene of 
theft les own 

(0130) anhycite (133), and eee 


slaubenite (9-147, “rant images 
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HOWLITE 


[Named in 1868 after the Canadian chemist, geologist, 
and mineraiogst Henry How, howlte isa calcium 
borosilicate hydroxide. It generally forms cauliflowerlike 
ocular masses. The nadules are white, wit ne gray or 
Diack veins of ther minerals running across in an erat 
often weblike patter. Crystais are rare, but when 
found they are tabular and seldom exceed 
2yin (lem) nent. When dyed, howite 
specimens resemble and are sometimes, 
Sold as turquoise (2154, although they 
are easly distinguished by ther inferior 
hardness and ignter color 

Howite usually occurs 
ascociated with other boron 
minerals, such as kernite and 
borax p27). is easily fused stained howite 
and is used to make carvings, Theme gee nd 
jewelry components, andther mde saad 
decorative items. Sunn 
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COLEMANITE 


‘An important source of boron, colemanite was 
named in 1884 after Willam Coleman, the owner of 

the mine in California where it was discovered. Itis 
colorless, white, yellowish white, ar gray. Colemanite 
‘occurs as short prismatic or equant crystals in nodules 
or as granular or coarse, massive ageregates. It is usually 
‘massive in commercial deposits, but individual crystals 
Up to 8in (20cm) long have also been found. 

CColemanite is found in playas 
‘and other evaporite deposits, 
Where it replaces ather borate 
minerals, such as borax (127) 
‘and ulexite(p:128), which were 
originally deposited in huge inland 
lakes. Borosilcates derived from 


Ccolemanite and other minerals 
are used to make glass that Is 
resistant ta chemicals, electricity, 
and heat. 
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SULFATES, MOLYBDATES, 
CHROMATES, anp TUNGSTATES 


Sulphates, molybdates, chromates, and tungstates share similar 
structures and chemical behavior. Sulfates are soft and lightweight, 
chromates are rare and brightly colored, and tungstates and 
molybdates are dense, hard, brittle, and vividly colored. 


COMPOSITION arte crystals sous te 
Sulfate minerals have i rg grupo our 
crystal 
each o 
center, 
chemically asa sin 
charged radical or unit. All sulfates 
contain an $0. 
The basic str 
chromates, molyt 
is alsaa tetrahedran f 


mainly accur in hydrott 
veins. Many tungstates are foune 


atom, respectively. The chromal 
erals all contain a CrO, graup, the 

molybdates an MoO, group, ar 

tungstates a WO, group. 


USES 
The sulfates gypsum and bari 
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VARIANTS 


Pyramidal rst pros 


Single exystal 


Anglsite crystals 


P50, 
ANGLESITE 


Named in 1832 after the large deposit ofthis mineral 
found on the island of Anglesey in Wales, anglesite is 
colorless to white, grayish, yellow, green, or blue and 

n fluoresces yellow under ultraviolet ight. It commonly 
‘occurs in massive, granular, or compact forms. thas a 
‘number of crystal habits: thin to thick tabular, prismatic, 
pseudorhombohedral, and pyramidal with striations 

along the length. Exceptionally large 

n) long— 


ore ead, angles orsin 
exialon ane feed depos 
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‘German anhydrite 
Tsedsh specimen of any 
‘fom Germany itshows perl, 
rear) cube, cleavage, 


ett ceage 


J acas0, 
a ANHYDRITE 
aries ‘An Important roc forming mineral enycte 
uo isacalum sult. ttates ts tame fom he 
Pe Giesk worden whch eae wiout water” 
eee fans usualy oles ov, Specimens 
car as be Bron, ova, FeV OFS 
Melchett ‘shades of pink, blue, or violet. Individual crystals 
Fh ie are uncommon, but when found they are blocky or 
32 vitreous to pearly thick tabular. Crystals up to 4in (10cm) long come 


from Swiss deposits. Anhycrite is usually massive, 
granular, or coarsely crystaline. 

Anhydrite is one of the major minerals in evaporite 
deposits and commonly accurs in salt deposits associated 
with halite (9.710) and gypsum (0-134. ters to gypsum 
In humid conditions. Anhydhnte is often a constituent 
tf cap rocks above salt domes that act as reservairs 
for natural ot also occurs in volcanic fumaroles and 
In seafloor hydrothermal “chimneys” Anhyrite is used in 
fertilizers and as a drying agent in plasters, cement, 
paints, and varnishes, 
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BARITE 


‘The barium sulfate barite takes its name fromthe 
Greek word barys, which means "heavy’—a reference 
to its high specific gravity. Ithas also been called heavy 
spar Barite crystals are sometimes tinged yellow, blue, 
‘or brawn, Golden barite comes fram South Dakota. 
Crystals are well formed, usually ether prismatic or tabular. 
Cockscomb (crested aggregates) and desert roses (osette 
aggregates) of crystals are common. Transparent, blue 
brite crystals may resemble aquamarine but ate 
cistinguished by their softness, heaviness, and crystal 
shape, Barite can also be 
stalactitic, stalagmii,frous, 
Cconcretionary, oF massive. 

Bariteisa common accessory 
mineral in lead and zinc veins 


‘cockscom nts cocceom 
tees on spalote 


= itis also found in sedimentary Barite gemstone 
Biers | rocks clay deposi, marine repre iae 
saute | deposits, and cavities in Seta meer 


igneous rocks, for calecers 
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CELESTINE 


Often light blue in color, celestine takes its name from 
the Latin ward coejestis, which means “neavenly"—an 
allusion to the color ofthe sky. Specimens can also be 
colorless, white, light red, green, medium to dark blue, or 
brown. Celestine crystals are commonly mare than ain 


Coloessceestine (10cm) long. Wel-formed, transparent, ight- to medium- 
Prema. coorlsserstsn | blue, tabular crystals are common, and some have been 
eee ‘know to reach more than 30in (75cm) in length. Crystals 


can also be blacky, bladed, or form elongate pyramids, 
Celestine may also be massive, 
fibrous, granular, or nodular in habit 
Celestine forms in cavites in 
sedimentary rocks (pp 306-33), 


Soa crt signin | commonly occurs mn evepote 
depesteand can asobe 
precited ect rom camer 
‘seawater. |t can occasionally Calais tn soft to 
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Selentine gypsum crystal 
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GYPSUM 


sty 
cypumsatn a widespread calcium sulfate hydrate, 2yosum 
pee is found in anumer of forms and is of sreat economic 


importance tis coolessor whe but can be ind ht 
brow, gray, yellow, geen, or orange cue othe presence 
of impurties single, wel-developed crystals can be 
blocky wih sled parallogram outine, tabular, or 
bladed. Tinned crystals are common and frequent form 
tucet | characteristic “ishtals” Numerous transparent, swordlke 
: selenite gypsum crystal fe 2m) 
J or more long canbe found at 
rparon sna | the cave of Swords, Chihuahua, 
Mexico, one ofthe worlds most 
Spectacular mineral depos 
Gypsum occurs in extensive 
beds formed bythe evaporation 


ental win 
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as volcanic deposit. ‘wih acats eye sheen, 


“MINERALS | SULFATES 137 


Massive melanterte 
The red of marine sows 
ypc masve oman some 
minor eysaietion 


[ror [reo 
ag Ataris onsite rele nae 


structures. Mast specimens of melanteit ae colorless 
to white but can become green to blue as copper 
B wore increasingly substitutes for ran. Melanterites generally 
a viveous found in stlactitc or concretionary masses and rarely 
forms crystals, When crystals occur, they are short 

prisms or pseudo-octahedrons. 

Melanterte i a secondary mineral formed by the 
oxidation of pyrite (p.62), marcasite (p.63), and other 
ron sulfides. is frequently deposited onthe timbers 
fold mine workings. Melanterite also occurs in the 
altered zones of pyrite-bearing racks, especialy in 
arid climates and in coal (p.253) deposits, where it 
isan alteration product of marcaste. ron sulfate is 
used in water pufication asa coagulant and also 
asafertlizr. 
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eh A hydrated copper suifate, chalcantite takes 


Notastinet 2 known as blu 


ah alr although some sp 
a are relatively rare. Chalcanthite usually occurs i 
D coleress beschesivels se 
i viveous ing mineral forms 
oxidation of chalcopyrite (p 57) and othe 
copper sulfates that occur in the oxidized zones o 
variant Beinga 
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stal structure! 
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BROCHANTITE 


A hydrous copper sulfate, brochantite is emerald 
g je-green, or blackish green in color. Itwas 

ramed in 1824 after the French geologist and mineralogist 
‘A.M. Brochant de Villers, who was the fist pupil admitted 
to the Ecole des Mines, Paris, and who later became its 
Professor of ‘and Mines. Brachantite usually forms 


prismatic or needlelie crystals, which rarely exceed 
brochaite on azure 8 fraction af an inch in length. TWinrngiscarman i 
pests crystals, Brochantite is also found in tufts and druse 


crusts and as fine-grained masse: 
Brochantte forms in the oxidation zones of copper 
deposits, hat occur in the arid regions 
of the regions, brochantite is usually 
associated with azurite (9.120), malachite (p.125), and 
father copper minerals. n Arizona, and Chile, the 


‘mineral is abundant enouj 
Splendid specimens of br 
and Bisbee, Arizona, Wh 
eed in 


h to be an ore of copper. 
hantite corne fram Namibia, 
fe prismatic crystals may 
in length, 
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EPSOMITE 


sy ter 


Epsom salts is the common name for this hydrated 
‘magnesium sulfate mineral t was frst found around 
springs near the town of Epsom in Surrey, England, and 
was named afte that locality in 1805. Its colorless, white, 
pale pink, or green. Epsomite crystals are rare; when 
found, they are either prismatic or fibrous. Epsomite 


usually occurs as crusts, powdery: 
‘woolly coatings, or sometimes as 
bbotryoidal or reniforin masses. 

‘Magnesium sulfate occurs 
Insolution in seawater, saline 
lake water, and spring water, 
When the water evaporates, 
epsomite precipitates, forming 
deposits It's also found with 
coal (p.253), in weathered 


‘or 


Refined epsom salt 


rmagnesium-nch rocks, sulfide ore These meseaion 


deposits, and dolomite (320) 
and limestone caves. 
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GLAUBERITE 


‘This mineral was named in 1208 forts simiarty 
to another chemical, Glauber’ sat, which in umn was 
name after the German alchemist Johann Glauber. 
Glauberite is a sodium calcium sulfate. can be 
colores, pale yellow, reddish, or gray, and its surface 
‘may alter to white, powdery sodium sue. Crystals 
can be prismatic, tabular, and dipyramida all wth 
combinations of forms and all of which may have 
rounded edges. Glauber crystal pseudomorph form 
‘when ather minerals, such as calcite (9.114) and gyasum 
(0.136, replace it. Glauberte has a sight saline taste, 
tums White in water, an fuses toa white enamel 

“This mineral forms under a variety of conditions. 
isprimarily an evaporite, forming in both marine and 
salt-lake environments. itis also found in cavities in 
basa igneous rocks and in volcanic fumaroles. Molds 
eeudomornAsscinen | and casts of quartz (9168) and prehnite (p20) formed 
gadis aca ftom gauberie are frequently found in basalt cavities 

in Patterson, New erS2y, USA. 
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CROCOITE 


‘ne of the most eye-catching of minerals, crocoite 
is bright orange to red in colar, takes its name 
he Greck word krdkos, 
crystals ar 
slender ant 
™ 


ed rocoto sit 


‘can also occur in granular or mat 
to light, much of the translucence and brillance of the 
al Is lost. 


te is rare mi 


|, a8 specific cond 


one of lead ore and the presence of 
Avypicalerocote ———igneaus rocks that s the source of chramium— 
" ustecgewth | are required for its formation. tis the official mi 


emblem of Tasmania, where exceptional crystal, 
'5-1ocm) long and having a briliant luster and color, are 
fentcal in composition tothe pigment 
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The second most common malyienur rineral after 
vulfenite was named after FX 
ian mineralogist, in 1841. The 

range, fed, gray, OF 
hin, 


n end, probaly du 
winning. Bright, colorful, and sharply forme 
are popular with colle ulfenite also 0 


ystals 


‘a minor source fodenum, Tung 
molybdenum, although in most 
ent only in trace amounts. Wutfenite 
in the oxidized 

s, andi 


Red loud wnt 73 


ninerals including cerussite (p19), pyromorphite (2.150, 
and vanadinite (p55). tis relatively widespread and is 
often found in superb crystals, eccasionally up to 4in 


(oer 


nan edge. 
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FERBERITE 


The principal ore of tungsten, ferberite isan (rar 
tungstate. It was named in 1863 after Moritz Rudolph 
Ferber, a Gem stialst and mineralogist.Fesberite 
forms black crystals, which are commonly elongated o 
flattened with a wedge-shaped appearance. Twinning 
{and striations are common in 

ystals,Ferberite is also found 
as granular masses, 

Ferberite isthe iran end: 
‘member ofa soli¢-solution series 
it forms with hobnerte (9.144), 
the manganese end-membe 
Together, they constitute 
the mineral formerly ca 
wolframite. Ferberite occurs =i 
inhydrothermal veins at high Tungsten steet 
temperatures (1,085°F/ 575°C or 
‘bove) and in granitic pegmatites 
(9.260) with other mineral 
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SCHEELITE 


‘Named in 1821 after the Swedish chemist CW. Scheele, 


lite is calcium tungstate tts crystals are generally 
bipyramidal and twinned but also form in granular or 
massive aggregates. egular masses af colarless, 


ay, orange, or pale brown schealite can be difficult 

{0 spot, but they fluoresce vivid bluish white under 

a short-wave ultraviolet light, Scheelte is sometimes 

associated with native gold (9.42), and its fluo 

is used by geologists in their search for gold deposit 
Scheelite cammoniy accurs 

incontact with metamorphic 

d in hydretherral vi 

formed at high tem 

(1,085°F/575°C or abow' 

-ammoniy in granitic pegmatites 

(260), Opaque crystals weighing, anllant cut cheette 

upto 15%6Ib (7kg) came from Tarspret scrote 

epee reatey ae 
source of tungsten. 
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PHOSPHATES, VANADATES, 
AND ARSENATES 


‘The phosphate, arsenate, and vanadate minerals are grouped 
together because their crystal structures are similar. The phosphates 
are the most numerous of the three groups, with more than 200 


known minerals. 


COMPOSITION 
Phosphates cantain ph 
oxygen in 14 ratio, 
combined atoms act as a s 
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APATITE 


{series of calcium phosphate minerals tier in 
compostion are known as apatites. The name apatite 
s derived rom the Greek apate, which means “deceit” — 
a reference tots similarity to crystals of aquamarine, 
‘amethyst, and olivine (p.232), Apatites can accur as green, 
ctiorapatie ert Due, vol-bue, purple, coloriess, white, yellow, pink, 
Lengua rose-red specimens, All the apatites are structurally 
similar and are commonly found as tansparen, 
MLD wet formes, eessy xystas andi masses ornodules 
samt ate TORE msi esr ong sate, ek ou, oF 
secon wth complex forms. 
nt 4, ies occur marbles 
(301, skarns (p30, and 
4 other metamorphic rocks. Rch 
deposits of atte also occur 
in sedimentary rocks. AS an __stapeat gemstone 
accessory mineral, toccurs ina ingens 
Yydromytapatite A specimen | wide range of igneous racks and aa. <n sis of oe 


‘onan ser of his blue gorszone 
in hycrothermal veins. ‘hr become ceed 
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AUTUNITE 


‘A popular collector's mineral, sutunite is ¢ calcium 
tranium phosphate. Greenish or lemon yellow in color, 
autunite specimens fluoresce green under ultraviolet 
light. Crystals of autunte have a rectangular or octagonal 
outline. Coarse grouns are found, but scaly coatings are 
mare common, Autunite is also found as crusts with 
crystals standing on edge, giving a serrated appearance. 

‘Autunite fs named after Autun, France, where this 
mineral was discovered. its formed in the oxidation 
zones of uranium ore bodies as an alteration product 
of uraninite (p-83) and other uranium-bearing minerals, 
'talso occurs in hydrothermal veins and in pegmatites 
(9.260). Since autunite contains uranium and is, 
radioactive, it must be stored carefuly and handled as 
litle as possible. When milaly heated, tetragonal autunite 
dehyarates into orthorhombic meta-autunite. Most 
‘museum and collector specimens of autunite have been 
converted to meta-autunite. A moist atmasahere helas 
prevent dehyaration. 
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MONAZITE 


The monazite group consists of three diferent 
phosphate minerals, all sharing the same cr structure. 
“The most widespreed is monaate-{Ce cerium phosphata, 
\which yellowish or recs brown to brow, greenish, a 
Monaziteragnent crs | near white. Monazite-(Ce) forms prismatic, fattened 
rat tagreritonrs | oy elongated crystals, which ae occasional large, coarse, 
and commoniy twinned. Two other species of manazte 
ae mona. ncn lanthanum 
phosphate, and monazte-N, 
whic s neodymium phosphate 
Manazite is @ commen 
accessory mineral in granites 
(pp.258-59 and gnesses 0.280 
and in pegmatite (p.260) ana 
fissure veins, Detrital monaate 
can accumulate as monazite cum oxide 
sands. Lanthanum is usedin ol Mase) asucect 
refring Neodymium is used for | <RMn.Coum age 
coloring gass ‘oma 
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bi PYROMORPHITE 


‘A minor ore of lead but popular collector's mineral 
yrormorphite forms a contin ith 
nimetite (p14) in which phosphorus an 

each ther. Pyromorph 

\words pyr, which means “fie,” and 
“form’—an allusion to its property of becom 
‘on cooling after it has been melted to a globule. is dark 
green to yell waxy yel 

ls may be either simple ty 
rounded and barrel-shaped, spindle-shaned, or 
haus, Some crystals exhibit if 
different directions an produce 
electricity on application of mechanical tress. The mineral 
3, reniform, or granular in habit. 
occurs.as a secondary mineral in 


n means 
Lume green crystals ry 


can also be gla 
Pyromarph 
the oxidized zones of lead deposits with galena (p54), 
oethite (p-102), cerussite(p.119), smithsonite(p.124), 
and vanadinte (.155), Pseudomorphs of pyromorphite 
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Dom TORBERNITE 
Gated and a minor ore of uranium. Torbernite forms thin to thick 
D Pate green tabular crystals that are commonly square in outline, 
DZ vitreous to foliated micalike masses, sheafllke crystal groups, or 


— ‘scaly coatings. Specimens are bright mid-green, emerald 
green, leek green, or grass green in color. Trternite 
VARIANT s chemically unstable, and with increased hydration it 
transforms to metatorbernte.i fact, al specimens are 
baby metatorbere. is also radoactive and needs to 
| behaniedwitn sopronrite care 
Tberniteis found asa secondary mineral formed in 
| _ the oxidation zones of deposits containing uranium and 
| capper ands est wih oer ahoshate mineral 
it forms as an alteration product of uraninte p83) other 
uraniun-bearing minerals. Torbernit is also associated 
Metatapemie een | th rani, autunte (p 149, and carte (p59) Fine 
sreamscimattente | specimens occur in Camwal England, in the Finders 


ee Range of Australia, and elsewhere, 
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va The frst occurrence of tilt was described 
us {etein Chantloue, Lusi, France. tough 
ee sauordsted manganese poset, mos iit 


samples iron partially replaces manganese. Trplite 
é takes its name from the Greek word triples, which means 
Sneven te subconchaial | triple"—a reference to its three cleavages oriented at 
ale right angles to each other. ts crystals ae typically rough 
32 Vireous resinous and poorly developed but may have many indistinct 
forms Triplite is more commonly nodular or massive, 
Specimens may be chestnut brown, reddish brown, 
fiesh red, or salmon pink in color. altered, they 

‘may be brownish black to blac. Translucent crystals may 
also exhibit ciferent colors when viewed from afferent 
directions (a phenomenon known as pleochroism), going 
from yellow-brown to reddish brown, 

Tiplite isa primary mineral in granite pegmatites (p.260) 
with complex zones and in some hydrothermal tn veins. 
it may be accompanied by sphalenite(p.59), pyrite (2.62), 
apatite (9.148, and tourmaline (2.224), 
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TURQUOISE 


One of the first gemstones to be mined, turquoise 
is atydraus copper aluminum phosphate. Beads made 
of turquoise that date back to ¢.5000acc have been 
recovered in Mesopotamia (present-day iraq). This mineral 
usually accurs in massive ar microcrystalline forms, as 
rustations or nodules, or in veins. Crystals are rare; 
when found, they occur as shart, often transparent 
prisms. Turquoise varies in color fram sky-blue ta green, 
depending on the amount of irr 
‘and copper it contai 
Turquoise" is derived from 
the French word for "Turkey 
because it was frst transport 
‘0 Europe through Turkey, 
Turquoise occurs in arid 
environments asa secondary carved elephant 
‘mineral probably derived from the | Tuquose ia faveree 
decomposition of apatite (2.148) 
and some copper sul 
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VANADINITE 


Arelatively rare mineral, vanadinite |s 2 lead chioro- 
vanadate. The bight red or orange-red colors of 
\anacinte make popula among mineral coectos, 
aithough iis sometimes brown, red-brown, sy, 
yellow, or colores. Crystals ae usualy nthe fm 
of shor, hexagonal prisms but can aso be fund as 
hexagonal pyramids or as hollow prisms, They can 
diso te needlike Smal amounts of lcm, zn, 
are copper may substtute for lead, and arsenic can 
Completely sustute fr vanadium in the crystal 
stetute to form the mineral mimes (p60) The 
minerals also found as rounded meses or crust, 
Varin forms as a secondary mineral in axdize ore 
epost containing et ten 
associated with gaena (ps0, a) 
oethte (0202, barte (D130), “eel spmner 
Srdwufente (2103 Vanadium atm rs oe 
from vanacinte is used tomate eines 
stone vanadium sees taneranie gare 
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Cconeretionary varicite 


Baarocai 
VARISCITE 


o This mineral was named after Variscia, the old name 
Z for the German district of Voightland, where it was firs 
5, discovered, in 1837. Variscite is pale to apple green in 
Picea olor. tis predominantly found 2s cryptocrystaline or 
Seni fine-grained masses and in veins crusts or nodules. I 
popeg ors arely forms crystals 
F wie Variscite forms in cavities praduced by the action of 
2 vireous 19 wary phosphate-rich waters on aluminaus racks. ft commaniy 


‘occurs in association with apatite (9-148) and wavellite 
(0.158), Itis valued as a semiprecious gemstone and 

is used for carvings and as an 
ornamental material. Variscite 
Is porous, and, when worn next 


to the skin, tends to absorb body 
‘ils, which discolor ft. A mineral 

that appears to be turquoise cabochon 
(154) but is actualy variscte —_varsote 


is sometimes marketed by the 


riquoise ‘ ‘wear 
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VIVIANITE 


"Named in 1817 after the English mineralogist John Henry 
Vivian vivianite occurs a 
tabular crystals. Specimens may be rounded, corrode 
oncretionary, earthy, of powdery in form. Vivinite can 
jorm starlike groups or encrustations o 
nassive or florous forms. Sometimes colorless when 
d, vivianite becomes either pale blue 
ish blue or indigo blue on 
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pegmatites (p.260) 
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Let It Cool 
Trim the Lead 
Congratulations! 

Problems? 

Surface Mount Components 
Immobilize the Joint 
Heat the Joint 
Apply the Solder 
Let it Flow 
Let it Cool 
Problems? 

Common Soldering Problems 
The Ideal Solder Joint 
Disturbed Joint 
Cold Joint 
Overheated Joint 
Insufficient Wetting (Pad) 
Insufficient Wetting (Pin) 
Insufficient Wetting 
(Surface Mount) 

Solder Starved 

Too Much Solder 
Untrimmed Leads 
Solder Bridge 

Lifted Pad 

Repairing a Lifted Pad 
Stray Solder Spatters 
All of the Above! 
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| WAVELLITE 


| ornorombic ‘Named in 1805 after the amateur English mineralogist 
| sz as Wiliam Wavell, wavellte is a hydrated aluminum 
ize phosphate. Specimens are usually green but can also 
14 ont be white, greenish white, green-yellow, yellowish brown, 


cencenchoa to uneven | t4°@U0ISE-blue, brown, or black. They may exhibit color 
zoning. Crystals are uncommon but when found are short 
B wore tong prismatic, elongated, and striated parallel to the 
2 vireous resinous prism faces. Wavelite is cam»manly found as translucent, 
greenish, globular aggregates of radiating crystals up to 
‘Yaln (cm) in diameter, as crusts, o as stalactitic deposits, 
Wavelite (sa secondary mineral that forms in low-grade, 
‘luminous, metamorphic rocks; 
‘Boethite (p02) and phosphate 
rock deposits; and, rarely, in 
hhydathermal veins. tis aso 
found in areas where phosphate atch produetion 
minerals have been weathered Phosphorous slate 
in granites (p.258)and granitic 
pegmatites(p 260), 
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CARNOTITE 


Monocinie A radioactive mineral, carnotte was named in 1899 
rae after the French chemist and mining engineer Marie- 
mate ‘Adolphe Camo. Its bright ta lemon yellow or greenish 
MA evict, yellow. Carnotite is generally found as powdery or 
microcrystaline masses; tiny disseminated grains, o 
basis ‘rusts. Crystals are platy, rhombohedral, or lthlke, 
Breton Camnatite isa secondary mineral formed by the 
Peat to du alteration of primary uranium-vanadlum mineral. 


itoccurs chiefly in sandstone 
(0.308, ether disseminated or 

in cancentratons around fossil 
\wood of other fossiized vegetable 
‘matter Pure carnatite cortains 
about $3 percent uranium by 
‘weight wich used to generate 
rclear energy ang in atomic dam iat 
weapons. thas also been mined Sees em caret 
for vanadium and radium, from (bins bar es 


World War i onward, andes dale 
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_ ADAMITE 


[Named in 1866 after the French minraiagist G1. Adam, 
| who discovered adamite in Chil, this mineral is @ 
zinc arsenate hydroxide. ti rarely colorless or white, 
and many specimens uoresce gen under utraviolet 
ight. Adame soften brightly colored due to traces 
of other elements: copper commonly substitutes 
forzinc to yielé yellow or green crystals depending 
nits concentration; manganese may substitute 
for ancto yield crystals thatare pink oriole. amit 
crystals are elongeted, tabular or biocy. This mineral 
aiso occurs as rosettes and spherical masses of 
radiating crystals 
Adarnite forms as a secondary mineral inthe oidzed 
zones of zine and arsenic deposts, often associated 
wth goethte (202), azure (p20, smitsonte (p28, 
Sherali adaite cis | mimette (p68), scoraite (0165, Hemimorphite (227, 
ersiow.stwl ama | ar piven. though adamte has no commercial uses, 
isbrightand istrous crystals are highly sought after by 
| mineral colectors 
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incline,” and gia na spase 
rence to its ablique ba 
crystals of clinociase ar 
dark gre 


anslucent dark blue 
ish blue. They can be elongated or tabular 
hat appear 


(0-168), and ol 
1 Hl, NE 
Utah, and Majuba Hil, Nevada, USA: 
and the Tsumeb Mine, Namibia 
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“abularchaleophyite 
‘Armas of 


| Prorte FP &. cusasiasonson.(or9.33H40 
eager {vivid blue-green in colo, chelcophylite takes ts 
wu? name fom the Greek word chaco, which means “copper 
ae and pylon, which means “ea"—an allusion to ts copper 
content and its common foated habit. Chalcophylte was 
rectal 
Pele vag | istdesctibed after material collected n 
z Germany and named i 1847 Translucent 
vale een 


ystals exhibit a blue-green color when 
sd from one direction and appear 
‘almost colatess from another direction. 
Crystals are platy sit-sided, and fattened 
and may have triangular striations. 
CChalcophyalite may also be rosettelite, 
tabular, drusy, or ma 
This mineral occurs in 
hydrothermal capper deposits, 
often accompanied by cuprite statue of amma 
(037), azurite (9.120), malachite 
(9.125), brochantite (.139), and 
clinoclase (p64) 
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ERYTHRITE 


Although of little commercial value, erythrite isa 
Important tool for prospectors looking for cobalt and 
related silver deposits. The bright purplish pink color 


of erythrte in a roc indicates the presence of cobalt, 

Tis explains why miners call erytite “cobalt bloom.” 
fryivteenstatnncnst | Erytinte isa cobel arsenate nyrat. forms a chemical 
ate on abo repiacement series with annabergte, n which nickel 


replaces cobalt in the erythrite structure. its color may 
vary ffom crimson red to peach red, with the lighter 
colors indicating a higher rickel content. The coloration 
‘may also occur in bands, Well formed crystals are rare, 
‘but when found they occur as deeply strated, prismat 
to needialike, commonly radiating, globular tufts of 
crystals, or as powdery coatings. 

Erythrite (sa secondary mineral found in the oxidized 
zones of cobalt-nickel-arsenic deposits, Fine specimens 
‘come from Canada and Morocco. Erythrte fs alsa found in 
‘Mexico, France, southwestern USA, the Czech Republi, 
Germany, Australi, and elsewhere 
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MIMETITE 


An arsenate mineral, mimetite isthe end-member 
Of a solid-solution series with pyromorphite (0.151, 
tis named after the Greek word mimetes, which 
‘means “imitator'—a reference to its resemblance to 
pyromorphite. Although similar in physical charac 
and crystal form to pyramarphite, mimetite is aless 
-ammon mineral. t forms heavy, barrel-shaped, 
hexagonal crystals of founded masses, but is also found 
as botryoidal, granular, tabular, and needietike 
‘aggregates, Mimetite specimens may be colorless or 

ur in shades of yellaw, orange, brawn, and green, 
‘Mimette fsa secondary mineral, which forms in the 
oxidized zone of lead deposits and in other localities 
where the elements lead and arsenic occur together. 
Excellent specimens come from Chinuahua, Mexico; 
Saxony, Germany, Attica, Greece; Broken Hil, Australi, 

| rameticerstasMiretie | and Risbee and Tombstone, Arizona, USA. A single 

J gtecenateiee crystal mined from Tsumeb in Namibia measured 


| Resch Zin (6.0m) In length, 
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SCORODITE 


Abhydrated iron arsenate mineral, scovacite takes 
is name from the Greek word scoroafion, which means 
“garlicike’—an allusion to the odor emitted by the 
arsenic when specimens are heated, Scoradite can 
vary considerably in colar depending an the lignt 
Under which it is seen: pale leek green, grayish green, 
Crstalaggregateso:cimen | iver brown, pale blue, violet, yellow, pale grayish, ar 
canes colorless. it may be blue-green in daylight but bluish 
purple to grayish blue in incandescent ight; n transmitted 
ight It may appear colorless to pale shades of green 
or brown, Crystals are usually dipyramial, appearing 
octahedral, and may have a number of modifying faces. 
‘They may also be tabular or short prisms. Drusy coatings 
are common, Scorodite can alsa be porous and earthy 
or massive 

Scorodite is found in hydrothermal veins, hot spring 
deposits, and oxidized zones of arsenic-rch ore bodies. 
‘Associated minerals may be pharmacosiderte, vivant 
(.157, adamite (0:60), and various ion oxides. 


SILICATES 


The silicates constitute around 25 percent of all known minerals and 
nearly half of the most common ones. All silicates are built around a 
basic structure of silicon and oxygen. They are a major component of 
Earth and occur in lunar samples and meteorites. 


COMPOSITION 
‘The silicates make up about 95 percent 
ofthe cust and upper mantle of Earth. Al 
slicates contain slican and oxygen. slicon 
isalighiweight, shiny metal, oxygen is a 
colorless, odorless gas. 

In slicates, slicon and oxygen combine 
{to form structural tetrahedra, each with 
aslican atom in the center and oxygen 
atoms atthe comers. Slicate tetrahedra 
may exist as discrete, independent units 
and connect only with other silicate 
tetrahedra (as in quartz), of they may 
link with ather elements such as iron, 
magnesium, and aluminum. Tetrahedra 
may also share thelr oxygen atoms at 
corners, edges, of, more rarely faces, 
creating various structures. The different 
linkages also create voids of diferent 
sizes, which are occupied by ins af various 
metals, Substitutions can accur where: 
atoms are of a relatively similar siz. 
Slicates are divided into six main groups 


Ametyst ental ' 
Cierny clos vant ese nuse amethyst 
(above eck erst srcky quar and ting 


(see panel, below) according to the 
structural configurations that result from 
the efferent ways in which tetrahedra and 
ther elements are linked. Within these 
‘main groups are further subdivisions 
based on chemistry—thatis, the type and 
Jocation of other atoms in the structure. 
Many groups are solid-solution series, 
such 3s the feldspars (See panel, opposite) 
and the garnets, n which the ions of 
various metals and semnimetals substitute 
for each other within the slicate structure, 


These slate groups are base onthe ferent 
ways which the base sila terahea are 
linked These fering Irkages creat vids of 


ferent sizes and conrguation hat alow 
ositvely charged atoms offre sizes to 
Sia the srucee. 
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‘THE FELDSPARS 


The fldspars area group of aluminosicate 
minerals that contain calm, sod, oF 
potassium. As show here thee are thee 


ALKALI FELDSPARS 
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OCCURRENCE AND USES 


The ultimate source ofall silicates is 
Igneous rock in which tectoslicate feldspar 
minerals are the majar component. 
are found not only on Earth but 

also on the Moon and in meteorites. After 
felospar, quartz is the most abundant 
mineral inthe crust and upper mantle. 
Itoccurs in nearly all high-silica igneous, 
metamorphic, and sedimen 
slica-poor rocks 

m, other 
many silicates, e 


 rOCks. In 
here quartz does nat 
minerals develop, Since 
ialy quartz and its 
varieties, are resistant to weathering, 
farm the majar component af mast detrital 
sediments. There are numerous uses of 
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licates. Quartz Fetes find use 
nes, in electranic and opti 

is, and as abrasives. The 

spars are used in glass and ceram 

as gemstones, and as at ou 

licates are ores, and yet athers are 

important gem, omamental, and industria 
nerals. The tough racks formed from 

silicate minerals are used 

‘as major building and 

industrial materials 
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Building a Soldering Toolkit 

If you are just getting started in Electronics, Ladyada's Electronics 

Toolkit (http://adafru.it/136) (pictured above) is a great kit full of quality tools - including 
everything you need to make great solder joints. If you would rather build your toolkit piece- 
by-piece, read on: 


Choosing a Soldering Iron 
There are many types of soldering irons. For most Adafruit kits and projects, you will want a 
pencil-style soldering iron with 25 watts or more. 


An under-powered iron is a poor investment. It will end up costing you more in ruined kits 
and damaged components. 


+ It will take longer to heat the joint, allowing heat to spread to the component being 
soldered - potentially overheating and damaging the component. 

+ Longer heating times will also give more time for oxides to form on the surfaces being 
soldered. This will prevent the solder from flowing and result in a poor joint. 

» Longer recovery times between joints can result in frustration, ‘cold joints’ or both. 


You don't need to spend a fortune to get a good iron. Advanced features such as 
temperature control and interchangeable tips are nice to have, but not essential for 
hobbiest-level work. 


© Adafruit Industries https://leam.adatruit.com/adafruit-guide-excellent-soldering Page 4 of 35 
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QUARTZ 


‘One of the most common minerals in Earth's crust, 
{quartz has two forms: macrocrystalline (with crystals 
Pyramidal ametiyst that can be seen by eye) and cryptocrysialline formed 
‘names spectren wth ‘of microscopic crystals. Macrocrystaline quartz is usually 
Berk eres: colorless and transparent, as in rack crystal, or white 
eerie and translucent, asin milky quartz. Colored varieties 
Include! pink and translucent rose quartz; transparent 10 
translucent lavender or purple amethyst; transparent 
smoly to translucent black or brown smoky quartz, and 
= transparent to translucent yellow or 
yellow-brown citrine. All crystalline 


sess emieati \arietes form hexagonal prisms 
imiky quate & and pyramids, 


Cryptocrystaline varieties of 
quartz include chalcedony (16, 

apate (0170, and jasper (p70. ovat etine 

Quartz occursin nea al slica- Miss tet cine 
rich seeimentary, igneous, and Sumashurbonch te 
metamorphic rocks Svat arty 
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QUARTZ: CHALCEDONY 


‘A.compact variety of microcrystalline quartz (0.168), 
chalcedony may have been named after the ancient port 
‘of Khalkedon in Asia Minor (now Turkey, where there were 
extensive deposits of this mineral, Chalcedony is white 
when pure, but it may contain microscopic inclusions. 
of other minerals, which glve ita range of colors. This 
‘mineral is composed of microscopic flbers and can be 
‘mamillary, botryoidal, or stalactitic. 

‘Many chalcedonies are semiprecious gerns and 
have their own names, Chalcedony with distinct 
‘banding is called agate (p-170, 

Al varieties of chalcedony 

‘occur worldwide. ts found 

inveins, concretions, and 

geodes. It forms in cavities, 

Cracks, and when silca-rich ——_chaledony blade 
waters at low temperatures This Aer saci 
(up to 400°F/200°C) percolate Nshasa rey vot 


chaledony ade and 
through existing rocks ‘momaic rane 
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[amr ass 
CHALCEDONY: AGATE 


raniiesuon A coMMON, semiprecious chalcedony, agate has 
coe been worked since prehistoric times. tis a compact, 
Einietagte | microcrystaline varity of quartz (p68), and ithas the 
vetvareitr | same physical properties as quartz. Agate is characterized 
maa by concentric color bands in shades of white, yellow, 
say, pale blue, brown, pink, red, or back 
‘ther names often precede the word agate toindicate 
the mineral’ visual characteristics or place of origin. 
(One ofthese is fire agate, whic 
has inclusions of reddsh to brown 
hhematite that give an internal 
ridescence to polished stones. 
‘Another is fortification agate, 
‘which has concentric bands of 
color resembling an aerial vew 
ofan ancient fortress, Most snuff botue 
‘gates are found in cavities inthe atu chine 
‘ancient lavas or other extrusive: ee ie eee 


eon carve rom agate 
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QUARTZ: JASPER 


‘An impure variety of cryptocrystaline quartz (p.168), 
jasper takes its name from the Greek word fasps, which 
is probably of Semitic origin. tis fine-grained or dense, 
and it contains various amounts of other materials, which 
sive it opacity and color. Hematite (p.91) gives jasper 2 
nish red color clay a yell 


Mammiary jasper: 


sider ray color, and gosthite (9102) a brawn ory 
nen slica-rch waters at low tempera 
i upto. 00°C) percolate throug sand fi 


inother rocks, incorporating a varety of materials and 
eaving behind deposits tis found worldw 
yyptocrystaline quartz occurs. The clasifc 
naming of jasper varies 
‘r colors, Only some ofthese are formally 
leaving great latitude in 
or uchas "te 
a cor “green can apply toa range of shades, while locality 
names, such as "Bruneau jasper” after a canyon in idaho, 
W to be more specific. 
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OPAL 


known since antiquity, opal derives is name ram 
the Roman word opalus, which means “precious stone 
Although its colorless when pure the vat malonty of 
comman opal occurs in opaque, dl yellows and reds. 
varies fram essemtialy amorphous to partial crystaline 
Precious opal she east crystaline form of the mineral 
consisting of a regular arrangement of, transparen, 
slica spheres, Regularly arranged soheres of a particular 
size creat a fraction effect called color play 

(pals widespread ands deposited at ow 
temperatures (up to a00"F/200"C) 
from silca-bearng, circulating 
waters. ts found as nodules, 
stalacic masses, veinets, and 
encrustations in most kinds af 
rocks. Opal constitutes important ioron ing 
parts of many sedimentary Some cut opal ies ard 
accumulations, such as, Prereaceond 
dbatomaceous earth Haine ese 
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| An important rock-forming mineral, arthociase is the 

SF | cetessian- bearing end member oe potassum—socium 
—— feldspar solid-solution series. it is a major component of 

Yellow orthoclase A crystal ‘granite (pp.258-59)—its pink crystals give granite its typical 
Syelonaroce Color. crystaline orthaclase can ao be whit, colores, 
Cream, pale yelow, or brownish rec Orthocase appears as 

4 B wel forme short primate stl, which are frequent 

* finned it may ao occur in massive for, Moonstone I 


variety of orthoclase that exhibit 
“ schiler effect. 
Moonstone routh =| Pure rthaclase is rare— 
ame os aoe ‘some sodium is usually present 
inthe structure. Specimens are 
abundant in igneous rocks rch in 
potassium ors, in pegmatites 
(0.260), andin gneisses (0.288). Moonstone et roach 
Thismineral Isimportantin Sect eee 
ceramics, tomake the item set lg eietwnch cuts 
and as a gaze mnsores nt 


, 


Ortocise crystals Te 


Prismatic saniaine 
This singe wellfored 

prsabe chy of sancine 

festsinamtricat he usr ms sctoo mmcent 
‘olan ack rats Smet 


SANIDINE 


‘A member ofthe solid-solution series of potassium and 
sodium feldspar, sanidine i the high-temperature form 
cof potassium feldspar, forming at 1.085°F (575°C) or above. 
Crystals are usually colores or white, glassy, and 
transparent, but they may aso be gray, cream, ar occur 
In other pal tints. They are generally short prismatic or 
B vnte tabular, wit a square cross section, Twining i common 
2 viveous Crystals have been known to reach 20in (SOc) in length 
“——" _saiaine is aiso found as granular or cleavable masses. 
‘A widespread mineral, sanidine occurs in feldspar- 
and quartz-tch volcanic rocks, such as ryote (2.278), 
Dhonolte, and trachyte (p279). tis also found in eclogites 
(0.299), contact metamorphic rocks, and metamorphic 
rocks formed at low pressure and high temperature. 
Senin forms spherular masses of needle crystals 
In obsidian (0.280), giving rise to whats called snowfiake 
obsician. significant occurrences of sanidine are atthe 
alban Hil near ome, Italy, Mont St-Hlare, Canad 
and Efe, Germany, 
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MICROCLINE 


Used in ceramics anc asa mild abrasive, microcine 
‘sone ofthe most common feldspar minerals. can be 
coloress, white, earn to pale yellow, salmon pink to 
‘or bright green to blue-green. Wlcrocne forms short 
prismatic or tabular crystals that are often of considerable 
size: single crystals can weigh several tons and reach 
yards in length. Crystals are often multiply twinned, 
With two sets of fne ines at right angles to each other. 
‘his gives @ “plaid” effect that is unique to microc 
among the feldspars, Microcline 
can also be massive. 

The mineral occurs in 
feldspar-rich rocks, such as 
granite (pp.258-59), syenite 
(0.262), and granocharite (269. 
leis found in granite pegmatites Amazone cabochon 
(9.260) and in metamorphic ThsAtsans rating 
hasgneisses(p.288) — Steaeconet amaze 
cists (9291-921 inarceeand lage dese 
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° ANORTHOCLASE 


known as moi 


nstone when cut en cabochon. type of 
the igneaus rock syenite (9.262) called larvikite has large 
chillezed crystals of anorthoclase and is hight prized as 
{an ornamental stone. Anorthoclase is widespread, but 
fine exampies come from Cripple Creek, Colorado, USA; 
Larvik, Norway, and Fife, Scatian 
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ALBITE 


A rock-forming mineral, abite takes its name fram 
the Latin word albus, which means “white’—a reference 
to its usual color. Specimens can also be colorless, 
yellowish, pink, or green, Albte occurs as tabular or platy 
crystals that are often twinned, glassy, and brite. can 
also be massive or granular. Albite was named in 1707, 
This minerals the solid-solution end 
‘member of both the plagioclase and 
the sodium- and potassium-rich 
feldspars. occurs in pegmatites 
(0.260) and in some feldspar and 
uartz-rich igneous rocks. Albite 
also forms thraugh chemical 
processes in certain sedimentary 
environments and occurs in 
low-grade metamorphic rocks. Facet grade alte 
The Cleavelandite variety occurs Feceted abit athaueh 
Incomplex pegmatites asthin fae estretmes snd 
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Basic Irons 

There are many basic pencil style irons that are 
suitable for hobbiest use. But you will need 
‘one that is capable of heating the joints quickly 
enough. Choose an iron with 25 watts ata 
minimum. 


Better Irons 

An adjustable temperature iron with a little 
more power will give you a bit more control and 
allow you to work faster. The Adjustable 30W 
110v Soldering Iron (http://adafru.it/180) in the 
store is an excellent choice. 


O A This iron is also available as part of Ladyada's 
~ Electronics Toolkit (http://adafru.it/136), which 


Ne contains many other essential soldering tools. 


Best Irons 

A professional-style temperature-controlled 
iron with interchangeable tips and 50 watts or 
more of power is a joy to work with. Feedback 
control keeps the tip temperature at precisely 
the level youset. The extra watts speed 
recovery time so that you can work faster. 
Interchangeable tips let you select the ideal tip 
shape for specialized work. 


The 65 watt Hakko FX- 

888 (http://adafru.it/303) is an 

excellent professional quality soldering iron. 
The Weller WESS1 or WESDS1 are also 
excellent choices for serious electronics work. 
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OLIGOCLASE 


1 1826, the German minerlogist August Brethaupt 
raed ins mineral after two Greek words: os, which 
means Ite” and clseln, whch mean "to break— 
because twas thought to havea ess perfect deavage 
than abte (177), Olgocase canbe gay, white, ed, 
ee ee sreenish yelowish brown, or colorless. 
ee is usual habits massive of granular, 
atinough it can form tabular crystals 
that ae commonly twinned 
Olgoclse the most cammon 
of the pagioctacefeldsnars. 
occurs in granite (09.258-59), 
granticpogmaites (2260, dor 
(6.260, ryolte (0.278), and 
rowel other fpr and quarterch 
igneous rocks, aso cus sips once 


‘ligoctase crystal sinc high-grade, metamorphosed Sse clea such 
sense gneisses (0.288) and schists ™BOSoumpe en 


| wp291-921 oat irelusions. 
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Pacasin, 
ANORTHITE 


The calelum-rich end-member of the plagioclase 
feldspar solid-solution series, anorthite takes its name from 
the Greek word anorthos, straight’—a 
reference ois circ form. tsbrite, short, glassy crystals 
are well-formed prisms that can be colared white or 
ades of gray, pink, or rd. Specimens are also massive 
‘porte geogmte =: | or granular. anorthite is acalcium aluminascate and can 
ens J contain up to 10 percent albite (9.177). 

‘norte isa major rock-forming mineral present in 
‘mary magnesium. and iro-fch igneous rocks, cantact 
‘metamorphic racks, and chonarodic meteorites (2.337) 
Pure anorthite Is uncommon, it weathers realy and 
sar in ocks exposed a the surface for long periods 
‘Anorthoske p26, a rock composed mainly af anorthi 
‘makes up much of the lunar highlands, The so-called 
Genesis Rock, brought back by Apalo 15, is made of 
anorthosite and dates back to the formation ofthe Man, 
‘which accured about 41 blion years azo, Ancrthite w 
aso discovered in the comet wid 2. 
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VARIANTS, wb, NaAIsi:O,-CaAl,si0s 


LABRADORITE 


The caleum-tich, middle-range member ofthe 
paplodase feldspar, labradrte is characterize by 
Schl effect—a rich pay of idescent colors, mainly 
Be pmreer blue, on cleavage surfaces. Specimens are general ue 
Suthetusesveuens” | or dark gray but ean aso be colores or white. When 
= nance transparent, labradorite is yellow, red, orange, or green. 
This mineral seldom forms crystals, but when crystals do 
they ae tabular. most often forms masses wth 
strat can be microscope 
or upto 3e (im) or more wide. 
Labradorite i a major 
comge sinter constituent of certain medium 
Snare Koon Oe sstica and silica-poor igneous and 
metamorphie racks, including 
Alone (p.26t,gabbro (p25) 
basal (0279, andesite (0275), sempre gemstone 
and amphibolite (p.296). Gern- The polished oval ot 
Quality brace from Fnand is REmaysei ce 
known as spectote arardaneaen 
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ANDESINE 


‘The plagioclase feldspar andesine spamed attr the 
‘Andes Mountan in South Americ, where ts abundart 
in andesite lavas, A whit, gray, or colorless mineral 
andesine often forms well-defined crystals that usualy 
‘andesite poy ecesis | exhibit multiple twinning, can also be massive or 
Sanwercorsmertes | 35 rock bound gai 
ane Asodium calcium aluminosilicate, andesine is an 
nermedate member of the plagoctse sod-soluti 
als, curs widely in igneous rocks of medium sia 
content, especialy in andesite (.275). Andesine fs 0 
found in ther intermediate gneous racks, suchas syente 
(0.262) and dirite (9.268). Specimens are commaniy 
associated with magnetite (0.92), quartz (0.168, biotte 
(0.197, and homblende (0.218). Andesine typically occurs 
in metamorphic rack formed under high pressure and 
temperatures (,065F/575'C or above) tis als found 
2 detital grains in sedimentary rocks, The accurate 
identficaton of inovdual specimens invoWes dealed 
study and analysis 
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NEPHELINE 


The most common feldspathold mineral, nesheline 
takes sname fom the Greek word nephele, which means 
Joud"—a reference to the fact thatthe mineral becom 
ioudy or miky in trong acids, Specimens are usually 

white in color, often with a yellowish o grayish tn. 
They can also be colorless, gray, yellow, oF red-brown 
Nepheline is generally massive. Crystals usualy occur 
ashexagonal prisms, although they can exhibit variety 
1 prism and pyramid shapes. Nepheline aso forms 
age, tabular phenocrysts in igneous rocks 

This rokforming minerals 
found in ton- and magnesium 
rich igneous rocks with ¥ 
perovskite (2.89, spinel (090, 
and line (2.230 i elso occurs 
intermediate igneous rocks ceramic bow 
with aegrine 0.209) and augite hee sarees 
(©21Nandinsomevoicanicand eters 
‘metamorphic rocks. Prelate 


Nephetineerstals 
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LAZURITE 


sodium calcium aluminosilicate, lazurite isthe main 
component ofthe 
the stone's in 


ior, although apis la 
typically contains pyrite (62), calcite (9.114), sodalite 
(9.184), and hatyne. Lazurite specimens are always deey 
vibrant blue Distinct crystals were thought to be rare unt 
large numbers were brought out of mins in Badakhshan, 
Afghanistan, in the 1990s. These are usually dodecahedra 
and are much sought after. Most azure is ether mat 
for occurs in disseminated grains. 
3s lazul is relatively rare It 
forms in crystalline limestones 
(9.318) asa product of contact 


Polished sab 


fis 


metamorphism. The best quality 
lapis lazllis dark blue with minar = 
patches of calcite and pyrite. Expensive pigment 


addition to 
lapis lazull was used. 
fist eye shad 


asagemstone, Powered ips 
Lazu n marbles 2 


scprsadin marie ne of the 
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SODALITE 


‘Named in 1811 after its high sodium conte 
is sodium aluminum silicate chloride. Specimen 
1, Bray, pink, colorless, or other pale shade 
netimes fluoresce bright orange under ultraviolet light. 
alte nearly always forms massive aggregates ar 
rains. Crystals are relatively ra 
asc ‘ound, they are dadecahedral or actahedral 
Sodalite occurs in jgneous rocks 
aciated pegmatites (9.260), 
mes found in contact 
< ‘metamorphosed limestones 
(0.319) and dolomites (0.320) 
and in rocks ejected from 
volcanoes. Rare crystals are 
—— found on the Mount Vesuvius 
tigetelue esate found | volcano in italy, Uncommon Sodalte beads 
rina transparent specimens from Mont 
St-tilaite, Canada, are 
for collectors, 
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LEUCITE 


att Ww 

‘Specimens can also be colorless 

or gray. Crystals are common and can be up to 3'sin 

m) wide. More often, leucite oc 

or granular aggregates or as disseminated grains, Its 

Single exysta tetragonal at temperatures below 1,155°F (625°C) and 

erie cubic with trapezohedtal crystals - 

at higher temperatures. The 

traps 

as the mineral coals and 

tetragonal symmetry 
Leucit is found in potas 


ich an slca-por igneous rocks 
tis found with nephelne (9.182 
sodalte (p18) natolte (0.186), roms eer 
Matantewteacrzain | analcime (190), and sodium eee aces gh 
2 itm | and pokassiumich fdspars, and EME a 
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NATROLITE 


Anhydrated sodium aluminosilicate, ntroite takes 
its name from the Greek word natrium, which means 
“soda"—a reference to the sodium content ofthis mineral. 
Natralite can be pale pink, colorless, white, red, gray, 
yellow, oF green, Some specimens fluoresce orange to 
yellow under ultraviolet light, Natrolte crystas are generally 
‘ong and slender, with vertical striations and a square crass 
section. They may appear tetragonal and can grow up to 
ft (Lr) in length. Natrolite is also found as radiating 
‘masses of needielke crystals and as granular or compact 
‘masses. This mineral produces an electric charge in 
response to bath pressure and temperature changes. 

NNatrolite fs found in cavities or fissures in basaltic 
rocks (p.273), volcanic ash deposits, and veins in 
granite (pp.258-50), gneiss (p.288), and other rocks. 
Italso occurs in altered syenites (0.262), aplites, and 
dolerites (p.268). Specimens are often associated with 
‘quartz (9.168), heulanaite (p:187), apaphylite(p.204), 
and other zeolites, 
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HEULANDITE 


The name heulandite is used to refer to a series of five 
all of which look the same but vary in 
‘composition. The group was named in 1822 after the British 
collector and mineral dealer LH. Heuland, Heulandlite is 
Usually colorless or white but can also be red, gray, 
yellow, pink, green, or brown. When found, crystals are 
/ongated, tabular, and widest at the center, creating a 
coffin shape. Occasionally, trapezohedral crystals are 
found. Heulandite specimens can 
also be granular or massive 


Heulandite forms at low 
temperatures (up to 400"F/200°0) 
Ina wide range of environments: 
with other zeolites filing 
cavities in granites (ap.258-59), 
pegmatites (2260), and basalts ol refining 
(927a),in metamorphic rocks; Hearted other 


‘robes reuse itr 
and in weathered andesites Peeeepriars 


(9275) and diabases. Sirngoilinng 


Irons to avoid 


In addition to underpowered irons, there are several types of irons to avoid for general 
circuit-board work. 


For emergencies only: 

These irons are handy for occasions when you 
have no place to plug ina regular soldering iron. 
But they are not the best choice for a primary 
soldering tool: 


+ Butane Powered Irons have plenty of 
power but are difficult to control. 

« Battery Powered Irons are generally 
underpowered for most work. 


Not for circuit board use: 
These tools are not suitable for circuit board 
work: 

« Torches of any kind are not suitable for 
electronics work and will damage your 
circuit boards 

» Soldering Guns are OK for working with 
heavy gauge wires, but don't have the 
precision necessary for soldering 
delicate electronics components. 

* Cold-Heat™ Irons inject current into the 
joint to heat the tip. This current can be 
damaging to sensitive electonic 
components. Avoid these irons for 
electronics work. 


Essential Tools and Supplies: 


These tools are the bare-minimum essentials required for soldering: 
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MESOLITE 


First described In 1816, mesolite takes its name from 
‘two Greek words: mesos, which means "middle," and 
Ito, which means ‘stone"—a reference to the fact that 
this mineral is chemically intermediate in composition 
between scolecite nd natralite (p18). Mesolite is 
structurally identical and similar In appearance to 
scolecte and natralte, which makes it difficult to Identify 
Inhand specimens. Specimens can be white pink, ed, 
yellowish, green, or pale colored, it curs as long, 
slender needies, radiating masses, prisms, and, less 
commonly, compact masses or fibrous stalactites, 

‘Mesolite is found in cavities in basalts (p.273) and 
~andesites (p.275), where delicate, glassy prisms can 
‘occur with stibte, heulandte (p.187), and green apophylite 
(9.209) tis also found in hydrothermal veins. Exceptional 
specimens occur in Anmadnagar and Poona, india; 
‘Neubauerberg, the Czech Republic Naalsoy in the Faroe 
Islands, Victoria Land, antarcticay and inthe states of 
Washington, Oregon, and Colorado. 
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Wy 2022 
WA westinet Common zeolites, the chabazite group of 
eps three distinct minerals that look ake: ch a, 
Bi vice Cchabazite-K, and chabazite-Na. The name Is derived from 
ave the Greek chabazios or chalazios, both of which mean 

ih “hallstone.”" Specimens are colorless, white, cream, pink, 
ed, orange, yellow, or brown. Chabazite crystals aceur as 

[ VARIANT distorted cubes or pse sisting of 


nuitiple twins. They may also be prismatic 
‘common in all forms of chabazite 

habe (p.260), 
basalt (2.273), andesite (p.275), volcan its, and 
‘ranitc(pp.258-59) and metamorphic (pp.288-303) rocks, 
tis widespread, with crystals that are 1-2in (2 
‘occurring in several locations. Chabazite and som: 

lites have an open crystal structure that 
and permits small molecules to pass through, while 

nting the passage of larger molecules, This structure, 

for example, helps filter methane from gases emitted by 
decaying organic waste matter. 
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ANALCIME 


Formerly grouped with te fetdspatholc,analeime 
now classified a5 azeolte. A sodium aluminum slcate, 
analcie is named after the Geek wore analhimos, which 
means “Weak'—a ference to the weak electrical charge 
that this mineral produces when itisheated or rubbed 
Colores ssnge | Specimens are usualy colores or white but can abo be 
ree edo braving el on verie ostanecive oyehals 
are tranezohedral.Variatons in the rato and order ofthe 
sodium-aluminum portion inanalcime 
Can eedto structural variations and 
variation in crystal system 
fnalcime aecurs in seams and 
cavities in granite (np.258-59, 
basalt (2273), nels 0-28, and 
diabase, associated with cacte 
(6110, prehnte (2208, andother sien dssietor 
Zeolites. It also occurs in extensive Made from analcime, silica 
beds formed by precipitation fiom Sarangi ceca 
alkaline lakes. smn sue 
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SERPENTINE 


Resembling snakeskin in apperance,serpeninetsa 
youn of ates avin, yelowish, en, or ay-geen 
Magnesum sical mineais, although hey usually 
form mixtures, inddual members ofthe rou can 
wis | minerals include chrysotle (192), antigore, tarde, 
( and ameste ich ocurn platy or peeudohexagona, 
puymas | coumnarerstls Ahough they chemists compe, 
these minerals ok ia 
Serpentines are secondary 
minerals dered om the chemical 
alteration of alvin (p.232) the 
byroxenes, nd the amphiboles, 
te foundn area where hey 
altered, deep-seated, sie poor 
fooks are exposed suchas ang walanaarexsocton 
thecrestsand anes cf great folds, Ave eee 
inisandarcsandin Apne” Mle sanorarra 
mountain chan ern 
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CHRYSOTILE 


The fibrous serpentine mineral chi'ysotle isthe 
‘mast important asbestos mineral. Also known as 
White asbestos, it accounts far about 95 percent af all 
asbestos in commercial use, Chrysotile fers are tubes 
in which the structural layers ofthe mineral are rolled in 
the form of a spiral. Individual chrysotile fibers are white 
and siky, while aggregate fibers in veins are green or 
yellowish. The fibers are generally oriented across the 
vein and less than Yin (1.3m) in lengtn, but they can 
bbe longer. The mineral sometimes appears golden, and 
its tame is derived fram the Greek for “hair of gold.” 
Chrysotile can take three offferent forms: clinachrysotile, 
crthochrysotile, and parachrysotil. These are chemically 
identical, but orthachrysatile and parachrysotile have 
orthorhombic rather than monoclinic crystals. These 
forms are indistinguishable in hand specimens, and 
cinochrysotile and orthochrysatile may occur within the 
same fiber. Specimens accur as veins in altered peridatite 
(9.266) with other serpentine minerals 


_Asbesis mineral 
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TALC 


Easily distinguishable by is extreme softness, tle 
iswhite, colores, pale to datk green or yeloish to 
brown. Crystals terre tale mast common found in 
foliated, orous, or massive aggregates. tis offen found 
mixed with other minerals, suchas serpentine (9391) and 
calete (2-14 Dense high-purity talc is called steatite 
Talcis a metamorphic mineral found n veins and 
rmagnesii-ich racks. tis often 
associated with Serpentine, 
tremolte (0.21), and forsterite 
(0.232) and occurs as an alteration 
product sica-poor igneous 
rocks. Tacs widespread and is 
found in most areas ofthe world 
where low-grade metamorphism 
joceurs. The name Soapstone 'S _Talsum powder 
given to compact masses of alc Take pce ie 
and other minerals due o their Sas omblasieur 
soapy o ree feel Speco tn 
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PYROPHYLLITE 


{An aluminum silicate hydroxide, pyrontylit takes 
ts name from the Greek words pyr and pilin, which 
spectively mean “ie” and "leat"—a reference to the 
mineral’ tendency to exfoliate when heated, Pyrophyite 
it, cream, brownish green, pale 
Prophylteon recess | biue, of gray. ts usually found in granular masses of 
ciaveamjtecrstsone | patted iamelae, Pyronhylte rarely forms distinct 
oa crystals, although it is sometimes: 
found in coarse ats and ecating 
aggregates. Specimens are often 
fine-grained that the mineal 
appears textureless | 
Pyrophyite forms by the 
‘metamorohism af aluminunt 
sedimentary rocks, such 
Daunte (p07) tis g00d High ss 
insulator andis used in heat. Bre refecive aso 
resistant aplcat mmc 
ni making fre brs. 
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VARIANTS B, KALISi:ADO0(0H,F)s 


MUSCOVITE 


Also called common mica, potas mica, ar isinglass, 
‘muscovite is the n nmon member ofthe mica 
group. Specimens are usually 9 svery white but 
Can also be brown, light gray, pale green, or 1ase red. 
‘Muscovite typically occurs as tabular crystals with a 
hexagonal or pseudohexagonal outline. Crystals can 
Up ta 9% ft @m) in diameter. Muscovite can also form 
hin, flat sheets and fine-grained aggregates. Fine-grained 
‘muscovite is called sericte or white mica, weile bright 
green specimens rich in chromium are called fuchsite, 
ck forming mineral, muscovite occur 
Ks, suc as gneisses (p.28) and 


Platy muscovite cy common r 
mascot mark in metamorp 


schists (op.291-92), and in granites (op 258-59), 

veins, and pegmatites(p.260) ts also found in same 

4 fne-gra nents, Muscovite has considerable 
importance. ts 


ctrcal and 
ransparent sheets of mu 
were used s window panes 


reenfuchalte pen 


te, called muscovy elas, 
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GLAUCONITE 


‘A member of the mica group, gauconite wasnamed 
in 1828 after the Greek word glaukos, which mean 
“plue-green''—a reference to the mineral's usual coor, 
‘Specimens can also be olive green to black-green. The 
‘mineral usuelly accurs as rounded aggregates or pellets 
of fine-grained, scaly particles. t weathers readily and 
easly crumbles to fine powder 

widespread silicate, glauconite forms in shallow 
marine environments, where itis used as a diagnostic 
‘mineral to identify continental-shelf deposits with slow 
rates of accumulation. The sedimentary rack greensand 
(2.309) isso called because ofthe green color imparted 
by glauconite pellets, which in turn, may incorporate 
‘ther minerals. Glauconite can also be found in impure 
limestone (p.319), chalk (p.321), and sand and clay 
formations. The mineral nas long been used asa pigment 
in artists’ ol paint, especialy in the paintings of Russian 
ns, ithas also been used in wall paintings dating 
to Roman Gaul 
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ra BIOTITE 


Once considered a mineral in ts awn ght, biotite 
ognized as as with 
nineral annite as the ron id phiogopite 
as the magnesium end-member.It was framed in honor 
ofthe French physicist sean-Baptist Biot in 1847. Micas of 
the bioti usually form large, tabular to short 
brfsmatc crystals that are often pseudahexagonalin 

crass section. They also occur in thin layers or as scaly 
disseminated grains, Specimens are black 


ageregat 


ruesum r-rel nen ron-tich, and brown, pale yellow to tan, ar bronz 
ete anti with increasing magnesium content. They really cleave 
into thin, flexible sheets. 


Blotte-series micas are widespread. They are a key 
igneous and metamorphic racks, 
ing granites (pp.258-89), nepheline syenites (0.262), 
(9p.291-92). They are also 
found in potassium-rich hydrothermal deposits and some 
mentary rocks. Biotte is used extensively 
to date rocks. 


Stand 

If your soldering iron does not have a built-in 
stand, you will need a safe place to rest the hot 
iron between uses. A Soldering Iron 

Stand (http://adafru.it/150) will keep your iron 
from rolling around and protect both you 

and your work surface from bums. 


Most stand holders come with a sponge and 
tray for cleaning your soldering iron. 


Solder 
Standard 60/40 lead/tin Rosin 


Core Solder (http://adafru.it/145) is the easiest 
type to work with, 


Diagonal Cutters 


You will also need a pair of Diagonal 
Cutters (http://adafru.it/152) for 
trimming component leads after soldering, 


Other Handy Tools and Supplies 
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LEPIDOLITE 


A light mica, lepidolite s Earth’s mast common 
ithium-bearing mineral ts name is derived from two 
Greek words: lepidos, which means “scale" and fthos, 
Which means “stone.” Although typicaly pale lilac, 
specimens can also be colrless, violet, pale yellow, or 
say. Lepidalte crystals may apnear pseudohexagonal. 
The minerals also found as botryoidal ar kidney/ike 
‘masses and fine-to coarse-grained, interlocking plates. 
ts perfect cleavage yields thin, flexible sheets 
Lepidalite occurs in granitic pegmatites (0-260), where 
iisassociated with other lithium 
minerals, such as beryl (p.225) 
‘and topaz (p.234). The mineral 
is economically important as 
major source of lithium, 
Which is used ta make glass 
and eriamels. itis also @ major 
source ofthe rare alkall metals 
‘ubidium and cesium 
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VERMICULITE 


‘The name vermiculite apple to group of mica 
minerals which vetouschemeal utetutons occur 
themolecua suture. Vemicle may be corey 
interlayered wth othe mica and elayike minerals, 
Specimens ae geen golen yelow, or brown cob 
Vermiculte usuaty forms tabular, poeudohexagonal 
crystal or platy arepates, 

Vermicte occurs a re eeudemorphs pacing 
biotite (0.197), a smal particles in sols and ancent 
secre, a ate nerface 
between feldsparrich and 
ion and magnesim-ich 
igneous rocks also forms 
by hydrothermal tration 
otkon-bearng micas. when 
heated toneaty 72°F 300", ating 
vermiculite can expand quickly bce prelelieserneteel 
andstrongyto20times ts Rossen 
origina ickness iicpotaenae 
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BENTONITE 


This group of minerals ace al kinds of clay that expand 
as they absorb water and shrink as they dry. In regions 
Desert cracking oot Lunderain by bentonites, this property causes immense 
trem bert lye problems with building foundations. There are three 
Sausesstrkagesnccecire | bentonite minerals, each named after the respective 
dominant element: potassium bentonite, sodium 
bentonite, and calcium bentonite, The minerals are 
generally yellow, white, or gray in colo. They occur 

as microscopic crystals and are 

earthy and frequently stained 


Bentonite sechments=r= 


a Although the term bentonite 


has been Used for clay beds of 
uncertain origin, this mineral 
‘group generally forms fram 
Volcanic ash that has weathered 


in the presence of water rotting cay 
Important industrial minerals, Meeting ato 
Dentontes are usedas sealants ASME comans 
and in ol ding totais eco 


MINERALS | SILICATES: PHYLLOSILICATES 201 


Powdery kaolinite 
inthis specimen powdery 
tne coats a eco 


srry ster 


JP a asic. 


KAOLINITE 


Clay minerals are far removed in thelr outward 
appearance from more attractive and glamorous 

‘minerals, such as gold and clamond. Yet, by providing 
the raw materia for brick, pottery, and ties, they have 


locky kaolinite chy, played a vital part in the progress of human civilzation. 
‘yea wits aa Important among these minerals is kaolinite, Kaolinite 
foims white, microscopic, aseudohexagonal plates in 
" ‘compact or granular masses and in micalke piles 


Tivee other minerals—clckite, nacre, and halloysite— 
are chemicaly identical to kaointe but crysalize nthe 
‘manocinic system. ll four have been found together 
and ate often visually indstinguisheble 
xaolinite i natural product ofthe ateration of mica, 
plagioclase, and sodium-potassium feldspars under the 
influence of water, dssoWved carbon dioxide, and arganic 
acids, tis used in agricukure; asa filer in food, suchas 
umm stiningasoearencé | chocolate, mited with pectinas an antares a pant 
lasneemuiwerfenosie. | extender, asa strengthenerin rubber; and asa dusting 
ee) agent in foundry operations 
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Once regarded as a clay mineral, lite is now classified 


asa group of mica minerals that bear many structural 
similares to the white mica muscovite (p.195). lite takes 
ltsname from its type location in ilinais. is white, but 


Impurities may tnt t gray and other pale colors. t occurs 
a fine-grained aggregates. Individual hexagonal crystals, 

can only be seen using an electron microscope. Because 
ofits minute crystas, lite can anly be positively identified 


by xray diffraction. The degree of crystalization of lite 


has been used as an indicator of 
‘metamorphic grade in clay- 
bearing metamorphic roc 

lite is found in sedimentary 
rocks and soils. ts the 
‘most abundant clay mineral in 
shales (99.3131) and clays. It 
‘appears to be desved from the 
\weathering of muscovite and 
feldspar (p0.173-B1). 


mus bricks 


‘rete bung, such 
‘stra Fneray eels n 
Ely wre often made 
fom clays bearing it 
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CHRYSOCOLLA 


The term chrysocolla Was fist used by the Greek 
philosopher Theophrastus in 315ecr to refer to various 
‘materials used in soldering gold. The name is derived 
‘ram two Greek words: chrysas, which means “gold,” 
and kolla, which means “giue.” A copper aluminum 
silicate, chrysocolla is generally blue-green in colar 
Specimens are commonly fine grained and massive 
Crystals are very rare but when found occur as 
botryoidal, radiating ageregates. 

‘An occasional oe of copper, 
chrysocolla is @ decomposition 
product of copper minerals, 
especially In arid regions. Itis 
frequently intergrown with other 
minerals, such as quartz (p68), 
Chalcedony (p.169), and opal 
(0.172) to yield a gemstone 
variety. Gemstones can weigh 
more than Slo @23kQ). 
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APOPHYLLITE 


The name apophyllite 
‘apo and phyllazein, whi 


-omes from the Greek 
mean “to get” and “leat 
et mineral 
separates into flakes or layers when it is heated. Once 
ransidered to be a single mineral, apophyjlite is 

civided into two distinct snecies—fluorapophyilite and 
hydraxyapoohylte. These species form a solid-solution 


sefies in which fluorine can predominate over axygen 
‘and hydrogen, and vice versa. Anonhvlite specimens are 
green, ink, colorless, or white. Crystals are transparent or 


translucent and up to 8in (20cm) in length. They occur as 
square-sided, striated prisms with lat ends and may 
appear cubic. is may also show steep 
pyramidal te 

The mineral te minerals in 
basalt (p.273) and less commonly in cavities in granites 
(pp.258-59). is also found in metamorphic rocks and in 
nal deposits. Colorless and green specimens 


eis pink crystals rice 
dimvautdets from india are faceted as collectors’ gems 
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v= | PREHNITE 


sree | Acalcium aluminum silicate prchrite wes named 
i-1789 after ts ciscoverer Hendrk von Pen, a Dutch 
milter ofcer. Specimens canbe pale to mid-green, tan 
pale yellow, gray ignbue, or white. Prehnite commony 
Occurs as globular, spherical of stalacttc aggregates of 
fine to coarse crystals. Rare Incivigual crystals ae short 
prismatic to tabular with square cross sections. Many of 
cman peta senecai | these have curved aces. 
areata Prefnte i often found tng 
espa cavities in volcanic rocks, 
= ‘associated with calcite (p14) 
arid zeolites (9985-90, and 
in mineral veins in granite 
(99.258-59) Crystals upto 
several ncheslong come 
ftom Canada. Transperent white eochon 
specimens from Australa Prete ge sucht 
and Scotand ae facetedfr «uate catecan 
gem colectrs Shuto we 
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SEPIOLITE 


‘Acompact, claylike, often porous mineral, sepolte i 
best known by ts popular name meerschaumn, which isthe 
German word fr “sea-faam” The name sepicite comes 
from the mineral's resemblance to the light and porous 
bane of cuttlfsh from the genus Sepia, Sepote is usually 


white or gray and may be tinted 
yellow, brown, ar green. itis 
Usually found in nodular masses 
of interlocking fibers, which give 
Ita toughness contrary to its 
‘mineralogical softness. Sepiolte 
also occurs in porous aggregates. 
Sepiolite is an alteration 
product of minerals such as 
‘magnesite (2118) and rocks, such 
as serpentinite (0-298). Itis found 
a regular nodules in Turkey 
and elsewhere, and in large 
sedimentary deposits 
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PIGEONITE 


‘A member of the pyroxene group of minera's, 
iamed after Pigeon Point, Minnesota, USA— 
ity where it was first identified, Specimens are 
n, purplish brawn, or greenish brown to black in 
cola. Pigeonite is generally found as disseminated 
grains. Wel-formed crystals are relatively rare. An ir-tich 
variety of pigeonite is sometimes called ferrapigeonite. 

Pigeonite isan important mineral n lunar racks and also 
‘occurs in meteorites (pp 335-37) [tis found in lavas and 
‘smaller intrusive rock bodies as the dominant pyroxer 
and as an important camponent of dalertes (p.268) and 
andesites (p.275). The temperature mit of pigeonite 
formation indicates the crystalization temperature ofthe 
‘magma from which ithas originated. Miare—the large, dark 
flat areas ofthe Moon once believed ta be seas—are in 
fact basalts (9.273) containing pigeonite. Notable localities 
on Earth include Skaergaard, Greenland; Mull, Scotland, 
Labrador, Canada; Mount Wellington, Tasmania, and Goose 
Creek, Virginia, and New Jersey, USA, 


These are some other tools and supplies you might find useful when working on soldering 
projects. 


Vise 

A vise holds your work steady as you solder. 
This is important for both safety and sound 
joints. The Panavise Jr (http://adafru.it/151) is 
an ideal size for most Adafruit kits and 
projects. 


Third Hand 

‘A Helping Third Hand (http://adafru.it/291) Tool 
is a good for smaller boards, or to hold things in 
place while terminating or splicing wires. 
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ENSTATITE 


The pyroxene mineral enstaite takes its name from 
the Greek word enstates, which means “opponent’— 
a reference to the use of this mineral as a refractory 
“opponent” af heat in the linings of ovens and kilns. 
W, oF pale green. 
‘They become darker and tum greenish brown to black 
h increasing iron content. Enstatite generally accurs 
ive aggregates or disserninated 
grains, Wellformed crystals, when 
found, tend to be short prisms, often 
‘omplex terminations, Enstatite 
und as flbrous masses of 
parallel, neecetke crystals. 


widespread mir statte 
forms a solid-solution series with 
fefrosilte. The mineral usually Maad-aut enstatite 


a 
rich igneous rocks an in 
‘meteorites (pp.335-37), 
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The sodium iron silicate aegirine was discovered 


Parallel in Norway and named in 1835 after Aegr, the Scandinavian 
nptats sss god of the Sea. Aegirine is also known as acmite after 


Sra | the Greek word acme, wich means “pont or “edge"— 
algned nparalel | a reference to the mineral's typically pointed crystals. 
specimens are dark green, redcsh brown, or black 
lo. Aegrine occurs as needlelke or fous crystals 
that fm attractive, acatng sprays. The crystals nave 
steep of blunt terminations and are often strates along 
the length. Prism faces are often lustrous and striated, 
wile the faces of terminations are often etched ana dul 
Prismatic zee rst | pyroxene, eegine forms a sod-solution series 
nates with nedenbergte and dopsige (p10. found in 
magnesium: and ran-tch igneous racks, especialy 
syenitic pegmattes (p260) and syentes (7:60) ts abo 
found in schist (9.291-92, metamorphosed ironich 
ments, and metamorphic rocks akered by ccuaing 
fds. Notable lacaltesincude Kongsberg, Norway, and 
Mont st-tlar, Canada, 
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DIOPSIDE 


‘A member of the pyroxene family, diopside 
takes its name from the Greek for “double” and 
“appearance,” a reference to the variable appearance 
of the mineral. specimens can be colorless but are 
‘more often bottle green, brownish green, ar light 
green in color Diopside occurs in the form of equant 
to prismatic crystals that are usually nearly square 
in section. Crystals are less commonly tabular. This 
‘mineral can also form columnar, sheetlke, granular, 
or massive aggregates, 

Most diopside is 
‘metamorphic and found 
in metamorphosed slica-rich 
imestanes (p:319) and dolomites 
(@:320) and in iron-rich contact, 


metamorphic oc, also 
occurs nperdties (26a, Swarr, 
kimertes (2.269, andor Setarhmamns 


igneous racks. oun aschare deste 
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VARIANTS AB (Ca,Naltg, Fe, ANALS).0. 


AUGITE 


The most common pyroxene, augite is named after the 
Greek word augites, which means “brightness"—a 
ference to its occasional shiny appearance. Most aug 
has a dul, dark green, brown, or black finish. Augite occurs, 
hiely as short, thick, prismatic crystals with a square or 
‘octagonal crass section and sometimes as large, cleavable 
‘masses, Itaccurs in solid-solution series in which 
diopside (9.210) and hedenbergite ae the end-members. 

Augie is in slica-poor rocks and various 
other dark-colored igneous racks, as well as igne 
‘ocks of intermediate silica content. tt also occurs in 

med at high temperatures 

C or above), Augie is a common constituent 
of lunar basalts and some meteorites (pp. 335-37). 
[Notable crystal localties are in Germany, the Czech 
Republic Italy, Russia, Japan, Mexico, Canada, and USA. 
ecause its dificult to distinguish between augite, 
diopside, and hedenbergke in hand specimens, all 
pyroxenes are often identified as augte 


Creenish black aupte 
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SPODUMENE 


‘A member of the pyroxene group, spadurnene is 
named afte the Greek word spadumenos, which means 
“reduced to ashes*—a reference tothe minera’s 
common ash-gray colar. can also be pin, lac, or 
geen, Crystals are prismatic, fattened, and typically 
strated along ther length. Gam varieties ofthe mineral 
Legian usually exhibit strong pleochroism. 
spaiumene is an important 

cre of ithium occurs in 
itum-bearing granite pegmatite 
dykes, often with other Ithium- 
bearing minerals, such as 
eueryptte and lepidolte 
Nandeaita oiein (p.198). One of the largest 
eros ech single crystals of any mineral 
s ever found was a spodumene Strengthened glass 

‘specimen from South Dakota, ‘Specharvre isa kay san 
USA, 47ft(i43m)longand——_ilthum wc ters 
90 tons in weight ‘soa! Srengh pees 
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y JADEITE 


y ‘A pyroxene mineral, jcete is one ofthe two minerals 
4 that are referred to as jade. The other is nephrite (9.217), 
which is a variety of either tremolte (p19) or actinolte 
La jade as (9.220) Pure jadette is white in color. Specimens can be 
Valse vai face colored green by iran, lac by manganese and iron, or 
pink, purple, brown, red, blue, biack, orange, or yellow 
by inclusions of ather minerals. Jadeite 
is made up of interlocking, blocky, 
granular crystals and commonly 
has a sugary or granular texture 
Crystals ae short prisms. They are 
rare but when found are usually in 
hollows within massive material 
Jadelte accurs in metarnorphic 
rocks formed at high pressure. 
Although usually recovered as 
alluvial pebbles and boulders, itis 
‘also found in the racks in| 
originally formed. 
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fi WOLLASTONITE 


A valuable industrial mineral, wolletoniteiswhite, ray, 
cr pale green in color. itoccurs as rare, tabular crystals or 
massive, coarse-bladed, folated, or fibrous masses. ts 
crystals are usually tricini, although its structure has 
seven variants, one of which is monacinic. These variations 
‘are however, incistinguishable in hand specimens, 
Wollastonite forms as a result of the contact 
‘metamorphism of limestones (p.319) and in igneous 
rocks that are contaminated by 
vs ccarbor-ic inclusions. it can be 
‘accompanied by other calcium- 
containing silleatas, such as 
opside (9 210, tremoite (p21), 
epidate (p.230), and grossular 
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Radiating crystals 
Thsspecmen 8 mas of rus, 


| Prorue | a mere, sivo..io%, 

‘rtornomble The name anthophyllite comes fom the Latin 

Mss \word anthophylur, which means “cove'—a reference 

ee tothe mineral'sclove-brown to dark brown color. 

Specimens can also be pale green, gray, or white. 

Perfect, impact 

ae ‘nthophylite is usually found in columnar to fibrous 

Ex tneven 

‘masses. Single crystals are uncommon, when found, 
Ch) they are prismatic and usually unterminated. The ran 

i vireous and magnesium content in anthoptylite is variable, The 


‘mineral called ferroanthophylite when itis ron-tich, 
sodium-anthophiylite when sodium is present, and 
‘magnesioanthaphylite when magnesium is dominant. 
Titanium and manganese may also be present in the 
anthophyjlite structure. 

Anthophvlite forms by the regional metamorphism of 
lron-and magnesium-rich rocks, especially slica-poor 
Igneous rocks. itis an important component of some 
gneisses (p 288) and crystaline schists (pp 291-92) and 
's found worldwide. Anthophylite is one of several 
minerals referred to as asbestos. 
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VARIANT Ab, Ca:(Ng,Fe)s(Sii022)(0H)s 


NEPHRITE 


Nota true mineral name, tne tem neirte apples 
the tough, compact orm o ether temotte p21 
actinole p20) Bot ate caum magnesium sate 
mycrodes and structural identical, excet hatin 
aetinalte some ofthe magnesium s replaced by i 
Lem gzeeneiate sess | epi is dark green when forehand creamy white 
aoe when magnesium-rich. Specimens are composed of a mat 
ott erocked fot, cresting 
asion 
Nephtefrmsin meta 
ronments, especialy in 
metamorphosed ron- and 
mmagnesurch rocks, were tis 
ate Win serpentine 2190 
Sand tale (199, so found 
megionaly metamorphosed Nepnte i 
areaswhere dolomites (p20) are aes ths 
intruded by iran- and magnesium- Sve mask of Pens 


ich igneous roe New Zea. 
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Solder Sucker 
A Solder Sucker (http://adafru.it/148) is a very 


helpful tools for removing excess solder 

or when you need to de-solder a joint. As the 
name implies, this device literally sucks the 
solder out of the joint. 


Solder Wick 
Solder Wick (http://adafru.it/149) is another 


way to clean excess solder from a joint. Unlike 
the solder sucker, the wick soaks up the 
molten solder. 
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VARIANTS A, 8: Ca,(Fe*,Mg).(Al,Fe*)SiAl)O::(0H,F)s 


HORNBLENDE 


The name homblende is applied to a group of minerals, 
that can be d 
detailed chemical analysis. The two end-membé 
homblendes—Iranrich ferrahamblende and magnesium: 
hand 
nonoclinic i n 
as chromium, titanium, and nickel, can also appear in 
the crystal structures of the group. The concentrations 
of these eler indicator of the metarnarphic 


omblende 


ich magnesioharnblende—a 


unterminated, and they often shaw a pseudohtexagonal 
el-formed crystals are short to long 


prisms. Harblende ai rs as cleavable masses 
and racing groups. The mineral forms in metamorphic 
;ocks, especially gneisses (p-288), hornblende schists, 
amphibalites (p.296), and magnesium- and iron-rich 


igneous rocks. 
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TREMOLITE 


A calcium magnesium silicate, temolite forms 2 
solid-solution series with ferroactinolte(p:220), where 
iron substitutes in increasing amounts for magnesium. 
‘The color of tremalite varies with increasing iran content 
from colorless to white in pure tremolite to gray, 
syay-green, green, dark green and nearly black in other 
specimens. Traces of manganese may tit temolte pink 
Radiating emote scisine | oy violet. When well-formed, crystals are short to long 
ee prisms. More commonly, tremolte forms unterminated 
bladed crystals, parallel aggregates of bladed crystals, or 


ratating groups, remote and acto ot form tin, 
paral exile bers up fo in Sem) in ength, which 
fre used comimercal as soestos. Teme stnown 

‘beter erste SW a nephie ane when tis massive and ne-raned, 
The minerals abundant and widespread isthe 

procuct of bot hema and regional metamorpnism 
fndis an indeator of metamorphic grede because 
it converts to diopside (7.210 at hig temperatures 
(n06sF578°C o above). 
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VARIANT B, Ca.iMg,Fe") Shi 


ACTINOLITE 


Actinolite is an abundant mineral, its in the middle 
fa solc-solution series of calcium, ron, and magnesiumn 
licates that also includes ferraactinalite and tremolite 

(0.219). There is complete substitution in the series 
lum, but all have the same 
ructure. Actinolte was named in 1794 after the Greek 
word atti, which means “ray’—an allusion to its radiating, 
prismatic habit. Specimens range from green to dark green 
‘well-formed crystals are short to long prisms, 
Actinolit usually occurs as unterminated bladed crystal, 
parallel aggregates of bladed crystals, or radiating groups 
itis sometimes found as needlelke or fibrous crystals up to 
‘0in (25cr) long. When inthis form, itis one of the 
minerals that are called asbestos, Massive, fine-grained 
actinolite and tremolite are both called nephrite jade, 
Actinalte is an amphibole mineral and forms as a 
product of low- to medium-grade thermal and regional 
‘metamorphism. Good crystals come ftom 
York, USA, and Kant 


(OM: 
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VARIANT A, Na(MgsAls)Sis022(0H), 


GLAUCOPHANE 


The mineral is narved after two Greek ws 
which means “bluish green"; and phainesthal 
means “to appear” Specimens can be gray, lav 
blue, or bluish black. Crystals are slender, often lathlike 
prisms, with lengthwise striations, Twinning is common, 
Glaucoptiane can also be massive, fibrous, or granular 
\When iron replaces the magnesium in its structure, itis 
known as ferrogisucophane, 

Giaucophane occurs in schist 
by high-pressure metamorphism o 
at low temperatures (up to 400°F/200°C) ar by the 
introduction of sodium into the process. Glaucophane 
i often accompanied by adeite(p.213), epidote (0.230), 


ds: glaukos, 


taucophane erysta 


.291-92) forined 
jum-rich sediments 


‘almandine (0.243), and chiorite. tis one ofthe minerals, 
that are referred to as asbestos. Glaucophane and its 
associated minerals are known as the glaucophane 


‘metamorphic facies, The presence of th 
indicates the range of ten 
wshich metamorphism occurs. 


ese minerals 
atures and pressures under 
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RIEBECKITE 


A sodium iron silicate, rebeckite is one af the several 
ninerals called asbestos. twas named after Emi Riebeck, 
ast ian explorer. Although rlebeckite 

ly grayish blue to dark blue, their 
olor can vay depending on tie concentration af ron in 
their structure. Riebeckite can 0 ismatc, strated 


(9.242) and, feldspar- and quartz 
nie racks, especially 
sodium-rich rhyolites(p.278} 
ckite granite is found on 
the island of Ailsa Craig in 


fn Scotland andis locally Tiger's eye ring 
edo rte ae 
alpine ci ore tne 
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VARIANTS. B, Ma.Fe:AlSi Or 


CORDIERITE 


The mineral is named after the French geolog'st Pierre 
LA. Cordier, who first described it in 1813. Specimens 
Can be blue, volet-biue, gray, or blue-green. Gem-quality 
erie or iolite is also known as water sapphire 
cause ofits color. Cordieite is pleochroic, exhibiting 

three different colors when viewed from alfferent angles. 
ts crystals are prismatic, and the best blue color is seen 
along their length. 

Cordierite 
thermally 
alumina-rich racks, itis als 
found in gneisses (p.288) and 
sts (p0-291-92) and more 


Single esta ge cyst 


rarely n grants (op 238-59, 
pearattes (280) and ving 

Ofquari(p168) Corde corey 
ofeeramis Usedin cate’ Sanus ovarers 


Witermelon tourmaline 
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TOURMALINE 


Tourmaline is the name given to family of minerals 
cof complex and variable composition, but all members, 
have the same basic crystal structure. The 11 minerals in 
the group include elbaite, schon, dravte, and liddicoacite, 
Gemstone varieties based on their colar are also 
recognized, including Indicolite (blue), ube pink or rec), 
verdelte (green), and achroite (colorless). These variety 
names can be applied to more than one mineral. Most 
tourmaline is dark, opaque, and not particularly attractive, 
‘but many of is transparent varieties are valued as gems, 
Tourmaline isabundant, an iss 
toate gesonecusty | est formed crystals are usually 
: found in pegmatites (p-260) and 
‘metamorphosed limestones 
(@:319)in contact with granitic 
‘magmas. It accumulates in 
sravel deposits and occurs as 
fan accessory mineral in some 
sedimentary racks. 


rested eleration an 
tercpareey fond n sore 
sn of belt 


Indole tue cores 
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BERYL 


£ 


Few people have ever heard of the mineral beryl 
‘but amost everyone has heard of its principal gemstone 
varities—emerald and aquamarine. Before 1925, bers 
soltary use was as a gemstone but since then many 
tetodor crn ecenr | important uses have been found fr berylium. AS a est, 
‘oneness one common beryl, whichis usualy pale reen or white, has 

become widely sought after as the oe ofthis rare element. 

‘Most beryl is found in granites (pp.258-59) granite 
leapinry ‘pegmatites (p.260), and rhyolites (p.278), but it can also 
assay | occur in metamorphic rocks, suchas schists (pp291-92). 
yscistencas | Emerald owes its grass-green color othe presence 

of races of chramium and sometimes vanadium. Flawless 
emeralds are rare, but since 1937 the manufacture 
of synthetic crystals has become possible. aquamarine 
isthe most common gemstone variety of ber. Neary 
aways found in caves in pegmatts on alluvial 
deposits, i forms larger and clearer crystals than 
Morgentevesetitn | emerald. other gemstone variates of beryl include 
sara heliodar, morganite, and goshenite. 
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DIOPTASE 


The bright green crystals of cioptase can superficially 
/esemble emerald. Dioptase crystals mined from a rich 
deposit in Kazakhstan were wrongly identified 
when they were sent to Czar Paul of Russia in 1797. Were 
i not for its softness and good cleavage, dioptase would 
make a superb gemstone to rival emerald ( 
olor. Its prismatic crystals, often with rhan 
terminations, can be highly transparent. This explains 
why the name dioptase is derived from two Greek wo 
dia, which means “through,” and optazein, which means 
sible” or “to see." Transparent specimens af dioptase 
‘appear in diferent colors depending on the direction 
lustrous thptase ‘ror which they are seen, and intensely colored 
cee One specimens can be translucent. The mineral can also 
occur in granular or massive habits 

Dioptase forms in areas where copper veins have 
been altered by oxidation. Its vibrant color and its typica 
‘occurence as wel-formed crystals make it ponular with 
mineral colectors 


Custered prisms. 
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Botryldal hemimorphite 
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HEMIMORPHITE 


One of two minerals formerly called calamine in the 
USA, hemimorphite takes its name from the Greek words, 
her, which means “half” and morphe, which means 
“form’—a reference ta its erystalline form. Hemimorphite 
crystals are double-terminated prisms with a differently 
shaped termination at each end—pointed at one and flat 
at the other. Crystals are often grouped in fan-shaped 
Clusters. Hemimorphite can also be botryoidal, chalky, 
massive, granular, fibrous, or form encrustations, Usually 
colorless or white, specimens can also be pale yellow, 
paale green, or sky blue. Some specimens shaw strang, 
green fluorescence in shortwave utravioet light and weak, 
light pink fluorescence in longwave ultraviolet light. 

Hemimorphite isa secondary mineral formed in the 
alteration zones of zinc deposits, especialy as an alteration, 
product of sphalerite (9.53). can be half zinc by weight 
and is an important ore of that metal, Well-crystallized 
specimens come from Algeria, Namibia, Germany, Mexico, 
Spain, USA, and China, 


Preparation 


Heat the Iron 

Plug an and/or turn on your soldering iron to 
warm up. If you are using a temperature 
controlled iron, set it to 700F/370C for 60/40 or 
750F/400C for lead-free solder. 


While the iron is heating dampen the sponge 
with a little bit of water. 


Clean the Iron 
Wipe the tip of the hot iron on the damp 
sponge to clean off any oxidation. 


Do not use files or abrasives to clean the tip. It 
will damage the plating and ruin the tip. 
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VARIANTS. AB, CasFeAl.(BSi01)(OH) 


AXINITE 


This group of minerals takes its name from the 
is. Axinte minerals also occu 
nular forts. The most 
milar color of axinite is clove brown. Varieties can als 
gray to bluish gray; honey-, gray, or golden-brown, 
‘-blue, pink, yellow, orange, or red. There are fou 
‘minerals in the group: ferroaxinite, the most commor 
‘magnesiaaxinte, in which magnesium replaces the iron 
in fervoaxinite, manganaxinit, in which manganese 
feplaces the Iron in ferroaxinite and 
tinzenite, which is intermediate in 


ymposition between ferroaxinite 
and mangenaxinit. 
Axinite is commonly found 


contact and low-temperature 
fetamorpiic rocks (those formed axbite gemstone 

at up to 400°F/200°C) and Britt acre crystal 
inmagnesium-and iran-rich “cas ie ecm oan 


igneous rocks. core 


Unusual growth sna 
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VESUVIANITE 


Formerly called idocrase, vesuvianite Is named after ts 


place of discovery—Mount Vesuvius in italy, Usually green 
Or yellow-green, itcan also be yellow to brown, red, black, 
blue, or purple. A greenish blue copper-bearing vesuvianite 
's called cyprine, An unusuel bismuth-bearing vesuvianite 
from Langben, Sweden, is bright red. The mineral forms 
pyramidal or prismatic and glassy crystals. Crystals 2%in 
(em) of more long have been found. 

Elements such as tin, lead, 
manganese, chromium, zinc, and 
sulfur may substitute in the 
vesuvianite structure. The mineral fl 
isformed by the metamorphism 
of impure limestones (2.19). tis 
also found in granulites (9.297) d 
‘and marbles (p.301) accompanied vesuvante gem 
Dy calcite (0.114, chopsiae (9-210, 
wollastonite (p.214), and 
grossular (9.205), 
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VARIANTS: AB, CasAl(Fe,AINSiO,)(Si20;)0(0H) 


EPIDOTE 


‘An abundant rock-forming mineral, epidote der 
is name from the Greek word epidasis, which means 
“increase’—a reference tothe fact that one side ofthe 


prism is always wider than the athers, Epidote is mast 
easily recognized by is characteristi ht to dark 

wesc eee stachio green. Gray or yellow specimens are also found, 
eral omer Enidate is pleachroic, exhibiting different colors when 


Viewed fram different directions. The mineral frequently 
well-developed crystals. These may 
thick, tabular crystals with faces that 
striated parallel to the c 
® length. Twinning is common. 


specimens can aso be needle, 
‘Aer pdereronsr” | massive or granu 
Epidote's foundin ow-grade, 


ealonalymetemorphosed roc, epdte grstone 
also occurs asa product of asym geen dr 
the alteration of plage revsenamtenct 


feldspars (pp-73-81), bein rl 
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VARIANTS, ab, Ca,AL(SIO,) (0H) 


ZOISITE 


Acalcium aluminum silicate hydroxide, most zoiste 
is ray, white, light brown, yellowish green, or pale gree 
ray. A massive, pinkish red variety i called thule. A lac 
blue to sapphire-biue variety of zoisite is called tanzanite 
‘Teeter nergeree and is sometimes mistaken for sapphire (295). Zoisite with 
inclusions of ruby is called ruby’ in-zaiste, Zolste crystals 
‘exhibit gray, purple, or blue colars depending on the angle 
from which they are viewed. Zoisite Is found as deeply 
lated, prismatic crystals and also as disseminated 
grains and columnar ar massive aggregates. 

The mineral is characteristic af regional metamorphism 
and hydrathermal alteration of igneous rocks. ft results 
rom metamorphism of calcium: 
rich rocks and typically accurs in 
‘medium grade schists (pp.291- 

92), gneisses (p.288), and ub in-zocte 
‘amphiboltes (9-296. tis also 

found in veins of quartz (2.168) 
‘and pegmatites (260. 
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OLIVINE 


The name olivine may be unaiirbut most people 
now of ts gemstone variety, peridot, which hasbeen 
‘mind fr ever 3300 years. The name olvine sapped 
to any mineral belonging oa solid-solution series 
inwhich iran and magnesium substitute freely in 
Forterite varesumrer | the structure. Fayalt isthe ron end-member of the 
betes solid-solution senes, and forsterite is the magnesium 
ao end-membe. 

a Clvne specimens re usualy 
yellowish green, but they can 
alsobe yellow, brown, gay, oF 
colores. Crystals ar tabular, 
atten with weoge-shaped 
terminations, athough wel 
formed crystals of ovine are 
rare. lve may aso Occur inert gemstone 
massive or granular habits. (tis Sreen pen, suchas 
mejor componentofearth's  SEaTmABE and was 
tipper mantle pes fei 
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ZIRCON 


‘A superb gem and one af the few stones to approach 
diamond (9.47) in fre and brillance, zircon has a high 
efractive index and color dispersion. Known since 
Purple zircon clot antiquity, zircon takes its name from the Arabic word 

Dnarock matic Zargun, derived in tum fram the Persian words za, which 
'gold,” and gun, which means "color" Specimens 
be colorless, yellow, gray, green, brown, blue, 
‘and red, Brown 2rcon is frequently heat-treated to tur it 
blue. The mineral forms prismatic to dipyramidal crystals. 
Single crystals can reach a considerable size: specimens 
weighing upto 4b (2kg) and a%4lb (Akg) have been found 
in Australia and Russia, respectively 


crystal ster 20 Zircon fs found in metamorphic 
cysaketaeerteed | rocks and slicaich Igneous 

rocks, resists weathering and, 

because of ts relatively high _zrean bracelet 


specific gravity, concentrates 
ream and river gravels and 
beach deposits, 
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are mistaken for diamond (p.47). well-formed prism 
Iweofckswess | crystals have a characteristic lozenge-shaped cross 
section and striations parallel to theit length. The mineral 
's also found in massive, granular, and columnar habits. 
Topaz is formed by fluorine-bearing 
vapors released in the late stages of 
crystallization of igneous racks. 


: ‘occurs in granites (pp.258-59), 
rhyoltes p.278, pegmatite dykes, 
and hydrothermal veins. Rounded 
Imperial topaz ) | pebbles are aiso found in iver Pink topaz 
Aiden peri deposits, The world's largest Aces ocagnalstp 


— 


Sct ea faceted topazweighs over ins gg Nara rk 


36,000 carats, teparisrae 


‘Tieanite eystals 
Theat wtareneing, 
wedge shape tants 
(eng, ar from Russ 


|) Prorwe 
} > 
Hos 
MA woe 
concteia 


Zi woe 


2 vreau to greasy 


acai, 
TITANITE 


Formerly called sphene, titanite is a calcium titanium 
Sica. The nae spene orgasm the Greek word 
Sohn, which means "wedge™—a reference tothe typical 
wedge-shaped crystals ofthe mineral. crystals can ao 
be prismati, Gem-quaty crystals occur in yelow, green 
or brown colors. specimens can also be blak, pn, 
ted, blue, or cloress. tant is strongly peoctroe, 
exhibiting ferent colors when seen fom afferent 
Giectons. The mineral can aso be massive, mela, 
compact Faceted tante sone ofthe 
few stones with color dspesion 
higher than that of camond p47) 
antes wey ested a 
a minor component ofsica-ich 
neous rocks and associated 
pegmathes (0260) abo found 
inthe metamorphic rocks grass 
(0.288) schist (pp.291-92) angeles te 
marble (9.301) eiearoat 


crystal group cee shpat 
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VARIANTS. AB, AL0SIOs 


ANDALUSITE 


Named after the locality in Andalusia, Spain, where it 


al 
crystals are commonly pri s 
wate | — section, They can also be elongated or tapered. Andalusite 
an also occur in massive form. A yellowish gray variety 
called chiastoite occurs. 


brown andaust 


material. 
inregional 
‘grade metamorphic 
itis associated 
orundum (p.95), corerite 
(0-223), silimanite (9.237), and Rectangular stop cut 
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SILLIMANITE 


Named after the American chemist Benjamin Sliman, 
limanite is one of three polymorphs of aluminum 
licate, Commonly colorless to white sillmanite can 
‘also be pale yellow to brown, pale blue, green, or violet. 
A single specimen may appear yellowish green, dark 
green, or blue when seen from different angles. The 
‘mineral occurs in long, slender, glassy crystals or in 
blocky, poorly terminated prisms, 

Sllimanite is characteristic 
of clay-rich metamorphic rocks 
formed at high temperatures 
(1,065°F/575°C or above}. The 
‘mineral is often found with 
corundum (p95), cardierite 
(0.223), and kyanite (p.238) 
Specimens also occur in 
gneisses (p.288),sllmanite 
schists, hornets (p:303), and pi estlnpts 
detrital sediments, snd yard 


Tin the Tip 

Apply a small amount of solder to the tip and 
wipe again to tin the tip. You should have a 
thin, shiny layer of molten solder on the tip of 
your iron. 


if the tip is badly oxidized and difficult to tin, it 
can usually be reconditioned with some tip- 
tinning paste. 


Make sure that the joint is clean 
Dirt, oxidation and oily fingerprints can prevent 
the solder from wetting the solder-pad to 
create a solid joint. All Adafruit boards are 
plated to prevent oxidation, but if your 

board appears dirty from storage or handling, 
wipe it down with a little isopropyl alcohol. 


This is very important! ‘The parts being joined 
must not move during the soldering process. If 
B there is any movement as the molten solder is 
“4 solidifying, you will end up with an unreliable 


PRP rmobiized by simply bending the leads on the 
SS solder-side of the hole. 
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KYANITE 


Named after the Greek word kyria, which means 
“cark bue,”kyaniteisbiue and blue-gray, the colors 
generaly2oned within a singe crystal. kyenite can aso 
be green, orange, or colorless. Specimens have variable 
hardness: ebout 4 when sratched paral tote log 
ani but6 when scratched perpendicular tothe 
long avs. Kyante occurs mainly 25, 
elongoted flattened Blades that 
are often bent and sometimes as 
radiating, columnar aggregates 

wyanie is formed during the 
regnal metamorphism of 
sediments. occur in mica 
gneisses (9.288, and ass 
fydrothermal quartz veins and 
egmatites (9.260) iis used to spark pugs 
estimate the temperature, depth, Sante mined for 
and pressure at whicharock = "uglmnsn sae 
has metamorphosed. 
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Staurlte crystals 


VARIANTS B, Fe.MasAl(S 


STAUROLITE 


Awidespread mineral, siaurit 
two Greek words: stauros, which means "cross," and 
lithos, which means “stone'—a reference to its typical 
rassike twinned form. Crase-shaped penetration twin 
of the mineral are comman and are in great demand as 
charms. Staurolte specimens are yellowish brown, 
stouiteinsehist yee | teddish brown, of neariy black in color. The mineral 
dedstawole nce normally accurs as prismatic crystals, which are ether 
hexagonal or diamond-shaped in sect 
and often have rough surfaces. 
Staurolite accurs in mic 
schists, gneisses (p.28a), and 
other metamorphosed, aluminum 
‘ich rocks. It forms only under 
a specific range of pressure 
and temperature, which help 
determine the various 
under which the metamarphic 
ack formet 


takes its name from 


‘Trapeze-cut stauroite 
coredtions arsearet taut, 


Fay cross restr, 
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VARIANT b, BeAIsiO.(OH) 


EUCLASE 


Euclase takes its name {fam so Greek 
, which means "good" and Asis, which means 
reference tots perfect cleavage. Generally white or 
olarless,euclase can also be pale green or pale to 
deep blue—a colar for which itis particulary noted. 
forms striated prisms, often with complex terminations 
Massive and fous specimens are also found. 
“ansparenteulase Euclase occurs in hydrothermal 
Anearvanspaen tates | veins formed at low tempera 
—— (up to 400°F/200°C), granitic 
pegmatite (260), and some 
‘metamorphic schist (np 291 
and phiylites (0.2 
found instream grav 
colorless, andl deep blue color = 
zoned crystals come from Karin Eulase gemstone 
Zimoabwe. Cut euciase resembles Thesauri 
certain types of beryl (p.225), 
and topaz (p.234) 
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Sx HUMITE 


ze, Named In 1813 after th 


n mineral and art 


ngs 
collector Sir Abratam Hume (1749-1838), humite is a 


wee Jp | steate ofron and magnesium. Manganese sustttes 
> ie for on nthe structure ofr a complete sokd-soluton 
e series with manganhumite. Specimens are yellow 


to dark orange or redlsh orange in colo, tending 

ng manganese content 
Humteis generally found in granular masses, Wel 
formed crystals are are and grow in paralel with one 
another. Crystas rarely exceed in (er in length and 
are accasionaly twinned. 

Hurite is found with pyrite (p62), casiterite (2.79, 
hematite (p91, quartz (p.168), tourmaline p. 
and mica in cantact and reglonaly metamorph 
imestones (0.319 and dolores (9.320. Although ti 
‘mineral occurs workdwide, noteworthy locations in 
orange hunt sce. Persberg and elsewhere in sweden; Isle of Skye, 
gereenumieymazein | Seong; Mount Vesuvius aly Valls, Switzerland 

and Brewster, New York, USA. 


Yetow tumiteascecmenct | toward brown with increas 
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so magmesium alusinum gamot pr 
808 ate he Greek wore oy ane Obs 
“tie ae "6" reportnely a eterenes tthe OE 
cmcomrenpes | andtnantin suesitue ithe ninerlsstuoure and at 
Trumiedpyrorerecoeses | 2s coloring agents to some degree, Specimens can be 
a a ich red, dark red, violet-red, rose red, or reddish orange 

depending on he compaction 

ceytais ar docecohetal 

feos wit eter 
abs opts 
els fislso found nM ryope goes 
eepocrigreous — Seashleat, 


ope wes named 


‘ocks and in detrital deposits 
derived from them. 
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ALMANDINE 


The most common garnet, almandine is named after 
Alabanda (now Araphisa in Turkey, where it has been 
cutsince antiquity. Almandin is always red, often with 
pink or violet tinge. Specimens can sometimes be nearly 
black. This mineral tends to be a pinker red than other 
garnets, Crystals often have well-developed faces and 
Sitancne aoe are dodecahedral or trapezohedral or have other more 


fern che complex forms, Massive aggregates and rounded grains 
snanane are also found, Rutile (p.78) needies 
i can show as a four-rayed star when 


almandine is cut en cabochon, 
‘Amandine occurs worldwide. 

ils found in gneisses (p.288) 

and mica schists, Igneous rocks 

(99.256-57), and occasionally as 

inclusions in diamond (p.47). When Faceted atmandine 

itoccursin metamorphic rocks, Thee fcstedamandine 

ts presence indicates the grade MANE asech pen 


(of metamorphism. nis artque go 
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VARIANT A, MnsALs(Si0.)s 


SPESSARTINE 


The manganese aluminum silieate spessartine 
rained after Spessart—the local in Germany where it 
was ist described, The mineral pale yelow when nearly 
pure and orange ta deep red, brawn, or black in other 
specimens, & color change known asthe alexandrite 
effect is occasionally found In spessarine gossular garnet 
‘Wanaucentspessaine | _crystas are dadecahedral or trapezahedal. Spessartine 
samen may a as either granular 
ormassve aggregates 

Spessartine almost aways 
eanains some amount of irr 
(0.39) Pure spessartine is 
elatvely rare and is found in 
rmanganese-ich metamorphic 
‘OCkS, granites (pp 258-59, 
and pegmatite veins (260). octagonal step cut 
‘The heaviest spessartine 
ever discovered weighs 


6,720 carats 
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B, CasALSIOs 


GROSSULAR 


The calcu aluminum sleategrossular a 
game, Samed ater ihe ath wor goss 
fensetes ro posebary'—2 ference fo he miner 
gooseber-gren color. Spacmens can ao be Pale to 
Emerald geen, white colores, ceam, orange 
honey brown, or blac: Reddish brown or pink grossa 
iscaledhessonte or cimamon stone, rosa sully 
translcentto opaque but canbe tansparent 
occurs a ounded dodecera or 
trapeanedral crystals that ae up 
tosh (sen) wide. specmens can 

roberts nip 

gone regona or contact 

mretanorpis, some creer bens 
(op29"-) and serpeniites — Tesmra pes 
(6296, andoccasonaly in Tusatsce tn, 
meteors op.385-37) 


jaa miners losses 
ORGANICS 


Generated by organic (biological) processes, the organics may or 
may not be crystalline. In some cases, they contain the same mineral 
matter—such as calcite or aragonite—as that generated through 
inorganic processes. Organics are sometimes used as gems. 


COMPOSITION 


artionate 


ment, either to be 

e a highly varied elncorporated ino ather organics orto 

pearl, and shell lithitied. other organics incorporate 
on in their essential composition, 


resin, mainly from extinct cont 
ghamber 
trees are also know 


USES 
and bitumen are 
the organics that find the 


~ ¢ 


isa mo est use. Organically 
fossiized formed carbonate rocks 
from buried o are also extensively used as 
such as peat. Bitumen isa building stone and ballast 
ry heavy ol and in the manufacture of 
shall 
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CORAL 


According to Greek legend, corel came fromm the drops, 
‘of blood shed wien the mythic hero Perseus cutoff the 
head of re monster Medusa. Coral is actualy the skeletal 


material generated by marine animals aso known as 
coral polyps. in most corals, this materials calcium 
carbonate, but in black and golden corals its hornlke 
substance caled canchialn, Coral has dul luster when 
recovered, but itcan be polished 
and brightened. ts senstive even 
to mig acids and can become dul 
with extensive wear 

Corals varable n color. Red 
and pink precious coals found in 
the warm seas around Japan and 
Malaysia, in fcan coastal waters, 
and inthe Mediterranean Sea. cor nacice 
Black coral comes from the West This rile-stranded 
Indies, australia and ftom around (BANEE HOM Mer 
the Pact sands. Saunt 


Steady the Board 


A vise is a good way to keep the board from 
moving around while you try to solder it. 


Once the joint is clean and immobilized, you are 
ready to apply the solder. 


© Adafruit Industries _https://leamadafruit.com/adafruit-quide-excellent-soldering Page 12 of 35 


248 =©MINERALS | ORGANICS 


{ prorue 


i 


‘rorombie 
ue 
we 
MA Nove 
uneven ete 
Bi wns 
| 2 pean 


Black mother ot peset 
The ace shel smock tat 
produces back mater 

Bio preuces Back cso pe 


VARIANTS 8, Mostly caco, 
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A concretion formed by a mollusk, a pearl consists 
‘mainly of aragonite (p15), the same material as the 
animals shal (p-249) The shell-secreting cells are located 
ina layer of the mollusk’s body tissue celled the mantle, 
er See When a foreign particle enters the mantle, the cels build up 
these rere aretaton ‘concentric ayers of pearl around it. Colors vary with the 
onesie ‘mollusk and its environment and can be any delicate shade 


from black to whit, cream, gray, blue, 
yellow, green, lavender, or mauve 

The finest pears ae produced 

bylimited species of sakwater 

oysters and freshwater 

clams, & pearl is valued by its 
translucenee, luster, colo, and 


shape. The most valuable pearls 


are spherical or droplke, wit pear bracelat 
Fresmuater pease adeepluster and good play of Thecarer ar Deco 
ee ee color. Rose-tinted indian pearls Eat TEE evans 
: are highly prize. era 
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VARIANTS: A, Caco, 


SHELL 


of ke eoa 247, sel nr mater grertedy 

biological processes. Te mineral component of shel is 
either cae 0.14 or aragonite (2119), both of which ae 
calcium carbonate. Shel frms asthe ard outer covering 
of many mollusks. tis secreted in calcareous layers 
cel inthe martle— sknike tissue inthe mollusks body 
wal. Malls shes fer inte compotion, om 
umber, and arrangement of calcareous layers 
These ayers form as distinct microstructures 
Tories esia | yin aiferent mechanical properties and, 

in some shel ferent colors. 
Bath maine and freshwater 

shes are used for omamentation. 
Shells with different colored layers 
have been carved Into cameos 


spider cone 
Rope stant 


since antiquity. Pearly shells Shel perfume tote 
were used widely in button THs Wea prune 
eclopmiesagine ‘making around the Suet ogra aan, 


‘9th century. rg ana preteec 
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VARIANTS. a, Various 
Named after the Nahuat! ward copaif, which means 
bi “esc,” copal is a yellow to red-orange resin obtained from 
various tropical tees. it can be collected from living trees 
verge 


a and from accumulations in the soll beneath the trees. 
It can also be mined ifit is buried. Copals fram different 
SOUTceS usually have different chemical properties but can 


aun gum nesn 
‘ne ome have similar physical properties. Copal has aparoximately 
aur canter the same hardness as amber (p.251) but unlike amber, 


itis wholly or partially soluble in organic solvents. 
‘Buried copal is the nearest 
‘to amber in durability and is, 


= inmany cases, vitally 
&> inclitingushable from it 
4 Zangibar in Tanzania is a mejor 
‘ & A ‘source of buried copal. This 
. ‘mineral is also found in China, Copal beads 
copattumps Lunpsctresn Brazil, and other South American ‘Inihisrecklace, beats ofa 
fompereimerler” | counties. kis used nvarishes, Sul at crea fort 


lacquers, and inks. ‘fed rom sees 
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AMBER 


‘The fossilized resin amber camesmaily fom extinct 
coniferous tres, though amberike substances from 
eater tres are also known, tis generaly found in 
association with ignite coal (9.259). Amber and other 
Darialy fosszed resins are sometimes given mineral 
lke names depending on where they re found, thelr 
degree of fossization, or he presence of ther chemical 
components. For example, resin that resembles copal 
(p.250) and comes from the London clay region is called 
Copalte. Atleast 12 other names 
are applied to minor variants, aa 
For thousands of years, the 
largest source of amber nas 
been deposits along the Batic 
coast, extending intrmittenty 
from Goansk ight around to preserved in amber 
the coastlines of Denmark and ‘Asresin dried 40-60 milion 
Sweden. Amber hasbeen traded YSUSaERsace wore | 
since ancient times feaiysutnce 


= 
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COAL 


The fossilized remains of plants, coal usually 
in ayered, sedimentary deposits. 
rade up of an regular mixture of chemical compound: 
macerals, which are analagaus to minerals ir 
$s. Unlike minerals, macerals have no fixed 
tion and no definite crystalline structure. 
ies of coal are formed depending 
on the kinds af plant material, varying d 
coalfication (the pracess by which plant material is 
a, and the pr rile. Four 
varieties are recognized. Lignte is the lowest grade and 
isthe softest and least coaliied Variety t forms fr 
peat under moderate pressure. Sub-bituminous coal is 
dark brown to black. Bituminaus coal the most abundant 
and is commonly burne generation, Anthracite 
is the highest grade and the mast hi jamorphosed 
ntage of 


mi 


vara ha oiferen 
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IGNEOUS ROCKS 


Igneous rocks are formed from magma—molten rock. They are 
classified as extrusive or intrusive depending on whether or not the 
magma emerged at Earth's surface before crystallizing. Extrusive 
rocks form on the surface; intrusive rocks form below it. 


INTRUSIVE IGNEOUS Rocks 
Inusive rock are categorized as plutonic 
ifformed deep inside the rust and 
hypabyssal formed at shatow depths. 
Plutonic iusive rocks ae characterized 
by tet large crystals and generally form 
secgrephicaly brge bodes. For examle, 
a batholth sa large igneous body witha 
surface exposure of at least 40 square 
mies (100 square km) anda thickness of 
about 6-9 miles (10-1Skm).Batholiths 
form the cores of greet mountan ranges, 
such asthe Rockies and the Sierra atiro 
Nevada North America. Grant, dorite, stator rma pcr sero 
perdotte, syenite, and gaboro are al (REStwaH calla spcmen cna 
plutonic igneous rocks yma pace 

ypabyssal intrusive rocks ae formed 
at shallower depths and are characterzed inch to many feet in thickness and can 


by ine crystalization. They occur in bbe hundreds of miles in length. sils are 
sheetlke bodies called dikes and sil similar to dikes, except that they form 
volcanic plugs, and other relatively small parallel to the enclosing rocks and intrude 


formations. Dl 


nge from lessthan an between two strata 


vee pg wit 


‘Types of igneous intrusion 
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EXTRUSIVE IGNEOUS ROCKS 
Extrusive igneous rocks are also known 
a volcanic rocks. The principal rock types 
In this category include basalt, obsidian, 
rhyolite, trachyte, and andesite All of these 
usually form fram lava—a magma that 
has flowed either onto land or underwater. 
Other extrusive racks, such as tuff 

and purnice, form in explasive volcanic 
eruptions. These “pyroclastic” rocks are 
porous because ofthe frothing expansion 
‘of volcanic gases during their formation. 
Basalt is the most cormman extrusive rack, 


fotming the floor of mast oceans and 
‘extensive plateaus an land, such as the 
Deccan Plateau of India and the Columbia 
River Basaits of Oregon, USA. 
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‘COMPOSITION OF IGNEOUS ROCKS 
igneous racks form from magma, which 
is essentially a slicate met. \gneaus ri 
are classified on the basis of sca content. 
Felsic rocks have over 85 percent silica, 
intermediate rocks 55-65 percent, mafic 
rocks 45-55 percent, and ultramafic racks 
less than 45 percent silica. The silicate 
‘minerals that develop from the met depend 
fon factors such as silica concentration in 
the melt, the presence and concentration 
of other elements such as aluminum, 
ron, magnesium, calcium, sodium, and 
potassium within the melt, and the 
temperature and pressure at which 
crystallization takes place. 


pak negra 
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Making a good solder joint 


PFT 
> 


(¢ 


i) 

> 
i) 
> 
Ba 


Once you have prepared the your tools and the joint to be soldered, making a good solder 
joint requires just a few simple steps. 


Heat the joint 

Heat the joint with the tip of the iron. Be sure to 
heat both the solder pad and the component 
lead or pin. A small drop of solder on the tip 
will help to transfer the heat to the joint quickly. 
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Dark granite 


GRANITE 


The most common intrusive rock in Earth's 
continental crus, granite Is familar as a mottled pink, 
white, gray, and black ornamental stane. tis coarse 
‘medium-grained. Its three main minerals ae feldspar, 
‘quartz (2-168), and mica, which occur as sivery muscovite 
(095) or dark biotite (9.197) or both. Of these minerals 
feldspar predominates, and 
quartz usually accounts fo 
rethan 10 percent. The alkali 
spars are often pink, resuting 
in the pink granite often 
a decorative stone 
Granite crystallizes from 


ed as 


silica-rch magmas that are miles 
deep in Earth's crust. Many 
‘mineral deposits form near Granite staircase 
stalling granite bodies from Grantels used as tulirg 
omblende grant crnte ora 


the hysrathermal solutions that 
such bodies release, 
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VARIANTS. 


TEXTURED GRANITE 


Granites with distinct patterns in thet crystal 
ured granites and in sor 
S of roughly 30 percent 
spar, with afew athe 
These minerals are intergrawn in such a way that 
fed quartz crystals, which look lke hieroglyphic 
aracters, are setin a background of feldspar. The texture 
in pegmatites(p.260) when the main mi 
from the magma at the sam 
folular granite isan unusual but 
containing spheres (orbicules) of concentric layers 
of granitic minerals. The orbicules are about 2—4in 
(S-10cm in lameter and often richer than the granite 
in darker minerals, They are usually restricted to small 
orbieutar granite cri: areas within the larger granite mass. In porphyyitic 
dake granite, the feldspar c larger and better 
formed than the surrounding mineral grains. The 
granites have been quarried and polished for use as 
‘ornamental and building stones. 


tion 
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PEGMATITE 


Important sources of many gemstones, pagmatites 
are very coarse-grained igneous rocks, mostly of a 
granitic composition. although crystals can be huge— 
‘over 33ft (10m) in some specimens —individual crystals 
Usually average 3¥<~4in (@—1Ocmn) in length. The large 

3s ae due to the considerable amount of water in 
the magma rather than slow cooling. The mast perfect 
crystals are typically found in openings or pockets 
(Quartz (9.168) and feldspar dominate, but many other 
‘minerals can foc large, beautiful crystals. Muscovite 
(0195) and other micas commonly occur in pegmatites 
in large, flat sheets known as books. 

Pegmatites are lignt-color s rin 
small igneous bodies, such as veins and dykes, or 
sometimes as patches in larger masses of granite 
(0p.258-59) Several gernst uch as tourmaline 
(9.224) group minerals, aquamarine (p 225), rock crystal 
smoky quartz, rose quartz, and topaz (p.234)—are 
‘mined from pegmatite, 
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ANORTHOSITE 


fm intrusive igneous rock, anornosit is composed 
crt eas 90 percent cach plagioclase felepar— 
briny radon (2180) and bytownte. livin 252, 
fine, pyrene, ndron oxides makeup the remaining 
foperten. Anorthosis coarse rained andether white 
or ray. specimens can lo be green Many anoriostes 
have an intersting curate” texture, where wel-ormed 
stl apoear to have settled out of the uid magma, 
a siniar way as age gras setting 
ina sediment 
Anorthoste snot common 
rock but where Ir does occur, 
tis found as nmense masses, 
or aslayers between ron-and 
magnesiamch rocks suchas 
30010 (9.265) and pendotte Labrador eet 
{5286 Anorihoste i however, late cc 
Common onthe surface of seesaw 
‘the Moon. Sin-century rele 
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Pink syenite 
‘due w te presance of akat fest, 


SYENITE 


Visually similar to granite and often confuse with i 
yerites can be clstinguished from granite by he absence 


Or scarcity of quartz. A syenite is any one ofa ciass of 
rocks essentially composed of: an alkali feldspar or sodium 
plagioclase (or both) a ferromagnesian mineral, usually 


biotite (0.197), hornblende (2.218, or pyroxene; and litle 
‘or no quart. The alkal feldspars can include orthaclase 
(0.173, alte (p.177) oF less commoniy, microcline (2.175). 
Syenites ae attractive, multi-colored rocks—usually gray, 
pink, or red. Other minerals that occasionally occur in small 
‘amounts in syenite include ttanite, apatite (148, zitcon 
(9.239, magnetite (9.92, and pyrite (p.62). When syenites 
contain quartz, they are called quartz syentes. 

'Nepheline (p-182) and alkal feldspar are essential 
‘minerals in nepheline syerite, but this rock can contain 
other minerals, including unusual and attractive ones, such 
a eudialyte I the rock includes a pyroxene, itis usualy 
aegrine (2.209) ifn amphibole it is usualy arfvedsonit, 
booth of which are rich in socium, 
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Speckled granodirite 


a 
GRANODIORITE 


‘Among the most abundant of intrusive igneous rocks, 
srandiorte is a medium- to coarse-grained rock that is 
similar to granite (p.258) in texture, Granodiorite can be 
pink or white, wth a grain size and texture similar to that 
of granite, but abundant plaglaclase generally makes 
it appear darker than granite. The biotite (0.197) and 
hornblende (p.218) give ita speckled appearance. The 
remence ‘mica may accur in wel-formed hexagonal crystals, and 
the hornblende may be present in needlelike crystals. 
Twinned plagioclase crystals are sometimes wholly 
encased by arthaclase 

The quartz (p.168) present.n granaclorite can be gray 
{0 white. With increased amounts of quartz and alkal 
feldspar, granodiorite grades to granite, with less quartz 
‘nd alkal feldspar, it becomes diorte(p.264), The volea 
equivalent of granodiorite is dacite (p.274). Two historic 
stones are granodiorite the Rosetta Stone was carved 
‘rom it, and the Plymouth Rock is a glacial erratic boulder 
of granodiorite. 
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DIORITE 


This medium- to coarse-grained intrusive igneous 
‘ack is sometimes sold as “black granite" In genera 
though, diorite is darker than granite (p.258). Its 
-ommanly compased of about two-thirds white 
plagioclase feldspar and one-third dark-colored 
‘minerals, such as botte (0197) and hornblende (p.218), 
The plagiociases in dirite—oligociase (p.178) or andesine 
(0:181)—are rich in sodium. Diorite can be of uniform 
sain size or have large phenocrysts of plagioclase 
(or hornblende, 

The rock can occur as large 
intrusions or as smaller dykes 
and sil. Most dort fs intruded 
‘along the margins of continents, 
With small amounts of quartz 


(9-168) and alkali feldspar, it 
becomes a granodionte (9.263) 
wath larger amount 

as granite 


itisclassfied 


Neolithic axahead 
tough end was 
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a 
GABBRO 


‘Medium or coarse-grained rocks, gabbias consist 
principally of dark green pyroxene (augite and lesse 
‘amounts of orthopyroxene) plus white- or green 
‘olored plagioclase and black, millmeter-sized 
grains of magnetite and/or imenite. A gebbro hasan 
intermediate or low slica content and rarely contains 
2 (0.168). Gabbro is essentially the intrusive 
nt of basalt (p.273), But unlike basalt gabbro 
highly variable mineral content. often contains a 
layering of light and dark minerals (ayered gabbro), 
2 significant amount of alvine (alivine gable), or a 
high percentage of coarse crystals of plagioclase 
FP feldspar leucogabbro). 

Gabbros are widespread but not common an Earth 
surface. They occur as intrusions and as uplifted sect 
of oceanic crust. Some gabbros are mined for their 

nickel, chromium, and platinum (p:38). hase containing 
menite (9.90) and magnetite (9.92) are mined 
ron or titanium. 


Layered gabbro oan 


Leucogabioro 
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VARIANTS. 


PERIDOTITE 


‘An intrusive igneous rock, pe" 
and dense. ts light to dark 


contains atleast 40 percent olvine (p.232) 
1 peridatite have a visit age 

Green peritite  spciman Under a hand lens. Peridatite forms much 
ctangree lv of Earth's mantle and can occur as nodules that are 
brought up f ite (p-269) or 


basalt (9.273) magmas. 
The rock is usvally found interlayered with iron- and 
nich rocks in the lower parts of layered ig 
2, where its denser crystals first form throu 
selective crystalization and then settle ta the battom of 
til-lud or semi-solid crystallizing mushes. A peridot 
that has been altered by weathering becomes 
serpentinite (p,298)_ Peridatite and pyroxenite(p.267) form 
Garnet pero P= in similar environments, but pyraxenite contains a highe 
percentage of pyroxene. Perot 
(of chromium and nickel 
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PYROXENITE 


This Is a coarse-grained, granular igneous rock 
that contains atleast 90 percent pyroxene. Pyroxer 
y also contain olivine (9.232) and oxide minerals 
when it occurs in layered intrusions or nepheline 
(182) cus in slica-poor intrusions. hard 
and heavy rock, itis light green, dark green, or black. 
Is surface often Weathers to rusty brown, Individual 
crystals may be 3in (75cm) ar mare in length. Pyraxenies 
are usually found with gabbros (p,265) a 
(@:264)- Unlike gabbros, pyroxe 
no feldspars. Also, pyraxerite has less olivine 
than peridotites. 

The prin 
pyroxenites, in adition to olivine and feldspar, are 
chromite (p.99) and other spinels (p.96), gamet, rutile 
(078), nd magnetite (9.92) It has been proposed that 
large volumes of pyroxenite farm in the upper mantle. 
Rare metamarphic pyroxenites are known and are 
described as pyroxene homnfels. 
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Apply the solder 
B Touch the end of the solder to the joint so that 
it contacts both the solder pad and the 
component lead or pin. It should melt and flow 
smoothly onto both the pin and the pad. If the 
solder does not flow, heat the joint for another 
second or two and try again. 


Let It Flow 

Keep heating the solder and allow it to flow into 
the joint. It should fill the hole and flow 
smoothly onto both the solder pad and the pin 
or component lead. 


Let It Cool 

Once enough solder has been added to the 
joint and it has flowed well onto both the 
component lead and the solder pad, remove 
the iron from the joint and allow it to cool 
undisturbed. 


Trim the Lead 
Use your diagonal cutters to trim the lead close 
to the board. 


Note: This step applies only to components 
with wire leads. It is not necessary to trim the 
pins on Integrated circuit chips or sockets. 
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DOLERITE 


‘A medium-grained rock, dolerite has the same 
‘composition as gabbra (p 265): ane- to two-thir 
Calcium-rich plagioclase feldspar, and the remainder 
‘mainly pyroxene. Specimens can have up to 55 percent 
nd up to 10 percent quartz (9.168). Plagioclase 
mmonly Occur as tiny rectangular crystals within 
larger pyroxene grains in dolerite. lve (p-232) can occur 
‘aS a constituent in the form of rounded grains that are 
often weathered orange-brown. 
‘An extremely hard and tough 


Weathered doletecosite slice 


other racks, isa heavy rock that 
ned dolerite ic often po 


hed for use as a 
decorative stone, Dolerite is also 


itis stone sold under the name 
“black granite: 
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KIMBERLITE 


‘The major source of diamonds (p47), kimberlte isa 
variety of peridotite (9.26). tis rich in mica, 
form of crystals of phiogopite, a ty 
‘abundant constituent minerals Include chrome-diopside 
(©.210) olivine (p.232), and chromium- and pyrope- 
Weathered kimberite garnet. Lesser amounts of rutile (p78, perovskite (2.89), 
eau eater are Imenite (990), magnetite (p92), calcite (.114, serpentine 
fromeirzeryseuhaseea | (9497) pyroxene, and dlamonk 
Kimberlite is typically 
ppes—structures with vertical 
sides roughly circular in cross 
section. The rock may have been 
injected from the mantle into ( 


weakness in the crust, 
Fragments of mantle rock are 

often brought tothe surface Diamond ring 
inkimberftes, making thema _Thsvinghasanerrakecut 


valuable source of information Savandonald shark 


about inner Earth ‘eure rock or amords 
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LAMPROPHYRE 


The term lamprophyre is used to refer to a group of 
and ron 
Focks: ortho! 
(0.173), plagioclase, biotite (p.197), and hornblende 
(218). Amphibole and biotite tend to occur in a 
Dark brown amprophyre | Matrix of various combinations of plagioclase and other 
Aspzcmenatlamprepnre | sagium-and potassium-rich feldspars, pyroxene, and 
al ‘eldspathoids (9p:182-80), Because oftheir relat 
arity and varied composition, lamprophyres do a 
fit nto standard geological classifications. In genera, 
they form at great depth and are enriched in sodium, 
jum, rubidium, nickel, and chromium, as well as 
potassium, iron, and magnesium. Some are also 
for diamond: 
origin of lamprophyres is stil debated. 
‘These rocks occur mainly in dykes, ss, and other small 
igneous intrusions. They farm along the margins of some 
granites (pp.258-S) and are often associated with large 
bodies of intrusive granodiorte(p:263) 
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PORPHYRY 


The name porphyry is 2 general name and textural term 
{or medium-to fine-grained igneous rocks that contain 
large crystals (nhenocrysts) of other minerals, especially 
f these minerals are found in the smaller crystals af the 
‘matrix tis most often used for racks formed in lava flows 
‘oF minor intrusions. The term porphyry is often prefixed 
with a reference ta the mineralsit contains, such as 
‘quartz-feldspar porphyry, which contains phenocrysts of 
the two minerals. Altematively, the prefix can refer to the 
Ccompostion or texture ofthe rock. Examples are rhyolite 
porphyry or rhomb porphyry, respectively. 

Porphiyries form when crystalization begins deep in 
Earth's crust and cooling occurs quickly after rapid upward 
‘movement of magma, Ths results inthe formation of very 
nal crystals ofthe matrix. Historically the name porphyry 
was used forthe purple-ed form ofthe rock, which fas 
been valued since antiquity as an ornamental stone. 

Many Egyptian, Raman, and Greek sculptures Used this, 
type of porphyry. 
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CARBONATITE 


‘An unusual rock type, carbonatite consists af over 
50 percent carbonate minerals—usually calcite (9.114, 
‘dolomite (9.117), or siderite (0.123). Most carbonatites also 
‘contain some portion of slicate minerals and may contain 
‘magnetite (.92), the brown mica phlogopite, and rare 
earth minerals such as pyrochiore (0.85). Specimens are 
typically cream-colored, yellow, or brown, Carbonatite 
looks similar to marble (p30). It may be coarse-grained 
intrusive and fine-grained if volcanic. 

The process by which carbonates for is stil a 
‘matter of conjecture. They are usualy found in areas 
of continental rifting in veins, dykes, and sils around 
intrusions of sodium- and potassiumtch igneous rocks. 
The geochemistry of carbonates is complex and can 
vary considerably in specimens. Many contain scarce and 
Valuable ores of rare elements, such as niobium, cesium, 
tantalum, thorium, and hafnium. Some carbonatites also 
contain significant amounts of platinurn (p.38), god (p42, 
silver (9.43), and nickel 


Back magieite 
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ne (p.232), pyraxene, and 
et aeag full plagioclase. Most specimens are compact, fine-grained, 
mt est and glassy. They can also be porphyritc, with 


Aamygiaoial 
basalt 


by volcanoes in ocean 

he rock has also built 

huge plateaus on land, The dark 

plains on the Maon, known Basal temple 
naria, and, possibly, the Ths magi 

volcanoes on Mars and Ve Lae 

are made of basalt, ay 
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a DACITE 


‘An extrusive igneous rock, dacite takes its name from 
Dacia (modern Romania)—te ancient Roman provinc 
where it was first found. The voleanic equivalent of 
granodiorite (p.263), dacite is usually pink or a shade 


Fine rained dacte ‘ce | of gay. It often has flawike bands. Porphyriticvarleties are 
pee eos ‘common, with large crystals usually consisting of blocky 


plagioclase feldspar or rounded quartz (0.168), or both. 
cite matrix can be cryptocrystaline or glassy 
ve " Dacite occurs with andesite (p.275) on continental 
‘margins, and with rhyolite (p.278) in continental volcanic 
districts. Along continental margins, dacite magmas form 
inareas where oceanic crust sinks beneath continental 
crust. Dacite magmas are chemically altered as they reach 
the mantle. Dacite lavas are quite viscous because o their 
‘moderate slica content, and thus can be quite explosive in 
eruptions. The explosion of Mount Saint Helens volcano 
INUSA in 1980 was a result of dacite domes formed from 
previous eruptions. The mineral compositions of dacite 
lavas tell the history of the magma. 


sue gray dace a szcien 
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ANDESITE 


This voleanic rock is named after the Andes Mountains 
intermediate In slica content, iis usualy gray n color and 
‘may be fine-grained or porphyritic. Andesite isthe volcanic 
equivalent of diate (p.264). t consists ofthe plagioclase 


fine-grained andesite 
RoscrreranPesclren | feldspar minerals andesine (2781) and olgeclase (p78, 
srs Pc Ocean together with ane or mare dak, fertomagnesin minerals 


nal pe such as pyroxene and biotite (0.197). 
Amygdaloidal andesite occurs when 

bubbles inthe soldfying magma 

are later filed in, often with 

lite minerals (pp.185-90), 

‘Andesite erupts from volcanoes 

and is commonly found 

interbedded with vol 


ne voids left by gas 


Andesite with plagocase 


nic ash and 


vipacerancic: 
Volenie andesite 
volcanoes formon continental or fererastPrternts. 


‘ocean crust above these zones. olan andes 
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i 
SCORIA 


The top ofa lava flow is made up of highly 

vesiculay,rubbly material known as scoria, I has the 

appearance of vesicular lava. When fresh, scoria 

generally dark in color—dark brown, black, or red 

Weathered scora has a medium-brown colar and forms 

piles of loose rubble with smal pieces, Most scorla is 

fupbiy sania cece | —asatic or andesiticn composition. This rock forms 

ctrayscoratemt=tee| | hen gases in the magma expand to form bubbles as 
ava reaches the surface. The bubbles are then retained 
a the lava solids. Scaria i common in areas of 

‘ecent volcanism, such asthe Canary lands and the 

talian volcanoes 

This rock is of relatively low density due to its 

vesicles, butt snot as ligt 2s pumice (p77), which 

floats on water. Scria also fers fram pumice in that 

it has larger vesicles with thicker walls, Scoria has 

commercial use a a high-temperature insulating 

material also has applications i landscaping 

and orainage 
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PUMICE 


A porous and frothlike volcanic glass, pumice is 


from silica 
4 intermediate 
ryote pumice 
ured iryltesunicewitn | _f@terslica-poor purnices are black. The hollows inthe fot 
Sey ste can be rounded, elongated, or tubular, depending an the 
flow ofthe soldfying lava. The 
feral that forms pumice 
n bein threads, les, or thin 
partitions between the hallows. 
Although pumice is mainly 
composed of glass, small 
ystals af various minerals - 


yellow or brown, a 


oonicPumcehsclow dershy runes 
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in water. rough tin 


Congratulations! 
Reward yourself with a Solde 
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a 
RHYOLITE 


Arare volcanic rock, rhyolite is usually fine-grained. 
it's often composed largely of volcanic glass (pp 280-81), 
individual grains of quartz (p.168), feldspar (op-173-81), 
and mica may be present but are too small to be visible, 
The small size of hese grains indicates that cystalzation 
Porpyite ryote bbegen before the lava flowed to the surface. Rhyolites 
gical nt sometimes have millmeter-scale phenacrysts of quartz, 
: feldspar, or both. Specimens can also include iran 
{and magnesium-rich minerals, such as biotte (2.197) 
(or pyraxene and amphibole, The granitic magma fram 
which rhyalte crystallizes is very viscous. Therefore, 
fiow banding is often preserved and can be seen on 
weathered surfaces. Banded rhyalites have few ar no 
phenocrysts, rhyolite variant with tiny crystals arranged 
in radiating spheres is called spherultic rhyolite. 

Rhyolite occurs with pumice (p.277), obsidian (p.280), 
and intermediate volcanic rocks, such as andesite (.275). 
Rhyolites are almast exclusively confined to the interiors 
‘and margins of continents. 
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TRACHYTE 


The name trachyte comes fram the Greek word trachys, 
which means “rough'—a reference to the rack'stypic 
‘ough texture. Trachyte’s composition is dominated by 
alkali feldspar—a major component ofthe fine mat 
ofthe abundant phenocrysts that 

are common inthe rock. Dark, ron 
and magnesium-rich minerals, 
such as biotite (9.197), pyroxene, 
{and amphibole, can be present 
in small quantities, Trachyte is 
similar to rhyolite (p:278) in color 
and butit contains 


‘and oceanic sian Hy 

sanie racks that are rch in alkali Tachyte stonework 

orpyetic tracy i feldspars, have intermediate to Theeshecaln Wares, 
high silica content, and are iran. 

and magnesium, 
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"3 OBSIDIAN 


The natural volcanic glass obsidian forms wr 
alfies so quickly that erystals do not have time to 
3 typically jet black, although the px 
190) can produce red and brown variants 
f tny gas bub 


Vesicular absickan of hematit 
pec The inclusior 
a golden 


‘ompasitic 
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PELE’S HAIR AND TEARS 


‘Two of the more unusual kinds of extrusive volcanic 
eles teor | rock are named after Pele, the Hawallan goddess of 
va v first of these is Pele's hai 
to threads or fbers of volcanic glass (pp.280-B1) forn 
small draplets of molten basaltic matt 
lawn into t win out by the wind into long, 
hairike strands. Specimens are usually emitted from 
lava fountains, lava cat vigorous lava 


flows. They ae generally deep yellow or golden incor 
A single stand of Pete's hal with a diam 
Golden arrest jain (0.5mm) can be as long as 6'4ft 2m) Stands can 


blown tens of ri 
ere they originated. 


ay from 


& ond variety af volcanic named a 
SS “) is Pele’ tears, which are small blobs of vol: 

Seer 1 formed in much the seme way as Pete's hat 

Specimens occur as spheres or tear drops that are 

tong sends Fut | black in color. They ae frequently found on one end 


strand of Pe! 


shale 


‘Tuff with graded beading 
Th tuflepecmen fom alan 
‘shown odd bedding whch 
‘nstreing wate. 
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TUFF 


Any relatively soft, porous rock made of ash and 
other sediments ejected from volcanic vents that has 
solid into rock is known as tuff Most tuff formations 


Ltn tuftaspecmanci ut | include a range of fragment sizes and varieties. These 
Etainng aha range from fine-grained dust and ash (ash tuff) to 
smal ck regrets ‘medium-sized fragments called lll apli tuts) to large 


Volcanic blocks and bombs foamb tuffs). Tuffs originate 
when foaming magma wells to the surface as a mature 
cof hot gases and incandescent particles and.is ejected 
from a volcano. 

The conditions under which the ejected ash solidifies 


rysal tit Aspecimenct | determine the final nature ofthe tuft Tuffs can vary both 
iufeontnngapredsmnance | in texture and in chemical and mineralogical composition 
Drala id because of variations in the conditions a their formation. 


and the composition of the ejected material f the 


seded tts pyroclastic materials hot enought fuse, a welded tu 
Sere fl (calle! gnimbniteforms at once. ther tf thy slowly 
faim sie through compaction and cementation, and can stati 


when they accumulate under water 


ROCKS | IGNEOUS ROCKS 283 


ae 
Co 
EE eae 
© vapectioutas 
eed 
eben 
aint 


ass than Yin 1m vescurina 
in(@s-20em) 


DB various 
ea trown, back 


ow eanang 


VOLCANIC BRECCIA 


‘These igneous rocks are formed e'ther bythe interaction 
of ava and scoria(p.276) or by the mixing of cooled 
Java and flowing lava. Volcanic breccia takes the form of 
inch-scale angular clasts, which may be rocks broken 
ff the sige of a magna conduit or rocks picked up aff the 
Volcanic recta A-oecm=n | Surface during a pyroclastic or lava flow. in certain types 
ean rec at of lavas, especially dacite(p.274) and chyalte(p.278) 
pee aul lavas, thick and nearly solic lava is broken into 
blocks and then reincorporated into the flow of iquid 
Java, Flowing lavas can aso pick up surface rocks and 
incorporate them into saidified breccia, In explosive 
Volcanoes, solicified lava may be reshattered numer 
times to be reconstituted as breccias, 

Flowton breccia commonly forms at the top af a lava 
flow where the moving lava picks up loose debris fram 
previous eruptions and flows. Its especially common 
between basaltic lava flaws, which may occur some time 
apart. Breccias are aifferent from agglomerates (0.284), 
In which the clasts are rounded, 


284 ROCKS | IGNEOUS ROCKS 


[[rnorue 


bh sve 


ee ere 


<in om, 


fren 


DB one 


various 


‘Agalomerate speci 


[vananr i 


se AGGLOMERATE 


‘An agglomerate Is a pyroclastic rock in which coarse 
unded clasts up to several inches long are setin ar 
flava or ash. The dasts ae fragments that may be 
derived from lava, pyroclastic rock, or country rock 
{the rack that surrounds or les beneath a volcano). 
‘The rounding ofthe clasts may have occurred elther 
in the magma during eruption or by later seckmentary 
eworking. The rounded nature ofthese clasts isthe 
Cottnatine aqyiommncnte ‘key to designating the rock as an aggiomerate rather 
Aspeemenclcateratewth | han as a volcanic breccia (p.283) na volcanic breccia, 
‘most ofthe clasts are angular. 
‘One type of agglomerate, vent agglomerate, isthe rack 
that plugs either the main vent or a satelite vent ofa 
ano. The outcrop of this rock of limited extent 
and appears ccularon a geological map, Like ote 
agglomerates, vent agglomerate contains a variety of 
lasts of cifferent sizes, shapes, and compositions from 
the lava, other volcanic rocks, or country rocks, These 
a matrix of fine-grained igneous rock 
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VOLCANIC BOMB 


brown oF red, weathering to a yellow-brown color. 
Specimens can become rounded as they fly through 


spine bomb Ls 


sreaderst the air although they may also be twisted or pointed 
one a They may have a cracked, fine-grained, or glassy surface. 


foe rng There are several types of voleanie bomb, which are 
named according to their outward appearance and 
structure. Spherical bombs are spheres of fuid magm 
pulled into shape by surface tension. Spindle bombs are 
formed by the same process as spherical bombs, excent 
that their rotation in flight leaves them elongated. 


‘A breadcrust bomb forms if the outside ofthe lava bomb 
soles during fight and develops a cracked out! 
surface while the in 
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METAMORPHIC ROCKS 


Metamorphism occurs when an existing rock is subjected to. 
pressures or temperatures very different from those under which 
it formed. This causes its atoms and molecules to rearrange 

themselves into new minerals in the solid state, without melting. 


DYNAMIC METAMORPHISM. 
There are three different ways 
In which metamorphic rocks 
are formed. The fist ofthese is 
dynamic metamorphism. This 
curs as a result of large-scale 
movements in Earth's crust, 
especialy along fault planes 
and at continental margins wh 
tectonic plates collide. The resulting 
mechanical deformation produces 
angular fragments to fine-grained, 
granulated, or pawdered racks. These 
rocks are characterized by a foliated 
appearance, in which mineral grain 
align 3s parallel plates. 


‘bynamic metamorphism 


REGIONAL METAMORPHISM 
The second tyne of metamorphism isthe 
formation of regional metamorphic rocks, 
These are associated with mountain 
building through the collision of tectonic 
plates, This pracess increases temperature 
and pressure over an area of 
of square miles, producing widespread 
‘metamorphism. Important regional 


‘Ancient metamorphic rocks 
The Bk Meurtans in coorata USA hae enters 
afeas of metamerpic Fock, nui sche 
and gretzes thought to have metamorphosed 
‘U9 bien years gn 


wetamorphic rocks include slate 
and gneisses. Which rock forms 
depends on the existing rock, the 
temperatures and pressures to wh 
ils subjected, and the time spen 
under those conditions. At the extremes, 
low temperature and pressure produces 
lates; high temperature and pressure 
produces gneisses 
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CONTACT METAMORPHISM 
The third type of metamorphism is 
contact metamorphism or thermal 
metamorphism, This type occurs 
mainly as a result of increases in 
temperature, notin pressure. is 
‘common in rocks near an igneous 
Intrusion. Heat from the intrusion 
alters rocks to produce an “aureole” 
cf metamorphic rack. The racks 
nearest the intrusion are subjected 
to higher temperatures than those 
farther away, resulting in concentric 
zones of cistinctive metamorphic 
rocks. The minerals of each zone 
depend on the original composition 
ofthe host rocks, 


CHANGING CHARACTERISTICS 
-Metamorphism is said to be low grace if 
itoccurs at relatively ow temperature and 
pressure and high grade at the intense 
fend of the temperature and pressure 
range. The assemblages of minerals in 
rocks are affected cfferenty depending 
on the grade af metamorphism and the 
relative importance of pressure and 
temperature in the reaction. in some 
low-grade reactions, the components of 


ante 


‘contact metamorphism 
‘lage rion ofan geaus rock suchas rane, 
a tro th suraunang rocks, tring 
thee minal ert 


existing mineral assemblages are simply 
redistributed. In other reactions athighe 
temperatures and pressures, components 
‘combine with others present in the rock to 
fotm an entirely new set of minerals 


‘hale to gneiss 
can be metamorphosed into various other rocks by 
{he applation of ieeasng)y gh degrees chest 
sane pressure fre lei 


Problems? 
The last page of this guide illustrates a number of common soldering problems with advice 
on prevention and repair. 


) Adatruit Industries https://leamn.adafruit.com/adafruit-guide-e 


288 ROCKS | METAMORPHIC ROCKS 


{ Prorite 
he Reyonal metamorphic ta 
© essere” 
suze ee 
am 


High 
BE rotate crstaline 
Doin esr) 
BE cure, fecspar 


i aioe, nomena, 
faret saurlte 


013, pn, muticotoree 
4 cranodirte, mudstone 


sane, shal, itor, 
Eres isn 


Banded gneiss 
The specie fla 
hon folate! ans 


"vaniants r 


GNEISS 


Distinct bands of minerals of diferent colors and sain 
sizes character this metamorphic rock n most gneisses, 
these bands are flded, although the folds may be too 
large o see in hand specimens. Gneiss fs mecum-to 
Coarse-grained rack Unike schist pp.291-92 fs folaton 
is wel developed, but thas ite orno tendency to sot 
along panes. Most gneisses contain quartz (p68) and 
fetepar(pp.173-81, but nether minerals necessary for 
a rock tobe caled gneiss. Larger crystals of metamorphic 
‘minerals, such as gamet, can also be present. 

Geiss makes up the cares of many mountan ranges. 
itforms fom sedimentary or granitic op 258-50 rocks 
at ver high pressures ana temperatues (,065"F/S75°C 
cr above. variety called penal gneiss has rod-shaped 
sueensrees | incl minerals or mineral apitegses. aug eres, 
fins” | theaugens or eyes” ae singe-mineral, eye-shaned rans 

that are larger tan other gansin the ock-orthogness is 

ses derived frm igneous roc, andparagras is eis 
drive frm secimentar rock 
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pe MYLONITE 


The term mylonite refers to fine-gralned rocks with 
streaks or rodike structures produced by the ductle 
deformation, or sretching, of mineral grains. This, 
classification is based arly an the texture ofthe rock, 
and specimens can have different mineral compositions. 
Mylonite with a large percentage of phylasiicate 
minerals, such as chiorte or mica isknawn as phyllonte. 
ranula myonte When mylontef hard, dark, and so fine that thas the 
Asmar wtamcted | appearance of streaky fn, is known as uterine 

‘Although generally fine graineo, afew mylonites are 

coarse grained and often sugary n appearance. These 
ae referred to as blastomyionites. 

There are many cifferent views on the formation of 
rmylonite. tis typically produced in a zone of thrusts or 
lowv-angle faut Fine-grained myiontes may have been 
produced by recrystalizaton under pressure. The fact 
that mylonite gras ae stetched rather than sheared 
makes it evident thatthe rack has softened in the 
‘metamorphic process. 
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MIGMATITE 


The term migmatite means “mined rock” and refers to 
‘ks that consist of gneiss (p 288) or schist (pp 291-92) 
intrlayered, streaked, or veined with grarte(pp.258-5). 
‘The granitic parts consist of granular patches of quartz 

vari meting igratte | (0-168) and feldspar (op:173-B1), and the gnelssic parts 

wh satel en of consist of quartz, feldspar, and dark-colored miner. 

fare ‘The granite streaks area resut ofthe partial meting of the 
: parent rock at temperatures below the melting point 

ofthe schist or gneiss. The layering may be tightly 

‘olded asa result of softening during heating. Migmatite 

occur at the bordertine between igneous and 

metamorphic r 

The rock forms near large inirusions of granite wi 
ne of the magra has intruded into the surroundi 
rendimigraiewen | metamorphic racks. Commonly, migmatite occ 

Ssibs eens wathin extremely deformed rocks that once formed the 

slicers bases of eroded mountain chains t form: 
the crust at high temperatures (1,065°F/575°C or above) 
and pressures. 


gate folding 
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SCHIST 


This metamorphic rock has a flaky 
and folated texture. Specimens have 
wrinkled, wavy, or irregular sheets 
Iuscovite schist seacinen | aS 2 result ofthe parallel orientation, 
Sfschstdomnatedby wnt | ofthe component minerals, 
. shows distinct layering of light- and 
dark-colored minerals. The mineral 
assemblage varies, but m 
present. Most schist 
‘of platy minerals, 
graphite (.46), tale (.193), maser 
(0195), and biotite (p.197). The 
‘mineral composition of a schist 
depends on its protalth or orginal 
rock and its metamorphic 


yan schist 


“ra bu environment. The mineral Indian schist carving 
‘lade assemblage can thus be used Ataugh ts aun 


to determine the metamorphic 
history ofthe rock (ta a acarvrgrateral 


292 ROCKS | METAMORPHIC ROCKS 


PROFILE 


(hs Paver tapi 

Mee ee 
(taser rocks 

@ seiner 

EE voce 

Btonin 

IE scone, tote, et 

[resource 


© con 
tice 


[[vananrs i 


GARNET SCHIST 


Like other schists, garnet schist is a metamorphic rock 
ith a characteristic texture: wrinkle, Iegulr, or Wavy 
8a result ofthe parallel orientation ofits component 
minerals, such as chlonte, graphite (p.46), talc (0.193, 
muscovite (p-195), and biotite (p.197). n garnet 

sgamet occurs as porphy which are large crystals 


Samet pry h other smaller crystal. 

oat The resulting textures called porphyroblastc. The 
equivalent texture in igneous rocks is called porphyyritic 
during the formation af mountains. The mineral assemblage 
in garnet schist, tke in other schists, helps determine both 
the environment in which the original rack formed and 
its metamorphic histary. other porphyrablastc schists 

amet muscovitechioite | such a8 Staurolite schist, corundum 

schist amet rsh chist, muscovite schist, biotite sc 


ot other metamorphic minerals—are in 
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caste 
set SLATE 

swe A fine-grained metamorphic rock, sate occurs ina 
ee ‘number of colors that depend on the minerals in the 


original sedimentary rock and the oxidation condttons 
under wich that rock formed. Sete has a characteristic 
lavage that allows ito be spt into relatively thi, ft 
ees Ts result of microscope mia crystals that 
nave grown olnted inthe same plane. Te sates salt 
along He flat alanes formed during meta 
Spoted sites wsval_| rather than along the original sedimentary layer 
a sc Slate is common in regionally 
‘metamorphosed terrains forme 
when shale (9.319, mudstone 
(0:36, or voieanic rocks rich 
in silea are burled as well as 
subjected to low pressures and 
temperatures (upto 400°F/200°C. schoo late 
The aity of late to spit into thin eens he ites 
sheetsmales idea asa durable TO"Veurun tes ne 
oofng materi praelet ares 


ye si wan pte a 
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PHYLLITE 


Like slate (.273},pylte isa fine-grained metamorphic 
cock thats usualy gray or dark geen in color. thas a 
shinier sheen than sate because ofits large mica crystal. 
The rackhas a tendency to split inthe same manner as 
slate because of a parallel alignment of mica minerals. 
However, the sot surfaces are more ireguar than in site, 
and pylte spits into thick slabs rather than thin sheets. 
‘Many phylite specimens have a scattering of age crystals 
called porphyrobiass, which grow dung metamorphism. 
auumungmnettmue | THEO Soften deformed ino folds couple of inches 
Peer toon wide and is veined with quart (p18) latte (p97, 
cordert (2229), tourmaline (2228, andalusite (9.736, 

and starolt (.239 are commonly found in pyle 

This rack occur in both young and od eroded mountain 
bets in regional metamorphosed trans. forms when 
fine-grained sedimentary racks, such a Shales (2.313) ot 
‘mudstones (0.316, are buried and subjected to relatively 
caret protien | oy pressures ad temperatures (upto A00"F/200°) fr a 

we ud long period of time. 


Coarse flan 29 sare 


hs egera metarorpie 
al meters 
© Sfemomsrane™ 


8 veh 
BE towns 

cnstaine 
B Yokes 
Bow 
[Bl oem state 
@ rescey 
44 sandstone 


VARIANTS: 


Pale metaquartzte 
Aspecinenet meaquar 
‘a varynigh eres 
aa 


‘ray metsmartaite 
thecorefthe 
‘ipl santana 


ROCKS | METAMORPHIC ROCKS 295 


echo 
ens 


cystine metaquartite 
THe metamerphe rey of 
qusrae sa eysaline rk 


QUARTZITE 


‘This quartz-rich metamorphic rock is usually white 
to gray when pure. Specimens can be various shades 
of pink, red, yellow, and orange when mineral impurities 
are present. Quartzite is very hard and brittle and 

shows conchoidal fracture. It usually contains atleast 
90 percent quartz (p68). 

‘Metamorphic quartzite, or metaquartzite, forms 
When sandstone (p 308) is buried, heated, and squeezed 
Into a solid quartz rack. itis found with other regional 
‘metamorphic rocks formed during the shifting of Earth's 
tectonic plates. Quartzte can also refer to sedimentary 
sandstone converted to a much denser farm through 
the precipitation of slica cement in pore spaces. The 
‘wo types of quartzite can be distinguished by examining 
the grains under a microscope: metamorphic quartzite 
consists of interlocking crystals of quartz, whereas 
sedimentary quartzite or orthoquartzte, contains rounded 
‘quartz grains. Crushed quartzite is often used as railroad 
ballast and in the construction of roads. 
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sce AMPHIBOLITE 
ee coarse-grained rocks that are dorninated by amphibole 


green tremolite (p.219) or actinolite (.220). Sp 
nay contain grains of calcite (p:114, feldspar (pp.173-81), 
‘and pyroxene and large crystals of minerals suc 


{a8 garnet. Except for garnet, the mineral grains in 


amphibolite are usually aligned. The rack can also 
Q show banding, 
‘Amphibole form from the metamorphism of ron 


igneous 


omblendesichamphibolte | and magnesium ks, such as gabbra 


sienaegecren” | (2265), and fom sedimentary rocks, such as eraywa 
oe (p.317). They comprise one of the major divisions ot 
: i mineral 

a conditions of 

Sto ures and temperatures (upto 
nt 1,065°F/575°C), Amphiboltes are used in bulging 


and in other aggregates where high 
of strength and durability are required, 


grees 
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GRANULITE 


This metamorphic rock is narped for its ever 
granular texture, Specimens are typically tough and 
‘massive. Granule has a high concentraton of pyroxene, 
with diopside (p.210} or hypersthene, garnet, calcium 
plagioclase, and quartz (9.168) or olivine (p.232). thas 
LUpitolored granuite is | nearly the same minerals as gneiss (p.288) but i ner 
grained and less perfectly folated, and has more garnet 
Formed at high pressures and temperatures (,065°F/ 
°C or above) deep in Earth’s crust, granuites are 
aracteristic ofthe highest grade of metamorph 
formed under these concltions belong ta a category 
‘of metamorphic rocks known as the granulte faces. 
Mineral groups such as micas and amphiboles canno 
survive at the high metamorphi 
sgranulites form and ai 
gamets. Most granultes date from the Precambrian Age, 
which ended over 500 milion years ago. They are of 
particular interest to geologists because many af them. 
/epresent samples ofthe deep continental crust. 


Surface Mount Components 
The previous page showed how to make a good through-hole joint. But more and more 
components are only available in surface mount form these days. Not all surface mount 
packages are easily worked by hand, but there are plenty that can be managed with the 
same basic tools used for through-hole soldering. 


Let's start with a surface-mount part common to several Adafruit kits: The SD Card Holder: 


Immobilize the Joint 

Unlike many surface mount components, 
immobilizing the SD card holder is relatively 
easy. There are small pegs on the back that fit 
into positioning holes in the board. Once itis in 
place, solder the four small comer tabs to 
make it permanent. 


Heat the Joint 

Start by putting the tip of the hot iron on the 
solder pad adjacent to the pin. The pad will 
take longer to heat, so we apply most of the 
heat to the pad to start. 


© Adafruit Industries _https://leam.adafruit.com/adafruit-quide-excellent-soldering Page 17 of 35 
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SERPENTINITE 


‘An attractive rock, serpentinite is composed of 
serpentine (2.191) and other serpentine-group miner 
it commonly hi ig bands of various colors, 
especially green and yellow. Serpentine minerals form 
bya metamorphic process called serpentinizaton that 
alters olivine and pyraxene-tich, slica-poor igneot 
racks, This process occurs at low temperatures (up 

to 400"F/200°C) and in the presence of water. The 
original minerals are oxieized to produce serpentine, 
‘magnetite (p 92), and brucite (9.105). The degree to 
which a rock undergoes serpentinzation depends on 

the compasitian ofthe parent rock and the mineral 
‘composition ofits components, especialy ts olivine 
(9.239) For example, fayalte-rich olivines serpentinize 
differently than forsterte-rich olivines. 

Serpentine is used as a decorative stone since it can 
bbe easlly cut and polished. tis also mixed into concrete 
aggregate and used as a cry file in the steel shielding 
jackets of nuclear reactors. 
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ECLOGITE 


Arare but important rock, eclog\ts is formed 
only by conditions typically found in the mante or the 
owermost anc thickest part of the continental crust. 
ts overall chemical composition is similar to that of 
igneous basalt (p.273}. tis @ beautiful, coarse-grained, 
Mantle rocco wn dense rock of bright red garnet ang contrasting bright 
green omphacite—a pyroxene characteristic af 
high-temgerature metamorphism. Dionsie(p:210} and 
lvine (p.232) are commonly present 2s well. Eclogite 
grains may be evenly distributed or banded. 

Eclogite forms at very high temperatures (1,085"/575°C 
‘or above) and pressures fram slica-poor igneous racks. 
“Many investigators believe that eclogite is characteristic 
of a considerable portion of the upper mantie. When 
Drought upward into the crust, eclogites are mainly 
found as xenoliths foreign inclusions) in igneous rocks 
Fine grained ecogte and as isolated blocks up to ag0ft (100m) wide in other 
‘metamorphic rocks. Although rare, diamonds (9.47) may 
occur in eclogites 
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rotate SOAPSTONE 


Same ‘Also known as steatite, soapstone is fine-grained, 
ape ‘massive rack, Tale (p199), one of the softest minerals, s 
its principal component. Soapstone specimens are easly 
recognized by their softness: they have a greasy feel and 
t canbe scratched witha fngermal Soapstone may also 
+ contain varying amounts of amphiboles, such as 


< 
% anthophylite (.216) and tremolite - 
(0.219) and chiotites. Specimens 
ccan be green, brown, or black 


when polished, but they become 


Senor white when scratched! 
sStjsaies ‘Soapstone is found associated | 


with other metamorphosed slica- 
oor igneous rocks, such as 

serpentinite (9.298). kisused in 

fireplace surounds because t Uomo seat 
consist absorbs and distributes heat Soagutain sich an Ht 
hs evenly. is also carved into molds jor ee cttecaac 
oi for sot metal casting crt ri 
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& MARBLE 
urbe wth A granular metamorphic rock, marble is derived 

| snatensa ‘rom limestone (9.318) or dolomite (p.320). It consists 
— of a mass of interlocking grains of calcite (p.114) or the 
= in the limestone can recrystallize 


in mineral impurities in the 
marble, most commonly graphite 
(0.48, pyrite (062), quartz 
(0.168), mica, ang ron oxides. Ta Maal nea 
Insuffcientamounts these can The Maal ut of 
affectthe texture and color of Eyar= ahs male 
the marble thea ofthe ee 


Gray marble ze fon 
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SKARN 


This rock is a product ofthe contact metamorphism 
of limestone (p.319) or dolomite (p:320) by an igneous 
intrusion, often granite (op. 258-9), with an intermedia 
or high sca content. Hot waters derived fram the granitic 
‘magma are rich in silica, iron, aluminum, sulfur, and 
magnesium. When limestone or dolomite is invaded 
by this high-temperature hydrothermal solution, the 
catbonate minerals calcite (p.114) and dolomite rea 
rongly with the slightly acid solution, The elemen 
Carried in the solutions combine with the calcium and 
‘magnesium in the parent rack to form silicate minerals, 
such as diopside (p 210, tremalte (p-219), and andradite 
‘The resulting rock is usually 2 highly complex combination 
‘of calcium., magnesium, and carbonate-rich minerals, 
‘karn minerals can be fine-to mediurn-grained. They 
‘also occur as coarse, radiating crystals or bands. Some 
skams ar rich in metallic ors and form valuable deposits 
‘of metals, including gold (p.42), copper, iran, tn, lead, 
‘molybdenum, and zinc. 
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Pyroxene hornfels 


VARIANTS 


HORNFELS 

Formed by contact metamorphism close to 
intrusions at temperatures as high as 1,300"~1,450" 
(700°-800°C), homes can form fom almost any paren 
ock and is notriosl ficu to identify. ks compostion 
depends onthe paren rock and te exact temperatures 
and figs to which the rock i exposed, Specimens ar 

usualy dense, hard, and hard to break. They are fine 
grained and lately conchoica 

eras hernias rit | fink fracture. The rock may sometimes appear 235) 
sit anda The color 


igneous 


ten categorized by th 
present in the specimen, Garnet hornt 
characterized by large crystal 
matrix. ite hornfels contains large crystals 
of cordierite (p.223) that can be up to several 
Chlastaite nares i in Glameter. An outcrop of harnfels rarely extends more 

than a few yards fram the contact and may pass 
‘outward into spotted slat 
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SEDIMENTARY ROCKS 


Sedimentary rocks are formed at or near Earth’s surface either by 
accumulation of grains or by precipitation of dissolved material. These 
rocks make up the majority of the rock exposed at Earth's surface, but 
are only about 8 percent of the volume of the entire crust. 


LITHIFICATION 
The transformation of loose grains of 
sediment int clastic sedimentary ro 
Is known as lithification. The grains are 
often bound together by a cementing 
agent, which is generally precipitated from 
solutions that fiter through the sediment. 
Insome cases, the cementing agent is 
created at least in part by the breakdown 
tf some rock particles ofthe sediment 
itselt The mast cornmon cement is slica 
(usually quartz), but calcite and other 
cearhanates as wel as iron oxi 
anhyerte, zeolites, and clay ineras als 
forrn cements, The cementing agent 
becomes an integral and important part been deposited as sediment. In ather 
afthe sedimentary rock onceit farmed. cases, hundreds or even millions of 
In some cases, clastic sedimentary rocks years may pass by before lthification 
(Gee opposite) can also be formed by simple occurs, At ary elven time, there are large 
mpaction—a process in which the grains amounts of rack fragments that have 
bind together under extreme pressure been produced by weathering but have 

Lithication can sometimes take place not been ithified and simply exist as a 
almost immediately after the grains have form of sediment 


aggregations 
loose secients Os time, 
‘Fess grea es 

cement nthe form sole ack, 


Sedimentary rock formation 
The fama of seamen racks 
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CLASTIC ROCKS 
Clasts are rock fragments ranging in size 
fram boulders to micrascopic particles, 
Clastic sedimentary rocks are grouped 
according to the size ofthe clasts from 
Which they form. Larger clasts such as 
pebbles, cobbles, and boulder-szed gravels 
form conglomerate and breccia, sand 
becomes sandstone; and finer stand clay 
particles form sitstone, mudstone, and 
shale. The mineral composition of clastic 
Focks can be subject to considerable 
change over time, 


the most coarse grained 
sect rocks hey ret of 


tt 
Ieper bya cemering rai 


CHEMICAL ROCKS: 
Chemical sedimentary racks are formed 
by the precipitation ofthe transported, 
clissolved products of chemical weathering. 
In some cases, the dissolved constituents 
are directly pfecipitated as sold rock. 
Examples include banded iran formations, 
some limestones, and bedded evaporite 
deposits —racks and mineral deposits of 
soluble salts resuing from the evaporation 
cof water. In other sedimentary racks, such 
as limestone and chert, solid material 
frst precipitates into particies or becomes 
the shells of organisins, which are then 
deposited and tified, 


FOSSILS 
Afossil isa remnant, impression, or trace 
of an organism that lived in a past 
geologic age. Fossils are preserved 
‘almost exclusively in sedimentary racks. 
The most comman fossils are of aquatic 


nite cliffs of Dover 
{ects nea ths ton of Daver in ket, Engng 
the celaratea Wie iso Dover ae pectaa 
eposts of chalk many feet thik 


plants and animals, After an organism 
dies, the soft parts decompose, leaving 
behind only the hard parts—the shell, 
teeth, bones, oF wood. Buried in ayers 
of sediment, the hard parts gradually 
turn to stone. Ina process known as 
ppetmineralization, water seeps through the 
rock, depositing mineral salts in the pores 
of the shell or bone, thereby fossiizing the 
remains, In sme cases, the organic matter 
's completely replaced by minerals as it 
decays. in other cases, circulating acid 
solutions dissolve the original shel or bone, 
Jeaving a cavity f identical shape, which is 
filed in as new material is deposited in the 
cavity, creating a cast, 


Foss in chalk 
‘ges rin fos uch this wel grservect 
‘ape are usualy fund n cha hic a made 
pote fost of try marve cgansm= 
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‘puddingstone conglomerate 
tere nan, 


CONGLOMERATE 


Rocks formed by the lthfication of ounded cock 
Fragments tat are oer Vain 2mm n cameter ae known 
a conglomerates. hey canbe further classied by the 
average size of thet constituent materia—pebble 
conglomerate ne), cobole-canglmerate medium 
and bouder-conglomerat coarse), Conglomerate can 
also be known by the rack or mineral ftagments ints 
camposton, for example, a quartz pebble conglomerate 

Depending onthe environment Inwhich these 

romamevecongonerae | fragments are deposited, these rocks may be of two 

seerestices” | sypes, wel sorted conglomerates result ftom wate 
flow over a ong peo. These have wel-sorted pebb 

si rar (with sma size variation) genealy of oly oe rock 
or mineral type, and afew smal par 


Ail the pebbles. Poorly sorted conglomerates form fam 

aoe ap\d water flow and deposition. They have poorly 
vt sorted pebbles (of varying sizes) of mixed rock and 
sa ‘mineral types with @ number of small partic 


between the pebbles. 


| Prorite 


‘Devt trom coarse 


© Marine restate, 
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Poot sorted breccia 
Th specmen of eccis 
fragments ith no car Bt 


| 
— BRECCIA 


ae Lithified sediments with cock fragments that are more 
ieee than Yuin (2my in diameter but angular or oly slighty 
ounded are called brecoas. The lack of rounding indicates 
that litle or na transportation took place before the 
fragments became incorporated inthe rock 
Breccias can formin several ways. Rocks can shat 
far example, due ta fost action or earth movement— 
and the fragments then become cemented inthe ne 
postion, shattered fragments may also move before 
being cemented—for example, they may accumulate at 
the base of a cliff ar be cartied 
by aflash flood, breccias can - 
also form in areas of active 
faulting. n areas where fauting 
urs underwater, newly 


Potygenetic breccia 


stots, | sndtecomecemenedio Seine 


Apply the Solder 

When the joint is hot, apply solder to the side 
opposite the iron. The solder should melt and 
start to flow into the joint. 


Let it Flow 
Apply just enough solder to ensure a good 
joint, then keep the heat on while the solder 
wicks up between the pin and the pad to make 
a good electrical bond. 


Let it Cool 


D Remove the iron and allow the joint to cool 
undisturbed. 


Problems? 
The last page of this guide illustrates a number of common soldering problems with advice 
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SANDSTONE 


The second most abundant sasimentary ook ater 
Shale p37, sandstone mates up about 10 o 20 percent 
of the sedimentary rocks in Earth's rust, Sandstones 
wacom sanisoe | fe cessed according to texture and mineralogical 
properties nto micaceous sandstone, orhaquarake 
(2310, and graywacke (9.317). Tey ae usualy dominated 
by quart (2.168) and have be sandy grains and other 
minerals present in varying amounts, Wel-ounded gains 
are typical of desert sandstone, while rver sans ae 
Usually angular andl beac sands somentereinbetveen 
Bedeing is eten visible in 
ont sandtonessre | sandstones a8 a sees of layers 
presenting Successive deposts 
of rains. Beding surfaces may 
Show eter pps the cross 


ed sandstone 


bedding typical of dunes, Sandstone pltorm 
Sandstone isan important heen 
heed indicator of deposition and Fthcatedar yee 


erosion processes. ‘age rom 
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Marine greensand 


[proce 
a famamecae ~~  GREENSAND 
ees Aquarti \dstone with @ high pe 
Bunnwsamey | Tegra paucont 98 8 
staucontc sandstone 1 
Dy Feta: ma applied to any slaucons 
© cwven {0 formin shal 


‘entage of the green 


BE cuore, gauconite 


sediment. G 


@ venetrates imerebrates, are rich in organic detritus. t forms asa result of a 
oi ‘accumulation of sediments, by the replacement of cali 
(114) or by primary deposition. it may contain shell 
fragments and larger fossils. Some glauconite pel 
VARIANT iogenic, originating as fecal pellets. 
weak and friable, although 
ely hard greensand has been used as building 
+ ol derived from greensand varies, ranging, 
tosterle, Gauconite 
f potassium and 
phosphorus. ts potassium content is useful in radiornet 
reensand banding age-dating 


arden) glauca 
in water-treatnen 
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Pink orthoquartzite 


{| Prorue if 
Ae ORTHOQUARTZITE 
D cin 03-200) {A pure quartz sandstone, orthaquartate is usually 
B oure composed of wel-rounded quart (p 168 grains cemented 


ica, The high degree of rounding ofthe grain 

indicates that they have traveled some distance, whi 
@ ventomedum also accounts for the high degree of sorting, Some 

G rar, vertebrates crthoquartates are up to 99 percent quartz with only 

‘minor amounts of iran oxide and traces of ather erosion 

sistant mineral, such as tie (0.78), magnetite (0.92) 

and 200 (p:233) Lesser amounts of ater minerals can 
Color the generally white or pinkish specimens eithe 

18 or fed, Orthoquartaites can be differentiated in hand 

specimens from other sandstones by their ighter 

ce of other minerals. 

tes rarely preserve fossils, athough 

fe usually preserved. The 

sent makes orthoquartztes durable 
zathering and form prominent 


eae 
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Gray arkose 
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Pink arkose vant 


ARKOSE 


‘Apink sandstone, arkose is colored by an abundance of 
feldspars (pp:173-81), especialy pink alkalfeldspars. ts 
high feldspar content (more than 25 percent ofthe sand 
grains) setsit apart from other sandstones. Ar 
specimens are relatively coarse and consist primatily of 
‘quarte (168) and feldspar grains, with small amoun 
‘of mica. The grains tend to be moderately well sorted 
and angular or slightly rounded. They are usually 
‘cemented with calcite (p14) or sometimes with iron 
‘oxides or sca, The flat cleavage faces and angular grain 
shape of the feldspars reflect light under a hand lens, 
Sandstones with a feldspar content of 

are called subarkoses, 

Arkose forms from the quick deposition of sand 
weathered from granites (pp.258-59) and gneisses (6.288), 
‘The development of arkoses is thought to indicate either 
climatic extreme ar a rapid uplift and high relief ofthe 
SOUICe area, Arkoses are common along the frant ranges 
of the Rocky Mountains 
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GRITSTONE 


Providing material for grindstones and miliston 
sitstone has, in the past, been a commercially importar 
sedimentary rock. Ibis nposed of 
‘emented, coarse, wth 
sional smal ps the 
sgyeatest component, but 


yarous rock 


168) s alway’ 
soften contain ron 
brown, or red colar. in 
Out; in 
use as grinding s 


Folspathic grtstone 


Gritstones originate in river de 


cross-bedding of current bedding, The 

ri, a gritstone deposit in northem England, was 

ed for millstones used in flour mili and for gindstones, 
om 


jood and 


ough surface 
enabling them to grip the 


ROCKS | SEDIMENTARY ROCKS 313 


Gray sale 
The specie of sale rom 


eta form. di 
= ‘or organic material 


eke oe 
C lacial 


(© rs than ain 02mm 
BE cys cuars cae 


Pye kon aie, 
in) feldspar 

© wow 
vera, 


Plants 


(ane i 


SHALE 


The most abundant sedimentary roc, she makes 
up about 70 percent ofl sedimentary rocks in Earth's 
crust. consists of a high percentage of clay minerals, 
substantial amounts of qua (68 and smaler amounts 
fomtemusstaesise | of carbonates (pp.14-25), feldpars(pp.73-81), on 

cnides,fossis, and organic matter shes are colored 
redsh and prpleby hematite (997) and goethte (0.102) 
Dive, gren, and back by ferrous ro, and aor yl 
by cle (14) Tey spit easy 
notin ayers 

Shales consis of sit and ly 

sized particles deposted by 
gene currents on deep ocean 
foots, shalow sea basins, and 
Lghecere sts tver floodplain. They occur 
opericaniyendypa ey thinly interbedded with layers of 

sandstone (9308) or Imestone ays 
(®t andin sheets upto several eee 
yardstick nro 
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OIL SHALE 


‘The name oll shale 2 ct 
imentary rock that contain kerogen—a chemical 
complex mixture of sold hydrocarbons derived from 
plant and animal matter. When subje 
neat, these shales id ol shes range from b 
to black in color. Tey ae flammable and 
fame. Some ol shales are tue sh ‘ay 
Oty suracespscnes in, | minerals are predominant, Others are actualy limestones 
ren bapr pa {p.319) and dolomites (p.320). Much of the original 
z = ‘organic material in oil shales is unrecognizable, but it 
s believed t be derived from plankton, aise, 
organisms that Ive In fesh sediment 
In previous centuries, smal amounts of ol have 
successfully ecovere from ol shales. Dri 
the past century, olshales have been mined wit rack 
varying from shale (0313 to marl (322 and other 
catbonate rocks. Various plot plants have been bult 
to extrac mercial results 
Deen modest so far 


neral 


ail from shales, but the co 
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SILTSTONE 


Formed from grains who 
sandstone (p.308) and mudstone (1316), eisa 
sadimentary rock. Like sandstone, it can form in different 
nts and have diferent colors 

siltstones are typically red and gray wit 
planes, Plant fossils and other carbon-rich matter are 
‘common in darker-co stones. Examples tend 
to be hard and durat do not easily split into thin 
od 


izes vary between that of 


and textures, 
ding 


flat 


ts. In 


chlorite 
and ather mica-rich clay minerals. 

Although many shales (p.313) contain more than 
sit, sitstones are usually chemically cemented 
cross-bedaing, rigple marks, and internal 

layering tends to weather 


at oblique angles unrelated to bedding. sitstane Is 
common than shale or sandstone and rarely 
forms thick deposits 
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MUDSTONE 


A gray or black rock formed from mud, mudstone 

contains carbor-ich matter, clay minerals, and detrital 

minerals such as quart2(p.168) and feldspar (0p.173-8. 

'Mudstanes look ite hardened clay and can show th 
acks seen in sun-baked clay deposts. 

‘AS in shale (p31, mudstone’s individual gains are 
Liremaanaprponesnaaiel lay- and sit-sized particles that can only be seen under a 
Apecmenat usenet | hang ens. Mudstone generally has the same color range 

st as shale, with similar associations 
between color and content 
untke shale, mucstone is nat 
laminated during ithfication 
and isnot easily spit ito thi 
ayers. The lack of layering is 
ether due to the orginal texture 
orthe dsrupton of layering, aut oss 
Mudstone deposits may be Tsfssl au 
up to 10ft (several meters) ae 


Calareous mudstone 


in thickness 
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GRAYWACKE 


Easily confused with igneous basalt (7.273), graywack= 
isa turbidite—a rack resulting from rapid deposition in a 
turbulent marine enviconment. It gets its name from t 
German Word grauwacke, which signifies a gray, earthy 
‘ck. Also called dirty sandstone, graywack 

llow, or black 


hard 
Sa nON 


Graywacke isc 


Dirty sandstone sn 


nas amphibole and 
we-gvained 
a cite (p11), 0 
Deneaet quartz. Graywackes may occur in 


hick a thin beds 


sels, and statues. 


on prevention and repair. 
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Ithified is called tilt, 
and transport 
On matting, they deposit this material, which is 
ved t0 as til. Glacial tits consist of preexisting rock 
fragments pushed forward or sideways by the gl 
newly eroded material ground or broken up by the 
of mixtures ofthe two. 
e typically made of grains with a wide ran 
‘They include fragments ranging from clay-size 
particles to large blocks. The largest pieces give rise tothe 
rock's alternative name, “boulder clay." The matrix, which 
frequently comprises a large percentage of the rock, is 
often made fram rock flour, an urwveathered and finely 
ground rock powder. Matching bec 
‘opposite sides ofthe South atlantic Ocean 


Large cast te winslane | ah 
tna ter mse Tt 


nt tiltes on 
provided early 


fa 


terns os idence for continental drit—the idea that continents 
Aspemenatetewin | move relative to one anathet—which was an important 


‘precursor tothe theory of plate 


Fossiliferous limestone 
Thislimesone specimen fom 
Oxfordshire engand nce: 
Seri fosl mera: 
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LIMESTONE 


Composed mainly of calcite (114), this abundant rock 
forms mutipie layers that are thick and extensive. can 
be yellow, white, or gray. Soecimens ean be ientified by 
the rapa release of carton dane and a fizzing sound 
wen they react wih ute hydrochloric acid, Lmestones 
can be compact, grainy or friable. Many have cross- 
Dading or ripple mark, The texture of lmestone ranges 
from coarse and fosiich tone 
and microcrystaline 

Limestone generally forms in 
warm, shallow seas ether rom 
calcium carbonate precipitated 
from seawater of from the shal 
and skeletons of calcareous 
marin organisms. tis used in 
construction, a2 raw material Umestne mast 
inthe manufacture of glass, as hte axetng 
afluxin metalurgical processes, fnwesesns Peat 
and in agriculture rat eee 
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DOLOMITE 


This rock, formed exclusively fram the mineral dolomite 
(9.117, isaiso called dolostone. Most dolomite racks are 
believed to be limestones (p.319) in which dolomite has 
eplaced the calcite (9.114) in contact with magnesium: 
bearing solutions. This process is called dolomitization. 
Fresh dolomite looks similar to limestone, while weathered 
dolomite is yellowish gray. Dolomites have fewer fossis 
than limestones because fossils and ather features are 
destroyed by the dolomitization process. Dolomite fzzes 
less violenty than limestone when 
in contact with hydrachlone acid 
Dolomite typically occurs as 
assive layers. Its also present 
a thin layers or pods within 
imestone, Dolomite is used as 
afluxto make steel, Itcan also environment renal ux 
be used asa lightweight building cenvast to eerstec: 
aggregate, in breeze blocks, and Tae fuss colomte 


in poured concrete Ferouee 
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CHALK 


A soft, fine-grained, easly pulverized, white to grayish 
variety of mestone is known as chalk. t's composed 
of calcite shels of minute marine organisms. Small 
‘amounts of other minerals, such as apatite (p.148), 
Roereoyy slaucanite (9198), and clay minerals, are usually preset. 
Shale netake ec Silica from sponge spines, diatom and radiolarian 
fromincoortesrematte | skeletons, and nodules of chert (p:332) and fint can 
also be present. 

Extensive chalk deposits were 
formed during the Cretaceous 
Period (142 to 65 milion years ago), 
the name being derived from the 
Latin word ereta, which means 


“hak” Chal is used to make ime 
and coment and asa fete. 1 
Ssalsoused asa, extender, lca chat 
Marine chats soximen | or pigmentina wedevarely of Sw oes kris 
owt pasiytetomest | meters incucngeeramics Ses Tesbencrresn 


and cosmeties on acktears 
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fa cniesie bai Caleareous mudstone or marl is@ term appl 
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all earthy mixtur 
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f compositions 
of fine-grained minerals, 
ed to by the 
terms merge! and seekreide, both of which mean "iake 
alk" Marls usually consist of clay minerals and calcium 
rate, They form in shallow freshwater or seawater 
The calcium carbonate contents frequently made up 
of shell fragments of marine or freshwater organisms 
or calcium carbonate precipitated by algae, The hig 
content af marls makes them react, 
acid 
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Massive rock gypsum 
This specimen otrack gypsum 
's fom he Marbaeps rane 
Notinghanshre, gard, 


ROCK GYPSUM 

As xd peck age sorry 
formed by the evaporation of ocean water, in saline lakes, 
anhydrite (p.133) and salt (p.324). 
OCs 
paper and textiles, and retardant “Mh ereranes of sa 
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™ | ROCK SALT 


Familiar as common table salt, 
ca ‘ack form of the mineral hal 
that range in thickness fron 


RD 5c ck stn asa 


salts the ma 
110). Itoccurs in 
ft (1m) or soto more than 


of saline water in patil 
interlayered with beds of sha 
dolomite (p.320), and 
33) and gypsum (p36), 
Rock satt often occurs in 
salt domes, which consist of a 
‘ore of sal surrounded by strata \ 
of other rock. The dames can = 
be 1 mile (2km) or more thick | 
and up to 6 miles (10k) in ] 
diameter, They can occur with S 
petroleum deposits: all from Natura sat 
Massive rock sl Gibrich shales migrates up and Mery pecpe 
i ‘gets caught on the underside je 


of a salt dom: 


Porous distomite 
Thespecirenct eos poss 
Satomi on 

"pla porous soucare 
2nd ough tse 


seen DIATOMITE 


‘Sear organisms 


f watenianoren _ As0called diatomaceous earth, catomite consists 


‘of about 90 percent sla, the remainder is made up of 


Bo compounds such as aluminum oxides and iron oxides 
Ty nove Diatomite is easly crumbled into a fine, white to offhite 
B vine wider. It made of he fossized remains of organisms 
ono called datoms. form of algae atoms have hard 


shells made of amorphous silica (opal) and containing 
‘many fine pores. Most float on the surface ofthe sea, 
Occasionally, large quantities are deposited in ocean 
sediments, eventually forming diatomite. A few significant 
deposits of freshwater diatomite are also known. Diatoms 
are so small that diatomite specimens may contain 
millions of diatom shells per cubic inch. 

‘An important industrial rack, dlatamite is easily mined, 
Its used for the filtration of beverages, quid chemicals, 
Industral ols, cooking ols, fuels, and crinking water. ts 
Jow-abrasive qualties find use in toothpastes, paishes, 
and nonabrasive cleaners. It salsa used asa filer and 
extender in paint and paper 
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LATERITE 


Laterite is nodular soi ich in hardened iron and 
aluminum oxides ane resembles bauxite (9101) n 
Compostion. Nodes of aterte are red-brown or yelow 
and contain grains of sand or hardened clay. The rock 
forms in hot, wet tropical cimates, where t develops 
by intensive and prolonged chemical weathering of th 
Desert-vamished laterite underlying rock. Evaporation and leaching of minerals 
Aerators | fom rack, loose sedmet, 2nd sal leaves behind insoluble 
sen salts, This results in a variety of laterites, which differ in 
their thickness, grade, chemistry, and ore mineralogy 
Later isa source of bauxite, which san ore of 
aluminum and exist largely in clay minerals and 
Various hydroxides. ateit ores have also been @ 
source af ran and nickel. Many latentes are solid 
enough tobe used as bulding blocks. An example is 
the later seen at the famous temple in Angkor Wat 
Cambodia, Crushed latent has been widely used to 
make roads, Latentes are also being creasingly used 
inwater treatment 
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BOG IRON ~ 


Impure iron deposits that develop in bogs ar 
swamps are known as bog ron Bog iron i typically 

a brown-yalow mudstone wth yellow, rd, brown, or 
black concretions of iron oxides and hyaraxides. in 
general, bog ores consist of rn hyaraxies, primarily 
‘Boethite (p.102). Bog iron can contain up to 70 percent 
fg ton rye | on olde taften contain carbon-ch lant material, 
sonesansntonie: | rch is sometimes preserved by ran minerals. BOR 

= iron typically forms in areas where iron-bearing 
groundwater emerges as springs. As the Iron encounters 
the oxygen-rich surface water, iaxidies, andthe ran 
nies precipitate out. 

Bog ron wes formerly used as an ore and wes widely 
sought in the preindustral age. The Romans and the 
Vikings made extensive use of bog iron asa source of 
iron. Bog ron was also the principal source of ion in 
Colonial USA. Although tis stil forming today, the ron 
requitements of moder industry demand much ager 
sources of ore 


Common Soldering Problems 
( KE - 
Cold Joint A Too 
Insufficient Too 
— ( Wetting ) ( Let ) Much 
Lear (Pad) J Solder 
Cold Joint w/ 


—~ M4 \ 
Insufficient 

Insufficient ‘ —_ 

: Wetting : 

yoo ( (Pin & Pad) ) Ce ( 0K ») 


The Ideal Solder Joint 


The ideal solder joint for through-hole components should resemble the diagram below. 


Wetting Angle: 
40 to 70 degrees Smooth, Shiny 
From horizontal Concave Surface 


The photos that follow show same common soldering problems, with suggestions for repair 
and prevention: 
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‘Banded ironstone 


| 
BANDED IRONSTONE 


‘Also known as banded iron formations, banded 
ironstone Is made up of thin layers of alternating red, 


brown, or black iron oxides, which may be hematite 
(p91) or magnetite (p frahite shale 
(0.313) of chert (p.332). Its a very fine-grained rock 


that breaks into smooth, splintery pieces. Particularly 
abundant in Precambrian rocks, which are more than 
500 milan years old, banded iranstone can form very 
thick sequences, such as in the Hammersley Range of 
‘Australi, where itis an economically important ron ore, 
Banded iron layers are found in same of the oldest 
nations, dating from mare than 3,700, 
million years ago. These layers are believed to have 
med in the seas asa result of cissolved iron combining 
with oxygen released by the green algae that flourished 
inthe oceans at that time. This was then precipitated into 
‘oxygen-poor seafloar sediments that were forming sha 
and chert. The banding of ironstone is assumed to result 
‘rom cyclic variations in the oxygen avalable, 


known rock fa 
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TUFA 


Two different sedimentary rocks that precipitate 
‘rom water are known as tua or calc 
tf, isa soft, porous form of lim ympos 
principally of calcium carbonate (calcite) that precipitates 
and groundwater. Cale-tufa is 

of ron oxides. 


Yellow tut 


led 
eases inter, sa deposit of opaline 
‘or amorphous silica that forms through 
the rapid precipitation of fine-grained 

ca asan en an around hat ¢ 


springs and geysers. tis believed 
have been partly formed by the action 
of algae in the heated water. The 

term “sinter” means that it has . 


stone Wedding 


decomposed later 
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NODULES 


A rounded mineral accretion that differs in 
composition from is surrounding ro 
‘nodule. Nodules are commonly 
regular surface and are usually or 
bedding of their encias t. Mast nadul 
formed by the a slica in sediments an 
subsequent solidification. Nadules containing manganese, 
phosphorous, titanium, chromium, and other valuable 
‘metals develop on the seafloor but are 
0 mine. Other nodules form around plant 
pt 

Pyrite (0.62) is commonly found as 
as spheres, rounded cylinders of radiating crystals, and 
flat, radiating disks, or ‘suns Clay ironstone, a mixture 
of siderite (p.123) and clay, sometimes occurs as layers of 
dark gray-to-brown nodules overlying coal seams. Chert 
(9.332) and flint often occur as nodules of nearly pure 
talline quartz (p16) within beds of limestone 
chalk (p.32, 


parallel tothe 


Pyrite nodule Anno 
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CHERT 


Arrock composed of microcrystalline slica is knawn 
as chert. tis commonly gray, white, brown, or black and 
‘may contain small fossils. Traces of iron (9-39) may give 
chert alight green to rusty-red color. Chert occurs as 
‘beds or nodules, it breaks along fl to rounded, smaath 
surfaces and has a glassy appearance, The rack 
forms by precipitation from slica-rieh 
fluids and colloids 

Flint is chert that occurs in marly 
imestones (0.319) or chalk (p.321). tis 
generally gray in color. Flint is found as 
‘Modules, often in bands parallel to the 
bedding planes, and breaks with 
ida fracture, The nodules 
are irregular but rounded. Flint 

ists weathering, So itcan form 
thick pebble beds on beaches 
and accumulate in sols that are 
derived fram chalk, 
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Septaran concretion 


a r 
CONCRETIONS 
veitee Nodes and concretions se dese cere 


Unike nodules, which are of different compositions than 

their hosts, concretions are made ofthe sarne materia 
sediment and cemented by other min 

lL mainly calcite (2114) ron oxic lca 

often much harder and more resistant to er 

surrounding rack and can be concentra 

‘They usualy form early in the burial history ofthe sediment 
ofthe sediments hardened into oc 
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METEORITES 


Meteorites are rocks that formed elsewhere in our Solar System 
and orbited the Sun before colliding with Earth and falling to its 
surface. The fragments most likely to survive are either very large 
(weighing ‘402/10g or more) or very small (1mg or less). 


‘STRUCTURE 
There are three basic types of meteorite: 
rons, composed mostly of metallic ran 
and varying amounts of nickel stony irr 
‘composed of a mixture of ran and si 
‘minerals, and stony meteorites, which 
are further classified int chondrites and 
chondrites, depending on the presence 
ff absence of small igneous, silicate 
spheres called chandrules. The mast 
‘common type of stony rons are pala 
which are iron meteorites with centimetre 
sized, translucent, olivine or pyraxene 
crystals scattered throughout. 
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‘OCCURRENCE 
‘Meteorites are found on every continent. 
They are often found In environments 
where they are highly visible—ice caps and 
deserts being examples. They range 

from microscopic specimens to masses, 
that weigh many tons, Ro 
been melted by mete 
tektites, are also 


‘THE ORIGIN OF THE SOLAR SYSTEM 
Meteorites ae of particular interest in the 
study of the origin of the Solar System. 
Nearly all meteorites are thought to be 
fragments of asteroids—rocky bodies that 
formed in the solar nebula at about the 
ime time as Earth, Radiometric dating 
puts the age of mast meteorit 
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IRON METEORITE 


‘These meteorites are believed to be the shattered 
fragments ofthe formerly molten cares of large, ancient 
asteroids. As the name suggests, iron meteorites are 
composed mostly af metallic iron (p.39) and up to 

25 percent nickel, to produce two minerals, kamacite 
and taenite, which are otherwise rare on Earth. other 
‘minerals present in minor amounts in iron meteorites 
Include trilte, graphite (.44), phosphides, and some 
silicates—most commonly ovine (0.232) and pyroxene, 
lron meteorites are divided into a number of subgroups 
based an their chemical makeup. 

Since iran meteorites are sa different fram most 
terrestrial rocks, they are recognized mare often than 
other kinds of meteortes and tend to be over represented 
Inmeteorte collections. is estimated that only about 
6 percent of meteorites are ran meteorites. Chemical and 
Isotope analysis of a number of ron meteontes indicates 
that at least 50 distinct parent asteroids were involved 
Inthelr creation. 
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STONY-IRON 
METEORITE 


Composed of a mixture of metallic nickel-Iron and 
silicate minerals, stony-iron meteorites make up about 
1 percent of recovered meteorites. Palasites, the most 
common type of stony-iron meteorites, are ran meteorites 
with inch-size, translucent crystals of olivine (p.232), or 
sometimes pyroxene, scattered throughout Palasites 
were beleved to have originated along the bounderies of 
the ron cores and slicate mantles of large asterolds. But 
some experts naw believe they are impact-generated 
mixtures of core and mantie materials 

The other main group of stony-iron meteorites are 


‘mhumbpeint” surface known as the mesosiderites. Relatively rare, the 
fom Cth consist of about equal parts of metallic nickel-iron and 


silicate minerals, namely pyroxene, olivine, and calcium 
rich feldspar (p9.173-81). They have an irregular, often 
brecciated texture, with the slicates and metal accurring as 
or fine-grained intergrowths, 
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STONY METEORITE 


These meteorites can be divided into chondrites and 
chondrites, which are named after chondrules—sma 
igneous, silcate spheres that dominate most chondrtic 
‘metearites. Chondrules are largely made up of pyroxene 
and olivine (.232), with lesser amounts of glass, and may 
contain calcium-ic feldspar (pp.173-81). They can be upto 
24in (1cm) wide. Chondriic asteroids are some ofthe oldest 
and most primitive astronomical bodies in the Solar System, 
‘They may have formed by rapid heating inthe cloud af dust 
‘rom which the Solar System originated. More than 0 
percent of the meteorites that fall to Earth are chondrites, 

chante meteorite, in which chondrules are 
absent, are believed to represent the crust ar mantle of 
asteroids that developed separate mineral shells around 
an iron-nickel core. They are similar to igneous rocks 
(0p.258-85) and impact breccias on Earth. although 
‘most achandrites appear to come from asteraids, about 
20 of hase recovered are believed to have origmated on 
‘Mars and anather 20 on the Moon. 


Disturbed Joint 


A Disturbed joint is one that has been 
subjected to movement as the solder was 
solidifying. The surface of the joint may appear 
frosted, crystalline or rough. 


Often called a ‘Cold joint’. They can look similar 
to a true cold joint, but the cause is different. 


Repair: This joint can be repaired by 
reheating and allowing it to cool undisturbed. 


Prevention: Proper preparation, including 
immobilizing the joint and stabilizing the work in 
a vise can prevent disturbed joints. 
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ACCESSORY MINERAL BASAL CLEAVAGE cay 
‘mineral tat occurs a Cleavage that occursparael | sinera parties sailor than 
Tock in such small amounts | tothe basal crystal plane of | out e.o0008 n .on2mm), 
that tis disregarded in mineral Soe ao cleavage 
the defnion a he rock CLEAVAGE 

BATHOUITH “he way certain minerals beak 
‘ACICULAR HABIT ‘Atuge,iveguarty shaped | along panes ictated by their 
‘Anecdote crystalhabit ot | mass of igneous rock formed | atomic structure 
ome minerals See asa habit | fram the intusion of magma 

atdesth.Seealso magma. | coLLomn 
ADAMANTINE LUSTER. ‘Any substance tna consis 
‘Atyoe of brignt mineral uster | BLADED HABIT of panicles supstarilly 
Similar to that of diamond. see | crystathabic in which wide, | large than atoms or 
alsa ust flat crystals appear similar to | molecules but too smal 

nile bisdes See also habe, | ta be sbi othe 
AGGREGATE ‘unaided eye 
‘An accumulation of mineral | QOTRYOIDAL HABIT 
frystalsorrock fragments. | mineral natin which COLOR DISPERSION 

cysts form gabular “he separation of white ight 
ALKALINE ROCK. ‘aggegates similar ta bunches | into ts constituent colors 
‘Acass of neous rocks See also aggregate, Nabi. 
Sbundant i potassium and CONCHOIDAL FRACTURE 
Sodiumich mineral BRECCIA ‘curved o hele facture 

‘sedimentary rock mace up| ia many minerals and some 
ALTERATION ‘fangular fragments. See alsa | racks. See sso fracture. 
‘Te chemical, thermal or (enecus breccia, 
pressure process or processes ‘CONCRETION 
bywhien ane ock ar mineral | CABOCHON ‘rounded, nodular mass 
Is changed into anatner ‘Agomstone cutwitha domed | of eck forme fom its 

Uunper surface anda fat enclosing rock and commonly 
ALTERATION PRODUCT cor domed under surface; found in beds of sandstone, 
‘Anew rockor mineral formed | gemstonescutintnis way | shale ar cay. 
by te ateraion of previous | are said to be cut an cabacton. 
‘he. See also alteration. See alsocut, gm, gemstone. | CONTACT TWINNING 

“he phenomencn of 

AwM carat two or more crystais 
‘anyofa group oftycrated | Aunitaf gemstone went, | rowing i parallel contact 
‘double sats, usually conssting | equivalent o007az(2@. | with each other ard sharing 
‘ofaiuminum sulfate water of | Carat alsa spelled "Karas | a cormman face. see a0 
hydration, and the sulfate ‘aso a measure of gold purty, | twinned crystals 
af another ekement the numberof parts of gold n 

26 nats of god aloy 28it\s | CRYPTOCRYSTALLINE HABIT 
AMYGDALE pure gold 18itis tree quarters | mineral habit thats crystaline 
secondary infiing of avoid | gokd.See aso gem, gomstane. | ut very tine gained. ndivicual 
in an igneous rock Minerals ceystalized components 
that occur as amygdales CHATOYANCY ‘ane seen only under 
include quar, cate and | The catseye affect shawn by | microscope See aso hab. 
the zeolites. same stones cutn cabochon, 

See also cahochon. cur 
[ASSOCIATED MINERALS. The final shape af ground 
eral found growing cast ‘and polished gem, asin 
Together but not A fragrent frock especialy | emeraid cu. See aso gem, 
nacessarlyitergrown. ‘Ween incarprated into 2 gemstone, gom cutting. 
See alsa intergrowth sedimomtary rock 

DENDRITIC HABIT 

‘AUREOLE casmic Rock ‘type habit in which 
The area around an neous | A sedimentary rock composed. | crystals form branching, 
Inusion where contact ‘of cemented casts. See treclite shapes Soe 
mmetsmorahism has occured. | also cas aso habit 


DETRITAL ROCKS surface or was elected as GEM, GEMSTONE 
Sedimentary racks formed | pyraclasicmters. see aso | A cut'stone worn in ewer, 
essential af fragments Intrusive rock ava, ‘valued for its coo, iy, 
and gains derived from texture or clay may even 
‘existing rocks See also FACES ‘be an unset stone cut or use 
‘secimentary rock The extemal at surfaces that | as jen, Soe aso cut, ough 
make pacrystatsshane | gemstone, 
DIATOMACEOUS EARTH 
‘Asedimentary rock composed | FELDSPATHOIDS GEM CUTTING 
‘afte sticeous shells of Minerals simian chemisty | The process of shaping a 
microscopic aquatic planes | andstructureto the fedspars | gemstone by grinding and 
now as diatoms ‘but wits essa, polishing. See aso cut, 
Bem, gemstone 
DIFFRACTION FELSIC ROCK 
The siting of tito Angneous rock wan more | Gass 
1s component cols. than é5 percent siica and more | sold substance showing no 
See also xray dracton than 20 percent quartz kis | crystaline sructure—in eect, 
also know as acc rock. 2 very thick Iqud, See also 
DIKE lossy texture 
‘A sheet shaped igneous FISSILE TEXTURE. 
Inusion tat cuts across ‘Aracktextue that slows the | GLASSY TEXTURE 
existing rock structures. Focktobespitintesheets | The smooth canistency of 
See also vex, ‘an igneous rockin which 
DISCOVERY/TYPE LOCALITY ‘Bass formed due to rapid 
‘Te ste where a mineral FLOW BANDING Ssobifcation, See asa, 
was fst recognized asa Layering ina rock that os, texture 
ew mineral crated wen the rock 
twas inalud, moten sate | GRANULAR TEXTURE 
DOUBLE REFRACTION ‘rock o: mineral texture that 
‘Thespitting oflghtinto two | FOLIATION ether inctudes gran ors 
Separate rays as it ontors The laminated, parabel inthe farm of grains See 
a stone ctiertaton or segregation | asotexture 
‘of minerals. 
DRUSY COATING (GRAPHIC TEXTURE 
‘Asheet ofumerous,oten | FOSSIL “he surface appearance of 
‘wallfocmes,smallerystais | Any recor of pas fe some greous racks in whic 
coverng a mineral. proserved inthe crustal racks. | quartz and feldspar nave 
‘par from bones and shels, | stererown to produce an 
DULL LUSTER fossis can include footarets, | effect resemaling a writen 
‘typeof ster inwhich tle | excrement, and borings. script. See ako fexture, 
‘ono lights elected. See 
aso ster. FRACTURE hase 
Mineral breakage that accurs | The mode of grovah and 
EARTHY LUSTER atlocatons other man along | appearance ofa mineral 
Anoerellectve mineral luster. | cleavage planes See alsa “he habit ofa mineral resus 
See aa luster. lavage. from its molecuiar structure 
EQUANT FUMAROLE HACKLY FRACTURE 
‘Atmineral habit that refers to. | in volcanic regions, an opening. | mineral fracture that has 
Crystal that isof equal sein | inthe grouna trough which | a rough surface wih smal 
all drections, rock compased | hot gases are emit, brotuberances, as on a piece 
of grains of equal size ff broken caster. see 
GARNET ‘0 fracture. 
EUHEDRAL ‘Amember ofa group of 
Atetm describing crystals with  slicatos with the general HEMIMORPHIC FORM 
‘wall formed faces formula Azeaisioaainwhich | A crystal frm with 3 
‘Acan bea, Fo Mg.or i; | diferent facial dovelopment 
EVAPORITE and can beAl,Cr Fe", | at each end 
Armineral or rock formed by | 8,1, Y.orz. 
the evaporation of saline water HOPPER CRYSTAL 
GEODE ‘Acrystal whose camplte 
EXTRUSIVE ROCK ‘Ahollow, generally rounded | growah has created hopper 
‘Atock famed from lava that | radu ined with crystals Shaped concavity on one ar 
fither owed ante anh's | See also nade, sere faces 


HYDROTHERMAL DEPOSIT | LAMELLAR HABIT (METAMORPHIC ROCK 
‘Armineral depost thats Atype of crystal abt in whien | rock that has been 
formed by not water fates or fakes accurin thin | wansormad by neat or 
‘ejected rem doen vain layers or scales Soe also hatt, | rsure (or aot) nta 
ants cus ‘ote rock. 
Lava 
HYDROTHERMAL MINERAL | Hoiten rockthstisecruded | METEOR 
‘Armineral thats cerved ‘nto Earth's surface Se ‘rock fom space that 
from nycrotnerma deposition. | also mage, ‘completoly vapores while 
See alsa hyarottermal passing through Ears 
‘epost uTHIFIcATION atmosphere 
‘he process by which 
HYDROTHERMAL VEIN, unconsolidated sediment (METEORITE 
‘A Tock fracture in wich tums to stone. See ‘Arack fom space that aches 
minerals nave been deposted | also recnystalizaton. ars surface, 
by fags fram deep within 
ant’ crust. See ao user ica 
yrteral deposi, The shine of aminera caused | Any ofa group of hycrous 
pegmatite, vein by rollacted ight. potassium or atin 
sleate minerals. These 
HYPABYSSAL maric Rock. ‘minerals exit a we: 
‘Aer describing minor ‘Anigneous rock win as-s5 | dimensional sheet-or 
igneous intrusions at pereent sca such rockshave | layerke structure, 
relatvely snalow depts lessthan 10 percent quartz 
win Ears case anda ich niran-magnesiam | MICROCRYSTALLINE HABIT 
mineral: They are aso known | mineral hatin wich 
IGNEOUS BRECCIA abasic rocks See asa Crystals are so minuscule tat, 
“An genus rock made up ltr rook they can be detected ony 
‘of afar fragments So withthe ac ofa microscope 
alsa breccia macMa ‘ee aso nab 
‘Molten rac that may 
IGNEOUS ROCK cystalize beneath Eart’s | MINERAL GROUP 
‘rock that formes surface or be erupted as lava. Two or more minerals that 
through the solicaton see also va, share common structural and’ 
‘of mon rac ‘or chemical proper 
(MAMILLARY HABIT 
INCLUSION ‘Amineral abt in which ‘MOONSTONE 
‘Acaystal or fragment of crystals form rounded ‘A gam-qualiy feldspar 
nother substance within aggregates Soe also ‘minora that exhibits a sivery 
‘crystal or otk aggregate, nab for bluish ridescence Several 
feldspar, especialy some 
INTERGROWTH MASSIVE plagioclase, are called 
“wo or more minerals ‘Amineral form having no ‘moonstone 
that are growing togetner | finite shape 
and interpenetrating each [NATIVE ELEMENT 
dither see aco associated © | MATRIX ‘chemical lament that is 
mineral ‘fine-grained rook ino found in nature uncombines 
‘which oF on top of which with other eloments. 
INTERMEDIATE ROCK. larger cysts appear tobe 
‘An igneous roc thats sot tis aso known as NopULE 
Intermediate in compositon | a groundmass, ‘A general rounded accretion 
between silcaieh and ‘of sedentary mateta that 
sea poor racks, METAL differs from its enclosing 
‘substance thats secimentary rock. 
INTRUSIVE ROCK characterized by high electrical 
‘Ady of greaus rock that | ard thermal conductivity NONMETAL 
Invades older rock Saealzo | as well as by mally, ‘An olement such as suf, 
extusive rock ‘ety, and hgh efactviy | which lacks some oral of 
of ight. the properties of metals Soo 
ESCENCE. alsomata 
The efaction of ihe fem | METALLIC LUSTER 
the intemal elements of a Ashine simiar to the tyscal | OLAS. 
stone, veding arainbowlke | shine of polished mata See | individual spherical 
play of colors aso ster. Seckmentary grains frm which 


‘oli rocks are formed. Mast | PLUTON to.base, the crystals salto 
‘colts comprise concentric | Amassof igneous puteni | ned or bi pyramidal See 
layers of calcite Tock that has formed beneath | also hat 
en's surface by the 
ore solification of magma, PYROCLASTIC ROCK 
‘A rock ar mineral rom ‘Arock consing of arborne 
‘which ametal can be POLYMORPH ‘materia ejected trom 3 
Profably extract, ‘Asubstance that can exist | oan vent 
in two or more exstaline 
OXIDATION forms;one cystaline form | PYROXENE 
‘Te process of combining with. | of such a substance See ‘Armember of a group of 
‘oryger. in minerals, the cxygen | also pseudomarp, 21 rack-orming scale 
can com from the irr water. ‘minerals that typical form 
PORPHYRITIC TEXTURE elongate crystals 
PEGMATITE ‘An gneous rock texture in 
‘Atnydathermal vein composed | with arge crystals are set) RADIOMETRIC DATING 
‘of large crystals See also ina finer main see aso ‘he cetermination of absalute 
yathernal vein ‘henooryst texture ‘ages of minerals and rocks 
‘by measuring certain 
PENETRATION TWINNING | PORPHYROBLAST radioactive and radiogenic 
‘The phenamenan aftwo or | Aretatvely large crstalset_—_ | atoms in them. 
more cystals forming fama | ina fine gained matrxin 
comman canter and appearing | a metamarahc rock [RARE-EARTH MINERAL 
to penetrate esch other See ‘Amminerl containing a 
alsa finned crystal. PORPHYROBLASTIC TEXTURE | Signficant portion ol one 
‘tenure charactorzed ‘ar move af the 17 rare-earth 
PHENOCRYST by lative large crystals | elements, rincialyyterbium, 
‘large crystal sot in an ina fine-grained matrec Se | gadolinium, neodymium, 
Igneous rock mati creating | alsofexure, fraseodynium, cerium, 
porphyntic tere See iso ‘anthanum, ytrum, 
porpryntictexure, PRECIPITATION ‘and scandium, 
‘The condensation af a solid 
Pisoumie HABIT froma liquid or gas [RECRYSTALLIZATION 
‘Armineral hat characteraed Tre redistiouian of 
by pe0sized grains witha | PRIMARY MINERAL components to frm 
concenticinner structure | Amineral that has crstalized | ew minerals ar mineral 
see asa hat ‘het from an ignaaus crystals in some cases 
magma end is unaltered ‘ew racks frm, occurs 
PLACER, PLACER DEPOSIT | by ain, graundater, or during thifcation ard 
‘Adepost of minerals derives | other agents. Soe also ‘metamorphism, Soe 
by weathering and secondary mineral. aso lihitcation. 
concentrated in seams 
forbeacies because of re | PRISMATIC HABIT [REFRACTIVE INDEX 
minerals high specte gravy. | & mineral habit in which Ameasure ofthe sowing 
pata rectanguarcrystal | down and bending of ight as 
PLASTIC ROCK faces form prams. see iLentersa stone ls used to 
typeof rock tats easiy | also abr. ‘dent cut gomstones and 
folded whon subjected to high Some minerals See also cut, 
Temperature and pressure. | PROTOLTH gem, gomstone 
‘rack that existed prior 
PLATY HABIT Undergoing metamorphic RENIFORM HABIT 
The gromth habit shown by fat, | wanstomation into flernt | Amineral habe with 2 
thin crystals See also habit.” | rock ype ‘ecneyike appearance, 
See ao habe 
PLAYA DEPOSIT PSEUDOMORPH 
‘A mineral deposi formed ‘crystal with the outward | REPLACEMENT DEPOSIT 
Ina desert basin that is format anctner species af | deposit formed trom 
Intermittent filed with alake. | mineral See aso paymorph. | minerals that have 
‘been altered See aso 
PLEOCHROIC, PLEOCHROISM | PYRANIDAL HABIT alteration product. 
The phenomenon ofamineral | crystal habit in which 
or gom presenting diferent | the principal faces jon at ‘RESINOUS LUSTER 
colors to the eye when viewed | a paint when two such Ashine having the reectity 
from afferent directions. Pyramid ae placed base of resin, Soe also user 


RETICULATED SILICA-RICH ROCKS TERMINATION 
Having network ora netike | Rocks cantaningmore than | Faces that make up the ends 
mode of crstallzaton, SDpercent site, seeatso | ofa crystal 
silea-poor recs. 
ROCK FLOUR TEXTURE 
Very fine-grained rook SLATY CLEAVAGE ‘he siz, shape, and 
‘dust often te product Te tendency af rock, such | relaonships beeen rack 
‘of glacial action asslat, to break along lat — | grains or cysts 
planes int thi, fat sheets. 
ROUGH GEMSTONE See also cleavage, ‘TWINNED CRYSTALS 
‘An uncut gemstone. See also Crystals that grow tagether as 
‘ut, gem, gonstane SouD-SOLUTION semies | minor rages witn a comer 
‘Asonesofminerals in wich | face (contact twin) or row 
SALT DOME Certain chemical components | at angjas un to 90 degraos 
‘large, intrusive mass of salt, | are vanable between two to each other ant appear to 
Sometimes with petroleum "| end-members wth penetrate each other 
trapped beneath fied composition, (penetration twins 
SCHILLER EFFECT SPECIFIC GRAVITY ULTRAMAFIC ROCK 
‘The bilan play of bright The rato ofthe mass of 3 'An igneous rock with Iss than 
oorsin a crystal, which is | mineral tothe mass of an 45 percent silica. tis aso 
‘often due to minute rodtke | equal volume af water specie: | known asan utrabasc rook 
inclusions. saxty is numerically ‘see aso mafic rock 
fequlvalent ta density mass 
schisrosiry cividectty volume) in grams — | VEIN 
‘Aalaton that occurs in per cube centimeter ‘thin, shaatike mass of 
‘coarse-grained metamorphic rock hat lis Fractures in 
rocks is the result of SSPHEROIDAL HABIT father rocks. 
platy mineral gains See ‘crystal habit in which 
alsa foliation humerous crystals radiate | VESICLE 
joutwards to frm aspherical | smal spherical ar oval cavity 
CORIACEOUS mass. See asa nab froduced by a bubble of gas 
Aer fr iva other for vapor inva, et ater 
\aleanic materia thats STALACTITIC HABIT tha lave has saldifed. See 
heavy pitted with halve | Aminera tien which the | eo lava, 
and cavties See also va, | crystaline components are 
ranged nradiatng groups | VITREOUS LUSTER 
SECONDARY MINERAL of dniishing size, gving the | shine resembling that 
‘A mineral that replaces appearance af ecies See | of glass San aso ster 
snather mineral asa ‘aso hab. 
result of weathering or VOLCANIC PIPE 
iteration. See also tration, | STRIATION Afissure trough which lava 
mary mineral ‘Apsralel groove r tine flows Se also fv 
‘appearing ona crystal 
SECTILE WELL-SORTED ROCK 
The property ofa mineral that | SUBLIMATION, SUBLIMATE | Asodimant or secimertary 
allows tobe cut smoothy | The process by which a ‘eck wth grains or class that 
with a knife See aso facture. | substance moves directly from | are oughly of te same sie 
a gaseous state toa sold state 
SEDIMENTARY ROCK ‘a subleate iste slid XRAY DIFFRACTION 
‘Atock that either originates | product of sublimation, “he passing of xrays through 
fn Earth's surface as an ‘crystal to determine its 
accumulation af seaments | SUNSTONE sternal structure by the 
Grpreciptates rom water, | Agemetore varity affeldsnar | way inwhich the xrays are 
with minute, pltetice scaltred, See alsa itfaction, 
SEMIMETAL Inclusions of ran oxde 
‘Armetal suchas arsenicor | oriented parallel to one 2EOUTE 
bismuth that isnot malesble. | another throughout See ‘A group of hydrous aluminum 
See asa metal so gom, gemstone sllcates characterized by 
thai easy and reversibie 
SILICA-POOR ROCKS ‘TABULAR HABIT loss of water. 
Racks containing less than | Acrystathabt in which the 
0 percent slic See aso crystals have long, at ara 
sillea ich rocks. faces Soe also hab 
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Cold Joint 

A ‘Cold Joint’ is one where the solder did not 

melt completely. It is often characterized by a 

rough or lumpy surface. Cold joints are 

unreliable. The solder bond will be poor and the 
Pes cracks may develop in the joint over time. 


Cold joints can usually be repaired by 
simply re-heating the joint with a hot iron until 


one pictured) also suffer from too much solder. 
The excess solder can usually be drawn-off 
with the tip of the iron. 


Prevention: A properly pre-heated soldering 
iron with sufficient power will help prevent cold 
joints. 
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Explanation of the abbreviations used in the book 


C= color 
S = streak 

L = luster 

D_ = disphaneity 
DE — density 

H = hardness 
CL cleavage 

F = fracture 
M_~ morphology 
LU. ~ luminescence 
Ro remark 
X= crystal 

XX ~ crystals 


Jn the figure captions, the bigger dimension is 
always mentioned 


Scale ofthe frequency of the occurrence 


© = very rare 
abundant 
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during metnnorphic process ina ol sate sia 
wide range of temperature and pressure (it 
Irludce regionally ard’ contact metamorphosed 
rocks and sk) 4 ydrotterma, when nas 
Sryatlice om’ aquecus soluigee and. tds 
de igh ow temperateres ft nels or ad 
the alpinesype veins caves in vleaic rocks, 
por sn os cera ake dt 
ngs leripotures Ces) 
Setondary mingais ae aided into following 
Foie: F ovidsin, shea ieimate fost fot 
the otation weathering) of tho primary minerals 
ibe exiatton zone of ore depois and other 
Feels (flee ihe orgs of males and 
azar uring the calcoptte oxidation also the 
origi of tieondary toshites in” giase 
Petaties Soren tee onsen of finery 
eptate); 2 comeraion, when rica res 
Fore ne sarcacn ef tne poinry manarls (he 
ovigin oF native copper and atv iver unde the 
foiocion coniites bi ie Guveusion 2ano of 
ore deposits) Ths casifiaton fs. very much 
Silda cous, nny she we 
faite! reas doerture'» spite Sogn ore 
particule mera The rats to reels that 
Pystlie under cndtions which appronialy 
represen a transition botwecn separ phases of 
the origin, such as the magmatic or hydrothermal 
rigs of elate in the pepmatt cates: he 
tmeamorpie or hyrohsrelongns of gresuar 
inskamt the mapa or metamorphic ogi of 
Scud in migrate: and the hydrotral or 
soronary engin of sme phosphates fn ane 
Pepmatiesete 
Ak the lecaltisfor individual mineral we have 
tried to fist he. most important worldwide 
localities regardicss of their recent production but 
Wwe have igo incoded feos discovers ster 
these may proce important mine specimens 
Wire a mnea hasan porn ase the sted 
a incend pf rater desertion, We would ion 
Senso ll whe eorbsed eran vey phe 
production ofthis book, particulary thse pavte 
{aks ante whch ard rl 
y pscgtopty, We ope tee fected ie 
weld of rel ae of stun yl in ebook 
& minting soar of tformaon, 
fis books dodged te te mowory of Dr 
Tatosl °veneky who_was"of extsordinary 
influence to: several generations of Crook and 
Sova ineralogists and mineral collectors wth 
hisomhusasm for mincrolgy and atitde fo He. 


1. Elements 


Copper 
ce 


cusic eeeee 
Properties: C~ light pink o copper-ted it darkens and 
‘vers green to black in air, S~ red; L~ metallic; D ~ 
opaque: DE — 89; H 2.5 ~3; CL— none; F—hackly: 
M.= cubic erystals and its combinations, dendritic 
aggregates, sheets, slabs, massive. 

Origin and occurrence: Primary hydrothermal copper 
's mainly related 10 basic igncous rocks; itis also 
‘common as product of supergene cementation. Its 
associated with cuprite, malachite, azure, silver, 
‘halkocte,bornite and other minerals The largest ac: 
tumulations of primary copper are in the Keweenaw 
Peninsular, Lake Superior, USA. the largest being 15x 
x 3m (approx. 50x 23 x 10R)and weighing 420 tons. 
Fine crystals up to 50 mm(approx. 2in) also oceur 
there, a8 do caliteerysalwith copper inclusions. Su- 
perb supergene coppercrystals come from many 
localities ike Tsumeb, Namibia and Chessy. France 
Crystals up to 140mm (5¥ in) long occurred in the 
Ray mine and in Bisbee, Arizona, USA. Very fine 
spinclaw twins up 1 5 em in size and dendritic ag- 
igtegates come from Mednorudnyansk, Ural moun- 
tains. Russia; erystals up 1030 mm (win) were found 


Sher 52 nm, Freiberg. Germany 
Copper, 120 nim. Keneenae Peninela, USA 


Copper 42 mm, Cormvall. UK 


in Dehezkazgan, Kazakhstan, Fine specimens of cop- 
et, associated with cuprte azurite and malachite oc- 
courted in Rudabanya. Hungary. Application: eletto- 
nies, electrical engineering, ingredient in gold alloys. 


tarishes gray 0 black: S 
D- opaque: DE - 105: 1 
~ 25 ~ 3: CL — none: F -hackly: M— cubic crystals. 
dendritic aggregates, wires, leaves, massive. 

(Origin and occurrence: Hyéethermal in ore veins and 
also of secondary cementation origin in association 
with acanthite, stephanie, proustte, pyrargyrite, 
‘copper and many other mineral. The best specimens of| 
crystallized and wire silver come ffom Kongsberg, 
Norway, where svres up to 400mm (16 in) long and 
rystals upto 40 mi (1s in) in size have been found, 


Siler $5 nm, Sehwarswald. Germany 


‘Beautiful specimens of wire silver with wires over 100 
‘mm (4 in) long are known ffom Freiberg, Schneebere 
‘and St. Andreasberg. Germany. Wires several em long 
were also found in Pribram and Jachymov, Czech 
Republic. Dendritic aggregates from Batopilas, 
Chihuahua. Mexico. reached up 10 150 mm (6 in) 
Crystals and aggregates of silver, grown together with 
‘copper are genetically unique inthe basalt cavities in 
the Keweenaw Peninsula near Lake Superior, 
Michigan, USA. Wires, up to 100 mm (4 in) long, 
‘come also from the San Genaro Mine in Huancavelica 
and Uchucchagua, Peru, New finds of silver wires up 
to 150 mm (6 in) long. have been made in 
Dehezkazgan. Kavakistan. 

Application: photographic industry, jewelry, clec« 


Gol, 48 mm. EI Dorado, California, USA 


Gold 
he 


cubic ee 


Properties: C~ gold-yellow; $~ yellow: L- metalic: 
D~ opaque: DE ~ 19.3; H~ 2.53; CL — none: F ~ 
hackly, M— octahedral and cubie crystals, skeletal 
and dendritic aggregates, leaves, nuggets. 

(Origin and occurrence: Primary hydrothermal in ore 
‘eins, also in contact metamorphic deposits and 
pegmatitos. Placer deposits are secondary It occurs 
with pyrite arsenopyrite. quartz sylvanit.calaverite 
Jaennerte and other minerals. Beauifl leaves and 
‘eystals of gold found in many localities in Califori 
USA (Colorado Quartz mine, Nigger Hill and others). 
Fine leaf gold comes from Rosia Montana. Romania 
The best crystal, skeletal octahedra up 1 50 mm (2 
in) have been found in alluvial sediments near Gran 
Sabana, Roraima Shield, Venezuela. Gold wires up 10 
110 mm (4 in) long were very rare in Ground Hog 
mine, Gilman, Colorado. USA. The langest known 
sheets of crystallized gold occurred inthe Jamestown 
‘mine. California, USA. where a cavity. whieh yielded 
49 kg (108 Ib) of golden leaves, was discovered on 
26.12.1992. The largest measures about 300 mm 
(11% in) and as about 25.79 ky (56 Ib 13 02) of 


Gol, 88 im, Eagle's Nest Mine. Calfornia, USA 


{gold on it. Typical aggregates of Fine gold wires come 
from Farncomb Hill near Breckenridge, Colorado, 
USA. Fine crystals were also found in Berezovsk, 
‘Ural mountains and in the Lena River basin, Siberia, 
Russia. Fine scales and larger nuggets from placer 
<eposits were found in Klondike, Alaska: Tuolumne 
County, California, USA and in Ballarat, Vietoia, 
Australia. Fine dendritic aggregates occured in the 
Hope's Nose, Devon. UK. A unique find of leaves wp 
to 100 em (4 in) was made in Krepice near Vodnany, 
C2ech Republic 

Application: practically the only source of gold as a 
‘metal: used in jewelry electronics and medicine. 


Mercury 
He 


TRIGONAL @@ 


Properties: C~ tin white; L~ metallic to adamant; 
1D ~ opaque; DE ~ 13.6; M ~ liquid at temperatures 
above 39°C (-38.2°F); R ~ very poisonous fumes 

Origin and occurrence: Hydrothermal in low= 
temperature ore deposits, also connected with hot 
springs It i associated with cinnabar. calomel and 
other Hg minerals. It occurred in Almaden. Spain; 


Mercury: 30 mi, Socrstes Mine, California, USA. 


Ieia and Avala, Serbia: Now Almaden and New lati, 
California, Terlingua. Texas. USA: Dedova hors. 
Czech Republic and Rudnany, Slovakia as droplets 
and liquid cavity fillings. 

Application: chemical industry, measuring instru- 
‘mens, metallurgy. 


Moschellandsbergite 
‘Asz Has 
cusic ee 


Properties: C ~ silverwhite; S ~ silver-white: L = 
metallic: D ~ opaque: DE ~ 13.5: H -3.5; CL good; 
FF -conchoidal; M ~ dodecahedral erystals and their 
‘combinations, granular. massive 

Origin and occurrence: Hydrothermal in low= 
temperature deposits. associated with cinnabar. 
tetrahedeite, pyrite and other minerals. Crystals. 
several mm long, were found in Moschellandsberg. 


Moscheliandibergie 6 mm rein, Moxhellandsberg 


Sala, Sweden; 


gets dul; S ~lead-gray: L~ metalic; D~ opaque; DE 
= 1.5:CL~ none; M~ octahedral and eubie 
cnysals, massive 
Origin ‘and occurrence: Hydrothermal, also sedi- 
mentary (authigenic), associated with wilemite and 
‘ther minerals. The best specimens with exysals up 10 
40 mm (I"/« in) in size, come from LDngban, 
xysalized also from Pajsberg. Sweden. Octahedra, up 
to 10 mm Chain), are deseribed from El Dorado. Gran 
Satona, Venezuela. also oeeurs in Franklin, New 
Jersey, USA and Jalpa, Zacatecas, Mexico. 


Iron 
Fe 
cusic ee 
Properties: C ~ stel-gray to black: S — gray: L — 
‘metalic; D ~ opaque; DE ~ 7.9; H ~ 4; CL ~ perfect; 
= hackly; M — crystals, granular, massive. 

Origin end oceurrence: Terresic iron occurs mainly 
in basic rocks, but itis also known from carbonate 
sodiments and the petrified wood. The most famous 
locality is Blaafeld near Uivfag on Disko Island, 
Greenland. where masses up 10 20 tons were found, 


‘Lead 53 mim, Langhan, Sweden 


‘ran, 80 mm. Bil. German 


Chunks, weighing over 10 kg (22 Ib) come fom BUI 
rear Kassel. Germany. Impregnations of jon in 
dolerite occur inthe Khuntukun massif and masses up 
to 80 kg (176 Ib) are known from Ozernaya Mi. 
Siberia, Russia, 


Platinum 
Pe 


Proper: C~stecl-gray to dark gray:S ~stel-gray to 
siker-white:L - metallic; D - opaque: DE 21.5; 1 
445; CL ~ none; F ~ hackly: M~ cubie crystals, 
nuggets. grins and scales, 


Platine 8 mn, Kander Russo 


Origin and occurrence: Platinum occurs in magmatic 
Ssegregations, together with chromite, olivine and 
‘magnetite in ultrabasic rocks: secondary in placers 
‘The best crystals up to 15 mm (" in) come from 
Konder in Khabarovsk Region, small crystals, but 
‘mainly nuggets weighing up o 11.5 kg 25 tb 5 oz) 
found in the Tura River basin near Tuninsk, Ural 
Mountains, Primary platinum is known from deposits 
in the vicinity of Nizhniy Tagil, Ural Mountains, 
Russia; from the Onverwacht mine, Bushveld, South 
‘Africa ‘and Sudbury, Ontario, Canada, Fine smaller 
‘nuggets, weighing up to 75 (165 Ib) were found in 
the Trinity River sediments in Califomia, USA and 
the Choco River sediments in Columbia 

Applicaion: chemical industry, catalytic convertors. 
rocket industry. 


| Overheated Joint 

At the other extreme, we have the overheated 
joint. The solder has not yet flowed well and 
the residue of burnt flux will make fixing this 
joint difficult. 


Repair: An overheated joint can usually be 
repaired after cleaning. Careful scraping with 
the tip of a knife, or little isopropyl alcohol & a 
toothbrush will remove the bumt flux. 


Prevention: A clean, hot soldering iron, 
proper preparation and cleaning of the joint will 
help prevent overheated joints. 
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Arsenic 1S mm, Alden Land, Cama 


LAmiinany 37 mm. New Bronswick, Canada 


Arsenic Stibarsen 

as Sbas 

TRIGONAL eee TRIGONAL @0@ 

Properties: C —tin-white tarnishes quickly o black; Properties: C~ tn-white to gray, tarnishes black; S 


‘SB tin-white: L— metallic: D opaque; DE ~ 5.8; 11 

3.5; CL — perfect; F — uneven; M ~ rhombohedral 
crystals, botryoidal aggregates, granular, massive 
Origin and. occurrence: Mainly. hydrothermal, 
together with other AS minerals. forms massive 
‘wins, up to 200 mm (T's in) thick, with botryidal 
surface In Jachymov. Czech Republic and in Freiberg. 
‘Germany. In Akatai, Japan, spherical ageregates 
consisting of small crystals were found It is also 
Known from  Sacarimb, Romania. Botryoidat 
aggregates of arsenic with ieaf gold were found in the 
Royal Oak mine, Coromandel, New Zealand. Crystals 
‘of metamorphic origin eome from Sterling Hill. New 
Jersey, USA. 


Siharcon $8 mon Alin, Canada 


gray; L- metallic, sometimes dull: D - opaque: DE 
6.3; I~ 3-4; CL perfect: M ~ indistinct erystals, 
botryoidal aggregates. 

Origin and aceurrence: In pegmatites with antimony. 
stibjotantalite and microite: hydrothermal in ore 
veins withpyrargyrite. proustte, pyrostilprite and 
dyscrasite. Beautiful otryoidal agerczates of 
sSibarsen (previously labeled as allemontite), up t0 
100 mm (approx. 4 in) in size. come from Bribram 
and Trebsko, Czech Republic. Botryoidal aggregates 
‘up to 80 min (3% in) and imperfect crystals. were 
found in quartz veins in Atlin, British Columbia, 
Canada. Fine specimens occurred in a Li-bearing 
egmatite near Varutrask, Sweden, 


Antimony 
so 


TRIGONAL eee 


Properties: C~ tin-white: §— gray: L- metalic; D 
‘opaque; DE — 6.7: H 3-358; CL ~ perfec; F 
tunever: M — rhombohedral erystals, botryoidal 
aggregates, massive, 

Origin and oceurrence: Hydrothermal in ore veins 
with silver, stibnite,stibarsen, sphalerite and other 
minerals; also in pegmatites. As veinlets in a 
‘pegmatite in Varutask, Sweden, Clavable plates, up 
{to $0 mm (2 in) known from Torndva, Finland, 


Massive aggregates upto 200 mm (7? 
Param, Czcch Republic. Rhombohedral crystals up 
to 10.mm (in) across and accumulations upto 300 
rim (11a in) in size described from Lake George, 
New Brunswick, Canada, 


Bismuth 


TRIGONAL @9e 


Properties: C ~ silver-white, tarnishes pink: S$ — 
silverwhite; L ~ metallies D ~ opaque: DE~ 9.8: 1 
225: CL ~ perfect; M ~ rhombohedral erystals, 
‘ramlar. massive. 

‘Origin ond occurrence: 1t is Found in pegmatites, 
greisens and hydrothermal in ore veins together with 
chalkopyrite, arsenopyrite, lllingite, nickeline, 
‘reithauptte and many other minerals. Common in 
pegmatites in Anjanabonoina, Madagascar. Very fine 
ental, up 0 20 mm @/n in) known from Schema 
anni Hartenstein, Germany. Skeletal aggregates, over 
sown with other arsnides, occurred in Jachymow, 
Caech Republic. Masses weighing several kg found in 
Bolivia (Tasna, Velaque) and Austria (Kingsgate, 
‘Now South Wales). Cleavable masses up 10 12 em 


Application: Bi ore, 


Arsenolamprite 
bs 


ORTHORHOMBIC @ 


Properties: C ~ gray-whte, it covers with a black 
coating: § ~ black. L — metallic to adamantine; D 

opaque; DE ~ 5.6; H - 2: CL ~ perfect; M —acicular 
crystals tabular and fan-shaped aggregates, massive. 
Onigin and occurrence: Hyérothermal in ore veins 
associated with arsenic, bismuth, silver and other 
mineral, Its crystals and veinlets weee ound with Cu 


inh, 20, Cin 


Arsenolamprite, 70 mm, Jaokymo Czech Republe 


arsenide in Corny dul, Czech Republic. Oceurs also 
in Jachymoc, Czech Republic and Marienberg 
Germany. Found recently in Cavnic. Romania 


Graphite 
€ 


HEXAGONAL eee 


Properties: C~ black to seel-gray; §— black to steel- 
tray: L~ metalic, dull, cathy; D~ opaque; DE 2.3; 
1-2; CL =perfect; M~ hexagonal wbularerystals, 
Origin and occurrence: Metamorphic, from 
metamorphism of @ sedimentarvmaterial with C 
conlents: also. primary magmatic Associated. with 
‘many materials, stabile underconditions of the 
graphite origin. Crystals several em in size known 
from Nordee Stromijord. Greenland. Crystals were 
also found in Sterling Hill, New Jersey and 
Crestmore, California, USA Foliated aggregates are 
found in Sri Lanka (Radegara, Galle region), Accu- 
rmulations in Buckingham and Grenville, Quebec. 
Canada are industrially important. Also common in 
‘Shunga deposit in Karelia, Russias in Cesky Krumlow, 
‘Notolice and Blizna, Czech Republic. 

Application; enctallurgy, nuclear industry, production of 
lubricants. 


Graphite. 130 nm, Krichi, Bulgaria 


4+ 


Diamond 
© 


cu 


ic 


Varieties: bor (opaque technical diamonds), balas 
(dark colored, spherical radial aggregates), carbonado 
(ron ak to Back massive REEDS. up 0 SaE 
sized) 

‘Properties: C~ colorless, yellow, brown. white pink, 
black, red, blue, green; S — white; L ~ adamantine: D 
= transparent to translucent; DE ~3.5, H - 10; CL ~ 
perfect: F ~ conchoidal; M ~ octahedral and cubie 
enystas; LU — sometimes fluorescent, sometimes 
phosphorescent. 

Origin and occurrence: Primary magmatic 
‘occurrences are limited to kimberlte pipes, secondary 
occurrences to placers, Large primary deposi are 
‘known from South Asrica (Premier mine, Kimberley) 
and Yakotia, Rusia (pipes in the vicinity of Mirnyi) 
Primary and secondary oceutrences of diamonds are 
focated in lamproites and placers near Argyle, 
Westem Australia, Australia. Most historical dia: 
‘monds from India (Golconda). Brazil (Diamantina, 
Minas Gerais). Congo. Angola and Namibia were 
found in placer deposits. Diamonds of industrial 
‘grade always prevail over the gem quality stones. The 
largest gem-grade diamond ever found, the Cullinan, 
weighing 3106 carats, comes from the Premier mine 


Diamond 18 rm Mone Russi 


in Kimberley, South Afi 
108 faceted stones, the 
carats. The largest faceted diamond known, called 
‘Golden Jubilee, was found inthe same place in 1986. 
weighed 755 carats before cutting and as finished 
‘stone it weighs 545.65 carts. The dark blue Hope (44 
‘arals) and the green Dresden (76 carats) probably 
‘came fom Indi. Absolutely unique ted diamond, 
‘weighing 5 carats, which is at the Smithsonian Insti- 
tution, Washington, DC, USA, i of unknown origin. 
Application: the most popular gemstone, bort and 
‘arbonado varieties are used as abrasives. 


Sulfur 
s 


ORTHORHOMBIC eee 
Properties: C ~ sulturyellow, yellow-brown, greenish, 
reddish to yellowish-gray: S — white: L~ resinous to 
greasy: D ~ transparent to translucent; DE ~ 2.1; 
1.5.25: CL —imperfect: F -conchoidal to unevent M— 
lipyramidal, disphenoidie and thick tabular erytals, 
botryoidal and stalacttc aggregates. 

Origin and occurrence: Hydrothermal product of 
fumaroes, product of an activity of microoreanisms, 
Aisintegraton of sulfides and acidic chemical reactions: 
ated with gypsur, anhydrite, aagonit . 


‘eesite and halite The world’ best exysals come from 
‘many locales near Girgem, Sicily, aly (Catanissea, 
‘Canciana) where they reached up to 12 em (4"/in) in 
Size. Fine crystals are also known ffom Tamobracy. 
Poland and Yavokskoye near Lvox, Ukraine. As 
product of solfataras it occurs in many voleanically 
ative places. lke Solfatara near Pozzuol, aly or in 
sulfur lava ncar Shretoku Japan, Sulfur layers, up 1030 
(100 f) thick associated with alt diapis, are located 
near Charles Lake, Louisiana, USA, It originates during 
intensive oxidation/eduction eactons of pyrite in Rio 
Tito. Spain and in Kosajnik, Serbia. 

Application: chemical. paper-making, rubber and 
leather making industries, agriculture 


Scent 110 mm, Klodo, Coc Republic 


Selenium 
Se 
TRIGONAL 0 
Properties: C~ gray to red-gray: S ~ red; L — metallic, 
‘D ~opague to translucent; DE 4.8; H 2; CL ~ good: 
M~ acicular crystals. droplets of vitreous surface, fet- 
like aggregates. 

(Origin and occurrence: Secondary, resulting, from 
alteration, fumaroles and fom burning coal dumps, 
‘with sulfur. al ammoniac and other sulfates. Also from 
‘oxidation of onze compounds in U- and V-bearing 
‘deposits ofthe Colorado Platcau type, associated with 
Dyfte zppeite and other minerals. Red needles up to 
20 mm (* in) long come from the United Verde mine, 
Jerome, Arizona, USA. Black selenium nccdles found 
in burning coal dumps in Kladno and Radvanice, 
Czech Republic. Occurs with ores of U and V along 
sandstone fissures in tho Peanut Mine, Bull Canyon, 
Colorado, USA. Occurred through volcanic activity in 


‘Voleano, Lipari Islands, aly. 
Tellurium 

te 

TRIGONAL 96 


Properties: C ~tn-wtite: $ ~ gray, L~ metallic; D~ 
‘opaque; DE — 62, H = 225: CL — perfect; M 
prismaic and acular crystal, granular, massive 
Grigin and vecurence: Primary hydrthermal in low 
temperature ore deposit originates so as secondary 
through the oxidation redction reaction of telluride, 
Its associated wih god sylanite bats, pyrite and 
ther minerals Crystal up to 30 mim (Vn) ong ae 
known fom Bala, Tukey, Crystals up t0 20 mm C2 
in) ong occured in the Au deposits Cripple Creek and 
Colorado City. USA. Crystals up 10.10 men (sin) 
serous come from Kava and Suzuki, Japan. Rich 
cleavage masses and crystal p10 70 mm (2% in) long 
‘ere fund in Ubekistn. Crystallized tllarium sas 
iow from Fata Bai and Bata de Aries, Romania. 


Tellarim. 1 m0 xx, Zlatn, Romania 


2. Sulfides 


Algodonit 
ugh 


HEXAGONAL 


Properties: C~ steel-gray to silver-white, it quickly 
‘overs with a brown coating on air, S ~ gray: L— 
‘metalic; D ~ opaque; DE ~ 8,7; H = 4; CL none; F 
= conchoidal: M ~ crystals, granular, massive. 
Origin and occurrence: Hydrothermal, mainly 
iximacly imer-grown with other Cu arsenides, Ks 
largest accumulations are known from Cu deposits in 
melaphyres. in the Keweenaw Peninsula, Lake 
Supetior, Michigan, USA. It is also known from 
Chile (Algodones mine near Coquimbo, Atacama). 
‘Other localities. are Talmessi, Iran and Lingban, 
Sweden, 


Domeykite 
cuyae 
cubic eee 


Properties: C ~ tin-white to steel-gray, it tarnishes 
yellow and covers with a brown coating: S~ gray: L 
= metalic; D ~ opaque: DE ~ 79: H= 33,5; CL— 
‘none; F ~ uneven; M = botryoidal aggregates, 


Origin and occurrence: Hydrothermal with cope 
igodonie aad sve. 

“weighing several kg, together with algodonite in the 
Keweenaw Peninsula, Michigan, USA, The largest 
secumulations ar known from Tames and Anarak 
Ira It ceurs near Copiap and Chanaeille, Chile 
Massive aggregates in eupite upto 50 mm (2 i) 
come fom Bloves, Caceh Repubie 


Spholerite, $6 mm, Pices de Europe, Spin 
“Aodenite. 60 mm. Kenvonaw Pins, USA. 


Allargentum 
AeiS0 


HEXAGONAL 


Properties: C~ silver-white; S - gray; L metalic; 
'D~ opaque; DE ~ 10,1; H ~ not determined; CL — 
none; M ~ small erystals, granular. 

(Origin and occurrence: ydrothermal inthe silver- 
beating ore veins, associated with silver. 
breithauptite and dyserasite. Crystals up to I mim (Js 
in) known from Hartenstein, Germany. Is inter~ 
growihs with silver ores were found in Cobalt, 
Ontario, Canada. I is also known ftom Broken Hill, 
New South Wales, Australia and microscopic in 
Rejska vein in Kutna Hora, Czech Republic 


Allargentum. $0 mm. Schlema. Germany 


Dyscrasite 
agysb 


ORTHORHOM 


Properties: C — silversshite, it amishes yellow to 
black; S silverawhite; L~ metalic; D~ opaque; DE 
= 9,7; H ~ 35-4; CL. ~ good: F — uneven: M — 
‘pyramidal and prismatic crystals, granular, massive. 
(Origin and occurrence: Hydrothermal is the ore 
veins, associated with silver, stibarsen, pyrargyite, 
calite and other minerals, The best specimens come 
from the silver-bearing veins, cross-cutting the U 
deposit Haje near Poibam, Czech Republic, where 
prismatic erystals up to 50 mm (approx. 2 in) long 
and striated tabular twins were found. They are 
‘mostly embedded in stibarsen; all the specimens, 
Appearing in the mineral shows, ae eiched out of 
matrix. Deformed crystals of completely different 
habit are known from St. Andreasberg, Germany. 
Crystals occurred also in the Consols mine in 
Broken Hill, New South Wales, Australia, 


Chalcocite 
Cus. 
MONOCLINIC eeee 
Properties: C ~ lead-gray to black: S — lead-eeay to 
black; L ~ metallic: D — opaque: OE — 5,8; 1 ~ 2.5- 
3; CL ~ imperfect: F ~ conchoidal; M-. prismatic to 


Dyscrsite, 75 na, P2ibram, Cac Republic 


tabular crystals, granular, massive. 
Origin and occurrence: Hydrothermal, also sedi- 
mentary and metamorphic, mostly secondary, inthe 
‘oxidation and cementation zones of ore deposits, It 
occurs together with pyrite, chalcopyrite, covellte, 
brite and other minerals. Crystals upto 25 em (9% 
in) found in the M'Sesa mine, Zaire. Beautiful 
crystals several em across come fram Redruth and St 
Just. Cornwall, UK. Crystals over 20 mm (he in) 
across occurred in Bristol, Connecticut and in Butte, 
Montana. Crystals up to 50 mm (2in) in size known 
from the Flambeau mine neat Ladysmith, Wisconsin, 
USA. Shiny eyclic twins of erystals up to 20 mm 
(Pe in) found in Dzhezkazpan, Kazakhstan, Massive 
agetegates are important Cu ore in Rio Tinto, Spain: 
Bor. Serbia; Bisbee, Arizona, USA and Tsumeb, 
Namibia 

Application: important Cu ore 


Djurleite 
5431516 


MONOCLINIC eee 


Properties: C— lead-gray to black; S— lead-gray: L 
‘= metallic: D ~ opaque: DE ~ 5.8; H ~ 2,53: CL — 
‘one; F conchoidal: VI short prismatic to tabular 
crystals, granular, massive. 

Origin and occurrence: Secondary as a product of 
the cementation zone in ore deposits. Crystals up to 
10 mm (sin) across known from the Botallack mine 


(hace, 17 am x Cornwall UR 


near St Just, Cornwall, UK. Ageregntes of thick 
ear ets up 1 30 mum (in Tong found in 
Doheskagan, Kazakhstan 

Ttoccurs in massive form in many porphyry copper 
epost (Burt, Montana; Bisbee, Ariana, USA). 
also in Tsumeb. Namibia, together with chalcopyrite, 
yc and ther mineral 


jure, 3 mm xx. Dehezkasn, Kazakh 


Berzelianite 
CuzSe 


cusic eee 


Properties: C ~ silver-white, tarnishes black: $ ~ 
silver shiny: L— metalic; D ~ opaque: DE ~ 7.3: H 
= 2.5; CL =none; F- uneven; M granular, massive, 
Origin and occurrence: Hydrothermal together with 
other selenides in U, Fe and Au deposits. It isthe 
‘main mineral in the selenide mineralization in 
Tilkerode, Germany. Grains, upto several tens of em 
scross, greenish tarnished, occurred together with 
other selenides in Bukox, Haboi, Petrovice and 
Pr edborice . Czech Republic. Similar occurrence is 
known from near Pinky Fault near Athabasca Lake, 
Saskatchewan, Canada, 


Berzelanite, 60 mam, Bukon Czech Republic 


Bornite 
CusFeS¢ 


ORTHORHOMB! 


‘Properties: C ~ copperred. tarnishes iridescent; S-gray- 
black L= metallic: opaque; DE $.1sH-335;CL 
~ imperfect; F ~ uneven to conchoidal: M»pseudo-cubic 
‘octahedral crystals, massive. 

Origin and occurrence: Magmatic, hydrothermal, 
sedimentary in skarns and pegmattes together with 
chaleocite, chalcopyrite, pyrite, quartz and other mi 
‘als. Fine rystals upto 10 mm (Min) across are known 


Borst, 3mm x3, Doheckaseon, Kecobhsian 


from Carn Brea, Cornvall, England, UK, Crystals up 
to 30 mm (% in) come from Likasi, Shaba, Zaire 
Beautiful erystals up to 40 mm (1% in) across were 
ound recently together with chalcocite in 
Dehezkazgan. Kavakhstan. Massive aggregates are 
‘common and used as Cu ore in Kipushi, Shaba, Zaire 
Finesgrained, sedimentary bornite occurs in Cu 
bearing shales in Mansfeld, Germany, where it forms 
the main ore layer. Crystals. up to 20 mm @ 

‘size occurred in the Cole shaft and masses, weighing 
several thousands of tons, were mined inthe Campbell 


‘haf Babes, Arizona, USA. application: Cx or. 
Umangite 

Cu3Se2 

TETRAGONAL @@ 


Properties: C ~ be-black 
purple. S ~ black; L ~ metallic; D~ opaque; D 
H 3: CL imperfect; F uneven to eonchoid 
‘granular, massive 

(Origin and occurrence: Hydrothermal in ore veins 
together with oer selenides(clausthalte,berzeliante) 
Tis eommon, associated with berzelanite in Tikerode, 
‘Germany; Sierra de Unango, Argentina and Slavkovice, 
CCaceh Republic. Larger accumulations occur in the 
Martin Lake mine near Athabasca Lake. Canada 


Acanthite 
Aan 


MONOCLINIC eee 
Properties: C~ black: $ ~ black; L ~ metallic; D ~ 
opaque; DE 7,2; H= 2-2,5; CL ~ none; P= uneven: 
M-~pseudo-cubie erysial; massive. It mainly occurs 
as paramoephs after —argentite (high-rmperature 
‘phase ofthe same composition). 

Origin and occurrence: Hydrothermal in orev 
‘Beauifilerystals over $O mm (2 in) long occurred in 
the Himmelsfirst mine in Freiberg in Annaberg and 
‘Schneeberg, Germany. Acicular eystals are known, 
fiom lachymoy, Czech Republic. It is common in 
association with silver, proustite, pyrargyrte, pol 
‘baste, stephanie, galena and other mineral 
“Mexico, Probably the best paramorphs ater argentite 
‘up 10-70 mm (2% in) across come from the Rayas 
mine, Guanajuato, Fine crystals occur in the Las 
CChispas mine, Arie, Sonora and many localities in 
Zacatecas, Chihuaha 

pplication: important Ag ore 


Argentite 
ans 


cusic eee 
Properties: C — black-gray, tarnishes black; $— 
black: L metallic; D~ opaque: DE~ 7,1; 11-22. 
CCL ~ imperfect: F ~ uneven to conchoidal: M 
octahedral and cubic erysals, dendrite aggregates, 
massive. Stabile at temperatures. over 179EC 
G542°F), below this temperature there are 
paramorphs of acanthite afer argentte 


norgte 40 mm, Beaverlodge Lake, Canada 


Acanthite, 23 mm. Ariepe. Meco 


Origin ond occurrence: Hydrothermal in low 
Temporature ore depos, assoclated with silver, 
falena and. Ag sfosalls, Occurs between the 
‘xistion and cementation zone wth sromeyei, 
Siver,japalte odargyete and oboe minrals Fine 
crystals up to 40 mm (in) aerose, are known 
ffom Friberg and Schnecbers, Germany. Similar 
‘crystals found in Jachymov and Midinec, Czech 
Republic. Crystals up to 30 mm (1 in) Sec in 
Sarabus. Sardinia, tly, Maye the best agente 
erysials occurred’ in Mexiea.(Arizpe, Sonora: 
Zacatecas; Guanajuato), where crystals reached up_ 
to mm (I inh. Fine ryt. up 020 mm nin) 
stross reported front Chaar ta Chile. 
Application: important Ay ore, 


Argentine. 29 mm. Zacatecas Mexico 


Insufficient Wetting (Pad) 


These two joints both show signs of insufficient 
wetting of the solder pad. The solder has 
wetted the leads nicely, but it has not formed a 
good bond with the pad. This can be caused by 
a dirty circuit board, or by failing to apply heat 
to the pad as well as the pin. 


Repair: This condition can usually be repaired 
by placing the tip of the hot iron at the base of 
the joint until the solder flows to cover the pad. 


Prevention: Cleaning the board and even 
heating of both the pad and the pin will prevent 
this problem. 
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Aguiar, 4 mm xx, Gurajuat, Merco 


Hessite 
Ante 


MONOCLINIC eee 


Properties: C~ lead 10 tcel-gray, tarnishes black: S ~ 
light gray: L— metalic; D~ opaque: DE ~ 84; H —2- 
3.CL pero Fen M—posulocbic ysl 
‘combinations, granular. massive. 

Origin and occurrence: Hydrothermal in medium 
and low-temperature ore wins together with calave- 


Hesite 31 nm, Botes Romans 


rite, sylvanite, alte, go, tellurium and other sul- 
fides. The best specimens with crystals up to 20 mm 
(@s in) across (sin) and aggregates up to 100 mm 
(in) come ftom the Bote mine. Romania. Small 
‘eystals occur in the Jamestown mine, California, 
USA. Massive aggregates were found in Gold Hil, 
Colorado, USA and Moctezuma, Mexico, Agere= 
Eales. up to tens of cm (several sq in) in size, were 
known in the Zavodinskii mine, Alsi, Kazakhstan, 


Aguilarite 
AggSeS 


ORTHORHOMBIC @ 


Properties: C ~ lead-gray, tarnishes black: S ~ pray 
black; L = metallic; D ~ opaque, DE ~ 7.7; H = 2 

CL — none: F —hackly; M ~ skeletal’ crystals, 
Origin and occurrence: Hydrothermal in ore veins, 
together with silver, stephanite, proustte, pearceite, 
calcite and quartz. The best crystallized specimens 
‘with crystals up to 30 mm (1% in) across come from 
the San Carlos mine. Guanajuato and Chontalpan, 
‘Taxco, Guerrero, Mexico. Its also known in inter- 


growths with acanthite and naumannite from the 
Comstock Lode, Virginia City, Nevada, USA. 


Argyrodite 
exces, 


ORTHORHOMBIC @ 


Properties: C~ steclgray. tarnishes black; $ —gray- 
back: L — metallic: D ~ opaque: DE - 6,3: H - 2.5- 
3; CL = nove; F — uneven to conchoidal; M ~ 
combinations "of cubic crystals. botryoidal 
‘aggregates, massive. 

Origin and occurrence: Hydrothermal in low- 
‘temperature base metal deposits, associated with Ag 
sulfoslis, It occurred in crystal in the Himmelsthrst 
rine, Freiberg, Germany. Crystals were also found 
in several localities in Bolivia (Atoche. Colquechaca. 
Potosi), Crystal measuring 60 mm (24 in) across is 
reported from Porco. Bolivia, 


Stromeyerite 
‘Agcus 


ORTHORHOMBIC eee 


Properties: C ~ dark steel gray, tarnishes blue; S 
sieek-grey; L metallic; D ~ opaque; DE ~ 6,3: H 
25-3; CL ~ none; F ~ conchoidal; M ~ pseudo- 
hhexagoral tabular erystals, massive, 

Origin and occurrence: Mostly secondary in the 
cementation zone of ore veins, associated with 
feibergte, bornite, chalcocte, galena and other 
minerals. Fine tabular crystals up to 10 mm (in) 
across found in Deherkazgan. Kazakhstan, where 
‘pscudo-morphs of sromeyerite after silver wires also 
‘occur. Skeletal prismatic pscudo-morphs after 
chaleocite crystals come from Vraneice, Czech 
Republic, Massive aggregates are common in many 
eposits in Colorado, USA (Aspen; Red Mountain), 
Chile (Copiapo). Bolivia (Potosi) and Canada (Cobalt, 
Ontario), 


Sromeserite.6 im x, Dzhechazgon. Kacathsion 


Jalpaite 
aexcusy 
TETRAGONAL 08 
Properties: C~ ight gray, tarnishes dark ray toi 
descent S~ black: L~ mae; D~ opaque: DE~ 6, 
H- 225; CL good, F~ conchoidal M - crys, 
granular. 

Origin and occurrence: Hydrothermal in low-tem- 
perature ore veins. Crystals upto 25m (1 in) across 
known from Jalpa, Queretaro, Mexico, Crystals up to 
30 mum (in) cross come from the Caribou mine, 
Colorado. USA. Massive aggregates, associated with 
‘lea, share, pyre, sremeyei, polybasie and 
‘ther minerals, cued in Pir, Coch Republi 


atpite, 30 mm vent Pbnom. Czech Republic 
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Pendlndite, 90 mn, Sudbury, Canada 


Sphaerive. 70 mm, Olt: Poland 


Pentlandite Sphalerite 
eangSe zs 

cusic eee cusic sees 

Properties: C~ ight bronze to red-brown: S~ light Varieties: cletophane (green, yellow, orange), 


bronze: L~ metallic: D~ opaque: DE ~5,0: H— 3.5- 
4:CL~ none: F~ conchoidal: M ~ crystals. massive. 
Origin and occurrence: Typical magmatic liquid 
mineral, associated with pyrthotte and chalcopyrite. 
{tis common in Sudbury, Ontario, Canada, as mostly 
‘microscopic inclusions in chalcopyrite, but also as 
imperfect crystals. Large accumulations are known 
from Talnakh near Norilsk, Siberia, Russia, where it 
‘occurs together wth Cu, Pt and Pd sulfides. It is also 
important ore inthe deposit near Rustenburg, South 
Alea 

Application: the most important Ni ore 


‘Sphakerte 31 mo, Elmwood. USA 


rmarmatite (black) 


Properties: C_~ eolerless, yellow, orange, green, 
broven, black: $ ~ brownish, light yellow, white: L— 
resinous to adamantine; D — wansparent, translucent. 
‘opaque: DE ~ 4,1; H~ 35-8; CL ~ perfect; F 
onchoidal; M "tetrahedral and dodecahedrat 
cenystals, botryoidal. fibrous and stalactitic aggregates, 
‘massive: LU — sometimes orange. 

(Origin and occurrence: Magmatc (liquid, in pegma- 
tiles}, hydrothermal in low~ 10 high-temperature 
deposits, skams, hydrothermal sedimentary deposits: 


rare sedimentary and metamorphic. l occurs together 
with galena, pyrite, chalcopyrite, marcas, tore. 
barite, quartz and other minerals, Beautiful crystals up 
Xo 100 mm (4 i) across come from Teepe. Serbia. 
Green and red crystals up t0 100 mm (4 in) known 
from Cananea, Sonora, Mexico. Fine yellow crystals 
up 0 30 mm (Pin) were common in Banska “tia 
rca, Siovakia; similar crystal occur in Madan, Bulgo- 
‘a The most beatiful yellow, orange and red erstals 
‘upto 130-mm (6 in) across found in Peas de Europa, 
Santander, Spain, They are sometimes fasted. Brown 
crystals up to. 50 mm (2 in) come from Joplin, 
Missouri talcttc aggvepaes up w 180 mim (6 i), 
Tong come fom Galena, Hingis, USA. Perfect lack, 
shiny erysa and twins upto 50 mi (2 in) are Famous 
fiom Dalnegosk, Russia: yellow ersils, up 10 30 
rm (Vinh occurred in Debezkargan, Kazakstan 
“Transparent crystals up 1030 mm (iin) alo found 
in Franklin, New Jersey, USA. Green crystals up (0 
100 mm (approx 4 in across occurred in the Big Four 
mine, Colorado, USA. Crystals up to 50 mm (2 in) 
own from the Opp mine. Aowari. Jan. 
Application: principal Zn oe 


Coloradoite 
HgTe 
cusic ee 


Properties: C = black-gray; S ~ black-grays L 
‘metalic; D ~ opaque: DE ~ 8,1; H - 2.5: CL - none; 
F ~ uneven to conchoidal; M ~ granular, massive. 
Origin and occurrence: "Hydrothermal, associated 
with alate, ealaverte, krennerite, gold pyrite and 
other minerals in Au-bearing vein. It was common 
in Cripple Creek and in the Smuggler mine, 
CColorade: inthe Norwegian mine, California, USA. 
Grains, reaching up 10 several mm, come from 
Filove, Czech Republi, 


Colorado, 70 nm. Kalgoorlie. Australi 


Chalcopyrte 1 m2, Cavaic, Romania 


Chaleopyrite 
CuFeS 

TETRAGONAL eeeee 

Properties: C —brass-yellow: tarnishes iidescen; § 


~ green-black: L ~ metllie: D — opaque; DE ~ 4.3; 
We 3,594; CL ~ imperfect: F ~ uneven: M 
{ctrahedeal crystals, botryoidal aggregates. massive. 
Origin and securrence: Magmatic. hydrothermal 
and. sedimentary. in association with —sphaleri 
galena, tetrahedrite. pyrite and many other sulfides. 
Fine crystals upto 30 mm (I's in) across are known 
from Banska “tiavnica, Slovakia and from Cavnic, 
Romania 

Crystals up to 120 mm (4%min) across, associated 
‘with other sulfides, come from the Nikolai mine in 
Dalnegorsk, Russia. Beautiful crystals upto 120 mm 
(4°“ain) found in Japan (Arawaka, Osarizawa). Fine 
crystals reaching up 10 several em occur in Pens 
(Hluanzala, Husron). Massive aggregates. are 
important Cu ore in Sudbury. Ontario, Canada: 
Bingham, Utah; Bisbee, Arizona, USA and Ri 
Tinto, Spain 

Application: important Cu ore + 


Chalcopwrite_15 mn x. Ground Hog Mine. USA. 


n 


Lxzonite, 60 mm, Rest, Hangar 


Luzonite 
CuyAsSy 
TETRAGONAL @@ 
Properties: C ~ dark pink-brown; § ~ black; L — 
‘metallic: D ~ opaque: DE ~ 45; H ~3,5; CL.— good: 
F ~ uneven to conchoidal: M~ crystals, granular, 
massive. 

Origin und occurrence: Hydrothermal in low- 10 
‘medium-temperature veins, associated with cnargite, 
tetrahedrie, sphalerite bismuthinite,Ag sulfoslts and 
‘other minerals. Crystals up to 40 mim (Ie in) across 
come from Quiruvilea: it is common in Cerro de 
asco, Peru. It is also common in the Teine mine, 
Hokkaido, Japan; crystals also occur in Kinkwaseli, 
Taiwan. It is Known ffom Bor, Serbia and Recsk, 
Hungary, 


Stannite 
CugFesnsy 


TETRAGONAL @@ 


Properties: :C ~ steel-gray to black, tarnishes blue: 
Stannite 10 mm x, Pots, Bolivia 


'S~ black; L ~ metallic; D ~ opaque: DE ~ 4,5; H~ 
4: CL — imperfect; F — uneven; M — pseudo- 
‘ctahedral crystals, granular, massive. 

Origin and occurrence: Hydrothermal in high 
temperature Sn deposits. The best specimens come 
from Bolivia; crystals up to $0 mm (2 in) across 
known fom Llallagua; crystals up to 30 mm (P/ 
in) from Chocaya and cross-ike inter-growhs from 
the San Jose and Ts mines near Oruro, It occurs as 
massive vein fillings in Carn Brea, Cornvall, UK 
‘and Cinoves, Czech Republic. It was also found i 

amblygonite pegmatites in Caceres. Spain and in 
{quartz-amblygorite veins near Verncoo, Czech 
Republic. 

Application: Sn ore. 


Germanite 
CuzeFeaGeaSs2 
cusic ee 
Properties: C~ pink to purple-gey, S ~ black, L = 
metalic, D~ opaque, DE ~ 45, = 4, CL —none, F 
uneven, M-tetahedral erystal, granular, 

Origin and occurrence: Hydrothermal, often intr- 
grown with tennantite, borite and other minerals. 
twas important only in one particular place in 
“Tsumeb, Namibia, where larger accumulations were 
found. Smaller occurrences are known from the 
Shikanai mine, Japan; small cubic crystals come 
From the Humboldt mine, Colorado, USA 


Tennantite 
Cup 2Ae48| 


cusic eee 


Properties: C~ stel-gray; S— black, brown to dark 


CL none: F conchoidal to uneven: M tetrahedral 
crystals. granular. massive. 

Origin and occurrence: Hydrothermal in ore veins 
and greisens wit pyrite, calcite, dolomite. quartz and 
‘other sulfides and Cu-Pb-Zn-Ag. sulfoslts. Fine 
‘enystals are known ftom Cornwall, UK (Wheal Jewel, 
‘Gwenmap: Carn Brea). Crystals upto 150 mm (6 in) 
across, come from Tsume, Namibia, Crystals of 
binnite in Lengenbach, Binntal. Switzerland, up to 30 
sim (Pi in). Crystals up to 20 mm (%: in) across 
‘were found recently in Dzhezkazgan, Kazakhstan, 
Large masses occurred in Kipushi, Zaire Crystals up 
to 25 mm (1 in) known from EI Cobre, Zacatecas. 
Mexico. Application: Cu ore. 


Tetrahedrite 
Cay 28b6513 
cusic seee 
Properties: C ~ secl-gray to black: § ~ black, brown: 
LL metallic: D - opaque: DE - 5.0; H = 3.4.5; CL - 
none; F ~ conchoidal: M — tetrahedral crystals, 
‘granular, massive. 

Origin and occurrence: Hydrothermal in low- to 
medium temperature veins, in contact metamorphic 
<eposits together with chaleopyrit.galena, sphalerite. 
pyrite, bornite, calcite, quartz and other minerals The 
largest known crystals up to 25 om (Bs in) across 


Terahedrite 10 mm xx, Per 


Tennant, 26 mim. El Cobre Mexico 


‘came from Anzen and Irazein in Pyrennees, France. 
‘Common exysals several em in size occur in Cavnic, 
‘Romania. Fine specimens with crystals up to 70 mm 
2% in) across found in the Mercedes. mine in 
Huallanea, Peru, Other Peruvian localities ike 
CCasapalca and Morococha yielded fine crystallized 
specimens. Fine erystals up to 20 mm (* in) in size 
known from Poibram, Czech Republic, 

Application: rads Cu, 


2» 


Freiergte 15 mm x, Obecnic. Czech Republic 


cusic eee 


Properties: C ~ gray to black; S ~ black, brown to 
dark red: L — metallic; D ~ opaque: DE 5,4; H—3- 
4.5: CL'~ none; F - uneven to conchoidal; M’~ 
tetrahedral crystals, massive 

Origin and occurrence: Hydrothermal in ore 
deposits, associated with many sulfides and 
sulfosalts. [tis mainly massive in the Himmelsfurst 
mine in Freibere, Germany: Cobalt, Ontario, Canada 
and in Mount Isa, Queensland, Australia. it was a 
principal Ag ore in Kutnd Hora, Czech Republic. 
Application: Ag ore. 


Wartzite 
es 


HEXAGONAL ee 


Properties: C dark red-brown, dark brown to brown- 
black: $ ~ brown: L — resinous to submetallic; D — 


translucent fo opaque; DE ~ 4,1; H = 35-4; CL ~ 
good: M — pyramidal, prismatic to thick tabular, 
Striated crystals. concentric banded and radial 
aggregates. 

Origin and occurrence: Hydrothermal in ore veins 
with sphalerte, marcasite, pyrite and other minerals. 
‘Also of low-temperature origin along the cracks of 
clay concretions. The best wurtzite crystals come from 
Bolivia: crystals up to 40. mm (1% in) across from 
‘Animas and crystals up o-20 mm (% in) across from 
LLiallagua and Potosi, Fine rystals up to 30 mm (Vie 
in) across found in Talnakh near Norilsk, Siberia, 
Russia, Interesting radial aggregates, up to several om 
in diameter, oceurted in Poibram, Czech Republi. 


Greenockite 
cas 
HEXAGONAL eee 
Properties: C ~ yellow to orange, dark red: S ~ 
orange-yellow to brick-red; L— adamantine 19 
resinous: D~ upayue to taslucent, DE=4,8, H —3- 
3,5: CL ~ good: F — conchoidal; M — willings, 
pulverulent coatings. 

Origin and occurrence: Mainly secondary 3s 
pulverulent coatings on sphalerite. It also occurs in 
cavities of voleanic rocks together with prehnit 
zeolites and calcite. Crystals are known from ore 
veins in Llallagua, Bolivia, Pulverulent coatings are 
‘described from Poibram, Czech Republi; Bleiberg. 
‘Austra and from the deposits in the Tei State region, 
Missouri, USA, Crystals up to 10 mm (i+ in) 
‘occurted in the cavities of voleanic rocks near 
Renfrew, Scotland, UK. 


Enargite 
Cuyassy 
ORTHORHOMBIC see 
Properties: C~ gray-blak to black: S~ gray-black; 
renokit, 20 mm, Qevade Fier, Romania 


LL ~ metallic; D ~ opaque; DE ~ 4,4; H ~ 3; CL - 
perfect; F ~ uneven; M ~ tabular and prismatic, 
strated crystals, massive. 

Origin and occurence: Hydrothermal in medium- 
temperature, sometimes in low-temperature deposits, 
associated with quartz, pyrite, sphalert, galena, bor- 
rite and other minerals. Beautiful erystals. up to 100 
:mm (4 in) actoss, come from the Luz Angelica mine 
in Quiruvilea: erystals up to 150 mm (6 in) across 
from Morococha and Cerro de Pasco, Peru, Fine erys- 
tals were found in Bute, Montana, USA and in Man- 
‘ayano, Luzon, Philippines. t occurs a principal Cu 
‘ore in several deposits (Bor, Serbia; Huaron, Peru). 
Application; Cu ore. 


Cubanite 
CurFeS3 


ORTHORHOMBIC 


Properties: C- brass-yellow to bronze; S ~ black; L 
= metallic: D = opaque: DE ~ 4,1; H ~ 3.5; CL - 
none; F ~ conchoidal; M — tabular crystals, massive 

‘and occurrence: Magmatic in liquid deposits 
as inclusions in chalcopyrite, a8 hydrothermal in 
high-temperature deposits, associated with chalco- 
Dyrite, pyrite, pyrrhotite and sphalerite. The best 
erystals, twins, up to 40 mm (Is in) across, come 
from the Henderson No.2 mine, Chibougamau, 
‘Quebec, Canada, It was also described in erystals 
from Sudbury, Ontario, Canada and Morro Velho, 
Brazil. Is large accumulations are important Cu ore 


Cubonite,33 mmx. Chonan, Canad 


nari, 41mm Bate, USA. 


{n_ Sudbury, Ontario, Canada; in Mooihoek, South 
‘Africa and in Prince William Sound. Alaska, USA, 
‘Application: important Cu ore. 


a 


‘Sterabergite, 20m, St Andrvasberg. Germany 
om ae 


Argenopyrte, 60 mm. MPd?ee, Czech Republic 


Sternbergite Argentopyrite 
AankeSy ‘AanfeSy 
ORTHORHOMBIC 8 @ ORTHORHOMBIC ee 


Properties: C~ golden-brown: §— black: L~ metal- 
lie 0 adamantine: D opaque: DE ~ 4.3: 4 — 1-155: 
CCL ~ perfect: M ~ thin tabular pseudo-hexagonal 
crystals. often in rosettes and fan-shaped aggregates 
(Origin and occurrence: Hydrothermal in Ag-bearing 
‘eins, associated with stephanie, acanthite,proustite, 
rgentopyrite and other minerals. Tabular erystals up 
to several mm across known from Jachymov and 
Midinec. Czech Republic: from St. Andreasberg, 
Johanngeorgenstadt, Schnecberg and. Freiberg, 
Germany. 


Prrrhovite 68 mon. Dalnoporsk Russia 


Properties: C ~ gray-white, tarnishes iridescent: $~ 
‘pray: L~ melllic; D ~ opaque: DE = 4.3: H~ 3,5 ~ 
4:CL— none: F uneven: M thick tabular pseudo- 
hexagonal erystals. granular. 

Origin and occurrence: Hydrothermal in ore veins. 
associated with proustite, pyrargyrit, stephanite. 
sternbergite, dolomite, quartz and other minerals. 
Crystals up tS mm ("iwin) across come from Jachymaw 
and Midinec, Czech Republic: itis abo known from 
Schema, Freiberg and Schneeberg. Germany and from 
Colqueetaca, Bolivia 


Pyrrhotite 
FejxS = 00,7) 


MONOCLINIC eeee 


Properties: C ~ bronae-yellow to brown. t 
‘quickly; S ~ dark gray-black: L ~ metal 
‘opaque; DE - 4,7; H ~ 3,5-4,5; CL ~ none; F ~ 
‘uneven to conchoidal: M ~ tabular, pyramidal and 
prismati erystals, massive. 

(Origin and occurrence: Magmatc liquid in basic rocks, 
{together with pyrite and pentlandite; in pegmaites: 
Inydrothermal_in hightemperature and. metasomatic 
deposits: sedimentary and metamorphic, Tabular 
cestals up 10 340 mm (11% in) across come from 
‘Trepea, Sesbia and Dalnegorsk. Russia; prismatic erys- 
tals up to 150 mm (6 in) long found in Santa Eulalia, 
(Chihuahua, Mexico and Chiuzbaia, Romani, Tabular 
ceystals up to 110 mm (4% in) occured in Cavnic. 
Romania. Large imperfect crystals, coated with 
‘wavelite, are known from Lalla, ‘Bolivia. Huge 
‘masses of industrial importance occur in Sudbury, 
(Ontario, Canada; Talnakh near Noris, Siberia, Russia 
and elsewhere. Application: sometimes a Fe oe. 


‘Nckline. 138 mm. Pala. Germany 


Nickeline 


Nias 


HEXAGONAL eee 


Properties: C ~ light copper-red, tarnishes gray 10 
black; $ ~ light brown-black; L ~ metallic; D 
‘opaque; DE = 7.8; H ~ 5.5.5; CL ~ none; F — 
conchoidal: M strated crystals, botryoidal and 
dendrite aggregates. eranula. massive. 

Origin and occurrence: Hydrothermal in high- 
temperature ore veins with skutterudite, nickel 
skutleudite, saMorite, rammelsbergite and other 
minerals, Also magmatic in norites and peridotites. 
Crystals up to 15 mm ("Ye in) across come from 
Pola: small crystals were found in Richelsdor 
Germany. Fine’ massive aggregates and small 
crystals occurred in Bou Azzer, Morocea, Huge 
accumulations are known in Cobalt and Govganda, 


Breithauptite 
Nise 


HEXAGONAL © @ 


Properties: © light eopper-red, purplish: $ ~ red 
boven: L metallic; D ~ opaque: DE ~ 8,6: H— 5.5; 


‘CL ~ none: F = conehoidal to uneven: M — thin 
tabular erystals, dendritic aggregates, massive 
Origin aind occurrence: Maghiatic. hydrothermal 
and metamorphic, associated with silver, nickeline, 
cobalt and other sulfides. It occurs inter-grovn 
‘with pyrrhotite and pentlandite in magmatic liquid 
deposit Viakfontein, South Africa. It is common in 
hhydrothermal veins in Cobalt, Ontario, Canada: also 
known from Sarrabus, Sardinia, aly and St 
Andreasberg, Germany. 


Brethayptie. 80mm, Cobal, Canad 


3 
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Miler 26 mm, Anowerp. USA. 


Millerite 
Nis 


TRIGONAL eee 


Properties: C~ light brass-yclow to bronze, tarnishes 
inideveent; $ — preenish-black: 1 ~ metalic; D = 
‘opaque: DE 54:11-3-3,5;CL perfect; F- uneven; 
M~ acicular erytals, cleavable masses, aggregates of 
parallel inter-grown crystals with velvety surface, 

Origin and occurrence: Hydrothermal in low-erpe> 
rature ore deposits. also asa product of decomposition 
fof Ni sulfides, It is associated with pyrrhotite, 
arte and other minerals. 


Alabandite, 40 om, Saari, Romania 


CCleavable_ masses occurred near Temagami noar 
Sudbury, Ontario, Canada and in Kambalda, Western 
‘Australia, Australia. Acielar rystals come from ore 
veins in Jachymov and Pribram, Czech Republic; 
rcedlies in cavities of siderite concretions In the 
vicinity of Kladno, Czech Republic, eached upto 70 
‘mm (3% in), Aciclar erystals up to 80 mm (3% in) 
Tong known ffom the limestone cavities near Dort- 
‘mud Germany. Beautiful specimens with crystals up 
0 50 mm (2 in) long in the cavities in hematite oceur- 
red in the Sterling mine, Antwerp, New York, USA, 
‘Velvety fibrous aggregates were found inthe Thomp- 
son mine, Manitoba. Canada. Application: Ni ore: 


Alabandine 
tins 


C -black: §~ greon: L-submetallie; D 
= opague; DE 4,1; 35-4; CL — perfec: F ~ 
‘uneven; Mf ~ cubic and octahedral crystals, granular, 
Origin and occurrence: Hydrothermal in ore veins, 
associated with rhodochrosite, calcite, galena, 
sphalerite, pyrite and other minerals. Crystals up to 20, 
rm (in) across together with granular aggregates 
are relatively common in Romania (Sacarimb, Baia de 
Aries . Rosia Montana). Crystals are also known 
fom the Queen of the West mins, Colorado and from 
the: Lucky Cuss mine, Tombstone. Arizona. USA. 


Galena. 56 mom, Nem. Gory 


Galena 
Ps 


cusic eeece 


Varieties: seinmannite 


D opaque: DE - 7.6; H~ 25: CL 
= conchoidal; M-~ eubic erystals and their 
complex combinations, tabular crystals, skeletal 
ageregates, ma 

Origin and occurrence: Magmatic, hydrothermal, 
‘metamorphic, very rare sedimentary, associated with 
sphalerte, chalcopyrite. pyrite, quartz and other 
‘minerals, Large crystals up to several tens of em in 
size come from many localities in the USA. (Joplin, 


Caazhali 20 mm wine, Tkerode, Germany 


Glens 66mm, Picker USA 


Missouri: Galena, Kansas: Picher, Oklahoma: 
‘Sweetwater mine, Missouri. Beautiful. often skeletal 
‘xystals oF spine-law twins up to 200 mm (7's in) 
across known from the Nikolai mine in Dalnegorsk. 
Russa, Fine crystals occur also in Naica, Chihuahua, 
Mexico. Famous complicated combinations of 
crystals were found in Neudorf, Germany. Octahedral 
cxystals up to 10 mm (% in) (steinmansite variety) 
‘were comman in Pribram, Czech Republic, Beautiful 
specimens with cubes up to several em across come 
fom Madan. Bulgar; spinel-law twins occurred in 
Hera, Romania. 

Application: the mos important Pb ore 


Clausthalite 
Pose 


cusic ee 


Properties: C —lead-gray, bluish: § ~ geay-black: L 
metalic; D - opaque, DE ~8.3; H 2,53; CL— 
good: F — granular, M~ granular. massive. 
Origin and occurrence: Hysrothermal in ore veins with 
2 low $ conten, together with berzlianie, unangite, 
rani and ier mineral, owes as mas 
in calcite veins. with other selenides in 
Gilstad and Tikerods, Gomany, I sim in 
Skrikerum, Sweden: common in the U- deposits in 
Predboriee, Bukov and Zltkow, Czech Republic. 


Altaite 
Pete 

cusic eee 

Properties: C ~ tin-white to yellowish. tarnishing to 


bronze: S - black: L - metallic; D ~ opaque; DE. 
8.3; H ~ 3; CL ~ perfect; F ~ conchoidal; 
and octahedral erystals, massive. 


Miargrite 20 mn. Kuna Hora, Cecck Republic. 


Origin and occurrence: Mydrothermal in vein Au 
“deposits, associated with other tellurides,galena and 
other minerals. Crystals up to 20 mim ("hs i) across 
are known from the Revenge mine, Colorado, USA. 
kis massive with aguilasite in Kalgoorlie, Western 
‘Australia, Australia It is relatively common with 
‘other teliurides in’ Sacarimb , Romania; in the 
Zavodinskii mine, Ali, Russia and in Zod near 
‘Sevan Lake, Armenia. 


Miargyrite 
‘AgSbSy 


MONOCLINIC e@@ 


Properties: : C— black wo stecl-gray; $~ cherry-reds 
L = metallic, adamantine: D ~ opaque: DE ~ 5.3: H 
= 2,5: CL — imperfect; F — conchoidal, M — thick 
tabular, strated erystals, massive 

Origin and oceurrence: Hydrothermal in low- 
temperature ore veins, together with proustite, 
yrargyrite, polybasite, silver, quartz and other 
minerals, Fine crystals, up to 10 mm ('%e in) across, 
occurred in Pribram and Kutna Hora, Czech 
Republic: in Braunsdorf and Freiberg, Germany. Ibis 
‘also known from many localities in Bolivia (Tatasi, 
‘Oruro = 10 mm (ein) crystals, Potosfy and Mexico 
(Sombrercie, Catoree). It was also found in 
Hiendelacncina, Guadalajara, Spain, 

Application: Ag ore. 


Franckeite 
(PoS0)gFeSn.Sb25)4 
TRICLINIC @@ 


Properties: C — gray-black; S ~ gray-black; L — 
‘metallic; D ~ opaque; DE ~ 5.9; H ~ 253; CL. 


Franclte 30 mm. Oru, Bolivia 


Cina, 50 mm, Poon, Boia 


perfect; M ~ thin tabular, curved crystal, ofien 
Fosete-like aggregates of crystals 

Origin and occurrence: Hydrothermal in Ag-Sn 
deposits, associated with cylindrite, zinkenite, 
‘assiteite, wurtzite and other minerals; in contact 
‘metamorphic limestones, The best erystals up 10 60, 
1mm (24 in) across come from various localities in 
Bolivia (Mollecagua near Poopo; Huanuni; Chocoya 
near Potosi: Colqucchaca and Oruro). It is known in 
‘contact metamorphic limestone from the Kalkar 
‘quarry, California, USA, 

Application: Sn ore. 


Gplindrite 
PosSn4FeSb2S14 


TRICLINIC 9 @ 
‘Properties: C ~ lead-gray to black; S ~ black; L ~ 
metallic; D ~ opaque; DE - 5.4; H — 2,5; CL ~ 
perfect:' M~ cylindrical. conical and spherical 
crystal aggregates, massive. 

Origin and occurrence: Hydrothermal in Sn-bearing 
veins with ffanckeite, stanite, cassiterite, galena 
and other minerals. World famous specimens with 


crystals up to $0 mmm (2 in) long come from the 
‘Trnaeria and Santa Cruz mines near Poopo, Bolivia. 
In was also reported from the Smirnovsk deposit, 
“Transbaikalia, Russia, 


Cinnabar 
Hes 


TRIGONAL eee 


Properties: C~ red to brownish-ed; $~ crimson; L 
‘damantine to metallic also dul: D ~ opaque: DE ~ 
8.2; H~22,5, CL perfect, F—conchoidal to uneven: 
‘M = rhombohedral, thick tabular and prismatic 
‘xystal, massive, 

Origin and occurrence: Low-temperature hydro- 
thermal mineral, associated with realgae, mercury, 
pyrite, marcasite and other minerals. The world 
best specimens with erystals up to 70 mm (2% in) 
across are known from many localities in China 
(Hunan and Guizhou provinces). Fine shiny crystals 
up to 10 mm (%e in) across come from Nikitovka. 
Ukraine and in Khaidarkan, Kyrgyzstan, Crystals up 
0 30 mam (1%/e in) also found in Monte Amviata and 
Rippa near Seravezza, lily, Its massive aggregates 
are an important Hg ore in Allehar, Macedor 
‘Almaden. Spain and elsewhere. 

Application: the most important Hg ore. + 


lil, i Chi ‘ 
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Covelie 65 mm Bute, USA, 


Covellite 

cus 

HEXAGONAL eee 

Properties: C ~ indigo-blu, tamishing iridescent, S 


lead-pray; L—submetallicto resinous; D opaque 
DE ~ 4.6; H— 1.5-2: CL ~ perfect; F~ uneven; M~ 
hexagonal tabular erysals, massive. 

Origin and occurrence: Rare hydrothermal; mainly 
secondary in the oxidation zone of oce deposits, 
associated with chalcopyrite, chaleoete. djurete, 
bornite and other minerals. Tabular crystals upto 30 
mm (1 in) across are known from Butte. Montana 


Linnie, 60mm, Rowen Uganda 


and Summitville, Colorado. USA; also. from 
‘Sarrabus, Sardinia, Tay, Massive aggregates are 
‘common in Bor, Serbia: Bisbee. Arizona, USA and 
elsewhere 

Application: Cu ore. 


‘octahedral crystals. granular, massive, 
(Origin and occurrence: Hydrothermal in ore veins 
and metamorphic deposits, together with 
chalcopyrite, pyrchotite, millet, bismuthinite and 
sphalerite, The best erysals up to 30 mm (Is in) 
across come from the Kilembe mine, Uganda, 
Crystals are also known trom Musonoi, Shaba, 
Zaire; Mhsen, Germany; siderite coneretions in 
Kladno, Czech Republic and from the Basinas mine 
near Riddarhyttan, Sweden. 


Carrolite 
Cu(ConNi) 254 


cu 


ic 


Properties: C ~ light to stcl-gray. varnishing red- 
purple; gray: L~ meullie: D~ opaque; DE~ 4.5; 
Fe 45.55; CL — imperfect, F — conchoidal 1 
uneven M= ocahedal crystals, granular. massive. 
(Origin and occurrence: Myérotbermal in ore veins, 
associated with Tinnct, chalcopyrite and other 
tmincals. Iisa principal Co rein deposits in Zaire. 
Baul crystals up to 20 mm (Ms in) across are 
known from the M’Sesa mine near Kambove, 
Kolwed and from Karoto, Shaka. 

Application; Co ore 


Coralie, mm x. Kambove, Zair 


Stibnite Sibnite, 187 mm, tehinakana, Japan 
5053 


ORTHORHOMBIC @ 


Properties: C ~ steel-ray, tarnishing iridescent or 
black; $~lead-gray; L metalic; D~ opaque: DE ~ 
46; H 2; CL.— perfect: F -conchoidal 1 uneven: 
‘M ~ thick to thin prismatic erystas, thin needles, 
(Origin and occurence: Hydrothermal in medium-and 
Jow-temperaure ore veins with quartz and gold, the 
other associated minerals are rare (arsenopyrite, 
‘erthierte,gudmundite, antimony). The largest known 
suibnite erysals occurred ia the in the Tchinokawa 
‘mine, Shikoku, Japan, where they were up to 60 em 
(24in) long, Similar sized erystls were found recently 
in scveral localities in China (the Xikuangshan mine, 
Hunan). Crystals up to 200 mm (7% in) across come 
fiom Manhattan. Nevada, USA. Beauifl crystals are 
known ffom Romania; long prismatic ones with brite 
crystals are prevalent in Baia Sprc, clusters of thin 
needles come from Herja and thick prismatic erystals 
from Bai .Peroctdruses ofertas up to 150 mm (6 
in) long associated with purple fluorite erysials,barte 
and calcite, occurred in Kadamdhai.Kyrgyzsian. 
Beautiful druses of stibnite erystals with quartz come 
also from Kremnia, Slovakia. Also Kostajnik, Serbia 
and La Lucete, France yielded fine crystals in the past 
Application: Sb ore. 


‘Sibnite 120 mm, Baia Spre, Romania 


0 


‘squint, 160 mo, sna, Balsa 


Bismuthinite 
i253 
ORTHORHOMBIC ee ee 


Properties: C ~ lead-gray 10 tinewhite, tamishing 
yellow and iridescent: S~ lead-gray: L- metallic: D 


Kermeste.20 um xx Freiberg. Germany 


‘Terai, 80 mm. Cielo, Ronwona 


= opaque: DE ~ 6.8 H - 2-2.5: CL ~ perfect: F 
uneven; M.— thick prismatic to acicular, strated 
enysals. fibrous aggregates, massive 
Origin and occurrence: Uydrothermal in ore 
iso in rcemt volcan exhalation deposits 
th, arsenopyrite, stannite, 
‘galena and other minerals, The world’s best exysals 
‘mm (2 in) long. come from Bolivia (Tasna; 
Huanoni: Liallagua, Fine erystals were also found in 
Redruth, Comwall, UK. Rich finds were made in 
Biggendcn, Queensland. Australia. Interesting 
crystals are known from Spind, Norway, 
Application: Bi ors. 


Kermesite 
‘SbS20 


TRICLINIC eee 


Properties: C~ cherry-red; S ~ brownered: L. ~ 
adamantine to submeiallic; D — translucent 10 
opaque; DE - 4,7; H- 1-1,3: CL = perfect, M = 
acicular crystals, radial agerogats. 

Origin and occurrence: Secondary, as @ result of a 
stibnite oxidation in Sb deposits, associated with 
stibnite, antimony, senarmonite, valentinite and 
stibiconite. Famous specimens with noedles up to 100 
‘mm (4 in) Tong, in radial aggregates. come from 
Pzinok and Pernck, Slovakia. Crystals up to 50 mm 
(2 in) long found in the Globe and Phoenix mines, 
Zimbabwe. It is also known from Bolivia (San 
Francisco mine. Poopo; Oruro) and Braunsdorf, 
Germany, 


Naguagie, 100 mm, Sacarimb, Roma 


Tetradymite 
seat 


TRIGONAL 


Properties: C ~ light stel-gray tarnishing dark 10 
iridescent: $ — tight steel-gray: L ~ metallic; D ~ 
‘opaque; DE ~ 7,3: H ~ 1,5-2; CL = perfect; M 
pyramidal crystals, curved bladed aggregates, 
massive 

Origin and ocewrrence: Hydrothermal in medium- 
and high-temperature Au deposits, also in contact 
metamorphosed deposits. together with gold hessit, 
calaverite, pyrite and other minerals. Crystals up 10 
10 mm (in) across are known from 2upkow 
‘Slovakia. Itis eommon in Colorado (Red Cloud) and 
in California (Carson Hill), USA. It occurs with gold 
in skarns in Baija Bihorului, Romania. 


Nagyagite 
PosAu(Te,Sb)4Ss.g 


TETRAGONAL @ 


Properties: C ~ black-gray; § ~ black-gray: L. 
metallic; D ~ opaque; DE 7.5; H~ 1,5; CL — 
perfect; F — uneven: M ~ thin tabular to foliated 
exystals, granular, massive 

Origin and occurrence: Hydrothermal in low 
temperature veins, associated with allt. arseni 
‘gold, rodochrosite and other minerals Foliate 
‘rysials up to 40 mm (1*/« in) across come from 


Secarimb and Baia de Aries , Romania. Fine speci 
mens were also found in Tavua, Viti Levu, Fiji and in 
the Sylvia mine, Tararu Creck, New Zealand. I also 
‘occurred in Gold Hill and Cripple Creek. Colorado. 
USA and in Kalgoorlie, Western Australia, Australia, 


Sylvanite 


AuagnTeg 


MONOCLINIC eee 


to yellow: $ ~ steel-gray to silver- white; L. 
‘metallic; D ~ opaque: DE ~ 8,2: H ~ 15-2; CL — 
perfect: F ~ uneven: M ~ short prismatic 10 thick 
tabular erystals, skeletal aggregates, granular 
Origin and occurrence: Hydrothermal in low- 
temperature ore veins, also in medium- and high- 
{temperature deposits as one of the latest minerals. 
associated with gold. calaverte, hessie, krennerite 
and other minerals. The best specimens come from 
Sucarim and Baia de Aries , Romania, where it 
‘ccurs es skeletal crystals and aggregates. Crystals 
were also found in Cripple Creck, Colorado, USA: 
crystals up to 10 mim (in) aciows come Gown the 
Emperor mine, 


‘Shlvanite, 20 im. Cripple Creok, USA 


a 


Krennerite 
AuTey 


ORTHORHOMBIC ee 
© — silverswhite to brass-yeliow: S— 
L— metalic: D - opaque; DE ~ 8.9; H 
~ 2-3: CL ~ perfect: F ~ conchoidal to uneven: Mi ~ 
short prismatic, striated crystals, massive. 

Origin and occurrence: Hydrothermal in gold- 
‘beating veins, associated with gold, ellurivms, pyrite, 
‘quartz and other tellurides. Crystals up to 20 mm 
(Cin) across Found in Tavua, Viti Leva, Fiji, Small 
crystals oceurted in Sacarimb and Baia de Arey , 
Romania and in Cripple Creek. Colorado, USA. 
Application: Ku ore. 


Calaverite 
‘Aste 


Monocuinic 


Properties: C ~ brass-yellow to silver-white; S — 
‘greenish; L ~ metallic: D opaque; DE ~ 9.3; H— 
2.5.3; CL ~ none: F — uneven to conchoidal: M 
blade and shor prismatic, striated crys, 
‘granular, massive. 

Origin and occurrence: Hydrothermal in low- 
temperature Av-bearing veins, sometimes. in 
‘medium and high-temperature deposits, associated 
with coloradoite, alaite, Krennerite and other 
tellurdes. It is common in the Mother Lode in 
California (Carson Hill). 1 is important. together 
‘wih hessive in Cripple Creek, crystals up to 10 mm 
(he in) across come from the Cresson. mine, 
‘Colorado, USA.. tis also known from several mines 
near Kirkland Lake, Oniari, Canada. 

Application: Ne ore. 


Pyrite 
Fes, 


cusic 


roperics: C — light brass-yellow, tarnishing 
descent and darkens; § ~ green-black to browne 
black: L— metalic: D= opaque; DE ~5.0; = 6.65; 
CL ~ imperfect, F ~ conchovdal to uneven; M'~ 
combinations of cubic crystals. strated, salctitic 
and spherical aggregate, massive. 

Origin and occurence’ Magmatic segregations in 
basie rocks with pyrthotte and. penfandie. in 
pegmatite and shen hydrethermal porphyry and 
Xein deposits together with other sulfides, ydro- 
Thermal sedimentary, sedimentary and metamorphic. 
“Magmic segregaions are known fom Sudbury, 
Ontario, Canada and Merensky Reef. Transvaal. 
South Afica Langs crystals upto 200 mm (7% in) 
across are known from Rio Marina, Elba, tly. Fine 
cocthedra come from Llallagua, Bolivia, Crystals up 
{0 120 mm (ain) across, were found in Bingham 
and Park ity Utah, USA. Crystals upto 150 mm (6 
fn) are known from Huayvala and Quiruile. Per. 
“The largest pyrite deposit is Rio Tinto, Spain, where 
fine-grained. pyrite formed accumulations about | 
billion tos, Beauful cubes upto 80 mm (3% in) 
come om Navajin, Spain. Large dsformed crystals 


Pert, 74 mm. Navan, Spain 


up to 200 mm (7% in) across occurred in the Samo 
‘mine near Houst’a , Slovakia. Interesting, complex 
‘combinations of crystals found in Nanisivik, on an 


‘edge from Climax, Colorado, USA. 
Application: production of sulfuric acid 


Properties: C — red-brown to. brown-blac 
‘weowe-red: L metallic to adamantine; D ~ opaque: 
DE ~ 3,44; H ~ 4; CL ~ perfect; F — uneven 10 
conehoidal; M ~ octahedral crystals and their 
combinations, spherical aggregates. 

(Origin and occurrence: Low-temperature sedimen- 
‘ary mineral, limited to clays with high S contents 
The best crystals up to 50 mm (2 in) across come 
fiom the Destricella mine near Raddusa, Sicily, ltaly. 
(Crystals upto 25 mm (1 in) and their ageregates are 
‘known from Viglasska Huta (former Kalinka) near 
2volen, Slovakia. Crystals up to 15mm ("hs in) 
{cross occur in Tarnobrieg, Poland. Alko found with 
‘sulfur, gypsum, realgar and calcite in the salt dames 
‘ear High Island. Texas, USA, 


Pyrite 135 mm Mashington, USA. 


a 


Insufficient Wetting (Pin) 

This solder in this joint has not wetted the pin at 
all and has only partially wetted the pad. In this 
case, heat was not applied to the pin and the 
solder was not given adequate time to flow. 


Repair: This joint can be repaired by re- 

heating and applying more solder. Be sure that 

the tip of the hot iron is touching both the pin 
and the pad. 


Prevention: Even heating of both the pin and 
the pad will prevent this problem. 
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Sperrlite, $5 om. Tlnakh Rusia 


Sperrylite 
Pan, 
cusic ee 
Properties: C—tin-whit; S~ black; L~ metalic; D 
~ opaque; DE — 108; H ~ 6-7: CL — imperfect; 
conchoidal; M ~ complex combinations of cubic 
cyt, massive. 

Origin end occurence: 1 is mainly of magmatic 
Tiga ong, associated with pyrrhotite. penne, 
cubanite and other minerals. The best crystals coms 
from Talnakh acar Nosisk, Siberia, Russia, where 
inter-grown crystals reached up to 50 mm (2 in) 
Crystals up to 40 men (1? in) across Known rom, 
‘Tweefonicin, Potgictersrst, Bushveld, South Afnca. 
W also occurred. as. disseminated. aggregates in 
Sudbury. Ontario, Canada 


Aurostibite 
‘usb 


cusic ee 
Properties: C ~ gray, tarnishing iridescent: S— 


1L = metalic: D — opaque; DE - 98; H ~ 3, CL 
Boone; M ~ granular 


Origin and occurrence: Hydrothermal in quart 
veins, associated with gold and other Sb minerals. 
Grains up to S mm (tu in) across come from Krasna 
Hora. Czech Republic. It also occurs in the Giant 
Yellowknife mine, Northwest Territories and Hemio, 
‘Thunder Bay, Ontario, Canada and is also reported 
‘from Bestyube, Kazakhstan 


Krut'aite 
use 


cusic 


Properties: C— grays $ ~ gray; L ~ metalic; D ~ 
‘opaque: DE = 6,5; I= 4; M ~ microscopic crystals, 
massive, 

(Origin and occurrence: Hydrlhermal, associated with 
‘lausthalte, urannite and other minerals. The richest 
accumulations of massive aggregates were found in the 
E1Dragon mine, Potosi, Bolivia, where crystals upto 1 
‘mm (Ys in} occurred as well. It was originally des- 
<tibed as microscopic from Petrovice, Czach Republic 


Cobaltite 

Cons 
ORTHORHOMBIC eee 
Properties: C ~ silverwhite; S — gray-black; L 
‘metalic, adamantine to dull; D - opaque;DE 
H—55.CL— perfect; F—uneven; M ~ pseudo-cubic 
crystals, granular, massive, 

Origin ‘and occurrence: Hydrothermal in high- 
emperaure ore deposits and metamorphic, together 
Aust. 4mm grain, Krasna Hora. Ceech Republic 


Kraut, 40 mm, £1 Dragon, Bol 


‘with magnetite, sphaerte. chalcopyrite ther sulfides 
and arsenides of Co and Ni. The best dodecahedra, 
‘sveral em across, come from metamorphic sutide 
deposits in Tunaberg. Sweden, Other Swedish 
Tocalities. like Hakansboda and Ramsberg, yielded 
{egstals up to 60 mm (24 in) across. Fine crystals 
about 10 mm (in) occurred in the magnesite deposit 
Mutnik nar Finust’a. Slovakia. Cubic crystals up 10 
'30-mm (1% in) across found in Espanola, Ontario, 
‘Canada. Beautiful erysals are known ffom the skarn 
in Bimbowric, South Australia, Australia, 
Application: Co ore 


Gersdorfite 
Nass 


eee 


+ € — silerwhite 10 steel-gray,tamishing 
‘gray-back; S ~ gray-black; L ~ meuallc; D — opaque; 
DE-6.0; Ht 5.5: CL perfect F uneven; M ~ oct 
‘dra state crystals and their combinations, massive, 
Origin and occurrence: Hydroshers 

temperature ore deposits in a 

ine, nickel-skuterudit, ullmanite, siderite and other 
minerals. Crystals up t0 100 mm (4 in) across come 
from the Snowbird mine, Montana, USA. It is import 


Cobalt, Sma x Hansa, Sweden 


ant in several mines near Sudbury and Cobalt. Ontario, 
(Canada, Large cleavable masses are knovn from Dob- 
sina, Rodhany and Nizaa tana, Slovakia. Crystals 
fom the Ait Ahmane mine near Bou Azzer. Morocco, 
reached up to 40 mam (1's in). Application: Ni ore. 


Geradorfite mm xs, Bow Asser Moree 
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Utimanit. 60 mm. Bou Crcha. Morocco 


Ullmanite 
Nisbs 


cusic ee 


Properties: C ~ steet-gray to silver-white: S~ gray- 
black; L- metallic; D ~ opaque: DF. - 6,8; H-5-5.5, 
~ uneven: M ~ combinations of cubic 


Origin amd occurrences Hydrothermal in ore veins 
together with other Ni minerals. Fine crystals, upto 
20mm (% in) across. come from Monte Narba near 
Sarrabus. Sardinia, aly. Twins are known from 


Marcasite, 42 rum, Vintrn. Coach Republic 


Lolling, Austria. Crystals up to 10 mm (Yin) were 
found in Ksice near Stoibro, Czech Republic. I is 
‘common in Broken Hill, New South Wales, Australia 
and in Cochabamba, Bolivia. 

Application: Ni ore. 


Marcasite 

FeS2 
ORTHORHOMBIC oe eee 
Properties: C ~tin-white, bronze-yellow, tarnishing 
iridescent: S~ grayish to brownish black: L ~ me 
tallie; D “opaque; DE - 49; H - 6-65; CL ~ good: 
F — uneven: M ~ tabular, pyramidal and prismatic 
crystals, often twinned info the form of cockseomb- 
like aggregates, stalactiti, botryoidal and massive. 
(Origin and occurrence: Woriginates at low tempera- 
tures in very acidic environment, cither in sedimen- 
tary, oF in hydrothermal deposits, associated with 
pyrite. pyrrhotite, galena, sphalerite, Muorite, 
dolomite and calcite, Hydrothermal crystals and 
[pseudo-morphs after pyrrhotite are known from Frei- 
berg, Germany: Llallagua, Bolivia and Chiuzbaia, 
Romania. Crystals from Wieslock, Germany and 
Reocin, Santander, Spain are of similar ongin. Large 
crystals occurred in Joplin, Missouri and in Galena, 
Ilinois. USA. The best crystals of sedimentary 
‘marcaste come from coal basins, Fine crystals from 
black coal are known from Essen, Germany. 
CCockscomb-like aggregates up to 150mm (6 in) 
across, come from the brown coal basin in Vintioox, 
‘Czech’ Republic. Spherical, radial concretions with 
pyrite are known ftom Sparta. Ilinois, USA and 
from Champagne, France. 

‘Application: production of slfurie acid 


Marasite, 7 me, Sparta, USA 


Lolingite.7 1 x, Cobalt. Conala 


Lollingite 
FeAsa 


ORTHORHOMBIC eee 
Properties: C ~ stcel-gray to silverwhite: S ~ gray- 
black; L— metallic; D~ opaque: DE 7.5; $8.5: 
CL ~ sometimes good; F ~ uneven; M ~ prismatic 
crystals, massive, 

Origin und occurrence: Magmatic in pegmatite; 
‘hydrothermal in greisens and Sn-W veins are inthe 
cother types of ore veins, topether with skuttrudite. 


Saffore, 70 nm. Bou zen Moroceo 


bismuth, nickeline, siderite, calcite and other mi- 
rerals. Fine crystals are known from syenite in 
Langensundsfjord, Norway. Crystals up to $0 cm (20 
in) across come from a pegmatite in Keatala, 
Finland. Masses occur in the Kobokobo pegmatite, 
Kivu, Zaire, Massive aggregates with schor! were 
found in Dolni Bory, aggregates with cassiterite in 
Pacbuz. Czech Republic. 


Safflorite 
(Coreiasy 


ORTHORHOMBIC 


Properties: C— tin-whit, tarnishing to dark gray: S 
~ gray-black: L — mealli; D~ opaque: DE — 7.5; H 
4S-5; CL ~ good: F — uneven to conchoidal; M 

prismatic erystals. radial aggregates, massive 

Origin and occurrence: Hyérothermal in medium- 
Temperature with skutterudite, rammelsbergite, 
nickeline, silver. bismuth and lollingite. It is 
‘common in Schnecberg. Germany; Cobalt, Ontario. 
‘Canada: Batopilas, Chituabua, Mexico and in Bou 
Azer, Morocco. 


Rammelsbergite 
N 


ORTHORHOMBIC # 


Properties: C tinswhite pinkish; §  gray-black: L 
metalic; D — opaque: DE - 7,1; H ~ 5,5-6; CL - 
‘good: F — uneven; M ~ prismatic crystals, radial and 
‘fibrous aggregates. massive. 
‘Origin and occurrence: Hydrothermal in medium- 
temperature veins associated with other Ni and Co 
‘minerals. Botryoidal agerceates come from 
‘Schneebere. Germany. 11 is common in Sarrabus, 
‘Sardinia, aly; inthe Eldorado mine near Great Bear 
Lake: in Cobalt, Ontario, Canada and Bou Azzer, 
Morocco. 


Rammelbergie, 60 mim, Schneherg. German 
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Arsenopyrite 26 mo x Portal Mexico 


Arsenopyrite 
Feass 


MONOCLINIC eee 
Properties: C~ siverswhite to tel-gray; $ black; L 
~ menllic; D - opaque: DE ~ 6,2; H—55 — 6; CL — 
good: F uneven M ~ thick abulr to prismatic striated 
cesta, granular, massive 

Origin and occurrence: MW occurs in pegmatites: 
Ihydrhermal in high-temperature vein deposits and 
reins; metamorphic in contact metamorphic skarns, 
‘gneisses and mica schists. Long prismatic erysials up to 
30-em (12 in) long are known from the Ohira mine, 
Japan. Its very common in greisen Sn and W deposits, 
fine crystals are known from Horn Slavkox, Czech 
Republic and Ehrenicderdoef, Germany. Beautiful 
exystals up to $0 mm (2 in) across come from 
Panasqueia. Portugal. whece they occured associated 
with fluorapatite, wollte and siderite, Historically 
Important were large erytls from Tavistock, Devon . 
UK. Crystals upto 40 mm (1 in) found in Lalla, 
Bolivia Crystals up to $0 mms (2 in) across were found 
recenily in the Nikelai mine in Dalnogorsk, Russia, 


Russia 


‘Shiny crystal upto 30 mim (a in) across, come from 
Hunan provinee, China, Application: As ore 


Gudmundite 
FeSbs 


MONOCLINIC eee 


Properties: C ~ silver-white 10 steel-gray; S — black; 
L~ mealic; D ~ opaque; DE ~ 7.0; H~ 5-6; CL~ 
none; F ~ uneven: M~ prismatic twinned erystals, 
Origin and occurrence: Late hydrothermal mineral 
of ore deposits, also in metamorphic deposits and 
skarns. It is common in metamorphic sulfide depo- 
in Sweden (Boliden. Gudmundsiorp). Massive 
regates are known ffom Kutna Hora and Vias- 
tijoviee, Czech Republic. It was common in Broken 
Hill, New South Wales, Australia. 


Molybdenite 
MoS, 


HEXAGONAL seee 


Properties: C — lead-gray; S — blue-gray; L ~ me- 
tale; D~ opaque: DE~ 40: H~ 1-1,5;CL ~ perfect; 
M~ tabular and prismatic erystals, scaly aggregates. 
Origin and occurrence: Magmatie in pegmatites. 
granites and aplites, hydrothermal in high= 
lemperature veins, also in porphyry ore deposits and 
in contact metamorphic deposits; associated with 
cchaleopyrite, quartz and other ‘minerals. Large 
crystals come ftom pegmattes in Blue Hill Bay. 
Maine, USA and in Mutue-Fides-Stavoren, Trans- 
vaal, South Affi, where they reach several tens of 
‘em in size. Crysals up to 150 x70 mm (6 x 2% in) 
‘across come from the transitional type besween 
egmatites and quartz veins near Arendal and Moss. 
‘Nonway: large crystals also occur in the Temiska- 
ming district, Quebec. Canada; tabular crystals upto 
120 mm (“is in) across found in quartz-molybdenite 
‘breccia pipes in veins in Australia (Queensland, New 
‘South Wales). Fine erysals are also known from 
Kladnica near Vito_2, Bulgaria; Hori Slavkow, 
‘Czech Republic and Bhrenfricdersdort, Germany. AS 
4 fine grained disseminated ore was mined in 
Bingham, Utah and Climax, Colorado, USA. 
Application: Mo ore. 


Skutterudite 
CoAsy, 


cusic eee 


Properties: C ~ tin-white to silver-gray, tamshing to 


gay and iridescent §- back; L metalic: D- opaque: 
DE- 68: H- 5,56 CL ~ good: F ~ conchoidal to. 
tineven: Mi combinations of cubic crystals, skoetal 
‘ageregates, ranula, massive. 

Origin and occurrence: Hydrothermal in medium- to 
high-temperature ore veins, associated with other Ni 
‘and Co minerals. Crystals up to 50 mm (2 in) across 
‘come from Bou Azzer, Morocco. Crystals upto several 
‘em in size were found in Schnecberg and Annabers, 
‘Germany Large massive accumulations occur in Cobalt 
and Gowezanda, Ontario, Canada. Applicaton: Co oe. 


Slauerite. 25mm, Schncohors. Germany 


Nickel-skutterudite 
NiAg 


cuBic 


and iidescen: S~ Hack; L metal 
DE - 6,5; H—$,5 _ 6; CL - good; F - conchoidal to 
uneven: M-~ combinations of eabie erst, skeletal 
agargats, granular, 

‘Onin ond occurrence: Hyérotbeaal in medium- 
temperature veins with arsenopyrit aren smth 
caletandsdrit. Known inert from Chatham, 
Connecticut and Chex, Mastachose, USA’ 250 
Vale’ Annivirs, Wall, Switerland. Masive ager 
sick come fm Dotsina, Slovak: Les Chalarehes, 
France: Mofuk mine, Michigan. USA: Schnesben. 
Germany. Application: ruin Cos Ni 


Nick hunni. 36 mam Saxons: Germany. 
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Proust 25 mm, Chanarcil, Chile 


Proustite 
AgsAssy 


TRIGONAL 0 @ 


ies: C ~ erimson, darkens upon exposure to 
light S~ crimson: L— adamantine:D - translucent to 
‘opaque; DE - 5,6; H- 2-2.5; CL ~ good; F con- 
cchoidal to uneven; M ~ prismatic, chombohedral and 
sealenohedra erystals, massive. 

(Origin and occurrence: Low-temperature hydrother- 
‘mal mineral. also in the oxidation and cementation 
zone together with stephanite silver, xanthoconite, 
‘acanthite and other minerals. The best specimens with 
‘eystals up to 100 mm ($ in) Tong come from the 
Dolores mine, Chanareillo, Chile. Crystals up 10 80, 
‘mm (3% in) Tong found in the Himmelfirst mine in 
Freiberg. Niederschlema and Schnecherg, Germany. 
Large druses with crystals upto 40 x 20 mm (1% x 
iin) across occurred in Jachymoy; crystals up to 20 
‘man (°%e in) across knawn from Paibram and Stara 
orice, Czech Republi. Fine erystals come from Ba- 
topilas, Chihuahua and Sombrerete, Zacatecas, Mé 
co, Crystalline masses of proustite, weighing over 250 
‘kg (550 1b), were found in 1865 in the Poorman mine. 
Sllver City Idaho, USA. Application: Ag ore. 


Pyrargyrite 
‘asses 
TRIGONAL #8 
Pope: C= dk dens upon expo 
light $~eimson:L wranucet 1 
came: OE SasHI=23 CL “geod cncoua 
{0 ineven; _M — prismatic, rhombohedral and 
Sealeohedral ers, granular. massive 

Origin and occurence: Low-temperatare hydrother- 
tral miners also secondary in the oxidation and 
ementation zone. together with silver, acai, 
thor Ag sulfa elete end quart. Crystals 
Colquechac, Bolivia nd Chafarclo, Chie reached 
Several em in size, Crystal up 070mm (2% ong 
‘carted inthe Sano Nio vein in resi, Zacte: 
fs, Menco. San Gearo mine in Huancavelia, Pers 
Yiolded crystals upto 30 mm (2 i) across. Crystals 
Upto 40 mm (in) ares found in Feber: sale 
ier eras ony are known from St. Andeasbers, 
Germany. Crystal up 1020 mm (in across come 
from Pribram and Stara Vorie, Casch Republic 
CCytals upto 30 mm (2 in) across Found inthe San 
éros mine, Hiendlaecin. Span 

‘oplcaion: Kg 08. 


Xanthoconite 
Aaahssy 


MONOCLINIC ee 


Proper: © = dak timton, omgecin 0 

= adamantine; 
3; CL. = good: F = 
conchoidal, M.~ tabular and lth-like crystals, 
botryoidal and radial agaregates, 


Pyrostipite. 60 mm, Powsi. Bolivia 


Origin and occurrence: Hydrothermal in ore veins 
together with proustite, pyrargyrie, acanhit, arse 
nic and calcite, Botryoidal masses with yellow 
‘rystals upto 7mm (sin) long come from Freiberg: 
other important localities are St Andreasberg, 
‘Germany. Ste-Marie-aux- Mines, France; Cobalt, 
Ontario, Canada; Pritram, Trebsko and Jachymow, 
Czech Republic. 


Pyrostilpnite 
AAgrS0S3 


MONOCLINIC @ 


Properties: C —hyacinth- to orange-red: S ~ orange 
yellow; L ~ adamantine; D ~ translucent: DE ~ 6,0: 
H—2; CLB perfect; F-~ conchoidal; M — tabular 10 
latilike crystals, radial aggregates. 

Origin and occurrence: Hydrothermal inlow-tempe- 
rature yeins, associated with pyrargyrite, stephanie, 
‘acanthite and other Ag minerals. The best rystals, 
‘come from St. Andreasberg, Germany Crystals upto 
10 mm (% in) long were found in Pribram, Trebsko 
land Jachymox, Czech Republi, It is also described 
from Colquechaca, Bolivia and Chafarcillo, Chile 


SI 


Samsonite 
Azatnsbr5¢ 


MONOCLINIC @ 


Properties: C~ stee!-gray: S~ dark red: L~ metalic: 
1D ~ opaque, DE ~ 5,5; H - 2.5; CL ~ none; F— 
conchoidal: M-~ prismatic striated rystals. 

Origin and occurrence: The only locality. where it 
‘occurred in relatively larger amount, was the Samson. 
rine in St. Andreasberg, Germany, where crystals up 
to 10 mm (%in) across were found, 


Chatcostibite 
Cus852 


ORTHORHOMBIC ee 


Properties: C ~ lead-gray, tarnishing to blue and 
‘green; S ~ lead-gray: L - metallic: D ~ opaque; DE 
~ 5.0; H ~ 3-4: CL ~ perfect: F ~ conchoidal: M ~ 
long prismatic. striated erystals. granular. massive. 

Origin and occurrence; Hyéroihermal in ore veins, 
associated with jamesonite, chalcopyrite, tetra: 
Ihedrit,stionite, andorite and other minerals. Parly 
altered crystals upto 100 mm (4 in) long are known 
from Rarcl-Auz near Casablanca, Morocco. It is 
foflen in deposits in Bolivia (Huanchaca. Oruro, 
‘Colquechaca), where its crystals reach 10 mam (si) 


Chalcot, 29 mm, Saint Pons. France 


Somuite, 12 mms, StAndreatbere. Germany 


pect, 60 mm. Schuarcenbere, German’ 


Winicheite, 30mm. Witchon, Germany 


in size, The world’s best crystals up to 16 em (6%/sin) 
Jong were discovered revently near St Pons, France. 


Emplectite 
cubis 


ORTHORHOMBIC eee 
Properties: C ~ gray to tin-white, S ~ gray, L- 
metallic: D~ opaque: DE ~ 6,4; H 2; CL perfect; F 
~conchaidal to uneven: M- thin prismatic to acicuat 
striated crystals, 

Origin and occurrence: Hydrothermal in high- 
temperature veins associated with chalcopyrite, 


Bortirte, 98 mm, Hj, Romania 


rmolybdenite, quartz, tetrhedrite and other minerals, 
Fine acicular erystals up to 30 mm (I%« in) Tong 
come from Krupka. Czech Republic. Crystallized 
Specimens were also found in Wittichen and 
Jokanngeorgenstadt, Germany; Colauiica, Peru and 
inthe Akenobe mine, Japan. 


Wittichenite 
uzBi83 


ORTHORHOMBIC 


Properties: C ~ steelgray to tinwhite, tarnishing 
yellow to stecl-gray; S ~ black; L.~ metalic; D 
‘Opaque; DE ~ 62: H ~ 2-3; CL ~ none: F ~ 
conchoidal: M_ prismatic crystals, massive. 

Origin and occurrence: Hydrothermal in ore veins, 
associated with other Bi minerals, Cu-Fe sulfides, 
selenides and secondary U minerals. t occurs in 
Wittchen, Germs Bihorului, Romania; 
Tsumeb, Namibi 


Berthierite 
FeSb2S4 


ORTHORHOMBIC eee 


Properties: C ~ dark tcl-ray, tarnishing iridescent 
to brown: § ~ dark brown-gray: L ~ metallic: D 
‘opaque. DE—4,7: 2-3; CL imperfect: M— long 
Drsmatic,strialed crystals, fibrous, Fellike and 
Fadil aggrozates 

Origin and occurrence: Hydrothermal ower: 
ture Sb deposits. Accuar erystals up 1 10 mm Cin) 
Jong are known fom te Si. Antoni de Padua galery in 
XKatna Hora, Czzeh Republic: thick prismatic erystals 
some from Poproc, Slovakia. lidescent columpar 
‘aggregates up © 200 mm (7s in long occur in Hera, 
Romania. Fin specimens are known also from Oru, 
Bolivia. 


3 


Insufficient Wetting 


(Surface Mount) 

Here we have three pins of a surface mount 

component where the solder has not flowed 
Mj onto the solder pad. This is caused by heating 
2 the pin instead of the pad. 
Repair: This is easily repaired by heating the 
solder pad with the tip of the iron, then applying 
solder until it flows and melts together with the 
solder already on the pin. 


Prevention: Heat the pad first. 
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Stephane, 8 mor xx, Zacatwcas, Mesico 


Stephanite 
AasSbs, 


ORTHORHOMBIC ee 


Properties: C ~ black; S ~ black; L ~ metallic; D ~ 
‘opaque; DE ~ 6.3; H~ 22.5; CL imperfect: F 
‘conchoidal; M ~ short prismatic to tabular striated 
exystals, massive 

‘Origin aed occurrence: Late hydrothermal mineral in 
‘Ag deposits. associated with proustit. acanthite. 
silver, tetahedrite, galena, sphalerite and pyrite. 
Crystals up 0 40mm (1% in) long come from 
Pribram and Jachymox, Czech Republic and from St 
‘Andreasberg. Germany. Crystals up to $0 mm (2 in) 
‘across found inthe Las Chispas mine, Arizpe, Sonora, 
‘Mexico and Hiendelaencina. Spain. Smaller crystals 
‘occurred in Freiberg, Schnecberg and Annaberg, 
Germany. Application: Ag ore 


Pearceite 
A188) 


MONOCLINIC 


Properties: C ~ black; S = black; L ~ metalic; D ~ 
opaque; DE ~ 6,1; H— 3; CL — none: F ~ conchoidal 
to irregular: M ~ short prismatic to tabular crystals 
and rosctte-ike aggregates. massive. 


Origin and occurrence: Hydrothermal in low- to 
medium-temperature deposits with acanthite, silver, 
Droustite, quartz, barte and calcite. Crystals several 
‘mm across are known ftom Jachymoy, Moldava and 
Midinee, Czech Republic; from Arqueros, Chile and 
From the Veta Rica mine, Coahuila, Mexico, Crystals. 
‘up to 12 mm (%n in) across were found in the Cari- 
‘bou mine, Colorado, USA: also in Dzhezkazgan, 
Kazakhstan, 

Huge accumulations of almost pure pearceite 
‘ccureed in the Mollie Gibson mine nese Aspen, 
Colorado, USA. 

Application: Ag or, 


Polybasite 
(Ata) 6Sb2511 


MONOCLINIC @@ 
Properties: © ~ black: § = Mack L = metalic D 
Bopaque: DE — 64: H ~ 2-3: CL - 

tomers M~ proodo-hexagoml bur crysal, 
Origin and occurrence: Mydrothecmal in low 10 
smedium-temperature ore veins, associated with 


Pearce, 18 mim x Guanajuato, Mesico 


pyrargyrite, tetrahedrite, stephanite, acanthite, 
(quate and other minerais. Crystals.’ several em 
across, are Known from Wolfach, St. Andreasberg, 
Freiberg and Schneeberg, Germany; also from 
Guanajuato, Mexico. The best specimens with 
tabular erysials up to 90 mm (3% in) across come 
from the Las Chispas mine, Arizpe, Sonora, Mexico. 
Application: Ag of. 


Lorandite 
TAS, 


MONOCLINIC 


= crimson, lead-gray, it covers with a 
ling; S~ cherry-red, L - metalic 10 
‘adamantine; D'~ translucent to transparent, DE — 
‘55; H~2-2,5; CL ~ perfect; M ~ short prismatic to 
‘tabular crystals, granular, massive, 
‘and occurrence: Hydrothermal, associated 
‘with stibrite, realgar, orpiment, pyrite and other 
‘minerals. Crystals up to 50 mm '@2 in) across were 
found in Alichar, Macedonia. Itis also known from 
at Tajikistan and from the cavities in dolomite 
fom Lengenbach, Binntal, Switzerland 


Livingstonite 
HaSbaSe 
MONOCLINIC 


Properties: C ~black-gray: § ~ red; L ~ metallic to 
adamantine; D ~ opaque: DF — $,0: H~ 9: CL — 
perfect; M —acieular erystals, columnar and fibrous 
aggregates, massive, 

Origin and occurrence: Hydrothermal in. low- 
temperature veins, associated with cinnabar, 
stibnite, getchellite and other minerals. The best 
specimens with prismatic crystals up to 50 mm (2 
jn) long are known from Khaidarkan, smaller 
crystals only found from Kadamdzhai, Kyrgyzstan, 
It is also described from the La Cruz mine. 
Huitzuco, Guerrero, Mexico and from the Matsuo 
mine, Japan, 


Livingsonite. 0 nm, Khsidarkan, Kyron 


Bournonite. 62 mn. Cornwall. UK 


Bournonite Aikinite 
Pocusbs; PoCuBiSy 
ORTHORHOMBIC oe ORTHORHOMBIC ee 


Properties: C~ stcel-gray to black; S ~ stecl-gray to 
black: L~ adamantine to dull; D ~ opaque; DE ~ 5,8: 
11-25-3; CL imperfect; F~ conchoidal to uneven 
‘M~ short prismatic to tabular erystals,oflen strated, 
granular, massive. 

(Origin and occurrence: Hyérothermal in medium 
temperature ore deposits. together with galena, 
tetrahedrite, pyrite, siderite and other minerals. The 
finest crystals, complex nvins ealled cogswhee! or, 
‘over 50 mm (3 in) aeross come from the Herodsfoot 
‘mine near Liskeard, Cornwall. UK. Tabular erystals 
‘upto 40 mm (I"e in) across found in siderite eavities 
in Pribram, Czech Republic: large prismatic and 
tabular erystals known from Neudorf, Germany. 
‘Smaller erystals common in Cavnic and Baia Sprie, 
Romania, Crystals, up to 100 mm (4 in) across. 
‘occurred in Machaeamarca, Bolivia, Crystals up 10 
40 mm (I*%« in) come ftom Huaneavclica, Peru 
‘Crystals up to 100 mm (4 in) across reported from 
the Les Malines mine, France. Crystals upto 20 mm 
(25/32 in) across found at Chenzhou, Hunan 
province, China. Applicarian: Pb, Cu and Sb of. 


Properties: C — black-gray, tarnishing brown: § — 
sray-black: L~ metalic; D ~ opaque: DE ~ 73; H = 


Aiki, 2 mm xs, Rud ans Slovakia 


etek, 10 mm xx. Doheskacgan, Kazabhston 


2.2,5: CL — imperfect; P_ uneven M — prismatic to 
acicuar. striated erystals, massive. 

Origin and occurrence: Hydrothermal in ore veins, 
associated with gold, pyni, yalena, tennant and 
ther minerals. It is common in quartz veins with 
gold in Berezovsk, Ural Mountains. Russia, where 
{xystals upto 30mm (1 in) long were found: Fine 
exystals come also from La Gardette, Bourg 
'Oisans, France. Grains up to 5O mm (2 in) across 
‘occurred inthe Outlaw mine, Nevada, USA. I is also 
known in metamorphic veins in Val d’Anniviers, 
Switzerland 


Betekhtinite 
CuyolFe.Pb)Se 
ORTHORHOMBIC @ 
Properties: C - black: S — black; L ~ metallic; D 
‘opaque: DE ~ 6,1; H ~ 33,5; CL ~ wood; M 
acicular crystals, granular. 

Origin and occurrence: Hydrothermal in ore 
deposits The best specimens come from Dahez- 
kazgan as clusters of acieular crystal up to 70 mm 
(2% in) long, associated with bornite. chaleocite, 
suleite and other minerals, Rich specimens found 


jn Kipushi Kipushi, Shaba, Zaire. Granular aggre- 
{gates fairly common in calcite veinlets, cross-cutting 
‘Cucbearing shales near Fisleben, Mansfeld. Germany. 


Andorite 
PoaesoaSy 


ORTHORHOMBIC ® 


Properties: C ~ dark steclgray, tarnishing wo yellow 
and iridescent: S~ black: L ~ metallic; D ~ opaque: 
DE -5,4; H—3.3,5;CL — none; F- conchoidal; M— 
prismatic and tabular striated erystals, massive. 
(Origin and occurrence: Hydrothermal in ore deposits, 
together with cassiterte, jamesonite, stannite and 
other minerals. The worlds best specimens come 
from the Tis and San Jase mines in Oruro and the 
“Tatasi mine in Potosi, Bolivia, where it forms crystals 
up to 30 mm (1% in} across. Thin tabular crystals are 
known from Baia Spric, Romania and from the 
‘Keyser mine, Nevada, USA, Needles up to 10 mm Cie 
in) long occurred in Trebsko, Cech Republic. 
Application: rua Ag, 


Andere 45 mm, Oru, Bots 
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Freieslebenite 
AgPESES: 


MONOCLINIC 


Properties: C ~ light stechgray,lead-gray to silver 
‘Slight tel gry, lead-gray 10 slver-whie: 

metalic; ~ opaque: DE 62, 12-25, CL— 

imperfet F~conchotdal wo uneven; M~ prismatic, 

stated crystals 

Origin end occurence: Hyérathermal in or deposits, 

associated with acathite. pyrargrit, silver, galena, 

siderite and andor 

Ceystals up t 20 mm (sn) across come from the 

Santa Celia, Guaaljara, Spain: Freiberg, Germany; 


‘Oruro, Bolivia and from the Treasury Lode, Colorado, 
USA. 


Diaphorite 
PopAgsSb3S3 


MoNocLINIC @e 
Properties: C stecl-gray: S—stecl-pray: L—metal~ 
Tic; D opaque: DE - 60; H - 2,53: CL ~ none; F 
‘onchoidal to uneven: M ~ prismatic striated crys- 

tals. 

Origin and occurrence: Hydrothermal in medium 

temperature ore veins, associated with galena. 


Sartre 4 mm x. Binal. Switzerland 


sphalerte, pyrargyrite, pyrite and other minerals, 
Beautiful striated crystals up to 10 mm (Yin) come 
from the eavities of quartz veins in Poibram; rare 
‘small crystals, several mm across found in the 
ceavities of quartz veins in the St. Antoni de Padua 
gallery in Kutna Hora, Czech Republic. Complica- 
{ed combinations of crystals were described from 
Braunsdorf, Germany. Crystals up to 80 mm 3% 
in) long occurred in Hiendelacncing, Guadalajara, 
‘Spain, [i also reported from Catorce, San Luis 
Potosi, Mexico, 


Sartorite 
Phansy 
MONOCLINIC ee 
Properties: C dark lead-pray: $— chocoate-brown: 
L = metallic; D ~ opaque: DE ~ 5.1; H = 3; CL = 
‘good: F~ conchoidal: M— prismati strated crystals 
Origin and occurrence: Hydrothermal in dolomite, 
associated with tennantte. dufenoysite, pyrite and 
twalga. The best crystals up to 100 mm (4 in) long 
come from Lengenback, Binntal, Switzerland. It was 
also found inthe Zuni mine, Colorado, USA. 


Baumhauerite 
e459 


TRICLINIC @ 


Properties: C ~ leads to steel-gray, tarnishing 
iridescent; $ — chocolate-brown: L— metallic: D— 


opaque; DE ~ 5.4; H~ 3; CL ~ perfect; F ~ 
cconchoidal: M tabular to short prismatic striated 
crystals, granular 


Origin and occurrence: Hydrothermal, associated 
‘with realgar and other sulfosats. The bes rystals up 
to 25 mm (1 in) across come from Lengenbach, 
Binnial, Switzerland, Massive aggregates were 
{ound in emlo, Thunder Bay, Ontario, Canada and 
Sterling Hill, New Jersey, USA. 


Bumaerite, $0 mm, Biante. Switzerland 


ai, 60m Binal, Swteand 


Rathite 
(Po.T ASS 10 


MONOCLINIC 


peri: C.—lend gy taring decese $~ 
‘chocolate-brawn: L ~ metal; D ~ opaque: 
Seri Sy GU = perc = conta M = 
prismatic striated erystals, 

Origin and occurrence: Hydrothermal. associated 
‘with other Pb-TIAS-S minerals, Crystals up t0 10 
‘mm (e in) across come from dolomite in Lengen- 
buch, Binal, Switzerland, 


Dufrenoysite 
Pears 


MONOCLINIC 


Properties: : C—lead- to stecl-gray; §~ red-brown to 
‘chocolate-brown; L- metalic; D~ opaque: DE ~ 5,6; 
1H ~ 3; CL = perfect; F — conchoidal; M-~ elongated 
strated tabular crystals, 

(Origin and occurrence: Hydcohermal low-temperature 
‘mineral, associated with ratte, srtoite. baumfauerite 
land rvalgar. Crystals up to 25 mm (I in) across come 
from dolomite in Lengenbach, Binal, Switzerland, 
Also found in Batopias, Chihuahua, Mexico, 


Dafrenoste 10 mm x Binal, Switzerland 
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ordanie,12 mom x, Bimal Stcerand 


Jordanite 

Pig (ASSb)6S25 

MoNocLINIC ee 

Properties: C ~lcad-gray. tarnishing iridescent; S — 


black; L~ metallic: D - opaque: DE~ 6.4: H~3: CL 
= perfect: F - conchoidal: M — wbular erystals, 
botryoidal aggregates. 


Geoeronite, 70 mm. Pribeam. Ceo Republic 


- ; 
~ 


e ios”! 


age 


Origin and occurrence: Hydrothermal in. tow- 
temperature ore veins, also in metamorphic dolo- 
sites, together with tennant, sphalerite, galena, 
dolomite and other minerals, The most famous 
nysals up to $0 mm (2 in) across come from cavities 
in dolomite in Lengenbach. Binntal, Switzerland, 
“Tabular erystals occurred also in Sacarimib . Romania 
Botryoidal aggregates. yrowing on bante crystals, 
were described from the Vunosawa mine, Japan 


Geocronite 
Pig (Sb.AS)6525 


MONOCLINIC 


Properties: C ~ light ad-gray: S ~ light lead-gray to 
‘ray-blue; L— metalic; D~ opaque: DE ~ 6.4; #25; 
‘CL good: F- uneven; M - tabular erystals. massive. 
Origin and occurrence: Hydrothermal in ote veins, 
associated with galera, pyrite, tetrhedrit, barite, 
fyorite and quartz. Crystals. up to 80 mm (3 in) 
across, come from Pieirasani, lly. Crystals up to 
‘90 mm (3% in) found in Virgem da Lapa, Brazil 
“Tabular crystals up to 40 mm (I" in) across oceur- 
red in the Kilbricken mine, Ireland. Massive agere~ 
‘gates are known from Pribram, Czech Republic. 


9sbn28, 


HEXAGONAL 88 


stel-gray: L — metalic; D — opaque: DE — 5 
3.35: CL — imperfect; F ~ uneven; M = thin 
atc strated crystals, radial 1 fel-like agare- 
gates, massive. 
Origin and occurrence: Hydrothermal in ore 
veins, associated with stibnite, jamesonite, bou- 
Jangerite, bournonite, stannite and other minerals. 
CCeystals up to 50 mm (2 in) across are known from 
‘the Itos and San Jose mines in Oruro, Bolivia. It 
‘was also found in Wolfsberg, Germany: St, Pons, 
France: Sacarimb and Baia Sprie, Rom: 


Jamesonite 
FeSboS4 


MONOCLINIC 


Properties: C ~gray-black, tarnishing iridescent; S — 
‘gay-black: L- metallic: D ~ opaque: DE - 5.8; H ~ 
3.5: CL ~ good; F - uneven; M ~ acicularerystals, 
fibrous and felt-like aggregates, massive. 


Zinkenite 39 mm. Ora Bolivia 


(Origin and occurrence: iydrothermal in medium. 
‘and low-temperature base metal ore veins, associated 
with other Pb-sulfosalts, pyrite, sphalerte,galena, 
tctrahedrite, quartz and other minerals. Needles upto 
80 mm (3%e in) long occur in many localities in 
Bolivia (Tasna: Bolisia mine, Poopo; San Jose and 
Tos mines, Oruro) It also comes ffom Wolfsberg 
and Freiberg, Germany; Niza Slana . Slovakia and 
Sombrerete, Zacatecas, Mexico. 

Application: Pb and Sb or. 
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Semseyite 
PosSbeSz1 


MONOCLINIC ee 


Properties: C = gray to black: $ — black: L. 
metallic; D ~ opaque: DE - 6,1: H ~ 25; CL - 
perfect; M ~tabular and prismatic crystals and their 
roseite-ike aggregates. 

Origin and occurrence: Hydrothermal in medium- 
temperature veins, associated with jamesonite, 
‘bourne, zinkenit, sphalerite and other minerals 
Fine roseite-like aggregates of crystals over 10 mm 
(Ch in) across come from Baia Spric, Herja and 
Rodna, Romania, It was also found in the San Jose 
‘mine, Oruro, Bolivia: Wolfsberg, Germany and 
Huancavelica, Perv. 


Boulangerite 
Eseees 


MONOCLINIC eeee 


Properties: C ~lead-gray:S ~ brownish; L~ metallic 
to silky: D ~ opaque: DE 6.2; H 25-3; CL — 


‘Semseyte 40 mm, Cave, Romani 


good: M -acicular strated crystals, fibrous and felt- 
like aggregates. 

Origin and occurrence: Hydrothermal in low- and 
rmedium-temperature ore veins, together with other 
Pb sulfosals, galena, sphalerite and other minerals 
Fine needles over 100 mm (4 in) long. come from 
cavities in quartz in Pribram. Czech Republic. It is 
common in the Cocur d'Alene district, Idaho, USA. 
‘Acicular erystals up to 30 em (12 ia) long were 
found in Trepea. Serbia and Leadville, Colorado, 
USA. Itis also known from Wolfsberg. Germany and 
Bolivia (Colquechaca, Huanuni,Isa-Isca). 


Cosalite 
PorBinSs 
ORTHORHOMBIC eee 


Properties: C ~lead-to stecl-gray,silver-white; S~ 
black: L ~ metallic; D~ opaque: DE ~ 7,1; H—2,5- 
3: CL — none: F — uneven: M ~ prismatic to acicuiar 
crystals, radial and fibrous agercgaes. 

Origin and occurrence: Mayinatc in pepuittes, 
hydrothermal in medium-temperature deposits; also 
metamorphic, associated with sphalerite, chaleo- 


Boulangerie 4 mo, Zacatecas, Mexico 


Cosine, 3 mm, Oona de Fer, Romania 


pyrite, pyrite, cobaltite and other minerals, Elonga- 
ted crystals ‘are known from Crodo, Italy. Fine 
rncedles up to 40 mm (1% in) long. included in 
‘quartz crystals. were found in Kara-Oba, Kazakh- 
‘tan. It oceurs also in Au deposits (Homestake mine, 
South Dakota, USA) or in skarns (Baita Biborului, 
Romania), 


Kobellite 
PoazCua(BiSb)30569 


ORTHORHOMBIC ee 


Properties: C ~black-gray to tel ray; S— black L. 
‘metallic: D~ opaque; DE - 65; H = 25-3; CL~ good: 
M- fibrous aggregates, granular. massive 

Origin and occurrence; Hydrothermal in high-tempe- 
ature veins and pegmatts together with cob, a- 
senopyrite chalcopyrite and other mineral. Its known 
from a sulfide rich pegmatite in the Superior Stone 
‘quarry, North Carolina, USA, Massive aggregates are 
‘common in Jedlove  Slovaia. twas onginaly des- 
‘ribed fom the Hvena mine near Askersund, Sweden. 


Solder Starved 
A solder starved joint simply does not have 
enough solder. It may make good electrical 


contact, but it is hard to verify by inspection. in 
any case, it is not a strong joint and may 
develop stress cracks and fail over time. 


Repair: Re-heat the joint and add more solder 
to make a good strong joint. 
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‘Realgar 64 nm, Shimen, China 


Realgar 
Ass 


MONOCLINIC eeee 
Properties: C ~ red o orange-yellow; S ~ orange-red 
1 red: L — resinous 10 greasy: D transparent to 
translucent; DE ~ 3.6; H ~ 1.5.2; CL ~ good: F ~ 
cconchoidal; M prismatic striated crystals, granular, 


Origin and occurrence: Hydrothermal in. low- 


temperature veins, associated with other As-Sb 
minerals: also as a'sublimation product of voleanic 
gasses, in hot springs and sediments, The most 
Beautiful erystals over 100 mm (4 in) long come 
{rom Shimen, Hunan, China. Crysals up 10 70 mm 
(2% in} long occurred inthe Getchell mine, Nevad 
USA. Crystals upto 80 mm (3 in) long were found 
in Lengenbach, Binntal, Switzerland, Crystals are 
also known from Baia Sprie, Romania. 
agereyates are common in Allchar, Macedoni 


Orpiment 
A283 


MONocLINIC e@ 


Properties: C ~ lemon-yellow to bronze-yelloe; S — 
light lemon-yllow L~ resinausto pearly: D~transpa- 
reat to translucent; DE ~ 3.5; H ~I,5-2: CL — perfect; 
‘prismatic crystals foliated and fibrous ageregats. 
(Origin and occurrence: Hydrothermal in low-lempera- 
ture veins, together with realgar,stibit, calcite te, 
also from hat springs and fumaroes, I is aso a cam: 
‘mon product of realgar oxidation. The best crystals up 


to 100 mm (4 in) long come from Shimen, Hunan. 
China, Fine clewable lamellae occur in Cukhumi, 
Georgia and Men-Kyule, Yakut, Russia, Crystals up 
{050 mm (2 in) across found inthe La Libertad mine, 
Quiruviea and Huayllapon. Ancash, Peru. Crystals up 
0 80 mm (3% in) long described from the Getchell 
mine. Nevada. USA.. Fine specimens are also known 
‘rom Allchar. Macedonia and Khaidarkan, Kyrgyzstan, 
Application: As oe, pigment. 


Getchellite 
AsSbS3 


MONOCLINIC ee 
Properties: C— date rsshing een an ive, 
cent; $ ~ orange-red; L~ pearly to glassy resinous: D 

~ transparent; DE 4,0; H ~1,5-2; CL ~ perfect: 


splintery: M ~ imperfect curved erystals. massive, 
Origin and occurrence: Hydrothermal in low-empe- 
ature ore deposits, associated with orpiment, 


Oxpiment 35 mm, Huavlapan, Peru 


Gechelite, 60 mm, Khaidarkan,Kyrgyton 


tealgar,stibnite,cinnabar and other minerals, It was 
eseribed from the Getchell mine, Nevada, USA. 
Beautiful specimens with grains up to several em 
across come from Khaidarkan, Kyrgyzstan. Its also 
‘known from Zarchshuran, Kurdistan. Ian. 
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3. Halides 


Fluellite 
Al (POYFR(OH) .7 #0 


ORTHORHOMBIC @ 


Properties: C ~coloriess. white, yellow; $— white; L 


= vitreous: D ~ transparent; DE ~ 22; H - 3; CL. 
imperfect: M - dipyramidal crystals. 
Origin and occurrence: Hydrothermal in grcisens. 


also. secondary as 2 result of wrplite alteration. 
CCystal ruses over 10 mm (i) in size come from 
HorniSlavkox. Czech Republic. Very similar 
specimens were found in Stenna Gwyn near St, 
‘Austell Cornwall, UK. Also found in pegmatts in 
Kynzvart, Czech Republic and in’ Hagendorf, 
Germany sa product of tripe alteration. 


Cryolite 


NagAIFy 


Monocunic eee 


Properties: C ~coloriess, white, purple, brownish; S 
~ ie = greasy to pay D -anspret to 
translucent: DE- 2.5; CL none; F uneven, 
Mo prow crals massive 


luorite, 67 mm, Berbes, Spain 


lucite, 10m x. Horn Slovo, Cech Republi 


(Origin and occurrence: Characteristic mineral ofthe 
‘ryolite pegmatites. Crystals up to 30 mm ("xin in 
size were found in Ivigut, Greenland, where it was 
‘mined as the Al ore for more than 100 years. It was 
associated with other aluminofhuorides, sphaerit 

cassiterte, ferrocolumbite and other minerals. It 


across, Massive cryolite occurs in. Migss, Ural 
Mountains, Russia and in St, Pete's Dome. Pikes 
Peak bathoith, Colorado, USA. 

Application: i was an important Al ore. 


or 


Creedie, 10 mm. Santa Enalia, Meco 


Creedite 
EayAlx(SO4(FOH) 19 6 H20 


ORTHORHOMBIC eee 


Properties: C— colorless, white, purple; S - white; L 
vitreous; D — transparent, DE ~ 2,7; H ~ 4; CL 
perfect, F = conchoidal: M ~ short prismatic to 
acicular erysals, granular, massive 

Origin and occurrence: Hydrothermal, associated 
with fluorite and barte. Purple crystals, several em 
Jong, come from Wagon Wheel Gap near Creede, 
Colorado, USA. Nice druses were found in Santa 
Eulalia, Chihuahua, Mexico. The best creedite 
specimens with purple crystals up to 30 mm (Iai) 


Tong were recently found in Akcha-tau, Kazakhstan. 
Carnallite 

KMgCly .6 H20 

ORTHORHOMBIC eee 


Properties: C~colotiess, white, yellowish, ed, blue: 
‘S— white; L— vitreous to greasy: DE ~ 16; H~ 1-2: 
CCL — none: F = conchoidal; M ~ pseudo-hexagonal 


pyramidal and tabular erystals, granlar; LU — 
Sirong: R= decomposes under wet conditions 
Origin and occurrence: Sedimenary. on ofthe last 
products of evaporation of salty solutions, also 
Supergene as a product ofa reaction of older salts 
‘with solutions, rich in potassium, associated with 
falite,sylvite and other minerals, Crystals up t0 40 
ram (WY in) across are known fom the vciity of 
Carlsbad. New Mexico, USA. Nice crystals come 
also from Stassfut and Alexanderhall. Germany 
Massive aggregates are common in many salt 
deposits, like in Saskatchewan, Canada: in Kalush, 
irae and elsewhere. 

Application: the ost important potassium salt 
‘sed as fertilizer and for production of metal Mg, 


Atacamite 
CuyClOH)s 


ORTHORHOMBIC ee 


Properties: C ~ emerald-groen, black-green; S — 
green: L~ viuoous: D — wanslucent: DE 3.8: H 
3.3.5: CL ~ perfect; F ~ conchoidal; M — prismat 
Crystals, columnar, rail and lamer agree, 
granular, massive. 

(Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits in the arid climate, associated 
‘with other Cu minerals. Crystals upto 16 mm (sin) 
Tong were described from Burra district, Southern 
Australia, Australia. Crystals up 10.10 mm (in) 
across come from Tsumeb, Namibia; also from 
Bisbee. Arizona, USA. Rich aggregates of acicular 
crystals occur in many localities in Atacama 
province, Chile (Copiapo, Remolinos). 


Carnal 80 mm, Merkers, Germany 
. wees 


Atcamite, 78mm, Atacama. Chile 


Boleite 
PoreAssCuraClgn(OH)as 
cusic 


Properties: C — blue: S ~ blue; L ~ pearly; D — 
translucent; DE ~ 5.1: H~3-3.5; CL— perfect; M— 
‘cui crystals; R ~ soluble in water. 


Bolet. 65 mm. Santa Rosalia, Mexico 


Origin and occurrence: Secondary, originated in 
the oxidation zone of Cu deposits in the arid eli- 
mate, By far the best specimens were found in 
Boleo. Baja California, Mexico, where cubes up to 
25 mm (1 in) in size were found. It is also known 
fom Philipsbure Montana, USA and Chalacolo, 


o 


Gomongite 21mm, Boleo. Mexico 


Cumengite 
Pepi Cur0ClenlOH)40 


TETRAGONAL 
Properties: C—indigo-blu: S — blue; L vitreous; D~ 


translucent: DE ~4.7; H 2.5; CL ~ good: M ~etrago- 
ral pyramidal crystals, also eptaxally overgrown on 


boleite cubes. Origin and occurrence: Secondary in 
the oxidation zone of Cu deposits in the aid climate. 
associated with boleite. The largest erystals up to 38 
‘mm (Vain) are known fram Boleo, Baja California, 
Mexico. I is also reported fiom Newport Beach near 
Falmouth, Cornvall, UK. 


Jodargyrite 
BoAgt 


HEXAGONAL e@@e 


Properties: C ~ colorless, tarnishes to yellow: $ ~ 
yellow; L ~ adamantine; D ~ transparent to 
Iranslucent; DE ~ 5.7, H 1-1. CL — perfects F— 
conchoidal; M — prismatic to tabular erystals, 
granular, massive 

‘Origin and occurrence: Secondary, product by 
‘oxidation ofA ores, with ober Ag minerals, Common 
greenish erytals over 10 mm (' in) in size occur in 
‘Broken Hill, New South Wales, Australia. Also found 
in Vraneice, Czech Republic: Tonopah, Nevada, USA: 
CChanareilo and Copiapo, Chile 


Villiaumite 
NaF 


Properties: C ~ dark red; S ~ white: L ~ vitreous: 
D transparent to translucent; DE ~ 2.8; H-2-2.; 
CL ~ perfec; M — small erystals, granular, massive; 
soluble in water 

Origin and occurrence: Late mineral in cavities in 
alkaline igneous rocks (nepheline syenites) 
Crystals, several em long, are known fom the 
Raseumehorr Mountain, Khibiny massif, Kola 
Peninsula, Russia: only sighily smaller crystals 
come fom Mont St-Hilaie, Quebec, Canada and 
limaussag, Greenland, 


Vilaumite. 1 mo xz, Kibiny Mass Koa, Russia 


Hale, $$ mm, Tana, USA. 


Halite 
cusic eeee 

Properties: C — colorless, gray. white, red blue; S— 
white; L~ vitreous: DE ~ 22; H ~2; CL ~ perfect: F 
= conchoidal: M — cubic erystals, granular, massive; 
soluble in water. 

(Origin and occurrence: Product of bigh-temperature 
fumaroles (Etna, Mt, Vesuvius: Italy), mainly 


Hale, 18mm ve. Sonor, Mexico 


mentary, as a result of evaporation of seawater. 
ssoociated with sylvite,carmallite and other minerals, 
‘ery fine cubes over 10 mm (sin) are known from 
\Weliczka and Bochnia, Poland. Bive cleavable agare- 
gates are found in Bernburg, Germany. Salt deposits 
in Austria (Hallstatt, Hallein) are also important 
Huge halite deposits, associated with potassium salts 
ate mined in the vicinity of Stassfurt, Germany. Fine 
skeletal crystals are known from many localities in 
California, USA. 

Application: food and chemical industries. 
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Syl, 77 mm. California, US. 


Sylvite 
Ker 


Sal ammoniac. 10 em x, Batnyterense. Hungary 


‘Sal ammoniac 
NH4ct 


cusic eee 


Properties: C ~ white, gray, blue, red; S ~ white; L~ 
vitreous: D transparent; DE CL ~ per 
fect; P— uneven; M — eubic crystals and their eom- 
binations: granular, massive; R ~ soluble in wat 
Origin and accurrence: Sedimentary as a result of 
evaporation of sea water, together with halite, 
camallite and other minerais. Nice cubes up t0 SO 
‘mm (2 in) come from Stassfur; it forms stalactites in 
\Wathlingen, Germany. Crystals are also known from 
Kalush. Ukraine and from Salton Sea, California, 
USA, where it occurs as octahedra on halite crystals 
Application: chemical industry. 


Camel 30 mm. Terlingua, USA 


cusic eee 


Properties: C ~colores, white gry. yellow, brown: 
~ white; L~ vieous; D~ wanspreni, DE ~ 15; 
1.2; CL — imperfect, F = conchoidal: M.— 
combinations of cubic ersas, dence and skeletal 
agaregates eat. 

Origin. ond occurrence: Typical mineral for 
fumaroles and burning coal dumps, associated with 
sulfur and other minerals. Complicated crystals are 
known from Mi. Vesuvius, Eina and Vuleano, lay. 
Crystals over 10 mn Ce in) in size occurred on 
burning coal dumps near Kladno, Czech Republic, 
similar fom localities in Eastern Pennsylvania, USA 
and near Ste-Eieme, France 


Calomet 
HeCl 
TETRAGONAL 9 @ 
Properties: C ~ caloress, white, gray, brown, it dar- 
kens on air, S— white; Ladamantine; D ~ transpa- 
Fent to translucent: DE ~ 7.2; H ~ I.5; CL ~ goods F- 
conchoidal; M — tabular to pyramidal crystals, 
coatings, earthy: LU ~ dark red, 

Origin and occurrence: Secondary as a result of 
alteration of Hg minerals, associated with cinnabar, 
mercury and other minerals. Crystals were found 
in Moschellandsberg, Germany; Avala, Serbia; 


Khaidarkan, Kyrgyzstan and Terlingua, New 


Mexico, USA. 


Fluorite 
CaF 


cusic eeece 


Propertis: C~ colorless, whit, yellow red. green, 
be, purple, brown, Sack, S~ colores; L~ vi 
trois: D~ transparent to rarsivcent, opaque; DE ~ 
32; H1—4; CL perfect F conchoidl to splinter 
¥M~ combinations of cubic erysls, rane, mas 
sive: LU~ ble, Blue preen, sso phosphorescent 

Origin ond occurrence: Rare magmatic. mainly 
hydrothermal and metasomatic. Associations are 
‘ry diverse, depending ona type of the deposit, in 
which it occos. Beau crystals are known fom 
many localities allover the world. Pak octahedra, 
vera! em in size ae known fom popmatites in 
Nagar. Pakistan, Nice erstals were also found in 
areisens in Coral, UK (Wheal Mary mine) and 
fiom Homi Stavkos, Czech Republic, Beawiful 
tren ces up fo 20cm arose and eolores hen 
Spt 10 mm (ain) ares rom Dalnegors, Rusia 
are of hydrothermal origin. Famous. green and 
Purple crystals come from Alston Moor and 
Weardte; England. UK. Nice pink octahedra vp 10 
30 mm (1%) occurred in Hanzal, Pe. Beaute 


Fluorite, 23 mmx, Chomonis, France 


ful yelloe cubes up to SO mm (2 in) associated with 
barite, are known from Halsbriicke and Anraberg. 
‘Germany. Purple complex combinations of erystals 
‘come from La Collada, Spain. Mainly purple cubes 
‘up to 10 mm (Ye in) occurred in Rosieare,Ilnois, 


imassociation with honey-yellow caleite crystals are 
known ftom the Elmiood mine, Tennessee; similar 
Ken: 


‘occurrences are also in several localities 
lucky, USA. The most valuable fluotite 


are pink octahedra up to 150 mm (6 in) from 
Goschenen, Switzerland; Mont Blane massif, 
France and other Alpine localities. 

Application: metallurgy, chemical industry, special 
‘optics optika 


B 


Too Much Solder 

This might be a perfectly good joint, but we 
can't tell for sure. It is entirely possible that this 
blob of solder wets neither the pin nor the pad 
and is not a reliable electrical connection. The 
best evidence of proper wetting (and good 
electrical contact) is a nice concave surface as 
‘on the joint on the far left. 


Repair: It is usually possible to draw off some 
of the excess solder with the tip of a hot iron. In 
extreme cases, a solder-sucker or some 
solder wick can be helpful as well 


GodacodadadadododElO 
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4. Oxides 


Varieties: chaleorchte (acicular to haietke erystals) 
Properties: C ~ red; §~ red: L ~ adamantne (0 sub- 
‘metalic; D~ wansparent to translucent; DE— 58-62; 
H_~3.5-4; CL ~ imperfect: F—conchoidel to uneven: 
M — combinations of eubic crystals, hair like 
aggrepates, granular. massive. 

(Origin and occurrence: Secondary, 26a resalt of the 
‘oxidation of Cu sulfides. Crystals up to 150 mm (6 in) 
in size, covered with malachite, occur in Onganja, Na- 
‘mibia. Shiny octahedra, up 1040 mm (1 in) in size, 
‘come ftom the Masharsba West mine, Zaire. Acicular 
and fibrous crystals of the chaleorichite variety were 
found in Bisbee. Arizona, USA. Combinations of 
cubic crystals, covered with malachite, are known 
From Chessy near Lyon, France. Crystals upto 30 mm 
(Ve in) across are reported fom Tsumel, Namibia. 
Applicarion: important Cu or. 


Zincite 
Zn0 


HEXAGONAL 08 


Properties: C ~ yellow, orange, red: S ~ orange- 
yellow: L~ adamantine; D — transparent to trans- 


Ametst. 122 mm. Guerrero, Mexico 
Cuprte, 18 on Masham Bet, Zair 


Zincte 11 mm s. Franklin, USA 


lucent; DE ~ $.7: H ~ 4.55; CL — perfect, F — 
conchoidal: M — pyramidal erystals. granular, 
Origin and occurrence: Metamorphic, associated 
with willemite and franklinite. It forms very rare 
crystals upto 40 mm (1 in) in size in the melamor- 
phosed Zn deposits in Franklin and Sterling Hill. 
"New Jersey. USA. it is mostly granular and massive. 
Zincte erystals and aggregates of vitreous luster 
from Poland, which are offered atthe mineral shows. 
are not ofa natural origin, there are smelter products. 


Chalcorichie, 50m, Bisbee, USA 


5 


Tenorite 
uo 
MONOCLINIC eee 
Properties: C ~ seel-gray to black: § ~ gray: 
metalic, D~ opaque: DE ~ 6.5: H 3. 
perfect; F uneven to eonchoidal; M~ 
to sealyerstals, earthy. massive 
Origin and occurrence: Secondary in the oxidation 
zane of Cu deposits, together with other Cu super- 
gene minerals. Iwas commen ia Cu deposit inthe 
Keweenaw Peninsula, Michigan. USA. It as mined 
48 Cu ore in Bisbee, Globe and Morenci, Arizona, 
USA. Thin tabular estas are known from Tsumeb, 
Namibia 


Spinet 
MgAlzO4 

cusic ee 
Ferierie:pleoast (black) 


Properties: C ~ pink, red. green. blue, brown, black; 
S— white; L — vitreous to dull: D ~ transparent to 
‘opaque; DE ~ 3.6; H ~ 7.5-8; CL — imperfect; F~ 
cconchoidal to uneven; M ~ octahedral crystal, gra- 
Origin and occurrence: Magmatc, metamorphic. also 
in placer, associated with corundum. silimanite and 
other minerals. Large pleonastenystals reaching up 0 
150 mm (6 in) were found inthe Alan massif, Yakutia 


Spinel. 10 rims, Mogot. Burma 


Tonorite, 3 mm x, Bisbee, USA 


Russia, Fine crystals weighing up to 14kg (0b 12.02) 
‘come from Amity, New York. Crystals up to 120 rm 
(8% in) acoss are known from Sterling Hill, New 
Jersey, Blue crystals of spinel come from Bolton, 
Massachusets, USA and South Burgess, Ontario. 
‘Canada. Germy pink and red crystals up 20 mm (*/s 
in) reported near Ratnapura, Sri Lanka and in Mogok, 
‘Burma. Fine pink crystals up to $O mm (2 in) in sie 
‘occur in Kukial, Tajikistan, 

Application: gemstone 


Gahnite 


Properties: C ~ black-green, black; $ ~ gray; L ~ 
vitreous fo greasy; D ~ translucent to opaque; DE — 


Pleonast, 1S mm sr, Vietnam 


4.4.4.6; H- 7.58: CL — imperfect: F~ conchoidal to 
uneven; M — octahedral crystals, granular. 

Origin and occurrence: Magmatic and metamorphic, 
associated with wolframite, chalcopyrite and other 
minerals. Crystals upto 120 mm («in in size come 
fiom Franklin and Sterling Hill, New Jersey, USA. 
Crystals from Broken Hill. New South Wales, Austra- 
Fi reached up to 30 mm (Vin). Blue-green crystals 
were found in Rowe. Massachusens, USA. Cuttable 
blue erystals occur near Gidan Wayo, Nigeria. 


Magnetite 
Felt Fel204 
cusic eee 


Properties: C ~ black; $ ~ black: L ~ metallic: D ~ 
opaque: DE ~ 5.2; H~ 5.56.5; CL — none; F ~ une 


Magnesite, 20 m x. Chester USA. 


Gabe, 90 mm, Broken Hil. Australia 


even to conchoidal: M ~ octahedral erystals, grax 
ular, massive 

Origin and occurrence: Magmatic, hydrothermal 
and metamorphic, rare sedimentary, Paragenesesdif- 
fer according to the origin, Fine crystals up to 170, 
‘mm (6 in) in size, come from Traversll, Italy. A 
crystal 25 em (9+ in in size was found in Vastan- 
fors, Sweden. Fine crystals up 10 40 mm (1% in) 
‘cur in Dashikesan, Azerbaijan, where itis assoc 
ted with andradite epidote and apatite. Beautiful s 
ry octahedra up to 40 mm (J in) are knoven from 
Alpa Lercheltini, Binntal. Switzerland. Rare cubes 
‘up t0 20 mm ("ls in) on edge come from the ZCA 
Not mine, Balmat, New York, USA... Magnetite 
crystals reaching up to 10 em were found in pegma- 
ties in Jaguaragu, Minas Gerais, Brazil. Crystals up 
0.20 em (7 in) in size reported from the Gardiner 
complex, Greenland. Crystals up to 50 mm (2 in) 
‘were lately found in Kovdor. Kola Peninsula, Russia, 
Application: Fe ore 


n 


Frankinte, 30 mm, Sterling Hil, USA, 


Franklinite 
Zntnt® Fe? (Fe Ma?*)20, 


cusic ee 
Properties: C ~ black; S ~ dark brown; L ~ metalic; 
1D — opaque; DE - $.1-5.5: H - 6; CL— none; F— 
tuneven to conchoidal; M - octahedral crystals, 
sranular, massive. 

Origin and occurrence: Metamorphic, associated 
with willemit, zineite and other minerals. The only 
localities, where it is common and occurs in very 
large accumulations, ae Franklin and Sterling Hill, 
New Jersey. USA. Crystals up to 170 mm (6% in) 


Chromite, 87mm, Fnnland 


across are known from there. I is rare in Langban, 
‘Sweden and Ocna de Fier, Romania 
Application: Zn ore. 


Chromite 


cusic eee 


Properties: C black: S~ brown: L ~ metallic: D ~ 
‘opaque; DE - 4.5-48; H - 5; CL none; F~ uneven; 
M~ octahedral crystals, granular, massive. 

Origin and occurrence: Magmatic, together with 
magnetite, warovite and other minerals, Rare erys- 
tals reaching up to 10 mm (% in) are Known from 
Uzun Damar, Turkey. It occurs mostly massive, like 
in deposits in Bushveld. South Africa; in Sarany, 
Ural Mountains, Russia and in Guleman, Turkey 
Application: Crore 


Hausmannite 
HPht, 


TETRAGONAL eee 


Properties: C~ black: S— brown; L submetllc: D 

‘opaque; DE 4.8: 11 ~ 5.5; CL~ perfect; F~ uneven: 
IM pscudo-octahodral crystals, granular, massive. 
(Origin and occurrence: Hydrothermal in high-tem- 
perature Mn deposits also asa product ofthe contact 
‘metamorphism. The best specimens with crystals 
‘yp to 30 mm (Ve in) in size come from the 
'N'Chwaning mine, Kuruman, South Africa. Smaller 
crystals were found in Iifeld and llmenau, Germany. 
It also occurred as fine crystals in Langban and 
Jakobsberg, Sweden, 


Minin 60mm, Broken Hil. Australi 


Minium (M ~ carthy and pulverulent aggregates, massive. 


Pot aposto, Origin and occurrence: Secondary mineral, 3s a 
— + result of the galena oxidation, It occurs. in 
TETRAGONAL eee Langban, Sweden: in Anarak. Iran: in Leadhills, 

Scotland, and in Broken Hill, New South Wales, 


Properties: C ~ red, ~ orange-yellow; L ~ dull to Australia 
‘greasy; D — opaque; DE - 8.9; H~2.5; CL — perfect: 


Hlawsmannite, $2 um. Karas, South Afice 


Chrysober 35 mm, Espirito Santo Brasil 


Chryzoberyt 
Beal, 


ORTHORHOMBIC #08 
Varieties: alexandrite 


Properties: C = yellow-green, yellow, blue-green, 
alexandrite is green in daylight, purple in artificial 


Alexandrite 75 mim Malshevo, Russia 


Tight: $ ~ white; L ~ vitreous: D ~ transparent to 
translucent; DE - 3.8: H ~ 85; CL ~ good; F - 
‘conchoidal to uneven; M_— thin to thick tabular 
txystals common cyclic twins 

Origin and occurrence: Magmatic in pegmattes, 
prevailing as metamorphic, in association with 
shor], phenakite and other minerals. Twins up to 22 
om (8"%e i) occurred near Pancas, Espirito Santo, 
Brazil, Complicated twins up to 100 mm (4 in) in 


size come from Ambatondrazaka and other localities 
in Madagascar. Tabular erystls several em in size, 
‘embedded in the sillimanitc rock, were found in 
Mar_ikov, Czech Republic. Fine alexandrite erystals 
up 16 80 mm (3% in) are known from Malyshevo, 
Ural mountains. Russia, together with emerald and 
phenakite, Alexandrite crystals reach up to 30 mm 
(fx in) in Nyanda, Zimbabwe. Gemmy chryso- 
beryls. commonly with a car's eye effect come from 
the vicinity of Ratnapura, Sri Lanka, 

Application: gemstone. 


Valentinite 
5003 


ORTHORHOMBIC eee 


Properties: C~ colorless. white, brownish; S~ white; 
L~adamantine: D~ transparent to translucent; DE = 
57-58; H ~ 25-3; CL ~ perfect; M ~ prismatic 0 
‘abula crystals, radial aggregates, massive. 

Origin and cccurrence: Secondary mineral, org 
‘ed in the oxidation of stibite. The best specimens 
with erystals up to 30 mm (1s in) were found in 
Pribram, Czech Republic. Fine crystals come also 
from Braunsdorf, Germany. Crystals up to 20 mm 
(hein) long occur in Oruro, Bolivia, Beautifal radial 
aggregates up to 40 mm (I%e in) in diameter, 
associated with kermesite, are known from Pezinok 
and Pernek. Slovakia. Pscudo-morphs after stbnite 
‘exystals up o 35 em (13% in)long ae reported from, 
the Xikuangshan Mine, Lengshuijiang. China, 


Arsenolite 
A203 
cusic ee 


Properties: :C — white: S~ white: L vitreous; D— 
‘ranspareat to translucent: DE ~ 3.9: H~ 1S; CL ~ 
‘good: F — conchoidal; M ~ octahedral crystals, 
‘rusts, coatings; R - soluble in water. 


Arsnolte, 3mm ss Rees, Hungary 


Silene, 40 mm. Nicolet, Canada 


Origin ond occurrence: Secondary mineral, resulting 
from the oxidation of As ores. Poorly developed erytals 
several mm long, occur in Jachyme. C2eeh Republic: 
in Johanngeongenstadt and St. Andreasberg, Germany. 
(Crystals up to 20 mim (vin) long originated during 8 
‘mine fire in the White Caps mine, Nevada, USA, 


Senarmontite 


C= white, light grays S — whites L— 
‘easy, vitreous to adamantine, D— 

opaque: DE - 5.2-58; H - 2.2. 

~ uneven; M ~ octahedral erysals, granular. massive. 
Origin and occurrence: Secondary, produced by 
stibnite oxidation, with valentinite and cerussite, 
‘The finest erystals up to 30 mm (Iie in) in size 
come from Djebel Hammimate, Algeria. Also 
‘occurred in Cetine. Italy and in Dubrava, Slovakia 


Bishyite, 11 mm x Thomas Range USA 


Bixbyite 
(Mn3*,Fe3*),03 
cusic ee 


Properties: C ~ black; S— black: L- metallic to sub- 
metallic; D— opaque; DE ~ 5; H ~ 6-65; CLB 
imperfect: F - conchoidal to uneven; M ~ cubie 
crystals, also 1wins. 

Origin and occurrence: Hydrothermal in thyolite 
cavities and metamorphic. Cubes up to 12 mm ("he 
in) are found together with topaz in Thomas Range, 
‘Utah, USA. Crystals up to 25 mm (1 in) occurred in 


Corundu. 10m xx. Mias, Russia 


LLeueotapphive. 30 mm, Sri Lanka 


the Postmasburg mine, South Affica. Crystals up to 
80 mm (3% in) come from Ulevis, Sweden. 


TRIGONAL © @ 


Varieties: by, sapphire, leucosapphire, emery 


erties: C ~ colorless (leucosapphire), yellow, 
pink, red ¢ruby), blue (sapphire), purple, green. 


by 13 mm ce Kola, Russia 


oe a 


Corunduo. 4 om, Montona. USA uy 16.m x Jegdalek Ahanison 


‘gray; S ~ white: L = vitreous to adamantine; D — — Samphir 41 mm Kashi Indio 
‘ansparent to opaque: DE ~ 4.0-4.1: H ~ 9; CL ~ 

fone; F - conchoidal to unever; M ~ long pris- 
matie to barrel-lke erystals, pebbles; LU ~ rare 
dark ted 

Origin an! cecwrrence: Magmatic in andesites, peg 
matites and basalts. metamorphic and in placers, in 
association with andalusite, topaz. spinel and other 
minerals. Crystals of common corundum weighed up 
10 30 kg (66 Ib) near Bancrofl, Ontario, Canada. A 
‘erystal, weighing 151 kg (333 1b 3 oz) was also found 
inthe Letaba district, South Africa. Sepphire crystals 
weighing up to 20 ke (44 Ib, come from the vicinity 
of Ratnapura and Rakwana, Sri Lanka. Fine sapphire 
‘erystals are also known from Kashmir, India, Rough 
‘gem sapphice is mined from the Yogo Gulch sedi- 
ments in Montana, USA and from Anikia, Queens- 
land, Australia. Fine blue erystals upto 50 mm (2 in) 
long. occur near Miass, Ural mountain, Russia, Ru- 
by is even much rarer variety of corundum. Is beaut 
ful crystals up to $0 mm (2 in) long come from Jeg 
dalek, Afghanistan; Mogok, Burma and from Lue 
Yen, Vietnam, Prismatic erystals_ of opaque ruby, up 
{0-40 mm (I in) in size were found in the KhitIs- 
land near Kola Peninsula, Russia. Ruby crystals up 10 
30 em 12 in) i size embedded in green zosite from 
the vicinity of Arusha, Tanzania are very decorative 
Application: emery 2s abrasive material, sapphire 
land ruby as gemstones. 


3 


J Untrimmed Leads 

me Leads that are too long are potential short 
circuits. The two joints on the left are an 
obvious danger of touching. But the one on the 
right is long enough to be dangerous as well. It 
<< would not take much force to bend that lead 
a over to touch an adjacent trace. 


BSS Repair: Trim all leads just at the top of the 
solder joint. 
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Hematite 50mm, La Fibbia. Switzerland 


Hematite 
Fe03 
TRIGONAL 


woes 
Properties: C~ red. gray. black: §~ red; L~ metalic, 
Gull, D - opaque; DE ~ 5.3; H- 6-65. earthy to 1: 
CCL ~ none: F~ uneven to conchoidal: M ~ thick to 
thin tabular erysals, massive, earthy 

Origin and occurrence: Magmatic, hydrothermal. 


Lopate. 10 moss. Khibiny Massif Kola. Russa 


sedimentary, also metamorphic, parageneses vary 
according to the origin. Beautiful crystals up to 100 
‘mm (4 in) in size come from Brumado, BabRs, 
Brazil. Crystals up to 30 em (12 in), were found in 
the Wessels mine, Kuruman, South Africa, So called 
ion roses reached up to 100 mm (4 in) near St 
Gotthard. Switzerland. Fine crystals several em in 
size, occurred in Rio Marina, Elba, Italy. Very fine 
tabular crystals reached up to. 70 mm (244 in) in 
Nador. Morocco. New finds of fine erystals up to 40 
‘mm (1% i) in size were made in the Korshunovs- 
oye deposit Russia. Fine botrycidal aggregates 
‘come from Hradistc and Horni Blatna, Czcch 
Republic and from Botallack, Cormwall, UK. Se 
mentary banded iron ores form huge deposits near 
Keivoy Rog, Ukraine or in the viin 

Fior (Mesabi Range, Minnesota: 
‘gan, USA). 

Application: important Fe ore. 


Imenite 
FeTiO3 
TRIGONAL eee 
Properties: C— black; $ black; L- metallic to dull 
D~ opaque: DE ~ 4.55; H ~ 546; CL ~ none; F = 
‘conchoidal to uneven: M — thick’ tabular erystals, 
‘granular, massive 

Origin and occurrence: Magratic, metamorphic 
and in placers, assoviated with pyrthotite. rutile, 
‘magnetite and other minerals. Crystals weighing up 


meite, 11 mm x, Bina, Switzerland 


to 30 kg (66 Ib) were described from the Faraday 
mine near Baneroft, Ontario, Canada. Crystals up 0 
130 mm (6 in) in'size occurred near Girarville 
‘Quebec, Canada. Crystals also reached up to 100 
rim (4 in) near Miass, Ural mountains, Russia, Crys- 
tals up to 120 mm 120 mm (4% in), were found in 
‘Arendal and Kragero, Norway. Crystal rosettes upto 
10 mm (%s in) in size come from Maderanertal, 
Switzerland. Ii also common in placers (Kamituga 
Kivu, Zaire: Sri Lanka: Travancore, India; Madagas- 
car ete), 


Perovskite 
caTio; 


ORTHORHOMBIC eee 


Properties: C dark brown to black; S ~ coloress to 
‘ay; L — metallic © adamantine; D - opaque; DE 
4043; H 55-6: CL ~ imperfect; F ~ conchoidal to 
‘ncven: M.— pscudo-cubic crystals, granular 
(Origin and occurrence: Magmatic in basic and ulra- 
basi rocks, metamorphic, together with magnetite, zr- 
con and other minerals. Fine pseudo-cubie crystals up 
to 40 mm (Ini) in size come from Ziatoust and Ake 
‘Ural mountains, Russa. I occurs a crystals 
‘up to 80 ram (3's in), associated with magnetite crys- 
tals inthe Gardiner complex, Greenland. Crysals upto 
40 mm (1% in) were found in Jacupranga, Sao Paul, 
Brazil Crystals from Val Malenco. tay, reached up to 
20 mmm ¢*s in). Crystals up to 20 mm fs in) were 
lately found in Afrkands, Kola Peninsula, Russia. 


Loparite-(Ce) 
(Ce.Naca)TIO3 


ORTHORHOMBIC @ 


Properties: C ~ black, $ ~ dark red-brown, L 
metallic: D ~ opaque: DE ~ 4.6-4.9; H ~ 5.5.6; M ~ 
pseudo-cubic eral, granular, R — metamict 

(Origin and occurrence: Magmatic in alkaline rocks, 
with lorenzenit, eudiayte and aegirne. Fine inter- 
‘penetration tins up to 20 mm (sin) in size come 
from Mount Nyorkpakhk, Kola Peninsula, Russia, 


Peroskte 60 mm, Zltoust, Rusia 
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Sibwonite, 230 mm, Catorce, Mexico 


Stibiconite 
Sb3*5b5*,06(0H) 


cusic eee 
Properties: C ~ white, eeamy, light yellow, brown: 
S— white: L— vitreous, greasy to dul; D ~ opaque: 
DE ~ 4.1-58: H ~ 3-6) M— pscud 

stibnite crystals, earthy, massive, 
Origin and occurrence: Secondary, as a re 
stibnite oxidation, associated with valent 
ther minerals. Fine pseudo-morphs after stibnite 
crystals up to 30 cm (12 in) long come from Catorce, 


Bindheimite, 4mm, Rudabinvo, Hungary 


San Luis Potosi, Mexico. Similar pseudo-morphs 
‘were also found in Kostainik, Seria: in the Ichino- 
kava. mine, Japan and in Pereta, Italy. Pseudo 
‘morphs after sibnite up to 20 em (7% in) long occur 
also in Cukuroren, Turkey, 


Bindheimite 
Pb$b204(0,0H) 


cusic eee 


Properties: C yellow. brown, gray: $— yellow, L— 
resinous, dull to earthy; D — translucent to opaque; 
DE ~ 46.56; H ~ 4.45; F ~ conchoidal to carthy; 
'M~ botryoidal, nodular and earthy crusts. 

Origin and occurrence: Secondary in the oxidation 
zone of Pb-Sb deposits. Needles up to 10.mm (% in) 
Tong come from Rudnik, Ceech Republic. Its com- 
‘mon in Broken Hill, New South Wales, Australi; in 
Bisbee, Arizona, USA and in Sidi-Amor-ben-Salem, 
‘Tunisia. Lamellar pseudo-morphs up to several em in 
size ae known from Tsumeb, Namibia. 


Pyrochlore 
(Ra,ca)pNby04(0H.F) 
cusic eee 
Properties: C — yellow-brown, brown, black: S ~ 
‘brown; L ~ vineous to greasy: D ~ uansucent to 
opaque, DE~4.5; H- 55.5; CL — locally good: F= 
onchoidal uneven; M— octahedel crystals. grax 
nul, R~ radioactive (admixtures of U, Th). 

Origin and occurrence: Magma in alkaline rocks, 
together with zrcon, avophyliteand other minerals. 
Fine brow shiny crystals up to 20 rin (7) sie 
came fom the vicinity of Vishnevogorsk, Ural mou 
tains, Russia, Crystals eaching 10 am (sin) occur 
inthe Panda Hill depos, Tanzania, Crystals are also 
Known fom Oka, Quebec, Canada, Single octahedra 
measuring $ mon (Zi) were found in esha, Kivu, 
Zaire. Application: NBU and Th oe 


Mirolite, 7mm x, Gillette Quarry USA 


Pyrochlre, 38 mm. Vsmevogorsk, Ural is. Russia 


5, 
. 


Betafite 
{C2.Na,U)_(TND;Ta)204(0H) 


cusic ee 
Properties: C~ black, brown, yellow-brown; SB red- 
brown: L — resinous to greasy; D — translucent to 
opaque: DE - 42; H ~ 355; CL ~ none; F ~ 
‘conchoidal to uneven; M — octahedral erystals; R— 
radioactive, metamict, 

Origin and occurrence: Magmatic in granitic pes 
‘alte, ich in U, Th and rate earth elements, ass0- 
ciated with beryl, euxenite-(¥) and other minerals. 


Betaite 20 mm, Sor Crater. Canad 


“The world’s best specimens come from many local 
ties in Madagascar (Betafo, Ambatofotsikely ete). 
‘where crystals up 10 6 kg (13 Ib 3 02) were found, 
Beautiful specimens with crystals up to 100 mm (4 
in) in size occur inthe Silver Crater mine near Ban- 
croft, Ontario, Canada, It is also known from Evje. 
Norway. 


Mikrolite 
(Na.Ca}gTa206(0.04.F) 


cusic eee 


Properties: C ~ brown, yellow, green, reddish; S ~ 
‘white: L— vitreous to” greasy, locally adamantine, 
D~ translucent to opaque; DE ~ 56.4; H~6:6.5; CL 
= locally good: F — conchoidal to uneven: M— 
fctahedral erystals, granular, massive. 
(Origin and occurrence: Magratc.typical for grasitc 
pegmatite. together with manganocolumbite, manga- 
‘otantalite and other minerals. Otabedra upto 65 mm 
(nin) in size occur in Ankola, Uganda. Crystals up 
10 30:mm (1% in) in size come from Virgem da Lapa, 
Minas Gerais, Brazil Crystals upto 75 mm (3 in) are 
reported from the Handing pegmaite, New Mexico, 
USA. I occurs in important accumulations neat 
‘Wodgina, Western Australia, 


87 


Quartz 
HOz 


TRIGONAL eee 


Varieties: rock crystal, citrine, smoky ci 
‘morion. amethyst, rose quartz. chrysoprase, jasper, 
chaleedony, agate, onyx, sardonyx, aventurine,helio- 
‘rope, tigers eye, falcons eye. 


Properties: €~ colores (rock xt), whit, yellow 
(cine), brown (smaky eine). lack (marion), 
purple (ety, pink (ros quartz), grecn(chryso" 
Pra D test varices ate mos transparent, 
ben ranslucent; C~ other varies ae many mul 
colored, separate colors have different hucs and the 
color is commonly caused by microscopic admixtures 
af other minerals varies: ro, gree, brown yellow 
Gasper), banded with different colors (agate): white 


fock eral. 95 mm. ba Garde, France 


Citrine 32 nm, Chrcas. Merco 


and black bands (onyx), white and red-brown bands 
{sardony2), green to red-brown with mica or hematite 
inclusions (aventurine), dark green with red. spots 
(heliotrope), yellow-brown to black-brown, fibrous 


‘Smoky quarts, 70 mm, Middle Moat Mi. USA 


‘with silky luster (iger's eye), blue-gray to yellows 
brown, fibrous with silky luster (faleon’ eye); S 

‘white: L = vitreous, silky, dull; D = transparent to 
translucent, opaque; DE ~ 26; H ~7; CL - none; F~ 


Smoky quar 81 mm, Switcerfond 
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Morion. 100 mam. Audi, Kazakhstan Amey, 100 mm, Bochovce. Cech Republic 


conchoidal; M_~ long to short prismatic, acicula. 
dipyramidal to tabular crystals, fibrous, botryoidal 
and stalacttic aggregates and coatings, concretions, 
odes, granular, massive. 

(Origin and occurrence: Magmatic in diferent types 
of rocks, mainly in granites, granitic pegmatites and 
voleanic rocks: metamorphic in different types of 
rocks, mainly in quartzites and mica schists, 
hhydrothermal in different types of ore and Alpine 


Rose quarts 148m. Minas Gerais, Brazil 


Amey, 200 mm, Guerer, Mexico 


Iype veins; secondary in the oxidation zone of ore 
deposits: also in 

rocks. and in organic remains, also in. placers, 
Probably the most common mineral in the Earth's 
‘rust and the most important rock-forming mineral, 
as well 

Large crystals of rock quartz up 10 7 m (23 f) long. 
‘come from pogmatites in the Botafo region in 
‘Madagascar and from the Alpine-ype veins, like 


Us, Grimsel and Furka, Switzerland: perfect 
known from the cracks in males ne 


crystals 
Carrara, lay: it also occurs in the quartz veins 
Herkimer, New York and Hot Springs. Arkansas, 


USA. Citrine occurs mainly in granitic pegmatites 
and iarge erystals come from Goias, Brazil 
Suky and Netin, Czech Republic; from Mu 


ka, 
Ural mountains. Russia. Smoky quartz originates 
mostly in granitic pegmatits. it also occurs in the 


a 


Carnelian 40 mm, ova Paka, Czech Republic 


Chrysoprae. 60 mm, Seklary, Plond 


Alpine-type quartz veins and in cavities of voleanie 
rocks, Perfect crystals up to several meters long, 
come from many places, the largest crystal, 
weighing 77 tons. was found in Kazakhstan: perfect 
crystals occur in pegmatites in many places in 
Brazil; also in Korostenskiy massif, Ukraine; inthe 
Pikes Peak batholith, Colorado, USA; in the Alpine: 
type veins in Maderanertal and in Grimsel, 
Switzerland, Morion crystals, commonly associated 
With smoky citrine, were found in quartz veins and 
in pegmaties. 

Its crystals are known from St. Gotthard, Switzer- 
land, Amethyst comes from quartz and ore veins, 
cavities in volcanic rocks, rare in the Alpine-type 
veins. Famous localities in voleanic rocks are inthe 
states of Rio Grande do Sul and Minas Gerais, 
Brazil, doubly terminated crystal. weighing 5.5 
tons, come from Diamantina. In Serra do Mar, Rio 
Grande do Sul, a cavity covered with amethyst 


sper $0 mm, Ural Mes, Russia 
= aa 


crystals measuring 10 x2 x | m (33 x 6x3 A 3in) 
‘was Found: rich druses occur also inthe ore veins in 
Porcura. Romania and Julimes, Mexico. Rose 
quartz, forming masses up t0 several meters in 
granitic pegmatites in the Rose Quartz pit. Quade- 


Iron siined grt, 98 mm, Hovovice. Caech Republic 


Pearfed wood, 70mm, Podkehonost Coch Republic 


ville, Ontario, Canada: in Ambositra, Madagascar, 
‘crystals up to 10 mm ("+ in) long growing on quartz 
crystals, come from Sapucaia, Minas Gerais, Brazil 
Dark green chrysoprase veins up t0 50 mm (2 in) 
thick are known from serpentinites in. Srklary, 
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Solder Bridge 
The left two solder joints have melted 
together, forming an unintended connection 
@) between the two. 
~a ” 4 
Repair: Sometimes the excess solder can be 
J drawn off by dragging the tip of a hot iron 
Wj between the two solder joints. If there is too 
§) much solder, a solder sucker or solder wick can 
help get rid of the excess. 


Prevention: Solder bridges most often 
happen between joints with too much solder to 
begin with. Use only enough solder to make a 
good joint. 
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Agate, $0 mm. Zlenic. Ceech Republic 


Poland. Jasper is known from volcanic rocks and 
their contacts with sediments, locally as a result of| 
petrfication of organic mater, mainly plants i is 
‘also known from quartz veins. Rich aggregates 
‘occur in Idar-Oberstein, Germany; in Podkrkonosi 
region and in Krisne hory mountains, Czech 
Republic; in the Petrified Forest National Park, 
Holbrook, Arizona, USA; in Ural mountains, 
Russia: in Kabamby, Madagascar. Chalcedony is 
‘mostly found in quartz veins and geodes in volcanic 
rocks, also in sediments. 

Rich aggregates come from Idar-Oberstein, 
Germany: Iulimes, Mexico: many localities in 
‘Uruguay and Brazil: in Huttenberp, Austra. Agates 
are known from cavities in voleanic rocks, rare in 
hydrothermal veins and in sediments. The most 
important localities are located inthe southern part 
of Brazil in the state of Rio Grande do Sul: in 
‘Uruguay; also in Yemen: India; Mongolia; in several 


Agate, 40 mm, Horn Halze, Cesc Republic 


Mots agate, 40mm, Krai Bulgoria 


localities in the USA: in Idar-Oberstein, Germany: 
in Podkrkonosi, Czech Republic. The most famous 
localities of onyx and sardonyx are in Brazil and 
‘Uruguay. 

Rich aggregates of aventurine come from Miass, 
Ural mountains, Russia; Mariazell. Austria; Belany, 
India, Heliotrope occurs in Idar-Oberstein. Germa- 
aay: Kozakov, Czech Republi and in Brazil 


Avemurine 50 mm, India 


Application: important raw material in glass indus- 
‘ry, many colored varieties, like amethyst, smoky 
cittine, citrine, onyx, sardonys, and heliotope are 
‘eu as gemstones. 


Todymite, 9mm, Big Lue St. USA. 


Tridymite 
Sioy 


ORTHORHOMBIC eee 


Properties: C ~ colorless to white: $ whit 
vitreous: D ~ transparent: DE - 23; H 65-7; CL 
‘none; F~ conchoidal: M ~ pseudo-hexagonal tabular 
crystals, 


Cristobal 110 mm, Vechee. Slovakia 


Origin und occurrence: Maymatic in cavities of young 
felsic volcanic rocks in association with critobalite, 
‘chalcedony and other minerals. Pscudochexagonal 
tabular erystals upto 10 mm (1s in) in size. come from 
‘echec, Slovakia. Similar crystals found in Ichigayama, 
Japan. Crystals up wo 10 mm (sin) occur with topaz 
‘and other mincrals in dhe Thornas Range, Utah, USA. 


Cristobalite 
SiOp 


TETRAGONAL eee 


Varieties: lussatite (fibrous) 


Properties: C ~ colorkess to white; S ~ whites L— 
vitreous: D - translucent; DE ~ 23; H ~ 65; CL ~ 
= pscudo-octahedral crystals, spherical and 
bbotryoidal aggregates. 

Origin and occurrence: Magmatic in cavities of 
‘young {elsic volcanic rocks. associated with tidy- 
‘mite. Crystals up to 4 mm (ts in) are known from 
Cerro San Cristobal, Hidalgo. Mexico. Crystals up 
{to 2mm (‘nin long occur in Vechec. Slovakia. Gray 
spherical aggregates eome from Coso Hot Springs, 
California, USA, 


Common opal, 60 mm, Kreme, Coach Republi 


AMORPHOUS © . 


Varieties: hyalite, milky opal, Fire opal, precious 
‘pal, wooden opai, peysirite 


Properties: C ~ colorless (byalite). white (milky 
pad red (Fire opal irdescence (precious opal), 


‘brown, red-brown, yellow, green, gray, blue; S 
white; L~ vitreous, dll cary. waxy D 
transparent to transient, opaque: DE ~ 2.1; H— 
55-65; CL~ none: F- concoidak: M— boii 
and stlacieagarepates. coatings. concretions, 
_geodes. massive: LU — white, yellow-green. green. 

Gigi and occurence: Hydrothermal ny volesnic 
rocks and tf aso in various ‘ypes of voleanic 
rocks and tits in diferent types of sedimentary 
rocks, organie remnants and hot springs rare 


” 


Opel. 47 mm. Opal Bute: USA, 


hydrothermal veins; secondary in the weathering 
zone of different types of rocks. It is often associated 
‘with chaleedony. Coatings and stalactitc aggregates 
cof hyalte up 10 30 mm (2 in) thick known from 
Cerritos, Mexico: Valec, Czech Republic; Klamath 
Falls, Oregon, USA. Milky opal occurs in Dubnik, 
Slovakia; Smateck, Czech Republic and many other 
localities. The most famous locality of fire opal is 
Zimapan, Hidalgo, Mexico, Precious opal comes 
fiom many localities in Australi, cg. Baracoo 
River. Queensland: Coober Pedy, Souther Australia 
and White Cliffs, New South Wales, where it forms 
rich aggregates and veinlts in sandstones: classic 
locality is Dubnik, Slovakia, where it occurs in 


Dendritic opal. $6 mm, Krome, Czech Republic 


AS 
|: ad 


andestes and was probably mined already by ancient 
Romans. Beautifil precious opals come also from 
the Virgin Valley. Nevada. USA. Petrified trces, 
‘known as wooden opal. reach lengths of several 
‘meters in the Petrified Forest National Park, Hol- 
brook. Arizona, USA; in Lubictova and Povrazmik, 


Precis opal. 5$ mm. Opal Bite, USA 


Fie opal, 20mm, Mesico 


Slovakia. White geysirite is known mainly from the 
hot springs in Iceland: Yellowstone National Park, 
‘Wyoming, USA; New Zealand, 
Application: colored opal yarieties, primarily 
precious opal and fire opal are cut as” gemstones, 
datomite in chemical industry. 


Melanophlgie 80 mm, orl, aly 


Melanophlogite 
Sip 


cusic 


Properties: C— colorless, white: §— colorless: L—vie 
{reous; D - wansparent; DE - 2; H~ 6.5; CL ~ none; 
M—pseudo-cubie crystals, spher 


‘with sulfur and other minerals. It was originally 
described from the sulfur deposit in Racalmuto, 
Sicily aly as crystals up to 4 mm (sin) in size. It 


‘rile, 20 mm, tiara, Brat 


is also Known from Chvaletice, Czech Republic, 
‘where it forms crystals up to 2-mm (win) in siz, in 
Alpine-type vein, 


Rutile 
Tio 


TETRAGONAL © 


Properties: C — red-brown, red, brown, yellowish, 
black: S ~ ligt brown; L - metalic to adamantine: 
1D transparent to translucent: DE - 4.2: H - 6-6.5; 
00d: F- conchoidal to uneven: M ~ shor pris- 
‘matic, striated crystals, common twins, acicular 
crystals, granular, massive, 
(Origin and occurrence: Magmatie and metamorphic, 
Also in placers, together with monazite(Ce), topaz, 
beryl, quartz and other minerals. The largest crystals 
‘up to 150 mm (6 in) in size come from the Mount 
Graves, Georgia, USA. Beautiful epitaxial imer- 
‘rowahs with hematite occur in Cavradischlucht, St 
Gotthard, Switzerland and in Ibitiara, Bahia, Brazil 
is common as inclusions in smoky citrine (quartz) 
crystals from Ibitiara, Bahia and Itabira, Minas 
Gerais, Brazil. Knee-like crystal twins up to 70 (2% 
in) em in size were found in the vicinity of Golewy 
Jenikov and Sobesly, Czech Republic. 
Application: Tore 


ule 48 mm, Baio, Broil 


2 110 mm, Yunnan, China 


Cassiterite Plattnerite 
S02 PbO 
TETRAGONAL eee TETRAGONAL 0 @ 


Properties: C ~ colortess, brown, black; S ~ white, 
‘grayish, brown: L — metallic to adamantine, dul 
1D - transparent io opaque; DE -6.3-72; 

= imperfect; F — conchoidal to uneven; M— 
<ipyramidal and short prismatic crystals, multiple 
twins, granular. massive. 

Origin and occurrence: Magmatic in pegm: 
‘hydrothermal in high-temperature deposits, me 
morphic and in placers, together with wolramite. 
topaz and other minerals. Crystal twins up to 150 
mm (6 in) in size come from Homi Slavkoy. Czech 
Republic. Crystals of similar size were also found in 
Panasqueira, Portugal. Fine twins up to 80 mm Gs 
in) were found in Rossarden. Tasmania, Australia 
(Crystals up to 70 mm (2% in) in size were found in 
Lallagua colortess and transparent crysials upto 50 
‘am (2 in) in size in Viloco, Bolivia. Crystals up to 
110. mm (4% in) occurred lately in Tenkergin. 
‘Chukka, Russa. Crystals up to 130 mm (5% in) in 
size arc known from pegmatites in Minas Gerais, 
Brazil (Fazenda do Funil), New finds of shiny 
crystals up to 100 mm (4 in) long were made in 
Hunan and Yunnan provinces, China. 

Application: Snore 


Properties: C~ black; S~ brown; L~ metallic to ada- 
‘mantine; D — opaque; DE - 9.6; H- 5.5; CL — none: 
‘M~acicular erystals, botryidal aggregates. massive. 
Origin and occurrence: Secondary. a8 a result of the 
‘oxidation of other Pb minerals, together with pyro- 
rmogphite, hemimorphite and other minerals. Fine 
crystals come from Mina Ojuela. Mepimi, Durango. 
‘Mexico and from the Blanchard mine, New Mexico, 
USA. Botryoidal aggregates, weighing up to 100 kg 
(220 1), were found in the Morning mine, Mullan, 
Tdaho, USA, 


Plaxerite, 190 mom, Map. Mexico 
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Pyrolusite 
Hino 
TETRAGONAL seee 
Properties: C - Back, stelgray, § — black: L 
aetai dull; D~ opaque: DE ~ 5.1; H~ 6-65; 
CCL perfec; F uneven: M ~ prismatic to acicular 
Sriated crystals, stalactiie and’ Botrydal ag 
tes, granular, massive 

Grigin and occurence: Secondary, a result of ako- 
faion of manganite and other primary Mn mineral, 
Blko hydrothermal Crystals up to 20 sam (sn ong 
feane fom Homi lata, Czech Republic. Radial 
Shiny ageegatc were found in Ohrensiock, Germany 
Itocurred in fel Germany. too, Large sedimentary 
Mn deposi, whore pyolst is he main constituent, 
are known near Chiaturi, Gcorgia or near Nikopol, 
Ukraine. Crystals are repored: also from Tsumeb, 
[Namibia and Hotze, South Ais. 

Application: important Mn ore, 


Hollandite 
Battal ant) 90, 


MONOCLINIC eee 
Properties: C~ gray-black; S black; L submetalic; 


D—opaque; DE~ 5; H~ 6: CL ~ good; M — shor pris- 
mati crystals, racemous and columnar aggregates. 


(Origin and occurrence Metamorphic in Mn depo 
‘is with braunite, scheelite and other minerals, also 
‘secondaty. Crystals up to 5 mm (/ in) long come 
from the Bradshaw mountains, Arizona, USA. It is 
‘common in the metamorphosed Min deposits in 


Utes, Sweden; in Nagpur and Balaghat, India. 
Coronadite 
Po(Mn#t Mn? )gO16 


TETRAGONAL o0e 


Properties: C - black, black-pray: S ~ brown-black: 
L—submetallic to dull; D opaque: DE - 5.4; II - 
4.5.5.5: M~ botryoidal crusts wit fibrous structure, 
Origin and occurrence: Secondary in the oxidation 
‘zone of Mn deposits. Spherical aggregates upto 100 

diameter come from the Bou Tazault 
‘Morocco, Small crystals were found in 
the Beltana mine, Southern Australia, Australia and 
inthe Silver Bill mine, Arizona, USA. 


Todorokite 
(tin?*.ca.Mg)Mn4¥ 307. HzO 
MONOCLINIC eee 


Properies: C~ gray. brown-black, black; S ~ brown; 


{L— metalic to dull D ~ opaque; DE - 35-38; H~ 1: 
CL ~ perfect, M’~ platy crystals, stalacttie and 
nodular aggregates. 

(Origin and occurrence: Secondary mineral asa result 
‘of the oxidation of Mr minerals. Crystals are reported 
fiom several mines in the Kalahari region, South 
‘Affica (Hotazel, Smart), It was originally described 
fiom the Todoroki mine, Hokkaido, Japan, tt is an 
important constituent of oceanic Mn concretion, 


Ferrotapiolite 
Feta 


TETRAGONAL eee 


Properties: C—black. brown: V — red-brown: L—sub- 
‘metalic, adamantine, resinous; D ~ opaque: DE ~ 7- 
7.8; H~ 6.65; CL ~"none; F — uneven to conchoidal: 
'M~ dipyramidal and shor prismatic erystals, massive. 
Origin and occurrence: Magmatie in pegmatites. 
together with manganotantaite microite,eassiteite 
and other minerals. Crystals up 10 40 mm (1%/.in) in 
‘ize are known fom the vicinity of Governador 
Valadares, Minas Gerais, Brazil. A erystal 120 mm 
(8% in) Tong has been described from Angarf, 
Morocco. Short prismatic crystals come from 
‘peymatites near Topsham and Pats, Maine, USA. 


Mmenorutile 
(TAND FeO 


TETRAGONAL eee 


Properties: C black: §— brown; L.~ submetalli; D 
= opaque; DE - 4.2: H ~ 66.5; CL ~ good; F~ con- 
choidal to uneven; M - prismatic erystals, granular 
Origin and occurrence: Magsratic in’ pegmaties, 
together with schorl, zircon, fluorapatite and other 
‘minerals. Prisms several em long come feam Udraz 
sear Pisck, Czech Republic, Is also known from the 
vicinity of Miass, Ural mountains, Russia and Evje, 
Norway. 


menor Hmm x, Pisek, Cetch Repubiie 
plssiab we 
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Lifted Pad 

This photo shows a solder pad that has 
become detached from the surface of the 
circuit board. This most often occurs when 
trying to de-solder components from the 
board. But it can result simply from overworking 
the joint to the point where the adhesive bond 
between copper and the board is destroyed. 


Lifted pads are especially common on boards 
with thin copper layers and/or no through- 
plating on the holes. 
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Anatase 
© 


TETRAGONAL eee 


Propenies: C—black-gray, brown, red-brown, blue, 
rare colorless; S— white; L— sulbmetallic to adaman- 
tine; D~ transparent to opaque; DE ~ 3.8-4; H -5.5- 
6; CL ~ perfect: F ~ conchoidal: M ~ dipyramidal 
and tabular erystals 

(Origin and occurrence: Hydrothermal in the Alpine- 
type veins, associated with brookite and quart, also 
sedimentary and metamorphic. Beautiful crystals up 
‘o 50 mm (2 in) long were found in Alpa Lercheltini, 
Binntal, Switzerland, Famous black-blue crystals 
reaching up 10 30 mm (Vs in) come from Mats- 
kothae, Hardangervidda, Norway. Crystals up 10 15, 
‘um (1s in) were recently found in Dodo, Polar Ural. 
Russia Crystals upto 30 mem (Vein) in size occurred 
inthe Old Lot and Valean mines, Colorado, USA. 


Tellurite 

20, 

ORTHORHOMBIC ee 

Properties: C ~ yellow, yellow-orange; S - 


yellowish: L ~ adamantine: D — wansparent: Di 
Anatase. 16 mn Hardangorvidda. Norsay 


5.8 H — 2; CL — perfect: M ~ acicular and thin 
tabular erysal, radial aggregates, pulverulent. 
Origin and occurrence: Secondary, resulting From 
the oxidation of AuBTe ores. Crystals up to [0 mm 
Ch in) long occurred in the Kawazu and Susaki 
‘mines, Japan. Beautiful specimens were found in 
Moctezuma, Sonora. Mexico: it also comes from 
Cripple Creek, Colorado, USA, 


ORTHORHOMBIC ee 


Properties: C light to dark brown, yellow-brown, 
black; S~ white to gray: L submeuallic to adaman- 
tine; D — transparent fo translucent, opaque: DE 
4.1; H~ $.5-6; CL — imperfect; F ~ conchoidal to 
‘uneven; M~ tabula, dipyramidal, long and short 
prismatic crystals. 

Origin and occurrence: Hydrothermal along the 
fissures of the Alpine-type veins and in granitic and 
alkaline pegmatite it occurs as pseudo-morphs after 
titanite and ilmenite; also in sedimentary rocks. Perfect 
tabular erystals up to 50 mm (2 in) in size found in 
Rieder Tobel, Switzerland: Magnet Cove, Arkansas. 
USA: Passo di Viza, fal. New finds oferystal up 1 
‘50 mm in size made in Dodo, Polar Ural, Russia. 


rookie. $0 mm. Puva, Polar Urals Russia 


MONOCLINIC eee 
Properties: C— black: S— brovn-black to black; L— 
submetallie; D~ opaque: DE ~ 7.5; H ~ 44.5; CL ~ 
perfect; F — uneven: M — shor prismatic to tabular 
crystals. granular, massive. 
Origin and occurrence: Hydrothermal in high- to 
rmedium-temperature ore veins, in greisens and 
fe magmatic in granitic pegmatites and 
it algo occurs in placers. I is usually 
associated with cassiterite, scheelite, sulfides and 


Ferber, 68 mm. Mundo Nuon, Peru 


quartz. Perfect tabular crystals up to 120 mm (476 
in) in size found in the Quartz Creek mine, Colora- 
do, USA; also in Cinovee, Czech Republic: 
Panasqueira, Portugal; Ehrenfriedersdort. Ger- 
‘many and Potosi, Bolivia. 

Application: W ore, 


Hubnerite 
Ma WOg 


MONOCLINIC eee 


Properties; C— yellow-brown, red-brown. black; S ~ 
yellow-brown to black-gray; L — submetallic; D — 
itanslucent to opaque; DE ~ 7.2; H ~ 44.5; CL — 
perfect; F ~ uneven; M ~ short prismatic to tabular 
‘crystals, granular, massive. 

Origin and occurrence: Hyérothermal in high- to 
rmedium-temperature ore veins, in greisens, rarely 
‘magmatic in granitic pegmalites: aso in placers, 
Perfect tabular to short prismatic erysals up 10 25, 
‘em (9%» in) in size, come from the Huayllapon 
rine. Pasto Bueno, Peru; also from Baia Spri, 
Romania; Kara-Oba, Kazakhstan; the Sweet Home 
rine, Alma and Silverton, Colorado, USA. 
Application: W ce. 


Hubert 39 mm, Siverton USA 
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Tusnowodgiie. 20 mm, Tanco. Canada 


Titanowodginite 


MoTiTa305 
ORTHORHOMBIC @ 


Properties: C~ dark brown, black; $ — dark brown: 
|L~submetalic; D~anslucento opaque; DE~ 69: 
Hi ~ 3.5; CL'— imperfect: F — uneven; M ~ 
Aipyramidal crystal, granular. 

Origin and occurrence: Magmatic in granitic 
egmatites. Dipyramidal erysals up 10 10 mm (in) 
Tong oceur in the Tanco mine, Bernic Lake, 
Manitoba, Canada, 

Application: Ta or, 


Ferraclumbite 90 mm, Middletown, USA 


Ferrocolumbite 
FeNb0% 
ORTHORHOMBIC #88 
Properties: C — black, red-brown: $ ~ red-brown to 
black: L ~ submetallie; D ~ translucent to opaque; 
DE = $2; Hl ~ 6, CL ~ good: F — uneven 10 
‘conchoidal: M — long to short prismatic and tabular 
‘crystals, granular. massive 

Origin and occurrence: Magmatic in granitic peg- 
mmatites and granites; rare hydrothermal in high 
Temperature ore veins and in greisens; also in 
placers. Tabular crystals up to | m (39% in) in size 
‘ccur in granitic pegiratites near Custer and Key- 
‘tone, South Dakota, USA: in Malakialina, Mada- 
gascat; Ichikawa, Japan: masses, weighing up to 270 
kg. (594 Ib) come from the Meyers quarry, Colorado, 
Usa. 

Application: Nb ore. 


Manganotantalite 
mong 


ORTHORHONBI 


Properties: C— red, red-brown, black-brown, black: S 
dark red 1 black; L~ submetalic: D~ translucent 
‘opaque; DE 8.0: H - 6-6.5; CL — good; F ~ uneven 


Monganotantalie. 19mm Nurison. Afehanisan 


to conchoidal: M — prismatic to tabular crystals, 
‘granular, massive 

Origin and occurrence: Magmatic in granitic peg 
matites and granites also in placers, Crystals up to 
100 mm (4 in) in size come from Li-bearing peg- 
matites in the Tanco Minc, Bernic Lake, Manitoba. 
Canada; also from Sao Jose da Safir, Minas Gerais, 

i 
Application: Ta ore 


Euxenite-(¥) 

(6 Ce.U.TH) (NB TA.THO 
ORTHORHOMBIC 88 
Properties: C— back with brownish and green hues: 
Sgn, yellowish, brownish: L_~ submealc, 
‘resinous: D~ translucent to opaque: DE—4.6: H— 6; 
‘CL none: F ~ conchoidaly M ~ tabular crystals 
franular, massive: R ~ locally weakly radioactive, 
‘commonly metamic. 

Origin and occurrence: Magmatic in granitic and 
alkaline pegmalites; alsin placers. Typically 
associated with monaziteCe), zircon, ilmenite and 
‘other oxides of rare eath elements. Crystals up 10 
150 mm (6 i) in size are known fom Keagero and 
Hiner, Norway: from Ankazobe, Madagascar. 


Aeschynite-(Ce) 
(Ces€s) (TN )20% 


ORTHORHOMBIC ee 


Properties: C ~ black. red-brown, yellow: S — rede 
yellow: L ~ vitreous, resinous, adamantine; D ~ 
‘ranslucen to opaque: DE — 5.0; H -$.5;CL— none: 
F ~ conehoidal: M ~ prismatic and tabular crystals, 
‘granular, massive: R— locally weakly radioactive, 
‘commonly metamict. 

Origin and occurrence: Mageatic in alkaline and 
‘granitic pegmattes and carbonattes. Its associated 


‘with zircon and oxides of rare earth elements, 
Caystals up to 190 mm (7 in) long occur in 
Quadeville, Ontario, Canada; other localities are 
Kragero, Norway; Trout Creck Pass, Colorado, USA. 


Stibiotantalite 
SbTAO4 
ORTHORHOMBIC ee 
Properties: C = yellow, yellow-brown, red-brown, 
yellow-green; § — yellow-brown; L ~ submetalli 
‘vitreous, resinous; D ~ transparent to translucent; 
DE ~ 75; H— 5-5; CL ~ good; F ~ uneven to 
‘conehoidal: M ~ prismatic, tabular and dipyramidal 
crystals, granular, massive, 

Origin and occurrence: Magmatic in grasitic 
pegmatitcs: also in placers. Crystals up to 120 mm 
(Wh in) in size occur in Muiane, Alto Ligonha, 
“Mozambique: also found in the Litle Three mine, 
Ramona. and the Himalaya mine, Mesa Grande. 
California, USA. Also known from Greenbushes 
‘Western Australia, Austral 

Application: Ta fe 


Subionamalite, 10mm grain, Debra Yoda, Coech Republi 
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Uraninite 
Yor 
cusic seee 
Properties: C— black, black-brown, black-gray; S ~ 
black, black-brown to greenish: L~ submealic. 
‘greasy, earthy; D — opaque; DE - 7-5-10,6; H - 5-6. 
earthy aggregates 3; CL ~ imperfect: F~ uneven to 
conchoidal: M — cubic crystals, botryoidal aggre- 
gates, granular. massive: R ~ strong radioactive. 
(Origin and occurrence: Mainly hydrothermal in ore 
veins, skarns: magmatic in granitic pegmattes: in 
sedimentary rocks; also in placers 


rane, 8 moe x, Furlan, USA. 


usually associated with other U minerals, eg 
coffinite and secondary alteration products, maialy 
'U micas, Perfect erystals upto 100 mm (4 in) in size 
and weighing up to 2.5 kg (S lb 8 oz) come from the 
Fissure mine, Wilberforce, Ontario, Canada, where 
they occur in simple pegmatites, cross-cutting 
‘marbles. 

Ceysials are also knowin from Dieresis, Spain and 
Shinkolobwe, Zar. Rich botryoidal aggregates were 
found in Jachymov and Slavkoviee, Czech Republic; 
in Bois-Noirs and Margnac, France, 

Application: U or. 


Gibdsite. 8 mo. Gamba, Brazit 


Gibbsite 
ANON) 


Diaspore 
AIO(OH) 


MONOCLINIC eee 
Properties: C— colores, gray, white, greenish; S— 
white: L— vireo peaeye 1) — transparent 
iansivcent DE~ 2.4; H= 2535; CL~ perfect F— 
uneven; M ~ tabular erystls, lamellar and earthy 
sageregates, coatings and stalacite fils, ranula, 
massive 

Origin and occurrence: Hydrothermal as a product 
fof alteration Atrich rocks: secondary in the 
‘oxidation associated with goctite; metamorphic in 
weakly metamorphosed Alich rocks ypieally with 
Aiaspore: a consitcnt of bauxites, Tabular erysals 
‘up 10100 mm (4 in) in size were found in Zlatous, 
Ural mountains, Rusia: also in Villa Rica, Minas 
Gerais, Bra. 


Brucite 
Maton 
TRIGONAL eee 
Properties: C ~ colores, gray, white Bush, Bue, 
yellow, brown: $ white: L~ vitreous, pearly. D~ 
iransparent to translucent, DE ~ 24: H = 25; CL 
perfect F uneven; M~ tabular erysals, foliated, 
Seicular and earthy agerenaes, granular, massive 
Origin and occurence: ytrothermal in eins in 
serpentinites or dolomitic marbles. 2 product of 
pense alleaion. rare metamorphic in skams and 
marbles. Perfect crystals up to 18 em in size, come 
fom the Low's mine, Pnsyhaia andthe Til Foster 
mine. New York, USA; also known fom Asbestos. 
Quebec. Canada: Predazzo. the Alps, Hal; blue 
exysals up to 50 mm (2 in) i size were found in the 
Bazhonovskoye deposit. Aebest, Ural mountains, 
Russia 


ORTHORHOMBIC eee 
Properties: C ~ eoloriess, gray, 
yellowish, pink, purmlish: 8 ~ whi 
pearly; D transparent to translucent; DE — 3.4; H— 
65-7; CL ~ perfect; F ~ conchoidal; M ~ tabular 
crystals, foliated aggregates. stalacttic films, 
‘granola, massive. 

Origin and occurrence: Hydrothermal as a product 
‘of alteration Al-rich minerals, c.g. andalusite 
typically with pyrophyllite and’ corundum; meta: 
‘morphic in Al-rich rocks: a constituent of bauxites. 
“Tabular crystals up to 120 mm (47s in) in size come 
fiom Menderess, Turkey: also ftom Naxos, Greece; 
(Chester. Massachusetts, USA. 


iaspore, 38m, Milas, Turkey 


Gogthite 
Fel*O(0H) 
ORTHORHOMBIC ee eee 


Varieties: velvet ore 


Properties: C~ black-brown, yellow-brown. brown: 
S — yelloy-brown; L~ submetallic, metalic. silky, 
‘earthy; D ~ translucent to opaque: DE ~ 4.3; H~5- 
5.5; CL ~ perfect; F ~ uneven to conchoidal; M 

acicular to prismatic erystals, bouryoidal aggregates, 
commonly with radial structure, coatings and 


Lepldocrocie. 30 mm, Rudabanva, Hungary 


alactte films, earthy, granular, massive. 
Origin and occurrence: Secondary as one of the 
‘ost common minerals ofthe oxidation zone of ore 
deposits, it forms a significant part of limonite: 
‘hydrothermal in ore veins, in cavities in pegmatites 
Aand_voleanie rocks. 1t forms pscudo-morphs after 
pyrite and other Fe sulfides. Rick botryoidal 
aggregates of velvet ore with a velvety surface come 
from Pribram, Czech Republic; acicular crystals up 
{0 50 mm (2 in) long are known from Botialack and 
‘Redruth. Cornwall, UK: it alsa oceurs in Siegen and 
Horhausen. Germany; in Florissant, Colorado, USA. 
Application: Fe or. 


Manganite 
tn}#O(OH) 


MONOCLINIC @@ 


Properties: C~ black to black gray: S~ red-brown to 
black: L~ submetalic to dull: D~opaque: DE~ 4.3; 
H.— 4, CL perfect; F~ uneven to conchoidal: M ~ 
long to short prismatic crystals, acicular and earthy 
agaregaes, concretions, granular, massive. 

Origin and occurrence: Hydrothermal in low 
temperature ore veins, together with quartz; secon- 
dary in the oxidation zone of ore deposits; sed- 
mentary and rare metamorphic in Mn-ich rocks. 
Druses of black erysals up to 40:mm (1% in) long 
come from the clasic locality lfeld, Germanys it 
also occurs in Obrenstock and timenau, Germany it 
Nikopol, Ukraine; in Sterling Hill, New Jersey, 
USA! in the N'Chwaning No. 2 mine, Kurumat 

South Arica 

Application: Moore. 


Lepidocrocite 
FeFO(0H) 


ORTHORHOMBIC ee 


Properties: C ~ dark rod to red-brown; § orange to 
briek-red; L~ submetallic, adamantine to silky; D 
transparent o opaque: DE ~ 4.0; H ~ 5; CL — perfect; 
F — uneven to conchoidal; M — tbular 10 short 
prismatic crystals, acicular, bladed and earthy 
‘aggregates, concretions, granular, massive. 

(Origin and occurrence: Secondary in the oxidation 
zone of ore deposits, overgrown on botryoidal 
fpocthite. Tt occurs together with goethite as 2 
Constituent of Timonite. its tabular crystals and their 
aggregates are knovn from Herdorf, Germany and 
Rancie, France. 


Mangan. 85 mm. lel, Germany 


Lithiophorite 
(AuLyein#¥0,00H)) 


Curite 
PpUsO)7 4 Ho 


MONOCLINIC eee 


Properties: C - black, commonly with bluish tint; 
$~ black-gray to black: L - metalic co dull; D — 
‘opaque: DE ~ 3.3; H~3; CL ~ perfec; F ~ uneven: 
M ~ scaly crystals, botryoidal and earthy aggregates. 
coatings, granular. massive, 

(Origin and occurrence: Secondary in the oxidation 
zone of ofe deposits and along the cracks in 
Sedimentary rocks. Botryoidal aggregates occur in 
Schnecberg. Germany; Jivina and Zajecov, Czech 
Republic; Miyazaki, Japan. 


Lihiphorive 60 mm. Rangersdor. Germany 


ORTHORHOMBIC 


Properties: C ~ dark orange to red-orange; Slight 
range; L — adamantine to earthy; D — transparent to 
translucent: DE ~ 74; H~4-5; CL~ good: F ~ uneven; 
M — acicular crystals, carthy aggregaics, coatings, 
massive: R ~ strong radioatve. 

Origin and oceurrence: Secondary in the oxidation 
‘one of U deposits, associated with other secondary U 
‘minerals, eg. torberite, kaslite and uranophane. 
Rich agaregates were found in Shinkolobwe, Zaire; 
also known from La Crouzile, France; South 
Alligator, Northern Territory, Australia, 


Cute. 30 mm, Shnkolobwe. Zar 


m 


5. Carbonates 


Magnesite 
MgCO3 


TRIGONAL seee 


Properties: C ~ colorless, white, yellowish, 
brownish black; $— white: L~ vitreous 1 dull; D— 
transparent; DE ~ 3.1; H~ 4 CL perfect: F- con- 
choidal: M ~ rhombohedral and prismatic erystals. 
massive cleavable aggregates cathy; LU ~ oceasio 
nally blue or green, 

Origin and occurrence: Rarely magmatic, mainly 
hydrothermal metasomatic and metamorphic. ‘The 
largest erystals are known from Brumado, Bahia, 
Brazil, reaching up to | m (39% in) insize, embedded 
‘in metamorphosed dolomites. Crystals in cavities in 
the same locality are up to $O mam (2 

crystals up to $0 mm (2 in) found 

quarries, Spain, Crystals up 10 10 mm ¢ 

come also from Val Malenco, Haly. It prevails 2s 
massive aggregates, forming huge deposits. like 
Veitsch, Austria; Ligo-Tung, China. Many deposits 
are located in Slovakia (Jlsavska Dubrava, Hasta), 
“Application: heat-resistant material. 


Calcite. 40 mm, Houghton Co. USA 
Magnesite. 148 mn. Brumade. Brazil 


Smithsonte. 32 mo, Teume. Namibia 


Smithsonite 
%nOy 


TRIGONAL eee 


Properties: C ~ white gray, green, pink, blue: 
‘white: L— vitreous 10 pearly; D~ transparent to 
translucent, DE ~ 4.4: H ~ 4-5; CL ~ perfect: F = 
‘conchoidal to uneven; M — rhombohedral erystals, 
‘botryoidal and stalacitic aggregates. massive; LU — 
sometimes green or blu. 

‘Origin and occurrence: Supergenc, a8 a result of oxi- 
dation ofthe primary Zn ores, associated with other su- 
pengene Pb minerals. The largest yellow scalenobedea 
Erystals up to 40 mem (I"'a in) in size eome from Bro- 
ken Hill, New South Wales, Australia, Pink erystal, up 
{0 30 mm (IZ in) long occured in Tsumeb, Namibia, 
‘World famous blue-green botryoidal erusts up to 100 
sn (4 i) thick found inthe Kelly Mine, Magdalena. 
New Mexico, USA, Nice aggregstes and banded 
stalactites described ftom Monte Poni Sardinia, lial. 


‘Smitsonite 40 mm. New Mexico. USA. 


ns 


Repairing a Lifted Pad 
It may not be pretty, but a lifted pad can usually 


be repaired. The simplest repair is to fold the 
lead over to a still-attached copper trace and 
solder it as shown to the left. If your board has 
a solder-mask, you will need to carefully scrape 
off enough to expose the bare copper. 


Other alternatives are to follow the trace to the 
next via and run a jumper to there. Or, in the 
worst case, follow the trace to the nearest 
component and solder your jumper to the leg 
of that. Not exactly pretty, but functional. 


Stray Solder Spatters 

These bits of solder are held to the board only 
by sticky flux residue. If they work loose, they 
can easily cause a short circuit on the board. 


Repair: These are easy to remove with the tip 
| of a knife or tweezers. 
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‘Siderte, 26 me. Governador Veladore, Brasil parted = uneven to eoncikdl t — ocibotiodea 
crysials, granular, massive. 

Origin and occurrence: Hydrothermal in medium- 
and low-temperature deposits, sedimentary. Crystals, 
up to 40 em long found in Mont St-Hilaire. Quebec. 
Canada, Crystals up to 100 mm (4 in) in size come 
from Panasqueir, Portugal. Crystals up to 30 mm 
(a in) in size "occurred in. Neudorf, Germany. 
Rhombs upto 20 mm (/s in) also found in Pribram, 
Czech Republic. Pscudo-morphs of goethite afer 
siderite up to 70 mim (2¥4 in) across described from 
Pikes Peak, Colorado, USA. Deposits of massive 
siderite in Ercberg. and Huttenberg, Austria yielded 
crystals up to 50 mm (2 in) long. Fine crystals 
feported from Tavistock, Devon and Redruth, 
Commwall, UK. 

Application: important Fe ore. 


Sfaerocobaltite 
coco. 


TRIGONAL oe 


Properies: C ~ pink, gray, brown: $ ~ red; L 
vitreous; D ~ transparent to translucent; DE ~ 4.1; H 
i: CL — perfect; M - scalenohedral and 


Siderite rhombohedral crystals. radial aggregates. massive. 
FecOy Origin und vccurrence: Secondary as 2 product of 
— tte oxidation of primary Co minerals. The best 
TRIGONAL eeee specimens, with crystals upto 30 mm (1% in) long, 


‘come from Zaire (Musonoi; Kakanda). Crystals up 
Properties: C ~ yellow, brown, black; S ~ yellowish- to 10 mm (4 in) long known from Bou Azzer, 
white; L = vitreous; D~ translucent; DE—4: H-4;CL_— Morocco. 


Rhodochrwite, 117 mm. Sweet Home Mine, USA. 


Rhodochrosite 
Macos 
TRIGONAL eeee 
Properties: C—white, pink, red, brown, locally black 
coatings on crystals: § ~ white; L ~ vitreous; D ~ 
‘ranspareat to translucent; DE ~3.6; H~ 3.54; CL— 
perfect; F ~ conchoidal fo uneven: M ~ rhombohe- 
ral and scalenohedeal crystals, hemispherical and 
botryoidal aggrepates, granular. massive, 

Origin and occurrence: Only rare in pegmatites, 
hydrothermal in medium-and low-temperature veins, 
sedimentary and metamorphic. The most beautifel 
eystals come from the Sweet Home mine. Alm 
Colorado, USA, where rhombs up to 150 mm (6 in) 
in size occur, associated with purple Auorte, hubne= 
Fite, tetrahedrite and other minerals. Beautiful dark 
red scalchohedra, up to 100 mm (4 in) found in the 
N'Chwaning No.l and 2. mines, Kuruman, South 
Africa. Pink chombs up to $0 mm (3% in) come from 
Silverton, Colorado, USA. Nice pink hemispheres 
and botryoidal aggregates are known from Cavnic 
and Baia Sprie, Romania. Similar specimens occur 
red in Huaron, Peru, Pink banded crusts and stalac- 
tes were found in the Mina Capillitas, Catamarca 
‘Argentina. Pink rhombs, associated with berirandite, 
‘were lately found in Kounrad, Kazakhstan, 


Rhodochroste, 70mm, Mina Caples, Argentina 


us 


Caleite. 150 mm, Elmsvod Mine, USA 


Calcite 
acs 


TRIGONAL eeeece 


Properties: C colorless, white, gray, yellow, brown, 
pink, ed. bie, green. black: S~ white; L vitreous 
to pearly; D ~ transparent to opaque: DE 2.7; H ~ 
3: CL ~ perfect; F — conchoidal. M ~ crystals of 
various habit, ‘coneretions, stalactites, oolitic 
aggregates, granular. massive; LU ~ sometimes red 
toorange. 


Clete, 30 mm, Tunguck, Rusia 


Origin and occurrence: One of the most common 
‘minerals, resulting from a wide range of conditions, 
it is magmatic, hydrothermal, sedimentary, meta- 
‘morphic and secondary, it occurs in various para- 
igencses, Large erystals found in many localities 
‘throughout the world. Pinkish and yellow crystals 
‘over 500 mm (20 in) long come from Joplin. 
Missouri and from the Elmwood mine, Tennessee, 
USA. Beautiful calcite crystal, crytallographically 
fof very complex habits, found in Dalnegorsk, 
Russia. Nice calcite specimens occurred also in 
Mexico (Naica, Chihuahua: Chareas, San Luis 
Potosi). European localities, like Pribram, Czech 
Republic; St. Andreasberg. Germany: Kongsberg. 
Norway are famous by their calcites, too. Wine 
yellow, complicated crystals are known from the 
Sarbayskoye deposit in Rudnyi, Kazakhstan, Clear 
cleavable aggregates of the birefringent calcite (s0 
called leeland spar) were found in basalt cavities in 
Hlgustadir, Iceland. The largest of them reached up 
fo 6 x 2m (20 x 6 6 in) in size. Very rice 
sealenohedra up to 80 mm (3% in) long with copper 
inclusions occur in Keweenaw Peninsula, Michigan, 
USA. Perfect scalenohedra and their twins up to 100 
‘mm (4 in) long are known from Egremont and 
Frizington, UK. Beautiful buterfly twins up t0 80 
‘mm (3% in) recently reported from Guiyang, Hunan, 
China. Crystals ofealite with sand inclusions up to 
100 mm (4 in) in size come from the vicinity of 
Fontainebleau, France, 

Application: bung industry, optical industry. 


Dolomite, 33 mm x, Navarro, Spain 


Dolomite 
CaMg(COs)2 


TRIGONAL e8eee 
Properties: C~ gray-white. pink, re green, brown, 
Black: S — white; L — vitreous to pearly; D - 
transparent fo translucent. DE ~ 29: 11 ~ 3.5; CL. 

perfect: F —conchoidal: M- rhombohedral erystals, 
Origin and occurrence: Magmatic in pegmattes, 
hydrothermal, metasomatic, sedimentary and meta- 
‘morphic, together with siderite. magnesite, calcite 
and other minerals. Crystals up to 100 mm (4 in) 


Anterie. 20-mm xx Roudny Ceech Republic 


Jong found in Brumado, Bahia, Brazil Fine crystals 
also occurred in Banska Stiavnica, Siovakia and in 
‘Cavnie, Romania. Crystals up to 200 mm (7 in) in 
size come from Eugu, Spain. Crystals up 0 150 mm 
(6 in) long found in eavites in dolomitic rocks in 
Lengenbach, Binal, Switzerland. Crystals several 
‘em long known from Jachymoy, Czech Republic 
Large accumulations of massive dolomite are 
‘common in magnesite deposits. 

Application: metallurgy. heat-resistant material, 


Ankerite 
GaFe(COs)2 
TRIGONAL eee 
Properties: C~ white. yellowish, brown-yllow: S 

wit: viteous to pearly: D~ ransicen, DE 

5: — 35-4 CL ~ perfec: F — conchoidly M— 
‘ombohedral crysis gransar 

Origin and ecearrenes Hydroibermal in medium 
tnd low-tempenture veins, also sedimentry and 
metamorphic. together with siderite and. other 
tiers. Crystals up $0 rm (2) occurred inthe 
Tui mine, New Zealand. Brown rhombs upto 40 mm 
(he in) in size known from Gilman, Colorado, 
USA. Yellowish erysials yp 10 mm (in) come 
from concretions near Kisdno, Czech Republi 
Massive agarepites are common in melasomalic 
deposits ofsidente (eg Nia Slana. Slovak) 
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-Kutohorite. 60mm. Kuta Hora Czech Republic 


Kutnohorite 
Cato(COs)2 


TRIGONAL 96 


Properties: C ~ white, gray, pink, yellowish: S — 
White: L~ vitreous: D ~ translucent; DE ~ 3.1; H— 
3.5-4, CL — perfect: F — conchoidal: M ~ poocly 
developed erystals, granular, massive. 

Origin and eccurrence: Hydrothermal and metamor- 
‘hie, associated with ankerite, quartz and other mine- 
tals. Poorly developed crystals are knovn from Kut- 
‘na Hora, Czech Republic. Small crystals several mm. 
in size are deseribed feom Mont St-Hilaire, Quebec, 
‘Canada. Large crystals occurred in Moncure, North 


aragonite, 49m Toute, Morocco 


Hate, 110 mm Kolin, Cook Republic 


Carolina, USA. Small gray-white crystals were found 
in Broken Hill, New South Wales, Australia. 


Huntite 
CaMe(CO3)2 


TRIGONAL e@ 


Properties: C — white: § ~ white; L ~ earthy; D 
opaque; DE — 2.7; H - 1.8; CL ~ none; F — 
conchoidal: M-~ fibrous aggregates. earthy. 

Origin and occurence: Secondary mineral resulting 
from the oxidation of dolomite, associated with 
‘magnesite and dolomite. Fine fibrous aggregates come 


les fort, 110 mm. Ererg, Atria 


from Koksin, Czech Republic also occurs in the Ala- 
Mar deposit, Nevada, USA. Massive aggregates are 
known from the Boquira mine, Bahia, Brazil 


Aragonite 
exe 


ORTHORHOMBIC e eee 
Varieties: os ferr, hot-spring tua, peastone,tarno- 
Properties: C ~ colorless. white, yellow, reddish 
sreenish, purplish, bluish, gray: $ — white: L 


‘eaxtone 35 ms, Kalo Hay, Coch Republi 


‘vitreous; D~ transparent to opaque; DE ~3: H-3.5- 
45; CL~ imperteet; F conchoidal; M = prismatic 
crystals. oolitc, banded, columnar and dendritic 
‘aggregates, massive; LU ~ locally weak ercam 
yellow. 

Origin and occurrence: Primary as a late hydro- 
‘thermal mineral of high-temperature deposits more 
commonly secondary 2s a product ofthe oxidation 
of siderite and pyrite, It also. results from 
precipitation of thermal springs, itis sedimentary 
and metamorphic. Fine white prismatic erysals up 
to 70 mm (2% in) long found together with blue 
eelestite crystals in pania Dolina, Slovakia. 
Similar crystals come from sulfur deposits in 
Cianciano, italy and Tarnobraeg, Poland, Maybe 
the best aragonite crystals in the world are known 
from the gossan of the magnesite deposit in 
Podrecany. Slovakia, where druses of erystals up to 
200 mm (7% in) long were found. Wine yellow 
txystals up to 100 mm (% in) long occurred in 
cavities of voleanic rocks in Horenee near Bilina, 
Czech Republic. Those erystals were the only gem 
rough, sultable for facetting, in the world. Very 
ineresting copper pscudo-morphs after aragoni 
come from Corecoro, Bolivia. Banded and oolit 
‘aggregates found in Karlovy Vary. Czech Republic 
Dendritic aggregates from Ercberg, Austria and 
‘elsewhere are known as flos Feri 

Application: decorative stone, 
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Hardin Co, USA 


Strontianite 
SrCOy 
ORTHORHOMBIC @ @ 0 
Properties: C~ coloriess gray. yellowish greenish, 
reds, brown: §~ white L~ Viteous to resinous. 
D = eansparent to wanslucent, DE=38;H-3.5;CL 
~ perfect: F~conchoidal to uneven; M ~ prismatic 
4nd acicular crystals, columnar and fibrous aggre 
gates, massive earthy 

Origin and occurrence: Hydrothermal in low-tem- 
perature eins, in cavities of voleanic rocks, mainly 
Sedimentary, together with alcite and zeolites 
Crystals up to 80 ram (3% in) Tong occur near 


Itaberte 20 mm x Aiton Moor. UR 


Bleiberg, Austria, Smaller crystals known fiom 
‘Strontin, Scotland, Crystals up to $0 mm long found 
in marls in Ahlen near Minster, Germany. 


Witherite 
BaCO3 


ORTHORHOMBIC @ 


Properties: C~ white, gray, yellowish S ~ white; L 
= vitreous to greasy, D ~ vaslocent: DE — 43: H 
3.5; CL ~ good: F- uneven; M ~ pseudo-hexagonal 
‘pyramidal crystals, fibrous and botryeidal 
fageregates, massive. 

Origin and occurrence: Hydrothermal in low- 
temperature deposite with Nori, barte, ealeite and 
other minerals. Beautiful yellowish crystals up 10 
120 mm (4"sin) long come from the Minerva No.1 
imine, Cave-in-Rock, Mlinois, USA. Crystals. up to 
70 mm (2% in) in size occurred in Hexham and 
‘Alston. Moor, England. UK. Its pseudo-hexagonal 
crystals or botryoidal aggregates were very rare in 
Pribram, Czech Republic. 


Cerussite 

Pecos 

ORTHORHOMBIC eee 

Properties: C— cololess whitish, yellow, black: S~ 


‘white; L~ greasy to adamantine; D ~ translucent; DE 
= 66; H 3-35; CL — good; F - conchoidal: M ~ 


Cenuste, 92 mm, Team, Namibia 


prismatic and pyramidal erystals, common tilings 
fand (wins, granular, massive; LU — sometimes 
yellowish 

Origin and occurrence: Secondary mineral, result- 
ing’ from the oxidation of galena and other Pb 
minerals, together with pyromorphite, vanadinite. 
barite and other minerals. The best specimens come 
from Tsumeb. Namibia, where willings up 10 200 
ram (Tin) in diameter occurred. Large twins also 
known from Broken Hill, New South Wales, 
Australia. Beautiful erystals up to $0 mm (2 in) in 
size reported from Mibladen, Morocco. Fine erystals, 
up to 50 mm (2 in) long found in Stribro, Czech 
Republic. Typical white acicular crystals. up to 60 
1mm (2% in) fone come from the Flux mine. Arizona. 
USA. 


Barytocalcite 
BaCa(CO3). 

MONOCLINIC ¢@ 

Properies: C~cooress, whit, gay yellowish: S— 


colorless; L ~ vitreous to resinous; D~ vansparent to 
translucent, DE ~ 3.7; H ~ 4; CL ~ perfect: F ~ 


conchoidal to uneven: M ~ prismatic, often strated 
crystals, massive; LU ~ light yellow. 

Origin and occurrence: Hydrothermal in low-tempe- 
rature veins, together with calcite, barite and other 
minerals. Crystals several em in size and cleavable 
‘masses are knovsn from Alston Moor, Cumbria, UK 
Imperfect erystas about 10 mm (sn) in size oecur- 
red in Suibro, Czech Republic. It is also described 
{rom Freiberg, Germany and from Langban, Sweden, 


Barssocaleite, 52 mm Asin Moor. UK 
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Azurite 

€ux(COp (0H). 

MONOCLINIC sees 

Properties: C blue: $ ~ blue: L vitreous; D — 
transparent to opaque, DE 3.8: 3.5; CL 


perfect. F— conchoidat: M 
erystals,pulverulent, 
Origin ond occurrence: Secondary, sling fom the 
onation of Cu sulfides. muinly associated with 
tmalachite Crystals yp o 200 mm (7s) long come 
from Tsumeb, Namibia. Crystals from Tous Moe 
rocco reach upto 70 mm (2% in). Tabular crystals up 
{0 50 mm (2 in) in size found in Chessy near Lyon. 
France. Famous crystals upto 50 mm (2in) across oc- 
curred inthe Copper Queen mine in Bisbe. Arizona. 
USA. Fine azunte concretions with crystals on the 
surface come from La Sal, Utah, USA. Crystal ose 
tes reaching up to 130 mam (5% in) in size were 
found in the Yang Chweng Min. Guang Dong, China 
Application: Ci oe 


fabular and prismatic 


Malachite 
Cux(COsKOH)2 


MONOCLINIC eeee 


Pryperties: C ~ green; Slight grcen;L.— vitreous, 
dull earthy: D ~ opaque; DE ~ 41; H- 3.5-4; CL 


Malachite €3 mam Mashambu Wit Zair 


perfect; F — conchoidal 10 uneven: M acicular and 
prismatic crystals, botryoidal aggregates. stalactites. 
massive 

Origin and occurrence: The most common super- 
gene mineral of Cu, associated with azurite, cuprite 
and other minerals. Crystals up t0 30 mm (Pw in) in 
size oceur in Kambove, Zaire. Crystals upto 20 mm 
(sin) also found in Rudabsnya, Hungary, Pscudo- 
‘morphs afler azurite crystals up to 100 mm (4 in) in 
size known from Tsumeb: pscudo-morphs after 
ccuprite crystals up to $0 mm in size come from 
‘Onganja, Namibia. The blocks of handed malac 
weighing up to 250 tons . occurred in Mednorudn= 
Jansk, Ural mountains, Russia, Similar material in 
huge quantities come from many deposits in Shaba 


‘Malachite, 70 mm, Shab, Zar 


Rosse, 270 min, Gleeson. USA. 


province, Zaire, where stalactites up to $00 mm (20 
in) long were also found, 

Application; Cu ore, production of decorative objects 
and jewelry. 


Rosasite 

(CuZn)x(COsKOH)2 

MoNoctiNic ee 

Properties: C ~ green, blue: $ ~ greenish; D ~ 
‘opaque; DE - 40-42; H 4.5: CL - good: M small 
acieular crystals, Abrous and botryoidal crusts. 
(Origin and occurrence: Secondary, forming in the 


Uvivsincite, 65 mom Tiger USA 


‘oxidation zone of Cu and Zn deposits together with 
ther secondary minerals of Cu. Spherical aggre- 
sates of acicular crystals wp to 10 mm (% in) found 

Mina Ojuela, Mapimi, Durango, Mexico. Similar 
finds were made in Bisbee. Arizona, USA, 


Hydrozincite 
Zng(COp)lOH)g 
MONOCLINIC eee 
Properties: C— white, yellowish: §— white; L— pearly 
to dull; D ~ opaque: DE ~ 4; H ~2-25; CL— perfect, 
F —conchoidal: M ~ tabular crystals, massive, earthy: 
LU = leally Bue. 

Origin and occurrence: Secondary, resulting from 
the oxidation of sphalerite. together with cerussite, 
smithsonite and hemimorphite. Small crystals are 
known from Mapimi, Durango, Mexico. Spherical 
aggregates, several mm in diameter. were found in 
Sterling Hill. New Jerscy, USA. Stalactites and thick 
cnusis occurred in Long-Kieng, Burma, Crusts and 
stalactites were also described from Bleiberg. Aus 
tri: from Mezica, Slovenia and from Raibl, Italy. 


Aurichalcite 
GnCups(COs)KOHs 
ORTHORHOMBIC eee 
Properties: C ~ light green, blue-green. be; $ ~ 
blue-green; L~ sky to pearly: D ~ translucent; DE— 
4:H= 12; CL perfor M~aciulr ery, crusts 
Origin and currence: Secondary in te cxialon 
‘ane of Cu and Zn deposits in the aid climate, 
‘sociated with inate and other mineral. Lange 
Prismati cysts come from Mina jaca, Mapimn, 
Durango, Mexico, Nice rostes of ail erysal ae 
known fom Bisbse and fom the 79 mine. Banner 
ddl, Arizona, USA. Tt ko occured in Monepeni, 
Sardinia aly. 


Aurichoeite, 80-0, Arizona, USA 
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All of the Above! 
Don't panic. Take your time. Most joints can be 
repaired with patience. If the solder refuses to 
flow the way you want it to: 

1. Stop and let the joint cool. 

2. Clean and tin your iron. 

3. Clean off any burnt flux from the joint. 

4. Let the iron come back up to 
temperature. 
Then reheat the joint and try again. 


y 
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Dawsonite 
NaAKCO3(OH)2 


ORTHORHOMBIC eee 


Properties: C ~ colorless to white: S ~ white; L ~ 
vitreous; D - wansparent; DE ~ 2.4: H - 3; CL — 
perfect; M ~ acicular to blade-like crystals, radial 
aggregates 

(Origin and occurrence: Hydrothermal in low-tempe- 
rature deposits, associated with calcite, dolomite and 
other minerals. Fine acicularerystals up to 33 mm 
(hin) long come from Mont St-Hilaire, Quebec, 
Canada. Radial aggregates along the rock cracks 
were found in Dubnik and Ziata Bana, Slovakia. 


Bastnasite-(Ce) 
(Cesla)(COpF 


HEXAGONAL e00 


Properties: C ~ yellow to brown; S ~ yellow-brown: 
LL vitreous to greasy; D ~ translucent; DE—4.8-5.2, 


Bosonaste(Ce). 6 mm x Alege, France 


H ~ 445: CL ~ good: F — uneven: M— tabular 
‘crystals, granular, massive. 

Origin and occurrence: Magmatic in pegmattes, 
also metamorphic. together with allaniteCe) and 
‘other rare earth elements minerals. Crystals up to 
200 x 150 mm (T's x 6 in in size occur in Andeka- 
tany, Madagascar. Crystals up to 100 mm (4 in) long, 
{are knowin from Karonge. Burundi. Transparent 
‘rystals up o 25 mm (Iie) long were found recently 
in the Trimouns quarry. France. It forms important 
local deposits, as those of Mountain Pass. California, 
USA Application; ore of rare earth clements 


Parisite-(Ce) 
CaCex(CO3)3F2 


TRIGONAL ee 

Properties: C ~ brown, yellow-brown, gray-yellow: 

S$ ~ brownish; L~ vitreous to resinous; D — 

transparent to translucent: DE ~ 4.4; H ~ 4.5; CL — 
~conchoidal to splntery: M dipyramidal 

rystals. 

rig and occurrence: Magmatic in pegmatites. also 


Inydrothermal and rarely metamorphic, together with 
Dasinasite(Ce) and other minerals of rare earth 
clements. Crystals several cm long come from Quincy. 
Massachusetts, USA. Crystals up to 80 mm (3% in) 
long occurred in pegmatites near Hundholmen, 
‘Norway. Crystals up to 23 em (9 in) fong found in 
the Snowbird mine, Montana, USA. Transparent 
crystals up 10 15 mm (I's in) were lately reported in 
the Trimouns quarry, France. Very unusual association 
hhave been described from Muzo, Columbia, where 
crystals up to 80 mm occur together with emeralds, 


Phosgenite 
PEy(COs)ehy 


TETRAGONAL @ 


Properties: C ~ colorless, white. yellow-white, gray. 
‘brown $~ white; L~ adamantne, D transparent to 
translucent: DE ~ 6.1; H~ 2-3: CL ~ good: F — 
conchoidal: M ~ short to long prismatic and tabular 
crystals granular, massive: LU = sometimes yellow. 
Origin and occurrence: Secondary. resulting from the 
oxidation of galena, associated with cerusste and other 
secondary Pb minerals. Crystals up to 150 x 100 mm 
(6 x 4 in) across known from Montcponi, Sardinia, 
Italy. Crystals from Tsumeb, Namibia reached up to 
100 mm, Crystal upto 30 mm (1s in) in sie found 
{in Matlock, Derby, UK. Crystals up to 35 mm (Vs in) 
{ong occurred in the Mammoth mine, Tiger, Arizona, 
USA. 


Phosgene, 28 mm. Monteponi, aly 
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Bismutite 
Bi,0(C03) 
TETRAGONAL eee 
Properties: C~ yellow, brown, gray. blue, black: S~ 
‘white; L— vitreous, pearly to dull: D translucent to 
"1.7; H ~ 3,8: CL ~ good; M ~ 
I. radial aggregates, massive, pulverulent. 
(Origin and oceurrence: Secondary. originated from 


elogonite. 30 mm xx. Framcon Quarrs: Canada 


Gays. 30 mm, Natron Lake, Tonzonia 


the oxidation of Bi minerals, associated with 
bismuthinite and other minerals, It common from 
‘pegmattes in. Madagascar (Ampangabe) and in 
‘Mozambique, Large pebbles found in Kivu province, 
Zaire, It also occurred in Tasna, Bol 


Gaylussite 
Nagea(€03)2-5 Hz 


MONOCLINIC eee 


Properties: C— colorless, white, gray, yellowish: S 
colorless: L — vitreous; D — transparent to 
translucent: DE ~ 2; H ~ 2.3; CL ~ perfeet: F = 
‘conchoidal: M ~ lenticular to prismatic erystal, 
‘Origin and occurrence: Sedimentary, typical a con- 
stituent of salt sediments, Crystals up to 80 mm (3% 
in) long come from Scares Lake, California, USA. It 
also occurs in Borax Lake ‘and Mono Lake, 
California, USA. Large crystals are known from 
Amboseli Lake. Kenya. 


Weloganite 
NagSrg21CO3)4-2 Hz 


TRICLINIC @ 


Properties: C ~ white, yellow: S white: L ~ 
vitreous: D — transparent to opaque: DE ~ 3.2: H 
3.5; CL ~ perfect: F ~ conchoidal; M ~ pseudo- 
bhexagonalsriated erystals. 

(Origin and occurrence: Hydrothermal inthe alkaline 
rocks, together with zitcon, dresserite and other 
minerals. Crystals up to $0 mm (2 in) come from 
cavities inthe Francon quarry. Montreal: erystals up 
to 30 mm (1% in) are known from St. Michel, 
Quabec. Canada, 


Artnte, 10 mm, Five, Takes 


Artinite 
Mgx(CO; (OH), .3 0 


MONOCLINIC eee 


Properties: C — white; § — white; L ~ silky; D — 
transparent; DE = 2; H~ 2.5: CL ~ perfects M 
spherical, radial aggregate, veinlets, crusts. 
Origin and occurrence: Hyérothermal, originating at 
low temperatures in serpentinite, associated ith 


Zarate. 70 mom, Lancaster Co. USA. 


Hydrol 1 mm xx, Dunabogdins, Hungary 


‘magnesite, aragonite and other mincrals, Radial 
agetegates up to 20 mim (+r in in size occur inthe 
Gem mine. San Benito County. California, USA. 
Needles up to 20 mm (*%s in) long come from Val 
Malenco. Italy. Clusters of acicular crystals were 
found on Staten Island New York, USA. 


Properties: C ~ emeralé-green; $ ~ light green; L ~ 
vitreous to greasy: D — transparent to translucent: DE 
= 262.7; H ~ 35; CL ~ none; F ~ conchoidal; M ~ 
cxtalline crusts, stalactites, coatings. 

Origin ond occurrence: Secondary, originating from 
the. oxidation of Ni minerals, associated wi 
millerte, brocte and other minerals. It occurs as & 
product of the oxidation of Ni minerals in ultrabasic 
Focks in Kraubat and Stubachtal, Austria, Large 
geen coatings found in Hazlewood, Tasmania, 
‘Australia It eovers millrite needles inthe vicinity 
of Kladno, Czech Republic. 


Hydrotalcite 
MgAl(CO3)(OH) 16 4 H20 
TRIGONAL 08 


Properties: C ~ white; S white: L = peas to waxy; 
transparent; DE - 2.1; H ~ 2; CL — perfect; M— 
fibrous and layered aggregates, massive. 

Origin and occurrence: : Hydrothermal in ultabasic 
and metamorphic rocks. It occurred with serpentine 
in Nordmark, Norway and also found at Franklin and 
‘Sterling Hill, Now Jersey, USA. 
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Sich. 35 mm, Rouchovany, Czech Republic 


Stichtite 
MggCrp(CO3(OH))4 -4 HzO 
TRIGONAL oe 
Properties: C ~ pink to purple; S ~ white to light 
purple; L — pearly, waxy to greasy: D ~ translucent 
DE~ 2.2; H 1.5.2; CL — perfect; M — lamellar and 
ibrous augregates, massive 

Origin and occurrence: W occurs in serpentinites as 
scaly aggregates and_veiniets in Bou Azcer, 
Morocco: in Dundas. Tasmania, Australia and in 
Barberton, South Africa, 


Alumohydrcalee, 70 mw. Ladaniros, Slovtio. 


Alumohydrocalcite 
EaAlz(CO3)(0H)4 3 M20 


TRICLINIC ee 


Properties: C— white, gray: S— white: L— earthy: D 
‘opaque; DE - 2.2; H ~ 25; CL ~ perfect; M — 
chalky aggregates, consisting of acicular crystals. 
Origin and occurrence: Secondary, associated with 
alophane and other minerals. It was described from 
the Khakasy depesit, Siberia, Russia, where it 
originates from the oxidation ‘of alophane. Nice 
white radial aggregates occurred along the eracks in 
shales in Ladomirovo, Slovakia 


Ancylite-(Ce) 
Sry(Ces.ag(COs)7(OHN4 3 HO 


ORTHORHOMBIC ee 


Properties: C ~ colorless, yellow, yellow- brown, 
light purple, brown; S ~ white; L~ vitreous to grea 
sy; D~ tansparent to opaque: DE ~ 4: H~ 4-45, CL. 
— none: F ~ splintery; M~ short to long prismatic 
and pscudo-octahedral crystals 

Origin and occurrence: Hysathermal in alkaline 
focks. associated with nepheline and other minerals. 
Crystals up to 6 mm (¥é in) long are known from 


6. Borates 


Ludwigite 
ManFe 80s 
ORTHORHOMBIC eee 


Properties: C ~ dark green, bleck-grecn. black: S 
blue-green: L B silky to dull: D ~ opaque; DE ~ 39: 
H— 5; CL — perlect; F B unoven: M — prismatic 
crystals, fibrous aggregates, granular, massive. 
Origin and occurrence: Metamorphic in skarns and 
‘dolomite marbles, locally associated with magnetite 
and other borates. Rich aggregates are known from 
‘Ocna de Fier. Romania: Kamineichi, Japan and the 
Hot Kol mine, Suan, North Korea. 

Application: chemical industy. B oe 


Gaudefroyite 
CaM? (803)3C03(0.0H)y 


HEXAGONAL @ 


Properties: C black; S ~ black: L—adamantine to 
dull; D~ opaque; DE ~ 3.4; 1 ~ 6 CL ~ good: F— 
‘uneven; M prismatic erystals, fibrous and acicular 
‘segregates. 

Origin and occurrence: Hydrothermal in calcite 
‘veins. Prismatic crystals up to 50 mm (2 in) long 


Gatdersie 40 mom, Kuruman. Sou Arca 
‘Ludwig. 120 me Ocna de Fier Romania 


Inert 230 my, Boron. USA. 


were found on the mine dumps near Tachgaga 
‘Morocco and inthe N"Chwaning No. 2 mine andthe 
‘Wessels mine, Kuruman, South Aftica, 


Inderite 
Mg8303(OH)s .5 HzO 
MONOCLINIC eee 
Properties: © ~ colorless, white to pink in 
aggregates: S— white; L vitreous: D transparent 
to translucent: DE ~ 1.8: H ~ 2.5; CL ~ good: 
‘conchoidal to uneven; M — prismatic crystals, 
acicular and fibrous agercgstes. nodules. massive. 
Origin and occurrence: Sedimentary in boron 
«deposits, commonly associated with colemanite and 
‘other borates. Prismatic rystals upto 100 mm (4 in) 
long occur in Boron, California, USA. It is also 
‘known ftom Indes, Kazakhstan. 

Application: chemical industy, B ore 
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Inyo, 90 mm, Turkey 


Inyoite 
€aB30x(OH)s 4 420 


MONOCLINIC eee 


Properties: C — colorless, white: S— white: L 
vitreous: D ~ transparent to translucent: DE B 1.9; 11 
2: CL good: F ~ uneven; M ~ short prismatic 10 


exe 20 m0 axgregate, Death Valley, California, USA 


tabular crystals, columnar agaregates, massive 
Origin ond occurrence: Sedimentary in bofon 
‘deposits, commonly associated with eolemanite and 
osher borates. Clea tabular erysals up to 100 mm 
jn) Tong found in Kirka and Emet. Turkey. also 
comes from Inder, Kazakhstan and the Corkscrew 
mine, California, USA. 

Application: chemical industry. B or. 


Borax 
1NayB40s(OH)g 8 H20 


MONOCLINIC eee 


Properties: C ~ white, colorless. yellowish, gray, 
greenish; S — white; LB vitreous to dull; D ~ 
{eansparent, translucent to opaque: DE 1.7; H -2- 
25; CL ~ perfect; F ~ conchoidal; M ~ short 
Frismatic 10 tabular erystals, columnar to earthy 
‘aggregates, crusts, coatings, granular, massive; R= 
soluble in water 

Origin and occurrence: Sedimentary in. boron 
deposits, associated with other borates and_ halite 
Prismatic crystals up 10150 mm long are known from 
Borax Lake, also Searles Lake and Boron, California, 
USA. Italso occurs in Kirka, Turkey. 

Application: chemical industry, B ore. 


lexite 

NaCaBsO6(OH)g -5 HzO 
TRICLINIC eee 
Properties: C ~ white, colorless, light gray: S ~ 
‘white: LB vitreous 10 silky: D’ transparent to 
translucent: DE - 2.0: H 2.5; CL — perfect: FB 
‘uneven; M ~ longated prismatic 1 acievlarerysals, 


fibrous aggregates, crusts, nodules, granular, 
Origin and occurrence: Sedimentary in boron 
deposits, associated with other borates. Slabs up to 
100 mm (4 in) thick consisting of fibrous aggregates 
‘cur in Boron. California: also found in Esmeratéa, 
‘Nevada, USA; Em, Turkey and Inder, Kazakhstan. 
Application: chemical industry, Bore. 


Colemanite 
6228404) -5 20 


MONOCLINIC eee 
Properties: C ~ colorless, white, yellowish, light 
gray; S ~ white; L ~ vitreous; D — transparent to 
translucent; DE - 2.4; H - 45; CL — perfeot; FB 
ever; M shor prismatic and isometry, 
sranular, massive, 

Origin and occurrence: Sedimentary in boron 
deposits, associated with other borates. Perfect 
‘erystals up 0 200 mm (7 in), come from Emet and 
Kika, Turkey. Crystals up 10 70 mm (2% in) long 
‘cur in Gower Gulch, Inyo, California: also known 
from Esmeralda, Nevada, USA’ and Inder, 
Kazakhstan, 

Application: chemical industry. B ore. 
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Hambersie 64 mm, Pani Tadshitistn 


Kernite 


NazB4Og(OH)-3 HzO 


MONOCLINIC eee 
Properties: C ~ colorless, white, light gray: $ ~ 
white; L~ vitreous to dull, silky? D— transparent, 
translucent to opaque: DE - 1.9; H ~ 25:3; CL~ 
perfect: F ~ uneven: M — isometric crystal, fibrous 
‘aggregates, granular, massive; R - soluble in water. 


Rhode 23 mm, Anisirabe, Madagascar 


Origin and occurrence: Sedimentary in. boron 
deposits. associated with borax and other borates. 
Platy aggregates and crystals up 10 2.5 x I m (8 ttx 
39% in) found in Boron, California, USA: also known 
From the Tincalayu mine, Sata province, Argentina. 


Hambergite 
8e2B0,(0H.F) 


ORTHORHOMBIC ee 


Properties: C ~ colorless, white, light gray; S 
white: L~ vitreous; D ~ tansparent to wanslcent; 
DE ~ 2.4: H- 7.5, CL B perfect: F B uneven: M = 
tabular to prismatic crystals, granular, 

Origin and occurrence: Magmatic in granitic and 
rarely also in alkaline pegmatites: hydrothermal in 
‘cavities within the pegmatites, associated with 
tourmaline, danburite and beryl. Tabular crystals up 
to 200 mm (7% in) from the Little Three mine, 
Ramona, California, USA. Crysials up 10 110 mm 
(8% in) also known from several localities in 
Madagascar, e.g. Imalo and Anjanabonoina: also 
found in. Hyakule, Nepal and Cridrurice, Czech 
Republic 


Rhodizite 
(KCs)Al4Be4(B.Be) 12028 


cusic ee 
Properties: C— colorless, white, yellow, light gray: S 
‘white; L~ vitreous to adamantine, D transparent 
to translucent; DE - 3.5; H— 8.5; CL — imperfect; F 
= conchoidal to uneven: M ~ isometric crystals, 
‘granular. 
Grins oe! acoraets Magne Jn grate 
s, associated with tourmaline, danburite 
nd bel: Cubic to ictaedral cesta eaching wp 
to 30 mm (Ie in) occur in several localities in 


Madagascar, eg. Sahatany and Antandrokorby; also 
known from the Animikie Red Ace pegmatite, 
Florence, Wisconsin, USA. 


Boracite 
My87012¢! 

ORTHORHOMBIC #08 
Properties: C ~ colress, white yellowish, light 
7a, light to dar green: S_ white: L~ vitreous: D 
eansparet io warslueent: DE~3.0: 117-75, CL 


Boracie. 12 mm x Alo Chapare, Bolivia 


, 


= none: F - conchoidal to unever: M ~ isometric 
cxystals, ibcous aggregates, granular, massive. 
Origin and occurrence: Sedimentary in evaporitc 
deposits together with halite, gypsum and anhydrite; 
metamorphic in metamorphosed evaporates, Crys 
tals up 10 15 mm ("Yo in) come from Alto Chapare, 
‘Cochabamba, Bolivig; crystals about S mm (sin) in 
size, occur in Stassfurt, Hanover and Kahlberg, 
Germany. Crystals are also known ftom Choctaw, 
Louisiana, USA and the Boulby mine, North 
Yorkshire. England, UK. 
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HAND SOLDERING TUTORIAL FOR FINE PITCH QFP Devices 


Scope 


This document is intended to help designers create 
their initial prototype systems using Silicon Lab's 
TQEFP and LQFP devices where surface mount 
assembly equipment is not readily available. This 
application note assumes that the reader has at least 
basic hand soldering skills for through-hole solder- 
ing. The example presented will be the removal, 
cleanup and replacement of a TQFP with 48 leads 
and 0.5 mm lead pitch. 


Safety 


Work should be done in a well-ventilated area. Pro- 
longed exposure to solder fumes and solvents can 
be hazardous. There should be no presence of 
sparks or flames when solvents are in use. 


Materials 


The right materials are key to a good solder job. 
The list below are the recommendations from Sili- 
con Labs. Other materials may work, so the user 
should feel free to substitute and experiment. The 
use of organic solder is highly recommended. 


Required 
1. Wire wrap wire (30 gauge) * 


2. Wire strippers for wire wrap wire * 


3. Soldering station - variable temperature, ESD- 
safe, Should support temperatures 800°F 
(425°C). This example uses a Weller model 
EC1201A. The soldering wand should have a 
fine tip no more than 1 mm wide. 


4, Solder - 10/18 organic core; 0.2" (0.5 mm) 
diameter 


wa 


. Solder flux - liquid type in dispenser 
. Solder wick - size C 0.075" (1.9 mm) 


. Magnifier - 4X minimum. An inexpensive 


headset OptiVISOR by Donegan Optical Co. is 
used for this example. 


. ESD mat or tabletop and ESD wrist strap - both 


grounded 


|. Tweezers with pointed (not flat) tips 
. Isopropyl Alcohol 


. Small stiff bristle brush for cleaning (nylon or 


other non-metallic material). Cut off hair to 
approximately 0.25" (6 mm) 


* Required for device removal only. 


Optional 


1. 


ve 


3. 


Board vise to hold printed circuit board 
Dental pick (90 degree bend) 


Compressed dry air or nitrogen to dry boards 
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7. Sulfates 


v 


Anglesite 
PosOq 
ORTHORHOMBIC eee 
Properties: C ~ colorless, white, yellowish. gray. 
sreenish; S - white; L ~ adamantine to greasy; 
Uansparent to translucent: DE ~ 6.4: H~2.5~3: CL. 
= dobra: F ~ conchoidal; M ~ thick tabular erystals, 
massive, LU ~ sometimes yellowish 

(Origin and occurrence: Secondary. a8 result ofthe 
‘galena oxidation. together with cerussite and other 
minerals. Beautiful yellowish erystals up to 100 mm 
(Gin) in size come from Touissit, Morocco, Crystals 
from Tsumeb, Namibia, reached up to 40 mm (IY 
in), Large crystals are also reported from Phoenix 
ville, Pennsylvania, USA. Crystals upto 20 mm (*/ 
in) occur in cavities in weathered galena in Sardi 
Italy. Crystal, reaching up to 40 mn (1% in) also 
found in Mezica. Slovenia. Prismatic crystals up to 
75 mm (3 in) long known from the Bunker Hill mine, 
Tdaho, USA, 


Bariie, 17 mm sx, Piha, Germany 
Ankyrite, 55 mm Spon Tans, Swltzrland 


Angleite 81 mm, Toles, Morocco 


Anhydrite 
©2804 


ORTHORHOMBIC eee 
Properties: C ~ colriess, white, bush, purplish, ed, 
brown: S- white: L ~ pearly 10 viteous; PS — 
transparent translucent; DE - 28-3; H 3-35; CL — 
good: F — splintery to uneven; M— isometric and 
prismatic crystal, granular, massive. 

Origin and occurrence: Mostly sedimentary, 28 a 
result of the evaporation of sea water, associated 
with gypsum, calcite and other minerals; rare in 
[pegmatites and hydrothermal. It is very common in 
form of massive aggregates in salt deposits in 
Stassfurt and Wathlingen, Germany, where small 
crystals also occur. Folded layers in clays known 
from Wieliczka, Poland, Purplish crystals up to 20 
sm (Zs in) found in eracks in metamorphic rocks 
near Simplon and St. Gotthard, Switzerland, Fine 
<duses of bluish crystals up to 200 mm (7% in) long, 
ound in Neica, Chihuahua, Mexico, 
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Celestine, 270 mm, Madegascar 


Celestite 
S180, 


ORTHORHOMBIC eee 


Properties: C - coloriess, white, yellowish, blue: S— 
‘white; L~ vitreous: D ~ transparent o translucent: 
DE ~'4; H~ 3.3.5; CL perfect: F uneven; M — 
prismatic and tabular crystals. columnar aggregates, 
concretions. 

Origin and occurence: Rare hydrothermal, mainly 
sedimentary, together with halite, anbydrte and 
gypsum, Beautiful blue erysals several em long occur 
in cavities of concretions in the Sakoany mine, 
Madagascar. Prismatic erystals up 10 100 mm (4 in) 
long in sulfur deposits in Poland (Tarnobrzeg) and 
aly (Caltanissetta), Fine blue tabular crystals 
associated with aragonite crystals found in _pania 
Dolina, Slovakia, Fine erystals are known from mans 
in Tunisia and Libya. 


Barite 
504 


ORTHORHOMBIC ee ee 


Properties: C ~ white, yellow, blue, red, brown, 
black; $~ white; L_— vitreous; D ~ transparent to 
translucent; DE 43.47: H~ 35; CL — perfect: 
F — conchoidal to splintery; M'— tabular to pris: 


‘matic crystals, massive; LU - sometimes bluc. 
Origin and occurrence: Hydrathermal, it originates 
‘under medium and low temperatures, also sedi- 
‘mentary. together with Nuorite,calit, cinnabsar and 
‘other minerals. Beautiful bait erystals up to $0 mm 
(in found in tydrothermal veins in ribram, Czech 
Republic. Blue tabular crystals up to 100 mm (4 in) 
fiom Dedova hora, Czech Republic. Beautiful tabular 
crystals up to 100 mm (4 in) known from Banska 
Stiavnica, Slovakia; Caynic and Baia Sprie, 
Romania. Very fine crystals of up o 200 mm (7's in) 
feccurred in Alston Moor, Frizington and Mowbray, 
Cumbria, UK, Beautiful druses of honey-brown 
crystals up to 70 mm (2% in) long found in Pola, 
Germany. Fine deuses of prismatic erystals known 
from Elk Creck, South Dakota, USA; so called 


Anierte, 60 mo, Chugucamate, Chile 


Borie, 100 mm x. Stoneham Co. USA. 


desert coses (crystals with inclusion of sand grains) 
‘originating in desert climate occur in the viinity of 
‘Norman. Oklahoma, USA. Shiny crystals come from 
Freiberg and Halsbrucke, Germany, 

Applicaion: an ingredieo of driling Muids, chemical, 
‘ss, paper and rubber industries. 


Antlerite 
Gus(SO42(OHYg 3 #20 
ORTHORHOMBIC eee 


Properties: C~ green; $ light green; L— vitreous: 
1D translucent; DE - 3.9; H = 3.5; CL — perfect; F 
—sonchoidal 0 uneven; M — short prismatic and 


Brochamite, 14 rim azergat, Bingham. USA 


acicular erystals, crusts and earthy aggregates. 
‘Origin and occurrence: Secondary, resulting. from 
‘weathering of Cu oes associated with ether secondary 
‘Cu minerals, Iisa principal mineral of the exidaion 
zone in Chuquicamata, Chile. where it forms erystals 
upto $ mm (iin). Acieular crystals up to 20 mm 
in) Tong. occurred in Bisbee. Arizona. USA. 
‘Crystalline rusts are known from Spania Dolina and 
Pisky. Slovakia 


Brochantite 
Cug(SO4NOH)g 


MONOCLINIC 0 @ 


Properties: C~ poem: S— light geen L— vitreous, 
in cleavage planes pearly; translocen 10 
transparent, DE 4; H— 38-4 CL good: F 
‘onchodal o uneven: M— long prismatic secular 
sya, granola 

Origin and occurrence: Secondary, rev ofthe 
oxidation of Cy ores wsully in the arid. climate, 
together with cher secondary Cu minerals. Crystals 
unto 70 mm 24 in) Tong found in Bisbee, ogether 
with pscudo-morphs of malachite after brochantite. 
Ceyaals are also known from Taumeb, Nambia, 
Prismatic erysals up 10 50 mm (2 i) lng from 
Cerro Verde, Pers. Emeralegreenerists oc 
Labraova, Sova 
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Linarte, 23 mmc, Gaba Ca, USA 


Linarite Alunite 
PECuSO QOH), KAlySOoOH)6 
MONOCLINIC #@ TRIGONAL ee 


Properties: C ~ azure-blue: $ ~ light blue; L~ 
vitreous to adamantine; D ~ translucent; DE ~ $.3- 
5.5; H- 2.5; CL ~ good; F —conchoidal; M~ tabular 
and prismatic crystals, coatings. 

Origin and occurrence: Secondary, asa result of the 
(oxidation of Cu and Pb sulfides at low pH, Thc largest 
crystals, reaching upto 80 mm (3% in), come from the 
‘Mammoth mine, Tiger. Arizona, USA, Crystals from 
the Grand Reef mine in Arizona up 10 50 mm (2 in) 
long. Very fine crystals, up 10 30 mm (win) were 
found in Keswick, Cumbria, England UK. Large 
crystals were also described from Tsumeb. Nami 
and from Broken Hill, New South Wales, Austral 


Properties: C~ white. yellowish, gray: S — whites 
L = vitreous 10 pearly; D ~ transparent to opaque: 
DE - 28, H 3.54; CL— perfect F— conchoidal, 
M — hombohedal crystals. porous aggregates, 
sala. 

‘Origin and occurrence: Secondary, a8 & result of 
reactions of sulfur acié with Alrich ooks associated 
‘with gypsum. Small enstals are known in Berchovo, 
Unraine. Massive agerepates occur together with 
turquoise in Cu deposits in Arizona, USA. (Now 
CComela mine and other). Huge alunite deposits, ike 
Zag, Azerbaijan, are mined for AL 

“Application: Aloe 


Ati. mm x, Nogpegshaca, Hungary 


Natrojarosite 
NaFe?¥3(5O4)2(OH)g 


TRIGONAL ee 
Properties: C ~ yellow. brown; S— light yellow: L 
vitreous: D ~ wansparent to translucent: DE ~ 3.2: HL 
= 3; CL ~ good: F — conchoidal; M'— tabular 10 
thombohedral erytals,carthy aggrevates 

Origin and occurrence: a 9 result of 
‘weathering Fe sulfides, associated with fibroferite, 
alunite and other minerals. Tt occurs in Modum, 
Norway: Soda Springs Valley, Nevada, USA: 
‘Chuquicamata. Chile and elsewhere. 


Jarosite 
KFeP*5(504 (0H 
TRIGONAL eee 


Properties: © ~ yellow: S 
‘adamantine 1o dull; D — translucent; DE ~ 29-33: 11 
=2.5-3.5; CL ~ good: F ~conchoidal to uneven: M— 
‘hombohedral to tabular erystals, granular, massive 
Origin and occurrence: : Secondary, as a result of 
‘weathering Fe sulfides. usually associated with 


vase, 2mm sx, Gpongysroxh, Hungary 


natrojaosite and other sulfates, The world’s best 
specimens come from Pena Blanca Uranium mine. 
near Aldama, Chihuahua, Mexico, where crystals. up 
0 20 mm (“hw in) were found. Crystals, upio 10 mm 
(Ch in), wore found in Tombstone, Arizona, USA, 
Crystals. together with pseudo-morphs of jarosite 
afler alunite, occurred in Chuquicamata. Chile 
Tabular crystals also were deseribed from Horn! 
Slavkov, Czech Republi. 


Beudantite 
re t(as0 g1S0,OMDg 


TRIGONAL 


Properties: © dark green, brown. red-brown: § ~ 
greenish, gray-yellow; L ~ vitreous to resinous; D 
ttanspareat to vanslucent; DE ~ 4; H~ 3.5.4.5; CL ~ 
good: M- rhombohodral crystals, crusts. 

(Origin and occurrence: Secondary, occurring jn the 
‘oxidation zone of Pb deposis, together wth scoroite 
and other minerals. Crystals, several mm in size, 
found in Tsumeb, Namibia, are the best in the world. 
‘Small erystals are known from Bisbee, Arizona, USA: 
‘Ashburton Downs, Western Australia, Australia and 
Kamarcza near Laurion, Greece. 


Beudantte, 70mm, Moldava, Coech Republic 
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Hanksite 
NanK(S099(COy)2C1 


HEXAGONAL oe 


C~ colortes, yellowish: 
ireous to dull: D ~ transparent to translucent: 
DE ~ 26; H ~ 3.5; CL ~ good: F - uneven: M — 
tabular to short prismatic erystals. 

Origin and occurrence: Sedimentary in salt lake 
sediments, together with halite, borax and other 
minerals. Crystals up to 200 mm (T's in) found in 
‘Searles Lake, California, USA. Itis also known from 
‘borax deposits in the Death Vaile, California, USA. 


Caledonite 
CupPbs(S4)s(COs(OH5 
ORTHORHOMBIC @ © 
Properties: C~ yreen to blue-green; S ~ light green; 
[L = resinous; D ~ transparent to translucent; DE ~ 
5.6; H ~ 2.5.3; CL — perfect, F ~ uneven; M— 
prismatic erystas. radial ageregates, 


Origin und occurrence: Secondary, o2curting i the 
‘oxidation zone of Cu and Pb deposits, associated 
with linarite and other minerals. Crystals up to 20 
sam (So in) come from Leadhills. Scotland, UK. 
Crystals, up to 15 mm ("se in), were found in the 
Mammoth mine. Tiger, Arizona, USA. Rich druses 
are known from Anarak, Iran. Crystals reaching up 


Hankste 30 nm, Searle Lake. USA 


to 20 mm (Min in) occurred in the Blue Bell mine, 
California, USA. 


Leadhillite 
Pho(504(CO3)2(0H)2 


MONOCLINIC 


Properties: C — colorless. yellowish, gray: S ~ cotor- 
less; L — resinous to adamantine; D = transparent to 
translucent; DE - 65; H ~ 25-3: CL ~ perfect: F— 
‘conchoidal: M ~ pscudo-hexagonal tabular erystals, 
(Origin and occurrence: Secondary mineral from the 
‘oxidation zone of Pb deposits, associated with 
‘cerussite,anglesite,linarite and other minerals. The 
largest rystals, measuring up to 15 em, come from 
“Taumeb, Namibia, Crystals upto 25 mm (1 in) found 
in the Mammoth mine, Tiger, Arizona, US: 
Crystals in Leadhills, Scotland, UK were of similar 
size, 


Chatcantite 
(CuSO, .5 HzO 
TRICLINIC eee 
Properties: C— doop blue: §~ white; L — vitreous to 
‘resinous; D - transparent fo translucent; DE = 23:1 
~ 2.5; CL ~ imperfect; F ~ conchoidal; M— short 
prismatic to tabular erystals, stalactites, films; 
soluble in water. 


Caledon. 5 mo x. Graham Co, USA. 


Origin and occurrence: Secondary, as a product of 
the oxidation of Cu sulfides, stable only in arid 
climate. Crystals up to 40 mt (Ie in) in size. and 


Melanie, 80 mm, Hare Mis. Germans 


stalactites, up to 1 m (39% in) long are known from 
Bisbec, Arizona, USA. Crystals were also found in 
the oxidation zone in Chuquicamata, Chile, 
‘Beautiful stalactites come from Rio Tinto, Spain, 
‘Application: rarely mined as Cu ore. 


Melanterite 
FeS04.7H20 
MONOCLINIC eeee 
Varieties: pisanite (with Cu contents), kirovite 
(with Mg contents) 


Properties: C ~ light green; $ ~ colorless: L ~ vie 
tteous; D ~ translucent: DE ~ 1.9; H = 2: CL per- 
fect; F— conchoidal: M ~ granular crusts, botryoidal 
and stalactitic aggregates, films, R-— soluble in 
‘water. 

Origin and occurrence: Secondary, as a result of 
the oxidation of Fe sulfides, together with other 
sulfates. It is unstable under atm 

ditions. Crystals up 0 20 mm ("2 in) long are 
kknown from Bisbee, Arizona and from the Boyd 
‘mine, Tennessee, USA, Stalacttes, up to $0 em (20 
in) long. occurred in Chvaletice, Czech Republic, 
Its also common in Rio Tinto, Spain and Banska 
iavnica, Slovakia. 
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Epsomite 
MiS04-7 HO 


Coguimbite 
Fel#(504)5 9 HzO 


ORTHORHOMBIC ee ee 
Properties: C ~ colorless to white; S~ colortes: L ~ 
vitreous to silky; D - transparent to translucent; DE — 
1.7; H~ 2; CL~ perfect; F ~ conchoidal; M ~ small 
crystals, granular, stalotitie aggregate: R~ soluble in 
water, decomposing under almespheric conditions 
(Origin ard occurrence: Secondary, a a result of the 
‘oxidation of Fe sulfides, also from crystallization of, 
the salt lake water, associated with halite and other 
minerals, Crystals upto 1 m 39% 

fon Mount Kruger. Washinglon; prismatic erystals up 
10 50 mm (2 in) long also occur in Bisbee. Arizona and 
noedles of a similar size come from the White Caps 
mine, Nevada, USA. It is also known as a product of 
the activity of fumaroles in Mount Vesuvius, Ital 


Morenosite 
NiSO4.7 30 
ORTHORHOMBIC eee 
Properties: C~ grcen, greenewhite; S — groenish; L — 
vitreous: D — transparent 10 translucent; DE — 2; H 
2:25; CL ~ good: F ~ conchoidal, M_— stalactt 
‘rusts and eMorescences: R soluble in water. 
Origin and occurrence: Secondary. as. proguct of the 
‘oxidation of Ni mineral, stable mainly in the arid 
regions. It is very common in Sudbury, Ontario, 
‘Canada; also in Riehelsdorf, Germany and Potucky, 
Caceh Republic. 


Epsomie 10 mms, Start German 


TRIGONAL eee 


Properties: C ~ purple. yellow, green, colorless: S 
colorless; L = vitreous; D = transparent; DE= 2.1; H 
2; CL — imperfect; F ~ conchoidal io uneven: M ~ 
prismatic o tabular erystals, granular, massive: R 
soluble in water 
Origin and occurrence: Secondary, associeted with 
‘other sulfates. Crystals, several em fong, were found 
in the Dexter No.? mine. Calf Mesa, Utah, USA. 
‘Small prismatic erystals are known from Zeleznik , 
{abular crystals occurred in Banska St 
Slovakia. Ii very common in Chilean doposits, like 
‘Chuquicamata and Tierra Amarilla 


Alunogen 
‘y(504}3 -17 #0 


TRICLINIC eee 
Properies: C ~ colorless. white, gray-yellow; S 
colorless; L— silky; PS ~ transparent; DE — 183 11 
1.5; CL ~ perfect; M — pseudo-hexagonal crystal, 
‘granular R soluble in water. 
(Origin and occurrence: Secondary. as a result of the 
pyrite oxidation. also a product of sublimation on 
voleanoes and burning dumps. associated with other 
sulfates, Large erystals are known from the Dextor 
1No.7 mine. Calf Mesa, Utah, crusts, over I m (39% 
in) thick were found on Mount Alum, New Mexico, 


Morenesite, 60 mim, Pouch: Csech Republic 


Coguimbite, 110 mm. Cerritos Bajos. Chile 


USA, Fine aggregates occur on the walls of 
underground workings in the old opal mines in 
Dubsik, Slovakia. 


Halotrichite 
FeAy(SO,)q 22 HzO 
MONOCLINIC eee 
‘Properties: C ~ white, greenish: S ~ coloriess: L— 
vitreous; PS ~ transparent to translucent; DE ~ 1,9- 
2.1; H= 1.5-2; CL ~ imperfect: F ~ conchoidal; M 
acicular crystals. fibrous aggregates, eMorcscences: 
R—soluble in water, 

‘Origin amd occurrence: Secondary. as a result of the 
pyrite oxidation, also a product of the activity of hot 
springs ans solfataras, associated with other sulfates. 
‘Common fibrous erets occur in Dubnik, Slovakia. It 
Tooks similar in Rio Matina, Elba, Ttaly and in 
‘Chuquicamata, Chile. Its known from solfataras in 
Pozauol, Italy. It sa product of hot springs activity 
inthe Lassen Peak National Park. California, USA, 


Apjohnite 
tan Alg(S04)4-22 HO 


MONOCLINIC eee 


Properties: C — eolorless, white, pink, greenish, 
yellow; §~ colorless: L— silky: D-~ transparent; DE 
="19; H— 1.3; M— fibrous aggregates, coatings, 
‘massive; R — soluble in water 

Origin and occurrence: Secondary, occurring toge- 
thor with other sulfates. Large accumulations are 
known from Little Pigeon Creck, Alum Cave, Ten 
nessce, USA. It also occurs in Delagona’ Bay 
Mozambique 


Alusoyen, £0 mim, Dubeit Stovaia 


Apjaite, 60 mm Smelnik. Slovatia 


las 
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4. Optical inspection stereo microscope 30-40% 


Figure 1. Some of the materials to get started... 


Figure 2. clock-wise from left: 4X magnifying headset, solder wick, 
wire wrap wire, stiff cleaning brush, wire strippers, 
and pointed tweezers 
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Biinite 60 mm, Bina, Czech Republic 


Bilinite 
Felted? (504)4-22 420 


MONOCLINIC ee 


Properties: C — white to wellowish: $ — white: L— 
silky; D ~ opaque: DE ~ 19; H = 2; M ~ fibrous 
aggregates: R— soluble in water, 

(Origin and occurrence: Sevvinday, as 4 vesut of the 
Pyrite oxidation. associated with other sulfates, 
Fibrous aggregates are known ffom Svitec neat 
Bitina, Czech Republic. Also described from Bisbee. 
‘Arizona, USA. 


Tschermigite 
(NH QANSOg)2 «12 420 


cusic oe 


Properties: : C = colorless; S ~ colorless; L ~ 
viteous, D ~ ransparent; DE = 1,6; H = 1.5; F - 
conchoidal; M ~ octahedral crystals. fibrous and 
columnar aggregates; R~ soluble in wate. 


Tachermigie 50 mm. Mogsororasbana, Hungary 


(Origin and occurrence: Secondary in the brown coal, 
also on burning dumps and as a product ofsolfatars. 
‘Skeletal crystals upto 10 mm (in) in size are known 
from the brown coal basin near Most and Bilina, Czech 
Republic. Original locality Eermniky, Czech Republic 
yielded fibrous eruss, up to SO mm (2 in) thick. Fine 
ctahedra. up t0 10 mm Ch in) come from burning 
dumps near Zastavka near Brno, Czech Republic. Oc- 
tahedra occur also in Goysers, California, USA. Smal 
crystals on Etna, Sicily aly are of voleanie origin. 


Polyhalite 
Keaghg(S0p4.2 40 
TRICLINIC 8 ee 


Properties: C ~ colorless, brown, red-brown: § — 
colorless: L— vitreous: D ~ transparent to trans- 
lucent: DE ~ 28: H ~ 3.3.5; CL ~ perfect: M~ 
icular to prismatic erysals, columnar, sealy and 
fibrous aggregates. 
Origin and occurrence: Sedimentary, as a consti- 
wont of salt deposits, also as a product of volcanic 
activity. Tabular and prismatic erysials are found 
rarely together with massive polyhalite aggregates in 
Stassfurl Germany: Fibrous aggregates come from 
Halsiat, Austria. Large deposits of polyhalite are 
located near Carlsbad, New Mexico, USA, Coatings 
‘occur on Mount Vesuvius aly, 


Gorgeyite 
KyCa5(80p)5 M20 


MONOCLINIC #8 


Properiiex: C colorless, yellowish; §~ colotess; L 
Vitreous; D ~ wanslucent; DE 3; H ~ 35; 


Polat, $4 mm, Carlsbad. USA. 


Gypsum. 62 mm, Cayneile, Wah. USA 


CL ~ good: F — conchoidal: M — tabular crystals. 
(Origin and occurrence: Sedimentary in salt deposit, 
associated with halite and other minenls Fine crystals 
‘up t 80 mm (3% in) long found near Inder Lake, 
Kazakhstan; also known from Bad Isc, Austria 


MONOCLINIC eeee 


Vorieties: Maria-glas, alabaster, satin spar, selenite 
Properties: C~ colotess, white, gray, yellowish: S — 
colorless; L— vitroous to pearly: D ~ transparent 10 
translucent, DE - 2.3; H~ 1.5-2: CL ~ perfect: F ~ 
‘conchoidal: M — typical monoclinic crystals. often 
twins. fibrous and platy aggregates, granular, 
‘massive; LU — crystals with inclusions’ sometimes 
bluish to yellowish 


Gorgevite 80 mm, Inder Lake, Kazathton 


‘Origin and occurrence: Rare primary hydrothermal, 
mostly sedimentary and as 9 weathering. product, 
associated with anhydrite, halite and other minerals 
Crystals up to 50 mam fom Cavnie, Romania are 
probably hydrothermal. Hugs crystals upto 1.5 m (5 
A) long ound in ars eaviies (Cave of Sword) in 
gosan in the Poin deposit Naiea, Chihuahua, 
Mexico. Crysals up to 9 m (29 16 in) long from 
Santa Eulalia, Chihuahua, Mexico, where they were 
found combined with interesting agaregass called 
‘ram's hoens fom thie shape. Crystals up to 4 m 
(13) Tong occurred in Tamobreeg Poland. Com- 
mon erysals are also known from Gorgusl, Spain. 
‘The “desert ross" o crystal ruses, fom Sahara 
desert in Tunisia and Algeria wth sand gran incl: 
sions are mincralogcally interesting. Large slabs of 
the transparent varity, called Maria-gass, fund in 
Fredriehsode, Germany. Fine-graned variety ala 
toaster oceurs eg. in laly. Fibrous variety selenite 
(Sometimes aso called satin spar) comes om the 
Syivarver basin Pom. Russia 

Applicaton: building, chemical and medical 
induces 


Langite 
Cug(SO4OH)g 2 H20 
ORTHORHOMBIC eee 
Properties: C~ be, bluesgreen; S —light be; L— 
vitreous to silky: D~ translucent: DE~3.3;H~2.5- 
3: CL — perfect: M ~ small isometric enya, fine- 
‘grained crust, carthy aggregates. 

‘Origin and occurrence: Secondary, a8 a product of 
the oxidation of Cu ores, associated with gypsum 
and other minerals. Crysals known from St. Just 
Comwall, UK. Crystals occurred in Tsumch, 
‘Namibia, Fine specimens come from Spania Dolina 
and Lubictova, ‘Slovakia and from Borovec. Croch 
Republic. tk is also common in Ely. Nevada, USA, 
and in Bl Cobre, 


Lani 49 nm Allies Cork Ireland 


\aT 


Fibroferrite 
Fel* (604) (0H) -5 H30 
ORTHORHOMBIC eee 
Properties: C— yellowish, greenish, gray; S — white 
L = silky: D - opaque: DE ~ 19; H~ 25, CL - 
perfect; M ~ small crystals, fibrous and botryoidal 
Grass: R ~ soluble in water. 

Origin and occurrence: Secondary as a product of 
the pyrite oxidation, together with other sulfates. 
Crystals in cavities in-melamerite found in the 
Dexter No.7 mine, Calf Mesa. Utah, USA. Vein 
fillings up to 3 m (10 fi thick come from the Santa 
Elona mine. La Alcaparrosa, Argentina Fine fibrous 
aggregates oceur in Dubnik, Slovakia. It is common 
in many localities in Chile (Tierra Amarilla, 
Chuquicamata). 


Aluminite 
{Aly(504(OH)4-7 20 


MONOCLINIC eee 


Properties: C ~ white; S ~ white; L — dull, D = 
‘opaque: DE ~ 1.7-1.8; H— 1-2; CL ~ none; M 
cearthy nodules, consisting of microscopic needles. 
Origin and occurrence: Secondary. resulting from 
the eaction of sulfuric acid with Alin Al-rich rocks 
Large nodule, 30cm (12 in) in diameter, known from 
Newhaven, Sussex, UK, Fine white nodules 
described ‘from Mala Chuchle, Prague, Czech 
‘Republic. It also occurs near Halle, Germany and 
‘covers limestone in the vicinity of opiin, Missouri, 
USA. 


Aluminie 0 mon, Bleske-Coordolt Hungary 


Botryogen 
MaFe¥* (S04)2(0H) .7 10 
MONOCLINIC eee 
Properties: C— orange-red: S~ yellow; L— vitreous 
D~ transparent to translucent: DE ~ 2.1: H~ 

‘CL perfect: F conchoidal: M - prismatie striated 
crystals, racemose and spherical aggregates with 
radial structure 

Origin an eceurrence: Secondary. asa result ofthe 
pyrite oxidation in arid regions, together with other 
sulfates. Crystals up to 35 mm (i%e in) long from the 
Libiola mine near Genoa, Htaly. It is common in 
‘Chuquicamata and Quetena in Chile: also known 
fom Rammelsberg, Germany. 


Borrsopen, 3mm 2x. Knavville, USA 


Devine, 10mm x. Spania Doing, Slovakia. 


Copiapite 
* Mg)Fe?* 4(SO4)6(OH)2 -20 HzO 
TRICLINIC eee 
Properties: C — yellow, green yellow, orange: S ~ 
sellow: T— pearly: P— transparent ta transient 
De ~2.1-2.2: 1-25: CL— perfect M ~ thin tabular 
cxysals, scaly and pulverulen aggregates, cathy. 
Origin and accurrence: Secondary, originated 
from the pyrite oxidation, together with other 
sulfates. 
‘Tabular crystals come from the Dexter No.7 
mine. Calf Mosa. Utah, USA and also from 
Zeleenik . Slovakia. Fine erystals were found in 
‘many localities in Chile (Tierra Amarilla, Chu- 


Copiapite. 96 mm. Copia. Chile 


{quicamata). It also occurs in Rammelsberg, Ger- 
many, 


Devilline 
{CaCug(SO4)2(OH)g-3 HO 


MONOCLINIC 


Properties: C ~ emeralé-green; $ — white to light 
green; L ~ vitreous to pearly: D ~ transparent to 
translucent; DE 3.1; H ~ 2.5: CL — perfects M = 
thin tabular pseudo-hexagonal crystals and coatings 
(Origin and occurrence: Secondary, asa result of the 
oxidation of Cu sulfides. associated with other 
secondary Cu minerals. The world’s best specimens 
‘come from Spania Dolina, Slovakia. where crystal 
rosettes up to 10 mm (iin) in diameter were found in 
the past century: also. known from Botallack, 
Conall, UK and Tsumeb, Namibia. 


Serpierite 
Ca(Cu.2ng(SO4),(OHg-3 HO 


MONOCLINIC 


Properties: C ~ blue; S ~ white; L - vitreous; D ~ 
transparent fo translucent; DE 3.1; H ~ 2.5: CL— 
perfect; M — tabular erystals, coatings. 

(Origin and oceurrence: Secondary, originated in the 
‘oxidation zone of CurZn doposits. together wit 
‘smithsonite and other mineral. Is small crystals and 
aggregates occurred in Laurion, Greece. Recently 
confirmed at Pribram, Czoch Republic. 
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Envingite 45 rm, Kuruman, South Aiea 


Eurringite 
Caghly{S04)3(OH)12 26 HO 


Shrmanite, 38 mo, Karama, South Africa 


as 


Johannite 
{Cu(UO)2(504)2(OH)2 -8 HzO 


HEXAGONAL ee 


Properties: C ~ colorless, yellow; § ~ shite; L 
vitreous o silky; D = wanspareat; DE ~ 1.8: 2.5: 
CL ~ perfect: M — prismatic crystals, fibrous 
aggregates. 

Origin and occurrence: Metamorphic, associated 
with sturmanite. The world’s best erysals reaching 
1p to 100 mm (4 in) come from the N°Chwaning 
mine, Kuruman, South Afri. Crystals up to 4 mim 
(Chin) occurred in Franklin, New lersey, USA. Also 
known from the contact metamorphic conditions in 
Crestmore, California, USA, 


Sturmanite 
CagFe}* 150 4),18(OH) 4]. (OH) 2-25 H20 


TRIGONAL @ 


Properties: C — yellow. yellow-green; $— white; L 
vitreous: D ~ transpareat to translucent: DE 1.9; 11 
= 25; CL perfect; M~ flat dipyramidal crystals 
Origin and occurrence: : Probably metamorphic, 
associated with barite, hematite and cttringite 
Crystals up to 140 mm (5% in) ong come from the 
N'Chwaning mine, Kuruman, South Alica 


TRICLINIC @@ 
Properties: C — green; S— light green; L~ vitreous: 
D = transparent to translucent: DE ~ 3.3; H~ 2-2.5: 
‘CL — good; M prismatic to thick tabular erystls, 
scaly aggregates, coatings: R radioactive 

(Origin and occurrence: Secondary, asa result ofthe 
‘uraninite oxidation together with her secondary U 
minerals, Crystals are known from Jachymov. Czech 
Republic and Johanngeorgenstadt. Germany. It as 
‘common with zippeite in Central City, Colorado, 
USA and alse reported from Mounana, Gabon. 


Zippeite 
Kq(UO2)¢(S04)3(OH) 19-4 #20 
ORTHORHOMBIC eee 
Properies: C- orange-yellow; §~ yellow; L— dull 
to earthy; D~ opaque: DE ~ 3.7; H —not determined; 
CL ~ perfect; M~ acicular and tabular erysals, 
pulverulen and aeiularapgrepites, coatings; LU 
fren: R = radioactive 

Origin and occurrence: Scconéary, forming during 
the uraninite oxidation, associated. with other 
secondary U minerals. Small tabular crystals come 
from Drmoul. Caech Republic. Coatings. and 


Lunn, 70 mm, Jace. Ceech Republic 


acicular aggregates arc known from Jachymow, 
Czech Republic and Cental City. Colorado, USA: 
also occurs in Shinkolobwe, 


Scheelite 
caw, 
TETRAGONAL eee 
Properties: C ~ colorless. gray-white. yellow-brown, 
‘orange, rad, greenish; S~ white; L greasy to ada. 
ranting; D’translucent; DE 6.1; H~ 45-8; CL 
good: F ~ conchoidal to uneven: M ~ psewdo-octa- 
hodral crystal, granolar, masive; LU ~ blue-white 
Origin and occurrence: Magmatie in pegmatites, 


Schecite, 77 mm, Sichuan, China 


Inydrothermal in greisens and metamorphic: para- 
‘geneses vary significantly according to the origin, 
Beautiful brownish erystals up to 100 mm (4 in) in 
size come from Taewha and Tongwha in Korea. Si- 
milar erystals were recently found in China. Orange 
crystals up 10 40 mm (1% in) in size are associated 
‘with cassiteit erystals on quartz erystals from lultin 
and Tenkergin, Russia. Clear crystals, weighing up to 
50 kg (110 Ib), occurred in pegmatites near Natas. 
Namibia, Crystals up to. 70'mm (2% in) reported 
from several mines near Traverse, aly. Beautiful 
red crystals up t0 20 mm (ia in) were very rae in 
Pofbram. Czech Republic. Yellow crystals up to 40 
mmm (Wie in) are known from quartz veins with 
purpellyte in Oboi Dsl, Czech Republic. 
Application: W ore, 
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Stove, 20mm, Arizona, USA 


Crocoie 44 mm, Dundas, Australi 


Stolzite Crocoite 
POWO, PbCrOg 
TETRAGONAL 0 @ MONOCLINIC #8 


Properties: C — gray-brown. orange-yellow, red, 
‘green: S— colorless: L— adamantine to resinous; D 
Transparent to translucent: DE ~ 7.9.8.3; H ~ 2.53 
‘CL — imperfect; F— conehoidal to uneven; M ~dipy- 
‘amidal and thick tabular, striated crystals. 

Origin and occurrence: Secondary as a product of the 
‘oxidation of primary W minerals, Crystals up 1060 mim 
(2k in) from St Legerde-Peyre, France. Prisms and 
‘cedles upto 25 mm (1 in) long found in Broken Hil, 
[New South Wales, Australia, Crystals upto 25 mm (1 
in) also known from Tsumeb, Namibia, Crystals upto 
20 mm (nin) reported from Cinovec, Czech Republic 
and from the Black Pine mine, Montana, USA. 


Ferrimolsbite. 60 nm, tary Czech Reali 


"7 


Properties: C orange, red; S— orange-yellow: L— 
‘adamantine to greasy: D — translucent; DE — 6; H — 
3: CL ~ good; F ~ conchoidal to uneven: M ~ long 
prismatic to acicular crystals, crusts 

‘Onigin and occurrence: Secondary, as result ofthe 
xgalena oxidation in basic rocks. The world” best 
specimens come from the Dundas district, Tasmania, 
‘Australia where crystals up to 100 mm (4 in) long 
‘were found in several mines. Fine erysals up to 40 
mm (1% in) long are known from Berezovsk. Ural 
‘mountains. Russia. Crystals up to 20 mm ("x in) 
‘were recently found in Callenberg, Germany. 


etpatalite 70 rm, Ban Ted, Mongolia 


Ferrimolybdite 
Fey(MoOq)y-8 HO 


Wadfenite 
PMO g 


ORTHORHOMBIC ee 


Properties: C ~ yellow, whitish; S light yell 
adamantine. silky, cathy: D~ opaque; DE ~ 4 
1-2; M-~ stall acicularerystals, fibrous and 
aggregates, cathy. 

Origin and occurrence: Secondary. as a product of 
‘the molybdenite oxidation, Microscopic rystals were 
found in Glen Innes, New South Wales, Australia. It 
‘occurred as yellow coatings in Climax and Telluride. 
Colorado, inthe Getchell mine, Nevada, USA: alsoin 
Hrky near Eista, Czech Republic 


Betpakdalite 
Cafe Hg(M4o0q)s(As04)2 8 H20 


MONOCLINIC @ 


Properties: C — lemon-yellow; § — yellow; L_— 
Vitreous, waxy, dull: D ~ opaque; DE ~3; H~3; CL 
< good: M — short prismatic miroszope ryt 
pulverulent. 

Origin and occurrence: Secondary mineral. Origi- 
nally described from Kara-Oba, Kavakhstan. I also 
‘occurred in Tsumeb, Namibia and in Krupka, Czech 
Republic 


Malenite 38 mom Les Lamentes, Meco 


TETRAGONAL eee 


Properties: C ~ yellow, orange, brownish, red, 
greenish; S — white: L— greasy to adamantine; D— 
transparent to translucent: DE ~ 63-7; H ~ 3: CL~ 
good: F— uneven to conchoidal; M - thin tabular and 
Alipyramidal crystals, granular, massive. 

Origin and occurrence: Secondary, as @ result of 
the galena oxidation, together with cerussite, 
vanadinite and other minerals. The best specimens 
are known from the Red Cloud mine near Yuma, 
‘Arizona, where red tabular erystals found up o 50 
‘mm (2 in) diameter, Yellow-brown erystals up to 
100 rim (4 in) come from the Glove mine, Arizona, 
USA. Thick tabular orange crystals up to 20 mm 
(/s in) in diameter found in the Erupcion mine. 
Villa Ahumada, Los Lamentos, Chibuahua. Beau: 
tiful yellow plates up to 60 mm (2% in) with 
‘orange mimetite spheres occurred in the San 
Francisco mine, Magdalena, Sonora, Mexico, Rare 
tabular erysals up to 70 mm (2% in) across come 
from Tsumeb. Namibia. Fine orange-yellow 
tabular crystals up to 20 mm (")s in) across, and 
pyramidal crystals arc known from Bleiberg. 
‘Austria and Mezica , Slovenia. Crystals up 10 100 
mm (4 in) were found recently in Touisst, 
Morocco. 


8. Phosphates 


Lithiophosphate 
LPO, 


ORTHORHOMBIC @ 


Properties: C colorless. white, pinkish; S~ white: 
L = vitreous: D — transparent to translucent: DE 
25; H~4; CL ~ perfeet; F- uneven: M ~ prismatic 
crystals, granular 

Origin and occurrence: Hydrothermal in granite 
‘egmatites, where i forms by replacement of spodu 
‘mene and montebraste. Cleavable aggregates up to 
100 mm ¢4in) across occur in the Tanco Mine, Ber- 
nie Lake, Manitoba, Canada; erystals up to 25 mm (1 
in) across inthe Foote mine. Kings Mountain, North 
Carolina, USA. 


Beryllonit 
NaBePO, 


MoNoctINiIc ee 


Properties: C colorless, white, yellowish; §— white: 
L— vitreous; D ~ transparent 0 wansluceat: DE 2.8; 
Hi ~ 5.6; CL — perfect, F ~ uneven: M — short 
prismatic to tabular erystls, granular. 

Origin and occurrence: Mydrothermal in cavities in 
granitic pegmatite where it is asociated with herde- 
‘te albite and tourmaline, Crystals ang ther wins. up 
to 150 mm (6 in) across come from Stoneham and 
‘Newry, Maine, USA:als fom Vitaniemi, Finland and 
Papo, Afihaistan. 


Adami. $2 mm, Map Mexico 
Lithiophosphae, 30 mm. Tce, Canad 


Berylonte, 31 mm. Poprok. Afghanistan 


Triphyllite 


LiFePO, 


ORTHORHOMBIC eee 


Properties: C . gray-green, gray-blue, gray brown: 
$= gray-whi 

parent to translucent; DE ~ 3.4: H = 4 
F uneven: MB. short prismatic erysals, granular, 
massive. 

Origin and occurrence: Magmatie in granitic 
pegmatites, associated with graftnite, sarcopside 
and many secondary phosphates. Large wiphylite 
crystals up to 1.5 m (5 M) across are known from 
Hagendorf. Germany; from the Tip Top mine. Custer, 
South Dakota and Palermo No. I mine, Nor 
Groton, New Hampshire, USA; also from Htahner- 
kobe, Germany. 


Tipit, 70mm. Hagendor. Germany 


AN114 


Figure 3. Solder wick and Figure 3. Isopropyl Alcohol 
wire wrap wire 


Figure 4. ESD safe soldering station with fine tip wand. 
This one is Weller model EC1201A 


Figure 5. Optional equipment includes a PCB vise and 
an inspection microscope 7-40X 
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SILICON LABS 


Liiophiie. 120m, Vitanim Penland 


Lithiofitit 
LittaPoy 


Berzetite, 120 mm, Langhan, Sweden 


Purpurite 
totPO4 


ORTHORHOMBIC @@ 


Properties: C ~ pink, red-brown, brown; S ~ white: 
~ vitreous; D — transparent to translucent; DE ~ 3.3; 


H_~4-5;CL ~ good; F— uneven; M-— short prismatic 
crystals, granular, massive. 
Origin and occurrence: Magmatic in granitic pew 


mais. I is sometimes associated with uiplte and 
triphyilie, typically replaced. by many secondary 
phosphates. Lange mses of lihiophillie, reaching 
Sp to | m G9 in) oscar in. Kacibib, Namibia 
Kinumbe, Rwanda. Oder locates are Mangualds. 
Portugal. Tanco mine, Bernie Lake, Manitoba, 
Canada: Stewart Lithia Mine, Pala, Ca fos, USA 


Pruparite 40 am, Usakos, Namibia 


ORTHORHOMBIC 


Properties: C ~ pink, purple, dark brown; SB red- 
purple; L~ dull 1 velvet; D — translucent to opaque: 
DE ~ 3.7; H~ 445; CL ~ good; F ~ uneven; MB 
granular, massive. 

‘Origin and occurrence: Hydrothermal, s a product of 
Ithiophillite replacement In granitic pegmaties. It is 
usually asociated with many secondary phosphates It 
is known from Kitumbe, Rwanda; Usakos and 
Sendamab, Namibia; the Tip Top and Bull Moose 
mines, Custer, South Dakota and Branchville, 
Connecticut, USA. 


Berzeliite 
(Ca.Na)s (Ma.Mn)2 (ASO) 


cusic ee 


Properties: C ~ yellow, orange; S ~ red-purple: L ~ 
resinous; D~ transparent o wanslucent; DE ~ 4.1; H 
= 445; CL — none: F — conchoidal to uneven; M 
isometric erystals, granular, massive 

Origin and occurrence: Metamorphic, together with 
haussmanite, shodonite and (ephroite. It occurs as 
massive in Langban and Norimark, Sweden, 


Whitlockite 
CaglMisFe)H(PO4)7 
TRIGONAL ee 


‘Properties: C— colorless, white, yellowish, pinkish; S 
= white; L~ vitreous to dull; = tanspareat to trans- 
lucent: DE~3.1; HS; CL none; F~ conchoidal 1 
"uneven: M-rhombohedral crystals, granular, massive. 


Origin and occurrence: Hydrothermal, as a product 
‘of replacement of primary phosphates in granitic 
pegmatites, rare in sedimentary rocks — phos- 

‘in meteorites. Mainly 
associated with apatite and carbonates, Imperfect 
exystals around 10 mm (% in) across. oceur in the 
Palermo No. | mine, North Groton, New Hampshire: 
also in the Tip Top mine, Custer. South Dakota, 
usa. 


Xenotime-(Y) 
YPO4 
TETRAGONAL @e@@ 
Properties: C ~ brown, yellow, gray, greenish; § — 
‘white; L — vitreous 10 resinous; D’ = transparent, 
ttanslucent to opaque: DE ~ 4.5; H - 4.5; CL ~ good: 
F = conchoidal 10 uneven M — long prismatic 10 
tabular crystals, granular; R ~ sometimes weakly 
radioactive and metamict, 

Origin and occurrence: Magmatic in granitic and 
alkaline pegmatites. granites and syenites: hydro- 
thermal in the Alpine-type veins: metamorphic in 
gneisses: common in placers. It is_asoriated 
‘monazite-(Ce) and zircon, Perfect prismatic crys 
‘up to 100 mm (4in) across occur mainly in pegma- 


Xenotine-(2), 14 20m x, Hhshington Co. USA, 


Witchte 10mm xx Kew Haire. USA 


tites in Kragero and HierS, Norway: Yuerby, 
Sweden; in several places in Madagascar: in 
Ichikawa, Japan. Crystals about 20 mm (sin) are 
known from the Alpine-type veins in. Binntal, 
Switerland 

Application: oce of rare earth elements. 
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Monazite-(Ce) 
CePO4 


Hydroxylherderite 
CaBe(PONOHA 


MONOCLINIC eee 
Properties: C ~ yellow. brown, red-brown. orange. 
sray-green: S — white; L vitreous to resinous; D — 
transparent, translucent io opaque: DE 4.6; H-S- 
5.5; CL ~ good: F~ conchoidal to uneven: M ~ long. 
prismatic to tabular crystals, granular, R 


alkaline pogmatites, granites, syenites. ci 
ites; hydrothermal in the Alpine-type veins and 
_reisens; metamorphic in gneisses: common in pla~ 
It is associated with apatite, xenotime-(¥) and 
zircon. Perfect prismatic erystals up to 200 mm (7 
in) come from Mars Hill, North Carolina, Trout 
Creek Pass, Colorado. USA; also from Arendal, 
‘Nonway; Ambatofotsikely and Ampangabe, Mada- 
‘gascar, where masses weighing several kg are com- 
‘mon: erystals, up to 200 mm (7 in) across found 
in Minas Gerais, Jaguaragu, Brazil, 

Application: owe of rare earth elements. 


Monacite-(Ce). 34 mam, Flic, Brasil 


MonocuNic ee 


Properties: C — colorless, white, yolowi 
'S ~ white: L ~ vitreous to dull: D ~ transparent to 
translucent; DE ~ 3.0; H ~ 5.5.5; CL ~ good; F 
conchoidal to uneven: M — prismatic to tabular 
crystal, radial aggregates, granular 

(Origin and occurrence: Hydrothermal in cavities in 
‘granitic pegmatites and in presens, Perfect crystals, 
{up to 120 mm (4"/sin} long come from Marilaca and 
together with colored tourmalines from Virgem da 
Lapa, Minas Gerais, Brazil; also known from 
‘Topsham and Stoncham. Maine, USA. 


greenish 


Amblygonite 
LayrogRoHy 


TRICLINIC 08 


‘Properties: C ~ colorless. white, yellowish, bluish, 
‘gray; S— white, L~ vitreous to dull: D~ transparent 
to translucent; DE ~ 3.1; H ~ 5.56; CL ~ good: F ~ 
conchoidal to uneven: M ~ short prismatic crystals, 
‘anlar, massive. 


Hydrorybonderite. 22 mu, Anca, Calforna, USA. 


Origin and occurrence: Magmatic in. granitic 
Pegmatites and some granites; rare hydrothermal in 
freisens and in ore veins, Large amblyponite masses, 
Several meters across. come from pegmaties, like 
the Beecher, Custer and Hugo mines, Keystone, 
South Dakota, USA, where its blocks weighed up to 
200 tons also known from Vitaniemi, Finland; Uto, 
Sweden, Typical representative of the quart 
mblygonite veins is Verncrov, Czech Republic. 
Application: Li ore and raw material for ceramics. 


Montebrasite 
LiA(PO4KOHF) 


TRICLINIC eee 


Properties: C ~ colortess, white, yellowish, yellow, 
bluish, gray: S — white: L ~ vitreous to dull: D ~ 
‘wansparent to translucent: DE - 3.0; 11 $.5-6: CL— 
‘g00d; F ~ conchoidal to uneven; M ~ short prismatic 
to tabular erystals, granular, massive 

Origin and occurrence: Magmatic in granitic 
pegmnatites and granites; hydrothermal in granitic 
Degmatites. It oceurs very frequently with ambly- 
gone, which it replaces, Large masses are known 
from Montebras, France: also from the Tin Mountain 
‘mine, Custer. South Dakota, USA.. Perfect tabular 
crystals up to 150 mm (6 in) setoss found in 
‘Taquaral, Minas Gerais, Brazil 


Wagnerite 
mE(PO4FOH) 
MONOCLINIC e8e 
Properties: C ~ light yellow, yellow-green, yellow 
brown, green; S— white: L~ vitreous 1 easy: D— 
teansparent, anslucent to opaque: DE ~ 3.2: 11 — 5- 
55: CL — inperfet: F ~ conchoial to uneven: M ~ 
‘hom primate crystals granular, massive 


Origin and occurrence: Magratie in granitic 
[Peematites: metamorphic in gneisses and cclogites: 
hydrothermal in quartz veins and in salt deposits. 
“The most Famous finds come fram the quartz veins 
in Hollgraben and Radclgraben, the Alps, Austria, 
where Wagnerite occur together with lazulite and 
forms crystals up to 30 mm (I in) across: also 
own from Mangule. Fora an Bodenmais, 
jermany. 


Amblygonite. 55 rm, Minas Gerais Brazil 
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Do Bory, Czch Republic 


Zwieselite 
Fex(PO4XFOH) 


MONOCLINIC eee 


Properties: C ~dack brown to black-brovn; Slight 
brown: L = vitteous to greasy: D ~ translucent to 
‘opaque; DE ~ 4.0, H5-5.5; CL — imperfect. F 
conchoidal to unever; M ~ short prismatic crystals, 
granular. massive. 

Origin and occurence: Magmatie in granitic py 
‘matites: are hydrothermal in grcsens. Iris associated 
with apatite, wiplite and secondary phosphates. 
Imperfect crystals and granular aggregates are known 
{fom pegmatites near Zwiesel, Germany: Dolai Bory, 
Caech Republic. 


Libethenite, 80 mim, ubicea, Slovakia 


Trip 70 mm, Vitaniemi. Finland 


MONOCLINIC eee 


Properties: C ~ pink, light brown; S ~ light browns L 
~ vitreous 1 greasy: D ~ translucent 10 opaque: DE. 

H~ 5.5.5; CL ~ imperfect; F - conchoidal to 
vuneven: M/= short prismatic crystals, granular, 
Origin and occurrence: Magmatic in granitic 
Pegmatites and granites; hydrothermal in greisens 
and in quartz veins. It is usually hydrothermally 
‘lier and replaced by secondary phosphates. Huge 
‘masses several meters in sie eome from pegmatites 
in Karibib, Namibia; it also occurs in Mangualde, 
Portugal and in Sukula, Finland, 


Libethenit 
un(PO4NOH) 
ORTHORHOMBIC ee 
Properties: C~black-groen lo igh oon: S ~live- 
igrcen: L~ greasy: D~ translucent; DE~ 3.9; 11-4; 
{CL imperfect: F~conchoidal to uneven; M shor 
Prismatic and dipyramidal crystals, botryoidal 
gercpaes, ranula, massive 

Onign and occurrence: Secondary in Cu deposits, 
where it occurs together with malachite. pseudo. 
talachite and brochanit. Perfect crystals. up 10 30 
tom (Vin) across, come from the Rokana mine, 
‘Zambia: etysas, up 10 10 mim (in), are koowe 
fiom Kambove Zaire: Cubietova Slovakia Nizaiy 
“agi, Ural Mis, Russia 


Otivenite 80 mm, Fume, Nomibia 


Olivenite 
Cun(As04OH) 
ORTHORHOMBIC #08 
Properties: © ~ olive-grsen, groen-brown, gray= 
green to gniy: S ~ light geen: L ~ greasy: D 
translucent 10 opaque: DE — 44: th 3, CL 
imperfect: F — conehoidal to uneven: M Tong 10 
short prismatic and dipyramidal crystals, acicular 
and radial agaregates. massive, 

Origin and occurrence: Secondary in Cu deposi t 
is associated with other secondary Cu minerals, 
malachite, azutite and scrodite. Perfect erystals up 
to 10 mm (sin) across occurred in Wheal Gorland, 
Comwall, and Tavistock, Devon UK: also in 
‘Tsumeb, Namibis and Ashburton Downs, Western 
Australia, Australia 


Adamine 
Znq(As04XOH) 


ORTHORHOMBIC eee 


Properties: C ~ yellow-green. yellow, green, color- 
less, purple; S~ white: L— vitreous: D ~ transparent 
to translucent: DE - 4.4; H 3.5; CL — imperfect F 
~ conchoidal to uneven: M ~ jong to shon prismatic 
and dipyramidal crystals, accular and radial aggre 
gates, massive: LU ~ yellow-green, 


(Origin and occurrence: Secondary in Zn deposits, 
associated with hemimorphite, gocthitec and 
smithsonite. Rich druses of green and rare purple 
crystals upto 70 mm (2¥4 in) across come from Mina 
(juela, Mapimi, Durango. Mexico; also known from 
‘Tsumeb, Namibia: Laurion, Grecee and Cap 
Garonne, France. 


Adan. 34m Maplin Mexico 
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Lecalte, 1 mm Linen Co, USA 
= 


Lazulite 
MgAln(PO42(H)2 


Big Fish River. Yukon, Canada and near Werfen. 
Austria, 


Scorzalite 
FeAlx(PO,)3(OH)2 
MONOCLINIC eee 
Properties: C ~ dak blue. blue-green: § white: L 
vitreous: D ~ transparent to iransiucent; DE ~3.3; 
6; CL ~ imperfect; F - conchoidal to uneven; M ~ 
prismatic crystals, granular, massive. 
‘Origin ond occurrence: Iivdrthermal in granitic pg: 
‘maties, asa replacement product of primary phosph- 
tes, rare in quartz veins. Dark blue, granular aggre 
gales upto 100 mm (4in) across occur inthe Paleo 
No. Land No.2 mines, North Groton. New Hampshire 
and the Victory mine, Custer, South Dakota, USA. 


Rockbridgeite 
Fe? e}* (P09) 30H) 


MONOCLINIC eee 
Properties: C — dark to light blue. blus-green: $ — 
‘white; L vitreous: D transparent to translucent; 
1; H— 5.546; CL —impertec; F- conchoidal 
{to uneven; M ~ short prismatic and dipyramidal 
crystals, granular, massive. 
Origin and occurrence: ‘Wydrothermal in quartz 
veins and granitic pegmatites, where it is formed by 
scompostion of primary phosphates: metamorphic 
in quartzite, 
Imperfect erystals up to 100 mm (4 
fiom Iorrsjoberg, Sweden: perfect 
‘mm found in Ashudi, Pakistan: also known from 


Scorcaite 801mm, Palermo No.2 Mine USA 


ORTHORHOMBIC eee 


Properties: C dark and light green, black-green: S— 
tgreen; L~ dull, D translucent to opaque: DE ~ 3.4: 
Tas:Ck~ goods uneven: M actuary, 
radial aggregates and crusts, granular, massive, 
Origin ane occurrence: Secondary in ‘granitic poems 
ties and in Fe deposits. It mostly originates fom the 
Inydothermal alteration of primary phosphates, mainly 
mphyllite, and it is asociated with other sscondary 
phosphates. Rich radial aguregates up to $0 mm (2 in) 
‘across came from Hagendori, Germany: the Tip Top 
mine. Custer, South Dakota and the Fetcher mine. 
Groton, New Hampshire, USA. 


Rockbridge, 7U mm. Ilagendorf. Germany 


Frondelte. 15 mm xe Caster, USA, 


Frondelite Pseudomatachite 
Moe (POq)3(OH)s Cus(PO4)(OH)4 
ORTHORHOMBIC eee MONOCLINIC see 


Properte 


C = light olivesareen, brown, black- 
green: Sereen: = dull; D- translucent to opaque: 
DE 3.5; — 45; CL ~ good: F — uneven; M 
acicular crystals. radial aggregates and crusts, 
‘granular, massive 

Origin and oceurrence: Secondary in granitic peg- 
mates, where it forms as a result ofthe hydother= 
mal alteration of primary phosphates, mainly 
lthiophilite. Radial aggregates occur inthe Fletcher 
mine, Groton. New Hampshire, USA; also in 
Sapucsia, Minas Gerais. Brazil 


Dufrenite 

Fel Fe3¥«(PO4),(OH)s -2H20 
MONOCLINIC eee 
Properies: C dark groen,black-green, black; $ 
green: L— vitreous to dull: D — translucent 10 
opaque: DE ~ 34: Hl 35-45: CL — good: F 
uneven: M~ radial aggregates and crusts, granular, 
Origin and occurrence: Secondary in granitic 
pegmatite and in the oxidation zone of Fe deposits: 
it forms in pezmatites asa result of the hydrothermal 
alteration of primary phosphates. Radial aggregates 
‘occur in pegmatites in Hagendorf and Hhnerkobel, 
Germany also in gossan in the Wheal Phocnix mine. 
Comal UK. 


Properties: C — green, black-groon; S — green: L. 
vitreous 1 dull D- translucent to opaque: DE ~ 43; 
Hh = 45-5; CL ~ good: F ~ uneven; M ~ short 
prismatic crystals, botryoidal aggregates with radial 
structure, massive. 

Origin and accurrence: Secondary in Cu deposits, 
associated with malachite. chrysoeola, ibethenite 
and gocthite. Beautiful botryoidal aggregates. and 
large ‘masses come from Nizhniy Tagil, Ural 
mountains, Russia; also from Ehl and Vimoberg. 
‘Germany: fram L'ubictova, Slovakia: and also from 
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Comubite, 30m, Farbite, Slovotia 


Cornubite Augelite 
Cus(As4),(OH)y ‘AilPO MOMs 

TRICLINIC ® MoNocLINIC eee 

Properties: C light vo dark groen: Slight green: Properties: C~ colores, white, yellowish, pinkish; 
vitreous dull: D~ translucent: DE 4.8; 1 S- white; L— viteous to dull D ~ transparent 10 


‘ot determined: CL — not determined: F— uneven: M 
= botryoidal aggregates. massive, 

Origin and occurrence: Secondary in Cu deposits. It 
‘was found together with oliveite and clinoefase in 
the Bedford United quarry. Comvall, UK: also in 
‘Ashburton Downs, Westera Australia, Australia and 
Farbste, Slovakia, 


Cormtite 10 me aggregate. Lumumba Zar 


transiueent: DE ~ 2.7; He 455: CL good: F 

uneven: M thick tabular to prismatic crystals, 

granular, massive. 

‘Origin and occurrence: Hydrothermal in granitic 

pegmattes as a product of primary phosphates 
fare metamorphic in quatztes. 


in pegmaties in Burango, Rwanda; also inthe Hugo 


Custer, South Dakota and. Mount White, 
California, USA. Crystals up to 20 mm (x 
sero ome fo Rapid Creek, akon. Canada and 
from the Champion mine, California: rare small 
crystals found in the Palermo No. 1 mine, North 
Groton, New Hampshire, USA. 


Cornetite 
64x O4KOH)s 


ORTHORHOMBIC 8 


Properties: C dark blue to blue-green: S 
blue: L ~ vitreous: D ~ transparent to iranslucen 
= 4.1: H—4.5; CL ~ none: F ~ conchoidal to uneven: 
M= short prismatic crystals, coatings. 
Origin and occurrence: Secondaty in Cu deposits. 
is rae in the Etoile mine near Lumumbashi and in 
Kalagi, Shaba province, Zaire: also occurs 
Yerington, Nevada and in Saginaw Hil, Arizona, 
usa. 


fight 
DE 


Ctinclase. 40 mm, Conall, UK 


Clinoclase 
Cus(As04)(OH) 


Conical, 70 mm, Tite, USA. 


Duftite 
PoEU(AIO OH) 


MONOCLINIC #8 


Properties: C — dark green-blue to black-green: $ ~ 
blue-green; L ~ vitreous; D — transparent 10 
translucent; DE ~ 4.4; 1 ~ 25-3; CL ~ perfec; F - 
uneven: M — prismatic. and tabular crystals, 
botryoidal aggregates. 

Origin and occurrence: Sccondary in Cu deposit. 
often associated with malachite. azurite and other 
‘secondary Cu minerals. Spherical aggregates up to 
10 mm ( in) known from the Majuba Till mine, 
Nevada, USA; occurs rarely near Tavistock, Deven. 
UK; also in Novoveska Huta. Slovakia, 


Conichatcite 
Cuca(Aso,vorH) 


ORTHORHOMBIC 8 @ 


Properties: C ~ yellow-green to emerald-green: S 
Tight green: L~ vitreous to greasy: D~ transparent 10 
uanslucent: DE ~ 43: H~ 48; CL — none: F — 
uneven; M-~ short prismatic crystals, botryoidal 
‘aggregates with radial structure, massive. 
Origin and accurrence: Secondary in Cu deposits. It 
ecurs as rich botryoidal aggregates. in Otavi, 
‘Namibia Tinie, Uta, inthe Higgins mine, Bisbee. 
‘Arizona and Yerington, Nevada, USA. 


ORTHORHOMBIC ee 
Properties: C ~ yellow-green. olive-preen to gray 
sree; $~ light green: L — vitreous to greasy: D— 
translucent: DE ~ 6.5; H ~3; CL not determined: F 
uneven: M ~ small crystals, botryoidal aggregates 
‘and coatings. 

‘Origin and occurrence: Secondary in base metals 
‘deposits. It is associated with malakite and azuri 
jn Tsumeb, Namibia: in Mina Ojucla, Mapimi, 
Durango, Mexico; in Moldava, Czoch Republic. 


afte. 90 mm. Taumeb, Nomibia 
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Procedure If you are soldering parts to a new printed circuit, 
board, skip part A and refer to the new board 

The following procedures cover the replacement of cleanup section in part B. 

a TQFP 48 pin device with 0.5 mm lead pitch. The 

lead shape is the standard gullwing associated with 

JEDEC Saad QFPs. This zrotedite section is A. Part Removal 

divided into three parts: Preparation: 


A. Part Removal + Board with IC to be removed is mounted in a 
holder or vise. A PCB holder/vise is optional 
B. Board Cleanup but it is required that the PCB is held steady for 


the part removal. 

‘The soldering station is warmed up to 800°F 
(422°C) and the solder tip is clean. 

+ ESD precautions have been taken. 


C. Soldering a new device. 


Figure 6. Ready to get started 


Begin by wetting all the leads with flux to enhance 
the initial solder wicking cleanup. Wick up solder 
as much as possible from the QFP leads. Be careful 
not to scorch the PCB board with prolonged solder 
heat. 
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Descoisie, 38 mm. Groronein. Namibia 


Arcendescoiie, 95 mm, Mapinl Meteo 
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Desctoizite 
Pezn(VO4OH) 


ORTHORHOMBIC eee 


Properties: C ~ red-orange. red-brown to brown 
black. gray-green; $ ~ light yellow-brown: L~ 
greasy; D ~ transparent, translucent to opaque; DE 
6.1: Hl 3.3.5: CL — none: F—conchoidal to uneven: 
M- crystals of diferent habits, mostly pyramidal or 
prismatic, botryoidal and skeletal aggregates, 
massive. 

Origin and occurrence: Secondary in base metals 
deposits. It is mainly associated with pyromorphite, 
‘mimetite, vanadinite and other secondary Pb 
minerals. Oceurs as erystals up to 30 mm (1% in) 
long in Tsumeb and Borg Aukas. Namibia: also 
Broken Hil, Zambia; and the Masimoth mine, Tigsr, 
Arizona, USA. 


Arsendescloizite 

Phza(As04)(OH) 

ORTHORHOMBIC 

Properties: C light yellow: S white: L—adamantine 
to greasy: D ~ wansparent to translucent: DE ~ 6.1: 11 


4:CL— none; F— conchoidal to uneven: M tabular 
crystal, rosett-ike aggregates. 


Origin and occurrence: Secondary in base metals 
‘deposit, associated with mimetite and goctite 
Found rarely as erystals of 1 mm (sin) in size in 
‘Tsumeb, Namibia: also Minz Ojucla, Mapimi 
Durango, Mexico. 


Mottramite 
PoCu(ASO,)(OH) 


ORTHORHOMBIC @ 


Properties: C— grass green to black-green: Slight 
green: L = vitreous to dull; D ~ transparent to 
opaque: DE ~ 5.9; H ~ 33.5, CL ~ none: F — 
onchoidal to uneven: M — etysials of different 
habits, botryoidal and dendritic aggregates. crusts 
and coatings, massive. 

Origin and occurrence: Secondary in base metals 
‘posts, associated with mimette, descoizte and 
sanadinite. I occurs in Mottram, Cheshire, UK: in 
‘Tsumeb, Namibia; Mammoth mine, Tiger. Arizona, 
USA, 


Brazitianite 
NaAls(PO4)(OH)4 


MONOCLINIC 


Properties: C— colortess, white, yellowish, yelow- 
green; S ~ white: L ~ vitrcous: B ~ transparent 10 
translucent; DE ~ 30; H ~ 5.5; CL = good: F = 
uneven. M— short prismatie to isometric erysals, 
radial aggregates, granular. 

Origin and occurrence: Hydrothermal in cavities in 
granitic pepmatites, where it is associated with 
Fluorapatite.albite and tourmaline. It occasionally 
originates asa product of amblygonite replacement 
Perfect yellow-green crystals up to 150 mm (6 in) 
actoss found in cavities in pegmatits in Conselhcira 
ena and Corrego Frio. Linopois. Minas Gerais and 
From Pietras Lavradas, Pariba, Br 


Monramive. 60 mm Tier Arizona, USA 


Cafe. 9m x, Banta Switerand 


Cafarsite 
apt Tire Fe, 


cusic ° 


Properties: C ~ dark brown: § ~ yellow-brown: L 
‘submoallie: D translucent; DE 39:11 55-6; CL— 
‘none F~ conchoidal: M~ isometric crystals. 

Origin and occurrence: Hydrothermal along cracks 
in Alpine-type veins. Cubic crystals up to 30 mm 
(in) aeross come from Binntal, Switzerland and 
Pizzo Cervandone, Italy. 


Bracitante, 47 mm. Concelira Pena Brazil 
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ORTHORHOMBIC @@ 


Properties: C — eximson-ted, red-brown; S — red- 
yellow; L — adamantine to pearly: D - translucent: 
DE ~ 5.5, H~ 25; CL ~ good: F ~ conchoidal to 
uneven; M - prismatic erystals,acicular radial, flt- 
like o porous aggregates. coatings and crusts. 
Origin and occurrence: Secondary in base metals 
deposits. associated with mimetite and. scorodite 
Crystals upto 10 mm (in) across oceur in Tsumeb, 
Namibia: in Mina Ojucla, Mapimi. Durango, 
Mexico; in Calstock, Coravall, UK. 


Carmine, 2m ex Sadan, Hangary 
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Bayldo 
PoCuy(A:O4)a(OH)2-H20 


MONOCLINIC 


Properties: C~ yellow-green, olive-green; S~ light 
igen: L resinous: D — translucent: DE * 5.5; H - 
4.5; CL ~ not determined; F ~ uneven: M~ earthy 
aggregates, coatings, massive, 
Origin and occurrence: Secondary in the oxidation 
zone in hydrothermal Cu deposits and in ereisens. It 
‘occurs as common yellow-green coatings and 
crystals up 10 10 mm (i in) across, associated with 
ite erystals in. Tsumeb, 
also as coatings in St. Day. Cornvall, UK; 
in Moldava, Czoch Republic. 


Vesignicite 
jaCus(VO4)2(OH)2 
MONOCLINIC @ 


Properties: C ~ yellow-green, olive-green: S — light 
yellow-preen; L ~ vitreous to dull; D ~ translucent: 


DE ~ 41; H- 344; CL — good: F uneven; M~ 
‘earthy and pulverulent aggregates and coatings. 
massive 

Origin and occurrence: Secondary in base metal 
‘deposits and in sediments, containing Cu sulfides. 
‘occurs as yellow-green coatings in sediments in 
Homi Kalna, Czech Republic: also in the Masham- 
ba West mine, Zaire: together with barite and 
pailomelane in Friedrichsroda, Germany. 


Arsentsumebite 
PorCu(AsO4)(504(OH) 


MONOCLINIC @ 


Properties: C ~bluish-green to light green: S — light 
‘green: L~ dull: D- translucent: DE 6.5: H-3;CL. 
‘good: F -uneven; M earthy aggregates, 
massive. 
(Origin and occurrence: Secondary in the exidation 
‘zone. where it forms asa result of mimetite replace 
‘ment Found rarely in Moldava, Czech Republic: in 
‘Tsumeb, Namibia, where it forms pseudo-morphs 
afer azite erystals. 
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Pluarapatie. $0 mm, Dus, Pakistan 


Fluorapatite 
caxPOost 


HEXAGONAL eeeee 
Papert: C colorless, white, yellowish, pinkish, 
blue. purple, green, brown with various hues: S 
white: L ~ vitreous to dull; D— transparent to tans 
lucent, sometimes opaque; DE ~ 3.2: H ~ 5: CL ~ 
imperfect; F — conchoidal 10 uneven; M ~ long. 
prismatic to tabular erystals. botryoidal, earthy and 
fbrous aggregates, massive; LU — yellow. 

Origin and occurrence: Magmatic in granites, 
syenites.diorites. gabbros and Various types of peg 
matites. also in volcanic rocks: hydrothermal in 
‘quartz veins, ore veins, gresens and Alpine-type 
seins: metamorphic in differen types of gneisses, 
smigmatites, mica schists, skarns and amphibolites: 
in differnt types. of sedimentary rocks, Perfect. 
shoet prismatic, purple transparent erystals up to 40 
x 40 mm (Im x [Me in) are renowned from 
‘pegmatite in the Pulsifer quarry, Mount Apatite, 
‘Auburn, Mainc, USA: pink crystals from Dusso. 
Pakistan. Perfect crystals about {00 mm (4in) across 
als from Alpine-lype veins, e.g in Fiesch, Switzer- 
land: also known (rom the quartz veins in greisens, 


"0 


associated with wolfamite, in Panasqucira. Port 
tal: in Horni Slavkos, Czech Republic; Ehrenttie~ 
‘dersdort. Germany. Also found in skarns at Cero de 
Mercado, Durango. Mexico, Large deposits of mas- 


ios ae, Ontario, Canada 


Corpaite. 20 mm x 


sive apatite located in Kola Peninsula, Russia: 
crystals weighing up to 300 kg, (660 1b) from the 
vieinity of Clear Lake, Ontario, Canada. 
Application: ai sore of chemi 
fertilize, 


Chlorapatite 
Cas (POgsC 
HEXAGONAL eee 
Properties: C ~ white, vatious hues of yellow; 
White: L— viteous to dull D ~ transparent trans- 
lucent: DE = 3.2; 1 ~ 5: CL ~ imperfect: F ~ 
conchoidal to uneven: M long prismatic 1 tabular 
‘ental, granular. 

‘Origin and occurrence: Magmatic in nepheline 
syemites and their pegmatites, some gabbros and 
‘oleanic rocks. aso in meteorites: metamorphic in 
skamns. It is usually associated with seapolit, 
amphibole titanite and magnetite. Perfect prismatic 
fexystals up to 33 em (13"% in) long. come from 
pegmatite in Bamle, Norway: aso from Kurokura, 
Japan, 


Hydroxylapatite 
Cas(PO4)3(0H) 
HEXAGONAL eee 
Properties: C~ white, yellow, various bues of gray. 
'S— white; L — vitreous to dull: D ~ wansparent to 
translucent; DE - 32: H ~ 5; CL — imperfect; F - 
cconchoidal 1o uneven: M ~ short prismatic to tabular 
crystals, avicular aggrogates. granular. 

Origin and occurrence: Metamorphic in tale schists 
and serpemtinites: hydrothermal in granitic pegma- 
ties; sedimentary in organic remnants. Crystals up 
to 30 mm (Ps in) across known ffom Snarum, 
Norway: Hospental, Switzerland: Eagle, Colorado, 
USA. 


Carbonate-fluorapatite 
Cas(PO4.COD)F 


HEXAGONAL ee 


Properties: C - white, gray: S— white; L~ vitreous 
to dull: D transparent to wanslucent: DE 3.2: H 
~5; CL ~ imperfect: F ~ concho‘dal fo uneven: M 
B spherical and botryoidal aggregates, massive. 
Origin and occurrence: Hydrothermal in ore veins 
and along the eracks in volcanic rocks. Rich botryoi- 
dal aggregates are knovsn together with hyalite opal 
from Valee. Czech Republic; the Wheal Franco mine. 
‘Tavistock. Devon, UK. 


Carbonate fuorepatit 0mm, Sal, Germany 


im 


Poromorphie 4 mi, Les Fares, France 


Pyromorfite 
Ps(POgse 


HEXAGONAL @ 


Properties: C~ green, brown, yellow, orange. white, 
‘gray: § -white: L ~ adamantine 10. greasy; D ~ 
transparent to translucent; DE ~ 7.1; H= 3.54; CL— 
imperfect; F ~ conchoidal to uneven; M ~ long 
prismatic to tabular and pyramidal crystals, 
botryoidal ageregates with radial strcture, acicular 
‘and earthy aggregates. massive. 

Origin and occurrence: Secondary in the oxidation 
zone of Pb deposit, associated with cerussite. 
‘gocthites and other ‘secondary minerals. Perfect 
‘erystals up 0.40 mm (Is in) long come from many 
localities, e.g. green and broven ones from Bad Ems 
and Zschopau, Germany: yellow-brown ones from 
Les Farges. France: groen. brown and yellow ones 
from Mina Ojuela, Mapimi, Durango, Mexico 
Green, orange and brown crystals, upto 60 mm (2% 
in) Tong, are known from the Bunker Hill mine, 
Idaho, USA. 


Mimetite 
Phs(As04)3C1 


HEXAGONAL eee 


Varieties: campyite 


Properties: C ~ yellow, orange, brown, yellow= 
‘brown, white, gay: S — white; L — adamantine to 
greasy: D ~ transparent to translucent; DE ~7. 
3.5-4; CL — imperfect: F ~ conchoidal to uneven M 
Tong 10 shor prismatic and pyramidal exystals. 
botryoidal aggregates with radial structure, acicular 
and earthy aggregates, granular 
‘Origin and occurrence: Secondary in Pb deposits 
associated with pyromorphite and gocthie. Perfect 
‘xystals up to 20 mm (hr in) long come from 
Johanngeorgenstadt. Germany: campylite oceurs in 
Drygill. UK: erystals up to $0 mm (2 in) across 
found in Tsumeb, Namibia; Santa Eulalia and San 
Pedro. Chihuahua, Mexico, Beautiful yellow erysals 
‘up to 30 mm (1m in) found recently in Hat Yai 
province. Thailand, 


Vanadinite 
Pos(VO4nCt 
HEXAGONAL eee 
Properties: C— yellow. orange. red, brown, yellow= 
brown; S ~ whiie: L ~ adamantine to greasy; D 
transparent o translucent; DE ~ 6.9; H~25-3:CL, 
none: F ~ conchoidal to uneven: M — long to short 
prismatic and pyramidal crystals. botryoidal 


agerceates with radial structure, acicular and carthy 
ageregates, granular 

Origin and occurrence: Secondary in Pb deposits, 
associate with pyromorphite, wulfenite and goethite 
Perfect crystals up to 130 mm (5°! in) long come 
from Djcbel Mahseur and Mibladen. Morocco. Pris- 
matic erystals were also found in Tsumeb, Namibia: 
inthe Old Yuma, Red Cloud. Apache and Mammoth 
mines, Arizona, USA. 


madi, 64 mm. Hibladen, Moroes 


Atcest, 70 nm. Schrecberg. German 


Atelestite 
Bin(As04)0(0H) 


MONocLINIC @ 


Properties: C ~ yllow: yellow-green: $ ~ white: L ~ 
adamant to greasy: D ~ transparent to translucent 
DE~7.0; 4.5.5; CL ~ imperfect: F ~ conchoidal 10 
‘uneven: Mi small tabular erystals, spherical aggre 
(Origin an occurrence: Secondary inthe oxidation zone 
‘of Bi deposits twas found in Schneberg. Germany 


Huréaulite 
Mns(PO4)2{POs(OHN}2 4 H20 


MONOCLINIC eee 
Properties: C ~ orange-red. pink. purplish, white, 
gray; S ~ white; L ~ vitreous: D — transparent 10 
translucent; DE 32: H — 3.5; CL — good: F — 
uneven: M'= prismatic to tabular erystals, coatings, 
sranular, massive. 


Hureaulie. 33 mm. Shing. Pakistan 


Brice 30 mon, Fabel, USA 


Origin and occurrence: Secondary in granitic peg 
rmatites, asa result of alteration ofthe primary phos- 
phates, mostly lithiophilite, iriphylite and grafto- 
nite. Purplish erystals up t0 50 mm (2 in) across 
‘come from Shingus. Pakistan. Similar crystals found 
in Hagendort, Germany. Also known ffom Mangual- 
de, Portugal; Sao Jose da Safira. Minas Gerais, Bra- 
Zl, from the Tip Top mine, Custer. South Dakow. 
Usa. 


Variscite 
AM(PO,) -2 HO 


ORTHORHOMBIC eee 


Properiies: C ~ colortess, greenish, blue-green; S ~ 
‘shite: L — vitreous: D transparent to translucent 
DE~26;H- 35-45; CL ~ good: F - uneven; M— 
isometric crystals, boiryoidal aggregates, nodules, 
coatings. massive. 

Origin and occurrence: Hydrothermal in eracks in 
sedimentary rocks. rich in Al and . also in phos- 
phates deposits, It is associated with spatite, 
‘wavellite and other phosphates. Renowned greenish 
‘nodules up to 30 em (12 in) in diameter come from 
Clay Canyon. Fairfield, Utah, USA; also. known 
fiom Ronnebure. Germany and Jivina near Beroun, 
Czech Republic 


Strengite 
Fe}(PO4).2 Hy 

ORTHORHOMBIC 8 ee 
Properties: C ~ colorless, pinkish, rod-porpe: S 

white: L~vircous; D ~ tanspazent to translucent: 
DE~ 2a: H = 35-48: CL ~ good: F ~conchoidal 
M-~ isometric, iabular to short prismatic crystals, 
boxryoidal aggregates with radial structure, coatings. 
Origin ond occurrence: Secondary in granitic 


Siro, 36 mm Svopparaars, Swede 


egmatites where it forms as a result of hydro- 
‘thermal replacement of primary phosphates: inthe 
oxidation zone of Fe deposit together with 
tgoethite, Purple erystals up t0 $ mm (‘Ys in) across, 
‘come from the Bull Moose mine, Custer. South 
Dakota, USA: also known from Pleystein, Ger- 
‘many and ftom Teskev. Czech Republic. 


Scorodite 
Fet(As0, 


24,0 
ORTHORHOMBIC eee 


Properties: B~ light green, gray-green olive-green, 
coloriess, blue, yllow-brown: Slight green; L 
Vitreous fo resinous: D ~ transparent to tanslucent: 
DE~33;1L- 35-4; CL imperfect: F ~ conehoida!: 
M_— dipyramidal to short prismatic erystals. 
botryoidal and earthy ageregats, coatings, granular. 
Origin and occurrence: Secondary jn the oxidation 
zone of ore deposits, associated with arsenopyrite, 
Tollingite and other arsonides; in granitic pematits; 
hydrothermal in the hot springs, 

Perfect erysals up to 50 mm (2 in) across come from 
‘Tsumeb, Namibia; the Kiura mine. Oita, Japan; 
Mina Ojucla, Mapimi, Durango. Mexico: 

crusts, several em thick. were found in Djebel Debar, 
Alger 
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‘Next, strip off approximately 3 inches of insulation from a piece of the 30 gauge wire wrap wire. Cut the 
wire at a comfortable 12 inch length or so. 


Figure 8. Wire stripping 
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SILICON LABS 


Phosphophslite 18 mm x. Peas. Bolin 


Phosphophyllite 
ZmaFe(PO4)2-4 20 


MONOCLINIC 


Properties: C — colorless, blue-green. blue: S 
white; L~ vitreous: D ~ transparent to translucent: 
DE ~3.1; H 33; CL ~ good: F ~ uneven; M ~ 
long to short prismatic and thick tabular crystals, 
granular 

Secondary in the oxidation 
granitic pegmatites, where it 
replaces primary phosphates. Perfect crystals, up 10 
140 mm ($4 in) across come from sulfide cavities in 
the Unificada mine, Potosi, Bolivia, Also occurs at 
Hagendorf. Germany. 


Ludlamite 
Fey(PO4)2-4 HO 


MONOCLINIC @ 


Properties: C~ light green. green; S ~ white; L 
vitreous; D~ transparent o translucent: DE ~3.2; 11 
3.5; CL — perfect: F — uneven; M — thin to thick 
tabular erysals. granular, massive. 
Origin and occurrence: Secondary inthe oxidation 
‘zone of ore deposits: in granitic pepmatites, where it 
replaces primary phosphates. Perfect crystals up to 
90 mm (3% in) across known from the San Antonio 
‘mine, Santa Eulalia, Chihuahua, Mexico; also from 
Morococala. Bolivia and the Blackbird district, 
Idaho. USA, 


Anapaite 
EagFetPO4)a 4 M20 
TRICLINIC @e 


Properties: C ~ light to dark green, colorless; S 
white: L vitreous; D ~ transparent to translucent; 
(CL — perfect: F = uneven: M ~ 


ranula. 
Origin and occurrence: Secondary in the oxidation 
zone of Fe deposits and in sedimentary rocks, rich in 
Tabular erystals several mm across and spherical 
aggregates, up t0 30 mm (14 in) across, come from 
the cracks within eolitic oes near Anapa and Ketch, 
‘Crimea, Ukraine; also known from Bellaver de 
Cerdena, Spain. 


Vivianite 
Fe3(PO4)2 8 420 
MONOCLINIC eeee 
Properties: C colorless when fresh, quickly 
‘oxidizes to blue, green, purple, black-bluc: § = white 
‘bluish; L~ vitreous; D~ transparent, translucent 9 
‘opaque; DE ~ 2.7; H ~ 1.5-2; CL ~ perfect: F ~ 
‘uneven: M-— long prismatic to acicular erystals, 
Fibrous, earthy to pulverutent aggregates, coatings, 
‘granular, massive, 

Origin and accurrence: Secondary i the oxidation 
‘zone of Fe deposits; in granitic pegmatite. where it 
forms bythe replacement of primary phosphates and 
in sedimentary rocks in proximity of organic 


Anapaite, 18mm oxsresaes nop Crane 


ial: hydrothermal in the ore deposits. Crystals 
up to 1.5 m (5 ft) long found in clay sediments in 
‘Anloua, Cameroon: erystals up to 200 mam (7 in) 
across known from Morococala, Bolivia. Small 
crystals come from Trepea, Serbia; Leadville, 
Colorado, Bingham Canyon. Utah, USA; also from 
Rereh and Anapa, Crimea, Ukraine. 


Enythrine 
€03(As04)2 -8 HO 
MONOCLINIC eee 


Prperties C - dark purple. pink, colorless: S ~ light 
pink to white: L vitreous; D - wansparent to trans- 


xytvite, 2 mm, Sesieo 


lucent: DE = 32: H = 15.9. CL ~ perfect F 
uneven: M-— long prismatic, abicul to tbul 
rystals, earthy aggregates, coatings, granular, 
Origin and occurrence: Secondary inthe oxidation 
zone of Co, Ni and U deposits. Tabular crystals upto 
660mm (2 in) long come from Bou Azer, 
Morocco, Other important localities are Schnecherg, 
Germany: Talmesst ran: Cobal, Ontario, Canada: 
Mount bat. Queensland. Avs 


Vivian, #8 mm. Monscocla, Bolivia 


Phosphophstte 18 mm x, Poo. Bolivia 


Phosphophyllite 
ZmpFelPOy)a-4 4,0 


Anapaite 
Care(POga -4 M20 


MONocLINIC ee 


Properties: C ~ colorless, blue-reen, blue: S 
white: L~ viteous: D— transparent to translucent; 
DE ~ 3.1; H~3-3.5; CL ~ good: F ~ uneven: M 
long 10 short prismatic and thick tabular crystals, 
granular. 

Origin and occurrence: Secondary in the oxidation 
zone of ore deposits: n granitic pegmatite, where 
replaces primary phosphates. Perfect crystals, up to 
140 mm (54 in) across come from sulfide cavities in 
the Unificada mine, Potosi, Bolivia. Also occurs at 
agendort. Germany. 


Ludlamite 
Fey(PO,)2-4H20 


MONOCLINIC ee 
Properties: C ~ light green, green; § ~ white; L 
vitreous; D transparent to translucent; DE ~3.2: H 

‘5: CL ~ perfect; F ~ uneven: M ~ thin to thick 
tabular erysals, granular. massive. 


Origin and occurrence: Secondary in the oxidation 
‘zone of ore deposits: in granitic pegmatite. whore it 
replaces primary phosphates. Prefect erystls up to 
90 mum (3% in) across known from the San Antonio 
mine, Santa Eulalia, Chihuahua, Mexico; also from 


Idaho. USA, 


TRICLINIC @ 


Properties: C — light to dark green, colorless; S 
‘white: L ~ vitreous: D ~ transparent to translucent: 
DE ~ 28; 11 3.5; CL — perfect: F — uneven; M— 
thi thick boar nya este ke areas, 
granular. 

(Origin and occurrence: Secondary in the oxidation 
‘zone of Fe deposits and in sedimentary rocks, rich in 
P. Tabular erysials several mm across and spherical 
agerezates, up to 30 mm (1% in) across, eome ftom 
the cracks within ooitc ores near Anapa and Kerch, 
Crimea, Ukraine; also known fom Bellaver de 
Cerdena, Spain. 


Vivianite 
Fex(PO4)2 8 #0 
MONOCLINIC eeee 
Properties: C ~ eolrless when fresh, quickly 
oxidizes to blue, gren, purple, blacksbie: S — white 
to Duis L- viveous, D- vansparent ranslucent 
opaque; DE ~ 27; Hi ~ 15-2: CL ~ perfect, F - 
uneven; M~ long prismatic to acieuar erystals, 
Fibrous, eanhy to pulverlent aggregates, coatings, 
sanular, massive 

Origin and oceurrence: Secondary in the oxidation 
zone of Fe deposits; in granite pegmatts, where it 
forms by the replacement of primary phosphates and 
in sedimentary rocks in proximity of organic 


¥ 


— 


‘material; hydrothermal in the ore deposit. Crystals 
‘up t0 1.5 m (5 i) long found in clay sediments in 
AAnloua, Cameroon: crystals up to 200 mm (7 in) 
across known from Morococala, Bolivia. Si 
crystals come from Trepea. Serbia: Leadville. 
Colorado, Bingham Canyon. Utah, USA: also from 
Kereh and Anapa. Crimea, Ukraine. 


Enythrine 
Co3(A:04)2-8 M20 
MONOCLINIC eee 


Properties: C ~ dark purple. pink, colortess: S- light 
pink to white: L = vitreous; D » transparent 10 wans- 


Expt, 29mm, Mexico 


lucent; DE - 3.2: H — 1.5:2.5: CL ~ perfect; F - 
uneven: M — Tong prismatic, acicular to tabular 
crystals, earthy aggregates, coatings, granular. 
(Origin and occurrence: Secondary in the oxidation 
zone of Co, Ni and U deposits. Tabular crystals upto 
60 mm (2% in) long come from Bou Azer, 
Morocco. Other important localities are Schnecberg, 
Germany: Talmessi, Iran: Cabal, Ontario, Canad, 
Mount Cobalt. Queensland, Australia. 


Viviane, 48 rome, Morococala, Bois 


7 


Anmabergie 85 mm. Laurin, Greece 


Annabergite 
NigasOga-2 20 


MONOCLINIC eee 
Varieies: eabeeie (Mg contents) 


Properties: C — light to dark green, white; S — white: 
L — vitreous, D = transparent to translucent: DE 
32:11 1,522.5; CL - perfect; F— uneven; M— long, 
‘prismatic to acicular and tabular crystals, acicular 
And carthy aggregates, coatings, granular, massive. 
‘Origin and occurrence: Secondary in the oxidat 
zone of Ni deposits, associated with erythrite. Crys 
{als up to $ mm (‘i in) across occur in Gukuroren, 
“Turkey; Sierra Cabrera, Spain; Laurion. Greece 
Nodules up to 20 mm (x in) come from the 
‘Snowbird mine. Montana, USA. 


dark blue, light green, black- 
vitreous: D ~ transparent 

Iranslueent; DE — 3.0 Ht ~ 2.5: CL — perfect: F 
uneven, M ~ acicular to tabular crystals, spherical 
aggregates with radial structure, eartby aggregates 
and coatings, granular, massive. 

‘Origin and occurrence: Secondary in the oxidation 
zone of ore deposits and in granitic pegmatites with 


Pierepharmacolite, 24 mon, France 


‘As minerals, mainly arsenopyrite and lllingite. It 
‘ecurs in Sehneeberp. Germany: Baia Spre, Roma 
nia and Trebsko, Czech Republic, 


Picropharmacolite 
agttghiy(AsO gq. 12 30 


TRICLINIC 08 


Properties: C ~ colorless, white: $ ~ white; L 
vieous: D ~ transparent 10 translucent: DE ~2.6, H 
25; CL — perfects F ~ uneven; M ~ acieuiar 
censtals, spherical aggregates with radial structure, 
coatings. 

Origin and occurrence: Secondary in the oxidation 
zone of ore deposits with As minerals, mostly 
arsenopyrte and ollingite. It is also known from 
Ste-Marie-aux-Mines "and Salsigne, Franee: 
Freiberg, Germany and Jachymox, Czech Republic. 


Brushite 
CaH(PO,).2 4,0 
MONOCLINIC e@@ 
Properties: © — colorless, whites $ ~ white; L— 
vitreous, pearly on cleavage planes: D ~ transparent 
to translucent; DE - 23; H — 2.5: CL — perfect: F 
‘uneven; M-~ prismatic, aicular to tabular crystals, 
carthy aggregates and coatings. massive. 

Origin and oceurrence: Secondary on bat and bird 


Legrand. 25 mm xx. Map. Mexico 


exercments and bones. it impregnates bones, along 
the eracks of phosphorites. Tabular crystals up to 20, 
mm ("in in) across come from Quercy, France also 
occurs near Oran, Algeria and Pig Hole, Virginia. 
USA. 


Legrandite 
Zny{As0 (OH) .Hy0 


MONOCLINIC ee 


Properties: C~ colores, yellow. purple S~ white; 
1L“Witcous. D- ransparet to wansluesi; DE ~ 4.0, 
H— 45: CL — imperfect, Funeven: Mong 
prismatic crystals and their intergrowths, radial 
aggregates 

Grigin and cecurrence: Secondary in he oxidation 
one of Zn deposits and in pegmatite. Prismatic 
‘ysis upto 250 mm (9% in) ong fund in Bina 
‘Ojucla. Mapin. Durango, Mexico It sal known 
from Galle. Mins Cera Bri nd Tsun 
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Euchre, 10 mm xx, Leber, Slovakia 


Euchroite 
{Cuy(As04(OH) -3 HO 


ORTHORHOMBIC ee 


Properties: C~ emerald-groen; $ ~ white; L ~ 
vitreous: D~ transparent to translucent; DE~ 3.5; H 
= 35-4; CL ~ imperfect; F ~ conchoidal to uneven: 
M © short prismatic to thick tabular crystals, 
Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits, associated with olivenite and 
‘malachite. Thick tabular erystals up to 30 mm (V/s 
in) come from Vubictova, Slovakia. Ialso occurs in 
Zapacica, Bulgaria and Chessy. Frane, 


iit, 20 mm x, Ulloa, Bla 


Since 10 mn x, Hagendor: Germany 


Vauxite 
FeAln(PO,)3(OH)2 .6 120 


TRICLINIC @ 


Properties: C ~ light to dark blue: S— whi 
vitreous; D ~ transparent to translucent: DE ~ 2.4: H 
3.5; CL none; F uneven; M- tabular erystals. 
radial aggregates, massive 

Origin and accurrence: Secondary in the oxidation 
zone of Sn deposits, associated with wavellite, 
CCeystals occur in the Siglo XX Mine, Lillagua, 
Bolivia, 


Strunzite 
MaFe#*(P04),(0H)2- 


MONOCLINIC eee 


Properties: C ~ light yellow, yellow-brown; S 
yellowish; L = vitreous; D ~ wansparcnt to 
translucent: DE — 2.5; H~ not determined: CL — not 
determined: F - uneven; M ~ acicular erystals, 
‘cicular and fibrous agerceates. 

‘Origin and occurrence: Secondary in granitic pegma- 
ties, asa result of weathering of primary phosphates, 
‘mostly trphylite; rarely hydrothermal inthe cracks of 
Ferrich sedimentary rocks. Acicula crystals up 10 20, 
‘mm (sin) across known from Hagendorf, Germany: 
the Palermo No.1 and No, mines, North Groton and 
the Fletcher mine, Groton, New Hampshire, USA. 


Cacorenite, J mmx Helerinen, eamssvania, USA 


Cacoxenite 
(Fa Al)as(PO4)174(OH)1 2-75 HzO 


Diadochite 
Fe3* (PO4)(SO4(OH) .5 20 


HEXAGONAL oe 


Properties: C_ light yellow, yellow-brown, range: S 
yellow; L— silky: D~ transparent to translucent: DE — 
23; H~ 34: CL ~ not determined; F — uneven: M — 
acicular and fibrous aggregates, often with radial 
‘structure. botyoidal crusts and coatings. 

(Origin and occurrence: Hydrothermal onthe cracks 
of sedimentary Fe ores, associated with wavelite: 
rare as sccondary in granitic pogmatites, 35a product 
‘of weathering of primary phosphates. Crystals up to 
10 mm (4 in) across came from the Horcajo mine, 
Ciudad Real. Spain; golden-yellow acieulae aggre: 
gates occur in Hrbck near Svata Dobrotiva and 
‘Trenice, Czech Republic and in Amberg. Germany: 


Beraunite 
Fel¥Fe?*5(PO4)4(OH)s -4H20 


MONOCLINIC @e 


Properties: C ~ red-brown, red gray-green: S ~ 
yellow to green-brown; L — vitreous 10 dull: D = 
translucent: DE ~ 3.0; H — 3.5-4: CL - good: F — 
uneven; M~ acicular aggregates. often with radial 
Structure. botrypidal crusts and coatings. 

Origin and occurrence: Hydrothermal onthe cracks 
of sedimentary Fe ores, typically together with 
wavellite; secondary in granitic pegmatites, as a 
product of weathering of primary phosphates. 
‘Acicular aggregates up to 10 mm (sin) across occur 
jn Mount Indian. Alabama, USA: also known from 
Hebel near Svata Dobrotiva, Czech Republic and 
“Amberg. Germany. 


TRICLINIC eee 


Properties: C yellow-brown, brown. red-brown, yel- 
low-green wray-ereen; S —ycilo to ight brown; L— 


‘earthy: M ~ nodules, coatings and crusts, massive. 
‘Origin and occurrence: Secondary in the oxidation 
Zone of Fe deposits, Diadochite eaves in abandoned 
mines are known from Saalfeld, Germany: nodules 
found in New Idria, California and Eureka, Nevada, 
USA, 


iadochite, 40 mm. Recsk Hungary 
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Hevlite, 40 mm, Trevi, Czech Republic 


Eayphorte, 4m x8 Lara dha, Bail 


Wavellite 
Aly(PO4){OH.F)3 +5 HO 


ORTHORHOMBIC eee 


Properties: C— colorless, white, greenish, light bluc- 
green. green, yellowish; S ~ white: L ~ vitreous to 
pearly: D transparent to transhicent: DE 2.4; H 
35-4; CL — perfect: F ~ uneven: M — isometric 
frystals, hemispherical aggregates with radial 
structure, botryoidal aggregates. nodules. coatings. 
massive. 

Origin and occurrence: Hydrothermal inthe cracks 
of Al and P-rich sediments, also. in. phosphale 
‘deposits, ore veins and pegmatites. Beautiful he 
spherical aggregates up to 40 mm (1%! in) in dia- 
meter occur in Pencil. Garland and Magnet Cove. 
Arkansas, USA: also known ffom Trenice and 
Mitina, Czech Republic and Ronneburg. Germany, 


Eosphorite 
MnAl(PO4)OH) «HO 


ORTHORHOMBIC ee 


Properties: C~ pinkish, colorless, white, brownish, 
red-brown: S — white; L ~ vitreous to pearly: D— 
transparent to translucent: DE ~ 3.1; H~ 5: CL 
imperfect; F ~ uneven to conchoidal; M Tong to 
shor prismatic erystals. radial agarcgates, granular 
Origin and occurrence: Secondary in. granitic 
Pegmatites, as 2 product of bydrothermal replace 
‘ment of primary phosphates. Crystals up to 100 mm 
‘(Gin) long found in the Joao Modesto dos Santos 
‘mine, Minas Gerais, Brail occurs in Rapid Crock, 
Yukon, Canada, too. 


Turquoise 
Cunig(POQ4(OH)g 4 0 


TRICLINIC eee 


Properties: C~ blue, blue-green, green; S~ white; L 
waxy; D~ transparent, translucent to opaque: DE: 
29:H- 5-6; CL~ good: F- eonchotdal to uneven: M 
short prismatic crystals, botryoidal agarepates, 
coatings, massive, 
Origin and occurrence: Secondary in the surface 
parts of rocks with elevated contents of P and Cu, 
‘2g. inthe oxidation zone of some Cu deposits, Small 
crystals occurred near Lynch Station. Virginia, USA 
‘Massive blue and blue-green concretions come from 
Mount Ali Mirsai near Maden, ran, Other localities 
are Cortez, Nevada, Los Cerillos and Eureka. New 
Mexico and Bisbee, Arizona, USA. 
Application: popular gemstone. 


Targus 8mm ogeregates. Humboldt Co. Ui 


Chalcosiderite 
CuFe*4(PO4)4(OH)g 4 HzO 


TRICLINIC 88 
Properties: C dark green: S ~ white: L 
1D transparent wo translucent: DE 3.3; 11 


good: F — concheidal to uneven; Mt 
prismatic crystals. coatings, 


Turquoise. SO mm, Kacobhstan 


Origin und occurrence: Secondary in the oxidation 
zone of some Cu deposits, together with goethite, 
Gufrenite and pharmacosiderite. It occurs in 
Bishee, Arizona, USA; inthe Wheal Phoenix mine, 
Comnvall, UK: Sehneckenstein, Germany: Hora 
Slavkos. Czech Republic 


Chalcosierite, 0 mm, Cone UK 


AN114 


Feed the wire behind and under the leads on one side of the IC as shown in Figure 9. 


ee . —¢ 


Figure 9. Wire with one side anchored to nearby component 


Solder tack (anchor) one end of the 3 inch wire to a nearby via or component on the PCB. The anchor 
point should be in a location similar to that should in Figure 10. 


6 Rev. 11 


SILICON LABS 


Cheneviie, 100 nt. Chaguicamaa. Chile 


Chenevixite 
‘CugFe?*(As04)2(OH)4 HO 


Tirole 90 mm, Novoveska I. Slovak 


Delvguxite 
CaFe}* (PO45O4NOH)g 44 H20 


MONOCLINIC @ 


Properties: C ~ dark green, olive-green to yellow 
green: S- yellow-green: L.- greasy: D ~ translucent; 
DE ~ 3.9, H~ 35-45; CL not determined: F = 
onchoidal to uneven; M ~ earthy aggregates, 
coatings, massive 

‘Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits, associated with malachite, 
‘yrolite, azuite and other minerals. Massive aggro- 
gates occur in the Mammoth mine, Tintic, 
USA: also in Klein Spitzkopie, Namibia 


Tyrolite 
EaCus(AsO4)a(CO)NOH)4 -6 HO 


ORTHORHOMBIC @@ 


Properties: C apple-green, preen-blue to blue; S 
light green to blue-green; L - vitreous to pear 
transparent to translucent; DE ~ 3.3: H~ 2: CL ~ 
perfect; F — uneven: MB scaly and tan-shaped 
iggrepates, coatings and crusts. 

Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits, frequently associated with 
chalcophylite. Rich aggregates occur in the Majubo 
Hill mine, Nevada, also in Tintic, Utah, USA. Its 
also known from Brixleyg, Austria: Saalfeld and 
Schnecberg, Germany: Novoveska Huta. Slovakia, 


AMORPHOUS eee 


Properties: C_— yellow-brown, brown, red-brown, 
back-brown; § yellow; L~ greasy. waxy; D — 
translucent to opaque; DE - 18-2; 1T~ 2.5; CL—not 
dotermined; F — conchoidal, cary: M”~ nodules, 
stalactites, coatings and crass, massive. 

(Origin and occurrence; Secondary in oxidation zone of 
Fe deposits. Nodules of 50 em (20 i) aross in Crech 
Republic. Also known in Berneau and Richelle 
Belgium: Zclezik, Slovakia: Ketch, Crimea, Ukraine, 


Detrausite. 8 mm, Kncce, Cech Relic 


Belowstvite 4 mm, Kah. Caech Republic 


Bukovskyite 
Fe}? (AsO 4)'5O4(OH) -7 420 


TRICLINIC ® 


Properties: C~ yellow-green, sray-ureen; S — yellow 
ish white: L ~ dul to earthy; D = translucent to opaque: 
DE 2.3: H not detrmined: CL ~ not determined: F 
earthy; M B botryoidal aggregates and nodules, 
Origin and occurrence: Secondary on the old mine 
dumps where it forms as a product of arsenopyrite 
‘weathering, Noles up to 60cm (24 in), oxcur on me 
dieval dumps in Kank near Kutna Hora, Czech 
Republic 


Chalcophtite 36 nm. Chile 


Vescelyite 
(Cuzn)PO4NOHYs-2 420 
MONOCLINIC #8 
Properties: C ~ geen buegreen. du bes § ~ 
‘gore —vivoate D tarsheeat DE 34: 
354 CL— god; F—unoven M shor primate o 
tabular crystals, granular. 

niin ond occurence Secondary inte oxidation 
Sone ofCe-Zn depos, Crystals up 10 50mm (in) 
cross found inthe Black Pine mine. Pipsbur, 
Montane, USA: aio from Moravia, Romani 
Arsava pen Wanlockhead Scolnd UK. 


Chatcophylite 
CurpAa(AsO4n(S09)xOH)a7 36 HO 
TRIGONAL eee 
Properties: C~ emerald-gree, blue-green: Slight 
trcen; L~ vitreous, pearly, D — transparent 10 
translucent; DE ~ 2.6, H- 2: CL — perfect: F— 
uneven: Mi. tabular eryatals, saly.fanshoped 
"ggrepnes, coatings, massive 

‘Origin and occurrence: Secondary inthe oxidation 
zone of Cu deposits, usually associated with tyrlite. 
Rich agaregates occur in the Majuba Hl, Nevada 
and inthe Tine district, Ua, USA, Niee specimens 
also ‘come. from Novoveska Huta and. Plesky, 
Slovakia: Nizhniy Tagil, Ural mountens. Russi: 
Cap Garrone, France 


esse, 13 nm. Philpsburg USA, 


Liraconte. 36 mm, Cornwall. UK 


Lirokonit 
CugAHAsO4)(OH)4 4 HO 


MONOCLINIC ee 


blue, green: $ ~ light blues L 
‘ransparent to translucent: 


Properties: © 
vitreous to resinous; D 


DF 30H 2.95:CL_ imperfect: F  conchoidal 
to uneven; M_— lenticular dipyramidal ceystals, 


Origin and occurrence: Secondary inthe oxidation 
zone of Cu deposits. together with olivenite, 
ite. Perfect crystals upto 30 mm 
(in) across come fom Redruth and St. Day. 
‘Cornwall. UK. Its also known from Cerro Gordo, 
California, USA. 


Evans, $m aggre, Sirk Ze 


Evansite 
‘Aly(PO4)OH)g -6 HzO 


AMORPHOUS 3 


rei igh ae 
frean, yellowish S = white, L = weous, reins, 
Sexy, D = easprent to tase DE 18-22 
ti Sl; CL” non; F-conehodal M~botyoidal, 
Salattic and” hemiaphercal aggregates and 
coat 

‘rig and occurence: Secondary in the oxidation 
oe of Fe deposi, ch in asiciated with 
Slope and gosh, Rich slate aggregse 
Come fom Zelemik, Slovakia and fom Epermay. 
Franee 


Whiteite-(CaFeMg) 
CaFeligyAly(PO4)¢(OH)p -8 HzO 


MONOCLINIC @@ 


Properties: C — brown: S — white; L  vitrous: D 
transparent to wanslucent; DE. 2.6, IT 4; CL — 
good: F uneven: M ~ short prismatic erystal. 
(Origin and occurence: Viydrothermal in the cracks 
of Prich sediments. Perfect erystals up to 20 mm 
(he in) aeross come from Big Fish River. Yukon. 
Canada. Crystals up to mm (% in), are known 
from, Lava dan de Tagural, Mins Goris, 
Brasil. 


Wiact-(Cabetgh 65 mm. dk Terrors: Canad 


JahasiesCaStn’g, 60 ma. Custer, USA 


Jahnsite-(CaMinMg) 
CatintgaFe?¥ (PO) q(OM)4 8 HO 


Wendie, 48 mi, Yohun Territory, Canada 


Cyritovite 
NaFe!*3(PO,) (OH), .2 120 


MonocuNic @@ 


Properties: C yellows light to dark brown: S - fight 
yellow; L~ vitreous; D ~ transparent to translucent: 
DE 2.6: H — not devermined: CL yond: F~ 
uneven; M_~ short to long. prismatic erystals, 
granular 

Origin ond occurrence: Secondary in_ granitic 
pegmatites, where it forms as a result of replace> 
‘ment of primary phosphates. Perfect crystals up to 
10 mr (% in) across occur in the Tip Top mine. 
Custer, South Dakota, USA. Iti alse known fram 
Hagendorf, Germany. 


Wardite 
Nahls(P0,),(OH)g.2 0 
TETRAGONAL #08 
Properties: - coloses, white greenish light bluc- 
atcon: S white; L_- siteous! D ~ transparent 10 
fransluconts DE 28 15: CL perfect F 
luncven M_— dipyramidal crystal. radial and 
hemispherical aggregates, coatings, erst. grams, 
Origin and occurence: Secondary in granitic 
pegmatites. where it forms as a product of primary 
phosphate replacement: hydrothermal inthe cracks 
in Pri sediments. Perfect crystals up to 30 mm 
(1% in) gross come from Rapid. Creck, Yukon, 

da. It is also known from Piedras Lavrades 
Paraiba, ravi 


Properties: C ~ yellow, orange, brown-yellow; 
yellow: L— vitreous: D — transparent to translucent 
DE~ 31: M4; CL — good: F ~ conchoidal: M 
tabula end dipyramidal erysals. coatings and crusts. 
Onigin and oecurrence: Secondary. in granitic 
pegmatites, where i forms asa result of replacement 
‘of primary phosphates. Small crystals occur in 
Cyril, Czech Republi; Hagendorl. Germany and 
Sapueaia, Minas Gerais, Brazil 


Critovte, 60 mn roe Monarch. Ausra 


Livocanite, 86 mm. Cornwall. UK 


Lirokonit 
ugAKAs04)(OH)4.4 HO 
MONOCLINIC #8 
Properties: C ~ tive, green: § ~ light Bue: L — 
‘teous to resinous: D" transparent 0 translveent: 
DE—30,H = 22:5, CL impertets~ conshoida 
to uneven M— leniclar pyramidal rts, 
Origin and occurrence: Secondary in the oxidation 
zane of Cu deposits, together with olvenite, 
malachite and avait, Prfeterystls up to 30 ram 
(Vie in) across come fom Redruth and St. Day. 
CCornyall, UK, Ii aso known fm Certo Gordo, 
California, USA 


Exunse, $m asereates Sik Zeeznk lon 


Evansite 
AlyPO MOMs 6 H20 


AMORPHOUS 3 


Properties: C- colorless, white, greenish, light bluc- 
green, yellowish; S — white; L vitrous, resinous, 
wary: D ~ transparent to translucent; DE 18-22; 
H—3-4: CL —none: F - eonchoidal: M ~ botryoidal, 
stalaetitic and hemispherical aggregates and 
coatings. 

Origin and occurrence: Secondary in the oxidation 
zone of Fe deposits, rich in P associated with 
lophane and gosthite. Rich staleetiic aggregates 
ame from Zelernik, Slovakia and from Epernay, 
France, 


Whiteite-(CaFeMg) 
CaFettgAi(P Op) 4(OH)2 .8 10 


MONOCLINIC ee 


transparent to transfucent; DE. 2.6; H~ 4; CL 
good: F — uneven; M — shor prismatic crystals. 

Origin and occurrence: Uydrothermal inthe eracks 
lof Pesich sediments, Perfect erystals up to 20 mm 


"Hs in) across came from Big Fish River, Yukon. 
Canada, Crystals up to $ mm ( in), are known 
from Lavra da tha de Taguaral, Minas Gerais, 
Brazil 


Ihiee-(CuFelg. 65 mm. Yokan Terrivo; Canad 


ative (Castate, 60 mi. Caster USA, 


Jahnsite-(CaMinMg) 
CaMtattenFe?*3(PO4)4(OH)4 8 HO 


ie 48 my, Yk Territory, Canada 


Cyrilovite 
NaFe¥*3(PO,)2(OH)4 -2 #20 


MONOCLINIC @@ 
Properties: C yellow light to dark brown: § light 
yellow; L vitrous; D ~ wansparent to translucent: 
DE ~ 2.6; 1 ~ not determined: CL good: F — 
tuneven: M — short to long prismatic crystals. 
sganula. 

Origin and occurrence: Secondary in. granitic 
ppegmatites, where it forms as a result of replace- 
:ment of primary phosphates. Perfect crystals up to 
10 mm (% in) across occur in the Tip Top mine, 
Custer, South Dakota. USA. It is also known from 
Hagendorf. Germany. 


Wardite 
Naiig(PO4)2(0H)4 «220 
TETRAGONAL eee 


Properties: C_ colorless, white, greenish, light blue- 
green: S -white: L — vitreous: D ~ transparent 19 
Translucent; DE “28; H 3: CL ~ perfect: F 
uneven; M ~ dipyramidal crystals, radial and 
homispherical aggregates, coatings, crusts, granular 
Origin and occurrence: Secondary in granitic 
pegmatites, where it forms as @ product of primary 
Phosphate replacement; hydrothermal in the cracks 
‘in Perch sediments. Perfet crystals up to 30 mm 
(PP in) across come from Rapid Creek, Yukon, 
Canada. It is also known from Piedras Lavradas, 
Paraiba, Brazil 


TETRAGONAL 9 


Properties: C_- yellow, orange, brown-yellow: $ ~ 
yellow: L vitreous; D — transparent to translucent: 
DE — 3.1; H_-4; CL good: F ~ conchoidal; M 
tabular and dipyramidal crystals, coatings and crests 
Origin ad occurrence: Secondary. in granitic 
Pegmatites, where it forms asa result of replacement 
(OF primary phosphates, Small crystals occur in 
‘Cyrilox, Czech Republic: Hlagendorf, Germany and 
‘Sapueaia, Minas Gerais, Brazil 


Grito, 6 Iron Monarch. Australi 


Pharmacosidert. 38 mm. Coomvall, UK 


Pharmacosiderite 
KFe3* 4(As04)3(OH)4 .6 HzO 


cusic eee 


Properties: C ~ green, yellow-brown. brown; $ ~ 
‘white; L adamantine to greasy; D~ transparent to 
translucent; DE ~ 2.8; H ~ 2.5; CL ~ imperfect F 
uneven; M_~ cubic crystals, coatings, crusts, 
granular, massive. 

Origin and occurrence: Secondary in granitic 
[Pegmaties and in the oxidation zone of ore deposit, 
‘where it forms as a product of arsenopyrite and 
Tollingite replacement. Cubic crystals up 10 10 mm 
(CZrin) across occur in St. Day Liskeard and Redruth 
Cornwall, UK. It also comes from the Majuba Hill 
‘mine, Nevada, USA; Horhausea, Germany and Cap 
Garrone, France. 


Arseniosiderite 
CaFel* (2309) 02 -3 420 


MONOCLINIC 


Properties: C — yellow, light to date brown: § — 
yellow: L ~ submetalic to silky: D ~ opaque: DE ~ 
3.6:H~1.5;CL - good: F —uneven; M~ Fibrous and 
‘earthy ageregates. comings, crusts, massive. 

(Origin and occurrence: Secondary inthe oxidation 
‘one of ore deposits and in granitic pegmatites, 
where it forms as a product of arsenopyrite and 
lollingite replacement. Rich aggregates occur in 
Romanche, France: also from the Eureka mine, 
‘Timi, Uiah, USA and Winichen, Germany. 


Lavendulane 
[NaCaCug(As0,)4C1-5 HzO 


ORTHORHOMBIC ee 


Properties: C~ light blue-purple, blue: $— whit 
= silreous to waxy: D ~ translucent: DE ~ 3,5: Th ~ 
2.5; CL ~ good; F- uneven; M — acicularerystals, 
Aacicular and earthy aggregates, coatings. 

(Origin and occurrence: Secondary inthe oxidation 
zone of Co, Cu and Ni deposits, as a result of 
arsenide weathering, associated with erythritc. Rick 
acicular aggregates come from Talmessi and Anarak, 
Iran. Smal erystals found in the Blanca mine, San 
Suan, Chile and in Annaberg. Germany. Crystals up 
to 4 mm (Ys in) across oceur in the Gold Hill mine, 
Uaah, USA, 


Kondorstite. 15 mn x Kordon. Kol, Russia 


HEXAGONAL 98 


Properties: C - emerald-gteen, blve-green. light 
‘blue ight green, whitish; S— ight green ight blue; 
[L~adamantine to dull B - vanslucent. DE 3.% H 
‘3-4: ~not determined; F~ uneven; M~acicular 
crystals, acicular and carthy aggregnies, coatings, 
massive, 
‘Onin and occurence: Secondary in the oxidation 
‘zone of Bi and Cu deposits, together wil bismuthinit. 
It ceurred in Jachymox, Casch Republi; in Tie, 
‘Us. USA; Schnecbeng and Witichen. Germany. 


Torberie, 120 im. Katanga. Zale 


Kovdorskite 
Mas(PO4)2(CO3 (OH)? 45 HzO 


MONOCLINIC @ 


Properties: C ~ light pink-brown, white, blue: S ~ 
‘white; L = vitreous: D ~ transparent to translucent: 
DE — 26; H — 4; CL — none; F - conchoidal 10 
‘uneven: M ~ tabular erystals, massive 

Origin and occurrence: Hydeothermal, associated 
‘vith magnesite, magnetite and other minerals. Blue 
and pink-brown crystals up to 25 mm (in) across 
tcome from the Zheleznyi mine, Kovdor, Kola 
Peninsula, Russia 


Torbernite 
{€u(UOz)2(PO4)2 8-12 HO 
TETRAGONAL oe 


Properties: C ~emeral-green to grass-geen:  — light 
‘green; L— vitreous to dll, pearly on the clenvage planes: 
D~ wansparentto translucent; DE 3,3; H=2-23:CL.— 
perfect; F-— uneven; M tabular to pyramidal enya. 
carly ‘aggregates, coatings, granular, massive: R— 
strongly radioactive. 

(Origin and accurrence: Secondary in the oxidation 
zone of U deposit. also in pegmaites and sedimentary 
rocks, resulting from the hydrothermal alteration of 
‘aninite and other U minerals. Emerald-green tabular 
crystals, several cm across, come from Sabugal, 
Portugal; Jachymox, Czech Republic; Shinkolabye, 
Zaire; Bois-Nois, France: Moctecuma. Mexico and 
‘many localities in the Colorado Plateau, Utah. USA. 
Beautifl drusesoferystals upto 20 mm (i) across, 
found in the Margabal mine, Aveyron, France 
Application: U ore 
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uote, 1S ms rons, Pore 


Autunite 
{€a(40z)3(PO4)2 10-12 70 
TETRAGONAL eee 


Properties: C light to dark yellow, yellow-green 10 
teen; S ~ light yellow: L ~ vitreous to dull; D 
transparent to transiucent: DE 3.1: W225; CL. 
iM — tabular crystals, foliated, 
es, coatings, 
massive; LU ~ yellow-preen; R~ strongly radio 
active 
(Origin and occurrence: Secondary in the oxidation 
zone of U deposits in pegmatites and in some U- 
rich sedimentary rocks, as a result of hydrothermal 
alleration of ursninite and other U minerals. I i 
Frequently associated with torbernite and other U 


ranocircte, 78 mm, Minas Gra, Bil 


wach, 7m, Brumade, Brit 


secondary mincrals. Tabular exystals up to 30 mm 
(Pisin) aerass come from Schneebeng snd Johann: 
‘georgenstadt, Germany and Autun, France. Its also 
known from Rum Jungle, Northern Territory, Aust 
Tia: Si. Austel, Cornwall, UK: Moum Spokane, 
‘Washington, USA and Jachiymox, Czech Republic, 
Application: U or, 


Uranocircite 
8a(U0z),{POg), 10 40 
TETRAGONAL #8 


Properties: C~ light w dark yellow, light yellow- 
‘green: S— light yellow; L — vitrcous to dul, pearly 
fon the cleavage planes: D ~ transparent to translu- 


cent; DE~3.5; H~ 2-25; CL— perfect: F~ uneven; 
M-- tabular erystals foliated and earthy aggregates, 
pulverulent coatings, massive; LU — green; R 
strongly radioactive 

Origin and oceurrence: Secondary in the oxidation 
zone of U deposits. Yellow tabular erystals up 10 10 
‘mm (/ in) across occurred in Dametice. Czech 
Republic: Bergen and Wolsendorf, Germany and in 
the Sao Pedro mine, Suagui, Minas Gerais, Brazil. 


Novacekite 
Mg(U07)(As04)2 10 HO 


TETRAGONAL © 


Properties: C — straw-yellow, light yellow: $~ light 
yellow; L ~ vitreous to dull: D ~ transparent to 
itanslucent; DE - 3.7; H ~ 2; CL.~ perfect: F — 
uneven: M'~ tabular crystals, lamellar. carthy and 
pulverulent aggregates. massive; LU ~ dark green; R 
‘strongly radioactive, 

Origin and occurrence: Secondary in the oxidation 
zone of U deposits. Tabular erystals up to 30 mm (2 
fn) across come from the Pedra Prota Mine, 
Brumado, Bahia, Brazil. Lamellar aggregates are 
known from Zalesi, Crzch Republic; Aldama, 
CChihuahus, Mexico: Wittichen, Germany 


Zeunerite 
Eu(O2) (40,9 1-16 0 
TETRAGONAL ee 
Properties: © ~ emera-gren, yellow-green: $ 
light green: L— wires ell: D~ ransparent 
warslucent; DE ~ 34H 25: CL — peroct F~ 
never; M ~ tabular erystals,flntedagaregates, 
massive: strongly radioactive 

Origin and occurence: Secondary in the oxiation 
Sone of U deposits, Tabor erst up to 30 mim 
(Pisin) across, come from the Pedra Pra Mine. 
Bromado, BahRa, Braz itis ako known from 
Zales, Coch Republic and Schnberg. Germany. 


Carnotite 
K(U02)2(V09)2-3 M20 
MONOCLINIC eee 
Properties: C light to dak yellow, yellow-green S 
Tight yellow: L-~ duly D = transparent to tans 
lucent, opaqde: DE —4.9 H —not determined: CL 
perfect uneven; M~ cathy aggregates, massive; 
R= strongly radioactive 
(Origin and occurrence: Secondary in the oxiation 
‘ane of sedimentary U deposits piclly associated 


Carmoite. 35 mm, Uiah, USA 


with tyuyamunite, Play erystals upto 2 mm (ie in) 
across found in the Maskamba West mine, Zaire 
Earthy and pulverulent aggrogates occur in many 
localities. in the Colorado Plateau, c.g. Paradox 
Valley, Colorado and La Sal, Utah, USA. Also 
Known ftom Tyuya Muyun, Usbekistan and Radium 
Hill, Southern Australia, Australia. 

Application: U and V ote. 


Tyuyamunite 
€x(U0p)(¥04)2 -5-8 0 


ORTHORHOMBIC eee 


Properties: C ~ yellow-green, canary yellows S 
light yellow: L silky to adamantine; D~ translucent 
10 ofan: DE 3.6 It 2 CL per 
uneven: M~ cathy aggregates, massives LU ~ weak 
yellow-green: R ~ strongly radioactive, 

‘Origin and oceurrence: Secondary in the oxidation 
zone of sedimentary U deposits, together with carno- 
tite. Common earthy and pulverulent aggregates oc- 
cour in many localities in the Colorado Plateau, e 
Paradox Valley, Colorado and Red Creek, Utah, USA. 
Was described from Tyuya Muyun, Uzbekistan, 
Application: U and V ore 
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Dispense a small amount of liquid flux across the leads. 


Figure 10. Bus wire is anchored on C6 
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SILICON LABS 


9. Silicates 


Phenakite 
28104 


TRIGONAL 


Properties: © - elas, white yellowish, S ~ 
~ strong vitreous; D = transparent 10 trans 
een DE 30, He Be GL perce 
conchoidal; M = lang prismatic to tabular erystals, 
radial aggregates. granular 
Origin and occurrence: Magmatic in granitic pegma- 
lites; hydrothermal in gresens: metamoephic in mica 
schists, associated with beryl. chrysoberyl. apatite 
and quartz, Prismatic crystals up to 250 mm (9% in) 
long occurred in Kragero, Norway. It is also known 
from Sao Miguel de Piacieaba, Minas Gerais, Brazil 
in erystals, up to 100 mm (4 in) long. The other 
localities are Habachtal, Austria: Malyshevo, Russia: 
“Anjanabonoina, Madagascar. 
‘Application: sporadically cut as a gemstone. 


Willemite 
ZmSi04 


TRIGONAL 


Properties: C~ white, yellowish, gay. green; S white; 
= vitreous: D ~ translucent: DE ~ 40; H~ 5.5; CL~ 
ood: F B conchoidal to uneven: M — prismatic 10 
‘abular crystals. radial agaregates, granular: LU — 
distinct igh green. 

Origin and occurrence: Metamorphic in marbles; 
secondary in the oxidation zone of ore deposits, 


Topas. 60mm. Thomas Range, US.A 
Milemie. 76 mm. Fumeb, Namibia 


associated with zincite, franklinite, hemimorphite 
ng smithsonite, Crystals upto 100 mm (4 in) across 
‘come from Franklin, New Jersey. USA, Mont St- 
- Quebec. Canada, 

Application: as Zn or. 


Forse. 40 mm, Suppat Pisin 


Forsterite Olivine 
OLIVINE GROUP OLIVINE GROUP 
MgpSiOy (Me Fe)9SiOg 


ORTHORHOMBIC eee 


Properties: C ~ yellowish, greenish, coloress: § ~ 
‘white: L ~ vitreous; D~ transparent to opaque; DE — 
3.3: H -65-7; CL ~ good; F~conchoidal 0 uneven; 
M-~ tabular to prismatic erystals, granular. 

Origin and occurrence: Metamorphic in regionally 
and contact metamorphosed dolomite. Typical rock 
forming minecal, associated with enstatt, spinel, 
‘phlogopite and chlorite. Green gemmy crystals up to 
'80 mm (3% in) long come from Supa Pakistan. It 
also occurred in Crestmare, California, USA. Mount 
Timobly, British Columbia, Canada and Monte 
Somma, tly, 


ORTHORHOMBIC eeeee 


Varieties: crysolie 


Properties: © ~ green, yellow-green (chrysolite) 
‘brown-green fo black-yreen;§ — white; L— vitreous, 
'D~ translucent to opaque; DE ~ 33-36: H ~ 6-7: 
CL pood: FB conchoidal to uneven: M~ imperfect 
crystals, granular, 

Origin and occurrence: Magmatic in some ultr- 
basic rocks, eg unites, Therzolits, perdottes, 
gabbros. and in meteorites. Typical rock-forming 
‘mineral, usually associated with diopside, magnetite 
and pyrope. Classic locality of ehrysoite is Zebingst 
Island in the Red Sea, Egypt, where tabular crystals 


‘upto 100 mm (4) across oveurred. I isalso known 
fiom the San Carlos Indian Reservation, Arizona, 
USA. Olivine was found in many basaltie rocks in 
Taacher See, Germany: Rockport. Massachnsets. 
USA and elsewhere 

Application: cheysolite is cut as a gemstone. 


Fayalite 
OLIVINE GRouP 
Fags 


ORTHORHOMBIC eee 
Properties: C ~black-preen to black: S — grays L- 
all 0 vitreous: D~ opaque: DE ~4.2: H-6.5-7; CL 
1004; F B conchoidal to uneven: M ~ imperfect 
prismatic erystals. granular 

(Origin and occurrence: Magmatic in granitic peg- 
‘matiles, granites and syenites, associated with ortho- 
clase. gadolinite'Y) and epidot; rate metamorphic. 
Poorly developed crystals up to 150 mm (6 in) long. 
found in pegmatites near Baveno, the Alps, lay. 


Fayalte, $0 mm, Rockport USA 


11 is also known from Strzegom, Pola 
Sawtooth Batholith, labo, USA. 


Tephroite 

OLIVINE Grour 

ngs10y 

ORTHORHOMBIC oe 

Properties: C ~ gray, alvegreen, red-brown; § — 

‘we; L~ dill viteous, D~ransucent to trans- 

parent; DE= 42; H~6: CL good: FB conchoidal 

to uneven: M ~ prismatic crystal, granular 

Origin and occurrences Metamorphic in skarns 

and Mnvrich metamorphosed sediments, together 
rhodonit.franklinte and spessatine. Granu- 

Tar aggregates and perfect erystas up toSO mm (2 

in) across known ffom Franklin, New Jersey, USA; 

Leangban, Sweden. I comes azo from Tarnobrzep, 

Poland. in crystals, up to 80 mm (3% in) across. 


Tephrite, 6mm arin, Soden 
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Pare, 3 um prin, Tice, Coech Republic 


Pyrope 
GARNET Grour 
MexAbS012 


cusic eeee 


Properties: Cred to purple-ted light purple, black- 
brown; S — white: L ~ vitreous; D — transparent to 


Amandine, 38 mm x, tal Ausra 


translucent: DE ~ 3.5; H - 7-7.5; CL ~ none: FB. 
conchoidal to uneven; M ~ isometric crystals, 
granular 

Origin und occurrence: Magmatic in some ultra 
basic rocks, eg. Iherzolits. pridotites, kimberlites, 
eclogites and serpentinites; metamorphic in quartz- 
ites also known from placers. I is associated with 
diopside, magnetite and diamond. It comes from 
‘many localities in ultrabasie rocks, like Trebenice 
‘and Mirunice. Czech Republic; Zoblitz, Germany: 
Madras, India: Kimberley, South ATica. Crystals up 
to 250 mm (9% in) across were found in Dora 
Maria, the Alps, aly 
Application: cui as a gemstone. 


Almandine 

GARNET GRouP 
FegAhSi012 

cusic eee 
Properties: C — red to purple-red, black-brown: $ — 
‘white; L = vitreous; D— wansparent to translucent: 
DE ~ 43; Hl - 7; CL — none: F B conchoidal to 
uneven: M B well-formed erystals, granular. 

Origin and occurrence: Metamorphic in regionally 
metamorphosed rocks, as chlorite schists, gneisses, 


Spessarine, 96mm. Gilgit Pakistan 


Grosular, 17 mmx Asesios, Canada 


mica schists and migmatites; magmatic in some 
ranites. and pegmatites; also in placers. Well~ 
developed crystals up to 150 mm (6 in) across are 
known from Ishikawa pegmatites, Japan and 
‘Shingus, Pakistan, It comes from many mica schists 
and gneisses as crystals, upto about 50 mm (2 in), 
like Fort Wrangel, Alaska. USA; Otzal, Austria; 
Bodo, Norway. It eceurs in pacers near Ratnapura, 
Sri Lanka, 
Application: eut asa gemstone, abrasive material 


Spessartine 
GARNET GROUP 
MngAl354012 
cusic see 
Properties; © — red, orange, light brown 10 
Jellowish; S— white; L-~ vitreous; D= transparent 0 
itanslucent; DE ~ 43; H ~ 7-75; CL ~ none: FB 
conchoidal to uneven: M~pefectersial, granular 
Origin and occurence:” Magmatic it granitic 
Pegmatites and some granites: hydrothermal in 
Eaves in shyolites: metamorphic in some shams and 
‘Mn-rich metamorphic rocks. Perfect crystals up to 30 
tam (Pf in) across were found in rani pogmatts, 
inthe Hereules mine, Raion, Califoia, USA: neat 
Marenfus iver, Namibia and in ryote eaves in 
Nathrop, Colorado, USA 

(Gemmy cyst agments up to $0 mm (2) 
were recently found in an undisclosed focal 
Minas Gerais, Braz 

“Application: cua 8 persone 


Grossular 
GARNET GRouP 
Ca3Al2Sis012 


cusic eee 


orities: hesonite. savorite 


Properties: C ~ red, green (Isavorte), orange, red 
brown (hessonite) to colorless; $ — whitey L — 
vitreous; D ~ transparent to traniucent; DE ~ 3.4: H 
= 65-7; CL.— none: F B.conchoidal to uneven; M ~ 
perfect crystals, granular. 

Origin and occurrence: Metamorphic in Cetich, 
contact metamorphic racks, skarns, rodingites; 
hydrothermal along the cracks in these rocks, 
associated with diopside, vesuvianite, wollastonite, 
scapolite and epidote. Perfect crystals about 30 mm 
(he in) across occur inthe Jefftey quarry. Asbestos, 
‘Quebec, Canada and Sierrade las Cruces, Coahuila, 
Mexico, 

Tavorite erystals up to $0 mm (2 in) across come 
from the Tsavo National Park, Kenya and Merelani 
Hills, Arusha, Tanzania, The other well-known 
localities are Ala, Italy and Ciclova, Romania 
Grossular erystals up to 100 mm (4 in) in size in 
Vapenna, Czech Republic; Xalostoc, Mexico and 
Sandare, Mali 

Application: cut asa gemstone. 


Andrade, 30 mm x5, Gram Co. 


usa 


Andradite 
Garner cRour 
Fe Si30) 


cusic eee 
‘arievies: emantoid, metanite 


Properties: C ~ dark red. black-brown, brown. green 
to yellow-green (demanioid, black-brown to black 
(enelanitey S site: L— 
to translucent: DE ~ 39; 1-6: 
conchoidal 10 uneven: MB well-developed erysals, 
‘granular. 
Origin and occurrence: Metamorphic in Ca and Fe 
rich contact metamorphosed rocks. _skarns. 
rodingites; hydrothermal along the cracks of these 
rocks; magmatic in some alkaline igneous rocks, 
usually in the same localities as grossular. Crystals, 
up to 40 mm (I in) across come from Sinerechens- 
crystals were also found in the 


ia. Fine melanite crystals oceur in Magnet 
Cove, Arkansas, USA, Demantoid crystals up t0 30 
mmm (Ds in) aeross known from Val Malenco, Italy 
and in the Bobrovka river basin, Ural mountains, 
Russia 

Application: demantoid is eu as a gemstone. 


Melanie, 3 mo, Radss, Kazan 


Uvarovite 
GARNET GROUP 
CagCr28ig012 
cusic ee 
Properties: C ~ dark emerald-preen: § ~ white; L~ 
vitreous; D ~ transparent to translucent: DE ~3.9; H 
65-7; CL. ~ none: F B conchoidal to uneven: M ~ 
perfect crystals, granular 
Origin und occurrence: Metamorphic and also 
hydrothermal are almost only limited to rocks with 
increased Cr content, ultrabssic rocks with chromite, 
sexpentinites and skarn, Tt occurs as crystals up to 
‘mm (is in) across along cracks in chromite in 
‘Sarany. Ural mountains, Russia. Crystals up to 20 
mm nin) across. come from Outokump Finland 
11s alo know from Orford, Quebec, Canada. 


Zircon 
21504 


TETRAGONAL eee 


Sarities; jargon, hyacinth, 


Properties: C — yellow (argon), brown, yellow. 
brown, red-orange (hyacinth), red to colorless; S — 
% L = vious. greasy to adamantine: D ~ 
transparent to translucent; DE ~ 4.7; H = 7.5: CL - 
imperfect; F B conchoidal to uneven; M t 
Tong and short prismatic crystals, granular: LU 
yellow: RB sometimes radioactive and usually 
‘mctamict. 

(Origin and occurrence: Magmatic and me:smorphic 
a8 an accessory mineral in different rock types: rarely 
lnydrothermal in the Alpine-type and quar veins also 


in sediments and placers. Prismatic crystals up to 30 
«em (12 in) across, occur in syenite pepmattes in Ren- 
few and Bancroft, Ontario, Canada. Its also known 
‘rom Miass. Ural mountains and ffor Mount Vavnbed 
Lovozero massif. Kola Peninsula, Russia. Classic 
jceurrenees in granitic pegmatites are Alto Ligonha, 
“Mozambique: Arendal, Norway: Yiterby, Sweden and 
Jaguaracu, Minas Gerais, Brazil, Gemmy zircons of 
‘different colors up to 80 rim (3 in) in size come from 
placers near Ratnapura, Sn Lanka and elsewhere, 
‘pplication: hyacinth’ and jangon are cut as gem= 
stones, Zr or. 


Zircon. 20 mi x, Vshnevoparsk Ural Mis, Russa 


Eulyte. 2 mmx. Scinecberg, German 


Eulytine 
B48}:012 


cusic ee 


Properties: C ~ brown, yellow, gray, colorless; S ~ 
White; L-— greasy: D ” ranslueent: DE - 6.6: H 
4.5; CL— good; FB conchoidal to uneven; M~ small 
dipyramidalerysals. radial aggregates, granular 
Origin and occurrence: Secondary in Bi deposits, 
‘ypieally associated with bismuth, 

lis small erystals come from Homi Slavkov, Czech 


Euelase 42 mm, Minas Novas, Breil 
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‘Siimanie 10 m0 gains, Havihi Brod. Czech Republic 


Republic; Schnecberg and Johanngeorgenstad, 
Germany. 


Euclase 

BeAISIO,(OH) 

MONOCLINIC ee 

Properties: C~ coloress, white greenish, blue; S ~ 


white; L~ vitreous: D ~ wansparent to translucent 
DE~ 3.1, H~ 7.5; CL ~ good: F B conchoidal to 


tunevon: M — long prismatic crystal, radial aggre- 
gates. granular. 
Origin and occurrence; Hyérothermal occurs. in 
pegmatites, greisens and in quartz and Alpine-type 
veins; rare in placers. Well formed crystals up to 80 
‘mm (3s in) in size known from Santa do Encoberto, 
Minas Gerais, Brazil. Blue crystals up to SO mm (2 
cross occurred in the Last Hope Mine, Karel 
Zimbabwe. It also come from the sediments of 
Sanarka River, Ural mountains, Russia, Dark blue 
crystals up to 150 mm (6 in) across were found 
recently in the Chivor Mine. Colombia, 
Application: locally eu asa gemstone. 


Sillimanite 
AlSiO5 
ORTHORHOMBIC seeee 
Properties: C ~ white. gray. greenish, yellowish: S — 
white: L ~ vitreous to dull; D ~ iransparent 10 
translucent; DE ~ 3.3; H ~ 65-755; CL ~ good: F — 
tneven; M'= long prismatic crystals, fibrous aggre= 
gates. granular. 

Origin and ocewrence: Almost exclusively meta 
morphic in gneisses and migmatites: only rare 
‘magmatic in pegmatites and granite: aiso in placer. 
Typical rock-forming mineral, very commonly 
associated with andelusite. Typical localities are 
‘Bodenmais. Germany and. Mar_tkox, Czech Repub- 
lic, Gemmy crystals up to 20 ram (sin) long are 
known from Rakwana-Deniyaya, Si Lanka, 


Andalusite 
AnSiOs 
ORTHORHOMBIC ee ee 


Varieties: chiastolite,vridine 


Properties: C— pink, red-brown, red, gray, whitish 
green (viridin); S- white: L~ vitreous to dull; D ~ 
{tanslucent to transparent; DE ~ 32; H ~ 6.5-7.5; 
CL — good: F ~ uneven: 'M ~ prismatic erystals, 
fibrous agercgates, granular, massive, 
Origin and occurrence: Metamorphic in regionally 
‘and contact metamorphosed rocks; magmatic in 
pegmatites and granites, hydrothermal in quartzites. 
‘Typical rock-forming mineral, commonly associated 
with sillimanite, corundum and cordierite, Re- 
owned localities are Lisens. the Alps, Austra; 
Bimbowrie, South Australia, Australia, Green 
ery crys come from Moro do Chapew. 
Brazil. Viridine is known from Darmstadt, 
Cammy, 


Andalite 28 mm x Aracuay: Minas Geri, Brasil 


Chistolith, 20 mm. Bimbo, Australia 
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Hold the loose (non-anchored) end of the wire with tweezers in close proximity to the device as shown in 
Figure 11. 


Figure 11. Side 2 anchored and ready for solder heat 


‘You will now need to simultaneously apply solder heat and pull the wire away from the QFP, pulling at a 
slight upward angle from the board surface. Apply solder heat beginning at the lead closest to your twee- 
zers. As the solder melts, gently pull the wire away from the QFP while continuing to move the solder 
heat from pin to pin to the right. You should not pull very hard. Pull as the solder melts. Do not leave the 
solder heat on any lead for more than necessary. The first lead will take the longest to heat, and after the 
wire gets hot, solder on the other leads will melt quickly. Excessive heat will damage the IC device and 
the PCB pad. The removal of 12 pins from a 48TQFP should take about 5 seconds total. Signs of exces- 
sive heat are: 


+ Melted plastic on the IC device 
+ PCB pads that lift off 
+ Brown scorch marks on the PCB 


With one side of the QFP completed, repeat the same procedure on the other three sides of the QFP. Cut 
off the dirty part of the wire wrap wire or use a new piece for each side. Dispense flux again for each side. 
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SILICON LABS 


Kyanite 
Aisi 
TRICLINIC eee 
Properties: C ~ blue, gray, white, green, dark gray, 
colovess: S— white: L~ vitreous 10 dull, D~ 
transparent to translucent; DE ~ 3.6; H~4.5-7.5:CL— 
good: F ~ uneven: M ~ primate to tabular erysias, 
fibrous aggregates ranula, massive, 
Origin and occurrence: Almost only metamorphic in 
regionally metamorphosed rocks. mica schists, 
‘gcsses,granulies. and cclogies: less frequently 
magmatic. in pegmatites and granites; rarely 
hydrothermal in quartz veins. Typical rock-forming 
mineral, associated with andalusite and sillimanite 
Blue columnar aggregates and crystals upto 150 mim 
(6 in) long occur in Barra do Salinas, Minas Gerais, 
Brazil. Other renowned localities are Pizzo Fo 
Switzerland: Prilep, Macedonia; Keivy, Kol 
Peninsula, Rusia, 


Kate. 87 mm. Minas Gera Br 


Topaz 
ARSiO4ROM) 


ORTHORHOMBIC eee 
Varieties: pyenite 


Properties: C ~ colorless, blue, yellow, gray, white. 
eonish, pinkish, red; $ ~ white, L— vitreous; D 
transparent 10 translucent: DE ~ 3.6; H- 8; CL ~ 
good: F - unever; M ~ perfect prismatic fo tabular 

‘rystals radial and columnar aggregates, granular 

Origin and occurrence: Magmatic in. pegmatites 
and granites: hydrothermal in greisens, in rhyolite 
tavities, in quartz veins, also in placers, Topaz 
crystals in pegmaties are occasionally very lage. 
like the erystal measuring 80 x 60 x 60 em (31%4 x 
24 x 24 in) across from Fazenda do Funil: crystals 


Topaz. 49 mm, Ramona. USA 


up to 30 em (12 in) from Virgem da Lapa both 
Minas Gerais, Brazil. Blue, brownish and bicolored 
crystals up to 40 em (15% in) long come from 
Volodarsk Volynskii, Ukraine. Other topaz 
Tocalities are Tveland Norway; Murzinka, Ural 
mountains, Russia; Little Three mine, Ramona, 
California; Pikes Peak, Colorado, USA; Gilgit, 
Pakistan; Spitzkopje, Namibia. Orange to red topa” 
(Gimperial topaz) comes from quart veins near Ouro 
Preto, Minas Gerais, Brazil. Pink topaz erystals up 
to 70 mm (2% in) found at Mount Ghundsé 
‘Mardan. Pakistan. Important topaz specimens were 
also found in Schneckenstein, Germany; Thomas 
Range, Ltah, USA; Nerchinsk, Siberia, Russa, 
Columnar aggregates of pycnite come from 
Cinovee, Czech Republic and Altenberg, Germany. 
Application: cut asa gemstone. 
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Srawalie. 0 mm. Kein, Kola, Rusia 


Staurolite 
FepAlySig022(0H)2 


ORTHORHOMBIC e eee 


Properties: C~ dark to light brown, yellow; $ 
‘white; L~ dull to vitreous; D ~ wansparent to almost 
‘opaque: DE~ 3.7; H~7-7.5; CL ~ good: F- uneven; 


Sappirine. 26 mm, ohimena, Madagascar 


‘M~ prismatic to tabular crystals and their combi- 
nations, granular 

Origin and oceurrence: Metamorphic in regionally 
‘metamorphosed rocks, gneisses and mica schists: 
rare magmatic in granites; also in pacers, commonly 
associated with almandine, andaluste and kyanite. 
Crystals up to 50 mm (2 in) across come from Pizzo 
Foro, Switzerland. It is also known from Rio 
Arriba, New Mexico, USA. Its cross-like twins. up 
to 200 mm (Ti in) across. occur in Keivy, Kola 
Peninsula, Russia and Morbihan, France. 


MONOCLINIC 


Properties: C ~ dack to light blue, green: $~ white: 
L= vitrcous to dull: D — transparent to translucent 
DE ~ 3.5: H—7.5: CL ~ imperfect; F— uneven: M 
tabular erystals, granular. 

Origin and occurrence: Metamorphic in regionally 
metamorphosed rocks. rich in Aland Mg and poor in 
Si. associated with spinel and corundum. Crystals up 
to 40 mm (1"/in) across come from Fiskenaesset, 
Greenland: Betroka and Androy, Madagascar. Other 
localities include Val Codera, Italy and. Enderby 
Land, Antartica. 


Chondrodie 15 mm x Brewster, USA. 


Chondrodite 
Mes$,0,(OH.F 


Cinohumite19/mm, Kuba. Tadhikisan 


Chapmanite 
Sore!" 75i,0g(0H) 


MONOCLINIC 8 


Properties: C ~ yellow, greenish, brown; S — white 
L vitreous to dull: D ~ transparent to translucent: 
DE-32;H_665;CL- ~ uneven: M 
—erystals of different habits, granular, 
Origin and occurrence: Metamorphic in contact and 
regionally metamorphosed carbonate rocks: rare 
magmatic in earbonattes, typically associated 
spinel, chlorite and phlogopite. Perfect crystals up to 
'0 mm (2 in) long come from the Tilly Foster mine. 
Brewster, New York, USA. Other localities are 
Pargas. Finland: Monte Somma. Italy: Riverside, 
California, USA 


Clinohumite 
MapSig16(OH.F 2 


MONOCLINIC eee 


Properties: C ~ yellow, red, brown, white: S~ white; 
L— vitreous to dull; D ~ transparent to translucent; 
DE~ 3.3; H~ 6; CL ~ imperfect; F— uneven: M — 
crystals of differen habits, granular. 

(Origin and oceurrence: Metamorphic in contact and 
regionally metamorphosed carbonate rocks, 
serpentnites and tale schists, associated with spinel, 
chlorite, forsterite. serpentine and phlogopite, 
‘Gemary yellow crysals up 10 30 mm (/«in) across 
come from KuktvicLal, Pamir, Tajikistan, Other 
localities ae Patgss. Finland; Monte Somma, lly: 
Jensen quarry, California, USA. 


MONOCLINIC ee 


Properties: C ~ olive-grcen to dark yellow: $ — 
yellowish to yellow; L -dull; D ~ translucent; DE — 
3.7, H ~ 25; CL ~ imperfect; F — uneven: M = 
‘longated crystals. massive 

Origin and occurrence: Hydrothermal and 
secondary in the eracks of rocks, sometimes with 
stibnite Its massive aggregates occur in Smilkov 
near Votice, Czech Republic: in the Keely mine, 
Cobalt, Ontario. Canada, 
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Brownie, 60 mm. Langhan. Sweden 


Braunite_ 


TETRAGONAL eee 

Properties: C ~ black, Black-ray,black-brown: S~ 
‘gray: L— submealic to metallic: D opaque; DE — 4.7, 

Fr eé tcl prea: unven coil M = 

dlipyramidal crystals, granular 

(Origin and occurrence: Metamorphic in regionally 

and contact metamorphosed rocks; hydrothermal in 


Thaumesie 3 mm apareute, Moglove. Slovakia 


sedimentary rocks rich in Ma and in hydrothermal 
veins, associated with hausmanite, pyrlusite and 
‘other Mn minerals. ls perfect erystals up to 70 mm 
{2% in) long. come from Kacharhavee and Tirodi, 
India, I is also known from Langban, Sweden: Ilfeld 
and_Tlmenau, Germany; St. Marcel, aly; Tizi 
Bashkun, Morocco. 

Application: Mi ore. 


Thaumasite 
{CagSin(CO3){ 504) q(OH) 9-24 HO 


HEXAGONAL 00 


Properties: C ~ white 19 colorless: $ ~ white: L ~ 
vitreous to dull D = transparent ta translucent; DE — 
1.9; H ~ 35; CL ~ imperfect: F ~ uneven: MB 
acicularaggrepates, granular, massive; LU ~ white 
Origin and occurrence: Hydrothermal or meta- 
‘morphic in contact metamorphosed carbonate rocks. 
usually associated with other Ca silicates. and 
carbonates. like etringite and prehnite,Typieal lnca- 
lies are Crestmore, California; West Paterson, New 
Jersey. USA: Langban, Sweden; N'Chwaning mine 
No.2. Kuruman, South ATtica, 


Titanite 
CaTiOSIOg 


MONOCLINIC eee 


Properties: C- coloress, yellow, brown, green, gray 
to black: S ~ white; L~ vitreous to dul; D ~ trans- 
pare, talent fo opaguc: DE > 35: 1= $5.5 
fg00d: F ~ uneven to conchoidal: M ~ tabular 
Saat ea ce eeeien ase, saa 

(Origin and occurrence: Metamorphic and magmatic 
52 common accessory mineral in many igneous and 


Forsmanit. 10 mms Khibiny Massif Kola. Rusia 


Tani, 20 mm x. Subachal, Austr 


‘metamorphic rocks and pegmatites: hydrothermal in 
the Alpine-type veins; aso in places. 

‘The most beautiful erysals up 10 180 mm (7% in) 
Jong occur in Alpine-type veins in Tavetsch and 
‘Binntal, Switzerland; Zillertal and Felbertal. Austria: 
Dodo, Polar Ural, Russia. Large. poorly developed 
crystals weighing up to 40 kg (88 Ib). come from 
Eganville. Ontario, Canada and Rossic. New York, 
Usa. 


hertod, 30 mom Me de Cro, France 


Fersmanite 
(A.C) 4(TUND)2Si20 1 (OH.F)a 
TRICLINIC #8 


Properties: C ~ light to dark brown; § white: L — 
Vitreous to dul: D~ translucent; DE~3.5;H- 5-55; 
CL none; F — uneven to conchoidal; M — tabular 
exystals. 

Origin and occurrence: Magmatic to hydrothermal in 
alkaline pegmattes together with pectolte. apatite and 
sulfides, Crystals up to 30 mm (Is in) across known 
fiom Mount Eveslogchorr, Khibiny massif. Kola 
Peninsula, Russia. 


Chioritoid 
FepAliz0jo(OH)2 


MONOCLINIC, TRICLINIC @ © 


Properties: C dark gray gray-green vo black-green; 
‘S~ gray; L— vitreous to dull: D~ translucent, DE — 
3.6;H- 6.5; CL ~ perfect; F- uneven to conchoidal: 
M = tabula crysis, flied and scaly aggregates. 
granular. 

Origin and occurrence: Metamorphic in some mica 
schists and. phyllites; hydrothermal alteration 
product in lavas, Typical localities are. Zermatt, 
Switzerland; Ottrez. Belgium: Pregraten, Austra 


207 


Dalit, 30 mm x, Danegorst, Russia 


Datolite 
aBSiO4(OH) 


MONOCLINIC #08 


Properties: C — white to colorless, yellowish, 
greenish, gray: $ ~ white: L~ vitroous to dull; D ~ 
transparent to translucent: DE ~ 3.1; H~ 5-55: CL— 
none; F ~ uneven to conckoidal; M ~ prismatic to 
tabular erystals, nodules, granular 

Origin and "occurrence: Metamorphic and 
hydrothermal in contact metamorphosed rocks, in 
cavities in volcanic rocks, in ore veins and pegma- 
tites. It is commonly associated with zeolites, 
prehnite, calcite and also with tourmaline, Prismatic 


and tabular crystals up to 100 mm (4 in) long oceur 
in Dalnogorsk. Russia, Other typical localities are 
West Paterson, New Jersey: Keweenaw Peninsula. 
Michigan, USA: Haslach, Germany: Charcas, San 
Luis Potosi, Mexico, 


Gadolinite-(Y) 
YaFeBe2S'2010 


MONOCLINIC #8 


Properties: C 
translucent; DE ~ 4.4; H = 6.5-7; CL ~ none 
Hele 30 mm, Calfornia, USA 


2, dark red, brown, greenish; 


Daamorrite. 6 me, Dehesa, USA 


‘conchoidal; M — prismatic erystas, granular; R 
Tocally metamict. 

Origin and occurrence: Magmatic in granites and 
pegmatite, locally associated with forite and 
allanit; rare hydrothermal in the Alpine-type veins. 
“Aggregates, up to 40 cm (15% in) across come from 
Hittero. Norway. Barringer Hill and Clear Creek. 
Texas, USA yielded aggregates. weighing up to 90) 
kg (198 lb). Other famous localities are Blatchford 
Lake, Northwest Territories, Canada; Baveno, the 
Alps. aly: Iveland, Eyje, Norway. 


Kornerupine 
HegAlg(SiAl.8)502)(OH) 


ORTHORHOMBIC 8 8 


Properties: C— colorless, white, greenish, ray, 
brown: S ~ white: L — vitreous 10 dull: D ~ tans 
parent fo translucent: DE ~ 3.3: Il ~ 6.5-7; CL ~ 
‘one; F~ conchoidal; M ~ prismatic erystals, radial 
‘garegates. granular, 

Origin and occurrence: Metamorphic in strongly 
metamorphosed rocks, as granulites. Crystals up 
to 230 mm (9% in) across known from Fisken- 
aesset, Greensland. It also occurs in Lac Ste- 
Marie, Quebec, Canada: Waldheim, Germany: 
Ttrongay. Madagascar. 


Dumortierite 
(ALTiMg)AlgBSj016(0.0H)2 


ORTHORHOMBIC 


Properties: C ~ purple, pink, blue, brown; S ~ white; 
LL vitreous to dull D ~ transparent to translucent; 
DE 3.4; H ~ 8.5; CL — good; F — uneven, M— 
prismatic crystals, radial and acicular aggregates, 
Origin ane! occurrence: Metamorphic in some Al- 
rich metamorphic rocks. eg. in migmatites. and 
gneisses: magmatic in granites and pegmatites: 
hydrothermal in altered rocks. It comes from 
Dehesa, California: Rochester, Nevada, USA; Beau- 
nan, France: erystals are known from the vicinity of 
‘Kutna ITora, Czech Republic; Soavina, Madagascar. 


Howlite 
CapBsSiO9(OH)s 


MoNocLINIC #8 


Properties: C white; $— white: L— vitreous to dull: 
= transparent to translucent; DE 2.5; H~3,5;CL. 
~ good: F ~ uneven: M ~ tabular crystals, nodules, 
massive. 
Origin and occurrence: Hyérothermal in borate 
deposits. associated with ulexite and colemanite 
Crystals, several em across, come ftom the vicinity 
of Bras d'Or Lake, Nova Scotia, Canada. lt occurs 
also in Lang and Dagget. California, USA. 
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Cuprosklodowskite 
{Cu(UO3}p5i207 .6 20 


Monocunic 


Properties: C ~ various hues of green; S ~ greenish; 
L~ vitreous to dull: D ~ transparent io translucent: 


DE-38:1~4;C1 
acieular aggregates. 
R- strong radioactive. 


good; F~ uneven; M ~ radial, 
in coatings. granular, massive, 


Origin and occurrence: Secondary in the oxidation 
zone of U deposits, associated with autunite, 
torbernite, uranophane and other U secondary mi- 
nerals. Crystals, upto several em long, come fram 


Kast, 30 mm, Msn, Zale 


the Mashamba West mine, Musonoi, Zaire, It also 
cccurred in Jachymov, Casch Republic. 


Uranophane 
Ex{UO3)98i307 -6 H20 
MONOCLINIC eee 
Properties: C~vaious hues of yellow to brown; — 
Yellowish; L~ vieous to dull D ~ wansparen 10 
itanshucent, DE ~ 3.9: H = 25; CL ~ good: F = 
tnevens M-— radial, acioular aggregates, thin 
Coatings, granular, massive: LU ~ yellow-green: R 
Strong radioactive 

Origin and occurrence: Secondary in the oxidation 
one of U deposits as 4 product of uraninite 
Berton, assoriated with aunt. torbernite and 
taher secondary U minerals. Needles up 10 10 mm 
(icin) Tong, come from Musonoi Shinkolobwe, 
aire 

ivi also known from the Faraday mine, Bancro. 
Ontario. Canada. Ir occurs in Wolsendot Germany. 
8 well as in Jachymox, Czech Republic. 


Kasolite 
PL(UOz)Si04 .H20 
MONOCLINIC ee 
Properties: C ~ various hues of yellow, green to 
brown: S~ yellowish: L— vitreous to dul: D~ trans- 
lucent 10 opaque: DE ~ 6.2; H ~ 4.5; CL ~ good: F— 
uneven: M- prismatic erystals, radial and acicular 
‘aggregates, thin coatings, granular, massive; R ~ 
sirong radioactive, 

Origin and occurrence: Secondary mineral in the 
oxidation zone of U deposits. It is a product of 
traninite alteration and is associated with 
turanophane, torberite and U hydroxides. Crystals 
vp to 10 mm ('%s in) long occur in Shinkolobwe, 
Kasole, Zaire and Mounana, Gabon. 


Akermanite 
CaaMe5i201 


TETRAGONAL 08 


Properties: C— white, gray, green, brown; 
L —vitreous to dull: D — transparent to translucent 
DE ~ 28: H- $$: CL ~ good: 

‘conchoidel: M - short prismatic crystals, granula 
Origin and occurrence: Magmatc in volcanic basic 
rocks; metamorphic in contact metamorphosed 
marbles. A typical representative of loca 
‘marbles is Crestmore, California, USA. It occurs 
Also in Ca-rich volcanic rocks in Velardena, Mexico. 


Me Kesuvus, aly 


Gehlenite 
CapAhSiOy 
TETRAGONAL see 
Properties: ©— white, gray. yellowish; S— whit 
veo to dul, D= tanapatent to ranelocent: DE 
= 30; H = 56; CL good F~uneven oconchoidal, 
Mi shor primate crystals, granulo 

Origin and occurrence: Magmnatc in volcanic base 
focks! metamorphic in -conlact_ metamorphic, 
tables, 

{occurs in Cresinoe. California. USA: Monzoni. 
aly: Orava, Romania nd elsewhere. 


aun 
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Note that in the following pictures, the old IC device is not being saved. There is slightly more heat being 
applied here than necessary to speed up the process. This result is some melted plastic and missing gull- 
wing leads. These are visible in the pictures that follow. If you are trying to save the IC being removed, 
then you must be very careful to apply as little heat as possible during the removal process such that the 
QEP leads remain intact in the plastic QFP body. This will require some experimentation with solder heat 
settings and timing. 


ca USS 
Figure 14, Side 2 almost complete 
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SILICON LABS 


ait, 20-mm xx, Danesh, Rusia 


Bertrandie 36 mi, MiAnleo, USA 


” 


Ilvaite 
CaFe!*aFe}*Si,0,(0H) 


ORTHORHOMBIC @ ee 


Properties: C ~ black to black-gray; $ - black; L = 
submetallic to dull: D - opaque; DE - 4.1: H - 5.5 
6; CL ~ good: F — uneven; M ~ prismatic crystals, 
sranular. 

Origin and occurrence: Metamorphic and hydro- 
thermal in contact metamorphosed Fe, Zn and Cu 
deposits. Prismatic crystals up to 100 mm (4 in) long. 
come ftom Rio Marina, Elba, Italy. Crystals up 10 30, 
‘em (12 i) Jong are known from Serifos Island, 
Greece. Crystals, several em long occur also in 
Dalnegorsk. Russia and in the Laxey mine, Idaho, 
usa. 


Bertrandite 
BeSixO1OH)2 


ORTHORHOMBIC oo oe 


Properties: C ~ colorless, white, yellowish; S — 
‘white: L— vitreous to. dull; D — transparent to 
ranslueent: DE ~ 2.6; H ~ 6-7; CL ~ perfect, F = 
‘uneven; M ~ tabular crystals and their combinations, 
radial aggregates, granular, massive. 

Origin and occurrence: Hydrothermal in granitic 
ppegmatites, greisens and in hydrothermal veins, 
together with beryl, also as pscudo-morphs after 
beryl, Tabular erystas up to $0 mm (2 in) across 
‘occur in Conselheira Pena, Minas Gerais, Brazil tis 
known fiom Kounrad and Kara-Oba, Kavakhstan in 
crystals up 10 30 mm (1"/ in) across. It also comes 
from Stoneham, Maine, USA; Pisek, Czech Repub- 
ligand Iyeland, Norway, 

Application: the most important Be ore. 


Hemimorphite 
ZngSiz07(OH)2 HzO 


ORTHORHOMB! 


Properties: C~ colorless, white, yellowish, greenish; 
S— white; L — vitreous to dul D ~ transparent 10 
translucent; DE ~ 3.4; H ~ 4.5-5; CL — perfect; F— 
‘uneven: M ~ tabular erystals and their combinations, 
‘botyoidal and radial aggregates. granular, massive. 
Origin and occurrence: Secondary in the oxidation 
zone of Zn deposits, associated with sphalerte, 
smithsonite and eerussite, Crystals upto 100 mm (4 
in) long come from Bisbee, Arizona, USA.. It is also 
fiom the El Potosi Mine. Santa Eulalia, Chihuahua, 
Mexico; Bleiberg, Austria; Cho-Dien, Vieinam. 
Application: Zn ore. 


Hemimarphite 30 mm xx, Mapim, Meso 


Lamprophylite 
NagSexThS4O16(OH.P 2 


MONOCLINIC @ 8 


Properties: C ~ brown to dark brown: § — white; L ~ 
‘ityeous to submeralic; D -wranslucent; DE~35; H— 
2.3; CL ~ perfet; F ~ uneven: M tabular crystals, 


Hemimorphite, 26mm, Arizona. US.A 


racial aggregates. 
(Origin and occurrence: Magmatcin alkaline syenives 
and theit pegmatites, associated with nepheline, 
aegirne and evdialye. The best crystals up to 150 mm 
(Gin) long come from Mount Flora, Lovazero massif, 
Kola Peninsula, Russia. It is also known from 
Langesundsfjord, Norway and Mont St-Hil 
Quebec, Canada, 
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Cina 16mm, Eden Mil, USA. 


Clinozoisite 
CazA$3:0) (0H) 


MONOCLINIC eeee 
Properties: C~ colorless, yellowish, green, pi 
‘white; L — vitteous to dull; PS. transparent to 
translucent; DE ~ 34; H 65: CL — good: F ~ 
uneven: M — prismatic crystals, columnar. radial 
aggregates, granular, massive. 
(Origin and occurrence: Metamorphic and bydro- 
sof marbles and i the Alpine-type 
veins. Prismatic erystals up 10 60 mm (2/ in) ong 
‘come from Radoy Island. Norway, It comes also 
‘Vermont: Allens Park, Colorado, 
USA: Pinos Altos, Baja California, Mexico. 


Epidote, 
ea{AlFe2*)35i301 40H) 
MONOCLINIC eeeee 
Properties: © — green, brown, greenish, yellow 
green; white L= vitreous to dlls D~ transparent 
{o wanslucent, locally opaque: DE 3.4 H=67;CL 


~ good: F — uneven; M.~ prismatic crystals, 
‘columar and radial aggregates, granular, massive, 
Origin and occurrence: Metamorphic in. marble’ 
granite contacis; hydrothermal in the Alpine-type 
veins and in hydrothermally altered rocks. typically 
associated with albite, prehnite and amphibole. tts 
‘green crystals up 10 140 mm (544 in) long, were 
found in Sobotin, Czech Republic, Perfect crystals 
tp to 100 mm (4 in) across come from Knappen- 
wand, Austria, Thick tabular crystals oecur in Prince 
fof Wales Island, Alaska. USA. Fine crystals, 
resembling Austrian erystals. were found recently in 
Alchuri, Shigar, Pakistan. Fine columnar aggregates 
‘of erystals are known from Pampa Blanca, Peru and 
also reported from Arendal, Norway. 


Piemontite 
Cant Alte) ,$i3012(0H) 


MoNocLINIC #@ 


Properties: C ~ red-brown 0 black, crimson, red- 
‘ello: S~ white: L vitreous to dull, D= tansucen, 
locally opaque: DE - 3.5; H ~ 6; CL — good: F ~ 
‘uneven; M'— prismatic crystals, radial aggregates, 
‘granlar 

(Origin and occurrence: Metamorphic in shales ard 
Moetich metamorphic rocks: rare magmatic. in 
‘hyolites and pegmatites. Needles up to 30 mm (Ihe 


Lpidote. Dashesan. Azerbaidchan 


pidote 80 mm, Knappenand, Auris 


in) long come from St. Marcel, Piedmont, Maly and 
‘Otakiyama, Japan. 


Allanit-(Ce) 
(Cace.Yia(ALFe?)5i:01 2104) 
MONOCLINIC eee 


Properties: C black to dark broven; S— light gray: 
LL greasy lo submetalie: D translucent opaque: 
DE~39:11- 5.5-6: CL ~ none: F - vonchoidal 1 


Piemonte. 


uneven; M 
Origin and occurrence: Magmatic in pogmatites and 
granites: metamorphic in various types of meta- 
morphic rocks, eg. migmatites, amphibolites and 
sgncsses. Grain, upto 70 em (27s in) across found 
in pegmatite near Bancroft. Ontario, Canada, Also 
‘occurs in Barringer Hill, Colorado: Amelia dis 
Virginia, USA; Arendal and Hittero, Norway; Yiter- 
iddarhyltan, Sweden; Yates mine, Quebec, 


tabular erystls, granular: R — usually 
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Zoisie, 60 mm, Weitentin, Germany 


Zoisite 
CazAlg5g012(04) 


ORTHORHOMBIC eee 
Varieties: that, tanzanite 


Properties: C~ colorless. yellowish, green, pink, red 
(Chali), blue tanzanite); S — whit; L ~ vitreous to 
dull; D ~ transparent to translucent; DE — 3.4; 
465; CL— good: F — uneven: M ~ prismatic erysials, 
radial aggregates, granular 

Origin and occurrence: Metamorphic in regionally 
metamorphosed Ca-rich rocks, mainly in pyroxenic 
‘gneisses, amphibolites and in marble contacts. It is 
Known from many localities like Saualpe. Austria: 
Zermatt, Switzerland: Lexviken, Norway (thulito) 
‘Teaversella, aly; Alchuri. Pakistan; Merelani Hill, 
‘Arusha, Tanzania (tanzanite), where erystals upto 70 
‘mm (2% in) long were found 

Application: tanzanite and thulte are cut as gem- 
‘tones. 


Thule, 40 mm, Leviton, Norway 


Vesuvianite 
Caig(ALMe.Fe)i Si 


TETRAGONAL 


Properties: C— brown, yellowish, green blue. purple, 
coloriess; S — white: L ~ vitreous 10 dull; D — 
transparent to translucent; DE - 3.3; H — 6-7: CL — 
imperfect: F— uneven to conchoidal; M — prismatic to 
tabular crystals, columnar aggregates with radial 
sruetue, granular, massive. 

Origin and occurrence: Metamorphic and hyéro- 
thermal in contaet metamorphosed Ca-rich rocks. 
mainly in skarns, in marble contacts, also in 
rodingites: rarely magmatic in alkaline rocks. It is 
usually associated with grossular, wolastonite and 
diopside, Perfect green crystals up to 180 mm (7'» 
jn) long and purple crystals up 10 70 mm (2% in) 
long come from the Jeffrey quarry. Asbestos, 
Quebec, Canada. It is also known ffom Hazlox, 
Czech Republic; Crestmore, California. Franklin, 
‘New Jersey. USA; Monzoni, Italy. 


Viluite 
Cay 9( A.M) 1385Si1458(0.0H)10 


TETRAGONAL 6 
Properties: C— dark green, gray-brown: $ — white: L 
vitreous to dul: D = transparent to translucent: DE 


= 3.4; H— 6: CL — imperfect: F — uneven 10 con 
‘choidal; M ~ prismatic crystals, 


File, 30 mm xx Vill River Russia 


evant, 110 mm, Asbesto Canada 


Origin and occurrence: Metamorphic in serpenti- 
nized skamn. associated with grossular. is perfect 
prismatic crystals up to 50 mm (2 in) long are only 
Known from the Vili River basin, Yakutia, Russa, 
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Benitoite 
BaTISizOy 


TRIGONAL 08 


Properties: C—blue, pink, whit, colorless; S— white 
L-~ vitreous to dull, D ~ transparent to translucent; 
DE ~36; H - 6-65; CL — imperfect; F ~ uneven to 
conchoidal: M — prismatic to tabula crystals, mainly 
with trigonal cross-section: LU ~ bluish. 

Origin and occurrence: Hydrothermal in veins, 
‘cross-cutting serpentnites, always associated 
neptunite and natrolite. Its classic locality is the 
Benitoite Gem mine, San Benito Co,. Californi 
USA, where it forms tabular erystals up to 40 mm 
(cin) across. 


Catapleiite 
NaZr5ij09 2420 
HEXAGONAL @ 8 
Properties: C ~ light yellow, yellow-brown, pink. 
brown, bluc: S ~ white: L~ vincous to du D ~ 
Aransparent to opaque, DE ~ 28: 15-6; CL.~ good: 
Fr uneven) M =~ thin tabular ental, lamellar 
aggregates. 

Origin and occurrence: Magmatic in nepheline 
syeites and het pepmatites, together with ering, 
tants, nepeline and miroctine I ocurs in Mon 
Sle, Qucbe, Canada, as abularerysas up 0 


Benioue. 28 um x San Bent Co, USA 


150 mam (6 in) across. Crystals upto 30 im (Dain) 
across come from Mount Yukspor, Khibiny massif, 


Kola Poninsula, Russia. It is also known from Lange. 
sundsfjord, Nerway; Magnet Cove, Arkansas, USA. 
Eudialyte 


Nag(Ca,Fe,CeMo)22rSigQ 


(OH.C 


TRIGONAL ee 
Properties: C~ret pink to brown; S~ white; L— vious 
to dull: D~ wansparent to translucent; DE ~ 28; Il ~5- 
5.5; CL — imperfect; F — uneven: M ~ prismatic and 
Iabular erystals, granular 

Origin and cceurrence: Magmatic in. nepheline 
syenites and their pegmatite. associated with 
acgirin, nepheline and microcline. Crystals upto 80 
‘mm (3Y% in) across come from Mount Kukisvum- 
‘chore, Khibiny massif, Kola Peninsula, Russia. Crys- 
tals up to 50 mm (2 in) across are also known from 
“Mont St-Hilaire. Quebec, Canada, It also occurs in 
[Langesundsfjord. Norway and in Los Island Guinea. 


Ferroaxinite 
CazFeAl2BSiqO15(OH) 
TRICLINIC eee 


Properties: C ~ brown to purple- brown, light 
‘purple; $ — white; L — vitreous to dull; D ~ trans- 


Couplee, 37 wm. Mont SitHdaire, Canad 


Eade. 20m grain. Khiiny Masi Kola. Russia 


parent to translucent; DE — 33: H - 6, $-7; CL — 
‘good: F uneven to eonchoidal; M tabular erystals, 
platy agaregates, granolar. mas 
Origin and occurrence: Metamorphic and hydro 
thermal in contacts of marbles and granites. 
associated with elinozaisite. prehnite, ealete and 
tinolite also in the Alpine-lype veins and pegma- 
ites. Perfect tabular crystals up to 150 mm (6 in) 
across come from Puiva, Polar Ural. Russia. Other 
renowned localities are Obira, Japan; Bourg 
‘ Oisans, France: Monte Scopi, Switzerland. 


Tinzenite 
Ea(ttngFe)AlDBSig015(OH) 


TRICLINIC 88 


Properties: C yellow, orange to 
vitrous to dull; B - tansparent to translucent: OF 
33:11 65-7: CL ~ good: F- uneven to conchoidal: 
iM ~ tabular erystals, platy and fibrous agerezates, 
‘ranlar, massive. 

(Origin and occurrence: Hydrothermal in the Alpine- 
‘ype veins, cross-cutting a rock, rich in braunite. It 
‘comes from Tinzen, Val d'Etr, Switzerland and inthe 
Cassagna mine. Genova, lal. 


Ferroainite, 62 mm. Khapat. Pokistan 


Tnzenite, 10 mx, Yl Gravel, aly 
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Beryl 


sAlSig18 


HEXAGONAL 9 ee 
Varieties: emerald aquamarine, heliodor, morganite, 
goshenite, red beryl (bixbit) 


Properties: C ~ variable in different varieties: 
‘common beryl ~ mostly yellow, yellow-green light 
green to white, rare blue; varieties: emerald ~ dark 
‘emerald-green; aquamarine ~ light to dark blue~ 
‘green: morganite ~ pink: heliodor ~ light yellow to 
yellow-green: goshenite — white to coloress: red 
beryl B red; S— white: L— vitreous to dll; D~ trans- 


Emerald 30 mo x, Boyace, Colombia 


parent to translucent; DE - 2.6; Ht ~ 75.8; CL — 
Ienperfect; F ~ uneven to conchoida, M —long pis: 
We tabular crystals, columnar and radial 
fggregates. granular massive. 
Origin and occurrence: Magmatic in pegmatites and 
granites, hydrothermal in_greisens, in cavities in 
‘hole, in quart vein: metamorphic in mica 
Schists, Perfect prismatic crystals of common ber 
‘up to 9 m (29 6 in) long found inthe Etta mine, 
Keystone, South Dakota, USA. Crystals weighing up 
10 177 tons, come from Namivo, Ato Ligonka 
ambique. Other localities are ici, Brazil; Iveland, 
Norway; Antsiabe, Madagascar. Emerald crystals 
‘occur in mica-schiss, marbles and ultrabasie rocks, 
associated with other Be minerals, phenaite and 


Emerald, 30 mm. Ural Ms, Ruse Aquamarine. 97 mi, Kore! Hara, Brasil 


‘chrysoberyl. Beautiful dark green transparent crys- 
tals are known from Malyshevo. Ural Mis.. Russi; 
Muzo and Coscue2, Colombia: Habachtal, Austria, 


eral 0 mm, Mazo, Colombia 


Where the largest erytals reach up 10 120 mm (4a 
in) in size. Aquamarine is mainly known from 
pegmatites and hydrothermal veins, commonly 


gnamarine, 188 mm, Shing, Paki 
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eliodo. 87 mm Volodash Vols, Uralne 


Heliodo, 26 mm, Pani Tadhikston 


associated with tourmaline, quartz and albite Intense 
blue erysals are known from many pegmaties in 
Minas Gerais, Beal, where in the Marambaia mine, 
crystals, up 10 70 em (27% in) long and weighing up 
to 110 ke (242 1b) found, Very beautiful many ces 
tals over 30 cm (12 in) long recently occurred inthe 
Medina Mine. It also come from’ Murzinka, Url 
‘mountains and Adun Chilon, Siberia, Russia. It also 
‘comes from Spitzkopje. Namibia; Gilgit, Pakistan and 
elsewhere, Morgante is atypical mineral of granit 

Pogmattes, where it occurs in mainly in cavities, 
usually associated with color varieties of tourmaline, 
quartz and ait. Its tabular crystals upto 100 mm (4 
in) across found in the White Queen mine, Pala, Cal 
fornia, USA. Smaller erystals come from San Piezo in 
Campo, tba, Italy. Crystals up to 50 em (20 in) 
across reported from several localities in Minas 
Gerais, Brazil, Heiodor also occurs in pegmatite cx- 
Vitis, hydrothermal veins and in gneisses, commonly 
associted with quartz and alte, Prismatic crystals. 
‘up to 200 mm (7 in) long, come from Volodarsk 
Volynski, Ukraine, Itis also known from Nerchinsk 
Siberia, Russia and several mines in Minas Gerais, 
Brazil. Goshenite occurs only. in pegmaties. Is 
Prismatic erytals come from Goshen, Massachusetts, 


Goshente. 39 mm, Apotrun Poison Red her 17 mos, Woh Wah Mis, USA 


USA; San Piero in Campo, Elba. Italy. Red beryl 
‘occurs in Violet Claims, Wah Walt mountains, Utah, 
USA. where crystals up 10 80 mim (2 in) were found, 
Application: Be ore, color varieties are cut as gem- 


Morgonie, 43 mn x, San Diego Co. USA. 
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Aaszte 70 i, Trdal Norway 


‘Sehaninaite 40 mm x. Doli Bory. Czech Republic 


Baxzite 
Bey(SeAN)2Si40 


HEXAGONAL @ 


Properties: C~ light to imense blue; § — white; L~ 
= transparent to translucent; DE — 
1L ~ imperfect; F — uneven 10 con- 
'M long prismatic crystals, columnar and 
radial aggregates. 
Origin and occurrence: Hydrothermal inthe Alpine~ 
type veins and pegmatites. Crystals upto 20 mm Ca 
in) long come from Tordal. Norway. It is also known, 
from Lago Maggiore, ltaly and St. Gotthard, 


Properties: Coe parle ry. sy see, ery 
‘brown, trichroi: S - white: L~ viteous to dull: D 
transparent to translucent; DE ~ 2.5; H = 7-75: 
imperfect; F ~ uneven to conchoidal; M — short 
prismatic ental, granular 

(Origin and occurrence: Metamorphic in migmatites 
‘and. gneisses and. in contact cherts; magma 
sranites and granitic pegmatite, usually associated 
‘vith andatusit and silimanite.aiso known Irom pie 
cers. Iisa typical rock-forming mineral. Its prismatic 
enysals are very rae, Poorly developed transparent 
‘rystals up to 200 mm (7s in) long come from Naver- 
berg, Sweden. It also occurs in Orjari, Finland: Kr 
ero, Norway: Bodenmais, Germany. Gemmy pebbles 


Switzerland {are known from the vieinity of Ratnapura, Sri Lanka. 
Cordierite Sekaninaite 
MezAl4Sis© FerAlgsisOve 


ORTHORHOMBIC e eee 
Varieties: alte (gemmy blue) 


Conder. 50 mm. Fishail Lake, Canada 


ORTHORHOMBIC eee 


Properties: C ~ blue, purple, stongly pleachroic; § 


= white; L ~ vitreous t0 dull, D ~ transparent to 
translucent: DE 2. 7.5; CL — imperfect: F 
"uneven 10 conchoidal; M - shor prismatic crystals, 
granular. 
‘Origin and occurrence: Magmatic in granitic peg- 
matites and some granites, associated with andalu- 
site and tourmaline: metamorphic in gneisses and 
rmigmatites. Conical imperfect erystals, up to 70 em 
(2Pin« in) long typically come from Dolni Bory. 
Czech Republic: also known from San Piero in 
‘Campo. Elba, Italy 


Dravite 

TOURMALINE GROUP 
NaMtepAlg(602)35i0 1g(OH)¢ 
TRIGONAL sees 
Properties: C ~ igh 10 dark black-rown, Hue, 
clories. commonly pleochroic; S — white) L~ 
ceo to dull; ~ transparent o translucent: DE 
30;H~7-7.5:CL— nones uneven to conchoida, 
M_~ long to short prismatic erystals, columnar to 
aceular aggregates, granular. 

‘Ovigin and occurence: Metamorphic in migmatts, 
igeiscs, mica schists, marbles and in cont meta: 


‘Buergerite 12 nm x, Sa Las Pots Mesico 


somatic rocks: magmatic in some granitic peg 
ratites: hydrothermal in quartz veins and ore vein, 
also known {rom placers. Brown to dark brown 
perfect crystals up to 200 mm (7 in) long come 
from mica schists near Dravograd, Slovenia, Ii also 
known from marbles in Gouverneur, New York, 
USA. Crystals up to 150 mm (6 in) across found in 
Yinnietharra, Western Australia, Australia, Crysals 
‘up to $0 mm (2 in) long were recently found in 
Gujarkot, Nepal 

Application: transparent erysials are cut as gem= 


Buergerite 
TOURMALINE GROUP 
NaFe}* sAlg(BO3)3Sig021F 


TRIGONAL 


Properties: C- black, strongly pleochrie: $ — 
yellow-brown: L~ vitreous o dull B~ translucent 0 
‘paque: DE ~ 33: H 7: CL~ none; F~ uneven 0 
onchoidal: MB prismatic crystals, granular, 
Origin and occurrence: Hydrothermal in thylites. 
Is black crystals up to 40 mm (19/16 in) long, ars 
‘ois from Mexqute, San Luis Poiosi, Mexico 
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Sehor. 40m, Gilgit, Pakistan 


Schort 
TOURMALINE GROUP 
NaFeyAlg(BO5);Sig0 1g(OH¢ 


Povondraite 
TOURMALINE GROUP 
NaFe¥* Mg2Fe¥* (BO3)3Sig0 g(OH¢ 


TRIGONAL eee 
Properties: C ~ black, black-brown. blue-black, 
strongly pleochroic: § - white; L — vitreous to dull, 
= translucent to opaque: DE ~ 3.3: H~7-7.5; CL 
none; F uneven fo conchoidal; M — long to short 
prismatic erystals, columnar to acicular aggregates, 
‘granular, massive 

Origin and occurrence: Magmatic in granites and 
sraniticpeymatites; hydrothermal in greisens. in 
(quartz and ore veins; metamorphic in migmatites, 
gneisses, mica schists and tourmalints: also known, 
from placers. Its usually associated with muscovite. 
quartz and albite. Perfect black crystals come fiom 
‘many pegmatite localities, 

Iis long prismatic crystals, up to $ m long. come 
from Arendal, Norway. Very good crystals are also 
known from Ksatala, Finland: Dolni Bory, Czech 
Republic; Conselhera Pena and Galileia, Minas 
Gerais, Brazil 


TRIGONAL © 


Properties: C~ black: S~ gray; L ~ vitreous to dull; 
= translucent to opaque: DE ~ 33; H ~ 7; CL ~ 


Povendrats, 60 mm, Alto Chapare, Bolivia 


Etbaite, 15 rm, Tourmeline Queon Mine. USA 


none; F ~ unven 1 conchokdal; M - short prismatic 
crystals, granular. 

Origin and occurrence: Hydrothermal along. the 
cracks in mictamorphosed evaporites, Its black 
crystals up to 10 mm (% in) long typically come 
from Alto Chapare, Cochabamba, Bolivia. 


Elbaite 
TOURMALINE GROUP 
Na(Liy sAl s)Alg(BO3)35ig0 (OH) 3F 


TRIGONAL eee 
Vrieves:rubelite, verdeite,indiccoite,achroite 


Properties: C= varies indifferent varieties. rubellite 
= pink to red: vedelte— various hues of green: indic- 
<olite blue; achroite~ colorless. other colors include 
yellow, brown and black: S — white; L.~ vitreous to 
‘all; D ~ transparent to translucent; DE ~ 30; H~ 7; 
CCL~ none: F~ uneven to conchoidal: M ~ prismatic 
‘aysials, columnar aggregates, granular. massive, 

Origin and occurrence: Almost only magmatic and 
hydrothermal in granitic pegmattes, typically 
associated with lepidoite and albite also in places. 
Its crystals are mostly known from pegmatite cavie 


Elaie. 153 mm. Afghaniston 


lit, 23 wi, Pot, USA 
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ties in many localities. Rubellte crystal called “The 
Rocket” (109 cm/43%« in long) was found in the 
‘Jonas mine, Minas Gerais, Brazil. Rubellite crystals 
up to 40 em (15% in) long come from Alto Ligenta 
district, Mozambique. Rubelite crystals up to 250 
ram (94% in) Tong occurred in the Stewart Lithia, 
‘Tourmaline King and Tourmaline Queen mines, 
Pala, California, USA. Verdclite crystal 270 mm 
(10% in) Tong, is known fom the Dunton mine, 
Newry, Maine. USA. Other important localities 
include San Piero in Campo, Elba, Italy; Malkhan, 
“Transbaikalia, Russia: Rozna » Czech Republic; Uto, 
‘Sweden: Gilgit, Pakistan; Paprok, Afghanistan. 
Application: commonly used as a gemstone. 


Uvite 
TOURMALINE GROUP 
CaMadAlg(BO3)35i40 10(OH Fy 


TRIGONAL eee 


Properties: C — gray, black, brown, green, red, 
pleochroic; S - white: L~ vitreous to dull: D ~ 
translucent to opaque; DE - 33; H ~ 7-75; CL ~ 


Grit, 41 rm, Brumade, Breit 


none: F ~ uneven to conchoidal: M — long to short 
prismatic crystals, columnar aggregates, granular, 
Origin and occurrence: Metamorphic in Cactich 
rocks, marbles, skarns; magmatic in some peg 
‘atites: hydrothermal in ore veins. 

Perfect green and red crystals. up to'30 mm (1% in) 
‘across, oceur in Brumado. Bahia, Brazil tis also 
‘known from Gouvemeur and Pierrepont, New York, 
USA, 


Liddicoatite 
TOURMALINE GRoUF 
CalLigAAlg 


TRIGONAL 


Varieties: rubelive, vedelite 


Properties: C— varies in erent varieties, mainly pink, 
green. greenbrown to yellow-brown; § ~ white: L ~ 
Vitreous to dull; D — transparent to translucent; DE ~3.1; 
H = 7; CL ~ none; F ~ uneven to conchoidal: M — 
prismatic crystals, columnar aggregates, granular. 

Origin and occurrence: Magimatic in granitic pes 


Liddicoatie, 60 mm, Anjanobonoina, Madagascar 


erdetie, 24 mm, Gilteste Quarrs, USA 


tmatites in association with lepidolite, spodumene 
and albite. Its perfect red and green crystals up to 
250 mim (9% in) long come from pegmatite cavities 
in many localities in Madagascar, eg. Sahatany and 


Liddicoate mm, Medagascir 


Indigolie_ 32 mm, Esmerlde Mine, Mesa Grande, USA 


Anjanabonoina. I is also known from Blizna, Czech 
Republic. 


Application: eu asa gemstone, 
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Foitite 
TOURMALINE GROUP. 
LD FepAlalg(803)35ig0g(OH)4 
TRIGONAL e088 
Properties: C black to black-purple; S~ white; L 
vitreous to dul: D~ translucent to opaque: DE~3.3; 
H_- 7; CL ~ none: F ~ uneven to conchoidal; M— 
prismatic crystals. acieular aggregates, 
Origin and occurrence: Magmatic in granitic 
pegmattes and granites: hydrothermal in pegmatite 
Foitte typically forms black tips ofelbaite 
is (moors heads) in Dobra Voda, Czech 
‘Campo, Elba, lalys White 
California, USA. It occurs 
{ogether with schorl in some granitic pegmatite. lke 
Rozna, Czech Republic. 


Rossmanite 
TOURMALINE GROUP. 
D Liaialg(B05)35ig019(0¥0, 


TRIGONAL ® 


Properties: C~ pink; S~ white; L~ viteous to dull: 
transparent to translucent: DE — 3.1: 
none; F ~ uneven to conchoidal: 

crystals, columnar aggrega 
Origin and occurrence: Magmatie in granitic 
‘pegmatites. Prismatic crystals, up to 20 mm (5s in) 
Jong, were found in massive lepidoite in Rozna, also 
in Lastovieky, Czech Repoblic. 


Foie, 20 mo x. Dobra Nada, Czech Republic 


Dioptase 


CugSig 1g -6 420 


TRIGONAL oe 


Properties: C — emerald-green to blue-green: 
light bluc-green; L— vitreous to dull; D ~ transparent 
to translucent; DE ~ 3.3; H ~ 5; CL ~ good: F ~ 
uneven to conchoidaly M— long to short prismatic 
crystals, granular. 

Origin and occurrence: Secondary in the oxidation 
zone of Cu deposis, associated with ther secondary 
Cu minerals. Beautiful erystals up to 50 mm (2 in) 
across occur in Tsumeb, Namibia; Altyn Tyube 
Kazakhstan; Renneville, Congo. It also comes from 
the Mammoth mine, Tiger, Arizona, USA. 


Milarite 

KCapAlBeySiy 205, 

HEXAGONAL 

Properties: C ~ colorless, white, gray light groen: S 
white: L — vitreous to dul D ~ wansparent 0 


twanslucent; DE ~ 25; 1 — 5.6: CL — none, F - 
tuneven to conchoidal: M-long prismatic to acicular 
crystals. granular. 

(Origin and occurrence: Hydrothermal in the Alpine 
type veins, in pepmatites and hydrothermal veins, 
associated with adularia. Crystals up to 40 mm (IY 
in long come from Jaguaracu, Minas Gerais, Brazil 
{vas aso found in Si. Gotthard, Switzerland: Klein 
Spitrkopje, Namibia: Valencia mine, Guanajuato, 
Mexico. 


Roamavite 10 mon x, Lastovils. Czech Republic 


igpase. 40 mm. Mindoul Zar 


Sugitite 
KNay(FesMn Aly 


12030 


HEXAGONAL 


Properties: C~ purple: $~ white; L ~ vitreous to dul; 
1D-transparent fo translucent: DE 2.7: 665; CU. 


iar 22 mm, Jaguarven. Brit 


none: F uneven o conchoidl: Mong prismaticto 
acicularerytals, granular. 

Origin and occurrence: Hydrothermal in alkaline 
‘syenites. associated with pectolit,albite and aegirine. 
It occurs in Iwai Island Japan and Htazel, South 
‘Affica. Applicarion: cut and polished asa gemstone 
and decorative stone. 


Sigil 19 mt, ole, South Aric 
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Bronte. 1S mm, Minas Geis. Broil 


Enstatite 
PYROXENE GROUP 
$204 


ORTHORHOMBIC ee ee 


Varieties: bronzte 


Properties: C ~ colorless, gray, yollowish,grecish, 
‘own (bronzite:S~ white: = vitreous dul: D 
= transparent to opaque; DE ~ 32; H ~ 5-6, CL — 
ood: F uneven 10 conchoidal; M ~ prismatic 
‘ysta. granular 

Origin and occurrence: Magmatic in_ultabasic 
rocks, gabbros, pridtites and in meteories: meta 
‘morphic in marbles, associated mainly with olivine 
Sand pyrope. Known fom Barle, Norway in crystals 
{p10 30 em (20) long Iwas orginally described 
From Ruda nad. Moravou, Czech Republi. Gemmy 
crystals up to 20 mm (iin) Fong occur in Brumado, 
Baia, Belt 


Diopside 
PYROXENE GROUP 
aM55i20% 


MONOCLINIC eeeee 


Variety: chrome diopside, fassit,jffersonite 


Properties: C ~ light green, dark green (chrome 
iopside), colorless. white, gray, brown, rare blue: S 

‘white; L ~ vitreous to dul D ~ transparent 10 
nslucent; DE ~ 3.3; H ~ 5.5-6.5; CL ~ good: F ~ 
‘uneven to conchoidal; M ~ long to short prismatic 
crystals, granular. 


Chrome diopside. Smo rains, Ina Russia 


Origin and occurrence: Metamorphic in Ca-ich 
rocks, skarns, pyroxene gneisses, marbles; magmave 
in basic igncous rocks, pegmattes and meteorites; 
hydrothermal inthe Alpine-type veins. Fassite occurs 
in skaras, chrome diopside in metamorphic deposits of | 
‘Cuand Cr, jefersanite in metamorphic deposits of Mn 
and Zn, Diopside is a typical rock-forming mineral, 


Diopside. 22mm x Ala aly 


associated with plagioclase, grossular and epidote. 
Well formed crystals are relatively rare. Jeffersonite 
forms prismatic crystals upto 250 mm (9% in) long 
in Franklin, New Jersey, USA. Crystals in Corrego 
Setuba. Minas Gerais, Brazil reach up to 30cm (12 in). 
Other typical localities are Zillertal. Austria: 
Nordmarken, Sweden: Orford mine, Quebse, Canada, 
Fassaite is kaown from Val di Fase, Ualy, Chrome 
diopside crystals reach up 10 100 mm (4 in) in 
‘Outokumpu. Finland and gem rough recently found in 
Inagli,Yakuta, Russia, 


Hedenbergite 
PYROXENE GROUP 
CaFeSi20, 


MONOCLINIC eee 


Properties: C — dark green, brown-green, brown to 
black; S ~ white 10 gray: L ~ vitreous fo dull; D ~ 
transparent to translucent; DE 3.6; H - 6; CL — 
good; F ~ uneven to conchoidal; M ~ long to short 
prismatic crystals, granular 

Origin and occurrence: Metamorphic in Ca-tich 
rocks, like Fe-skams and pyroxene gneisses: mag 
‘atic in some granites and syenites, associated with 
magnetite, grossular and epidote, Crystals are 
relatively rare, reaching up 10 $0 mm (2 in) from 


Hedenbergite, 40 mm, Dalngorsk Russia 


uate, 17 mm. Firmerich, Germany 


Dalnegorsk, Russia and Franklin, New Jersey, USA. 
‘Also occurs in Nordmarken, Sweden. Large lamellar 
‘aggregates come from skarns in Rio Marina, Elba, 
Taly, 


Augite 
PYROXENE GROUP 
(Ca.MesFeAINSiAN)20% 


MONOCLINIC eeeee 
Properties: C dik brown o ack; S- ay ren 
L= vitreous to dull; D— translucent to opaque: DE ~ 
See CL goods F uneven comboia 
~ short prismatic crystals, granul 
Origin and occurrence: Magmatic in basic rocks 
(basalts, gabbros, diabases and their ffs), rare 
metamorphic in skarns. Its atypical rock-forming 
‘mineral, known from many localities. Well formed 
crystals up 10 150 mm (6 in) across occur mainly in 
voleanic rocks, such as near Lake Clear, Ontario, 
Canada. Also known from Laacher Sec, Germany: 
Lukov and Pa_kapole, Czech Republic, in crystals, 
‘upto 50 mm (2 in) in size, 
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‘Onphacite. 90 mm. St Leanhard. Asia 


Omphacite 
PYROXENE GROUP 
(Ca.Na)(Mg.Fe2* Fe!" AIN(SiAN)20, 


MONOCLINIC eeee 


Properties: C~ green to dark green; $--pray-wh 

‘trcous to dull: B translucent to opaque: DE - 3.3; 
11 5.6: CL good: F uneven to conchoidal: M— 
short prismatic crystals, acicular aggregates, granular 
Origin and occurrence: Metamorphic in ulrabasic 
and basic rocks, originated under high-temperature, 
usually associated with pyrope, diopside and kyanite 
It occurs in celogites and granultes in Rubinberg. 
Germany; Headsburg. California, USA and elsewhere 


Jadeite 
PYROXENE GROUP 
NaAisin0y 


MONOCLINIC @e 
Sarieties: nephrite 


Properties: C— white, lavender to gray in aggregates 
also ight ren (epi): $— whe = vireo to 
transparent to translucent: DE 3.2: 11~ 6: 
Ce geod Funes covsodak Mane 
crysials, acicular aggregates. granular. 
(Origin and occurrence: Exclusively metamorphic in 
strongly metamorphased rocks: also in placer. 
Blocks. weighing several tons, are known from Ben 
Sar, California, USA. It also come from Tawmaw, 
‘Burma: New Zealand; Tibet and elsewhere 
Application: as a material for carvings and decora- 
tive purposes 


Aegirine 
PYROXENE GROUP 
NaFe!*5i20g 


MONOCLINIC eee 


Priperties: C ~ dark grozn ta black-grcen; S~ light 
yellow-pray: L~ vitreous to dull; D~ anslucent to 
‘opaque: DE ~ 3.6; 11-6; CL = good: F uneven to 
conchoidal: M'~ long prismatic 10 acicular erystals. 
avicular aggregates. : 

(Origin and occurrence: Magmati, mainly in alkaline 
magmatic rocks (syenites. carbonattes, alkaline 
‘granites and their pegmaites). rare hydrothermal in 


sediments. Well formed prismatic erystals up to 150 
rm (6 in) long come from Mount Malosa, Malawi 
‘Crystals up to 30 em (12 in) occur in Langeasunds- 
ford. Norway. Other localities are Mount Karmasurt 
Lovozero massif, Kola Peninsula, Russia and Mont 
‘Stile. Quebec. Canada 


Aegirine. 77 9m Mt Malosa, Malt 
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Spodumene. $2 mm x, Kuan Afghanistan 


Hiddente, 35 mm Adams Proper: USA 


Spodumene 
PYROXENE GROUP 
Linlsn05 


MONOCLINIC eee 
Varieties: kuncite,hiddenit,tiphane 


Properties: © ~ white, gray, yellowish (triphane). 
‘green (hiddenite). pink to purple (kunzite); S — 
White: L~ vitreous to dull: D ~ transparent 10 tans 
lucent: DE - 3.2; H- 6-75; CL— good; F -uneven, 
to conchoidal: M ~ long to short prismatic erystals. 
cleavable aggregates, granalar; LU ~ orange. 

Origin and occurrence: Magmatc in granitic pegma~ 
Utes; hydrothermal in pegmatite cavities. It is known, 
from many localities. Is poorly developed erystals up 
{0 6 m (20 N) long occur in the Etta mine, Keystone, 
South Dakota and in Kings Mountain, North 
Carolina, USA. Transparent kunzte rystals upto 40 
‘em (15% in) long come from Mawi, Laghman, AT- 
aghanistan. Kunzite crystals up to 280 mm (11 in) 
{ong found in the Pala Chi mine, Pala California, 
USA. Cracked kunziveerystals, up to I'm G9% in) 
long known From Araguai, Minas Gerais, Brazil. Hid- 
<enite occurs in erysals up to 250 mm (9% in) long 
in Resplendor, Minas Gerais, Brazil. It also comes 
from the Adams propery, North Carolina, USA. 
Applicavion: raw material for ceramics, Kunzite and 
hiddenite ar cut as gemstones. 


Carphotite. 70 mm, Harn Siavto. Cech Republic 


Carpholite 

MaAlasig04(0H)4 

ORTHORHOMBIC @ 8 

Properties: C~ vavous hues of yellow: S— white: 
= veous wo dll, D~Wansucent; DE~ 3,0; t= S- 


55: CL ~ good: F — uneven to conchoidal; M — 
Aacicular crystals and their ageregates 
Origin and occurrence: Viydrothermal in veins, 


Lorenzeite, 20 038, Flora Mt, Kol, Russie 


cross-cutting greisens, associated with Muorite, 
‘quartz and eassiterit: also in metamorphic rocks. It 
‘was described from Horni Slavkov, Czech Rep 
where it forms acicular crystals up to 10 mm (sin) 
Jong and radial aggregates, It is also known from 
Meuville, Belgium and Wippra, Germany. 


Lorenzenite 
NagTiSin0 
ORTHORHOMBIC @ 8 
Properties: Crown o black S yellowish; L— 
‘ieous to dll D~tanstucen to opague: DE~ 3.4: 
H~ 6; CL good F- uneven lo conchoidal: M = 
prismatic eystals columnar aggregate, granulat 
(Origin and occurrence: Magmatic in alkaline syenites 
and their pegmalits. associated with astopisite, 
nepheine and aepirine. Crystals up o 80 mm (3 in) 
fong come fom Mount Flora, Lovozero massif, Kola 
Peninsula, Rusia. Other localities are Narssrsuk 
Greenland and Mont St-Hilaite, Quebec. Canada, 


Ajoite 
(GNa)CupAsigorg(OH)g 3 HzO 


TRICLINIC @ 


Properties: C— blue-green: Slight green L— vitreous 
to dull D ~ translucent to opaque; DE ~ 30; H ~ not 
desermined: CL ~ not determined; F — uneven to 
‘conchoidal: M ~ prismatic crystals, massive. 

Origin and occurrence: Secondary in Cu deposits, 
associated with shatuckie, It occurs rarely as smal 
crystals in the New Cornelia mine, Ajo, Arizona, 
USA. ILisalso known as inclusions in quart-erystals 
inthe Messina mine, Transvaal, South Arica, 


Ate, 60 mm, Ajo, USA 
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Hobs. 60 me, Le Meare, Canada 


Antophyllite 
AMPHIBOLE GRour 
ME75ig022(0H. 


ORTHORHOMBIC ee ee 


Properties: C — white, light browns yellow, light 
green: S- white: L vitreous to dul: D~ transparent 
to translucent; DE 3.4: H 55-6; CL.— good: F 
tuneven to eonchoidal; M ~ long prismatic erystals, 
columnar and radial aggregates. granular, 

(Origin and occurrence: Metamorphic in gneisses, 


Ansphlite, 60 mom, Nari Carolina, USA 


serpentinites and atthe contact of serpentinites and 
‘pegmaties, usually with aetinolite or tremolite and 
‘ordierte. Crystals up 1 150 mim (6 in) long come 
from the Marbridge No.1 mine, Quebec, Canada. It 
is also known from Bodenmais, Germany: Snarum, 
‘Sweden and Hermanox, Czech Republic. 


Holmquistite 
AMPHIBOLE GROUP 
LiaMasAlzSig22(0H.F)2 


ORTHORHOMBIC eee 


Properties: C— ble, purple, gray, black: S— white: L 
= vitreous to dull; D transparent to transiocent; DE ~ 
3.0; H-3.5-6;CL - good: F~ uneven to conchoidal: 
= avicular_and- prismatic erystals, fibrous 
ageregates, granular. 
Origin and occurrence: Hydrothermal at the 
contacts between complex L-bearing. peymatites 
and amphibolites, sometimes associated with biotite, 
It occurs. in Greenbushes, Western Australia, 
Australia where ils bers reach up 10 180 min (ie 
in) in length. It is also known from Uto, Sweden: 
‘Manono, Zaie and Brandbrucken, Austria, 


Manganogedrite 
AMPHIBOLE GROUP 
MoaFessigO29(OH2 


MONocLINIC e@e@ 


Properties: C gray, dark green, brown, greenish; S~ 
‘whit; L.~ vitreous to dull D ~ translucent to opaque: 
DE = 35; = 5-6 CL- good; F = uneven to 
conehoidal: M — columnar, acieular and radial 
aggregates, granular 

Origin and occurrence: Metamorphic in contact and 
regionally metamorphosed Mi rich rocks, associated 
with chlorite and magnetite. It comes from 
Dannemora, Sweden and elsewhere. 


Mangenogedrite, 70m, Fran: Joseph lcberg, Neve 
Zealand 


Tromolite, 37 nm. Maricopa Co. Arizona, USA 


Tremolite 
AMPHIBOLE GROUP 
CagMasSigO20(0H)2 


Edenite 
AMPHIBOLE GROUP 
NaCaz(MasFe)sSi7AlOr2(0H)2 


MONOCLINIC eeeee 
Properties: C ~ white. gray greenish, green. brown, 
pink: S— white; L — vitreous to dull; D~ transparent 
to translucent; DE - 29: H ~ 5-6: CL — good: F 
uneven 10 conchoidal: M — columnar, acicular and 
radial aggregates, granular. 
(Origin and occwerence: Metamorphic in contact and 
regionally metamorphosed rocks, dolomites and 
ultrabasic rocks: hydrothermal in'the Alpine-1ype 
5. typically associated with diopside. talc, 
‘and calcite. It is a typical rock-forming 
mineral, known from many localities. Prismatic 
‘crystals up to 40 em (15% in) long. come from 
Brumado, Bahia, Brazil. It occurs also in Campo- 
lungo, Switzerland: Zillenal. Austra: Gouverneur 
[New York, USA and elsewhere 


Actinolite 
AMPHIBOLE GROUP 
Cag(Ma.Fe)sSigO20(OH) 


MONOCLINIC eeeee 
Properties: C= Wh gen to almost Wak: ~ 
= vitreous fo dull: D— transparent to tans 
tem Den Sas CL gools Fo urevens 
conchoidal; M — columnar, acicular and radial 
ayaregates, granular, 
Origin andl occurrence: Metamorphic in contact and 
regionally metamorphosed rocks, aso in dolomites 
and some basic rocks (amphibolite, shales), Its a 
typical rock-forming mineral. associated with 
anthophylite. chlorite ale. dolomite and calcite. tis 
known from many localities where it forms columnar 
aggregates up 10 250 mm (9% in) long, as in 
Knappenwand and Zilleral, Austria: Val Malenco, 
aly; Brumado, BahRa, Brazil and Sobouin, Czzeh 
Republic. 


MONOCLINIC eeee 


Properties: C~wihite, gray to dark green: S— 
L— vitreous to dul; D 


~ transparent, translucent 10 


Prismatic erystals, granular 
Origin and occurrence: Metamorphic n regionally 
‘metamorphosed basic rocks and marbles; magmatic 
in diorites and_gabbros, Typical rock-forming 
‘inral its erystals upto 40 mm (Ie in) long come 
from Edemille, Now York, USA and Bancroft, 
Ontario, Canada, 


dente. 48 nem. Wilberforce, Canada 
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Pargasite 
AMPHIROLE GRouP 
NaCag(Me.Fe) 4AlSigAlsOnn(OH)2 


MONOCLINIC eeee 
Properties: C — light brown, green-bue, brown to 
black-brown; S - white: L ~ vitreous 10 dull, D ~ 
‘wansparent to translucent, DE. 

good: F ~ uneven to conchoida 
‘erystals, granular, massive. 

(Origin and occurrence Metamorphic in regionally 
‘metamorphosed basic rocks, marbles and skams; 
magmatic in diorites and gabbros; typical rock 
forming mineral, Crystals up to 80 mm Q% in) 
across come from the Jensen quarry. Riverside, 
California. USA: Pargas, Finland; Hunza, Pakistan 


Common Amphibole 
AMPHIBOLE GROUP 


(CaNa)a(M2.Fe Al) s(SiAl)g22(OH,F)2 


MONOCLINIC esse 


Properties: C~ dark green, brown to black: S - gray: 
L- vitreous to dull: D- translucent to opaque: DE — 
3.4; H ~ 5-6; CL ~ good; F — uneven to conchoidal: 
‘M~ short prismatic crystals, columnar aggregates. 
granular 

(Origin and occurrence: Metamorphic in basic rocks. 
as amphibolites and shales; magmatic in some 
igneous rocks, as syenites, diortes, andesites and 
basalts. Typical rock-forming mineral, known from 
‘many localities. Large erystals up to 1m (39% in) 
{ong come from Silver Crater, Ontario, Canada, It is 
also knowin from Zillertal, Austria; Lukoy, Czech 
Republic and elsewhere, 


Pargasite, 70 mm, Limberg, Paruinen, Fintan 


“<— 


Common Amphibole, 50 nm x. Lukow Czech Republic 


Richterite 

AMPHIBOLE GROUP 
NazCalMg.Fe Alf SiAlgO2(0HF)2 
MONOCLINIC eee 
Properties: C— brown, yoo, dark re. dark green: 
S gray: L~ vitreous to dull: D ~ transparent 
translucent; DE ~ 3.1; H - $6; CL ~ good F — 
"uneven to conchoidal:’M — long prismati erystal, 
columnar aggregates, granular 

Origin and oceurrence: Magiatic in alkaline rocks, 
as trachytes and alkaline granites; rare metamorphic 
in some metamorphosed. rocks, as skarns and 
marbles. Crystals up to 100 mam (4 in) long come 
from Wilberforce, Ontario, Canada and Langban, 
Sweden 


Richer, 40mm, Wilberforce, Cada 


ARicbecie. 45 mm, Griqualand. South Area 


Riebeckite 
AMPHIBOLE GROUP 
Na(Fe2* Mg)sFe3*2Sig029(0H)2 


MONOCLINIC 


Varieties: exocidalite (tigers eye) 


Properties: C~ dark blue to black, crocydolite~ gray- 
‘lus, S~ white; L~ vitreous to dull; D~ translucent to 
‘opaque; DE = 3.4; H~ $; CL ~ perfect: F uneven to 
conchoidal; M ~ Tong prismatic enystals, acicular to 
Fibrous agerepats. 
Origin and occurrence: Magmatic in alkaline rocks, 
4% granites, syenites and rhyolites: metamorphic in 
regionally metamorphosed Fe sich shales. Large 
crystals up to 150mm (6 in) long come from 

‘Mongolia. Crocidolite is famous from 
id, South Aca 


Aenigmatite 
NazFes TiSigO20 
TRICLINIC 08 
Properties: C— black; S— red-brown: L—submetal- 
lie fo dull, D -almost opaque; DE~ 38) H~5.5:CL 

perfect: F uneven fo conchoida; M ~ long pris 
matic crystals, colurmar aggregates, granular, 
Origin and vocurrence:” Magmaiie in alkaline 
syeites and volcanic rocks, associated with aegitine 
tnd afvedsonite tozcurs in Julianchab, Greenland; 
Lipari Island aly and elsewhere, 


Wollastonite 
23809 


TRICLINIC 


Properties: C — white, gray, light greenish, pink; S ~ 
white: L = vious to dull; D~ transparent to 
twanslucent; DE ~ 3.0; H ~ 45-5; CL ~ good: F ~ 
‘uneven to canchoidal; M ~ tabular to short prismatic 
crystals, columnar and radial aggregates, granular. 
LU orange. 

Origin and occurrence: Metamorphic mainly in 
contact metamorphosed rocks, as marbles, ska. 
less common in pyfoxene gneisses and quartzite, 
associated with grossular, diopside and vesuvianite 
CColumnar and acicular ageregates up to 180 mm 
(Tw in) long occur in the Strickland quarry, 
Connecticut, USA. It also come fiom Crestmore, 
California, USA; Ciclova, Romania and Zulova 
Czech Republic. Short prismatic erystals up to 30 em 
(12 in) across are known from the Santa Fe mine, 
Chiapas, Mexico. 


2a 
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B. Board Cleanup 
New PCBs 


For mounting a device to a new PCB, the amount 
of cleanup should be minimal. On a new PCB, 
there should be no solder on the pads. Brushing 
the pads with isopropyl alcohol (Figure 33) and 
drying the board should be enough preparation to 
begin the mounting procedure. 


Reworked PCBs 


The following section is the cleanup sequence that 
follows the QFP removal in the previous section. 
‘After removing the device, the solder pads will 
need cleanup. The idea is to clean the pads so that 
they are flat and free or solder and flux. Solder 
wick the pads until they are flat and dull. A clean 
pad appearance should be a dull silver color. 


Figure 20. Pads after QFP removal procedure 
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SILICON LABS 


Bustaite 20 mm xe, Broken Hill Ausra 


Bustamite 
(Hn.€a)3Si:05 
TRICLINIC e8e 


Properties: C— pink to red-brown; S ~ white; 1 


vitreous to dull: transparent to translucent; DE 
34; H ~ 55-65; CL ~ good: F ~ uneven to 
Cconchoidal; M — tabular crystals, acicula 


aggregates. massive, 
Origin and occurrence: Metamorphic or hydro- 
thermal in Mn rich metamorphic rocks or skarns. It 
is associated with rhodonite and other Ma silicates in 
Franklin, New Jersey, USA; Langban. Sweden; 
Broken Hill, New South Wales, Australia, 


Pec, 70 mm, Zelchonsk wo. Czech Repub 


Pectolite 
Ca,NaSi;04(0H) 


TRICLINIC eee 


Properties: © ~ white, pinkish; $ ~ white: L.~ 
vitreous to dull: D= transparent t ianslueent; DE — 
2.9; H- 45-5; CL— good; F~ uneven to conchoial; 
MB acicular and radial aggregates: LU = locally 
yellow to orange. 

Origin and occurrence: Hydrothermal in basalt 
‘eves, less frequently along the cracks in marbles, 
associated with zeolites. Classic localities are West 
Paterson, New Jersey, USA. where it forms acicular 
spherical aggregates up to 180 mm (Ti in) across; 
also Monte Baldo, Italy; Zelechavske udoli, Czech 
‘Republic. Prismatic crystals up to 50 mm (2 in) long 
come from Mont S1-Hilaire, Quebec, Canada 


Serandite 
‘MngNaSij0,(0H) 


TRICLINIC @ 


Properties: C ~ pink, red: § — white: L — vitreous to 
Gull D~ wransparent io translucent: DE- 2.9; H 4.5 
5; CL — goo: F~ uneven to conchoidal: M ~ tabular 
and prismatic crystals, granular 

Origin and vecurrence: Hydrothermal in eavities of 
Igneous rocks (alkaline syenite, carbonate) together 
‘ith acgirine and analcime. Perfect pink erystals up 
to 200 mm (7% in) long come from Mont St 


Serandve. 25 mm. Mont Stare, Canada 


Hi 


. Quebec. Canada; erystals up t0,60 mm (27 


in) long found in the Yubileinaya dike, Mount 
Russia, 


Karnasun, Lovozero massif, Kola Poninsol 


Charoite 
(1SrBa)(Ca,Na) (Si) 40 9(OH.F) 
TRICLINIC @@ 


Pmperties: C— purple: S 
translucent to opaque, r 
good: F— uneven: M fibrous aggregates, massive 
Origin and occurrence: Hydrothermal in alkaline 
‘gncous rocks, associated with aegirine and nephe- 
line. Rich aggregates occur in Sirenevyi Kamen, 
Chara river basin, Murun massif, Yakutia. Russia, 
Application: cut and polished as decorative stone. 


Agrellite 
Nace, 


oF 
TRICLINIC @ 


Properties: C— gray-white t greenish; $— white; L 
~ vitreous, dull to pearly: D — transparent to 
translucent) DE - 29; H ~ 5.5: CL ~ good: F ~ 
luneven: M long. prismatic erystals, granular, 

Origin and occurrence: Metamorphic in alkaline 
gneisses. It occurs as prismatic erystals up to 100 mim 
(Gin Tong in the Kipawa river basin, Qucbee, Canada, 


Okenite 
CaSizO4(OH)2 Hz 


TRICLINIC 08 
Properties: C ~ white, yellowish: $ ~ white; L— 
vitreous to dull D ~ transparent to translucent; DE ~ 
2.3;H 45-5; CL - good; F uneven to conchoidal: 
MB blade-shaped crystals, acieular crystals and 
their spherical aggregates. 


Agri, 120 nm, Kipawa, Canada 


Origin und occurrence: Hydrothermal in basalt 


cavities. together with zeolites. Rich acicular 
spherical aggregates up to 80 mm (34 in) in 
diameter come from basalt cavitis in the vicinity of 
Poona, India: also known from Faeroe islands. 


Ohenite 125 mm, buna Indi 
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Xonotte, 20 mm vein, Stare Ranch. Cosch Republic 


Xonotlite 
CagSigO1 (OH)2 


MONOCLINIC ee 


Properties: C ~ white, pinkish. gray: S— whit 
vitreous, dull to pearly: D.~ transparent 10 
translucent: DE ~ 2.7; H ~ 6.5; CL ~ good: F ~ 
uneven to conchoidal; M acicular 10 fibrous 
aggrezates, massive, 

Origin and occurrence: Hydrothermal in cavities of 


Elpidie. 128 mm. Mont SiHiire. Canada 


basic and ultribasie rocks and in the Alpinesype 
veins, associated with calcite and zeolites; are met 
‘morphic in skarns and in contact metamorphosed 
‘marbles. It comes from Tetela de Xonotla, Puebla, 
Mexico: Cresimore, California, USA: Mihara mine, 
Japan. It is was also found in Stare Ransko. Czech 
Republic 


Elpidite 
NapZrSig0y 5-3 H70 


ORTHORHOMBIC 6 


Properties: B- colorless, yellowish, red; S ~ white: 
Lvitreous to dull: D ~ transparent to translucent: 
DE - 26: H ~ 55.65; CL - good: F — uneven to 
conchoidal: M ~ long prismatic crystals. fibrous 
aggregates. 

Origin and occurrence: Hydrothermal in albitized 
parts of alkaline pegmatites, associated with albite 
and aegirine. Perfect erysais up to 30 em (12 in) 
Tong come from Tarbagatay, Kazakhstan, Crystals up 
{0 200 mm (Ti in) long found at Mont St-Hilare, 
Quebec. Canada. Also known from Khan Bogdo, 
Gobi desert. Mongolia: Umbozero mine on Mount 
‘Alluav, Lovazero massif, Kola Peninsula, Russia. 


Rhodonite 38 mm x, Broken Hil Astral 


Rhone, 70 nm, Malove Sedenitov, Ure Mis, Russia 


Rodonite 
‘caMtn4Si;09 


TRICLINIC eee 


Properties: C—pink, red, red-brown, gray: S— white: 
[L= vitreous to dul: D ~ transparent to translucent 
DE - 3.7; H ~ 5.5.65; CL ~ good: F - uneven to 
‘onchoidal; M ~ tabular crystals, granular. massive 

Origin and occurrence: Metamorphic in. Mr-tich 
rocks, hydrothermal in ore veins, associated with 
spessartine and Mn oxides. Perfect erystals up to 200 
‘mim (7% in) long come from Franklin, New Jersey, 
USA: also from Broken Hill, New South Wales, 
Australia 

Granular and massive aggregates occur in Langhan. 
‘Sweden and in Maloye Sidelnikovo, Ural mountains, 
Russia 

Application: cut and polished as a decorative stone. 


Babingtonite 
CanFe?*Fe¥*5is01 (0H) 


TRICLINIC 88 


Properties: C ~ greca-black to black-brown: $ ~ 
sreen-gray: L ~ vitreous 10 dull: D ~ translucent 10 
‘opaque: DE ~ 33; H 5. $-6; CL - good: F- uneven 
to conchoidal; M short prismatic crystals, granular. 
Origin and occurrence: Hydrothermal. along. the 
‘racks in rocks, associated with prehnite, adulara and 
epidote. 

‘Well formed erystals about 20 mm (fs in) across are 


‘known from Arendal, Nonway. Other localities are 
‘Westfield Massachuseus. USA: Baveno, Italy. 


Bohingrone, $ mm 2, Mumba, Indi 
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Kinoite 
€azCuzSiz0,(0H)4 


MONOCLINIC @ 


Properties: C~ blue; S ~ light blue; L~ vitreous to 
dull; D ~ transparent to translucent; DE ~3.2; H- $; 
LB perfect: F ~ uneven to conchoidal; M ~ pris- 
‘matic crystals, granulat. 

Origin and occurrence: Hydrothermal along cracks 
in rocks, associated with apophyllite and. copper. 
Small erystals were found in the Christmas mine. 
Sania Rita mountains, Arizona, also in the Kearsarge 
vein, Keweenaw Peninsula, Michigan, USA. 


Inesite 
CagHinySijgng(OH)2 5 H20 
TRICLINIC @@ 


Properties: C ~ pink, brown: S~ white; L. 
to dull, D ~ translucent: DE - 3.0: W~3, 
{good F uneven fo evnchoidal: M-~ shor prisiatic 
And tabular crystals. columnar and radial aggregates, 
ssanular, 

Origin and ocewrrence: Hydrothermal in ore veins, 
associated with thodochroste, hodonite ad calcite 
Rich aggregates and wellformed crystals about 10 
mm Ce in across found in Langban, Sweden: also in 
Hale Creek, California, USA: Broken Hill. New 


Kinote, 36 mm, Christmas Mine, USA 


‘South Wales, Australia ls spherical aggregates up to 
30 mm (1% in) in diameter are known from the 
Wessels mine, Kuruman, South Aftica 


Neptunite 
KNapLiFesTnSi9Oz2 
Monocunic ee 
Properties: C- dark brown o black; S - red-brown 
= iteous to submetalic; O ~ translucent 0 
opaque; DE~ 3.2; 5-6, CL good; F~uncven 
{o conshoidal; M- long prismatic crystal, grarul. 
Onin and occurrence: Hydrothermal in veins, 
sscocinted with naval, bentaite and eudialve 
‘ell-formed prismatic crystals upto 80 mm (3 ia) 
long come fom the Bentoite Gem mine, San Benito 
Coy California, USA. is also known from Mont 
Stciilaire, Quebee, Canada’ and. Narsarssuk, 
Greenland 


Epididymite 
1NaBeySij07(0H) 

ORTHORHOMBIC. 8 
Properties: C white, gray, yellowish; S white: 
‘ireous to dll: D~anspareto ransiyent: DE 
26:11 6:7:CL ~ good: F uneven conchoidal; 


‘nei 30 am, Karwan, South Afcw 


Neptune, 28 mom, Sa Bento Co, USA 


M ~ tabular erystals, lamellar aggregates, granule. 
Origin and occurrence: Hydrothermal in cavities of 
alkaline pegmatites, associaied with zeolites, 
Tabular crystals up 10 60 mm (27 in) across come 
from Mount Malosa, Malawi Is also known feom 
Langesundsfjord, Norway: Mont St-Hilaire 
‘Quebec, Canada; Narssarssuk, Greenland. 


‘Bavente_40/nm. Yermolaveshone Russia 


Bavenite 
CaghlyBer5ig0r4(OH)2 
ORTHORHOMBIC eee 
Properties: C- white, yllowish, pinkish S— whit; L 

Wireous to dll D ~irasparent wo wanslucent; DE 
28:11 55:CL— good: F uneven to conchodal: M 

prismatic 10 tabular crystals. radal and lamellar 
aggregates, Origin and occurrence: Hydeohermal i 
Pezmatic cavitics with albite: typically produced by 
beryl replacement in pegmatites ot helvite replacement 
im sar. Found in Baveno, lly with crystals upto 20 
tum ("ha in) across. Ako known from. Stzegom, 
Poland, Crystals upto 4mm (in) across found in the 
Hewit quar, USA. 


plaid, 70mm, poi, Kol, Russia 
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Prolite. 28 mm, Branders. Namibia 


Prehnite 
CazAlQSi30)9(0H)2 


ORTHORHOMBIC € 


Properties: C ~ white, greenish 10 green. yellow. 
bray: S — white; L — vitreous: PS transparent to 
translucent; DE — 2.9; H ~ 6.6.5; CL — good: F - 
‘uneven to conchoidal: M tabular to prismatic erys- 
tals, usually forming botryoidal or spherial aggre- 
gates, granular. 

Origin and occurrence: Hydrothermal in basalt 
‘ewities and in the Alpine-type veins, commonly 
associated with ealeit, abit, epidote and zeolites. 
Rich agercgates are known from West Paterson, New 
Jersey, USA; Val di Fasta, Italy; Poona, India 


Astrophie. 30 mm sx, Khibiny Mes Kola, Russa 


Fiuorapophlite. 47 mm, Poona nda 


Crystals up to 43 mm (1% 
Copper Valley, Brandberg, 
Quebec, Canada and Talnakh, Siberia, Russia, 


Astrophyllite 
(6.Nad3 (Fes Ts 


TRICLINIC 


Hy 


Properties: C= various hues of yellow; S — white; L~ 
vitreous 19 dull; D — transparent to translucent: DE — 
3.3; H~3; CL ~ good; F~ uneven to conchoidal: M~ 
Jong prismatic crystals, bladed aggregates. 

Origin and occurrence: Magmatic in alkaline peg 
mates, Crystals and their radial aggregates reaching 
up to 100 mm 4 in) come from Mount Eveslogchort. 
Khibiny massif, Kola Peninsula, Russia. It is also 
known from Mont St-Hilaire, Quebec. Canada, 


Fluorapophyltite 
KCa4Sig0a9(FOH) 8 #0 


TETRAGONAL eee 


Properties: C—white, greenish yellowish, pinkish; S 
= white: L — greasy to pearly; D ~ transparent to 
translucent; DE ~ 24; H~ 48-5; CL ~ perfect; F— 
uneven; M — prismatic and tabular crystals, lamellar 
ageregates, massive, 

(Origin and vecurrence: Hydrothermal in cavities in 
voleanie rocks, along the cracks in the Alpine-iype 
veins, in ore veins and pegmattes. Wellsformed 
crystals up to 100 mm (4 in) long are known from 
Jalgaon and Poona, India: Centreville and Fairfax, 


Pyrophylie, 37 mm California, USA 


Virginia, USA. Other localities are St. Andreasberg. 
Germany: Bento Goncalves. Rio Grande do Sul. 
Brazil 


Pyrophyllite 
-igSi4O19(H)2 
MoNociNic eeee 


Varieties: agalmatolite 


Properties: C ~ white, greenish, yellow, gray S 
white; L 


greasy 10 pearly: D — translucent 10 


lamellar aggregates, 
massive (agalmatolit) radial to acicularaggregstes 
Origin and occurrence: Metamorphic in Alrich 
rocks, together with andalusite and kyanite: hydro- 
thermal in veins with quartz and micas. Rich foliated 
and radial aggregates and poorly-formed crystals up 
to 10 mm (i in) across are known from Zermat, 
Switzerland: Berezovsk, Ural mountains, Russia and 
the Champion mine. California, USA. 

Application: heat-resistant mate. agalmatolte 3s 
decorative stone 


Tale 
M3814 0(0H)2 


MONOCLINIC eesee 


Properties: C ~ white, greenish, yellow, pinkish, 
‘gray: S— white; L— greasy to pearly: D— wansparent 
to translucent; DE ~ 28: H~ 1; CL — perfect, F — 


uneven; M ~ tabular crystals, foisted aggregates, 
massive. 

Ong and occurence: Metamorphic in metmae- 
phosod ‘basic rocks and dolomies, tozther with 
Sctnaite, dolomite and corte: hydrothermal in eins. 
Tabular exytls up 0 20 mm (sn) across come rom 
Brumado, Bala, Brazil and Chester, Massichuset, 
USA" Rich flated aggregates are Known fom Zier. 
tal, Austria, Pseudormorphs afer quart erstals come 
from St. Gotard. Swizerand. Lae deposit of 
massive ale are mined in China. 

‘pplication: a filing material intext. paper and 
chemical industries, heat-resistant material 


Tale, 61 mm. Rochester USA 


Muscovite 
MICA GROUP 
KAISi30(OH.F)2 


Celadonite 
MICA GROUP 
KFe}*(og,Fe?,Al)siqO(H)2 


MONOCLINIC eeee 


Vrieties: fochsie 
Properties: C ~ white. greenish, yellowish, pinkish, 
‘green (fuchste), gray: S — white: L ~ vitreous 10 
pearly D ~ transparent to translucent; DE ~ 2.8: H 
25-3: CL perfect: P~ uneven; M-~ tabular erystals, 
lamellar and sealy aggregates, massive 

Origin and occurrence: Metamorphic in various 
rock Iypes, as mica schists, gncisses: magmatic in 
granites and pegmatites: hydrothermal in veins ar 
next to ore veins (Fuchsite), Important rock-forming 
mineral, usually associated with quartz, K-feldspar. 
albite and biotite. lis sheets, reached up io 5x 3 min 
size and weighed up to 85 tons in the Inikurti mine, 
Nellore, India, Large sheets are also known from 
Custer, South Dakota, USA. Wellformed erystals up 
to 100 mm (4 in) across come from Alabashka near 
‘Murcinka, Ural mountains. Russia, Other famous 
localities include Mamsk, Ural mountains, Russia 
and Cruzeiro mine, Minas Gerais, Brazil, where 
‘gemmy crystals were found, 

‘Application: insulation material in electrical applica- 
tions and construction, 


Atuscovite 25 wm, Plumes, California. USA 


20 


MONOCLINIC seee 
Properties: C light groen to blue-green: $ — white; 
[L~ dull; D~ translucent ro almost opaque; DE ~ 3 
H — 2) CL perfect: F ~ uneven: M’— earthy, 
sometime sinall scaly aggregates, massive. 

Origin amd occurrence: Hydrothermal as a product 
fof mafic mineral replacement in voleanic rocks, 
associated with zeolites, prehnite and calcite 
Famous localities are Val di Fassa and Monte Balda, 
Italy: also known from Bisbee, Arizona, USA. 


Boromuscovite 
Mica GROUP. 
KAIQBSI30 (OH) 


MONOCLINIC @ 


Properties: C — yellowish: §__ white; L~ dull; D 
transparent to translucent; DE - 2.8: Hl— 2S: CL 

perfect: F — uneven; M small scaly aggregates, 
Origin and occurrence: Hydrothermal in cavities in 


uct 4m xx Pane Tadebibistn 


Celadon 60 mm, Ua 


my, Czech Repu 


complex pegmatite, associated with abite,elbaite 
. Fine-grained scaly aggregates were 

described from the Litle Three mine, Ramona, 

California, USA; also in Recice, Czech Republic 


Paragonite 
mica GROUP 
NaAls$i30 (HF) 


MONOCLINIC eee 


Properties: C~ white, greenish, yellowish, pinkish; 
'S— white; L ~ vitreous to pearly: D ~ transparent 10 

nshicent: OE - 2.8: H~ 25; CL B perfect: F — 
uneven: M_— tabular crystals. sealy aggregates, 
Origin and occurrence: Metamorphic in various 
rock types, as mica schists and gneisses. Fine- 
grained scaly aggregates are known from Pizzo 
Forno, Switzerland and elsewhere. 


Rorommscovte, 40 mm, Ramana, USA, 


Puree, ND mm, Se Gotthard Switzer 


Glauconite 
mica GRour 
Ko.a(Al.Fe2* Fe?*,Mg)(Si,Al)40)9(OH)2 


MONOCLINIC 


Properties: C ~ light green, yellow-green to blue- 
green; S~ tight green: L - dull; PS_ translucent 10 
‘opaque; DE - 2.9; H— 2; CL B perfoet; F- uneven; 
MB earthy and piaty aggregates, massive 

Origin and occurrence: Hydrothermal in sedimen- 
tary and voleanie sedimentary rocks, also asa pro- 
duct of replacement of mafie minerals in voleanic 
rocks. Conimon in sandstones and. limestones. 
locally associated also with phosphorites. I occurs 
in many localities in the Karpathians, Poland; in 
Polabi region, Czech Republic. Massive aggregat 
are known from the N'Chwaning No. 2 mine, 
Kuruman. South Africa 


Gtaaconite, 80 mt Malomerice, oech Repabiic 
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Figure 22. Repeat for all pads 


If any pads become loose from the PCB, use a dental pick or other pointed object to re-align the pad 
(Figure 23 and Figure 24). 
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Anite, 120 mo, Bue, Cexch Republic 


Annite 
Mica GRouP 
KFe3AISI;01(H.F)2 


Biotite 
MICA GRouP 
K(FeiMg)yA1Si,0 (HF) 


MONOCLINIC eee 


Properties: © ~ black, locally with reddish or 
‘greenish tnt S~ colorless; L vitreous to pearly; D 
ansparent to translucent, locally opaque, DE 
2.8;H~ 25-3: CL— perfect: F— uneven; M ~ tabular 
‘rysials, lamellar aggregates, massive. 

Origin and occurrence: Metamorphic in skarns: 
magmatic in some pegmatites and granites. Its 
lamellar aggregates are known from Langban, Swe- 
‘denand Cape Ann, Massachusetts, USA. Crystals up 
to 150mm (6 in) across come from Mont St-Hilaire, 
Quebec. Canada, 


Phlogopite 
mica’ Grour 
KrtepAtSi90 (OH Fp 
MONOCLINIC eeeee 
Properties: C ~ light brown. greenish, yellowish 
coloriess. gray: S — white: L~ vitreous to pearly, D 
transparent to translucent: DE 28; H=2.5.3;CL. 
— perfect: F— uneven; M — tabular crystals platy and 
scaly aggregates, massive 
Origin and. occurrence: Metamorphic in various 
rock types, as marbles and some ultabasie rocks, at 
the contacts of pegmatites and serpentintes. mag- 
matic in some ulrabasie rocks and pogmatites, 
associated with dolomite, diopside, anthophylite 
Rich sealy aggregates come from many localities, as 
Pargas, Finland and clsowbere. Crystals up to 5 m 
(16 A) across found in Sludyanka, Siberia, Russia. 
Crystals up to $0 em (20 in) across occurred in the 
Gardiner complex, Greenland, The largest crystal, 
10 x 5m G3 x 16 A) across, weighing upto 90 tons, 
come fom the Lacy mine, Ontario, Canada 
Application: as insulation material in electrical 
‘polications 


MONOCLINIC eeeee 
Properties: C— brown to black, commonly with red 
‘or green tint; S~ colorless; L vitreous to pearly: 
transparent to translucent, locally opaque: DE — 
2.8;H- 25-3: CL — perfect: F~ uneven; M~ tabular 
crystals sealy aggregates. massive 
Origin ‘and occurrence: Metamorphic in various 
tock types, at mica schists, gneisses, migmatites and 
differnt types of metamorphosed shales; magmatic 
in peymatites, granites, syenites and diortes, rare in 
basalts and ultrabasic rocks. Typical rock-forming 
mineral, usually associated with quartz, feldspars 
land muscovite. Rich scaly aggregates are knovn 
from a pegmatite in Evje, Norway, where its crystals 
teach up to several meters across, Other famous 
localities are Bessnes, France; Ulugura mountains, 
iver Crater mine, Ont 
Laacher See, Germany. 


Polylithionite 
MICA GROUP 
KLigAiSigy9 (FOH)2 


MONOCLINIC eee 


Properties: C~ gray, colotess, yellowish, purple; S 

colorless: vitreaus to pearly; D — transparent to 
translucent; DE ~ 2.8; H ~ 2.53; CL ~ perfect; F~ 
uneven; M B tabular crystals, scaly aggregates, 
Origin and occurrence: Magmatic and locally also 
hydrothermal in alkaline pegmattes, granites and 
carbonatites, rare in Li-bearing granitic pegmatites. 
‘Well-formed crystals up to 40 mm (Ye in) across 
are known from cavities in alkaline pegmatite from 
Mont St-Hilaie, Quebec, Canada. It comes also 
from {llimaussag, Greenland and from eavities in 
aranitic pegmatites in Recice, Czech Republic and 


Biot 30 mm x, Ontari, Canada 


elsewhere. Large industrial deposits known in 
Blatchford Lake, Northwest Teritaries. Canada 
Application: Liand Cs ore. 


Trilithionite 
MICA GROUP 
KU 5Alp,5510 9 (LOM) 


MONOCLINIC eeee 
Properties: C— pueple, pink, blue, colorless, green: 
'S~ colorless: L= vitreous to pearly: D — transparent 
to translucent; DE - 2.8: H — 25-3: CL— perfect: F 
= uneven: M ~ tabular crystals. scaly aggregates, 
Origin and occurrence; Magmatic in Li-bearing 
‘pegmatite and granites, commonly associated with 
elbaite, spodumene, petalite, quartz and albite: 
Sometimes hydrothermal in quartz veins and peg- 
raties. Well-formed crystals from pegmatite cavi- 


Peivhionte, 50 mm. Lenazero Masi Kole, Russia 


ties are known from Virgem da Lapa, Minas Gerais, 
Brazil, Massive aggregates come from the Stowar 
Lithia mine, Pala, California and the Brown Derby 
No. 1 mine, Colorado, USA; Varutrask, Sweden: 
Roma , Czech Republie; Meldon Quarry, Devon, 
UK. 

Application: Li and Cs ore. 


Zinnwaldite 
MICA GROUP 
KifeA i010 (FOH)2 


MONOCLINIC @@ 


Properties: C ~ pray, colorless, brown: §~ colorless; 
[L- vitreous to pearly; D— transparent to translucent, 
DE ~ 37; H ~ 2.5-3; CL ~ perfect: F— uneven; M— 
tabular erystals sealy aggregates, massive. 

Origin and oceurrence. Hyérothermal in. quartz 
veins and greisens: magmatic in pegmatites and 
granites, associated with fluorite, cassitorte and 
wolframite, Rich aggregates with scales up to 100 
mm (4 in) aeross are known from quartz veins in 
Cinovee, Czech Republic. Crystals up to 150 mm (6 
{n) across come from pegmatite cavities in Virgem da 
Lapa, Minas Gerais, Brail. It also occurs in the 
Pikes Peak batholith, Colorado, USA: Baveno, ltaly. 
Application: Li ore 


Trilhionte 70 mm. Tan Canada 


Zinwealite, 10 mm x5 Cinwvec. etch Republic 
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Margarit, 73 mm. Chester USA 


Margarite 
CaAl4Siq09(OH), 


Clintonite 
Ca{MgA3(Al55)0 1 9(OH)2 


MONOCLINIC eee 


Properties: C — pinkish, colorless, yellowish: S ~ 
colorless; L.— vitreous to pearly: D transparent to 
translucent; DE ~3.1;H 35-45: CLB perfect; F 
uneven; M_— tabular erystals, platy and sealy 
aggregates, massive 
Origin and occurrence: Metamorphic, associated 
ith corundum, dispore, tourmaline and staurolite 
in various types of metamorphosed shales. Coarse 
platy aggregates come from Chester, Massachusets 
‘and Sterling Hil, New Jersey, USA. 


(Cimwnite, 3m x, Poa, gars 


MONOCLINIC ¢® 
Properties: © — colorless. yellowish, pinkish 
igreenish; § colorless; L_ vitreous to pearly; D 
transparent to translucent; DE ~ 3.1; H~3.5; CL. 
perfect; F uneven; M ~ tabular crystals. lamellar 
aggregates. massive 

Origin and occurrence: Metamorphic in contact 
metamorphosed marbles. associated with vesuvia~ 
rite, grossula, diopside and spinel. Rich aggrogates 
‘vith lamellae up to 20 mm (nin) across occur in 
Green Monster mountain, Alaska and Crestmore, 
California, USA and Monzoni, aly. 


Sulpomelane, 100 mm. Horn Lilo Czech Republic 


Stilpnomelane 
(Fe? MesFe*) 


MONOCLINIC 


Properties: C ~ black, black-broven, black-green, 
yellow-brown; S ~ colotess: L~ vitreous to dul: D 
translucent to opague: DE - 2.8; H 3; CL 
perfect; F — uneven M~ tabular erystals, foliated, 
lath-like and acicular aggregates. 
Origin and occurrence: Metamorphic in Fectich 
shales, usually associated with chlorite, magnetite 
and abit. Crystals up to 20 mm ("i in) across 
come from Jim Pond township, Maine, USA. 
Foliated aggregates are known from Hori Udoli 
near Zlate Hory, Czech Republic; Mesabi Range, 
Minnesota, USA, 


Montmorillonite 
(CasNa}o,33(AlMs)25ig0 (OH)? -m 20 
MONOCLINIC eeee 


Properties: C~ white, yellowish, oenish, bluish: S 
= white: L~ greasy; D ~ translucent to opeque: DE 


23:11 ~ 1-2; CL = perfect, wet massive aggregates 
are plastic; F — uneven; M_— carthy aggregates, 


Origin and occurrence: Hydrothermal as 2 product 
(of replacement of other mincrals in voleanic rocks, 
{granite pegmattes and sediments, I is abundant in 
‘many localities. Montmorillonite deposits arc known 
from Antrim, Northern Ireland. UK; in. Hungary 
Slovakia and many places in the USA. 

“Application: cerasies and chemical industey. 


Saponite 
(Cando 3(Fe.M)s(S1AD40 (0H), 


MONOCLINIC 


Properties: C— white, yellowish. gray-green, bluish; 
'S white: L~ greasy, D~ translucent to opaque: DE 


Monmorillonte, Kithaas, Ssria 


Suponite. 2 mm erst, Endobinye Hungary 


~2.1: H~ 1-2; CL ~ perfect, massive agerewates are 
plastic under wet conditions: F —uneven M- earthy, 
nodular, massive. 

Origin and occurrence: Hydrothermal as & product 
‘of replacement of other mincals in voleanie rocks 
and serpontinites. It occurs together with copper in 
‘many places in Keweenaw Peninsula, Michigan, 
USA. Scales up to 10 mm (in) across deseribed 
from Mont $t-Hilaite, Quebec. Canada 


Vermiculite 

(FestigAl3(SiAD40 j9(OH)2 4 H20 
MONOCLINIC eee 
Properties: © — yellow-brown, gray-green, srcen- 
brown; S — whitey L ~ greasy: D ~ wanslucent 10 
‘opaque: DE - 25; H~ 15; CL B perect F— uneven; 
M~ scaly aggregates, massive: R~ it expands when 
heated. 

Origin and occurrence: Hydrothermal 38 8 product 
of replacement of phiogopte and other mate micas 
in various rock types. It oecurs in Palbora, South 
fica: Milbury, Massachusetts, USA: Kovdor 
‘massif. Kola Peninsula Russia, 

“Application: clectscal applications and paper 
industry. 


Hermite. $0 mm, Drahonin, Ceech Republic 
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Cookeite 
CHLORITE GROUP 


MONOCLINIC 


Properties: C~ white, yellowish. pinkish brown: S~ 
colorless: L — vitreous to pearly: D ~ transparent to 
translucent: DE ~ 2.6; H 2.53.5; CL ~ porfec: F ~ 
uneven: MB sealy. locally radial aggregates, 
massive. 

Origin und occurrence: Hydrothermal in cavities in 


also replaces 
spodumene; metamorphic in Alrich shales, together 
‘with diaspore and pyrophyllite. Massive aggregates, 
replacing. spodumene. occur in the Tanco mine. 
‘Bemic Lake, Manitoba, Canada, I also comes from 
cavities in peumatites in the Litle Thrce mine. 


Kammoreite, 11mm x, Kop Dari, Turkey 


(linear, $m x, Saray. Rusia 


Ramona and the Himalaya mine, Mesa Grande, 
California ts also known from the Pulsifer quarry, 
Maine, USA and Muiane, Mozambique. 


Clinochiore 
CHLoRITE GrouP 
(MaFe)sAlSis01 (He 


MONOCLINIC ® 


Varieties: kammererve 


Properties; C — greenish, gray, white, yellowish, 
‘aroun, red-purple (kammerente; S ~ colorless; L — 
vitreous to pearly; D ~ ransparent to translucent: DE 
= 27H ~ 2-25; CL — perfect: F — uneven: M B. 
poortv-developed tabular erystals, foliated and radial 


Chamesite 7 mm, Haj, Hungary 


Origin and occurrence: Metamorphic in various 
types of shales and marbles; hydrothermal in quartz 
veins and Alpine-type veins, occasionally replaces 
certain minerals as biotite. Crystals up to 50-mm (2 
in actoss, associated with chondrodite and magne= 
lle, are known from the Tilly Foster mine, Brewst 

New York and Chester. Pennsylvania, USA, It also 
‘occurs in Val dAla, Waly and Zillertal, Austria. 
‘Seales up to 40 cm (15% in) across come from 
Beramy, Madagascar. Kammererite crystals up to 20, 
mm (“hs in) ross found in Kop Daolar, Ereerum, 


Turkey. 


Chamosite 
CHLORITE GROUP 
(FeMe)sArzS010(0H)e 
MoNocLINIC eeee 
Properties: © ~ seay,gray-groen, brown: S ~ gray- 
‘ren; L~ vireous to dull: D~ransiucent to opaque: 
DE ~ 3.2; H- 2-25; CL ~ perfoc F uneven; MB 
scaly and ooitie aggregates, massive. 

Origin and occurrence: Metamorphic 10 bydro- 
thermal in various types Fe-ich sodiments. typically 
associted with siderite and magnetite 

itis common in Chamoson, Switzeriand; Nucice, 
CCasch Republic. Spherical aggregates up to 15 mm 
(hs in) in diameter found in Mont St-Hilaire, 
Quebec, Canada, 


Kaolinite 
AlzSiz0s(OHMD¢ 


TRICLINIC eeeee 
Properties: C— white, yellowish, greenish, gray: C~ 
colorless; L.— earthy; D — translucent ro opaque; DE 
= 26; H~ 1; CL ~ perfect; F- uneven; M ~ earthy 
and exceptionally scaly aggregates, massive. 

(Origin and occurrence: Hydrothermal, asa result of 
feldspar replacement in various rock types, as, 


taranites. and arcoses. It forms large deposits in 
(China, France, UK and Czech Republic. 
Application: raw material for ceramics, 


Dickite 
‘AlSi20s(OH)4 


MONOCLINIC eee 
Properties: C~ white, yellowish; S ~ colorless: L 
tarthy to pearly; D ~ translucent to opaque; DE — 
26; H= 1; CL~ perfeet; F- uneven; M~ earthy and 
platy aggregates, massive. 

Origin and occurrence: Hydrothermal in cavities in 
Ihydrothermal veins, together with quartz, carbonates 
and sulfiges. occurs in Essen, Germany: Anglesey, 
Wales , UK: Kladno, Czech Republic. Microscopic 
crystal come from Mas d'Alary, France. 


olin, $0 mm, Staustel, UK 
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vacrite 
‘AlgSi05(0H), 
MONOCLINIC eee 
Properties: C= white. yellowish, gray-white: $ 
colorless: L ~ earthy to pearly; D — translucent to 
opaque: DE - 26: 11 1; CL ~ perfect; F~ uneven: 
M ~ earthy and sealy aggregates, massive. 

Origin and occurrence: Hydrothermal in cavities of 
hydrothermal veins, associated with quartz, Muorite 
and topaz. It occurs in Horni Slavkov, Czech 
Republic; Freiberg, Germany. Pscudo-morphs after 
topaz come from Ouro Preto, Minas Gerais, Brazil. 


Antigorite 
HeySi,05(OH)4 


MONOCLINIC eeeee 


Properties: C ~ white, yellowish, greenish, gray: 
colorless 10 gray: L vitreous, pearly, silky, 


Anigrite. 10 ma, Felocsoar Hungary 


‘earthy; D — translucent 10 opaque; DE ~ 2.6; H ~ 
25.3.5; CL ~ perfect; F — uneven: M B foliated, 
lamellar and fibrous aggregates. massive. 

Origin and occurrence: Metamorphic in serpent 
nites, marbles and other Mg-rich rocks, hydrother- 
smal in veins eros-secting these rocks. Itisimportant 
rock-forming mineral. I occurs in Kraubat, Austria; 
Hrubsice, Czech Republic; Antigorio, Italy and 
elsewhere. 


Amesite 
MarAlSiAnOs(OHy 
TRICLINIC 8 @ 
Properis: C ~ grenish, gray; S ~ colores; L 
vitreous to pearly, D- uansucent; DE ~ 28, H — 
25:3; CL — perfect: F - uneven; M B foliated to 
tail aggregates, massive 

Origin and occurrence: Hydrothermal in Mestch 
rocks, associated with diaspore. magnetite and 
ctomite. I comes fom Cheser, Masachiscts 
USA" Crytat up to 40 mm (Ie) aeross found in 
Sarany, Ural mountains, Russa, 


Cronstedtite 
Fel Fe Si0s(OH)s 


MONOCLINIC © 


Properties: C ~ black, black-brown, black-green; S~ 
dark olive-green: L ~ vitreous to submetallic; D — 
translucent to opaque; DE ~ 3.6; II ~ 3.5; CL — 
perfect: F ~ uneven; M ~ prismatic crystals, 
columnar aggregates. 

Origin and occurrence: Hydrothermal in ore 


ped 
and Kutna Hor, Czech Republic; Ouro Preto, Minas 
Gerais, Brazil Sasigue mine, Auge, France. 


Amesie 40 mon. Sarany. Ura Mis, Russia 


Cronstetite, 42 mm, Hunan. Bolivia 


Chrysocolla 
(CuAlhaHaSig0s(OH)4 0 H20 
MONOCLINIC seee 
Properties: C ~ diferen, hues of bue-green: $ — 
white: L~ viveous, greasy o earthy; D~ transucent 
to almost opaque: DE~ 20-24; 2-4: CL — sone; 
F— conchoidal to uneven: M— microscopic aciulat 
‘crystal, botryoidalstalactiic and earthy agereeates. 
‘Origin and occurrence: Secondary in Cu deposi 
asc wih aah ander Secondary Cu 
Rich aggregates come from many places in Arizona, 
USA Tike Bisbor and Morenci [is also known 
fiom Mednorudnyansk, Ural mountain, Russia and 
Broken Hil, New South Wales, Austaia 


Allophane 

‘Spproximately AlgSiOs -n HO 
AMORPHOUS eee 
Properties: C~ white, gray, bluish, greenish, brown; 
SS -white; L ~ vitreous, greasy and earthy; D ~ 
transparent translucent to opaque: DE ~ 1.9: H—2- 
3; CL — none: F ~ conchoidal to uneven; M— 
botryoida,sslacttc and earthy aggregates 

Origin and occurrence: Hydrothermal product of 
alleration along the cracks of sedimentary rock 


coal deposits and in the oxidation zone of ore 
deposits, associated with other secondary minerals 
Rich botryoidal aggregates oceur in Der, Germany; 
Moldova “Nuova, Romania; New Comelia mine, 
‘Arizona, USA: Ei Dragon mine, Polos, Bolivia, 


Aliophane. 90 mm, Zlate Hors Czech Republic 
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Palyporstve 120 mm, Burda. Hangar 


Palygorskite 
(Ma.Al)2Si40 j9(OH) 4 H20 


MONOCLINIC eee 


Properties: C~ white, gray; S~ white; L~ dull: D ~ 
translucent to almost opaque; DE - 22; H~ 1; CL = 
good: F ~ uneven, aggregates plastic under wet 


conditions M~ acicularerysals, fibrous agaregates, 
Origin and occurrence: Hydrothermal as a product of 
alteration of different rock types, suchas scrpentnies, 
granites, marbles and griywackes, also in ore veins 
land the Alpine-iype veins. Rich aggregates resembling 
leather occur along the cracks in marbles in Hejna near 
Hora oviee, Czech Republic; in the Mammoth mine, 
Tiger. Arizona, USA and in Palygorskava, Russia. 


Sepia. 70 mm, Esser. Tey 


Sepiolite 
Messi 


(OH) -6 HO 
ORTHORHOMBIC eee 


Properties: C— white, yellowish, gray; S— whit 
~ dull: D ~ opaque: DE - 2.0; H ~ 2-25; CL ~ not 
determined: F — uneven; M'- carthy aggregates, 
Origin and occurrence: Hydrothermal as a product 
of serpentinite alteration. typically associated with 
magnesite. Classic locality is Eskigehir, Turkey; also 
‘known from Biskoupky, Czech Republic. 


Zeophytite 
CagSigOq(OHF4.2 HO 
TRICLINIC 8 @ 


Properties: C — white; $ — white: L — pearly; D ~ 
transparent to translucent: DE ~ 2.6; H~ 3; CL ~ 
perfect; F — uneven; M — platy crystals, commonly 
‘with ragal structure 

Origin and occurrence: Hydrothermal in evities of 
volcanic rocks, associated with zeolites. Is most 
{important locality is Radejein, Czech Republic 
‘where it forms spherical aggregates up to 10 mm Cie 
in) in diameter. Also known from Schellkopf, 
Germany and Monte Soma, Italy. 


Cavansite 
CaV0Si40 49 4 H20 
ORTHORHOMBIC ee 
Properties: C~ green-blue, blue; §~ light blue; L 
vitecous; D ~ transparent; DE ~ 2.2; H— 3-4; CL — 
good: F — uneven; M ~ long prismatic to acicular 
crystals radial aggregates. 

Origin and occurrence: Hydrothermal in cavities of 
volcanic rocks, astociated with calcite, apophyllite 
and zeolites, Rich radial aggregates up to 30 mm 


Zeophylite. 60 mm. Rain, Czech Republic 


Cavanst, 120 mm. Poona. India 


(1% in) in diameter come from the Wagholi Quarry, 
Poona, India 


Nepheline 
(KNa)AISIOg 


HEXAGONAL #0 ee 


Properties: C~colotess, white, greenish, yellowish, 
‘ray, green, brown: S ~ white; L— vitreous to greasy: 
= transparent to translucent; DE - 2.7: H~ 55-6; 
CCL - none; F ~ uneven to conchoidal; M~ prismatic 
crystals. granular, massive. 

Origin and occurrence: Magmatic in many alkaline 
rocks, as alkaline syenites and their pegmatite, also 
in some basalts: rare metamorphic in gneisses. [isa 
typical rock-forming mineral, associated with 
leucte, augite and apatite. Wellformed erystals 
found in Mount Vesuvius, Hay. Rich aggregates are 
known from many localities in Khibiny massif, Kola 
Peninsula, Russia. Crystals up to 70 em (27s in) 
long oceur in Davis Hill, Bancroft, Ontario. Perfect 
crystals upto 35 mm (1 in) long, come from Mont 
St-Hilaire, Quebec, Canada, 

Application: locally as Ai ore and in ceramic 
industry. 


[Nephelne 43 mm. doul, Morocco 
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Pelt, 23 nm, Papo, Afhansian 


Petalite 
LAIS!,019 


MONOCLINIC eee 


Properties: C~ colorless, white, greenish, yellowish; 
'S = white; L ~ vitreous) D ~ transparent to trans” 
lucent; DE - 2; H - 6.6.5: CL good: F — uneven 
to conchoidal; M ~ prismatic erystals, granular. 

Origin and occurrence: Magmatic in. Li-beating 
Pegmatites. associated with lepidolite, elbaite, 
Amblygonite and locally replaced by a mixture of 


Chkarte, 70mm. Umbocero, Kola, Russia 


‘quartz and spodumene. Gigantic crystals. several 
meters long. come from Bikits, Zimbabwe: and 
Varutrask, Sweden. Clear gemmy crystals upto 230, 
mm (9% in) across found in pegmatite cavitis in 
Paprok, Afghanistanand also in San Pero in Campo, 
Elba, hay. Crystals up to 100 mm (4 in) across occur 
in Araguai, Minas Gerais, Brazil 

Application: ceramic industry 


Chkalovite 
NayBeSi204 
ORTHORHOMBIC ee 
Properties: C ~ colorless, white; S ~ white; L — 
vitreous: D ~ transparent to translucent: DE. 

6; CL ~ imperfect; F — conchoidal; M ~ prismatic 
crystals, granular, massive, 
Origin and occurrence: Hydeothermal in alkaline 
egmatites, usually associated with natroite, 
sodalite and eudialyte. Crystals up 10 200 mm (7% 
in) across come from the Umbozero mine, Mount 
Alluaiv, Lovozero massif, Kola Peninsul 
also at Julianhab, Greenland and Mont 
Quebec, Canada 


Sanidine 
FELDSPAR GROUP 
kalsijOn 
MONOCLINIC eeee 
Properties: C~ colores, white, yelowish, pinkish. 
stay; S ~ white; L — vitreous: D — transparent 19 
translucent) DE ~ 2.6; I~ 6-65; CL ~ good, F = 
teven to" conchoidal; M — prismatic crystals, 
sranular, masive 

Origin and occurrence: Magmatic in acid volcanic 
rocks, as fyolites and trachytes, a typical rack- 
forming. mineral. Well-formed crystals and ‘their 
combinations up 10 100 mm (4 in) in size occur 
thyolte and trachytes in Drachenfls and Laacher 
See, Germany. Italso comes from Roc d= Courlande. 
France; Beaverdell, British Columbia, Canada; 


FELDSPAR GROUP 
KAISI,Og 


MONOCLINIC eeeee 


Varieties: adulria, moonstone (gemmy variety with 
hatoyaney) 
Orthaclase, 32 mms: Ory Grande, USA. 


Properties: C~ colorless, 
ray. brown, yellow: S~ white; L vitreous to pearly 
(dulariay; D transparent to translucent; DE - 2.5; 
H~ 6.6.5; CL — good: F ~ uneven to conchoidal; 
= prismatic and tabular crystals and their combi- 
nations, granular, massive, 

Origin and occurrence: Magmatic in rhyolites, 
wwachytes, granites, syenites and pegmatites; 
rictamorphic in various rock types, as orthognetsses 
and migmatites; hydrothermal in the Alpine-type 
veins, ore veins and some sediments, also in placers. 
a typical rock-forming mineral. Well formed crystals 
and twins up to 200 mm (7% in) across come from 
granites in Twentynine Palms, California, USA: 
Marina di Campo, Elba, Italy; Loket and Karlovy 
ary. Czech Republic; in pegmatite cavities in 
Strzegom, Poland: San Piero in Campo, Elba, Italy. 
Yellow gemmy crystals up to 70 mm (24 in) across 
found in ttrongay, Madagascar. Gigantic feldspar 
crystals up 10 tens of meters long known from 
Several pegmatite localities in Black Hills, South 
Dakota, USA; also Hagendorf, Germany. Adularia is 
known from Alpine-type veins in St, Gotthard, 
Switzerland: pebbles of moonstone occur in gem- 
bearing gravels in Ratnapura, Si Lanka. 
Application: cerane an glass industry, moonstone 
asa gemstone. 


Adutri. 60 mm Alps, Switzerland 
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Micrcline. 110 mm, Lake George. Teller Co. USA. 


Microcline Hyalophane 
FELOSPAR GROUP. FELDSPAR GROUP 

KAISI303 (KBSAKSIAD OB 

TRICLINIC seeee MONOCLINIC see 

Britis: amazonite Properties: C ~ colorless, white, yellowish: S ~ 


Properiies: C ~ colorless, white, yellowish, pinkish, 
‘yay light to dark green (amazonite), S - white; L~ 
vitreous; D ~ transparent o translucent; DE ~ 2.6; H 
= 6-65: CL ~ good: F - uneven to conchoidal: M— 
prismatic crystals, granular, massive. 

Origin and occurrence: Magmatic in granites, 
‘syenites and pegmatite; metamorphic in various rock 
types. as rthognelsses and migmatites; hydrothermal 
inthe Alpine type veins and ore veins typical rock- 
forming mineral. Wel-formed amazonite enysals up 
to 40 em (15% in) across occur in pegmatite cavities 
in Crystal Peak, Colorado, USA: Keivy, Kola 
Peninsula, Russia: Morefield mine, Virginia, USA. 
Gigantic mieroctine crystals up to 12 m (39 f) across 
come from pegmatite in Black Hills, South Dakota. 
USA; Kaa land 

Application: ceramic industry, amazonite as 
‘decorative sone. 


‘white; L ~ vitreous; D ~ transparent to translucent; 
DE ~ 2.9; H ~ 6-6.5: CL ~ good: F ~ uneven to 
conchoidal; M ~ prismatic crystals, granular, 
massive, 


Amezonite, 60 mm, Ki. Kola Rusia 


salophane, 50 mm, Basovac. Bosia 


Oligocase. 40mm, Ura Mis, Russia 


Origin and occurrence: Magmatic in phonoltes: 
metamorphic in various rock types, as. marbles, 
imeisses and Mnerich rocks: hydrothermal in the 
‘Alpine-type and ore veins. Crystals upto 100 mm (4 
in) across found in Alpine-type veins near Busovaca, 
Bosnia-Hereegovina. 


Albite 

FELDSPAR GROUP 
Nasi; 

TRICLINIC eeeee 
Varieties: pericline.cleavelandite 


Properties: C ~ coloress, whit, yellowish, pinkish, 
ray. greenish, bluish: S ~ white: L ~ vitreous; D 
Transparent to translucent; DE~2.6: I1~6-6.5; CL~ 


Albite 85 men, GovernadorVoladares, Basil 


‘good; F - uneven to conchoidal: M — tabular erystals 
and their twins, platy aggregates, granular, massive, 
Origin and occurrence: Magmatic in granites, 
syenites and their pegmatites; metamorphic in various 
rock types, as othogneisses, migmaiites, phylites 
aand_ metamorphosed shales; hydrothermal in the 
Alpine-ype veins and ore veins, a typical rock 
forming mineral. Well-formed tabular to platy cleave- 
landite erystals up to 150 mm (6 in) across occur in 

pegmatite cavities in the Amelia disc, Virginia and 
the Pala district, California, USA. Albite crystals also 
come from Strzegom, Poland; San Piero in Campo, 
Elba, tly; Murzinka, Ural mountains, Russia; many 
localities in Minas Gerais, Brazil. Petcline crystals 
are known from the cracks along Alpine-ype veins in 
Grossgreincr, Austria; St. Gothard Switzerland: also 
from ore veins in Rozava, Slovakia. 


Oligoctase 
FELOSPAR GROUP 


(0,3.0,740,1-0,38N,1.1,38129.2,798, 
TRICLINIC @ 


eee 
Varieties: periserte.sunstone 


Properties: C ~ white, yellowish, pinkish, greenish, 
iridescent (peristeritey; S— white; L ~ vitreous; D— 
\ranspacent to translucent; DE ~ 2.6, H- 6-6:5; CL 
‘good: F— uneven to conchoidal; M 

platy aggregates, granular, massive 
Origin and occurrence: Magmatic in granites, 
syenites, andesites and pegmatites; metamorphic in 
gneisses and migmattes: hydrothermal in the Alpine- 
type veins; typical rock-forming 
enystals, several dm long, are known mainly from 
pegmatite. Periserite comes from Arendal, Norway: 
Miass, Ural mountains, Russia; Quadeville, Ontario, 
(Canada: Tvedestrand, Norway. i also occurs in Vena 
«Czech Republic. Sunstone is mined inthe Ponderosa 
‘mine near Lakeview, Oregon, USA. 

Application: peristeste and sunstone are used as 
gemstones. 
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Andesine. $0 mo. Boden Germany 


Andesine 
FELDSPAR GROUP. 


TRICLINIC 


Properties: ~ yellowish, pinkish, gray, light green: 
'S ~ white; L— vitreous, D — transparent to trans- 
lucent; DE - 2.7; H - 6-6.5; CL ~ good: F - uneven 
to conchoidal: M — platy aggregates, granular, 


Labrador, $0 mm, Labrador, Canada 


Anette 10 mm, Pasmaada, Fla 


Origin and occurence: © — white to dark gray, 
greenish; S ~ white; L~ vitreous, pearly; D ~ trans- 
parent fo translucent; DE - 2.7: H- 6-6.5; CL— 
good: F — uneven to conchoidal; MB cleavable 
agarevates, granular, massive. 


Labradorite 
FELOSPAR GROUP 
Cag, 


Properties: Magmatic in andesites, diortes: mota- 
‘morphic in gneisses and migmatites: typical rock- 
forming mineral. Large grains are known from mig~ 
rratites in Bodenmais, Germany and Adamello, lly. 
(Origin and ocewrrence: Magsna 

anorthosites: metamorphic 
Jridescent aggregates up wo | m (39% in) across, come 
from Nain, Labrador, Quebec, Canada and also occur 
in Korostenskiy massif. Ukraine and Ylamaa, Find. 
Application: 26a decorative stone 


Anortite 

FELDSPAR GROUP 
CaninsinO 

TRICLINIC eee 


Properties: C~ gray. greenish, pinkish; S— white, L 
vitreous, dll; D = ransparent to translucent; DE — 
2.8: H- 6-6.5; CL — good: F uneven to conchoidal: 
MB granular, massive 
Origin and occurrence: Magmatic in gabbros, 
basalts, anorthestes; metamorphic in contact meta- 
‘morphosed rocks. Pinkish grains and poorly- 
seveloped crystals come from Val di Fassa. lly. 
Crystals up to 50 mm (2 in) across are known from 
Miyake-Jima Island, Japan. It was also found in 
Mount Erebus, Aniaretca and Monte Soma, Hal. 


Danburite 
(£28520 


ORTHORHOMBIC @ 


Properties: C ~ colorless, white, gray, greenish, 
pinkish, yellow, brown, red-brown: S — white; L — 
‘vitreous, dul: D ~ transparent to translucent; DE ~3.0; 
H~7; CL ~ imperfect: F ~ uneven to conchoidal: M - 
prismatic’ erysals, columnar aggregates, granular. 
massive 

Origin and occurrence: Hydrothermal in pegmatite 
cavities, ore veins and the Alpine-type veins: met 
morphic in skarns and contact metamorphosed 
rocks 

‘Well-formed prismatic erystals up to 250 mm (9% 
jn) long come from Russell. New York. USA: 
‘Toroku, Japan: Dalnogorsk. Russia: and Chateas, 
San Luis Potosi, Mexico. 


Canerinite 
NagCaAlgSigOr4(€O3) 220 
HEXAGONAL @@ 


Properties: C — colorless, white, yellow; orange. 
bluish: S — white: L~ vitreous; D ~ transparent to 
translucent; DE ~ 24: H— 5-6: CL — good: F — un- 
‘even o conchaidal: M ~ prismatic erystals, granular, 
massive 

Origin and occurrence: Magmatic in alkaline 
syenites; hydrothermal asa product of replacement 
Of volcanic rocks, associated with nepheline and 
sodalite. 

Crystals up to 20 mm (*/s in) across come from 
Mone ire. Quebec, Canada. It was also found 
in Litchfield, Maine, USA; Canerinite Hill, Ban 
‘rofl, Ontario, Canada and elsewhere. 


CConcrnte, 70-mm, Dien, Romania 


Leifite 
Nag(SiA86)7 (0.0) 


TRIGONAL 


Properties: C —colotless; § white; L~ vitreous; D 
~ translucent: DE 2.5: 11 ~ 6: CL ~ pood: F ~ 
uneven: M~ acieular crystals. 

Origin and occurrence: Hydrothermal in cavities of 
alkaline pegmatites, associated with microcline and 
Zinnvaldite. Crystals up to 20 mm (he in) across 
‘oceur in Nargsarssuk. Greenland. Fine erystals are 
also known fom Mont S.-i, Qube. Canada, 
associated with seranite 
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Sodalite 


Propert blue, yellow. pink 
(hackmanite); $ - white; L~ vitreous; D ~ transpa- 
rent to translucent: DE 2.3; H~ 5.5.6; CL —imper- 
fect; F ~ uneven to conchoidal: M ~ isometric 
‘crystals, granular, massive: LU ~ orange-red. 

Origin and occurrence: Magmatic in alkaline 
syenites and phonolites, associated with nepheline, 


Zircon and titanite; hydrothermal in marbles. Grae 
ular aggregates are known ffom the Princess 
Sodalite mine. Bancroft, Ontario, Canada and 
Ditau, Romania. Crystals up to 100 mm (4 in) 
‘across come from Kangerdluarssuk. Greenland, 
Application: cut as a gemstone. 


Noseane 
NagAlgSigO24(504) 


cusic ee 
Properties: C colorless, white, blue, gray black; S 
~ white; L vitreous; D — transparent to translucent: 
DE ~ 2.3; H ~ 5-6; CL - good; F ~ uneven to con- 
choidal; M - isometric crystals, granular, massive, 
(Origin andl occurrence: Magmatic i alkaline basalts 
and similar effusive rocks, associated with nepheline 
and haGyne, Granular aggregates are known from 
Laacher See, Germany and Monte Somma Italy. 


Lazurite 
(NaCadgAtgSigOr4(5:500) 
cusic eee 
Properties: C ~ dark blac: $ -light blue; L ~ 
‘vitreous; D ~ wansparent to translucent; DE ~ 2.4 
yerfect; F — uneven to con- 
‘crystals, granular, massive, 
(Origin and occurrence: Metamorphic. in contact 
metamorphosed marbles, associated with pyrite 
Crystals up to 50 mm (2 in) across come from Sar-e- 
‘Sang. Badakhshan province, Afghanistan. Granular 
aggregtes are known fom many locals, such as 
Malobystrinskoye deposit near Lake Baikal. Russia 
cr Monte Sorin, lay. 

Application: decorative stone and gemstone, 


Lasurte, 21 mm x, Nuriton Aghaniston 


Tugtupite 
NagBenAlaSigO24Chr 


TETRAGONAL © 


Properties: C~ whit, pink. re, bluish: S~ white; L 
~ vieeous; D = transparent io translucent: DE 2. 
H 5: CL ~ good: F ~ uneven to conchoidal: M 
small crystals. granular, masive. 

Origin and occurrence: Hydrothermal in alkaline 
syerites and their peymattes, also as a product of 
ehkalvie alteration. Aggregates up to 60 mm (2% 
in) across come fiom the Umbozero mine, Mount 
‘Allusix, Lovozero massif. Kola Peninsula, Russia 


Tagupie 90 mm, Mimanssag, Greenland 


and IIRmausssq, Greeniand. Small crystals occur in 
the Poudrete quarry. Quebec, Canada. 


Danalite 
FeqBe3530135 


cus 


Properies: C ~ grayyellow.pink, red, brown; S ~ 
White; L~ viteous; D ~ transparent 19 translucent; 
H ~ 5.56; CL — imperfect; F - uneven 
isometric erystals, granule, 


Origin and occurrence: Magmatic in granitic peg 
mattes: hydrothermal in greisens, skarns and ore 
veins. It occurs in Cape Ann, Massachusetts, USA; 
Hortekollen, Norway and Coolgardie, Western 
Australia, Australia, 


Danalite 70mm. Yjoberg. Sweden 
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Holvte 2mm xx Coie, Romania 


Helvite 
MngBe35830 125 
cusic eee 


Properties: C~ brown, gay. yellow, yellow-green: S 
white; L vitreous; D~ transparent to translucent: 
DE ~ 3.4; H ~ 6: CL - good: F ~ uneven to con- 
‘choidal; M ~ isometric erystals. granular, massive 
Origin’ and occurrence: Magmatic in granitic 
pegmatites and alkaline syenites: hydrothermal in 
_greisens, skarns and ore deposits. Cubie crystals up 
Yo 25 mm (1 in) across known from the Sawiooth 
Batholith, Idaho, USA. Crystals also come from 
Schwarzenberg, Germany: Cavnie, Romania; and 
Oslotjord, Norway. 

Application: Be or, 


Scapolte, 44 mm x, Leslie Late, Quebec, Canad 


Marialite 
SCAPOLITE GROUP 
Nag(Atsi39)g (Cla 504) 


TETRAGONAL 


Properties: : C ~ colorless, white, gray. purplish, 
yellow: S ~ white; L vitreous, locally pearly: D 
transparent to translucent; DE ~ 2.5; H ~ 5-6; CL — 
‘good; F ~ uneven fo conchoidal; M ~ prismatic erys- 
tals, columnar agereyates. granular, massive; LU — 
yellow to orange. 

‘Origin and occurrence: Hydrothermal in veins, cross- 
eating alkaline metamorphic rocks and in pegmatite. 
cross-cutting ulvabasic rocks: metamorphic in me 
bles and metacvaporites. It comes from Ankazobe. 
‘Madagascar; Umba, Tanzania and Crestmore, Califor- 
nia, USA. 


Meionite 
SCAPOLITE GROUP 
Cap(AlaSin0n)g (C250) 


TETRAGONAL 


Properties: C ~ colorless, white, gray, purplish, 
‘green, blue: S— white; L— vitreous: B ~ transparent 
to translucent: DE ~ 2.8; H ~ 5-6; CL ~ good; F— 
uneven to conchoidal; M ~ long prismatic exystals, 
columnar aggregates. granular, massive; LU — 
yellow to orange 


Leucite, 30mm, Mi esis. tay 


Aikne, 45 wm Ty 


Origin and occurrence: Metamorphic in. skarns, 
‘marbles, granules and in contacts of voleanic rocks: 
hydrothermal in veins. cross-cutting Ca-rich rocks, 
Well formed crystals up to 40 em (15% in) across 
‘come from Lake Clear and Egamille, Ontatio. 
Canada. Crystals are also known from Monte 


Somma, 
Par 


Tealy: Sludyanka, Siberia, Russia and 
inland, 


Leucite 
ZEOLITE GrouP 
KAISi20% 
TETRAGONAL eeee 
Properties: C colorless, white, gray: S~ white: L~ 
vitreous; D ~ transparent to translucent; DE ~ 2.5; H 
‘55-6: CL- imperfect; F~ uneven 1o conchoidal: M 
isometric erystals, granular. massive. 
Origin and oceurrence: Magmatic in effusive K-tich 
basalts, associated with nepheline and sanidine, 
\Well-formed crystals, several em in size, come from 
‘Mount Vesuvius, Italy and Laacher See, Germany. 
Application: ceramic industy. 


Anatcime 
ZEOLITE GRoUP 
NaAlSiz0¢ -H20 


cusic eeee 
Properties: C— colorless, whit. pinkish, yellowish: 
S ~ white; L ~ vitreous; D ~ transparent to trans 


lucent: DE ~ 2.3; H- 5-5.5; CL — imperfect; F—un- 
even to canchoidal: M ~ isometric erystale, granular, 
Origin and occurrence: Mainly hydrothermal as a 
‘product of epheline or sodalte replacement: rare 
‘magmatic in eflusive rocks; also in. sediments, 
associated with calcite and zeolites. Well formed 
‘erystals up t0 30 cm (12 in) across come from Nidym, 
Siberia, Russia: Lago Maggiore. Italy; Mont St 
Hilaie, Quebec. Canada; West Paterson, New Jersey. 
USA and elsewhere 


Pollucite 
ZEOLITE GROUP 
(CsiNa)AISi2g -H20 
cusic eee 
Properties: C~ colorless, white, gray: S ~ white; L 
vitreous; D ~ transparent to translucent: DE ~ 2.9: H 
65-7; CL ~ none: F - uneven to conchoidal; M ~ 
isometric crystals, granular, massive. 
Origin and occurrence: Magmatic and rarcly also 
hydrothermal in Li-bearing pegmatite, associated 
With lepidolite,albite, quart: and petalite. Almost 
rmonomineral layer of pollucite several meters thick 
‘occurs in the Tanco mine, Bemnic Lake, Manitobs, 
‘Canada, White and colorless crystals ftom pegmatite 
‘cavities up to 60 em (24 in) across come from 
Pprok, Afghanistan, Also known from San Piero in 
‘Campo, Elba, tly and Gilgit, Pakistan, 
Application: ceramic industry, Cs or. 


Pollcte 22-m0 x Gilgit, Pakistan 


m 
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B. Soldering a new QFP 
The pads on the PCB should be clean and free of any solder. 


Carefully place the new QFP device on the PCB using tweezers or another safe method. Make sure the 
part is not dropped as the leads can be easily damaged. 


Align the part over the pads using a small pick or similar tool to push the part. Get the alignment as accu- 
rate as you can. Also, make sure that the part is oriented correctly (pin 1 orientation). 


e010 
VosovvoL 
Boveri) 


Figure 26. QFP aligned 
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SILICON LABS 


Narolive 47 nm, Maricopa Co. Arizona, USA 


Seolcite, 165 mm, Nasik Indio 


Natrolite 
ZEOLITE GrouP 
NazAl3Si30 9-2 20 


ORTHORHOMBIC eeee 


Properties: C eoloriess, whit, yellowish, pinkish: 
'S ~ white; L — viteous to silky: D — transparent to 
translucent, DE ~ 2.2; H - 5-5.5: CL ~ perfect: F ~ 
‘uneven fo conchoidal: M — long prismatic to acicular 
crystals, fibrous and radial aggregates, granular, 
massive 

Origin and occurrence: Hydrothermal in eavites in 
volcanic rocks, alkaline’ pegmatites, along the 
Alpine-type fissures, also asa product of plagioclase 
replacement. commonly associated with calite and 
2edlites, Colorless and white acieular erystals upto 
30 cm (12 in) long, come from cavities of alkaline 
pegmatite: in Mount Putelichorr. Khibiny massif, 
Kola Peninsula, Russia. Crystals were also found in 
Narssarssuk, Greensland and Mont St-Hilaire, 
Quebec, Canada. Crystals also occur in cavities of 
basaltic rocks in Teigathom, Iceland; Zalezly and 
Soutisky, Czech Republic and in Faeroe Islands. 


y 


Skolecite 
ZEOLITE GRouP 
CaAlgSig019 -3 HO 


MONOCLINIC 


oe 


Properties: C ~ colorless, white; $= whites L = 
vitreous to sky; D ~ transparent to translucent; DE 
= 23; H - 5; CL — good: F uneven; M — long pris- 
matic 0 acicvlar crystals, fibrous and radial 
aggregates. 

Origin and occurrence: Hydrothermal in cavities in 
voleanic rocks and along the Alpine-ype fissures, 
associated with calite and zeolites. Clear prismatic 
crystals up 10200 mm (7% n) long come from basalt 
cavities near Nasik, India. Crystals come also from 
‘Teigathorn, Iceland and Suderoy. Faeroe Islands 


Mesolite 
ZEOLITE Grou 


Nay 6Ca16AlgaSi720240 -64 HO 


Meslite 150 mm. Mahrashita India 


Thomsonite 
ZEOLITE GROUP 
apNaAlg(AlSi)2SigOz9 -6 HzO 


ORTHORHOMBIC eee 


Properies: C ~ coloriess, white; § ~ white; L ~ 
vitreous to silky; D — transparent to translucent: DE 
= 23; H = 5; CL good; F ~ uneven; M ~ acicular 
crystals, fibrous and radial aggregates, granular, 
Origin and occurrence: Hydrothermal in eavities in 
volcanic rock, associated with other zeolites. Color- 
less needles up to 150 mm (6 in) long come from the 
‘basalt cavities in Berutjord and en, Iceland 
Radial aggregates up 10 200 mm (7% in) in diameter 
known from the vieinity of Poona, India. Prismatic 
crystals up to 100 mm (4 in) long found in 
‘Skookumchuck Dam, Washington, USA. 


‘homsonie 50 mm, zs Hungary 


ORTHORHOMBIC eee 
Properties: C~cololess, white. yellowish, brown-red; 
whit 

twanslucent; DE~ 23; H= 
{even to conchoidal; M — prismatic crystals in clusters 
‘with radial structure, botryoidal aggrepats, massive. 
Origin and occurrence: Hydrothermal in cavities in 
yoleanic rocks. also as a product of hydrothermal 
feldspar replacement. Colorless and white acicular 
crystals, forming radial aggregates up to 50 mm (2 in) 
in diameter come from Old Kilpatrick, Scotland, UK 
and West Paterson, New Jersey, USA. Hemispheric 
aggregates up to 30 mm (Ie in) aeross known from 
Vinaicka hora near Kladno, Czech Republic 
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Gonnantite, 10 mm x Zalhalap angry 


Gonnardite 
ZEOLITE GROUP 
(NACADg.a(ANSi)20040 + 12 Ha0 


TETRAGONAL ee 


Properties; C ~ colorless, white, yellowish; S 


white; L 
q = good: F~ un 
‘een 10 conchoidal: M = prismatic crystals, fibrous 
and radial aggregates. 
Origin and occurrence: Hydrothermal in cavities in 
volcanic rocks, associated with avolites, also in the 
‘contact zone of marbles, associated with wollatonte 
Acicular erystals and fibeous aggregates occur in Aci 
Castello, Sicily, aly: Weilberg, Germany; Bundoors, 
Victoria, Australia, 


Edingtonite 
ZEOLITE GROUP 
BaAl2$h30 19-3 420 


TETRAGONAL eee 


Properties: C white. gray. pinkish; S — white: L— 
‘vitreous; D - wansparen to translucent; DE 2.8: 


L ~ good; F ~ uneven to conchoic 
prismatic erystals, granular, massive. 

Origin and occurrence: Hydrothermal in cavities 
and along the cracks in voleanic rocks. associated 
‘with ealeite and harmotome. Colorless and white 
prismatic eeystals up to 40 mm (1% in) across come 
from Old Kilpatrick. Scotland, UK: Stare Ransko, 


dingionit, 100 mm. Stare Ransk, Czech Republic 


Czech Republic and Mont St-llilaire, Quebec, 
Canada. 


Dachiardite-Ca 
ZEOLITE GROUP 
(Cag,s.Na.K)sAls 


MONOCLINIC ee 


Properties: C ~ coloriess. white, yellowish; S ~ 
‘white: L ~ vitreous to pearly, D ~ transparent t0 
translucent; DE ~ 2.1: H- 4-4; CL — good: F— 
tuneven to conchoidal; M ~ prismatic erystals and 
‘complex interpenetration twins. 

(Origin and occurrence: Hydrothermal in cavities in 
Branitic pegmatites. associated with abit, petalite 
and elbaite. also as pseudo-morphs after petalite, It 
‘occurs in San Pico in Campo, Elba. Italy and in the 
(Opal Hill quary, Riverside, California, USA, 


Ferrierite-Ca 
ZEOLITE GROUP 
(CaNaKMadeAl 


072 «18 120 
ORTHORHOMBIC ee 


Properties: C ~ colorless. white, greenish, pink, 
brownish: S~ white: L~ vitreous; D - transparent to 
translucent: DE - 2.1; H ~ 3-35; CL - good: F - 
uneven to conchoidal; M — tabular erysials platy and 
‘columnar aggregates, massive 

Origin and occurrence: Hydrothermal in eavities in 
voleanie rocks. along the cracks of the Alpine-type 
‘eins and in voicane tuff, associated with calcite and 
zedlites.Platy aggregates occur in Svojanoy, Czech 
Republic; Albero Bosso and Monastir. Sardinia, lly 
Kamploops Lake, British Columbia, Canada, 


Ferverte-Ca, 2 mm aggregates, Regec, Hungary 


achiandie-Ca, 2mm sx, Regee, Hungary 


Laumontite 
ZEOLITE GROUP. 


MoNocLINic. 


Properties: C~ colores. white, yellowish, pinkish; 
'S ~ whites L ~ vitreous; D ~ transparent to trans- 
‘lucent. weathered almost opaque; DE 2.4; H ~3-4: 
CL ~ good: F — uneven to conchoidal: M ~ prismatic 
crystals fibrous and radial aggregates, 

(Origin and occurrence: Hydrothermal in cavities in 
voleanic rocks, along the eracks in the Alpine-1ype 
veins, in ore veins and sedimenis, associated with 
calite and other volte Coleress and white acicular 
crystals up t0 38 em (14% in) long come from the 
Pandulena Hill Quarries, India. Crystals up to 150 
‘min (6 in) long known from Pine Creck, Bishop, 
California, USA. It was also found in Dillenburg, 
Germany. 


amoite 120 mm, Markovice. ech Republic 


Heulanite-Ca, 8 mn x, Parana Brit 


Heulandite-Ca 
ZEOLITE Grour 
(Cao,5:5r0,5:NaK)a sAlgSin7072 24 HzO 


MONOCLINIC eee 
Properties: C ~ colorless, white, yellowish, pinkish, 
red, brown; § — white; L’B vitreous 10 peaiy; D — 
transparent to wanslucent; DE ~ 2.1; H~ 35-4: CL - 
perfect: F uneven to conchoidal; M ~ prismatic to 
Tabular erystals, granular, massive 


Origin and occurrence: Hydrothermal in cavities in 
voleanic rocks, in the Alpine-type fissures, ore veins 
and. sedimentary rocks. usually associated with 
calcite and other zeolites. Colorless and white 
tabular erystals up to 100 mm (4 in) across come 
from Nasi, India; West Paterson, New Jersey, USA: 
TTeigathorn, Iceland. Red heulandite found in Val di 
Fassa, Italy. 


Clinpilole-Ca, 2 mm xx, Hon?ova Hark, Cech 
Repub 


Clinoptilolite-Ca 
ZEOLITE GROUP 
(Cag,s.NaK)4sAlgSigzO72 24 #20 


Epis, 18 mmx Nast India 


Pa 


Epistilbite 
ZEOLITE GRouP 
(Ca.Nag)AlgSiq0 12-440 


MONOCLINIC 


3h; S$ — white; L ~ vitreous: D 
parent to translucent, DE = 2.2; H ~ 3.5-4; CL ~ 
perfect; F~ uneven to conchoidal: M — platy crystals. 
Origin and occurrence: Hydrothermal in voleanic- 
sedimentary rocks. Large industrial deposits oceur in 
New Zealand, Japan and Australia, Crystals come 
from Agate Beach, Oregon, USA 

Applian: consein. chemical industry and 
agriculture. 


Stilbite-Ca 
ZEOLITE GRoUF 
(CrosNaK)gAlgSin7072 28 HO 


MoNocLINIC. 


Properties: C ~ coloriess, white. yellowish, pinkish, 
‘brown: $ — white; L ~ vitreous, locally pearly: D— 
transparent to translucent; DE ~2.2: 3.54: CL— 
‘good: F ~ uneven to conchoidal: M ~ prismatic and 
‘abular crystals, commonly complicated interpenetra- 
tion twins and sheaflike aggregates. granular, 
massive, 
Origin and occurrence: Hydrothermal in cavities of 
volcanic rocks, along Alpine-type fissures, in ore 
veins, also in Sedimentary rocks and hot springs, 
‘ypically associated with calete and other zeolites, 
Colorless and white tabular erytals and their combi- 
rations up to 200 ram (7's in) across come from the 
andulena Hill Quarries, India. Crystals are also 
known from Teigarhorn, Iceland; Facroe. Islands: 
West Paterson, New Jersey, USA and elsewhere, 


MONOCLINIC see 
Properties: C~ colorless. white. yellowish pinkish, 
light brown: S ~ white: vitreous, D~ wransparent 
to translucent; DE = 22; H = 4; CL ~ good F ~ 
uneven to conchoidal: M~ prismatic crystals, radia 
aggregates 

Origin and occurrence: ydrothermal in eavites in 
voleanic rocks: associated with other zeolite. Clear 
and white tabular crystals and their wins up 10 30 
‘rm (Un) across come fom Jalgaon Idi: iso 
in Teigarhom leeand and Faeroe Islands 


‘Subte-Ca, 83mm Nash nia 


an 


Gismondine, 21m sx Tapolea-Disel. Hungary 


Philipite-K.3 m2, Limberg, Germans 


Gismondine 
ZEOLITE GROUP 
CaAigSinOg 45 HO 
MoNocLINIC ee 
Properties: C ~ colorless, white, bluish, pinkish: S ~ 
‘white: L~ vitreous: D ~ wansparent to translucent; 
DE ~ 2.3; H - 45, CL — good: F - uneven; M— 
‘complex twins of erysal, platy aggregates. 

Origin and occurrence: Hydrothermal in cavities in 


Harwoteme. 79m, Simian. UK 


woleanic rocks, in hydrothermally altered rocks. It 
comes from Capo di Bove. Italy; Schiffenberg, Ger- 
many and Dobra, Czech Republic 


Phillipsite-K 
ZEOLITE GRour 


MonocLINiC 


Properties: C — colorless, white, reddish; S ~ white; 
L= vitreous: D ~ transparent to translucent: DE ~ 
22; H~4-4.5:CL = good; F uneven; M prismatic 
frystals and complex interpenetration twins, 
‘ranula, massive. 

(Origin and occurrence: Hydrothermal in cavities in 
volcanic rocks, sedimentary rocks and hot springs; 
associated with cakeite and othor zeolites, Colorless 
and white imterpenctration twine up vo 20 ram (in) 
across come from Capo di Bove, Italy: Doughboy, 
‘Tasmania, Australia; Svinee near Litomioee, Czech 
Republic and elsewhere. 


Harmotome 
ZEOLITE GRouP 
(Bap.5.Cap 5 KiNa)sAlsSiy Oz 12 HO 


MONOCLINIC @@ 


Properties: C ~ colorless, white, gray, reddish, 
yellow, brown; S — white; L - vitreous: D ~ trans 
parent to vanslucent; DE ~ 2.4; H~ 4.5; CL good: 
uneven: M- prismatic crysals, commonly com- 
plex interpenetration twins, granular massive. 
Origin and occurrence: Hydrothermal in cavities in 
voleanie rocks, in the Alpine-type veins, ore veins 
‘and in pegmatites, Prismatic crystals and their twins 
up 10 20mm (/» in) across are known from 
Strontian, Scotland. UK. Crystals also come from St. 
‘Andreasberg_and Obctsicin, Germany: Korakow, 
‘Ceoch Republic and Kongsberg, Norway. 


Goosecreekite 
ZEOLITE GROUP 
CaAlgSiz0j9 -5 HzO 


MONOCLINIC @ 


Properties: C ~ white, colorless; S ~ white: L 

vitreous; D~ transparent to translucent; DE~ 2.2: 
45; CL B perfect: F uneven to conchoidal; M ~ 

prismatic erystals, granular, 

Origin and occurrence: Hydrothermal in cavities in 

voleanic rocks. It is known from Goose Creek, 
iginia, USA. Crystals up to 30 mm (in) ross 

found in the Pandulena Hill quartes, toi, 


Chabasite-Ca 
ZEOLITE GROUP 
(Cag 5 NaK)AlgSigO24 12 H20 


TRIGONAL e0@ 


Properties: C ~ coloress, white yellowish, pinkish, 
greenish: $ — white: L’— vitreous 10 dull: D — 
transparent to translucent: DE ~2.2:H - 4-4.5: CL — 
imperfect: F ~ uneven to conehoidal: M — thombo- 
hedeal crystals and ther twins, granular, massive. 

Origin and occurrence: Vydrothermal in eavites in 


Chahasie-Ca, Passhors Nova Scotia, Canada 


Gocsccretine 25 mm xx Maharashia nda 


volcanic rocks and pegmatites, along Alpine-ype 
fissures and in hot springs, usually associated with 
calcite and other zeolites. Colorless and. white 
ierpenetration twins up to 60 mm (24 in) across, 
come from Facroe Islands. Crystals are alse known 
from Repeice, Czech Republic: Berufjord, Iceland: 
Panvil, India; Maglovec, Slovakia and elsewhere 
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10. Organic compounds 


Whewellite 
€aC 204-420 


MONOCLINIC eee 


Properties: C ~ colorless, white, grayish: $ ~ color- 
less; L~ vitreous: D ~ transparent to translucent: DE 
2.2; H-2.5: CL — good: F ~ conehoidal; M~ pris- 
matic erystals, commonly twinned. 

Origin and occurrence: Rare hydrothermal, mainly 


Amber: 40-mm Balle Sea, Lania 
Whewellite 27 mm x. Burg. Germany 


sedimentary in coal basins, associated with tarit, 
ankerite and other minerals. Hydrothermal crystals up 
to 70 mm (2% in) long, come from U-bearing veins in 
PrRtbram, Czech Republic. Similar erystals, up to 70 


‘mm (2% in) long, occurred in Cavnic, Romania. Heart- 
shaped and butterfly twins, up to 100 mm (4 in) found 
in concretions near Kladno, Czech Republic. Similar 
specimens are known from Burgk near Dresden, 
‘Germany. teresting at radial ageregates found along, 
‘racks in claysin the vicinity of Most, Czech Republic 
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Adjust the soldering station temperature to 725°F (385°C). Put a small amount of solder on the tip of the 
solder iron. While holding down the aligned QEP with a pick or other pointed tool, add a small amount of 
solder flux to the corner leads in two opposite corners. While still holding the part down with the pick, 
solder down two opposite corner leads on the QFP, Do not worry about excess solder or shorts between 
adjacent leads at this time. The idea is to anchor down the aligned QEP with solder so it does not move. 


Figure 27. Aligned QFP ready for solder anchoring 


Re-check the QFP alignment after soldering the corners. If necessary, make adjustments or remove and 
start over to get good QFP to PCB alignment. 


Figure 28. Aligned QFP with corners soldered down 
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Mele, 170 nm. Bieske-Csorakit, Hungary 


Mellite Fichtelite 
AlglCg{EOO),] 18 420 CisHoe 
TETRAGONAL @@ MONOCLINIC eee 


Properties: C ~ honey-yellow: S ~ white; L = 
resinous 10 vitrcous: D ~ transparent to translucent: 
DE~ 1,7: » 2: CL imperfect; F~conehoidal: M 
dipyramidalerystals, granular: LU — blue 

Origin and occurrence: Secondary in the eracks in 
‘brown coal and lignite. Te best specimens with errs 
tals up to 40 som (1% in) in size, come from Csorda- 
kut car Tatabanya, Hungary: Crystals, upto 10mm (i+ 
in) across, were found in Artern, Germany. Granular 
aggregates are known from Valchox, Czech Republi 


Evenkite 
Saatso 


MONOCLINIC 


Properties: C~colotess to light yellow: S— colorless 
L waxy: D ttanslucent: DE ~ 0.9: HI: CL — 
‘good: M ~ pscudo-hexagonal tabular crystals: R 
melts at SOEC (12°F) 

(Origin and occurrence: Probably secondary. It occurs 
within geodes near Evenki, Siberia, Russia. Also 
known from the cracks in altered andesite in Dubnik, 
Slovakia, 


Properties: C— colorless to yellowish: S~ colores 
{L-vitreous: PS ~ transparent to translucent: DE ~ 
HI: M-— thin tabular crystals, scales, crystalline 
crusts, 


venie, 50 mn, Dubrik Slovekio 


(Origin and occurrence: Secondary. typical mineral 
‘of peat-bogs. lis erysals are known from Borkovice 
near Sobeslax. Czech Republic; also known from 
‘Marktreditz, Germany. 


Amber 
| mixture of hydrocarbons 


AMORPHOUS eee 


Properties: C ~ honey-yellow. yellow-brown, brown, 
relrbrown, blue, osm. Back: S~ wtey L 
‘esious, dul D * ansparent to wanslucen. rare 
opaque: DE 0c: 2-25; CL none: F~ 
enchoigal; M ~ massive ireplar or dop-shaped 
fggregates, nodules and fragments; LU = light le, 
Jellow 

Grigin ond occurrence: Amber is  ptified resin 
from Tena and Mesozoic conifers. occuring ar 
lyin sediments. Plat or inset remnants re some 
times found Wapped in amber. The mest famous 
locales are lest along the southern cosst of he 
Bali Seo in Poland. Germany, Lithuania, Estonia 
Latvia and’ Russia. The largest masses found 
sighed Up 1010 hy 22 iby, Blue ambos known 
From the Dominican Republic. Other amber local 
tics are found in Syria, Lebanon Thailand, Vietnam, 
Canads andthe USA. 

Application: as a gemstone, 


Amber 95 mm, Madegesear 
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11. Rocks, meteorites and tektites 


‘Rocks consist of minerals and often of fragments of 
‘ther rocks and organic matter Since rocks are 
‘mixtures, we cannot determine certain physical / 
chemical data (chemical formula, crystal system, 
hardness. ete). Unlike minerals, some rocks form 
huge bodies which may cover several thousand krm~ 
‘so no single localities are shown in this book. Rocks 
are mainly used for building. in agriculture, and as 
‘aw materials for chemicals, ceramics and metals 
Rocks are generally divided into three principal 
groups according to their origin: 

T igneous rocks 

2 sedimentary rocks 

3, metamorphic rocks. 


1. Igneous rocks 


Properties: C_light gray, gray, whit, brown, black, 
sgray-green, pinkish, red-brown: D — opaque, rare 
‘uansparcnt t tanslucent: L— dull, are viteous; OE 
‘ates from 2.6 up to about 3,8: F — uneven, rare 
conchoidal; M ~ coarse to fine grained, commonly 
‘massive aggregates, consisting of microscopic oF 
larger grains or erystals of various minerals, up 10 
several decameters across, glass is also. present 
rarely. Minerals in rocks usually have characteristic 
texture Features like graphic granite and others, 
Origin and classification: Igneous rocks form at high 
femperature and commonly at high pressure in 
solidification of mainly silicate magma of variable 
composition. The mineral composition reflects a 
chemical composition of magma. Typical rock= 


Orbiculr granite. 150 mm. Sweden 
Pagnate, 65 mm, Dolni Bary. Czec Republic 


Granite. 65 mim. Norway 


{ucning minerals are quartz, onhoclase, microcine, 
plagioclase, biotite. muscovite, amphiboles, pyroxenes, 
dlivine and nepheline. Rocks may solidify al various 
epths, according to which they are either intrusive, 
‘dyke or eflusive. They can be grouped according t0 
chemical composition (Si02 content): 

{elsic— granite, syenite, pegmatite, rhyolite, obsidian 
intermediate dione, ndesit basic ~gabbro, basalt 
‘trabasie peridot, varies from 1.0 up to about 28; 
F uneven, sometimes conchoidal: M ~ cears to fine 
stained and massive aggregates, consisting of grains or 
‘rsa, from microscopic to several dm in size. also 
of rock fragments and organic matter, banded textures 
are typical and some rocks are fossilferous. 


Diabuse, 65 mm, Rotany: Czech Republic 


2, Sedimentary rocks 


Properties: C— gre, brown, red-brown, black, ereen- 
igtey pinkish, white, ello, often variable even within 
‘one rock. banding is typical; D ~ opaque. rare 
teanslucent; L ~ dull, sometimes vitreous, greasy oF 
cart: DE varies from 1,0 upto about 28: F- uneven. 
sometimes conchoidal: M ~ coarse to fine grained and 
massive aggregates. consisting of grains or erystals. 
ranging from microscope 1 several dm in size. also of 
tock fragments and organi matter. banded textures are 
typical and some rocks ae Fssiliferous. 

Origin and classification: Sedimentary rocks 
‘originate under surface temperatures and pressures, 


Limestone, 65 lay 


as a result of sedimentation of mineral and rock 
fragments and organic matier of different size 
‘through the water and wind activity. or by preci 


{ation from water solutions. Typical rock-forming 
halite, clay 


minerals are quartz, calcite, dolom 
‘minerals and others. According 10 thei 
‘an distinguish several groups of sedimentary rocks: 
laste (consisting of rock fragments) ~ sandstone, 
‘conglomerate. quartzite, siltstone, 

ing mainly of organic matter) — 


solutions) ~ evaporites, travertine. 


Export, 40 mm. Waleed. Germany 


3. Metamorphic rocks 


Properties: C light gray. gray, brown, groen, red- 
brown, black, green-gray, pinkish, white, somtimes 
‘arable within one rock. banding is reatvely common: 
= opaque: L~ dull, rare vitreous: DE - varies from 
25 1048: F ~ uneven, rare conchoidal: M ~ couse to 
Fine-grained play. acieular and sometimes: massive 
‘aggregates, consisting of grains and crysta, ranging 
Jom microscopic to several decimeters across. Typical 
are planar textures and foliation of some minerals, 

‘Origin and classification: Metamorphic rocks origi- 
nate under higher temperature and pressure during 
metamorphism of originally igneous or sedimentary 


Marte, 100 mm, Greece 


socks, The souree ofa thermal enygy could be magma, 
then this type is ealled contact metamorphism, ofthe 
thermal soues isin the depth athe cats crust and 
effets large areas. then tis type is elle regional 
rmetamerphise. During a proces of metamorphism 
ew minerals originate. Typical rock forming meta 
‘morphic minerals are quartz, othoelase,plgiolass, 
biote, muscovite, amphiboles. pyroxenes. calcite, 
doloi iimanie, Ryans amndne. sawohi 
and serpenine. 

Regionally metamorphosed rocks: serpentinite, 
sca schist, gneiss, marble 

Comtact metamorphosed rocks: contact chert 
(porelanit) skarn, 
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Iron meteorite, 50mm, Soe-Aln, Russia 


ul. Gideon, Namibia 


Meteorites 


Properties: C- light gray, gray, gray-green, black; D= 
‘pag: L~ dal, metallic, rare vitreous; DE ~ varies 
from 3.0 10 73; F — uneven; M — coarse to fine- 
rained. sometimes massive aggregates, consisting of 
Irogular grains of diferent minerals ranging from 
Imeroscopie to several em across. 

Origin and clasfcation: Meteottes ae igncousocks 
formed in space. Most originate in the asteroidbct 
beteen Mars and Spite They consis of various mine= 
ral and their chemical composition ifr. geal 
Typical rockforming minerals in metcories are 
olivine proxenes lagiocass, Fe and Ni alloys ad 
Sulfide. rarely also panic matter. Meteorites alinto 
four main groups, accordingto metalic iron and 
silicate component 

iron meteorite: 

siderolit 

chondrite: 
chondrite 

Occurence: Meat fs re Known thoughout the 
‘erld The largest keown ion meteorite, weighing 
approximately 60 tons is located nea the Fob farm, 
Namibia The largest known chonit, weighing about 
1, fell in 1948 in Norton County, Nebraska, USA 
‘Most meteorites tha have been found recently come 
from lage glaciers such a those of Antarctica and 
from desert in Namibia. 


Moldvie, 38 mm, Southern Bohemia, tech Republic 


Properties: © light to dark green, yellow-green, 
bromn-green, brown, grecngra, back: D—transpa- 
‘ot translucent to opaque: L~vitcous: DE varies 
from 2:3 to 26; H~ 6-7; F— conchoidal to uneven: 
‘M ~ massive iregular. drop shaped or dise-shaped 
aggregates, irregular fragments, sometimes. with 
‘ypical sculptured surface. 

Origin. classification and occurrence: Natural plas- 
Ses, rch in SiO2. which formed a a result of rapid 
Ielting of surface rocks during impacts of large 
meteorites or comers. 

They are cassified according o their age and occur 


Moldavite, 40 mm. Southern Bohemia, Czech Republic 


Teste, 55mm, Dat, Vietnam 


rence (following sequence from the oldest to the 
youngest: 

Bediasites and georgi 
Barbados, Cuba: 
Urengoites ~ Novyi Urengoi, Russia; 
“Moldavites ~ southern Bohemia and western Mora- 
via, Czsch Republic; 
worites ~ Ivory Coast 
Irghisites - Ziamanshin, Russia; 

Indochinites, phillipinites, javanites, bilitonites — 
southeastern Asia 

Australites~ Australia, 

Application: some tektites, mainly moldavites, as 
gemstones. 


tes ~ the USA, Mexico, 
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Porclante, 88 vm, Koma, Cosch Relic 
‘Agate. 50 mm. elecrce. C:ech Republic 
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Now you are ready to solder all the leads. Add solder to the tip of the soldering iron. Dispense flux over 
all the leads to keep them wet. 


Touch the solder iron tip to the end of each QEP lead until the solder is seen running up the lead. Repeat 
for all the leads. Add small amounts of solder as needed to the soldering iron tip. Again, do not worry if 
you see some solder bridging as you will clean that up in the next step. 


When soldering, keep the soldering iron tip parallel with the pins being soldered to prevent excessive sol- 
der shorts. 


Figure 29. Keep iron tip parallel to pins being soldered 
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THE COMPLETE 


ENCYCLOPEDIA OF 


MINERALS 


The Complete Encyclopedia of Minerals is a book for 
all the people, who are interested in the beautiful 
world of minerals. They can find here hundreds of pho- 
tographs of beautiful crystals and crystal aggregates, 
together with a list of classic and new occurrences for 
each mineral species, Minerals are arranged into chap- 


fers according to the mineral system: 


‘Elements * Sulfides « Halides * Oxides 
* Carbonates * Borates * Sulphates * Phosphates 
« Sllicates © Organic compounds 
© Rocks, meteorites and tektites 
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‘After soldering all the leads, wet all the leads with flux to enhance the solder wicking cleanup. Wick up 
solder where needed to eliminate any shorts/bridging. 


Figure 31. Wicking Solder #2 
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Foreword 


Everything in nature, from the mountains and 
the oceans to the air we breathe and food we 
eat are made up of simple substances called 
elements. You may have already heard of 
several of them, including gold, iron, oxygen, 
and helium, but these are just four out of a total 
of 118. Many have unique ~ and sometimes 
surprising — chemical and physical properties. 
Gallium, for example, is a solid but melts in your 
hand. A compound of sulfur gives off a nasty 
smell of rotten eggs. Fluorine is a gas that can 
burn a hole straight through concrete! 


Chunk of 
silver 


Zirconium 
crystal bar 


The elements are rarely found in their pure 
form, Mostly, they are combined with each other 
to make compounds, which make up substances 
around us. For example, hydrogen and oxygen 
make water, sodium and chlorine form salt, and 
carbon is found in millions of compounds, many 
of which — including proteins and sugars ~ make 
our bodies work. 

To find out more about the elements, we need 
to take a good look at the periodic table. This is 
used by scientists around the world to list and 
detail the elements. It shows the key information 


Nickel 
balls gi 


Cube of melting 
allium 


Iodine in a 
glass sphere 


Barium Chunk of grey Magnesium 
crystals selenium crystals 


‘Throughout this book you will fd boxes with the following 
symbols. This is what each of them mean, 


for each element, grouping them into similar 
types. With this information, we can use the 
elements to make many things we need: a 


‘Thi shows the structure ofan atom of an element, with 
‘the nucleus (made of protons and neutrons) atthe centre 
and electrons surrounding it in thee sel 


fluorine compound in toothpastes toughens = 
our teeth and silicon crystals engineered into 
microchips operate our gadgets and phones. @ rw 

Every element has its own story of where it 
comes from, what it can do, and how we use eo — 
it, Let’s begin a tour of every element one by a ae 
one. It's going to be a fascinating journey, (20°F) Iecan bea liquid, soi, o gas. 


Discovery This details the yearin which the element was discovered. 


Tom Jackson 
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Introduction 


Elemental 
building blocks 


Elements are everywhere: some you Elements in our world 

can see, like gold, others are almost ‘There are 118 elements in the periodic 

"i ‘ 92 of them are found in nature, while the 
invisible, like oxygen gas. An element others are made by humans. Every element 
is a substance that cannot be broken up is unique. Most of the elements are solids, 


eras : ‘4 like the metals, At room temperature, 
into simpler ingredients. Each one is made Hh elomon are gan, le tins 


up of tiny building blocks called atoms, and mercury are the only two liquids. 
which are unique for every element. 
Most elements are joined with other 
elements to make compounds, 
which are made by combining two 
or more elements. This includes 
water, which is a compound 

of hydrogen and oxygen. 


‘Bromine liquid with bromine gas Bismuth crystals 


Elements in and around us 


‘About 99 per cent of the human body is made from just 


elements, though they are combined together to form 


thousands of different compounds, On the other hand, 
Earth's atmosphere is a mixture of gases, most of which 
are pure elements, About 99 per cent of the air is made 


from nitrogen and oxygen, 


Phosphorus 1%, Others 1% 
Calcium 1.5% 


Nitrogen 5% 
Hydrogen 10% 


Gold crystals 


Others 0.1% 
Argon 0.9% 


Oxygen 21% 


Nitrogen 
78% 


Human body Earth’ atmosphere 


Ancient ideas 

‘The idea of elements is very old, dating 
back about 2,600 years to ancient Greece. 
However, Greek thinkers believed that 

the world was made of just four elements: 
earth, water, fire, and ait, Empedocles, an 
influential scholar, was the first to propose 
that these elements made up all structures, 
Only much later did scientists learn that 
none of these are actually elements. For 
thousands of years, everybody from ancient 
Egyptian priests to medieval European 
alchemists, speculated about the definiton 
and classification of an element. 


Iranian alchemists in their workshop 


Alchemy and mysticism 
Chemists are scientists who study elements and compounds 
However, before they existed, the alchemists were medieval 
researchers. Believing in a mixture of science and magic. 
alchemists tried to change ordinary metals (such as lead) 
into gold. They failed because elements cannot be changed 
fiom one type to another. But, in the process, they discovered 
many new elements and developed several processes that 
chemists stil use today. 


i] ROBERT BOYLE 


‘The first person to use 
science to understand 

the elements was the 

Irish scientist and inventor 
Robert Boyle, He pursued 
science through reason, 
and in the 1660s he 


performed the first 
chemistry experiments 
to show that much of 
What the alchemists 
believed was wrong. 
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Chemical mu 


In the early 19th century, the 
[English scientist Humphry 
Davy discovered several new 
metals, He used a revolutionary 


‘process called electrolysis, in 
‘which electric currents split 
‘chemical compounds into their 
elements. Davy discovered a 
total of nine new elements, 


ineluding magnesium, 
potassium and ealeium. 
The ancient concept of four elements — earth, water, 


fire, and air — expanded to a belief that every substance 
on Earth was made from a mixture of these elements. 
However, many substances including mercury, sulfur, 
and gold did not fit this idea. Over the last 300 years, 
chemists have followed a long series of clues to reveal 
the true nature of elements, their atoms, and what 4 
happens to them during chemical reactions. 


Pioneering chemists 

‘Many of the first breakthroughs in 
chemistry came in the 1700s, from 
investigations into the composition 
of air, Chemists such as Joseph Black, 
Henry Cavendish, and Joseph Priestly 
discovered several different “airs”, which 
‘we now call gases, They also found 
that the gases could react with solid 
substances, which they called “earths” 
‘These discoveries began a journey 
that revealed that there were dozens 
of elements, not just four Today, 
scientists have identified 118 
elements, but more may be 
discovered in time. 


“Antoine Lavoisier 
In 1777, the French scientist Antoine 
Lavoisier proved that sulfur was an 
clement. This yellow substance was 
amliar for thousands of years, but 
Lavoisier performed experiments to 
show that it was a simple substance 
that could not be divided up any further 
In the same year. he also found out 
that water was not an element, but a 
‘compound of hydrogen and oxygen 


— 


Granule of pure sulfur Magnesium crystals 


JOHN DALTON 


Like many scientists of his day, the English 
scientist John Dalton already believed that 
‘matter must be made of tiny particles. In 
1803, he began to think about hove these 
particles might join together He came to 
realize that there ae different particles far 
‘every element, and that the particles of 

‘one element all have the same mass. He 
‘also realized thatthe particles of ellferent 
‘lements combine in simple proportions 

‘to make compounds. So, for example, the 
particles of the elements carbon and oxygen 
fan combine ta make carbon monaxide. He 
‘suggested that during a chemical reaction, 
the particles rearrange to make compounds 
He formulated the rst modern theory 

of atom 


Dalton’ table of elements 


Jacob Berzelius 
Inthe early 1800s, the Swedish doctor 
“Jacob Berzelius investigated chemicals 
jn rocks and minerals. He found two 
‘minerals that contained new elements 
He named these elements cerium (alter 
Ceres, the dwarf planet) and thorium 
(alter Thor, the Viking god of thunder) 
[Berzelius also invented a system of using 
symbols and numbers that chemists 

stil use to identify elements and 
‘compounds today 


Chunk of pure cerium 


Pure caesium inside 
‘sealed container 


Elements can exist in three states of 
matter: solid, iquid, and gas. At room 
‘temperature, most elements are solids, 
tare gases, and only two are liquids. 
However, elements can change from 
one state into another. These changes 
don’t alter the atoms of these 
elements, but arrange them in 
different ways. 


A solid keeprite 
Shape and hase 
fied volume 


Ina solid, all the atoms are attracted to each 
‘ther and locked in postion. 


| A liquid tates 
the hope of 
butte volume 


In aliquid, the atoms begin to mave around 
as the attraction between them vreakens, 


| gos wi fi 
large or smal 


Ina gas, the atoms are weakly attracted to each 
‘other, So they all move in diferent directions. 


Robert Bunsen 


‘The German chemist Robert Bunsen is best known for 
‘inventing a gas burner that i often used in laboratories. 
Inthe 1850s, Bunsen used such a burner - which produced 
hot, clean flame ~to stady the unique flame colours 


produced by different elements. When an unknown 
substance made bright blue flames, he named it 
‘caesium, meaning “sky blue" 
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Hand inspect the board using 4X magnification (or higher) for shorts or marginal solder joints. Solder 
joints should have a smooth melt transition between each device pin and the PCB. Rework any pins as 
needed 


After the inspection passes, it is time to clean the flux off the board. Dip the stiff bristle brush into alcohol 
and wipe in the direction of the leads. Use moderate, but not excessive pressure. Use liberal amounts of 
alcohol and brush well between the QFP leads until the flux disappears. 


Figure 33. Isopropyl Alcohol and stiff brush used for cleanup. 
Brush only in direction of leads 
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Inside an atom 


An atom is the smallest unit of an element. Atoms are too small to see 
(even with the most powerful microscopes) but they are everywhere. 
They consist of smaller particles called protons, neutrons, and 


electrons. Every element has a unique number of protons. 


What's the atomic number? 

‘The number of protons in an atom of an element is 
called the atomic number. The atomic number of an 
atom identifies the element it belongs to. Every atom 
also has an equal number of electrons, For elements 
found naturally on Earth, hydrogen has the smallest 
atomic number (1), while uraniurn atoms have the 
highest atomic number (92) 


Atome This shel isthe space 
suber inthe Iydagen atom 
° hare one electron 
‘cles the proton at 
the centre of the atom 


Hydrogen atom 
Inc lithium atom, 
to shal howe 
three electrons, which 

the pron aed 
neat the centre 

Lithium atom 


Uranium atom 


Seven shell house 
the 92 electrons in 


Electron} The tiny, 
negatively charged 
particles in an atom are 
called electrons. They 
are involved in the way 
the atoms of an element 


react and form bonds 


with the atoms of 


other elements. 


Shell } The electrons in an atom move 
around the nucleus. They are arranged 
in layers called shells, When reacting 
‘with each other, ators tend to fill up 
their outer shells to become more stable, 


Neutron } As its name suggests, neutrons are 


neutral particles, which means they do not have 
an electric charge. A neutron weighs the same 
a a proton, and much more than a electron, 


Proton } Protons have a positive electric 
charge. This charge attracts the negatively 
charged electrons, holding them in place 
around the nucleus, Because each proton's 
charge is cancelled out by the equal 
charge of an electron, the atom 

has no everall charge, and 

is therefore neutral 


4 


Nucleus } The central core, or nucleus, of an atom is, 

made up of protons and neutrons. Nearly all the mass of 

the atom is packed into the nucleus, and this gives every 
Kua a unique atomic mass, 


a e 


Hes Hera 


Isotopes 
White every element has a unique 
number of electrons and protons in 

its atoms, the number of neutrons 

can vary. These different forms are 
called isotopes. For example, helium 

has two isotopes: one contains three 
neutrons (He-3), the other has four (He-4).. 


Flectromagnet attracts metal pieces 


Electromagnetism 
‘Atoms work like tiny magnets. force 
called electromagnetism holds them 
together. It makes particles with opposite 
charges, such as protons and electrons, 
attract each other. Those with similar 
charges repel each other. A magnet is an 
‘object in which the magnetic forces of the 
atoms attract and repel other objects. An 
electromagnet develops magnetism when 
an electric current runs through it, 


ATOMIC PIONEERS 


During his atomic research in 
the early 20th century, Sir Ernest 
Rutherford, a New Zealand scientist, 
expanded our understanding of the 
structure of atoms. He discovered 
protons and proved that they were 
located in an atom's nucleus. 


‘Sir Ernest Rutherford 
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Introduction 


Periodic table 
of elements 


The periodic table is a useful way of organizing the elements. 
It arranges the elements in order of their atomic number, 
which is the number of protons in the nucleus of an atom, 
and is unique to every element. The table also divides the 
elements into rows, called “periods”, and columns, called 
“groups”. Dmitri Mendeleev, the chemist who devised the 
table, arranged the elements based on the similarity of 
certain physical and chemical properties. 


ie 
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wit he properties of 


metal ad wont 
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ike non-metals 


This group contains 
the noble gases, which 
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Element symbol 
Every element has a unique symbol of one or two 
letters. These symbols ensure that scientists who 
speak different languages do not get confused while 
describing the same element. 


‘The atomic number isthe numberof protons 
1m the nucleus of this element's atoms 


The filter of a symbols always 
«capital ut the second is fawer case 


The atomic mass number isthe average ofall he 
‘toms of the element [tx not a whole number 

because there are diferent isotopes (frm) of sach 
element, each with diferent numberof neutrons. 


Periods 

Elements in the same period, or row, have the same 
number of electron shells in their atoms, So elements 
‘in period one have one electron shell, while those in 
period six have six electron shells. 


Periods ran from 
lof to mph 


—— 


Groups ran frm 
top t0 boom 


Groups 

Members of a group, or column, all 
hhave the same number of electrons 
in their outermost shell. For example, 
group one elements have one outer 
electron, while group eight elements 
have eight outer electrons. 


‘The periodic table was 
developed by the Russian 
chemist Dmitri Mendeleev in 
1869, Others had tried before 
but his table was periodic, 

or repeating, because the 
characteristics of elements 
follow a pattern. The table was 
incomplete as some elements 
had not yet been discovered. 
However, Mendeleev predicted 
the positions of the missing 
elements, and was proved right 
‘when they were finally isolated 
‘many years later 


uor3anpoaquy 


15 


Introduction 


Explosive reaction 
In this chemical reaction, pure 
lithium reacts with air to make 
the compound lithium axide. It 
takes energy to break the links 
between the lithium atoms and 
then make bonds with oxygen 

in the air Reactions need energy 
to begin, but they often produce 
energy as heat and light. 


Sa 


1 This pleve of pure lithium is placed on | 
surface and is exposed tothe ait 


ar 


2. A gas tore i used to heat the lithium, 
and in just afew seconds it turns red, 
‘which isa typical colour fr this metal 
‘when it becomes hat 


43. Very quickly the lum catches 
fre. The white areas forming here 
are the compound lithium axide, 
‘which a combintin af lithium 
and oxygen 


Reactions 
and uses 


The elements can combine in different ways to make 

10 million compounds, possibly more. As well as learning 
about the physical and chemical properties of elements, 
chemists also want to find out how and why certain 
elements react with each other to form compounds. 
Chemical reactions are happening all the time. During 

a reaction, substances change into new substances. 

The bonds that hold them are broken and then 

remade in a different combination. 


A mixture is a combination 
of substances that can be 
separated by physical means, 
such as filtering, It is not. 
‘the same as a compound, 


where the ingredients are 
connected by bonds and can 
only be separated using a 
chemical reaction, Mixtures 
can be classified as solutions, 
colloids, and suspensions. 


‘This misture contains 
‘unevenly spread partic 
and clusters that are 
too small to see Milk 


In this mixture, a substance 
Js completely and evenly 
mixed, or dissolved, 

into another substance 


Seawater isa solution isa calloid. 


Suspension 
This type of mixture 

es consists of large particles 
ff one substance floating 
in another substance. Muddy 
water isa suspension. 


=@ 


as 


1 A-sodium atom donates one electron 
toa chlorine atom. This gives bth 
atom full ater electron shells. 


ce 


> 
y 
Peon] 


2. These are now charged atoms known as ions 
‘The sodium ion has a positive charge and the 
chlorine ion has a negative charge. 


» & 


The sodium 
‘on postive 


3. Sodium is attracted to -and 
arms a bond with - chlorine, 
forming a molecule of the 
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‘compound sodium chloride 
Forming compounds 

‘There are two kinds of bonds formed between elements 
during a chemical reaction. In an ionic bond, such as 

in sodium chloride (above), one atom gives away its 
electron(s) and another accepts them, This results in 
each having full outer electron shells. The other type is 
called covalent bonding, In this, atoms sit together and 
share their electrons so they both have full outer shells, 


Reactions in the real world 
Chemical reactions happen all around 
us. There are reactions when we cook, 

take medication, or breathe, The image 
above shows a rusty iton ship. Over time, 
the element iron develops this red. flaky 
layer when it reacts with oxygen present in, 
Water or air to form the compound iron 
oxide —more commonly known as rust. 


Pure hydrogen 
(H) fills this 
glass sphere, 


and produces 
a purple 
glow when 
electrified. 


é 


Atomic structure Physical properties 
A hydrogen (H) atom Hydrogen gas is the lightest 
has one electron moving material in the Universe. Pure 
around a nucleus hydrogen is rare on Earth, as 
consisting of a ft escapes quickly from the 
single proton. atmosphere into space, 


Chemical properties 
Hydrogen is highly 
flammable. It 
forms compounds 
with both metals 
and non-metals. 


Compounds 
The most common 
hydrogen compound 
is water, Acids are 
compounds that 
contain hydrogen. 
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Three quarters 
of this planet 


The Orion Nebula 


‘* 


ach water 
molecule ha 


Hydrogen is the first member of the periodic other gases, such as helium and methane. On 


table because it has the simplest atoms of 
all elements: they contain just one proton 
and one electron. Pure hydrogen is a 
transparent gas. The biggest planets, such as 
Jupiter, are vast balls of hydrogen mixed with 


Earth, hydrogen is commonly found in water. 
Although it is rare in Earth's atmosphere, hydrogen 
is the most common element in the Universe. 
Stars, such as the Sun, contain large amounts 
of hydrogen. At the centre of a star, atoms of 


HOW ROCKET FUEL WORKS 


Many space rockets use 
liquid hydrogen as a fuel 
‘The hydrogen reacts 
‘with oxygen to form, 


Delta IV rocket 


Margarine 


This liquid c 


This powerful 
explasion was 


e 


Hydrogen bomb explosion 


Hydrogen-powered bus 


this element are fused together, releasing heat and can fly higher than air-filled ones. Supercold 

light. New stars form inside nebulae — such as the liquid hydrogen is used as rocket fuel. Atoms of 

Orion Nebula. They are clouds of hydrogen gas __ hydrogen fuse together to produce a lot of energy 

that slowly collapse in on themselves. Hydrogen _in hydrogen bomb explosions. Pure hydrogen is 

gas is the lightest element of all, and much lighter _also a clean energy source used to power some 

than air This is why hydrogen-filled balloons —_ buses and cars a 
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Dry the board with compressed dry air or nitrogen. If this is not available, let the board dry for 30 minutes 
or more to let the alcohol evaporate under the QFP. The QFP leads should look bright and there should be 


no flux residue. 


Figure 34. Clean and Pristine 


Re-inspect the board for workmanship. Rework any leads if needed. 


| | 


Figure 35. Stereo zoom inspection station (7X to 40X magnification) 
helps to inspect solder joint workmanship 
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Potassium (K) 
tarnishes when 
exposed to air. 


Alkali Metals 


After hydrogen (H) — which is in a group of its own — the first column of the 
periodic table contains the alkali metals. This group gets its name from 


the way the elements react with water. These vigorous reactions always 
produce acid-attacking compounds called alkalis. None of the alkali metals 
are ever found in a pure form in nature. The first three metals are common 
in many minerals, while the last three are rarer. 


3 rs 


Atomic structure Physical properties Chemical properties Compounds 
The atoms of all alkali These metals are soft Alkali metals are highly These metals react with water 
metals have just oneelectron enough to be cut with reactive. They form to form compounds called 
in thefr outer shell. Alkali a knife, They are all bonds with other elements, hydroxides. They react easily 
‘metal atoms are among silvery and very giving away their single with halogens to form salts, 


the biggest of all atoms. shiny when clean, outer electron, such as sodium chloride. 
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This water contin 
Forms ty amounts dscived ster MUShro, 
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Alkali Metals 


‘These mushrooms] I 
absorb lh 
from the sil 


Prawns and other 
sheljch abso thium 


Purple ‘Shiny pure lithium 
aiing. becomes dull when 
tisexposed fair 


Bar of pure lithium refined in a laboratory 


crystal 


Lithium is the the lightest of all metals: contains millions of tonnes of dissolved lithium. 
in fact, it can easily float on water. Pure Lithium is found in many foods, such as 

lithium is very reactive and exists in nature mushrooms, prawns, nuts, and seeds. It also 
only in minerals, such as lepidolite and has many everyday applications. Glass composed 
petalite. Many lithium minerals dissolve of lithium is resistant to heat and is used in 


24 ‘well in water, and the world’s seawater scientific equipment, such as mirrors inside 


Smartphone 


i LITHIUM-ION BATTERY 


Lithium-ion batteries 
electrical energy to pawer gadgets and are rec! 


widely used in digital devices. They store 
rpeable. This 
y in use; when it is charging, this 
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Lithiumeri 
edt ks 


Hale telescope mirror 


runs for at least 
64 km (40 miles) 
on one charge of 
its lithium-ion 
battery. 


Electric 


telescopes. The main use for lithium is in 
rechargeable batteries. Lithium-ion batteries 
are small but powerful, so they are ideal for 
smartphones and tablet computers, Larger 
lithium batteries can power electric cars, 
which are less polluting than petrol-powered 


Some artificial teeth 
un di 
es them ran 


AoW 
’ L 


Artificial teeth 


This air scrubber 


Air scrubber 


ones. A soapy compound called lithium stearate 
is used to make grease, which helps automobile 
engines run smoothly. This element also forms 
hard ceramics that are used to produce strong 
artificial teeth. Lithium compounds are used 


in some medicines as well. 25 
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Alkali Metals 


Soft, shiny metal 
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This glass case 
Ihlding pure Sodium has 

na arin 1 prevent 
Cube-shaped the metal from racing 
transparent crystals with axygen air 


Salar de Uyuni, Bolivia 


Everyday salt contains lots of sodium. halite, and it is what makes seawater salty. Other 
Although abundant on Earth, sodium is sodium minerals include sodalite, a soft blue 
never found in its pure form naturally: it forms stone that can be shaped and polished. Pure 


compounds with other elements. Sodium chloride, sodium is soft enough to be cut with a knife. 
which also contains chlorine, is the most common _ It reacts with oxygen in the air, forming a 
26 | sodium compound. It is also known as the mineral compound called sodium oxide, and bursts 


MUMMIFICATION 


—— 
the bodies of their 1 Organs, such as the stomach and 


dead, A dead bady lungs, were remened frm the dead Body. 
‘was washed and the 


Uses 
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Finally the body aia arpeieh 


rapped, which 
completed the process 
of mummification, 


yes uourwe> 


‘in loth o mount 


This tube slows bright yellow-orange 
This mummified body, = wien sium ge lcd 
formu, was preserved 


suing etm compound =H 
Sodium fireworks ica 
AZ 


Sodium gas lamp 


gor of 808? 


Some soaps 


were sacred s 
in ancient Egypt, so ‘droid. 
eee pacing sod 
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‘white powder 


Bright yellow lights 
in reworks etter 
car from burning 
tedium compounds 


Indigo dyes — of 
used in bue jeans — 


Spraying st eps rocds 
onto knee Fo 


Indigo dye pows™ 


into flames when in contact with water. Sodium rise by releasing bubbles of carbon dioxide. When 
compounds in fireworks burn witha yellow- _refined, sodium chloride, or common salt, has 

orange colour. In ancient Egypt, crystals of sodium several uses. It makes ice melt so it is used in 

compounds were used to preserve dead bodies as salty grit added to slippery, frozen roads, This 

mummies. Another usefull compound is sodium _ helps de-ice them to make them safer It is also 
bicarbonate, or baking soda, which makes dough an important seasoning for meals. 27 


Nee = 
S A LT FL AT Hundreds of artificial ponds dot the hillside near the small town 
of Maras, high in the Andes of Peru. The ponds fill with water 
from a stream that runs down from the nearby mountains. In the sunshine, the water evaporates, 


leaving behind a thick salt crust that can be collected. The people of Maras have been gathering 
salt in this way for at least 500 years. 


‘The salt forms part of rocks deep underground before 
it is dissolved by the stream and flows into the pools. 
Evaporation can also be used to collect salt from seawater 
or other salty water sources (known as brines). Today, 
however, most of the world’s salt comes from underground 
mines containing thick layers of salt that are a result of 


ancient seas drying out, Over millions of years, that 
dry salt has become buried under dense layers of rocks. 
This so-called “rock salt” is sometimes unearthed using 
excavators. At other mines, it is washed out by piping in 
‘warm water, which dissolves the salt. The brine is then 
pumped up to the surface for evaporation, 
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This glass case holding pure 
Forms potassium hasno.irini, Laboratory sample The yellow and 
preventing the mewslfrom gf pure potassium. green colour comes 


This mineral Py 


terichin 
potas chloride | 


Potash 


Potassium was first found in the dust of 
burnt plants. It was discovered by Sir Humphry 
Davy when he experimented with potash — 

a mixture of substances made from the ash 

of burnt plants soaked in water. The name 
potassium comes from potash but the 


reacting with ange in ar 


|__ im an airless vial ‘from ompurites 


we 


This mineral contains 
potas chloride, which 
Jive ia salty taste 


element's chemical symbol, K, is taken from 
kalium, a Latin word for “ash’, Potassium is never 
found pure in nature, but is present in minerals 
such as aphthitalite and sylvite. Potassium is 
vital for the human body, helping muscles and 
nerves work properly. For this, we rely on 


Uses jj) REBREATHER 


‘Arrebreather is a machine used by expert divers, 
so they can stay underwater for long periods. 


Mouthpiece 
1 Exhaled ag containing 5. Thedhver 
carbon dioxide, enters breathes in 


the breather his open. 
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Potassiumerich fertilizer 


Soda water 
contains passim 
‘ompound for 
‘added flavour 


This eylinder contains 
Saline drip ‘compound called 
potassium superoxide 

Gunpo; 
"a This soap contains 

m hydride, 
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Blass screen 


This explosive mixture 
ins powdered 
potas nitrate 


Sweet potato ‘contains potaseum mate 


potassium-rich food, such as bananas, root important ingredient in saline drips for 
vegetables, and avocados, which contain rehydrating patients who are seriously ill 
potassium chloride. In tiny amounts, this Potassium nitrate is a compound of 
compound can enhance flavours, as it does potassium, oxygen, and nitrogen, and is 

in soda water. It is also a healthy alternative _—_found in gunpowder and toughened glass 


to sodium chloride, or common salt, and an screens for mobile phones. 
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This soft mineral contains 
fp 10.33% rub, 


Alkali Metals 


Pale, 


Leucite 
mineral, 


Rubidium makes 
up only about 
1 per cent 

of this mineral. 


This glase case contains 
‘pure rubidium preventing 


This ore 
‘and rabid 


Rubidium was named after the Latin word _heat. Rubidium is not often concentrated in 
rubidius, meaning “deepest red”. This refers particular minerals, but instead is spread in small 
to the red-coloured flame it produces when amounts through a wide range of minerals, such 
burned. This highly reactive element ignites on _as leucite and pollucite. The pure metal is 
contact with air On contact with water, it reacts 


sourced mainly from the mineral lepidolite. 
vigorously, producing hydrogen gas anda lot of Another mineral called rubicline has even more 


Uses RUBIDIUM-STRONTIUM DATING 
‘About a quarter ofall rbiciu atoms are radioactive 
Slowly over time, they bres down ino strontium atoms 
Comparing te amounts ofthese elements in a rok 
awa when that mineral was formed. Older rocks have 
rubidium and mare sont in them, 
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Electricity cables 
ung rom 


The structure of 
feson ‘Thiesensitive device 


Ceramic insulator 


Magnetometer 


rubidium in it but is very rare. Rubidium atoms are_ patient's body, rubidium targets tumours, which 
sensitive to light and can be used in photoelectric show up clearly on PET (positron emission 

cells (devices that convert light energy into tomography) scans. Rubidium is also used by 
electricity) and night-vision equipment. This _ light-sensitive electronics called photomultipliers 
element has radioactive forms, which can be used and in making insulators for high-voltage 

to measure the age of rocks. When injected into a cables and some special types of glass. 33 


7 


State: Sold 
78 Discovery: 1860 


= Caesium 


\ 


a 
3 | Forms Uses 
2 
Fi | ea Shiny sitver-gold metal sigh acute tock 
F | tisminerl : 
Z| sdinjewe Pollucite 

ai VQ 


Sealed 
lass tube 


KIRCHHOFF AND BUNSEN 


liscovered in 1860 by 
scientists Robert Bunsen and 
ihofl. They burned a sample 
of mineral water on a burner, which 5 
the flame’s light into individual colours, 
One of them wi 

Which came from 


High-density caesium] Drilling fluid 
compounds ths 
stop ta 


As the most reactive metal on Earth, caesium means “sky blue” and refers to the colour of 

explodes into flames if in contact with air or _ caesium’s flame when burning. Caesium is used 

water. Therefore, pure caesium, is stored ina —_in atomic clocks, which measure time down 

sealed glass tube from which all the air has been _to abbillionth of a second. These clocks are so 

sucked out. This element is rare, and most of it accurate that they would gain or lose no more 
34. | is extracted from the mineral pollucite. Its name than one second every 300 years. 


This mineral 
was discovered 
1828 in Norway 


Francium is the rarest natural element 
on Earth. Scientists think there may be 

just 30 g (1.1 oz) of francium in Earth's rocks. 
Francium atoms are created when radioactive 
elements break down. Francium can be 
extracted from radioactive ores such as 


State: So 
@87 Ber 136 Discovery: 1939 


MARGUERITE PEREY 


The French chemist 
‘Marguerite Perey discovered 
francium in 1939 while 
studying the way a pure 
sample of another radioactive 
‘metal ~ actinium - decayed, 
She found that actinium 
‘broke down to form thorium, 
and a previously unknown 
element. She named 

this element francium 

after her home country, 


SIEvW HEALY ( 


‘The dark crust 
rium mineral tha holds 


thorite and uraninite, both of which 
contain tiny amounts of this element. Even so, 

to date the largest sample of the metal made 

contained only 300,000 atoms, and lasted 

only a few days. Francium has no known 

uses outside of research. 35 


Barium (Ba) 
crystals turn 
» black in air. 


O} 
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Atomic structure 
The alkaline earth metals 
have two electrons in their 
‘outermost electron shell. 
Radium (Ra) is the most 
radioactive member. 


Chemical properties 
These metals are similar to 
the alkali metals, but not as 

reactive, Except for beryllium 
(Be), all alkatine earth metals 

react with hot water or steam, 


Physical properties 
‘All members of this 
group are soft and 

shiny when pure, They 

are solid at room 
temperature. 


Compounds 
These elements form 
compounds with non-metals 
by losing their outermost 
electrons. Several compounds 
are found in teeth and bones. 


Alkaline Earth Metals \ 
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found in more than 
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mineral. 


This widely used element gets its name much harder than the other metals in its 
from the Greek word beryllos, after which group. Two common beryllium minerals are 
the mineral beryl is also named. Beryllium _chrysoberyl and beryl. Beryl has different 

is the lightest of the alkaline earth metals, but __‘forms, such as aquamarine and emerald 

it does not share many of the group’s properties. Beryllium is useful in many ways. For example, 
For example, it does not react with water and is some military helicopters use windows made 


Uses LOUIS NICOLAS VAUQUELIN 


Beryllium was discovered 
in 1798 by the French 
chemist Louis Nicolas 
Vauquelin. He extracted 
pure metal fro 
emerald, which is a 
valuable green form of 


Apache attack 
elicopter 


Beryllium 
alley window 


element chromium, which 
is also found in emerald 


Fire sprinkle, and gives it its green colour 
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4 This beryllium pipe 


delversbears of protons 


ATLAS, a device at 
the Large Hadron 
Collider, CERN, 
Switzerland 


4, 
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of beryllium-rich glass to shield optical sensors that trigger airbags. NASA's James 
sensors to aid pilots flying at night or through Webb Space Telescope will use a large 

fog. Objects made of this metal keep their beryllium mirror that is light and strong. Beryllium 
shape well and hardly expand or contract if is also used to make brake discs for racing 


the temperature changes. This makes beryllium cars. Alloys of beryllium and copper are used 
useful in valves for fire sprinklers and car in springs as well. 39 
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Forms 
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Feather like 


This green, magnesum-rich 
mineral forms deep underground 


Magnesium has 


22 known 


isotopes. 


Magnesium was named after Magnesia 

in Greece. This element largely exists deep 
inside Earth's mantle, but it can also be found 

in seawater and many minerals in our planet's 
crust, including serpentine. Another mineral, 
dolomite, is also a source of pure magnesium. 


‘appearance 


Shiny, grey 
crystallized form 


Magnesium has many important applications. 
Alloys of magnesium are not only strong, but 
also lightweight, so are used in a range of 
objects, from car wheels to cameras. For 
centuries, many naturally occurring magnesium 
minerals have been used in traditional medicines 
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This indigestion 
medicine isa 
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fireworks 
Milk of magnesia 


This widely 


used coment 
contains powered 
aide 


Magnesium carbonate, or magnesia, reacts flame. Salts composed of magnesium, 
with acid in the stomach to settle indigestion. _called Epsom salts, named after the place 
Heating magnesia produces magnesium oxide, __ in England where they were first mined, 
which is one of the ingredients in cement work as a muscle relaxant. Magnesium 
Magnesium compounds are also used in silicate, known as tale, is a soft mineral 


fireworks, and they burn hot with a white used in body powders. a1 
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‘Bones are hardened 
by calcu phosphate 


oP oyeug 


The most abundant metal in the human —_contain the compound calcium phosphate. 
body, calcium is also the fifth most ‘The hard, outer layers of many other animals, 
common element on Earth. It appears in such as the shells of sea snails, are made of 
many minerals: calcite and aragonite are made calcium carbonate. Calcium is very important 
of a compound of calcium and carbon called —_in our diet. We get calcium by eating calcium- 


42 | calcium carbonate. Bones in animal skeletons _rich food, including dairy products, green 


This table contains 
‘aks carbonate, which 
tear alkal a substance 
that batancer out acids, 


Shells of 200 
snails are hardened 
by calcium carbonate 
‘orbed from 


in the body. 


These chalks contain 
salu sulfate 


Marble forms 
when imestone 
comes under high 
temperature 


human contains 
about 1 kg (2 Ib) 
of calcium 


i CALCIUM CAVES 

‘As running water flows into caves, it deposits 
calcium carbonate, These deposits build up to 
{orm structures called stalactites and stalagmites 


Water with dsobed calcium carbonate 


Water drips 


‘ta the 
ground 


Stalactite hangs 
rom the eling 
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(Overtime, calcu carbonate 
starts to build upon the 
round and ceting 


Writing cha Epler Parco rin 


when dry, supporting broken bones 


‘The Sphinx, Egypt 


This statue made of 
limestone, natural rock 
containing calcium carbonate 


Oranges are also a good source of calcium, and 
most orange juices have extra calcium added to 
them. Antacid tablets, used to settle 
indigestion, contain calcium carbonate. This 
compound reacts with acid in the stomach. 
Calcium compounds are also common in 


construction materials. Plasterboard, which 
is used to make walls smooth, writing chalk, 
and Plaster of Paris are all made from the 
mineral gypsum. Calcium oxide is an 
important ingredient in cement and 

helps turn it into hard concrete. 


F LY G EYSE The multicoloured Fly Geyser in the Black Rock Desert of 


Nevada, USA, is made from a mound of calcium carbonate 
rock. Such mounds and pools are made naturally in many other places where springs gush out 


warm, calcium-rich waters, The amazing colours of the rocks are caused by algae and bacteria 
that live in this water 
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Strontium was discovered in 1791 ina 
mineral found near the Scottish village 
of Strontian. The mineral burned with a 
bright crimson flame, and Scottish chemist 
Thomas Charles Hope studied it and found 
46 that it contained a new element. This mineral 


was called strontianite, and it is the main ore 
of strontium. Pure strontium was first extracted 
by British chemist Humphry Davy in 1808, who 
conducted an experiment using electricity to 
obtain the element from the mineral, Strontium 
was once used in television screens, but today 
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GENERATING ELECTRICITY 


A radioactive form of strontium, called an isotope, 
can be used to produce electricity, A radioisotopic 
thermoelectrical generator (RTG) converts heat from 


the element into electricity for use in spacecraft. 


slements and provoce heat 


ATG is 
radioactty from leak ut 


there are fewer uses for it. Strontium oxide in 
pottery and ceramic glazes creates distinctive 
colours, while strontium carbonate produces a 
red colour in flares and fireworks. Magnets that 
contain iron oxide can be made stronger by 
adding strontium to them, These strong magnets 
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Magnets inside 
this loudspeaker| 


Strontium compounds 
in some toothpaster 
provide reli from pain 


Toothpaste for 
sensitive teeth 


Unmanned 
radar stations 


produced using & 


Weather radar station 


are used in loudspeakers and microwave 
ovens. Strontium chloride is added to some 

kinds of toothpaste, while radioactive strontium 
is a source of electricity for radar stations in 
remote places where there are no power lines 

or fuel supplies. 
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Farmers 
used witherite as 
rat poison 
until the 
18th century. 


This mineral sued 
to, make ceramic glazes 


Petal-lke shapes 
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with bate 

cor with gypsum, 


Barium is named after the Greek word 
barys, which means “heavy”, because 
barium and its minerals are dense. The 
pure form of this element was first discovered 
in 1808 by the English chemist Humphry Davy, 
who extracted it from an oxide of barium. This 
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‘This soft metal 
aa igh, 
golden shine 


the metal comes int 


‘These glasry, blue 
crystals contain 


bari and titanium 


does not exist in nature. Davy obtained it by 
heating the mineral witherite. Today, the main 
source of barium is barite, a mineral of sulfur 
that forms in deserts and in rock deposits that 
come into contact with hot water. A rarer mineral 
called benitoite also contains barium. The 


Uses 


Spark plug 


element is used in spark plugs to make them 
produce more powerful sparks and is added to 
glass to increase its shine. Barium compounds 
are added to some types of clay used for making 
pots and vases. In oil wells, barium compounds 
are added to drilling fluids to increase their 


BARIUM SOLUTION 


Barium is used in a medical test for checking 

a patient's digestive tract for problems. In this 
a barium liquid solution, 
ive tract 


Suppeur-ssey 


The barium in 
the metallic 


‘aqny wnnoep, 


Ieen 


density. Doctors make use of barium's density by 
giving patients a solution of barium compound to 
swallow, before taking X-rays of their digestive 
system. The barium makes the soft digestive 
organs denser, allowing them to be seen clearly 
with an X-ray machine. 
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Forms 


Radium is the only radioactive member 
of the alkaline earth metals. It is also the 
rarest element in this group, and forms in small 
amounts when the atoms of more common 
metals — such as uranium and thorium — break 
down. Radium atoms do not survive for long, 
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This ore contains just 7g 
102 e2) of radium m every 


in 100 
years time, 
only 4% of the 

radium atoms in this 

watch would have 
broken down. 


with most of them quickly decaying into 
radon, a radioactive noble gas. This element 
is highly dangerous and is rarely used today. 
However, in the early 20th century, radium 
compounds were in common use. Luminous 
paints, like those used to make watch dials 


Radium was discovered in 
1898 by Marie and Pierre 
Curie, They found that 
uranium ores produced 
radioactivity than 
expected from samy 
of uranium. They 1 
another radioact 
present and named 


it radium. 


Petp snout ® 
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glow in the dark, were created using radium 
People working with this paint often became 
ill, especially with cancer, because the 
radiation produced by radium damages DNA. 
Nevertheless, until the 1940s, many people 
thought radium’s radioactivity made them 


PIERRE AND MARIE CURIE 


Radium emanator 


Radium face 
powder ws: 


stronger, not weaker. They injected themselves 
with vials containing a radium compound, 
believing it gave them an energy boost. They 
also thought that creams and cosmetics with 
radium in them made the skin healthier, even 
though they did exactly the opposite. 
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Atomic structure 
Most transition 
metals have two 

outer electrons, but 

a few, such as copper 

(Cu), have just one, 


s 
Physical properties Chemical properties Compounds 
These elements are generally Transition metals are not as Many compounds of 
hard and dense metals, Mercury reactive as alkali and alkaline transition metals are brightly 
(Hg), the only element that is earth metals.However, they coloured, These metals 
liquid at room temperature, form many varied and are often used in alloys, 
also belongs to this group. colourful compounds. such as brass and steel. 
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‘The silvery colour 
ofthis metal turns 

yellow Laboratory sample 
of pure scandium 


Uses 
This lightweight alloy The sean iodide 
mae cows nt bend earns he be gle 
wth right lash ight 
—— Some high-speed jes 
Metal halide lamp pep sige 


A soft and lightweight metal, scandium is also contain small amounts of many other rare 
similar to aluminium. It is spread so thinly _ metals, such as cerium and yttrium. Scandium 
in Earth’s rocks that it is very difficult to collect mixed with aluminium makes a strong alloy, 

a large amount of this element. Scandium is only which is used in lightweight equipment for 
used for specialist applications. Its main ores are _ sports, such as lacrosse, and to make high- 
the minerals gadolinite and euxenite, which _ speed jets, such as the MiG-29. 
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The titanium plate placed 
‘side act asa shield 
This grey, cubic 

crystal is made of the 

‘compound eau 
tania ide 


This titanium joint 
can replace damaged 
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Sunscreen 


This large, deep red 
crystal of brookite 


contains titanium dioxide The titanium 


dioxide ins 
_amsceen blocks 


damaging viravoe 
Body armour (UV) raiaion 
ania! Drill bit 


This dri bits 


This watch hardened with «coating 
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‘attanam ally 
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‘frame's 
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Laboratory sample of pure titanium 


Named after the Titans, a race of mythic _to prepare titanium dioxide, a compound 

Greek gods, titanium is a silvery metal. It is _ of titanium and oxygen that is used in paints 

as strong as steel but much lighter, and itis not and sunscreen. Titanium is not toxic so it can 
corroded by water or chemicals. This strong _be used to make medical implants, such as 

metal also makes excellent protective shields artificial hip joints. Wristwatches made 

in body armour. Titanium is commonly used _ with titanium alloys are light and strong 55 
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This powdery yellow 
crust contains tiny 
‘amounts of vanadium 


‘These brittle. 
crystals athe main 
source of vanadium, 


Uses 


Tole made with 
alloy of vanadium 
‘and steel are danabl 


Vanadium can be hammered and stretched 
without breaking. This hard, strong metal is 
easy to shape. Vanadium was first purified 
in 1869 by the British chemist Henry Roscoe 
Today, it is commonly extracted from its ore 

sé | vanadinite. Ancient metalworkers used tiny 


all vanadium 


This knife has eon 
strengthened by the 
addition of vanadium, 


About 
85% of 


is used to 
toughen steel. 


amounts of vanadium compounds to make a 
very tough substance called Damascus Steel. 
This was named after the capital city of Syria, 
where ironworkers made the world’s sharpest 
swords, Vanadium is still used to toughen tools, 
such as spanners and knives 
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Stainless steel 
kitchenware 


Chromite is dark grey 
to brown colour 


‘This metal stays 


The chromium 


Chromium is named after chroma, the Greek _ poisonous. Pure chromium doesn't corrode 
word for “colour”. Many minerals of chromium, easily, so it is combined with iron and carbon to 
including chromite and crocoite, are brightly _ produce stainless steel. Chromium also gives 
coloured, An artificial form of crocoite, known —_ gemstones, such as rubies, their deep-red 

as “chrome yellow”, was once used in paints, but colour Some motorcycles have chromium- 

it was banned when scientists discovered it to be plated bodywork, giving them a shiny finish 
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Forms zi 


‘Transparent, rase- 
coloured crystal 


Like magnesium, this element gets its 
name from the Greek region of Magnesia 
‘There are many manganese minerals, including 
the colourful mineral rhodochrosite. The pure 
form of the metal is obtained mainly from the 
ore pyrolusite. Pure manganese is dense, 
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Manganese 
was purified 
5 Shiny, 
from pyrolusite silvery 
By \\\ for the first time bad 
2 in 1774. 


This mineral s made 
of manganese dione 


hard, and brittle, This element is present 

in seawater as the compounds manganese 
hydroxide and manganese oxide, which have 
built up in layers over millions of years to form 
masses on the sea bed. The human body needs 
a tiny amount of manganese, which we can get 


‘Manganese- 
rich food 


This US cain from 
World Warf war made 
‘sing manganese ard 
ser because nickel 
war ov short supply 


from mussels, nuts, oats, and pineapples. The 
applications of manganese include its use in 
strengthening steel, which is used in making 
railway tracks and tank armour Certain dry 
cell batteries carry a mixture containing 
manganese oxide. Manganese compounds 


JOHAN GOTTLIEB GAHN 


In 1774, Swedish chemist Johan Gotlieb 
Gahn discovered manganese by reacting 
‘manganese dioxide with charcoal — which 
contains 

carbon — 
under alot 

of heat, The 
carbon took 
the oxygen 
away from the 
compound, 
leaving, 
behind pure 
manganese. 
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‘This glass ix coloured| 
by adding 2 manganese 


Lascaux cave paintings, France compound called permanganate 


are also added to petrol and used to clean 

impurities from glass to make it clear or to 

give it a purple colour. In prehistoric times, 

the compound manganese dioxide was 

crushed to make the dark colours used in 

cave paintings. 59 
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Pure iron isa 
trite metal eat 
hater easy 


Iron 
is the most 
common 
metal 
on our planet. 


Solid lump 
of pure iron 


Blood sampje — 


Most of the iron on our planet is locked away pure iron in a process called smelting, Iron-rich 
in Earth’s hot, molten core. This element is meteorites — chunks of rock from outer space 
widely found in rocks worldwide, and almost that crash to Earth — are one of very few sources 
2.5 billion tonnes of iron is purified every year _of naturally pure iron. The human body uses iron 
Mineral ores rich in iron include pyrite, Other to make haemoglobin, a substance in blood that 
ores, including haematite, are used to extract carries oxygen around our body (oxygen helps 
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This steel body 


‘Tractor 
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New York City, USA 


This fastener is 
made of strong te 


yo These tll 


ge 


Stainless steel i gute 


well wile cooking 


‘SMELTING 


‘These small grains 


res in a process 
ting. During 
this process, iron reacts 
with carbon in coal at a 
high temperature. As the 
mixture burns, the carbon 
takes the impurities out 
of the ore, leaving behind 


trated th 


af @ infer on 
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Sz | 
:: i 
our cells produce energy for the body to work). _ tiny amounts of carbon and other metals, such as 
Foods containing iron include meats and green nickel and titanium, are added to it. This forms an 


vegetables, such as spinach. When pure iron alloy called steel, which is used to make bolts and 
comes into contact with air and water, it develops strong tractor bodies, among other applications. 
a flaky, reddish-brown coating called rust, which Adding the element chromium to steel creates 


weakens the metal. In order to make iron tougher, _a stronger alloy called stainless steel. a 
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Astream of red-hot, liquid metal pours from a furnace at 
along pro 
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in which iron ore is transformed into steel, a tough alloy that is strong enough to r 
The steel may even be moulded into car bodies, woven into 


supporting skys 
superstrong cables for elevators, or turned into powerful magnets that can levitate maglev trains. 


apers and bridge 


an alloy of iron that contains about t h as nitrogen, sulfur, or phosphorus elements can 
carbon and some other elements. The carbon | arieties of steel, For example, 
the atom: er and prevents the metal from cracking from rusting, while mangane 
his mal er than iron: it bends before it el can make the allo 
breaks and doesn't shatter easily. To make steel, iror le extremely 


ore is smelted in a blast furna e its impuritie 


DB Cobalt 


64 


Transition Metals 


‘The distinctive purplish 
Forms 


Medieval German miners often mistook 
ores of cobalt for precious metals. When 
they tried to purify these, the arsenic gas 
released made them sick. This unwanted 
side-effect led to the name kobold, which 

is German for “goblin’, a mischievous spirit. 


Solid 
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| @27 @27 O32 Discovery: 1739 


This shiny metal 
‘efit hard 


contain @sufr 
compound of cobalt 


Pure cobalt is hard and shiny, and is 
added to steel and other alloys to make 
them stronger. Alloys containing cobalt 
are used in the blades of jet engines and 
in artificial joints, such as hip and knee 
joints. Cobalt is one of the few elements 


jal 
: 


This part of 
the joint 
Permanent mal 


This magnet 


rat 


This intense 
colour docs 


s an isotope, or form, of this 


Cobalt-6 
reated artificially in nuclear 


element. It 
reactors. Because of its radioactivity, i 


ful in sor ents, 
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Added retron 


This symbol show 


Cobalt blue paint 


Cobalt-60 
radioactive atom 
with 60 neutrons, 


Cobalt-59 is a 
stable atom with 
59 neutrons, 


employed to irradiate food, a process by 


that can be used to make a permanent 

magnet. Large permanent magnets are which food is exposed to a tiny dose of 

made from a tough alloy of cobalt, nickel radiation to kill harmful germs. Cobalt can 

and aluminium, called alnico. A radioactive also produce a deep shade of blue: cobalt 

form of cobalt, called cobalt-60, is produced _—_ blue paints and dyes are formed by reacting 
aluminium with cobalt oxide. 65 


in nuclear reactors. This form is widely 
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= Nickel 


Forms 


This green colour com 
he presence of nickel 


Nickel is named after Old Nick, a demonic 
spirit from Christian lore that was believed 
to live underground. In the 18th century, 
German miners mistook a poisonous nickel 
mineral, now known as nickeline, for a 

copper ore, When this mineral failed to yield 
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These silvery white 
pellets have 


copper, they named it Kupfernickel, meaning 
“Old Nick's copper”. Nickel is also found in other 
ores, such as garnierite and pentlandite. This 
element is one of the most useful metals, with 

a number of applications. Because pure nickel 
does not rust, it is used to coat objects to make 
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PERMANENT MAGNETS 


A temporary magnet works when itis putin a magnetic 
field, but a permanent magnet retains its charge even when 
itis taken out of that field. Nickel is one of only a few 
elements that can be used to make permanent magnets 


1. Atoms ina pice of nickel 
metal are arranged randomly 


them look like silver — a trick still used to make 
inexpensive ornamental objects. Nickel is also 
mixed with copper to make an alloy called 
cupronickel. This is used as plating on propellers 
and other metallic parts of ships, as the alloy does 
not corrode in seawater. The same alloy is used 
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Ship propeller 


Electric guitar 
SEWN voR suey 


These nickel plated 
‘guitar strings ini 


This coin 
from the USA, 
made of a nickel- 
copper alloy, 
is calleda 
nickel. 


Nickel cutlery 


qoastet 


Nickel alley wires 
heat upto mate toast 


in most of the world’s silver-coloured coins. 

Nickel is used in the strings of electric 

guitars. This element is added to chromium 

to make an alloy called nichrome. Wires made 

of this alloy conduct heat very well, so are 

used in toasters. 67 
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crystals ore 
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yellow erystals 
comtam copper sulfide 


Colourful tarnish 
develops when the 


‘mineral 


Crustacean blood 


Crustacean blood is blue 
because contains copper 


Copper is a soft, bendy metal that is an 
excellent conductor of electricity and heat 
Although it is one of the few elements found 
pure in nature, most of it exists in ores such as 
chalcopyrite. Other copper minerals, such as 
malachite and azurite, are brightly coloured 


Copper is the only metal that has a reddish 
colour in its pure form, Pure copper is mainly 
used as wires in electrical equipment. Copper 
wire wrapped around an iron core and then 
electrified helps create an electromagnet. Because 
they can be switched on or off, electromagnets can 


Uses 1) ELECTROPLATING 


A thin layer of copper can be added to metal, 
usually iron, to stop it rom corroding easily 
‘This process is called electroplating, 
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be magnetic as and when they are needed. They _ Statue of Liberty. Copper is often mixed with 
can be much more powerful than normal magnets _ other metals to produce tougher alloys. Bronze, a 
and can lift heavy objects. Pure copper does not _—_copper-tin alloy, is more durable than pure copper 
rust, but it reacts with air over time to form a layer and has been used since ancient times. Brass, a 

of grey-green copper carbonate called verdigris. _ copper-zinc alloy, is used in musical instruments, 
This can be seen on copper statues, such as the such as trumpets 


co P >) E R W I RE Not much thicker than a human hair, these copper wires 
are twisted together and woven into a tight bundle. One 
of the main uses for these wires is to shield a thicker copper wire that transmits a signal to a 


television. As the signal carries pictures and sounds in the form of electrical currents, the wires 
wrapped around it prevent interference from other electrical sources nearby. 


Chapter 1 


Soldering Technique 


‘This guide is intended to give an introduction to basic soldering technique. If 
the reader desires to pursue advanced soldering techniques, there are several 
books as well as technical institutions that offer detailed courses in the area 
of soldering. 


1.1 Required Tools 


Before discnssing soldering techniques, one should must set up a “soldering 
work station”. The following is a list of tools for a typical soldering station. 
See Appendix A for pictures of the various parts listed below. 


1, Variable temperature soldering iron: used for applying heat to 
joints during the soldering process. 


Damp sponge: for cleaning soldering iron tip, 


3. Rosin-core solder: to electrically and mechanically bond a compo- 
nent to the PCB. 


4, Wire cutters or side cutter: for trimming component leads and 
stripping insulation from wires. 


5. Needle nose pliers: for holding, placing and shaping components 


6. Desoldering pump and/or desoldering braid: for removing sol- 
der. 


Scotch tape and/or a “Third Hand”: 


for securing components, 
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This zine mineral 
forms rough nade 
inde cracke 


Hard, shiny metal 


Zinc was used in India and China 
hundreds of years before the German 
chemist Andreas Marggraf identified it 

as a new element in the 18th century. This 
element is a rare transition metal that is never 
pure in nature, but is found in many minerals. 


The mineral sphalerite, containing zinc sulfide, 
is the major source of pure zine. Another 
principal mineral, hemimorphite, contains 
zinc and silicon. Zinc is essential in our diet 

We consume it from food such as cheese and 
sunflower seeds. Zinc compounds have a wide 


Along with many other elements, 
‘ine atoms are formed inside 
supernouse (exploding sion. 


Akashi Kaikyo Bridge, 
Kobe, Japan 


This zine coin 
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GALVANIZED STEEL 


Steel is protected from corrosion by coating 
it with zine, Alloys of iron and zine form in 
layers between the steel and pure zine 

‘This process is called galvanization, 


‘and 10% on 


Stel an 
alloy of tron 


range of applications. For example, a compound paints that glow in the dark. When pure 


of zinc and oxygen called zinc oxide is used _zinc is exposed to air, the metal reacts 
in medical tape and sunscreen. Zinc oxide with oxygen to form a protective layer 
can also be used to toughen the rubber used _of an oxide. This coating can prevent 
in boots and tyres. A compound of zinc and _objects covered in zinc, such as bridges, 


sulfur called zinc sulfide is used to make some _ from corroding easily. 3 
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‘Yttrium 
is 400 
times more 
common in 
Earth’s crust 


which ada 


This silvery 
clement doesnot 


The samples of rock brought back from the 
Moon by astronauts in NASA’s Apollo 
missions contained higher levels of yttrium 
than rocks on Earth. This element is never 
found in pure form in nature, but small traces 

of it are present in many minerals, including 
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This rock sample was brought to 
Earth by NASA Apalls 16 mission 


This reddish-brown mineral 


xenotime and monazite. Yttrium was 
discovered in a compound in 1794 by the 
Finnish chemist Johan Gadolin, but it wasn’t 
isolated until 1828. Other yttrium compounds 
have since been found in vegetables, including 
cabbage, and in seeds of woody plants. In 
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NASA 
spacecraft use 
yttrium lasers to 
map the surface 
of asteroids 
in space. 


LED lamps, yttrium converts blue light to other 
colours. Many lasers use an artificial mixture of 
yttrium and aluminium inside a silicon-rich 
crystal called garnet. Powerful yttrium lasers are 
used for treating some skin infections, as well as 
by dentists during tooth surgery. A radioactive 


FRIEDRICH WOHLER 


In 1828, the 
German chemist 
Friedrich Wahler 
became the first 
person to purify 
yttrium. He did so 
by extracting it from 
the compound 
yttriurn chloride. 
He was also the 
first person to 
extract the metals 
beryllium and 
titanium from 

their ores. 
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Yttrium superconductor 


form of this element has medical applications. 
Yitrium is added to the glass in a camera lens 
to make it tough. Yttrium compounds are also 
used in superconductors — materials that 
conduct electricity easily when cooled to very 


low temperatures. 5 
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Camera flash from =n e7ptal 
the 1960s 
This element is named after the mineral in the form of the compound zirconium dioxide, 
zircon, which means “golden” in Persian, a or zirconia. Powdered zirconia is heated to produce 
reference to the golden-brown colour of its a hard glass-like ceramic, which is used to create 
crystals. The Swedish chemist Jacob Berzelius dental crowns and sharp ceramic knives. 


was the first person to isolate pure zirconium, in Powdered zirconia also forms sparkling zirconia 
76 | 1824. Today, however, the element is mostly used crystals that look like diamonds 
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Command Module from 
the Apollo 15 mission 
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the country of 
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Niobium is so similar to the metal tantalum 
that the two were wrongly thought to be the 
same element for almost 40 years. The mineral 
columbite is the main source of this shiny metal. 
Niobium is not found naturally in its pure form. 
When extracted, it has many uses. As the element 


lenses made of « 
rib compound, 


does not react adversely in the human body, it is 
used in implants, such as pacemakers. Niobium 
also does not expand when hot, so it is used to 
make parts of rockets, such as the one on the 
Command Module from NASA's Apollo 15 
spacecraft that went to the Moon in 1971 
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Molybdenum gets its unusual name 
from the Greek word molybdos, which 
means “lead”. Miners once mistook 
molybdenite, a dark mineral containing this 


metal, for an ore of lead. This element is much _to corrosion. These are lightweight so are 


between these two elements when they are pure 
Molybdenite is soft and slippery, and it is the 
main molybdenum ore. Pure molybdenum 

is mainly used to make alloys that are resistant 


78 | harder than lead, so it is easy to distinguish ideal for constructing bike frames, but 
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are hard enough for 


making sturdy too! 
Molybdenum alloys are 
used in the latest designs 
of supercars, such as the 
Vencer Sarthe. 
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Technetium was the first element to be produced artificially by 
researchers. It is named after the Greek word for artificial, fekhnetos. 
Technetium does not exist in nature: any of its atoms that once existed on 

Earth broke down millions of years ago. Tiny amounts of this element were 
discovered in the waste produced by early nuclear reactors. Technetium is 

the lightest radioactive element. It is used extensively in medical imaging 

It is injected into a patient's body, where it emits radiation for a short 

while. Some machines use this radiation to show bones clearly. 2 
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Ruthenium is named after Ruthenia, an circuits, including resistors and microchips for 
old Latin name for Russia. This rare metal _ computers and other digital devices. Adding a 

is found in the mineral pentlandite, and its small amount of ruthenium makes softer metals, 
pure form is commonly extracted from this _ such as platinum and palladium, much tougher. 
ore. A compound called ruthenium dioxide Moving parts in devices such as switches 


0 | is used in several components in electronic _benefit from this property. 
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The rosy red colour of one of its is mined. Pure rhodium is hard and is used to 
compounds inspired the name rhodium. toughen precious jewellery, mirrors, and optical 
The Greek word rhodon means “rose-coloured". devices, such as microscopes. It is mainly used 
Rhodium is unreactive and does not form in the production of catalytic convertors for cars. 
compounds easily. It is a rare metal. Most Fibreglass, which is often found in protective 


of the pure form is extracted when platinum —_gear— like helmets — also contains rhodium. 
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Soldering Guidelines (Solder0) Revision 0.1 
1.2 Important Soldering Tips 2 


8. Safety glasses: for eye protection. These are mandatory in the lab, 


9. Magnifier: to provide more detail during intricate work. A magnify- 
ing glass is convenient, but an illuminated magnifier is better. 


10. Light source: to prevent eye-strain. 


LL. Ventilation: to extract and dispel fumes generated during the sol- 
dering process. 


12. Flux: to clean components and PCB pads 


13, Acid brush: 


10 assist in the removal of flux residue. 


Prior to soldering it is a good idea to have all components organized 
as it will make populating the PCB more efficient. Make a BOM (bill of 
materials) for the PCB, and ensure before soldering that the components 
have been collected. The schematic and PCB layout will also be referred to 
when populating the board. 


1.2 Important Soldering Tips 
‘The following tips provide a quick guideline on how to make proper joints. 


Cleanliness: All parts, including the soldering iron tip, must be clean and 
free from grease, oxidation and contamination. Solder does not flow 
over contaminated areas; moreover, solder is repelled by dirt. Severe 
contamination is evident when solder begins to “bead”. A common 
source of contamination is oxidation. Old components and copper 
boards will often have an oxide layer that prevents a good solder joint. 
Ensure all components have shiny leads and the PCB has clean traces. 
An abrasive such as a blue or pink eraser, emery paper, or stell wool 
can be used to remove the oxidized layer from the PCB board and 


components. 


Tinning: In addition to being clean, the soldering iron tip must also be 
tinned (coated with solder). Tinning the tip allows solder to flow on 
the components more quickly rather than the soldering iron tip itself. 
Tinning involves adding a few millimetres of solder to the tip and 
then wiping and rotating the tip on the damp sponge to reveal a shiny 
surface on the tip of the soldering iron: a thin layer of solder will 
coat or “tin” the tip of the soldering iron, When done soldering, 
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Palladium is a rare, precious metal: it is 
10 times rarer than silver and twice as rare 


as gold. Like these metals, palladium has a 
shiny surface and does not corrode easily. 
Palladium is found pure in nature, but it also 

a2_| has a few rare minerals, such as braggite. Of its 
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Carbon monoxide detector 


This commemorative coin made from 
the palladium produced bythe Suter 
‘Moning company in Montana, USA 


many applications, the element's main use 
is in catalytic converters, which are devices 
used in vehicles to convert poisonous exhaust 
gases into less harmful ones. A compound 
called palladium chloride is used in carbon 
monoxide detectors. Because the element is 


CATALYTIC CONVERTER 


‘Many cars contain engines that are attached to 
catalytic convertors. These important devices 
convert toxic exhaust gases into less harmful 
pollutants, Palladium plays a key role in the process. 
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precious, it is used to make commemorative __with gold to form an alloy called white gold, 
coins in some countries. Palladium is alloyed which is used in jewellery. Some fountain 
with steel to make it more resistant to corrosion. pens have nibs decorated with palladium. 
These alloys are used to make surgical The element is also used in glucometer 
tools and expensive musical instruments, test strips so that patients can check the 
such as some flutes. Palladium is often mixed —_level of glucose in their blood. 
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The bright surface tarnishes 


Black silver sulfide 


Silver gets its symbol “Ag” from its Latin 


nature, but mostly it is mined from ores, such 
name argentum, which means “shiny white”. as pyrargyrite and acanthite. Because this 


It is considered a precious metal because its _ element is valuable and can be moulded easily, 
pure form has a grey shine that does not pure silver was used historically to make coins. 


corrode quickly, and it stays untarnished if 


This metal is also ideal for making bracelets 
84 | cleaned regularly. Silver can be found pure in 


and settings for gems. Some people even use 
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Silver coating ic use on 
some cst board parts. 


MAKING CLOUDS P 
oP, 
Rain is crucial to our Earth, especially for growing 
healthy crops. Where there are no clouds, scientists 
can form tiny water droplets that cling to silver 
iodide power, forming artificial rain clouds. 
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lass infused with silver 
hloride turns brownish when 
exposed sunlight 


Silver 
nitrate 


An image forms 


flattened silver foil to decorate food. Silver _in some circuit boards. Silver nitrate (a 
spoons and forks were the only pieces of compound of silver, nitrogen, and oxygen) is 
cutlery that did not create a nasty metallic a mild disinfectant used in some anti-bacterial 
flavour in the mouth in the days before the soaps, Silver forms light-sensitive compounds 
invention of stainless steel. Silver conducts with chlorine (used in sunglasses) and bromine 


electricity better than copper, and is used (used in old photography plates) 85 
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Cadmium is a highly toxic metal, and is mainly used in conjunction with nickel in 
known to cause cancer. This rare clement is___rechargeable batteries. The compound 
found in the ore greenockite, but it is mostly cadmium oxide was once used in preparing 
obtained as a by-product of zinc extraction. red paints, but not anymore because of its 
Cadmium was discovered in 1817 from a toxicity. Cadmium is also used to create lasers 


a6 | mineral called calamine. Today, this metal is for use in powerful microscopes. 
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Hafnium is named after Hafnia, the similar sizes. Hafnium is used in powerful 
Latin word for the city of Copenhagen cutters that pierce metallic objects with 
in Denmark. It took a long time to distinguish __a hot stream of sparks. It is also used to 
hafnium from zirconium because the two make ultra-small electronics — only a 
elements are present together in crystals few millionths of a millimetre wide — 


of the mineral zircon and their atoms are in microchips. 
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Tantalum is a hard metal named after other body implants. Tantalum powder is used 
Tantalus, a man from Greek mythology in capacitors — devices used in electronic circuits 
who was punished by the gods. It is to store electricity. This strong metal toughens 
extracted from a rare mineral called tantalite. — watches made of softer, precious metals 

This tough metal is not harmful to the human _Tantalum is also used to create strong turbine 


88 body, so it is used to make artificial joints and _blades that do not corrode. 
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Tungsten has the highest melting point 
of any metal: it turns to liquid at a searing 
3,414°C (6,177.2°F). It is a very dense metal, 
and its name comes from the Swedish phrase 
for “heavy stone’, This metal is usually obtained 
from the mineral wolframite. A compound called 


This mineral s 


Cylinder of pure tungsten 
refined in a laboratory 


tungsten carbide is used to harden objects 
such as drill bits. Tungsten’s high melting 
point allows it to be used in the filaments 
of light bulbs. This element is also useful 
in producing weights, such as sinkers 
used with fishing lures. 


aeeH WonRUELL y 


> Rhenium 


Forms 


State: Sold 
D111 Discovery: 1925 


This ore contains 
‘maiybdenu and small 
‘amounts of rhenium 


Pure rhenium 
pellet 


Pure rhenium s / 
denser than god 
— 


R, 
Uses 22 Raptor fighter plane 
There ae once 9 
& tetany ta prods Rhenium 
a ae oocinaiaree | EG 
highest 
boiling point }/ 54, ne ho 


Rhenium is very rare in nature: only one 
atom out of every billion in Earth’s crust 
is a rhenium atom. Discovered in Germany 
in 1925, and named after the Rhine river — it 
was the last stable, non-radioactive element 


90 | tobe found, Rhenium has a very high melting 


of any element. 


a het 
then alley 


of 


point, and can stay solid at extreme temperatures, 
This allows alloys made of this element to 

be used in very hot conditions, such as those 
inside the tubes of X-ray machines, as well 
those in the exhaust nozzles of rockets and 

the jet engines of fighter planes. 
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Osmium is the densest of all naturally 
occurring elements: 250 ml (8.5 fl 02) of this 
metal (in its liquid form) weighs 5.5 kg (12 Ib). 
This rare element is found in the ore osmiridium. 
Pure osmium reacts with oxygen in the air to 


by combining it with other elements or alloys. A 
red osmium oxide stains cells so they can be seen 
clearly under a powerful microscope, while a 
black oxide powder allows fingerprints to be 


revealed in crime investigations. A hard osmium 
form a poisonous oxide, so the metal is used safely alloy is used in fountain pen nibs. 


SEWN voR suey 


a1 


Soldering Guidelines (Solder0) Revision 0.1 
1.3 Precautions 3 


tinning the iron is required to protect the tip from oxidation 
thereby dramatically increasing its life. 


‘Temperature: Ensure that both the component leads and the PCB's cop- 
per layer are heated at the same time. The soldering iron tip should 
contact both the component and the PCB pad. This will ensure that 
each surface is relatively close in temperature resulting in a good joint, 
If there is » temperature difference between the two surfaces, the sol- 
der will form a “dry” joint. Soldering irons are typically set around 
650 Fahrenheit, depending on the lead-tin ratio of the solder being 
used. Too much heat causes excessive “sputtering” of flux, and too 
little doesn’t melt the solder in a timely manner. 


Duration: The duration that the iron is in contact with the component 
and PCB is dependent on the size of the joint and your soldering iron 
temperature, For the typical PCB through-hole joint, it should take a 
few seconds to heat the joint and apply the solder. This will require 
practice, so don't expect to be fast if you are a beginner. Excessive heat 
(several seconds in duration) will damage sensitive semiconductors. If 
this is a concern, use a heat sink attached to the component leads: 
sometimes as simple as an alligator clip. ‘These concerns can sometimes 
be avoided by soldering sockets instead of the semiconductor itself. 


Adequate solder coverag: 


If too little solder is applied, the joint will 
uot make a secure connection and will cause erratic behaviour. How- 
ever, if too much solder is applied, the joint may bridge with adjacent 
joints resulting in electrical shorts. How much solder to apply comes 
with experience. Figs. 1.4 through 1.7 show good and bad solder joints. 


Handling: Most modem electronics systems contain statie-sensitive de- 
vies, Use proper handling procedures to minimize the likelihood of 
damage: grounding wrist-straps, grounded soldering irons, grounding 
mats, ete. 


1.3 Precautions 


Soldering Irons get very hot (600-800°F, 315-425°C), please ensure 
low precantions during use. Basic safety precautions are listed below. 


« Never leave your iron turned on while unattended. 
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Badlands National Parks, 
South Dakota, USA 


Iridium is the rarest natural element on 
Earth: there is one iridium atom out of 
every billion atoms in Earth’s rocks. This 


dense metal can be found in its pure form in of South Dakota, USA. Scientists believe 


in meteorites and other space rocks. A layer 
of iridium-rich clay is found in Earth's crust 
all over the world, especially in the Badlands 


nature as well as in other common ores that 


this small quantity of iridium in our planet's 
contain nickel and copper. Iridium is present 


crust was deposited by the dust from an 


‘rium, 


Spark plug 


In 1980, the American 
physicist Luis Walter 
Alvarez and his son 
Walter discovered a 


Iridium is 
the second 
densest 
metal, after 


osmium. 


explosion 66 million years ago when a large 
meteorite hit our planet. The applications 
of this element include coating the mirror of 
NASA's Chandra X-ray Observatory. an 
Earth-orbiting telescope that studies X-rays 
from distant stars, Iridium is more durable 


than platinum and copper, and is therefore 
preferred over these metals for use in spark 
plugs. Iridium is also mixed with osmium to 
make an alloy called osmiridium, which is used 
in compasses and put in nibs for some fountain 


pens to make them hardy. 93 
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Large nuggets 


Spanish explorers first found platinum in 
the mines of South America in the 1700s. 
They obtained a whitish substance that the locals 
living near there called platina, meaning “little 
silver". This precious metal has a silvery white 
shine. Platinum rarely reacts with other elements, 


even at high temperatures. This makes it difficult 
to extract from its ores, such as sperrylite. Pure 
platinum does not corrode or tarnish. It is, 
however, not easy to shape or mould, so use of 
platinum was limited to the making of simple 
jewellery and watches. By the 20th century, 
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ANTONIO DE ULLOA 


Although platinum had been in use in jewellery on 
the west coast of South America for more than 2,000 
years, it was Spanish naval officer Antonio de Ulloa 
‘who made the first major study of it.In 1735, while an 
a South American expedition, he found grains of the 
‘metal in river sands, He brought them back to Spain 
to examine them, 


SLEW vOR suey 


of platinum ic 
fil 
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more applications were discovered. Platinum 
can be used in place of silver to generate 

photographic prints, and in place of gold for 
making dental fillings. Today, platinum plays 
an important role in various technologies. For 
example, it is used in fuel cells — devices that 


generate electricity by combining hydrogen 
and oxygen. These cells do not need to be 
recharged like other batteries. Powerful drugs 
for treating cancer contain this element, 
while stents made of pure platinum help 


heal damaged blood vessels. 95 
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People were making gold ornaments more _yellow colour Gold is naturally pure and seldom. 
than 6,000 years ago. This was many centuries makes compounds in nature; the compound in the 
before they learned how to purify copper, iron, mineral ore calaverite is an exception. Pure gold 
and other metals. Gold is believed by many to _—_found in nature may form nuggets but mostly is 
be the first metal element tobe identified. Itisa__ found as tiny specks embedded in rocks. Gold 

96 | dense, unreactive metal with a distinctive deep miners crush up these rocks and wash out the 
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gold dust with water or strong acids, The from it. Some of the earliest coins, found in 
applications for gold include heat shields in Turkey, were made of it. Gold is used to cover 
astronaut’s visors, This metal has always important buildings, such as Thailand's Wat 
been seen as valuable and many ancient artefacts, Phrathat Doi Suthep temple. This precious 
such as the 3,300-year-old death mask of metal is most commonly used today in 


Egyptian pharaoh Tutankhamun, were forged jewellery or decorations. 97 
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Solid 
mercury is soft 
enough to be 
cut with 
a knife. 


Mercury is the only metal that is liquid used for many centuries: ancient Romans 

at room temperature. Along with water, itis roasted cinnabar to release a liquid they called 
one of the few liquids found naturally on Earth's hydrargyrum, meaning “silver water”. This 
surface, Pure mercury forms around volcanoes was the element mercury. It was later known 
where the heat separates it from its minerals, _as quicksilver because of how fast it flowed as 
such as cinnabar. This red mineral has been _a stream of liquid. This metal is very poisonous: 
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it can damage organs and nerves if inhaled or 
swallowed. As a result, the use of this metal 

is carefully monitored today. Mercury is used 

in some batteries, some thermometers, and in 
low-energy, compact fluorescent light (CFL) 
bulbs. Its compounds are used to prepare 


HOW DOES A BAROMETER WORK? 
Thapatep ie {| A barometer is an 
tube has 90 Glass tobe instrument used to 
measure air pressure 
to forecast the weather 
‘The simplest — and 
earliest — designs used 
a column of mercury 
inside a glass tube, 


Mercury in container 


This bright red 


This tage, 
low-cost mirror 


strong, red paints. Until the early 18th century, 
mercury was used in pills for treating some 
common ailments. It gradually fell out of use 
when it was found to be toxic. The first accurate 
barometers also contained this liquid, but such 
devices are rarely seen today. 
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Soldering Guidelines (Solder0) Revision 0.1 
1.4 How to Solder Through-Hole Components 4 


¢ Tum the soldering iron off when it is not being used. If the iron is left 
on for long periods of idle time, the soldering iron tip will be destroyed 
through oxidation. 


ye protection must always be worn when soldering. Hot flux can spit 
up and into an unprotected eye. In the Capstone Design Lab, use 
of eye protection is mandatory. 


@ If the cord of the soldering iron is damaged, inform the lab staff who 
will ensure it is replaced. 


@ Never set the soldering iron down on anything other than an i 
stand. 


¢ To prevent burning your fingers, use needle nose pliers, heat resistant 


gloves, or a third hand tool to hold small pice 


elf with the safe handling of all materials used during 
the soldering process. This includes solder, flux, alcohol, and desol- 
dering braid. Each has a Material Safety Data Sheet (MSDS) and can 
be found in the lab or online. “Safe Operating Procedures” are found 
posted on the wall close to the soldering facilities. 


© Familiarize yours 


1.4 How to Solder Through-Hole Components 


Most of the soldering done in the Capstone Design Lab is through-hole. A 
through-hole joint is a type of soldering joint in which the component joins 
with the PCB pad through a physical hole in the board. The following steps 
will illustrate how to make a proper through hole solder joint on a PCB. 


1, Ensure that the printed circuit board and all components are clean. 
Cleaning can be achieved with a mild abrasive and/or the application 
of flux. 


Plug in the soldering iron, turn it on, and let it warm up for 2-3 
minutes, 


3. Wet the soldering station sponge with the water provided in the lab. 
Do not wet the sponge in the bathroom or the water fountain. 


4, Clean the tip of the soldering iron and tin it with solder, 
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Rutherfordium was the first superheavy 
element to be discovered. In this type 

of element, each atom has 104 or more protons 
in its nucleus. It is named after the New Zealand 
scientist Ernest Rutherford, who, in 1913, 
suggested that every atom has a nucleus, or 
core. Pure rutherfordium is synthesized by 
Ernest Rutherford researchers in a laboratory. 
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named after the Russian city of Dubna, where the 
first atoms of this artificial, radioactive element 
were created, in 1968. However, a team of 
‘American scientists led by Albert Ghiorso also 
produced samples of the element at the same 
time. This radioactive element has 12 isotopes, 
102 ‘Albert Ghiorso or forms, with different numbers of neutrons. 


It took scientists nearly 30 years to agree on 
a name for this element. Dubnium was finally 
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Atoms of seaborgium break apart in about 
three minutes, so little is known about it. 
Scientists think it may be a metal. The element 
was isolated in 1974 in a machine called the 
Super Heavy Ion Linear Accelerator at the 
Lawrence Berkeley National Laboratory. It was 
named after the US scientist Glenn T Seaborg, Oe, 
Ae AR Ha Sg Ns Hs W 
il ||| 
This huge 

machine was 
used to discover 

five new 
elements. 
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NOBEL PRIZE IN CHEMISTRY 


Glenn T Seaborg and his fellow US researcher 
Edin MeMlillan were awarded the Nobel 
Prize for Chemistry in 1951 for their wark 
in creating neptunium, Thi 
element to be isolated that w 
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Super Heavy Ion Linear Accelerator, Lawrence 


Berkeley National Laboratory, California, USA 
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> &Bohrium 


Bohrium is an artificial 
element named after the 
Danish scientist Niels Bohr. 
This was to honour his model 
of the structure of atoms’ 
electron shells. Bohrium 

was first produced by firing 
chromium atoms at bismuth 
atoms in a particle accelerator 
(a machine in which atoms are 
smashed together). Atoms 

of this metal are unstable: 

half of any sample of bohrium 
atoms breaks apart in 61 
seconds. As a result, itis 

not very well understood. 
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Scientists think hassium 

is a metal, but they have 
not been able to produce 
enough of its atoms to study 
it in any detail. Hassium is 
very radioactive, and most of 
its atoms break apart within a 
few seconds. This element is 
named after the German state 
of Hesse, the location of 

the Centre for Heavy Ion 
Research, where hassium 
was first created artificially 
by a team led by the German 
physicist Peter Armbruster. 


A chamber at Centre 
for Heavy Ion Research, 
Darmstadt, Germany 


104 Peter Armbruster 


= Meitnerium 


Researchers think meitnerium might 

be the densest of all elements. It is 

very unstable, and even the atoms of its 
most stable isotope, or form, break apart 

in a matter of seconds. Meitnerium is named 
after the Austrian physicist Lise Meitner, 

to honour her achievements in physics. 
Several universities, such as Humboldt 
University in Berlin, Germany, also have 


buildings in her name 
Meitner Haus building, 
Humboldt University, Germany 


— Oo 


Lise Meitner (left) works with the German chemist Otto Hahn 
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= Darmstadtium 


Sigurd Hofmann 


mils) 
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State: Solid 


This artificial element is named after the 
German city of Darmstadt - the home 

of the Institute for Heavy Ion Research 
where this element was first produced 

A team led by the German physicist Sigurd 
Hofmann created darmstadtium by smashing 
nickel atoms into lead atoms in a particle 
accelerator (a machine in which atoms are 
smashed together) 


= Roentgenium 


Withem Réntgen 


State: Sold 
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Scientists believe that this metal 
shares many characteristics with 
precious metals, such as gold and silver. 
However, its atoms break apart within 
seconds, so this has not yet been confirmed. 
Roentgenium was created in Darmstadt, 
Germany. It was named after Wilhelm 
Réntgen, the German scientist who 
discovered X-rays in 1895. 


= Copernicium 
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foeehin te could be the only 
Copernicus ined gaseous 
metal. 
%, This German research institute 
% is where copernicium was discovered 
0% 
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Heavy Ion Research Centre, Germany 


The atoms of this radioactive 
element survive only for a few 
minutes, before breaking down. 

Copernicium is created in particle 
accelerators by smashing together atoms 
of lead and zine. Only a few atoms of 
this artificial element have ever been 
produced. Copernicium is named 
after Nicolaus Copernicus, 

the Polish astronomer who 
theorized that our planet 
orbits the Sun. 107 


Europium’s 
(Eu) colour 
changes 
when left 
in the air. 


BHEEERRE 


Lanthanides 


G SESE 


This set is named after lanthanum, the first element in this series. The 
name “rare earth metals” is also given to these elements because they 
were discovered mixed together in complex minerals in Earth’s crust, 
and were thought to be uncommon. However, they are actually not rare 
but abundant. These metals — between barium (Ba) and hafnium (Hf) — 


should fit between the alkaline earth metals and the transition metals, 
but they are normally shown underneath the main table to save on space. 


Atomic structure Physical properties Chemical properties Compounds 
‘Atoms of every element in The lanthanides are dense, _These elements react slowly Many lanthanides 
this group have two outer shiny metals, which tarnish _with oxygen (0) at room form compounds with 
electrons, The lanthanides easily when exposed to ‘temperature, but the oxygen called oxides. 
have large atoms, all with _air. They do not conduct reactions speed up These are often used 


six electron shells. electricity very well. when heated, in lasers and magnets. 


SLanthanum ° 


Black tarnish 
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Forms 7 


Lanthanum 


Lanthanides 


| [ carbonate is used to \ \ 
treat patients with 
\\_ kidney 


3 
OG 
ey, 
% 


‘This reddish-brown 


mineral cea fund in 


This metal burns 


cq 
a 
© 
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This lamp 


Fluorescent lamp 


‘Molten lanthanum Camera lens 


Although the word “lanthanum” means 


to find a way to purify the metal. 


“to lie hidden’, it is more abundant than Today, the mineral bastnasite is a source 
most metals. For example, it is three times of pure lanthanum. The element's 
more common than lead. This element was applications range from its use in film 
discovered in the mineral cerite in 1839. studio lights and lens-making to 


110 | However, it took chemists almost another refining petroleum 


Cerium 


Cerium was the first of the lanthanides to be 
discovered. It is named after the dwarf planet Ceres 
which was discovered two years before the element 
was isolated. Cerium is highly toxic when pure, but 
safer cerium compounds have some uses. The main use 
of cerium is in making phosphors, which are chemicals 
that produce lights of different colours. Phosphors are 
present in flatscreen TVs and bulbs, 
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Laboratory sample 


The nie of thts sreen coated 
of pure cerium cb 


e590 @59 Oa 
This piece of the Part of this element’s name comes from 


clement’ 


form ss fo prasinos, the Greek word for “green” 


Normally a grey colour when pure, the element 
cosaniear reacts slowly on contact with air to form a ° 
green coating. Praseodymium compounds sate Soa 


give a yellow colour to glass and heat-resistant {_Dsswer: 185 J 


ceramics, and provide a green colour to some 
artificial jewels. This element also boosts 
the strength of magnets that contain it 


gation €°FAmIC poy 


This yellow colour This artificial gem 
fn prodcd by a sation 
containing proseodymium. 


Laboratory sample of praseadyenm 


pure praseodymium and exygen. / 11 
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5. Insert the component into the holes, Ensure that the component is 
secure by taping the component or by using a third hand. Optionall 
the component leads can be clinched as shown in Fig. 1.1. This tech- 
nique, however, is not recommended for two-sided boards as the flow 
of solder to the component side is restricted 


Figure 1.1: Clinched Component Leads 


6. Apply the soldering iron tip to one side of joint making contact with 
the component lead and the board copper foil, ensuring that both are 
heated up to the same temperature as shown in Fig, 1,2 and Fig 1. 
Notice the tinned tip in Fig. 1.3. 


7. Slowly add a few millimetres of solder to the other side of the joint. 
DO NOT apply solder to the soldering iron tip. If enough heat was 
applied to the PCB pad and component wire, the solder will flow freely 
onto the joint. 


Solder Wire Soldering Iron Tip 


‘Component Lend 


Copper Foil 


PCB 


Figure 1,2: Method of Soldering Through Hole Joints 


8. Remove the solder when the joint is suitably covered as shown in 


yi Neodymi 
eodymium 
Strong magnets made of neodymium can be 
Z used to lift thousands of times their own mass 
% This element was discovered in 1885 by the Austrian 


chemist Carl Auer von Welsbach, and it was originally baie 


Lanthanides 


yy, used to colour glass. Small amounts of neodymium 
“4 turn glass pinkish purple. Today: this element is Laboratory sample 
also employed in lasers used in eye surgery. of pure neodymium 


The pure 
clement 


Promethium is the rarest lanthanide element. 
‘Any promethium that was in Earth's rocks decayed 
billions of years ago. Promethium is therefore 
produced artificially in nuclear reactors. Being very 
radioactive, itis used in some missiles, because 

it converts this radioactivity into electrical power 
‘The addition of promethium also makes some 


Promethium-rich paint in 
112 a tin seen from above paints glow in the dark. 


& Samarium awe 


@62 @6r O88 Discovery: 1879 


This element is named after the mineral 
samarskite from which it was first purified 
However, another lanthanide-rich mineral called 
monazite is the main source of this element today. 
‘Samarium is mixed with cobalt to make permanent 
magnets that are often used in electric guitars 


inde REPS 


BeEuropium 


oratory sarmple of Pure ey, . : 
ee 2 en, Europium was named after the continent 
of Europe. However, most of the world’s supply 
of the element comes from the USA and China, where 
the mineral bastnasite is mined for the extraction of pure 
europium. A compound called europium oxide is used 
in euro and British bank notes. When placed under 
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Section of British note under UV light 
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DBGadolinium °* = 


@64 G4 93 Discovery: 1800 


Gadolinium, and its mineral ore gadolinite, 
are named after the Finnish chemist 
Johan Gadolin, who discovered the 
element. Gadolinium compounds are used 

to obtain clear MRI scans. [tis also used in 
electronics, and to make rust-resistant steel. 


This soft, silvery 


Lanthanides 


‘This mineral conta 


MRI scan of the 
human brain 


= Terbium 


Terbium is named after the village of Ytterby in Sweden. 
Itis a silvery metal that can be obtained from the ore monazite Talal 
This element has only a few uses. Pure terbium is added SOUR4Bugny mapa hen 

to other metals to make powerful magnets used in sound- 
producing devices, such as the SoundBug™. Its 
compounds are used to line mercury lamps. 


a 
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Mercury lamp 


‘The pure metal 
enough tobe cut 


114 Laboratory sample of pure terbium = 4 


by Dysprosium = | 
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Dysprosium reacts more easily with air and 
Tels ieee water than most other lanthanide metals. 
Although it was discovered in 1886, it took until 
the 1950s to purify it. This metal is often used with 
neodymium to produce magnets that are used in 
car batteries, wind turbines, and generators. 


‘Some hybrid car batteries 
‘contain dysprasim 


Laboratory sample of pure dysprosium 


67 o 
= Holmium 
The Swedish chemist Per Teodor Cleve named holmium | 
after the Swedish city of Stockholm. Pure holmium can 
produce a strong magnetic field and is therefore used in magnets. 


Its compounds are used to make lasers, and to colour glass and 
artificial jewels, such as cubic zirconia. 
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This artificial 


Red zirconi® 
Semston® 
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State Sabi 
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DB BeErbium 


This silvery element 


‘The rose pink finish 
of thew from an 


pink pottery 


Welding goggles 


Like terbium and ytterbium, erbium is also 
named after the Swedish village of Ytterby, 
near which it was discovered. This element 
does not occur in its pure form in nature, but 
it can be obtained from the mineral monazite 
Many erbium compounds are pink in colour 
and are used to colour pottery and glass. 


B Thulium 


ory sample of pure 4, 
yanorat ‘Auliy, 
5 tm 
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lanthanide metals. It is used to create lasers 
that surgeons use to cut away damaged body 
tissue, Thulium also has a radioactive form 
that can produce X-rays: portable X-ray 


Thulium is the least abundant of all the 
machines make use of this form. 


HYtterbium “ =~ 


Ytterbium tends to be more reactive 
than other lanthanide metals. It is stored 
in sealed containers to stop the metal from 
reacting with oxygen. The pure metal has 
only a few uses. A small amount of ytterbium 
is used in making steel, while its compounds 
are used in some lasers 


Laser cutting 


This bright, shiny metal Laboratory sample 
harmed na th sect cl jue yearn 


BLutetium 


State: Sod 
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Some oil refineries use 


discovered. It is also the final member of the lanthanides 
In its pure form, lutetium is very reactive and catches 
fire easily. It is rare and has few uses, mainly as 

a substance mixed with crude oil, 
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from a nuclear 
power plant. 
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Atomic structure Physical properties Chemical properties Compounds 
All the elements in Natural actinides are dense The actinides are reactive _Actinides form colourful 
this group have two metals with high melting metals and are never found compounds with halogens 
electrons in their outer points. The physical properties in pure form in nature. They Most actinide ores also 
shell. Their atoms all have of most of the artificial react easily with air, the contain compounds of 


seven electron shells, ones are unknown, halogens, and sulfur (S). oxygen (0) called oxides, 


B Actinium 


2 
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This radioactive 


Actinides 


Neutron probe 


Rare in nature, actinium is a metal formed by 
the decay of other radioactive elements. Its 
atoms are unstable and break down to make the 
elements francium and radon. Actinium is found 
in tiny amounts in uranium ores, such as uranite, 
and has limited applications. Its isotopes are 
used in radiation therapy to treat cancer. 


State: Sk 
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The most common natural radioactive metal, 
thorium is used inside vacuum tubes to allow 
an electric current to flow. It can also undergo 
nuclear fission, a process in which atoms split in 
two and release energy. Scientists are exploring 
ways of making thorium-powered nuclear 
reactors that produce electricity. 


‘This durable rock 


This thorium coating cea 


Thorianite 
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BPprotactinium .= 


‘This vibrant green 
radioactive mineral contains 
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This botle 
protectin 
sample 
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Protactinium 
research 


The name protactinium means “before 
actinium”. This is because a uranium atom 
decays to form a protactinium atom, which 


Small quantities of protactinium are found in 
ancient sands and mud, Geologists use Geiger 
counters to carry out research to calculate 
how old the sands are. 


Torbernite Nuclear waste 


O10 


A Geiger counter measires 


then quickly breaks down into an actinium atom. 
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Figure 1.3: Method of Soldering Through Hole Joints, [5] 


Fig. 14. The goal is to get the joint to be a “fillet”: a curve as shown 
in Fig. 1.4. 


9. If the PCB is double-sided, the solder should flow through the hole 
around the component lead and make a bond on the component side 
of the board (opposite to the side that the solder was applied). If this 
“wicking” does not occur, the hole may be undersized, clinching could 
be blocking the solder’s path, or the component lead is not clean, 


10. Remove the soldering iron and allow the joint to cool naturally. 


Component Lead 


Copper Foil Solder Fillet 


Figure 1.4: Good Solder Joint - Solder Fillet 


11. Cut the lead of the component, if necessary. 


Fig. 1.0 and Fig, 1.7 below are pictures showing good and bad solder 
joints. 
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Buranium 


Named after the planet Uranus, uranium was 
the first known radioactive element. In the early 
20th century, some manufacturers used uranium 
in glass bowl glazes, only to realize later 
that it was a harmful metal. 
‘An unstable form, called 
uranium-235, is used as 
fuel in nuclear 
reactors and 
in atomic 
bombs 


State Sold 
© 92 G92 148 Discovery: 1789 


‘These black sections 


This sample of pure 


Glass bowl 
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The radioactive 
elements inti 


form neptuntm 
This cyclotron, 
dui 1988, ws 
used to dcover 


Cyclotron at the University 
of California, Berkeley, USA 


Sitting next to uranium in the periodic 
table, neptunium was named after the 
planet Neptune. It exists in small amounts 
in radioactive ores, such as aeschynite 

It forms during nuclear explosions and 
was first identified inside a machine called 
a cyclotron. There are no known uses 

B for neptunium. 


B Plutonium +. 


en @4 Oo 


Hardly any plutonium exists This Martian rover 
in nature: most of it has decayed Teap ioe 
into other elements over time sone 

It was discovered during the 
development of nuclear 
bombs in World War Il 
“Today, plutonium is used 


mostly as a nuclear fuel. 
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This ore contains 
of platorivm 


This plutonium 
battery was used 
in early pacemakers 


Curiosity 


1970's pacemaker 
battery Rover 
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This metallic element is 
not found in nature. Instead, 

it is produced inside nuclear 
reactors when uranium or 
plutonium atoms are bombarded 
with neutrons. Remarkably, 
americium is the most common 
radioactive element used in the 
home. Radioactivity emitted by 
americium atoms causes the 

air inside smoke detectors to 
conduct electricity. When smoke 
disrupts the electric current, 

an alarm goes off. 


This smoke detector contain tiny 
armies quanttes of amencum 
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Bcurium 


Actinides 


AapUrl aed 


Curium is a silvery, radioactive metal that 
glows reddish purple in the dark. This element 
was discovered by the US scientist Glenn T Seaborg 
at the University of California. It was named after 
Marie Curie, the scientist who discovered the element 
polonium. Several space probes, such as the Philae 
comet lander, use X-ray devices containing curium 
to study their environment. 

Site: Sod 
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of Berkeley — home to the University of 
California — where this artificial element 
was discovered. It was first synthesized by 
Glenn T Seaborg. Berkelium has no uses 
other than the creation of heavier elements, 
such as tennessine. 


Marie Curie working in her laboratory 


. 
\auumasoonn 


but opposed 
using it in 
World War II. 


on Ta \ 
University of California, Berkeley campus, USA 


Glenn T Seaborg 
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BW californium 
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This totope, 
or form, of 


californium 


Pellets of 
radioactive californium 


Californium is named after the US state of 
California. This soft, silvery metal does not exist 

in nature and is made by smashing berkelium atoms 
with neutrons in a particle accelerator (a machine in 
which atoms are smashed together). This radioactive 
Water detector element is used in the treatment of cancer. 


Beinsteinium 


Only a 
few 
milligrams 
of einsteinium are 
made every 
year. 
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Einsteinium was discovered in the chemicals 
left over after the first hydrogen bomb test 
in 1952. The huge explosion fused smaller 
atoms together to make larger ones, including 
einsteinium. This element was named after the 
great German-born scientist Albert Einstein, and 
was found to be a silvery, radioactive metal that 
glows blue in the dark. It is only used for making 
Albert Einstein in his study heavier elements, such as mendelevium. 
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This artificial element was 
named after the Italian scientist 
Enrico Fermi, He built the first 
nuclear reactor in 1942, starting 

the American effort to build nuclear 
weapons during World War IL 
Fermium was first identified in the 
debris of an atom bomb test in 1953. 
This unstable element has no known 
uses beyond research, 
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Mendelevium is named after the Russian 
chemist Dmitri Mendeleev, who invented 
the periodic table. Mendelevium is produced 
in very small amounts by firing parts of helium 
atoms at einsteinium atoms in a particle 
accelerator (a machine in which atoms 

Dmitri Mendeleev are smashed together). 


BNobelium | . 
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| @ 102 @ 102 157 Discovery: 1968 


H This artificial metal 
| is named after the 
Swedish chemist Alfred 
Nobel, who started the 
Nobel Prize. It was 
discovered in 1963 by a 
team of scientists working 
in California, USA. This 
team included Albert 
Ghiorso, Torbjorn 
Sikkeland, and John 
R Walton. They used 
a particle accelerator 
to fire carbon atoms at 
curium atoms, creating 
nobelium atoms, which 
broke apart within minutes. 
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Albert Ghiorso, Torbjarn Sikkeland, and John R Walton 


BLawrencium 


Lawrencium 
was produced at 
the Berkeley 
lab set up by 
Ernest Lawrence. 
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State 
Discovery: 1968 


f] Lawrencium is named after the US scientist 
Ernest Lawrence, who developed the first 

cyclotron particle accelerator. This is a 

machine in which parts of atoms are smashed 

together by making them spin round in circles 

Lawrencium atoms were produced in a 

as similar machine by firing boron atoms at 

An early cyclotron. californium atoms, 
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/ Pure gallium (Ga) 
|, becomes liquid 
at 29°C (84.2°F). 


Atomic structure 
Members of this group 
have three electrons in 
the outer shell of every 
atom. Some elements 
have unstable isotopes, 


Physical properties 
All elements, except boron, 
are shiny solids. Every 
member of this group is soft, 
except for boron (B), which is 
one of the hardest elements. 


Chemical properties 
Most of the elements don’t 
react with water, Aluminium 
(Al) forms an oxide layer in 
water, and can react with it 
when this layer is corroded, 


Compounds 
They form compounds by 
losing electrons to other 

elements. All of them react 

with oxygen (0) by bonding 
to three oxygen atoms. 


The Boron Group 
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This transluscent mineral 
i found in dred lakes 


Some boron compounds are among the 
toughest artificial substances on Earth, with 
only diamond being harder. This element is 

a very hard material and becomes even harder 
when made to react with carbon or nitrogen. Pure 
boron can be extracted from various minerals, 
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This metal 
‘edark-and 
slghly shiny 


including ulexite and kernite. The demand for 
this element was once so high that people moved 
to live in the extreme heat of Death Valley, USA. 
to work in boron mines there. Compounds of 
boron in soil are essential for plants to grow 
healthily. We use boron in our homes every day. 


This searing desert 


(7) THENARD AND GAY-LUSSAC 


‘The salt sodium borate, also called borax, was already 
in use 1,000 years ago. In 1808, the Frenchmen Joseph 
Louis Gay-Lussac and Louis Jacques Thénard isolated 
pure boron by heating borax with potassium, 
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This screen is 
composed 


LCD screen 


The protective body of this 
tank contains boron 
«compound of boron a 


Military tank 


Tough, heat-resistant glassware, such as some kinds of modelling clay and bouncy silly 
measuring cups, are strengthened with boron. _ putty contain boron compounds. Boron is named 
Borie acid is a natural antiseptic and can be used after a crumbly white salt called borax, which is 
to treat minor cuts and scrapes. A flexible layer of —_used in detergents, The element is also present 
boron-based glass fibres is used to toughen thin _in a diverse range of objects, from insecticides 
LCD screens for televisions and laptops. Even _to armour for military tanks. 131 
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Figure 1.5: Good Solder Joint, [5] 


acd Gelder ‘Too Much did Soiger 
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Figure 1.6: Joint Examples, [3] 
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Figure 1.7: Joint Examples, 
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This erystal contains ‘This aluminium ore 
‘aluminium and sulfur ts the world's man 
compounds source of 
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Reflective surface 


This slice of aluminium 


phosphate mineral has 


a turquoise pren colour 


Although aluminium is the most common _also be found in other minerals, including 
metal in Earth’s rocks, scientists did not —_variscite. Today, aluminium is often recycled 
discover it until the early 1800s. Even then, because producing it anew requires 15 times 
it took a further 80 years for scientists to work more energy, The metal makes a strong, shiny 
out how to use the ore bauxite to extract foil when rolled flat, and is useful for storing 


132 | large amounts of pure aluminium. It can foods. A fire protection suit made from 


RECYCLING ALUMINIUM 


‘Aluminium is expensive to purify, so its often recycled instead. 
Drinks cans are almost 100 per cent pure aluminium and can 
be shredded, melted down, and made into new cans. 


This aluminium frame 
makes he racket ight 


This suit rote 


4 Used cans are 
or processing 


cre shredded 
Into tiny paces 


Aluminium can 


Aluiniume 
‘cables are 
lighowsght 


This cam i produced 
Jrom receded aluminium 


Parts of this dome 


Smartwatch ‘are made of aluminium, 


Esplanade Theatre, 
Singapore 


The aluminium 


sheets of aluminium 


me, Me 
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this foil reflects away heat. Aluminium is 
the most widely used metal after iron. It is 

very lightweight compared to iron’s alloy steel 
and almost as strong. A dome made from 
aluminium, such as the one in the Esplanade 
Theatre in Singapore, can be much larger than 


a steel-based one, which would collapse 
under its own weight. Aluminium is also a 
good electrical conductor and so is used in 
overhead cables. Tough aluminium alloys 
are used to produce parts of some aircraft, 
including the Boeing 737 
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J ET T U R BI N ‘The curved blades of this jet engine are shaped very precisely 
to catch the air, and they are also strong enough to stay stiff 

when working at high temperatures. There are several tough metals that fit these requirements, 

but most are very dense, making them too heavy for an engine powering an aeroplane into the air. 


‘That leaves only one metal for the job: aluminium. 
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The Boron Group 


Blu-ray dise 


‘The needle-like crystals 


Red LED lights 


Pure gallium 


Gallium melts at just 29°C (84.2°F), which Gallium has a number of uses. It is mixed 

means it soon becomes liquid when held with indium and tin to form a liquid alloy called 

in the hand. This element is found in small __galinstan, which can be used in thermometers. 

amounts in ores of zinc and aluminium, such Gallium is also found in Blu-ray lasers, LEDs, 

as diaspore. Pure gallium is isolated when and some solar panels, such as those on NASA's 
136 | the other elements from this ore are extracted. Mars rovers. 
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Forms When 
bent, indium 
produces a “tin. 
cry” —asound 
similar to a 
scream. 


Pure indium mould 
cast in a laboratory 


This zine mineral 


Pure indium 
de ines on paper 


Uses 


This touchscreen hase grid 


‘The tiny electronic 
ite 


Protective goggles coved 
wt onium op the 
damaging Windows in a building 


Touchscreen tablet 


Indium is named after indigo, which is the form. For example, a compound called indium 


colour of the light its atoms release when _tin oxide used on a touchscreen allows the 
electrified. Its minerals are rare, and most of computer to detect when a finger makes contact 
the metal is obtained from lead and zinc ores, _with the screen. Indium is also required in 

such as sphalerite. Pure indium is very soft, microchips, and to produce welder’s goggles 


and the element is mostly used in compound —_ and windows that are heat- and glare-proof. 
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@Thallium ** .. 


@ a1 Ber 123 Discovery: 1861 


‘The grey crust on thi aluminium mineral 
‘contain small arvounts of thal, 


Forms 


The Boron Group 


This mineral contains 
ron, sulfur and tiny 
amounts of thallium. 


This soft and silvery metal 
ina sealed plas tube art highly 
toxic and react easly with air 


Thallium was named after the Greek both chemists worked separately, they found 
word thallos, which means “green shoot”: the element in the same way —as a residue while 
it was first identified from the colours in its _ making strong acids using the mineral pyrite. 
flame, which includes a bright green light. Thallium was later found to exist in larger amounts 
Thallium was discovered in 1861 by William in other minerals, including thallium alum. 

138 | Crookes and Claude-Auguste Lamy. Although Pure thallium is toxic and has to be handled 


Uses 113 


moe |MNihonium & 


— — 2 
2 
3 
Ss 
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2 
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s € 
© 113 B 113 183 Disc 3 
Blood injected wih a 
Until the Kozuka Morita (left), with a visiting official at the 
3g 1970s, thallium RIKEN Nuclear Research Centre, Wako, Japan 
PROUES ae Nihonium was named after the Japanese word 
used oa nihon, which means Japan. A metallic element, 
poison: nihonium was first detected in 2003 by teams studying 
the artificial element moscovium, which has the 
atomic number of 115. They noticed that atoms 
of moscovium broke apart after only a few seconds 
toxic and has to be handled with care | into atoms of an element with an atomic number of 
when used. A chlorine compound of | 113. In 2004, Kozuka Morita and a team of scientists 
thallium is used in scans to study a | at the RIKEN Nuclear Research Centre in Japan 
patient's blood circulation. Thallium | isolated this element in a different way: they fused 
oxide also helps make glass stronger | bismuth and zinc atoms together 
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for use in spectacles and cameras 


Glassy carbon 
(C) has a high 
resistance 


to rust. 


=) 


Atomic structure 
Members of this group have 
four electrons in the outer 
shell of each atom. These 
atoms can bond with up 
to four other atoms. 


Physical properties Chemical properties Compounds 
At room temperature, all ‘All natural elements These elements react with 
natural elements in this inthis group can react hydrogen to form compounds 


set are solid. Flerovium (Fl) with hydrogen (H).Carbon (c) called hydrides, Each element. 
is anartificial element,and and silicon (Si) can react with can lose up to four electrons 
scientists think it may be a solid. both metals and non-metals. when forming compounds, 
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1.5 How to Solder Surface-Mount Components 


Surface mount soldering requires more experience and skill than through 
hole. It is recommended that one practices with throngh-hole prior to at- 
tempting any surface mount soldering. As the name suggests, surface mount 
involves soldering a component to either the top or bottom surface of a PCB 
Depending on the footprint, the pads are usually a spaced closer together 
(finer pitch), making the soldering more susceptible to solder bridges, ete 
Figs. 1.8 and 1.9 show examples of good surface-mount solder joints. 


Figure 1,8: Surface Mount Good Solder Joint, |(i] 


Figure 1.9: Surface Mount IC with Good Solder Joints, [5] 


The actual soldering of the joints is similiar to the through-hole method. 
One difficulty, however, is maintaining the part’s alignment on the PCB 
pads. A good technique is outlined here: 


1, Align the component on the PCB pads. This can be aided with the 
use of tweezers and dental picks. 


Secure the component to the PCB by applying a small amount of 
pressure onto the top of the component using a small slot screwdriver 


» Carbon 


This compressed form 


Discovery: Prehistoric 


Glossy surface 


This diamond's brightness 
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‘The shiny, metallic 
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Carbon has the largest number of 
compounds of any element — with more 
than nine million known, Carbon is the 
fourth most common element in the Universe. 
Each carbon atom can bond to four others, 
allowing them to form chains and rings. Pure 


carbon exists in three forms on Earth — 
graphite, diamond, and buckminsterfullerene 
(a structure based on 60 interlinked carbon 
atoms). Diamond is the hardest substance in 
nature, It is often used in jewellery. The blades 


142 of some saws are coated with diamonds, and 


This carbon filter 


chemicals in water This battery 


lightweight frame 


a 
s rbon.gipre BCI 


This 
strong but 
light frame is 
made by fusing 
together carbon 
fibres. 


This flame 


rial which by carbonic al 


rig 


Soft graphite leaves « mark : é Gad 
fen re tn! ope Pencil “lead” containing graphite, not lead 


HARD AND SOFT CARBON 


Diamond and graphite have different properties because 
of the arrangement of their atoms — tetrahedrons in 
diamond, and sheets of hexagons in graphite. 


Fan 40 «03 
Ah. ae 
ood 


Hard as diamond Soft as graphite 
‘The tetrahedron, or pyramid Graphite contains ayers of 
structure, of atoms creates carbon atoms that slide over 
a rigid shape that is equally each other easily, as there are 
‘strong in all directions, only weak forces between them. 


eq auayssjod 


can cut into anything. Only a diamond can to have harmful environmental and health 


cut another diamond, Graphite is much softer, _ effects. Crude oil, natural gas, and coal are 
which is why it is used in pencil “lead”. It is hydrocarbons (compounds containing only 
also used in some batteries. Coal is currently hydrogen and carbon) that occur in nature. 
the largest source of fuel for the generation They can be used as fuels and as plastics 


of electricity, but its fumes are also known for objects such as polythene bags. 
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PI N K DIAMO N With a mass of only just over 3 g (0.1 02), this jewel ~ 
known as The Sweet Josephine — is one of the largest 

pink diamonds ever sold. Diamonds are normally colourless forms of pure carbon, and if there is 


any colour, it comes from tiny amounts of another substance. For example, boron makes the gem 
appear blue. Strangely, pink diamonds have no impurities, and no-one knows why they are pink. 


‘The Sweet Josephine was cut from raw diamond that 
is more than 1.5 billion years old. This formed 150 km 

(93 miles) beneath Earth's surface and was then pushed up 

by a volcanic eruption, before eventually being dug out at a 
‘mine in Australia. Diamonds form when carbon is squeezed 
and heated to more than 1,000°C (1,832°F). This process 


rearranges the carbon atoms into a rigid crystal that makes 
diamond the world’s hardest substance. The process also 
gives diamond the ability to bend light, a property that gives, 
these jewels their glorious sparkle, With the right cut and 
polish, a diamond can be made into a beautiful gem that 

is prized throughout the world. 


The Carbon Group 


146 


Bsilicon 


‘This purple form of 
‘quartz gts ts colour 
{rom iro impure 


State Sod 
@ 14 B14 O14 Discovery: 1024 


Pure silieg Pe 


Labor, 
ap ctatory 5 


The pure element 
cn shatter easy 


About 90 per cent of the minerals that make 
up Earth’s rocks contain silicon, a common 
element in our planet's crust. Nearly all silicon 
minerals are compounds of silicon and oxygen, 
known as silicates. The most common silicate is 
quartz, the mineral form of silicon dioxide, or 


silica. It is also the most common substance in 
sand. Amethyst is a type of quartz. Quartz 
deposits are widely found in rocks such as granite 
and sandstone. A valuable type of silica is opal, 
which is used as a gemstone. The clays used to 
make pottery and ceramies are also silicates. 


SILICON IN SPACE 


Earth and Mars contain similar amounts of 
ilicon. This element forms on the outer layer, 
‘or crust, of both planets. In contrast, the Moon 

is almost half silicon, Astronomers think this 
tells us that the Moon was formed from Earth's 
surface after an asteroid smashed into our 
planet about 44 billion years ago. 
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One of the most important uses of silicon is in 
electronics. Thin slices called silicon wafers 
drive electronic circuits. This versatile element 
is also used to turn sunlight into electricity in 
solar panels. Artificial silica is used to create 
aerogel, a lightweight but tough substance 


that does not conduct heat well. It is used in 
fire-fighting suits, and prevents flames reaching 
a firefighter. Another silicon compound is 
silicone, which can be moulded into any 

shape, and is used in a wide range of 

products from baking moulds to watches 
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Forms 
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The pure form 
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This semi-metal is named after the 
country Germany. It was discovered there 

in 1886 by chemist Clemens A Winkler, nearly 

20 years after Russian chemist Dmitri 
Mendeleev predicted its existence and properties, 
Germanite is a mineral rich in germanium, 


Discovery: 1886 


‘The germanium 
‘vide inthe glass 


This microchip 
irmade of slicon 


Germanium 
is found in the 
|| atmosphere 
of Jupiter. 


This car contains a 
|germanium-bazed sensor 


but this element is mainly extracted from the 
ores of silver, copper, and lead. One of its 
compounds, germanium oxide, is used in wide- 
angle camera lenses. It is also used in some 
microchips and in a number of car sensors 
that aid in navigation. 
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Tin was one of the first metals used 
by humans. As long as 5,000 years ago, 

tin was mixed with copper to make bronze, 
an alloy that was stronger than either pure 
metal. The ore cassiterite is the main source 
of pure tin, Uses for tin are many, including 


plating steel objects, such as cans, to stop 
them corroding. A compound called tin 
chloride is used for dyeing silks. This metal 
continues to be used in a variety of tough 
alloys, including pewter, soft solder, 


and bronze. 149 
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Brown crocoite 


The prism-like crystals 


Lead pipe 


The chemical symbol for lead, Pb, 
comes from the Latin word plumbum. 
This is where the word “plumber” comes from: 
in ancient Roman times, water pipes used in 
plumbing were made from this soft metal. 
Lead compounds are found in the minerals 


‘This sof, crumbly mineral This mineral hos 
‘made of Isa chromat sey sh 


ex 2 O16 


y 

4 = 

g For many 

ES years, lead and 

= tin were thought to 

‘ (| be aitferent forms J] 

é ofthe same 
metal. 


crocoite, anglesite, and galena — the main 
source of pure lead. Lead was used far 

more commonly in the past as an important 
ingredient in paints, hair-dyes, and insecticides 
A common historical use was in glassware 
Ithas limited applications today. Lead can 


Pure strip of lead refined 7 
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This pure form 
of the metals 
‘dul grey colour 
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Particle accelerator at Joint Institute 
for Nuclear Research, Dubna, Russia 


Flerovium takes 
its name from the 
Russian scientist 
Georgy Flerov. He 
founded the Joint 
Institute for Nuclear 
Research in Dubna, 
Russia, where this 


produced in a particle 
accelerator (a machine 
in which atoms are 
smashed together) 
Flerovium is highly 
radioactive and its 


Flashings 


because it absorbs radiation. It is 
also used in weights for diving, car 
batteries, and bendy “flashings” 
for sealing roofs. Lead fell out of atoms last for only 
favour because it turned out to a few seconds before 
be poisonous. Georgy Flerov breaking apart. 
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An index finger resting on the end of the screwdriver provides enough 
force to secure the device. 


3. Solder one of the corner component leads to the PCB pad, 
4, Align the remaining pads and solder the opposite corner PCB pad. 


5. Solder the remaining pads in a pattern that do 
much heat in the device, 


s not build-up too 


1.6 Wire Connectors and Headers 


y often have connectors to peripheral 
‘These connectors are like other components in how they are soldered 
onto the PCB. However, the plug that matches the connector usually also 
requires some soldering. Please note that with very few exceptions, 
the wire used for cabling is stranded (rather than solid-core) due 
to its higher strength and flexibility. Below are procedures for a few 
of the more common plug types. 


1.6.1 Crimp Connectors and Pins 


1. Strip off about Lem of the wire insulation. 


Place the exposed wire into the crimp-style connector or pin. The wire 
should just barely show coming out the other side. Some crimp pins 
have two crimping areas ~ one for the stripped wire, and the other for 
the wire with the insulation. 


3. Crimp the connector with the appropriate crimping tool. Note that 
the connectors are colour coded to settings on the crimping tool, try 
and match the correct colour, 


4, As added insurance, apply solder to the joint to solidify the connection. 


Before crimping all pins destined for a comector housing, start with one 
and ensure that it fits successfully into the housing. If the crimp is made 
too tightly, or otherwise mis-shaped, the pin may no longer fit. 


2 
Atomic structure Physical properties Chemical properties Compounds 
Members of this group have _Allthe members are sotids, Phosphorus (P), which When reacting with three 
atoms with five electrons in except nitrogen N). The density exists in two main forms, hydrogen (H) atoms, all 
the outer shell. These atoms of elements increases down the _is reactive, but the members of the group 
can form up to three bonds group: bismuth (Bi) is 8,000 others in this group form reactive gaseous 


at the same time, times denser than nitrogen. are fairly stable, compounds called hydrides. 
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BNitrogen 


Pure nitrogen g 


Bacteria living 
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srrescr image 
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Nitrogen surrounds us all the time because 
it is the transparent gas that makes up 
nearly three-quarters of Earth’s atmosphere 
Since pure nitrogen does not react easily, 

its liquid form can be used to freeze and 
preserve items such as blood and tissue samples. 
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This clear and 


colourle 


Nitratine is one of the few minerals rich in 
nitrogen. Some useful nitrogen compounds 
can be made by industrial processes. A group 
of nitrogen compounds is used in explosives, 
including TNT and nitroglycerine. When 
ignited, they explode because the bonds 
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NITROGEN CYCLE 


‘Nitrogen is essential for life, The nitrogen cycl 
that con: 
and all living things, 


compounds whch ds 
in manwatr and fall 
to the ground 


2 Bacteria in thes 


‘and plant roatspreduce mtragen compounds mushrooms. break 
trogen compatise Wier they eat.and down dead plant and 
rom pure atogen release tin their dng, animals whick release 
intheair their nrogen cmpoundls 


acm the so 


between nitrogen atoms detach very quickly. 
Nitrogen fuels, such as nitromethane, are used 
in drag bikes, providing a lot more power than 
carbon-and-hydrogen only fuels, such as petrol. 
‘The compound hydrazine is used in thrusters on 
spacecraft, such as the Phoenix Mars Lander. 


tly recycles nitrogen between Earth's atmopshere 


‘Motoreycles use 


Textile dye 


Superstrong glues contain small 
gen compound that ink together 


Nitrogen fertilizer 


Some nitrogen compounds are put in dyes and 
glues. An industrial technique called the Haber 
process turns nitrogen and hydrogen gas into 
ammonia, a liquid commonly used to make 
nitrogen fertilizers. When mixed with soil, 
these fertilizers boost plant growth 
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D R A G R A CI N Zooming along a dead straight track, these all-powerful 
dragsters accelerate all the way to the finish line. They 


contain massive engines filled with an extra-powerful fuel called nitromethane, which is often 


shortened to “nitro”. Burning eight times faster than regular petrol used in most cars, this 
super fuel can push dragsters to speeds in excess of 480 km/h (300 mph). 
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Phosphorus was accidently discovered by substance, which he called phosphorus, 
German alchemist Hennig Brand. In 1669, meaning “giver of light". Phosphorus is 
in his quest for the mythical Philosopher's Stone _ the first element to have a discoverer 
(a material some believed could turn any metal _ with a recorded name. It is never pure in 
into gold), he boiled a large pot full of urine for nature, and occurs in different minerals, 

158 | days. This produced a mysterious glowing Phosphorus has several flammable, 


LIFE’S BUILDING BLOCKS 


DNA — short for deoxyribonucleic acid —is ike a mini 

database packed with instructions teling your body how to 

‘work property It consists of a chain of molecules and looks 

~ This light, strong like a twisted ladder called a double helix. The edges are sugar 
* ‘hina contains molecules linked together by units containing phosphorus. 


n>) calcium phosphate 
| i 
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solid forms, including red, white, black, and Phosphates are present in fine china, and 
violet. The glow seen by Brand was caused are an important ingredient in fertilizers 
by white phosphorus reacting with oxygen The strips on the sides of safety match 
Phosphorus is mainly found in phosphate boxes contain pure phosphorus, More 
minerals (in which phosphorus links to complex phosphorus compounds used 


oxygen), such as apatite, its main ore. in pesticides are poisonous 159 
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When 
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a gas. 


Rat poison 


Arsenic is often called the “king of poisons”. occurring pure arsenic has a shiny, grey colour 


Every form of arsenic — either pure or in a ‘Arsenic compounds are used in making some 
compound — is poisonous to animals. In fact, _rat poisons. The leading use of arsenic today 
arsenic poisons have been used for centuries. is for strengthening lead. This is done by mixing 


This semi-metal is found in several minerals with _ arsenic with lead to create a tough alloy that is 
striking colours, including orpiment. Naturally often used in car batteries. 
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See in strong 
sunlight. 
Antimony gets its name from the Greek the Latin word for kohl, a form of eye make-up. 
word anti-monos, meaning “not alone” ‘The mineral ore stibnite is the largest source of 
This may refer to the fact that the element is pure antimony. Its pure form is mostly used to 
never found pure in nature, but is always found make hard alloys, such as that in the metal type 
combined with heavier metals, such as lead. used by some printers. Ancient Egyptian kohl 


The element's symbol, Sb, comes from stibium, was made from powdered stibnite. 
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Figure 1.11: Crimp connector without shrink wrap, [!] 


1.6.2 DB Connectors (Solder Cup Type) 


1 
2. 


Strip off about 5inm of the wire insulation, 


‘Tin the wire. 


. Slide shrink wrap on the wire, 


Place the wire into the DB - connector solder end. 
Apply the soldering iron tip to the connector and wire. 
Apply a few millimetres of solder until the joint is adequately covered. 


Let the joint cool. 


. Slide the shrink wrap over the joint and heat the shrink wrap with 


a heat gun (or other heat source) until the wrap shrinks around the 
joint. 


1.6.3 Joining Two Wires 


1 
Ps 
3. 


Slide shrink wrap on one of the wires. 


. Tin or coat each wire with some solder. 


Join the wires in a way that provides a good mechanical connection 
(such as twisting together) and apply the soldering iron tip and some 
solder. 
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Bismuth is a radioactive element but 
its atoms are relatively stable and last 
for millions of years. People have known 
about bismuth for centuries. The Incas of 
South America added it to weapons made 
of the alloy bronze to harden them, while 


Hopper crystals refined 
ina laboratory 


ancient Egyptians used a bismuth mineral 
to make their cosmetics glittery. Pure bismuth 
forms an oxide in air that is seen as colourful 
crystals called hopper crystals. This element 
is very brittle and has few uses when not 

in a compound form. Yellow bismuth 
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This nail polish 
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Unlike most 
elements, 
bismuth’s liquid 
state is heavier 
than its solid. 


pigments are used in paints 
and cosmetics, while several 


bismuth compounds are also 
in medicines. An alloy of 
bismuth and tin is an ingredient 


in fire sprinklers. 


B moscovi um 
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research ete 


Joint Institute for Nuclear Research, Dubna, Russia 


Only about a hundred or so atoms of this heavy, 
artificial element have been made. Moscovium 
‘was first created at the Joint Institute for Nuclear 
Research in Dubna, Russia. A team of Russian 
scientists, led by Yuri Oganessian, created this element 
by smashing americium atoms with parts of calcium 
atoms, It is named after the Russian capital city of 
Moscow. This element is extremely radioactive, and 
its atoms break up within a fraction of a second. 
Scientists think that moscovium would be a dense, 


metallic solid but with such small samples, they 
can only measure how big the atoms are before 
they break up. 
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Chemical properties 
The reactivity of these 
elements decreases down 
the group. Oxygen is always 
involved in the process 
of combustion. 


Atomic structure 
All members have six 
electrons in the outer shell 
of each atom. This electron 
structure makes these 
elements highly reactive. 


Physical properties 
The members of this group are 
solids, except oxygen (0), which 
is.a gas at room temperature, 
The density of the elements 
‘increases down the group. 


Compounds 
These elements can form 
compounds with each other. 
They all react with carbon (C) 
‘to form compounds, some 
with strong smells. 
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Oxygen 
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WHAT IS COMBUSTION? 


Each water 
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Water 


Oxygen is the most common element in 
Earth’s crust. Oxygen and its compounds make 
up half of all rocks and minerals on our planet. 
In the atmosphere, pure oxygen makes up 
around one-fifth of the air This element is a 
transparent gas. Life on Earth depends on 


n to take place. 


oxygen for survival. Animals breathe in air to 
collect the oxygen in it. Our bodies’ cells then use 
that oxygen to break apart sugars to release 
energy, which powers our bodies. Another 
process that involves oxygen is the burning 
reaction called combustion, in which oxygen 


Uses 


The piston then gu 


Oxygen is 
colourless 
as a gas, but looks 


pale blue 


Medical 
oxygen cylinder 


Mountaineer with oxygen supply 


reacts with a fuel and produces fire. Oxygen is 
also used up when it reacts with other elements 
to form compounds called oxides. However, it is 
replenished by plants through a process called 
photosynthesis, which releases fresh oxygen 
Car engines are powered by the combustion 
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The oxygen 
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of petrol or other fuels. Oxygen is also useful 
in the making of steel. Tanks of oxygen let 
mountaineers breathe easily in environments 
that have low levels of this gas. Rockets, such 
as the Atlas V, carry liquid oxygen to burn fuel 
in the absence of air in space. 
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Known since ancient times, sulfur is one of a blood-red liquid. In some religions, brimstone 
the few non-metals that can be found pure __is thought to be the fuel that burns in the 

in nature. This yellow, crystalline element is underworld, Pure sulfur is extracted from 
found in large amounts near volcanic craters. underground deposits using hot water. The hot 
Another name for sulfur is “brimstone”, which liquid sulfur is then pumped to the surface 
168 | refers to the way its crystals burn, melting into This element is a common ingredient in many 
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ACID RAIN 
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Sulfur dioxide gas produced by burning fuel 
dissolves in rain water, making a sulfur acid, 
This falls to the ground as acid rain, 


2 Thevwind 


‘elude ard forms 


4 Burning cal 


‘a sufr acid 


6, Italo mates 5, Acid rain changes 
rivers and lakes acidic soil chemistry 
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minerals, such as celestine. Many sulfur flower There are many uses for this non-metal. 
compounds smell bad. For example, the rotten- Its compounds can harden natural rubber for 

egg smell of volcanic pools is due to hydrogen _use in tyres, preserve dried fruits, and make 

sulfide gas. Other examples include skunk strong battery acids. The element has anti- 

spray, the gaseous substance emitted by chopped _ bacterial properties and is used in antibiotic 

onions, and the odour of the titan arum medicine, such as penicillin. 169 
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crust of pure sulfur. The sunken region between Ethiopia and Eritrea in East Africa is a wild 


volcanic area, packed with erupting craters, arid deserts, boiling mud, and pools with unusual 
colours caused by the presence of sulfur and many mineral salts 
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Soldering Guidelines (Solder0) Revision 0.1 
1.7 Testing Connections see 


Figure 1.12: DB Connector with shrink wrap, [7] 
4. Let the joint cool. 
5. Slide shrink wrap over the joint and heat the shrink wrap with a 


heating gun or a heat source until it the the wrap shrinks around the 
joint. 


Figure 1.13: Two wire joint insulated by shrink wrap, |] 


1.7. Testing Connections 
After completely soldering a component to a PCB, it is good practice to 


ensure connectivity between the component wire leads and the PCB pads 
they are soldered to. A DMM (Digital Multi-Meter) is sufficient to deter 
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Selenium is named after Selene, the Greek 
goddess of the Moon. This element is a 
semi-metal and so has the properties of both 
metals and non-metals. Selenium has two main 
pure forms: grey selenium, which is a hard 
substance, and red selenium, which is a soft 
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Photocopier 


Many office 
photocopiers 


powder The most common use of selenium 
is as an ingredient that provides colour in 
glass and ceramics. Selenium is sensitive 
to light, so it is used in solar cells that convert 
sunlight into electricity. It is also utilized in 
photocopy machines 
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Tellurium is one of the 10 rarest elements 
on this planet. It gets its name from the Latin 
word tellus, which means Earth. This element is 
often found as a compound with another element, 
such as the metal nickel, as in the case of the ore 
melonite. Tellurium is also produced as a waste 
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Tellurium 
protects 
bronze from. 
corroding 
easily in air, 


Red-tinted glass bottle 


The solar panels cr 
Topaz solar farm, 
California, USA 


product when lead and copper are refined. Pure 
tellurium can take on two forms: a shiny, metallic 
solid or a brown powder. This element is mainly 
used in the glass of fibre optics, which carry 
high volumes of information much faster than 
copper cables. 
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Polonium is very radioactive: 1g (0.03 0z) —_andiis normally produced in nuclear reactors 
of this metal quickly heats up to 500°C Despite its radioactivity, this element is used 
(932°F) because of the radiation it emits ina few ways. It can trigger the explosion of 


This element was discovered by Marie and atom bombs. It heats and powers spacecraft, 
Pierre Curie in 1898. Marie named it after such as the Russian Lunokhod rovers, which 


Poland, her homeland. It is rare in nature, landed on the Moon in the 1970s. 
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Livermorium 
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laboratory. 


Joint Institute of Nuclear Research, Dubna, Russia 


When livermorium atoms were first 
produced in 2000, they broke apart in 
a fraction of a second, The first successful 
attempt to create atoms of this element was 
made at the Joint Institute of Nuclear 
Research at Dubna, Russia. The team worked 


Lawrence Livermore National Laboratory, California, USA 


with material provided by the Lawrence 
Livermore National Laboratory in California, 
USA. This highly radioactive element was 
produced by firing calcium atoms at curium 
atoms in a particle accelerator (a machine 

in which atoms are smashed together) 
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One of the most reactive groups in the periodic table, this set includes 
non-metals. The name “halogen” means “salt former”, which refers 


to the way that elements in this group react with metals to form salts, 
such as sodium chloride, widely known as common salt. Scientists 
don’t know much about tennessine (Ts), an artificial halogen. 


Atomic structure 
All members have seven 
electrons in the outer shell 
of each atom. There is space 
for one more electron in 
each outer shell, 


Physical properties 
Bromine (Br) is the only 
halogen that is liquid. 
Fluorine (F) and chlorine 
(Cl) are gases, while iodine 


and astatine (At) are solids. 


Chemical properties 
Every halogen atom 
receives one electron from 
other atoms to form 
a compound. Reactivity 
decreases down the group. 


Compounds 
The halogens react with 
hydrogen (Hi) to form acidic 
compounds. Halogen 
compounds are used in 
products such as bleach. 


Laboratory sample 


The Halogen Group 
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This highly reactive element is incredibly __is often stored in nickel containers that can resist 
dangerous when pure: just a tiny amount _its attack. Minerals such as eryolite and fluorite 
added to the air can kill a person. A pale contain this element. This gas and its less 

yellow gas, fluorine reacts with brick, glass, harmful compounds have a wide variety of uses. 
and steel, burning a hole straight through Hydrofluoric acid is a toxic liquid used to etch 


17@ | them. Because it is so dangerous, pure fluorine _patterns on glass, as seen in some glass vases 
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In the early 1800s, 
chemists in Europe 
realized that minerals 
such as fluorite 
contained an unknown 
| element, However, it 
took another 70 years, 
> i belore the French 
. chemist Henti Moissan 
extracted pure fluorine 
following a series of 
dangerous experiments 
that even poisoned. 
him several times 
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Some glazes used to coat ceramics contain slippery and prevents food that has burned while 
fluorine minerals. When heated, these glazes cooking from sticking to the pan. Thin fibres 
release fluorine, which hardens the ceramic made of PTFE are also used to make lightweight, 
underneath. Another compound called waterproof clothing. One of the most common 
polytetrafluoroethylene (PTFE) is commonly _uses of fluorine compounds is in toothpaste 


used to make non-stick pans: this material is. they toughen teeth against decay. 179 
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Chlorine is named after the Greek word chloride, found in nature as the mineral halite 
chloros, which means “pale green”, a reference Chlorine compounds are important for the body 

to the colour of this gaseous element. Chlorine and are used by muscles and nerves. They are also 
is a highly reactive gas that forms a number of present in sweat. As it is poisonous in its pure form, 
compounds, and does not exist pure in nature. chlorine gas was used as a weapon during World 


180 | The most common chlorine compound is sodium —_ War I: soldiers had to wear masks for protection 


‘The soles of some 
running shoes 
contain chlorine 
compounds 


Sodium chloride i= 
sed to season meals 


This chlorine-rich 
Breathing in 

this chlorine. 

infused liquid 

‘makes people 

{fall unconscou 


E 
s 
3 
a 
é 


‘The chlorine levels in thie pool 
eed tobe regulated carefully to 
rina the quay of wat 


Swimming pool 


va“ “Gen 


& OS 


RIE 
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CHLORINATION 


The process of cleaning dirty water with 
chlorine is called chlorination, This method 
involves passing the water through a filter. 
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against this weapon. Today, chlorine is used in 
many ways. Its compounds are present in 
everything from running shoes to choloroform. 
Itreacts with hydrogen to make hydrochloric acid, 
an industrial cleaner. This corrosive liquid eats away 
at most metals, releasing hydrogen gas. A weaker 


chlorine acid is used to clean water in swimming 
pools, while bleach and other cleaners use 
chlorine compounds to kill germs. One of the 
most widely used plastics, polyvinyl chloride 
(PVC), contains chlorine. It is a tough plastic, 


used to make many rigid objects. 181 
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mine connectivity; many DMMs include an audible connectivity setting, but 


failing this, measure the joint r 


1.8 Milled Board Soldering 


Inlab manufacture of PCBs uses a technique known as “milling”. The 
milling technique involves cutting out the PCB tracks and pads from the 
copper-clad board, 

Due to its construction, a milled PCB is susceptible to solder-bridging 
across the milled grooves, particularly when an excess of solder is used. 
Finding a short caused by a bridge is a difficult task, particularly when 
many solder joints exist. To this end, make a limited number of solder 
connections and then test for bridges using a multimeter. 


1.9 Post-Soldering Cleanup 
1.9.1 PCB Cleanup 


The flux left behind by rosin-core solders, or perhaps as part of the clean 
ing process, needs to be removed from the PCB. Due to the flux’s sticky 
nature, dirt gathers and contributes The most 
frustrating part of this situation is that a short does not necessarily occur 
immediately. Weeks, or even years later, a short can develop. 

To remove flux, alcohol is used. Apply the alcohol liberally and then 
brush away with an acid brush, starting at the center of the PCB and 
working out toward the edges. ‘This is a time-consuming task, but a clean 
board is well-worth the effort. 


1.9.2 Work Area Cleanup 


The importance of keeping your work area clean cannot be emphasized 
enough. When clear of obstructions and garbage, handling a hot solder- 
ing iron is safer, The soldering process itself involves chemicals and sub- 
stances which are known to have ilkeffects in humans. Wiping-down the 
work-area surfaces with a moist paper towel will help reduce some contam- 
ination. When you are done soldering, wash your hands with soap and 
water to get rid of contamination. The primary concern here is accidental 
ingestion of the chemicals. For more information, please refer to the Safe 
Operating Procedures, posted in the lab’s soldering area, 


OCE AN CLE AN U Chlori common ingredient in cleaning products 
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om 
bathroom tiles to ocean floors, These divers are trying to remove harmful seaweed in the Mediterranean 
Sea using the power of chlorine. This green weed grows quickly and can potentially kill other sea plants 
by depriving them of their essential nutrients. Some fish are also poisoned if they eat this toxic weed 
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Bromine is the only non-metal that is 
a liquid at room temperature. A thick 
vapour given off by this liquid is dangerous 
if breathed in, Pure bromine is never found 
in nature. Its compounds can easily mix in 
water, and are found dissolved in seawater 
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is named after 
the Greek word for 
“stench” 
because of its 
strong smell. 


and extremely salty lakes, such as the Dead 
Sea in the Middle East. Solid bromine salts, 
including potassium bromide, collect as 
the water evaporates away, leaving behind 
crusts of white crystals. Bromine can then 
be extracted from the solid salts. A common 


i 


This bromine salt 


This fire 
extinguisher wes 


dnoap uaBoley ay, 


Bromine chemical test kit 


Bo30uld 


The colours on 
this tes it show 


aanedou ude! 


| 


7 
-| 


‘was used as a 
weapon 
in World War I. yy 


ANTOINE-JEROME BALARD 


In 1826, French chemist 
Antoine-Jéréme Balard 
discovered bromine, He 
heated seawater from 
salt marshes, and alter 
‘most of the water had 
evaporated, he passed 
chlorine gas through what 
was left. The remaining 
liquid turned orange-red: 
this was bromine 
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use of this element is as a disinfectant to clean can be used in film photography in which 
water. It works better than chlorine in hot tubs —_images are printed using chemicals on 


as chlorine escapes into the air easily from negatives. Today, bromine is mainly used 
the warm water The concentration of bromine _ in fireproof material, such as firefighter 
in swimming pools can be regulated using suits or furnishings, because it doesn't 


chemical test kits. Bromine compounds catch fire easily. 185 
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Iodine is the only halogen that is solid at Seafood, including crabs and fish, provide the 
room temperature. The element forms a purple element in our diet. The human body needs 

gas when heated, and is named after the Greek small amounts of iodine to make an important 
word iodes, which means “violet”. Iodine was first substance called thyroxine, which helps us grow. 
discovered in seaweed, and many plants and Iodine is also used to make printing ink, red 


186 | animals in the sea have high levels of iodine. and brown food dyes, and disinfectants. 
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Atoms of astatine are unstable, f sie this mineral. 
and typically break down after : 
just a few hours, into atoms 
of lighter elements, such as 
bismuth. This radioactive 
element itself forms in a similar 
way when atoms of a heavier 
element called francium break 
apart. Tiny amounts of this rare 
element are found in uranium 
ores, such as uraninite. The 
Italian physicist Emilio Segré was 
one of the first scientists to isolate 
a sample of pure astatine. He was 
able to do so by using a particle 
accelerator: this is a machine that 
smashes together atoms and then 
studies the results 
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Tennessine is the youngest element in the 
periodic table. It was produced in 2011, in the 
Russian city of Dubna. The element was named 
after the US state of Tennessee, home to the Oak 
Ridge National Laboratory, which houses one 
of the first, large-scale nuclear reactors ever built. 
Only a few atoms of this halogen element have 
ever been made. Even so, scientists have predicted 
it to be a semi-metal, not a non-metal like all the 
other halogens. 187 
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Atomic structure Physical properties Chemical properties Compounds 
Apart from a hetium(He) All the members of this group Noble gases never react in These gases form no natural 
atom that has two electrons are colourless gases.Going nature. In the laboratory, compounds. However, xenon 
inits outer shell, all other down the group, the density heavier noble gases (Ke), krypton (Kr), and argon 
elements in this group have increases~radon (Rn) is54 _can be forced to form (Ar) can be made to 
atoms with eight electrons, times denser than helium. compounds with fluorine (), form compounds. 


Noble Gases 


190 


helium i 


Helium ie a 
transparent gas. 


Natural gas 


Helium is the second lightest element 
after hydrogen. This transparent gas was first 
discovered in 1868 by Sir William Ramsay, a 
Scottish chemist. Today, we know that a quarter 
of all the atoms in the Universe are helium. It 

is one of the main gases in the atmospheres of 


Large Hadron Collider, 
CERN, Switzerland 
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giant gas planets, such as Saturn. Being so 
light, however, helium is very rare on Earth: it 
escapes from our atmosphere into space. It was 
not until 1895 that chemists managed to collect 
a sample of helium gas coming from uraninite, a 
radioactive uranium mineral. Today, helium is 
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collected from underground reservoirs or is 
found mixed in natural gas and oil. Unlike 
hydrogen, which is very reactive, helium is 

a noble gas and does not react at all. This 
property makes it safe to use in objects such 

as party balloons and airships. To turn helium 
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the Moon passes directly in front of the 
Sun), helium was discovered in the cloud of 
gas Seen around the Sun, The yellow colour 
of this cloud showed it contained an 
unknown gas, which was named after 

Helios, the Greek god of the Sun, 
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into a liquid, it must be cooled to an extreme 
temperature of -269°C (-452°F). Liquid helium 

is used to make things very cold, including the 

powerful magnets used to make maglev trains 

float along special tracks. MRI scanners also 

use liquid helium for cooling 191 


Chapter 2 


Desoldering Technique 


Desoldering may be required for several reasons: 
a component may have failed 
¢ a wrong part was installed; 
¢ a design modification necessitates a change; or 
© if'a board contains expensive components that can be salvaged. 


Whatever the reason, there are three common techniques to remove sol- 
der from a joint: using a desoldering pump, a desoldering wiek, or desolder- 
ing iron. 

Regardless of the method used, if it is permissible to destroy the part 
during removal, then a lot of time and effort can be saved. For instance, 
using wire cutters to trim off all the pins of a through-hole IC so they can 
be removed individually makes the removal process much easier. In most 
s, avoiding damage to the PCB is of paramount importance. 


2.1 Solder Pump/Sucker 


A desoldering pump is exactly what it sounds like: a pump that sucks up sol- 
der. Usually the pump is spring-loaded and provides a recoil when released. 
The four steps below outline how to desolder a joint using a desoldering 
pump. 


1, Prime the desoldering pump. This involves depressing the desoldering 
pump spring. The pump will click when correetly depressed. 
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N E B U L This glowing nebula (cloud of gas and dust) is the Crescent Nebula 
Itis 


vast that our entire Solar System would fit inside it seven 


times over. The nebula’s light comes from a super-heated star at its centre. Known as WR 136, 


this star is 15 times heavier than our Sun and 250,000 times brighter. Its immense power 
comes from its fuel — helium. 
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Neon is a rare element: it makes up just 
0.001 per cent of our atmosphere. Some 

of it was locked in Earth's rocks when the 

planet formed, and this is released into the air 

by volcanic eruptions. Pure neon, a transparent 
gas, is extracted by cooling air to a temperature 
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of ~189.34°C (-308.81°F), at which point the 


neon gas in the air turns to liquid. Neon can be 
mixed with helium to create research lasers. 
However, it is most commonly used in lighting 
such as in illuminated signs or as bright warning 
beacons in the path of aircraft at airports. 
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Argon is the third most abundant gas in the _ and in diving suits during cold, deep dives 


atmosphere, after nitrogen and oxygen. It __ Its lack of reactivity is useful. Argon is used in 
undergoes no reactions with any other element, museum displays to protect delicate exhibits. 
and was named after the Greek word argos, Italso stops metals reacting during hot welding 
meaning “idle”. Argon does not conduct heat This element can also be useful in the production 


well so it is put in double-glazed windows of titanium, 195 
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The word krypton means the “hidden one” a very bright white light when electrified 
in Greek. This element exists as an inert gas__with a current, which makes it ideal for 

in nature, which means that it does not react__use in flash bulbs. Krypton can react with 
with almost any other element. Krypton is not the element fluorine to form the compound 
found in any minerals and only tiny amounts of krypton fluoride, which is used to power 

it can be found in the air Pure krypton produces some kinds of laser. 


Modern film projector lamp 


Xenon is so rare that there is only one atom 
of this gaseous element for every 10 million 
atoms in the air. Like the other noble gases, 
xenon is colourless and odourless. It glows brightly 
when electrified, making it useful in very powerful 
lamps, such as those used in film projectors and 
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car headlights. The gas is harmless when 
breathed in and can be used as an anaesthetic 
When preparing food, xenon lamps can purify 
the air To propel spacecraft, xenon is used in 
some rocket engines that produce streams 

of fast-moving, electrified atoms. 
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Radon is the only natural 


radioactive noble gas. This element \ \te split into atoms of 
is produced by the breakdown of other elements. 


uranium and other radioactive metals. 
Being a gas, radon escapes from minerals, 

such as uraninite, into the air. Radon is very 
radioactive and breathing it in can cause illness, 
such as lung cancer. In most places, the amount 
of radon in the air is incredibly tiny. However, its 
levels are high around voleanic springs and 
mud, where it bubbles out with other hot gases. 
Radon is also present in the water at geothermal 
power plants, which use heat energy from deep, 
volcanic rocks to make electricity. Radon is also 
more common in areas rich in granite rock. In 
these places, people use test kits to monitor their 
homes’ radon levels. 
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The heaviest element yet made is oganesson. Scientists 
think it would be solid at room temperature, but it may really 
be an unreactive, noble gas. However, only a few atoms 

have been created so far, so its properties are not well 
understood. Oganesson was first produced by a team of 
Russian and American scientists who smashed californium 
and calcium atoms together at the Joint Institute for 
Nuclear Research in Dubna, Russia, The element was 
named after Yuri Oganessian, the leader of the team. 
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Glossary 


Acid 
‘A.compound that contains 
hydrogen, and releases, 
ions of hydrogen when 
itis dissolved in water 
‘These ions make acids 
very reactive. 


Actinide 
Amember of a group of 
radioactive metals with 
relatively large atoms. 


Alchemist 
Feople who experimented 
with chemicals before the 
science of chemistry began, 
Alchemists thought they could 
turn ordinary metals into gold 


Alkali 
‘Acompound that takes 
hydrogen ions from water 
molecules when itis 
dissolved in water Alkalis 
react with acids, 


Alkali metal 
A group of metals that 
make alkalis when they 
react with water 


Alkaline earth metal 
A group of metals that are 
found in nature, mainly in 
alkaline minerals, 
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Glossary 


Alloy 

Armaterial made by mixing 
‘a metal with tiny amounts of 
other metals or non-metals, 
Steel is a common allay used 
in buildings and railways, 


Artificial 
Something that does not 
exist in nature. Several 
elements, including all that 
are heavier than uranium, are 
artificially produced by 
scientists in laboratories, 


Atmosphere 
‘The mixture of gases that 
surrounds a planet or moan. 
Earth’s atmosphere is a 
mixture of nitrogen, oxygen, 
and argon, with tiny amounts 
of several other gases. 


Atom 
‘The smallest unit of an 
element. Atoms are composed 
of protons, neutrons, and 
electrons. The atoms of a 
particular element all have 

the same number of protons, 


Atomic number 
‘The number of protons 
inan atom of an element. 
Every element has a unique, 
unchanging atomic number 


Battery 
Adevice containing 
chemicals that react to 
produce an electric current. 
‘There are two main kinds 
of battery: rechargeable 
and non-rechargeable, 


Boiling point 
‘The temperature at which 
a liquid gets hot enough 
to change into a gas. 


Bond 
‘The attraction between atoms 
that holds them together in an 
element or a compound, 


Brittle 
Away of describing a hard 
solid that shatters easily, 


Carbonate 
‘A.compound that contains 
carbon and axygen atoms, as 
‘well as atoms of other elements. 
‘Many minerals are carbonates, 


Catalyst 
‘A substance that speeds up 
a chemical reaction, 


Chemist 
scientist who studies the 
elements, their compounds, 
and chemical reactions, 


‘These vanadinite 
erystals contain 
the element 


Chemistry 
‘The scientific study of the 
properties and reactions of 
the elements. 


Chemical 
Another word for a substance, 
generally meaning a compound 
‘made from several elements, 


‘Combustion 
A chemical reaction, involving 
‘oxygen, in which a fuel burns 
to produce heat and light in 
the form of flames, 


Flames are the result 
of combustion. 


Compound 
‘Assubstance made of the atoms 
of one or more elements that 
are bonded together in a 
particular combination, 


Conductor 
A substance that lets heat or 
electricity flow easily through it 


Contract 
‘To make or become smaller 
Solids, liquids, and gases, 
usually contract when the 
temperature goes down, 


Corrosion 
Acchemical reaction that, 
attacks a metal, or other 
solid object, usually due to the 
presence of axygen and water. 


Crystal 
Anaturaly occurring solid 
substance whose atoms are 
arranged in a regular three 
dimensions pattern. 


Decay 
A process in which 
unstable atoms of 
radioactive elements break 
apart. The atoms of one 
element are transformed 
into those of another 
element during decay. 


Density 
‘The amount of matter 
held within a known 
volume of a material, 


Dissolve 
To become completely 
mixed into another substance, 
In most cases, a solid, such 
as salt, dissolves in a liquid, 
such as water 


Earthenware 
Abasic form of 
pottery, in which clay 
is heated to make it 
form hard structures, 


Electrolysis, 
A process in which a 
compound is split into simpler 
substances using an electric 
current. Many elements, such 
as aluminium, are purified 
from their compounds in 

‘ores in this way. 


Electrode 
An electrical contact in an 
electric circuit. Electrodes 
can have a positive or 
negative charge 


Electron 
‘A negatively charged particle 
inside an atom Electrons 
orbit the atom's nucleus (or 
core) in layers called shells, 
‘They are also exchanged 

or shared by atoms to 

make bonds that hold 
molecules together 


Element 
‘A pure substance that cannot 
be broken down into any 
simpler substances, Elements 
are the building blocks of 
matter There are 118 known 
elements on Earth, 


This element 
alum is in 
crystal form, 


Expand 
‘To make or become bigger 
Solids, liquids, and gases, 
usually expand when the 
temperature rises. 


Fission 
A process in which the 
nucleus of an unstable atom 
splits in two when it collides 
with a neutron. It releases 
‘more neutrons that start the 
cycle again, and this continues 
asa chain reaction, Many 
unstable nuclei undergo fission 
spontaneously, without being 
hit by a neutron, Fission 
releases a lot of energy. The 
process is used to generate 
electricity in nuclear power 
plants, and it can trigger 
atom bomb explosions 


Flammable 
Away of describing a material 
that can catch fire easily. 


Fusion 
A process in which small 
atoms, such as those of 
hydrogen, are fused together 
with such force that they 
merge to form larger 
atoms, while releasing 

allot of energy. The Sun 

is powered by the fusion 

of hydrogen atoms into 
helium in its central core. 


Gas 
Astate in which the particles 
of matter (atoms or molecules) 
are not attached to each other, 
and move freely. A gas can 
flow, take any shape, and fll 
any container 


Group 
Asset of elements in a 
column in the periodic table 
Elements in a group have 
similar properties because 
each atom has the same 
number of electrons in its 
outer shell. 


Halogen 
‘A member of a group near 
the far right of the periodic 
table, Halogens form salts 
‘with metals, They are reactive, 
non-metallic elements. 


Hardness 
Ameasure of how 
easy itis to scratch or 
cut a substance with 
another substance, 


Hydroxide 
A type of compound 
containing hydrogen and 
oxygen, and normally 

a metallic element. 


‘This is a chunk 
of ytterbium, 
a lanthanide. 


Ton 
Anatom or a group of atoms 
that have an electric charge 
While atoms haye no overall 
charge. they become positive 
ions if they lose electrons 

cor negative ions if they 

gain electrons, 


Insulator 
‘Assubstance that does not let 
heat or electricity flow easily 
through it 


Isotope 
‘A form of an element with 
atoms that have the same 
umber of protons but a 
different number of neutrons 


Lanthanide 
Amember of a set of metals 
‘with relatively large atoms, The 
elements in this series sit with 
the actinides, below the main 
part of the periodic table. 
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Soldering Guidelines (Solder0) Revision 0.1 
2.2 Desoldering Braid/Wick 14 


2. Heat the joint from one side with the soldering iron tip. Wait 1-2 


seconds until the solder begins to melt from the soldering iron heat. 


3. Put the pump tip on the other side of the joint. Don’t be afraid to 
actually touch the joint, 


Figure 2.1: Desoldering with a Solder Pump, [5] 


4, Press the desoldering pump spring-release button to suck up the solder 


This procedure should be repeated if the joint has a significant amount. 
of solder. If done correctly the joint should eventually look as shown in 


Fig. 2.2 shown below. 


Figure 2.2: Clean Joint from Desoldering with a Solder Pump, [5] 


2.2 Desoldering Braid/Wick 


A desoldering braid removes solder from a joint using a technique known 
as “wicking”. Desolder braid is a piece of material that sponges up molten 
solder by capillary action that draws solder away from the joint the braid. 
The following procedure outlines the basic steps involved in desoldering a 
joint using desoldering braid. 


B | taser ‘Magnetic are seawater, milk, and mud. | Nucleus 
& | Abeam of light witha single | Relating to a magnet. ‘The contents of @ mixture | An atoms core, which 
B | wavelength, in which the can be separated by a physical | contains its protons and 
© | waves are all perfectly instep | Magnetic field process, such as filtration. neutrons, Nearly all the 
Lasers are used in electronics | The force field around ‘mass of an atomis packed 
and surgery, ‘a magnet Molecule into its nucleus. 
single particle of a compound. 
‘Melting point Its two or more atoms are Ore 
‘The temperature at which a | bonded together Arock or mineral from 
solid gets hot enough to turn Which a useful element such 
¢ > into a liquid Neutron asa metal can be purified 
\ ‘Anneutral particle in the and isolated 
Metal nucleus of an atom. A 
Atype of element that is likely | neutronis about the same | Oxide 
\ toreact by giving away the — | sizeas a proton butitdoes | A compound in which exygen 
‘outermost electrons in its not have an electric charge. | is bound to one or more 
toms. Most elements are other elements, 
‘metals, and they tend tobe —_| ‘Noble gases 
hard, shiny solids, Mercury | A group of elements that are | Particle 
is the only metal that is iquid | unreactive and generally form | A basic unit of which 
at room temperature. xno compounds with the other | substances are made. 
elements. This is because the | Sub-atomic particles are 
Mineral outermost shells in their atoms | units of which atoms are 
A naturally occurring solid | are filled with electrons. This | made including protons, 
LED compound —ormixture of | group sits on the extreme right | neutrons, electrons, and 
Short for lightemitting compounds made up of the periodic table. ‘many other smaller ones 
diode. An LED isa device _ of different elements. Every 
that produces light when ‘mineral has particular Non-metal Particle accelerator 
an electric current passes characteristics, such as crystal | A type of element that is ‘Amachine in which atoms or 
through it, The colour shape and hardness, Minerals | likely to react by acquiring | sub-atomic particles are made 
of its light depends on are mixed together to make | electrons in the outermost | to collide at high speeds, These 
the compounds used in it. the rocks in Earth’s crust, shell ofits atoms. Non-metals | collisions are then studied by 
are usually crystalline scientists, Particle accelerators 
Liquid Mixture solids, such as sulfur or are used to produce artificial 
Astate in which the particles | A collection of substances | gases, such as oxygen elements as well as study 
of matter atoms or molecules) | that fil the same space but are | Bromine is the only particles smaller than atoms, 
are only loosely attached to | not connected by chemical | non-metal that i liquid Accyclotron isa type of 
each other, and move freely | bonds, Examples of mixtures | at room temperature particle accelerator 
A liquid can flow and take any 
shape, but has a fixed volume, 
‘These petal-like shapes may form 
res ‘when desert sand mixes with barite, 
‘The amount of matter in atone of Beniity 
a substance 
Matter 
‘The material that makes 
up everything around us, 
Maglev 
Short for magnetic levitation. 
‘This refers to some kinds 
of high-speed train that use 
‘magnets to propel themselves 
while hovering over a track 
Magnet 
‘Assolid object that produces 
a magnetic field, which 
attracts certain materials 
toitand can attract or 
202 | repel other magnets. 


Period 
Asset of elements in a row in 
the periodic table, Each atom 
of the elements in the first 
period have one electron shell 
‘Atoms in the second period 
have two electron shells. 


Periodic table 
A table that identifies and 
lassifies all known elements, 


Photograph negative 
Afilm or plate that has been 
exposed to light to show an 
image with reversed colours. 


Photosynthesis 
Accomplicated set of chemical 
reactions by which plants make 
their food. They use the energy 
of sunlight to convert water 
and carbon diaxide into sugar 
and oxygen 


Pollution 
‘Harmful substances that are 
released into the environment. 
Pollution can be chemical —a 
2, liquid, or solid added to 
the ait, water, or soil 


Pressure 
Ameasure of how hard a force 
pushes on a surface. Pressure 
depends upon the strength 

of the force and the area of 
the surface. 


Proton 
A positively charged particle 
in the nucleus of an ator, 
Protons attract electrons, and 
they circle the nucleus, 


Radar 
Assystem that detects the 
positions and speed of distant 
objects, such as aircraft. 


Radiation 
Energy released by atoms 
as light, infrared, ultraviolet 
(UV), and X-rays, The term 
“radiation” is also used to 
describe the rays given out 
by radioactive substances. 


Radioactive 
Deseribes a substance that 
contains unstable atoms, in 
‘which the nucleus breaks apart, 


or decays, When 2 nucleus 
decays, it releases at least one 
particle and its atomic number 
changes, so thatthe ator. 
becomes a different element. 


Reaction 
A.chemical process in 
‘which atoms or molecules 
form bonds with each other 
to form a new compound ~ 
or rearrange, to produce 
different compounds. 


Renewable energy 
A source of energy that will 
not run out, for example, wind. 


Rust 
‘The common name for 
the compounds that form 
when iron reacts with 
‘oxygen and water 


Salt 
A compound that forms 
when an acid reacts with 

an alkali. Sodium chloride 

is the most familiar example 
of a salt. 


Semi-metal 
Anelement that has properties 
of both metals and non-metals. 


‘Smelting 
A chemical process that 

involves great heat in which a 
‘metal is extracted from its ore 


Solid 
Astate in which the particles 
of matter (atoms or molecules) 
are bound to each other, so 
they remain in fixed positions. 
Assolid has a fixed shape 

and volume, 


Stainless steel 
Analloy of iron and carbon 
that also contains other metals, 
such as chromium, which stop 
the iron from rusting and 
increase its toughness, 


Superconductor 
‘A substance through which 
an electric current flows 
‘with no resistance: most 
substances resist the flow 
of electricity, and produce 
heat when current flows, 


Synthetic 
Another word for artificial, 
(Out of the 118 known 
elements on Earth, more than 
25 are synthetically made, 


Toughness 
A quality of a solid that 
shows how difficult itis to 
break. Steel is very tough ~ 
it may bend or twist, but is 
‘much harder to break. 


Transition metal 
Amember of the set of 
‘metals that sit in the middle 
of the periadic table. Mast 
metals belong to this set. 


Toxic 
Another word for poisonous 
or harmful 


‘Transparent 
Another word for see-through 
Glass, water, and air are 
transparent to light, Many 
‘materials are transparent 

to other forms of radiation. 


Vacuum 
An empty space that 
does not contain air 
or any other substance. 


Vapour 
‘gas that can easily be 
changed back toa liquid, 
by cooling itor putting it 
under pressure. 


Verdigris 
‘The green-grey layer that 
forms on copper when it 

comes in contact with air. 


The Statue of 
Liberty is covered 
with a layer 
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1, Place the desoldering braid over the joint. 


Press the desoldering braid onto the joint with the soldering iron tip. 
This will apply heat to the desoldering braid and the joint allowing 
the molten solder to flow. 


3. Wait for the solder to melt. The solder should flow onto the braid and 
away from the joint 


Figure 2.3: Desoldering with a Solder Wiek, [8] 


4, Cut off the solder coated portion of the desoldering braid. There 
should be no copper visible in the portion that is removed: 
braid is very expensive. 


2.3 Desoldering Iron 


Using a desoldering iron, available with higher-end soldering stations, is sim- 
ilar to using a solder sucker. The desoldering iron is essentially a soldering 
iron with a built-in vacuum, 


1, Make contact between the iron and the joint to be desoldered, ensuring 
the vacuum opening is not blocked. 


s the button 


Once the solder on the joint has become molten, depr 
on the iron to activate the vacuum, 


It is very important for the life of the desoldering iron that the vacuum 
assembly be cleaned after every session of use, Please ask the lab personnel 
for a description of the cleaning procedure. 

As with a normal soldering iron, the desoldering iron tip should be tinned 
before and after every use. 


PLEASE NOTE 
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{including fault in design, of any project, design, modification ot 
program to work correctly or to cause damage to any other equipment 
‘that it may be connected to or used in conjunction with, or in respect 
of any other damage or injury that may be so caused, nor do the 
Publishers accept responsibility in any way for the failure to obtain 
specified components. 
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SECTION I 
“NO SOLDERING” PROJECTS 


With these, connections are generally made with small ter- 
‘minals, or nuts and bolts. By this means components are 
» connected together, and fixed to an insulated board or panel. 


A project can be built using one size of bolt and nut through- 
“ out, but it will be found convenient to have two or three 
sizes. Small nuts and bolts can then be'used for connections. 
| between components, while larger bolts with extra nuts, or 
{ terminals, can be used to connect extemal items, such as 

| headphones. 


[For one size throughout, 6ba screws or bolts will be satis-= 

Hactory, about # inch long. Only a few are needed for each 

“project, but they are quite inexpensive in 50 or 100-packs, 
sme extra nuts will prove useful, and also a quantity af 

‘washers. Ifthe insulated board of panel isnot too thie 

‘inch bolts with an extra nut each will do.as te 

' connecting extemal items, 


£ dba bolt is larger than 6ba, and a few of these, % inch ot 

{more long, also with washers and nuts, can be used for 
terminals, if preferred. It is also possible to obtain terminal 

Theads, so that bolts with nuts can be used as terminals, 


‘The 8ba size is smaller than Gba. These can be of advantage 
‘ina project where size is to be kept down, or for positions 
‘where several leads come close together (as at a transistor). 
Bolts, nuts and washers (Sba throughout) can be obtained 

together. 


Naturally all sorts of nuts and bolts, to hand or obtained from 
‘constructional toys or old electronic equipment, can be used. 
Results are not going to depend on the sizes used, which are 
‘more a matter of convenience and appearance 


J 
t 


‘There is also considerable latitude in the insulated panels or 
boards used to carry the components. Some projects need 
‘only a few holes in a small board, Here, itis convenient to use 
1/16 inch thick or similar paxolin sheet, cutting a piece of 
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the wanted size and drilling holes for the bolts or terminals. 

A small hand drill is satisfactory for this purpose. The drills 
used can be 3/32 inch for 8ba bolts, 1/8 inch for 6ba, and 
5/32 inch for 4ba, or any similar sizes giving clearance. 


Where drilling is inconvenient, a ready-perforated board must 
be used. For projects where size is not important, perforated 
1/8 inch thick hardboard is suitable — holes are generally at 
1 inch intervals, but this is not important. For this type of 
board, the size of the holes will generally mean that 4ba nuts 
and bolts will be beeded 


Plain perforated board (that is, without any conductor foil) 
can be obtained with holes at 0.1 inch or 0.15 inch spacing 
but these holes are too small and too close together. However, 
such boards can be used instead of plain unperforated paxolin 
sheet by drilling the holes larger in just those places where 
bolts must be placed. 


There is also a type of eyelet board, with holes at Smm spacing 
and just large enough to take 8ba bolts. This is handy for 
small projects. 


Its also relatively easy to prepare a fully perforated board or 
Panel, which can be used for a number of projects in turn. 


For a board up to about 4 x 6 inch paxolin 1/16 inch thick is 
adequate, with 1/8 inch sheet for larger boards. It is also 
possible to use 1/8 inch or similar PVC or other transparent 
sheet, which allows connections to be seen on both sides. 
Plain hardboard, or thin plywood, is also satisfactory. Hard- 
board or wood should be given a coat of shellac or similar 
vamish, before use, to keep out damp 


Where size is not important, the board can be drilled with 
holes spaced 1 inch from each other throughout. Do not 
mark off a grid with pencil lines, as this may cause leakage 
between adjacent terminals. An easy method is to mark such 
4 grid on paper, secure this over the board or panel with tape, 
and drill all the holes. Make these of an appropriate size for 
the terminals or bolts. 


For small items, the board will need to be prepared to suit. 
10 
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But where a board is going to be a general purpose support 
can be also 

for several projects in tun, it can be much larger. It is 

handy to support it on two strips of wood, about 1 inch high, 

0 that there is clearance underneath for bolts and connections 


Zc mae 

ill be found that neat and efficient projects can * 
thsombled on such boards, and that it is ety to check connee- 
Gon or components or to make changes for experimental or 
other purposes. 


ircuits 


Theoretical 


retical circuits shows an electronic device in simple 
fate Cipasors, ssl tmastor and other ems ar 
shown by their own symbols. Lines representing connections 
are drawn from symbol to symbol. The layout of actual eom- 
ponents in the device may not be the same as the positions of 
the symbols in the theoretical circuit. 


will be found that it soon becomes easy to follow a 
theoetal creat. An undemtanding of such cies 
develops when they are compared with an actual layout which 
shows components and the connections 


anal Tracer in Fig 1 is an example ofthis, The main 
and collector (C) wires. For the transistors shown, these Wire 
‘come from the base as in the diagram, which is of the under- 
Sie he tansstor, Emiter, base and collector wires may 
be in different positions in other transistors.) It will be seen 4 
Meat te emiter Eis connected to negative atthe baton, an 
{oi clp on entth of flexible wire 


‘The headphones — or single earpiece — go between collector C 
and battery positive, A headphone jack, marked P, is used to. 
take a plug for the phones. Generally, an on-off switch woul 
be present in one battery connection, but this is not necessary 
here as the circuit can be interrupted (to switch “off") by 
‘unplugging the phones, Exactly the same results would be 
oblained if two separate sockets were used, to take two plugs 
from the headphortes. 


u 


RI 470K 


Resistor RI is connected from collector C to base B, and it 
supplies a base current for the transistor, so that the latter can 
operate as an amplifier. 


‘The signal to be amplified is obtained through capacitor C1. 
‘A capacitor has plates or foils separated from each other by an 
jnsulator. There is no direct current circuit through the 
capacitor, so placing the test prod on various points of 
circuit being tested does not upset direct current working, 
conditions, 


It is clear, from Fig. 1, how the theoretical circuit is made 
up as a practical piece of equipment, with C1, R1, transi 
phones and battery connected together in the way reqi 


With later projects, the theoretical circuit and practical wiring 
diagram may be shown together in this way, ot may appear as 
separate diagrams when they are larger. If the theoretical 
circuit and wiring diagram are compared, so that capacitors, 
resistors and other items on one are also found on the other, 
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it will soon be found that a theoretical circuit is readily 
followed and understood. It will be noted that the theoretical 
circuit could be built up in numerous ways, all equally satis- 
factory. 


ignal Tracer 


This locates and amplifies audio (sound) signals which may be 
present in a circuit. Construction is most easily carried out in 

a small plastic case (Fig. 1). An insulated board about 1% x 2 
inch (or to suit the case) has three small bolts to secure emitter, 
base and collector leads of the transistor. Bolts also hold two 
small brackets, which press on the negative and positive ends 

of the 9v battery. String or elastic through holes in the board 
helps to secure the battery. 


The prod is a long 6ba or 4ba bolt, or length of screwed rod. 
Lock one end of Cl lead with nuts, or loop it under the bolt 
head. Thread the clip flex through a hole in the case, and pass 
the prod through another hole, as shown. “A washer and nut 
then fix the prod, with the board inside the case. The case 
lid can then be fitted, and the securing nut can be screwed on 
the phone outlet. Connections here can be tightly twisted 
round the outlet tags, and compressed with pliers. A piece of 
insulating sleeving is put on the test prod, and a clip with 
fixing screw is attached to the flexible lead. 


Making Connections 


For all the projects in this book, any thin insulated conne 
wire can be used; or bare wire with insulated sleeving. It is 
handy to have two or more colours — such as red for positive, 
and black for negative circuits. 


A loop is made at the bare end of the wire, and is put under 
the screw head, or under a washer. Where two or more leads 
g0 to the same bolt, it is convenient in some cases to have a 
washer or two extra, to go between loops. Each connection 
must be reasonably ‘tight, and short circuits must not be 
allowed between wires or loops which are shown separated 
from each other. 
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Battery and external leads are generally of flexible wire 
Positive and negative battery clips, with leads already attached, 
are available for transistor radio and similar batteries. Else- 
‘where it may be convenient to arrange contacts as in Fig. 1, 

or to twist wires to the battery tags. 


The battery polarity (positive and negative) must always be 
correct, as shown. 


When dealing with transistor, it will be found that some types 
have long wire leads, more than adequate for easy screwed 
‘connections. Others, such as the BC1O8 and similar types, 
have rather short wires, but can be held satisfactorily with 
8ba bolts fairly near eath other. (With other transistor types 
not used in this section, soldering may be essential for proper 
connections to be made.) 


Gircuit Tracing 


‘To use the signal tracer, connect the clip to the earth return 
line of the receiver or amplifier. The prod is then touched one 
by one on points where the audio signal should be present, 
working systematically through the audio amplifier, or from 
the first point where the signal can be heard. Take in each 
‘capacitor, joint, or stage in turn. When signals cease to be 
heard, the fault lies between this point and the previous 
point, where signals were heard, 


Do not test any mains operated or high voltage equipment, as 
this is a job for an engineer who will follow the necessary and 
essential precautions for safety 


Medium or high impedance phones are most suitable for 
this tracer. A.600 ohm DC headset will be ideal. The tracer 
can be utilised as an amplifier for a crystal diode radio receiver 


Multivibrator 


You will be able to use this as an audio oscillator for numerous 
test purposes, or for Morse Code practice, or as a signal device 
in place of a bell or buzzer. 
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lisa 
SPEAKER 


B 2NI306 


So 


Fig. 2 shows the practical assembly of the device on an insula- 
ted board. A theoretical circuit is given in Fig. 14, and is not 
repeated here, so Figs. 2 and 14 should be looked at together. 


R1 is the collector load resistor for transistor TRI. Collector 
‘current passes through this resistor, and an audio signal voltage 
is developed across it. Resistor R2 supplies base current for 
TRI 


TR2 has a similar collector resistor R4, and base resistor R3. 
Capacitor Cl couples the signal at the collector C of TRI to 
the base B of TR2, while C2 similarly couples TR2 collector 
to TRI base. Amplification in the transistors and feedback 
by the capacitors in this way result in the circuit oscillating 
‘That is, each transistor goes rapidly in and out of conduction 
in turn, so that a voltage at audio frequency is produced across 
the collector load resistors. C3 is @ coupling capacitor, allow- 
ing the signal voltage at the collector of TR2 to be taken toa 
loudspeaker or headphones. 


With a circuit of this type, the component values, transistors, 
and battery voltage will not be critical. However, resistor 
values, capacitor values, battery voltage, transistors, and the 
loudspeaker or other sound-reproducing device will all have an 
influence on the frequency of oscillation, or tone produced, 
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‘The values for Fig. 2 (as in Fig. 14) are R1 6.8k, R2 100k, 
R3 33k, R4 330 ohm, Cl 47nF, C2 47nF, C3 0.47uF, and 
2Ni306 transistors. This allows 4 good power output at 
medium frequency, with a 15 ohm loudspeaker. 


‘An insulated board about 2% x 5 inch is easily large enough, 
and it can be fully perforated, or holes can be drilled from 
Fig. 2, as already described. In many places the wire ends of 
resistors and capacitors are long enough to reach their con- 
necting points. Elsewhere, bare or insulated wire leads are 
fitted as shown. Provide three bolts with extra nuts, or three 
terminals, for the connections to speaker, key and battery. 


‘The loudspeaker should be fitted in a case, this having a front 
aperture about the same size as the speaker cone. This case 
‘can take the circuit board and battery. 


For Morse, the key is connected to emitters and battery 
negative as shown, with flexible leads of convenient length 
If the multivibrator is to be used as a warning device then 
these leads can instead go to a door bell push, or to a relay or 
‘SCR, used to complete the circuit, as with some tater projects. 
In this way the multivibrator, with its speaker, can replace @ 
‘buzzer or bell. 


If the frequency of the multivibrator is to be changed, this 
‘can readily be done by altering the values of capacitors Cl and 
C2 in particular. The two capacitors need-not be of the same 
value. Larger values reduce the frequency (lower the tone) 
while smaller capacitors increase the frequency. C3 also has 
some effect, due to loading from the speaker. 


Such a circuit can be used with a battery voltage as low as 
1.5v, for headphones. Transistor types are very uncritical. 
But if PNP transistors are fitted, the battery polarity must be 
reversed. The transistors shown are NPN. 


“C” Substitution Box 


When experimenting with circuits or checking a suspected 
capacitor, a box bringing into circuit a range of capacitor 
values may be used. In many circuit positions an exactly 
correct value 1s not required tor testing by substitute, so that 
a very large number of capacitors need not be provided. 
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Such a box is easily made as in Fig. 3, using a plastic or other 
insulated case. Here, point 1 is common to all the capacitors, 
and any capacitor can be selected by connecting to points 2 
to 8. Connections can be taken to 6ba bolts, using extra 
nuts. An alternative is to have eight sockets, with a pair of 
test leads equipped with plugs. 


Suggested values are CI 100pF, C2 470pF, C2 InF (1000pF 
or 0.0014F), C4 10nF (0.01uF), C5 0.1uF, C6 O.SuF, and 
C7 84uF. As the last capacitor will be polarised, mark its ter- 
minal to agree, 


‘These values will be found sufficiently near for use in many 
oupling, decoupling, by-pass and similar circuit positions. 
‘The substitution box can be used in place of C1 or C2 in Fig. 2. 
But where a defective capacitor is found in a tuned circuit, it 
should be replaced by the exact value. 


By ignoring terminal 1 and connecting leads to any pair 
of the terminals 2 to 8, two capacitors can be used in series. 
For those who like to work out the value of such combina- 
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tions, it can be found from C1 x C2 over C1 plus C2, where 
C1 and C2 are the actual values present, As example, points 
6 and 7 give 0.14F and 0.SuF in series. ‘The result is 0.1 x 
0.5/0.1 +0.5. That is 0.05 divided by 0.6, or approximately 
0.083pF. 


By using point 1 for one connection, and joining any two 
points 2 to 8, capacitors are in parallel. The total value can 
be found by addition. So joining 6 and 7 would give 0.6uF 
(O.1uE + 0.5uF). 


“R” Substitution Box 


A similar box can be made for resistors. If so, where two 
resistors are in series, the overall value is found by adding the 
separate values. So if 10k (10,000 ohm) and 5.6k (5600 ohm) 
resistors were in series, the total value would be 10k plus 
5.6k = 15.6. This would be near enough to 15K to substitute 
for such a value, 


Where resistors are placed in parsilel, the value is found as 
for capacitors in series. That is, KI x R2 over RI + R2. 

So for the 10k and 5.6k resistors, this would be approximately 
3.6k 


Naturally each resistor may be selected alone, as for the 
capacitors. If sufficient terminals are provided, a large number 
Of resistors could be fitted. For most transistor circuits, values 
from about 150 ohm to 270k will fill most needs. 


SCR Controlled Light 


This device will switch on alight, when the level of general 
illumination falls below that for which triggering is set. It can 
thus be used for an automatic night light. Operation can be 
from a battery; or from a mains power supply, as described 
later. 


Fig. 4 is the circuit, and introduces two new devices. One is 
the light-dependent resistor LDR. The resistance of this com- 
ponent depends on the strength of the light falling on it. The 
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resistance is low (some hundreds of ohms) with bright light, 
but rises to many thousands of ohms in dim light, or darkness. 


VRI 


100k 


The second device is the silicon controlled 
Normally, this does not allow current to pass from its cathode 
Ktoits anode A. However, a small current applied to its gate 
G will trigger it so that it conducts from cathode to anode. 

It remains in this state even when gate current is removed. 

It is restored to the non-conducting state by removing the 
‘voltage from its cathode, by opening switch SI 


In this device the SCR is controlled by the LDR. With 
illumination present the resistance from gate to cathode is 
low, so that when S1 is closed, current does not flow from the 
‘anode circuit through the 6 volt 3 watt lamp. As illumination 
falls, the resistance of the LDR rises. This continues until a 
sufficient gate potential is present to operate the SCR, which 
moves into its avalanche or conducting state, lighting the lamp. 
The potentiometer VR1 enables the resistance from positive 
to gate to be adjusted, to set the illumination level at which 
the circuit operates. 


AS0v 1 amp SCRis more than adequate for this circuit, and 
it resembles a large transistor externally, and can be mounted 
by its wire ends, 
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Fig. 4B shows constructional and wiring details. ‘The SCR is 
mounted on a small insulated board. Clear bared wires are 
twisted tightly to the LDR, so that this also can be fitted by 
small bolts and nuts, as shown. The connections to VR1 
are also tightly twisted and pressed together with pliers. 


A battery holder for four 1.5v cells is shown, and connections 
to this can be by means of clips which have leads attached. 
The switch S1 is the small, low-voltage type having small 
screws, a8 used for toy lighting circuits and similar purposes. 


Avhole is cut in the box level with the LDR, which may be 
directed towards the window of the room, or positioned as 
found to give the results wanted. The bulb, in holder, can be 
Positioned on top of the case. If light from it reaches the 
LDR this will not stop the circuit working, as the SCR can 
only be returned to the non-conducting state by opening the 
switch S1, 


r 


ce, a case can be 
For an automatic night light or similar device, a case can be 
fhade from thin wood, vith opening back or bottom, The 
device can also be used for various games, where momentarily 
interrupting the light falling on the LDR switches on the bulb. 


° d 
detailed reference to the operation of the SCR is wanted, 
ths cam be found in "30 Projects Ung Relays, SCRS & 
Triacs” (BP37, Babani Press). 


One Transistor Intercom 


Jingle high gain transistor will provide sufficient amplifica- 
fon or 8 day loudspeaking intercom. ‘Ths wil allow 
‘communication between two rooms or other points. 


Sis the circuit. A 2-pole 3-way switch provides 2way 
Cebsmunicstion, with a central “OI” position, With the 
switch as in Fig. 5, section S1A takes loudspeaker SP1 to the 
base coupling capacitor C1. At the same time, section S1B 
connects the battery and transistor collector circuit to the 


speaker SP2, SPI then acts as a microphone, and sounds are 
reproduced in SP2, 


With the switch in the opposite position, SIA selects SP2 
as microphone, and amplified signals pass via SIB to SPI, 
so that speech can be in the other direction. 


‘The switch, amplifier, battery and SP2 are assembled as the 
‘master control unit, and twin leads run to SPI. The person at 
SPI should say “Over” so that the other person can operate 
the switch, and he in turn should say “Over” to signify that 
SPI is again acting as microphone 


{A simplified home-made change over switch is shown in Fig: 
5, This is two strips of metal, pivoted so that they can be 
swung from side to side, and bearing on two of the three 
round-headed screws. A’strip of insulating material is fitted 
{both strips move together. In Fig. 5 this switch is in 


Ready made 2-pole 2-way switches can be obtained and used 
instead (see Fig. 49). Spring-loaded push switches are also 
available, and can be wired to provide “press to talk”. A 
‘switch without a central “Off position can also be used, a 
Single pole on-off switch then being added in one battery 
connection. 


The master unit can call SPI by switching to speak, and allow- 
ing SP2 to be used as microphone. If calling in the other direc- 
tion is required, a third connection, with bell push, battery 
and buzzer can'be used. (An altemative, requiring more 

try, but avoiding the need for a third wire, will be found 
‘wo Transistor Electronic Projects”, (BP30, Babani Press.) 


Fig. 5B shows assembly of the intercom in a wooden case. 

‘A3% inch speaker is suitable, $0 the whole can be quite a 
compact unit, The home-constructed switch, using the bolts 
below the speaker, can be replaced by a ready-made switch, 

as described, if preferred. 


Best results are obtained with speaker units of quite high 
impedance — say 45 ohm to 75 ohm orso. The few other 
components are assembled on a small insulated board, as for 
earlier circuits. 
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‘The speaker at the remote point also requires a small case, 
Dimensions are not important, and it is possible to utilise 
plastic boxes of suitable type for each unit. Connections 
between units are by twin bell wire, or any similar twin con- 
ductor. With a transistor of other than the type shown, the 
value of R1 can be chosen to give maximum amplification 


‘Tuned Ferrite Aerial 


This simple device will allow “portable” reception with the 
old type of receiver which normally requires an external 
aerial, and it can also give improved reception in terms of 
freedom from interference on the 160 metre amateur band 
and adjacent frequencies. As shown in Fig. 6, it consists of a 
tuned circuit with ferrite rod, and a coupling winding to 
connect to the receiver aerial and earth sockets. It will be 
found very useful with a communications type receiver, where 
along extended outdoor or similar aerial results in high level 
of noise and interference. 
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An airspaced single gang capacitor of about 315pF is most 
suitable for VC1, and will allow the usual medium wave band 
of frequencies to be tuned as well. However, a smaller capaci- 
toris suitable if the ferrite aerial is for 160m reception only, 
or for the high frequency end of the medium wave band, The 
actual frequencies tuned can be lowered by having more turns 
for LI, or by using a larger capacitance for VC1, or by having 
LI more nearly towards the centre of the rod. Reducing VCI, 
or the number of turns on L1, ormoving LI to the end of the 
rod, will raise the highest frequency tuned 


a RECEIVER 


FERRITE 
ROD, The rod is directional, so the unit can be positioned for best 
signal pick up of wanted transmissions, or minimum reception 


of interference. 


VC! has to be adjusted in conjunction with tuning of the 
receiver and is set for best reception. Tuning with this control 
should be quite sharp. 


A ready made MW transistor type receiver aerial cdn be useful 
for the medium wave band, and may in some cases reach 160 
metres, if VC1 has a low minimum capacitance, and the 
winding is quite near the end of the rod, But should tuning 
not reach a high enough frequency, some turns will have to 
be removed. 


The device is constructed in a plastic lunch box about 6 x 4 x 
4 inch or other insulated case. Some boxes of this kind, 
though strong, are of brittle material. These must be drilled 
without too much pressure, or they may crack. Drill points 
should also be sharp. 


Diode Radio 


Alot of interest can be obtained from a diode radio receiver. 
It requires few components, no battery or other supply, 
and can give good headphone reception of a few of the more 
powerful transmitters. It can also be used as a tuner, as shown 
‘ater, and will provide excellent audio quality for local station 
reception 


The rod is 6 inch long and 3/8 inch in diameter, and it is 
supported by two strips of insulating material, which are fixed 
with brackets, Each strip has a V-shaped notch, so that the 
rod can be held with thin string. LI is the tuned winding, and 
it had sixty turns of 24 swg enamelled wire, side by side. 
Connections can be made to the frame (moving plates) and 
fixed plates of the capacitor VCI by means of small bolts, or 
may be lightly twisted 


The circuit in Fig. 7 is intended for medium wave reception. 
That is, from about 200 metres to $00 metres, or 1500 kilo- 
hertz t6 600 kilohertz. 


12 is the coupling winding. Many communications type 
receivers have a low impedance input circuit, and twelve turns 
will be adequate for L2. The same wire can be used a8 for LI 
With other receivers it may be worth while to experiment with 
the number of turns on L2, for best reception. 


‘The coil L1 is tuned by the variable capacitor VCI. At re- 

Sonance with the wanted transmission, a signal voltage is 

developed across the coil. Detection or demodulation by the 

diode D1 allows the audio component of the signal to be 
25 
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2.4 Removing Components Effectively 


To remove a component with little or no damage to the PCB or component 
takes practice and patience. Often when removing a component, PCB pads 
and tracks may be damaged by “lifting” off the board. Below are some tips 
that may be useful when removing components from a PCB. 


¢ Desolder all joints pertaining to a component prior to removal. It may 
be necessary to go over the joints several times before all the solder is 
removed. Practice patie1 


# Use pliers and gently pull on components while applying heat to the 
joints. The assistance of a friend can help with this. 


¢ Do not pull with force, because the PCB pads and tracks will be 


damaged. 


© Do not try and remove components 


prying them. 


# Do not try to push the component out of the holes with the soldering 
tip. This will certainly lift the copper pad off of the PCB and ruin the 
iron tip. 


« In order to get better thermal conductivity between the iron and the 
solder joint, it is sometimes effective to add a small amount of solder. 


taken {o the moving plates connection or metal frame of the 
capacitor. Ends 1 and 2, and loop 3,are left long enough to 
Bee narpse cxdike mae cued scent oT 
the wire where connections are to be made.. The capacitor 
VCI can best be about SOOpF, but this exact value 1s not 
essential 


recovered, and taken to the phones or to an amplifier. Such 
rystal sets” were used in very marty homes, in the early 
days of radio. 


AERIAL 
DIODE DI 


VARIABLE 
CAPACITOR 
vet 


PHONES 


Fig. 7B shows the practical layout. It is convenient to use an 
insulated board larger than necessary, so that a transistor 
amplifier can be added later. A board about 5 x 8 inch is 
Suggested, and it can be supported on 1 inch high runners 
(Strips of wood) so that there is clearance for screws or 
terminals. 


Four terminals, for Aerial, Earth, and Phones, will 
Bie tect” Best wits wil hu by covsseing + pod 
headset, of about 500 ohm to 2,000 ohm. Very low 
impedance earpieces, such as are employed with some tran- 
sistor receivers, ae not suitable here 


Coil L1 is wound with 26swg or similar wire, and has seventy 
tums, side by side. Secure the wire by passing it through two 
‘small holes, wind on about thirty five turns, and form a loop. 
Continue to wind in the same direction for a further thirty 
five tums, cut off the wire, and secure the end through two 
holes, The tube used can be 1¥4 inch to 2 inch in diameter, 
and can be paxolin, or can be made by winding thin card 
ound a suitable object, smearing a little adhesive on to forma 
tube. 


With a simple receiver of this kind it is necessary to employ a 
teasonably effective aerial and earth, Only in some circum: 
stances will volume be great enough with no earth, or with a 
short aerial. The earth connection can be taken to a metal 
spike in the ground, or to a metal object buried in soil, or to 
any other available earth other than a mains circuit earth. 
(No connection must be made to any mains plug or other 
mains circuit.) A cold water pipe may provide a good earth. 
Gas pipes should not be used. 


Point 1, the beginning of the coil, is taken to the fixed plates 
tag F of the variable capacitor, which is also connected to 
diode D1. The tapping 2 goes to the aerial terminal. End 3 is 
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For the aerial, a length of aerial wire some 30 ft to75 ft or so 
in all may form the aerial itself and lead-in. If this can be 
pended quite high, and clear of buildings or earthed objects, 
Signal strength will be improved. However, satisfactory 
reception may be obtained from an indoor aerial, or shorter 
aerial, ia good earth is present. A simple indoor aerial can 

tbe made from about 15 ft to 20 ft or $0 of thin insulated wire, 
fitted along two walls of the room near the ceiling with 
adhesive tape. (Do not fold the wire back on itself to obtain a 
greater length.) 


Volume will be improved, with a poor aerial, if the arial lead 
js taken directly to point 1 of the coil or F at VC1. However, 
this will make tuning even more flat or unsclective, so cannot 
generally be employed with a long aerial 


Use as Tuner 


(C2 and RI are added, Cl and RI 


In Fig. 8 components C1, 
ve te alow pro ‘ng of the detector diode D1, and 


are to allow proper worki 


may be considered as replacing the headphones, C2 is a 
coupling capacitor passing audio signals to the following 
amplifier. 


‘As with the previous circuit, any general purpose detection 
type diode is satisfactory for D1, such as the OA91 and many 
similar devices. The value of Ci is not critical, and this 
component can be about 470pF or Ink. Rl can be 100k to 
220k or so. C2 should be of quite large value, and can be 
O.1uF to 0.5uF. 


DI can be moved from the position in Fig. 7B, and the few 
extra components added, as in Fig. 8. 


When using the tuner to feed an amplifier, note that one 
phone terminal Pis the earth line, and that audio signals are 
taken from the other terminal, connected to C2, : 


The earth line of the amplifier is connected to the earth line of 
the tuner. For a sensitive or powerful amplifier, a screened 
audio lead is recommended. ‘This has an inner scroened lead, 
which goes to C2, and a conductor former by the outer 
brading, which is the ground or earth. The lead should be 
fitted with a plug to suit the amplifier input socket. 


Where the tuner is to be followed by a small headphone or 
similar amplifier, a screened audio lead is not required. So then 
connections are merely taken from terminals P-P in Fig. 8, 
temembering to join amplifier earth and tuner earth circuits as 
explained, 


‘Medium and Long Wave 


The addition of long wave coverage is worthwhile in some 
areas, and the coil can be modified as in Fig. 9 so that both 
MW snd LW can be tuned. 


A tube about 3 inch long and approximately 1% inch in 
diameter will be necessary. The section LI is wound as before. 
L2 consists of about two hundred tums of 34swg or 36swg 
wire, in two compact piles of one hundred turns each. All 
turns throughout are in the same direction. The junction of 
LI and L2 goes to the waveband switch $1. The second 
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performance than the air-cored home made type of coil 


switch terminal goes to 4 and earth line. MW tuning is Ren 
‘oils can also be wound in a similar way to that in Fig, 6 


‘Obtained with SI closed, and LW tuning with SI open. 
One Transistor Amplifier 


AERIAL 


Wh 


huh 


Headphone volume obtained fr 

r ie obtained from the crystal diode receiver 
an be considerably boosted by adding a owe coe Sear 
implifier. Space for this can be found on the circuit board. 


In Fig. 10, resistor R2 and the t 

1 ind the transistor have been a 

With swiich S2 for on-off switching of the bate Rt 
DI and C2 are already present, as shown in Fig. 8. 


For accurate coverage of the usual MW and LW bands, and 
using a 1% inch diameter tube, LI can be eighty-four turns of 
‘swe enamelled wire, with tapping 2 sixty turns from point” 
1. Leave a space of 5/8 inch and glue on a card dise cut to 
fit the tube. Also glue on two further discs, leaving spaces of 
inch between them. L2 is wound with 32swg double cotton! 
covered wire, with one hundred and twenty turns in each slot 
(making 240 in all for L2). ‘The coil can be fixed with two 
screws or small bolts, with spacers or extra nuts to hold it 
2 little clear of the board. The windings should not be 
‘varnished, covered with adhesive, or wax. 


TRI, R2 and $2 are connected as shown. Fo: 

A as For TRI, a BC108, 
2N706, ot similar general purpose NPN transistor wil be 
satisfactory. R2 can generally be 1 megohm with satisfactory 
results, but it can be worth while trying values from about 
100k to 2.2 megohm here, as performance depends on the 
transistor, phones, and battery voltage. 


With circuits of this kind there is no ganged tuning, or need 
for exact tuning of a particular frequency band. This means 
that coil winding details (wire gauge and covering, and 
diameter, or number of turns) can be varied to suit materials 
to hand.” Ready-made coils can also be tried. Some com 
mercially made coils with cores can give a slightly better 
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Medium and high impedance phones, such as a 
jones, 600 0 
headset, will be most suitable. The battery canbe 4 5y toy, 
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Ifthe phones are first connected to terminals P-P in Fig. 8, 
then taken to terminals P in Fig. 10, a very considerable in- 
erease in volume should be obtained. 


Ifa PNP transistor isto be tried in this eircut, the polarity 
of the battery must be reversed. 


‘Two Transistor Amplifier 


Fig. [1 is the circuit for an easily made 2-transistor amplifier 
which can provide teasonable loudspeaker volume. ‘The 
audio signal is taken to the input terminals, battery negative 
being the grounded side of this circuit. 


C1 couples the audio signal to the base of the first amplifier 
TRI, which receives base current through R1. An amplified 
signal is developed across the collector resistor R2, and is 
coupled to the base of the following amplifier TR2 by means 
of C2 


The two resistors R3 and R4 set the base operating conditions 
for TR2, and the output is taken from TR2 emitter. 


Fig. 11B shows assembly of the components on a small insula- 
ted board. If preferred, connections between components 
can be on the underside of the board, in the way shown for 
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later circuits. Fit ced and black flexible leads for battery 
connections. The amplifier, with its battery, can be fixed in 
an insulated box or metal case. Sockets can then be used for 
input and output circuits, and an on-off switch can be placed 
in one battery lead. 


The board can be secured with bolts through its fixing holes, 
and through the bottom of the case. Extra nuts or other 
spacers must be placed between the case and board. 


Whenever a metal box is used, remember that all connections 
and other circuits except the earth line must be insulated from 
the metal. The metal case itself is normally connected to the 
earth line, and a lead can be put under one of the fixing screws 
for this purpose. In Fig. 11, both input and speaker are re- 
tured to the earth line. So 3.5mm jack sockets of the type in 
Which the outer or sleeve contact is common to the fixing 
bush could be used, as these points will be connected to 
battery negative and the earth line and metal box, But with 
some circuits itis necessary to use an insulated jack socket, 

6r to insulate this from the metal, An example of this would 
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arise if the speaker were placed in the collector circuit of TR2, 
as the outer or sleeve circuit would then need to go to battery 
positive. 


Instead of the type of socket which takes a jack plug, ordinary 
single sockets can be used — two for input, and two for out- 
ut. Or wires may be connected directly to the terminals, 
provided in Fig. 118. 


Input to this amplifier may be directly from the crystal set, 
Fig. 7. Connect earth and battery negative lines; and C1 of the 
amplifier to D1. The effect of connecting C1 and RI, Fig. 8, 
across the crystal receiver phone terminals, can be tried. 


‘The amplifier can operate a speaker of 15 ohm to 75 ohm 
impedance. Current with a 9v battery is about 25—30mA 
with a 15 ohm speaker, or 10-15mA with a 75 ohm speaker. 
Headphones can also be used if required 


‘Two BC108 or similar transistors will give very good results. 
For transistors of different type, it may be necessary to alter 
the values of RI or R2 for best operation of TRI, or R3 or 
R4 for TR2. 


2 and 3 set the base bias condition for the transistors 
Bias is arranged so that collector current is low, when no audio 
Push-Pull Output Stage signal is present. ‘The emitter bias resistor Re limits peak 
collector current. 

For good volume, with low battery current, some form of 
push-pull output stage is generally used. This has two tran- 
sistors, and each amplifies one half of the audio signal, Base 
bias conditions of the two transistors are so arranged that 
only a low current flows during silent intervals, Overall 
battery drain is thus much lower than if a single transistor 
were used to obtain a similar level of volume. 


IPR3 isa preset resistor, as in Fig. 12, operating conditions 
can be arranged to suit the transistors fitted. For best results 
TRI and TR? should be a matched pair. This means that they 
will have simitar-gain and current characteristics. However, 
two transistors of the same type number will generally be 
satisfactory. 


I is assumed that the same battery will supply earlier stages 
of the amplifier, and current for this purpose Is taken from Cl 
and RI. RI and Cl prevent audio signals present in the posi- 
tive line passing back to earlier amplifier stages. The by-pass 
capacitor C2 also helps in this respect. With simple circuits 
not giving much overall amplification, or small power outputs, 
RI, CI nd C2 might all be omitted. 


Fig. 12 is typical push-pull output stage. T! is the input 
or driver transformer, and an audio signal is taken to its 
primary P. The secondary Sis centre tapped. So for one half 
Of the audio cycle one transistor base is driven positive and the 
other transistor base is driven negative, this being reversed 
for the remaining half cycle. Thus each transistor conducts 
alternately, and the centre-tapped output transformer T2 
combines the collector currents, to operate the speaker 
connected to the secondary S. 
34 
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TRI and TR2 are NPN transistors. If PNP transistors are to 
be tried, battery polarity must be reversed, and also the 
polarity of CI and C2. PNP transistors, with a positive earth 
line, could be convenient where earlier stages also use PNP 
transistors and a positive earth. 


When first using the circuit, a meter can be placed in one 
battery lead. 3 is set for minimum value. Battery current 
will then be low, but reproduction will be very distorted, 
Slowly increase the value at R3 until reproduction is a 
best. This will cause a rise in battery current, so do not set 
R3 to an unnecessarily high value. 


‘The driver transformer TI can be of about 5:1 ratio. T2 can 
be aminiature type for low power, or a 300 milliwatt or 1 

‘watt component for larger power. Its ratio can generally be 
about 8:1, for use with a 3 ohm speaker. T1 must have a 
‘entre tap on its secondary, and T2 a centre tapped primary. 


Many transistors other than those given below can be 
the following being typical for negative ground or posit 
ground. 


Negative earth (NPN transistors). 2 x BC1O8. RI 1.2k. 
3 100 ohm fixed or 250 ohm preset. R4 4.7 ohm. 


Positive earth (PNP transistors). 2 x AC128 or 2 x AC142 
R2.4.7k. R3 82 ohm or 250 ohm pre-set. R4 4.7 ohm. 


RI will generally be 1k to 2.2k, depending on the eatlier 
amplifier. The primary of TI can be connected to terminals 
P in Fig. 10; or alternatively to any audio source where a 
reasonably strong signal is present. 


Where signals are too strong, an audio gain control needs to 
be fitted. In Fig. 8 this can be done by omitting RI, and 
disconnecting C2 froin D1. Connect the outer tags of 100k 
volume control or log pot from DI to earth line. Take C2 to 
the centre tag or slider of the potentiometer. Any required 
audio level can then be taken off by adjusting the control 
knob, 


Fig. 12B shows the board layout. 
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Boost Speaker 


Fox best reproduction, a speaker needs to be encl 

cabinet or ited to abate board A eabinet canbe made 
from wood, and can be about 6 x 10 inch and 4 inch deep, 
‘or as required for the speaker unit. Cut an aperture in the. 
cabinet front to match the cone diameter, and glue thin 
fabric behind this opening. The speaker can be fixed with 
nuts and bolts, or short woodscrews driven in from behind. 


Connect flexible leads, with separate plugs or r 
suit the equipment, 7 Pata Pues or jack plug to 


Small pocket receivers, which have a miniature speaker, can 
give much improved volume and reproduction when wed with 
4 larger speaker. If a headphone socket, operated from the 
receiver output stage, is present, itis only necessary to plug 
the speaker into this.” fairly large speaker, of sensitive type 
will give best results. A unit 5 inch to 6 inch in diameter, or" 
about 4 x7 inch, will be convenient. The speaker has to be 
of approximately the correct impedance, which should be 
found in the reesiver operating instructions, “Where the 

cer impedance is wrong, a matching transformer 
Be employed between recetver and speaker eT MS 1° 
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Extension speakers are less frequently tised today, but if two 
leads are run into another room programmes from a non- 
portable type radio can be listened to there also. 


Other “No Soldering” Projects 


It will be seen that many of the circuits which follow, and 
especially those of simpler type, can be assembled without 
soldering. Where necessary, an examination of the practical 

layouts will give an indication of how components can be 

placed. Generally a little extra space should be allowed so 
that nut and boli connecting points need not be extremely 
close together on the insulated board, 
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SECTION 2 
MISCELLANEOUS DEVICES 


Soldering 


Soldering for electronic wiring will be found to be a very easy 
and straightforward matter. An electrically heated iron is 
usual, and as large areas of metal do not have to be raised 

to the melting point of the solder, a 20 watt to 25 watt iron 
is satisfactory. This will be perfectly safe if correctly fitted 
with a mains plug, and if placed on a metal plate or tray when 
not actually in use. 


It is best to use cored solder, as made for electronic wiring, 


Leads, tags and other items to be joined should be clean and 
bright. They have to be raised in temperature to the melting 
point of the solder at the actual points where a joint is to be 
made, and the active core of the solder, or flux, must be 
present here when the joint is being made. 


The iron should be tinned — that is, have melted solder on its 
tip — and have reached its correct temperature. Leads can be 
hooked or looped into position. The joint is then heated with. 
the iron, and the solder is simultaneously applied to the joint, 
so that it melts and flows over the surfaces to be soldered. 
This usually takes place in a second or two. The solder and 
iron should be removed at once, as excessive heating may 
damage some components, and especially transistors or other 
iconductors. The joint cools in a few seconds, and should 
be rigid, and solder having flown onto the items to be joined. 


A probable cause of poor joints is insufficient heating of items 
to be soldered, or carrying solder to the joint on the iron, so 
that the activity of the flux is wasted. 


Electronic items such as tags and the wire ends of compon- 
ents are generally designed for easy soldering. They will be 
copper, tinned copper, and similar metals and alloys which 
solder readily. For this reason, difficulties are unusual, 
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Some metals do not solder readily, or need special methods. 
‘Aluminium is one of these, and it is not used where popular 
cored solders intended for copper or general wiring are 
employed. 


(1) shows leads from a typical NPN transistor, such as the 
BC108, 2N706, and similar types. (2) is the base of the PNP 
ACI28 transistor. 


TI can be a small speaker matching transformer, as used for 
‘push-pull stages. A centre tapped primary is necessary. The 
Secondary S can be taken to a loudspeaker or headphones. 


Make sure that heat from the iron does not damage furniture 
or other items, and keep the flexible cord away from the 
heated tip, Always switch the iron off at once when the work 
in progress is to be left. 

The values of R1, C1 and C2 can be varied considerably, 
CI can be 0.1uF or so. RI determines to some extent the 
power obtained, and can be about 22k, increased to 47k or 
100k for lower ‘power. The value of C2 has considerable 
influence on the note, or frequency of oscillation. Increasing 
the value of C2 lowers the pitch. C2 can be about 47nF to 
4.7nF or thereabouts. A 9v battery can be used. Changes 
to the supply voltage will influence the note produced. 


‘One Transistor Audio Oscillator 


This can be used instead of a bell or buzzer waming, or for 
code practice and similar purposes. It needs very few compon- 
cents, Fig. 13, and can be made to work satisfactorily with a 
‘wide range of transistors. 


In Fig. 13, an NPN transistor is shown in the theoretical 
circuit, so battery polarity is as indicated, with negative to 

emitter. If a PNP transistor is fitted, battery polarity must be 
reversed. 


Fig. 13 also stiows a layout for components, using either a 
fully perforated board, or a panel drilled to suit. ‘Trans- 
former T1 is fixed by screws. Small transformers of this type 
are usually wire ended, or have pins which pass down through 
holes in the board, 


The wire ends of the resistors and capacitors are passed down 
through suitable holes, and bent over. The board is then 
tured so that the underside wiring can be carried out. In 
‘most places the wire ends of the components will be long 
|enough to reach connecting points. Elsewhere, 24swg tinned 
[copper wite, or similar connecting wire, will be used. Make 
the soldered joints as described, and snip off unwanted ends of 
Wire. Its as well to leave the transistor to last, as this avoids 
hheating it unnecessarily when soldering other items. Lengths 
Of flex, anchored at holes in the board, are used for battery, 
key (ot push) and speaker connections. 


Multivibrator 


Fig. 14 is the circuit of the multivibrator assembled in Fig. 2. 
Reference to Fig. 14B will show how this can also be prepared 
on a tag board. 


‘The tag board has two rows of tags fitted to an insulated 
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board, and itis five tags long in Fig. 14B. Boards of this type 
can be obtained in many sizes. It is also easy to cut a section 
from a Jong tag board, to suit the needs of the item to be 
assembled. Such boards are very handy indeed for electronic 
assemblies, as the tags support resistors, capacitors and other 
items, and a neat layout is readily achieved, 


‘Tag strips are also useful for projects, and may have any 
number of tags required. Long tag strips can be cut down as 
necessary. Short tag strips have one tag for mounting the 
strip, longer strips having two tags formed as brackets for this 
purpose. 


Place the components approximately as i 
the wires to the tags. If any component values may be 
changed, do not twist the leads tightly round the tags before 
soldering, or removal will be difficult. 


Wires which cross can be kept clear of each other, and then 
no insulated sleeving will be necessary. ‘The transistors can be 
soldered on last, and can readily be changed without disturb- 
ing other parts. 


‘The same layout can be used for the next project, though the 
component values are different 
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Fig. 14B, and solder 


FIG.148, 


Glissade 


‘This device will produce swooping, rising and falling tones, for 
“effects” purposes, or can with additional skill be-used to 
obtain musical notes through several octaves. The circuit is 
shown in Fig. 15, and reference can be made to Fig. 14B 
for a practical layout on a tag board, 


In Fig, 15, suitable component values are: 


RI 10k Cl (22nF 
R22 12k @Q 2nF 
R3 100k C3 220F 
R4 10k VR1_ 100k linear pot. 


Transistors: 2 x BC108 or similar types. 


The circuit is a wide frequency audio oscillator, in which the 
pitch can be controlled by VRI, and “on” switching is obtain- 
ed by S. The oscillator is placed in a box, so that switch S 
and VRI can be mounted on the top. The switch isa strip of 
springy metal, fitted with a spacer and bolt, so that itis just 
clear of a further bolt. A small downwards movement of the 
arm or knob completes the circuit 
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VRI has a % inch shaft coupler, into which is screwed a length 
of 4ba threaded rod. A knob is also fitted to the end of this 
rod. It can be swung backwards or forwards, to change the 
resistance of VRI. Connect VRI so that movement of the 
knob towards the right raises the pitch. 


Output from C3 can go to high resistance headphones, for 
amusement, but should be taken to an audio amplifier. Gain 
of the amplifier will have to be tumed back somewhat, as the 
output from the glissade is at a quite high level. 


‘Swooping tones are produced by holding down the switch S 
and swinging the control knob attached to VRI from side to 
side. For notes which do not swoop to frequency, switch S 
must be released while VRI is rotated. A slight quivering 
motion of the hand controlling VRI will produce a vibrate 
effect. It is useful to have an ordinary switch in parallel 
with the knob control S, and to have the amplifier audio gain 
‘control near the left hand, so that fading effects can be pro- 
duced as well. “ 


About 4.5y to 9v can be used, this influencing volume. Should 
other transistor types give an unsuitable range of frequencies, 
the note can be raised by reducing C1 or C2 (or both). 


Miorse Oscillator for Phones 


By using the windings of magnetic headphones as part of the 
feedback circuit from collector to base, a single transistor 
Oscillator can be made as in Fig. 16. Medium to high imped- 
ance phones are most suitable, and numerous other transistor 
types can be fitted. 


‘The transistor and few other items are mounted on a tag strip. 
This is in turn bolted to a small insulated box, which can carry 
the battery. A 4.Sv supply was found best with this oscilla- 
tor. The note obtained can be modified by altering the 
voltage, resistor, or capacitor values. 


Chapter 3 


Glossary 


BOM: Bill of Materials, which contains a list of all components and values 
contained on a particular PCB. Used as a “shopping list”. 


Desoldering Braid: A material used to remove solder with capillary ac- 
tion. 


Desoldering Pump: A device used to remove solder with a swift vacuum 
action. 


Flux: Cleans the surfaces that are being heated by bringing contaminants 
to the surface. Most solders include flux in their core, For excessive 
contamination use a flux pen. 


Footprint: The spacing pattern or layout of pads for a particular compo- 
nent or integrated chip, as used on a PCB. 


PCB (Printed Circuit Board): A fibreglass board upon which copper 
traces are laminated to make connections between various components. 
The copper traces serve as flat wires connecting various components 


Shrink Wrap: A tube that fits over a wire, that when heated shrinks to 
provide insulation and support for the joints. 
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For serious code practice a good Morse key is required. It is 
adjusted so that only a small movement of the wrist is needed 
to operate it. Each letter consists of short and long sounds, 
shown as (+) and (—). The (—) has three times the length of 
the (») 


NExXE<cHMBO FOZ 
1 


After leaming the code, practice between two persons will 
bbe best to gain speed. Care should be taken to form each 
letter correctly. 


‘Two Door Siren 


This can be used as a warning device instead of a door bell. 
The circuit is arranged so that two bell pushes can be con- 
nected, and they will provide distinctive notes. It is thus clear 
which of the pushes has been used, as, for example, to dis- 
tinguish between front and back doors. 


Fig. 17 is the circuit. The collector of each transistor drives 
the base of the other through a capacitor with parallel resistor. 
TI is centre tapped, and couples a loudspeaker. 


Component values are intended for two ACI28 or AC142, 
or similar transistors, as used in 4w to 1w output stages of 
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receivers and small amplifiers. Other transistors will of course 
operate in this circuit. The pitch obtained can be modified 

by changing C3. The circuit shown is for PNP transistors, 
and battery polarity has to be reversed for NPN transistors. 


v 


Gsreaner 


Fig. 17B shows the oscillator wired on perforated board. For 
a self contained unit, the board can be screwed inside a case 
which is large enough to house the speaker and battery. 


‘The note obtained when Push 1 is operated depends on the 
value of R3. In the same way, R4 allows a different note to 
be obtained when Push 2 is closed. If necessary, R3 or R4 
can be changed, to obtain notes which are readily distin- 
guished. 


Transformer T is best of fairly high ratio, or can be the usual 
type of transistor output transformer, with a ratio of about 

- Tl and loading by the speaker influence the volume and 
notes obtained 
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PUSH! PUSH2 


In some circumstances it may be convenient to run a single 
twin lead from Push 1 on to Push 2, including an extra resistor 
at Push 2 itself, to modify the tone. This may save taking 
Jeads from Push 2 all the way back to the oscillator board. 


UIT Oscillator 


‘The uni-junction transistor is a device having emitter, Base 1, 
and Base 2, Fig. 18. B2 receives positive bias, in this case 
through the headphones, When forward bias on the emitter E 
is reached the UIT conducts. 


In Fig. 18, the emitter potential rises as C1 charges through 
the resistor RI. When the UJT conducts, Cl is discharged 
and the process is repeated. This can take place over a very 
‘wide range of frequencies, depending on the values used for 
RI and C1. Here, these are chosen to produce an audio tone 


A battery supply of 3v to 9v will be convenient. For use of 
the UST oscillator during code practice, place the key in one 
battery lead. _ 


2N2646 
UJT 


UIT Continuity Tester 


Fig, 19 shows actual assembly of the circuit in Fig. 18 on a 
small perforated board. This js fitted in an insulated box, 
which carries a phone jack socket, and two sockets for Morse 
Key or test leads, A 9v battery is used, secured with string 
or elastic. 


For continuity tests, fake prods or clips on the test leads to 
the suspected item. If the circuit isin order, the UJT oscil- 
lator will produce an audio tone. Oscillation will be obtained 
with a series resistance between the prods of up to 20k or 
more, so various components can also be tested, and some idea 
Of the resistance in circuit can be gained from the sound 
obtained. The tester can also be used to check bulbs, lamps, 
fuses, extension and other leads, and similar items ~ these 
must of course be removed or disconnected from the equip- 
‘ment, before being tested. 
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PHONES FIG.I9. KEY OR TEST LEADS 


UST High Voltage Producer 


The UJT oscillator can be used to produce a high voltage, at 
very low current, by connecting a transformer as in Fig, 20. 
A loudspeaker transformer, as would be used in valve equip- 
ment, is suitable, and will have a ratio of about 45:1 or so. 
The usual secondary, or low-resistance winding, is connected 
to B2 and positive, so that a step-up of voltage is obtained 
This should be found to light a small neon lamp. 


VR1 is fitted to allow some adjustment, to find the most 
suitable frequency of oscillation. For maximum possible 
high voltage output, if required, operating voltage and current 
should be raised. No rating of the UJT must be exceeded. 
For the 2N2646, the supply should not exceed 30v, emitter 
current should not be over SOmA, and dissipation of power 
in the device should not be more than 300 milliwatts. (Dissi- 
pation can be found from Voltage x Current.) 
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Seci 22 NF 


A small mains transformer can be used for TL. with a low 
voltage winding, such as that for a 6.3v heater circuit, as 
primary, and the 200/250v winding as secondary. The high 
voltage Output is alternating current, 


Signal Blinker 


Fig. 21 is a multivibrator in which the feedback capacitors 
Cl and C2 are of high value, so that conduction alternates 
between TRI and TR2 at alow rate. A light emitting diode is 
placed in the collector circuit of TR2, and so flashes on and. 
off. 


This device can be used for various instruments and other 
equipment, and a flashing indicator draws attention to a 
greater extent than does one continuously illuminated, The 
LED can be located at any required point, with leads running 
toit, 


Transistors other than the types shown can be utilised. R4 can 
usually be about 150 ohm for a 3v supply, 470 ohm to 1.2k 
for 6v, or 680 ohm to 1.5k for 9v. This depends to some 


51 


extent on the amount of light required when the indicator 
is operating. Lower resistor values at R4 will increase light, 
but current must in any ease be limited to the LED rating. 


CI and C2 need only be 6.4v working, arid the device can be 
assembled on a very small perforated board. See p.61 for 
LED polarity 


Mains Wiring 


All the devices described so far have operated from low 
voltage batteries, so than no shock hazard exists with them. 
However, it is necessary to employ mains power for some 
units, and proper care must then be taken to avoid any danger. 
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Power should be drawn from a 3-pin plug, and this should have 
3A or other low rating fuse installed. The live or L, neutral 
or N, and earth or E conductors must be correctly connected, 
both’at the plug and the equipment. 


‘The plug must always be withdrawn from the supply socket, 
before touching any intemal connections, or making any 
adjustments or checks of any kind. 


‘Apparatus operated from the mains must be constructed in @ 
‘strong insulated box, such as can be obtained from various 
suppliers of electrical equipment; or when built in a metal 
box, the box must be soundly earthed. This is achieved by 
bolting the mains cord earth conductor to the box. 


Boxes or cases can have ventilation holes or slots, but must 
be closed so that no one-can touch live or dangerous connec: 
tions or parts inside. It should be remembered that unskilled 
‘or unaware persons may eventually handle or use the equip- 
‘ment, so it must be arranged to present no unexpected hazards 
such as live terminals or parts, or openings for the fingers. 


If these points are remembered, mains operated equipment 
can be safe to use and handle. No switch or other means of 
interrupting the circuit is put in the earth conductor, and any 
switch or equivalent device is placed in the live or L con- 
ductor. This leaves both earth and neutral permanently 
connected, for maximum safety. 


Dimmer/Heat Control 


It is often convenient to dim a filament lamp, or reduce the 
heat of a soldering iron to be left on for long periods, or the 
power of a low wattage heater. ‘The silicon controlled rectifier 
circuit in Fig. 22 can be used for these purposes. 


When the switch marked “Full” is closed, current for the 
oad passes through this, so that full power is obtained. 


When this switch is opened, current passes through the SCR. 
This device conducts only when the gate has been triggered, 
and the instantaneous point in the alternating current cycle 
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where this arises is determined by the setting of the potentio- 
meter WRI. Triggering is advanced as the wiper of VR1 is 
moved towards RT. The average power supplied to the load 
can thus be adjusted between wide limits. Since the device is 
operating as a half wave controller, full power is not obtained 
with VRI at maximum, so the switch is closed as described. 


of the box should be screwed in place. A suitable size is about 
4x5 x2 inch deep. 


P BACK OF 
‘Ourcer 


o 


Fig, 22B shows construction of the SCR controller in a metal 
box. The front of this carries a socket outlet, and the mains 
cord has a 3-pin plug, wired as explained earlier. It is thus 
easy to plug the controller into an outlet, and insert the plug 
Of the lamp or other item to be used in the new outlet. 


The mains cord is secured with a clamp, and passes through 
an insulated grommet. The tag strip supporting the small 
items is mounted by an unused tag. A strip of metal is cut 
to clamp round the body of the SCR, and is soldered to one 
tag, as shown, Run earth and neutral leads from the cord up 
through a hole, and connect them to the E and N terminals of 
the socket outlet. Also earth the case, at E, A well insulated 
wire runs from the L terminal of the outlet, to the “Full” 
switch. The outlet can be secured with bolts and nuts. 


RI should be 1 watt, and Cl is a SOOv capacitor. The neon is 
a small type as used for indicators, etc, 


After checking that the controller operates correctly, the back 
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FIG.228, 


Ifa fully insulated box is used instead, then the bush of VRI 
and of the switch should both be earthed by wires, except 
when these items are constructed wholly with insulated 


material. (This precaution is necessary to avoid any chance of 


‘metal parts outside the box becoming “live”.) 


‘Two Power 


A circuit which will allow half or full power can be useful to 
reduce the heat of a soldering iron, or for dimming a filament 
lamp. 


Fig, 23 is an easy circuit of this type. Full power is obtained 
when the switch Sis closed. With S open, the silicon rectifier 
allows current to flow in one direction only, so that power is 
approximately halved. A 600v 1A or 1000v 1 rectifier is 
suitable. 
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This device can be made by using an insulated junction box 
which will take a socket outlet and also the switch S, A3- 
‘core cord with plug is run to the box, so that it can be used 
‘with any power point. The iron or other item can then be 
plugged into the outlet fitted to the junction box. Remember 
to make mains connections in the way described earlier, for 
safety. The switch § should be of fully insulated type. 


Sensitive Touch Switch 


In Fig. 24, finger contact with the touch pad switches on a 
Jow voltage bulb. iis circuit is suitable for a battery operated 
portable bedside light, and for some other devices. 


Normally the silicon controlled rectifier is not conducting, 

so the lamp is extinguished. Finger contact with the pad 
provides positive base bias for the transistor so that it conducts, 
This moves the transistor emitter and SCR gate positive, 
triggering the SCR. Current then flows from cathode K'to 
anode A, and through the bulb. The SCR remains in the 
‘conducting condition until the battery circuit is interrupted 

by opening the switch. A push switch, normally closed, 
‘most suitable here. Pressing it then switches off the bulb. 


This touch pad is easily made from a piece of circuit board 
with foil strips. It can be about 2 x 1 inch, or of any convenient 
size. Join together altemate foils — e.g., 1, 3, 5 and 7 — by 
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soldering a connecting wire through the holes. This will 
provide one connection to the pad. The other foils —2, 4 
nd 6 — are similarly joined together for the other pad con- 
nection. 


The pad is fixed to the top or side of a box, which ean contain 
the battery and electronic components. 


e sensitivity of the SCR, or gate current or potential needed 
To produce conduction, will depend somewhat onthe individual 
device, while the gain of individual transistors will also be 
different. Numerous NPN types are suitable. If itis found that 
the switch is too sensitive, this can be corrected by placing a 
resistor from transistor base to SCR cathode or negative 
fine. This resistor can be about 470k to 1 megohm or so. 
Excessive sensitivity will be apparent if the circuit is switched 
on by dust, damp air, or similar effects. The pad should be 
kept clean by wiping it with a dry cloth. 


Fig. 24B shows assembly of the components on a tag strip. 
‘Avmall sv TA SCR is more than adequate, The bulb can be 
screw in type, and can be 6.3v 0.154, or 6.3V0.3A. A 

6v 3W (0.5A) bulb is also suitable, provided the battery is 
fairly large 


It is convenient to make a wooden box which will take the 
battery, and leave a little space for the tag strip assembly. 
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FIG. 24B 


-(GwitcH) + 


Water Level Indicator 


This is a battery operated low voltage device, which is trig 
gered by rising water. It can be used to give indication when @ 
tank, cistern, fish or swimming poo! has filled to the required 
level 


Fig. 25 shows the circuit, and also assembly on an insulated 
board. This also carries the battery, and it is fitted in a metal 
or plastic box. 


In use, the base normally has no positive bias, as the sensor 
passes no current. When water reaches the sensor, it conducts, 
and the transistor passes collector current, to operate the 
indicator. RI limits base current. 


This circuit will operate satisfactorily with a wide range of 
PNP or NPN transistors, but battery polarity must be reversed 
for the PNP types. 


The indicating or waming device can be one of the multi 
vibrator or other audio oscillators shown earlier. These will 
sive an audible warning, and will draw only a small custent, 
so that a large transistor is not required, 
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SENSOR 
INDICATOR 


SENSOR 


For indoor use or in a location protected from rain, the sensor 
can be two bare wires, about % inch apart, bolted to a strip 

of insulated material. Where rain could operate the device, 

it needs to be covered. Alternatively, it can be made from a 
piece of metal tube, with a central wire, as in Fig. 25. The 
Wire is bound with insulating tape for about half its length, 

to fit tightly in the tube. Flexible leads are soldered on, and 
the joints covered with tape. The sensor can be suspended 
inside the tank or pool, with its bottom at the required water 
level. 


If the transistor isa high gain one, so that damp operates the 
indicator, sensitivity can be reduced by connecting a 100k 
resistor from base to emitter. 
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Optical Isolator 


In some equipment complete electrical isolation of one circuit 
from another is required, though signals must be able to pass 
The optical isolator is a neat way to arrange this, and can be 
fitted up from the circuit in Fig. 26. 


AUDIO. BATTERY FIG.26 


Electrically, the device is in two sections. The first has the 
light emitting diode LED, VRI, and transformer T1. When 
the battery is switched on, current flowing through the LED is 
adjusted by VRI, so that the LED glows dimly. A signal 
voltage in the secondary of TI then modulates the LED light 
intensity 


To operate this circuit from a radio having a 2/3 ohm or simile 
speaker, a speaker matching transformer with a ratio of about 
45:1 can be used. (The actual ratio is not very important.) 
Connect the usual transformer secondary to the radio speaker, 
so-that TI provides a step up effect 


The second part of the equipment has the light dependent 
resistor LDR, forming part of the network providing TRI with 
base bias. VR2 allows adjustment of conditions for best 
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amplification, which will depend on the transistor. and also 
the LDR, orstray light reaching the latter 


The LED and LDR can be enclosed in a card tube, or should 
at least be shielded from light, which will swamp the modula~ 
ted illumination of the LDR, obtained from the LED! 


With the circuits switched on, and VR1 adjusted so that the 
LED is illuminated, turn the radio to give fairly low volume. 
Adjust VR2 for best bias conditions. When these are reached, 
signals should be heard clearly in the headphones. VR1. VR2 
and the audio input to TI can then be adjusted for best results 
TRI can be the BC108, 2N706, or similar transistors suitable 
for audio amplification. A medium or high impedance head- 
set will be satisfactory. Assembly can be on a perforated 
board, as for other circuits. Take care not to adjust VRI so 
that the LED current is too high. 


LED Indicator 


A light emitting diode can be used as an indicator on battery 
powered equipment and the current required is very small 
Fig. 27 is a LED indicator circuit. Here, the long wire of the 
ED is negative, but with some LEDs this is not so. A flat 
side may, or may not, be present. So polarity may have to be 
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The LDR has a high resistance when in darkness or subdued 
light, so that the gate potential of the SCR is not sufficiently 
high to trigger this device. When light reaches the LDR, 

its resistance falls, and the SCR gate voltage rises. The SCR 
then moves into its conducting condition, so that current 
flows through the bulb. The sensitivity of the circuit, or 
level of illumination needed to trigger the SCR, is set by VRI 


found by trial — the correct connections are those allowing 
the LED to light. The series resistor may be about 150 ohm 
to 1k or more, depending on the actual voltage, and brightness 
required. Current drawn varies with different LEDs, and 

with voltage and series resistance, but can be about SmA or 
less, without reducing the brightness too far. 


‘The LED indicator with resistor is connected to the circuit 
where voltage is present when the equipment is on. LEDs are 
available in red, yellow, green and other colours, with grommets 
rclips for panel mounting. Different circuits may be identi 
fied by a range of colours. 


Components can be assembled on a small tag strip. This, with 
a battery, can occupy a tubular case, with the lamp on top. 

An opening is necessary opposite the LDR, and a hole is also 
made so that VR1 can be adjusted with a screwdriver. Here, 

4 miniature pre-set SOk or 100k linear potentiometer is most 
suitable. It is necessary to have a small push switch to interrupt 
the battery current, as the SCR remains in the conducting 
condition until the circuit is momentarily broken. A 6V 
battery and bulb can be used. SCRs may fail to operate at 

all if attempts are made to use them with extremely low 
voltages, such as a single 1 Sv cell. 


“Magic Candle” 


‘The triggering of a silicon controlled rectifier can be used for 
slave photoflash and similar purposes. In Fig. 28 it is em- 
ployed to switch on a light when a match or lighter is brought 
near. Sensitivity is best in somewhat subdued light, and it 
will then be found that striking a match at some distance can 
bring on the light 


“Nerve Tester” 


This device tests the nerve, concentration, and steadiness of 
hand, and always provides amusement, 


Connections and construction will be seen from Fig. 29” A 
wooden box at least 10 inch or 12 inch long will be used, 
and large enough to take the battery and other parts. 


A stout bare wire — at least 14swg — is mounted with a bolt 
and spacer, and is bent in any way found appropriate, and 
according to the degree of difficulty wanted, A similar wire 
is fitted with a wooden handle, and has a loop bent at one end. 
A flexible lead of convenient length is soldered to this wire. 


The problem is to pass the loop all along the shaped wire, 
without allowing contact, until the loop can be rested ona 
Piece of insulated sleeving at the fixed end, as in Fig, 29. 
The size of the loop will also have considerable influence on 
the ease or otherwise of the likelihood of success. 


FLEX 


Sour wine 
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BATTERY 


If loop and wire touch, current flows from the battery to the 
buzzer, which sounds, Current also flows to the relay winding, 
so that the relay contacts close. Even a momentary contact 
between loop and wire will thus cause the buzzer to sound 
until the switch is used to break the circuit. 


Any 4.5v, 6v or similar battery and buzzer will be satisfactory, 
with a relay which operates on a similar voltage. Connections 
are to the relay contacts which remain open until the relay is 
energised 


In use, the device can stand upright. A back is attached with 
small screws. 


Burglar Alarm 


‘The same circuit arrangement as in Fig. 29 will provide a burglar 
alarm operated by pressure mats. ‘The latter are available 
various sizes, and consist of a thin pad which can be placed 
under a carpet or ordinary mat 
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Leads from the mat or mats will run to the terminals at 

X-X. The buzzer should be changed for a bell, which need 
not be fitted in the box, but can be situated where it is best 
heard. Momentary weight on any of the mats will then switch 
on the bell, which will be locked on by the relay as described, 
and will ring until the unit is switched off. 


Transistor Tester 


A very useful check of transistors can be made with the aid of 
4 multi-range test meter, with a selection of base resistors to 
provide base current, as in Fig. 30. This method does not give 
fan exact indication of transistor gain, but it does allow defective 
transistors to be eliminated, and provides a good idea of the 
performance to be obtained from surplus or other unknown 
transistors. 


‘A G-way switch allows the base to be open circuit, or to receive 
current through one of the resistors RI to RS. ‘These values 
are RI 330k, R2 110k, R3 33k, R4 11k and RS 3.3K. After 
allowing for the base-emitter potential, switch positions and 
corresponding base currents are near the following: 1, zero; 
2, 10HA; 3, 30WA; 4, 100WA; 5, O.3mA, and 6, IMA. 
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Polarity is sho. 


for NPN transistors. Reverse pola 
both meter and battery for PNP transistors. 


ity of the circuit. Switch, and battery can all be fitted to a 
small box. A development of the ciseuit would be to include 
acurrent meter, with switch and shunts, to replace the external 
general purpose test instrument 


For all tests, initially set the switch to 1, and the meter to its 
highest range (say 1 ampere). Afterwards, switch the meter to 
a lower range, after adjustment of the 6-way switch, as may 
prove to be necessary to obtain an easy reading. Treasure Locator 
With the switch at 1, a high reading on the meter shows hat the 
transistor has a short circuit from emitter to collector, and is 
defective. 


This locator is among the simplest that can be constructed, as 
it uses an ordinary small portable radio as part of the detection 
circuitry. No modifications or connections to the radio are 
needed 


With germanium transistors, collector current (with the switch 
«at 1) may be 0.1mA or so up to perhaps 0.5mA for small 

types, and up to some milliamperes for larger types. This small 
leakage current does not show that the transistor is defective. 


In the case of silicon transistors, the leakage current (with 
switch at 1) will be zero or extremely small, if the device is in 
good condition, 


‘The switch is then turned to one of the positions 2 to 6. If 
collector current does not rise, the transistor is defective. 

If current rises at each step, do not go beyond the switch 
setting which results in a safe collector current for the device 
actually being tested. This can be 10mA or less for some small 
transistors, or 100mA or so for those able to handle greater 
power, and up to an ampere or more for large power transis- 
tors, but limitation of base current will not allow full collector 
current with large types, 


‘The approximate hFE or current amplification of the transis- 
tor (common emitter mode) can be found by noting the 
approximate base current and collector current. If the collector 
current with the switch at 1 was very small, it can be ignored. 

If not, take this value from the actual collector current read 

by the meter, with the switch at 2 to 6. Collector current 

(read by the meter) is then divided by base current (taken 

from the switch position as described). This gives the approxi- 
mate hFE, or amplification, of the transistor. 


Fig. 31 is the circuit. It has a single transistor as a low radio- 
frequency oscillator, operating in conjunction with the search 
coil. Oscillation is obtained by having a tapped coil, with 
‘outer leads going to base and collector circuits, The 
frequency of oscillation depends on the coil, and the parallel 
capacitors, trimmer TI, and C2. 


‘The winding of the search coil is 6 inch in diameter, and is of 
34swg enamelled wire. The coil former can be made from three 
pieces of 1/8 inch thick hardboard, or similar insulated mat- 
erial. Cut one disc 6 inch in diameter, and two others about 
64 inch in diameter. Smooth the edges with glasspaper, and 
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It is convenient to mark the switch with the base current 
figures, and to have three small clips to attach a transistor to 
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‘cement them securely together, with the small dise between 
the larger discs. This provides a former with a channel to take 
the winding. The adhesive should be allowed to dry with the 
dises under pressure, so that there is no gap into which turns 
can fall, The former should also be varnished, and allowed to 
dry, before winding, 


‘The wite is passed up through a small hole, this being point 1. 
Wind on fifteen tums. Make a loop and pass this up through a 
hole, for point 2. Wind a further twenty-five tums in the same 
direction, finishing off at point 3. These leads are scraped and 
soldered to a small tag strip. This is an anchor point for i 

sulated leads which will run up the handle of the locator 


Eon 


Cut a block of wood, and drill it to take the bottom of a 
broomstick. Cement the block to the prepared coil. 


Components are assembled on a tag strip as in Fig. 32. Mount 
this strip in a plastic lunch box or similar container, which 
will also take a small 9v battery, and the switch SI. A test 


for oscillation can be made by placing a meter in one battery 
lead, and shorting 1 and 3 of the coil. Meter current should 
charge slightly. If not, look for some mistake in wiring, 


A shelf is bolted to the handle, and the detector rests on 
this, with connections passing down to the search coil. A 
few loops of tape or string will secure these to the handle. 


Operation in Great Britain can be on frequencies under 
100kHz, Initially tune the radio receiver to 200kHz on long 
wave, and place it near the coil. Adjust Tl until a strong. 
whistle is heard in the receiver speaker. This is the 2nd 
harmonic of the oscillator. T1 is then screwed down very 
slightly from this position. 


The small portable radio is placed on top of the locator box, 
and can be held here with elastic. It is tuned to the medium 
wave band. Some small adjustment of TI, and of the receiver 
tuning, may be required, until a suitable heterodyne is produced 
by aharmonic or multiple of the oscillator. It will then be 
found that the pitch of the note changes when the search coil 
approaches a metal object. 


It should generally be found that sufficient coupling is obtained 
with the receiver when they are situated as in Fig. 32. If not, 
runa few inches of insulated wire from the transistor collector 
tag up through the box and place this under the receiver. 


For best results, adjustments are directed towards obtaining a 
good change in pitch, when the search coil approaches metal 


For those interested in details of other detectors, reference 
can be made to “How to Build Your Own Metal and Treasure 
Locators” (No. 32, Babani Press). 
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SECTION 3 
RADIO AND AUDIO FREQUENCY 


MW Booster 


This unit can be employed in conjunction with any ordinary 
portable having a ferrite rod aerial, and will provide a con: 
siderable increase in range and sensitivity to weak signals. It 
has two functions — to allow the use of an external aerial and 
earth, and to amplify and couple signals to the portable 
receiver. 


‘Tuning coverage is for medium waves. That is, about 200~S50 
metres, or 1500—550kHz. Many overseas and other stations 
can be picked up on this band, and distant reception can be 
particularly common on the higher frequencies, during the hours 
of darkness, 
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Fig. 33 isthe circuit, and it uses a cored tuning coil with 
aerial coupling winding 8-9, tuned winding 6—1, and base 
coupling coil 5~7.. These nuimbers are for the pins of the 
Denco (Clacton) “Blue” Range 2 component. It will be 
apparent that other coils, or surplus or home-wound inductors, 
‘ean be substituted 


For the coil mentioned, VCI is 315pF. However, this value is 
not too critical, provided the capacitor fitted allows tuning 
the wanted frequencies. A solid dielectric capacitor can be 
used, though the air spaced type is likely to be a little more 
efficient 


Coupling to the base is by C1, and resistors RI and R2 set the 
base bias conditions, with R3 for emitter bias. These values. 
will suit numerous RF transistors 


Fig. 33B shows assembly of the components on an insulated 
board. The coil is mounted by its threaded bush. When the 
board has been wired, it can be mounted by means of bolts 
with extra nuts, The case is preferably metal, for screening 
purposes, but the booster can be used satisfactorily with a 
plastic or similar box. 


EARTH AERIAL 


Fit a small slide switch to the box front, and aerial and earth 
sockets to the back, near the coil, A 9v battery is accommo- 
dated in the case: 


Coupling to the transistor receiver is by means of a loop which 
is placed on the receiver ferrite rod, or near the rod. The loop 
can be about twenty tums of thin insulated wire, about % inch 
in diameter, and bound with cotton to keep the turns together 
‘The ends can be left long enough to reach the two connecting 
points in Fig, 33B. 


If the case is metal, the booster and receiver can be near each 
other, so the loop leads will only need to be a few inches long. 
But when an insulated case is used, coupling from the receiver 
ferrite aerial or other circuits, to the booster coil, may cause 
instability. This will become apparent as whistles accompany 
ing most signals. If this arises, the booster and receiver should 
be moved some inches apart. The aerial lead must not run 
near the loop connections. 


Some receivers have an internal winding which is intended to 
Couple an external aerial, and it may be possible to connect to. 
this, so that a separate coupling loop is not required. 


In some cases the earth connection may be omitted, though it 
can improve range. The aerial can be some 20ft to 40ft or 50 
Tong. If possible, it should be high and clear of walls and 
other earthed objects. 


If necessary, the coupling afforded by the loop to the receiver 
aerial circuit can be modified by moving the loop. Initially, 
tune in signals with the receiver, then adjust VCI for reson 
ance. This should provide a very considerable increase in the 
volume of weak signals. A scale can be fitted to the booster, 
and marked to agree with the receiver tuning by this means. 
This will allow tuning to be kept in step, and the booster 
should allow reception of transmissions which will be inaudible 
if it is removed. 


‘Actual tuning coverage can be modified by adjusting the 
position of the coil core. This may be helpful in obtaining 
Agreement between booster and receiver tuning. The booster 
is not required for the reception of powerful signals, and the 
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receiver automatic gain control circuit will tend to mask any 
increase in signal strength obtained with such transmissions. 


Midget MW Diode Radio/Tuner 


A small, compact tuner can be of utility in allowing radio 
reception through an amplifier, and a diode receiver can give 
excellent quality of reception. Such a unit can also be em 
ployed alone, with headphones, for personal listening. 


Fig, 34 is a receiver/tuner which can be built in a very small 
plastic or other insulated box. VC1 is a compression type 
trimmer, fitted with a small knob for adjustment by hand. 

To do this, itis necessary to remove the short screw (gener- 
ally 6ba) and replace this with a longer one, which projects to 
take the knob. The latter can be a terminal head, or the cap 
from an empty tube of adhesive, secured with lock nuts. 


vel 
PLASTIC BOX 


FIG.34. 


For best efficiency and small size, the tuning coil is wound on 
apiece of ferrite rod. It consists of seventy tums of 24swe, 
or similar enamelled wire, on a rod about 1% inch long and 
3/8 inch in diameter. Actual details will not be critical. A 
Piece can be obtained from a longer rod by cutting a notch 
round the rod with a file and snapping at this point with the 
fingers. A few touches of adhesive will hold the ends of the 
winding secure. The loop for the aerial connection is about 
one-third the total number of turns from the diode end of 

the coil. (Moving this tapping towards the earthed end of the 
coil will increase selectivity or sharpness of tuning, but reduce 
volume.) 


Aerial and earth sockets, and a 3.5mm jack outlet, complete 
the receiver. Headphones can be plugged directly in here. 


The aerial and earth can be provided as explained for the diode 
radio in Fig. 7 


To use the radio as a tuner, C1, RI and C2 may be added. 
Suitable values are C1 470pF, RI 220k, and C2.0.25uF. A 
screened lead with jack plug should be made up to connect the 
tuner to the amplifier input socket 


‘One Transistor VHF Receiver/Converter 


The super-regenerative receiver is well known for its great 
sensitivity, which equals that of a multi-stage supethet. It has 
no alignment difficulties, and few components, so is an inter- 
esting project. Its main disadvantages are its background 

hiss, but this ceases when a signal is tuned in, and its lack of 
selectivity. The latter is however relatively unimportant on 

the VHF bands. The circuit here is particularly intended for 2m 
reception, but is easily modified. It is not intended for FM 
signals. 


In Fig. 35 the detector is a VHF FET, and the field effect 
transistor will be found very satisfactory in circuits of this 
kind. 71 is the pre-set tuning capacitor, which allows adjust- 
ment over a fairly wide band of frequencies. Tuning is by VC1, 
which does not require a reduction drive. 
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cS 3:3PF 


Control of supersegeneration is by means of the potentio- 
meter VRI, which adjusts the FET drain potential. The value 
‘of VRI is not very important, but a linear potentiometer is 
necessary. 


5 provides feedback from source to drain, for regeneration. 
R3 and the associated components form the quench network, 
with C6 feeding headphones, or an audio amplifier. 


For best results, VR1 should enable the transistor to go 
smoothly into super-regeneration, which is shown by the hiss 
mentioned. Achieving this depends somewhat on the transis- 
tor, value of C5,adjustment of TI, and aerial loading 
However, matters are not too critical 


Transistors unsuitable for VHF cannot be used. Individual 
FETs of the same type will also differ somewhat, so that in 
some cases it might be necessary to omit C5, or change the 
value. Alternatively, small pre-set (not over 10pF) may be 
fitted. It will be found that a very small capacitance is required. 


Another cause of filing to obtain super-tegeneration is too 

‘tight aerial coubling, and this is easily corrected by moving the 

aerial coupling winding a little further from the larger winding. 
16 


The RF choke can be a VHF type, or can consist of seventy 
five tums of 36swg enamelled wire, side by side on a % inch 
diameter insulated rod. Touches of adhesive may hold the end 
tums only. 


Short leads are essential, and assembly on a tag board is shown 
in Fig. 35B. The variable capacitor is fitted first, and it can 
later attach the finished board to a panel, by means of an extra 
nut. 


AERIAL 


AF OUTPUT 


FIG. 358. 


The larger coil has five turns of 18swg wire, and is % inch in 
diameter and % inch long. The smaller coil has two tums. 
Wiring to VC1, TI, C5, the coil and C1 must be as short as 
can be arranged. Connections elsewhere are reasonably direct 
‘A ceramic disc Capacitor may be used at C1. TI should be a 
low loss trimmer. 


‘The board can be fitted in a case which will carry VRI, and 
large enough for the battery and on-off switch. The case can 
be used to support a telescopic aerial, some 30 inch or so when 
extended, 7” 


Frequencies tuned by VC1 can be raised by unscrewing T1 
or by stretching the larger coil to separate the turns more, Or 
by using a coil with fewer tums, or of smaller diameter. The 
receiver is most suitable for use over the 70MHz to 200MHz 
range. 


For the single transistor alone, a sensitive pair of medium or 
high resistance phones will be needed. Audio ouptut from C6 
can be taken to an amplifier, for more powerful reception with 
phones, or to allow a loudspeaker to be used. 


To use the circuit as a converter, tune a portable receiver to 
around 1500kHz (or as found to give best results, with no 
break through of unwanted medium wave signals). Place the 
receiver so that its ferrite aerial is coupled to the RF choke of 
the converter. When VR1 is correctly adjusted, conversion 
within the VHF circuit will then allow VHF signals to be 
heard with the receiver. 


Component List 


RI ik Cl nF VHF dise 
R2 10k C2 22uF 10 

R3 12k C3 4.7nF dise 
RI 20k linear pot. C4 10nF dise 
VCI_5pF airspaced variable CS 3.3pF VHF type 
TI_20pF air spaced trimmer CS OWE 


MPF102/BF244, or other VHF FET 
Tagboard, wire for coils and choke, etc 


Morse and Sideband Resolver 


Quite a number of inexpensive multi-band transistor receivers 
have frequency coverage which includes one or more Amateur 
bands, That is, 1.8, 3.5, 7, 14, 21, or 28MHz. On these 
‘bands transmissions are often in Morse code or CW, or single 
sideband. CW or SSB can be resolved by the specialised 
‘Amateur receivers and transceivers, but not with the general 
purpose home receiver. To receive CW or SSB with the latter 
type of radio, itis necessary to add an oscillator. This either 
generates a heterodyne or beat note for code reception, or 
replaces the carrier which was eliminated from the single 
sideband transmission. 
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The circuit in Fig. 36 may be used for these purposes. It 
generates a carrier of about the same frequency as that used 
in the intermediate frequency stages of the receiver, exact 
adjustment of frequency being by VCI, 


MoSt popular receivers have an intermediate frequency of about 
455kHz to 470kHz. The circuit in Fig. 36 uses an intermediate 
frequency transformer of similar type, and adjustment of 

its core allows operation with any IF from 455 to 470kHz. 

Pin numbers are for the Denco (Clacton) [FT13, normally 
intended for 465kHz. The connections to the base winding 

(4 and 5) have to be phased to secure oscillation. 


R1 and R2 provide base bias, and R3 emitter bias. R4, and 
the large capacitor C3, allows current to be drawn from the 
same battery as is used to run the receiver, if wished. Alter: 
natively, a separate 9v battery may be employed here 


Fig, 368 shows the practical layout of components, and 
wiring to them, using a perforated board. Connections and 
joints are kept close against the underside of the board. When 
‘wiring is finished, the board is mounted in a metal box, using 
4 inch bolts with extra nuts for clearance. 


VCI can best have a dial with a central zero mark, this showing 
when the plates are half meshed. 
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‘An insulated lead is run from 2 on the IFT, and is placed near 
the receiver. This lead may be so positioned as to give best 
coupling into the IF stages of the receiver. If coupling is too 
weak, the signal from the CW/SSB Resolver will be inadequate. 
On the other hand, tight coupling will allow the carrier to swany 
weak signals tuned in on the receiver. Fortunately the degree of 
coupling is not at all critical 


To set up the oscillator, first ofall tune in any normal broad- 
cast with the receiver. ‘Set VC1 half closed and switch on. 
The core of the IFT should now be slowly adjusted until a 
oud heterodyne or beat note is heard accompanying the 
signal received. Set the core so that this note falls to about 
zero, of to.a low pitch, It will then be possible to rotate 
VCI either way from this central zero beat position, in each 
‘case producing a note which rises in frequency as VCI is 
rotated. 


To receive CW or Morse code, it is only necessary to tune in 
the code signal with the receiver, and then to adjust VCI to 
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obtain note of the most suitable pitch. VC1 can be rotated 
either way from its central or zero beat position, to obtain 
best freedom from interference. 


When receiving SSB, a more critical adjustment of VCI is needed 
and the carrier produced must be at the right side of the SSB 
signal. (One side is used for the low frequency bands, and the 
other for the higher frequency bands.) If the carrier is the 
wrong side, the speech will be “inverted” or unintelligible. 
With careful adjustment of VC1, a setting will be found where 
the sideband signal is correctly resolved 


Easy Preamplifier 


This amplifier can be placed in circuit before a larger amplifier, 
to boost the input, or it may be used alone with headphones, 


A preamplifier will be added to existing equipment when a 
pickup or microphone having only a low output has been found 
to give insufficient volume. An amplifier may be able to 
provide a signal at a sufficiently high level. But with low input 
levels, output can be inadequate. 


‘The stage in Fig. 37 can provide considerable gain. Audio 
input is to Cl, and RI. provides base current for the transistor. 
‘Amplified signals are obtained across R2, and pass to the main 
amplifier (or phones) via the isolating capacitor C2. 


With a BC108 or similar transistor, the supply can be about 9v 
to 15v, Numerous NPN transistors, intended for preamplifier 
use and of fow noise type, will perform well. Current may be 
from a separate battery. Or it may in many cases be drawn 
from the main amplifier. To avoid instability or similar 
troubles, the positive supply should be from a well decoupled 
and smoothed point in the main amplifier. 1f this is not 
available, connect a 220uF capacitor from positive to negative 
in Fig. 37, and draw the positive supply through a 1k resistor. 
Nogative is returned to the negative line of the main amplifier. 


Should the main amplifier have a positive earth line, then the 
transistor can be a PNP type, RI and R2 being changed to 
suit 


Fig. 37B shows assembly on a perforated board. When the 
circuit provides input to a main amplifier, it should generally 
be in a metal case. Input is by a screened lead, and a screened 
lead is also fitted for the audio circuit to the main amplifier. 
The case should be earthed to the negative line. This can be 
by means of one of the bolts securing the board. 


Screening to avoid hum or instability will generally prove to be 
unnecessary when using the stage to operate headphones. So 
two sockets, or a jack socket, will be more convenient for the 
phone circuit 


741 Preamplifier 


Integrated circuits have several stages of amplification, formed 
as asingle chip and enclosed in a small case. The 741 is an 
easily obtained audio IC which can be used in many circuits, 
‘The wA741CE or metal can 741 is convenient, as its leads may 
be spaced to suit any ready perforated board. The dual in line 
741 is electrically similar, 


Fig. 38 shows a preamplifier using the metal can 741. Input is 
via Cl to 3. As shown, 7 and 4 are positive and negative, while 
‘output is from 6. Negative feedback is applied to 2, via R4. 
C3 is an isolating capacitor. 


a 


RI 100K 


Modification to the values of R3 or R4 allow feedback and 
ain to be adjusted between quite wide limits, but for general 
Purposes the values shown are satisfactory. A wide range of 
voltages (not exceeding 36v) may be used. The actual output 
is from a complementary pair, and is easily adequate for very 
‘good headphone volume, if required 


Fig. 38B shows assembly of the integrated circuit amplifier 
on a perforated board. For phone working, input and output 
need not be screened. But for preamplifier use before a main 
amplifier, these circuits need to be made by means of screened 
leads. 
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FIc.388. 


Lead 8 is identified as in Fig. 38. The wires are spread out 
slightly, to fit the board perforations. After inserting com- 
ponents as shown, turn the board over. Bend and solder the 
‘wires, cutting off excess length. Sleeving can be put on any 
connections which run very near other leads or soldered joints, 


If the preamplifier is to be used as a separate unit, input and 
output leads may be run to jack sockets, or sockets to suit 
other items of equipment. A metal case is advised, as this will 
help to avoid any pick up of hum, or other troubles due to 
coupling to the board wiring. ‘The board can be secured to 
the metal box or case with ¥ inch 6ba bolts, and extra nuts 
to give a little clearance. 


The amplifier may be run from its own battery; or from a 
supply used with a main amplifier. For the latter, itis wise to 
provide a decoupled point, in a similar manner to that deseri- 
bed for the transistor preamplifier. This consists of a quite 
large capacitor (say 220uF to 470jF) from positive to negative 
across the preamplifier supply circuit, and a resistor of 1k to 
2.2k or so from preamplifier positive to positive on the main 
amplifier. on 


Tone Control for Your Dises Ete. 


The preamplifiers shown have a substantially flat response. 
That is, they do not purposely emphasize bass or treble, or 
have similar effects in modifying the audio frequencies pre- 
sent. In some circumstances it is necessary to boost treble or 
bass, or reduce the emphasis of these frequencies, in order to 
‘obtain the most satisfactory reproduction. 


This may be achieved by making a fully adjustable tone 
control, and Fig. 39 is a suitable circuit, A volume control is 
also incorporated, as this has not been present in the pre- 
amplifiers. 


The tone control is a passive circuit, needing no battery, and 
it can be placed between the source of audio signals (generally 
a microphone, pick-up, or radio tuner) and the amplifier or 
preamplifier. ‘It may also be located between preamplifier 
and main amplifier, if wished. 


Results are substantially flat with the treble control VRI and 
base control VR2 in their central positions. Adjustment of 
VRI and VR2 will provide separate boost or cut of treble, or 
boost or cut of bass frequencies. VR3 is the volume control. 
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Appendix A 


Pictures of Tools 


Bu! wij 


Figure A.2: Solder Wire 


Input A has its individual volume control VRI, and Input B 
is similarly provided with VR2. Resistors RI and R2 prevent 
short circuiting one input when the other potentiometer is 

set at zero. Coupling to the transistor base is by Cl. R3 

and R4 set base bias conditions, with RS as the collector load and 
audio output from C2. 


‘The degree of control afforded by circuits of this type may be 
adjusted by alterations to the component values, In practice, 
it will be found that there is little point in having extreme 
levels of adjustment, which will never be required. The follow. 
ing values may be used: Cl and C2, 270pF; RI, 390k; R2 and 
R3, 100k; C3 680pF; VR1 and VR2, 2 megohm linear poten 
tiometers; VR3, 2 megohm log potentiometer. 


‘Component values are not very critical, though R3, R4 and RS 
need to be selected to suit the transistor fitted. The mixer is 
connected and used in a similar way to that explained for the 
preamplifiers 


Components should be assembled in a metal case, for sereen- 
ing. The case is grounded to the earth line, Input and output 
sockets can be near the ends of the case, with VR1, VR2 and 
VR3 between. Components can be soldered directly to the 
potentiometer tags. 


FIG. 408. 


Two Channel Mixer 


A mixer will permit fading in and out of two signals, such as 
these from tape and microphone, or radio and disc, and can be 
of considerable utility for home entertainment. The mixer 
in Fig. 40 takes two inputs, and also provides additional 
amplification, which will often be useful where input levels 
are not very high. 


Fig. 40B is the layout, using a metal case or box. A screened 
output lead is provided. Input sockets A and B may be chosen 
to suit the type of plugs on existing equipment. The on-off 
switch is separate from the potentiometers, so that these can 
be left at pre-set levels if wished. 


Component values may be chosen to suit low or high imped- 
ance inputs, if wished. Or the following may be used for 
general purposes: 
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Components List: 


VRI, VR2, 1 megohm log potentiometers. 
RI, R2, 200k 

CLO.SuF €2.0.5uF 
R3 330k BC109 
RA 22k 

RS 10k 


This is when using a 9v supply. 


4 Watt IC Amplifier 


An integrated circuit which combines driver and push-pull 
‘output stages is used in Fig. 41. The IC is the MFC400B and 
is intended for operation from a 9v battery supply, and 
delivers up to about 250 milliwatts into a 16 ohm speaker. 
This will be found ideal for many projects, and for loud- 
speaker reception, 


‘Audio input is to 2 of the IC, from the isolating capacitor 
C1. C2 is a by-pass capacitor to maintain stability. The IC 
has only four connections, 1 going to the negative line, and 3 
to the positive supply. Audio output is from 4, and to the 
loudspeaker via C3. RI provides negative feedback and bias, 
to point 2 
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‘The assembly of this amplifier on 0.15 inch matrix board is 
shown in Fig. 41B, Pin numbering is when looking at the top 
of the IC and the component side of the board. 


F1G.416. 


A screened input circuit will be found necessary when the IC 
amplifier is used with a preamplifier or similar items. Connect 
the outer brading of this lead to the negative line, and the 
inner conductor to C1. Such screening is not necessary with 
very short connections from other stages to the IC 
amplifier, or when using it to amplify a erystal diode radio, 

‘or for similar purposes, 


‘The on-off switch can be in either the positive or negative 
battery lead. The IC will be found to give a good performance 
speakers of a higher impedance than that shown, and up 
to 75 ohm may be used (with some small loss in output). 
Units of lower impedance than 16 ohms should not be fitted. 


‘The small size of this IC and the few extra components needed 
make is very suitable for miniature apparatus, probably with 
a2% inch speaker. It will also operate a large speaker well 
(Gee “Boost Speaker”) and at a volume level adequate for 
many purposes. 
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Class A Amplifier 


‘A Class A amplifier uses a single transistor, Fig. 42, which 
must thus operate over the whole audio cycle. As a result, 
the resting or no-signal current has to be fairly high, if other 

_ than a very low power output is to be obtained. An ampli- 
fier of this kind is thus most usual in circumstances where a 
fairly large current will be available. That is, with accumulator 
operated equipment (e., a car radio) or mains operated 
amplifiers. It can also be used for other purposes where op 
tion is more or less on an intermittent basis (as in a Loud 
Haller), or for somewhat lower power where simplicity is 
important 


‘The circuit in Fig. 42 can be used with any NPN transistor, 
‘or with PNP transistors if polarity is reversed. Small transi~ 
stors of the 300mW and similar type will provide rather 
modest loudspeaker volume. Larger transistors, with a dissipa- 
tion of SOOmW to 1W or so, will be able to give reasonable 
power, and can often be useful here. The very large power 
transistor, such as that shown, will run at a much higher 
‘current level, and deliver several watts output. 


TI is the coupling or driver transformer, which may receive 
audio signals from a radio receiver, smalier amplifier, or other 
equipment. A step down ratio of about 5:1 to 10:1 will 
generally prove to be suitable. 


For smaller Class A amplifiers, Tl may be omitted. R1 and 
VRI may then beof about 1k, and the audio signal can be 
coupled to the transistor base by means of a fixed capacitor, 
as in earlier circuits. 


‘T2 is the output or speaker transformer. This can be omitted 
when the speaker is of suitable impedance, and is able to carry 
the required collector current. This means that a 75 ohm 
lar unit can be connected directly in the collector 
circuit, with low power transistors. If a 2/3 ohm speaker is 
‘used, then T2 is required with these for impedance matching. 


With the large type of transistor, current may be SOOmA to 
TA or so, and this means that the usual speaker cannot be 
connected directly in circuit. Instead, a transformer or tapped 
choke will be needed. 


‘The circuit is often operated from 12v (a vehicle supply) but 
can be used with 9v, or more than 12y. 


RI and VRI set bias conditions, and R2 limits peak collector 
current. For the 2N3055, R2 may be 1 ohm. Ri can be 
100 ohm, and VR1 25 ohm. T2.can be 2:1 for a3.5 ohm 
speaker. Cl is 3200uF. Begin with VRI at minimum value, 
slowly increasing this until reproduction is satisfactory. 
(This will set collector current at about % ampere.) 


With other transistors, adjustment can be made in the same 
way, by slowly increasing the base bias until best results are 
secured. Raising the value of VRI in Fig. 42, or reducing the 
value of R1, will increase collector current, and thus raise the 
power which can be handled. However, current is limited by 
the power handling capacity of the transistor, so a meter 
should be put in one battery lead, and a check made that the 
power dissipation of the transistor is not exceeded. With 
small transistors, current can be limited to SOmA or so. 


Fig. 42B shows assembly of the circuit in Fig. 42. The power 
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transistor is mounted on an aluminium plate, which acts as a 
heat sink to carry away heat from the transistor itself. Note 
that this plate is common to the collector. Base and Emitter 
pins pass through clearance holes. Smooth off any burr round 
the fixing and clearance holes, so that the transistor can rest 
flat on the metal. Where it is awkward to have the plate or 
case common to the collector, the usual insulation set can be 
fitted. This consists of bushes for the fixing bolts, and a thin 
mica washer to go under the transistor, so that electrical 
isolation is obtained. 


stage is by the isolating capacitor C1. Operating conditions 
in this stage depend largely on the values of R2, R3, and the 
emitter bias resistor RS. 
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(as pa T1 is the driver transformer, with centre tapped secondary, so 


that TR2/3 may be operated in push-pull (See Fig. 12). T2 
couples output to a 2/3 ohm speaker. 


With the values shown, a BC109 will give very good results in 
the TRI position, with 2 x BC108s for the output stage. R7 

is set so that battery current is around 10mA, with no signal 
present. Current rises from 20mA to 60mA or $0, according to 
volume, when the amplifier is driven. 


The insulated board carrying the other components is 
mounted by long bolts with extra nuts. Alarge Class A stage 
transistor of this type will grow very warm to the touch, if 
run at anything like maximum power rating. This does not 
indicate any defect. 

A pair of 2N1306 transistors may be used for the output stage. 


Other transistors are also possible here, as operating conditions 


‘Two Stage Amplifier can be adjusted by R7. 


‘The circuit of a 2-stage amplifier is shown in Fig. 43, and this 
‘can be used for loudspeaker reproduction. Input to the driver 
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‘The 2N3706 will operate in the TRI position, though with 
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ower gain than the BC109. Numerous other small audio 
transistors can also be used here. 


For full volume, a fairly strong input is required to TRI. It 
will thus be necessary to use a preamplifier, for low level 
signals 


Components List: 
RI 3.3k C1 O.SuF 
R2 47k C2 100uF 
R3 15k C3: 100uF 
R4 lk C4 4.7nF 
RS 680 ohm C5 470uF 
R6 27k 

R7 500 ohm preset 

R8 4.7 ohm 


SECTION 4 
POWER SUPPLIES 


Mains power supplies are convenient for equipment which will 
receive long periods of use, and for items where the current 
needed is too heavy for economical running from batteries. 


Such supplies should be operated from a 3-pin plug, fitted 
with a low rating fuse. Connect L, N and Earth correctly, 
both at the plug and at the equipment. 


Those circuits where mains voltages are present must be so 
arranged that no shocks can be experienced. Mains voltage 
circuits include any means of anchoring the mains con- 
ductors in the equipment, the main on-off switch (if used), 
and primary connections of the mains transformer. Enclos- 
ing the whole equipment in an insulated or metal case will 
avoid accidental contact with such circuits or with the tags 
of switches or transformer. If the case is metal, earth it by 
the mains earth conductor. 


Provided the secondary or low voltage circuit is correctly 
‘earthed, there is normally no danger from handling these 
‘connections, or equipment operated from the supply. 


Easy PSU 


A useful power supply suitable for many purposes can use 
the circuit in Fig. 44. Mains L (live) and N (neutral) con- 
ductors go to the primary P of the transforer. A switch is 
placed in the L circuit 


The secondary S can delivery any wanted low voltage, and also 
give isolation from the mains 


Almost all equipment will need direct current. The four 
separate rectifiers, or an equivalent single device, produce 
pulsating DC. The reservoir capacitor C1 smoothes this. 
Resistor RI, with the second capacitor C2, gives additional 
smoothing. ‘Output from the supply is then substantially 
smooth DC, as would be obtained from a battery. 
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Sometimes Ri and C2 are omitted. Should hum accompany 
reproduction from an amy lifier, this shows that. smoothing 
is probably inadequate, and if so the cure is to add RI and C2, 


Any wanted voltage can be obtained by using a transformer 
with an appropriate secondary, with rectifiers and capacitors 
to suit 


CI may charge up to approximately 1.4 times the RMS or 
usual voltage rating of the secondary S. Thus, if S were a 63v 
winding, about 8.8v would be expected across C1. But should 
RI be present, a voltage drop will arise in it, the figure depend- 
ing on the resistance value of RI, and current flowing. 


For these reasons, the actual output may not be exactly the 
figure expected. ‘This will often be unimportant, and such 
power supplies are largely used for all sorts of equipment 


For apparatus generally operated from a 9v or similar battery, 
a bell transformer with 3v, Sv and 8 output tappings is suit- 
able. If RI is 22 ohm, this will give around 9v at 100mA, 
with the 8v tap in use 


Itis convenient to use SOv or 100 rectifiers, and the rating 
can be | ampere, with a 1 ampere transformer secondary. 
Four individual wire ended rectifiers can be mounted on a 
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tag strip, and connected as in Fig. 44. A combined rectifier 
will have AC, positive, and negative tags (se Fig. 45) and e: 
be fitted instead 


The capacitors need to be of large value, and have a voltage 
rating higher than the actual voltage which will be present 
‘The 12v capacitors could be fitted in the circuit described. 
Cl can be 2500uF or larger, and C2 can be of similar value 


Easy Regulated PSU 


With the circuit in Fig. 44, the exact voltage will depend on 
the current drawn, rising when current is low. To avoid this, 
some means of regulation may be employed. 


Fig. 45 shows a typical regulation circuit, giving an output of 
approximately 9.4v. The output from the rectifier needs to 
be of somewhat higher voltage than required at the output, 
and a transformer with a 1Ov secondary is suitable. Current 
through R1 supplies the Zener diode, which holds the base of 
the transistor at virtually the same voltage for all current 
Toads. Some voltage is lost in the transistor, so the output is 
nearly the same, for any current load. For up to about 
200mA, a BEYS1 or equivalent transistor is adequate, so this 
‘will do well for many purposes 
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“oltage Regulated PSU 


Fig. 46 is somewhat similar circuit, but it has a switch, 
to select any one of the four Zener diodes. These may be 
chosen so that 6v, 9v, 12v and 15v will be available. 


‘One Transistor Adjustable PSU 


Fig. 47 is the circuit of a simple power supply unit which can 
be set to provide any output from zero to 12 volts. The 
transformer has a 17v secondary, rated at 1 ampere or higher. 
‘After rectification, DC is obtained from the reservoir capa 
tor Cl 


RI supplies current for any diode, and 1 watt diodes should 
used. With a 24v transformer and large transistor such as the 
2N1970 or 0C29, an output of up to1 ampere can then be 
drawn. The bridge rectifier must of course be rated at 1A 
or higher. 


Note that this circuit has a PNP control transistor, so that 
polarity is obtained as shown. (Compare with the NPN 
transistor in the previous circuit.) However, either positive or 
negative can be grounded, and a separate earth terminal can 
be provided to allow this. A flying lead is placed between 
earth terminal and positive, or earth and negative, as required 
‘The permanent negative earth connection shown in Fig. 45 
‘must of course then be omitted 


More details of actual construction will be found later. 


VR1 is panel mounted, and allows the base potential of the 
control transistor to be set at the required voltage. C2 pro- 
Vides “electronic smoothing” from the base circuit 


The 12 volt 15 watt bulb is for short circuit protection. 
With relatively low currents, little voltage is lost here. But if a 
short circuit arises in the output circuit, current is limited to 
alittle over 1A by the bulb. This reduces the chances of any 
damage due to temporary shorts in leads or equipment. 


R1 isa bleeder resistor, drawing some current even when no 
extemal load is connected. The meter is the usual high resis- 
tance type, scaled from zero to 12v. VRI is adjusted until 
this instrument shows the wanted voltage. 
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The regulation of this supply is not so good as that of supplies 
Using a number of transistors. But it will be found suitable for 
all ordinary purposes, and to supply power for circuits in this 
book, as only a small change in voltage arises, with changes 

to the load, or current drawn 


Fig. 47B shows practical construction of this PSU. A similar 
layout can be adopted for the other power supply units. 


The mains cord is anchored at a tag strip, and connections 
are made as described earlier. ‘The mains switch is in the L 
conductor to the 240v winding, or primary, of the trans- 
former, 


A tag strip supports the rectifier, which has AC (~), positive 
and negative connected as shown. The lamp can be a vehicle 
type, supported by stout wires soldered to its base contacts, 
or side and tip. A hole is drilled in the panel level with this 
Lamp, so that it will give indications of a short circuit or heavy 
load. 


The transistor is mounted on the metal panel, to enable this 
to carry away heat, but is insulated from the metal. Use the 
correct insulation set (mica washer and bushes) which can 

generally be obtained with the transistor. A tag under one 
‘f the securing nuts provides the collector connection 


For voltage readings, a meter scaled 0—-12v is most suitable. 
Ora ImA meter, with 12k 1% series resistor, may be used. 
If'so, anew scale, marked 0-12, can be drawn for it 


A 3 watt linear potentiometer is used. Earth and negative 
are connected to the metal panel, for equipment with a 
negative ground line. The positive output terminal or socket 
is insulated from the metal. 


‘The case can be metal, or wood, It should have a few 
ventilation holes. The transistor can be expected to run quite 
warm, at maximum current. Heating here rises as the output 

voltage is reduced by VR1, as in these circumstances more 

voltage is dropped in the transistor. 
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Zener Regulated Supply 


Zener diodes alone may be used to provide a regulated supply. 
This can be convenient, as example, when operating 9v equip- 
ment from a car accumulator, where the voltage will vary 
somewhat during charging. 


Fig. 48 shows two supplies regulated by a Zener diode only. 
With the first circuit, R1 and the negative line are taken to 
the supply, and the ‘egulated output is obtained across the 
Zener in the polarity shown 


The units employed are ohms, amperes, and volts. Wattage 
may be found from Voltage x Current 


Select RI or R2 so that the wattage rating of the Zener is not 
exceeded, with the smallest current ever to be drawn by the 
load. As example, suppose a 7.5v output is wanted, so that 
a 1 4w 7.5y Zener i fitted. Approximately 200mA may thus 
flow through the Zener, if no current is taken by the load 
Suppose the supply is up to 15v. It will be necessary to drop 
or waste 75v in RI or R2. Soa 42 ohm resistor may be 

| fitted, with a little safety latitude. Any cuftent from zero to 
about’ 150mA may then be drawn, without any important 
change in voltage 

Where a Zener diode would have to be of very large wattage, 
it may be more convenient to use the Zener to control the 
base potential of a transistor, as also shown for negative and 
positive earths in Fig. 48. (See also Fig. 45.) R3 or R4 then, 
| only need provide a relatively low current for the Zener and 

transistor base. 


| Motor PSU with Reverse 


| Fig. 49 is the circuit of a supply for model motors, and giving 
| both speed control and reversing 


‘The second circuit is virtually the same, but polarity is re- 
versed, so that the ground retum is positive: 


‘These circuits can be prepared for a wide range of voltages, 
by taking into account the Zener voltage and wattage, and 
thus the voltage to be dropped in RI and R2 


For calculations, remember the following 
Voltage = Current in Amperes x Resistance in Ohms. 
Current = Voltage divided by Resistance. 
Resistance = Voltage divided by Current. 
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A transformer with a 12v secondary will be suitable for the 
usual model requiring up to 12v. The circuit is similar to that 
of the supply in Fig. 47. The potentiometer VRI gives speed 
control. Cl can be around 2,000uF. 


“A” is one type of ready-made switch, and it can be obtaine 
with a central off position. “B™ shows a home-built switch, 
similar to that described in Fig. 5. The switch must not short 
circuit the supply when changing over polarity, and one with 
central off is recommended. 


Motors reversed in this way must be of the permanent magnet 
type, in which a change of polarity causes the amature to 
tun in the opposite direction. Train and many other model 
motors ate of this construction. Motors with a wound field 
will not be reversed by changing the polarity of supply. 


A controller of this kind should be constructed as shown 
earlier, $0 that it i safe to use, and so that no joints in the 
mains circuits can be touched. 


Earthing can only be omitted when a double insulated trans- 
former, of the type specifically made to avoid any need for 
earthing, has been used. The whole controller should be so 
constructed that, even if a fault develops, mains voltages 
‘cannot reach the secondary circuit or model 


Wrong Polarity Protector 


There is sometimes a danger that transistorised equipment 
may be connected to a vehicle or other supply in the wrong 
polarity. This will usually cause damage, and may destroy 
the semiconductor devices, or electrolytic capacitors. 


‘Adding a diode to the circuit as in Fig. 50 will avoid this. 
For most small equipment, a silicon 100v 1A rectifier wil 
be ideal. With the supply connected correctly, current passes 
with virtually no loss of voltage. But if the supply polarity 
is reversed, the diode does not conduct, so no harm is 
caused to the equipment. Such a diode is readily incorporated 
in almost any item which may from time to time be run from 
an external accumulator or dry battery supply where the 
polarity is not known, 
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FIG. 50. 


‘Component Tolerances 


For circuits in this book, exact component values are generally 
not too important. Capacitor values such as 47nF (0.0474) 
and 0.0SuF may be regarded as interchangeable. In the same 
way, a 125uF capacitor may replace 100uF, or 200uF can be 
used instead of 220uF,, and so on. 


Resistors will generally be the standard 5% tolerance types 
In some circuits exact resistor values are not at all critical 
In others, and especially base, emitter and collector circuits, 
the values which provide best results can have much less 
latitude. 


Bases 


The lead-out positions of base, emitter and collector wires 
have been shown for typical transistors. However, itis felt 
that Fig. 51 should be useful. This gives lead information for 
types most likely to be required for circuits in this book. 
Other types of transistors may of course be used success- 
fully, but it is not practical to list all these, or show 
connections for them all 
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Figure A.3: Desolder Pump 


Figure Ad: Desolder Braid 


EQUIVALENT SEMICONDUCTORS. 


2N706 — BFYSI 


*&) °&) ‘Ozvw 


NPN PNB BCIO7/8/9 


To help our overseas readers the following list of possible 
equivalents is shown below: 


ACI28  CV9778, OC74—318, NKT281, 2N467, 2SB222 
415, ACL17—124- 153, GETI10, NKT302. 
SFT232, 2N6S9— 1373” 1384—1926—2001 2431 


FET 


MATOS FAN3207; 2N5459 4106, 2SB370, SK3004, RS276— 2005. 
eC )c G2 nen MBFIO2 ACY39CV9475, NKT243, ACZ10, 2N6S2- 23032801 
AcI38 pup BCE AFII7  2N642-2SA155, AF102—105~-127—133-137, 
aci2a sD BPX48, BSWi9~73, GM1213B, NKT6t 


SFT3S4, SK3006, 2N2273~263 
5354, RS276—2003 


vst 0c29 PNP BC107 _CV9780, AM251, BC147—167-207-317, MPS6S66, 
; BI aT Hi $K3020- 3122, ZTX107, TT107, RS276—2009, 
cay BiGe BCIO8 CV10541, AM352, BC148—168—308_318, 
MPS6520, $K3020, ZTX108, TT108, RS276- 
; 82 82 bli 
2N2646 T1843 RC109  CV}0769—10806, AM253, BC149~ 169-209-319, 


MPS6521, SK3020, ZTX109, TT109, RS276~ 2009, 
BCI47 —BCI71—182/L.-207-317, MPS6566, SK3020, 


FIG.5I, 
es NPN 2N3055 


RS276-2013, 

BCI48 BC172—183/L~208-318, MPS6520, SK3020, 
BS276~2009. 

BC149 — BC184/L 209-173-319, MPS6S21, SK3020, 
RS276~2009. 

BF200  BF162~173—225—271-311_314, SES020/1/2/3/4, 
'SK3018, 2N616 ~2708-3288—3693, RS276—2011. 


BFYS1 CV7723-7726—10827—11238, BEXS1—68A, 
BFR19, BSX45/X, BSY46—85, SK3024, 40347. 
2SC708, ME6102 2N2193/4— 2218-2410 -3053 

252-4046, RS276—2009. 

BSY9SA CV7648~9379, BCIO8A, BSX51—73-91, 


2N744-914—1708— 
2011 

MPF102 E305, SK3116. 

OASI— AAII7—118-132—144, AAZIS, OA91—95-161, 
'SD38, IN38—56-476~618, 1833. 

C26 CV8560, NKT452, 2N257-297-458-553 
1021, 2SB3, ADI30—131—138—140-149. 
C28, SK3009, TF80, T1156~3027, 2N174 
1073-2870-RS276~2006. 
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029 


ocas 


oc70 


076 


ORPI2 

1N4001 
14002 
2N1306 


2N1613 


NB. 


CV7083-8356, NKT402, 2N457, 2SB86—425, ADI50, 
ASZ16, AUY21, OC28—3536, SK3009, T13028, 
2N174~1073—2870, RS276—2006. 

CV5710-7003, 0C170—171—410-613, 2N1303, 
SAIS, AFIO1~117—-126, ASY5S, ACI91, BC126, 
NKT211, SKT358, SK3005, 2N36—1191/2— 
13731384, RS276-2003. 

CV5457, 0C303—602, NKT214, 2N279—-1305, 2SB75, 
ACI22—125—151—163, ACY27—34, ASY27, BC213— 
206A, BSX36, SK3003, 2N1193—1352—1375—2429, 
RS276~2004. 

(CV5712—7005—8344, OC70-304—604, NKT214, 
2N280-1305, 2SB77, ACI22—125—151-163, ACY35, 
BSX36, OC3041, SK3003, 2N1193—-1352—1375— 
1384-2429, RS376—2004. 

AC122/3—125/6—131—151 IV—152—162—191, 
BC126-213—206A, NKT211, SFT353, 2N282— 
1190-—1352—1371-1384-1991—2431, CVS713— 
7006-8440, RS276-2005. 

CV8314, 0C307—6025, 2N284—1305, NKT212, 
2SB89, ACI28—131—151—152, ACY28, ASYS8— 

76, BC126-213-260A, SK3004, 2N394—1191— 
1352-1371-1384—1991, RS276—2004, 

RS276—116, LDRO3, RPY25. 

BY127, EMSO2, RS276—1101/1135, 18100. 

BY 127, EMSO2, RS276~1102/1136, 18100, 
CV7350—10686, NKT736, 2N634—635—-636— 
1891-1993--1994-1995, ASY26~-29, BSX19-20, 
RS276~2001 

€V7440--8843, BFY33-34—67, BSY44, 2N698— 
699-717-171 | -1889— 1890-1893, BFY41, 
BSX45/6, BSY53, MPS6530, 2SC708, 2N2101. 


Although equivalent semiconductors may have 
similar electrical properties, physical dimensions may 
be different and this must be born in mind if space 

is tight and for mounting details. 

Remember polarities if replacing PNP with NPN types 
and vice versa, Ifin doubt always be advised by your 
‘dealer for suitable equivalent semiconductors. 
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Notes 
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Please note overleaf is a list of other titles that aré available in 
out range of Radio and Electronic Books. 
‘These should be available from most good Booksellers, 
Radio Component Dealers and Mail Order Companies. 
However, should you experience difficulty in obtaining any 
title in your area, then please write directly to the publishers 
enclosing payment to cover the cost of the book plus adequate 


postage. 


If you would like a copy of our latest catalogue of Radio & 
Electronics Books then please send a Stamped Addressed 
Envelope, 


BERNARD BABANI (publishing) LTD 
‘The Grampians 
Shepherds Bush Road 
London W6 7NF 
England 
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Usborne-recommended Web sites 


At wwwcusborne-quicklinks.com we have created links to useful 
science resources on the Intetnet. There are links to homework and 
review sitas, interactive science puzzles, tests and quizzes, online 
calculators and unit converters, sites where you can look up the 
f6rmulta for any chemical or view 3-D molecules, and “ask a scientist” 
sites where you can e-mail your questions to online experts, For quick 
and easy access to all the Usborne-recommenced Web sites, go to 
wwwaisborne-quicklinks.com and enter the keywords 
“science dictionary’ 


The Web sites recommended in Ushorne Quicklinés have been selected 
bby Usborne editors as suitable, in their opinion, for children. The sites 
are regularly reviewed and updated. However, the content of a Web 
site may change at any time and Usborne Publishing is not responsible 
for the content on any Web site other than its own. We recommend that 
children are supervised while on the Internet, that they do not use 
Internet Chat Rooms, and that you use Internet filtering software to 
block unsuitable material. Please ensure that children read and follow 
the safety guidelines displayed on the Usborne Quicklinks Web site. For 
‘more information, see the Net Help area in Usborne Quicklinks. 


For links to Usborne-tecommended 
science resources on the Intemet, go to 
www.usbome-quicklinks.com 
and enter the keywords “science dictionary". 
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Figure A.5: ‘Third Man 


ABOUT PHYSICS 


Physics is the study of the properties and nature of matter, the 
different forms of energy and the ways in which matter and 
energy, interact in the world around us. In this book, physics is 
divided into six colour-coded sections. The areas covered by 
these sections are explained below. 


@ Mechanics and (co) Electricity and 
general physics magnetism 


Covers the main Explains the forms, 
concepts of physics, e.g. uses and behaviour 
forces, energy and the of these two linked 
properties of matter. phenomena. 
e@ Heat @ Atomic and 
nuclear physics 
Explains heat energy 
in terms of its Examines atomic and 
measurement and the nuclear structure and 
effects of its presence energy, radioactivity, 
and transference. fission and fusion. 
Includes the gas laws. 
r } Waves General physics 
@ information 
Looks at the properties 
and effects of wave General material — 
energy and examines charts and tables, 
sound, electromagnetic also information 
and light waves on the treatment of 


in detail. experimental results. 
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30 Effects of heat transfer 
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33 Behavior of gases 


Waves 

34 Waves 

36 Reflection, refraction and 
diffraction 

38 Wave interference 

40 ‘Sound waves 

42 Perception of sound 

44 Electromagnetic waves 

46 Light 


47 Reflection of light 
50 Refraction of light 
54 Optical instruments 
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56 Static electricity 

58 Potential and capacitance 

60 Electric current 

62 Controlling current 
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Useful constants and values 


ATOMS AND MOLECULES 


The Ancient Greeks believed that all matter was 
made up of tiny particles which they called atoms. 
This idea has since been expanded and theories such 
as the kinetic theory have been developed which can 
be used to explain the physical nature and behavior of 
substances in much greater detail. Matter can exist in three 
different physical states. The state of a substance depends on 
the nature of the substance, its temperature and the pressure 
exerted on it. Changes between states are caused by changes 
in the pressure or temperature (see changes of state, page 30). 
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Atom 
The smallest part of a substance which can 
exist and still retain the properties of the 
substance. The intemal structure of the atom 
Js explained on pages 82-83. Atoms are 
‘extremely small, having radii of about 10% 
and masses of about 10-%kg. They can form 
ns* (electrically charged particles) by the loss 
ot gain of electrons* (see ionization, page 88). 


Diagram showing relative sizes of some atoms 


‘Ongen (0) ognesam (4g) Carbon (©) 
Molecule 


The smallest naturally-occurring particle of 

a substance. Molecules can consist of any 
number of atoms, from one (e.g. neon) to many 
thousands (e.g. proteins), all held together by 
electromagnetic forces”. All the molecules of 
a pure sample of a substance contain the 
same atoms in the same arrangement. 

Makes of ou of Mate of 
nygen(0;) magnesium (Mg) carbon die (CO,) 


» @ & 


Note that many substances do not have 
molecules, for example: 


Janie compound of 
‘onons” and cation’, 
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Gropine —, 
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Element 
Assubstance which cannot be split into 
simpler substances by a chemical reaction. 
All atoms of the same element have the 
same number of protons* in their nuclei* 
(see atomic number, page 52) 


‘Compound 
Assubstance whose molecules contain the 
‘atoms of two or more elements, chemically 
bonded together, and which can thus be split 
into simpler substances. A mixture has no 
chemical bonding and is therefore not a 
compound. 
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‘Anions, Cations, 88 (lonization) Electromagnetic force, 6; Electrons, 83; 


Tonte compound, 133; tons, 6 lonlzation) Nucleus, Protons, 82. 


Physical states 
Solid state 


A state in which a substance 
has a definite volume and 
shape and resists forces which 
try to change these. 


Liquid state 

A state in which a substance 
flows and takes up the shape 
of its containing vessel. It is 
between the solid and 
gaseous states. 


Gaseous state 

A state in which a substance 
expands to fill ts containing 
vessel. Substances in this state 
have a relatively low density. 


Gas 
A substance in the gaseous state which is 
above its critical temperature and so cannot 
be turned into a liquid just by increasing the 
pressuire ~ the temperature must be lowered 
first, t create a vapor. 
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‘Molecules wate otout mean pastors, having 
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Vapor 
A substance in the gaseous state which is 
below its critical temperature (see gas) and 
<0 can be turned into a liquid by an increase 
in pressure alone ~ no lowering of 
temperature is required 


The kinetic theory 


‘The kinetic theory explains the behavior 
of the different physical states in terms of 
the motion of molecules. In brief, it states 
that the molecules of solids ate closest 
together, have least energy and so move 
the least, those of liquids are further apart 
With more energy, and those of gases are 
furthest apart with most energy. See 
above right. 


Brownian motion 
The observed random motion of small 
particles in water or ait. It supports the 
kinetic theory, as it could be said to be 
due to impact with water or air molecules. 
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Diffusion 
The mixing of two gases; vapors or liquids 
‘over a period of time. It supports the kinetic 
theory, since the particles must be moving 
to mix, and gases can be seen to diffuse 
faster than liquids. 
pee pre ai 
joa ea? 
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Graham’s law of diffusion 

States that, at constant temperature and 
pressute, the ‘ate of diffusion of a gas is 
inversely proportional to the square root 
density. 


FORCES 


A force influences the shape and motion of an object. A single 
force will. change its velocity (i.e. accelerate* it) and possibly 
its shape. Two equal and opposite forces may change its 
shape or size. It is a vector quantity*, having both magnitude 
and direction, and is measured in newtons. The main types of 


force are gravitational, magnet 


See pages 104-107 for a comparison of the first three of these, 


Showing forces in diagrams 
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Newton (N) 
‘The SI unit* of force. One newton is the force 
needed to accelerate a mass of tky by Im $= 


Force field 

The region in which a force has an effect. The 
maximum distance over which a force has an 

effect is the range of the force. Force fields are 
represented by lines with arrows, called field 

lines, to show their strength and direction (see 
also pages 58 and 72). 
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electric and strong nuclear. grevtetonat 
faa the pn 
Gravitational force or gravity 


The force of attraction between any two 
objects which have mass (see abo pages 
18-19). It is very small unless one of the 
objects is very massive, 


Electromagnetic force 
A combination of the electric and magnetic 
forces, which are closely related and difficult 
to separate. 


Electric or cee fein 
electrostatic force @ @ 
‘The force between two 


electrically-charged 
Particles (see also page 
56), Its repulsive if the 
charges are the same, 
but attractive if they 
are opposite. 
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Magnetic force 


A force between two moving charges, These 
moving charges can be electric currents? (see 
also page 60) or electrons* moving around in 
their electron shells* 
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* Acceleration, 11; Current, 60; Electrons, Electrow shells, 8; 
Stunits 96; Vetor quantity, 108. 


Intermolecular forces 

The electromagnetic forces between two 
molecules. The strength and direction of 
the forces vary with the separation of the 
molecules (see diagram below). 
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Tension 

Equal and opposite 
forces which, when 
applied to the ends 
of an object, increase 
its length. They are 
resisted by the 
intermolecular force 
of attaction 


Intermolecular 
force is 


Compression 
Equal and opposite 
forces which 
decrease the length 
of an object. They 
are opposed by the 
intermolecular force 
of repulsion. 


Molecules pushed tgther 
by compresion 


— fore ets. 


Contact force 
The intermolecular force of repulsion between 
the molecules of two objects when they touch. 


Molecules 
oft 

Moieser Y © contact force (repulse 
ofa Intermolecsar force) 


*Bectrons, 83; Neutrons, Nucleus, Protons, 82, 


Strong nuclear force 
The force of attraction 
between all the particles of an 
atomic nucleus* (the protons* and 
neutrons). It prevents the electric prices inan 


force of repulsion between the eam news 
gthe nucleus hel! 

protons from pushing the nucleus 7, 

apart (see also page 64) clear Force. 


Frictional force or friction 

The force which acts to oppose the motion 
of two touching surfaces over each other, 
caused by the intermolecular force of 
attraction between the molecules of the 
surfaces. There are two types, the static 
and the kinetic frictional force 


Static frictional force 

The frictional force between two touching 
surfaces when a force is applied to one of 
them but they are not moving. The maximum 
value of the static frictional force accurs when 
they are on the point of sliding over each 
other. This is called the limiting force 


Kinetic nal force or 

sliding frictional force 

The frictional force when one surface is 
sliding over another at constant speed. It is 
slightly less than the limiting force (the 
maximum static frictional force). 


Static retional ——Moximum stale Kinet fetlonal 
force on statorary fetid force fore ests when 
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Coefficient of friction (y) 

The ratio of the frictional force between 
two surtaces to that pushing them together 
(the normal contact force). There are two 
values, the coefficient of static fr 

the coefficient of kinetic friction. 


by an object, it gains or loses energy respectively. Energy 
exists in many different forms and can change between 
them (energy conversion or transformation), but cannot be 
Creaied or destroyed (law of conservation of energy). The 
SI unit* of energy and work is the joule (J). 


Work done energy ines 
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Potential energy (P.E.) 

‘The energy of an abject due to its position in 
a force field*, which it has because work has 
been done to put it in that position. The 
energy has been “stored up. The three forrns 
of potential energy are gravitational potential 
energy, electromagnetic potential energy and 
‘nuclear potential energy (depending on the 
force involved). 


Gravitational potential energy 
‘The potential energy associated with the 
position of an object relative to a mass which 
covers a gravitational force’ on it Ifthe 
object is moved further from the mass (e.g. an 
object being lifted on Earth), work is done on 
the body and its gravitational potential energy 
is raised. 


| 
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Nuclear potential energy 
‘The potential energy stored in an atomic 
nucleus*, Some nuclear potential energy is 
released during radioactive decay". 


Electromagnetic potential energy 

‘The potential energy associated with the 
position of a body in a force field* created 
by an electromagnetic force” 


Molecular potential energy 

The electromagnetic potential energy 
associated with the position of molecules 
relative to one another. It is increased when 
work is done against the intermolecular force’. 


Elastic potential energy or strain energy 
‘An example of the molecular potential 
energy, stored as a result of stretching or 
compressing an object. it is the work done 
against the intermolecular force’, 


Hast potential energy 
sored when rod bent 
Tension nf 


Chemical energy 

Energy stored in substances such as fuels, food, 
and chemicals in batteries. It is released 
during, chemical reactions, e.g. as heat 

when a fuel burns, when the 

electromagnetic potential 

energy of the atoms and 

molecules changes. 


Plants convert ergy tom sunight 
In food ore of chemleal energy. 


“Acceleration due to gravity, 18; Compression 7; Electromagnetic force, Force field, Gravitatonal 
force, 6; lntermolecoir forces, 7; Nucleus, 82; Radioactive decay, 87, St unlts, 26; Tension, 7. 
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Wave energy 

The energy associated with wave action. For 
example, the energy of a water wave consists 
of the gravitational potential energy and 
Kinetic energy of the water molecules, 


Electric and magnetic energy 
The types of energy associated with electric 
charge and moving electric charge (current). 
They are collectively referred to as 
electromagnetic energy. 


Radiation 
Mechanical energy Any energy in the form of electromagnetic 
“The sum of the kinetic energy and waves* or streams of particles. See also 
gravitational potential energy of an object pages 29 and 86-87. 
The mechonclenegy ofa pra i 
consont restive eso apie. Power 


The rate of doing work or the rate of change 


of energy. The SI unit® of power is the watt 
(W), which is equal to 1 joule per second. 
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Heat energy or heat 
The energy which flows from one place 


to anather because of a difference in li saves tsb oe 


temperature (see pages 28-33). When heat ‘nd cuca equipment convert 
‘energy is absorbed by an object, its internal i" ena ns eat every 
‘energy increases (see diagram above). (sve ene 


+ Hlectromagnetic waves, 44; $1 unit, 96. 


MOTION 


Motion js the change in position and 
orientation of an object. The motion of a 
igid object (one which does not change shape) is 
made up of translational motion, or translation, 
i.e, movement of the center of mass from one 
place to another, and rotational motion, or 
rotation, i.e. movement around its center of mass. 


‘pi 
Sr plays 
‘rotational motion (1) 


The study of the motion of points is called kinematics. ‘nc transtationot motion (2). 


Linear motion 

Linear or rectilinear motion is movement 

in. straight line and is the simplest form of 
translational motion (see introduction). The 
linear tnotion of any rigid object is described 
as the motion of its center of mass, 


Center of mass 

The point which acts as though the fotal mass 
0 the object were at that point. The center of 
mass of a rigid object (see introduction) is In 
the same position as its center of gravity (the 
point through which the Earth’s gravitational 
force acts on the object). 


Senter of mass Center of mass it | Canter af mast is not 
Simmons Sepee Son nope 
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Displacement 


The distance and direction of an object from a 
fixed reference point, Itis a vector quantity*: 
The position of an object can be expressed by 
its displacement from a specified point. 
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Speed 
The ratio of the distance traveled by an 

object to the time taken. Ifthe speed of an 
object is constant, it is. 


with uniiorm speed. The average speed of 
an object over a time interval is the distance 
traveled by the object divided by the time 
interval. The instantaneous speed is the 
speed at any given moment. 


“Average speed = 100% 
he 
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Velocity 

The speed and direction of an object lie. its 
displacement in a given time). Its a vector 
quantity*. Uniform velocity, average velocity 
and instantaneous velocity are all defined in a 
similar way to uniform speed etc. (see speed), 
‘Adisplacementtime graph for an object which moves 


fina sraigh line from Ato B and back ta A (showing 
velocity calculation) 
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Relative velocity 

The velocity which an abject appears to have 
when seen by an observer who may be 
moving. This is known as the velocity of the 
object relative to the observer. 
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IAccslevation st Yat = iplocement 
The ratio of the change in velocity of an 

object to the time taken, Itis a vector quantity* 
‘An object accelerates if its speed changes (the 
vusual case in linear motion) or its direction of 
travel changes (the usual case in circular 
motion*). Deceleration in one direction is 
acceleration in the opposite direction (negative 
acceleration). An object whose velocity is 
changing the same'amount in equal amounts 
of time is moving with uniform acceleration. 
Graphs of velocity versus time showing acceleration 
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Rotational motion 

‘The movement of an object about its center 
of mass, In rotational motion, each part of the 
object moves along a different path, so that 
the object cannot be considered as a whole in 
calculations. It must be split into small pieces 
and the circular motion* of each piece must 
be considered separately. From this, the 
overall motion of the object can be seen. 
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DYNAMICS 


Dynamics is the study of the 
relationship between the motion of 
an object and the forces acting on it. 
Asingle force on an object causes it 


to change speed and/or direction 


(i.e, accelerate*). If two or more 
forces act and there is no resultant 
force, the object does not 
accelerate, but may change shape. 
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Mass 
‘A measurement of the inertia of an object. 
The force needed to accelerate an object 

‘by a given amount depends on its mass - 

a larger mass needs a larger force. 


Momentum 
‘The mass of an abject multiplied by its 
velocity*. Since velocity is a vector 
quantity*, so fs momentum. See also law 
of conservation of linear momentum. 
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Inertia 

The tendency of an object 
to resist a change of 
velocity* (i.e. to resist a 
force trying to accelerate* 
in), It is measured as mass, 


he orge ship has much 
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Impulse 
The force acting on an abject multiplied 

by the time for which the force acts. From 
Newton's second law, impulse is equal to the 
change in momentum of an object, An equal 
change in momentum can be achieved by a 
small force for a long time or a large force for 
a short time, 
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Impulse = 7 


Since force rate of change 
of momentum (ce 
Newton's second law) he 


Newton's laws of motion 


‘Three laws formulated by Newton in 

the late 1670s which relate force 

and motion. 
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Newton's first law 
‘An object will 
remain at rest or in 


Oe ate 
uniform motion 

unless acted upon force 
by a force. Soe 
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Newton's second law 

lf the momentum of an object changes, i.e. if 
it accelerates", then there must be a resultant 
force acting on it. Normally, the mass of the 
object is constant, and the force is thus 
proportional to the acceleration of the object. 
‘The direction of the acceleration is the same 
as the direction of the force. 
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Collision 
‘An occurrence which results in two or more 
objects exerting relatively large forces on each 
other over a relatively short time. This is not the 
everyday idea of a collision, because the objects 
do not necessarily have to be in contact. 
Example of collision without contact 
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Law of conservation of linear momentum 
li there is no extemal force on an object, then 
its linear momentum remains constant. If the 
system is Considered just before and just after 
the collision, forces such as friction can be 
ignored, 
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Rocket engine 

‘An engine which produces a high velocity* 
stream of gas through a nozzle by burning 
fuel held on board. The mass of gas is small, 
but its high velocity means it has a high 
‘momentum. The rocket gains an equal 
amount of momentum in the opposite 
direction (see law of conservation of linear 
momentum), Rocket engines are used in 
space because other engines require air. 


Rocket engine 
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Jet engi 
‘An engine in which air is drawn in at the front 
to burn fuel, producing a high velocity” jet of 
2s. The principle is the same as that for the 
rocket engine, except that the gas is produced 
differently and the engine cannot be used in 
space because it requires air. 


Jet engine 
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Example of Newton's second law 
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Newton's third law 

Forces always occur in equal and opposite 
pairs, Thus if object A exerts a force on 
object B, object B exerts an equal but 
opposite force on A. These forces do not, 
cancel each other out, as they act on 
different objects. 
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A single force produces an 
acceleration® (see dynamics, 
page 12). In linear motion’, 
itis a linear acceleration, 
In rotational motion”, 
angular acceleration* 
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pula H Couple 
(spinning faster or siower) ‘Two parallel forces which are equal and 
is caused by a turing force or opposite but do not act along the same line. 
moment acting about the axis ‘They produce a turning effect only, with no 
of rotation (the fulcrum). resultant acceleration of the center of mass 
The resultant moment produced by a couple 
Moment or torque is the sum of the moments produced, and 
Ameasure of the ability ofa force to rotate equals the perpendicalar distance between, 
an object about an axis (the fulcrum). tis the lines along which the forces act, 
the size of the force muftiplied by the multiplied by the size of one force. 
perpendicular distance from the axis to the eared caine if Seer 
Jine along which the force acts (see diagram (¢eoupl) ono stern toe by band the ther 
below). The SI unit* of moment is the sateen Nir Sy semrng ohare, 
Newton meter (Nm) 5 H 
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sams toimeott=) —_& condition which occurs if the vertical line 
epencatr tenn through the center of mass" of an object 
eit oo) (ceriratms) does not pass through the base of the object 
neh se IF this occurs, a couple of the weight and the 
aa normal contact force* rotates the object 
further over. 
When considering moments, the axis about Slt tite ope Topping ~<a row 
which they are taken must be stated and a biker iho aes OF her 
sign convention* must be used to distinguish 
between clockwise and counterclockwise 
moments. The resultant moment is the single 
moment which has the same effect as all the reo 
individual moments acting together. = 


“Acceleration, 1); Angulee acceleration, 7; Center of mas, Linear motion 10; 
‘Normal contact force, 7 (Coeffilent of frietion) Rotational motion, Sign convention, 11; Stunts, 9, 


Equilibrium 


When an object is not accelerating, itis said 
to be in equilibrium. it can be in linear 
‘equilibrium (i.e. the center of mass* is not 
accelerating) and/or rotational equilibrium (i.e. 
fot accelerating about the center of mass). In 
addition, both cases of equilibrium are either 
static (not moving) or dynamic (moving). 


Linear equilibrium 
“The state of an object when there is no 
acceleration of its center of mass, ic. its 
speed and direction of motion do not change 
The resultant force on the object when it is in 
linear equilibrium must be zero. 


Rotational equilibrium 
The state of an object when there is no 
angular acceleration’, ic. it spins at constant 
angular velocity*. if an object is in rotational 
‘equilibrium, the resultant moment (see 
moment) about any axis is zero. 
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‘Angular acceleration, Angular velocity, 
‘Center of mass, 10; Drag, 19 (Terminal velocity) 
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Stable equilibrium 

state in which an object moved a small 
distance from its equilibrium position returns 
10 that position. This happens if the center of 
mass is raised when the object is moved. 
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Unstable equilibrium 

A state in which an object moved a small 
distance from its equilibrium position moves 
further from that position. This happens if 
the center of mass" is lowered when the 
object is moved. 
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Neutral equilibrium 

Astate in which an object moved a 
small distance from its equilibrium 
position remains in the new position. 
This happens if the center of mass* 
remains at the same height. 
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PERIODIC MOTION 


Periodic motion is any motion which 

repeats itself exactly at regular intervals. 
Examples of periodic motion are objects 
moving in a circle (circular motion), the 


swing of a pendulum and the vibration of 
molecules. Wave motion* consists of the 


One yee (or acolo 
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Cycle 
The movement between a point during a 
motion and the same point when the mi 
repeats. For example, one rotation of a 
spinning object. 


Oscillation 
Feriodic motion between two extremes, e.g. 

a mass moving up and down an the end of 

a spring. In an oscillating system, there is a 
‘continuous change between kinetic energy” 
and potential energy*. The total energy of a 
system (sum of its kinetic and potential energy) 
remains constant if there is no damping. 


Period (T) 

‘The time taken to complete one cycle of a 
motion, e.g. the period of rotation of the 
Earth about its axis is 24 hours, 


Frequency (f) 

The number of cycles of a particular motion 
in one second, The SI unit? of frequency is 

the Hertz (Hz), which is equal to one cycle 
per second, 


“Kinetic energy, Potential energy, 8 
Stunts, 96; Wave motion. 


Mean position 

“The position about which an object oscillates, 
and at which it comes to rest after oscillating, 
e.g. the mean position of a pendulum is 
when it is vertical. The position of zero 
displacement of an oscillating particle is 
usually taken as this point. 


Amplitude 
The maximum displacement of an oscillating 
particle from its mean position. 


Damping 
The process whereby oscillations die dewn 
due to a loss of energy, e.g, shock absorbers 
in cars cause oscillations to die down after a 
car has gone over a bump in the road. 
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Natural or free oscillation 

‘The oscillation of a system when left after 
being started, The period and frequency of 
the system are called the natural period and 
natural frequency (these remain the same as, 
long as the damping is not too great). 


Forced oscillation 

‘The oscillation of a system when given a 
repeated driving force (a force applied to the 
system) at regular intervals. The system is made 
to oscillate atthe frequency of the driving 
force, irespective of its natural frequency. 


Resonance 

‘The effect exhibited by a system in which the 
frequency of the driving force (a force applied 
{to the system) is about the same as the natural 
{frequency of the system. The system then has 
a large amplitude. 
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Circular motion 


Uniform circular motion 

The motion of an object in a circle at constant 
speed. Since the direction (and therefore the 
velocity") changes, the object is constantly 
accelerating* toward the center (centripetal 


acceleration), and so there is a force acting 
toward the center. Circular motion can be 
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considered in terms of angular velocity. 
sped ound ce constant 
trove trough angle @ 
‘Angulr veo 0 measure ot 
{hele mone thraigh per sec. 
tts meaured roar por second. 
Centripetal acceleration (a) 
The acceleration* of an object in circular 
motion (see above) acting toward the center 
of the circle, 


Centripetal force 
The force which acts on an object toward 
the center of a circle to produce centripetal 
acceleration, and so keeps the object moving 
ina circle. 


Constant speed around ee 


Centripetal force 
has an equal and 
‘opposite reaction 
(Gee Newton's 
second law, page 
12), called 
centrifugal force. 
Itdoes not act on 
the object moving 
in the circle so is 
not considered in 
forces calculations. 


GRAVITATION 


Gravitation is the effect of the gravitational 
force* of attraction (see also page 104) which acts 
between all objects in the universe. It is noticed 
with massive objects like the planets, which 


Moss Mt 

remain in orbit because of it. The gravitational 

force between an object and a planet, which 

pulls the object downward, is called the Z 

weight of the object. enn 
throb 


Newton's law of gravitation 

States that there is a gravitational force of 
attraction between any two objects with 
mass which depends on the masses of the 
‘objects and the distance between them. The 
gravitational constant (G) has a value of 
6.7 x 10-"Nm? kg, and its small value means 


that gravitational forces are negligible unless 
one of the masses is very large. 


Weight 
The gravitational pull of a massive object (e.g. 
a planet) on another object. The weight of an 
object is not constant, but depends on the 

distance from, and mass of the planet. Hence, 
although the mass of an object is independent 
Of its position, its weight is not 


Weight of mass of 100kg alters 
‘with position: 
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Acceleration due to gravity (g) 
The acceleration* produced by the 
gravitational force of attraction. Its value is 
the same for any mass at a given place. It is 
about 9.8m s~ on the Earth's surface, and 
decreases above the surface according to 
Newton's law of gravitation, The value of 
9.8m s* is used as a unit of acceleration 
(the g-force). 
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Terminal velocity 

The maximum, constant 
velocity* reached by an 
‘object falling through a gas 


‘or liquid. As the velocity 
increases, the resistance Se 


due to the air or liquid 


(drag) increases. Eventually, rater testy 

the drag becomes equal to welacty"= 050 
i tog = ond 

the weight of the object, - 


and its velocity does not 
increase any more. 


Velo inreaes, org increases, 
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Escape velocity 
‘The minimum velocity* at which an object 
must travel in order to escape the gravitational 
pull of a planet without further propulsion. It 
is about 40,000km h” on Earth, 


Free fall 
‘The unrestricted motion of an object when it 


acted upon only by the gravitational force 
i.e. when there are no resistive or other 
forces acting, e.g, air resistance) 


+ Acceleration, 11; Period, 16 Velocity, 10 
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Weightlessness 
The state in which an object does not exert 
any force on its surroundings. 


True weightlessness 
Weightlessness due to an object being in a 
gravity-free region. 


Apparent weightlessness 
The state of an abject when itis as if there 
were no gravitational forces acting. This 
occurs if two objects accelerate* 
independently in the same way. 


Geo-stationary or parking orbit 
The path of a satellite which orbits the Earth 
in the same direction as the rotation of the 
Earth so that it stays above the same place on 
the surface all the time. The satellite has a 
period* of 24 hours. 
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MACHINES 


Amachine is a device which is used to overcome a force called 
the load. This force is applied at one point and the machine works 
by the application of another force called the effort at a different 
point. For example, a small effort exerted on the rope of a pulley 
overcomes the weight of the object being raised by the pulley. 


Polley system -an example of a machine 


(See ato 
page 27.) 
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Useless load 
The force needed to overcome the frictional 


iorces* between the moving parts of a 
machine and to raise any of its moving parts. 


Perfect machine 

A theoretical machine, with a useless load of 
zero, Machines in which the useless load is 
negligible compared to the load can be 
considered as perfect machines, 


Mechanical advantage (M.A.) 

The load (L) divided by the effort (E). A 
mechanical advantage greater than one 
‘means that the load overcome is greater 
than the effort. The mechanical advantage 
of any given perfect machine remains the 
same as the load increases. The 
mechanical advantage of any given real 
‘machine incseases slightly with load 
because useless load becomes less 
significant as the load increases. 
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Efficiency 

The work done (force x distance ~ see page 
8) on the load (work output) divided by the 
work done by the effort (work input), 
expressed as a percentage. All real 
machines have an efficiency of less than 
100% due to useless load. Perfect 
machines are 100% efficient. 


ork 
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Examples of machines 


Hydraulic press 
Alarge and small cylinder connected by a 
pipe and filled with fluid, used to produce 
large forces. 

Vela it mod = 0 
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Hydraulic press 


Bet ee ores gta! 
Lever 

Any tigid object which is pivoted about an axis 
called the fulcrum (F). The load and effort can 
be applied on either or the same side. There 
are three classes of lever, shown below. 
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Gear 

A combination of toothed 
wheels used to transmit 
mation between rotating, 
shatts 
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Pulley system 
Awheel (or combination of aoane 
wheels) and a rope, belt or 

chain which transmits motion. 


Polley systems 
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Inclined plane 
A plane surface at an angle to the horizontal 
Itis easier to move an object up an inclined 
plane than to move it vertically upwards. 


Inclined plane 
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Screw jack 
Assystem in which a screw thread is tumed to 
raise a load (e.g. a car jack). The pitch is the 
distance between each thread on the screw. 


Screw jack 
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Introduction 


Soldering is a process used for joining metal parts to form a mechanical or 
electrical bond. It typically uses a low melting point metal alloy (solder) which 
is melted and applied to the metal parts to be joined and this bonds to the metal 
parts and forms a connection when the solder solidifies. It is different to welding 
in that the parts being joined are not melted and are usually not the same material 


as the solder. 


Soldering copper pipe Sheet metal fabrication 


Figure 1 — Different Types of Soldering 


Soldering is a common practice for assembling electrical components and 
wiring. Although it can be used for plumbing, sheet metal fabrication or 
automotive radiator repair the techniques and materials used are different to 
those used for electrical work. This document is intended to provide guidance 
on the safe working methods and proper tools and techniques for soldering of 


electrical components. 
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MOLECULAR PROPERTIES 


There are a number of properties of 
matter which can be explained in 
terms of the behavior of molecules, 
in particular their behavior due to the 
action of the forces between them. 
(intermolecular forces*). Among, 
these properties, and explained on 
this double page, are elasti 
surface tension and viscosity. See 
also pages 4-5 and 24-25. 


Elasticity 
The ability of a material to return to its 
original shape and size after distorting forces 
(ie. tension* or compression*) have been 
removed. Materials which have this ability 
are elastic; those which do not 
are plastic. 


Coal wax splat the ea eaves 2 
pemenent pression nthe wad. 


Elasticity is a result of intermolecular forces 
= if an object Is stretched or compressed, its 
molecules move further apart or closer 
together respectively, This results in a force 
of attraction (in the first case) or repulsion (in 
the second), so the molecules return to their 
average separation when the distorting force 
is removed. This always happens 
while the size of the force is 
below a certain level 
(different for each material), 
but all elastic materials 
finally become plastic if 
the force exceeds this, 
level (see elastic limit 
and yield point). 
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Hooke’s law 

States that, 

when a distorting force is applied to 

an object, the strain is proportional to 
the stress. As the size of the force 
increases, though, the limit of 
proportionality (or proportional limit) is 
reached, after which Hooke’s law is no 
longer true (see graph, page 23) 


Strain and stress ia 2 
stretched wire x 
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Elastic limit 
The point, just after the limit of 
proportionality (see Hooke's law), 
beyond which an object ceases to be 
elastic, in the sense that it does not return to 
‘ts original shape and size when the distorting 
force is removed. It does return to a similar 
shape and size, but has suffered a permanent 
strain (it will continue to return to this new 
form if forces are applied, i.e. it stays elastic 
in this sense) 


“Calibration, $44; Compression, Intermolecular forces, 7; 
Newton, 6; Tension, 7. 
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Yield point i 
“The point, just after the elastic limit, at which 
a distorting force causes a major change in a 
material. In a ductile” material, the internal 
siructure changes ~ bonds between molecular 
layers break and the layers flow over each 
‘other. This change is called plastic 
deformation (the material becomes plastic) 
Ieontinues as the force increases, and the 
‘material will eventually break. A brittle 
‘material, by contrast, will break at its yield 
point. The yield stress of a material is the value 
Cf the stress at its yield point. See graph below. 


‘Stres/strain graph fora ductle* material 
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Viscosity 
‘The ease of flow of a fluid. It depends on 
the size of the frictional force* between 
Afferent layers of molecules as they slide 
‘over each other. 
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Surface tension 

The skin-like property of a liquid surface 
resulting from intermolecular forces* 
Which cause it to contract to the smallest 
possible area 


‘Two examples of surface tension 


Atthe surface, the molecules are slightly 
further apart than the inner ones, and at a 
separation such that they attract each other 
{see intermolecular forces, page 7). The 
molecules cannot move closer because 

of equal forces on either side. The surface 
molecules are therefore in a constant state 
of tension, giving the surface 


elastic properties, 

Water bag on woters sue 

Adhesion 

An intermolecular force’ of attraction 
between molecules of different substances, 
opitary action or capitis 

‘rel adhelon © coheran 

Upward capillary action 
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Cohesion 
An intermolecular force* of attraction 
between molecules of the same substance. 


Downward capillary action 
Conver meniscus* 
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DENSITY AND (a 
PRESSURE 


The density (p) of an object depends 
on both the mass of its molecules 
and its volume (see formula, right). 
For example, if one substance has 

a higher density than another, then 
the same volumes of the substances 
have different masses (the first mass 
being greater than the second). 
Similarly, the same masses have 
different volumes. 


Relative density or specific gravity 

The density of a substance relative to the 

density of water (wiich is 1,000kg, m™). it 
indicates how much more or less dense than 
water a substance is, so the figures need no 
unis, e.g. 1.5 ione and a half times as dense). 
It is found by dividing the mass of any volume 
of a substance by the mass of an equal 
volume of water. 


Eureka can 

A.can used fo measure the volume of a solid 

object with an irregular shape, in order to 

calculate its density. The volume of water 

displaced is equal to the volume of the 

object. The density of the object is its mass 
divided by this volume, 


is the same for objects A and sob A 
hos rater mas. 
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Density bottle Deny 
A container which, en 
‘when completely full, 

holds a precisely 

measured volume of 

Viquid (at constant 

temperature), It is used 

to measure the density 

of liquids (by measuring, 


the mass of the botle Ree ue ea 
and liquid, subtracting fe mia sooner 

the mass of the bottle Inwed exct iid ries 
and dividing by the 
volume of liquid). 


Hydrometer or aerometer 

‘An instrument which measures the density of 
a liquid by the level at which it floats in that 
liquid, f the liquid is very dense, the 
hhydrometer floats near the surface, as only a 
small volume of liquid needs to be displaced 
10 equal the weight of the hydrometer. 


a ee 
Pressure 
Pressure is the force, acting at right angles, 


exerted by a solid, liquid or gas on a unit area 
‘of asubstance (solid, liquid or gas). 


Pressure in a vessel of water 
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Archimedes’ principle, this s equal othe 
eight of the fluid displaced by the object. 
‘The principle of flotation further states that, 

ifthe object is floating, the wei 

displaced fluid (buoyant force) is equal to its 
own weight. Itcan be shown (see below) 
that whether an object sinks, rises or floats 
in a fluid depends entirely on density 
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Barometer es 


‘An instrument used to measure 
atmospheric pressure ~ the 
pressure caused by the weignt 
of air molecules above 

the Earth. There are 

several common types. 


Simple barometer 


Atmosphere 

‘stem of merry 
Mary 

Manometer 


‘A Usshaped tube containing a liquid. ttis 
used to measure difference in fluid pressures. 


Manometer 
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TEMPERATURE 


‘The temperature of an object is a 
measurement of how hot the object is. It is 
measured using thermometers which can be 
calibrated* to show a number of different temperature. 
scales. The internationally accepted scales are the 
absolute temperature scale and the Celsius scale. 


(Op Vers the temperature is 
porocintey 480% Or 753K. 
Thess becouse thick et trop 
the Sin resonant prvent 
the het om econ 


Thermometer 

‘An instrument used to measure 
temperature. There are many different 
types and they all work by measuring a 


thermometric property — a property 

which changes with temperature. Liquid- ‘Seale usvaay— 

in-glass thermometers, for example, Fieges S 

measure the volume of a liquid ithey are ‘Sore eta 

calibrated* so that increases in volume epi tbe 
‘raea igh ety 


mark rises in temperature). 


Liquid-in-glass thermometer 
‘Acommon type of thermometer which 
measures temperature by the expansion 
of a liquid in a fine bore glass tube 
(capillary tube). A glass bulb holds. a 
reservoir of the liquid, which is usually 
either mercury or colored alcohol. These 
substances are very responsive to 


‘neo! thermometer (stp of quldIn-glast 
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temperature change ~ mercury is used for ls 
higher temperature ranges and alcohol posed De ite ae 
for lower ones. openly ‘sintered 
‘Using ied points to calibrate” the Celsius scale 
Temperature scales pays fess 
Fixed point Upper fixed point 
‘A temperature at which certain Potion of endo Ss 
recognizable changes always take place etary lane prese (should be 
(under given conditions), and which can ate  stmsnepheric pressure’). 
thus be given a value against which all Rapgemenr (abie nee 
other temperatures can be measured. Meee ae os 
Examples are the ice point (the ands eines 
temperature at which pure ice melts) and 
the steam point (the temperature of steam Lew aed ott eee 
above water boiling under atmospheric pa Upper fixed — 
pressure’), Two fixed points are used to ‘marked a5 0%: oe 
calibrate* a thermometer — a lower and Funnel containing Fundamental 
‘an upper fixed point. The distance pe mting eae 
between these points is known as the feat. pleas 
fundamental interval pone 


Maximum and minimum 
‘thermometers 

Special liquid-in-glass thermometers 
Which record the maximum or minimum 
temperature reached over a period of 
time. They contain a metal and glass 
index (See picture below) which is 
pushed up or pulled down (respectively) 
by the liquid meniscus”. The index stays 
at the maximum or minimum position it 
reaches during the time the thermometer 
is left. It is reset using a magnet. 


Index i at highest pesiion 
ached by merc. 


Other types of 


thermometer 

Resistance thermometer Atte, 
Measures temperature from. peas 
change in resistance* it causes ya 
in a coil of wire. Similar devices, [Mapenue 


e.g. under aircraft wings, use 
resistance change in thermistors*. 


Liquid crystal thermometer 
A thermometer containing liquid crystals 
that change color when they are heated. 


ieee 
ees 
Digital thermometer 

A thermometer with a heat- 


tempecture, 
Digital asp shows 
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Absolute or thermodynamic Absolte | hits Volume — temperature graph 
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temperature scale seal (See abo poe 32) 

‘Astandard temperature scale, using units 

called kelvins (k). The zero value is given as bail arte 

to the lowest possible temperature , é 

theoretically achievable, called absolute 

zero. It js impossible to have a lower 273K oc}! abzotte 

temperature, as this would require a ae 

negative volume (see graph, right) which Sone temper, | Teresi, 

cannot exist are oe tec 
Recamenion Tete are Ok 2K SPR 

Celsius scale (°C) 

Astancdard temperature scale identical in Fahrenheit scale (°F) 

graduations to the absolute temperature ‘An old scale with the values 32°F and 

scale, but with the zero and one hundred 212°F given to the ice point and steam 

degree values given to the ice point and point respectively (see fixed point). It is 

steam point respectively (see fixed point). rarely used in scientific work. 
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Calibeation, 
‘Meniscus, 345; Resistance, 62: Thermistor. 65. 
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TRANSFER OF HEAT 


Whenever there is a temperature difference, heat energy 

(see page 9) is transferred by conduction, convection or 
radiation from the hotter to the cooler place. This increases. 
the internal energy* of the cooler atoms, raising their 
temperature, and decreases the energy of the hotter atoms, 
lowering theirs. It continues until the temperature is the same 
across the region ~ a state called thermal equilibrium. 


Conduction or thermal conduction 
The way in which heat energy is transferred in 
solids (and also, to a much lesser extent, in 
liquids and gases), In good conductors the 
energy transfer is rapid, occurring mainly by 
the movement of free electrons* (electrons 
which can move about), although also by the 
vibration of atoms see insulators (bad 
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Insulators 
Materials such as wood and most liquids and 
xases, in which the process of conduction is 
very slow (they ere bad conductors). As they 
do not have free electrons*, heat energy is 
only transferred by conduction by the 
vibration and collision of neighboring atoms. 


Conductivity or thermal 
conductivity 

A measure of how good a 
heat conductor a material is 
(see also page 112). The rate 
of heat energy transfer per unit area through 
an object depends on the conductivity of the 
material and the temperature gradient. This 
is the temperature change with distance along, 
the material. The higher the conductivity and 
the steeper the gradient, the faster the energy 
transfer that takes place 
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Convection 
‘Away in which heat energy is transferred in 
Tiquids and gases. ia liquid or gas is heated, 
icexpands, becomes less dense and rises. 
Cooler, denser liquid or gas then sinks to take 
its place. Thus a convection current is set up. 
The picture on the right shows how 
convection curterts cause daytime coastal 
breezes, a process which is reversed at night. 
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Radiation 

Away in which heat energy is transferred from 
a hotter to a cooler place without the medium* 
taking part in the process. This can occur 
though a vacuum, unlike conduction and 
‘convection. The term radiation is also often 
‘used to refer to the heat energy itself, 
‘otherwise known as radiant heat energy. 

This takes the form of electromagnetic waves*, 
mainly infra-red radiation". When these waves 
fall on an object, some of their energy is 
absorbed, increasing the object's internal 
‘energy* and hence its temperature, See also 
Leslie's cube, right. 

{Use of radiation to supply hot water 
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Thermopile 

A device for measuring radiation levels. It 
‘consists of two or more thermocouples* 
{normally over 50) joined end to end. 
Radiation falls on the metal junctions on one 
side and the temperature difference between 
these hot junctions and the cold ones on the 
‘other side produces eam4f.* across the 
thermopile, the size of which indicates how 
much radiation has been absorbed. 
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Heat 


Leslie's cube 

A thin-walled, hollow cube (good conductor) 
with different outside surfaces. It is used to 
show that surfaces vary in their ability to 
radiate and absorb heat energy, Their powers 
of doing so are compared with an ideal called 
a black body, which absorbs all radiation that 
falls on it, and is also the best radiator, 
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Vacuum flask 

A flask which keeps its 
contents at constant 
temperature. It consists |) 
of a double-walled 

glass container, with a | 
vacuum between the 


walls (stopping heat 
energy transfer by 
conduction and 
convection} and shiny 
surfaces (minimizing 
transfer by radiation), 


true fas) 


Greenhouse effect 

‘The warming effect produced when radiation 
is trapped in a closed area, e.g. a greenhouse. 
‘The objects inside absorb the Sun's radiation 
and re-emit lower energy radiation which 
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EFFECTS OF HEAT TRANSFER i 


When an object absorbs or loses heat energy (see pages 28-29), . Suing. 


h ‘ Aas sepa, 
its internal energy* increases or decreases. This results in either “\, molecules exare 

b : irom these 
a rise or fall in temperature (the amount of which depends on ‘of a qui 


the heat capacity of the object) or a change of state. 


Changes of state 


A change of state is 4 change from one 
physical state (the solid, liquid or gaseous 
stale) to another (for more-about physical 
states, see page 5). While a change of state is 
happening, there is no change in temperature. 
Instead, all the energy taken in or given out is 
sed to make or break molecular bonds. This 
is called latent heat (L) — see graphs, page 31. 
‘The specific latent heat (l) of a substance is 

a set value, ie. the heat energy taken in of 
given out when Tkg of the substance 

changes state. 


Evaporation 

‘The conversion ofa liquid to 2 vapor by the 
escape of molecules trom its surface. It takes 
lace at all temperatures, the rate increasing 
with any one or a combination of the 
following: increase in temperature, increase 
in surface area or decrease in pressure. It is 
also increased If the vapor is immediately 
removed from above the liquid by a flow of 
air. The latent heat (see above) needed for 
evaporation is taken from the liquid itself 


which cools and in turn cools its suroundings. 


Changes of state 
Temperate remain constant (se graphs, poge 31), 


Vaporization 
The change of 
state from liquid 
to gaseous at a 
temperature called 
the boiling point (when the liquid js said to be 
boiling). The term js also used more generally 
for any change resulting in a gas oF Vapor, i.e. 
including also evaporation and sublimation. 


Condensation 
‘The change of state from gas or vapor 
‘0 liquid. 


Melting 
The change of state from solid to liquid at 
a temperature called the melting point of 
the solid. 


Freezing 

‘The change of state from liquid to solid at 
the freezing point (the same temperature as 
the melting point of the solid). 


Sublimation 

The conversion of a substance from a solid 
directly to a gas, or vice-versa, without passing 
through the liquid state. lodine and carbon 
dioxide are two substances that sublime. 


Graph showing increase of temperature with heat added 
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Specific latent heat of vaporization 
he heat energy taken in when Tkg of a 
substance changes from a liquid to a gas at is 
Boiling point. It is the same as the heat given 
‘out when the process is reversed 


Specific latent heat of fusion 
The heat energy taken in when 1kg ofa 
“substance changes from a solid to a liquid at 
its melting point. itis the same as the heat 
given out when the process is reversed. 

See also page 112 
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Heat capacity (C) 

The heat energy taken in or given out by 
aan object per temperature change by 1K. 
It is a property of the object and depends 
on both its mass and the materials) of 
which itis made (as well as the 
‘temperature and pressure), hence its value 


is different for every object. 


The unit of beat copacty ithe ful per heb (5) 


Specific heat capacity (c) 

The heat energy taken in or given out per 
Unit mass per unit temperature change. It is 
property of the substance alone, ive, there 
is a set value for each substance (though 
this changes with temperature and 
pressuie). See also page 112. 
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1 Soldering Printed Circuit Boards 
Soldering may be used to join wires or attached components to a printed circuit 
board (PCB). Wires, component leads and tracks on circuit boards are mostly 
made of copper. The copper is usually covered with a thin layer of tin to prevent 
oxidization and to promote better bonding to other parts with solder. When 
soldering bare copper wires they are often “tinned” by applying molten solder 


before making a joint. 


Hand soldering components on PCB Industrial oven for surface mount 


Figure 2 - Different Types of PCB Soldering 
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EXPANSION DUE TO HEATING 


Most substances expand when heated — their molecules 
move faster and further apart. The extent of this expansion 
(expansivity) depends on intermolecular forces*. For the 


‘Spansion oats on 
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same amount of heat applied (at constant pressure), 
solids expand least, as their molecules are closest 
together and so have the strongest forces between 
them. Liquids expand more, and gases the most. 


Bimetallic strip 

A device which shows the expansion of solids 
‘due 10 heating: It is made up of two differest 
sirips of metal, joined along their (equal) 
length. When heated o cooled, both metals 
expand or contract (respectively), but at 
different rates, so the strip bends, Such siting 
are used in thermostats. 
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Volume coefficient of expan: 

‘A measurement of the fraction af its original 
volume by which a substance expands for a 
lempetature tise 1K. it is the same for all 
tases fat constaxt pressure) wher they are 
assumed to behave as ideal gases. Since gases 
expand by yery large amounts, the original 
volume is always taken at fC $0 that proper 
comparisons can be made (this is not Hecessar 
with solid or liquids as de changes are so 
small}, 
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Linear coefficient of expansion (a) 
‘Armeasurement of the faction of itt original 
Jength by which a solid expands for a 
femperature rise of 1K. 


Areal coefficient of expansion (B) 
‘A measuirement of the fraction ofits original 
area by: which a Solid expands for a 
temperature rise of 1K. 
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Real or absolute cubic expansivi 
‘Ait accurate measurement ofthe fraction of 
is Volume by Which a liquid expands fora 
temperature rise of 1K: 


Apparent cubic expansivity 
‘Ameasurement of the fraction af its volume 
by which a liquid apparently expands for a 
temperature rise oF 1K, In Hct, the heat 
applied also causes very slight expansion of 
the container, so its calibrated measurements 
are no longer valid. 


Anomalous expansion 

‘The phenomenon whereby some liquids 
contract instead of expanding when the 
temperature rises within a certain range 
(e.g. water between 0°C and 4°C). 


Behavior of gases 


Alligases behave in a similar way, ahd 
there are several gas laws which describe 
their behavior (see below and right). An 
ideal gas is a theoretical gas which, by 
definition, exactly obeys Boyle’s law at all 
temperatures and pressures, but in fact also 
heys the two other laws as well. When 
seal gases ate at normal temperatures and 
pressures, they show approximately ideal 
behavior (the higher the temperature and 
the lower the pressure, the better the. 
approximation), hence the laws may be 
generally applied, 


Hear 


Boyle’s law 

THie volume of.a fixed mass of gas at constant 
temperature is inversely proportional to the 
pressure. For example, if the pressure on the 
fas increases, the volume decreases 
proportionally — the molecules move closer 
together. Note that the pressure exerted by the 
Bas increases (thie molecules hit the container 
walls more often). 


Boyle's law 


Gas at constant temperature, 


presure 

T= temperure 
‘on absolute 
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R= gas constant” 


Pressure law 
The pressure of a fixed 
‘mass of gas at constant 
"volume is proportional 
fo the temperature on 
‘the absolute scale". 
For example, if the 
perature increases 
“But the volume is kept 
same, the pressure inside the gas 


eases proportionally — the molecules 

we faster, and bit the container walls 
‘often, Note that the pressure exerted 

‘0n the gas to keep the volume constant 
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The volume of a fixed mass 
‘of gas at constant pressure 
is proportionat to the 
temperature on the absolute 
scale”, For example, if the 
temperature increases and 
| the pressure is kept the samo, 
| the volume increases 
proportionally (given an expandable container) 
=the molecules move faster and further apart. 
Note that the pressure exeried by the gas 
remains constant (the molecules hit the walls 
at the same frequency — they have more space, 


WAVES 


All waves transport energy without 
permanently displacing the 
medium* through which they travel. 
They are also called traveling 
waves, as the energy travels from a 
source to surrounding points (but 
see also stationary wave, page 43). 
There are two main types — 
mechanical waves, such as sound 
waves, and electromagnetic waves 
(see page 44). In all cases, the wave 
motion is regular and repetitive (i.e. 
periodic motion — see page 16) in 
the form of oscillations ~ regular 
changes between two extremes. In 
mechanical waves it is particles 
(molecules) that oscillate, and in 
electromagnetic waves it is electric 
and magnetic fields. 
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Transverse waves 

‘Waves in which the oscillations are at right 
angles to the direction of energy (wave) 
moverrent, e.g. water waves (oscillation of 
particles) and all electromagnetic waves* 
{oscillation of fields ~ see introduction). 


Crests or peaks 
Points where a wave causes maximum 
positive displacement of the medium". The 
crests of some waves, e.g. water waves, can 
be seen as they travel. 


Troughs 


Points where a wave causes maximum 
negative displacement of the medium". The 
troughs of some waves, e.g. water waves, can 
be seen as they travel. 
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Displacement/dstance graph for particles of zection of 
rope at two “frozen” moments 
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Any line or section taken through an advancing 
wave which joins all points that are in the 
same position in their oscillations 
Wavefrants are usually at 
right angles to the direction 
"any shape, e.g. circular 


of the waves and can have 
aid straight wavefronts. 


Longitudinal waves 

Waves in which the oscillations are along the 
line of the direction of wave movement, e.g. 
sound waves. They are all mechanical waves 
(Gee introduction), i.e. itis particles which 
oscillate. 
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‘Compressions 
‘Regions along a longitudinal wave where the 
pressure and density of the molecules are 
‘higher than when no wave is passing. 


Barefactions 

eglons along a longitudinal wave where the 
feressure and density of the molecules are 
Jower than when no wave is passing. 


‘Geagh of presure or density versus distance for 
JSSiutinal wave shows compressions and rarefactions. 
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Wave speed 

‘The distance moved by a wave per unit of 
time. It depends on the medium* through 
which the wave is traveling, 
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Frequency (f) 

The number of oscillations which occur in 

cane second when waves pass a given point 
(see also page 16), It is equal to the number 
cof wavelengths (see second graph, page 34) 
per second 


Attenuation 

The gradual decrease in amplitude (see frst 
graph, page 34) of a wave as it passes 
through matter and loses energy. The 
amplitudes of oscillations occurring further 
from the source are less than those of 
oscillations nearer to it. This can be seen 
2s an overall damping 


Graph showing attenuated wave 
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Wave intensity 

‘A measurement of the energy carried by a 
wave. It is worked out as the amount of 
energy falling on unit area per second, It 
depends on the frequency and amplitude 
‘of the wave, and also on the wave speed. 


REFLECTION, REFRACTION 
AND DIFFRACTION 


twtr proces 
An obstacle or a change of Greta wonton 
medium* causes a wave to undergo (Gtraight wavetrorts 


reflection, refraction or diffraction. twin tort 


These are different types of change 
in wave direction and often also 
resuilt in changes in the shape of the 
wavefronts*. For more about the 
reflection and refraction of light 
waves, see pages 47-53. 


Ripple tank Las ake 
‘Atank of water used to demonstrate the Sepp mate retina, 


properties of water waves (see right). bot of te fark 


Reflection heulor wovtontshiting concave boundary praduce straight 
The change in direction of a wave due to Larsriaabiodeckineone glabra 

its bouncing off a boundary between two 
media’. A wave that has undergone reflection / 
is called a reflected wave. The shape of its 

wavefronts depends on the shape of the 

incident wavefronts and the shape of the 


boundary. For more about the reflection of 
light waves, see pages 47-45, 


Incident wave 

‘A wave that is traveling toward a boundary 
hbetween two media’. Its waveitonts are called 
incident wavefronts. =| 


Examples of reflected wave shapes 
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Refraction 


“The change in direction of a wave when it 
moves into a new medium* which causes it 
travel at a different speed. A wave which 


‘bes undergone refraction is called a refracted 
“wave. lis wavelength® increases or decreases 


‘with the change in speed, but there is no 
in frequency”. For more about the 
‘efraction of light waves, see pages 50-53. 
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Refractive index (n) 

A nnumber which indicates the power of 
refraction of a given medium? relative to a 
previous medium. Itis found by dividing 
the speed of the incident wave in the first 
medium by the speed of the refracted wave 
in the given medium (subscript numbers are 
used — see formula). The absolute refractive 
index of a medium is the speed of light in a 
vacuum (of, generally, in ain) divided by the 
speed of light in that medium, 
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Diffraction 


The bending effect which occurs when a 
wave meets an obstacle or passes through an 
aperture. The amount the wave bends depends 
on the size’of the obstacle or aperture 
compared to the wavelength? of the wave, 
The smaller the obstacle or aperture by 
‘comparison, the more the wave bends, 


Diffraction of waves (sound waves) around obstacle 
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WAVE INTERFERENCE 


When two or more waves travel in the same or different directions in a 
given space, variations in the size of the resulting disturbance occur at 
points where they meet ‘see principle of superposition). This effect is 
called interference. When interference is demonstrated, e.g. in a ripple 
tank*, sources which produce coherent waves are always used, i.e. 
waves with the same wavelength and frequency, and either in phase 

or with a constant phase difference (see phase). This ensures that the 
interference produces a regular, identifiable interference pattern of 
disturbance (see picture, page 39). The use of non-coherent waves 
would result only in a constantly-changing confusion of waves. 


Phase 

Two waves are in phase if they are of the 
same frequency and corresponding points are 
at the same place in their oscillations (e.g. 
both at crests") at the same instant, They are 
‘out of phase if this is not the case, and 
exactly out of phase if their displacements are 
exactly opposite (e.g. a crest and a trough’). 
The phase difference between two waves is 
the amount, measured as an angle, by which 
a pointon one wave is ahead of or behind the 
corresponding point on the other. For waves 
exactly out of phase, the phase difference is 
180"; for waves in phase, itis 0°. 


Young's slits 
An arrangement of narrow, parallel slits, used 
to create two sources of coherent light (see 
introduction). They are needed because 
coherent light waves cannot be produced 
(for studying interference) as easily as other 
coherent waves, as light wave emission is 
usually random, The interference of the light 
diffracted" through the slits is seen on a 
screen as light and dark bands called 
interference fringes. 
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Principle of superposition 
States that when the superposition of two o- 
more waves occurs at a point (i.e. two or 
More waves come together), the resultant 
displacement is equal to the sum of the 
lacements (positive or negative) of the 
individual waves, —_ 


waves 


Constructive interference Destructive interference 

‘The increase in disturbance (reinforcement) The dectease in disturbance which results 
‘wirich results from the superposition of two from the superposition of two waves which 
‘waves which are in phase (see phase). are out of phase. 
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Interference pattern at “frozen” moment 
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Points at which destructive interference 
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disturbance, ie. points where crest” meets Nadal in (destraciveInerferent) waves re sae 
trough” or compression® mects rarefaction, Mt “turban ata paints aang tis ze 

‘A nodal line is a line consisting entirely of 

nodes. Depending on waves, nodal lines crest or 
may indicate, for example, calm water, soft ‘Comprension* 
sound or darkness (ser also Young's slits 
picture, page 38) 


Antinodes or antinodal points 
Points at which constructive interference 
is continually occurring, and which are 
consequently regularly points of maximum 
disturbance, i.e. points where two , 
crests”, troughs’, compressions* or << 
rarefactions* meet. An antinodal 
line isa line consisting entirely 
of antinodes. Depending on 
waves, antinodal lines may 
indicate, for example, areas 

‘of rough water, loud sound 

or bright light (see also. 
‘Young's slits picture). 


“Amplitude, 34; Compressions, 35; 
(rests, 34; Rarefatlons, 35; Troughs, 36 


SOUND WAVES 


Sound waves, also called acoustic waves, are 
longitudinal waves* — waves which consist of 
particles oscillating along the same line as the 
waves travel, creating areas of high and low pressure 
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(compressions* and rarefactions*). They can travel through 

solids, liquids and gases and have a wide range of frequencies*. 

Those with frequencies between about 20 and 20,000 Hertz* (the sonic 
range) can be detected by the human ear and are what is commonly referred 
to as sound (for more about perception of sound, see pages 42-43). Others, 
with higher and lower frequencies, are known as ultrasound and infrasound 
The study of the behavior of sound waves is called acoustics. 


Ultrasound 

Sound composed of ultrasonic waves - waves 
with frequencies* above the range of the 
human ear, i.e. above 20,000 Hertz". 
Ultrasound has a number of uses, 
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Infrasound 

Sound composed of infrasonic waves — waves 
with frequencies* below the range of the 
human ear, ie. below 20 Hertz”. At present 
rasound has few technical uses, as it can, 
‘cause uncomfortable sensations in humans. 


Sonic boom 

‘Aloud bang heard when a shack wave 
produced by an aircraft moving at supersonic 
speed passes a listener 
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Behavior of sound waves 


Speed of sound 
‘The speed at which sound waves move, 
It depends on the type and temperature 
of the medium? through which the sound 
waves travel, The speed of sound waves 
as they travel through dry air at O°C is 
331m s*, but this increases if the air 
temperature increases, or decreases if 
the air temperature goes down. 


Subsonic speed 
‘A speed below the speed of sound in the same 
medium* and under the same conditions. 


Supersonic speed 
‘A speed above the speed of sound 

in thesame medium? ard under / 
the same conditions. 
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Echo 
A sound wave which has been 
reflected off a surface, and is heard after 
original sound. Echoes, normally those of 
onic waves, are often used to locate 
cis and determine their exact position (by 
ring the time the echo takes to return to 
source). This technique has a number of 
, each normally used in a slightly 
erent context, though the distinctions 
een them are unclear, Ultrasound 
ing is one example. Others are echo- 
and sonar, both of which have 
connotations (echo-sounding normally 
to using echoes to measure the depth of 
er below a ship, sonarto using them to 
<i objects under water). Echolocation 
ly describes the way animals use echoes 
ad prey oravoid obstacles in the dark. 
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Reverberation 

‘The effect whereby a sound seems to p 
for longer than it actually took to produce. It 
‘occurs when thie time taken for the echo to 
return to the source is so short that the original 
and reflected waves cannot be distinguished. 
If the wave is reflecied off many surfaces, then 
the sound is enhanced further. 
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Doppler effect 


The change in frequency* of the sound heard 
when either the listener or the source moves 
relative to the other. If the distance between 
them is decreasing, a higher frequency sound 
is heard than that actually produced. If itis 
increasing, a lower frequency sound is heard 
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2 Types of Solder 


There are different types of solder used for electrical work. They are broadly 
classified as tin/lead solders or lead free solders. Tin/lead solders have been used 
for many years because of their ease of use however they have been phased out 
of commercial use due to the harmful effects on humans and the environment, 
TinJlead solder is still available and is used by “hobbyists” and other non- 
commercial users as it is still easier to use than lead free types. When using 
tin/lead (or leaded) solder there are additional safety precautions that must be 


observed. 


Different gauges of solder wire Solder composition is labelled 
(Lead free on left) 


Figure 3 — Different Types of Solder 
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PERCEPTION OF SOUND 


Sounds heard by the ear can be 
pleasant or unpleasant. When the 
waveform of a sound wave (see 
pages 40-41) repeats itself regularly, 
the sound is usually judged to be 
pleasant. However, when the 
waveform is unrepeated and 
irregular, the sound is thought of as 
a noise. Every sound has a particular 
loudness and pitch and many, 
especially musical sounds, are 
produced by stationary waves. 


Loudness 

The size of the sensation produced when 
sound waves fall on the ear. It is subjective, 
depending on the sensitivity of the ear, but is 
directly related to the wave intensity* of the 
waves. Ik is most often measured in decibels 
(4B), but also, more accurately, in phons 
(these take into account the fact that the ear 
is not equally sensitive to sounds of all 
frequencies) 


Aico alg of 
rrecaues 1704B. 


Pitch 

The perceived frequency* of a sound wave, 
ive, the frequency heard as sound. A high 
pitched sound has a high frequency and a 
low pitched sound has a low frequency, 
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Beats 

The regulat variation in loudness with time 
which is heard when two sounds of slightly 
cifierent frequency* are heard together. This 
is the result of interference” between the two 
waves, The beat frequency is equal to the 
difference in frequency between the two 
sounds (see diagram below), The closer 
together the frequency of the sounds, the 
slower the beats. 


Beat frequency 
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Stationary or standing wave 
‘Awave that does not appear to move. Its not 
jn fact a trué wave, but is instead made up of 
‘wo waves of the same velocity and frequency’ 
Fontinuously moving in opposite directions 
between two fixed points (most commonly the 
‘ends of a plucked string or wire). The repeated 
‘exossing of the waves results in interference” ~ 
when the waves are in phase*, the resultant 
amplitude” is large, and when they are out of 
‘phase’, it is small or zero. At certain points (the 
‘nodes), itis always zero. The amplitude and 
quency of a stationary wave in a string or wire 
determines those of the sound waves it produces 
“in the air— the length and tension of the string 
“or wire determine the range of frequencies, 
‘and hence the pitch of the sound produced. 
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Armplitude, Crests, 34; Frequency, 35; In phase, 38 (Phase) 
Interference, 38; Out of phase, 35 (Phase) Troughs, 4. 
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Musical sounds 

All music is based on some kind of musical 
scale. This is a series of notes (sounds of 
specific pitch), arranged from low to high 
pitch with certain intervals between them (a 
musical interval is a spacing in frequency*, 
rather than time). The notes are arranged so 
that pleasant sounds can be obtained. What 
is regarded as a pleasant sound depends on 
the culture of the listener. 
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Modes of vibration 

The same note played on different 
instruments, although recognizable as the 
same, has a distinct sound quality (timbre) 
characteristic to the instrument. This i 
because, although the strongest vibration 

is the same for each note whatever the 
instrument (its frequency* is the 
fundamental frequency), vibrations at other 
frequencies (overtones) are produced at the 
same time, The set of vibrations specific to 
an instrument are its modes of vibration. 
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Fluorescence 

‘A phenomenon shown by certain substances 
when they are hit by ultraviolet radiation. 
‘They absorb the ultraviolet radiation and 
‘emit visible light, ic. light waves of a longer 
‘wavelength*. This emission stops as soon as 
the ultraviolet radiation stops. 


Visible 
Blectromagnetic waves which the eye can 
‘detect, They are produced by the Sun, by 
discharge tubes* and by any substance 
heated until it glows (emission of light due to 
Beating is called incandescence). They cause 
hemical changes, e.g. on photographic film, 
and the different wavelengths* in the 
waveband are seen as different colors (see 
page 54). 


Infra-red radiation (IR radiation) 

The electromagnetic waves most commonly 
produced by hot objects and therefore those 
which are most frequently the cause of 
‘temperature rises (see introduction and 
‘radiation, page 29). They can be used to 
form thermal images on special infra-red 
sensitive film, which is exposed by heat, 
rather than light. 
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\Very short radiowaves used in radar (radio 
detection and ranging) to determine the 
position of an object by the time it takes for a 
reflected wave to return to the source (see also 
sonar, page 41 (Echo)). Microwave ovens use 
microwaves to cook food rapidly. 
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Radio waves 

Electromagnetic waves produced when 

free electrons* in radio antennae are made to 
oscillate (and are hence accelerated) by an 
electric field*, The fact that the frequency of 
the oscillations is imposed by the field means 
that the waves occur as a regular stream, 
rather than randomly. 


How radio waves are used to communicate 
‘ver long distances 
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ually used to show the reflection 
light (see below and also pages 
-49). It must be noted that when 
an object and its image are drawn 


ject is assumed to be producing 
it rays itself. In fact the rays come 
m a source, e.g. the Sun, and are 
reflected off the object. . 


Laws of reflection of light 


‘of incidence, 
The angle of incidence (i) = the angle of 


waves 


Diffuse reflection 

The reflection of parallel incident rays (see 
left) off a rough surface such that the reflected 
rays travel in different directions and the light 
is scattered. This is the most common type of 
reflection as most surfaces are irregular when 
considered on a scale comparable to that of 
the wavelength? of light (see page 113). 


Plane mirror 

A mirror with a flat surface (see also curved 
mirrors, pages 48-49). The image it forms is 
the same size as the object, the same distance 
behind (“inside”) the mirror as the object 
front, and laterally inverted (the left and right 
sides have swapped around). 

Reflection in plane mirror 
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+ reflection 
eflection of parallel incident rays (see 
off a flat surface such that all the 
rays are also parallel. This occurs 
rfaces are very smooth, e.g. highly 
surfaces such as mirrors, 


“anses 52; Refracted ray, Refraction, 50; 
Virtual image, 49 mage); Wavelength 3, 
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Parallax. 

The apparent displacement of an observed 
object due to the difference between two 
points of view. For example, an object which 
is observed first with the left eye, and then 
With the right eye, appears to have moved. 
The first point of view is the left eye, and the 
second is the right eye. (See also parallax 
error, page 102.) 
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Apparent depth 

The position at which an object in one 
medium* appears to be when viewed from 
another medium. The brain assumes the light 
rays have traveled in a straight fine, but in fact 
they have changed direction as a result of 
refraction. Hence the object is not actually 
where it appears to be. 
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Critical angle (c) 

The particular angle of incidence of a ray 
hitting a less dense medium* which results in 
it being refracted at 90° to the normal. This 
means that the refracted ray (critical ray) 
travels along the boundary, and does not enter 
the second medium, 
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Rainbows fr when ght is refracted 
tough ny dope rin present the 
ter on. Each op ac hea pis, 
dspersing’ ih the cla the sie 
light spectrum 


Total internal reflection 
When light traveling from a dense to a less 
dense medium* hits the boundary hetween 
them, some degree of reflection back into the 
denser medium always accompanies refraction. 
When the angle of incidence is greater than 
the critical angle, total internal reflection 
‘occurs, 12, all the light is internally reflected, 
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Prism 

A transparent solid which has two plane 
refracting surfaces at an angle to each other. 
Prisms are used to produce dispersion* and 
change the path of light by refraction and 
total internal reflection. 


Prism refracting light ray 
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3 Types of PCB 


Printed circuit boards (PCBs) are populated by electronic components and these 


may be “surface mount” or “through-hole” types. 


3.1 Through-Hole Components 
‘As the description “through-hole” suggests, the leads of the component are passed 
through holes in the PCB and then soldered to a “pad” on the reverse side of the 
PCB. Soldering is accomplished by heating the component lead and PCB pad with 
a soldering iron and melting solder wire into the joint, This type of construction was 
common from the 1960's until early 2000’s and is still used by hobbyists and in 


small scale production where manual assembly is preferred. 


3.2 Surface Mount Components 
Commercial circuits are mostly of the surface mount type as these are cheaper to 
make, more compact and easier to automate assembly. For surface mount 
construction the component’s pads are on the same side of the PCB as the 
component and the component connections sit onto these pads. Soldering is 
accomplished by applying solder paste onto component pads on the PCB, placing 
the component onto the paste and then heating the entire assembly to melt the 


can also use 


solder. Commercial assembly uses ovens to heat the boards. Hobbyi 
surface mount components and soldering can be accomplished by applying solder 
paste and melting with a hot plate, small oven or soldering iron, Some surface 


mount joints can be soldered using a soldering iron and solder wire. 


Through-hole PCB Surface mount PCB 
(non-component side) (component side) 


RN 


Figure 4 — Different Types of PCB 


Types of PCB 


Index 


2016 


Soldering 


Refraction of light (continued) 


Light rays are refracted at curved surfaces, e.g, lenses, as at flat surfaces, 
according to the laws of refraction of light (see page 50). Unlike with 
flat surfaces, though, images are formed. There are two basic types of 
Jens, concave and convex lenses, which can act as diverging or 
converging lenses depending on their refractive index* relative to the 
surrounding medium*. For all diagrams showing image production by 
refraction, the object is assumed to be the light source (see reflection of 
ight, page 47), and certain points (see below), together with known 
facts about light rays passing through them, are used to construct the 
paths of the refracted rays. The positions of objects and images can be 
determined using the mirror (lens) formula*. 
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Points used to construct rina focus coca point. 
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‘Converging lens Light rays parafe! ARefractes rays ° —‘Relrected rays 
A lens which causes parallel rays falling, REE ae pce 
on it (0 converge on the principal focus | wen 
on the other side of the lens. Both 
concave and convex lenses can act as i 
converging fenses, depending on the = —<s 
refractive index* of the lens relative to 
the surrounding medium’. A glass convex LU rag 
lens in air acts as a converging lens, as rev change direction, 
shown in the diagram on the right. ‘lass caver lens in 9 median * denser 

(Man gts ac oo dvrging lens 
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Power (P) 

‘A measure of the ability of a lens to converge 
or diverge light rays, given in diopters (when 
focal length is measured in meters). The 
shorter the focal length, the more powerful 
the lens, 


‘Convex lens 

Allens with at least one surface curving 
‘outwards. A lens with one surface curving 
inwards and one outwards is convex if its 
middle is thicker than its outer edges (itis a 
‘convex meniscus). A glass convex lens in air 
‘acis as a converging lens. The size, position 
‘and type of image it forms (real* or virtual*) 
Hepends on haw far it is from the object. 


waves 
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Concave lens 
‘Allens which has at least one surface curving 
inwards. A lens with one surface curving 
inwards and one outwards is concave if its 
‘middle is thinner than its outer edges (itis a 
‘concave meniscus). A glass concave lens in 
air acts as a diverging lens. The position of 
the object in relation to the lens may vary, 
but the image is always of the same type 
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‘Diverging lens 
“lens which causes parallel rays falling 
‘en it to diverge so that they appear to have 


‘come from the principal focus on the same 
‘sides as the rays enter. Both concave and 
‘eonvex lenses can act as diverging lenses, 
‘lepending on the refractive index* of the 
Jems relative to the surrounding medium*. A 
jplass concave lens in air acts as a diverging 
fens, as shown in the diagram on the right. 
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OPTICAL INSTRUMENTS 


An optical instrument is one which acts on light, using one or more 
lenses* or curved mirrors* to produce a required type of image. 
Listed below are some of the more common optical instruments. 


Camera Microscope 
‘An optical instrument shat js used to form and An optical instrument which magnifies very 
record an image of an object on film. The small objects. If it has only one lens*, itis a 
image is inverted and a real image’. simple microscope or magnifying glass. If it 
ae has more, it is a compound microscope. 

Prim det ght 10 Ptaphroge. Series of Compound microscope 
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Color [inside a spectrometer 
Pr atte ight 
When all the different wavelengths* of visible secirum 


light (see page 45) fall on the eye at the same 
time, white light is seen, However, white light 
can also undergo dispersion, whereby itis 
split into the visible light spectrum (i. its 
different wavelengths) by refraction. This 
may occur accidentally (see chromatic 


ii. | 


‘chromatic aberrtion) White seen 


igh tone 
on stret with ifr wavelength oe rected by ero 


aberration), or i: may be produces on epoch ee ae 


purpose, e.g. with a spectrometer. 
Visible light spectrum 

A display of the colors that make up a beam 
of white light. Each color band represenis a 
very small range of wavelengths" — see 
visible light, page 45. 
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Slide projector 
An optical instrument w! 
magnified image of a slide. 
Side prosctor 
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Telescope 

A optical instrument used to make very 
Alistant (ard therefore apparently very smal) 
pects appear larger. 

Telescope 


Dir (eg sta corsiieed tenses of 


Biotin, open! 
Texope'n 

wertor roma 

Bor oye esi 


fmerter —— 


Stir bono 
See 


an 


‘nog fred by 
objec ers as 
sober ar 
yep er 


waves 


Visual angle 
The angle, at the eye, of the rays corning irom: 
the top and bottom ef an cbject or its image. 
The greater it is, the larger the object or image 
appears. Optical instruments which produce 
magnification, e.g. micrescopes, do so by 
Creating an image whose visual angle is gieater 
than that of the object seen by the unaided eve, 
the angular magnification dr magnifying 
power (see below) of Such an instiument is a 
measurement of the amount By which it does so. 


vival engl oF object 


Chromatic aberration or chromatism 
The halo of colors (the visible light spectrum 
€ below, left) sometimes seen around: 
images viewed througin lenses. t results rom 
dispersion (see color). To avoid this, 

good quality optical instruments 

Contain ane o: more achromatic 

tenses ~ each consisting of two 

tenses combined so that any 

dispersion produced by one 

is cotrected by the other. 


¢ 
Achromatic lems in compound lcoseopet 4 


Primary colors 

Hed, blue and green light ~ colors that cannot 
‘Se made by combining other colored light. 
‘Wied equally, they give white light. By 
Jeixing thern in the right proportions, every 
‘color in the visible light spectrum can be 
sexluced. Note that these are the pure 
Seenaty colors ~ those referred to in an (red, 
S3ue and yellow) only act as primary colors 
Secaise the paints 
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Color mixing 
If white tight is shone onto a pure colored 
filer, only light of the same color (range af 
wavelengths’) as the filter passes through 
(the other colors are absorbed). This is 
subtractive mixing or color mixing 
by subtraction. If light of twa 
different colors, filtered out in thi 
Way, is shone onto a white 
surface, a third color (a mixture 
of the two} is seen by the eye, 
additive mixing ox color mixing by 
addition. 4 
"hint os 
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Srowgh ue igh 
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‘carved rales, 48; Lenses, Principal als, <2; Prism, 5%: Real Image, 49 (Image) 
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Electricity is the phenomenon caused by the presence or 
movement of charges (electrons* or ions*) which exert an electric 
force*. A material is said to have a negative electric charge if it has 
a surplus of electrons, and a positive electric charge if it has a deficit 
of electrons. An electric current (see page 60) is the movement of a 
charge through materials. (In a metal it is the electrons that move.) 

This can be contrasted with static electricity, which can be said 

to be electricity “held” by a material with electric charge. 


First law of electrostatics 

Like charges repel each other and unlike 
charges attract. A charged particle always 
attracts an uncharged conductor by induction. 
Attraction and repalsion 
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i] Conductor 

i i ‘A material containing a large number of 
charges (e.g. electrons) which are free to 

move (see also conductivity, page 63). 

can therefore conduct electricity (carry an 

clecttic current ~ see introduction). Metals, 

€.8, copper, aluminum and gold, are good 

conductors because they contain large 

‘numbers of electrons which are free to move. 


Insulator 
‘A material with very few or no charges (e.g, 
electrons) free to move (i.e..a bad conductor). 
Some insulators become electrically charged 
‘ when rubbed. This is because electrons from 
the surface atoms are transferred from one 
: substance to the next, but the charge remains 
‘on the surlace. 
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Electroscope ~ 
‘An instrument for detecting small amounts 
of electric charge. A gold leaf electroscope 
is the most common type. When the leaf 
and rod become charged, they repel and the 
leaf diverges from the rod. The greater the 
ccharges, the larger the divergence of the 
leaf. A condensing electroscope contains a 
capacitor* between the cap and the case 
which increases the sensitivity. 
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duction or electrostatic induction 
‘process by which a conductor becomes 
rged with the use of another charge but 
ut contact. Generally charges are 
Jeduced in different parts of an object 
ause of repulsion and attraction. By 
emoving one type of charge the object is 
eft permanently charged 
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vof plane 
‘small disk made of a conductor mounted 

a handle made of an insulator. It is used 
p wansfer charge between objects. 


irface density of charge 
amount of charge per unit area on the 
jace of an abject. It is greater where the 
“surface is more curved, which leads to charge 
‘being concentrated at sharp points (See point 
ction). Only a sphere has constant suriace 
jensity of charge. 


‘aration: in surface density of charge 


“The action which occurs around a sharp point 
‘on the surface of a positively-charged object. 
Positive ions in the air are repelled by the 
‘argo charge at the point (see surface density 
‘of charge). These collide with air molecules 
and knock off electrons to produce more 
postive fons which are also repelled. The 
result is an electric wind of air molecules. 


~ Discharge tube, 80; Mechanical energy, 9. 


Lightning 

The sudden flow of electricity from a clo 
which has become charged due to the 
rubbing together of different particles, e.g, 
water droplets. A light 

used to help cance! the charge on the 
cloud by point action and to conduct the 
electricity down to earth so that it does nat 
flow through buildings. The lightning strike 
is lke the effect in a discharge tube 


Acton of lightning conductor 


Van de Graaff generator 
‘Amachine in which positive charge from a 
point is transferred (by point action) to a 

‘maving band, collected by another poi 
Geposited on a sphere-shaped conductor. 


and 


Van de Graaff generator 
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Electrophorus 

‘An instrument consisting of a negatively. 
charged insulator and a brass plate attached 
to an insulating handle. tt is used to produce 
2 number of positive charges from one 
negative charge. 


POTENTIAL AND CAPACITANCE , + , 


A charge or collection of charges 
causes an electric field, i.e. a force 
field* in which charged particles 
experience an electric force*. The 
intensity of an electric field at a 
point is the force per unit positive 
charge at that point, and the 
direction is the direction of the force 
on a positive charge at that point 
(see also pages 104-107). Charged 
objects in an electric field have 
potential energy* because of their 
charge and position. Potential itself 
is a property of the field (see below). 


Potential 

‘The potential energy* per unit charge at a 
point in an electric field, ie. the work done 
Jin moving a unit positive charge to this point. 
‘The potential energy of a charge depends on 
the potential of its position and on its size. A 
positive charge tends to move towards points 
of lower potential. This is moving down the 
potential gradient, Potential cannot be 
measured, but the potential difference 
between two points can, 
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Potential difference 
difference in potential between two points, 
equal to the energy change when a unit 
positive charge moves from one place to 
another in an electric field, The unit of 
potential difference is the volt (potential 
difference is sometimes called voltage?. There 
is an energy change of one joule if a chame 
‘of one coulomb* moves through one volt, A 
reference point (usually a connection to earth) 
is chosen and given a potential of zero, 
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Equipotential 
A surface over which the potential is constant. 
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Capacitance: 


Capacitance 


Tn ert 
real ans hve 
‘ierent 
capacitance 


When a conductor* is given a 
charge it undergoes a change 
in potential. Capacitance is 

the ratio of the charge gained 


by an object o its increase inate chage 
potential. An object with a (Q) mast be 
higher capacitance requires a een 
larger charge to change its Save potent 


ppotential by the same amount 
{85 an abject with a smaller 
Sppacitance. 


capacttance; 


Farad 
“The unit of capacitance. It is the capacitance of 
object whose potential is increased by one 
when given a charge of one coulomb* 


\citor 
sevice for storing electric charge, consisting 
‘wo parallel metal plates separated by an 
lating material called a dielectric. The 
citance of a capacitor depends on the 
ic used, so a dielectric is chosen to 
the capacitance needed and the physical 
required. 
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| Dielectric constant 

Te talio of the capacitance of a capacitor 

= = agiven dielectric to the capacitance of 
“= same capacitor with a vacuum between 
= plates. The value is thus the factor by 
=== the capacitance is increased by using 
®= Sren dielectric instead of a vacuum. 

<= that measuring the dielectric against air 
produce a very similar result.) 


Stew, $6; Coulomb, 60. 
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Electrolytic capacitor 

A capacitor with a paste or jelly dielectric 
which gives ita very high capacitance in a 
small volume. Due to the nature of the 
dielectric, it must be connected correctly to 
the electricity supply. 


Variable capacitor 

A capacitor consisting of two sets of 
interlocking vanes, often with an air dielectric. 
The size of the interlocking area is altered to 
change the capacitance, 


Variable Verte capacitors 
ba meen hen 
Goss aden 
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Leyden jar 


A capacitor consisting of a glass jar with foil 
linings inside and out, It was one of the first 
capacitors invented 


Paper capacitor 

A capacitor made with two long foil plates 
separated by a thin waxed paper dielectric. 
Polyester capacitors are made in a similar way. 


ELECTRIC CURRENT 


An electric current (I) is the rate of flow of electric 
charge. In metal conductors, the charge which flows 
consists of electrons (negatively charged particles — 
see page 83), and these flow because in an electric 
field* there is a difference in potential* between two 
places. Therefore a potential difference* is needed to 


Direct current (d.c.) 
‘Current which flows in’ 
Originally current was a 
a point with higher pote 
Hower potential. Electras 
‘other way, but the con 


produce an electric current. A circuit is a closed loop, py mziyonme 
consisting of a source of potential difference and one snc Wiel ond he 

‘or more Components, around which the current flows. ‘ 
Electromotive force (e.m.f.) Ampere or amp (A) 

The potential difference* produced hy a cell*, The SI unit* of current (see also page 96), 
battery* or generator’, which causes current One ampere is the current which, when 

to flow in a circuit. A source of e.m.f. has two flowing through two infinitely tong wires one 
terminals {where wires are connected), meter apart in a vacuum, produces a force of 
between which it maintains a potential 2.107 newtons per meter of wire. Current is 
difference. A back em, Is an emi, accurately measured by a current balance, 
produced by a component jn the circuit which, by adapting the theory above, 

which opposes the main eum. measures the force between two coils of wire 


through which current is flowing, Ammeters* 


erin 1 are calibrated” using current balances. 
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Coulomb 

The $1 unit* of electric charge. It is equal to 
the amount of charge which passes a point in 
‘a conductor if one ampere flows through the 
conductor for one second. 
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+ Ammater, 77; Batery, 68; Calibration, 34; Cll 6; Electreflld 58) = 
‘Generator, 78; Potential, Potendal difference, 8; St units, 95 —=—— 


Direct current (d.c.) 

Current which flows in one direction only. 
‘Originally current was assumed to flow from 
‘2 point with higher potential” to a point with 
Tower potential. Electrons actually flow the 
‘other way, but the convention has been kept. 


fernating current (a.c.) 
rent whose direction in a circuit changes 


regular intervals. It is caused by an 
ating electromotive force. Plotting a 
of curren’ versus time gives the 
aavelorm of the current. Alternating currents 
d electromotive forces are generally 
sed as their root mean square values 
picture, below). 
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Ftament lamp, 64; Generator, 78; Potent, 53, 
Potential difference, 58, step-up transformer, 73. 


Electricity supply 

Electricity for domestic and industrial use 
is produced at power stations by large 
generators’. These produce alternating 
‘current at a frequency of 60Hz. 
Alternating current, unlike direct 
current, can be easily transformed (see 
transformer, page 79) to produce larger 
or smaller potential differences*. This 
means that high vokages and thus low 
currents can be used for transmission, 
which considerably reduces power 
losses in the transmission cables. 


Ties dive by tar tur 
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All domestic electricity supplies consist of at 
Jeast two wires from a substation along which 
alternating current flows. In some cases, one 
of the wires is connected to ground so that 
the potential” of the other afternates above 
and below ground. in some countries there is 
an additional wire connected to ground as a 
safety measure, 
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4 Flux 


For electrical soldering both solder wire and solder paste contain flux. This helps 
to clean the surfaces being soldered and prevent oxidization of the hot solder. 
The composition of the flux will vary depending on whether it is in a paste or 
wire, leaded or unleaded solder. Solder wire usually contains a flux called 


“rosin” 


Most fluxes will produce fumes when the solder is heated and these 
fumes are likely harmful to your health, For occasional soldering it may be 
sufficient to have a well-ventilated workspace but for longer or repeated 
exposure fume extractor should be used. Solder flux can also cause solder to 


spatter and eye protection should be worn when soldering. 


Fumes produced when soldering Workstation with 


fume extraction system 


Figure 5 — Fumes and Fume Extraction Systems 
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CONTROLLING CURRENT 


The strength of a current flowing in 
a circuit depends on the nature of 
the components in the circuit as 
well as the electromotive force*. 
The resistance of the components 
and the magnetic and electric fields 
they set up all affect the current 

in them, 


Ohm's law 

The current in an object at constant 
temperature is proportional to the potential 
ference* across its ends. The ratio of the 
potential difference to the current is the 
resistance of the object. The object must be 
at constant temperature for the law to apply 
since a current will heat it up and this will 
change its resistance (see also filament lamp, 
page 64). Ohm’s law does not apply to some 
materials, e.g. semiconductors". 


Ohm's tow tats 
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“Battery, 6; Conductor, 56; Hectromative force (esm..), 60; Insulator, 56; 
Potential difference, 38; Power, % Reelproca, 345; Semiconductors, 65, 


Resistance (R) 

The ability of an object to resist the flow of 
current. The value depends on the resistivity 
of the substance from which the object is 
made, its shape and its size. The unit of 
resistance is the ohm (Q). Electrons moving 
in the object hit atoms and give them energy, 
heating the object and using up energy from 
the source of electromotive force". 
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Resistivity (p) 

‘The ability of a substance to resist current, 
Good conductors* have a low resistivity 
and insulators* have a high resistivity. It is 
the reciprocal* of the conductivity of the 
substance and depends on temperature. See 
also page 112. 


Resistor 

A device with a particular resistance value, 
Resistors can have values from less than one 
‘ohm up to many millions of ohms. The most 
common type is the carbon resistor, mace 
from compressed carbon of known resistivity 
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‘Conductivity 

“The ability of a substance to allow the flow 
‘of current (see also conductor and insulator, 
[page 56). Itis the inverse of the resistivity 


Internal resistance (r) 

The resistance of a cell* or battery* to the 
taurrent it causes. It isthe resistance of the 
Eonnections in the cell and some chemical 
“efiects (e.g. polarization*). The current in a 
Fircuit may therefore he less than expected. 
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Nariable resistor 


A device whose resistance can be changed 
‘echanically. itis either a coil of wire of a 
‘Baticular resistivity around a drum along, 
Swhich a contact moves (for high currents) 
"9a carbon track with a moving contact. A 
“sariable resistor can be used as a potential 
vider if an extra contact is added. It is then 
"= potentiometer. 

Types of variable resistor 
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Potential divider or voltage divider 
Addevice used to produce a potential 
‘Sfierence* from another, higher potential 
Wiflerence. 


‘Gecuit diagram of potential divider 
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ELECTRICITY AND MAGNETISM, 


Wheatstone bridge 

A circuit used to measure an unknown 
resistance (see diagram), When the 
galvanometer* indicates no current, the 
unknown value of one resistor can be 
calculated from the other three. The meter 
bridge is a version of the wheatstone bridge 
in which two of the resistors are replaced by 
a meter of wire with a high resistance. The 
position of the contact from the galvanometer 
on the wire gives the ratio R,/R, in the circuit 
shown below. 


‘Wheatstone bridge 
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Kirchhoff’s laws 


Two laws which summarize conditions for the 
flow of current at an instant, The first states that 
the total current flowing towards a junction is 
equal to the total current flowing away from 
the junction, The second states that the sum 

of the potential differences* around a circuit, 
which for each resistor is the product of the 
current and the resistance, is equal to the 
electromotive force* applied to the circuit 
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Controlling current (continued) 


Series 

‘An arrangement of components in which all 
of the current passes through them one after 
the other. 


Resistors in series 


Parallel 
‘An arrangement of components in which 
current divides to pass through all at once. 


Resistors 


Capacitors in parallel 


Filament amp 
Clasp of tes 
Filament lamp = 
Alamp 
consisting of a 
coil of tungsten 
wire (the filament) 
inside a glass bulb 
containing argon or 
nitrogen gas at low 
pressure. When 
‘current flows through 
the coil, it heats up 
rapidly and gives out light. 
Tungsten is used because 
it has a very high melting 
point and the bulb is 
gas-filled to reduce 


‘evaporation of Sereue 
the tungsten, toot 


Switch 
A device, normally mechanical (but see alsa 
transistor), which is used to make or break a 
Circuit. A relay* is used when a small current is 
required to switch a larger current on and off 


Impedance 

The ratio of the potential difference* 
applied to a circuit to the alternating 
current* which flows in it. It is due o two 
things, the resistance* of the circuit and the 
reactance. The effect of impedance is that 
the e.m.f.* and current can be out of phase. 


Reactance 
The “active” part of impedance to 
alternating current®. itis caused by 
capacitance’ and inductance in a circuit 
which alter the electromotive forces* as 
the current changes. 


Inductance 

The patt of the impedance of a circuit due 
to changinig current affecting the e.m.f.* 
(see also electromagnetic induction page 
78). This happens in a device_called an 
inductor. 


Alternating potential 
‘iference® 


A 
copocitor 


Indactae 


SEMICON 


Semiconductors a1 
conductor and an 
temperature or ine 
are widely used im 
Doping 

The introduction of asp 
into a semiconductor. B 
impurity used, the sem 


either a p-type or n-type 
lypes are used to makes 


Diode 

‘A device made from on 
semiconducior (see 
retype semiconductor 
very low resistance* int 
is said fo be forward 
resistance in the other 


‘Consiruction of diode 


Half-wave rectifi 
The use of a diode to 
Flowing in one directs 


feurrent*. Current ony 
the circuit 


Haliowave rectification 


Atemoting 


Full-wave rectifi 
The conversion of 
“direct current. {tis 
is required from al 
Fullwave rectification 
Aterating current’ ours 


Pie 


“Alternating current, 51; Cpacitance, Capacitor, 5°: Electromotive fore (.m-) «0; 


Potential difference, 58; Relay, 75; Resistance, Rsstor, 62. 


SEMICONDUCTORS 


ELECTRICITY AND MAGNETISM, 


Semiconductors are materials whose resistivity* is between that of a 
conductor and an insulator (see page 56) and decreases with increasing 
temperature or increasing amounts of impurities (see doping, beiow). They 
are widely used in electronic circuits (see also page 111). 


Doping. 

The introduction of a small amount of impurity 
into a semiconductor. Depending on the 
Impurity used, the semiconductor is known as 
either a p-type or n-type. Combinations of these 
types are used to make diodes and transistors. 


Diode 
‘A device made from one piece of p-type 
Semiconductor (see doping) end one piece af 
‘n-type semiconductor joined together. It has a 


very low resistance’ in one direction (when it 
i said to be forward biased) and a very high 
‘sesistance in the other direction (reverse biased) 


Neggbecurent Now 


Half-wave rectification 

The use of a diode to remove all the current 

Sewing in one direction from alternating, 
rent*. Current only flows one way around 


Full-wave rectification 

The conversion of alternating current™ to 
Erect current*, Its used when direct current 
‘required from alternating current. 

Fabowave rectification 
Aiernating current® source 


Figen! 


reagh 
restore 


Alternating current, 61; Direct current, 61; 
Aesistance, Reslstivity, Resbtor, 62 


ight emitting diode (LED) 

Adiode with a higher resistance* than 
normal, in which light & produced instead 
of heat. 
Numeric display 
of shaped LED: —| 


‘Symbol for light 
emitting diode 


Thermistor 
‘A semiconductor device whose resistance 


Varies with temperature, used in electronic 
circuits to detect temperature changes. 


Transistor 

A semiconductor, normally made from 

a combination of the two types of 
semiconductor. There are three connections, 
the base, collector and emitter (see diagrams 
below). The resistance* between the collector 
and emitter changes from very high to very 
low when a small current flows into the base. 
This small base current can therefore be used 
to control a much larger collector to emitter 


current, 


ELECTROLYSIS 


Electrolysis is the process whereby 
electric current flows through a 
liquid containing ions* (atoms 
which have gained or lost an 
electron* to become charged) and 
the liquid is broken down as a 
result. The current is conducted by 
the movement of ions in the liquid, 
and chemicals are deposited at the 
points where the current enters or 
leaves the liquid. There are a 
number of industrial applications. 


Electrolyte 

compound which conducts electricity 
when either molten or dissolved in water, All 
‘compounds made from ions or which split 
into ions when dissolved ionization‘) are 
electrolytes. The concentration of ions in an 
electrolyte determines how well it conducts 
electricity. 
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Hectrode 

A piece of metal or carbon placed in an 
electrolyte through which electric current 
enters oF leaves during electrolysis, Two are 
needed ~ the anode (positive electrode) and 
the cathode (negative electrode), An active 
electrode is one which is chemically changed 
by electrolysis; an inert electrode is one which 
isnot changed. 4 — 


Anode Cathede 
(east (egatie) 


Electrolytic cell 
A vessel in which electrolysis takes place. It 
contains the electrolyte and the electrodes. 


onic theory of electrolysis 

A theory which attempts to explain what 
happens in the electrolyte and at the 
electrodes during electrolysis, It states that 
the cations (positive ions) are attracted 
towards the cathode and the anions (negative 
ions) towards the anode. There they gain or 
lose electrons respectively to form atoms (they 
are then said to be discharged). If there are 
two or more different anions, then one of 
them will be discharged in preference to the 
others. This is called preferential discharge. 


Faraday’s laws of elect 
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\day’s laws of electrolysis 
laws which relate the quantity 
‘of electricity which passes through an 
electrolyte to the masses of the substances 
hich are deposited. Faraday’s first law sates 
al the mass of the substance deposited is 
[proportional to the quantity of electricity the 
chemical equivalent of a substance is 
mass liberated by one ampere flowing for 
1e second). Faraday’s second law states that 
ie mass of the substance deposited i 
Wersely proportional to the size of the 
large on its ion. 
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Voltameter or coulometer 

An electrolytic cell used for investigating 
the relationships between the amount of 
substance produced at the electrodes and 
the current which passes through the cell. 
For example, the copper voltameter (see 
below left) contains copper sulphate and 
copper electrodes. 


Hoffmann voltameter 

A type of voltameter used for collecting 
and measuring the volumes (and hence the 
masses) of gases liberated during electrolysis 
For example, electrolysis of acidified water 
produces hydrogen and oxygen in a two to 
one ratio (note that this also indicates the 
chemical composition of water, ie. H,O). 
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Uses of electrolysis 


Electroplating or electrodeposition 

The coating of a metal object with a thin 
et of another metal by electrolysis. The 

‘object forms the cathode, and ions of the 

coating metal are in the 

electrolyte 


fie lye fn (hich fs ete) 
to prevent coroson 


Electro-refining 

‘A method of purifying metals by electrolysis. 
Impure metal forms the anode, from which 
metal ions move to the cathode and form 
pure metal. The impurities fall to the bottom 
of the vessel. 


Metal extraction 

Approcess which produces metals from their 
molten ores by electrolysis. Very reactive 
metals are obtained by this process, e.g. 
sodiuin and aluminum, 


eto of euminury 


*Ammmyeter, 77; Corrosion, 20% 


CELLS AND BATTERIES 


The Italian scientist Volta first showed that a 
potential difference* exists between two different 
metals when they are placed in certain liquids 
(electrolytes*) and therefore that a direct current* 


can be produced from chemical energy. This soit 
arrangement is called a cell, electrochemical or ee 
voltaic cell. The potential difference (caused by 

chemical changes in the cell) is called an 

electromotive force* and its size depends 

‘on the metals used. A battery is two or ah ededtaene 
more connected cells. F) electro ond ary eurent 


Polarization 
‘The formation of bubbles of hydrogen on the 
copper plate in a simple cell. This reduces the 
electromotive force” of the cell, both because 
the bubbles insulate the plate and also 
because a hack emis set up. Polarization 
can be eliminated by adding a depolarizing 
agent, which reacts with the hydrogen to 
form water. 


Voltaic pile 
‘The first battery made, consisting of a 
pile of silver and zinc disks separated 
by cardboard or cloth soaked in salt 

water, This arrangement is the same 
as a number of simple cells linked 
together. 


Voltas battery, 
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Simple cell 

‘Two plates of different metals separated by a 
salt or acid solution electrolyte* (normally 
‘copper and zinc plates and dilute sulphuric 
acid). The simple cell only produces an 
electromotive force* for a short time before 


polarization and local action have an effect. ine whic in se. 

fete iti Aa 
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ina simple cell. impurities (races of other 


paisa ee metals) in the zinc plate mean that tiny simple 
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“Amalgam, 344; ack em, 60 (Electromotive force}; Direct currant, 61; 
Hlectrolyte, 66; Galvanometer, 77; Potential difference, 58. 
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Secondary cell 
Iso known as an 


“6% potassium hydrox 
plates are normally 
cadmium compounds 4 
nickel-cadmium cell 4 
be lett for months in a 


~Hlectromotive foree (em 


The ability of a cell to produce current over 
a period of time. It is measured in ampere 
hours. For example, a 10 ampere-hour cell 
‘should produce one ampere for 10 hours. 


‘Leclanché cell 

Acell in which polarization is overcome by 

manganese dioxide (a depolarizing agent). 

This removes hydrogen more slowly than it 

4s formed, but continues working to remove 
écess hydrogen when the cell is not in use. 

“The cell provides an electromotive force* 


Zinc at) 


Acell which produces an accurately known 
anc constant electromotive force". It is used 
in laboratories for experimental work. 


Primary cell 

Any cell which has a limited life because the 

‘chemicals inside it are eventually used up and 
innot be replaced easily. 
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Dry cell 

A version of the Leclanché cell in which the 
ammonium chloride solution is replaced by 
paste containing ammonium chloride, 
meaning that it is portable. The cell provides 
an electromotive force’ of 1.5V. Dry cells 
deteriorate slowly due to local 

action, but sill have a life 

of many months. 
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Secondary cell 
‘Also known as an accumulator or storage 
cell. A cell which can be recharged by 
connection to another source of electricity 
The main types are the lead-acid 
accumulator and the nickel-cadmiun 
alkaline cell. 


Alkaline cell 

A secondary cell containing an electrolyte" 
of potassium hydroxide solution. The 
plates are normally made of nickel and 
cadmium compounds (it is then called a 
nickel-cadmium cell), Alkaline cells may 
be left for months in a discharged condition 
without ill-ffect. 


Lead-acid accumulator 

A secondary cell containing a dilute 

sulphuric acid electrolyte*, and plates made 

from lead and lead compounds, The cell can 

sive out a very large current because it has a 

low internal resistance’. It is mainly used in 

vehicles for starting and lighting. 
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~Electromotive force (e.m.), 60; Electrolyte, 66; Internal resistance, 6 Seles, 64. 


MAGNETS 


All magnets have a magnetic field* around them, and a magnetic 
force* exists between two magnets due to the interaction of their 
fields. Any material which is capable of being magnetized (can 
become a magnet) is described as magnetic (see ferromagnetic, 
below) and becomes magnetized when placed in a magnetic field. 
The movement of charge (normally electrons*) also causes 
a magnetic field (see electromagnetism, pages 74-76). 


Pole 

A point in a magnet at which its magnetic 
forcet appears to be concentrated. There are 
two types of pole ~ the north or north seeking 
pole and the south or south seeking pole 
{identified by allowing the magnet to line up 
with the Earth's magnetic field"). All magnets 
have an equal number of each type of pole. 
The first law of magnetism states that unlike 
poles attract and like poles repel. 
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Magnetic axis 
{An imaginary line about which the magnetic 
field* of a magnet is symmetrical. 


ot 


* Core, Electramagnet, 74; Electrons, 83; Magnet fad, 72; 
‘Magnetic farts, 6 Magnetic north, Magnetic outh, 75, 
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Ferromagnetic 

Describes a material which is 

sirongly magnetic (ie. is megnetized 
easily). Iron, nickel, cobalt and alloys 

of these are ferromagnetic, and are 
described as either hard or soft. Sintered 
materials (made by converting various 
mixtures of powders of the above metals 
into solids by heat and pressure) can be 
made magnetically very hard or 

soft by changing the metals used. 


Magnetizatior 


J When an objects ma 
‘become aligned (see d 
only happens when an 
field* and is called ind 


Anduced magnetism 
“Mosretic mater atsse 


Hard 

Describes a ferromagnetic material 
which dees not easily lose its 
magnetism after being 

magnetized, e.g. steel. Magnets 
made from these materials are 
calied permanent magnets. 
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Describes a ferromagnetic material 
which does not retain its magnetism 
after being magnetized, e.g. iron. 
‘Magnets made from these materials, 
are called temporary magnets. 
Residual magnetism is the small 
amount of magnetism which can 
be leit in magnetically soft 
materials. 
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Susceptibility 

‘A measurement of 

the ability of a substance to 
become magnetized. Ferromagnetic 
‘materials have a high susceptibility, 


iterating current, 61; Magi 
Magnetic fore, 6. 


Domain theory of magnetism 

States that ferromagnetic materials consist of 
dipoles or molecular magnets, which interact 
with each other. These are all arranged in 
areas called domains, in which they all paint 
in the same direction, A ferromagnetic 
material becomes magnetized when the 
domains become ordered (ie. aligned) 
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Magnetization 


When an object is magnetized, all the dipoles 
become aligned (see domain theory). This 
only happens when an abject is in a magnetic 
field’ and is called induced magnetism, 
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igle touch 

‘A method of magnetizing an object by 
stroking it repeatedly with the pole of a 
permanent magnet (see hard). Magnetism 
is induced in the object fram the magnetic 
field” of the magnet. 

Divided touch 

‘Amethod of magnetizing an object by 
stroking it repeatedly from the center out 
"with the oppesite poles of two permanent 
| magnets (see hard). Magnetism is induced 


in the object from the magnetic field* of 
the magnets. 


‘Magnetism induced 
by single touch 


‘Magnetism induced by divided touch 
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Demagnetization 

The removal of magnetism from an object. 
This can be achieved by placing the object 
ina changing magnetic field’, such as that 
created by a coil carrying alternating 
‘current*, Alternatively, the dipoles (seo 
domain theory, above) can be excited to 
point in random directions by hammering 
randomly or by heating above 709°C. 


Self-demagnetization 

Loss of magnetism by a magnet because of 
the attraction of the dipoles (see domain 
theory) for the opposite poles of the 
magnet. It is reduced using pieces of soft 
iron (called keepers} arranged to form a 
closed loop of poles. 


Selfedemagnetization of bar magnet 


Alternating current, 61; Magnettefleld, 72; 
Magnetic fore, 6 
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5 Soldering Irons 


Soldering irons come in many varieties and sizes. Soldering irons may be 
electric, gas powered or externally heated. Most common types are electric, 
Simple electric soldering irons have no controls and you simply plug them in 
and wait for them to heat up. Their temperature is regulated by the power of the 
heating element and heat loss to the environment. Some soldering irons have 
temperature controls which allow the user to set a desired operating temperature 
for the soldering iron. This is useful if the soldering iron is being used for 
different types of solders which have different melting points or if the soldering 
iron is being used for other purposes such as heating heatshrink, It also 
introduces a problem if the user does not set an appropriate temperature for the 


Hotter is not better! A 


work, solder can be overheated and decompose. 
temperature of around 320 °C works well for 60/40 leaded solder. Some 
temperature controlled soldering irons use interchangeable tips to change the 


temperature at which they operate. 


A range of electric soldering irons Choose an iron appropriate 


for your task! 


Figure 6 — Types of soldering irons 
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MAGNETIC FIELDS 


A magnetic field is a region around a magnet 
(see page 70) in which objects are affected 

by the magnetic force*. The strength and 
direction of the magnetic field are shown 


by magnetic field 


es. 


Magnetic field lines or flux lines 

Lines which indicate the direction of the 
magnetic field around a magnet. They also 
show the strength of the field (see magnetic 
flux density, below). The direction of the field 
is the direction of the force on a north pole*. 
Magnetic field lines are plotted by sprinkling 
iten filings around a magnet or by recording 
the direction of a plotting compass (a small 
compass with no directions marked on it) 

at various points. 


Result of sprinkling iron filings around a magnet 
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Magnetic flux density 

‘A measurement of the strength of a magnetic 
field at a point. This is shown by the closeness 
of the magnetic field lines to each other. 
Magnetic flux density is normally highest 
around the poles*. 


"Dipole, 71 (Domain theory of magnetism): Electrons 
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Neutral point 
A point of zero magnetism (the magnetic flux 
density is zero). It occurs where two or more 
magnetic fields interact with an equal but 
opposite effect. A bar magnet positioned 
along the magnetic meridian, with the south 
pole pointing to the north, has two neutral 
points in line with its magnetic axis 
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Diamagnetism 


Magnetism displayed by some substances 
when placed in a strong magnetic field. A 
piece of diamagnetic material tends te spread 
‘magnetic field lines out and lines up with its 
long side perpendicular to them. 


Paramagnetism 

Magretism displayed by some substances 
when placed in a strong magnetic field. A 
piece of paramagnetic material tends to 
concentrate magnetic field lines through it 
and lines up with its long side parallel to 
them. It is caused by dipoles* moving slightly 
towards alignment. 


Magnetic ands, Pole = 
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The Earth’s magnetism 


The Earth has a magnetic field which acts as 
though there were a giant bar magnet in its 
center, lined up approximately between its 
geographic north and south poles, although 
the angle is constantly changing, The north 
pole of a compass points towards a point 
called magnetic north, its south pole to 
‘magnetic south. 
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Magnetic meridian 
The vertical plane containing the magnetic 


Declination ¥ 
‘The angle between a line ‘ 
taken to true north (the 
‘geographic north pole) and 


‘one taken along the magnetic | This migrating } 
meridian (towards magnetic | ”nayuse 

north) at a point. The position | image lt 

of magnetic north is gradually | sat 


changing and so the declination 
alters slowly with time. 


Isogonal lines 

Lines joining places with equal declination. 
These are redrawn from time to time 
because of the changing direction of the 
Earth's magnetic field. 


Inclination or dip 

The angle between a horizontal line on the 
Earth's surface and the direction of the Earth's | 
‘magnetic field at a point. tis measured using 
a dip circle (see picture, below), 


axis* of a magnet suspended in the Earth's Direction oF 
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A measure of the ability of a substance to 
“conduct” a magnetic field. Soft iron is much 
more permeable than air, so the magnetic field 
tends to be concentrated through it. 
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“Magnetic axl, Pote, 70. 


The use of soft magnetic material to top 
a magnetic field from reaching a point, 
effectively by “conducting” the field away. 
This is used in sensitive instruments, 

eg. oscilloscopes. 
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ELECTROMAGNETISM 


An electric current flowing through a wire produces a 
magnetic field (see pages 72-73) around the wire, the 
shape of which depends on the shape of the wire and the 
current flowing. These magnetic fields can be plotted in the 
same way as for permanent magnets*. This effect, called 
electromagnetism, is used in very powerful magnets 


and also to produce motion from an electric current. Preslinyrsth 
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Maxwell's screw rule 
States that the direction of the magnetic field 
around a current-carrying, wire is the way a 
screw lurns when being screwed in the 
direction of the current. 

Direction ots 
Maxwell's serew rule 


t 
rection 
resent 
Right-hand grip rule 
States that the direction of a magnetic field 
around a wire is that from the base to the tips 
of the fingers if the wire is gripped by the right 
hand with the thumb pointing in the direction 
of the current. 


Aight-hand grip rule 


Coil 

A number of tums of cutrent-carrying wire, 
produced by wrapping the wire around a 
shaped piece of material (a former) 
Examples are a flat coil and 9 solenoid, 


Flat coil or plane coil 


Avil of wire whose length is small in 
comparison with its diameter. 
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Solenoid 

Acoil whose length is large in comparison 
with its diameter. The magnetic field 
produced by a solenoid is similar to that 
produced by a bar magnet, The position of 
the poles* depends on the current direction. 
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The material in the center of a evil which 
dictates the strength of the field. Soft 
ferromagnetic materials, most commonly 
soft iron, create the strongest magnetic 
ficld and are used in electromagnets. : 
1s the metal diaphag 
this attraction is change 
i the incoming signs 
© coils of the electromag 
hus vibrates to produce s0 


Electromagnet 

solenoid with a core of sof, strongly 
ferromagnetic* material. This forms a magnet 
which can be switched on and off simply by 
turning the current on and off. Practical 
electromagnets are constructed so that two: 
opposite poles? are close to each othe, 
producing a strong magnetic field, 
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Direct cwrent, 61; Electric energy 
Permanent magnets, 70 (Hard) Fi 


Applications of electromagnets 


Hlectromagnets have a large number of 
applications, all of which use the fact that 
they attract metals when they are switched 
‘on and therefore convert electric energy* 
to mechanical energy*. In two of the 
following examples, sound energy is 
produced from the mechanical energy. 


‘lectric buzzer 
device which produces a buzzing noise 
‘trom direct current*. A metal arm is attracted 
‘by an electromagnet, moves towards it, and 
jin doing so breaks the circuit carrying current 
the electromagnet. The arm ‘s thus released 
‘and the process is repeated, The resulting 
sibration of the arm produces a buzzing 
‘poise. In the electric bell, a hammer attached 
the arm repeatedly strikes a bell. 


fe bell 


ontot beat 
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ne 
cei used to transform electrical signals 
sound waves. The permanent magnet? 
cis the metal diaphragm, but the strength 
S this atraction is changed as changing 
nt (the incoming signals) flows through 
of the electromagnet. The diaphragm 
vibrates to produce sound waves. 


Direct current, 61; Electele energy, 9; Ferremagnetl, 70; Mechanleal energy. 3, 


Permanent magnets, 70 (Nard); Pole, 70; Switch, 64, 


ELECTRICITY AND MAGNET 


Lifting magnets 
Large electromagnets which are used 
in steelworks to lift heavy loads. The 


activated electromagnet attracts 
steel, enabling it to be moved. 
The load is released when 

the current is switched off. 
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Relay 

A device in which a switch is closed by the 
action of an electromagnet. A relatively small 
current in the coil of the electromagnet can 
be used to switch on a lange current without 
the circuits being electrically linked. 
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Hlectromagnet 


“Maglev” train 
A train with electromagnets attached 
underneath, which runs on tracks with 
electromagnets on them. The magnets 
repel each other, so the train hovers 
just above the track, The reduced 
friction between the train and 
the track means that the 
train can travel faster. 
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Electromagnets continued - the Lorentz force 


The Lorentz force occurs when a current- 
carrying wite goes through a magnetic field. 
A orce acts on the wire which can produce 
movement. This effect is used in electric 
motors, where mechanical energy* is 
produced from electric energy". The effect 
can also be used to measure current (see page 
77), since the force depends on its magnitude. 
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Electric motor 

A device which uses the Lorentz force to 
iransform electric energy* to mechanical 
energy®. The simplest motor consists of a 
current-carrying, square-shaped flat coil”, 

free to rotate in a-magnetic field (see diagram 
below). Motors produce a back em4f.* 
‘opposing the e.m.f, which drives them. This is 
produced because once the motor start, it acts 
{as a generator" (i.e. the movement of the coil 
in the field produces an opposing current) 
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Field windings 

Sets of coils* arcund the outside of an electric 
motor, which take the place of a permanent 
magnet to produce a stronger magnetic field, 
This increases the power of the motor. 


Loudspeaker 

A device which uses the Lorentz force to 
transform electrical signals into sound waves", 
It consists of a coil? in a radial magnetic field 
{the direction of the field at any point is along 
a radius of this coil). As the current changes, 
the coil, which is attached to a paper cone, 
moves in and out of the field (see diagram). 
“The paper cone vibrates the air, producing 
sound waves which depend on the strength 
and frequency of the current. 


Loudspeaker 


LF, 60 (Eletromotive fores); Coll 74; Hectic energy, %, 
‘Mechanical energy, % Sound waves, 4 
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ELECTRIC METERS 


Current can be detected by placing 
a suspended magnet near a wire 
and observing its deflection. This 
idea can be extended to produce 
a device (a meter) in which the 
deflection indicates on a scale the 
strength of the current. The current 
measuring device can then be 
adapted to measure potential 
difference*. 


Galvanometer 

‘Any device used to detect a direct current* 
by registering its magnetic effect. The sirnplest 
is a compass placed near a wire to show 
whether a current is present. The moving coil 
-galvanometer uses the Lorentz force to show 
‘a deflection on a scale (see diagram). 


“Moving coil galvanometer @ 
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‘Moving iron meter 

‘A meter in which the current to be measured 
induces magnetism in two pieces of iron 
which attract or repel each other to produce 
a deflection. 


“Coll, 74; Direct current, 61; Potential difference, 55; 
Resistance, 62; Series, 54, 


ELECTRICITY AND MAGNETISM 


Ammeter 

A device used to measure current. It is a 
version of the moving coil galvanometer, 
designed so that a certain current produces a 
full scale deflection, i.e. the pointer moves to 
its maximum position. To measure higher 
currents, a shunt is added (see diagram 
below). A langer current now produces full 
scale deflection on the new scale. 
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Voltmeter 

A device used to measure the potential 
difference* between two points. itis a 
galvanometer between the two points with a 
high resistance” in series*. A certain potential 
difference produces the current for a full scale 
deflection (see ammeter). To measure higher 
potential differences, a multiplier is added (see 
diagram below). 


Voltmeter canrecea betwen ovo pots 
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Multimeter 

‘A galvanometer combined with the shunts 
(see ammeter) and multipliers (see voltmeter) 
necessary to measure currents and potential 
differences*. 
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Self-induction 
The induction of an electromotive force in 

a coil” of wire due to the current inside it 
changing. For example, if the current in a 
Coil is switched off, the resulting change in 
the magnetic field produces an electromotive 
force across the coil, in some cases much 
higher than that of the original. 


ELECTRICITY AND MAGNETISM 


Eddy current 


A.current set up in a piece of metal when a 
magnetic field around it changes, even though 
the metal may not be part of a circuit. Eddy 
currents can cause unwanted heat energy, e.g. 
in the iron core of a transformer. This can be 
prevented by laminating the iron core (see 
transformers, below). 


Transformers 


A transformer con: of two coils* of 

wire wound onto the same core® of soft 
ferromagnetic* material. Its used to change 
an alternating electromotive force in one of 
the coils to a different e.m¥. in the other 
coil, e.g. in electricity supply, see page 61. 
Hardly any energy is lost between the two 
Circuits in a well-designed transformer. 


Simple transformer 


oppted hare 


Primary coil 

The coil* in a transformer to which an 
alternating electromotive force is applied in 
‘order to produce an elecitomotive force in 
the secondary coil 


Secondary coil 
The coil* in a transformer in which an 
alternating electromotive force is induced 
by the electromotive force applied to the 
primary coil. Some transformers have two 

| or more secondary coils. 


Turns ratio 

The ratio of the number of turns in the 
secondary coil in a transformer to the number 
‘of turns in the primary coil, The turns ratio is 
also the Tatio of the electromotive force in the 
secondary coil to that in the primary coil, 
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Step-up transformer 

‘transformer in which the electromotive force 
In the secondary coil is greater than that in the 
primary coil. The turns ratio is greater than one. 


Step-up transformer 
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Step-down transformer 

‘A transformer in which the electromotive force 
in the secondary coil is less than that in the 
primary coil, The turns ratio is less than one. 


Step-down transformer 
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Coll, Core, 74; Ferromagnetic, 70. 


CATHODE RAYS 


A cathode ray is a continuous stream of electrons (negatively-charged 
particles ~ see page 83) traveling through a low pressure gas or a vacuum. 
It is produced when electrons are freed from a metal cathode* and 
attracted to an anode*. Cathode rays have a number of applications, from 
the production of X-rays* to television. All of these involve the use of a 
shaped glass tube (called an electron tube) containing a low pressure gas 
or a vacuum for the rays to travel in. The rays are normally produced by 
an electron gun, which forms part of the tube. 


Electron gun 

A device which produces a continuous stream 
of electrons (a cathode ray). l-consists of a 
heated cathode* which gives off electrons 
(this is called thermionic emission) and an 
anode* which attracts them to form a stream, 


‘Typical experimental electron tube 
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Maltese cross tube 
‘An electron tube in which the cathode ray is 
interrupted by a cross which casts a “shadow” 
on a fluorescent* screen at the end of the 
tube, This shows that the electrons are 
moving in straight lines, 
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charge tube 

A gasilled glass tube in which ions® and 
electrons are attracted by the electrodes? and 
move towards them at high speed. As they do 
40, they collide with gas atoms, causing these 
atoms to split into more ions and electrons, 
and emit light at the same time, The color of 
the light depends om the gas used, e.g, neon 
produces orange light (used in advertising 
displays) and mercury vapor produces blue- 
green light (used for street lighting). Discharge 
tubes use up to five times less electricity than 
other lighting. A fluorescent tube is a 
discharge tube filled with mercury vapor, 
which emits ultraviolet radiation®. This hits 
the inside of the tube, causing its coating of 
special powder to give out visible light” (see 
fluorescence, page 45). 
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X-ray tube 


A special electron tube used to produce a 
beam of X-rays*. A cathode ray hits a tungsten 
target which stops the electrons sudclenly. This 
causes X-rays to be emitted, 


* Anode, Cathode 66 (tlectrode); Heming’s left-hand rte 76 Fluorescence, 45; 
ons, 88 (onization) Ultraviolet radiation, 4; Visible light, 45; Korays, 4, 


The cathode ra 


The cathode ray oscillos 
jnstrument used to study. 
differences’. A cathode r 

produces a spot on a 
Tnnormal use, the ray is 
|across the back of the sa 


sion pictures are repr 

electron tube in wi 
‘across the screen van 
ding to the signal. Dif 
according to the strem 

en off from different part 


Anode, Cathode, 66 (Electrode) 
Potuntiol difference, 58; Primary 


ELECTRICITY AND MAGNETISM, 


The cathode ray oscilloscope 


The cathode ray oscilloscope (CRO) is an speed and so produces a visible trace 
instrument used to study currents and potential across the front. Ifa signal is fed into the 
differences". A cathode ray from an electron —_ oscilloscope, the vertical pasition of the 
gun produces a spot on a fluorescent” screen. beam will change according to the strength 
In normal use, the ray is repeatedly swept of the signal, and the trace on the screen 
across the back of the screen at a selected then shows this change over time. 
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Television 


Television pictures are reproduced by using 
an electron tube in which the cathode ray 
scans across the screen varying in strength 
according to the signal. Different levels of 
light, according to the strength of the ray, are 
‘Bven off from different parts of the screen to 
produce a picture (see diagram on right). 
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Adjustable temperature soldering stations Different tips set the temperature 


for this station 


Figure 7 — Types of soldering stations 
5.1. Tips 


Heat is transferred from the tip of the soldering iron to the joint by thermal 
conduction enabled by metal to metal contact between the tip and joint. The tips 
of soldering irons come in various shapes and sizes to enable the best contact to 
be made, Most tips are either conical or chisel shapes. The shape is largely a 
personal preference and you can use whichever type works best for you. The size 
of the tip should be selected to allow the tip to be placed against the joint being 
soldered without interfering with adjacent parts. The tip should be large enough 
to conduct sufficient heat into the joint to allow the solder to melt and flow 
properly. The choice of tip size is not a precise calculation and a “normal” size 


tip will work for most joints on a PCB. 
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ATOMIC STRUCTURE 


A great deal has been learned about the physical nature 
of atoms (see also page 4) since Greek philosophers 
first proposed that all matter was made of basic 
indivisible “building blocks”. It is now known that an 
atom is not indivisible, but has a complex internal 
structure, consisting of many different smaller particles 
(subatomic particles) and a lot of empty space. 


Rutherford-Bohr atom 
‘A “Solar system” representation of an atom, 
devised by Ernest Rutherford and Niels Bohr 
in 1911, Iti now known to be incorrect 
(electrons have no regular “orbits” sce 
electron shells). 


‘ato (28 page 3) 


Nucleus (pl. nuclei) or atomic nucleus 
The central core of an atom, consisting of 
closely-packed nucleons (protons and 
neutrons). 
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Positively-charged particles in the nucleus 
‘The number of protons {atomic number) 
identifies the element and equals the number 
of electrons, so atoms are electrically neutral, 


Neutrons 

Electrically neutral particles in the nucteus. 
“The number of neutrons in atoms of the same 
element can vary (see isotope). 


Orbitat del ofan 


Mass number (A) 
‘The number of protons and neutrons 
(nucleons) in a nucleus. itis the whole 
number nearest to the relative atomic 
mass of the atom, and is important in 
identifying isotopes. 


Atomic number (Z} 

The number of profons in a nucleus (hence 
also the number of electrons around it) All 
atoms with the same atomic number are of 
the same element (see also isotope). 


Neutron number (N) 

‘The number of neutrons in 2 nucleus, 
calculated by subtracting the atomic 
number from the mass aumber. See also 
graph, page 87, 
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‘Regions of space around a nucleus 

ing moving electrons, An ator 
“can have up to seven (from the inside, 
called the K, L, M,N, O, P and Q shells). 
Fach can hold up to a certain number of. 
electrons (the first four, from the inside, 
‘can take up to 2, 8, 18 and 32 electrons 
‘Fespectively). 

‘The further away the shell is from 
‘the nucleus, the higher the energy of its 
‘electrons (the shell has a given energy 
level). The outer shel is the last shell 
‘with electrons in it f this is full or has 
an octet (8 electrons), the atom is very 
stable (see page 85). 

The positions of electrons in their 
shells cannot be exactly determined at 
any one time, but each shell consists of 
orbitals, or probability clouds, Each of 
these is a region in which one or two 
electrons are likely to be found at any 
time (see also illustration on page #2). 


Isotopes 
Different forms of the same element, with the 
same atomic number, but different neutron 
numbers and hence different mass numbers. 
There are isotopes of every element, since 
even if only one natural form exists (Le. the 
‘element is monoisotopic), others can be made 
artificially (see radioisotope, page 86). 
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Relative atomic mass 
Also called atomic mass or atomic weight. 
The mass of an atom in unified atomic 
‘mass units (u). Each of these is equal to '/e 
of the mass of a carbon-12 atom (isotope) 
The relative atomic mass of a carbon-12 
atom is thus 124, but no other values are 
whole numbers, e.g. the relative atomic 
mass of aluminum is 26.9815u. 

‘The relative atomic mass takes 
into account the various isotopes of 
the element, if these occur in a natural 
sample. Natural chlorine, for example, 
has three chlorine-35 atoms to every one 
of chlorine-37, and the relative atomic 
mass of chlorine (35.453u) is a proportional 
average of the two different masses of these 
isotopes. 


ATOMIC AND NUCLEAR ENERGY 


All things, whether large objects or minute particles, have a particular 
energy state, or level of potential energy* (“stored” energy). Moreover, they 
will always try to find their lowest possible energy state, called the ground 
state, which is the state of the greatest stability. In most cases, this involves 
recombining in some way, i.e. adding or losing constituents. [n all cases it 
results in the release of the “excess” energy — in large amounts if the 
particles are atoms, and vast amounts if they are nuclei. The greater the 
binding energy of an atom or nucleus, the greater its stability, i.e. the less 


likely it is to undergo any change. 


Binding energy (B.E.) 

The energy input needed to spit a given 
atom or nucleus into its constituent parts 
(see pages 82-83). The potential energy” 

of an atom or nucleus is less than the total 
potential energy of its parts when these are 
apart. This is because, when they came 
together, the parts found a lower (collective) 
energy state (see introduction and nuclear 
force), and so lost energy. The binding 
energy is a measure ofthis difference in 
potential energy — itis the energy needed to 
“go back the other way” — so the greater it 
is, the lower the potential energy of an 
atom or nucleus anid the greater its stability, 
Binding energy varies from atom to atom 
and nucleus fo nucleus 


Nuclear force 

The strong force which holds the parts of a 
nucleus ‘nucleons*) together and overcomes 
the electric force* of repulsion between the 
protons*. lis effect varies according to the 
sizé of the nucleus (see graph, opposite) as 
«the force only acts between immediately 
adjacent nucleons. The greater the attractive 
effect of thé nuclear force, the higher the 
binding energy of the nucleus (je. the more 
‘energy was lost when the parts came 
together). 


Quantum theory 
States that energy takes the form of minute, 
separate pulses called quanta (sing. quantum), 
rather than a steady stream. The theory was 
originally limited to energy emitted by bodies 
(ie. electromagnetic wave* energy), though 
all other kinds of energy (see pages 8-9) are 
now generally included. Electromagnetic 
quanta are now specified as photons. The 
theory further states that the amount of energy 
carried by a photon is proportional to the 
frequency* of the emitted electromagnetic 
radiation (see pages 44-45) 
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Mass defect 

‘The mass of an atom or nucleus is less than 
the sum of the masses of its parts when these 
are apart, The difference is the mass defect, 
It is the mass of the potential energy* lost 
when the parts came together (see binding 
energy, above, and formula, right). 
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RADIOACTIVITY 


Radioactivity is a property of some 
unstable nuclei (see pages 82 and 
84), whereby they break up. 
spontaneously into nuclei of other 
elements and emit radiation*, a 
process known as radioactive decay. 
There are three types of radiation 
emitted by radioactive elements: 
streams of alpha particles (called 
alpha rays); streams of beta particles 
(beta rays) and gamma rays. For 
more about the detection and uses 
of radiation, see pages 88-91. 


Radioisotope or radivactive isotope 

Any radioactive substance (all substances are 
effectively isotopes ~ see page 83). There are 
several naturally-occurting radioisotopes, most 
of whic sfll exist because they have very 
fong half-lives (e.g, uranium-238), though one, 
ccarhon-14, is continually produced by cosmic 
rays (sce background radiation, page 88). 
Other radioisotopes are produces! by nuclear 
fission*, and more still are produce 
research centers, where nuclei are hit by fast 
particles (e.g, protons’ and neutrons"). These 
are speeded up in particle accelerators, ©.g. 
cyclatrons (see picture below). 


‘Cut-away diagram of vacuum chareber (central part of 
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‘The Greek ltfers used for the three types of ralation* 


Alpha particles (a-particles) 
Positively-charged particles ejected from 
some radioactive nuclei (see alpha decay). 
‘They are relatively heavy (two protans* and 
two neutrons’), move relatively slowly and 
have a low penetrating power. 
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Beta particles (f.-particles) 

Paricles ejected irom some radioactive 
nuclei ot about the speed of fight. There are 
two types — electrons* and positrons, which 
have the seme mass as efectrors, but a 
positive charge. See beta decay, page 87. 
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Gamma rays (y-rays) 
Invisible electromagnetic waves (see also 
page 44). They have the highest penetrating 
power and are generally, though not always, 
emitted from a radioactive nucleus after an 
alpha or beta particle. 


6128 


‘Atocle number, 89: Electrons 
‘Sertran member, Neutron, 


Radioactive decay 

The spontaneous splitting up of a radioactive 
nucleus, which results in the ejection of alpha 
‘or beta particles, often followed by gamma 
rays, When a nucleus eects such a particle, 
i.e. undergoes a nuclear disintegration, 

energy is released (see page 64), and a 
siiferent nucleus (and atom) is formed. IF 

this is also radioactive, the decay process 
‘continues until 2 stable (non-radioactive) atom 
is reached. Such a series of disintegrations is 
called a decay series, decay chain, radioactive 
‘series or transformation series. 


Hali-life (T¥2) 
The time it takes for half the atoms on average 
Jn a sample to undergo radioactive decay, and 
ice for the radiation emitted to be halved. 
isis all that can be accurately predicted —it 
J impossible to predict the decay of any single 
‘atom, since they decay individually and 
iclomly. The range of hali-lves is vast, e.g 
halt-lite of strontiun-90 is 28 years; that of 
ronium-238 is 4.5 x 10" years. 


A Atomic 


series, showing radioactive decay 
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Alpha decay (a-decay) 
The loss of an alpha particle by a 
radiaactive nucleus. This 
decreases the 
atomic rumber* 
by two and the 
mass number* 
by four, and sea 
new nucleus is formed. 


Beta decay (B-decay) 

‘The loss of either kind of beta particle by a 
radioactive nucleus. The electron (Bor eis 
ejected (with another particle called an 
antineutrino) when a neutron* decays into a 
proton’. The positron (B° or e’ is ejected 
(with another particle called a neutrino) 
when a proton decays into a neutron. 

Beta decay thus increases or decreases 

the atomic number* by one (the mass 
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DETECTING AND MEASURING 
RADIOACTIVITY 


There are a number of devices which detect and 
measure the radiation emitted by radioactive 
substances (radioisotopes*). Some are used 
mainly in laboratories (to study artificially 
produced radioisotopes); others have a wider 
range of uses (e.g. a8 monitoring devices for 
safety purposes) and can also be used to detect 
background radiation. Most-of the devices 
detect and measure the radiation by monitoring 
the ionization it causes ~ see Geiger counter 


and pulse electroscope, right, and cloud and 


bubble chambers, page 90. 


Background radiation 
Radiation present on 
Earth (in relatively small 
amounts), originating 
both from natural and 
unnatural sources. One 
notable natural source is Ph, rockon 
carbon-14, which is taken zaman 
in by plants and animals. ‘sue svodaton 
This is constantly being 
produced from stable nitrogen-14 due to 
‘bombardment by cosmic rays (cosmic 
radiation) entering the atmosphere 
from outer space. These are 
streams of particles 
of enormously 
high energy. 
Unnatural 
sources of 
radiation 
include industry, 
medicine and 
‘weapons testing. 
The background 
count is a 
measure of the 
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lonization 

‘The creation of ions (electrically-charged 
particles), which occurs when atoms (which 
are electrically neutral) lose or gain 
electrons*, creating cations (positive ions) 
of anions (negative lons) respectively. 


Aonization 


‘tom ses 
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In the case of radiation, alpha and beta 
particles* ionize the atoms of substances 
they pass through, usually creating cations. 
This is because their energy is so high that 
they cause one or more electrons to be 
"knocked out”. For more about ions and 
ionization, see pages 130-131. 


Ionization due to radiation 
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Detection devices 


Dosimeter or film badge 
‘Adevice wom by all who work with 
radioactive material. tt contains photographic 
film (which radiation will darken). This is 
developed regularly and the amount of 
darkening shows the dose of radiation the 
wearer has been exposed to. 
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Geiger counter 

A piece of apparatus (see picture, page 88) 
consisting of a Geiger-Milller tube, a scaler 
and/or ratemeter and often a loudspeaker. 
The tube is a gas-filled cvlinder with two 
electrodes* — ts walls act as the cathode’, 
aind it has a central wire anode*. The whole 
‘apparatus indicates the presence of radiation 


Geiger counter 
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Pulse (Wall electroscope 
A type of gold-eaf electroscope*. 
The walls af a chamber of air around 
the cap form the cathode", and a 
‘sce anode’ is placed close to the 
feai. This attracts electrons* down 
from the cap, leaving it positively 
charged (the leaf moves away from 


the rod, as they are both negatively 
charged, but not enough to touch 
‘the anode before the radioactive 
‘source is introduced). The leaf 
Jndicates the presence of radiation 

| by beating forward and back for 
each ionization it causes. 


Pulse (Wul) electroscope 


by registering pulses of current between 
the electiodes. These pulses result from 

the ionization the radiation causes in the 
gas (normally low pressure argon, plus a 
trace of bromine). A scaler is an electronic 
‘counter which counts the pulses and a 
ratemeter measures the count rate ~ the 
average rate of pulses in counts per secand. 
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Detection devices (continued) 


‘Cloud chamber 

‘A device in which the paths taken by alpha 
and beta particles* show up as tracks. This 
happens when the vapor in the chamber 
{alcohol or water vapor) is turned into 
supersaturated vapor by cooling (in one of 
Wilson cloud chamber 
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two different ways — see below). A 
supersaturated vapor is vapor below the 
temperature at which it should condense, 
but which does not condense because 
there are no dust or other particles present 
for droplets te form around. 
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Bubble chamber 

A device which, like a cloud chamber, shows 
particle tracks. It contains superheated liquid 
(usually hydrogen or helium) — liquid heated 
to abgve its boiling point, but not actually 
boiling because itis under pressure. After 
the pressure is suddenly lowered, nuclear 
particles entering the chamber cause 
ionization* of the fiquid atoms. Wherever 
this occurs, the energy released makes the 
liquid boil, producing tracks of bubbles. 
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“Alpha particles, Beta particles, 86 Diffusion, Electrons, 83; Camm. 


Scintillation counter 

A device which detects gamma rays*, It 
consists of a scintillation crystal and a 
photomultiplier tube. The crystal is made of 

a phosphor* (e.g. sodium iodide). Phasphors 
emit light flashes (scintillations) when hit 

by radiation. 
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USES OF RADIOACTIVITY 


The radiation emitted by radioisotopes* 
(radioactive substances) can be put to 


a wide variety of uses, particularly in 
the fields of medicine, industry and 
archaeological research. 


Radiology 
The study of radioactivity and X-rays*, 
‘especially with regard to their use in medicine. 


Radiotherapy 

The use of the radiation emitted by 
radioisotopes" to treat disease. All living 
Cells are susceptible to radiation, so it is 
possible to destroy malignant (cancer) cells 
by using carefully controlled doses of 
radiation. 
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Radioactive tracing 
‘Amethod of following the path of a 
substance through an abject, and detecting 
jis concentration as it moves. This is done 
hy introducing a radioisotope* into the 
substance and tracking the radiation it emits 
The radioisotope used is called a tracer, and 
the substance is said to be labeled, In 
‘medical diagnosis, for example, high levels 
‘of the radioisotope in an organ may indicate 
‘the presence of malignant (cancer) cells. The 
Endioisotopes used always have short half- 
Tives* and decay into harmless 
substances. 


Irradiation 

Food, such as fruit and meat 
can be irradiated with 
gamma rays*. The radiation 
delays ripening in fruit and 
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Gamma radiography (y-radiography) 
The production of a radiograph (similar to a 
photograph) by the use of gamma rays* (sce 
also X-radiography, page 44). This has many 
uses, including quality control in industry. 


Testing forts in 


Radiocarbon dating or carbon dating 
‘Away of calculating the time elapsed since 
living matter died. All living things contain a | 
small amount of carbon-14 (a radioisotope" 
absorbed from the atmosphere), which | 
Continues to emit radiation after death, 

This emission gradually decreases 
(carbon-14 has a hal-life* of 

5,700 years), so the age of the 
remains can be calculated {| 
from its strength | | 
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5.2 Tip Contamination and Cleaning 


The thermal conduction from the tip to the joint may be inhibited by 
contamination on the tip. This contamination can be formed by burnt solder flux 
or oxidized solder, To make best thermal contact the tip should be cleaned using 
tip cleaner(!). Two types are a wet sponge or a brass wire wool. The wet sponge 
removes the contaminated material when the tip is wiped across it, the water in 
the sponge cools the solder and the mechanical abrasion removes the 
contamination leaving a thin coating of clean solder on the tip. This method can 
cause the tip temperature to dip momentarily. The brass wire wool type removes 
the contamination by mechanical abrasion and bonding contaminated solder to 
the brass. The tip is pushed into the brass wool and when it is withdrawn the tip 
is clean with a thin coating of solder. You must not “wipe” the tip on the brass 
wool type because the springiness of the brass wool may flick molten solder 
which may cause burns to people or objects. You should never “flick” excess 


solder from the soldering iron as this may also cause burns or damage. 


Tip contaminated with old solder and Brass wool type tip cleaner 


burnt flux 


Figure 8 — Dirty tip and brass wool cleaner 
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NUCLEAR FISSION 


AND FUSION 


The central nucleus of an atom (see 


page 82) holds vast amounts of “stored” 
energy (see pages 84-85). Nuclear fission 
and nuclear fusion are both ways in which this 
energy can be released, They are both nuclear 
reactions (reactions which bring about a 


change in the nucleus). 


Nuclear fission 
The process in which a heavy, unstable 
nucleus splits into two (or more) lighter 
nuclei, roughly equal in size, with the release 
of two or three neutrons® (fission neutrons) 
and a iarge amount of energy (see also page 
84), The two lighter nuclei are called fission 
products or fission fragments and many of 
them are radioactive’. Fission is made to 
happen (see induced fission) in fission 
reactors* to produce heat energy. It does not 
often occur naturally (spontaneous fission). 
Induced fission of uranium235 
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Spontaneous fission 
Naclear fission which occurs naturally, i.e. 
Out assistance from an outside agency. 
This may happen to a nucleus of a heavy 
element, eg. the isotope’ uranium-238, but 
the probability is very low compared to that 
of a simpler pracess like alpha decay 
occurring instead, 


“Alpha decay, 67; Faston reactor, 94; 
Teatoper, 63; Nevérons, 82; Radioactivity, 86 
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Induced fission 
Nuclear fission of a nucleis made unstable by 
antficial means, i.e. by being hit by a particle 
(often a neutron*), which it then absorbs. Not 
all nuclei can be induced to fission in this 
way; those which can, e.g. those of the 
isotopes* uranium-235 and plutonium-239, 
are described as fissile. If there are lots of 
fissile nuclet in a substance (see also thermal 
and fast reactor, page 95}, the neutrons 
released by induced fissions will cause more 
fissions (and neutrons), and so on. This is 
known asa chain reaction. A well-controlled 
chain reaction is allowed to occur ina fission 
reactor*, but that occurring in a fission bomb 
is uncontrolled and extremely explosive 
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Critical mass 

The minimum mass of a fissile substance 
needed to sustain a chain reaction (see 
induced fission). In smaller subcritical masses, 
the surface area to volume ratio is too high, 
and too many of the neutrons* produced by 
the first fissions escape into the atmosphere, 
Nuclear fuel is kept in subcritical masses, 


Fission bomb or atom bomb (A-bomb) 
‘A bomb in which two subcritical masses 
(see above) are brought together by a trigger 
explosion. The resulting chain reaction 

‘bee induced fission) releases huge aniounts 
of energy. 


ATOMIC AND NUCLEAR PHYSICS 


ses 
Bcaats sinratoes 
Innrodiced to—4Q aren (compared 

fected on eee 

oe 
cepacia _ sti, 

SN repent linreichy 

cose eres 

a) 
‘ats 

ese 

“3 pe 


Nuclear fusion 

The collision and combination of two light 
nuclei to form a heavier, more stable nucleus, 
with the release of large amounts of energy 
(see also page 84). Unlike nuclear fission, it 
does not leave radioactive* products. Nuclear 
fusion requires temperatures of millions of 
degrees Celsius, to give the nuclei enough 
kinetic energy* for them to fuse when they 
collide. (Because of the high temperatures, 
fusion reactions are also called thermonuclear 
reactions.) It therefore only occurs naturally in 
the Sun (and stars like it, but research is being 
‘carried out with the aim of achieving 
‘controlled, induced fusion in fusion reactors" 


Example of nuclear fsion 
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Fesion reactor, 94; otopes, 83 Kinetle 
‘energy 9; Newtrons, 82; Radioactivity, 86. 


Fusion bomb or hydrogen bomb 
(H-bomh) 

‘Abomi in which uncontrolled nuclear 
fusion occurs in a mixture of tritium and 
deuterium (hydrogen isotopes"). A rigger 
fission bomb creates the high temperature 
needed (fusion bombs are also called 
fission-fusion bombs). The energy released 
is about 30 times that released from a 
fission bomb of the same size. 
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POWER FROM NU 


CLEAR REACTIONS 


A nuclear reactor is a structure inside which nuclear reactions produce vast 
amounts of heat, There are potentially two main types of reactor — fission 
reactors and fusion reactors, though the latter are still being researched. All 


present-day nuclear power stations 


are built around a central fission reactor 


and each generates, per unit mass of fuel, far larger amounts of power 
(electricity) than any other type of power station. 


sion reactor 

A nuclear reactor in which the heat is, 
produced by nuclear fission”. There are two 
main types in use in nuclear power stations 
— thermal reactors and fast reactors oF fast 
breeder reactors (see page opposite), both 
of which use uranium as their main fuel. 


Schematic diagram of fsion reactor 
and power station complex 
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The uranium is held in long cylinders 
packed in the core (center of the reactor). 
‘The rate of the chain reaction* (and hence 
the rate of power production is closely 
controlled by control rods. The diagram 
below shows how a fission reactor can be 
used to generate power. 
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Fusion reactor 
A type of nuclear reactor, being 
researched but as yet undeveloped, in 
which the heat would be produced by 
nuclear fusion”. This would probably be 
the fusion of the nuclei of the hydrogen 
isotopes? deuterium and tritium ~ known 
as the D-T reaction (see picture, page 93). 
There are several major problems to be 
overcome before a fusion reactor becomes 
a reality, but it would produce about four 
times as much energy per unit mass of fuel 
asa fission reactor. Also, hydrogen is, 
abundant, whereas uranium is scarce, and 
dangerous and expensive to mine. 
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Types of fission reactor 


Thermal reactor 

A fission reactor containing a moderator 
around the fuel cylinders, This is a substance 
with light nuclei, such as graphite o water. 
Iis used to slow down the fast neutrons™ 
produced by the first fissions in the uranium 
jue! ~ the neutrons bounce off the light 
nuclei (which themselves are unlikely to 
‘absorb neutrons) and eventually slow down 
{o about 2,200m 5". Slowing the neurons 
Improves their chances of causing further 


“Types of thermal reactor 
Pressurized water reactor (PWR) 


ATOMIC AND NUCLEAR PHYSICS 


fissions (and continuing the chain 
reaction®). Faster neutrons are likely to be 
“captured” by the most abundant nuclei — 
those of the isotope* uranivim-236 (see fast 
reactor), whereas slow neutrons can travel 
‘on until they find uranium-235 nuclei. 
These will undergo fission when hit by 
neutrons of any speed, but make up a 
smaller percentage of the fuel (despite the 
fact that its now often enriched with extra 
atoms of ""U), 


‘Advanced gas-cooled rezctor (AGR) 


Fast reactor or fast breeder reactor (FBR) 
‘A fission reactor, inside which the neutrons* 
which cause the fission are allawed to 
Temain as fast neutrons (traveling at about 
2 10’ms"). The fuel used is always 
‘enriched with extra nuclei of uranium-235 
(see thermal reactor) and plutonium-239. 
Both of these will fission easily when hit by 
fast neutrons, unlike uranium-238, which is 
far more likely to “capture” the neutrons 
{becoming *"U) and undergo radioactive 
decay*. The final product of this decay 
however, is "Pu. Fast reactors are also 
called “breeders” because this decay process 
‘of "U to Pu is allowed to happen in a 
blanket of ”*U around the main fuel. Hence 
more fuel is created and can be stored. Fast 
reactors have a more compact core and run 
at higher temperatures than thermal reactors. 
‘They are also more efficient, using up a much 
‘greater proportion of their fuel before it 
becomes contaminated. 


* Chain reaction, 92 (Induced fsslon), Cootant, 344; 
tbotopes 53; Neutrons, 82; Ratlosctive decay, 87 
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QUANTITIES AND UNITS 


Physical quantities are such things as mass*, force* and current*, which are 
used in the physical sciences. They all have to be measured in some way 
and each therefore has its own unit. These are chosen by international 
agreement and are called International System or SI units — abbreviated 
from the French Systéme International d’Unités. All quantities are classified 
as either basic quantities or derived quantities. 


Derived quantities 
Quantities other than ba 
derived quantities. Thes 
the basic SI units or oth 


Basic quantities Basic SI units 
A set of quantities from which all other 

‘uiantites (see derived quantities) can be Kilogram (kg) 
defined (see table, below). Fach basic quantity 
has its basic SI unit, in terms of which any 
other St unit can be defined. 


‘The SI unit of mass. It is equal to the mass of 
an international prototype metal cylinder kept 
at Sevres, near Paris. 


Second (s) 


E 
‘Basie quantity | Symbol | Basic 1 unit | Abbreviation | The | unit of time. It is equal to the duration 
on | Rigo |g 6F 9,192,631,770 periads® of a certain type of 
Tie hae ee . radiation emitted by the cesium-133 atom, 
ewe |e lca’ Mater (m) 

Fenperin: | |F | aa ‘ The Sl unit of length, tt s equal to the distance 
bocce light travels in a vacuum in Ysn2szase of 
substance al = a second. 
Lumina 
intensity is ™ Ampere {A) 

The SI unit of electric current (see also page 

Prefixes 60). tis equal to the size of a current flowing 

through parallel, infinitely long, straight wires 

A given SI unit may sometimes be foo large in 2 vacuum that produces a force between 


or small for convenience, e. the meter is too the wires of 2.x 10°™N every meter. 
‘ange for measuring the thickness of a piece of ‘ 
paper. Standard fractions and multiples of the ‘Kelvin (K) 


Sl units are therefore used and written by The SI unit of temperature. ttis equal £0 /rs16 
placing a prefix before the unit (see table of the temperature of the triple point of water 
fielow). For example, the millimeter (mm) is (the point at which ice, water and steam can 
equal to one thousandth of a meter. all exist at the same time) on the absolute 
temperature scale". 
Fractions and mules in use 
Mole (mol) 
Eraction of mite: Pros Syl The SI unit of the quantity of a substance 
107 ano A jote that this is different from mass because 


it ic 1 is the number of particles of a substance). 
io ri. m It is equal to the amount of substance which 
10! ent ¢ contains 6.023 x 10% (this is Avogadro's 

10" eh a number) particles (e.g. atomis or molecules). 

e eo. a 

ta to ‘4 Candela (cd) 

46 ‘ee + The SI unit of intensity of light. It is equal to the 
Ha ee fi strength of light from '/nco square meters of a 
ta 90 6 black body* at the temperature of freezing 


J platinum and at a pressure of 101,325N m=, 


“Absolute temperature seale, 27; Black body, 29 (Lee's cube), 
Current, 60; Fores; Mass, 12;Perlod, 16. 


Derived quantities 

Quantities other than basic quantities which ar 
derived quantities. The derived quantities hi 

the basic SI units or other derived units. They. 
the quantity and are sometimes given special nar 


Derived quantity | Symbol | Defining equation Derived Stunt | Nameof unit | Abreviation 
cy y | Seater | : = 
‘Accleration « a = Stange eecty mst = = 
fort . f= moss x occraton | igs? owt » 
Wook Wo |W tice tance Nm pote 1 
troy e copay do wore ! = 7 
Power ’ P= tne 1 at w 
z » [eee fe [- - 
vie a ° 2 : 
ens ° = aa gar = = 
“resus ’ += fae net pasa fn 
Ped r Tine fron cde : a : 
Feeney , umber oes po secant | st ete we 
Inpalse - Ipube = re tine Ns - . 
Momentum - Moment = mass x vebaty | kgm? = 2 
Bec hye @ 0 = arent x tine As covim © 
en ict e v 
opoconce c oe ee foros . 
esitonce & n= poetics | yas te 2 


EQUATIONS, SYMBOLS AND GRAPHS 


All physical quantities (see pages 96-97) and their units can be 
represented by symbols and are normally dependent in some way on 
other quantities. There is therefore a relationship between them which Beorisisis.of a numerical 


can be expressed as an equation and shown ona graph. ea 


Equations Word equation ol represent 
.1kg, oF s 


‘An equation represents the relationship 
between two or more physical quantities, 
This relationship can be expressed asa word symbol equation 
‘equation or as a” equation relating symbols 
which represent the quantities, The latter is 
used when a number of quentities are involved, 
since it is then easier to manipulate. Note that 


ote that a symbol dividk 


the meaning of the symbols must be stated. Tks m 
Graphs 
A graph is a visual representation of the the values for the quantities obtained during 
relationship between two quantities. It an experiment or by using the equation for 
shows how one quantity depends on the relationship if it s known. The two. 
another Points ona graph are plotted using quantities plolted are called the variables, 
rans 
+ ‘trae 
pain Ime grader ane a opin 
Dependent arabe. is theater that 
me oat ong, 
ung the oe a 
Terte oet Posten 
tery teow 
rate. erat of che of 
the gay ted te Foe 
tht led on the ra The 
ro do ioc ie hte 
tre oue ay aie by a fate 
th Rent the get 
RE thew ote oor ys 
The port oa 
ere a age 
Soph oer 
thera 
| a, 
Ctecept. | ori. rhe pin ot Indepeatn vrae. 
‘hepa at —| whe the gente Tegan shoged Oy he 
wht ated or the esr lpoimentr bars te 
raph aoses | brett em, || een tne cae, | 
eae Phd ag Te ai 


Symbols 


Symbols are used to represent physical 
quantities. The value of a physical quantity 
consists of a numerical value and its unit. 
Therefore any symbol represents both a 
number and a unit. 


‘Symbols represent number and unit, e. 
m = 2.1kg, ors = 400) kg? 


“Current through resistor = I" (i.e. itis not 
necessaty to say I amps since the unit is 
included). 


Note that a symbol divided by a unit is a pure 
number, e.g. m= 2.1kg means that mv/kg = 2.1. 


GENERAL PHYSICS INFORMATION 


‘This notation is used in tables and to label 
raph axes. 


‘Ary number thi corn —E 
‘selena nents. 


mre, 


MEASUREMENTS 
Measurement of length 


‘The method used to measure a length 
depends on the magnitude of the length. 
‘A meter ruler is used for lengths of 50mm. 
or more. The smallest division is normally 
‘Imm and so lengths can be estimated to 
the nearest 0.5mm, For lengths less than 
50mm, the error involved would be 
unacceptable (see also reading error, page 
103). A vernier scale is therefore used. For 
the measurement of very small lengths (to 
0.01mm) a micrometer screw gauge is 
used (see opposite). 


Vernier scale 

A short scale which slides along a fixed 
scale. The position on the fixed scale of the 
zero line of the vernier scaie can be found 
accurately. It is used in measuring devices 
such as the vernier slide callipers. 


Method! of reading position of zero line 
on vernier scale: 


1. Read the position of the zero line 
approximately — in this case 8.3cm. 


2. Find the position on the vernier scale 
where the marks coincide ~ in this case 2. 


3. Add this to the previous figure ~ the 
accurate reading is 8.32cm. 


Micrometer screw 
‘An instrument used for 


jould coincide with 
18. If not, note the 


Vernier slide callipers 

‘An instrument containing a vernier scale, 
used to measure lengths in the range 
10.10 100mm, 


Method of measuremer 
1. Close the jaws and check that the 
zero on the vernier scale coincides with 


the zero on the fixed scale. If not, note 
the reading (this is the zero error"). 


2. Close of open the jaws onto the object 
to be measured. 


5. Lock the sliding jave into position. 
4. Record the reading on the scale. 


5. Add or subtract the zero error (see 1) 
to got the correct reading. 


Reading = 4.150 


GENERAL PHYSICS INFORMATION 


fetched ce 
d {ems witout 

Micrometer screw gauge 

‘An instrument used for 

accurate measurements up 

to about 30mm. 


Method of measurement: 


1. Determine the value of a 
division on the spindle scale 
(see diagram). 


2, Using the ratchet, clase the jaws of the 
instrument fully. The zero on the spindle scale 
-shauld coincide with the horizontal reference 


line. If not, note the zero error*. z 
5. Note the division on the spindle scale 


3. Using the ratchet, close the jaws on the which coincides with the horizontal reierence 


‘object to be measured until it is-gripped. ine (in this case 0.41mm). 
4. Note the reading of the highest visible 6. Add the two readings and add or subtract 
mark on the sleeve scale (in this case the zero error (see 2) to get the correct 
6.5mm). reading (in this case 6.91mm). 
Measurement of area and volume = a 
ST tte | 
The volume of aliquid is calculated from the — | 
space it takes up in its containing vessel. The § | 
internal volume of the containing vessel is = | aie 
called its capacity. The SI unit* of capacity E ‘ 
is the liter (1), equal to 10m’. Note that 
‘Anil = 1cm’. The volume of a liquid SS ~ 
measured using a graduated vessel. anpits orqreiacica veda 
for measuring volume 
‘The surface area and volume of a solid of 
regular shape are calculated from length For solids of irregular shape, see 
measurements of the object (see below). eureka can, page 24, 
Regular shaped ‘Sphere Oplinder: 
sd 
aos = : 
ermine calipers? a4 
‘micrometer tere gouge 
frail dag vob vethne Verri 
“Scere A Hae ae Aa dailedae 
een fom Top Sides Ends Curved surface Ends 


units, 36; Zero error, 102 


Index 
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6 Ovens and Hot Plates 


For surface mount soldering the heat is usually applied to the whole PCB and all 


components soldered at the same time. For commercial work this is done in large 


ovens, often with conveyors to move the boards through the oven. For small 


scale work simple infrared ovens are available. Another technique uses a 


hotplate. The same considerations for temperature apply, although because the 


heat source does not come into contact with the solder or flux, contamination is 


less likely. Time and temperature are considerations with these methods as the 


components are exposed to the high temperature for the period required for the 


solder paste to melt and flow. 


Infrared oven for surface mount 


soldering 


Hotplate for surface mount soldering 


Figure 9 ~ Oven and hot plate used for surface mount soldering 


Ovens and Hot Plates 


RN 


Soldering 


2016 


ACCURACY AND ERRORS 


All experimental measurements are subject to some errors, other than those Reading error I 

caused by carelessness (like misreading a scale). The most common errors The error due to the gu 

which occur are parallax errors, zero errors and reading errors. When in taking a reading fo 

stating a reading, therefore, a number of significant figures should be quoted reading lies between th 

which give an estimate of the accuracy of the readings. fea on theme iet 
ito nt igre hl 

Parallax error Conc ring of 21.45 pec 

The error which occurs when the eye is not Soar on a 

placed directly opposite a scale when a i Significant fic 

reading is being taken, 

—— = 


| Prat The number of signif 

is the number of figua 
ignoring leading or tra 
below) and disregard 
decimal point. They 
the accuracy ofa read 


Faille ene raitigumtic nie Sng 


A wocing of 704mm hs fam 
jet being ‘gures. an be ten te 
rmeonued 


Some sees with To ak para ero, eigs [370m 
pater aveo {pd ett be en 
arbi the ri the yin op wth re 
pater Te cre 

reaing i hed 

by plc the oe 

Sela he 

teen fhe 

Per sian 

‘ening 


0.003 7 


=a 


‘Note that the leading 270 he 
ut show the mag 


Zero error should either be adjusted to read zero or 
‘The error which occurs when a measuring, the inaccurate “zero reading” should be 
instrument does not indicate zero when it taken and should be added to or subtracted 
should. If this happens, the instrument, from any other reading taken, 


[ere 


The bes gues haf aio, 
‘ce sgnicant ures inte th 


fetng on vermler side cllers* 0.2m tbe btroced rom Zero sor on mate ser may be due abou 0.054. 

‘when oie (sould end 2) ‘any rear in his case, apparent to worn ee Shaul be solved by 

1802mm This ero errr ding 53.9 toto erat ‘measuting tom Oe Ie ant A reong with more figure eg, 1 
5290.3 .e $3.7mm). Sbrecting 10m ram al nade than is possible on th cle 


“Meniscus, 345, 


een 


Reading error 
The error due to the guesswork involved 
in taking a-reading from 2 scale when the 
reading lies between the scale divisions. 
Aesing on thrmometeris betwen! 368°C and 36:9 Bet 


‘imate of net fnwe halk sion ie a eading 
6850, 
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Significant figures 


‘The number of significant figures in a value 
is the number of figures in that value 
ignoring leading or trailing zeros (but see 
below) and disregarding the position of the 
decimal point. They give an indication of 
the accuracy of a reading. 


‘A reong of 3704 ha our sigicant 
‘Agure ican te wien a= 


Rounding 
The process of reducing the number of 
figures quoted. The last significant figure is 
dropped and the new last figure changed 
depending on the one dropped. 


————— 


7.3925 (quoted 5 seo faures) 
7393 ound ¢ sgn fs) 


a ;—3704mm 
1 —— 
significant —— 3,704m_ 4h 
ion t Sorte 
0.003 704km 


Mote hot he leasing zero here be ot satcat figures 


but show the maga ofthe rein. 


The numberof gncat gues quoted i an insetion ol te 
ccurocy of eng er 


sates sion an ameter vale = 0.14 


‘The ber gues is hall cision, 3th mang ke qv as 1.234, 
‘Trye sgn gues nate tat he reading ace to 
bout G88, 


| reing wth mare fue, 1.25184, pies mare cznccy 
‘na s posible on ts sae 


8.08873 (quaint to# stint roared 
0.0887 (rounded to 3 siren gus) 
= 0.089 uno 0 2 sitar) 
0.09 Gouna 1 sito ire) 


a 
29.000. quoted to 5 signers ures 
229.0 (103 signiicont gues) 
=29 (002 signdant figures) 
=30 (to 1 sigraticant figure) 
kein 


For large numbers like: 283,000 itis 
impossible to say how many of the figures 
are significant (the first three must be) 
because the zeros have to be included to 
show the magnitude. This ambiguity is 
removed by using the exponential 
notation (sce page 109). 


FIELDS AND FORCES 


This table is a comparison of the 

three forces normally encountered 

in physics (excluding the nuclear 

force). In fact, most of the forces | 
dealt with in physics, e.g. the | 
contact force between two objects, | 
ate examples of the electromagnetic | 
force which is a combination of the | 
magnetic and electric forces. For | 
more about these and all other 
forces, see pages 6-7. | 


‘Type of force 

Note that a force can only exist between 
two masses, charges or currents, and that 
the size of the force js the same on bath of 
them (see also Newton's third law, page 
13). Note also that the forces only act 
between objects which are the same, eg. 
there is a force between two masses, but 
not between a mass and a current. 


Gravitational force 
(see also pages 6 and 18) 


Force acts between two objects with mass. It 
is always attractive. 


7 10" Nen? kg 


G is the gravitational constant*. ts very 
small value means that the gravitaticnal 
force is only noticeable when one of the 
objects is very large (e.g, a planet 


Force is between two 
i/ the charges are of 
fone negative and one 
repulsive if the chan 


In air Ky = 9 x 10°New 


This very large value n 
to separate opposite 


Description of force in terms of 
force field 

‘The force field is the region around 
an object (mass, charge or current) in 
which its effects (gravitational, electric 
(oF magnetic) can be detected — see 
also page 6. 


Lie: 


Pot et 


Mass m, produces a gravitational field in the 
space around it (see field intensity, page 106). 


A second mass experiences a gravitational 
force when placed at any point (e.g. P) in 
the gravitational field af m, 


‘A mass thus produces a gravitational field and 
is acted upon by a gravitational field. 


Charge q produces am 
space around it (see fi 


A second charge exper 
force when placed at 3 
inthe electric field of 


‘A charge thus produces 
is acted upon by an ele 


Field direction 

‘his (stound by observing the effect of 
the force field on an abject (mass, 
charge oF current) placed in it. 


fe 


The direction of a gravitational field at a 
point P is the direction of the force on a 
mass placed at P. 


The direction of an elie 
is the direction of the f 
charge placed at P. 


“Gravitational constant 18 
(Mewton's law of gravitation) 


“Electr feld, 58; Fleming's len 
Mageetie Weld, 72 


Force is between twa charges. It is attractive 
if the charges are of the opposite sign, i.e, 
‘one negative and one pasitive, and 
repulsive if the changes are of the same sign. 


oe 2 
2 oe 


In air Ke = 9 x 10’Ne? C> 


This very large value means it is difficult 
to separate opposite charges. 


Force is between two objects in which 
current is flowing. If the currents flow in the 
same direction, the force is attractive. If the 
currents flow in opposite directions, the 
force is repulsive. 


In alr Ke = 2.7 = 107N A? 


This small value indicates that the magnetic 
force is very small in comparison to the 
electric force. 


Point 


Charge q, produces an electric field* in the 
space around it (see field intensity, page 106). 


‘Asecond charge experiences an electric 
force when placed at any point (e.g. P) 
in the electric field of q,. 


‘A charge thus produces an electric field and 
is acted upon by an electric field. 


Pint nt 


. 
7 


Current I, produces a magnetic field* in the 
space around it (see field intensity, page 106). 


‘Asecond current experiences a magnetic 
force when placed at any point P in the 
magnetic field of [,. 


A current thus produces a magnetic field and 
is acted upon by a magnetic field. 


Poste 


hore 
T 

force on 

charge 


The direction of an electric field at a point P 
is the direction of the force on a positive 
charge placed at P. 


‘The direction of a magnetic field at a point 
P is given by Fleming's left hand rule’. 


Direction —__ 
of foe 


feu 


Fields and forces (continued) 


intensity 
This is found by measuring the effect of 
the force field on an object (mass. charge 
‘or current) placed in it. 


Representation by field lines 
Field fines (or flux lines or lines of 
force or flux) are used in all cases to 
represent the strength and direction of 
fields and to visualize them (see panel 
at bottom of page). Field lines never 
cross since the field would then have 
different directions at one point. 


Potential energy (see also page 8) 
This depends on field intensity and the 
object {ils mass fn a gravitational field 
or ils charge in an electric field”). The 
potential’ at a point in a field is the 
energy pet unit (of mass or charge) and 
depends upan the field only. Usually 
the only concem is the difference in 
potential, or potential difference", 
between two points. Potential can be 
defined by choosing a reference. The 
potential at a point is then the potential 
difference between the point and the 
Teierence point. 


esas 


Gravitational force 


Hectric force 


‘To measure the field intensity g of a 
gravitational field due to amass m, at a 

point P, a test mass mn is placed at P and the 
ravitational force F on it is measured, Then 


a | 


By comparison with the equation above for 
the gravitational force, the field intensity g at 
a distance d from a mass m, is: 


3 
‘To measure the field jim 
field at a point P duesta 
positive charge q is pla 
electric force F on it is: 


p= etre force (7) 
‘chore (@) 


By comparison with the 
the electric force, the fic 
distance d from a chang 


Gravitational field lines always end at a mass 


K 


fis (eg. mer sre 


of planet) 


Electric field lines alway 
icharge and end at an eq 


The gravitational potential difference 
between two points in a gravitational field is 
the work done against the forces of the field 
in moving a unit mass between the points. 


Grovitetional potenti! 
diference 


| work done 


Gravitational potential 


decreases as point moves 
along field line in direction 
of field (in direction of arrow). 


Gravitational potential 
higher at P, than P, 


The electric potential 

§Wo points in an electric | 
done agzinst the forces of 
@ unit positive charge bet 


Gtterence 


‘ric potential decrease 
indirection of field (in 
Birection of arrow). 


Beciric potential higher 
at point P, than at P, 


‘sro fd Weak ed foe 
ugh drat dency fet) 


Union id has const tenth and ection 


“Wectrle eld, Potential, Potential difference, 


= 


‘age Meld lines, 72. 


To measure the field intensity € of an electric 
field at a point P due to a charge q,, a test 
positive charge q is placed at P and the 
electric force F on it is measured. Then: 


By comparison with the equation above for 
the electric force, the field intensity E at a 
distance d from a charge 4, is: 


To measure the field intensity 6 of a magnetic 
field due to 1, at a point P, a conductor of 
length | carrying a current I Is placed at P 
and the magnetic force F is measured. Then: 


By comparison with the equation above for 
the magnetic force, the field intensity B at a 
distance d from a current I, is: 


Hlectric field lines always begin at a positive 
charge and end at an equal negative charge. 


Magnetic field lines* have no beginning or 
end, but are always closed loops. This is 
because single narth or south poles cannot 
exist. This 5 a fundamental difference 
compared to gravitational 4 
and electric fields. a, 
apocrine <<s 
pashceray i 


‘The electric potential difference between 
two points in an electric field is the work 
done against the forces of the field in moving, 
‘a unit positive charge between them, 


‘ectric potento _ work d 


‘diference~ "charge 


Electric potential decreases a 
in direction of field (in 


direction of arrow). 


Pi 


Electric potential higher 
at point P, than at P,. 


Magnetic potential is much move difficult to 
define than for gravitational or electric fields 
because the field lines are circular. Note that 
it a poiat moves around a circular line in the 
diagram above, if returns to the same point, 
‘which must have the same potential, 
although it has moved along a field line, 
This means that magnetic potential is 
complicated to calculate. 


‘Non-unam at 


————__ 
———<—— 
= a 


Tangent lt 
Inet |p 


VECTORS AND SCALARS 


All quantities in physics are either scalar or vector quantities, depending 
‘on whether the quantity has direction as well as magnitude. 


NUMBERS 


Very large or very s 


Scalar quantity 
‘Any quantity which has magnitude only, 
e.g. mass, time, energy, density. 


Vector quantity 

Any quantity which has both magnitude and 
direction, e.g. force, displacement, velocity 
and acceleration, When giving a value to a 
‘vector quantity, the direction must be given in 
some way as well asthe magnitude. Usually, 
the quantity is represented graphically by an 
arrowed line. The length of the line indicates 
the magnitude of the quantity (on some 
chosen scale) and the direction of the arrow 
indicates the direction of the quantity. 


Forces oo 
(pode econ. 


long time to write 


Parallelogram rule 

‘Arule used when adding together two 
vector quantities. The two vectors are 
drawn from one point to form two sides of 
a parallelogram which is then completed. 
‘The diagonal from the original common 
point gives the sum of the two vectors 
{the resultant). 


The parallelogram rule is used to help 
navigation at sea. The direction and speed 
of the tide must be taken into account as, 
the second vector quantity to be added 

to the direction and speed of the boat. 


int and is followed by 
“exponential notation to = 
also significant fi 


let of boot n water 


Resolution 

The process of splitting one vector quantity 
into two other vectors called its components. 
Normally, the two components are 


then represents the total effect of the vector 
in that direction, 


Lift (vector quantity) 
from rotor of 
helicopter can be 
resolved into two 
‘components. The first 
‘acts upwards, in order to 
keep it airborne, and the 
second acts forwards, 

to move it along. 


perpendicular to each other. Each component 


ie oath 
Time since energence of man 
thiman ie tose 
Time pan ol ear 

| Time sano oy 
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‘a cette work, the conerton = 
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NUMBERS 


Very large or very small numbers (e.g. 10 000 000 or 0.000 001) take 
a long time to write out and are difficult to read. The exponential 
notation is therefore used. In this notation, the position of the decimal 
point is shown by writing the power ten is raised to. 


1000 000 
700 000 

10000 

000 “ten tthe te 

to ten 10 the vo" 

0 "ton tothe on™ 

1 ‘ny raber “othe rough equa one 

a trtanto the minus ane” 

201 “tt the mina: Wo* a added when mating ruber, 
007 ‘ten othe mis thee” (29, 10° 10° (= 100 000°"/1m). 

2.0001 {tent the mi os 

0.000 01 (ten the is Fe” 


0.000001 © =10+ “ten othe muss” 


Scientific notation Examples of numbers written in scientific notation! 


‘A form of expressing numbers in which the s6u2 sauzx ie 

‘number always has one digit before the decimal #000 4.10" aring 0: ore rot snc) 
Be al so fate 

point and is followed by a power of ten in Ba Bante! 

“exponential notation to show its magnitude oo Bato 


‘see also significant figures, page 103). 


calculated can be judged. For example, the 
mass of a person is about 60kg. Therefore a 
calculated result of S0kg or 70kx is quite 
reasonable, but a result of 6kg or 600kg is 
obviously not correct. 
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CIRCUIT SYMBOLS 


This table shows the main symbols used to represent the various 
oa used in electric circuits (see also pages 60-65). 
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Potential difference, 58; Relay. 


GENERAL PHYSICS INFORMATION 


TRANSISTORS AND GATES 


Transistors* can be used to amplify electrical signals, such as those from a 
microphone, and are also used as electronic switches. This has led to their 
use in complex circuits such as computers. They have replaced the much 


larger and slower valves and relays*. 
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Logic gates 


‘The on and off states of a transistor are used to 
Indicate the numbers 1 and 0, respectively. The 
circuits are therefore known as digital (other 
‘circuits are called analog). Combinations of 
transistors with other components are used to 
make circuits which carry out logical operations, 


“ruth tables for basic logical operations 
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‘Combinations of these gates and other 
‘ransistor circuits are used to make complex 
sircuits which can perform mathematical 
“vperations, e.g. addition, These are called 
integrated circuits, and may contain many 
thousands of such components and connections, 
yet be built into a single slice of silicon. 


“Potential diference, 58; Relay, 75; Transistor, 5. 


Computers 


Integrated circuits mean that 
many thousands of logic 
gates can be put onto a 
single tiny component 

called a micrachip. The CPU 


‘pena comp 
of a computer (see below) Agora empuer 
can be put on one chip. [toad and moe 
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7 Desoldering 


If a part that has been soldered needs to be replaced it needs to be “de-soldered”, 
Depending on the part and type of joint it may be possible to simply re-melt the 
solder and remove the part, or it may be necessary to remove the solder from the 
joint so the part can be freed. Some methods for removing solder are solder wick, 
solder sucker or de-soldering tool, Solder wick is a copper braid which is applied 
to the joint and heated with a soldering iron. As the solder in the joint is melted 
it is drawn into the solder wick like a sponge and is removed from the joint. A 
solder sucker is a spring loaded syringe or rubber bulb. The tip of the solder 
sucker is placed near the joint as the joint is melted by a soldering iron. When 
the sucker is operated a vacuum is created which draws the molten solder from 
the joint into the body of the sucker. A de-soldering tool is a type of soldering 
iron with a hollow tip and is connected to a pump or vacuum source. The tip of 
the de-soldering tool is placed onto the joint, typically over a component lead, 
and once the solder has melted the pump is operated to draw the molten solder 


away. 


Solder wick, syringe type sucker, Hot tweezers or Hot air nozzle are 


vacuum de-soldering tool options for SMDs 


RN 


Figure 10 — Desoldering tools and tweezers for surface mount devices 
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PROPERTIES OF SUBSTANCES 
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Useful constants 


Quantity Symbol Value 
Speed of light in vacuum c 2.998 x 10"'m s* 
Charge on electron . 1.602 x 10°C 
Mass of electron m, 9.109 x 10-*kg 
Mass of proton m, 1.673 x 10%kg 
Mass of neutron m, 1,675 « 10 kg, 
‘Avogadro's number Ny 6.023 » 10mol* 
Faraday’s constant F 9.65 x 10°C mol 
Gravitational constant G 6.670 x 10 "N mi kg? 
Gas constant R 8.314] mol" KT 
Values of common quantities 
Quantity Value 
Acceleration due to gravity g (gravitational field strength) | 9.81m* 
Density of water 1.00 x 10g m=? 
Density of mercury 13.6 x 10%g m? 
_ Ice point (standard temperature) 273K 
Steam point 373K 
Standard atmospheric pressure 1.01 x 10°Pa 
Length of Earth day. 8.64 x 10's 


The electromagnetic spectrum" 
Increasing wavelength” ———> 
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[Sectromagnetic spectrum, #4; Frequency, 25; Gamma rays, 4; Infrared radiation, 45; 
‘nscrowaves Radio waver, 45; Utravioletraditlon, 44; Vsble light, 1; Wavelength, 34, Krays, 44 


CHEMISTRY 


ABOUT CHEMISTRY 


Chemistry is the study of the elements which form all existing 
substances. It covers their structure, how they combine to create 
other substances and how they react under various conditions. In 
this book, chemistry is divided into five color-coded sections. 
The areas covered by these sections are explained below. 


S Physical chemistry [ } 


Covers the structures, 
properties and behavior 
of substances. Includes 
the basic laws of 
chemistry. 


e@ Inorganic 
chemistry 
Looks at the groups 
of elements in the 
periodic table, their 
properties, uses and 
compounds (except 
carbon compounds). 


Organic chemistry 


Covers the carbon-chain 
compounds. Examines 
their structures and the 
various groups into 
which they fall. 


Environmental 
chemistry 


Explains the interaction 
of naturally-occurring 
chemicals, and the 
effect of pollution. 


General chemistry 
information 


Charts and tables of 
properties, symbols and 
means of identification, 
plus information on 
apparatus, preparations, 
tests and forms of 
chemical analysis. 
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PHYSICAL CHEMISTRY 


Physical chemistry is the study of 
the patterns of chemical behavior in 
chemical reactions under various 
conditions, which result from the 
chemical and physical properties of 
substances. Much of physical 
chemistry involves measurements of 
some kind. In the physical chemistry 
section of this book you can find 
out about the following areas: 


1. Solids, liquids and gases, the changes 
between these states and the reasons for 
these changes in relation to the structure of 
a substance. (See states of matter, pages 120: 
121, kinetic theory, page 123 and gas laws, 
pages 142-143.) 


2, The physical and chemical composition 
+ of substances ~ their particles and bonding 
{See elements, compounds and mixtures, 


pages 122-123, atoms and 
molecules, pages 124- 
125, bonding, pages 


130-134 and crystals, 


Salar entab cur 
pages 135-137.) into shapes 

3, The structure of the atom —stucure ofa 
and its importance inthe *swm-ator, 
structure of substances 

(see atomic structure and 

radioactivity, pages 126-129), 

4. The measurement Meaning eave 


‘of quantities and the “ome moxs 


relationship between 
amounts of gases, 
liquids and solids 
(see measuring atoms, 
pages. 138-139). 
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Physical prope 
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those which affect. 
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5, Representing chemicals 
and chemical reactions 
(see representing chemicals, 


pages 140-141). ldo 
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6. How substances m. ‘Some qualitative prop 
mix (see solutions 

and soluilty, uber 

pages 144-145). leave o clear solution, 


7. Changes during chemical 
reactions (see energy and 
‘chemical reactions, pages 
146-147 and rates of reaction, 
pages 160-161) and special 


reactions (see oxidation and chemo one 
reduction, pages 148-149 ns bar ar 
and reversible reactions, aukaien 
pages 162-163) theboe 


8, Special types of chemical behavior (see 
acids and bases, pages 159-152 and salts, 
pages 153-155). 
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9, The action of electricity 
‘on substances and the 
production of electricity from 
reactions (see electrolysis, 
pages 156-157 and 
reactivity, pages 158-159). 
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10. The different levels 

of reactivity shown by 
substances and the reasons 
for this (see reactivity, 
pages 158-159). 
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PROPERTIES AND CHANGES 


Physical properties 
All the properties of a substance except 
those which affect its behavior in chemical 
ns. There are two main types — 
qualitative properties and quantitative 
properties. 


Qualitative properties 
Descriptive properties of a substance which 
‘cannot be given a mathematical value. They 
are such things as smell, taste and color, 


Some qualitative properties used to describe substances 


‘Quantitative properties 
Properties which can be measured and given 
a specific mathematical value, e.g. melting 
point, boiling point, mass*, solubility? and 
ensity*. Other examples are shown below. 


Some quantitative properties used to describe substances 
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‘Bonding, 130; Conductivity, 63; Density, 26; Ductility, 344 (Ouctl 


Physical change 
Acchange which occurs 
when one or more of the 
physical properties of a 
substance is changed. tt 
is usually easily reversed. 
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Chemical properties 
Properties which cause specific 
behavior of substances during 
chemical reactions. 


‘Chemica! properties depend 00 
slectron enfguration: bonding” 
Structure ond energy changes 


Chemical reaction 

Any change which alters the chemical 
properties of a substance or which forms a 
new substance. During a chemical reaction, 
products are formed from reactants. 


Reactants 
‘The substances present at the beginning of @ 
chemical reaction 


Products 
‘The substances formed in a chemical reaction. 
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Reagent 


‘A substance used to start a chemical reaction. 
Itis also one of the reactants, Common. 
reagents in the laboratory are hydrochloric 
acid, sulfuric acid and sodium hydroxide. 
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Electron configuration, 127: 


Malleability, 24 (Mallenble) Mass, 12; Rust, 174; Rusting, 209 (Corroslon); Solulity, 143. 


STATES OF MATTER & — ee 


A substance can be solid, liqui 
or gaseous. These are the physical 
states or states of matter (normally 
shortened to states). Substances 

can change between states, normally 
when heated or cooled to increase or 
decrease the energy of the particles 
(see kinetic theory, page 123). 


Solid state 
Asiate in which a substance has a definite 


volume and shape. 
nase im @ 
‘ote ad shape 
soy the some, 

Liquid state 

A state in which a substance has a definite 
volume, but can change shape. 

Gaseous state 

A state in which a substance has no definite 
volume or shape. Itis either a vapor or a gas. 
A vapor can be changed into a liquid by 
applying pressure alone; a gas must first be 


tured into a vapor by reducing its 
temperature to below a level called its 


critical temperature. 
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Phase 


A separate part of a mixture of substances with 
different physical and chemical properties. A 
mixture of sand and water contains two 
phases, as does a mixture of oil and water. 


A substance that will flow, ie. isin either the 
gaseous or liquid state, 


“Physical change, 119. 
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Changes of state 


A change of state is a physical change* of 
a substance from one state to another. It 
normally occurs because of a change in the 
energy of the particles, caused by 

heating or cooling (see kinetic 


theory, page 123). ed (or molten), A. 


alien d then solidified i 


Describes the liquid 
state of a substance 
which is a solid at 

room temperature, 


Solidification 

The change of state from liquid 
to solid of a substance which 
isa solid at room temperature 
and atmospheric pressure. 


Melting 
The change of state from solid to liquid, 
usually caused by heating. The temperature at 
Which a solid melts is called its melting point 
(see also pages 212-213), which is the same 
temperature as its freezing point (see 
freezing). At the melting point, both solid and 
liquid states are present. An increase in 
pressure increases the melting point. 
All pure samples of a 
substance at the same 
pressure haye the 
same melting 
point, 


A change of state irom 
por) at a tempera 
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Freezing 
The change of state from liquid to solid, 
caused by cooling a liquid. The temperature 
at which a substance freezes is the freezing 
point, which is the same temperature as the 
melting point ‘see melting). 


Wot feenes ot 
O° 279K Abed 


Fusion 

The change of state from solid to liquid of a 
substance which is solid at room temperature 
and pressure. The substance is described as 
fused (or molten). A solid that has been fused 
and then solidified into a different form is also 
described as fused, 
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Boiling 
A change of state from liquid to gaseous 
(vapor) at 2 temperature called the boiling 
point (see also pages 212-213}. It occurs by 
the formation of bubbles throughout the 
liquid. All pure samples of the same fp 
liquid at the same pressure y 


have the same boiling 
point. An increase in 
pressure increases 
the boiling point. 
A decrease 

in pressure 
decreases the 
boiling point. 
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Evaporation 
A change of state from liquid to 
gaseous (vapor), due to the 
escape of molecules from 
the surface. (For more 
about this, see page 
30.) A liquid which 
readily evaporates is 
described as 
volatile’. 
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Liquefaction 
Achange of state from gaseous (gas) 
to liquid, of a substance which is & 
ga8 at room temperature and pressure. 
Itis caused by cooling (tc form a 
vapor) and increasing pressure 


Some gases or queed for rspar. 


Condensation 

A change of state from gaseous (gas or vapor! 
to liquid, of a substance which is a liquid at 
room temperature and pressure. It is normally 
caused by cooling 
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Sublimation 

‘The change of state from sole to gaseous (gas, 
via vapor) on heating, and from gaseous 
directly to solid on cooling, At no stage is a 
liquid formed. See picture, page 162 


Vaporization 
Any change resulting in a gaseous state, ic. 
boiling, evaporation «: sublimation. 


12 


8 Hazards involved in soldering 
8.1 Heat 


Although solder has a relatively low melting point this temperature is more than 


high enough to cause serious burns to people or objects. It is important to hold 


the soldering iron only by the insulated handle, never touch the heating element 
or tip when the soldering iron is on. The soldering iron will remain hot for some 
time after it is turned off so always check that it has cooled down before touching 
it, e.g. if changing the tip. When you are not soldering always keep the soldering 
iron in a proper holder so that you don’t touch it accidently and it doesn’t heat 
or burn other objects such as the benchtop. Don’t hold parts being soldered with 
your hands as these will also be heated when being soldered. Don’t flick molten 


solder from the soldering iron or wipe the tip on brass wool type tip cleaners. 


If using a hot plate for surface mount soldering do not touch the hot plate. Use 
utensils such as pliers to place and remove PCB’s from the hotplate. If using hot 
air tools for soldering, de-soldering or rework, do not direct the hot air stream 
onto yourself or other people. If using an oven allow the PCB to cool before 
handling or use utensils. Don’t place hot PCB’s on temperature sensitive 


surfaces. 


If burns occur they should be treated by holding under cold running water for 
several minutes and assistance sought if burns are severe. Incidents should be 
reported. 

8.2 Toxic materials 


Leaded solder contains lead which is a harmful material. Use of t 


ype of 
solder will probably involve handling it and your skin may become contaminated 
by it. Although it is unlikely that the lead can be absorbed directly through your 
skin it may be ingested indirectly if it is transferred by handling food whilst your 
skin is contaminated. Always wash your hands thoroughly before eating or 


handling food, 


Solder flux creates fumes when heated during soldering which may be harmful 


if inhaled. Use a fume extractor to avoid inhaling fumes, 
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ELEMENTS, COMPOUNDS 


AND MIXTURES 


Elements, compounds and mixtures 
are the three main types of chemical 
substance. Most natural substances 

are made up of several compounds. 


Element 

A substance which cannot be split into a 
simpler substance by a chemical reaction. 
There are just over 100 known elements, 
Classified in the periodic table*, and most are 
solids or gases at room temperature. All ators 
‘of the same element have the same number of 
protons* in their nuclei* (see atomic number, 
page 127). 


ia 
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Compound 


Acombination of two or more elements, 
bonded together in some way. It has different 
physical and chemical properties from the 
clements it is made of. The proportion of each 
element in a compound is constant, e.g. water 
is always formed from two parts hydrogen 
and one part oxygen. This is shown by its 
chemical formula, H.O. Compounds are 
often difficult to split into their elements and 
can only be separated by chemical reactions 
or electrolysis", a process in which an electric 
current is used to cause a chemical change, 
tos compound mode 
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Binary 
Describes a compound composed of two 
elements only, e.g. carbon manoxide, which 
contains only carbon and oxygen. 


*Electrlyss, 156; Formulas, 140; Nucleus, 126; 
Periodic table, 16% Proton, 126. 


; 
Synthesis 


The process by which a 


compound is built up irom compound of 

its elements or from simpler sean and angen 
The temperature 

compounds by a sequence of gad peur ot 


chemical reactions, e.g. iron(II) hich symthets 


chloride is made by passing [pisos atc 
chlorine gas over heated iron, mine oom. 


Mixture 

A blend of two or more elements anc/or 
compounds which are not chemically 
combined. The proportions of each element 
or compound are not fixed, and each keeps 
its own properties. A mixture can usually be 
separated into its elements or compounds 
fairly easily by physical means. 


Mieture— unchanged 
‘tas or maecalee 


chemo 
swacion (F 
Morais 
Sather” 


Chemical symbol 
A shorthand way of representing an 
element in formulas and equations (see 
pages 140-141). It represents one atom 
and usually consists of the first one or 
two letters of the name of the element, 
‘occasionally the Greek or Latin name, 
See pages 212-213 for a list of elements 
and their symbols, and pages 226-227 
to match symbols to elements. 


Chemeal symbol 5 Chemical symbol fe - 
Ferm atin foro. 
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Homogeneous 
Describes a substance 
Where all the particles 
are in the same phase 
e.g, solutions" (the 
physical and chemical 
properties throughout 
are the same), 


Heterogeneous 
Describes a substance 
where the panicles are 
in more than ane phas 
e.g. suspensions® (the 
properties of the solic 
particles are different 
from those of the liquid 


Kinetic the 


The kinetic theory ey 
solids, liquies and e= 
state* between them, 


movement of the 
are made (see diag 


According t te het 


Parties inside at 
close packed togeree 
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Change of state Fluld 
Phase, 120; Solution, 122 = 


Homogeneous 
Describes a substance 
where all the particles 
are in the same phase*, 


eg. solutions* (the 

physical and chemical 

Properties throughout rps a he 
are the same). aomne phase’, 
Heterogeneous Heterogeneous 


Describes a substance 
where the particles are 
Jn more than ane phase’, 
€g. suspensions? (the 
properties of the solid 
Particles are different 
from those of the liquid) 


The sand ort 
Ihe onto heterogeneous 
Pkt ty packs of quart 
Seastel ond gan mater 


Pure 
Describes a sample of a substance which 

consists only of one element or compound. It 

does not contain any other substance in any 
proportions. If the substance does contain 

traces of another element or compound, then ) 
it is described as impure and the other 

substance is called an impurity. 


Kinetic theory 


The kinetic theory explains the behavior of 
solids, liquids and gases, and changes of 
state™ between them, in terms oi the 
movement of the particles of which they 
are made (see diagrara below). 


Acs 0 te Kinet theory 
ore sks ae 

hoo paced tpt 

Sey vate, bu ot 

mor about y 


eat ous parties enough 
lerergy to teak the bods 
hat eep then geen 


‘92 cones of wielespcee 
ipa ing en ees J 


Brownian motion 
‘The random 
‘motion of small 
particles in water 


theory, as itis 
clearly due to 
unseen impact 
with the water or 
air molecules. 


Diffusion 

‘The process by which two fluids* mix 
without mechanical help. The process 
supports the kinetic theory, since the 
particles must be moving to mix, and 
visible gases, such as bromine vapour 
(below), can be seen to diffuse faster than 
liquids, Only miscible* liquids diffuse. 


‘change of state Flu, 120; Mises, 145; 
Phase, 120; Soltlen, 14 Suspension, 145, 


ATOMS AND MOLECULES 


Over 2,000 years ago, the Greeks 
decided that all substances consisted 
of small particles which they called 
atoms. Later theories extended this 
idea to include molecules - atoms 
joined together. Inorganic* molecules 
generally only contain a few atoms, 
but organic* molecules can contain 
hundreds of atoms. 


Atom 
‘The smallest particle of an element that retains 
the chemical properties of that element. The 
atoms of many elements are bonded together 
in groups to form particles called molecules 
(see also covalent bonding, page 132). Atoms 
consist of three main types of smaller particles 
— see atomic structure, 

page 126. 


Molecule 

The smallest particle of an 

element or compound that 

normally exists on its own 

and still retains its properties, Techivanehone 
Molecules normally consist of (Clo moleautes, 


two or more atoms bonded ond urine 
together - some have iii 
thousands of atoms. lonic 

‘compounds consist of ions* 


(electrically charged particles) cae 
and do not have molecules. 

Atomicity 

The number of atoms in a molecule, 
calculated from the molecular formula 
of the compound. 


A molecule vith 0 A molecule with 
‘tami of one ‘atomicity of t90 
ascribed of escribed s 
‘monetomic ‘atom. 

Fil Hptrogen 


A molecule with 2 atom of vee 
fe decor as tatomle 


A molecule wth 2 atomic o ver 
thee ese as polyatomic 


“tnorganle chemistry, 165; ton, 130; lonle compound, 131; 
Molecular formula, 140; Organie chemistry, 190, 


Dalton’s 
atomic theory 
John Dalton’s 
theory, published 
in 1808, attempts 
to explain how 
atoms behave. It 
is still generally 
valid. It states 
that: 


1. All matter 
is made up of 
tiny particles 

called atoms. 


2. Atoms cannot be made, destroyed or 
divided. (This has since been disproved — 
see radioactivity, page 128.) 


3. All atoms of the 
same element have 
the same properties 
and the same mass. 
(This has since been 
disproved ~ see 
isotope, page 127.) 


4, Atoms of different 
elements have 
different properties 
and different 
masses, 


5, When compounds form, the atoms of 
the elements involved combine in simple 
whole numbers. (We now know, however, 
that large organic* molecules do not 
always combine in whole number ratios.) 


Dimer 7 
A substance with mole 
combination of two am 
{a relatively small mal 
Item dnc 
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rom nm, 

regen eto 
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Basic laws of 
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Iiiosen atoms (relative 
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Monomers, 200; Organte cca 
‘elative atom mats, Relative 


Dimer 

A substance with molecules formed from the 
combination of two molecules of a monomer* 
(a relatively small molecule). 
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Trimer 
‘Asubstance with molecules formed from the 
combination of three molecules of a monomer". 


Macromolecule 

A molecule consisting of a large number of 
atoms. It is normally an organic* molecule 
with a very high relative molecular mass* 


Basic laws of chemistry 


Three laws of chemistry were put forward 
inthe late eighteenth and early nineteenth 
centuries. Two pre-date Dalton’s atomic 
theory and the third (the law of multiple 
proportions) was developed from it. These 
laws were of great importance in the 
development of the atomic theory. 


Law of constant composition 
States that all pure samples of the same 
chemical compound contain the same 
elements combined in the same proportions 
by mass. It was developed by a Frenchman, 
Joseph Proust, in 1799. 


methane 
molecule 


Al molecules of ettane 
(Gee ight) contain fut 
cage atoms relative 
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molecules (ie pos 
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exit compound). 


Law of conservation of mass 

States that matter can neither be created 
nor destroyed during a chemical reaction. 
It was developed by a Frenchman, 
Antoine Lavoisier, in 174. 


TZ, 


tnt radu 
Law of multiple proportions 

States that if two elements, A and B, can 
combine to form more than one compound, 
then the different masses of A which 
combine with a fixed mass of B in each 
compound are in a simple ratio, It is an 
extension of Dalton’s atomic theory, 


Example for 
‘one nitrogen 
stom: 


trogen 


trogen 
‘morotie, NO 


Ding 


Number of atoms of oxigen per atm of 
roger are 2,1 and respect 


‘Masses of angen roo 42:7 


“Monomers, 200; Organic chemistry, 190; 
Relative atomic mass, Relative malecular mass, 138. 


acm tegion in which ther 
ge red aia 0 electrons. Each 

1s, which make up the 
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Nucleus (pl. nuclei) ee a 


or atomic nucleus A subatomic particle (see introduction) aS 
The structure at the center of an atom, ‘which moves around the nucleus of an EThich group til 
consisting of protons and neutrons atom within an electron shell. It Bre i6a-fe5) 

{usually about the same number mse oe small, only ‘i000 
of each) packed closely lat of a proton, An a 
together around which electron has a negative ‘a configura 
electrons move. The electrical charge, eeoup of numbers 


nucleus makes up equal in size, but frangement of the elect 
pumbers are the numbes 
tron shell, starting 


almost the total ‘opposite to that 
mass of the of a proton, 
atom, but is There are the lum ator ~ electron ca 
very small same number 

in relation ] of electrons 
to the total as protons 
size. in an atom. 


Proton Neutron 
A subatomic A subatomic 
particle (see particle (see 
introduction) in introduction) in 

| the nucleus of an the nucleus of an 
atom, It has a relative atom. A neutron has 
atomic mass? of 1 and a a relative atomic 
positive electrical charge mass* of 1 and no 
equal in size, but opposite to that electrical charge. The number 
of an electron, An atom has the same of neutrons in atoms of the same 
number of protons and electrons, making ‘element can vary (see isotope, 

electrically neutral ‘opposite. 


Electron shell or shell ‘he fist three electron shee 
A region of space in which the electrons 

move around the nucleus of an atom. nite 
‘An atom can have up to seven shells, eon electrons. 
increasing in radius with distance from 

the nucleus, and each can hold up to a ‘Te cond ht ean had 
certain number of electrons. The model ee ae 

‘on the right isa simplified one — in fact, Te id scan ald 
the exact positions of elecirons cannot te 8 bcos 

be determined at any one time, and print 
each shell consists of orbitals. dw 0 32 tons 


_.. 


Orbital 

A region in which there can be either one or 
two electrons. Each electron shell consists of 
one or more orbitals of varying shapes, 


Outer shell 

The last electron shell in which there are 
‘electrons, The number of electrons in the 
‘outer shell influences how the element reacts 
‘and which group it isin (see periodic table, 
pages 164-165), 


Electron configuration 

‘A group of numbers which shows the 
arrangement of the electrons in an atom. The 
snumibess are the numbers of electrons in each 
electron shell, starting with the imermost. 


‘A sodium ators ~ electron configuration 2.8. 


Fi set Sand sha! 
feantin 0 ‘ents sight 
‘lectront es. 


Thar tem elecrons 
in any other el. 


group of eight electrons in a single electron 
|, Atoms with an octet for the outer shell 

re very stable and unreactive, All noble 
{gases? (except helium) have an octet. Other 
‘aloms can achieve a stable octet (and thus. 

we an electron configutation similar to that, 
‘oi the nearest noble gas), either by sharing 
electrons with other atoms (see covalent 
bonding. page 132) or by gaining or fos 
electrons ‘see ionic bonding, page | 


“Noble gases, 182. 
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Atomic number 


The number of protons in the nucleus of 
an atom. The atomic number determines. 
what the element is, e.g. any atom with 
six protons is carbon, regardless of the 
number of neutrons and electrons. 


Mass number 

‘The total number of protons and neutrons 
in one atom of an element. The mass 
number of an element can vary because 
the pumber of neutrons can change (see 
isotope, below). The mass number is, 
usually about twice the atomic number. 


‘ie atone number oid mass number a ten writen with 
the bol er the elonent 


mas 12 uber of rotons = 
umber ‘tome munter= 6 


urber of ecirans = 6 (to 
alone amber protons) 


Atomic umber of meutrons = mast 
‘mmber © ‘number atomic munber = 6 


Mass umber of protone on 
umber ‘lectrone = of ex 


unter of meron = 0 
Mors number ond atomic 
Atomic Sumber ie ome, Nace of 
‘number T ‘yaogen 0 single proton. 
isotope 
Anatom of an element in vihich the 
nurrber of neutrons is different from that 
in another atom of the same element, 
Isotopes of an element have the same 
atomic number but different mass 
numbers. isotopes are distinguished by 
writing the mass number by the name or 
symbol of the element. 


The three isotopes of carbon. 
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RADIOACTIVITY 


Radioactivity is a property of unstable nuclei* (for 
more about the reasons for their instability, see “unit of radioactive 
pages 84-85). It involves the nuclei breaking up equal to one nucl 


spontaneously into nuclei of other elements and id. A curie equals 


emitting rays or particles (radiation), a process life 

known as radioactive decay. A radioactive element e time taken for half 

is one whose nuclei are gradually splitting up in this way. ple of a radioactive 
ener tive decay. The 

Radioisotope or radioactive isotope Radioactive decay ae te 

The general term for a radioactive substance, The process whereby the nuclei* of a 7, €-8. the half-life 

since all are isotopes”. There are several radioactive element undergo a series of 

naturally-occurring radioisotopes, such as disintegrations (a decay series) to become 

carbon-14 and uranium-238, others are stable. For more about the different types of 7 

formed in a variety of ways. For more about _ decay, see page 87. Jses of radioa 


this, see page 86. 


Disintegration luclear fission 


The splitting of an unstable nucleus* into two he division of am 
parts, usually another nucleus and an alpha = 
beta particle. The atomic number* changes = 


an atom of a new element is produced. If this ments, and releasi 
“Alpha particle (a-particle) isa stable atom, then no further disintegration: y. The release of = 
‘One type of particle emitted from the occur. If itis unstable, it disintegrates in tum fission of other a 
nucleus’ of a radioactive atom, Itis like a and the process continues as a decay se 
helium nucleus, consisting of two protons* Until a stable atom is formed, 
and two neutrons*, has a relative atomic 
imass* of 4 and a charge of plus 2. It moves Disintegration of uranium-236 on is used in nucleas 
slowly and has a low penetrating power. te teers ul uncontrolled fissiow, 


ibs*, is ve . 
Beta particle (B-particle) seston or «na 
‘A fast-moving particle emitted ct 
from a radioactive nucleus*. 
There are two different 
types of beta particle (for aparties| 
more about this, see page "= | 
86). They can penetrate 
objects which have a low 
density and/or thickness, 
‘such as paper. 


fmumber*2) ented. elements vcramm 


Disintegration i shown 
bbyaimucear equation 


Decay series or radioactive series 

The series of disintegrations involved when = 
radioactive element decays, producing vars 
elements until one with stable atoms is form 


Gamma rays (y-rays) parties 
Rays generally emitted after 
an alpha or beta particle from 
a radioactive nucleus*, They 
take the form of waves (like ‘eo 
light and X-rays) and have ypenices—} Hoek 
2 high penetrating power, I 
going through aluminum 
sheeting. They can be stopped 


Decay series for plutoniam-282 to uranian-234 
For another example, seepage 87. 


‘Alpha porte eniied 


2-9-@-3-9 Wms oe 


sro" (mess number), com 


bya thick block of lead, me 7 Z Se ats mabe oto 
* Atomic number, 127; lectromagnetie waves, 4; ‘comic number, 127; Fston bom 
‘botope Mats number, 127; Neutron Nucleus, Proton 126; i namber, 127, Neutron, 2 


elative atorle mass, 138, car power station, 4, Nuciew 


Becquerel 

‘unit of radioactive decay. One becquerel 
is equal to one nuclear disintegration per 
second. A curie equals 3,7 * 10" becquerels. 


Half-life 
The time taken for half of the atoms in a 
sample of a radioactive element to undergo 
radioactive decay. The amount of radiation 
emitted is halved. The kali-life varies 
widely, e.g. the half-life of uranium-238 

is 4.5 thousand million years, but that of 
tadium-221 is only 30 seconds. 
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Radioactive decay curve 


Uses of radioactivity 


Nuclear fission 

The division of a nucleus*, caused by 
bombardment with a neutron*, The nucleus 
splits, forming neutrons and nuclei of other 
elements, and releasing huge amounts of 
enerfy. The release of neutrons also causes 
the fission of other atoms, which in tuin 
produces more neutrons — a chain reaction. 
‘An element which can undergo fission is, 
described as fissile. Controlled nuclear 
fission is used in nuclear power stations", 
but uncontrolled fission, e.g. in fission 
bombs*, is very explosive, 
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A neutron (mais number I tomic number 0) 


Nuclear fusion 
The combination of two nuclei* to form 
4 larger one. It will only take place at 
extremely high temperatures and releases 
huge amounts of energy. Nuclear fusion 
takes place in the fusion bomb*. 


Radioactive tracing 
A method of following a substance as 
it moves by tracking radiation from a 
radioisotope introduced inta it, The 
radioisotope used is called a tracer and 
the substance is said to be labeled. 


Radiocarbon dating or carbon dating 

‘A method used to calculate the time elapsed 
since a living organism died by measuring 
the radiation it gives off, All living things, 
contain a small amount of carbon-14 ‘a 
radioisotope) which gradually decreases 
after death, 


Radiology 

The study of radioactivity, especially with 
regard to its use in medicine (radiotherapy). 
Cancer cells are susceptible to radiation, so 
cancer can be treated by small doses. 


Irradiation 
The treating of 
food, such as fruit, 
‘with gamma rays 
to keep it fresh. 


nreated — 


“Atomic number, 127; Fisslon bomb, Fusion bomb, 95: 
"Mats number, 127; Neutron, 126 
Nuclear power station, 9; Nucleus, 126 


BONDING 


When substances react together, the 
tendency is always for their atoms 
to gain, lose or share electrons* so 
that they each acquire a stable (full) 
outer shell* of electrons. In doing 
so, these atoms develop some kind 
of attraction, or bonding, between 
them (they are held together by 
bonds). The three main types of 
bonding are ionic bonding, 
covalent bonding (see pages 132- 
133) and metallic bonding (see 
page 134). See also intermolecular 
forces, page 134. 


lic bonding 
The arorgenent ef two elements react 
Elerion the resulting cations: 
she ergs ‘opposite electrical ch 
Se tape Te : They stay together b 
fogehe faction. This type of 
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Valency electron 

An electron, always in the outer shell* of 
an atom, used in forming a bond. It is fost 
by atoms in ionic bonding and metallic 
bonding*, but shared with other atoms in 
covalent bonding". 


Tons 


~An ion is an electrically charged particle, 
formed when an atom loses or gains one or 
more electrons to form a stable outer shell". 
All ions are either cations or anions. 


Cation 

An ion with a positive charge, formed when 
an atom ioses electrons in a reaction (it now 
has more protons* than electrons). 
Hydrogen and metals tend to form cations. 
‘Their atoms have one, two or three electrons 
in their outer shells*, and it is easier for 
them to lose electrons (leaving a stable shell 
underneath) than to gain at least five more. 


‘A rmaxgrasiam ctom has wo lector in ts outer shel: 
“has ares to fr on fo (eatlon) with «charge of 
$2.4 magnesia on (eatin) bwin Mg 


Anion 

‘An ion with a negative charge, formed 
When an atom gains electrons in a reaction 
{it now has more electrons than protons*) 
Non-metals tend to form anions. Their 
atoms have five, six or seven electrons in 
their outer shells*, and it is easier for them 
to gain electrons (to acquire a stable shell) 
than to lose at least five, Some anions are 
formed by groups of atoms gaining 
electrons, e.g. acid radicals" 
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‘The process of forming ions, This either 
happens when atoms lose or gain electrons 
for when a compound splits up into fons, 
e.g, hydrogen chloride forming a solution. 
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* Aeld radical, 153; Covalent bonding, Covalent compounds 152; 
Electron, 126; Metall bonding, 134; Neutron, Nucleus, 126, 
Outer shell, 127; Proton, 126 
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Jonic bonding 


‘When two elements react together to form 
ions, the resulting cations and anions, which 
hhave opposite electrical charges, attract each 
‘other, They stay together hecause ofthis 
aitraction. This type of bonding is known as 
ionic bonding and the electrostatic bonds are 
cealled ionic bonds. Elements far apart in the 
‘periodic table’ tend to exhibit this kind of 
bonding, coming together to form. ionic 
‘compounds, €.g. sodium and chlorine 
‘sodium chloride) and magnesium and 
“oxygen (magnesium oxide). 


Sed on cirine ree or sou ce, an ene 
‘eompound 


aig 


cite 


eke outer she” 7 econ ote sl! 


= 


rstatcatrton x ‘tater 
ie ‘Teale bond. 


ofc oho NaCl or Nac 


PHYSICAL CHEMISTRY 


lonic compound 

‘A compound whose components are 

held together by ionie bonding. it has no 
molecules, instead the cations and anions 
attract each other to form a giant ionic 
lattice*. Ionic compounds have high melting 
and boiling points (the bonds are strong and 
hence large amounts of energy are needed to 
break them). They conduct eleciricity when 
molten* ar in aqueous solution* because 
they contain charged particles (ions) which 
are free to move: 


Model showing part ofthe 
ionic litie of oda ore 
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Electrovalency 

‘ihe power of an jon to combine with 
another in ionic bonding. It is equal to the 
size of the charge on the fon, The fons 
‘combine in such proportions that the total 
charge of the compound is zer0. 


‘erect in Group" and Group? ofthe period table are 
-menovalent (rove cy electrovaleney or). Ther ls eoch 
Ihovea charge of +1 or-T, 
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‘Aquewes solution, 14; Glant tonic Initlee, 137; 
Molten. 120; Outer shel 127; Perodie table, 164. 
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8.3 Spattering 


Solder and flux can spit or spatter when heated. Always wear eye protection 


(safety glasses) when soldering. 
8.4 Electrical Safety 


Electric soldering irons are plugin appliances and must have a current safety test 
tag. The test will confirm that the soldering iron conforms to electrical safety 
standards and has not been damaged at the time of the test. Before use you should 
visually check that the soldering iron does not have damage such as melted 
insulation on the lead, broken or cracked handle or exposed conductors, Don’t 


use damaged equipment and report the damage. 


For electrical safety the exposed metal parts such as the tip and heating element 
are earthed. Don’t solder on any live equipment as contact with the earthed tip 


may cause damage to the equipment or soldering iron, 


RN Hazards involved in soldering Index 


2016 Soldering 


Covalent bonding 


Covalent bonding is the sharing of electrons between atoms in a molecule so that each 
atom acquires a stable outer shell*. Electrons are shared in pairs called electron pairs 
(one pair being a covalent bond). Covalent bonds within a molecule are strong. Covalent 
compounds (compounds whose molecules have internal covalent bonds) are not normally 
so strongly held together. They are usually liquids or gases at room temperature because . The covalency 
the forces between their molecules are van der Waals’ forces*. These weak forces need stant, but that of 
litle energy to overcome them, so most covalent compounds have low melting and 


boiling points. They do not conduct electricity because there are no ions* present. pete cco 


Single bond Triple bond 
A covalent bond that is formed when one pair A covalent bond that is formed when three 
of electrons is shared between two atoms. pairs of electrons are shared between two atoms. 
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Double bond Dative covalent bond or coordinate 


‘A covalent bond that is formed when two A covalent bond in which both electrons in 
pairs of electrons are shared between two the bond are provided by the same atom. It | 
atoms. donates a lone pair. eff in a molecule. 1° 
i electronegativi 
“vapor moe haro = 1s formed. wat 
double bond. times called ef 
‘Oxygen otoms each have a), as they form posil 
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Covalency 
The maximum number of covalent bonds an 
atom can form. It is equal to the number of 
hydrogen atoms which will combine with the 
atom. The covalency of most elements is 
constant, but that of transition metals* varies. 
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Lone pair 

A pair of electrons in the outer shell of an 
atom which is not part of a covalent bend 
(see ammonia picture on previous page). 


Flectronegativity 

‘The power of an atom to attract electrons 

to itself in a molecule, If two atoms with 
different electronegativities are joined, a polar 
ond is formed. Weakiy electronegative atoms 
are sometimes called electropositive (c.g. 
sodium), as they form positive ions fairly easily. 
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Polar bond 

‘A covalent bond in which tre electrons spend! 
a greater amount of time around ane atom’s 
rnucleus* than the other. This effect is called 
polarization. It is caused by a difference in 
electronegativity berween the atoms, the 
electrons being more attracted to one than 
the other. 


Polar molecule 

A molecule with a difference in electiic charge 
between its ends, caused by an uneven 
distribution of polar bonds, and semetimes by 
lone pairs. Liquids with polar molecules may 
be polar solvents* and may dissolve ionic 
compounds*. A non-polar molecule has no 
ditference in charge at its ends. 
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Isomerism 

‘The occurrence of the same atoms forming 
different arrangements in different molecules. 
The arrangements are isomers*, They have 
the same molecular formula* but their other 
formulas may differ (see page 140). 


nl compound, 151; omers, 191; Molecular fore, 140; Nucleus 125; 


Metallic bonding 


Metallic bonding isthe attraction between 
particles in a giant metallic lattice* 
in metals). The lattice consists of positive 
ions* of the metal with valency electrons" 
free to move between them. The free or 
delocalized electrons form the bonds 
between the ions and, because they can 
move, heat and electricity can be 
conducted through the metal, The forces 
between the electrons and ions are strong. 
This gives metals high melting and boiling 
points, since relatively large amounts of 
energy are needed to overcome them. For 
more about other types of bonding, see 
pages 130-133. 


Delocalization 

‘The sharing of valency electrons* by 

atoms in a molecule or giant metallic lattice” 
Delocalized electrons can belong to any of 
the atoms in the lattice and are able to move 
through the lattice, so the metal can conduct 
eleciricity and heat. 
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Intermolecular forces 


van der Waals’ forces 

Weak attractive forces between molecules 
{intermolecular forces") caused by the 
uneven distribution and movement of 
electrons in the atoms of the molecules. 
The attractive force is approximately 
twenty times less than in ionic bonding” 
Its the force which holds molecular 
lattices* together, eg. iodine, and solid 
carbon dioxide. 
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Hydrogen bond 

An attraction between a polar molecule 
containing hydrogen and a lone pair* of 
electrons in another molecule. The polar 
bbonds* mean that each hydrogen atom has 

a slighty positive charge and is therefore 
attracted to the electrons, Hydrogen boncling 
accounts for high melting and boiling points — 
in water in relation to ather substances with 
small, but non-polar molecules”. Both the 
hydrogen bonds and the van der Waals! 
forces must be overcame to separate the 
molecules. 


“Cation, 130; Covalent bonding, 142; Glant metallic late, 137; Intermolecular force, 7; ton, 130; lonle bonding, {31 
{Lone pair, 13; Molecular lattice, 137; Non-polar molecule, 133 Polar molecule); Polar bond, 133; Valeney electron 
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CRYSTALS 


Crystals are solids with regular geometric shapes, formed 
from regular arrangements of particles. The particles can 
be atoms, ions* or molecules and the bonding between 
them can be of any type or mixture of types. The 

edges of crystals are straight and the surfaces flat. @ 
Substances that form crystals are described as 

crystalline. Solids without a regular shape (i.e. those 
which do not form crystals) are described as amorphous. 


Crystallization 
The process of forming crystals. It can happen 
in a number of ways, e.g. cooling molten* 
solids, subliming* solids (solid to gas and 
back), placing a seed crystal (see right) in a 
supersaturated* solution or placing a seed 
crystal in a saturated™ solution and cooling or 
evaporating the solution. The last method is 
the most common. Either cooling or 
evaporating means that the amount of soluble 
solute* decreases, so particles come out of the 
solution and bond to the seed crystal, which is 
suspended in the solution. Crystallization can 
be used to purify substances — see page 221. 
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Seed crystal 
Asmali crystal of a substance piaced in a 
solution of the same substance. Itacts as 

a base on which crystals form during, 
crystallization, The crystal which grows will 
take on the same shape as the seed crystal 


Mother liquid 
The solution left after crystal 
taken place in a solution. 


Water of crystallization 
Water contained in crystals of certain salts*. 
‘The number af molecules af water combined 
‘with each pair of ions* is usually constant and 
is often written in the chemical formula* for 
the salt. The water can be driven off by 
heating. Crystals which contain water of 
crystallization are hydrated’. 
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“Cleavage plane, 136; Formulas, 140; Hydrated, 15¢ Hydrate; fon, 130; Molten, 12%; 
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Crystals continued - shapes and structures 


Crystals (see page 135) exist in many 
difierent shapes and sizes. This is due 
to the different arrangement and 
bonding of the particles (atoms, 
molecules or ions”). The arrangement 
in space of the particles and the way in 
which they are joined is called a crystal lattice. 
Different types of crystal lattice are shown on the 
‘opposite page. The shape of a particular crystal 


depends on its crystal lattice and how this lattice can 
be split along cleavage planes. The main crystal shapes 
are shown on the right — these are the basic shapes from 


than one crystalline form — see polymorphism, below. 


Polymorphism 

The occurrence of two or more different 
crystals of the same substance, differing 

in shape and appearance. It is caused by 
different arrangements in the separate types. 
Changes hetween types often take piace at 
4 certain temperature called the transition 
temperature. Polymorphism in elements is 
called allotropy 


Allotropy 

The occurrence of certain elements in more 
than one crystalline form. It is a specific type 
of polymorphism. The different forms are 
called allotropes and are caused by a change 
in arrangement of atoms in the crystals 


Monotropy 
Polymorphism in which there is only one 
stable form. The other forms are unstable and 
there is no transition temperature. 


Enantiotropy 
Polymorphism in which there are two stable 
forms of a substance, one above its transition 
temperature, and one below. 
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Transition temperature 
‘The temperature at which a substance 
exhibiting enantiotropy changes from one 
form to another. 


Isomorphism 

The existence of two or more different 
substances with the same crystal structure an 
shape. They are described as isomorphic. 


Cleavage plane 
Aplane of particles along which a crystal 
be split, leaving a flat surface. If a crystal is 
not split along the cleavage plane, it shatters, 
LA “a7 
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X-ray crystallography 
The use of X-rays to work out crystal structure 
Deflected X-rays produce a diffraction pattera 
from which the structure is worked out 

(Gee below). 
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Crystal lattices 


Giant atomic lattice 

A crystal lattice consisting of atoms held 
together by covalent bonding’, e.g. diamond. 
Substances with giant atomic lattices are 
extremely strong and have very high melting 
and boiling points. 


Giant atomic 
lattice of diamond Tetrahedrol™ 
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Giant ionic lattice 

A crystal lattice consisting of ions* held 
‘gether by ionic bonding’, e.g. sodium 
chloride. The ionic bonds are strong, which 
means that the substance has high meting 
‘and boiling points 


Giant metallic lattice 
A crystal lattice consisting of metal atoms 
held together by metallic bonding®, e.g. zinc. 
‘The delocalized” eiecirons are free to move 
about, making a metal a good conductor of 
‘heat and electricity. The layers of atoms can 
slide over one another, making metals 
‘malleable* and ductile 

[Rete 


Giant metallic lattice of zine 


PHYSICAL CHEMISTRY 


Molecular lattice 

crystal lattice consisting of molecules 
bonded together by intermolecular forces 
(see page 134), e.g. iodine. These forces are 
weak, so the crystal has low melting. and 
boiling points compared with ionic 
‘compounds* and is easily broken. The 
covalent bonds* within the molecules 
themselves are stronger and break less easily. 


Molecular lattice 
of solid iodine 


size, eg. In a giant metallic lattice, various 
arrangements of the particles are possible. 
The most common are shown below. 
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*Catlon, 130; Covalent bonding, 132; Delocalzation, 134; Ductile, 344; lon, 130; 
tonic bonding, tone compound, 13; Malleable, 35; Metallic bonding, 134, Tetrahedal, 133. 
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MEASURING ATOMS @ 


With a diameter of about 

10° millimeters and a mass of about 
10 grams, atoms are so small that 
they are extremely difficult to 
measure, Their masses are therefore 
measured in relation to an agreed 
mass to give them a manageable 
value. Because there are many 
millions of atoms in a very small 
sample of a substance, the mole 

is used for measuring quantities of 
particles. The masses of atoms and 
molecules are measured using a 
machine called a mass spectrometer. 


Relative atomic mass or atomic weight 
The average mass (i.e. taking into account 
relative isotopic mass and isotopic ratio) of 
‘one atom of a substance divided by one 
twelfth the mass ofa carbon-12 atom (see 
isotope, page 127), See page 83 for more 
about its units, and pages 212-213 for a table 
of relative atornic masses, 
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Relative molecular mass 
Also called molecular 
weight, relative formula 
mass or formula wi 
The mass of a molecule of 
an element or compound 
divided by one twelfth the 
mass of a carbon-12 aiom 


Mole (mol) 
The St unit 


of the amoui 
(See also page 96.) One 
same number of particles 
jn 12 grams of the carba 


Avogadro's number 
The number of particles 
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Relative isotopic mass 
The mass of an atom of a specific isotope” 
divided by one twelfth the mass of a 
carbon-12 atom. It is nearly exactly the 


volume of one 
same as the mass number” of the isotope. 


ured in cubic [it 

; ids and liquids vary, 
Isotopic ratio same conditions 
The ratio of the number of atoms of each 
isotope* in a sample of an clement. It is used 
with relative isotopic masses to calculate the 
relative atomic mass of an element. 
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le (mol) 

The SI unit" of the amount of a substance. 
\See also page 96.) One mole contains the 
‘same number of particles as there are atoms 
jn 12 grams of the carbon-12 isotope” 


Avogadro's number 
The number of particles per male, equal to 


6.023 x 10 mol”. 
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Molar mass 

The mass of one mole of a given substance. 
Ic is the relative atomic or molecular mass 
‘of a substance expressed in grams. 
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‘Molar volume 

The volume of one mole of any substance, 
measured in cubic liters. Molar volumes of 
solids and liquids vary, but all gases under 
the same conditions have the same molar 
volume. The molar volume of any gas at 
stip." is 22.4 liters and at nip. (room 
temperature and pressure, ie. 20°C and 
101,325 pascals*) it is 24m’. 
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Concentration 

‘A measurement of the amount of a 
solute* dissolved in a solvent*, expressed 
in-moles per liter. Mass concentration is 
the mass of solute per unit volume, e.g, 
rams per liter 
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Molarity 

A term sometimes used to describe the 
concentration when expressed in moles of 
solute* per liter of solvent?. The molarity is 
also expressed as the M-value, eg. a solution 
with a concentration of 3 moles per liter has 
a molarity of 3 and is described as a 3M 
solution. 
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Molar solution 

‘solution that contains one mole of a 
substance dissolved in every liter of 
solution, It is therefore a 1M solution 
(see molarity). 


‘A molar solution (1M solution) of cpp atte 
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Standard solution 
A solution of which the concentration is 
known. It is used for volumetric analysis* 
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REPRESENTING CHEMICALS 


Most chemicals are named according to the predominant elements they contain. 
Information about the chemical composition and structure of a compound is 
given by a formula (pl. formulas), in which the chemical symbols* for the 
elements are used. A chemical equation shows the reactants and products of 


ial name 
everyday name given 
does not usually give 3 
out the composition o 
pound, e.g. salt (od 


a chemical reaction and gives information about how the reaction happens. ‘ium carbonate). 

Formulas Displayed formula or full structural mitional name 
formula ‘Aname which gives the: 

Empirical formula ‘A formula which shows the arrangement rents of a substance, 

A formula showing the simplest ratio of the of the atoms in relation to each other in a giving their quantities o 

atoms of each element in a compound. It does molecule. All the bonds in the molecule fructure of the substanei 

not show the total number of atoms of each are shown. In a displayed formula, single Jes are systematic mas 

element in a covalent compound", or the bonds are represented by a single line, 

bonding in the compound (see pages 130-134). double bonds by a double line, and so on ccs et 

onsite (e50,) 

Molecular formula Diagram of ethene molecule, showing the types of bonds within the molecule 

A formula representing one 

molecule of an element or Sto the oe to 

‘compound. It shows which benim 

‘elements the molecule tyregen oars, 


contains and the number Janne by a double 


of atoms of each in the 
molecule, but not 
the bonding of the 
molecule (see 
pages 130-134). 
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Shortened structural formula ‘Stereochemical formula or 3-dimensional formulas of the subs 
‘A formula which shows the sequence of structural formula Pposite page). 
groups of atoms (e.g. a carboxyl group") ‘A formula which uses symbols to show the 
in a molecule and the bonding (see pages 3-dimensional arrangement of the atoms and 
130-134) between the groups of atoms bonds* in a molecule. See stereochemistry, nage 
(shown as lines). 191, for the stereochemical formula of methane E 
iced equation 
“equation in which # 
Percentage composition Relative molecular moss of conpsind = = each element invol 
The composition of a compound @ ee ee-o e same on each side 
expressed in terms of the percentage ‘obeys the law of co 
of its mass taken up by each element. ai 4 Seat an e numbers of molecu 


bstance are shown by 
Pecentage of ongen = (325-96) 100» 73% 
‘Percentage composition of carbon dase (CO,) aE aN EEE: ‘front of their formula, 
Percentage of eorbon = (12444) 100 = 27% 


‘one ctor oom, Relative atomic mast"= 12 
‘Thee the percentage composition of catbon die 
‘Two cnygen ots Relative atomic mast = 216 =32 = 27% cabo 7S one 


bond, 132; ‘Acyecs solution, 144; Law of om 
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Names 


Trivial name 

An everyday name given to a compound. 

It does not usually give any information 
about the composition or structure of the 
compound, e.g, salt (sodium chloride), chalk 
‘(calcium carbonate). 


Traditional name 

‘A name which gives the predominant 
elements of a substance, without necessarily 
giving their quantities or showing the 
structure of the substance, Some traditional 
ames are systematic names 
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Systematic name 
‘A name which shows the elements a 
compound contains, the ratio of numbers 

of atoms of each element and the oxidation 
number’ of elements with variable oxidation 
states*. The bonding (see pages 130-134) can 
also be worked out from the name. In some 
cases the systematic name is simplified. Some 
systematic names are the same as traditional 
names. See also naming simple organic 
compounds, page 214. 
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Equations 


Word equation 
‘An equation in which the substances 
involved in a reaction are indicated by their 
names, e.g: 


However, the names may be replaced by 
the formulas of the substances (see 
opposite page). 


Balanced equation 
‘An equation in which the number of atoms 
of each element involved in the reaction is 
the same on each side of the equation (i.e. 
it obeys the law of conservation of mass"). 
The numbers of molecules of each 
substance are shown by the number in 
front of their formula, e.g: 


Jonic equation 

‘An equation which only shows changes 
which occur to the ions in a reaction, (See 
example at bottom of page.) 


State symbols 
Letters written after the formula of a substance 
which show its physical state" in a reaction. 
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chemical reaction, 
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GAS LAWS 


The molecules in a gas are widely 
spaced and move about in a rapid, 
chaotic manner (see kinetic theory”) 
The combined volume of the gas 
molecules is much smaller than the 
volume the gas occupies, and the 
forces of attraction between the 
molecules are very weak. This is true 
for all gases, so they all behave in a 
similar way. Several gas laws describe 
this common behavior (see below). 
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Pressure law or 
Third gas law 72 resi 
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temperature scale mete) 

(the pressure 
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temperature). 
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(the gas expands as 
the temperature 
increases). 


Ideal gas equation or General gas 
equation 

‘An equation that shows the relationship 
between the pressure, volume and 
temperature of a fixed mass of gas 


Ideal gas 

A theoretical gas that behaves in an 
“ideal way. Its molecules have no. 
volume, do not attract each other, move 
rapidly in straight lines and lose no 
energy when they collide. Many real 
gases behave in approximately the same 
way as ideal gases when the molecules 
are small and widely spaced, 
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Partial pressure 

‘The pressure that each = 
Bases would exert if = 
‘occupied by the mixtume 
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Relative vapor density 
The density of a gas relates 
‘efhydrogen. itis calcula 
Mensity of a gas by the dems 
Relative vapor density is 3 
mounts. 


Relative vapor density 


etsus seal, 27; Diffusion, 12% m 


Partial pressure 
The pressure that each gas in a mixture of 
gases would exer if it alone filled the volume 
occupied by the mixture. 


Dalton’s law of partial pressures 
The total pressure exerted by a mixture’ of 
gases (which do riot react together) is equal to 
the sum ef the partial pressure of each gas in 
the mixture 


Grahams law of diffusion 

the temperature and pressure are constant 
the rate of diffusion’ of a gas is inversely 
proportional to the square root of its density, 
The density of a gas is high if its molecules are 
Jpeavy, and low if its molecules are light. Light 
molecules move faster than heavy molecules, 
So a gas with a high densty diffuses more 
slowly than a gas with a low density. 
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Relative vapor density 

The density of a gas relative to the density 
of hydrogen, It is calculated by dividing the 
density of a gas by the density of hydrogen. 
Relative vapor density is a ratio and has 

0 units 
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Gay-Lussac’s law 
When gases react together to produce other 
gases and all the volumes are rneasured at the 
same temperature and pressure, the volum 

of the reactants and products are ina ratio df 
simple whole numbers. 


2CO(g) + O.(g) + 2C9.(9) 
‘E> 


According Argos two) or A C above tain 
tiesome nimber st maka. 

Avogadro's law or Avogadro's hypothesis 
Equal volumes of all gases at the same 
temperature and pressure contain the same 
number of molecules. 

sp. 

‘An abbreviation for standard temperature 
and pressure. These are internationally 
agreed standard conditions under which 
properties such as volume and density of 

| gases are usually measured, 


pase 


Absolute 

temperature scale 

A standard temperature 

scale, using units 

| called kelvins (k). A 
kelvin is the same size 

as one degree Celsius’, 

but the lowest point 

on the scale, zero 

| kelvins or absolute 

zero, is equal to ~273. 

degrees Celsius, a 

theoretical point where 

an ideal gas would 

occupy zero volume. 
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SOLUTIONS AND SOLUBILITY 


When a substance is added to a liquid, several things can happen. If the 
atoms, molecules or ions of the substance become evenly dispersed (dissolve. 
the mixture* is a solution. If they do not, the mixture is either a colloid, a 
suspension, or a precipitate. How well a substance dissolves depends on its 
properties, those of the liquid, and other factors such as temperature and pressure 


Solute 


Solvent 

‘The substance in 
which the solute 
dissolves ta form 
asolution, Sober 


Solute 

The substance 
which dissolves 
in the solvent to 
form a solution. 


Solvation 

“The process of solvent molecules combining 
with solute molecules as the solute dissolves. 
‘When the solvent is water, the process is called 
hydration. Whether or not solvation takes 
place depends on how much the molecules of 
the solvent and solute attract each other, and 
how strong the bonds" in the solute are, 


Polar solvent 

A liquid with polar molecules*. Polar 
solvents generally dissolve ionic compounds”. 
Solvation occurs because the charged ends 
of the solvent molecules attract the ions of 
the giant ionic lattice’. Water is the most 
common polar solvent 


‘Solvation in water (hydration) 
‘of sodium chloride 
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“Anion, Bonding, Cation 130; Concentration, 139; Covalent compounds, 132; Diffusion, 123; 
lant font lattice, 137; tone compound, 131; Mixture, 22; Molecular lattice, 137; 


rated 
escribes a solution 
solute at 3 given 


Non-polar solvent 
A liquid with non-polar molecules*. Non- 
polar solvents dissolve covalent compounds*.. 
‘The solute molecules are pulled from the 
molecular lattice* by the solvent molecules 
and diffuse* through the solvent. Many 
organic liquids are non-polar solvents, 


Sofrent misc pi ane 
rakes he ete 


Aqueous solvent 
‘A solvent containing water. Water molecules 
are polar’, so aqueous solvents are polar 

solvents, 


= solubility of a solid 
ature, while the 
5, 
Sugar 


tener 
frat tea than 


‘Aqueous solution 
‘A solution formed from an aqueous solvent. 
‘Aqueous solvents are polar solvents and fo 
aqueous solutions. Non-polar solvents are 
non-aqueous solvents and form non-aquesas 
solutions. 


change of solubility 
by a solubility curve 


Dilute 
Describes a solution with pltuee 
a low concentration* 
of solute. 


Concentrated 
Describes a solution with 
a high concentration’ 

of solute, 


‘Spstatication, 155; Diffusion, 123 


Now polar molecule, 133 (Polar molecule) van der Waals’ forces, 134, 


Saturated 

Describes a solution that will not dissolve any 
more solute at a given temperature (any more 
solute will remain as crystals. Ifthe 
temperature is raised, more solute may dissolve 
Until the soluion becomes saturated again. 


‘Supersaturated 

Describes a solution with more dissolved 
solute than a saturated solution at the same 
temperature. It is formed when a solution is, 
cooled below the temperature at which it 
would be saturated, and there are no particles 
for the solute to crystallize’ around, so the 
“extra solute remains dissolved. The solution 
is unstable — if crystals are added or dust, 
enters, the “extra” solute forms crystals. 


Soluble 
Describes a solute which dissolves easily in a 
solvent. The opposite of soluble is insoluble 


Solubility 
The amount of a solute which dissolves in a 
particular amount of solvent at a known 
temperature. 


The solubility of a solid usually increases with 
temperature, while the solubility of a gas 
decreases. 


Suge Wor sot 
‘soles es have 
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The change of solubility with temperature is 
shown by a solubility curve. 
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Precipitate 
An insoluble solid (see soluble) formed 
when a reaction occurs in a solution. 


Describes two or more liquids which 
diffuse* together. The opposite is 
immiscible. 


Suspension 

Fine particles of 

a solid (groups of 
atoms, molecules 
or fons) suspended 
in a liquid in 
Which the solid 
does not dissolve, 


Colloid 
A mixture’ of extremely small particles of 
a substance dispersed in another in which 
it does not dissolve. The particles (groups 
of atoms, molecules or fons} are smaller 
than in a suspension, 


Mi 0 
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*Ceystalization, 135; Difesion. 123; Mixture, 122. 
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ENERGY AND CHEMICAL REACTIONS 


Nearly all chemical reactions involve a change in energy. Some reactions 
involve electrical energy or light energy, but almost all involve heat energy. 
The change in energy in a reaction results from the different amounts of 
energy involved when bonds are broken and formed. The study of heat 
energy in chemical reactions is called thermochemistry. 


Enthalpy (H) 

The amount of energy that a substance contains, 
Itis impossible to measure directly, but its 
change during a reaction can be measured. 


Enthalpy change of reaction or heat of 
reaction (AH) 

The amount of heat energy given out or 
absorbed during a chemical reaction, if the 
reaction is a change of state‘, this amount is 
also known, particularly in physics, as the 
latent heat (see page 30). Hence the molar 
enthalpy changes of fusion and vaporization 
can page 147 are closely allied to the specific 
latent heats on page 31, though the quantities 
are different (each being more relevant to 

its science). 


Enhalpy change of reaction of hydeogen and oxygen 
2H) + Ox@ > 28,019) SH = 486K) 
Heat hen 56 a exotherme reaction 


The vole of AM ion tse forthe number of modes” and te 
Dlyaleal states” of he cicoh inte eatin, 


1 sands oc joule’, unt of ner ond or kllooule 
(4,000 fous) 


Energy level diagram 
A diagram which shows the enthalpy change 
of reaction for a reaction. 


nergy level diagram for above reaction of hydrogen 
and oxygen 


2H(9) + 0x69) 
Ent of reocants 
Bano 
In this maton as negative 
(heat gen ou. 2 
‘trothermic reaction 
= Eoshaby of products 


moo 


+ change of state 121) Closed system, 162: Concentration, 139; Covalent bond, 132: Joule, 97; 
‘Mivalue, 39 (Molarity; Mote, 135; Physeal states, 120, rp, 129 (Molar wolume), 


can be illustrated 
}- Hess's law is usex 
Standard enthalpy change of reaction (AH") of reaction 
‘An enthalpy change of reaction measured at 
room temperature and pressure (r.t.p.*). If 
solutions are used, their concentrati 


Exothermic reaction 
A chemical reaction during which heat is 
transferred to the surroundings. 


nan exothermic 
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Endothermic reaction 
‘A chemical reaction during which heat is 
absorbed from the surroundings 


In an endothermic 
reaction ney 
ttsorbed om the 
Sueroundings and 
AW poste. 


Bond energy 

‘A measure of the strength of a covalent bond 
formed between two atoms. Energy must be 
supplied fo break bonds and is given out whe= 
bonds are formed. A difference in these ene 
produces a change in energy during a rea 


thalpy change of 

heat of neutral 
amount of heat 
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ized" by one mole 
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onic equation for» 
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InGyand iH, fey HC 
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H@ + Chi@) + 2HCKa) 


Law of conservation of energy 
During a chemical reaction, energy canne® 
created or destroyed, In a closed system* S= 


‘amount of energy is constant 


Ss lattice 156; lame equation = 
eSstaatlon, 151; Solvent. 144 ae 


that the enthalpy change of reaction that 
curs during a particular chemical reaction is 


always the same, no matter what route is taken 
{going from the reactants to the products. The 
can be illustrated by an energy cycle (see 
ight). Hess's law is used to find enthalpy 
s of reaction which cannot be measured 
reclly, eg, the enthalpy change of formation 
‘of methane, 


Special enthalpy changes 


Enthalpy change of combustion 
or heat of combustion 

The amount of heat energy given out when 
‘one mole" of a substance is completely 
burned in oxygen. The heat of combustion 
for a substance is measured using a bomb 
calorimeter. 


Enthalpy change of neutralization 
or heat of neutralization 

The amount of heat energy given out 

When one mole’ of hydrogen ions (H') is 
neutralized” by one mole of hydroxide ions 
(OH). Ifthe acid and alkali are fully ionized 
the heat of neutralization is always ~57). 
‘The ionic equation* for neutralization is: 


H'(aq) + OH (aa) > H,00) AH = ~S7K1 
ycrogen—Hycoide Water 
fon ‘on roe 


When a weak acid* or a weak base” is 
involved, the heat produced is less. Some 
energy must be supplied to ionize the 
acid fully. 


Enthalpy change of solution 

or heat of solution 

The amount of heat energy given out or 
taken in when one mole* of a substance 
dissolves in such a large volume of solvent* 
that further dilution produces no heat change. 


Molar enthalpy change of fu: 
‘or molar heat of fusion 

‘The amount of heat energy required to 
change one mole* of a solid into aliquid at 
its melting point. Energy must be supplied 
to break the bonds in the crystal lattice* 
of the solid. 


Qe 

teat 
Molar enthalpy change of vaporization, 
or molar heat of vaporization 


The heat energy needed to change one mole* 
of a liquid into a vapor at its boiling point. 


Steam ot 
100% 
Water ot 100°C 


Enthalpy change of formation 

or heat of formation 

The heat energy given out or taken in when 
ane mole* of a compound is formed fram 
elements. For example: 


aH = 6414) m+ 


Mol sears 
“Tor och mote, 


Cégrophite) + O66) > CO.(g) aH = ~394kd 


Carbon Oxygen Carbon 
de 


OXIDATION AND REDUCTION 


The terms oxidation and reduction originally referred to the gain and 
loss of oxygen by a substance. They have now been extended to include 
the gain and loss of hydrogen and electrons. There is always a transfer of 
electrons in reactions involving oxidation and reduction, that is, the 
oxidation state of one or more of the elements is always changed. 


Oxidation 
‘A chemical reaction in which one of the 
following occurs: 


Reduction 
A chemical reaction in which one of the 
following occurs: 


1. Ar element or compound gins ongen 
ACU) + CG) 4 CONG) + 2CU%s) 


TA compound es oxygen 
2cu0s) + C@) > COXG) + 2Cu) 


7 Acopeand es Heroge 


7. Acampo or lame ois hyragen 


CLI) + HS) + 2HCK) + 50 Chig) + HS) + 2HCK@) + 56) 
Oxidang Compound Aydogen side Hamert Reducing Cerin gone 
‘agent oldlued ser hoger redued "agent hoot 


“An ote or es ectrone 
Chig) + 2NaGs) + 2Na‘cre 


3. An at ran gai ecto. 
Chi) + 2Na(=) + 2NavCr«s) 


riding Atom Sox oes atom Reding —_ Chine ans 
‘gent ond ‘stron rediced "agent ‘secon 

A substance that undergoes oxidation is said A substance that undergoes reduction is said 

‘to be oxidized, and its oxidation state is_ to be reduced, and its oxidation state is. 

‘increased. Oxidation is the opposite of decreased. Reduction is the opposite of 


reduction of 
reducing agent 


. 


re 


Ouidetion stoter of 


Describes a chemical reaction involving, 
oxidation and reduction. The two processes 
always occur together because an oxidizing 
agent is always reduced during oxidation, 

| and a reducing agent is always oxidized 
during reduction. In the example on the 
right, magnesium and chlorine undergo a 
redox reaction to form magnesium chloride. 


Mg) + Chig) +> Mg* + 2cr(s) 


‘The simultaneous oxidation and reduction 
of the same element in a reaction is called 
dispro 


Redox reaction of magnesium and chlorine 
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Oxidation state 

‘The number of electrons which have been 
removed from, ot added to, an atom when it 
forms a compound. The oxidation state of an 
element is usually equal fo the charge on its 
jon. An element’s oxidation state increases 
when it is oxidized and decreases when it 
isreduced. 


Bigger & reduced 


2Mgis) + Og) > 2MgO%) 
ee 2 
asim sont | dation tte ircoze 


The rules below help to work out the 
‘oxidation state of an elerner 
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Oxidation number 

A number that shows the oxidation state of 
an element in a compound. It is written in 
Roman numerals and placed in brackets after 
the name of the element. It is only included in 
the name of a compound when the element 
has more than one oxidation state. 


Oxidation mmber of and _Orldtion member of 4 ont 
Sdaton sete ‘eleton sore =) 
Redox potential 


‘A measurentent of the power of.a substance to 
gain electrons in solution, A strong reducing 
agent, which reacily loses electrons (which it 
can give to another substance), will have a 
high negative redox potential. A strong 
oxidizing agent, which casily gains electrons, 
will have a high positive redox potential 
Redox potential is the samme as electrode 
potential’, 


Redox series 

A ist of substances arcanged in order of their 
redox potentials, the substance with the most 
negative redox potential being placed at the 
top. A substance usually oxidizes any 
substance above it in the series and reduces 
any substance below it. The further apart 
substances are in the series, the more easily 
they oxidize or reduce each other. The redox 
series is an extended version of the 
electrochemical series* 


Redacing egents ‘Oxidzing agents 


Covalent compounds 132; lertrochemical sete, 159; Electrode potential 138; 
Elcctronegativity, 1) Gla fone lattice, 137; lorke compound, 151, Periodic table, 164 


ACIDS AND BASES SQ ¥ 


Base 
All chemicals are either acidic, basic or neutral. In pure A substance that will n 
water, a small number of molecules ionize*, each one Ecrentinn hycrosen “= 
forming a hydrogen ion (a single proton) and a hydroxide opposite of an acid. 
ion. The number of hydrogen and hydroxide ions is equal, sy ‘Oxides and hydroxides 
and the water is described as neutral. Some compounds dissolve Talsny’ Be ae Asbo 
in, or react with, water to produce hydrogen ions or hydroxide ions, 2" es in vars 
which upset the balance. These compounds are either acids or bases. ‘Produced when a base 


: amonium salt®, 
Acid Acid oe 


Some ald ae corse and 


Describes any may hoe wor aes can be eats who 
‘A compound containing hydrogen which compound with the 
dissolves in water to produce hydrogen ions properties of an acid. 


(H*— protons*) in the solution. Hydrogen ions 
do not exist on their own in the solution, but so 
join with water molecules to produce Hydronium ion 
hydronium ions. These ions can only exist in (H0*) or oxonium ion 
solution, so an acid will only display its ‘An jon formed when a hydrogen 
properties when it dissolves ion attaches itself to a water 


molecule (see acid). When a reaction 
Frozen cloide — 
934 (compound) 


takes place in a solution containing 
bsohes 
i rel 


hydronium ions, only the hydrogen ion takes 
part, Hence usually the hydronium ion can be 
dagen crete 
‘onto ‘non 
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considered to be a hydrogen ion. 
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‘Types of acid 


Mineral acid 

‘An acid which is produced chemically from = 
mineral, e.g. hydrochloric acid is produced: 
from sodium chloride, and sulfuric acid is 
produced from sulfur. 


Dilute acids have a sour taste, a pH" of less 
than 7 and turn blue litmus* red. They react 
with metals that ate above hydrogen in the 
electrochemical series? to produce hydrogen gas. 


produced from 
few metals, e.g, zit 


Organic acid 
‘An organic compound! that is acidic, ">= 


Dilute strang acids* react with carbonates or ‘most common ones are carboxylic acids 


hydragencarbonates to produce carbon 
dioxide gas and are neutralized by bases. dele a 
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Base 


‘A substance that will neutralize an acid by 
accepting hydrogen ions. It is the chemical 
‘opposite of an acid. Bases are usually metal 
oxides and hydroxides, although ammonia is 
also a base. A substance with the properies of 
a base is described as basic. A base which 
dissolves in water is an alkali, Ammonia is 
produced when a base is heated with an 
‘ammonium salt’, 


PHYSICAL CHEMISTRY 


Amphoteric 
Describes a substance that acts as an acid 
in one reaction, but as a base in another, 
eg. zinc hydroxide. 


water to form 
either an acidic of an alkaline solution (see 
hydrolysis, page 154). It is usually an oxide. 


Alkali 

‘Abase, normaily a hydroxide of a metal in 
Group 1 or Group 2 of the periedic table*, 
which is soluble in water and produces 
hydroxide ions (OH} in solution. These 
make a solution alkaline, 


Alkaline 

Descrities a solution formed when a base 
dissolves in water to form a solution which 
contains more hydroxide ions than hydrogen 
Jons, Alkaline solutions have a pH* of more 
than 7, turn red litmus* blue, and feel soapy 
because they react with the skin, Alkaline 
solutions produced from strong bases" react 
with a few metals, e.g, zinc and aluminium, 
to give off hydrogen gas. 


SOx) + HOW > fSO,Caq) 
Sur cil Miter Sutras aed 
(oye) 


Neutral 

Describes a substance that does not have 
the properties of an acid or base. A neutral 
solution has an equal number of hydrogen 
and hydroxide ions, It has a pH* of 7 and 
does not change the color of litmus*. 


A neuteat HY on 
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‘Neutralizat 
The reaction between an acid and a base 
{o produce a salt* and water only, An 
equal number of hydrogen and hydroxide 
ons react together to form a neutral 
solution. The acid radical* from the acid 
and cation* from the base form a salt. 


Neutrofiation y 
ACID + BASE — SALI” + WATER 


Bronsted-Lowry theory 

Another way of describing acids and bases. 
It defines an acid as a substance which 
donates protons*, anda hase as one which 
accepts them. 


hans oid nates « protow* i ion ace > 
Wate oxept 2 protoa*—it so base. 


CH,GOOH(o@) + H:0% = H,0'Ca9) + CH,COO tac 
Ths sign meors reves retin” 


Zale) + 2NaOH( aa) + 64,000 > ANAAIOH) (oq) + 34,()| 
‘Arisa Sedum Water Sedum ‘Hydeagen 
ye rminate 


‘yrniam on dooce proton’ is an acl 
_Ethanoae on accepts proton’ —i so ae. 


* Acld radial, 153; Antacl, 344; Cation, 130; Litmus, 152; Periodic table, 164; pH, 192; Proton, 126; 


Reversible reaction, 16; Salts, 153; Strong base, 152 
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Acids and bases continued - 
strength and concentration 


The concentration* of acids and bases (see 
previous two pages) depends on how many 
moles® of the acid or base are in a solution, 
but the strength depends on the propertion 
of their molecules which ionize’ to produce 
hyd ions* or hydroxide ions, A dilute 
strong acid can produce more hycrogen ions 
than a concentrated weak acid. 


Strong acid 
An acid that completely ionizes* in water, 
producing a large number of hydrogen ions 


in solution. 
Hydeohlric cit strong acd). Al 
aren lide moles pop. 
‘Acid radical (C) 
” 

Weak acid 


An acid that only sartially ionizes* in water, 
i.e, only a small percentage of its molecules 
split into hydrogen ions and acid radicals. 
thanol at (weak act). 
COniy some melee sp ip 
et 
Aetd rac (C¥,C07) 


Strong base 

A base that is completely ionized* in water. 

A large number of hydroxide ions are released 
to give a strongly alkaline solution. 


ctu cron trang base) 


‘Weak base 

‘A base that is only partially ionized’ in water. 
‘Only some molecules turn into hydroxide fons, 
giving a weakly alkaline solution. 


‘Aroma recs sighty with wae 0 gia ow cancenration of 
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[Mevalue, 139 (Molarity) Mol, 139; Neutral, 15T; Reversible reaction, 12. 
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hydrogen ion concentration* in a solution. 


The pH scale 
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Indicator 
‘A substance whose color depends on the pH 
Of the solution itis in. Indicators can be used 
in solid or liquid form. Some common ones 
are shown at the bottom of this page. 


stor which shows whether a solution 
is acidic or alkaline, Acid turns blue litmus 

paper ted, and alkaline solutions turn red 
litmus paper blue. 
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Universal indicator 
‘An indicator, either in the form of paperoe = 
solution, which shows the pH of a solution 
with a range of colors. 

More ace 4 Neutral” Moe ire 


Some other indicators 


[Methyl orange Phenolphthalcin Bromma ee 
fed bla 3, Colores iow 8.5, Teli tome « 
Yellow above 45 pinkabove 9.5 Bar ae 


‘= compound, 131, 


SALTS 


All salts are ionic compounds* which 
contain at least one cation* and one anion* 
(called the acid radical). Theoretically, they 
can all be formed by replacing one or more 
of the hydrogen ions in an acid by one or 


more other cations, e.g. metal ions (see i = 


below) or ammonium ions, Salts have 
many industrial and domestic uses. 


[oe ]+ ese (es | See] + a] 
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Acid radical 
The anion* left after the hydrogen ions have 
been removed from an acid. See table below. 


Normal salt 

Asalt containing only metal ions (or 
ammonium ions) and the acid radical, formed 
when all the hydrogen ions in an acid are 


replaced by metal ions (or ammonium ions). 
Copper sulfate and ammonium chloride (normal sls) 


Metalion Adi radial Ammarumion All rac 
@ 2% Dd 0x @ 
<—_y 
‘uso, NHC! 
Acid salt 


A salt containing hydrogen ions as well as 
metal ions (or ammonium ions) and the acid 
radical, formed when only some hydrogen 
ions in an acid are replaced by metal ions (or 
ammonium ions). Only acids with a basicity 
of two or more can form acid salts. Most acid 
salts are acidic, but some form alkaline 


solutions. 
The number of hydrogen ions in an acid that ssa pyiogensute 
can be replaced to form a salt. Not all the (oct salt) i) ile 


hydrogen ions are necessarily replaced. 


‘Hytechionc acids monobasic: 
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+ Anton, Cation, 130; 
Tonic compound, 17. 


Salts (continued) 


Basic salt 
Asalt containing a metal oxide or hydroxide, 
metal ions and an acid radical*. It is formed 
when a base is not completely neutralized* 
by an acid. 


ase nc crite Meta on 
(baat ste) 
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Double salt 

A salt formed when solutions of two nérmal 

salts* react together. It contains two different 
cations* (either two different metal ions or a 

metal ion and an ammonium ion) and one or 
‘more acid radicals* 


) 
aie 5 
de eee ioe 
Complex salt 


salt in which one of the fons is a complex 
. This is made up of a central cation* 
linked (frequently by dative covalent bonds*) 
to several small molecules (usually polar 
molecules") or ions, 


Tetraamnine 
‘copper sae 


(complex a 


Preparation of 


Anhydrate 
A salt that does not contain water of 
crystallization* (itis anhydrous) 
The salt becomes a hydrate if it 
absorbs water. 


When anbydrous cope) suite 


Salts can be made in an 
the method depending, 
is soluble or insoluble 
below). Soluble salts are 
solutions of the salts (abs 
‘ways ~ see below) and 


(awe pane) obs wats, obtain 

fend ed ied in the form of p 
appr staeopt Solabitty* of salts 

The water maybe td (os 


ere, but enero) ste 
‘it hpgreseople” (sors water 
iran the ai. 


Hydrate 

A.salt that contains water of crystallization* 
{it is hydrated). The salt becomes an 
anhydrate if the water is removed. 


itr criven 


Dehydration 

The removal of water from a substance. It is 
either removal of hydrogen and oxygen in 
the correct ratio to give water, or removal of 
water from a hydrate to give an anhydrate. 


1ods, which all 
This is partly evay 
lize’. 


alization’, in 
Utralized by an alkali. 


Hydrol 
The chemical reaction of a compound with 
‘water to form another compound. When a sak 
reacts with water the ions ofthe salt react with re .., 
water molecules. This upsets the balance of ae nea 
hydrogen and hydroxide ions, and so gives oe 

an acidic or alkaline solution. A salt which has 
been made from the reaction between a weak 
acid* and a strong base* dissolves to give an 
alkaline solution. One which has been made 
from the reaction between a strong acid ans 


action of an acid o 


weak base* dissolves to give an acidic solutes 
ont) chloe) 


Prods 
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‘Neutralization, 151; Normal salt 5; Polar molecule 133; Reversible reaction 162; 


cc) “Acid radical, 153; Base, 151; Cation, 130; Dative covalent bond, 132; Hygroscople, 206; 
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Preparation of salts 


Salts can be made in a number of ways, Double decomposition 
the method depending on whether a salt A chemical reaction between the solutions of 
is soluble or insoluble in water (see table two or more ionic compounds* in which jons 
below). Soluble salts are crystallized* from are exchanged. One of the new compounds 
solutions of the salts (obtained in various formed is an insoluble salt, which forms a 
‘ways — sce below) and insoluble salts are precipitate”, Most insoluble salts and 
‘obtained in the form of precipitates". hydroxides are made by this method ~ the 
Bs ctaks precipitate is filtered out and washed. 
[Soluble sale Insoluble salt deo [Prsiate 
rite — A nts FP] oreo 
[i Aeraronimn schon salon Sraserers || ie 
‘an potas as > 
sos 
Atrios er = 


| Sete "¢§ —— exceer — os cntoets Direct synthesis sunre tine 
eer Acchemical ings ord se 
reaction in which ‘Heat starts 
Soluble salts can be made by the following _—_a salts made sation, bat 
methods, which all produce a solution of the directly from its taatnrmi toe 
salt. This is partly evaporated and left to elements, This “Eames 
crystallize". method is used to ann 
make salts which ‘itself going. 
1, Neutralization’, in which an acid is react with water ron se 
neutralized by an alkali. and therefore tos 
cannot be made 
£9. MaOHiod) + HSOoR) + NaSOo=) + 2400 Direct replacement 
jor er a A reaction in which all or some of the 
hydrogen in an acid is replaced by another 
2. The action of an acid on an insoluble element, usually a metal. It is used to prepare. 
carbonate, soluble salts, except salts of sodium or 


potassium, both of which react too violently 


bitte 
65, MgCO\s) + 2HCl(0q) > MgCi,(aq) + H,06) + COxa) sure 
Magnesium Hyochloric Magnesim Water Carbon cid 
apbonate acid chloride aide i al 
3. The action of an acid on an insoluble base’. 
Ine ——| 


Geet)” ace” Sopot te 
Sree = 
se cae IG) + HSOsOq) + ZnSO40m + HG) 

“Anion, 130 ate, 11; Eton, 120, €rystallaton 135; 

trothermicreacton16tnk composed 13 

Neutsataton 3 Prepac Solty, 1. 


ELECTROLYSIS 


Electrolysis is a term describing the chemical changes which occur when 
an electric current* is passed through a liquid containing ions. Metals and 
graphite conduct electric current because some electrons are free to move 
through the crystal lattice”, but molten* ionic compounds* or compounds 
which ionize” in solution conduct electric current by the movement of ions. 


Faraday’ first law 
The mass of a sul 
chemical mn at 
electrolysis is ‘ona 
electricity passed tl 


Electrolyte 

‘Acompound which conducts electricity 
When molien* or in aqueous solution*, and 
decomposes during electrolysis. All ionic 
compounds* are electrolytes. They conduct 
electricity because when molten or in solution 
their ions are free to move, Cations* carry a 
positive charge and anions* a negative one. 
‘The number of ions in an electrolyte 
determines how well it conducts electricity 


Molten sodium chrie Copper) site slstion 
Soci ‘iride Copper Woter —Sutote 
cation” " cation’ motte anion 


Non electrolyte —2 compound 
‘nc err onze 


‘Aesoun of ect «cen 
Electrode 

Apiece of metal or graphite placed in an 
electrolyte via which current? envers or 
leaves. There are two electrodes, the anode 
and cathode. 


Inert electrode 

An electrade that does not change during 
electrolysis, e.g, platinum. Some inert 
electrodes do react with the substances 
liberated. 


Faraday’s second law 
When the same amoung 
Passed through differem! 
Tumber of moles* of 

at the electrodes ij 

the size of the charge o 


Active electrode 
An electrode, usually a metal, which 
undergoes chemical change during 
electrolysis. _ 
on mst gan 2 
Electrolytic cell ‘ects orm on tom. 
A vessel containing the electrolyte (either 
molten* or in aqueous solution’) and the 
electrodes. 
Fost tina 
etry 
fires have 
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The anode is the 
electrode with 
poste charge. 


The cathode he 
electrode vith 
negative cage 


ype of electrolytic cell 


tonic theory of electrolysis 

A theory which attempts to explain what 
happens in an’electrolytic cell what itis 
connected to a supply of electricity. It states 
that anions* in the electrolyte are attracted to 
the anode (see electrode) where they lose 
elecirons. The cations® are attracted to the 
cathode wirere they gain electrons. The ions: 
which react at the electrodes are discharged. 
Electrons flow from the anode to the battery 
‘and from the hattery to the cathode. 


amount of a subst 
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* Anion, 130; Aqueous olution, 144; Calon, 130; Crystal lattice, 136; 
‘Garrent, 159; Toute compound, 131; lonizaton, 130; Molten, 120, 


epere, 6; Corrosion, 20%; Rake 
Balaton. 148; Reactivity sere 


Faraday’s first law of electrolysis 

‘The mass of a substance produced by 
chemical reactions at the electrodes during 
electrolysis is proportional to the amount of 
electricity passed through the electrolyte. 
Ant of by =e tine 


Faraday’s second law of electrolysis 
When the same amount of electricity is 
passed through different electrolytes, the 
number of moles* of each element deposited 
at the electrodes is inversely proportional to 
the size of the charge on its ion. 
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Voltameter or coulometer 

A type of electrolytic cell used to measure 
the amount of a substance liberated during 
electrolysis. 


Coulomb (©) 

The S1 unit? of electric charge. One coulomb 
of electricity passes a point when one 
ampere* flows for one second. 


Faraday (F) 

A unit of electric charge equal to 96,500 
coulombs. It consists of the flow of one mole* 
of elections and therefore liberates one mole 
Of atoms irom singly-charged ions. 


“Ampere, 60; Comroston, 209; Mole, 139; Molten, 120; 
Oxidation, 148; Reactivity series, 138; $1 units, 9, 


PHYSICAL CHEMISTRY 


Electrolysis in industry 


Electro-refining 
‘A method of purifying metals by elecirolysis. 
Only the metal ions take part in electrolysis, 
the impurities are lost. 
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Metal extraction 
A process which produces metals from their 
molten ores by electrolysis. Metals at the top 
of the reactivity series” are obtained in this 
way (see aluminum, page 176 and sodium, 
page 168). 

Anodizing 

The coating of a metal object with a thin 
layer of its oxide. Hydroxide ions are 
oxidized" at the metal anode in the 
electrolysis of dilute sulfuric acid, forming 
water and oxygen, which oxidizes the 
metal. 
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Electroplating 
The coating of a metal object with a 
thin layer of another metal by 
electralysis. The abject forms the 
cathode, onto which metal 
ions in the electrolyte are 
deposited. 
‘item has 
tor sr ted fo 
‘fan conrion* 
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Half cell 

‘An element in contact with water or an 
aqueous solation* of one of its compounds. 
‘Atoms on the surface form cations®, which 
are released into the solution, leaving, 


electrons behind. The solution has a positive 
charge and the metal a negative charge, so 
there is @ potential difference beween them. 


Measuring the electrode potential of a metal 


Vatimetereosres potential diffrence 
ew hae (detrode potenti). 


Plotour electrode — 
ple of platinum on 
fetch bubbles of os 
Tom. Aas a5 an 
electrode" of he gs. 


1 soltion of 
echo ocd. 


Electrode potential (E) 

‘The potential difference in a half cell. 

is impossible to measure directly, so is, 
measured relative to that of another half cell, 
normally a hydrogen electrode (see diagram). 
Electrode potentials show the ability to 
ionize" in aqueous solution* and are used 
to construct the electrochemical series. 


“Aqueous soluton, 144; Cation, 130; Corrosion, 209; Hectrode, 156; 
Aeonization, 130; M-value, 129 (Molarity, Pascal, 97; Reduclng agent, 148 


Electrochemical series 

A list of the elements in order of their 
‘electrode potentials. The element with the 
most negative electrode potential is placed 
at the top. The position of an element in the 
series shows how readily it forms ions in 
‘aqueous solution’, and is thus an indication 
‘of how reactive itis likely to be. 


4050 


‘More negtiv electrode 
potent, Isreasing 


fender of metas 
form pstve ors 


lore potive electrode 
potential Inceosing 


tendency of rns 
{0 fom negate fn. 


PHYSICAL CHEMISTRY 


Potential difference or voltage 
A difference in electric charge between 
‘two points, tneasured in volts (V) by an 
instrument called a voltmeter. If two points 
with a potential difference are joined, an 
electric current, proportional to the 
potential difference, flows between them, 


Current 

A flow of electrons (negatively-charged 
particles) though a material. The St unit* 
of current s the ampere* (A), and current 
is measured using an ammeter. A current 
flow in a loop, or circuit, between 
two points if there is a potenti 
difference between them. 
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Cell or electrochemical cell 

An arrangement of two half cells of different 
elements. The half cell with the most negative 
electrode potential forms the negative terminal 
and the other forms the positive terminal 
When these are connected, a current flows 
‘between them. There are two types of cell ~ 
primary cells, which cannot be recharged, and 
secondary cells, which can be recharged. A 
battery is a number of linked cells 
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Mevalue, 129 (Molarty) Rusting, 209 (Corrosion); 5 units, 9. 
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Electromotive force (e.m-f.) 

‘The name given to the potential difference 
between the two terminals of a cell (ie. the 
difference between the electrode potentials of 
the two half cells), 


| protection 
Also known as cathodic protection 
or electrical protection. A method of 


preventing iron from rusting* by attaching 1 
a metal higher inthe electrochemical |) P| 


series to it, which custs instead. 
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RATES OF REACTION 


The time it takes for a chemical 
reaction to finish varies from less than 
one millionth of a second to weeks or even 
years. It is possible to predict how jong a 
particular reaction will take and how to speed 
it up or slow it down by altering the conditions 
under which it takes place. The efficiency of 
many industrial processes is improved by 
increasing the rate of reaction, e.g. by using 
high temperature and pressure, or a catalyst. 


Rate of reaction 

‘A measurement of the speed of a reaction, 
Fis calculated by measuring how quickly 
reactants are used up or products are formed. 
The experimental method used to measure the 
rate of reaction depends on the physical 
states* of the reactants and products, and the 
data from such an experiment is plotted on a 
rate Curve. The speed of a reaction varies as 
it proceeds, The rate at any time during the 
reaction is the instantaneous rate. The 
instantaneous rate at the start of the reaction 
is the initial rate, The average rate is 
calculated by dividing the total change in the 
amount of products or reactants by the time 
the reaction took to finish 
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Collision theory 
Explains why altering the conditions under 
which a reaction takes place affects its rate. For 
a reaction to take place between two particles, 
they must collide, so if more collisions occur, 
the rate of reaction increases. However, only 
some collisions cause a reaction, since not all 
particles have enough energy to react (see 
activation energy, righ’). 


“Concentration, 139; Physical 
‘states, 120; Photosyniherts, 209, 


Photoeynthesi* 
the proces by hich 
late make ted 
ls photochemical 
reaction 


Photochemical 
reaction 

A reaction whose 
speed is affected by the 

intensity of light, e.g. photosynthesis. 
Light gives reacting particles more energy 
and so Increases the rate of reaction. 
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Activation energy (E) 
The minimum energy that the particles of 
reactants must have for them to react when 
they collide (see collision theory). 
The rate of reaction depends on 
how many reacting particles have 
this minimum energy. In many 
reactions, the particles already 
have this energy and react 
immediately. In others, energy has 
to be supplied for the particles to 
reach the activation energy. 
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Changing rates of reaction 

The rate of reaction will increase if the 
temperature is increased. The heat energy 
gives more patticles an energy greater than 
the activation energy. 


The rate of reaction will increase if the 
concentration* of one or more of the 
reactants is increased, 


More melee inthe same space means mare alison. 


ot ocd 


2, ey a5 
iets pares 
ee Ha 


Sma cot 

For reactions involving gases, the rate of 

mn will increase if the pressure is 
increased. An increase in the pressure of, 
a gas increases the temperature and 
decreases the volume (i.e. increases the 
concentration* ~ see also gas laws, page 
142). The particles collide more often 
and with greater energy. 


The rate of reaction 

will increase if the 

surface area of a solid 

reactant isincteased, ame 
Reactions in which one surface area, 
reactant isasolidcan 

only take place at the 

surface of the solid. 
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Catalyst 

A substance that increases the rate of 

a chemical reaction, but is chemically 
‘unchanged itself at the end of the reaction, 
‘This process is known as catalysis. Catalysts 
work by lowering the activation energy of a 
reaction, The catalyst used in a reaction is 
written over the arrow in the equation (see 
page 182). A catalyst which increases the rate 
‘of one reaction may have no effect on another. 


Decomposition of hydrogen peroxide 
fivbegen 
peruse 
‘decomposes to 
farm anygen 
‘and water, 


Tre reaction 
sped up when 0 


Dears exhot sytem 
feoriais ov metas, 

Pltinumn and ods, 
fecha ox catyte 


Tes carbon morse 
san hoc 
ing fo te metab ond 
tot fogeter fo form 
ston don | 
= 


talysis 
A process in which one of the products of a 
Fraction acts as a catalyst for the reaction, 


“concentration, 139; Physeal states, 120. 


Surface catalyst 

A catalyst which attracts the 

reactants to itself. It holds them close to each 
other on its surface, so they react easily 


Homogenous catalyst 
‘A catalyst in the same physical state* as the 
reactants, 


Heterogenous catalyst 
A catalyst in a different physical state* from 
that of the reactants. 


Promoter 
A substance which increases the power of a 
catalyst, so speeding, up the reaction. 


Inhibitor 
A substance that slows a reaction. Some work 
by reducing the power of a catalyst. 


Enzyme 

A catalyst found in living things which 
increases the rate of reaction in a 
natural chemical process. For 

more about enzymes, see 

page 333, 
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REVERSIBLE REACTIONS 


Many chemical reactions continue until one or all of the reactants are used 
up, and their products do not react together. When a reaction reaches this 
stage, it is said to have come to completion. Other reactions, however, 
never reach this stage. They are known as reversible reactions. 


Reversible reaction 

A chemical reaction in which the products 
react together to form the original reactants. 
These react again to form the products, and so 
‘on. The two reactions are simultaneous, and 
the process will not come to completion (see 
introduction) if it takes place in a closed 
system, At some stage during a reversible 
reaction, chemical equilibrium is reached, 


he thermal disocation of Ameria 
‘aman conde ea 


NH(Cl@) = NHg) + HCI) 
1 


Dissociation 

A type of reversible reaction in which a 
compound is divided into other compounds 
‘or elements. Thermal dissociation is 
dissociation caused by heating (the 
products formed recombine when cooled), 
Dissociation should nat be confused with 
decomposition, in which a compound is 
irreversibly split up. 


2NOXg) = 2NO@) + OQ) 
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“Revers reaction 


Forward reaction 

‘The reaction in which products are formed from 
the original reactants in a reversible reaction. 
tt goes from left to right in the equation. 


Reverse reaction or backward reaction 

The reaction in which the original reactants 

are reformed from thelr products in a 

reversible reaction. It goes from right to leit 

in the equation. 
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+ Sublimation, 121; System, 245 


Closed system 
‘Asystem* in which no chemicals can escape 
or enter. Ifa product of a reversible reaction 
‘escapes, for example into the atmosphere, t= 
reaction can no longer move back the other 
way. A system from which chemicals can 
escape is an open system, 


Equilibrium 

The canceling out of two equal but opposite 
movements, For instance, a person walking 
up an escalator at the same speed as the 
escalator is moving down is in equilibrium 
Chemical equilibrium isan example of 
equilibrium — it occurs when the forward 
and reverse reactions are laking place, bt 
are canceling each other out. 
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Chemical equilibrium 
Asstage reached in a reversible reaction 

in a closed system when the forward and 
reverse reactions take place at the same rate. 
Their effects cancel each other out, 

and the concentrations® of the reactants 

and products no longer change. Chemical 
equilibrium is a form of equilibrium, 
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The position of chemical 
equilibrium 


Any change of conditions (temperature, 
concentration* or pressure) during a 
reversible reaction alters the rate of either 
the forward or reverse reaction, destroying 
‘the chemical equilibrium. This is eventually 
restored, but with a different proportion of 
reactants and products. The equilibrium 
position is said to have changed, 
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Le Chatelier’s principle 
‘A law stating that if changes are made to a 
system” in equilibrium, the system adjusts 
itself to reduce the effects of the change. 


1, Changing the pressure in reversible 
reactions involving gases may alter the 
‘equilibrium position 

Inthe acon AC) + Bt) = ABD 
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2. Changing the temperature in a reversible 
reaction also alters the equilibrium position 
This depends on whether the reaction is 
exothermic* or endothermic’. A reversible 
reaction which is exothermic in one 
direction is endothermic in the other. 
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3. Changing the concentration” of the 
reactants or products in a reversible reaction 
also changes the equilibrium position. 
Leer concentration of 
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“Concentration, 139; Endothermie reaction, Exothermle renetion, 146; 


Haber process, 180, System, 345, 


THE PERIODIC TABLE 


During the nineteenth century, many chemists tried to arrange the 
elements in an order which related to the size of their atoms and also 
showed regular repeating patterns in their behavior or properties. The 
most successful attempt was published by the Russian, Dimitri Mendeléev, 
in 1869, and still forms the basis of the modern periodic table. 


Periodic table Periodic table 
‘An arrangement of the elements in order 
of their atomic numbers*. Both the 
physical properties and chemical 
properties of an element and its 
compounds are related to the position of 
the element in the periodic table. This 
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relationship has led to the table being [ney 
divided into groups and periods. The 

arrangement of the elements starts on the 
left of period 1 with hydrogen and moves 
in order of increasing atomic number from 
left to right across each period in turn (see 
picture on the right) 


Period 

A horizontal row of elements in the periodic 
table. There are seven periods in all. Period 1 
has only two elements ~ hydrogen and 
helium. Periods 2 and 3 each contain eight 
elements and are called the short periods. 
Periods 4, 5, 6 and 7 each contain between 
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Transition metals 
fee pages 172-125) 


18 and 32 elements. They are called the long 
periods. Moving from left to right across a 
period, the atomic number* increases by 


‘one from one element to the next. Each 
successive element has one more electron in 
the outer shell* of its atoms. All elements in 
the same period have the same number of 
shells, and the regular change in the number the chemical properties of the elements == 
of electrons from one element to the next @ period. For an example of such a gradual 
leads to a fairly regular pattern of change in change in property, see below. 
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* Atomic number, 127; Chemical symbol, 122; Electron configuration, Outer shel, 127; 
‘Oxidation, Oxidizing agent, Reducing agent, Reduction, 148; Relative atomie mass, 138 


INORGANIC CHEMISTRY 


Group 
A vertical column of elements in the periodic 

table. All groups are numbered (except for Silage 
transition metal” groups) using Roman ‘he eatin seth met 
Fiera, and some have names, Elementd ape 10171) 

in the same group have the same number of (see pages 186-188) 
electrons in their outer shell*, and so have ete tae 
similar chemical properties. 
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Metal ee ee 
‘An element with characteristic physical Ronee ee 
properties that distinguish it from a ae 
non-metal. Elements on the left of a period de Ea 
have metallic properties. Moving to the 
right, the elements gradually become less 
metallic. Elements that are not distinctly 
metal or non-metal, but have a mixture of 
properties, are called metalloids. Elements 
to the right of metalloids are non-metals 


Metals and non-metals 


+ Conductivity, 25,53; Ductility, 344 (Ductile); Malleability, 345 (Malleable); 
‘Outer shell 27, Physiol states, 120, Transition metas, 172, 


INORGANIC CHEMISTRY HYDRO 


Inorganic chemistry is the study of all the elements Hydrogen (H,), 
and their compounds except those compounds made first and lightest 
of chains of carbon atoms (see organic chemistry, the most commas: 
pages 190-205). The properties and reactions of odourless, inflar 


inorganic elements and compounds follew certain on Earth in comp 

patterns, or trends, in the periodic table*. By natural gas and ste 
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Predicting reactions 
Throughout the inarganie section of this book, 
each group* of elements has an introduction 
and chart which summarize some of the 
properties of the group's elements. Below the | j.,/me‘turt nrodieng Group shew hot the react Btium: (T or 7H) 
charts are blue boxes which highlight trends Btope* of hydrogen 
one, down the group. After the se eee a 4 ‘mo Rees tis rare 
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HYDROGEN 


Hydrogen (H,), with an atomic number* of one, is the 

first and lightest element in the periodic table*, and 

the most common in the universe. It is a diatomic*, 

‘odourless, inflammable gas which only occurs naturally 

‘on Earth in compounds. It is made by the reaction of 

natural gas and steam at high temperatures, or the reaction 

of water gas* and steam over a catalyst*. It is a reducing 

agent*, burns in air with a light blue flame and, when heated, reacts 
with many substances, e.g. with sodium to form sodium hydride (all 
compounds of hydrogen and one other element are hydrides). 


Hydrogen is used, for example, to make margarines (see 
hydrogenation, page 193) and ammonia (see Haber process, 
page 180), and as a rocket fuel. See also pages 217 and 218. 
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Deuterium (D or 7H) 

An isotope* of hydrogen with one proton* and 
oné neutron*. it makes up 0.0156% of natural 
hydrogen. Water molecules containing 
deuterium are cailed deuterium oxide (D,0) or 
heavy water molecules. Heavy water is used in 
nuclear reactors to slow the fast moving neutrons. 


Tritium (T oF }H) 

‘An isotope* of hydrogen with one proton” 
and two neutrons*. It is rare but is produced by 
nuclear reactors, It is radioactive’, emitting 
beta particles*. Tritiated water contains some 
water molecules in which a hydrogen atont has 
been replaced by a tritium atom. itis used by 
doctors to find how much fluid a patient passes. 


Sucrose (lO) 
the soar seats 
‘compound of exon, 
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Hydrogen peroxide (H,O,) 

A syrupy liquid. ttis an oxide of hydrogen and 
a strong oxidizing agent*. It is sole in solution 
as disinfectant and bleach 


Water (HO) 
An oxide of hydrogen and one of the 

most common compounds on Earth, It is a 
colorless, odorless liquid which freezes 

at 0°C, boils at 100°C, has its greatest density 


(1g em) at 4°C and is the best = 


solvent known. It is made of 
polar molecules* linked by 
_ 
ss 
ai 
pore 


hydrogen bonds* and 
is formed when 

hydrogen bums 

in oxygen. See 

also pages 206 

and 218 
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Hydroxide 

A compound made of a hydroxide ion (OH) 
and a cation*, Solutions containing more OH 
jons than H" ions are alkaline, Many 
hydroxides are not water-sotuble, e.g. lead) 
hydroxide (Pb(OH),). However, the hydroxides 
of Group | elements and some athers are 
‘water-soluble, 
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GROUP I, THE ALKALI METALS 


The elements in Group I of the periodic table* are called alkali metals as 
they are all metals which react with water to form alkaline solutions. They 
all have similar chemical properties and their physical properties follow 
certain patterns. The chart below shows some of their properties. 


Sodium hydroxide: 
Awhite, deliquy 
electrolysis* of brine: 
A strong base", it 
sodium salt* and 
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Sodium carbonate 


A white solid that 
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‘These two pages contain more information 
oon lithium, sodium, potassium and their 
compounds, They are typical Group | 
elements 


Lithium (Li) 

“The least reactive element in Group | of 
the periodic table and the lightest solid 
element. Lithium is rare and is only found 
in a few compounds, from which it is 
exiracted by electrolysis*. It burns in air 
with a crimson flame. Lithium reacts 
vigorously with chlorine to form lithiam 
chloride (LiCl) which is used in welding 
flux and air conditioners. A piece of lithium 
placed in water glides across the suriace, 
fizzing gently. 


Jn water it forms a weak 


Sodium (Na) 

‘A member of Group | of the periodic table, 
found in many compounds. Its main ore is, 
rock salt (containing sodium chloride ~ see 
also potassium). It is extracted from molten 
sodium chloride by electrolysis*, using a 
Downs’ cell. Sodium burns in air with an 
orange-yellow flame and reacis violently 
with non-metals and water (ee equation for 
lithium and water, and substitute Na for Li 
It is used in sodium vapor lamps and as a 
coolant in nuclear power stations. 
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miolten sodium chloride by electrolysis") 
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Sodium hydroxide (NaOH) er caustic soda 
Awhite, deliquescent* solid, preduced by 
electrolysis* of brine (see sodium chloride) 
Astrong base’, it reacts with acids to form a 
sodium salt* and water, It is used to make 
soaps and paper. 


Sodium carbonate (Na,CO,) 

‘Awhite solid that dissolves in water to form 
an alkaline solution. Is hydrate*, called 
‘washing soda (Na,CO..10H,0 ~ see 

also page 207), has white, 

efflorescent® crystals and is made 

‘when ammonia, water and sodium 
chloride react with carbon dioxide 

in the Solvay process 
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Sodium bicarbonate (NaHCO,) 
A\so called sodium hydrogencarbonate or 
bicarbonate of soda. A white solid made by 
the Solvay process (see sodium carbonate), 
In water it forms a weak alkaline solution. 
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Sedum 
cerborate 


Sodium chloride (NaCl) or salt 
‘white solid which occurs 
in sea water and rock salt 
(see sodium). It forms brine 
when dissolved in water 
and is used to make 
sodium hydroxide and 
sodium carbonate, 


Sodium chloride used 29 
preserve ond favor ed. 


Sodium nitrate (NaNO,) or Chile saltpeter 
Awwhite solid used as a fertilizer and also to 
preserve meat. 

“Antacid, 34; Deliquescent, Eflorescent, 205; 


[lectrolysl, 156, Hydrate, 158; Netal 151; Salts, 153 
Strong base, 152; Water softeners, 207. 


INORGANIC CHEMISTRY 


Potassium (K) 

‘Amember of Group | of the periodic table, 
Potassium compounds are found in sea water 
and rock salt (containing potassium chloride 
~ see also sodium). Potassium is extracted 
from molten potassium chloride by 
electrolysis". & is very reactive, reacting 
violently with chlorine and also with water 
(see equation for lithium, and substitute K for 
Li. It has few uses, but some of its 
compounds are important. 
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Potassium hydroxide (KOH) 

or caustic potash & 
Awhite, deliquescent? solid. tis a strong 
base* which reacts with acids to form a 
potassium salt and water, It is used 

to make soap (see page 202) 
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Potassium carbonate (K,CO,) 

‘A white solid which is very 

water-soluble, forming an alkaline solution. 
Itis used to make glass, dyes and soap. 


Potassium chloride (KCI) 
A white, water-soluble soltd. Large amounts 
are found in sea water and rock salt (see 
potassium) itis used in fertilizers and to 
produce potassium hydroxide, 


Potassium nitrate (KNO,) or saltpeter 
A white solid which dissolves in water to 
form 2 neutral* solution Its used in 
fertilizers, explosives and to 

preserve meat 


Gunpowie nd some types of 
‘nite conta potartum nitrate 


Potassium sulfate (K,SO,) 
‘A white solid, forming a meutral* solution in 
water. itis an important ferlizer. 


GROUP II, 


THE ALKALINE-EARTH METALS 


The elements in Group II of the periodic table* are called the alkaline-earth 
metals. The physical properties of the members of Group II follow certain 
trends, and, except beryllium, they all have similar chemical properties. 
They are very reactive, though less reactive than Group | elements. The 
chart below shows some of their properties. These two pages contain more 
information on magnesium, calcium and their compounds. Magnesium and 


calcium are typical Group Il elements. 
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Magnesium (Mg) 

‘A member of Group I! of the periodic table. It 
only occurs naturally in compounds, mainly 
in either dolomite (CaCO, MgCO, ~ a rock 
made of magnesium and calcium carbonate) 
or in magnesium chloride (MgCl,), found in 
sea waler. Magnesium is produced by the 
electrolysis" of molten magnesium chloride, 
It burns in air with a bright white ‘lame. 
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Calcium (Ca) 
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periodic table. It ocem 
in many compounel 
those found in milk 
and in the Earth’s 
Calcium is extracted 

its compounds by 
electrolysis*. it bums 
oxygen with a red fl 
and reacts readily wit 
Cold water and very 
rapidly with cilute acm 
(lor equations see 

and substtuie Ca for 
Falcium is used to 
Biuh-grade steel and i= 
Production of uranium 


f 
Calcium hydroxide 
" slaked lime 


Uillaline and is used ta 
Wee page 218). Calci 
mortars and to remowe = 


‘Calcium sulfate 
White solid that 
ipecurs both as 


fate (CaSO,) and 
(CaSO,.2H,0 

en heated, gypsum 
s plaster of Paris. 


183; Temporary hare 


Magnesium hydroxide (Mg(OH),) 
Awhite solid that is only slightly 
soluble in water. It is a base* and 
therefore neutralizes* acids. 
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Magnesium sulfate (MgSO,) 

‘Awhite solid used in medicines for treating 
constipation, in leather processing and in 
fire-proofing, 


INORGANIC CHEMISTRY 


Magnesium oxide (MgO) 
Awhite solid which is slightly water: 

soluble. It’s @ base", forming magnesium 
salts" when it reacts with acids. It has a very 
high melting point and is used to line some 
furnaces, 
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Calcium (Ca) 

‘Amember of Group 1! of the 
periodic table. It occurs naturally 
in many compounds, e.g. 
those foune in milk, bones 
and in the Earth's crust. 
Calcium is extracted from 

its compounds by 
celectrolysis®. 1 busns in 
oxygen with a red flame 

and reacts readily with 

cold water and very 

rapially with dilute acids 

(for equations see magnesium 
and substitute Ca for Mg) 
Calcium js used to make 
high-grade steel and in the 
production of uranium: 


alee compounds ere rd n bones 
‘test, 


Calcium hydroxide (Ca(OH),) or 

slaked lime 

Awhite solid which dissoives slightly in 
water to form limewater. This is weakly 
alkaline and is used to test for carbon dioxide 
(see page 218), Calcium hydroxide is used in 
mortars and to remove excess acidity in soils, 


Calcium sulfate 
Awhite solid that 
occurs both as 
anhydrite calcium 
sulfate (CaSO,) and 
gypsum (CaSO,.2H,0) 
When heated, gypsum 
forms plaster of Paris. 
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Calcium oxide (CaO) or quicklime 

‘A white solid. It is a base* which is made by 

heating calcium carbonate in a lime kiln. 
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Calcium carbonate (CaCO,) 

A white, insoluble solid that occurs 
naturally as limestone, chalk, marble and 
calcite. It dissolves in dilute acids. Catcium 
catbonate is used to cbtain calcium oxide, 
make cement and as building stone. 
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Calcium chloride (CaCl,) 
Awhite, deliquescent®, water-soluble solid 
which is used as a drying agent*. 


* Antacid, 144; Bate, 151; Dellquescent, 206; Drying agent, 344; 
Electrolyss, 156; Neutralization, 151; Reversible reaction, 162; 
Salts, 155; Temporary hardness, 207 
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TRANSITION METALS = 


- 
Transition metals have certain properties in common — they are hard, tough, [Ent nn oa 
shiny, malleable* and ductile*. They conduct* heat and electricity, and have st al 
high melting points, boiling points and densities. Transition metals form _ 

complex ions* which are colored in solution. They also have more than one 

possible charge, e.g, Fe®* and Fe. Transition metals have many uses, some of [2] Seemed 
Which are shown on these two pages. (Information on iron, copper and zinc or oa 
can be found on pages 174-175.) The members of the inner transition series 
(Gee page 165) are not shown here, as they are very rate and often unstable. 
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IRON, COPPER AND ZINC 


Iron (Fe) 

‘A transition metal* in Period 4 of the periodic 
table*. It isa fairly soft, white, magnetic metal 
which only occurs naturally in compounds. 
One of its main ores is hematite (Fe,O,), or 
iron(itt) oxide, from which it is extrected in a 
blast furnace. Iron reacts to form both ionic 
and covalent compounds* and reacts with 
moist air to form rust. tt burns in air when 
cut very finely into iron filings and also reacts, 
with dilute acids. It is above hydrogen in the 
electrochemical series* 


Extracting ion using a blast furnace 
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Iron: made in the blast furnace is called pig 

Itcontains about 5% carbon and 4% other 
impurities, such as sulfur. Most pig iron is 
converted to steel, although some is converted 
to wrought iron (by oxidizing* impurities) and 
some is melted down again along with 
scrap steel to make cast iron, Iron is a 
vital mineral in the human diet, as 
it is needed to make hemoglobia*. NE 
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Steel 

An alloy* of iron and carbon which 
usually contains below 1.5% carbon. 
The carbon gives the alloy strength 
and hardness but reduces 
‘malleability* and ductility* 
Measured amounts of one or 

more transition metals* are 

often added to stee! to give it 
specific properties, such as corrosion 
resistance in the case of stainless 
steel (which contains 11-14% 
chromium). Steel is often made by 
the basic oxygen process. Scrap 
steel, molten iron and lime are 
put into a furnace, and oxygen 

is blasted onto the metal to 
oxidize’ impurities. 
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Iron(li) or ferrous compounds 
tron compounds containing Fe" ions, eg, 
ironilt) chloride (FeCl,). Their solutions 
are green. 


Iron(Ill) or ferric compounds 
Iron compounds containing Fe™ ions, e.g. 
iron(It!) chloride (FeCl,). Their solutions 
are yellow or orange. 


Rust (Fe,O,.xH,0) or hydrated 
iron({lt) oxide 

A brown solid formed when iron, water and 
air react together (see corrosion, page 209).. 
The “x” in the formula shows that the number 
of water molecules varies. Iron and steel can 
be protected from rust by galvanizing - 
coating with a layer of zinc (see also 
sacrificial protection, page 159). The surface 
zinc oxidizes* in air, stopping the zinc and 
iron below from being oxidized. Galvanized 
cars remain rust-free longer than others, 


‘an ura cts ely protects ram st by 
1 cut pail and rat are qu than @ 
‘galanin one, thowh 

hosphorle ace co be 

pute f stp te rast 

from spreaing, 

‘ease put 

‘on engin pos 

to pote! thn 


“Alloy, 34s; Covalent compounds 152; Ductiity, 54 (Duele) Electrochemical series, 159; 


Copper (Cu) 
A transition metal* 9 
table’. tis a reds 
found naturally inc 
compounds are found 
copper pyrites (Ci 
(CuCO,.Cu(OH),). Ge 
the former by crushing: 
then roasting in a fi 
silica, The iron com 
slag. The sulfur is re 
sulfur dioxide. The cam 
purified further by 
unreactive metal and. 
slowly in air to form a 
‘of basic copper sulfate 
Copper is below fn 
‘electrochemical series" 
water, dilute acids or 
feact with concentrated 
Bulfuric acid, (See also m 


Copper is 0 very 00d codon 
bel) 08 to rae 
ie it sft at tuah 

fe planting ane cei 


"bed atc 
Ep ee ra ie at 

OS Nesitrr 
CP) ca 


SS) eked tke 


We atoy freer and gold 
sy eg san 

She nrber a nu te 
Petar 24 cas (ure go 


Zinc (Zn) 

Ap element in Period 
Kisa silvery, soft metal 
air, It is too reactive tom 
‘main ores are zinc bles 


Bairacted by roasting ie 
‘exide (ZnO) and then 


‘Hectrochemical series® 
ith steam when (ed 
cl to coat iron ands 
lvanizing — see also 
Serificial protection, » 


alloys’, particularly 


Hemoglobin, 25 (Red blood cells}: lonle compound, 131; Malleablty, 35 (Malleable), Oxidation, 148; Periodic tae 
Phosphoric acd, 142 (Phouphorus pentoxide), Reduction, 14%; Reversible reaction, 162; Transition metals 172 


Copper (Cu) 

A transition metal! in Period 4 of the periodic 
table’. It js a red-brown, soft but tough metal 
found naturally in certain rocks. Its 
compounds are found in several ores, e.g. 
copper pyrites ((CuFe)S,) and malachite 
(CuCO,.Cu(OH),). Copper is extracted from 
the former by crushing and removing sand and 
then roasting in a limited supply of air with 
silica. The iron combines with silica and forms 
slag. The sulfur is removed by burning to form 
sulfur dioxide. The copper produced is 
purified further by electro-refining®. It is an 
Unreactive metal and only tarnishes? very 
slowly in air to form a thin, gicen surface film 
cf basic copper sulfate (CuSO, 3Cu(OH),) 
Copper is below hydrogen in the 
electrochemical series*. It does not react with 
water, dilute acids or alkalis. However, it does 
react with concentrated nitric or concentrated 
siulfuric acid, (See also page 219.) 
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INORGANIC CHEMISTRY 


Copper(!) or cuprous compounds 
Compounds containing Cut ions, ef 
copper(t) oxide and copper chloride 
(CuCl), Copper(t) compounds 

do not dissolve in water. 


Copper oxide (64,0) is wed 
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Copper(tl) of cupric 

compounds 

Compounds that contain Cu ions, €.8. 
copper(t!) sulfate and copper(tt) chloride. 
Coppel) compounds dissolve in water to 
form light blue solutions, and are much 
move common than copper(l) compounds. 
Copperill) sulfate (CuSO,) has many uses, 
e.g. in dyeing and electroplating*. it is 
also used in Bordeaux mixture, which 
kills molds growing on fruit and 
vegetables. (See also test for 

water, page 218.) Copperi(tt) 

chloride CuCl) is 

used to reriove 

sulfur from 

petroleum’, 


Zine iZn) 
‘An element in Period 4 of the periodic table*, 
Iisa silvery, soft metal which tarnishes* in 
air, It's 100 reactive to occur naturally, and its 
rain ores are zine blende (ZnS), calamine 
(ZACO,) and zincite (ZO). The zinc is 
exiracted by roasting the ore to form zine 
oxide (ZnO) and then reducing” it by heating 
it with coke. Zinc is above hydrogen in the 
electrochemical series*. It reacts with oxygen, 
with steam when red-hot, and with acids, It is 
Used to coat iron and steel to prevent rust 
(galvanizing ~ see also page 174 and 
sacrificial protection, page 159). It is also used 
in alloys*, particularly brass (copper and zinc) 
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GROUP III ELEMENTS 


The elements in Group III of the periodic table* are generally not as 
reactive as the elements in Groups | and II. Unlike those elements they 
show no overall trend in reactivity, and the first member of the group is 
a non-metal. The chart below shows some of their properties. More 
information on aluminum and its compounds can be found below the 
chart. Aluminum is the most widely used member of this group. 
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Aluminum (Al) 

‘A member of Group Ill of the periodic table. 
Itis the most common metal found on Earth, 
and occurs naturally in many compounds, e.g. 
bauxite (see aluminum oxide) from which it 
is extracted by electrolysis, It is hard, light, 
ductile*, maleable* and a good conductor of 
heat and electricity. It reacts with the oxygen 
in air to form a surface layer of aluminum 
oxide which stops further corrosion. It also 
reacts with chlorine, dilute acids and alkalis. 
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Aluminum oxide (Al,O,) or alumina 

‘An amphoteric’, white solid that is almost 
insoluble in water. It occurs naturally as 
bauxite (AI,0,.2H,0 — see also aluminum) 
and as corundum (Al,O,) ~ an extremely hard 
crystalline solid, It is used in some cements 
and to line furnaces, 


The extraction by electrolysis? 
‘of aluminum from haunite 


Aluminum hydroxide (AI(OH),) 

A white, slightly water-soluble, amphoteric 
solid, which is used in dyeing cloth, to mate 
ceramics and as an antacid’ 


Aluminum sulfate (Al,(SO,),) 
‘Awhite, water-soluble, crystalline solid === 
to purify water and make paper. 


* Alloy, 344; Amphoterc, 151; Anode, 156 Electrode; Antacid, 344; Cathode, 156 (Electrode) 
Control rode, 94; Covalent compounds, 132; Ductile, 344, Electrolysl, 136; Electron configuration, 127; 
fonte compound, 151; Malleable, 14s; Periodic table, 1st; Relative atomle mass, 138; Semiconductor, 65 
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GROUP IV ELEMENTS 


The elements in Group IV of the periodic table* are generally not very 


reactive and the members show increasi 


ingly metallic properties going down 


the group. For more about the properties of these elements, see the chart 
below, silicon and lead (this page) and carbon, pages 178-179. 
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Silicon (Si) 

‘A member of Group IV of the periodic table 
Iisa hard, shiny, gray metalloid* with a high 
melting point, Silicon js the second most 
common element in the Earth’s crust — it is 
found in sand and rocks as silicon dioxide 
and silicates. When it is ground into a powder 
it reacts with some alkalis and elements, 
otherwise it is generally unreactive 
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Silicon dioxide (SiO,) 
Also called silicon(IV) oxide, or silica. An 
insoluble, white, crystalline solid. It occurs in 
many forms, such as flint and quartz. It is 
acidic and reacts with concentrated alkalis, 

‘on dioxide has many uses, e.g. in the 
making of glass and ceramics 
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Silicates 

Silicon compounds that also contain a metal 
and oxygen, e.g. calcium metasilicate (CaSiO.), 
and make up most of the Earth’s-crust. They are 
Used to make glass and ceramics, 
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Silicones 

Complex, man-made compounds 
containing very long chains of 
silicon and oxygen atoms. 
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Lead (Pb) 

‘A member of Group IV of the periodic table. 

A soft, malleable* metal extracted from galena 
(lead(lt) sulfide). It is not very reactive, though 
it tarnishes* in air, reacts slightly with soft 
water* and slowly with chlorine and nitric 
acid. I forms ionic compounds* called 
Ieadi(tl) or plumbous compounds, e.g. lead(tt) 
oxide (PbO), and covalent compounds* 
called lead(1V) or plumbic compounds, 

€. lead(1V) oxide (PbO,). Lead has 

many uses, e.g. in car batteries 

and roofing, Itis used in 

hospitals to protect people <B. 

from the harmful effects 

of X-rays 
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* Covalent compounds, 12; Electron configuration, 127; leetrode, 156; tone compound, 131; 
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CARBON © \. 
Carbon (C) is a member of Group IV 
of the periodic table* (see also chart, 
page 177). It is a non-metal and 
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has several allotropes*, including 
diamond, graphite and 
buckminsterfullerene, and an 
amorphous (unstructured) form — 
charcoal. Carbon is not very reactive. 
It only reacts with steam when 
heated, and with hot, concentrated* 
sulfuric or nitric acids (see equation 
below). Carbon atoms can bond with 
up to four other atoms, including 
other carbon atoms. As a result, there 
are a vast number of carbon-based 
compounds (organic compounds — 
see page 190). Living tissue is 
made of carbon compounds, 
and animals break down 
these compounds to 
liberate energy (see 
carbon cycle, 
page 209). 
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Electrolysis, 156; Glant atomic lattice, 17 inert 
Reactivity series, 158; Retucing agent, 148; van der Waals 
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Diamond 
A crystalline, transparent form of carbon. 
Itis the hardest naturally occurring fe 
substance. All the carbon atoms are joined by 
strong covalent bonds* — accounting for its 
hardness and high melting point (3,750°C) 
Diamonds are used as abrasivest, glass 

cutters, jewelry and on drill bits. Synthetic 
diamonds are made by subjecting graphite 

to high pressure and temperature, a very 

costly process, 
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Graphite 

Aggray, crystalline form of carbon. The atoms 
in each layer are joined by strong covalent 
bonds*, but the layers are only linked by 
‘weak van der Waals’ forces* which allow 
them to slide over each other, making 
graphite soft and flaky. Graphite is the only 
non-metal to conduct electricity well. t alse 
conducts heat. Its used as a lubricant, in: 
electrolysis* (as inert electrodes"), as con 
in electric motors, and in pencil leads, 
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Buckminsterfullerene 
A member of the family of fullerenes — 
spherical crystalline forms of carbon made 

by condensing vaporized graphite in helium. 
Buckminsterfullerene also occurs naturally in 
dust between stars and in some carbon-rich 
rocks. Each molecule has 60 atoms arranged 

in hexagons and pentagons. Double covalent 
bonds* join hexagons to hexagons. (Other 
{ullerenes contain between 30 and 969 carbon 
atoms.) Buckminsteriullerene is an insulator*, 
but some of its compounds are superconductors 
(substances which have no electrical resistance?) 
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Coal 
Abard, biack solid formed aver millicns of 
years from the fossilized remains of plant 
‘material. It is mainly carbon but contains 
hydrogen, oxygen, nitrogen and sulfur as well. 
Three types of coal exist ~ lignite, anthracite 
and bituminous coal. Coal is used 3s a {uel in 
power stations, indusiry and homes, It was 
once an important source of chemicals (now 
mostly produced from petroleum*). Heating 
coal in the absence of air destructive 
distillation) produces coal gas, coal tar arc] 
coke, as well as amimonia, benzene ancl 
sulfur, Coke, which is britle and porous, 
contains over 80% carbon and is used a5 a 
smokeless fuel (as is charcoal, another impure 
form of carbon). 


Carbon fibers 

Black, silky threads of pure carbon made from 
organic textile fibers. They are stronger and 
stiffer than other materials of the same weight, 
and are used to make light boats. 


Carbon dioxide (CO,) 

A colorless, odorless gas found in the 
aimosphere (see carbon cycle, page 209). 
It is made industrially by heating calcium 
carbonate in a lime kiln (see also page 216 
for laboratory preoaration). It dissolves in 


‘water to form earbonic acid (H,CO,). 
CO,(aq) + H,0 = 2H'aq) + CO,*(aq) 
Corton dowde Water Reversible Corte oo 


Carbon dioxide is not very reactive, 
though it reacis with both sodium 
and calcium hydroxide solutions 
(see page 218) end magnesium 
ribbon burns in it 
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Carbon monoxide (CO) 

A poisonous, colorless, odorless gas, made by 
passing carbon dioxide over hot carbon, and 
also by buming carton fuels in a limited, 
supply of ait. Its not water-soluble, burns 
with a blue flame and isa reducing agent* 
(used to reduce metal oxide ores to metal 
see iron, page 174). It is also used, mixed 
with other gases, in fuels, e.g, mixed with 
hydrogen in water gas, with nitrogen in 
producer gas, and with hydrogen (50%, 
methane and other gases in coal gas, 
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Carbonates 
Compounds made of a metal cation* 

and a carbonate anion* (CO*), e.g, 
calcium carbonate (CaCO,). Except Group | 
carbonates, they are insoluble in water ancl 
decompose upon heating. They all react 
with acids to give off carbon dioxide. 


“Amorphous, 135; Anion, Cation, 130; Covalent bond, 12; 
\nsulator, 56; Petroleum, 198; Reducing agent, 148 
Resistance, 62; Reversible reaction, 162. 


GROUP V ELEMENTS 


The elements in Group V of the periodic table* become increasingly 
metallic going down the group (see chart below). 
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More information on nitrogen, phosphorus 
and their compounds can be found below 
and on pages 181-182. They are the two most 
abundant members of the group. 


Nitrogen (N;) 
‘A member af Group V of the periodic table, A 
colorless, odorless, diatomic” gas that makes 
up 78% of the atmosphere. It can be produced 
by fractional distillation of liquid air* (but see 
also page 217). Its oxidation state* in 
compounds varies ‘rom -3 to +5. It reacts with 
a few reactive materials to form nitrides. 
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Haber process 
This process is used to make ammonia from 
nitrogen and hydrogen which are reacted ina 
ratio of 1:3. Ammonia is produced as fast and. 
economically as possible by using a suitable 
temperature, pressure and catalyst” (see 
below). The reaction is exothermic* and 
reversible" 
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Nitrogen is essential for all organisms as it 
is found in molecules in living cells, e.. 
proteins (ee also nitrogen cycle, page 209). It 
is used in the manufacture of ammonia 
(see Haber process, right) and 
nitric acid. Liquid nitrogen, 
which exists below -196°C, 
has many uses, including 
freezing food 
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Ammonia (NH,) 
A colorless, strong-smelling gas that is less 
dense than air and is 2 covalent compound* 
made by the Haber process, It is a reducing 
agent” and the only common gas to form an 
alkaline solution in water: This solution is 
known as ammonia solution (NH,OH} or 
ammonium hydroxide. Ammonia burns in 
pure oxygen to give nitrogen and 


water, and reacts with chlorine tog. 
give ammonium chleride. € 
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Ammonium chloride (NH,Cl) or 
sal ammoniac 

Awhite, water-soluble, crystalline solid made 
when ammonia solution (see ammonia) reacts 
with dilute hydrochloric acid. Wren heated it 
sublimes* and sociates* (see equation 
below and page 162). It is used in the dry 
batteries which run many electrical appliances. 


ease Tee, 


NH,Cl@) = NHg) + HCI) 
Ammar Cool ermenia —Hyogen 


hee ‘hoa 


Ammonium sulfate ((NH,),SO,) 
A white, water-soluble, crystalline solid 


pproduced by the reaction of ammonia and 
suffuric acid. It is a fertilizer. 


Ammonium nitrate (NH,NO;) 
A white, water-soluble, 
crystalline solid formed 

when ammonia 

solution ‘see 

ammonia) eacts with 

dilute nitric acid. 
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Dinitrogen oxide (NO) 


INORGANIC CHEMISTRY 


Also called nitrous axide or laughing 
gas. A colorless, slightly sweet- 
smelling, water-soluble gas. Itis a 
covalent compound formed by 
genily heating ammonium 


nitrate. It is used as an + 
anaesthetic. 

Dinitogen oxide spats 

tre cmbston sane 


‘eights agli yp 


oxide or nitrogen oxide 
A colorless gas that is insoluble in water. It 
is a covalent compound made when 
copper reacts with 50% concentrated nitric 
acid. It reacts with oxygen to form nitrogen 
dioxide and also supports the combustion 
of reactive elements. 


Nitrogen dioxide (NO,) 
Avery dark brown gas with a choking, 
smell, It isa covalent compound". 


—ES = 
Cu + 4HNO, + CUINO,), +2H,0 + 2NO. 


copper Concenvated “oppor — Wter Nivogen | 
rica rete ‘dese 


Nitrogen dioxide is made when copper 
reacts with concentrated nitric acid and 
‘when some nitrates® are heated. It 
supports combustion and dissolves in 
water to give a mixture of nitric acid and 
nitrous acid (HNO,). {is used as an 
oxidizing agent 


trogen diosidedimertes (> masse ofthe some 
‘ubttance be! gether) Bele 2). 1 fom inkrogen 


fetraecide (8,04) 0 cobs: gas, 


ein 1.°C 
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Group V (continued) 


Nitric acid (HNO,) or nitric(V) acid 

A light yellow, oily, water-soluble liquid, It is 
a covalent compound? containing nitrogen 
with an oxidation state* of +5. It isa very 
strong and corrosive acid which is made 
industrially by the three-stage Ostwald 
process (shown below) 


‘Stage 1: Ammania reacts wath oxygen. 


Patnanshodam 
‘tase 

4NH, + 50, > 4NO + 6H,0 

‘Anmria Onygen 900°C Nirogen Water 


Stage 2: Nitrogen mance col ond sat with moe oxyoen to 
‘ge nitrogen dois, 


4NO + 20, + 4NO; 


Iwiragen —Ongen—_Ntagen 
monorile one 


Stage 3: Nitrogen conde ass water ofr mre ae 


NO, + 2H,0 + 0, — 4HNO, 
Niragen Water Onygen tc alt 


Concentrated nitric acid is a mixture of 70% 


nitric acid and 30% water. It is a powerful 
oxidizing agent*. Dilute nitric acid is a 
solution of 10% nitric acid in water. It reacts 
With bases* to give nitrate salts* and water. 
Nitric acid is used to make fertilizers and 
explosives. 


Nitrates or nitrate(V) 
‘compounds 

Solid ionic compounds* 
containing the nitrate 
anion* (NO,) and a metal 
cation’ (see test for nitrate 
ion, page 218). Nitrogen 
ina nitrate ion has an 
oxidation state* of +5. 
Nitrates are salts* of nitric 

acid and are made by adding a 

metal oxide, hydroxide or carbonate 

to dilute nitric acid. All nitrates are 
Water-soluble and most give off nitrogen 
dioxide and oxygen on heating (some 
exceptions are sodium, potassium and 
ammonium nitrates). 


Sodium nitrate 
(NaNO wed 0 
make gnpowder 


Nitrites or nitrate(II1) compounds 
Solid ionic compounds* that contain the 
nitrite anion* (NO, ) and a metal cation’. 
They are usually reducing agents*. 


Phosphorus (P) a 
Anon-metallic member & 

of Group V (see chart, 
page 180). Phosphorus . 
only occurs naturally in 
compounds. Its main ore 


White phosphorus, the most 
reactive form, is a poisonous, 
waxy, white solid that bursts xs 
Into flames in air, Red 
phosphorus is a dark red 
powder that is not poisonous 
and not very flammable 


is apatite (3Ca,(PO,),.CaF,). dpe fet) end 
It has two common forms. turquoise (right) 


contain phospho 


Phosphorus pentoxide (P,O,) 

‘A white solid and dehydrating agent*, 
made by burning phosphorus in air. It 
reacts vigorously with water to form 
phosphoric acid (H,PO,) and is used 
to protect against rust* 


Living ceganions such plants canta 
‘hosphorascmpounds which 


‘More information om 
sulfur and their 

be found below and) 
184-185, They are f 

and have many uses. 


Oxygen (0,) 
A colorless, odorless 
makes up 21% of the 
most abundant elemeat 
and is vital for life (soe 
Page 209). It supports 
water to form a ni 
avery reactive oxidi 
PXidizes iron to iron 
produce oxygen by 
is obtained industrial 
distillation of liquid aie 
2. in hospitals and to 
See preparation of, and. 
Payes 217 and 218, 


Fractional distilation of fg 
| 


pe. Je 


& ome : 


rsmce athy growth 


the tp of match reacts 
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‘hemi an 2 mato 
to produce ¢ fame 
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INORGANIC CHEMISTRY 


GROUP VI ELEMENTS 


The elements in Group VI of the periodic table* show increasing metallic 
properties and decreasing chemical reactivity going downthe group. The 
chart below shows some of the properties of these elements. 


[Ferre propediasof Group Vislements 


Name Jovarice |Reetyeceme ] Wecton | seocivy | Arpetonce T uses | 
onan [0 i697 [2a 2 | Saber Se below 
sur [8 206 26 S| | SatcSctmos'ias_ | see pone 104 

ee : Sasa peeeec li z 
Selenium | Se 70.96 Comer A opel norma (ed 

-onfigurction, 8 | Sheorwhife me ” | inatloys*, Color 
Teun [ie aa eel eet are 
| cose —| sectone 

[rte ro Rodloacive éy I 

More information on oxygen, = = f =, 

aes vitae CR tus a eee neue hae ens othe ute sel 

ulfur and their compounds can ‘hey ned two eectrare fl their ter bel see cne, page 

be found below and on pages ‘with other substances to form bot? Kaede and covalent cumpourds* The 
185.71 ind wi “kent thera tr ee mt rete he apse 

184-185. They are found widely | semen wer the sma nn ae 

and have many uses. 


Oxygen (O,) 
Acolorless, odorless, diatomic* gas that 
makes up 21% of the atmosphere. It is the 
most abundant element jn the Earth's crust 
and is vital for life (see internal respiration, 
page 209}. It supports combustion, dissolves: 
in water to form a neutral* solution and is 

a very reactive oxidizing agent*, e.g. i 
oxidizes iron to ironilll) oxide. Plants 

produce oxygen by photosynthesis* and 
itis obtained industially by fractional 
distillation of liquid air. It has many uses, 
ex. in hospitals and to break down sewage. 
See preparation of, and test for, oxygen, on 
pages 217 and 218, 


Fractional distilation of tguid air (see aso page 220) 
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“Adie, 150; Alotropes, 126; Aloy, 46; Amphotert, ase, 151; Covalent compouns 


Ozone (O,) 
A poisonous, bluish gas made of molecules 
which contain three oxygen atoms. it is an 
allotrope” of oxygen found in the upper 
atmosphere where it absorbs mast of the Sun's 
harmful ultraviolet radiation (but see ozone 
depletion, page 210). It is produced when 
electrical sparks pass through air, e.g. when 
lightning occurs. Ozone is a powerful oxidizing 
agent” and is sometimes used to sterilize water. 


= 


su Life recht 


thesunsutrovee ead, 


[es oye obser of 


Oxides 

Compounds of oxygen and one other 
element. Metal oxides are mosily ionic 
compounds" and bases’, e.g. calcium oxide 
(CaO). Some metal and metalloid* oxides are 
amphoteric’, e.g. aluminum oxide (Al,O)). 
‘Non-meial oxides are covalent? and often 
acidic*, e.g, carhon dioxide (CO)) 


132; Dato, 124; Electron 


‘omflguration, 127; tone compound, 131, Metalloids 165; Neutral, 151; Mble gates, 189; Outer sell, 127; Oxi 


Te Nn oe ee 
SULFUR ¥ > XY 


Sulfur (S) is a member of Group VI of the periodic 


oe 


table* (see chart, page 183). It is a yellow, non-metallic A poisonous, che 
solid that is insoluble in water. It is polymorphic* and sulfurous acid he 
has two allotropes* — rhombic and monoclinic sulfur. piss covale 
Sulfur is found uncombined in underground deposits |  § a ftusialy accel 
(see Frasch process) and is also extracted from a Itis used to malas 
petroleum* and metal sulfides (compounds of sulfur ee furnigation®, asi 
and another element), e.g. iron(It) sulfide (FeS). Sulfur alle preservative for fie 
burns in air with a blue flame to form sulfur dioxide and ona 

reacts with many metals to form sulfides. It is used to saroasiccad Sattar . 


vulcanize* rubber, and to make sulfuric acid, medicines and memine ihr2e 


fungicides". ep ror 


Aliases PS 
Insect. 


Sulfur trioxide (SO, 


Rhombic sulfur Plastic sulfur 


Also called alpha sulfur (a-sulfur) or ‘A form of sulfur made when hot liquid sulfur er tite, selell 
white, volatile™ 

orthorhombic sulfur. A pale yellow, is poured into water to cool it quickly. tt ean contact cal (ce 

crystalline allotrope* of sulfur, the most stable be kneaded and stretched into long fibers. It is laxide feocs Gail 

form at room temperature. not stable and hardens when rings of eight form sulfuric act 

Cal ofhomble itr —Moleciar lattice of sit ‘Sulfur atoms reform (see above) 

(se poge 136) tings (rong ferent fom 


‘| ae Flowers of sulfur Sulfurous acid ( 


Aine, yellow powder formed when sulfur acid 
Rhomble sites vapor is cooled quickly. The molecules are in A eo oress weak 
dense thon rings of eight atoms, lioxide dissolves in 


mnoat atro 
tesa igs 
mmo acted Frasch process Hydrogen sulfide \ 
mp The method used to extract sulfur from A colorless, poisoneng 
underground deposits by melting it. Sulfur ap. Kt cssolves in 
Monoclinic sulfur or beta produced this way is 99.5% pure. It is given off when 
when 2 dilute acid is 
sulfur (B-sulfur) Frasch process 


A yellow, crystalline allotrope” of sulfur. It is 
more stable than rhombic sulfur at Sold ionic compote 
temperatures over 96°C. Brae ‘sulfate ion (50,2) and 
ryt of monoctnt sur ona hin onda Occur naturally, eg. 
and ang) Pictepenectad sean The lts* 

[1 Seperated steam ey are salts* of, 


[eset dow cunide ize round sure riding bases* to dilute 


Sulfates or sulfategyiy 


ane furic acid 
Mod sand ond Ar bubier pul 
moet a3 breapaes edu state sen sted 
tmolecalor lic’, ey ck abe Tae Mx phegropts. Tis race 
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The allotropes of sor ae Boric compounds 
[ A epee oon Te sia aS >) and a metal 
fp eS LR Ar es er Eo) ther ca 
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“sulfur dioxide. 


“Allotropes, 136 (Allotropy); Covalent bond, 132; Funglide, 34 
‘Motecalar lattice, 157; Periodic table, 164; Petroleum, 138, 
Polymorphlim, 136; Superheated steam, Vuleantzation, 345. 


WD sulfur dioxide ($0,) or sulfur(IV) oxide 
‘A poisonous, choking, gas which forms 
sulfurous acid when dissolved in water. 

It is a covalent compound* made by burning 
sulfur in air or adding dilute acid to a sulfite. 
It usually acts as a reducing agent”. 

Itis used to make sulfuric acid, in 
fumigation", as a bleach* and as a 
preservative for fruit. 


‘attr 
florid 
tietoron 
inectde, 


Sulfur trioxide (SO,) or sulfur(VI) oxide 
‘A white, volatile* solid that is formed by the 
contact process (see below, right). Sulfur 
trioxide reacts very vigorously with water to 
form sulfuric acid. 


soos 


Sulfurous acid (H,SO,) or sulfurie(IV) 
acid 

A colorless, weak acid*, formed when sulfur 
dioxide dissolves in water. 


Hydrogen sulfide (H,S) 

A colorless, poisonous gas, which smells like bad 
‘eggs. It dissolves in water to form a weak acid 
Itis given off when organic matter rots and 
when a dilute acid is added to a metal sulfide. 


Sulfates or sulfate(Vi) compounds 
Solid ionic compounds* that contain a 
sulfate ion (SO,") and a cation*, Many 
Gccur naturally, ¢.g. calcium sulfate (CaSO,). 
They are salts* of sulfuric acid, made by 
adding bases* to dilute 

sulfuric acid. 

Sod tote slain ed to 

"he prog. Ths paces taps 

pints fen gang cole bck 

When expe to ight 


Sulfites or sulfate(IV) compounds 

onic compounds* containing a sulfite ion 
{SO,*) and a metal cation* e.g, sodium sulfite 
(Na;S0,). They are salts* of sulfurous a 

and react with dilute strong acids*, giving off 
sulfur dioxide, 


“Base, 15 


INORGANIC CHEMISTRY 


Sulfuric acid (H,SO,) or sulfurie(VI) 
acid 

An oily, colorless, corrosive liquid. It is a 
ibasic* acid, made by the contact process 
(see below). Concentrated sulfuric acid 

| contains about 2% water, Is hygroscopic* 
and a powerful oxidizing and dehydrating 
agent*. Dilute sulfuric acid, a strong a 
contains about 90% water. It reacts with 
metals above hydrogen in the 
electrochemical series* io give the metal 
sulfate and hydrogen, 


Concentrated sulfre acid son oxidizing agent 


Cu + 2HSO, + CuSO, + 50, + 2H,0 
rer comes cope) Sr Woe 


she sitet 
(Cuo(s) + #,50,(aq) > Cus0,(aq) + H,000 


Copper) vee Coppel) | Wate 
LEG" samiicacit —_—_ sutte 


Sutre oc is sed to make many things 
2, frites, manemade fey, detergents 
td pots 


‘The ection been concentrated sulfuric acd anid 
water sey velo To ave ocidrts whe thet ore 
Ime the acid salvos ded ily othe Water and 
rot vie tera 


Contact process 
The industrial process used to make 
sulfuric acid. 
Contact process 


‘yond pre aur dioxide and ar ave psced over a 
Catala of vanadium penance at 430°C 


280) + Ox) > 250,(9) 
|| suttrdonde — ongen Sul toe 
Salar triode ome, 


Sate taside i otsrbed by concentrated salfare acid 
fuming ult cl, of oleae, fr 


50, + HS, > H5:0, 
Sue Cocetated ing 
trenite sarc cts et 


Fuming sulfur ocd i ves to form ature acl, 
HS,0, + H,0 — 2H,S0, 


fuming Water Sri acd 


h, 344; Catalyst, 161; Caton, 130; Covalent compounds, 132; Dehydrating agent, 344; 


Dias, 153; lectrochemieal series, 139; Fumigation, 344; Hygroscople, 206; lonle compound, 131; 
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152; Volatile, 345; Weakened, 152. 


GROUP VII, THE HALOGENS 


The elements in Group VII of the periodic table* are called the halogens, 
and their compounds and ions are generally known as halides. Group VII 
members are all non-metals and their reactivity decreases going down the 
group — the chart below shows some of their properties. For further 
information on group members, see below and pages 187-188. The power 
of Group VII elements as oxidizing agents* decreases down the group. They 
can all oxidize the ions of any members below them in the group. For 
example, chlorine displaces both bromide and iodide anions* from solution 
by oxidizing them to bromine and iodine molecules respectively. Bromine 
only displaces iodide anions from solution, and iodine cannot displace any 


halide anions from solution. 


2KK(aq) + Best) > 2KBKa@ + 14s) 


Bromine sopsce odie anton rom ptousurn ie. och 
loci ary ses a lero (axle) when 1 placed 


bya bromide anion” 


$e peperien of Gioup Vil elements 
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Chlorine (Cl,) 
A member of Grom: 
‘A poisonous, chal 
very reactive and = 
compounds. Sodiame 
important compouga 
and brine. Chlorin 
electrolysis’, 

im, nage 168 
216). Ihis a very 
Many elements react: 
chlorides (see equuaty 
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Fluorine (F,) 
‘A member of Group VII of the periodic table. 
Iisa diatomic* gas, extracted from fluorospar 
(CaF,) and cryolite (Na,AlF,). It is the most 
reactive member of the group and is a very 
powerful oxidizing agent*, it reacts with 

almost all elements. See pictures for 

some examples of its uses, 


worn rots 0 frm ws tabi organic 
compounds" coled Muorocarbons, 23. 
olytetraoroethene)o" PTFE (see 
(bo poge 195) Shs re costed with 
PTFE to rescefion 


+ Bromide anion, 188 (Bromides) Cov 


"lectron configuration, 127; lodide anion, 188 (lode lonle compound, 131; sotope, 127; 
‘Organic compounds, 190; Outer shel, 127, Oxidation, Oxidzing agent, 14%; 
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Sodium hypochlorite 
‘© sodium chlorate(t) 
Arcrystalline, white soli 
lored dissolved in 
ter, and formed whem 
ine is added toa 
id, dilute sodium 
roxide solution. tis 
in domestic bleach* 
also to bleach paper 
lp white for writing. 
Feo, 130; Bate, 151; leach, 


vemleal series, 15% 
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Chlorine (Cl,) 

‘A member of Group VII of the periodic table. 
‘A poisonous, choking diatomic* gas which is 
very reactive and only occurs naturally in 
‘compounds. Sodium chloride (NaCl), its most 
important compound, is found in rack salt 
and brine. Chlorine is extracted from brine by 
electrolysis*, using the Downs’ cell (sec 
sodium, page 168 and also chlorine, page 
216}. itis a very strong oxidizing agent 
Many elements react with chlorine to form 
chlorides (see equation below). 
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Sodium hypochlorite (NaOCl) 
or sodium chlorate(!) 
Acrystalline, white solid, 
stored dissolved in 
water, and formed when 
chlorine is added to a 
cold, dilute sodium 
hydroxide solution. tt is 
used in domestic bleach* 
and also to bleach paper 


teached 
pulp white for writing, 


beret 


INORGANIC CHEMISTRY 


Chlorides 

Compounds formed when chlorine 
combines with another element. Chlorides 
of non-metals (see hydrogen chioride) are 
covalent compounds’, usually liquids or 
gases. Chlorides of metals, e.g. sodium 
chloride (NaCI), are usually solid, water 
soluble, ionic compounds made of a 
chloride anion’ (CI) and metal cation” 
See also page 218. 


Hydrogen chloride (HCI; 

A colorless, covalent* gas that forms ions 
when dissolved in a polar solvent*. itis 
made by buming hydrogen in chlorine. It 
reacts with ammonia and dissolv 

water to form hydrochloric a 

acid*. Concentrated hydrochlor 

35% hydrogen chloride and 65% water 
isa fuming, corrosive and colorless 
solution. Dilute hydrochloric acid, about 
7% byycrogen chloride and 93% water, 

is a colores solution that reacts with 
bases", and with metals above hydrogen 
in the electrochemical series’. 
Concentrated hydrochloric acid is used 
industrially ta remove rust from steel 
sheets before they are galvanized’. 


Concentrated hydrochloric auld i ce 0 ech etl 
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Sodium chlorate (NaCiO,) 
or sodium chlorate(V) 
A white, crystalline solid, 
formed when chlorine 

is added to warm 
concentrated sodium 
hydroxide, and 

also when sodium 
hypochlorite is warmed, 


“Anion, 130; Base, 151; Bleach, 245; Cation, 130; Covalent compounds, 132: lator, 124; 
Lectrochemleal series, 159, Electrelyss, 136; Fume cupboard, 225; Galvanizing. 174 (ust) 


Gerelde, 344; 


le compound, 131; Oxidlzing agent, 148; Polar solvent, 145 


ins, 345; Strong aeld, 152. 
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Halogens (continued) 


Bromine (Br,) 
‘A member of Group VII cf the 
table’ (the halogens ~ 
see chart, page 186). It is a 
volatile’, diatomic* liquid that gives off a 
poisonous, choking vapor. It is very reactive 
and only occurs naturally in compounds, e.g 
those found in marine organisms, sacks, sea 
water and some inland lakes. It is extracted 
from sodium bromide (NaBr) in sea water by 
adding chlorine. Bromine is a strong oxidizing 
agent®. It reacts with most elements to form 
bromides, and dissolves slightly in water to 
give an orange solution of bromine water. 
Bromine compounds are used in medicine, 
photography, and disinfectants, itis used to 
make 1,2-dibromoethane (CH.BrCH,Br) 
which is added to gasoline to stop lead from 
accumulating in engines, 


Bromides 
‘Compounds of bromine and one other element. 
Bromices of non-metals are covalent 
‘compounds* (see hydrogen bromide). Bromides 
of metals are «sually ionic compounds? made 
of bromide anions* (BF) and metal cations*. 
Excepting silver bromide (AgBn), they are all 
water-soluble. See also page 218. 
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Hydrogen bromide (HBr) 
A colorless, pungent-smelling gas, made by the 
reaction of bromine with hydrogen. Its 
chemical properties are similar to those of 
hydrochloric acid 


reocs with Bg afro nepine pure 


Iodine (1) 
‘A member of Group VII of the periodic table* 
(the halogens ~ see chart, page 186): A 
reactive, diatomic", crystalline solid. Itis 
extracted from sodium iodate (NaIO,) and 
seaweed. It is an oxidizing agent* and reacts 
with many elements to form iodides. When 
heated, it sublimes*, giving off a purple 
vapor, lodine is only slightly soluble in pure 
water, however, it dissolves well in potassium 
iodide (KI) solution and also in some 

organic solvents, 
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lodides 
‘Compounds of iodine ard one other element. 
lodides of non-metals are covalent compounds* 
‘ee hydrogen iodide). lodides of metals are 
usually ionic*, made of je anions* (I) and 
metal cations*. Except silver iodide (Agl), ionic 
iodides are water-soluble. See page 218. 


Hydrogen iodide (HI) 

A colorless gas with a pungent smell. It is a 
covalent compound”, formed when hydrogen 
and iodine react. It dissolves in water to give 
a strongly solution called hydroiodic 
acid (its chemical properties are similar to 
those of hydrochloric acid). 


* Acidic, 150; Anton, Cation, 130; Covalent compounds, 112; Diatomle, 124 onic compound, 131; 
Periodic table, 164; Oxlzing agent, 138; Sublimation, 21; Thyroxln, 336; Volatile, 35, 
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The noble gases _ 
rare gases, make 
the periodic 
Group 0. They = 
gases, obtained 
distillation of fi 
forms 0.9% of # 
Bases occur in 
They are all unr 
atoms’ electron 
very stable (they 
shell*) 


members form a 


Helium (He) 

The first member of 
table. tt is a colorleag 
as found in the al 
200,000) and in some 
USA. Its obtained lay 
‘of liquid air* and is « 
having no known 
airships and balloons 
dense than air and paw 
also by deep-sea div 
to avoid “the 

bends” 


Neon (Ne) 

‘A member of Group 
periodic table. A coke 
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GROUP VIII, THE NOBLE GASES 


The noble gases, also called inert or 
rare gases, make up Group VIII of 
the periodic table’, also called 
Group 0. They are all monatomic* 
gases, obtained by the fractional 
distillation of liquid air*. Argon 
forms 0.9% of the air and the other 
gases occur in even smaller amounts. 
They are all unreactive because their 
atoms’ electron configuration* is 
very stabie (they all have a full outer 
shell*). The lighter members do not 
form any compounds, out the heavier 
members form a few. 


Helium (He) 

‘he first merrber of Group Vill of the periodic 
table. Its a colorless, odorless, monatomic* 
gas found in the atmosphere (one part in 
200,000) and in some natural gases in the 
USA. Itis obtained by the fractional tion 
of liquid air* and is completely unreactive, 
having no known compounds. Itis used in 
airships and balloons, as itis eight times less 
dense than air and not inflammable, and 

also by deep-sea divers 

to avoid “the 

bends’. 
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Neon (Ne) 

‘A member of Group Vil of the 
periodic table. A colorless, 
odorless monatomic* gas 
found in the atmosphere (one 
part in 55,000). Its obtained 
by the iractional distillation 
of liquid air* and is totally 
unreactive, having no known 
compounds, itis used in neon 
signs and fluorescent lighting 
as it emits an orange-red glow 
when an electric discharge 
ppasses through it at low 
pressure. 


Radon (Rn) 
The last member of Group Vill of the periodic 
table. It |s radioactive’, occurring as a result 
of the radioactive decay* of radium. 


Argon (Ar) 
‘The most abundant member 
01 Group Vill of the periodic 
table. It is a colorless, 
odorless, monatomic* gas 
that makes up 0.9% of the air. 
Obtained by the fractional 

illation of liquid aie’, itis 
totally unreactive, having no known 
compounds. It is used in electric 
light bulbs and fluorescent tubes. 
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Krypton (Kr) 

‘A member of Group Vili of the periodic table, 
itis a colorless, odorless, monatomic 

gas found in the atmosphere (one part in 
670,000). It is obtained by the fractional 
distillation of liquid aie* and is unreactive, 
only forming one known compound, krypton 
fluoride (KsF,). Krypton is used! in some lasers 
and photographic flash lamps. It is also used 
in fluorescent tubes and in the stroboscapic, 
lights which flank airport runways 


Xenon (Xe) 

‘A member of Group Viti of the periodic table. A 
colorless, odorless monatomie* gas found in 
the atmosphere (0.006 parts per million} 
Obtained from the fractional distillation of 
liquid air*, itis unreactive, forming only a 
very few compounds, e.g. xenon 

tetrafluoride (XeF,). It is used to fill 
fluorescent tubes and light bulbs: 


ORGANIC CHEMISTRY 


Originally organic chemistry was the study of chemicals 
found in living organisms. However, it now refers to the iia 
study of all carbon-containing compounds, except the 
carbonates* and the oxides* of carbon. There are well A 
over two million such compounds (organic compounds), 
more than all the other chemical compounds added 

together. This vast number of covalent compounds* 


is possible because carbon atoms can bond with 
each other to make a huge variety of chains and rings. 


Aliphatic compounds 

Organic compounds whose molecules 

contain a main chain of carbon atoms. The 

chain may be straight, branched or even in 
g form (though never @ benzene ring — see 

aromatic compounds} 
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Aromatic compounds 

Organic compounds whose molecules contain 
a benzene ring. A benzene ring has six carbon 
atoms but difers from an aliphatic ring 
because bonds between carbon atoms are 
neither single nor double bonds* but midway 
between, both in length and reactivity 
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Hydrocarbons 
(Organic compounds that contain only carbon 
and hydrogen atoms. 


eo 
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Functional group 
‘An atom or group of atoms that gives a 
molecule most of its chemical properties. 
Organic molecules can have several such 
Broups (see also pages 194-195). 
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196 Carbonates, 179; Covalent compounds, Double bond, 12 


‘Onis, 18; Single bond, Tiple bond, 132, 
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Homologous series 

A group of organic compounds which 
increase in size through the group by adding 
a -CH,- group each time. All series (except 
the alkanes*) also have a functional group, 
e.g, the alcohol* hydroxyl group (OH). 
Members of a series have similar chemical 
properties but their physical properties change 
as they get larger. A homologous series has a 
general formula for all its members, 

‘he gemeel formula fr aeohoe* iH 

fren stands arte number as on}. 
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Saturated compounds 
Organic compounds whose molecules only 
have single bonds* between atoms 


. 2° Porto o molecule 
fod in buter 


teria 


Unsaturated compounds 
Organic compounds whose molecules have at 
least ane double or triple bond 


>9@ ; ; 3 


1060 


Polyunsaturated compounds 

‘term used for compounds whase molecules 
have many double or triple bonds", e.g 
those found in soft margarines, 
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ORGANIC CHEMISTRY 


Stereochemistry 
The study of the 3-dimensional (3-D) structure 
of molecules. Comparing the 3-D structure 
of very similar organic molecules, e-. 
sterecisomers, helps distinguish between them. 
The 3-D structure of a molecule is often shown 
by a stereochemical formula” — a diagram that 
shows haw atoms are arranged in space. 
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Isomers 
Two oF more compounds with the same 
molecular formula*, but different 
arrangements of atoms in their molecules 

As a resull, the compounds have different 
properties. There are two main types of 
isomer, structural isomers and stereoisomers. 


Structural isomers 

‘Compounds with the same molecular 
formula*, but different structural formulas*, 
i.e. the atoms are arranged in different ways. 
The molecular formula C0 has two dere 

strate formes" 


boro! CH.CH,OH Methonmethone — O%0C% 
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Stereoisomers 
Compounds with the same molecular formula* 
and grouping of atoms but a different 3-D 


appearance. ry 
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Stereochemical formula, Structural formula shortened), 140; Triple bond, 132. 
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ALKANES 


Alkanes, or paraffins, are all saturated* 


hydrocarbons” and aliphatic compounds*. They form 
a homologous series” which has a general formula* of 
C,Han2- AS the molecules in the series increase in size, so 

the physical properties of the compounds change (see chart 
below). Alkanes are non-polar molecules*. They burn in air to 
form carbon dioxide and water, and react with halogens*, 
otherwise they are unreactive. Excepting methane, they 

are obtained from petroleum*. They are used as fuels 

and to make other organic substances, e.g. plastics. 


The ft prt ofthe pane nae The bag pa oon reas 
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Methane (CH,) Cycloatkanes 


The simplest alkane. Its a colorless, odorless, 
inflammable gas, which reacts with halogens* 
(see equation, below right) and is a source of 

hydrogen. Natural gas contains 99% methane, 


Ethane (C,H,) 

‘A member of the alkanes. A gas found in 

small amounts in natural gas (see methane), 

but mostly obtained from petroleum*. Its 

properties are similar to those of methane. It 
is used to make other organic chemicals. 


Propane (C,H,) 
‘A member of the alkanes. A gas that is 
{\ _ usually obtained from petroleum’. 
Ss Ils properties are similar to 
f] ethane. itis bottled and sold as 


Alkane molecules whose carbon atoms are 
joined in a ring, e.g. cyclohexane (see picture, 
page 190). Their properties are similar to 
those of other alkanes, 


ALKENES 
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Substitution reaction 

A reaction in which an atom or functional 
group* of a molecule is replaced by a 
different atom or functional group. The 

| molecules of saturated compounds*, e.. 
| alkanes, can undergo substitution reactions, 
but not addition reactions (see right). 
Atkanes rea with halogens by ucering @ 

Substitution reaction Here on sxe 
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* Aliphatic compounds, 190; Functional group, 190; General formula, 121 (Homologous serie) 
Halogens, 186) Hydrocarbons, 190, Molecular formula, 140; Non polar molecule, 153 (Polar molecule, 
Petroleum, 19%; Saturated compounds, 191; structural formula (shortened), 140, 
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I ORGANIC CHEMISTRY. 
) ALKENES 


Alkenes, or olefins, are unsaturated” hydrocarbons” and aliphatic 
compounds. Alkene molecules contain one or more double bonds* 
between carbon atoms, Those with only one form a homologous series* 
with the general formula C,H,,, As the molecules increase in size, their 
physical properties change gradually (see below). Alkenes are non-polar 
molecules”. They burn with a smoky flame and in excess oxygen are 
completely oxidized" to carbon dioxide and water. Alkenes are more 
reactive than alkanes, because of their double bond - they undergo addition 
reactions, and some form polymers*. Alkenes are made by cracking* alkanes 
and are used to make many products including plastics and antifreeze. 
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Fthene (C,H,) or ethylene Propene (C,H,) or propylene 

The simplest alkene (see chart above) ~ it isa A member of the alkenes. It is a colosess as 

colorless, sweet-smelling gas which undergoes _used to make propanone (also known as 

addition reactions including addition acetone — sce ketones, page 194) and 


polymerization’ to ‘orm poly(ethene), commonly _poly(propene), also called polypropylene. 
known as polythene, (see homopolymer, page 
200). Ethene is used to make plastics, and also 
ethanol and many other organic chemicals 


Addition reaction Hydrogenation 
‘A reaction in which two molecules react An addition reaction in which hydrogen 
together to produce a single larger molecule. atoms are added to af unsaturated 

One of the molecules must be unsaturated” compound* molecule. 

(have a double or triple bond’) 
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+ Addition polymerization, 200; Aliphatic compounds, 190; Cracking, 195; Double bond, 132; General formats, 1°1 (Momotagous 
‘erles) Hydrocarbons, 151; Motecular formula, 140; Non polar molecule, ‘33 (Polar molecule}, Oxidation, 148; Polymers, 200, 193 
Ssturated compounds, 151; Structural formula (Shortened), 140; Triple tond, 132; Unsaturated compounds, 191 


ALKYNES 


Alkynes, or acetylenes, are 
unsaturated* (each molecule has a 
carbon-carbon triple bond*) and 
aliphatic compounds". They are 
hydrocarbons* and form a 
homologous series* with a general 
formula* C,H,,.». Alkynes are 
named in the same way as alkanes*, 
but end in -yne, not -ane (see page 
214). They are non-polar molecules* 
with chemical properties similar to 
alkenes*, They burn with a sooty 
flame in air, and a very hot flame in 
pure oxygen. Alkynes are produced 
by cracking*. They are used to make 
plastics and solvents. 
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Ethyne (C,H,) or acetylene 

The simplest member of the alkynes. A 

colorless gas, less dense than air and with 

a slightly sweet smell, It is the only common 

alkyne. Ethyne undergoes the same reactions 

as the other alkynes but more vigorously, e.g. 

it reacts explosively with chlorine. Itis used in 

oxy-acetylene welding torches as it bums with 

a very hat flame. Ethyne is made by cracking* 
and is used to make polyvinyl chloride 
(PVC) and other vinyl compounds. 
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More homologous series 


The following groups of organic 
compounds each form a homologous 
series* of aliphatic compounds*. 
Each series has a particular 
functional group* and its members 
have similar chemical properties. 


Aldehydes 
‘Compounds that contain a ~CHO functional 
group*. They form a homologous series* with 
a general formula C,H,,,,CHO, and are 
named like alkanes* but end in -al, not -ane 
(see page 215). They are colorless liquids 
(except methanal) and reducing agents*, 

and undergo addition*, condensation* and 
polymerization reactions*. When oxidized’, 
they form carboxylic acids. 
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Ketones 
Compounds that contain a carbonyl group 
(a-CO- functional group"). Ketones form a 
homologous series? with a complex general 
formula’. They are named like alkanes* but 
end in one, not just -e, Most are colorless 
liquids. They have chemical properties similar 
to aldehydes but are not reducing agents* 
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ORGANIC CHEMISTRY 


Carboxylic acids 

Compounds that contain a carboxyl group 

(a -COOH functional group*) and iorm a 
homologous series* with a general formula* 
C\Hs,COOH. Their names end in -oic acid 
(see page 215). Pungent, colorless weak 
acids*, they react with alcohols* to give esters 
(see condensation reaction, page 197), 
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Dicarboxylic acids 
Compounds that contain two carboxyl groups 
(see carboxylic acids) in each molecule. 
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Esters 

A homologous series" of compounds containing 
a -COO= functional group* in every molecule. 
They are unreactive, colorless liquids made by 
reacting a carboxylic acid and alcohol* (see 
condensation reaction, page 197). Found in 
vegetable oils and animal fats, they give fruit 
and flowers their flavors and smelis. They are 
used in perfumes and flavorings. 
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Halogenoalkanes or alkyl halides ] 
A homologous series* whase members 
Contain one or more halogen* atoms (see 
aio page 215). Mast halagenoalkanes are 
colesless, volatile liquids which da not mix 
with water, They wil! undergo substitution 
reactions*. The most reactive contain iodine 
and the least reactive contain fluorine. 
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Primary amines : 
Compounds that contain an amino group 
(CNH, functional group"). They are weak 
bases*, and have a fishy smell. 


Diamines 
Compounds with two amino groups in 
each molecule. 


6; Fanctional group, 191; General formula, 191 (Momalogous series; 
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ALCOHOLS 


Alcohols are organic compounds that contain one or more hydroxyl groups 
(- OH functional groups*) in each molecule. The alcohols shown below in 
the chart are all members of a homologous series* of alcohols which are 
aliphatic compounds* with the general formula* C,H,,,;OH. As the 
molecules in the series increase in size, their physical properties change 
sieadily, Some of the trends are shown in the chart below. As a result of their 
hydroxyl groups, alcohol molecules are polar*, and have hydrogen bonds*. 
Short-chain alcohols mix completely with water, but long-chain alcohols do 
not as their molecules have more ~CH,~ groups, making them less polar. 
Alcohols do not ionize* in water and are neutral*. They burn, giving 


off carbon dioxide and water. 
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Alcohols react with sodium: 


2CH,CH.OH + 2No > 2CH.CHONa + H, 
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Alcohok react with phosphorus halides to 
give halogenoalkanes (see page 195), and 
with carboxylic acids* to give esters (see 
condensation reaction and page 195). 


Primary alcohols are oxidized” first to 
aldehydes* and then to carboxylic acids*. 
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Ethanol (CH,CH,OH, often written 
C.H,OH) 

Also called ethyl alcohol, or alcohol. An, 
alcohol which is a slightly sweet-smelling 
water-soluble liquid with a relatively high 
boiling point burns with an 
almost colorless flame and is 
maicbyebeeracing ff 
with steam. It is also ! 
produced by 
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Alcoholic fermentation RY ion 


The name of the process used ae 


to preuce ethanol the potent “A 
chemical in alcoholic drinks) a 


from fruits or grain. Glucose* Por 
from fruit or grain is converted fermented a 
make we 


into ethanol by enzymes* 
(catalysts* of the reactions in living cells). 
Yeast is used in alcoholic fermentation 

because it has the enzyme zymase which 
catalyses the change of glucose to ethanol. 
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Polyhydric alcohols 
Alcohols whose molecules contain more than 
‘one hydroxyl group (see introduction). 
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Condensation reaction 

A type of reaction in which two molecules 
react together to form one, with the Joss of a 
small molecule, e.g. water. (See also 
condensation polymerization, page 200.) 


‘male eplasies 


amp ofa condensation reaction 


[CH,CH,OH + CH,COOH + CH,COOCH,CH,+ HO 
hors! Ethanoic——«Ethvvethonoate Water 
‘oa icc 


‘This reaction is also an esterification reaction 
as the product ethyl ethanoate is an ester*. An 
aleohol and an organic acid always react to 
form an ester 


otc of baton. To 0 primary 
‘coh. the carbon stom otched 
{othe hydrogy group (ce 
Insoducton} hs be hytogen 


| Primary, secondary and tertiary alcohols 


Vole of butan-2-0 «secondary 
‘leo. The crbon atom attaches 
fe the cron group (see 
itroduton) has one hydrogen 

‘tom ached to 


4 wv 
veo 
7) 


Mole a 2 methy! propan-2- 
‘tertiary acaba. he carbon 
‘tm attached te hydrony roe 
‘ee tdci) ho hyogen 
‘toms tered 


| 
‘The uber nthe ames of the cls ge the pasion of the carton ato tt te 
| lnydroxy groups bared to. (Se pages 214-213 for more exemnatin on raring oko) 


* catalyst, 161; Distitlation, 220; 
‘enzyme, 16]; Esters, 195: 
‘Glucose, 204; Oxidation, 148 


PETROLEUM 


Petroleum, or crude oil, isa dark, viscous liquid, usually found at great 
depths beneath the earth or sea-bed. It is often found with natural gas*, 
which consists mainly of methane*. Petroleum is formed over many 
thousands of years by the decomposition of animals and plants under 
pressure. It is a mixture of alkanes* which vary greatly in size and structure. 
Many useful products are formed by refining petroleum 


Refining Primary stilton 

‘A set of processes which convert petroleum to more eee 

Useful products, Refining consists of three main processes mer wit det he ‘Ugh rans 

~ primary distillation, cracking and reforming. the ip athe —caleted 2 to, 
try. The roe the 

Primary distillation or fractional distillation aon ae ete 

of petroleum 

A process used to separate petroleum into fractions, 

according to their boiling points (see also page 220). 

‘A fractionating column (see diagram) is kent very hot 

at the bottom, but it gets cooler towards the top. Boiled / 

petroleum passes into the column as vapor, fosing (J oe 

heal as it rises. When a fraction reaches a tray at a ‘el k 

temperature just below its own boiling point, it 

condenses onto the tray, It is then drawn off along pipes. “ 

Fractions are distilled again to give better separations. 


Fraction 
‘A mixture of liquids with similar boiling points, obtained 
from primary distillation. Light fractions have low 
boiling points and short hydrocarbon* chains. Heavy 
fractions have higher boiling points and longer chains. 


Cracking 
A reaction which breaks large alkanes* into smaller 
alkanes and alkenes*, The smaller alkanes are used as 
gasoline. Cracking occurs at high temperatures, or with 
a catalyst* (catalytic cracking or “cat cracking” 


CHa > Cry + CH, 
Alkane Alkane Alkene 
(Wenane) _(eptane) _(Ethene") 


Reforming 

A process which produces gasoline from lighter 

fractions by breaking up straight chain’ 

alkanes* and reassembling them as branched 

chain* molecules. 

Pete ——> Heany froctions 

Furnace heats ar rere 
pati to 350°C tet 


192; Alkenes, 193; Branched chain, 190; Catalyst, 16); Ethene, 193; 
Hydrocarbons, 190; Natural ges, 192 (Methane) Straight chain, 190. 


Refinery gas 
‘A.gas which e 
of methane*, 
fractions contain 
butane (both 

are made into i 


petroleum gas 


efinory gas 


Gasoline or 

A liquid fraction, 
primary distillate: 
of alkanes* with 5 
atoms in their mm 
has a boiling poing 
40-150°C. See also 
and reforming, 


Cosoline 


Kerosene or 

A liquid fraction 
primary distillation 
‘of alkanes” with 
‘toms in their m 
boiling point range a 


Rerosene 


Diesel oil or gas of 
A liquid fraction 
primary distillation. © 
alkanes* with about 


carbon atoms in thes 


The oil feft after pris 
distillation. it consist 
Bydrocarbons* of very 
Molecular massest, 
taining up to 40 

is boiling point is 
350°C. Some is used = 
Which is used to heat 
Beemmercial buildings a 
Bo generate electricity > 
BEdistilled to form the 
Sn the right. 


Fatkanes, 192; Branched cae 
PBethinne, 192; Relative 


Refinery gas 
A gas which consists mainly 
fof methane®, Osher light } 
fractions contain propane and ugueped 
butane (both alkanes*) anc 

are made into liquefied 


Disused os 
petroleum gas (LPG), fa 


ote gs. 


Gasoline or petrol 

A liquid fraction obtained from 
primary distillation. It cons 

of alkanes* with 5 t0 12 carbo 
atoms in their molecules and 
has a boiling point range of 
40-150°C. See also cracking 
and reforming. 


Kerosene or paraffin 
A liquid fraction obtained from 
‘primary distillation. Kerosene consists 
‘ef allanes* wit about 9-15 carbon 
‘atoms in their molecules. thas a 


‘ORGANIC CHEMISTRY 


Chemical feedstocks 

Fractions of petroleum which are used 
in the production of organic 
chemicals. These fractions are 

mainly refinery gas and naptha 

a part of the gasoline fraction, 


Octane rating 

A measure of how welt 

gasoline burns, measured on 
of Oto 100. It can he 


i aN anti= carlin se incor ae 


knock agent such as methyl- 
ary-butyl-ether (CH, fe 


Kerosene is wed 
ra fut ne 


Lubricating 
A mixture of non-volatite* liquids 
obtained from the distillation of residue 


ina vacuum 


solids which are separated from 
lubri oil after the distillation of 
residue in 2 vacuum. 


I Hijekocarbonsivanes\Or paraffin wanes ii 


Bitumen or asphalt 
| A liquid left after the distillation of 

residue under vacuum, It is a tarry : as 

black semi-solid at room temperature. ‘and rocting 


POLYMERS AND PLASTICS 


Polymers are substances that consist of many 
monomers (small molecules) bonded together in a 
repeating sequence. They are very long molecules 
with a high relative molecular mass*. Polymers 
occur naturally, e.g. proteins*. There are also 


many synthetic polymers, e.g. plastics. 


‘Monomers 
Relatively small molecules that react to form 
polymers. For example, ethene* molecules are 
‘molecules which react together to form polythene 
{see also equation for homopolymer, below right) 


Simplified picture of a polymerization reaction —a reaction 
in which monomers hand to form a polymer 


Symthetc polymers 
‘uch ox plese (ce 
page 201) have mary 
ses Hemet fr ocng driver are mae 
ol thermoretting plastered th 
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Addition polymerization 
Polymerization reactions in which monomers 
bond to each other without losing any atoms. 
The polymer is the only product and has the 

I formula* as the monomer. 
See also addition reaction, page 193, 


‘Example of an addition polymerization reaction 


| Ss 
ie Vinlchinse Pada ert ve 

oir Ihmopetymer 
Condensation polymerization 
Polymerization reactions in which 
‘monomers form a polymer with the loss 
‘of small molecules such as water. See 
condensation reaction, page 197. 


Homopolymer 
A polymer made from a single type 

of monomer. 

Reaction o produce the bajo! polythene 


QP ree PPPD 
aaeneasd 


a mre This on aedton Pr of polythene 
Sreethene" polymerisation” ole 

roe ret, 

Copolymer 

‘A polymer made from two or more different 

‘monomers. See condensation polymerization 
example below. 


Depolymerization 
‘The breakdown of a polymer into its original 
monomers. It occurs, for example, when, 
acrylic is heated, 


Weer melee pradiced by ection 


1.-arinohesane 


Pedamine. ——Hexanedok acd 
(monomer) 


esone (monomer) 


condensation 


4 o | # 4 © polymerization HO oH Ho 
ec NEB eel (HCN NHL wc — Peau NECA ENCHN-C 


eran ‘yon 66 pamer 
mit (copolymer) 


200 «empirical tormuta, 140; Ethene, 193; 


Proteins, 205; Relative molecular mass, 138 


Natural polymers 
Polymers that occa) 
rubber. Starch js 
Blucose*. For a 

see starch, page = 


Part of a rubber polymmt 


Polymers prepared = 
industry (not natural 


Plastics 
Synthetic polymers 
are made from 
petroleum® and are 
Which are thermal === 
They are often rot bi 
of poisonous fumes! 
two types of plastic — 
soften or melt on 
thermosetting plastics 
heating and do not 
Used in worktops). 


Polyesters 
Fopolymers, formed = 
‘condensation pol 

and dicarboxylic acid” 
The monomers are lis 
=COO- functional 
found in esters” 


Boch have sa mace of 

Bo nse pr 
which are wed in 

fs biting mote, 


pes 

‘amily of polyamides 
Frard-wearing polymext 
ido not absorb water or 
Tin fabrics, often mixed: 
pondensation polym 
Yorthe manufacture of 


“Blodegradable, 210; Carbo 
Dicarboxylle acs, 195, Dake 
Fenctionsl group, 19; locum 


Natural polymers or biopolymers 
Polymers that occur naturally, e.g, starch and 
rubber, Starch is made from monomers of 
glucose”. For a picture of the starch polymer, 
see starch, page 204. 


Auber extoted fm fate topped ra the ebber te eis 
thon eeamtzed to price the eb aed in ie, Pe, 


Synthetic or man-made polymers 
Palymers prepared in the laboratory or in 
industry (not natural polymers), e.g. nylons. 


Plastics 

Synthetic polymers that ate easily molded. They 
are made from chemicals derived from 
petroleum* and are usually durable, light solids 
which are thermal and electrical insulators. 
‘They are often nct biodegradable* and give 
off poisonous fumes when burned. There are 
two types of plastic ~ thermoplastics which 
soften or melt on heating (e.g. polythene), and 
thermosetting plastics which harden upon 
heating and do not remelt e.g. plastic 

used in worktops). 


Polyesters 

Copolymers, formed by the 
condensation polymerization of diot” / 
and dicarboxylic acid* monomers. 
The monomers are linked by 
=COO- functional groups', as 
found in esters” 

Yess hve sos made papers 

sone poetes opr or 

itr ith aru i cong 

nd turing rei. 


Nylons 

A family of polyamides. They are strong, 
hard-wearing polymers which stretch but 

do not absorb water or rot. They are used 

in fabrics, often mixed with other fibers. See 
condensation polymerization for the equation 
for the manufacture of nylon 66. 


“Biodegradable, 210, arbox9 group, 195 (Carbexytc al 
Dicarboxyic ack, 155; Dils, 197 (Polyhydrc alcohols) 


ORGAKIC CHEMISTRY 


Polyamides 
‘Copolymers iormed by the condensation 
polymerization of a dicarboxylic acid* 
‘monomer with a diamine* monomer, 
e.g. nylons. 


Polystyrene or 
poly(phenylethene) 
A homopolymer 
formed by the addition 
polymerization of 
styrene (phenylethene) 


Polystyrene sed to make digarable 
rive food caps Aiespanod sheets of 
oatrene used in packaging onto, 


Polythene 
Also called poly(ethene) or poly(ethylene) 
Ahomopolymer formed by the addition 
polymerization of ethene* (see homopolymer, 
page 200), Polythene is produced in two forms 
(depending on the method used) ~ a soft material 
of low density, and a hard, more rigid, material of 
high density. Polythene has a relative molecular 
mass” of between 10,000 and 40,000 and is used 
to make many things, e.g. polythene bags (soft 
type), bowls used for washing (harder type) 


Acrylic 

Also called poly(methylmethacrylate} or 
poly((1-methoxycarbonyl)-1-methylethene). A 
homopolymer formed by addition polymerization. 
Itis often used as a glass substitute 


crys 
tad take 


A PVC covering makes 
the underwater eo 
mere water 


Polyvinyl chloride (PVC) 
or poly(chloroethene) 

A hiard-wearing hemopalymer 
used to make many things, 
e.g. bottles and gloves. 

(See also addition 
polymerization 

picture, page 

200) 


Functional group, 190; lucose, 204; Latex, 345; Petroleum, 198; Relative molecular mass, 135; Valeanizatlon, 34. 


Step-by-step instructions 
for making (and unmaking) 
the perfect solder joint. 

By Joe Grand 


WMD MHI | . HH HHHMMMWwwjgn, obj” 


The two key parts of soldering are good heat distribution and 
cleanliness of the soldering surface and component. With practice, 
you'll become comfortable and experienced with the process. 

In this primer, I'll explain how to solder a component onto a printed 
circuit board (PCB). I'll also provide desoldering tips and show you how to 
remove a surface-mount component from a printed circuit board using a 
Chip Quik kit. And I'll show you how to remove a component by removing the 
solder in a way that won't damage the components or the circuit board. 


& 


Reprinted with permission ram Hardware Hacking, copyright 2004, Syngress Publishing, ISBN: 1.932266-83 6, pp. 24-40. 
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DETERGENTS 


Detergents are substances which, 
when added to water, enable it to 
remove dirt. They do this in three 
ways: by lowering the water’s 
surface tension* so that it spreads 
evenly instead of forming droplets, 
by enabling grease molecules 

to dissolve in water, and also by 
keeping removed dirt suspended 
in the water. Soap is a type of 
detergent, but there are also many 
soapless detergents. 


Detergent molecule 

A large molecule consisting of a long 
hydrocarbon* chain with a functional group” 
at one end (making that end polar‘). The 
non-polar* chain is hydrophobic (repelled 
by water) and the polar end is hydrophilic 
(attracted to water). In water, these molecules 
Broup together to form micelles. 


‘Simple representation of a detergent molecule 


opie tanctional grou 
(arent omen pers 


Micelle 

A spherical grouping of detergent molecules 
in water, Oils and greases dissolve in the 
hydrophobic center of the micelle. The 
picture below shows how micelles of 
dishwashing liquid remove grease. 


cevasy Hydrophilic end detergent 
molec icky aut of grease 


Detergent 
‘molecules 


ydeophoble rd of detergent 
molente embed in gre 


The motion caused by washing the des 
and the ateton ofthe hed edo the 
detergent molecule 10 wr, pl af te 
itrgon ark ree. A elle (ee) bred 
Ivhon the ve pe of isto Io ker ae 
Suspended in souton 


Soap 
A type of detergent. It is the 
sodium or potassium salt* of a 

long-chain carboxylic acid* such 

as octadecanoic acid (see equation at 
bottom of page). It is made by reacting 
animal fats or vegetable oils (esters*) with 
sodium hydroxide oF potassium hydroxide 
solution (soap made with potassium 
hydroxide is soften. The process of making 
soap is saponification. Soap molecules 
form micelles it; water. Soap produces a 
scum in hard watee* whereas soapless 
detergents de not. 


Saponifcation (soap-making) Soap aking focory 


Measured amounts 
of fat” an sad 
hydroxide w possi 
fcr oti ore 
ntl fed to 
forge oom colon ke 
Suche The eau = 
hg temperature ond 
presi 


Soap ond propane:,2.3 
‘re foe and then the 
str asaved 
‘alte 


‘he pat of the procs elng or 
nishing. Ary neta ora hat. 
Corboryile olde" oe neutralized) 
‘il andthe ot concern ates, 
The mitre then contig io separ 
out he sx, 


‘Saponifiation equation 


CyHyCOOCH, 
CHsCOOCH 
Ci HyyCOOCH, 
Ester” hr mito ft 


3CjyHyyCOO"Na” 
Sedum ectadecaraate 
(Godin stecrate) sop 


Propane 2,2 


A a0 moles ae sod oF possum als of fg in 
‘carbonyl alten ths example the sp ma ot ot 
‘ctadecenole acid. 


“carboxylic acids, 195; ters, 195; Fats, 205 (Lipids; Fanetional group, 190; Hard water, 207; Hydrocarbons, 190 
‘Neutrallzation, 151; Men-polar molecule, 13 (Polar molecule) Salts, (53; Surface tension, 23 


Soapless det 
detergents 

Types of detengea 
by-products of 
They are used to 
including laundey 
and hair conditis 
referred to as d 

do not form a sexs 
lather better than 
biodegradable ‘see 


rape oa soaps. 


Laundry powders 
Soap or soapless 
clothes, They are’ 
alone, as they make ® 
There are two male 

= those used whem 
(usually soap powders 
Washing machines, 
soapless deterge 
added to keep the is 
brighten the apr 

they also contain 
biological laundry 
detergents. Enzymes 
Proteins and loosest 


Soapless detergents or synthetic 
detergents 
Types of detergent made from 
| by-products of refining” crude of 
They are used to make many produc's, 
including laundry powders. shampoos 
and hair conditioners, and are usually simply 
referred to as detergents, Soapiess detergents 
do not form a scum in hard water*, and 
lather better than soaps. If they are not 
biodegradable (see righ, they pollute rivers. 
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Laundry powders 
Soap or soapless detergents used to wash 
clothes. They are better for fabrics than water 
| alone, as they make it easier to remove dirt 
There are two main types of laundry powders 
~ those used when kand-washing clothes 
(usually soap powders) and those used in 
washing machines. The latter are mostly 
soapless detergents with other substances 
adiled to keep the lather down and to 
brighten the appearance of the fabric. When 
they also contain enzymes*, they are called 
biological laundry powders, or enzyme 
detergents. Enzymes help to break down 
proteins” and loosen dirt 


“Benzene ring, 190 (Aromatic compounds): Enzyme 


Biodegradable detergents 
Soapless detergents that are 
broken down by 
(see biodegradable, page 
210), Foares from non- 
biodegradable detergents 
cannot be broken down 
and cover the water, 
depriving life of oxygen, 


teria 


biodegradable 
dleerger il 
vrata he 0 
uygen tem sing 


Surfactants 

Substances which lower the surface 
tension* of water. As a result of this ! 
property, detergents have many other 
uses, a5 well as renioving dirt ‘see 
examples below). 
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161; Mare water, 207; Hydrocarbons, 190; lone compound, 131; 


285; Refining, 19% Surface tension, 22 


FOOD 


In order to survive and grow, living ‘Amino acids 
organisms need a number of different Compounds whos 
substances. These include the nutrients — carbon atom joined) 
carbohydrates, proteins and fats (see and an amino 
lipids) — which are all org from amine aaa 
compounds* made by plant Bepeane 
photosynthesis* and taken in by 4 ‘mt emo 


animals, Also important are the i ey 

The eon body " 
accessory foods — water and echo are of so ne 
minerals, needed by both plants and rations te ln mm 
animals, and vitamins, needed by animals only, Roughage, or fiber, is also ow protcins are be 


needed by many animals to help move food through the gut. Different pesterhpa 
animals need different amounts of these substances for a healthy diet. For ery nutritious f 
more about minerals and roughage, see page 331. 
1. Chm pas gol 
Carbohydrates Sucrose Je fanec od Sosa 
Organic compounds* of varying complexity — A disaccharide, ic. a carbohydrate, 
the most complex, made of many individual composed of two monosaccharide units — 4 
. units, being polysaccharides (sce starch) in this case glucose and fructose. It is 
and the simplest, made of just one _sweet-asting,olten used to sweeten food, 
unit, being monosaccharides. All and is commonly known as sugar. It has the 
have the general formula* C,(H,0),. molecular formula* C,,H,,O,, and is obtained toma al us 
Almost al living organisms use the from sugar cane and sugar beet mer a 
monosaccharide glucose for enenzy. crn tre nde 
Starch 
These is cnn A polysaccharide (sce carbohydrates) which 
‘rbot, 
is the storage form of glucose in plants. Like 
Glucose lycogen (see glucose), itis an example of a 
DK monosaccharide (see natural polymer* ~ the monomers in this 
J carbohydrates) with the case being the glucose monosaccharides. 
GP soleculae formula® CH,,0, the Note that when these join, water molecules 
tai breakdown of which provides energy form at the links (see condensation ean 
for plants and animals. Plants make polymerization, page 200). Peciee heats tera 
their own by photosynthesis*, storing te mates ode 
ows it a8 starch until itis needed. Animals Patt fa tach molecule tro ng ce ae 
take in all forms of carbohydrate, break we emus We 
down the complex ones to glucose, 
and store this as the polysaccharide 6. te body ceca 
slycogen. For more about glucose, see HoH : Fre by ing an 
pages 330-331, 334-335 and 336-339, 


3. An ensyme® in te 
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reacts in heb 
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Simplified equation showing energy released 
whe glucose fs broken down in the body 


iHi,0, + 60,  6CO, + 6H,0 + ENERGY 


Gheose —Onygen Carbon ter (mecured 
taken inby siouse 1K | seer Sinking thee were OH on each rele 0 formed and 
‘espaton ‘wa "ei plan se. 


General formula, 19! (Homologous series); Molecular formula, 140; Monomers, 200; Catalysis, 161 (Coupe 
"Natural polymers, 201; Organie compounds, 199; Photosyatheds, 202; Polymer, 200 Organic solvent, 42 


Compounds whose molecules contain 
carbon atom joined fo a carboxyl group" 
and an amino group". Proteins are made 
from amino acids. See also pages 228-329, 
rear bout NH, — Amine group 
Bae ata 
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‘How proteins are broken down in the hoy 
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ORGANIC CHEMISTRY 


Proteins 
Natural polymers* macle from many amino 
acid monomers* joined together. The relative 
molecular masses* af proteins vary from 
20,000 to several million. They are found 
mainly in meat, dairy food, nuts, cereal and 
beans, Animals need proteins for grow and 
repair of tissue. See also pages 330-331. 


Vitamins 

‘Organic compounds* 
found in small amounts 
in food. They are an 
essential part of the diet 
of animals. They are 
needed to help enzymes* 
catalyse" reactions in 
the body, See page 339 
for a list of vitamins. 


fBxample ofa vitamin - 
vitamin C, also called 


People who donot ea enough 
titatn get sc Cus 
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Lipids 

Agroup of esters*, 

including fats ardd waxes, found in living 
tissue (fats form a veserve energy source ~ see 
also pages 330-331). Insoluble in, water but 
soluble in organic solvents*, they are mostly 
solid or semi-solid and made of saturated* 


carboxylic acids*, though a smaller group, the 
oils, are liquids and consist mainly of 
unsaturated* carboxylic acids 


Feample ofa reaction 
to make a fa, 
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CHO ~C~ Cis 
| Po 
CHOK + 3C, HCOOH + CHO—C—Cy)Hyy + 3H,0 
tad ° Wa 
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= Amino group, 195 Primary amines}; Carboxyt group, 195 (Carboxylic ac) 


caatyss, 161 (Cataly 


1 Esters, 195; Monomers, 200; Natural polymers, 201; 


Enzyme, 
Orgasic solvent, 34% Relative molecular mass 138; Saturated compounds, Uniatursted compounds, 11. 


WATER 


Water (HO) is the most important 
compound on Earth. It is found on 
the surface and in the atmosphere, 
and is present in animals and plants 
Vast amounts of water are used every 
day in the home and in industry, e.g. 
for manufacturing processes and the 
cooling of chemical plants. Water 
normally contains some dissolved 
gases, salts* and pollutants*. See 
also page 167. » 
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Ice 
The solid form of water. It has a 

molecular lattice’ in which the 

molecules are further apart than 

in water. This is caused by 
hydrogen bonds* and means that 

ice is less dense than water, and fibeole 
that water expands when it freezes. water 


Water cycle 

The consiant circulation of water through the 
air, rivers and seas. 
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Atmospheric 
water 


| Humidity : 

The amount of water vapor 

in the air. It depends on the 

temperature and is higher Over 70% of 
(up to 4% of the ait)in——egerev 
warm air than coid air, wet 


ver 70% at 


Hygroscopic 

Describes a substance which can absorb 
up to 70% of its own mass of water 
vapor. Such a substance becomes damp, 
but does not dissolve. Sodium chloride is 
an example of a hygroscopic substance. 


Deliquescent 
Describes a substance which absorbs 
water vapor from the air and dissolves in 
it, forming a concentrated* solution. 
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Efflorescent 
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Sit Apo costing 
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Distilled water 
Water which fas, 
distillation®. jt = 
some dissolvest 


Desalination 
The treatment of 
dissolved salts*™ © 
ion exchange. 


Purification 
The treatment of 
other harmful 
that is safe to. 


Hard water 

Water which « 
magnesium salts™ 
rocks over which: 
calcium, page 17> 
contain these salts = 
are two types of 
hrardness (which ca 
removed relatively 
permanent hardness 
is more difficult to 
Hard water does nse 
with soap and forme: 
Soft water lathers, 
because it does not 
with soap to forms 


Equation for the for 


* Crystals, 135; —a 


Water supply 


Distilled water 

‘Waier which has had salts* removed by 
distillation*. It is very pure, but does contain 
some dissolved gases, 


Desalination 

The treatment of sea water te remove 
dissolved salts’. It is done by distillation’ or 
ion exchange. 


Purification 

‘The treaiment of water to remove bacteria and 
other harmful substances, and produce water 
that is safe te drink. 


‘Fea gfe and san, or 
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Hard water 
‘Water which contains calcium and 
magnesium salts* that have dissolved from the 
rocks over which the water has flowed (see 
calcium, page 171). Water that does not 
coniain these salts 's called soft water. There 
are two types of hardness ~ temporary 
hardness (which can be 
removed relatively easily) and 
permanent hardness (which 
is more difficult to remove). 
Hard water does not lather 
with soap and forms a scum, 
Soft water lathers easily 
because it does not react 
with soap to form scum. 


The types of mineral 
Inter depart on the 
rock it Rowed ver 


[equation forthe formation of scum 
Calcium ond Soop Seu 

megiesium | Godium _ (ealeiam and | goxum 
Fant Gn hard * stearate) > magnesium  * jens 
‘water Searcten, 
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Temporary hardness 

One type of water hardness, 
caused by the salt* calcium 
bicarbonate dissolved in the 
water It can be removed by 
boiling, producing an 
insoluble white solic (calcium 
carbonate or “scale”, 


Sea os in 
bee ued ob! 
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Permanent hardness 

The more severe type of water hardness, 
caused by calcium and magnesium salts* 
(sulfates and chlorides) dissolved in the water. 
It cannot be removed by boiling, but can be 
removed by distillation’ (producing distilled 
water) or by water softening (ion exchange or 
use of water softeners) 


Jon exchange 

A method of water softening (see permanent 
hardness). Water is passed over a material 
such as zeolite (sodium aluminum sifcate), 
which removes calcium and magnesium ions 
and replaces them with sodiurn ions. Some 
organic polymers* are also used as ion 
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Water softeners 

Substances used to 1emeve permanent 
hardness. they react with the calcium ard 
magnesium salts* to form compounds which 
do not react with soap. 


Washing soda 
‘The common name for 


169). itis used as a water 


softener in the home. estat of wasting saa 


sion, 220; Hydrate, 154) Polymers, 200; Salts, 153, 
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AIR AND BURNING 


Air is a mixture of gases, including 
oxygen, carbon dioxide and nitrogen, 
which surrounds the Earth and is 
essential for all forms of life. These 
gases can be separated by the 
fractional distillation of liquid air*, 


and are used as raw materials in industry. 


? 
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reathing underwater 
The age theo 
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Air also contains some water vapor and 


may contain pollutants* in some areas. 
Composition 21% open 

otdy air Zena 
respration of 


ft ng tings 
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sites 
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plant growth dante 


Combustion or burning 

An exothermic reaction’ between a substance 
and a gas. Combustion usually takes place in 
air, when the substance which burns combines 
with oxygen, Substances can also burn in other 
gases, though, e.g. chlorine. Combustion does 
ot normally happen spontaneously. It has to 
be started by heating (sce 


activation energy, 

page 160) 

‘Natarl gas?(ciny 

methane) uns in 903 cookers, 

prediing hea fr coking. ‘= 


CHAG) + OG) COQ) + 2H,0(g) + ENERGY | 
Mattore Ongen Coon Water for 
omar tone vor cog 


Rapid combustion ‘ 
Combustion in which a 
large amount of heat and. f 

light energy is given out. § 
api combustion can pocce a 

lage volume of gs as woo hea 

It cuit on epson 


Slow combustion 

‘A form of combustion which takes place at low 
temperature. No flames occur. Internal respiration 
(see page 209) is a form of slow combustion. 


* Anthacte, 179 (Coa): Coke, 179 (Coad; Exothermic reaction, 146; Fracthonal dl 
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‘A mixture of heat and light energy 
produced during rapid combustion. 


A non luminous Unbured A amino 
‘ome is reduces : fame 
‘nen three produc when 7 
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cenaugh econ 
Tercompite 
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A substance which is burned 
to produce heat energy. Most 
fuels used today are fossil 
fuels, which were formed from 
the romains of prehistoric 
animal and plant life. 
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Calorific value 

‘A measure of the amount of heat energy 
produced by a specific amount of a fuel. The 
table below shows the relative values for some 
common fuels, 


oat energy in 
‘Mlojoues per ora 


fon of tiqul ale, 183; Ga 


ilojoue, 146; Natural gas, 122 (Methane) Noble gases, 189; Petroleum, 195; Pollutants, 210; Respiration, 29% 
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Corrosion 

A reaction between a metal and the gases in ait. 
The metal is oxidized” to form an oxide layer 
‘on the surface, usually weakening the metal, 
bbut sometimes forming a protective coat against 
further corrosion. Corrosion can be prevented 
by stopping oxygen from reaching the metal 
or by preventing electrons from leaving it (see 
sacrificial protection, page 159). The corrosion 
Of iron is called rusting (see rust, page 174) 


Internal respiration 
A form of slow combustion in animals. It 
produces energy from the reaction of glucose” 
with oxygen, See also page 334 and 
respiration, page 298. 
Carbon doers x ar 

007 ma, 


‘ctucase" ra ood st wth oxygen, 


ENVIRONMENTAL CHEMISTRY 


Photosynthesis 

‘A photochemical reaction* in green plants, 
It involves the production of glucose’ from 
carbon dioxide and water, using the energy 
from sunlight. Photosynthesis is chemically 
the opposite of internal respiration. See also 


pages 254-255 7 ie 


orton ose 


CiH,O, + 60, -+ 6CO, + 64,0 + ENERGY 
Enea prced by rection of 
‘pce and eye” 


Corb kosideevts wth water, producing xe, 


Nitrogen cycle 
The constant circulation of nitrogen through 
the air, animals, plants and the soil 


Carbon cycle 
The circulation of carbon through the air, 
animals, plants and the soil. 
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“Carbohydrates, 20%; Coal, 179; Glucose, 04; aber process, 180; Oxidation, 108; 


Petroleum, 198, Photochemcal reaction, 160; 


otelns, 205; Salts, 153 


POLLUTION 


Pollution is the release into the land, 
atmosphere, rivers and oceans, of 
undesirable substances which upset 
the natural processes of the Earth. 
These substances are known as 
pollutants, The major sources and 
types of pollution are shown below. 


Biodegradable 

Describes a substance which is converted 
tc simpler compoureds by bacteria. Many 
plastics are not biodegradable (see also 
biodegradable detergents, page 203) 


Smog 

Fog mixed with dust and soot It is acidic 
because of the sulfur dioxide produced when 
fuels* are burned in industrial cities 


Rainwater which is more acidic than usual. 
Rainwater normally has a pH" of benween 

5 and 6, due to dissolved carbon dioxide 
forrning dilute carbonic acid. Sulfur dioxide 
and oxides of nitrogen, products of the 
combustion of fuels, react with water in the 
atmosphere to produce sulfuric and nitric 
acids with a pH of about 3. 
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Greenhouse effect 

‘The trapping of solar 

energy in the atmosphere 

by carbon dioxide, causing ax ———, 
increase in temperature. The burning 

of fuels* creates more carbon dioxide, 
making the problem worse, See also page 29. 


eney 


Ozone depletion 

The thinning of the layer of ozone* gas in the 
upper atmosphere which protects the Earth 
from the Sun’s harmful ultraviolet radiation’. 
This effect is believed to be accelerated by 
chlorine acting as a catalyst" for the 
breakdown of oxygen to ozone. The chlorine 
comes from the decomposition of 
chlorofluorocarbons* (CFCs), chemicals used 
a a propellant in aerosols, as a coolant in 
refrigerators and in polystyrene* manufacture 
Intemational action is being taken to reduce 
the manufacture and use of CFCs, but many 
scientists believe that more could be done. 


Thermai pollution 
The effect of releasing warm water from 
factories and power stations into rivers and 
lakes. This causes a decrease in the oxygen 
dissolved in the water and affects aquatic lite 


Eutrophication 

‘An overgrowth of aquatic plants caused by an 
excess of nitrates, nitrites and phosphates, 
from fertilizers in rivers. results in a shortage 
of oxygen in the water, causing the death of 
fish and other water life, 
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“Anthiknock agent, 199 (Octane rating) Catalyst, 16; Chloroflunrocarbons, 195; Fuel, 208; Ozone, 183 
Petroleum, 198; pl, 152 Polystyrene, 201; Purification, 207; Radioactivity, 123; Ultraviolet radiation, 44 
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OVERVIEW 


TOOLS AND TIPS 


Tools of the Trade 


‘Soldering yon You could pay 
as little as $10 or as much as 


Chip Quik SMO Removal Kit 
‘Allows you to remove surface 
‘3,000 for a soldering iron. mount components quickly and 
recommend a fine-tip, 00°F, easily. Chipquik.com offers the 
SOW soldering stick ren. kit fer $16. 

‘Agood general-purpose iron 

for hardware hacking isthe 
Waller W6OP Controled-Output 
Soldering Iron, which sells 

for under $70. 


{ng oxidation from component 
and circuit board surfaces. 


“Solder Should be thin gauge 
(0.032" or 0.025" diameter) 
{60/40 rosin core. 


Desoliering bala Woven 
‘metal material used to wick 
Lup melted solder. 


Desoldering tool (aka solder ‘Small lat-tp serewariver 
Schr) Amanual vacuum ‘Comes in handy for removing 
device that pulls up hat solder, some types of components, 
Useful for removing compo- 

nents from circuit boards | ike 
the one RadioShack sells (#64- 20 o- These comman tools 
2098, $10). will make your job easier. 


Jc extraction too! Helps 
lift integrated circuits from 
the board during removal/ 
ddesoldering. 


The Chip Quik SMD Removal Kit 


‘The Chip Quik SMD Removal 
Kit allows you to quickly 
and easily remove surface- 
‘mount components such 
‘3s PLCC, SOIC, TSOP, OFF, 
and discrete packages. The 
‘main component of the kit 

| alowmetting temperature 
solder (requiring less than 
'300°F) that reduces the 
‘overall melting temperature 
ofthe solder on the SMD 
pads. Essentially, this enables 
‘you to just lift the part right 
off the PCB. 


INCLUDES 

+ Alcohol pads for 
cleaning the circuit board 
after device removal 

+ Repecial low melting: 
‘temperature alloy 

«Standard no-clean fc 

© Application syringe 


Desoldering Tips 


FOR STANDARD THROUGH HOLE COMPONENTS 
» First grasp the component witha pair of needlenose pliers. 
Heat the pad beneath the lead you intend to extract and pull 
‘gently. The lead should come out. Repeat forthe other lead. 

» Wrsolder fils in behind the lead as you extract it, use a spring- 

Jaded solder sucker to remove te excess solde 


FOR THROUGH HOLE ICs OR MULTHPIN PARTS 

») Use a solder sucker or desoldering braid to remove excess 
from the hole before attempting to extract the part. 

») You can use a small lat-tip screwdriver or IC extraction tool 
to help loosen the device from the holes. 

») Be careful to not overheat components, since they can become 
damaged and may fall during operation. 


BEFORE YOU START 
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THE PROPERTIES OF THE ELEMENTS 


Below is a chart giving information on the physical properties of the 
elements in the periodic table (see pages 164-165). The last eight elements | 
(atomic numbers* 96-103 — see pages 165 and 226-227 for symbols and 
names) are not listed, as there is very little known about them - they all have 
to be made under special laboratory conditions and only exist for a fraction 
of a second, All the density measurements below are taken at room 
temperature except those of gases (marked with a 7}, which are measured at 
their boiling points. A dash (-) at any place on the chart indicates that there 
is no known value. 
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“Atomic namber; 127; Diamond. Graphite, 1/8; 
‘Relative atomie mass, 18 Sublimation, 17, 


GENERAL CHEMISTRY INFORMATION 


Approximaie Melting Boiling point 
relative point () co) 
atomic mass* (brackets indicate approximations) 


Magnesium 
Manganese 
Mercry 
Motybsdemum 
Neodymium 
Neon 
Neptunium 
Nickel 
ote 
trogen 
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* Atomic number, 127; Moneelinie sulfur, 184 Red phosphorus. 182 (Phosphoru) 
Relative atomic mass, 1; Rhomble sulfu, 184; White phosphorus, 2 (Phosphorus) 


NAMING SIMPLE 
ORGANIC 
COMPOUNDS 


Simple organic compounds* (those 
with one or no functional group*) 

can be named by following Stages 

Vand 2, 


‘Chat showing prefixes used to denote the number of 
‘carbon atoms ina chain 


‘Number of carbon Prefs used 
‘toms in chain 
ore — SF met 
Two “> etl 


Three > prop. 
Four > bout 
ie ————> pent: 
Sir. > her 
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Stage 1 
Choose the sentence fram a} to i) which 
describes the unidentified molecule, then 
goto the Stage 2 numher indicated 
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alkanes, 122; Alkenes, 193; Alkynes, 194 Double bond, 132; Functional group, 190; 


alogens, 186; Organic compounds, 
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“Alcolols, 126; Aldehydes, 194; Carboxylic aids, 125; General formula, 191 (Homologous sere) 
Halogenoatkanes, 195; Halogens, 186; Ketones, 194; Side chain, 190 


THE LABORATORY 


PREPARATION 


OF SIX COMMON GASES 


Methods for preparing six gases - carbon dioxide, chlorine, ethene, hydrogen, 
nitrogen and oxygen — are described below. 


Carbon dioxide (see page 179) is obtained 
from the reaction of hydrochloric acid with 
calcium carbonate (marble chips). A gas jar 
filled with water is placed on the beehive 
shelf over the mouth of the delivery tube. 
Gas produced by the reaction comes out of 
the delivery tube and displaces the water in 
the gas jar. This method of collecting a gas 
is called collecting gas over water. 


Preparing carbon dioxide 
lute 

mate 4 hycrochtor ck) Corton 

tunnel ( dose 

— Woter 


Tough 


Cakium Hydrocal Water 
coronate ocd choi 


[eaco,ts) + 2HcKaq > Caci,(aq) + H,0 + CO.) 
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Chlorine (see page 187) is prepared by 
oxidizing concentrated hydrochloric acid 
using manganese(IV) oxide. This reaction is 
always done in a fume cupboard*. The gas 
produced by the reaction contains some 
hydrogen chloride and water. The hydrogen 
chloride is removed by passing the stream 
of gas through water, and the water is, 
removed by passing the gas through 
concentrated sulfuric acid. Finally the 
chlorine is collected in a gas jar. It displaces 
air from the gas jar as itis heavier. This 
method of gas collection is called collecting 
a gas by upward displacement of air. 


Preparing chlorine 
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MnO.) + 4HCI(aq) > MnCi,¢oq) + Cig) + H,04) 
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Ethene (see page 193) is prepared np 
by dehydrating {removing water el 
from) ethanol by reacting it with cgrerfated 
concentrated sulfuric acid. 

Aluminum sulfate is added to 

reduce frothing. The buffer flask 


Preparing ethene —Osvery tube 


found 
bottomed ff] conc 
isk fos 


ensures that any sodium hydroxide 
sucking back out of its flask does 
‘not mix with the acid. The sodium 
hydroxide removes acid fumes from 
the gas. Ethene is collected over 
water (see carbon dioxide, above). 


i 
Soca brane] 
Suter fink slain Heugh 
cH.cH.oH S" cig) + HO 
bara rene oer 


Hydrogen (see) 
the reaction == 
granulated 2 
usually added 
hydrogen is 
dioxide, page = 
needed, in whe 
concentrated 
by the do 
pushes the al 

it is lighter thar: 


Nitrogen (soe 
prepared by 
dioxide and 
carbon dic 
passing the air 
hydroxide sol 
removed by 
heated copper. = 
collected over 
dioxide, page 2 
noble gases* 


€O,(g) +: 
Carton 
ose 


Oxygen (see page 
when hydrogen 
Manganese(IV) 
catalyst* to speed 
The gas is coll 
carbon dioxide, 

it must be dry, im 
passed through © 
acid and is call 
displacement of a= 
page 216) 


2H,0.(a9) 
xen perose 


“Dehydeating agent, 341; Fume cupboard, 224; Oxidation, 148, 


Catalyst, 101; Noble: 


GENERAL CHEMISTRY INFORMATION 


Hydrogen (see page 167) is obtained from Preparing hydeogen 
the reaction of hydrochloric acid with 

granulated zinc. A little copper) sulfate is 
Usually added to speed up the reaction, The 
hydrogen is collected over water ‘see carbon fotos eal 
dioxide, page 216) unless dry hydrogen is boar 

needed, in which case itis passed through 
concentrated sulfuric acid and is collected 
by the downward displacement of air it 
pushes the air dawn out of the gas jar as 


ivis lighter than aie. 
+ QHCKaq) > ZnCl(aq) + Es at 
tidchore Zinc chonite yon 


08 
2 Gronueted tne Tough Bacive shat 


Rec ees 


Nitrogen (see page 180) is Preparing nitrogen Cope rac ith angen in 
prepared by removing the carben aro price oper oie 
dioxide and oxygen from air. The ar-—= 

carbon dioxide is removed by” 
passing the air through sodium = ™"P 
hydroxide sotution. The oxygen is 

removed by passing the air over 


Trough 


heated copper. The nitrogen is Soca bein 
fe ee ete sn 
dioxide, page 216).A residue of a + cote eed 


Caron and wate, 


noble gases* remains in the nitrogen. G—. 


O4@ + 2cus) > 26x08 
Carbon Sadun Sedum Water gen Caper Copp 


€0,(g) + 2NaOH(ag) ~+ Na,CO,(aq) + H.0() | 
‘iovide —_bycrode carbonate 


Oxygen (see page 183) Is produced Preparing oxygen 
when hydrogen peroxide decomposes. 

‘ManganesellV) oxide is used as a 
catalyst to speed up this reaction. 
The gas is collected over water (see 
carbon dioxide, page 216) unless 

it must be dry, in which case it is 
passed through concentrated sulfuric 
acid and is collected by the upward 
displacement of air (see chlorine, 
page 216). 


Taran 


2H,040q “> -2H,.0 + 0.0) 
—Hogen pemsite Water Ovget J tengonese ode Trough Beehive shel 


Seatalyst, 157: Noble gases, 16° 


LABORATORY TESTS 


Various tests are used to identify substances. Some of the tests involve 
advanced machinery, others are simple laboratory tests and all are known 
collectively as qualitative analysis. Some of the more advanced tests are 
shown on page 222; these two pages cover simple laboratory tests leading to 
the identification of water, common gases, a selection of anions* and cations* 
(i.e. components of compounds) and some metals. The appearance or smell 
Of a substance often gives clues to its identity — these can be confirmed by 
testing. If there are no such clues, then it is a matter of progressing through 
the tests, gradually eliminating possibilities (it is often a good idea to start 
with a flame test). Often more than one test is needed to identify an ion 
(anion of cation), as only one particular combination of results can confirm 
its presence (compare the tests and results for lead, zinc and magnesium). 


Tests for water (HO) 


Test Results 
Ai 6 amhydrowe™ copper alte, White peer suet powder urs be 
Ado ambydrous” cbt) clr. Blue cba chide ts ik 


Tests to identify gases 


Test Results 


os nt imewater (im Tus ewer ae 


Puta gemini int. sop of theo Spin ees. 


Tests for anions* 


‘These tests are used to identify some of the anions” found in compounds. 


Symbol | Test 


yl prc Hat ses 


aE 


1) Adit hytochoc ai | 2} Carbon dase gos gen ol 

the substance 

1) Ty to dso the abstance fo wter soe, ums the near pure 

sot universal Indieatar” lin. corp bicarbonate = 

"Addie iret ovo to @ soon Thick white precipitate (hich 

substance nae nic a ite nomena stor 

9) A ellute hyrehloc ai to the sustonc 9) Carbon donde gs vee 

2) iy tse the substance a wat 2) Disoier and turn incor 
versal indleotor 

“Akt or sults sition flowed by ‘Brow ing far atthe junction 

fannantateg utr cf the in. of the to as 


Tests for 


Most cations 
by the same 
identify pure! 
carry outa = 
gives a 

can also be 
reactions. A. 
listed in the 
used to idem, 
metals are i 
cannot fore 


Wate recone dot doe pot 


Akt bark chloride sotaton to the slaton pac ee 


White pect tot doves in 


Ad varia cre solution ote auton Wie palate tt 


“Ab ec) etharoate ohio tothe ston Bock prec 


“Anhydrous, 14 (Anhydrate) Anton, Cation, 130; 
Universal inieator, 152 


GENERAL CHEMISTRY INFORMATION 


Tests for cations* Flame tests 


Most cations" in compounds can be identified 
by the same flame tests as those used to 
identify pure metals (see page 222 for how to I 
Carry oUt a flame test). The chart on the right 

gives a selection of flame test results. Cations 
Can also be identified by the results of certain 
reactions. A riumber of these reactions are tue 
listed in the chart below. They cannot be cson 
Used to identify pure metals, since many me 
metals are insoluble in water and hence 

cannot form solutions. 


Symbol Flare color 


backed 


‘ue reen 


‘range yw 


Symbol Test Results 


2) A late sera code olan | 0) White pecitoe tht dives os mare 
{9 alu of he stance. ‘2am hyo stato ode 
2) Ad lute armonislition t9 © _)Whteprecetat that soe no sob 
solvion of the states 125 awn amir slaion  obed 


1 Canare with ead (ests below). |e 


‘439 sodu cra solution a “Armenia gos giver of. tt has 
{elvan of the substance and he! gent. | dine Solin se 


2) See Mave test 3) 
1) Addie slic oc oo sation |b) White precistaefxmed 


2) Soe ame test 3) 
) Aad late sur hyo volt |_b) Pole be precptate Ht einahes 
10 asolyion of he atone (5 mare sodum Picea ised. 

©) Add ue armenia ston (98 ©) oe blue precptore cham 2 
Solton of the substance ‘lepbive sltion or mre amennia 


12) cute sum rytoudesciuton | 0) ale ron prcetate forma 
fa sliton ofthe sbstaee 

At ute anna sluion to « 1) Pole green peitte formed 
salute ete substance 


2) Add cute sau tycxie otton |g) Redtrown precntate formed 
fo. soon athe sutstonce. 

by id te amon soln 00 by Ret trown precip formed 
‘lion af he subcanc. 


2) Acs clte sag hse solaion | 9) White precptoe that ze 
fo soln a the substance ‘mort sadu Pca otis added. 
») Ad cute ammonia souion to 9 Whe prcotate tat does nt dssobe 
‘Blin ofthe substance ‘2 more ommonia soon ade 

©) See alo ame test to singh 


between nt and luau. 95 


2) Add ce sou yer olen | 0) White precipitate that does not save 
{Basalt othe sabtonce, {moe dum dre soon ode 
1 A ate ammonia solution 10a ) Whit peectte hat Ser not dae 
sebton of he bsance <2 mae ammonia Slsion se, 


2) Al lute sere Pyro sotto |) White precptte tha daar ar 
{2.0 sliion ofthe usonee oe sour code oof ode 


1) A tute ommanta aie to _) We prepate tat disobes ox 
sale of he watance, ‘more armani son fade 


INVESTIGATING SUBSTANCES 


The investigation of chemical substances involves a variety of different 
techniques. The first step is often to obtain a pure sample of a substance 
(impurities affect experimental results). Some of the separating and purifying 
techniques used to achieve this are explained on these two pages. A variety 
of different methods are then used to find out the chemical composition and 
the chemical and physical properties of the substance (qualitative analysis), 
and how much of it is present (quantitative analysis). For more information, 


see also pages 218-219 and 222, 


eeanting 
The prot of 

sprang @ fit 

froma si tha has 

sete, by pouring 
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‘ut of the entane id 


| Filtering 
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Distillation 
The proceso separating a mitre of ui oF «Kid a 
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3 Uebig condenser (sz tre bow 


| thermaretr 0 mesure temperature, so can 
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Water cut 


solo 
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sff-Fcpapt tater nt se be 
cee easing 
say tet pe 
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Fractional distillation 
Adstiloton process which separates to or more git with 
‘lose bong pis sing ractlanating eal. The por 
the iid wth the lowest bong point resces the apo the 
folie fs. Sl cles creed in aerators (se pure 
tow), Cer clans re mich lrg ad have many points 
lt which fret vapor or conden ond colerted (eh 
pages 183 ond 198) 
\— manometer to mesure 
temperature (se above, 
Fractonating 
Uebig condenser 


(ier abowe) 


na gas 
eration fon 
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bteeth othe, warn 
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ature o ue with 
ating pn. 


Solvent extrac 


| The proces of 
ste 
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is move soe 
i ean be ody 
‘etd os 
‘en the oe 
ted nd male 
portale prop 
(ether era 
‘non polar sola 
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Chromatoragig 
The presto 
‘mire y the am 


hey voy 
Paper chroma 


Spot it a 
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Desiccation 
The proces 

of erpstalication” 
(ore gs detects 
ster gel. Water 
tninging thar io 
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Solvent extraction 
The oes of ebaining a he (non-polar 

elute” by trasrng rom is saleat) ace 
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‘now-poler solvents: Ther contiingslute* nth 

‘extraction on ame om polar molecules" 


‘Chvomatography Crystal 
The pce of eparting sal nouns of sbstance am Te proce ef fring cysts amo cation which can be 
mite by the rates of ich they move taut or aong tad fo prod pure sample oF subarea the impure 
{2 edium (the stetomary phase, e3-loting pape). Mos el ot om ctl To mae pe est 2 hot, saturated” 
‘methods of cvomatoaraphy vee doting the mire Solution of he susiance cooked a teers formed on 
Ina solvent (te eluent) tough spond gas ooling ore removed by Altering See obo page 138 
chromatography. Substances move torent rte because 

They vary te solbily ang ter ctracion te mean 


Paper chromatography 
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propanone There are ever metas 
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come oxaturated” son). 


Alter remain tom ok Saturated souivn cal 


Crystal frm a 


Ditonce moved satan solution cots 


bysofvent™ ere arate tat ras 
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‘chromatography ‘herd 0 seprte 
arsenite (ys to alton. 
Diino spot Separated Seponed ort es 
srrmhaue campenents ong heated an 


point nd boing point tests 
| Tests oe ted to determine te pty of 9 sample. A pure 
of @subtoszhas opt krown mig pit ant 
boty point and any pure a sample wil er these 


et contort with ada agent, eg. 
saydrous* clan chloride (whi absorbs the water and, 
Inthe case o ih, thon Altered 
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a ried ith 
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soa eh oF qui poati 


substance : — he ects owty 

toeanes SS ‘ont bn de at an 
Drying agen ro in en temperature by 
Coat wath sl absorbs ‘nso sting. Wher 
treat fam a couting Sold mot temperature 
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(Geer sateen 
Volatile, 345; Water of er a 


ma SOLDERING 


BEFORE YOU START 


Inspect the leads or pins for oxidation. If the metal 
surface is dull, sand with fine sandpaper un 

In addition, use the sandpaper to clean the oxidation 
and excess solder from the soldering iron tip to ensure 


maximum heat transfer, 


This simple example shows 


to solder a through-hole component to a printed circ 
board (PCB). | used a piece of prototype PCB and 


a single resistor 


1 
1 
i 
1 
i 
i 
1 
he step-by-step process i 
1 
i 
1 
i 


SOLDERING A RESISTOR TO A CIRCUIT BOARD 


I shiny. 


70°F, thet 


| Ad cancers mpetant consider setety BD 
precautions. Improper handing ofthe soldering rn 
an lead fo burns or other physical injuries: Wear safety 
{orgies and other protective clathing when working 
{th solder tools With temperatures hovering around 
ofthe soldering iron, molten solder, an 


land objects. Be sure totum off the iron when it's not 
1 store it properly in its stan 


1L Bend and insert the component leads 
Into the desired holes on the PCB. Flip 
the board to the other side, Sightly bend 
the lead you'll be soldering to prevent 
the component fram falling out when the 
board is turned upside down. 


2. To begin the actual soldering process, 
allow the tip of your iron to contact bath 
the component lead and the pad on the 
circuit board for about 1 secand before 
feeding solder to the connection. This will 
allow the surface to become hot enough 
for solder to flow smoothly. 


3. Next, apply solder sparingly and hold 
the iran in place until solder has evenly 
coated the surface. Ensure that the solder 
flows all round the 2 pieces (component 
lead and PCB pad) that you're fastening 
together. 


52 ate verksepettouce 


| | sesoss si sotemine Fangs 52 


Don't put solder directly onta the hot 
iron tip before it has made contact with 
the lead or pad: doing so can cause 3 cold 
solder joint (a common mistake that can 
prevent your hack fram working properly) 
Soldering is a function of heat, and if the 
pleces aren't heated uniformly, solder 
may not spread 3s desired. A cold-solder 
jaint wil loosen over time and can bull 
Up corrosion. 


4. When it appears that the solder has 
flowed properiy, remove the iran from the 
area and waita few seconds for the solder 
tocaoland harden. Da not attempt to 
_move the component during this time. 

The solder joint shauld appear smoath 
and shiny, resembling the image above 
Ityour solder joint has a dul finish, reheat 
the connection and add more solder. 


5. Once the solder joint isin place, snip, 
the lead to the desired length, Usually, 
youl simply cut the remaining portion 

of the lead that isn't part of the actual 
solder joint. This prevents any risk of short 
circuits between leftover component leads 
on the board 


6. Here's a completed soldering example. 


+ 


QUALITATIVE AND 


QUANTITATIVE ANALYSIS 


There are two types of analysis to investigate substances: qualitative analysis 
= any method used to study chemical composition — and quantitative 
analysis — any method used to discover how much of a substance is present 
in a sample. Below are some examples of both types of analysis. 


Qualitative analysis 


Below are some examples of qualitative 
analysis, The flame test and the tests on 
pages 218-219 are examples of qualitative 
analysis used in schools. The other methods 
described are more advanced. 


Flame test 
(sed fo erty metas A sustance i coletec ante ip of a 
‘en pain or nie wv. Ths ibd ase To eberve 
the color wth which the ubtonce buns seo age 279) | 
ete ets the wit cared by epirg nance 
yacht ond ten hating tara. 


re mht cpr buting 
at 
Con platinum =~ Hot bursen ame 
eth sep 
copper on tip 


Mass spectroscopy 
Aretha of investigating the composton of substance 
Pavia the lnotopes" conto. eos wed as cod 
Gr qundtotve onal oFt mvoes measuring the relate 
Dpropetions of botopes of molecules nthe suttance. The 
rps used cold 9 mass spectrometer 


‘Mass spectrometer 


Vopozed spe 
of ubtorce 


High ene eecrons 
reduced fone” 
the sutstance. The 
pst ons poss ino 
fn kc ld whch 
‘cobras thm 


A mogntc tls 

ets the on of 

‘iterent nes by 
Jon detector dierent omouns 
[Nuclear magnetic resonance (n.m.) spectroscopy 
‘method used for investigating the poston ot olans ine 
‘molec. Rado wows are poked rough 0 somple of 
Substance held Between the poles oF@ magnet. The arent 
1 absorption revels the postions of paral ofons within 
{molecule Ths nferoton presented on @ graph ed 2 
‘muctear magnetic resonance mm.) spectra. 


[Nama spectrum of ethanol® (CH,CH,OH) 


Pek showing 
on -ON gp 


Pooks towing 
ach aro 


Peo sawing 
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‘Quantitative analysis 


Below are some examples of quantitative 
analysis, See also mass spectroscopy. 


\olumetric analysis 
Ax method of etemining the 
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‘hi the bret unt the end 
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“lime of 
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Apparatus uses 
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Gravimetric analysis 
A rnetiod of eterminig the cmon ofa substance present 
by corvering a ancther sutsanc own chem! 
Congo that ty puede weigh 
Gravimetric analyte on be used to J 
Imovsre the cmon of ina 


sample of water contiing aed sat. 4—=,_| 
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4 yl preciptate i: 
by fteag" 

he precio then woshed, 
hed ond weighed cree, 


Ihe some of water ele 
from the vlumeat wate, the 

reload crate andthe 
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*Burette, 223; Ethanol, 19; Filtering, 20; tanieation, 1 Indeatoe, 132; 


lotope, 127; Prelpitate 145) Relative atomic mass, 138, 


-fepresent them are also 


ii} 


ig condenser 
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water owing through te outer pe 


eats 
25506 


Bechive shelf 
Used 0 support a gos Jor? wile go 
boing calectd by the dplocomert of 
oer for examples of 5 

216217. 
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ef eu vapor tld 
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[2k thon te ble fe produced when |_| 2 fumace or over abumsen burner. They 
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10.1001 


Aube edt amy gates 


| [Condensers |__| Datvery tube 
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| tne per Sw tering, poe 220, 


sh of ie iter 
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Fractionatng column Gas jar 
Flasks Used to separate components. ‘Used when collecting and storing gases 
buchner fas ovary thy bong Theor con be ele wig hd 
talons re tered byscin |_| poi cons gs ato Tote on cote 


coeesea tapeawseore’ (7 ] palate 


Mot tnd hus promote 218217, 

250. reoperation 526 ose ha 

1.0000 fractional estiation, 133m 
pone 220. || 

Posse eth: 


CConieal flask 
Ute to id lds hen corying o 
reactions and proparing silos of ‘hitne cupboard 
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pages 216217. eed eed the het rom flame 
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Rouncl-bottomed flask Filter funnel 
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ven hea ferended. Volume matings |_| B/ Atering ee page 220), Fter 

Sr aproninate hl poston per" spat sie the funnel, = 
‘hove the Hae by © a. 


100-2600 


Thistle funnel — FQ] Measuring cylinder 
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Pipeclayiiangle Test tube holder | [rough 
Used topo eneible oro sad fo old es tae, eg. when hoting || Ue when colectng gos over water 
ven they ee bong heated. They ae tha lane, eating @ chemical rencion” | | (ine enbom dioxide, poge 216) The 
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Dropping pipette or Thermometer 
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CHART OF SUBSTANCES, SYMBOLS 
AND FORMULAS 


Below is a list of the symbols and formulas used in the chemistry section of this 
book. Each one is followed by the name of the substance it stands for’, Capital 
letters come alphabetically before small ones, i.e, each element is kept together 
with its compounds, For example, CH,OH (methanol — a carbon compound) is 
found in an alphabetical list after C (carbon), before the Ca (calcium) list begins. 
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ABOUT BIOLOGY 


Biology is the study of living things. It examines the structures and 
internal systems of different organisms and how these operate to 
sustain individual life, as well as looking at the complex web of 
relationships between organisms which ensure new life is created and 
maintained. In this book, biology is divided into six color-coded 
sections. The areas covered by these sections are explained below. 


Ecology and 
living things 


Looks at the complex 
relationships between 
all living things, and 
their basic cellular 
structure. 


Botany 


Covers the plant 
kingdom. Introduces 
the different types 

of plants, their main 
characteristics, internal 
structures and systems. 


Zoology (animals) 


Examines the 
component parts, 
systems and behavior 
typical of the major 
animal groups. 


® Zoology (humans) 


Covers all the major 
terms of human biology. 
In many cases, these 
also apply to the 
vertebrates in general 
(see page 341). 


Reproduction 
and genetics 


Examines the different 
types of reproduction 
and introduces the 
branch of biology 
known as genetics. 


General biology 
information 


Covers subjects which 
relate to all living 
things. Includes tables 
of general information 
and classification charts. 
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Reproduction 
and genetics 
Zoology (animals) 320 


‘Types of reproduction 
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‘SMD REMOVAL WITH CHIP QUIK 


BEFORE YOU START 
Use a rubbing alcoho! pad to remove any residue from 
the solder pads. Verify that the solder pads are clean 


and free of cuts or solder jumps before proceeding. 


Desoldering. or removing a soldered component from a 
circuit board, is typically trickier than soldering because 
you can easily damage the device, the circuit 

Surrounding components. For surface mount devices 
(SMDs) with more than a few pins, the easiest method. 
to remove the part is the Chip Quik SMD Removal Kit, 


as shown in the following step-by-step example. 


PLEASE READ through this example completely before 
attempting SMD removal on an actual device. When removing 
‘the device, be careful nt to scratch or damage any of the 
surrounding components or pull up any PCB traces. 


‘THREE PRIMARY FUNCTIONS OF FLUX 

» Cleans metal surfaces te assist the flow of filler metals (solder) 
‘over hase metals (device pins). 

» Assists with heat transfer from heat source (soldering iron) 
‘to metal surface (device pins). 

»» Helps inthe removal of surface metal oxides (created by 
‘oxygen inthe air when the metal reaches high temperatures). 


1 The first step is to assemble the syringe, 
which contains the no-clean flux. Simply 
insert the plunger into the syringe and 
push down to dispense the compound. 
‘The flux should be applied evenly across all 
the pins on the package youl be remov- 
ing. (Fluxisa chemical compaund used 

to assist in the soldering or removal of 
electronic components or other metals.) 


2. Once the flux is evenly spread over the 
pins of the target device, the next step is 
to apply the special Chip Quik alloy to 

the device. This step is just like soldering: 
apply heat to the pins af the device and 
the alloy at the same time. The alloy has 

2 melting point of approximately 30°F. 
which is quite low. You shouldn't have to 
heat the alloy with the soldering iron for 
very long before it begins to melt. The 
molten alloy should flow sround and under 
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the device pins. Starting at one end of the 
device, simply heat and apply the alloy 
Repeat for the ather side(s) of the device. 


‘3. Flux will help ensure arnice flow of the 
alloy onto the device pins. Make sure 

the alloy has come in contact with every 
single pin by gently moving the soldering 
iron around the edges of the device. Avoid 
‘touching nearby components an the PCB 
with the soldering iron, 


‘4.Now that the alloy has been properly 
‘applied to all pins ofthe device, it’s time to 
remave the device from the board. After 
making sure that the alloy is stil molten by 
reheating all of it with the soldering iron, 
gently slide the component off the board 
You can use a small jewelers fat-tip 
screwdriver to help with the task. Ifthe 
device is stuck, reheat the alloy and wiggle 


the part back and forth to help the alloy 
flow underneath the pads of the device 
‘and loosen the connections. 


5. The final step in the desoldering process 
Js ta clean the circuit board. This step 
is Important because it will remove any 
Impurities left behind from the Chip Quik 
kit and get you ready for the next step. 
First, use the soldering iron to remove 
any stray alloy left on the device pads or 
anywhere else on the circuit board. Next 
apply a thin, even layer of fux to all of the 
ppads that the device was just soldered 
to. Use the included alcahol swab or a 
fux-remover spray to remove the flux and 
clean the area. 


6. The desoldering process is now com- 
plete. The surface-mount device has been 
removed and the circuit board cleaned, 


Ss 


) LIVING THINGS AND 
" THEIR ENVIRONMENT 


The world can be divided into a number of different JR. OL 
regions, each with its own characteristic plants and 
animals. All the plants and animals have become 

| adapted to their own surroundings, or environment (see 
adaptive radiation, page 237), and their lives are linked in a 
| complex web of interdependence. The environment is influenced by 
many different factors, e.g. temperature, water and light (climatic 
factors), the physical and chemical properties of the soil (edaphic iv’. 
factors), and the activities of living things (biotic factors). The study ee oem 
of the relationships between plants, animals and the environment is cing fo ork 
called ecology. 


Biosphere 
The layer of the Earth (including the 
| ‘oceans and the atmosphere) which ha 
is inhabited by living things. The § 

hhiosphere’s boundaries are the upper t. 


atmosphere (above) and the first _ y W) ae 
layers of uninhabited rock (below) New, 
yy a 


Biomes 

The main ecological regions into which the 
land surface can be divided. Each has its own 
characteristic seasons, day length, rainfall iy io lina again 
pattern and maximum and minimum nis 

temperatures. The major biomes sce map, above | HED fey ons we Mt commen plans teers” 
right) are tundra, coniferous forest, deciduous ‘and amat sr. nial inca mis 
forest, tropical forest, temperate grassland, [ph contra forest 


Hea rcpt of yor Dominant pons: cnten, 
savanna (iropical grassland) and desert. Most 3 pnce Mot orton lage sah de 


Map showing main world biomes 


ZL ave named after the dominant vegetation, pp oecavoes sree 
since this determines all other living things TE Saran warm winter co Dominant plants 
FE found there, Each biome is a giant habitat Diotione: Fence See Sane Saran REC 


; Trop fret 
(macrohabitat). Human activity, eg. ae a cee yn 
deforestation in tropical forests, as begun ‘ny opts and anna. bt. 
to have harmful effects on the habitats ee re 
Which exist within many biomes. ‘Naa pre: cc aos elder 


Temperate graslond 


Deforestation ia tet fo huge ‘Open arity plo Hot summers and ols winters, Man 
seas of topo anes, and [hag 


ov the plants and animals PRI Ose AE CEL BP 
cn ee 
oe ae 


* Conifer, 340; Deciduous, 235 
hens, 542 (Mutuals) 
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Habitat 

The natural home of a group of living things 
of a single living thing. Small habitats can 
be found within iange habit 
waterhole in the savanna biome. Very 
small specialized habitats are called 
microhabitats, e.g. a rotting acacia tee. 


Community 
‘The group of plants and animals found in 
one habitat. They all interact with each 
other and their environment. 


‘Watethole and acacia tree 
Abita in savanna 


Ecosystem 
The community 
of plants and animals in a 
given habitat, together with the 
‘non-living parts of the environment 
(eg, air or water), An ecosystem is a 
self-contained unit, i.e. the plants and 
animals interact to produce all the material 
they need (see also pages 234-235), 


The community 
Includes antes 


Reosytom ices 
emitomert, 2, 
‘ond woter 


Ecological succession 
‘Aprocess which occurs Whenever @ new area 
of land is colonized, e.g. a forest floor after a 
fire, a ferm field which is left uncultivated or 

a demolition site which remains unused. Over 
the years, different types of plants (and the 
animals which go with them) will succeed 
each other, until a climax community is arrived 
al. This is a very stable community, one which 
will survive without change as long as the 
‘same conditions prevail (e.g. the climate). 


Ecological succession na disused field 


| 


Foner cammunty (community) of ae Wi ec 


er” 


Suecesvonal eammuaty (rms community) of shrubs and 
father with abs thashes, et 


ima community of declduor* tre, £9. 00k ard bec, with 
oven tanger, warble. ee 


“Deciduous, 236, 


Ecological niche 

‘The place held in an ecosystem by a plant or 
animal, 2.g. what it eats and where it lives. 
Gause’s principle states that no two species 
‘can occupy the same niche at the same time 
(if they tried, one species weuld die out or 

be driven away). For example, in the winter 
months, both the curlew and the ringed plover 
‘can be found living around the estuaries of 
Britain, and eating small creatures such as 
worms and snails. However, they actually 
occupy different niches. Curlews wade in the 
shallows, probing deep into the mud for food 
with their long beaks. Ringed plovers, by 
contrast, pick their food off the surface of the 
shore (their beaks are too short for probing) 
Hence both birds can survive in the same 
general area, 


fhe ce cor probe deep int the 
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WITHIN AN ECOSYSTEM 


An ecosystem consists of a group (community*) 
of animals and plants which interact with each 
other and with their environment to produce a 

self-contained ecological unit. 
roeatieee Simple food web 
The complex network of food chains 

ian ecosystem. A food chain is a 

linked series of living things, each 

cf which is the food for the 

next in line. Plants make 


their food from non-living B 

matter by photosynthesis" 

(they are autotrophic) BY so. 
\ 


and are always the first 
members af a chain. 
Animals cannot make ‘ 


their awn food (they < 
are heterotrophic) 
and so rely on the a 


food-making P nscs 
activities 
of plants 


Carbon cycle 
The constant circulation of the element carbon through living things and the atmosphere. 


pradices 


[Photosynthesis TIntemol respiration” 
lmanocue of by plnts aed animals 
eartnctes by plot) 


[ing plone macer [Using animal mater 
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i Judaic 
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Croan fol fle Internal respiration 
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234) - community, 233; internal respiration, 334; Photasynthests, 254 


Trophic level or energy level 
The level at which living things are positioned 
within a food chain (see food web). At each 
successive level, a great deal of the energy- 
giving food matter is lost. For example, a cow 
will break down well over half of the grass it 
als (lo provide energy). Hence only a small 
part of the original energy-giving material can 
be obtained from eating the cow (the part it 
used to build its own new tissue). This loss of 
energy means that the higher the trophic level, 
the fewer the number of animals, since they 
must eat progressively larger amounts of food 
to obtain enough energy, This principle is 
called the pyramid of numbers. 


Pyramid of numbers Pyramid of biomass 
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Generalized food chain, showing trophic levels 
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Secondary consumers orsecond order 
‘ansumers ~ carnivores (lsat nino), eg fres ond 
‘wk en they et herbiees, Eoegysving moter! obtained 
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Tertlory consumers third order consumers carers 

a, fous endows, when ty ent salt comin, Ene 
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‘ogen cycle 
The constant circulation of the element nitrogen 


through living things, the soit and the atmosphere 
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“feternal respiration, 334; Legume, 262. 


are respiration, feeding, growth, sensitivity (irritability), movement, 
excretion and reproduction. The life cycle of a plant or animal 
)\\ is the progression from its formation to its death, with all the 
changes this entails. (In some cases, these are drastic - see 
metamorphosis, page 277.) Below are some terms used to 
group plants and animals together according to their life 
cycle, or to describe characteristics of certain life cycles. 


( LIFE AND LIFE CYCLES ~ © 
‘ All living things show the same basic characteristics of life. These 
R 


* Perennials Deciduous 
Plants which live for many yeats, Aterm describing perennials 
Herbaceous perennials, e.g. whose leaves lose their 
foxgloves, lose all the parts above chlorophyll” and fall off at 
ground at the end of each growing the end of each growing 
‘season, and grew new shoots at the —_season, e.g. horse chestnuts. 
start of the next. Woody. perennials, 
EJ” 6: tees, produce new growth Evergreen 
(secondary tissue") each year from ‘A term describing perennials 
permanent stems. which do not shed their leaves 
at the end of a growing 
season, e.g. fs. 


chant 


Grane 


Plants which live for Ai Ephemeral 
two years, e.g. carrots, a a Living for a very short time. Ephemeral plants 
In the first year, they " are found in places which are hot and dry for 
grow and store up food, most of the year (or for many years). The right 
In the second, they 5 growing conditions do not exist for long, so 
produce flowers and they must grow and produce seeds in a very 
__seeds, and then die short time. The only truly ephemeral animals 
ge are mayflies. Their adult life span is between 
27 Annuals = a few minutes and one day. 
7” Plants which live far one 
year, 8. labelias. In this 
time they grow from seed, 
produce flowers and 
(ip seeds and then de 


tobe: 


Herbaceous Anadromous 
‘Aterm describing plants, A termn describing fish which live in 
€.2. phlox, which do not the sea but swim upriver to breed, 
develop secondary e.g. salmon. This is a form of 
tissue* above the 
grout, ie, they are catadromous (going from 
“like a herb", as distinct ver to-sea) 
from shrubs and trees ae4 
(woody perennials) seaming 
‘hoe a herbaceous ion, 


* Chlarophyl, 255 (Plgments) 
Secondary thse, 245, 


Migrating geese 


Migration 
Traveling seasonally from ene region to 
another. This normally involves leaving 
an area in winter to find food elsewhere, 
and returning in the spring to breed. 
Migration is part of the life cycle of many 
animals, especially birds. 
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Dormancy 
A petiod, or periods, of 
suspended activity which 
is a natural part of the life 
cycle of many plants and 
animals. Dormancy in plants 
occurs when conditions are 
unfavorable for growth (normally in winter). In 
animals, dormancy usually occurs because of 
food scarcity, and is either called hibernation 
or aestivation, Hibernation is dormancy in the 
winter (typical of many animals, e.g. some 
mammals"), and aestivation is dormancy in 
drought conditions (occurs mainly in insects). 


ormous 
ibermation 


Life styles 


The world has a vast diversity of living 
things, each one with its own style of life, 
This situation is a result of genetic 
variation. The living things can be grouped 
together according to shared characteristics, 
either by formal classification, which is 
based mainly on their inferred ancestry (see 
charts, pages 340-341) or by more informal 
‘groupings, based on general characteristics 
(see list, page 342), 


Genetic variation 
The span of 
different forms of 
life, each of which is a 
variation and specifically 
designed to survive its 
environment. For example, 

fish and birds have streamlined 
shapes ideal for swimming and flying 


Birds wings re 
shape oe igh 
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Many living 
things also 

possess protective fy j 
measures such as ai r A 
thorns or poison f 

stings. These tee sng 


protects rom 


protective designs bon 


become established in 
successive generations because those 
creatures with them are the most likely 

to survive long enough to breed (and 
perpetuate the designs). This corresponds 
with Darwin’s theory of natural selection, 
(also called Darwinism), frst expounded in 
the mid-nineteenth centary. 


Mimicry 

A special type of genetic design, in 

which a plant or animal (the mimic) has a 
resemblance to another plant or animal (the 
model). This is used especially for protection 
(e.g, many unprotected insects have the 
coloring of those which sting), but also for 
other reasons (bee orchids are mimics for 
reproduction purposes — see page 25%). 


Model Mimic 
Horry 
Wop protected ith singer) (uyroectad) 


Mammals, 34 


THE STRUCTURE OF £7 
LIVING THINGS be 


A living thing capable of a separate existence is called an= 
organism. All organisms are made up of cells - the basic 
units of life, which carry out all the vital chemical 
processes. The simplest organisms have just one cell (they 
are unicellular or acellular), but very complex ones, €.g. 
humans, have many billions. They are multicellular and their 


cells are of many different types, each type specially designed ‘oneaimeae 
, for its own particular job. Groups of cells of the same type oat 
| (together with non-living material) make up the different tissues ee 
| of the organism, e.g. muscle tissue. Several different types of 
Hl tissue together form an organ, e.g. a stomach, and a number of 
organs together form a system, e.g. a digestive system. 
The parts of a cell ear 


All cells are made up of the same basic parts: the 
cell membrane, cytoplasm and nucleus. Each of 
these parts has a specific role to play. 


Cell membrane 
Also called the plasma membrane or 
plasmalemma. The outer surface of a cel. It 
is semipermeablet, i. selective about which 


— 


= 


substances it allows through. et mertrove 
ot wo (ie feats == 
Cytoplasm nd in plot cs) 


i ‘The material where all the chemical reactions 
vital to life occur (see organelles). It generally 


has a gel-like outer layer and a more liquid Nucleus (pl. nuclei) 
inner one (see ectoplasm and endoplasm — The cell's control center. Its double-layered 
pictures, page 268). outer surface (nuclear membrane) encloses a 


gel-like fluid (nucleoplasm or karyolymph), 
which contains one or more nucleoli* and 
the genetic material DNA*. This is held in 
chromosomes* - bodies which form a 
thread-like mass called chromatin when 
the cell is not dividing, 


Anioal cell 
(cut aay) 


Vacuoles 
Fluid-filled sacs in the cytoplasm. They are 
small and temporary in animal cells, and 
either transfer substances (see Golgi complex 
or contain fluid brought in (see pinocytosis, 
page 329). Most plant cells have one large, 
permanent vacuole, filled with cell sap 
(dissolved minerals and sugars). 


ell membrane 


(23H) - chromosomes, 324; DNA, 324 (Nuclele acids) 
ucleol, Pastis, 200; Semipermeable, 329 (Diffusion) 


The organelles are tiny bodies in the 
cytoplasm. Each type (listed below and on 
age 240) has a vital role to play in the 
chemical reactions within the cell 


Lysosomes 
Round sacs containing powerful enzymes* 
They take in foreign bodies, eg. bacteria, to 
be destroyed by the enzymes, Their outer 
‘skins do not usually let the enzymes out 
into the cell (to break down its contents), 
but if the cell becomes damaged, the skins 
disappear and the cell digests itself. 


Ribosomes: 

Tiny round particles (most are attached to the 
endoplasmic reticulum). They are involved in 
building up proteins from amino acids (see 
page 330), Coded information (held by the 
DNA in the nucleus) is sent to the ribosomes 
in strands of a substance called messenger 
RNA (mRNA). These pass on the codes so that 
the ribosomes join the amino acids in the 
correct order to produce the right proteins. 
RNA* is present in at least two other forms 

in the cells. The ribosomes are made of 
ribosomal RNA (see nucleoli*), and 
molecules of transfer RNA 

ARNA) carry the amino acids 

to the riboSomes. 


Avianal cll showing the organelles in 
le cytoplasm (diagram isnot to scale) 
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Endoplasmic reticulum or ER 

‘Acomplex system of flat sacs, joining up 
with the nuclear membrane (sce nucleus) 

It provides a large surface area for enzyme* 
reactions. Rough ER has ribosomes on the 
surface, where amino acids are combined 
to make proteins (see page 330). ER with no 
ribosomes is smooth ER. Smooth ER bears 
enzymes for many other cell processes. 


Golgi complex 

‘Also called a Golgi apparatus, Golgi body 

or dictyosome. A special set of membranous 
sacs, which collects, modifies and distributes 
the substances made by the ER (e.g. proteins) 
The substances fill the sacs, which gradually 
swell up at their outside edges until pieces 
“pinch off”. These pieces, called vesicles, then 
travel cut of the cell via the cytoplasm and 
cell membrane. 


ole complex 


Centrioles 

Two bodies in animal and primitive 
plant cells which are vital to cell 
division (see right). In animal cells, 
they lie just outside the nucleus* 
Each lies in a dense area of 
cytoplasm* (centrosome) and is 
made up of two tiny cylinders, 
forming a +shape or T-shape. Each 
cylinder is made up of nine sets of 
three tiny tubes (microtubules) 


Nucleoli (sing. nucleolus) 

One of more small, round bodies in 
the nucleus*. They produce the 
component parts of the 

ribosomes? (made of 

ribosomal RNA), which 

are then transported out 

of the nucleus ard 
assembled in the 
cytoplasm uous 
Mitochondria (sing. mitochondrion) 
Rod-shaped bodies with a double layer of 
outer skin, The inner layer forms a series of 
folds (cristae, sing. crista), providing a large 
surface area for the vital chemical reactions 
which go on inside the mitochondria (called 


the cell's “powerhauses”). They 
are the places where simple 
if substances taken into the cell 
-% are broken down to provide 
energy. For more about this, 
see aerobic respiration, 
page 334 


e., 


Mitochondsion 


Plastids 
Tiny bodies in plant cell 
cytoplasm’, Some (leucoplasts) 
store starch, oil or proteins. 
Others ~ chloroplasts* 
contain chlorophyll" 
(used in making food). 

‘Pst (coropas 


é = Organelles (continues) 


Cell division 


Cell division is the splitting up of one cell 
(the parent cell) into two identical daughter 
cells. There are two types of cell division, 
both involving the division of the nucleus 
(karyokinesis) followed by the division of the 
cytoplasm* (cytokinesis). The first type of cell 
division (mitosis) is described on these two 
pages. It produces new cells for growth and 
also to replace the millions of cells which die 
each day (from damage, disease or simply 
because they are “worn out"). Itis also the 
means of asexual reproduction* in many 
single-celled ofganisms. The seccind, special 
type of cell division praduces the gametes* 
(sex cells) which will came together to form 
a new living thing. For more about this, see 
pages 322-323. 


Mitosis 

The division of the nucleus* when a plant 

‘r animal cell divides for growth or repair. t 
ensures that the two new nuclei (daughter 
nuclei) are each given the same number of 
chromosomes* (the bodies which cary the 
"coded" hereditary information). Each receives 
the same number of chromosomes as were in 
the original nucleus, called the diploid number. 
Every living thing has its own characteristic 
diploid number, i. all its cells with the 
exception of the gametes*) contain the 

same, specific number of chtomosomes, 
grouped in identical pairs called homologous 
chromosomes. Humans have 46 chromosomes 
in 23 pairs. Although mitesis is a continuous 
process, it can be divided for convenience sake 
into four phases. Before mitosis, however, there 
is always an interphase. 


Interphase 

The periods between cell divisions. interphases 
are Very active periods, during which the cells 
are not only carrying out all the processes 
needed for life, put are also preparing material 
to make “copies” of all their components (s0 both 
new cells formed after division will have all they 
need), Just before mitosis begins, the chromatin” 
threads in the nucleus* also duplicate, so that, 
after coiling up, each chromosome* will consist 
of two chromatids (see prophase). The centriole 
duplicates itself during interphase. 


240. - Asexual reproduction 5 
Chromesemes, 324, Gytoplasm, 235; Gametes, 320; Nuclows, 234; 


Chlorophyll, 255 (Pigments) Chloroplast, 254; Chromatin, 238 (Nucleus) 


Phases of mitosis 


1. Prophase 

The nuclear membrane begins to break down 
and the threads of chromatin’ in the nucleus” 
Coil up to form chromosomes*. Each has already 
duplicated to form two identical, long coils 
(chromatids), joined by a sphere (centromere) 
“The two centrioles move to opposite poles 
{ends) of the cell, as spindle microtubules form 
between them. 


centromere Centrote 


Spine 
| mcrotubuter 
forming 


Centrale 


hromorome* 
(atu hromatids) ‘Show™ har ove 46. 


2. Metaphase 
The nuclear membrane* disappears and 
fhe spindle microtubules surround the 
Ehromosomes" (paired chromatids), The 
Ehroninsomes move towards its equator 
become attached by their centromeres 
the spindle microtubules. 


ECOLOGY AND LIVING THINGS 


3. Anaphase 

The centromeres split and the two chromatids 
from each pair (now called daughter 
chromosomes) move to opposite poles of the 
spindle, seemingly “dragged” there by the 
contracting spindle microtubules. 


centromere 
owghter — 
‘chromosomes 
Srogged opar 
‘microtubules 


4. Telophase 

The spindle microtubules disappear and 
anew nuiclear membrane* forms around 
each group of daughter chromosomes, 
This creates two new nuclei* (daughter 
nuclei), inside which the chromosomes 
uncoil and once again form a thread-like 
‘mass (chromatin’). 


leewage furrow 
(see eytaldnet ew muda 
ben) 


Daughter 
‘chromosomes 
(Getrescling) m 


The division of the cytoplasm” of a 
ell, which forms two new cells 
‘around the new nuclei” created by 
imitosis (or meiosis®). In animal cells, 
= cleavage furrow forms around the 
cells equator and then constricts as a 


hs until it cuts completely through ae co esti Sremmendecneple bagi an hgh 
He cell. tn plant cells, a dividing line ‘caneeal: >) aa) 
called the cell plate forms down the esd) > lela) => |ahel 
center of the cell, and a new cell cere Cha { 

wall is built up along each side of it. ‘material Cell plate 


Cytokinesis 


Ain cel (mitt or molt compete 


¥ *) Bae 0 a 


Cleavage furrow consis 


tw doug cels formed 


Seat 25%; Chromatin, 258 (Nucleus), Chromosomes, 324) 
pepe, 255; Most, 22; Nuclear membrane, 238 (Wucleus) 
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VASCULAR PLANTS 


With the exception of simple plants such as algae, fungi, 
mosses and liverworts (see classification chart, page 
340), all plants are vascular plants. That is, they all 
have a complex system of special fluid-carrying tissue 
called vascular tissue. For more about how the fluids 
travel within the vascular tissue, see pages 252-253. 


Vascular tissue 
Special tissue which runs 
throughout e vascular plant, 
carrying fluids and helping to 
support the plant. In young stems, it 
is normally arranged in separate units 
called vascular bundles; in older stems, 
these join up to form a central core 
(vascular cylinder*). In young roots, 
the arrangement of the tissue is slightly 
different, but a central core is also formed 
later. For more about the vascular tissue in 
older plants, see page 246. The vascular 
tissue is of awo different types — xylem and 
phloem, They are separated by a layer of 
tissue called the cambium. 


Cross section of young stem, 
‘or young part of a stem 
(dicotyledon’) 


vitin the sem In 
‘deotpledons ty 
santa the bunds 
Sremoreregutar 
Gee oo ne ster 
sections, right 


(Cross section of young 


oot, or young part of 
2 root (dicotyledoo”) 


Young stem, or young part of a stem (dicotyledon") 


1 mat te, tere would —| 
‘be many more uber 
het oe show hare 


The ft tue formed 
ya nen plat 
seta See, Te 
Sie primary 
“lem ad he poem 
‘primary phloem. 


Epldermis 


(covered by 
cate) 


Longitudinal section of 
‘young root, oF young part 
[Fa root (dicatyledon 


oat cop" 


= Dicotyledon, Monocotyledon, 261 (Cotyledon) 
Root cap, Hoot hals, 245; Vascular cylinder, 246, 


Constituents of vascular tissue 
Xylem 


‘Atissue which carries water up through a plant. 
In flowering plants it is made up of vessels or 
tracheids, with long, thin cells (fibers) providing 
support between them, Non-flowering plants 
have only tracheids. In older stems, the vessels 
become filled in, forming heartwood" 


Vessels and tracheids 

‘Tubes in the xylem which carry water. Their 

walls are strengthened with a hard substance 
called lignin. They occur as columns of cells 

whose contents have died, Vessels are shorter 


- and wider than tracheids. 
Cambium 
A layer of narrow, thin-walled cells between 
: the xylem on the inside and the phloem on 
the outside, The cells are able to divide, 
making more xylem and phloem. Such an 
area of cells is called a meristem* 
: Phloem Sieve tubes 
A tissue which distributes the food made in Cells in long columns in the phloem, They are 
the leaves te all parts of the plant. It consists living cells with cell walls* and a thin layer of 
of fluid-cariying sieve tubes, each with a cytoplasm but no nucleus*. The end walls 
companion cell beside them, and other cells between the cells, called sieve plates, have tiny 
packed around them for support holes in them to allow substances through, 
Other tissues in vascular plants 
Epidermis Endodermis 
Athin surface layer of tissue around all parts. The innermost layer of root cortex. Fluids 
of a plant. In some areas, especially the which have seeped in between the cortex 
leaves, it has many tiny holes, called cells, instead of through them, are directed 
stomata’. In older stems, the epidermis is by its special passage cells into the central 
replaced by phellem*. In older roots, it is area of vascular tissue, 


replaced by exodermis* and then by phellem. | 
Pith or medulla 


Cortex A central area of tissue found in stems, but 
A layer of tissue inside the epidermis of hot usually in roots, It is generally only called 
stems and roots. It consists mainly of pith once the stem has developed a vascular 
parenchyma, a type of tissue with large cylinder. It is made up of parenchyma (see 
cells and many air spaces. In some plants cortex), and is sometimes used to store food. 
| there is also some collenchyma, a type of 

supporting tissue with long, thick-walled Cuticle 

cells. The cortex tends to get compressed A thin outer layer of a waxy substance called 
and replaced by other tissues as a plant cutin made by the epidermis above ground. 
gets older. tt prevents too much water from being lost 


~Exoudermls 245 (Piiterous layer) Heartwood, 247; Merlstem, 244; 
Nucleus, 235; Phellem, 247; Stomata, 249; Vascular cylinder, 246 


STEMS AND ROOTS 


The stem and roots of a plant are its main supporting structures, 
as well as being important in transporting fluids (see pages 
242-243 and 252-253). Their various parts are 

listed here. For more about the development 

of the stem and roots as plants get 

older, see pages 246-247. 


Meristem 

Any area in a plant from which new 

growth arises. The cells of a meristem are able 

to divide, producing new cells. A meristem found at the 
tip of the root (the growing point) or the stem (part of a 
terminal bud) is known as an apical meristem, 


Stem attachments 


Shoot 
‘Anew stem growing out of a seed 
or off the main stem of a plant. 


Bud 
A small outgrowth on a stem, It develops either 
into a new shoot or a flower 


Terminal bud 
A bud growing at the end of a stem or shoot, 


Axillary bud 
Also called a lateral bud 
or secondary bud. A bud 
situated in an axil - the 
angle between a shoot or 
leaf stalk and the stem 
itis growing from. 


‘eda parts. 


‘Aplace oh a stem where leaf, with or 
without a leaf stalk, has been produced. 


Internode 
‘The area of a stem or shoot between two nodes 


Parts of a root 


Root cap 
A layer of cells which protects the root tip as 
itis pushed down into the ground 


Growing point 
‘An area just behind a root tip where the 
cells divide to produce new growth, 


Zone of elongation 
The area of new cells produced by the 
growing point, and located just behind it. The 
ceils stretch lengthwise as they take in water, 
since their cell walls* are not yet hard. This 
elongation pushes the root tip further down 
into the soil. 


ferous layer 
The youngest layer of the epidermis", or outer 
skin, of a root. It is the area which produces 
root hairs. itis found just behind the zone of 
elongation. As the walls of the elongating cells 
harden, the outermost cells become the 
pillferous layer. The older piliferous layer 
(higher up the root) is slowly wom away, to be 
replaced by a layer of hardened cells called the 
exodermis (the outermost layer of the cortex") 


Root hairs 
Long outgrowths from the cells of the piliferous 
layer. They take in water and minerals. 


Parts of a root 


(See oo root secon, 
aye 22) 
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Types of roots 


Tap root 


| A first root, or primary 


root, which is larger than 


| the small roots, called 


lateral roots or 
secondary roots, which 
row out of it. Many 
vegetables are swollen 
tap roots. 


Fibrous roots 
A system made up 

of a large number 

of equal-sized roots, 
all producing smaller 
lateral roots. The first 
root is not prominent, 
as it isin a tap root 
system. 


Adventitious roots 
Roots which grow 
directly from a stem 
Advertitious roots 
‘grow out of bull 
(which are special 
types of stem), or 
from gardeners’ 
cuttings. 


Aerial roots 

Roots which grow 
from stems and do 
rot normally grow 
Into the grout 

‘They can be used for 
climbing, e.g. in an 
ivy. Many absorb 
moisture from the air. 


Prop roots 


| Special types of aetial 


root. They grow out 
from a stem and then 
down into the ground, 
Which may be under 
water, Prop roots 


support a heavy plant, 


©, a mangrove. 


soTANY 


Bulb, 265; cell wall, 238; Cortex, Epidermis, 243, 


INSIDE AN OLDER PLANT 


A plant which lives for many yea 


, such as a tree, forms secondary tissue 


as it grows. This consists of new layers of tissue to supplement the original 
tissue, or primary tissue’. New supportive and fluid-carrying vascular tissue* 
is formed toward the center of the plant and new protective tissue is produced 
around the outside. The production of the new vascular tissue is called 
secondary thickening, and results in what is known as a woody plant. 


New central tissue 


Vascular cylinder 
A vascular cylinder d 
secondary thick 
forms between the vascular bundles*, and this 
then gives rise to more xylem* and phloem", 
forming a continuous cylinder. 


elops as the first step of 


Secondary thickening 
‘The year-by-year production of more fluid- 
rrying vascular tissue* in plants which live 
for many years, resulting in a gradual increase 
in the diameter of the stem and roots. Each 
year, new layers of xylem* (secondary xylem) 
and phloem* (secondary phloem) are 
produced by the dividing cells of the 
cambium* between them. This process differs 
slightly between stems and roots, but the result 
throughout the plant is an ever-enlarging core 
of vascular tissue (which slowly “squeezes 
out" the pith’ in stems). Most of this core is, 
xylem, now also known as wood. The area of 
phioem does not widen much at all, because 
the xylem pushin 1d wears it away. 


Annual rings 
The concentric circles which can be seen in a 
cross section of an alder plant, Each ring is one 
year’s new growth of xylem*, and has two 
separate areas spring wood and summer 
‘wood. Soit spring wood (or early wood) 
forms rapidly early in the growing 
season and has Wwidely-spaced cells. 
Harder summer wood (or late 
wood) is produced later on. Its 


cells are more densely packed. 


Te rocts ond 

trunk ofthe 
tee thicken 
‘70 


* Cambium, 245; Phloem, 243; Pith, 2 
Vaseular bundles, 242 (Vascular tss 


Secondary thickening ina stem 
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The leaves of a plant, collectively 
known as its foliage, are specially snp, 
adapted to manufacture food. They 
do this by a process called photosynthesis. For 
more about this, see pages 254-255. There are 
many different shapes and sizes of leaves, but only 
two different types. Simple leaves consist of a single leaf 
blade, or lamina, and compound leaves are made up of 
small leaf blades called leaflets, all growing from the 
same leaf stalk. You can find out more about some of 
the different leaf shapes on page 250. 

Compound leat 


Inside a leaf tes (hose chest) 
reper 

Veins 

Long strips of vascular tissue* inside a leaf 

(see picture, right), supplying it with water and 

‘minerals and removing the food made inside 

it. Some leaves have long, parallel veins, e.g. 

those of grasses, but most have a central vein 

inside a midrib (an extension of the leaf stalk), ) join direty 

with many smaller branching veins. \, cae 

\ 

Spongy layer Palisade layer 

A layer of irregular-shaped spongy cells and A cell layer just below the up| 

air spaces where gases circulate. The spongy _ surface of a leaf, It is made up of 

and palisade layers together are the regular, oblong-shaped palisade cells. 

mesophyll. These contain many chloroplasts* 

Leaf ross section) Patiode cll 
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‘Vascular tissue, 242. 
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Types of compound leaf 


‘Shown on this page are some types of 
‘compound leaf (leaves made up of 
leaflets"), as well as some common 
leaf arrangements and leaf edges, or 
margins. The pictures are not to scale, 


Trifoliate 
Three 
leaflets 
row from 
the same point. 


Ternate 
Special type of 
trifoliate lea. 
ach leaflet has 
three lobes. 


teat 
went 
— ber 


Hore 
Palmate Lae 
The leaflets ifive or 

‘more) radiate from 
‘one common point. 


7 teatets 


Pinnate 

The leaflets, or 
pinnae (sing, 
pinna), are 

in opposite 
pairs 


Bipinnate/ 
tripinnate 
A pinnate leaf 
with pinnate 
leaflets. 


Leaf arrangements 

Spiral 

Leaves growing out oe 
from points forming 2 YF spat 


spiral around the stem. eo 


Opposite 

Leaf pairs whose j 
members grow irom aii 
opposite stem sides. pas 
Decussate K tuple 
Opposite pairs, each ee 
pair at right angles ae 
to the one before. A ———— ges 


Rosette or whorl _ Sores 
Acircle of leaves 

growing from one 

point. wale 


Basal rosette Prenwose 
A rosette 

growing at the ier 
base of a stem. rosette 


Perfoliate 


Yat wort 


ewes 
are fused i 


yund the stem em 


Leaf margins 


Entire 
The leaf margin has no 
indentations of any kind, 


Serrate 

The leaf margin has 
tiny jauged “teeth” 
May also he lobed. 


Lobed 

The leaf margin forms 
sections, or lobes. 
May also be 

serraie 
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PLANT FLUID TRANSPORTATION 


The transportation of fluids in a plant is called translocation. 
The fluids travel within the vascular tissue*, mace up of 
xylem* and phloem*. The xylem carries water (with dissolved 
minerals) from the roots to the leaves. The phloem carries 
food from the leaves to areas where it is needed. 


Transpiration Transpiration steam 
The loss of water by evaporation, 

mainly through tiny holes called 

stomata* which are found on the 

underside of leaves. 


Transpiration stream 

‘A constant chain of events inside opr 
a plant. As the outer leaf cells ——h 
lose water by transpiration, the + 
concentration of minerals and sugars 

in their vacuoles* becomes higher 

than that of the cells further in. 

Water then passes outward by 

osmosis", causing more water ‘0 

be “pulled” up through the tubes 

of the xylem? in the stern and roots 

{helped by capillary action). The pi 
roots then take in more water mon 


Capillary action 

The way that fluids travel up 
nairow tubes (see also page 23). 
The molecules of the fluid are 
“pulled” upward by the attraction 
between them and the molecules 
of the tube, 


Woe “tied up 
Root pressure #hrough ape 
A pressure which builds up in the 

roots of some plants. In all plants, 

water travels in from the soil and on 

through the layers of root cells by 

‘osmosis*. In plants which develop 

root pressure, the pressure of this, 

water movement is enough to 

force the water some way up into 

the tubes of the xylem. It is then 

“pulled” on upward by the 

transpiration stream. In other plants, 

the movement of water through r00t joo ake in 
cells is all due to the “pull” of the mae water 
transpiration stream, 


* Osmosis, 329; Phloem, 243; Stomata, 240; 
Vacuoles, 238; Vascular tissue, 242 lem, 243, 
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PLANT FOOD rate me ona 


lute for photosynthesis ave 


PRODUCTION REE soaps ae 


Most plants have the ability to make the food they need for growth and 
energy (unlike animals, which must take it in). The manufacturing pro 


Photosynthesis Photoayathesi io a 
series of chemical rosebay wilowherb 
bagel (for basic 
equation, see page 
209) by which green 
plants make their 
food. It occurs 
mainly in the 
palisade cells* 
Carbon dioxide is 
combined with 
water, using 
‘energy taken in 
from sunlight by 
chloroplasts. This 
produces oxygen 
as well: as the 
plant's food 
(ee diagram, 


Chloroplasts Polizde ood substan 
bea unig, cel" eat up ne ct 


Chloroplasts 
Tiny bodies in plant cells (mainly in the 
leaves) which contain a green pigment 
called chlorophyll. This absorbs the Sun's 
light energy and uses it 0 “pow 
photosynthesis, Chloroplasts can move 
Re around inside a cell, according to light 
‘Gone intensity and direction. See also page 240. 


Chloroplasts ieak Chloroplasts 
night change poston, 
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FLOWERS 


The flowers of a plant contain its 
organs of reproduction* (producing 
new life). In hermaphrodite 

plants, e.g. buttercups and 
poppies, each flower 

has both male and 


corn, have two types of 

flowers on one plant — 
staminate flowers, which have 
just male organs, and pistillate 
flowers, which have just female 
organs. Dioecious plants, .g. 
holly, have staminate flowers on 
one plant and pistillate flowers 
on a separate plant. 


Receptacle 
The expanded tip of the flower stalk, or 
peduncle, from which the flower grows. 


Petals 

‘The delicate, usually brightly cotorec 
structures around the reproductive organs, 
They are often scented (to attract insects) 
and are known collectively as the corolla, 


Sepals 

The small, leaf-like structures 
around a bud, known collectively 
as the calyx. In some flowers, 

e.g. butlercups, they remain as 
ring around the opened petals; in 
others, e.g. poppies, they wither 
and fall off 


Nectaries 

Areas of cells at the 

base of the petals By Sepats ho 

which produce a cal 
liquid called 


thought that the dark lines dawn many 
petals are there to direct an insect to the 
nectar, and they are called honey guides. 


~~ 


| insects needed for pollination*. It is 
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REPRODUCTION IN A 
FLOWERING PLANT 


Reproduction is the creation of new 
plants reproduce by sexual reproduct 
gamete* (sex cell) joins with a female 


plants, the male gametes (strictly speaking only male nuclei*) 
are held in pollen, and the female gametes in ovules. 


Pollen 
Tiny grains formed by the stamens* (male 
parts) of flowers (see picture, right). Each grain 
isa special cell which has two nuclei". When 
a pollen grain lands on an ovary" (female 
body), one nucleus (the generative nucleus) 
divides into two, forming two male nuclei 
(reproductive bodies ~ see introduction). 


Ovules 
‘The tiny structures inside a flower’s female 
body, or ovary’, They become seeds after 
fertilization, Each consists of an oval cell 
(the embryo sac), surrounded by layers of 
tissue called integuments, except at one 
point where there isa tiny hole (micropyle}. 
Before fertilization, the embryo sac nucleus* 
undergoes several divisions (looked at in 
more detail on page 323 ~ under gamete 
production, female). This results in a number 
‘of new cells (some of which become part of 
the seed’s food store), and two naked nuclei 
which fuse together. One of the new cells is 
tie female gamete* (sex cell), or egg cel. 


Pollination in 


Moe nuclel 
poppy plant 


life. All flowering 
tion*, when a male 
gamete. In flowering Iroects play 0 mar 
fo the eae 
potintan cr 
Some ot pce 
(bop 259. 


Stamen* —Foleno¢ Tube nucleus 


Pollination 

The process by which a grain of pollen 
transfers its male nuclei (see pollen) ito the 
ovary* of a flower. The grain lands on the 
stigma*, and forms a pollen tube, under the 
control of the tube nucleus (the one which did 
not divide ~ see pollen). The tube grows down. 
through the ovary tissue and enters an ovule 
Via its micropyle. The two male nuclet then 
travel aong it. 


Fertilization 
After pollination, one male nucleus (see 
pollen) fuses with the egg cell in the ovule to 
form a zygote’ (the first cell of a new plant. 
‘The other joins with the two fused female 
nuclei to form a cell which develops into the 
‘endosperm’. 


*Endosperm, 261; Male nucle, 320 (Gametes); Natteus, 28; 
Ovaries, 257, Sexual reproduction, 320; Stamens, 257, 
Stigma 257; Zygote, 320. 


“ese eunts 
Lust sumwers (5c “sem 
euepan) 952 8D. 


(sued anronposdas 
vet S950]9u2 IYO) 
Dae 29y 24 Huui0; 


D/ sjeiad s9M0| 
—s ‘om pur (sjejad 
mot bad Sum) sjevad 
apis omy “paeparys 

‘tp jevad iackdn 

Ue (qian samoy Y 

4aMoy kad 


“pooy e 
sey uayo ou0 
jaddn ay), au0 
samo pue sadn 
Ue — ,sdlf, Om 
yi omoy y 


oop nopoay — Ss aamoy paddry 


RN “sands wo; 
01 pease 

~~ ‘ramus 

ee sriad aout so 
APEX 20 99 80H v 

ouqune> —F\-* — sanoy pasands 
‘adeys jfpq 

ayew oy pauyof axe 
sjejad Sy) samoyy 
ayejnueduse> 

40 aejnqr 

® pate osiy 
Jomoy 19 


“axis awies oup 
ye are sjeiad 
asoym s1940}4 
SyaIOY 281. 


“yeIad Buo} avo 
‘ila STOO 
syagy dey 


“(sjaquin) 
speaysomoy, 
porieys 
-eyjauquun yun 
9uaSa 10 Ly 
sayequn 


‘s}a10Y) 20 ‘S100 
‘uy Jo 493809 y 
Famoy, 
ansodwoo 

40 peayanoly 


“yujod auc 
wos; Suyo18 
speaysomoys 
40 SIMO}, 

40 dno y 
aauaasasoyul 


SIMO] JO 
sjuowebuewe pue sodky 


“(kpog ajeuray) ,AseAo 

2 JO ,ewrBAs 241 03 uayod 
J2ysuen pure sano puag (sued 
‘ye ,suaUIEDS Si ‘PoUISIA 
OU S11! yang -aaq ayewiay 


Aq (uoyeunjod sso49 10}) 
s90q PiA9Ng jew pee 
vy 81591 pypu0 
200, 2 axd10x0 
294 sues8 uajjod 
umo si, dq ue} 

od 24, 

uoneutjod sas 


te pau aT yUUP YoHYM si>asuy Aq J0 “pula 
oy Aq pales aq Aew uajjod ay} (-sagqny uayjod 
orpaid you op Aays "2" 4ayLin} dojaxap ou 
‘op dau ued Jo addy 1uaapp © UO ple sures 
241 s)-adA) awes ayp yo rueyd sayjour wos, 
sujesd wayjod Aq quejd quo yo uoHeunjod oy 
uoneusjod sso1 


ayy o1ut 
ayeway 
‘quejd mou= 
01 3[nn0 o4 
ast 


toy opm 
aynno ur ss 

umop sod 

PIP YPM U0 
yi spun: 


SEEDS AND GERMINATION 


After fertilization* in a flowering piant, an ovule* 
develops into a seed. This contains an embryo, 

i.e. a new developing plant, and a store of food. 

The ovary* ripens into a fruit, carrying the seed = 


or seeds. You can find out more about 


different fruits on page 262. 


Dispersal or dissemination 

“The shedding of ripe seeds from the fruit of 
a parent plant. This happens in one of two 
main ways, depending on whether a fruit 
is dehiscent or indehiscent, 


Dehiscent 

Aword describing @ fruit from 

which the seeds are expelled 

before the fruit itself disintegrates. 
For example, a poppy capsule has 
holes init, and the seeds are shaken 
‘out by the wind, Other fruits, e.g. pea 
pods, open spontaneously and *shoot” 
the seeds out. In many cases, the 
seeds may then be carried 

bby wind, water or 

ther means. 


er pods 
rst open 


Indehi c 

indehiscent 

A word f 

describing a 

iruit which becomes 

detached from the plant and disintegrates 

to free the seeds, For example, the “keys” of 
sycamores or the “parachutes” of dandelions 
are carried by the air, and hooked burrs catch 
on animal fur. The fruit then rots away in 
the ground to expose the seeds, 

Edible fruits may be eaten by 

animals, which then expel the 

seeds in their droppings. 


Germination 


‘When conditions are right, a seed will 
germinate. The plumule and radicle 
‘emerge ftom the seed coat, 

and begin to prow into 

the new plant, or 

seedling. 


Se trtng 
(o germinate 


Testo ——hoace 


A ype of germination, e.g. in pea plants, 
in which the cotyledons remain below the 
ground within the testa, and the plumule is 
the only par. to come above the ground, 
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( ZED -rerttization, 55; ovaries, 257; Ovules, 258 
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FRUIT 


A fruit contains the seeds of a plant. 
True fruit develop purely from the 
ovary*, false fruit develop from the 


receptacle* as well (e.g. a strawberry). 


The outer wall of a fruit is called the 
pericarp. In some fruits, it is divided 
into an outer skin, or epicarp, a 
fleshy part, or mesocarp, and an 
inner layer, or endocarp. Listed 
below are the main types of fruit. 


Legume or pod 

‘A fruit with seeds 
attached to its inside 
wall. It splits along its 
length to open, e.g. a pea. 


Nut 

A dry fruit with a 
hard shell, which 
only contains one 
seed, €.g. a 
hazelnut or 

a walnut 


Drupe 
‘Affleshy fruit with 
a hard seed jn the 
middle, often known 
asa “stone”, eg. 


‘ropa 
Berry 

A fleshy fruit 
which contains 
many seeds, e.g. a tomato 

of a grapefruit. The “flesh” of 
citrus fruits is made up of tiny 
hairs, each one swollen up 
and full of juice. 


Seed 


Grain 

Aso called 

a caryopsis or kernel 

A small fruit whose wall has fused 
with the seed coat, e.g. wheat. 


Pome 

A fruit with a thick, fleshy, 
outer layer and a core, with 
the seeds enclosed in a 
capsule, e.g. an apple. 
Pomes are examples of false 
fruits (see introduction). sos 


pple 


‘Achene 

‘Assmall, dry fruit, with only 

one seed, e.g. a sycamore or 
buttercup fruit. A "winged" 

achene like a sycamore fruit 

is a samara or key fruit. samara 


commercial process, in 
agriculture and market 
gardening, which makes use 
of vegetative reproduction 
(see opposite). The fact that 
new plants need not 
always grow from seeds 
‘means that many more 
plants can be produced 
commercially than would 
occur naturally 


Pont cutting 


Cutting 

‘A process in which a piece of a plant stem 
(the cutting) is removed from its parent plant 
and planted in soil, where it grows into a new 
plant, In some cases, it is first let in water for 
a while to develop roots, 


Tengo eting ating repirted 


ZGQ  - ovaries, 257; Receptacle, 256 
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THE BODY STRUCTURE 


OF ANIMALS 


Animals exist in a great variety of 
forms, from single-celled organisms 


to complex ones made of thousands 


of cells. The way they are 
classified*, or divided into groups, 
depends io a large extent on how 
complex their bodies are. The two 
terms higher animal and lower 
animal are often used in this 
context. The higher an animal is, 


the more complex its internal organs 


are. In general, the distinguishing 
features of higher animals are 
segmentation, body cavities and 
some kind of skeleton. 


Segmentation 
‘The division of a body into separate areas, 
for segments, a step up in coniplexity ftom a 
simple undivided body. Generally, the more 
complex the animal, the less obvious its 
segments are, The mast primitive form of 
segmentation js metameric segmentation, or 
‘metamerism. The segments (metameres) are 
very similar, if not identical. Each contains 
more of less identical parts of the main 
 inte:nal systems, which join up through 
the internal walls separating the 
segments. Such segmentation is 
found in most worms, for example. 
More complex sezmentation is less 
obvious. in insects, for example, 
the body has three main parts ~ 
the head, thorax (upper body 
region) and abdomen (lower 
body region). Each of these is in 
fact a group of segments, called 
a tagma (pl. tagmata), but the 
segments are not divided by 
internal walls. They are simply 
Visible as external markings. 


* Classifiation, 340, 


A subordinate body art, Le. one which 
frojects from the body, such as an arm, leg, 
fin or wing. 


Arrangement of the parts 


Bilateral symmetry 
{An arrangement of body 
pars ir which there is 
only one possible bady 
division which will 
produce two mirror 
image halves. It is typical 
of almost all freely- 
moving animals. The 
same state in flowers is 
called zygomorphy (¢.2, 
in snapdragons). 


‘lateral symmetry 


ny ane divin prams 
mirer image halves. 


Radial symmetry 
A radiating arrangement 
of body parts around a 
central axis, e. 

starfish. In such cases, 
there are two or more 
possible body divisions 
(sometimes in different 
planes) which will 
produce two mirror- 
image halves. The same 
siate in flowers is called 
actinomorphy (e.g. in 
buttercups) 


Seer erent dons 
reduce mirrsiage 
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ANIMAL BODY 
COVERINGS 


All animals have an enclosing 
outer layer, or “skin”, normally with 
a further covering of some kind. In 
many cases, the skin has many 
layers, like human skin (see pages 
310-311), and in most higher 
animals its covering is soft, e.g. hair, 
fur or feathers. Hard coverings, e.g. 
shells, are found in many lower 
animals and may form their only 
supporting framework, if they have 
no internal skeleton (endoskeleton), 
In such cases, the covering is called 
an exoskeleton. Some of the main 
body coverings are listed here. 


Cuticle 
Anonliving, 
waterproof, outer 
layer in many 
animals, secreted 
by the skin. In most arthropods*, it hardens to 
form a supportive outer skeleton, or exeskeleton, 
‘e.g; the shells of crabs and the tough outer 
“coat” of insects. The term cuticle is in fact 
most often used to describe this insect "coat". 
consists of a sugarbased substance (chitin) 
and a tough protein (sclerotin). It is often made 
up of sclerites ~ separate pieces joined by 
flexible, narrow areas. In other animals, eg 
earthworms, the cuticle remains 2 soft, waxy 
covering. (The term cuticle fs sometimes used 
to mean the stratum corneum in humans.) 


rong yg 


Sclerte (cute) 


Seales 

There are two different types of scales. Those 
of bony fish, e.g, carp, are smail, often bony 
plates lying within the skin. Those covering 
the limbs or whole bodies of many reptiles 
‘eg, the legs of turtles) are thickened 

areas of skin. 


Feathers 


MY The insulating wa 
body is made up’ 
‘known as its pil 
fight structure 


Carapace 
The shield-like shell of 

a crab, tortoise or turtle. 

In tortoises and turtles, it 

consists of bony plates fused 
together under a horny skin, but in 
crabs, itis a hardened cuticle. 


Denticies or placoid scales 

Sharp, backward: pointing plates, covering 
the bodies of cartilaginous fich, e.g. rays 
They are similar to teeth, and stick out from 
the skin, unlike scales. 


Elytra (sing. elytron) 
The front pair of wings 
of beetles and some 
bugs. They are 
designed to form a 
tough cover for the 
back pair of wings, 
used for flying. 


emt: 


Scute or scutum (pl. scuta) 
“Any large, hard, external 
plate, especially those on 

the underside of a snake, 
used in moverrent. 


“Arthropods, 31; Dermis, 310; Epidermis, 310; 
Reptiles, 3, Stratum caemeur, 310. 
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ANIMAL MOVEMENT ‘ifge> 


Most animals are capable of movement from ss 

place to place (locomotion) at least at some stage Ss 3 
of their life"(plants can only move individual parts — oy 

see tropism, page 251). The moving parts of animals vary 
greatly. Many animals have a system of bones and muscles — 


similar to humans (see pages 278-283). Some of the parts A ih ei 
used in animal movement are shown on these pages. apie 
cnater 


Movement of simple animals Cilia (sing. cilium) 
Tiny “hairs” on the outer body surfaces of many 
small organisms. They flick back and forth to 


Pseudopodium (pl. pseudops 


An extension (“false foot’) of the cell matter, or 
cytoplasm’, of a single-celled organism. Such 
extensions are formed either in order for the 


produce movement. Ciha are also found lining 
the internal passages of more complex animals, 
e.g. human air passages (where they trap 


organism to move oF to enable it to engulf a food foreign particles). 


ticle, The later process is called phagocytosis, rurecim (ik foainsocclad lla 
iz sai venevertoces ogee Shae 
Mavement Phagocytosis 
Avec ingles 1 dot me 
‘soram | | oqscndopaie 
J Conratte cite sore cle eo 
1, | ser geore it nd prt font 
1. Outer, tie 
Gore inten) | | ial cnc Flagella (sing. flagellum; 
Sere cope Any long, fine body threads, expecially the 
‘ne or more which project from the surface Seth ash will 
U Gu of many single-celled organisms. These lash Becrcin red 
backward and forward to produce movement Se otad 
2 Ine td tpieem | | | 2 Peadoradlamese | Orzanisms with flagella are flagellate. 7 


ainfilled pou 
fish alters the om 
ker depending o¢ 
itis swimming 
sclensity of the fish 
2s that of the 


Parapodia (sing. 
parapodium) 


s.etopiam eunscit || 3nd socca fod 
erourel edge. | vacuole. Paired projections from 
the sides of many aquatic 
sce o- worms, used to move them 
pest along. Each one ends in a 
oo bunch of bristles, or chaetae 
Cire cre egal ne bose: (sing, chaeta), which may also 


cover the body in some cases. chaeta 


“Getage, 251; Digit, 278 
ebttat 233; Mammals, 4 
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ANIMAL FEEDING 


Different animals take in their 

food in many different ways, and 1 
with many different body parts. 

Some also have special internal | 
mechanisms for dealing with the 

food (others have human-like v 
digestive systems ~ see pages 294- 
295), Listed here are some of the 
main animal body parts involved 
in feeding and digestion. 


Arthropod n 


F The mouths of arth 
| mace up of a numb 
© Bepending on the a 
J ithese may look very 
[Besthpans, found 

andibles, maxillae 


[many other arthrop 
entipedes (some of 
“Taye two pairs of m 


“De mallet pee 
meth ond ior acs ft 
see t0 make ven 


Cnidoblasts or thread cells 
Special cells found in large 
numbers on the tentacles* 
of enidarians*, 9, sea 
anemones, used for seizing 
food. Each one contains a 
nnematocyst — 2 long thread 
coiled inside a tiny sac. 
When a tentacle touches 
something, the threads shoot 
‘out to stick to it or sting it. 


Filter-feeding 
‘The “sieving” of food from 
water, shown by many 

aquatic animals. Barnacies, 
for instance, sieve 

‘out microscopic 

organisms, or 
plankton*, with 

bristly limbs called 
cir sing cieeus). 


Nematocyst Bomacerputcut red when 


feusae” —hepor dal me 
Diastema (p!. diastemata) worms, e.g. earl 
‘gap between the front and back teeth of Same whales use frayed plates of horny alee 
many plant-eaters. It is especially important baleen, or whalebone, hanging down from before it goes in 
in rodents, e.g. mice. They can draw their the top jaw. They sieve out — 

cheeks in through the gaps, 0 they do not small, shrimpelike animals 7S Ee ard 

‘swallow substances they may be gnawing. called keill, eit 


gullet (esophag 
have crops, The 
food is ground 

jow pieces of pra 
Jer animals, the | 
gata, or hard, toot 
walls, help to 


Carnassial teeth 
‘The specially adapted last upper premolar* 
and first lower molar* of carnivorous 

‘mammals, used for shearing flesh 


Radula 
The homy “tongue” of many molluses*, e.g. 
snails. It is covered by tiny teeth, which rasp 
off food. 


270  «caidarians, 341; Motars, 285; Moltuses, 347; 
Plankton, 42; Premolars, 255; Tentacles, 274 
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Introduction 


We're surrounded by electronics these days. Did you ever wonder how it all worked? Do you know just 
enough about electricity to be dangerous? Would you like to learn more? Then this book is for you. 

‘There are many excellent textbooks on how electricity works. This is not one of them. This book 
helps you get started learning about electricity and electronics by showing you how to set up your own 
electronics laboratory. You might have guessed that from the title. 

Along the way, several simple exercises are presented to show you some basic concepts about 
how electricity works in the real world—not just in a lecture hall. By the time you get done reading this 
short book, you'll have a good idea of where to begin and what kinds of tools and components you might 
need, and you'll have some excellent advice about how to keep it all organized, 

Once you've got your own space set up to perform your electronic experiments, the sky is the 


limit, 
Here's what you have to look forward to in this book, one chapter at a time. 


Chapter 1: Planning Your Electronics Workshop 


Your very own electronics laboratory is a great place to build, repair, invent, and learn more about 
electronics. We seem to be surrounded by electronics more and more every day. We can easily become 
dependent upon them, without even understanding how they work. Having your own electronics lab 
can help you gain some control over your electronic minions. Here you can learn about their inner 
mysteries, including how to repair them when possible or, better yet, improve them with your own 
custom modifications. You can also turn your own ideas into reality by building electronic circuits from 
scratch, 


‘What will you need to plan your lab? What if you already have a basic understanding of 
electronics and the beginnings of a workshop at your disposal? This chapter helps get you going in the 
right direction, 


Chapter 2: Building Your Tool Chest 


You're going to need some tools in your lab, as well as the skills to use them effectively. This chapter will 
get you started, 

If you're starting from scratch, don’t worry. There's not a whole lot you absolutely musthave to 
get started. Some basic hand tools and a place to keep them organized is all you will need. You don't 
even have to spend a lot of money at first. As you progress in your hobby, you will most likely want to 
add to your tool chest and upgrade some of those tools. Electronics can be the perfect hobby because it 
can take up (1) all your spare time and (2) all your discretionary income. What more could you ask for? 


, 


ANIMAL RESPIRATION 


a 


The complex process-of respiration consists icle 


of a number of stages (see introduction, 
page 298). Basically, oxygen is taken in 
and used by body cells in the breakdown of 
food, and carbon dioxide is expelled from the 
cells and the body. On these pages are some of 


the main animal respiratory organs. 
Gills 


Gills or branchiae (sing. branchia), are the 
breathing organs of most aquatit: animals, 
containing many blood vessels. Oxygen is 
absorbed into the blood from the water 
passing over the gills. Carbon dioxide passes 
cout the other way. There are two types of 
gills ~ internal and external, 


Internal gills 
lls inside the body, found in various forms 
in all fish, most mollusks*, e.g. limpets, and 
most crustaceans (a group of arthropods’ 
which includes crabs). Most fish have four 
pairs of gills, with openings between them 
called gill sits. in more advanced fish, e.g. 
cod, they are covered by a flap called the 
operculum. In more primitive fish, e.@. shar, 
they end in narrow openings in the skin on 
the side of the head. Each gill consists of a 
curved rod, the gill bar or gill arch, with 
many fine gill filaments, and even finer gill 
Jamellae (sing. lamella) radiating from it. 
These all contain blood vessels, 


perc hs been removed 


‘Mollusks, 341; Nyruph, 277; Plankton, $42; Tentacles, 274 
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External gills 
Gills on the outside of the body, found in the 
‘young stages of most fish and amphibians”, 
some older amphibians and the young aquatic 
stages of many insects (e.g. caddisfly larvae” 
and mayfly nymphs"), Their exact form 
depends on the type of animal, but in many 
cases they are “Irilly” outgrowths from the 


A tube carrying water to (inhalant siphon) or 
from (exhalant siphon) the gills of many lower 
aquatic animals, e.g. whelks (see picture, page 
265). The exhalant siphon of cephalopods 
(mollusks* with tentacles"), e.g. octopuses, Is 
called the hyponome*. 


“Arthropods, $4; cil, 208 
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ANIMAL SENSES AND 
COMMUNICATION 


All animals show some sensi itability), 
i.e. response to external stimuli such as light and 
sound vibrations. Humans have a high overall level Fee. they enablol 
of sensory development, but individual senses in other animals may water currents and pi 
be even better developed, e.g. the acute vision of hawks. Listed here y use this 

are some of the main animal sense organs (and their parts). Their 

responding parts send “messages” (nervous impulses) to the brain 


Hearing and 


Lateral lines 

‘Two water filled tube 
‘of the body, just undk 
found in all fish and’ 
‘spend most of their i 


(or more primitive nerve center), which initiates the response. 


Touch, smell and taste 


Antennae (sing. antenna) 
‘Whip-like, jointed sense organs on the heads 
Of insects, centipedes and millipedes, and all 
‘crustaceans (a group of arthropods* which 
includes crabs and prawns). Insects, 
centipedes and millipedes have one pair, 
‘crustaceans have two. They respond to touch, 
temperature changes and chemicals (giving 
“smell” or “taste”), Some crustaceans also use 
them for swimming oF to attach themselves to 
objects or other animals, 


The Lan’: Mane jl es its tetas to sting 
‘and ath ah Same le ins Mane ys have 
Cental iat re up t 100% ong, 


Tentacles 

Long, flexible body parts, found in many 
molluscs*, e.g. octopuses, and enidarians', 
e.g, jellyfish, In most cases they are used for 
grasping food or feeling, though the 

longer of the two pairs found 

in land snails and 

slugs have eyes 

on the ene. 


Myponome. Ocepus 
ste water out oF 1 
mae by “et propa” 


Vibrissae (sing. vibrissa) or whiskers 


Stiff hairs standing out from the faces of many 
mammals’, e.g. cats, around the nose. They 
are sensitive to touch. 


Palps 
Projections of the mouthparts of arthropods", 
e.g. insects (see katydid picture, left). They 
respond to chemicals (giving “smell” 
or ‘taste”). The term is also 
given to various touch- 


‘e organs, 


LTympone! organ ize pe 215) 


(sing. seta) 

"produced by the skin of 
‘many invertebrates", e.g, insects, 
Nerves at their bases respond fo 
movements of air or vibrations. 


+ Arthropods, Caidarlans, invertebrates, Mammals, 
‘Molluscs, 341; Thorax, 264 (Segmentation), 


in some insects, 
head in some lane 


nsitive fibers 
the organs 

nd to 
h-frequency 

d vibrations. 4 


tocysts 


tiny particles call 
d grains, When the 
move, stimulati 

et off responses. 


odified second pair 
‘wines on flies, whic 
‘heep balance inflight 


" Amphiblans; Arthropods, 3 
Layo, 298; Pigments, 255 
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ANIMAL REPRODUCTION ‘© 
AND DEVELOPMENT f 


Reproduction is the creation of new life. Most 

: animals reproduce by sexual reproduction’, the 

i joining of a female sex cell, called an ovum, with a 
male sex cell, or sperm. Below are the main terms 
associated with the reproductive processes of animals. 


Oviduct 
Any tube in females 
orova (female sex « 
‘cutside, In some ani 
are fertilized on the 


Ovipositor 
‘An organ extending: 
female insects, throx 
many cases, its lon 
‘to pierce plantor an 


(ik naching tom 
7 adele og 


Viviparous Eggs 
‘A term describing animals such as humans, in There are two main types of egg. Cleidoic eggs 
which both the joining of the male and female are produced by most egg-laying animals = 
sex cells (fertilization) and the development of | which live on land, e.g. birds and most 


the embryo* occur inside the female's body _reptiles*, and also by 2 few aquatic animals, Metamorphosis 

{the fertilization is internal fertilization), and ‘eg. sharks, Such an egg largely isolates the The growth and de 
embryo* from its surroundings, allowing only involves intermedi 
gases to pass through its tough shell (waste different from the 
‘Matter is stored). It contains enough food iyalk) isa series of such 
for the complete development of the embryo, complete or partia 
and the animal emerges as a tiny version of the ‘young form to the 
adult. The other type of egg, produced by most ——. 
aquatic animals, e.g, most fish, has a soft outer ‘on hl). The mony 
membrane, through which water and waste aot! ewcoprervons 
‘matter (as well as gases) can pass. The a 


emerging young are not fully devel I. Antilary butterflies of south 
Guiparons ins aia fem net ser 
A term describing animals in which the “on small ent, 
development of the embryo" occurs in an egg 

which has been laid by the mother. In some 
cases, e.g. in birds, the male and female sex 
cells join inside the female's body (internal . Hare serve erg 
fertilization) and the egg already contains the . i Nao nares 


embryo when laid, in other cases, e.g. in ‘atepor ro 
many fish, the many eggs a 
‘each just contain an (ceca ect» 
‘ovum (female sex cell) amin toa arthropod 


when laid, and the 


) ral ects av) 
male then deposits pupa ppc) 
mithlle “heya n Suter, 
> sex cells) 
‘over them 
) (external 


| fertilization), 


Austin tpn 
snokes aching 
from eggs Nos 
snakes ar ovparous. 


*Emibeyo, 320; Reptiles, 341; Seaual reproduction, 320. 


Lye seveugpnson ‘sonesgansauy spodomnuy ‘suerqnydiy, 


“ssw sunSio sy uous umsx2-v0N 1 wou Bap 
1 285 ana don sas‘ Yooysdrs dun urea 
1g oas ngo vreau 


—s 
Peper iinet day 


seyoblisioxs 
pag aso 9 Bp oa 

1960 nesndganp np) sroqdiouyon aaydeeruy 
“(esoydiourejou 

ara|duoauy pue a1a}duuo> — spur ywaiayip 
Com}) stioydiowiersu }29su yo sajdusexa ase 
*nojaa “(speo} pule soy ui Sojadpey ssajiiay 
“a “uOUILUOD axe suHO} feALE] ayripoULEIU) 
sisoydiouejatu Jo aai8ap awos oBsapun 
‘s#0y) Bo ‘,suerquydure ysow pur “Si9}sq0] 
“89 / soqeaqaysonuy aULLeUI SOUL ‘SI>aSUt jy 


0 modes oo wn a 
ours ups say sod 
‘aus Bapanauns 9 24 
20 apse uy 8 

sno snr sos 
‘o> (aodnd 1) add 
ys! run 295) 4939 eu) 


‘espodaaqun go 09 uous 
‘fan 0 ‘gee poy ssc.) 
‘pc ge 0} Sa 
sos un spas say 
po sow) syne 
{ayy yo8Bou 29209) 
squib 53 smu stn sy) 
(toy etioue (aan) 1) OAs 


“nd yous 
822 sty Agog 0804 
‘iol puo dh ted 2d 
aro sng Aun 
anod ou p94 


-apoBotnndop 0 
alan 9 Bap sony at V0 
‘8 anon S110 apo) rogdouow SiydED 

“ynpe ayy 01 wioy uno 

24) woy uor}ewoysueN jered 40 ayojcu0> 
+ Sulmnpoud ‘SaeueyD Yons jo 59196 © 51 
sisoydoueyayy “wuo} yInpe ay woH warp 
‘aaa ate y>i4y suui0} a1e}pauaIU! SBnjOnut 

syeujue awos Jo ywausdojanap pue yumor 241 

sisoydiowreyoy 


“(uonezyay) Woy! yi WO! 
(0) Apeau ale (s|}92 xas) eno 
Joy jun wou S0r015 pue 
tuuads ayy saqjanai ayetuay 
aly “Syaau “Bra ‘,sayeaqayan 
samo] awuos pue ‘s)>2sul 

‘so ,sayeaqayiant 
Auew so ajeway ay ul 
(sij20 9s 2eu) muads 
s Bu}1035 40) es y 


atu dng uss 
Pe or 
‘acoaqouused 


aay suomi 
8 tunbie ap 
ue au 

‘oun oun 


woateuads 


‘ujAv] auoyaq sanssy yewyue 40 yue|d aDaid oY 
posn s1 pue ‘cieys pue uo} s) 1 ‘Saseo AueWL 
UL "pley are sBBa yoryas yBinouyp ‘sioasuy ajewsal 
‘Aueu Jo pua 24 a4) wos) Sujpuarxa UesIO UY 
s0}180d14Q 


“{snouedixo 295) sno Avan ip UO pazynaay axe 
$880 olf! ‘Spuig #9 ‘sjeustue awOs Ul -aprsiNo 
‘ayy oF pasieyssip are (sj;a9 xas ajewi9}) BAO 40 
S889 Jo4p19 yoy yop sayewiay UL aqny AUY 
PnpiAg, 


THE SKELETON 


The human skeleton is a frame 
of over 200 bones which 
supports and protects the body 
organs ‘the viscera) and 
provides a solid base for the 
muscles to work against. 


Cranium or skull 

A case protecting the brain and facial 
organs. It is made of eranial and. 
facial bones, fused at lines called 
sutures. The upper jaw, for instance, 
consists of two fused bones called 
maxillae (sing. maxilla) 


Lower ow or mantle, 
‘tioce by hinge Joint 


Rib cage 

Accage of bones forming the walis of 
the thorax or chest area, It is made 

Lup of 12 pairs of ribs, the thoracic 
vertebrae and the sternum. The ribs 
ate joined to the sternum by bands of 
‘cartilage’ called costal cartilage, but 
only the first seven pairs join it directly. 
The last five pairs are false ribs. The 
top three of these join the stemum 
indirectly ~ their costal cartilage joins 
that of the seventh pair. The botlom two 
pairs are floating ribs, only attached to 
the thoracic vertebrae at the back. 


Vertebral column 


pagan ‘Also called the spinal 
Sitarer eat te ‘columa, spine or 


backbone. A flexible 
chain of 33 vertebrae 
‘which protects the 
inal cord, supports 
the head and 
provides points of 
attachment for the 
pelvis and rib cage. 


Fe ——_ 
veteree — 
Soporte 

vi etre — 
Fiat Vertebrae (sing, 
tase vertebra) 

mente 


The 33 bones of the 


owt 
oo ‘vertebral column. A 
‘<i tent typical vertebra has a 


thick “chunk” (the. 

‘centrum or body), vari 
projections, or proces 
named below) and a 
‘central hole — the verts 


finger ie) 


corps 
(rt bores) 
‘aly 

Called earpus 


The ve sacral 


swe 
Senare/te foramen (pl, foramins 
umn ‘he foramina togethes 
eae form the neural, spins 
scm ‘or vertebral canal, 


Hhrough which the 
‘spinal cord* runs, 


eles, pele girdle or 
hip gle. fach es 
made up of tre bones 
helm, pubis ord 
‘beh 


Vertebral structu 
The different verte 
the skeleton on the 
24 are movable an 
disks of cartilage®. 
fused together. The 
structure described 
the top two, the af 
(lop vertebra) has 
skull which allows 
axis has a “peg* ( 
process) which fits 
forms a pivot joint 
allows the head to 


Tar (able ones) 
calc ale 


Metatarsats (bot — 
‘nen alec 
‘ales 


oF ‘pies reurds ‘gaz ‘sauowe 182 ‘sBeqUED 


sw (oroge wo) 
xy 


fi D 


‘ae}0s 01 peay ay SMO}}E 
yore quo! jo adi e “yuIol yoard e suo) 
SIL See a OWU) SW YIM (ssad04d 
plojuopo 10 suap 04), Bad, & sey sIxe 
a4 “Pou 01 peoy ayy swoyje Y>1ym |IMys 
‘UR lm ULO! feIDads e sey (esqauaR do}) 
Sep AU, “SIXE pur seppe aut ‘omy do oy 
Joy idaaxa “IY81s axoqe Paquosap ainjanss 
[eaidéy ayy aney (1B Kay. aYyia¥O) pasn 
aye auy WoHog ayy, “,aBeEED 10 sysIP 
Tesqauanuy Aq payul| pue ajgerou ae ¢z 
dot ay “aBed aysoddo ayy Uo uoIa/ays aL 
punowe pow aie aeiqayan uar9yIp ay. 
aampannys [eaqanian, 


eagenanu p29 0 


2s a4) 04) UD9s = 
(exqouan 2ppev04y) eaqopa porta, 


“mune og augauan 
Besrussoy uso way fy a 
ays ounause Pu leougpur) sarod 


soosd oud sopopun 20.5) 
uauipcio 
‘eo mt 


ogo 
sagas 
eof 
uy soaooud 
snmopso sopndns 


ssa Buoy 
yous pIBag 


akege wou uaas (eaqaL98 
e041) €1GaI98 fOIEAL 


sNrwney 4007007 


‘umd ,pao> yeurds 
ys qaiyen ysinauyn 
‘yeue> yragayan .0 
eurds “peanau au wo} 
Jayjo80} eUIMIEIe, a4) 
(eujuse9y |d) uauresoy 
Teaqansan ayy — joy jena 
8 pue (mojaq pawreu) 
sassaz0ad 0 ‘Suo}}20{010 
snouea ‘(kpog so wnsyue9 
34) enya, 2149 
B sey eigjauian (eoidAy 
Yy "uuinjoo jeaqanian 
24 30 s9U09 £E YL 
(eaqayian 

“$uys) aeaqayian, 


‘feo qui pur siyjed 
‘ayy 40} quowypene 
Jo suujod sapinoid 

pue pray aug 
suiodddns ‘,puo3 yeurds 
ayy si2a}0ud yoy 
aeagayian c¢ Jo Wey 
aiqixay v “auoqpeg 
20 auds ‘uuunjor 
reurds 24) payje> osjy 
uuunjo> [eAqaHOA 


JOINTS AND BONE 


The bones of the skeleton meet 

at many joints. or articulations. 
Some are fixed joints, allowing no 
movement, e.g. the sutures* of the 
skull. Most, however, are movable, 
and they give the body great 
flexibility. The most common are 
listed on this page. 


Hinge joints 

Joints (e.g. the knee joint) which work like 
any hinge. That is, the movable part (bone) 
can only move in one plane, ie. in either of 
two opposing directions. 


Hinge joint 
Ganee joint) 


Gliding joints 
‘Also called sliding or plane joints. Joints in 
which one or more flat surfaces glide over 
each other, e.g, hose between the carpals*, 
They are more exible than hinge joints. 


Gliding ints 
(between carpalss) 


pe | 
re aie 
ee 


Ball-and-socket joints 

The most flexible joints (e.g. the hip joint), The 
movable bone has a rounded end which fits 
into a socket in the fixed bone. The movable 
bone can swivel, or move in many directions. 


Femur? 
Along bone) 


Bone or osseous tiss 
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Connective tissue 


There are many different types of 
connective tissue in the bady. They all 
protect and onnect cells or organs and 
have a basis of non-living material (the 
matrix) in which living cells are scattered. 
The difference between them lies in the 
nature of this material. The various types of 
tissue found at a joint, including bone itself, 
are all types of connective tissue. They all 
contain protein fibers and are either tough 
(containing collagen fibers) or elastic 
(containing elastin fibers} 


The ease with which different types of tissue 
grow and repair depends largely on the 
amount of blood they contain. Periosteum 
is vascular (has a blood supply) and repairs 
itself quickly. Cartilage is avascular (has no 
blood supply) so takes longer to repair. 


Periosteum 

A thin layer of elastic connective tissue. tt 
surrounds all bones, except at the joints 
(where cartilage takes over), and contains 
osteoblasts ~ cells which make new bone 
cells, needed for growth and repair. 


Ligaments 

Bands of connective tissue which hold 
together the bones of joints (and also 
hold many organs in place). Most are 
tough, though some are elastic, eg. 
between vertebrae* 


Synovial sac or synovial capsule 
‘cushioning “bag” of lubricating fluid 
(synovial fluid), with an cuter skin (synovial 
membrane) of elastic connective tissue. 
Most movable joints, e.g. the knee, have 
such a sac lying between the bones. They 
are known as synovial joints, 


Tendons or sinews 


ining muscles to bom 
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Carpals, Femur, Patella, Pelvis, 278; 
Sutures, 278 (Cranium): Tia, 278; Vertbrae, 27, 


Femur Fibula, Patella, Stem 
‘Veresbrae, 279 
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IwTRODUCTION 


Chapter 3: Components 


You're going to need some components to play with, as well as the knowledge to use them effectively. 
‘This chapter will introduce you to some of the bits and pieces that make up modern electric and 
electronic circuits, You'll also learn a little bit about how to identify components from their appearance 
and markings, when available. 

‘Once you've got an idea about what these parts do in a circuit, you'll learn a little more about 
how to measure their electrical properties and put them to use. You'll also be shown what not to do 
some select examples. 


Chapter 4: A Portable Mini-Lab 


Having a portable (or at least (transportable) electronics lab comes in handy in several circumstances. 
‘Maybe you don't have a place (yet) for a permanent home for all that equipment. Maybe you need to 
bounce at a moment's notice, heading off on electronic adventures at the drop of a hat. Or maybe you 
like to keep everything where you can find it in a hurry, without having to rummage through shelves and 
boxes, looking for just the right tool or component. 

Whatever your motivation for wanting a portable lab at your disposal, this chapter should help 
you get started, 


Chapter 5: The Cozy Corner Lab 


You don’t need an entire garage or extra office for a functional laboratory for your electronic endeavors. 
It’s certainly nice if these areas are available to you, but you might be surprised at how much you can do 
in just a small space, if you set it up properly and maintain it with determination. 


Chapter 6: The Small Group Lab and Classroom 


‘The first part of this book deals with how to get along with electrons and make them do your bidding. In 
this chapter, you'll explore a completely different topic: other people, and how to get along with them. 

You might not ever figure out how to get them to do your bidding, but at least you can keep 
them from stealing your tools. Maybe. 


Appendix A: Getting Started with Tool Building 


Once you've become comfortable in your lab and had time to play with a few circuits, you might start to 
notice that some of the “tools” you've been using are just simple electronic circuits themselves. Good 
examples are power supplies and meters. These are great tool-building projects because you can see 
useful results early. 

‘This appendix takes a look at building a couple of simple electronic tools that might be of use in 
your lab. Hopefully you will develop a better understanding of how these tools work. Ideally, you will 
progress from the basic question of “Does it work?” to the more involved questions of “How well does it 
‘work and what can I do to improve it?” 


MUSCLES 


Muscles are areas of special elastic 
tissue (muscle) found all over the 
bedy. They may be either voluntary 
muscles (able to be controlled by 
conscious action) or involuntary 
muscles (not under conscious 
control). The main types of muscles 
are listed on this page. 


Antagonistic pairs or opposing pairs 

‘The pairs into which almost all muscles are 
arranged. The members of each pait produce 
opposite effects. In any given movement, the 
muscle which contracts to cause the movernent 
is the agonist or prime mover. The one which 
relaxes at the same time is the antagonist. 
Example of an antagonist pa 
Giepeand cep 


Wien tne a 
straightening. 

— the bens 
the antagonist 
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‘the agonit 


Types of muscles 


‘Skeletal muscles 

‘Ali the muscles attached to the bones of 

the skeleton, which contract together or in 
sequence to move all the body parts. They are 
all voluntary muscles (see introduction) and 
are made of striated muscle tissue (see 
opposite). Some are named according to their 
position, shape or size, others are named after 
the movement they cause, e.g, flexors cause 
flexion (the bending of a limb at a joint, 
extensors straighten a limb, 


Cardiac muscle 

‘The muscle which makes up almost all of the 
wall of the heart. is an involuntary muscle 
(see introduction) and is made of cardiac 
muscle tissue (see opposite) 


Visceral muscles 
The muscles in the walls of many 
internal organs, e.g, the intestines 
and blood vessels, They are all 
involuntary muscles (see 
introduction) and consi 
of smooth muscle tissue 
(see opposite) 
When the orn en, 
the bles the 
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*Mumerus, Rais, Seapula, 273; 
“Tendons, 281; Una, 278 
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TEETH 


The teeth or dentes (sing. dens) help to prepare food for digestion by 
cutting and grinding it up. Each tooth is set into the jaw, which has a soft 
tissue covering called gum (gingiva). During their lives, humans have two 
sets of teeth (dentitions) — a temporary set, or deciduous dentition, made 
up of 20 deciduous teeth (also called milk or baby teeth), and a later 
permanent dentition (32 permanent teeth), 


Parts of a tooth 


Crown 

‘The exposed part of a tooth, It is covered by 
enamel, It is the part most subject to damage 
or tooth decay. 


Root 

‘The part of a tooth that is fixed in a socket in 
the jaw. Incisors and canines have one root, 
premolars have one or two and molars have 
two or three. Each root is held in place by 
the tough fibers of a ligament* called the 
periodontal ligament. The fibers are fixed to 
the jawbone at one end, and to the cement 
at the other. They act as shock absorbers. 


Dentine or ivory 

A yellow substance which forms the second 
layer inside a tooth, {tis not as hard as enamel 
bout like it, has many of the same constituents 
as bone. It also contains collagen* fibers and 
strands of cytoplasm*, These run out from the 
pulp cells in the pulp cavity. 


Molar 


Neck or cervix 
The part of a tooth just below the surface, 
Iying between the crown and the root. 


Enamel 

A substance similar to bone, though it is 
harder (the hardest substance in the body) 
and has no living cells. tt consists of tightly- 
packed crystals of apatite, a mineral which 
contains calcium, phosphorus and fluorine. 


Cement or cementum 

Abbone-like substance, similar to enamel 
put softer, It forms the thin surface layer of 
the root and is attached to the jaw by the 
periodontal ligament (see root) 


Pulp cavity 

The central area of a tooth, surrounded by 
dentine. Its filled with a soft issue called 
pulp, which contains blood vessels and 
nerve fiber endings. These enter at the base 
of a root and run up to the cavity inside root 
canals. The blood vessels supply food and 
‘oxygen to the living tisste, and the nerve 
fiber endings are pain receptors 


coon 


Collagen, 260 (Connective tssue); cytoplasm, 238; 
Ligaments, 80; Pain receptors, 311. 
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BLOOD 
Blood is a vital body fluid, consisting of plasma, platelets and 
red and white blood cells. An adult human has about 5.5 liters 
(9.5 pints), which travel around in the circulatory system* - a 


system of tubes called blood vessels. The blood distributes heat and 
carries many important substances in its plasma. Old, dying blood cells 


are constantly being replaced by new ones in a process called hemopoiesis. 


Plasma 

The pale liquid (about 90% water) which 
contains the blood cells. It carries dissolved 
food for the body cells, waste matter and 
carbon dioxide secreted by them, antibodies 
to combat infection, and enzymes" and 
hormones* which control body processes. 


| 
ft 
| Blood constituents 


Red blood cells 
Also called red corpuscles or erythrocytes, 
Red, disk-shaped cells with no nuclei*. They 
are made in the hone marrow* and contain 
hemoglobin (an iron compound which gives 
blood a dark red color). This combines with 
‘oxygen in the lungs to form oxyhemoglobin, 
and the bldod becomes bright red. The red 
cells pass the oxygen to the body cells (by 
diffusion") and then return to the lungs with 
hemoglobin, 


Platelets or thrombocytes 

‘Very small, disk-shaped bodies with no nuclei*, 
made jn the bone marrow". They gather 
particularly at an injured area, where they are 
important in the elotting of blood, 


White blood cells, 
Also called white corpuscles or leucocytes. 
Large, opaque blood cells, important in 

body defense. There are several types. 
Lymphocytes, for example, are made in 
lymphoid fissue* and are found in the 
lymphatic system* as well as blood. They 
make antibodies. Other white cells ~ 
‘monocytes — are made in bone marrow*. They 
“swallow up" foreign bodies, e.g. bacteria, in 
2 process called phagocytosis". Many of them 
{called macrophages) leave the blood vessels. 
They either travel around (wandering 
macrophages) or become fixed in an organ, 
e.g. a lymph node* (fixed macrophages). 


‘ABO blood groups 
The main way of classi 
with group A blood han 
red blood cells (and an 
those with group B haw 
antibodies). People will 
antigens (and neither ty 
those with group O han 
both types of antibody 


Body defense 


Antibodies 

“Defense” proteins i 
They are made by Iym 
blood cells) to combs 
in the body. A differe 
‘each antigen, and they 
Anti-toxins neutralize 
one joins with a toxin 
antigen-antibody con 
the bacteria or viruses 
Kall them by dissolving 


4 
D> 


Substances, mostly pn 
| the production of anti 
them and any infectios 
They may form part o 
which enter the body, 
(poisons) released by 
‘group antigens and an 
‘are present in the bod 
to combat foreign blo 


Bone marrow, 281; Creulatory system, 285; Diffusion, 329; Enzymes, 333; Hormones, 336 Lymphatle system, 
Lymph nodes, 253; Lymphoid taue, 293 (Lymphold organs) Nucleus, 23; Phagocytorls, 2 (Preudopodiam) 
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THE CIRCULATORY SYSTEM 


The circulatory or vascular system 
fs a network of bloud-filled tubes, 
or blood vessels, of which there are 
three main types — arteries, veins 
and capillaries. A thin tissue layer 
called the endothelium lines 
arteries and veins, and is the only 
layer of capillary walls. Blood is 
kept flowing one way by the 
pumping of the heart, by muscles 
in artery and vein walls and by a 
decrease in pressure through the 
system (liquids flow from high to 
low pressure areas). 


Passage of main substances m the circulatory system 
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“Hepatic portal ven, 297 (Liver, Pulmonary arteres, 291 Pulmonary tunk); 


Pulmonary veins, 291; Smooth muscle, 283, 


The main ari 


Arteries 7 
Wide, thick-walled blood vessels, making up Sereaheeeltiar 
the arterial system and carrying blood away ‘rem bog ld 


from the heart. Smaller artories (arterioles) 
branch off the main ones, and capillaries branch 
ff the arterioles. Except in the pulmonary 
arteries’, the blood contains oxygen (which 
makes it bright red). In afl arteries it also carries 
solved food and waste, brought into the heart 
by veins, and there transferred to the arteries. 
These carry the food to the cells (via arterioles 
and capillaries) and the waste to the kidneys 
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Veins 


Wide, thick-walled blood vessels, making up the 
venous system and carrying blood back to the 
heart. They contain valves to stop blood flowing, 
backward due to gravity, and are formed from 
merging venules (small veins). These are 
formed in turn from menging capillaries. The 
blood contains caibon dioxide (except in the 
pulmonary veins*) and waste matter, both 
picked up from body cells by the capillaries. The 
blood in the veins leading from the digestive 
system and liver also carries dissolved food. 
This is transferred to the arteries in the hes. 


Capillaries 

‘Narrow, thin-walled blood vessels, branching 
off arterioles (see arteries) to form a complex 
network. Oxygen and dissolved food pass out 
through their walls to the body cells, and carbon 
dioxide and waste pass in (see tissue floid, page 
292}. The capillaries of the digestive organs 
and liver also pick up food. Capillaries finally 
join up again to form small veins (venules). 
Capillary 
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THE HEART 


The heart is a muscular organ which pumps blood around 
the blood vessels. (The heart and blood vessels together 
are the cardiovascular system.) It is surrounded by the 
pericardial sac. This consists of an outer membrane (the 
pericardium) and the cavity (pericardial cavity) between it 
and the heart. This cavity is filled with a cushioning fluid 
(pericardial fluid). The heart has four chambers two atria 
and two ventricles, all lined by a thin tissue layer called 
the endocardium. 


festion 
The chambers of the heart athe 

Atria (sing. atrium) or auricles Ventricles 

The two upper chambers, The left atrium The two lower chambers. The left ventricle 
receives oxygenated blood (blood with fresh receives blood from the left atrium and pumps 
oxygen ~ see also hemoglobin*) from the it into the aorta, The right veniricle receives 
Jungs via the pulmonary veins. The sight blood from the right atrium and pumps it via 


atrium receives deoxygenated blood from the the pulmonary trunk to the lungs. 
rest of the body via the superior and inferior 


vena cavae. This is blood whose oxygen has [key ‘Candie eons 
been used by the cells and replaced by D> onygencted bond Re taeliial 
carbon dioxide. Povorrgeetedvict| | Pag 
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ag brachiocephalie vein Left brachlocephale vein 
ht pulmonary artery. Aorta 

Pulmonary trunk 

Lf pulmonary artery 
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Aorta 
The largest artery* i 
blood with fresh om 
ventricle to begin its 


Pulmonary trunk 

The artery" which « 
‘oxygen out of the ri 
the heart, it splits in 
pulmonary arteries, 


Superior vena cav 
One of the two mait 
heeding fresh oxyges 
the right atrium. All 
merge into it. 


Inferior vena cava 
One of the two mai 
feeding fresh oxyger 
the right atrium. All 
merge into it. 


Pulmonary veins 
Four veins* which c 
‘oxygen to the left atr 
ains come from the 
uilmonary veins con 


Semilunar valves 

Two valves, so calle 
‘Because they have. 

escent-shaped fla 
fs the aortic valve bi 
the left ventricle an 
aorta. The other is 
pulmonary valve bx 
athe right ventricle a 
‘pulmonary trunk. 


Atrioventricular \ 
AV valves 

‘Two valves, each be 
atrium and its corre 
ventricle. The left A 
‘or mitral valve, is a 
valve, i.e. it has two 
flaps, or cusps. The 
valve is a tricuspid 
ice. it has three cusp 
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CHAPTER1 


Planning Your Electronics 
Workshop 


Are you interested in electronics? Would you like to set up your own “electro lab” to conduct amazing 
experiments, build crazy gizmos, and repair or modify your existing electronics? Then this book is for 
+" Vour very own electronics laboratory sa great place to bulld, repair, vent, and lear more about 
electronics. We seem to be surrounded by electronics more and more every day. We can easily become 
dependent upon them, without even understanding how they work. Having your own electronics lab 
can help you gain some control over your electronic minions. Here you can learn about their inner 
mysteries, including how to repair them when possible or, better yet, improve them with your own 
custom modifications. You can also turn your own ideas into reality by building electronic circuits from 
scratch. 

‘What will you need to plan your lab? What if you already have a basic understanding of electronics 
and the beginnings of a workshop at your disposal? This chapter helps get you going in the right 
direction, 


What to Expect 


‘This book can’t teach you everything about electronics, and it doesn’t try. That would take several 
lifetimes. What it can do is introduce you to the tools and the skills you will need to set up your own. 
electronics lab. This will include a very basic introduction to electricity, alittle bit of theory, some safety 
tips, and a whole lot of example projects. It’s a great starting place. Where it will lead you is mostly 
determined by you and what you're wanting to do with electronics. 

Ifyou're already familiar with electricity and electronic concepts, there is still plenty of fun and 
interesting stuff waiting for you to explore. The field of electronics itself is constantly expanding. From 
the time this book was written to the time that you've finished reading this sentence, many advances will, 
have occurred in both our understanding of electronics as well as the development of new applications 
and electronic devices. This is one of the many things that makes the study of electronics so interesting 
and exciting. 

Every lab is different. Your lab will reflect not only your immediate electronics goals but also your 
personality. Feel free to pick and choose from all the ideas presented in this book and add in some of 
your own. The repair shop and the design studio are necessarily going to be arranged differently. There 
really is no right or wrong way to go. 

Even the best laid plans, so the saying goes, end up somewhere unexpected. When planning your 
electronics lab for the first time, or for the tenth time, keep in mind that your interests, resources, and 
reasons for wanting to work on electronics are going to change over time. Please feel free to reinvent 
yourself and your lab as conditions permit. You might also be forced to reconsider your prior 


TISSUE FLUID AND THE 
LYMPHATIC SYSTEM Lymphatic system 


Asystem of tubes (lyn 
The smallest blood vessels, called capillaries*, are those in the most direct ‘ogo (lymphotd orga 
contact with the individual cells of the body, but even they do not touch the Proycling of body fluid 
cells, The food and oxygen they carry finally reach the cells in tissue fluid, pe disesse, The ld 
a substance which forms the link between the circulatory system* and the econ 


‘into the veins*, 
body's drainage system, known as the lymphatic system. Bie source of diced 


The lymphatic system 


Tissue fluid Lymph 
Also called intercellular or liquid in lymph ve 
interstitial fluid. A fluid which phocytes (see Iymp 
surrounds the body cells. it seeps bstances picked up fi 
out from the blood through the 5 cially proteins suc 
walls of capillaries* (mainly at their cl enzymes") and al 
high-pressure ends, after they have mph vessels) 


branched from arterioles) and is 
essentially plasma*, though with fewer 
proteins. It carries cxygen and dissolved food 


Lymphoid org 


to the body cells, and carbon dioxide and up mph 
waste matter away from them. These latter soder a exept ‘The lymphoid organs, 
substances enter the capillaries (mainly at their ara dibs by ‘ate bodies connected 
low-pressure ends, before they form venules"), ‘system. They are all m 

The protein molecules not needed by the “of tissue (lymphoid or 
cells are too large to re-enter the capillaries, ‘and they all produce I 
They pass, with some of the waste, into the ‘hease-fighting white 
Iymph capillaries (see lymph vessels), whose 


walls are more easily penetrated Lymph nodes or lym 
all | hoid 

Movement of substances in tissue Muid ep ot a 

+8. in the armpits. The 

phocyte productics 


e largest lymphoid 

an, found just belo 
he diaphragm* on the 
efi side of the body. It 


e of red blood cells 

also contains 
od ite blood cells, 

x SIA tote ats xypencnd tot “fixed macrophages") 


| a se a with coon ide ich destroy foreign 
_> " 

end waste bodies, e.g, bacteria, 

"] a SER hasan fd ies, e.g, bacteria, 


and old blood cells. 
Teheart SP ymph 


* Arterioler, 285 (Arteries); Capltares, 268; Creulatory system, 288; 
Plasma, 286; Subclavian ves, 289; Venules, 288 (Veins. 


‘Ptaphragm, 298; Endothelium 
‘acess, 295 (Small intestine) 
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THE DIGESTIVE SYSTEM 


After food is taken in, or ingested, it passes through the 
digestive system, gradually being broken down into 
simple soluble substances by a process called digestion 
(see also pages 338-339). The simple substances are 
absorbed into the blood vessels around the system and 
transported to the body cells. Here they are used to 
provide energy and build new tissue. For more about all 
these different processes, see pages 330-335. The main 
parts of the digestive system are listed on these two 
pages. The pancreas and liver (see page 297) also play 
a vital part in digestion, forming the two main digestive 


glands* (producing digestive juices*). geste tem 
Alimentary canal Esophagus or gullet 

Also called the alimentary tract, The tube down which food travels to the 
gastrointestinal (GI) tract, enteric canal stomach, A piece of swallowed food is a bolus. 


or the gut. A collective term for all the 
parts of the digestive system. It isa long, 
tube running from the mouth to the anus 
(see large intestine). Most of its parts are 
in the lower body, or abdomen, inside 
the main body cavity, or perivisceral 
cavity’, They are held in place by 
mesenteries — infoldings of the cavity 
lining (the peritoneum). 


Pharynx 
A cavity at the back of the mouth, 
where the mouth cavity (oral or 
buccal cavity) and the nasal cavities* 
meet. When food is swallowed, the 
soft palate (a tissue flap at the back of 
the mouth) closes the nasal cavities 
and the epiglottist closes the trachea’. 


Sate patate 
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ard palate" 
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"Digestive juices, 295 (Digestive glands); Epiglotts, 278; Hard pafate, 307; 
Nasal cavities, 307 (Nose) Pervieeraleavity, 265, Trachea, 296. 


Cardiac sphincter 
Also called the gastrae 
A muscular ring betwe 
stomach. It relaxes to « 


‘occur. Its lining has 
nany folds (rugae, 

. Tuga) which flatte 

‘Out to let it expand 

“Some substances, e.g. 

ater, pass through its’ 

nearby blood vess 
semi-digested food 

e small intestine (duo 


ic sphincter 
Iso called the pyloric 
lar ring between 
jail intestine. It relaxe 
ily after certain digest 
red. 


all intestine 
led tube with three 
€ main site of digestic 
‘Many tiny “fine 
s) project inward fre 
\s capillaries* (tr 
lich most of the food 
vessel" called a l 
imbined fat particles 
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‘Arteries, 288; Capillaries, 25 
‘Spmelium, 510 (Epler 
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GLANDS 


Glands are special organs (or 
sometimes groups of cells or 


1 
TT 


single cells) which produce On 
roles 
and secrete a variety of gest 


substances vital to life. There bile (sex 


are two types of human glands 339) alon 
— exocrine and endocrine. at hepatic duet 
‘ is the conversios 
Exocrine glands newly-digested food 
page 331), which it rece 

Exocrine glands are glands which patic portal vein (sce 
secrete substances through tubes, or 7 particular, it regulates 


ducts, onto a surface or into a cavity. icose in the blood. I 
Most body glands are exocrine, e.g. red blood cells, ston 
sweat glands* and digestive glands, an 


bile 
Exocrine glands which secrete l 
fluids called digestive juices into the 

digestive organs. The juices contain 5 Pancreas 
enzymes* which cause the A large gland w 
breakdown of food (see chart, pages digestive gland and 
338-339). Many of the glands are tiny, duces pancreatic j 
and set into the walls of the digestive 338-339), which 
organs, e.g. gastric glands in the stomach and ic duct, or duc 
intestinal glands (or crypts of Lieberkiihn) in ains groups of cells 
the small intestine, Others are larger and lie alate hans. These mak 
more freely, e.g, salivary glands, The largest ovate thew ery of the organ, and f 
are the pancreas and liver. ao tbe mones* insulin* and 


Digestive glands 


Salivary glands (scree saliva’ into mouth) 
‘Only oe side is shown the three gla ill bladder 
are cupleatd he hese ® sac which stores bile ( 
"a concentrated form t 
til there is food in the 
ig has many folds (r 
flatten out as ite 
led, the bile 


pening ino 
moat 


Tongue 


Sublingual gland 
Ie det open ino 


he fora he 
‘oath 


The to cts 
jam to orm 2 
thc ald the 
‘amp of 

Voter 


Duct calies 
Wharton's duct 


Sabmandibulor 
tond or 
Submastiary sphincter of Odd 
stond lose, bile coming tom the 

eri feces backup athe 
Parotid gtond gall badder 


*Diaphrage, 228; Duodenum, 295 (Small intestine) Enzymes, 333 
Ligaments, 280; Saliva, 338; Sweat glands, 311 


[Deocenim, 295 (Small intext 
‘ypothalarus, 305; insulin, 
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THE RESPIRATORY SYSTEM 


The term respiration covers three processes: ventilation, or 
breathing (taking in oxygen and expelling carbon dioxide), 
external respiration (the exchange of gases between the lungs 
and the blood — see also red blood cells, page 286) and internal 


_ respiration (food breakdown, using oxygen and producing 


carbon dioxide — see pages 334-335). Listed here are the 


des. the first two 
left primary bs 
(via a hole call 
onary artery* bri 
‘branch into sect 


Trachea or windpipe 
‘The main tube through which air passes 
€n its way to and irom the lungs. 


Larynx 
The “voice box’ at the top of the trachea. It 
contains the vocal cords ~ two pieces of tissue 
folding inward from the trachea lining and 
attached to plates of cartilage”. The opening 

between the cords is called the glottis. During 
speech, muscles pull the cartilage plates (and 
hence the cords) together, and air passing out 
through the cords makes them vibrate, 
producing sounds. 


The epigotis 2 
op wc cose the 
twachea wl ood 
pes wa the 


Pleura (sing. pleuron) or pleural membrane 
‘A layer of tissue surounding each lung and 
Jining the chest cavity (thorax). Between the 

- pleura around a lung and the pleura lining the 
thorax there is a space ‘pleural cavity). This 
contains pleural fluid. The pleura and flu 
‘filled cavity make up a cushioning pleural sac. 


oo... 
st sor 


component parts of the human respiratory system. 


Fostion et 


-, and bronchioles 


vessels, both bark 
Lungs 

The two main breathing organs, inside which. 
‘gases are exchanged. They contain many 
‘tubes (bronchi and bronchioles) and air— 


sacs (alveoli). inillions of tiny tube 


mpanied by blood » 

iary bronchi (see! 
aller branches called 
fone ending in a ch 


Lung (blood vessels 
not shown) 


Ging. alveolus 
lions of tiny sacs 

il bronchioles (: 
‘ate surrounded by 
ed vessels) whose bli 
dioxide. This pas 
illary walls, and § 

eoli (to be breat 

ch has been breatt 
es into the copillai 
merge together (event 

onary veins"). 


Diaphragm or midriff 
A sheet of muscular tissue which separates the 
chest from the lower body, or abdomen, At 
res, it lies in an arched position, forced up by 
the abdomen wall below it 


‘ceptors, 258) Medulla, 205 
pemeenary arteries, 291 (Pu 


-~- “Lor ‘Suen Krewouyng qunay Aatsoung) [62 ‘suME KsuoUINE 


0p ibomndora 


sno apc 


ae 


vuonendsg 
xpijeurs souoaq Auyne> ysayp ayy se 
sBuny ayp Jo ino pa2uo) sate pur 'xejas 
(woyreurdsuy 295) sajasnun jeysoasaqus pue 
‘uBeaydeyp ayy "yno BuIyieasg yo we ayy 
worepeyxa 10 uopeadyg 


vont 
(aunssaid jewiayxa 

ue jewiaquy azijenba 0} -9) Luau Ih 

(0) Ut Saysru sie pue ‘sBuny ayy ut aunssaid 
ste a4 Samo UO!SUEGA |]e49N0 ay “AUAED 
‘atp Bujuapim pue premino pue dn squ ays 
Suyjjnd “1senu09 osje (sapasnut jeys0Ds91UI) 
Squs aug uaamyag Saj2snUU ayL “AUAE> 3594 
ayy Sujuayisua ‘suaney pue s>emuo> 
weaydeyp ayy “ur Suingeasg jo 198 ay 
uoneyeyur 10 uonesdsuy 


“pooig aya ur apixorp uoqie> 
JO jana} & YBIy O01 SpaIap 1 UY s12e 
SIL “Uleiq ay) JO .eyIMpaUE ay) UF 4aNG—2 
Azoreatdsas at (uoxy saniaui Aq, paljosiu0> 
‘snewoine AjjewioU aze suoNse Ypod “Ano 


|] Bavgteg gonendea pur cu Sue 


tuonreardsur jo dn apew st Suyreasg 


Bulyjeeig 


(swvwnn) 2001007 


‘oc 'sanpew ‘saz "oUEIEdED . 


mann Ase 


(.suyan Azeuound 
‘Hujuuioy Ajjemmuana) sayiaon aBiaw 01 

urBaq uayp Yai “SaLseyycle> ayy o1uy sassed 
Hyoanje ayy cqur payyeaig Uaag sey Y>1YM 
UuaAxo a4 “no payieaiq aq O}) !JoaAle ay 
JO.as0y) YBnouty UL pu ‘sjpem Are|deD ayn 
‘yBnouty yno sassed S14 “apixoip woque> 

UL YD St pooyg asoym (5}25594 poo|q 

Aun) ,saueydeo Aq papunaiins are hay 
(sajoiyaudag 95) sajoypuoag reujwusa 

(0 paypente soes Aun yo suatuu aq 
(snjoaaye “Buis) yoarty 


BATE 40 JaPSN}> & U SuIpUB BUC YyDe 
‘sajoryouoag yeupuuay paije2 saljaueiq 49jjeus 
‘ABY PUB (I4sUEAq 295) 1yaUOAG AsEAET YO 
{youeig Aay, °5j255an pooig Aq paruedwor3e 
tye ‘sBuny 4p uy saqny Aun jo suoyjuy ay 
sajompuoag 


(no 84108 pooja) ,sujaa Aseuousjnd 

io 0) #ur8aW pue Aiaue AseUOUINd 

‘41 wo} BuyyoUEIq YLOg ‘5}955a0 OO |q 

Aq pajuedwonse j[e ‘sajorypuoag pue yyau0aq 
Arequay ‘yysuoag Asepuo9as O1U! 4>UeIq Lat 
Aa4t “Ut poy Suysiung ,Azue Asevownd 

© apissuoye ‘(unjy e pajje> ajoy e e1A) Suny 
‘ou ae saliie> y>e3 “wypuONG Around yJ9} pur 
TUS auf aue sousueIG Omi S41) 34. “SapIAIP 
‘eaypen ay) Y>Iym O1UI sag) UrEW! 34 
(snypuoig “Bu's) 1ypuorg 


Ag dn pooaoy 
a ts 
ay sajeiedans 


yaiya apis’ 


apes Aodiae 


THE URINARY SYSTEM 


The urinary system is the main system of body parts involved in excretion, 
which is the expulsion of unwanted substances. The parts are defined below. 
The lungs and skin are also involved in excretion (expelling carbon dioxide 
and sweat respectively). 


Inside a kidney} 


Diagram of 
-remal corpuscla 
{est away) 


(boat n) 


Parts of the urinary system Bladder or urinary bladder rene 
Assac which holds stored urine. Its lining has arteriole 
many folds (rugae, sing. ruga) which flatten ot) 
‘out as it fills up, letting it expand. Two 
muscular rings ~ the internal and external 
urinary sphincters ~ control the opening from 
the bladder into the urethra, When the 
volume of urine gets to a certain level, nerves 
stimulate the internal sphincter to open, but 
the external sphincter is under conscious 
contro! (except in young children), and can 
be held closed for longer 


Nephrons 
“The tiny filtering u 
kidneys (there are abou 
lion per kidney). Ee 
onisists of a renal corp 
ind  uriniferous tubul 


talpighian corpuscle 


fens 
‘der 
Kidneys tea) 
Two organs at the back of the body, just below 
the ribs, They are the main ongans of excretion, 
filtering out unwanted substances from the 
blood andl regulating the level and contents of 
body fluids (see also homeostasis, page 335). 
Blood enters a kidney in a renal artery and pene 
leaves iin a renal vein. te cae 
trot orice 
Ureters Ones 
The two tubes which carry urine from the ‘The tube carrying urine from the bladder out 
kidneys to the bladder. of the body (in men, it also carries sperm” — 
taied ss see penis, page 316). The expulsion of urine e outer part of each 
(cat way) fee poe 30 is called urination or micturition <2 thin-walled sac aroun 
tre mati reat ‘Uriniferous tubules ¢ 
medi ect Urea 
ica feat A nittogen-containing (nitrogenous) 
‘ectoy promis waste substance which is a product of 
the breakdown of excess amino acids" ; 
eis in the liver, I travels in the blood to the = many capillares® | 
kidneys, together with smaller amounts ined around it 
ena vln of similar substances, e.g. creatinine, : 
in cote inthis Bie forn lageal 
coy te prer Urine d from the kidney. 
Lacie ‘The liquid which leaves the kidneys. Its 
Ureter main constituerits are excess water, urea Collecting duct or co 
‘he dat mterpar sine | and minerals, tube which carries ur 
pictnpeo pag . uriniferous tubules into 
Amino ads, 330 (rotelns; Aorta, Inferior vena cava, 29 ADM, Aldosterone, 36 Ame 


‘Sperm, 320 (Gametes). Copitlaries, 268; Hormones, 
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(CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


other factors in your life exert themselves. That being said, stay tuned for "A Cautionary Tale” at the end 
of this chapter. 

Some configurations are more appropriate for certain endeavors, and nothing replaces the right tool 
for the job. This book should at least give you an idea of what is involved and get you pointed down the 
right road. 


It Starts with a Plan 


Most of the decisions you'll make when planning your laboratory will depend on what you're interested 
in doing there. Having a good plan at the beginning is like having a clear map when taking along 
journey. It helps you from getting lost and also is handy for figuring out when you've arrived. 


Note If you fil to plan, you plan to fall 


Remember, at this point in the game, you don’t have to make any final decisions about what you 
want to be able to do in your lab. This book is all about illustrating possibilities and giving you the 
information and advice necessary to branch out into the areas that hold the most interest for you. 


A Broad Outline 


Here's what you need to get started: a litte time, a small amount of space, some basic tools, and a few 
components. Those are the boring parts. The fun stuff includes your ideas, goals, and inspiration. 
Combine all that with some fundamental information about how electricity and electronics work, and 
you're in business. 


ALittle Time 


Like any good hobby, setting up your electronics lab and conducting experiments there is going to take 
up some of your time. For some, this is the main reason for getting started in electronics and building a 
lab:a place to escape, unwind, and tinker with ideas, prototypes, and complex systems. Maybe it's your 
job. Maybe it’s your passion. Perhaps it's a bit of both. 

You're going to need time to plan and build your lab. This book will spell out several specific 
arrangements for various-sized labs, but they are just examples and not hard-and-fast rules. More time 
will be required for obtaining the proper tools and materials that you will use there. Time will be spent 
not only doing things in your lab, but also in just shirzking about doing things in your lab. For example, 
you might build a clever little gizmo that ought to do a simple task, only to find out that it refuses to 
‘work. You might need to spend a litte bit of time thinking of ways of testing it to find out where the 
problem lies. This is sometimes called troubleshooting or debugging. 

‘This is the basis of the scientific method. To help understand how something works, you first form a 
theory that would explain its behavior. Next you prepare one or more experiments that will demonstrate 
the accuracy of your theory. The experiments are conducted and their results are analyzed. Ifthe results 
are in agreement with your theory's predictions, then your theory is more than likely correct. If not, you 
may need to modify or extend your theory to accommodate the behavior observed. All of these things 
take time, which helps explain why we don’t have jet packs or time machines yet. 


THE CENTRAL NERVOUS SYSTEM 


The central nervous system (CNS) 
is the body's control center. It 
co-ordinates all its actions, both 
mechanical and chemical 
(working with hormones*) and is 
made up of the brain and spinal 
cord. The millions of nerves in the 
body carry “messages” (nervous 
impulses) to and from these 
central, areas (see pages 306-309). 


oreo Brain 
The organ which controls 
most of the body's 
activites. It is the only 
organ able to produce 
ielligent” action — 
action based on past 
experience (stored 
information), present 
events and future plans. 
It is made up of millions 
of neurons* (nerve cells), 
arranged into sensory, 
association and motor 
areas. The sensory areas 
receive information 
(nervous impulses) from 
all body parts and the 
association areas 
analyze the impulses 
and make decisions. 
‘The motor areas send 
impulses (oxders) to 
muscles or glands. The 
impulses are carried by 
the fibers of 43 pairs of 
nerves — 12 pairs of 
cranial aerves serving 
the head, and 31 pairs 
of spinal nerves (see 
spinal cord). 


Spinal cord 
‘A long string of nervous tissue running down 
from the brain inside the vertebral column.* 
Nervous impulses from all parts of the body 
pass through it. Some are carried into oF 
away from the brain, some are dealt with in 
the cord (see involuntary actions, page 309). 
31 pairs of spinal nerves branch aut from 

the cord through the gaps between the 
vertebrae’. Each spinal nerve is made up of 
two groups of fibers: a dorsal or sensory root, 
made up ofthe fibers of sensory neurons* 
(bringing impulses in), and a ventral or motor 
root, made up of the fibers of motor neurons* 
(taking impulses out), 


Vertebre= 


‘Spine cord: 


Spinal nerve 


Neuroglia or glia 
Stiffened cells which support and protect the 
nerve cells (neurons*) of the central nervous 
system. Some produce a white, fatty 
substance called myelin (see also Schwann 
cells, page 304). This coats the long fibers 
found in the connective areas of the brain and 


the outer layer of the spinal cord, and leads to 
these areas being known as white matter. 
Gray matter, by contrast, consists mainly of 
cell bodies* and their short fibers, and its 
neuroglia do not 

produce myelin, 


‘The largest, most high 
[with many deep folds 
“two cerebral hemisph 
corpus callosum (a bs 


h, learning, 
ory and imaginal 


[Sensory ares, Reeve 
1, General esory oe. 
2. Primary gustatory on 
4 Primory audltory or 
4 Primary visual orc. 
5 Primary olfactory are 


i Motor areas Fach iy 


body, 304; Hormones, 356; Motor neurons, 305; Neurons, 304; 
Sensory neurons, 305; Vertebrae, Vertebral column, 273. 
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THE UNITS OF THE 
NERVOUS SYSTEM 


The individual units of both the brain and 

spinal cord (central nervous system*) and the nerves of the 
rest of the body (peripheral nervous system) are the nerve 
cells, or neurons, They are unique in being able to transmit 
electrical “messages” (the vital nervous impulses) 
around the body. Each neuron consists of a cell, -—~ 

body, an axon and one or more dendrites, and 

there are three types of neuron — sensory, 

association and motor neurons. 


Types of neur 


Sensory neurons or 2 
‘The neurons which can 
{nervous impulses) abor 
‘The single dendrites (4 
“some sensory neurons 
throughout the body, a 
endings fire off impulse 
‘stimulated. For more ak 
these endings (receptor 
difierent sensory ne 
‘See pages 306-307. 


‘An exociation neuron, 
found the ran ard 
pra cord (ce page 205) 


The parts of a neuron 


Cell body or perikaryon 
The part of a neuron containing its nucleus” 
and most of its eytoplasm*. The cell bodies 
of all association, some sensory and some 
‘motor neurons lie in the brain and spinal 
cord, Those of the other sensory neurons are 
found in masses called ganglia or as part of 
highly specialized receptars* in the nose 
and eyes. Those of the other motar neurons 
lie in autonomic ganglia’. 


Nerve fibers 

‘The fibers (axon and dendrites) of a 
neuron. They are extensions of the 
cytoplasm* of the cell body and carry the 
vital nervous impulses. Most of the lang 
nerve fibers which run out round the body 
(belonging to sensory or motor neurons) 
are accompanied by neuroglial* cells. 
‘These are called Schwann cells and they 
produce a sheath of myelin* around 

each fiber. 


Dendrites 
The nerve fibers cartying impulses toward a 
cell body. Most neurons have several short. Axon 


dendrites, but one type of sensory neuron 
has just one, elongated dendrite, often 
called a dendron. The endings of these 
dendrons form receptors* all over the body, 
and the dendrons themselves run inward to 
the cell bodies (which are found in ganglia 
just outside the spinal cord), 


‘The single long nerve fiber which carries 
impulses away ftom a cell body. The axons of 
all association and sensory neurons and some 
motor neurons lie in the brain and spinal cord. 
Those of the other motor neurons run out of the 
spinal cord to autonomic ganglia‘, or further to 
effectors (see motor neurons). 


BD stra gat ct er te: nt, 


CCangla, 405; Grey matter, Myelin, 302 (Neurogia); Nucleus, 238; Receptors, 307. 


inking neurons, 
“numbers in the bra 
98. They are involved 
“mrallses (from sensory 
“eapreting the sensory 
so passing impulses to 
seurons to initiate acto 


eaptors, 307, 
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NERVES AND NERVOUS PATHWAYS 


ritability) of the body (its ability to respond to stimuli) 
relies on the transportation of “messages” (nervous impulses) by the fibers 


of nerve cells (neurons*). The fibers which bring impulses into the brain ervous impulses when 
and spinal cord are part of the afferent system. Those which carry Jost are either the sing 
: “i «long dendron* of « 
impulses from the brain and cord are part of the efferent system (see euron (see picture} or 
pages 308-309). The fibers outside the brain and cord make up the nerves dings. They are all 
of the body, known collectively as the peripheral nervous system (PNS). ssue, and many have s 
rmed around them (@, 
Nerves 6 Asscietion ague). They are found 
Bundles of nerve fibers, blood vessels and pairs oth near the surface 
connective tissue*. Each nerve consists of ‘imputses 03 ;, skeletal muscles 
Se ie (connected to inn 


several bundles (fascicles) of fibers and each 
fiber is part of a nerve cell (neuron*). Sensory 
nerves have just the fibers (dendrons*) of 
sensory (afferent) neurons", motor nerves 
have just the fibers (axons) of motor 
(efferent) neurons*, and mixed nerves have 
both types of fiber. 


el walls, etc.). 


gan: 
he highly specialized s 
dy, each with many r 

e, tongue, eyes and. 
es and ears, see page 


Mixed Outer steath 


ons ofthe afeent 
nerve (epimeurtum) — 


The afferent system 


The afferent system is the sysiem of nerve 
cells (neurons*) whose fibers carry sensory corpus’) smut by coat 
information (nervous impulses) toward the 


The ruts tan by ners 


spinal cord, up inside it and into the brain. Ines omer 
The nerve cells involved are all the sensory Seren 
(afferent) neurons* of the body. The athe of te ferent 


Stem Oniy one teach ype 
at meuron sow ey 
{hae would be mare nae) 


impulses originate in receptors and are 
interpreted by the brain as sensations. 
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The efferent system 


The efferent system is the second system of 
nerve cells (neurons*) in the body (see also 
afferent system, pages 306-307). The fibers of 
its nerve cells carry nervous impulses awey 
from the brain, down through the spinal cord 
and out around the body. The nerve cells 
involved are all the motor (efferent) neurons* 
of the body. The impulses they carry stimulate 
action in the surface muscles (skeletal 
muscles") or in the glands and internal 
muscles (in the walls of inner organs and 
blood vessels) All these organs are known 
collectively as effectors. 


Divisions of the efferent system: 


The different actions 


Voluntary actions 
Actions which result from conscious 
activity by the brain, ie. ones it 
consciously decides upon, e.g. lifting a 
cup. We are always aware of these actions, 
which involve skeletal muscles* only. The 
impulses which cause them originate in 
higher areas of the brain (especially the 
cerebrum*) and are carried by nerve cells 
of the somatic efferent system. 


iting o cup 80 

voluntary ection, 

Simplified 

neal patay" 

of voluntary 

action (somatic 

ferent system) 

1. Asecation In aoc these 

‘neuron in hier ‘tog, only 

yin poses ‘ane aFe0ch pe 

Ingles 0 ‘meron’ 

tendrites” of stow (reat 

upper motor there woud be 
more ine). 
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“4. Akan" of lower motor neuron 
‘amesmpuses ay rar spinal cor, 


5. Moverent of muscle stinulated 
‘at motor endplate’ 


Involuntary actions 
wuiomatic actions (on 
pnsciously decide up 

Firstly, there are 
inner organs, ¢.2. th 
which we are not n 
pulses which cause 

+ bain (especially 
d are carried by nery 
onomic nervous sys 
onomic actions. Th 


soclation neurons, 305; Axon, 304 Cerebrum, 303; Dendrites, 


‘Motor end-plte, 223; Motor neurons, 305; 


‘Neural pathways, 306; Neurons, 304 Skeletal muscles, 82; Spinal nerves, 30? (Spinal cord) 


Assacation neurons, 305; Ax 
‘cor endplate, 283; Neural 
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THE SKIN 


The skin or cutis is the outer body covering, made up of several tissue 1. Meissner’s corpus 
layers. It registers external stimulation, protects against damage or lies formed around 
infection, prevents drying out, helps regulate body temperature, excretes ee are- especial 
waste (sweat), stores fat and makes vitamin D*. It contains many tiny 
structures, each type with a different function. The entire skin (tissue 
layers and structures), is called the integumentary system. 


Structures in t 


The different layers Epidermal layers 


6 hair follicles. They 


Epidermis oil called sebum w 


The thin outer layer of the skin which forms 
its epithelium (a term for any sheet of cells 
which forms a surface covering or a cavity 
lining). It is made up of several layers (strata, 


sing, stratum), shown in the picture, right. Hair erector musd 


jal muscles, each 
ied to a hair fol 
en they contract (im 
a), the hairs straight 
‘more air and imp 
ation (especially in 
ials with lots of hai 


1. Sratum corneum (horny 0° cornified layer) Ft, deo 
Cal ied with heratn (a ftous, woerprctng pote). The 
‘lh are continu wart ancy oF Shed. 


2. Stratum granulsam (granular layer) Ft, orate 
‘ali They voy ce aay (ere eno bled vss inthe 
‘piers provide fod ond anjgen) and ae pushed up to 
‘Become pot the stratum corneum, 


[3 Sratum germinativun, Mode up of to hye. The upper 
‘ane (stratum spnosum) rats of new iving tts These Push 
Upward ane beam pat of re sretum granulosa) 3 
‘areca re made beso them by he cnn dng cl 
(the owe Iyer (stratum Basal o Malphigion layer 


lair follicles 
narrow tubes, eag 
The, hair grows a 
to its base from 
Dermis Subcutaneous layer or superficial fascia follicle, Its older cel 
‘The thick layer of connective tissue* under The layer of fatty tissue (adipose tissue) le them (sees 
the epidermis, containing most of the below the dermis (it is a fat store). Elastic 
embedded structures (see introduction). It also fibers run through it to connect the dermis: 


contains many capillaries* (tiny blood vessels) _ta the organs below, e.g. muscles. It forms Pain receptors 
which supply food and oxygen. an insulating layer, See also picture, right, fiber endings int 
er organs and in the 
mis and the top « 
Melanin the receptors wi 


any stimulation | 
ch) becomes excess 
a sensation of ps 


‘A brown pigment’ which shields against 
ultraviolet light by absorbing the light 
energy. It is found in all the layers of the 
epidermis of people from tropical areas, 
giving them dark skin, Feirskinned 
people only have melanin in their lower 
epidermal layers, but produce more eens a network around 
when in direct sunlight, causing “Sareceptor", ic. it se 
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CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


A Little Space 


You don’t have to start out with a cavernous underground bunker for your electronics lab, Ifyou already 
have one, that's great. You might have an extra classroom available, some unused warehouse space, or 
an empty bench in a garage. 

‘Then again, you might only have a comer of the dining-room table, and then only between. 
mealtimes. That's plenty of room when you're just getting started! Once you learn more about 
electronics, and especially when you learn more about what itis that you want to do with electronics, 
then you can start looking for a more permanent home for your toys, tools, and spare parts. 

‘The main points that will be stressed throughout this book when planning and working in your 
space are safety, good lighting, and organization, in that order. 


© Your lab needs to be relatively safe for you, and very safe for your visitors and 
neighbors. The “Go Away!” sign on the door does not guarantee that you will be 
free from curious visitors, pesky and otherwise. People are naturally attracted to 
the creative and mysterious activities going on in your lab. 


© Be prepared to buy, build, or borrow more lighting, because you're going to need 
it, Proper lighting improves the quality of your doodlings and tinkering 
enormously. You might think you already have enough light, and unless you were 
a photographer in a previous life, you don't. (Photographers understand that you 
can never have too much light.) 


‘* An organized lab is a productive lab. Don't waste time looking for parts or tools 
when it would have only taken mere moments to put them in their proper places 
in the first place. A place for everything, and everything in its place. You get to 
decide where all these tools and bits get to live, so spend some time and do it 
wisely. 


‘These three tenets will be repeated throughout the book, so you might as well get used to hearing 
about them. 


Basic Tools 


You really don’t need alot of tools to get started. There is a tendency to want to be a bit overprepared 
before tackling any new project, but it really isn't necessary when it comes to planning and building a 
new electronics lab. This is also true when sorting out a lab that's gone badly out of control, 

You're going to be working with wire quite often, Claude Debussy has been quoted as saying that 
music is the space between the notes. It’s the connections between the various electronic components 
that make the magic happen in an electronic circuit, in the same way that it's the relationships between 
people that make their lives so 

‘The connections between all the various imaj 


ble electronic components almost always start out 
as bits of wire. These connections can then be optimized into copper traces etched on a printed circuit 
board or even as metallization links in an integrated circuit. You're going to be working with a lot of 
wires in this hobby, and that usually boils down to two basic hand tools: wire cutters and wire strippers. 

‘Awire cutter does what it says and says what it does: it cuts wire. A wire stripper is a more 
specialized tool that helps remove the outer layer of insulation from a wire. Ever more specialized 
versions of both tools abound, Some tools aim to perform both tasks at once, while never perfecting the 
art of either. 

Resist the temptation to use your teeth for cutting and stripping wire. If you're caught in a situation 
without proper tools, use your fingernails. They grow back faster than teeth, 
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Lens 

The transparent body whose role, like 
that of any lens, isto focus the light rays 
passing through it, Le. “bend” (refract) 
them so thet they come to a point, in 
this case on the retina (for more about 
lenses and refraction, see pages 50-53) 
‘lens consists of many thin tissue 
layers and is held in place by the fibers 
of a ligament* called the suspensory 
ligament. These join it to the cil 
body, which can attr the lens shape so 
that light rays are always focused on the 
retina, whatever the distance of the 
‘object being looked at. This is known 
as accommodation. The rays form an 
upside-down image, but this is 
corrected by the brain 


Pn 


Pigments, 255; Smooth muscle, 253 


The eyes are the organs of sight, sending nervous impulses to the brain 
when stimulated by light rays from external objects. The brain interprets the 
impulses to produce images. Each eye consists of a hollow, spherical capsule 
(eyeball), made up of several layers and structures. It is set into a socket in 
the skull (an orbit), and is protected by eyelids and eyelashes. 
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THE EARS 


The two ears are the organs of hearing and balance. Each one is divided 
into three areas ~ the outer ear, the middle ear and the inner ear. 


Outer ear or external ear 

An outer “shell” of skin and cartilage* (pinna 
‘or auricle), together with a short tube (ear canal 
‘external auditory canal). The tube lining 
contains special sebaceous glands* (ceruminous 
glands) which secrete cerumen (ear wax). 


Middle ear or tympanic cavity 
An airfilled cavity which contains a chain of 
three tiny bones (ear ossicles or auditory 

ossicles) called the malleus (or hammer), 


tus (or anvil) and stapes (or stirrup). 


tots si 
Inner ear or internal ear 

A connected series of cavities in the skull, 
with tubes and sacs inside them. The cavities 
(cochlea, vestibule and semicircular canals) 
are called the bony labyrinth and are filled 
with one fluid (perilymph. The tubes and 
sacs are filled with another fluid (endolymph) 
and are called the membranous labyrinth. 
They are the cochlear duct, saccule, utricle 
and semicircular ducts, 


ccule (sacculus) and 
@ sacs lying between tl 
c(s and the cochlear d 
olymph (see inner ea 
cells in patches in th 

js have nerve fibers (d 
hhed to them and fra 
fy-like mass called am 
& coniains grains of ca 
8). The maculae s 


thin er tse. rmation about forwan 


Inner ear 


U E IL pate sar SL 


The inner ear and hearing 


Cochlea 

A spiralling tubular cavity, part ofthe inner 
‘ear. Ii contains perilymph (see inner ear) in 
two channels (continuous with each other, 
and also a third channel ~ the cochlear duct. 


Cochlear duct 


to the saccule. It contains endolymph (see 
inner ear) and a long body called the organ 
of Corti, This contains special hair cells whose 
hairs project into the endolymph and touch a 
shelf like tissue layer (tectorial membrane). 
‘The bases of the cells are attached to nerve 
fibers (dendron* endings). 


‘A spiralling tube within the cochlea, connected 
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THE REPRODUCTIVE SYSTEM 2 


Reproduction is the process of producing new life. Humans reproduce by 
sexual reproduction* (described on pages 318-319) and the reproductive 
organs involved (making up the reproductive system) are called the genital 
organs or genitalia. They consist of the primary reproductive organs, or 
gonads (two ovaries in women, two testes in men) and a number of 
additional organs. In both women and men,.cells in the gonads also act 

as endocrine glands*, secreting many important hormones*. 


The male ‘Side view of male organs 
(only one testis shown) 


reproductive system 


Testes (sing. testis) or testicles 
The two male gonads (see 
introduction), They contain tube-like 
canals called seminiferous tubules, 
inside which the male gametes* 

(sex cells), called sperm, are 


made after puberty* (for pie 

‘more about how sperm are fi Gives 
* made, see pages 322-323) a ire 

The testes lie in a sac af epldymis 

(scrotum), which hangs 

below the abdomen (the 


temperature for sperm 
production must be 
slightly lower than body 
temperature). They also 
produce hormones* 
(androgens — see 

pages 336-337) 

after puberty. 


Ducts and glands 
(view from behind — testes not shown) 


Seminifrome 
taba 


Penis 

‘The organ through which sperm (see testes 
are ejected (via the urethra”) during 
copulation’. It is made of soft, sponge-like 
erectile tissue, which has many spaces (blood 
sinuses), blood vessels and nerve fiber 
endings (receptors*). When a man is sexual 
excited, the sinuses and blood vessels fill w= 
blood (the blood vessels expand). This makes 


‘on prostate 
sind retire the penis stiff and erect. 


Amu, 25 Lange Intestine Blader, 300; cation, 319 (Copuaton) Endocrine glands 277 
‘Gametex 52 Hormones, 25; Macs 25 Mucous membrane) Puberty. 118 Receptor, 307 
Sins oi, 219(Copoltion, Sexual reproduction, 2, Ureter, 00; Urethes, 100 
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DEVELOPMENT AND REPRODUCTION 


Humans reproduce by sexual 
reproduction*. The main processes 
this involves are described on these 
two pages, as well as the initial 
developments which allow it 

to happen. 


Puberty 

‘The point when the reproductive organs 
mature, and a person becomes capable of 
reproducing ~ roughly between the ages of 
11 and 15 in girls, and 13 and 15 in boys. It 
involves a number of significant changes, all 
stimulated by hormones* (see estrogen and 
androgens, pages 336-337). All the new 
resulting features are called secondary sex 
characters, as distinct from the primary sex 
characters ~ the sex organs present from birth 
(see pages 316-317) 


‘Changes at puberty 


Sudan 


Fallopian tubes, 317; Graaflan follicle, 317 (Ovarian folie); Mormones, 336; Larynx, 298; Ovarles, 317; 
Pens, 376; Progesterone, 336, Sexual reproduction, 320; Testes, 316; Uterus, Vagina, 317. 


Menstrual cycle 
A series of preparatory changes in the uterus* 
lining (endometrium), in case of fertilization 
The lining gradually develops a new inner 
layer rich in blood vessels, fa fertilized ovum 
(female sex cell) does not appear, this new 
layer breaks down and leaves the body via the 
vagina* (menstruation). Each menstrual cycle 
lasts about 26 days and they occur 
continuously ftom puberty (usually between 
the ages of 11 and 15 — see left) to menopause 
(usually between 45 and 50), when ova 
production ceases. The events of the menstrual 
cycle run in conjunction with the ovarian 
cycle — the regular maturation of an ovum in 
an ovarian follicle*, followed by ovulation 
{the release of the ovum into a Fallopian 
tube*), and the breakdown of the corpus 
luteum. This body is formed from the burst 
Graafian follicle* (it does not break down if = 
‘ovum is fertilized), Both cycles are controlled 
by a group of hormones* (see pages 336-337 
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TYPES OF REPRODUCTION 


Reproduction is the creation of new life, a process 
which occurs in all living things. The two main types 
are sexual and asexual reproduction, but there is also 


‘Asetual reproduction 
‘reproduction, ace 
‘Plants and aninvals, 
“cifferent types, e.g 


a special case called alternation of generations. 


Sexual reproduction 


Sexual reproduction is the type of 
reproductian shown by all flowering plants 
and most animals. it involves the joining 
fusion) of two gametes (sex cells), one male 
and one female. This process is called 


fertilization, and is further described on pages 


258 (flowering plants), 349 (humans and 
similar animals) and 276 (other animals}. 
‘The two gametes each have only half 
the number of chromosomes” 
{called the haploid number*) as the 
plant or animal which produced 
them. This is achieved by a 

special kind of cell division (see 
pages 322-323) and ensures that 
when the gametes come together, 
the new individual produced has 
the correct, original number of 
chromosomes (called the 

diploid number’). 


‘Gametes or germ cells 
The sek cells Which join in sexual 
reproduction to form a new living thing, 
They are made by a special kind of cell 
division (see pages 322-323). In animals, 
and simple plants, male gametes are 

Jnown as sperm, short for spermatozoa 
(sing. spermatozoon) in animals and 
spermatozooids in simple plants. In 
flowering plants, they are just nuclei* (rather 
than cells) and are called male nuclei (see 
also pages 258 and 323). Female gametes 
re called ova (sing. ovum) or egg cells (e28 
cell is usually used in the case of plants). A 
sperm is smaller than an ovum and has a 
“tail” (lagellum*). 


Zygote 
‘The first cell of a new ying thing. tt is 
formed when a male and female gamete join 
{ee sexual reproduction). 
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Embryo 

Anew developing individual. & grows irom 
one cell (the zygote) by a series of cell 
divisions (see pages 240-247) called cleavage. 
In humans, this fist produces a ball of cells 
{morula} from the one original, and then a 
larger, hollow ball (blastocyst 

After implantation*, this is 

called the embryo. 

As it grows, the 


cells become 
differentiated, Le. 
each develops into 
one kind of cell, 
eg.anerve cel, 


wromosomes, 34; Diploid number, 240 (Mitosis), Flagella, 268; Haplold number, 322 (Metost): 
plantation, 319 (Fertilization); Nucleus, 238, Uterus, 317. 


‘omganism dividing into 
‘vegetative reprodu 
“sporulation, but they 
features. Firstly, only. 
‘and secondly, the new 
always genetically i 


‘Gemmation 
Called budding in 

sxual reproduction 

ple plants and ani 
Winvolves the forma 
tells which grows out: 
fand develops intoa 
either breaks away from 
Gn colonial” animals, 

/s attached (though 


Alteration of genera 
A teoroductive process! 
| Fimple animals and pla 
mosses. In the animals, 
‘sexual reproduction alt 
produced asexually. in) 
the alternation is really 
‘of sexual reproductiong| 
‘gametophyte} producey 
wrophyte) by sexual» 
2 produces spores (ss 
‘which grow into new ge 
Bowever, the spores are 
“Way as gametes (sce pag 
Pley (and the gametopl 
he original number of d 
Bretophytes produce = 
feel division (see pages £ 
0 need to halve the cle 


| 


sab 30005 
ui, 
aj au 

‘umuoboyas0 
ne 

spouses a0 
dauyaosap 
> dup 
4) ieun6 
ou sorpese 


soap we 
eit oF, 
1 sob 
aw ao) 
ayy (oD 


ann 910405 


Suorounnp 
19 agua prrdog (08 
a "wp es eoods 
ops uy Sasods 
tarsi) wmbuveds 


(omaworand 45 yous 0) 
‘ojos ype anochp sazodg 


‘audiovox! 0 
sis antidote soy) 


ow 0 
(ueti0 30u) 


‘UleBe saulosoWOI Bp anfey 04 padd Ou 
51 aay Se ‘(1 p7-Oz SBE 95) LoysiAIp [92 
‘Aveutpio Aq sajauie aonpoid soyAydoyauue 
‘YL, -sawosoWOsYD Jo saquinu [euro aig 
sey Ajuo aney (SarAydoroured axp pue) AdyA 
pule (€ZE-TZE Solted aas) soraused se AEN 
alues at Ul apeu ae salads ayy ‘anamoH 
“sanydorawes Mau ou) Mord YDIYAR 
(uopejnsods 095) sasods saonpoid vaya 

Si uonfanpaidas jenxas Aq (ayAydosods) 
Janour seanpoud (erAydopaures} 

Apog que|d aug ‘uonnnposda jenxas jo 
soBers Om UaaMyaq Aljead 5} UONEULAYE atp 
‘yBnoxn ‘sIue}d ayy Uf “Aqfenxase paznposd 
‘uo Yum SaieuLioife WorMpoudas penxas 

Aq paonpoud wos 2 ‘sjeuiue ayy uf “Sassou 
pue ysyAjjal a ‘Sjuejd pue sjecujue ajdusis 
Aueu uy punoy ssa201d axnonposdas y 
suoyyesauod Jo uoReULaY 


-echy poses aul Yn 5iN970 A\UO Aj 
{onanpoidas jenxase anu 's0se> 4309 11 papoout 
si quased 9U0 AJUO 4noyi}y “(woRIMPOAdes (enxasE 
Jo. aitieay 1ueHodui ue) wosed aig oy jeaAvapr are 
\yaiym suejd ous dojanap souods ays (L4-0F7 
‘sailed 90s) uolstaip jae Areuypso Aq Bung ofduurs 
+e yons suejd Uy peonpaid 5} ‘aaamoy ‘210ds 

49 pul) saypoury “(suonezAue 40 uoReUIA|E 

99s) uaied ay se ower oy) Jou ase Sued 

grat a ‘wonranpoadaa fenxas jo aime v 51 
ong (€78-2zE SaBed 325) LoISinIp 1ja0 Jo pLPt 
Jefoads & Aq (suioy pure sossous Buns xaydiuto> ul 
“$) peanpoud st adéi auc “sai0ds 10 sad: ony 
gorau muaine 218 49441 “SEI Mau OU 


reco eran sire dojanap asauy “aie Jo 
cil tans a 
“Houmanpeey pula ig yesiadsip Joy 


-samsou! pue aury 
“suryd ajdeuis Aq, 
saaods ;33})2> Saipoq 
yo uonanposd ayy 
vonejnuods 


“{pourejuo-}as eBinowp) pape’ shes 
1 Gle09 Pa ‘sjeuUe ,jemo}09 ui) 

so quared alg wos Aeme Sye0sq 19412 

J. Jenpiaiput sau ® oWUr Sdojaxap pue 
siUPI0 ap jo Ino SAAB Y>IyAS|I2> 
Jo dno e jo UoReURI0} a4 SAAfOAU 3p 
“elply “9 ‘sjewue pue sjuejd oyckus 
‘Aueuc u) Suuin250 vonanposdas yeaxase 
joadat y -sjeuyue u Sumppng paiye> 
uoyPunoD 


‘used stip o jeanuap! Alje2yaua8 shemfe 
s] JENpIAIpuL Mau Bui “A\puodas pure 
papaau s|qua1ed auc Ajo ‘Apis “soame9) 
‘ujeus aim axeys jye Aaya ing “woReynsods 
uc woreuiues “ uomnpoidas oAnerafian 
Yeou0 [eonuep! ony OWu BuIpiAip wsILeRIO 
yells v) owssyy Atwuig “Sa ‘sodA Uae, Ip 
jo-uoquinu © aie aay) “sjeuiue pue quel 
‘ayduais Aue ta Suusn390 “uorranposdal Jo 
610) ys0|cuys oy} $1 WoNaNposdan yenxasy 


uo onpoides jenxesy 


(CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


Tip Use the right tool for the job. Knowing which tool is the right tool is half the battle. 


Ifyou're performing detailed work on smaller circuits, you might benefit from having some small 
needle-nosed pliers, a small vise, clip, or helping-hands jig, and possibly a magnifying glass. 

‘A popular and handy skill in the electronic arena is soldering. Soldering is the process of making 
electrical and mechanical connections. This is done by heating the items to be joined together and 
adding solder. The solder melts and fills in all the gaps between the items being joined. Once cooled, the 
solder forms a solid, conductive link. 


Note Soldering is similar to welding, withthe exception that welding actually melts the parts being joined. 


A suitably sized soldering iron and the right kind of solder are indispensible for many projects, 
including repair, prototyping, and production. Picking up the skill to make quality connections is 
obtained in the same way as all worthwhile skills: with lots of practice. 

Besides these basic fabrication tools, you will also want some test and measurement equipment. 
‘These are devices used to measure various aspects of electrical circuit behavior. These range from the 
very simple, such as voltage meters, current meters, and continuity testers, to the very exotic (and 
sometimes expensive), which include oscilloscopes and various logic, network, and signal analyzers. See 
the Appendix for information about building your own simple test equipment for your lab. 

‘This is just a quick summary of the kinds of tools you might want in your electronics lab. Chapter 2 
{goes into much more detail about the tools you will probably need or want in your lab, as well as the 
skills needed to operate them safely and effectively. 


Fundamental Components 


As mentioned in the previous section, you're more than likely going to be wiring up various contraptions 
and rewiring others. This is probably going to involve a lot of wire. 

For small voltages and currents, small-gauge insulated copper wire is often used. It’s easy to handle, 
cut, and splice. This can be done with mechanical connectors such as wire-nuts or screw terminals, as 
well as with soldering. 

Back in the day when computers were all connected using fat cables, lots of tiny wires were bundled 
up into cables and snaked all over a typical desktop computer installation, With the increasing 
popularity of wireless devices, those fat, juicy cables are lying around, discarded, unwanted, and just 
‘waiting to be harvested for their valuable conductors. You can also buy various kinds of wire in all colors 
and sizes from most hardware stores and from online suppliers. 

Now consider the types of projects you'll be working on: 


‘+ Ifyou're most interested in building your own lighting, you're going to want some 
lightbulbs, sockets, and LEDs, or whatever lighting technology appeals most to 
you. Don't forget that you're also going to need switches, knobs, dimmers, 
housings, plugs, and more wire. 


CELL DIVISION FOR REPRODUCTION 


Many cells within a living thing can divide to produce new cells for growth 
and repair (see pages 240-241). There is, however, a second type of cell 
division, which happens specifically to produce the gametes* (sex cells) 
needed for sexual reproduction* (and also one of the two types of spores*). 


The division of the nucleus* in this type of cell division is called meio: 


The production of gametes, including both the cell division and the 


Meiosis 
‘The division of the nucleus" when a cell 
divides to produce sex cells (see introduction). 
I-can be split into two separate divisions ~ 
‘the first meiotic division (or reduction 
division) and the second meiotic division 
(each is followed by division of the 

j cytoplasm*), These can be divided into 
different phases (as in mitosis*). Meiosis in 
general, and the first meiotic division in 
ppatticular, ensures that each new daughter 
nucleus receives exactly half the number of 
chromesomes* as the original nucleus. The 
priginal number is the diploid number (sce 
mitosis, page 240); the halved amount is the 
haploid number. 


First meiotic division 


These pictures show an animal cell, but only 
four chromosomes* are shown. 
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‘subsequent maturing of the gametes, is called gametogenesis. 
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‘Gametes, 320; Genes, 525; Mitsis, 240; Nuclear membrane, 2:8 (Nadleas) 


a *Centrioles, 240; Chromatin, 238 (Mucleus): Chromosomes 32; Cytoplasm, 238; 


‘Sezual reproduction, 320; Spindle microtubules, 21; Spores. 521 (Sperulation) 
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Genetics is a branch of biology. Itis the 
study of inheritance — the passing of 
characteristics from one generation to the 
next. The bodies which are instrumental in 
this process are called chromosomes. Each 
chromosome is made up of genes — the 
“coded” instructions for the appearance 
and constituents of an organism. For more 
about inheritance, see page 326. 


Genes 
Sets of “coded” instruc 
the DNA molecule of a 
humans, each DNA ma 
contain about 1,000 ges 
connected series of aba 
DNA “ladder”, Since th 
varies, each gene has a 
relating to one specific 
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Chromosomes 

Structures present at all times in the nuclei* 
of all cells, though they only become 
independently visible (as thread-like bodies 
of differing shapes and sizes) when a cell is 
dividing (and has been stained with a dye). 
Each one is made with a single molecule of chromosomes per cell, called the 
of DNA (sce nucleic acids, below), plus | diploid number (humans have 46). 
proteins called histones. The DNA molecule ||| These are arranged in pairs coiled 
sa chain of many connected genes. |X. homologous chromosomes, 


ry cous hoy 
the ams number homologous 
of chromosomes. chromosomes 
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Every species* has its own number 


Nucleic acids Each molecule of a nucleic’acid is very 
Two different acids, called DNA large, and is composed of many individual 


(deoxyribonucleic acid) and RNA units called nucleotides. 4 DNA molecule 
(ribonucleic acid). Both are found in the consists of two chains of nucleotides twisted }——— 
nuclei* of all cells, hence their name around each other, forming a shape called a 
(RNA is also found in the eytoplasm* — double helix (rather like a twisted ladder) NS = 
—see ribosomes, page 239). An RNA molecule consists of one chain of cote i 
nucleotides (and looks fike a ladder cut in ~— 
half lengthwise and twisted). a 
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Inheriting genes 


Every new organism inherits its 
cchromosomes* (and genes*) from its parents. 
In sexual reproduction*, the sperm* ard 
‘ovum? (sex cells) which come together to 
form this new individual have only half the 
normal number of chromosomes (the haploid 
number ~ see pages 322-323). This ensures 
that the zygote* (first new cell) formed from 
the two sex cells will have the pormal number 
(see chromosomes, page 324). Two laws 
(Mendel’s laws) point out genatic factors 
which are always true when cells divide 

to produce sex cells. 


Law of segregation (Mendel’s first law) 
Homologous chromosomes* always separate 
When the nucleus" of a cell divides to 
produce gametes* (sex cells — see pages 
322-323), hence so too do the paired genes* 
Which control the same characteristic. The 
bfispring thus always have paired genes 
(one member of each pair coming from 
each parent) 


Homologous — 
chromosomes” 


Law of independent assortment 
(Mendel’s second law) 

Each member of a pair of genes* can join 
with either of the two members of another 
pair when a cell divides to form gametes* 
(sex cells), Hence all the different mixes are 
possible in a new individual. 
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The two sex (X) chromosomes* in a female 
contain many paired genes" (like all 
chromosomes"), but the ¥ chromosome® in a 
male lacks partners for most of the genes on 
its mate (the X). Thus any recessive™ genes on 
the X will show up more often in males (see 
below). The unpaired genes on the X are 
called sex-linked genes. 
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REPRODUCTION AND GENETICS 


GENETIC ENGINEERING 


Genetic engineering is the deliberate alteration of DNA* within a cell 
nucleus* in order to modify an organism or population of organisms. It is 
used to create new products which are beneficial to science, agriculture, 
medicine and industry. New uses for genetically engineered organisms are 
being discovered all the time. 


Gene cloning Uses of genetic engineering 
‘The main technique of genetic engineering. 

Desirable genes* are duplicated artificially Pharming 

by inserting DNA molecules (containing The use of plants or animals to produce 

the genes) into other organisms, such as genetically modified pharmaceutical products. 
fast-breeding bacteria, which then reproduce For example, a sheep has been genetically 
the DNA. Gene cloning is a complex process. engineered to produce milk which contains 
The most common method is shown below. alpha-1 antitrypsin, a drug which is beneficial 


10 cystic fibrosis patients. 


Protein manufacture 

‘The production, in specially-created bacteria 
“factories”, of medically useful proteins 
such as insulin* to help diabetics, and 
antihemophilic globulin to treat people 

with hemophilia. 


Genetically engineered crops 
Plants which have been bred with a greater 
resistance to disease, pesticides and weather, 
by inserting foreign genes* into their nuclei*. 
‘An example of ths is shown below. 
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Uses of genetic engineering - continued 


Animal cloning The ovum was planted in the second 
Producing a genetically identical duplicate, or sheep's womb, and five months later, a lamb, 
clone, of an animal. th 1997, scientists took a known to the world as Dolly, was born. This 
cell from a female sheep and placed its experiment proved it was possible to produce 
chromosomes* into another sheep's ovum’, a complex living organism, without any kind 
which had had its own chromosomes removed. of sexual reproduction’. 
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The movement of moles 
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higher concentration to 
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Genetics and the future Genetic diagnosis ferocess (where theca 
L The idertification of illness by examination solute is low, that of the 
Human cloning, of genes*, Scientists can already identify high, so its molecules W 
The theoretical creation of human life, using some genetic disorders, which show up as ‘way) and it ceases wher 
the same method that created Dolly the irregularities in the nucleotide* sequence. ‘evenly distributed. Man 
sheep. Genetic engineering techniques are For example, Huntingdon’s chorea (an den and carbon gam 
now so advanced that any one of a human _ illness which causes gradual physical and ‘and out of cells. 

body's 100 million million cells could be ‘mental deterioration) can now be detected in 

used to create a new human. But, just as a fetus*, Such research could also make it 

appearance, character and intellect are possible to identify a gene which makes 

slightly different in identical twins, a clone __ people more susceptible to some cancers. 

of another human being would not be a Once identified, treatment could be applied 

replica, only a person with identical genes*. to prevent the cancer from developing. 


‘A clone would also be a generation apart in 
age. Possible uses of this technology include Organ modification 

the treatment of infertile couples — couples _Intradiucing genes which encourage body 
who are not naturally able to have children. organs to heal themselves. One new 


- technique encourages the hearts of patients 
Genome mapping needing bypass surgery to grow new blood 
Making a detailed list of the nucleotides* vessels themselves. 
contained in the genome (genetic code) 
cof any organism. Scientists have already siesta ests tae. 
mapped the genome of a yeast cell, and embers gee” 
are currently mapping the three billion beng oidietat hipaa 
nucleotides contained in a human fe iy gos 
genome. They intend to complete this task edehnng om 
carly in the twenty-first century. The Poppies hiphared tena 
resulting map will enable them to identity pte mente the dae’ 
every genet in human chromosomes* and tonmcecotey soreronty ine a 


understand what each one does. eed fra major hea eperton ei 
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FOOD AND HOW IT IS USED 


Food is vital to all organisms, 
providing all the materials needed 
to be broken down for energy, to 
regulate cellular activities and to 
build and repair tissues (see pages 
332-335). Of the various food 
substances, carbohydrates, proteins 
and fats are called nutrients, and 
minerals, vitamins (not needed by 
plants) and water are accessory 
foods. Plants build their own 
nutrients (by photosynthesis"), and 
take in minerals and water; animals 
take in all the substances they need 
and break them down by digestion 
(see pages 338-339). 


Carbohydrates 

A group of substances made up of carbon, 
hydrogen and oxygen, which exist in varying 
degrees of complexity (see “terms used”, page 
339 and also page 204). In animals, complex 
carbohydrates are taken in and broken down 
by digestion (see page 338) into the simple 
carbohydrate glucose. The breakdown of 
glucose (internal respiration") provides 
almost all the energy for life's activities. Plants, 
build up glucose from other substances (by 
photosynthesis"). 


Proteins 
‘A group of substances made up of simpler 
units called amino acids. These contain 
carbon, hydrogen, oxygen, nitrogen and, in 
some cases, sulfur. Most protein molecules 
consist of hundreds, maybe thousands, of 
amino acids, joined together by links called 
peptide links into one or more chains called 
polypeptides*. The many different types of 
protein each have a different arrangemem of 
amine acids. They include the structural 
proteins (the basic components of new cells) 
and catalytic proteins (enzymes*), which 
play a vital role in controlling cell processes. 
Plants build up amino acids from the 
‘substances they take in (by photosynthesis*), 
‘and then build proteins from them. Animals 
take in proteins and break them down into 
single amino acid molecules by digestion 
(see page 338). These are then transported 
in the blood to all the body cells and 
reassembled into the different proteins 
needed (see ribosomes, page 239 and 
also page 205). 


Fats 

A group of substances made up of carbon, 
hydrogen and a small amount of oxygen 
(see also lipids, page 205). Plants build fats 
from the substances they take in, and their 
seeds hold most as a store of food. This 
can be converted to extra glucose (see 
carbohydrates) to provide energy for the 
growing plant. Digestion of fats in animals 
produces fatty acids and glycerol (see page 
338). If these need to be broken down for 
energy (as well as glucose), this occurs in 
the liver. This results in some products which 
the liver can convert to glucose, but others 
it cannot. These are instead converted 
elsewhere to a substance which forms a 
later stage of glucose breakdown. 

Fatty acids and glycerol not needed for 
‘energy are immediately recombined to form 
fat particles and stored in various body areas, 
e.g. under the skin (see subcutaneous layer, 
page 310). 
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Roughage or fiber 
Bulky, jbrous food, 
as lentils and beans. 
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CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


+ Ifyou like to work with things that move, you're going to need motors, relays, 
solenoids, servos, and fans. You'll probably be needing some gears, pulleys, 
chains, belts, shafts, and couplings, along with connectors, switches, controllers, 
position sensors, and more wire. 


+ Ifyou’re into making lots and lots of sound, you'll be needing speakers, 
headphones, microphones, pickups, transducers, transformers, amplifiers, 
connectors, jacks, plugs, and, you guessed it, more wire. 


‘+ Are computers and digital devices more to your liking? Be thinking about getting 
yourself a wide variety of chips, microcontrollers, software, cables, sockets, 
connectors, and still more wire, 


Now you've got an idea of some of the different components you might want to have on hand, 
depending on what kind of inspiration happens to strike. You're going to need a place to keep all these 
different parts sorted. This will play a big part in the overall planning phase of your lab. Maybe your old. 
fishing tackle box has enough room for your basic hand tools and enough secret compartments to hold 
an interesting variety of components. On the other end of the spectrum, maybe you need to start 
thinking about some industrial-grade shelving units or pallet racks. Now is the time to think about all 
these factors and start making the right kind of plans to help make your lab a successful one. 

Again, this is just a quick summary of some of the types of components you might want to work on 
in your lab. Chapter 3 is going to take you much farther into understanding many of the more common, 
electrical and electronic components that you are likely to encounter in your lab. 


Ideas 


Admit it: you've already got some ideas for cool projects that you'd like to be working on in your own 
electronics lab. That's great! You're well on your way to making those dreams a reality. 

‘The best possible thing you could do with your ideas is to write them down somewhere. It can be as 
simple as a sketch on a piece of scrap paper or as formal as a complete set of project documentation. The 
important thing is that you actually get the idea across using either words or pictures in a form that you 
will be able to revisit in the future. This will be of immense benefit to you, as well as anyone else that 
ight be interested in your ideas. 

It’s also a great idea to keep a log as you work on your projects. That's the perfect place to jot down 
those ideas as they come popping out of your brain. Be as detailed as you can be. You will thank yourself 
later. 

Even if you don’t already have a backlog of ideas jostling for your attention in the lab, it's still a good 
idea to keep a log and explore the things that interest you. Leonardo da Vinci kept detailed notebooks on 
almost every possible subject. Anything that interested him got written down, sketched, or diagrammed. 
in his notes. Even today, people are still getting inspiration from his doodles (see Figure 1-1), 


METABOLISM 


Catabolism 
A collective term for all the reactions 
which break down substances in the body 
(decomposition reactions). One example is 
digestion in animals, which breaks down 
‘complex substances into simpler ones (see 
cchart, page 338). Another is the further 
breakdown of these simple substances in 
the cells (internal respiration”), Catabolism 
always liberates energy (in digestion, most is 
Jost as heat, but in intemal respiration, itis 
used for the body's activities), This is despite 
the fact that, as with 
all chemical 
reactions, 
catabolism 
itself requires 
energy. The 
energy needed is 
taken from the much 
greater amount of 
energy produced 
during the reactions. 
The rest of this is 
released, hence 
the overall 
result is 
always an 
energy “profit. 


XN 


| (BBQ) -rormones, 336; internal respiration, 334, 


Metabolism is a collective term for all the complex, closely-coordinated 
chemical reactions occurring inside an organism, These can be split into 
two opposing sets of reactions, called catabolism and anabolism. The rates 
of the reactions vary in response to variations in the organism's internal and 
external environments, and they play a major role in keeping internal 
conditions stable (see homeostasis, page 335). 


Anabolism 

‘A collective term for all the reactions which 
build up substances in the body (synthesis 
reactions). One example is the linking 
together of amino acids to form proteins 
(see page 330). Anabolism always needs 
energy to be taken in, since the small 
amount produced during the reactions is 
never enough (Le, the overall result of 
anabolism is an energy “loss"). The extra 
energy is taken from the catabolism “profit”, 


Metabolic rate 
The overall rate at which metabolic reactions 
‘occur in an individual. In human beings, it 
varies widely ffom person to person, and in 
the same individual under different conditions. 
It increases under stress, when the body 
temperature rises and during exercise, 
hence the true and accurate measurement 
of a person's metabolic rate is a measurement 
taken when the subject is resting, has a normal 
body temperature, and has not recently 
exercised. This is called the basal metabolic 
rate (BMR) and is expressed in kilojoules per 
‘square meter of body surface per hour (see 
measuring method and calculations, opposite). 
People with high BMR can eat large 
‘amounts without putting.on weight, because 
their catabolism of food matter (in the cells) 


happens so fast that not much fat is stored. 


This fast rate of reactions also often results in 
“excess” energy (i. energy not needed for 
anabolism), so they may appear to have a lot 
of “nervous energy”. People with low BMR put 
‘on weight easily and often appear to have 
litle energy. 

The metabolic rate is influenced by a 
number of hormones*, especially STH, 
thyroxin, adrenalin and noradrenalin. For 
more about these, see chart on pages 336-337. 
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Kilojoule 

A unit of energy, specifically used in biology 
when referring to the amount of heat energy 
produced by the catabolism of food, and kence 
when measuring a person's basal metabolic 
rate (see metabolic rate). The calculations 
involved in measuring BMR combine certain 
known facts about the number of kilojoules 
produced by the breakdown of different 
substances, with a measurement of oxygen 
consumption obtained under controlled 
conditions (see below and right) 
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Enzymes 

‘Special proteins (catalytic proteins) found in 
all living things and vital to the chemical 
reactions of life. They act as catalysts", 
they speed up reactions without themselves 
‘being changed. Many enzymes are aided by 
other substances, called co-enzymes, whose 
‘molecules are able to “carry” the products 
of one reaction (catalyzed by an enzyme) on 
to the next reaction. 


‘There are many different types of 
enzyme, es. digestive enzymes, which 
control the breakdown of complex food 
material into simple soluble substances 
(for more about these, see text and 
chart, pages 338-239), and respiratory 
enzymes, which control the further 
breakdown of these simple substances 
in the cells to liberate energy (Le. 
internal respiration ~ see page 334), 


ENERGY FOR LIFE AND HOMEOSTASIS 


A living thing needs energy for its activities. This energy comes from a sen== 
of chemical reactions inside its cells, known as internal respiration, tissue 
respiration or cellular respiration. The cells contain various simple food 
substances, which are the results of digestive breakdown in animals (see 

in plants. These substances all conta= 
stored energy, which is released when internal respiration breaks them 
down. In almost all cases, glucose is the substance broken down (see 
carbohydrates and diagram, pages 330-331 and also equation, page 209 
There are two kinds of respiration — anaerobic and aerobic respiration. 


pages 338-339) and photosynthe: 


Anaerobic respiration 
A type of internal respiration which does not 
need free oxygen (oxygen taken into the body). 
Ittakes place in the cells of all organisms and 
releases a small amount of energy. In most 
organisms, it consists of a chain of chemical 
reactions called glycolysis, which break 
down glucose into pyruvic acid. In normal 
Circumstances this is then immediately followed 
by aerobic respiration, which breaks down 
this poisonous acid in the presence of oxygen. 
‘This breakdown releases the bulk of energy. 
In abnormal conditions, however, it may not 
be possible for the aerobic stage to follow 
immediately, in which case a further stage of 
anaerobic respiration occurs (see oxygen debt) 
In some microscopic organisms, e.g. yeast 
and some bacteria, anaerobic respiration 
always runs through all its stages, providing 
enough energy for their needs without, 
requiring oxygen. 
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4 as being “stored 

fsa substance which 

2 cells. It is found ine 
jes in cells which rs 
muscle cells. When th 
jons occur which com 
These reactions resul 
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Aerobic respiration 
A type of internal respiration which can == 
take place in the presence of free oxygen 
(oxygen taken into the body), Its the way = 
which most living things obtain the bulle = 
their energy and follows a stage of anaeraiie 
respiration. Oxygen (brought by the bloos: 
is taken into each cell and reacts in the 
mitochondria* with the pyruvic acid 
produced in anaerobic respiration, Carbsor 
dioxide and water are the final products = 
the reactions, and chemical energy is 
released, which is then “stored” as ATP. 
Aerobic respiration is an example ot 
oxidation — the breakdown of a substane= 
in the presence of oxygen. 


Summary of aerobic stages of respiration reactions 


Oxygen debt 
A situation which occurs when extreme 
physical exercise is undertaken by an 
organism which shows aerobic respiration 
Under these circumstances, the oxygen = = 
organism's cells is used up faster than ® == 
be taken in. This means that there is not 
enough to break down the poisonous pre 
acid produced in the first, anaerobic, === = 
respiration. Instead, the acid undergoes = 
anaerobic reactions to convert it to lactic =a 
(much less harmful. This begins to bur 
and the organism is said to have acqu==4 © 
‘oxygen debt, This is “paid off” later by 
in oxygen faster than usual to break dow 
lactic acid, by breathing heavily, for 


Seeethalars, 505; sulin, 33669 
ic rate, 332 Reversible re 
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HORMONES 


Hormones are special chemical 
“messengers” which control various 
activities inside an organism. These pages 
deal with the hormones produced by 
humans and their related groups. Plants 
also produce hormones (phytohormones), 
though these are not yet fully understood 
(see abscission layer, page 249, and 
photoperiodism and growth hormones, 
page 251). 

Human hormones are secreted by 
endocrine glands*. Some act only on 
specific body parts (target cells or target 
organs), others cause a more general 
response. The principal controller of 
hormone production is the hypothalamus” 
(part of the brain). It controls the secretions 
of many glands, mainly through its control 
of the pituitary gland*, which itself controls 
many other glands. The hypothalamus 
“tells” the pituitary to produce its hormones 
by sending regulating factors to its anterior 
lobe and nervous impulses to its posterior 
lobe. Hormone secretion is vital to 
homeostasis*. 

Regulating factors 

Special chemicals which control the production of 
‘a number of hormones, and hence many vital body 
junctions. They are sent fo the anterior lobe of the 
pituitary gland” by the hypothalamus® (part ofthe 


brain), There are two types ~ releasing factors, which 


make the gland secrete specific hormones, and 
inhibiting factors, which make it stop its secretion, For 
example, FSHRF (FSH releasing factor) and LHRF (LH 
releasing factor) cause the release of the hormones FSH 
and LH (see chart), and hence the onset of puberty’. 
‘Many regulating factors are vital to homeostasis”, 


istic hormones 
Hormones that produce opposite effects. Glucagon 
and insulin {see chan) are examples. When the blood 


Endocrine glands, 297; Homwostast 535; 
Hypothalamus, 303; Pltultary gland 297; Puberty, 318, 


‘ACTH (adrenocorticotroplebormone) 
‘drenocorlentropin 


TSH (hyrold stimulating hormone) oF Crore 


‘STH sometotropie hormone) or sematotropie 
‘oF NGH Choma grow hormone) 


[PRsitory sland (000 297) (ot 


7 glond (pace 297) (oma 
gad (9297) ots 


{SH (ole stimulating hormone) ‘land (30 297) (om 


1M (atelnsing hormone). Aso cad 
tateotropin i women ond ICSH (Interstitad 
‘al stimulating hormone) 27 


‘land (poze 297) (aa 


stand (pon 297) (cm 


TCT (thyrocaetonin) or eaetonln land (pe 297) 


‘PTH (parathyroid hormone) or parathye 
 parathormone 


‘Adrenaia 0” adrenin or epinephvin 


glands (9 297) 


glands (poe 297) (en 


Noradrenetin or nerepinephrin Seed tres oo 
‘Aldosterone glands (298297) (cor 
Cortione lands (58 797 om 
Hydrocortisone or cortisol Gog 


[Estrogen (enol wx hormone) 
Progesterone (ence sex hormone) 


In evar flees 
utes (p09 318) var 
‘age 317). Asn pl 


“Androgens (nie a hormones), 
pec) testosterone 


Gatrin 


‘CCK cholecystokinin) 


PE (poncreozymin) 
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DIGESTIVE JUICES AND ENZYMES 


All the digestive juices* of the human body (secreted into the intestines by 

igestive glands*) contain enzymes* which control the breakdown of food 

__ into simple soluble substances. These are called digestive enzymes and can 
divided into three groups. Amylases (or diastases) promote the breakdows 

of carbohydrates* (the final result being monosaccharides — see terms used. 

right). Proteinases (or peptidases) promote the breakdown of proteins into 

10 acids* by attacking the peptide links (see proteins, page 330). Lipases: 

promote the breakdown of fats into glycerol and fatty acids (see fats, page 

330). The chart below lists the different digestive juices of the body, together 

"with their enzymes and the action of these enzymes. 


Terns used 
Polysaccharides 


The mest compec ce 
Sees eae 
Into the body re 
[pobsacharge nee = 
th anil matin For re 
pee 331 


Disaccharides 
Erp fa mons 
ng tarmac ge 
olmoechardes or he 
Taken into the body ac a 
fd sugarcane, locos cca 


Digestive juice: Sativa 
Produced by: Sallvary glands mouth 

Digestive enzyme: Salvary amplase (or pyalo) 

‘Action: Sart yzakdown of earbobydrates starch ors 
‘lveogen (polysaccharides) Sas page 331 

Prodacts: Some dextrin ster polsoeeharde) See ne 1 


Digestive juice: ile 


Produced by: Stored in gal bladder’, secreted no sat 
ines (08 COX, poge 236) 


Contents: Bile salts and ile acs 


Actions: 8reok yp fate” ont internat corpound) no 
‘maler pares, proces cated emulsieation, 


Vitamins and 


Vitamin A retinol) 


Sources: liver, snes, (iho 
ovarr,ploment” (crema 


Digestive juice: Gast juice 
Produced by: Gastric glands in soach ning. Secreted 
Int stomach see geri, poge 236). 

Digestive enzymes (and ave ater conse) 

), Pepsin ipratelnae) Scene 2. 

2 Rein (protehse) Found any i the young. 

53. Mydroehtore oc 

4 Gast pase ound mil inthe young. 

Actions 

1 Start brekonn 0! protetn® (polypeptides 

2 Werks oth cfc) fo cae ily fe 10a os 
‘protein (aten), Ser noe 3 

ST accvates pepsin (ze note 2), cues i in adits (se 
note 3 ands Bote. 

{Stars reakown fat moles alk 

Prodect: 

1 Short polypeptides 

2,3. candy Le ie sis 

1 imemesins compar 


Prion especly cores 
Povitorn Ain testis 


Digestive juice: Intestinal juice (or suceus enterica 


Produced by: intertinal glands in srl intestine Vining. 
sete taal ete (see emtroern, page 138. 
Digestive enzymes: 

1 Malte emylose) 

2, Suerde (or lnvertase or saccharase} (amylase) 

3 Lactse(omylase) 

4 Emterokinase See rote 2, 


Wes: Moincins genera ate 
Se 
ht — move oral 
i od 
an 


pa Weamin 8 complex 


1. Areaks down maltose atsachoride). 
2, ks down suerose (sacchari. 
2 seals doen lactose (deacchorde) 
4 Completes beckon a protees” (peptides 


Product: 
Glucose (or dextrose) (monosoccharkde) 

2. Glucose ond trctone (monosaccharides) 
5 Glucose an golctove (monosaccharides) 
4: Amino acds® 


Tove of viet 10 vitor 
i Ee 


Digestive juice: Pancreatic juice 


Produced by: Parcreas ected irc smal intesire (see 
secretin ond PZ, 0092 336) 

Digestive enzymes 

1: Trypin (proteinase. Se nate 2 

2. Ghrmotypain (proteinase). See note 2. 

5. Corbaxypeptdese (proteinase). Sce fou 2. 

4 Ramerentic amylase (or amytopsin) 

5 Pancreatic lipase 

Actions: 

1,2, 3. Cantoue beakdow of protls” (ong and shar 
polypeptides! 

F cannuee breakdown of carbohydrates" 

5 reas down fats partes. 

Products: 

12,5 Dipeptides ard some amino acids 

4. Maltose(asaechorlde) 

5. Glycerol ord fatty elds (fats, pose 330), 


Notes 
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ther tom desing the dyesve tube (made of prota” Me 
‘mot ofthe body). Once the tube (band a ptcthe =e 
SF mucous membrane’ these oe converted io ache 
Iydrochlrie acl ges pepsimogen ac) a eum 
‘eterokinase charge trypsinagen it trypsin od 
‘hn changes chymetrypinogen a! procarboxypeptaame 
int ehymotrypsin ord carbonypeptisore 


Mos needed fr growth on 

4, muscles (8,66), nee 

Bi, 85,86, 812) ond haw 

‘unctio o b00y or 

elc ocd. btn art ta 

ako of ah 

Pepeetion’), Many (especialy fe 

eee oat of sso (ea 
Ses or detence purposes 

Metin of iad cel Bo 
Pe chs eurotransnte 


3. The econ of rena ar hydrochloric geld in ines 
1 va since aid uk woul pass Up the tom 
tobe digested 


‘Mucous membrane, 25; Proteins, 130; Salivary glans, 256. 


“Amine acids, 330 (Proteins): Carbohydrates, 350; Digestive juices, 296 (Digestive glands), 
Enzyme, 333 Fats. 230-Gall Bladder, 297; Gastric glands intestinal glands, 295 (Digestive glands); 


ee ms, 330 Protein) Conk 
gem, 310 (Epler) te 
Pmt, 255, Proteins, 330: Pre 
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THE CLASSIFICATION @ 
OF LIVING THINGS = cay 


Classification, also called taxonomy, is the grouping 

together of living things according to the characteristics 

they share. The main, formal type of classification sores 
(classical taxonomy) bases its groups primarily on ar 
structural characteristics. The resulting classification charts 
first list the largest groups — Kingdoms — and then list the 
smaller and smaller sub-divisions within these groups. 


hese buterkes or ore, 
they dono have commen 
roms, cy binomlat 
ames, tr below 


‘The first groups after the Kingdoms are 
called phyla (sing, phylum) in the case of 
animals, and divisions in the case of plants. 
Aer these come classes, orders, families, 
genera (sing. genus) and finally species ~ 
the smallest groupings. A species is defined 
as a group of interbreeding organisms, 
reproductively isolated fram other groups. 

IF this is impossible to establish, then a 
species is recognized on a morphological 
basis, Le. by its external appearance. 

Some divisions or phyla, especially 
those with only a few members, may not 
have all these groups, so the next group after 
a phylum may be an order, family, genus 
or even a species. There are also further 
“mid-way” groups in some cases, such as 
sub-kingdoms, sub-phyla or sub-classes. 

There are areas which are stil 
under dispute in both plant and animal 
classification. Most scientists recognize five 
main Kingdoms (see diagram, page 341), but 
some prefer to group living things into four 
Kingdoms: animals (including Protista), 

plants (including fungi and algae), Monera 
and viruses. The clagram below shows the 
divisions of the Plant Kingdom. 


Nomenclature 


‘The naming of organisms. Names of 
species are given in Latin so that all biologists 
world-wide can follow the same system. This 
is necessary as species are often known by 
various common names in different parts of 
the world. For example, one type of herring, 
Alosa pseudoharengus, has six different 
names throughout its geographical range. 
Every organism has a two word name. 
‘This is called the binomial system. The first 
word is a generic name (from the genus) and 
the second identifies the species within that 
genus. The Latin names are governed by 
The International Commission for Zoological 
Nomenclature, at the Natural History Museum 
in London. Most names make ditect reference 
to specific characteristics of the species, such 
4s size, shape or habitat. The giant anteater, for 
example, is called Myrmecophaga tridactyla 
(mmyrmeco = ant, phag = eat, tri = three, and 
dactyl = fingers). This describes 
the food it eats and the 
three large digging 
claws at the end 
ofeach foreler, Gian * 


Plant divisions 
The Plant Kingdon report ino the faowing major evant: 
hlorophyt snephnis ¢) Prerophyte car | Anthopiyte 
‘Geen frowes, fens ¥ Contes Powering 
oe shears ; plots 


‘ach avin died unhar ito doses, bit only the cases of te gestion, Anthophyt, are soa he. 


Tracing Homo sapiens th 


There ove one and hl 
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Other classific 


Classical taxonomy is 
used to classify living thi 
‘method is cladistic clas 


Coll wall, 258; Cellulose, 331 
‘Nuclelc acids, 324; Nucleus, 
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(CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


Figure 1-1, Sketches and notes for a “flying machine" by Leonardo da Vinci. Photograph by Arnaud 25 
(public domain), via Wikimedia Commons. 


Writing down your ideas also helps you pick which projects you want to work on first. Itjust isn’t 
possible to work on all of them at the same time! Narrowing down the list helps get you focused and lets 
you concentrate all of your talents and energies on the most important projects. 

When you're just beginning, the "most important projects” are the ones that provide the most 
positive reinforcement in the shortest amount of time. Plan a few simple, straightlorward projects with a 
high probability of success at first. You can become more ambitious and take greater risks when you've 
‘built up a good reserve of self-confidence and techniques. Remember, the only experiments that fail are 
the ones from which you don't learn anything. Sometimes learning how nor to do something is just as 
important as learning how to do it correctly. 


Goals 


‘The best way to turn great ideas into spectacular projects is to have a plan. Set some achievable goals for 
yourself. When you're first starting, don’t be afraid to take those baby steps. You have to craw! before you 
can teleport, 

Project planning is its own art form, and a dark and mysterious art it can be sometimes. It really 
helps to have clearly defined goals and expectations early in a project. Otherwise, how will you know 
when you're finished? 

Any large, complex problem or project can be broken down into smaller, more manageable 
subprojects, Unfortunately, this can be carried too far, You don't need to reinvent the wheel every time 
you start a new project. There's a saying that suggests, “Don’t build anything you can buy.” The 
‘counterpoint to this wisdom is the equally ancient saying, “Don't buy what you can build.” You'll have to 
bbe the judge as to which one applies best to you and your situation, 
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INFORMAL GROUP TERMS 


Listed here are the main terms used to 
group living things together according 
to their general life styles (i.e. their 
ecological similarities - see also page 
237). These are informal terms, as 
opposed to the formal terms of the 
classification charts (pages 340-341). 


Plants 


Xerophytes 
Drives wich com sunive og pera time without Woe, 
9. ext, 
Hydrophytes 
PIR Wh grow war Or very We sole. 
| stesophytes 

Dies WHI gow unde vero conditions of mature. 
Hialophytes 
Pan's wich can withtond very salty conditions 9, sea pinks. 
Lthophytes 
inv ich arn ak, 9. seme mses 
Fpiphytes 
Hons When grow on other plants but ony fo use Un 
it nt fod of them some moses, 
Sprophytes 
Prt Sich ve a decoy plants oc animes, fed of tho, 
arena the agent ofthe dea Sime fang 


Animals 


Predators 
‘Animals wich hl ard eat oer anol (he pre). Bons, 
Irapreinton, ng, hows are called raptor, 


Devits feeders 
Aah oe eds rm deepen a ania! 
moter, eg. worms 


Seavengers 
ge deri feeders, © ya, which od ony on dead 
‘est (animal mate) 

Territorial 

sendy ond cencing oteritony (on ars of land ar 

to) ether singly aru ny ih, Eds ard 
rmorimab. This weal ined with craving mate 

Se bresing, 

Abyssal 

Lang ot ret depths the ee, oar ad supe ees 
Demerssl 

{Ning athe bottom of ike u the shal sea gener 
ra owns 

Sedentary 

Staying most in oe place (bt not rormanenty attache, 


Nocturnal 
‘Ati of 9 aed leping cing the doy 9 ls ad bats 


Plants and animals: 


Incectivores 
Speciaed agantms which er roth dec, 23. phir 
Plants whch tap and digest iets) and edo 


Parasies 
Plans o annals whi Ine or athe ving plants or 
‘anal (Uhe sts), aed fea ten, esr mato and eas 
Dea re harm the ot. 


Mutualists 
‘poirot vir things whic scat cosy wih ch oer 
‘nd derive mat Bert ot such ose exitence 
(omutualam). ichens, rom fur bare ek ean 
‘ramp, Each sin Tat to pois (a angut and a aga). The 
‘sia proces fod (by phatesynthess the rigs (wich 
‘ters ead mane on bare roc). The angus aes Ws Se 
‘hrs fo ha the mitre hea ee 


Commensals 
‘A pai of ing things whi ela cosy with each the, 
‘oe devin Benet without acting heater One ype af 
tr for stance tan oud inthe ste he os 9 
er at One af the mae cone eanps of ememensalla 
[theeuistonce of house mie werner thre ae hur, 


‘Social or colonial 
| ctr in groups. The to tems are synomas inthe 
‘eof plats, ed rel othoe wn growin lt nthe 
ow of anima thee 9 dilfere framers seen the 
terms. ins for example are oc, tha raps (prides) 
frm Kae erg fo be ed cles. Wh re onal 

‘animals there oo grctdterence thee of 
Intenpendice beeen colony member. Ina ert coy, 
‘orexamp ths tre ow (ey any Ive ow together 
couse there i af umber). nan at eal, 2 
rin, diferent raps (easts) hae ery dre? eg. 
‘atrting food we guarting the ely, so exh mere ees 
Realy am others. The highest kel of oan ierperdence 
is shown bce ty, pyc separable singled 
cagantims which onm one ig mass. eg 2 one. 


Sessile 
In case of anima star refers tthe which ave not 
fre fo move around = they ae pry ed tothe 
round or other ok cect. ey rms: With plant it 
tars those without tat, ey soles ses, 


Pelagic 
Ling te main dy of ee or thes, ppd (02 he 
ott ea great depths Peele creatures ange fom thy 
Plankton 2cugh mean seed fh ond sha fo very forge 
‘ws, The msm sed andere ones a animals aed e 
“ated neon i the Grok or “omen eg) 28 hey ai 


Plankton 
Agustic animals ond pons vas amber of whi rn 

‘oke and Ses, normaly Pear the sulci plriton 
[Sphytoplenkton, ard anim porkon zooplankton) 
Parton te food, of many ah and wie nhs tl to 
te ecg blanc (fod ches) ofthe ea. Mest esl 


Livoral 
Ling ot te bot of a ake a the sea near the show, #9. 
abs nd se 


Benthos 
Allebyssl, demersal and Worl pints ard erimas, Leal 
those wht ven ono nea the Baton of es secs, 


ood chains, 24 (food web); Photasynthests, 254 
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Glossary and index 


GLOSSARY 


Abrasive 
‘Amati which wears ancy the sulace of ancthe mateo 


Adhesive 
‘substance which sts to one oF mre ater substances (ee 
‘thes, poge 23. 


Alloy 

‘A mitre of oo or mare metals, 0 etalon ron-metal It has 
ltsowm properties (nich are metal), inpendee of rose of ts 
fastens, For example, brass" analy of exper ard i rd 
tet” an ly of tan and crbo (dierent mses gh the seo! 
tier properties. 


‘Amalgam 
An alloy of merry with other mea. isu stand may 
ven be ii 


Antacid 
‘A ubstance Which counteracts exces stmach acy by 
retracing” tre xi. Exompes a oluminum hyde ad 
‘magne hyve 


Bleach 
A sustance use to emve cbr rom mater or soon. Most 
Strona onldleing’ and redacing agents” ore good Hse. The 
‘mbit common housed bh 0 soliton of dum hypochonte 
{Gis hgh este gerelde), The equation below shows the 
rots ofthe ecto ttween Sour poco anda 
‘ole ater 


Calibration 
The “stig up” of 9 measuring insvument 0 tht ger 

the cone racing. The tren! noma oated ding 
mmanufacureso thet itre0ds the cvrec ave Wen i measieng 
now standard quariny, 9.0 bolanc woul be oid 
ead eat Thy win a tandoe 1hg mais a50 e 


Calorimetry 

The mecsurerent of heot change during @ chemical reason 
seven invoking host rns Fo example measutng the 
temporture reo kno mas of a ubstance when heated 
tec used 0d speefe heat opacity on the 
temperature rie of ma of water can bud ocala the 
leony pode bya fl wan it burned 68 bem 
falormeter isram page 147). 


Coefficient 
A constant foro substance, used occult quate lated to 

the aubance by musing iby other quotes. or exaript, the 
force pushin to motors together lipid by the eoeient 

‘of ttn the sures gives te fetlonal force” 


Constant 
A ume! quantity that doesnot vay or example nthe 
‘equation F = me! (ee co page 84), the quantity (te speed of 
light ima yocau) iste constant. Fond mare vorables because 
they ean change 


+ Anhydrous, 154 (Anhydeate; Brass, 112,175 (Zine); Coeficent of friction, Frictional force, 7: 
fon, 151; Nuclear power station, 54," 
Specific heat capacky, 31; Steel, 174, 


Hydrated, 154 (Hydrate) Neutral 
Otidation, Oxidiing agent, Reducing agent, | 


Coolant 
‘Af used fr colng in industry or the hme (se ao 
fefrigerant) The fussy extracts eat ram ane souee and 
rons o arate ba aadeae power station (he colt 
trols hat ram theres mac the seo genet 
ware the eat we fo pd team. Ts tas ares and 
partes ety. 


Cosine of an angle) 
The rato ofthe length ofthe sie aocent to the angle tthe ete 
of the hyper the anges se) a igh-angled angle fe 
‘tpend onthe oe 


Dehydrating agent 
‘AsuDsianee wed to abe moire om another subst 
‘emoving water motets i pron, Dut an, important 
byaragen and oeygen ten ra the molecules he substance 
This aves a difeset substance pls water eal dplg 
agent, Concentrated suture ais an example 


oncetated suture cl can aa be used a a ying agent 
‘oes ot 2! with We suitnce odd of or exo Be 
toy samples of chee ga, Le. tmovesuaunaing 

‘tr vapor (se page 27) 


moc The substance aa no hanged (eve 
page 221, ond dehydrating agent! Phosphorus patente 
(040,) on xompte 


Ductile 
‘escbes a substance which con terete. 
‘eats which canbe arowe cut oth wie, 2 em 
Substances show varying degrees of duel (se ome 
‘bo yet point, page 23. 


Fumigation 
The ling of pst Sach amas by poor ge 
stone, er smoke 


Fungicide 
‘Asubstance used to destoy harm ng. 
‘going on caps. 


Germicide 
‘A substance usd to destroy baer, <xpesay a a 
‘asene (gem. 


“Setesston, 11; Chemical scp 
Sepmration, 121; Gas syringe == 
SS. 96; Sublimation, 177, Spa 


Graduations 
Mors used for measurement tose om 2 meatering eller? 


Inverstly proportional 
Whom apd © two quotes. his meons that for example, one 
1s doube, the the i hed 


latex 
Ail fd proce by plots, poorly tht rice by the 
ube ree ro wih aw naka abbas exraces (ard which 
Aso fos the bass of ome adhesives Aso cera sor 
Synthetic polymer 


Malleable 
Describes a sabsance which canbe molded int diferent shape It 
[snormaly- usec of substances which con be hamered out nt 
thin sheets in porcar mary mete ond alls oft. 
Dire substoncs saw varying dees 2f malleabty(s 
page 16!) 


‘Mean 
2 syory for average Le, the um ofa collet of values ded 
bythe numberof waues nee akan, 


‘Medium (pl. media) 
‘ny sutsance trough whch o physical eect tansmied, ex, 
sass © medium when Ig ave oso 


Meniscus 
The concave or comer surface of aMule. wate: o mera 
auto by he relive tation of emcees teach eter and 
‘p those of te conta (ee abo edheton and eohexion, page 22 
“ond paras error pg 102) 


Ore 
‘Anatualsccuring miner rom which an laren assy 
Inez is erated e3.bounte, nh yes amc, 


Organic solvent 
‘An organic audi which ubtunces wil sob 


Photocell or photoelectric cell 
Avice ured fr the getction ahd measurement fig 


Proportional 
When apeed to 200 queries this meas tho they haw a 
‘elatonshipsuen tat for example, one doubled 0 other 


ate 
Theomount by which ane qusntty changes wth nspét to onthe 
2, eceleration’ ste oe af change of veloc ith tne, 
[Nate thatthe second quay snot necessary en cases. a 
(opt of pci Kp the rate ot change of Y WAN rset. 
{OX ata pont the goa of tot pone 


Raw material 
‘Arterial obone fom noturl eres for use ia inst, 9. an 
‘reco ae Irestone ae the ow mata used ty produce ron 
(Gee pce, page 174. 


“Acceleration, 11; Chemical equilibrium, 163; Chlorofluorocarbons, 195; Corrslon, 20%; Digestive system, 20: 


Glossary 


Reciprocal 
The ae oti fro number hn ane dvd ye the 
reciprocal number of For evar, the recpracal of 100.7 


Refrigerant 
‘Ape sf coolant wed in rego ¢ rust eo iid which 
‘evaporates’ ot on tonpertures The substancs wren used 
onteiays ore the elorefluorocarbens, hous onan Was 
‘iy aed nthe pase 


Resins 
Substances use 0s adhestver They are often able wate. 
‘atural resins ce orgie comprunds sete sy cat plant 
‘onc insets. Sythtle resins ar poste moter proce by 
polymerization” 


Sine (of 22 angle) 
The ratio of te length of theside oppose tothe ante othe lath 
ofthe Iypoterae lanes ss) m 9. phcangled Wang © 
‘ken on the orale 


Spectsum (ol. spectra) 
‘portly aston ef wovsengths ad reguenciey 29. the 
\woelenats in he we ght spectrum range rm 410° 
to75x 10m 


‘superheated steam 
Steam above a temperature of 100. toned by hecting 
‘oer andr pesut 


system 
‘Ast of connected parts which have on ef on ac the and 
farm 6 whele unt eg digestive system ore substances 
inved Iv 0 eacon ot eel equim” 


Tangent (of an angles 
The rato ofthe lng of te side epost 0 the ange othe irae 
ofthe sid hacen ton atghtanged tangle. I depends on 
the angle 


Tarnish 
Terloteor portale shine gut te frmation of 2 ul race 
layer, ser ution sve olism ie nH. 
Taming 8 ype comes’ 


Variable 
Anumercal quot Which con take cy vale. a example nthe 
mation & = ms (ne abo page 88) Ed mae raat se thy 
ante ony vale (hough the vs of E depends en the valve of 
nD The anit fdespeed oft ka vocium) fo csestant 


Volatile 
Describes a quid that evaporates” easy, eg. gaan © 0 sis 
thoesubllmes® coy 2. ine 


Volume 
A mecssoment of the space ocd by. body. Se pase 01 for 
leat of hae. The unit olen she cc eter") 


uleanization 
The proces of heting row natal abber entra fr latex) 
whale Vuearzes nie share ougher ares 
Fempoture sense than raw eaber he moe SUP ase, the 
[rte teciflrence). Ts becase th uu tons ke cree 
{hts betwen the chan ol ubber moleaies (ee pleura age 201). 


Fvaporation, 121; Gas syinge, 224, Measuring cylinder, 224; Noble gases, 769; Polymerizatien, 200; 
Stunits, 96; Sublimation, 121; Synthetic polymers, 20; Velocity, 10, Visibte light spectrum, > 
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INDEX 


The page numbers listed in the index are of three different types. Those 
printed in bold type (e.g. 92) indicate in each case where the main 
definition(s) of a word (or words) can be found. Those in lighter type 

(e.g. 92) refer to supplementary entries. Page numbers printed in italics 

(e.g. 92) indicate pages where a word (or words) can be found as a small 
print label to a picture. If a page number is followed by a word in brackets, 
it means that the indexed word can be found inside the text of the definition 
indicated. If it is followed by (1), the indexed word can be found in the 
introductory text on the page given. Bracketed singulars, plurals, symbols 
and formulas are given where relevant after indexed words. Synonyms are 
indicated by the word “see”, or by an oblique stroke (/) if the synonyms fall 
together alphabetically. 


cedecay, see Alpha decay ‘Absolute cubic expansivty, se Real Ac (cont'd). 
panic, se Alpha partes ‘abie expansity Dicarbooyic, 195 
ceray, se Alpha rays Absolute refractive index, Fthanedivic (COOH), 195, 
cesulur, see Alpha sulfur 37 (erative inde, 50 Ethane (HCOOH. 151, 195, 
Bedecay, soo Bea decay Absolute temperature scale, 27,143 197, 21517 
Beparticles, see Seta particles Absolute zero, 27 (Absolute Fatty, 330 (fats, 338, Pancreatic 
Berays, ee Beta rays temperature sal, juice) 
Bul, seo Beta sor 143 Absolute temperature scale) Folic, 339 (Vitamin B complex) 
‘radiography, se Gamma Alysal 32 Formic see Methanoic add 
radiography ‘Acceleration a), 11,97 Faring slr (H,8,0%), 
‘prays, se Gamma rays “Angular, 17 185 (Conact proces) 
Centigetal 17 Hesanedoie (COOHICH,),COOH), 
tines 14) 200 
1,2dibeomoethane CHBeCHsB, Uniform, 11 (Acceleration) Hydrochloric (HCN, 145,155,170, 
188 Bromine), 193 Acceleration due to gravity (18,113, 171, 167 (Hydrogen chloride, 
1.6-diaminohevane (NHy(CH),NH,), Accelerators, Particle, 216 (Carbon dione, Chlorine 
200 {86 (Radios 217 tydrogen), 218 (Anions, 
2-bromo,t-<hloropentane, 275(9) ‘Accessory foods 204 330) 222 (Flame test 138 (Gate juice) 
2-meyl butane, 275 ‘Accommodation, 312 Lens) Hydro. 188 Hydrogen iodide) 
2-methyl propan2-ol, 197 ‘Accumulator, see Secondary ell tactic, 354 (Oxygen debt 
Sedimensional structural formula, see Leadhach, 69,159,159 ‘Methanoie (HCOOH), 150,195, 
Stereochemical formula cella, se Unicelar 2150) 
Selodoherane, 2759) ‘Acetic acid see Ethanoe aid ‘Nicotine, se Niacin 
S-methyl pentane, 120 ‘Acetone, see Propanone NitiNitret¥) HNO), 178, 
‘Acetylene, se Ehyne 151 (hitrogen dove), 182, 
Acetylenes, se Alhynes 210 Aci an), 218 Anions 
A ‘Achene, 262 ‘Nitrous (HNO, 181 (Nitrogen 
‘Achromatic lens, 54 Spectrometer, oxide) 
155 (Chromatic aberration) Nucleic, 324 
_Avdomen, 268 (Segmentation, Acids, 150-152 Octadecanoie (CHs:COOH), 
294 (Alimentary canal, ‘Abschie, 249 (Abschion layer 202 Soap, 205, 
298 (Diaphragm) ‘Acetic, see Ethanoie ac Organic, 150 
‘Amino, 205, 29 Ribosomes Oxaic se Ethaneioie acid 
330 Protein), 331,338, 199 Pantie, 339 (Vitamin 8 
Ascorbic (MYO) 150,205, prsehiey 
‘ABO blood groups, 207, 339 (Vitamin) Phosphoric (HPO), 
Abomasum, 271 omen) Bile, 338 Bite) “82 Phosphorus pentoxide’ 
‘comb, se Atom bomb Carboxylic, 195.202 (ap), Propanoic (C,H:COOH, 196 
Abrasive, 3a 205 tipi, 215 0), Pynivic, 334 (Anaerobic respiration) 
‘Abscisic acid, 249 (Abscision ‘Carbonic (HCO), 179 (Carbon ibonuclle, see RNA 
ayer) ‘oxide, 210 (Add rain) Stearic, see Octadecanotc acid 


Abachsion layer, 249) Deoryribonucleic, see DNA Strong, 152 


Acids) (cont?) 7 
Sulfur (04), 150, 155, 9 
(Acid rain), 216 (Ethene 
217 tydrogen), 2188 
anion), 219 (Calcium 
344 (Dehydrating agent 
Sulfuric(V), soe Sulfuroum: 
Sulfuric, see Sulfuric, 
Solfurous, 155, 185, 
Weak, 152 
Acie, 150 
‘Acid radical, 153 
‘Acid rain, 206, 210 
Acid salt, 153 
‘Acoustics, 40) 
‘Acoustic waves, see Sound 
‘Acrylic 194, 201 
ACTH, 336 
Actin, 205, 263 (Striated 
‘Actinium (Ac), 164, 212 
‘Actinomorphy, 264 (Rai 
Action, Capillary, 23, 252 
‘Action, Local, 68 
Action, Point, 57 
‘Actions thurman body), 3083 
‘Autonomic, 309 (i 
actions) 
Involuntary, 309 
Reflex, 308 
Voluntary, 308 
Activation energy (E160) 
Active electrode, 66 ( 
Active transport, 329 
‘Activity series, seo Reactivity 
‘Addition polymerization, 208 
Addition reaction, 193 
Additive mixing, 35 (Color 
Adenine, 324 
‘Adcnohypophysis, see 
Adenoids, ss» Pharyngeal 
‘Adenosine, 335 (ADP) 
Adenosine diphosphate, se 
‘Adenosine triphosphate, sexe 
ADH, 336 
Adhesion, 23, 
Adhesive, 344 
Adipose tissue, 287, 
‘310 (Subcutaneous ayes 
ADP, 335, 
‘Adrenal glands, 297, 337 
‘Adrenalin/Adtenin, 336 
Adrenocorticotropic hore 
‘Adrenocorticotropin, see 
Advanced gas-cooled reactor 
(AGR, 95 
‘Advantage, Mechanical (WAL 
Adventtions roots, 245 
Acral parts (plants), 244 
‘Aerial roots, 245 
Aerobic respiration, 334 
‘Aerometer, seo Hydrometor 
‘Aestivation, 237 (Dormancy) 
Afferent, 506 
Afferent arteriole, 301 (Glomenb 


‘Acids (cont'd) 
Sulfur (80g) 150, 155,185,210 
(Acid rai), 276 Ethene, 
17 Wydrogen), 218 (Nitrate 
anion), 219 (Calum cation, 
“Us dehydrating agent 
Sulfuric), see Sulfurous aid 
SwifrictV) see Sulfuric cid 
Sulfurous, 15), 185 
Weak, 152 
Acléle, 150 
‘Acid radical 153 
‘Acid ram, 206, 210 
Acid salt 153 
‘Acoust, #0 
‘Acoustic waves, ce Sound waves 
Aerylic, 194, 201 
ACTH, 336 
‘Aci, 205, 285 (Striated muscle) 
Actinim (Ae, 16d, 212 
Actinomorphy, 264 (Racal symmetry) 
‘Action, Capilary. 23, 252 
‘Action, Loca, 68 
‘Action, Point 57 
Aetions (human body), 308-309 
‘Autonomic, 309 Anvoluntary 
ations) 
Inscuntary, 309 
Reflex, 309 
Voluntary, 308 
‘Activation energy ©) 160 
Active electrode 6 (Electrode), 156 
Active transport, 329 
‘Aatvity series, see Reactivity series 
‘Addton polymerization, 200 
‘Addin reaction, 193 
‘Additive mixing, 5S (Color mixing) 
‘Adenine, 304 
Adenohypopiysis see Anterior labe 
‘Adenids, ss Pharyngeal tonsil 
‘Adenosine, 335 (ADP) 
[Adenosine diphosphate, soe ADP 
Adenosine triphosphate, See ATP 
ADH, 236 
Adesion 23 
‘Addesive, 144 
Adipose tissue, 235, 
5310 (Subettaneous layer) 
apr, 335, 
‘Adrenal glands, 297,337 
AdrealivAdrenin, 336 


‘Advanced ga-cooled reactor 
(AR), 95 

Advantage, Mechanical MA), 20 

‘adventitious roots 245 

‘cial parts (lant), 244 

‘Aerial roots, 245 


‘Actobic respiration, 334 
‘Acrometer, see Hedrometer 
‘Acstivation, 237 (Dormancy; 
‘Afferent, 406 

Afferent arteriole, 301 (Glomerdas) 


Afferent neurons, sce Sensory neuroes 
Afferent system, 306307, 

Somatic, 307 

Visceral 3107 
‘Agent, 

‘Antidnack, 199 (Octane rating) 

Dehydealing, 344 

‘Depolarizing, 68 (Polarization) 

Deving, 221 (Desiccaton’, 344 

Onidzing, 148 

Reducing, 148 

Aggie, 207 (Antbodi) 
‘Agonist, 282 Antagonistic prs) 
AGE, see Advanced gas-cooled 
Ai, 183, 208), 201 

Downward displacement of 
217 (Hydrogen) 

Fractional dstilation of quid ai, 
180 (Nitrogen), 183 ‘Ongen 
189,208.) 

Upward displacement of 
216 (Chlorine, 217 (Oxygen) 

Ac blader, see Swi bladder 
Albuen, 2 
‘leaks, 196-197, 
196 (thane), 274 (Anand b) 
thy, sec thanel 

Polyhydrie, 197 

Primary, 195, 197 

Secondary, 196,197 

Tertiary, 197 

Aledholic fermentation, 197 

Aldehydes, 198, 27515) 

Aldosterone, 336 

Algae (ing ala, 238,340 
blue-green, 235 

Alimentary carltract, 294 

‘Aliphatic compounds, 190 


‘lll, 151 
Alla metals, 165, 108-169 
Alkane, 151 

Alkaline ell, 69 


Alkaline-eath metas, 165, 
Allanes, 192,214 (1) 
Alkenes, 193, 214 (2) 
‘Akg group, 215 8) 
All halides, see Halogenoatanes 
Alkyoes, 198, 214.0), 
Allantoi, 27% 
Alleles/Atelomorphs, 325 'Genes) 
Allotropes, 136 (Alotopy) 
Allotropy, 136 
Alloy, 344 
‘Alpha decay a-decay), 
‘Algna-t antiteypsin, 127 (harming! 
‘Alpha particles acparices), 8 
187 (Alpha decay), 90 (Cloud 
cham), 128 
Alpha rays rays), 86 
‘Alpha sulfur e-ulfur, see Rhombie 
slur 
‘Aternating cures ac), 61,110 
Alternation of generations, 321 


INvex 


lula, see Bastard wing 
‘Alun, se Aluminum potasium sulfate 
‘Tewater 
‘Alumina, seo Aluminum oxide 
‘lucia (Al 12, 151, 165, 176, 21 
212, 219 Catfons) 
Aluminum hydroxide (AKOH}), 176 
‘Aluminum oxide (Al,0), 176, 
183 (Oxides) 
Alwyn potassium sulfate-12-water 
(K$0,Als609)), 154 
‘Aluminusulste (AL {80,176 
216 (Ethene) 
Alco sing, alveolus, 299 
‘Amalgam, 334 
“Ameriium (Amn, 164, 212 
‘Amines, mary, 195 
‘Amino acids, 205, 
1239 Ribosomes, 
30 Proteins), 331, 336,339 
Amino group (NH), 195 Primary 
amines, Diamine), 205 Amino sid 
Ameeter, 77, 110 
“Ammonia (NH), 132,133, 143, 
151 ase), 752, 153 9, 162,163, 
180 Haber proces), 18, 182, 209, 
219 (callens) 
Ammonia solutinn (NFOH, 
161 (Ammonia, 218 (Anions), 
9 (Cations) 
‘Ammonium chloride HQCN, 143; 15% 
163,181 
“Ammonium hydroside ex 
‘Ammeria solston 
Ammonium nrate (NH.NO}), 153,181, 
12 Nitra) 
‘Ammonia sulfate (NH,),50,) 181 
‘Arman, 276, 319 
“Ammltie Nad, 276 (Amnon), 319 
‘Aniiot sac, 27% (Amn, 319 
‘Amoeba, 268 
Amorphous, 135 
Amorphous sicon, 112 
“AmpvAmpere (A 60, 9, 159 (Cerent) 
“Ampere hours, 89 (Capacity) 
Aphibians, 
2 taternal ill), 275 (Lateral 
line) 277 (Metamorphosis, 381 
Amphotese, 151 
‘Amplifr (symbol on, 110 
“Ample, 164 
‘Ampalla (3. ample 
1315 Semicirear duets) 
Ampalla of Vater 236 
Amylase, 338 (1) 
Pancreatic, 330 (Pancreatic jee) 
salivary, 338 Saliva) 
Anabolin, 132 
‘Anadromous, 236 
‘anaerobic respiration, 334 
‘Anal canal, 294, 295 (Large Intestica) 
‘Ana fin, 269 (Media fis) 
Analog 11 (Logic sats) 
‘Anal sphincter, 295 (Large intestine) 


Anaphase, 
(rons, S28 
(ites, 241 
AND (logic gatefoperation), 110,111 
Androecium, 257 
“Anidrogens, 316 estes), 336,337 (LM) 
‘Aneurin, see Thiamine 
Ande 
Critial, 51 
Visual, 35 
Angle of deviation, 5? 
Ange of incidence), 47, 50 
‘Angle of reflection (7) 47 
Ane of refraction (, 50, 
‘Angular acceleration, 17 
‘Angular nagnifiation, 55 [Visual 
‘angle 
Angular velocity, 17 
‘Anhydrate, 154 
‘Anhydride, 131 
‘Anhyrit calcium sulfate (CaSO, 171 
‘Calum sulfate) 
Anhydrous, 154 (Anhydrate 
Anil), 264-277, 341) 
Wigher, 268) 
ower, 264 1) 
“Animal starch, see Glycogen 
“Anions, 6b lone they of 
‘lectrolysis, 8 lonization), 
190, 218 
Anneli, 341 
‘Anal rings, 246, 247 
Anns, 236 
‘Annular eclipse, 46 
‘Anode, 66 (Electrode), 156 (Electrode 
‘Anodizing. 157 
‘Anomalous expansion, 32 
Antacid, 394 
Antagonist, 262 (Antagonistic pairs) 
Antagonistic hormones, $36 
“Antagonistic pars (moscles), 202 
Antennae (sn. antenna, 274 
‘Anterior cavity ey, 
5312 (Aqueous humor) 
Anterior lobe (pituitary gland), 297 
Anther, 257 (Stamens) 
Antheridim, 327 
Anthophyta, 340 
Anthracite, 179 (Coa, 208, 
Antibodies, 287 
‘Ant-duretie hormone, soe ADH 
Antigens) 287 
Rhesus, 287 (Rhesus factor 
Antigen-antibody complex, 
207 (Antibodies) 
Aatihemophile globulin, 327 (Protein 
‘manufacture) 
Antisnock agent, 199 (Octane rating) 
“Antimony (Sb), 112,165, 180, 212 
Antineutrino, 87 (Beta decay) 
‘Antinodal lines, 28, 39 (Antinodes) 
“Antinodal point/Antinodes, 38, 43 
Antitoxns, 287 (Antibodies) 
‘Anes, 294 295 (Large intestine) 


Ail fs}, see news 
Antibiotics, 327 (Gene cloning) 
‘ata, 209, 290, 291 
‘Anti valve, 291 (Semilunar valves 
Apatite (2Ca,(PO,).CaF), 

182 (Phosphorus), 204 (Enamel) 


(camera), 54 (Diaphragm) 
(lens) 52 
Aiton, 48 
Apes lees), 248 
‘Apical meristem, 244 (Meristem) 
Apparatus chemical), 223-225 
‘Apparatus, Golgi, see Goll complex 
“Apparent cubic expansivity, 32 
‘Apparent depth, 31 
‘Apparent weightlessness, 19 
‘Appendage, 264 
Appendix, 294,295 
‘Aqueous humor, 312 
‘Aqueous solution, 144 
‘Aqueous solvent, 144 
‘Arachnold, 303 (Meninges) 
‘Archegoniun, 221 
Archimedes’ principle, 25, 
‘area (A) 97 
(measurement ih, 101 
Surface (measurement af, 101 
Areal coefficient of expansion (), 32 
‘Argon (Ar) 165, 183, 189,212 
Armature (elect moto, 76 
‘Aromatic compounds, 190 
Arsenic (AS, 112, 165, 180,212 
Arterial system, 280 (Arteries) 
Arterioles), 280 (Arteries) 
‘Alferent, 301 (Glomerals) 
erent, 301 (Glomerulus) 
Arteryies, 288, 269, 291 
‘Brachial, 269 
Brachiocephalic, 290 
Celiac, 209 
Common carotid, 290, 
Common iliac, 289 
Femoral, 289 
Gastic, 269 
Gonadal, 209 
Hepatie; 209 
Inferior mesenteric, 289 
Pulmonary, 290,201 (Pulmonary 
trunk} 
ena, 299,300 Kidneys) 
Splenic, 269 
Subeasian, 289, 290 
Superior mesenteric, 289 
“Tibial, 285 
Arthropods 
265 (Hemocoe), 271, 
273 (Spirace, Malpighian tubules), 
274 (alps Tela), 
2775 (Compound eye), 
277 (lana, 344 
Articular cartilage, 281 (Cartilage) 
Articular processes (Inferior, 
Superion, 279 


Articulations, se Joints 
Artificial propagation, 262 
Ascrbic atid (CHO, 150,205, 

339 (Vitamin ©) 

Asexual reproduction, 321 
‘Asphalt, sec Bitumen 
Association area(s), 

302 (Brain), 303 

Autitory, 303 

Visual, 303 
Association neurons, 305 
‘Astatne (At, 165,106, 212 
‘Atlas, 279 (Vertebral structure) 
‘Atmospheric pressure, 

25 (Barometer, 113, 
Atmospheric water, 206 
‘Aton 5, 82-87, 124, 125-134, 

137-139 

‘utherford-Bobr, 82 
‘Atom bomb (A-bomb) se 

Fission bomb 
‘Aor energy, 4-85. 

‘Aomicity, 128 
‘Atomic lattice, Glan, 4,137 
‘Annic mas, Helative, 83, 138, 

Vos-165, 212-213 
‘Atomic mass units, Unified (o, 

183 (lative atomic mass) 
‘Atomic nucleus, see Nucleus 
‘Momnic number (2), 82, 127, 164165, 

212213, 

Atomic structure, 62-83, 126-127 
‘Mtomic theory, Dalton’, 128 
‘Atomic weight, see Relative 

‘atomic mass 
ATP, 329 (Active transport, 

[334 (Aerobie respiration), 335 
‘Aria (sing atrium), 290 
Atrioventricular valves, 291 
‘Atenuation, 35 
‘Auditory area, Primary, 303 
‘Ausitory association area, 303, 
‘Auditory ossicles, ee Ear omsiles 
‘Auditory tube, see Eustachian tube 
Auris, 

(car, See Pinnae 

(hear see Atria 
‘Australopithecus, 341 
‘Autocaalyis, 161 
Autografig, 263 (Grafting) 


ins, 309 nvoluntary 


‘Autonomic nervous system, 
303 (Hypothalamus), 308 

‘Autosomes, 325 [Sex chromosomes) 

‘utotrophic, 238 Food web) 

‘Aunins, 251 (Growth hormones) 

Avalanche (particles, 09 

‘vascular, 280 (Connective tissue), 288 

‘Average rate ff woction}, 160 

‘Average speed, 10 Speed) 

‘Average velocity, 10 (Velocity 

‘Avogadro's hypothesslaw, 143 


AV valves, 806 Als 


Avilary bud, 244 


Bacteria sine. 
‘cloning! 
Denitefying, 209; 2a 


‘Top pan, 225 
Balanced equation, 148 
Baleen, 270 Flt 
Balkand-socket joints, 
Barbels, 275 
Barbs, 267 (Feathers) 
arbules, 267 (Feathone 
‘Barium (Ba) 164, 170, 
219 (Flame tess) 
Barium chloride ay 
Bark, 247 (Phelle) 
Barometer, 25 
Simple, 25 
Basal metabolic rate, 
32 (Metabolic rae 
sal rosette, 250 
Base chemistry), 150.0, 
Strong. 152 
Weak, 152 
Base (ransision, 65 
Basie, 151 (Base) 
Basic copper sulfate 
(CuS0,.3Cu(OH),), 7 
Basiity, 133 
Basie oxygen process, 174 
Basie quantities, 9% 
Basi sal, 158 
asic St units, 96 
asi zine chloride ( 
Bastard wing, 269 


Avogatra’s number, 96 (Mole, 
113, 139 
AV valves sce Atioventricular valves 
‘all, 204 Ailary tad) 
‘ilary bud, 244 
Asis, 
"one, 278 (Vertebral tact) 
Magnetic, 78 
Principal elton, reaction, 
48,52 
‘Axon, 304 


Baby teeth, sco Deciduous teeth 

Backbone, sce Vertebral cluma 

Back emi, 60 [Eletramtive force) 

Background count, Ba (Background 
radiation) 

ackyround radation, #3 

Backward reaction sce Reverse 
reaction 

Bacteria ‘sing, bacteitn, 327 (Gene 
cloning! 

Denitifying, 209, 235, 


Nitiogenfxing, 209, 235 (Nitrogen 
fisation) 
Balance (equipment 


Current, (0 (Ampere) 


Spring, 22 
Top pan, 225 

Balanced equation, 141 

Baleen 270 Filter feding) 

Balkandsocket joint 

Harbels, 2°5 


arbs, 267 Feathers) 
tashules, 267 feathers) 
ium (Ba), 168,170,212, 
219 (Flame test 
‘Barium chloride (83C), 218 (Anions 
Bark, 249 (Phellem) 
Barometer, 25 
Simple, 25 
Basal metabolic ate 
132 (Metabolic rate) 
fiasal rosette 250, 
base (chemist), 150, 151 
Strong, 152 
Weak, 152 
Base (ransiion 65 
ule, 151 Base) 
Basic copper sulfate 
[C460,-3CwOH),, 175 (Coppe 
Basiciy, 53 
Basic oxygen process, 174 Steel) 
Besic quantities, 96 
Basic salt, 154 
Basie St units, 96 
Basic vine chloride [zn(OWh, 154 
Bastard wing, 269 


Battery, 68,69, 10, 189 Cell 

Baunite (AhO,2H,0), 176 Aluminum 
oxide, 545 (Ore) 

BE, sce Binding energy 


Beaker, 101, 228 
Beat frequency, 4 (eats) 
Beats, 42 

Becquerel 9) 87, 129 


Sechive self, 225 

Bal, Electric, 75 (lectie buzz) 

Bell ower, 259, 

ethos, 142 

Benzene ring, 190 (Aromatic 
compounis| 

Berkelum (Be, 165 

Berry, 262 

Berylium e164, 170, 212 

Beta decay (Prdecay, 87 

Beta pastes (particles), 86, 87 (Beta 
dseay, 90 (Cloud chamber), 128, 

Beta rays Grays), 6 1 

‘eta sulfur (Bulan, see Monod 
sulfur 


Biased (Forward, Reverse, 65 (Diode! 

Bicarbonate of sod, soe Sodium 
bicarbonate 

Bicarbonate, 150 (Acid, 218 (Anions) 

Biceps, 202 

‘econeave (en, 53 


291 (Arioveaticulat valves) 
Biennias, 236 
lateral syretry, 268 
Bile, 297 iver, 337 (CCK), 388 
Bile ach, 338 (ie) 
Bile dct, Common, 295, 297 (Gah 
‘bladder 
Bile salts, 238 (Bie) 
Bimetallic sti, 32 
inary (compoone, 122 
Bary sion, 321 (Asexual 
reproduction? 
Binding eeray (BE), 84 
Binding energy per nuckon, 85 
‘Binomial sytem, 340 (Nomenclature) 
Uiodegradable, 210 
iodegradable detergents, 203 
Biovogical laundry powders, 
201 (Laundry powders) 
iomass ecoloy), Pyramid of, 
iomes, 232 
iopayamers, ec Natural polymers 
Biosphere, 232 
Bite factors, 252) 
‘iota, 339 (Vitamie B compen) 
Bipinate, 250 


Birth (i), 67, 112, 165, 300, 
Ftumen, 199 

Uiteinous coal, 79 (Coal) 
Bivalents, 322 (Prophase) 
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Black body, 29 Leslie cube) 


Blastocyt, 320 (Embryo) 
Bleach, 
Blending, see Incomplete dominance 
Blind spot, 33 
Blood, 286-287 
Blood cll (Red, White), 286 
Blood groups, 287 (ABO blood 
‘roups), 125 (Codeminance) 
‘lood sincses, 316 Pen) 
Blood vessels, 288 1) 
lve green algae, 235 
[BNR sce Basal metabolic rate 
Body (ericbron soe Centrum, 
Body-contered eubic ‘panicle 
rangement, 137 
Boiling, 30:Vaporization, 121 
oiling point, 30 (Vaporzation, 3), 
121 (Walling, 212-213 
Woiing poi test, 221 
oiling tbe, 225 
Bole, 247 
oles, 294 Esophages 
Bomb 
‘MtomiFsson, 2 
Fisson-fasion, 93 (Fusion bomb) 
Fasion/Hydrogen, 95 
‘Bomb caarimeter, 137 
Bondi) 130.0) 
Coordinate, soe Dative covalent 
ond 
Covalent, 132(0) 
Dative covalent, 132 
Doable, 132, 214 and 2) 
Hydrogen, 138 
fone 181 
Polar, 133 
Single, 132,214 (a and 1) 
“ple, 132,216 and 3) 
Bond energy, 146 
onding, 130, 151-134 
Covalent, 132193, 
lone, 131 
Metallic, 134 
ones), 278279 
Coracoid, 265 
Cras, 278 (Craiam) 
Facil, 278 (Cranium) 
fone marow, 281 
Bone (issue, 200-20 
Compact, 281 
Spongy, 281 
Bon labyrinth, 314 nner ea) 
Book iungs, 5° Lung books 
Bordeaus misture, 175 (Copper) 
compounds) 
Boron B) 165, 176, 212 
Tovon trichloride (CI, 133 
Bowman's caps, 301 


Boyle's taw, 33, 142 
Brachial arteries, 269 
Brachial veins, 289 
Brachiocephalic artery, 290 
Brachiocephalic veins, 220 
Bract, 269 
a, 302,303,306, 308, 302 
in stem, 303 
Branched chain atoms), 190 
ranchae (sng. branchial, see Gills 
Branchial, 272 
Brass, 112,175 
Breaking stress, 23 


Bromides, 106 0), 188, 218 (Anions) 
Bromine (Br Bry, 92, 165, 186, 188, 
193,212, 215 (9) 
Bromine water, 188 (Bromine) 
Bromoethane (C;H,Br), 215) 
Bromo group (Br, 21519) 
Bromothymol blue, 152 
Aronchi (sing, bronchus), 296,299 
Primary, 299, 299 (Bromchi 
‘Secondary, 298, 299 iBronchi) 
Tertiary, 295, 299 (Bronchi) 
Bronchial, 299 
Bronchioles, 294,299 
“Terminal, 299 (Broncholes) 
Bronsted-Lowey theory, 151 
ze, 175 
Brownian motion, 5, 123, 
Brushes (electric mio, 76 
Bryophyta, 340 
ube caps, 198 
Bubble chamber, 90 
[Buccal cavity, © Oral cavity 
Buchner fask, 220,224 
Buchner funnel, 220, 224 
Buckminsterflleene, 179 
Buds) (lars), 248 
‘Ailaryateral, 248 
Primary, 261 (Phamule) 
Secondary ee Axillary bud 
Terminal, 244 
Buds, Taste, 307 (Tongue) 
Budding, 
(anil propagation), 263 
(asexual reproduction, see 
‘Gemmation 
ath, 
‘hais), 317 
igh, 10 
Olfactory (ose), 307 
(plans, 263 
‘ulbouretiral glands, se 
Cowper's lands 
‘Bunsen burner, 223 
‘Buoyant force, 25, 
‘urette, 101, 225, 
‘Burning, see Combustion 
Butet-ene CH), 198 


Butet-yne (CH), 194 
utan-t-o (HOH), 190, 196, 197 
Butan-2-l, 197, 215 (4b) 

Butane (CH, 192, 199 Refinery gas) 
Butanone (CH,COCH,CHS), 275 (6) 
uzzer,flectie, 75. 
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{Caan (C8, 112, 165,173,212 
Calamine 22005), 175 (Zine 
Calero, sce Vitain D 
Catt 171(Caleum carbonate 
Calcitonin, soe TCT 
Calcium Ca, 164,170,171, 207,21, 
212,119 lame testy, Cations 
Calcium bicaronate(CaHHCO3), 
17,207 Cemporary hardness 
Calcium carbonate €2C03), 
1st val name), 153,171, 
173 (Carbonate 207 (Temporary 
ares), 216 Carbon dioxide) 
Cake chloride (C3Ch), 138, 149, 
71,206, 276,22 (Desieealian) 
Calcium iydroxide Ca(OH), 171 
Calcium metaiicate(CSi0,), 
177 iets) 
Calum onde (C20), 171,174 
133 (Odes 
Calcium stearate, 207 
Calcium sulfate (C3809, 171 
165 Slates 
Aahydite, 171 (alia sulfate 
Calibration, 344 
Galifrsiam (C, 165 
Capers, Vernier ide, 100 
Gori yo, 208 
Galorimeter, Bomb, 147 
Caloinery 348 
Cay, 256 Sepa) 
Cambium, 22,24, 280 Vascular 
olinde) 247 
Cork sc Phlogen 
Camera. 34 
Candel (c, 96 
Canines (oot, 205 
Copactance (58,97 
Copactor, 59,110 
Electrol, 58, 10 
Paper 539 
Polyester, 59 (Paper capacitor) 
arable, 59,110, 
Capacity 
(clecrochemical cls, 69 
Heat (6,31 
Specific heat 31,112 
‘ture, 101 
Caples, 208,252 sve Mud) 
Tyimph, 293 cymph ves 
CapitartyCapiary action, 29,252 
opi tube, 25,24 26 digisine 
as thermometer 


Caraace, 266 
Carbohydrates, 204, 209, 254255, 330, 

336, 339 
Carbon (C83, 80 (Background 

raation, $1 Radiocarbon dig, 

127,138, 148,165,174 Sth, 

177,178, 309, 211,212, 214-215, 

234,330 
Carbonates, 150 Ac, 155 method 2 

178, 211, 218 ions) 

Caron ec 209, 234 
Carbon dating se Raicarbon dating 
Carbon donde (C03, 15,140,148, 

150 (Ai, 169,171, 174,178, 

17, 183 (Oxides, 197,204, 208, 

209 Photosyathesy), 210, 211, 26, 

217 (Nitrogen, 218 (Gases, Anions, 

238, 254:255, 288, 296-299 
Carbon fibers, 179 
Carboni acid (4,00, 179 Cabo 

oxide), 210 (Ai an) 
carbon monoxide (CO), 174,178, 

179,210 
Carbon resistor, 62 estr) 
Caron group CO, 194 Ketones, 

214,215 6) 

Carbowtgroup COOH, 

195 (Carbo acids, 

205 Amino ais 214 (215.7) 
Carvoryle aid, 195,202 S039), 

205 (ips, 2157 
Carboxypepilne, 398 Pancreatic jue: 
Cardiac 290 
Cardiac cyte, 291 
Cardiac muscle, 282 
Cardiac mace su, 203, 

Cardi sphincter, 294, 295 

Cardiovasc system, 290 

Carnal eth 270 

Carnivores, 234 (Secondary 
comumers 

Carotene, 25 (Pigments), 310 

39min A 
Carotid arteries, Commun, 290 
Carpal, 278, 280 
Carpe 256,257 
Crp, 278 Carpal 
Cartilage, 281 

‘Artic, 281 (Cartage) 
Cosa, 270 (Ri age 
Carano joins, 281 (Catto) 
Caos, see Grain 
asin 338 (Gast fice) 
Castes, 342 Soca 
Cast iron, 112,174 on 
Cataboiom, 232 
Catadromous, 236 Anadrom 
Catalysis, 161 Catalyst 
(Gata 161,353 (zymes 
Heterogenous, 161 
orogens, 161 
Surface, 161 
Catalytic erackingCat racing 
198 (Cracking 


Caudate, 269 (Cauda 
Caustic curve 49 
aberration) 
Caustic potash, see 
hydroxide 
Caustic soda, se 
Ck, 336 
Cebidae, 351 
Gecum, 271, 294,295 
Celiac artery, 209 


Flame, 273 (Nephi 
Germ soe Gametes 
Guard, 249 
Interstitial, 316,337 
Olfactory, 307 (Nose 
Palisade, 248 (Palisade 
Parent, 240 (Cel dvi 


Primary, 69,159 (Cl) 
Secondary, 69,159 (Co 
Simple, 68 

Standard, 69 

Storage, soo Secondary cll 
Voltaic, 68 0) 


Cell membrane, 238,259, 328 

ell plate, 241 (Cytokines 

Cell sap, 23 Vacuoles), 253 

Celular respiration, see inteeml 
respiration 


Catalytic proteins, 30 (Proteins 
333 (Enzymes) 

Caterpillar, 277 Lana) 

Cathode, 66 (lectrods), 
156 Flectrode) 

Cathode ray oscilloscope (CRO), 
75,81 

‘cathode rays, 60-81 

Cathode protection, see Sacrificial 
protection 

Cations, 65, 88 Vosization), 130, 219 

Gouda. 269 

Causal fi, 269 (Median fin) 

(Cate, 269 (Caudal) 

‘Caustic curve, $9 (Spherical 


hydroxide 
Caustic soda, se Sodium hydroiide 


Ck, 336 
Gebidae, 341 
Cecum, 271, 294 295 (Large intesti 
Celia artery, 289 
Celli ology, 238-241, 3 
blood ed, Whit), 286 
CComparion, 243 Phloem) 
Daughter, 240 (Cell vision) 
ag, 258 (Ovule), 320 (Gametes- 
123 (Gamete production, femal; 
Flame, 273 (Nepiridio) 
Germ, see Gametes 
Guard, 249 
Irs, 396,337 Androgens) 
Otfacory, 307 (Nose 
Palisade, 248 (Palisade layer 
Parent, 240 (Cell division) 
Passage, 243 (Endodermis) 
Schwann, 304 (Nerve fers) 
Spongy, 248 Sponsy layer) 
Target 336 (Mormones). 
Thread, see Cnidotasts 
(Celis) elecracheristy, 68-69, 
10, 159 
Alkane, 69 
Daniel, 159 
Downe’, 168 
Dry, 69 
Electrolytic, 66, 156 
Half,150 
teclanché, 69 
[Nichel-cadeiam, 69 (Alafine cll) 
Primary, 69, 159 (Ce 
Secondary, 69, 189 (Cel) 
Simple, 68 
Standard, 69 
Storage, soe Secondary cell 
Volta 68:1) 
Cell body, 308, 205 
Cell division, 280-261, 322-323, 
Cell membrane, 288,239, 329, 
‘all plate, 241 (Cytokines) 
Ceftsap, 238 (Vacuoes, 253 Turgor) 
Cellar respization, soe Internal 
rspiration 
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Celltase, 331 Roushage’ 
Celllose, 230 Cll wal, 

271 (Rumen), $31 (Roughage) 
‘ell wall, 238, 243 eve tubes) 
Gulsae scale, 27,143 Absolute 

toraperature scale 
‘Ceoner'Cementum (eth), 284 
Center of curvature (©), 48, 52 
Center of gravity, 10 (Center of mas) 
Center of mas, 10 
Cental incisor, 285 
Central nervous system, 302-303 
Cental processing unit (CPU), 111 
entrfugl force, 17 (Cetrpetal 

force) 
centifuge, 220 
CCentinging. 220 
CCentiles, 240, 241,322, 323 
CCentripetat acceleration, 17 
Cenlripetal force, 17 
Gentromeres, 241,322 
Centrosome, 26 (Centrioles) 
Centrum, 279 (Verebrae! 
Cephalic, 303 
Cephalic veins, 269 
Cephalochordates; 341 
CCephalopods, 272 (Siphon) 
Cephalatioras, 273 
Cercopithecoidae, 341 
Cerebellum, 303 
Cerebral. 303 
Cerebral cortex, 103 (Cerebram) 
Cerebral hemispheres, 303 (Cevebrum) 
Cerebrospinal Mai, 505, 
Cerebrum, 303 
Cerium (Ce), 164,242 
Cerumen, 314 (Outer ea) 
Geruminas glands, 314 (Outer ear 
Cervical canal, 317° 
Cervical vertebrae, 278 
Cons, 
teeth, 922 Neck 
(uterus), 317 
Cesium (C3), 164, 166,168, 212 
CCettceans, 341 
Chaetae sng. chaeta, 268 Parapodia) 
Chain (00), 190 
Sranched, 190 
Main, 190, 

Side, 190,214 th 
Straight, 190 
hain, Decay, se Decay series 

‘Chain, Food, 234 (Food w 
(Chin reaction, 92 (induced fission, 

"29 Nuclear fs 

Chalazae (sng. chalaza, 

(onima es), 276 

‘lowering plans, 257 (Ovates) 
(Chalk, 141 vial name), 

171 (Calcium carbonate 
‘Changeover switch, 64 
(Changes of state, 80-91, 120-121 
‘Characteristics of Wie, 236 () 
arco, 179 (Coal 
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Charge (lec, 5659, 97, 
Surface ensty of, 57 
(Chea sng: cheat, 
Chemical encry, 8, 9 
Chemica equltiam, (63, 
‘Chemical feedstocks, 199 
‘Chemical properties 119 
Chemical reactions, 119, 146-149, 
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Chiara ing chiasma, 


hile saltpeter sce Sodium nitrate 

Chitin, 266 (Cutie) 

Chlorides, 130, 133, 155,187 
218 (Anions) 

Chlorine (CUCIy, 131, 122, 128,146, 
148, 149, 160,165, 170,187, 
193, 207, 212, 215 (8), 216, 

218 Dons) 

CChlorosthane (CHC), 195 

Chlorolvorocarbons (CFCs, 195, 
210 (Ozone depletion), 


(Csloromethane (CH, Cl 

CChiorophyll, 170,254 Chloroplasts 
255 (Pigments) 

Chlorophyta, 340, 

Chloroplasts, 240 (Pastis, 

249 (Guard cal), 254 
Cholecystokinin, see CCK 
Chordates, 141 
Chorion, 319 
Chorionic vill, 319 
‘Ghorold\Choroid coat, 312 
(Chromatic aberration, 35 
Chromatic sale, 4 
CChromatids, 240 (interphase, 241 

Eri) 

Chromatin, 258 (Nucleus, 

240 ntrphase), 322 (Prophase) 
‘Chromatis, see Chromatic aberration 
‘Chromatography, 221 

Column, 229 (Chromatography) 
Gas, 221 (Chromatography) 
Paper, 221 
(Chrome ron ore, 172 (Chromium) 
Chromium (Ce), 165, 172, 212 
(Chromosomes, 238 (Nucl, 
240 (Mitosis), 241, 322,323,328, 
525, 526 
Daughter, 231 Anaphse) 
Homologous, 250 Mitosis, 322, 
323, 424 (Chromosomes), 326 Law 
of segregation) 
Sey, 225, 326 (Sex linkage) 
X, 325 (Sex chromosome), 126 Sex 
Tinkago 
Y, 325 (ex chromosomes), 526 Sex 
linkage) 
lis, 27 (Pipa) 
(Chyme, 295 Stomach) 


CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


Do you have lots of time and very little money? This is good news! This helps simplify the decision- 
making process enormously. Design and build everything yourself, from scratch. This can include your 
ll as custom-made components. The trick to this approach is not get lost in all the 
ls that will arise. 
No time to spare, but there's a bit of a budget available? This is likewise good news. With few 
exceptions, there's someone out there that's willing to part with just what you need for a reasonable 
price. The trick here is to find them and make that connection, 


Inspiration! 


ly prompted you to start thinking about building 
your own electronics lab? Why did you want to get into electronics as a hobby or a career in the first 
place? Do you even remember? 

Itreally helps to have a firm grasp on what your underlying motives are (or were) when faced with 
the challenges that regularly present themselves along the way. While it’s true that some things just need 
doing, does it really have to be you that does them? Could you farm out some of the work and still feel a 
sense of satisfaction in the completion of the project? Or do you feel the need to take the do-it-yourself 
mind frame to its utmost limit? 

‘Whatever your inspiration is, or wherever it came from, do your best to keep it in your sights while 
pursuing your dreams and goals. It makes it that much more satisfying when you eventually attain them. 


How Electricity Works 


‘There are two ways to go about learning how electricity actually works. The first involves just a whole 
bunch of fascinating theoretical information about atoms, electrons, fairies, and dragons. The second 
‘way is to just assume that it does indeed work, and spend some time actually putting it to work. 

You don’t need to know everything about electricity to have fun ‘Apassing understanding is 
sufficient to get you started. As your technical requirements grow more elaborate, you will find yourself 
‘going back to revisit some of the basic concepts, until your comprehension is sufficient to carry you 
forward. 


The Theoretical Approach 


ling theories about how electricity works center around the orbits of negatively charged 
particles called electrons. Electrons are quite small, even when compared to individual atoms. 
Electrons normally whiz around the nucleus of the atom, which is usually made up of other subatomic 

les called protons and neutrons. The exception is hydrogen, whose most common isotope has only 
a single proton and no neutrons. Protons have a positive electrical charge and neutrons have no 
electrical charge. 

‘When an atom has a balance of protons and electrons, itis said to be electrically neutral. Ifan atom 
has more electrons than protons, it has a negative electrical charge. Conversely, if there are more 
protons than electrons, the atom has a positive charge. An atom that has either a positive or negative 
electrical charge is called an ion, 

While flying round and round the nucleus, electrons tend to cluster into well-defined orbits, or 
shells. The innermost shell of an atom can hold as many as 2 electrons. Once this orbit is “full,” up to 8 
more electrons can be accommodated in the next larger shell. The next shell holds up to 18 electrons, 
and the one after that can contain up to 32 electrons, After that, the shells get smaller again, stepping 
back down symmetrically from 18 to 8 to 2. 


‘Chymotnpsin, 338 (Pancreatic juice) 
‘Chymotypsinogen, 338 (Note 2) 
Gila sng), 268 
(iary body, 312 
‘Cinnabar Hg), 173 (Mercury) 
Greut),60 0), 159 (Current 
Integrated, 11 (Loge gates) 
Primary, 78 
Secondary, 78 
(eymbals, 110, 
Grcular motion, 17) 
Uniform, 17 (Circular mot 
Circular wavefronts, 34 
Circulatory systeen, 288-289 
(Ge sig ees), 270 (Fiter- 
‘eeding) 
Cisbutzene, 197 
Clades, 381 (Cladistic classification) 
CGladistie cassification, 341 
Camps, 225 
Classes, 340) 
‘Casscal taxonomy, 340) 
(Clasiiation, 3401) 
‘Chvicle, 273 
‘Cleavage, 320 (Embryo) 
‘Cleavage furraw, 241 (Cytotness) 
‘Cleavage plane, 136 
Geidoie eggs, 276 (Exes) 
Climatic factors, 232 
imax community, 235 (Ecological 
‘atceaion) 
(Clinica thermometer, 26 
Clitoris, 317 (Valea 
(Cloaca, 271 
CCloacal aperturevent, 271 
Closed system, 162 
‘Cot, 287 (loting) 
Clotting, 207 
‘Cloud chamber, 90 
Difsin, 90 
wilson, 0 
Cridarians, 270 (Cnidoblast, 
275 Tentacles, 341 
Cnidobasts, 270 
[ENS see Central nervous system 
Coagulation, see Clotting 
(Coal, 179, 208, 209, 
Bituminous, 179 (Coal) 
Destructive dstiltion of, 
179 (Coal) 
Coal gat, 179 (Carhon monoxide, 
Coal) 
(Coal tar, 175 (Coal) 
Cobalamin, ee Cyanocobalamin 
Cobalt (Co, 112, 165, 172,212 
Cobalt chloride (CoChy, 


172 (Cobalt), 218 (Water) 
Coceypeal vertebrae, 278 
Goceys, 278 

Cochlea, 314 


Cochlear duct, 314, 315 
Cocoon, 277 (Pypa) 
‘Codominanee, 325, 
Coefiient, 348 


Coeficient of expansion, 


‘Areal (i, 32 
Linea ot 2 
Volueve 32 
Coeticint of friction 7 
Coeficint of Kinetic friction, 


7 (Coeiicient of fiction) 
Cotcient of ati friction, 
7 (Coeticient of fiction) 
Colom, 265 
Coeneymes, 335 (Ezyine), 
339 (Vitamin B comples, Vitamin C) 
Coherent waves, 38 
Cohesion, 22 
Coil olociomagrtisy), 74 
FayPlane, 74 
Prieary, 78 
‘Secondary, 79 
CCoitus, 520 Copulation 
Coke, 174,179 Coab, 208 
Coleopile, 261 
Collagen, 200 (Connective tissue), 
339 (Vitamin © 
Collarbone, see Clavicle 


Collenchyena, 243 (Corin) 
Collision, 13 
Collision theory, 160 
Colloid, 145 
Colon, 294, 295 (Large intestine) 
Colonial, 382 
Colors 54-55 
Complementary, 55 
Primary, 55 
Secondary, 55 
Color mixing, 35 
(Column chromatsgraphy, 22¢ 
Combustion, 200 
nthalpy charge of Heat of, 146 
api, 208, 
Sov, 208 
Comment 142 
Common ile duct, 296,297 (Gall 
blade 
‘Common corti arteries, 290 
Common hepatic duct, 296,297 (Liver) 
Gomon iliac arteries, 249 
Common iliac veins, 299 
Community, 233 
‘lima, 233 Ecological succession) 
Pioneer, 233 
Suecesional, 23 
Commutator, 76 
Compact bone, 281 
Companion cells, 243 (Phloem) 
Compass, Plotting, 72 (Magnetic Held 
Ties) 
Compensation points, 255, 
Complementary colors, 55 
Compete metamorphosis, 277 
Completion (chemical reaction), 162 () 
Complex ion, 154 (Complex salt) 
Complex salt, 158 


Components, 6, 1 esoltion) 
Composite owe, ee Flowerhead 
Compounds 4122 

‘Aptis, 189 
Aromatic, 180 
{Copper 175 
Coppi, 175, 219 (Cations) 
Covalent, 132 
Capri see Copper compounds 
opens, 28 Copper) compounds 
Fert, ss rn) compounds 
Ferrous, se ron) compounds 
Tene, 4,131 
‘root, 174, 219 Cations) 
Fro, 178,219 (Cations) 
teat, 177 (ead, 219 (Cations) 
ead), 177 (ead) 

Nitrate, se Nivites 
Bitrate), se ates 
npn, 190, 214215 
umbic, eo Lead) compounds 
Plmbous, se Lead) compounds 
Polyunsaturated, 191 
Satorated, 197 
Stet), Suites 
Salat, ce States 
Unsaturated 151 

Compound eyes, 273 

Compound leaves, 24 (250 

Compound miroscope, 5 

Compresion,7 

Compresions (wavs, 35 

Computers 11 

‘Concave lens 52,58 

Concave menses, 53 (Concave lens 

Concave itor, i 

Concentrated 144 

Concentration, 139 
‘Mas, 139 (Concentration) 

Condensation, 30,21 

Condensation polyneization, 200 

Condensation reston, 197 

Condensers 223 
Ueh 220, 223 
Retox, 223 

Condensing ectrscape, 

36 lecroscope! 

Conduction, 
(sect), $6 (Conductor 
‘Thermal ht, 28 

Condetivity, 

‘cecil, 63 

Terma ha), 28,112 
Cunducors, 

(lecicy 56 

Lighning 57 ighning) 

Thermal (hes, 28 (Conduction) 

{Cones es 313 (etna 

Conical Mash, 224 

Conierus forest biome, 232 

Conifers, 340 

Conisntiva, 212 

Connecting neuro see Avocation 


Constant), 113, 368 
Dielectrle, 58 
Gas, 33,113, 1a 
Gravitational (@) 
‘of gravitation, 
Faraday’, 112 
Planck's, 2 
CConstantan, 112 
Constant composition 
Constructive in 


Contact process, 15 
Contour feathers, 267 
Contractile vacuole 
Control grid os 

Control rods, 98 
‘Convection, 28 
Convection current 28 
‘Converging lens, 52 
Converging miro, soe 


Copolymer, 200 
Copper Cu, 112, 149, 15 
W75, 185,211, 202,25 
219 (lame tes, 
Coppert) chloride (sch 
175 (Copper) 
Copper) compounds, 7 
Coppert) oxide (Cu,01 © 
compounds) 
Copper chloride (Cat 
175 (Coppertt 
Copper) compounds 175 
219 (Cations) 


Copperd) sulfate (CuSOy © 
154, 155, 157,175 G 
compounds), 185,217, 
210 (Water) 

asic (CuSO, 3CULOHD,, 
175 (Copper) 


Connective tsue, 280 

Consequent poles, 71 

Conservation of enery, Law of, 
80h, 136, 

Conservation of linear momentum, 
Law of, 13 

“Conservation of mass, Law of, 125 

Constants), 13, 384 

Dielectric, 58 

Gas, 35,113, 142 

‘Gravitational (G), 18 (Newtons law 
of gravitation), 113 

Faradlay's, 13 

Planck's, 8 

Constantan, 12 

Constant composition, Law of, 125 

Constructive interference, 39| 

Consumers, 

Primary/Fist order, 235, 
SecondarySecond order, 235, 
“ertary/Thid order, 235, 

Contact force, 7 

[Normal 7 (Coecient of fiction) 

Contact process, 105 

Contour feathers, 267 (Feathers) 

Contractile vacuoles, 268, 273, 

Control grid oscilloscope, 8 

Control rods, 9 (Fission reactor), 95 

Convection, 28 

Convection current, 28 (Convection) 

Converging lens, 52 

‘Converging miror, ste Concave mir 

‘Conversion (ene), 8), 9 

‘Convex lens, 54, 53 

Convex meniscus, 53 (Convex lens) 

‘Convex mirror, 4 

Convolted tubules (Distal, Proximal, 
301 (Urinferos tubules 

Coolant, 94, 95,144 

Cooling curve, 33 

Coordinate bond, see Dative covalent 
‘ond! 

Copolymer, 200, 

Copper (Cu), 112, 148,158, 165, 172, 
175, 105,211, 212, 217 (Nitrogen), 
219 (Flame test, Cations! 

Coppertt) chloride (CuCh, 

"175 (Copperl) compounds) 
Copper) compounds, 173 
Coppertt)axide (C430), 175 (Copper 

compounds) 


Copper) chloride (CuChy, 
175 (Copper) compounds) 

Coppertt) compounds, 175, 
215 (Cations) 

CCoppertt nitrate (Cu0NO,)), 187 

Coppertto oxide (CuO), 14, 155, 185, 
217 (Nitrogen 

Coppertt sulfate (CuSO, 125, 153, 
154, 155,157, 175 (Copper) 
compounds), 185,217 (Hydrogen), 
218 Water) 

Basic (Cus, 3C4OH)s, 

175 (Copper) 


Copper pyrites(Cuke)s), 
"173 (Copper) 

‘Copper voltameter, 67 (Voltameter) 

Copulation, 313, 

oracoid bones, 269 

Core, 

(elecromagnets), 74 

(ouctear reac), 94 (Fission reactor) 

Cork, sce Pellem 

Cork cambium, so Phellogen 

orm, 263 

Cornea, 312 

Comifed layer, se Stratum corneum 

Corll, 256 (Petals) 

Corpus callosum, 303 (Cerebrum) 

Corpusces, 


‘Malpighian, see Rena corpuscles 

Meissner’ 311 

Pacinian, 311 

Red, sco Red blood cells 

Renal, 301 

‘White, soe White blood cells 
Corpus luteum, 318 (Menstrual eye), 


Comtex, 

‘adrenal sland, 297 

Cereal, 303 (Cerebrum) 

(kidneys, 300 

(ploris), 283 

Renal, see Cortex tks) 

Secondary (pan), 247 (Phelloderm) 
Conti, Organ of, 314 (Cochlear dct) 
Cortisol, see Hydrocortisone 


Cosmic rays, 86 Radioisotope, 
‘8 (Background radiation) 

Costa cartilage, 278 ib cage) 

Cotyedon, 261 

{Coulomb (60,97, 157 


‘Covalent bond, 132 () 
Dative, 132 
‘Covalent bonding, 132-133 
Covalent compounds, 132 1) 
Cavers, 267 
Compers glands, 376 
(CPU, se Cental processing uit 
Cracking, 198 
CatalyiciCat, 198 (Cracking) 
‘Cranial hones, 278 (Cranium) 
Cranial nerves, 302 (Bran) 
Canal reflexes, 309 (Reflex actions) 
Cranium, 278 
{Creamy (precipitate, 145 
Crests waves, 34 
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Crista sina eit, 
240 (Mitochondria) 

Citical angle (6, 51 

Critical length, 251 (Photoperiodism) 

Citcal mass, 93 

(Critical ray, 51 (Critical angle) 

Cita temperature, 5 (Cas, Vapor, 
120 (Gaseous state) 

RO, se Cathode ray oscilloscope 

Crop (ord, ec), 271 

Crosing over (chromosomes), 322 

Cros pollination, 259 

Crown (teeth), 208 

Crucible, 223 

Crude ol, se Petroleum 

‘Crustaceans, 272 (internal gill), 
274 (Antennae! 

Cyolite (Nay ANF), 176 


cysts 135-137 
Scitation, 90 Sciatilaion 
‘eunter 
seed, 135 
ost latices, 136, 137 
rytaline 135 (0 
‘Cysalization, 135, 221 
Water of, 135 
‘ceasing ish, 223 
{Cytalonaphy, Xray 136 
Cable basic esl spe, 136 
Body-cemtered nance 
‘wrangerent, 137 
Face-centered (pice 
aengement 137 
Simple pore arrangement, 137 
‘cable dose packing (ance 
arrangement, 137 
Cub expanchity, 
‘Abolte, sce Real bic expansiity 
‘parent, 32 
eal 32 
cud, 271 Rumen) 
Cope eampounds, ee Copper) 
compounds 
Ccupronikl, 175 
Cuprs compounds, ce Copper) 
compounds 


CCopolae ising. cup), 
315 (Semicireular ducts) 
Curd, 338 Gastric juice) 
Cure (unis), 87, 129 eequerel) 
Curr (Ca), 165, 
Current, Convection, 28 (Convection) 
Current (lectric) 36 W, 60-68, 
96 Ampere), 159 
Alternating a.) 61, 110 
Direct dc), 61 
Eddy, 79 
Current balance, 60 (Ampere) 
Curvature, 
‘Center of), 48,52 
Radius of, 48 
Curved mirrors, 480) 
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Cusp, 285 (Canines, Premolars, Molars) 
Cusp, seo Canines 
Cuticle, 
(ania), 266 
(plans), 243 
atin, 243 (Cuticle) 
Cut, ee Skin 
Cattng, 263 
‘yanocobalamin, 339 (Vitamin 8 
complex! 
yee’, 
‘Carbon, 209, 234 
Cardiac, 291 
nergy, 147 (Hess Iw) 
fe, 236.0) 
‘Menstrual, 318, 537 (FSH, Estrogen) 
(enotion), 16 
‘Nitrogen, 209, 235. 
‘Ovarian, 318 (Menstrual cycle) 
water, 206 
CCycoaftanes, 192 
Cyelohexane, 199, 192 (Cycoalhanes) 
ycotrons, 86 Radioisotope) 
ste duct, 296, 297 (Gall blader 
tokiness, 241, $23 (elophase) 
Ctokinins, 251 (Growth hormones) 
ytoplasm, 238 
Cosine, 324 
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Dalton’ atomic theory, 124 
Dalton’ aw of partial pressures, 143, 
Damping. 16 
Daniell ell, 159 
Darwinism, 297 (Genetic variation) 
Dating (Carbon Radiocarbon), 91, 120 
Dative covalent bond, 132 
Daughter cells, 240 (Cell division) 
Daughter chromosomes, 241 (Anaphase) 
Daughter nucle, 241 (elophase, 
322 (Meiosis) 
Decanting, 220 
Decay (biological, 238, 235 
Desay, Radioactive, 87, 128, 
‘Alpha (a-decay), 07 
Beta decay), 87 
Decay chainseries, 87 (Radioactive 
decay), 128 
Decay curve, Radioactive, 129 
Deceleration, 11 (Acceleration) 
Decibels (48), 42 (Loudness) 
Deciduous, 236 
Deciduous dentition, 284 (1) 
Deciduous forest (home), 232 
Deciduous teeth, 284 
Declination, 73 
Decomposers, 234, 235, 
Decomposition, 162 (Dissociation) 
Double, 155 
Decomposition reactions 
332 (Catabolism) 


Decussate, 250 
Defecation, 295 (Large intestine) 
Detection, Fllscale, 77 (Ammeter) 
Detection system (oscilloscope), 8 
Deforination, 
Hastie 27 
Plast, 25 vield point) 
Descent, 260 
Dehydrating agent, 344, 
Detydeaton, 154 
Deionized, 207 
Deliquescent, 206, 
Delivery te, 223 
Delocallation, 134,137 (Giant 
‘metallic latice) 
DDemagnetizaton, 71 
Demersal, 242 
Dendrites, 304 
Dendron, 304 (Dendites) 
Denitrifyng bacteria, 209, 235, 
Dens, see Dentes 
Density (), 2425, 97, 112, 13, 
22213 
Magnetic fu, 72 
‘Optical, 50 (Snell's law) 
Relative, 24 
Relative vapor, 143 
Suriace, of charge, 57 
Density bottle, 24 
Dente sng dens, 
‘ceth), 204 
(vertebra, 279 
Denticles, 266 
Dentine, 284 
Detiton, 284 
Deciduous, 284 () 
Permanent, 284 
Deorygenated, 290 (Atria) 
Deoxyribonucleic acid, soe DNA. 
Deoryribose, 324 
Dependent variable, 99 
Depolatzing agent, 
‘68 (Polarization) 
Depolymerzaton, 200, 
Derived quantities, 97 
Derived S units, 97 
ermal papillae sing. papilla), 310 
Deemis, 310, 317 
Desatraton, 207 
Desert tiome, 232 
Desiecation, 221 
Desiceator, 221 (Desiceation), 223, 
Destructive dstilation of coal, 
179 Coal) 
Destructive interference, 39 
Detergent’), 202-203, 
‘Biodegradable, 203 
Enzyme, seo Biological laundry 
‘powders 
Nonsbiodegradable, 
205 (Biodegradable detergents) 
Soapless/Synithetic, 203 
Detergent molecule, 202, 205, 
Deitas feeders, 342 


Deuterium (0), 9,6 (sion 
reactor, 167 
Deuterium exide (001, 
167 (Deuterium) 
Desiation, Ange of, 51 
Deatrin, 338 Salva 
Deatrose, see Glucose 
Diamagnetsm, 72 
Diamines 195 
Diamond), 197,178,212 
Synthetic, 178 (Diamond) 
Diaphragm, 
teamer 54 
human), 298, 299 
Diaphysis, 267 
Diastases, soe Amplases 
Diastema (i, dastemata), 270 
Diasol phase, 291 (Cardiac eye) 
Diatomie 124 
Diatonie scale, 47 
Dias, 153 
Dicarbouyic aids, 195 
Dicotyledons, 261 (Cotyledon, 240 
Dietyosome, sce Gol complex 
Dielectric, 59 (Capacitor 
Dielectric constant 58 
Diencephan, 303 
Diesel ol 199 
Diferetiaton, 320 (mbryo) 
Diffraction, 37 
Difraction pattern, 136 ray 
crystallography) 
Dis reflection, 47 
Difsion 5,123, 328 
‘Grahams law of, 5,143, 
Dison cloud chamber, 90 
Digestion, 271,294 
Digestive enzymes, 33 Enzymes, 338, 
Digestive glands 296,338 
Digestive juices, 296 (Digestive 
sands, 238 
Digestive system, 19-295 
Digital, 11 (Loge gates) 
Digital thermometer, 27 
Digigrade, 269 
Digs, 278 
Dilute, 144 
Dimer, 125 
Dimerization, 181 (Nitrogen dioxide) 
Dinitrogen oxide (NO), 725,181 
Dintogen tetroxide (N04) 125,181 
Diode, 65,110, 
pit emiting LED, 65, 110 
Dicecous, 256 0) 
Dil, 197 
Piopters 33 (Power, 
bp. ee Ineination 
Dipenides, 205,339 
Diploid number, 240 (Mitosis, 
124 (Chromosomes) 
Dipoes, 7 (Boman theory of 
magnetism) 
Direct eurent Le 61 
Direct replacement, 135 


‘decay, 128 
Disks, 
Inertebea, 278 
‘Optic, sce Blind spat 
Disk florets, 256 


Upward, 216 Ch 
217 (Oxygen 
Displayed formula, 135 
Disproportionat on. 145 
Dissemination, eo 
Dissociation, 162 
‘Thermal, 162) 
Dissolve, 144) 
Distal, 301 
Distal comoluted tube 
301 (Urnife-ous 
Distilate, 220 
Distillation, 20 
Destructive, 179 Cosh 
Fractional, 220 
Fractional of guid = 
180 (Nirogen), 185 
189 a 208 


(eovaleney, 139 
Ielectrovalency, 137 


Divisions classitiation 
DNA, 258 (Nuckeus) 
Recombinant, 27 
Target, 327 (Geve 
og teeth see Cenines 
Dolomite (Cac, MgcO. 
170 (Magpesism 


Direct symhess, 155. 
Disaccharides, 204 (Sucrose), 339 
Discharge, 66 llonic theory of 
‘lectrlyss, 156 Vonic theory of 
ectrolyss) 
Preferential, 66 onic theory of 
ecteoyss) 
Discharge tube, 80 
Disintegration, 87 Radioactive 
decay), 128 
Disks 
Invertebral, 279 (Vertebral structre) 
Optic, sc Blind spot 
Disk orets, 259 
Dispersal Seeds, 260 
Dispersion, $4 (Color) 
Displacement (chemistry), 158 
Displacement ichysics), 10,34 
Displacement of air, 
Downward, 217 (Hydrogen) 
Upward, 216 (Chlorine), 
217 (Oxygen) 
Displayed formula, 140 
Disproportionation, 148 (Redox) 
Diseemination, e° Dispersal 
Dissociation, 162 
Thermal, 162 (Dissociation) 
Dissolve, 144) 
Distal 301 
Distal convoluted tubule, 
301 (Uriniferous tbls) 
Distillate, 220 


Fractional (lou ait, 
180 (Nitrogen), 183 (Oxygen, 
189,208 a) 

Fractional (of petroleum’ 
Primary, 198 

Disiled water, 207 

Divalent, 

(covaleney), 133, 
(elecrovalency), 131 

Diverging lens, 53 

Diverging mirror, see Convex 

Divided touch iragre's), 71 

Divider, Potentialoltage, 63 

Divisions (classification), 340) 

DNA, 258 (Nucleus, 328 (Nucleic acids) 

Recombinant, 327 (Gene cloning) 
Target, 327 (Gene cloning) 
Dog teeth, seo Canines 
Dolomite (CaCO; MgCO,) 
170 (Magnesium) 

Domains, 71 (Domain theory of 
‘magnetism 

Domain theory of magnetism, 71 

Dominance, 325 (Genes, 326 

Incomplete, 325 

Doping, 65 

Doppler eflect, 41 

Dormancy, 237 

Dorsal, 269 


Dorsal fn, 269 (Median fins) 
Dorsal rot, 302 Spinal cord) 
Dose (radiation, 89 (Dosimeter 
Doximeter, 89 
Double bond, 132, 214 tb and 2) 
Double decomposition, 155, 
Double helix, 324 (Nucleic acids) 
Double pole switch, 64 
Double salt, 154 
Down feathers, 267 
Downs’ cell, 168 
Downward displacement of ar, 
217 (Hydrogen) 
Drag, 19 Terminal velocity) 
Dropping pipette, 225 
Drupe, 262 
Dey eel, 69 
Drying agent, 221 (Desicetion), 344 
D-T reaction, 93, 94 Fusion reactor) 
ucts, 296 (Exocrine glands) 
Cochlear, 314,315 
Collecting, 304 
Common bile, 296,297 (Gall 
bladder) 
‘Common hepatic, 297 iver) 
yi, 296,297 (Gall bladder 
Lachrymal, 313 (Lacheymal glands) 
Left hepatic, 296, 
Nasolachrymal, 313 (Lachrymal 
lands) 
Pancreatic, 296 Pancreas) 
Right hepatic, 296 
Right lymphatic, 292, 293 dymph 
vessel 
Semiciecula, 314, 315 
Sperm, 316 
tenses, 296 
Sweat, 311 (Sweat glands) 
Thoracic, 292, 295 (tymph vessel) 
Wharton's, 296 
Ductile, 23 (ied point, 344 
Duetlity, 344 (Ductile) 
DDuctless glands, see Endocrine glands 
Duct of Wisung. see Pancreatic duct 
Duodenum, 294, 295 (Small 
intestine), 296, 
Dura mater, 303 (Meninges) 
Dynamic equilibrium, 14 
Dynamics, 12-13, 
Dynamo, see Generator 
Dynamo ral, se Fleming’ ight 
hand rale 
Dysprosium 


165, 212 


Faris, 314-315, 
External see Outer ear 
InnerInernal, 314, 515, 
Middle, 314 
Outer, 314 

ar canal, 314 (Outer ear 


INDEX 


ardram, 314 
Early wood, soe Spring wood 
xr osiles, 314 (Middle ear) 
Earphone, 75, 
Eedyss, 277 lana} 
Echinoderms, 265 (Coelom), 341 
Echo, 41 
Fcholocation, 41 (Echo) 
Fcho-sounding, 41 (Echo) 
Eclipse, 46 
‘Annular, 46 
‘nar, 46 (alps 
Partial, 46 
Solar, 46 (flips) 
Total, 46, 
Ecological niche, 253 
Ecological succession, 233 
Ecology, 232 () 
Ecosystem, 233, 234 () 
Ectoplasm, 268 
edaphic factors, 232 0) 
eddy curtent, 79 
fectrs, 305 (Motor neurons, 308 0) 
ferent, 308 
erent arteriole, 301 (Glomerulas) 
erent neurons =e Motor neurons 
erent system, 308-309 
Somatic 308, 
Visceral, sce Autonomic nervous 
Efficiency, 20, 
Eflorescent, 206 
Fort, 20:0) 
Fags), 276 
Cleidoe, 276 (fags) 
Fg cell 258 (Ovals), 320 (Gametes), 
525 (Gamete production, female) 
Einsteinium (6), 165 
Einstein's mass-energy formula, 84 
aculation, 375 (Sperm duct, 
‘319 (Copulation) 
Esti 22 (Eastiity) 
bstcity, 22 
init, 22 
potential energy, 8 
Eastin, 280 (Connective tse) 
Hectical protection, se Sacrificial 
protection 
ectric bel, 75 (eetre buzzer) 
Hectic buzzer, 75 
lectric charge (Q), 56-59, 97 
Hectic current, 56 1), 6064, 
96 (Ampere), 159 
Hectic energy, 9 
Hectic field, $8,105, 107 
lect field lines, 107, 
Flectrie free, 6,105, 107 
Electricity, 36-69, 78.79 
Static, 5657 
ecticity supply, 61 
Electric meters, 77 
Hectic motor, 76 
Electric wind, 57 (Point action) 
Hectrochemicl cel see Cel 
(electrochemisty) 


lectrochemical equivalent Enamel oct), 204 Ethalpy lange of formation, 147 roi), 102-103, 


(67 (Faraday's laws of electrolysis) ——_—Enantiotropy, 136 Enthalp change of fusion, Parallay, 102 
‘ecirochemical series, 159 ‘endocardium, 290 ‘Molar, 16 Eathalpy change of Reading. 103 
Hlectrode, 66, 156 ndocarp, 262 rection), 187 Zero, 102 

‘Active, 66 (Bectrode!, 156 endocrine gland, 297 Enthalpy change of neutralization, 147 Erythrocytes, see Red blood « 

Hydrogen, 158 ‘endoderm, 248 Entalpy change of reaction (AH), 16 Escape velocity, 18 

Inet, 66 Electrode), 136 Endolymph, 314 dane ear) Standard (AH), 146 Esophagus, 294, 2 

Patioum, 150 Endometrun, 317 (Uters), Enthalpy change of solution, 147 Eserifeation reaction, 
ectrodeposition, see Electroplating 318 (Menstrual cycle) Enthalpy change of vaporization, 197 (Condensation reas 
Hectrode potential, 158 Fndoneurum, 305 ‘Molar, 16 Enthalpy change af ters, 195,197 (Condensstin 
Hectrolyis, 66-67, 156-157 Endoplem, 264 reaction), 147 reaction) 

Faraday’ laws of First, Second, Endoplasmic reticulum, 259 Entre (leaves), 250 Estrogen, 336, 337 (FSH, LE 

07,157 Endopteryogotes, 277 (Complete Environment, 232 (CHycHO}, 215.8) 

Ionic theory of, 66, 156 metamorphosis Internal, 335 (Homesstass) thane (3H. 192, 193, 21¢ 
ectrolyte, 66,156 Indascopes, 51 Environmental chemitry, 206-210 thane-1 2-197 
Hectrolytic capacitor, 58,110, Endoskeleton, 266 1) Enzymes), 161, 205,239 (Lysosomes, Ethanedioic acid (COOH: 
ectrolyic ell, 66,156 Endosperm, 258 (Fertilization) 261 296 (Digestive glands, 333, 338 Ethanoie acid (CH,COOH, © 
Flectromagnetic energy, 9 (Electric Endothelium, 288 () Digestive, 383 Enzymes), 328, 195, 197, 2157) 

‘emrgy Endothermic reaction, 146 Respiratory, 533 (Enzymes) ethanol (HOM, 141, “91 
Hlearomagnetic force, 6 End point, 222 (Volumetic analysis) ‘zyme detegens, = Biological 214 (a), 216(Bthens), 222 
lectromagnetic induction, 78-79 Energy, 89, 97, 146147, 208-208, laundry powders ethene (CaM) 140, 190,188 
ectromagnetic potential energy, 8 330 332-335 Ephemera, 236 200, 201 olythens) 2 
Electromagnetic spectrum, 44, 113 Activation, 160 picarp 262 (0 ther extraction, 221 Golven 
Hlectromagnetic waves, 34 (), 44-45, Atomic, 84-85, Fpidemis, ‘extracton) 
tlectromagnetisn, 74.76 Binding (3, 38 humans), 310, 377 Ethyl acetate, se Et! ethan 
Hlectromagnets, 75-76 Bond, 146 ‘plans, 243 Ethyl aleobol, se Euhanel 
Hlectromotive force (ens), 60, 159 Chemical, 29 ids (epididymis), 316 Ethylene, see Ethene 
ectrons), 80-81, 83, 85 eta taste potential, 8 pipe, 260 Etiylene glyco, see Ethane 4 

articles), 07 (Beta decay 08-90, Hectic. 9 pigoti, 294 (Pharyne, 298) Eyl ethanoate (CH,COOM 

113, 125, 128 (Bela particle) Electromagnetic, 9 (Electric energy) __pigynous flower, 257 195, 197 

Valeney, 130 Flecomagnetic potential, 8 Epimysium, 283 Eye (CM), 194, 214 
lectron configuration, 127, Grovitational potential, & Epinepivin, soe Adrenalin aurea can, 24 
lectronegatvity, 133 Heat, 9, 28-32 Epineuriom, 105 Europiam Eu), 164, 212 
lectron gun, 00 Internal, 9 Epiphytes, 42 Eustachian tbe, 114 
‘ectron multiplier, 90 Kinetic (KE), Epithelium, 310 (Fpidermis) Eutrophication, 200 
lctron pais, 132 0) aw of conservation of, 146 uations, 98, 1400), 141 Evaporation sin, 223 
‘ectron shells, 83, 125, Magnetic 9 Balanced, 141 Evaporation, 30,121 
lectron tube, 80 (1) Mechanical, 9 ‘General gastdeal gas, ¥3, 142 Evergreen, 236, 
ectyon vot (eV), 84 ‘Molecular potential, 8 lonie, 181 Excretion, 273, 300 () 
‘ecrophorus, 57 Nuclear, 84-65, Nuclear, 92, 95, 128 Exhalant siphon, 272 ‘Spex 
Eletroplatng, 67,157 Nuclear potential, 8 ‘Symbol, Exhalation sce Expiration 
ectropostve, 123 (Electronegatity) Potential (PE), 8, 196-107 Word, $8, 141 Exocrine glands, 296 
Hectro-tefining, 67, 157 Radiant heat, 29 Radiation) equation of state, soo Ideal gas xodermis, 245 (Pliferous lew 
Hectroscope. 56 Rotational kinetic; 9 (Kinetic energy) equation Exopteryqotes, 277 (Income 

Condensing 56 (Hectoscope) ‘Strain soo Baste potential energy qustion of uniformly accelerated metamorphosis) 

Gold ea, 56 (ectroscope) ‘Thermal, sco nteral energy ‘mation, 11 Exoskeleton, 266 

Pulse Wl), 89 ‘Translational Kinetic, 9 (Kinetic Equator, Magnetic, 73 Exothermic reaction, 166 
Hlectrostati force sce Kctric force ‘energy! uli, 15, 162 Expansion, 32 
Electrostatic induction 57 Vibrational kinetic, 9 Kinetic energy) Chemical, 163 ‘Anomalous, 32 
lectrostatis, First hw of, 56 Wave, ‘Dynamic, 15 (Equiibium) xpanssity, 32) 
lectrovalency, 131 Energy cle, 147 Hes’ law) inca, 15 ‘Absolute cubic, sx eal a 
Elements) 4, 122, 164-165, 212 Energy level Neutral, 15 expanshity 

Trace, 351 Minerals) {ctoms), 83 (flectron shes) Rotational, 15. Apparent cubic, 32 
vent, 221 (Chromatography) {ecology see Trophic level Stable, 15 Real cubic, 32 
ytra (sng elton), 266, nergy level dageam, 146 Stati, 15 guilibism) Expiration, 299 
Embryo, 250), 276, ergy state, 88 ‘Thermal, 28:0) Exponential notation, 108 

319 etilization), 320 Engine, Unstable, 15 Extensors, 282 Sheetal mance 
Embryo sac, 258 (Ovules), et 13 Equilibrium postion, 163 External auditory tana, = 

5323 (Gamete production, female) Rocket, 13 quipotental, 58 External beam raotherapy 
Ent, soe Electromotive force Enteric canal, ee Alimentary canal IR see ndoplasmnie reticulum External ear sce Outer 22> 
Fnitter, 65 (Transistor) Fnterocrini, 336 Rough, 219 (Endoplasmic reticulum) External fetliation, 25 Ove 
{mpitical formula, 140, Enterokinase, 334 (Intestinal ce) Smooth, 239 (Endoplasmic reticulum) External gills, 272 
Emulsfication, 338 (ile) Enthalpy (Hi, 146 Erbium), 165, 212 External jugular veing 290 


Emulsion, 145 Enthalpy change of combustion, 147 Erect tisue, 316 (Penis, 317 (Vulva) Taternal respiration, 298 


rons), 102-108 
Parallax, 192 
Reading, 103 
Zero, 2 
Erythrocytes, se Red blood cells, 
scape velocity, 19 
Esophagus, 294, 295 
‘terication reaction, 
'97 (Condensation reaction) 
Esters, 195,197 (Condensation 
reaction) 
fstrogen, 336, 337 (FSH, LH)Ethanal 
(CH,CHO}, 215(5), 
thane (Hy), 192, 193, 2140) 
ethane-1 2diol, 197 
Ethanedioie acld (COOH),), 150, 195 
thanoic acid (CH,COOH, 150, 151, 
195, 197, 2150) 
thanol(CH,OH), 141,191,196, 197, 
214 (a), 216 (Ethene), 222 
Ethene (C4, 140, 190,195, 198 
200,201 Polythene), 214 (2), 216 
Either extraction, 221 (Solvent 
extraction) 
Fthyl acetate, see Ethyl ethanoate 
Fthyl alcoho, see Ethanol 
Ehyene, see Ethene 
Ethylene glyco, see Ethane-1,2-iol 
Ethyl ethanoate (CH,COOH,CH,), 
195, 197 
thyme (CH), 194, 214 3) 
eureka can, 24 
Europium (Ey), 168, 212 
eustachian tobe, 374 
Eutrophication, 210 
Evaporation basin, 223. 
Evaporation, 30,121 
Evergreen, 236, 
Excretion, 273, 00 () 
"xhalant siphon 272 (siphon) 


Exodermis, 45 Pilferous layer) 
xopteryoqotes, 277 (Incomplete 
metarorphosis) 

Exoskeleon, 266 
Exothermic reaction, 146 
Expansion, 32 

‘Anomalous, 32 
Expansivity, 32 0 

‘Absolute cubic, se Real euble 

cexpansivity 

‘Apparent cubic, 32 

Real cubic, 2 
Expiration, 299 
Exponential notation, 109 
Extensrs, 282 (Skeletal muscles) 
External auditory canal, see Ear canal 
External beam radiotherapy, 27 
External ea, see Outer ear 
External fertilization, 276 (Oviparous) 
External gills, 272 
External jugular veins, 290 
External respiration, 298 () 


external urinary sphincter, 300 (Bladder) 
awinsic eye muscles, 313, 
yen) 12313 
Compound, 275, 
fyeball 312 9) 
ye muscles 
Extrinsic, 313 
Intrinsic, 312 (Citar body) 
Eyepiece lens, 
(microscope, 54 
telescope), 55 
ye teth, sce Canines 


Face-centered cubic (article 
rangement, 137 
Facet, 
(bones), 279 
(compound eyes), 275 
Facial bones, 278 (Craniarm) 
Fahrenheit scale, 27 
Fallopian tubes, 317, 319 (erlization) 
False frit, 262 1) 
False ribs, 278 (Rib cage) 


Farad (F, 59,97, 
Faraday (F157 
Faraday’ constant, 113 
Faraday’ iron rng, 78 (Mutual induction) 
Faraday’ law of induction, 78 
Faraday’ laws of electrolysis (First 
Second), 67, 157 
Fascices, 
(rnuscles), 283 (tiated muscle) 
(verve), 306 
Fast reactorFast breeder reactor (FBR), 95 
Fats, 204 (), 205 (pid), 293 (Lymph, 
295 (Small intestine), 330,331, 330 
Fatty acid, 330 ats, 338 Pancreatic 
Feather), 267, 
Contour, 287 (Feathers) 
Down, 267 
Flight, oc Remiges 
Primary, 267 Remiges) 
Secondary, 267 Remiges) 
Feather oles, 267 
Feces, 295 (Large intestine) 
Feedlack, 335 Homeostasis) 
Negative, 335 Homeostasis) 
Feedstock, Chemical, 199 
Femoral arteries, 209 
Femoral veins, 269 
Femur, 278, 260, 261 
Fenestra ovals, see Oval window 
Fenestra rotunda, see Round window 
Fermentation, Alcoholic, 197 
Feemium (Fm, 165 
Ferre compounds, see ron) 
compounds 
Ferromagnetic, 70 
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Ferrous compounds se rot) 
‘compounds 
Ferrous sulfate, se rol sulfate 
Fertilization, 320 Sexual reproduction) 
(animals), 276 
External, 276 (Oviparous) 
lowering plans, 258 
(humans) 319 
Internal, 276 Viviparous) 
Fertilizers, (82,210 (Eutrophication) 
Fetus, 319 Pregnancy) 
Fiber’, 
Carbon, 179 
‘Mase, 283 (Seated muscle) 
ewe, 304 
Optical, 51 
(ant), 243 (xylem 
roughage), 208 @), 331 
ibis, 283 (Striated muscle) 
Fibrin, 287 (Clotting) 
Fibrinogen, 287 (Clotting) 
Fibrous roots, 245 
Fibula, 278, 281 
Fields), 108-107 
lect, 58), 105, 107 
Foree, 6, 104-107 
Gravitational, 104, 106 
Magnetic, 72-73, 105, 107, 
Feld direction, 104-105 
Field effect transistor iymboo, 
m0 
Field intensity, 106-107 
Fel lines, 6 Force field), 106-107, 
Hectie, 107 
Gravitational, 106 
Magnetic, 72, 107 
Field windings (electric moon, 76 
Filament 
Gill 272(nteral gill 
igh ll, 64 
enascles), 283 (tiated muscle) 
(plants, 257 (Stamens) 
Filament lamp, 64 
Fil (aera), 54 
Film badge, sec Desimeter 
Fi 


Filtering, 220 
Filter paper, 223, 
Fitate, 220 
lomerut, 301 (Glomeruae filtration) 
Fitration, sce Filtering 
Glomerular, 301 
Fimbrie, 317 
ishing. see Fitting 
Finis, 269 
‘Al, 269 (Median fins) 
Cauda. 269 (Median fs) 
Dorsal, 269 (Median fis 
Median, 269 
Paired, 269 
Pectoral, 269 (Paied fis) 
Pelvic, 269 (Paired fine) 
Ventral, 269 


First law of electrostatis, 56 
First law of magnetism, 70 (Poe) 
First meiotic division, 322 (Meiosis) 
First arte consumer, so Primary 
First order sensory neuron, 306, 109 
First polar body, 323 (Gamete 
production, Female) 
Fh, 26 (Amadromous), 266 (Scales, 
269, 272, 275 Lateral lines), 381 
Fs, 2 dnduced fission, 
129 (Nuclear fission) 
Fesion, trary, 240 (Cll division) 
Fision, Nuclear, 35, 92-93, 94-95, 128 
Induced, 
Spontaneous, $2 
fision bomb, 93, 
Fision fragments, see Fsion products 
Fesion sion bombs, 93 (Fusion bomb 
Fesion neutrons, 92 (Nuclear fission! 
Fission products, 92 (Nuclear fission’ 
Fission reactor, 94 
Fiting 202 Saponification) 
Fixed joints, 280 () 
Fixed macrophages, 286 (White blood 
cells) 
Fixed point (Lower, Upper, 26 
Fagella sing agellom), 268 
Flagetate, 266 (lagela) 
Flame, 208 
tuminows, 208 
Non-uminous, 208 
Flame cel, 273 (Nephi 
Flame tests, 219, 222 
Flasks, 224 
‘Buchner, 220,224 
Conical, 224 
Flat-botomes, 224 
Round-botamed, 224 
Vacwur,29| 
Volumetric, 228 
Fat col 
Fleming’ righthand rule, 78 
Flexion, 202 (Skeletal muscles 
Flexor, 282 (Skeletal muscles) 
Flight feathers, sce Remiges 
Fl, 177 Silicon dioxide) 
Floating ibs, 278 Rib cage 
Foceulent(oreciptate), 145 
Forts, 259 Flowerhead) 
Disk 259 
Ray, 259 
Forigen, 251 Photoperidism) 
Flotation, Principle of 25 
Flowers), 256-259 
Bel, 259 
‘Composite se Howerhead 
Epigynous, 257 
Hypogynous, 257, 
tipped, 259, 
Pea, 259 
Perigynous, 257 
Spurted, 259 
Fowerhead, 259 


Flowers of sul, 188 

uid, 120 
‘Amuiotic, 276 (Amnion), 319 
Cerebrospinal, 107 
Interclialartterstiia, sco 

“Tissue uid 
Peticardial, 290 ) 
Plewal, 298 (Meura) 
‘Seminal, 319 (Copulation) 
Tiewe, 292 

Fsrescence, 45 

Foorescent tube, 80 (Discharge tube) 

Fores, 126 

Florine (FF), 130,185, 186, 212 

Fluro group (F195, 215 1) 

Fluorocarbons, 1265 

Fuorospar (Ca,), 186 (Fuori) 

Flux density, Magnetic, 72 

Flu ins, se Field fines 

Foam, 145 

Focal length (48, 52 

Focal point, se Principal focus 

Foliage, 248) 

Folic acid, 339 (Vitamin B complex) 

Follicle, 

Feather, 267 
‘Graafan, 317 (Ovarian follicles, 
318 (Menstrual eye) 
Mai, 311 
‘Ovarian, 317, 537 (FSH, LH, Estrogen) 

Follicle stimulating hormone see FSH 

Foods, 204-205, 330-331 
‘Accessory, 208 (), 330) 

Food chains, 234 (Food web) 

Food vacuole, 268 

Food web, 228 

Foramen (pl. foram, 

Invertebral, 279 
Vertebral, 279 Vertebrae) 

Forces) 67, 97, 108-107 
‘Centrliugal 1 (Centripetal) 
CCentrpetal, £7 
Compression, 7 
Contact, 7 
Hectic, 4,105, 107 
Hectromagnetic, 6 
FHectramotive em), 60, 189 
Hectosatic, se Hectre force 
Frictional, 7 
Grevitational, 6,104, 106 
Ivermolecular, 7,134 (an der Waal” 

forces) 
tic frictional, 7 
Limiting. 7 (State fictional force) 
Lines of, se Field lines 
Lorente, 76,77, 
‘Magnetic, 6,105, 107 
Newtons third law, 13 
[Normal contact, 7(Coeicient 
‘of fietion) 
Nuclea,7, 
Resultant, 6 
‘Sliding Fetional, ses Kinetic fetional 
force 


Forces (cont'd) 
‘Stati frictional, 7 
Tension, 7 
Tumiog, 14-15 
‘Van der Wan, 134 
Force fed, 6, 109-107 
Forced osciltion, 17 
Foreskin, 376 
Forest (bicmes), 
Coniferous, 232 
Deciduous, 232 
Tropa, 232 
Formaldehyde, see Methanal 
Formalin, 14 
Fomation,Enthapy change off 
Meat of, 147 
Former (lecromagpe's), 74 (Col) 
Formic acid, soe Methanoic acid 
Formula (pl formulas), 140, 226-227 
“dimensional structural, 2 
Stereochemical formla 
Displayed, 140 
Einstein's mass-energy, 24 
Epiical, 130 
Fal structural, se Displayed formula 
‘General, 191 (Homologous series) 
tenalmiror, 49 
Molecular, 140 
‘Shortened structural, 140 
Stereochemical, 140, 
131 (tereochemistry) 
Formula mass, Relative Formal weight, 
‘se Relative 
‘molecular mass 
Forward biased, 65 (Diode) 
Forward reaction, 162 
Fos fuels, 208 Fuel), 228 
Fovea/Fovea central, 313 (Macula 
Tutea) 
Fractional distilation 220 
Fractional dsilation of quid alr, 
180 (Nitrogen), 183 (Oxygen, 
189 (0), 208 0) 
Fractional dsiltion of petroleum, see 
Primary dsilation 
Fractionatng column, 183, 
190 (Primary distiation, 
220 (rectional disiiation), 228 
Fractions petolcum distillation), 198 
Heavy, 198 (Fraction) 
Light, 198 (Fraction) 
Fractions (ais), 96 
Francium (Fr, 16s, 168,212 
Frasch process, 184 
Free fall, 19 
Free oscillation, sce Natural oscillation 
Srwering, 30, 121 
veering point, 30 (Freexing), 
121 Freezing) 
Freon (CCF), 195 
Frequency (16,35, 97, 
eat, 42 (Beats) 
Fundamental, 43 (Modes of vibration) 
‘Natural, 17 (Natural oseillaton) 


juice), 359 
Fruit, 262 
False, 262 1) 
Key, see Samara 
Trve, 262 
si 236 
FSHRFFSH rokasing 
536 tRegutting 
Fuel, 208 
Fossil, 208 (Fuel, 255 
Fuel ol, 199 (Residue 
Fulcrum, 14 1, Moment 
Fallerenes, 179 Bu 
Fall scale deflection 2 
Full structural formals 
formula 
Fallwave rectification 6S 
Fume cupboard, 222 


115 (Contact process 
Functional group, 190 


Funicle, 257 (Ovares) 
Funnels), 224 
Buchner, 220, 224 
Fer, 228 
Separating, 224 
Tap, 224 
Thistle, 225, 
Fuse (elec), 67 
Fusion change af sate), 129 


=e 
erie 
nat te seat 
— 
ee 
en 
ty, 


G 


Gadolinium (Ga, 165,212 
Gain fscllocepe cert 2 
Galactose, $38 intestinal julce 
339 (Monosaccharides) 
Galena (PLS) 177 (Les) 


Friction, soe Frictional force 
Coeficient of, 7 
Frictional force, 7 
ineticiding 7 
State, 7 
Fructose, 208 (Sucrose), 338 (otestinal 
juice), 339 (Monosaccharides) 
Frit, 262 
Fale, 262 (t) 
Key, sce Samara 
True, 262 0) 
FSH, 336 
FSHREFSH releasing factor, 
336 (Regulating factors) 
Fuels, 200 
Fossil, 208 Fue) 234 
Fuel ol, 199 Residue) 
Faleram, 14, Moment), 21 (Lever) 
Fullerenes, 179 (Buchminserullerene) 
Full scale deflection, 77 Ammeter) 
Full structural formula, sce Displayed 
formula 
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(CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


Each unique combination of electrons and protons represents one of the chemically distinct 
elements. Each element has its own particular chemical characteristics, and cannot be further 
subdivided by conventional chemical or mechanical means. Toward the end of the periodic table, which 
arranges all the known elements into meaningful rows and columns, you'll start to find some exceptions 
to the shell symmetry. These heavier elements, however, don’t usually turn up in most electronics labs, 
so we'll not be spending a lot of time there. 

Individual atoms can combine into more complex structures called molecules. One popular 
molecule is water, which is made up of two hydrogen atoms and one oxygen atom. Each of the hydrogen 
atoms has a single electron. The oxygen atom has eight electrons. The first two electrons in the oxygen 
atom occupy the first shell, leaving six electrons in the next outer shell. That leaves two “open” places in 
the second shell, which is where the two electrons from the two hydrogen atoms come into play. The 
electrons are shared by the three atoms, linking them all together and forming a covalent bond. Water 
has vastly different physical properties than either hydrogen or oxygen. 

It’s also possible to bump an electron out of orbit around a nucleus. When this happens, the atom 
becomes an ion and is electrically positive. This makes it especially attractive to any loose electrons 1 
happen to be in the vicinity. This is because electrons are negatively charged, and in the case of elect 
charges, opposites attract. This movement of electrons is how an electric charge flows through a 
substance. 

Some materials are very good at slinging those electrons around, and as such are called good 
conductors of electrical energy. Examples of good conductors are copper and silver. Some materials 
resist the flow of electrical charge, and can be used as insulators. 

‘An important concept to understand about the flow of electricity is that it is based on the 
movements of tiny, negatively charged particles. referred to as the flow of electron current, but this 
term is rarely used. For some reason, the more popular, or conventional, idea of electric current flow is, 
from the more positive point to the more negative point in a circuit. This is referred to as conventional 
current and is the standard used throughout this book. 

‘The fairies and the dragons come into the picture when you start to look any deeper into how the 
building blocks of matter are actually (or allegedly) constituted. The previous quick summary of how 
electricity works covers less than 1 percent of the physics needed to understand even how basic atomic 
principles operate. Even then there are various schools of thought as to how, exactly, all that tiny stuff 
works together to produce rainbows and cousins and moon rocks. A proton, once thought to be an 
indivisible elementary particle, is now thought to be built out of a “down” quark and two “up” quarks. 
‘There are also “strange” and “charmed” quarks flitting about, along with an entire pantheon of 
mythological particles. Go figure. 

‘Now all of that fascinating information only scratched the surface of how electricity works. 
Electricity does a lot of work for us. We use it for lighting, heating, motion; just all kinds of things. 
Electronicsis where we start to get into some really bizarre physics involving semiconductors, 
transistors, computer chips, and other miracles of the modern age. Explaining even the basic ideas 
about how electronics works is way beyond the scope of this little book. I's certainly possible to learn 
and understand it, but for the purposes of setting up a lab and building some example projects, we can 
just assume that it does indeed work. We can start from there and have some fun with it 

Ifyour curious mind just can’t stand not knowing how electronics works, the interwebs are your 
friends, and so are the helpful folks at your local library. 
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Sypoval, 280 (Synovial sae) 
Joule), 80,97 
Tugular veins sternal Interna, 290 


2336 (Secretin, PZ 


(animals), 269 
(plans, 259 (Pea 
Keepers magnets, 72 
‘demagnetization 
elving 1k, 27 (Absolute 
scale) 96, 143 
temperature seals) 
Keratn, 267 (Feathers 
comeuen), 37° (Hak 
Kemel, sce Grain 
Kerosene, 199| 
Ketones, 19, 21516) 
ey ful, see Samara 
Kidneys, 288,228,300 
Kilogram (hy), 96 
Alojoue 148, 333 
Kinematics, 10) 
Kinetic energy), 9 
Kinetic friction, Coeficsn 
7 (Cocficent of 
netic frictional force > 
Kinetic theory, 5,128 
Kingtoms, 330 
‘Animal, $40, 381 
Plat, 340,387 
KirchhoF’s laws, 62 
neecap, se Patella 
il, 270 iter feeding 
Krypton ke), 165, 103, 
Krypton fue (key 1a 
shell 83 (Electron salle 


Labeling 91 Radivactve 
tracing), 129 
Labia sing. labia, 
(humans) 317 (ule 
(insect) 271 
Labor, 319 (Pregnancy) 
abrum, 271 
{achrymal canals, 313 
lands) 
Lachrymal ducts, 213 (Lachowst 
lands) 
tachynal ands, 313 


Iuice, 
Digestive, 296 (Digestive 
lands), 338, 
Gastric, 337 (Gastra), 338, 
Intestinal, 337 (Enterocrini), 338 
Pancreatic, 297 (Pancreas, 
336 (Secret, PZ}, 338 


K 


Karyokiness, 240 (Cell division 
Karyolyriph, see Nucleoplasm 
KE, oe Kinetic eneray 
Keel, 
(animals), 269 (Pectoralis muscles) 
(plants, 259 (Pea Mower) 


Kelves 27 (Absolute temperature 
scale), 96, 143 (Absolute 
temperature scale 

Keratin, 267 (Feathers), 310 ‘tatu 
‘omeum, 311 (Mair flies) 

Kemel, se Grain 

Kerosene, 199 

Ketones, 194, 2756) 

Key fults,see Samara 

Kidneys, 283, 280,300 

Kilogram ky), 96 

Kilojoule i), 140,333 

Kinematics, 10 (D 

Kinetic energy (KE), 9 

Kinetic fiction, Coeticient of, 

7 (Coefficient of fetion 

Kinetic fictional fore, 7 

Ninetic theory, 5, 123, 

Kingdoms, 340 ( 

‘Amal 340, 381 
Plant 340, 361 

Kirchhos laws, 63 

Kneecap, se Patella 

Keil, 270 ter feding) 

Krypton kr), 165,189, 212 

Krypton fluoride (KrF), 189 (Krypton) 

K-shel 83 (Eleeron shell) 


Labeling 91 Radioactive 
‘wacing), 129 
Labia ing. labium, 
(humans), 317 Yuva) 
insects), 271 
Labor, 319 (Pregnancy) 
tahun, 275 
Lachrymal canals, 313 (Lachrymal 
lands) 
Lachryal ducts, 313 Lachrymal 
sands) 
Lachrymal dads, 313, 


tactase, 338 lntestinal juice) 
Lacteals, 293 iLymph vessel, 
295 (Small intestine) 
Lactic acid, 334 (Oxygen debt 
‘actogenic hormone, 336 
{ictoe, 338 (ntestinl 
339 (Disaccharides) 
Lacunae sing. lacuna}, 281 (Bone) 
Lamelze sing, lamella), 
(bone) 281 (Compact bone} 
Gill 272 dnteenal gil 
amina leaves), 248 (0) 
Langerhans, lets of, 297 Pancreas) 
‘Lanthanides, 173 (Lanthanum) 
Lanthanum (La), 22, 164, 173, 212 
Lanthanum oxide 3,0,), 
173 (Lanthanum; 
Large intestine, 294,295 
{anv (ol larvae), 277 
tary, 275 (Syeine, 298 
Latent heat (30, 31, 146 Enthalpy 
‘change of reaction) 
specie), 30 
Latent heat of fusion, Specific, 3 
146 (Ethalpy change of reaction) 
Latent heat of vaporization, Speci. 
31,146 (Enthalpy change of 
reaction) 
Lateral, 244 
Lateral bud, sce Axilary bud 
Lateral inckors, 285 
Lateral inversion, 47 Plane miro) 


, 


5,245 (Tap root) 
Late wood, see Summer wood 


Giant metalic, 137 
Molecular, 137 
Laughing yas, see Dinitrogen oxide 
Laundry powders, 203, 
‘Biological, 203 (Laundry powders 
W 
‘Avogadro's, 143 
Boyle's, 33, 142 
(chenisy, basic), 125 
Daltons, 143 
Faradays (clecrobis), 67,157 
Faraday’ induction), 78 
Gas 33, 142-183 
Gay-tussac's, 143 
Graham's 5, 183 
Hess, 147 
Hoole’, 22 
Kirchhot's, 63 
Lena’, 78 
Mendel’, 326 
Newton’, 12-13, 18 
Obs, 62 
Presse, 33,142 
sells, 50 
Tied gas, seo Pressure law 


12, 


INDEX 


Law of conservation of energy, 8, 146 
{aw of conseration of linear 
‘momentum, 13 
Law of conservation of mass, 125, 
Law of constant composition, 125 
\w of difusion, Graham's, 5, 142 
Law of electrostatics, Fist, 56 
Law of gravitation, Newion’, 18, 
Law of independent assoruvent, 326 
{aw of induction, Faraday’, 8 
{aw of magnetism, Fst, 70 (Pole 
{aw of multiple proportions, 125, 
law of part pressures, Dalton’ 143, 
Law of segregation, 326 
Law of volumes, 33, 142 
Laws of electrolysis, Faraday’, 67, 157 
Laws ofmotion, Newton's, 12:13 
Laws of reflection of light 47 
Laws of refraction of iht, 50 
Lawrencium also bw), 165 
Layers) (plant issue), 
‘Abscision, 249 
Palisade, 
Pilferous, 285 
spongy, 288 
Layer) kin, 
‘Corified, see Stratum corneum 
Granular, see Stratum granulotum 
Horny, see Stratum cormeem 
‘Malpighian, see Stratum base 
Subcutaneous, 310, 311 
Lead (Pb), 112, 165,177, 178,210, 
211, 212, 219 Flame test, Cans, 
222 (Gravimeteic analysis) 
Lead) compounds, 177 Lead, 
218 (Cation 
Lead ethanoate, 218 Sulfide anion) 
Lead hydroxide PIOM)!, 
167 (ybroxide) 
Lead iodide Pb, 135 
trate PbNO);) 155, 
‘oxide P40), 177 (Lead) 
sulfide, see Galena 
Lead) corapounds 177 (Lead) 
Lead) oxide (PHO), 177 Lead) 
lead-acid accumlator 69, 150, 159 
Leatets, 248 0), 250 
eat sear, 249 (Abscssion nye) 
Leaf trace, 289 
Leaves, 248-250 
‘Compound, 248 (0), 250 
Scale, 263 (Gul) 
Simple, 248 
tLe Chateler’s principle, 163 
Lecithin, 339 (Vitamin 8 complex) 


LED, sce Light emiting diode 
Lesthand ele, Fleming’, 76 
Legume, 262 
Leguminous plants, 235 (Nitrogen, 
ration) 

Length 0), 96 

Focal 48, 52 

lrmeasurement 0, £00 


esses) 52) 
‘Achromatic, 54 (Spectrometer), 
55 (Chromatic aberration) 
Concave, 52,33, 
Converging, 52 
Conver, 52,53 
Diverging, 53 
(eye, 312 
Eyepiece, 54, 55 
Objective, 51, 55 
Projection, 55 
tens assembly (camera), 54 
{Lens formula, see Mirror formula 
entices, 287 
Lena's aw, 78 
Leslie's ce, 29 
Leucocyes, seo White blood cells 
Lecopiss, 240 (Pastis) 
ever 21 
Ley ar, 59 
Us a6 
AHREILI releasing factor, 
326 (Repulating factors) 
ichens, 342 Adutualise) 
Lieberkha, Crypts of see lnestinal 


Ligaments}, 200 
‘Ovarian, 317 
Periodontal, 284 (Root) 


Suspensory, 312 (Len) 
Light, 46-58, 
Laws of rection of, $7 
{Laws of eraction of, 50 
Principe of every of, 49, 50 
Reflection of, 47-49 
Speed of, 113 
Visible, 45, 54-55 (Color, 113 
Light dependent resistor (bol 
fon, 10 
Light emiting diode (LED), 65, 110, 
LUght fractions (petroleum), 
198 (Fraction) 
Lightning, 57 
Lightning conductor. 57 (ightning) 
Lignin, 283 (Vessels) 
ignite, 179 (Coal) 
Limestone, 171 (Calum 
carbonate), 174 
Limewater, 171 (Calcium hydroxide), 
218 (Gases) 
Limit 
Hastie, 22 
Proportina, see Limit of 
propertonaity 
Limiting force, 7 (State Fretional force) 
Limit of proportionality, 22 (Hooke's 
hw), 27 
sear (alec, 133, 
linear acceleration, 14 () 
Linear coeficiet of expansion i, 
32,112 


Linear equim, 15 

Lincae magiiation, 89 

Linea momenta, aw of 
conseration of 13 

Linear motion, 19 

Lines of fadoree, se Field fines 

Lingual, 307 

Lingual ton, 293 Tosi) 

Lipase 338) 

Gastric 838 (Gastric juice) 
Pancreatic, 330 Pancreatic juice) 

Lipid, 205 

Upped lower, 259 

tiuefaction, 121 

iquefied petroleum gas PC, 
199 Refinery wa) 

Liuid ar, Fractional distillation of, 
180 (Nitrogen, 183 (Oxygen, 
189, 208.0) 

Liquid nhs thermometer, 26 

guid eitropen, 189 Nitrogen) 

Liquid state, 5,120 

Liter, 101 

Lithium 4, 164,168,180, 
219 Flame tet) 

thi chive (iC, 160 thom) 

Litho hydroxide (GOH, 168 

Lithium nde (UN), 180 

Lithophies, 342 

tits, 152 

itor 342 

iver, 269, 2 

tos, 20 

‘sce, 20 
tobe 

“Anterior (itary sland, 297 

{leaves 250 Lobed) 

Alves, 396, 297, 

Poxtrior(ituitary gland, 297 

Lobe (eves, 250 

toca action, 68 

Locomotion, 268i 

toca, 125 

Loge gates, 111 

tome pl eros, 133 

Longitudinal waves, 35 

Lang-night pnts, 

251 (Photoperiodivm) 
ong pera enn rou), 
164 Period) 

oop af Henle, 301 (Urniferous tubules 

Locentz free, 75,77, 

tous, 42 

Loudspeaker, 76,110 

Lower animal, 268) 

{ower fixed point, 26 Fixe point) 

Lower motor neuron, 306, 309 

set a3 (Electron shel 

Labrcating ol, 199 

lumbar. 278 Lumbar vertebrae) 

Lumbar vertebrae, 278, 

Luminous fame, 208 

Luminous intensity 96 

usar etpe, 46 Een) 


140,297 


tung books, 273, 
Lungs, 229,298, 
Lteiniang hormonehtuteotopin, 
veo tt 
teem, 165,212 
Lymph, 293 
{ymphatics, 29: tymph vessel 
‘ymphate dct, Right, 292, 
293 tymph vessel) 
‘ytophatc organs, see 
yeh organs 
tymphatic system, 293 
‘ymphatic te, see Lymphoid tisue 
tymphatic vessels, see Lymph vessels 
‘ymph capillaries, 293 (ymph vessel) 
‘ymph glands, se tnph nodes 
Aymph nodes, 293 
‘ymphocyts, 266 (White hlood cell), 
295 tymphoid organs) 
Lymphoid onans 293 
Lymphoid tissue, 293 (typhoid 
nga) 
tymph vessels, 293 
Lysosomes, 239 


mM 


Males 314 (Mile cae 
Malpighian eoepusces 
Renal corpncet 
Malpighian layer, 522 
Malpighian tubules 
265 Memacosl. 273 
Matas, 336 resin fs 
‘Maltese cross ube 80 
Male, 30 Pancreatic 


Machine(s), 20-21 
Perfect, 20 
Macrohabitat, 232 (Biome) 
Macromolecul, 125, 
‘Macrophages (Fixed, Wandering, 
286 (White blood ells) 
Macula (pl, maculae), 315 Saccule) 


Macula lutea, 313 ‘Mammals, 269 Petra 
Maggot, 277 (Lana) 271 (Rumen), 272 
Maglev train, *5 ‘Mammary lands, 79, = 
Magnesium i), 112, 130, 148, Mandible), 

749, 164,170, 207,211, 213, (arthropods, 271 

219 (Cations) (bias, 267 
‘Magnesium carbonate (MgCOs), 155 humans), 278 
‘Magnesium chloride (MgC), 155, Manganese (Mn, 165. 72 

170 (Magnesium), 177 ‘Manganese(IV) cbloride 
‘Magnesia hydroxide (MgiOH)), Manganese(V) axide 

151, 171 216 (Chorin, 217 
‘Magnesium oxide (MgO), 149, Mac-made polymers se= 

170,171 polymers 

amet. 28 


Magesiom stearate, 207 


on, 


‘Mantle siphon, 265 
Maqui, 232 
Marble, 171 (Calcio 
216 (Carbon dione 

Margin (eaves), 248,250 
Marrow, Bone 281 

Red, 281 one marow 

Yellow, 281 Bere arom 


‘Molecular, see Dipoes 
Permanent, 70 (Hard) 
Temporary, 70 Soft) 

Magnetic, 70 0) 

‘Magnetic axis. 70 

Magnetic energy, 9 

‘Magnetic equator, 73 

(Magnetic fields, 72-73, 105, 107 
Radia, 76 (Loudspeaker) 

[Mageetc Feld lines Tus lines, 72,107 


Magnetic fx density, 72 
Magnetic force, 6,105, 107, 
Magnet meridian, 73, 
Magnetic north, 73 
‘Magetc south, 73 
Magnetism, 70.79 
Domain theory of, 71 
First aw of, 70 (Poe 
Induced, 71 Magnetization) 
Residual, 70 (Soft 
Magnetization, 70), 74 
Magnetron, 45 
Magnification, 
“Angular, 5 (Visual angle) 
Linear, 49 
Magnifying las, se Simple 
microscope 
Magnifying power, soe Angular 
magnification 
Magnitude, Order of, 109 
Main chai (atoms), 190 
Malachite (CuCO,.CuCOH),), 
175 (Copper) 
Mate nucle, 258 Pollen, 
320 (Gametes), 323 (Gamete 
production, male) 
Matleable, Mallabiity, 345 
alles, $14 (Middle eae) 
Malpighian corpuscles, oo 
Renal conpuscles 
Malpighian layer, soe Stratum basale 
Malpighian tubules, 
265 (Hemocoel 273 
Malta, 336 tntestna juice) 
Maltese cross tube, 80 
Malte, 338 (Pancreatic juice) 
Mammals, 269 (Pecoralis muscle), 
271 Rumen), 274 (Vibrissae’, 344 
‘Mammary glands, 38, 337 (Estrogen) 
Mandible) 
(anhropods) 271 
(bir), 267 
(humans), 278 
‘Manganese (Mi), 165, 172, 213, 
Manganese(V) chloride (Mach, 276 
“ManganesedV) oxide (MnO), 
216 (Chori), 217 (Oxygen) 
‘Man-made polymers, sce Sy 
polymers 
Manometer, 25, 
Mantle, 
(bir), 267 
(snail, et), 265 (Mantle cavity) 
Mantle cavity, 265 
Mantle siphon, 265 
Maquis, 232 
‘Marble, 171 (Calcium carbonate}, 
1216 (Carbon dioxide) 
Margin eaves, 248,250 
Marrow, Bone 281 
Red, 281 (Bone marrow) 
Yellow, 281 (Rone marrow) 
Marrow cavities, seo Medullary 
cavities 


‘Mas im), 12, 18 (Weigh, 96 
‘Atomic, see Relative atomic mass 
Conter of, 10 
Critical, 93 
Law of conservation of, 125 
Molar, 138 
Relative come, 82,138, 164-165, 

212233, 
Relative formu, sce Relative 
‘molecular mass 
Relative isotopic, 138, 
Relative molecular, 138 
Subertica, 93 (Cea mas) 
(Concentration) 

Mass defect, 84 

-Ma-energy formula, Einsteins, 0 

‘Mass number (A, 82, 127 

(Mass spectrometer, 138,222 (Mass 

spectroscopy) 

Mass spectroscopy, 222 

‘Matra, 280 (Connective tissue) 

Maxie (sng. mail), 
‘arthropods, 271 
(humans), 278 (Craniom) 

[Maximum thermometer, 27 

Maxwells screw rule, 74 

‘Mean, 345 

‘Mean position, 16, 34 

Measurement, 100-101 

‘Measuring cylinder, 101, 224 

‘Mechanical advantage (M.A), 20 

Mechanical energy, 9 

‘Mechanical waves, 34 

‘Median Medial, 269, 

Median fins, 269 

‘Medium (p. medi), 345 

Meds, 

(adtenal glands, 297 

(bean, 303, 

(kidneys, 300 
(plans, see Pith 
Renal, soe Medulla (kidneys) 

Medulla oblongata, sce Medulla (rain) 

Medillary canis, 281 (Bone marrow 

Medullary pyramids, se Renal 

pyramids 

Megaeleczon vo MeV), 04 

Melos, 322 

Meiotc division, 

Second, 322 (Meiosis), 323, 

Meisners corpuscles, $11 

Melanin, 310, 

Melting 30, 120 

Melting point, 30 (Meling), 37, 

120 (Melting), 212, 213 
Melting point test, 221 
Membrane’, 

Cell, 238, 239, 329 
Mucous, 295 

‘Nuclear, 238 (Nucleus) 
Plasma, Soe Cell membrane 
Pleural, see leu 
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Membranes) (con) 
Synovial, 280 (Synovial sa) 
Tectorial 314 (Coctlear duct) 
“Tympani, soe Eadrum 

Membranous labyrinth, 314 dinner eat) 

Memory (compu), 111 
Random access (RAM), 111 (Memory) 
Read only (ROM), 111 (Memory 

‘Menaquinone, see Vitamin K 

Mendelevium (Me, 165 

‘Mendel laws, 326 

‘Meninges (sing. mening, 303, 

Meniscs, 345 
‘Concave, 53 (Concave fens) 
Convex, 53 (Convex lens) 

Menopause, 318 (Menstrual cycle) 

‘Menstrual ycle, 318, 337 (SH, 

Estrogen) 
Menstruation, 318 (Menstrual cycle 
Mercury Hg), 112, 113, 165, 173, 
210, 13 

Meridian, Magnetic, 73, 

Merisem, 254 
‘Apeal, 244 (Meristem) 

Mesencephalon, see Midbrain 

‘Mesenteric arteries (inferior, 

Superior, 289 

Mesenteric veins Uferior, Superior, 289 

‘Mesenteres, 94 (Alimentary canal) 

‘Mesocarp, 262 () 

Mesophyl, 248 (Spongy layer) 

Mesophytes, 342 

Messenger BNA, 239 (Ribosomes! 

Metaboli rate, 332 
Basal, 332 (Metabolic rate) 

Metabolism, 322 

Metacarpals, 278 

Metacarpus, 278 Metacargals) 

Metals), 165 
Alli, 165, 168-169 
‘Allaine-earth, 165, 170-171 
Transition, 165, 172178 

Metal extraction, 67,157 

onding, 134 

lattice, Giant, 137 

“Metallods, 165 (Metal 

“Metameres, 264 Segmentation) 

‘Metameric segmentation/Metemerism, 

264 (Segnetation) 
“Metamorphosis (Complete, Incomplete), 
27 

Metaphase, 
lreloss), 322 
lrmtoss, 241 

Metatrsals, 278 

Metaarsis, 278 (Metatarsal) 

Meter (96 
Newton (Nim, 14 (Moment 

Meter bridge, 63 (Wheatstone bridge) 

Meters (lei), 77, 

Moving iron, 77 
Methanal (HCHO), 195 
Methane (CH), 125,195,190, 191,192, 
198 (), 208, 214 0) 


‘Methanuie acid (HCOOH), 150, 195, 

2150) 

‘Methanol (CH,OH, 197, 196, 24a) 
Methoxymethane (C#,0CH,), 197 
Methyl amine (CHNH,) 195 
‘Methyl group (CH, 275 8) 
Methyl methacrylate, 201, 
Methyl orange, 152 
Mothyl-tertiar-butyt-ther, 
199 (Octane rating) 

Micelle, 202 
Microchip, 111 (Computes) 
Microhabiat, 253 (Habitat) 
‘Micrometer screw gauge, 101 
‘Microphone mb os), 110, 
-Micropyle, 258 (Ovules, 267 
Microscope $4 

‘Compound, 54 (Meroscope) 

Simple, 54 (Microscope) 
Microtubules, 240 (Centro) 

Spindle (cll division) 

241 Prophase), 322 (Prophass 
Microwave avens, 85 (Microwaves) 
Microwaves, 45, 113 
Micturiion, sc Urination 
Midbrain, 303 
Midale ar, 314 
ge (eaves), 248 (Ven) 
Midi, oe Diaphragm 
Migration, 237 
Mil teeth, se Deciduous teth 
Milky precipita, 145 
Miliammeter (bol for), 110 
Mimie, 237 (Mimiery) 

Mimiery, 287 
Mineral ai, 150 
Minerals 330 1), 331 
Minima thermometer, 27 
Mirvors), 
GoneaverConverging, 48 
Convex, 48 
Curved, 8 ( 
Diverging ee Convex mirror 
Plane, 47 
Miror formule, 39 
Miscible, 185; 
Mist, 145 
Mitochondria, 239, 280,334 (Aerobic 
respiration’ 
Mitosis, 280 
Mita valve, 291 (Atioventieuae 
valves) 
Mined nerves, 206 (Nerves) 
Mixing, Color 55 
‘Additive, 35 (Color mixing) 


Mixture, 4 Compound), 122 

Model, 237 Mleicry) 

Moderator 95 (Thermal reactor) 

Modes of vibration, 42 

‘Molar, 270 (Carmasial teeth), 285, 

‘Molar enthalpy change of fson/Molar 
heat of fusion, 16 (nthalpy 
change of reaction), 147 


Molar enthalpy change of 
‘vaporization Mola heat of 
vaporization, 145 Enthapy change of 
reaction), 147 

Molarity, 139 

Molar mass, 139 

Molar sotion, 139 

Molar volume, 139 

Mote (mob, 96, 139 

‘Molecule formula, 140 

Molecutr lattice, 137 

‘Molecular magnets, sce Dipoes 

‘Molecular mas, Relative, 135, 

‘Molecular potential energy, 8 

Moleculat properties, 22-25 

Molecular weight, oe Relative molecular 

Molecules, 5, 124,125, 132-134, 138 
(Relative molecular mas), 

140, 1 
Detergent, 202, 203 
‘Now-polar, 133 Por molecule) 
Polar, 133 

Molluss, 65 (Hemocoe, Mantle 
‘cavity, 270 Rad), 272 (ermal 
sills), 273 Wephrida), 

274 (rentaces), 341 
Molten, 120 
Molybdenan (Mo), 192, 165, 173,213 
Moment, 14 
Principle of, 15 Rotational equilibrium) 
Resultant, 14 (Moment) 

‘Momentum, 12,97 
“aw of conservation of linear), 13 

Monatomic, 124 

‘Monera, 340 

Monobtc, 153 

‘Monocinic basic cesta shape, 136 

Monoclinic sulfur, 135,184 213, 

Monocotyledons, 261 (Cetyledon), 240 

Monocytes, 286 (White blood calls) 

Monoccious, 256 () 

Monoisotpic, #3 stops) 

Monomers, 125, 200, 208 (Starch), 205 

Monosaccharides, 204 (Carbohydrates, 
Glucose), 339 

Monotropy, 136 

‘Monovalen, 

(covalency, 133, 
(electrovalency) 137 

‘Morphology, 340 0) 

‘Mosuia, $20 Embryo) 

Mosaic image, 275 (Compound eye) 

Moss, 321 

Mother guid, 135 

Motion, 10-11 

rovnian, 5, 123 

Circular, 17 

Equations of uniformly accelerated, 11 
Linear, 10 

[Newtons laws of, 12413 

Periodic, 16-17 

Rectilinear, soc Lisear motion, 
Rotational, 10 (TT 


Motion cond) 
“randatonal, 10 (0) 
Uniform circular, 17 (Circular motion) 
Wave, 34 0) 
Motor (lect), 76 
Moioe areas, 302 (Brain) 303, 
Motor endplate, 203, 
“Motor nerves, 306 (Nerves) 
Motor neuron), 305,308 (ecent 
system) 
Lower, 208, 209 
Postgansionic, 309 
Preganglionic, 309 
Upper, 308, 209 
‘Motor reat, sce Ventral root 
‘Moving col galvancreter, 
77 (Galvanometer) 
Moving ion meter, 77 
ImRNA, see Messenger RNA 
Meshell, 8 (ectro shells) 
‘Mucosa, see Mucous membrane 
‘Mucous ands, 295 (Mucous 
rmercrane) 
‘Mucous membrane, 295 
Mucus, 295 (Mucous membrane 
‘uiticellulr, 238 () 
uimeter, 7 
‘Maltiplts) units), 96 
‘Multple proportions, Law of, 125, 
Multiplier, 7 (Voltmeter 
Hlectron, 90 
‘Mamet, 77 
Muscles, 282-283 
Cardiac, 202 
Extrinsic eye, 313 
Hair erector, 311 
Intercosal, 299 Irpiration) 
Intrinsic eye, 212 (Cary body) 
Involuntary 282 (, Cardiac muscle, 
Visceral muscles) 
Oblique, 372 
Pectoral, 269 
Rectu, 313 
Skeletal, 282, 308 
Visceral, 282 
Voluntary, 282 (Skeletal muscles) 
‘Muscle fibers, 283 (Striated muscle, 
‘Muscle spe, 203, 
Musele (sue), 288 
Cardiac, 283 
smooth, 283 
Siviated/triped, 263 
Visceral sce Smooth muscle 
Musical sale, 43 (Musca sounds) 
Musical sounds, 43 
‘Mutua induction, 78 
Mutuals, 342 
Mevalue, 139 (Molariy) 
Mycelium, 327 
Myelin, 302 Neurol), 04 (Nerve 
fibers) 
Myotis, see Fbrils 
-Myoflaments, soe Filaments (mzcles) 
Myosin, 205, 203 (Striated muscle) 


N 


NAND (lle operations 
‘Naptha, 199 (Chemical 
Nasal 307 
asl cavities, 294 

307 (Nose) 

‘nasolachrymal duet, 313 

lands) 

atl frequency, 17 0 

‘osellation) 
Natural gas, 192 Methune 
190 208 

Natural oscilatin, 17 
[Natural period, 1 (Nato 
‘Natural polymers, 201, = 

205 (Proteins) 

Natural resins, 345 Besine 
Natural selection, 237 

variation) 

Neck thones 3, 278 
Neck ety 284 
Nectar, 256 (Nectaries) 
Nectaries, 256 
[Negative feedback, 335 (Home 
[Negaive terminal, 158 (Co 
[Negative tropism, 251 


Neon 0 ag 
Senet 270 as 
Nemaios 31 


eon, 164,255 
Neon ey 13 fa, 
Sia i 
Nepiopore 65 53 
Nope 
eptoniim Np 16213 
Neneh 
ran 202s 
Nie 906 Ney 
ete 36.Nen) 
Optra 9 | 
Sty, 6 Nes 
Spal pn rd 
Nene e288, 
Nerow yon 202380 
toe 303 pata 
‘or 


Central, 202-203 
Peripheral, 304 (396) 
‘Neural canal, 279 (Vertcheae 
[Newal pathways, 306, 308. 
Neural spine, see Spinous pose 
Newrogls, 302 
‘Neurohypophyss, see Postar | 
Neurons), 304) 
‘Afferent, se Sensory neurons 
‘Association Connecling. 205 
ferent, se Mota neurons 
First order sensory, 20%, 20 
Internuncal, see Assocation m 
Lower motor 308, 09 
‘Motor, 305 308 (Efferent ss 


Postganylonic moter, 229 
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INAND (logic peration), 110, 111 

[Naptha, 199 (Chemica feedstocks) 

Nasal, 307 

Nasal cavities, 294 (Pharyn, 
307 ‘Nose 

Nasolachrymal duct 313 (Lachrymal 
lands) 

‘Natural fequency, 17 (Natural 
‘oscillation 

Natural g3s, 192 (Methane, Ethane), 
198 , 208 

Natural oxcilation, 17 

Natural period, 17 (Natural oxcilation) 

Natural polymers, 201, 204 (Starch, 
205 (Proteins) 

Natural resins, 345 (Resin 

‘Natual selection, 237 (Genetic 

Neck hones of, 278 

Neck teeth, 208 

Nectar, 256 (Nectaries 

Negative feedback, 335 (Homeostasis) 

"Negative termirl, 159 Cell 

Negative tropism, 2581) 

[Nekton, 382 Pelagic) 

[Nematocyst 270 (Cridoblasts) 

Nematodes, 351 

‘Neodymium INA}, 164, 213, 

Neon (Ne), 165, 189,213 

Nephridia, 265 (Coelom), 273 

Nephridiopore, 255,273 (Nephvidia 

Nephrons, 301 

Neptunivm (Np, 164, 213, 

Nerves, 306 

‘Cranial, 202 (Bran 

Mixed, 306 (Nerves 

Motor, 306 (Nerves) 

Optic, 312,313 

Sensory, 306 (Nerves 

Spinal, 302 (Spinal cord) 

ewe fibers, 304 

Nervous system, 302-308 
“Autonomic, 303 (Hypothalamus), 
08 

Cental, 302-303 

Peripheral, 304 1, 306 (0 

Neural canal, 279 (Vertebra) 

Neural pathways, 306, 308, 309 

Neural spine, see Spinous process 

Neuroglia, 302 

Neurohypophysis, see Posterior lobe 

Neurons), 304 1) 

‘Afferent, soe Sensory neurons 
Association Connecting, 205, 
ferent, se Motor neurons 

First order sensory, 306, 309 
Internuncil, ee Assocation neueons 
Lower motor, 308, 109 

Motor, 205, 208 (Efferent system) 
ostganglionic moter, 309 


Neutoni) (cont) 
Preganglionic motor, 309 
Relay, sco Association neurons 
Second order sensory, 205, 309 
Sensory, 305,30 (ferent system) 
Third order sensory, 05, 
Upper motor, 128, 209 
"Neurotransmitter, 305 (Synapses 
339 (Vitamin 8 complex, 
‘Neutral substance), 151 
etal vies), 61 
Neutral equilibrium, 15, 
Neutralization, 151 
Enthalpy change of Hea of 146 
Neutral point, 72 
Neutrino, 87 (Beta decay 
Neutron number iN}, 82 
Neutrons, 82,13, 126 
Fission, 92 (Nuclear fission) 
Newton iN), 6, 97 
Newton meter (Nm 14 (Moment 
Newton's law of gravitation, 18 
Newtons laws of motion, 1213 
Niacin, 329 Vitamin & complex! 
Niche, Ecological, 233, 
Nickel (Ni 112,165,172, 213 
[Nickel-cadmiam cell 69 (Alkaline cel 
[Nickel sulfide (NS, 172 (Nickel 
‘Nicotinamide! Nicotinic acd, 
see Niacin 
ight-neutral pants, 
251 (Photoperiodism) 
Niobium (Nb) 165,173,213 
Nitrate bacteria, 235 
NitratesNieate(¥) compounds, 155, 
182, 209, 210 (Eutrophication), 
211, 218 Anions), 235 
Nitric acid (HNO), 176, 181 (Nitrogen 
ion), 182,710 (Acid a) 
218 (Anions) 
Nitit¥) acid, sce Nitec acid 
Nitic oxide, sce Nitrogen monoxide 
Nitrides, 180 (Nitrogen) 
iting bacteria, 235, 
NititesNitatet) compounds, 182, 
210 tutrophication), 211, 235 
Nitrogen (NIN, 132, 165, 180, 
183,208, 209 (Nitrogen cycle, 
210 tae vain), 215,217, 235, 330 
Liguid, 180 (Nitrogen) 
Nitrogen base, 324 
Nitrogen cyele, 208,235 
Nitrogen dioxide (NOx), 125,162, 178, 
“a, 142, 210, 211 
nitrogen fixation, 235 
Nitrogen-xing bacteria, 209, 
235 (Nitrogen Fiation 
Nitrogen monoxide (NO}, 162, 
‘i, 122 
Nitrogenous, 300 (Urea) 
Nitrogen oxide, sce Nitrogen monoxide 
[Nitrous acid HNO,), 181 (Nitogen 
dioxide) 
Nitrous oxide, sce Dinitrogen oxide 
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Nobelium (No}, 165 
Noble gases, 165, 189, 208, 
1A INitrogen) 
Nocturnal 342 
‘Nodal lines, 38, 39 (Nodes) 
[Nodal points, see Nodes 
Nodes, 
Lymph, 293 
(olan, 248 
waves), 39,43 (Stationary waves) 
Node of Ranvier, 304 
Nodules, Root. 235 (Nitogea fation 
Noise, 42 
NNonane (Ca), 198 
Nom-aqueous solutions, 144 (Aqueous 
solution) 
Non-aqueous solvents, 144 Aqueous 

‘olution 
Nowbiodegradable detergents, 

1203 (Biodegradable detergents) 
Non-electalye, 66, 155 
Nonlinear (molecule, see Vshaped 
Nor-luminous flame, 205 
NNommetal, 165 (Metal) 

NNompolar molecule, 133 (Polar 
tolecue) 

Nompolar solvent, 144 

NOR (logic operation), 110, 111 

[Noradrenalin Norepinephrin, 336 

Normal, 47,50 

Normal coatact force, 7 Coelicient of 
‘tietion) 

Normal salt, 153 

NorthNorth seeking pole, 70 (Pole) 

Nose, 307 

NOT {loge operation), 110, 111 

Notation (numbers, 109 
Exponential, 109 

Notes, 43 (Musical sounds) 

Notochord, 347 (Chordates) 

Np transistor, 65,110, 

Neshell 83 (flectron shel 

Naty (emicondcon, 65 (Doping) 

Nuclear energy, 84-85 

Nuclear equations), 92,93, 128 

[Nuclear sion, 85, 92:93, 94.95, 129 

Nuclea force, 7,86 

[Nuclear fusion, 85, 93, 94 (Fusion 

reactor), 129 
[Nuclear magnetic resonance iam.) 

‘spectroscopy, 222 
Nuclear magnetic resonance (nmr) 

spectrum, 222 
Nuclear membrane, 238 (Nucleus 
Nuclear potential energy, 8 
Nuclear power stations, 98) 
Nuclear reactions, 85,92 i 

995, 129, 

Nuclear reactor, 9) 
Nude sce Nucleus 
Nuclei acids, 324 
‘Nucleoli sng. euceolus, 239, 240 
Nucleon) 82 (Nucleus 
Binding energy pe, 


‘Nucleoplaim, 238 (Nucleus) 
Nucleotides, 324 (Nuclei acids) 
‘Nucleus puck (atoms), 82, 84-85, 
19235, 126, 127 (Atomic number, 
128-129 
‘Nucleus (cll), 238, 240 (Mitosis, 
“122 (Moss), 324 (Chromosomes) 
Daughter, 241 (Telophas) 
322 (Meiosis) 
Generative, 258 (Pollen) 
‘Male, 258 Pollen, 320 (Gametes), 
323 (Gamete production, male) 
Tube, 258 Pollination) 
Numbers, 
‘Atomie (2), 82, 127, 164-165, 
22214 
Avogadro's, 36 (Mole, 113, 139 
Diploid, 240 (Mitosy, 
524 (Chromosomes) 
Haploid, 322 (Meosis) 326 a) 
‘Mass (A) 82, 127, 
Neutron, 82 
(eotatioe of, 108 
Oxidation, 149 
Pyramid of jecology), 234 
Nut, 262 
Natrents, 208 (0), 330 () 
Nylons, 201 
‘Nylon 66, 200, 
Nymph, 277 
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Objective fens, 

(microscope, $4 

(telescope), 25 
Oblique muscles, 319, 
‘ctadecanae aid (Cy H,,COOH), 

202 Seap), 205 
Octane. 215 (4b) 
Octane ating, 199 
‘Octet, a3 (Electron shel), 127 
(Od, Sphincter of, 296, 357 (CCK) 
‘Odentold proces, see 
Dente vetsbrac} 

(Om 12), 62 Resistance, 57 
Ohvs aw; 62 
oils, 

‘Crude, see Petroleum, 

Diese, 199 

od), 205 Lipids) 

Fuel, 199 Residue) 

Gas, see Diesel oil 

Lubricating, 199 
Olefin, soe Alkenes 
‘Oleum, soe Fumig sulfarie acid 
‘Olfactory area, Primary, 303 
‘Oliactory bulb, 307 
Olfactory cells, 307 (Nose) 
‘Olfactory hais, 307 (Nose) 
‘Olfactory sensations, 307 Nose) 
‘Omasum, 271 Rumen) 


‘Ommatiia (cg. ommatidim), 
2275 (Compound eye) 
‘Ommnivores, 235 
‘Oovid, 323 (Gamete production, 
fetmal) 
(Open sytem, 162 (Closet system 
Opereuiam, 
(ish, 272 Unto gis) 
‘sais ote}, 265 
Opposing pairs, soe Antagonistic pars 
‘Opposite (leaves, 250 
Optic, 313 
Optical center (0), 52 
Optical density, 50 Snell’ law) 
Optical fibers, 57 
Optical instruments, 58-55 
‘Optic sk, ce Blind spot 
Optic neve, 312, 513 
‘OR (logic yateloperation), 110,114 
‘Oral cavity, 294 Pharyn), 307 
Oral groove, 260 
Orbit eye, 278,312), 313 
Orbit (stele), Geostationary! 
Parking. 19 
Orbital, 3 (Electron shell), 127 
‘Ordering, 71 (Domain theory of 
‘magnetism 
‘Order af magnitude, 108 
Orders (classfeation), 340 (0 
Ore, 345 
‘Chrome ion, 172 (Chromium) 
‘Organs, 238 (0) 264-265, 289 
Digestive, 270-271, 294-295, 
Excretory, 273, 300-391 
Genital, 316.) 
Lymphatictymphoi, 293 
Reproductive, 277 
Respiratory, 272273, 298-209 
Sense, 274-275, 207, 
“Target, 336 (Hormones) 
“ympanal, 275. 
Organelles, 259-240 
Organic act 150, 
Organic chemistry, 190, 191-205, 
Organic campounds, 190 (214-215, 
Organic solvent, 345, 
Organi, 238 1) 
Organ modification, 328 
(Orgas of Cort, 314 (Cochlear duct) 
Origin eras, 90 
(Oxhorhombic sulfur, see Rhombic 
‘slur 
Orcilations 16,34) 
Forced, 17 
Froe/Natural, 17 
Oscilloscope 
Cathode ray (CRO), 73,81 
O-sbell 83 (Electron shells) 
Osmium (05), 165, 178, 213 
Osmium tetroxide [Oxy 
173 (Osmium) 
Osmosis, 329, 
‘Osmotic presse, 329 (Osmonis) 
‘Osseous thse, se Bone 


Ossicles(Ear/Auditory), 314 (Midle 

sification, 261 (Carlage) 

Osteoblast, 206 Perosteum) 

Osteocytes, 221 (Bone) 

Osteogenesis sce Oxsifcation 

‘Ostwald process, 182 (Nic ac) 

‘Otoliths, 315 (Saccule) 

Outer ear, 314 

(Outer sell, 3 Electron shell), 127 

‘Out of phase (waves), 38 Phase) 

Outpet (computers, 14 

(Ova sing, ovum), 276, 317 (Ovaries), 
518 (Menstrual eye), 
320 (Gametes), 323 (Gamete 
production, female, $37 (FSH) 

‘Oval window (ar), 374 

‘Ovarian cycle, 318 Menstrual cycle) 

‘Ovarian follicles, 317, 337 (FSH, LH, 
Estrogen) 

‘Ovarian ligaments, 217 

Ovaries, 

(humans), 317, 237 (Estrogen) 
(plans, 257 

‘Overtones, 43 (Modes of vibration) 

‘Over water, 216 (Carbon dioxide, 
Ethene), 217 (Nitrogen) 

Ovidet, 277 

Oviparous, 276 

Ovipositor, 277 

‘Ovulation, 317 Fallopian tubes, 
318 (Menstrual cycle), 337 LH) 

‘Ovules, 257 (Ovaries, 258 

‘Onalie acid, see Ethancdokc acid 

Oxidation, 140-149, 334 (Aerobic 
respiration 

‘Oxidation number, 149 

‘Oxidation state, 149 

‘Oxides, 183, 205 (Corosion, 211 

‘Onidizng agent, 148 

‘Oxanium ion, sce Hydronium ion 

Oxygen (103), 12, 149,182, 165, 
170, 178,183,183, 24, 208, 
209, 211,213, 214, 215,217, 
210 (Gases, 254.255, 288-291, 
298-299, 330, 335,334 

Oxygenated 290 (Atria) 

‘Onygen debt, 334 

Oxygen process, Basic, 174 (Stee) 

Orytocie, 336 

‘Ozone (0), 183, 207,210 (Ozone 
depletion) 


Pacinian corpuscles, 311 
Pain receptor, 311 
Pred fins, 269 
Palate, 

Hard, 07 

Soft, 294 (Pharyns, 307 
Palatine tansis, 293 (losis) 


Palisade cll, 248 
Palade layer, 280 
Palladian (Fa), j72 9 
Palmate, 250 
Palps, 271,274 
Pancreas, 297 
Pancreatic amylsse: Se) 
ice) 
Pancreatic duct, 297 
Pancreatic juice 25> 
"336 (Seerein, PZ, 
Pancreatic lipaie, 235 


Pancreozymin soo FE 
Pantothenic arid, 339 
complex) 
Paper capacitor, 59 
Paper chromograsiy 
Papillae sng, papa 
Parafin, sce Kerosene 
Parafins, see Alkares 
Parafin wane, So 
Parallas, 47 
Parallax error 102 
Parallel (componess) = 
Parallelogram rule. 108 
Paramagrtism, 72 
Paramecium, 268, 2-9 


system), 308 
Parathormone/Parathy=> 
Parathyroid lanes, 297 
Parathyroid hormone. = 
Parenchyma, 243 (Corte 
Parent cll, 240 Cell sm 
Parking obit, see 
Parotid gland, 296 
Paria eclipse. 6 
Paral presute(), 143 
Daltows law of 135 
Particle accelegtors 0 
Parturition, 319 
Pascal (Pa), 25,97 
Passage cell, 243 
Patella, 274,200, 287 
PEE sce Potetislenerzy 
Pea flower, 259 
Peaks (waves) ce Crests 
Pectoral fins, 259 (Pures 
Pectoralis muscles, 265) 
Pedicles, 279 
Peduncle, 256 Receptaci 


(Paired ne 
Pelvic girdle, +20 Pdvis sot 
Pehis, 
Renal (kines), 390 
(heleton), 278 
Penis, 316,319 (Copulation: 
Pent-tene (CH) 199 


Palisade cls, 248 (Palisade layer) 
Palade layer, 248 
Palladium (Pd), 112,165,173, 213, 
Palate, 250 
Pals, 271,274 
Pancreas, 297 
Pancreatic amylase, 338 Pancreatic 
Pancreatic duct, 297 (Pancreas) 
Pancreatic juice, 297 (Pancreas) 
356 Secretn, PZ), 338 
Pancreatic lipase, 338 (Pancreatic 
juice) 
Pancreatic vein, 209 
Pancreozymin, see PZ 
Pantothenic acd, 339 (Vitamin B 
complex) 
Paper capacitor, 59 
Paper ebromatography, 221 
Papille sing. papilla), 307 
Paraffin, nee Kerosene 
Parafins, see alkanes, 
Paraffin waxes, see Hydrocarbon 
Parallax, 47 
Parallax errr, 102 
Parallel (components), 6 
Parallelogram rule, 108 
Paramagnetism, 72 
Paramecium, 268, 275 
Parapodia (sng. paragodium), 268, 
Parasites, 342 
Parasympathetic division (nervous 
system), 308 
Parathormonearathyrin sue PTH 
Parathyroid lands, 297,337 (PTH) 
Parathyroid hormone, sce PTH 
Parenchyna, 283 (Cortex) 
Parent cll, 240 (Cell division) 
Parking orbit, soe Geostationary orbit 
Parotid gland, 296 
Paral elise, 46 
Partial presurets), 143, 
Dalton’s law of, 143 
Particle accelerators, 86 (Radioisotope) 
Parturition, 319 Pregnancy 
Pascal (Pa), 25,97 
Passage cell, 243 (Endodermis) 
Patella, 278,280, 281 
PE. sce Potential energy 
Pea lower, 259 
Peaks (aves) see Crests 
Pectoral fins, 269 Paired fins 
Pectoral muscls, 269 
Pedicles, 279 
Peduncle, 256 (Receptacle) 
Pelagic, 342 
Pelvic fins, 269 Paired fins 
Pelvic gid, se Pelvis (skeleton) 
Peli, 
eral kidneys, 300 
Gleleton, 278 
Penis, 316, 319 (Copulation) 
en (Hy, 198 


Pentane (CH) 192 
Penumbra, 46 (Shadow) 
Pepsin, 338 (Gastric jue 
Pepsinogen, 338 (Note 2) 
Peptidases, se Prosinases 
Peptide inks, 230 Proteins, 338 0) 
Percentage composition, 140, 
Perennials, 236 
Herbaceous, 236 (Perennials) 
Woody, 236 Perennials 
Perfect machine, 20, 
Perfliate, 250 
Perianth, 256 
Pericardial cavity, 290 0) 
Pevcardal fluid, 290 1) 
Pericardial sac, 290 () 
Pericardum, 290) 
Pericarp, 262 1, 
Perierm, 247 (Now outer sme) 
Perigynous flower, 257 
Perkaryon, sce Cll body 
lymph, 314 loner e3) 
Perimysium, 283 
Perineurium, 306 
Period (element ru 
ong, 164 erie) 
Short, 168 Period) 
Period ()iquanity), 16, 34, 97 
Natural, 17 (Natural oscilation 
Periodic mation, 16-17 
Periodic able, 164-165, 
Periodontal ligament, 288 (Root 
Periosteum, 280 
Peripheral nervous sytem, 304 (), 
206 t) 
Prristais, 295 
Petitoneary, 265 (Colom), 
294 (Alimentary canal) 
Periviaceral eavity, 265 (Body cavities), 
294 (Alimentary canal) 
Permanent dentition, 294.) 
Permanent hardness (te), 207 
Permanent magnets, 70 (Hard) 
Permanent teth, 284 
Permeability, 73 
Peroxide, 149/eule 4) 
Petals, 256, 
Wing 259 (Pea flower) 
Petiole, 248 
Petroleum, 198-199, 208, 209, 
Fractional distillation of, see Primary 
ditilation 
pH, 152, 210 (Aci rai) 
Phagocytosis, 268 (seudopodim) 
Phafanges (ng. phalans), 278 
Pharming, 327 
‘Pharyngeal tonsil, 293 (Toni 
Pharym, 298 
Phase (cardiac cycle), 
Diastole, 291 
Systole, 291 
Phase (cel division), 
(moss, 322-323 
(mitosis, 241 
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Phase (substarces), 120 
Stationary, 221 (Chromatography) 
Phase (wanes), 38 
Phase dierence, 38 (Phas 
Peller, 237 
Phelldeem, 257, 
Phellogen, 247, 
Phenolphthalen, 152 
Phenotypes, 325 
Phenyethene, see Styrene 
Pheromone, 275 
Phloem, 243,246 (Secondary 
thickening, 247 
Primary, 242 Primary tissue 
Secondary, 246 Secondary 
thickening) 
Phons, 42 (Loudness 
Phosphate groups, 324,335 ADP) 
Phosphates, 210 Eutrophication, 
Phosphoreseence, 44 
Phosphoric ad (HPO, 

162 (Phosphorus pentoxide) 
Phosphors 44 (Phosphorescence) 
Phosphorus (), 165,180, 182, 213 

Red, 182 (Phosphor, 213 
White, 182 (Phosphorus, 213 
Phosphorus pentoxide (P,0,), 182 
Plotocel, 345, 
Photochemical reaction, 160 
Photoelectric cll, see Photocall 
Photomuliplier, 9 (Scintillation 
counter) 
Photons, 84 ‘Quantum theory) 
Photoperiodism, 251 
Photoperiods, 251 (Phatoperiodism) 
Photoreceptors, 313 Retna) 
Photosynthesis 204.209, 254-255, 330 
Phototropism, 251 
Pyla sine phy), 340.0) 
Phylloguinone se Vitamin K 


Physical quantities, 96 (), 98-99 
Physical tates, 4, 5, 3031, 1204121 
Phytobormones, 336 (Hormones) 
Phytoplankton, 342 Plankton) 

ia mater, 303 (Meninges 

Figiron, 174 (eon) 

Pigments, 255 


verous layer, 245, 
Pinel gland/body, 297 
Plojoa, 257 
Pinoae (S28 pnna}, 
(cas), 314 (Outer ear 
(leaves), 250 Pnnate) 
Pinoeytoss, 329 
Pioneer community, 233 
Pipecay triangle, 225, 
Pipett(s, 225, 
Dropping/eat, 225 
Pst, sce Carpet 
Pistillate 256 () 


Fite, 
(mechanical, 24 (Serew jack) 
(oun, 43 

Pith, 243 

Fititary glandibody, 297, 303, 

336 (Hormones), 337 

Pivot joint, 279 Vertebral structure) 

Pixels, 81 

cents, 

humans), 519,337 (Estrogen) 

(plans), 257 (Ovaries) 

Placoid scales, seo Dents 

Planck’ constant, 87 

Plane col, se Fat cot 

Plane joints, see Gliding ints 

Plane mirror, 47 

Plankton, 270 Filter feeding, 272 (ill 

raker) 342 

Plano-coneave, 53 

Plano-convex, 53 

Pants, 242-263, 340 (0) 
Leguminous, 235 (Nitrogen ation) 
Lorg-night, 251 (Photoperiodism) 
Night neutral, 251 (Photoperiodism) 
Short-sight. 251 (Photoperiodiam) 
Vascular, 282-243, 

Woody, 246 0 

Plantigrade, 369 

lism, 286 

PlasmmalemmaPlsina membrane, see 

‘Cell membrane 

Plasmids, 227 (Gene cloning) 

Plasmolyss, 253, 

Plastic quality), 22 asiciy) 

Plastics) (substances), 201 
‘Thermosetting, 200, 201 Plastics) 

Plastic deformation, 23 (Viel! point) 

Plastic sulfur, 184 

Plastide, 278, 240 

Platelets, 286 

Patinen (Pe), 112, 165,173, 192,213, 

222 (Flame test) 

Platinum electrode, 158 

Pleura, 298 

Pleural cavity, 298 Pleural 

Pleural fd, 298 Pleura) 

Pleural membrane, see Pleura 

Pleural sac, 298 (Pleura) 

Plexus (Hale?Rot hae, 311 

Plotting compas 72 (Magnetic eld 

Hines) 

Plumage, 267 (Feathers) 

Plumbic compounds, =e Lead tV) 

compounds 

Plumbous compounds, sc Lead) 

‘compounds 
Plumules, 
(bir), see Down feathers 
(plans) 261 
Plutonium (Pu), 92 (duced fio), 
95 (Fast reactor, 128, 164,213 

Pp transistor, 65, 110 

Pod, soe Legume 

Poikilthermic, 335 (Homeostasis) 


Ponti, 
Antinodal sce Antinodes 
Boling, 30 (Vaporzaton, 37 
121 (Boiling), 212, 213, 
Compensation, 255, 
End, 222 Volumetric analy) 
Fixed (Lower, Upper. 26 
Focal, sce Principal focus 
Freezing, 30 (Freezing), 
121 (Freezing) 
Growing (ts, 285 
Ice, 26 Fixed point) 
Melting, 30 (Melting. 77 
120 Melting) 272, 213, 
Neutral, 72 
Nodal, se Nodes 
Steam, 26 (Feed point) 
“Triple, 96 (Kelvin) 
Yield, 23 
Point action, 37 
Point of incidence, 47, 50 
Polar bodies, 323 (Gamete production, 
feanale) 
Polae bond, 133 
Polarization (onda), 133 Polar bond) 
Polarization (cls, 68 
Polar molecule, 133 
Polar solvent, 144 
Plt) agro, 70 
Consequent, 71 
NNonhiNorth seeking. 70 (Pole 
South South seeking, 70 Pole) 
Polis (ver, 48 
Pollen, 257 Stamens, 258, 
323 (Gamete production, male) 
Pollen sacs, 257 (Stamens) 
Pollen tube, 258 Pollination) 
Pollination, 258, 
Cros, 259 
Sel, 259 
Pollutants, 210 
Pallation, 210 
‘heemal, 210 
Polonium Po}, 87,165, 183,213, 
Poly(t-methorycarbony)1- 
rmethylethene), see Acrylic 
Polyamides, 201 
olyatomic, 124 
Paivchloroethene, see Polyvinyl 
‘horde 
Polyesers, 201 
Polyester capacitor, 59 (Paper 
‘capacitor 
Polyethene, sce Polythene 
Poly(ethylene, = Polythene 
Polyhydric aleshols, 197 
Polymerization, 200 
‘Addition, 200 
Condensation, 209 
Polymers, 200-201 
‘Man-made, see Synthetic polymers 
‘Natural, 201,204 starch 
205 (Proteins) 
Synthetic, 200, 201 


Polyimettyimethacrylate), see Acrylic 
Polymorph, 136 

Polypeptides, 205, 330 (Proteins, 339 
Polyiphenylthene), ee Polystyrene 
Polyipropene), 195 (Propene) 
Polypropylene, sec Polypropene) 
Polysaccharides, 208 (Carbohydrates, 

‘Glucose, Starch, 339 
Polystyrene, 201, 210 
Polytetrafuoroethene) (PTFE, 

186, 195 
Polythene, 193, 200, 201 
Polyunsaturated compounds, 91 
Polyvinyl chloride (PVC), 194 (Ebon), 

7200, 201 
Pome, 262 
PonifPons Varolit, 303 
Pore, 317 

Gustalory, 307 

Porous, 159 

Portal vein, Hepatic, 209,257 (iver) 

Positive teminal, 159 (Cell 

Positive tropism, 251 

Posieons, 06 (Bet particles), 87 (Beta 
decay) 

Posterior cavity (oye, 312 (Vitreous 
humor, 

Posterior lobe (itary gland), 297 

Postganglonic motor neuron, 303 

Potassium (k), 164,168, 169, 211, 273, 

219 (lame tess) 

Potassium bromide (KBr), 155 
Potassium carbonate K,CO,), “69 
Potasium chloride (KC, 169 
Fotasiom dichromate (K,Cr,0,), 

1222 Gravimetric analysis 
Potassium hydroxide (KOM, 169, 
Potasium foie (I), 15, 786, 

188 dine) 

Potassium nitrate (ANOS), 153, 155, 169 
Potassium permanganate (KMnO,), 136 
Potassium selfale (K;S09), 169 
Potential, 38, 106-107 

Hlectrode (6, 158 

Redox, 149 
Potential difference, 58,97, 

106-107, 159 
Potential divider, 63 
tential energy (PE, 8, 106-107 

asic, 8 
Hectromagneti, 8 


Fotential grant, 58 (Potential) 
Poientiometer, 63 (Variable 
resistor, 110 
Powe), 9,97 
ens 53 
‘Magnifying se Angular 
magnification 
Power of hydrogen, se pH 
Power sation, 87 
‘Nuclear, 9 Uh 


Prefces uit), 96 
Preganglionic motor 
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CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


A Practical Approach 


An easier way to think about electricity is to skip over wity it flows and concentrate on howit flows. 
‘That's what we'll be doing in the remainder of this book, for the most part 


Note Electricity flows in a circle. 


Any continuous flow of electrical current travels in a circle, There are exceptions to this broad 
generalization, but most of the example circuits encountered in this book will have a definite circular 
arrangement, if you know how to look for it. 

Here are some technical terms that will be used throughout this book. You don't have to memorize 
any of them right now (there will norbe a test), but you should at least take a glance at them so you know 
where to come back when you want to know more. 


Circuit: A circuit is anything that forms a continuous loop or circle. The term. 
circuit is formed from the same Latin word that means circle or wheel. 


Amps. The intensity of an electrical current is measured in units called amperes, 
named after André-Marie Ampere. This is usually shortened to ampin popular 
usage. The symbol for amperage in a circuit is / (for intensity), while the unit is 
abbreviated A. For example, you could say that the intensity of the electrical 
current (1) ina circuit was measured to be 3.75A (amperes). Electrical current is 
measured with an ammeter 


Volts: The voltage in a circuit is the measure of the difference in electrical 
potential, or how much work it could do. The unit of voltage is the volt (V), 
named after Alessandro Volta. This is sometimes referred to as pressure or 
tension. For example, a “high-tension wire” means a high-voltage line, not 
necessarily one that has been pulled really, really tight. Voltage is, not 
surprisingly, measured with a voltmeter 


Watts: Electrical power is measured in watts (W), named after James Watt. The 
easy way to calculate watts, or the amount of energy that is converted into work 
(either useful or not) is to multiply the voltage across the circuit by the current 
flowing through the circuit. For example, ifa 12V battery is connected to a 
lightbulb that draws 2A, the bulb converts the electrical energy into both light 
and heat (mostly heat) to the tune of 24W (12V x 2A = 24W), 


Ohms: The resistance to the flow of electrical current is measured in ohms, 
named after Georg Ohm. A resistoris a simple electronic component that 
exhibits a fixed resistance to the flow of electrical current. The symbol for 
resistance is R and the unit of measure is the capital Greek letter omega, ©. 


Quantitative analysis, 220 0), 22 
Quantitative properties, 119, 
Quantities, 9697, 173 

Basie, 96 

Derived, 97 

Physical, 96 

Vector, 108, 

Scalar, 100 
‘Quantum theory, 4 
(Quartz, 122,177 (Slicon dioxide) 
Quickie, soe Calehum oxide 
Quichsilver, sce Mercury 


Rachis, see Shaft (bic) 
Radar, 45 (Microwaves) 
Radial magnetic field, 72 (Loudspeaker) 
Radial symmetry, 264 
Radiant heat energy, 25 (Radiation) 
Ratlaton, 9,29, 56-97, 128 @) 
Background, 88 
Cosmic, m8 ackground radiation) 
Infrared (UR) 43, 113. 
Ultraviolet (UV), 44, a5, 113 
Radic, 261 
Radioactive decay, 87, 128 
Radioactive decay curve, 125 
Radioactive implants, 97 
Radioactive isotope, sce Radioisotope 
Radioactive series, see Decay series 
Radioactive tracing, 91, 129 
Radioactivity, 86-87, 86-91, 12 
Radiocarbon dating 91, 125 
Radiograph 
igus), 94 (Gamma radiography), 
rays), 4 
Radiography, 
‘Ganina, 91 
orays), 44 
Radioisotope, 6, 128 
Radiology, 91, 129 
Radiotherapy, 91, 129 aology) 
External beam, 97 
Radio waves, 44 (), 45, 113, 
Radium Ra), 87,129 (allie, 164, 
170,213 
Radius oon), 278, 282 
Radius of curvature (48 
Radon (in, 185, 188,213, 
Rada, 270 
Random access memory (RAM) 
(eomputes), 111 (Memory 
Range, 
force fle, 6 
Sonic, 40 
Ranvier, Node of, 304 
Rapid combustion, 208 
Raptors, 242 (Predator) 
Rare earths, seo lanthanides 
Rarefations waves, 35, 
Rare gases, se Noble gases 


ates, 160-161, 345 
‘Basal metabolic, 432 (Metabolic rate) 
Metabolic, 332 

Rate curve, 160 (Rate of reaction) 

Ratereter, 89 (Geiger counter) 

Rates of reaction, 160-161 
‘Average, 160 
Initial, 160 
Instantaneous, 160 

Raw material, 345 

Rays, Astral, 247 

ay) (ish, 269 (Fins) 

Rays) igh), 46 0), 47-55. 

‘Citical, 51 (Critical angle) 
Incident, 47, 50 
Reflected, 47 


Refracted, 50 

Rays) ipartilewwvaves, 
‘Alpha (a-rays 86) 
Beta (rays, 86) 
Cathode, 80-81 


Gamma (rays), 44, 65,86, 113, 128 
Ray florets, 259 
Reactance flecvical, 64 
Reactants, 119 
Reactions (chemicab, 119, 146-149, 
156-163, 166 
Addition, 193 
Backward, see Reverse 
Condensation, 197 
‘Decomposition, $32 (Catabolism) 
Endothermic, 146 
Enthalpy change of (AH) 16 
{sterfcation, 197 (Condensation 
reaction) 
Buothermic, 146 
Forward, 162 
Heat of see Emhalpy change of 
reaction 
Photochemical, 160, 
ates of, 160-161 
Reverse, 162 
Reversible, 162-163 
Standard enthalpy change of 
(aH, 146 
Substitution, 122 
Synthesis, 332 Anabois) 
Reactions) (clear, 85, 92 (, 
‘9495, 129 
Chain, 92 (Induced fsion, 
129 (Nuclear fission) 
=, 93,94 (Fusion reactor) 
“Thermonuclear, 93 (Nuclear fusion) 
Reactivity, 158-159 
Reactivity series, 158, 211 
Reactor, Nuclear, 94 1) 
‘Advanced ga-cooled (AGR), 95 
Fast/ast breeder FBR), 95, 
Fision, 94 
Fosion, 94 
Pressurized water (PWR), 95 
Thermal, 95 


Reading error, 103 

Read only memory (HOM) (computes 
‘111 (Memory) 

Reagent, 119, 

Real cubic expansvity, 32 

Real image, 49 image) 

eal is postive sign convention, 49 

Receptacle, 256 

Receptors, 305 Sensory neurons, 307 

Pain, 311 

Recessive, 325 (Genes), 326 (Sex 
Tinkage 

Reciprocal, 345 

Recombinant DNA, 327 (Gene cloning) 

Rectification, (Full-wave, 
Half-wave), 65 

Reatlineat motion, see Linear motion 

Rectrces (sng, retin, 267° 

ectury, 294,295 Large ftestine) 

Rectus muscles, 313 

Hed blood cells/corpusles, 286 

Red marrow, 281 (Bone marrow) 

Redox, 138 

Redox potential, 149, 

Redox series, 149, 

Red phosphorus, 
182 (Phosphorus), 213 

Reducing agent, 148 

Reduction, 140-149 

Reduction division, soe First meiotic 
Alvision 
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Refract wave, 27 eration 
Refraction, 37,5053, 372 en) 
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Refractive inden), 7, 50 (Sls 
re 
Aol, 37 (@efratve inde, 50 
Refrigerant 345 
Reelin, $6 
Regulating ator, 396 
Regulators, Growth, sec Growth 
emclar 
Relative omic mas, 3,18 
Tee 6s, 212219 
Relative deny, 24 
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rolecular ans 
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Relative molec ma 

Relative vapor density 
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Reproductive stern ES 
epi 260 (al 
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Gathon, 62 esizon 
Light depend oom 
Variable 63,110 
Resoltion, 108 j 
Resonance, 17 | 
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Calle, sc ternal 
ater, 2 
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Relative formula mass, se Relative Resultant moment, 14 (Moment) Roots (spinal cor, 
molecutar mass Reticuli, Endoplasmic, 239) Dorsal, 302 Spinal cord) 

Relative iotopic mass, 138 Reticlum (stomach chamber, ‘Motor, sce Ventral root 

Relative molecular mass, 138 271 Rumen) Sensory, see Dorsal root 

Relative vapor density, 143 Retina, 313 Ventral, 302 Spinal cod) 

Relative velocity, 11 Retinol, co Vitamin A Roots est), 284 

Relay, 75, 110 Reverberstion, 41 Root canals, 284 (Pulp cavity) 

Relay neurons, see Association neurons Reverse biased, 65 (Diode) Root cap, 245 

Releasing factors, 336 (Regulating Reverse reaction, 162 Root hairs, 245 
factors) Reverbily of light, Principle of Root hair pleases, se Hair plexuses 

FSH, ene FSHRF 9,50 Root mean square valu, 

UH, Soe LHR Reversible reactions, 162-163, 61 (Alternating current) 
Remiges (ing, rem), 267 Rr value, 21 (Chromatography) Root aodules, 235 (Nitrogen faaton) 
Renal, 300 habdom, 275 (Compound eye) Root pressure, 252 
Renal arteries, 289, 300 (Kidneys) Rhenium Re), 165, 173, 213 Ronse, 250 
Renal corpuscles, 301 Rheostat 69 Hasal 250 
Renal cortex, se Cortex (kid Rhesus antigen, 287 (Rhesus factor) Rotary switch, 64 
Renal medulla, se Medulla kidneys) ‘Rhesus factor (Rh factor), 287 Rotation, see Rotational motion 
Renal pelvis see Pelvis kidneys) Rhesus negative, 287 (Rhesus factor) Rotational equilibrium, 15 
Renal pyramids, 30 (Medull Rhesus postive, 287 (Rhesus factor) Rotational Kinetic energy, 9 (Kinetic 
Renal tubules, soe Uriniferous tubules Rhizome, 263 nergy) 

Renal veins, 289,300 (kidneys) Rhodium (Rh, 165,173, 182,213 Rotational motion, 10,11 

Rennin, 336 (Gastric jlce Rhodopsin, 337 (Vitamin A) Roughage, 2081), 331 

Reprocessing plant, 94 Rhombie sulfr, 136, 184, 213 Rough ER, 239 (Endoplasmic recticulam) 
Reproduction, 320-323 ibs, 278 (Rib cage) Round-bottomed flask, 223 

(animals), 276.277 False, 278 Rib cage) Rounding (igure), 103, 

Asexial, 221 Floating, 278 (ib cage) Round window esr), 214 

flowering plans), 256-259 ib cage, 278 rp, 139 (Molar volume} 

(humans) 316-319 Ribottavin, 339 (Vitamin B complex) Rubber, 201 (Natural polymers) 

Sexual 320 Ribonucleic acid, soe RNA, Rubidium (Rb), 164, 168, 213, 

Vegetative, 263 Ribose, 325 Rupe sing. raga), 295 (Stomach, 
Reproductive system, 316-317 Ribosomal RNA, 239 (Ribosames) "297 (Gallbladder), 300 (Blader) 
Reptiles, 266 (Scales), 276 (Eggs, 341 Ribosomes, 239 Rule, 

Residual magnetism, 70 (Soft Right-hand grip rule, 74 ‘Dynamo, sce Fleming's right 
Residue, 199 Right-hand eule, Fleming’, 78 hand ra 
Resin, 345, Right Iymphatic duct, 222,293 (Lymph Fleming’ right-hand, 78 

Natural, 345 (Resins) vessel) Maxwells serew, 74 

‘Syntbetic, $45 Resins) Rigid, 10 () Parallelogeam, 108 
Resistance (62, 97, Ring (toms), 184, 190) Righthand grip, 74 

Interal (63 Benzene, 190 (Aromatic compounds) Rumen, 271 
Resistance thermometer, 27 Ring main circu, 61 Rominants, 271 
Resistivity p, 62,112) Ripple tank, 36 Ruminate, 271 
Resistor 62,110 RNA, 239 (Ribosomes), 324 (Nucleic Runner ¢ Solon 

Carbon, 62 Resistor acid) ast (Fe,0,xH,0), 174 

Light dependent (sybol fr), 110 ‘Messenger 239 (Ribosomes) Rusting 174 (Rist, 209 (Corrosion) 

Variable, 63,110, Ribosomal, 239 iibosomes) Ruthenium (uj, 165,173,213 
Resolution, 108 Transfer, 239 Ribosomes) Rutherfordohe atom, 82 
Resonance, 17 Rocket engine, 13, 

Respiration, 272.273, 298.299, Rock sl, 168 (Sodium), 169 (Potassium) 

‘Aerobic, 34 Rodents, 341 

‘Anaerobic, 338 Rods, $13 (Retina 

Cellular, 5c Internal respiration ROW, soe Read only memory 

External, 298 () Room temperature and pressure, saci, 

Internal, 20%, 254 (Photosynthesis), ee tp. “Armiotic, 276 (Amnon), 319 
255 (Compensation points), Roots) hairs) 357 Embryo, 258 (Ovuls), 323 Gamete 
298 0), 334 Roots (plant), 244-245, production, female) 

‘esue, soe Internal respiration ‘Adventitios, 235 Periarda, 290) 

Respiratory center, 299 Breathing, ‘evil, 285 Pleural, 298 Pleura 
03 (Medals) Fibrous, 235 Pollen, 257 (Stamens) 
Aepiratory enzymes, 333 (Enzymes) Lateral, 245 (Tap root) Synovial, 290 
Respiratory system, 298-299 Primary, 245 (ap root), 261 Radice) Yolk, 270 (Yolk) 
Resultant (ecos uantites, Prop, 245, Saccharase, 338 (latestinal juice) 
108 Parallelogram rule) Secondary, se Lateral rots SacculeSacculys, 374, 315 


Resultant force, 6 Tap, 245, Sacral vertebrae, 278 


Sacrificial protection, 159 
Sacrum, 278 Sacral vertebrae) 
Sal ammonia, see Ammonium chloride 
saliva, 296,338 
Salivary amylase, 336 Saliva) 
Salivary glands, 296 (Digestive glands), 
‘58 Saliva 
Salts, 153-155, 169 (Sodium chloride} 
‘Acid, 153 
Basi, 154 
Bile, $38 (ile) 
‘Complex, 154 
Double, 154 
‘Normal, 153 
Rock, 168 Sodium), 169 Potassium) 
Sal bridge, 158 
Saltpeter, see Potassium nitrate 
Chil, See Sodium nitrate 
Samara, 262 Achene) 
‘Samarium (Sm), 164, 213 
Sand, 125, 177 
Sap, Cell, 238 (Vacwoles), 252 (Turg) 
Saphenous veins, Great, 289 
Saponifiaton, 202 ‘Soap! 
Saprophytes, 342 
Sapwood, 247 
Sarcolemma, 263 
Saturated (magne), 77 
Satirated slition}, 145, 
Saturated compounds, 191, 
Savanna (biome), 2382 
Sealar quantity, 108, 
Scala tympani, 314 
Scala vertibull, 474 
Scales (animal), 266 
Placoid, soe Denticles 
Seales, Musical, 43 a 
‘Chromatic, 3 
Diatorie, * 
Seales) erperatur) 
‘Absolute temperature, 27,143 
Celsius, 27,143 (Absolute 
temperature scale) 
Fahrenheit, 27 
‘Thermodynamic temperature, soe 
Absolute temperature sale 
Seale, Vernier, 100 
Scale (ate, 207 (emporary hardness) 
Scale leaves, 263 (Bub) 
Scaler, 89 (Geiger counter 
Sean (lasoune), 40 
Scandium (Sc), 168, 172,213 
Scanning, Ultrasound, 0,41 (Echo) 
Seapula, 278,282 
Scavengers, 342 
Schwann cells, 304 (Nerve fibers) 
Scientific notation, 108 
Scinlations, 44 (Phosphoresence), 
‘90 (Scintilation counter) 
Scintillation counter, 90 
Scitation crystal, 90 (Scintltion 
counter) 
‘Scion, 263 (Grating) 
Selena, 312 


‘Sclevites, 266 (Cticle) 
Sclerotic coat, see Sclera 
Sclerotin, 266 (Caile) 
Screening, se Shedding 
Screw gauge, Micrometer, 101 
Serew jack, 21 
Screw rule, Maswells, 74 
Scrotum, 316 (estes) 
Seu, 207 
SeuteSeato (pl seul, 256 
Seutella sng, seuteum), 257, 
Sebaceous glands, 311 
Sebum, 311 Sebaceous glands) 
Seconds), 96 
Secondaries, ee Secondary feathers 
Secondary alcohol, 196, 187 
Secondary bronchi, 296, 299 (Bronei 
Secondary bud, se Axillary bod 
Secondary cel, 69,159 (Cell 
Secondary circuit, 78 
Secondary coil 79 
‘Secondary coors, $5 
Secondary consumers, 235 
Secondary cortet, 247 Phelloderm) 
Secondary feathers, 267 (Remiges) 
Secondary phloem, 246 Secondary 
thickening) 
Secondary roots, seo Lateral roots 
Secondary sex characters, 
318 (Puberty), 337 (Estrogen, 
Androgens) 
Secondary thickening, 246, 
Secondary tissue, 246 
Secondary xylem, 246 (Secondary 


Second order sensory neuron, 05 
‘Second polar body, 323 (Gamete 
production, female) 
Seeretin, 336 
Sedentary, 342 
Seeds, 260-261 
Seed crystal, 135 
Seed-eat, sce Cotyedn 
Seeding, 260 (Germination) 
Segmentation, 268 
“Metameric 268 (Segmestation) 
Segments, 264 (Segmentation) 
Segregation, Law of, 326 
Selection, Natural, 237 (Geneve 
variation) 
Selectvely-permeable ee 


‘Semipermeable 
‘Selenium (Se), 113,165, 183, 213, 
Seitdemagnetizaton, 71 
Selinduction, 79 

Self pollination, 259 

‘Semen, 319 (Copulation) 
Semicicular canals, 314, 315, 
Semicicular ducts, 14, 315, 
Semicondctors, 65 


Semana valves, 2 
Seminal Thi, 319 (Copulation) 
Seminal vesicles, 316 
Seine fles, 316 ete) 
Semipermeable, 329 
Sense organs, 307 
Sensitivity, 

Coimals 274-275 

¢humans), 306 (0 

ilar), 254 
Sensory areas, 302 (Brain), 305, 
Sensory nerves, 306 (Nerves 
‘Sensory neurons) 305, 10 (Alert 

‘yen 

Fint order, 206, 209 

Second ore, 306, 309 

Third order, 305 
Sensor oo, se Doral root, 
Sepals, 256 
Separating funnel, 224 
series, 


‘Activity, soe Reactivity series 
(component), 64 
Decay, 87 (Radioactive decay), 128, 
lectrochemical, 159 
Homologous, 191, 194-195 
Inner tansiton, 164-165, 172 () 
Radioactive, 2 Decay series 
Reactivity, 158, 211 
Redox, 149 
Transiormaton, ses Decay series 

Seerate, 250 

Serur, 287 

Seale, 246, 342 

Seta, sce Seae 

Setae ing. sea, 

(animals), 274 
[simple plant), 127 (Sporophyte) 

Sex characters, 

Primary, 318 (Puberty) 
Secondary, 318 Puberty, 
337 Estrogen, Androgens) 

Sex chromosomes, 325,526 (Sex 
Tinkage) 

Sex hormones, 297 (Pines gland), 
336 Estrogen, Progesterone, 
Androgens) 

Sex linkage, 326 

Sextinked genes, 326 Sex linkage) 

Sexual intercoune, sce Copulation 

Sexual production, 320 

‘animal, 276) 
‘ewexng plants), 258 (0) 
(humans), 318-319 

Shadow, 46 

shat, 

(bones, se Diaphysis 
eather), 267 
ais, 31 

Shall body covering), 266 , Caticle, 
Carapace) 

Shall, Becton, 83, 126 

‘Outer, 83 (Electron sells, 127 

Shield (nuclear reactox, 95 


Shunt, 77 /Ammeter 
Shutter (camera) = 
Side hain (ses, 


Sign convention. 12 
Reali positive. 
Significant figures 16 
Silica, see Silcon Seu 
Silica gel, 221 
Sicates, 177 
icon (i), 112.165 
Silicon dioxide SiO, 
‘Scones, 177 
Slcon(V) oxide = 
Si gland, 265 
silver (Ag) 1 2,160 
21,213 
Silver Bromide (Agse 
iver chloride Asch 
Silver iodide gh) 158 
Silver nitrate (AgNO. 
(Anions) 
Simple barometer, = 
Simple cell, 
Simple cubic isc 
‘wrangement 12 
Simple leaves, 250 1 
Simple microseape. = 
Sire, 5 
Sines, sce Terlons 
Single bond, 132, 2)< 
Single touch (ssc 
Sintered 70 (Fr 
Siousis) 307 
Blood, 386 (Penis 
Sinusoidal (save'orm 6 
Siphoa, 272 
Exhalant 272 siphon 
Ihalant, 25 (Mantle 
272 (Siphon 
Mani, 265 
Stans, 9697 
Basic, 96 
Derived, 97 
Skeletal muscles, 282. = 5 
‘Skeleton, 278-279 
Hydrostati, 265 (Body = 
skin, 266), 310-311 
‘Shal, ee Craniam 
Slag, 174,175 (Copper 
Sake me, sce Callas 
Slide calipers, Veriex 186 


Shieing magnetism, 73 
Shinbone, sce Tibia 
Shock wave, 40 
Shoot, 24 
‘Shortened structural formu, 140 
Shortnight plants, 
251 Photeperiogism) 
‘Short periods eement prous, 
168 Period) 
Shoulderblade, so Seapula 
Shunt, 77 (Ammeter 
Shute (camera 54 
Sie chan ‘atoms, 190,214 
215 (8) 
Seve plates, 285 Sieve tubs) 
Seve tubes, 243, 
‘Sign convention, 11 
Reals postive, 49 
‘Siting, 103, 
‘Sia, se Silicon diovide 
Stic ge, 221 (Desication) 
Sticats, 177 
Sticon i, 112,165,177, 213, 
Siicon dixie (Si0,), 177 
SSicoes, 177 
‘Sdiconi¥) oxide, se Site diode 
Sak gland, 265, 
‘Saver (Ag 112,160, 165,173, 
2n1,213 
‘Saver bromide Agi 188 Bromides) 
Siver chloride (AgCl. 145,160 
‘Saver idide Ash, 186 toes) 
Sdver nitrate ABNOS), 145,218, 
sions) 
‘Serpe barometer, 25 
‘Sele cel, 68 
‘Staple cubic (paricle 
fanangereri, 137 
‘Spl leaves, 248 
“Sele microscope, 58 Microscope) 
er 
‘Sew, sce Tendons 
‘Sie end, 132,214 (a and 1 
Spe touch magne, 71 
‘Snr, 70 (Ferromagnetic 
Sees) 307 
on. 316 (nis 
‘Sees waver), 61 
Sphon, 272 
Flat, 272 (Siphon) 
Ilan, 265 Mante siphon), 


‘iyostatic, 265 (Body cavities) 
si, 2664, 310-311 
‘Si sce Cranium 
‘See 174,175 (Copper) 
‘Stake Ime, sco Calium hydroxide 
‘Se elliprs, Vernier, 100, 


Slide projector, 55 

Sliding fection force, see Kinetic 
frictional force 

Sliding joints, see Gliding join 

Slow combustion, 208 

‘small intestine, 294,295 

Smog. 210 

Src, 145 

‘Smooth ER, 239 (Endoplasmic 
etiulum) 

Smooth usc, 283 

Sal's law, 50 

Soap, 202, 207, 

Soapless detergents, 203, 

Social, 342 

Sodium (Na, #2, 127,131, 148, 
164, 168, 196, 207,211,213, 
219 (lame tests) 

Sodium aluminate (NaMOH,), 157 

Sodium aluminum silcae, 
see Zeolite 

Sodium bicarbonate (NaHCO,), 169 

Sodium bromide (NaB), 188 Bromine) 

Sodium carbonate (Na,CO,), 169, 26, 
207,217 

Sodium chlorate (NaCIO,), 187 

Sodium chlorate, se Sodium 
bypochlorte 

Sodiun chlorate), see Sodium 
chlorate 

Sodium ehloride (Nach, 131, 
TAT (ial name), 145, 153; 156, 
169, 187 Chlorine, Chlorides, 244 

Sodium ethoxide (CH,CH:ONa), 196, 

Sodium hydrogencarbonate, soe Sodium 
bicarbonate 

Sodium hydrogens 
(NaHSO,) 157 

Sodium hydroxide (NaOH), 151, 
155,169, 202,216 Gthene), 
217, 219 (Cations) 

Sodium hypachlorite(NaOCD, 187, 
34 (Bleach) 

Sodium iodate (NalO,), 188 dine) 

Sodium nitrate (NaNO), 145, 
169, 162 

Sodium octadecanoate, 202 

Sodium stearate, 202, 207 

Sodium sulfate (Na,SO4), 135, 155, 

Sodium wiite(Na,S03), 
185 (ules) 

Soft magne), 70 

Softeners, Water, 207 

Softening, Wate, 207 (Permanent 
trades) 

Sot plate, 298 Pharynn, 307 

Soft water, 207 (Hard water) 

Solar eclipse, 46 Eclipse) 

Solenocytes +2 lame cells 

Solenoid, 74 

Soliiestion, 120, 

Solid state, 5, 120 

Solubility, 145 

‘Solubility carve, 145 Solubility 
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Soluble, 145, 
Solute, 144, 229) 
Solution, 144 (329 () 
‘Ammonia (NH,OH), 181 (Armonia, 
218 (Anions, 219 (Cations) 
Aqueous, 144 
Enthalpy change of teat of, 147 
Molar, 139 
"Now-aqueous, 14:3 Aqueous 
solution) 
Standard, 139 
Sohation, 144 
Solvay process, 169 Sodium carbonate) 
Solvent, 144, 329.) 
‘aqueous, 144 
Now-aqueous, 144 “Aqueous 
‘sohtion) 
Nompola, 144 
Organic, 345 
Polar, 148 
Solvent extraction, 21 
Somatic aferert system, 307 
Somatic eferent system, 308 
Somatotropic hornone'omatotropin, 
see sTH 
Sonar, 41 (Echo) 
Sonic boom, 40 
Sonic range, 40 
Sonometer, 43 
Sounds), 40-43 
‘Musical, 43 
Speed of, 40 
Sound waves, 40-43, 
‘Seuth’South seeking pote, 70 (Pole) 
Spatula, 25 
Speaker, 76, 110 
Species, 340 0) 
Specitic ravity, sce Relative density 
Specitic heat capacity (30, 112 
Specific latent heat (30 
Speci latent heat of fusion, 31,112, 
146 (Enthalpy change of reaction) 
Specific latent heat of vaporization, 31, 
146 Enthalpy change of reaction) 
Spectator ion, 141 
Spectrometer, 54 (Cob) 
Mass, 138), 222 (Mass spectroscopy) 
Spectroscopy, 
Mass, 222 
[Nuclear magnetic resonance 
(num), 222 
Spectrum, 345, 
Hlectromagnetic, 44,113, 
‘Nuclear magnetic resonance 
‘nme 222 
Viste ight, 54 
speed, 10 
“Average; 10 (Speed) 
Instantareous, 10 (Speed) 
‘Sub and Supersonic, 40 
Uniform, 16 Speed 
Wave, 35 
speed of light, 15 
Speed of sound, 6 


Sperm, 276, 316 Testes. 
"19 (Copulation), $20 (Games), 
323.) 327 SH) 

Spermatheca, 177 

‘Spermatids, 325 (Gamete production, 
‘male) 

Spermatozoa (sin, spermatozo0n)? 
Spermatorooids see Sperm 

Sperm ducts, 376 

Spherical aberration, 49 

Sphincter, 244 

‘Anal, 295 (Large intestine) 

Cardiac, 294,295 

Exteral urinary, 300 (alder 

Gastroesophageal, see Cardiac 
sphincter 

Internal urinary, 300 (Blade) 

Pyloric, 294,29 

Sphincter of Odd, 296, 357 CCR 

Spinal canal, see Neural canal 

Spinal column, sec Vertebral column 

Spinal cord, 302 ‘ 

Spinal nerves, 302 (Spinal cord) 

Spinal reflexes, 209 (Reflex actions) 

Spine cll division, 

241 (Metaphase), 322 (Metaphase) 

Spindle, Muscle, 283 

Spindle microtubules (ll dvision), 
"241 (Metaphase, 122 (Metaphase) 

Spine, 

(humans), sce Vertebral colume 
Neural, see spinous process 
(plans, 249 

‘Spinous process, 279 

Space, 273 

Spiral (eaves), 250 

Spleen. 293 

Splenic artery, 295 

Splenic vein, 299 

Spongy bene, 281 

Spongy cel, 248 (Spongy layer) 

Sponey yet, 248, 

Spontaneous sion, 92 

Sporangium, 227 

Spores, 321 'Sperulation) 

Sporophyte, 321 (Aternation of 
generations) 

Sporulation, 321 

Spring balance, 22 

Spring wood, 286 (Anrual rings) 

Spurred flower, 259 

Spurs, 259 Spurred flower) 

Sable equiium, 15 

Stainless see, 174 Stel) 

Stamens, 257 

Staminate, 256 

Stands equipment 225 

Standard, 259 (Pea ower 

Standard cell, 62 

Standard enthalpy change of reaction 
(ate, 146 

Standard solution, 139 

Standard temperature and pressure, 


Standing wave, se Stationary wave 
Stapes, 314 (Mid ear) 
Starch, 201 (Natural polymers, 208, 
331,338 (Saliva, 
339 (Polysaccharides) 
Animal, ce Glycogen 
States, Energy, 4 
Ground, 141) 
States, Ovation, 148 
States), Physieal, 45, 30:51, 120-121 * 
Changes of 0, 120-121, 
Equation of, sce deal gas equation 
Gaseous, 5,120 


Solid, 5,120 
States of mater se Phy 
State symbol, 181 
Static electricity, 56-57 
Static equlbrir, 15 (Equiblum) 
Static frictional force, 7 
Static friction, Coefficient of 
7 (Covticint of fiction) 

Stationary phase, 221 (Chromatography) 
Stationary wave, 43 
Statcysts, 273 
Satoiths, 275 (Statoeysts) 
Steam, Superheated, 545, 
‘team generator, 34, 95 
‘Steam point, 26 (Fixed point 
‘Stearic aid, see Octadecanole acid 
Ste 112,174 

Stainless, 174 (Stel) 
Stem, 

Brain 302, 

(plans, 288 
Stensen's duct, 296 
Step-down transformer, 79 
Stepp trarsformer, 73 
Stereachemical formula, 140, 

191 (Stereochemistry) 

Stersochemistry, 191 
Stereoisomers, 181 
Stersum, 259,272 
STH, 336, 
Stigma, se Stigmata 
Stigmata sing. tigma, 

(animals), 273 Spirade) 

(lowers), 257, 258 (Pollination) 
Stipule, 249 
Stirup, sso Stapes| 
Stock, 263 Grafting) 
Stolon, 263, 
Stomach, 292,295 
Stomata sing stoma}, 249 
Storage cell sec Secondary cell, 
stip, 43 
Straight chain ates), 190 
Straight wavefronts, 
Strain, 22 (Hook's lw) 
Strain energy so Elastic potential 


energy 

Strata sing, stratuen, 340 (Epiermis) 

Stratum hasale 370 Stratum 
‘germinativum) 


Stratum corneum, 310 
Stratum germinativur, 310 
Stratum granulosum, 370 
Stratum spinosa, 370 Strata 
‘etminativum) 
Stress, 22 (Hook's lv) 
aking, 23 
Yield, 22 (Viel point) 
Striated, 283 ‘Striated muscle, 
Striated muscle, 283 
Stridulation, 275, 
Sitiped muscle, se Stated muscie 
Strong acid, 152 
‘strong base, 152 
Strong electrolyte, 56,156 
Strtium (Sr), 129, 164,17 
Structural formula, 
Yelimeasional, sce Stereocemica 
formula 
Fall see Displayed formula 
Shortened, 140 
Structural isomers, 191 
Structural proteins, 330 Proteins) 
Structure, Mom, 82-03, 126-127 
Style flowers, 257 
Siyrene, 201 (Polystyrene) 
Subatomic particles, 82 (1), 126 (0) 
Sub-clases, $40) 
Subciavian arteries, 259, 290 
Subclavan veins, 289, 290, 
293 lymph vessels 
Suiberitical mass, 93 (Crtcal mass) 
Subcutanens, 311 (Subcutaneous layer) 
Subcutaneous layer, 310, 315 
Suberin, 247 (hell) 
Suberiation, 247 (Phellesn) 
‘Sub-kingdome, 340) 
Sublimation, 30,121 
Sublingual glands, 296 
‘Submandibolar glands Submaxilary 
lands, 296 
Sub-phyla, 340 () 
Subsonic speed, 40 
‘Substitution reaction, 192 
‘Sublractve mixing, 35 (Color mixing) 
‘successional community, 232 
‘Suecesion, Ecological, 233, 
‘Sucensentericus, sc Intestil juice 
‘Sucrase, 338 testinal jee 
Suerose (CHO), 204, 
330 (testinal juice, 
1339 (Disaccharides) 
‘sadoriferous glands, see Sweat glarls 
Sullate(tv) compounds, sce Sulfites 
Sullate(V1) compounds Sulfates, 154, 
185, 218 (Anions) 
Sulfides, 184 (), 213 (Anions) 
Slits, 185, 218 Anions) 
Sule), 121,136, 148, 155,165, 183, 
184, 213 
Alpha (sul), see Rhombic sulfur 
Beta (P-sulfu,se2 Monodinie sulfur 
Flowers of, 184 
Monoclinic, 136, 188, 213, 
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Sule (cont) 
Orthorhombie, sco 
Plastic, 184 
Rhombic, 136, 108, 278 

SulfrtV) oxide, se: 

Sulfr(VP exe, seo 

Suliur dioxide 50), 158 

210 (Smog, Aci ra 

Sulfuric acid (1,809), 

210 (Acid rin, 216, = 
210 (Nitrate sion 29 


sale acd 
Serica 
Salus ai S034 
Salo onde 50), 
Sime wood, 246 ml 
Spercndutr 
‘9 Back 
Spr at 
nye 
opened ii 90 
‘hmber 
sapere, 25708 
Tower, Peis 
superior ear rc 
Seok mem aa 
Soper mente 
Saperir vo cvs 2 


Superposition, 38 Principe 


"sperpostion) 

Supersaturated, ‘ 
luton), 145 : 
‘vapon, 90 (Cloud cham 

Supersonic speed, 30 


Saprarenl glands, ee 
Surface area easurea 
Surtace catalyst, 161 
Surfce density of charge 
Surface tension, 23 : 
Surfactants, 203, ; 
Susceptibility, 70 ; 
Suspension, 145 
Suspensory ligament, 312 Ss 
Sutures, 278(Cranisny 
Sweat, 317 (Sweat gland 
Sweat duct, 311 (Sweat sami 
Sweat glands, 311 
‘Swi bladder, 240 
Switch, 64, 11 
Changeover, 64 
Double pole, 64 
Rotary, 
symbol, 
‘Chemical 122, 212-278 
(quantities and ni 968 
110,113, 
State 1a 
Symbol equation, 98, 
Symmetry (Batra, Rail § 
Sympathetic division (new 
"308 


Sulfur conte) 
‘Orthorhomble, vse Rhombic sulfur 
Plastic, 104 
Ehombic, 136, 184, 213, 

Sale) oxide, soe Sulfur dioxide 

Sulfu(V) oxides Sulfur eowide 

Sulfur dioxide (50,), 151,185, 

240 (Smog, Ac ain 

Sulfuric acid (H,50, 150,155, 195, 

210 (Acid ean) 286,217, 

218 (Nitrate anon) 219 (Calum 

‘cation, 344 (Dehydeating agent 
Fuming (8,07), 185 (Contact 

process) 

SulfuricV) acid se Sulfrous acid 

SulfurictV) acid, see Sulfuric acid 

Sulfurous acid (H,S03), 190,185, 

Sulfur trixie (60), 185 

Summer wood, 246 (Annual ings) 

Superconductor, 

179 Buchminstrillerene) 

Superficial fascia, sce Subcutaneous 

ayer 

Superheated (guid), 90 (Bubble 

chamber 

Superior ‘ovary, 257 (Hypogyneus 

flower, Perigynous lower) 

Superior articular processes, 2°9 

Soperor mesenteric artery, 269 

Superior mesenteric vein 289 

Soperoe vena eava, 290,291 

Superposition, 38 Principle of 

superposition 

Supersaturated, 

‘solution), 145 
(vapan, 90 (Cioud chamber) 

‘supersonic speed, 40 

Suprareal glands, see Adrenal glands 

Surface area easement ci), 10% 

Surface catalyst, 363 

Surface density of charge, 57 

Surface tension, 23 

Surfictants, 203 

Swaceptibilty, 70 

Suspension, 185 

Suspensory igament, 312 (Lens) 

Sutures, 278 (Cranium) 

‘Sweat, 311 (Sweat slands) 

Sweat duct 311 (Sweat gland 

Sweat glands, 311 

Swim bladder, 269 

Switch, 64, 110 
‘Changeover, 6 
Donte poe, 64 
Rotary, 

symboi, 

(Chemical, 122, 212-213, 226-227 

(qusntes and unis), 96-97, 99, 
10, 13 

State, 141 

Symbol equation, 98 

Symmetry (Bilateral, Raia, 268 

Sympathetic division nervous system 

308 


Synapses, 305, 
‘Synaptic clft/gap, 305 (Synapses) 
‘synaptic knob, 305 
‘Synovial capsule, see Smovial sac 
‘Synovial ud, 280 Sonovil sae) 
‘Synovial joints, 280 Synovial sac) 
Synovial membyane, 280 Synovial sac) 
Synovial sac, 280 
‘Synthesis, 122,332 (Anabolism) 
Direct, 155, 
Synthesis reactions, 332 (Anabolism) 
Synthetic detergents, se Soapess 
detergents 
Synthese diamonds, 178 (Diamond) 
Syntketic polymers, 201 
Synthetic Fein, 345 (Resins) 
Sine ipl. syringes), 275 
Stem, 238 (345 
System (chemistry 
‘Closed, 162 
‘Open, 162 (Closed system 
Systems (hurnan boy, 
‘Aferent, 306-307 
‘Arterial, 208 Arteries) 
‘Autonomic nervous 
305 (ypothalars), 308 
Cardiovascular, 290 1) 
Central nervots, 302-303 
Circulatory, 706-289 
Digestive, 294-295 
ferent, 308-309 
Integumentary, 310 
Lymphatic, 293, 
Nervous, 302-309 
Fecpheral nervous, 304 1), 306 () 
Reproductive, 16-317 
Respiratory, 290-209 
Somatic afferent, 307 
Somatic efferent $08. 
Urinary, 300-301 
Vascular, see Circulatory sem 
Venous, 288 Veins) 
Visceral afferent, 307 
Visceral efferent, ee Autonomic 
nervous system 
Systems (pie), 
Deflection loscilascopel, 8 
Paley, 20,21 
Systematic name, 141 
‘Syatole phase 291 (Cardac eycle) 
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Tactile, 306 
Toga, tagmata), 
264 (Segmentation) 
Tangent, 345, 
Tannin, 255 (Pigments) 
Tantalum (fa, 112,165, 173,213 
Tap funnel, 224 
Tap root, 245, 
“Target ells, 336 (Hormones) 
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“Target DNA, 327 (Gene cloning) 
“Target organs, 336 (Hormones) 
Tamish, 345 
Tarsals, 278 
Tarsus, 278 Tara) 
“Taste buds, 307 Tongue) 
Taxonomy, 340 
‘laseal, 340 
TCT, 336 
Tear glands, soe Lacheynal glands 
Teat pipette, sce Dropping pipette 
Technetium (), 1657173, 272 
Tectoial membrane, 314 Cochlear 
dct) 
Teeth, 284-285, 
‘Baby, see Deciduous tet 
Camassial, 270 
Deciduous, 2641) 
DoglEye, see Canines 
Mil, s2e Deciduous teeth 
Permanent, 254) 
Wisdom, 205 
Telescope, 55 
Television, 81 
Tellurium Te), 112,165, 183, 213, 
Telophise, 
(mess), 323 
‘oto, 241 
Teton, 274 
Temporate grassland (biome), 232 
Temperature, 26-27, 96, 142-145, 
Critical 5 (Gas, Vapor, 
120 (Gaseous state 
Room, 139 Molar volume) 
Standard, 143 42.) 
Teanition, 136 
Temperature gradient, 
28 (Conductivity? 
“Temperature sale, 
‘Absolute, 27, 143 
Geis, 27,193 Absolute 
Temperate sale 
Falenheit 27 
‘Thermodynamic, see Absolute 
temperature scale 
“Temporary hardness (water, 207 
Temporary magnets, 70 (Sm) 
Tenors, 281 
Tend 249 
Tasion, 7 
Surface, 23 
Tentacles, 270 (Cnidoblass), 274 
erbium To), 163, 213 
Terminals, 60 (electromotive force, 
110, 159 et) 
‘eaminal bronchioles, 
299 (Gronchioles) 
“Terminal bud, 244 
‘Terminal velocity, 19 
Ternate, 250 
Territorial, 342 
Territory, 342 Tersitoril 
Teetiary aleotols, 197 
‘ertiary bronchi, 298, 299 Brome) 


Tertiary consumers, 235, 
Testis) 218219 
‘Bolling point, 221 
Flame, 219,222 
Melting point, 221 
Testa, 261 
Testes (sing, testls/Testices, 316, 316 
Testosterone, 336 Androgens) 
Test tube, 225, 
“Test tube holder, 225, 
Test tube rack, 225 
Tetraammine copper sulfate 
CUINH) 504) 154 
‘etrachloromethane (CCly, 124, 
144, 199 
Tetra, 322 (Prophase) 
Tetrathy lead PHOCH,)9, 270 
Tetragonal basic crystal shape, 136 
Tetrahedeal ical, 133 
Tetravalent covalency, 123 
Thalamus, 303, 
Thallium (Th, 165, 176,213, 
Theory, 
Bronsted-Lowey, 151 
Collision, 160 
Dalton’ atomic, 128 
inetic, 5,123. 
Quantum, 
Theory of electrolysis, tonic 
66,136 
Theory of magnetism, Domain, 71 
Thenmal conduction, 28: 
Thermal conductivity, 28,112, 
Thermal dissociation, 
162 (Dissociation) 
Thermal energy, see Internal energy 
Thermal equilibrium, 28 0) 
‘Thermal images, 45 (nirrred 
‘radiation’ 
Thermal pollution, 210, 
“Thermal reactor, 95, 
‘Thermionic emision, 80 (Electron 
‘an 
‘Thermistor, 27,65, 110 
Thermochemistry, 146 0) 
‘Thermocouple, 27 
“Thermodynamic temperature scale, see 
Absolute temperature scale 
Thermometer, 26, 225, 
Clinical, 25, 
Digital, 27 
Liguidin-las, 26 
Maximum, 27 
Minimum, 27 
Resistance. 27 
Thermometric property, 
26 Thermometer) 
Thermonuclear reactions 93 (Nuclear 
fusion) 
Thermopile, 29 
“Thermoplastics, 201 Pastis) 
Thermosettng plastics, 200, 
201 Plastics) 
Thermostat, 32 


Thiamine, 139 Vitamin 8 complex 
Thighbone, see Femur 
“Thigmotopism, s° Hapttropism 
“Third gas law, soo Pressure law 
“Third order consumers, = Tertiary 
“hind order sensory neuron, 305, 
Thistle funnel, 228 
‘Thorac duct, 292, 295 Lymph 
‘vessels 
Thoracic vertebrae, 278, 279, 
‘Thorax, 264 Segmentation, 
278 (Rb cage) 
‘Thorium (Th, 87,128, 164,213, 
Thread cells, see Cidoblass 
Thrombin, 287 (Clotting! 
Thrombocyes, see Patlets 
‘Thrombopastn, 257 (Clotting) 
Thiam (tm), 165, 205 
Thymine, 323 
Thymus gland, 293 
Thyrocaletonin, see TCT 
“Thyroid gland, 297,337 SH, 
“Thyroxin, 1) 
‘Thyroid-stimulating hormone! 
"Thyroropin, se TSH 
Thyrosin, 188, 336,337 (SH) 
“Tibia, 278, 280, 281 
“Tibial artery Arterior,Posterion, 289 
Timbre, 43 (Medes of vibration) 
Time 0, 96 
Timebase (oscilloscope control, 87 
“in 18,112,188, 177,205 
Tincture of dine, 135, 
Tissue, 248 
‘Adipose, 310 (Subcutaneous layer) 
Connective, 200 
frectile, 316 Pens), 317 (Vulea) 
Lymphatictymphoid, 295 (Lymphoid 
organs) 
Osseous, see one sue) 
Primary olan, 242 
Secondary (plant, 246.) 
Vascular plan), 242 
Tissue fui, 292 
Tissue respiration, see Internal 
respiration 
“Titanium 165, 172, 213 
Titer, 222 Volumetric analysis 
Titration, 222 Volumetric anal 
Tocopherol, see Vitamin € 
‘Tongs, 225, 
Tongue, 292, 307 


Lingual, 293 Tons) 
Palatine, 293 Tonsil) 
Pharyngea, 293 (Tonsil) 

‘op pan balances, 225, 

Toppling, 14 

“Torque, see Moment 

Torrcellian vacuum, 25, 

Total eclipse, 46 

“ota internal reflection, $1 

Toxic, 210 


Trabeculae (ins. abecu, 
285 (Spon bone) 

‘race elements, 331 (Minerals) 
“Tracer, 91 (Radioactive tracing, 
129 (Radioactive tracing) 

Trachea, see Tacheae 
‘racheae (sng trachea), 
(animals, 273 
humans), 238 
(plans, se Vessels 
‘racheoles, 273 (Tachese) 
Tracing, Radioactive, 1,129 
“raitional name, 141 
Train, Maglev, 75 
Trait 325 (Genes) 
Trans bat--ene, 197 
Transfer RNA, 239 (Ribosomes) 
‘Transformation, 
Iatomicinuclean, 85 
(energy, see Conversion 
Transformation series, ee Decay 
Transformers, 79,110, 


Field effect (symbol fon, 110 
pn, 65,110 

Pp 65, 10 
‘Transition (atomic/nuclean, 85 
‘Transition metal, 165, 172-175 
Transition series, Inner, 

164-165, 172 0) 

“Transiton temperature, 136 
“Translation, se Translational 
‘ranlationa kinetic energy, 

'9 (kinetic enerty) 
Translational motion, 10) 
‘Translocation. 252 () 
“ransmutation, se 

Transformation (otomiclsuclea) 
Transpiration, 206, 252 
Transpiration steam, 252 
“Transverse processes, 279 
Transverse waves, 34 
Teaveling waves, 341) 

Trends, 166 0) 

TWiatomic, 124 

Tribune, 153 

Triceps, 282 

Tilinic (asic crystal shape), 126 

“Wcuspid valve, 291 (Atiowenticube 
valves) 

Trioiate, 250 

“Tegonal rigonal planar 

(molecule, 133 
Srimer, 125 
Tol 197 


“Tple ond, 132, 214 fe and 3) 
“Tipe point, 96 (kelvin) 
Tripod, 225, 

“etiated water, 167 (tia) 


Trae 
(coven 137 
(secrovaley, 1 

“va name, 181 

INA, se Taner BNA 

Trophic ve 295 

Topi fors (oe 2B 

“Topic harones 297 a 

{hop Neqative, ot 

Trough eipren 225 

Trough wave) 38 

Tract 262) 

True weigesnes, 19 

rath tables 111 

Typ, 398 Pancreat 

“Trypinogen, 238 Note 

15H Be 

Tobe bison 
Tenacity, 14 
Fallopian, 217,319 er 
Pollen, 258 (olination 
Sieve 243 
Uterine so Fallopian ne 

‘abet hers 
tol, 225 
opty, 225,26 

thermometer 
Delivery, 223 
Discharge, 8D 
ftecron 0) 
Fluorescent, 8 (Discharge 
Goiger ler, 9 (Gage 
ignition, 225 
Niles cross. 80 
Test 225 
Keay. 00 

Tube nls, 258 Plintim 

Taber 268 

Tubular elnorton, 308 

Tula secreton, 304 

Tule 
Caleting soo Cll 
Distal comvlited 301 

tue 
Mlpgian, 265 Homo 
troximal comolue, 

0 (Usnfero fu 
eval, ec Uriferom 
Seminerous, 316 Toten 
store 301, 37 (ADH 

Aeterone 

Tundra em 232 

Tonge) 112,165,178 

Turbine 2,98 

Tri 253 Cargo 

Togo, 253 

Tog presre 259 Target 

Tuning Fores, 1415 

Terai, 79 
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Safety 


Make no mistake: electricity can kill you. It bears repeating, as well as emph 


Warning Electricity can kill you. 


Working safely with electricity is like working safely with a sharp kaif, for example. A good kn 
usefil foo. Life would be cumbersome and erude (not to mention short) without good tools, However, 
‘ten tising any tools i's important to understand thelr proper use and operation. The same goes for 
alec 

"The point here is not toe overdtamatic about the dangers of electicity. Billions of people are safely 
and peacefully coexisting with electricity, largely due to wise safety rules and well-designed electrical 
appliances. However, there are three major ways that you ean be harmed when working around 
electricity, and its important that you be aware of hom 


‘* Your body uses tiny amounts of electricity to send nerve impulses to and from 
your brain. Sending relatively giant shocks of electricity through your body is a 
‘good way to stop your heart from beating or your lungs from breathing. You need 
to keep doing both of those things, so be careful. 


© Since your body is not a very good conductor of electricity, it converts the 
electrical current into heat, which can produce very damaging burns, both on the 
inside and the outside of your body. 


* Additionally, many electrically related injuries are sustained while trying to get 
away (ie., your body's involuntary reflex when exposed to dangerous voltages). 


Yet working safely with electricity 


both in your lab and outside of it 


easy. Observe the following rules and you'll be relatively safe, 


‘© Always assume a circuit is “live.” Electrical devices can retain lethal voltages even 
when completely disconnected from power. 


+ Don't work with high voltage (more than 36 volts) unless you're specifically 
trained. Reading this book does not mean you're “specifically trained,” even if you 
read it twice, 


‘+ Don't short-circuit batteries (ie., deliberately connect the positive and negative 
terminals together). Even very small batteries can hold dangerous amounts of 
power and can produce enough heat to burn you. Even worse, it can start a fire, 
which is yet another unpleasant way to die. 


‘+ Be careful when using metal (conductive) tools around battery terminals so that 
you don’t accidentally short the terminals together or to other circuitry. 


‘© Don’t assume other people are aware of these dangers. 
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Ugly/Ground Plane Construction 


The Method | Use in Buil 


ing My Simple Receivers 


Oct. 7, 2006 by Rick Andersen, KE3IJ 


Occasionally | get emails from readers who want to know how | build these simple radio receiver circuits on an “L-shaped 
chassis" without cutting and scoring the copper, what | mean by "L-shaped chassis," or "what's all this about 10 megohm. 
resistors?”, etc. | tend to forget that nat everybody has done this before, and | usually take it for granted that the reader is 
an accomplished "basement-tinkerer” and should therefore be able to just look at a schematic diagram and then come up 
with his own layout and method of construction. Sorry if | have annoyed anyone — that wasn't my intention, 


‘When [first design a circuit, | make what a friend of mine used to refer to as a “spider” (or, “spider-web")- basically just 
Construct the circuit by soldering the components together, lead by lead, into a reasonable facsimile of the schematic (no 
chassis or pc board necessary-- the stiffness of the soldered leads themselves hold the "spider" circuit together). This 
method is quick, and allows me to modify things fairly easily. It also grows rather quickly into a *haywire monstrosity" if| 
allow it. 


‘Sometimes | do use a piece of copper-clad pc board as a ground plane, even during the “spider” stage, as the photo 
below illustrates: 


aywire” mess of my Regen receiver in its early, experimental stage 


‘To make things a bit clearer to you who have never built projects in this way before, | have attempted a free-hand diagram 
Using Microsoft "Paint", which | converted to a if file and which you see below. 


In the top-center of the diagram is the schematic for a simple common-emitter audio amplifier stage. The left side of the 
diagram illustrates how one might translate that schematic into an actual circuit on the copper-clad pc board. At right is a 
diagram of the "L-shaped Chassis." This is the style in which | build most of my circuits 


Basically, | use 2 pieces of 5x7 inch copper-clad pc board, available in the USA at Radio Shack [free plug]. One piece lies 
flat (the bottom piece), which is what I have shown in the diagram. | build my circuit on this bottom piece, using the copper 
floor as my ground connections (“ground plane”). Any resistors, caps, etc., that go to ground in the schematic, are literally 
soldered to this bottom ground plane and stood upright. At their top ends, the rest of the circuit is soldered, suspended up 
above the ground plane. Anywhere that | think I need some mechanical stability | use a vertical 10 Megohm resistor, 
Which acts to prop up and support the rest of the wiring above the ground plane. For most of the circuits | build, 10 
Megohms is much higher a resistance value than any of the resistors in the circuit itself; therefore, the circuit pretty much 
ignores the 10M "posts", electrically, and they remain simply a mechanical "standoff insulator”. The 2nd piece of copper 
clad board is drilled for switches, potentiometers, tuning caps, and earphone jacks, etc., and then is soldered at right 
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Ground Plane Construction of Simple Radios 


angles to the flat bottom piece, making an “L-shaped chassis". It also helps to solder triangular pieces of copper-clad 
board as mechanical braces, at the corners where the front panel is soldered to the bottom ground plane. 


Bxenpie Cheat, 9 
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Coppercias arbor 


‘Copper surace 


Below is a photo of my 2006 creation, the "AGC-80", a Regen receiver for the 80 Meter ham band with audio-derived 
‘AGC. There's an article on this receiver elsewhere on this website; meanwhile, notice that itis built in the same way 
outlined above an “L-shaped” chassis made of a bottom piece of copper-clad board, soldered to a vertical piece of the 
same kind of board which is the front panel. (I also added a back wall to hold the antenna jack, and a right wall to hold the 
audio output jack, as well as a triangular reinforcement piece of copper-cad, at bottom-left between the front panel and 
bottom piece, although you can't see it in this photo.] 


To the right of the AGC-80 is the infamous Radio Shack/Archer litle beige Amplified Speaker that I'm always mentioning. | 
may knock Radio Shack for other reasons [for example, that they have pretty much left us hobbyists behind, and have 
become just another consumer electronics store] but | will always say good things about their little $12.95 beige-colored 
‘Amplified Speaker. It works like a charm for the kind of projects | build. | also run an audio cable out of the Radio Shack 
amp to a bigger speaker, for better-quality sound in the photo you can see a white "Optimus" computer speaker pressed 
into this service. While the Radio Shack's speaker does a fine job, the Optimus sounds quite a bit louder and way nicer. Of 
course, you may argue that a real Electronics Geek rolls his own audio amp rather than rely on a commercially-made, 
external one. Well, 'm often too impatient to build the audio power amp myself, after having spent hours or days getting 
the RF part of the radio to work the way I want. Also, homemade audio amps tend to oscillate (squeal, motorboat, howl) in 
mysterious ways once lovingly installed on the same circuit board as the RF circuitry... After a while one grows tired of 
trying 50 ways to make it happy, and would rather just hook up an Amplified Speaker and be done with it. 


To each his own. 
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Please realize that you don't have to follow this method of construction (usually called "Ugly Construction” by hams), but I 
‘would advise you to make sure there is some equivalent of a copper ground plane in most of your radio projects... it helps 
to shield the circuit from outside influence (particularly when connected to earth ground) and contributes to stability. 


| hope this has helped to give you a litle better idea of the methods | use! 
73 de Rick, KE3IJ 
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Chemistry 


Like the author's other companion books, The Chemistry Companion 
provides high quality information in unique one-page-per-opic presenta. 
tions that do not overburden and distract readers with excessive details. 
The book offers concise summaries of general chemistry concepts, 
easily accessible in a convenient, reader friendly format. 


Suitable as an introduction or study guide, this companion presents the 
minimum of what readers need to know to understand the subject. It 
emphasizes the physics underlying chemistry. By looking at chemistry 
processes from a physics point of view, readers better appreciate what 
is happening from the chemical perspective that is usually found in 
traditional chemistry books. 
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The author focuses on the structure of matter, chemical components 
and bonds, the periodic table, states of matter, thermodynamics, reaction 
rates, carbon chemistry, biochemistry, and chemical, ionic, and electronic 
equilibria. Each topic is covered in a single-page outline format with just 
enough detail to enable a good understanding of the subject. 


Features 
Provides a physical understanding of chemical concepts 


Presents clear explanations of difficult material, working through any 
inconsistencies in understanding 


The 
Chemistry 
Companion 


Uses a convenient format for checking formulas and definitions 


Includes self-contained information on each page, assuming little 
prior knowledge 
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CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


Lighten Up! 


Now it’s time to have alittle fun with electricity, don’t you think? While it’s important to keep safety in 
'sjust as important to be curious and willing to try new things. Don't let the (important) safety 

rules immobilize your creativity. Use these rules, like any tool, to leverage your enjoyment of this fun 
and exciting hobby. 

Let's start with a simple circuit that is almost guaranteed to lighten things up. Let's take apart a 
flashlight (or forch for you metric types) and see how it works 

First, find a typical household flashlight. The flashlight in Figure 1-2 was purchased for $3, and it 
included two new D-cell batteries. Put the batteries in the flashlight and make sure it lights up when you 
turn on the switch. Ifthe bulb is burned out or the batteries are dead, then this experiment is not going 
to be much fun at al. 


Figure 1-2, A typical household flashlight will be the vietivs subject of our first electrical experiment. 


‘Once we've established that the flashlight works as intended, we can begin the experiment. 


u 


This book is dedicated to Bill Cripps 
— industrial chemist 
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Preface 


This book is similar to previous Companion style books 
where each topic is covered in a single page outline format 
with enough detail to provide a good understanding of the 
subject. 

This book emphasises the physics underlying chemistry, 
especially in the first chapter. I hope that by understanding 
what is happening from a physics point of view, the reader 
may better appreciate what is happening from the chemical 
perspective that is usually found in a traditional chemistry 
book. 


I am indebted to Dr. Ray Sleet of the University of 
‘Technology, Sydney, an exemplary teacher who taught me 
that anything can be learned if it is broken down into 
manageable pieces with attainable goals. Many of the 
presentations in this book have their origin in Dr. Sleet’s 
excellent undergraduate lectures. 

1 also thank Hilary Rowe for her persistence in getting this 
book into print and the editorial and production team at 
Taylor & Francis for their very professional and helpful 
approach to the whole publication proce 


‘Tony Fischer-Cripps, 
Killamey Heights, Australia 
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(CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


We don’t need most of the pieces of the flashlight body. Let's take it apart and have a look inside. 
1. Open the flashlight be unscrewing the end with the lightbulb in it. 


2. Remove the batteries. Set them aside for the moment, We'll use them in abit. 
3. Remove the plastic retainer that holds the bulb in the reflector. 

4, Take out the bulb. 
5 


We'll need to replace the wiring that was contained within the flashlight’s body. 

Find a short piece of wire 8” to 12" long. A specialized jumper wire with alligator 
clips on the end was used in the photos for this exercise, but almost any kind of 
wire will do, See Figure 1-3. 


Figure 1-3. All the pieces you'll need to light up the bulb, 


6. If you're using plain, insulated wire, you'll need to remove a small bit of it from 
both ends of the wire to expose the conductor, or metal wire part inside. 


7. This step can be tricky. Try to hold both batteries in one hand, along with the bulb. 


‘The batteries need to be pointed in the same direction. If this is too hard to do, try 
itwith just one battery. 
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1. Structure of Matter 


Summary 


Energy levels Bohr H-like atom: 
mL 4e 


Ren 


Energy levels Schridinger equation, 
Coulomb potential: 


24 4 
‘qe'm 


(are, Pan 


Covalent bond: the co-sharing of valence electrons, 


Ionic bond: the electrostatic attraction between ions formed 
after electrons are transferred from one atom to another, 


Metallic bond: free electrons in the valence band reduce the 
energy of the system and so act to hold atoms together, 


‘The electronegativity describes the relative ability of an 
atom, when it combines with another atom, to become “more 
negative” by more strongly capturing a shared electron or 
electron pair. 
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1.1 Atoms: 


Sixth century BC Thales of Miletos proposes that the basic element from 
which all things are made is water. 450 BC Empedocles teaches that all 
matter is composed of earth, air, water and fire, Around 400 BC, Greek 
philosophers (Leucippus, Democritus, Epicurus) proposed that if one could, 
divide a piece of matter again and again, eventually a limit would be reached. 
where no further subdivision could take place, this limiting amount of matter 
was called the atom. About 300 BC, Aristotle rejects the atomistic view and 
argues that matter is based upon the four basic elements of Empedocles but 
adds the qualities of coldness, hotness, dryness and moistness. Aristotle's 
considerable reputation ensured that his ideas became embodied in religious 
teaching for many hundreds of years 

In the fifteenth century, new advances in physics suggested that matter was 
made from particles, in agreement with the ancient Greek atomists. Robert 
Boyle taught that matter consists of different types of elements that were 
composed of atoms of the same type. Different elements could join together 
in fixed proportions to form compounds. Later, in 1803, John Dalton 
proposed the atomic theory of matter that was based on quantitative 
experimental evidence from the weighing of different elements in 
combination, He created a scale atomic mass for the different elements that 
were then known, Dalton’s reference atom was the lightest element known, 
hydrogen, which was assigned an atomic mass of one. Other elements were 
given atomic masses according to how heavy they were compared to a 
hydrogen atom. 

In 1807, Humphry Davy decomposed potash into sodium and potassium 
metals using electrolysis. In 1832, Michael Faraday discovered a 
‘quantitative connection between electricity and the separation of compounds 
into elements in clectrolysis. ‘These observations suggested that atoms 
themselves contain electric charge. Experiments by William Crookes 
demonstrated visible “cathode rays” that emanated from a negatively 
charged electrode (cathode) and travelled towards the positive electrode 
(anode) in an evacuated tube. 

In 1872, Mendeleev arranged elements in increasing order of atomic mass 
and discovered that the properties of certain elements were repeated at 
regular intervals. When elements were ordered in columns with the atomic 
mass going across from left to right, and similar chemical properties going 
down, a periodie table was formed whereby, using the known elements at 
the time, Mendeleev was able to predict the properties of some as-yet 
undiscovered elements from gaps in the table. 
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1.2 Bohr Atom 


In 1897, Thomson demonstrated that the rays observed to be emitted from 
the cathodes of vacuum tubes were in fact charged particles which he called 
electrons. Thomson proposed that atoms consisted of a positively charged 
sphere within which were embedded negatively charged electrons. 
Rutherford found in 1911 that the electrons were actually located at some 
distance from a central positively charged nucleus, He proposed that 
electrons orbited the nucleus and the electrostatic attraction between the 
nucleus and the electron was balanced by the centrifugal force arising from 
the orbital motion, However, a major problem with this was that if this were 
the case, then the electrons would continuously radiate all their energy as 
electromagnetic waves and very quickly fall into the nucleus. a 
Ge =-1.6X10PC 
In 1913, Bohr postulated two important additions yma 
to Rutherford’s theory of atomic structure: 


1, Electrons of mass m, can orbit the eae 


nucleus at radius r with velocit 


what are called stationary states in eloer 

which no emission of radiation Pec 

occurs and in which the angular 

momentum £ is constrained to have "=? eask 
ales: ne sts 

au The 2x appears because - 


L=m,vr=22 Lis expressed in terms of 

2a wrather than f: 
Electrons can make transitions from one state to another accompanied by 
the emission or absorption of a single photon of energy E = hf, this 


being the absorption and emission spectra observed experimentally. 


As in the Rutherford atom, the centrifugal Mechanical 
: : model of 
force is balanced by Coulomb attraction yaieean a 
.v?_ With the addition 
that pp yp = 
le 
By summing the kinetic energy (rom the orbital velocity) 
and the potential energy from the electrostatic force, the total energy of 
an electron at a given energy level n is given by 
Noto: atomic number Z~= 1 for the hydrogen atom where 
the energy ofthe ground state is -13.6 eV. The energy 
lovels or each stato n Aso as 2. Thus, according to the Bohr 
‘model, the energy level ofthe innermost shel or muit- 
electron atoms can in principe be several thousand eV. 
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1.3 Energy Levels 


‘The stationary states or energy levels allowed by the Bohr model are called. 
electron shells or orbitals, and are labelled K, L, M,N, ete. with K 
corresponding to n = 1. The number m is called the prineipal quantum 
number. According to the Bohr model, the electron energy only depends on 
nn, but experiments show that in multi-electron atoms, electron shells consist 
of sub-levels (evidenced by fine splitting of spectral lines). For example, the 
L shell n =2 has two sub-shells, 2s and 2p. 


oy yen, ecanvenant i assign fe energy at 
4655 Infiy a ain ses an ston 
ostey ey rver dover ence es 
ro 4g pony enrgeo e poeri  do 
Te ister ant te energy vl 
4.51 eV vf for each shell shown are negative. In 


$8 hydrogen, a single-electron atom, the 


fenergias for each shell are given by: 
13.6 


ssoe Heed 24 22 rman 
Coe 


‘The electron-volt is a unit of energy. 
eV = 1.602 x 10°94. 


Hydrogen 

atom only ‘Sometimes the spilting of principal shells 
into sub-shell results in some overiap| 

1360v Kk 432) (eg. 4s is lower in energy than 34), 


At each value of » the angular momentum can take on several distinct 
values. The number of values is described by the second quantum number / 
‘The allowed values of J are 0, 1, ... (2-1). Each value of /is indicated by a 
letter that indicates the sub-shell: 

‘A third quantum number m describes the allowable 
changes in angle of the angular momentum vector in the 
presence of an electric field, Ittakes the values ~1 to 0 to + 

‘A fourth quantum number describes the spin of an 
electron where the spin can be either ~1/2 or +1/2. 

According to the Pauli exclusion 
principle, no electron in any one atom can | For example, the 3d sub-shell 
have the same combination of quantum | °" Mold up to 10 electrons: 


se xave 


numbers. When all the electrons in an atom ane 

are in the lowest possible energy levels, the bis 120,1,2 (s,p.¢) 
: 4 and: m= 2,-1.0, 4,2 

atom is said to be in its ground state. The 


outermost electrons in an atom are called | 5 yaiues of m times 2 for spin, 


the valence electrons, thus 10 possible electrons 
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1.4 Schrédinger Equation 


‘The total energy £ of an electron in an atom is the sum of the potential and 
kinetic energies. Expressed in terms of momentum, p, and mass of el 
im, this is stated: 


2m both position and time. The form of Hr) is different 
for afferent arrangements of atoms (e.g. a single 


oP ay i: The value of the potential function may depend on 
Thus: hf =2+7(54) ted atom, an atom na regular aay ofa cst 


Let 
Wis a variable, the form 
OY and value of which provide 
E=ih— | information about the 
& motion of a wavelparticie. 
Thus: 


Schrédinger equation 


‘The solution to the Schrddinger wave equation is the wave function ‘V. If 
is a function of x only, then the wave equation can be separated into 
time-independent and time-dependent equations that can be readily solved. 


nays Ve 
awa th W)= Ew a= 


‘The resulting solutions of these equations, when multiplied together, give the 


wave function: w(. 4) y(x}9() 


‘The wave function gives all the information about the motion of an electron 
in an atom. Y is a complex quantity, the magnitude of which || is 
interpreted as a probability density function which in turn can be used to 
determine the probability of an electron being at some position between x 
and Ax. 

Quantum mechanies is concerned with determining the wave funetion 
(ie. solving the Schrodinger equation) for particular potential energy 
funetions such as those inside atoms, It is found that valid solutions to the 
time-independent wave equation occur only when the total energy is 
‘quantised. The solutions correspond to stationary states 

Solutions to the Schrédinger equation can be found for potential functions 
which are a function of both x and ¢. This enables time-dependent 
phenomena (e.g. the probability of transitions of electrons between energy 
levels in an atom) to be calculated and hence the intensity of spectral lines. 
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1.5 The Infinite Square Well 
Energy 
Consider an electron that is confined to be located in 
‘one-dimensional space ~L/2 and +L/2 and where the 
potential energy of the electron is a constant (which ° 
can be conveniently set to zero). This is an example 
of an infinite square well potential. This potential is 
not usually found around electrons in an isolated o + 
atom, but does often represent that experienced by ~ ¢— space —> 
electrons in a solid and also in a chemical bond, 


Be es 


In the infinite square well potential, the electron cannot move more than a 
distance x = 2/2 from the centre position because it is constrained or bound 
by the infinite potential at the walls. In classical physics, the electron can 
have any value of total energy as it moves within this space. 

In quantum physics, the allowed stationary states indicate the possible 
total energy of the electron, That is, the electron is moving as a particle 
whose probability of being in a particular position x is deseribed by the 
standing wave patterns from the solutions to the Schrddinger equation, For 
the simple case of zero potential energy within the well, the energy levels 
are given by: ret? 


nh 
E + Mxy=0 
20m 
as 
Eneqy /-=s——t ‘The electron can move 
2? | electron anywhere within the confines 
| 2s 
fenersy +, but can only have 
fonts kinetic energies allowable by 
i the stationary states. 
IL 


It can be seen that the energy increases as m increases. That is, the electron 
has a greater kinetic energy if it exists in a stationary state with a larger nm. 
‘The minimum allowable energy is greater than the minimum potential 
‘energy (in this case, 0). This is the zero point energy. 

Note also that the kinetic energy of the electron, for a given value of n, 
decreases as the length of the well L increases. That is, if the electron is 
given more room to move, then its total energy is lowered (in this case, the 
total energy is kinetic, since the potential energy was set to be 0). “Available 
space” is effectively a mechanism for providing a reduction in total energy of 
the system. This is important when the valence electrons of different atoms 
‘come neat each other during the formation of chemical bonds, 
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1.6 The Coulomb Potential 


In the infinite square well potential, the potential energy of the electron 
inside the well was constant, and independent of position. In an isolated 
single-electron atom, a more realistic scenario is the case where electrons 


are bound by the Coulomb potential By ceioasnss, an olsen 


assigned a zero total energy 
\when itis at rest, at an infinite 
distance fram the nucleus, As the 
negatively charged electron 
Electron. toves toward the postivly 
‘energy charged nucleus (opposite to the 
levels direction of the electric eld, it 
‘can acquire kinatic energy andlor 
do work and s0 its electrical 
potential is reduced. That i, the 


° 


This potential 
reflects the fact 
that the electron is ~» 


attracted more strongly by the nucleus at potential energy becomes 
shorter distances r and so the potential ‘negative. This is the same 
energy is no longer constant —ice. the convention in electric eld thaory, 


where it is usual to consider a 


potential varies with distance from the Peaiis ease wove nie 

nucleus. Mathematically, the Coulomb Same direction ofthe electri feld 

potential is: = whereupon potential energy is 
where Zis the atomic reduced 


Zge 


‘number, the number of 
‘ze,7 protons inthe nucleus. 
Note that in this potential, the energy (the potential energy) becomes more 
negative as r decreases. That is, electrons further away from the nucleus 
have a higher potential energy. 

The total energy levels for an electron for this potential are given by the 
solution to the Sehrédinger equation with M/(7) as above and are expressed: 


Zghm This applies to an isolated single 
7 ‘electron atom (e.g. hydrogen) 
(aze,) ‘Compare with Bohr modal. 1.2. 


Here, the energy E becomes more negative as n decreases, and for a single 
electron (Z= 1) , and at n = 1, we obtain the total energy E =~13.6 eV. ‘The 
Coulomb potential, as drawn above, also reflects the greater range of 
movement available to the electron as r increases. 

When an electron is bound by a potential, it is forced into having discrete 
allowable energies. That is, the allowable states E <0 are bound states. 
Above this level, the electron is free and can have any energy. This is 
indicated by the grey band in the figure above. Note that in this potential, the 
energy depends on the principle quantum number n. As n increases, the 
energy becomes less negative and is therefore at a higher potential 
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1.7 Covalent Bond 


Consider a hydrogen atom.° 
Here we have one electron 


2 atomic 
orbiting the nucleus, In the x fous 
ground state, the electron i gegen atom levels 


in one of the available 1s ts 136 ev 


nie sites (ground state) 
When a hydrogen atom comes into proximity with another hydrogen atom, 
we might be tempted to draw the energy levels like this: 


qeees i x iSeguhiinad 5 
Atom #1 ‘Atom #2 

But this would be Nucleus for ‘Nucleus for 

incorrect. What atom #1 alom #2 


happens is that the electron in atom #2 is attracted by the positively charged 
nucleus of atom #1 and vice versa. Overall, the nucleus from atom #1 is 
attracted to both electrons, The nucleus from atom #2 is attracted to the same 
two electrons. Therefore, the two nuclei behave as if they were bonded 
together. The co-sharing of these valence electrons and the resulting 
attraction of the two atoms is called a covalent bond, 

ae 


Molecular 
energy 
levels 

ts -18.08 eV 


08 corm 2 


When this attraction occurs, the sides of the “well” are reduced so the 
extent that the electrons are completely shared between the two atoms. The 
electrons (by the Pauli exelusion prineiple) have to have different spins 7. 
Since this is energetically favourable (electrons have more space to move), 
then hydrogen naturally forms the molecule H,, When a covalent bond is 
formed, energy is released (heat). To break the bond and separate the atoms, 
energy ~(18,08-13.6 ) =—4.48 eV has to be supplied. 
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1.8 lonisation Energy 


In order for an electron to make a transition from a lower state to a higher 
state in an atom, it must absorb energy (via collision with a photon of 
sufficient energy, by heat, ete). The energy required to move the outermost 
(highest potential energy) electron in an isolated atom from its ground state 
to infinity is called the first ionisation energy and is usually expressed in 
units of eV. The resulting positively charged atom is called an ion 


sd to move the next 


The energy requit ‘Sometimes ionisation energies are 
outermost bound electron from its expressed as KJ per mole. Since 1 
ground state to infinity is called the eVis 1.602% 10%, then 1 eV per 
second ionisation energy, and soon, #10” 18 96.49 KI per mole. 


Bound eecron hy = AE Free electron 

Incoming photon N 
0 0 
a" za 

foes Aes 
es aa 

‘Sodium atom si) Sodium fon fas 

Na Naw 


The incoming photon must have Important: We cannot just assign 
sufficient energy (in this example, Shoe ae a ee 

> 45.1 eV for Na) to lift the electron to fygrogen atom. The enargies 
infinity distance from the nucleus for associated with each level in a mult 
the atom to be ionised. If t does not, _slecon atom depend onthe sizeof 
and if the ineoming photon has the. aom th atomic number the 
sufficient energy to lift the electron toa Selivore by the nto eloctons, 
higher energy level, then the atom may whether of not the atom is bonded 
become “excited” rather than _with another, or exists inthe 
“jonised”. If the incoming photon has 92889US phase, and most 


. ‘ ae 4S importantly, whether the level is filed 
insufficient energy to excite or ionise  Srnot The ionisation energies are 
fan atom, then it will just 


pass through — usually measured experimentally. 
or be scattered by the atom, “The formula worked OK for 

hydrogen because we were dealing 
with just a single electron, 
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1.9 Electron Affinity 


Consider a neutral chlorine atom. The first ionisation energy for Cl is 13 eV. 


CChiarine atom 


ap) 


(One vacant 

state in the 3p a) 

valence shell 

Lower states 

all full with aeeacies 

electrons. — 
atom 


What happens when a free electron comes into contact with the neutral 
atom? The electron may occupy a vacancy in the 3p level, thus endowing the 
atom with a full outer energy shell. This condition is energetically desirable 
and is called a noble gas configuration. When the electron is bought from 
infinity into the 3p shell, its potential energy is lowered and experiments 
show that -3.7 eV is released (perhaps as heat). This energy that is released 
is called the electron affinity of the atom. 


Incoming electron 


3p valence 


shell now full se) 

Lower states 

all full with 

electrons. Nucleus for 
chlorine atom 


‘The electron affinity is the energy released when an electron is bought from 
infinity into a neutral atom. Like ionisation energy, it is measured 
experimentally (although usually indirectly). The incoming electron has to 
‘overcome the repulsion of the electrons already there, but, in the ca 
clements like Cl, the attainment of a noble gas configuration is a sui 
payoff, 


CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


8, The positive end of the battery has a small cap on it. Touch the bottom point of the 
‘bulb to the top of the battery. 


9, Now, using your other hand, connect the wire from the bottom of the battery to the 
metal base of the bulb, 


10. The lightbulb should start to glow. See Figure 1-4. 


® Caution If you have a super-bright bulb, it can get hot. Don't burn yourself! 


Figure 1-4, The completed circuit, showing the glowing bulb, Electricity is flowing! 


‘Several important things are going on inthis very simple circuit. Electrical current is flowing, producing 
useful work (in this case, light). Can you see the “circle”? When you break the circuit, the bulb stops 
lowing. This is exactly how the switch in the flashlight body works. Peek inside the flashlight and see if 
Yyou can tell how it works. By connecting and disconnecting the wire, you can make the bulb flash If you 
nly use one battery, the bulb turns on, but isnot as bright. Why do you think that happens? 
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1.10 lonic Bond 


onic bonds usually form between elements that have unpaired valence 
electrons. Consider the reaction between sodium and chlorine, 


Sodium Chlorine 
° 0 
art 
ne valence Cone vacant 
electron in the a stato inthe 37 se 
Sr state talence shel 
owe sates wer states 
alful win alu wth 
secrons,  @® an 


‘The ionisation energy for Na is +5.1 eV. The electron affinity for Cl is -3.7 
eV. Thus, if the lone electron in the 3s band in Na can climb over the energy 
barrier (5.1 --3.7=—1.4 eV), then this will create an Na* sodium fon and a 
Cr chlorine ion, leaving each with a net charge g,. The resulting electrostatic 
(Coulomb) attraction is called an ionie bond, 


Coulomb 
attraction 


‘Sodium ion + Chlorine ion 


ae electron Vacant state 
transfered to ea fled by 2 
Graton tect rm 

Lower sates Na atom 

alu with Lower sates 

an cn 


electrons. 


When the ions are formed, the attraction between them causes them to 
move towards each other and the electrical potential between them drops. 
‘The ions reach an equilibrium distance determined by the electrostatic 
attraction of their overall charge and the repulsion offered by their positively 
charged nuclei. Experiments show that the bond energy is -5.5 eV. This 
energy is lower than the —1.4 eV barrier and so an ionic bond between these 
two atoms is energetically favourable (since atomic systems tend settle to a 
state of minimum energy). 
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1.11 Electronegativity 


It is energetically favourable for an atom to have completely filled outer 
energy shells (noble gas configuration). Metals tend to lose electrons to 
achieve this configuration because their few loosely bound outer shell 
valence electrons are easily removed (low ionisation energy). Non-metals, 
on the other hand, may have only a few vacancies in their outer shells and so 
prefer to gain electrons to attain a noble gas configuration 

‘When two atoms come together to form a chemical bond, the ability for one 
atom to gain, or pull, an electron from the other atom depends on both the 
ionisation energies and the electron affinities of the two atoms. A combined 
property that includes these two characteristics is called the 
electronegativity of the element. 

Here's how it works in simplified terms. Hydrogen and chlorine can 
combine to form HCI by the formation of a covalent bond. An electron pair 
is shared between the H atom and the Cl atom. But is this sharing equal? 
‘The ionisation energy for H is +13.6 eV, and for Cl is +13 eV. The electron 
affinity of H is -0.75 eV and for Cl is -3.7 eV. Thus, for an electron to be 
transferred from Cl to H, a net energy of 13 - 0.75 = +12.25 eV is required. 
For an electron to be transferred from H to Cl, a net energy of 13.6 ~ 3.7 = 
49.9 eV is required. ‘Thus, in this covalent bond, the shared electron is 
biased towards being over near the Cl atom because less energy is required 
to transfer the electron from H to Cl compared to Cl to H. This unequal 
sharing makes the bond polar (since one end, the Cl end, has a net negative 
charge). Although we call the bond “covalent” it does have an ionic 
character as well. In general, there is a gradation of bond types from ionic to 
covalent depending on the nature of the atoms. 

‘The electronegativity describes the relative ability for an atom, when it 
combines with another atom, to become “more negative” by more strongly 
capturing a shared electron or electron pair. It is measured by a variety of 
means, but at its simplest, depends on both the ionisation energy and the 
electron affinity of the atom. Electronegativities (no units) range from 4 (for 
Fl on the right-hand side of the periodic table) down to <I (for elements on 
the left-hand side of the periodic table). 

Two atoms with very An example is when an Na atom (with 
different electronegativities are Ceetonegatviy 08) masts aClatom 
expected to form ionie bonds. gypected to be predominantly ionic, with the 
Atoms with much the same chlorine atom becoming more negative. When H 
clectronegativities are expected (with electronegativity 21) meets a Cl, the bond is 
waitecai covaleed Wend: ‘expected to be predominantly covalent. 
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1.12 Metallic Bond 


Consider what happens when we have two Li atoms close together. We 
might be first tempted to draw the potentials as: 
pas 


This does not 


happen in a solid atomic 
Ina solid the a 
electrons in atom 1s 

#1 are attracted to 

both its own nucleus Nucleus for Nucleus for 


and also to some extent “atom #1 atom #2 

by the nucleus of atom #2. For example, the Is electron orbiting the nucleus 
of atom #1 is also captured to some extent by the nucleus of atom #2. But, 
due to the Pauli exclusion principle, for each atom, we cannot have more 
than two electrons in the same energy level (ie. the two Is electrons for atom 
#1 as seen by atom #2 are no longer permitted to have energies at the 1s level 
dy two electrons from its own atom at that level) 


The solution to 
the Sehrédinger 
‘equation predicts 


splitting of energy 1S These electrons are 


levels into two sub- << si atached to their 
levels. Thus, all the @ e lctidncwant rey 
electrons (say at the Ls level) for the pair of atoms can jeighbour electrons 
coexist by shifting their energies a little up and down so causes their energy 
that their wave funetions do not coincide and so the levels to shit. 


exclusion principle is satisfied. When there are many atoms present, the 
splitting of many levels into fine gradations creates a band of energies and if 
the energy barrier between the atoms is low enough for the upper bands to 
carry across to meet those of neighbouring atoms, the electrons in these 
bands become free to migrate from atom to atom. The electrons behave as if 
they were in a potential well. Because of the large range of movement of 
these electrons (compared to if they were still attached to their parent nuclei), 
their kinetic energy is lower (see Section 1.5) and a lowering of energy 
‘equates to stability — that is, the free electrons in the valence band reduce the 
energy of the system and so act to hold the two atoms together. This is called 
a metallic bond. 
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1.13 Electronic Structure of Solids 


In a solid, the interacting potentials of many millions of relatively closely 
spaced atoms causes atomic energy levels to split into a very large number of 
sub-levels. The energy difference between each sub-level is so fine that each 
molecular level is considered to be virtually a continuous band of energies, 


In the diagram here, the broadening of the 2p level is 
‘such that electrons in tis band are no longer local 
to. particular atom. These electrons are effectively 
shared between all the atomie nuclei present. 


Electrons in these 
bands are constrained 
by the potential wall 
and are stil ound fo 
individual nucle. 


‘The spaces or energy 

1S gaps between bands 

[ate forbidden states 
here no electrons 
can exist. 

If the highest energy band that contains electrons in the ground state (the 
valence band) in a solid is not completely full, then electrons within that 
band can easily move around from state to state within the band. Such 
movement can be readily obtained by applying an electric field to the solid. 
Such solids are thermal and electrical eonduetors. 

If the valence band in a solid is full, and the next highest available band is, 
positioned some distance away in terms of its energy levels, then the 
electrons within the topmost band cannot easily move from place to place or 
to the next highest band. Such materials are thermal and electrical 
insulators. 

Ifthe next highest available band is positioned fairly closely to the valence 
band, then even at room temperature, there may be sufficient thermal energy 
given to some electrons to be promoted to this higher level. The material 
becomes conducting and is a semiconduetor. The band containing the 
conducting clectrons is called the conduction band. In a conductor, the 
valence band is the conduction band. In a semiconductor, the conduction 
band (at OK) is separated from the valence band (defined at OK) by an 
energy gap. 

Atoms in a solid generally form molecules which either arrange themselves 
in a regular pattern (erystalline solids) or the molecules do not repeat 
themselves in an orderly way (amorphous solids). When a solid forms, 
atoms are pushed and pulled around and settle into place when the 
interaction electron potentials reach a minimum level. 


2. Elements and Molecules 


. Chemical Components 


Summary 


‘Mass number — total 
‘number of protons and 
neutrons in the nucleus 


chemical 
ae 
2X 
r 
Atomic number ~ number of 
proton inthe nilus 


‘One atomic mass unit (amu) is 1/12th the mass of a earbon 
12atom, 1 amu = 1.6602 x 102"kg. 
mole. 


Avogadro's number: 6.022 x 102 


Atoms that lose or gain electrons are called ions: 
* Cations (+) (electrons lost) 
+ Anions (-) (electrons gained) 


A molecule is the smallest collection of atoms that is 
electrically neutral and can exist as a separate identifiable 
unit. 


‘The molecular weight ofa substance is the sum of the 
atomic weights of its constituents 


Stoichiometry is the process of accounting for the masses of 
atoms, molecules and compounds in chemical reactions. 
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2.1 Matter 


Elements: cannot be reduced to simpler units by physical processes or 
chemical reactions. (Examples are oxygen, iron, carbon.) Generally, 
elements are substances which have only one kind of atom (as having 
certain number of protons on the nucleus). There are just over 100 elements 
known, with about 95% of these occurring naturally, the remainder being 
created synthetically by nuclear processes. 


Elements can be broadly divided into non-metals, semi-metals and metals. 


Mixtures: can be separated into constituent parts by physical means, 
Mixtures are a product of mechanical or physical processes, such as metal 
alloys, suspensions, dispersions and colloids. Homogenous mixtures have 
uniform composition and appearance (examples are air, salty water) over a 
molecular length scale while heterogeneous mixtures have physically 
distinct regions. (Examples are fruit eake, conerete, fruit juice with pulp.) 


Compounds: combinations of two or more elements in definite proportions 
where the composition of the compound is uniform throughout. Compounds 
have a chemical structure, the atoms being held in place by chemical bonds. 
Compounds keep their chemical identity when altered physically, and can 
only be reduced to their constitutive elements by chemical reactions. 
(Examples are water, salt, sulphuric acid.) 
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2.2 Atomic Weight 


Except in the case of nuclear transformations, we can usually treat atoms as 
being much like the Bohr atom, Atoms are characterised by an atomic 
number, 2 chemical symbol, and the mass number. 


1096 x 10° kg 
Mass number — total is 

number of protons and 6726 x 107" kg 
neutrons in the nucleus my = 1.6749 x 1027 kg 


} -— chemical the mass numbers approximately equal 

A symbol to the atomic weight of the element. The 

Zz atomic weight of an element is the mass 
[es {in relative terms) of an “average” atom of 
an element. The more pracise term atomie 
mass is used to denote the absolute mass 
of a particular atom (in kg) 


‘Atomic number - number of 
protons in the nucieus 


Since the mass of an electron m, is very small nearly all of the mass of an 
atom is contributed by the protons and neutrons in the nucleus. Protons and, 
neutrons have very nearly the same mass, so the number of neutrons in an 
atom is given by Z— A. However, it is found in nature that many atoms of 
the same element with atomic number Z have different mass numbers A 
because of having a different number of neutrons in the nucleus. Each type 
of atom A of an element is called a nuclide, or isotope. 


Ry 3 “The earbon 12 isotope has 
By intemational agreement, one atomic fTe Corben 12 sotope nas 


mass unit (amu) is 1/12th the mass ofa single the nucleus. The earbon 13 
carbon 12 atom. The atomic weight (or atomhas 6 protons and 7 
relative atomic mass) of an element is the Neutrons in he nucleus. 
ratio of the average mass per atom of the Both isotopes have 6 


2th® electrons. Experiments show 
element to 1/12 of the mass ofan atom of "C. het exrbon trnature 


Note: The atomic weight of an elements not found Consists of 1.19% PC and 
{rom adding the masses of protons, neutrons and 98.89% "C. The atomic 
electrons. When an atom is formed, some of the mass Weight of carbon is 

is used as nuclear binding energy via the Einstein _ determined to be 12.011 
relationship E= m2 


In chemistry, much of the arithmetic of chemical reactions involves the 
atomic weights for the atoms that take part, However, the actual nature of the 
chemical reactions is due to the number and arrangement of the outer-shell 
valence electrons in the atoms rather than the heavy nuclei. “Valence” is a 
word that means “power” and in some sense, it is the number and 
arrangement of valence electrons that give an atom “combining power” 
form chemical bonds with other atoms, 


to 
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2.3 lons 


Atoms that lose or gain electrons are called ions. When an atom loses one or 
more electrons, it is called a eation. When an atom gains one or more 
electrons, its called an anion, 


Examples of ions 


‘Atom | Z(atomic | No. electrons | No. electrons | Formula of 
number) | gained or lost | remaining ion 

H 1 a 0 H 

Na 7 a 10 Nav 

ca | 20 2 18 at 

F 9 ry 10 F 

Ss 18 2 18 = 


When an ion is formed, the atom is no longer electrically neutral. The 
formula of the ion signifies the net electronic charge. Atoms may lose 
electrons, especially unpaired outer shell or valence electrons, by physical 
removal, absorption of ionising radiation, the electron being taken by 
another type of atom which has a stronger attraction for it, and so on. 

Metallic elements tend to lose one ot more electrons when they combine 
with other elements and so form cations, Non-metallic elements tend to gain 
electrons to form anions. When naming compounds, it is usual to list the 
more metallic element first. In binary ionic compounds, we list the metal 
cation first followed by the non-metal anion with an “ide” suffix. For 
covalent compounds, the more metallic element is listed first 


‘Sodium chloride 
‘Carbon monoxide 
Carbon dioxide 
Nitrogen oxide 


} wmore there is more than one 
possible compound, pretes ae 
Used to distinguish hom 
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2.4 Molecules 


Most elements bond with others to form molecules. A molecule is the 
smallest collection of atoms, that is electrically neutral, and can exist as a 
separate identifiable unit. The concept was first proposed by Avogadro in 
who, on the basis of observations made by Dalton and Gay-Lussac 
proposed that atoms combine to form molecules, and at the same 
temperature and pressure, equal volumes of all gases 

contain the same number of molecules. p> because there was now a way to 
Avogadro’s law provides the obtain equal numbers of different 
justification for a method of molecules by using diferent gases 


allat the same temperature, 
determining relative molecular weights —+ Pa. sna youre 


A molecule is most conveniently described in terms of a molecular 
formula. 45 6 ‘A.water molecule consists of two H 
Lf atoms and one © atom, 
In some cases, such as in a crystalline solid, the concept of a molecule is not 
appropriate because the atoms which make up the substance are arranged in 
a regular repeating pattern, In this case, we speak of the empirical formula 


‘A sodium chloride crystal consists of equal 
‘numbers of sodium and chlorine atoms 


‘The molecular weight (or anged in a regular array or crystal lattice. 
relative molar mass, or relative molecular mass) IM, of a substance is 
the sum of the atomic weights of its constituents, 


NaCl 


If we had a certain mass of an By international agreement, one 
clement (or a molecule), say 12 grams atomic mass unit (amu) is 1/12th 
of 2C, how many atoms would this be? _the mass of a carbon 12 atom. 


This number is called Avogadro's 
number Nand has the value ores 
291 Ny is “But, you might say, "How ean 
Sort 10. Na i found by A alae 
experimental methods. 2 indivisible? Shoulda’ this bo a 
12 g of ®C = 6.020943 x 10% whole number?” Look at the 10°. 


ercfore the mass of one 2C Hym a Mego rarer 
ston hrc the mat of ouinda keane mabe 


=1.99x10 kg 
Itis convenient when working with quantities usually involved in chemical 
reactions to round down Avogadro’s number to 6.02 10" 
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2.5 Mole 


Chemical reactions usually involve large numbers of atoms and molecules. It 
is convenient to have a unit of measure that relates weight (i.e. mass in grams 
or kilograms, etc) of bulk chemicals with atomic or molecular weight, By 
definition, this unit of measure is called a mole, and it is the Avogadro 
number of atoms or molecules. 


12 grams of "C contains 6.02 x 10% atoms and is called 1 mole of 
18 grams of H,O also contains 6.02 x 10% molecules and is called 1 mole af H,O 


‘The word “mole” is a shorthand way of saying “Avogadro's number”. 
‘That is, itis easier to say “Consider one mole of sodium atoms” rather than 
“Consider one Avogadro's number of sodium atoms” or “Consider 6.02 x 
107 of sodium atoms”. To find out the mass in grams of a mole of some 
atoms, we simply look up the 
atomic weight. > because the atomi weight (in 
To find out the mass in grams of a amu) is expressed relative to 
mole of some molecules, we simply the "°C atom, and thanks to 


‘Avogadro, wo know that 12g of 
use the molecular weight. 0 has Ny atoms bi 


Moles, why bother? It’s convenient. One mole of anything is 6.02 x 108 of 
the “anythings”. When we are talking about atoms or molecules, we know 
that one mole has a mass equal to the atomic weight of the element, or the 
molecule because that’s the way Avogadro's number was determined. It’s 
the link between the relative atomic mass and the actual mass in grams, 


Units of chemical accounting: 

+ One atomie mass unit (amu) is 1/12th the mass of a carbon 12 atom by 
international agreement, 1 amu is. 1,66020943 x 102" kg. 

+ The atomie weight (or relative atomie mass) of an element is the ratio 
of the average mass per atom of the element to 1/12 of the mass of an 
atom of 2C. 

+ The total sum of the atomic weights for a molecule of substance is 
called the molecular weight or relative molar mass M,. 

+ The molecular/atomic weight expressed in grams contains one mole of 
‘molecules/atoms. This is Avogadro's number 6.020943 x 10 

+ The molar mass Mf of an clement is the atomic weight of the element 
expressed in g/mol, The molar mass of a compound is the sum of the 
atomic weights of the constituent elements expressed in g/mol 
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Environmental Impact 


You affect your environment every day, and your environment affects you, as well. As you learn more 
about electronics and all the interesting and wonderful things it can teach you, be mindful of what kind 
of trail you're leaving behind for others to clean up. 

A good way to get a feel for your environmental impact is to take a look at your garbage. It doesn't 
sound that interesting or fun, but it will teach you a lot about yourself and your habits. What are you 
throwing away? Could you have found either another use for it, or perhaps another home? Is it going to 
bea nuisance to someone else, or even worse, a hazard? 

A good example is the use of “disposable” batteries. We used batteries (technically cells, but that 
distinction will be spelled out in more detail in Chapter 3) in our very first experiment. We buy new 
batteries and plug them into our devices, and when they run out of power we take them out and throw 
them away. Where do they go? How do they then interact with the environment? They don’t just “go 
away.” 

Disposable batteries are very convenient. They are generally inexpensive, compact, self-contained, 
and reliable. This convenience, however, comes with a price all its own. Consider using rechargeable 
batteries whenever possible in your lab. They cost alittle more than their disposable counterparts, but 
can easily and cheaply be refilled with electrical goodness over and over again. 

You should also be aware of any hazardous materials that you use or store in your lab. For example, 
lead is a very common material used in many electrical devices, even though its use is being reduced 
worldwide. Itis found in older-technology rechargeable batteries, solder, and printed circuit boards. 

‘Some of the chemicals used to etch printed circuit boards can be dangerous ifnot used, stored, and 
disposed of properly. Take the time to understand what, exactly, you're working with when you're 
conducting your experiments in your laboratory. 

Just like the captain of a seagoing vessel, you're in charge of what happens in yourlab. With this, 
authority come important responsibilities that rest squarely upon your shoulders. Please take these 
responsibilities seriously 


Budgeting 


How much is allthis stuff going to cost? A lot of it depends on how creative you want to be in stot 
your lab with tools and parts, 

If your budget is small, then start small. If your budget is nonexistent, then you'll ust have to start 
even smaller. You should generally approach acquisitions for your lab under one of these three 
headings: 


ing 


© Buyingnew 
* Finding used 


© Harvesting or recycling 


Buying New 


Buying everything new is obviously the most expensive approach, at least from the money side of it. 
What a lot of people fail to take into account is that their timeis also a very valuable commodity. Try to 
balance the one with the other, as befits your particular situation. 

Except for the folks in the most dreadful of hurries, it always makes sense to shop around for the 
tools, equipment, and components that you are going to need in your lab. You'll find that a lot of 
*professional-grade” equipment carries an enormous price premium compared with “consumer.” or 
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2.6 Compounds 


Compounds consist of two or more different elements which are chemically 
combined in a definite fixed ratio (as distinct from mixtures, which can have 
any proportions of ingredients). There are generally two types of 
compounds: 


Molecular compounds are composed of atoms held together by chemical 
bonds in fixed proportion and are electrically neutral overall. For example, 
the water molecule HO is a molecular compound and the molecular 
formula shows the proportions of the atomic species within it. 


Name Molecular formula 
Methane cH. ‘There is a distinction to be 

‘made between the molecular 
‘Gerben dioxide CR. formula and the empirical 
‘Ammonia NH, formula of a compound. The 

‘empirical formula gives the ratio 
Acayione CMe ‘of component atoms in the 
Ethylene CH lawast possible numerical 

terms. The empirical formula 
Enegs CH shows the ratio of component 
Water #0 atoms as found to exist in 

— practice. In many cases, the 
e He formulae are the same, but this 
Ethanol CH,OH ccannat be always assumed, Far 
ee ‘example, the empirical formula 

uit Cate for benzene is CH but the 
Aspirin CHO, ‘molecular formula is C,H. 


Jonie compounds are composed of charged atoms, or a charged group of 
atoms, of opposite sign that are held together by ionie bonds, When an ionic 
compound is formed from the joining of a charged group of atoms, it is said 
to be a complex ion (or @ polyatomic ion, or a molecular ion). The ion with 
the positive charge in the compound is the eation, The ion with the negative 
charge is the anion. The ionic formula gives the ratio of anions and cations, 
The ionic formula is electrically neutral overall. 


Name lons formed Formula 
Magnesium chloride == Mg Cr MgCl, 
Silver sulphate ‘Ag’ SO Ag,S0, 


‘Ammonium sulphate NH," SO _(NH,),S0, 
Chromium (Ill) hydroxide Ce“ OH CO), 
‘Sodium chloride Na‘ Cr NaC 
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2.7 Cations 


+1 
Name 
Hydrogen 
Lithium 
Sodium 
Potassium 
Rubigium 
Caesium 
silver 
Copper 
Mercury (!) 
‘Ammonium 


Name 
Berylium 
Magnesium 
Calcium 
‘Strontium 
Barium 
Lead 

Zine 
‘Cadenium 
Nickel 
Manganese 
Tiny 

Iron (ty 
Mercury (I) 
Cobalt (il) 
‘Chromium (l) 
Copper it) 


Formula 


NH 


Formula 
Be 
Mg 
ca 
se 
Ba 
Pom 
zn 
cae 
Ni 
ne 
sn 
Fe 
Hg 
cot 
oe 
cu 
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4344 
Name 
‘Aluminium 
Bismuth 

Iron (i) 
Cobalt Il) 
Chromium (It) 
Tin (vy 


In the naming of 
chemical compounds, 
it is customary to write 
the name of the most 
metallic element first, 
followed by the more 
non-metallic one. The 
second element or ion 
is given the ide suffix 
(c.g. sodium chloride). 


Formula 
rs 
Be 
Fo 
Co* 


crs 


Profies 
41 mono 
2-61 
aati 

4 tetra 
5-penta 
6—hexa 
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2.8 Anions 


-1 
Name 
Fluoride 
Chloride 
Bromide 
Iodide 
Hydroxide 
Nitite 

Nitrate 
Chlorate 
Perchlorate 
Cyanide 
Permanganate 
Thiocyanate 
Bicarbonate 
Bisulphate 
Dinydrogen phosphate 
Acetate 

2 

Name 

Oxide 
Peroxide 
Sulphide 
‘Sulphate 
Sulphite 
Thiosulphate 
Carbonate 
Oxalate 
Chromate 
Dichromate 


Monohydrogen 
phosphate 


clo, 
clo, 


Mno, 
Nos 
Heo; 
Ho, 
HPO 
CH.COy 


Formula 
oF 

Of 

s 
so? 
so? 
8,0;¢ 
co 
,0, 
cre 
cr0# 
HPO, 


3-4 
Name 
Nitride 
Phosphate 


Hexacyanoferrat (Il) 
Hexacyanoferrate (II) 
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Formula 
" 

PO, 
Fe(cnye 
Foon), 


For polyatomic anions, the assignment 
ofa suffix depends on the oxidation 
number (see Section 4.8) of the central 


non-metal atom, 


Suffixes 
ide 

ite 

ate 


In some cases, the oxidation number of 
the metal is stated in roman numerals to 
distinguish compounds which would 
otherwise have the same name (e.g 

iron (II) chloride and iron (11) 


chloride). 
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2.9 Chemical Equation 


When atoms or molecules (the reactants) combine with other atoms or 
molecules to form compounds (the products), a chemical reaction is said to 
take place. Chemical reactions involve the breaking and formation of 


chemical bonds. 
This is the 


Reactants —> Products Hat em 


Products > Reactants This isthe 
reverse reaction 

Often one can tell if a chemical reaction has occurred by observation of 
products that are considerably different in appearance than the reactants, 
Examples are the formation of a precipitate, evolution of gas, change of 
colour, production of heat and so on. Often, chemical reactions proceed 
spontaneously, other times they have to be forced to proceed by the input of 
energy or the lowering of energy barriers. 


Chemical equations are written using chemical formulae where the 
number of atoms or molecules is written before the formula: 
2C0+0; 4 2C0, 

‘This equation says that two molecules of carbon monoxide react with one 
molecule of oxygen to product two molecules of carbon dioxide. This is a 
balanced equation, because the number of atoms in each reactant equals the 
number of atoms in each product. That is, we have two carbon atoms on the 
lefichand side and two carbon atoms on the right-hand side, and two oxygen 
atoms on the left side and two on the right side. We can also say that two 
moles of carbon monoxide combine with one mole of oxygen to form two 
moles of carbon dioxide. Since the mass of a mole of an atom or a molecule 
is the atomic or molecular weight expressed in grams, a balanced equ: 
balanced in terms of both number of atoms and mass on both sides of the 
equation. ‘The net electric charge must also be the same on both sides of the 
equation. 

Usually, reactions proceed until there is chemical equilibrium. Dynamic 
chemical equilibrium occurs when the rate of the forward reaction 
becomes equal to the rate of the reverse reaction: 


Dynamic 


Reactants «> Products equilibrium 


By rate, we mean the rate of formation of products in units of mol/s. 
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2.10 Stoichiometry 


Stoichiometry is the process of accounting for the masses of atoms, 
molecules and compounds in chemical reactions. The basic component of 
such accounting is the arrangement of chemical formulae in chemical 
equations. Stoichiometric calculations are performed in a logical sequence: 


1, Write a balanced equation for the reaction. 

2. Convert known masses of reactants and/or products into moles 

3. Calculate the number of moles of the reactants and/or products 
‘whose masses are unknown, 

4, Calculate the masses of the unknown reactants and/or products. 


Balancing an equation involves both a balance of atoms and also electric 
charge. This is particularly important in the case of ionic equations where 
spectator ions may be present and do not take part in the reaction, Some 
examples of unbalanced equations (with spectator ions) and the 
corresponding net ionic equations are: 


Pb(NO; ), (aq) + KCI(aq) > PbCI, (s)+K* +NO* 
Pb** (ag) +2CI-(aq) > PbC1,(s) 


Ni(OH), (s) + HNOs(aq) > NiNO,(aq)+ HO 
Ni(OH), (s)+2H* + Ni** +2H,0, 


NaCO (aq) +HNO (ag) > NaNO, (aq)+H,0+CO, 
CO} +2H* > 2H,0+CO, 


Practical difficulties can arise when attempting to determine masses of 
reactants and products. For example, some reactants may be present in 
excess (more present than combine with one or other reactants). More than 
one reaction may take place at the same time, or a reaction may proceed in a 
series of intermediate steps. Products (such as gases) may escape and alter 
the equilibrium state of the reaction, The nature of the reactants may prevent 
mixing of the reactants and so there is incomplete yield of product. 
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2.11 Example 


Acetylene gas is used together with oxygen in an “oxy” welding set. It is 
prepared from a reaction of calcium carbide and water: 


CaC, +H,0 > Ca(OH), +C,H, — Unbalanced eqn. 


Balance this equation and determine the mass of acetylene that is produced 
from the reaction of 130 g CaC, and 100 g water. 


CaCy +2H,0 > Ca(OH), +C3Hy Balanced eqn 


CaC =1308 

_ 130 
F012) 
= 2.03 moles 

H,0=100g 
100 
“3416 

5,56 moles 


But according to the balanced equation, for each mole of CaCs, two moles of 
HO are required. Therefore, 2(2.03) = 4.06 moles of HO required, and so 
the mass of C,H, formed would be: 


CaH, =2.03 moles 
203=— 
2)+20) 
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3. Periodic Table 


3. The Periodic Table 


Electronegativiy decreases lonisation energy decreases 


Summary 
‘Atomic rads decreases 
ino 
: 
i 
2 
z 


lonisation energy increases 
pe 


= 


Bohr radius 


Eh? 


Noble gases 
He 
Ne 
Ar 
Kr Ardd!04s24p 
Xe Krdd!5s75p° 
Rn XeSd""6s"6p* 


a7 
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3.1 Electron Configuration 


In 4 multielectron atom, the electrons do not find themselves in a 
Coulomb potential of the form I/r as in the hydrogen atom due to the 
sereening effect of innet-shell electrons on the outer-shell electrons. In a 
multi-electron atom, the potential in which an electron finds itself (and hence 
its energy) depends on not only 1 (as in the single-electron atom), but also 
the second quantum number /. The arrangement of electrons in atoms in the 
ground state can be complicated, but follows certain rules: 

1. Electrons occupy the lower energy levels first, before occupying 
higher levels. 
Electrons at a particular energy level have opposite spin 
(Pauli exclusion principle), 
3. Electrons tend to occupy an energy level as single electrons before 

pairing up (Hund’s rule) 


Hydrogen 1s! Examples of the ground-state electron 

Helium configuration of the first few elements arranged 
abe in order of increasing atomie number Z. 

Berylium 

= Electrons spread out to occupy unfiled sub- 
sia shells before paiing up. For example, in 
Carbon ‘oxygen, the arrangement of electrons is 
Nitrogen "2p ty 2s 

Oxygen 2p fu 

Flaine When we write the electron configuration of 
Neon ‘elements, we keep the principal quantum 

‘numbers together even i they are not 
Sid arranged in energy order. For example, in 
Magnesium spp? potassium, the 4s sub-shell actually has a 
Stipa lower energy than the 3d sub-shell, but we 

ania Ee usually write the 3d along with the 3s and 3p 
Silicon play sub-shell 

Phosphorus Pip! 

Sulphur pip! 

Chlorine Le2eapaipt 

Argon 2p Byh 

Potassium 2p/3s%5p'4s!___ Note ds has lower energy than 3d in K. 

Caleium ‘yf3eiyhie Note 4s has lower energy than 3iin Ca, 
Scandium S4gh3e3p8h0'42 Keep sub-shell together even ino longer 


Inincreasing energy order. 
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3.2 Periodic Law 


In the nineteenth century, it was noticed that if elements were arranged in 
order of increasing atomic weight, certain properties of the elements tended 
iervals. This is a striking observation. It is now known 


1 iydogen us! 
a 
An example of 

[— saa periodicity. Helium is not 
eae ie fey it abut 
periodicity. $ Boron and also argon. 
highly reactive Cabos 
meal and so TNivogen 
are sodium — Oxygen 
potassium. — | 9 Faorne 


Chemical reactivity is 
not the only property 
that tends to occur 


15 Phosphorus 16°26239%p! pepe Oba 
16 Sulphur —15°2s*2ph3s73p properties such as 
. edistes whether an element is 
17 Chlorine 16262pp> camaleretce 
WWArgon LDPE metal, whether they 
fox certain 
LT Poussim LP2e2p 3FpMe! 


compounds with other 
20Caleium —1°229/323p44? elements and so on 


e neg hae ean also ocour 
21 Scandium 1s2e2pasepAdulas? PORES Oe 


Initially it seems that the chemical reactivity of elements repeats in intervals 
of eight in atomic number Z. However, when the elements are arranged more 
completely we see that the periodicity actually depends upon the 
arrangement of outer-shell valence electrons — a not surprising observation 
in hindsight because it is the valence electrons that are involved in the 
formation of chemical bonds. For example, neon (10), argon (18), krypton 
(36), xenion (54) and radon (86) all have eight electrons in the outer shell and 
are inert. Na and K have one valence electron and easily form positive ions, 
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3.3 Periodic Table 


Periodicity in chemical (and sometimes physical) properties can more readily 
be appreciated when elements are arranged in a table, Vertical columns in 
the table (groups) show elements with similar properties. Each horizontal 
row is called a period. The table also indicates (approximately) the way in 
which electron shells are occupied. 


Groups Shading indicates metals, 


‘semiconductors, non-metals 
‘and nable gases, 


Transition elements 
Ba: w(t 
Belial 


aaa) ae] =o 
gee ee 


a0] ara] as] aa] as] an | ar [ae all Be 
Z| No | Mo Te | Ru) Rh | Pe | Aa | co ‘Sb Te | xe 
J ily 


ai | «2 | as [Eee 
m1 | P| 5 [aa 


‘The Lanthanide and Actinide series are usually 
presented separately from the main table so as 
to make the main table a convenient size. 
Lanthanide (rare earth) series 


IActinide series 


CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


“hobby-grade” alternatives. This is generally to be blamed on the fact that there is a correspondingly 
enormous amount of money to be made in the field of electronics. 

New components are almost always more desirable to use, especially when you're looking at a 
production environment and you need to make sure everything produced is of the highest possible 
quality and reliability. New, unused components are also more appropriate when conducting complex 
experiments, as this helps to reduce, ifnot eliminate, many variables in the testing and analysis phases. 
You don't have to worry that someone (probably you) might have “borrowed” some parts for a quick fix 
or some other temporary usage and then surreptitiously replaced them back in inventory, having 
possibly compromised them in some unseen way, 


Finding Used 


A prudent way to fill up a new lab, especially when first starting out, is to look for bargains on used tools 
and components. This is especially true of the fixtures, shelves, cabinets, benches, and other furniture 
that belongs in a lab. 

Tools wear out. Tools are replaced. a fact of life when you're in the business of working with 
tools. The good news is that “one man's trash is another man’s treasure.” Ifwe consider the possibility of 
‘women participating, we get three more potential combinations, all of which can end up in a win-win 
situation, 

Many used tools can be retrofitted and placed back into service in your lab. On the other hand, there 
are alot of tools that are simply used up and can not feasibly be brought back into useful service. Either 
their repair is cost prohibitive or they are no longer supported by their original manufacturers. 

Another factor working in favor of the patient and observant collector of discarded tools is the 
inevitable march of progress. What was shiny and top-of-the-line a year ago might be intolerable or 
insufficient next year, from the standpoint of the original purchaser. Many bargain opportunities arise 

simple understanding 


‘ing somewhere waiting for their chance. A commonly used phrase to describe these parts, 
which are often sold at a discount, is new old stock (NOS). Sometimes these parts are sold this way 
because of overstock or because a manufacturing run was cancelled or cut short. 


Harvesting or Recycling 


‘There's an absurdly large amount of perfectly good equipment, tooling, fixtures, and components sitting 
out there, looking for a new home. A lot of companies, as well as individuals, either outgrow their 
present fittings or turn toward other interests and endeavors, This can be an excellent opportunity to 
‘acquire the furnishings you need to populate your lab. 

On the other hand, please don’t go crazy. You don't have to pick up every discarded appliance or 
chair you see sitting by the roadside. Why pay rent for something you can easily and cheaply obtain 
when you actually need it? Are you really wanting to pay the heating and air-conditioning bill for that 
box full of odd-sized capacitors that are probably past their prime? Don't fall into the trap of the false 
economy when it comes to bargain-hunting for your lab. The most important ingredient in your lab is, 
you. Leave alittle room to move around a bit. 

Another factor to keep in mind is shelf life. Not all parts (or tools) last forever, especially when not 
being used. Batteries are the worst. You can prolong the shelf life of nonrechargeable batteries by storing 
them in your refrigerator, as this slows down the electrochemical processes within them that produce 
the electricity. Even solar panels will wear out with either constant use or constant disuse, although this, 
can take years to happen, 


15 
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3.4 Groups 


Hydrogen is placed in a separate position in the periodic table, 


Hydrogen has one electron, which in the ground |H__Protium 
state is in the 1s orbital. This unpaired electron _—_—99.9% abundance 
makes hydrogen a reactive element that is able 1H Deuterium 


to form compounds with many other elements, (Mea¥ Rdagen) 


including itself, to form a gas H, TH Tritium (radioactive) 

Group I elements are the alkali metals. Having one weakly bound outer 
valence electron, they are highly reactive, and metallic in character. 
Elements in this group usually form M’ ions which are water soluble. 

Group II elements are the alkaline earth metals, Elements in this group 
usually form M?* ions and are generally insoluble, occurring naturally as 
silicates, carbonates, sulphates and phosphates, 

‘The transition elements generally occupy the positions between Groups Il 
and IIL. All these elements are metals since their outermost shells contain 
only a few electrons. However, unlike alkali metals, transition metals are 
hard, brittle and have a high melting point (with the exception of mercury). 

Group IIL elements are also considered metals (although boron has only 
semi-metallic properties). With the exception of boron, they form M** ions 
and are relatively soft 


Group IV elements range from non-metal, semi-metals (or semiconductors) 
to metals down the group with increasing size of atom (and hence screening 
effect of electrons). All have four electrons in their outer shell. Carbon is 
responsible for the formation of hydrocarbons and derivatives, the basis of 
life on Earth, Silicon, unlike carbon, tends to form bonds with oxygen and is 
the basis for most of the minerals of the Earth. 


up V_ elements range from non-metallic to metallic down the group 
with increasing atomic size and five valence electrons, 
up VI elements show little metallic character due to the increasing 
ionisation potentials as we go across the periodic table, Increasing atomic 
size going down the group confers some metallic properties to Se, Te and Po. 
up VII elements are referred to as the halogens. They all have a high 
tendency to complete their electron shells by forming salts. These elements 
are largely non-metallic, and mostly reactive. 

Group 0 elements are the noble gases, so called because of their inertness, 
although they are able to form compounds with oxygen and fluorine under 
certain conditions, Argon was discovered in 1894, 
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3.5 Energy Levels 


‘The ordering of the outer electron shells in terms of energy is the basis for 
interpretation of the periodic table. Calculations show that the ordering of 
the energy shells proceeds in the following sequence from lowest (more 
negative) to highest (less negative potential): 
4s, 2s, 2p, 3s, 3p, As, Bd, 4p, 8s, Al, Sp, Gs, Af Sd, Gp, Ts, Sf, Bl 

From Ly to 3p, itis easy to understand because the electron shells are at an 
increasing radial distance from the nucleus (n quantum number dominates 
the energy distribution just as in the one-electron atom). The quantum 
number determines the distance the electrons are from the nucleus. The / 
quantum number determines the shape of the electron 
shell. When /=0, we have an s sub-shell which is spherical. 
When /=1, we have a p sub-shell which is lobed. /=2 gives 
dsub-shells which are four-lobed geometries. The 
significance of this is that in the fourth period, in K and Ca, 
the ds sub-shell has a lower energy than the 3d sub shell, In 
these elements, electrons prefer to be in 4s rather than 3d in the ground state 
even though the radius of the 4s shel is larger than the 3d shell. 

For the first row of the transition elements, the 
3d levels become occupied only after the 4s levels Thisis a consequence of 
are filled (except for Cr). In these elements, the the increasing 
electrons in the 4s shell, being further from the Peaaigrishest hee 
nucleus (but having lower energy than the 3d  dup-shallin determining 
electrons) shield those in the inner 3d shell and so the energy fora sub- 
the chemical properties for these elements are all shell. The ! quantum 
the valence unbercemec tn 
electrons are the 4s outer electrons while it is the Gfthe electrons and so, 
number of inner 3d electrons that is changing. It is much tke the case where 
the outer valence electrons (with the highest $e angular momontum 
prineipal quantum number) that interact with other Mater fice 
atoms to form chemical bonds. Concentrated atthe cuter 

The ordering of shells given above is not the ®dge compared tothe 
ordering of all the energy levels within an atom, poet nit are 
only the energy ordering of the outer shells. For concentration of mass of 
‘example, in K, the ds shell is at a lower energy than electrons in shaped 
the 3d shell (3s°3p%4s!), By the time we get to Zn, shells results in a greater 
the 3d shell is at a lower energy than the 4s shell Kinetic eneray 

ie component tothe total 

(Gd!4s°), There is no one sequence of energy shells nergy compared to 
that applies to all elements, spherical s shal 


very similar since in each case, 
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3.6 Noble Gases 


‘The noble gas clements are extremely stable and generally do not form 
compounds with any other elements. The notable feature of noble gas 
elements is the interesting property of having full outer electron energy 
shells. Consider the second period elements, As we go from left to right, the 
number of electrons in the energy level with principal quantum number 
is increasing. At neon, we have eight valance electrons: 2s? 2p", A 
group of eight (oetet) valence electrons that completely fills an energy shell 
is very energetically stable and is called the noble gas configuration. 


An atom with one more valence electron makes the element sodium, a 
highly reactive metal, Sodium is highly reactive because its single 3s! 
valence electron is easily removed so that the sodium cation has a noble gas 
configuration in its outer shell. An atom with one electron less than sodium is 
the highly reactive gas fluorine, Fluorine readily attracts an electron from 
another atom to form an anion to achieve a noble gas configuration. 


He 1s 
Ne 1s'2s?2p° 

Ar 1s22s22ph3s23p* 

Kr 1s22st2p%3st3p3dl"4s24p™ 

Xe 1s22s22p'3s73p'Bd"%4s2ap "4d Ss2Sp6 
Rn Ls?2st2ph3st3pRdl4s4phadnayse2 


pS 6s26p8 


The noble gas configuration is where there is a completely filled energy 
shell and the next available higher energy level is an s shell. This is true for 
He where the Is shell is filled and the next energy level is the 2s shell, For 
the other noble gases, we have completely filled p shells and the next highest 
energy level is the s sub-shell for the next quantum number n. There is a 
large energy gap between a p sub-shell and the next highest s shell and this 
gives the noble gas elements a high ionisation energy. Because all the 
‘occupied energy shells are filled, the electric charge distribution within noble 
gas elements is symmetric, resulting in no external electric field, The total 
angular momenta within these atoms adds up to zero, resulting in no external 
magnetic fields. ‘These elements find it very difficult to form bonds with 
other atoms because they have little opportunity to interact electrostatically 
magnetically, or energetically. 
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3.7 Atomic Size 


‘The size of an atom cannot be precisely stated since the location of the 
electrons can only be described statistically. Atomie size, for practical 
purposes, can be defined as the most probable distance from the nucleus to 
the most outer-shell electron but depends on whether the atom is free or 
combined with another. 

Electrons are attracted to the 
nucleus by electrostatic forees, but 
are constrained to occupy defined 
orbits, or energy shells, by the 
principles of quantum  mechanies. 
‘The electrostatic attraction between 
the nucleus and a near-shell electron 
is much larger than between the 
nucleus and an outer-shell electron, 
not only because of the increased 
distance, but also because of the 
sereening effect that the inner 
electrons have on the outer electrons. 


‘Atomic radius decreases 


‘Atomic radius increases 


AS we go across a period in the periodic table, the atomic number 
increases and so the magnitude of the positive nuclear charge also increases, 
and therefore so does the magnitude of the eleetrie field within which the 
electrons find themselves. However, across any one period, the outer 
electrons exist in energy levels for one particular quantum number 1. For 
example, in the 3 period, the 3s and 3p levels are occupied. Because the 
electric field is also increasing as we go from left to right, so the electrons 
are acted upon by a larger Coulomb force and the atomic radius decreases 
across a period. However, because of the sereening effect offered by the 
inner-shell electrons, the decrease in size is not as large as expected on the 
basis of the nuclear charge alone. 

For a given vertical group of elements in the periodic table, the size of 
atoms increases as the atomic number Z increases (as we go down the 
column). We may therefore expect that the atomic radii would decrease but 
as we go down a group, electrons are filling states with a higher quantum 
number n and this more than offsets the effect of increasing Z. 

Therefore atomic 
radius increases as 
we go down a group 
in the periodic table. 


shows how the atomic radius 
increases in proportion to n and 
docreases (inversely) with 2. 


} ‘The Bohr model of the atom 
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3.8 Covalent Radii 


When atoms form a covalent bond, the nuclei of the two atoms move close 
together (see Section 1.7) compared to two isolated atoms adjacent to each 
other, 


Two isolated 
atoms 
Covalent 
radius 
Covalently 


‘bonded atoms 


‘The covalent radius of an atom is defined as one half the distance between 
the nuclei of two identical covalently bonded atoms. The actual covalent 
radius of an atom in a molecule where the atoms are not identical depends on 
the atoms involved. The general term “atomic radius” usually means the 
covalent radius (where the two atoms are identical) and this serves as a 
useful benchmark for comparison with other atomic sizes. 

For metallic atoms, the atomic or metallic radius is usually defined as half 
the distance between two nuclei of the atoms in the solid metallic state. 

‘The shapes of the orbitals in 
which the valence electrons \ | 
participate in bonding is | 
important. The s orbital has a | 
somewhat spherical shape centred 
on the nucleus, while the p 
orbitals have a dumbbell shape P orbitals 
along the three coordinate axes. 
The shapes of the atomic orbitals 
involved in the formation of a a 
particular bond determine th 


shape of the molecule. 


s orbital 
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3.9 lonic Radii 
Neutral metal 

When a metal atom loses an atom 
electron to become a positively 

charged ion, a reduction in atomic 

size occurs. The electron that is lost 

is usually an outer-shell electron 

and so this electron shell becomes 

vacant and so the outermost 

electron shell is the next one closer 


in towards the nucleus, However, Size of postive 


ion based on 
the reduction in size is not just due vacant outer 

to an outer electron shell becoming shall alone 
vacant, When a positive ion is 

formed, the remaining electrons can 

bunch together a little more closely pena aes 
because of the reduced degree of Gifect of reduced 
‘mutual repulsion (since there are mutual repulsion 
now fewer electrons surrounding smrongat remaking 
the nucleus) 


When a non-metal atom gains an electron to become a negative ion, this 
usually results in an outer-level electron shell accepting an additional 
electron — which would not ordinarily cause an appreciable increase in size, 
but the addition of this electron means that there is now an excess of negative 
charge in the outer shell and mutual repulsion causes these electrons to move 
apart and the atom “expands”. 


In a sodium chloride ionic 
crystal, therefore, the positive 
sodium ions shrink and the 
negative chlorine ions expand 
such that the sodium ions are 
almost packed in between the 
spaces of the chlorine ions 


Covalent Covalent 
chlorine sodium atom 
atom 0.157 nm 


Tha © 


0.181 nm 0.095 nm 
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3.10 lonisation Energy 


‘The ionisation energy, or ionisation potential, is the amount of energy 
needed to remove an electron from an isolated atom. The first ionisation 
energy is that needed to remove one outermost electron from an atom, 
Successive ionisation energies are those needed to remove further electrons 
from the atom, 

Successive ionisation energies 
always increase at each electron 
removal, As each electron is 
removed, the size of the atom 
decreases markedly and so the 
remaining electrons are closer to 
the positively charged nucleus, 
and so more energy is needed to 
remove them. Further, a 
particularly large increase in 
energy is needed to remove an 
electron from a filled energy level 
because a noble gas configuration 
of electrons is extremely stable. 

Within a horizontal period, there is an increase in nuclear charge. As the 
nuclear charge increases (number of protons on the nucleus), the magnitude 
of the electric field within which the electrons find themselves also increases, 
and so generally speaking, the ionisation energy increases within a period, 
Also, the atomie size decreases from left to right and so the electrons for 
atoms towards the right are closer to the nucleus compared to those on the 
left, and so this also results in a general increase of ionisation energy from 
left to right 

Within a vertical group, there is generally a decrease of ionisation energy 
from top to bottom which is predicted on the basis of size of the atom alone. 
Any potential increase in ionisation energy on the basis of increased nuclear 
charge, going from top to bottom, is essentially cancelled out by the 
increased sereening effeet of the inner electrons on the outer electrons, 

Generally speaking, elements with a low ionisation energy are on the left- 
hand side of the periodic table and those with a high ionisation energy are on 
the right. Noble gas configurations (cight valence electrons) can cause 
exceptions to these general rules. 


Jonisation energy increases 
aa__le_oo 


lonisation energy decreases 
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3.11 Electronegativity 


‘The electronegativity describes the relative ability for an atom, when it 
combines with another atom, to become “more negative” by more strongly 
capturing a shared electron or electron pair. 


It is found that the more 
difficult it becomes for an atom 
to lose an electron, the easier it 


Electronegativty increases 


is for the atom to add an extra 
electron. That is, a higher § 
ionisation energy also means a 8 
higher electronegativity 2 

Some electronegativities 
within a group are 

Be 18 é 

Me 13 

ca Lo 

Sr 0.95 

Ba (09 

Re 09 


Some electronegativities within 
a period are: 

li Be B © N OF Ne 
10 15 20 25 30 35 40 - 


‘The electronegativity of fluorine is so strong that in some circumstances, it is 
able to attract an electron from helium and so produce a compound that 
involves a noble gas. 

The electronegativity of an atom influences the nature of the bonding 
between different types of atoms. Even when a bond is covalent, the shared 
electron spends more time nearer to the atom which has a higher 
electronegativity. The resulting molecule becomes polar. 


4. Chemical Bonds 


. Chemical Bonds 


Summary 


Lewis electron 


x 


Vande vis RS EDS 


Hysrogen bond 


EDBE® 


Oxidation numbers: 


dot structures 


a) _Infree, uncombined, elements, the oxidation number 
of each atom is set fo 0. 

'b) In compounds involving hydrogen, the oxidation 
‘number of hydrogen is 1+ 

©) In compounds involving oxygen, the oxidation 
‘umber of O is usually 2 

4d) The sum of all the oxidation numbers of all atoms in 
an on is equal (in both magnitude and sign) to the 
charge an the ron. 


) The sum of all the oxidation numbers ofall atoms in 
‘a neutral molecule is 0. 


Oxidation — Increase in Oxidation No. > Loss of Electrons 


Reduction —> Decrease in Oxidation No, > Gain of Electrons, 
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4.1 Chemical Bond 


Consider two hydrogen atoms that are initially a long way apart from each 
other, The two atoms are both electrically neutral, and have no ionic 
character. Why should they then be attracted to each other and form a stable 
H, molecule? Atoms tend to arrange themselves in the lowest possible 
energy state. In a covalent bond (like in H,), the sharing of electrons 
provides the necessary reduction in total energy since the shared electrons, 
now having more space to move (over two atoms instead of one) have a 
lower energy than a single electron orbiting a single nucleus (see Section 
1,5). This reduction in energy appears to us like a force of attraction acting 
between the atoms 
When two atoms form a chemical bond, they take up 
equilibrium positions according to the balance between 
Ay) long-range attractive and short-range repulsive forces F(r) 
between them. At the equilibrium position, the potential 
energy M(r) of the bond is a minimum. 


i) 


“The potential energy function (Viq) acting 
betveen two atoms can be very complex 
Simpie models are usualy used, avery 
popular one being the Lennard-Jones 
Potentiat a8 

ii 


Repuision_ 


‘traction 


Ag 2 
ott 


In this potential, the negative term is the 
‘energy associated with the attractive 
forces and the positive term is the energy 
associated withthe repulsive forces. 


It is convenient to assign a potential energy of zero to widely spaced 
molecules or atoms so that when they approach, the potential energy 
becomes more negative. Since we generally assign a positive number to 
work done on a system (energy entering a system) and a negative number to 
work done by a system (energy leaving a system), work has to be done on 
the molecules or atoms to separate them. Thus, when the atoms are at the 
equilibrium position, energy is required to be done on the system to move 
fone atom from the equilibrium distance to infinity against the force of 
attraction, This energy is called the bond energy (usually in ki/mol), 


To be consistent with the assignment of energy, we must therefore treat 
attractive forces as negative and repulsive forces as positive. The force F, 
with this sign convention, when multiplied by the distance of movement r, 
then results in an energy of the correct sign. 
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Some Example Workshops 


Here's a little peek into some actual electronic laboratories, each with its own personality and history. 
Each one grew from something small into something, well, not so small 


A Fresh Start 


Harold Timmis is an electronic engineer, software developer, and author. Hi 
‘worked started as a small child, which led him from taking apart everything in his parents’ house to 
studying engineering at the Florida Institute of Technology 

Harold keeps a lab in his home where he can work on gadgets in his spare time. Harold recently 
moved, and used the opportunity to “clean house” and set up everything in his lab exactly the way he 
wanted things, 

He took this photo of his new lab after working on a couple of projects (see Figure 1-5). Note that 
everything is within easy reach when sitting at the desk. I's still quite tidy, as you can see. 


Figure 1-5. The reorganized home lab of Harold Timmis (photo by Harold Timmis) 


4. Chemical Bonds a 


4.2 Lewis (Electron Dot) Formulae 


Molecules and compounds form when bonds exist Group Lewis 
between atoms involving the transfer or sharing of formula 
valence electrons, The Lewis symbol for an atom 1 E 


is the element symbol surrounded by dots that 
represent the possible valence electrons for the 
atom, 


mn - 
Lewis recognised that bonding or sharing of 
electrons occurred so that an element tended to 
acquire eight valence electrons (noble gas 
configuration): the octet rule. To represent a bond = V 
between two atoms, a Lewis structure is written so 


as to indicate the position of the valence electrons ‘if i 


vt ie 


‘This Lewis structure shows how each 
element acquires a noble gas 
configuration when a chemical (in this 
case, ionic) bond is formed, 

When determining a Lewis structure, the total number of dots that appear 
(the total number of valence electrons) is the sum of the number of valence 
electrons for each participating atom. 

In some cases, it is not easily determined what the Lewis or electron dot 
formula for an atom should be. For example, in carbon, the electronic 
configuration is: 1s? 2s? 2p? and we might be tempted to write the electron 
dot formula as: a 

iC 

Although this arrangement can occur, when carbon usually combines with 

other atoms, the 2s orbitals combine with the 2p orbitals and the electrons are 

spread out over the resulting combined “sp” energy level giving four valence 
electrons, Carbon is tetravalent. 


“E" denotes an element 


Cr 
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4.3 Multiple Bonds 


Covalent bonds between atoms often involve sharing of more than one 
electron at a time. For example, carbon has a bonding capacity, or valence, 
Of four, and so the carbon compound ethane is a stable molecule and is fairly 
unreactive, 


Ethylene, with molecular formula C,H, should therefore leave two lone 


valence electrons: 
H 


He 


We would therefore expect ethylene to be a very reactive compound, in 
much the same way as Group I elements, However, this is not the case. 
Instead, the two carbon atoms arrange for the orbits of the two lone electrons 
to overlap and be shared. That is, two pairs of electrons are shared between 
the carbon atoms to form a double bond. 
Hine :H 
fa 

Triple bonds are also possible whereby three pairs of electrons are shared. 
‘The double and triple bonds offer even a greater range of movement of 
valence electrons (since more electrons are shared and so more electrons 
have more overall room to move) compared to a single bond. The strength of 
the bond is higher, and the C nuclei are closer together (shorter bond length). 

Although the bond energy associated with a double bond is higher, the 
double bond results in a more reactive compound than a comparable single- 
bonded structure. This is because the double bond offers more opportunities 
for other more reactive 


Molecule Structuralformula C-C C-C 
length energy 


elements than carbon 
to attach to these 


A) (kulmal) 

valence electrons — a 

if other elements can Cats 154 334 
Ethane 

‘open up the bond and 

find two potential 

bonding sites rather G44 

than one. It is Ethylene TAS GO 

energetically more 

favourable to have two cH, digit tase 


single bonds than one — Acetylene 
double bond, 
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4.4 Lewis Single-Bonded Structures 


Some examples of single-bonded structures are: 


Molecular TolalNo. Lewis. ~—N-— Shape Note 
formula” valence—_formula 
electrons 
F 4 Bip: F—F Linear 
Fluorine 
gas re 
é 
cH, 8 4 GN, Tetahedral 
Methane HAH 
a 
4 
sick 2 4 Tetrahedral 
oda 
Ni, eo WWH 4 Pyramia 
‘Ammonia H 
é % 
#0 8 BH 4 mo ent 
Water Fi 
4 
y 
Nit 8 4 Tetrahedral 
HOw 
oH 4 
Ethane 
1402 4 


Note that lone pairs, being closer to the central atom, have a greater 
repulsive effect than bonded pairs and so influence the shape of the 
molecule. Note that each atom is surrounded by eight electrons (except for H 
which requires two electrons for noble gas configuration. 
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4.5 Lewis Multiple-Bonded Structures 


Examples of multiple-bonded structures 


Molecular No. Lewis NN Shape Note 
formula valence formula 
electrons 
Ns 10 NEN = N=N Linear 
Nitrogen 
gas 
H 4 
2 33 No=c& 2 Tetrahecal 
Ethylene n/n 
CoH, 10 He 22 Linear 
Acetylene 
co, 16 2 Linear 
Carbon 
oxide 
HON 10 2 Linear 
Hydrogen 
cyanide 
aL 
cool, ey 3 Sc-0 Planar 
Phosgene or 
H,co 2 a hy Planar 
Se 
Formaldehyde Ww 


Note that each atom is surrounded by eight electrons (except for H which 
requires two electrons for noble gas configuration), 
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4.6 Lewis Exceptions to the Octet Rule 


Examples of structures that do not obey the octet rule include 
(1) Atoms having more than eight electrons involved in bonding: 


cae” tees > tai 
enfe Mosman cn 
Pc, 5 7 ef 
= “ cf ‘a 
é 
sr “ or, Se 
a | pair 
i 


When there are more than eight electrons involved, such as in PCI,, the 
bonding usually involves electrons from the d sub-shell. 


(2) Atoms having less than eight electrons involved in bonding: 


Bet 4 HeBo:H H—Be—H Less than an 
octet 
2 
2a Less than an 
ne " NG: ° octet 


When more than one valid structure can be written and the true structure 
cannot be written, the actual or true structure is called a resonance hybrid of 
the different structures. An example is NO. The unpaired electron (as shown 
above) can be written as attached to either the N or the O atom, 


Example of resonance structure: CO? 


rig: 
3: 
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4.7 Oxidation Number 


‘The oxidation number, or oxidation state, is a quantity that describes the 
number of electrons that appear to be gained or lost by an atom when a 
chemical bond is formed. That is, itis essentially the number of electrons 
that participate in the formation of the chemical bond. If we imagine all 
bonds to involve a transfer of electrons (even if in reality the bond may be 
covalent), the oxidation number is essentially the electronic charge that an 
atom appears to have after the bond has formed. The oxidation number is 
determined by a set of agreed rules. It is not strictly a physical quantity. 

Ina molecule or a compound, electrons that are shared between atoms are 
counted as belonging to the more electronegative atom. Electrons that are 
shared between two identical atoms are equally divided between the two 
atoms. 

(@)_In‘ree, uncombined elements the oxidation number of each atom is set to 

zero, For example, the oxidation numer of H in His zero, 
(©) in compounds involving hydrogen, the oxidation number of hydrogen is 1+ 


‘except in the case of metal hydrides (where the hydrogen is bonded to an 
atom which is less electronegative) where itis + 


(¢)_ In compounds involving oxygen, the oxidation number of © is usually 2 


The exceptions are the oxygen atom in peroxides and whan oxygen is 
bonded with uarine, 

(@)_ The sum of al the oxidation numbers of al atoms in an jon is equal (in both 
‘magnitude and sign) tothe charge on the ion. 

(e) The sum of al the oxidation numbers of all atoms in a neutral molecule is 0. 


Consider the compound H,O. The oxygen atom, being more 
electronegative than the hydrogen, is seen to gain two electrons and so is, 
given an oxidation number of 2- (since it seems to have acquired a net 
negative” charge). Each hydrogen atom is seen to lose an electron and so 
the oxidation number of hydrogen in this compound is assigned as 1+ 

When the oxidation number of an atom has The ovation umber 
‘anes oan’le gl % Useful when naming some 
increased, the atom is sid to have been oxidised oN wren tania son 
{as in the hydrogen above). This usually involves fypo and por, and suffixes 
the loss of electrons. When the oxidation number like ous, i, fe, are 
of an atom has decreased, the atom is said to have assigned according to the 
been reduced, that is, its oxidation number has Oxiation number of he 
decreased. This usually involves a gain of tom ina compound 
electrons (as in the oxygen above), 
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4.8 Oxidation Number Examples 


Example Element Oxidation state Rule 
s s 0 a 

HS s 2 be 

Fee Fe 2 é 

Fe Fe 8 é 

Mno, Mn ” oe 

Mne* Mn 2 6 

cr,0;2 cr +6 oe 

ce cr 8 ‘ 

Noy N 45 oe 

No N 2 oe 

No, N +4 ce 

s0,* s +6 ce 

co, c 4 oe 

H.0, ° 4 special case 


When a substance is oxidised, it can be done so by either adding oxygen or 
removing hydrogen, Similarly, when a substance is redueed, it can be done 
so by either removing oxygen or adding hydrogen, For example, consider 
the production of methane CH, from carbon and hydrogen: 


C+2H) > CH, Oxidation No, 
2H, 34H +4e> Oto at 
CH4e7 ch Ot04- 


From the point of view of the hydrogen, it has lost electrons and so is 
oxidised. From the point of view of the carbon, it has gained electrons and so 
is reduced. OF course in this compound, CH,, the electrons are shared 
between the C and H atoms as covalent bonds, but from the perspective of 
oxidation numbers, the electrons are effectively transferred from H to C. 

In some biochemical reactions, electrons (in the company of protons H") 
are transferred during oxidation and reduction reactions as a means of 
passing energy from one molecule to another, ‘The addition of an electron 
via the addition of hydrogen stores energy in the compound being reduced, 
The energy is released when the compound is oxidised. 

When CH, is combined with oxygen (e.g. when it is burnt), the C is 
oxidised to CO, and water: GH 49, 5 C0, 42,0 
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4.9 Polar Bonds 


Although bonds between atoms may be classified as being covalent or ionic, 
in many different substances, there is a gradation from one type to the other. 
Unequal sharing of electrons in a covalent bond gives the bond an ionic 
character. Further, such a covalent molecule may acquire regions of net 
positive and negative charge and become polarised. 

Separation of charges 
within a covalent molecule Sfend more tna nO thas © 
usually results in electrons {and so the centre of postive 
spending more time on the charge is offset from the centre 
atom which has the of negative charge. 
greatest eleetronegativity. 

For example, in the molecule carbon monoxide, there is a difference in 
electronegativity between carbon (2.5) and oxygen (3.5) and so the shared 
electrons spend more time near the oxygen atom than the carbon atom. This 
results in a net separation of centres of eleetrie charge within the molecule. 
The molecule is thus polarised and is a dipole. ‘The molecule as a whole 
remains electrically neutral, but the distribution of charge within the 
molecule shifts so that the geometrical centre of positive charge is different 
than the centre of negative charge 


In CO, the shared electrons 


Although it is straightforward to determine if @ diatomic molecule is polar 
or non-polar, by a consideration of the electronegativities of their atoms, the 
situation is more complicated for molecules with more than two atoms, For 
‘example, in CO,, the individual bonds between the carbon and the oxygen 
molecules may be polar, but the molecule as a whole is non-polar because of 
the symmetry of the shape of the molecule 


Gxcx Or ° O = w=Odebye 
‘When CO, is placed in an electric field there is no net dipole moment. 


Experiments show that water has a permanent dipole moment due to the 
presence of the electron pairs on the oxygen. 


HOO HE 1A dobye 
Bond angle 104.5" 


Polarization is responsible for physical bonds forming between molecules 
which in turn result in molecules forming liquids and solids, 
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4.10 Hybrid Orbitals 


In a covalent bond, when valence electrons are shared between atoms, they 
do so by overlapping orbitals. Consider an oxygen atom:1s?, 2s%, 2p! 
ls 2p 

oxygen friftufrey UE 
The shapes of molecules are difficult to predict on the basis of the orbitals of 
isolated atoms because the nature of these orbitals change when there are 
more than one electron in an atom and when atoms come together to form 
molecules. 


When a molecule of water forms, the 2s and the | Hybrid Shape 
three 2p orbitals in the oxygen combine to form a | 32, near 
new molecular orbital called the sp? hybrid. The | Rahal 


superscript 3 indicates that three of the original p 
orbitals are involved in the hybrid orbital. It is this, 
hybrid orbital 2sp* that combines with the » orbitals, 
ofthe H atoms 
Is 
conygen 7 Each ofthe 2s hybrid orbitals is at 
grvina CT tho sme eney ove 
When hybridization occurs, the rearrangement of electrons often results in 
there being more unpaired valence electrons than there were originally. For 
example, in carbon compounds, we have: 


e Is 25 2p ls__29p? 2p 

(Grae atom [ELE EF wrod [ILE EE 
In CH,, it is the hybridization of the C is 2p" 

atomic energy levels into four identical sp" hybrid [TL]L lib 


2sp* orbitals that results in a regular tetrahedral geometry with bond angle 
109.5°. In PCls (more than eight electrons bonded), the hybrid orbitals are 
sprd. HH 

In the double C=C bond of C:H, one of the WE 
bonds is the end-to-end overlap of one of the 
sp? hybrid orbitals (this is called the o sigma 
bond) along the line of the two C atoms (the 
other two sp? orbitals overlap with the » 
orbitals of the H atoms), while the other C 
bond is formed by the side-by-side overlap of 
the unhybridised (dumbbell shaped) 2p 
orbitals parallel to the plane of the C and H 
atoms (this is called the x pi bond). 


ip 
@ 
™ 

q 
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4.11 Polarisation 


When an electric field £ is applied to a molecule in a non-polar insulating 
‘material, the centre of charge of electrons moves lefi, the centre of charge of 
protons move right and the two centres of charge are then separated by 
distance d. The atom or molecule becomes polarised in the presence of E. 

Polarisation in a material may occur due to several mechanisms, all of 
which may occur to some extent depending on the atom, Most often, 
polarisation occurs when an external electric field £ is applied, 

1. Electronic polarisation The entities with 

Small induced dipole moment arising from difference cles round 


in the net centres of nucleus and electrons in an atom, / Gites 


ers es ee a 


ee 
2. Tonie polarisation 
Dipole moment created by shift of positive ions with respect to 
negative ions in unit cell 


‘When field is applied, movement of 
ons produces a net dipole moment in a unit coll and hence a net polarisation, 


3. Dipolar polarisation 


Net dipole moment created by alignment of molecule with external field 
due to presence of internal permanent dipoles from geometrical structure 


of molecule. ‘Water molecule has @ CO, molecule has no 
5 permanent dipole. - — permanent ple 
€, + 20-100 moment. polar 


Note: Even though there ‘ 
isa permanent dipole moment, 
inthe absence of an electric field, 
these dipole moments are not aligned ~~ ~~ =~ 
(due to thermal agitation) and so the net polarisation aver ll 
‘molecules in the material is zero. When a field E is applied, molecular dipoles tend 
te align themselves with the field and there exists a net polarisation, 
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‘The Dallas Personal Robotics Group (http: //dprg-org) isthe world’s oldest personal robotics group 
known to man, From 2002 to 2009, Mike Dodson of Modern Assemblies donated the use of a portion of 
‘one of his warehouses to DPRG. This gave DPRG a permanent home for meetings, contests, and social 
gatherings. 

Robot builders enjoyed a spacious and comfortable area for working on robot projects, among other 
pursuits. Over the years, members contributed time, equipment, and lots of hard work to improving the 
space. The photo in Figure 1-6 shows one end of the available space, after an extensive remodeling, 
Several workstations along the wall are in the process of being set up. That good-looking fellow seated at 
the table is the author. 

‘When Mike r 


cd in 2009, DPRG began a search for another home. 


Figure 1-6. DPRG's world headquarters from 2002 to 2009 (photo by R. Steve Rainwater) 


A Cautionary Tale 
It's relatively easy to go from a well-designed and effective lab to something, let's say, less desirable. This 


doesn’t happen overnight, but it can happen. Let this be a warning to you about how even the best of 
intentions can still produce embarrassing and unproductive confusion (see Figure 1-7). 


7 
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4.12 van der Waals Forces 


‘The arrangement of electrons around atoms is not constant in time. Electrons 
move within their energy shells or levels with kinetic energy. An 
instantaneous movement of an electron within an atom may result in the 
atom becoming polarised for a short period of time. During this time, the 
polarisation in one atom 

may induce polarisation - Instantaneous polarisation 


ide Slbhbee cae of oe molecls rus 
: incueed dipole n neighbour 
resulting ina very brief ineocule anda nt 


electrostatic attraction -* instantaneous attraction 
between them. These ‘between the two molecules. 
instantaneous forces of 

attraction and repulsion are termed London forces after the scientist who 
proposed the explanation for them and are found in all covalent materials. 


In materials containing molecules that have permanent dipole moments, the 
molecules tend to align themselves (against the tendency of thermal agitation 
to keep them in random orientation). The electrostatic attraction between the 
polarised ends of the molecules draws them together. Dipole-dipole 
interaction may persist over many molecules and appears to us like @ force 
holding the molecules together. 


When considered over millions of atoms, the London and permanent dipole 
forces can be substantial and are called physical, as distinct from chemical, 
bonds between molecules. The intermolecular forces of this type are called 
van der Waals forces. In most cases, itis the van der Waals forces that bind 
atoms and molecules into liquids. 


Intermolecular forees on this scale are responsible for deviations from 
ideal behaviour in liquids and gases. Van der Waals forces operate over a 
small scale in comparison to distances between molecules in a gas. It is only 
when gas molecules become closer together (such as under increased 
pressure) that these forces become strong enough to cause the molecules to 
then clump together and condense into a liquid. ‘The forces become less 
effective when the temperature increases due to the tendency for an increase 
in random order associated with thermal agitation of molecules. 
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4.13 Hydrogen Bond 


Hydrogen has one valence electron and so can readily form a single covalent 
bond. However, there are some compounds involving hydrogen in which the 
hydrogen atom can be said to be bonded to two atoms at the same time, Such 
‘compounds involve hydrogen bonding with small electronegative atoms. 


Consider the hydrogen fluoride molecule: H ) 


Because fluorine has a large electronegativity, 

the shared electron spends much of its time near 

the fluorine atom. The molecule, as shown above, is polar. Now, if there are 
other HF molecules nearby, then the positively charged H side of the 
molecule will be drawn into contact with the negatively charged F end of the 
other molecule. Two molecules thus join up so: 


Hydrogen bond 


It looks to us like the H atom in the middle is holding the two outer F atoms 
in place like a tie bar. This electrostatic attraction is called a hydrogen bond, 
‘The hydrogen bond can only form between hydrogen and small 
electronegative atoms because the H “ion” is very small and only has space 
for one other atom to be located near enough to its polar end to form an 
electrostatic bond. 

Hydrogen 

bond 


Hydrogen bonds also form between water 
molecules. Hydrogen bonding between water 
molecules gives rise to a characteristic crystal 
structure in ee, which in turn is reflected in 
the shape of snowflakes. 

Hydrogen bonding is very important in biological processes. The bonds, 
having an energy of about 20 KJ, are stronger than those due to van der 
Waals forces (about 0.2 kJ) but are significantly weaker than those in 
chemical bonds (about 200 kJ). Certain biological processes rely on these 
bonds being of just the right strength for events to occur with ease (such as in 
the forming and breaking of the two halves of the molecular spiral in DNA — 
these hydrogen bonds involve H, O and N atoms). 


5. States of Matter 


. States of Matter 


Summary 
Gases: ae Par combined gas law 


PAV, = Pal’ Boyle's law 


aati 
oe a 
est 
pheash 
es 
aeotin |_| tures 
pomirn eseahe banee it 


No. moles of solute 
Liquids: Molarlty = <7jome of solution in Iires 
Solids: 
+ Molecular solids - in which the binding forces between 
discrete atoms or molecules are due to van der Waals 
interactions between instantaneous electric dipoles. 


+ Ionic solids - in which the binding energy is due to 
Coulomb electrostatic forces between positively and 
negatively charged ions in the crystal. 


Covalent solids - in which the binding energy is due to 
shared valence electrons between atoms in the solid. 


Metallic solids - in which valence electrons are effectively 
shared amongst all the atoms in the solid. 


+ Amorphous solids —no long-range structure. 
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5.1 Changes of State 


When a solid is heated, atoms/molecules within the solid absorb heat energy 
and this is stored as internal energy of vibration. As the temperature 
increases, the magnitude or amplitude of the vibration increases until the 
bonds holding the molecules together become temporarily ruptured and 
molecules flow over one another. This is called melting, 

At the melting point, further heating results in no increase in temperature. 
The energy input in this case goes to breakage of bonds between the 
molecules and the material changes phase from solid to liquid. 

Upon further heating, molecules of liquid increase their translational 
energy until they acquire sufficient kinetic energy to escape the liquid into 
the gaseous phase. 

‘The presence of impurities lowers the melting point. A measurement of the 
melting point can be used as an index of the purity of a particular substance. 


When a liquid cools, molecules begin to lose their intemal energy of 
motion until eventually, intermolecular forces are able to hold them in place 
as a solid. The temperature at which this occurs is called the freezing point — 
which is usually equal to the melting point. 


If the molecules in the cooling solid do not immediately lock into the 
pattern of the solid, then the temperature may fall below the official freezing 
point and the material remains in the liquid phase. This is called 
‘Supercooling. Introduction of a seed crystal may cause the liquid to avoid 
the supercooling condition, 

Forces between 


maclegales GAS Intermolecular forces are negligible 


9 © andmolecules move with rapid, 
+ Long-range ‘9 ___ fandom motion filling the space 
airactiys oo available to it 
+ Short-range 
sepulcte Application of Increase in 
P ‘aie pressure ‘temperature 
gets stronger as Intermolecular attractive forces are 


Closer together 
on loosely, 


very strong force 

tut only acts over Application of Increase in 

a very short pressure temperature 
SOLID 


distance 


‘molecules get 3 strong enough to bind molecules 
[o) 


Intermolecular forces are strongly 
SD auractive and bind molecules together. 
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5.2 Changes of State of Liquids/Gases 


Closed system 


A dynamic equilibrium is set up 
where the rate of evaporation = 
the rate of condensation, 
‘The equilibrium vapour 
pressure (EVP) or saturated 
‘Vapour pressure is the pressure 
exerted by the vapour when in 
equilibrium with its liquid. The 
magnitude of the EVP depends 
on the nature of the liquid and 
the temperature 
Nature of liquid, The 
stronger the van der Waals 
forces between molecules, 
the lower is their ability to 
scape the liquid and the 


+ Temperature. Increase in 
temperature increases kinetic 
energy of molecules in the 
liquid and hence their ability 
to escape from the surface 
and hence the higher the 
EVP. 


Open system 


A liquid is said to boil at a 
temperature called the boiling 
point, at which the EVP of the 
liquid becomes equal to the 
prevailing atmospheric pressure 
Vapour bubbles form in the 
iquid and rise to the surface. 


‘The normal boiling point is the 
boiling point at 1 atm of pressure 
(101.3 kPa). 


Increasing the prevailing 
atmospheric pressure increases 
the boiling point. 
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5.3 Phases of Matter 
Inap-V dlagram, the temperature is See Types 
kept constant, volume decreased and ‘temperature above which 


pressure recorded. the attractive forces 
Ideal gas between molecules are 


Pp (no phase not strong enough to 
changes) produc liquefaction no 
Vapour pressure 1 matterhow high a 


‘The partial pressure 
exerted by the 
vapour when itis in 
‘equilibrium with its 
liquid. It depends on 
the temperature and 
nature ofthe —> 
substance. The 
temperature at which 
the vapour pressure 
‘equals the prevailing 
atmospheric 
pressure is called All gas condensed into 
{he bolting point. quid, attempts to further 
reduce volume produce 
large increase in pressure 
as liquid is compressed, 


P pressure is applied, 


Gas starts condensing into 
liquid, no change in pressure 
as volume decreases, 


Ina phase diagram, we keep the volume V constant and plot pressure versus 
temperature. 


Liquid 


veto 
(PesTe) 
Sublimation Vapour 

; 


At each point (p,7) only a single phase can exist except on the lines where 
there is phase equilibrium. At the triple point, solid, liquid and vapour exist 
together in equilibrium, 
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5.4 Gases 


5ST 


‘The properties of a perfect or ideal gas are the most convenient to study. The 


properties of an ideal gas are: 


+ The molecules of the gas occupy a very small volume compared to the 


volume of the container, 


+ The molecules are very distant from one another and only interact 


elastically during collisions. 
Macroscopic properties of a gas: 
+ Pressure 

+ Temperature 


Real gases often behave like ideal gases at 
Conditions in which no phase changes occur. 


‘These quantities specify the state ofa gas 


* Volume 
+ Mass oe 
Consider a mass (m) of gas: | © @ 
itp, Vand Pal vary then: L® 
Bn ie ‘Combined gas taw 
Iftemperature T's @ constant 


Pil = pV’ Boyle's law 


Ifpressure p is a constant: 
WV 


Charles’ law 


Th 


Let us express the mass of a gas 
indirectly by specifying the number 


‘of moles. Experiment. shows that 
Boyle's law and Charles” law lead to: 
Volume ‘Absolute 

temperature 
pl =k 
} [Levee as 
Absolute constant 
pressure No, moles 8.3145 JImo!k 
This equation inks all the 


macroscopic quantities needed to 
describe the (steady) state of an ideal 
‘gas and is thus called an equation of 
state. 


‘Note: These laws cannat be applied 
\when the mass of gas changes 
during the process. Pressures and 


temperatures are absolute, 


Mass ing 


No. moles —+ n=" 
M1 Molar mass 


By using moles, we get the ideal gas 
‘equation with the universal gas 
‘constant R (units JimoVK). Otherwise, 
value of R depends on the nature of the 
{gas (Le. no longer universal) and has 
Units kg. 


Example: Calculate the volume occupied 
by one moe ofan ideal gas at 279K at 
atmospheric pressure. 

pv =0RT 
8.314\273) 
2.406 L 
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5.5 Solutions 


Homogenous mixtures of two or more gases, liquids, or solids are called 
solutions, 

+ Gases usually mix in any proportion. Air is a solution of predominantly 
nitrogen, oxygen and carbon dioxide. 

+ Liquid solutions can be made by dissolving a solid, liquid or gas (the 
solute) in a liquid (the solvent). When the solvent is water, the solution is 
called an aqueous solution 

+ Solid solutions occur where atoms of one solid are randomly dispersed 
throughout the other solid. Alloys are common examples of solid 
solutions although some alloys are compounds (combine in definite 
proportions). Some alloys are also heterogeneous mixtures, 


Intermediate between heterogeneous mixtures and homogenous solutions 
is the case where the dispersed solid particles are not broken up into 
molecular units and yet are not in collections large enough to be called a 
separate phase. In this case, the dispersion is called a colloid. 

‘The strength, or concentration, of a solution can be described as 


+ The ratio of the number of moles of one of the components (the solute or 
the solvent) relative to the total number of moles present is called the 
mole fraetion of the component. 

+ The number of moles of solute per litre of final solution is called the 
molarity and given the symbol M (this is the most common method but 
depends on volume, which in turn is temperature dependent). 

+ The number of moles per kilogram of solvent is called the molality and is, 
given the symbol m (has the advantage of not being dependent on 
temperature). 

+ The percent solute by mass or volume of the final solution. 

+ % by weight (w/w) is the number of grams of solute per 100 g of 
solution. 

+ % by volume (w/v) is the number of grams of solute per 100 mL of 
solution. 


The limiting concentration of the solution to which a solute can be 
dissolved in a solvent is called the solubility. At this concentration, the 
solution is said to be saturated. Addition of excess solute results in no 
increase in concentration and a portion of the solute remains undissolved. 
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5.6 Aqueous Solutions 


Many chemical reactions involve chemicals that exist as water, or aqueous 
solutions, 


No.moles of solute 


Molatit 


Volume of solution in Hires 
Examples: 


(1) Calculate the mass of solute needed to make up | litre solution of 0.5M 
sodium hydroxide: 
Imole NaQH = 23 +1641 
408 
0(0.8) 
208 


‘mass required for | L solution at 0.5M 


(2) Calculate the volume of 10M acid required to make up 250 mL of 
0.4M solution of HCL: 


1L=04M cl=355 
= (0.4)36.5)g H=1 
=146g 


0.25 L = 3.65 g HCI required 
10M = 365 g/L. HCL 
3.65 g HCI =10 mL 


It is often observed that for dilute aqueous solutions, the addition of the 
solute lowers the freezing point and raises the boiling point (reduction in 
‘Vapour pressure) compared to pure water. 


‘When an aqueous solution evaporates, a hydrated ionic compound may 
be formed. The hydrated compound contains water of crystallization: 


i, evap 
Co** (aq) + 2CI” (aq) > CoCly +2H0(5) 
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5.7 Solubility of Solids 


When a solute dissolves in a solvent, three distinct processes can be 
identified 
+ Solute-solute interactions — whereby the solute atoms or molecules are 
separated from each other (such as the dissociation of Na’ and Cl into 
ions). This is an endothermie process (heat is required to break the 
ionic bonds). 
Solvent-solvent interactions — whereby the solvent atoms or molecules 
may be separated from each other (such as when H,0 molecules are 
separated from one another to accommodate the incoming solute 
molecules). This is an endothermic process. 
+ Solute-solvent interactions ~ whereby processes occur between the 
solute and the solvent. These are usually exothermie (reduction in 
total energy). 


Some ionic compounds are soluble in water, but insoluble in non-polar 
solvents (like benzene and carbon tetrachloride). When water is the solvent, 
a hydration process can occur which serves to insulate the positive and 
negative ions from each other and prevent them reforming into a solid. This 
isa solute-solvent interaction. 


Hydration involves the 
formation of bonds and 
0 is exothermic (heat is 
released as the total 
‘energy is lowered) and 
0 the solute-solvant 
Interactions dominate the 
solute-solute interactions. 
Non-polar solvents 
cannot hydrate the fons, 


Some non-polar molecular solids are soluble in non-polar solvents but are 
insoluble in water (a polar solvent). Non-polar solute molecules are not 
hydrated by water, and so solute-solvent interactions are not significant here. 
If more energy is required to break the hydrogen bonds linking water 
molecules together than that required to break the bonds holding the 
components of the solute together, then the solute components remain 
insoluble. When placed in a non-polar solvent, solvent-solvent interactions 
may occur and the solvent molecules separate easily to accommodate solute 
molecules and the solute dissolves. 


(CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


Unfinished projects and leftover parts and tools compete for the limited space available in this 
photo, Not only is alot of time wasted in searching for both components and tools, but the limited space 
restricts the scale of projects that can be entertained. 

Don'tlet this happen to you 


Figure 1-7. It's not safe. Its not pretty. It's not even properly “eccentric.” You have been warned. 


Summary 


So now you know a little something about electricity and electronics. Hopefully this chapter has covered. 
your very basic questions about how all this magic stuff actually wor 

Now you're ready to start poking around some circuits. You're going to need the right tools for the 
job. Chapter 2 will get you started. You'll learn about some basic hand tools that are very useful in the 
lab, as well as some fairly high-tech machines that you might require in the future. 
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5.8 Solubility Equilibrium 


If a solute is added to the solvent in increasing quantity, a point is reached 
where the atomic or molecular species being dissolved can no longer be 
accommodated in the solute. As more solute is added, the reverse process 
begins to occur so that some of the previously dissolved solute returns to the 
solute phase. This is called precipitation. This is most vividly illustrated 
when a solid solute is added to a liquid solvent. When the rate of 
precipitation becomes equal to the rate of dissolution, dynamic equilibrium 
is achieved and the solution is said to be saturated. 


The concentration of a solute in a given solvent at saturation is called the 
solubility of the solute in the solvent. 

Solubility depends on temperature. When a solute is dissolved in a solvent 
and heat is generated, the solubility generally decreases with increasing 
temperature, If heat is absorbed, the solubility generally increases with 
increasing temperature, Often, whether or not heat is absorbed or generated 
depends on the physical processes involved in any chemical reactions that 
may occur in the solution. 


Solubility de Fora non For example, aircissolves in 
Solty depents on pressure: For a 00 ‘water to some extent and when it 


reactive gas being dissolved in a liquid, the Goes so, heat is produced (since 
solubility C increases as the pressure P the gas “condenses” into aliquid 


1a to Henry's law: Cee P form). The solubilty of air in water 
thus decreases as the 


For example, dissolved CO; in a soft drink temperature increases. When 
readily precipitates (observed as bubbles) when water is heated, the dissolved air 
the pressure above the liquid is released (such _can be seen to ‘precipitate’ as. 

as when the bottle is opened). An easy way to bubbles before the boiling point of 


remember Henry's law isto think ofits the sof water is reached. 
drink law. 


One of the most common solvents is water, but not all compounds are 
soluble in water, 


‘Compound General rule Exceptions 
Nitrates Soluble 

Chlorides Soluble ‘AgCl, PCI, Hg.Cl 

Sulphates Soluble PbSO,, BaSO, 

Carbonates Insoluble Na,CO,, K,CO;, (NH,)260, 
Hydroxides Insoluble NaOH, KOH, Ba(OH),, (NH.OH) 


Oxides Insoluble Na,O, K,0, Ba 
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5.9 Electrolytes 


Some molecular and ionic compounds dissolve in water to give a solution 
that is able to conduct electric current. The compounds, when dissolved in 
water, dissociate into ions. The ions, being electrically charged, are thus able 
to move under the influence of an electric field and the movement of these 
ions is therefore an electric current. 


Strong electrolytes dissociate completely into ions. Many iot 
compounds are strong electrolytes. Molecular compounds that are strong, 
electrolytes are usually acids. 

Weak electrolytes only partially dissociate into ions. Usually, molecular 
compounds that are weak electrolytes are either an acid or a base 
Non-eleetrolytes do not dissociate into ions when placed in solution. 
Molecular compounds that are neither acids or bases are usually non- 
electrolytes. 


Molecular compounds that are strong electrolytes: 


Molecular ans formed in 
formula solution 

Hydrochloric acid HCI Hl ‘Strong acid 

Nitric acid HNO, He, Noy ‘Strong acid 

Sulphuric acid H,SO, He, soe ‘Strong acid 

Perchloric acid HOO, HF, 10, ‘Strong acid 


Molecular compounds that are weak electrolytes 


Molecular ans formed in 
formula solution 

Acetic acid CH,COOH HY, CH,COy Weak acid 

Benzoie acid GyH,COOH HY, CyH,COe Weak acid 

‘Ammonia NH, NHe,OH- Weak base 


Molecular compounds that are non-electrolytes: 


Molecular ans formed in 
formula solution 
Ethyl alcohol C4H,0H 


Sucrose CratlOn 
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5.10 Osmosis 


Osmosis is a movement of molecules through a  semi-permeable 
membrane. A semi-permeable membrane is a sheet of substance that can 
allow some molecules through it but not others. Semi-permeable membranes 
can be things like cell walls in living tissue that contain openings that allow 
small molecules to pass through but not large molecules. 

‘The concept of osmosis depends on the phenomenon of diffusion 
Diffusion occurs when there is concentration gradient, The concentration 
gradient drives the diffusion process. It is a fundamental consequence of the 
second law of thermodynamics. Diffusion happens in a wide variety of 
physical processes (e.g. the formation of the barrier potential at the p-n 
junction of a semiconductor) 
initial 


5 oo 
ea 
ae aS 
é ay 
eo Oo ° 
Saige scans oven pss rohan 


Consider a dilute solution on one side of a semi-permeable membrane and, 
& concentrated solution on the other side. In this example, the semi- 
permeable membrane allows molecules of solvent to pass through it, but not 
the solute. Be careful. In this case, the concentration gradient has to be 
looked at from the point of view of the solvent. In this case, molecules of 
solvent tend to pass from the dilute solution into the concentrated solution so 
as to attempt to achieve uniformity of concentration throughout. Molecules 
of solute from the concentrated solution would very much like to pass into 
the dilute side to achieve the same aim, but cannot pass through the 
membrane, The movement of solvent from one side to the other results in an 
increase in pressure on the concentrated side. The increase in pressure tends 
to inhibit the further flow of solvent and an equilibrium condition is reached 
where no more net movement occurs across the membrane. This pressure 
increase is called osmotic pressure. 

For dilute solutions, the osmotic pressure m in atm (atmospheres) of non- 
electrolytes is given by = MRT where M is the molar concentration of the 
Tis in K, and R= 0.0821 L atmimol/K, 
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5.11 Solids 


Generally speaking, there are two kinds of solids. Crystalline solids possess 
a repeating order of atoms, ions, complex ions, or molecules. The repeating 
pattern is called the erystal lattice, The repeating unit in the crystal lattice is 
called a unit cell. Amorphous solids have no repeating structure of atoms, 
ions or molecules. 

Crystalline solids can be broadly classified as follows 

‘Molecular solids are those in which the binding forces between discrete 

molecules are due to instantaneous van der Waals interactions in 

addition to dipole-dipole attractions in polar molecules. Covalent bonds 

exist within the molecules between the atoms. 

Generally soft 


Examples: molecular erystals of 


+ Gas, quid or solid at room temperature ee aloe 

+ Low melting point (about 20 + 200°C) Reo Genens BAS Ee, 

+ Not usually soluble in water Compounds such as CO,, CH,, 
+ Poor conductors of electricity HO, CH, CysH2xOy, (Sucrose) 
+ Heat insulator 


and most organic compounds. 
Joni solids are those in which the binding energy is due to Coulomb 
electrostatic forces between positively and negatively charged ions in the 
crystal. That is, ionic solids are composed of eations and anions, 
+ Generally hard 

Solid at room temperature 
High meting point about 800°C) 


Examples: cations from Group I 
(e.g. Na’) or Group II (e.g. Mg?*) 


{Usually soluble in wator with anions OF, S*, NOs, 
+ Poor conductors of electricity in solid form CO, C1O,-, $0.2, Cr0,>, 
+ Heat insulator PO, H', OH", MnO,-, CN- 


Covalent solids are those in which the binding energy is due to shared 
valence electrons (covalent bonds) between atoms in the solid. 

Generally hard sie 

Se Examples SiC (amon), 
Very high melting point (about 120°C) Ge, SiO, (quartz), BN, SiC. 
Insoluble in water 

Poor conductors of electricity 

Heat insulator 


Metallie solids in which valence electrons are effectively shared 
‘amongst all the atoms in the solid. 


Amorphous solids have no long-range regular repeating pattern of atoms 
or molecules. Examples are glass and most plastics. In these materials, there 
is an orderly structure in the neighbourhood of any one atom, but this is not 
regularly repeated throughout the material 
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5.12 Crystalline Lattice Structures 


For geometrical reasons, there are only fourteen types of lattices that satisfy 
symmetry operations such as translation, rotation, reflection and inversion. 
Each of these fourteen lattices is called a Bravais lattice. There are seven 
convenient erystal systems in the set of Bravais lattices: cubic, tetragonal, 
orthorhombic, trigonal, monoclinic, hexagonal and triclinic. 


41. Cubie = i 
Teo Face. 
4 centr centred 
od LJ cutie cui 
7° (eco) (Foe) 


2.Tovogorl pot sx. [Eq] 
Seo 8 


Body-centred —Base-cented © Fave-centred 
jthorhombieatharhombse——_onhorhombic 

4. Trictnic s 

| i == [Tl 

6. Hexagonal 


A The particular geometry 
7. Tigonal adopted by a solid depends on 
“4 the relative sizes of the atoms or ions, 


their charge (for ions). Note: The lines shown in these 
images do not actually exist in a real material, but just serve 
to illustrate the overall shape of the lattice. 
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5.13 Metallic Solids 


Metallie solids are those in which valence electrons are effectively shared 
amongst all the atoms in the solid. Atoms are held in place by the metallic 
bond. 

+ Can be either hard of soft 

+ Solid at room temperature (except Hy) 

+ Low to high melting point (room temperature and above) 

+ Insoluble in water 

+ Good conductors of electricity 

+ Heat conductor 


Most metals crystallise into either body-centred cubic (BCC), hexagonal 
close-packed, and face-centred cubic (FCC). Common metals with BCC 
structure are Fe (iron), Cr (chromium), Mo (molybdenum), W (tungsten), 
V (vanadium). Common metals with FCC structure are Al (aluminium), 
Cu (copper), Au (gold), Pb (lead), Ni (nickel), Pt (platinum), Ag (silver). 
Common metals with close-packed hexagonal form are Cd (cadmium), Co 
(cobalt), Mg (magnesium), Ti (titanium), Zn (zine), Metals with BCC 
structure have a higher yield strength than those with FCC structure. 

At room temperature, iron has a BCC structure, but above 910°C, iron 
rearranges into an FCC structure (at which time it becomes non-magnetic). 
This change in structure takes place in the solid state and is called an 
allotropic change. 

Solid solutions are very important in metallurgy, where they are called 
alloys. In a true solid solution, one component is randomly dispersed 
throughout the other component. Other types of alloys are molecular 
compounds (in fixed proportions) and heterogeneous mixtures. 
A particularly important alloy is that of iron and carbon, which makes steel 


Carbon Content: 


0.05-0.3% _Low-carbon steel Mid steel, tough, ductile, easily 
forged and welded. 

0.3-0.45%  Medium-carton steel Strong, hard, not so easily 
forged or welded 

0.45-0.75% | High-carbon steel Very strong (high-strength stee!) 
and hard. May be annealed for 

0.75-1.5% Very high-carbon stee! machining or heat treated for 


different degrees of hardness. 
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6. Chemical Thermodynamics 


Summary 


Internal energy 
Work: 

First Law: 
Enthalpy: 


Entropy: 


Gibbs energy 


AGpacion = B10" eg, AVG" 


AU =n, (47) 


W = pV 


= AU par 

a =au+ par 
=0, 
as-2 
Fi 


Siu 0 irreversible process 
AS: = 0 reversible process 
AScai <0 impossible process 


AG =AH TAS 


Spontaneous reactions: 


products sete 
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6.1 Molecular Energy 


Molecules in a gas are capable of independent motion. . 
Consider a diatomic gas molecule: ancien 
(a) the molecule itself can travel el 
as a whole from one place to 
another 
(b) the molecule can spin (©) the atoms within the molecule ean 
around on its axis vibrate backwards and forwards 


These kimetic energy terms represent the internal energy and have 
significance for the interpretation of the specific heat capacity of a 
substance. Changes in intemal energy of a molecule manifest themselves 
physically as changes in temperature of the molecule. 

The total energy of the 

molecule also contains some 
potential energy components. He 
Firstly, there are intermolecular 
forces (such as van der Waals 
forces) that lead to the formation 
of liquids, and hydrogen bonds, 


Secondly, there is the 
potential energy associated 
with the chemical bond 
between the atoms of the 
molecule, the bond energy. 


‘These potential energy terms 
are associated with the pasition 
of the atoms within a molecule, 
and the position of molecules in 
relation to other molecules, as 
distinct from the motion of the 
atoms or molecules. 
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6.2 Specific Heat Capacity 


‘The amount of energy (AQ) required to change the temperature of a mass of 
material is found to be dependent on the: 


+ Mass of the body (m) kg 

+ Temperature increase (AZ) °C, K 

+ Nature of the material (c) Wk! 

+ 
AQ =me(Ar) Speciicheat or Tyateriat (Kk 
heat capacity | Mate Pirie 

‘The specific heat is the amount of | Ste! nee 
heat required to change the temperature | Sesto 083 
of 1 kg of material by 19C 


Molar specific heat, or molar heat capacity (C), is the amount of heat 
required to raise the temperature of | mole of the substance by 1°C. 
AQ=nclar) 
Experiments show that when a gas is heated at constant volume, the molar 
heat capacity C, is always less than that if the gas is heated at constant 


pressure C,. This is because for a constant volume process, there is no 
opportunity for there to be mechanical work done on or by the system, 

For a constant pressure process, for a given temperature rise AT; there will 
always be a volume change AV’. Therefore the energy into the system has to 
both raise the temperature and do work, thus C, is always greater than C, 


For a constant 
pressure process, 
a volume change 
involves a force 
acting through a 
distance and 
hence work is 
done on or by the 
system. Volume 
change in solids 
and liquids very 
small, and hence 
distinction 
between C, and C, 
not usually made. 


(0,88 very important quantity in industrial processes 
and is given the name enthalpy. 
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6.3 Enthalpy 


Consider a beaker of solution which is heated from an external source. That 
is, heat energy is transferred into the system across the boundary. 

The temperature of the 
solution increases by an 
‘amount dependent on the 
molar heat capacity C, of 
the solution. ‘The change in 
internal energy of the system 
will be: 


AU =nC,(AT) 
‘The solution may also expand by 
an amount AV and perform mechanical work (e.g. by a piston that fits into 
the top of the beaker and floats on the surface of the solution) 
W = pav 
‘The relationship between the heat entering the system, the work done by 
the system and the rise in internal energy is expressed by the first law of 
thermodynamics: (0,8 positive when heat enters the system. 
= AU +pAv It positive when work is done by the system on the 
0) =AU+ PAY suroundings. AU's psiive when A7 is postive 
IP heat energy Q, is added to the system, then some of this heat goes into 
mechanical work and some into internal energy. The sum of the change in 
internal energy and the work done on or by the system is called the change in 
enthalpy A// of the system: 


‘Thermometer 


‘Note: pa’ is usually small in comparison to AU in 
‘experiments in the laboratory whereupon Ad is 


=2, approximately equal to AU. 


That is, the change in enthalpy of the system is the same as the amount of 
heat energy that has been put into it 

If the heating of the solution involves a phase change, then some of the 
heat energy input would be consumed by latent heat which would have to be 
accounted for. 


If the heating of the solution initiates a chemical reaction, then heat 
energy may be released (e.g. as happens during combustion) or absorbed by 
the solution as the potential energy of the chemical bonds (chemical energy) 
changes. This is called the heat of reaction, The heat of reaction is a 
release, or absorption of potential energy of the chemical bonds. 


CHAPTER 2 


Building Your Tool Chest 


You're going to need some tools in your lab, as well as the skills to use them effectively. This chapter will 
get you started. If you're starting from scratch, don't wory. There's not a whole lot you absolutely must 
have to get started. Some basic hand tools and a place to keep them organized is all you will need. You 
don’t even have to spend a lot of money at first. As you progress in your hobby, you will most likely want 
to add to your tool chest and upgrade some of those tools. Electronics can be the perfect hobby because 
it can take up (1) all your spare time and (2) all of your discretionary income. What more could you ask? 

‘The very basic hand tools, such as screwdrivers and tweezers, are mostly self-evident in their usage. 
‘Try not to poke yourself in the eye. Where some helpful advice is appropriate, it will be given. 

Here's an excellent example of a simple safety rule that will absolutely improve and extend your life: 
when using any kind of cutting tool, always direct the cutting motion away from yourself. For example, 
you ive a package in the mail, and get all excited about opening it. You then discover it's 
sealed up with indestructible packing tape and can’t simply be ripped open with your bare hands. Use a 
small knife or box cutter and make a single cut at a time, starting from the point closest to you on the 
package and cutting outward. Using this method, should the knife slip for any reason, the blade will 
travel away from you. This allows your blood and other bits to stay inside you, where they can do the 
most good. Never cut toward yourself 

Ifyou've already got some tools (or even a lor of tools), it never hurts to review their proper usage. 
Also, if you're suffering from an overabundance of tools, to the point where you can no longer keep them 
organized, this chapter might help you to prioritize them, at least as far as permanent residency in your 
lab is concerned. 


Tip Every tool in your shop must earn its place there. It must deserve to be there. No exceptions. 


The Most Important Tool Ever 


‘The most important tool you'll ever use is your mind. Every other tool you will ever work with depends 
on the correct and proper functioning of your mind. If you're careful with it, you won't misplace it, 
neglect it, damage it, or use it for the wrong job. Your mind is a wonderful asset when cared for properly, 
and a terrible liability when ill-treated. 

Your mind is in many ways like a muscle. The more you use it, the stronger it gets. Learning new 
things does not “push out” the old things you've already learned. Your brain is capable of forging new 
neural pathways when challenged, and there’s plenty of extra capacity in that old noggin of yours to 
handle whatever may arise. 
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6.4 Heat of Reaction 


Consider the reaction between two chemical species in an aqueous solution 
in a beaker which is placed in a temperature controlled water bath so that the 
beaker is maintained at a constant temperature. That is, heat flow can occur 
across the system boundary a 
but the solution is held isothermal, — 

If, as a result of the reaction, heat { 

energy is released, then this heat | 

must pass out through the system 

boundary. The surrounding water | 2, 


‘Thermometer 


Hs 
& 
g 


bath ensures that the heat energy is 
taken away fast enough to prevent 
any temperature rise of the solution. 


+ The internal energy of the system remains the same after the 
reaction as indicated by no rise in temperature. 

+ Energy has come from the heat of reaetion and been 
transferred into the water bath. 

+ Ifthere has been a volume change, then mechanical work also 
‘would have been performed on (+-ve) or by (-ve) the system, 


In this example, there must have been a net release of bond energy as a 
result of the chemical reaction, Some of this energy has been carried away 
across the boundary by the water bath, and some (a small amount in this 
case) has gone into mechanical work against the pressure of the atmosphere. 
‘The change in enthalpy of the system is: 

AH =AU + pAV 
We can assume that the mechanical work involved in this example is small 
compared to the heat lost by the system to the surroundings. Thus, AH/= Q,, 
In this example, heat Q, has passed out of the system and so the change in 
enthalpy is a decrease. When heat is passed out to the surroundings, the 
reaction is said to be exothermic. If the reaction involved an absorption of 
heat from the surroundings, then the change in enthalpy would be positive, 
and the reaction is called endothermic. 


‘The heat of reaction represents the change in enthalpy in this isothermal 
system, The question now is, if there is a chemical reaction, and the 
temperature changes, how is the change in enthalpy calculated? 
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6.5 Heat of Reaction 


Consider the reaction between two chemical species in an aqueous solution 
in an insulated beaker. A thermometer measures the temperature change 
during the reaction. ] 
} system 

The reaction takes place inside bana 
the boundary of a system. For 
the present example, we will 
assume that the system 
boundary is adiabatic. That is, 
no heat flow will occur across 
the boundary, as if the beaker 
were fully insulated. i i 

If, asa result of the reaction, the temperature of the solution rises, then: 


+ The internal energy of the system is higher after the reaction, as 
indicated by a rise in temperature. 

+ Energy has come from the heat of reaetion and been 
transferred into internal energy of motion of the molecules in the 
solution 

+ Ifthere has been a volume change, then mechanical work also 
‘would have been performed on (+-ve) or by (-ve) the system, 


Since no external heat energy was involved (no heat flow across the system 
boundary), the heat energy needed to raise the temperature of the solution 
must have come from the net sum of energies from the breakage and 
formation of the chemical bonds involved in the reaction. In this example, 
there must have been a net release of bond energy as a result of the reaction. 
Some of this energy has gone into intemal energy of motion of the 
molecules, while some (a small amount in this case) has gone into 
mechanical work against the pressure of the atmosphere. In this case, 

AH = AU + pAV Ifthe work done is negligible, then AH = AU. In this case, 
the change in enthalpy is equal to the heat of reaction, Although no heat 
has crossed the system boundary, heat has appeared as a result of the 
chemical reaction —just as if t had come from outside the system. ‘That is, in 
this adiabatic example, heat Q,, has entered the system from the chemical 
reaction and AH = AU 
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6.6 Enthalpy of Formation 


A chemical reaction is the process of breakage and formation of chemical 
bonds. Energy is absorbed when a bond is broken, and energy is released 
when a bond is formed, When a chemical reaction occurs, heat may be either 
given off, or absorbed to or from the surroundings. That is, the change in 
enthalpy may be either positive (endothermic) or negative (exothermic). 
Liquid water molecules are made by the reaction between H, and Q, gas 
molecules: 1 
Ha(g)+502(8) > H20(a9) 

‘The equation is written in terms of the formation of 1 mole of product. 
Under standard conditions (1 atm pressure and 25°C) it is found that 286 kI 
of heat energy is produced. That is, the change in enthalpy of the system is 
AH =~286 kl. This is the heat of reaction. 

When the reactants are at standard conditions, and the produets are also 
kept at standard conditions (e.g. by use of a water bath to maintain 
temperature), the heat of reaction is referred to as the heat of formation, or 
enthalpy of formation, Standard heats of formation are determined by 


experiment. The reference point for heats of formation 
Name Molecular Heatof are elements at standard conditions. For 
Fommute Formato artiepe the ha oie 
Formation example the heat of formation of Oxy is set 
Methane CH, —-75 to zero. 
Carbon co, 304 _-—-“Heals of any reaction ean be obtained by 
done addition of heats of formations of known 
Ammonia NH) 46 ‘compounds, or Hess’ law. The change in 
Aceiyiene CH, +227 -—_ enthalpy for the combustion of ethan: 
Ethylene C,H, #227 CoH, +20, > 20, +3H,0 
ee oe! (CoHg(g) 9 2C()+3H,() AN = 485 
War Hoang (CHA(#) 92004388 i 
Hydrochiore Hol gg C#O2 > CO) AH =2(-394) 
wea 
Sodium NaOH 427 Au Mo, 10) AM =3(-286) 
hydroxide. 2 
Aluminium ALO; 167 AM =85-2(304)-3(286)= -1561 kJimol 
one 
Carron co. —--119.~—=—SWNoote that the sign of AM for C,H, has 
monoxide been reversed in this calculation since the 


When the reaction proceeds reaction splits this compound rather than 
in reverse, the sign of the heat forms it, AMY for the combustion of ethane 
of formation is reversed, is called the ealorifie value. 
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6.7 Entropy 


Consider a beaker of ice which is heated from an external source. The ice 
remains at 0°C (273K) and melts. The amount of 
energy Q, needed is determined by the latent heat | 
of fusion of ice. 

‘The water molecules have a greater amount of 
disorder after melting compared to that before 
heating due to their increased velocity. A 
‘quantitative measure of disorder is entropy 

Absolute values of entropy S can be calculated 
from thermodynamic theory or measured in the 
laboratory. Of more interest to us in chemistry are 
changes in entropy as a result of physical changes 
of state, and chemical reactions. When system undergoes @ process at 
temperature T involving heat flow, the change in entropy of the system is: 
‘When a system absorbs heat, Qs postive and so the 
entropy increases, AS>O. When a system rejects heat, 

Qis negative and the entropy decreases, AS<0. 

Ifthe process occurs at a low temperature, 
then the change in entropy is greater than if the 
‘same process occurs at a higher temperature 
At high temperatures, the entropy is already 
high erdaathe proportional chanes in entropy = 02018(335000) 
for a given heat flow Q is less compared to 273 
that which would occur at low temperatures. 2.1 WK 

When a system undergoes a process and interacts with its surroundings (i.e 
a non-isolated system), the total entropy change (of the universe) is 
J = AS + AS rsuntings 


The sign of AS,u1 signifies the presence of the following types of processes: 


For 1 mole ic: 


AS > 0 irreversible process Entropy isnot energy. There is no "law of 
Sai =0 reversible process conservation of entropy’ Ireversible 
ASinai <0 impossible process Prres8eS create entropy. 

When a phase change or a chemical reaction involves heat flow to or from 
the surroundings, entropy must be considered. The total entropy of the 
system and the surroundings cannot decrease. If the total entropy change is 
zero, then the process is reversible and so cannot be spontaneous in any one 
direction. For a reaction to proceed spontaneously from reactants to 
products, the total entropy AS,,., must increase, 
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6.8 Entropy Calculations 
Changes in entropy of a system at constant temperature are expressed as: 


as=2 
T 
When the temperature is not constant, we add up incremental changes in 
entropy for incremental transfers of heat: 


dQ=medT 


q 


The standard molar entropy S° is the entropy content of one mole of 
substance under standard conditions of 1 atm pressure and 25°C. Standard 
entropies are absolute values and represent the change in entropy to bring the 
substance from OK to 273K in its standard state. Standard entropies are 
always positive. The zeto point for entropy is OK. This statement of zero 


point for entropy is called the laine (oe easy 


third law of thermodynamics. no Tat 
For a chemical reaction or a physical 0x9) 205 
process, the change in entropy'can be Ni) 22 

calculated from: ce) . 
ase ° Fats) Ey 
ASreation ‘products reactants cl 

Bor eaaeapus Compound (skim) 

" NH) 1028 

i i HO 700 

Ha(g)+50a(@) > H20(8) noe ze 

cox) 213.8 

AS" =188-(131405%205) Goi far 

45.5 WK /mol CH,(g) 186.2 


Note that in this example, the change in entropy for this system is < 0 at the 
expense of an increase in entropy elsewhere in the universe. Hydrogen and 
oxygen will, under certain conditions, form water since it is energetically 
favourable to do so. 
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6.9 Gibbs Energy 


It is a natural tendency of systems to attain the lowest possible potential 
energy, such as a ball rolling down a hill, electrons moving in an electric 
field, and so on, In an exothermic process, heat leaves a system (AH < 0) 
and We might expect that such processes are always spontaneous and that 
endothermic processes are not. However, this is not observed. For example, 
when water evaporates. spontaneously at room temperature, 
AH'> (and the water vapour has a higher energy than the liquid. 


1 “AH signifies 
Hy(g)+502(g) > H,0laq) AH 36 kIimol | energy of products 
ee Nas ; is greater than 
reactants 
Hx(@)+402@) H,0(@) AM =-24244Hm01 | (endenemie 
H,O(aq) > H,0(g) AH = 2864-242 = +44 Ki/mol 


Whether or not a phase change or a chemical reaction proceeds 
spontaneously cannot be judged on the basis of energy alone. The change in 
entropy ASjq,, of both the system (the reaction) and the surroundings must 
also be considered. Whether or not the change in entropy or enthalpy is the 
more important factor in any particular process depends on the absolute 
temperature 7. 

Now, the total energy of a system is given by the enthalpy and this consists 
of the internal energy and the external work. Changes in total energy are 
expressed as: AH = AU + pA, 

Part of the total energy HT is unavailable for conversion into work. This part 
is connected with changes in entropy. Since the units of entropy are J/K, and 
the determining factor that quantifies the contribution of entropy in a 
particular process is 7; then the unavailable energy can be calculated from 
the product 7S. Thus, the total energy of a system can be written as: 

H=G+TS 
where G represents that part of the total energy that is freely available for 
conversion into work. This freely available energy is called the Gibbs 
‘energy. As the temperature increases, the amount of Gibbs energy decreases 
and the unavailable term 7S increases. Changes in the amount of Gibbs 
‘energy ina constant temperature process are thus: AG = AH ~TAS. 

The concept of Gibbs energy allows us to predict the direction of 
spontaneous chemical reactions by considering both energy and entropy. A 
spontaneous chemical reaction will proceed only when there is a decrease in 
available Gibbs energy: AG <0. 
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6.10 Spontaneous Processes 


The concept of Gibbs free energy embodies both energy and entropy 
considerations in determining in which direction a chemical reaction 
proceeds. A decrease in Gibbs energy can arise due to a decrease in 
enthalpy or an increase in the product TS, In a particular chemical reaction, 
‘AH and ATS may have the same or opposite signs. For a constant pressure 
process, at constant temperature: 

AG=AH-TAS. 


+ Ifa reaction is exothermic AH <0 and the entropy change AS>0, 
then the free energy change AG <0 and the process is spontaneous, 

+ Ifa reaction is endothermic A/ > 0 and the entropy change AS <0, 
then the free energy change AG > 0 and the process is not 
spontaneous. 

+ Ifthe enthalpy change AH > 0 and the entropy change AS > 0, then 
the process is spontaneous at high temperature. When AH <0 and AS 
<0, the process is spontaneous at low temperature. 


It is important to know that AS in the above equation is the entropy change 
of the system, not the total entropy change (of the universe). This enables us 
to conveniently predict and quantify the direction of a process based upon 
attributes of the system only. 


In chemical reactions, the change in Gibbs energy depends on the physical 
States of the reactants and products, the temperature and pressure, and the 
concentration of the reactants and products. When reactants and products are 
at standard conditions (1 atm and 25°C), the free energy change is referred to 
as the standard Gibbs energy change AG*. 

‘The standard Gibbs energy change of the formation of a compound from its 
elements is called the standard Gibbs energy of formation AG». 
Elements at their standard states have zero standard Gibbs energy of 
formation, 


Fora process or a chemical reaction, the ‘Gempounet ac: (camel) 


NHJ) “166 
change in Gibbs energy can be calculated H,0() -237.2 
from: H,0(@) ~2286 
cO,(g) -304.3, 

AG raction co(a) -1373 


or) “50.8 
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6.11 Melting of Ice 


Consider a mole of ice initially at 0°C, Now, let the temperature of the 
surroundings be 283K (+10°C). 
For the system:AH = ml. + mcAT 
=0.018(335000) +0.018(4186)(10) 


For the = 67805 (endothermic) 
surroundings: 6780 


AS, = OR 33.9K 
surouninas = a5 


For the system: dQ = mL-+ medT 


0.018(335000) 
273 273 


283 4. gaiK 


+0,018(4186)In 


Total change in entropy, 
Soa) =AS+AS again THiSS am ereversible 
process. Even though the 
=24.8-23.9 change in entropy is <0 for 
=+0.9K the surroundings, the change 
in entropy of the system is 
greater, and so the change in 
total entropy is > 0 


‘The Gibbs free energy 
change is <0 so this process 
is spontaneous. 


= 6780-7018 
=-238) 
Data: 
Cane = 4186 kg 
oy = 920 JkgiK 
Us 22.87 x 10° Jikg 


= 3.35 x 10° Jikg 
Prater = 1000 kgm 
110 Ik 
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6.12 Freezing of Water 


Consider a mole of water, initially at 0°C. Now, let the temperature of the 
surroundings be 263K (10°C). 
For the system:AH = —mL.+-meAT 
~0,018(335000) + -0.018(2110(10) 
=~6.03-0.38 


For the =~64101 (exothermic) 
surroundings: 


routings 


For the system: dQ 


= 7220181335000) «9 019(2110)in28 = 23.52 9K 


23 23 
Total change in entropy: ‘This is an irreversible 
MSvuui =AS+AScurounings -—-dPFOGESS. Even though the 
petty change in entropy is <0 for 
pclae the system, the change in 
40.88I/K 


entropy of the surroundings is, 
>0 greater, and so the change in 
total entropy is > 0. 
AG=AH-TAS This is a spontaneous process 
=~6410-263(-23.5) sine the freezing of ice 
results in a decrease in Gibbs 


= 6410 +6180 Sean 
=-29) 
Data: 
ey = 4186 JKg/K 
y= 920 Jkgik 
Uf 22.57 108 Jig 


L= 3.35 x 10° Jkg 
Panter 
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6.13 Ice/Water Equilibrium 


Consider the conversion of one mole of water to ive at 273K: 


For the system: AH =—ml. 
= -0.018(335000) 
(endothermic) 
For the surroundings: 
s SO = 22.08 IK 


uroundings 


1 
g 


Total change in entropy: The total change of 
Sout =AS+ AS ecuatan ——ttOpy is zero. This i @ 
reversible process 
22.08+ 22.08 Extraction of Q, from the 
melted ice would cause it 
tore-freeze. 
AG =AH -11 


‘This process is at phase 
6030-273(-22.08) quilibrium 


J 


Data: 
Canny = 4186 JIkgiK 
y= 920 Jikgik 

Us 22.87 x 10° Jikg 
L= 3.34 x 10° kg 


(onAPTER 2 
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BUILDING YOUR TOOL CHEST 


Tip Try to learn something new every day. 


‘Take care of that brain of yours. Just like you wouldn't use a dull drill bit ora rusty saw, don't try to 


work on electrical or electronic projects when your 


ind is not in the right place. Ideally, you should 


never try to get any work done in your lab when you are sleepy, distracted, angry, upset, medicated, or 


overly tired. Deal with whatever problems you're facing in a respon: 


le manner and then get back to 


workin the lab, 


Are you sleepy? Take a nap or head off to bed for the night. Really bad mistakes are 
made when the brain does not get enough sleep. Sleep deprivation is notorious for 
being obvious (and obnoxious!) to everyone else except you. “Really bad mistakes” 
made while working with electrical or electronic projects can produce very 
hazardous conditions for you and everyone around you, such as fire, damaged 
equipment, injuries, and even death. 


Are you angry or upset? Then your mind is not going to be adequately focused on 
what you need to do in the lab. “Fools! I'll destroy them alll” are famous last words 
{fora reason. Give yourself some time to calm down from whatever has angered or 
upset you. Also, it’s OK for you to give yourself permission to admit that you are 

ingry or upset about something in the first place. Ignoring it probably won't make 
go away, and probably won’t make your feelings about it go away, either. Walk 
away, count to ten, or whatever works for you. 


Feeling distracted? Then now is not the time to be conducting electronic 
experiments in the lab. You need to be present in the lab, both bodily and 
mentally. There are just too many ways to make simple blunders that have far- 
reaching and sometimes overly expensive consequences. 


Have your cognitive functions been compromised? This can happen from taking 
certain medicines or even recreational intoxicants. If the little bottle says, “Don't 
operate machinery or drive an automobile,” then you probably shouldn't be 
making important decisions or working with dangerous circuits in your lab, either. 

until you're clear-headed enough to proceed with your plan for world 
domination, adding blinking eyes to a plush doll, or what have you. 


‘The worst thing about cognitive impairment is that the first thing that gets impaired is the ability to 
judge the level of your cognitive impairment! 
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6.14 Chemical Equilibrium 


‘A chemical reaction involves reactants and products. Whether or not a 
chemical reaction proceeds spontaneously depends on the sign of the change 
in free energy. 


AG, AG" 


action = AGO is 


Reactants—> Products 


If a chemical reaction proceeds from reactants to products spontaneously, 
We may at first expect the process to continue until the reactants are all 
converted to product. This is not observed. Usually, reactions proceed until 
there is chemical equilibrium: 


‘At equilibrium, the rate of 
forward reaction = rate of 
reverse reaction. 


Reactants © Products 


In chemical reactions, the free energy change depends on the temperature, 
physical state, pressure, and concentrations of the reactants and the products. 
That is, as the reaction proceeds, the reactants are consumed and the 
products are created — and the free energy change changes as the reaction 
proceeds in time. When the free energy change becomes equal to zero, the 
rate of forward reaction has become equal to the rate of the reverse reaction 
This usually happens (for spontaneous reactions) when the concentration of 
the products is somewhat greater than those of the reactants — but it is 
important to note that this does not necessarily mean that all the products are 
used up. At chemical equilibrium, the forward and reverse reactions are 
both happening at the same rate 

Precisely what is meant by rate of reaction depends upon the context, 
Rates of reaction may be expressed as the change in concentration of one of 
the reactants per unit time where concentration is expr 
moles per unit volume. 


State Concentration units 
Gases Partial pressure units 
Liquids Molarity (moles per litre) 
Solids Moles or mass units 


‘The appropriate time period may be expressed in milliseconds, seconds, days 
or years depending on the reaction. 
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6.15 Statistical entropy 


‘The change in entropy of a system can be calculated from macroscopic 

quantities, Q and 7. Molecules of gas in a volume V at temperature T have a 

distribution of velocities, and hence, kinetic energies. The distribution of 

velocities over the total number of molecules was determined by Boltzmann: 
am Jove aT 

TAT 

A7= 0,025 eV a1300K 


‘The number of molecules N 

with an energy E was af 
computed by Boltzmann using 
the Maxwell velocity 
distribution function: High r 
£ Maxwell-Boltzmann 


Low 7 


N=CE™ energy distribution ' 
Consider a partitioned volume ¥ containing N Te @ 
molecules. There is a discrete number of energies e 

possible, and there is a finite number of ways thatthe | © 
molecules present can have a distribution of energies e 
that matches the macroscopic properties of P, Tand | @ —% 
V. Each of these possibilities is called a micrastate. ee 


Now, one such possible state is if all the energy of the system were 
concentrated in one molecule and the others had zero energy. We know that 
this is very unlikely to ever happen, just as we know that the likelihood of 
throwing zero heads and 100 tails in 100 tosses of a coin is unlikely. The 
most likely scenario for our N molecules is that the energies will follow the 
Maxwell-Boltzmann distribution, 

In mathematical symbols, the statistical weight funetion of the system 
Q(E,V.N) is the number of possible microstates that are consistent with the 
observed maerostate. The lower the number of possible microstates, the 
more accurately we know information about the molecules. The entropy of 
the system is 

If there were only one possible microstate, then S would be zero. As the 
number of possible microstates increases, the entropy becomes larger. When 
the partition is removed, the molecules rush to fill the entire volume, It is 
exceedingly unlikely that at any one instant, all the molecules will be located 
over on one half of the now larger volume, The number of possible 
microstates has increased, However, one might ask what if the container had 
only two molecules in it? In this case, itis likely that at any one time, the two 
molecules will find themselves over to one side of the container, The number 
of possible microstates, for the two-molecule scenario, is very small, and so 
is the entropy 
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7. Rates of Reaction 


Summary 


Rates of reactions: 
+ The nature of the reactants 
+ The concentration of the react 
+ The temperature 
+ The presence of a catalyst 


Rate law (concentrations): 
aA+bB— P 


a) _ tear 


dt 


Rate law (temperature): 
E 


Arrhenius 
fee ccuation 
Catalyst: 
+ Has no effect on the stoichiometry of the overall 
reaction 


+ Does not affect the equilibrium position of the reaction. 

+ Affects the reaction mechanism so as to lower the 
activation energy, thus increasing the number of 
molecules that can make a productive collision. 
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7.1 Rates of Reaction 


Consider the reaction between hydrogen gas and oxygen gas to produce 
liquid water: 
1 
Ho(g)+5O2(g) > H,0(aq) AH = 


286 ki/mol 


Hy(a)+403(8) > H20(0q) 


AS® = 70-(13140.5*205) 
=163.3./K/mol 

AG =AH -TAS 
286000 -273(-163.3) 
286000 + 44580.9 


40 kJ/mol 

‘The indications are that this reaction should proceed spontaneously when 
these two gases are mixed, While this might be so, experience indicates that 
this reaction does not proceed at all unless there is a spark or source of 
ignition present — in which case the reaction proceeds with explosive 
violence. 

Clearly then, the rates of reaction are an important part of chemical 
reactions. While thermodynamics might provide information about the 
direction in which a reaction might proceed on its way to chemical 
equilibrium, more information is needed to determine at what rate the 
products are produced. 

Associated with the rate of reaction is the reaction mechanism, ‘The 
production of products and the consumption of reactants, while observable, 
only represents the net reaction in general, Chemical reactions may proceed 
in several steps, Intermediate species may form and be consumed, and th 
intermediate steps often influence the overall rate of the reaction as a whole. 


The most important factors that govern the rate of a reaction are 
+ The nature of the reactants 
+ The concentration of the reactants 
+ The temperature 
+ The presence of a catalyst 
‘The rate of reaction is the rate of change of concentration of either the 
reactants or the product. 
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7.2 Collision Theory 


Chemical reactions involve the breaking and formation of bonds betw 
Elements or compounds that comprise the 
form new compounds as products 


atoms, ions or molecules. 
reactants 
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‘The relationship between energy 


and entropy — the Gibbs free energy — determines which direction a 
chemical reaction will proceed. The question now is to ask just how a 


chemical reaction takes place 

Central to the answer of this 
‘question is the fact that atoms, ions, 
and molecules are in constant 
motion — especially when they are 


“The nation of chemical reactions only 
taking place between atoms or 
molecules when they contact each 
‘ther in a certain way is nat so 
‘obvious as it might seem and was only 
‘proposed in the early 1900s, 


in liquid and gaseous form. 
Because they are in motion, they 4+ Noreaction 
undergo collisions with other atoms aed 
and molecules. 

Reaction 


When atoms, ions or molecules collide, 
‘a chemical reaction may occur. That is, 
chemical reactions occur as a result of collisions between molecules. This is 
known as collision theory. 

During the collision, bonds are broken and formed as atoms and electrons 
are rearranged into new compounds. Several variables serve to determine 
how fast reactants are converted into products: 

+ Particles (either atoms, ions or molecules) have to collide in a 
particular way. That is, the orientation of the colliding particles has, 
to be a certain way in order that the collision be effective at 
breaking bonds and forming new ones. 

+ The particles have to possess enough kinetic energy to allow them 
to interact to the extent that bonds may be broken and allow new 
ones to be formed. 

+ The number of collisions per unit time determines how fast the 
reaction proceeds and this is related to the concentration of the 
reactants. 


‘The nature of the reactants, the temperature, and concentration and action 
of catalysts can be all explained by collision theory. Not ail collisions result 
in a reaction, Only a small proportion are productive collisions. 
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7.3 Reaction Mechanism 


We have agreed that for a chemical reaction to proceed, atoms, ions, or 
molecules must collide. Further, they must not just touch or brush past one 
another. They must collide with a certain amount of kinetic energy, and be in 
the right orientation with respect to one another in order for bonds to be 
broken and allow new ones to form, That is, there has to be a productive 
collision. 


Consider the rusting of iron. Simply put, the reaction is: 

AFe(s) +303 (g) > 2Fe,05(s), 
This is a reasonably slow reaction. However, if one were to just take 
collision theory at face value, it would be luck indeed if four atoms of iron 
were to collide with three molecules of oxygen at the same time to form two 


molecules of iron oxide. In reality, reactions usually proceed as a series of 
smaller steps. The series of smaller steps is called the reaction mechanism, 


Fe** 4 20H” — Fe(OH), 
4Fe(OH), +O, +2H,0 > Fe(OH), (s) 
Fe(OH);(s) > Fe.03,H,0+2H,0, 


The chances of a collision occurring between two atoms, ions or molecules 
is significantly greater than the chances of a collision between three or four 
of the required chemical species at the same time, Most reaction steps in 
chemical reactions involve two atoms or molecules. The slowest step in the 
reaction mechanism is the rate-determining step. The nature of the reaction 
steps cannot be deduced from the net reaction. The reaction steps can only be 
found by experiment, 

Identification of the rate-determining step is important for establishing a 
‘quantitative rate law for the reaction as a whole. Often, the rates of reaction 
depend on the concentration of the reactants, but itis the concentration of the 
reactants within the rate-determining step that is they key issue. During the 
elementary reactions, or the reaction steps, intermediate chemical species 
may be formed which are used up in a later step and do not appear in the net 
‘equation. 


Some reaction mechanisms are noted for their explosive properties. In 
these cases, the steps become a self-sustaining chain reaction (such as in 
combustion) 
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7.4 Activation Energy 


A reaction step usually involves a two-particle collision (either atoms, ions 
‘or molecules). As two molecules approach each other, the outer electrons of 
fone molecule will begin to feel the electrostatic repulsion of the other 
molecule. The kinetic energy of motion will be converted into electrical 
potential energy. The potential energy rises as the molecules come closer and 
closer together. 


When all the kinetic energy has been expended, the molecules are in very 
close proximity and are in a somewhat unstable state. The molecules at this 
point form what is called an activated complex. The activated complex is a 
conglomeration of the participating atoms. At this point, the activated 
complex may split into the product molecules (the forward reaction) or 
bounce backwards and reform the original molecules (the reverse reaction). 


The colliding molecules require sufficient kinetic energy to overcome 
mutual repulsion and allow the collision and formation of the activated 
complex. This is called the activation energy £,q. The activation energy 
depends on the nature of the reactants 

When a spark is introduced a 
into a mixture of H, and O,, the i 
‘energy of the spark overcomes 
the activation energy and allows 
the reaction to proceed. The 
heat of the reaction furnishes proastts 
the required activation energy 
for further reactions. That is, the 
H, gas undergoes ignition, 


Exethermic 


Endothermic 
‘The activation energy is the Products 
difference in energy between 
the activated complex and the 
average energy of the reactants. 


aH 


i 


Ifa particular reaction has a large 
activation energy, then only a small proportion of collisions may result in 
enough kinetic energy to overcome it, and the reaction will be slow. If a 
particular reaction has a lower activation energy, then a greater proportion of 
collisions will have enough kinetic energy to overcome it and the reaction 
proceeds at a faster rate 
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7.5 Nature of Reactants 


‘The rate of a chemical reaction, that is, the rate of change of concentration of 
cither the reactants or the products, depends on the nature of the reactant. 
When the permanganate ion is reduced by an Fe®* ion in an acidie solution, 
the reaction is very fast and is limited by the time it takes to mix the 
sol 
‘SFe™* (aq) + MnO; (aq) +8H* (aq) > SFe™* (aq)+Mn7*(ag)+4H,0 fast 
But when the permanganate ion is reduced by oxalic acidie H,C,O,, the 
reaction is fairly slow, taking several minutes. 


5C 0} (aq) + 2MnQj (aq) +16H* (aq) > 10CO,(g) +2Mn**(aq)+8H0 


‘The main difference between the two reactions is the reducing agent. It could 
be argued that in the case of H,C,0,, many more bonds must be broken 
compared to the case of the Fe** solution and this might influence the rate of 
the reaction. That is, the reaction mechanism for the second reaction may be 
‘quite different in character than that of the first reaction. 

Experiments indicate that: 


+ Reactions that involve the breaking and formation of covalent 
bonds are usually slow at room temperature. 


+ Reactions that involve electron transfer, such as ionie reactions 
in aqueous solutions, are generally fast. Examples are 
precipitation reactions, aeid on base reactions, most 
oxidation/reduction reactions. 


Since the activation energy depends on the chemical species involved, then 
so does the rate of reaction. There is more chance of a successful or 
productive collision in the case of a low activation energy because a greater 
number of particles will have sufficient kinetic energy to overcome it. 

It is not only the chemical nature of the reactants, but the physical nature as 
well. Since collision theory requires atoms or molecules to make contact to 
form the activated complex, any mechanism that affects the degree of 
contact between atoms or molecules will affect the rate of reaction. In 
homogenous systems, such as aqueous solutions, there is intimate contact, 
whereas in inhomogeneous systems, such as solid/liquids, or solid/gas, 
reactions only take place at the surface of contact of the atoms or molecules. 
Increasing the surface area by mixing or grinding increases the rate of 
reaction. A common example is that sawdust is almost explosive in air, while 
block of wood burns relatively slowly in comparison. 
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7.6 Concentration 


One of the most important effects on the rate of reaction is the 
concentration of one or more of the reactants, Generally speaking, 
increasing the concentration of a reactant increases the rate of the reaction 
(but not always). It is easy to accept that the chances of a successful, or 
productive, collision between two reacting particles is increased if there are 
more of them, per unit volume, involved in the process. Co 


A+B AB. 


jer a reaction: 


If we only had one molecule of A and one of B, then we may have to wait 
some time before they encounter each other and collide in a way so as to 
produce the reaction, The collision rate, and hence the reaction rate, would 
be low. 
If we now increase the concentration of A, | O 
but putting more molecules of A in the 
reaction chamber, then there would be an e 
increase in the chances of a successful 
collision — the reaction rate would increase. It | 
is possible that doubling the concentration of ° 
fone oF other of the reactants would double |® s 


the reaction rate 

‘The concentration of a species in moles per litre can be conveniently 
written using [ ] notation. Thus, the reaction rate is indicated by the rate of 
change of appearance of the product, or the rate of change of concentration 
of AB. 


a cl 
cored a AB) fafa] 
molesilitre/second dt 


‘This equation is called a rate law. k is the constant of proportionality, or the 
rate constant. It should be noted that the rate law actually observed for a 
reaction cannot be necessarily deduced from the balanced net equation. This 
is because one of the intermediate reaction steps may be the rate-determining 
reaction, in which case the rate law for that step would be required. Unless 
more of the reactants are continually added, the rate of reaction will 
generally decrease with time as the reactants are consumed (and their 
concentrations decrease), 
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7.7 Rate Law 


Consider the reaction: A+A—> A, 


2A—> A Balanced equation 
The rate law would be written: 


=HAP  Ratetaw 

Note that the exponent of [A] in the rate law is the same 

‘A in the reactants in the balanced equation. This is a second-order reaction. 
In general, for an equation of the form: aA +bB —> P the rate law is written 


, (aro) 


For a single-step reaction, the exponents n and m are equivalent to a and b. 
However, a chemical reaction nearly always proceeds via a reaction 
mechanism, that is, a series of reaction steps. Thus, in most cases, there is no 
connection between the exponents n, m and the coefficients a, b for the net 
reaction, In general, the rate law for the net reaction has to be determined by 
experiment, 

The exponents mand m indicate the order of the reaction with respect to 
that reactant, For example, when 1 =2 and m = 1, we say that the reaction is 
second order with respect to A and first order with respect to B, The overall 
order of the reaction is the sum mn. When m or m equals zero, then the rate 
of reaction is independent of the concentration of the reactant and is a zero- 
order reaction with respect to that reactant. 


‘The rate constant, &, is specific to the particular reaction and depends on 
the experimental conditions. The units of k depend on the order of the 
reaction, A high value of k indicates fast reaction. For first-order reactions, if 
> 10 sec", then the reaction is considered instantaneous. 

‘The rate law shows how the instantaneous rate of a reaction changes with 
the concentration of the reactants, as long as other factors such as 
temperature, the nature of the reactants and the presence of catalysts remain 
constant. 

The rate of a reaction with respect to either reactants or products is 
expressed in terms of the rate eonstant k and the order of the reaction, 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Care and Feeding of Your Brain 
Here are a few tips to keep your brain (and the rest of you) in good working order: 


* Stay hydrated. Drink more water than you think you need. This might result in 
more trips to the bathroom, but this is much more desirable than the alternative. 
A good flow of water through your systems helps your body feed and repair itself, 
‘as well as aiding in the elimination of toxins. Drink more water. 


‘+ Avoid excess consumption of coffee, tea, sodas, and especially “energy” drinks. 
‘These contain ingredients that stress both your body and your mental capacity. 
‘They do not contain energy, but trick your body into going into overdrive by 
triggering a stress reaction. 


+ Take frequent breaks. Get up and walk around, if possible. Raise your arms over 
your head and hold them there as you count to ten. This redirects blood flow and 
helps restore a balance within your peripherals. 


All Those Other Bits, Too 


Just as your mind is the most important tool you'll ever use, the rest of your bodily bits and personal 
pieces are vital and important in your work in the lab. For the most part, there are no spare parts laying 
around for things like your eyes, your ears, your hands, or your skin, 

Should you wear eye protection in the lab? Yes, you should, Are you always going to do so? Probably 
not. It’s true, it can be inconvenient or perhaps a tad uncomfortable. Consider the cost, however. Even 
the tiniest scratch on your eyeball can take weeks to heal and leave you susceptible to infection or vision 
loss. It’s just not worth it to be lazy. Ask the next one-eyed person you see. If you're a bit uncomfortable 
asking one-eyed people, "Hey, what's with the one eye?” then perhaps you can just try to imagine them 
advocating or encouraging you along the same path they took, whether intentionally or accidentally. 
‘They won't do it. 

Invest in quality eye protection that is comfortable and properly sized for you. Provide e 
protection for visitors to your lab as well, if they will be present when soldering, welding, machine 
tooling, or wire clipping is being performed. Then invest in the habit of wearing your eye protection 
whenever itis appropriate. 


Note Don't pretend that your prescription glasses with polycarbonate lenses are “safety glasses.” They aren't. 
They do not protect either your eyes or your face from impact or objects entering from the side, as proper safety 
‘lasses should. If you usually wear glasses, use safety glasses that comfortably accommodate your glasses when 
worn, 


Will you be working with really loud noises? These could be from powerful audio amplifiers (“it goes 
to 11") or power tools. Hearing loss from exposure to excessively loud noises is cumulative. This means it 
slowly (or suddenly) chips away at your hearing, bit by bit. Why do you think old people turn up the TV 
soloud? 


21 


7. Rates of Reaction 91 


7.8 Rates of Reactions 
‘There are several methods of expressing the rates of a reaction: 


Average rate of disappearance of a reactant R: 


Average rate of appearance of a product P: 


Instantaneous rate of disappearan 


Instantaneous rate of appearance of a product 


Half-life (the time taken for half ofa reactant to fyy 
bbe consumed or product to be formed): 


The rate of formation of products P as a whole is equal to the negative of 
the rate of disappearance of the reactants R: 
dlr] __alR] 


dt dt 


But we must be careful in expressing the rate in terms of a single product or 
reactant. For example, consider the following reaction: 


H,(g)+1(g) > 2HI(S), 


Two moles of HI ate produced at the rate of disappearance of 1 mole of Hy 
per second. Thus, the rate of change of concentration, from stoichiometry, is 


{Hi} d{H,] 
ai dt 
The rate at which H, disappears is the same as the rate at which L, 
disappears, and is half the rate at which HI appears, We cannot determine the 
order of the reaction from this net equation; we can only determine the 
relative magnitudes of the rates of products and reactants, no matter what the 
order for each participant might be. 
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7.9 Determination of Order 


‘One of the most common ways of determining the rate law for a reaction is 
to measure the initial rate of reaction (e.g. formation of products) while 
varying the concentration of one of the reactants and holding the 
concentration of the other reactants constant, 

alr] 


ap ofall 


Let us hold the concentration of B constant and express the rate as the rate 
of change of concentration of A: 


Hal elar 
tog Hla -nlog|4]-logk* 


By plotting the log of the initial reaction rate (d[A]/d#) versus log of the 
initial concentration [A], then the slope of the resulting straight line will be 
the order m. 

Similarly, we may hold the concentration of A constant and vary the 
concentration of B to obtain a value for m. 


~A tap 
tog 21 -mlog|B]- log k" 


It is important to know that the concentrations, and the rates, are determined 
at the initial conditions, that is, the rate of the reaction is measured as the 
slope of the tangent of the rate curve at ¢= 0. 

‘The procedure can also be performed numerically, where we substitute 
values of reaction rate and concentration into the general rate law and solve 
simultaneous equations for the two unknowns m and m. 

This method (either graphical or arithmetic) is called the initial rate 
method. 
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7.10 Determination of 1st Order Rate Law 


An example for a simple first-order reaction is the decomposition of 
hydrogen peroxide to water and oxygen: 


2H 


), 3 2H,0+0,(g) 


This is ordinatily avery slow 
reaction, but may be sped up 
by the addition ofa catalyst 
‘The concentration of H,0, at 
‘any point is found by 
inhibiting the reaction by 
‘addition of dilute sulphuric 
‘acid, and the tiation with 
KMnO,. The volume of 
MnO, used in the titration is 
‘an indication of the 

"="... _ concentration of H,0; left in 
the solution. 


ven) 


eins) 


The slope of the tangent to the curve decreases as f increases, thus indicating 
that the rate of the reaction decreases with time, Since there is only one 
reactant, the decrease in reaction rate is therefore due to the decrease in 
concentration of HO. In general, the rate law would be written: 


dlH:06)_4f11,0,) 
at ore 
Fora first-order reaction, n= 1 and thus: log” 
_alH,05] {11,0,] 
dt are 
: : 
io. [H,0,] is proportional to the titration 
ino.) shad volume in this experiment, and so a plot 
aah i of log V’ versus ¢ is a straight line if the 
Fog] ttsOal=—[ tae ection is first order, andthe value of k 
uo. 7? o ‘can be found from the slope ofa plot of 
In[H,0, |-In[H,0> |, log V versus t. 
InfH,0, + In[H30> |, 
loglH,0, {1+ loglt0; J], (change of base to 10) 
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7.11 Half-Life Method 


‘The half-life 1). of a reaction is the time for half of a reactant to be 
consumed, or half of a product to be formed. Consider previous case of a 
first-order reaction with one reactant: 


2H,0, > 2H,0+03(g) 
Proceeding as before, we obtain 
alHt,0,] 
2021_i[H,0, dlH,0, 
dt H,0,] inZlt.02] 
Inf, ]=—kr-+In[H1,05], at 
[H,0,] =[H,0,]e"" : 


‘The half-life t, the time for one half of the reactant to be consumed: 
[HO] 
1H,02). 
Fa nktys 
0.69 1 
fae — ta 
k 


Either the rate constant & or the half-life (time measured for half the reactant 
to be consumed) can be determined from experimental data to give the other 
‘quantity. In a first-order reaction, the half-life is a constant and depends only 
onk. 
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7.12 Temperature 


‘The rate of a chemical reaction depends on the frequency of collisions 
between atoms, ions or molecules, and also the fraction of which these 
particles have an energy greater than the activation energy. Increasing the 
concentration of reactants generally increases the frequency of collisions. 
Increasing the temperature also increases the collision frequency because the 
particles are moving faster and make more collisions per unit time, However, 
the most profound effect of an increase in temperature is to increase the 
fraction of particles with an energy above the activation energy. 
fo) In. gases, the distribution of 
velocities of molecules can be 
given by the Maxwell velocity 


distribution: 


High 7 a 
fv) = 4a 
Low? aT 
At low temperature, a greater proportion of the molecules have a more 
narrow range of relatively low velocities compared to high temperature, 
where the range of velocities is more spread out, but shifted to higher values. 
Increasing the temperature therefore 
+ Shifts the molecular distribution of energi 


toa higher value 


+ Increases the proportion of molecules having higher energies 
thus increasing the frequency and number of productive collisions per unit 
time and hence increasing the reaction rate. 

‘The number of particles N with a total energy E was computed by 


Boltzmann using the Maxwell velocity distribution function: 
£ 


N 
‘The rate constant for a specific reaction increases as the temperature 
increases, roughly in accordance with the Arrhenius equation: 
- 
kaa, 
where it can be seen that k is an exponential function of 1/7. At room 
temperature, an increase of about 10°C results in an increase in reaction rate 
in the order of 2 to 3 
If E represents the activation energy, then this may be determined by 
experiment by plotting the logarithm of & versus 1/T over a range of 
temperatures. 


aT, 
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7.13 Catalysts 


‘The decomposition of hydrogen peroxide is a spontaneous, but slow reaction: 


2H,0, > 2H,0+03(g) 

If powdered MnO, is added, the reaction proceeds much faster. Further, the 
MnO, molecules do not get used up during the reaction nor do they appear in 
the net equation, Substances which increase the rate of a reaction without 
appearing in the net reaction are called eatalysts and the reaction is said to 
be eatalysed. 


No catalyst 
‘The role of a catalyst is to alter the reaction eee 
mechanism by insertion of additional steps onke 


E 
so that the activation energy is reduced, {* 
allowing the reaction rate to increase, _ 
While the catalyst may be consumed in one 
reaction step, and regenerated in another, it Rea 
does not appear in the net reaction. 
Catalysts may be solids, liquids or gases. 
When the reaction being catalysed is all of With catalyst 
the same phase (e.g. all liquid), it is called Activated 
homogenous eatalysis. When the reaction 1 ‘complexes 
occurs at the surface of a catalyst, such as 
over the platinum bed of a eatalytic 
converter in an automobile exhaust system, 
is called heterogeneous catalysis. 

+ A catalyst has no effect on the stoichiometry of the overall reaction. 

+ A catalyst does not affect the equilibrium position of the reaction. That is, 
the reaction proceeds to the same point of chemical equilibrium as it 
would without the catalyst. It just gets to equilibrium faster. 

+ A catalyst affects the reaction mechanism so as to lower the activation 
energy, thus increasing the number of molecules that can make a 
productive collision 

A negative catalyst decreases the rate of reaction and is called an inhibitor. 

The means by which this does so may not necessarily be to increase the 

activation energy, but is sometimes due to the inhibitor preventing another 

chemical present from acting as a catalyst. Auto catalysis, or self-eatalysis, 

‘occurs when one of the products of a reaction acts as a catalys 

reaction. 


Products 


for the 


Enzymes act as catalysts in biological processes. Indeed, nearly all 
biological chemical reactions occur due to the action of catalysts. 


8. Chemical Equilibrium 


. Chemical Equilibrium 


Summary 


Law of chemical equilibrium 


[ckIbF 


laF BF 


Le Chatelier’s principle: 


When a chemical system is at equilibrium, and that 
equilibrium is disturbed in some way, then the system. 
will change in a way so as to counteract the disturbance 
until equilibrium is re-established. 


Gaseous equilibrium: 
Ke Fe 
RT PP, 


Solid/solubility equilibrium: 


x, = bea |B-aa)] 


Common ion effect: 


‘The presence of a common ion has reduced the solubility 
of a compound by several orders of magnitude. 
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8.1 Chemical Equilibrium 


Ifa chemical reaction proceeds from reactants to products spontaneously, We 
may at first expect the process to continue until the reactants are all 
converted to product. This is not observed, Usually, reactions proceed until 


there is chemical equilibrium. rigaticncne aioe 
forward reaction = rate of 
reverse reaction. 


Reactants <> Products 


As the reaction proceeds, the reactants are consumed and the products are 
created, The concentration of the reactants decreases (unless they are 
continuously replenished) and the concentration of the products increases. 
‘The rate of a chemical reaction depends on the concentration of the reactants. 
Therefore if the concentration of reactants is steadily decreasing, then the 
rate of conversion of reactants to products (in molesllitre/second) is also 
decreasing. At the same time, the rate of the conversion of products back to 
reactants is increasing because the concentration of the products is 
increasing. At chemical equilibrium, the rates of both forward and reverse 
reactions are equal 


A+tBoc+D 


At equilibrium, we cannot tell from this equation how many moles of A and 
Bexist, and how many moles of the product C or D exist. 
The concentrations of A and B 
start off at some particular 
values, then decrease and level A 
off with time. The concentrations 
(of C and D star from zero and 
increase and level off with time 
[At equilibrium, the concentrations 
of A.B, Cand D are all constant. 


Cord 


Motesfitre 


Although the balanced equation does not indicate the concentrations of 
reactants or products at any one time, they may be measured experimentally, 
At equilibrium: 
+ The rate of formation of product C or D in moles per litre per second is 
equal to the rate of conversion of C and D back to molecules A and B. 
+ The concentrations of A, B and C, D are constant. 


Chemical equilibrium is a dynamic equilibrium, Chemical activity still 
‘occurs at the equilibrium condition, but externally, we see no change in 
concentration of reactants or products, 

Its important to know that eatalysts do not alter the equilibrium state; they 
only serve to increase the rate of both forward and reverse reactions 
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8.2 Law of Chemical Equilibrium 


wsle-step forward reaction: 
A+B3C+D 
‘The rate law for this reaction is written 
dic+p] 
ao Hale) 
Now, consider the reverse reaction and its rate law: 
C+D3A+B 
d[A+B] 
di 
At equilibrium, the rate of forward re 
reaction, and so: 


Consider the following 


=k[cIb] 


mn must equal the rate of the reverse 


Mals|=«IcIo] 
(cIb]_ kg 
[A |B] bi 


‘That is, the ratio of the concentrations of the products over the reactants is 
constant at equilibrium. A similar treatment can be written for more complex 
reaction steps. 

More generally, it is found from experiment that for the general chemical 


equation aA +5B— cC +aD the ‘The value of the equilibrium 
‘equilibrium constant X. is given by constant depends on the 
ianperature and te ceria 
[cho¥ wor ‘poses mtd However oes 
7 chemical not depend on the starting 
LaF [BP equinsrium Concentrations of ether reactants or 
eee nila its Product Whatver oncenatons 
The magnitude of K, indicates the extent ofA Dail Retieurn wie 
of the reaction. ‘equilibrium is reached, the ratio of 
ecg Ftd inalain x ighiia: he operons erp nD 
Kesi0? ravers secon 00 et fom tasers vars 
10S SK, < 105 Appreciable concentration temperature. The value of K also 
* St producte and reechents, depends on how the balanced 
K,2108 Reverse reaction is equation is writen (.e. the choice of 
nogigbleandlnost_ eens} "Tneeiba 
Cotte comorsan of cama mosib ened wth 
feacans poe parearbalneed equate. 


Note that the equilibrium constant does not provide any information on how 
long it takes for equilibrium to be established. It only provides information 
‘on the extent to which equilibrium favours the products over the reactants, 
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8.3 Equilibrium Constant 


For any chemical reaction, the ratio of concentr 
the coefficients can be written as: 


{cH} 
laF By 
This is more formally called the mass-action expression. It is only at 


chemical equilibrium that this expression becomes equal to a constant value 
K, (the subscript c indicates concentrations in moles/itre). 


ns raised to the power of 


K, depends on the temperature, The units of K, depend on the powers to 
which the concentrations are raised. 


N20, > 2NO3(e) 


201, +0; > 2C0, 
[co,P 
[coflo,] 
A particular value of K, depends on the form of the balanced equation. 


‘compare 


4n,0, > NO, (g) 


__IWosl 
Ro. 


KJ 

Homogenous equilibrium occurs when all reactants and products are in 
the same physical state. Heterogeneous equilibrium occurs when reactants 
and produets are in different physical states. 

‘The concentrations of pure solids and liquids are constant. This is because 
if more pure solid or liquid is added, then the volume of that solid or liquid is 
also increased in the same proportion and so the number of moles per litre 
remains the same as before. The concentrations of these substances are 
removed from the equilibrium expression and are effectively incorporated 
into the value of K.. 


K, iol? L! 


Gases cannot be removed from the equilibrium expression because their 
concentration changes during the reaction. 
Writing a chemical equation in reverse inverts the value of K.. 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Hearing protection is both affordable and comfortable. For temporary protection, you can use 
disposable earplugs. If you need protection all day, consider earmufls designed for hearing protection, 
Don'tlet “Hey, y'all, check this out” be the last thing you ever hear. 

It’s hard to work with hand tools with no hands. It's possible; just really hard. Take care of your 
hands. There are a hundred ways to burn, tear, cut, or otherwise mangle those mitten-fittings of yours. 
Have a variety of work gloves on hand to handle the different needs of your lab. The choice will be 
ultimately determined by the particular hazards present in your lab, Are you working with chemicals as 
‘well as electronics? How about sharp edges or glassware? Normally, you won't need to wear gloves for 
soldering small electronics, but if you start working with really large-scale projects, such as sculptures or 
plumbing, you might, 

Make sure you are still “handy” when wearing the proper gloves for the job. Make sure the gloves fit 
you properly and allow you the adequate dexterity you need. 


Tip Be safe. Don't be lazy. 


Basic Hand Tools 


Assuming that you're going to start small and build toward bigger things, you should also start small 
with some small hand tools. These tools will make it much easier to work on small parts and wires. 

Good hand tools increase your effective strength and improve the accuracy and precision of your 
motions. They allow you to focus a great deal of your strength on exactly the part that needs it, without 
wasting a lot of effort. Good hand tools also insulate you from sharp, hot, or otherwise unpleasant 
objects when you work on them, 

‘Take care of your hand tools. Put them up when you're done with them, Make sure they are clean 
and ready to be used again the next time you need them. Few things are more frustrating than 
attempting to start a quick repair job and finding out that you need to spend twice as much time 
preparing your tools for use. 

Have some sort of methodical plan or reasoning involved with the storage of your tools. They need a 
safe and comfortable home, just like you do. You need to be able to find them quickly when you want 
them. Try out different organizational strategies until you find one that works for you and your lab. This 
is an easy task when you have just a few tools to organize. Once you've accumulated a large collection of 
hand tools, this is no longer optional. You must know what tools are available and where they are 
located, 

Frequently used tools should be within easy reach of your primary workstation. Ifyour tools need 
any sort of adjustment or setup before use, make sure you've got all the proper bits handy. For example, 
a drill press will often have a chuck key used to tighten and loosen the chuck that holds a drill bit in 
place. That key needs to be in the immediate vicinity of the drill press, as well as easy to locate. Don't 
spend a lot of time needlessly hunting for tools. Decide for yourself on some safe and practical policies 
for where you keep your tools. 


Tip Don’t waste time guessing where your tools are located. Decide where they are located. 
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8.4 Le Chatelier’s Principle 


When a chemical system is at equilibrium, and that equilibrium is disturbed 
in some way, then the system will change in a way so as to counteract the 
disturbance until equilibrium is re-established, This is known as Le 
Chatelier’s principle 

One way of disturbing the equilibrium condition is to add more of a 
reactant or a product. When more of a reactant is added, the forward reaction 
increases in rate (since reaction rate depends on the concentration) and more 
product is formed until the equilibrium condition, and the value of K,, is 
restored. When more of product is added, then the concentration of the 
products increases, thus increasing the rate of the reverse reaction until the 
‘equilibrium condition is re-established, Similarly, if either a reactant or 
product is removed, then the forward or reverse reaction proceeds at a faster 
rate So as to restore the concentration of the removed species until the 
‘equilibrium condition is re-established, 

Consider the effect of an increase in concentration of one reactant in the 
‘equilibrium expression: 


87 at 55°C 


Increasing the amount of NjO, makes the denominator of the expression 
larger, and makes the computed value of K, smaller, The concentration of 
NO, must increase until the original value of K, is re-established. Note that at 
the new equilibrium, the concentrations of both products and reactants will 
have increased but their ratio, as expressed by the equilibrium expression, 
remains the same. Looked at another way, introducing more reactant tends to 
increase the rate of the forward reaction until the equilibrium constant is re- 
‘established back to its former level. 

Another way of disturbing the equilibrium condition is to alter the 
temperature, The value of K, at equilibrium depends very much on the 
temperature, In an exothermic reaction, increasing the temperature tends to 
favour the reverse reaction, A new equilibrium is reached with a new value 
of K, 
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8.5 Summary of Le Chatelier's Principle 


Summary of Le Chatelier’s Principle 


Change Effect on K, | Shift in reaction 
Tnerease in Constant Forward reaction 
‘concentration of one 

reactant 

Decrease in Constant Reverse reaction 
‘concentration of one 

reactant 

Tnerease in Constant Reverse reaction 
‘concentration of one 

of the products 

Decrease in Constant Forward reaction 
‘concentration of one 

of the products 

Pressure inorease | Constant Decrease in number of 
with volume gaseous molecules 
decrease 

Pressure decrease | Constant Increase In number of 
with volume increase gaseous molecules 
Temperature Decrease Reverse reaction 
Increase (exothermic 

reaction) 

Temperature Increase Forward reaction 
{endothermic 

reaction) 

Temperature Increase Forward reaction 
decrease 

(exothermic) 

Temperature Decrease Reverse reaction 
decrease 

(endothermic) 

Catalyst added Constant 'No shift, but rate of both| 


Torward and reverse 
reactions increased 
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8.6 Equilibrium in Gaseous Systems 


For reactions involving gases, the law of chemical equilibrium can be written 
in terms of partial pressures. The amount of gas in a mixture can be 
measured in terms of its partial pressure. The total of all the partial pressures 
is the total pressure in the system, Consider the reaction 

A(g)+ Bg) > Cle) 
General gas equation: PV = nRT 
‘Therefore, for A(g) FP, =nRT where P,,is the partial pressure of 
gas A in volume 


RT 


=[AJRT and similarly for B(g) and C(g) 


Ic] 
‘Therefore, K,=pa 
le] 
oar 
a constant 
RTP 
=k, 


‘That is, a gaseous equilibrium constant X, is the ratio of the partial 
pressures of the products over the partial pressures of the reactants, 


Example: N,(g)+3H3(g) > 2NH(g) 


104 The Chemistry Companion 


8.7 Solubility of Solids 


Many chemical species dissolve in water. They can do so by a simple 
dissolution where the molecules just become separated from each other and 
are surrounded by water molecules, by dissociation into ions, and by 
chemical reaction with the water molecules. 

Silver chloride, AgCl, has a low solubility in water. Those molecules that 
do dissolve, do so by forming ions. The equilibrium constant is therefore 
writen 9S: AgCI(s) <-> Ag" (aq)+CI”(aq) Note that the chemical 

bquaton is ern wih the 
[aw eaplfer- aah] ons onthe product side 


[Agcy 


‘The concentration of a solid is a constant, and so is incorporated into the 
equilibrium constant to form a new constant, the solubility product 
constants Ky! [ag agller aa |=.7«10- a125°C 

‘The solubility product constant, K,,, applies to saturated aqueous solutions, 
The product of the ion concentrations is called the ion product. At 
‘equilibrium, the ion product equals X,,.. A low value of K,, indicates that the 
concentration of ions in solution is low at equilibrium — in other words, the 
solubility of the compound is low. 

‘The solubility of a compound in water is the number of moles of that 
‘compound that can be dissolved in 1 litre of water (at a specifi temperature). 
The solubility of a compound can be obtained from the solubility product, 
constant, 


Ky =[Az*eapller(a)] From ne balances 
17x10" 125°C ltrectes one malt 


laerioa]=[erca] Saar mele tc 
0a Tire solution, tore vill 
LIM be s moles of Ag* and 5 
so aeio eels mmoles of Cr ns 


At equilibrium, the rate of dissolution is equal to the rate of precipitation. 
In general, the solubility product constant is 
M,X,, mM" (ag)+mX"" (aq) 
Ky =[M"* apf [x (aq))” at solubility equilibrium 


Ionic solids (salts) and some molecular solids may dissociate into ions in 
aqueous solution. 
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8.8 Factors Affecting Equilibrium 


A system tends towards a state of minimum energy and maximum entropy 
The two tendencies can oppose or reinforce one another. 


+ Ifthe forward reaction is exothermic AH <( and the entropy 
change AS > 0, then the forward reaction is favoured. 

+ If the forward reaction is endothermic AH > 0 and the entropy 
change AS <0, then the reverse reaction is favoured, 

+ If the enthalpy change A//> 0 and the entropy change AS > 0, then 
the forward reaction is favoured at high temperature. When AH <0 
and AS <0, the forward reaction is favoured at low temperature. 


For a solid dissolving in a liquid, in saturated solution, the position of 
minimum energy can be on either side of the equation. The position of 
maximum entropy is on the dissolved side 

Solid © Saturated solution 
entropy gain > 


energy minimum — 


For the dissolving of a gas in a liquid, entropy decreases as the gas 
dissolves and so the tendency is to oppose the dissolving process, however, 
when a gas dissolves, the gas molecules, being attracted to the liquid 
molecules, enter a state of lower potential energy and so this favours the 
dissolving process. 

Gas © Saturated solution 
‘entropy gain 
energy minimum —> 

It is important to realise that the equilibrium constant is not the same 
thing as the solubility product constant. The solubility product constant is 
an experimentally derived value that applies to the solubility of a compound 
in aqueous solution. The equilibrium constant applies to any chemical 
reaction, not just those in aqueous (water) solution. 

Many chemical reactions occur in dilute aqueous solutions. In these cases, 
for reactions that consume, or produce, water molecules, the concentration of 
the water is considered constant and is incorporated into the equilibrium 
constant, This is because the amount of water consumed or produced is 
usually a small fraction of the overall total amount of water present, 


106 The Chemistry Companion 


8.9 Common lon Effect 


‘The solubility of an ionic solid in a solution containing a common ion is 
greatly reduced. This is because the concentration of the common ion 
appears in the expression for the solubility product constant. 


K,=1 5x10 for BaSO, in water , The solubility of this salt in water can 
be calculated and compared with the solubility in 0.1M Na,SO,. 
Solubility in water: 
= [Ba** (aq) 807 (aa)] 
(s\Xs) 


5x10” 


rs 


9x10 mol/L. 


Solubility in 0.1M Na,SO,: 


K,,=[Ba**(ag)|f80¥ (ag)] 
=(s)(s+0.1) 
=15x10° 
(s+0.1)<0.1 since s will be << 0.1 
15x10-? = 9(0.1) 
s=1.5x10-mol/L 


‘The presence of the common ion has reduced the solubility of this 
compound by several orders of magnitude, 
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8.10 Precipitation 


The solubility product constant X,, can be used to predict whether or not a 
solid precipitate will form as a result of a chemical reaction between 
solutions, 

‘The product of the concentrations of the ions in a solution is called the ion 
product. When the ion product is greater than the solubility product 
constant, precipitation will occur until the concentration of the ion reduces 
to the extent that the ion product becomes equal to K,, 

Consider the mixing of 1 litre of 0.5M Ca(NOs); and 1 litre of 0.2M 
Na,SO,. We begin by writing the ionic equation of interest: 


CaSO, © Ca** +807 Note that the equation has 
. been writtan with the ions on 
‘The final volume of the mixed solution is the product side of the 
2 litres, and therefore the concentrations equation so that the ion 


the original soluti¢ e: product can be related to Kx, 
Sihe original sclitions a directly, and not the inverse. 


(aa)] [soz (aa)] jon product 
=(0.25)(0.1) 


= 0.025 
K,, for CaSO, = 2.6x10+. Since the ion product is greater than K,,, then 
CaSO, will form as a precipitate until the concentration of the Ca2* and 
ions fall until the ion product becomes equal to K,,. That is, 
precipitation is a method of forcing out ions from the solution until the ion 
product becomes equal to K,,,. at which time the solid and the solution are in 
tation has important economic consequences whereby 
the extraction of the desired product must be achieved as economically as 
possible. Precipitates are sometimes washed with a solution containing a 
‘common ion to further reduce their solubility 


108 The Chemistry Companion 


8.11 Complex lons 


Some molecules or anions have a lone pair of electrons. This enables them to 
combine, or coordinate, with some transition metal ions to form a complex 
ion. For example, the molecule ammonia, NH, has a lone pair of electrons: 
Hii 
i 


NH, can coordinate to Ag*, Co*’, Zn®*, Ni?’ to form complex ions: 
Ag(NH,)}.Co(NH, );", Zn(NHL )j* Ni(NH3)5" 


The OH- ion also has a lone pair of electrons and can coordinate with Pb?*, 
Zn", Sn, AB 


Pb(OH);-. Zn(OH);,Sn(OH);, A(OH), 

The ligand (the species with the lone pair) arranges itself around the metal 
ion and the electron pairs fill up vacant energy levels to create a noble gas 
configuration for the metal ion, The electron orbitals that are associated with 
isolated atoms are rearranged to give hybrid orbitals to accommodate the 
electron pairs. The overall charge on the complex ion remains unchanged. 

The equilibrium condition between the reactants and products for complex 
ion formation is called the stability constant K,,, 


Ni2* 44CN" > Ni(CN) Tetracyanonickelate 
Keun = best 
[Nit 
Pe" 46NH, > PUNE) Hexasmrinepiatinum (t) 
freon, 
[Pt?*| [NH, | 
Zn** +40H™ — Zn(OH)} Tetrahydroxozincate 
[zn(on);- 
Koa = b ; 
lzn** Jon 
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9. lonic Equilibrium 


Summary 


+ Strong electrolytes dissociate completely into ions. 
+ Weak electrolytes only partially dissociate into ions. 


+ Non-electrolytes do not dissociate into ions when placed 
in solution. 
on product of water: 4 pH pOH 
‘moll 
1 ° 4 
wor 7 7 
wo 14 0 
pH =—logiy pOH 


‘Acids — proton (H") donors Bases — proton (H") 


acceptors 
‘Acid equilibrium constant: Base equilibrium constant 
x, Hol] x, - Jor] 


[Hay BI 


Neutralisation; An acid on a base gives salt and water 


Titration; The progressive addition of an acid to a base, or 
a base to an acid. 


Hydrolysis: The chemical reaction of ions with water. 
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9.1 Electrolytes 


When a substance dissolves, it may do so by simply separating from its 
neighbour molecules and become surrounded by water molecules, or the 
constituent molecules may break apart, or dissociate, and form negatively 
charged anions and positively charged eations. Such solutions conduct 
electricity by virtue of the movement of the ions under the influence of an 
applied electric field. Substances which dissolve to produce conducting 
solutions are called electrolytes. Substances which do not are called non- 
electrolytes, 


Strong electrolytes dissociate completely into ions. 

+ Weak electrolytes only partially dissociate into ions. 

+ Non-electrolytes do not dissociate into ions when placed in solution. 

When an ionic substance dissociates into ions in an aqueous solution, the 

ions themselves are attracted to the polar water molecules and become 
hydrated. ‘That is, a negative anion is surrounded by the positive (or H) end 
of water molecules and this hydrated ion can move around in solution under 
the influence of an electric field because as a whole, it is still negatively 
charged. Similarly, a positive cation is surrounded by the oxygen end of 
nearby water molecules and becomes hydrated, but the hydrated ion remains 
positively charged. 


Both ionic and molecular peMiesagltes peice 
compounds may be strong oleae bene atracted 
electrolytes. In the case of HCI, tot Other water 

e 


ee molecules may also be 
wolecular compound, we hal attracted to this proton. 
HCI+H,0 3 H,0* +c 


‘The hydronium ion, H,O", is a hydrated H’ ion. For convenience, we omit 
the water of hydration and just write 


HCI Ht +¢r- 

Examples of ionie compounds which are strong electrolytes are NaCl, 
MgCl;, KBr, CuSO,, LINO. Examples of molecular covalent compounds 
which are strong electrolytes are HCl, HBr, HNO,. Examples of weak 
electrolytes are HCsH;03, HNO, NHs, HCN 

The degree to which dissociation occurs depends on energy changes (in 
particular, the energy of hydration) and entropy considerations as well as the 
nature of the solvent, the concentration of the solute, and the temperature. 
‘The dissociation of HCI is an example of fonie equilibrium, 


(CHAPTER 2 = BUILDING YOUR TOOL CHEST 


Just like everything else, hand tools have a limited useful lifetime. While some tools can easily 
outlast you, it's up to you to keep track of exactly how much utility you can continue to expect from your 
tools. This doesn’t mean that you have to trash your hand tools once they develop some tiny flaw. Ifit’s 
beyond your capabilities to repair the tool, then consider replacing it and reassigning it to the second 
string or backup tool chest. Having a spare tool, even a slightly imperfect one, on hand when you need it 
can make the difference between success and failure in a project. 

Bear in mind, however, that some tools are simply too dangerous to keep around once they've 
outlived their useful life span. A dull cutting tool that cannot be reasonably resharpened is a good 
example of a tool that has lost its honored place among your other tools, Thank it for its service, wipe 
away that little tear, and then figure out a good way to recycle any of its bits that are still functional. 


Wire Cutters and Wire Strippers 


As you might have picked up from Chapter 1, you can spend a lot of time working with wir 
hobby. Understanding a little bit about how wire is made and how it functions in a circuit 
your experiments, 


this, 
id you in 


How Wire is Made—The Very Short Version 


Most wire is made of copper or a copper alloy. Some wire used for electrical wiring in houses is made of 
aluminum. The wire itself starts out as a fairly thick strand and is stretched and pulled—a process called 
drawing—until the desired diameter is obtained, This strand is then wrapped up on spools or bobbins. 


‘+ Some wire is made of a single strand of copper (or aluminum). This is called solid- 
core or single-strand wire. Itis a single strand of wire, usually circular in cross- 
section, 


‘+ Multiple, thinner strands of wire are often bundled or twisted together to make 
larger-diameter wire. Stranded wire is much more flexible than solid-core 
but is more expensive to produce because of the extra manufacturing steps 
required. Because stranded wire has a larger surface area per unit of length, itis 
more susceptible to environmental hazards such as corrosion. 


Most electrical wire is covered with an 


sulating jacket, usually made of plastic or rubber. This 
sheathing must be removed to make electrical connections. There is sometimes more than one layer of 
insulation on a wire, depending on what its final application is destined to be. 

‘More information about wire as a component will be presented in Chapter 3. For now, the empha 
is on the characteristics of wire that help determine the best tools to use when working with 


Selecting the Correct Tool 


Both copper and the aluminum alloys used for electrical wiring are fairly soft metals and can be easily 
cut or formed with simple hand tools. Wire cutters are specialized tools made to make a clean cut 
through the wire’s strand or stands. Wire strippers are another kind of specialized tool used to remove 
the insulation from a wire. 


23 
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9.2 lonisation of Water 


Experiments indicate that pure water is a very poor conductor of electricity, 
but it does conduct, indicating the presence of ions, Water is a weak 
electrolyte, Water dissociates into ions according to 
«e ceyyye The Ht ions attach themselves to other water 
H,0 © H*+OH™ molecules to form the hydronium ion H;0°, 
but here we will simply write the H° ions as if 
they exist on their own. 
‘The degree of dissociation is very small, and so the concentration of the H 
and OH ions is also very small 


The concentration of water, expressed as molesilitre, can be readily 
established from its molecular weight and its density: 
MWy,9 =16+2 
18 


One litre of water has a mass of 1000 g, therefore the number of moles m in a 
litre of water is: 
1000 
1s 
6 moles 


That is, water has a concentration of 55.6M. 


Since the concentration of the H” and OH” ions in a litre of water is 
exceedingly small, the concentration of H,O is virtually a constant, and so 
the ion product X,, is formed: 


Lor] tye cansentratono 


“THLO] 10 (656M) is taken 


ky =li'llou-]—fomporta nore 


Experiments show that the ion product of pure water at 25°C is 
1.0 x 10" mole*/litre?, The concentrations of H’ and OH" ions are 1.0 x 
107 moles/itre respectively, 

A solution containing equal concentrations of H’ and OH ions at these 
concentrations are said to be neutral 


[ut ]=1x1077 motiitre 
four ]=1x107 motiitre 
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9.3 H* and OH- Concentrations 


because HC! 
saat ‘ “ Aissociates completely 
Considera 0.1Msolution of HCL: [ Giesoretes cone 
HCI" +CI 

‘The concentration of H’ ions will be 0,1M and Cl- ions 0.1M. We can ignore 
the small amount of H’ ions from the dissociation of the water solvent. But, 
the equilibrium between the H” and the OH ions in the solution must still be 
established such that 49-4 _ fa four] 


That is, compared to neutral water, the concentration of the OH has been 
reduced from 1x10 to. 1x10"! due to a common ion effect. 

Consider now an aqueous solution of 0.1M NaOH. Using the same 
calculation as above, we find that G44, Nat .OHH 


er 

The added H’ or OH” ions suppress or inhi 
molecules (in accordance with Le Chatelien), 
Because the changes in concentration of these ions can cover such a large 


range of magnitudes, it is convenient to express them on a logarithmic scale 
~the “p” scale. The pH is the concentration of H* ions found from: 


1x10? mob/litre 


the dissociation of the water 


pH=-logio[H*] The pHis a measure ofthe 
: potential to combina with H 

The pOH is the concentration of OH- ions Ee" Kain moans hgh 
found from POH =-logig(OH”] potential for H* combination 


Since the logarithm is the index to which the base must be raised to equal the 
number, the pH is the index of the H* concentration. For example, for a 
neutral solution, 


pH pOH 
Itis easy to show that fora solution at 
‘equilibrium, 
zi pH+pOH =14 7 . us 
wo? 7 7 
Say we have a 5M solution of HCL What is ee “i ue 


the pH? pH =-log)5=—0.7 


‘A negative pH is possible, but at high concentrations, the assumptions we make 
about the derivation of these equilibrium formulae breaks down. 
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9.4 Acids and Bases 


‘A wide variety of substances can be generally classified into being either 
acids, bases or salts. Each of these has several distinctive characteristics 
when dissolved in water. 


Acids Bases 
Electrical conductor Electrical conductor 

‘Sharp sensation on skin Slippery fee! 

Sour taste Bitter taste 

‘Change the colour of itmus from blue to Change colour of litmus from 
red red to blu. 


React with some metals to form H, gas 
Dissolve carbonates to form CO, gas 

It was noticed that substances such as HCl, HNO, HC3H,0;, H;SO, and so 
fon had the characteristics of acids. Substances such as NaOH, KOH, 
Ca(OH): Mg(OH); had the characteristics of bases. It was therefore 
postulated by Arrhenius (1859-1927) that acids are substances which 
dissolve in water to form H” ions, and bases are substances that dissolve in 
water to form OH-ions: Acid Base 

HAS Ht +A7 BOH BY +OH™ 
According to Arrhenius, all acids have the general formula HA and all bases 
have the general formula BOH. 

A slightly more general definition of Arrhenius’ scheme is that acids 
dissociate so as to increase the H” ions in water while bases dissociate and 
result in an increase in OH- ions. 

twas also known that when an acid was mixed with a base, the resulting 
solution lost its properties of either (except for being an electrical 
conductor) and formed a salt with the general form BA. 

The degree of dissociation in water indicates the strength of the acid or the 
base 


HCl H+ +c ‘Strong acid (equilibrium favours products) 
HC3Hj0) 3 H* +C)HjO3 Weak acid (equilibrium favours reactants) 
NaOH Na*+OH™ Strong base (equilibrium favours preducts) 
NH, +H;0 NH} +OH™ weak base (equilibrium favours reactants) 
HClL+ NaOH — NaCl+H,0 acid + base = salt + water 


‘The Arthenius definition of acids and bases remains the simplest and most 
popular despite it having some limitations in only dealing with H* and OH 
ions as the cause of acidic or basic properties of substances, 
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9.5 Bronsted-Lowry 


Reactions can take place in other solvents besides water. H’ and OH ions 
may not be involved at all, yet the reactions still have the characteristics of 
acids and bases. The Bronsted—Lowry definitions of acids and bases are 
Acids — proton (H") donors 
Bases — proton (H") acceptors 
‘The Bronsted-Lowry classification is consistent with the Arhenius 
definition of acids and bases but includes certain substances that act as bases 
which are not covered by the Arrhenius definition. 

Consider the dissociation of HCI in water, and this time, we write the 

‘equation in full with the hydronium ion: 
HC1+H,0 > H,0" +c" 

Now, let’s focus our attention on the water molecule. The water molecule 
accepts a H’ ion, a proton, to become a hydronium ion. That is, the water 
molecule, according to Bronsted and Lowry, acts as a base, At equilibrium, 
the reverse reaction also occurs: 

HCI+H,0 —H,0' +r" 
Here, the hydronium ion donates a proton to the proceedings and the result is 
a water molecule. For all intents and purposes, the hydronium ion acts as an 
acid. In the Bronsted-Lowry scheme, the water molecule is the conjugate 
base of the hydronium ion. Or, the hydronium ion is the conjugate acid of 
the water molecule. 

In the forward reaction, HCI donates a proton and becomes a C+ ion, HCL 
acts as an acid, In the reverse reaction, the Cl-ion becomes HCI. That is, the 
CI ion acts like a base, accepting a proton and becoming HCI, HCI is the 
conjugate acid of Cl- and CI-is the eonjugate base of HCl. 

Every Bronsted-Lowry acid is accompanied by a Bronsted—Lowry base. 
‘The Bronsted-Lowry scheme has this extra dimension of creation of a 
conjugate pair compared to the Arrhenius theory’ 

HA+H,0  H,0* +A7 

acid base acid base 
In the forward reaction, HA is the acid and H,O is the base. For the reverse 
reaction, H,O” is the acid and A~is the base. 

The degree of dissociation indicates the strength of the acid or the base. A 
strong Bronsted-Lowry acid implies a weak conjugate base. One of the 
greatest strengths of this system is that acid-base reactions that do not 
involve the OH ion can be accommodated. 
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9.6 Strength of Acids 


‘The strength of an acid is described by its tendency to dissociate into ions 
and produce H', The pH scale does not necessarily indicate whether a 
solution contains a strong acid (or base); it only indicates the concentration 
of H’ (and OH?) ions which depends on both the intrinsic strength of the acid 
and the molar concentration used to make the solution. 


HCI is considered an intrinsically strong acid because it almost completely 
dissociates into H” and Cl ions 

HCI Ht +r" 
‘The equilibrium constant Kye, for this reaction is very large (=10"), 
favouring he products. Acetic acid is a weak acid: 


HC H,0) 6 H* +C,H,O.” where we always know that 
‘The equilibrium constant for this reaction is very "is actually hydrated 
small (about 1.8 x 10-), favouring the reactants. 

The general expression for the acid equilibrium constant is given as 


HA+H,O 6 H,0* +A~ ; provides a quantitative 
ne ‘measure of the strangth of an 
[to's] That tendancy for 
TRATHO] ‘issociation to provide H* ions 
P His an indication ofthe 
[no°La-] oncentraton of Hons in a 
ae paricular solution. & highly 
[nal concentrated solution of a woak 
since the concentration of HO is ‘acid may have a similar pH to a 
considered constant. ute solution ofa strong acia 
‘The strength of a base can be 
i Ka Sonivete ‘expressed in a similar manner by 
the base equilibrium constant K, 
Holo, 10 =~ Gidg 7 
eee edo «eg B+H,0 © BH* +0H 
ee «btu 
80, 1aa0* Soy bB] 


‘These equilibrium constants can be 


BE ae expressed on a logarithmic scale: 


HCHO, 1.74.10 CH,CO, " 
ao eee PK, =—logiolK | 

Me i PKy =—logolKg] 
NH, =108 NH Foran acid and its conjugate base, 


pK, +PKy=14 
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9.7 Acid-Base Reactions 


‘A few acids and bases are strong, but most are weak. Consider the 
acid HC,H,O,, a weak acid with K,= 1.74 10-8 


HC,H,0, +H,0 © H,0* +C,H,03 


‘The concentration of H,O" is found from 


_[h.0°lle.1.05] Pree cs, 
~ TAC;H,O,][H,0) H,SO,, HCIO, = 
C,H 


Ifa solution is made with 0.1 moles of HCjH;O,, then the concentration 
[HCH,0,] is 0.1M. What then is the concentration of [C3H,Os-]? It must be 
small since the value of K’, implies a low incidence of dissociation, Now, let 
us add 0.1 moles of solid NaC3H,O, . Since the salt, NaC;H,0, dissociates 
almost completely, the concentration of the acetate ion is now approximately 
0.1M. Thus 


[10° 


pH=4.75 
If to this solution we now add a small amount of a strong base, say 0.001 
moles (a drop) of 2M NaOH, then the NaOH reacts with the acetic acid 
molecules; HC,H,0, + NaOH ¢+ H,0-+NaC,H,O,, 

The quantity [HC3H,O,] is reduced from 0.1M to 0.099M. The quantity 
[C,H,0,] increases to 0.11M (since the NaC,H,O, dissociates). The pH of 
this new solution is 


pH =f 7ax10-5 as 8 


‘The HC,H,O, / C,H,O,- solution is called a buffer solution, because of its 
ability to resist changes in pH. If a small amount of acid is added to the 
Solution, this reacts with the acetate ion and the concentrations shift slightly 
the other way, and the pH remains almost unchanged. jote, without the 
Ifthe concentration of the introduced acid or base Sommonion, aden 
becomes too large, then the buffering capacity of smal amounts 

the solution is exhausted and the pH changes Significantly ater the 
appreciably. PH by several units. 
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9.8 Buffer Solutions 


Buffer solutions have the important property of being able to maintain pH 
when disturbed by the addition of other acids or bases, Buffer solutions can 
be made in two ways: 


1, Weak acid/salt of conjugate base (e.g. acetic acid and sodium acetate) 


NaA) > Na* +A7 “There ar two equilbrium reactons going 
aoe con here. One is the almost complete 
HA+H,0 6 H,0° +A ‘issociation of the salt into its ions, and 


the other is the partial dissociation ofthe 
acid. The [A']is dominated by the 
‘molarity ofthe salt solution. The other 
reaction isthe acid equilibrium. Because 
of the presence of the common jon A’. 
the equilibrium for this reaction lies an the 
reactants side of the equation and [HA] is 
therefore practically equal to the motaity 
of the acid. 


Since [HA] is high (equilibrium to the left), any added OH™ from an 
introduced chemical will react with these ions: 
OH” +HA +A” +H,0 
added in buffer 
H,0° +A” > HA+H,0. 
added in buffer 


‘The added H,O° or OH- ions will be prevented from affecting the pH by 
combing with either the HA or A~ ions already in the solution. 


2. Weak base/salt of conjugate acid (¢.g. ammonia/ammonium chloride) 


BH Ara BE So Complete dissociation of the salt int its 
B+H,0 6 BH+OH- ions results in the [BH] being dominated 
‘ by the molanty ofthe salt solution, 

Because of the presence of the common 

ion BH, the equilrium for the base 

reaction lies on the reactants side ofthe 

equation and [B] is therefore practically 
} equal fo the molanty of the base. 


[bl 
fue 


Any added H,0° or OH" ions will be prevented from affecting the pH by 
combing with either the B or BH’ ions already in the solution. 
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9.9 Indicators 


Indicators are either a weak acid or a weak base with the property of 
exhibiting a change in colour depending on the pH of the solution. The 
molecular form of the acid HA has one colour, and the ionic form, A-, 
another colour. 


HA+H,0 ¢ H,0* +A7 
Colour 1 Colour 2 
If a small amount of indicator is added to a solution containing a large 
concentration of HO’, then the equilibrium for the indicator solution shifts 
towards the reactants and Colour 1 dominates. If the indicator is added to 
solution of large concentration of OH", then the equilibrium shifts towards 
the products and Colour 2 dominates, 

‘Typically, a few drops of indicator are added to a solution whose pH is to 
be determined, and the resulting colour of the solution indicates the pH when 
read off against a colour chart, 

For the indicator: 
HA+H0 © H,0* +A7 


wedca ky 
x, - Holle] won 
[Ha] Methyl orange 2x104 3.7 
[uo-J-x, Hal Pheneiphiatein 7 10? 9.1 


la 

‘An indicator changes colour when [HA] = 
slHjo*l=«, 

Indicators are useful when they exist in a solution whose pH is slowly 
changing. If the pH, or the [H,O"] of a solution changes so that [HA] 
becomes equal to [A"], and the [H,O"] of the solution becomes equal to the 
K , ofthe indicator and the colour changes 

Itis important to know that an indicator does not necessarily change colour 
when [H,0"] = [OH-]. Some indicators change colour on the basic side, 
while others change on the acidic side, and some at the neutral position, oF 
equivalence point 

The end point occurs when the indicator changes colour, The reason why 
this is called the end point becomes clear when indicators are used in the 
process of titration, 


A, 
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9.10 Neutralisation 


When an acid reacts with a base, the H’ ions combine with the OH ~ions to 
form water, and the acidic and basic properties of the solution disappear 
along with the disappearing ions. This is neutralisation. That is, an acid on a 
base gives salt and water. 

Consider 0.1M HCI added to 0.1M NaOH 

HCI+ NaOH — NaCl+H,0 
More specifically, in 0.1M solutions, we do not have HCI molecules and 
NaOH molecules. They are already dissociated into their constituent ions, 
‘The reaction is therefore actually 
H,0* + CI +Nat +OH” > Na* +CI- +2H,0 
‘The net reaction is therefore 
H,0* +OH” > 2H,0 

We know from experience that the products of this reaction are salt and 
water, or more specifically, Na” ions and Cl ions and water. That is, salty 
water, and not a mixture of acidic and basic solutions. But, how do we know 
this? Because in any aqueous solution at equilibrium, K, = 1x 10". 

Equilibrium favours the products because the reverse reaction, the 
dissociation of water, has such a low equilibrium constant (or ion product 
in this case). The H,0" ions combine with the OH” ions to form water until 
such time as the product of the concentrations of H,O" and OH ions fall to 1 
X 10" moles/ltre. 


For strict neutralisation of a solution to occur, the initial concentrations of 
the H,0° and OH ions must be similar — that is, the acid and the base must 
be of about the same strength. That is, if equal moles of acid and base are 
added, the final solution [H,0"] = [OH-] = 1 x 107. 

In a solution of acetic acid, very little dissociation occurs and so the 
reaction with a strong base in aqueous solution is: 

HC,H,0, + Na* +OH™ — H,0+ Na+C,H,03 

HC,H,0, + OH” 3 H,0+C,Hy 
‘The resulting solution is not neutral, but slightly basic in the sense that one of 
the products, C3H,O,°, is a Bronsted-Lowry base. In general, 

HA+0OH™ H,0+A7 

.n interesting application of neutralisation is the use of antacids for relief 
of heartburn, In order to raise the pH in the stomach, sodium bicarbonate can 
be used to react with HCI in the gastric juices to give HO and CO,(g). 
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9.11 Titration 


‘The progressive addition of an acid to a base, or a base to an acid, is called 
titration. Typically, when a base of known concentration is added to an acid 
of unknown pH, we say that the acid is titrated with the base. A known 
‘number of moles of base is added to the acid, either in solid form, or more 
commonly, as a solution via a burette. 

‘AS the base is added, the concentration of [H,O"] changes due to 

neutralisation. If the pH is monitored during the process, a titration curve can 
be plotted showing pH against moles of added base. 
‘The moles of added base are measured 
usually by use of a burette. For the case 
ofa strong acid and a strong base, there is 
a sharp change in pH at the equivalence 
point, where [H,0"] = [OH-]. At or near 
this point, a very small addition of base 
results in a large increase in pH. 


pH 


| Equivalence 
{ point 


Moles added base 

AL the start of the titration, [H,0°] is the molarity of the acid (for a strong 
acid). Before the equivalence point is reached, [H,0"] is found from the 
initial moles of [H,O"] less the moles of added OH (from the burette). At 
the equivalence point, [H,0"] = [OH-] = 1 x 107. After the equivalence 
point, there is an excess of OH". Since we know how much OH” is used to 
neutralise the acid, we know how much excess [OH"] exists after the 
‘equivalence point (from the burette reading) and the pH can be calculated 
from 14—pOH. 

‘The change in pH of the solution as the base is added can be measured 
using a pH meter, or more conventionally, using an indicator. When the 
indicator changes colour, the end point, the titration is finished. 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Figure 2-1 shows two rows of commonly available wire cutters, 


Figure 2-1, Commonly available wire-cutting tools. The top row shows three styles of diagonal cutters, 
which are the preferred tools for cutting small-gauge copper wire. The bottom row shows some tools that 
offer wire cutting as.a secondary facility, and should only be used when proper wire cutters are not 
available. 


‘The top row of cutting implements in Figure 2-1 are various forms of what are known as diagonal 
cutters, side cutters, or flush cutters, These cutters have beveled cutting edges that meet in the middle of 
the wire being cut, One side of the cutters is flat, or flush, allowing wires to be cut with some precision, 
‘These are the preferred cutters for small-gauge copper wire, as well as for clipping excess component 
leads from a printed circuit board (PCB). See Figure 2-2. 

‘Compare the cutting action of the side cutters to the other, less optimized wire cutters in the second 
row of cutters in Figure 2-1, These cutters either use a shearing action to cut the wire or include a flush- 
cutting area asa secondary feature. 
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9.12 Choice of Indicator 


During a titration, the indicator to be used should have an end point which 
corresponds to the equivalence point. At first sight, this might sound like 
that the only useful indicator would be one that has an end point at pH = 
However, the choice of indicator depends on the nature of the reactants, 


4 weak acid) 


strong bage 


song aid 
song base 
oH 
; Bing ac 
ett bese 
aay orgs 
}eaqutvaence 
0 Hla 


Moles added base 


In the case of a strong acid being titrated with a strong acid, any of the 
three indicators above are suitable. However, for the case of a weak acid and 
a strong base, Methyl orange would not be suitable because it would change 
colour too early. Phenolphthalein would be a better choice because its end 
point (pH at which colour changes) more closely coincides with the 
equivalence point. For the case of a strong acid and a weak base, Methyl 
orange would be suitable, but not Phenolphthalein. Litmus is usually 
considered a poor choice because it changes colour over too wide a range of 
pH compared to other indicators. Weak acids are not usually used with weak 
bases in titration experiments. 

A universal indicator is a mixture of other indicators designed so that 
different colours indicate different pH values. 

In swimming pool maintenance, a few drops of phenol red (colour change 
from yellow to red over a pH range of 6.8 to 8.4) are used to measure pH. 
When the water is basic, the acid demand test involves putting a few drops of 
acid into the test mixture to determine how much acid is required to bring the 
solution back to the desired range of pH (usually 7.2 to 7.6). 
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9.13 Hydrolysis 


Hydrolysis is the chemical reaction of ions with water. Anions may function 
as Bronsted-Lowry bases and receive a proton from the water molecule: 

BY +H,0 © OH” +BH’ Many elements occur 
Halide ions do not hydrolyse to any appreciable extent: in compounds as 


Cl +H,0¢ HCI+OH~ pHa7 wiles and 
Oxide and sulphide ions hydrolyse Decent wee, 
0} +H,0 > 20H" pHl<7 maocls tach 
S* +H,O > HS” +20H™ ‘or cations formed by 
Weak conjugate bases of strong acids do not hydrolyse: their dissociation in 


C10; +H,0 — HCIO, +O” pH=7 rashied bremay 

Strong conjugate bases of weak acids do hydrolyse: act as acids or bases. 

C,H,0,° +H,0  HC,H,0, +O” pH<7 jhe stare donende 
Cations may function as Bronsted-Lowry acids and on the size of the 
donate proton to the water molecule: stom ened the cheage, 

A +H,0 @ H,0* +A" 
Hydrated cations of groups I and II do not hydrolyse. Hydrated transition 
metal ions (Al;', NH,') hydrolyse to give acid solutions. 
[Fe(H1,0), * +H,0 > H,0* +[Fe(H,0),oHF* 

‘The salts of strong acids to not hydrolyse, For example, NaC! dissolved in 
water produces NaC] Na* +CI- 


Na* +H,0— no reaction 


Cl +H,0 + no reaction 
‘The salts of weak acids and strong bases do hydrolyse. For example, 
NaCH,0, (sodium acetate) when dissolved in water produces 

NaC,H,0, — Na* +C,H,0. 


Nat +H,0— no reaction 
C,H,0, +H,0 6 HC,H,0, OH” pH>7 
‘The salts of strong acids and weak bases do hydrolyse: 
NH,Cl—> NH“ +Cl- 


CI-+H;0 > no reaction 
NH" +H,O—> NH, +H,0* pH<7 


‘The salts of weak acids and weak bases do hydrolyse but the resulting pH 
depends on the solubility constants K,, and Ky, 
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9.14 Simultaneous Equilibria 


In the ideal case, only one equilibrium constant need be satisfied in a 
chemical reaction, but in practice, several equilibria are operating at the same 
time, For example, consider the hydrolysis reaction involving the 
dissociation of (NH,);S in solution: 

NH} +H,0 © NH, +H,0* 


S* +H,0.6 HS” +OH™ 


‘There are two equilibria to be satisfied: 


PR airy) 

PKs 

PK aie.) > PKiafyn:) 
spH>7 


‘The quantitative analysis of hydrolysis involves the simultaneous equilibria 
of two reactions. For example consider the hydrolysis of the acetate ion: 


pH Oy” +H30 ¢ HC;H,0, +OH™ 


=[1,0" Jour] 
=1x10 
low Jluc.n.0,] 
= the hydrolysis 
© Teassos]cquitrinm constant 


kK, 


‘The hydrolysis equilibrium 
constant is expressed in terms of 
the associated acid (or base) 
equilibrium constant. 
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9.15 Complex lons 


Ligands are molecules or anions that have a lone pair of electrons. NH, 
H,O and CN- are examples. Some ligands combine with transition elemental 
metal ions ~they become coordinated with the ion to form a complex ion, 


[eu(uus),F* — 
Tati,o),P but gh 


fag(cy), ele 


‘coordination 
number 

‘The coordination number usually equals twice the charge on the metal 
ion. The overall complex ion charge equals the sum of the cation and ligand 
charges. Complex ions may be anionic, cationic or neutral 

‘The properties of complex ions depend very much on the geometrical 
arrangement of molecules around the central atom. In general terms, the 
ligand provides electron pairs which find a place to attach themselves at 
available electron d orbitals around the central metal ion. However, this can 
happen in several ways. For example, consider the complex ion formed by 
Co and the ligands Cl and H,0: 


[co(C1),F° coordination number 4 


[colt,0),]* —coorinaon numbers 


‘The fone pairs on the ligands face inwards towards and occupy d orbitals on 
the central metal ion. The reaction in water is 


[co(ci), F’ +6110 ¢ [Co(t1,0), Pt +4cr- 
blue pink 
Colours are often prominent in these compounds because the energy levels 
associated within the orbitals are in the visible light range. Certain 
wavelength components of white light passing through solutions containing 
these ions are absorbed and the transmitted light that we see appears 
coloured. 
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10. Electronic Equilibrium 


Summary 


+ Oxidation occurs at the anode. Neutral atoms 
being oxidised lose their electrons and become 
positively charged eations which tend to move 
towards the eathode 


4Fe(s) > 2F 


(aq)#4e~_ Oxidation occurs 
(oa)+4e" hen the oxidation 
~ umber of an atom 
ds is increased (loss 
Zals)—> Zn™*(aq)+2¢" of electrons) 


Culs)> Cr 


HY (g) 3 2H" +267 


* Reduction occurs at the eathode. Positively 
charged ions in solution take up the electrons 
coming from the oxidation reaction and become 
neutral atoms. The remaining negatively charged 
anions tend to move towards the anode. 


30; +4e° 3 205° 
nae Reduction occurs 

2Ag™ +2e" + 2Ag(6 

gi +20" OAR oon the oxidation 

2H* 42¢° + 2H,(g) ‘number of an atom 
w) _ is decreased (gain 

of electrons) 


Cu +27 > Culs) 
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10.1 Oxidation and Reduction 


Oxidation and reduction reactions involve the equilibrium of a competition 
for electrons between atoms and ions. It is electronic equilibrium. To see 
how this comes about, we need to look at some numbers that quantify what 
drives this type of reaction. 

‘The oxidation number, ot oxidation state, is a quantity that describes the 
humber of electrons that seem to be gained or lost by an atom when a 
chemical bond is formed. During a chemical reaction, oxidation occurs 
when the oxidation number of an atom is increased (loss of electrons). 
Reduction occurs when the oxidation number of an atom is decreased (gain 
of electrons). That is, the term reduetion indicates a reduction in oxidation 
number. 


Consider a simplified version of the oxidation The terms oxidation and 
reduction are historical 


of iron: in origin. They arose 
4¥e{s)+30, (g) > 2Fe,0,(8) from the common 
Observation that some 
‘The oxidation half-reaction is reactants combine with 
: oa oxygen (and so are said 
4Fe(s) > 2Fe}! + 4e toe oxidised) while 


others lose oxygen 


In this half-reaction, the oxidation number of the Fe Sys (and ce oe said 


atoms increases from 0) to 2+ (loses electrons) to be reduced). Now it 
‘The reduction half-reaction is ii recognised that te 
é the loss and gain of 
30, +4" 3 207° electrons that is the 
5 important feature of 
In this half-reaetion, the oxidation number of the such reactions. 


O atoms decreas 


from 0 to 2~ (gains electrons), 

‘The oxidising agent, or oxidant, is the substance that is reduced, In the 
‘example above, oxygen is the oxidising agent since oxygen oxidises the iron. 
‘The redueing agent, or the reductant, is the substance that is oxidised. A 
redox couple is an oxidant and its complementary reductant. In the above 
‘example, the redox couples are written 
and 0,/0%_ CratReductant 

- (or Reduction/Oxidation) 

‘The processes of oxidation and reduction do not occur in all chemical 
reactions, In many reactions, the oxidation numbers of the participating 
atoms do not change. Examples of non-redox reactions are some 
precipitation reactions, acids reacting with bases, acids and oxides, 
hydroxides, sulphides and carbonates. In acid-base reaetions, it is more an 
‘exchange of protons that is important, not electrons. 


Fe/Fi 
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10.2 Redox Reaction 


Consider the redox reaction: Cu(s)+2Ag”* (aq)—> Cu* (aq)+2Ag(s) 
We can separate out the oxidation and reduction processes physically using 
separate beakers of solution, a wire for electrons to flow along, and a salt 
bridge for ions to move across and electrodes where reactions take pla 


Cathode g— eestor wire Anode The salt bridge is a 
Cc) tube containing a salt 
silver Copper solution (a.g. NaNO.) 
rod rod and allows negatively 


charged anions to 
‘move into the anode 
solution and 
positively charged 


Cations to move into 

the cathode solution 

while at the same 
'0.1M CuSO, time preventing bulk 


2(aq)+2e7 mang ofthe 
solutions. 


2Ag** (aq)+2e- 3 2Ag(s) 
Reduction hatf-reaction (Oxidation hatfreaction 

‘The electrode where reduction occurs is called the eathode. Silver has a 
greater affinity for electrons than copper. So, the Ag?” ions in the solution 
‘combine with the free electrons in the cathode to form solid silver. This loss 
of free electrons at the cathode represents 4 net positive charge. The Ag? 
ions are pulling the electrons off the silver rod and forming solid silver at the 
cathode. But the consumption of Ag ions in the solution results in a build- 
up of negative charge (the NO;- ions), and if this is not balanced in some 
Way, the reaction will come to a stop as the ions in the solution repel any 
more electrons arriving at the cathode wanting to take part in the reaction 

‘The electrode where oxidation occurs is called the anode. The copper rod 
at the anode dissolves away to form Cu ions and free eleetrons. These free 
electrons travel along the wire and are consumed at the cathode. The build- 
up of positively charge Cu* ions would eventually overcome the affinity for 
electrons by the silver and the reaction would come to a stop. 

If the NO} anions are allowed to flow from the cathode solution to the 
anode solution, and the Cu:* eations flow from the anode solution to the 
cathode solution, then build-up of excess charge would be prevented and the 
reactions at each electrode would proceed spontaneously. 

‘The redox reactions, arranged in this way, constitute an electrochemical 
cell (or galvanic cell) since a voltage is produced between the cathode and, 
the anode. The sign of the anode and cathode is determined by the flow of 
electrons in the external wire, not the ion flow in the solutions, 
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10.3 Single-Cell Redox Reaction 
Consider the redox reaction 
Culs)+2Ag?* (aq) Cu* (ag)+2Ae(s) 


We have seen that this is an oxidation-reduction reaction whereby each half- 
reaction can be arranged to occur in separate solutions. This reaction can also 
‘occur in a single solution. 
Redox reactions of 
Copper this kind find 
application in the 
silvering of copper 
‘conductors in 
‘electrical switch gear 


5 


2Ag™ (aq)+2e” > 2Ae(6) 
Reduction ha-reacton 


‘copper due to 
atmospheric 
‘contaminants isto 
bbe avoided, 


Culs) > cu 


‘Oxidation hatfreaction 


420° 


1M AgNO; 


When a copper rod is dipped into a silver nitrate solution, silver metal is 
spontaneously deposited on the rod. The solution turns blue. Electron 
transfer occurs from the copper to the silver ions in the vicinity of the rod. 
Another good example of a single-cell reaction is when a zinc rod is dipped. 
into hydrochloric acid 


Zine rod 


2H* +2e” 2H, (g) 
Reduction hatf-reaction 


Zan(s) > Zn (aq) + 27 
Oxidation atreacton 


‘The metal dissolves in the acid, producing H, gas. The same thing happens 
with Mg, Al, Fe and Ni, but not with Cu, Ag and Au. The reason for some 
metals being able to be dissolved in HCI and others not can be found by a 
consideration of standard electrode potentials. 
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10.4 Standard Hydrogen Electrode 


Consider the redox reaetion 
Cu (aq)+H, (8) 


Cathode (+) g—— electrons 


‘Cure Pt (inert) 
electrode 
Cu2*(ag)+2e- > Culs) Hi (g) 2H" +26> 
Reduction hareaction dation hatreaction 
Cu**/Cu Redox couple H*/H,(g) Redox couple: 


When the H, gas is at 1 atm and the H’ solution is 1M, the H'/H, redox 
couple is referred to as a standard hydrogen electrode and is assigned a 0V 
potential. The potential difference between the hydrogen standard cell and 
the other electrode is called the standard electrode potential £° for the half 
reaction occurring at that other electrode. 

Standard electrode potentials are provided from the point of view of 
oxidation at the hydrogen standard electrode. That is, positive values of 
standard electrode potentials for a redox reaction indicate that the reaction 
will be one of reduetion when the other half-cell is the standard cell, When 
the standard electrode potential for a redox reaction is listed as negative, it 
indicates that this reaction will be an oxidation reaction if the other electrode 
is the standard hydrogen electrode, 

‘The standard electrode potential £ for the Cu?*/Cu half-reaction above is 
+0.34V and so the copper is reduced and the hydrogen is oxidised. The value 
of E° for Zn is -0.76V and so if a zine electrode and solution were used in 
place of the copper, the zine would be oxidised and the hydrogen would be 
reduced, 
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10.5 Standard Electrode Potentials 


Standard electrode potentials £° for some reduction half-reactions where 
gases are at | atm and solutions are 1M: 
F,(g)+2e° 3 2F- +287 
Os(2)+2H* (ag) +2e~ > 2H,0 +207 
MnO}*(aq) + 8H" (aq)+5e~ > Mn?-(aq)+4H,0 41.51 


Cly(g) +267 > 2C1" (aq) 41.36 
0,(g)+ 4H" (aq) +4e~ > 2,0 1.229 
Ag’ (aq) +e" > Ag(s) +0:799 

Fe (aq) +e~ — Fe**(aq) +0771 

Cu* (ag) +e" > Culs) +082 

Cu** (aq) +2e” > Cu(s) 40.337 

Sn** (ag) +2e- > Sn?*(aq) 40.15 
S(ag)+2H* +2e” > H,S(g) v0.41 


Pb** (aq) +2e~ — Pb(s) 0.126 
Sn** (aq) +2e- — Sn(s) 0.136 
Fe** (ag) +2e" + Fe(s) 0.440 
Zn** (aq) +2e~ + Zn(s) 0763 
Al** (aq) +3e" > Al(s) 1.66 
Mg** (aq) +2e~ > Mg(s) 237 

Na* (aq) +e > Na(s) 24 


* (aq) +20” > Ca(s) 2.89 
K*(ag)+e° > Kis) 2.925 
Li* (ag) +e" > Li(s) 3.045 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Figure 2-2, A close-up look at the business end of a pair of side cutters. When the two cutting edges meet in 
the middle, the bottom side is flat, or flush, allowing the user to get quite close to where a wire or 
component lead emerges from a solder joint. 

Use caution when clipping component leads or small wires with any wire cutters, The cut lead can 


easily ly away at sufficient velocity to poke you right in the eye or other sensitive area. If possible, hold 
both ends of a wire being cut or direct the cut leads away from your face, 


Caution Use eye protection when clipping leads. Don't say you weren't warned about this hazard. 


Wire Strippers 


Wire strippers are tools that allow you to easily strip the nonconductive insulation from wires, You can 
try chewing it off with your remaining teeth, but this is not recommended. 

Wire strippers usually consist ofa pair of hinged blades with some sort of machined notch. The 
notch allows the blades to cut the insulation around the wire without cutting or nicking the underlying 
‘conductor. A good example is shown in Figure 2-3. 
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10.6 Spontaneous Redox Reactions 


A. very usefull application of standard electrode potentials is the 
determination of whether a redox reaction will proceed spontaneously or not, 
Consider the copper and zinc redox couples: 


cu*/Cu Zn** /Zn 


E°=4034V B® =-0.76V 
‘There are four possible reactants and two possible reactions: 


1 Cuzt, +Znz No reaction (simultaneous oxidation) 


ian) +200) 


2 Curl, +Zm,.y Cu (aq)-+Zn(s)—> Cu(s)+Zn™ (aq) 


3 Ctgeyy Zn) — Chnsy * Zn > Cu** (ag) + Zn(s) 
© Cyan) + ZO) NoFenetion (simultaneous reduction) 


‘The first and fourth possibilities cannot happen since we must have 
complementary oxidation and reduction processes happening. To determine 
which of the second and third possibilities will happen spontaneously when 
these chemicals are in an electrochemical cell, we add the standard 
electrode potentials. However, the standard electrode potentials are 
expressed in terms of reduction reactions, and so we must reverse the sign 
for a corresponding oxidation reaction. 

For the second possibility, the electrode potential for the oxidation of 
copper in solution would be -0.34V. This is added to ~0.76 for the reduction 
of zine to obtain -1.1V, Since this total is a negative voltage for the cell as a 
whole, we say that this reaction will not proceed of its own accord. 

For the third possibility, the electrode potential for the reduction of copper 
40.34V. This is added to 40.76 for the oxidation of zine to 
this total is a positive value, we say that this reaction 
will proceed of its own accord and what's more, we would measure a 
potential difference of +1.1¥ across the terminals of the cell 

Standard electrode potentials for a 


redox reaction indicate the‘ Ra¥oxcourle a 
reduction potential of the half Oxidant /Reductant Higher 
reaction. Generally speaking, a redox A 

reaction will proceed spontancously ® 

if the oxidant (the one that is, a 


reduced) from the redox couple with 
the higher value of £° reacts with the 
reductant of the other, 


Oxidant /Reauctant Lower 
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10.7 Oxidation Numbers 


Although we can predict which redox reactions will occur spontaneously 
from a consideration of standard electrode potentials, we have yet to 
consider why the standard potentials are what they are. Consider the redox 
reaction 


Cu(s)+2Ag** (aq) > Cu** (aq) +2A8(8) Redox reaction 
2Ag™ (ag) +2e” > 2Ag(s) Reduction hatt.reaction 
Cu(s) > Cu** (aq) +2e7 (Oxidation half-reaction 


From the above, we can conclude that silver ions have a stronger affinity for 
attracting electrons than do copper ions, and so the silver ions are reduced to 
a solid by taking up electrons and the solid copper is oxidised by releasing 
electrons, rather than the reverse. It is the relative affinity of ions to attract, 
electrons that places a particular element in the list of standard potentials — 
which as will be remembered is presented from the point of view of 
reduction half 

This affinity for electrons by atoms is something we have met before: 
electronegativity. It was found that a practical measure of electronegativity 
ss the method of electron counting by oxidation numbers. In a chemical 
reaction, when the oxidation number of an atom (i.e. its apparent charge) has 
increased, the atom is said to have been oxidised. When the oxidation 
number of an atom has decreased, the atom is said to have been reduced. 

In the above reactions, the oxidation number of copper is initially 0, After 
reaction, the copper atoms have apparently lost two electrons and so its 
oxidation number is now 2+ (its apparent charge), and is thus an increase. 
‘The oxidation number of silver in the Ag?’ ions is initially 2+, and after 
reaction is 0. The oxidation number has decreased and the silver is therefore 
reduced. All this comes down to a competition for the attraction of electrons, 


eactions. 


+ Oxidation represents a loss of electrons or inerease in oxidation number. 

+ Reduction represents a gain of electrons or decrease in oxidation number. 

Oxidation numbers allow us to recognise oxidation-reduction reactions and, 
are also useful for balancing the equations for these reactions. Changes in 
oxidation number do not necessarily indicate that an atom has gained or lost 
an electron, or has gained or lost net electric charge, even though we use 
them in this way for the purpose of establishing the numbers. Rather, they 
indicate how many electrons are involved for the atom in a chemical 
reaction 
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10.8 Balancing Redox Half-Reactions 


In redox reactions, both atoms and charges must be conserved. A convenient 
method of balancing redox equations is to use the equations for the half- 
reactions 

Consider the reaction between copper and nitric acid, HNOs. The redox 
couples involved are 


cu" Cus) H*,NO3 /NO(z) 
E° = 4034V E° = 40.96V 

Since E° for the nitrie and the NO, must 
acid is more positive, undergo reduction: 


then the copper must 
undergo oxidation: 

Cu(s) > Cu?* (aq) +267 4H* +O; +3e” > NO(g)+H,0 

Both these half-reactions are balanced, but they now need to be combined to 


form the net reaction, which is required also to be balanced. The procedure is 
to balance the charge. The lowest common factor in this example is 6, and so 


3Cu(s) > 3Cu**(aq)+6e" 8H + 2NO; + 6e~ > 2NO(g)+4H,O. 
‘These half-reactions can now be combined: 
3Cu+8H* +2NO; > 3Cu** +2NO(g)+4H,0. 
Not all reactions can be balanced so easily. A general method is to 


Balance for atoms other than O and H 
Balance for O by adding water 

Balance for H by adding H 

‘Add OH ions to both sides for basic solution to form water 
with the H” added from (3) 

5, Balance for charge by adding electrons 


It should be noted that balancing a half-reaction by adjusting coefficients 
does not alter the electrode potential for that half-reaction, 
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10.9 Balancing Redox Reactions with Oxidation Numbers 


Another method of balancing redox reactions is by the use of oxidation 
numbers. Consider the reaction between copper and nitric acid HNO,. The 
redox couples involved are: 


Rules for oxidation numbers 


cu /Culs) NO} /NOlg) 2) Infree, uncombined 

: tlements, the oxidation 

Eo =4034V ES =40.96V numberof each atoms 
Sotto be 0 

Since E° for the nitric acid is more positive, b) In. compounds invalving 

then the copper must undergo oxidation. hydrogen, the oxidation 

The unbalanced equation is: nario ‘hydrogen is 
f tsvaly 1 

Cu+NOs > Cu? + NO(g) ¢)Imcompounds involving 


ae ie cexygan, the oxidation 
Next, we write the oxidation numbers to fear levaaialy 2 
‘each element in the reaction: 4) The sum ofall the 
exidation numbers of all 
+NO(g) atoms in an ion is equal 
(inboth magnitude and 
Sign to the charge on the 


Cu+NOx > Cu 
0 S42. 24 24 


Cu has undergone a change in oxidation) ‘The sum ofall the 
umber from 0 to 2+. An increase in oxidation oxidation numbers ofall 
‘number indicates oxidation. The change in atoms in a neuval 


‘oxidation number in this element is +2. 
N has undergone a change in oxidation number of $+ to 2+. The change in 
oxidation number is -3. A decrease in oxidation number indicates reduction, 
‘There is no net change in oxidation number for the oxygen atoms. 
We now introduce a further rule for oxidation numbers, and that is, the net 
change in oxidation number for the overall reaction is to be zero. That is, the 
‘overall change in oxidation number for the left side of the reaction has to be 
‘equal to the negative of the overall change oxidation number for the right 
side, The only way to do this here is to multiply the Cu atoms by 3 and the 
NO,- ions by 2. That is, operating on the changes in oxidation numbers, we 
have: 3(+2)+2(-3)=0 Thus, 
3Cu+2NO3 > 3Cu** +2NO(g). 
We need to add HO to get a balance for oxygen atoms: 
3Cu+2NO; + 3Cu** +2NO(g)+4H,0 
‘And finally, add H” ions to balance for H atoms 
3Cu+8H* +2NO; > 3Cu** +2NO(g)+4H,0. 
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10.10 Electrochemical Cell 


An electrochemical cell, or galvanic cell, is a redox reaction that proceeds 
spontaneously and has an electrical potential difference at its electrodes. 
‘This potential difference, when measured at a negligible current draw, is 
called the emf of the cell E,., 


E, 


=E, 
41 


eats ~ Enotes 


t 


reduction oxidation 


When the hal 
given by 


cells are standard electrodes, the standard emf of the cell is 
Ex = E2atete ~ Estate 


Example of electrochemical cell: 
cut icu Fe(ag)/F 


DPC vat im 
P4034 £°=4077V Concentrations 
Since £* for the iron reaction is higher than that for 

copper, then the Fe'” is undergoing reduction (it is 

the oxidant) and so is the eathode for the cell. 

Copper is being oxidised and so is the anode. 


Ee = Eeanode — Erode 
0.77-034 
= 40.43V 

Note: we do not have to “balance” the half-equations to determine the 
‘overall cell potential. For example, the standard electrode potential of the 
copper half cell is still +0.34 if we write 

2Cu* +4e- > 2Culs) 

‘The potentials do depend on the concentration of the species, but not the 
number of atoms that participate in the overall reaction. 


In an electrochemical cell that does not have a connection between the 
anode and cathode, the redox reaction proceeds until the build-up of positive 
charge on the cathode prevents any more cations from moving from the 
anode and vice versa and the reaction stops. The system has acquired 
electrical potential energy as a result of the reaction proceeds. The 
reduction of enetgy of the system as a whole (i.e. the chemical reaction 
tending to send the system towards a lower energy state) appears as 
mechanical work or heat by virtue of the current flow 
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10.11 EMF vs. Concentration 


‘The potential of an electrochemical cell depends upon the concentration of 
the reactants. Standard potentials are given for IM solutions. As the cell 
‘operates, the concentrations of the reactants change. The dependence of the 
cell potential on concentration is given by the Nernst equation 


Ox-+ne > gRed 
BPN R- universal gas constant 


pa ee 4 SE Ox? T temperature (k) 
nF [Real F -Faraday’s constant 96487 Gimol 
0.059, lox!’ 
+ og at 25% 
a Tred 


Consider the electrochemical cell at 25°C: 
Pt|Sn* (0.5 )Sn?* (15M )|| Fe** (1.04), Fe** (0.542)| Pt 


Anode Cathode 
Felt 40° Fe 
att 
fsn**] 11059 50, [et 
[sn?* 1 [re™] 
los} = 0.774 285% jog, 19] 
rs] 1 fos] 
=9.14V =079V 


Since £.>Eg,, Fe" |Fe* is the cathode and the cell reaction is 
2Fe* +Sn™* — 2Fe™* +Sn* 
Ey =0.79+-0.14 


=0.65V 
When the electrode is a metal in contact with its cation (e.g. Cu|Cu), then 
Cu $267 © Cu 
E £2 hog fcu? ] 
When the electrode is gas in contact with its ion (e.g. H"JH.(2)), then 
2H* +20” HA(g) 
0.059, lat 


Ba Bo ogy 
2 (Py,) —> Pressure in aim 
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10.12 Electronic Equilibrium 


‘Thus far we have considered the conditions under which an oxidation 
reduction reaction will proceed. Consider an electrochemical cell: 
+0.482V 


26" 5 2Ag(6) 
Reduction haif-reaction Oxidation hat-reaction 
How long does the spontaneous reaction proceed for? Does this cell “run 
down”? Does the voltmeter reading start to drop and then go to zero? 
Initially, we know from our standard electrode potentials that the 
attainment of equilibrium, the objective of all chemical reactions, favours the 
forward reaction as written: 
+ 2Ag?*(aq) + Cu2* (aq)+2Ag(s) 


‘As the reaction proceeds, the Ag?* ions are being used up in the cathode 
solution, and there is a build-up of Cu®* ions in the anode solution, Electrons 
lose potential energy as they pass through the wire and this energy is 
converted to heat in the resistor. When the electrons combine with the silver 
ions at the cathode, they are in a lower energy state compared to when they 
were bound to the copper. Attainment of a lower energy state is the driving 
force behind most spontaneous chemical reactions. 

When the silver ions are in short supply, then not all the electrons coming 
from the wire will find a home to go to and there will be a slight increase in 
negative charge at the cathode. When there are no more silver ions to accept 
these electrons, the build-up of negative electric charge will be great enough 
to prevent any more from arriving. At this point, the electrical potential 
difference between the anode and cathode will be zero and the cell will be 
exhausted. 
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10.13 Equilibrium Constant 


‘The potential of an electrochemical cell depends upon the concentration of 
the reactants. When the cell is exhausted, we reach a state of equilibrium and 
the equilibrium constant for the reaction is satisfied. Consider the redox 
reaction: 


5Fe** +MnO, +8H* > 5Fe** +Mn** +4H,0. 


2+] 


Fro. 


~E = 0059!8 £4 28 ron iorll't 


a 


0.059 
=P to 


aw Be 1s1V 
a suo; = +1.5 
=s.1xt0® Ere =40.71V 
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10.14 Lead/Acid Battery 


A battery is a collection of cells arranged in series. In a motor vehicle lead 
acid battery, there are six cells, each producing about 2V, arranged in series 
e 12V for the vehicle. The redox couples involved are: 


PbSO,(s)/ Pb(s), SO PbO, (s),H*.SO} /PbSO, (s) 
£9 =41,69V 
Since the standard potential for the PbO, reaction is higher, then this species 


undergoes reduction and is the cathode, 


Reduction PhO), (s)+4H* +O} +2c~ > PbSO,(s)+2 
(cathode) 

Oxidation 
(anode) 


Pb(s)+SO}" — PbSO,(s)+2e> 


PbO, (s)+4H* +280} — 2PbSO,(s)+2H,O Discharge reaction 


Sa = Estos ~Ebe Cattode 
=1.69--0.36 oO co) 
=2.05V 

Hs0, 
thats 


‘The concentration of H,SO, in a motor vehicle battery is usually about 5M 
and so the actual cell potential is about 2.15V. 

‘The anode (the negative plates) is solid lead, Pb, while the eathode (the 
positive plates) is lead peroxide, PbO,, in a solution of sulphurie acid, The 
reaction product, lead sulphate PbSO,, sometimes appears as a white 
precipitate on the battery terminals. 

‘As the cell discharges, the concentration of H,SO, decreases and the 
density of the solution also decreases. The density of the solution is thus a 
measure of the state of charge of the battery and is measured with a 
hydrometer 

When the battery is charged, the above reaction proceeds in reverse 
Overcharging results in the evolution of gascous H, at the anode and O, at 
the cathode, and the water in the electrolyte has to be replenished. 
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10.15 Dry Cell 


In a conventional dry cell, or Leclanché cell, oxidation occurs at a zine 
anode and reduction occurs at an inert carbon cathode. The electrolyte is not 
4 liquid, but a paste of magnesium dioxide MnO,, zinc chloride ZnCl, 
ammonium chloride NH,Cl, and carbon black particles. 


Zn(s) > Zn"*(aq)+2 Onidaton (anode -) 


2MnO,(s)+H0+2e~ > Mn30,(s)+20H- Reduction (cathode +) 


NH; (aq)+ OH (aq)—> NH, (g)+H,0 Acidbase absorbs the 
re - OF ons 
Zn* (aq)+4NH, (aq) —> [Zn(NH3),F*(aa) Complexion formation 
absorbs NH, gas 


Zn(s)+2Mn0 9(s) > ZnMn30,(s) Overall cell reaction 
Carton 
Cathode 
“ Zn 
‘Anode 
oO 
Mn, 
ZnCl 
NHI 
paste 


line cells use an alkaline electrolyte of KOH instead of the 
NHC paste of the zine-carbon type of dry cell. In an alkaline 


‘Zn(s)+20H (aq) ZnO(s)+ H,0(1)+2 
2MnO,(s)+H O(!)+2e” + Mn0,(s)+ 20H (aq) 
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Figure 2-3. The popular T-Stripper combination wire cutter and stripper tool from Ideal Industries has 
been around for over halfa century. Note the wire gauge sizes stamped into the face of the cutter blade. 
‘New models feature laser-engraved text. 


‘The wire strippers in Figure 2-3 can easily strip the insulation from wires with a conductor diameter, 
or gauge, between 16 (0.0508" or 1.291 mm) and 26 (0.0159" or 0.405 mm). The higher-numbered wire 
gauges represent smaller-diameter wires, Once upon a time, the gauge number represented the number 
of drawing operations that were performed on a wire when being manufactured. The more times it was 
drawn through the processing equipment, the thinner the wire became. Today, the wire-manufacturing, 
industry in the United States and Canada has adopted the American Wire Gauge standard (AWG). See 
Table 2-1 
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10.16 Corrosion 


Corrosion is the undesirable oxidation of a metal, The most well-known 
‘example is the rusting of iron. In simple terms, the complex redox reaction 
for the rusting of iron is written as 
AF e(s)+30, (g) > 2Fe20,(s) 

In practice, the rusting of iron requires both air (O,) and water, and the 
reaction proceeds as a series of steps. 

Fe(s) > Fe3* +207 O) +2H,0+4e~ — 40H 

Oxidation hatf-reaction Reduction haif-reaction 


‘The OH" ions react with th 
Fe** +20H” — Fe(OH), 

then 4Fe(OH), +0, +2H,0 > Fe(OH),(s) 

and finally Fe(OH), (s) > Fe,0,,H,0+2H,0 


ions: 


‘The brown coloured metal we usually associate with rust is the 
compound Fe,O,,H,O, an Fe(lll) hydrated oxide 
Iron and steel often rust badly because the rust has a lower density than the 
parent metal and tends to flake off, thus exposing more of the material to 
water and oxygen and promoting further rusting. 

Water and oxygen are typically excluded by painting the iron arti 
However, a very effective way to reduce rusting of iron is to attach a more 
reactive metal (i.e. one with a lower £” so that the iron undergoes reduction 
and the saerificial anode (usually zinc) undergoes oxidation. This process is 
often called eathodie protection. 


Fe/Fel* Zn™* /Zn Iron or steel coated with zine is 

Z said to be galvanised (since it 
E®=-0.44V— £"=-0.76V. acts ike a galvanic cel) 
Water and oxygen are typically excluded by painting the iron article 
However, a very effective way to reduce rusting of iron is to attach a more 
reactive metal (i.e. one with a lower £” so that the iron undergoes reduction 
and the sacrificial metal (usually zinc) undergoes oxidation, 

Aluminium undergoes corrosion in the presence of atmospheric oxygen. A 
very thin (nm) tough layer of AIO, (alumina) appears within nanoseconds 
‘on the metallic surface which shields the parent metal from further corrosion. 
Alumina is a very hard ceramic material and is a non-conductor of 
electri 
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10.17 Electrolysis 


An electrolytic cell is not a spontaneous redox reaction, and requires an 
electrical energy input to proceed, 
Consider the redox reaction: 
Cu**(aq)+2Ag(s)— Cu(s)+2Ag”* (aq) 
‘Arranged in this way, the half-reactions are: 
2Ag(s)—> 2Ag**(aq)+2e”  Cu** (agq)+ 2e~ + Culs) 
Oxidation hatt-reaction Reduction hatt.reaction 
0798 +0337 
‘The total potential is -0.462V and so this is not a spontaneous reaction, If a 
cell were constructed and connected with a wire between the two electrodes, 
the reaction would proceed in the reverse to that as shown above. However, 
if we apply an external potential difference to the electrodes, say a 1V 
potential, then 


Amanged in this 
way, we have an 
electrolytic cell in 
which the copper 
tod is the cathode 
() and the silver 
rod is the anode (-). 
The reaction 
proceeds as written. 


0.583 


2Ag(s) > 2Ag**(aq)+2e-  Cu* (aq)+2e° > C1 
Oxidation halt-reaction Reduction halfreaction 


Note: oxidation occurs at the anode which in this 
cease is the silver, Reduction occurs at the eathode, 
in this case the copper. The silver rod dissolves 
away and copper particles coat the copper ro. 

The applied extemal potential has to overcome 
+0.462V in order for the reaction to proceed, and so 
the potential difference across the electrodes would | indicates conventional 
be 1 — 0.462 = 0.538V. Sila 


0462.V 
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11. Carbon Chemistry 


Benzene ring 


Summary 
Functional groups Ay! groups 
H Alkanes: Single C bond ‘Methyi 
C=C Alkenes Double C bond Ey 
Propil 
=| Akynes | Tiple G bond = 
OH | Aeohois | ROH = 
° Einers | ROR Foi 
CHO. Aldehydes | RCHO Heptyl 
co Ketones R(C=)OR Oey 
Non 
coon | Acids RCOOH 
Deoyl 
700 | esters | ROOOR 
wi | Amines | RNH, RINK 
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11.1 Carbon, 


‘The element earbon has four outer valence electrons and is the first element 
of Group IV in the periodic table. The other elements in this group become 
more metallic in nature with increasing atomic number. At room 
temperature, carbon is relatively inert. At high temperatures, it can form 
covalent bonds with itself and many other elements. Carbon compounds are 
the basis for all life on Earth, It is interesting to note that silicon, the next 
clement down in the group and also with four valence electrons, is the basis, 
of the composition for nearly all of the Earth's minerals. 

With four valence electrons, carbon has the choice of either losing or 
gaining four electrons to achieve a noble gas configuration but in practice, it 
tends to share its four electrons via covalent bonds. On the other hand, tin 
and lead, the heaviest elements in Group IV, with more loosely bound 
valence electrons, find it energetically favourable to share these electrons in 
the form of metallic bonds. 

Carbon reacts with metals to form carbides: e.g, silicon carbide SiC; with 
non-metals to form molecular compounds: e.g. methane CH,; with oxygen to 
form carbon monoxide CO and carbon dioxide CO,; and with nitrogen to 
form eyanides (e.g. HCN), 

Pure carbon forms three crystalline structures found naturally: diamond, 
graphite, and the fullerenes. These are allotropes. These have significantly 
different mechanical, thermal and electrical properties and differ only in the 
geometrical arrangement of their atoms in the crystal structures. 

Diamond has a three- Graphite has a two- The fullerene form of 
dimensional tetrahedral dimensional hexagonal carbon consists of a 
structure, Each carbon sheet structure with the three-dimensional 
atom has four neigh- sheets bonded together arrangement of C atoms 
bours, and all the as layers by vam der in a pentagon which 
valence electrons are Waals forees. Each together form a sphere 
equally shared with no carbon atom has three or tube, The — most 
vacancies or lone neighbours. Thus, three famous is the Cy 
electrons, Thus, dia- valence electrons are molecule, often referred 
mond is a poor electrical involved in covalent to as a buckyball 
conductor, has a high bonding — wi the 

hardness and elastic fourth is left in a 

modulus, Diamond is a relatively free state and 

good heat conductor due is responsible for 

to the free passage of graphite being an 

phonons. electrical conductor, 
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11.2 Carbon Compounds 


Carbon forms a great number of compounds with hydrogen. These are called 
hydrocarbons. In addition, hydrocarbon derivatives are formed when 
other atoms in addition to hydrogen become involved in the bonding. 

Central to this remarkable ability to form such a wide variety of 
compounds is the formation of chains of atoms. For example, consider the 
simple hydrocarbon methane CH, 


4 
¢. 
HoH 
This molecule can be easily expanded to form ethane CH: 
H H HH 
H Sook Hid:e:n 
nf H aa 
And so on for propane, C;Hg, and butane, C,H. 
H HH 
4 H H H 
a Sodcln # Sod diclin 
aft Na wo Nn 
4 AA 


Other possibilities abound, including compounds involving a double carbon 
bond such as in ethylene and the triple bond in acetylene: 


4 H 
Nenad 
eos 


H 4 “The reason for this is 

‘Compounds with single bonds between carbon atoms that saturated 
are saturated hydrocarbons. Compounds with double dinner ee 
or triple bonds are called unsaturated hydrocarbons. yen there ts couble 
Hydrocarbons with the same chemical formula but bond the maximum 
with different structures are possible. For example, Possible number af 
butene C,H,, can exist in four different structural 310m hat can atiached 
arrangements, each of which is called an isomer. ‘decreased and so the © 

‘The substitution of other elements in place atoms is unsaturated, 
of one or more hydrogen atoms in carbon compounds is responsible for the 
existence of a large number of hydrocarbon derivatives. Alcohols are 
hydrocarbons with an attached OH funetional group. 

‘The ability of carbon to form chains, double bonds, isomers and contain 
functional groups is responsible for the great variety of carbon compounds 
which form the chemistry of life on Earth ~ or organic chemistry. 
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11.3 Functional Groups 


Hydrocarbon derivatives are formed when other atoms in addition to 
hydrogen become involved in the bonding. In these cases, the core 
hydrocarbon is written with an attached functional group. ‘The core or 
hydrocarbon compound (also called the remainder or residue) is written 
with the symbol R. A common functional group is the alcohol, or OH group, 


4 
‘Acohots can be witen as ROH 

methanol CHOH: od whore Ris he hyarocarbon 
H™ 4, oH residue, or the core hydrocarbon 


component, and OH is the alcohol 
functional group. 


Functional groups 


a aiaaae Functional groups determine the nature of the 
reactivity of the hydrocarbon involved, The 

oc ‘Akenes chemistry of the compound is usually 

ory BT IVerS determined by the character of the functional 
group while the hydrocarbon residue is 

oH ‘Acohols relatively inert 

° Ethers Consider some compounds based upon the 

HO | Aldenydes | CH,CH,— residue: 

co Ketones wane: CH,CH, 

coo | Acids Ethanol: CH,CH, — OH 

00 | Esters Ethyl bromide: CH,CH. 

NH ‘Amines ‘The CH,CH,- residue is called the ethyl 


group. Similarly, the CH,— is the methyl 
group and the CH,CH,CH,- is the propyl 
group. 

‘These named alkyl groups form bonds with various different functional 

groups and the resulting compounds R-X are thus derivatives of the parent 

hydrocarbon (e.g. methane, ethane, ete) 
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11.4 Alkanes. 


Alkanes are saturated hydrocarbons since the bonds with the carbon atoms 
are single bonds and they contain only carbon and hydrogen. ‘The names of 
the compounds are derived from the number of carbon atoms 

The first 10 alkanes Alkanes can have chain or branched chain 
(aliphatic), or cyclic (alieyelie) structures. As 


Mates | CH the complexity of the molecules increases, there 
Ethane [He are increased ways in which molecules can form 
Propane | CH, structures with the same molecular formula 
Butane _| GH Compounds having the same molecular formula 
rs but different structure are called isomers. 
Foxane | OMe HOOWH OH 
Hoptane | CMe SL NL 
Oeiane | CF fad’ 3 ee 
Nonane | Cay 71 \y 
Dacano | Cua s a 

‘pentane (or normal pentane): 


Alkanes are the principal oH HLH Aeneas 
components of petroleum. Low \/ IZ, witha 
molecular weight compounds are PN Pa H chain 
generally gases at room temperature Hoc feted 
and pressure. Gasoline (petrol) and nh fw ableciiag 


turpentine typically contain light RANG formula 
factions (CHy, t0 CH). H C Have 
Kerosene, diese! oil, lubricating oils, iso-pentane (single branch atthe end) 

pitch, and so on consist of heavier prin 


compounds, Alkanes are relatively HOO having a 
inert, but can undergo exothermic no NS og Sxsicora 
oxidation (combustion) which make ile ee ser 
them useful sources of energy, J\ PNq tavetne 
Fuel Calorific value (M/kg) Wee toxmuta 
Petrol 45 fF % CHa 
Diesel 44.4 Ay 

ae ee cyclo-pentane (ring structure) 


Alkanes are sometimes called paraffins because they have little (parum) 
affinity for forming bonds with other atoms or molecules, When they do 
participate in reactions, this usually involves the substitution of a hydrogen 
atom with another atomic species. 
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11.5 Alkenes: 


Alkenes (also known as olefins) are unsaturated hydrocarbons because they 
contain a double bond between two of the available carbon atoms instead of 
single bonds. As a consequence, there are fewer than four atoms attached to 
‘each of the carbon atoms. 

Alkenes in a chain configuration have the general formula 
or ethylene (C;H,) is the simplest alkene 


H,,, Ethene 


4 4 Bond length: 1.38 A 
None Energy: 606 kJ/mol 
af Si She S325 hull 


Note that the carbon double bond can occur in different places in the 
structure, leading to formation of isomers. In propylene (C3Hg): 


H 4 
Neue’ 
cc 
aif 
AZ|, 


Ethene, propene, and butene are gases. Higher alkenes are generally liquids 
and those with greater than sixteen carbon atoms are generally waxy solids. 
While alkenes are relatively inert, 


H H H 
they are more reactive than ebe -aiie Hee 
alkanes because ofthe double 7 Ny No 
bond. The carbon double bond preety hate 

has a higher bond strength 

‘compared to the single bond, H H H H 
but the double bond allows a Yenck HBr = pocenl 
‘greater potential for attachment. -H H H Br 
for other atoms and this leads to ethylene bromoethane 


greater reactivity compared to single-bonded structures. Chemical reactions 
involving alkenes are usually associated with the breaking of the double 
bond and the addition of other atoms. 

An important reaction involving alkenes is that of polymerisation, where a 
chain reaction occurs in which the C=C double bonds are successively 
broken and employed to form larger and larger single-bonded structures. 


a TT Tt 

No-e—¢ «.--cc=0f 

wr tot Nu 
had 


polyethylene 
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11.6 Alkynes 


Alkynes are similar to alkenes except that they feature a carbon-carbon triple 
bond. Alkynes are unsaturated hydrocarbons and have the general formula 
CHa. Alkynes are also known as acetylenes, but the common use of this 
term refers to ethyne 


Bond length: 1.24 
Bond energy: 828 kilmol 
aH= 4226.9 kdlol 


CH, 
acetylene 


H—c 


‘The triple bond can occur anywhere in the chain in higher alhynes. Consider 
the compound I-butyne. The 1- indicates that the triple bond is at the end of 
the chain: 


(CH.CH,C=CH 
‘The CH,CH, is the ethyl group, and so this compound can also be named 
ethylacetylene. Ethyne HO=CH 

Alkynes have a similar Prope _| CH,G-0H 


chemistry to alkenes. The C 
unit is a linear structure and in 
acetylene, the molecules are 
therefore rod-like in shape 
‘The triple bond is capable of 
opening up and accommodating ‘Ocyne | CH.(CH:).C=CH 
additional atoms during reactions. [FNonyne | CH(CH,),0=CH 
Additions may occur with halides, | -Decyne | CH,(CH),C-CH 
halogens, water, and ammonia, 


H | e8uyne | CH.CH,C=CH 

TPentyne | CH,(CH).0=CH 
THexyne | CH(CH),0=0H 
‘Hepiyne | CH(CH,),C=CH 


‘The C=CH unit, located at the end of the structure, imparts an acidie nature 
to alkynes and so acid-base reactions are also possible. Alkynes can also 
undergo polymerisation to give polyacetylenes, 

One of the most common uses of acetylene is in gas welding. The 
combustion of acetylene in oxygen provides a lame temperature of about 
3300°C making it one of the hottest flames available in industry. 


2C 3H +50) 3 4CO +2H,0 


Acetylene is a gas, but an unstable one, especially at moderate to high 
pressures. In welding gas bottle sets, acetylene is usually dissolved in liquid 
acetone or dimethylformamide and stored under pressure in a cylinder 
containing a porous medium, agamassam. 
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11.7 Benzene 


‘An important class of carbon compounds arises when carbon atoms are 
arranged in a special ring formation. 

‘The benzene ring C,H, has all the atoms in 
a plane, with a 120° angle between the carbon 
atoms. The initial difficulty with this structure 
is that each carbon atoms has three neighbours 
sharing one electron, but there are four 
valence electrons in carbon. Evidently, there 
cither has to be three double bonds present or 
some way of accommodating the fourth 
valence electron. If each second carbon atom 
had a double bond, then all available valence 
electrons would be shared, but experimental 
evidence indicates that the bond strength for 
the C-C bonds are equal around the ring, and 
that it is stronger than a single bond, but not 
as strong as a double bond. 

‘The bonding in a benzene ring is explained by the allowable movement of 
the valence electrons in the ring structure, Rather than forming single or 
double bonds, electrons in the ring form a resonance hybrid, or a 
superposition of single and double bonds, whereby they may have 
movement throughout the ring, much like valence electrons in a metal have 
movement throughout the eonduetion band. 

To signify this, the benzene ring is often written in shorthand form using 
one of the following diagrams: 


It should be always remembered 
that there are not single or double 
bonds, but a special bond 
somewhere between the two 
based upon electron movement 
around the ring, 

Ring compounds of this type are called aromatic compounds. When they 
consist of C and H only, they are called aromatic hydrocarbons. Note: 
aliphatic compounds in a ring structure are not aromatic; they are simple 
ring structures (alieyelie). Aromatic compounds have mobile electrons 
within the ring and it is these that determine the chemistry of these 
compounds. In contrast to the addition reactions for alkenes with a chain 
structure, benzene undergoes substitution reactions in which H atoms are 
replaced by other atoms, 
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Table 2-1. The AWG. A more complete listing is available at 
hutpz/len.wikipedia.orghwikilAmerican_wire_gauge, from which this partial list was obtained. 


Diameter Are ee 
awe 
inchs | mme | Sam | 2720008 
maim | mot 
000 4704.46 00 | i688 for foasoe | 0.04901 
00 @70) [040% | 10.404 | as002) 28 | oos180 
00270) [oes | 9.266 | o7ao2h oor 
oa) [oseas|a2s2 |sasosk 24 | oovexr 
028 va frase fa2aoap — 66 | oazs0 
2025 76 | 65a a7 | ose 
3022 oa | saz7 6s | ox970 
4020 a fsaso farzoa} 52 | o2ses 
508 wo [asar [rseroh @ [osiaa 
6016 wo fans fissich 6 | oassi 
Toa xa faces fiosish 4 | oasee 
012 a5 [sac faar20b 1 | one 
1010 10 | 200 sg 
120.08 0 | 2.058 1 | see 
140.06 ai free | 20802 2.525 
160085 oe fraser frais 4016 
woot as fio fowsale 5 | oaas 
20008 w fos fosieats 1 | iors 
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11.8 Alcohols 


Hydrocarbon 


151 


vatives arise when functional groups combine with a 


residual hydrocarbon core. Aleohols are those compounds which have one or 


more OH (hydroxyl) groups attached, ROH. 

‘Three types of alcohol are to be found 
depending on the number of C atoms attached 
to the C atom with the OH group. Primary (n) 
aleohols are written RCH,OH. 


CHCHcH, — on -P"0PV alcohol 
n-propanol 
Secondary (s) alcohols are written RR'CHOH: 
on isopropyl alcohol 
i 2-propanol 


CH,CHCH, —_5-Propanol 


Tertiary (t) alcohols are RR'R"COH. 
oH 
| 
CH, —C — OH butyl alcohol 


Lower alcohols are soluble in water due to the 
presence of the polar OH group. In higher 
aleohols, the longer the carbon chain, the less 
water-like the compound is and behaves more 
like a hydrocarbon — volatile and relatively 
inert. Pentanol and higher compounds are 
insoluble in water. 
Alcohols can react with 
other atoms and can act — 
as weak bases (due to the 
unshared electron pairs on the © atom) or weak 
acids — where the H atom on the OH group can 
act as a proton donor. ori 
Phenol (hydroxybenzene) has the 
OH group attached to a benzene ring 
and forms the basis of synthesis for 
many other compounds 


Ethanol (C,H,OH) is 
*aleohol" to the common 
person (@.. in alcoholic 
drinks). Denatured ethanol 
Js the usual form used for 
cleaning and other uses. 
Additives render it 
unpalatable and, in some 
‘cases poisonous (such as 
whan methanol is added to 
the ethanol to give 
‘methylated spirits) 


‘Methanol (CH,OH) is highly 
toxic and may cause 
blingness or death when 
only afew miiitres are 
ingested. 


‘A common cleaning alcohol 
is Isopropyl alcohol, or 2- 
‘propanol (CH,),CHOH. 


Ethylene glycol C:H,(OH), 
is commonly used as an 
antifreeze/ ant-ball additive 
in motor vehicle cooling 
systems. In its pure form it 
has a boiling point of 197.3 
°C but has a lower heat 
capacity than water and so 
|g used diluted, It does this 
by depressing the hydrogen 
bonding between water 
‘molecules so that, upon 
freezing, the temperature 
‘must be significantly lowered 
before ice crystals can form. 


‘An interesting compound, 
prepared from phenol, 
sodium hydroxide, and 
‘carbon dioxide is aspirin 
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11.9 Ethers 


Ethers have the general formula ROR’ where R is an alkyl group. They can 
occur as aliphatic (chained), alicyclic, or aromatic (benzene ring) 
formations, or a combination. They are relatively unreactive hydrocarbon 
derivatives. Perhaps one of the most 
The lone pairs of wellknown ethers is diethyl 
electrons om the CHC; ~CH,CH, other, CH,CH,OCH,CH,, a 
low boiling point colouriess 


atom allow ethers to dliothy ether iain ores 
form hydrogen bonds anaesthetic. Diethyl ether 
with water molecules OO) ante forma fom the 
and so they are rns 

generally partially diphenyl ether 


Dimethyl ether, CH,OCH,, 
(or DME) isa gas at room, 
However, they cannot form hydrogen bonds temperature Is often used as 
between themselves and so generally have a 2” 49r080l propellant since it 

‘can bo stored asa liquid 
lower boiling point than comparable alcohols. (ane Sire 26 

In some respects, ethers are similar to equilbrum withthe gas 
alcohols in that they can be considered phase, evaporates readily 
derivatives of water. In an alcohol, the R takes ffSquct™as an serosal mist 
the place of one of the H atoms in the water forthe application. 
molecule. In an ether, both of the H atoms ate yetny1 panyi ether 
replaced by alkyl groups Rand R'. Ethers are CH,OGH, i found in 
generally isomers of the corresponding aniseed oi 
alcohols. For example, ethanol, C,H,OH, has 
the same formula as dimethylether, but of 
course has quite different chemical and physical 
properties. 

Ethers are generally unreactive substances and can withstand attack from 
either acids or bases, but are more reactive than comparable alkanes, 

Simple ethers have the alkyl groups on each end of the oxygen atom and if 
the groups are the same, are thus named dialkyl ether (such as in dimethyl- 
ether). [fone of the groups is a more complex group, then the structure of the 
name is alk-oxy-alkane. For example, CH,CH,CH,OCH, is 
methoxypropane 


soluble in water. 


41. Carbon Chemistry 153 


11.10 Aldehydes 


Alcohols can be thought of as a step towards complete oxidation of the 
corresponding alkane. Primary alcohols can also undergo oxidation to form 
aldehydes and earboxylie acids, and secondary alcohols can oxidise to form 


ketones. Perhaps one of the most 
Aldehydes have a carbon-to-oxygen ‘9 wellknown aldehyde is that 
double bond (which itself is called the __.7 ‘Made ftom formaldehyde 
- dissolved in water to give 
carbonyl group) with the general —°\ formatin 9 preservative 
formula RCHO. They are usually 1 fluid used for embalming 


prepared by oxidation of the dehyde iological tissues. 


corresponding alcohol. er _ 
Consider the reaction between ante 
methanol and potassium dichromate: \ 
3CH,OH + CO} +8H* — 3CH,0+42Cr"* +7H,0 Ht 
In this equation, the Cr; ion has been ‘iors 
reduced to the Cr” ion, and the 
methanol has lost two electrons (and ‘Aldehydes often have a 
two protons H") and hence has been pleasant odour or favour, 
oxidised to give CH,O, formaldehyde perinatal 
Methanal_[ HCHO Formaldehyde on 
Ethanal__| CH;CHO Rostaldahyde ea 
Propanat_| GH,CH;CHO Propionaldahydo * 
‘Butanal | CH,CH,CH,CHO | Bulyraldahyde 
To avoid confusion with alcohols (OH), pee 
the carbonyl group with an attached H is H~ So 


written CHO and not COH 

Cyclic forms also exist, 
such as benzaldehyde, an 
aromatic aldehyde: 

Aldehydes are closely related to ketones, but have the earbonyl group 
C=O at the end of a carbon chain rather than in between two C atoms. Lower 
aldehydes are soluble in water. Aldehydes can be further oxidised to form 
carboxylic acids. 


and cinnamaldehyde, the 
active ingredient in 
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11.11 Ketones 


Ketones have a carbonyl group 


attached to two other C atoms that 


form part of the same or different alkyl groups. (In an aldehyde, one of the 
other atoms is an H atom.) The general formula is RC(=O)R. 


‘The oxygen atom is more 


electronegative than attached ° 

carbon (i.e. the electron pairs cH, — 0” 

that constitute the double bond \ 
cH 


are closer to the oxygen atom 
than the carbon atom), making 2prepanone 
this group polar. Unlike (acatoaa) 
aldehydes, Ketones do not have 
an H atom attached to the 
carbonyl group. 
‘Acetone can be formed by the oxidation of 
2-propanol according to 
3CH,CHOHCH, +Cr,0}° +8H* > 
3CH,COCH, +2Cr* +7H,0 
Aldehydes and ketones have many similarities 
and both are formed from the oxidation of an 
aleohol 

Ketones cannot be further oxidised to an acid 
since there is no H atom available on the 
functional group (as in the case of aldehydes). 
‘The absence of an H atom bonded to an oxygen 
atom means that both aldehydes and ketones do 
not form hydrogen bonds with each other and 
so generally have a lower boiling point than 
comparable alcohols. However, the lone pairs 
of electrons on the oxygen atom can form a 
hydrogen bond with an H atom in a water 
molecule and so lower ketones (and also 
aldehydes) are generally soluble in water. 

‘The names of ketones (and aldehydes) are 
formed by the number of C atoms in the longest 
chain, and include the C atom in the carbonyl 
group. 


Acetone CH,COCH, is 
‘widely used as a relatively 
non-toxic solvent for various 
‘carbon compounds (2.9. 
paint, plastics, nail varnish, 
supergiue, etc). It also has 
the useful property of being 
soluble in water and is 
‘commonly used as a drying 
agent for glassware in 
‘chemistry laboratories. It is, 
very volatile and dries 
without leaving a residue. 


Another comman katone 
used as a solvent for paints, 
varnish and gums is 2- 
‘butanane, or methyl ethyl 
ketone (MEK), or methyl 
‘acetone, CH,COCH;CHs, a 
flammable clear liquid that is 
soluble in water. It has a 
characteristic sweet odour. 
‘As wall as industrial uses as 
a solvent, itis also used as a 
polystyrene cement in 
plastic model Kis. 


‘Another significant ketone, 
with a eyetic (but not 
aromatic) structure, is 
cyclohexanone (CH,),CO 
Which is used in the "© 
‘manufacture of nylon, 


cyclohexanone 


Ketones have significant 
biochemical functions and 
are produced when body 
fat is used as a source of 
energy when there is a 
shortage of glucose (such 
‘as during fasting) 


41. Carbon Chemistry 155 


11.12 Carboxylic Acids 


Hydrocarbon derivatives that contain both the carbonyl (C=O) and hydroxyl 
(OH) functional groups are called earboxylie acids with the general formula 
RCOOH. When R is an aliphatic residue, the compound is called a fatty 
acid, When R is an aromatic ring, the acid is a benzene ring derivative. 

‘The COOH group is called © Avery common aliphatic 


the earboxyl group. one. pad ie seat ae Wah 
Carboxylic acids can be ‘OH Vinegar. Formic ack (rom 
prepared from the oxidation of Stance 20 et fami frat 


the corresponding alcohol. the found in venom of 
abit ants. Stearic acid is found 
SCH,OH +4MnO; +12H" — COOH ‘in soaps, waxes and plant 
benzoic 
erie 2 oils. Other carboxy 
SHCOOH +4Mn* +11H,0 ea Se Onet catbanyes 
In this reaction CH,OH and coconuts, chocolate, 


H,O produces HCOOH and some carboxylic acids: 
four protons and four electrons, 


: i Fomic | Methanoic_] HCOOH 
Since there is a loss of four 

electrons (compared to two for | Accte | Ethanoic | CH,COOH 

the oxidation of methanol to [Propionic | Propionic [CHsOH.COOH 
methanal, or formaldehyde), [Butyrio | Butanais _| CH2GH.COOH 
formic acid isa more highly "Sjearie | Oata TH, IOCH|COOH 
oxidised compound than decanoic 


formaldehyde 

Similarly, ethanol can be oxidised to form aeetie acid. Acetic acid can also 
be formed from the oxidation of acetaldehyde. Further oxidation of these 
compounds can be obtained via the rather energetic process of combustion, 
in which case the product is CO, and water. 
Carboxylic acids are weak acids and dissociate only slightly, giving H" ions 
in water, and act as proton donors in reactions. ‘The H’ ions come from the 
COOH functional group. Lower carboxylic acids are soluble in water. 

‘A common chemical demonstration reaction involves that between vinegar 
and baking soda to give sodium ethanoate, carbon dioxide and water: 

CHjCOOH + NaHCO, -> 3CH {COONa + CO +7H,0 

‘There is an ionic bond between the CH\COO™ and Na’ ions. By convention, 
the ionic compound is written with the metal ion last. 

Carboxylic acids react with alcohols to form fats and oils (esters). Fatty 
acids are those needed by the body and are obtained from digestion of 
animal and vegetable oils and fats, 
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11.13 Esters 


Carboxylic acids contain the functional group COOH. The H atom can be 
easily given up (proton donor): hence the acid classification, 

Derivatives of carboxylic acids are formed when 
the OH group is replaced by something else, When 
the OH group is replaced by OR, then an ester is 
formed. Esters are generally colourless liquids 
insoluble in water and have the general formula 
RCOOR'. For example, a reaction between methanol 
and acetic acid forms the ester methyl acetate: 

CH,OH +CH,COOH — CH,COOCH, +H,0 _ Note that the methyl group 

is the CH atthe end of the 
° molecule. The “acetate” is, 


A {rom the carboxylic acid 
sheon = 6 Esters are writen wth he 
methyl acetate — cH, functional group frst. 


In this reaction, water is formed from the H atom in the incoming alcohol, 
and the OH group from the carboxylic acid, leaving behind an ester. 


Esters are Methytbairate | Apple GH.GH:CH;COOGH, 
commonly | [etylbubyate | Sravbery | CH,OH.GH.COOGH,F, 
acme Ponty butyrate | Apricot __| GH,GH,CH,COO(CH,),0 


flavourings and 


perfumes due | Pentvacetato | Banana | CH,COO(CH}.CMs 
to their Teoamylacetate | Pear ‘GH,COOGH,CH, CHIC), 
pleasant odour. [ Osyacstate | Orange | OH,COO(CH),CH, 


Most naturally occurring fats and oils ate very large esters made from 
organic acids and alcohols (usually glycerol). When there are no C=C bonds, 
the acid is said to be saturated. When the acid contains C=C bonds, it is 
unsaturated, When an acid has one C=C bond it is monounsaturated, and 
when there is more than one C=C bond, it is referred to as being 
polyunsaturated. These fatty acids form saturated, unsaturated and 
polyunsaturated fats and oils (oils are esters that are liquid at room 
temperature whereas waxes are solid). 

Esters also undergo polymerisation to form common products such as 
polyesters used for clothing and recyclable polyethylene terephthalate 
(PET) drink bottles. An interesting example of an ester is nitroglycerine 
(which is somewhat incorrectly named). 
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11.14 Amides 


Amides are derivatives of carboxylic acids in a similar manner to esters. 
When the OH group is replaced by NH,, then an amide is formed. A special 
class of amides occurs when the OH group is replaced by NHR. Amides can 
be produced by the reaction between ammonia and an ester. 


‘The reaction between methyl acetate “The most notable 
and ammonia produces ethanamide characteristic of amides are 
(acetamide) and methanol: {O.theirmechanical strength 
cH —c and are often used, both in 
" nature and industrially, as, 
CH,COOCH; +N) oatamigg NHe_ stctural items. 
CH,CONH, +CH,OH In nature, amides for the 
= basis of inks between 
In the NHz group, the electrons are amino acids in proteins. 
more strongly drawn towards the more ia ehasbhat exceahica 
electronegative N atoms, leaving the are joined together in long 
H end with a positive charge and so chains to produce 
amides are able to form hydrogen polyamides, the most well 


known of which are nylon 


bonds with each other as they are cone 


attracted to the negatively charged 
lone pairs on neighbouring O atoms 
This confers a relatively high melting 


Lysergic acid diethylamide 
(LSD) is also an amide. 


point for these compounds. Amides Mekenpeite. | HCONH; 
have much the same solubility as | Ethanamide [ CHCONA, 
comparable esters, with lower amides | Propanamide | CH,CH,CONH, 


being soluble in water. 

‘The amide link joins amino acids together in biological processes to form 
proteins. Amino acids are carboxylic acids with an amine group of the form 
H,NCHRCOOH. During polymerisation, water is eliminated between two 
acid groups to be joined together. amide links 


s' 
Ron! 3 
Et 


NH, 


‘amino acid 


dad 


‘amino acids 
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11.15 Amines 


In an alcohol, the R takes the place of one of the H atoms in the water 
molecule to give the general formula ROH. Now consider the molecule 


ammonia NH, 


If one or more H atoms are 
replaced by an alkyl group, 
then the resulting compound is 
called an amine. Primary 
amines RNH, have one RoR 
substitution, secondary amines 
RNH have two, and tertiary 
amines R,N have all three H Ry 
atoms replaced with alkyl 
groups. Aliphatic and aromatic 
structures are found, 


‘Ammonia NH 
Methylamine | CH.NH, 

Ethyiamine__| CH,CH.NA, 
Propylamine | CH,CH,GH.NH, 
Buiyamine | CH,CH.CH.CH.NH: 
‘Raine CHINA, 


Just as in the case of ammonia, amines are 
bases due to the lone electron pair on the N 
atom, Primary and secondary amines can form 
hydrogen bonds with each other and all can 
form hydrogen bonds with water, thus making 
them soluble, the lower gaseous amines being 
very soluble 

Phenylamine, or aniline, is a primary amine 
where an H atom on the ammonia is replaced 
with a benzene ring. This has the interesting 
consequence of the lone pair of electrons on the 
N atom interacting with, and to some extent 
being absorbed into the ring, which in turn 
decreases its solubility and raises its boiling 
point compared to comparable aromatic 
‘compounds. 


Ammonia isa colourless 
{gas with a very sharp 
‘odour. Ammonium 
hhydroxide in household 
cleaning products is a 
solution of ammonia gas in 
water where it slighty 
dissociates into the 
‘ammonium NH* and 
hydroxide OH. ions. 


Many primary aromatic 
‘amines are used as dyes, 


NH, 
Aniline 


‘Amines are important in 
biological functions and are 
produced from the 
‘breakdown of amino acids in 
the body. Amino acids are 
carboxylic acids with an 
amine group of the form 
H:NCHRCOOH. Amines 
serve as neurotranmitters. A 
‘common natural amine is 
histamine which triggers an 
immune response. Anti- 
histamines suppress this 
activity in severe allergic 
reactions, 


Methyiphenethylamine (or 
amphetamine) is a powerful 
drug that modifies the 
‘action of natural 
neurotransmittars in the 
brain 
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11.16 Polymers 


‘The chemical and physical properties of hydrocarbon compounds and 
derivatives depend very much on the size of the molecule, Smaller groups 
such as methyl and ethyl compounds generally have a high solubility, a low 
boiling point. When these small molecular units, collectively called 
monomers, and joined together into long chains, the molecular size can 
increase greatly with the production of a variety of useful substances which 
are called polymers, or plastics. 


For example, in ethylene, the H i 4 ; i H 
bonds may be successively Neen w'oscsoe 
broken and joined to form larger HZ TI i Nu 
ind larger molecules of polyethylene. HO tt 
and larger molecules of polyethyle ana 


‘This process is usually performed with 
the help of a catalyst. The resulting compounds are called addition 
polymers. When other atoms or functional groups are involved, polymers 
of a great variety of properties are possible. 

Another class of polymers are condensation polymers. In these, chains are 
formed by the expulsion of a water molecule from between the monomers to 
be joined. In Nylon, amide links are used to join monomers into large chain 
molecules, 

One of the monomers used to make Nylon 6,6 is adipic (hexanedioic) acicl 

HOOC—CH,—CH,—CH,—CH, COOH 
‘This is used with another monomer, 1,6 diaminehexane: 
HiN—CH,—CH)—CH,—CH,—CH)—CH,—NH 
When these two monomers are chained together, water drops out as shown: 
0H, —cH, nf 
ie 


doc —cH,— 


Soca, +0” 
/ 
=N’ 


During polymerisation, these molecules continue to chain together, expelling 
‘a water molecule each time and forming amide linkages. Kevlar is a similar 
polymer but the amide links join benzene rings together. 
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11.17 Physical and Chemical Properties 


‘Group Boiling point Solubility Notes 
‘Aikanes | Lower compounds are | Domnot form H bonds. | Mainly 
{gases at room temp. | insoluble in water. unreactive 
Boling point increases with other 
as size of molecule compounds. 
‘Akenas | Similar to akenas. ‘Similar to alkenes, Slightly more 
reactive due 
to presence 
of C=C. 
‘Alkynes More reactive 
than alkenes 
due to C=C. 
‘Alcohols | H bonding causes Lower alochols are | OH group 
bolting point to be soluble in water makes the 
higher than comparable | Compounds become | molecules 
alkanes. less water-ike with polar, and 
Increasing size. able fo form 
H bonds 
Ethers ‘Cannot form H bonds | Can form H bonds More reactive 
between themselves so | with water molecules. | than 
lower boiling point than} Lower ethers soluble | comparable 
comparable alcohol in water. alkanes. 


‘Aldehydes | Cannot form H bonds | Lower aldehydes 

with each other and so} soluble in water due to 
generally have a lower | presence of lone pair 
bolting point than ‘lectrons on O atom, 
comparable alcohols. 


Ketones | Similarto aldehydes. | Similar to aldehydes. 
Carboxylic | High bolting point due | Lower acids soluble. | Typically 
acids to H bonding, weak acids. 
Esters Lower baling point due | bond with water 
tolack of sel bonds, | confer solubilty on 
lower esters 
‘Amines | Reasonably high Lower amines soluble. 


boiling point but lower 
than aleohols. 
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22.002 53 ] 06s 6 | 16.14 
24002 afosu [o20sad2 2 | 2567 
26001 50 ]o40s fo.29 |isa9 | soe. 
28 oo126432 1 |oosiodia. 9 [e190 
30 oor042s 5 | oosoa4se. 6 | 103.2 


‘We'll return to this table again in Chapter 3 when the electrical properties of wire are discussed. For 
now, note that as the wire gauge number goes up, the wire's physical diameter goes down. Similarly, as a 
conductor's physical size goes down, its ability to carry current also goes down, and its electrical 
resistance goes up. 


Note Other standards exist throughout the world. Steel-wire manufacturers use a different scale, as their 
interest is more on the tensile strength of the wire, not its electrical properties. 


Note that the AWG is for single-strand copper wire. Equivalent gauges in stranded wire are 
physically a bit larger, although they have the same effective cross-sectional area and can carry the same 
amount of current. 

‘When using wire strippers, keep in mind that your goal is to cut and remove only the nonconductive 
insulation from the wire, leaving the internal conductor intact. Even a small nick can result in a weak 
point in the wire, both electrically and mechanically. 


Practice Makes Perfect 


‘The best way to attain proficiency with a new tool is with practice—lots and lots of practice. This is true 
for working with your hands as well as with that big brain of yours. Ideally, any task worth doing will 
involve at least alittle bit of both manual dexterity and focused brain power. 

Cutting and stripping wires is an excellent example. For your first practice assignment, spend some 
time turning long, beautiful lengths of wire into litle bits of wire with stripped ends. 
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Summary 
Glucose 
CoH i205 
Glycerol 
cH, —0n 
i 
cH —oH 


| 


cH, —OH 


Aerobie metabolism 
Photosynthesis 


NAD* +2H* +2 


Amino acid 
p 
R—CH—C® 
| 
nH, OH 


Base-pairing rules 


AT 
ce phosphate 
base 
Nucleotide suger 
oH 


Anaerobic metabolism —CsH,,0,+2NAD* +4ADP > 


2C\H,O, +2NADH+2H* +4ATP 


CgH,.0, +60, +36ADP+36P > 
6CO, +6H,0+36ATP 

6CO, +12H,0+ energy > 
CgH204 +603 + 6H0 


~ > NADH+H" reduction 
NADH+H* > NAD‘ +2H*+2c~ oxidation 
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12.1 Sugars 


Sugars are part of a larger group of 
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compounds called carbohydrates 


Carbohydrates have the general formula C,,(H,O), and can be thought of as 


hydrated carbon compound: 


Glucose, C,H,,0,, Fructose, an isomer 
an important sugar of glucose, C,Hy,0, 
in biochemistry is an and is a ketone 
aldehyde 


4 
Nw CHOW 
© I 
1 ceo 
—c—on i 
1 —on 
—¢—on 1 
1 = 04 
H#—0—0H 1 
1 —on 
#—c—0H 1 
1 GHOH 
onon 
Hog on 
mae 


A 
aN 


Glucose 


Hee oH 


ae 
pS 


4 


ba 


* Ns io N v 


oton 


vv 


‘These compounds can readily form 
cyclic structures, which are often 
‘more common than the 
structures. 


chain 


Glucose and fructose are examples 
of monosaccharides. Sucrose, or 
table sugar, is a disaccharide and is 
formed by the condensation (with 
the climination of one water 
molecule) of one molecule of 
fructose and one of glucose. The 
reverse reaction, hydrolysis of 
sucrose, splits sucrose into glucose 
and fructose, 


Fructose 


oe, 


bi 


Sucrose 


N 


ba 


mae A - 


i] 
4 


Glucose is the basic fuel for the process of metabolism. Glucose is 
recovered from fats and sugars in the diet and stored as glycogen in the body 
until converted back to glucose for use directly by cells. 
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12.2 Polysaccharides 


Cellulose is a straight-chain polysaccharide (CiHjo0.), consisting of 
thousands of glucose units. It is insoluble in water. The nature of particular 
forms of cellulose in organisms depends mainly upon the chain length of the 


molecule, Hydrogen bonding 
it 4 between parts of the 
wotnon seo ‘molecule impart strength 


tothe structure, 


Se Vay NN 
aN ye Nt Uw 


if 


A du Cellulose A OH 


Starch is similar to cellulose in that it is Cellulose acts as the main 
structural element of plants 


constructed from glucose monosaccharide units, Sutra element of plat 
but has a different orientation of linkage Spec sen ther soulty 
between the glucose elements, with more Woods about 50% 
branching than cellulose. It is generally a colulose. Mammals 


anehing. than ‘cellulose, Ut is generally 2 Generaly ae incapable of 
mixture of glucose polymers of varying lengths, Frecking dawn cellulose to 
the shorter constituents (of molecular weight gucose although cows and 


100) being water soluble, sheep, and other 


: : ‘ ruminants, have the 
Starch typically contains a mixture of linear TANNONS ave 


(soluble) amylose and branched (relatively digestive system that 
insoluble) amylopectin molecules. Complete _periom this function. 


sis gives glue Insects (e.g. termites) can 
hydrolysis gives glucose. Partial hydrolysis Insects (9. termites 


results in various starch sugars called dextrin. 


si Starch s used as an 
Starch is broken down into glucose in the aay sare plese: ts 


body by enzymes, (chiefly amylase, which is a glucose produced by 


constituent of saliva and pancreatic juice) photosynthesis is stored in 


Glycogen is similar to the amylopectin form flantssee 28 ore ott 


of starch in structure and is found in the liver Starch in plants, when 
and muscles of animals as an energy store. It is eaten as food, is an 
synthesised from glucose from digestion by ‘portant source of 
enzymes in the liver where it is stored until 4008 for animate 
released as glucose into the bloodstream as 

needed. 
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12.3 Lipids 


Fats and oils are esters. Esters are derivatives of earboxylie acids where the 
H on the OH group is replaced by R so that the general formula is RCOOR' 
Esters are usually derived from the reaction between acids and alcohols with 


the elimination of a water molecule. Fatin the body acts as a 
Animal and plant fats are storage place for 

triple esters, or triglyeerides, ©] glucose, when he 

of glycerol (glycerin) C,H,0,, con (eseres.are called upon 

Each of the three available OH i back into glycerol and 

groups in glycerol is available CH,—OH fatty acids. The glycerol 

for combination with three in tum is converted into, 


Glycerol glucose by the ver. 
molecules of fatty acid. Fatty (propane 1,2.3 tr) 2008 y he! 


acids typically have from 12 to 
20 carbon atoms. 


Falsin the diet are also 2 
source of linolenic 
CyrH:sOO3H and linolete 
Fats, which are solid at room temperature, are C,jHs,CO.H unsaturated 
made from saturated fatty acids, while oils, tty acids which are 
Which are liquid at room temperature, are gesentlinanimal 
formed mainly from unsaturated fatty acids. they are unable tobe 
Fats and oils from plants and animals typically synthesised by the body 
contain a mixture of different types of esters, dtecty and are required 


é for metabolism into a 
two or three fatty acids attached to a glycerol Pity of othor neds 


molenile, required by various bodkly 
Linolenie acid has the general formula functions 
‘CH,(CH,),CH=CHCH,CH=CH(CH,), COOH Fats also sorve a 


structural ole inthe body 
and is called an omega-6 fatty acid because the by providing heat 

first C=C double bond is on the sixth carbon insulation and a barrier 
‘atom from the (left-hand) end. Linoleie acid is Shock tor organs. 

am omega-3 acid, (Note: normally numbering of 

‘atom positions is from the right) 


CHCH,CH=CHCH.CH=CHCH,CI 


When fats hydrolyse, oF 
react with water, in an 
H(CH,),COOH alkaline solution, glycerol 
Linoleie acids formed along withthe 
metal sat of the 
Fats, along with oils and waxes, are one Carboxylic acid. Such a 
example of a broader group of lipids. reactions caled 
‘Canipaia arbohydrates, lipids generally S@penification, trom 
ompared to carbohydrates, lipids generally $9penifeation fom 
contain a smaller proportion of O atoms. Lipids Npehereps (6.0.9 
are relatively insoluble in water. 
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12.4 Proteins 


Proteins are amino acids joined together by amide (or peptide) links and are 
classified as polyamides. The arrangement, or sequence, of amino acids 
within the protein structure determines the function of the protein. A ty] 


protein may contain 100 or more amino acids. The mechanical structure 
Amino acids with the oof proteins (ie. the 
amine group attached to the —cH—c% Sequence of amino acids 
and hyéragen bonds) has 
same C atom as the COOH [Nag ceetar beens te 
group are called alpha- bats living organisms. Proteins 


amino acids and are the amino acid _‘formthe basis of skin, 
hair, muscle, tendons, 
woe emorene and other tissues inthe 
biochemistry iy 
‘The twenty or so amino acids found in proteins somo proteins are 
differ in the makeup of the R residual. In enzymes and act as 
glycine, Ris just an H_ atom, while in catalysts for chemical 
phenylaniline, R is a ring structure. Te bares 
(On one end of the chain, there is a free NH; Slowiy for use in 
‘group; this is the N terminal. At the other end of organisms. 
the chain, there is a COOH group, the C The secondary structure 
terminal. In between, water molecules have been of proteins is stable 


climinated to leave amino acid units, or residues. wihin narrow 
perature and pk 

R OR OR 
i 1 i t i ranges. When the 


Free err ae) Woe renee WOOO secondary structure of a 
Teed HEF COOH protein is aisrupted, 
HoHOOw HOH either by heat (such as 

A typical polypeptide protein consists of PY COOKIN) oF 
between 100 and S00 or more amino acid gyal, the proteins 
residues, The sequence of amino acids is the said to be denatured and 
primary structure of the molecule. The lng_the physical properties 
chains of proteins themselves have a secondary hnge markedly. 
structure, usually in the form of a helix or 

spiral. Hydrogen bonds between different 

amino acid groups are responsible for this 

structure. Often, there is more than one 

polypeptide chain present and they exist as 

intertwined helixes held together by hydrogen or 

ionic bonds leading to a tertiary structure 

When a protein undergoes complete 
hydrolysis, the amino acids are recovered. 
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12.5 Nucleic Acids 


Carbohydrates, lipids and proteins make up the bulk of living organisms. A 
fourth major class of compounds comprise the nucleic acids DNA and RNA. 
Nucleic acids are long-chain polymers that consist of smaller units, 
nucleotides, joined together. 

In DNA, there are four 
types of nucleotide. 
Each nucleotide 
consists of a S-carbon 
sugar (deoxyribose), 
with an attached phosphate, 
and a nitrogen base. Each type 
is distinguished by the identity 
of the nitrogenous bases, 

In DNA, there are only four bases present. 


phosphate 


DNA bases ° “The NH group on the base 
nooNH, HCD combines withthe OH group on 


N NH the sugar and a H,0 is lost 
cae He 
cH 0 The primary structure of DNA 
N 


is a sequence of nucleotides 


N 
_ 
ge cca er Le bonded together as long chains. 
nt The phosphate group of one 
: Ni nucleotide bonds with the sugar 
a ae of another (losing a molecule of 
He N er in the proce: 
“CT water in the process), 
He 
N 
NTN Be Nv 
" H 
guanine cytosine 
‘Ashorthand 
Nudertde way of writing 
ce these groups is 
Prost to just show the 
0. base covalent bonds 
betwoon the 
sugar groups, and 
leave out the C 
and H atoms, 


on 
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12.6 DNA 


‘The primary structure of DNA is essentially the sequence of bases in the 
nucleotides in the chain. However, DNA does not ordinarily exist as a single 
chain, but is paired with an opposite chain so that the bases are paired and 
held together by hydrogen bonds. 
‘The bases can only 
pair according to 
certain rules: A is 
always paired with T 
by a double hydrogen 
bond. G is always 
paired with C by a 
triple hydrogen bond. 
‘The ladder-like 
structure is further 
characterised by 
being coiled up in a 
spiral, each chain with 
bases pointing inwards 
and bonding with the 
corresponding base on the other ~ the so-called double-helix. The 
nucleotides, identified by their bases, can appeat in any particular order, but 
the sequence on one chain has to be reflected in the other by virtue of the 
base-pairing rules A-T and G- 
Sequences of nucleotides fall into Although there are only four 
functional groups called genes, which in eeeeus Vocay senate h 
tum lic along a single large DNA about 1500 nucleotides in the 
molecule called @ chromosome, In most chain, alowing billions of 
cells, chromosomes occur in duplicated combinations of base 
pairs. When cell division by mitosis Sequences possible na single 
‘occurs, the DNA molecules are replicated 
by rupturing the hydrogen bonds between Cepek ot rose os hacia 
the two chains and then each chain $hq'a single chain steno wath 
forming bonds with new nucleotides the base uracil rathor than 
according to base-pairing rules, When cell thymine. There are different 
division is complete, the two new cells 'YP@8 of RNA; some act as 
messengers, carrying the DNA 
‘each contain paired chromosomes of the femplate to the sie of protein 
ssame genetic Sequence as the parent cell, synthesis (ribosomes) in the 
call, while others transport 
amina acids tothe ribosomes. 
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12.7 Enzymes 


‘The many chemical reactions which take place in an organism to sustain life 
are collectively called metabolism. Typical reactions are condensation and 


hydrolysis reactions: polysaccharides 
5425 Condensation (cellulase, starch) 
fatty acids + o ‘es 
ycerol 
si Hydrolysis 
‘amino acids . proteins 


‘These reactions occur at temperatures of about 37°C under atmospheric 
pressure. The reaction rates would be too slow unless reaction pathways 
were altered by use of eatalysts, Nearly every biological chemical reaction 
involves the use of a specific biological catalyst called an enzyme. 

Enzymes are very large protein molecules of a specific shape. The enzyme 
‘molecule is typically much larger than the molecules actually involved in the 
chemical reaction. The reaction molecule (or molecules in the case of a 
condensation reaction), called the substrate, attaches itself to an active site 


onthe enzyme molecule. gubsirate products 


‘An activated complex Enzyme! 
formed, and the Vl substrate VY | 
reaction proceeds along ‘complex 

a different pathway than 


the laboratory 


When the reaction is complete, the products detach from the enzyme and 
the enzyme is available to catalyse another reaction. 


Enzymes lower the aetivation energy by increasing the collision frequency 
of molecules by virtue of bringing the molecules together spatially in an 
optimum manner, or altering the bond energies involved in the reaction by 
forming temporary bonds on the reacting molecules, and in some cases, 
applying mechanical stress to the reacting molecules to facilitate contact. 

Enzyme inhibitors are used within the organism to control the activity of 
‘enzymes by masking or blocking the active sites on the enzyme to regulate 
reaction rates as a whole. 

‘The importance of enzymes cannot be over-stated. In a living cell, the 
reagents of all the chemical reactions are not stored in isolated bottles and 
mixed when needed as in a laboratory, but exist all together in solution, The 
process of chemical reactions between these mixed reagents is orchestrated 
by the action of enzymes, 
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12.8 ATP 


Organisms need nutrients to stay alive. Nutrients comprise carbohydrates, 
proteins and fats and, in animals, are usually ingested as food. Nutrients 
provide a source of energy, essential amino acids and essential fatty acids, 
Vitamins and other trace elements are also required for the proper 
functioning of enzymes, 
Metabolism is the oxidation of glucose to carbon dioxide, water and energy 
CcH,,0, +60, +36ADP +36P — 6CO, + 6H,0+36ATP. 


‘The energy released by the oxidation process Y 

is stored as chemical potential energy in the Energy stored as 
formation of ATP molecules from ADP Phosphate bonds via he 
molecules. Adenosinediphosphate consists (agenosinadiphosphate) to ATP 


of a molecule of adenine, ribose, and two (adenosinetripnosphate) 
phosphate groups: ADP+P+energy 4 ATP+H 0 
HN ON 


‘adenine 
OH OH phosphates 
When energy is used to bind a third phosphate group to the end of the 
molecule, adenosinetriphosphate is formed. This is an endothermic process 
and is called phosphorylation. The energy used to create ATP is stored in 
the phosphate bond, Energy-rich ATP molecules are then hydrolysed to 
release their energy when used directly in other biological processes such as 
muscle action, protein synthesis and nerve impulse transmission. 


Another important molecule involved in metabolism is the co-enzyme 
NAD (nicotinamide adenine dinucleotide phosphate), NAD takes part in 
oxidation-reduction reactions in metabolism by losing and accepting 
electrons ultimately necessary for conversion of ADP to ATP. The redox 
reactions are 


Reduction can occur by 
NAD* +2H*+2e” > NADH+H* reduction adding hydrogen 


‘¢ eee ek (Oxidation can occur by 
NADH+H* — NAD* +2H*+2e~ oxidation removing hydragen. 

When NAD" is reduced, it stores energy by storing an excited electron in the 
form of NADH and a H" ion. When NADH+H" is oxidised, it releases 
energy, usually to form A'TP from ADP. 
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12.9 Anaerobic Metabolism 


Anabolie processes build up low-energy reactants into high-energy products. 
Photosynthesis in plants is an anabolic process. Catabolie processes break 
down high 
doing so. This energy is transferred to ATP. 

Anaerobic metabolism involves two steps: (i) the breakdown of glucose 
from a carbohydrate into pyruvic acid 


C,H,,0, +2NAD* +4ADP— 2C,H,0, +2NADH+2H* +4ATP. 


ergy reactants to low-energy products, releasing energy in 


and (ii) the fermentation of pyruvie acid into either CO, and ethanol, or 
lactic acid, The ultimate aim is to produce ATTP from ADP. 


iycoiyticpathwa 
ee " .2.g. glucose, from a carbohydrate 


oy 
ante» 2anp | Energy is absorbed in 
this preparatory step 
& 
3 PGAL (phosoglyceraldehyde) 
& J 
Energy is released 
ADP -» 4ATP 
2NAD* + 2NADH#2H" and stored in ATP 
No O, present . 
& if, present 
q (2) of aerobic 
2 metabolism 
5 CO, + ethano! (plants) 
Lactic acid (animals) (1) of aerobic 
metabalism 


Net 2 ATP gained 


Anaerobic metabolism occurs in all cells. It does result in a particularly 
high yield of ATP since the products, ethanol, lactic acid and pyruvic acid, 
still contain a substantial portion of the original energy from the glucose. 
While anaerobic metabolism can provide ATP for energy use (in muscles) 
when O, is in short supply, or none at all, it also provides a source of 
pyruvie acid for use in aerobic respiration. 


(CHAPTER 2 = BUILDING YOUR TOOL CHEST 


CUTTING AND STRIPPING WIRE 


For this exercise, you're going to need the following: 
© Wire cutters 
Wire strippers 
© Much wire 
‘* Acomfortable, well-lit location 


Cut the Wire into Segments 


Don't watch TV or be otherwise distracted. Pay attention to what you are doing, 


Begin by cutting the wire into various-sized segments from 2" to 6” in length. Accuracy in length is not 
critical at this point. You need to get a good feel for your wire cutters and how much force is needed to cut 
the wire, without cutting yourself or others. 


Collect the cut wire segments into a bow! or small container for the next step. 
Strip the Wire Segments 


Using your wire strippers, remove about 1/4" (6 mm) of insulation from both ends of each wire. Try not to 
‘cut or nick the wire core. The insulation that you remove can either be discarded or collected for use in 
some sort of art or craft project. 


Once you've completed the cutting and stripping portion ofthis exercise, sort the wires according to their 
length, or their color if you used different colors of wire. Compare the quality and consistency of your work 
by looking atthe first few wires and the last ones you did. Do you see any improvements in your work? 


Ifyou spend about an hour working on your wire-cutting and wire-strpping technique, you will perhaps 
master a skill that wil prove useful forthe rest of your life, as well as prepare a big pile of wires that you 
‘can use in many of the sample projects illustrated in this book. 


Pliers and Tweezers 


Every day, the size of the “typical” electronic component gets smaller and smaller. This miniaturization 
process has brought about a world where you can carry a phenomenally powerful computer in your 
pocket, and sometimes even make phone calls with it. The individual transistors, resistors, capacitors, 
and other components inside such modern marvels are literally microscopic in size. You need a fairly 
powerful microscope to be able to see them at all 

In your typical home electronics lab, and even in many professional labs, you will not be dealing 
with these tiny things, except as large clumps all tied together inside a chip or other framework. Still, the 
typical components you will use are often a bit too small for all but the tiniest of fingers. That's where 
pliers and tweezers come into play. They are an extension of your own hands and fingers, incre: 
your precision and allowing you to perform delicate tasks with tiny parts. 


29 
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12.10 Aerobic Metabolism 


Aerobie metabolism, or respiration, is the process by which glycerol is 
oxidised with the production of ATP molecules from ADP molecules in the 
presence of molecular oxygen: 


g(o 2NADH+2H* +0, > 2NAD* +2H,0 +46 ATP 
i: Coenzyme A & 
@ | (@) 2¢, +2CoA +2NAD* — 2AcetyICoA+2NADH +2H* +2CO, 
£ XS Pywvic 

acid 


(2) 2INADH+2H* +0, > 2NAD* +2H,0 
+36ATP 
(4) 2AcetyICoA+ Krebs eyele—> CO, +H,0 +32 aTP 

(1) The NADH from glycolysis is oxidised, by SI. 
the addition of O,, to produce six ATP. 

(2) Pyruvie acid C; is oxidised to an activated form of 
acetic acid C,, NAD‘ is reduced to NADH+H 

3) NADH+H" from (2) is oxidised by O,, to form six ATP. 

(4) AcetylCoA enters the Krebs eyele (or citric aeld eyele). This consists 
of multiple reactions, the net effect of which is to form two molecules 
of ATP plus energy-tich NADH. 

During the Krebs cycle, six molecules of NADH+H’ and two molecules of 
a related compound, FADH, are formed. ‘These electron-carrier molecules 
are energy-tich and can be further oxidised as in (1) and (3) which require 
(., The net result of (4) is the production of twenty two ATP molecules 
Anaerobic metabolism produces two molecules of ATP, which added to the 
thirty four ATP molecules fom aerobic metabolism makes thirty six 
molecules of ATP from the complete oxidation of one molecule of glucose. 
Fats and proteins 


tre also sources of FASTPGNCII—PFaty Protein Amino ais 
ATP, by virtue of + i + 
their’ breakdown PGAL Pyruvie 
: Acetyl acid 
into componsate oe 

which can be to + + 
inserted into aiyeniic 4M oy © 
glycolytic and pathway 19 (4)of otic 


aerobic pathways. pathway 
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12.11 Cyclic Photophosphorylation 


Ultimately, the energy contained within glucose used in animal metabolism 
comes from photosynthesis in plants. ‘The overall reaction in plants, for the 


production of glucose, is Note that O2is a 
light product ofthis, 
1 reaction. 


6CO, +12H30+ Energy CgHy:04 +602 +6H,0 


Chlorophyll is the unique ingredient of plants that captures photons to 
promote an electron of low energy into an excited state. ‘The excited electron 
is passed from one transfer molecule to another, losing energy at each step, 
until it returns to a chlorophyll molecule in an unexcited state. At each step, 
the energy lost is used to convert ADP to ATP: 


ADP+P+Energy € ATP+H30 — pecaue electrons are 
As the excited electron is passed from donated by chiorophyi 
molecule to molecule, some of the energy is SS ie 
used to create ATP. The process is not 100% acceptance in alow: 
efficient energy state, this 


synthesis of ATP is 


ot! Caled eyetie 


20» phatophosphorylation 
Pa The ATP, essentially 
Nene created fom ADP by the 
E=W nergy of sunight, 
on Utimatly used to create 
= 4} era} ADP ATP highsnergy glucose 
Ad (wei stored inthe 


plant as starch) from 


Cchiorophy™~ ~ on low-energy CO,. Animals 


My eat the plants and 
: elec wie convert starch into 
PQ, Cyt and PC are electron cai cea ee 
molecules that undergo reduction (when they feast il 
accept the electron) and oxidation (when they their own metabolic 
donate the electron), processes. 


In this mode of photophosphorylation, electrons are transported around in a 
cycle; no oxygen or NADH +H" is produced. 
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12.12 Non-Cyclic Photophosphorylation 


Another way of producing ATP used by plants has a beginning similar to 
cyclic photophosphorylation, but employs a more complicated path for 


extraction of energy from excited electrons. Thi non-cyclic 
photophosphorylation is used by modern green plants: 

4e, 09 

ae 
ale at ee 
ea rc 
2NAD* +4H* +4e° — 2NADH+2H* 
Chlorophyll f° Chlorophyll 2H,0 + 4H* +0, +4e 

‘The production of ATP and NADH+H 
involves two light reactions. Electron d Icy in One Note that O, is a 
chlorophyll is balanced by different electrons from those —_ product of this 
from the water dissociation. reaction 


Additional reactions take place in which the energy obtained from the light 
reactions is converted into carbohydrates for storage. That is, CO, is reduced, 
and (if the energy is coming from NADH+H") the NDAH+H" is oxidised 
with the net result being glucose. These are known as dark reactions since 


no light is required. 
ee ‘The resulting glucose is used in 


agers metabolism by the plant cells 

iii for making cellulose/starch 

oe (trunks and branches, ete) and 

3 4; eyes aie other sugars (such as in fruit), 

Ey oan ‘which may in tum be eaten by 

t (2c, +P) animals from which the glucose 

£ GNADHs6H"—>6NAD* is recovered and used in animal 
8 epGAL metabolism. 


SPGAL —TPGAL—P C,H,,0, (glucose) 
stored as starch 
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12.13 Metabolism 


Summary: Food Ar 


Sian Catalan >) 
eating Seite 
{ 4 4 
oie Caicaia, ema raty sd Gags 
‘tami opens 
Proteins ‘compounds in small 
tis ikl 
are toto 
ae Saas 
v minerals are required 
ie Deanna 


‘enzymes, muscle 
action, bones, teeth, 
haemoglobin, etc. 


ATP is used to provide the energy source for conversion of amino acids 
into proteins required by the body for the production of skin, hair, cells, 
es, signalling, anaerobic respiration, as well as for 
energising DNA replication. It also provides energy for muscle action, 
vision, brain activity, and nearly all biological energy transformations, 
Glycogen and fats can be stored in the body and sent back into the 
metabolism pathway as glucose and glycerol for oxidation into CO, and 
energy when there is no food being digested. 
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‘The present invention relates to a method and apparatus 
for operating an engine having a cylinder and a piston 
reciprocable therein on compressed gas. The apparatus 
comprises a source of compressed gas connected to a 
distributor which distributes the compressed gas to the 
cylinder. A valve is provided to selectively admit com- 
pressed gas to the cylinder when the piston is in an 
approximately top dead center position. In one embodi- 
ment of the present invention the timing of the opening 
of the valve is advanced such that the compressed gas is 
admitted to the cylinder progressively further before 
the top dead center position of the piston as the speed of 
the engine increases. In a further embodiment of the 
present invention a valve actuator is provided which 
increases the length of time over which the valve re- 
‘mains open to admit compressed gas to the cylinder as 
the speed of the engine increases. A still further embodi- 
ment of the present invention relates to an apparatus for 
‘adapting a conventional internal combustion engine for 
‘operation on compressed gas. 


22 Claims, 8 Drawing Figures 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


‘There are several types of pliers and tweezers that you may use on a daily basis in your lab, See 
Figure 2-4, 


Figure 2-4, Pliers and tweezers aid in working with small parts. On the left isa pair of needle-nosed pliers 
with cushioned grips and leaf springs. In the center isa pair of slip-joint pliers that can be adjusted to 
accommodate two different ranges of gripping action. On the right is a pair of needle-sharp tweezers, 
which can be used to pick up and place even the tiniest of electronic components—if your hand is steady 
enough! 


Screwdrivers, Nut Drivers, Wrenches, and Ratchets 


Alot of electrical connections can be made using only a screwdriver. Figure 2-5 shows an electrical 
‘connection using a barrier strip. A specialized connector is crimped onto the end of the wire and held in 
place witha screw. A variety of ctimp-on connectors are available and should be installed using the 
appropriate tool, as indicated by the connector's manufacturer. Just smashing the connector onto the 
wire with some pliers is not recommended. 
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METHOD AND APPARATUS FOR OPERATING 
‘AN ENGINE ON COMPRESSED GaS 


BACKGROUND AND SUMMARY OF THE 
PRESENT INVENTION 


The present invention relates to a method and appara- 
tus for operating an engine using a compressed gas as 
the motive fluid. More particularly, the present inven- 
tion relates to a apparatus for adapting a pre-existing 
internal combustion engine for operation on a com- 
pressed gas. 

‘Air pollution is one of the most serious problems 
facing the world today. One of the major contributors 
to air pollution is ordinary internal combustion engine 
which are used in most motor vehicles today. Various 
devices, including many items mandated by legislation, 
have been proposed in an attempt to limit the pollutants 
‘which an internal combustion engine exhausts to the air. 
However, most of these devices have met with limited 
success and are often both prohibitively expensive and 
complex. A clean alternative to the internal combustion 
tengine is needed to power vehicles and other machin- 
ery. 

‘A compressed gas, preferably air, would provide an 
ideal motive fluid for a engine since it would eliminate 
the usual pollutants exhausted from an internal combus- 
tion engine. An apparatus for converting an internal 
combustion engine for operation on compressed air is 
disclosed in U.S. Pat. No. 3,885,387 issued May 27, 1975, 
to Simington, The Simington patent discloses an appa- 
ralus including a source of compressed air and a rotat- 
ing valve actuator which opens and closes a plurality of 
mechanical poppet valves. The valves deliver com- 
pressed air in timed sequence (0 the cylinders of an 
engine through adapters located in the spark plug holes. 
However, the output speed of an engine of this type is 
limited by the speed of the mechanical valves and the 
fact that the length of time over which each of the 
vvalves remains open cannot be varied as the speed of the 
‘engine increases. 

‘Another apparatus for converting an internal com- 
bustion engine for operation on steam or compressed air 
ig disclosed in U.S. Pat. No. 4,102,130 issued July 25, 
1978 to Stricklin. The Stricklin patent discloses a device 
which changes the valve timing of a conventional four 
stroke engine such that the intake and exhaust valves 
open once for every revolution of the engine instead of 
once every other revolution of the engine. A reversing 
valve is provided which delivers live steam or com- 
pressed air to the intake valves and is subsequently 
reversed to allow the exhaust valves to deliver the ex- 
panded steam or air to the atmosphere. A reversing 
valve of this type however does not provide a reliable 
apparatus for varying the amount of motive fluid in- 
jected into the cylinders when itis desired to increase 
the speed of the engine. Further, a device of the type 
disclosed in the Stricklin patent requires the use of mul- 
tiple reversing valves if the cylinders in a multi-cylinder 
‘engine were to be fired sequentially. 

Therefore, it is an object of the present invention to 
provide a reliable method and apparatus for operating, 
fan engine or converting an engine for operation with a 
‘compressed gas. 

‘A further object of the present invention is to provide 
‘4 method and apparatus Which is effective to deliver a 
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2 
constantly increasing amount of compressed gas to an 
engine as the speed of the engine increases. 

‘A still further object of the present invention is to 
provide a method and apparatus which will operate an 
engine using compressed gas at a speed sufficient to 
drive a conventional automobile at highway speeds. 

It is still a further object of the present invention to 
provide a method and apparatus which is readily adapt- 
able to a standard internal combustion engine to convert 
the internal combustion engine for operation with a 
compressed gas. 

‘Another object of the invention is to provide a 
‘method and apparatus which utilizes cool expanded gas, 
exhausted from a compressed gas engine, to operate an 
air conditioning unit and/or an oil cooler. 

“These and other objects are realized by a method and 
apparatus according to the present invention for operat- 
ing an engine having at least one cylinder and a recip- 
ticating piston therein using compressed gas as a motive 
fluid, The apparatus includes a source of compressed 
gas and a distributor connected with the source of the 
‘compressed gas for distributing the compressed gas 10 
the at least one cylinder. A valve is provided for admit- 
ting the compressed gas to the cylinder when the piston 
is in approximately a top dead center position within the 
cylinder. An exhaust is provided for exhausting the 
expanded gas from the cylinder as the piston returns to 
approximately the top dead center position. 

Ina preferred embodiment of the present invention a 
device is provided for varying the duration of each 
engine cycle over which the valve remains open 10 
‘admit compressed gas to the cylinder dependent upon 
the speed of the engine. In a further preferred embodi- 
‘ment of the present invention, an apparatus for advanc- 
‘ng the timing of the opening of the valve is arranged to 
admit the compressed gas to the cylinder progressively 
further before the top dead center position of the piston 
as the speed of the engine increases. 

Further features of the present invention include a 
valve for controlling the amount of compressed gas, 
admitted to the distributor. Also, a portion of the gas 
Which has been expanded in the cylinder and exhausted 
through the exhaust valve is delivered to a compressor 
to be recompressed and returned to the source of com- 
pressed gas. A gear train is selectively engagable to 
Grive the compressor at different operating speed de~ 
pending upon the pressure maintained at the source of 
eompressed air and/or the speed of the engine. Still 
further, a second portion of the exhaust gas is used to 
‘cool a lubricating fluid for the engine or to operate an 
air conditioning unit. 

Ina preferred embodiment of the present invention, 
the valve for admitting compressed gas to the cylinder 
is electrically actuated. The device for varying the du: 
ration of each engine cycle over which the intake valve 
remains open as the speed of the engine increase com- 
prises a rotating clement whose effective length in- 
creases as the speed of the engine increases such that a 
first contact on the rotating clement is electrically con- 
nected to a second contact for a longer period of each 
‘engine cycle. The second contact actuates the valve 
‘whereby the valve remains in an open position for a 
longer period of each engine cycle as the speed of the 
‘engine increases. 

Still further features of the present invention include 
‘an adaptor plate for supporting the distributor above an 
intake manifold of a conventional internal combustion 
‘engine after a carburetor has been removed to allow air 
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to enter the cylinders of the engine through the intake 
manifold and conventional intake valves. Another adap- 
tor plate is arranged over an exhaust passageway of the 
internal combustion engine to reduce the cross-sectional 
area of the exhaust passageway. 3 


BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of a method and apparatus 
for operating an engine according to the present inven- 
tion will be described with reference to the accompany- 
ing drawings wherein like members bear like reference 
numerals and wherein: 

FIG. 1 is a schematic representation of an apparatus 
according to the present invention arranged on an en- 
gine; 

FIG. 2 is a side view of one embodiment of a valve 
actuator according to the present invention; 

FIG. 3 is a cross-sectional view taken along the line 
3-3 in FIG. 2; 

FIG. 4 is a cross-sectional view of a second embodi- 
ment of a valve actuator according to the present inven- 
tion; 

FIG. $ is a view taken along the line SS in FIG. 4; 

FIG. 6 is a cross-sectional view of a third embodi- 
ment of a valve actuator according to the present inven- 
tion; 

FIG. 7 is a view taken along the line 7—7 in FIG. 6; 

FIG. 8 is a cross-sectional view of a gearing unit to 
drive a compressor according to the present invention. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 


With reference to FIG. 1, an engine block 21 (shown 
in phantom) having two banks of cylinders with each 
bank including cylinders 20 having pistons 22 recipro- 
cable therein (only one of which is shown in phantom) 
ina conventional manner. While the illustrated engine is 
a V-8 engine, it will be apparent that the present inven- 
tion is applicable to an engine having any number of 
pistons and cylinders with the V-8 engine being utilized 
for illustration purposes only. A compressed gas tank 23 
is provided to store a compressed gas at high pressure. 

It may also be desirable to include a small electric or gas 
‘compressor to provide compressed gas to supplement 
the compressed gas held in the tank 23. In a preferred 
embodiment, the compressed gas is air which can be 
obtained from any suitable source. 

A line 25 transports the gas withdrawn from the tank 
23 when a conventional shut off valve 27 is open. In 
‘addition, a solenoid valve 29 preferably operated by a 
suitable key operated switch (not shown) for the engine 
is also arranged in the line 25. In normal operation, the 
valve 27 is maintained open at all times with the sole- 
noid valve 29 operating as a selective shut off valve to 
start and stop the engine 21 of the present invention. 

‘A suitable regulating valve 31 is arranged down- 
stream from the solenoid valve 29 and is connected by 
4 linkage 33 to a throttle linkage 35 which is operator 
actuated by any suitable apparatus such as a foot pedat 
(not shown). The line 25 enters an end of a distributor 
33 and is connected to an end of a pipe 35 which is 
closed at the other end. A plurality of holes, which are 
equal to the number of cylinders in the engine 21, are 
provided on either side of the pipe 35 along the length 
Of the pipe 35. 

‘When the present invention is used to adapt a conven: 
tional internal combustion engine for operation on com- 
pressed gas, an adaptor plate 36 is provided to support 
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the distributor 33 in spaced relation from the usual in- 
take opening in the intake manifold of the engine after a 
conventional carburetor has been removed. In this way, 
air is permitted to enter the internal combustion engine 
through the usual passageways and to be admitted to 
the cylinders through suitable intake valves (not 
shown). The adaptor plate 36 is secured to the engine 
block 21 and the distributor 33 by any suitable appara- 
tus, eg. bolts. 

Each of the holes in the pipe 35 is connected in fluid- 
tight manner to a single line 37. Each line 37 carries the 
‘compressed gas to a single cylinder 20. In a preferred 
‘embodiment, each of the lines 37 is } inch high pressure 
plastic tubing attached through suitable connectors to 
the distributor 33 and the pipe 35. Each of the lines 37 
is connected to a valve 39 which is secured in an open- 
ing provided near the top of each of the cylinders 20. In 
the case of a conversion of a standard internal combus- 
tion engine, the valves 39 can be conveniently screwed 
into a tapped hole in the cylinder 20 typically provided 
for a spark plug of the internal combustion engine. In a 
preferred embodiment, the valves 39 are solenoid actu- 
ated valves in order to provide a fast and reliable open- 
ing and closing of the valves 39. 

Each of the valves 39 is energized by a valve actuator 
41 through one of a plurality of wires 43. The valve 
actuator 41 is driven by a shaft of the engine similar to 
the drive for a conventional distributor of an internal 
combustion engine. That is, a shaft 55 of the valve actu- 
ator 41 is driven in synchronism with the engine 21 at 
one half the speed of the engine 24. 

‘A first embodiment of the valve actuator 41 (FIGS. 2 
and 3) receives electrical power through a wire 45 
which is energized in a suitable manner by a battery, 
and a coil if necessary (not shown) as is conventional in 
‘an internal combustion engine. The wire 45 is attached 
to a central post 47 by a nut 49. The post 47 is connected 
to a conducting plate 51 arranged within 2 housing 53 
for the valve actuator 41, Within the housing 53, the 
shaft §5 has an insulating element 57 secured to an end 
of the shaft 58 for co-rotation therewith when the shaft 
835 is driven by the engine 21. A first end of a flexible 
contact 59 is continuously biased against the conducting 
plate 51 to receive electricity from the battery or an- 
Other suitable source. A second end of the contact 59 is 
connected to a conducting sleeve 60 which is in con- 
stant contact with a spring biased contact 62 which is 
arranged within the sleeve 60. The contact 61 is biased 
by a spring 63 which urges the contact 61 towards a side 
wall of the housing 53. 

With reference to FIG. 3, a plurality of contacts 65 
are spaced from one another and are arranged around 
the periphery of the housing $3 at the same level as the 
spring biased contact 61. Each contact 68 is electrically 
connected (0 a post 67 which extends outside of the 
housing $3. The number of contacts 65 is equal to the 
number of eylinders in the engine 21. One of the wires 
43, which actuate the valves 39, is secured to each of the 
posts 67. 

In operation, as the shaft 5 rotates in synchronism 
‘with the engine 21, the insulating element $7 rotates and 
electricity is ultimately delivered to successive ones of 
the contacts 65 and wires 43 through the spring biased 
contact 61 and the flexible contact §9. In this way, each 
Of the electrical valves 39 is actuated and opened in the 
proper timed sequence to admit compressed gas to each 
Of the cylinders 20 to drive the pistons 22 therein on a 
downward stroke. 
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The embodiment illustrated in FIGS. 2 and 3 is effec- 
tive to actuate each of the valves 39 to remain open for 
‘a long enough period of time to admit sufficient com- 
pressed gas to each of the cylinders 20 of the engine 21 
fo drive the engine 21. The length of each of the 
contacts 65 around the periphery of the housing $3 is 
sufficient to permit the speed of the engine to be in- 
creased when desired by the operator by moving the 
throttle linkage 35 which actuates the linkage 33 to 
further open the regulating valve 31 to admit more 
compressed gas from the tank 23 to the distributor 33. 
However, it has been found that the amount of air ad- 
mitted by the valves 39 when using the first embodi- 
ment of the valve actuator 41 (FIGS. 2 and 3) is substan- 
tially more than required to operate the engine 21 at an 
idling speed. Therefore, it may be desirable to provide a 
valve actuator 41 which is capable of varying the dura- 
tion of each engine cycle over which the solenoid 
valves 39 are actuated, i.c., remain open to admit com- 
pressed gas, as the speed of the engine 21 is varied. 

‘A second embodiment of a valve actuator $1 which is 
capable of varying the duration of each engine cycle 
over which each of the valves 39 remains open to admit 
compressed gas to the cylinders 20 dependent upon the 
speed of the engine 21 will be described with reference 
to FIGS. 4 and 5 wherein members corresponding to 
those of FIGS. 2 and 3 bear like reference numerals. 
‘The wire 45 from the electrical source is secured to the 
post 47 by the nut 49. The post 47 has a annular contact 
ring 69 electrically connected to an end of the post 47 
and arranged within the housing 83. The shaft $5 rotates 
at one half the speed of the engine as in the embodiment 
of FIGS, 2 and 3. 

At an upper end of the shaft 85, a splined section 71 
slidably receives an insulating member 73. The splined 
section 71 of the shaft $5 positively holds the insulating 
member 73 for co-rotation therewith but permits the 
insulating member 73 to slide axially along the length of, 
the splined section 71. Near the shaft $5, a conductive 
sleeve 72 is arranged in a bore 81 in an upper surface of 
the insulating clement 73 generally parallel to the 
splined section 71. A contact 75, biased towards the 
annular contact ring 69 by a spring 77, is arranged 
within the conductive sleeve 72 in contact therewith. 
The conductive sleeve 72 also contacts a conductor 79 
at a base of the bore 81 

The conductor 79 extends to the upper surface of the 
insulating element 73 near an outer periphery of the 
insulating element 73 where the conductor 79 is electri- 
cally connected to 2 flexible contact 83. The flexible 
contact 3 selectively engages a plurality of radial 
ccontaets 8§ arranged on an upper inside surface of the 
housing 53. A_weak spring 87 arranged around the 
splined section 71 engages a stop member 89 secured on 
the shaft 58 and the insulating clement 73 to slightly bias 
the insulating element 73 towards the upper inside sur- 
face of the housing 53 to ensure contact between the 
flexible contact 83 and the upper inside surface of the 
housing 53. As best seen in FIG. §, the radial contacts 
85 on the upper inside surface of the housing 83 are 
arranged generally in the form of radial spokes extend- 
ing from the center of the housing 53 with the number 
of contacts being equal to the number of cylinders 20 in 
the engine 21. The number of degrees covered by each 
of the radial contacts 85 gradually increases as the dis- 
tance from the center of the upper inside surface of the 
housing $3 increases 
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In operation of the device of FIGS. 4 and 5, as the 
shaft $8 rotates, electricity flows along a path through 
the wire 45 down through post 47 to the annular contact 
member 69 which is in constant contact with the spring 
biased contact 75. The electrical current passes through 
the conductive sleeve 72 to the conductor 79 and then 
to “the flexible contact 83. As the flexible contact 83 
rotates along with the insulating member 73 and the 
shaft $5, the tip of the flexible contact 83 successively 
‘engages each of the radial contacts 85 on the upper 
inside of the housing 53. As the speed of the shaft 55 
increases, the insulating member 73 and the flexible 
‘contact 83 attached thereto move upwardly along the 
splined section 71 of the shaft 55 due to the radial com- 
ponent of the splines in the direction of rotation under 
the influence of centrifugal force. As the insulating 
member 73 moves upwardly, the flexible contact 83 is 
‘bent such that the tip of the contact 83 extends further 
radially outwardly from the center of the housing 83 (as 
seen in phantom lines in FIG. 4). In other words, the 
effective length of the flexible contact 83 increases as 
the speed of the engine 21 increases. 

‘AS the flexible contact 83 is bent and the tip of the 
contact 83 moves outwardly, the tip remains in contact 
‘with each of the radial contacts 85 for a longer period of 
‘each engine cycle due to the increased angular width of 
the radial contacts with increasing distance from the 
‘center of the housing 3. In this way, the length of time 
‘over which each of the valves 39 remains open is in 
‘creased as the speed of the engine is increased. Thus, a 
larger quantity of compressed gas or air is injected into 
the cylinders as the speed increases. Conversely, as the 
speed decreases and the insulating member 73 moves 
downwardly along the splined section 71, 2 minimum 
quantity of air is injected into the cylinder due to the 
shorter length of the individual radial contact 85 which 
js in contact with the flexible contact 83. In this way, 
the amount of compressed gas that is used during idling 
of the engine 21 is at a minimum whereas the amount of 
compressed gas which is required to increase the speed. 
of the engine 21 to a level suitable to drive a vehicle on 
a highway is readily available. 

With reference to FIGS. 6 and 7, a third embodiment 
of a valve actuator 41 according to the present inven- 
tion includes an arcuate insulating element 91 having a 
first end pivotally secured by any suitable device such 
as screw 92 to the shaft 58 for co-rotation with the shaft 
55. The screw 92 is screwed into a tapped hole in the 
insulating element 91 such that a tab 94 at an end of the 
screw 92 engages a groove 96 provided in the shaft 58. 
In this way, the insulating element 91 positively rotates 
with the shaft 55. However, as the shaft 55 rotates 
faster, a second end 98 of the insulating clement 91 is 
permitted to pivot outwardly under the influence of 
centrifugal force because of the groove 96 provided in 
the shaft 55. A spring 93 connected between the second, 
end 98 of the element 91 and the shaft 55 urges the 
second end of the element 91 towards the center of the 
housing 53. 

‘A contact 99 similar to the contact 59 (FIG. 2) is 
arranged such that one end of the contact 99 is in con- 
stant contact with the conducting plate 51 located cen- 
trally within the housing $3, The other end of the 
contact 99 engages a conductive sleeve 101 arranged in 
bore 102. A contact element 95 is arranged in the con- 
ductive sleeve 101 in constant contact with the sleeve 
101. The bore 102 is arranged generally parallel to the 
shaft $5 near the second end of the arcuate insulating 
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clement 91. The contact 95 is biased by a spring 97 
towards the upper inside surface of the housing 53 for 
selective contact with each of the plurality of radial 
contacts 85 which increase in arc length towards the 
outer peripheral surface of the housing 83 (FIG. 6). 

In operation of the device of FIGS. 6 and 7, as the 
shaft 58 rotates the arcuate insulating element 91 rotates 
with the shaft 55 and the second end 98 of the insulating 
element 91 tends to pivot about the shaft $$ due to 
centrifugal force. Thus, as the effective length of the 
contact 95 increases, ie., as the arcuate insulating cle- 
ment 91 pivots further outwardly, the number of de- 
{grees of rotation over which the contact 95 is in contact, 
with each of the radial contacts 85 on the upper inside 
surface of the housing 53 increases thereby permitting 
‘each of the valves 39 to remain open for a longer period 
of each engine cycle to admit more compressed gas 10 
the respective cylinder 20 to further increase the speed 
of the engine 21. 

With reference to FIG. 1, a mechanical advance link- 
age 104 which is connected to the throttle linkage 35, 
advances the initiation of the opening of each valve 39 
such that compressed gas is injected into the respective 
cylinder further before the piston 22 in the respective 
cylinder 20 reaches a top dead center position as the 
speed of the engine is increased by moving the throttle 
linkage 35. The advance linkage 104 is similar to a con- 
ventional standard mechanical advance employed on an 
internal combustion engine. In other words, the linkage 
104 varies the relationship between the angular posi- 
tions of a point on the shaft $8 and a point on the hous- 
ing 83 containing the contacts. Alternatively, a conven- 
tional vacuum advance could also be employed. By 
advancing the timing of the opening of the valves 39, 
the speed of the engine can more easily be increased. 

‘The operation of the engine cycle according to the 
present invention will now be described. The com- 
pressed gas injected into each cylinder of the engine 21 
drives the respective piston 22 downward to drive a 
conventional crankshaft (not shown), The movement of 
the piston downwardly causes the compressed gas to 
expand rapidly and cool. As the piston 22 begins to 
move upwardly in the cylinder 20 a suitable exhaust 
valve (not shown) arranged to close an exhaust passage- 
way is opened by any suitable apparatus. The expanded 
gas is then expelled through the exhaust passageway. As 
the piston 22 again begins to move downwardly a suit: 
able intake valve opens to admit ambient air to the 
cylinder. The intake valve closes and the ambient air is, 
‘compressed on the subsequent upward movement of the 
piston until the piston reaches approximately the top 
‘dead center position at which time the compressed gas 
is again injected into the cylinder 20 to drive the piston 
22 downward and the cycle begins anew. 

In the case of adapting a conventional internal com- 
bustion engine for operation on compressed gas, a plu- 
rality of plates 108 are preferably arranged over an end 
of the exhaust passageways in order to reduce the outlet 
size of the exhaust passageways of the conventional 
internal combustion engine. In the illustrated embodi- 
‘ment, a single plate having an opening in the center is 
bolted to the outside exhaust passageway on each bank 
of the V-8 engine while another single plate having two 
openings therein is arranged with one opening over 
each of the interior exhaust passageways on each bank 
of the V-8 engine. A line 105 is suitably attached to each 
of the adaptor places to carry the exhaust to an appro- 


0 


1s 


«0 


45 


55 


© 


6 


8 
priate location. In a preferred embodiment, the exhaust 
lines 105 are 1)” plastic tubing. 

In a preferred embodiment, the exhaust lines 108 of 
‘one bank of the V-8 engine are collected in a line 107 
land fed to an inlet of a compressor 109. The pressure of 
the exhaust gas emmanating from the engine 21 accord- 
ing to the present invention is approximately 25 p.si. In 
this way, the compressor 109 does not have to pull the 
exhaust into the compressor since the gas exhausted 
from the engine 21 is ata positive pressure. The positive 
pressure of the incoming fluid increases the efficiency 
‘and reduces wear on the compressor 109. The exhaust 
{gas is compressed in the compressor 109 and returned 
through a line 111 and a check valve 113 to the com- 
pressed gas storage tank 23. The check valve 113 pre- 
vents the flow of compressed gas stored in the tank 23, 
back towards the compressor 109. 

‘A suitable pressure sensor 115 is arranged at an upper 
end of the tank 23 and sends a signal along @ line 117 
‘when the pressure exceeds a predetermined level and 
when the pressure drops below a predetermined level. 
The line 117-controls an electrically actuated clutch 119 
disposed at a front end of the compressor 109. The 
clutch 119 is operative to engage and disengage the 
compressor 109 from a drive pulley 121, Also, the signal 
carried by the line 117 actuates @ suitable valve 123 
arranged on a compressor housing 125 to exhaust the air 
entering the compressor housing 125 from the line 107, 
when the clutch 119 has disengaged the compressor 109 
from the drive pully 121. 

In a preferred embodiment, when the pressure is the 
tank 23 reaches approximately 600 p.si., the clutch 119 
is disengaged and the compressor 109 is deactivated and 
the valve 123 is opened to exhaust the expanded gas, 
delivered to the compressor 109 from the line 107 to the 
atmosphere. When the pressure within the tank 23 
drops below approximately 500 p.si., the sensor 115 
sends a signal to engage the clutch 119 and close the 
valve 123, thereby operating the compressor 109 for 
supplying the tank 23 with compressed gas. 

‘The pulley 121 which drives the compressor 109 
through the clutch 149 is driven by a belt 127 which is 
driven by a pulley 129 which operates through a gear 
box 131, With referenée to FIGS. 1 and 8, a second 
pulley 133 on the gear box is driven by a belt 138 from 
& pulley 137 arranged on a drive shaft 139 of the engine 
21. The pulley 137 drives a splined shaft 140 which has 
a first gear 141 and a second larger gear 143 arranged 
thereon for rotation with the splined shaft 140. The 
splined shaft 140 permits axial movement of the gears 
141 and 148 along the shaft 140. 

In normal operation (as seen in FIG. 8), the first gear 
141 engages a third gear 148 arranged on a shaft 147 
which drives the pulley 129, The shafts 140 and 147 are 
arranged in suitable bearings 149 arranged at each end 
thereof. When the speed of the engine 21 drops below a 
predetermined level, a suitable sensor 151 responsive to 
the speed of the drive shaft 139 of the engine 21 gener- 
ates a signal which is transmitted through a line 183 to 
1 solenoid actuator 155 arranged within the gear box 
131. The solenoid actuator 185 moves the first and sec- 
‘ond gears 141, 143 axially along the splined shaft 140 to 
the right as seen in FIG. 8 such that the second, larger 
gear 143 engages a fourth smaller gear 187 which is 
arranged on the shaft 147. The ratio of the second gear 
143 to the fourth gear 187 is preferably approximately 3 
tol 
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In this way, when the speed of the engine 21 drops 
below the predetermined level as sensed by the sensor 
451 (which predetermined level is insufficient to drive 
the compressor 109 at a speed sufficient to generate the 
500-600 pounds of pressure which is preferably in the S 
tank 23), the solenoid actuator 158 is energized to slide 
the gears 143, 141 axially along the splined shaft 140 so 
that the second, larger gear 143 engages the fourth, 
smaller gear 157 to drive the pulley 129 and hence the 
‘compressor 109 at a higher rate of speed to generate the 10 
desired pressure. When the speed of the engine in- 
creases above the predetermined level, in a preferred 
‘embodiment approximately 1500 rpm, the solenoid ac- 
tuator 185 is deactivated by the sensor 151 thereby 
moving the gears 143 and 141 to the left as seen in FIG. 
8 such that the first gear 141 re-engages with the third 
gear 145 to effectuate a 1 to 1 ratio between the output 
shaft 139 of the engine 21 and the pulley 129. 

‘The other bank of the V-8 engine has its exhaust ports 
arranged with adapter plates 103 similar to those on the 20 
first bank. However, the exhaust from this bank of the 
engine 21 is not collected and circulated through the 
compressor 109. In a preferred embodiment, a portion 
of the exhaust is collected in a line 159 and fed to an 
enlarged chamber 161. A second fluid is fed through a 
Tine £63 into the chamber 161 to be cooled by the cool 
‘exhaust emmanating from the engine 21 in the line 159. 
The second fluid in the line 163 may be either transmis- 
sion fluid contained in a transmission associated with 
the engine 21 or a portion of the oil used to lubricate the 30, 
engine 21. A second portion of the exhaust from the 
second bank of the V-8 engine is removed from the line 
159 in a line 168 and used as a working fluid in an air 
conditioning system or for any other suitable use. 

It should be noted that the particular arrangement 35 
utilized for collecting and distributing the gas exhausted 
from the engine 21 would be determined by the use for 
which the engine is employed. In other words, it may be 
advantageous to rearrange the exhaust tubing such that 
a larger or smaller percentage of the exhaust is routed 
through the compressor 109. It should also be noted 
that since the exhaust Hines 105 are plastic tubing, 2 
rearrangement of the lines for a different purpose is 
both simple and inexpensive. 

Tn operation of the engine of the present invention, 
the engine 21 is started by energizing the solenoid valve 
29 and any suitable starting device (not shown), e-g,, 
‘conventional electric starter as used on an internal com- 
bustion engine. Compressed gas from the full tank 23, 
flows through the line 25 and a variable amount of the 
‘compressed gas is admitted to the distributor 33 by 
controlling the regulator valve 31 through the linkage 
133 and the operator actuated throttle linkage 35. The 
‘compressed gas is distributed to each of the lines 37 
which lead to the individual cylinders 20. The com- 
pressed gas is admitted to each of the cylinders 20 
timed relationship to the position of the pistons within 
the cylinders by opening the valves 39 with the valve 
actuator 41 

‘When itis desired to increase the speed of the engine, 
the operator moves the throttle linkage 35 which simul- 
taneously admits # larger quantity of compressed gas to 
the distributor 33 from the tank 23 by further opening. 
the regulator valve 31. The timing of the valve actuator 
41 is also advanced through the linkage 104. Still fur- 
ther, as the speed of the engine 21 increases, the effec 
tive length of the rotating contact 83 (FIG. 4) or 95 
(FIG. 6) increases thereby electrically contacting a 
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wider portion of one of the stationary radial contacts 85 
to cause each of the valves 39 to remain open for a 
longer period of each engine cycle to admit a larger 
quantity of compressed gas to each of the cylinders 20. 

‘As can be scen, the combination of the regulating 
valve 31, the mechanical advance 108, and the valve 
actuator 41, combine to produce a compressed gas en- 
gine which is quickly and efficiently adaptable to vari- 
ous operating speeds. However, all three ofthe controls 
need not be employed simultaneously. For example, the 
mechanical advance 104 could be utilized without the 
benefit of one of the varying valve actuators 41 but the 
high speed operation of the engine may not be as eff 
cient. By increasing the duration of each engine cycle 
over which each of the valves 39 remains open to admit 
compressed gas to each of the cylinders 20 as the speed 
increases, conservation of compressed gas during low 
speed operation and efficient high speed operation are 
both possible. 

‘Affer the compressed gas admitted to the cylinder 20 
has forced the piston 22 downwardly within the cylin- 
der to drive the shaft 139 of the engine, the piston 22 
moves upwardly within the cylinder 20 and forces the 
expanded gas out through a suitable exhaust valve (not 
shown) through the adapter plate 103 (if employed) and 
into the exhaust line 105. The cool exkaust can then be 
collected in any suitable arrangement to be compressed 
and returned to the tank 23 or used for any desired 
purpose including use asa working fluid in an air condi- 
tioning system oF as a coolant for oil. 

‘When using the apparatus and method of the present 
invention to adapt a ordinary internal combustion en- 
gine for operation with compressed gas it can be seen 
that considerable savings in weight are achieved. For 
example, the ordinary cooling system including a radia- 
tor, fan, hoses, etc. can be eliminated since the com- 
pressed gas is cooled as it expands in the cylinder. In 
Addition, there are no explosions within the cylinder to 
generate heat. Further reductions in weight are ob- 
tained by employing plastic tubing for the lines which 

arty the compressed gas between the distributor and 
the cylinders and for the exhaust lines. Once again, 
heavy tubing is not required since there is little or no 
heat generated by the engine of the present invention. 
In addition, the noise generated by an engine according 
to the present invention is considerably less than that 
generated by an ordinary internal combustion engine 
since there are no explosions taking place within the 

ders. 

The principles of preferred embodiments of the pres- 
ent invention have been described in the foregoing spec- 
ification. However, the invention which is intended 10 
be protected is not to be construed as limited to the 
particular embodiments disclosed. The embodiments 
are to be regarded as illustrative rather than restrictive. 
Variations and changes may be made by others without 
departing from the spirit of the invention. Accordingly, 
it is expressly intended that all such variations and 
changes which fll within the spicit and the scope of the 
present invention as defined in the appended claims be 
embraced thereby 

What is claimed is: 

1. An apparatus for operating an engine having at 
least one cylinder and a reciprocating piston therein 
comprising: 

‘8 source of compressed gas; 
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distributor means connected with the source of com- 
pressed gas for distributing the compressed gas to 
the at least one cylinder; 

valve means for admitting the compressed gas to the 

at least one cylinder when the piston is in approxi- 5 
mately a top dead center position within the cylin- 
der; 

altering means for increasing the duration of each 

engine cycle over which the valve means admits 
compressed gas to the at least one cylinder as the 
speed of the engine increases; and 

exhaust means for exhausting gas as the piston subse- 

quently approaches approximately the top dead 
center position. 

2. The apparatus of claim 1 further comprising con 
trol means for controlling the amount of compressed 
gas admitted to the distributor means. 

3. The apparatus of claim 1 wherein the valve means 
isa solenoid valve secured in an opening in the cylinder 
above the level of the piston at the top dead center 
position, 

4. The apparatus of claims 1 or 2 further comprising 
means for advancing the timing of the valve means as 
the speed of the engine increases such that compressed 
gas is admitted progressively further before the top 
dead center position as the speed of the engine in- 

8. The apparatus of claim 4 wherein the means for 
advancing the timing comprises a mechanical linkage 
connected to an operator actuated accelerator linkage. 

6. The apparatus of claim 1 wherein a portion of the 
gas exhausted through the exhaust means is compressed 
in a compressor driven by an output shaft of the engine 
and is returned to the source of compressed gas. 

7. The apparatus of claim 1 wherein a portion of the 
gas exhausted through the exhaust means is used to coo! 
transmission fluid for a transmission associated with the 
engine. 

8. The apparatus of claim 1 wherein a portion of the 
gas exhausted through the exhaust means is used as a 
working fluid in an air conditioning system. 

9. The apparatus of claim 6 further comprising first 
‘gearing means interposed between the output shaft of 
the engine and the compressor for increasing the speed 
at which the compressor is driven. 

10. The apparatus of claim 6 further comprising 
‘clutch means attached to the compressor both for disen- 
gaging the compressor from the output shaft of the 
engine when a first predetermined pressure at the 
source of compressed gas is exceeded and for engaging 
the compressor with the output shaft of the engine 
when the pressure at the source of compressed gas 
drops below a second predetermined pressure. 

11. The apparatus of claim 9 further comprising 
means for both disengaging the first gearing means 53 
when a predetermined speed of the engine is exceeded 
and engaging a second gearing means for driving the 
compressor at a speed slower than the first gearing 
‘means when the predetermined speed of the engine is 
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exceeded. o 
12, The apparatus of claim 1 wherein the valve means 
is electrically actuated and wherein the altering means 
comprises: 
2 rotating member timed with the at least one eylin- 
der and arranged within a housing; 6 


first and second contacts arranged on a first end of 
the rotating member and on an inside surface of the 
housing, respectively; 
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‘means for increasing the distance of the first contact 

from the rotational axis of the rotating member as, 
the speed of the engine increases such that the first 
contact moves radially outwardly within the hous- 
ing; and 

said second contact presenting a longer arc length to 

the first contact as the distance of the first contact 
from the rotational axis of the rotating member 

13. The apparatus of claim 12 wherein the rotating 
member comprises an arcuate arm and wherein the 
means for increasing the distance of the first contact 
comprises pivotally mounting a second end of the arcu- 
ate arm about the axis of rotation of the rotating mem- 
ber and spring means for biasing the first end of the 
arcuate arm towards a radially inward position whereby 
the first end of the arcuate arm pivots radially out- 
wardly as the speed of the engine increases. 

14, The apparatus of claim 12 wherein the rotating 
member is axially slidably received on a rotating shaft 
for co-rotation therewith, said shaft having splines with 
a radial component in the direction of rotation, and 
wherein the first contact comprises a flexible contact 
located on an upper surface of the rotating member, said 
flexible contact being biased against the inside surface of 
the housing which carries the second contacts whereby 
as the speed of the engine increases the rotating member 
is urged axially along the splined shaft towards the 
inside surface of the housing such that the flexible 
contact is forced radially outwardly along the inside 
surlace. 

15. The apparatus of claim 12 wherein the second 
contact comprises of radially extending conductor ar- 
ranged on an upper inside surface of the housing, said 
conductor increasing in arc length as the conductor 
extends radially outwardly from a central portion of the 
housing, 

16. An apparatus for adapting an internal combustion 
‘engine for operation with compressed gas, the internal 
‘combustion engine having at least one cylinder, a piston 
reciprocable within the at least one cylinder, intake and 
exhaust means disposed in the at least one cylinder, and 
2 tapped hole in the at least one cylinder adapted to 
receive a spark plug, the apparatus comprising: 

1 source of compressed gas; 

distributor means connected with the source of com- 

pressed gas for distributing the compressed gas to 
the at least one cylinder, 

valve means arranged in the tapped hole for admit- 

ting the compressed gas to the at least one cylinder 
when the piston is in approximately a top dead 
center position within the cylinder; and 

altering means for increasing the duration of each 

engine cycle over which the valve means remains 
‘open to admit the compressed gas as the speed of 
the engine increases, 

17. An apparatus as in claim 16 further comprising 
first adapter plate means for supporting the distributor 
means above an intake manifold of the engine, which 
adaptor plate means allows ambient air to enter through 
‘he intake manifold, 

18. The apparatus of claim 16 further comprising 
second adapter plate means for reducing the exit area of 
the exhaust means. 

19. A method of operating an engine on compressed 
122s, said engine having at least one cylinder and a piston 
reciprocable therein comprising the steps of: 


4,292,804 


13 
delivering compressed gas from a source to a distribu- 
tor; 
distributing the compressed gas to the at least one 
cylinder; 
admitting compressed gas to the at least one cylinder 
through an intake valve when the piston is at ap- 
proximately a top dad center position; 
increasing the duration of each engine cycle over 
which compressed gas is admitted to the at least 
cone cylinder as the engine speed increases; and. 
exhausting the remaining gas when the piston subse- 
‘quently reaches approximately the top dead center 
position. 
20. The method of claim 19 further comprising the 
step of controlling the amount of compressed gas which 
is delivered to the distributor. 
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21. The method of claim 19 further comprising the 
step of advancing the timing of the opening of the intake 
valve as the speed of the engine increases 
2. An apparatus for operating an engine having at 
least one cylinder and a piston reciprocable therein on 
compressed gas comprising 
‘a source of compressed gas; 
distributor means connected with the source of com- 
pressed gas for distributing the compressed gas 10 
the at least one cylinder; 
electrically actuated valve means secured in an open- 
‘ng in the at least one cylinder for selectively ad- 
‘mitting compressed gas to the at least one cylinder 
‘when the piston is in approximately a top dead 
center position; and 
‘means for advancing the timing of the valve means as 
the speed of the engine increases whereby com- 
pressed gas is admitted progressively further be- 
fore the top dead center position as the speed of the 
‘engine increases. 
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Fuel from ‘Burning Water' 
provided by The Reclamation Project 
*** Working Plans *** 
01/09/02 


UltimateM allStore Disclaimer: We have indication these plans work when built, 
but every person is unique this depends on your ability to make it work,also we 
are not responsible for any accidents or injuries,etc so please be careful ,if you 
choose to try it, use common sense and start SMALL, like a lawnmower engine, 

please report any successes you might have. 


——— EE 


The following file was recieved by Dave the Gravman via FAX, he kindly sent it 
to me, thanks Dave! 


Convert your engine to burn hydrogen & oxygen 
Make vapor from water on demand & pollution-free 
Convert your vehicle to a ZPV: Zero Pollution Vehicle 
Freedom from Gasoline 

Simple and inexpensive conversion 

On Demand vapor rate via throttle 

Easy do it yourself public domain plans 

Help clean the air while you save money 


FIGURE 1 
jevel and pressure gauges 
water tank cath of Fil. 
vo OO engine 
contral cicuit \ 
pump electrode pulses. reaction 


chamber —_ exhaust system 


These plans can be used to run your car, truck, RV, motorcycle, airplane, etc. 
from tap water. 
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Are you fed up with ga$oline price$ and THE POLLUTION? 
Would you like to do something about it besides complain and wait? 


Are you still CHOKING on the whole idea of fossil fuel CONSUMPTION? 
WHY? 


Wouldn't you like to free yourself from centrally-controlled or imported fuel? 
Do you havea 2nd vehicle you don't use every day? 


Now there is something we can actually do about it, as individuals willing to help 
clean the environment, and travel at lower cost to both you and your 
environment. Do-it-yourself plans allow the individual (that’s you and me, folks) 
to makea difference. 


This is the easiest and lowest cost way to convert your car to run on (relatively) 
free energy. Now with existing technology, anyone can stand up and makea 
difference by reducing the local automotive pollution, eliminate gaSoline 
expen$eS, help restore our atmosphere, and breathe a little easier. Y ou will be 
making use of your entire existing system, except the fuel tank and catalytic 
converter. 


I 
THE PLAN: 


Know the Truth and set yourself FREE. Set a good example for the World you 
choose to create. Exercise your own Free Will. Live cleaner and healthier. 


Build and install a low-cost alternative method for running your vehicle (internal 
combustion) engine on TAP WATER, using off-the-shelf components. This is 
simply an efficient way to convert ordinary tap water into gaseous Hydrogen and 
Oxygen, and then burn these vapours in the engine, instead of that $melly, 
Stinky, expensive ‘other stuff. 


This ‘minisystem’ runs easily from your existing battery and electrical system, 
and it plugs into your carburetor with simple off-the-shelf fittings. Y ou will be 
installing a plastic water tank, a control circuit, a reaction chamber, a hi- 
pressure carb/Fl fitting, and 3 gauges (see Figure 1), and then hooking into your 
existing carb/Fl. 


The SIMPLICITY comes from being an ‘on-demand! system requiring no fancy 
storage, or plumbing. Y ou crank the gas pedal or throttle and you electrically 
create more vapour for immediate consumption, on demand; Lo - Hi Flow Rate 
as needed from idle - max power. The only real change is that you are using tap 
water as fuel, instead of the traditional petroleum-based fuel. Given, a choice, 
which way would you choose? 


el 
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FAQs 
Q: Does it really work? 


A: Yes; this is well-established technology dating back to stainless steel. But be 
sure to follow these instructions using the proper mechanical and electrical 
assembly techniques, as it incorporates the best qualities of several techniques. 


Q: How does it qualify as ‘free energy’? 


A; If you're paying someone for the water you use, then it is not strictly ‘free’. 
But, the alternative is to keep buying into the expensive gaSoline and regultant 
hydrocarbon pollution. 


Q: Isit Safe? 


A: Technically, it is safer than running on fossil fuel, because you are no longer 
choking on your own emissions (health-wise), but in general it is practically as 
safe as your current gasoline arrangement. Y ou will be installing a few simple 
safety devices, using current automotive standards. 


Q: What kind of performance can I expect? 


A: Properly adjusted, your modified vapour-only fuel system will run cooler, and 
at a modestly higher power level. The mileage performance expected from this 
design ranges from 50-300 mpg, depending on your adjusting skills. 


Q: Can! do the modification myself? 


A: Why not? If you know someone with basic mechanical and/or electrical skills, 
you can even delegate some of the construction. If you are using a fuel-injected 
engine, you may have to get a mechanic's opinion. 


0: What is the environmental impact that my vehicle will have? 


A; It will be producing H 20 steam and unburnt 02, hence it will be cleaning the 
environment, rather than dumping nauseous toxins into it. Plus you will be 
helping to save our dwindling supply of atmospheric oxygen. Any excess vapour 
in the reaction becomes either steam or oxygen. Y ou can also expect to be 
receiving more than casual interest from those around you. 


Q: Isthis really a steam engine? 
A: No; really. Exceedingly hi temp & pressure are not used. This is strictly an 


internal combustion engine (burning orthohydrogen) with residual steam in the 
exhaust as a by product. 


ee | 


Gasoline as a fuel is NOT NECESSARY; it is optional. 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Figure 2-5. A barrier strip on a low-cost solar-charge controller. No soldering required! The specialized 
connector is held in place with a screw. The connector is affixed to the end of the wire by deformation using 
a specially designed crimping tool. You can see the indentations in the insulating collar around the 
connector. 


Another type of connector that is tightened with a screw is called a terminal block. Unlike a barrier 
strip, no specialized connector is required on the wire. You can simply insert a stripped wire into the 
terminal block and tighten the connector using a screwdriver. Try to strip the wire only enough to allow 
the bare conductor to enter the terminal block, without leaving any noninsulated wire exposed that 
could accidentally short out against another wire. See Figure 2-6. 
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1, ORIGIN - In the 19th century, the gasoline portion of the refining process, was 
first considered to be a 'waste' product of extracting the purified crude oil. Later 
on, it was discovered that it could be $old as fuel, instead of just dumping it back 
in the hole as had been thetradition. 


2. CONSUMPTION RATE - The gasoline consumption rate for every mass- 
produced car has been carefully ‘designed in’ asa market asset. As an indication, 
simply observe how quickly and closely ALL the local different gas stations 
adjust their prices, Even the hybrid cars which use electric motors still consume 
a designed amount of gasoline, and their price tags are prohibitively high. 


3. EFFICIENCY - Thereisa lot of thermochemical energy in gasoline, but there 
is even more energy in water. The DOE has quoted about 40% , 50 itis probably 
much more than that. M ost people are unaware that ‘internal combustion’ is 
DEFINED as: a thermo-vapour process; as in ‘no liquid in the reaction; AND 
most of the gasoline in a standard internal combustion engine, is ACTUALLY 
CONSUMED cooked and finally broken down) IN THE CATALYTIC 
CONVERTER, which happens AFTER the fuel has been not-so-burnt in the 
engine. Sadly, this means that most of the fuel we use in this way, is used only to 
cool down the combustion process, rather than using a cleaner and more efficient 
means to do so. 


4. ADDITIVES - Also sadly, we are told by ‘authorities’ that some of the many 
gasoline additives are in the mix to increase performance; but because of its 
current overly-complex molecular structure, the real built-in function of the 
gasoline formula is to slow down the combustion so that only so much is actually 
consumed in the cylinder, and the liquid balance goes to the catalytic converter. 
Asa further insult, the additives are also there to clog and prevent the use of the 
Pogue-style carburetors, designed to get 200-300 mpg. 


5, PROFIT - Is the Pope catholic? does the bear poop in the woods? Of course 
the oil companies are making a huge profit. It is by design. What do you suppose 
the Gulf War was about? J ust look at where the crude oil comes from and where 
the money is flowing, Rest assured that the oil companies do NOT want you to 
know how to make use of this water-fuel technology. They have been making 
money on our ignorance, dis-empowerment, and willingness to follow along in a 
mindless ‘comfort-zone' of toxic waste, suppression, resentment, and apathy: 
WHO NEEDSIT? 


Let us proceed to set a good example and doit right, do it clean. 
Exceedingly simple 
Water is pumped as needed to replenish and maintain the li 


chamber. The electrodes are vibrated with a 0.5-SA electrical pulse which breaks 
2(H 20) --- (2H2 +02). 


When the pressure reaches say 30-60 psi, you turn the key and go. You step on 
the pedal, you send more energy to the electrodes, and thus more vapour to the 
cylinders; i.e. fuel vapour on demand. 
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Y ou set the idle - max flow rate to get the most efficient use of power, and you're 
off to the races. 


In the BIG picture, your Free Energy is coming from the tap water, in an open 
system, as the latent energy in the water is enough to power the engine, and 
hence drive the alternator and whatever belt-driven accessories; AND the 
alternator is efficient enough to run the various electrical loads (10-20 amps}, 
including the additional low current to run this vapour reaction. No extra 
batteries are required. 
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BUILD YOUR OWN WATER VAPOR SYSTEM 
CONTROLLER FROM THE-SHELF MATERIALS 


FIGURE 2 BLOC DIAGRAM 
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OVERVIEW - Hereis the suggested sequence of steps: 


1. Install the CHT (or EGT) gauge and measure your current operating temp 
range (gasoline), for comparison. 


2. Build & test the controller to verify the correct pulse output. 
3, Build the reaction chamber & test it w. the controller (i.e pressure out). 

4, Install the tank, controller, chamber, and pressure fittings. 

5, Run engine & Adjust the control circuit as necessary for best performance. 


6. Install the stainless steel valves and get the pistons/cylinders coated with 
ceramic. 


7. Coat the exhaust system with ceramic without the catalytic converter OR let it 
rust out and replace the whole dang thang with stainless steel pipe sections. 


a —=— 
YOU WILL NEED: 


- plastic water tank with pump and level sensor. 
- control circuit, wiring, connectors, and epoxy. 

~ reaction chamber with electrodes and fittings. 

- 3/8" stainless steel flex-tubing, fittings and clamps.- carb/F1 vapor- 
pressure fitting kit, - pressure, CHT (or EGT), & level gauges. 

+ stainless steel valves. 

copper mesh junction. 

- ceramic surface treatment for cylinders & pistons. 

- stainless steel or ceramic treated exhaust assembly. 


eee 
BASIC TOOLS 


- drill, screwdriver and pliers 
~ hole cutter 

- wire-wrap, solder-iron and clippers 
- DVM and oscilloscope. 


ee! 
REACTION CHAMBER 


Construct as shown in Figure 2. Use a section of 4" PVC waste pipe with a 
threaded screw-cap fitting on one end and a standard end-cap at the other. 
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Make sureto drill-and-epoxy or tap threads through the PVC components for all 
fittings. Set and control the water level in the chamber so that it well submerses 
the pipe electrodes; yet leave some headroom to build up the hydrogen/oxygen 
vapour pressure. 


Use stainless steel wires inside the chamber or otherwise use a protective coating; 
use insulated wires outside. Ensure that the epoxy perfects the seal, or otherwise 
lay down a bead of water-proof silicone that can hold pressure. 


The screw fitting may require soft silicone sealant, or a gasket; its purpose is to 
hold pressure and allow periodic inspection of the electrodes. No leaks, no 
problems. M ake sure you get a symmetric 1-5mm gap between the 2 stainless 
steel pipes. The referenced literature suggests that the closer to Imm you get, the 
better. You WILL want to get your chamber level sensor verified BEFORE you 
epoxy the cap on. 


Make your solder connections at the wire/electrode junctions nice, smooth, and 
then apply a water-proof coating, e.g, the epoxy you use for joining the 
pipes to the screw cap. 


This epoxy must be water-proof and be capable of holding metal to plastic under 
pressure. 


You WILL want to get your chamber level sensor verified BEFORE you epoxy 
the cap on. 


—_—_—— — > 
CONTROL CIRCUIT 


Figure3 
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BUILD YOUR OWN WATER VAPOR SYSTEM 
CONTROLLER FROM THE-SHELF MATERIALS 


12vDo 


pulsewidth 
control 
oniott electrode 
signal switch 
oscillator pulsa 
generator ground 
tank 
level 
‘sensor 
chamber 
level 
‘Bensor 


Figures 3 & 4 show a simple circuit to control and drive this mini-system. Y ou 
are going to makea ‘square-pulse’ signal that ‘plays’ the electrodes like a tuning 
fork; which you can watch on an oscilloscope. The premise given by the 
literature is: 
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The faster you want do go down the road, the ‘fatter’ you make the pulses going 
into the reaction chamber, Duty cycle will vary with the throttle in the vicinity of 
90% M ark 10% Space (Off/On). 


NOTE : Figures 4 and 5 have been revised, click to see the large version 


BUILD YOUR Gam WATER VAPOR Syste 
SOREN Fon THC ELM 
——) = 


| —H- 


“ REVISION "A" 


FIGURE $ E-SCHEMATIC 
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HIGUAE 5 
OPTIONAL PARAHYDROGEN 


ENHANCEMENT ! REVISION mans 
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BUILD YOUR OWN WATER VAPOR SYSTEM 
CONTROLLER FROM THE-SHELF MATERIALS electra 
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FIGURE 4 E-SCHEMATIC 
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There is nothing sacred about how the pulse waveform is generated; there are 
many ways to generate pulses, and the attached diagrams show a few. Figure 4 
gives the NE555-circuit approach from the referenced patent. The output 
switching transistor must be rated for 


1-5 amps @ I2VDC (in saturation). 


Go with a plan that works for you or your friendly neighborhood technoid or 
mechanic, and go get all the circuit elements from your local electronics store, 
such as Radio-Shack or Circuits-R-Us, including the circuit board, IC sockets, 
and enclosure/box. 


Digik ey has better selection, service, and knowledge; plus they haveno 
minimum order crap. Be sure to use a circuit board with a built-in ground plane, 
and to accommodate room for mounting 2 or 3 of the gauges. M ounting the 
reaction chamber in the engine compartment will require running a stub to your 
pressure gauge where you can watch it. 


You can easily make 30-gauge wire-wrap connections between the socket pins 
and through-hole discrete components having wire leads. Also make sure to get 
spec sheets on any IC you use. M ore details of the best circuits to use will be 
announced pending prototype testing. You WILL want to get your chamber level 
sensor verified BEFORE you epoxy the cap on. 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Figure 2-6. A terminal block uses a screw for tightening the connection with a bare wire. 


Besides being useful for making electrical connections using barrier strips and terminal blocks, 
screwdrivers are also quite handy in their original function, which is to tighten and loosen mechanical 
fastening devices such as screws and bolts. See Figure 2-7. 
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BUILD YOUR OWN WATER VAPOR SYSTEM 
CONTROLLER FROM THE-SHELF MATERIALS 


pulse width 
ask 


ENHANCEMENT ! 
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THROTTLE CONTROL 
If you havea throttle position sensor, you should be able to access the signal 


from the sensor itself OR from the computer connector. This signal is input to 
the circuit as the primary control (i.e. throttle level pulse width = vapour rate). 
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BUILD YOUR OWN WATER VAPOR SYSTEM 
CONTROLLER FROM THE-SHELF MATERIALS 


valve 


see-thru 
fuel filter w. glass 
femoved 


tig level sensor & pump 
same as in Figure 3 


FIGURE 6 OPTIONAL WATER COOLING 
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If you don't have such a signal available, you will have to rig a rotary POT 
(variable resistor) to the gas linkage (i.e. coupled to something at the gas pedal or 
throttle cable running to the carb or Fl. If you make the attachment at the 
cart/Fl, be sure to use a POT that can handle the engine temp cycles. Don't use a 
cheezy-cheapy POT; get one rated for long life and mechanical wear; mount it 
securely to something sturdy and stationary that will not fall apart when you 
step on the gas. 


a os 
CONTROL RANGE 


The full throttle RANGE (idle-max) MUST control the vapour rate, i.e. pulse- 
width (duty). The resistor values at the throttle signal must allow the throttle 
signal voltage, say 1-4 Volt swing, to drive the VAPOR RATE. You will be using 
this voltage swing to generate a 10% ON ‘square’ pulse. 


The patent implies using a ‘resonant’ pulse in the 10-250 K Hz frequency range; 
but it is not explicitly stated so. In this circuit, you will simply tune to whatever 
frequency makes the most efficient vapour conversion. Y ou will have to get into 
the specs for each IC you use, to insure you connect the right pins to the right 
wires, to control the frequency and pulse width. 


You can use spare sockets to try out different discrete component values. J ust 
keep the ones that are spec-compatible in the circuit, and get the job done. 


You crank up the throttle signal and put more electrical energy (fatter pulses) 
into the electrodes; verify you can get 10% duty on the scope (2 - 100 usec on the 
horizontal time-base). Y our averaging DVM will display the 90% -I 0% DC 
voltage across the output transistor (Vce or Vds or Output to Ground). Set and 
connect DVM in the supply current and measure .5 - 5 amps, without blowing 
the DVM fuse. Now verify that you got everything you wanted. 


Verify your wiring connections using your DVM asa continuity detector. Check 
your wiring 1 at a time and yellow line your final schematic as you go. You can 
best use board-mount miniature POTs for anything you want to set-and-for get. 
The LEDsare there to give you a quick visual check of normal vs abnormal 
operation of your new creation. You WILL want to get your chamber level 
sensor verified BEFORE you epoxy the cap on (see Figures 2 & 4). 


Figure 2 also shows that fittings are required to the carb/Fl I. There are ready- 
made kits (such as by Impco) available for making your pressure fittings to the 
carburetor or fuel-injector as the case may be. You will necessarily be sealing the 
built in vents and making a 1-way air-intake. 


The copper mesh comprises the inadvertent backfire’ protection for the reaction 
chamber. M ake sure that all vapor/duct junctions are air-tight and holding full 
pressure without leakage. Y our new ‘system’ is considered successful and 
properly adjusted when you get the full power range at lower temp and 
minimum vapor flow without blowing the pressure safety valve. 
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CHT (or EGT) 


Monitor your engine temp with the CHT (cylinder head temp) or EGT (exhaust 
gas temp) instead of your original engine temp indicator (if any). Y our existing 
gauge isTOO SLOW for this application and will not warn you against 
overheating until after you have burnt something. 


Make sure that your engine RUNS NO HOTTER than in the gasoline 
arrangement. VDO makes a CHT gauge with a platinum sensor that fits under 
your spark plug against the cylinder head (make sure it is REAL CLEAN before 
you reinstall your spark plug (as this is also an electrical ground). 


ENGINE/EXHAUST TREATMENT 


Get the valves replaced with stainless steel ones AND get the pistons/cylinders 
ceramic-treated ASAP when you have successfully converted and run your new 
creation. Do not delay as these items WILL RUST, either by sheer use or by 
neglect (i.e. letting it sit). Y ou could make max use of your current exhaust 
system by using it with your new deal until it rusts through, then have your 
mechanic or welder friend to fit a stainless steel exhaust pipe (no catalytic 
converter is required). But it could be easier to send your existing exhaust 
system out for the ceramic treatment, and then simply re-attach it to the exhaust 
ports. 


GENERAL 


1, Do not discard or remove any of the old gasoline set up components, eg. tank, 
carb/Fl, catalytic converter, unless necessary. Better to always leave an easy way 
to revert back to something that at least runs, just in case. Some people are 
leaving their gasoline set up completely intact, and switching back and forth at 
will, just to havea backup plan. 


2. Set your throttle circuit so that you get minimum vapour flow at IDLE, and 
maximum vapour flow at FULL POWER without blowing the pressure relief 
valve. In this way, you control how ‘lean’ your mixture is by the strength of the 
pulse (i.e. ‘fatness’ at the optimum pulse frequency). 


If you just don't get enough power (at any throttle setting), it means that you 
need to 


+ (1) change the pulse frequency, 

+ (2) change the gap between the electrodes, 

+ (3) change the size (bigger) electrodes, OR 

+ (4) makea higher output pulse voltage (last resort). 

Always use an output transistor, such as a MOSFET, that is rated for the voltage 
and current you need to get the job done. OK so you might have to play around 
with it some. Isn't that where all the Fun is anyhow? 
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If you get ANY engine knock our loud combustions (not compensated by 
adjusting the timing), it means that you need to install an additional coil in the 
chamber, and drive the coil with an additional pulse signal (about 19 Hz on the 
sec time base) (see Figure 5). 


Here,you will be slowing down the burn rate just enough so that the vapours 
burn throughout the power stroke of the piston. Be sure to include a board- 
mount POT to set the correct strength of this 2nd pulse signal into the coil. This 
isa stainless steel coil of about 1500 turns (thin wire) that you can arrange like a 
donut around the center pipe (but NOT touching either electrode), directly over 
the circular 1-5mm gap. You want NO KNOCKING at any power/throttle 
setting; smooth power only, but also no excess hydrogen leftover from the 
combustion. 


5, Build the canister(s) as tall as you can without compromising your ability to 
mount them conveniently near the dash panel, or in the engine compartment, as 
the case may be. This way, you can always make the electrodes bigger, if 
necessary without undue hardship. Remember that anything in the engine 
compartment should be mounted in a bullet-proof, vibration and temperature 
tolerant fashion. 


6. If you have to drill a through-hole for wiring or plumbing through metal, 
make sure to also install a grommet for protection against chafing, Always watch 
your chamber pressure range from 


IDLE (15-25 psi) - FULL POWER (30-60 psi) - Set your safety-pressure relief- 
valve to 75 psi and make sure it's rated for much higher. 


7. Shut OFF the power switch and pull over if there is any MALFUNCTION of 
the system. Y our engine will last longest when it still develops FULL POWER + 
at some minimum temperature that we are sure you can find, by leaning back 
the Royal Vapour Flow and/or by making use of the water-vapour cooling 
technique (see Figure 7). K eep good mpg performance records, and periodic 
maintenance/inspection. K eep it clean; save some money; clean the air; heal the 
planet; happy motoring; tell a friend; enjoy your freedom and self- 
empowerment; haul ass. 


8, There lacks documented material for perfecting this vapour system through a 
fuel injector; there may be some details you will discover on your own as 
working prototypes progress. For example, you may be restricted to inject the 
hydrogen/oxygen vapour WITHOUT ANY water vapour, as it may rust the 
injectors. If engine temp and CHT isa problem, then you will want to re-think 
your plan, e.g. ceramic-coating the injectors. There is always ‘replacing the Fl 
system with a Carb’. 


9. If you install the water-vapour system (for lower operating temp/stress), you 
will want to lean the mixture (vapour/air) for minimum vapour flow rate to 
achieve any given throttle position (idle - max). Make sure that you get a 
minimum flow for IDLE an a modestly sufficient flow for MAX, that does the 
cooling job without killing the combustion. 
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10. If you cannot find stainless steel pipe combinations that yield the 1-5mm gap, 
you can always regress back to alternating plates of +/- electrodes. 


11. If you are concerned about the water freezing in your system, you can (a) add 
some 98% isopropyl alcohol and re-adjust the pulse frequency accordingly; or 
(b) install some electric heating coils. 


12. Do not let ANY ONE ever compromise your dream, your freedom, your 
independence, your truth. 


—_——— —_—_—_—_—_—_—= 
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information, for the purposes of education, ecology, health, well-being, freedom, 
liberty, and pursuit of happiness. 


COMMON LAW COPYRIGHT #285714: All rights to the use and duplication 
of these plans are hereby reserved for the People, in their efforts to heal and 
restore the environment. Dare to express your uniqueness and environmental 
ideals. This technology is an exercise in responsible self-determination. 


Thank you for your purchase, please leave me your positive feedback and after | 
will leave you the same feedback enjoy! 


Thank you Take care Best Regards U.M.S 
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You will find in this page all the details for building and testing yourself the BingoFuel Reactor v1.1. 


The BingoFuel Reactor vi.1 uses common parts which can be found easily in any plumbing shops, no machining 
cand special tools are required. The main part used is a simple water filtration unit with its anti-scale 
cartdridge ( see the photo below ). 


Water filtration unit 7 
“Apic Monofilter" f 

Anti-Scale cortridge 
‘for "Apic Monofilter" 


male -male adopter 


a female cap 29X27, frees 


2x7 @® 20 x 27 


ingeFuel Reactor vi.1 - The components for the reoctor and and reaction chamber 
(€) 2003 by Jecn-Louis Naudin - Emeil: Jnaudin509Geol.com — http://www jnebs.org 
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Figure 2-7. A variety of screwdrivers, The four on the leftare standard, or straight-bladed, screwdrivers, 
The three on the right are Phillips-style screwdrivers. Other specially bits are also available. 


You should only use screwdrivers to drive screws and bolts. Don't try to use them as levers, pry bars, 
cchisels, punches, or other tools. When you need a chisel, use a chisel. Keep your screwdrivers clean and 
dry. Put them back where they belong when you're done with them. You get to decide where they 
belong. 


Screws, Bolts, and Nuts 


‘There are a verylarge number of different kinds of screws and bolts. Some screws, such as wood screws, 
‘are made to be driven directly into wood and create their own threads in the material as they are 
installed. Other screws, largely referred to as machine screws, mate with a premachined or tapped hole, 
oramachine nut. 

‘Nuts are often shaped with four or six sides that allow them to be held in place while the screw is 
turned. Alternately, the nuts themselves are turned while the screw is held in place. Some screws and 
bolts have a similarly shaped head that allows them to be turned with a wrench or nut driver instead of a 
traditional screwdriver. 

Please resist the urge to overtighten screws and bolts. The mechanical advantage gained by the 
inclined plane of the screw thread multiplies the force used to turn the screw into a terrific amount of 
pressure on the screw itself. You can easily damage either the screw or the threads in the material to be 
fastened by overtightening a screw. 
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003 JL Nawdin A 
Step 1 remove the purge valve ( the red button ) from the head of the water filtration unit. 


(© 2003 JL Neudin 


(6) 2002 JL Nevein 
‘Step 2: put the 20x27 brass cap at the input and the 20x27 female-female adapter on the device at the 


output 
as shown in the pictures above 


(©) 2002 JL Nein 
Step 3 drill a small hole into the 20x27 female cap and put a silicon tube with an adapter on the cap, 
‘and then screw the cap on the output of the head of the device 


03 TL Nevdin 
Step 4 : Take the anti-scale cartridge and remove the bottom plastic grid and then all the crystals inside the. 
cartdridge, 


La 
‘2 brass connectors 


(22 mn length 


6 mm inner diam Li @ © 


# 4225 om td ot 
2 carbons rods —— 
5 mm diam. 57mm length que @ f ® 


2 plastic tubes ———= 


sea 2 steel rods 
ao @ 1.5 mm diom. 100 mm | 


BingoFuel Reactor vi.1 - The components for the plasma igniters 
(©) 2003 by Jean-Louis Noudin ~ Email: Traudin509@acl.com ~ hrtp://www.Jnlads. org 


Note : You must use two multiple thin wires cables ( 1.5 mm? ) sheated with silicon due to the overheating of 
the wire 
produced by the strong current flow. 


4.5V Zine Cort 


Email: Traudin5096001.com 
itp nibs. og 


‘Step 5: Mount all the components as shown in the photo above 


Sy 
Step 6: Drill a 6 mm diameter hole at 25 mm from the bottom of the plastic cartridge, 
‘then fix the plasma igniters with a 6x25 mm nut and a bolt as shown in the photo above 


the reactor with ordinary tap water 


‘Step 8 : Put modelling clay to close the hole around the electrical wires. 


Tests results = 

05 liter in 10 see 
3 liters per minute 
180 liters per hour 


"The BingoFuel Reactor - Gas output measurement by Jean-Louis Noudin 
(€) 2003 JL Naudin ~ 64-03-03 - Email: JnavdinS09B-col.com - http://www. jinlabs.org 


Notes from Jean-Louis Naudin : The BingoFuel Reactor v1.1 is only a demonstrator, this is a proof of 
concept device which shows that the device works really. This version is able to produce a great amount of 
synthetic gas during some minutes. A new version of the BingoFuel Reactor is under development, this version 
(v2.0 ) will be able to run for a long time without tuning and adjustmen 


Disclaimer : The author assumes no liability for any incidental, consequential or other liability from the use of this information. All 
risks and damages, incidental or otherwise, arising from the use or misuse of the information contained herein are entirely the 
responsibilty ofthe user, Although careful precaution has been taken in the preparation of this material. Be Carefull, you must 
‘conduct this test in a well ventiled room or better in open air. you must not smoke duting the test. 


te ontile i" This experiment is not 
intended for the inexperienced. User ofthis document should be very careful to ty anything out ! you do it, the risk of any 


results is just yours. | take no responsibilty of anything that might happen, let it be of a wrong information ar anything else. 


See also: 


(2) 2005 JL Nauslin, 


. The CFR for producing BingoFuel. 
\ 


CR v1.2 for singer uel praduetion 
(©) 2003 by SL Naudin/4/May 13, 2003 


(gémail: JNaudinS0@aol.com 


return to the BingoFuel project home page 


12/30/2009 ‘ASHP Electrical Generator fully powered 


AS HP electrical ge ‘the BingeFucl Reactor 
‘Successful test by JL Noudin - April 15th, 2003 ~ (6) JLN Labs 


A SHP Electrical Generator fully powered with the BingoFuel 


Reactor 
created on April 2, 2003 - JLN Labs - Last update April 18, 2003 
(Cliquez ici pour la version Francaise [1] 
Toutes les infommtions et schémas sont publiés gratuitement (freeware )et sont destinés 4 un usage personnel et non 
nmercial 
Allinformations and diagrams are published fively(feware) and are intended for a private use and a non commercial use. 


On April 15th, 2003, an Electrical Generator powered with a SHP ( 160 cm?) 4-stroke 
combustion engine (a Honda GC160 ) has been tested successfully with the BingoFuel 


Reactor. The 5HP combustion engine has been fully powered with synthetic gas produced by 
the BingoFuel Reactor. 


The Electrical Generator tested with the BingoFue/ Reactor is a Ranger2500 from SDMO ( 
see below ): 


RANGER" 2500/21 26 Herd OHS GC1C0 


bingofuel.online fr/.../bfrShpgen.htm 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


More Specialized Hand Tools 


A good set of wire tools, pliers, and screwdrivers will go a long way when working with electronics. 
However, sometimes you need a more specialized tool for more specialized work. 
Here are some of the more common tools that are a little more focused on a particular task than 


they are for general-purpose usage, 


Wire Crimpers 
As mentioned previously in this chapter, you can make solid electrical and mechanical connections 
using barrier strips and specially terminated wires. The optimized connectors used for this purpose 
require optimized tools for best performance. 

Figure 2-8 depicts some examples of specialized crimp tools for electrical connections. 


Figure 2-8, Some common crimping tools for affixing electrical connectors to wire 
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12/30/2009 ASHP Electrical Generator fully powered 
ENGINE SPECIFICATIONS 
MODEL HONDA GC160 
Type stroke, overhead camshaft single eylinder 


Total Displacement 


160 em (9.8eu in) 


[Bore & Strike 


[Max Horsepower (Gross) 


64.50 mm 2.520 in) 


3.7 kw 4(5.0hp )at 3,600 rpm 


[Max Torque (Goss) 


10.3 N-m(1.05 kaf'm, 7.6 IbF ft) at 2,500 rpm 


(Compression Ratio 


RSI 


[Fuel Consumption 


(Cooling System 


[313 g/kWh (230 g/HPh, 0.51 th/HPh) 


Forced-air 


Ignition System 


‘Transistorized magneto ignition 


ignkion Tiniag 2 BTC 

Spak Pg EPREES (NK) 

Carburetor Horizontal type, buttrly valve 
Air Caner Dey (pape ype 

lGovemor 


‘Centifugal mechanical govemor 


[Lubricating System 


Splash 


(Ol Capacity 


(0.58 (0.61 US qt, 0.55 Imp qt) 


[Recommended operating 
Jambient tempature 


-1S°Ct0 40°C (S*F t0 14°F) 


Starting System 


Recoil starter 


[Stopping System 


ignition primary circuit ground 


[Fuel Used 


‘Automotive unleaded gasoline (minimum 86 pump octane) 


[Fuclank capacity 


2.0 (0.53 US gal, 0.44 imp gal) 


PTO, Shaft Rotation 


Counterclockwise (viewed fom P-T.O. side) 
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12/30/2009 ASHP Electrical Generator fully powered 


gr GS 
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12/30/2009 ASHP Electrical Generator fully powered 
ur Es = 


VAL A Mette gene 
ied 4 
- —<— 


— 


Photo above: The fuel tank ( not used here ) has been completly removed for this test. 
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12/30/2009 ASHP Electrical Generator fully powered 


A5 HP Electrical Generator powered by the BingoFuel Reactor v1.1 - test by Jean-Louis Naudin 
April 15th, 2003 - (c) 2003 JL Naudin - Email: Jnaudin509@aol.com - http://www. jinlabs.org 


Photo above: The air filter has been removed and the synthetic gas output is directly placed 
at the carburettor input. 
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12/30/2009 


ASHP Electrical Generator fully powered 


test by Jean-Louis Naudin 
April 15th, 2003 - (c) 2003 JL Naudin ‘www. jinlabs.org 
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12/30/2009 


ASHP Electrical Generator fully powered 


A 5 HP Electrical Generator powered by the BingoFuel Reactor v1.1 - test by Jean-Loui: 
April 15th, 2003 - (c) 2003 JL Naudin - Email: SneucipOrGoe!, com - http://www.. ry jee org 


‘01 erected at 
without any problem 


To see the video, the free downloadable RealPlayer is required 


You may download free the RealPlayer 8 Basic at : http://proforma.realcom/real/player/blackjack html 
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12/30/2009 ASHP Electrical Generator fully powered 
© RealOne Player 


lick on the picture above to see the video (937 Kb 


a jn: These tests are very encouraging and confirms fully that the 
synthetic gas generated by the BingoFuel Reactor can be used as fuel for a common 
combustion engine... 


See also the previous tests : 


pemail : JNaudin509@aolcom 


return to the Bingo Fuel project home page 
Weboscope free | 
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‘The Aquafuel{tm) Generator 
by JL Naudin 12-06-98 


The AquaFuel® generator 
How to generate gas from water for use as Fuel 
created on 12-06-98 - JLN Labs - last update on 04-03-2003 


Toutes les informations et schémas sont publiés gratuitement ( freeware ) et sont destinés & un usage personnel et non commercial 


Al informations and diagrams are published freely (freeware) and are intended for a private use and a non commercial use. 


Disclaimer: The author assumes no liability for any incidental, consequential or other liability from the use of this 
information. All risks and damages, incidental or otherwise, arising from the use or misuse of the information contained 
herein are entirely the responsibility of the user. Although careful precaution has been taken in the preparation of this 
material 


On 12-06-98, I have built and reproduced successfully a very simple AquaFuel™ generator: 
The AquaFuel" is fully based on the Hilliary Eldridge patent US 603,058 "Electrical Retort" 


granted on April 26, 1898. 


This is a non fossil combustible gas which is produced by an electric discharge of carbon ares within distilled, 
fresh, salt or other types of water, thus being essentially composed of Hydrogen, Oxygen, Carbon and their 
compounds. 


Today, there are a lot of names for this synthetic gas such as Aquafuel™, Aqualene™, Magnegas™, 
TrueFuel™, Carbo-hydrogen™..., 


AquaFuel: An example of the emerging new energies and the new methods for their 
scientific study 


Author: Ruggero Maria Santilli 

Comments: 22 pages, Texture 

Report-no: TTL-98-004 

Subj-class: General Physics 

Journal-ref: Hadronic Journal Supplement, Vol. 13, pp. 1-22, 1998 


In this paper we initiate studies of the emerging new forms of energy by using as a representative example 
the new combustible gas called AquaFuel, discovered and patented by William H. Richardson, jr., whose 
rights are now owned by Toups Technology Licensing, Inc. (TTL), of Largo, Florida. In essence, AquaFuel 
is a new energy converter capable of transforming Carbon and water into a new combustible gas via an 
electric discharge. We show that AquaFuel can be produced easily, safely and rapidly in large amounts, and 
exhibits greatly reduced emission pollutants as compared to fossil fuels of current use. Despite its simpli 


the chemical and physical characteristics of AquaFuel are largely unknown at this writing. We then review 
nine basic experimental measurements which are necessary for a scientific appraisal of AquaFuel. We 
outline the limitations of quantum mechanics and chemistry for the treatment of {\it new} forms of energy, 
namely, energies which by definition should be {\it beyond} said theories. We finally point out the 
availability of broader theories specifically constructed for the study of new energies and point out available 
applications. 


Link to this paper : http://arxiv.org/abs/physics/9805031 


This generator produces a mixture of carbon monoxide and hydrogen (COH>) and this is a gas wich burns very 
cleanly in oxygen or air, and it can be used as fuel for an internal combustion engine. When burned, COH> 
produces carbon dioxide and water vapor, so it generates very little, if any, pollution to the environnement. 


Below, an analysis of this gas conducted by the NASA : 


[Hydrogen #6.483 % 


parbon p.329 
oxide 

ithylene 9 
iEthane 005 


cetylene [0.616 
Oxygen 1.164 


trogen BIS 
[ethane 181 
(Carbon 9370 
lonoxide 
[Potat 00.015 


This simple experiment is only for testing purposes and only for a proof of the concept. This small 
generator can't be used for a long working period and it must be used only for demonstration. 


You need to get very few materials and it is very simple to build and test it... 
Be Careful, this device generates an explosive gas, you must conduct this test in a well ventiled room or better 


in open air, you must not smoke during the test... Don't forget that the carbon monoxide ( CO) is a very toxie 
gas, so never breath this gas before burning it. This experiment is not intended for the inexperienced. User of 


this document should be very carefull to try anything out ! If you do it the risk of any results is just yours. I take 
no responsibility of anything that might happen, let it be of a wrong information or anything else. 


‘You need only to get : 

- A little plastic soda bottle, 

= two carbon rods ( 70mm length, 6mm diam ) 

- one | ohm S0Watts resistor 

-a DC Power supply which is able to deliver 35v / 10A 
= some wires, plugs and silicon cement. 


Very few material is needed. 


The Angee OEE Naudin 12.06 90 


1) Drill two opposite holes (10mm diam) at 60mm from the bottom of the bottle and insert the carbon rods 
with a rubber washer and glue the washer with silicon cement. I suggest you to make one of the carbon 
rod into round shape. The two carbon rods must be just slightly in contact before you switch on (see 
below). 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Referring again to Figure 2-8, the crimpers on the left are for crimping tiny pins to the ends of tiny 
wires that are then inserted into plastic connector bodies. The center crimp tool is for crimping modular 
jacks onto telephone cables. It also includes a wire-cutter blade (bottom) and a pair of controlled-depth, 
stripper blades for removing only the outside layer of insulation from silver-satin flat telephone cord, 
‘without disturbing the individually insulated wires contained within. The crimp tool on the right 
features a ratcheting action that increases the crimping force applied to the connectors. This is the tool 
used to crimp the connectors show previously in Figure 2-5. 


Computers 


‘You might not think about computers as being “power tools” in your toolbox. As the size of computers, 
laptops, tablets, and smart phones decreases, and their computing power, networking ability, and 
storage capacities increase, they become much better candidates for use in the lab. 

Traditional “desktop” personal computers (PCs), laptops, netbooks, and tablets can perform 
multiple roles in your laboratory setting, If you are lucky enough to have Internet access on your 
‘computer, it ean become a conduit for all types of useful electronics information, in addition to its more 
accepted role as a source of funny cat videos, See Figure 2-9 


Figure 2-9, Computers being used in the lab. Paul Bouchier of DPRG uses two laptops at once when testing 
new robot software with the Microsoft Kinect (just to the right of his mouse. 
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2) Connect the 1 ohm SOW resistor in serie with one of carbon rod and one pole of your DC power supply 
(set for 34V/15A DC), the other pole of your power supply is connected to the other carbone rod. You 
may add some additional multimeters for measuring the Current and the Voltage input. Fill up your 
generator with only distilled or fresh water. 


1ohmS0W 


ih 


34V 1SADC 


The Aquafuel(aiplgenersior - JL Naudin 12.06.98 


3) Now, your are ready to produce AquaFuel™. 


The AquaFuel(tm) Generator 
By Jean-Louis Nandin - 12-08-98 


Click here to see some animated videos of the AquaFuel(tm) generator in action 


‘You will see below some videos which show my AquaFuel(tm) in action and some personal comment: 


Sa 9 
|| Cioinicc| The AquaFuelin) GeneraterDenot 8] 


click here to see the AquaFuel(tm) demo 2 (90kb) 


(if you don’t have the RealPlayer 5.0, you may download it freely at : 


http://www.real.com/products/player/ ) 


Some reference documents and web link : 


United States Patent 6,183,604 - Sant 


Durable and efficient equipment for the production of a combustible and non-pollutant 
gas from underwater arcs and method therefor 


Abstract 

tem for producing a clean burning combustible gas comprising an electrically conductive first 
electrode and an electrically conductive second electrode, A motor coupled to the first electrode is adapted 
to move the first electrode with respect to the second electrode to continuously move the arc away from the 
plasma created by the are. A water tight container for the electrodes is provided with a quantity of water 
within the tank sufficient to submerge the electrodes. 


Inventors: Santilli; Ruggero Maria (Palm Harbor, FL) 
Assignee: Hadronic Press, Inc. (Palm Harbor, FL) 


Field of the Invention 


‘The present invention relates to durable and efficient equipment for the production of a combustible and 
non-pollutant gas from underwater arcs and method therefor and more particularly pertains to producing a 
combustible gas from the underwater arcing of electrodes moving with respect to each other. 

Click here to see the full patent 


Link to the MagneGas™ technology web site 


United States Patent 6,217,713 - Lee , et al. - April 17, 2001 


Process for producing aquafuel by using carbon fiber bundle electrodes 


Abstract 

The invention concems a process for producing aquafuel by replacing conventional inflexible carbon bars 
with thin, flexible and tough carbon fiber bundles as consumptive electrodes which thereby can be 
sustainedly fed and can produce aquafuel continuously. Such carbon fiber bundle electrodes can be prepared 
by pultrusion, and electrodes may be further carbonized or graphitized in order to increase the conductivity 
and gas productivity thereof, 


Inventors: Lee; Chi-Young (Hsin-Chu Hsien, TW); Chen; Swe-Kai (Hsin-Chu, TW); Tai; Nyan-Hwa 
(Hsin-Chu, TW) 
Assignee: National Science Council of Republic of China (Taipei, TW) 


Field of The Invention 
The invention relates to a process for produci 


g aquafuel by using carbon fiber bundle electrodes, and in 


particular, to a process for producing aquafuel by auto-feeding flexible carbon fiber bundle electrode in an 
electrolytic reaction, wherein said flexible carbon fiber bundle electrodes are formed by impregnating 
flexible, tough carbon fibers with a resin and said electrode can be used sustainedly in the electrolytic 
reaction of water under low voltage for a long period of time. 


Click here to see the full patent 


US 603,058 - Electrical Retort by Hilliary Eldridge April 26, 1898 ( the TRUE original 
Aquafuel patent ) 
+ US 5,159,900 - Method and means of generating gas from water for use as a fuel (Aquafitel Patent ) 


* US5,417.817 - Biomass gasification process and apparatus 


US 5,435,274 - Electrical Power Generation Without Harmful Emissions ( Aquaficel Patent ) 
US 5,692,459 - Pollution Free Vehicle Operation 

US 5,792,325 - Electric Are Material Processing System ( Aquafuuel Patent ) 

US 5,826,548 - Power Generation Without Harmful Emissions ( Aquafivel Patent ) 

US 6,299,738 - Fuel Gas production by underwater arcing ( Aquafuel Patent ) 

EP1227142 - Method and system for producing hydrogen from solid carbon materials and water 
Infinite Energy Vol.2, No9, 1996 

Infinite Energy Vol.2, No10, 1996 

Infinite Energy Vol.2, No11, 1997 

Infinite Energy Vol.4, No19, 1998 

Aqualux Corporation web site ( disabled ) 

MagneGas™ technology web site from Hadronic Press Inc 

A new fuel produced from water and carbon hy Alexander's Gaz and Oil production 

Le gaz i l'eau (gaz de houille ) 


Magneliquids(Tm) from [BR 
AquaFuel by the Morgan Energy Group 


AquaFuel Vs Diesel, analysis the Morgan Energy Group 

AquaFuel Vs Gasoline, analysis the Morgan Energy Group 

The TrueFuel ‘echnical informations by Advanced Energy Research Corporation 
The Aquafuel™ is a trademark from Aqualux Corporation 

The Magnegas™ is a trademark from Hadronic Press Ine 

The TrueFuel™ is a trademark from Advanced Energy Research Corporation 

The Carbo-Hydrogen™ is a trademark from DW Energy Research 


Plasm-Arc reactors, Magnegaz(Tm), and 


(wEmail : JNaudin509@aol.com 


Return to the JLN Labs home page 
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Information Big Brother & the Oil Companies do not want you to know! 


www.FuellessPower.com @ wwwFuelless.com 


Cover Page 


SCIENCE / 


& Research 


}OX 557 


© Posi 


Question: Is there enough useable energy from my phone line to light a 100 watt light bulb? 


Answer: Yes, but only for a short time. If you are looking for a way to light up your home then 
build our fuelless engine.( see our web site at: www.fuellesspower.com or write us for a catalog. ) 
This engine is powerful enough to run a 10 kw 120 vac 60 hz generator which can run your home. 


You can still use your incoming phone line as a useful light source. You can get enough light to light 
up a room or two by using a diode and a large 100 volt capacitor bank to collect the 50 vde. What 
you then want to do, is to use a high efficient lighting source, such as ultra bright white diodes, White 
neon lighting or flouresent bulbs. ( great for emergancy lighting in any storm.) 


‘The 50 vde current you have collected will not light Neon or Flourescent bulbs until the voltage is 
much higher. 300 to 5,000 vac, You can buy a 15,000 volt neon transformer and pulse the 50 vde 

into the primary using a wind up spring pulse switch ( food timers) or build a low milliamp transistor 
type pulse generator, this will turn the DC to AC which you can then collect from the secondary out 

put of your transformer. You can also build our #363-a step up DC ( No amperage loss! 100% eff. 

Using Photo caps ) Or just for a quick fun experiment charge 20 - 50 volt capacitors, with each 

capacitor having about 4700 uf ( micro farads ), simply fully charge cach capacitor by hand then 
connect them in series using Radio Shack allegator clips ( wire ), just like batteries, Negative to Positive, 
Warning! Use rubber gloves when working with High Volatge, High Voltage can kill! 


z - 


Once you are done with connecting them in series, use a small low amp ( Miliamp ) isolation transformer 
which you can buy from any electronic supplier or Radio Shack store. ( Search for Electronic Suppliers 
on web search engine ) connect the negative to the primary and the positive you will need to pulse the + 
on and off very quikly! the faster the pulse the better the output of energy! Connect the secondary leads 
from the isolation transformer to the ends of a neon or flourescent light bulb, as you pulse the positive to 
the primary of the transformer the bulb will light very brightly! 


Or you can pulse 
this homemade 
Testa Coil to light 
a bulb! 


15,000 v Neon Transformer 
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Again, there are many ways to get free electricity from your phone lines. (also great for out door lighting.) 


Updated 2004: The below method seems to be the best way so far to collect and store the 50 vde energy. 
This method should be done at night or when the phone line is not in use. 


To obtain | amp at 15 vde we use a 10 volt capacitor to step down the 50 VDC that is coming fromthe lines. 
This capacitor is a very special capacitor, try to get the same type if they still sell them. I think it was made in 
Japan. I wish we had them in stock we would sell them. Photo caps are very special and might work as well. 


+ 


Input 50 vde 


12 volt 


. 10 v Capacitor i 


Deep Cycle 
Marine Battery 


Electrolytic Capacitor 
10v x 1000uf 105C 
Made by Elna part # 8643 


Let cap charge every 4 to 6 seconds, you 
may want to use a spring wind up timer 
for switching or use transistors as de 
pulser to control 4 pat relays which alll can 

Power diode works best! be powered from free energy from the 
earth method, (See our free energy from 

—<-— the earth plans #459 $29.95 plus $3.95 
shipping.) Or you can use small magnetic 

G1 G4g reed switches ( about 10 ) placed and 
glued around a kitchen timer. Glue a small 
1/4 diameter neodymium magnet to the 
rotating handle. 


Page 2 


fy SCIENCE 


© POBOX-57 New Abany IN-47181) USA IY 


igh Voltage Care 


Be careful, high voltage or even low voltage with high amperage can 
kill you. Do not attempt to work on this project unless you are a 
trained professional in high and low - high amperage.. 


Remember to wear RUBBER GLOVES and RUBBER SOLE SHOES. 
Using rubber platex gloves from a dollar store or such, work good for 
up to 50 volts, any higher voltage you should wear a thicker rubber pair 
of gloves... 


WARNING: discharge all capacitors before you touch and work on 
them or around them.. If you do not know what a electrolytic 
capacitor is then we suggest you buy a beginners book in electronics 
that you can get from from any Radio Shack or electronic store or 
book store. 


You can also use the earth ground to gain more electrical energy into 
your capacitor by using one leg (the Negative) from the the telephone 
out put! A diode in the right direction of this leg will do wonders. it's that 
easy. 


The following information is confidential and has copyright and 

patent pending: Capacitors store and discharge free energy! Radiant 
energy is stored in between the capacitors plates and the electrons rest 
on the metal plates themselves. Radiant energy is also created at disch- 
arge, but in reality is taking the energy from a very special place 

that we do not want to disclose at this time. 


+ 


Power diode works best! 


G1 Gag 


Electrolyte Capacitor 
aov x 1000 105. 
Made by Ena part# 8643 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Here are just a few of the many possible areas of practical knowledge, learning opportunities, and 
bits of interesting information that you can access using your computer: 


Data sheets: Almost all electronics manufacturers provide online access to a 
library of technical data sheets and application notes for their products. These 
should be your first choice for information about how and when to use their 
products. These sources also contain important product errata, whi 
corrections and updates for products that have been made since thi 
publication, 


Online tutorials: The Web abounds with detailed and thought-provoking 
tutorials and background information on every topic imaginable, including, not 
surprisingly, mountains of information on computers and electronics. 


User forums: People tend to cluster around others with similar interests. Once 
upon a time when people where geographically limited and unable to 
communicate or interact with folks around the world, this severely restricted a 
lot of the more specialized areas of knowledge. Today, you can find user groups 
centered on every conceivable human endeavor (and some inconceivable ones, 
too) that are filled with helpful, knowledgeable members that are more than. 
happy to answer questions and share experiences with you. Do try to be 
courteous, respectful, and fair when asking for help with your projects, and 
always try to repay in kind by helping those with similar questions that you've 
had to master. 


Sharing/collaboration web sites: As the cost and complexity of publishing your 
work on the Internet becomes more manageable, it becomes faster and easier 
to let others know about your progress, as well as your problems. You can easily 
set up your own web page for little or no cash, or join many of the available user 
‘groups that allow their members to post, browse, and otherwise benefit from 
the works of other similarly minded individuals. 


Design tools: You can find many free or reasonably priced electronic design and 
simulation tools online. Some manufacturers also provide free tools specifically 
for optimizing designs for their products. 


Online suppliers: Where you once had to walk (or drive) down to the store and 
‘see what was available in your area as far as electronic components and tools 
went, now you can browse through the catalogs of suppliers from all over the 
world, from the comfort of your own lab. Not only does this provide a much 
larger field from which to choose, it also levels the playing field, so to speak, 
forcing worldwide competition for your hard-earned cash. Bonus: Some 
manulacturers offer a limited numbers of free samples. Yip! 


‘This list only scratches the surface of the kinds of information you can access using a computer. You 
can also use a computer as part of your electronic projects, and several examples of doing this are 
\cluded later in the book. 
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We are going to show you several different methods that you can use to get 
free electricity from your phone line. 


The amount of electricity will vary and depend on which set up you use. 
most of these set ups can be used at night time while your phone is not 
in use. using it this way will be the strongest... by using these methods 
it will keep the phone 1/2 way off the hook ? (hard to explain) 

One of the methods that we will explain is a bit crude... 
If you should get an incoming phone call in the middle of the night or day 
it will charge the capacitors faster and with more amperage input, but with 
one disadvantage, the phone will not ring! But we have discovered a way 
past this, but with a slight amperage loss. By using what we invented called 
a ceramic permanent magnet capacitor blocker filter.. you will see the drawings 
on the following pages. 


I'm sure there are much better ways to charge and gain more voltage and 
amperage from your phone line than what we have shown you here. but I am 
sure you will understand that our time is limited, it's a fun project, but we have 
been developing and researching much better technology than this! If you find 
a better way then please contact us so we can put it in our plans and share it to the 
world, we can mentionyour name as being the inventor if you like. 


( Timer Switching 4 PDT relays ) 


The Electricity you will get can be constant when hooked up to multible capacitor 
banks (Differant caps than the one shown on page 2). Using one 9 volt battery 
capacitor timer switches, to fire each cap bank at it's proper time. or by using earth 
energy. (use 2- 63 vx 4700 uf electrolytic capacitors ) 


We have actually lit a 100 watt 115 volt AC light Bulb with this set up. 2 caps 
connected in series. Charge each cap by hand, then connect together in series. 
But the main purpose is to use this system as a 12 volt deep cycle battery charger 
that will run a DC to AC 115 volt inverter to use as usable household energy to 
power a light bulb, an ac motor, TV, VCR etc... 
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You can Produce up to 3 amps every 30 seconds by charging a 35 volt 

x 4,700 uF electrolytic capacitor bank. Connecting large uf capacitors 

in parallel increases the amperage but slows down the charge time. 

You can also use them in series to step up the voltage to get 100 volts or 
150 vdc if you use three fully charged caps connected in series. The Fuelless 
engine can be designed as a small 2 hp electric motor and made to run on 
.05 ma x 300 input and can run from the phone line using our Com /SW 
method, ( See Our Plans ) you would need six fully charged caps 50 to 63 v 
x 4700 uf caps, to run this type of High Effiecient free energy motor. 

the output will be greater than the input! 


You can also use a DC to AC inverter (not the type to run your home )right from 
the phone wall outlet and then by using a step down transformer you can get 
12 volts ac which you will then need to change to dc using a one way diode. 
The amperage will be greater and can charge a 12 volt marine battery. 


Notice: 


Be sure to be neat! Put all Components in a safe and convenient plastic 
box. Use PC board, make it professional looking don't be sloppy! 

You must keep it safe were Kids as well as some Adults will not get 
shocked or hurt. 


IS IT LEGAL? 


We don't Know? 

When we first put it in our catalog we were confident that it was. Now 

we are not so sure? But, it's your phone and you are paying for it! Once it 
passes into your home it should be yours, as long as you hook it up right 

and it does not kick back up into the phone line and cause any harm to the phone 
companies generator lines or breaker boxes etc... that's why we use one way 
diodes. We have knocked out our phone lines for about an hour or so. when 
pulsing into the earth you sometimes get a kick back of more current and 

voltage than what is being collected or inputed. 


Remember: it's your phone service! you pay for it every month. The electric 


you pay for is used to run your telephone, if you wish to use it for something 
else there should be no law against it.... WE HOPE!!!!222? 
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OBJECTIVE; 


All the methods described in these plans are ways to get cheap Free 
energy for your home, ( #359 is not intended for your entire home ). 


There are millions of poor people all around the world who can't afford 
electricity but may have a phone, ( this system is much better than 

using candles). It's fast and cheap to put together for emergancy low 

light conditions. If one can afford it, we recomend building our Fuelless 
engine to run a car altntr, or 10 kw home generator system and stop paying 
a high electric bill, our system can pay for itself. Someday | hope we will 

be allowed to manufacture our free energy motors then you can simply 

go down to your local hardware store and buy a free energy motor and 
generator to power your entire home, but that may not be soon. The only 
way the open public is going to be able to get a hold of a free energy electric 
motor is to build one for thereseff. It's really not that hard! The cost to build 
our 2 hp ( Fuelless ) Free Energy Electric Motor is only about $195. You can 
use the 2 hp to run a 80 amp car alternator to charge a 12 volt marine deep 
cycle battery system connected to a 500 to 5000 watt inverter ( Which you 
can buy or make, see our #579 plans $40 ) to run your lighting, fans, VCR, 
TV, Refrig, Microwave etc... 


Collecting Free Energy from your phone line is also a fun science project! 
Your friends will love it. Most people do not even know they have 50 vdc 
running to there phone line, and when the phone rings it sends 3 times more 
amperage to your charging system. Set your phone up were it will ring itself 
every 2 minutes for one hour or until your batteries are fully charged. It's 
basically free! The phone company is not going to charge you extra for it. 


Use 4 - 12 v deep cycle marine batteries, ( car batteries will not work ) and 
connect them in parralel to increase your amp hr. then connect your inverter 
or inverters to your fully charged battery bank and enjoy free lighting, free 
electricity etc... Notice: Do not let your batteries go under a 25% charge, the 
batteries will last years if you take care of them by not under charging or 
over charging them. Use a digital volt meter. If you need more amperage, 
again use our Fuelless Engine or our free energy from the earth. 
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Use a DC Volt meter to find the negative and the positive. WARNING! Do not ground the 


positive to the earth, it will knock out your phone line for about 1 hr! 


Capacitor 


Capacitor 
Capacitor 


35 volt 


35 volt 


35 volt 


Capacitor 


5 amp output 


Using both the negative and the positive of the phone line seems to work best. Use 4 - 35 
vx 4700 uf electrolytic capacitors. This can be used as a battery charger using the diode 
as shown or a com / sw switching method as seen in our Fuelless Engine plans or you can 
simply use a hand wind timer with a strong magnet glued or taped to the handle and using 
multiple reed switches. Or power a low volt, low milliamp 4 PDT relay using the earth 


power ( see plans #459 $29.95 ) or our #396 homemade batteries $16.95 


Many homes have 2 phone lines, you can use both lines to get 100 vdc with double the 
amperage output! Use 4 - 150 v x 4700 uf capacitors instead, you can then light a 100 
watt bulb, or pulse the 100 volts into a 15,000 volt neon transformer to get a 14,000 vac 


out put to power several neon bulb tubes or flourescent bulbs. 


30 second timer 


5 amp output 


Dawn to dusk on / off SW 


12 volt 
Deep Cycle 
Marine Battery 


If you wish to build your own hand spring timer and relays you can buy material at www.smallparts.com 
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to Earth 


30 second timer 


12.volt 
Deep Cycle 
Marine Battery 


5 amp output 


Dawn to dusk on / off SW 


Copper Pipe 3 to 8 feet into the ground. —— 


Earth Ground 


If you wish to build your own hand spring timer and relays you can buy material at www.smallparts.com 
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Grounding to Earth 


DC to AC inverter| 


50 to 100 volts ac 12 vde output 


100 vac itusing 2tines| 


Best to use a high Ef 
Elscrone SW trans. 
All computer power 
‘supplies use them, 
Dawn to dusk on/off SW 


Copper Pipe 3 to 8 feet into the ground. 


Earth Ground 


42 volt 
Deep Cycle 
Marine Battery 


Amperage output will 
now be higher! 


Ifyou wish to build your own hand spring timer and relays you can buy material at www.smallparts.com 
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A Simple but effective Inverter 


A ssimple but very effective inverter that you can build if you know how to handle a soldering 
gun. Parts can be purchased at any radio shack store of electronic supply house. Search the 
web. When | say search the web, you would not believe how many people do not know what | 
am talking about so | will explain it. You can find just about anything you need on the web. If 
you have AOL.com then that is a search engine as well as Google.com, Yahoo.com etc.. They 
are all powerful search engines, you simply type in a word in the search the web white address 
bar, for example: Looking for capacitors, Type in capacitors or electronic parts and supplies. 
You can also buy beginners books in electronics from any Radio shack or on line store to 
quickly help you learn how to put this inverter together, some suppliers sell HV inverter kits. 


The 50 vdc must be changed to ac voltage current or it will not work (step up voltage ) into a 
step up transformer or diode / capacitor step up multiplier circuit. 


High Voltage Power supply / DC to AC Inverter 


RI 
2k 
Resistor 


1 Capacier— [| [| 
tu aN = 


Pemary Secondary 


T1=6.3y x 120v transformer This circuit will produce about 220 vols. Use @ tm resistor 
foc higher voatges. 


We found this cicuit in an old electronics book, it is for low voltages but you can replace the parts 
with higher rated parts so they will work on higher amperages or higher voltages. 
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The reason we made this catalog was to raise money for research and development and 
to also share to the World our findings and discoveries on The Fuelless Engine. 

All of our research and findings on the topic of free energy have guided us to many other 
ideas and devices along the way which are included in this catalog, but none can compare 
to the Fuelless Engine! If the whole world uses this free energy engine we will all be able 
to free ourselves from the Gas, Oil, and Electric companies that now hold us prisoner. By the 
year 2020 every home should have their own power plant, and we will do everything in our 
power to make this happen. 


This engine will run forever with a once a year maintenance check, and will provide FREE 
ENERGY for the rest of your life. 


If you are a skeptic and find Free Energy and Perpetual motion a little hard to believe then 
consider this, The earth is FREE ENERGY in a perpetual motion state. Hydrogen and oxygen 
atoms are FREE ENERGY constantly being reused over and over. Acoil of wire induced by 
a DC current and then turned off will produce Free energy from a collapsing magnetic 
field. HV Capacitor's play a very important roll as well... Solar Cells are free energy devices but 
they have there limitations, they can only operate when sunlight is present, but our devices are far 
greater than solar cell technology and can operate 24 hrs a day 7 days a week. 


We take what we do very seriously! We would not sell anything that we did not first test our- 
selves. | personally believe 100% in what we sell. Our plans are Guaranteed to work or 
your money back! 


Free Energy is everywhere, don't be left in the dark. 


Thank you 
David Waggoner 


pik Waggon 

Owner / Research and Development 

Creative Science & Research 

PO BOX 557 

New Albany, IN. 47151 USA 

sales@fuellesspower.com Nikola Tesla 


www fuellesspower.com 


www fuelless.com 


www fuellessengine.com 


Tesla Coil 
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The Fuelless Engine 


« Free Energy: Free Electricity for your home or car! 


FREE POWER! For your home, garage or car! 


The US Government nor the Oil Companies will not let us 

or anyone else manufacture these powerful engines right 

now, ( They say it could destroy our economy? ) 

But if we can slowly introduce these devices to the world | 

think we can convert every home and automobile to run on 

free energy by the year 2020, | believe it could be done safely 

and would not hurt our economy at all. That's where you > 
come in, We need backyard researchers just like yourself, to 
build our device(s), use them, and keep them confidential! 

We have made it as easy for you to build using our easy to 

follow plans. 


2'x2'x 1’ 350 Hp 


lany years of research went into d ine. 
ou can scale these plans up or down to ‘buts any size hi 


THIS ENGINE CREATES IT'S OWN POWER, It does not run on any type of gasoline, oil or 
any other type of combustible fuel. It has a high free energy output! Guys, if you do not get 

these plans now you will be kicking yourself in the pants tomorrow! This is the engine that 

every free energy researcher is talking about! 


EASY TO BUILD STEP BY STEP PLANS / BLUE PRINTS 


MANY MAGAZINE ARTICLES HAVE BEEN WRITTEN ON OUR ENGINE! You may have read about us in the 
1996 July Issue of Exotic Research magazine. Popular Science has done many articles on free energy in the early 
1940's and 50's, I'm sure before BIG BROTHER asked them to stop! 


Plans ony 1 6° 


SR YOUR MONEY BACK 
video ony $29.95 
50 to 350 hp plans only $40.00 Order#362rc Order # 361 


Creative Science & Research P.O. BOX 557 New Albany, IN. 47151 
(Once we teach you the secrete in building this engine You can then design and bulld this engine to any HP you desire. 
Conyight 2202 2008 Ceatve Seance & Resaarch 
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Tools for Soldering 


‘You don't have to learn how to solder to work with electronics, but ithelps, It really does. It opens a 
whole new world of possible projects, repairs, and custom modifications to existing equipment. Just 
remember, as always, to keep your work area clean and safe, See Figure 2-10, 


Figure 2-10. A Weller controlled-temperature soldering station, What a mess! 


Like any worthwhile skill, soldering is best mastered with lots and lots of practice. The best way to 
is to have someone show you how it's done. It's difficult, but not impossible, to 
ig techniques from a book. That being said, have a look at Figure 2-11 


All Our Plans are Now on CD! 


FREE ENERGY MOTORS & GENERATORS 


* CONFIDENTIAL INFORMATION! 
For Selected Customers Only! 


As requested by many of our customers! 


* Information The Oil Companies and Big Brother Do Not Want You To Know! 


We are now offering our entire web site and catalog of Free Energy 
Plans for only $300 


You save over $200 (a $500.00 value ) 
Order # CD Package #1 


* LOADED with information! Packed full of color photo's, More information! etc... 
Plans are sent fo you on a CD Computer Disk, which you can then view or print from your computer. 


PDF format for Adobe Reader Computer Program. If you do not have Adobe Reader 4.0 
Itis FREE for downloading at www.adobe.com 


* Please add $3.95 for US Priority Shipping which includes online tracking 
* Guaranteed To Work Or Your Money Back! 


Other CD Packages Available: See our web site order form, Bottom page 
www.FuellessPower.com 


Please Sand a Check or Money Order To 


Creative Science & Research 
PO BOX 557 New Albany, IN. 47151 USA 


won uelesspower.com or yyw. fuelless.com 


NOTICE: Most of our plans can are now available by E-mail Download 
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THE GOLDEN BOOK OF 


Chemistry Experiments 


How to Set Up a Home Laboratory— 
Over 200 Simple Experiments 


BY ROBERT BRENT 


ILLUSTRATED BY HARRY LAZARUS 


GOLDEN PRESS @& » NEW YORK 
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‘Words Used by Chemists 


Acid: a hydrogen-containing compound 
that releases hydrogen ions in solution. 
Alloy: a material made up by combining 
‘two oF mare metals. 


breaking down a compound 
fo two ar more substances, 


Anhydrous: free from water. 


Atom: the smallest unit of an element 
that can enter into the making of a 
chemical compound. 


Atomie weight: the weight of an atom 
compared with the weight of an oxygen 
atom set at 16. 


‘Base: a compound containing the hy- 
droxide group (OH). 

Catalyst: a substance that helps in a 
chemical reaction without itself being 
changed. 

Chemical change: « change of @ sub- 
stance into another substance having 
different properties. 

Chemistry: a branch of science desling 
with the compositions of substances and 
the changes that can be made in them. 
Combustion: burning; a chemical 
change that produces heat end light 
Compound: a substance consisting of 
two or more different kinds of atoms in 
definite proportions by weight. 
Crystal: a solid in which atoms or mole 
cules are arranged in a definite pattern, 


Density: the weight of a liquid or a 
solid in grams per em? or milliliter. 

istillate: a liquid that has been turned 
into vapor and again cooled into a liquid. 


by passing an olectric current through it, 
Electrolyte: a substance that, when in 
a solution or when melted, will conduct 
‘an electric current. 


mercury 


Elementsa substance that contains only 
‘one kind of atams, 


Equation: 9 complete description of 
chemical reaction by the use of symbols, 
Formulas, and signs. 


Evaporation: the changing of a sub 
stance into vapar; also the process of re- 
moving water by heating. 


Filtrate: a liquid obtained by filtration, 
Filtration: the provess of straining a 
liquid from a solid through porous mate- 
rial, usually filter paper. 

Formula: a group of symbols and num- 
bers giving the composition of a com- 
pound, 


‘Hydrate: a compound containing loosely 
bound water of hydration (water of 
crystallization) that cun be driven off 
by heating. 

Hydroxide: a compound that contains 
the hydroxyl (OH) radical. 

Ton: an electrically charged atom or 
group of atoms (radical). 


capable of being hammne 


Matter: anything thet takes 
‘and has weight, 

Metal: an element that is a good con- 
ductor of electricity, has luster, and 
‘hose axide forms a base with water. 


Metalloid an element that has proper- 
tise of hath motals and nonmetal 
Mixture: a mingling of substances not 
combined chemically. 

Molecular weight: the sum of the 
tatomic weights of the atoms that make 
up a molecule of a compound. 
Molecule: the smallest unit of a com 
pound that can exist in the free state, 
Neutralization: the reaction of an acid 
‘and a base to give a salt and water, 
Nonmetal: on element that is @ poor 
conductor of electricity, does not have 
Tnster, and whose oxide forms an acid 
‘when combined with water. 


Orsanie chemistry: the chemistry of 
the carbon compounds, 


‘Oxidation: the process by which a sub- 
stance combines with axygen. 
Precipitate: an insoluble solid formed 
in a solution by chemical reaction. 


Radical: a group of atoms that behave 
chemically as a single atom, 


Reactions a chemical change. 
Reduction: removal of oxygen; the op- 
posite of oxidation, 


Salt: compound (other than water) 
formed by the reaction of an acid and 
a base, 

Saturated solution: a solution that 
contains the maximum amount of solute 
under the conditions. 

Solubility: the number af grams of 
solute needed to make a saturated so- 
lotion in 100 grams of solvent. 


the substance dissolved in a 


Solut 
solvent. 


Solution: @ non-settling mixture of & 
solute in a solvent. 


Solvent: a liquid in whieh a solute is 
dissolved. 


Sublimation: process by which a sol- 
ii is turned into vapor and again cooled 
into a solid without passing through a 
liquid stage. 

Subseript: @ small numeral indicating 
the number of atoms of a certain clement 
in the formula of a compound. 


Substance: any specific kind of matter 
‘whether element, compound, ar mixture. 


Symbol: a letter or two letters repre 
senting one atom of an element. 


Synthesis: the making up of a com- 
pound from simpler compounds or from 
elements; the opposite of anal 


Valence: the number of hydrogen atoms 
which one atom of an clement can dis- 
place or with which it ean unite. 


copper 
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COOKING AND CLEANING ARE CHEMICAL PROCESSES. 


The Importance of Chemistry 


THERE 15 HARDLY a boy or a gitl alive who is not 


are all chemical products and the ways in which 


keenly interested in finding out about things. And your body turns them into muscles and bones and 


that’s exactly what chemistry is: FINDING OUT 
ABOUT THINGS — finding out what things are 
made of and what changes they undergo. 

‘What things? Any thing! Every thing! 

Take a look around you. All the things you see — 
and lots of things you can't see— have to do with 
the science of chemistry. 

Let's start with yourself. The air you breathe is 
a mixture of chemi 
breathing is a chemical reaction. The foods you eat 


nerves and brain cells are some of the greatest of all 
chemical mysteries. 

The clothes you wear, the books you read, the 
medicine you take, the house in which you live— 
all these are products of chemistry. So is the family 
car — the metal in it, the rubber on which it rolls, 
the gas that moves 

Nature itself is a tremendous chemical laboratory. 


substances and the process of Everything in nature is forever passing through 


chemical changes. Here on earth, plants and animals 


INSECT SPRAYS MEAN 
HEALTHIER LIVESTOCK. 


CHEMISTRY PROVIDES FUEL FOR 
ALL KINDS OF TRANSPORTATION. 
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PURIFICATION OF WATER 


grow, die, and decay; rocks crack and crumble under 
the influence of air and water. In the universe, new 
stars are formed, others fade. The sun that gives us 
‘heat and light and energy is a flaming furnace of 
chemical processes that will eventually burn itself 
out, billions of years from now. 

Chemistry is one of the most important of all s 
ences for human welfare. 

Chemistry means the difference between poverty 
and starvation and the abundant life. The proper 
use of chemistry makes it possible for farmers to feed 
the world’s ever-increasing population, for engineers 
to develop new means of transportation and com- 
munication that will bring the peoples of the world 
closer together, for doctors to cure the diseases of 
mankind, for manufacturers to produce the thou- 
sands of items that are necessary for better and 
richer living. 

And this is only the beginning. 

Within recent years, scientists have succeeded in 
penetrating into the innermost secrets of chemical 
substances and have begun to make use of the tre~ 
mendous force that lies hidden in them. This atomic 
power opens up amazing possibilities for the future. 

You will live in a world in which chemistry will 
become ever more important. ‘To understand that 
world it is necessary to understand the truths and 
laws on which modern chemistry is based and to learn 
how chemists of the past unraveled them. 

This book will help you get this insight — not 
alone by your reading it, but also by 
tiously doing the experiments described and learning 
what each of them has to tell you. 


PAPER AND PRINTERS 
INK ARE MADE WITH 
HELP OF CHEMISTRY. 


ATOMIC ENERGY FOR 
THE FUTURE 


UNITED STATES IS THE WORLD'S 
LEADING PRODUCER OF STEEL. 


sublimate Bee 


‘SYMBOLS USED BY ALCHEMISTS 


Chemists of the Past 


‘Many THovsaNp years ago, an early ancestor of 
yours pushed a stick into the hot lava flowing from 
an erupting volcano. The stick burst into fire, He 
held it up as a torch. Tt gave off light and heat and 
finally turned into ashes, 

This ancient man might be considered the world’s 
first chemist. He had actually taken a substance 
called wood and had, by a chemical process called 
combustion or burning, turned it into something else. 

‘The discovery of the use of fire was the first great 
step leading toward modern chemistry. Fire made it 
possible to turn raw foodstuffs into edible meals, to 
bake shaped clay into pottery, to make glass, to 
drive motals out of their ores. 

For thousands of years people were chiefly inter- 
ested in the results of what they did— they didn’t 


copper 


care about what happened or why it happened. Tt 


was only about 2,500 years ago that philosophers 
began to wonder about what things were made of 
and what happened when a thing changed into some- 
thing else. 

Around 400 B. C.,in Greece, a thinker by the name 


of Empedocles came up with an idea that seemed to 
make sense, He explained that everything in the 
world was made from just four things which he 
called “elements”: fire, water, air, and earth. Think 
of that burning stick mentioned above. It gave off 
fire —so, obviously, the stick had to contain fire, 
It sizzled — which meant there was water in it. It 
smoked — and smoke would be some kind of air. It 
left ashes —and ashes are earth, as certainly every- 
one should know. 

Everyone—exeept another Greck, Democritus, 
born around the time when Empedocles died. He 
hod a different notion — that all matter was made 
up of tiny particles which he ealled atomos — some- 
thing that cannot be cut further. 

But Democritus didn’t get very far with his idea, 
‘The greatest Greck philosopher of the day, Aristotle, 
held out for the four elements. And because of his 
great reputation this false idea governed the thinking 
of scientists for two thousand years — because no 
one dared suggest that he knew better than the great 
Aristotle! 


BRONZE-AGE MAN WAS ONE 
(OF THE EARLIEST CHEMISTS. 


DEMOCRITUS INSISTED THAT 


MATTER CONSISTS OF ATOMS. 


-ARACELSUS TOLD HIS. PU: 
PILS TO USE EXPERIMENTS. 

BOYLE INVESTIGATED GASES 
‘AND BROKE OLD TRADITIONS, 


In the meantime, scientists of Arabia began work 
in a subject they called alchemy — from Arabic al, 
the, and kimia, pouring together. They mixed things 
and boiled and distilled and extracted in the hope, 
some day, of finding a way of making GOLD! They 
discovered a great number of things not previously 
‘Anown, developed many sound laboratory methods, 
and gave the science of chemistry its name — but 
‘they never created the slightest speck of gold. Nei- 
thor did a great number of European alchemists. 

For hundreds of years chemistry made little head- 
way. Then, in 1525, a Swiss doctor and scientist 
spoke up. He had the imposing name of Theophras- 
tus Bombastus Paracelsus von Hohenheim. He chal- 
enged his students to tear up their books with the 
old theories that had been developed through reason- 
ing only and to find out for themselves through ex- 
periments whether a scientific theory was right or 
wrong. But only a few people paid attention to him. 

‘More than a hundred years passed before an Eng- 
lishman, Robert Boyle, in 1661, succeeded in killing 
off the old idea of the four elements. He did it by 
establishing that there are many elements — sub- 
stances that cannot be formed by other substances 
and cannot be broken into other substances, 

‘Another hundred years went by. Then, at the time 
of the American Revolution, the day finally dawned 
for modern chemistry. 


PRIESTLEY USED HEAT OF 
‘SUN TO PRODUCE OXYGEN, 


LAVOISIER GAVE THE RIGHT 
EXPLANATION OF BURNING. 


‘A Swede, Kerl Scheele, and an Englishman, Joseph 
Priestley, discovered oxygen, and a Frenchman, An- 
toine Laurent Lavoisier, explained the true nature 
of burning and made up the first scientifie listing of 
all known elements — twenty-eight at the time. 

Within a few years, more elements were found. 
With the help of electricity, am English chemist, 
Humphry Davy, in a single year brought to light 
six new metals — among them sodium, potassium, 
calcium, and magnesium. 

Twenty years later, in 1828, another important 
break-through occurred. A German chemist, Fried- 
rich Wobler, working in his laboratory produced a 
chemical, urea, that had never before been made 
outside the body of a living animal. 

‘More and more things were happening. New ele- 
ments were discovered, new chemicals created. The 
advanees in chemistry greatly influenced industry, 
agriculture and medicine. 

‘And then, in 1898, the Polish-born Marie Curie 
and her French husband, Pierre, discovered the “mir- 
‘cle clement,” radium. This opened up a whole new 
age in chemistry. 

Within the last fifty years, chemistry has moved 
forward with giant steps. But not a single one of 
these steps would have been possible without the 
dedicated work of the chemists of the past who laid 
the foundation on which modern chemistry rests. 


DAVY BROUGHT ELECTRICITY 

INTO CHEMICAL RESEARCH. 
MARIE CURIE AND HER HUS- 
BAND DISCOVERED RADIUM. 


REGULAR LABORATORY WARE Cy 
— 


flasks 


Florence 
flask 


f] 


| 


wire gauze with 
osbestos center 


crucible tongs 


pinch clamp, Day. 


clay-stem triangle 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


SOLDERING IS EASY 


BED oes aa aoe? 


Ve On SoBe 


fe LETS SOLDER! 


Ecler 


SECOND 


ae sone: 


Figure 2-11. Instructions for soldering. This delightful illustration by Andie Nordgren captures the basics 
of soldering as taught by soldering guru Mitch Altman (http:illog.andie.selpost/397677855\soldering-is- 
easy). 
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iM + IMPROVISED EQUIPMENT FOR HOME LAB 
Equipment for Chemistry 
Sout of the greatest discoveries in chemistry were 
made by scientists who had no special equipment 
but simply used whatever was at hand. 

In your home lab experiments it will pay you 
to follow the example of these early chemists. Put 
your imagination to work. Use whatever suitable 
equipment you can find around the house (as sug- 
gested in column to the right) and buy only what is 
absolutely necessary (as shown below). Some items 
may be purchased in a local drugstore or scientific 
supply shop. If not, you can buy them from one of 
the suppliers listed on page 110, 

Later on —if you really get exeited about chem- 
istry — you may want to use your pocket money for 
some of the lab equipment shown on page 8. 


mayonnaise 
jor 4 oz. 


olive jar 
2 oz. 


LABORATORY WARE FOR HOME LAB 


plastic 
funnel 


custard cup 


wire 
screening 
4 x 4" 


ink bottle 


home-made 
test tube holder 


stands made 
of clothes 
hanger wire 


2%!" inside diameter 


IN_A REGULAR LAB, 
EVERYTHING HAS ITS. 
PLACE AND IS NEAR 
AT HAND. AIM TO 
KEEP YOUR OWN LAB 
AS WELL ORGANIZED. 


Setting Up Your Home Laboratory 


BOX TO HOLD HOME 
LAB CAN BE MADE 
FROM PLYWOOD. KEEP 
BOX LOCKED WHEN 
NOT IN USE AS A PRO. 
TECTION FOR YOUNG- 
ER CHILDREN. 


le 


‘wastepaper 
bosket 


Ow) 


pl Y 
pail for’ 


waste 
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Tr 1s possible that you may be permitted to work 
at the kitchen table when this is not in use. But it 
is far better if you have a place where you will not 
be disturbed and where you ean store your equip- 
‘ment —a corner in your room, or in the basement 
or the garage. 

‘These are the things you'll need in your lab: 

Work Table. An old, sturdy table will do. Cover 
it with a plastic top to protect the wood. 

Water Supply. If you have a faucet nearby, 
fine. Otherwise, make a siphon bottle (page 11). 

Waste Disposal. If you can dump your waste 
directly into the kitchen drain (NOT into the sink), 
you are all right. If not, collect it in a plastic pail 
to be thrown out when you're finished. 

Source of Heat. In the regular laboratory, spe- 
cial gas burners are used. In the home lab, you ean 
use a burner for denatured aleohol. Have a shallow 
‘metal pan under the burner for fire safety. 

Storage. If there's no one around to disturb your 
chemicals and equipment, an open shelf is OK. 
Otherwise, use a box that can be locked up. 

Containers. Keep chemicals in glass jars end 
bottles. LABEL THEM ALL CLEARLY. 

Stands. Make your own test tube stand as well 
as stands for holding glassware for heating. 


YOU CAN MAKE A SIMPLE TEST TUBE 
STAND FROM A SALT BOX. CUT OUT 
SIDE AND USE CUT-OUT SECTION TO 
KEEP TEST TUBES LINED UP STRAIGHT. 


IF YOU DO NOT 
HAVE RUNNING 
WATER IN YOUR 
LAB, MAKE SIPHON 
FROM A 1-GALLON, 


BOTTLE. START. 
SIPHON BY BLOW- REGULAR LAB STAND FOR 
ING THROUGH TEST TUBES CAN BE PRO- 
LSHAPED GLASS DUCED FROM STRIPS OF 
‘TUBE. SPRING. Yy-INCH WOOD. FOLLOW 
CLOTHES PIN PATTERNS BELOW TO MAKE 
REGULATES TWO SIDES AND THREE 


HORIZONTAL PIECES. DRILL 
HOLES. ASSEMBLE WITH 
THIN TACKS. 


WATER FLOW. 


of Thermos 
bottle cork 


one along dotted line 
—> 7h" 5) 


&00000/ 
1S OOO OF 


le- 3%" 
x USE A PAIR OF PLIERS FOR MAKING 
‘THESE STANDS FROM CLOTHES HANGER 
WIRE, ALSO MAKE THE FUNNEL STAND 
IWUSTRATED ON PAGE 9. 


MMAKE AN ALCOHOL BURNER FROM INK 
BOTTLE, THERMOS BOTTLE CORK, AND LIP 
STICK CONTAINER. BUY WICK AT A HARD- 
WARE STORE, 
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axa 
x oe | 


‘AN ADEQUATE TEST TUBE HOLDER. IF 
YOU LIKE, YOU CAN MAKE A HOLDER 
FROM CLOTHES HANGER WIRE AS 
SHOWN HERE. 


u 


No. 5 


15 em 


FIRST DECIDE ON. 
APPARATUS YOU 
WILL NEED. THEN, 
FIGURE OUT SIZES 
(OF PARTS. THESE 
ARE THE PARTS: 
FOR THE SAFETY 
GAS GENERATOR 
‘ON PAGE 29. 


Making Apparatus for Experiments 


Mosr of your chemical experiments you will perform 
in test tubes and jars. But occasionally you will need 
an apparatus —a device consisting of bottles and 
stoppers, glass and rubber tubing. 

A good chemist takes pride in his apparatus. He 
makes it with great care— not just for looks but, 
‘more important, for safety. An apparatus that leaks 
flammuble gas can be very dangerous. 

Before you start to put an apparatus together, 
make a simple drawing of it so that you will know 
‘what it will consist of. Then get out the various parts 
you will need to put it together. 

To make an apparatus, you need to know how to 


5mm 


10 mm 


16 mm 


THESE ARE THE ACTUAL SIZES OF RUBBER STOPPERS. BY 
MEASURING THEM AGAINST YOUR LAB WARE YOU WILL 


cut a glass tube, how to bend it, and how to draw 
it to a jet point. See page 13. 

It is wise to use glass tubes of one diameter only, 
with rubber tubing to fit, Glass tubes of an outside 
diameter of 6 millimeters lit snugly into the holes in 
the usual rubber stoppers. Rubber tubing of an in- 
side diameter of 3%" fits over the 6mm glass tubes. 

‘To determine the right size stoppers to use in the 
bottles of your apparatus, measure the mouths of 
the bottles against the stoppers shown below in 
actual size. Order stoppers by number. Keep a selec~ 
tion of different sizes on hand. 

Follow the safety precautions an page 16. 


26 mm 


18 mm 


20 mm 23 mm 


KNOW WHICH TO ORDER. No. 0 FITS THE 16 mm TEST 
TUBE, No, 5 FITS 4-02, WIDE-MOUTH BOTTLE, 
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CUTTING GLASS TUBES 


push thumbs away from you) 


@ ake sincte scRATCH WITH FILE—DO NOT “SAW.” 
@ HOLD TUBE With BOTH HANDS, THUMBS BELOW MARK. 
@ SNAP TUBE INTO TWO PIECES WITH A QUICK JERK. 


BENDING GLASS TUBES 


roll slowly 


HEAT THAT PART 
TUBE EVENLY 
WHERE YOU WANT TO. 
BEND IT, FOR ABOUT 
‘TWO INCHES, BY ROLL 


ING AND MOVING 
THE TUBE BACK 
AND FORTH, 


WHEN GLASS IS 
FT, REMOVE FROM 
FLAME, BEND QUICK. 
Ly. HOLD UNTIL THE 
GIASS HARDENS. 
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FIRE GLAZING 
CUT EDGES 


ROUND THE ROUGH EDGES OF CUT 
‘TUBE BY ROTATING IN FLAME, THIS 
1S CALLED “FIRE GLAZING.” 


MAKING JET POINT 


HEAT SECTION OF TUBE EVENLY WHERE YOU WANT 
FORM JET POINT, BY ROLLING IT IN THE FLAME. 


@ ween sor, PUL SLOWLY, CUT APART WHEN HARD. 


GOOD BEND 


too hot a) 
POOR BEND )) 


POOR BEND 


t 


too hot here 


IF HEATED TOO 
‘MUCH, THE TUBE 
WILL FLATTEN 
OR “BUCKLE,” 


METRIC UNITS OF LENGTH 
1000 meters (m) = 1 kil 
T meter (m) = 1000 mi 
1 meter (m) = 39.37 inches 

2,540 centimeters (em) = 1 inch 


1 cubic centimeter = 


1m 


METRIC UNITS OF VOLUME 


1 iter 

(cm? oF 
1 iter (I) 
1 Miter 


0.946 liter (I) = 1 quart (liquid) 


Scientific Measurements 


In sctexce, the metric system is preferred over our usual sys- 
tem, It is much easier to work with when once you haye learned 
it — for instead of dividing or multiplying by 12 or 32 ar 16 
to go from one unit to the next, you simply move the decimal 
point, Just remember these two thing 

1. That the names of the asic units are meter for lengths, 
liter for yolumes, grams for weights — abbreviated to m, 1, 
and g (without a period after them). 

2, That 1000 of kind are called kilo; 100, hekto; 10, decas 
1/10 is called deci; 1/100, centi; 1/1000, milli. 


METRIC UNITS OF WEIGHT 

1000 grams {g) = 1 kilogram (ko) 

1 gram (g) = 1000 milligrams (mg) 

1 gram (g) = 0.035 ounces avoirdu- 
pois 

28.350 grams (g) = 1 ounce avoir 
dupois 


= 1000 cubic centimeters 
Fee) 
1000 milltiters (rl) 


1.06 quarts (liquid) 


Vm 
Making a Model 


of a Cubic 
Centimeter 


BOTTOM LINE OF FIGURE 


TO THE RIGHT IS 1 DECI- 
METER (1 dm) OR 10 CEN 
TUMETERS (10 cm) OR 100 


(MILLIMETERS (100 men). 


FRONT SURFACE OF FIGURE 


15 T SQUARE DECIMETER [T 
dn’) OR 100 SQUARE CEN. 
TIMETERS (100 em’). 
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VOLUME OF WHOLE FIGURE 


IS 1 CUBIC DECIMETER (1 
dm’) OR 1000 CUBIC CEN- 
TIMETERS (1000 cm* OR 
1000 <<) OR 1000. MILL 
LITERS (1000 ml) OR 1 LITER 
(1. 11 WATER WEIGHS 
1 KILOGRAM (1 kg). 


1 cubic decimeter = 1 liter = 


1000 cubic centimeters = 1000 milters 
centimeter 
ruler 


inch 
ruler 


string 


USE PATTERN BELOW 
TO MAKE BEAM WITH 
TONGUE ATTACHED. 


(MAKE THE TWO PANS FOR 
THE HAND BALANCE FROM 
TOP_AND BOTTOM OF A 
FROZEN-JUICE CAN. OPEN CUT CAREFULLY WITH 
CAN AT SIDE. CUT THE TIN SNIPS. FOLD BEAM 
PANS WITH TIN SNIPS. LENGTHWISE. PUNCH 
HOLES WITH NAIL. 


FOR MANY EX- 
PERIMENTS YOU 
NEED TO WEIGH 
CHEMICALS. FOR 
THIS, MAKE A 
HAND BALANCE, 


YOU CAN USE COINS TO 
Come) WEIGH 2.5 9, 59, 7-59, 10.9, 
2.59 ETC. FOR SMALLER WEIGHTS, 


CUT ATIN STRIP TO WEIGH THE 


| i lg | V9 
S 


MAKING A GRADUATE 


‘A GRADUATE IS USED FOR 
MEASURING LIQUIDS. 


" 


ASSEMBLE BALANCE, 
AS SHOWN. IF 
BEAM DOES NOT 
ALANCE HORI- 
ZONTALLY, PUT 
SMALL "RIDER" CUT. 
FROM TIN CAN 
OVER ONE ARM OF 
THE BEAM. 


YOUR 6” TEST TUBE HOLDS 
22 ml, YOU CAN USE IT FOR 
ROUGH MEASUREMENTS: 
TUBE NOT QUITE FULL IS 20 
‘ml, NOT QUITE HALF FULL 10 
ml. FOR SMALLER AMOUNTS, 
COPY THE RULER TO THE 
RIGHT AND ATTACH IT TO 


8 | THE sive OF A Test TUBE 
2 | with scorch Tare FOR 
© | MEASURING mis. 
io} pattern for bar and =O tongue for hand bolance ° 


° ° 


pattern for support for hand balance 


eek 


presto 
eS 


COPY THE PATTERNS ABOVE 
ONTO A PIECE OF PAPER. 
TRANSFER DESIGNS TO PIECE 
OF TIN CAN. CUT OUT AND 
BEND AS SHOWN TO THE LEFT. 


SET OUT ALL THE 
EQUIPMENT AND THE 
CHEMICALS YOU NEED. 


eEFULLY BEFORE START- 
ING EXPERIMENT. 


eali\ 
Ce instructions tl. 
g 


LACE USED EQUIPMENT TO THE 
FOR CLEANING WHEN EXPERI 
MENT IS COMPLETED. 


Correct Laboratory Techniques 


Iy Youn home laboratory, three considerations are 
of the greatest importance: SAFETY, NEATNES! 
and EXACTNESS. 

FETY — All the experiments in this book are 
safe when done in the correct laboratory way as 
shown on these pages. 

‘Treat chemicals with respect, Never taste any- 
thing unless specifically told to do so. If there are 
younger children in the family, lock up your chem- 
icals when you are not working with them. 

Protect your clothes with a plastie apron. 

Be careful with fire. When you use your alcohol 
burner, have a metal pan under it for safety. 


NEATNESS — Get the habit of lining up equip- 
ment and chemicals you need on one side and placing 
used items on the opposite side — keeping the space 
between them clear for your experiments, 

Put chemicals away and clean glassware as soon 
ished an oc 


Where amounts of chemicals are not given, use 
the smallest amount that will tell you what you want 
to know. 

Observe the chemical reactions carefully and make 
complete notes of them as you go along. 


PLAY SAFE WHEN YOU PUT A GLASS TUBE IN A STOPPER. 
PROTECT YOUR HANDS BY WRAPPING TOWEL AROUND. 
‘THEM. MOISTEN GLASS TUBE AND STOPPER WITH WATER, 
‘THEN PUSH THE TUBE INTO THE STOPPER WITH A SCREW- 
DRIVER MOTION. 
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WHEN YOU MAKE AN APPARATUS FOR A CHEMICAL EX. 
PERIMENT, MAKE SURE THAT ALL CONNECTIONS ARE AIR- 
TIGHT. USE THE RIGHT SIZE STOPPER FOR MOUTH OF 
CONTAINER, GLASS TUBES THAT FIT SNUGLY INTO THE 
STOPPER HOLES, AND TIGHT-FITTING RUBBER TUBING. 


MAKE IT A HABIT 
TO READ A LABEL 
TWICE TO BE SURE 
YOU HAVE 
THE RIGHT 

CHEMI 


TUBE—CON- 
TENTS MAY "BUMP" AND SQUIRT 
(OUT. NEVER POINT MOUTH OF TEST 
TUBE TOWARD YOURSELF OR TO- 
WARD ANYONE ELSE. 


IN WEIGHING OUT A DRY 
CHEMICAL, PLACE EQUAL. 
SIZED TISSUE PAPERS ON 
EACH PAN OF THE SCALE. 
ROLL JAR BETWEEN FIN: 
GERS OR TAP IT GENTLY 
WITH YOUR INDEX FINGER. 


WHEN HEATING A SOLID IN A TEST TUBE, 
PLACE THE TUBE IN A STAND AND MOVE 
THE FLAME OF YOUR BURNER BACK AND 
FORTH TO HEAT THE CONTENTS EVENLY. 


TRAINED CHEMISTS NEVER PUT 
COPPER OF BOTTLE ON DESK— 
P IT IN ONE HAND. 


TOPPER OFF BOTTLE 


EEP STOPPER IN THE LEFT 
ND WHILE YOU POUR FROM 
THE BOTTLE IN YOUR RIGHT, 
WITH THE LABEL FACING UP. 
THEN REPLACE THE STOPPER. 


USE A GLASS ROD TO 
DIRECT THE STREAM 
WHEN POURING A LIQ- 
UID FROM ONE CON- 
TAINER TO ANOTHER. 


DO NOT BRING TEST 
TUBE UP TO YOUR 
NOSE FOR SMELLING. 
INSTEAD, WAFT THE 
‘ODORS TOWARD YOU 
WITH YOUR HAND. 


USE A TEST TUBE BRUSH FOR CLEANING TEST 
TUBES. RINSE IN COLD WATER. 


Mr. Faraday’s Candle 


In me winter of 1859, Michael Faraday, a great 
British scientist, gave a number of lectures for young 
people. The talks dealt with one subject only: the 
features or “phenomena” of —a candle! 

“There is not a law,” Faraday told his listeners, 
“under which any part of this universe is governed 
which does not come into play and is touched upon 
in these phenomena. There is no better, there is no 
more open door by which you can enter into the 
study of natural philosophy than by considering the 
phenomena of a candle.” He then set out to prove 
his point by lighting a candle and demonstrating all 
the processes involved. 

In burning a candle you start with a SOLID sub- 
stance that turns, first, into a LIQUID, then into a 
GAS (or, more correctly, into a gas-like vapor). The 
melted candle grease is held in a level position by 
GRAVITY yet seems to defy gravity by rising in the 
wick by a force called CAPILLARY ACTION. In 


burning, the candle produces ENERGY in the form 
of LIGHT and HEAT. At the same time, it goes 


into CHEMICAL REACT 
it is made of. 

‘As you enter the study of chemistry, you can do 
no better than to repeat for yourself some of the 
experiments that Mr. Faraday demonstrated to his 
young audience. 


that reveal what 


MAKE A GAS WoRKS 
thom Canoue BF 
HOLDING a GLASS 
PLACE A BURNING CANDLE INTHE SUN AND CATCH Tobe, Deavins TO 
THe SHADOW ON ‘e PIECE OF WHITE PAPER, YOU Poin, IN THE FANE 
Wil Discover THAT IT 1 THE BRIGHTEST” PART Z AND LIGHTING THE 
Of Tie HAE THAT CASTS THE DARKEST SHADOW So Aron. AT THE END 

OF TUBE. 


YOU CAN PROVE IN. SEVERAL 
WAYS THAT THE FLAME OF A 


CANDLE CONSISTS OF BURNING YOU CAN ACTUALLY LEAD 


PARAFFIN VAPORS. THE VAPORS FROM A BURN- 

ING CANDLE THROUGH A 
BLOW OUT THE CANDLE, THEN BENT GLASS TUBE INTO A 
QUICKLY BRING A LIGHTED WATER GLASS. IF LEFT 
MATCH INTO THE VAPORS. ALONE, WHITISH VAPORS. 
CANDLE IS AGAIN IGNITED. CONDENSE INTO A SOLID. 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


To solder, you will need a soldering iron. You will also need some solder and probably some wire 
cutters. That's just the tip of the iceberg, however. Like any good tool, your soldering station will soon 
accumulate many accessories to enhance your soldering prowess. 

To begin your soldering adventure, you will need a small soldering iron, some solder, and a damp 
sponge. The big, pistol-grip style of soldering irons are for much larger projects, such as plumbing, 
Ideally you want something in the 15W to SOW range. See Figure 2-12. 


Figure 2-12. The pencil-grip style of soldering irons is better suited for working on small electronics 
projects. 


‘The soldering iron in Figure 2-12 has a replaceable, conical tip. These tips are generally 
interchangeable fora particular model of soldering iron, but unfortunately not interchangeable between 
different models or manufacturers. Different tip shapes are also available, depending on what types of 
things you're wanting to solder. 

‘The tip is usually made of copper, which is an excellent conductor of heat, Since copper really likes 
to combine with other metals at high temperatures (which is exactly what happens when soldering), 
‘most tips are coated in a thin layer of steel to give them much longer useful lifetimes. Tips still wear out, 
however, and should be replaced. 

In this particular soldering iron, the next part of the iron is the removable barrel that holds the tip in 
place. This barrel is where the heating element is housed, so remember that itis just as hot as the tip! Try 
not to touch it, You will probably not want to make that mistake more than once. 

‘The next section is the padded and insulated handle of the soldering iron, which is made of dense 
plastic foam. A quality soldering iron will be comfortable in your hand and won't produce excessive 
fatigue, even after hours of use. Lower-quality and lower-priced models will more rapidly take their toll 
on your hands. 

Not shown in Figure 2-12 is the flexible power cord running back to the soldering iron's base. This 
cord supplies the electrical power that is converted to heat in the barrel, as well as some wires for a 
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CANDLE CONTAINS ‘ 

HYDROGEN 7 : 
‘A. CANDLE FORMS WATER WHEN IT BURNS. ONLY 
HYDROGEN BURNING IN OXYGEN FORMS WATER. 


@yposy cove cuss. c0n arew mons ove i 
1 eA Ot bane ON THE INSIDE 


BY WIPING FINGER INSIDE THE GLASS YOU CAN \ 
KE DEW FLOW TOGETHER INTO WATER DROPS. 


CANDLE CONTAINS CARBON 


PLACE PIECE OF WIRE 
SCREENING OVER. 
FLAME, SCREENING. 
COOLS THE FLAME 
AND SOOT FORMS. 
THE SOOT IS CARBON. 


CRUSH A FEW ICE CUBES 
AND. SPRINKLE THEM WITH 
SALT. WRAP IN ALUMINUM 
FOIL. HOLD OVER BURNING 
CANDLE, WATER DROPS WILL 
FORM ON THE OUTSIDE OF 
WHAT PART OF THE THE FOIL. 
LAME IS HOTTEST? 
TO FIND OUT, PUSH —— 
PIECE OF CARDBOARD SIDEWAYS INTO FLAME. WHAT YOU FOUND OUT 
‘OUTSIDE OF FLAME SCORCHES A SOOTY RING. HEAT 


carbon 
dioxide 


{CO,) 


op 
Q 


ANOTHER WAY “4 
TO SHOW THAT ¢ 
CANDLE CON. (¢ 
TAINS CARSON @ 
18 TO PROVE 

THAT CARBON 
DIOXIDE 18 
FORMED WHEN. 
CANDLE BURNS. 


glowing 
carbon, 
porticles 


burning 
carbon 
monoxide 
(co) 
GAS-LIKE 
VAPOR 
copillary 
ection 


PLACE FUNNEL OVER FLAME. HOLD 
HTED MATCH IN HOT AIR FROM FLAME, 
MATCH GOES OUT IN THIS AIR. 


PLACE TEST TUBE OVER FUNNEL AND 
LECT HOT AIR. FOUR LIME WATER INTO 

TUBE AND SHAKE. LIME WATER GETS 

CLOUDY FROM CARBON DIOXIDE. 
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Iw 1896, a young Polish chemist, Marie Curie, and 
her French husband, Pierre, decided to find out why 
a certain uranium ore called pitchblende gave off 
rays that were much stronger than the uranium con- 
tent of the ore could explain. 

‘They secured a whole ton of powdered ore from 
‘a mine in northern Bohemia and set to work. First 
the powder had to be boiled with strong acids to 
extract the mysterious substance hidden in it. Then 
the solution had to be filtered and boiled down. 


‘You—Scientist! 


What remained had to be purified by various proc- 
esses which the Curies had to invent themselves, 
After two years of back-breaking work they reach- 
ed their goal. One night they went to the shed in 
which they had been working. They opened the door 
and stepped in without putting on the lights. All 
around them, the containers that held the solutions 
of the new substance glowed in the dark! They had 
discovered a new element — ra 
times more active than uranium. 


fold in = 
quarter 


FILTRATION 1THE LIQUID IS PROB- 


place in funnel 


SOLUTION—STIR WATER INTO THE 
‘MIXTURE OF SALT AND DIRT. THE WA- 
TER WILL DISSOLVE THE SALT BUT NOT. 
THE DIRT. YOU NOW HAVE THE SALT 
IN “WATERY SOLUTION.” 


DECANTATION—LET DIRT-MIXED 
SALT SOLUTION STAND UNTIL MOST 
(OF THE DIRT HAS SETTLED. THEN POUR 
OFF THE LIQUID. THIS PROCESS IS 
CALLED “DECANTATION."” 
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ABLY STILL MURKY. TO CLEAR IT, IT 
NEEDS TO BE FILTERED BY LETTING IT 
RUN THROUGH FILTER PAPER (PAPER 
TOWELING WILL DO). 


Why tell again the story of the discovery of 
radium? Because it contains all the features that 
show the nature of the true scientist. 

Curiosity first. The Curies were curious about the 
mystery that lay in that greyish-black powder. They 
became obsessed with a desire to find out — not in 
the hope of gaining money or fame but to establish 
a scientific truth. 

Before starting their work, the Curies gathered all 
the known facts about the material with which they 
were to work. To this knowledge they added their 
own imagination, figuring out the method they had 
to use to arrive at the result they were seeking. 

For the next two years they literall 
drafty shed that was their laboratory. 

After they had made their discover 


made their method of extracting radium known to 
the world so that other scientists could check and 
test what they had done. 

As an example of the scientific method the Curies 
used, let us follow in their footsteps — but with a 
much simpler problem: 


FILTRATION 2—FOLD FILTER PAPER 
‘AS SHOWN ON OPPOSITE PAGE AND. 
FIT IT IN FUNNEL. POUR LIQUID ONTO 
FILTER PAPER. CLEARED LIQUID IS 
CALLED “FILTRATE.” 


EVAPORATION—THE FILTRATE CON- 
TAINS THE SALT. THE SALT CAN NOW 
BE FREED BY REMOVING THE WATER 
BY BOILING IT AWAY. THIS IS KNOWN, 
AS “EVAPORATION.” 


1 MIX THOROUGHLY ONE TABLESPOON OF DIRT AND 
ONE TEASPOON OF ORDINARY TABLE SALT. NOW DE- 
CIDE THAT YOU WANT TO EXTRACT THE SALT FROM THIS 
WMIXTURE AS EARNESTLY AS THE CURIES DECIDED TO EX- 
TRACT THE MYSTERIOUS SUBSTANCE FROM PITCHBLENDE 
WITH THE EXCEPTION THAT YOU KNOW WHAT YOU 
ARE AFTER. 


2 GET THE FACTS TOGETHER. DIRT IS “DIRTY, SALT IS 
WHITE. DIRT PARTICLES ARE OF MANY DIFFERENT SHAPES, 
SALT CONSISTS OF TINY CUBES. DIRT DOES NOT DISSOLVE 
IN WATER, SALT DOES. 


3_NEXT FIGURE OUT A SUITABLE WAY OF SEPARATING 
THE TWO SUBSTANCES. ON THE BASIS OF WHAT YOU 
KNOW YOU SHOULD BE ABLE TO SEPARATE THEM WITH 
‘A. PAIR OF TINY TWEEZERS—BUT IT WOULD PROBABLY 
TAKE YOU A YEAR TO DO IT. OR YOU COULD DISSOLVE 
THE SALT IN WATER AND SEPARATE THE SOLUTION FROM 
‘THE INSOLUBLE DIRT. 


4 YOU DECIDE ON THE SECOND WAY, USING THE 
STEPS SHOWN ON THE BOTTOM OF THESE PAGES. IN 
DOING THIS, YOU DO WHAT THE CURIES DID IN EX- 
TRACTING RADIUM AND LEARN, IN THE PROCESS, THE 
IMPORTANT LABORATORY TECHNIQUES OF SOLUTION, 
DECANTATION, FILTRATION, EVAPORATION, AND CRYS- 
TALLIZATION. 


5. FINALLY, YOU CHECK THE RESULT. THE WHITE SUB- 
STANCE LEFT AFTER EVAPORATION SHOULD BE SALT— 
BUT IS IT? IT LOOKS LIKE SALT. IT TASTES LIKE SALT. BY 
CHEMICAL TESTS YOU CAN PROVE THAT IT IS SALT. 


By using the same procedure in all other experi- 
ments in this book you are learning the methods 
that real scientists follow in their work — you are 
becoming a scientist yourself. 


CRYSTALLIZATION—AS_ WATER IS 
REMOVED, THERE I$ TOO LITTLE OF 
IT LEFT FOR THE SALT TO STAY IN 
SOLUTION. THE SALT MAKES ITS AP- 
PEARANCE AS TINY CRYSTALS. 


WATER AS A GAS 


Elements, Compounds, and Mixtures 


Ts ALL your experiments in chemistry, you will be 
dealing with “matter.” 

Matter is anything that takes up room and has 
weight (or mass”). An iron bar is matter — it takes 
up room and is heavy, as you very well know. Water 
is matter — it takes up room when you fill « pail 
with it, and @ full pail weighs plenty. The air around 
you is matter — it takes up lots of room; it may not 
seem very heavy, yet the earth's atmosphere presses 
down on every square inch of your body with a 
weight of almost fifteen pounds. 

Matter has three distinct forms. Iron, for in- 
stance, is a SOLID. Water is a LIQUID. Air has 
the form of a GAS. 

If you should take iron and divide it again and 


TWO ELEMENTS AND A MIXTURE 


ain until you couldn't divide it any further, every 
tiny particle would still be iron. A thing that consists 
of one kind of matter only is called an ELEMENT. 

‘Take water, on the other hand. You will learn to 
break water up into two kinds of matter — each of 
them an element, A thing in which two or more ele- 
ments are combined chemically is called a COM- 
POUND. In a compound the proportions of the dif- 
ferent elements that make it up are always exactly 
the same. 

Air also consists of different kinds of matter, but 
they are not combined chemically — they are simply 
mixed together. When you make a MIXTURE, you 
can mix the ingredients together in any proportions 
that suit you. 


MAKING A COMPOUND 


MIX TOGETHER 2 g OF FLOWERS OF SULFUR 
‘AND 3.5 9 OF IRON FILINGS. PLACE MIXTURE 
IN A DAMAGED TEST TUBE. HEAT. SHORTLY 

A CHEM GTION, TAKES PLACE. 


POWDERED SULFUR AND IRON CAN BE MIXED 
TOGETHER IN ANY PROPORTIONS AND 


AGAIN SEPARATED. 


@ prac A MAGNET THROUGH THE SULFUR-IRON MIXTURE. 


THE MAGNET WILL PICK UP THE IRON PARTICLES. 


POUR HYDROCHLORIC ACID ON SOME OF THE MIXTURE 
‘A TEST TUBE. IRON DISSOLVES, SULFUR DOES NOT. 
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ELEMENTS ARE SUBSTANCES THAT CONSIST OF ONE 
KIND OF MATTER ONLY. THEY CAN BE DIVIDED INTO 


METALS, METALLOIDS (METAL-LIKE), NONMETALS. SEV- 
ERAL OF THE NONMETALS ARE GASES. 


METALLOIDS 


— #5 


silicon 


OMPOUNDS—INORGANIC, ALL COMPOUNDS 
‘ONSIST OF TWO OR MORE ELEMENTS. INORGANIC 


a9 


COMPOUNDS (WITH A FEW EXCEPTIONS) ARE THOSE 
THAT DO NOT CONTAIN THE ELEMENT CARBON. 


AciDs BASES 


SALTS OTHERS 


ARBON COMPOUNDS—ORGANIC. ORIGINALLY, 
OMPOUNDS MADE BY LIVING THINGS (PLANTS AND. 
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ANIMALS) WERE CALLED “ORGANIC.” TODAY ORGAN- 
IC CHEMISTRY COVERS THE CARBON COMPOUNDS. 


HYDROCARBONS, ALCOHOLS, ORGANIC ACIDS, ETC. 


MIXTURES CAN CONSIST OF ELEMENTS OR COM- 
POUNDS. SOME MIXTURES ARE COARSE. SOME (COL- 


LOIDS) CONTAIN TINY PARTICLES. STILL OTHERS (SO- 
LUTIONS) ARE OF SAME STRUCTURE THROUGHOUT. 


GRAINY MIXTURES 


rock 


as 


egg white 


COLLOIDS 


SOLUTIONS 


soda r 
water oles 
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WwW 


WATER CYCLE from 


Evaporation from ocean 


SS 


Water—Our Most 


Yes, waren is the most important of all chemical 
compounds. Without it, there would be no life — all 
human beings and all animals would thirst to death, 
and all plant life would wilt and die. 

Fortunately, water is also the most common com- 
pound in the world. Almost three quarters of the 
earth's surface is covered by water. This water is 
forever traveling. Tt is turned into invisible vapor 
by evaporation from oceans and lakes and growing 


WATER AS A SOLVENT 
‘THE MOST IMPORTANT FUNCTION OF WATER IN 
CHEMICAL EXPERIMENTS IS AS A SOLVENT— 
THAT IS, A LIQUID IN WHICH CHEMICALS MAY 
BE DISSOLVED. FIND OUT BY AN EASY EXPERI- 
‘MENT WHETHER HEATING THE WATER HELPS IN 
DISSOLVING A CHEMICAL, 


DROP 1 TABLE. 
SPOON WASHING 


SODA IN 1 GLASS 


OF COLD WATER. 
STIR. PART OF THE 
SODA DISSOLVES 
SLOWLY. 


@eercar wits 
HOT WATER. SODA 
bissotves GUICKIY, 
HOT WATER 15 USU. 
ALY FASTER THAN 
CotD FOR PREPAR- 


hot water ING A SOLUTION. 


Evaporation 


\ Rein 


vegetation 


WATER 
Molecular 


Colorless, taste 
less and odorless 

| Boils of 
420 level at 100° 
Centigrade (212 
Fahrenheit). 
Freezes ot 0° © 
(82° Fohrenhei). 


Important Compound 


things. When cooled, the vapor forms clouds of tiny 
water drops. Further cooling makes the drops fall 
to earth as rain or snow that fill up rivers and lakes 
and oceans and continue the water cycle. 

Chemists use nature’s method to produce chem- 
ieally pure water. They turn ordinary tap water in- 
to steam by boiling, then turn the steam back into 
water by cooling. This process is called distillation 
and the water is called distilled water. 


WATER AS A CATALYST 

WATER HELPS BRING ABOUT MANY 
CHEMICAL REACTIONS WITHOUT IT- 
SELF ENTERING INTO THEM. A SUB- 
STANCE THAT ACTS THIS WAY IS 
CALLED A CATALYST. 


BAKING 
.CH WIRE TO. 


POWDER. A CHEMICAL REACTION 
MAKES THE POWDER FOAM. THE GAS RE- 
LEASED IS CARBON DIOXIDE. IT MAKES 
CANDLE FLAME FLICKER AND GO OUT. 
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ELECTROLYSIS OF WATER 
ELECTRICITY CAN BE USED TO BREAK WATER APART 
INTO THE TWO ELEMENTS OF WHICH IT CONSISTS 
THE GASES HYDROGEN AND OXYGEN. 

YOU CAN GET THE REQUIRED ELECTRICITY FROM THREE 
(OR FOUR ORDINARY FLASHLIGHT BATTERIES. YOU WILL 
‘ALSO NEED TWO PIECES OF INSULATED COPPER WIRE 
‘AND TWO “ELECTRODES” MADE FROM CARBON RODS. 


Making Electrodes 

SCORE THE MIDDLE OF THE 
CARBON ROD FROM AN OLD 
FLASHLIGHT BATTERY, USING 
A FILE, BREAK THE ROD INTO 
TWO PIECES. 


BARE THE WIRE FOR 2” 
AT EACH END OF TWO 18" 
LENGTHS OF INSULATED WIRE. 
TIE ONE BARED WIRE AROUND 
END OF EACH OF CARZON 
ROD HALVES. 


BIND ELECTRI- 
CIAN'S TAPE FIRMLY 
AROUND CARBON 
RODS SO THAT NO 
WIRE IS EXPOSED. 


‘Koo tape 


Setting up Electrolysis 
WATER IS A POOR CONDUC- 
TOR OF ELECTRICITY—SO YOU 
DISSOLVE 1 TABLESPOON OF 
WASHING SODA IN 1 PINT OF 
WATER AND FILL A WATER 
GLASS AND TWO TEST TUBES 
WITH THIS SOLUTION. THEN 
SET UP THE APPARATUS AS 
SHOWN AT RIGHT. 


TEST FOR 
HYDROGEN 


r WITH YOUR THUMB, CLOSE THE MOUTH OF THE TEST 
JBE FIRST FILLED WITH GAS, LIFT THE TUBE OUT OF THE 
‘WATER, MOUTH DOWN. 


BRING LIGHTED MATCH TO THE MOUTH OF THE TUBE. 
INTENTS BURN WITH A SOFT "POP!" THIS IS THE TEST 
FOR HYDROGEN. 


poper clip | 


MATERIALS FOR EXPERIMENTS 
‘AN ORDINARY FLASHLIGHT BATTERY WILL GIVE 
YOU MATERIALS YOU NEED FOR EXPERIMENTS 
(ON THIS AND SEVERAL FOLLOWING PAGES. 


G@ oven uP BATTERY CASE CAREFULLY WITH A 

CAN OFENER AND CLEAN THE ZINC CASING. 

(® scrare CARSON ROD CLEAN WITH DULL KNIFE 

ee rt ee vce ce oven wri 
MOSTLY MANGANESE DIOXIDE, STORE IN JAR 

THROW REMAINING PARTS OF THE BATTERY AWAY. 


Performing the Electrolysis 

GD sur tHe TOP OF A CARBON ELECTRODE UF 

TO EACH OF THE TWO TEST TUBES 

IND THRee—-OR, BETTER, FOUR-—FLASHUGHT 
BATTERIES TOGETHER WITH ADHESIVE TAPE, TOP 
OF ONE TOUCHING BOTTOM OF THE NEXT. 
vrs ADHESIVE TAPE FASTEN THE BARED END 
GP THE WIRE LEADING FROM ONE CARBON ROD 
HIECTRODE TO THE TO? OF THE FIRST BATTERY. 

TAPE THE BARED END OF THE WIRE FROM THE 

Grich ELECTRODE TO BOTTOM OF LAST BATTERY. 


‘AS SOON AS CONNECTION I5 MADE, AIR BUBBLES 
BEGIN TO COLLECT IN THE TWO TEST TUBES— 
‘ABOUT TWICE AS FAST IN ONE AS IN THE OTHER. 


TEST FOR 
- OXYGEN 


G) WHEN SECOND TUBE Is FULL 
OF GAS, CLOSE ITS MOUTH WITH 
YOUR THUMB, LIFT THE TUBE OUT 
ey) Lil |S OF THE WATER WITH MOUTH UP. 


le LIGHT A BROOMSTRAW. 


‘OUT THE FLAME. BRING 
THE GLOWING END DOWN IN 
THE TEST TUBE, GLOWING EM. 
7 BER BURSTS INTO BRIGHT FLAME. 


THIS IS TEST FOR OXYGEN. 


SOIL—50% OXYGEN - - 


WATER—899, OXYGEN > 


Oxygen—The Breath of Life 


Tr you could hold your breath for a few 
minutes so that no air could get into your 
lungs, you would die. 

For thousands of years, people have 
known that no human being can live 
without air, But it was not until Karl 
Scheele, a Swedish chemist, in 1772, and 
Joseph Priestley, an Englishman, in 1774, 
discovered and described oxygen that 
people knew that it is the oxygen in the 
air that is important. to life, 

Both of these scientists discovered that 
things burn more fiercely in pure oxygen 
than they do in the mixture of oxygen 
and other gases called “air.” 

In the lab, oxygen is produced by driv- 
ing it out of certain oxygen-containing 
compounds, A good one to use in the 
home lab is hydrogen peroxide, You can 
get it at a drug store in a 3% solution. 
Hydrogen peroxide is related to water. 

Water, as you know, consists of 2 parts 
of hydrogen to 1 part of ygen. You 
could write it: Hydrogen 2— Oxygen 1. 
‘That's pretty much what chemists do— 
except that they abbreviate the names to 
initials, use small numbers, and don’t 
bother about the number 1. The formula 
becomes H,0. 


Hydrogen peroxide contains 2 parts of 
hydrogen to every 2 parts of oxygen. How 
would you write it in chemical language? 

H,0,) You're perfectly right! 

HO, becomes water (H,0) and gives 
off oxygen (0) when you throw a catalyst 
into it, For a catalyst, you can use the 
manganese dioxide from an old flashlight 
battery (page 25). 


IT'S A LONG STEP FROM THE DIS- 
COVERY OF OXYGEN IN 1772 TO 
ITS PRESENT-DAY USE IN INDUS- 
‘TRY AND HOSPITALS, AIRPLANES 
AND SPACE SHIPS, AND FOR SEND- 
ING SATELLITES INTO ORBIT, 
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Ta 
Py XLS 


SP 


ay 


ATMOSPHERE CONTAINS OXYGEN 


\LL CANDLE TO MIDDLE OF 
DLE DRIPPINGS. FILL PIE 


REPLACE OXYGEN USED. — 

. MAKING A SMALL AMOUNT 
‘OF OXYGEN 
FILL JAR 1 FULL OF 3% HYDROGEN PER- 
OXIDE. ADD PINCH OF MANGANESE Ol. 
‘OXIDE FROM FLASHLIGHT BATTERY (SEE 
PAGE 25). TEST FOR OXYGEN WITH 
GLOWING BROOMSTRAW. EMBER GLOWS 
BRIGHTER AND MAY BURST INTO FLAME, 


MAKING OXYGEN IN 
THE HOME LAB 


TO COLLECT OXYGEN, YOU NEED A "PNEUMATIC TROUG! 
THIS 1S A DEEP, WATER-FILLED TRAY WITH METAL “BRIDGE.” 


@) rir BorTte With STOPPER WITH L-SHAPED GLASS TUBE AND 
RUBBER TUBE LONG ENOUGH TO REACH HOLE OF BRIDGE. 


@ rut comme y, FUL OF 2% HYOROGEN PRRONDE. ADD oxygen le afghly 


Yp TEASPOON OF MANGANESE DIOXIDE. PUT THE STOPPER IN. heavier than air 
—10 keep mouth 


FILL JAR WITH WATER AND PLACE IT UPSIDE DOWN ON THE =F jar up 
BRIDGE IN SUCH A WAY THAT THE OXYGEN BUBBLES INTO IT 
AND FILLS IT BY FORCING OUT AND REPLACING THE WATER 


@® ween sar 1s FULL OF OXYGEN, SLIDE A GLASS PLATE UN- 


DER OPENING (OR PUT STOPPER IN IT). TURN JAR RIGHT SIDE 
UP—QUICKLY, TO PREVENT THE OXYGEN FROM ESCAPING. 


Iya) 


(OF STEEL WOOL TO WIRE. HEAT 
‘ALCOHOL BURNER. LOWER INTO 
IRON BURSTS INTO FLAME, 


BENT STRIP OF TIN CUT FROM CAN. IGNITE SULFUR “BRIDGE” FOR “PNEUMAT- 
WITH MATCH. LOWER INTO JAR OF OXYGEN. SUL- IC TROUGH" MADE FROM 
FUR BURNS WITH A BRILLIANT, BLUE LIGHT. 214" STRIP OF TIN CAN. 
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ydrogen—Lightest of All 


Hypnocen is the lightest element in existence 
the weight of air. For this reason one of its early 
uses was for filling balloons. The first man-carrying 
gas balloon was sent up by the Frenchman, Jacques 
Charles, in 1783. The danger of using an explosive 
gas for this purpose was demonstrated in 1937 in 
the Hindenburg disaster, when the hydrogen-filled 
Zeppelin dirigible exploded on arriving at Lakehurst, 
New Jersoy, after a trip across the Atlantic Ocean, 
Thirty-six people lost their lives. 

‘Hydrogen is one of the most important of all the 
elements. It is found in all living things — your own 
body is approximately 10 per cent hydrogen. Water, 
as you know, is part hydrogen. So is the food you 
eat, the milk you drink, the clothes you wear, and 
such common, everyday things as gasoline and fuel 
oil and cooking gas. 

In the home lab, you can make hydrogen by add- 
ing strips of zine from a flashlight battery to hydro- 
HENRY CAVENDISH, WHO pis. ‘Hilarie acid which consists of hydrogen (H) and 
COVERED HYDROGEN IN 1766, aftother gas called chlorine (Cl). The zinc forms a 
HAD NO IDEA OF THE ASTON. compound (ZnCl,) with the chlorine and sets the 
ISHING FORCE OF HYDROGEN hydrogen free (IT,). 

WHEN RELEASED IN A BOMB, 


HYDROGEN FORMS WATER WHEN IT BURNS 


FILL TEST TUBE % FULL OF HYDRO-CHLORIC ACID. ADD A COUPLE 
(OF ZINC STRIPS. BUBBLES OF HYDROGEN FORM IMMEDIATELY. 


HYDROGEN IS LIGHTEST 
GAS KNOWN 
@ rua ror some % Fu oF Hate 
ANOHALP MIXTURE OF HYDROCHLORIC 
‘Ac AND WATER. DROP IN HALF A DOZEN 
ZINC STRIPS, ET NO FAME COME NEAR 
@ mir BautOON ON MOUTH OF soTTE, 
WHEN BALLOON 15 INFLATED, TIE 
OPENING. WITH STRING AND. RENOVE 
FIOM BOTTLE, IF PERMITTED, BALLOON 
Wu RIE TO CEIING. INDOORS. OUT. 
DOORS, IF WiLL SOAR UP IN THE SKY. 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 
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temperature sensor. This allows the unit to control the temperature of the tip with great accuracy. Note 
the temperature dial in Figure 2-10, Lower-cost units omit the temperature control features and run at a 
constant power output. 

It will take some amount of time for the soldering iron tip to reach a working temperature. Likewise, 
it will also take some time to cool off once you've turned off the soldering iron. 


Caution Soldering irons are very hot in use and can cause painful burns. Always treat them with respect! 


‘The solder you use will be determined by what kind of soldering you want to do. For most small, 
electronics-related soldering projects, a small-gauge tin-lead or lead-free solder can be used. Bear in 
mind that lead is a poisonous material that slowly accumulates in your system, should you come into 
contact with it, as your body has no good way of eliminating it. Wash your hands before and alter 
soldering, just to be safe. 

Soldering works best when everything being soldered is sparklingly clean. To help facilitate this 
cleanliness, chemical compounds known as soldering rosin are used. These compounds chemically 
clean the surfaces being soldered when exposed to high levels of heat. Some types of solder have rosin 
incorporated into them. You can also obtain rosin as a paste into which you can dip wires and 
component leads before soldering. Other types can be applied with a dispensing pen. 


Caution Don't breathe the smoke emitted during the soldering process. If possible, use a fan or fume extractor 
to redirect the soldering fumes away from you. 


‘Once your soldering iron is up to its proper operating temperature, clean the tip by wiping it gently 
Illast longer if you resist the urge to clean them before replacing the 
holder. Even though it seems counterintuitive to “put it up dirty,” this will more than 


double the life of your soldering iron tips. Just be sure to clean the tip before you solder anything. 


Power Tools 


Everybody loves power tools, don’t they? Sometimes it’s enough to just imagine that you might need one 
to justify a trip to the store and subsequent purchase. While this may be human nature (or pethaps only 
the nature of one particular gender), it doesn’t fully justify having one of each in the lab, justin case. 


Drills and Drill Bits 


You will, however, find a few particular tools to be especially useful in your lab. A good hand drill or drill 
press is one of those tools, There seems to be no end of things electronical that need a few more holes 
drilled into them, Electronic enclosures and control panels need good, clean holes drilled into them. If 
you make your own PCBs at home, you will find that they need lots of holes drilled into them, 


MAKING HYDROGEN IN THE LAB 
(@ ace THe sarery GAS GENER: 
TOR DESCRIBED ON PAGE 12. 


A FILL BOTTLE A 
FULL OF MIKe 
TURE OF EQUAL 
PARTS OF HYDRO- 
CHLORIC ACID 
AND WATER, 


OF BONE B. DROP ZINC STRIPS ON TOP OF PEBBLES. 
FY STOPPERS AND TUBES AIRIGHT 

POUR ACID FROM EOTTLE A INTO 2OTTLE B 
Gr FORCE IT OVER BY BLOWING IN TUBE ¢ 
@ ciose ruse OF BOTHE A WITH CLOTHESFIN 

As SOON AS HYDROGEN STARTS TO BUBELE UP THROUGH WATER 
IE PNEUMATIC TROUGH, COLLECT SOME IN WATER-ILLED TEST TUBE. 
WHEN FULL OF GAS, EST IT AS DESCRIBED AT BOTTOM OF PAGE. WHEN 
NYOROGEN 18 PURE BUBBLE IY INTO UPSIDE-DOWN, WATER-FILED JARS. 

WHEN YOU HAVE MADE THE EXPERIMENTS YOU WANT, CHANGE 
Shc clonuesrn FROM RUBBER TUBE OF BOTTLE A TO RUBBER TUBE 
OF BOTTLE B, HYDROGEN FORCES ACID FROM BOTTLE B BACK INTO A 
WHEN ACID NO LONGER TOUCHES ZING, REACTION STOPS. 


ae 
PLAYING SAFE WITH HYDROGEN 


IN MIXTURES WITH AIR, HYDROGEN IS HIGHLY 
EXPLOSIVE, FOLLOW SAFETY RULES BELOW. 

© MAKE ONLY SMALL AMOUNTS OF HYDRO- 
GEN IN THE HOME LAB. A 4-07. GENERATOR 
BOTTLE WILL GIVE YOU ALL THE HYDROGEN 
YOU NEED. MAKE ALL CONNECTIONS AIRTIGHT. 
@ TEST HYDROGEN FOR PURITY BY COLLECTING 
‘A TEST TUBE FULL OF IT AND BRINGING A LIGHT- 
ED MATCH TO MOUTH OF TUBE, AS SHOWN 
ON PAGE 25, HYDROGEN MIXED WITH AIR EX- 
PLODES WITH A SHARP “BARK.” PURE HYDRO- 


GEN BURNS WITH A QUIET “POP. i 
© KEEP FLAME AWAY FROM YOUR MAIN GEN- WHEN YOU KNOW FROM TESTING SAM. 
ERATOR BOTTLE. PLES OF GAS COLLECTED IN TEST TUBES 
THAT HYDROGEN IS PURE, FILL SMALL JAR 
© IGNITE HYDROGEN ONLY FROM TEST TUBE WITH IT. LIFT JAR OUT OF WATER, MOUTH 
GENERATOR DESCRIBED ON OPPOSITE PAGE, DOWN. BRING LIGHTED CANDLE UP INTO 
AND THEN ONLY AFTER YOU HAVE TESTED IT JAR. HYDROGEN BURNS AT MOUTH OF 
FOR PURITY. JAR. CANDLE GOES OUT. 
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exHALE 


See carcn oar can 


aKe ns 
CARBON 
BIONE 


UQUID CAREON DIOX. 
IDE IS USED IN FIRE EX- 
TINGUISHERS. 


CHEMICAL FIRE EXTINGUISHERS 
CONTAIN SOLUTION OF BAKING 
SODA AND A BOTTLE OF SUL- 

FURIC ACID. WHEN TURNED UP- 
‘SIDE DOWN, THE CHEMICALS MIX 
AND FORM CARBON DIOXIDE 
WHICH FORCES OUT THE WATER, 


Carbon Dioxide 


You mave already learned in experimenting with a 
burning candle that when something containing car- 
bon burns in the air, a gas, carbon dioxide (CO;), 
is formed. This is one of the most important gases 
for human life. The reason is that green plants, in 
sunlight, are able to take the carbon out of the ca 
bon dioxide in the air and, by combining it with 
‘oxygen and hydrogen from water and with various 
minerals in the soil, produce all the vegetable matter 
that humans and animals eat. 

‘You cannot see the CO, in the air — but you can 
see it when it has been cooled and compressed into 
a solid block of “dry ice.” When dissolved in water 
(H,0), carbon dioxide (CO,) forms a weak acid 
(H,CO,). You know the taste of this acid from soda 
water—the bubbles are CO, being set free. 

Carbonic acid combines with many metals to 
make “carbonates.” You can drive the CO; out of 
most carbonates with the help of a weak acid — even 
with vinegar, which is diluted acetic acid. 


MAKING A FIRE EXTINGUISHER MODEL 


 f Drow sromernn 
wh 


IN PLACE WITH TWO 
FINGERS, TURN BOTTLE 
UPSIDE DOWN. THE CO, 
FORMED BY MIXING 
VINEGAR AND SODA 


DRIVES WATER OUT IN 
POWERFUL JET. 


FEATURES OF CARBON DIOXIDE 
CO, IS HEAVIER THAN AIR AND. 
DOES NOT SUPPORT BURNING. 


@ sre teasr00n oF 
HYDRATED. LIME. INTO 
1 PINT OF WATER 
LET STAND UNTIL LIME SINKS 70 THE 
TOM, FLTER UOUID INTO A BOTT. 
Close some iGHTY 


PLACE 1 TEASPOON OF BAKING SODA IN A PITCHER. POUR 
A SMALL AMOUNT OF WHITE VINEGAR OVER THE SODA. BURNING PRODUCES CARBON DIOXIDE 
HANG A LIGHTED CANDLE IN A JAR BY A WIRE. POUR THE HANG BURNING CANDLE IN JAR CONTAINING A 
"ARBON DIOXIDE FORMED IN THE PITCHER INTO THE JAR THE FEW ml LIME WATER. COVER TOP WITH A GLASS 
WAY YOU WOULD POUR WATER. WHEN THE CARBON DIOXIDE PLATE. WHEN CANDLE HAS GONE OUT, SHAKE 
REACHES THE TOP OF THE CANDLE, THE FLAME GOES OUT. UME WATER UP WITH THE AIR, MILKINESS PROVES 
THAT CO, HAS BEEN PRODUCED. 


MAKING CO, 


TEST FOR CO, 
‘CO, TURNS 
UME WATER 
MILKY BY 
CHANGING 
CALCIUM, 
HYDROXIDE 
TO CALCIUM 
CARBONATE, 


BREATHING PRODUCES CO, 
IN LABORATORY, CARBON DIOXIDE IS USUALLY MADE: BREATHE THROUGH GLASS TUBE INTO 
FROM MARBLE CHIPS AND DILUTED HYDROCHLORIC UME WATER IN TEST TUBE. LIME WATER 
ACID (1 PART ACID TO 1 PART WATER). PLACE CHIPS GETS MILKY. THIS SHOWS THAT BREATH: 
(ON TOP OF PEBBLES IN YOUR GAS GENERATOR, THEN ING IS A BURNING PROCESS. 
PROCEED AS FOR MAKING HYDROGEN (PAGE 29]. 


NITROGEN GOES INTO 
BOTH FERTILIZERS AND 
EXPLOSIVES. 


DRY AMMONIA GAS IS USED IN THE 
LARGE-SCALE PRODUCTION OF ICE. 


3) 
rogen and Its Compounds 


fe Wuen you burn anything in the air, only about one- 

fifth of the air goes into chemical combination with 
“what you are burning, The rest (except for a small 
fraction) does not enter into the process. It is a gas 
called nitrogen (NX) — the most abundant free ele- 
ment on earth. 


7 + — Nitrogen is what you might call a “lazy” element, 

Rg ae Tt does not help in burning nor does it burn if you 

neon try to ignite it. Te is only at high temperatures and 

eee. under great pressures that a chemist can make ni- 

‘aul yo tfogen combine with another element, hydrogen, to 

OTS, ONGEN form ammonia gas (NH,), from which other nitrogen 
compounds can be made. 


‘Yet, in nature, tiny bacteria on the roots of eer- 
REPEAT CANDIEBURNING EXPERIMENT ON PAGE 27, tain plants can take nitrogen from the air and make 
UNUSED GAS IS ALMOST ALL NITROGEN—WITH SMALL it combine with oxygen and minerals in the soil into 
PERCENTAGE OF RARE GASES AND CARBON DIOXIDE. “nitrates.” And that is of tremendous importance to 
all of us — for all plants need nitrates if they are to 
thrive. If plants do not get nitrates naturally, the 
farmer must add them to his soil in the form of some 


NITROGEN DIOXIDE 
INA WELLVENTILATED Kind of fertilizer. 

ROOM, HEAT EQUAL You will not have much satisfaction out of work- 
AMOUNTS OF SALTPETER ing with nitrogen itself, but you will find it inter- 
AND SODIUM BISULFATE sting to deal with some of its compounds — espe- 
MOMENTS BROWN Gas cially with ammonia gas (NH,). You will also want 
FORMS. iT Is NImOGeN to have a look at one of the half dozen combinations 
DIOXIDE. 06 NOT INHALE nitrogen makes with oxygen, the brown gas called 


—GAS IS VERY IRRITATING. _ nitrogen dioxide (NO,). 
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‘AMMONIA PRODUCING AMMONIA 
Molecular AMMONIA IS TO GET IT FROM ITS 
west Me ee SOLUTION AS HOUSEHOLD AM- 
ess gos w 
sirong, penetrating 
‘odor. .596 weight 
of cir. Highly sol 
uble in wate 
70,000 vols. in 100 
vols, of 20°C. 


SOLUBILITY OF 
AMMONIA 
REMOVE A FILLED. 
TEST TUBE FROM 
GAS GENERATOR 
CAN, MOUTH 
DOWN. CLOSE 
MOUTH OF TUBE 
WITH THUMB. OPEN 
‘TUBE UNDER WA- 
TER. AMMONIA DIS- 
SOLVES EASILY, 
SOA OIRUGHESIINE THE AMMONIA FOUNTAIN 
AND FILLS TUBE. AMMONIA'S EXTRAORDINARY SOLUBILITY CAN BE 
SHOWN IN A SPECTACULAR DEMONSTRATION. 

MAKE UP APPARATUS AS SHOWN IN ILLUSTRATION. 
FILL IT WITH WATER. ADD 5 DROPS OF PHENOLPHTHAL- 
EIN SOLUTION. 

FILL DRY, EMPTY BOTTLE WITH AMMONIA FROM 


‘MOIST, RED 


UTMUS PAPER 
TURNS BLUE GENERATOR CAN. KEEPING BOTTLE UPSIDE DOWN, 
IN AMMONIA. PLACE IT FIRMLY ON TOP STOPPER OF APPARATUS. 


B1OW INTO LSHAPED GLASS TUBE TO DRIVE A FEW 
DROPS OF WATER UP INTO THE UPPER BOTTLE. 
@ suoventy, waren seuRTs MOM LOWER soTTE 
Ur INTO Urrék BOTTLE INA FOUNTAIN THAT TURNS 
FINE AS AMMONIA REACTS ON PHENOLTHALEIN. 


MAKING AMMONIA FROM 
SAL AMMONIAC 
(ON A PIECE OF PAPER, MIX 1 PART OF SAL AMMO- 
IAC WITH 2 PARTS OF HYDRATED LIME, ADD A FEW 
DROPS OF WATER. DROP MIXTURE INTO A TEST TUBE. 
PROVIDE TUBE WITH STOPPER AND L-SHAPED GLASS 
TUBE. THEN HEAT OVER LOW FLAME. 
COLLECT AMMONIA IN DRY TEST TUBE. TEST IT WITH 
MUS PAPER AND FOR SOLUBILITY. 


® AV 


THE WHITE SMOKE 
MYSTERY. 
MOISTEN INSIDE OF 
R WITH SMALL AMOUNT 
OF HYDROCHLORIC ACID. 


FILL ANOTHER 


UPSIDE DOWN ON CARDBOARD. 


CHLORIDE CRYSTALS. 
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Sih fl it 
i) il! 
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Croan 15 a gas of great importance. We wouldn't 
be certain of safe drinking water in our cities if it 
weren't for chlorine —a small amount of it in the 
water kills the dangerous germs that may lurk in it. 
Chlorine is also used extensively in bleaching 

Chlorine is a friendly gas when it is used correctly. 
But it is dangerous when used improperly because 
it affects the lungs. As a “poison gas” it caused many 
casualties in World War I. 


MAKING TEST PAPER 
FOR CHLORINE 


MIX .5 9 (Yq TEASPOON] STARCH WITH 30 ml 
WATER. BRING TO BOIL. DISSOLVE IN MIXTURE 
‘A SMALL AMOUNT OF POTASSIUM IODIDE (AS 
MUCH AS TWO GRAINS OF RICE). DIP STRIPS 
OF FILTER PAPER IN MIXTURE; THEN DRY THEM. 


Chlorine—Friend and Foe 


a4 


‘You can produce chlorine as a greenish-yellow gas 
by driving it out of one of its compounds —hydro- 
chloric acid (HCI), which consists of hydrogen (H) 
and chlorine (Cl), or a common laundry bleach 
(“Clorox” or others), which is a solution of sodium 
hypochlorite (NaCIO). 

Have a bottle of diluted household ammonia (90% 
water, 10% household ammonia) on hand. Sniff this 
if you get too strong a whiff of chlorine. 


CHLORINE FROM. 
HYDROCHLORIC ACID 


a 
@ Pur .5 a (% TEASPOON) MANGANESE DIOXIDE INTO 
TEST TUBE. ADD 3 ml (Yq TEST TUBE) UNDILUTED HYDRO. 
CHLORIC ACID. HEAT GENTLY. CHLORINE FORMS. WAFT 
A LITTLE CAREFULLY TOWARD YOU FOR A SNIFF 
@rest GAS BY HOLDING MOISTENED STARCH-IODIDE 
PAPER AT MOUTH OF TUBE. PAPER TURNS BLUE. 


MAKING CHLORINE IN THE HOME LAB 


MAKE APPARATUS SHOWN AT 
RIGHT. POUR 1 INCH OF LIQUID 
BLEACH (CLOROX) INTO BOTTLE A. 


BOTTLE B IS EMPTY, BOTTLE € HAS 
WATER IN WHICH ' TEASPOON LYE 
Is DISSOLVED. 


STAKE STOPPER OUT 
(OF BOTTLE A. DROP IN 
Y_ TEASPOON SODIUM 
BISULFATE (SANI-FLUSH). 
REPLACE THE STOPPER. 
@cuiorine cas 
FORMS AND FILLS B. 

LYE WATER IN BOT- 
TLE € ABSORBS EXCESS 
OF CHLORINE GAS. 


WHEN REACTION SLOWS 
ADD MORE SODIUM BISULFATE 


CHLORINE REACTS 
VIGOROUSLY WITH 
MOST OTHER ELE- 


TO SHOW THE SOLUBILITY OF CHLORINE, 


MENTS: IT 15, FAR: 7 ™ POUR A SMALL AMOUNT OF WATER INTO. 
TICULARLY ACTIVE i FOOTER pee A CHLORINE-FILLED BOTTLE. CLOSE THE 
WITH HYDROGEN MOVE THE GAS-COLLECT. BOTTLE MOUTH WITH YOUR PALM. 
“AND MANY HYDRO- ING: BOTTLE B FOR EXPERE SHAKE, THE CHLORINE DISSOLVES AND 
(GEN COMPOUNDS. MENT) CONNECTS ea THE BOTTLE STICKS TO YOUR PALM FROM 
‘A AND JO) PREVENT; THE SUCTION CREATED. 

LOWER A BURNING CANDLE INTO CHLORINE FROM GETTING: 
‘A BOTTLE OF CHLORINE GAS, A OUT IN THE ROOM: CHLORINE HAS 
DENSE SMOKE OF CARBON IS GREAT USE IN ® 

FORMED. THE CHLORINE COMBINES BLEACHING COT- 


WITH THE HYDROGEN OF THE CAN- 
DLE AND SETS THE CARSON IN IT 
FREE AS SOOT. 


TON AND LINEN 
AND WOOD 


PULP. YET IT 1S 
NOT THE CHLO- 

CHLORINE WILL COMBINE _ RINE THAT PER- 

DIRECTLY WITH SEVERAL FORMS THE 
BLEACHING. 


@rw as some wrt cHORINE GAS. HANG 
INIT (HOH a CORK OF FROM A BECE OF CARD. 
ZOnAD) A STF OF DRY, BRIGHTLY COLORED COT- 
TON OTHE NOTHING. HAPPENS. COIOR OF 
Grom is NOT AFFECTED. 


MOISTEN THE CLOTH AND AGAIN HANG IT 
IN THE CHLORINE. SOON THE COLORS FADE— 
ONLY TRULY "FAST" COLORS REMAIN. CHLORINE, 
IN CONTACT WITH WATER, COMBINES WITH THE 
HYDROGEN AND LIBERATES OXYGEN. THE UB- 
ERATED OXYGEN DOES THE BLEACHING. 


FASTEN A SMALL WAD OF 
STEEL WOOL TO A PIECE OF 
‘WIRE. HEAT IT WITH A MATCH 
AND LOWER IT INTO CHLO- 
RINE-FILLED BOTTLE. A HEAVY 
BROWN SMOKE OF IRON 
CHLORIDE POURS OUT. 


‘THE ALCHEMISTS USED FANCIFUL FIGURES TO 
REPRESENT THE CHEMICALS WITH WHICH THEY 


G5 CY ewes 
sulfur hydrogen 
z 


carbon dioxide 


JOHN DALTON SUGGESTED 
‘MARKED CIRCLES TO INDICATE 
DIFFERENT ELEMENTS. 


8 


sulfur he cot 
ce 
(gold) 2rbony 
* No 
trim 
soctivny 3 
‘iron 
hydrogenium 4 


JONS JAKOB BER- 
ZELIUS DEVELOPED. 
THE SYSTEM USED 
TODAY, IN WHICH 
THE NAMES OF 
ELEMENTS ARE 
ABBREVIATED. 
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Chemical Shorthand 


So ran you have experimented with oxygen and 
hydrogen, carbon dioxide and nitrogen, and chlorine; 
you have also separated water into the two ele- 
ments of which it consists, and have combined the 
two elements iron and sulfur into a chemical com- 
pound. In taking notes of your experiments you are 
certain to have learned that it is much quicker to 
write “H” than “hydrogen,” and easier to write 
“CO,” than “carbon dioxide.” Before long, it will 
seem the simplest and most logical thing in the world 
‘to use these abbreviations of the names of the dif- 
ferent elements rather than the full names. 

Yet it took chemists hundreds of years before they 
settled on this uniform method of writing out their 
chemieal formulas. 

In the early days of chemistry no one bothered to 
do much writing about it. But it became necessary 
for the alchemists to write down their experiments 
— how else could they retrace their steps in case they 
actually hit upon the gold they were secking? They 
invented a whole line of complicated symbols that 
only they could understand. 

As chemists delved deeper and deeper into the 
mysteries of matter it became more and more im- 
portant for them to write out their experiments in 
such a way that all other chemists would know what 
they were trying to explain. 

The first to invent a usable system was John Dal- 
ton, an English scientist. The invention was almost 
forced upon him. 

Inhis study of chemistry he had hecome convinced 
that all chemical reactions could be explained in 
terms of the tiniest possible part of one element re- 
acting with the tiniest possible part of another, These 
particles he called “atoms.” The smallest possible 
part of the compound that resulted he called a “com- 
pound atom’’— today we call it a “molecule.” 

‘To explain his “atomie theory” Dalton made use 
of circles, each with a marking to indicate a specific 
element. These circles served to explain Dalton’s 
theory but they were too difficult to work with to 
show complicated.chemical reactions. 

A Swedish chemist, Jons Jakob Berzelius, worked 
out a simpler system — the same system scientists 
use today. 

For his symbols he took the first letter of the Latin 
name of each element — C for “carbo,” $ for “sul- 
fur." Where two names started with the same letter, 
he added a small letter to one of the symbols to 


distinguish the two elements from each other — he 
used Ca for “calcium,” for instance, to distinguish 
it from carbon (C). 

But Berzelius went an important step further. 

By then the French chemist, Joseph Louis Proust, 
had discovered that whenever elements form com- 
pounds these are always of a very definite compo- 
sition — the “Law of Definite Composition.” Water 
molecules, for example, always contain the same 
number of hydrogen and oxygen atoms. And Dalton 
had found that when two elements combine in dif- 
ferent ways they do this in simple proportions — the 
“Law of Multiple Proportions.” One atom of carbon 
and one atom of oxygen make carbon monoxide; one 
atom of carbon and two atoms of oxygen make car- 
bon dioxide. 

To describe these things in a simple way Berze 
made each of his symbols stand not only for a specific 
element but also for its relative weight as compared 
to the weight of other elements—its “atomic weight.” 
To show the composition of a compound he simply 
put together the symbols for the elements into a 
“formula” —CO, HCl, FeS, and so on.""CO” then not 
only meant that one atom of carbon and one atom 
of oxygen combine to make one molecule of carbon 
monoxide, but also that 12 weight units of carbon 
(12 being the atomic weight of carbon) combine with 
16 weight units of oxygen (16 being the atomic weight 
of oxygen) to form 28 weight units of the compound 
carbon monoxide. 

‘When a compound contained several atoms of the 
same element Berzelius indicated this by placing a 
number in front of the symbol. It was later found 
necessary to change this to a smaller number, called 
a “subscript,” placed at the lower right of the sym- 
bol — H,0, COs, 

In recent years it has been necessary to change 
Dalton’s idea of an atom as being the smallest in- 
divisible part of an element. Nowadays we have 
machines, such as the cyclotron, that can bombard, 
or “‘smash” atoms into still smaller parts—neutrons, 
and electrically charged protons and electrons. Ac- 
cording to today’s atomic theory protons and neu- 
trons form the nucleus of the atom and. electrons 
whirl around the nucleus with such tremendous 
speed that they seem to form a “shell” around it. 

But even with our new idea of an atom, Dalton’s 
main theory is still useful for explaining chemical re- 
actions, and Berzelius’ method is still the simplest 
“shorthand” method any scientist has ever devised 
for writing them down. 


AN ATOM MIGHT LOOK LIKE A BALL SUCH AS THIS IF 
YOU ENLARGED IT A BILLION TIMES. THE “SHELL” IS 
NOT SOLID—IT CONSISTS OF ELECTRONS MOVING SO 
FAST THAT THEY SEEM TO FORM A SOLID SHELL. 


IF YOU COULD SLOW DOWN AN ENLARGED CARBON 
ATOM YOU MIGHT SEE TWO OF ITS ELECTRONS TRAVEL. 
ING AROUND THE NUCLEUS IN AN “INNER SHELL" AND 
FOUR MORE WHIRLING AROUND IN AN “OUTER SHELL.” 


IF YOU COULD HALT AN ENLARGED CARBON ATOM 
COMPLETELY, IT WOULD LOOK A LOT LIKE OUR SOLAR 
SYSTEM, WITH A ‘'SUN" (PROTONS AND NEUTRONS) IN 
THE CENTER AND “PLANETS” (ELECTRONS) AROUND IT. 


The Periodic Table of the Elements 


Fnow rit earliest times people have tried to explain 
what “matter” was made of. Most early philos- 
ophers agreed that “matter” was made up of what 
they called “elements.” But their idea of an “ele- 
ment” was quite different from what, we mean by 
that word today. 

The early Greek philosophers thought the entire 
universe was composed of only four basic substances: 
fire, earth, water, and air. This explanation made 
sense at the time and was not seriously challenged 
for many centuries. 

The old Romans actually knew nine of the sub- 
stances we call elements today. They called them, 
of course, by their Latin names (the same we use 
today in chemical symbols): carbo (carbon —C), 
sulfar (8), auram (gold — Au), argentum (silver — 


FOR MORE THAN A THOUSAND YEARS PHILOSOPHERS 
INSISTED THAT ALL SUBSTANCES WERE MADE UP OF FOUR 
ELEMENTS: FIRE THAT WAS DRY AND HOT, EARTH THAT WAS 
HOT AND MOIST, WATER THAT WAS MOIST AND COLD, 
AIR THAT WAS COLD AND DRY. WE KNOW BETTER NOW! 


THE MODERN PICTURE OF AN ATOM HAS A NU- 
CLEUS IN THE CENTER, CONSISTING OF PRO- 
TONS (p) AND NEUTRONS (n}, WITH ELECTRONS 
IN RINGS AROUND IT. 


He 
2 | Helium 
4.003 
Ne 10 5 t2| THE PERIODIC TABLE OF THE ELEMENTS 
3 Neon ium | 
20.183 VA VLA VILA —_—- 
A 18 lv aa\cr  24)Mn = 25|Fe 26. 
4 | Argon | Potassium ‘Yonadium | Chromium | Manganese | — Iron. 
39944 | a9 c $095 | 5201 S494 | $5.85 
, Ke sore ee 4 f dh ae 39) zr ce ee it fas a ee Ba 
rypton ubidium irontivm | Yttrium "| Niobium lybdenum| Te Ruthenium 
eis" | “sua” | “eres” | eve gan" |" "9595. "| 99 ton! 
x sales 55/Ba Ht 7ajta_73[w74[Re = 750s 76) 
6 | Xenon Cesium Hofnium | Tantolum | Tungsten | Rhenium | Osmium 
131.3 132.91 | i7a.50 | 190.95 | 193.86 | 186.22 | 190.2 
nn _a6|r  e7|Ra aa] s9-i0a 
7 [Photos| "Fepciom”| "Reon "| Aine Inert AIKALL (ay ALKALINE 
2 223 226.05 2 GASES METALS 1 Fe 
Ce 58) Pr 59|)Nd 60) Pm 61) Sm 62) 
ROWS RUNNING | FROMILERT 0) Cerium — | Fraseedymium | Neodymium | Promethium | Somorium 
RIGHT ARE CALLED PERIODS. COL. W4o13 | ioe | 14427 145. 
UMNS RUNNING FROM TOP TO 
BOTTOM ARE CALLED GROUPS. THE Ti -90/Pa_—sotfu—Soa[Np 98 
ELEMENTS WITHIN. A GROUP HAVE Thorium | Protactinium | Uranium | Neptunium 
252.05 21 238.07 237. 


MANY TRAITS IN COMMON, 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Like any power tool, an electric drill needs and deserves your respect. You'd be surprised how much 
unintentional damage you can cause with such a simple device. Observe these simple salety rules when 
operating a power drill: 


+ Keep your work area clean and well illuminated. 
+ Remove any watches or jewelry you might be wearing. 

‘+ Ifyou have long hair, keep it pulled back and tied out of the way. 
‘+ Always clamp down any work to be drilled on a drill press. 

‘+ Always remove drill bits from the drill chuck after use. 

‘+ Discard dull or rusted drill bits that cannot be resharpened. 

‘+ Always wear safety glasses when operating power tools, 


Hand drills come in all shapes, sizes, and price ranges. Some are powered by hand cranks and some 
are electric, Rechargeable batteries make for very portable drills that you can carry almost anywhere. See 
Figure 2-13. The only drawback is their limited charge time, That's why you should always have at least 
‘one spare battery charged up and ready to go. Electric drills with wires attached don’t have this problem. 
Just don’t trip over the cord! 
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Figure 2-13. A rechargeable hand drill. This model is both variable speed and reversible, which are two 
very desirable features in a hand drill. 
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Ag), ferrum (iron— Fe), cuprum (copper —Cu), 
stannum (tin —S$n), plumbum (lead — Pb), hydrar- 
gyrum (mercury—Hg). 

By 1800, thirty-four elements had been discovered. 
Within the next ten years, thirteen more had been 
added and had been given made-up Latin names — 
among them natrium (sodium — Na), kalium (potas- 
sium— K), and aluminium (aluminum — Al). By 
the beginning of the twentieth century, eighty-four 
elements were known. 

‘Today the number has reached 102 — the last ten 
man-made, produced by splitting the atoms of other 
dlements. Within a short time, Element 103 will 
probably be discovered. 

Tn this table you will find listed the 102 clements 
that are known today. Each element is described by 
chemical symbol, its atomic number, its full name, 
and its atomic weight. 


MANY SCIENTISTS HAD 
NOTICED THAT IF YOU LINE 
UP THE ELEMENTS ACCORD- 
ING TO ATOMIC WEIGHTS, 
CERTAIN CHEMICAL TRAITS 
OCCUR PERIODICALLY, THE 
RUSSIAN SCIENTIST, DMI- 
‘TRI MENDELEEFF, ON THIS 
BASIS DISCOVERED THE PE- 
RIODIC LAW AND DEVEL- 
(OPED THE PERIODIC TABLE. 


Tf, MEME! 
niouta AQ ocoe 


eeervtyeneetss 


A YOUNG ENGUSH SCIEN- 
TIST, HENRY MOSELEY, PER- 
FECTED THE PERIODIC TA- 
BLE, HE DISCOVERED THE 
LAW OF ATOMIC NUMBERS 
AND ARRANGED THE ELE- 
MENTS ACCORDING TO 
THE ELECTRIC CHARGE 
FOUND IN THE NUCLEUS. 


chlorine 
mes We vis 
THE NUMBER OF PROTONS IN AN ATOM 15 ITS 
ATOMIC NUMBER. AN ATOM ALWAYS HAS THE |B sic 6 alr 9 
SAME NUMBER OF PROTONS AND ELECTRONS. |  "a'en ee Fuustine) 
HYDROGEN IS THE SIMPLEST OF ALL ATOMS. z z iL 
A aa/si_—ta veel 17 
‘Aluminum icon Chlorine 
vin ————_ 18 "1B 2698 | 28.09 35.457 
co a7|Ni 8 |cu_—~=«D ce a2[As a3/sea4[Br 35 
‘cobalt | Nickel | Copper Germanium | Arsenic | Selenium | Bromine: 
58.94 ‘5871 63,54 726 74.91 78.96 TING 
Rh 45[Pd 46 |Ag 47) Sago, sb sire salt 33 
Rhodium | Palladium | silver | Cadmium | ~ Indium Tin Antimony | Tellurium | Iodine 
102.91 106.4 107.88 112.41 114.82 118.7 121.76 127.61 126.91 
+ 77|p 78|au__-79|Ho col! ath sa[ei_ = aa/po alae os 
liidium | Plotiaum | Gold | Mercury | Thallim | Lead | Bismuth | Polonium | Astotine 
192.2 | 195.09 197 200.61 | 204.39 | 207.21 209 210 210 
heavy erat NoN- oe UNsTanE 
METALS loins METALS pe ELEMENTS 
w 636d 6a lth 63 |Dy 66 |Ho afer 68|tm — éal¥h = 7oltu 71 
Evropivm | Gadolinium Dysprosium | Holmium | Erbium | Thulium | Yuerbium | Lutetium 
152 157.26 ye2s1 | 164.94 | 16727 | 1sas4 | 173.04 | 174.99 
fam 95[¢m 96 [Bk 97|cr_ OBE 99]Fm 100|Mv  101[No 102] = q03 
Americium | Curium | Betkelium | Californium | Einsteinium | Fermium |Mendelevium| Nobelium 
243 247 249 249 254 255 256 251 
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The Mysteries of Solutions 


Frow THE earliest days, scientists experimenting 
with chemistry have worked with solutions. The 
fiquid they used for making a solution (usually 
water) they called the “solvent.” The chemical dis- 
solved was the “solute,” 

When chemists began to use electricity as one of 
their tools, they discovered that different solutions 
behaved in different ways. The solution in water of 
a great number of chemicals — sugar among them 
—did not let electricity pass through. They were 
“non-conductors.” Some chemicals, on the other 
hand, conducted electricity very easily. They were 
good conductors — “electrolytes. 

In 1874 a Swedish scientist named Svante Arrhe- 
nius developed a theory to help explain the mysteri- 
ous behavior of solutions. He was only 25 years 
old at the time. 

His idea was that when a chemical that conducts 
is dissolved in water, each molecule is 
broken up — “dissociated” — into electrically char- 
ged atoms or groups of atoms. These atoms or groups 


“to wander.” His new theory came 
to be called “Arrhenius’ theory of ionization.” 

When table salt (sodium chloride, NaCl), for in- 
stance, is dissolved in water, it ionizes into positively 
charged sodium ions (Na*) and negatively charged 
chlorine ions (Cl-). These ions “wander” about in 
all directions until an clectrie current is applied to the 
solution. When that happens, the negative ions rush 
to the positive pole, the positive ions to the negative 
pole. Tt is the ions that conduct the current through 
the solution. 

‘The reason that non-conductors do not conduct 
electricity is that they do not dissociate into ions. 
Arthenius’ theory of ionization helped explain a 
great number of things that have puzzled chemists. 
His theory has been modified somewhat over the 
‘years but in most respects holds true today. 


IN HIS EARLY EXPERIMENTS, SVANTE 
ARRHENIUS USED A SIMPLE SET-UP. 
YOU CAN EASILY REPEAT SOME OF HIS 
EXPERIMENTS IN YOUR OWN LAB, 
USING FLASHLIGHT BATTERIES. i= TESTING CONDUCTIVITY OF SOLUTIONS 

SET UP THE SAME APPARATUS 
AS ON PAGE 25. ADD FLASH- 
LIGHT BULB TO END OF ONE 
WIRE. TRY DIFFERENT SOLU- 
TIONS IN GLASS. SOME CON 
DUCT ELECTRICITY AND BULB 
LIGHTS UP. OTHERS DO NOT 
AND THE BULB DOES NOT 
LUGHT UP. 


SATURATED SOLUTIONS 

‘A SATURATED SOLUTION IS ONE 
IN WHICH NO MORE OF THE 
CHEMICAL WILL GO IN. SOLU- 
TION AT THAT PARTICULAR TEM- 
PERATURE, 


sotep. unt a 


PERATURE INTO A CUSTARD 
JP. ADD 6 g SALTPETER (POTAS. 
SIUM NITRATE]. STIR. ALL THE SALT- 
PETER DISSOLVES. 


ADD 3 g MORE SALTPETER. 
STIR, SOME OF THE ADDED SALT- 
PETER DOES NOT DISSOLVE. CLEAR 
UQUID IS SATURATED AT ROOM 
TEMPERATURE. (AT 20°C,, 6.3 9 
KNO, MAKES SATURATED SOLU- 
TION IN 20 ml WATER.) 

PLACE CUSTARD CUP OVER ALCOHOL BURNER. ADD 10 g MORE SALT- 

ER. SOON ALL SALTPETER IS DISSOLVED. AT HIGHER TEMPERATURES 
IT TAKES MORE SOLUTE TO MAKE A SATURATED SOLUTION. (AT BOILING, 
20 mi H,O DISSOLVES 49 g SALTPETER) 

TAKE SOLUTION OFF FIRE. AS IT COOLS, MUCH OF THE SALTPETER 

MES OUT AS CRYSTALS BY SLOW CRYSTALLIZATION. LIQUID IS AGAIN 
‘A SOLUTION SATURATED AT ROOM TEMPERATURE. 


CRYSTALLIZATION 
YOU CAN FOLLOW 
CRYSTALLIZATION OF 
‘MgSO,., IN TEST TUBE, 
HEAT MIXTURE OF 
5 ml WATER AND 1 
TEASPOON EPSOM 
SALUT UNTIL SALT DIS- 
SOLVES. POUR HOT 


a 1h MANY CHEMICALS 
ION HAS LOWER — SOLUTION OVER FORM CRYSTALS OF 
G POINT THAN PANE OF GLASS DISTINCT SHAPES. 


i 


CLEANED WITH DE- 


@ 


TERGENT. CRYSTALS : 
ITH INDIVIDUAL sake NEEDLE-LIKE FeSO.7H:0 
‘CUPS, POUR WATER NerWoK. 


.CH CUP. IN ONE, DIS- 


| SOLVE 1 PINCH OF SALT, IN 
NEXT 2 PINCHES, AND SO ON. 

4 ONE WITHOUT SALT. 
\CE IN FREEZING COMPART- 
|ENT. CUPS LEAST SALTED 

FREEZE FIRST. 

SOLUTION HAS HIGHER BOILING 
POINT THAN THE SOLVENT USED. 
WITH CANDY THERMOMETER, 
DETERMINE AT WHAT POINT 
WATER BOILS. ADD 1 PINCH 
OF SALT. WHAT IS. BOILING 
POINT NOW? ADD MORE 
SALT. READ AGAIN. 
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MAKING SOLUTIONS 


MAKE 50 ml GRADUATE FIRST: MEASURE 50 ml WATER 
INTO A NARROW JAR, USING 10 ml TEST TUBE GRADU- 
ATE SHOWN ON PAGE 15. MAKE A MARK AT 50 mi LEVEL. 


10% [10 PER CENT) SOLUTION: MEASURE 40 mi WA- 
TER INTO A CUSTARD CUP. ADD 5 g OF THE CHEMICAL. 
STIR, (TO MAKE IT DISSOLVE QUICKER, YOU MAY WANT 
‘TO HEAT THE WATER SLIGHTLY.) POUR SOLUTION INTO 
50 ml GRADUATE. ADD WATER TO THE 50 ml MARK. 


2% SOLUTION: MEASURE 40 ml WATER INTO CUSTARD 
CUP. ADD 1 9 OF THE CHEMICAL. STIR TO DISSOLVE, 
POUR INTO 50 ml GRADUATE. ADD WATER TO 50 mi. 


1 


HOW DO YOU KNOW AN ACID? 


@ acips Taste sour. 


ADD 5 ml HYDRO- 
CHLORIC ACID TO 15 
ml WATER. DROP 5 
DROPS OF MIXTURE IN 
GLASS OF WATER. DIP 
FINGER IN THIS HIGH- 
LY DILUTED ACID. 
TASTE DROP ON FIN- 
GER TP. 


@ acibs act with 
INDICATORS. 


PLACE DROP OF DILUTED HYDRO- 
CHLORIC ACID ON STRIP OF BLUE 
LITMUS PAPER. THE COLOR CHANGES 
TO RED. 


@ acis act with 
METALS. 


PLACE A STRIP OF ZINC IN 
A TEST TUBE. POUR A FEW 
ml HYDROCHLORIC ACID 
ON IT. ZINC DISSOLVES, 
SETTING THE HYDROGEN 
OF ACID FREE. 


@ acs neutrauze 
BASES, 


COLOR 2 ml LYE SOLUTION 
TH A DROP OF PHENOL. 
PHTHALEIN SOLUTION. 


POUR INTO 5 ml HYDROCHLORIC 
ID. THE PINK COLOR DISAPPEARS. 
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Working With Acids 


ACIDS have many traits in common. They taste 
sour. They change the color of certain plant sub- 
stances—which are called “indicators.” They con- 
tain hydrogen (H) that can be replaced by a metal, 
‘They neutralize bases. 

But what és an acid? Earlier, the “acidic” traits 
were used to define an acid. But with the modern 
understanding of the atom, a different definition is 
used, You will remember that the nucleus of an atom 
contains positively charged protons. Acids in solu- 
tion liberate protons as ions (H*). And so we say 
that an acid is a substance that will give up—or 
“donate” — protons to another substance. Acids are 
“proton donors.” The foremost acids used in industry 
are sulfuric acid (H.S0,), nitrie acid (HNO,), and 
hydrochloric acid (HCI). 

The first two — sulfuric acid and nitric acid — 
should NEVER be used in the home lab, They are 
much too DANGEROUS. They destroy the skin and 
might blind you if you got them in the eyes. (Wher- 
ever a chemical experiment would ordinarily call for 
sulfurie acid, this book uses sodium acid sulfate — 
NaH1SO,, sodium bisulfate, “Sani-Flush”; wherever 

(CONTINUED ON PAGE 44) 


HOME-MADE INDICATORS 


CUT UP OR GRATE A 
RED CABBAGE LEAF. 
DROP IN HOT WATER. 
STEEP FOR 4 HOUR. 
POUR OFF LIQUID. USE 
AS. INDICATOR. 


elderberries 


rade ay 


MANY FLOWERS AND FRUITS CONTAIN COLORING 
‘MATTER WHICH YOU CAN EXTRACT WITH HOT WATER 
AND USE AS AN INDICATOR FOR ACIDS AND BASES. 


blueberries 


Working With Bases 


BASES taste brackish. They change the color of 
“indicators.” They contain a combination of oxygen 
and hydrogen atoms called “hydroxyl (OH). They 
neutralize acids. 

But what is a base? When a base is dissolved in 
water it liberates negatively charged hydroxyl ions 
(OH). When a base is neutralized, these ions take 
on — or “accept"— positively charged protons from 
another substance. A base is a substance that will 
accept and combine with protons from another sub- 
stance. Bases are “proton acceptors.” The mast im- 
portant bases are sodium hydroxide (“‘lye,” NaOH), 
ammonium hydroxide (““ammonia,” NH,OH). and 
calcium hydroxide (“slaked lime,” Ca(OH),). 

The first of these — sodium hydroxide — is used 
in many houscholds to clean sluggish drains and to 
keep sinks from stopping up (“Drano”). USE IT 
WITH GREAT CARE in your experiments. Do 


not touch lye flakes with your fingers and do not 
get the solution on your skin — it dissolves the natu- 
ral oil. Tt is particularly dangerous to get lye in 
your eyes. If you get lye on you, dilute it quickly 


with LOTS OF WATER. 
(CONTINUED ON PAGE 45) 


LABORATORY INDICATORS 


awe uraus | 


( 


LITMUS PAPER IS MOST 
COMMONLY USED INDICA- 
TOR. AN ACID TURNS BLUE 
UTMUS RED. BASES TURN 
RED LITMUS BLUE. 


pHYDRION PAPER 
Is MORE EXACT 
INDICATOR FOR 
ACIDS AND BASES. 


WHITE PHENOLPHTHALEIN 
TURNS PINK WITH BASES. 
GET SMALL AMOUNT FROM 
DRUG STORE. DISSOLVE A 
PINCH (0.05 9) IN 50 mi 
DENATURED ALCOHOL. 


HOW DO YOU KNOW A BASE? 


@ Bases taste BRACKISH. 


DISSOLVE 5g (1 TEA- 
SPOON) LYE IN 50 mi 


WATER. DROP 5 
DROPS OF SOLUTION 
IN GLASS OF WATER. 
DIP FINGER IN THIS, 
HIGHLY DILUTED 
BASE, TASTE DROP 
(ON FINGER TIP. 


BASES ACT WITH 
INDICATORS. 


PLACE DROP OF LYE SOLUTION ON 
RED LITMUS PAPER. THE COLOR IN- 
STANTLY CHANGES TO BLUE, 


ADD TINY LUMP OF FAT 
TO 5 ml LYE SOLUTION. 
HEAT GENTLY. FAT DIS- 
SOLVES TO FORM SOAP. 


(@D BASES ACT WITH 
Far. 


BASES NEUTRALIZE 
ACIDS. 


ml DILUTED HCI ADD 
A SINGLE DROP OF PHENOL. 
PHTHALEIN SOLUTION. 


OUR INTO 5 mi LYE SOLUTION. 
MIXTURE TURNS A BRILLIANT PINK, 


B 


ACID FROM 
NON-METALLIC 
OXIDE 


IGNITE A SULFUR CANDLE (OR A 
TINY HEAP OF FLOWERS OF SUL- 
FUR) ON A PIECE OF TIN. HOLD. 
MMOISTENED BLUE UTMUS PAPER 
‘OVER FLAME. SULFUROUS ACID 
FORMED TURNS IT RED. 


ACID FROM A SALT 


pH SYSTEM IS A WAY OF DESCRIBING THE RELATIVE 
ACIDITY OR ALKALINITY OF A SOLUTION. PURE WATER 


Posen ACID 


ee ACID 


LEMONS ‘SAUERKRAUT 


ACETIC ACID elle CONTENTS 


Acids—Continued 


nitric acid would be called for, this book produces 
it in a mixture of a nitrate, KNO,, and sodium bi- 
sulfate.) 


Hydrochloric acid is used in many households un- 
der the name of “muriatie acid." Whenever you use 
hydrochloric acid in an experiment, USE IT WITH 
GREAT CARE, If any of it gets on you, dilute it 
quickly with LOTS OF WATER. Or neutralize it 
with biearbonate of soda (but not if in the eyes). 


DUCED TURNS MOISTENED BLUE IT- 
‘MUS RED. ADD 2 ml WATER TO TEST 
TUBE B. SHAKE, RESULT IS WEAK 
HYDROCHLORIC ACID. 


Is NEUTRAL WITH pH7. THE LOWER THE NUMBER BE- 
LOW 7, THE MORE ACID THE SOLUTION, THE HIGHER 


TOMATOES SALIVA 


BORIC ACID MILK 


PHENOLPHTHALEIN, 


HOUSEHOLD ITEMS CONTAINING BASES 


. ‘SI OM. 
Bases—Confinued METAMIC OXIDE 


You can also neutralize it with vinegar (but not if 
in the eyes). 

Ammonia is common household cleaning liquid. 
Ammonia should also be handled with care and 
should be washed off quickly if you get it on you. 
Also watch your nose when you work with ammor CALCIUM OXIDE) INA CUSTARD CUP. 
Tt has a very strong smell. ‘ADD AS MUCH LUKEWARM WATER AS 


Calcium hydroxide is a white powder. You will TT WILL ABSORB. LIME HEATS UP, GIVES 
se it in a great number of experiments. OFF STEAM, CRUMBLES INTO POWDER 
‘ ® see OF SLAKED LIME (CALCIUM HYDROXIDE}. 


PLACE A LUMP OF LIME (QUICKLIME, 


BASE FROM A SALT 


IN A CUSTARD CUP, DISSO 
TEASPOON SAL SODA (W/ 

SODA, SODIUM CARBO! 

‘50 ml WATER. HEAT SLIGI 

SLAKED LIME MIXED WITH W 

STIR. CHEMICAL REACTION PRO- 
DUCES SODIUM HYDROXIDE AND 
CALCIUM CARBONATE. FILTER. 
CLEAR LIQUID CONTAINS THE SO- 
DIUM HYDROXIDE (LYE). THE CAL- 
CIUM CARBONATE IS HELD BACK 
BY THE FILTER. 


THE NUMBER ABOVE 7, THE MORE ALKALINE THE SO- CHANGES COLOR, YOU CAN DETERMINE THE ACIDITY 
LUTION. WHEN YOU KNOW AT WHAT pH AN INDICATOR OR ALKALINITY OF THE SOLUTION YOU ARE TESTING. 


[WATER SEA WATER [BORAX MILK OF MAGNESIA LE 
URINE i) OF SODA AMMONIA LIME WATER 


vl @ elie a s 


Salts—Chemicals of Many Uses 


NEUTRALIZATION 1S USED 
EXTENSIVELY IN CHEMICAL 
ANALYSIS INA TECHNIQUE 
CALLED TITRATION. 


TO DETERMINE THE UNKNOWN STRENGTH 
OF A BASE, THE CHEMIST DROPS INTO IT 
FROM A LONG TUBE—A BURETTE—AS MUCH 
ACID OF KNOWN STRENGTH AS IS NECES- 
SARY TO NEUTRALIZE IT. BY CHECKING ACID 
USED HE FIGURES STRENGTH OF BASE. 


@ For 4 TRY AT TITRATION, MIX A 
FEW ml OF HOUSEHOLD AMMONIA 
WITH 40 ml WATER. ADD A DROP OF 
PHENOLPHTHALEIN. THIS WILL COLOR 
THE MIXTURE A DEEP PINK. 


POUR 10 ml DILUTED HYDROCHLORIC 

ID INTO MEASURING TUBE. POUR SOME 
OF THIS ACID INTO THE AMMONIA UNTIL 
COLOR HAS ALMOST VANISHED. 


@ Pick uP A FEW mi 
OF THE MEASURED 

-* ACID IN AN EYE DROP- 
PER (PIPETTE). DROP 
ACID SLOWLY INTO 
THE AMMONIA MIX. 
TURE UNTIL COLOR IS 
COMPLETELY GONE. 
RETURN ACID NOT 
USED TO MEASURING. 
TUBE. YOU NOW 
KNOW HOW MANY 
ml ACID YOU HAD TO 
USE TO NEUTRALIZE 
THE AMMONIA. 


Waar narrens when you neutralize an acid with a 
base or a base with an acid? The hydrogen atoms 
(H+ ions) of the acid combine with the hydroxyl 
groups (OH ions) of the base to form water, and 
‘the metal atoms of the base combine with what re- 
mains of the acid to form a salt. Or simply: 
BASE plus ACID turns into 
WATER plus SALT 

This, for example, is what happens when you new- 

tralize sodium hydroxide with hydrochloric acid: 
NAOH + H@)— HOH + NED 

‘The result is water and sodium chloride — ordinary 

table salt which has given its name to other sub- 

stances of a similar nature. 

Of all the salts used in industry, table salt (NaCl) 
and washing soda (Na,CQ,) are of greatest impor- 
tance. Numerous other chemicals are produced fron 
them. Our way of life would he completely disrupted 
if our country’s industry did not have enough of 
these two salts. 

Many other salts are necessary for our well-being. 
You'll probably find at least half a dozen different 
salts used daily in your home —in cooking and 
baking, in gardening, for cleaning. 

In your chemical experiments you'll be working 
with two classes of salts: normal salts (such as NaCl, 
¥a;CO;, KI) which contain no free hydrogen or 
hydroxyl ions, and acid salts (such as NaHSO,, 
NaHCO,) which contain replaceable hydrogen. 

Some of these salts dissolve easily in water — all 
the nitrates (salts of nitric acid) and most of the 
chlorides (salts of hydrochloric acid). Many sults, 
on the other hand, are insoluble — most of the car- 
Bonates (salts of carbonic acid) and most sulfides 
Galts of hydrosulfurie acid), 


DIFFERENT WAYS OF PRODUCING SALTS 


DROP ZINC STRIPS 


SALT FROM INTO A TEST TUBE. 
METAL AND POUR IN A COUPLE 
ACID (OF ml HYDROCHLORIC 


ACID. THE ZINC DIS- 
PLACES THE HYDRO- 
GEN OF THE ACID TO 
FORM A SALT (ZnCl) 
WITH THE CHLORINE, 


TWO SALTS 
TWO OTHER 


SALT FROM ANOTHER 
SALT AND ACID 


ES 
i) 


DROP PIECES OF CHALK, MARBLE, OR OYS- 
TER SHELLS (ALL OF THEM CALCIUM CAR- 
BONATES} IN A FEW ml HYDROCHLORIC 
ACID. RESULT IS CALCIUM CHLORIDE AND 
CARBONIC ACID (WHICH BREAKS UP INTO 
CARBON DIOXIDE AND WATER). 


ote 


‘THERE ARE many Ways of producing a salt in ad- 
dition to neutralization, 

When you made iran sulfide directly from the two 
elements iron and sulfur, you produced a salt: 

Fe +S — FS 

When you caused zine metal to react with hydro- 

chloric acid, you made a salt: 
% + 2HGl —- aah +H, 


When you made sodium hydroxide, you used a 


SALT FROM METAL 
OXIDE AND ACID 


QUICKLIME DISSOLVES IN THE 
ACID, FORMING CALCIUM 
CHLORIDE AND WATER. 


@oissowe 5 g er. 
SOM SARS [AACGIESL 
iC aNeT IN BO aL 
WATER BNC TO BOIL 


@cvisioire 50 s00 
Prso WARM WER 

POURJINTO HOT EPSOM 
SALT SOLUTION. 

ER THE MILKY 
gue 
Ronan SOouM SUL 
TATE MAGNESIUM CAR 
TONATEIS RETAINED BY 


FROM 
SALTS 


base and a salt to form a new base and a new salt: 
Ca(OH); + Na,@B—~ 2Na0H + GCG} 
A salt and an acid often form another salt and 


another acid: 


aco, + 2HEl— 
(€a@h + H,CO, (H,0 + CO.) 
‘Two soluble salts may also form two other salts— 
one of them insoluble: 


‘NajCOl + MeS@\ —~ NigCO} + NaSO) 


a7 


Toprve 18 an interesting element to experiment with. 
Itis easily driven out of its compounds as beautiful, 
violet fumes that turn into grayish-black, metallic- 
looking crystals on cooling. These crystals can be 
further purified by turning them into vapor again, 
‘and again cooling them into crystal form. This proc- 
ess is called “sublimation.” 

‘You are probably familiar with the 2% alcoholic 
solution of iodine known as “tincture of iodine.” It 
is found in almost every home medicine cabinet and 
is used as a disinfectant for wounds. Iodine has many 
other uses — in photography and in the preparation 
of various medicines and dyes. 

Todine has the bad habit of staining practically 


odine—Violet or Brown? 


TODINE| 
At wt. 126.91, 
Gray-black c: 


metals ond non- 


Is. It has 


density of 4.9. 


everything with which it comes in contact with a 
brown stain that won't come off in washing. That's 
why it is advisable to have sodium thiosulfate — 
photographer's fixing salt, “hypo"— around when 
you work with iodine. Hypo in solution forms a 
colorless compound with iodine. 


Be careful not to breathe fumes, 


MAKING IODINE 
IN A PYREX CUSTARD CUP 
TOGETHER 2 g POTASSIUM 
IODIDE, 2 g MANGANESE DIOX. 
IDE, 4 g SODIUM BISULFATE. HEAT 
‘MIXTURE GENTLY, SOON VIOLET 
FUMES EMERGE. 


TO TEST SOLUBILITY OF 
IODINE, DROP A FEW CRYS- 
TALS IN EACH OF FOUR TEST 
‘TUBES. ADD SOLVENT AND 
SHAKE TUBE, 


dissolves 
when put in 
plain water. 


DROP HALF A DOZEN ICE CUBES 

OA JAR. ADD A LITTLE WATER. 
PLACE JAR AS A LID ON TOP OF 
CUSTARD CUP, THE VIOLET FUMES 
SETTLE ON BOTTOM OF JAR AS 
GRAYISH-BLACK, SHINY IODINE 
CRYSTALS. 


SCRAI $ OTTOM OF JAR, 
EEP THEM IN SMALL, TIGHTLY CLOSED BOTTLE. 


dissolves 


water if you with brown 
add potas- carbon tet-— color in 
sium jodide. rachloride. alcohol. 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Note Power drills are also very handy when used with screwdriver bits. They can save you time and many 
blisters! 


Drill bits likewise come in all sizes and shapes. You can buy sets with a variety of sizes, and these will 
usually come with a handy storage container that conveniently labels all the sizes for you. This only 

‘works, however, ifyou take the time to return the drill bits to their proper location once you've finished 
‘working with them. 

A drill press has a large frame that facilitates drilling a precisely aligned hole, over and over again, 
You can make spindle-speed adjustments to drill presses (even small ones, such as the one pictured in 
Figure 2-14) either through an electronic speed control or by changing up the belts and pulleys that drive 
the spindle. There are even small frames for mounting handheld drills or rotary tools, such as the 
Dremel brand of tools. You can often, however, find actual, dedicated drill presses on sale for about the 


same price as the daintier Dremel tools. 


Figure 2-14. A small tabletop drill press 
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IODINE FREED BY CHLORINE 


4, THE CHLORINE IN 
UQUID BLEACH ALSO. 
FREES IODINE. ADD 
‘A COUPLE OF DROPS 
TO SOLUTION OF A 
FEW POTASSIUM, 
IODIDE CRYSTALS IN 


10 mi WATER. 
SET UP APPARATUS AS DESCRIBED ON PAGE 35 WITH THIS 

EXCEPTION: IN BOTTLE B, MAKE SOLUTION OF ¥; g FO- 

TASSIUM IODIDE IN 40 ml WATER. AS CHLORINE BUBBLES MAKING 


THROUGH THIS SOLUTION IT TURNS BROWN FROM THE 
FREED IODINE. WITH MORE CHLORINE IT CLEARS AGAIN 
WHEN COLORLESS IODIC ACID FORMS. 


HYDROGEN IODIDE 


MMIX_A FEW CRYSTALS (AS 
MUCH AS A PEA) OF PO- 
TASSIUM IODIDE WITH % 
TEASPOON SODIUM BISUL- 
FATE. PLACE STRIPS OF 
WETTED LITMUS PAPER AT 
THE MOUTH OF TUBE. HEAT 
GENTLY. IODINE IS RE- 
LEASED. ALSO HYDROGEN 
IODIDE—AN ACID THAT 
TURNS BLUE LITMUS RED. 


DISSOLVE A FEW CRYSTALS OF 
POTASSIUM IODIDE AND A FEW 
GRAINS OF SODIUM BISULFATE 
IN 5 ml WATER. ADD HYDROGEN 
PEROXIDE. SHAKE. THE FREE 
IODINE COLORS LIQUID BROWN. 


STARCH TEST FOR 
IODINE 


REMOVING 
IODINE STAIN 


PAINT PAPER WITH IODINE. DISSOLVE A FEW CRYSTALS OF SODIUM 
THIOSULFATE ("HYPO") IN WATER. PAINT WITH THIS SOLUTION OVER 
THE BROWN COLOR. YOU WILL GET WHITE LETTERS AS HYPO FORMS 
COLORLESS COMPOUND WITH IODINE. 


SHAKE UP A PINCH OF STARCH WITH, 
COLD WATER IN A TEST TUBE. ADD TO 
HOT WATER. BRING TO A BOIL. COOL. 
POUR DROP OF MIXTURE INTO 10 mi 
WATER. ADD DROP OF IODINE SOLU- 
TION. BRIGHT BLUE COLOR RESULTS, 
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‘MOST OF OUR SUL 
FUR IS PRODUCED. 
~~. BY DRIVING IT OUT 
SOF THE GROUND, 
IN MELTED FORM BY 
_. APROCESS INVENT- 
ED BY HERMAN 
FRASCH, 


Sulfur and Its Compounds 


In tHe old days, sulfur was called “brimstone” 
(“burning stone” — from an old word, brennen, to 
burn). When it burned with a blue flame and a suf- 
focating smell, people were certain that the devil 
himself was around. 

Until fairly recently, most sulfur came from the 
voleanie Italian island of Sicily. But today, America 
produces most of the world’s sulfur. About a hun- 
dred years ago, big deposits were found in Louisiana, 
several hundred feet underground. The problem of 
getting it up was solved in 1894 in a very clever way 
by a young German emigrant, Herman Frasch. He 
piped superheated water underground to melt the 
sulfur, then forced the melted sulfur to the top with 
compressed ai 

Sulfur itself is used for many purposes. By a proe- 
ess called “vuleanization” it turns sticky, gummy 
raw rubber into elastic rubber usable for automobile 
tires and other rubber products. Sulfur also goes 
into such things as matches and gunpowder and 
medical preparations. 

SUPERHEATED But by far the greatest use of sulfur is in the prep- 
WATER PIPED UN. aration of sulfuric acid (H.SO,). This acid enters 
DER GROUND tatothe (CONTINUED ON PAGE 52) 


FUR, COMPRESSED 
AIR’ FORCES SUL- 


ee acre 
Se cooled iniatce 


stick sulfur 


flowers of sulfur 


sulfur candle 


‘SULFUR CAN USUALLY BE BOUGHT IN THREE DIFFERENT 
FORMS: AS STICK SULFUR, SULFUR CANDLES, AND AS A 
POWDER (FLOWERS OF SULFUR). UNDER MICROSCOPE, 
SULFUR POWDER PROVES TO BE RHOMBIC CRYSTALS. 


PLASTIC SULFUR 


@ mer y test 
TUBE POWDERED 
SULFUR. CONTINUE 
HEATING. “SOON IT 
NO LONGER FLOWS. 
YOU CAN TURN TUBE 
UPSIDE DOWN WITH. 
OUT ANYTHING 
COMING Our. 


Dye ‘A MOLD FROM A NICKEL BY ATTACHING 
/ALL OF SCOTCH TAPE AROUND THE EDGE OF IT. 


Om TEST TUBE V4 FULL OF FLOWERS OF SUL- 
JR. MELT GENTLY HIGH ABOVE FLAME. POUR INTO 
MOLD. WHEN COOLED YOU HAVE A PERFECT CAST. 


MAKING MONOCLINIC 
CRYSTALS OF SULFUR 


HEAT Y TEST TUBE FULL OF 

FLOWERS OF SULFUR TILL IT 1S 

MELTED WITH LIGHT COLOR. 
POUR MELTED SULFUR INTO A DRY FILTER, AS SOON. 
AS CRUST FORMS ON TOP, OPEN UP FILTER PAPER. 
YOU WiLL SEE THAT SULFUR HAS FORMED TINY 
NEEDLE-LIKE CRYSTALS. 


@ wear tHe tHick. 
ENED SULFUR FURTHER 
UNTIL IT FLOWS FREE- 
LY AGAIN. THEN POUR. 
THE DARK FLUID INTO. 
COLD WATER. IT TURNS: 
INTO A PLASTIC MASS. 
IN_A FEW DAYS THIS 
AGAIN BECOMES YEL- 
gas PRECIPITATED 

‘SULFUR 


DISSOLVE A FEW CRYS- 
TALS OF HYPO (SODIUM 
THIOSULFATE] IN 1% 
TEST TUBE WATER. ADD 
1 DROP OF HYDRO. 
CHLORIC ACID. SOON 
HQUID TURNS MILKY OF 
EXCEEDINGLY FINE PAR- 
TICLES OF SULFUR. 
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SULFUR 
DIOXIDE 


EACHING 


SULFUR 
DIOXIDE 


DISSOLVE 1 TEA. 
SPOON HYPO (5O- 
DIUM THIOSUL- 
FATE) IN 40 ml WA. 
TER. ADD A FEW mi 
HYDROCHLORIC 
ACID. SULFUR DI- 
‘OXIDE AND PRECIP. 
ITATE OF SULFUR 
RESULT. 


MENTS, COVER THE JAR 
ULFUR. 


Sulfur—Continued 


production — directly or indirectly — of practically 
every manufactured artiele we use today. It is used 
in refining gasoline, in making steel and paper. 
and films, plastics and explosives, and thousands of 


bers 


UGHT SULFUR IN BOTTLE CAP, Low. other chemicals. 

ER BURNING SULFUR INTO JAR. Sulfur Dioxide— The first step in making sulfuric 
Move sg US GUlL OF FUMES, RE- acid from sulfur is to burn the sulfur. 

TER. SHAKE, AS SO, DISSOLVES IN When burning in the air, each atom of sulfur takes 


WATER-IT FORIS & WEAR ACID-~ yo atoms of oxyge le 
SULFUROUS ACID, HasOr Neer op 0% two atoms of oxygen to make one molecule of 
ACID WITH BLUE UTMUS parER. sulfur dioxide gas (S03). 


By a special, complicated process, sulfur dioxide 
can be forced to take on another oxygen atom and 
form sulfur trioxide (SO,). With water, this makes 
sulfuric aci 


H,0+ SO; — H,S0, 
‘Hydrogen Sulfide—Many sulfur compounds have 
unpleasant, penetrating smells, Some of these com- 
pounds have very complex molecules — just imagine 
a skunk producing a chemical with this formula: 
CH,CH,CH,CH,SH! The smell of rotten eggs, on 
the other hand, comes from the simple compound 
hydrogen sulfide (H,S). 

Hydrogen sulfide is used in chemical analysis to 
determine what metals are found in a certain sub- 
stance. It combines with metals into salts (sulfides) 
that can be distinguished from each other by their 
colors and by the way they react with acids and 
other chemicals, 
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NOTE: Perform these experiments out-of-doors or be. 
fore an open window. Be careful not to breathe fumes. 


HYDROGEN SULFIDE HYDROGEN SULFIDE 


IS AN IMPORTANT Lag HAS SMELL OF 
TOOL FOR CHEMICAL ROTTEN EGGS 
ANALYSIS. 


@® oxor nto A ony vest TUBE % 
TEASPOON POWDERED SULFUR AND A 
LUMP OF CANDLE WAX AS LARGE AS 
AA PEA. SET UP APPARATUS AS SHOWN, 


@ sare sowtion in test uae OF 
CHEMICAL YOU WANT TO. ANALYZE. 
LEAD GIASS TUBE INTO THE SOLUTION. 


@ siear rest Tuse ware suuzuR mix. 
Tone Siocon i se atten 
INO TEST SOWUHON ra coe 1 @ 
Talks GAIT OE ORE OF Te ey 


METALS, A PRECIPITATE WILL FORM. 
yj = 


@ acter 4 rew moments, 
IGNITE HS AT JET TIP, IT 
BURNS WITH SO, SMELL. 


MAKE IRON SULFIDE AS DESCRIBED 
‘ON PAGE 22. BREAK THE TEST TUBE 
(INA PAPER BAG). CRUSH THE FeS 
WITH A HAMMER. DROP SMALL PIECES. 
IN ANOTHER TEST TUBE. BY ADDING 
HYDROCHLORIC ACID YOU MAKE H, 


EXPERIMENTS 
WITH HS 


ror srorer rn Pe 

Par sronrc Wa Omron 

yi ete els alk Sheamerecs 

Se persue: AGREES Ras 

erie ON eS Pe eee oe 

Aaa ey SSE eine 
BAER aR peo) 


THE COLOR OF THE SULFIDE FORMED WHEN YOU LEAD H,5 
INTO A SOLUTION CONTAINING A SALT OF A HEAVY METAL 
‘WILL HELP TELL YOU WHAT METAL IS FOUND IN THE SALT. 


eevee 


MAKING CEMENT 


Silicon—The Element You Step On 


Smcow (from the Latin silez, flint) is the second 
most abundant element. on earth—after oxygen, 
Whether you are walking on sand or clay, rock of 
cement, almost half of what you're stepping on is 
silicon, 

Silicon is found in nature in combination with 
oxygen (mostly the dioxide, SiO.) and in different 
silicates (salts of various silicic acids). 

With few exceptions, silicon compounds are in- 
soluble in water. And that is a good thing for all of 
us. The glass of our windows and the glasses from 
which we drink are silicates. So are the glazes on 
our cups and the enamel on our bathtubs. Most 


glass and many glazes are made by fusing together 
sand (SiO,), limestone, and soda. 

‘The silicates of sodium and potassium dissolve in 
water. A concentrated solution of sodium silicate 
(Na,Si0,) is sold in hardware stores under the name 
of waterglass. Tt is used as a glue, for fireproofing 
wood and for preserving eggs. 

Within recent years, chemists have developed a 
whole line of new silicon compounds called silicones. 
Some of them are oil-like. Some look like putty 
(Silly Putty"). Still others are rubber-like. Paper 
and cloth can be made water-repellent by being 
treated with suitable silicones. 


MINERALS AND PRECIOUS STONES 
MANY ARE SILICON OXIDES OR SILICATES. 


MAKING SILICIC ACID 
MAKING 
SILICON 
DIOXIDE 


IN ANOTHER, MIX 10 ml HYDROCHLORI 
POUR THE TWO MIXTURES AT ONE TIME INTO A THIRD GLASS. PAGE SORE OF TEE GA On eat 


JAR UID. HEAT, THE SILICIC ACID (H,SiO,) 
STAND SPOON UPRIGHT IN THE MIXTURE WHICH, ALMOST IMMEDI GIVES 'UP_ WATER (H,0) AND TURNS 
ATELY, TURNS INTO A JELLY ("GEL") SO STIFF THAT SPOON STANDS BY INTO _A GRAYISH-WHITE POWDER OF 
ITSELF AND YOU CAN TURN THE GLASS UPSIDE DOWN. SILICON DIOXIDE (8i0,). 


MAKING 
WEAKNESS OF 
SILICIC ACID 


SILICIC ACID IS SO WEAK THAT CAREONIC 
ACID (H,CO,) DRIVES IT OUT OF WATERS — 
GLASS. MAKE THE CO, BY POURING HY- 
DROCHLORIC ACID OVER MARBLE CHIPS. 


INA TEST TUBE, MIX 1 9 OF THE SILICON 
DIOXIDE YOU MADE, 2 9 LYE [NoOH), AND 5 mi 
‘WATER. HEAT CAREFULLY, MOVING TUBE. 


AFTER FILTERING, YOU WILL HAVE A CLEAR 


MAKING SILICATES LUTION OF SODIUM SILICATE (No,SiO,). 


DILUTE 5 ml WATERGLASS 
{o,Si0,) WITH 5 ml WATER. 


DISSOLVE SMALL CRYSTAL OF 
PPER SULFATE IN WATER. “GROWING” A SILICON "JUNG 


IN_A PINT JAR, PLACE ¥4-INCH 


‘MIXTURE OF EQUAL PARTS 
GLASS AND WATER. PLACE IT 
WHERE IT WILL NOT BE D 


PER SULFATE, ALUM, 
CRYSTALS SEND UP * 
FEW HOURS, YOUR SILICA 
IS FULLY “GROWN, 


ADD A FEW DROPS TO THE 
‘TERGIASS TO GET PRECIPI. 
TATE OF COPPER SILICATE. 
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Boron—Future Rocket-Power Element? 


Less THAN A hundred years ago, a mineral called 
borax, containing the element boron, was carted out 
of Death Valley in California by twenty-mule teams 
—about the slowest transportation you ean think of. 
Someday, boron may be put in zip-fuels for space 
missiles — the fastest form of transportation imagi- 
nable, Boron has the ability (as does carbon) to 


BORAX BEAD TEST IN CHEMICAL ANALYSIS 


‘MELT 
NICHROME 
OR PLATINUM 
WIRE INTO 
GLASS TUBING 
TO ACT AS| 
HANDLE. 


FORM 


PENCIL 
POINT. 


‘AROUND 


combine with hydrogen in a number of ways. When 
these boranes or boron hydrides burn, they develop a 
tremendous amount of power. 

Boron can be isolated as a hard, brownish-black 
powder. Its carbon compound, boron earbide (B,C), 
is almost as hard as diamond. 

But you are probably more familiar 


MAKE BLOWPIPE BY DRAW. — 
ING GLASS TUBING INTO 


IN THE TIP OF 
THE FLAME, THE 
STRONG HEAT 
OXIDIZES’ METAL 
IN THE TEST SAM 
PLE, OXIDE COL. 
‘ORS BEAD. 


Loo? 


CERTAIN METAL OXIDES, FUSED INTO A “BEAD” 
OF MELTED BORAX, PRODUCE DISTINCT COLORS 
BY WHICH THE METALS CAN BE RECOGNIZED. 


‘TO MAKE TEST, HEAT WIRE LOOP. DIP HOT LOOP IN 
BORAX. HEAT TO FORM BEAD. TOUCH BEAD TO CHEM- 
ICAL TO BE TESTED. OXIDIZE THE CHEMICAL IN VERY 
HOT FLAME GENERATED WITH HELP OF A BLOWPIPE, 
STUDY THE COLOR OF BEAD, HOT AND COOLED. 


hot cold hot cold 
IRON © © MANGANESE OQ O 
copreR @ ©  cosAtr 9 9 
NICKEL Q @ chRoMUM © © 


through two of its compounds which are found in 
almost every household: borie acid (H;BO;), used as 
‘a mild antiseptic, and borax (sodium tetraborate, 
Na,B,0,-1017,0), used for cleaning purposes and as 
a water softener. 

Borax has a great number of uses outside the home. 
It is used for soldering, for producing certain kinds 
of soap, and for making other boron compounds. 


MAKING BORIC ACID 


Dry custo cur, a00 
» Boe 
Sane TO 


‘The glass industry uses large quantities of borax 
for making boron-aluminum-silicate glass. You know 
this kind of glass by its trade name, Pyrex. Kitchen 
utensils and laboratory ware made of Pyrex glass 
have the great advantage over ordinary glass that 
they can be placed directly on the fire and do not 
break so easily when they are subjected to sudden 
heating or cooling. 


ADD 4 ml HY- 

OCHLORIC ACID 
TO HOT BORAX SO- 
LUTION. STIR. RE- 
MOVE FROM FIRE. 
BORIC ACID CRYS- 
TALLIZES OUT AS 
SOLUTION COOLS. 


TESTS FOR 
BORIC ACID 


MAKING 
BORIC OXIDE 


GLASS ROD. 


Sodium and Potassium 


‘Tue. saxts of sodium and potassium have been used 
for thousands of years in making soap and glass and 
for a great number of other purposes. 
Sodium chloride (NaCl) is the most common sodi- 
um salt — it is the chemical that makes ocean water 
“salty.” Plants growing in the ocean take up so 
a NATRIUM | ouch of the sodium that people along the seacoasts 
ett | of the world used to burn dried seaweed to secure 
22.991, Density. | “Soda ash” (sodium carbonate, Na,CO,). Inland 
0.97. {Enalish: So-| plants, on the other hand, pick up potassium from 
dium) Silver-white | the soil. Inland people hoiled out wood ashes in large 
metal, con be cut! pots to get “potash” (potassium carbonate, K,CO;). 
o wiibinifeOxiiset| In 1807, the British scientist, Humphry Davy, 
A eae AM ate succeeded in isolating the metals found in these salts 
ROMAN SOLDIERS. Waa acmaa’ They proved to be wax-soft. and silvery. He called 
them sodium (from soda ash) and potassium (from 
CRYSTALLIZING — potash). These are still their English names. But in 
SALT BY chemical formulas they are referred to as natrium 
EVAPORATION (Na) and kalium (K) — from abbreviations of the 
Arabic namesof the ashes: nalrun and al gili (alkali). 


DISSOLVE 19 g TABLE 
Cl) IN 50 ml HOT 
SOLUTION, 

MAKING ACID SALT FROM NORMAL SALT 


POUR CLEAR LIQUID INTO LARGE PIE PLATE, PLACE 
‘SUNNY WINDOW FOR WATER TO EVAPORATE SLOW- 
LY, THE CRYSTALS FORMED WILL BE MUCH LARGER. 


MAKING NORMAL SALT 
FROM ACID SALT 
‘SODIUM SULFATE IS PRODUCED 


BY HEATING SODIUM ACIO SUL- 
FATE WITH SODIUM CHLORIDE 


THE ACID CARBONATE (NoHCO,) IS_MADE 
BY LEADING CO, TO NORMAL CARBONATE 
(Na,CO,). 


MAKE SATURATED SOLUTION BY SHAK. 
IG 3 TEASPOONS WASHING SODA IN 30 
ml COOL, BUT NOT COLD, WATER. FILTER IT. 


aad 


IN A TEST TUBE, HEAT 
‘A MIXTURE OF 2 9 5O- 
DIUM ACID SULFATE (50. 
DIUM BISULFATE) WITH 
1g TABLE SALT (NaCl) 
HYDROGEN CHLORIDE © 
18 SET FREE AND SODI- 
UN SULFATE IS FORMED: 
NaHS0, + NaCl 
HCI + Na,S0, 


SET UP APPARATUS FOR MAKING CO, AS. 
jOWN ON PAGE 31. LEAD CO, INTO SODA 

SOLUTION FOR 10 MINUTES. THEN SET ASIDE, 

SHORTLY NaHCO, CRYSTALS APPEAR. 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Caution When working with drills and presses, always Keep your work area clear. Always wear safety glasses 
when using power tools. Try to Keep the chuck key handy. Don't leave dril bits mounted in the chuck when not in 
use. Many chuck keys have built-in springs that prevent them from remaining in the chuck. Those that don't risk 
being accidentally left in the chuck when the drill its turned on, which can either fling the chuck across the 
‘workshop or make a big mess of your favorite hands. 


Laser Cutters and 3D Printers 


While not everyone can afford some of the more expensive and esoteric tools that are available, some of 
these tools are getting more popular than others; excellent examples are laser cutters and 3D printers. 
See Figures 2-15 and 3-16, 

Laser cutters and engravers use a powerful carbon-dioxide laser to cut through wood and non- 
chlorine-based plastics. The laser beam is focused onto the work surface using mirrors that are mounted 
in an XY gantry, allowing the cutting area to be controlled by a computer. Typical installations require 
venting to the outside because of the various aromas produced in the process, as well as a water-cooling 
system for the laser tube itself, 

‘There are also some newer laser cutters being built by hobbyists from scratch. 


Figure 2-15. A laser cutter. A powerful 40W carbon-dioxide laser is used to cut through wood and non- 
chlorine-based plastic, all under computer control. It can also be used as an engraver. This model is 


‘manufactured by Full Spectrum Engineering. 
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PIONEER WOMEN MADE POTASH 
FROM WOOD ASHES. 


WHEN YOU HEAT PO- 
‘TASSIUM NITRATE, IT 
GIVES UP OXYGEN 
AND BECOMES PO. 
TASSIUM NITRITE: 
2KNO, = 
2KNO, 3 O, ASHES WITH 
‘SKIM OFF WOOD REA 


FILTER THE MIXTURE OF 
1ES_ AND WATER, COLLECT 
FILTRATE IN A CUSTARD CUP. 
EVAPORATE MOST OF WATER. 
THEN COOL TO PERMIT K,CO, 
TO CRYSTALLIZE OUT. 


HEAT 1 TEASPOON 
SALTPETER AT BOT- 
TOM OF A TEST TUBE 
UNTILIT MELTS, DROP 
INTO THE TUBE A 
PEA.SIZE LUMP OF 
SULFUR. IT BURNS 
‘WITH BRILLIANT BLUE 
FLAME. DO SAME 
EXPERIMENT. WITH 
HEAD OF MATCH, 
CHARCOAL BIT. 


FLAME COLOR TEST FOR SODIUM AND POTASSIUM 


‘THE COMPOUNDS OF CERTAIN METALS GIVE 
DISTINCT COLORS TO A FLAME. DIP NI- 
CHROME WIRE IN HCI TO CLEAN IT. HEAT IT. 
THEN DIP LOOP IN COMPOUND AND HOLD 
IN FLAME. 


SODIUM COMPOUNDS GIVE _O SEE VIOLET COLOR OF FO- 


Fr, ee nee ase 
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Calcium— for Building 


Staxp uP stnatont. You can do it because your 
bones contain calcium, Tell a mason to put up a 
brick house. He can do it with mortar containing 
calcium. Tell a master builder to build a monument. 
He will make it from marble — calcium again. Tell 
a hen to “go lay an egg.”" She can do it if she gets 
enough calcium in her feed to make the shell. 

Calcium carbonate (CaCO,) is the starting point 
for most calcium compounds — and for other chemi- 
cals as well. It is found in nature in cliffs and moun- 
tain ranges in the form of chalk and limestone and 
marble. And it makes up the shells of clams and mus- 
sels and billions of tiny sea creatures, 

Calcium carbonate is almost insoluble in water. 
But if the water contains carbon dioxide, some goes 
in solution as calcium bicarbonate (Ca(HC0s),). 
‘This explains the formations in our famous limestone 
caves, Rainwater containing carbon dioxide seeped 
through the ground and dissolved a small amount 
of limestone. In falling from the cave ceiling and 
drying, the drops gave up H,0 and CO, and left 
CaCO, behind. The ute deposits of falling drops 
during thousands of years created the stalactites 
hanging from the roof of the caves and the stalag- 
mites rising from the floor. 

A widespread mineral called gypsum is the sul- 
fate of calcium. In this, each molecule of sulfate has 
‘vo molecules of water attached to it (Ca80,-2H,0). 
When gypsum is heated, it loses three quarters of its 
water and becomes plaster of Paris (2CaS0,-H,0). 

When you mix plaster of Paris and water, it again 
SNDAIGROUND DEPOSHS OF caCox, takes on the full amount of H,O and hardens into 
a hydrate similar to the original gypsum. 

The name of calcium was given to the metal hidden 
in limestone by its discoverer, Humphry Davy. It 
comes from ealz, the old Latin name for lim 


“THE WHITE CLIFFS OF DOVER" CONSIST OF ALMOST 
PURE CALCIUM CARBONATE IN THE FORM OF CHALK. 


SEA SHELLS, CORAL, LIMESTONE, AND 


MARBLE ARE ALL CALCIUM CARBONATE, 


WHEN LIMESTONE IS HEATED IN KILNS, WHEN WATER IS ADDED TO LUMPS OF QUICKLIME (CaO), 
IT LOSES CARBON DIOXIDE AND TURNS THEY CRUMBLE INTO. A WHITISH POWDER OF SLAKED Of 
INTO QUICKLIME—CALCIUM OXIDE. HYDRATED LIME (Ca(OH). (SEE ALSO PAGE 45.) 
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OF JAR, SHAKE VI 


MAKING “HARD” WATER 


\SET_UP GAS GENERATOR AS SHOWN ON PAGE 

BOTTLE A CONTAINS HYDROCHLORIC ACID. IN 
BOTTLE B, PLACE MARBLE CHIPS ON TOP OF PEBBLES. 
POUR ACID ON MARBLE CHIPS TO MAKE CO,. 


LEAD THE CARBON DIOXIDE INTO LIME WATER. 
TURNS MILKY THROUGH FORMATION OF CaCO,. 


CONTINUE LEADING CO, INTO MILKY SOLUTION. 
IKINESS DISAPPEARS. INSOLUBLE CaCO, HAS BEEN 
TURNED INTO SOLUBLE Co[HCO,),. THIS Is THE SUB- 
STANCE THAT MAKES MOST HARD WATER “HARD.” 


PRECIPITATED 
CALCIUM 
CARBONATE 


WHEN MARBLE CHIPS 

E DISSOLVED IN ACID IN 
BOTTLE B IN EXPERIMENT 
ABOVE, POUR SOLUTION INTO 
‘CUSTARD CUP. HEAT. 


WHEN. HOT, ADD SOLU- 

N OF 2 TEASPOONS 
WASHING SODA IN 30 ml 
WATER, YOU GET A HEAVY 
WHITE PRECIPITATE OF CAL- 
CIUM CARBONATE. 


OUSLY. CHECK AMOI SOFT TAP TAP _ HARD WATER DISTILLED 
WAGER ENVES WATER MARES SOFTENED ViTTH WATER MAKES 
FAIR AMOUNT VERY LITTLE” WASHING LARGE 
OF FOAM. FOAM. SODA MAKES AMOUNT 
TOAM. OF FOAM. 


WATER 


ice cubes 
in water 
for cooling 


water to be 2 
distilled is 


in this con cen) ee 


down—bottom: 
removed 


rubber stopper 
with glass tube 


IN THE SCIENTIFIC LABORATORY, ALL IMPURITIES (CAL- 
CIUM CARBONATE AND SULFATE, AND OTHERS) MUST 
BE REMOVED FROM WATER TO BE USED AS SOLVENT. 
THIS IS DONE BY EVAPORATING THE WATER AND 
CONDENSING THE STEAM. YOU CAN MAKE A DIS- 
TILLATION APPARATUS FROM TWO PINT-SIZE CANS. 


CASTING WITH PLASTER OF PARIS 
PLASTER OF PARIS (2CaSO,+H,O) IS_USED 
IN POLICE WORK FOR MAKING CASTS OF 
TRACKS. MIX PLASTER WITH WATER UNTIL 
IT HAS CONSISTENCY OF MEDIUM CREAM. 
POUR IN TRACK. LEAVE TO SET ONE HOUR. 


Let’ 


‘OF MAGNESIUM RIB- 
BON WITH A PAIR 
‘OF PLIERS. IGNITE IT. 
IT BURNS WITH A 
BRILLIANT, WHITE - 
FLAME. MIX ASHES 
(MgO) WITH WATER. 
TEST MIXTURE WITH 
RED LITMUS PAPER. 


Cur SLIVER OF ZINC, 
HOLD IT IN FLAME. IT 
BURNS WITH BLUISH- 
GREEN FLAME TO ZINC 
OXIDE. ZnO 1S YELLOW 
WHEN HOT, WHITE 
WHEN COOL. 


BOTH METALS REACT WITH WEAK ACIDS, EVEN WITH 
IEGAR—Mg WITH COLD VINEGAR, Zn WITH HOT. 


POUR SOLUTION OF 1 g SODIUM BISULFATE IN 10 
‘al WATER ON Mg AND Zn. Mg REACTS FAST, Zn SLOWLY. 
NOW TOUCH ZINC WITH A COPPER WIRE. REACTION 
‘SPEEDS UP, CAUSED BY ELECTRIC PROCESS. 


s Compare Two 


Taxe A Loox at the periodic table of elements on 
‘pages 38-39 In column ITA you find the metal mag- 
nesium, in column IIB the metal zine. The fact that 
the two families in which they are found both have 
the Roman numeral IT would indieate that they are 
related. But the fact that they are in separate “sub- 
groups" would suggest that they differ in certain re- 
spects. That is exactly the case, 
In their compounds they are very much alike. One 
atom combines with one atom of oxygen to form the 
ride (MgO and ZnO), and one atom replaces two 
atoms of hydrogen in forming a salt (MgCl, and 
ZnCly, for instance). But in some of their reactions 
they do not behave alike —as you will learn. 
Before World War II, magnesium had little use 
—amainly in flash photography because it burns with 
a blinding, white light. But the metal became im- 
portant when lightweight planes were needed — 
melted together with other metals it forms an “alloy” 


REPLACEMENT OF COPPER 


DISSOLVE 4 9 COPPER SULFATE IN 40 ml WATER. 
UR HALF OF THE SOLUTION OVER STRIPS OF MAGNE- 
SIUM, THE OTHER HALF OVER SLIVERS OF ZINC. 


COPPER 1S FORCED OUT AND Mg AND Zn GO INTO 
LUTION. IF ENOUGH METAL IS USED, THE BLUE COLOR 
DISAPPEARS. MgSO, AND ZnSO, ARE COLORLESS. 
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that is light yet very strong. Some magnesium com- 
pounds are used in medicine: milk of magnesia (Mg 
(OF),) and Epsom salt (MgS0,-7H,0). 

Zine has been used for ages to coat: iron pails and 
pipes to prevent them from rusting — “galvanized 
iron." Zine is also a part of many alloys (German 
silver and brass) and is important in the making of 
dry-cell batteries. 


MAKING THE CARBONATES 


SALT (MAGNESIUM. 
O) IN 20 ml WATER. 


dy 
: 
Howse stone saau oor 


MAKE SOLUTION OF 5 g WASHING SODA 
DIUM CARBONATE] IN 50 ml WATER. ADD 


i 
‘SOME OF THIS SOLUTION TO THE OTHER TWO. 
IN BOTH JARS YOU WILL GET A HEAVY WHITE 
PRECIPITATE. IN THE Mg JAR, THIS IS NORMAL 
MAGNESIUM CARBONATE (MgCO,), IN Zn JAR, 
CO, IS SET FREE AND BASIC ZINC CARBONATE 
(Za{OH),,2nCO,) RESULTS. 


st 
LEAD HYDROGEN SULFIDE (H,5) INTO DILUTED TINNERS" FLUID 


Cl 


u 
sO. 
SULFI 


Zn AND Mg 


MAKING THE HYDROXIDES 


@ Avo soviun HYOROXIDE SOLUTION TO. SOLUTION 
OF MAGNESIUM SULFATE. WHITE Mg(OH), FORMS. 


@ ro swat. AMOUNT OF NaOH SOLUTION TO DI- 
LUTED TINNERS® FLUID (ZnCl), Zn{OH), 1S. FORMED. ADD 
MORE NaOH. PRECIPITATE DISSOLVES WITH FORMATION 
OF SODIUM ZINCATE (Ne,Zn O,). 


(@A00 AMMONIA (AMMONIUM HYDROXIDE) TO MAG 
NESIUM SULFATE SOLUTION. AGAIN Ma(OH], FORMS. 


@) anv sau AMOUNT OF AMMONIA TO DILUTED TIN- 
NERS" FLUID. 2n(OH], FORMS. ADD MORE. THE Zn(OH), 
DISSOLVES, FORMING COMPOUND WITH NH, 


WITH HS 


{ET UP HYDROGEN SULFIDE APPARATUS SHOWN ON PAGE 53. 


,). YOU GET A WHITE PRECIPITATE OF ZnS. 
EAD H,S INTO SOLUTION OF EPSOM SALT (MgSO,). HERE 


YOU GET WHITE PRECIPITATE. BUT NOT OF MAGNESIUM 
IDE. THIS REACTS WITH THE WATER TO MAKE Mg(OH},. 
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ERED ALUMINUM IN 1825, CHARLES 
HALL OF THE UNITED STATES FOUND- 
‘A CHEAP WAY OF PRODUCING IT 
IN 1886. 


‘MAKE A SMALL_ AMOUNT 
(OF ALUMINUM POWDER BY 
FILING IT OFF AN OLD ALU- 
MINUM POT. SPRINKLE IN 
FLAME TO MAKE SPARKS 
OF BURNING ALUMINUM, 


DISSOLVING ALUMINUM 


Qeur ALUMINUM 
LIN) SMALL. STRIPS 
DROP THEM IN A LITTLE 
DILUTED HYDROCHLOR- 
IC ACID. HYDROGEN Is 
RELEASED; ALUMINUM, 
CHLORIDE 1S. FORMED, 


DROP STRIPS OF 
JMINUM FOILIN 10 
NaOH SOLUTION. HY. 
DROGEN IS FREED AND 
SODIUM ALUMINATE 

[NoAIO,) 1S FORMED. 


Aluminum—in Abundance 


Tris atMost impossible to imagine our world with- 
out aluminum. Almost everywhere you look you see 
items made of this silyer-white metal —from the 
pots in the kitchen to the airplanes flying overhead. 

Although aluminum is the most abundant. metal 
on earth, no one had ever seen it until 1825 when a 
Danish scientist, Hans Christian (rsted, isolated it 
from aluminum chloride (AICI). For a number of 
years aluminum was so expensive that it was con- 
sidered in class with gold and silver. The solid alumi- 
num cap placed on top of the Washington Monument 
in 1884 was first put on public display so that every- 
one could have a look at such a great rarity. Two 


GROWING ALUM CRYSTALS 


G9) tear wares UNTIL IT Is SUGHTLY MORE THAN LUKE- 
WARM. STIR INTO IT POTASSIUM ALUM OR AMMONIUM 
ALUM UNTIL_NO-MORE DISSOLVES. POUR LIQUID OFF 
UNDISSOLVED ALUM. SET ASIDE TO ‘COOL. 


@) wen ceysrais HAVE FORMED, PICK OUT LARGEST 
ONES, ADD TO SOLUTION AS MUCH MORE ALUM AS 1s 
REPRESENTED 8Y THE CRYSTAIS. YOU REMOVED. HEAT 
GENTLY AGAIN UNTIL AIL Is DISSOLVED. COOL. 


POUR COOLED SOLUTION INTO NARROW GLASS. TIE 
THREAD TO LARGEST CRYSTAL YOU PICKED. HANG THIS 
IN SOLUTION FROM A PENCIL. PLACE IN QUIET SPOT. 
LET THE CRYSTAL GROW FOR A WEEK OR MORE. 


years later, a 22-year-old American chemist, Charles 
‘Martin Hall, invented a way of producing aluminum 
cheaply from aluminum oxide (Al,0,). Since then 
aluminum has become one of the most popular of all 
metals—mostly because of its lightness. 

The mineral bauxite (AIHO,, Al(OH),) is our main 
source of aluminum, But aluminum is also foun 
nature as oxide and in many complex silicates. Clay, 
for instance, is an aluminum silicate. 


MAKING ALUMINUM HYDROXIDE 


@ossowve 1 9 (y TEASPOON) ALUM IN 
10 ml WATER. ADD A LITTLE 10% NaOH 
SOLUTION. YOU GET JELLY-LIKE ALUMINUM 
HYDROXIDE, THs WILL DISSOLVE IN’ MORE 
NeOH TO: FORM SODIUM ALUMINATE. 


AMMONIA ADDED TO ALUM SOLUTION 
ES ALUMINUM HYDROXIDE. BUT THIS 
DOES NOT DISSOLVE IN MORE AMMONIA. 


VE Yj TEASPOON’ ALUM. ADD 1 TEASPOON AMMONIJ 
SETTLES FASTER IN THIS JAR THAN IN THE FIRST JAR. 


‘Two things about aluminum will interest you as a 
chemist. One is that aluminum is an “amphoteric” 
element, which means that it can form not only a 
base (AI(OH),), but also an acid (HAIO,). The other 
is that aluminum sulfate (Al(S0,),) has the ability 
to combine with potassium sulfate (K;S0,) and am- 
monium sulfate ((NH,);80,) into beautiful cubie 
crystals of double salts called “alums"— KAI (S0,)3" 
12H,0 and NH,A\(SO,),"12H,0. 


CLEARING 


AN 


Pi TI 
IN EARTH FROM THE GARDEN OR FROM A Fi 
2. IN ANOTHER JAR, MAKE A SIMILAR MIXTURE. IN THIS, DIS- 
DL 


WER POT. 


DIRT 


@ TO 4 TEASPOON OF ALUM IN 20 mi 
/ATER, AD V, TEASPOON SODA IN 70 
ml WATER. PRECIPITATE SHOULD BE CAR- 


@ srs wassclake pcre 
nse AS Oh ea 
a ee ae 
SOUS Soil ee BING 
irene ay retire 
Bee A 


MANGANESE @ MANGANESE 
DIOXIDE TO SULFATE TO 
MANGANESE MANGANESE 
SULFATE HYDROXIDE 


3 
IN A PYREE CUSTARD CUP, MIK 2 9 MANGANESE DIOXIDE, 6 9 50. @) INTO HALF OF THE MANGANESE SUL 
I SGULFATES AND TO nl WATER-'HEAT MIKTURE GENTLY. IFW FATE SOLUTION TOU HAVE MADE, FOUR 
BUBBLE VIGOROUSLY BECAUSE ORYGEN Is ser FREE {Om SOLUNGN. OF MeOH UNTIE NO 
hohe maecietrare roms, WHITISH 
AFTER A FEW MINUTES, ADD 30 ml WATER, FILTER. FILTRATE CON. Ohl OXIDIZES NTO BROWH MrOOM 
INS MANGANESE SULFATE [Mas0,) AND SObIUM SULFATE, 


Manganese—Metal of Many Colors 


‘Merantic atancanese has no use by itself. But add and have already used in a great number of your 
up to 15 per cent of it to steel and the result is an chemical experiments. 


alloy — “manganese steel” — so hard that it is suit- ‘The compounds of manganese come in almost any 
able for machine parts that are exposed to a lot of color you can think of: black and brown, white and 
rough wear. pink and red, violet and green. Tn working with 


‘The most common ore from which manganese is these compounds, your fingers and glassware may 
extracted goes under the name of “pyrolusite.” This get brown, You can get rid of this stain easily with 
is nothing but your old friend manganese dioxide diluted hydrochloric acid. Rinse thoroughly with 
(Mn0,) which you found in your flashlight battery water afterwards. 


EXPERIMENTS WITH POTASSIUM PERMANGANATE 
KMnO, WILL GIVE YOU AN IDEA OF SMALLNESS OF MOLECULE. 


DISSOLVE 4 g POTASSIUM PERMANGANATE IN 50 ml WA- 
RR. THIS GIVES A SOLUTION OF 1 TO 100, OR 1/100, 


TION WITH 45 ml WATER. YOU 
1,000, OR 1/1,000. 


OR SOLUTION 1/10,000. 


REDUCING KMnO, 


PLACE A FEW CRYS- 
TALS OF POTASSIUM 
PERMANGANATE ON 
BOTTOM OF A TEST 
TUBE. DROP A FEW 
DROPS OF HYDRO- 
CHLORIC ACID ON 
THEM, THE KitnO, IS 
REDUCED (THAT IS, IT 
GIVES UP OXYGEN). IT 
OXIDIZES HCI AND 
SETS CHLORINE FREE. 


1/100,000 
11,000,000 
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‘THE EXPERIMENTS ALONG THE 
‘TOP OF THESE PAGES SHOW 
HOW IT IS POSSIBLE TO 
MOVE FROM ONE COM- 
POUND TO ANOTHER. 


@ INTO SECOND HALF OF 
rm 


MANGANESE 
CHLORIDE TO 
MANGANESE 
‘SULFIDE 


ee MANGANESE CAR R 
LUTION, POUR SOLUTION OF LE, POUR LIQUID OFF PRECIPI.  DROGEN SULFIDE (SEE PAGE 53). POUR 
4g SODIUM CARBONATE IN 10 TATE. ADD HYOROCHLORIC ACID BY SOLUTION OF MnCl, INTO TEST TUBE. 


mm WATER, WHITE PRECIPITATE THE DROP UNTIL: DISSOLVED. RESULT DILUTE IT IF NECESSARY. LEAD H,S INTO 
IS MnCO,. 1S MANGANESE CHLORIDE (MnCl,). IT. YOU GET MANGANESE SULFIDE. 


DISSOLVE A FEW CRYS- 
TALS OF POTASSIUM 
PERMANGANATE IN 
WATER. ADD TINY 
AMOUNT OF SODIUM 
BISULFATE (TO MAKE 
SOLUTION SOUR). FOUR 
IN A LITTLE HYDROGEN 
PEROXIDE (H,0,). COL. 
‘OR DISAPPEARS AND 
OXYGEN IS LIBERATED. 


DISSOLVE 1g SODIUM HYDROXIDE IN 50 ml WA- 
R. ADD A CRYSTAL OF POTASSIUM PERMANGANATE 
TO GIVE THE SOLUTION A LIGHT RED COLOR. 


POUR THE RED SOLUTION INTO A FILTER. WATCH 
FILTRATE. IT IS GREEN INSTEAD OF RED. PASSING 

THROUGH FILTER PAPER HAS CAUSED KMnO, TO BE 

REDUCED TO POTASSIUM MANGANATE (K,Mn0, 


DISSOLVE A SMALL CRYSTAL OF IRON, 
ILFATE (FERROUS SULFATE, FeSO,) IN HALF 
‘A TEST TUBE FULL OF WATER. 


DISSOLVE A COUPLE OF KMnO, CRYSTALS 
HALF TEST TUBE OF WATER. 


POUR PERMANGANATE INTO IRON SALT. 
EEN FERROUS SULFATE IS OXIDIZED TO 
BROWN FERRIC SULFATE (Fe,(S0,),)- 


or 


TWO KINDS OF IRON COMPOUNDS 

IRON FORMS TWO KINDS OF COMPOUNDS. IN FERROUS 
SALTS, EACH IRON ATOM HAS REPLACED TWO HYDRO- 
GEN ATOMS. IN FERRIC SALTS, EACH IRON ATOM HAS 
REPLACED THREE HYDROGEN ATOMS. GREEN FERROUS 
SALTS EASILY OXIDIZE INTO RED-BROWN FERRIC SALTS. 


RUSTING OF IRON 


RUST—{Fe,0,),"3H,0. 


@ 


SET UP APPARATUS FOR MAKING CHLORINE 
[SEE PAGE 35). INTO BOTTLE B POUR FER- 
ROUS CHLORIDE SOLUTION YOU HAVE JUST 
MADE. THE CHLORINE TURNS THE GREEN 
FERROUS CHLORIDE (FeCl,) INTO A BROWN 
FERRIC CHLORIDE (FeCl,): 


We Live in an Age of Iron 


TEST FOR IRON SALTS 


@ w one test ruse, pute some FERRIC 
CHLORIDE SOLUTION WITH WATER. 


IN ANOTHER, DILUTE SOME OF THE FER- 
15 CHLORIDE SOLUTION WITH WATER. 


TO EACH, ADD A FEW DROPS 
SOLUTION OF Y% TEASPOON 
POTASSIUM FERROCYANIDE IN. 
‘50 ml WATER. FERRIC SALT MAKES. 
‘A DEEP BLUE PRECIPITATE OF 
PRUSSIAN BLUE. FERROUS SALT 
‘MAKES LIGHT BLUE PRECIPITATE, 


8 


Tron erat has the peculiar quality of being mag- 
netic — that is, of being attracted and influenced by 
a force called magnetism. If you should walk around 
your home and touch different things with a mag- 
net, you would be surprised at the large number of 
them that would prove to contain iron, They would 
range in size from the car in the garage and the re~ 
frigerator and stove in the kitchen to the nails in the 
walls and the needles and pins in your mother's 
sewing box. 

The moment you step outdoors and look around, 
you will be even more amazed. Skyscrapers and 


MOISTEN A WAD OF FINE STEEL 
WOOL WITH VINEGAR (TO SPEED UP 
ACTION). WEDGE IT IN BOTTOM OF 

A.GLASS, INVERT GLASS IN 
PIE PLATE OF WATER. IN A 
FEW DAYS, WATER HAS 
RISEN IN GLASS. IRON HAS 
REACTED WITH OXYGEN 
AND MOISTURE TO FORM 


MAKING A 
FERROUS SALT 
POUR HYDROCHLO- 
‘ACID OVER STEEL 
WOOL. HYDROGEN IS 
SELFREE AS STEEL 


DISSOLVES. FIL. 
= SOLUTION. 


SEGREEN Fit. 
RATE CONTAINS FER. 
US CHLORIDE (FeCl,). 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 
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3D printers seem to be all the rage these days. We're all pretty accustomed to the idea of printing on 
paper with a computer, although it's still a pretty recent innovation, as far as the history of printing goes. 
‘The idea of printing a solid object, on the other hand, is considered to be something of a game-changer. 

‘The simplest 3D printers use a plastic extrusion and a motorized gantry to operate as a kind of a 
robotic glue gun. A plastic filament is fed into a heated fixture that is moved around a print bed, leaving a 
trail of cooling, gooey plastic. Either the extruder or the print bed is moved using motors under 
‘computer control to build up a layer at a time of the desired object. 

Higher-technology 3D printers use this and other techniques to produce tangible, solid objects. 
Some use layers of fine powder that is glued together with a binder dispensed from a print head, si 
to an inkjet printer. As each layer is printed, the object is lowered and another layer is deposited, This 
can even be done with sugar, as in the case of the CandyFab 4000, designed by the clever folks at Evil 
Mad Scientist Laboratories (wm .evilnadscientist.con/article.php/candyfab). A stream of heated air is 
used to fuse a layer of sugar into a single solid structure, and an object is built up of successive layers, 


Figure 2-16. A 3D printer at Dallas Makerspace, This machine uses a heated extruder to build 3D objects 
out of plastic. 


Basic Test and Measurement Equipment 


When itis behaving itself, electricity is generally invisible. To “see” what it is doing, or not doing, you will 
need some specialized tools. These fall into the two general categories of test and measurement 
equipment. 

‘The line between testing and measuring is sometimes blurry. One possible distinction might be that 
testing verifies proper operation within acceptable parameters, while measurement actually assigns 


bridges, railroads and ships, machinery of all kinds 
—all of these depend on iron (in the form of steel), 
for their existence. 

We are very lucky to have, in Ai 
large amounts of iron ore but also large amounts of 
the coal from which to make the coke that goes 
iron production, 

The iron is driven ont o 
in huge furnaces. Each furnace can make as much 
as 1,000 tons of iron at one 000 tons of 
ore, 1,000 tons of coke, and 500 tons of limestone, 
A blast of hot air is forced through the mixture. The 
coke burns with great heat to earbon dioxide, This, 
with more coke, forms carbon monoxide, and this, 
in turn, reduces the iron oxide to metallic iron. In 
chemical language, this is what happens: 


erica, not only 


ore (mostly Fe,0.) 


\e from 


© + 0, — CO, plus heat 
CO, + C+ 2C0 
Fe,0; + 3CO 


Fe + 3C0, 


At the same time, the limestone combines with 
various impurities to form a glass-like compound 
called “slag.” This is removed when the white-hot 
iron is poured out into moulds and cooled into ba 
of “pig iron.” 

The pig iron is brittle because it contains close to 
5 per cent carbon. To turn it into steel, the carbon 
must be burned out until only from .5 to 1.5 per cent 
is is done either by the Bessemer process 
ned for an Englishman, Henry Bessemer) or by 
the open-hearth process. The finished steel is molded 
into “ingots” and shipped to manufacturing plants 
all over the country. 


iron compound is the iron sulfate (ferrous sulfate, 
FeS0,-7H,0) —also called “green vitriol” and 
“copperas.” Don’t let the last name mislead you— 
it has nothing to do with copper but comes from 
an old French word, eouperase. 


FROM FERROUS 
SALT TO 
FERRIC 


DISSOLVE Yq TEASPOON FER- 

US SULFATE IN 50 ml WATER. 
ADD A FEW CRYSTALS OF SODI- 
UM BISULFATE TO KEEP THE SO- 
LUTION SOUR. 


ADD HYDROGEN PEROXIDE 

LUTION. LIGHT-GREEN FER- 
ROUS SULFATE SOLUTION TURNS. 
REDDISH-BROWN. HO, HAS OX- 
IDIZED FeSO, TO FERRIC SULFATE 


IRON HYDROXIDES  [Fe,(5O,),). 


AND CARBONATE 


oo 


TO SOLUTION OF Yj TEASFOON FERROUS SULFATE 
[50 ml WATER, ADD SOLUTION OF SODIUM HYDROX- 


g 


IDE. PURE FERROUS HYDROXIDE IS WHITE. BECAUSE OF IM. 
PURITIES, YOU GET DIRTY-GREEN PRECIPITATE OF Fe(OH), 
SOON OXIDIZING TO BROWN FERRIC HYDROXIDE, 


TO ANOTHER PORTION OF FERROUS SULFATE SOLU- 

N_ADD SODIUM CARBONATE SOLUTION. PURE CAR- 
BONATE MADE WITH NO OXYGEN PRESENT IS WHITE— 
BUT YOU GET MUDDY, WHITISH-GREEN PRECIPITATE OF 
FERROUS CARBONATE, EVENTUALLY TURNING INTO FER- 
RIC HYDROXIDE. 


Copper—Yesterday, Today 


Copeea 18 ONE of the few metals found free in na- 
ture. That is why it was used long before historic 
times for weapons and utensils. The main trouble 
with it was its softness, This was remedied when 
some carly coppersmith diseovered that copper and 
tin (also found free in nature) melted together formed 
an alloy that was much harder than either of the 
two metals. This alloy gave its name to more than 
two thousand years of human history — the period 
called the * 


have been found in Greece. When they were dug out 
of the ground, they were covered with a green “rust.” 
This deposit was called verdigris —literally “green 
of Greece" (from old French, wert de Grice). Tt eon- 
sists of basic cuprie carbonate — the same compound 
you will see on a bronze statue or a copper-clad 
church spire exposed to wind and weather. 

Copper became especially valuable less than a 
hundred years ago when a satisfactory method for 
producing a steady flow of electricity was invented. 
Alter silver, copper is the best conductor of electrici- 
ty. Today, the most important use for copper is for 
electrical purposes. It serves to bring the current 
from the place where it is produced to the place 
where it is to be used (although, within recent years, 
some aluminum has taken its place for high-tension 


‘THE GREEK AND TROJAN WARRIORS FIGHTING BEFORE 
THE GATES OF TROY USED SWORDS AND SHIELDS OF 
BRONZE—AN ALLOY MADE UP OF COPPER AND TIN. 


wires). You will find copper in the wiring in your 
own home and in every clectrical gadget you use. 
Copper makes two kinds of salts. In cuprous salts, 
one copper atom has taken the place of one hydrogen 
atom; in cupric salts, one copper atom has taken the 
place of two hydrogen atoms. Cuprous salts (such 
as cuprous chloride, CuCl) are colorless, while cupric 
salts (such as cupric sulfate, CuSO,+3H,0) are bright 
blue in olor: 


MOST IMPORTANT USE 
‘OF COPPER TODAY IS 
FOR ELECTRIC WIRING. 


MAKING COPPER COMPOUNDS 


S 


@ 10% sonium 


DISSOLVE 10 g Cor. 
PER SULFATE IN 100 
ml WATER. POUR 10 
ml INTO EACH OF 
FOUR TEST TUBES. 


HYDROXIDE SOUU- 
TION PRECIPITATES 
DIRTY-BLUE CUPRIC 
HYDROXIDE 
(Cuon},). 


WITH AMMONIA 

‘OU'LL ALSO GET 
CulOH,, BUT THIS DIS- 
SOLVES IN MORE AM. 
MONA WITH DEEP BLUE 
cour. 


@ sonia car. 


@ wit wrox0- 


BONATE SOLUTION GEN SULFIDE, 


GIVES BLUE-GREEN 
CUPRIC_CARBON- 
ATE PRECIPITATE. 


BROWNISH-BLACK 
PRECIPITATE OF 
CUPRIC SULFIDE. 


@ tet cureie HvoxoxDe us ex. 
IMENT ON TOP OF PAGE) SET- 
TLE. THEN POUR OFF LIQUID. ADD 
HYOROCHLORIC ACID UNTIL AIL IS 
WHE DISSOLVED. ADD SMALL PIECES OF 

COPPER WIRE. HEAT TO. BOILING. 


@ rour a FEW DRovs OF THE HOT solu. 
TION INTO A LARGE AMOUNT OF WATER. 
YOU GET A WHITE PRECIPITATE. WHEN YOU 
DISSOLVED CUPRIC HYDROXIDE IN HCl, YOU 
MADE CUPRIC CHLORIDE WHICH Is. SOLUBLE 
IN WATER, BY TREATING THIS WITH METALIC 
COPPER, YOU GOT CUPROUS CHLORIDE, IN- 
SOLUBLE IN WATER. 


REPLACING COPPER WITH IRON 


CRUSH A FEW 
‘UPRIC SULFATE 


@ v108 SEVERAL CLEAN NAILS 
CRYSTALS. HEAT 


INTO A SOLUTION OF COPPER SUL- 


WHILE STIRRING 
UNTIL THEY HAVE 
TURNED INTO A. 
WHITE POWDER, 


@ suace ue 4 urne arsivorous 
LUPRIC SULFATE WITH CARBON TET 
RACHLORIDE. NOTHING HAPPENS, 


@ poo ONE DROP _OF WATER. 
E, BLUE CRYSTALS FORM. 


FATE, LEAVE FOR HALF AN HOUR. 


NAILS ARE NOW COATED WITH 
rALLIC COPPER AND THE SOLU- 
TION CONTAINS FERROUS SULFATE. 


METALS CAN BE ARRANGED IN A 
REPLACEMENT SERIES. ANY METAL 
IN THE SERIES WILL DRIVE OUT AN- 
OTHER METAL BELOW IT AND TAKE 
ITS PLACE IN THE SALT. 
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Sn.ven — xe coppen and gold — is found free in 

nature and was therefore known to man long before 
SILVER 15 MALLEABLE— hee learned to extract metals from their ores. 
MERE INTO ANY shave Pure silver has one drawback —it is almost as 
DESIRED. SILVER SMITHING soft as copper. That's why most silver is alloyed with 
15) ANEANCIENT CARTS copper to make it harder. Sterling silver — a famous 
alloy used for jewelry — contains 7.5 parts copper to 
92.5 parts silver. Only % of American silver coins 
is silver — the rest is copper. 

When you take a snapshot, you get yourself in- 
volved in a series of complicated, chemical processes 
—all of them having to do with silver. It is hard 
to believe that the blacks and grays you see when 
you look at a photograph are various concentrations 
107.880. Density: ee 


poe oetisctts, - REMOVING TARNISH FROM SILVER 


metal with bright 

luster. Easily hom- Dove BOTTOM OF CUSTARD CUP WITH ALUMINUM 

merediourand . PLACE TARNISHED COIN ON FOIL. POUR CUP HALF 

CE fo FULL OF WATER. ADD Y%4 TEASPOON SODIUM CARBON. 
2 ri RNISH VANISHES. 


Best known condue- 
FOR CLEANING SILVER- 
{ED IN ALUMINUM TRAY. 
TO A BOIL. THE SILVER 


TARNISHED SILVER 
SILVER TARNISHES WHEN IT IS Ex: 
POSED TO SULFUR. PLACE A. FEW 
CRYSTALS OF SODIUM THIOSULFATE 
(PHYPO") ON A SILVER COIN. HEAT 
UNTIL HYPO. MELTS. WASH. HYPO 
HAS LEFT STAIN OF BROWN.SLACK 
SILVER SULFIDE. 
TO 5 ml SILVER NITRATE (AgNO,) SOLUTION, 
SILVER GET 5 g SILVER NITRATE IN YOUR LOCAL ADD SODIUM HYDROXIDE SOLUTION. YOU GET 
EMR unps BEUG STORE. DISSOLVE IN 50 nl WATER. DARKAROWN PRECIPITATE NOT OF HYDROXIDE, 


LUTION, ADD AMMONIA. 


LUTION, ADD TABLE SALT 
LIKE PRECIPITATE IS SIL- 


R PART OF AgCl, ADD SODIUM 
E SOLUTION. AgCl DISSOLVES. 


|EMAINING AgCl IN THE SUN. IT TURNS 
ROM METALLIC SILVER. 


In making a photographic film, the manufacturer. MORE THAN 150 
spreads an emulsion of gelatin that contains silver TONS OF SILVER ARE 
bromide (AgBr) over a transparent sheet of cellulose MAKING FILM FOR 
acetate. When the silver bromide is exposed to light, THE MOVIES. 
certain amount of it gives up metallic silver (AgBr 
—> Ag + Br). More of this silver is brought out in 
the developing bath. When fully developed, the film 
is placed in a fixing bath which remoyes all unexposed 
silver bromide. After washing and drying, you have 
a photographic negative in which the white parts 
you photographed appear black and the black parts 
appear white. 

‘To make a natural-looking picture, you place the 
negative on a piece of photographie paper and go Yeoyee RAR IN: 
through a similar procedure,as above, of exposing, SERIES OF CHEMI 
developing, fixing, washing, and drying. CAL PROCESSES. 


PHOTOGRAPHING WITHOUT A CAMERA 


FIX THE LEAF PRINT IN A SO- 

__ WTION OF 10 g HYPO IN 100 mi 
WATER. AFTER FIVE MINUTES, 

WASH IN RUNNING WATER, 


DRY THE PRINT 

THE Al ON TOP 
fF OF NEWSPAPER. 
"A SLOW WHEN DRY, FLATTEN, 


PRINT IN A BOOK. 
, SENSITIZED SIDE UP. ON 
TOP OF IT, LAY A LEAF AND A SHEET OF GLASS, 
HOLD IN POSITION WITH SPRING CLOTHES PINS, 
EXPOSE TO SUN UNTIL PAPER IS BLACKISH-VIOLET. 


TRACE EACH OF THE CIRCLES SHOWN ABOVE ONTO 
CARDBOARD, PUNCH HOLES AS INDICATED, USE AS PAT- 


TERNS FOR CUTTING CIRCLES OF CONSTRUCTION BOARD. 


USING PATTERNS AT LEFT, CUT OUT SEVERAL CIRCLES 
(OF CONSTRUCTION BOARD IN VARIOUS COLORS. 


PUNCH THE HOLES NECESSARY TO INDICATE VALENCES. 


Valences and Formulas 


As you mave studied the chemical formulas in the 
text, you will have noticed that one atom of hydro~ 
gen combines with one atom of chlorine (HCl), two 
hydrogen atoms with one atom of oxygen (H,0), 
and three hydrogen atoms with one atom of nitrogen, 
(NE). 

‘The capacity of one atom to hold on to other atoms 
is called its valence (from Latin ralentia, strength). 


o:3-6 
@cL 


No atom has a lower valence than the hydrogen 
atom, so we use hydrogen as our starting point and 
give it a valence of 1. Two hydrogen atoms combine 
with one oxygen atom — that gives oxygen a valence 
of 2. Nitrogen has a valence of 3. Two oxygen atoms 
combine with one carbon atom to make CO;. Carbon 
has a valence of 4. 

The chart on page 75 shows some of the common 


THESE DIAGRAMS SHOW WHAT HAPPENS WHEN YOU 
BURN CARBON AND TEST FOR CO,. ONE CARBON 
‘ATOM (WITH FOUR POSITIVE VALENCES) COMBINES 
WITH TWO ATOMS OF OXYGEN (EACH WITH TWO 
NEGATIVE VALENCES) TO FORM ONE MOLECULE OF 
CO, (ARROW POINTING UP INDICATES THAT THIS 1S 
A GAS). ONE MOLECULE CARBON DIOXIDE COMBINES 
WITH ONE MOLECULE CAICIUM HYDROXIDE TO FORM 
ONE MOLECULE OF CALCIUM CARBONATE [ARROW 
POINTING DOWN INDICATES THAT IT IS A PRECIP 
TATE] AND ONE MOLECULE OF WATER. 


ei: 


ory 


PUT 14" BRASS CLIPS IN HOLES SHOWING POSITIVE VA. 
LENCES. HOLD THEM IN PLACE WITH SCOTCH TAPE 


WRITE THE NAMES OF THE ELEMENTS WITH CRAYONS. 


valences for making up formulas. Most of the items 
are elements, but some of them are “radicals” — that 
is, groups of atoms that hang together in chemical 
reactions, such as the ammonium radieal (NH,) that 
behaves as a metal, and the sulfate radical (S0,) 
that goes into the making of salts. 

Notice that some valences have plus (++) signs, 
others haye minus (—) signs. When you make up 
the formula for a compound, there must be the same 
number of pluses and Hydrogen with one 


SULFUR HAS SEVERAL VALENCES. IT HAS A VALENCE 
OF —2 IN H,S, OF +4 IN SO,, AND OF +6 IN SO, 
AND IN SULFURIC ACID (H,SO,). IN MAKING THE CIR. 
CLE FOR SULFUR, YOU CAN SHOW THESE VALENCES 
WITH TWO EMPTY HOLES AND SIX BRASS CLIPS. 


INSTEAD OF USING ONE SULFUR CIRCLE AND FOUR 
OXYGEN CIRCLES TO INDICATE A SULFATE, YOU CAN 
MAKE UP A SINGLE CIRCLE TO STAND FOR THE SUL- 
FATE RADICAL (SO,) WITH TWO NEGATIVE VALENCES. 


SOME COMMON VALENCES 
ative Velences 
liem Velence Circle | tiem Valence Circle 
| Ag +1 A ca —1 A 
J A +a t -l 0A 
B +3 Cc N -3 B 
c +4 ic: ° —2 B 
Ca +2 B Ss —2 c 
8 
3 
A 
A 
8 
8 
A 
c 
S 
A 


plus (H-)and oxygen with two minuses(O 
not fit together — you need H, to combine with O. 
Similarly, C with + 4 (C++++) takes two O, each 
with —2 (0——), in order to balance. 

To get a clear understanding of chemical formulas, 
make yourself a set of atom models as shown on 
these pages. With these models you will be able to 
figure out how compounds are made up and what 
happens in the various chemical reactions you will 
cause in your expi 


Carbon—Element of a Million Compounds 


‘To THE OLD ROMANS, carbo meant coal—a black 
rock that would burn, To the modern chemist, car- 
bon is an element found in all living things — plants 
and animals — and in many dead things. It is hidden 
in the whitest sugar and the reddest rose and the 
greenest apple, in hundreds of thousands of com- 
pounds produced by nature and in many thousands 
‘more created in the laboratory. 

The soot from a smoking candle is almost pure 
carbon. So is also the graphite that forms the “lead” 
of your pencil and the diamond in the jeweler’s win- 
dow. The coal that we use for fuel contains from 80 


to 90 per cent carbon — the other 10 to 20 per cent 
is made up of various substances from which a 
great number of important and valuable chemical 
compounds are made. 

Alll the coal we mine deep underground today is 
made up of the remains of plants that. grew around 
three hundred million years ago— huge tree ferns, 
giant club mosses and horsetails. They thrived in 
the hot, humid climate, died and tumbled to the 
ground. During the ages they were covered by other 
dead trees and by layers upon layers of mud. Even- 
tually, pressure and heat turned them into coal. 


rough 
GRAPHITE IS A SOFT FORM OF diamond 
CAREON, IT FEELS SLIPPERY. 


uses of graphite 


Lieiinca coal SS g 


ANTHRACITE 15 ALSO CALLED HARD COAL. BITUMINOUS COAL IS SOFT COAL. LIGNITE IS BROWN COAL. 
GRAPHITE 1S A SOFT FORM OF CARBON. IT FEELS SLIPPERY. DIAMOND IS THE HARDEST SUBSTANCE KNOWN, 


for dry distillation of 
wood, whittle twig into 


slivers, or use wooden 
IN REGULAR DISTILLATION. ? matches without heads. 
CHEMICAL IS PURIFIED. IN) DES re S 
DRY DISTILLATION, x 
KEN INTO SEVER 


for dry coal, crush lump 
of bituminous ° powder 


BE %4 FULL OF COARSELY POWDERED BITUMINOUS COAL (OR 
RS). PLACE SMALL WAD OF COTTON AT MOUTH OF TEST TUBE. 

OSE MOUTH OF TUBE WITH STOPPER WITH L-SHAPED GLASS TUBE DRAWN TO 

A JET POINT. PLACE TUBE HORIZONTALLY IN HOLDER. HEAT COAL (OR WOOD). 


AFTER A WHILE, DENSE FUMES DEVELOP. THEY CAN BE IGNITED AT JET. 
‘COTTON WAD DISCOLORS FROM TAR CONDENSING AFTER BEING DISTILLED, 


‘STOP HEATING. REMOVE STOPPER. BRING MOISTENED LITMUS PAPER TO 
UTH OF TUBE. IF YOU DISTILLED COAL, RED LITMUS TURNS BLUE FROM AM. 

MONIA (A). IF YOU DISTILLED WOOD, BLUE LITMUS TURNS RED FROM ACETIC 

ACID (B). COAL HAS TURNED TO COKE, WOOD HAS BECOME CHARCOAL. 


YOU CAN PROVE PRESENCE OF 
‘CARBON IN THE FOOD YOU EAT 
BY HEATING SMALL SAMPLES OF 
CHEESE, BREAD, MEAN 

BE SURE TO DO THI 

TO PREVENT EXPER 

SMELLING UP TH 


HEAT 1 TEASPOON CANE SUGAR IN A CUSTARD 
CUP. FIRST, SUGAR MELTS. THEN IT TURNS BROWN 
< IT“ CARAMELIZES.”” NEXT IT GIVES OFF THICK : 
VAPORS THAT CAN BE IGNITED. FINALLY, A PURE ‘THAT THERE 1S CARBON 
FORM OF COAL REMAINS. 


IN SUGAR. 
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IT WAS ONCE BELIEVED THAT ORGANIC COMPOUNDS 
COULD BE PRODUCED ONLY BY LIVING ORGANISMS. 


The Chemistry of 


‘Tue cuesusrs of about two hundred years ago di- 
‘vided all compounds very neatly into two groups — 
organic and inorganic. The organic compounds were 
‘those produced by living organisms — that is, plants 
and animals. The inorganic compounds were made 
up of dead things —rocks and minerals, water and 
‘various gases. No organic compound, these chemists 
insisted, could ever be produced artificially — they 
required the force we call “life” for their creation. 
And then, in 1828, a German chemist, Friedrich 
Wohler, completely upset this idea. 

In his laboratory, Wébler had mixed ammonium 
sulfate ((NH,),SO,) and potassium cyanate (KCNO), 
expecting to get ammonium cyanate. After evapo- 
rating, he analyzed the compound he had made. To 
his amazement he discovered that it was not am- 
monjum cyanate at all, but urea — a compound pro- 
duced in the kidneys of living animals, including 
man. The atoms of the ammonium cyanate molecule 
had rearranged themselves into a urea molecule. 

NH, CNO had turned into (NH,),CO. 


IN 1828, FRIEDRICH WOHLER SUCCEEDED IN MAKING AN 
ORGANIC COMPOUND ARTIFICIALLY IN HIS LABORATORY. 


Carbon Compounds 


A few years later, another organic compound — 
acetic acid — was made artificially. And then the lid 
really blew off. More and more products of plant and 
animal life were put together — synthesized — in the 
laboratory. And as if this were not enough, chemists 
‘began producing organic compounds that were not 
even found in nature. 

It became clear that the old meaning of organic 
chemistry no longer was right. And so, the definition 
was changed. Today, organic chemistry is defined as 
“the chemistry of the carbon compounds.” This defi- 
nition is almost, but: not 100 per cent, correct. The 
metallic carbonates, for instance, are still considered 
to be inorganic compounds, and carbon dioxide and 
carbonic acid are regarded as being both organic and 
inorganic. 

You may think it odd that a whole branch of 
chemistry should deal with the compounds of a sin- 
gle clement, But you will not be surprised at all when 
you start experimenting with a few of the close to 
1,000,000 carbon compounds. 
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vvalues to those parameters. An example of testing is, Does that flashlight work? The answer is yes or no, 
arrived at by the simple expedient of turning it on and observing the results. An example of 
measurement is, How much current does that flashlight draw? The answer might be 0.78A, and this 
‘would be determined using the appropriate measurement device, which in this case could be an 
ammeter. 


Inspection Equipment 


‘Sometimes, however, measuring things isn’t hard at all, especially when the things being measured are 
actual, tangible items that you can hold in your hand, What you will need are some basic tools, primarily 
to be able to see what it is that you are measuring, and secondarily to take accurate measurements of 
them, at least in regard to their physical dimension. This comes in very handy when trying to identify 
‘components during repair or equipment upgrades, when the original technical documentation is not at 
hand. 

Even the youngest and finest of eyeballs will need help with the teeny-tiny components that are 
available nowadays. You should try to find atleast a small magnifying glass to examine fine details. If 
your budget allows, you might want to consider a microscope of modest power to look at your 
handiwork. Careful shopping will result in finding some older microscopes at bargain prices. Expect to 
pay a premium price for the shiny, new stuff. See Figure 2-17. 


Figure 2-17. A very nice stereo microscope. The power cord running to the white ring (partially hidden) 
supplies power to a ring of white LEDs that help illuminate the field of view. The base is very heavy to help 
stabilize the microscope. 
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HYDROCARBONS’ CONTAIN TWO ELEMENTS ONLY: 
CARBON AND HYDROGEN. HYDROCARBONS WITH 


FEW ATOMS TO THEIR MOLECULES ARE GASES. OTH- 
ERS WITH MANY ATOMS ARE LIQUIDS AND SOLIDS. 


ALCOHOLS MAY BE CONSIDERED HYDROCARBONS: 
IN WHICH A HYDROGEN ATOM IS REPLACED BY OH. 


CARBOHYDRATES ARE IN MANY OF OUR MOST VAL- 
UABLE FOODSTUFFS AS STARCH AND SUGARS. 


ESTERS IN ORGANIC CHEMISTRY CAN BE COMPARED 
TO SALTS IN INORGANIC CHEMISTRY. FATS AND OILS 


‘ARE THE MOST IMPORTANT ESTERS. THESE ARE THE 
"SALTS" OF GLYCERINE AND FATTY ACIDS. 


sete 


GD 


Se (| 


CARBOXYLIC ACIDS ARE NAMED FOR THE CARBOXYL 
GROUP—COOH—FOUND IN THEIR FORMULAS, 


PROTEINS ARE COMPLEX COMPOUNDS THAT CON- 
TAIN CARBON, HYDROGEN, OXYGEN, NITROGEN. 


OTHER"CARBON"COMPOUNDS—IN ADDITION TO 
THE MAIN GROUPS ILLUSTRATED ABOVE, THERE ARE 


NUMEROUS OTHER KINDS OF CARBON COMPOUNDS. 
MANY HAVE VERY COMPLICATED FORMULAS. 


H 


methone, CH, ethane, Cs, 


Hq H 
H H 
4 
H 
# 
4 
# 


H Hy 

} 4 q 4 
H iH 

ethylene, CxHs acetylene, CH, 


The Formulas of Carbon Compounds 


How 1s 17 possistt for carbon to make so many dif- 
ferent compounds of such tremendous variety? That 
‘was one of the great questions facing chemists during 
the last century. 

‘Tt was easy enough to explain carbon dioxide. Car- 
bon has a valence of 4, oxygen of 2— the formula 
had to be CO,. It was also easy to explain the mole- 
cule of the simple hydrocarbon methane (CH,). But 
how explain compounds consisting of two atoms of 
carbon and six of hydrogen (C3H,, ethane), or two 
atoms of carbon and four of hydrogen (CsH,, ethyl- 
ene), or two of carbon and only two of hydrogen 
(CsHy, acetylene)? 

A German chemist and professor, Friedrich August 
Kekulé, came up with the solution. The answer was 
quite simple: 

While the atoms of most elements “hook on” to 
the atoms of other elements according to their val- 
ences, the atoms of earbon “hook on" to each other 
as well. To understand this, write out carbon atoms 


with four lines to indicate the valence bonds, but 
arrange the lines in these three different ways: 


‘Then hook them togetht 

different ways: 
=c- =C= -C=C— 

Now add a hydrogen atom to each of the free bonds 

—and there you have the formulas for the three 

hydro-carbons — ethane (C;H,), ethylene (CH), 

and acetylene (C3H,): 


two by two, in these three 


i A 
ere 
usc-cin PSceacdH  u-c=o-n 
HY ‘NH 


So far so good. But there were still many carbon 
compound formulas that would not line up in this 
kkind of arrangement. C,H, for instance — benzene, 
an important. hydrocarbon obtained by distillation 
of coal. 

gain, it was Kekulé who offered the explanation, 
‘This time it came to him in a dream. He had been 


KEKULE'S 
BENZENE 
RING 


ig 
H 

AUGUST KEKULE HIT UPON THE 

STRUCTURE OF THE BENZENE MOLE- 

CULE IN A DREAM. A SNAKE SEEMED 

TO WHIRL IN A RING BEFORE HIS 

EYES. BY ARRANGING THE SIX CAR- 


BON ATOMS INA RING, THE PROB- 
LEM WAS SOLVED. 


IN A CARBON ATOM (AJ, THE FOUR VALENCE BONDS 
POINT AWAY FROM THE’ CENTER (NUCLEUS) TOWARD 
THE CORNERS OF A TETRAHEDRON—A FIGURE MADE 
UP OF FOUR TRIANGLES. IN MODELS OF CARBON ATOMS, 
VALENCE BONDS ARE SHOWN BY RODS (8). 


small circles 
represent 
hydrogen atoms 
TWO LABORATORY MODELS 
SHOWING THE METHANE YOUR OWN MODEL OF 
‘MOLECULE. METHANE MOLECULE. 


working all day with long lines of organic formulas. hang together in a ring, each atom using three of its 
In the evening he dozed before the fire. In his dream, bonds to hang on to the atoms next to it, with one 
the lines of formulas turned into snakes, twisting and __hond free to hook onto a hydrogen atom. 
twining — until suddenly one of the snakes grasped Starting from these very simple formulas, modern 
its own tail and whirled around in a ring. This dream scientists can figure out the most complicated chemi- 
gave Kekule the clue: the carbon atoms in benzene cal formulas, 


YOULCAN THINK OF THE BENZENE RING THIS IS THE WAY THE BENZENE MOL- THIS IS HOW THE BENZENE MOLE- 
AS SIX MONKEYS HANGING ON TO ECULE LOOKS WHEN IT 1§ CON. CULE WILL LOOK WHEN YOU P” 
EACH OTHER WITH ONE OR TWO STRUCTED FROM PARTS USED TO TOGETHER FROM HOMEMADE 
HANDS, HOLDING BANANAS IN THEIR MAKEUP LABORATORY MODELS FOR BON ATOMS. YOU CAN DO 
FREE HANDS. DEMONSTRATION. WITH SCOTCH TAPE. 


al 


WELL, TITUSVILLE, 


THE FIRST SUCCESSFUL OIL 


PA., 1859. 


FRACTIONATING 
‘OF OIL 

THE FIRST JOB OF 
THE OIL REFINERY 
IS TO SPLIT UP THE 
OILINTO THE PARTS 
(OR FRACTIONS) OF 
WHICH IT CON- 
SISTS. THIS IS DONE 
IN TALL TOWERS, 
THE OIL 1S HEATED. 
THE VAPORS RISE 
IN THE TOWER. 
THE LIGHTEST FRAC. 
TIONS—GAS AND 
GASOLINE—GO 
TO THE TOP, FOL- 
LOWED BY KERO- 
SENE, FUEL OIL, LU- 
BRICATING OILS, 
WAX, ASPHALT. 


A 


— 
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‘A HUNDRED YEARS AFTER THE FIRST OIL WELL IN PENN- 
SYLVANIA, OIL FIELDS ARE FOUND IN SEVERAL STATES. 


A Lot of Hydrocarbons 


‘Tus FAMILY can stops at the service station. 

“Fill ‘er up!” The attendant pours what may be 
a hexane-septane-octane-nonane mixture into the gas 
tank. “Check your oil, mister?” Into the engine goes 
another hydrocarbon mixture — possibly along the 
line of CysHq-CoHieCesHye. And soyou take off— 
on hydrocarbon tires. Yes, gasoline, motor oil, and 
rubber are all hydrocarbons — compounds that con- 
tain only hydrogen and carbon. 

‘A great number of hydrocarbons come from pe- 
troleum (crude oil). Coal and natural gas provide 
several others. Many more are produced by nature 
— natural rubber, turpentine, camphor, to mention 
a few. Even the red coloring of tomatoes and the 
yellow of earrots are hydrocarbons. 

One of the remarkable things about hydrocarbons 
is that it is possible to combine some of those with 
small molecules into others with larger ones (as in 
making synthetic rubber), as well as to “crack” those 
with large molecules into others with smaller ones 
(as when a heavy oil is “cracked” into gasoline). But 
that is only the beginning. By replacing one or more 
hydrogen atoms with hydroxyl groups (OH) or car- 
hoxyl groups (COOH) or chlorine atoms (Cl), for in- 
stance, it is possible to build up more complicated 
compounds — which can then be built up further and 
further. And that is exactly what chemists are doing 
today — giving us medicines and dyes, plastics and 
explosives, and countless other things. 


METHANE—CH, 


WHITE 
VINEGAR. 


IN THE LABORATORY, MET! 
WATER-FREE SODIUM’ ACET, 


Qe MAKE SODIUM 
Yh CUSTARD CUP VI 
GIVEN OFF. EVAPORATI 
WHITE POWDER OF 5 


HYDROXIDE, AND 5 9 CALCIUM 

TUBE. SET UP APPARATUS FOR 

SHOWN BELOW. HEAT TO 
CH,COONa + NaOH 


NAPHTHALENE—C,.H, 
SNAPHTHALENE IS USED IN MAKING MOTH BALLS. 
BA NAPHTHALENE CAN BE PURIFIED BY SUBLIMATION. 


So alle a re re a Oi a 
VX 
VS 


TURPENTINE— 
CH 


ICE WATER OVER CUP. NAPHTHALENE SETTLES ON 
BOTTOM IN LEAFY CRYSTALS, 


CRACKING OIL 
POUR A FEW ml HOUSEHOLD 
OLIN TEST TUBE, PLACE 


| MOUTH OF TUBE. CLOSE IT 

WITH STOPPER THAT HAS A 
GLASS TUBE WITH JET TIP. 
HEAT STEEL WOOL. A LITTLE 
LATER, ALSO HEAT THE Oll, 
OIL IS CRACKED INTO GAS 
THAT BURNS WHEN IGNITED, 
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WAD OF STEEL WOOL NEAR —_ 


@ pour » unre TURFENTINE INTO A 
BOTTLE CAP. PLACE A SHAUL WICK IN. If 


PLACE BOTTLE CAP ON PIECE OF PAPER. 
IGNITE TURPENTINE, IT BURNS INCOMPLETE. 
LY, GIVING OFF A BLACK SMOKE OF CARBON 
WHICH YOU CAN COLLECT IN A JAR. 


Usvannx, when we talk about “hydrates” we mean 
chemicals that contain water. But when we talk 
about carbohydrates we mean organie compounds of 
carbon, hydrogen, and oxygen in which the propor 
tion between hydrogen and oxygen is the same as in 
water (H,0) — that is, twice as much hydrogen as 
oxygen. And so we find carbohydrates that hav‘ 
atoms of hydrogen and 11 atoms of oxygen to 
atoms of carbon (C,,H,,0,,), or 12 hydrogen and 6 


THE SWEETNESS OF FRUITS AND 
BERRIES COMES FROM A MIXTURE 
‘OF TWO KINDS OF SUGAR CALLED 
FRUCTOSE AND GLUCOSE. THESE 
SUGARS ARE MADE IN,THE GREEN 
LEAVES OF THE PLANT AND SENT 
INTO THE FRUITS FOR STORAGE, 


oxygen to 6 carbon (C,H,,0,), or 10 and 5 to 6 car- 
bon atoms (C,H,,0.). 

Carbohydrates are produced by plants by a re- 
markable process called photosynthesis — “putting 
things together with the help of light.” When green 
leaves are exposed to sunlight, the chlorophyll in 
‘them combines the hydrogen from water with earbon 
dioxide from the air, while setting oxygen free — 
along this Tine: 

6H,0 + 600, + sunlight -> C,1T,,0, + 60, | 

Carbohydrates are of tremendous importance to 
all of us. They make up a large part of our food 
supply in the form of sugars and starches, Another 
carbohydrate called cellulose helps to clothe us (cot 
ton, Tinen) and shelter us (wood). 

SUGARS — Most of our sugar comes from sugar 
beets or sugar cane, The juice is pressed out, cleared, 
filtered, and evaporated. The result is pure, white 
crystals of @ sugar with the chemical name sucrose 
(CysH:.05 

Another sugar called glucose (CzH,,0,) is found 
in ripe fruits, often in the company of still another 
sugar of the same formula called fructose (C,H,.0.). 
These bwo sugars can be made in the laboratory by 
treating the more complicated suerose with an acid. 
The sucrose picks up water ani splits into glucose 
and fructose by a process known as inversion 
CyHs,0,,+ H,O — C,H,.0¢ + CHy,0¢ 
(sucrose) (glucose) (fructose) 

(CONTINUED ON PAGE 86) 


TEST FOR 
GLUCOSE 
SUGAR 


HEAT A MIXTURE OF 
= 2 ml FEHLING A AND 
‘A GERMAN SCIENTIST, HERMAN FEHLING, THOUGHT UP THE TEST 2 ml FEHLING B IN 
FOR GLUCOSE THAT HAS HIS NAME. FOR THIS TEST, TWO SOLU- ALTEST TUBE, ADD A 
TIONS ARE REQUIRED. THEY ARE MIXED JUST BEFORE USE. FEW DROPS OF SOLU- 


a ‘A, DISSOLVE 5 g COPPER SULFATE IN 70 mi WATER. WS Lo Roan aes 


HEAT AGAIN. RED PRE 
FEHLING B. DISSOLVE 7 g SODIUM HYDROXIDE IN 70 ml WA- SIPTATE OF CURRGUS 
IN THIS SOLUTION, DISSOLVE 25 g ROCHELLE SALT (SODIUM- 

E. 


OXIDE (Cu,0) SHOWS 
POTASSIUM TARTRATE) FROM YOUR LOCAL DRUG STORE GLUCOSE IS PRESENT. 


TEST CANE SUGAR WITH FEHLING. YOU DO NOT 
GET RED PRECIPITATE. CANE SUGAR IS NOT 
GLUCOSE BUT ANOTHER SUGAR CALLED SUCROSE. 


USE FEHLING TEST TO FIND OUT IF DIFFERENT SWEET- 
TASTING FOODS CONTAIN GLUCOSE SUGAR: CORN SYRUP, 
MAPLE SYRUP, MOLASSES, HONEY. ALSO TRY JUICES OF 
VARIOUS FRUITS: PRUNES, ORANGES, LEMONS, BERRIES. 
SEVERAL CONTAIN GLUCOSE AND GIVE RED PRECIPITATE. 
SUGAR IN MILK (LACTOSE) GIVES Cu,O PRECIPITATE. 


MAKING SUGAR CANDY 


IT IS EASY TO MAKE LOLLIPOPS. 
‘OVER LOW HEAT AND WHILE STIR- 
RING, DISSOLVE ¥% CUP SUGAR IN 
2 TABLESPOONS WATER AND 2 TA- 
BLESPOONS LIGHT SYRUP. THEN 
CONTINUE HEATING WITHOUT STIR- 
RING UNTIL A SAMPLE DROPPED 
INTO COLD WATER FORMS BRITTLE 
THREAD. SPOON OUT TABLESPOON. 
FULS ONTO A SHEET OF GREASED 
ALUMINUM FOIL. PUSH STICK IN 
EACH BLO3. REMOVE WHEN COLD, 


form this experi- 
in the kitchen. 


DISSOLVE 1 @ CANE SUGAR IN 10 ml WATER IN A 


HEAT FEHLING SOLUTION IN ANOTHER TEST TUBE. 
D A FEW ml SUGAR SOLUTION. HEAT AGAIN. YOU 


GET RED PRECIPITATE. GLUCOSE HAS BEEN FORMED. 


Carbohydrates—Continued 


STARCHES — Starch is distributed in most plant 
parts. It is a carbohydrate with very large molecules. 
‘Take # look at its formula: (CH .0,).-At first glance 
it looks quite simple. But note that little x—it 
stands for “any number of times.” A single molecule 
of starch may weigh 6,000 times as much as a single 
molecule of glucose. 

You can break this polysaccharide (“many-sugar") 
into the monosaccharide (“single-sugar") glucose by 
treating it with an acid. 

CELLULOSE is the building material of the plant 
world. Tt makes up the cell walls of leaves and stalks, 


‘A GROWING PLANT 1S THE 
MOST ASTONISHING CHEM 
ICAL FACTORY ON EARTH. 
THE GREEN SUBSTANCE IN 
LEAVES—CAILED CHLORO- — woodl and fibers. Cotton is 95 per cent cellulose. The 
SUNUGHT IS ABLE TO Con, Paper on which this book is printed is specially 
BINE WATER (TAKEN IN BY treated cellulose. So is the cellophane around your 
THE ROOTS) WITH CARBON candy ; into ladies" 

tie ane UM SGetain candy and the rayon that goes into ladies’ dresses. 
(TAKEN IN THROUGH THE — For more about cellulose in natural fibers and rayon, 
LEAVES) TO FORM SUGAR — see pages 102-103, 

FIRST AND THEN STARCH. 


cross EXPERIMENTS WITH PHOTOSYNTHESIS 


Sah POT UP A NASTURTIUM OR GERANIUM PLANT AND 

[ACE IT IN THE DARK FOR A COUPLE OF DAYS. 
THEN FASTEN STRIPS OF BLACK PAPER ACROSS BOTH 
SIDES OF ONE OR MORE LEAVES. NOW EXPOSE THE 
GROWING PLANT TO THE SUNLIGHT FOR TWO HOURS. 


PICK OFF A LEAF. REMOVE BLACK PAPER STRIPS. 

IN BOILING WATER FOR A MOMENT TO KILL 
THE LEAF. THEN DROP IT INTO DENATURED ALCOHOL 
INA CUSTARD CUP. PLACE CUSTARD CUP IN A POT 
OF BOILING WATER. AS ALCOHOL GETS HOT, IT EX 
TRACTS THE CHLOROPHYLL FROM THE LEAF, KEEP 
LEAF IN ALCOHOL UNTIL ALL CHLOROPHYLL IS OUT. 


® PLACE LEAF IN IODINE TEST SOLUTION. PARTS 
e 


POSED TO SUN TURN BLUE. THIS PROVES PRES- 
ENCE OF STARCH. UNEXPOSED PARTS BECOME BROWN. 
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PREPARING STARCH 
IT IS A SIMPLE MATTER TO 


GET RED PRECIPITATE THAT 
SHOWS PRESENCE OF GLUCOSE, 
UNTREATED STARCH SOLUTION, 
DOES NOT REACT WITH THE 
FEHLING SOLUTION, 


‘TEST FOR STARCH 


‘SOLUTION FOR TESTING STARCH CAN BE 
MMADE BY DILUTING 5 ml REGULAR TINC- 
TURE OF IODINE WITH 45 ml WATER. 


(OR YOU CAN MAKE IT BY DISSOLVING A 
FEW IODINE CRYSTALS (FROM EXPERI 
IMENT ON PAGE 48) IN A SOLUTION OF 
1 g POTASSIUM IODIDE IN 50 ml WATER. 
IODINE GIVES A BLUE COLOR TO STARCH. 


EXPERIMENTS WITH STARCH 

‘TO MAKE 1 PER CENT STARCH SOLUTION, 
STIR Yo q STARCH IN 5 ml COLD WATER. 
‘ADD 45 ml MORE WATER. BRING TO BOIL 
WHILE STIRRING, THEN COOL SOLUTION. 


@ cr starch sere IN 
POT. POUR OFF MOST OF 
WATER. POUR REST INTO A 
JAR FOR FURTHER SETTLING. 


AGAIN, POUR WATER 
OFF UNTIL VERY LITTLE IS 
POUR THE REST ONTO 

STE, PLACE INA WARM. 


UNE UP FIVE TEST TUBES, EACH CONTAINING 5 mi 
WATER AND 1 DROP IODINE TEST SOLUTION. IN’AN- 
OTHER TEST TUBE, ADD 2 DROPS OF SALIVA (SPIT- 
TLE) TO 5 ml STARCH SOLUTION. PLACE THIS IN 
GLASS OF WARM (NOT HOT) WATER. WITH 2-MINUTE 
INTERVALS, DROP 3 DROPS SALIVA-STARCH MIXTURE 
INTO A TEST TURE WITH IODINE SOLUTION. SHAKE. 
COLOR GETS LESS AND LESS BLUE. SALIVA DIGESTS 
‘THE STARCH AND TURNS IT INTO A SUGAR, MALTOSE. 


JUST A FEW OF THE 
THOUSANDS OF ITEMS 
THAT CONTAIN ETHA- 
NOL OR ARE MANUFAC. 
TURED WITH ITS HELP, 


Many Kinds of Alcohols 


To most Porte, alcohol is the strong stuff in beer, 
wine, and hard liquor. But to a chemist, this is just 
one of many alcohols. 

Alcohols may be considered hy@rocarbons in which 
one or more hydrogen (H) atoms are replaced by 
hydroxyl (OH) groups. Their names are made up 
from the names of the hydrocarbons to which they 
are related by giving these an “ol” ending. In this 
way, CH, methane, becomes CH,OH, methanol 
(also called methyl alcohol); CMg, ethane, becomes 
C,H,OH, ethanol (also known as ethyl or grain al- 
cohol); and so on. Methanol (CH,OH) was originally 
called wood alcohol because it was made by the de- 
structive distillation of wood. Tt is very poisonous 
and is therefore used to “denature” ethanol, making 
this unfit for drinking. 


Ethanol (C;H,OH) is produced today, to a great 
extent, in the same way in which it was made thou- 
sands of years ago, by a process called fermentation. 
In this, the tiny plant cells of yeast are made to grow 
in the solution of a simple sugar, such as glucose 
(CiH,,0,). In growing, the yeast cells give off a sub- 
stance called zymase. This acts as a catalyst and 
turns the glucose into ethanol and carbon dioxide: 

C.H,,0, — 2C,H,OH + 2C0, } 
‘The ethanol is finally separated from the watery 
liquid by distillation. 

Glycerol (CJH,(OH),) is still another alcohol 
which you probably know better under the name of 
alycerin, Glycerol may he considered a product of 
propane (C;H,) in which not one but three H atoms 
have been replaced by OH. 


THE “FAMILY TREE" OF ETHANOL—WITH SOME OF ITS CHILDREN, GRANDCHILDREN, AND GREAT-GRANDCHILDREN. 


=< DIETHYL ETHER 
— ACETIC ACID 
— 
{—__]ODOFORM 
~ 
ACETALDEHYDE 


—<SYNTHETIC RUBBER 
> tustics 


~e1vco. <= oxaure ac 
Spr iosives. 


STYRENE — 


80 atconon 
ACETONE CHLOROFORM, 


-PHOTOGRAPHIC FILM 
~_STEXTILE FIBERS 
ACETALDEHYDE = 
‘CYANOHYDRIN 


ACETIC ANHYDRIDE E: 


CELLULOSE ACETATE 


PROPIONIC ACID 


VINYL ALCOHOL 
——SACETANILIDE 
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Even a humble magnifying lens can be very helpful in the lab, especially iit has a bull 


NIN 


light. See 
Figure 2-18, 


Figure 2-18. A small, handheld magnifier with a built-in LED light is very handy for examining small 
Jeatures and details, such as are found on many PCBs, 


Physical Measurement Devices 


‘Once you know what something looks like, at extreme close-ups, can you describe in absolute terms how 
bigit is? 

‘Take a look at Figure 2-19. Here we have, from the top to the bottom, a traditional tape measure, 
marked in both English and metric units (fractional inches and decimal centimeters), a 
that can render measurements in either system at the touch of a button, and an arc 
may not be evident in the top-down view, the architect's scale ygular in cross-sect 
not two but six different measurement options. This is mostly due to architects liking to draw things to 
scale, instead of full-sized. 

‘The digital caliper is interesting in that it also provides a computer interface so that its readings can 
be pulled in by a computing device of some sort. These devices used to be quite expensive, but mass 
production has brought their prices down significantly. 


METHYL ALCOHOL— 
METHANOL, 


methanol 


METHANOL CAN BE PRODUCED BY DRY DISTILLATION OF 
WOOD. FilL_A TEST TUBE ONE THIRD FULL OF SLIVERS 
OF WOOD. HEAT. LEAD VAPORS THROUGH LSHAPED GLASS 
‘TUBE INTO TEST TUBE IN MIXTURE OF WATER AND ICE, 


ETHYL ALCOHOL— 
ETHANOL 


@ ww 4 ener some nix % cur conn syaue wink 
1 CUP WARM WATER. ‘ADD. PACKAGE YEAST THAT 
HAS BEEN SOFTENED IN UREWARIA WATER, PLACE BOT. 
TIE IN-A WARM SPOT, SHORTLY THE LIGUID BEGINS 
TO aUpale. {EAD THE GAS INTO LIKE WATER, GAS IS 
€O,. IN‘A FEW DAYS, GAS DEVELOPMENT SLOWS DOWN. 


ETHYL 
FROM 


ETHANOL 


BISULFATE 
WHITE VINEGAR, 


METHYL SALICYLATE 
CRUSH AN ASPIRIN 
TABLET. MIX. WITH 


vapors burn Ys TEASPOON SODIUM 
with blue BISULFATE. HEAT. 
flanie DROP A FEW DROPS 


OF METHANOL (OR 
Wie. DENATURED ALCOHOL) 

ONTO HOT MIXTURE. 
YOU GET SMELL OF 
WINTERGREEN OlL— 
METHYL SALICYLATE. 


FILTER HALF OF THE FERMENTED LIQUID INTO A 
“PINT SCREW-TOP CAN. SET UP APPARATUS FOR 
DISTILLATION AS DESCRIBED ON PAGE 61. WITH THE 
EXCEPTION THAT HEATING IS DONE ON A WATER BATH 
MADE FROM HALF A QUART CAN WITH WATER. DISTILL 
OFF A FEW mi ETHANOL AT LOWEST POSSIBLE HEAT. 


ACETATE CHLOROFORM FROM. 


ETHANOL 


iEAT IT EAT MI: 


DISAPPEARS. HEAT GENTLY 
TWO MINUTES. LET COOL. 
THE YELLOW PRECIPITATE 
1S 1ODOFORM—CHi,. 


1ODOFORM FROM 

ETHANOL 

CRYSTALS TO GET DARK 

BROWN COLOR. ADD 5 ml 

ETHANOL. ADD 10% NaOH 
()))  SQWUTION UNTIL’ COLOR 


GENTLY. SNIFF CAREFUL- 
LY. THE SOUR SMELL OF 
VINEGAR HAS TURNED 
INTO THE FRUITY SMELL 
OF ETHYL ACETATE 
(CH,COOC,Hs). iT 1S A 
‘MUCH-USED SOLVENT. 
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GENTLY FOR A FEW MO- 
MENTS WITHOUT BOILING. 
THEN SNIFF CAREFULLY. 
YOU GET THE PECULIAR 
SWEETISH ODOR OF CHLO- 
ROFORM. THE C,H,OH HAS 
BEEN TURNED INTO CHCl, 


ACETIC ACID IS WHAT 
MAKES. VINEGAR TASTE. 
SOUR. VINEGAR MEANS 
“SOUR WINE.” THAT IS 
WHAT IT USED TO BE. 


TANNIC ACID, USED FOR 
TANNING, IS FOUND IN. 
THE BARK OF A NUMBER 
OF TREES AND IN GALL 
APPLES ON OAK TREES. 


y 


SALICYLIC ACID GOT 
ITS NAME FROM SALIX, 
LATIN FOR WILLOW. IT 
WAS FIRST MADE FROM 
BARK OF WILLOW TREES. 


CITRIC ACID GIVES 
THE TART TASTE TO 
CITRUS FRUITS—LEM- 
ONS, LIMES, GRAPE- 
FRUITS, AND ORANGES. 


NALLY CAME FROM THE 
WOOD SORREL PLANT— 
OXALIS. NOW IT 15 
‘MADE ARTIFICIALLY, 


MALIC ACID 1s FOUND IN MANY 
UNRIPE FRUITS—GREEN APPLES, 
PLUMS, CURRANTS, AND A GREAT 
NUMBER OF OTHERS. NAME COMES 
FROM LATIN MALUS—APPLE TREE, 


Carboxylic Acids 


Can you Tmnx of anything more refreshing than a 
lass of cold lemonade on a hot summer's day? Or 
anything better than cranberry sauce for adding a 
tangy taste to the Thanksgiving dinner? 

‘The tartness of lemonade and cranberry sauce 
‘comes from organic acids. 

‘These acids are found ready-made in nature in 
great numbers. Some of them occur as free acids 
(citrie acid, tannic acid, malic acid), others as esters 
(products of acids and alcohols, such as fats and oils 
and the flavors of many fruits and the odors of many 
flowers). Still other of these organie acids are pro- 
duced by the action of bacteria (acetie acid from 
wine or cider, lactic acid when milk turns sour, bu- 
tyric acid in rancid butter). 

Some organic acids can be extracted direetly from 
‘the plant parts in which they are found. But to get 
them in pure and concentrated form it is usually 
necessary to turn them into sodium or calcium salts 
and then free the acids from the salts with a stronger 
acid. Many of the acids which were formerly ob- 
tained from plant parts can now be made artificially 
in the laboratory. 

Organie acids have one thing in common, They 
all contain a combination of one carbon atom, one 
oxygen atom, and one hydroxyl group (OH). ‘This 
COOH combination, called a carboxyl group (from 
a joining-up of the words carbon and hydrozyl), 
has given the organic acids their scientific name, car- 
boxylic acids. When these acids form salts it is the 
Hin the carboxyl group that is replaced by a metal, 
as, for instance, when CH,COOH (acetic acid) forms 
CH,COONa (sodium acetate). 


FORMIC ACID IS THE 
HIGHLY IRRITATING 
ACID THAT ANTS (FOR- 
MICA) PUMP INTO YOU 
WHEN THEY BITE YOU. 


ACETIC ACID 


YOU HAVE ALREADY MADE 
SODIUM ACETATE (ON PAGE 83). 


VINEGAR IS DILUTED ACETIC ACID. SEVERAL OF ITS FILTER SOLUTION TO REMOVE UNDISSOLVED CALCI- 
SALTS_ACETATES—CAN BE MADE FROM VINEGAR. USE ‘OXIDE. FILTRATE CONTAINS CALCIUM ACETATE. 


Ie LO IIS TE CRONE SEES DOUSE EVAPORATE SOLUTION UNTIL ALMOST DRY. DO NOT 
WARM. 50 ml WHITE VINEGAR IN A CUSTARD CUP. ERHEAT—IF YOU DO, THE ACETATE BREAKS UP 
3D CALCIUM OXIDE UNTIL NO MORE DISSOLVES. INTO CALCIUM CARBONATE AND ACETONE (CH,COCH,). 


TANNIC ACID 


TANNIC ACID IS 
FOUND IN TEA. 


SaRP ODOR OF ACETIC ACID 
MOISTENED BLUE LITMUS PAPER 
‘AT MOUTH OF TUBE TURNS RE 


SALICYLIC ACID 


- @ rou preston ean 
Hiren ieae 

FA eas ee 

SPOR AE cote we: 


DISSOLVE A CRYSTAL OF 
IRON SULFATE IN 5 ml WA. 
TER AND ADD TO THE TEA. 
tL YOU WiLL GET A BLACK PRE 

CIPITATE OF IRON TANNATE. 


SHAKE UP 1 g SALICYLIC WITH IRON SULFATE, SODI- 

ACID WITH 10 ml WATER, IT SALICYLATE GIVES RED- ae Oa 
ES NOT BROWN FERROUS SALICYLATE. = Hern 
ADD 10 PER CENT NoOH A-FERRIC SALT GIVES WINE- C 
LUTION BY THE DROP UN- RED FERRIC SALICYLATE, - REMOVE TUBE 

TIL_ALL SALICYLIC ACID IS HEAT. SNIFF. YOU GET 

DISSOLVED. YOU NOW HAVE A COPPER SULFATE GIVES THE THE ODOR OF PHENOL—ALSO 

SODIUM SALICYLATE SOLUTION. GREEN COPPER SALICYLATE. KNOWN AS CARBOLIC ACID. 


o1 


Ti 


BEEF CATTLE 
Mi, 


MOST FATS PRODUCED 
BY PLANTS ARE LIQ. FATS FROM ANIMALS ARE 
UID lls FOUND IN MOST COMMONLY SOLID AT 
FRUITS AND SEEDS. USUAL ROOM TEMPERATURE. 


COCONUT 


} Fats and Oils for Energy 


Some oF THE Foo you eat is used for your growth, 
some of it for giving you the energy to do all the 
things you want to do, Much of this energy comes 
from carbohydrates (sugars and starches). The rest 
you get from fats— the most concentrated energy 
foods available. 

All fats are esters, that is, combinations of fatty 
with the alcohol, glycerol (glycerin). Some fats 
(butter, lard) are solid xt usual room temperature, 
others are liquid (olive eil, corn oil). But when heat- 
ed, the solid fats melt, and, when cooled, the liquid 
fats turn solid. 

Liquid fats can be turned completely into solid 
fats by a process called hydrogenation, In this, more 
hydrogen atoms are added to their molecules with 
the help of a catalyst. That is how vegetable short- 
enings and margarine are made. The liquid olein in ~ "allow 
peanut, cottonseed, and soybean oils is made to pick 
up hydrogen and become a solid fat known as stearin: 
(CupHy:CO0) C,H, ++ 3H, > (Cyy Hs COO),CHs 

(lein) (Gtearin) 

Fats and oils are used for many other things in = 
addition to their use as food. Soap and candles are CODFISH 
‘made from fats. So are paints and varnishes, printers 
inks and some of the detergents. 


SHARKS 


EXTRACTING 
FAT 


@ stave 4 smau square OF BaKeR's cHOCO- 
LATE OR BITTER CHOCOLATE INTO FINE BITS 


@ ma cusrako cur, rour Carson TeTRACHIO- 
RIDE OVER THE CUT-UP CHOCOLATE AND STIR. 


RENDERING FAT 


“RENDERING” IS THE MOST COM. 
MON METHOD OF EXTRACTING FAT. 


@ sree chocouterereactio- 
BIDE MIXTURE. Cer FILTRATE. STAND 
UNTIL CARBON TETRACHLORIDE HAS 
EVAPORATED "AND. YELLOW.WHITE 
COCOA BUTTER IS LEFT 


Be careful not to breathe fumes. 


TEST FOR 
FAT 


@ remove me newoenep our suer, race Cus. 
FARD CUP IN REFRIGERATOR. AFTER COOLING YOU 
CAN LUFT OFF THE FAT AS A SOLID DISK. 


TEST FOR GLYCEROL 
(GLYCERIN) 


IN A DRY TEST TUBE ADD Y% TEA- 
SPOON SODIUM BISULFATE TO. 1 ml 
VEGETABLE OIL AND HEAT GENTLY. 
WAFT THE IRRITATING ODOR TO. 
WARD YOU AND SNIFF CAUTIOUSLY. 
THE SMELL IS FROM ACROLEIN 
WHICH IS PRODUCED BY BREAKING 
DOWN THE GLYCERIN IN THE FAT. 


THI 


NeHSO, SETS THE 
GLYCEROL FREE, THEN 
IMMEDIATELY DESTROYS 
IT. GLYCEROL LOOSES 
“WATER AND TURNS INTO 
ILSMELLING ACROLEIN: 
CH,{OH), > 
H.O + 2H,0 


DISSOLVE ¥, TEASPOON SOAP 
POWDER OR FLAKES IN 50 ml WARM 
WATER, ADD 10 ml HYDROCHLORIC 
ACID. YOU WILL GET LUMPS OF 
THE FATTY ACIDS OF WHICH SOAP 
Is THE SODIUM SALT—MOSTLY 
STEARIC AND PALMITIC ACIDS. 
STEARIC ACID IS ADDED TO PAR. 
‘AFFIN IN THE MAKING OF CANDLES. 
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IN THE OLD-FASHIONED SOAP KETTLE, ONLY A FEW 
GALLONS OF SOAP COULD BE MADE AT ONE TIME. 


Soap and Soap Making 


WHeNeven YOUR HANDS got dirty, it is an easy matter to get them clean. 
Alll you need is water and plenty of CH,CH,CH,CH,CH,CH,CH,CH,CH, 
CH,CH,CH,CH,CH,CH,CH,CH,COONa — C,;H,,COONa for short, the 
sodium salt of stearic acid, a substance more generally known as soap. 

Soap has been used for cleaning for thousands of years. No one knows who 
invented it — but the method for making it was passed down from father 
to son, from mother to daughter. The early soap makers first had to burn 
wood to get potash (K,COs—see page.59) or dried seaweed to get soda ash 
(Na,CO,).This was treated with lime to make potassium or sodium hydrox- 
ide (KOH or NaOH — see page 45), and this, in turn, was boiled with fat 
to make soap. Very much the samo method is used today — except that the 
boiling is done in tremendous soap pans under steam pressure. 


STRONG SOAP BUBBLES RESULT 
WHEN YOU ADD GLYCERIN TO 
THE SOAP SOLUTION. HERE 15 
9 SOAP, 100 ml 


4 


IN MODERN SOAP PANS, 
SEVERAL STORIES HIGH, UP 
TO 100 TONS OF FAT CAN 
BE TURNED INTO SOAP. 


THIS IS THE WAY SCIENTISTS BELIEVE THAT SOAP ACTS: ONE 
END OF THE SOAP MOLECULE IS SOLUBLE IN WATER, THE OTHER 
END IN OIL. WHEN OIL 1S SHAKEN UP IN SOAPY WATER, THE 
OIL DROPS ARE SURROUNDED BY THE SOAP MOLECULES DIPPING 
THE OILDISSOLVING ENDS INTO THE OIL, THE WATER-SOLUBLE 
ENDS HOLD THE Oll DROPLETS SUSPENDED. 


MAKING SOAP 


‘MAKE A WATER BATH BY POURING 
1 INCH WATER INTO A TIN CAN. 


‘MELT 10 g SHORTENING (“CRISCO" OR SIMILAR 
PRODUCT) INA CUSTARD CUP ON THE WATER BATH, 


@ DISSOLVE 5 g SODIUM HYDROXIDE (NaOH) IN 15 
WATER. ADD 15 mi DENATURED ALCOHOL (TO 
SPEED UP THE ACTION). POUR THIS SOLUTION INTO 
THE MELTED SHORTENING WHILE STIRRING. CONTINUE 
HEATING AND STIRRING UNTIL A SMALL SAMPLE DIS- 
SOLVES COMPLETELY IN Yj TEST TUBE WATER, THE 
SOAP MAKING [SAPONIZATION) IS THEN COMPLETED. 


TESTING SOAP 


AND DETERGENTS: TIE A PIECE OF CHEE 


. A JAR. POUR THE 
DISSOLVE 1 g OF YOUR HOME- SOAP CURDS INTO CH 


‘MADE SOAP IN 50 ml LUKE: y LUTION DRAIN OFF. W. 
WARM WATER. ALSO MAKE | I] TWO TEST TUBES OF ICi 
SOLUTIONS IN 50 ml WATER Z| TO REMOVE MOST OF 
(OF 1 g TOILET SOAP, 1 g SOAP 

FLAKES, 1g SOAP’ POWDER, FINALLY, SQUEEZE O 


1g POWDERED DETERGENT, i] IT THE CHEESE CLO} 
AND T iil LIQUID DETERGENT, 


POUR 10 mi OF THE SOAP AND DETER- | 
ENT SOLUTIONS INTO SEPARATE TEST TUBES. i 
TEST EACH SOLUTION FOR ACID AND BASE 
WITH LITMUS PAPER AND PHENOLPHTHALEIN. 


@ SHAKE § DROPS OF Oll INTO EACH SOLU- 
TION. NOTE THE DIFFERENCE IN THE WAY 
THE SOLUTIONS MAKE EMULSION WITH Olt. le ® 


AGAIN, POUR 10 ml OF EACH SOLUTION 

(SEPARATE TEST TUBES. ADD 5 mil LIME- 
WATER TO EACH. SHAKE AND NOTICE THE 
DIFFERENCE IN THE AMOUNT OF FOAM MADE 
BY EACH SOLUTION IN THIS “HARD" WATER, 


cheese 


Proteims—the Body-Building Foods 


meal, we look forward especially 
am and eges for breakfast, ham- 
burgers or frankfurters for lunch, steak or chicken 
for dinner. We drink milk mostly for the sake of its 
proteins, Even many of our desserts are protein prod- 
ucts — from ice cream to Jell-O. 

‘While most other foodstuffs, such as carbohydrates 
and fats, consist of carbon, hydrogen, and oxygen, 


PROTEIN IN EGG 


CRACK _AN EGG. SEPARATE WHITE FROM YOLK BY 
LETTING WHITE FLOW INTO A CUP WHILE RETAIN- 
ING YOLK IN EGG SHELL. BEAT WHITE WITH FORK. 


SHAKE 5 ml BEATEN EGG WHITE WITH 
5 ml WATER. BRING TO A BOIL. THE 
HEAT CAUSES THE ALBUMIN TO COAG- 
ULATE. IT HAS BEEN “DENATURIZED."" 
IT CAN NOT AGAIN BE MADE SOLUBLE, 


the proteins also contain nitrogen and, for the most 
part, sulfur. Their molecules are “giants” compared 
with the molecules of other chemical compounds. 
Ono of them, albumin in egg, has this estimated 
formula: Cyy.Hy2:0; Sie 

Not all proteins are edible. You would hardly think 
of eating hair and nails, furs and feathers — yet 
these are all proteins.(CONTINUED ON PAGE 99) 


THE PROTEIN IN 
EGG IS CALLED 
ALBUMIN. 


SHAKE 5 ml EGG WHITE WITH 
5 ml WATER, ADD 5 ml DENA- 
TURED ALCOHOL. THE ALCOHOL 
CAUSES THE AIBUMIN TO COAG. 
ULATE OUT IN WHITE FLECKS. 


FILL CUSTARD CUP HALF 
FULL OF WATER. BRING TO 
A BOIL, POUR IN THE EGG 
WHITE THAT IS LEFT. IT 
COAGULATES INTO A FIRM 
WHITE MASS. THIS METHOD 
IS USED IN COOKING. IT 
IS CALLED “POACHING.” 


THE ITEMS ON THE 
TOP OF THESE TWO. 
PAGES ALL CONTAIN, 
PROTEINS. 


® PLACE A SMALLPIECEOF ALBUMIN IS FOUND 
COAGUIATED EGG WHITE |N EGGS, BLOOD, 
ON A PIECE OF TIN. HEAT. 

VAPORS SMELL OF AMMO- 
NIA AND TURN WETTED RED 
UTHUS PAPER BLUE. AMMO. 
NIA IS NH. ALBUMIN MUST 
CONTAIN RY AND HL. 


MILK, AND GRAIN. 


@ CONTINUE HEAT. 
ING. IN THE END, 
CARBON REMAINS. 
ALBUMIN THEREFORE 


X CONTAINS CARBON. 


POUR A FEW DROPS OF THE EGG WHITE SOLU- 
TION ONTO A BRIGHT SILVER COIN. IN A FEW MINUTES 
SILVER COIN TURNS BROWNISH-BLACK FROM SILVER 


IT ALSO CONTAINS: 
SULFIDE, PROVING THAT ALBUMIN CONTAINS SULFUR. 


OXYGEN. 


‘TEST FOR SOLID 
WHITE PROTEIN 


IN TEST TUBE, Dis- 
VE Y%4 TEASPOON 
‘SODIUM BISULFATE IN. 
5 ml WATER. ADD 
TEASPOON POTASSIUM 
NITRATE. DROP IN SMALL 
PIECE OF COAGULATED 
EGG WHITE, HEAT. 
NeHSO, AND KNO, Be careful not to breathe fumes. 
FORM_HNO,—NITRIC 
ACID. THIS COLORS THE 
‘ALBUIAIN. YELLOW. 


ADD HOUSEHOLD 


HAKE 5 ml OF THE YOLK WITH 5 ml CARBON TET- 
"ACHLORIDE TO FIND OUT IF IT CONTAINS FAT. 


foe POUR A LITTLE OUT ON PAPER. LET CARBON TET- 
ances ieaiyentecey RA SE ARE ‘CHLORIDE EVAPORATE. GREASE SPOT REMAINS. 
UMA BEANS THE SAME WAY. BRIGHT ORANGE, HEAT THE MIXTURE. YOU GET A WHITE COAGULA- 


IN. YOLK AND WHITE BOTH CONTAIN ALBUMIN. 


PROTEIN IN MILK Or» ONE TEST TUBE FUL OF 
ITE VINEGAR TO THE WARM 
SKIM, MILK. THE CASEIN SEPA- 


RATES IN HEAVY, WHITE CURDS. 


MILK I5_AN IMPORTANT SOURCE 
OF PROTEIN. THE PROTEIN IN 
MILK IS CALLED CASEIN, CHEESE 
IS SPECIALLY TREATED CASEIN. 


@ rou Ye CUP SKIM MILK 
MIXTURE OF 8 TEA- 
SPOONS SKIM MILK POWDER 
AND. Yy_ CUP WATER) INTO 
CUSTARD CUP. HEAT 
Gently UNTIL IT FEELS JUST 
SLIGHTLY WARM WHEN YOU 
TEST IT WITH A FINGER, 


* @Dproww cueese clot ur AROUND 
CASEIN. DIP THE BAG IN WA- 

TER AND SQUEEZE SEVERAL TIMES 
TO WASH OUT WHEY AND VINEGAR. 


Q sours THE CASEIN ALMOST 
DRY. SPREAD OUT THE CHEESE CLOTH 
TO LET THE CASEIN DRY. 


Ou ‘A PIECE OF CHEESE 
(OTH OVER A JAR. POUR 
THE CURDLED MILK INTO THE 
CHEESE CLOTH. LET LIQUID 
(WHEY MIXED WITH VINEGAR} 
RUN OUT. KEEP THE LIQUID. 


WHAT ELSE 1S IN MILK? 


POUR THE VINEGAR-MIXED WHEY INTO A 

ISTARD CUP AND BRING IT TO A BOIL. YOU 
WILL SEE TINY WHITE FLECKS. THESE ARE 
ALBUMIN COAGULATED QUT BY THE HEAT. 


@ river THe woey. test THE FILTRATE 
WITH FEHLNG SOLUTION [SEE PAGE 85). 
MILK: SUGAR GIVES RED Cu,O PRECIPITATE. 


MAKING CASEIN GLUE 


SOFTEN 4 g CASEIN WITH 4 ml WATER. 
SHAKE UP 1 g CALCIUM OXIDE IN 4 mi 
WATER. POUR THE CALCIUM OXIDE MIX- 
TURE INTO THE CASEIN WHILE STIRRING. 
THE RESULTING SMOOTH PASTE IS AN EX- 
‘CELLENT GLUE FOR PAPER AND FOR WOOD. 


(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Figure 2-19. From top to bottom, a tape measure, a set of digital calipers, and an architect's scale. 


Simple Electronic Measurement Tools 


Now that you've got the tools to examine what these things look like and how big or small they are, let's 
move on to the more mysterious art of measuring their electrical properties. 


Voltmeters 


Voltage is a measure of electromotive force, and the standard unit of measure is the volt, named after 
Alessandro Volta, an Italian physicist. Voltage is sometimes compared to the pressure of water flowing 
through a garden hose, while amperage is compared to the amount of water flowing through the hose at 
any given time. It’s not particularly useful to push this water analogy too far, but it’s helpful in the 
beginning, 
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GELATIN IS A PROTEIN 


GELATIN IS_ MADE FROM 
ANIMAL BONES AND HIDES. 


@ re owreo nrpsocHoRe 
1D. DISSOLVES. THE CALCIUM 
SALTS IN THE BONE, LEAVING 
‘A FLEXIBLE SUBSTANCE CALLED 
‘OSSEIN. WASH OFF THE ACID. 
EXTRACT THE GELATIN INTHE 
OSSEIN BY BOILING IN WATER. 


REMOVE THIGH BONE 

MAN UNCOOKED, 
CHICKEN LEG. SCRAPE IT 
CLEAN OF MEAT. DROP IT 
INA TEST TUBE. COVER 
WITH 3 ml HYDROCHLO- 
RIC ACID IN 12.ml WATER. 
LET STAND FOR 3 DAYS. 


Proteins—Continued 


You are certain to be familiar with three common, 
pure proteins: albumin in eggs, casein in milk, and 
gelatin. 

ALBUMIN — Egg white contains around 13 per 
cent albumin — from Latin albus, white. 

When you shake up egg white with water, you 
get what looks like an almost clear solution, But 
this is not a “true” solution such as you get when 
you dissolve salt or sugar—it is another kind of 
“solution” called a “colloidal dispersion.” For more 
about colloidal dispersions, see pages 100-101, 

As long as egg white is kept cool, it stays trans- 
parent and almost liquid, But. what happens when 
‘you heat it? You know from frying or boiling an egg: 
Te hardens — coagulates — into a solid white mass 
which you can not again “dissolve in water, The 
chemist’s term for this change is “denaturation” — 
the egg white has changed its nature. 


CASEIN — Casein is another protein that goes into 
your diet. Some of the casein you drink (milk), some 
of it you eat (iee cream and cheese). 

Tn cheese making, the casein is separated from the 
liquid part of the milk — the whey. It is then pressed 
and stored until ripe. The flavors of cheeses are eaus- 
ed mostly by esters created during the ripening. 
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Qare THE SOLUTION. ON COOLING, IT BECOMES 
LY-LIKE, IT HAS TURNED FROM "SOL" TO “GEL.” 


al 


GELATIN — Gelatin is a protein made from 
skins and bones, horns and hooves. 

Gelatin behaves in a peculiar manner with water. 
In cold water it merely swells, but in hot water it 
“dissolves” readily, forming « colloidal dispers 
As long as you keep this dispersion warm, it remains 
in a liquid form that is called a “sol."” When cooled, 
it turns into a jelly-like form called a “gel.” 


CHEESE 
Figuid in solid 


MAYONNAISE 
Tiguid in liquid 


Colloidal Dispersions 


Wout you wank up to a soda fountain and order 
“a triple, chocolate-lavored colloidal dispersion”? 
No? Yet that’s what you do when you ask for a 
chocolate sundae. Ice cream is a colloidal dispersion 
of solids in a liquid; so is chocolate syrup. Whipped 
cream is a colloidal dispersion of air in a Tiquid. 

It was a Scot, Thomas Graham, who explained 
colloids, in 1862. He noticed that some solutions 
passed through parchment paper, others didn’t. He 
discovered that most of those that filtered through 
were of chemicals that formed crystals — he called 
IN 1862, A SCOTTISH CHEMIST, them “erystalloids.” The others he called “colloids” 
HOS eee ates —trom Greek kollodes, glue-like. 

When a colloid is mixed with water, it does not 
form a solution but a dispersion. In a solution, the 
molecules of the dissolved chemical are too small to 
bbe seen even with the strongest microscope. In a cal- 
loidal dispersion, the much larger particles can be 
seen in an ultra-microscope — and you can see them 
as a light effect when you pass a light beam through 
the dispersion. 

Colloidal dispersions can be formed by gases, liq- 
and solids. Eight combinations are possible: 


MUDDY WATER 
soli in liquid 


100 


LIGHT TES} 


THE PARTICLES OF A 
COLLOIDAL DISPERSION 
REFLECT LIGHT AND 
MAKE THE PATH OF A 
UGHT BEAM VISIBLE. - 
iS 
ial 


3 


2 
| ar) 
flashlight SLY 


gases in liquids and in solids; liquids in gases, in 
other liquids, and in solids; solids in gases, in liquids, 
and in other solids. The illustrations show some of 
these possibilities — you can think of many others, 

‘The colloidal state is important to life. It is the 
way in which we get most of our food, the way we 
digest it, and the way the blood carries nourishment 
‘throughout our bodies. 


IN PEPTIZATION, LARGE PARTICLES ARE BROKEN DOWN, 
INTO SMALLER PARTICLES OF COLLOIDAL SIZE. 


SHAKE UP 1 g STARCH WITH 100 ml 
“OLD WATER, IF LEFT UNDISTURBED, 
STARCH QUICKLY SETTLES TO BOTTOM 


POUR THE MIXTURE OF STARCH AND 
/ATER INTO A CUSTARD CUP. BRING ‘ 
TO A BOIL, THEN COOL. STARCH HAS. IN COAGULATION, MANY MOLECULES OF A SUBSTANCE 


JOIN TOGETHER INTO PARTICLES OF COLLOIDAL SIZE. 


SHAKE 1 g FLOWERS OF SULFUR WITH 10 ml DENA- 
JRED ALCOHOL. A SMALL AMOUNT OF SULFUR GOES 
IN SOLUTION. FILTER OUT THE UNDISSOLVED SULFUR. 


@ rour tHe atcoHouc sOWTION oF SULFUR INTO 


‘A LARGE AMOUNT OF WATER, YOU WILL SEE A WHITE 
CLOUD OF FINELY DISPERSED COLLOIDAL SULFUR. 


L| 


IN EMULSIFICATION, ONE LIQUID IS DISPERSED IN AN- 
OTHER. EMULSIONS CAN BE TEMPORARY OR PERMANENT. 


“1 SHAKE 5 mi KEROSENE AND 5 ml WATER TOGETHER 


IN A TEST TUBE. LET STAND FOR A SHORT TIME. LIQUIDS 
SEPARATE. THE EMULSION WAS TEMPORARY. 


“2. SHAKE 5 ml KEROSENE WITH SOLUTION OF Y4 9 SOAP 
IN 5 ml WARM WATER. THEN LET STAND. LIQUIDS DO 
NOT SEPARATE, THIS IS A PERMANENT EMULSION. 
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VEGETABLE FIBERS COME FROM 
PLANTS: COTTON, FLAX (LINEN). 


WOOL AND SILK (FROM SILK 
WORMS) ARE ANIMAL FIBERS. 


pr als A 


ARTIFICIAL FIBERS ARE VERY POP- 
ULAR: NYLON, DACRON, ORLON. 


Natural and Artificial Fibers 


Tr woutp ne Tovar to get along without fibers in 
the modern world. Fibers are spun into thread, and 
the thread is made into cloth for elothing and bed- 
sheets, curtains and towels, and many other things 
around the house. Fibers also go into such articles 
as string and rope, rugs and auto tires. Some of these 
fibers come from the plant and animal worlds, others 


BURNING TEST FOR FIBERS 


CUT HALFINCH STRIPS 
‘OF DIFFERENT FABRICS. 
IGNITE EACH STRIP IN 
‘TURN. NOTICE HOW FAB- 
RIC BURNS, THE SMELL, 
AND ASH LEFT BEHIND. 


COTTON Rapid, yellow flame 


2 LINEN Fairly fost, yellow flame 
3 wool Slow, sizzling flome 
4 SUK Small, slow flame 

5 NYLON ‘Melts; no flome 


6 ORLON 


7 VISCOSE 
RAYON 


@ CELLULOSE 
‘ACETATE 


Melts ond burns 
Rapid, yellow fame 


Rapid flame with small 
sporks; melts 


are manufactured synthetically with coal or petro- 
Jeum for their starting point. 

Fibers belong in different groups of chemical com- 
pounds. Animal fibers are proteins; vegetable fibers 
are cellulose. Artificial fibers such as nylon, Orlon 
and Dacron are very complex chemical compounds 
and have enormously long molecules. 


Uke burning paper Small, fine, gray 
ui 


Like burning hair 


Like cotton 


Hollow, black bead, 
easy to crush 


Like woo! Shiny, round bead, 
easy to crush 
Like celery Malis to black bead, 


hard to crush 


broiled fish Black bead, 
hard to crush 
Like cotton Like catton 


Black bead, 


Like vinegor 
hard to cruth 
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CHEMICAL TESTS FOR FIBERS 


© Queries 
SOLVED, THE OTHERS NOT. 
tr se cranee 


@ aren ast washine, 
POUR OFF WATER. POUR 
WET CUPRIC HYDROXIDE 
INTO & FILTER. WASH SOME 
MORE, THEN LET IT DRIP. 


RAYON IS MADE BY 
DIGESTING" CELLU- 
LOSE IN CUPRAMMO- 
NIUM AND THEN SET- 
TING IT FREE AGAIN. 


@ro mace cureammontum sowmon, esr is- 
SOLVE 10'g COPPER SULFATE IN 100 ml WATER INA PINT 
JAR, ADD 10% NaOH SOLUTION UNTILNO MORE LIGHT- MAKE APPARATUS AS SHOWN 
BIUE CUPRIC HYDROXIDE FORMS. 1eT STAND. POUR WA. BELOW, Wit. GLASS TUBE 
TER OFF PRECIPITATE. REFIL THE JAR WITH WATER. ENDING IN FINE JET TP-POUR 
AGAIN LET STAND. AGAIN FOUR WATER OFF PRECIPITATE. PAPER SOLUTION. INTO BOT. 
REPEAT THIS WASHING PROCESS HALF A DOZEN TIMES. TLE. 


@ scrare te moist cupric ny- 
DROXIDE INTO A GIASS. ADD STRONG 
AMMONIA (27%, FROM DRUG STORE] 
BY THE DROP UNTIL AlL CulOH), HAS 
DISSOLVED AND HAS. BECOME DEEP- 
BLUE CulNH,|(OH],. THIS. SOLUTION 
15 CALLED "'SCHWENTZER'S REAGENT.” 


@ tearurs104 
PIECES OF FILTER 
PAPER. StIR THEM 
INTO THE BLUE ia 
Uib. THEY WitL GO 
INTO SOLUTION. 


"LACE THE JET TIP JUST 

)W THE SURFACE OF A 
‘MIXTURE OF 10 ml HYDRO- 
CHLORIC ACID AND 500 mt 


WATER. BLOW. AS BLUE LIQUID STREAMS OUT 
INTO THE DILUTED ACID, IT TURNS INTO WHITISH 
‘STRAND OF RAYON THAT SETTLES ON BOTTOM, 
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THE MAKING OF A TYPICAL 
THERMOSETTING PLASTIC 
PHENOLICS 


hydrogen 


methyl alcohol 


ef 


formaldehyde phenol Plastics—a Medern Giant 


\e/ 


phenolic resins 


¥1\ 


+ 
carbon 
menenide 
EO H. BAEKELAND WITH THE AUTO- 
GLAVE IN WHICH HE MADE BAREUTE 
we IN HIS YONKERS, N. ¥,, LABORATORY. 


Anour rirry veans ago, Dr. Leo H. Backeland, a 
Belgian-born American chemist, mixed phenol and 
formaldehyde together during an experiment. Other 
chemists had done this before Backeland and had 
wondered how to get the messy goo that resulted 
out of their test tubes. But Backeland had another 
approach. He asked himself, “What is it good for?” 
He decided to find out. The result was Bakelite — 
the first successful, modern plastic. 

During theyear 1910, Baekeland produced less than 
25 barrels of his “phenolic” plastic in a barn in Yon- 
kkers, N.Y. Nowadays, fifty years later, close to 
500 million pounds are produced yearly. During 
those same fifty years, more than a dozen other types 
of plastics were invented. 

Today, plastics seem to be everywhere. You find 
them in your home in flooring and wall coverings, 
in table tops and chair upholstery, in TV cabinets 
and telephones, in toys and games, in rigid containers 
and in squeeze bottles. Much of your food comes to 
‘you protected by some kind of plastic. They are used 
jin planes and trains and cars. A plastic puts the 
“safety” into safety glass. Other plastics are used 
for long-wearing engine parts and for electrical in- 
sulation, 
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HEAT TIP OF GLASS ROD. 
SLOWLY IN FLAME OF AL- 
COHOL BURNER. PRESS 
HOT TIP AGAINST PLAS- 
TIC. IT MAKES A. DENT 
IN THERMOPLASTIC, NOT 
IN THE THERMOSETTING. 


HOLD SMALL 
PIECE OF A 
PLASTIC IN 
FLAME. NOTE 
HOW IT BURNS. 


MOST THERMOSETTING PLAS- 
TICS GIVE OFF STRONG ODOR 
BUT DO NOT BURN. MOST 
THERMOPLASTICS BURN BUT 
SOME OF THEM STOP BURNING 
WHEN REMOVED FROM FLAME. 


Plastics are made from a few simple raw materials 
—some just from water, air, and coal, others with 
the help of petroleam or natural gas, limestone and 
salt. The plastics chemist breaks down the compara- 
tively simple molecules of these materials, then 
builds them up anew into very complex molecules. 

Plastics may be divided into two main groups ac- 
cording to their special properties. One group con- 
sists of the thermosetting plastics. These can be 
molded by heat and pressure, but can not be re- 
melted and remolded. They are along the lines of egg 
white which, once set by heat, stays set. The pheno- 
lies and ureas are important thermosetting plastics. 

The other group contains the thermoplastics. 
‘These are soft when heated, hard when cooled, but 
can be softened and hardened repeatedly. You can 
compare them to sulfur and candle wax. The poly- 
ethylenes, polystyrenes, vinyls, and acrylics are in 
the thermoplastics “famil 


HEAT SHAPING. THERMOPLASTICS BECOME SOFT 
WHEN HEATED. YOU CAN THEN SHAPE THEM AT WILL. 


BRING A POT OF WATER TO A BOIL. DROP IN AN 
OLD VINYL RECORD. WHEN SOFT, SHAPE IT WITH 
TWO LONG STICKS. IT BECOMES HARD AGAIN WHEN 
IT I5 REMOVED FROM THE HOT WATER AND COOLED. 


THE MAKING OF A TYPICAL 
‘THERMOPLASTIC 
VINYL 


solt natural gas coke limestone 


Net 


calcium corbide 
\ 


ethylene 


chlorine 


acetic 


\ 


vinyl 
chloride 


YOU CAN MAKE UNUSUAL 
DECORATIONS FOR THE 
WALLS OF YOUR GAME 
ROOM FROM OLD RECORDS. 


ENED PLASTIC ONTO. 
. PRESS A PENNY INTO 


CHEMISTRY TAKES ON A GREATER IM- 
PORTANCE WHEN YOU NOT ONLY PER- 
FORM AN EXPERIMENT BUT ALSO WORK 
OUT THE EQUATION OF THE REACTION. 


Working oué Chemical Equations 


‘You Have pone a great number of experiments by 
now. You have worked with gases, liquids, and solids. 
You have precipitated and decanted, filtered and 
distilled. As you think back over the experiments you 
will discover that they fall into four main groups of 
chemical reactions. 

‘The simplest of these reactions is the DIRECT 
COMBINATION. In this, two or more substances 
combine to form a single more complex substance, 
as when iron and sulfur form iron sulfide: 


GREE Fs 


or when quicklime (calcium oxide) reacts with water 
to make slaked lime (calcium hydroxide) : 


(GORE cx(0H), 
DECOMPOSITION is the opposite of chemical 
combination, Tn this, a substance is broken down 
into simpler substances. This was the ease when you 
separated the two elements found in water: 


OHIO 20,1 +0,1 
or when you made oxygen from hydrogen peroxid 
(EQONRNO. — 24.0 + 0, f 

In a SINGLE DISPLACEMENT, one element 
takes the place of another in a compound, as when 
‘you made hydrogen from zine and hydrochloric aci 

+c Ba-—-n,f + mmc, 
or when you set copper free by dropping a nail in a 
sulfate: 


solution of c 
tig aso, —Cu| + Fe80, 
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In a DOUBLE DISPLACEMENT, the two com- 
pounds change partners with each other. Think of 
the time when you precipitated silver chloride from 
solutions of salt and silver nitrate: 


(Waa NB — cc | + nano, 


or when you mixed Epsom salt and washing soda: 


(soe Na eo MgCO; | + Na,SO, 


lying the chemical shorthand above, 
notice that, in every instance, there is an equal num- 
ber of atoms of each element on either side of the 
arrow that indicates that a reaction takes place. Be 
cause of this equal arrangement, these chemical de- 
scriptions are called equations. 

Many of these equations are scattered throughout 
this book: Many more are found in advanced chem- 
istry textbooks. But very often, a chemist has to 
work out an equation from scratch. 

Let’s say you want to figure out the equation for 
dissolving aluminum foil in hydrochloric acid. You 
write out a trial equation: 

Al+HCl— alc + Hf 

But is AICI correct? Look at the valence chart on 
page 75. Aluminum has three valence bonds, chlo- 
rine only one. One Al atom therefore takes on three 
Cl atoms, and aluminum chloride must be AICI. H 
isn’t right, either. Hydrogen exists in the free state 
only in molecules containing two atoms (H,). So you 
change the equation to this: 


AL-+ HCI — AICI, +H, | 


‘MEASURE OUT ALL CHEMICALS COR- 
RECTLY AND FOLLOW INSTRUCTIONS 
CAREFULLY. MAKE NOTES AS YOU GO 
ALONG AND WRITE DOWN RESULT 


WHEN EXPERIMENT 


Now you need an amount of HCI that will give 
you Cl by the 3's and H by the 2’s. 6HCI will do this. 
So you write in 6HCI and change the rest until the 
equation balances: 

2Al + 6HCI — 2A1Cl, + 3H, f 

Equations tell you what happens — but they tell 
far more than that. 

‘Take the simple equation: 


Fe +S—FeS 


1S COMPLETED. 


‘This not only tells you that iron and sulfur make 
iron sulfide but also that it takes one iron atom and 
one sulfur atom to produce one molecule of FeS. Fur- 
ther, by inserting the atomie weights for the two 
elements from the chart on page 107, the equation 
tells you how much iron and sulfur are needed and 
how much iron sulfide you should get: 


Fe + S—FeS 
56 32-56 + 32 = 88 


‘You can use the atomic weight numerals to indi- 
cate numbers of grams or any other unit of weight, 
By dividing by 16 you get the number of grams you 
used for experiment on page 22. 

Now take a more complicated equation. 


Let's say you want to produce magnesium earbon- 
ate. The chart of solubilities on page 108 tells you 
that MgCQ, is insoluble. You should therefore be 
able to precipitate it from a soluble magnesium salt 
—the sulfate, for instance —and soluble sodium 
carbonate: 


MgSO, + Na,CO;—-MgCO, | + Na;SO, 


Now you need to know how much MgSO, and how 
much Na,CO, you need, and how much MgCO, you 
will get. 

Before you start figuring from the equation above, 
check the chart on page 108, top right. Here you 
will discover that each molecule of magnesium sul- 
fate has seven molecules of water of hydration(7H,0) 


Eument —tymet a 
‘ALUMINUM AL 27 | MAGNESIUM Mg 24 
BORON © 8_~—11._'| ‘MANGANESE Mn 55 
CALCIUM Co «40 | NITROGEN N14 
CARBON C12: | OXYGEN O18 
CHLORINE cl -36._| POTASSIUM K 39 
copPeR Cy 64 SILICON Si 28 
HYDROGEN H 1 | suver Ag 108 
1oDINE =| 127_'| SODIUM Na 28 
IRON Fe 56 | suLFUR Sees?) 
LEAD. Po 207. | ZINC in 65 


attached to it, and each sodium carbonate molecule, 
(CONTINUED ON PAGE 108) 
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Equations—Continw 


ten molecules of water (10H,0). These do not enter 
into the chemical reaction — but you have to in- 
clude them in the weight of the chemicals, 

Write the atomic weight below each element, Then 
figure the molecular weight of each compound by 
adding the atomic weights of all the atoms found in 
the molecule, 

‘This is what you get: 

Mg S 0, *7H,0+Na, © 0, *10H,O—~ 
24 32 16x 7x18 23x2 12 16x3 10x18, 
M324 GL + 126 46 +12 + 48+ 180 


246 286 

MgC 0O,)+ Na; S 0, 11H,0 
24 12 16x3 23x2_ 32 l6xd 1718 
M4124 48 46 432+ 64 306 
aL 142 306 


CHEMISTRY AS A 
HOBBY WILL GIVE 
YOU MANY HOURS 
OF ENJOYMENT. 


(When a formula contains subscripts — the small 
numerals that indicate how many of a kind — be 
certain to multiply the atomic weight by the number 
indicated by the subscript, In cases where the for- 
mula is preceded by a large number, be sure to mul- 
tiply the molecular weight by this number.) 

Your finished calculation tells you that 246 g (or 
24.6 g or 2.46 g) of magnesium sulfate crystals and 
286 g (or 28.6 g or 2.86 g) of sodium carbonate crys- 
tals will give you 84g (or 8.4 g or .#4 g) magnesium 
carbonate. 

When you get even deeper into chemical mathe- 
matics you will be able to figure out the percentage 
of clements in a compound for which you know the 
formula, or the formula of a compound when you 
know the percentage of elements, or the numbers of 
liters of a gas you prepare in a chemical reaction, 


CHEMISTRY ASA. 
SCIENCE TRAINS. 
YOUR_ REASONING 
AND OBSERVATION. 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


48 


Voltage can be accurately measured with, you guessed it, a voltmeter, See Figure 2-20. 


Figure 2-20. panel-mount analog voltmeter (left) and a digital version (right) 


Avoltmeter measures the voltage, or potential difference, ina circuit across two points. Sometimes 
‘one of the points is a fixed reference point, such as the electrical ground mentioned in many circuits. 
This is often just a convenience for the purpose of measuring things, as the ground in an electrical circuit 
may or may not be connected to the ground under your feet. 

A voltmeter will have two terminals, labeled positive (+) and negative (-). Looking at the analog 
voltmeter in Figure 2-20 (the one on the left), we see a needle that can swing from 0 on the left to 30 on 
the right. The prominent capital Von the dial indicates that the unit of measure is the volt, This indicates 
that you can use this meter to directly read from 0 to 30 volts, just by placing its terminals across a 
voltage. The meter itself is electromechanical in design, and creates a magnetic field that works against a 
spring and a fixed magnet. This action causes the needle to move to a point generally corresponding to 
the labeled voltage on the dial. These needles are not especially accurate, but can be corrected using the 
screwdriver adjustment at the bottom of the meter. 

‘An analog panel meter such as this one does not require a separate power supply for proper 
operation. It draws all the power it needs from the signal being measured. This makes it unsuitable for 
‘measuring low-power circuits, where the current draw from the meter would unduly influence the 
reading. 

‘The panel meter on the right isa digital circuit that measures the voltage and displays it on the built- 
in liquid crystal display (LCD). It requires a separate power supply for normal operation. 
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Tue cuewican woxvens of today are amazing 
enough —but they are like nothing compared to the 
wonders the future holds in store for the welfare of 
all humanity. 

FOOD — The fertilizers of tomorrow will greatly 
increase the crops grown on farms throughout the 
world, Insect and disease-destroying chemicals will 
make cattle and poultry healthier and better pro- 
ducers of meat, milk, and eggs. Chemicals unknown 
today will make it possible to keep food fresh with- 
out refrigeration in any climate. 

HOMES — The houses of the future will be built, 
of more durable materials than any we have today. 
Floors and wall covering will last almost indefinitely 
New paints will add never-fading colors. 

CLOTHING — Many more man-made fibers will 
be added to those we use today — fibers with longer 
wear; fabries that are cool in summer, warm in win 
ter, easy to keep clean, 

HEALTH —The miracle drugs of today have 
wiped out that ranked among our greatest 
killers just a few years ago. In years to come many 
more diseases will disappear from the surface of the 
world under the onslaught of still more effective 
drugs created in the chemical laboratory. 

TRAVEL — Much of the travel of the future will 
bbe at supersonic speeds. Planes and rockets will re- 


quire materials that can stand tremendous heat and 
new fuels capable of producing enormous energy. 
Chemistry will provide them. 


at’s Ahead in Chemistry? 


ATOMIC ENERGY — The force hidden in the 
atom will be turned into light and heat and power 
for everyday uses. Chemists of the future, working 
with their brother-scientists, the physicists, will find 
new ways of harnessing and using the atoms of nu- 
merous elements — some of them unknown to the 
scientists of today. 

Do you want to share in the making of that as- 
tonishing and promising future? 

If you have enjoyed performing the experiments 
in this book, figuring out formulas and equati 
jotting down observations, you are the kind of per- 
son who has the qualifications for making @ success- 
ful career in chemistry. 

If you care to look further into the matter, speak 
to your science teacher about it and drop a line to 
one or all three of the organizations mentioned below 
and ask for their pamphlets on becoming a chemist: 

American Chemical Society. 

1155 6th Street, N. W., Washington 6, D. C. 

American Instilule of Chemical Engineers, 

25 West 45th Street, New York 36, N. Y. 

Manufacturing Chemists’ Association, 

1625 I Street, N. W., Washington 6, D. C. 

But whatever you decide for the future, keep up 
‘your interest in chemistry as a hobby. In addition 
to giving you fun and enjoyment, your chemical 
hobby will sharpen your powers of observation and 
reasoning and train your mind for whatever oceu- 
pation you decide upon for a lifework. 


CHEMISTRY AS A. LIFE- 
WORK ENABLES YOU TO 
CONTRIBUTE TO THE 
WELFARE OF MANKIND. 


109 


Where to Get Chemicals and Equipment 


A creat many of the experiments in this book can 
be performed with equipment found around the 
louse: water glasses, custard cups, jars, bottles, cans, 
and funnel. For the rest, the following pieces of regu- 
lar chemical laboratory equipment are needed: 


6 test tubes, regular, 150 mm x16 mm 

3 test tubes, Pyrex, 150 mm x 16 mm 

1 test tube brash, small 

3 wide-mouth bottles, 4 025. 

6 ft glass tubing, 6 mm outside diameter 

3 ft, rubber tubing, 4" inside diameter 
‘a, 0 rubber stoppers, ane hole 

1 No. 5 rubber stopper. one hole 

3.No. 5 rubber stoppers, two holes 

1 triangular fil, 4” 

1 glass stirring rod, 5° 

1 pkg. filter paper, 12.5 em, 50 pieces 

1 Vial litmus paper strips, blue 

1 vial Litmus paper strips, red 


Tf you can not secure this equipment locally, write 
to one of the companies below asking for price list 
or catalog, including cost of catalog where called for. 
When you receive the answer, mail your order and 
the correct amount by bank check or money order. 


Seienea Mail Co, 17-88 Murrny St, Wi 
‘Brie list fes) 

Winn Cheniea Co, 
(Catalog 250) 
N.Y. Scientific Supply Co, 28 West 80th St 

F- (Catelog 36) 
Home Lab Supply. 511 Homestead Ave., Mount Vernon, N.Y. 
(Price fat ee) 
Biological Supply Co. 1176 Mt. Hope Ave., Rochester 20, 
Se Gatkls 33) z 
A.C, Gilhert Con P.O. Box 1610, Now Haven 6, Conn 
(Pree lt free) 
Blo-Chemical Products, 40 Somerset St. Belmont, Mas. 
Catalog 380) 
Laboratory Seles, . 0. Box 161, Brighton, Mas. 
talog 254) 
‘The Poriee Chemical Co, Hagerstown, 
Tracey Seientie Laboratories, 
(Catalog 256) 
National Scientific Co, 13 South Park Ave, Lombard, Il. 
(Catalog 358) 
Hagenow Laboratories, Manitowoe, Wis (Catalog 206) 


testone 57, N.Y. 


124 West 23d St, New York 11, N.Y. 


New York 1, 


IF YOU DECIDE TO USE REGULAR LABORATORY WARE 
IN YOUR HOME LAB, GET PRICE LIST FROM SUPPLIER. 


ONE aera 


CHEMICALS FOR HOME EXPERIMENTS ARE AVAILABLE 
IM JARS OF UNIFORM SIZE, ALL PROPERLY LABELED. 


Wreeven you xexp a chemical for one of the ex- 
periments described in this book, check the list of 
common chemicals on page 111 to find out where to 
buy it. 

All of these chemicals are, of course, available 
through chemical supply houses. The trouble is that 
many of these houses do not sell to individuals but 
only to schools and established laboratories. Also, 
the chemicals usually come in a standard amount of 
34 1b.— or even 1 Ib. — where, in home experiments, 
‘you would need 1 ounce or Jess. The same is often 
the case when you buy chemicals in a local store, 
The minimum-sized packages or jars may be so large 
that you couldn't possibly use up the contents in a 
year of experiments. You will probably also have to 
Tepack what you actually need into glass jars of suit 
able size for efficiency and to fit your storage space, 

Because of this and the inconvenience of having 
to shop around, you may find it advantageous to buy 
‘your chemicals by the kit, in uniform-sized screw- 
top glass containers. Such kits are available in the 
science department of many hobby and model supply 
stores. 

Chem-Kit No. 1 contains the ten chemicals mark- 
ed @ on the opposite page. Chem-Kit No, 2 contains 
the ten chemicals marked G. The kits contain suf- 
ficient amounts of chemicals to perform each experi- 
ment many times over. 

‘You can also make up your own set of chemicals 
in amounts suitable for home experiments by getting 
them from one of the companies listed to the left. 
Be certain to add the cost of the catalog when you 
write for one and to send the correct amount when 
you order. 
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Common Chemicals and Their Formulas 


(CHEMICAL NAME 


FORMULA | COMMONNAE _|WHERETO BUY 
a |Aceric Aci GULCOOTT + TF.0 [59 sation: white vinegar cee 
2 |Annrontunt CHLORIDE NiCI at arto Dior sto 
5 [AMMONIUM HYDROXIDE NHLOH + H:0 10% solution: howsshold ammonia | Grocery 
[ev solution: strong emmonta "| Drug store 
a [Bont acip bore asia Drag store 
a |catcron: CARBONATE Dna; roel tinction Builders’ supplies 
rede presptated chal Drug store 
5 |eactus: BYDROXIDE Lake lime, garden time Harare store 
5 CALCIUM OXIDE vicki Builders’ supplies 
5s /caccrum suLrare: josie Pare Fittrerasto 
ae Ghemfcal supplies 
 |cARBON TETRACHLORIDE farvon tet artretaiore 
3 COPPER SULFATE piu vitriol Drug store 
 |FERROUS SULFATE fron sulfate, green vitiol, copparas | Drag store 
5 |etucose pctution:coraayep Crs 
5 |HYDROcHLORIC ACID 5% slutcn: muriatic acid | Hardware store 
5 | HYDROGEN PEROXIDE br solution: peroxide Drug store 
a |IRoN, METAT, POWDER erdaed nem Chemica supplies 
3 | MAGNESIUM, METAL snagaesium ribbon Chcical supplies 
5 | MAGNESIUM SULFATE MiS04*7H;0 [Epsom sats nee 
a | MANGANESE DIOXIDE Mn0s piri Harve store 
| (tnt batters) 
o | NAPHTHALENE Cul moth balls Hlacdware store 
| PHENOLPETHALELN C,H,COOC(CAH,01F A phenaipithalsin Dros sere 
& [POTASSIUM ALUMINUM SULFATE) KAI(S0)3+12#,0 Jali, potassium alam Drug store 
[POTASSIUM FERROCYANIDE — | KiPe(CN),*3TT:0 {potassium ferrocyanide Chemical epics 
B POTASSIUM TODIDE KI eotassiza foie Drug store 
& POTASSIUM NITRATE KNOs altpete, ner Brag sic 
[POTASSIUM PERMANGANATE — | KMn0, [leseerdptecrecreer een 
 |SAnICYTIC AcTD CaLOHCOOH — false acid Dig store 
a | SILVER NITRATE AgNOs ham caustic pie 
5 [SODIUM BICARBONATE ‘NaHCO, ling seg eae Ieee: 
@ SODIUM BISULFATE NaHSO.+H0 [89% of Sani-Flush® | Grocery 
SODIUM CARBONATE eal soda, crystal washing soda | Grocery 
oncentrated was ala | Grocery 
SODIUM CHLORIDE alt, table sal een 
5 SODIUM HYDROXIDE Naot exists sda, Dano® Gee 
& SODIUM HYPOCHLORITE NaCl +140 [59% solation:Iandey bleach, | 
Gira | Grocery 
 |soprom rorasstuM TARTRATE | NaKC{E,O.+480 [Rochelle salt Drug store 
5 |soprum siticare NosSi0s + 50 fsottion: water slas Hardware store 
5 |soprust TeRARonATE NaiB,0;*108,0 — foorax Drag store 
a |sopruse THTOSULEATE NaS.0.0510 — faypo Photo sla 
a |sucnose s CiaFinOn Pes Grocery 
5 |sunror s Perrine ettin Ding sire 
[Bigch sllurcaute Hoedoare store 
8 |ziNc, METAL 2a lie setae 
Casi baters) 
a [ase CHLORIDE ZoCh, + 1,0 inners’ Guid Hardware store 


Note: Ch 
marked are found 


‘Chom. 
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nicals marked Q—muny of them liquids—are most easily secured in local stores. Chemicals 
‘0. 1, chemicals marked in Chem-Kit No. 2 (see oppo* 


2 page). 


Acetic ocd, 90,91 Compounds, 22,23 
‘lds, 3, 42, £3; exon Espen 7071; sarmonate, 71, 
Tati, $2, 93; howe ide, 


Sefer, 6 
Sloe 
Schoyie acids 90,91 


s Sol tableg ate Sodhum clare 
a 
Cpremmeniam, 103 Lsboratory, safety, 16 ssting up 
{ope sli, 70,71 Toni, chien, 167 
uprous sali, 70,71 Lavoisier Anaine & 
' Evin Maris, 7, 20 Une, 0,20 
Armonia, 32,53, 43; fountain, 33, Cutie, Flere, 7,20 Lime water, 31 
‘woking 33) soa! tye 
ies of 32 Dolton thn, 38,37 


ride, 33) Dav Humphry, 7, 37, 60 Magnesium, 62-6; corboneh 


33, Dacastation, 20 ‘Gi hydra 

show to make; 12,18 Demouitun 2,8 

a, 9s 
Arhanes, Svonte, 40 

Eg preside, 66 sate Sep, 8495; haw Mats 8p 

frome emery, 5 ‘of ethonal 89; of water, a1 Sido 67 poking, #3; Testing, 93 
‘rome weigh 38,22, 107 Mecsuremants, 1 soda os 39,94 
‘rome, 36, 27,38, 59 ngs, preten in, 9897 Mendeleot, Det, 39 Sodium, Say certat, 


Eecraiy 


ff water, 25 etollelas, 23 “Ss bicarbonate, 8 
Becketond Len H, 104 Metals, 2 (oe als ndviduat 

Ssloner, hand 13. ‘Empedodae, 6 Thatta ene fr, 3, 38 
llson, 28 athe, 80, 81,81 


where te buy, 110 


ers 79,92 
seme Monty, 6 Etharol 88; 69 ‘Moseley, Hetey, 39 ty aly condusity af 0; 
Beton 7) beod tt, 58 Evoparction, 21 Marin ced, tee Hydrochloric inking 47 sotrated 41 
Bone gad, 57 tat fo, 57 cad starch, B6a7; raking, 87, fest 
Foroday, Joseph, 18 
Nophthotane, 83 
Nawiom, 58 


jeuracation, 46 
Colum, 40-5; bienBanate, 0; Nivate ptassom, 2, 41, 58, 
“atbonate, 45,4, ened, silvers 72 
7, Str hyévorie, 45,0; Nivic edi, 42 
‘lide, 43, 0 se ‘Nitrogen, 3233; in etmerphere, 2 
‘condies 18-194 contents of, Nowaetel, 23 
(Corsohyaraten 79,8457 
(CSpSon, 76; tem. 7; comaounds, —"earpatnds, 0-81; af comman Ol, coving af 83; eude, 82) 
15, 7677, 78,80; farms ef, Sremieels, itl tioctonotog of 82 
Tite for ole 293, 


Biron 69; motu, 
‘eangoneae, 7; potas, 37 


Gelatin, 97 
Sloss tbe, bending, 13; cating, eign 51 rodetion 
13) olesien, 13 or 53 

tye 92,93 ‘Onyaen, 26:7; In ctmonphere,27; Sulfur dioxide, 52; making, 

‘making, 27 tet for, 25. Sutlrieocd, 12 

Sulfrous el 452 

Poreeclaus, 6,7 Spmbol,elehersh 2, 6,28; 
Peptaation, 1h Shemial 38 


‘oking of, 


Holl, chovtes, 64 3 
Hydiocabont 7, 82.53 
yareclorie sd, 34, 44 


Hydeogen, 5 28, 295 
fey sot, 25,28 Photoaraphy, 73; without = 
Hydiogen ode, comes 

CChamiey, crcers in, 19; futore __Wydtouen porate, 26,27, 7 stoves 86 

"109; imparted wh Hpdroaen solide, 32, SBrtochemb Power cf Ports Urea, 78 

ia "al enaisis 5 mating, 53 Floste, 104-105; tet for, 104 
chem, & Hydrecide, 48) slorminum, 85) shy 29,94 Volaneas, 74.75; chat of. 75 
Chloride, aluminum, 66; ammonium, "emmaniim, 33, elclum, 80, Petassumy 38, 24 olum, 6 

Bijeolcium, a7, Gls copper, 71; Slyeopper, Trap, 71y ‘atbonate, 57 fecrocyanide, 6 

spre, 71; cuprovs 71 Fri, cre bs fvgous, 69 an, 69, ‘Dame ten for, 59; hyo, ay 

£8; Ferraun 68 ron 25,25, Seerein son 


‘magresimy 42; manganese, &7: 
ian of og 
Hypo, 4, 5, 82,73, 


fs, Joseph 7, 28 


Chlorine, 34.25; bleaching with, ci 79, 96.97 19 ea, 98, 


BS: compounds, 34,35) obing, —_Inieatoe calor tole, 44 45; B71 foods, 84,97; nile, 
pairs Fomemde, 12) fypce of 99; tat for 97,97 Water of hydration, 108 
Iskortory, 3 ross deteph 37 Watersiass 55 
Iodide, potosiom, 34, 45,49, 67 rostian blu, 88. fer Fredric 7,78 
Fedine, 13-49; meting, Presto, 66 
ering, 49; slut of, 8; 
{ssrfon 42; incre of 42 edium, 20,21 


tai fer, 1 lesoform, @9 Bayan, 102; making, 103 


m2 


More than 200 color pictures and clear, easy-to-follow directions 
show junior chemists how to prepare a laboratory at home, how to 
buy and make apparatus, and how to set up fascinating, informative 
experiments. In addition, there are facts about famous chemists, 


their contributions, and chemistry in nature and industry. 
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(CHAPTER 2 » BUILDING YOUR TOOL CHEST 


Ammeters 


An ammeterlooks and operates just like a voltmeter, except that it measures electrical current flow 
instead of voltage. The low of electrical current is measured in units called amperes (A). The basic 
mechanism is almost identical to a voltmeter. To convert a current flow into a voltage, an electrical 
device known as a shuntis used. The shunt is simply a fixed-value resistor that produces a voltage across 
its terminals in relation to the amount of current that is flowing through it and its inherent resistance to 
the flow of current. 

‘This relationship between voltage, current, and resistance is elegantly expressed in Ohm's Law. If 
you know two of the measurements in a circuit, you can calculate the third, based on their fixed and 
proportional relationship to each other. You will find this law to be exceedingly helpful to you when 
designing, repairing, and upgrading electronics, 

To avoid using fractions, which seem to terrify so many people for no good reason, you can use 
‘Ohm's Law thusly: 


‘© Voltage (volts) = current (amps) x resistance (ohms) 
‘+ Current (amps) = voltage (volts) + resistance (ohms) 
‘+ Resistance (ohms) = voltage (volts) + current (amps) 


‘That's all there is to it, if you're just working with volts, amps, and ohms. Things can get weird, 
however, when you start to work with alternating current (AC), which is the kind of electricity you find i 
wall outlets and audio circuits. 


Ohmmeters 


An excellent application of Ohm's Law is found in building a resistance meter, also called an ohmmeter, 
because it measures resistance. Resistance is measured in units called ohms, often abbreviated with the 
capital Greek letter omega (0), 

‘There are two ways to do measure resistance. One is to pass a known voltage though the unknown 
resistance and measure the current that is flowing in the circuit. The other is to pass a fixed current 
though an unknown resistance and measure the voltage across it. This second method is the one most 
commonly used. 

You're most likely going to use a multimeter to measure resistance, as this is one of the more 
common functions of these handy devices. Mutlimeters are covered in the very next section. 


Advanced Test and Measurement Equipment 


It would seem that for simple circuits, having just a voltmeter, an ammeter, and an ohmmeter would be 
all you need. For the most part, this is correct. However, have you considered what would happen if you 
applied 100V to the 30V meter shown in Figure 2-20? What if you simply reversed the polarity of the 
signal by accident? Something bad for the meter, that's for sure. It might not actually catch on fire right 
away, but it would certainly damage the delicate, spring-loaded mechanism, possibly rendering it 
useless as a reliable measuring instrument. 

‘The same can be said for an unprotected ammeter or ohmmeter. Luckily, the nice people that make 
good test equipment stay up late at night, thinking of the stupid things we might do with their products, 
and protect them accordingly. Let's look at some meters that measure multiple electrical characteristics, 
which strangely enough are called multimeters. 
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Part II: Diode Test Data Report 
Back to Lab.. 


aN 
Test Results =i YC nn 


Over a period of several weeks in 2013 I ran I-V characterization measurements on 
a. good number and variety of diodes, crystals and my two tubes to see how very 

thing stacks up. The following presents the resulting curves, diode photos, and 

Some puzzling questions/conclusions I churned up in the process. These 

Characteristic Curves carry the voltage out to 2,0 Volts, well beyond any signal 

strength one might expect fo receive with a erystal set. This is important to note because the curves themselves are dominated by 
the diode series resistance. After each discussion I then inelude my spreadsheet with the detail DX-level analyses that provide the 
critical information about diode "n", (Ideality factor) "Is", (Reverse Saturation current) and "Ro", (Zero-bias Diode resistance). 


‘These are the data the set designer requires. 


1 start off with the realization that when one orders diodes, itis by no means certain what one will get. This seems especially true 
for the supposedly ubiquitous 1N34A. Unless you see the part number actually on the diode, you probably need to test it to know 
‘what it really is, So, lets take a look! 


Germanium Diodes 


Germanium Characterization 


10 


nts 
5 |=e=aNssa banat 
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INSSA series 
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Multimeters 


Multimeters will almost always allow you to measure various ranges of DC (direct current) volts, AC 
volts, current, and resistance. More advanced meters also measure things like frequency and duty cycle 
or even temperature. Some meters will even directly measure capacitors, inductors, and transistors 
using specialized connectors. 

As with most tools, you generally get what you pay for with multimeters. The meter on the left in 
Figure 2-21 was purchased for under $3, including shipping from China. It arrived DOA (dead on arrival) 
and was not deemed important enough to return. It will make an interesting clock or fake lie detector 
someday. The unit on the right was purchased new for nearly $400 and has provided over a decade of 
useful service. The unit in the center is modeled after the unit on the right, it would seem, but can be 
bought new for between $10 and $20. The unit in the photo was bought wholesale for $4, because 
sometimes you get lucky. It’s often handy to have a second meter in the lab—for example, when you 
need to measure the voltage and the current flowing in a circuit simultaneously, which you just can’t do 
‘with a single meter. 


Figure 2-21. Examples of some multimeters. The meter on the left features an analog display that is easy t0 
read and acommodates several readout scales simultaneously. The remaining two meters have digital 
readouts and offer more accuracy. All the meters use a large rotary knob for selecting the proper function. 
The higher-cost unit on the right features auto-ranging, intellignetly decidling what range to use. The right 
two units also have high-impact boots to help protect them in the event ofa fall. 
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1N27037 


7 p 


DI8 


1N270-277 series 
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@77) 134A b 1N270 
IN DIE 
GAZ 51 OAs 


ITT Diodes, Something special here. 


Fo21s = 44145 


hittpwwaclessmiths.com/~Kjsmith/crysta/ctest shtml ana 


71812017 is crystal radio, diode test 


IN695 


‘One oddball Ge diode, not sure what 


is for., 


= 
 ——2 


1N91 


Here we see a set of Germanium diodes and photos of the diodes under test. Immediately you should notice two sets of curves, 
What I call the "1N34A" set and the "IN270-277" set. In this analysis, the second set appears clearly superior in sensitivity and 
deservedly so. In the photos it is clear that one bunch of diodes I purchased as IN34A were in fact better IN277, the black band 
and thin gold contact wire as well as common curve unite these, "True" IN34A’s have a more robust contact wire. I also purchased 
2 1N270 and received pretty orange diodes with the number "37" stamped on it, a fairly robust contact wire and a curve that most 
closely resembles a IN34A, go figure, Mereifully, I DID manage to get some bona-fide 1N34A’s with the part number on the diode, 
as well asa single bona-fide ITT 1N270 diode with the part number. These are my base for comparison, 

In addition to the standard Germanium Diodes tested above, I also have latched my hands on a few "other" germanium diodes for 
the fun of testing. These include two vintage Russian types, a D9E (in the 270 class) and a D-18 (transitional between 270 and 
IN34A), Additionally, I acquired a few FUZZ diodes popular, I suspect, with the guitar gadget crowd. These are larger packages in 
metal eases so I eannot see how the internal contact is made other that they are stated to be gold bonded point contact type. 
Clearly these are highly sensitive diodes in my 270 class, the OAS looking best ofthe lot. Interestingly, I recently purchased from 
‘good Mr, Peebles a few of his "Holy Grail" ITT FO-215 diodes. My measured characteristic for one of these is a dead lay down on 
the gold-bonded OAS. From the photos, these are in different packaging with the FO-215 in a traditional glass easing. What makes 
the FO-215 so great is the fact that its resistance Ra is an interesting 150k ohm or so which matches very well with typical 
moderate Q tank circuits. Interestingly, I find that an old Russian D18 diode has very similar characteristics to the FO-215 and so 
must also be placed into the "Holy Grail” class of germanium diode. Take your pick! 
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Spreadsheet for calculation of Germanium diode n and Is (modified from Mike Tuggle's spreadsheet) 


Spreadsheet for calculation of diode n and Is. 


Diode 
under test 
FO216 
FO-215 
GAL 6t 
GAZ St 
1n23 
1N23 
1N270 
INtat 
tnt 
TNS 
1NG3S 
aanas 
ata 
1N270 
1na70 
D310 
1na77 
1no77 
OAS 
OAS 
Dae 

DoE 

Dis 

Dis 
1NsaA 
1NOMA 
GD 4024 
6D 4024 
134A 
1NB4A 
1N34A, 
1NBMA 37 
1NB4A 37 
14a 
1N34A 
Nia 
ANIA 
INIA 
Ant 
N91 
1Ngt 
Not 
191 
1ngt 


black 
black 
Tesla 
Tesla 

red 

red 

groan 
‘green 
groan 
range 
range 
bonafide 
bonafide 
germanium 
‘oermanium 
germanium 
‘germanium 
fd 

tue 

fed 

fd 


1.0993 
1.1050 
1.9192 
4.1379 
1.3455 
1.2588 
1.2790 
1.1795 
1.2570 
1.1160 
1.0930 
1.1720 
1.4575 
1.6510 
1.2590 
1.0089 
1.4990 
1.6042 
1.8490 
1.4810 
1.5350 
1.4200 
1.2040 
4.2706 
13220 
13430 
1.7080 
1.5535, 
1.3210 
4.3030 
1.5740 
1.0955, 
1.3550 
1270 
41.2500 
1.2795 
1.1795 
1.2570 
1.3090 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 


Is 
mA 
195 
175 
87 
140 
a2 
240 
15 
7 
1402 
3 
B 
218 
242 
210 
357 
m8 
7233 
296 
3384 
1996 
2a 
2164 
198 
193 
993 
033 
1360 
970 
1664 
1185 
1389 
1858 
1370 
73 
1292 
22 
725 
402 
1339 
16564 
12442 
18858 
22098 
24 


Ro 


Temperature 


dF 
307 
09 
831 
29 
B18 
20 
24 
351 
oS 
12 
70.3 
n2 
Az 
24 


33 
35 
ats 
922 
a5 4 
85.4 
aus 
47 
m4 
mS 
T12 
m2 
71.2 
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ac 


28 


218 


01422 
opted 
1024 
08850 
0.05965 
0.03120 
0.03276 
0.00835 
0.01508 
0.00916 
o.p0765 
0.00821 
O00. 
0.00385 
o.na7aa 
0.00786 
o.o4oo4 
o.42ts 
o.01401 
o.1675 
01385 
ania 
0.00945 
ont17s 
0.1237 
0.00364 
o.0t09 
onna9s 
0.00995 
03316 
01642 
o.0t02: 

o.nt07s 
c.007as 
0.00827 
o.007a 
0.00664 
o.o703 


az 
uA 
0.49730 
0.60990 
0.60860 
0.50280 
0.g0s60 
0 £0490 
0.49660 
D5i5e0 
0.51750 
052880 
0.55890 
0.60930 
0.49960 
0.49630 
0.60440 
Deti70 
050180 
0.€0400 
050370 
0.50550 
050250 
0.49570 
060910 
0.50250 
0.60250 
0.51570 
0.49200 
0.81780 
0.49630 
49420 
0.49360 
051740 
0.49990 
050780 
0.60260 
0 s0000 
0.51640 
0.51780 
0.49070 
283600 
2.74160 
3.05400 
3.53300 
3.78400 


Tuggle Method fiom "Cal Iss 
vaa 
Vv 
03574 
0.03882 
0.02356 


vat 


lat 
vA 
1.00280 
4.13850 
4.00240 
4.03850 
1.04320 


0.06528 1.00390 


0.02437 
0.02075 


0.01795 1.02990 


0.073 


6 102800 


0.07423 0.99800 
0.0495 | 1.02790 


0.06024 
0.01636 
0.02628 
0.01696 1.11490 
.01402| 1.00250 


0.01639) 1.11520 
0.01266 1.01480 
0.01646 1.07020 
0.01822 1.13280 
0.01402, 4.01000 


o.0ee13 


140500 


0.06418, 1.15550 
0.02476 1.05390 
0.02765 1.01250 
0.02786 1.19350 
0.03166, 1.17270 
0.0769 0.99850 
0.02196) 1.04750 


0 


7 1.07190 


0.01488 1.01250 
0.01925 1.00190 


103050 
4.20570 


Dodse? 1.019 
0.03075 | 4.25650 
0.01796 1.02980 
0.01915) 1.01450 
0.01826 6.83110 
0.01876, 6.94010 
O.0Tse4| 6.79000 
0.01160, 6.99500 


0.0 


6.92800 


The above spreadsheet is based on measurements of the diodes shown above. For the determination of Is and n,1 chose at random 


two examples from my collection of various diodes, (all germanium in this case) and measured via a modified version of the 
methodology outlined by Ben Tongue and Mike Tuggle. For this work I have chosen to set 142 about 0.5uA and Id1 about 1.0uA 


and then read the needed voltage. This is the inverse of the normal method but the justification is that for any diode regardless of 
forward voltage drop the measurement is made at the same part of the LOG I'ys V characteristic. This allows comparison between 
al diodes. I have included the actual room temperature in the calculations in order to eliminate this variable as a source of doubt 


or error. All'the measured parameters as well as the determined results are presented in order to facilitate repeatability. 


A final note on the plots above. You will have noticed that I sub-divide germanium diodes into a "1N34A" class and a "IN270- 


277" class. This is a result of looking at their I/ V characteristics on a plot of 1 -2V DC versus 0- 10mA scale. At such a scale the 


slope of the characteristic for the 1N270 class remains much steeper than that for N34 type diodes. As this is not seen as a 
distinguishing feature at the small-signal seales looked at here, I judge the chief difference between the two types lies in the diode 
series resistance Rs, This impacts strong-signals but is of no concern for small-signal DX work. Just so you know. 


Schottky Diodes 


hittpwwa-lessmiths.com/~Kjsmith/crysta/ctest shtml 
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Schottky Characterization 


‘tp yivawlessmiths.com/=Kjsmith/crystalidtest shir 
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2 1NB4A N60 


BAT46 1NSS19 


18816 1sso9 


Schottky diodes are very sensitive diodes that work excellently in crystal radios. Their construction and theory are different and I 
confess to not fully understanding these components. Still, from the characteristic curves, they are excellent! Again, note that you 
don’t always get what you bargain for. Here I found what was supposed to be 1N34A's to be some sort of Schottky of unknown 
pedigree. The INS819, while having the lowest forward voltage drop, has a rather very high Junetion Capacitance and will not 
perform well. Posts on the RaidoBoard Crystal Radio Forum however highly recommend the INS711 for erystal sets although the 
characteristic curve doesn’t look that fabulous, Many web pages out there on Shottky diodes, I recommend you do your 
homework. Of all the schottky's, I note that Ben Tongue recommends most highly the HP5083-2835. The high resistance Ro makes 
them useful for DX sets with very yery high Q tanks. Even so the diodes need to be paralleled with up to 4 or 5 diodes to match 
correctly the Rd with the tank Rp. I haye found these somewhat hard to find and expensive, especially when one requires using 
several in parallel, I recently measured few 1$S98 diodes and I discover them to have characteristics extremely similar to the HP 
and I feel they deserve more attention, Sadly, on ebay they seem to be just as difficult to find and expensive. No free ride! 


hittp/wwaclessmiths.com/~Kjsmith/crystal/ctest shtml 74 
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‘Spreadsheet for calculation of Schottky diode n and Is (modified from Mike Tuggle’s spreadsheet) 


Spreadsheet for calculation of diode n and Is TTugole Method from *Cal_n_Is xls" 

Diode a Is Ro Temperature Vd2 12 Vdt— It 
under test nA kOhm = oF dC vw VA 
INB711 blue 107336 BIG U2 288 ost? 09879 
ANS7I1 blue 1.06836 | ASH 00.0 267 0.4817 os: 

18598 1075312 302-838 288 (0.10430, 0.6001 1.0208 
HP 5082-2025 1071912 2006 002-268 0.10015 0.4961 10204 
18888 1.052813) «2188 838 288 0 102K6, 0.6081 

HP 5002-2005°4 1.071348 Sr 268 0.40215 0.4961 

ANT" 8 ‘10583 | 48 | 572 267 0.1211) 0.4917 

SOW3A S0BF 1.0835 408 2a? 20.6 6.04646 0.5021 

SDWIA 50pF 1.004312 2a 285 0.00611 0-60 

BAT 46 4.1105 141204 26.7 0.08304 0.4676 

BAT 45 113327 27.1 (0.04173, 0.5048 

‘N60 4.1080 161 | 176 267 0.03988 0.48 

‘N60 ‘Lose 178158 26.9 0.03743) 0.4888 


ANA? scholthy 1.1104 31790 
1N3A2 cchotthy 1.259 4826 
1N5819 100pF 4.1981 750 


269 0.02710, 0.6019 0.04066 
269 0.02268 0.6076 0.03 
270 0.01851 0.4967 0.02566 0 9975 


1N5B19—100pF 1.1425 «80735 2A 0.01463 6411, 1074 
188984 6n 4.3760 184019 27.9 0 90886 40265 
18808 6.2n 13450181519 279 0.00876 
18816 NEC 22700 M101 14 275 0.00684 
18816 NEC 6.2000 1428811 27.4 0.00664 OTE 1.0733 


‘The above spreadsheet is based on measurements of the diodes shown above. For the determination of Is and n, I chose at random 
two examples from my collection of various diodes, (all schottky in this case) and measured via a modified version of the 
methodology outlined by Ben Tongue and Mike Tuggle. For this work have chosen to set [d2 about 0.SuA and Id1 about 1.0uA 
and then read the needed voltage. This is the inverse of the normal method but the justification is that for any diode regardless of 
forward yoltage drop the measurement is made at the same part of the LOG I ys V characteristic. This allows comparison between 
all diodes. I have included the actual room temperature in the calculations in order to eliminate this variable as a source of doubt 
or error, All the measured parameters as well as the determined results are presented in order to facilitate repeatability. 


‘Note in the above data that both the BAT-46 and the 1N60 diodes appear to have excellent properties for erystal radio work. In 
fact they have very si 


lar parameters overall, Looking at the photos you should also note that the two types of diode look 
.. The BAT 46 has it correct markings but the N60 is unmarked. You never know what you get! 


jously exactly 


Silicon Diodes 
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Silicon Characterization 
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‘1N4736A. 1N4007 


GA10 


Silicon diodes haye good characteristics, but an unacceptably high forward voltage drop making them a very poor choice for 
‘crystal radio unless used with bias. The 1N4736A is a Zenner diode. 


‘Spreadsheet for calculation of Silicon diode n and Is (modified from Mike Tuggle's spreadsheet) 


‘Spreadsheet for calculation of diode n and Is Tugole Method fom *Cal_n_Is.xls" 
Diode a Is Ro Temperature Vd2Id2 Vat It 
under test tA kOhm = dF CV AVA 
1Ngt4 1.9510 54 S3E03 820 278 0.22733 0.486 0.26228 0,866 
Nata 20236 | 6.9 7.8E*03 025 283 0.22364, 0.4087 10689 
$Na148 1.9950 58 8.9603 831 284 023194 O17 10841 
‘natae 2.0041 58 9.36403 285 023177 0.461 1080 
44007 1.5139 0.8 GAE+04 285 (0.26300, 0.6041 1.0355 
1Naoo7 1514005 7.8604 285 (0.25951, 0.4865 10133 
10 1.560021 1.9E+04 205 0.20125 0.4502 4.0026 
6A10 1.5368 2.0 2.06404 285 0.22021, 0.4842 (024764 0.9871 
1N473GA Zener 1.1505 0.00002 1.9E+09 206 051499 0.4561 0.63702 1.0609 
INAT36A Zener 1.1355. 0.00001 2.5E+09 286 051663 08017 0.9853 
KB 130 russian 1.1403 0.00005 5.0€+00 206 0.47531 0.5012 40061 
KB 130 russian 1.1649 0.00007 4.4E+08 286 0.47667 0.4900 0.49746 1.0156 
UKH —wussin 1.9843 86.3603 267 0.208% 0.4466 0 24408 

UK russin 1.1727 41.3404 24 0.2717 0.8148 0.26707 
UKi—mussian 1.7807 0.1770 2.8605 284 

KDA01A nussion 1.5115. 0.1679 2.3605, 285 

KD 401A mssinn 1.3845 000233 1.56406 285 

D220 mussinn 1.2596. 0.1010 3.2E+05 206 

D220 russian 1.2047 0.0599 5.E+05 27 0.4877 


223A wussian 1.1993 0,0030 1.0E+07 
223A mussinn 1.1954 0.0036 8.506 
UKJ —mussinn 4.4517 48.8609 202 0.4908 
UKJ russian 4.3988 22.0E04 28.2 0.4978 
‘The above spreadsheet is based on measurements of the diodes shown above. For the determination of Is and n, I chose at random 
two examples from my collection of various diodes, (all silicon in this case) and measured with a modified methodology to that 
‘outlined by Ben Tongue and Mike Tugele. In this case, with the radically different forward voltage drop of these diodes from 
Germanium or Schottky diodes, I have kept the Id values constant (about 1d2=0.5uA and Id1=1.0uA) and varied Vd. I have 
included the actual room temperature in the calculations in order to eliminate this variable as a source of doubt or error. Al the 
measured parameters as well as the determined results are presented in order to facilate repeatability. 


206 3771 0.4087 
283 sete 0472 


1.0708 


Light Emitting Diodes 
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LED Characterization 
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Your present budget will help determine what level of multimeter you might want to obtain. If 
you're wanting to sink less cash into a multimeter right now, consider looking for used equipment in 
good shape. As with any good tool, you can spend as much as you like on these. The sky really is the limit 
here. 

Most all-in-one meters protect their inputs using fuses. You will have to disassemble your meter to 
replace these fuses, so think twice and measure once (to paraphrase the old carpenter's saying, 
“Measure twice and cut once") 


Tip Be sure to set up your meter for the proper function and range before taking measurements. 


Oscilloscopes 


‘Once you've gone beyond measuring simple DC and AC voltages and move on to more complex signals 
and waveforms, you'll have to lay aside your trusty meter and fire up your favorite oscilloscope. This, 
instrument is more complex than your traditional multimeter, and offers a different perspective on 
what's going on in your circuit 

While many modern oscilloscopes have many modes of operation, their basic function is to draw a 
picture of your signal on a small screen. In the olden days, this was done with a moving dot that was 
‘swept across a phosphorescent screen, leaving a residual, fading line of light. If this pattern was repeated 
over time, a visual representation of the signal could be seen on the screen. See Figure 2-22. 

Modern oscilloscopes use a computer monitor or built-in screen display to draw the signal. This, 
saves space, weight, and power requirements, 

‘When purchasing an oscilloscope, the features you pay most for are the number of available 
channels and the bandwidth. The least expensive oscilloscopes will have a single channel. Having 
multiple channels allows you to “see” multiple signals simultaneously, which is often helpful in 
understanding what is going on in a circuit. 

Bandwidth refers to the range of frequencies that can accurately be measured by the oscilloscope. 
Lower bandwidth scopes require much simpler electronics, and are thus cheaper to produce. 
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Yellow 2.0 \ : 


As long as I am measuring various and sundry diodes, I figure I ought to inelude that most ubiquitous of modern diode, the LED. 
Found everywhere, these diodes are rapidly becoming the low-energy light source of choice for many lighting applications. I have 
read occasionally of someone asking whether these ought to be useful for radio applications as well. To this question the answer is 
‘generally a resounding "No!". The turn-on voltage is waaay above any reasonable value expected to be delivered by an antenna to 
a crystal set. Still, this simple answer avoids the actual question, what in fact does the characteristic curve of a LED really look 
like? Where is the turn-on voltage with respect to the published junction voltage, (assuming you can find that). 

‘To provide just such a look I visited my local electronics store and bought a small handful of LED's, most with the junetion voltage 
listed and took them home to measure, Typical LED junction voltages seem to range from about 1.8v to 2.1V or more, The turn-on 
voltages look closer to 1.6y-1.7v. Anyone used to working with Carborundum crystals or silicon diodes will be used to biasing their 
rectifier to get good sensitivity. These LED's once on have a very sharp rise and with a proper bias should work quite well as 
detector diodes. Asa bonus you will get a sweet glow as well. OK, not as cool as the glow of a vacuum diode, but certainly more 
sensitive! 


‘Spreadsheet for calculation of Light Emitting Diode n and Is (modified from Mike Tuggle's spreadsheet) 
‘Spreadsheet for calculation of diode n and Is TTugole Method fom *Cal_n_Is.xl' 
Diode n Is Ro Temperature i212 Vt It 
under test nA Ohm dFdC VA uA 
Red 21587 3.36.08 1.7E+12 27.4 130714) 0.4996 08875 
Red 2.0720 9.76.09 5.5E+12 BTA |4.31649 | 0.6038 10745 
Amber 1.5627 196-13 2.16417 269142768 107 
Amber 1.5163 646-13 6.5E+16 268 1425 4.0229 
Yallon 1.5850 S1E-14 806417 269 150347 10422 
Yellow 1.3763 1.2646 2.9E+20 274 (1.51826 4.003 
Green 2.0890 1.2.09 4.2E+13 741 41068 + 0082 
Green 2.0550 1.26-09 4.34413, 269 (1.42163 4.0009 
Water Green 5.2703 4.76.09 4.8613 269 2.22040 1004s 
Water Green 1.0273 8.6E-A6 5.86419 212 (2.03170 0.9993 
white-Gn 1.4355 3.5E46 1.16420 712 154780 110 
White-Gn 2.0358 1.16.05 6.96+09 274 4.3740 0.6111 1.43020 4.0043 


‘The above spreadsheet is based on measurements of the diodes shown above. For the determination of Is and n, I chose at random. 
two examples from my collection of various diodes, (all led’s in this ease) and measured with a modified methodology to that 
‘outlined by Ben Tongue and Mike Tugele. In this case, with the radically different forward voltage drop of these diodes from 
Germanium or Schottky diodes, I have kept the Id values constant (about 1d2=0.5uA and Id1=1.0uA) and varied Vd, I have 
included the aetual room temperature in the calculations in order to eliminate this variable as a source of doubt or error. All the 
measured parameters as well as the determined results are presented in order to facilitate repeatability. 
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‘The above curves demonstrate the wide variation in properties and qualities that can be found in natural crystals of galena or 
Pyrite, the two most common and best quality natural stones. In each crystal test I first poked around the erystal for some time to 
1) determine a typical sensitivity for the crystal in question and 2) to locate the best hot spot with which to test. This turns out to be 
‘a non-trivial exercise on the diode test setup. In'a erystal radio one need only listen for the loudest spot. With the test setup one 
needs test both the forward and reverse current in order to determine if the whisker is on a hot spot or not. Very tedious work! (In 
retrospect, if I were starting over making a test jig, I would definitely add a DPDT switch to readily change between forward and 
reverse current measurements. I'd probably toss in a rheostat for fine adjustments as well). 

For many crystals there are limited number of possible hot spots, but these may be hot indeed. For most of my "Steel Galena" 
samples (Tintic Utah, or Leadville Colorado) there are numerous hot spots under virtually every place I touch the probe, but in 
‘general the sensitivity is good to so so. These crystals are very kind to work with in terms of finding spots and avoiding frustration, 
‘Mirror galena on the other hand may have quality hot spots, but any hot spots at all are rare and frustratingly difficult to locate. 
Here my Philmore detector crystal shines with an almost ideal "Galena" response. To chase down this rabbit I purchased some 
lovely mirror galena from Sweetwater Missouri. I broke off a few appropriate-size chunks to pot in woods metal and test. At first 1 
‘was very excited with the high currents I was seeing at moderate voltages. Figured I had struck gold, When these crystals failed 
miserably to rectify anything in my radios, I re-measured things in both forward and reverse directions. These crystals obey 
‘Ohm's law and act like typical resistors, not suitable for radio work at all. 

For my pyrite crystals the work has been especially tedious and frustrating. With one of the crystals one "hot spot" alternated, 
entirely on its own, between hot and bad while I was making the measurements, I would start over and over, sometimes getting 
interesting readings then suddenly it would drop to low values and I'd start over, back and forth. I present this data as best as I 
have measured, and I don't intend to go back! You sce at least one of the erystals, my "China 1", (from a lead/silver mine in 
Hunan) gave a sweet classic-looking curve. More to the point, "ideal" curves for natural minerals are difficult to come by. Most 
‘crystals you use will be less than ideal. The good news is that, while listening to your set, poking about for a good spot is far easier 
than what I have gone through to produce these curves. Your ear will take care of you! 
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# mA at 


0.5v plate 


In the photo I indicate groupings based on an easy measure of performance. I note the current in milliamps for each set where the 
plate voltage is set at 0.5V. The greater the current the better are your chances to get a sensitive crystal, assuming Ohm's Law is 
not followed! Crystals in the "dead zone" on the left will have their woods metal re-melted for new detector crystals and the bad 
‘ones tossed, its tough love for crystals. I find that easily half the potted crystals I make are tossed this way, and only a few can be 
considered superlative. 


— es ss Ore 


‘My measurements and discussion on vacuum diodes has moved to my section "Diodes III” under the Lab Menu. 


to Mai 


‘Sunday, 09-Jul-2017 00:50:33 CDT 


Comments and/or Correspondance to: Krsmith@sbeglobal net 
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PREFACE 


In the beginning of this century, when radio was called 
"Wireless", most of the early experimenters used a 
crystal set to receive radio signals. 


a 


The crystal set is still the simplest type of radio 
receiver. A catwhisker (made froma thin wire) touching a 
sensitive spot on a piece of galena or silicon mineral 
crystal and a tuning coil, form the basic parts of this 
radio. 
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Radio signals from a nearby station are picked up via 
antenna and ground connections to the crystal set. The 
galena or silicon crystal detects the signals and the 
resultant audio is heard with headphones, No battery or 
electrical power is required. 


This book tells you about crystal sets and shows you how 
to build them. 


Charles Green 
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THE CRYSTAL DETECTOR 


A crystal detector of radio waves can be either a 
traditional catwhisker and natural mineral crystal, or a 
modern semiconductor diode. 


—ea— 


SEMICONDUCTOR 
DIODE 


CATWHISKER 
DETECTOR 


Certain natural minerals such as galena (lead sulphide) 
and silicon have electrically sensitive surface spots. In 
the beginning of this century, experimenters discovered 
that electrical current would flow into the sensitive 
spot on a mineral crystal froma catwhisker, but would 
not pass readily (high resistance) from the crystal to 
the catwhisker. This unique feature was used to detect 
(rectify) radio waves and extract the audio modulation 


HOW-IT-WORKS 


There are two general types of crystal detctors; 


« Point contact diode 
Junction diode 


Both types use semiconductor material such as silicon, 
germanium, or galena. The basic semiconductor junction 
diode is made of two portions of the material "doped" in 
manufacturing by adding controlled amounts of chemicals. 
The doped portions have opposite electrical properties: 


TYPE, with an excess of positive electrical 
charges (holes). . 

"NH" TYPE, with an excess of negative electrical 
charges (electrons). 


the crystal detector 


Junction Diode 


SPACE CHARGE 


The boundary between the two doped portions is called a 
PN junction. The area on both sides of the PN junction is 
called the space charge region, When a positive voltage 
is applied to the "P" material (and negative voltage to 
the "N" material), the space charge region becomes narrow 
and electron current flows through the PN junction, 


ELECTRON FLOW 
——__—_—_———> 
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When the voltage polarities are reversed, negative to "P" 
and positive to “N", the space charge region widens 
(inereasing the effective resistance of the PN junction) 
and the electron flow is very small (back current). If an 
ac voltage is applied to the PN junction, it will act as 
a rectifier (or radio wave detector). 
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Point Contact Diode 


The point contact diode uses a "catwhisker" of thin wire 
contacting the surface of doped “N" semiconductor 
material. The pointed end of the wire produces a high 
intensity electric field in the area of the semiconductor 
surrounding the wire. When an electric current flows from 
the wire to the semiconductor material, a small region of 
“p" material forms around the area of the point contact. 
Thus a PN junction is formed which operates in the same 
way as the junction diode. 


CATWHISKER 


The sensitive spots of galena and silicon crystals used 
in traditional catwhisker detectors have naturally doped 
areas of semiconductor material, and operate in the same 
way as the point contact detector. 


DETECTION OF RADIO WAVES 


At the transmitting radio station, a microphone converts 
sound waves into electrical audio signals. The audio 
signals then modulate the transmitted radio waves. 


MODULATED RADIO WAVES ——>— 
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Figure 2-22. A Tektronix 475A oscilloscope. This piece of vintage test equipment is considered by same to be 
the best analog oscilloscope ever made. It also has a digital multimeter built in along the top edge. 


The Golden Age 


Once upon a time, not so long ago, a quality oscilloscope weighed 40 pounds and had a folding handle to 
make it, ifnot portable, at least transportable. It also had its own line of furniture to place it on, so that 
you could wheel it around the lab as you needed. Oh, and it also cost about three months’ salary, and 
that’s if you had a good job. 

‘The good news? That same scope still works today. It can be repaired or calibrated to the exact same 
standards as when it was brand new, plus you can buy it on eBay for a few hundred dollars, sometimes 
less. That's because when these devices were designed back in the 1970s, they were made to be the best 
in the world, and cost was not a factor. 


Modern Oscilloscopes 


‘Today you can buy a quality oscilloscope for a few hundred to a few thousand dollars. These scopes not 
only display your signal on a large, colorful screen, but they can also analyze the signal and tell you all 
kinds of interesting things about it. For an example of such an oscilloscope, see Figure 2-23 


the crystal detector 


The transmitted radio waves are intercepted by the 
receiving antenna and small rf currents are induced in 
the antenna wire. The rf currents (high frequency ac) 
flow through the detector to ground, As previously 
explained, the crystal detector will pass current in only 
one direction, therefore, pulsating dc voltages (detected 
audio signals) are developed by the crystal equivalent to 
the audio modulation of the transmitted radio waves. 


ereres 


The detected audio signals flow through the headphone 
coils and affect the intensity of a magnetic field. This 
causes the steel discs of the headphones to vibrate and 
produce audible sound waves, 


TUNING THE CRYSTAL SET 


The antenna intercepts all radio waves in the area, and 
the signals will be heard jumbled up in the earphones. A 
nearby radio station may be received with the other 
stations heard in the background, 


TUNED 
CIRCUIT 


DETECTOR [ =) 


In order to receive a radio station properly, the crystal 
set must be tuned to the frequency of the transmitter, A 
tuned circuit composed of an rf coil (inductance) and a 
capacitor, is connected between the antenna/ground 
circuit and the detector, 
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Capacitor 


The modern capacitor is evolved from the old Leyden jar 
It consists of two or more metal sections separated by a 
dielectric (air, paper, or plastic). The capacitor stores 
energy in the form of an electrostatic charge in its 
dielectric. A variable capacitor (used in a tuned 
circuit) has movable metal sections that adjust the 
amount of capacity. 


af 
mr 


A capacitor will allow pulsating de current or ac current 
to flow through it, but will block steady de current. A 
capacitor has an oppositon or “reactance” to ac that 
varies with frequency. The higher the frequency, the 
lower the reactance of a given value of capacity 
Capacity is measured in  micro-farads (uF) or 
micro-micro-farads (picofarads) (uuF or pF). 


RF Coil 


An rf coil is made of insulated copper wire wound on a 
plastic or cardboard tube. When electric current flows 
through the coil, a magnetic field is created. This 
magnetic field resists any change in electric current 
flow. This opposition or "reactance" to ac varies with 
frequency, The higher the frequency, the higher the 
reactance of a given value of rf coil inductance. 
Inductance is measured in  millihenrys (mH) and 
microhenrys (uH). 


the crystal detector 


Tuned Circuit 


A tuned circuit is composed of a capacitor and an rf 
coil. As previously described, the reactances of a 
capacitor and an rf coil change with frequency (but in 
opposite ways). At a particular frequency, the two 
reactances will cancel each other out, This condition is 
called "resonance". ‘The impedance of a parallel tuned 
circuit is at its highest at resonance, Radio signals at 
the resonant frequency will be greatly magnified, while 
signals at other frequencies will be shunted to ground 
(re jected). 


HIGH Q 


Ea “a 


— 
FREQUENCY 


The resonant frequency of a tuned circuit can be changed 
by adjusting the capacitance (using a variable 
capacitor),or by varying the inductance (using a slider 
or taps on the rf coil). A ferrite core can also be used 
to change the inductance of a coil. The selectivity of a 
tuned circuit is dependent upon the quality (Q) of the 
components and the inductance /capacity ratio (L/C 
ratio). A high-Q tuned circuit is more selective than a 
low-Q circuit. A tuned circuit with a high L/C ratio 
(large inductance and small capacity) is more selective 
than a low L/C ratio circuit. 
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ANTENNA AND GROUND 


A simple crystal set depends upon the strength of the 
radio waves received by the antenna to produce audio in 
the earphones. If you live ina strong signal area (a 
nearby radio transmitter), a crystal set can produce loud 
audio in earphones with only an inside antenna. But in 
lower signal areas, a good outside antenna with a ground 


connection is required. 
INSULATOR 


ZNTERAA 


LEAD-IN 


If you are fortunate enough to be able to put up an 
outside antenna, the basic rule of thumb is the higher 
the better reception. Check your local electronics store 
for an antenna kit. You can construct an antenna using a 
glass or plastic insulator at each end of a length of 
copper wire (insulated or bare). Make the antenna as long 
as possible. It does not have to.be in a straight line to 
work. 


CAUTION 


ANTENNA INSTALLATION 
NEAR ELECTRICAL POWER 
LINES IS DANGEROUS. 


Make sure that your antenna 
is far enough away from any 
power line, so that it will 
not touch a wire if it falls. 


Connect a length of insulated wire between the end of the 
antenna and your crystal set antenna terminal. This 
antenna lead-in wire can be fed into your house through a 
window. 


10 


the crystal detector 


If you can not erect an outside antenna, run a length of 
insulated wire as long and high as possible through your 
house or apartment, It will work, but not as well as an 
outside antenna because of the shielding affect of the 
house walls, 


Connect a ground lead to a cold water pipe. Make sure 
that it is a metal pipe. Or, you can buy a ground rod 
from your local electrical supply store and drive it into 
the ground near your house. Then connect your crystal set 
ground lead to the rod. For safety install a lightening 
arrestor between the antenna lead and ground (see the 
instructions with the device). 


HEADPHONES 


Headphones (also called earphones, or headset) are 
required to hear the received audio froma crystal set. 
The standard headphones are made with dual coils of fine 
wire connected in series in each phone, Horseshoe magnets 
are built into each phone case to provide a magnetic 
field. A disk of thin sheet iron (diaphragm) is mounted 
near the top of the coils, The phones are connected in 
series with a set of flexible leads terminated in metal 
“phone tips". 


Detected audio signals flow through the coils and affect 
the intensity of the magnetic field from the horseshoe 
magnet. This changes the magnetic attraction of the 
diaphragm, and causes it to vibrate and produce audible 
sounds. 


The total resistance of the series headphone coils is 
used as a measure of audio sensitivity. A resistance of 
2000 ohms is sufficient. More sensitive headphones have a 
resistance of over 5000 ohms and are used to hear very 
weak signals. 


The 2000 ohm headphones can be obtained at electronic 
parts mail order houses. 
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SIMPLE RECEIVER PROJECTS 


SIMPLE CRYSTAL SET 


Look at the schematic diagram. The crystal set uses a 
tunable ferrite coil L1, and a_ crystal diode Dl. This 
type of tuning coil is called a “loopstick". The ferrite 
core is screwed into the coil form and increases the 
inductance of L1, thus tuning the receiver to a lower 


frequency. 
ii  « 


CONSTRUCTION 


As shown in the illustration, the crystal set components 
are mounted on a 5 1/2-inch by 2 1/2-inch by 3/4-inch 
wood base. Layout and install the crystal set parts in 
the locations shown. The loopstick L1, is mounted with a 
metal strip supplied with it, Push the snap-in end of Li 
into the large hole of the metal strip. Then bend 
1/2-inch of the other end of the strip to form a bracket 
and mount it on the base with a wood screw. If the metal 
strip is not available, make one out of sheet metal 
approximately 2-inches long by 1/2-inch wide. Then drill 
a hole to fit Li at one end, and a small hole to fit a 
wood screw at the other end. 


Mount the four fahnestock clips and solder lugs with wood 
screws in the locations shown in: the illustration. 


WIRING 


Use hookup wire to connect the crystal set components as 
shown in the schematic and illustration, The loopstick Li 
may have three terminals. One of the terminals is a tap, 
which is not used in this circuit. Make sure that you 
connect only to the terminals at the start and end of the 
loopstick coil. 
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uf PHONES. 


List of Materials 


D1 - Germanium diode 

(1N34A or equiv.) 
Li - Loopstick 

(see text) 
4 ~ Fahnestock clips 
BASE - 5 1/2 X 2 1/2 X 

3/4-inch wood section 

PHONES - 2000-chm headphones 
MISC, - Solder lugs, wood screws 
knob and bracket to fit Ll, 
hook-up wire. 
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Install a small knob on the end of the L1 adjustment 
screw. Make sure that the screw turns freely with the 
knob. Position the 1N34A diode as shown before soldering 
the leads. 


Experiment 1 


Connect the antenna, ground, and 2000-ohm headphones to 
the crystal set terminals. Rotate the Li knob 
counter-clockwise as far as it will go. Do not turn past 
this point, or you may break the ferrite rod inside the 
coil form. The ferrite is now outside of the coil 
winding. This is the highest frequency point of the 
tuning range of Ll. 


Slowly turn the L1 knob clockwise and listen for received 
radio stations. When the L1 knob is turned fully 
clockwise, the ferrite will be completly inside the coil 
(increasing the inductance) and it will be at the lowest 
frequency point of the tuning range. 


Experiment 2 


Connect capacitors, with values from 50 mmf to 300 mmf, 
in parallel with Li. Then tune Li and note how the 
frequency range has changed. 


AMPLIFIER CONNECTION 


The simple Crystal Set (and the other receiver projects) 
can be connected to an amplifier in place of earphones. 
This amplifier can be a single channel input of your home 
stereo, 


Parts values are not critical; C1 is approximately .005 
mfd, and the volume control Ri can ve any value from 1000 
ohms to 10,000 ohms, Use shielded wire between Ri and the 
amplifier input jack. 
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CRYSTAL 


SET TO AMPLIFIER 
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Amplifier | Connection 


Schematic Symbols 
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List of Materials 


D1 - Germanium diode, type 
1N34A, 1N60, 1N82A, 


or equiv. u 
Li - Slider-tuned coil 
(see text) 
4 - Pahnestock clips 
(terminals) 
BASE - 6 x 3 x 1/2-inch fe 
section of wood (see text) GND 


PHONES - 2000 ohms headphones 
MISC. - Coil form (see text), 
No. 24 enameled copper wire, 
3/32 inch dia. brass rod, brass 
ball slider (see text), solder 
lugs, two small brackets, 
hook-up wire, wood screws, 
machine screws and nuts. 


SLIDER TUNED CRYSTAL SET 
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Figure 2-23. A modern digital storage oscilloscope. The RIGOL DS1052E is an affordable scope that will 
handle most troubleshooting and design challenges that you might encounter in your lab. 


‘This new breed of digital storage oscilloscope (DSO) can even connect to your PC to be remotely 
operated and allow you to capture screen shots that can then be pasted into books about how to build 
your own electronics lab. It's true, See Figure 2-24, 
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SLIDER TUNED CRYSTAL SET 


In the early days of radio, slider tuned coils were used 
in crystal sets, This method of tuning the inductance 
uses an adjustable metal contact (slider) that moves over 
the coil. The slider makes contact with individual coil 
wires to tune in the radio stations. 


The enamel insulation of the coil wires in the slider 
path is removed for good electrical contact. 


You can experiment with a slider tuned coil by building 
this crystal set, As shown in the illustration, the coil 
is mounted upright on a 6-inch by 3 1/2-inch by 1/2-inch 
wood base, A semiconductor diode is used for a detector. 


TUNING COIL CONSTRUCTION 


Look at the drawing of the tuning coil Ll construction 
details on the next page, The tuning coil is wound on a 
cardboard or plastic mailing tube section, 2 5/8-inches 
in diameter and 5-inches long. Make sure that you select 
a rigid, thick-walled tube for a coil form. The tube used 
in our model has a 3/16-inch wall. The coil form must be 
rigid to hold the slider ball and rod assembly. 


all about crystal sets 


Before q@ winding the coil, drill all the holes in the form 
as shown in the drawing, and then install the solder 


lugs. Position the solder lug ends toward the coil form 
edges. 


The coil is wound with No., 24 enameled copper wire. 
Remove the enamel from the wire end with sandpaper and 
then solder the wire to the lug. Start winding the coil, 
keeping the turns as tight and close together as 
possible. Wind the wire to the front of the bottom solder 


lug B. Remove the enamel and solder the wire end to the 
lug. 
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A brass ball approximately 3/8-inches in diameter is used 
as the moving contact slider. This brass ball can be 
found at your local electrical supply store. It is a type 
of ball that is used as a top nut for small table lamps, 
Drill a hole through the ball so that it will slide over 
a length of 3/32-inch diameter brass rod, Bend the brass 
rod at each end (after placing the ball in the center of 
the rod), to fit through the holes in the coil form as 
shown in the drawing, Cut the rod 1-inch down from the 
bend at each end, 


ROD IAL 
( 
i COjL FORM 
WIRE. 
ASHER 
SPRING 


Insert the brass rod with the slider ball into the coil 
form holes, Then place a small washer and spring on one 
end of the rod (inside the coil form), Solder a nut on 
the end of the rod to hold the spring in place. Do the 
same to the other end of the rod, After soldering, slide 
the ball over the wires and check that it slides 
smoothly. Use sandpaper to remove the enamel insulation 
of the wires in the path of the ball slider. Connect a 
wire between the soldered nut on the bottom end of the 
brass rod and the solder lug near the rod, 


BASEBOARD 


All of the crystal set components are mounted on a wood 
baseboard as shown in the drawings, Cut the baseboard to 
size; a 6-inch by 3 1/2-inch section of 1/2-inch thick 
wood (maple is used in our model), Sand the edges after 
cutting. It is not necessary to paint or stain the 
baseboard. 


Mount the four terminals and solder lugs as shown in the 
drawing, Label the four terminals with either rub-on 
lettering or cemented paper tags. Install two brackets on 
opposite sides of the bottom of the coil, and mount it on 
the baseboard with the lugs toward the terminals. 
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WIRING 


Bare No.22 wire was used to wire our model, but any kind 
of hookup wire can be used. Connect the wires between the 
solder lugs as shown in the drawing, except do not 
connect the antenna terminal lug wire to the coil 
terminal at this time. Connect the crystal diode between 
the solder lugs as shown. 


Experiment 1 


This experiment will show how an untuned crystal detector 
functions. 


Connect the untuned detector circuit as shown in the 
drawing, and then hook-up your antenna and ground leads. 
Connect 2000-ohm headphones to the circuit and listen to 
the detected radio waves, 


You will probably hear a strong local radio station, with 
other, weaker radio station transmissions all jumbled 
together. 


Experiment 2 


Reconnect the baseboard wires to the circuit of the 
Slider-Tuned Crystal Set as shown in the drawing. Listen 
to the detected radio waves as you tune the coil by 
sliding the brass ball over the sanded wire path. You 
should be able to receive the radio stations much better 
than the untuned detector circuit of Experiment 1. 
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LOADING COIL 


An additional slider tuned coil, Li, can be used as a 
Loading Coil to increase the electrical length of your 
antenna, This may allow better reception of the lower 
broadcast band frequencies, Connect Li in series with the 
antenna lead to the receiver, and tune it for best 
reception, 


WAVE TRAP 


Li can also be used in a Wave Trap circuit to tune out a 
strong local signal, and allow easier tuning of weaker 
stations, Cl is a 365 mmf variable capacitor connected in 
parallel with Li, Adjust Li and C1 so that the 
interfering station is at’ minimum, 


21 


all about crystal sets 


List of Materials 


C1 - 365 mmf variable capacitor. 

D1 - Germanium diode (1N34A or 
equiv.). : 

L1 - Ferrite coil (see text). 

4 ~ Fahnestock clips. 

2 - wood sections; 6 X 1/2-inch 
square (see text). 

BASE - 8 1/2 X 6-inch sheet 
plastic (see text). 

PHONES - 2000-ohm headphones 

MISC, - plastic tube section for 

Ll primary winding (see text), 

solder lugs, machine screws and 

nuts, wood screws, bracket for C1 

(see text), knob for C1, hookup wire. 
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FERRITE COIL CRYSTAL SET 


This crystal set has a large ferrite core coil Lil of a 
type that is normally used for a built-in antenna in 
portable radios, This type of coil has a very high "Q" 
and may be more selective than an air-core coil. As you 
can see in the schematic, a primary coil is wound around 
the ferrite coil, The original winding is used as the 
secondary. 


The primary coil (connected to the antenna and ground) 
can be moved close to, or away from, the secondary 
(original winding connected to D1), his variable 
coupling is used to control the selectivity of the 
crystal set. 


PRIMARY COIL 


The primary coil is wound ona 1-inch section of plastic 
tube that can fit loosely over the ferrite rod, A 
1/2-inch diameter plastic tube is used on the receiver 
shown in the illustration, Wind 12-turns of hookup wire 
evenly over the tube and twist the ends together to 
prevent movement, Leave 4-inch leads from the primary 
coil winding. Slide the primary coil over the center of 
Li, 


BASEBOARD 


The crystal set components are mounted on a 8 1/2-inch by 
6-inch section of sheet plastic, The thickness of the 
plastic is not critical, but it must be rigid enough to 
hold the parts without bending. A 6-inch long 1/2-inch 
square wood section is installed under each end of the 
baseboard, A section of wood can be used for the 
baseboard with wood screws to mount the parts, in place 
of machine screws and nuts. 
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‘The model shown uses a plastic variable tuning capacitor, 
but an air type capacitor can be used for C1 instead. 
Make a metal bracket approximately 1-inch wide by 1 
1/4-inch high and a 1/2-inch right angle mounting foot 
from sheet aluminum, Drill a hole in the top of the 
bracket to fit C1 and two holes in the mounting foot to 
fit small machine screws. Locate the components on the 
baseboard as shown in the illustration and then drill 
mounting holes. If you have a cardboard or plastic 
mounting supplied with ferrite coil L1, you can mount it 
on the baseboard. If not, Li can be taped loosely on top 
of the baseboard. Th ferrite coil Li in our crystal set 
was obtained from an old radio. Install the components on 
the board with solder lugs, machine screws, and nuts, 


WIRING 


Connect the parts with hookup wire as shown in the 
illustration. Use the schematic diagram as a guide, Make 
sure that the ground lead from Li secondary passes inside 
the primary coil. Also check that the primary coil slides 
freely over the Ll winding. Install a knob on the Cl 
shaft, and mark the terminal designations on the 
baseboard. 


Experiment 1 

Hookup the antenna, ground and 2000-ohm headphones to the 
crystal set terminals, Slide the primary coil over the 
center of the Li winding. Tune C1 for radio stations. 
Then slide the primary coil towards the ground end of Li 
while tuning C1. Note the difference in selectivity. 
Experiment 2 


Change the number of turns of the primary winding and 
repeat Experiment 1, 
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Operating Tips 


After operating a crystal set for some time, you may 
notice a difference between day, evening, and night 
reception of radio stations. This is due to the two ways 
that radio signals travel between the transmitting 
antenna and a receiving antenna, 


(a) The ground wave; which moves along the surface of 
the earth. 

(b) The sky wave; which travels upward and is 
reflected by the ionosphere, 


The reception of broadcast stations is dependent upon the 
time of day. During daylight hours, stations are received 
primarily by ground wave transmission, At night, the 
broadcast stations will be received via sky wave 
transmission, Also, some radio stations change to a lower 
power at night, Reception in the evening may be more 
difficult as the fading ground wave is interfered with by 
reflected waves, But later, it may be possible to hear 
far-away stations transmitted by sky wave, 


Your geographical location to radio stations is very 
important for reception, as a crystal set receiver does 
not amplifiy signals, It is entirely dependent upon the 
strength of the radio waves, If you are in a deep valley 
surrounded by high mountains, reception will de 
difficult. If you live in a flat plain, with no obstacles 
to radio transmission, reception may be very good. 


An outside antenna is necessary for for best reception. 
If possible, try erecting an extra antenna at a right 
angle to the original one, and switch it in to provide a 
directional effect for increased signal strength. Keeping 
a log of received stations for a week may be helpful in 
determining the radio reception conditions in your area, 


—— 
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List of Materials 


C1 - 365 mmf variable capacitor. 

Di ~ Catwhisker crystal detector 
(or 1N34A or equiv. diode). 

Lil - Spiderweb coil (see text). 

4 — Fahnestock clips. 

2 ~ small alligator clips 

BASE - 8 X 6 X 1/2~inch section 
of wood (see text). 

MTG. POST - 5 x 3/4 x 3/8-inch 
wood section (see text). 

PHONES - 2000 ohms headphones, 

MISC. - Coil form (see text), 

No. 22 enameled copper wire, 

solder lugs, hook-up wire, 

wood screws, machine screws, 

and nuts. f, 


SPIDERWEB COIL CRYSTAL SET 
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54 


Figure 2-24, A screen capture made with the RIGOL DS1052E oscilloscope. 


Tiny Oscilloscopes 


The march of electronic miniaturization never stops, and so it is with oscilloscopes. If both your needs 
and your budget are modest enough, pethaps you can get by with something like the pocket-sized 
wonder shown in Figure 2-25. 

While little scopes like this lack the accuracy and bandwidth of their larger relatives, they are 
definitely handy to have when you need to look at a signal. If you can keep your expectations in check 
when it comes to the user interface, you can get a lot of utility from such a small package. 

Additionally, one of the benefits of a device such as this is that the hardware and internal software 
(yes, there's a little computer in there, somewhere) is all open s means that you have access 
toll the schematics and source code. And what does that m s that if you have the skills and 
the right equipment, you can redesign the entire apparatus to fit your own requirements, assuming that 
you understand the basic limitations of the electronics. The sky is the limit. You are empowered. 


simple projects 


SPIDERWEB COIL CRYSTAL SET 


The spiderweb coil is a tuning coil that is wound on a 
flat wheel form that has an uneven amount of spokes, This 
type of coil was also used as a loop antenna in early 
radios. 


Our receiver uses a tapped spiderweb coil that is tuned 
by a variable capacitor. As shown in the illustration, 
the spiderweb coil is mounted at the rear of a 8-inch by 
6-inch by 3/4-inch wood base. A catwhisker crystal 
detector and a variable capacitor are mounted near the 
front of the wood base. 


SPIDERWEB 


The spiderweb coil is wound on a 6-inch diameter flat 
form that has nine vanes. Make a tracing of the spiderweb 
coil form template on the next page. Then use carbon 
paper to transfer the tracing to a section of 1/8-inch 
fibreboard or sheet plastic, Cut the coil form out with a 
jeweler's saw, and drill a center hole to fit a small 
wood screw, 
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Spiderweb Coil Form Template 
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Wind the coil with No. 22 enameled copper wire, starting 
from the center and winding outward. Leave about 5-inches 
of the starting end of the wire free, It will be used as 
a connecting lead, Feed the wire behind a vane and over 
the front of the next vane as you wind. Wind the wire 
closely and evenly on the form. It is not necessary to 
count the turns, Wind the wire to about 1/4-inch from the 
end of a form vane. Then drill a small hole near the vane 
end, and bend a solder lug through it. Solder the wire 
end to the lug. 


On one of the vanes, count down five wires and then 
carefully lift it outward. Remove about 1/4-inch of the 
enamel with a section of sandpaper and then bend the end 
of a solder lug aound the bared wire. Solder the lug to 
the wire, then cut off remaining portion of the lug (away 
from the bentover end), Repeat this every five turns 
until you have a total of six lug taps on the coil 
Stagger the lugs away from each other to keep them from 
shorting. 


BASEBOARD 


As shown in the illustration, the Spiderweb Coil Crystal 
Set parts are mounted on a wood baseboard. Cut the 8-inch 
by 6-inch baseboard from a section of 1/2-inch thick 
wood. White pine was used in our model. Sand the surface 
of the wood after cutting. 


Make the spiderweb coil mounting post by cutting out a 
5-inch by 3/4-inch by 3/8-inch wood section. Then cut a 
notch in the center of the rear of the baseboard to fit 
the wood section, Install the wood section in the notch 
with small wood screws, 


Mount the parts on the baseboard as shown in the 
illustration with small wood screws. If the mounting 
holes of the tuning capacitor C1 are on the bottom, drill 
matching holes in the baseboard and use flathead machine 
screws to hold the capacitor. 


Install solder lugs with the four terminals, and mount 
the spiderweb coil to the mounting post with a wood screw 
through a center hole in the coil form. The coil should 
be positioned with the lugs facing forward (on the left 
side of the coil form). 
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WIRING 


Connect the crystal set components with hookup wire as 
shown in the illustration. Use 6-inch lengths of 
insulated stranded wire to the two small alligator clips. 


Experiment 1 


Connect antenna, ground, and 2000-ohm headphones to the 
crystal set. Then connect the D1 alligater clip lead to 
the antenna terminal. Set the tuning capacitor C1 to 
minimum capacity (rotor blades all the way out). Connect 
the antenna clip lead to the tap on Ll near the center of 
the form. 


Adjust the crystal detector Dl catwhisker to a sensitive 
spot and tune Cl for a radio station, It may be easier to 
tune for stations if you temporarily connect a crystal 
diode (1N34A or equiv.) in place of the catwhisker 
crystal detector. 


After a station is heard, you can disconnect the diode 
and probe for a sensistive spot on the crystal with the 
catwhisker. Change the antenna clip lead to other Ll taps 
and continue tuning Cl for radio stations. 


Experiment 2 


Disconnect the Dl clip lead and reconnect it to a tap on 
Ll close to the center of the coil. This will load L1 
more lightly than if the detector was connected to the 
top of the coil. Repeat the tuning procedure of 
Experiment 1 and note the difference in selectivity and 
volume of the received radio stations. Then tune in a 
radio station and move the D1 clip lead to other taps on 
Li, There will be a particular tap point for optimum 
selectivity and volume for each received station, 
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ADVANCED RECEIVER PROJECTS 


DUAL TUNED CRYSTAL SET 


This crystal set circuit uses two variable capacitors Cl 
and C2, As you can see in the schematic drawing, Cl tunes 
the ground circuit, and C2 tunes a tapped coil Ll. The 
taps of Ll are connected via the rotary switch Sl. 


TUNING COIL 


Look at the drawing of the coil form construction details 
on page 34. The tuning coil 11 is wound on a section of 
1/8-inch wall plastic tube, 2-inches in diameter, and 
approximately 4-inches long. 


Drill holes in the form and install three solder lugs 
with machine screws and nuts. Position the solder lug 
ends towards the coil form ends as shown. 
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PHONES 


; 
»< GND gy 
List of Materials tS 


C1,C2 - 365 mmf variable 
capacitors. 
Di - Germanium diode 
(iN34A or equiv.). 


Li - Tuning coil (see text). DUAL TUNED 
$1 - 1l-pole, 10- iti 
rovary’ewiten (see text). CRYSTAL SET 


4 - Fahnestock clips. 

Small alligator clip. 
BasEBOARD - 5 x 8 x 3/8-inch 

wood section (see text). 
PHONES - 2000-ohm headphones, 
MISC. - Coil form (see text), 
No. 24 enameled copper wire, 
solder lugs, hook-up wire, 
wood screws and nuts, knobs, 
bracket for Sl, 
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The coil Ll is wound with No. 24 enameled copper wire, 
and is tapped every five turns for a total winding of 75 
turns. 


Drill a small hole in the coil form approximately 1 
1/4-inch from the "A" lug. Remove the enamel from the 
end of the No. 24 wire and then feed the wire end through 
the hole. Solder the wire to lug "A". 


Wind five closely spaced tight turns around the coil 
form. Then bend back and twist together 1/2-inch of the 
wire to make a tap. Position’ the tap outward and then 
continue winding the coil, keeping the turns as tight and 
close together as possible. Make a tap every five turns 
and then drill a small hole in the coil form after the 
75th turn. Feed the wire through the hole, remove enamel, 
and solder the end to lug "B". 


BASEBOARD 


The Dual-Tuned Crystal Set is built on a wood baseboard 
as shown in the illustration. Cut the 5-inch by 8-inch 
baseboard from a section of 1/4-inch thick plywood. Sand 
the edges and surface of the baseboard to remove any 
splinters. Drill holes in the baseboard and install the 
parts with small machine screws and nuts in the locations 
shown in the illustration. Drill mounting holes at each 
end of the tuning coil L1 and position it on the rear of 
the baseboard with the coil taps toward the front. The 
illustration shows a commercial rotary switch, but a 
wooden rotary switch can be used for S1 instead. (See 
page 53 for construction details.) 
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Install the four fahnestock clips (used as antenna 
ground and headphone terminals) with solder lugs. Mount 
an additional solder lug on the baseboard midway between 
S1 and Li. 


WIRING 


Connect the crystal set parts with hookup wire as shown 
in the pictorial illustration and the schematic diagram. 
Use the center solder lug as a junction point for leads 
from Cl, C2 and Si as shown in the illustration. Connect 
the leads from S1 to the taps on Ll in numerical 
sequence; every 5 turns for 7 taps. Then connect the last 
three leads every 10 taps. Insert the lead ends into the 
taps and hold them with a drop of solder. This will make 
it easier to move leads to other Li taps. Use a 5-inch 
length of stranded hookup wire for the alligator clip 
lead connected to Di at solder lug C. 


Experiment 1 


Connect 2000-ohm headphones, antenna and ground leads, 
to the crystal set terminals, Then connect the Di clip 
lead to the Li "A" solder lug. 


Set S1 to each tap position in turn and tune C1 and C2 
for received radio stations. If all of the local 
stations can not be heard, experiment with different 
connections to the L1 taps. More turns may have to be 
added to L1 (with additional five-turn taps) to receive 
stations at the lower frequency end of the broadcast 
band, 


Experiment 2 


Remove the Di clip lead from "A" and then connect it to 
the "B" solder lug on Lil. Repeat the tuning method of 
Experiment 1 and note if the crystal set is more 
selective. This is possible, because L1 is now connected 
as an rf transformer, You can also connect the Dl clip 
lead to each of the Si taps and note if there has been 
any improvement in reception 
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Figure 2- 
been discontinued by the manufacturer, but can still be snapped up for a song from various online 


5. A handheld ascilloscape, which can also fit in your pocket. This is the DSO201, which has 


distributors, as well as eBay. This unit was purchased new for $60 and features a single channel with a 
bandwidth of 1 MHz. 


Power Supplies 


One of the most important pieces of test equipment in your lab is a reliable power supply. Building a 
good bench power supply is an excellent first or second electronics project (see Chapter 5 for more on 
adding power supply to your lab and Appendix A for more on building your own). This is because the 
basic design is very simple and easy to build, yet allows you to add any number of additional features 
later, 

Once you get tired of throwing away spent 9V batteries and grow weary of waiting for the red light 
on the battery charger to go out, it's time to invest (either time or money or both) in a decent bench 
power supply. 

Itdoesn't have to be fancy. In fact, the simpler the better at first. What you're aiming for primarily at 
this point is reliability. You want to know that when you turn on your 5V supply, it's putting out 5 volts, 
not 2 or 11, no matter what you do to it. It's overloaded, it needs to deal with it and not be catching on 
fire. If it's underloaded, or not loaded at all, it still needs to maintain a nice, clean output. 

Want a cheap o free power supply? Do you have any dead or discarded electrical gizmos that came 
with a charger? These make excellent starter supplies for the new lab. Do you have any extra USB 
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SELECTIVE CRYSTAL SET 


This receiver uses two spiderweb coils in a two-circuit 
tuner for good selectivity and sensitivity. As you can 
see in the schematic diagram, the antenna-ground rf 
input circuit is tuned by L1-C1 for maximum signal gain. 
Ll acts as the primary winding of an rf transformer, with 
L2-C2 as the tuned secondary. Coupling between L1 and L2 
is variable for best selectivity, L2 is connected to a 
catwhisker crystal detector and the audio signals are fed 
through the phone jack to 2000-ohm headphones. 


As shown in the illustration, the crystal set parts are 
mounted on the rear of a black plastic panel. This type 
of layout is similar to the type of construction of the 
old-time crystal sets, 


SPIDERWEBS 


Both Li and L2 spiderweb coils are made exactly the same 
way. Ll and L2 are wound on 1?-vane coil forms 3 
5/8-inches in diameter, The coil forms in our receiver 
are made from 1/16-inch sheet plastic of the same type 
used for printed circuit boards (but without the copper 
foil). Any kind of rigid sheet plastic should be suitable 
for the coil forms. 
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Make a tracing of the spiderweb coil template. Then use 
carbon paper to transfer the tracing on a section of 
1/16-inch thick sheet plastic. Cut out the vanes with a 
jeweler's saw. Drill two holes as shown, and install the 
two solder lugs. 


COIL FORM TEMPLATE FOR LI-L2 


Wind as much No.22 enameled wire as possible on each coil 
form. Solder the wire to a solder lug before winding a 
coil. Then wind the wire over ‘a vane and under the next 
vane. Wind the wire closely and evenly on the form. It is 
not necessary to count the turns. Solder the wire end to 
the remaining solder lug 
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CONSTRUCTION 


The panel used in our receiver is a 7 3/4-inch by 4 
1/2-inch section of 1/4-inch thick black acrylic plastic. 
The size is not critical, but it should be large enough 
to mount all of the parts as shown in the illustration. 


Layout and drill the mounting holes of the components on 
the panel, Make sure that Cl and C2 are positioned so 
that the edges of the tuning knob dials are more than 
1/2-inch apart. Install the catwhisker crystal detector 
assembly, antenna and ground terminals, and the phone 
jack in the locations shown. 


As you can see in the illustration, Li is installed on 
the end of a variable coupling metal rod. This 1/4-inch 
diameter rod is 3-inches long with a flat side, Drill and 
tap a small hole close to the end of the rod. The rod 
used in our model came from a discarded volume control 

Cut a 2-inch long by 1/2-inch wide by 3/8-inch thick wood 
section and drill holes to fit the rod, two mounting 
screws, and a hole for the rod set screw. Locate and 
mount the wood section in the center of a spiderweb coil 
Ll so that the rod will be 3/4-inch down from the edge of 
the top vane. 
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Hold 11 behind the panel and using the free end of the 
rod, locate the panel hole. Position Li midway between C1 
and C2, and make sure that the top edge of the coil is 
below the top of the panel. Drill a hole to fit the rod 
bushing in the panel hole location. The panel bushing in 
our model was removed from a discarded volume control, 


Drill a hole to fit the bushing in one end of a 2-inch by 
1/2-inch section of sheet aluminum. Bend the other end of 
the section to fit against the flat side of the rod. 
Install the metal section and the bushing in the panel 
hole. 


Insert the rod into the bushing and make sure that the 
metal section end fits close to the flat side to prevent 
rotation of the rod. Install a knob on the rod end and 
make sure that the rod can be pushed in and out easily. 
If necessary, put a small amount of grease on the flat 
side of the rod. 


Install the remaining spiderweb coil L2 on a wood section 
that is mounted on the rear of the panel with two 
spacers, The spacers should be long enough for L2 to be 
located 1/4-inch behind L1 with the rod pushed all the 
way in. The 5 1/2-inch by 1-inch by 1/4-inch wood section 
in our model is supported with screws installed through 1 
1/2-inch metal spacers into tapped holes in the rear of 
Cl and C2. The screws and bushings can be made longer and 
mount into panel holes in your receiver. 


Install a wood section on the bottom rear of the panel to 
keep the receiver upright. A 5-inch by 3-inch section of 
1/4-inch thick wood is used in our receiver. 


SET WIRING 


Connect the receiver components with hookup wire as shown 
in the illustration and schematic diagram. Use flexible 
stranded wire for connections to L1. Make sure that the 
Li leads do not touch any component as the variable 
coupling rod is moved in and out. 


Install knobs on C1, C2, and the variable coupling rod. 
Then place the crystal in the detector assembly. 
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OPERATION 


Connect antenna and ground leads to the receiver 
terminals, Plug in a set of 2000-ohm headphones into the 
panel phone jack. For easier initial operation of the 
receiver, temporarily connect a germanium diode (1N34A or 
equivalent) across the D1 connecting lugs. Make sure that 
the catwhisker is not touching the crystal at this time 


Push the variable coupling rod half way in and tune Cl 
and C2 for a station, Adjust the variable coupling rod 
and retune C1-C2 for best reception. Check operation over 
the entire broadcast band. It may be necessary to add or 
subtract turns of wire on Ll-L2 for complete coverage. 
After checking operation with the germanium diode, remove 
it and try using the catwhisker crystal detector, 


List of Materials 


C1,C2 - 365 mmf variable capacitor. 
D1 - Catwhisker crystal detector 
assembly. 
L1,L2 - Spiderweb coils (see 
text). 
2 - Terminals. 
1 - Phone jack. 
PHONES - 2000-ohm headphones, 
MISC.- Plastic sheet for spiderweb coils, solder lugs, 
machine screws and nuts, wood screws, hookup wire. 
CONSTRUCTION MATERIALS (See Text), 
A ~ knob 
- Panel 
1- Bushing 
- Aluminum section 
- Rod 
Wood section 
- Setscrew 
- Ll coil form 
- Wood section 
- Spacers (2) 
- Wood section 


GHmosnuems 
1 
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CIA DI J3 


J4 
JS 
ca 
PHONES 
J6 


List of Materials for Carborundum Crystal Set 


C1A-C1B ~ Dual 365 mmf variable capacitor. 

C2 - 365 mmf variable capacitor. 

C3 - 0.1 mf capacitor. 

ch - 1000 mmf capacitor. 

D1 - Carborundum crystal and catwhisker detector assembly 
(see text), 

Ji to J6 - Fahnestock clips. 

Li - Tuning coil (see text). 

R1 - 5,000-ohm potentiometer (linear taper). 

BAT - 6-volt battery 

PHONES - 2000-ohm headphones. 

MISC. Coil form (see text), No.24 enameled copper wire, 

1/2-inch long spacers, perfboard strip (see text), 

push-in clips, solder lugs, knobs, hook-up wire, 1N34A 

diode (or equiv.), wood for base and D1 detector assembly 

(see text), wood screws, machine screws and nuts, 

alligator clips X-Y, brackets for L1 and Rl. 
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CARBORUNDUM CRYSTAL SET 


Materials other than galena, silicon or germanium have 
the property of detection. In the beginning of radio, 
carborundum (the name given to a compound of silicon 
carbide) was also used as a detector. The required heavy 
catwhisker pressure made it suitable for the early radio 
stations on ships, as it did not fall out of adjustment. 
It would also handle the strong signal energy from nearby 
spark transmitters without burning out. But what makes 
this type of crystal detector different, is the necessity 
for a bias battery. 


A crystal detector has a high current flow with voltage 
applied so that it conducts in the forward direction 
(catwhisker to crystal), and a very low current flow in 
the reverse direction. The amount of current flow in the 
forward direction depends upon the characteristics of the 
crystal material and the applied forward voltage. 


FORWARD 

CURRENT GERMANIUM __ SILICON CARBORUNDUM 
MA N34A ‘1NO14 

3.0) 


2.5 
2.0) 
15 


1.0 
5 


O 4.2 8 4 6 6 7 Boe +7272 3 4 5 6 7 8 9 VOLTS 
FORWARD VOLTAGE 


TYPICAL CRYSTAL DIODE CURRENT 


The graph compares carborundum with germanium and silicon 
crystal detectors. Germanium minimum conduction voltage 
is about 0.3 V, Silicon is 0.6 V, and carborundum is 3 V. 
The high carborundum minimum conduction voltage is the 
reason a bias battery is used to moye the threshold down 
so that weak radio signal voltages can be detected, 
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TUNING COIL 


As shown in the illustration, the tuning coil L1 is wound 
on a cardboard (or plastic ) mailing tube section 
2-inches in diameter and 2 3/4-inches long 


PERF BOARD 
TUNING COIL ASSEMBLY 


Locate and drill a hole 1/4-inch from each coil form end 
for machine screws to fit the two spacers. Also drill 
holes for two mounting brackets at one end. Then drill a 
small hole near each spacer hole to feed the wire on the 
form before you start winding. 


Wind the coil with No. 24 enameled copper wire. Tap the 
coil every 10 turns for a total of 9 taps. An easy way to 
make the taps is to twist the wire together for a half 
inch and position the free end out. Make all the coil 
taps in the area between the two spacer holes. Thread the 
free end of the wire through the small hole at the end of 
the form near the spacer hole. Make sure that all of the 
turns are tightly wound and close together. Use a section 
of sandpaper to remove the enamel from the tap wire ends 
Then tin the ends. 
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Mount 9 push-in clips in a 1/2-inch by 2 1/4-inch perf 
board section. Locate and drill holes on the board and 
install it on the coil form with two solder lugs 
1/2-inch spacers, machine screws, and nuts. Solder the 
coil taps to the ends of the push-in clips. Connect the 
coil leads to the solder lugs and mount the two 1/2-inch 
brackets on the coil form. 


DETECTOR 


The crystal detector assembly is vertical, (as shown in 
the illustration) instead of horizontal as in most 
catwhisker detectors, Begin construction by cutting the 2 
1/2-inch diameter base and 2-inch by 4-inch vertical 
section from 1/4-inch thick wood. 


DETECTOR ASSEMBLY 


Locate and install the two fahnestock clips on the base 
with solder lugs and small wood screws. Mount the 
vertical section on the edge of the base with wood screws 
(or cement). Locate and install the catwhisker holder 
with a solder lug, machine screw and nut near the top of 
the vertical section. 
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Temporarily position the crystal holder on the base so 
that the catwhisker will touch the center of the crystal. 
Locate and mount the crystal holder in this position with 
a solder lug and machine screw and nut, Connect the 
detector assembly with hookup wire as shown in the 
illustration. Solder a short section of coiled steel 
spring wire to the end of the positioning rod to serve as 
a catwhisker. Cut the end of the wire diagonally to give 
it a sharp point. 


BASEBOARD 


The receiver parts are installed on a 8-inch by 7-inch by 
3/4-inch wood base. Wherever poossible, small wood screws 
are used to hold the components on the base, 


Begin construction by laying out and installing the parts 
in the positions shown in the illustration. It will be 
necessary to make a metal mounting bracket to fit Rl. 
C1A-B and C2 are mounted with machine screws in the 
tuning capacitor frames through countersunk holes in the 
base. Install solder lugs in the rear frame of both 
tuning capacitors. Also mount solder lugs with all of the 
terminals. Install knobs on the tuning capacitors and Ri. 


WIRING 


Use hookup wire to connect the crystal set parts as shown 
in the schematic and illustration, Connect 5-inch leads 
of flexible stranded insulated wire to each alligator 
clip. Solder one lead to the stator lugs of C1A-B and 
connect the other lead to Dl. Connect C3 and Ch as shown 
and keep their leads as short and direct as possible. 


Experiment 1 

Connect your antenna to J1, ground to J2, and 2000-ohm 
headphones to J5 and J6, Temporarily connect a germanium 
diode (1N34A or equiv.) in place of the carborundum 
crystal detector Di. The diode will make it easier to 
check out the receiver. 


Do not attach the battery 
to J3-J4 at this time, or 
the diode may be damaged. 
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chargers? These are even better, because they supply up to 2.5W (and sometimes more) of regulated 5V. 
‘We'll use some of these in experiments in Chapter 3. 


Organizing Your Tools 


So now you have an idea about some of the tools you want (or already have) for your lab. Where are they 
all going to live? This is a big question, and deserves a big answer. 

One way to look at this book is that the entire latter half is dedicated to answering this question. 
‘There are, obviously, many possible arrangements that will work for most people. But we're talking 
about yourlab, with your tools, arranged and ordered to meet, specifically, your needs. 

As you progress through Chapter 3 (the very next chapter in this book), 
with both your tools and some interesting electronic components, all in the interest of getting you 
familiar with some basic concepts. These concepts and ideas are not new, but they may be new to you. 
‘The good news is that time invested today and in the very near future should pay off big dividends to you 
later in life. Who knows what you'll devise in that electronics lab of yours? 


Summary 


Starting with your brain and working outward, 


js chapter has covered some of the tools and devices 
you might use in your electronics lab. These include basic hand tools, computers, tools for solde1 
some common power tools you might find handy, as well as some fancy-schmancy tools you might only 
find in a hackerspace, school, or electronics clubs, such as laser cutters and 3D printers. 

You also learned about some of the basic test and measurement tools you'll be needing when 
working on electronic circuits in your lab, These include magnifying glasses, measuring tapes, and. 
meters (oh my!), as well as oscilloscopes and power supplies. 

Additionally, lots of advice on safety was presented. These topics were learned the hard way. Do try 
to learn from the mistakes of others, won't you? 

Just a hint was given about how you might want to organize your tools within your lab. Take care of 
your tools and they will most certainly take care of you. The details about possible organizational 
‘scenarios is let for the second half of the book, where you will learn about setting up labs big and small, 
as befits your needs, budget, and interests. 

Chapter 3 ties in much that you have learned here in Chapter 2 by introducing you to not only some 
of the basic electronics components and their uses and characteristics, but also how to use a good 
number of the tools described in this chapter. Hopefully this chapter has whetted your appetite and 
readied you to dive into some circuits and see what kind of mischief you can wreak on the world. 
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advanced projects 


Connect X CIA-B clip lead to the top tap of Li, and Y 
D1 clip lead to the second tap from the top, Tune in a 
radio station with C2 and then adjust C1A-B for best 
volume, Change the position of the clip leads and retune 
C1A-B and C2 for best reception. Check operation of the 
receiver over the entire broadcast band, 


Experiment 2 


Tune the receiver to a radio station and then disconnect 
the germanium diode. Do not disturb the receiver tuning. 
Install a carborundum crystal into the Di assembly, Set 
Ri to mid range, and connect a 6-volt battery to the 
receiver; negative lead to J3, positive lead to J4. 


Adjust the Di catwhisker for a sensitive spot on the 
carborundum crystal. Then set Ri for best volume of 
received signal, Retune C1A-B and C2 and change the clip 
leads on the Li taps as necessary for reception of radio 
stations. 


Note 
Carborundum that will work as a detector may be hard to 
find. Grinding wheels are not suitable as a source, 


because the carborundum is usually in fine particles 
mixed with other material. Best bet is to contact 
collectors of antique radio parts. But you can use 
this receiver to experiment with minerals for 
semiconductor operation. See the Workshop Section for 
information on mounting mineral sections for detector 
experiments. 


47 


4 © COMPONENT PROJECTS 


BOOK TUNING CAPACI TOR 


During the roaring 20's,the Crosly Radio Corporation used 
a type of tuning capacitor that had two plates hinged 
together on one edge. The dielectric was a sheet of mica 
between the two plates. This type of tuning capacitor was 
called a Book Condenser. 


The tuning capacitor shown in the illustration is similar 
to the Crosly Book Condenser. It uses aluminum foil 
plates cemented to fixed and movable wood sections, and 
a plastic sheet dielectric (cut from thin transparent 
plastic notebook protector material). 


MOVING 
SECTION 


DIELECTRIC. 


FIXED SECTION 


Adjusting the tuning knob causes a metal cam to rotate 
and control the movement of a spring loaded wood section. 
This varies the capacity between the two foil plates. As 
the plates are brought closer together, the capacity 
increases. As they are separated, the capacity decreases. 
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ALUM. FOIL 
TOP 


BOOK TUNING CAPACITOR 


List of Materials 


A - 3x 3 1/2 X 3/8-inch wood section 
B- 3x 1 3/4 x 3/8-inch wood section 
Cc - 3 x 3 1/8 x 3/8-inch wood section (one end beveled 45 
degrees - see text). 
= 3/4 - inch diameter wood dowel, 2 1/4 inches long. 
- 3 1/2 x 3 -inch sheet plastic (See text). 
F - 2 triangular 1-inch metal sections 
G - 1/4-inch metal rod, 3 -inches long. 
H - Metal cam (see text). 
I - Machine screw (see text) 
J - Bushing 3/8-inch long (to fit rod G). 
- Tuning knob (to fit rod G). 
L - 2 springs 1/4-inch diameter by 1 1/4-inch long. 
M- 4 solder lugs. 
MISC, Small wood screws, nails, aluminum foil, machine 
screws, nuts, solder lugs and washers. 
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CONSTRUCTION 


Start construction by cutting the wood sections from 
3/8-thick wood to the sizes shown in the drawing. Section 
C has a 45 degree bevel at one end, This acts as a pivot 
point for the movable section. Drill and countersink a 
hole to fit a flathead machine screw in the places shown 
on sections A and C. Do not install the screws at this 
time. 


Cement aluminum foil on the top of section A and on the 
bottom of section C, Then cut and remove a 1/2-inch strip 
of foil from the front edge of section A. Cut a 1/8-inch 
strip from the remaining edges. Also cut away a 1/8-inch 
strip from all the edges of the foil on section C. 


Carefully slit the foil on top of the machine serew hole 
on section A and press the foil gently inside the hole. 
Install the flathead machine screw into the hole, making 
sure that it is in contact with the foil, Fasten the 
screw with a washer and nut. Make sure that the screw 
does not turn and rip the foil. Install a solder lug and 
nut on the free end of the screw. Repeat this operation 
with section C. 


Cut the sheet plastic E to size and place it on top of 
section A, Then place section B on top of the plastic 
sheet and install it on the end of section A with wood 
screws. Install the two metal sections F with small 
nails. 


Saw the metal rod G to size and tap one end to fit a 
machine screw. Cut the dowel D to size and center drill 
it to fit the rod G. Cut a flat on one side of the dowel. 


Make a tracing of the cam H template and cement it on a 
section of heavy gauge sheet aluminumm. Cut the cam to 
size and drill a hole to fit the rod machine screw in the 
location shown. Install the cam with a lock washer on 
rod G. Insert the free end of the rod into dowel D. Place 
section C on top of the plastic sheet E on section A. 
Then temporarily position dowel D with rod G in the 
center of section B. Rotate the cam so that its long end 
touches the top of section C. Mark the placement of the 
dowel on section B, Drill a hole in section B to fit 
dowel D. Cement the dowel in place. 
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Locate and install solder lugs with wood screws on 
sections A and C as shown in the drawing. Bend over the 
ends of the solder lugs and install two springs L in the 
lugs. 


Mount tuning knob K and bushing J on the free end of rod 
G. Adjust the knob and check that section C moves in and 
out with the cam rotation, changing the capacity between 
the foil plates. 


You may have to experiment with the cam diameter for best 
operation of section C. File the cam edges in small 
inerements only and recheck the operation often. Use very 
light springs to keep section C from pressing against the 
cam and moving it. 


Reverse the camon rod G to alter the direction of 
capacity (clockwise or counterclockwise). The capacitor 
can be installed vertically on a receiver project with a 
small metal bracket mounted on the bottom side of section 
A. 
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ROTARY SWITCH 


2 1/4 diameter x 3/8-inch wood section. 

Flat head machine screws. 

- Solder lugs. 

Nuts to fit B, 

Machine screw 1 1/4-inches long. 

1/4 diameter x 1/2-inch long bushing (to fit E). 
Switch arm 1 x 1/4-inch (sheet brass, see text). 


»M - Nuts to fit E. 


- Washers to fit B. 
Small woodscrew. 
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ROTARY SWITCH 


In the early days, radio experimenters could not buy 
parts that are readily available today, ‘They had to build 
their radio components from wood sections and common 
hardware.The rotary, switch ilustrated is similar to a 
type constructed for use with tapped coils of crystal 
sets. 


The rotary switch shown uses flat head screws for contact 
points that are mounted on a wood section. The switch arm 
is cut from sheet brass and is installed on a machine 
screw. 


CONSTRUCTION 


Refer to the drawing of the rotary switch, Begin 
construction by cutting the 2 1/4-inch diameter section A 
from 3/8-inch thick wood. Locate, drill,and countersink 
the holes for the flathead machine screws B. The rotary 
switch shown has 10 machine screws, but you can space the 
hole locations for the number of switch contact points 
desired, Allow a space between the starting and ending 
contact points for the woodscrew N, This woodscrew is 
used as a stop for the rotary arm G, Locate and drill a 
cer «r hole for the machine screw E, Install the screws B 
in section A with solder lugs C and nuts D, Install the 
woodscrew N, 


Measure and cut the rotary arm G from a section of. sheet 
brass. The arm should be long enough to reach the 
contacts. Make sure that it is not too wide, or it may 
short out to a nearby contact. Make a dent or "dimple" on 
the contact end, and drill a hole for screw E on the 
other end. Bend the rotary arm as shown in the drawing. 
Install screw E into bushing F, and arm G, and tighten 
the assembly with nut H. Place washer I on the screw and 
install screw E into the center hole of A. loosely fasten 
the screw with washer J and nut K, Then rotate the 
bushing F and arm G. Adjust the tightness of nut K as 
required to allow rotation of G with only a slight 
"drag". Install solder lug L on screw E with nut M, and 
bend the lug towards the screw end. Install knob O on 
bushing F, and recheck operation of the arm G. It should 
touch all of the contacts B and stop at screw N. 


The rotary switch is used as shown in the Dual-Tuned 
Crystal Set Construction Project, Make sure that extra 
le’ * length is allowed for connection to the solder lug 
L, send the lead into a "pig-tail," so that it will not 
break as the solder lug L is rotated. 
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WORKSHOP 


The construction projects in this book can be built with 
common hand tools found in an average home workshop. 


Useful Hand Tools 


Safety glasses or face shield 
Steel rule 
Square 

Hack saw 

Wood saw 
Screwdrivers 
Pliers 
Wirecutters 
Tin snips 
Center punch 
Files 

Hammer 
Soldering Iron 


Wear safety glasses or face shield while working, Observe 
common sense safety precautions 


SOLDERING 


Make sure that the part to be soldered is clean. Use only 
rosin core solder. Prepare the soldering iron tip as 
follows: 


File each surface of the tip to remove oxidation. Plug in 
the iron and let it heat until you can melt solder on the 
tip (before the copper tip turns blue or bronze color) 
Melt enough solder until all sides of the tip are coated. 
Then wipe off excess solder with a damp sponge or cloth. 
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Make sure that the bare wire lead to be soldered is free 
of oxide. It is best to tin it first by melting a bit of 
rosin core solder on the lead end, Crimp the lead in the 
part hole to keep it from moving during soldering. Hold 
the iron tip under the part until it is hot enough to 
melt solder; Apply only enough rosin core solder to cover 
the surface of the part. Remove the iron, Do not move the 
part or wire while it is cooling 


PROJECT CONSTRUCTION TIPS 


Tape a sheet of graph paper over a project wood section. 
Mark locations of the parts on the paper. Center punch 
mounting hole centers through the paper. Use a compass to 
draw circles the same size as the holes. Then drill holes 
through the paper. 


Lettering on the projects can be done with a labelmaker 
that prints on strips of adhesive coated plastic. You can 
also use decals or dry transfer lettering sheets 


Small metal brackets can be made from heavy gauge sheet 
aluminum, Layout and drill the mounting holes and then 
cut it to size with a tin snips, Form the bracket by 
using a heavy mallet and a vise. 


Tuning Capacitors, Knobs, and Dials 


Old radios are a good source of components. The radios 
generally use two tuning capacitor sections ganged 
together. The receivers previously described will operate 
with one of the capacitor sections (365 mmf). You can cut 
out cardboard discs and cement them to radio knobs and 
use them as dials with the tuning capacitors. Mark the 
dials with dry transfer lettering, or black drawing ink. 


Panels and Cabinets 


The layout and construction of crystal sets is not 
critical. They can be fitted into many different types of 
wood cabinets, You can use almost any type of 
non-metallic box, but metal’ boxes are not recommended as 
sheet metal close to the tuning coil may lower its "Q 
Black sheet plastic used for the front panel with white 
dry transfer lettering will give your receiver project an 
antique look. 
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MOUNTING MINERALS FOR CRYSTAL DETECTORS 


Minerals (galena, etc) for experimentation as crystal 
detectors, will work best when mounted in a metallic 
base. For temporary mounting (while testing), wrap 
aluminum foil tightly around the sides and bottom of the 
mineral. Then place it into a sheet metal ring or cup 
that will fit into the detector assembly. 


After testing, the mineral can be permanently mounted in 
a metal slug. Drill a shallow hole of a diameter equal to 
the detector assembly crystal in a block of wood. Fill 
the hole with melted solder. While the solder is still 
molten, carefully place your mineral section into the 
center. Hold the mineral in place with tweezers or long 
nose pliers until the solder cools. Then pry the metal 
slug out of the wood. Be sure that the top of the mineral 
section is free of solder. 
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CHAPTER 3 


Components 


You're going to need some components to play with, as well as the knowledge to use them effectively 
chapter will introduce you to some of the bits and pieces that make up modern electric and 
electronic circuits. It will also teach you a little bit about how to identify components from their 
appearance and markings, when available. 

Once you've got an idea about what these parts do in a circuit, you'll learn a little more about how to 
measure their electrical properties and put them to use. You'll also be shown what not o do, in some 
select examples. 

‘There are an enormous number of both manufacturers and vendors of electronic components these 
days. Trying to list even a few of them here in print doesn't really make much sense, as a good 
percentage of that information will be incorrect or obsolete as soon as the ink dries on the page. 

Having a variety of basic components readily available is convenient, until your collection grows 
beyond your ability to house or organize it. This happens far too often, in reality. Most common, 
electronic parts can be obtained within a day or two from local sources, unless you live in a really 
secluded part of the planet. Also, most of the more common parts will typically cost only a few pennies 
apiece, so there aren't alot of reasons to stockpile random parts. Keep a few of each on hand for 
experimentation, but hold off on pointless hoarding... ifyou can. 


Conductors and Interconnects 


In any electrical or electronic circuit, there are just as many connections between components as there 
are components. These include wires, cables, connectors, plugs, sockets, and all those other pieces that 
help the little electrons zip around the circuit, 

First, le’s take a look at wires and interconnects in a very abstract way. We can think of wires as 
connections between other components, without having to get into a lot of detail about the wire itself. 
‘We just want a way to indicate that there is an electrical connection among all the bits, and using an 
electrical schematic diagram is an easy and effective way to do this. 


Electrical Schematics 


A schematic diagram is any kind of stylized drawing that represents a simplified view of something. 
Usually some sorts of symbols are used to represent the parts that make up the whole, as well as the 
connections or relationships that exist between them and possibly the outside world. You can have 
schematics for plumbing, hiking trails, or tribbles, a well as electrical and electronic circuits. Let's talk 
about electronic schematics for a little bit. 

‘The electrical symbol for a wire is almost always just a plain, solid line. If there's something really 
special about the wire that needs to be used, itis usually indicated in a note somewhere on the 
schematic. This can be used to indicate what color the wire needs to be, what size is appropriate, 
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Modulated radio waves,6 
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Operating tips, 25 
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PN junction, 5 

Panels and cabinets, 5 
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Point contact diode, 4,6 
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Reactance ,8 

Receiving radio waves,7 

Resonant frequency,9 

Rf coil,8 

Rotary switch project, 53 
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Semiconductor diode,4 
Silicon,4 

Simple crystal set,12 
Simple receivers, 12 
Sky wave ,25 

Slider tuned coil,17 
Slider tuned set,17 
Soldering, 54 

Space charge region,5 
Spiderweb coil set,27 
Station log,31 


Tapped coil, 32,44 
Tapped spiderweb,27 
Transmitted waves,6,7 
Transmitting station,6 
Tuned circuit,7,9 
Tuning crystal set,?7 


Untuned detector,20 


Variable capacitor,8 
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A sun-powered transistor amplifier 


makes this a— 


Space-Age 
Crystal Set 


By D. S. Halacy Jr. 


HIS tiny radio puts satellite tech- 
nology in the palm of your hand. 

Like radios in artificial moons, it's 
powered by the sun—or any other light. 
Basically, it's a 1960-model crystal set. 
‘A tugged’ sealed-in-glass diode’ has_re- 
placed the shaky catwhisker and galena 
crystal. The usually faint crystal-set sig- 


Author Halacy is an expert on the. sun. A 
couple of years ago he wrote Fabulous Fire- 
ball, a book that tells the story of the sun and 
solar energy. Last fall. Macinillan also pub- 
lished his Fun with’ the Sun. a book describ- 
ing how to make seven solar-energy projects 
at home. The present, article is an outgrowth 
of his research for the latter book. 
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LIGHT-POWERED RADIO plays indoors 
under artificial light, too. Perform 
ance is boosted by connecting antem 
to TV aerial or telephone-dial finger 
stop; a short length of wire, with al- 
ligator clips at the ends, helps. 


nal is magnified many times by a tran- 
sistor, in turn powered by a high-efficiency 
silicon solar cell. 

This unit—and other parts—can prob- 
ably be obtained locally for less than five 
dollars. All are standard parts, stocked 
by most retail and mail-order shops. Ina 
pinch you can substitute the less-efficient 
International Rectifier B2M__ selenium 
cell for the quarter-round section of a 
Hoffman silicon solar battery. 

First steps. Best place to begin con- 
struction is with the case for the radio— 
a small plastic box. You may find one in 
the medicine chest or at the druggist 
Start the necessary holes with a hot ice 
pick, then file or ream to size Keep try- 


ing the part as you enlarge the hole, to 
insure a snug fit: 

The case can be painted or lefi trans- 
parent. The one pictured has a finish of 
Day-Glo spray paint, applied to the out- 
side of the case. The paint softened the 

1a 


plastic slightly and created a wrinkled 
finish. 

The hinged top is left clear and a piece 
of painted bond paper cut to fit inside. 
This paper was lettered, and cut to accept 
the dial shaft and solar battery. The 
lettering is pure whim—there's no trade- 
mark or commercial name. 

After painting, go ahead with the as- 
sembly. Set the antenna mounting base 
through the bottom hole, put on the nut, 


cut off excess threads, and file smooth. 
Add a 6-32 screw and nut to the other 
side if you expect the radio to stand up. 
Condenser and battery. Install the 
tuning condenser in the ‘hinged top by 
first removing the dial and the small 
flathead screws. Remove both hex nuts; 
use one on the outside to hold the con- 
denser in place. Then mount the dial and 
twist the silver center screw thumb tight. 
Place the solar battery in position over 
the opening in the bond paper, and fasten 
it in place with a strip of cellophane tape. 
Bend the loopstick mounting bracket 
as shown, snap the loopstick in place, and 
fasten the bracket with a 6-32 screw and 
[Continued on page 230] 


Space-Age Crystal Set 
{Continued from page 171] 
nut. Install the phone jack, and the radio 
is ready for wiring 

Use stranded hookup wire; it can take 
the flexing imposed by opening and 
closing the case 

Pitfalls. for amateurs. The wiring 
shown in the drawing is straightforward 
and follows the circuit If 
you're familiar with electronic wiring, 
you'll probably find some short cuts. If 
you're a beginner, stick to the diagram. 
If you run into trouble, don't hesitate to 
remove the parts, do the soldering out- 
side, and then replace them. 

Use care when soldering the diode and 
transistor—excess heat will damage them. 
Sidestep part of the risk by soldering to 
the lugs of a transistor socket, then slip- 
ping the transistor in place. You'll have 
to clip the transistor's leads to make it fit. 

Bend the diode's leads to fit before 
soldering it between the base of the tran- 
sistor and the loopstick. 

Close the case when you've finished 
soldering, plug in the earphone, and lis- 
ten. There's no on-off switch: The battery 
never wears out. 

You should pick up stations at their 
proper position on the dial as indicated 
by the point of the battery or a dot on 
the lid. If the calibration is too far off, 
make a hole in the end of the case in line 
with the slotted screw on the loopstick. 
Turning this screw one way or the other 
will shift the stations enough to align 
the dial. 

Outdoors, you'll find you don't have to 
point the Solar Mite at the s 
plenty of incident light for s 
operation. Keep the whip upright for 
maximum volume. 

For stronger signals. Touching the 

silver center of the tuning dial may give 
you a stronger signal, since your body 
ts as a ground. Also try wetting your 
inger before touching the dial. 
While the Solar Mite will play on the 
whip antenna, for peak performance con- 
nect the whip to your TV antenna. If 
you don't have an outdoor antenna of 
any kind, clip a lead on the finger stop of 
a telephone dial. You'll find that the 
radio works well enough to bring in a 
strong station even in the dark—acting 
as a crystal set without the help of its 
transistor amplifier. 
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CRYSTAL SET 
CONSTRUCTION 


SIMPLE INSTRUCTIONS FOR MAKING 
NINE CRYSTAL SETS 


by B. B. BABANI 


There is to-day a marked revival of interest in cryatey 
receivers, and this book has been specially prepared to introduce 
the home constructor to the design and building of the various types. 
The text is simple and free from technicalities, so that even the 
young reader may confidently embark on the construction of any of , 


the receivers shown. 
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et rere 9, HIGH SELECTIVITY RECEIVER 
2 EARTHS. W, BATTERY AIDED CRYSTAL 
2. CRYSTAL DETECTORS. RECEIVER: 
4 Cols. 31. MEDIUM AND LONG BAND 
4. THE BEGINNERS CRYSTAL RECEIVER: 

RECEIVER. : 12 ULTRA SENSITIVE ALL WAVE 
© FRAME AERIAL RECEIVER, RECEIVER. 
7. YONG DISTANCE RECEIVER. 18, AN ADVANCED CRYSTAL DIODE 
2 RECEIVER. 


THERE ARE 12 DIAGRAMS 


L oN D,O N: BERNARDS (PUBLISHERS) LIMITED 


ke 


if wrens coum 


pL cos. oeracroe 


omen CONDENEER 


eerteny 
NEGATIVE BON 


wines CONNECTEO. 
wehes WOT CONNECTED 


FIG 1 SYMBOLS USED IN THE CIRCUITS DESCRIBED. 


1. Aerials. 


One of the essentials for satisfactory reception with crystal sets is an efficient 
aerial. Four different types are suggested and are shown in Fig. 2. 

There are several important points to be noted when erecting an aerial for 
a crystal set. 

(1) See that it is suspended as high as possible and is not screened by tall 
buildings, obstructions, etc. 

(2) The aerial itself and the tead-in from the aerial must be adequately 
insulated. Be sure that the fain or plastic insulators do not permit the 
aerial or Icad-in to touch the building. tree. or post from which they are 
suspended: The lead-in should be brought into the house through an insulated 
tod. 

“@) It is exceedingly important to use insulated copper wire, either single 
or multi-stranded, for both the aerial and the lead-in, 


2, Earths, 


An adequate and efficient carth contributes to the good performance of any 
well-designed crystal set and Fig. 3 shows the best method of obtaining an 
efficient carth where there is a garden or patch of ground available ata short 
distance from the receiver. 

Obtain a 3-ft, Jengih of {-in, galvanised iron pipe and at one end drill a 
hole right through. Insert a bolt with spring washer and locking nut in the hole. 
Connect the earth lead-in wire to the bolt; the other end of the lead-in to the 
earth connection on the receiver. Leave both ends of the pipe open. Insert 
the end opposite the bolt into the ground vertically untit only 3-in. are showing 
above the surface of the surrounding earth. 

It is important to ace that the surrounding ground is kept damp, if necessary 
y oorasl ionally pouring 2 pint or two of water down the open projecting end 
of pipe. 

Ready-made copper earthing rods with a pointed end for easy hammering 
into the earth are sometimes obtainable from radio dealers, 

Should a garden not be available, an alternative earth is a cold water = pipe 
coming from a rising main. Simply file very lightly the pipe at the back 
tap and wind the copper wire earth lead-in round the filed part and cover the 
joint with insulating tape. 

In no circumstances should a gas pipe be used for an earth. 


3. Crystal Detectors. 


Most radio dealers can supply very efficient permanent of semi-permanent 
crystal detectors of proprietary makes. However, there are always availeht= 
quite a number‘of ex-Government surplus units which are called crystal valves 
and, though these were originally designed for a very different use in service 
equipment, they are easily adaptable and will give extremely efficient results 
when used in circuits designed for them. To enable the constructor to purchase 
suitable types for this purpose—and they cost very little—the following Hist 
gives the Government reference numbers. 
C¥ 101, CV 102, CV 103, CV 111, CV 112, CV 113, CV 226, CV 241, CV 246, 
Cy 247, CV 253, CV 291, CV 351, CV 361, CV 364, CV 367, CV 727, cv 749, 
and CV 1785. 

‘One of the satisfactory proprietary makes of this class of crystal detector 
isthe BTH CS7A, which, incidentally, isthe commercial equivalent of the CV 253. 

For all these Government types, one connection should be made to each 
end by arranging 4 holder to fix them into or by carefully soldering the appropriate 
connecting wires to each end. 
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4, Coils, 


In Fig. 3 two methods are shown of fixing the coil to the chassis. However, 

the ingenious constructor may evolve another arran} a, 
1¢ important thing to remember is that the coll should be fixed so that it 
is completely insulated from the metal chassis that may be used, 

It is also important to remember that if a metal chassis is used, one must 
see that all components and wiring, with the exception of earth connections, 
are adequately insulated from this chassis so as to make sure that no short 
circuits take place. It is recommended that all crystal sets should be built 
on a panel, and that both panel and chassis should be of bakelite, paxolin or 
perspex, as these three materials are efficient insulators in themselves. 


5, The Beginners’ Crystal Receiver. 


The popularity of the crystal receiver among beginners is undoubtedly due 
to the very modest outiay necessary, and the ease with which such receivers 
may be built. It is not always appreciated that, to obtain worth while results, 
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whether there are any special requirements for the insulation, and so forth. Most of the 
plain, solid line. For an example of just how simple it can be to draw a wire in a schemati 
Figure 3-1, 


[*/—2] 


Figure 3-1. A very simple electrical schematic diagram, showing how to get from point A to point B with a 


single wire. Drawing wires in schematics is easy! 


Ifa wire starts in just one place and ends in just one place, everything stays nice and easy. If multiple 
wires need to converge on a single point, or one signal wire needs to split up to go to more than one 
destination, it gets just a litle more complicated, but not too much. See Figure 3-2. 


atte 
ls 


Figure 3-2. Wires that are connected to each other usually have a dot at their intersection. If there is no dot, 


there is no connection between overlapping wires. 


In the figure, points A, B, and Care connected together. Points D and E are connected together, but 
are not connected to points A, B or C, even though the wires look like they are crossing. In a professional 
‘schematic, a careful drafisperson would route the wire from point D to point E on the right side of the 
components to avoid any possible confusion. 

Some folks like to draw a little bump, or bridge, when two unconnected wires cross in a schematic, 
just to make sure that everyone knows that the wires aren’t connected. This gets to be a bit tedious once 
you've got more than two or three components in your schematic, and it can look a bit unsightly. Feel 
free, however, to draw your schematics however you see fit. Just remember that others might not share 
your particular drafting sensi 


Wire and Cables 


Chapter2 took a quick look at wire and how it is made to help you pick out the best 
wire-stripping tools. Now itis time to consider wire as an electrical component within your circuits. 
Knowing what a wire can and cannot do will help you pick the right kind of wire to use. Yes, wire has 
limits! This is important both for building new circuits from scratch as well as repairing, replacing, or 
upgrading wiring in existing circuits 

Wire can be used for all sorts of artsy and crafisy purposes. Copper wire is the most common wire 
used in electronics, Sometimes the copper conductor is tinned with another conductive metal with alow 
melting point to make it easier to solder. When you cut this wire, you can see the copper on the inside. 

Pure copper wire is getting very expensive these days. Unscrupulous people try to pass off copper 
alloy with inferior electrical properties as the real deal. A quick way to test is with a magnet. Copper is 
not attracted to magnets. 


far more care in avoiding losses is necessary than with a three or four valve 
receiver, One reason for this is the fact that the crystal receiver can offer no 
help by way of amplification and it is therefore dependent on an efficient aerial’ 
earth system, low loss design within the receiver itself, and the use of sensitive 
headphones.’ The experience gained is well worth the time expended since, 
when more ambitious receivers are attempted, the constructor will r\emember 
the benefits gained by efficient construction and installation with the result that 
each receiver attempted will be an instrument capable of giving a first class 
performance. 

Losses within the receiver itself may be considerably reduced by efficient 
coil design. Unfortunately, selectivity is a factor which must not be overlooked; 
itis this factor which governs the sharpness of the tuning and permits the separa~ 
tion of adjacent powerful stations, The greater the selectivity, the greater the 
ease with which signals may be separated; but at maximum sclectivity the 
received signals are at minimum strength, In Fig. 4, the coil is tapped at four 
points, which enables the best point between selectivity and sensitivity to be 
chosen. The nearer the aerial tap to the earth end of the coil, the greater the 
selectivity. The pre-set condenser Cl also aids selectivity; at minimum capacity 
the selectivity is high, and vice versa. 

Used in conjunction with the coil taps, the constructor should have no 
Aifficulty in selecting a condenser setting and tapping point which permit the 
seception of strong signals and at the same time effect the required separation 
of powerfui stations, 

The coil is constructed on a former 3-in. diameter x 2-in., and consists 
of SC turns 36 S.W.G. enamelled wire close wound and tapped at every tenth 
turn, These taps are brought out in the form of loops twisted firmly so that 
there is no actual break in the winding continuity. After completion the 
winding may be painted with Durafix to prevent any movement, and the taps 
End two free ends cleaned with emery cloth to remove the enamel. The layout 
and wiring is shown in Fig. 4. The headphones should have a resistance of 
tome 4,000 ohms or more and should be of reputable manufacture. Any of 
‘the serials previously described are suitable for use with this receiver. 


C2 0005 variable condenser. 2 02, 30 S.W.G. enamelled copper 

C1 0002 pre-set condenser. * wire. 

€3_ .001 mica condenser. 1 Cou former 3-in. dia. x 2-in. 

1 Crystal detector, semi-permanent 1 Ebonite or Bakelite panel 6-in. « 
pattern, Sein. x fein. 


4 terminals, connecting wire, etc. 


» Frame Aerial Receiver for Local Station use 
on Medium wave bands, 


This .eceiver was specially designed for constructors who are within 
$ to 10 miles of a powerful station and who have no facilities for constructing 
@ good outdoor aerial. 

‘The frame itself consists of two @-in. x 4-in, square section wooden rods 
cach 36-in. in length. These are placed together at their centre tine to form a 
cross; they are fastened by a nut and bolt and these in turn pass through an 
upright piece of wood ;-in. x 1-in. section 2-ft, in length. | This upright support 
is then screwed into a baseboard x 8-in. x Tin. thick. At each of the 
arms of ihe 36-in, cross a 4-in, strip of }-in, square section wood is placed. 
Reference to Fig. 5B will give the details of the construction of this aerial 
quite clearly. 

It will be noted that approximately 85-ft. of 20 S.W.G. double cotton- 
‘sovered ‘wire are required for the inductance te cover the medium wave broadcast 
band, The wire should be wound around the four crossbars, thereby creating 


OETECTOR 


#1G.4 THE SEGINNERS CRYSTAL RECEIVER. 


‘@ square wire frame, and each turn of the wire should be spaced approximately 
in. The best way to effect this spacing accurately is to fileon the 4-in. crossbars 
x number of smal] nicks at ¢-in. intervals. The two ends of the wire should 
then be brought down on the two terminals which may be screwed into the 
‘peare baseboard and two leads taken from there to the crystal set itself. 

‘The actual set may be constructed on a small cbonite, paxolin or perspex 
panel 8-in. x 3-in. which may be screwed to one side of this base supporting 
piece of wood, thereby making the set virtually self-contained except for the 
earphones, Fig. 5A shows the circuit of the receiver. 

To obtain the best results with this receiver, the aerial should be rotated by 
hand until the signals become loudest. 


1 Semi-permanent crystal detector. 1 pair of high sensitivity earphones. 

Cl 1.0005 mf. variable condenser. —_—&85-ft. to 90-ft. of 20 S.W.G. double 

C2 1.0005 mf, fixed condenser. cotton covered wire. oz.) 

T condenser dial marked 0 to 100 or ‘Sufficient connecting wire for wiring 
Oto 180, purposes. 


7. Long Distance Receiver. 


ite straightforward, as can be seen from Fig. 6 and the 
in winding the coil L1, 

This coil consists of a 23-in. diameter former on which are wound a total 
of 51 turns using 24 §.W.G. double cotton wire. Starting at one end, tap every 
two turns until there aro cight taps; wind a further 15 tums and tap; then 
a further 10 turns and tap; finally, add 10 turns to end the winding. The wire 
should be close wound, é.e., with tums touching. 

To obtain the best results, the two crocodile clips A and B should be tried 
on the various cail taps until the loudest reception is obtained, It may be 
found in use that the loudest reception of any particular station causes another 
station to be heard at the same time; care should, therefore, be taken to select 
the appropriate tapping point to separate any two powerful stations that may 
interfere with one another. 


4 02. 24 S.W.G. DCC copper wire. 1 Permanent crystal detector. 

Coil former 2}-in, dia, x 3-in, C3. .001 fixed condenser, 

1-2 single variable condensers 1 pair of high sensitivity earphones 
00035 mfd. (preferably between 4,000 ohms 

2 Condenser dials marked from and 8,000 ohms impedance}. 
Oto 100 oF 6 to 180. 2 Crocodile clips. 


8. High Gain Receiver. 


This receiver has been designed to give good recoption up to 50 miles distance 
from any normal power broadcasting station in the medium band. It is a very 
selective circuit and will therefore enable the user to separate closely situated 
stations. 

It will be noticed in the circuit (Fig. 7) that the variable condenser C1, has 
an on/off switch S1 to throw it out of circuit if necessary, It is used to increase 
the selectivity of the receiver and, in operating, it should be tried with this 
condenser either in or out of circuit on the various tappings on the coil L1. 

Li consists of 90 turns of 22 S.W.G. double cotton covered wire wound 
on a 2-in. diameter former and tapped every ten turns. {1.2 separately wound 
on & 2-in. former, consists of 90 turns of 22 S.W.G. double cotemm ceared 
wire, also tanped as Ll. The components required are given on page ? 


FIG.5A FRAME AERIAL CRYSTAL RECEIVER 
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FIG.6 LONG-DISTANCE CRYSTAL RECEIVER 


C1-2 Single variable condensers 1 Pair of high sensitivity earphones. 
.00035 mfd. 8 oz. 22 S.W.G, 
SI Single pole single throw switch. 2 Dials for variable condenser 


CS .0001 preset condenser. marked 0 to 100 or 0 to 180, 
1 Permanent crysta! detector. 


34.00] mfd. fixed condenser. 
9. High Selectivity Receiver, 


This circuit (see Fig. 8) is for use in high saturation strength areas where itis 
desired to separate powerful stations. The circuit is not complicated and is 
extremely effective. 

It will be noted that C1 and C2, cach 00035 mfd. capacity, are 2 gang unit, 

The only special point in this set is the design of coils LI, 2 and 3, which 
are constructed as follows: L1, 60 tums of 22 S.W.G. double cotton covered 
wireona3 x 4 inches former tapped every five turns; L2, 15 turns of 22§,W.G. 
double cotton covered wireon a 3 x 6 former; and’ L3, 85 turns of 22 S.W.G. 
double cotton covered wire wound on the same former as L2, the two windings 
being separated by approximately }-in. (see Fig. 8), 

Note that the aerial Jead is brought down to one of the tappings on wire L1, 
This should be tried on each of the tapings and the one giving the required 
selectivity should be used. 

C1-2 2-gang variable condenser 3.0005 fixed condenser. 

00035 mfd. t Semi-permanent crystal detector. 
2 3-in. formers for coils L1-2-3. 


8 oz. 22 S.W.G. DCC. 


10, Battery-alded Crystal Receiver. 
Fig. 9 shows a design which utilises a 9-volt grid bias battery to improve 
formance. 


The charge built up in the .02 mfd. fixed condenser is changed to a positive 
current when it passes through the coil Li. This, in turn, is superimposed on 
the positive charge that is commencing to be rectified by the crystal detector 
and thereby increases the signa] strength. 

Coil LI consists of a 4-in. diameter former wound with 85 tums of 24$,W.G. 
double cotton covered wire tapped at 5, 25, 45 and 65 turns from the earth end. 
‘The carth end and these four taps are brought out to five small sockets and the 
connection from the earth is taken to a small socket. The plug should be tried 
in each of the five positions to find which one gives the greatest signal ‘strength, 

The 9-volt battery is connected across the 02 mfd. condenser and special 
erase be taken to see that the battery is connected correctly, Le., negative 
pole to earth. 


1 Permanent crystal detector, C3 Fixed condenser .02 mfd. 

1 4-in, dia, x 3-in, former. 1 pair of high sensitivity headphones, 
8 oz. 20 S.W.G. DOC copper wire, 1 Clix plug. 

Cl Variable condenser .0005 mfd. 5 Clix sockets. 

C2 Fixed condenser .005 mfd. 1 9-volt grid bias battery. 


Il. Medium and Long wave band Receiver. 


‘This set has been designed for reception on two wave bands. 

Care musi be taken in winding the coils Lt, 2, 3 and 4, These are wound 
on a single 3-in. diameter former. Li consists of 30 turns of 28 S.W.G, DCC 
tapped at 8, 16 and 24 turns. L2, 60 turns of 32 §.W.G. DCC. L3, 40 turns of 
28 S.W.G. DCC, and L4, 80 turns of 32 $,W.G. DCC. All are close wound 
and are separated from each other as followa: between Li and L2, 3/16-im. 
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between L2 and L3, i-in.; and between L3 and L4, 3/J6-in. See Fig. 10. 


C1-2 single variable condensers 3-00! mfd. fixed condenser. 

.0005 mfd. 1 Pair of high sensitivity earphones. 
2 Variable condenser djals marked 1 3-in. dia. x 8-in. former, 

0 to 100 or 0 to 180. 20z of both 28 and 32 S.W.G. 
1 Clix plug. double ‘cotton covered wire to 
3 Clix sockets. make these 4 coils, 
51 Single pole double throw switch, 1 Permanent crystal detector. 


In use, the plug should be tried in each of the three sockets to find the point 
which gives the best results. The switch is used as a wave band change switch. 


12. Ultra Sensitive All Wave Receiver. 


The receiver shown in Fig, 11 is for long distance reception. Tt is a novel 
circuit and, though apparently complicated in construction, it is really very 
simple to assemble with the minimum of tools and labour. 

it will be seen from the circuit diagram that there are two banks of sockets, 
five black and six red. “When using this set the appropriate black and red plugs 
in whichever of the similar coloured sockets give the best 
Tesults. The coil is quite easy to construct and consists of a primary winding 
which is inserted at the earth end of the secondary winding. For the mediurs 


The coil is wound on a 3-in, diameter former which may be a paper tube, 
bakelite, paxolin or perspex, and spacing is approximately 17 turns to the inch. 

For short wave work down to about 30 metres, L2, the secondary coil, will 
consist of the same diameter former wound with 15 turns of the same gauge wire, 
the four taps being taken at 3, 6, 9 and 12 turns from the earth end, 

LI, the primary coil, is used for both wave bands and consists of 11 turns 
of similar gauge wire to that used for L2, wound on a 2-in. x 1-in. former, the 
winding to be spaced the same as L2. ‘The coil is then inserted at the earth end 
of whichever secondary coil L2 is being used. 

‘The crystal detector may be one of the semi-permanent types freely available 
to-day; the old-fashioned cat's whisker pattern; or one of the silicon Permanent 
detectors which are sold by many surplus dealers. 

The phones should be of a standard type 4,000 ohms impedance although 
“phones of other values will probably operate quite satisfactorily with this 
Powerful receiver. It should, however, be stressed that the better the head- 
hones used, the more satisfactory the reception, 

Coils for other wave bands may be experimentally designed by the con- 
structor, remembering that four tappings are advisable for the secondary coil L2. 

A long aerial is very desirable with this receiver, placed as high as possible, 
It is recommended that a minimum length of 70-ft. be allowed, to include the 
aerial and lead-in. 

The values of the components are shown in the following components list. 
The constructor should experience no difficulty in obtaining excellent results 
from this cleverly designed receiver. 


Cl 0005 variable condenser. + 1b. 20 S.W.G, enamelled or DCC 
C2 .002 fixed condenser. copper wire. 

1 semi-permanent crystal detector. 6 red wander plug sockets. 

1 coil former 3-in. dia. x 4}-in. 6 black wander plug sockets. 

J coil former 2-in, dia. x i-in, ‘red and 1 black wander plug. 


Headphones, ‘terminal, ~snnecting wire 
Ww 
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ULTRA-SENSITIVE ALL“WAVE CRYSTAL RECEIVER 


13. An Advanced Crystal Diode Receiver. 


lern crystal diode of the radar {ype does not require any adjustment 
and hue fave @ distinct advantage over the ordinary crystal detector which needs 
elicate ee aetustentevea the semi-permanent type. 

Is are now obtainable on both the regular and the surplus 
‘oases @ popular type is the B.T.H. CS7A silicon crystal (also coded 


different circuit from the usual crystal set arrangement is needed 
to mit fe characte of's @ crystal diode. The diode must be tapped on to 
‘the tuning coil, and it is found that the tuning circuit itself gives best results if 
a seciesetuned acceptor circuit is used. The circuit of a radar crystal receiver is 
iowa Ia ip. 12, The type of aerial used with this circuit has a very great 
‘bearing 6 behaviour of the receiver for, in effect, the tuned circuit, with a 
scties resistance equivalent to the reflected ‘crystal load resistance, is in series 
with the capacitance of the seria] to earth and the aerial’s effective series 
resistance. 


At resonance—when the combination is tuned to any particular signal— 
the inductance resonates with the capacitances of the tuning condenser and the 
aerial in series, and the final effect is that the reflected load of the crystal, in 
serios with the coil’s R.F. resistance, is paralleled across the acrial's series 
resistance. 

For maximum power transfer, the crystal load resistance must be made 
ZaURL to ths fara ot the ucsidl series resistance paid the ooil RF: resistance and 
so the method in which the crystal is tapped into the tuning coil, and the exact 
capacitance required to tune the receiver to any required signal, must depend 
toa very great extent on the aerial itself. 

At the same time the crystal resistance varies with the signal strength, the 


resistance being high for weak and dropping by as much as 50 per cent. 
and more for strong signals, so that this effect also has a bearing on the correct 
soil tap. The output ‘of the crystal also varies similarly, affectin; 


the matching of the headphones into the crystal diode, and so for any set 
conditions, the receiver requires to be matched up to both the aerial and the 
signal being received for best results. This would mean a series of coil tapa 
and (theoretically, not practically) a matching transformer between the diode 
and the headphones; but in practice it will be found that a receiver using standard 
parts can be built up to give very good results under various conditions. 

It has been shown already that the tuning of the receiver depends to a great 
extent on the characteristics of the acrial, and while a .0005 mid. variable 
capacitor is shown in Fig. 12 as the tuner, the constructor must be prepared 
to experiment with different capacitance values until the required station is 
tuned in. The range of reception given by the receiver is quite good, if a really 
Jong and high aerial, and a good earth connection, are used; but n0 more than 
the local station signal can be expected, and the tuning therefore must be adjusted 
to suit the station frequency. 

Tt must be mentioned that the headphones are shown parallel connected. 
High resistance headphones of the 4,000 chm type must be used, and if two of 
these are connected in parallel rather than in the more usual series method, they 
will provide a roughly accurate match to the crystal. If more than one pair of 
headphones are to be connected in, then the pairs of headphones may be left 
series connected in the usual manner, the sets of headphones being connected 
in parallel. 

The capacitor across the headphone terminals completes the crystal R.F. 
circuit, and any value between about 0.001 and 0.005 mf, will serve, The higher 
capacitance will, of course, by-pass some of the higher audio frequencies, so 
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that if good steady reception is obtained some experiment with this condense? 
is also worth while. ‘ 
Cl, .0005 mfd. variable condenser. MLR.1 CV 253 Crystal diode. 
C2, .005 mfd. fixed condenser, Coil former 1}-in. dia. x 4¢-in. 
402. 26 §.W.G. enamelled copper wire. 

Coil details are as follows: 150 turns of 26 $.W.G. tapped at 20, 25, 30, 
35, 40 and 45 wurns from the earth end. At cach tapping-point the wire should 
‘be twisted up into a loop and the winding then continued without breaking the 
fais ‘when the coil is completed and the ends anchored the tapping loops ua 
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As mentioned in Chapter 2, wire comes in two major categories: solid core and stranded. Solid core 
wire is just a single piece of copper wire, while stranded wire is made up of many smaller strands of 
copper wire, usually twisted together. Stranded wire is generally more flexible than solid core wire. 

‘Copper wire is measured using a gauge system. Different systems exist around the world. A 
‘common system used in the United States and Canada is the American Wire Gauge (AWG) standard. It 
‘uses a series of single numbers to denote the relative size of the wire, with larger numbers representing 
smaller-diameter wires. These numbers go all the way down to zero (0 gauge), but they don’t stop there. 
Larger wires than 0 gauge are called 00 gauge, double-ought, or sometimes 2/0. There are also three- and. 
four-digit versions, but after that, those giant wires are specified with their actual cross-sectional 
diameter. 


Using Wire: The Very Short Version 


Fatter wires carry more current with less heat being generated due to resistance. The wire's insulation is 
rated for a maximum voltage and temperature. If this temperature is exceeded, the insulation will soften, 
‘melt, or catch on fire. Avoid this by using the right sized wire for the job. Exceeding the maximum 
voltage can cause more problems if the current arcs through the insulation. This can cause a short 
circuit and may even cause a fire. Its also likely to give off noxious fumes. Choose wisely! 

For low voltages (under 36V) and small current loads (under 1A), you can use whatever you want. It 
doesn’t matter. Pick something pretty. A thing of beauty is a joy forever. 

For higher-voltage applications, make sure the wire's insulation is rated far in excess of what you 
anticipate. The rating should be visibly printed on the insulation itself. See Figure 3-3. 


Figure 3-3. The wire's insulation only works up to a point, That point is usually printed on the insulation 
itself, but you may need to put on your good reading glasses to see it. This wire states, "LL33911 CSA TEW 
105°C 600V FIT 144WG,” which translates to the manufacturer's part number, Canadian Standards 
Association certified thermoplastic equipment wire, maximum temperature of 105°C, 600V insulation 
dialectric strength, 14 gauge. 
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PREFACE 


The Publishers make no apology for reviving interest in the 
crystal set. For too long the technical press has immersed itself in an 
orgy of complex superheterodyne receivers and television equipment, 
all of which is necessarily expensive. In the 1920's, crystal set 
construction was a fascinating and inexpensive pastime indulged in by 
the majority of boys of that day. Today this pleasurable hobby can 
be even more attractive, the introduction of the germanium crystal 
diode and high performance coils, has opened up new paths which will 
capture the interest of boys of all ages. Perhaps most important of all. 
not only can a receiver capable of impeccable reproduction be 
produced without any technical knowledge; but the cost is no greater 
than that of a few visits to the cinema 
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INTRODUCTION 


Before any attempt is made to construct a 
receiver, it is necessary to examine the problems 
which surround the crystal set, so that the best 
can be obtained from any of the designs 
attempted. 

Firstly, it must be understood that the crystal 
set as it is to-day does not provide any amplifica- 
tion. It relies entirely on what is fed into it via 
the aerial and earth system and gives a very faith- 
ful replica of the original transmission, 

From this it will be obvious that the aerial and 
earth system must be as efficient as possible if 
the final results are to be in any way outstanding. 
This because these are the only means by which 
the signals are fed to the receiver. 

Secondly it is necessary to understand the 
nature of the transmitted signal, then it will be 
easy to understand the working of the set and to 
appreciate the function of each of the components. 

When crystal sets first became popular, very 
little information was generally available, at 
least, not in a form that school-boys could 
understand. 

‘We all built sets of all shapes and sizes, with 
coil designs that had to be seen to be believed, 
‘but very few of us had much idea of how they 
worked. 

I well remember the case of a cousin of mine 
who, in those days acquired a magnificent vari- 
able capacitor or condenser as it was then called, 
this instrument had a most impressively engraved 
dial of polished ebonite, brass vanes and nickel 
plated end plates. Having observed similar dials 
on several highly priced commercial receivers in 
the town, he at once ripped out the somewhat 
tattered coil from the family receiver and replaced 
it with this device. ‘The profound silence which 
ensued caused considerable amazement and dis- 
may until a better informed adult explained the 
mysteries of L and C to him. Readers of this 
manual, however, will be better informed and 
there is no risk of failure with any of the designs 
described provided the instructions are carefully 
followed. 


‘The Signal 


To commence, we will assume that an orchestra 


is playing in a broadcasting studio, Since the 
Ptinciple of radio transmission is electrical it is 
necessary to change the sound produced by the 
orchestra into an electrical equivalent. This is 
cattied out by the microphone, which picks up 
the sound and changes it into minute electric 
currents, 


‘As they appear at the output of the micro- 
phone they are too small to be of use and 
accordingly are passed through a high power 
amplifier. These amplified currents could now 
be transmitted, but unfortunately, as we shall 
learn, owing to the inherent nature of the signal 
in this state, transmission over any useful distance 
would be impractical. 


When the music from the orchestra is trans- 
formed into electrical currents they are in the 
form of alternating currents, usually called A.C., 
that is they rise to a maximum in one direction, 
fall to a minimum, tise to a maximum in the 
opposite direction and then fall to minimum 

in. This process is repeated over and over 
One complete rise and fall in each direc- 
tion is called a cycle and is drawn in Fig. 1. 
Every time a note is struck on a piano, vibrations 
are sent out which reach the ear enabling you to 
hear it. These vibrations are also spoken of as 
cycles, they rise and fall in intensity the same way 
as an alternating current. The number of cycles 
radiated by any given note over a period of one 
second are referred to as its frequency. Middie 
C on the piano sends out 261 cycles every second 
and is known as having a frequency of 261. The 
microphone also “hears” the note and in the 
case of middie C produces minute A.C. at 261 
cycles. This can be drawn as in Fig. 2, the only 
difference between Fig. 1 and 2 is, that the time 
factor is given so that the frequency can be iden- 
tified. The higher the pitch of a note the higher 
the frequency and the lower the pitch the lower 
the frequency. On a piano the frequency of the 
top note is 3515 cycles and that of the lower 27 
cycles. Those of you who have listened to an 
organ in a concert hall will have noticed that 
when a very deep note was played, it sounded 
like a growl to the ear, but the vibrating fre- 
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quency could be distinctly felt through the seat. 
Higher notes have too high a frequency to be 
observed in this manner. 

‘The range of sounds which can be detected 
by the human ear are known as audio or low 
frequencies. From this you will understand that 
low frequency amplifier is one which amplifies 


So that the transmitter will carry the pro- 
gramme over a useful distance it is necessary to 
radiate high frequencies. Now, as explained, the 
programme to be transmitted consists of low fre- 
quencies, and to overcome the difficulty, the 
transmitter generates A.C. of high frequency and 
combines it with the low frequencies. It will now 
be understood that the transmitted signal consists 
essentially of two different parts, a high and a low 
frequency content. 

ig. 3 gives a representation of the high fre- 
quency signal generated by the transmitter. In the 
case of the London Home Service, the frequency 
When fering high al 

mhen referring to a high frequency signal on 
the medium or long ravesband tis ual to 
reas the frequency in thousands of cycles, thus 


908000 cycles becomes 908 kilo-cycles, which in 
turn may be abbreviated to 908 k/cs. It might at 
first be thought that by adding the low frequ 
or LF. signal to the high frequency or HLF. 
cartier a form such as in Fig. 4 would result, such 
a combination is uscless, and, so that the original 
LF. content can be satisfactorily extracted by the 
receiver, the LF. signal must vary the amplitude 
or output power of the HLF. signal as in Fig. 5. 

It is in this form that the signal arrives at 
the receiving aerial. The aerial in itself is in 
capable of discriminating between one signal and 
another, and countless signals will be collected 
by the aerial at any one time. Many of these are 
too weak to be of use but the stronger ones must 
be sorted out since there is no point in receiving 
several programmes at once. 

Fig. 6 shows the basic circuit of the input to 
a crystal. The coil L possesses a quality known 
as inductance, and the capacitor C, that of capa- 
citance, If the coil had no capacitance whatever 
across it, all signals arriving at the aerial would 
be effectively short circuited to earth. As a matter 
of interest, it is impossible to obtain this state 
of affairs since even without any additional capa- 
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citor any coil must contain a certain amount of 
self capacitance. 

By combining a coil and capacitor as in Fig. 
6 a peculiar effect is observed, at one particular 
frequency, the signals are not’ short circuited to 
earth, but are developed across the coil. In other 
Words the combined effect of L and C no longer 
provides a short circuit, but only at one particu- 
Jar frequency. If the value of C is altered the 
effect will be observed at a different frequency: 
likewise by altering L the frequency at which the 
effect will take place can be changed. There is 
a name for this phenomena, the frequency at 
which it occurs with any given L and C combina- 
tion is known as the resonant frequency. 

‘The values of the coils and capacitors shown in 
this manual have been carefully chosen so that 
resonance will be obtained at all frequencies 
where stations are broadcasting. Broadcasting 
stations work in bands of frequencies, those of 
major interest to crystal set constructors are the 
medium wave-band 1200 k/cs—600 k/es and the 
Tong wave-band 300 ke/s—150 k/cs. 

‘Usually a variable capacitor is used with a fixed 
inductance to cover one band and an additional 


coil switched in to increase the inductance to 
cover the other. In this way the L and C com- 
bination can be adjusted to provide resonance at 
the desired frequency of any given station. In other 
words you can select the station you want by 
varying C, that is turning the dial of the variable 
capacitor. This procedure is referred to as tuning. 
Having selected or tuned the required station it 
still remains necessary to change the form of the 
signal back to that of the original transmission. 
This process is called detection or de-modulation, 

Examination of Fig. 5 will show that the signal 
hhas been duplicated, in other words, as it rises 
in one direction it also rises equally in the other. 
In this form the signal is useless since each half of 
the signal cancels the other. and if this signal is 
applied to a pair of headphones silence will 
result. Obviously some provision must be made 
to get rid of the unwanted half of the signal, and 
it is here that the crystal detector must be con- 
sidered. This device will pass current in one 
direction only, ignoring any signal in the opposite 
direction, so that if the signal of Fig. 5 is passed 
through such a crystal, that of Fig. 7 will result. 
There is still the HLF. content to be reckoned 


ai 


mes 


G 


THE BOY'S BOOK OF CRYSTAL SETS 


with, fortunately this is easily dealt with, a capa- 
Gitor connected across the beadphone ‘erminals 
effectively disposes of this, leaving only the audio 
or LF. content, as shown in Fig. 8. This audio 
content, which is a faithful replica of the original 
transmission is fed to the headphones. ‘These in 
turn reverse the process of the microphone and 
transform the electrical currents into sound waves 
acceptable to the human eat. 

Briefly then, your requirements are as 
follows:— 

(1) A. good aerial and earth installation, to 

make the most of the available signals, 

@) A receiver containing: 

(@ Some form of coil and capacitor (L & 
©) combination to select or tune in the 
wanted station, 

MA to get rid of the unwanted 
hhalf of the signal (detection), 

(© A fixed capacitor across the head- 
phones to get rid of any remaining 
cartier. 

@) A pair of sensitive high resistance head- 
phones. 


Aerials 


By this time the intending constructor will be 
able to appreciate the necessity of a good aerial. 
It is a point which cannot be over-emphasised. 
Assuming that you are in the fortunate position 
of being able to erect an outdoor aerial there are 
two main considerations, height and length. 

One of the best that can be used is the inverted 
L shown diagramatically in Fig. 9. 

Tt should be erected as high as is practical, 
every foot counts. The horizontal wire, that is 
the aerial ptoper, should have a minimum length 
of 60’ to which of course the length of the down 
lead is added, Where it is impossible to erect 
‘an aerial with an ideal horizontal length, a com- 
Promise must be effected. 

Fig. 10 shows a three wire spreader aerial 
which gives quite a good effective length. 

Suitable wire for a receiving aerial will not set 
any problems, stranded copper about 7/22 gau 
is the best. 7/22 means that it consists of 7 
of 22-gauge wire. This wire may be obtained 
covered, and for the present purpose is better 
than the plain or enamelled kind. 

Note that insulators are used between. the 
actual aerial wire and its anchoring supports, 
is important that these are used, otherwise 
leakage will occur which will of course spoil its 
efficiency. Fig. 11 and 12 show how the wire may 
best be attached to two of the most common 
types of insulator available. Fig. 11 is of porce- 
Tain and is usually referred to as an egg insula- 
tor, whereas Fig. 12 shows a more modern (and 
more expensive) type in glass. If you are using 


the glass pattern, one is usually sufficient at each 
end of the aerial, but with the egg type two 
should be used. No doubt many readers will not 
be in a position to erect an out-door aerial, and 
must necessarily be content with an indoor in- 
stallation. 

‘The next best thing to a good out-door aerial 
is a replica constructed in a loft. If this form of 


feeding the down lead to avoid close contact with 
the wall of the house. At the point where the 
Tead feeds under the caves, a length of rubber 
tubing can be used to cover the wire. The lead 
is fed through one of the small spaces left for 
Yenllaion purposes, “A general idea is given by 

ig. 13. 

A less elaborate but quite effective aerial can 
be obtained by using a bed-spring. A length of 
7/22 copper insulated wire is connected between 
the receiver and the spring. ‘The spring should 
first be cleaned with emery cloth. Remove about 
% of insulation from the wire and bind it tightly 
Tound the prepared spring. The joint may 
covered with insulating tape which is obtainable 
from all electrical stores for a few pence. 

Such aerials are quite popular since so many 
‘crystal sets are built for bedroom use. 

‘When an aerial is required in the living room, 
the picture rail can be conveniently used. Insu- 
lated screw-eyes are fixed at intervals of about 
3 feet along the rail, the wire is firmly anchored 
to one of them, and stretched right round the 
room until you artive back at the starting point. 
By use of one of the insulated screw-eyes, the 
wire is secured and the down lead fed to the 
receiver. The idea is illustrated in Fig. 14. 


Soldering 

Before leaving the subject of aerials, a few 
words on soldering will not come amiss. Down 
Jeads on outdoor aerials should be soldered, and 
the same applies to loft types. Apart from aerial 
Teads; earth leads and all the connections in the 
receiver will require soldering. 

For the type of soldering necessary in radio 
‘construction an electric iron is the best solution. 
One of the small types marketed by Adcola or 
Henleys will be found admirable for the job. 
‘These are excellent for actual set construction but 
are hardly large enough for soldering the down 
lead to an outdoor type of serial. Here the heat 
is dissipated much more quickly and a larger 
iron is required in order to get the solder to flow. 

Ordinary irons which may be heated by a gas 
flame can be obtained very cheaply from most 
ironmongers’ stores. Assuming the use of such 
an iron, first heat the iron until the copper bit 
is giving off a green coloured flame, the iron is 
now at the correct operating temperature. ‘The 
bit is now discoloured or oxidised and its tip 
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For higher-current applications, you really need to use the highest-gauge wire that is necessary to 
carry the required current, Hot wires cause fires. 


Using Wire: The Longer Version 


Ifyou will spend some time learning about the properties of wire, you will be able to make much better 
decisions regarding its use and application. Assuming that the overall shape of the cross section of the 
wire is round, the gauge of the wire determines how much resistance to the flow of electrical current the 
wire will exhibit over a given distance. This resistance, in turn, helps determine the amount of electrical 
current that the wire can safely carry. 

‘When electric current meets resistance, the electrical power is converted into some other form of 
energy. Usually this energy is given off as heat, or thermal energy. It can also produce magnetic fields, 
sound, light, and radio waves. 

‘A good example of this is demonstrated by the heater coils on an electtic stovetop. When the stove's 
switch is turned on, current flows through the coil. Most of the current is converted directly into heat. 
Electric heaters are very efficient this way. A small amount of the electrical power is converted into light. 
You can see this as a red glow coming from the heater coil when it is hot. The coil also creates a magnetic 
field. 

Ifyou know the gauge of a wire, you can look up the wire’s characteristic resistance. These numbers 
will be close but perhaps not exact, as there will always be small variations in wire diameter, conductor 
purity, and other factors. Generally, however, the numbers are pretty close. 

Let's take another look at the AWG table (see Table 3-1), and look at a few simple examples to help 
understand what these wires can do for us. (A more complete listing is available at 
http: //en.wikipedia.org/wiki/Anerican wire gauge, from which this partial list was obtained.) 


Table 3-1. The AWG 


Diameter re} 


ane 2/1000 ft 
; : 1000 

inch nj | mi 000 

000 «7046 ood oa | 07 o.04901 


00 (3/0) | 0.4096 | 10.404 | a5.00f0 28 | 0.06180 


0 (2/0) _| 0.3648 | 9266 | 67.4025 57 | 0.07793 


oso) | 03249 | 8.252 | 535032 24 | 0.09827 


1028| 93 | 7348 | a240fo 66 | 0.1239 
2025| 76 | 6544 | as6of1 27 | 0.1563 
so22| 94 | sa27 | 2670h4 65 | 0.1970 
4o20| 43 | sso | 21201 52 | 02405 
sois| 19 | 4621 | i6erg2 @ | oats 
6016] 20] 411s | i3aipo 6 | 0951 
zois] 4a | a665 | wsifs 4 | o4oae 
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should be quickly cleaned with an old file which 
should be kept specially for the purpose. A better 
idea is to obtain a small block of sal-ammoniac 
and rub the tip of the hot iron on it. This will 
clean the tip of the bit perfectly. Next take a 
length of cored solder such as Ersin Multicore, and 
melt a little on to the prepared tip faces, now 
smooth it evenly over the surface with a piece 
of old rag (be very careful not to burn your 
fingers) the iron is now “tinned ” and ready for 
use. When heating the iron, be very careful not 
to let the bit overheat or get red hot, otherwise 
the tinned surface will be destroyed and the whole 
process will have to be gone through again. 

‘An electric iron will not overheat, and the tin- 
ning will last much longer than with ordinary 
types, and since the heat does not deteriorate 
there is less likelihood of making faulty joints. 

Having obtained a tinned iron, the process of 
soldering joints is remarkably simple and anyone 
with a little patience can acquire the art in a very 
short time. 
per wires together: clean the 
wire with emery cloth, apply a prepared iron 
and some cored solder to it, the solder will flow 
evenly over the wire thus tinning it, Repeat the 


process with the remaining wire and then twist 
the two together. Now apply the iron to the joint 
from the underside and the cored solder to the 
joint on top. Solder will flow evenly over the 
joint. Remove both iron and solder and allow 
to set. The solder will harden or set in a few 
seconds but during this period the joint must 
not be touched or moved, as otherwise the joint 
will be “dry” and quite useless mechanically or 
electrically. On radio components, tags for sol- 
dering are already tinned though if they are old, 
or discoloured it is best to re-tin them, Normally, 
however, it is only necessary to twist the connect- 
ing wire to it and apply the iron and solder as 
explained. 

Remember: never apply the solder to the iron 
and then the iron to the joint, always apply the 
iron and the solder to the joint. It is however a 
‘g00d thing to apply a little solder to the iron tip 
‘even when it is perfectly tinned just before making 
a new joint. 

One final “DON’T,” you will have noticed 
that the solder referred 10 is “cored,” that is, it 
contains resin and other substances through its 
centre, plain solder as used by clectricians and 
plumbers will not do, as it is the resin or flux 
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as it is called which makes the solder flow evenly 
and permits a good electrical joint. 

Equally important do not attempt to use a 
separate flux or soldering fluid with plain solder 
or to “help” the cored solder; since these are 
almost certain to cause eventual corrosion and 
will destroy any components that have been con- 
taminated. 

Earths 

The provision of a good earth is just as 
important as the rest of the installation. 

‘Much disappointment would be avoided if this 
fact were not lost sight of, to avoid any slip uy 
in this direction I am proposing to outline sever 
well tried and efficient earth systems. 

If it can be obtained, an earth rod, specially 
designed for the purpose provides the basis of a 
good earth connection. ‘These were very popular 
some years ago when the majority of receivers 
were either crystal or battery operated, but in 
these days of modern mains driven sets they are 
not often used and consequently not always 
readily available. 

Fig. 15 shows how it is used. First excavate a 
hole to a depth of three feet and fill with a mix- 
ture of soot and coke. Drive in the earth rod, 
which is a hollow copper tube, perforated. The 
ead to the receiver is connected at the top, and 
should be of covered 7/22 gauge, as used for the 
aerial system. Though not obvious it is important 
that this lead-in should be in covered wire, other- 
wise a number of indifferent earth contacts are 
likely to be made at various points along its 
length until it reaches the set. This is very un- 
desirable and will spoil the efficiency of the 
system. It is essential to keep the soil surround- 
ing the rod moist, which is one reason why the 
tube is hollow, and care must be taken to pour 
water into the tube at intervals, 

‘A very efficient earth is the percolative type 
also popular at one time. Due to the chemicals 
used, it will extract moisture from its surround- 
ings, thus maintaining a permanently moist earth. 

It should be installed as in Fig. 15b. 

‘The container is of copper or zinc, anything 
else will quickly rust away, again a good quantity 
of coke is used. Fill the container with a mixture 
of sal-ammoniac and coke, and then bury in coke 
as illustrated. ‘This earth will not require further 
attention. It is possible to use powdered calcium 
chloride ‘instead of sal-ammoniac but unless 
chemist can be persuaded to make some up it is 
better to stick to sal-ammoniac. 

If a zinc container is not available and you do 
‘not use or cannot easily get coke, Fig. 15¢ should 
be used. This makes a better carth than many 
so-called “earths” that I have come across. 
‘Obtain as large a tin as possible, make a number 
of holes as shown. Solder the lead in the bottom 


and fill it with sal-ammoniac. Replace the lid 
and bury in the ground. The tin will eventually 
rust away, but the replacement cost is negligible. 

it is quite impossible to make direct contact 
with the ground, a water pipe must be pressed 
into service. This should be a main pipe feeding 
straight to ground and not a hot water pipe or 
‘one fed from a tank. Scrape the pipe clean and 
twist the lead in tightly around it, a copper clip 
is even better. Do not attempt to solder on to 
the water pipe; since cold water is flowing through 
the pipe, it is extremely unlikely that your sol 
dering iron will heat up the water supply sufl- 
ciently to allow a sound electrical joint, though 
you may spring a leak. 

No attempt should be made to utilise gas pipes: 
the possibility of causing a fire is certainly very 
remote but, they make incredibly bad earth con- 
nections due to a number of joints made before 
true ground is reached. These joi 
only semi-conductors, at least from an electrical 
standpoint. 

Headphones 

Since the late war there have been a large 
number of head-phone sets available on the sur- 
plus market, These may be roughly divided into 
two types, high-impedance and low-impedance. 
For the crystal sets detailed in this book high- 
impedance "phones are required and the low- 
impedance pattern will not be suitable unless a 
matching transformer is used. As this is likely 
to cost more than the rest of the installation in- 
cluding the set, it will be as well to avoid them, 

High-impedance types have an impedance of 
2000 to 40009 ‘Whereas the low-impedance 
‘types are usually 6009. 

‘The remaining consideration is weight; often 
cheap headphones are very heavy and uncomfort- 
able to wear, every endeavour should be made 
to obtain ’phones as light in weight as possible. 
Crystals 

Alll the sets shown in this book have been de- 
signed to work with modern germanium crystals 
rather than the older galena crystal. 

‘These germanium crystals require no adjust- 
ment, which, in itself, removes the main objec- 
tion to this ‘class of ‘receiver. Suitable crystals 
are available from the following manufacturers 
and on the surplus market: Mullard, GEC. 
Brimar, Westinghouse and B.T.H. They are of 
robust construction, some in glass, others in cera~ 
mic or plastic, but must not be subjected to heavy 
knocks, otherwise the contact point may become 
dislodged. 

From the information given, you should now 
be able to install an excellent aerial and earth 
system, and have some idea of how the crystal 
set works, 80 it is time to pass on to the actual 
Teceiver construction. 
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CONSTRUCTION 1 


If you examine the following circuits you will 
find that each one is different. In most cases the 
ifference lies in the coil design and/or the 
method by which the crystal and aerial is tapped 
into it. Each of these circuits has its own par- 
ticular advantage to suit different conditions and 
the ideal circuit in some localities is not neces- 
sarily the best in others. It is not just a matter 
of a given circuit giving louder results than an- 
other, if it were there would be no point in 
showing more than one. 

The main problem is to obtain adequate 
selectivity without reducing the volume level. 

A receiver is said to be selective when it tunes 
sharply, a set with poor selectivity allows the 
stations to spread over the dial and when used 
near a transmitter will receive the local stations 
mixed together, which of course is useless. 

Consider Fig. 16a, this is a very simple receiver, 
with mo special attempt to provide any great 
amount of selectivity. In areas where signal 


"PHONES 
LID SHOWN BROKEN AWAY _TO 
REVEAL POSITION OF COMPONENTS. 


FIG l6b 


4 


THE BOY'S BOOK OF ¢RYSTAL SETS 


is not high, Or a short aesial is used, it 


= 


providing a tap on the coil for the 
17a, but unfortunately, as the 
is increased overall volume is likely 
decrease, so that unless you live close enough 
the transmitter to have a large signal avail 
and therefore need the selectivity, the circuit 


ae 
= 


HI 


#8 e338 
HI 


jing unnecessarily, however with small 
it may be better to take the aerial direct 


ie 


F 
i 
g 


provided 
set is neatly wired. It must be drilled slowly, 


container can be made to house the com- 


work on any receiver or amplifier is connected 
to earth, 

When SI is open as in the diagram, the set will 
tune in long-wave stations, but when closed the 


medium wave-band will be received. 


Components List, Fig. 16a 
100pF mica capacitor. 
SO0pF tuning capacitor, solid dielectric, 
1000pF mica capacitor. 
Germanium crystal. 
Crystal Set Coil. R.E.P. 
SI Single Pole toggle switch. 
4 Insulated wander-plug sockets and plugs. 
* 2-0z, tobacco tin (or similar container). 
Make sure that the wander-plug sockets are of 
the insulated type, otherwise the metal case will 
join all the sockets together electrically. 
‘Try to follow the theoretical diagram when 
wiring, a little practice will soon enable you to 


ca 
a 
ce 
Xi 
Li 


Wire up a set without a practical diagram, which 
is a great advantage because often only the theo- 
retical diagram is given when circuits are detailed 
in the technical press. 

Fig 28 on page 34 gives a list of symbols 
‘used on the theoretical diagrams, so that you cam 
readily identify the components, 


from the green tag on LI and co 


it to 


yellow, at the same time removing the lead from 
C1 to'yellow and connecting it to green. Once 
‘the best arrangement has been found the wiring 
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can be left permanently in that position. Note 


OF CRYSTAL SETS 
Components List, Fig. 17a 


that two tags on the coil are unused, this is C1 100pF mica trimmer capacitor. 
intentional because on this circuit the extra C2 S00PF_ variable capacitor (air spaced. 
winding connected to these tags is not required. [000pF mica capacitor. 
With the switch S1 closed, the coil will cover the £1 Dual Range Coil REP: (Blue Box). 
ih S1_— Single Pole toggle switch. 

medium wave-band, and when open, long wave Sy GeSwanium Cepstal 
stations can be received. It is customary to 4 Terminals or wander-plugs and sockets. 
abbreviate the expression medium wave-band to Perspex, bakelite or wood for mounting 
MLW. and long wave-band to L.W. panel. 
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The design shown in Fig. 184 and 18b is more 
flexible than either of the preceding sets. That 
is, it can be varied to suit local conditions to a 
greater extent than the first two sets. This is made 
possible by the large number of taps provided 
‘on the coil. 

‘You will notice that in this instance the coil 
is home-constructed on a cardboard former and 
is much larger than commercially produced 
coils. Coils wound in this manner are called 
solenoids, the turns are wound on side by side: 
in this case to a ‘of some three inches. The 
diameter of the coil is made purposely large s0 
as to obtain high efficiency. Modern commercial 
coils are invariably wave-wound and quite often 
are litzendraht which is the German for litz wire. 


3 


‘This wire is made up of a number of strands of 
fine copper wire, each strand is enamelled to in- 
sulate it from the others, the whole is then silk 
covered. Litzendraht is more efficient than solid 
copper wire, and by using this and wave-winding, 
manufacturers can produce an efficient coil which 
is also small. Unfortunately wave-wound coils 
cannot be produced without a complex winding 
machine and home-constructed coils must take 
the solenoid form. It would be possible to use 
litzendrabt but it is not easy to obtain by the 
reel, it is most expensive, and is difficult to handle. 
This last point is becatse at termination, points 
each strand must be cleaned of its enamel before 
a joint is made, and if one strand is broken, its 
advantage over plain copper wire is lost. How- 
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DETAILS OF con, 


INSET SHOWING METHOD OF TAPPING COIL. fie.i8a 
et, By sing former of reasonably, large | When testing ou, it wil be found thatthe fur 
dimensions an efficient coil can be produced ther the aerial is tapped down the coil towards 


cheaply using ordinary copper wire, 

‘The wire must be firmly secured at the start 
and finish of the windings. Pierce three small 
holes about 2” apart 4” from the end of the 
former. Pass the wire through the first from the 
outside, return it through the second and pass it 
back again through the third. Leave some 6” of 
wire at the end to make off the connection. It 
will now be possible to wind the turns on tightly 
without wire slipping. 

Count on ten turns and make a loop 1” long. 
‘The method of preparing loops is shown in Fig. 
18a, loops or taps should always be made in this 


Construction is carried out on a wooden base- 
board and front panel. Secure the coil to the 
base-board as shown on Fig. 18b, mount the re~ 


‘maining components and proceed with the wiring. 


1s 


the earth end, the greater the selectivity. A posi- 
tion should be found which permits separation 
of local stations without excessive loss of sensi- 
tivity. 

‘The crystal tap is adjusted for best results and 
different settings of Cl tried out, when choosing 
the best position for the aerial tap. 


‘Components List, Fig. 18a 
C1 450pF padder. 
C2 S00pF variable capacitor. 
C3 1000pF mica capacitor. 
LI See text and Fig. 182. 
XI Germanium Crystal. 


me Clips (to connect leads to coil 
taps). 
‘Wander-plugs and sockets, 7 
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of most unusual design is reproduced i Fig 

It first appeared in America about three years 
ago, and it certainly does offer some. advai 
over more conventional sets. The tuning circuits 
are duplicated and two crystals are used, so the 
circuit may be described as a full-wave receiver. 
Signals received will certainly be louder than 
wath simple sets, but care must be taken with the 
coil winding, as with the other receivers using 
home-made coils, otherwise results will be dis- 
appointing. Be very careful to ensure that all 
three windings are in the same direction, this is 
very important. 

‘The distance between each winding should be 
¥°. After the coil has been wound it is a good 
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DETAILS OF colt, 
ALL COWS WOUND IN SAME DIRECTION, 
FORMER CAN SE BAKELITE,OR WAXED 


CARDBOARD TUBEy 


‘one of the crystals is connected the reverse way 
round. 

A baseboard and panel form of assembly is 
used for this set which looks quite attractive if 
housed in a small polished cabinet. Dimensions 
are not at all critical but Fig. 19b gives a general 
idea of the layout that should be used. To avoid 
any unnecessary losses the coil should be mounted 
on perspex. 

Obtain two strips of perspex 54” long by 3” 
wide, drill fixing holes at both ends of each strip. 
It is best to clamp the two together when drilling 
these holes. Place one strip on the board in posi- 
tion, then put the coil and remaining strip over 
the first one and screw down. The coil will be 
clamped neatly and rigidly into position. 

Twin socket bakelite strips are used to carry 
‘the acrial/earth and ‘phone connections, if de- 


” 


babel 
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sired terminals mounted on pieces 
could be used. These socket strips can be pur- 
chased from most ‘shops selling components. If 
feet are not provided, drill two holes and screw 
into the edge of the base-board. Tag-strips are 
‘used to anchor some of the wires from the coil, 
and the germanium crystals. These also can be 
purchased for a few pence. At least two tags are 
necessary on one, and three on the other, though 
if the strips have more tags than required it is of 
mo consequence. C3-C4, the ganged tuning capa- 
citors have trimmers fitted, this should be stipu- 
lated when purchasing, and when first operating 
tthe set these small trimming capacitances are set 
about half-way. The idea of these trimmers is, 
that they compensate for any difference between 
the self-capacity of the tuning coils. With the 
‘switch S.1 open, that is in the OFF position, tow 
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in a station at the high-frequency end of the 
band, that is with the vanes of C3-C4 towards 
the disengaged position. Adjust CI for maximum 
volume, without interference from other stations. 
Now adjust the trimmers for loudest headphone 
strength. It may be necessary to run over the 
adjustments several times for best results. Once 
they are correctly set, the trimmers require no 
further adjustment. The tuning coil covers the 
MW. band, 1500 kc/s. to 600 Ke/s., as the capa- 
citor C3-Cé is advanced and the vanes start to 
mesh, the frequency to which the receiver tunes 
decreases so that with the vanes disengaged the 
set is tuned to 1500 kc/s. approximately and at 
full mesh, 600 ke/s. Switch SI is used as follows, 
for stations lower in frequency than 850 ke/s it 
should be in the ON position with the contact 
closed, but for stations higher in frequency, it is 
in the OFF position. As an example both the 
London Home Service and London Light Pro- 
gramme transmitters on the M.W. band operate 
at a higher frequency than 850 ke/s. If any doubt 
exists as to the operating frequency of a given 


Whenever crystal sets are discussed, construc- 
tors are apt to think in terms of medium-wave 
reception. When you consider that at least 98% 
‘of published circuits are designed for this band 
(ometimes with the long-wave band thrown in as 
an afterthought) it is understandable. However, 
if you can provide a good outdoor aerial (and 
an equally good earth) there is a lot of fun to 
be had listening to the short-wave bands. This 
receiver is designed specially for short-wave re- 
ception. 

‘A metal chassis is used for construction, these 
can be obtained ready made in aluminium from 
‘most good supply houses. It can be quite small 
and on the original model a 6” x 4” was used. 
Low loss components are used so as to obtain 
‘greatest efficiency on the short wave bands. The 
coil is a commercial product which plugs into a 
4-pin base. Best results were obtained on the 
3me/s to 7me/s band though coils covering other 
bands are available. 

Note that the tuning capacitor Cl is smaller 
than normally used and has a maximum capaci- 
tance of 140pF. 

Coil type 706/R covers the 3me/s to 7mc/s 
band, but the set is equally satisfactory on the 
M.W. band, and to cover this coil type 706P 
should be used. This coil has an iron dustcore 
which can be adjusted to make the coil cover 
the required band. The effect of the core is as if 
turns were being added or removed from an or- 


station, reference should be made to the Radio 
Times ‘which quotes both wave-lengths and fre- 
quency. If you know the wave-length in metres, 
it is simple fo find the frequency. Divide 300,000 
by the wave-length in metres, the dividend equals 
the frequency in Kilocycles, ite, 300,000 = 300 
metres=1,000 kc/s. In the same way, dividing 
300,000 by the frequency in kilocycles will pro- 
duce the wave-length in metres. 
To use the receiver, tune in the signal by C3- 
C4, adjust Cl for maximum volume without 
allowing stations to overlap. 


Components List, Fig. 19a 
cL 300pF solid dielectric variable capacitor. 
Cc 1000pF mica capacitor. 

3-4 S00pF twin gang variable capacitor. 
L1-2-3 See text and Fig. 19a, 

X12 Germanium Crystal. 

2 Tag-strips. 


2 ‘Twin socket strips. 
st Single Pole toggle switch. 


dinary coil, When dealing with the short waves 
it is customary to refer to the frequencies in terms 
of mega-cycles (mo/s) rather than kilo-cycles. One 
mep-cyce is equivalent to 1000 kilocyces, that 
is 1,000,000 cycles. 

Layout and wiring can be clearly followed from 
Fig. 20b and a theoretical diagram is shown in 
Fig. 20a. Care should be taken when arranging 
a mounting for the aerial terminal. The best plan 
is to cut a 1” hole in the chassis, mount the aerial 
terminal on u piece of perspex and screw into 
the chassis. This avoids any unnecessary losses 
between aerial and chassis. The earth terminal 
is screwed directly into the chassis. 
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Conductivity 


‘The first thing you need to know is that copper wire really, really wants to conduct electricity. It wants to 
conduct electricity more than it wants to resist the flow of electrical current. Even so, copper is not a 
perfect conductor, and it has a certain amount of inherent resistance. This resistance causes the energy 
carried by the electrical current to be sidetracked, or converted into heat and other forms of energy. The 
higher the resistance in the wire, the more heat will be produced, 

Normally this heat is a very Small thing and is easily dissipated into the surrounding air. You usually 
can’t even tell by touching that a wire is a fraction of a degree warmer than its surroundings—but this is 
only true when the amount of energy is relatively small, like in our rewired flashlight example. When you 
start to push a lor of power through a wire, the heat buildup can outpace the cooling-off provided by the 
surrounding air, and the temperature of the wire increases, 

Again, this is no big deal as long as that temperature stays within a comfortable range. But what 
happens when the temperature gets really high? 

First, the insulation will get soft, melt, or even catch on fire. After the insulation, if any, has burned. 
off, the wire will glow red hot and eventually melt. This is known as catastrophic wire failure, which can 
result in what electrical engineers refer to as an unauthorized thermal event, which we call a fire. Yikes! 

But look around you. You're probably sitting right next to some wires right now, very few of which 
(hopefully) are on fire, even though they are carrying variously large loads. How do they keep from 
burning up? The answer is in the proper selection of the right size of wire for the job. Bigger wires have 
less resistance to the flow of electricity, so they are able to carry more power with less heat being 
produced. 

‘Now, you don’t want to have to wire up all of your electronic circuits using jumper cables from your 
car's trunk, as that gets to be cumbersome after a while. Let's look at some good guidelines for what size 
wire to use for your projects. 

In Chapter 2 you learned about (or were reminded of) Ohm's Law, which illustrates the 
relationships between voltage, current, and resistance in any electrical circuit. In summary, V=1x R, 
where Vis volts, lis current in'amps, and R is resistance in ohms. It’s not just a good idea, it’s the law! 
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Wiring as shown in Fig. 20a is likely to give 
the best results, but other arrangements are pos- 


sible and to get the best out of the set they should 


be tried. 
Refer to Fig, 20a. The aerial is connected to 
pin 3 on Li, 1 to ‘pin 2 and XI the ental to 


pin 4. If you have a long aerial try this com 
bination—Aerial to pin 4, Cl to pin 2, and the 
crystal to pin 3. Connections to pin 1 are not 
altered, In a few cases the following arrange- 
ment may prove best, Crystal and CI to pin 2, 
aerial to pin 3, pin 4 left free and again pin 1 
is unaltered. 

Tuning on the short-wave bands is more 
critical than on the medium waves so tune very 


J. Spain, The original used 
ich preceded the development 


Results are certainl 
tn the ‘model builf here 


slowly over the band and remember signal 
strength is likely to vary from day to day. 


Components List, Fig. 208 
140pF variable capacitor Eddystone 586. 
1000pF mica capacitor. 

Coil holder Eddystone 707. 
3mje—TmJe coil Eddystone 706/R. 
Engraved tuning dial. 

6'xa"x24" chassis. 

Terminals (Aerial-Earth). 

‘Twin socket strip (‘phones). 
Germanium Crystal. 
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a germanium crystal was used. Selectivity can 
bbe adjusted to suit all conditions and even at short 
distances from local stations. Good volume a 
be obtained without the programmes overlay 
Home made coils are used and for best 

75° outdoor aerial is desirable. 
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Baseboard and panel construction is used, 
which can conveniently be housed in a small 
wooden cabinet. 

Operation is a little more complicated than 
some of the other designs, but the results cer- 
tainly merit the extra trouble taken. As with 
the other receivers much of the success obtain- 
able is due to the coils and these must be care- 
fully made otherwise results will be dis- 
appointing. = ts 

‘Layout and wiring can be followed quite easily 
from Fig. 21b and requires no special comment. 

First make the coils. L1 is a tapped coil, the 
taps should be made in the same way as shown 
in Fig. 18,_It consists of 90 turns of 22 DCC. 
(Gouble cotton covered) copper wire tapped at the 
following number of turns, 5, 10, 15, 25, 30, 
40, 50, 60, 70 and 80. The former used has a 
diameter of 2”. L2 is also wound on a 2” dia- 
meter former, this coil however is not tapped, 
it consists of 110 turns of 38 D.C.C. or enamelled 
copper wire. Great care must be taken when 
handling this wire, it is quite fine and in the 


hands of the inexperienced will easily break. 

After wiring has been carried out the set can 
‘be put into operation, 

Selectivity is controlled by S2, in position B 
tuning is broad but in position A’it can be quite 

When searching for a station switch $2 to B 
‘Tune the station and switch $2 to A. The fre- 
quency range is controlled by the position of the 
tap on Li, a good plan is to start with the 5 turn 
tap on LI. 


Components List, Fig. 21a 
C1 500pF variable capacitor. 
2 500pF variable capacitor. 
€3 1000pF Mica Capacitor. 
X1_ Germanium Crystal. 
L1&L2 Sec text. 
SI Single Pole toggle switch. 
S2 Single Pole 2-way toggle switch. 
2 Twin socket strips 
(Acrial/Earth and "Phones). 
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SI open and Ci for tuning, adjusting the 
tap on Li for best results. Very powerful signals 
are best brought in with S1 closed. When using 
Cl and adjusting the taps on Lt, switch S2 is 
kept in the A position. 

Tt will be found that C2 acts as a fine control 
on Cl. One division of the tuning dial on Cl is 


A very useful receiver for both medium and 
long-wave reception is possible with the circuit of 
Fig. 22a-b. A home-made coil is used. On the 
original a 1}” diameter former was used but in 
fact this is not very critical and a 14” former 
could be used. An interesting point is the con- 
struction of the long-wave coil section. Solenoid 
coils as used for the medium wave-band are not 
efficient if the length is too great relative to the 
diameter.? Now as the long-wave section has 300 
turns, if wound as a solenoid the winding length 
would be very great and a lot of efficiency would 
be lost. To overcome the difficulty the coil is 
pile wound. If the whole coil were to be wound 


Seeahly equal fos mores of 20 divislons os, 


‘Note that the coils are mounted at right angles 
to one another and that in this instance wood 
has been used as far as possible, an aluminium 
or other metal chassis is not suitable, 


in one pile it would still be inefficient because of 
the capacity formed in the winding, but by divi- 
ing it into five sections a coil of reasonable effi- 
ciency results. ‘The same remarks concerning 
winding apply to this coil as to all the others in 


Components List, Fig. 228 
Cl 300pF Mica Capacitor. 

€2 S00pF Variable Capacitor, 

€3_ 1000 Mica Capacitor. 

X1_ Germanium Crystal. 

L1-2See Text. 

SI Single Pole Toggle Switch. 


QETAILS OF con 


‘ALL COILS WOUNO IN SAME DIRECTION. 


FORMER CAN BE BAKELITE OR WAXED 
‘EARDBOARO TUBE. 
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this book, and readers should not, by this time, 


‘The design provides good selectivity with good 

tivity, and provided the set is not required 
to operate within a few miles of a powerful trans- 
trouble will be encountered from inter- 
between adjacent stations. 


f 


If you look at all the other circuits shown in 

is will find that in each case the 
and tuning coil are in parallel, 
ins essential and the circuit 

8 a series arrangement that is the 


‘A wooden base-board and front panel is best 
for this design, and the wiring and layout can be 
clearly followed from Fig. 22b. Switch Si is open 
for long-wave reception and closed for the 
medium-wave band.. * 

Coil mounting can be on the same principle as 
for the full-wave design Fig. 19a-b. 


also appeared in Radio Craft a few years ago. 

An interesting point is that the coil is a con- 
version adapted from another type of component. 
To make this coil you must obtain an old LF. 
transformer as used in supetheterodyne receivers, 

You will require one designed to work any- 
where between 450 and 470 kc/s. Some of the 
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very ary one worked at 110 ke) but these are 
Tastitable 
The LF. ‘transformer must also be of the type 
tuned by an iron dust core at each end. 
Dismantle the transformer, remove the parallel 
capacitors and mounting wires so 
tei careful when waolderng the 


e 
a3 


259% (approximately) of the turns from one coil 
vhich I call the secondary, and completely 
sag trom this coll, now 
mount as in Fig. 23a. 


remove the iron dust 
cut the former in half, 


position at the ends of the former as in 
ie rad let bain ec Oo 
‘new position. 

Note that the wires from the 


used on the LF. transformer can be used. 

‘A word about soldering litzendraht. Do not 
attempt to use emery paper. Prepare the end of 
wire by removing the outer silk covering and dip 
*he end in methylated spirits. Tgnite with a match 


and after about five seconds wipe with a cloth 
ield between finger and thumb. ‘This will quench 
the flame and will remove all traces of enamel 
from the wire. It is a good plan to experiment 
with the odd length of wire removed from the 
secondary coil. If the coils prove to be con- 
structed of copper wire, it can of course 
emery cloth in the normal 


Components List, Fig, 230 


Tea ans i clahs Serval a cl Ce even fe 
and requires no explanation. 
‘Operation is as follows, selectivity is controlled 
by varying the distance between coils with the 
wing nut, and to an extent by the position of the 
primary iron dust core. Remember that the aerial 
and earth installations are as important with this 
set as with any other crystal receiver. No parallel 
capacitance appears necessary across the " 

the set works quite happily relying on 
capacitance of the head-phones. 
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So as to give a truly varied selection of circuits, 
some of the sets have been designed around com- 
mercial coils whilst others use coils which must 
be home-constructed. 


Most enthusiasts like to build their own coils 
but when it is a question of something really 
small combined with efficiency a commercial coil 
is the obvious choice. 

Fig. 24a-b uses a tobacco tin or_a similar 
container just as the design shown in Fig. 16a. 

This receiver however is a little more selective 
and is more suitable than the earlier design, if 
you are near a transmitter or have a very long 
aerial. Take great care to connect the coil accord- 
jing to the colours shown on the diagrams. 
Sockets are used for wave-changing, this cheapens 
the cost a little and they are just as efficient. 


Components 
100pF Mica capacitor. 
SO0pF variable capacitor solid dielectric. 
C3 1000pF Mica capacitor. 
X1_ Germanium crystal. 
L1-2REP. dual range coil. Blue box. 
6 Insulated wander-plug sockets, 
5 Wander Plugs. 
oz. Tobacco tin or similar container, 


» Fig. 240 


ca 
a 


HE BOY'S BOOK OF CRYSTAL SETS 


MEDIUM 
WAVE 


WAVECHANGE PLUG 


AERIAL EARTH 
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POSITION OF COMPONENTS- 
FIG. 24b 


itter are too powerful to permit 

a normal coil to be of much use. T myself 
five in Hertfordshire a few miles from the Lon 
on transmitters, and find a more elaborate 
cuit is necessary. Now in radio circles it is a 
well-known fact that the greater the number of 
tuned circuits, the greater the overall selectivity. 
Look at Fig. 25a, you will see that the usual L 
and C tuning arrangements have been duplicated. 
iis type of circuit is known as a Band-Pass 
Filter. There are many kinds of such filters, this 
particular type is an inductively-coupled filter, 
‘ote that ‘nergy from the first half (L2) is con- 


veyed to L3 by way of two small inductors L1 
wun feel” of the 

Tuning is quite sharp and the “feel” 
set is quite diferent from that of single coil de- 
signs. A small chassis is ideal for construction. 

6’x4"x24” was used on the original, though it 
could have been smaller. 

Fig. 25b gives the layout and wiring. 

Take particular notice that L1-2-3 is mounted 
horizontally and at right angles fo L4-5-6, this 
is to prevent the coupling from being too “ tight” 
which would ruin the of the filter. A good 
aerial and earth is of course necessary. It may 
be found on test that the selectivity is too great 
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1G. 25a. 


and that volume has suffered. This can be in- 
geniously overcome by connecting a very small 
capacitance between the two Green tags on the 
coils. The simplest way is to connect it across 
the fixed vane connections on C2-C3. Values for 
this extra capacitance are a matter for experiment 
usually a value between 10pF and 47pF is sufli- 
cient. A small SOpF trimmer could be used and 
adjusted to suit. ‘The ideal setting is to enable 
powerful adjacent stations to be received just 
short of overlap s0 that as much volume as pos- 
sible is obtained. 

‘There is one point to be observed with the 
‘ganged capacifor. It should be of the type fitted 
with trimmers’ though of course, there is no rea- 
son why you should not fit them yourself. These 
are to allow for differences between coils to be 
balanced out, and consist of a small variable 
capacitance across each main section, 


_When setting up the receiver, first set each 
trimmer at half way and tune in a station near 
the high-frequency end of the band (vanes nearly 
out) adjust the trimmers for maximum volume. 
If extra coupling capacity is added as described, 
try adjusting them further. 

‘Once properly set up, no further adjustment 
is necessary. 


Components List, Fig. 25a 
C1 100pF Mica capacitor. 
€2-3 2 x S00pF variable capacitor (sce text). 
C4 1000pF Mica capacitor. 
L1-2-3 Dual Range Coil REP. (Blue Box). 
14-5-6 Dual Range Coil R.E.P. (Blue Box). 
XI Germanium . 

a single throw togele switch. 

4°" "Terminals or plugs and sockets 
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So how much electricity will we lose going through a foot or so of 16-gauge wire? If we know that 
one foot of 16-gauge wire has a resistance of 4mQ (and we know this from looking it up in the chart), and 
‘we build a circuit that pushes 1A of current through this wire, we can figure out a couple of interesting 
things using Ohm’s Law and a calculator. 


Applying Ohm’s Law 
Ifyou know two of the three variables used in Ohm's Law, you can calculate the third variable. Since we 
know R and I, we can calculate V. Since V =I x R, we can substitute our values of 1A and 4m (0.0040) 
into the equation, and get 0,004V, or 4 millivolts. 

‘That's not very many volts a all! In this case, that’s a good thing. The voltage we just calculated is 
the voltage drop across the length of the wire. Those millivolts never make it from one end of the wire to 
the other—they’re lost. Poor millivolts, they never had a chance. 


OK, let's not let their heroic sacrifice be in vain. If we know volts, and we know amps, we can also 
calculate power, which is the rate at which energy is converted to work. The unit of measure for electrical 
power: 


‘watts, and is also the same as Joules per second (J/s), but that’s another story. We usually use 
al letter Wo abbreviate wattage, but we use the capital letter P to represent the value in 
culating power is simple if you know the volts and the amps. Just multiply them together: P = Vx 


L Easy. 
So in our example so far, we have 4mV, 1A, and 4mQ. How much power is being dissipated (wasted) 
in this circuit? P = 0.004V x 1A = 0.004W, or 4 milliwatts, which is just four-thousandths of a watt. That’s 
just about enough power to light up a dim LED, and not much else, So you're not going to be starting any 
fires with these numbers. You most likely would not even be able to measure the rise in temperature that 


occurring in the wire (oh yes, it’s occurring, but it's very, very small) 

Let's put 10A through a foot of 30-gauge wire. On second thought, let's not, and just do the math 
instead. The voltage drop will be V=1 R, or 10A x 0.103202 = 1.032V. The power dissipated would be P = 
Vx, or 1.032V x 10A = 10.32W. That wire would be a crispy critter in no time. Ten watts doesn't sound 
like much when you're talking about a home stereo or a lightbulb or a hair dryer, but that skinny little 
wire has almost no surface area with which to dissipate the generated heat. This means that the 
temperature goes up, quickly. Bye-bye, litle piece of wire, 

Asaside note, you just learned how most current-limiting fuses operate. The conductor within the 

fuse literally fuses, or evaporates, when the internally generated heat produced from an “overcurrent” 
situation rises beyond its melting point. Poof, the circuit is opened, and property and lives are saved, 


Warning Never circumvent the protection afforded by a fuse. 


Ideally what you want is the smallest wire that will carry the required amount of current with an 
acceptable rise in temperature, Remember that any rise in temperature is in addition to the ambient 
temperature. If you're sitting in a room that is “room temperature,” which is assumed to be 25°C or 77°F 
(the same thing, if you want to check it), and you're expecting a 50°C rise in temperature due to waste 
heat, your wire is going to be 75°C, which is far too hot to touch. Remember that 100°C is the boiling 
point of (pure) water (at sea level). Hot! 

‘One more thing that complicates the thermal calculations is that copper, as a conductor, has a 
positive thermal coefficient, meaning that the characteristic resistance of a piece of wire (which we can 
look up in the AWG table) goes up by a known amount as the temperature increases. You need to 
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Another band-pass circuit is shown in Fig. 26a. 
This time home-made coils are used. This filter 
is not inductively coupled but entirely capacitive, 
relying on C3. As in the previous circuit it must 
be adjusted to give just sufficient “ broadness ” to 
the tuning to provide adequate volume without 
station overlap. To avoid unwanted coupling a 
sereen is mounted between the coils, this is neces- 
sary because due to the size of the coils they 
would be bound to couple quite tightly without 
it. Such precautions were not necessary with the 
circuit of Fig. 25a, as the commercial coils are 
much smaller physically and the risk of un- 
wanted coupling reduced. 

The coils for this receiver are for medium wave 
reception only, this keeps the size down. Coil 
winding procedure has already been fully ex- 
plained, and covers all the requirements of these 
coils. Base-board and panel construction is used, 
and for more accurate tuning since the coils are 
home-made, separate tuning capacitors are re- 


commended. Fig. 26b gives the layout and prac- 
tical wiring. 


Components List, Fig. 26a 
C1 100pF Mica capacitor. 

C2 500pF variable capacitor. 

C3. 50pF Mica trimmer. 

C4 500pF variable capacitor. 
C5_1000pF mica capacitor. 
LI-2Sec text. 

XI Germanium Crystal. 

4 — Terminals or plugs and sockets. 


For those who do not wish to bother with these 
‘a ganged capacitor can be used, but tuning may 
not be as good as with separate ones. The screen 
mounted between the coils is of aluminium or 
copper and should be about 1” higher than the 
coils and the same length as the baseboard depth. 
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Fig. 27a-b uses a band-pass filter for 
tuning, and the coils are home-constructed. 

With this design a ganged capacitor is quite 
suitable as the coils tune quite accurately. It is 
essential that the coupling condenser C3 is non- 
Inductive, there will be no difficulty in obtaining 
‘a new component of this pattern but it is as well 
to avoid old components which may not employ 
this form of construction. 
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Receivers using this type of filter are used to 
the best advantage when situated a short distance 
from a powerful transmitter and if selectivity is 
not important this particular design is not the 
‘most suitable. 

‘Both medium-waves and long-waves are catered 
for: consider L1-2-3, this is the first half of the 
filter. 

LI is the aerial coupling coil, with S1 closed, 
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the medium-waves are received. This coil is 
inductively coupled to L2 and L3. Again with S2 
open L2 and L3 combined cover the long-waves 
and when $2 is closed the medium waves are 
covered. 

Tuning for this half of the filter is by means 
of the capacitor Cl, which is one half of the 
ganged capacitor. A screen is erected between 
the two sets of coils comprising the filter, and 
coupling is effected by C3, an earth return for 
the coils is provided by RI. 

L4 and LS operated in a similar manner to 
L2 and L3, tuning is by means of C2, the re- 
maining section of the ganged capacitor. You 
will realise that the coils must be accurately 
wound otherwise tuning will not remain constant 
between the two sections over the band. 

‘The ganged capacitor should be fitted with 
trimmer capacitors when purchased so that the 
‘two circuits can be balanced. 

‘You will have noticed that this circuit uses 
three sets of switch contacts. A three-pole two- 
way wafer switch is the best choice otherwise 
either two or even three separate switches are 


necessary. All the necessary coil details are giver. 
in the diagrams, the tap on L4 is made in the 
same way as shown for other coils in the manual. 
One other component used only on this design, 
is the resistor RI, its size is not important be- 
cause the current flowing is so small it can be 


is adequate, its precise value 


‘A watt ratiny 
st a 20% tolerance component 


is not critical so 
is quite suitable. 

Resistors are coded by colours and the 10009 
type you require will bear the following sequence. 
At one end will be painted three coloured rings. 


Components List, Fig. 27 
1-2 500pF 2 gang, variable capacitor. 
C3 0.05mfd. non-inductive paper capacitor. 
C4 1000pF mica capacitor. 
RI 1000 ohm resistor. 
X1_ Germanium Crystal. 
S1-2-3 3-pole 2-way wafer switch. 
L123 & LAS. See text. 
4” Terminals (Aerial, Earth and "Phones). 
Sheet copper or aluminium for screen. 
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is BROWN which represents 1, the 


‘The first one 
re of the value, the second BLACK, this 
Peicetts the second numeral is nought, and the 


third colour is RED which tells us that two fur- 
ther ciphers or noughts are added to give the 
total value. From this you can see, we have 1 
10, plus ‘two further 
Some earlier types of 


‘When setting up the receiver, tune to a station 
at the high-frequency end of the M.W. band and 
set the trimmers for loudest volume, no other 
adjustments are necessary. 


CONCLUSION 


__ The twelve receivers described are representa 
tive of the best crystal set designs available to-day. 
Their construction will provide many hours of 
useful enjoyment, and the results will give lasting 
pleasure. 

A final word about components, if no actual 
maker is specified, any good class component can 
be used. Switches, fixed and variable capacitors 
and crystals, are available from numerous manu- 
facturers all of which are invariably of excellent 
quality. Where a particular manufacturer’s pro- 
duct is called for, the specification should be 
adhered to. The commercial coils specified are 
freely available from most supply houses speciai- 
ising in components for constructors, but in case 
of difficulty write to Bernards (Publishers) Ltd., 
‘The Grampians, Western Gate, London, W.6, who 
will, on receipt of a S.A. be pleased to supply 
the address of your nearest stockist. Coil formers 
are not always easy to obtain and in this case 
advice should be sought from Post Radio 
Supplies, 395, Queensbridge Road, London, E.8, 
who will be pleased to help in any way possible. 


¥ 
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wha wy aroee FROM 


AGE. 


roate stant / yh TURN 
e ve juns WADNS 


Fig 3.4 il wo saa coll wound From SPW. wite on w i at. 
diameter Ferrite rod, 


Fig, 3.1 details the construction of a suitable coll fora tuned circuit, 
matched to a ferrite rod of fin. diumeter and about 4in. long (nee 
Chapter 4 for alternative coil windings on different rod sixes), If a rod is 
purchased fonger than 4 In., |t can be used a9. | ls, of eut down by 
marking around with a file and then breaking off the serplus length. 

Cut seven J-in, lengths of pumstelp. Molsten one and wrap around 
the rod gummed side up, Now add dbout another half a dozen 
‘wrappings of similar bength over the first, this the with pammed side 
down vw form» reasonably rigid tube. Make sure that the paper tube is 
a widing fit om the ferrite rod and leave to dry thoroughly (preferably 
removed from the rod so that it cannot become stuck to it 

When the paper tube is quite dry it should be rigid, when the coil 
windings can be applied. The wire to be used is 38-a.w,g. enamelled 
copper wite, the number 38 referring to the actual dinmeyer of the wire 
according to the standard wire gauge (x.w.g.)." 

Starting wbout | in. in from one end of the paper tube, wind the 
wite carefully round the tube, with each tum tight against the one 
before it, until sixteen (ull tums have been completed. Then make a 
Joop in the wire, as shown, and carry an winding, with succeeding turns 
touching, until Fifty turns in all hive been completed, The two loose 
ends of the coll (the start and finish) can be secured with a dab of 
sealing wax whilst the projecting loop can be twisted together (eg. by 
Putting a pencil through the loop and twisting up). Gut aff the loop, 
leaving ubout 2 In, protruding from the main coil, bare the wire erie 
and solder together, This forms point 2 on the coil; the start is point |, 
and the end point 3~see Fig 3.1. It will be easy (0 remember thee 


* Armwricun whre gauge (awce is about tew-sumes smaller than the British standatd 
Wirt gauge (sg) Porecample. Ny wig te appeakicately the-satne ak 56 4G 
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without marking since the loup ot tupping point (2) comes much closer 
‘one end (1) than the other (3). 

Cut a pane! of Paxcilin sheet to about the size shown in Fig. 3.2, 
‘using = hacksaw*On this secure a tg strip, us shown, and drill » bale to 
mount a miniature of sall-size 500 pF variable capacitor, 

TERMINAL 


HOLE Fs MOUNTING TAG STRIP 
oman 1 (CAPACITOR 


Fig. 32 Paxobin pared anid tag strip fn cxystal set eiseues 


OS 00 
Fig 2.2 Layout of components on Faxolitt panel 

The aerial “coll is then mounted on the panel as shown in Fig. 3,3, 
gluing the coil on to the Paxolin with twooor three dabs of sealing wax, 
or somie other mlitable adhesive. More: the ferrite rod must be free to 
slide in the paper tubs For “tuning’ adjustments. 

Virtually any miniature germanium ot silicon diode-will be suttable 
for the detector. Recommended types, which are readily available, are 
N34 and IN9I4- 

must he of higisimpedarice type, which need not be 


expensive to buy, and the higher the tmpedance the better the reception. 
Pets ctcrin tet ae tht bE nee WE iC aR EE HF 


© A phenolic or fiberglass sheet may ain be used. 
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HIGH-IMPEDANCE 
EARPIECE OR 
PHONES: 


CONMEETION To 
CT ERMAL EARTH 
Fig 3.4 Wiring connections to complete the crystal sel. 


Alternatively 2 deuf-aid type earpiece can be used; this will not give the 
adaine volume at quality of reproduction 2s headphones, but is a less 
‘expensive comporient. This should preferably be of the fugi-impodunce 
thiagneric type, with high sensitivity. Any high-impedance earpiece will 
suifice, but if of crystal type will require a maistor, connected across it, 
to complete the circuit, This will reduce the amount of current flowing 
through the earpiece and lower the strength of signal, 

Wiring connections are shown in Fig. 3.4. End 3 of the aerial coil 
(the end of the S0-turn coil) connects to one terminal of the tuning 
Capacitor, the aerial ot “hot’ end of the tuned circuit, and the point to 
which att external aerial ts connected. The other end of the coil (end 1) 
connects to the other terminal of the tuning capacitor, from which an 
additional wit is taken to the firet tag on the tag strip. This is the 
‘earthy’ end of the tuned circuit, and the point to which an external 
earth s connteted. Leave plenty of slack wire between the coil and 
‘hining capacitor, 

The other connections are then as follows: 


G) Tapping point of the coil wire bared and connected to the 
second tag- 
(ii) The diode also soldered to this same tag, and toany other free 


tag. 

(ii) Headphone (or earpiece) leads to the ‘earthing’ tag, and to the 
“free* tug tlo-which the above diode hus teen connected, All 
connections should be made with soldered joints. 
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The wiring-up can be checked against the circuit diagrim® shown in 
Fig. 3,5 (ignoring the components shown with broken lines). The set 
should now be ‘working’. 

In areas of strong signal strength, no extemal aerial or earth 
connections should be necessary. Performance will, however, be 
improved in any aren by attaching an aerial wire (which can be any thin 
wire, €4, Using the same wise at for the coil winding), of up to 160 feet. 
‘The longer the serial the better the reception, provided it is led away 
from the receiver to as righ # point as possible, 

‘Ati earth connection may further improve aesial. performance; by 
ids We mean s connection to some conductor positively in contact 
with the ground (preferably buried), an excellent example being « metal 
water-pipe, Thus, if an eaeth connection |s found to be necessary (or 
you wart to try one to see how performance is affected), connest a 
‘wire from the ‘earthing’ tag on the recelver toa conyenient water-pipe. 

This question of obtaining a good serial and enrth is a most 
important one in arem of poor signal strength. Linking up to u 
television serial is often « good plan, since TV setials are also usually 
mounted ae high us possible, If bare wire is used, it [s also important 
that the upper (free) end of the serial is not made fast to something 
which could produce an earth connection (e.g. 0 damp tree), oF at least 
is suitably insulated from such a support, String it not an efficient 
inwilutor; that, too, can conduct when wet, 

Quite good results are often obtained by sing the springs of a bed as 
an atrial, in which case an earth connection ts wsually not necessary. 
‘Sometimes, too, when other attempts to yield a good signal strength in 


TERNATIVE 
seme CONNECTION 


Fig 34 Cirewir L. Ciscuit ingsam of basic cxystal et, 


CHAPTER 3 » COMPONENTS 


consider this when you build circuits that are supposed to get hot, such as electric heaters. In most other 
's best to keep the heat to a minimum, as it represents wasted power, plain and simple. 


Testing Your Wires 


Can something as simple as a wire go bad? Yes, it most certainly can. How can you tell? Usually, it's 
because something doesn’t work the way you think it should, or worse, it works sometimes and not 
others. A great deal of time, the problem is right at the end of the wire, where itis trying to make a 
connection with something else. However, it's possible for a wire to develop a problem right in the 
middle. This can be caused by a tiny nick in the insulation that lets in nasty elements such as rain and 
dirt, allowing the inner conductor to corrode. This type of problem takes time to make itself apparent, 
but it can certainly happen, especially in equipment that is exposed to the outside world for any length 
of time, 

A quick way to test a wire is with a piece of test equipment called a continuity tester. This simple 
device usually is battery powered and has two probes. When you connect the probes together, the tester 
makes a noise, lights up a light, or maybe does both. Make sure your continuity tester's batteries are 
fresh and that the probes, if they are removable, are firmly seated in their sockets. Even test equipment 
needs testing from time to time. 


Note A continuity tester is one ofthe easiest pieces of test equipment to cobble together yourself. See 
Appendix A for more information about building your own tools. 


As mentioned previously, the problem is almost always at the very end of the wire. This is a good 
thing to know, so you can start looking in the most likely places first, saving valuable troubleshooting 
time. 

A much better way to test a wire is with an ohmmeter. Using an ohmmeter, you can determine the 
exact amount of resistance in a wire, which under ideal circumstances should be very low. One ohm or 
less is typical for most normal-sized wires that you are likely to encounter. Super-long wires can have 
higher resistance, and that's where you can consult the handy AWG table to find out what the resistance 
is supposed to be. 

‘When testing wires, especially wires 
about vigorously, as this will reveal some 


attached connectors, it's a good idea to wiggle the wire 
termittent connections for you. 


Storing Your Wire 


Ifyou're buying new wire, it will probably come on a reel. It's often handy to keep common sizes and 
colors on your bench, if you have room. A paper towel-holder makes an excellent wire dispenser rack, 
although you can also spend more time or money buying a prebuilt one or designing and fabricating 
your own, 
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the derial have failed, connecting the aerial side of the tuning cal) toa 
good earth (a water-pipe) can prodiice better resilte, the normal earth 
connection being left off, 


Tuning 


‘Tho receiver is adjusted as follows. Turn the tuning capacitor to fully 
close the vanes, then open about half a turn on the spindle or knob, (If 
You are using 4 trimmer a8 @ tuning capacitor, screw right down and 
‘then open half’ a turtt-) 

The tuning coil should now be alid up and down the ferrite rod (the 
cail leads were left a fairly long time to give the necessary freedom of 
movemen|) until BBC Radio 3 is heard* 

It may be necessary to sliphtly alter the adjustment of the variable 
condenser to tune in to this progranune, Also, because of the ferrite-rod 
perial the set will be directional, that is, the signal strength revelved will 
depend to some extent on the direction in which the serial rod is 
Pointing, so position the set to pick up the maximum volume. 

Having established the best position of the tuning coil on the rod to 
teceive BBC Radio 3, fix permanently with # dab of sealing wax. You 
should then find it possible to tune in to further stations by altering the 
‘wetting of the variable capacitor—e-g. typically Radio 4 in about the 
middle of the capacitor travel and Radio 1 towards the other end, 

Any reception you get will almost certainly be very weak and (linles 
you live close 10 4 broadcast station) you can really feel satisfied If you 
get any Hation at all at audible strength, But it js surprising how, 
Sometimes, ¢ven quite distant stations can be heard. Also you can often 
improve the reception and listening strength by quite simple modifi 
cations. Try these in order: 


@) Connect a 1,000-pF capacitor across the headphone (earpiece) 
connections (C2 in Fig. 3.5), 

(ii) Tistead of connecting the-externul serial directly to the tuned 
circuit, connect one fead to a 220-pF capacitor, and the other 
end of the capacitor circuit to the ‘hot’ end of the tuned 
circuit (Cl in Fig. 3.5), 

(Ui) Instead of connecting the-extermal uerial to the tuned circuit, 
connect to the tapping point of the coil (tag to which the 
diode is alo connected), Try a direct connection, and also 
earinecting in a 220-pF capacitar, 

Tune to ay AM broadcast station near the Inwer ed off the dial—einse fa 980 ithe. 
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(iv) Try connecting a 1,2: eststor (or higher value) across the 
phone connection (Rin Fig. 3.5). You may be using the 
wrong type of phones or earpiece; which do not provide 
proper load ot complete the circult. 


If there is a complete lack of response, check for faulty wiring-yp. A 
more Wetly cause, however, is lack of an external serial or earth 
confection in an sres where these are strictly necessary for adequate 
reception; or nn inefficient aerial (toe short) or poor earth connection 
(had electrical contact to 2 good earth point, or connection to a bad 
earth point), 

Another possible cause of apparent failure may be too. much outaide 
nol entering the eur so that it ix impossible to detect the very weak 
rudio sigeal a8 it is being turied in, Headphones are better than a single 
deafaid type of eurpiece in this respect but, in any case, a really quiet 
wom 44 virtually essential for initial setting up and tuning adjostments. 
‘Also, if your adjustment of the tuning control is too coarse, you may 
completely miss the setting for the station you are looking for, without 
realizing tt. 

‘Reception will alsa tend to vary with weather conditions. Some days 
ft may. be so poor that what wai normally a strong station is hardly 
heard at all. The slmple basic receiver has many tinitations but, singe it 
costs very little to construct and nothing at all to operate, this must be 
tegurded as inevitable. 

Providing you can hear something—even if too weak 2 signs! to 

distitiguiah properly—you can certainly improve the performance of 
your beslc set by further experimentation with tuned circuits (see 
‘Chapter 4) and/or the addition of amplification to the citouit. You can 
also try other types of basic crystal set, ax described in the following 
Projects. 
Circuit 2 (Fig, 3.6) is identical 10 Cirewit J except that, lastead of a 
diode, a transistor is used a4 x detector. Only two of the transistor leads 
are comnected—the emitier (e} connection to the tapping part-of the 
coil, aid the base (b) to the ‘earthy’ end of the circuit. The collector 
lead vf the transistor is ignored (bend it out of the way a0 that it 
cunsot accidentally short out the other lends). 

You can try almost any type of low-cost AF transistor, recom) 
mended types are 0C42 2N370, 2N2925, 2NSO8S. 

With the addition of two more components, Ciraiit 2 can be modified 
to work the trantistor both as a detector and an amplifier, to give 
stronger signals through the headphones. Using the same transistor type 
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Fig 3.6 Circuit. 2. Crystal set using transiator bnitesd of a diode. 


as above (or nearequivalent) resistor R should be 15 k and capacitor C3 
1 WF or higher. 

‘This ‘time a battery’ is also required to supply power for the 
transistor fo work as an amplifier. This can be from 1.5 V up to 9V. 
Remember the rules for polarity of connection: those shown in Fig. 3.7 
sre for a pat-p transistor; an n-g-n transistor would need the battery 
connected the opposite way round. Battery polarity also affects the 
connections of capacitor C3 (if an electrolytic or polarized type). 

Experiment further by trying the effect of using additional 
Capacitors in the circuit, e.g. C1, 220 pF; C2, 0.00! uF (try other values 
as well); C4, 0.001 pF {try other values ax well). 


Fie 3.7. Cocult 3 Crystal sot with amplification. 


Fig. 3:3 Cireuir 4, Double dioite crystal set. 
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This circuit incorporates ‘voltage doubling’ to improve the signal 
Volume and should give better performance than a single diode circuit. 
Land Ch ure the usual tuned circult, belt an unusual feature is that the 
aerial is connected to the'coil tapping point, Any type of germanium 
diodes can be used (they should preferibly be the same), making sure 
to connect them the right way round, A highimpedance crystal 
earpiece must be used in this circuit, 

Capacitor values are: C2, 220 pF (this capacitor can be omitted—try 
with and without in the circuit); C3 and C4, 1,000 pF. 

‘The optimum tapping point for the aerial connection to the cail L 
fs best found by’ trial and error (see Chapter 4 on "Tuned Circuits’), but 
the set should work at a nominal one-third tapping paint from the 
“earthy” end. 

This set can also be tried with conventional tuned-circuit coupling— 
Le. aerlal to the top of the coil L, and diode D2 connection to the 
tapping point on the coél. 


BENJAMIN AND DAVID GOLDENBERG 'S VERY-F INE 


OLD-TIME CRYSTAL RADIO 


Parts Lis 


Trem 


PVC pipe, 1” outside diameter (3/4” size) x 4" Ton} 


‘Aluminum or steel sheet metal, 0.5" Tong 


Coil wire (#24 magnet wire) 


Hook-up wire (#22) 


Crystal earphone (GC electronics, cat. no. 30-5302) 


Jack for the earphone plug 


Crystal diode (IN34A) 


Capacitor, 470 picofarad 


#8 sheet metal screws 


8-32 machine screw, 1” long 


8-32 nuts 


flat washers 


Ring terminal 


Board, 3/4” thick, approximately 77x 0" 


What else you need: 


Vise-Grip pliers 

Wire cutters 

Soldering iron and solder 

Drill, with 1/8", 3/16” and 3/8” bits 

File or motorized grinder (e.g. Moto-Tool) 
Screwdriver 

Scotch tape 


Instructions 


1. CONSTRUCTION OF SPECIAL PARTS. 


The following steps involve making a few special parts for the radio. Some of 
these steps are most easily performed using power tools and some involve soldering. 
This work should be done by someone old enough and knowledgeable enough to handle 
these tools safely. Once these parts are made, however, the rest of the project requires 


only hand tools and can be completed by nearly anyone. 


1. Coil Form 


The coil form is a piece of PVC pipe, 1” in diameter (outside) and 4” long. (For 
reasons fully understood only by plumbers, pipe of this diameter is referred to as 3/4”.) 


To facilitate mounting the coil to the board, drill two sets of holes, on opposite sides of 
the form. On one side of the form, drill two holes, 3/16” in diameter and 3/8” from the 
ends. Directly opposite from these holes, drill two more holes 3/8” in diameter. Screws 
will be placed through the smaller holes, while the larger ones make it easy to reach the 
screws with a screwdriver. 


2. Slider 


Drill two 3/16” holes in the piece of sheet metal, each 1/4” from an end, After the 
holes are drilled, place a bend in the metal 3/4” from each end, as shown in the figure on 
page 3. Use a vise or pliers to bend the metal. Use a file to smooth all of the edges and 
corners of the metal. 


CAUTION: Drilling sheet metal can be very dangerous! If the bit catches on the metal, 
you can have a very sharp edge flying through your hands. Hold the metal firmly with a 
pair of pliers (preferably Vice-Grip type), not with your hands! Also, place a piece of 
wood under the metal as you drill. This will help keep the metal from tearing and 
grabbing the bit as the passes through. 


3. Pointed screw for slider 


Using either a file or a grinder, grind a point on the 8-32 machine screw. The 
point doesn’t need to be very sharp; about like the tip of a medium ball-point pen is ideal. 


4. Earphone jack with wires. 
Cut two pieces of hook-up wire 2” long. Remove 1/4” of insulation form one end 


of each wire and solder the wires to the terminals of the earphone jack. Remove 1/2” of 
insulation from the other ends of the wires. 


Note: Headphone jacks often have more than two terminals, Make sure that the terminals 
you solder to are the ones that will be connected to the tip and side of the plug when it is 
inserted. 


5. Ring terminal with two wires. 
Cut two pieces of hook-up wire, one 7” long and the other 2”. Remove 1/4” of 
insulation from one end of each wire. Solder the two wires to the ring terminal. Remove 


1/2” of insulation from the other ends of the wires. 


6. Board 


Tape the layout template (the last page of this document) to a board, 
approximately 7” x 9”, and drill a 1/8" hole at each position marked with a cross. 


Il. ASSEMBLY 
1. Wind the coil. 


The coil is made by wrapping the #24 magnet wire onto the coil form, which is 
made from a piece of PVC pipe. The magnet wire is the wire that looks like it has no 
plastic insulation on it. But, it is actually coated with a thin layer of enamel. This 
coating must be removed from the ends of the wire before making any connections. 


The best way to wind the coil is with two people, one to hold the wire taught (the 
holder) and the other to wind it onto the coil form (the wrapper). First, thread the end of 
the coil wire from the outside of the form through one of the large holes and out the end 
of the form, Leave about 4" of wire going out the end. Hold onto the other end of the 
wire and begin wrapping it around the form, starting right next to the hole. After you 
have wound a few turns on, push the wire together so it is nice and neat and put a piece of 
Scotch tape over it. The coil should look like this: 


——~_] ° 


Now, the "holder" should hold the spool of wire loosely while the "wrapper" walks across 
the room unwinding the wire. Then, the holder should hold the spool very tightly so that 
the wrapper can wind the wire onto the pipe evenly. Each turn should be wrapped on 
right next to the previous turn, but shouldn't overlap. As the wire is wrapped on, the 
wrapper slowly walks across the room keeping the wire tight. When the wrapper reaches 
the holder, hold the wire that has been wrapped onto the form tightly, while the holder 
lets the wire on the spool unwrap. The wrapper then walks back across the room 
unwinding the wire from the spool, and the same procedure is repeated. 


‘When the coil is within about 1/8" of the holes at the other end of the coil, stop 
winding. Put a piece of Scotch tape on the end of the wrapping, and cut the wire a few 
inches from the end of the coil. Thread the end of the wire through the large hole in the 
form. 


2. Attach the coil to the board. 


Use two of the #8 sheet metal screws to attach the coil to the board, using holes B 
and C that you drilled. Place the screws through the small holes in the coil form from the 
inside. You can then use the large holes on the other side of the form to reach the screws 
with a screwdriver. Make sure the coil is attached snugly to the board. 


3. Assemble the slider. 


Find the slider, the 8-32 screw and the two 8-32 nuts. Thread one of the nuts onto 
the screw until it is about 3/8" from the head of the screw. Put the screw through one of 
the holes in the slider and thread the other nut on, so that the slider looks like this from 
the side: 


Tighten the second nut against the slider and the first nut with a wrench. 
4. Attach the slider to the board. 


Find a sheet metal screw, a washer and the ring terminal with two wires attached 
to it. Put the screw through the ring terminal, the washer and finally the open hole in the 
slider assembly (from the top of the slider as shown above). Attach the entire assembly 
to the board with the screw at hole E. Tighten the screw so that it is snug but still allows 
the slider to move back and forth. The pointed end of the machine screw at the other end 
of the slider should press firmly against the wire on the coil. If necessary bend the slider 
so that it makes firm contact with the coil but can still move. 


Move the slider back and forth on the coil to scrape the enamel insulation from 
the coil wire where the pointed end of the machine screw touches it. The screw should be 
able to make an electrical contact with the coil wire at any position along the length of 
the coil. 


5. Put the remaining screws in the board. 


Screw the remaining sheet metal screws into holes A, D, F, G and H, with a 
washer on each screw. Do not tighten the screws yet. 


6. Wire the components of the radio together. 


Use the circuit drawing as a guide. For each connection, make sure that the insulation is 
removed from the end of the wire. Wrap the bare ends of the wires around the screw 
between the screw head and the washer underneath, 


a, Wrap the two wires from the earphone jack around screws F and H. Do not 
tighten these screws yet. 


b. Take the short wire from the slider and wrap the bare end around screw F 
(which should already be attached to one of the earphone jack wires). Do not 
tighten the screw yet. 


c. Take the long wire from the slider and wrap the bare end around serew A. Do 
not tighten this screw yet. 


d. Find the crystal diode, the small cylinder with two bare wires attached to it. 
‘Wrap one of the wires around screw H (attached to the other earphone jack wire), 
and tighten the screw. 


ce. Take the other wire from the diode and wrap it around screw G. Do not tighten 
this screw yet. 


f. Find the capacitor, the small disc with two bare wires attached to it. Wrap one 
of the wires around screw F and tighten the screw. 


g. Wrap the other wire from the capacitor around screw G, but do not tighten this 
screw yet. 


h. Cut a piece of hook up wire about 6" long and remove about 1/2" of insulation 
from each end. Wrap one end around screw G and tighten the screw. Wrap the 
other end of the wire around screw D, but do not tighten this screw yet. 


i, Take the wire from the right hand end of the coil and remove the insulation 
from about 1/2" from the end of the wire. To remove the insulation, either lightly 
scrape the wire with a knife or use a small piece of sandpaper. Wrap the bare end 
of the wire around screw D, but do not tighten the screw yet. 


7. Connect the radio to ground. 


In order to work, the crystal radio must be wired to a good ground connection, 
Often, the easiest way to make a ground connection is to use the grounding circuit for the 
house's electrical system. Cut a piece of hook-up wire long enough to reach from the 
radio to a nearby electrical outlet. Remove 1/2" of insulation from each end of the wire. 
‘Wrap one end around screw A of the radio and tighten the screw. On the electrical outlet, 
loosen the screw that holds the plate on the box. Wrap the other end of the wire around 
this screw and tighten it. 


CAUTION: Be sure not to let the wire or anything else touch the 120 V socket! 


Alternatively, you can use a cold water pipe to connect the radio to ground. 
Remove a few inches of insulation from the wire from screw A of the radio and wrap the 
bare end around a cold water pipe. 


8. Connect an antenna to the radio. 
Use the rest of the hook-up wire to make an antenna, Remove 1/2" of insulation 


from one end of the wire and wrap it around screw D. Tighten the screw. Unwind the 
wire from the spool and try to place it as high as possible in the room. 


In areas with many powerful radio stations nearby, an inside antenna should be 
adequate to receive a few stations. If you have trouble hearing anything, it may help to 
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Acustom red-and-black wire dispenser is shown in Figure 3-4. You might use a fixture like this if 
‘many pairs of identical-length wires are needed for a project. Not having to chase the wire spools all over 
the bench really saves a lot of time. This structure was built using a MicroRax miniature slotted 
aluminum extrusion (http://www.microrax.com), which is perhaps a bit of overkill, but was a lot of fun to 
plan and build. A coat hanger, artfully bent, would have also done the trick. 


Figure 3-4. A custom wire-dispensing frame made from modular aluminum extrusion. This kind of fixture 
‘makes it easier to cut both a red and a black wire to almost exactly the same length, which happens a tot 
when you use red and black wire for positive and negative power connections, respectively. 


Connectors 


Connectors make life easier for the casual wiring enthusiast. The hardcore types solder everything 
together, but that is not always practical or even the right thing to do in every circumstance. 

Keep in mind that every connector, just like every wire, has some sort of electrical limits. These 
limits must be respected. 
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set up a long outside antenna, Radio Shack sells a kit with the necessary wire and other 
parts (cat. no, 278-758). 


9. Try the radio! 


Plug the earphone into the jack. Listen to the earphone and slowly move the 
slider across the coil. Try to find the position where a station is loudest. You should be 
able to hear a few different stations with the slider at different positions. 


10. If the radio doesn't work, check the following: 
a, Make sure all of the connections are correct and that the insulation has been 
removed from the wires where they are wrapped around screws. Also check that 


there aren't any short circuits between the screws or bare wires. 


b. Make sure that you scraped the insulation from the coil wire with the slider so 
that the slider can make good contact with the coil. 


c. Make sure that you have a good ground connection. Try a different electrical 
outlet or a cold water pipe. 


d. Place the antenna higher up or try a longer wire. 


eal 
Ie earphone 
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MODAD RADIO WEBSITE 


Basic Crystal Radio Set 


I have been very interested in crystal radios for many years, I can remember building my first set 
back in my schooldays in the early 1980s. It was the first and still is the most basic of all radio 
receivers , If you are new to radio and have never seen one of these sets you will be very amazed at 
how easy it is to build a working radio needing so few components. What also may surprise a 
newcomer is that it does not need any battery or power to work, The only power it uses is taken 
from the transmitter of the station you are listening to, In other words it pulls the power from the 
radio wave. 


The biggest craze of building and listening to crystal sets was at its peak in the 1920s. The old style 
sets used a real mineral crystal for the detector, The most popular being the galena and a fine bit of 
wire called a cats whisker which you would have to touch the crystal in the correct place to find the 
best reception where the radio station would come in, During world war II the underground people 
of Europe used crystal sets to listen to prohibited broadcast stations, Because of there simplicity to 
build. It is now getting harder to obtain all the original parts like the high impedance headphones, 
But I will show you how to build the modern day circuit using readily available parts. 


My basic crystal radio project is aimed at the absolute beginner or younger generation, to try and 
interest them in the radio hobby as many amateur radio operators began there interest in radio with 
building the crystal set. The circuit can be soldered or built using chock block connectors for safety 
if'a young person is doing this project. 


CIRCUIT 
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ANT 


DIODE 
OA91 


EARPIECE 


HOW THE CIRCUIT WORKS 


First of all there are many different signals from stations which will be traveling down the long wire 
antenna, The coil and capacitor together form a tuned circuit, And because the capacitor is a 
variable type you can change the resonant frequency of the tuned circuit by rotating the tuning knob 
on the capacitor. Only signals from stations on or near the resonant frequency can pass through the 
tuned circuit, The other remaining frequencies are bypassed to earth, The passed signals then go 
through the germanium diode (detector) which rectifies the positive half cycles changing it to DC 
current and then sending it to the crystal earpiece or high impedance headphones. 


BOARD LAYOUT 


PARTS 
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I personally find it a lot more fun to salvage all the parts from an old radio as it will cost you 
nothing, But just for this project I have listed all the parts that you will need and where to buy them 
from. 


Variable capacitor, available from Maplin Electronics (UK) Code FT78K 


Diode: Maplin Electronics 0A91, Code QH72ZP, 0A90 Code QH7IN or any germanium point 
contact diode such as an OA70,OA71, or 1N34. 


Chock block connectors Maplin Electronics (UK). 
Crystal earplug, avail able from Maplin Electronics (UK) Code LB25C 

26 s.w.g, Enameled copper wire. 

Coil former: An empty card board toilet roll or an off cut piece of plastic waste pipe. 
Base: Any piece of soft scrap wood about 4"x 5" 

PVC coated wire for links. 

A roll of any kind of wire PVC coated or copper wire for antenna and an earth connection. 
CONSTRUCTION 


Start the construction with the coil by securing the former (toilet roll, or PVC pipe) and then 
winding 80 turns of 26 s.w.g enameled copper wire around. When finished secure the windings with 
sticky tape or glue, Then scrape the wire enamel off both ends of the coil with a knife or sand paper 
until you can see a shiny tip. The coil can be secured to the wood base with two drawing pins. 


Now the most difficult part is over , you can secure a couple of chock block connectors in front of 
the coil and the two behind the capacitor then wire the circuit as in the board layout, It is straight 
forward, but make sure you get the capacitor the correct way, the earth and antenna pins are marked 
e and a on the bottom, There is no connection to the pin marked 0. The diode has a glass body with 
a band on to show the flow of the conducting current. Strip the plastic coating off the end of the 
crystal earpiece leads and insert them into the two rear chock blocks. 


You are now ready to connect the antenna, Just string up the longest length of wire you can, run it 
from the set through a window and secure it to an insulated pole, tree or fence as high and as long as 
you possibly can to achieve the best results. If it is impossible for you to have an outdoor wire, 
String a wire several times around a room ceiling or an attic, It will still receive some stations but at 
reduced volume. 


You will need an earth, run a wire from the set to a cold water pipe, connect it to the pipe or to a 
water tap with a crocodile clip, Or if you want a more permanent arrangement you can run a wire 
outside and connect it to an earth rod driven into the ground, This can be a length of copper pipe or 
brass rod as long and deep into the ground as you can. It is said that you must have a good earth for 
a crystal set to work, In practice I found it works slightly better but have also achieved good results 
without any earth, 
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OPERATING THE SET 


This is the best part, When you are finished building the circuit connect the earth and antenna wires, 
pick up the earpiece and have a listen, You should be able to hear noise, turn the screw on the 
variable capacitor until you tune into a station, You should be able to hear several stations on the 
MW band, Depending on your location, length and how high the wire antenna is, Because this is a 
basic circuit you will soon notice that the set has poor selectivity, This means that sometimes you 
can hear two or more stations coming in together and may find it difficult to separate the one you 
want to listen to, That is if you can at all. If you can only receive one or two stations and the screw 
on the variable capacitor is fully turned, try unwinding about 4 or 5 turns off the coil. One of the 
most difficult requirements is having the patience, Some stations will come in loud and then may 
fade out altogether after a wile, If you leave it on the same frequency they can sometimes return as 
the propagation changes. 


FAULT FINDING 


Ifit does not work, Check your wiring with that of the board layout, And make sure all leads are not 
slack. 


You must make sure you have a germanium point contact diode, other diodes will not work. 


Make sure you have a proper crystal earpiece or high impedance headphones, Do not be confused 
with the standard white coloured magnetic earpiece, Unlike the standard 8 or 16 ohm earphones of 
today crystal carpieces are into the mega ohms, So if you used the wrong type it would be like 
trying to run your washing machine on a PP3 9 volt battery. 


EXPERIMENTING 


When I built this crystal set for the web site I hooked a wire to a radiator for an earth, strung a 60 
FT length of PVC coated wire through a window down to the rear garden fence, The first station I 
heard was quite a surprise, Radio Korea, Other stations where Virgin Radio - 1215 KHz, Talk Sport 
1071 KHz, Magic 1152 KHz, BBC Radio 5 Live 693 KHz, BBC Radio 4 - 603 KHz, So it had a 
good range through the medium wave broadcast band. 


Do not be afraid to experiment, Due to the simplicity of the set you wont break it, You can try 
changing the diode around, Try other coils with different number of windings, The more turns 
should take you lower in frequency, and the smaller number higher, try a ferrite rod as a former or 
salvage a ready made coil from an old broken radio, Experiment with different lengths of antenna 
wire. I also find these sets work better with a higher quality air spaced variable capacitor which you 
can buy from a radio rally or you could try J. Birkett suppliers of electronic components who always 
stocks them at reasonable prices, TEL NO. +44 (0)1522 520767. The company is UK based and 
may not export, but I am sure that you will know of local electronics suppliers for such parts. 


T hope you have enjoyed reading about the crystal set and if you have built the one from this page 
mail me and let me know how it went, If this page has interested you and you would like to build 
more sets check out my other web pages or web links page. 
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A Simple Crystal Radio Set 


Whether you are a beginner or a seasoned expert, you would probably agree that there is nothing quite like 
using this simple design to make a crystal radio and enjoying it, listening to stations both near and far. Add 
to this the "something for nothing" advantage of not having to power this set with batteries or AC line and 
you can see why this simple design will be used and enjoyed for a long time to come. Almost like magic... Let 


build one! 
\/ 
Ct 1 
Om, High 
L C2 RI Impedance 
O-~ Headphones 
A Simple Crystal Design 
Components: 
« Al- 50-100 foot longwire antenna 
+ C1-50 pf ceramic capacitor OSE p/n CD-5 
« C2-365 pf variable capacitor OSE p/n BC14400 
« D1-1N34A diode OSE p/n 1N34A 
G1 - Ground (see instructions below) 
« L1- 100 turns of #20 AWG enamel coated copper wire OSE p/n MW20, adjustable tap (see instretions 


below) 

R1-a 100k ohm resistor OSE p/n RQUOOK, 
« Crystal Earphones OSE p/n CE748 

« Fahnestock clips OSE p/n 2090 


Al Fahnestock 
To Antenna Clips 45) 


ro) 


uy 


To 
Headphones 


Rt 


gi Tour Layout ona “Breadboard’ for 
the Simple Crystal Tuner 
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Clip Leads 


Also called alligator clips or test leads, you can buy ready-made wires or build your own from individual 
‘connectors. The flexible rubber or plastic boot extends the insulation of the wire. A spring-loaded jaw, 
often with serrated teeth, is used to clamp down on the wire, lead, or electrical terminal desired (see 
Figure 3-5). 


Figure 3-5. Clip leads come in all sizes, gauges, colors, and terminal types. They are handy for making 
quick electrical connections. 


Clip leads are quite handy to have around your bench, if you've got the room for them, They tend to 
get tangled up, so some people hang them from a specially slotted rack, making them easier to pluck at a 
moment's notice. 

Keep in mind that clip leads are generally for temporary electrical connections, such as when you're 
testing something or trying out a prototype circuit. They don’t make very good long-term solutions to 
your electrical connection needs fora variety of reasons. 

‘The first problem is that even when the spring-loaded jaws make a solid, low-impedance 
connection when first attached, this electrical connection will deteriorate over time as oxidation 
inevitably forms on the contacts. 

Another problem is that many mass-produced clip leads are inexpertly smashed onto the ends of 
«wires, without taking advantage of the alligator clips’ built-in features, such as strain reliefs and 
soldering points. This leads to additional resistance in your circuit at both ends of the clip lead, where 
you would probably never think to look. The next time you buy some brand-new clip leads, hook them 
Up to your ohmmeter and see just how conductive they really are. A good practice is to carefully remove 
the insulating boot and make a proper electrical connection yourself, so that you've got one less thing to 
worry about. 
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About This Book 


This textbook is intended to be used in the instruc- 
tion of students in an aviation maintenance tech- 
nician training program. The descriptions, drawings 
and graphics in this book are for instructional pur- 
poses only and should not be used as a technical 
reference source for specific maintenance tasks on 
aircraft or aircraft systems or for other operational 
purposes. Excerpts from Federal Aviation Regula- 
tions and other sources have been paraphrased and 
‘simplified in order to save space and time. 

‘The author wishes to express his appreciation for 
permission to use material from the technical pub- 
lications of the following aviation companies. 

Beechcraft Aircraft Corp. (Wichita, Kansas) 

Canadair Group, Bombardier Inc. (Montreal, 

Quebec, Canada) 
Cessna Aircraft Co. (Wichita, Kansas) 
Comant Industries Inc. (Sante Fe Springs. 
California) 
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Dayton-Granger Inc. (Fort Lauderdale, Florida) 

Dorne and Margolin Inc. (Bohemia, New York) 

Flight Dynamics Inc. (Portland, Oregon) 

Piper Aircraft Corp. (Vero Beach, Florida) 

Sensor Systems (Chatsworth, California) 

Terra Avionics (Albuquerque, New Mexico) 

United Technologies — Pratt & Whitney Canada 
Ine, (Longueuil, Quebec, Canada) 


‘The Canadair drawings which appear throughout 
this book are the proprietary property of Bombardier 
Inc, Canadair Group. As such. itis forbidden to copy 
these drawings without the express written permis- 
sion of Bombardier Inc., Canadair Group. Readers 
are cautioned that the drawings are training 
material only and as such are not subject to revision 
They are not to be used in lieu of approved technical 
manual illustrations for the purposes of carrying out 
any maintenance procedure or any other activity on 
any Canadair aircraft or any other aircraft. 
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CHAPTER I 


Basic Instruments 


Chapter one begins with a study of the general 
requirements for aircraft instruments and their in- 
stallation. The categories and types of instruments 
are covered before beginning a study of specific 
instruments. 

‘The instruments examined in chapter one include 
pitot-static system instruments, gyro instruments, 
compass systems and electronic instruments. Ref- 
erence will be made to Federal Aviation Regulations 
which apply to these areas, particularly FAR Part 
1 Definitions and Abbreviations, FAR Part 23, FAR 
Part 43 and FAR Part 91 


A. Why Study Instruments? 
It 1s important for aircraft technicians to study 
aircraft instruments so that they will be able to 
inspect, install and troubleshoot them properly. 
There are also occasions when the technician will 
be running the aircraft's engines or other systems 
and will have to use the instruments himself. Many 
instruments are a part of a larger system and it 
is necessary to understand the interrelationships 
between the various parts of the system. 

All certificated aircraft have instruments, al- 
though in the case of hot air balloons and gliders, 


only a few basic instruments may be required. The 
number and variety of instruments has increased 
over the years so that a small single engine airplane 
of today has more instruments and more sophis- 
ticated instruments than airliners had in the 1940s 
or earlier. Figure 1-1 shows the instrument panel 
of a Piper Cub from the early 1940s with its six 
basic instruments. This airplane was a small two 
place airplane which did not have an electrical sys- 
tem, so all the instruments used mechanical means 
of operation. The instrument panel shown in figure 
1-2 1s that of a modern single engine airplane 
equipped for “blind flying” or IFR flight operations. 
This airplane has many more instruments and sys- 
tems that increase the safety of flight and make 
it a more efficient means of transportation. The 
most important instruments are placed directly in 
front of the pilot and the radios are grouped together 
in the middle for easy access to the controls. 


‘The most common and important types of aircraft 
instruments and avionics systems will be described 
in this book along with some FAA requirements 
for testing and installation. The categories for 
aircraft instruments and the basic FAA require- 
ments will be covered first. 


ol 
‘TEMPERATURE 


TACHOMETER 


AIRSPEED 
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COMPASS ALTMETER 


on 
PRESSURE 


Figure 1-1. The Instrument panel of a 1940s Piper Cub. (Courtesy Piper Aircraft Corp.) 
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B. Aircraft Instrument 
Requirements 


1. Instrument Categories 
The instruments found on different types of aircraft 
have considerable variety, but they can be categorized 
according to either how they work or what kinds 
of information they present to the flight crew. 
a. Categories According to Application 
1, Powerplant Instruments — These give infor- 
mation related to the aircraft's powerplant or 
powerplants 
2. Flight and Navigation Instruments — These give 
information such as altitude, speed ete. or in- 
formation required for navigating the aircraft, 
3. Systems Instruments — These concern air- 
craft systems such as electrical, hydraulic, 
pressurization, bleed air systems etc. 
b, Categories According to Means of Operation 


1. Pressure Instruments — These measure the 
pressure of air, fuel, oil, ete. 


2. Mechanical Instruments — These use a me. 
chanical system to obtain and/or transmit 
information, 

3. Gyro Instruments — These use the principles 
of a gyroscope and are primarily used for IFR 
flight 


4. Electrical and Electronic Instruments — This 
group has seen the most change in recent 
years due to advances in digital technology 
and other related fields. 


2. Instrument Placement 
and Installation 

While there is not a standard placement for all 
the instruments that might be found on either 
a small or large aircraft, some of the most im- 
portant instruments will have a standard layout 
directly in front of the pilot. This makes it easier 
for the pilot to scan the important instruments 
and it makes it easier to transition to a different 
type of airplane. 

Aircraft instruments are manufactured 
ber of standard sizes. This mainly applies to the 
round instruments since some other types come 
in a wide variety of sizes. The standard sizes for 
round instruments are: 

1, 1"— Often a vacuum gauge on single-engine 

airplanes 

2, 2" Flangeless — Many turbine engine powerpl- 

ant instruments are this type. 

3. 2-4" —A common size for many different 

instruments 

4, 3-18" — Considered to be a standard full-size 

instrument 


Figure 1-2. Typical arrangement of instruments and radios in a single engine airplane. 
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5. 4"—The older style gyro instruments were 
often this size, but it is seldom used on a 
modern aircraft. 

Examples of the 1°, 2-4" and 3-16" sizes can 
be seen on the instrument panel in figure 1-2. 

‘There are a number of methods used to install 
instruments into the aircraft instrument panel. The 
three most common methods are: 

1, Screws — Non-magnetic fine thread machine 
screws are used, brass screws with a black 
oxide finish are very common. 

2. Circumferential Clamps — These clamps are 
fastened to the back of the instrument panel 
and operate somewhat like a hose clamp (fig- 
ure 1-3). 

3. Brackets — small “L” or “U” shaped brackets 
are installed on studs to hold the instrument 
in place (figure 1-3). 

Installing aircraft instruments is often made dif- 
ficult by the fact that there isn’t much room behind 
the instrument panel and access is limited. Some 
aircraft use sliding or hinged panels to improve 
access to this area, 


3. Instrument Markings 
Aircraft instruments often utilize colored mark- 
ings so that safe operating values can be indicated 
to the pilot. For example, red usually means a 
maximum or minimum operating limitation for 
the airplane or engine. These markings are nor- 
mally on the face of the instrument, inside the 
cover glass. It is permissible to apply colored 
markings with paint to the cover glass, but if 


this is done the marks must not interfere with 
reading the instrument and a white line must 
be applied to the cover glass and case to act 
as a slippage mark. 


When applying or inspecting the markings on 
instruments, a suitable reference source must be 
used, the acceptable sources are: 

1. Approved Aircraft Flight Manual or Pilot’s Op- 
erating Handbook — This is an FAA-approved 
document which Is a part of the required air- 
craft equipment. 

2, Maintenance Manual or Service Manual. 
‘Type Certificate Data Sheet or Specifications, 
4, STC, Manufacturers Service Bulletins, and AD 

Notes — These would indicate a change from 
the original aircraft requirements. 


There are standard meanings for the different 
colors and markings applied to instruments lke 
powerplant and system instruments, they are: 

1, Red Radial Line — This indicates a maximum 
or minimum operating limitation. Example: on 
an oil pressure gauge. 

2. Red Arc — This indicates a prohibited range 
of operation. A common example is the red 
arc on a tachometer because of vibration prob- 
Jems at certain rms. 


e 


3. Yellow Arc — This indicates a caution range. 

Green Arc —The normal operating range. 

5. Blue Arc or Line — This has a meaning spec- 
ified by the manufacturer. An example is a 
blue arc on a manffold pressure gauge for 
engine operation with a lean mixture. 


CIRCUMFERENTIAL CLAMP 
(A) 


l 


BRACKET 
(8) 


Figure 1-3. Two of the common methods used to install instruments in an aircraft instrument panel. 
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The colored markings on an airspeed indicator 
have different and very specific meanings, this will 
be covered later. The colored markings found on 
an airspeed indicator are shown in figure 1-4, notice 
that both arcs and radial lines are used. 


4. General Precautions for 
Installing Instruments 

A number of things must be kept in mind when 
installing instruments, radios and related systems. 
Instruments are very delicate and must be handled 
with care, If an instrument must be sent to a repair 
station or other place for repair, it should be packed 
in an approved container with any ports or openings 
plugged and with a desiccant pack to prevent mois- 
ture damage if it is sensitive to moisture. When 
shock mounts are required for a particular instal- 
lation, you should ensure that the shock mounts 
are in good condition and that the weight of the 
equipment does not exceed the weight carrying 
capability of the shock mounts. Figure 1-5 shows 
a shock mount unit for aircraft equipment with 
a bonding jumper installed, Figure 1-6 illustrates 
the use of a shock mounted sub-panel for the flight 
instruments on a small airplane. 

Many types of instruments can be damaged by 
static electricity and magnetic fields. Bonding 
Jumpers, shielded wires and static wicks must be 
properly installed and maintained to prevent these 
kinds of problems, 

Bonding jumpers have a number of functions when 
installed on an aircraft. Four of these functions are: 


1. A ground return path for aircraft circuits that 
use single wire type systems. 

2, Reducing radio frequency interference in sen- 
sitive aircraft systems. 

3. Decreasing the possibility of damage due to 
lightning strikes on control surfaces and other 
areas. 

4, Allowing static charges to move around easily 
and equalize. This prevents arcing which could 
create a fire hazard. 

A bonding jumper is a small metal braid or metal 
strap which electrically connects together two parts 
on the airframe. Some of the recommendations for 
installing and maintaining bonding jumpers are: 

1. Keep them as short as possible but allow for 
‘any movement that is necessary as on control 
surfaces. 

2, Clean the contact areas to minimize resistance. 
This includes removing coatings such as an- 
odizing 

3. Do not solder bonding jumpers. It makes them 
brittle. 

4. Do not paint bonding jumpers. It makes them 
brittle. 

5. Use multiple jumpers on shock mounted elec- 
trical equipment. One might break. 

6. Ensure that the jumper is compatible with 
the structural material and hardware to pre- 
vent corrosion, Aluminum jumpers are rec- 
ommended for aluminum aircraft parts and 
‘copper jumpers are recommended for stainless 
steel, cadmium plated steel, brass and bronze 

Some instrument and equipment installations re- 
quire the use of shielded wire. Don't assume that 
both ends of the wire shield should be connected 
to ground. It 1s sometimes specified that only one 
end of the wire shielding be attached to ground. 


Figure 1-4. Operating limitations markings on an 
airspeed indicator. 


Figure 1-5. Bonding jumpers are installed on shock 
‘mounts to ensure proper grounding. 
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(CHAPTER 3 » COMPONENTS 


Solderless Breadboards 


‘Avery versatile prototyping platform is the solderless breadboard, Once upon a time, people would tack 
‘together simple electrical circuits using wires, small nails, and a hammer, utilizing a wooden plank or 
small board as the substrate, The kitchen breadboard was often just right in size and weight and would 
‘mysteriously disappear into the workshop. You can still cobble together simple circuits using this 
technique. 

‘The solderless breadboard is a miracle of modem manufacturing techniques. A body made of 
precision-molded plastic has an array of small openings builtin, and within each opening is a row of 
‘small spring clips that are just the right size to grasp and hold a small-gauge (22-26 AWG) wire. Adjacent 
points within the array are electrically connected together, which lets you easily connect small 
‘components into a circuit using your bare hands, with no soldering required. About all you would 
normally need would be some solid-core wire (preferably), some wire cutters, and some wire strippers. 
You can even buy precut jumper wires specifically made for use with solderless breadboards. They're 
terrifically handy! See Figure 3-6. 


Figure 3-6, On the left isa solderless breadboard with 830 tie points. Each hole has a spring clip inside that 
can hold a small wire or component lead. On the right, the underlying electrical connections between the 
tie points are illustrated, 


When installing an instrument that requires 
lighting, use care to ensure that the light is in- 
stalled correctly and that it will not short out 
or cause a problem with another instrument 
‘There are often many small wires behind the in. 
strument panel for the light fixtures and they 
must be routed and tied carefully. There are four 
common types of instrument lighting systems 
found on aircraft 
1, Eyebrow Lights — These are small semi-cir- 
cular fixtures that fit over the top of a round 
instrument and look like eyebrows. 


2. Post Lights — These are small round lights 
that install into holes in the instrument panel 
(igure 1-7) 

3. Internal Lights 
ment case. 


‘These are 


nside the instru- 


4. Flood Lights — These lights can be aimed at 
the instrument panel and are shielded so that 
they don’t shine in the pilot’s eyes. They are 
often fitted in addition to one of the other 
types as a back-up lighting system. 

Figure 1-8 shows the fluorescent flood lighting 
system for a corporate jet airplane 


SHOCK MOUNTS 


GROUND STRAP. 
(INSTALLED ON SHOCK MOUNT 
DIRECTLY UNDER CONTROL WHEEL) 


Figure 1-6. The instrument panel for a twin engine airplane showing the shock mounted sub-panel and two kinds of 


shock mounts. (Courtesy Cessna Aircraft Co,) 
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Precipitation static, also known as P-static, 1s 
a build up of static electricity on the aircraft in 
flight. It can have an adverse effect on the operation 
of many instruments and radios. P-static is caused 
by friction between the aircraft structure and par- 
ticles in the air such as rain, snow, ice and dust 
Particles. It can also be caused by the hot exhaust 
of a turbine engine as it exits the large metal tailpipe 
or exhaust pipe. It cannot be prevented but the 
problems can be reduced by installing good static 
dischargers on the aircraft. These are normally in- 
stalled on the trailing edges of main control surfaces 
and also occasionally on the tips of the wing and 
horizontal stabilizer. 


The FAA has many regulations that concern the 
installation of instruments in certificated aircraft 
A post light type of lighting fixture item 1)for ‘The examples that will be given apply to FAR Part 
aircratt instruments. (Courtesy Cessna 23 airplanes although the requirements for other 
Aircraft Co.) categories of aircraft are often very similar. The 
requirements of FAR Part 91 would apply to any 
aircraft being operated under that section of the 
FARs. The FARs will not be quoted exactly, but 


| 5. FAA Regulations for Instruments 


CENTER INSTRUMENT PANEL 
DUAL STRIP 


PILOT INSTRUMENT PANEL CO-PILOT INSTRUMENT PANEL 
DUAL STRIP DUAL STRIP | 


PILOT SIDE CO-PILOT SIDE 
FACIA STRIP FACIA STRIP 


PILOT SIDE 
CONSOLE STRIPS. 


CO-PILOT SIDE 
CONSOLE STRIPS 


Figure 1-8. Fluorescent lighting arrangement for a corporate jet. (Courtesy Canadair Group, Bombardier Inc.) 
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Figure 1-9. An un-supercharged reciprocating aircraft 
engine. 


will be paraphrased in order to simplify the wording 
and save space. 

Since some of the FAR rules for instruments 
depend on what type of engine the aircraft uses, 
it is necessary to discuss the different types of 
powerplants found on certificated aircraft. A 
reciprocating engine is a piston engine which can 
either be supercharged or non-supercharged. The 
most common type of reciprocating engine on 
modern aircraft is the horizontally opposed type 
although many radial piston engines are still in 
service. Figure 1-9 shows an unsupercharged 


horizontally opposed reciprocating engine. Figure 
1-10 shows a radial engine with an internal su- 
percharger. A turbine engine could be one of four 
types. The turbojet and turbofan engines are similar 
in that they are both rated in pounds of thrust. 
The difference is that with the turbofan engine some 
airflow bypasses the core of the engine and is acted 
upon only by the fan section as seen in figure 
1-11. The turbojet engine illustrated in figure 1-12 
does not use the bypass principle since all of the 
intake air passes through the length of the engine 
In the FARs, the use of the term turbojet includes 
turbofan engines. The other two types of turbine 
engines are the turbo-propeller and turboshaft en- 
gines. These are both usually rated in horsepower 
because they deliver power to an output shaft (unlike 
turbojet and turbofan engines). The difference be- 
tween the two is that the turboprop engine turns 
a propeller while the turboshaft engine powers the 
rotor drive gearbox of a helicopter. The reduction 
gearbox and output shaft of a turboprop engine 
can be scen on the left in figure 1-13. 


FAR Part 23 

‘This FAR covers the Airworthiness Standards for 
Normal, Utility, Acrobatic and Commuter category 
airplanes. Certain instrument requirements are a 
part of these Airworthiness Standards. 


INTAKE PIPE 
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Figure 1-10. A radial piston engine with internal supercharger. 
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FAR 23.841 

The additional instruments required for pressurized 
airplanes are specified in this section. Figure 1-14 
illustrates these instruments. Pressurized airplanes 
are required to have instruments to indicate: 

1. Cabin differential pressure 

2. Cabin altitude 


3. Rate of change of cabin altitude (cabin rate 
of climb) 


FAR 23,1301 


‘This FAR states that equipment must be labeled 
as toits identification, function and operating limita- 
tions. The colored markings on an airspeed indicator 
are examples of these required operating limitations. 


FAR 23.1303 


Required Flight and Navigation Instruments 
1. Airspeed indicator 

2. Altimeter 

3, Magnetic direction indicator (compass) 

4. 


Free air temperature for airplanes with turbine 
engines 


5. Speed warning for turbine engine aircraft or 
others when Vmo/Mmo is greater than .8 Vd. 


Notice that only the first three would be required 


for all FAR Part 23 airplanes. 


FAR 23.1305 


Required Powerplant Instruments 
1. Fuel quantity for each tank. 


NX 


NAN 


WSN 


GE 2B FAN DISCHARGE = 


HoT 
EXHAUST 


Figure 1-11. A turbofan engine showing the bypass airflow which bypasses the core of the engine. 


COMPRESSOR 


TURBINES 
comsustors EXHAUST 


Figure 1-12. A turbojet engine with the major sections identified. This type of engine has no bypass airflow. 
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Figure 1-13. A typical turboprop engine with the output shaft on the left. The engine could become a turboshaft engine 
it it was modified to drive the rotors of a helicopter. 


10. 


Oil pressure for each engine. 


Oil pressure for each turbosupercharger (only 
with separate ofl system). 


Oil temperature for each engine. 


Oil temperature for each turbosupercharger 
(only with separate oil system) 


Tachometer for each engine. 
Cylinder head temperature for: 
a. Air-cooled engines with cowl flaps. 


b. Reciprocating engine commuter category 
airplanes. 


Fuel pressure if the engine is pump fed. 
Manifold pressure for: 
a, Altitude engines, 


b. Reciprocating engine commuter category 
airplanes. 


il quantity for each oil tank (if separate from 
engine). 


Figure 1-14. The three instruments required for a pres- 


surized aircratt. 


11, Gas temperature for turbine engines, 

12, Fuel flowmeter for turbine engines. 

13. Torquemeter for turbo-propeller engines. 

14, EGT and carburetor inlet temperature for tur- 
bosupercharger installations if operating lim- 
itations can be exceeded. 

Figure 1-15 shows a typical tachometer and man- 
ifold pressure gauge installation for a twin engine 
airplane with two pointers in each gauge for the 
left and right engines. 


FAR 23.1321 
Instrument Installation 
1. Instruments must be plainly visible with min- 
imum deviation of the pilot's position. 
2. For multi-engine airplanes, identical instru- 
ments must be arranged to prevent confusion, 
3. Instrument panel vibration must not damage 
the instruments. 
4, For airplanes more than 6,000 Ibs. maximum 
weight. the following instruments must be in- 
stalled so that they are centered about the 
vertical plane of the pilot's vision in this order 
a, Primary attitude instrument in the center. 
b. Airspeed indicator adjacent and to the left 
of the attitude instrument 

¢. Altitude instrument adjacent and to the 
right of the attitude instrument. 

4. Direction of flight instrument adjacent and 
below the attitude instrument, 
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The instrument referred to as the primary at- 
titude instrument above would be an artificial 
horizon on smaller aircraft or an ADI on aircraft 
with more modern types of instruments. The direc 
tion of light instrument in item 4 is not a magnetic 
compass. It would be a directional gyro on simple 
airplanes or an HSI on more sophisticated aircraft. 
In addition to the four standard instruments men- 
tioned above as part of this “T” configuration, 
two other instruments are commonly installed in 
standard positions to make up an arrangement 
of six instruments. This is illustrated in figure 
1-16. The actual appearance of the instruments 
in the standard configuration is shown in figure 
1-17. The gyro instruments in figure 1-17 are 
the older style instruments. 


FAR 23.1322 
Warning, Caution and Advisory Lights 


There are standard colors specified for certain 
indicator lights used in airplanes. A fire warning 
light for example would be red. The colors specified 
in this FAR are as follows 

RED — Warning — This is used when immediate 
attention is required 

AMBER — Caution — This is not as serious as 
a warning, 

GREEN — Safe operation — normal 
range. 

Any other color of indicator light can be used in- 
cluding white if it differs sufficiently from other colors 
and its meaning is specified by the manufacturer. 


operating 


FAR 23.1381 
Instrument Lights 
Any instrument lights that are installed must 
make the instruments and controls easily readable 
and must be shielded so that they don't shine in 
the pilot's eyes. A cabin dome light is not acceptable 
as an instrument light, 


FAR 23.1541 

Markings and Placards 

The airplane must have all placards required by 
the FARs and any additional placards that are re- 
quired for safe operation if unusual design, handling 
or operational characteristics are present. In ad- 
dition, each marking and placard: 

1. Must be displayed in a conspicuous place. 
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2, Must not be easily erased, disfigured or 
obscured. 


FAR 23.1543, 
Instrument Markings, General Requirements 
1, When markings are on the cover glass, there 

must be a means to maintain the alignment 

of the glass with the dial (a slippage mark) 
2, Each are and line must be wide enough and 

located to be clearly visible to the pilot. 


FAR 23.1545 
Airspeed Indicator 


The required markings are: 


1, For the never exceed speed Vne, a red radial 
line. 


Figure 1-15. The manifold pressure gauge Is used in 
conjunction with a tachometer to set power 
ona supercharged engine. 
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2. For the caution range, a yellow arc extending 
from the red radial line in item 1 to the upper 
limit of the green arc in item 3. 4. 
3. For the normal operating range, a green arc 
with the lower limit at VsI (maximum weight, 
landing gear and flaps retracted) and the upper 5. 


| 
| 
| 
AIs= 


AIRSPEED 4,4, ARTIFICIAL 
INDICATOR HORIZON 
ALT= ALTIMETER —DG=DIRECTIONAL GYRO - 
TURN VERTICAL 
TAB=AND VSI= SPEED ‘ 
BANK INDICATOR 
Figure 1-16. Most modern aircraft have the important 3 


flight instruments installed In a standard 
configuration directly in front of the pilot. 


6. 

Note: Items 1 through 3 do not apply to an aircraft 
| FAR 29.1547 

| 


limit at Vno, maximum structural cruising 
speed. 

For the flap operating range, a white arc with 
the lower limit at Vso and the upper limit 
at Vie. 

For the one-engine-inoperative best rate of 
climb speed, Vy. a blue sector extending from 
the Vy speed at sea level to the Vy speed 
at 5,000 ft. (or higher altitude as appropriate). 
For the minimum control speed (one-engine- 
inoperative) Vc, a red radial line. 


for which a maximum operating speed. 
Vmo/Mmo has been established. These 
aircraft would need a maximum allowable 
airspeed indicator. 


Magnetic Direction Indicator 


A placard must be installed on or near the 
magnetic direction indicator to show deviation 
error corrections. 

The placard must show the calibration in level 
flight with the engines running. 


Figure 1-17. The types of instruments that might be found in the standard “T” configuration in a small airplane. 
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3. The placard must state if calibration was made 
with radios on or off. 

4, The placard must list the corrections for mag- 
netic headings in increments of no more than 
30°. 

5. If the operation of electrical equipment can 
cause a deviation of more than 10°, the placard 
must identify that equipment. 


FAR 23.1549 

Powerplant Instruments 

‘The required markings are: 

1, Each maximum and minimum safe operating 
limit must be marked with a red radial line. 

2. Each normal operating range must be marked 
with a green arc. 

3. Each takeoff and precautionary range must 
be marked with a yellow are. 


4, Each engine or propeller range that is re- 
stricted because of vibration stresses must be 
marked with red ares or red lines. 


FAR 23.1551 
Oil Quantity Indicator 


It must be marked with sufficient increments to 
readily and accurately indicate the quantity of oil. 


FAR 23.1553 
Fuel Quantity Indicator 
If the unusable fuel supply for any tank exceeds 
one gallon or 5% of tank capacity, whichever is 
greater, a red arc must be marked to extend from 
calibrated zero to the lowest reading obtainable in 
level ight 


FAR 23.1563 

Airspeed Placards 

‘There must be an airspeed placard in clear view 
of the pilot and as close as practical to the airspeed 
indicator. This placard must list: 

1, The design maneuvering speed Va. 

2. ‘The maximum landing gear operating speed Vlo. 


FAR 43 Appendix A 
Appliance Major Repairs 
1. Calibration and repair of instruments 
2. Calibration of radio equipment 
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FAR 43 Appendix D 
‘Scope and Detail of Items to Inspect For 100- 
Hour and Annual Inspections 
(4) Instruments — inspect for poor condition, 

mounting, marking and where practical for 
improper operation. 


FAR 65.81 
General Privileges and Limitations 


(a) A certificated mechanic may perform or su- 
pervise the maintenance, preventive mainte- 
nance or alteration of an aircraft or appliance 
or a part thereof, for which he is rated but 
excluding major repairs to and major alter- 
ations of propellers and any repair to or al- 
teration of instruments. 


FAR 91.9 
Powered Civil Aircraft with Standard Category 
U.S. Airworthiness Certificates; Instrument and 
Equipment Requirements 
Visual Flight Rules Day — For VFR, the following 

are required: 

1. Airspeed indicator 

2. Altimeter 

3. Magnetic direction indicator 
4, Tachometer for each engine 

5. Oil pressure gauge for each engine 

6. 

7 

8. 

9. 


. Temperature gauge for each liquid-cooled engine 
Oil temperature gauge for each air-cooled engine 
. Manifold pressure gauge for each altitude engine 
Fuel quantity gauge for each tank 
10. Landing gear position indicator if landing gear 
4s retractable 
Visual Flight Rules Night — For night VFR in ad- 
dition to the requirements for VFR day, the following 
are required: 
1. Position lights 
2. Anti-collision lights (red or white) 


3. Adequate source of electrical energy for all 
electrical equipment 


4. If operating for hire, one electric landing light 
5. Spare fuses 
Instrument Flight Rules — For IFR, the following 
are required 


1. The equipment for VFR day and night as ap- 
propriate: PLUS 


2. Two-way radio communications equipment 
3. Radio navigation equipment 
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4. Gyroscopic rate-of-turn indicator (except air- 
craft with three attitude instruments) 

5. Slip-skid indicator 

6. Sensitive altimeter 

7. Clock which displays hours, minutes and sec- 
onds 

8. Generator or alternator 

9. Gyroscopic bank and pitch indicator (artificial 

horizon) 

Gyroscopic direction indicator (DG or equiv- 

alent) 

11. For flight at and above 24,000 ft. MSL, a DME 

system 

For Category Il operations, additional equip- 

ment is required as listed in Appendix A. 
‘A modern digital aircraft clock is shown in figure 

1-18, The clock required for IFR does not have 

to be a digital clock, but it must display hours, 

minutes and seconds. The older type of aircraft 

clock was a conventional kind of round clock with 

three hands. 


12, 


C. Pitot-Static 
System Instruments 
1. Methods of Pressure Measurement 
Pressure instruments are those which obtain read- 


ings by measuring the pressure at one or more 
places in terms of a liquid or gas pressure. 


TIME A DAVTRON dX ZERO 


O} 
i 
); 


RUN 


Xe? 


Figure 1-18. A digital aircraft clock able to display hours, 
‘minutes and seconds. (Courtesy Canadair 
Group, Bombardier Inc. 


a. Pressure Measuring Sensors 
There are three common types of sensors that can 
be used to mechanically measure a fluid pressure. 


1) Bourdon Tube 
‘A bourdon tube is a curved, hollow tube made 
of a springy metal (often a specially treated brass 
material) (figure 1-19) 

One end of the tube is anchored and the other 
is free to move and fastened through linkages to 
the indicator pointer or similar device. As pressure 
is applied to the inside of the bourdon tube, it 
will try to straighten out as a result of the imbalance 
of forces on the walls of the curved tube. This 
motion is transmitted to the indicator needle or 
pointer through gears and linkages. The bourdon 
tube is used to measure relatively high pressure, 
typically 20 pst or more. 

2) Diaphragm 
A diaphragm ts a thin, lens shaped hollow metal 
container. It is used to measure relatively low pres- 
sures, as in an altimeter or airspeed indicator. Typi- 
cally, it s made of a very thin, springy metal 
(beryllium copper is often used). One side is 
anchored and the other side is connected through 
gears and linkages to the pointer. See figure 1-20. 

3) Bellows 

A bellows is somewhat similar to a diaphragm, 
but it ts longer and has accordion folds to typically 
allow a greater range of motion. It measures relatively 


‘BOURDON 


ANCHOR 
POINT 


Figure 1-19. The bourdon tube pressure measuring 
device for instruments. 
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low pressures and a common use is to measure 
differential pressure. It that case the bellows would 
be divided into two separate chambers with a dif- 
ferent pressure source connected to each one as 
seen in figure 1-21. 
b. Units of Measure for Pressure 
Many different units of measure are used for pres- 
sure, In aviation, a number of units are in common 
use. Some examples are listed below. 
1. Pounds per Square Inch — st 
2, Inches of Mercury —in. Hg 
3. Millibars — Mbar 
4, Kilopascals — kPa 
c. Types of Pressure Measurement 
Pressure is measured compared to some reference 
value. Standard abbreviations are used to designate 
what this reference level is for a particular pressure 
measurement. The three common designations at 
1, Absolute Pressure — This is a pressure com- 
pared to a perfect vacuum. No pressure can 
be below a vacuum, so there is never a negative 
absolute pressure. Examples of this designa- 
tion are Psa and in. Hg absolute. 


2. Gauge Pressure —This is a pressure com- 
pared to ambient pressure, usually outside 
atmospheric pressure, as in PsiG, etc. 

3. Differential Pressure — This is used to des- 
ignate two different pressures in the aircraft 
that are compared to each other, as in FsiD, 


Examples of these using aircraft instruments are 
the manifold pressure gauge which measures ab- 
solute pressure, the oll pressure gauge measures 
gauge pressure and the cabin differential pressure 
gauge is calibrated in psto. 


PRESSURE 
CAPSULE 


We will now examine the basic aircraft flight in- 
struments that operate as pressure instruments, 
‘These are often referred to as the pitot-static in- 
struments because they utilize pitot pressure and 
static pressure. 


2, Standard Atmosphere Table 
Altimeters and other instruments obtain readings 
by measurements of the pressure at various al- 
titudes. The average or standard pressures and 
temperatures at different altitudes are contained 
in a table of the Standard Atmosphere. The values 
given in this table are accepted by virtually all 
countries of the world for scientific and aviation 
purposes (figure 1-22). 

3. Altimeters 
The altimeter is a basic required instrument for 
all certificated aircraft. It measures the atmospheric 
pressure and displays it as altitude in feet. This 
altitude is called mean sea level (MSL) since it ts 
referenced to the average level of the major oceans. 
The measurement of altitude is based on the stand- 
ard atmosphere table and the changes in pressure 
with altitude changes that it gives. 

a, Non-Sensitive and Sensitive Altimeters 

1) Non-Sensitive Altimeter 
A non-sensitive altimeter has only one pointer and 
it makes one complete revolution for each 10,000 
fi. in altitude. If the pointer was on the number 8, 


BELLOWS: 


1 BELLOWS 
PRESSURE PRESSURE 
ENTRANCE ENTRANCE 


Figure 1-20. The diaphragm or aneroid pressure 
‘measuring devic 


M4 


Figure 1-21. An example of @ bellows being used to 
measure a differential pressure. 
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CHAPTERS » COMPONENTS 


‘The spacing between adjacent tie points is exactly 0.1", which corresponds to many common 
“footprints” for electronic components. You can easily build simple circuits in just a few minutes. You 
‘can even build fairly complex circuits using integrated circuits and other components, Figure 3-7 shows 
complete Arduino-compatible microcomputer that you can build with your bare hands and then 
program using your PG and the free Arduino software. 


Figure 3-7. A breadboard Arduino, which is compatible with the popular Arduino Duemilanove 
‘microcontroller, can be built using just a handful of components on a solderless breadboard, leaving 
plenty of room for more experimentation. The black, rectangular component in the upper-left corner is a 
‘miniature USB adapter that supplies power, and provides communication and control signals for the 
‘microcontroller. 


You'll find that projects tend to expand to fill the available area (and budget). See Figure 3-8, 


67 


that would represent 8,000 ft.; but it could also in- 
dicate 18,000 ft. For this reason, this type of altimeter 
4s only used for small, simple aircraft that don't operate 
at high altitudes. A non-sensitive altimeter is il- 
lustrated in figure 1-23. 

2) Sensitive Altimeter 
A sensitive altimeter 1s more sensitive and easier 
to read than the non-sensitive type. A sensitive 
altimeter may have three separate pointers or a 
single pointer and a drum readout. 

On an altimeter with three pointers, the longest 
pointer makes one revolution for each 1,000 ft., 
the second pointer makes one revolution for each 
10,000 ft., and the shortest pointer makes one 
revolution for each 100,000 ft. The three pointer 


] ] ‘SPEED OF| 


|autrrupe| Densiry | pRessuRE | TEMPER. |SREED © 
Fr | RATIO | RATIO | ATURE o 

I z | | xnors_| 

lo 1.0000 | | 661.7 

| 1000 | 09711 6595 
2000 | 0.9428 | 6572 
3000 | 0.9151 | sao 
4000 | o.aeet 6526 
5000 | 0.8617 650.3 
6000 | oas9 79 
7000 | 0.106 645.6 

| e000 | .07860 643.3 

| 9000 | 0.7620 09 | 
10000 | 0.7385 638.6 
15000 | 0.6292 626.7 
20000 | 05328 6146 
25000 | 0.4481 602.2 
30000 | 03741 509.5 
35000 | 0.2099 5766 
*36089 | 02971 573.8 
40000 | 0.2462 5738 
45000 | 0.1936 573.8 
0000 | 0.1522 5738 
sooo | 0.1197 5738 
0000 | 0.0981 5738 
65000 | 0.0740 5738 
70000 | 0.0582 5738 
75000 | 0.0458 5738 
0000 | 0.0360 5738 
85000 | 0.0280 S774 
90000 | 0.0217 5024 
95000 | 0.0169 509.3 
100000 | 0.0132 _|_s95.2_| 

+ GEOPOTENTIAL OF THE TROPOPAUSE 


sensitive altimeter is shown in figure 1-24. A major 
problem with this type of altimeter is that the smal- 
lest pointer can be covered up by one of the other 
two pointers which makes it easy to misread the 
altimeter. The newer kind of three pointer altimeter 


Figure 1-23. A simple non-sensitive aircratt altimeter. 
(Courtesy Piper Aircraft Corp.) 


Figure 1-22. A reference table of the Standard Atmos- 
phere. 


Figure 1-24. The older style three-pointer sensitive al- 
timeter. 
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seen in figure 1-25 has been modified to make it 
easier to read. The pointer that makes one revolution 
in 100,000 ft. has been extended to the outside 
of the face with a small triangle on the end so 
st cannot be covered up. In addition, a small window 
shows a striped pattern below about 15,000 ft. (at 
higher altitudes the striped symbol disappears). The 
sensitive altimeter with one pointer as seen in figure 
1-26 uses the drum readout and a single pointer 
which makes one revolution for each 1,000 ft. The 
drum readout may have three or five digits displayed, 
but in any case the combination of the two permits 
accurate reading of the altimeter. 

b. Altimeter Mechanism 
The internal mechanism of the altimeter consists 
of three diaphragms in series. This creates an al- 
timeter which is sensitive to very small changes 
in pressure and which has a large enough range 
of measurement to read altitudes of 35.000 to 
50,000 ft. or more. 

Inside the case of the altimeter is a bimetallic 
device which gives automatic compensation for tem- 
perature changes to ensure accurate readings. 
‘There is a knob on the front of the altimeter which 
operates a mechanism that compensates for non- 
standard atmospheric pressure. The standard at- 
mosphere table gives the standard pressure at sea 
level as 29,92 in. Hg. but the actual atmosphere 
pressure in any given location seldom matches the 


Figure 1-25. The newer style three-pointer sensitive al- 
timeter uses aditferent pointer and a striped 
symbol that is visible below about 15,000 tt. 
as aids to make reading the altimeter easier. 


values in the table, Weather systems with higher 
or lower pressure are constantly moving across the 
surface of the earth. 

It is due to these variations in pressure that 
the knob on the front of the altimeter must be 
adjusted to the current barometric pressure set- 
ting for the area in which it is operating. There 
4s a small window on the altimeter which displays 
the current barometric pressure setting. It is com- 
monly called the Kollsman window. If for example 
a pilot received an altimeter setting of 30.01 from 
that number would be 
set into the Kollsman window of the altimeter. 
When the pilot sets the altimeter to the correct 
setting before takeoff, the indication on the al- 


an air traffic controller, 


umeter will show the height of that airport above 
sea level. Outside the United Sates, a different 
unit of measurement is often used for barometric 
pressure settings. This unit of measurement is 
millibars (MB) and the altimeters found in many 
modern aircraft have two Kollsman windows: one 


for inches of mercury and one for millibars. Figure 
1-26 shows the two windows and the barometric 
pressure setting knob. 

. Altimeter Operation 
The diaphragms of an altimeter are sealed at the 
factory. The case of the altimeter is connected to 
the static ports on the airplane. The static pressure 
outside the airplane is conducted to the instrument 
case by tubing and hose. If the airplane climbs. 
the reduced pressure in the case causes the di: 
aphragms to expand and move the pointers to in- 
dicate a higher altitude. 

The altimeter uses three diaphragms in series 
to increase the range of measurement. The mech- 
anism uses very delicate gearing which is designed 
in such a way that a very small movement of the 
diaphragm causes a large motion of the pointer 
or pointers. Under certain circumstances it has 
a tendency to stick and some aircraft have a vibrator 
on the instrument panel or in the altimeter to pre- 
vent this sticking 

4. Encoding Altimeter 
An altimeter related device which is found on many 
aircraft is the encoding altimeter system. The pur- 
pose of this system is to send information con- 
cerning the aircraft's altitude to a radar system 
on the ground so that it can be displayed on a 
radar scope. The data is transmitted to the ground 
using a special aircraft radio called a transponder. 
An encoding altimeter system (also known as Mode 
C), supplies the electrical signal to the transponder 
that contains this altitude data. An aircraft encoding 
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altimeter and transponder are required for three 
different conditions: 


1 


Flight operations within a TCA (terminal con- 
trol area) or Class B airspace. 

Flight operations within an ARSA (airport radar 
service area) or Class C airspace 

Flight operations above 10,000 ft. MSL and 
over 2500 ft. AGL. 


The connections for the encoding feature of an 
altimeter and an altimeter vibrator can be seen 
in figure 1-27. 


4. Airspeed Indicators 
Airspeed indicators are required on all certificated 
aircraft except free balloons. This instrument gives 
the pilot an indication of his speed through the 
air, it does not measure groundspeed. The airspeed 
indicator is a pitot-static system instrument that 
is connected to both the pitot pressure source and 


the static pressure source, 


It measures the dif- 


ference between these two pressures as indicated 
airspeed. 

On aircraft operated in the United States, the 
unit of measurement for airspeed indicators is nau- 
tical miles per hour (knots), statute miles per hour 
(ur) or both on the same instrument 


Set Knol 


‘Types of Airspeed 


There are three types of airspeed associated with 
the airspeed indicator. This is because it is subject 
to a number of errors or inaccuracies. The three 
types of airspeed are: 


1 


Indicated Airspeed — This is the reading on 
the instrument 

Calibrated Airspeed — This is indicated air- 
speed which has been corrected for position 
and instrument error. The pitot tube is 
mounted at a fixed angle to the longitudinal 
axis of the aircraft and at slow speeds and 
high angles of attack there will be an error, 
The pilot determines the correction for cal- 
ibrated airspeed by consulting a table in the 
Pilot’s Operating Handbook, an example of 
which is shown in figure 1-28. 

True Airspeed — This is calibrated airspeed 
which has been corrected for altitude and tem- 
perature effects. At high altitudes the indicated 
airspeed will be much less than the actual 
speed through the air which is true airspeed 
For example, at 41,000 ft. the indicated air- 
speed is only about half the true airspeed. 
At sea level on a standard day with the aircraft 
in level cruise flight, indicated and true air- 
speed are usually the same. 


sraric 
PRESSURE 


Figure 1-26. A sensitive altimeter with drum readout showing the static connection to the outside of the diaphragm. 
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BARO SET KNOB BARO SET COUNTER DISPLAYS 
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Figure 1-27. An altimeter installation that includes a vibrator and altitude encoder. (Courtesy Canadair Group, Bombar- 
ier inc.) 
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b. Airspeed Indicator Operation 
The airspeed indicator uses a diaphragm that 
measures the differential pressure between pitot 
pressure and static pressure. Pitot pressure is con- 
nected to the inside of the diaphragm and static 
pressure to the outside as shown in figure 1-29. 
A pitot tube has an opening facing forward into 
the relative wind so that it measures ram pressure 
effects. The static ports simply measure outside 
atmospheric pressure. The faster the airplane goes, 
the greater will be the difference in pressure. 
¢. Airspeed Indicator Markings 

The operating limitations airspeeds that would be 
found on a general aviation twin-engine airplane 
are listed below. 


FLAPS UP 
100 120 140 160 180 200 210 
101 120 139 159 177 196 206 
80 90 
aot 
60 70 80 90 100 110 125 - 
6472 80 89 98 108 123 - 
For tuetraion ony; not to be used for fight planning 


Figure 1-28. The table of calibrated airspeed corrections 
for a twin-engine airplane. (Courtesy 
Cessna Aircraft Co.) 


1. Vso — Stall speed with gear and flaps down 
This s shown by the bottom of the white arc. 

2, Vs1 — Stall speed with gear and flaps up. The 
bottom of the green are 

3. Vme — Minimum control speed with critical 
engine failed. A red radial line in the lower 
range of indicated airspeeds. 

4, Vfe— Maximum speed with flaps down. Top 
of white arc. 

5. Vno— Maximum structural cruise. Top of 
green are or bottom of yellow arc. 

6. Vne—Never exceed speed. a red radial line 
at the highest permitted airspeed, also the 
top of the yellow arc. 

7. Vyse — Best rate of climb speed with one en- 
gine inoperative. A blue line or sector. 

The aircraft should only be operated in the yellow 

are range with caution and in smooth air. Figure 
1-30 shows the colored markings for the airspeed 
indicator on a single-engine airplane. A twin-engine 
airplane would have the additional markings for 
‘Vme and Vyse. The principle of critical engine and 
‘Vine is illustrated in figure 1-31. The critical engine 
is the engine whose failure would produce the most 
adverse effect on the handling characteristics of 
the airplane. Since the flight controls become more 
effective at higher speeds, the concept of Vme in- 
volves high engine power and slow speeds such 
as occurs during takeoff. During initial climb after 
takeoff, the thrust from the propellers is offset 
to the right side as shown in figure 1-31 if both 


AIRSPEED 
INDICATION 


Indicator 


4 puor 
PRESSURE 


DIAPHRAGM 


4 sranc 
Pressure 


Indicator Case 


Figure 1-29. The two pressure connections to the diaphragm in an airspeed indicator. 
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propellers rotate clockwise. In this case, the critical 
engine is the left engine since the thrust line for 
the right engine is farther from the longitudinal 
axis of the airplane. Some twin engine airplanes 
are designed so that the propellers rotate in op- 
posite directions, In that case. the two engines 
are equally critical. The Vme speed would be the 
same no matter which engine failed. The reason 
that the Vme marking is red is that maintaining 
a speed above Ve can be very important to prevent 
loss of control. If an engine fails after takeoff and 
the airplane is below Vine speed, the airplane will 
start to turn and roll and the motion cannot be 
stopped with full opposite control inputs. This has 
caused many accidents and many deaths. Vme 
1s a critical operating limitation that the pilot must 
keep in mind. The speed for Vyse is obviously 
higher than Vme, it is the speed the pilot would 
use after an engine failure to get the best rate 
of climb possible. 


A table of airspeed indicator operating limitations 
markings for a smalll twin engine airplane is shown 
in figure 1-32. 

All of the important operating limitations 
airspeeds will not be shown on the airspeed in- 
dicator. Some of them will be displayed on a placard 
next to the airspeed indicator like that seen in 
figure 1-33 and others will only be found in the 
Pilot's Operating Handbook or Airplane Flight 
Manual. 


Figure 1-30. The airspeed indicator for a single engine 
airplane showing the colored operating 
limitations markings. 
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Figure 1-31. An illustration of why the left engine Is the 
critical engine when both propellers turn 
clockwise. At slow speeds, the thrust lines 
from the propellers are offset to the right 
which places the thrust line of the right 
engine farther from the center line of the 
aircraft. Vmc is the slowest speed at which 
contro! can be maintained when the critical 
engine fails. 


KIAS VALUE 
‘OR RANGE 


[Red Radial| 65 


MARKING SIGNIFICANCE, 


Minimum Control Speed 
| Full Flap Operating Range. 
| Lower imit is maximum 

| weight Vso in tanging 

| Contiguration. Upper timit 

| ie'maximum speed 

| permissible with flaps 
| Extended. 

Normal Operating Range. 
lower mit fs. maximum 
weight Vs at most forward 
CG. with tape retracted. 
Upper limit ts. maximum 
structural cruising speed. 
Single Engine Best Rate-of- 
Climb Speed st Maximum 
Weight 


White Are 


58-125 


Green Are | 66-175, 


Blue Radial) 97 


Operations must be 
conducted with caution 


Yellow Are 


Red Radial 


operations. 


Figure 1-32. A table of airspeed indicator markings for a 
twin engine airplane. This table is found in 
the Pilot's Operating Handbook or Ap- 
proved Airplane Flight Manual. (Courtesy 
Cessna Aircraft Co.) 
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d. Maximum Allowable Airspeed Indicator 
On high speed aircraft that operate at high altitudes, 
it is not practical to use the colored markings on 
the airspeed indicator because the values change 
significantly as the aircraft climbs to higher altitudes. 

These aircraft would use a different type of 
airspeed indicator called the maximum allowable 
airspeed indicator. It 1s found on turboprop 
airplanes, bizjets and air carrier jets. 

The maximum allowable airspeed indicator has 
two pointers; one gives the normal indicated 
airspeed and the second one, which has a striped 
or checked pattern, is connected to a separate 
diaphragm and it shows the Vmo speed at the ex- 
isting altitude. The two pointers can be seen in 
figure 1-34. On a jet airplane, the maximum al- 
lowable airspeed indicator will also usually include 
a Mach number display as shown in figure 1-34, 

©. Machmeter 
‘A machmeter is required for Jet airplanes because 
they will have a maximum safe operating speed ex- 
pressed in Mach numbers. This is in addition to 
the maximum safe indicated airspeed. This is neces- 
sary because if the safe Mach number is exceeded, 
the airplane can become difficult or impossible to 


MAX SPEED KIAS. 


(MANEUVERING 148 
RETRACT GEAR 150 
GEAR DOWN 210 


| EXTEND GEAR 175 
| 
l 


Note: For Mutation purposes only: net to Be used for ght planing 


Figure 1-33. The airspeed limitations placard that would 
be installed near the airspeed indicator for 
a twin engine airplane. (Courtesy Cessna 
Aircraft Co.) 


control. Mach number indicates the ratio of the 
aircraft's true airspeed compared to the speed of 
sound. A speed of Mach 0.8 means the aircraft 
4s traveling at 80% of the speed of sound. The speed 
of sound is about 760 mpi at sea level, but it is 
affected by temperature. As the temperature 
decreases, the speed of sound is also decreased 
Since temperature decreases with an increase in 
altitude, the speed of sound is reduced at higher 
altitudes. At 35,000 ft. the speed of sound would 
be about 660 mH. If an airplane climbed from sea 
level to 35,000 ft. at a constant true airspeed, the 
Mach number would steadily increase. Most civilian 
Jet airplanes have an Mmo (maximum operating 
Mach number) of about 0.8 to 0.87. As an airplane 
approaches its critical Mach number, a shock wave 
begins to form on the upper surface of the wing 
as seen in figure 1-35. This will occur at flight speeds 
below Mach 1 because the air accelerates as it moves 
over the top of the wing, This shock wave disrupts 
airflow and causes the center of pressure to shift 
aft. As aircraft speed gets closer to Mmo, the shock 
wave gets stronger until a point is reached where 
control of the aircraft may be lost. A loss of control 
at high speed and high altitude can and has resulted 
in the loss of the aircraft—it is an important operating 
limitation for jet airplanes. The machmeter instru- 
ment has a diaphragm like a normal airspeed in- 
dicator that is connected to pitot and static pressure. 
It also has an additional diaphragm which modifies 
the movement of the pointer to compensate for the 
effects of altitude and temperature (figure 1-36). 


5. Vertical Speed Indicator 
The last of the three basic pitot-static system in- 


struments is identified by several names: a vertical 
speed indicator (VSI), a rate of climb indicator (ROC) 


VMo POINTER. 


AIRSPEED POINTER, 
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Figure 1-34, The combined maximum allowable airspeed indicator and Machmeter for a corporate jet airplane. (Cour- 


tesy Canadair Group, Bombardier Inc.) 
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and a vertical velocity indicator (V1). This instru- 
ment measures the rate of change of static pressure. 
Since static pressure decreases with an increase 
in altitude, it can measure the rate of climb or 
descent of the aircraft. The unit of measurement 
4s feet per minute (Fem) as seen on the instrument 
face in figure 1-37. 
a, Basic Operation of VSI 

Static pressure is connected directly to the inside 
of the diaphragm, but it is connected to the case 
pressure (outside of the diaphragm) by a small orifice 
or restrictor opening as indicated in figure 1-38. 
If the airplane climbs, the pressure will decrease 
more rapidly inside the diaphragm than outside 
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Figure 1-35. A shock wave will form on the upper surface 
of the wing when the airplane is traveling at 
Jess than the speed of sound. 


of it. The diaphragm will be compressed and that 
will move the pointer to show the rate of change 
of altitude in feet per minute. The opposite occurs 
during descents. When the aircraft levels off, the 
pressures equalize and the pointer returns to zero. 
The instrument case usually includes an overpres- 
sure valve to prevent damage at rates of climb or 
descent in excess of the maximum reading for that 
instrument. 

Because of the very small size of the restrictor 
opening, the pointer tends to react slowly to rapid 
changes in altitude. This problem is reduced in 
the instrument called an Instantaneous Vertical 
Speed Indicator (IVSI). 

b. Instantaneous Vertical Speed Indicator 
The IVSI has two little cylinders with pistons and 
springs which can be seen in figure 1-39. They 
are called accelerometer operated dashpots. When 
the aircraft pitches up or down suddenly, the pistons 
will move and force air into or out of the diaphragm 
to get the pointer moving quickly. In a steady rate 
climb or descent, they will have no effect on the 
pointer. 

. Variometer 
‘The variometer 1s a very sensitive version of the 
VSI which is used by gliders. The mechanism uses 
a movable vane in a small air tight metal container. 
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Figure 1-36. The Machmeter has an extra diaphragm to compensate for altitude effects. 
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‘The vane divides the container into two chambers. 
One chamber is connected to the static port and 
the other is connected to an air bottle. The air 
storage bottle is used because it will hold more 
air than a small instrument case and this improves 
sensitivity. With the variometer, even small changes 
in rate of climb or descent can be detected. 


6. Accelerometer 
The accelerometer is an instrument that measures 
the “G" forces or acceleration forces on an aircraft 
in flight. The common application is in an aerobatic 
airplane where the pilot needs to know how much 
“G" force the airplane is being subjected to in order 
to prevent overstress of the structure. 

‘The mechanism of the accelerometer consists of 
a weight which is connected by a cord and pulleys 
to the shaft that operates the pointer. The internal 
arrangement of an accelerometer is shown in figure 
1-40. The weight is supported by a guide shaft 
which only allows it to move up and down relative 
to the guide shaft. A positive G acceleration will 
cause the weight to move downward and rotate 
the pointer to show a higher positive G loading. 
There is a balance spring on the pointer shaft pulley 
to balance the forces. The instrument is installed 
in the airplane so that it measures acceleration 
along the vertical axis of the airplane. The normal 
at rest indication on the ground or in level flight 
1s +1 Gs. The instrument face of an accelerometer 
is shown in figure 1-41. The instrument has three 
pointers connected to the operating mechanism, 
‘One pointer gives a readout of the current accelera- 
tion force along the vertical axis. The other two 
pointers have a ratchet device so that they will 


Figure 1-37. The vertical speed indicator has two scales: 
one for climbs and one for descents. 


remain at the highest reading recorded for positive 
and negative forces. A knob 1s included on the 
instrument to reset the two recording pointers. 


7. Pitot-Static Systems 
a, Pitot and Static Ports 


The system of ports and tubing on the aircraft which 
supplies pitot and static pressure for the instru 
ments is called the pitot-static system. The pitot 
tube is an open tube which faces forward into the 
relative wind in flight. It measures the ram pressure 
of the airstream. On small airplanes, the pitot tube 
4s usually installed below the wing. On other aircraft, 
it 1s installed on the nose section of the aircraft 


The static ports are openings at right angles to 
the relative wind so that they will measure static 
pressure and not be affected by the speed of the 
aircraft. The static ports are most often located 
in pairs along the sides of the fuselage. On some 
aircraft, the static ports are along the sides or top 
and bottom surfaces of the pitot tube so that both 
pressures are measured with the same probe. A 
pitot tube which includes static ports and electric 
heaters to prevent icing is shown in figure 1-42 

With the static ports in pairs on opposite sides 
of the fuselage. any errors caused by sideslip will 
be eliminated. Aircraft that must operate in adverse 
weather conditions will require an electrical heating 
system for the pitot tubes and static ports to prevent 
icing. Air carrier jets and similar types of aircraft 
usually employ multiple pitot tubes and static ports 
for safety. A typical arrangement of this kind with 
three pitot tubes and three sets of static ports is 
illustrated in figure 1-43. Notice that the instru- 
ments on the left and right sides of the cockpit 
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Figure 1-38. The VSI has a restrictor in the connection to 
the case which causes a difference between 
diaphragm and case pressure during 
climbs and descents. 
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are operated by totally separate pressure sources. 
By routinely cross checking the instrument indica- 
tions from the left and right sides, a faulty indication 
can be identified. 

b. Blockage of Ports 
When pitot-static lines or ports become blocked by 
ce or other factors, it can cause the instruments 
to give improper readings. If the static pressure is 
blocked, the altimeter will remain at the current in- 
dication and the VSI will continue to read zero even 
when the aircraft climbs or descends. This problem 
‘would usually be noticed by the pilot. The airspeed 
indicator uses both pitot and static pressure and 
a blockage in flight could be more difficult to detect. 

Let's use the example of an airplane that is flying 
at 10,000 ft. when the static ports become blocked. 
‘The pressure in the static system will be sealed 
in and won't change when the aircraft climbs or 
descends. If the airplane climbs at a constant speed, 
the airspeed indicator will show a decreasing 


airspeed. If the airplane descends, the airspeed in- 
dicator will indicate a higher than actual airspeed. 
Just the opposite would happen if the pitot tube 
iced over or was blocked in some other way in 
flight. A climb would cause the airspeed indicator 
to read higher than it should and a descent would 
cause it to read lower than actual airspeed. 

The lines and connections in a pitot-static system 
should be maintained in good condition, Even 
though they don't have to handle high pressures, 
the instruments are very sensitive to small changes 
in pressure so that even very small leaks can cause 
errors in the instruments. 

‘The tubing and hoses that are used are not very 
strong and should be inspected carefully for damage. 
The fittings and connections should be installed 
with care and torqued to specified values. 

¢. Altimeter System Tests and Inspections 
There are some FAR requirements for testing of 
altimeter systems. These will be covered next along 
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Figure 1-39. The acceleration actuated dashpots in the IVSI reduce the lag in pointer movement. 
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(CHAPTER 3 » COMPONENTS 


68 


Figure 3-8, A prototype LED display with computer control, built on a solderless breadboard, That's lot of 


Passive Components 


Most electronic components fall into one of two different categories: passiveand active. There are a few 
different ideas floating around as to what, exactly, is the difference between passive and active 
‘components, For the purposes of this book, we will use the simple definition that an active component 
requires a power source to work properly, while a passive component does not. 


Resistors 


A good example of a passive component is a resistor. You've already learned a lot about resistane 
electronic circuit, Resistance is measured in ohms, and it converts electricity into heat. When you're 
working with wires, cables, and other conductors, resistance is usually a bad thing. You want the least 
amount of resistance possible. However, there are times when you both want and need resistance in a 
circuit, 

‘One example of when you would want resistance in a circuit is when you want to light up an LED. 
Unlike an incandescent lightbulb, an LED bas no built-in current-limiting ability. Without a fixed 
amount of external resistance added to the circuit, an LED would self-destruct in a very short time, 
because it would overheat from excessive current flowing through it. A resistor would limit the amount 
of current flowing and control the brightness of the LED. 

‘The exception to this dire prediction is when the power source that is lighting up the LED has 
insufficient gumption to blow up anything, such as with a small coin-cell battery. Anything bigger than 
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Figure 1-40. The internal mechanism of a three-pointer accelerometer. 


with the procedures for other tests which might 
not be required at specific intervals but would be 
conducted whenever a problem was suspected. A 
portable pitot-static system test set that could be 
used for these tests 1s seen in figure 1-44 


FAR 91.411 
Altimeter System and Altitude Reporting Equip- 
ment Tests and Inspections 
a. Noperson may operate an airplane, or helicopter, 

in controlled airspace under IFR unless: 

1, Within the preceding 24 calendar months, 
each static pressure system. each altimeter 
instrument, and each automatic pressure 
altitude reporting system has been tested 
and inspected and found to comply with 
Appendix E of Part 43 of this chapter; 

2. Except for the use of system drain and 
alternate static pressure valves, following 


any opening and closing of a static pressure 
Fagen Lat opel cinetey eines Bee enn tse, system, that system has been tested and 
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inspected and found to comply with para- error could have been introduced, the entire 


graph (a) Appendices E and F of Part 43, system has been tested, inspected and 
of this chapter; and found to comply with paragraph (c) Ap- 

3. Following installation or maintenance on pendix E of part 43 of this chapter. 
the automatic pressure altitude reporting b. The tests required by paragraph (a.) of this 
system of the ATC transponder where any section must be conducted. by: 
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Figure 1-42. A pitot tube which also contains static ports and electric heating elements. 
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Figure 1-43. The pitot-static system for a large jet airplane showing the instruments and equipment operated by the 
three pitot tubes and three sets of static ports. 
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1, The manufacturer of the 
helicopter: 

2. A certificated repair station with appropri- 
ate rating: 

3. A certificated mechanic with an airframe 
rating (but only for the static pressure sys- 
tem tests and inspections). 


airplane or 


FAR 43 Appendix E 
Altimeter System Test and Inspection 
Each person performing the altimeter system tests 

and inspections required by FAR 91.411 shall com- 

ply with the following: 
a, Static pressure system; 

1. Ensure freedom from entrapped moisture 
and restrictions. 

2. Determine that leakage is within the tol- 
erances established in FAR 23.1325 or 
25.1325 whichever is applicable. 

3. Determine that the static port heater. if 
installed, 1s operative. 

4. Ensure that no alterations or deformation 
of the airframe surface have been made 
that would affect the relationship between 
air pressure in the static pressure system 
and true ambient static pressure for any 
flight condition. 

b. Altimeter — omitted here 
c. Automatic pressure altitude reporting system 
— omitted here 


FAR 23.1325 
Static Pressure System 
b. If a static pressure system 1s necessary for 
the functioning of instruments, systems or de- 
vices, it must comply with the provisions of 
Paragraphs (1) through (3) of this section. 
1. The design and installation of the static 
pressure system must be such that 
1. Positive drainage of moisture is provided 
i, Chafing of tubing and excessive distor- 
tion or restriction in bends is avoided; 
and 

iii, The materials used are durable, suitable 
for the purpose and protected against 
corrosion. 

2. A proof test must be conducted to dem- 
onstrate the integrity of the static pressure 
system in the following manner 
1. Unpressurized Airplanes — Evacuate 

the static pressure system to a pressure 


differential of approximately 1 inch of 
mercury or to a reading of 1.000 ft. 
above the aircraft elevation at the time 
of the test. Without additional pumping 
for a period of one minute, the loss of 
indicated altitude must not exceed 100 
ft. on the altimeter. 

ii, Pressurized Airplanes — Evacuate the 
static pressure system until a pressure 
differential equivalent to the maximum 
cabin pressure differential for which the 
airplane is type certificated is achieved. 
Without additional pumping for a period 
of Il minute, the loss of indicated altitude 
must not exceed 2 percent of the 
equivalent altitude or 100 ft., whichever 
is greater. 

3. Each static pressure port must be de- 
signed and located so that errors will not 
result when the aircraft encounters icing 
conditions. An anti-icing means or alter- 
nate static ports may be used to show 
compliance. 


4, Pitot System Tests 
There is no specific test for pitot systems as there 
4s for static systems other than the normal inspec- 
tions of the entire aircraft. If a problem is reported 
or suspected with a pitot system, there is a general 
leak test procedure in AC 43.13-1A, as well as some 
general guidelines for pitot-static system main- 
tenance. The procedure for leak testing the pitot 
system is: Apply pressure to the pitot tube to cause 
the airspeed indicator to show 150 knots. Seal off 
for 1 minute and the maximum loss of indicated 
airspeed should not exceed 10 knots. 


Figure 1-44. A portable pitot-static system tester which 
can be used for leak tests and other main- 
tenance functions. 
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AC 43.13-1A 
Precautions in Testing Pitot-Static System 
1. Perform all maintenance and inspections be- 

fore leak testing. 

2. Use a system diagram, 

3. Check the test unit for leaks before beginning 
the test. 

4, Run full range tests only if'you are thoroughly 
familiar with both the aircraft and the test 
equipment. 

5. Pressure in the pitot system must always be 
equal to or greater than the pressure in the 
static system, 

6. The rate of change of pressure during testing 
should not exceed the limits for any installed 
instrument. 

7. After testing make sure that the system is 
returned to flying condition, such as removing 
tape from ports and drain holes. 

‘There is an FAR that concerns the altimeter set- 

ting which is set by the pilot in the Kollsman window. 


FAR 91.121 
Altimeter Settings 
Each person operating an aircraft shall maintain 
the altitude of the aircraft by reference to an al- 
timeter that is set: 
1. Below 18,000 ft. MSL, to 
4. The current reported altimeter setting of 
a station along the route of flight and within 
100 nautical miles of the aircraft 
4, If there is no station within 100 nm, the 
nearest appropriate station altimeter setting 
iil, If the aircraft has no radio, the elevation 
of the departure airport or the setting avail- 
able before takeoff shall be used. 


2. At and above 18,000 ft. MSL, the altimeter 
shall be set to 29.92. 


¢. Air Data Computer Systems 
Aircraft that operate at high speeds and high al- 
titudes can have significant errors in the pitot-static 
system instruments with the simple probes used 
on smaller aircraft. These aircraft will use an Air 
Data Computer (ADC) to operate the airspeed in- 
dicator, altimeter, VSI and any other systems that 
require this data. The air data computer is placed 
in the system between the sensor ports and the 
instruments to automatically apply corrections in 
order to increase accuracy. 
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‘The air data computer has three inputs; pitot 
pressure from the pitot tube, static pressure from 
the static ports and total air temperature (TAT) 
from a special TAT probe. The TAT measurement 
4s needed to correct the instrument indications for 
friction heating of the air at high speeds. The TAT 
probe also permits the calculation of SAT (static 
air temperature) which is used to apply corrections 
for non-standard temperatures for any flight al- 
titude. The outputs of the air data computer supply 
a number of cockpit instruments. The three basic 
pitot-static instruments are operated by the ADC 
and often several others are added. The common 
inputs and outputs associated with an air data 
computer are shown in figure 1-45. 

High speed Jet airplanes require a machmeter; 
this could be a separate instrument or included 
with the airspeed indicator. 

Aircraft with an air data computer usually have 
a digital display on the instrument panel which 
gives a calculated true airspeed and total air 
temperature or static air temperature. TAT includes 
the heating effect of the friction at high speed 
whereas SAT is just ambient outside air tempera- 
ture. The temperature indications are especially im- 
portant for turbine engines which are affected by 
the temperature of the intake air. 

‘The air data computer system automatically com- 
pensates for both temperature effects and the com- 
pressibility of the air at higher Mach numbers. This 
helps to ensure accurate instrument readings 
throughout a wide range of altitudes and airspeeds 
Air data computers are typically found on turboprop 
airplanes and jet airplanes. 
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Figure 1-45. An air data computer provides more ac- 
curate readings on the pitot-static instru- 
ments for high performance aircraft. Total 
air temperature is measured by a special 
probe and provided as an input to the ADC. 
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D. Gyro Instruments 


The instruments know as gyro instruments are re- 
quired for IFR flight and can also be an aid to 
accurate flying in VFR conditions. These instru- 
ments utilize the principles of a spinning gyroscope 
to give the pilot information about the aircraft's 
pitch and roll attitude, heading and rate of turn 
A gyroscope is a device which consists of a weighted 
wheel or rotor which spins at high speed and is 
held in an arrangement of hinged mounting rings 
called gimbals (figure 1-46). 

The gyro has three axes and one is always the 
spin axis. Depending on the type of gimbals used, 
it will be able to move relative to the mounting 
base around one or both of the remaining axes. 
If it has 1 degree of freedom, it can move around 
one axis and if it has two degrees of freedom it 
can move around both. A gyro with two degrees 
of freedom is also called a free gyro. 


1. Principles of Gyroscopes 
There are two main properties of a spinning gyro 
which are of importance to aircraft use, they are: 


Figure 1-46. A simple gyroscope with both inner and 
outer gimbals. 


1. Rigidity in Space — This means that the gyro 
rotor will try to maintain its position in space 
even when its mounting base is tilted and 
rotated. This is illustrated in figure 1-47. 

2. Precession — This effect will cause a gyro, 

when it is acted upon by an outside force, 
to tilt or rotate as if the disturbing force was 
applied to it 90 degrees ahead in the direction 
of rotation of the rotor (figure 1-48) 

Gyros are also subject to other effects such as 
oscillation. Oscillation is a problem caused by the 
mass of the gimbals. It can be reduced by making 
the gimbals lighter. A number of things can be done 
to make the gyro more stable and more efficient 
‘One way is to concentrate the mass of the rotor 
on its rim and reduce the mass of the web and 
shaft which connects it to the bearings. Another 
way to make it more efficient is to increase the 
speed of rotation. There are two common methods 
used to spin the rotor of an aircraft gyro instrument, 
Pneumatics makes use of a stream of air directed 
at the rim of the rotor to make it spin at about 
8,000 rem. Electric motors can also be used to spin 
the rotor and will usually produce a speed of about 
24,000 nem. A gyro can become unstable which is 
called tumbling, Some aircraft gyro instruments have 
a caging knob or mechanism which is designed to 
return the gyro to a stable condition so that it will 
give correct instrument readings. A caging knob can 
be seen at the bottom left of figure 1-49. The latest 
types of gyro instruments are non-tumbling and 
as long as the instrument is in good condition it 
will not tumble, even in unusual attitudes. The three 
common types of aircraft gyro instruments are the 
directional gyro (DG), the artificial horizon and the 
turn and bank instrument 


2. Directional Gyro 


The directional gyro is the primary heading reference 
for IFR flight. The magnetic compass 1s not a good 


MIDNIGHT 


Figure 1-47. The rigidity in space characteristic causes 
the gyro rotor to try to maintain its orienta- 
tion in space. 
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heading reference for IFR because it tends to os- 
cillate and is not as stable as a DG. This instrument 
uses a free gyro with a horizontal spin axis. The 
DG will drift due to precession errors and must 
be reset every 15 to 20 minutes using the magnetic 
compass as a reference. Older style DGs had a 
rectangular window on the face through which the 
numbers representing the magnetic heading could 
be read. This older style DG presentation is shown 
in figure 1-50. Newer style DGs show a full compass 
card with the indicated magnetic heading under 
the index mark at the top of the instrument as 
seen in figure 1-51. 

The newer style DG with a full compass card 
4s often called a heading indicator. Another name 
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Figure 1-48. Precession causes a gyro rotor to tit as ita 
disturbing force was applied 90° ahead in 
the direction of rotation from the actual 
point of application. 


Figure 1-49. The rotor ina directional gyro has a horizon- 
tal spin axis and two degrees of freedom. 
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for a DG type instrument is a gyro compass. The 
DG uses a free gyro because the spin axis must 
remain horizontal to give accurate readings. When 
the airplane banks. for example, the rotor will main. 
tain its horizontal spin axis. On many modern 
aircraft a more sophisticated instrument replaces 
the DG, this instrument is the horizontal situation 
indicator or HSI 

The HSI shown in figure 1-52 is an example of 
a modern integrated instrument. It has a gyro sta- 
bilized compass card like a DG that indicates the 
aircraft's magnetic heading. Unlike the DG however, 
this compass card is slaved to a remote compass 
50 It does not have to be reset every 15 to 20 
minutes. The HSI is called an integrated instrument 
because it combines several different types of dis- 
plays which would normally be found in separate 
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Figure 1-50. The old style DG displayed a small window 
like @ magnetic compass. This type of 
presentation can be difficult to read. 


Figure 1-51. The modern DG or heading indicator has a 
display which shows a complete compass 
card. This type is easier to use. 
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instruments. The wide split bar in the middle is 
connected to navigational radios and tells the pilot 
whether to turn right or left to follow the radio 
navigational signals. The indicators on the right 
side and at the top are connected to other naviga- 
tional radios to provide additional information to 
the pilot. 


3. Artificial Horizon 
The artificial horizon is the pilot's most important 
instrument for IFR flying. As the name implies, 
it replaces the natural earth horizon that a pilot 
uses in VFR flying to maintain the correct pitch 
and roll attitude of the aircraft. When an aircraft 
fs flying in the clouds, the pilot must rely on the 
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Figure 1-52. The horizontal situation indicator is an integrated instrument that displays many additional kinds of 


z 


GYRO ROTOR 


INNER GIMBAL (Gyro housing) 
HORIZON INDICATOR coupled to this frame 


) ve S 
SK clue 
Tenis 


Figure 1-53. The artificial horizon uses a gyro rotor with a vertical spin axis and two degrees of freedom. 
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artificial horizon to determine the aircraft attitude 
and prevent a loss of control. The artificial horizon 
is also known as a gyro horizon, an attitude in- 
dicator, an attitude gyro and a bank and pitch 
instrument. The arrangement of the spin axis and 
gimbals for an artificial horizon 4s illustrated in 
figure 1-53. The artificial horizon 1s a free gyro 
with a vertical spin axis; this allows it to measure 
the angular displacement of the aircraft in both 
pitch and roll. The internal mechanism of the ar- 
tificial horizon must have some means to maintain 
the spin axis in a vertical orientation. There are 
two common devices used to accomplish this func- 
tion, the pendulous vane and balll erector systems. 

The ball erector system uses a number of steel 
balls similar to ball bearings that are free to roll 
around on a plate mounted above or below the 
gyro rotor. One type of erector system that uses 
steel balls is shown in figure 1-54. When the gyro 
tilts away from the vertical, the balls roll to the 
low side and this produces a force which pushes 
the gyro back to the vertical position. This device 
will maintain the required vertical spin axis of the 
gyro rotor. The ball erector is usually found on 
electric motor driven artificial horizons. When an 
air-driven gyro is used, the pendulous vane erector 
mechanism is utilized. 

The pendulous vanes in this type of erector 
mechanism are small gravity operated air valves. 
When the rotor tilts away from the vertical, the 
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Figure 1-54. The ball erector mechanism uses stee! balls 
that move to the low side of the plate to 
supply a force that corrects the artificial 
horizon back to a vertical spin axis. 
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vanes move to open the air valves in such a way 
that streams of air are directed to push the rotor 
back to the vertical position. The swing of the pen- 
dulous vanes to open and close the air valves can 
be seen in figure 1-55. 

The artificial horizon has a presentation which 
shows an airplane symbol with the horizon behind 
it. It includes index marks to show the angle of 
bank. Some indications of an artificial horizon for 
different flight attitudes are illustrated in figure 
1-56. The newer types of artificial horizon have 
a more user friendly presentation on the instrument 
face. Different colors are used above and below 
the horizon line to make it easier to read. Converging 
lines are placed below the horizon line to create 
perspective and additional markings for pitch at- 
titude are included. These features can be seen 
on the newer type artificial horizon in figure 1-57. 


‘The small knob on the front of the artificial horizon, 
is used to move the airplane symbol up and down 


ie 
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Figure 1-55. The pendulous vanes used in the erector 
mechanism of an alr-driven gyro horizon 
are opened and closed by gravity. 
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to adjust for different aircraft flight attitudes and 
for tall and short pilots. There also may be a control 
for quick erect that can be used to stabilize the 
gyro ifit tumbles. There is a newer type of integrated 
instrument which replaces the artificial horizon on 
many modern aircraft. This instrument is called 
the attitude director indicator (ADI). It includes com- 
mand bars that are operated by a flight director. 
The flight director is a computer which receives 
signals from navigational radios and other sources 
and calculates the correct pitch and roll attitudes 
to keep the aircraft on course or return it to the 
desired flight path. The output signals from the 
flight director computer move the command bars 
on the ADI and the pilot follows these commands. 


‘An example of the use of these command bars on 
an ADI is found in figure 1-58. 

The latest kinds of ADIs use different shapes 
for the airplane symbol and the command bars 
as can be seen in figure 1-59. The airplane symbol 
is a triangle that resembles a delta wing airplane 
and the command bars are two converging trian- 
gular shapes above the airplane symbol. They often 
use different colors as well to make it easier to 
distinguish between the airplane symbol and com- 
mand bar symbol. Some ADIs also include indicators 
for other aircraft systems in addition to the flight 
director indicator. The indicator pointer on the right 
side of the ADI is operated by the aircraft auto- 
throttle system. The pointer on the left side is 


AIRCRAFT IS FLYING STRAIGHT ANO LEVEL. 
“ 


[AIRCRAFT IS PITCHED NOSE DOWN. 
© 


AIRCRAFT 1S BANKED 20 DEGREES TO THE RIGHT. 
e) 


Figure 1-56. Indications for an artificial horizon instrument. 
(A) The airplane Is straight and level. 


(8) The airplane is in a 20° bank to the right with the nose on the horizon. 
(C) The wings are level, but the nose is below the horizon. 
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operated by a glideslope radio receiver and gives 
the pilot information needed for an instrument ILS 
approach. An ADI is an integrated instrument that 
gives pitch and roll attitude data like an artificial 
horizon and additional displays of information from 
radio navigation sources and other aircraft systems 
like the flight director. On sophisticated aircraft which 
have backup gyro instruments, a turn and bank is 
not installed, so the inclinometer is installed at the 
bottom of the ADI as can be seen in figure 1-59. 
4, Turn and Bank 
The last of the three basic gyro instruments is the 
oldest and simplest. It is called the turn and bank 
and it is really two instruments in one. The gyro 
part of the instrument measures the rate of turn 
for the aircraft. The inclinometer or slip-skid in- 
dicator is a simple mechanical instrument that con- 
sists of a ball in a liquid filled glass tube. This 
tube is curved and the ball reacts to gravity and 
centrifugal force. It is used by a pilot to coordinate 
the use of aileron and rudder control. If the pilot 
keeps the ball centered, the aircraft is being flown 
in a coordinated manner. This instrument is espe- 
cially helpful when the aircraft is turning. When 
the ball is not centered, it means the aircraft is 


Figure 1-57. The newer type of artificial horizon uses a 
presentation that is easier to interpret. 
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flying a little sideways. The gyro rotor of the turn 
and bank is designed to measure the rate of turn 
of the aircraft. It is the only one of the three basic 
gyro instruments which is a rate gyro. 

The other two basic gyro instruments measure 
angular displacement about the aircraft's axes. The 
turn and bank has a gyro with a horizontal spin 


COMMAND 


gyro 
HORIZON 
bat —— 


symaouic 
AIRCRAFT 
ALIGNMENT KNOB: 


‘symBoLic 
AIRCRAFT 


AIRCRAFT IS FLYING STRAIGHT AND LEVEL AND 
"ALL COMMANDS ARE SATISFIED. 
@) 


is} | 


AIRCRAFT IS FLYING STRAIGHT AND LEVEL AND 
‘THE FLIGHT DIRECTOR IS COMMANDING & CLIN. | 
cc) | 


ie) 


‘THE AIRCRAFT HAS SATISFIED THE CLIMB, 
| ‘COMMAND. 
© 


Figure 1-58. The command bars on an attitude director 
indicator show the pilot the pitch and roll 
attitude that is needed to satisty the com- 
‘mands of the flight director. 
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that normally has no trouble convincing the LED to release its magic smoke, without which it can no 
longer function. 

‘A typical resistor has a fixed resistance and a maximum power rating, The resistance is determined 
bby the material from which the resistor is made. The value of a resistor, as you already know, is measured 
in ohms, and can range from just a fraction of an ohm (often expressed as milliohms) up to millions of 
ohms. 


Through-Hole and Surface-Mount Resistors 


Resistors come in all shapes and sizes. Generally speaking, the larger the surface area of the resistor, the 
more power it can safely dissipate. A typical resistor that you might work with on a solderless 
breadboard or on an older PCB is shown in Figure 3-9. These are called through-hole components 
because their extended leads are meant to be formed and threaded through holes that are drilled into 
PCBs. Also in Figure 3-9, for comparison, are some teensy-weensy strface-mount resistors, Surlace- 
‘mount resistors have no leads and are meant to be soldered directly to pads laid out on the surface of the 
PCB. 


Figure 3-9. Some through-hole resistors (top) and surface mount resistors (bottom). The surface mount 
resistors are so small that they are shipped packaged in tape, which is ustally wound on reels for 
automated placement in PCB assembly. 
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axis and one degree of freedom. The feature that 
makes it a rate gyro are the springs that are con- 
nected to the gimbals. These springs oppose the 
precession force which is caused by the aircraft 
turning. These features of the turn and bank can 
be seen in figure 1-60. 

When the aircraft turns, the gimbal holding the 
gyro rotor tilts over against the tension of the spring 
and moves the pointer to indicate the direction 
and rate of turn, The turn and bank gives readings 
based on the concept of a standard rate turn. A 
standard rate turn is a turning rate of 3° per second. 
This is also called a 2 minute turn because it would 
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take 2 minutes to turn 360° at this rate. A standard 
rate turn is not suitable for a high speed aircraft 
because it would require a steep angle of bank. 

These higher speed aircraft would use al stand- 
ard rate turn which is 1-14° per second or a 4 
minute turn, Turn and banks are manufactured 
in both types: 2 minute turn and 4 minute turn, 
both of which are shown in figure 1-61. The turn 
and bank indicator is also called a turn and slip 
indicator and a needle and ball. The face of the 
instrument shows a needle to indicate turn direction 
and rate and a ball which is the slip-skid indicator 
or inclinometer. 
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Figure 1-59. The newer type of ADI uses different shapes for the airplane symbol and the command bars symbol. It iso 


‘may include additional displays for other systems. (Courtesy of Canadair Group, Bombardier Inc.) 
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The turn and bank is shown in figure 1-61. The 
pointer is the rate of turn indicator and the glass 
tube is the inclinometer. 

‘The index marks on either side of the center 
position of the pointer on the lower instrument 
are called dog houses. When the pointer is lined 
up with a dog house, it indicates a 2-minute turn 
on the bottom instrument. A 2-minute turn on the 
upper instrument would be indicated by a one nee- 
die width deflection of the turn needle, The turn 
and bank is considered to be a backup instrumnet 
for the artificial horizon. If the artificial horizon 
fails, it ts possible to fly the aircraft using the turn 
and bank in its place. 

Another gyro instrument called the turn coor- 
dinator is a modified version of the turn and bank. 
The only significant difference in the internal mech- 
anism is the fact that the tilt axis for the gimbal 
is changed to a 30° angle from the horizontal as 
shown in figure 1-62. This causes the gyro rotor 


CALIBRATED. 
‘CENTERING 
‘SPRING 


to react to rotation around the longitudinal axis 
as well as the vertical axis. The turn and bank 
only measures rotation rate about the vertical axis 
so that it cannot be used accurately to level the 
wings. The turn coordinator is a better back-up 
instrument for the artificial horizon for this reason. 
Since the turn coordinator is not the same as a 
turn and bank and doesn't give the same kind 
of information, it has a different appearance so 
that pilots won't confuse the two instruments. 
The turn coordinator as illustrated in figure 1-63 
uses a rear view of a small airplane as the indicator. 
When the wing Up of the airplane symbol is lined 
up with an index mark, it indicates a standard rate 
turn for the 2 minute type. The turn coordinator 
also includes an inclinometer, like the turn and bank 


5. Gyro Instrument Power Sources 


Aircraft gyro instruments can be powered by elec- 
tricity or air. The electric gyros can use 14 or 


Figure 1-60. The turn-and-bank instrument has a gyro rotor with a horizontal spin axis and one degree of freedom. It 


also has a centering spring on the gimbal. 
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28 volts DC or several different values of AC. The 
gyros that are air driven can use either an air 
pump or bleed air from turbine engines. Air-driven 
gyros can either use suction pressure or positive 
pressure. Those that use suction pressure are 
usually called vacuum driven gyros. Some older 
aircraft used vacuum venturis to power the air- 
driven gyro instruments. The venturi for gyros is 
mounted on the fuselage of the aircraft and the 
airflow caused by the forward motion of the aircraft 
creates a low pressure or suction in the throat 


‘TWO-MINUTE TURN INDICATOR DIAL 
Oy 


FOUR MINUTE TURN INDICATOR DIAL, 
®) | 


Figure 1-61. Both 2-minute and 4-minute turn and bank 


of the venturi. A major problem with using a venturi 
for IFR flight is that the venturi tends to become 
blocked with ice under some flight conditions. 
Another disadvantage of the venturi tube is that 
the aircraft must maintain a certain minimum 
airspeed to generate enough vacuum for the gyros, 
‘The gyros will not be spun-up and stable during 
takeoff for example. Examples of 2° and 4” venturis 


Figure 1-62. By mounting the gimbal at an angle to the 
horizontal, the turn coordinator senses 
rotation about both the roll and yaw axes of 
the aircraft. 


2 MIN. 


ww. 


a. 


The presentation on the face of the turn 
coordinator is different from that of a turn 
and bank so that the two instruments will 
not be confused with each other. 


Figure 1-63. 
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are found in figure 1-64. The 2” and 4" are not 
physical dimensions. They refer to the amount of 
suction in inches of mercury that each ts designed 
to provide. 

The most common type of air pump used on 
modern airplanes for the gyro instruments is called 
a dry air pump. It does not use any oil for sealing 
or lubrication. It is a vane type pump and the vanes 
are made of a carbon based material which gradually 
wears away in service from rubbing against the 
cylinder walls. Figure 1-65 shows a dry air pump 
connected to operate as a vacuum pump. Notice 
that the gyro instruments and gauge are installed 
in parallel. Figure 1-66 shows the same kind of 
dry air pump that has been connected to operate 
as a positive pressure pump. In the vacuum pump 


system the output of the pump is dumped overboard 
and the cockpit air is filtered before it flows into 
the instruments. A filter is required on the regulator 
of the vacuum system because air is drawn in at 
that point to regulate the vacuum pressure. An 
advantage of the positive pressure system is that 
it is better for aircraft that operate at higher altitudes 
of 15,000 to 18,000 ft. The positive pressure system 
requires a filter on the inlet side of the pump and 
a filter on the outlet side ahead of the instruments. 
A filter is not required on the regulator in the positive 
pressure system, There is also a wet pump for 
air driven gyros which uses engine oil for cooling 
and lubrication. It can only be used as a vacuum 
pump and requires an air/oil separator to return 
oil to the airplane's engine. Figure 1-67 shows the 
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Figure 1-64, A2" and 4” venturi are available to power alr-driven gyro instruments. The ratings apply to the number 
of inches of Mercury vacuum that are provided, not to physical size. 
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air/oil separator in a wet pump system as well 
as a suction reducer that is used to drop the pres- 
sure for the turn and slip indicator. An air driven 
turn and bank or turn and slip requires about 
2 inches of mercury while the other two basic types 
of gyros require 4-5 inches of mercury. 

For any kind of air driven gyros. it is very important 
to change the filters regularly to ensure that only 
very clean air reaches the gyro instruments. The in- 
struments are very delicate and can wear out rapidly 
if dust and dirt are allowed to enter with the air 


supply. A typical air filter for aircraft gyro instrument 
systems is shown in figure 1-68. The small filter 
installed on vacuum regulator valves can be seen 
in figure 1-69. The tubing and hose in an air driven 
gyro system must be checked to make certain that 
no restrictions are present which would create higher 
than normal resistance to the flow of air. The only 
lubricant approved for vacuum system fittings is usu- 
ally a silicone spray. Thread lubricants and Teflon® 
tape should not be used as they might get drawn 
into the system and cause damage 


PUMP 


Figure 1-65. A gyro instrument vacuum system that uses a dry air pump. 
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Figure 1-66. A gyro instrument system that uses a dry air pump to supply positive rather than negative pressure. 
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Figure 1-67. A wet pump vacuum system to operate three gyro instruments. A suction reducer is needed in the line to 
the turn and slip since it requires less vacuum pressure. 


6. Inspection and Maintenance 
of Gyro Systems 
‘Some recommended practices for gyro system main- 
tenance are: 
1. Check the time it takes for the gyro instru- 
ments to come up to full speed and stabilize 
| This should normally be about 2-4 minutes. 
| 2, Listen for unusual noise when the gyros are 
spinning. Noise is easier to detect after the 
| hgtnesfare’ stopped 
| 3. When power to the gyros is removed, measure 
the run-down time. If there is a shortening 
of the normal run-down time, it indicates the 
bearings are getting worn or some other prob- 
lem exists. 
4. Check tubing and hose condition. They should 


not be worn or restricted. Check for kinks 
and dents. 

5. Fittings should be in good condition and with 
wide radius bends. Do not over tighten. 


Figure 1-68. A typical replaceable filter used with air- 6. Use only approved lubricants for fittings. Silicone 
driven gyro instruments. spray is the most common recommendation, 
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7. Route tubing carefully to avoid rubbing and 
abrasion, 

8. If it becomes necessary to blow the lines to 
Temove dirt or moisture, ensure that instru- 
ments are completely disconnected. Apply alr 
Pressure to instrument end of the lines. 


Figure 1-69. A vacuum regulator for gyro instruments 
includes an air filter. 


9. Replace filters at recommended. intervals— 
more often in dusty conditions or if smokers 
ride in the aircraft. 

When installing additional air-driven gyro instru- 
ments or if a problem is suspected, the load on 
the pump should be evaluated. Each gyro instrument 
requires a certain volume of air which is stated 
in cubic feet per minute (CFM). Add up the re- 
quirement in CFM for all the instruments and ensure 
that it does not exceed the rated CFM for the pump. 
You must also evaluate the pressure drop require- 
ments for the instruments and lines. Artificial 
horizons and directional gyros usually require 4, 
5.0 in. Hg. The turn and bank requires 2.0-2.5 
in, Hg. The loss or pressure drop in all the lines 
and tubing should not exceed 2 in. Hg. If it does, 
you may have to use larger diameter tubing. 


E. Compass Systems 


1. Magnetic Compa: 
‘The aircraft magnetic direction indicator or compass 
4s a completely independent instrument. It does not 
require any electrical or tubing connections. It con- 
tains a compass card with magnets that line up with 
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Figure 1-70. The parts of a liquid-filled aircratt magnetic compass. 
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the magnetic flux lines of the earth. Figure 1-70 shows 
the following basic parts of a magnetic compass. 

1. A compass card or float which is mounted 
on jeweled bearings. It has numbers and di- 
rection markings so that the magnetic heading 
of the aircraft can be read from the instrument. 

2, The case ts filled with a light oil (usually refined 
kerosene) which dampens float motion and 
lubricates the bearings. 

3. A diaphragm or bellows accommodates ther- 
mal expansion and contraction. 

4, The compensator is two small moveable mag- 
nets used to adjust the compass for deviation 
error. 

5. The lubber line is a marker against which 
readings are taken, 

‘The face of a typical liquid filled magnetic compass 

is shown in figure 1-71. The indicated magnetic 
heading 1s 035°. 


2. Compass Errors 
‘The magnetic compass 1s subject to a number of 
errors which affect its operation. These include 
variation, deviation, acceleration error, northerly 
turning error and oseillation error. Variation error 
is simply the fact that a magnetic compass will 
give indications based on the magnetic north pole 
and not the north geographic pole. The normal grid 
lines on an aeronautical chart are in true directions 
based on the geographic poles and the equator. 
As can be seen in figure 1-72, the north magnetic 
pole is hundreds of miles from the north geographic 


Figure 1-71. The face of a liquid-type magnetic compass. 
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pole. In most locations, there will be a difference 
between true and magnetic directions. This is varia- 
tion, Figure 1-73 shows how the amount of variation 
1s drawn on aeronautical charts for pilots to use. 
There are some locations where true and magnetic 
directions are the same. This would be along the 
line called the agonic line. Everywhere else the pilot 
would consult the variation markings on the map 
and add or subtract the appropriate number of 
degrees to convert from true to magnetic headings. 

Acceleration error and north turning error are 
both a result of compass dip. The earth is round 
so that at high latitudes in the northern hemisphere, 
the compass card will tilt downward toward the 
north magnetic pole. This compass dip causes both 
of these errors. If an airplane is flying east and 
ft accelerates. the compass will momentarily in- 
dicate a turn to the north, If it decelerates, it will 
indicate a turn to the south. North turning error 
occurs when the aircraft is flying north or south, 
Ifa turn is made from a north heading, the compass 
will indicate a turn in the opposite direction momen- 
tarily and then tt will lag behind the actual heading 
during the turn. Turns from south will cause the 
‘compass to lead the actual heading or indicate a 
higher than actual turning rate. Oscillation error 
1s caused by the very delicate bearings in the com- 
Pass. In rough air, the compass will oscillate back 
and forth 40°, 50° or more. The compass may never 
settle down as long as the turbulence persists. This 
forces the pilot to have to estimate the actual com- 
pass reading. 

Deviation error is the most important one for 
maintenance technicians because they usually per- 
form the checks and adjustments for deviation error. 
This error 1s also called magnetic influence error 
since it is caused by magnetic influences within 
the aircraft. All aircraft have some steel parts that 
may have some permanent magnetism. Most aircraft 
also have electrical circuits that can produce electro- 
magnetic fields. Both of these can affect the mag- 
netic compass and cause errors. The compensator 
magnets in the compass are used to adjust this 
error to a minimum. This process is called swinging 
the compass. It should be performed whenever 
equipment is installed that could cause a change 
or when a problem with the compass accuracy 1s 
suspected. 

‘Swinging the compass—the basic procedure is: 

1. Locate a compass rose on a ramp area which 

fs accurate and can be used as a reference. 
‘A compass rose is a circle with magnetic di- 
rections indicated as shown in figure 1-74. 
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2. Configure the aircraft for the checks by turning 7. Point the aircraft west and remove half the error. 


on electrical equipment and radios. running The process so far has averaged the error for 
the engines and establishing a level attitude. all headings. Now you are ready to record the error. 

3. Set the compensators to zero (there are two 8. Point the aircraft on all headings every 30°, 
little screws labeled N-S and E-W) and record the compass heading for each. 

4. Point the aircraft north on the compass rose 9. Prepare a placard which lists the deviation 
and adjust the N-S screw to zero error or as error at least each 30°. Place it on or near 
close to zero error as possible. the compass and make a logbook entry. 

5. Point the aircraft east and adjust the E-W The compass correction card is used to record 
screw to zero error or as close to zero error _the deviation error for the aircraft's compass. An 
as possible. example is shown in figure 1-75. 

6. Point the aircraft south and remove half the ‘A newer type of compass is called the vertical 
error. card compass. It operates like the other types of 

Noah Yorn 


Pole 


ae 


Figure 1-72. Variation error for an aircraft compass is the difference between true headings and magnetic headings. It 
is caused by the fact that the north geographic pole and the north magnetic pole are not in the same 
location. 
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Figure 1-73. Lines of variation are drawn on aeronautical charts so that pilots can apply the proper corrections during 
flight planning. 


Figure 1-74. A compass rose contains the markings and 
‘numbers needed for magnetic direction ret- 
erences. 


magnetic compass but the presentation on the face 
of the instrument is a full compass card which 
4s easier to read. It sometimes eliminates the use 
of ofl and employs eddy current damping. See figure 
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1-76 for an illustration of the appearance ofa vertical 
card compass. 

The full compass card presentation of the vertical 
card compass makes it easier to read. If the pilot 
wants to turn to a heading of 180°, the presentation 
makes it easier to determine if it is quicker to turn 
left or right to reach that heading. The compensator 
screws can be seen at the bottom of the vertical 
card compass. 


3. Flux Gate Compass 


The flux gate compass is a special type of remote 
mounted compass which is more stable than a stand- 
ard magnetic compass and usually eliminates the 
problems of acceleration and north turning errors. 

The sensor used with a flux gate compass system 
1s called a flux valve or flux gate. It is a wheel 
shaped device made of a ferrous material with three 
spokes and the rim cut into three equal parts. The 
flux valve sensor can be seen in figure 1-77. The 
excitation coil is in the center and the pick up coils 
or output coils are installed with one on each spoke 
of the flux valve core. The excitation coil is supplied 
with AC current with a frequency of 400 Hz. It 
is designed so that when the current flow in the 
excitation coil {s at peak value, the core material 
is saturated. When the current falls below peak 
value, the earth's magnetic flux lines cut across 
the pick up coils and produce an output signal 
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‘You can easily form the leads of through-hole resistors by hand or by using a lead-bending jig, a 
small tool with accurately spaced notches. Traditionally, these resistors have their leads formed so as to 
be threaded through holes ina PCB, and then soldered to the PCB. The extra lead length on the bottom 
of the PCB is then clipped off. See Figure 3-10. 


Figure 3-10. Resistor leads are bent at right angles and inserted into holes in the PCB to be soldered. 


Schematic Symbols and Reference Designators 


‘The schematic symbol for a fixed-value resistor is a zigzag line. See Figure 3-11. Every component in 
your circuit should have a name, which is also called a reference designator. Typically, most reference 
designators will have a short letter abbreviation to describe what kind of part it is (Ris for resistor) and a 
sequential number assigned as more parts are added to the schematic. R1 would be the first resistor, R2 
‘would be the second resistor, and so on. 

If there is only one resistor in your circuit, then you don't have to number them, do you? You can 
just called it R, or Galactic Emperor R the Mighty, or whatever strikes your fancy. Most people stick to 
simple numbers. 

Your numbering scheme depends a lot on the complexity of your schematic. If you only have a few 
resistors in your circuit, you can start at one and go up as needed. If you have a complex circuit with 
many subcircuits, you might allocate R101, R102, R103, and so on, to the first subcircuit (e.g., a power 
supply), and then assigned R201, R202, and so on, to a different section, such as a display. I's entirely up 
to you. Use a system that helps you keep track of things. 


in each one. The excitation coil in effect alternately 
blocks out the earth's magnetic field and then allows 
it to move across the output coils. This produces 
an AC output signal from each of the three output 
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Figure 1-75. The compass correction card is usually 
made up by the mechanic when he swings 
the compass to determine the deviation 
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Figure 1-76. The vertical card compass displays a com- 
plete compass card and is easier to read 
than the older type. (Courtesy Canad: 
Group, Bombardier inc.) 


the flux valve changes for each different heading, 
the relative values of the three output voltages will 
be different for each different heading. This is 
illustrated in figure 1-78. An electronic component 
measures the three output signals and derives the 
magnetic heading of the aircraft 

In order to give accurate readings, the flux gate 
sensor must normally be maintained in a level. hor- 
zontal position with respect to the Earth’s surface. 
This leveling can be accomplished in one of two ways. 
In the first type of flux gate sensor found on aircraft, 
the sensor is suspended by a pendulous mechanism 
so that it can remain level when the aircraft attitude 
is changed. This type of flux gate has a housing 
filled with a light oil to dampen the motions of the 
moving parts. In the second type of flux gate compass 
system, the flux gate sensor is stabilized by a gyro 
system to keep it level. The output signals from a 
flux gate sensor are sent to an electronic unit which 
amplifies the signals and calculates magnetic heading. 
The output of this electronic unit is sent to cockpit 
indicators that require magnetic heading information 
and sometimes to navigational systems that require 
heading information. The two common cockpit in- 
struments that receive signals from the flux gate sys- 
tem are the HSI and the RMI (radio magnetic indicator). 
‘The HSI and RMI can be seen in figure 1-79 which 
shows the flux gate compass system for a Challenger 
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Figure 1-77. The flux valve sensor has an excitation coil 
in the center and three pick up coils on the 
‘spokes or arms. 
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airplane. The flux valve sensors themselves are nor- 
mally installed near the wing tips to keep them 
away from magnetic influences in the aircraft. The 
location of the vertical card magnetic compass 1s 
also shown in figure 1-79. 


‘The HSI and the RMI both have a compass card 
which indicates the magnetic heading of the aircraft. 
The heading information comes from a flux gate 
compass system. The compass cards on both in- 
struments are driven by a remote mounted direc- 
tional gyro. The DG receives signals from the flux 
gate compass that automatically reset it to the cor- 
rect magnetic heading. The remote DG is slaved 
to the flux gate compass and the compass cards 
on the instruments are slaved to the remote DG. 
The connections are shown in figure 1-80 which 
is a diagram of a flux gate compass system. In 
this system, the pilot never has to reset the in- 
struments with his magnetic compass in the cockpit 
unless the flux gate compass system fails. 


The face of an RMI is shown in figure 1-81. The 
compass card in this instrument indicates the mag- 
netic heading of the aircraft as previously described. 
‘The RMI can be identified by the two pointers that 
have a common pivot point in the center of the 
instrument. These pointers are connected to radio 
navigation systems so that they point toward the 
location of the ground transmitter. The selector 
switches allow each pointer to be connected to an 
ADF or VOR radio receiver. 


il 
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4. FARs for Compass Systems 
There are a number of FARs that relate directly 
to compass systems. 


FAR 23.1327 

Magnetic Direction Indicator 

1, Must be installed to prevent influence by air- 
plane vibrations or magnetic fields. 

2, Maximum deviation in level flight is 10 degrees 
on any heading. 

3, Magnetic non-stabilized may deviate more than 
10 degrees due to electric heated windshield 
etc. if either a stabilized magnetic direction 
indicator or DG is installed. Deviation over 
10 degrees requires a placard, 


FAR 23.1547 

Magnetic Direction Indicator 

Deviation Placard 

1. Placard must be installed on or near the MDI 
(compass). 

2, Placard must list calibration for level Might 
with engines running, 

3. Placard must state if calibration is for radios 
on or off. 

4. Calibration increments must be 30 degrees 
maximum, 
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Figure 1-78. The changing angle of the earth’s flux lines to the flux valve produces a different output signal for each 


different heading of the aircraft. 
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Figure 1-79. The location of the various components of a flux valve compass system are illustrated in this drawing. The 
‘standby magnetic compass Is also shown. (Courtesy Canadair Group, Bombardier Inc.) 


47 


Aircraft Technical Books, LLC 
(970) 726-5111 
http://www ACTechBooks.com 


DIRECTIONAL GYRO 2 


[@ cowrass conaais 6] 


alive rigrs 
| le a 
CO.PLOT COUPASS 
Gowinor Pane 
| 
FLUX VALVE 2 
co-nors 
ri wo2 vir 
WAN We 
Y 
a 
|__| stanosy | avroruor 
: gournss | Souruten 
ry 
DUAL REWOTE 
SouchenTOR 
wos vir 
puors wav 
3 
LUX VALE 4 
 ! 
(© compass controis ©] 
e co-puors 
@ @\— 7 
even 
) ie) TW 
LOY COMPASS i 
CONTRGL Patel oIRECTIONAL GYRO 1 


Figure 1-80. The compass cards in the aircraft HS! and RMI instruments are operated by both the flux valve compa: 
system and the remote mounted directional gyros. (Courtesy Canadair Group, Bombardier Inc.) 
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5. More than 10 degrees deviation for electric 
heated windshield etc. must be placarded. 


F. Electronic Instruments 


1. Basic Principles 
‘The term “electronic instruments” is used to refer 
to the latest trend in aircraft instruments. This 
involves the use of CRTs (cathode ray tubes or 
TV screens) to display aircraft instrument infor- 
mation. Another common term for this system 1s 
the “glass cockpit”. The use of CRTs permits a 
greater use of integrated instruments which display 
numerous types of information on one screen. It 
also permits greater flexibility because the method 
of displaying the information and the amount of 
information on each CRT can be changed in flight. 
Itis also claimed that reliability is increased because 
complex electro-mechanical instruments are re- 
placed by CRTs that have no moving parts. These 
CRTs are operated by a special type of computer 
control called a symbol generator. The latest gen- 
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COMPASS CARD 
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eration of air carrier jets and bizjets was designed 
to use the glass cockpit displays. This group in- 
cludes Boeing 757. 767 and 747-400; McDonnell 
Douglas MD-11 and Gulfstream G-1Vs among oth- 
ers. 

Other aircraft have been retrofitted with glass 
cockpit displays in their latest versions or as an 
option from the factory. 

Some aircraft have only one or two CRTs, while 
others with a full glass cockpit system will use 
six or more CRTs. The electronic instruments that 
make up a full glass cockpit come in three types: 

1, Electronic attitude director indicators (EADIs) 

2. Electronic horizontal 

(EHSIs) 
3, Engine indication and crew alerting system 
(EICAS) 

The appearance of the EADI and EHSI are very 
similar to the electro-mechanical versions that have 
been covered previously. The major difference is 
that the display is more versatile and the pilots 
can select what types of information they wish 


situation indicators 


OFF-WARNING 
FLAG 


DOUBLE BAR POINTER 
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Figure 1-81. The radio magnetic indicator (RM!) has a compass card which indicates the magnetic heading of the 
aircraft. (Courtesy Canadair Group, Bombardier Inc.) 
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nd much more information can be presented 
with the electronic version of the instrument. A 
typical EADI and EHSI are shown in figure 1-82. 
‘The EHSI can be set to a map mode which changes 
the appearance of the display to that of a map 
‘An EHSI that is showing the map mode is found 

figure 1-83. The map mode shows an airplane 
symbol along with navigational sites, airports and 
other features on the ground. The map mode 
presentation shows the aircraft moving across the 
map in correct relationship to locations on the 
ground. It 1s a very user friendly display which 
shows a large amount of information to the pilot 
in a way that makes it easier to read than more 
conventional displays. 


2. EADI 


Some of the information that can be presented on 
the EADI other than the basic pitch and roll data 
includes; radio glideslope data, radio localizer data, 


Figure 1-82. Electronic flight instruments: EADI on the 
top and an EHS! below. 


radar altimeter data, autopilot s 
indicated airspeed. 


3. EHSI 


Information displayed on the EHSI includes: mag- 
netic heading, radio steering commands for 
VOR/INS, radio glidestope data, DME radio data 
and weather radar data, The EADI and EHSI are 
installed directly in front of the pilots to match 
the standard “T” configuration. 


4. EICAS 


The EICAS system usually consists of two large 
CRTs installed in the middle of the instrument 
panel. The two CRTs may be arranged vertically 
or horizontally depending on the particular aircraft 
involved. The EICAS display screens in figure 1-84 
are positioned one above the other. The EICAS sys- 
tem has two main types of information that are 
displayed, as the name implies. The engine indica- 
tion function displays numerous powerplant instru- 
ments in standard columns depending on how many 
engines the aircraft has. The crew alerting system 
function consists of many sensors located 
throughout the aircraft that monitor all the major 
systems such as engines, electrical, hydraulic, bleed 
air, pressurization, etc. These sensors are monitored 
by computer and any faults or abnormal readings 
are displayed to the flight crew. On many aircraft 
these sophisticated monitoring systems replace a 
human crew member, the flight engineer. This allows 
the aircraft manufacturer to design a large airplane 
like a 747-400 that only requires two flight crew 
members instead of three. 

An EICAS system that uses two CRTs stacked 
vertically is probably the most common and will 
be described here. This system is shown in figure 
1-84. The upper screen has a standard presen- 
tation which displays the primary engine 
parameters. These are the most important engine 
instruments that are used to set power and 
monitor the engines. Also on the upper screen 
4s a list of alert and status messages concerning 
the aircraft systems. 

During routine cruise flight conditions, the lower 
screen is very often blank. If a problem suddenly 
developed with the hydraulic pressure, for example, 
the EICAS computer would automatically put a me: 
sage on the upper screen and show the hydraulic 
system instruments on the lower screen. The basic 
theory of this system is that normal readings on 
the instruments do not have to be displayed for 
the crew. When an abnormal reading occurs. then 
it will be displayed to the crew. This reduces the 
workload for the two-man cockpit. 
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The primary engine parameters on the upper 
screen are in two identical columns because the 
airplane has two engines. The instruments dis- 
played are engine pressure ratio (EPR), NI 
tachometer and exhaust gas temperature (EGT). 
During engine starts, the EICAS system will auto- 
matically display the secondary engine parameters 
as shown here. The EICAS screens can also display 
additional information such as check lists. If an 
engine flames out during flight, a checklist is auto- 
matically displayed which shows the acceptable al- 
titudes and airspeeds for an attempted restart as 
well as the checklist to accomplish this task. The 
EICAS system is complex and expensive so it has 
been installed only on the more sophisticated 
aircraft. The EADI and EHSI can be found on all 
classes of aircraft including small single engine 
airplanes. 


5. Heads Up Displays 


The glass cockpit instruments were made possible 
by the rapid advances made in microprocessors 


and digital computer technology. An even newer 
item of advanced cockpit displays ts the Heads Up 
Display. The use of a HUD system was developed 
by the military for combat aircraft. If information 
about important aircraft systems is displayed in 
the windshield area, the pilot does not have to 
shift his attention down to the instrument panel 
to get this information. The HUD allows the pilot 
to keep looking out the windshield of the aircraft 
(head up) and to see the information that is needed 
projected onto a special screen in the windshield 
area. A heads up display system for commercial 
Jet airplanes has been developed and is installed 
in some aircraft at this time. This system ts called 
the Heads Up Guidance System (HGS) and the dis- 
play is shown in figure 1-85. 

The HGS screen itself is a special type of glass 
plate which the pilot can look through even while 
information is being projected onto the screen. The 
images on the screen are focused at infinity so 
the pilot does not have to refocus his eyes to look 
at either the world outside the windshield or the 
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Figure 1-83. The appearance of an EHSI when operating in MAP MODE. 
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data on the HGS. The HGS screen ts operated by 
a computer controlled system which has many sen- 
sors to display different information. On a civil 
aircraft the information displayed on the HGS is 
the same kind of information displayed on an EADI. 
The first airline to begin using an FAA-approved 
HGS system was Alaska Airlines. They retrofitted 
their Boeing 727s with HGS at a cost of about 
$200,000 for each aircraft. The use of the HGS 
enables the airline to operate in bad weather con- 
ditions that might ground aircraft of other airlines. 
The FAA has approved this operation because of 
the elimination of the need for the pilot to switch 
his attention from the instrument panel to the view 
out the windshield. The future will no doubt see 
an increasing use of HGS and other advanced dis- 
play systems by many other airlines and aircraft 
operators. Versions of the heads up display designed 
for use in twin-engine turboprop aircraft are already 
being developed by several companies. 


G. Computers in Aircraft 

The rapid advances in computer technology in 
recent years have been applied to many different 
aircraft systems such as cockpit displays, 
autopilots, navigational computers, engine controls 


Figure 1-84. EICAS display screens. This system is used 
‘on the Boeing 757 and 767. 
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etc. The aviation maintenance technician that works 
on modern aircraft should have a basic under- 
standing of computers in general and their applica- 
tion to aircraft systems. The modern digital 
computer s made possible by the rapid advances 
in integrated circuits that have taken place over 
the last twenty years. A modern microprocessor 
is in effect a computer on a small chip of silicon. 
This small and powerful chip makes possible the 
manufacture of small but powerful computers. 


1. Basic Parts of a Computer 
A computer is made up of three basic parts as 
related to their functions. The basic hardware con- 
sists of input devices, output devices and the CPU 
(central processing unit). Refer to figure 1-86. 
Input devices are things like keyboards, mic: 
scanners ete. Output devices are CRTs. printers, 
plotters etc. The central processing unit contains 
the brains of the computer. The CPU can be divided 
into three different units by their function. The 
central control unit directs data from one place 
to another and maintains overall control of the 


. The display screen for a heads up guidance 
system (HGS) is a transparent plate that 
displays the same kinds of information as 
an ADI, but it allows the pilot to look out the 
windshield through the HGS display. (Cour- 
tesy Flight Dynamics, Inc.) 


OUTPUTS 


Figure 1-86. The basic parts of a computer. The CPU contains the control unit, the memory and the arithmetic logic unit 


which performs calculation: 
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operations. The memory stores information on spe- 
cial computer chips. The ALU is the arithmetic logic 
unit; it performs the mathematical calculations that 
are required. The term peripherals is often used 
in discussing computers. Peripherals are the various 
input and output devices, examples of which were 
given above. 

The memory of a computer comes in two types 
that are known as RAM and ROM. The RAM or 
volatile memory temporarily holds data that is being 
acted upon by the computer. It is called volatile 
because it is lost each time the computer is switched 
off. The operator can change and manipulate the 
RAM memory with keyboard entries and other ac- 
tions. The ROM or non-volatile memory is sometimes 
called hard-wired. The data in the ROM area will 
not be lost when the computer is switched off and 
cannot be altered by a simple keyboard entry. An 
example of ROM is the built-in startup test that 
most computers have. When the computer is first 
switched on, it tests itself for errors and checks 
to see what peripheral devices are connected to 
it. An example of RAM could be a term paper that 
you are typing into a computer using a word proces- 
sor program. If you forget to save the document 
on a disk, it will be lost when the computer ts 
switched off. 


2. Some Applications of 
Computers in Aircraft 

‘A modern jet airplane may have many different com- 
puters that perform a variety of functions. The use 
of digital systems on aircraft is becoming more and 
more common because it offers several advantages: 

1, Increased reltability 

2. Faster response 

3. Reduced power consumption 

4, Smaller and lighter weight equipment 

5. Lower operating cost 

Computers have become so common that they 
are now used in many different aircraft systems 
such as autopilot, engine controls, navigation, flight 
planning, etc. 


3. BITE Systems 
One of the features of the effort to reduce operating 
cost is the use of BITE (built-in test equipment). 
The latest types of aircraft electronic equipment 
and computers have special types of test equipment 
as a part of the major units. BITE systems often 
provide three different kinds of tests that can be 
used to identify and correct faults. 

1, Fault Detection — continuous during equip- 

ment operation 


2, Fault Isolation — faulty equipment can be iso- 
lated or bypassed 

3. Operational Verification After Defect Repair 

The last example is a type of BITE program that 
maintenance personnel would use most often. After 
changing a plece of equipment which is thought 
to be the cause of the problem, a verification test 
can be conducted to ensure that the system is 
now operating normally. Running this particular 
test usually involves just pushing the appropriate 
button. 

To simplify the troubleshooting and repair of 
modern electronic equipment, it is installed in the 
aircraft in the form of LRUs. An LRU is a line 
replaceable unit which means a standard size con- 
tainer which slides easily in and out of a special 
mounting rack. A typical arrangement for LRUs 
and equipment installations is shown in figure 1-87. 
The LRUs use standard types of electrical connectors 
and mounting attachments; this makes it easy to 
locate and change one in a short period of time 
The BITE systems in an aircraft are designed to 
identify faulty LRUs so that they can be changed 
quickly and easily. 


5. Digital Data Transmission 
The increasing use of computers and sophisticated 
electronic devices on modern aircraft requires that 
these devices be able to communicate with each other 
rapidly and efficiently. This rapid exchange of data 
4s accomplished with digital data transmission using 


LRU 


Figure 1-87. Avionics equipment in modern aircraft is 
installed in special racks that accommodate 
standard sizes of line replaceable units or 
LRUs. This makes changing the LRUs a 
quick and simple procedure. 
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digital data busses. Since the various pieces of equip- 
‘ment that use this data bus are manufactured by 
many different companies, a uniform standard for 
the method of data transmission is needed. The stand- 
ard which is used by this type of equipment on modern 
air carrier jets and bizjets is ARINC 429. 

The initials ARINC stand for Aeronautical Radio 
Incorporated. This organization has been in exist- 
ence since the 1930s to provide certain services 
to the airline industry. 

‘The members of ARINC include the major airlines, 
aircraft manufacturers and equipment manufac- 
turers, They establish many study groups that in- 
vestigate emerging technology and suggest 
standards that can be applied to new types of equip- 
ment. When these standards are approved, they 
will be followed by all the members of ARINC. In 


the case of ARINC 429, this means that computers 
and similar equipment that utilize digital signals 
will be compatible with each other. Since the airlines 
often lead the way in the development of new types 
of equipment, the manufacturers of equipment for 
smaller aircraft often use ARINC standards also— 
even if they are not members of ARINC. Unlike 
FAA and FCC regulations, ARINC standards are 
not laws; but anyone who wants to sell airplanes 
or equipment to the major airlines will comply with 
these accepted industry standards. ARINC 429 has 
been used as an example here because it applies 
to digital information transmission systems used 
on aircraft. Many of the newer types of equipment 
described earlier such as EADI, EHSI, EICAS. BITE, 
etc. will use digital data exchange systems that 
are designed in accordance with ARINC 429. 
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Figure 1-88. A digital data bus permits rapid transmission of data between the various electronic systems on the aircraft. 
The bus itself is a shielded twisted pair conductor which helps to prevent interference. 
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CHAPTER 3 = COMPONENTS 


R1 


W- 
10K 


Figure 3-11. The schematic symbol for a fixed-value resistor isa zigzag. The reference designator for this 
resistor is RI and its value is 10,000 ohms, or 10KQ. A simple rectangle symbol is also used to represent 
resistors, although many components are available in this physical form factor. Use the symbol you like 
best. 


Standard Resistor Values and Tolerances 


Remember how wires have their own peculiar numbering scheme to describe their ba 


value is readily available. 

Some smart cookies at the Electronics Industries Alliance (EIA; see 
http: //wam-ecaus .org/eia/site/ index.html) have come up with some standard values that fill in most 
of the commonly used values for resistors and other components. Their scale is not linear but 
logarithmic, meaning that it takes larger steps as the values go up. This makes a little more sense once 
you understand how component value tolerances work. 

You can buy, for example, a 19 resistor and expect it to be pretty close to being 10 at room 
temperature, but it's not going to be exactly 10. It’s going to be pretty close. How close? Well, that mostly 
depends on how much money you're willing to spend on this single resistor. If the answer is “not that 
much,” then “pretty close” is going to mean within 5 percent of the stated value. That means your 10. 
resistor could actually measure as little as 0.95 or as much as 1.059 and still be “within tolerance.” 
Five-percent resistors cost only a few cents even in small quantities. 

Given that there's a little wiggle room for each resistor value, people who can tolerate their resistor 
values being off by as much as 5 percent don’t need to be ordering 50 resistors of 0.990 and another 50 
of 1.010 when they could just as easily (and certainly less expensively) order 100 resistors of 1 with a5 
percent tolerance. 

‘This overlap in the values of the resistors allows us to skip from 1.00 to 1.10 without having to keep 
track of all the little resistors in between. This is because a 1.10 resistor could measure as little as 1.050 
or as much as 1.15 and still be in tolerance. 

With a standard resistor tolerance of 5 percent, we can use just 24 values to cover the range between 
19 and 100. The same multiples can then be used to cover the range between 109 and 1009, and so on. 
Aren't logarithms fun? See Table 3-2. 


Table 3-2. The E24 Standard Values for 5 Percent Resistor Value Tolerances (Higher and Lower Decades 
Are Also Available) 


TOI T00_[ 10K [10K [100K | 10M 
To] 0 [_.1K[ 11K [110K [7L.1M 
T21| 120[ 1.2K [12k | 120K_[- 12M 
T313| 130_[1.3K_| 13K | 130K_[-1.3M 
T515] 150[ 1.5K[ 15K | 150K [15M 
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CHAPTER II 


Powerplant Instruments and Logic Gates 


The information presented in chapter 2 will be in 
three major topic areas: powerplant instruments, 
logic gates and binary numbers, and position in- 
dicating and annunciator systems. 


A. Liquid Quantity 
Measuring Systems 


Depending on the type of aircraft involved, there 
may be just one or there may be many different 
liquids carried on the aircraft for which a quantity 
measurement is required. Most of the examples 
given here will be fuel quantity systems because 
they are the most common. It should be noted 
that for each type of system described, it could 
be used to measure fuel, oll, water, hydraulic fluid 
or some other liquid quantity. 

Most small, single engine airplanes only have 
one liquid quantity indicating system in the cockpit 
and that is for fuel. The simplest types of fuel quan- 
tity systems are those that use mechanical systems 
and require no electrical power to give readings. 
These will be described first. 


1. Sight Glass Gauges 


The simplest kind of liquid quantity system is the 
sight glass gauge. In this system a small glass or 
plastic tube is connected into the tank so that the 
level of the liquid in the tube matches that in the 
tank. Markings on the tube itself or a plate behind 
it indicate the quantity. A sight glass gauge is shown 
in figure 2-1. 

‘This type of quantity system has no moving parts, 
but the tank must be located in or near the cockpit 
area for it to be practical. It has been used on 
older aircraft for fuel and hydraulic fluid quantity 
systems. 


2. Float-type Mechanical Gauges 


A number of different kinds of mechanical float 
quantity systems have been used. 

A very simple version utilized a float mounted 
on a metal rod which projected through a hole 
in the gas cap so that the rod would be visible 
from the cockpit. The fuel tank was located directly 
in front of the cockpit in the fuselage so that it 
could be easily seen. This type is illustrated by 
figure 2-2. 


The float was often made of cork and it had 
to be coated with a special shellac or varnish so 
that it would not sink. Two disadvantages of this 
quantity system are that the rod tends to bounce 
up and down and there are no index markings 
at all. A variation of this system was used in many 
biplanes where the fuel tank was in the center 
section and the rod stuck down below the tank 
in a clear tube with an indicator fastened to it. 
This inverted float system with the indicator below 
the tank is shown in figure 2-3. 

The gauge called the magnetic direct reading is 
a float-type gauge which uses a gear system to 
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Figure 2-1. A sight glass liquid quantity gauge. 


Figure 2-2. A mechanical loattype fuel quantity gauge 
for a fuselage tank. 
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Figure 2-3. Amechanical float fuel quantity gauge for the 
center section of a biplane. 


rotate a pointer in a round gauge and uses a mag- 
netic principle to isolate the glass face cover and 
pointer from the fuel. This type of gauge was often 
used on high wing airplanes where the fuel tanks 
were in the butt end of the wing. The gauge was 
installed so that the float was inside the tank and 
the round face of the gauge was visible inside the 
cockpit. It is shown in figure 2-4. 

‘The float rotated a shaft through a simple gearing 
system. On the end of the shaft was a U-shaped 
magnet which rotated along with the shaft. Separat- 
ing the magnet and shaft from the pointer and 


oo | 


Figure 2-4. Mechanical float-type gauge with @ per- 
‘manent magnet to isolate the fuel from the 


the rest of the gauge in the cockpit was a piece 
of aluminum with sealing gaskets. The magnetic 
flux traveled through the aluminum and rotated 
a plece of ferrous metal that in turn rotated the 
pointer. 


3. Resistance Gauges 

The type of fuel quantity gauge most common on 
modern small airplanes is similar to the kind used 
in cars. It has a float in the tank that moves a 
variable resistor. The variable resistor alters the 
current flow in a DC circuit to operate a meter 
movernent that is somewhat similar to those used 
in voltmeters and ammeters. 


The gauge used with the float operated variable 
resistor is most often the ratiometer type seen in 
figure 2-5. This gauge uses two opposing magnetic 
fields so that the pointer reacts to the ratio of current 
flow in the two sections. In this way, it Is less 
affected by fluctuations in system voltage caused 
by voltage regulator settings or a weak battery. 


4, Underwing Fuel Quantity Indicators 
Many large aircraft have two totally different types 
of fuel quantity measuring systems. One of these 
operates the cockpit gauges and the other is an 
underwing fuel quantity system. The underwing sys- 
tem can only be used on the ground and is most 
often employed by maintenance and service per- 
sonnel rather than by the flight crew. There are 
three kinds of underwing fuel quantity systems, 
but they all share certain features in common, They 
all utilize a fuel quantity stick of some type which 
can be extended below the bottom surface of the 
wing. They measure the fuel quantity in terms of 
volume and not mass. These underwing quantity 
systems typically require no electrical power to ob- 
tain readings. This last characteristic would be an 
advantage if it was necessary to take fuel readings 
while working on the fuel system. 

The oldest and simplest type of underwing fuel 
quantity system is called a drip stick. It uses a 


cover glass and pointer. 
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Figure 2-5. Ratiometer fuel quantity system using a float-operated variable resistor. 
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hollow tube which extends from the bottom of the 
wing up inside the fuel tank as illustrated in figure 
2-6. The tube is normally stowed by being pushed 
up inside the tank until the bottom of the tube 
4s flush with the bottom surface of the wing where 
it is latched in the closed position. In order to 
obtain a reading, the tube is unlatched and pulled 
down until the upper end reaches the top of the 
fuel level. When fuel begins to drip out the bottom 
of the tube, a reading is taken using the markings 
on the outside of the tube. This type of fuel quantity 
system is not used on modern aircraft because 
of the fire danger when fuel is allowed to drip on 
the ground or hangar floor. 

Another type of underwing fuel quantity stick 
is the one which uses a clear Lucite® plastic rod, 
The main features of this device are shown in figure 
2-7. The rod is made of clear plastic because it 
obtains readings by transmitting light along the 
rod. The principle involved is the refraction of light. 
Fuel and air have different light refraction char- 
acteristics and if a specially shaped quartz tip is 
installed on the top of the rod, it will produce a 
particular light pattern when it is positioned at 
the top of the fuel level. In order to take a reading, 
the tube 1s pulled down from the bottom of the 
wing until the light pattern on the bottom of the 
rod is focused to a point of light. The reading 1s 
then taken using the markings along the length 
of the rod. 

The most common type of underwing fuel quantity 
stick on modern aircraft is the one which uses 
a float inside the tank that has a magnet fastened 
to it. The upper end of the stick has a magnet 
which will attract the float magnet when they are 


in alignment. This type of underwing fuel quantity 
stick is shown in figure 2-8. 

A fuel reading is taken by unlatching the stick 
and pulling it down until the float and the top 


Figure 2-7. An underwing fuel quantity measuring stick 
that utilizes a clear Lucite rod. 


Figure 2-6. Older style drip stick underwing fuel quan- 
tity gauge. 


Figure 2-8. Underwing fuel quantity stick which employs 
a float and permanent magnets. 
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of the stick are held in position by magnetic at- 
traction. The reading is then taken from the mark- 
ings along the tube. The magnetic force is not strong 
enough to lift the float out of the fuel; so when 
the stick is pushed up. the magnetic attraction 
4s broken and the stick can be pushed up and 
stowed, 

These types of underwing fuel quantity systems 
are not usually as accurate as the cockpit fuel 
quantity system, but they can be used for main- 
tenance and troubleshooting purposes. 


5. Capacitance Quantity Indicators 
‘The most common type of liquid quantity measuring 
system used on modern turbine engine aircraft is 
the capacitance type. It has the advantage over 
other quantity systems in that it can give accurate 
readings in very large or unusually shaped tanks. 
Another advantage is the fact that liquid quantity 
is measured in terms of mass or weight rather 
than in volume. Measuring fuel quantity in mass 
4s especially useful with large turbine engine aircraft 
because the power produced by the engines is more 
a factor of the mass of fuel consumed rather than 
the volume. In very large fuel tanks, the volume 
of the fuel will vary considerably due to thermal 
expansion and contraction, but the mass would 
remain the same. 

The capacitance liquid quantity system gets its 
name from the fact that the measuring probes lo- 
cated in the tank are capacitors. A simplified rep- 
resentation of this type of fuel quantity system is 
shown in figure 2-9. In the real system, the probe 
4s usually constructed in the form of two concentric 
metal tubes which are the two plates of the capacitor. 
When this probe 1s located in a fuel tank, the two 
plates of the capacitor will be separated by fuel 
on the lower end and air on the upper end. Since 
fuel and air have different dielectric constant values, 
the amount of capacitance will change as the fuel 
level rises or falls. The dielectric constant for the 
fuel is also affected by density. Therefore any in- 
crease in density caused by thermal contraction 
will result in an increase in capacitance. The probes 
will automatically measure the mass or weight of 
the fuel. A small, symmetrical tank like an engine 
oil tank may only require one capacitance probe 
to give accurate readings. A large, tapered wing 
fuel tank might have 15 or more probes connected 
in parallel to ensure accurate readings. The 
capacitance fuel quantity system of figure 2-10 has 
a total of 17 capacitance probes. Electronic circuits 
measure the amount of capacitance in the probes. 
apply any needed corrections, and send electrical 
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signals to the cockpit gauges to indicate the fuel 
quantity in pounds. Capacitance fuel quantity sys- 
tems usually include a totalizer. The totalizer gives 
a reading of the total fuel on board the aircraft, 
‘Some fuel systems will also give the fuel used since 
takeoff. 


B. Fuel Flow Indicators 
‘There are a number of different gauges which might 
be used for aircraft fuel systems depending on the 
type and complexity of the particular kind of fuel 
system used. All powered aircraft will have a fuel 
quantity system. On small airplanes with gravity 
flow fuel systems, this would be the only type of 
fuel system instrument required, Aircraft with pump 
fed engines will need a fuel pressure gauge in ad- 
dition to fuel quantity. Aircraft with fuel-injected 
or large radial piston engines and aircraft with tur- 
bine engines will usually have a fuel flow instrument. 
Some aircraft with turbine engines that operate 
in cold temperatures will also have a fuel tempera- 
ture indicator to guard against the danger of ice 
crystals in the fuel. The various types of fuel flow 
Indicator systems will be described in this section. 


1, Fuel-injected Engine Flowmeters 


‘The type of flowmeter commonly installed on aircraft 
with fuel-injected reciprocating engines is not a 
true flowmeter at all. The sensor used with this 
instrument system actually measures pressure not 
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Figure 2-9. Simplified circuit to illustrate the principle 
of operation for a capacitance liquid quan- 
tity system. 
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Figure 2-10. The major components and their location for a capacitance fuel quantity system on a corporate jet. 
(Courtesy Canadair Group, Bombardier Inc.) 


59 


Aircraft Technical Books, LLC 
(970) 726-5111 
‘flies thea AC TethBindicn ob 


flow rate. Since the injector lines and nozzles have 
a certain restriction to flow. a given pressure sup- 
plied to the injection system will produce a given 
flow rate for normal operating conditions. This type 
of instrument uses a Bourdon tube in the gauge 
which is connected by tubing and hose to the fuel 
divider block on top of the engine. The line leading 
from the fuel distribution manifold on the engine 
can be seen in figure 2-11. The face of the instrument 
usually has three different units of measurement: 
Pst, gallons per hour (cr#t) or pounds per hour and 
percent of cruise power. The instrument face shown 
in figure 2-12 has these three units. This instrument 
will give accurate readings for all three of these 
values as long as everything is operating normally. 
The pressure at the fuel distribution manifold will 
be proportional to the flow rate if the total restric 
tions to flow in the system are normal. If there 
is any fault in the system which causes the restric- 
tion to the flow of fuel to increase or decrease, 
the instrument can give erroneous readings. For 
‘example, ifan injector nozzle was blocked this would 
cause a greater restriction to flow and an indication 
of increased fuel consumption when the actual fuel 


flow rate would be decreased. A leak in an injector 
line would decrease the restriction to flow and 
decrease the indicated flow rate on the gauge but 
the fuel consumption would actually increase. 


2. Vane-type Flowmeters 


The vane-type flowmeter uses a sensor like that 
in figure 2-13 that is installed in the line that feeds 
fuel to the engine. The vane is mounted on a shaft 
so that it will rotate through an are as the fuel 
pushes against it. The circular chamber that con- 
tains the vane has enough clearance between the 
cylinder walls and the vane that the flow of fuel 
4s not retarded to any significant degree. The vane 
type sensor will measure the volumetric flow rate 
of the fuel 

The vane is rotated against a restraining spring 
so that the amount of rotation of the vane cor- 
responds to the volumetric flow rate. The cockpit 
gauge is normally marked to show the flow rate 
in gallons per hour. The position of the vane in 
the sensor is transmitted electrically to the cockpit 
gauge where it rotates the pointer to the correct 
reading, The type of electrical system that transmits 
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Figure 2-11. The fuel flow indicator system for a fuel-injected | 


distributor manifold. (Courtesy Cessna Aircratt Co.) 
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reciprocating engine that measures pressure at the fuel 
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this positional information concerning the vane is 
a type of synchro system. An example of a vane-type 
flowmeter with a synchro system is shown in figure 
2-14, Since these synchro systems are used with 
many other types of aircraft instruments, they will 
be described next. 
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Figure 2-12. Fuel flow indicator with three different 
measurement units: pounds per hour, Psi 
and percent of cruise power. 


3. Synchro Systems 
There are three types of synchro systems and they 
share the same basic features and are used for 
similar purposes. A synchro system consists of 
a transmitter unit and a receiver unit. The two 
are connected to each other by electrical wiring. 
The transmitter unit contains an input shaft and 
it can be connected to anything which will rotate 
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Figure 2-13. A vane-type flow sensor that measures 
volumetric flow rate. 
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Figure 2-14. Vane-type flowmeter system for a large airplane which includes a synchro system. 
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this shaft through an are. The receiver unit has 
a shaft which is connected to the pointer in the 
instrument. If the shaft in the transmitter unit is 
rotated 20° to the right, the shaft in the receiver 
will also rotate 20° to the right. The operation of 
a synchro system causes the receiver unit to move 
in synchronization with the transmitter unit. A large 
Jet transport may have many different synchro sys- 
tems for a variety of different instruments. The 
transmitter unit can be connected to anything which 
produces a rotation of the shaft through an arc. 
Figure 2-15 shows how the rotor in the receiver 
‘unit will position itself automatically based on the 
magnetic field created by the three outer magnets. 
The three different kinds of synchro systems will 
now be described. They do differ in details of con- 
struction, but the basic operation of all three 1s 
as described above. 


a, DC Selsyn® Synchro 

The transmitter unit in the Selsyn synchro is a 
variable resistor with three sections as seen in figure 
2-16. The shaft is connected to the wiper arm. The 
three sections of the variable resistor are connected 
by wires to the three coils in the receiver unit. The 
rotor of the receiver unit is a permanent magnet 
that is connected to the instrument pointer. The 
position of the wiper arm in the transmitter de- 
termines the voltages that are produced by the three 
sections of the resistor. The permanent magnet in 
the receiver unit will ine up with the overall magnetic 
field produced by the three coils surrounding it 
Any rotation of the shaft and wiper arm of the trans- 
miter will cause different voltages to be applied 
to the receiver unit. A new orientation of the magnetic 
field in the receiver unit will pull the rotor into 
the correct alignment. 


Figure 2-15. An illustration of the basic operation of a synchro receiver unit. The rotor will align itself with the resultant 


field of the three outer magnetic fields. 
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Figure 2-16. The DC-powered Selsyn synchro system. 
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b, Magnesyn® Synchro 

‘The Magnesyn synchro system uses AC power, 
most often 26 volts AC and 400 Hz. The use of 
AC power eliminates the need for a variable resistor 
and improves reliability because there are no 
brushes to wear or get out of adjustment. The con- 
struction features of the transmitter and receiver 
unit are similar, which can be seen in figure 2-17. 
The rotors are permanent magnets and the three 
section windings are connected together. The mag- 
netic field produced in the receiver will pull the 
rotor into a position that corresponds to the rotor 
position in the transmitter unit. 

c. Autosyn® Synchro 
‘The only difference between the Autosyn and Mag- 
nesyn synchros is that the Autosyn uses electromag- 
nets instead of permanent magnets for the rotors. 
Figure 2-18 shows an Autosyn synchro system. It 
also uses AC power that is most often 26 volts AC 
at 400 Hz. Many pressure and flow type instruments 
on modern jet airplanes use a synchro system to 
transmit the information to the cockpit gauge. 


4. Mass Flowmeters 


The latest types of turbine engine aircraft use a flow- 
meter that gives a reading of the mass flow rate 


PERMANENT MAGNET: 


POWER SUPBLY| TOROIDAL 
TRANSMITTING Tnoicarina WINDING 
‘MAGNESYN. MAGNESYN 


Figure 2-17. The AC-powered Magnesyn synchro system. 
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Figure 2-18. The AC-powered Autosyn synchro system. 


in pounds per hour rather than a volumetric reading 
in gallons per hour. The mass flow rate is a more 
useful indication for this type of aircraft. Refer to 
figure 2-19 for a drawing of the mass flowmeter. The 
mass flowmeter consists of a motor-driven impeller, 
a turbine and a synchro system to transmit the data 
toa cockpit gauge. In order to give accurate readings, 
the impeller must be driven at a constant speed. 
‘This is accomplished with an AC synchronous motor 
or a similar device. As the fuel flows through the 
impeller, it is given a spin or rotation by the spinning 
impeller. When the fuel leaves the impeller, it strikes 
the turbine which is rotated against a restraining 
spring by the spin energy of the fuel. Because a 
denser fuel would impart more spin energy to the 
turbine, the degree of rotation of the turbine is a 
measure of mass flow rate. The turbine is connected 
to the transmitter rotor of a synchro system which 
will cause the pointer on the cockpit gauge to rotate 
to the proper position to indicate the correct mass 
flow rate. The sensor for this and other types of flow- 
meters 1s installed in the fuel system downstream 
of the fuel control device so that the flow rate rep- 
resents the fuel consumption rate for that engine. 


5. Computerized Fuel System 


The computerized fuel system is a volumetric flow 
measuring system found on some fuel-injected 
reciprocating engines. The sensor is a small unit which 
4s installed on top of the engine in the fuel line that 
feeds the fuel splitter or manifold. The sensor or 
transducer contains a small rotor that has the same 
density as the fuel to ensure accurate readings 


As the fuel flows past the rim of the rotor, it 
spins the rotor at a rate which 1s proportional to 
the volumetric flow rate of the fuel. The rotor has 
notches on its rim which interrupt a light beam 
from a light emitting diode (LED). This light beam 
falls on a phototransistor which produces an output 
signal with a frequency that matches the flicker 
rate of the light beam. The electrical output of the 
phototransistor is connected to the computer in 
the cockpit instrument which processes the data 
and displays information for the pilot. The input 
signal to the computer has a frequency which is 
an indication of flow rate, but the computer can 
calculate and display fuel flow. fuel used and fuel 
remaining in several different units of measurement. 
By including a computer to process the signal from 
the transducer, the computerized fuel system can 
give the pilot a number of different kinds of useful 
information. The cockpit indicator is usually a 
lighted display like that shown in figure 2-20. This 
is not a CRT but a digital lighted display. There 
are three common types of lighted digital displays 
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available that use light emitting diodes (LEDs), liquid 
crystal displays (LCDs), or gas discharge tubes. 


6. FARs for Fuel Systems 


In chapter 1, the requirements for powerplant 
instruments were covered and it would be useful 
to look over that section again to review the in- 
formation appropriate to the instruments covered 
in this section. Some additional FARs concerning 
fuel systems are given here. 


FAR 23.993 
Fuel Systems 
1, Each fuel line must be installed and supported 
to prevent vibration and to withstand fuel pres- 
sure and flight loads. 

2. Where relative motion could exist, fuel lines 
must have provisions for flexibility. 

3. Each flexible hose must be approved or shown 
to be suitable for the particular application. 

4, No flexible hose that might be adversely 
affected by exposure to high temperatures 
may be used where excessive temperatures 
will exist during operation or after engine 
shutdown. 


FAR 23.1337 
Powerplant Instruments 
1, Each line carrying flammable fluids under 
pressure must: 

a. Have restricting orifices or other safety de- 
vices at the source of pressure to prevent 
the escape of excessive fluid if a line fail: 
and 

b. Be installed and located so that the escape 
of fluids would not create a hazard 

2, Each powerplant instrument that utilizes flam- 
mable fluids must be installed and located 
so that the escape of fluid would not create 

a hazard, 


3. Fuel Quantity Indicator — There must be a 
means to indicate to the flight crew members 
the quantity of fuel in each tank during flight. 
An indicator, calibrated in either gallons or 
pounds, and clearly marked to indicate whic! 
scale is used, may be used. In addition: 
a. Each fuel quantity indicator must be cal- 
Ibrated to read zero during level flight when 
the quantity of fuel remaining in the tank 
fs equal to the unusable fuel supply. 

b. Each exposed sight gauge used as a fuel 
quantity indicator must be protected 
against damage. 
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Figure 2-19. A fuel flowmeter system that measures the mass flow rate of fuel for a turbine engine. 
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CHAPTER 3 = COMPONENTS 


TOK TSOK [16M 
1.8K T8OK_ [18M 
2.0K 200K_[2.0M 
22K 220K_[_2.2M 
aK ZAK [2.40 
2.7K 20K [2.7 
30K ‘300K_[-3.0M 
33K 330K [33M 
3.6K 360K [_3.6M 
3.9K 390K | 3.9M 
43K 430K_[ 43M 
aK 470K_[ 4.7 
BK S10K_[ 5.1 
5.6K S60K_[5.6M 
62K 620K_[_ 62M 
68K ‘680K_[_6.8M 
75K 750K_[7.5M 
82K 20K [82M 
‘9.1K ‘S10K_[9.1M 


Color Codes 


Even the old-fashioned through-hole parts are a bit too small to legibly label with a numeric value and 
tolerance factor. A system of color codes was developed to designate resistor values, using colors to 
represent both single digits, a power-of-ten multiple, and the resistor's tolerance. These colors are 
painted on the resistors in bands. A little memorization and careful practice will have you reading 
resistor color codes in no time. 

For 5 percent tolerance resistors, only four bands are needed to completely specify the resistor's. 
value and tolerance. The first two bands represent the first two significant digits of the value. The next 
value is the multiplier. The final value is a special case to tell the resistor's tolerance. 

‘The first two bands, as well as the multiplier value, use the color codes shown in Table 3-3 to 
represent the digits 0 through 9. (Unfortunately, these colors were chosen before the subtleties of 
colorblindness were widely understood.) 


Table 3-3. The Resistor Color Codes for the Significant Digits and Multiplier Digit of the Resistor’s Value 
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c. Each sight gauge that can collect water 
and freeze must have a means to allow 
drainage on the ground. 

d. Tanks with interconnected outlets and air- 
spaces may be considered as one tank and 
need not have separate indicators. 

4, Fuel Flowmeter System — Each metering com- 
ponent must have a means to bypass fuel 
if a malfunction of that component severely 
restricts fuel flow. 


FAR 23,1553 
Fuel Quantity Indicator 
If the unusable fuel supply for any tank exceeds 
one gallon, or five percent of tank capacity, 
whichever is greater, a red are must be marked 
on its indicator extending from the calibrated zero 
reading to the lowest reading obtainable in level 


flight. 


FAR 23.1557 
Miscellaneous Markings and Placards 
1. Fuel and oil filler openings. 
a. Each fuel filler opening must be marked 
on or near the filler cover with the word 
“fuel” and the acceptable fuel grades. 
b. For pressure fueling systems, the maximum. 
permissible fueling and defueling pressures 
must be indicated. 


FUELTRON 


¢. Oil filler openings must be marked at or 
near the filler cover with the word “oil”. 


C. Temperature 
Measuring Systems 

‘There are a number of common methods of measur- 
ing temperatures on an aircraft. All of them will 
have a limit as to how high a temperature they 
can be used to measure. The common types of 
temperature measuring systems will be described, 
but not all of the possible applications can be in- 
cluded. Aircraft temperature indicators may give 
readings in degrees Fahrenheit or in degrees Celsius. 
Most of the temperatures given here will be in 
degrees Fahrenheit for ease of comparison. 


1. Bimetallic 


The bimetallic temperature system is limited to 
measuring temperatures up to a maximum of 140°F, 
The outside air temperature gauge (OAT) or free air 
temperature gauge is an example of the bimetallic 
system. The device that reacts to changes in tempera- 
ture is a bimetallic sensor that consists of two thin 
strips of metal joined together. The strips are made 
of different metals that have different coefficients of 
expansion. The metals iron and brass are often used. 

As the temperature changes, one of the metal strips 
will expand or contract more than the other causing 
the device to bend and move the indicator pointer. 
The basic principle of a bimetallic temperature sensor 
is shown in figure 2-21. The two metal strips are 
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Figure 2-20. The lighted digital display instrument for 2 
computerized tuel flow system. 


Figure 2-21. An illustration of the basic principle of opera- 
tion for a bimetallic temperature sensor. 


65 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


often formed into a spiral shape so that a temperature 
change will cause a rotating motion of the sensor 
strips. A typical bimetallic outside air temperature 
gauge is shown in figure 2-22. This type is often 
installed through the windshield. 


2. Mechanical Bulb 


The mechanical bulb utilizes the principle of the in- 
crease in pressure of a confined gas with temperature 
increases tomeasure temperatures. As shown in figure 
2-28, the mechanical bulb system consists of a bour- 
don tube gauge to measure pressure, a thin-walled 
bulb which is at the point of measurement and a 
thin tube (capillary tube) to connect them together. 

‘The system is filled with a chemical such as methyl 
chloride which will be part liquid and part gas. The 
system is sealed with the proper amount of the 
chemical so that the change in pressure with 
temperature changes will give an accurate reading 
on the bourdon tube gauge. The mechanical bulb 
system is found as an oil temperature indicator 
system on many smaller airplanes that don’t have 
an electrical system. A mechanical bulb is also found 
‘on some jet engines where it transmits compressor 
inlet temperature (CIT) data to the fuel control unit. 
‘The maximum temperature for this type of system 
is about 30°F. 


3. Wheatstone Bridge 
This method of measuring temperature is powered 
by electricity and limited to about 300°F. The 
Wheatstone bridge system is illustrated in figure 2-24. 
The bridge circuit consists of three fixed resistors 
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Figure 2-23. A mechanical bulb temperature measuring 
system which measures the vapor pressure 
of a special chemical. 


WHEATSTONE BRIDGE-TYPE RESISTANCE THERMOMETER 


Figure 2.22. An outside air temperature gauge for a small 
airplane. This gauge uses the bimetallic 
principle. 
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Figure 2-24. The Wheatstone bridge system is used to 
measure temperatures with a variable resis- 
tance probe 
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and one variable resistor. The variable resistor is the 
temperature probe which contains a coil of fine nickel 
wire. As the coil of wire is heated, ts resistance increases 
and alters the current flow in the bridge which moves 
the needle in the gauge. Electromagnetic attraction and 
repulsion will move the pointer whenever the current 
flow through the meter changes. A disadvantage of 
the Wheatstone bridge is that any added resistance 
due tobad connections or any fhictuations in the system 
voltage can cause inaccurate readings. For this reason, 
it has been largely replaced by the ratiometer. 


4, Ratiometer 

‘The ratiometer uses the same kind of electrical 
power and the same kind of probe that the Wheat- 
stone bridge uses. The difference is in the meter 
movement that moves the indicator pointer. The 
ratiometer has two opposing magnetic fields that 
combine to produce a resultant field that moves 
the pointer. The resultant field is a ratio of the 
two opposing fields so that a lower voltage applied 
to the system will not cause inaccurate readings. 
The ratlometer can measure temperatures up to 
30°F. and is used for oil temperature indicators 
and other similar requirements. The schematic for 
‘a ratiometer is shown in figure 2-25. 


5. Thermocouples 
When it becomes necessary to measure temper- 
atures of about 500°F or more the thermocouple 
is most often used. The principle of the thermo- 
couple is shown in figure 2-26. When a junction 
of two dissimilar metals is heated, it will produce 
a difference of potential or voltage. The amount 
of voltage produced is proportional to the temper- 
ature. The terms “hot junction” and “cold junction” 
are used with thermocouples. The hot junction is 
where the temperature measurement ts being taken, 
while the cold junction is at the opposite end of 
the wires in the instrument. The voltage output 
of the thermocouple is a result of the temperature 
difference between the hot junction and the cold 
Junction. It sometimes is necessary to compensate 


Figure 2-25. The circuit for a ratiometer temperature sys- 
tem that can operate on 14 or 28 volts DC. 


for any temperature variances at the cold junction 
in order to obtain accurate readings. Only a few 
combinations of metals are used for thermocouple 
hot Junctions. The metals must not only withstand 
the high temperature being measured, but they 
must produce a usable amount of voltage. The chart 
in figure 2-27 shows the three commonly used pairs 
of metals and their voltage output at various tem- 
peratures. The actual voltages produced are very 
low. particularly at lower temperatures. This is why 
the thermocouple system is not usually used for 
temperatures below about 40°F. The three types 
of thermocouples are the iron-constantan, the cop- 
per-constantan and the chromel-alumel. Notice that 
the chromel-alumel can measure much higher tem- 
peratures than the other two types. Thermocouple 
leads are available in standard lengths with specific 
values of resistance. The length of a thermocouple 
lead should not be altered in the field. 


An application of the thermocouple on piston 
engines is the cylinder head temperature (CHT) 
gauge. This gauge is used to monitor the cooling 
of an air-cooled engine. If only one probe is used, 
it will be installed in the hottest running cylinder. 
This would usually be a rear cylinder on a hor- 
izontally opposed engine. One type of CHT probe 
is a gasket that goes under the spark plug. another 
type fits in a special fitting in the cylinder head, 
These two types are shown in figures 2-28 and 
2-29 respectively. It is better to install CHT probes. 
in all the cylinders. In addition to monitoring all 
the cylinders, it can be used to troubleshoot some 
types of engine problems. Another application for 
the thermocouple 1s as an exhaust gas temper- 
ature (EGT) gauge. All turbine engines have an 
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Figure 2-26. An example of a simple thermocouple sys- 
tem showing the hot junction and cold 
junction. 
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EGT gauge or gas temperature gauge because 
turbine engines can be severely damaged by high 
temperatures in the turbine sections. A number 
of terms and abbreviations are used for the gas 
temperature gauge on turbine engines. Turbine 
inlet temperature (TIT) refers to a system where 
the probes are installed ahead of the turbine 
stages. Inter turbine temperature (ITT) means the 
probes are located between the different sections 
of the turbine. Turbine outlet temperature (TOT) 
and EGT refer to measurements that have the 
probes installed downstream of all the turbine 
stages. These locations and abbreviations are 
shown in figure 2-30. Turbine engines use mul- 
tiple thermocouple probes that are connected in 
parallel to give an average temperature as seen 
in figures 2-31 and 2-32, 

Some aircraft use the term measured gas 
temperature (MGT) for the required gas temperature 
indicator. An MGT gauge for a turbine engine 
helicopter ts shown in figure 2-33. 

On reciprocating engine aircraft, the EGT gauge 
has a different purpose. It is used to manually lean 
the fuel-air mixture for better economy. The ther- 
mocouple probe is installed in an exhaust pipe and 
connected to a simple gauge in the cockpit. The 
actual procedure for leaning the engine will vary 
from one aircraft to another, the example given here 


4s for purposes of illustration. When ready to set 
the fuel-air mixture, the pilot watches the EGT gauge 
as the mixture control knob is pulled back. The 
temperature will rise as the mixture is leaned be- 
cause more efficient combustion is taking place 
When the EGT reaches a peak. the proper mixture 
for maximum economy has been reached. If only 
one probe is installed for the EGT system, the in- 
dication is really the average EGT for all the cylinders 
and they can vary. It is best to have an EGT probe 
for each cylinder as this gives more information 
and permits the use of EGT for troubleshooting en- 
gine faults. When the EGT gauge is used for leaning, 
there is usually no redline at all on the gauge. This 
can be seen on the gauge in figure 2-34 which 
is an EGT system for a reciprocating engine airplane. 
However, a turbo-supercharged reciprocating engine 
will have a redline because the turbo-supercharger 
can be damaged by high temperatures. 

In aircraft schematics, the thermocouple wires 
are given standard color codes for ease of iden- 
tification. The standard colors for the wires are: 

1. IRON — Black 
CONSTANTAN — Yellow 
COPPER — Red 
CHROMEL — White 
ALUMEL — Green 
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Figure 2-27. Voltage output versus temperature for different combinations of thermocouple met 
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D. Position Indicating Systems 
‘There are many different components and systems 
on aircraft that might have a position indicating sys- 
tem, There are a relatively small number of different 
methods that are used to obtain these indications. 
‘The basic operation of common types of pasition in- 
dicating systems will be explained and some specific 
applications will be discussed. 
Some of the different methods used to operate 
position indicating systems are: 
1. Mechanical — Rods. levers, cables, ete. 
2. Microswitches — Sometimes called 
switches (figure 2-35). 
3. Variable Resistance — Wheatstone bridge and 
ratiometer. 
4. Proximity sensors — Mainly on larger, more 
modern aircraft 
5. Synchro. Systems — Selsyn, 
Autosyn. 
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Figure 2-29. A cylinder head temperature system that 
uses a bayonet-type probe which fits into a 
special recess in the cylinder hi 


ITT TOT OR EGT 


Figure 2:28. A cylinder head temperature (CHT) system 
for a small reciprocating engine. The ther- 
‘mocouple probe Is in the form of a spark 
plug gasket 


Figure 2-30. The measurement points in the turbine sec- 
tion for turbine inlet temperature, inter-tur- 
bine temperature, turbine _—_ outlet 
temperature and exhaust gas temperature. 
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Figure 2-31. Turbine engine gas temperature systems such as the ITT gauge use multiple probes in parallel and an 
amplifier to supply signals to the cockpit indicator. 
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Figure 2-32. Turbine engines use multiple EGT probes of the chromel / alumel type to take an average EGT for the 
exhaust section of the tailpipe. 
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All the systems and components in an aircraft 
that might have a position indicating system can 
be divided into two categories: those that only have 
two operating positions and those that have many 
or an infinite number of different operating posi- 
tions. Some examples follow: 

1, Landing Gear — 2 Positions 
Cabin and Cargo Doors — 2 Positions 
Thrust Reversers — 2 Positions 
Ground Spoilers — 2 Positions 
Trailing Edge Flaps — Many Positions 
Flight Control Surfaces — Infinite Positions 
Trim Tabs — Infinite Positions 


Noasen 


On smaller aircraft, the systems that only have 
two operating positions most often use micros- 
witches. Landing gear position indicators are usual- 
ly lights that are operated by microswitches on 
the landing gear. This type is shown in figure 2-36. 
A problem with microswitches is that they are prone 
to damage from rocks, sand, water, etc. that are 
thrown up onto the landing gear in service. They 
also have problems with arcing and burning of the 
small contact points. For these reasons, most larger 
aircraft employ proximity sensors instead of micros- 
witches. Figure 2-37 illustrates the operation of 
one type of proximity sensor. The proximity sensor 
is a sealed unit that operates in conjunction with 
a metal target. The proximity sensor produces an 
electromagnetic field that is distorted when the tar- 
get piece of metal moves close to it. This change 
fs detected by an electronic circuit to give an in- 
dication of gear-up, gear-down etc. The target never 
touches the proximity sensor and there are no small 
contacts to cause problems. About the only dis- 
advantages of the proximity sensor systems are 
that they cost more and since they use electronic 
circuits, adjustment is more complicated than for 
a simple microswitch. 


On simple aircraft, the systems that have many 
or an infinite number of operating positions will 
use mechanical or variable resistance position in- 
dicating systems. An example of a mechanical trim 
tab position indicator s shown in figure 2-38. The 
wheel that the pilot rotates to move the trim tab 
contains a spiral groove which moves a small wire 
pointer to show the position of the trim tab. The 
ratiometer type variable resistance system is used 
as a flap position indicator on smalll airplanes. It 
works like the ratiometer system already described 
except that the variable resistor is moved by a part 
of the flap mechanism. 


On the more sophisticated aircraft, the systems 
that have many or an infinite number of operating 
positions use synchros. Surface position indicators 
are usually found on bizjets and air carrier jets 
to show the flight crew the position of the flight 
control surfaces. These use a synchro system with 
the transmitter unit attached to the mechanical 
Unkage of the flight control surface and the receiver 
unit in the cockpit gauge or indicator. This type 
of system is shown in figure 2-39, 


E. Tachometers 
Most types of aircraft have at least one tachometer 
to indicate the rotational speed of the engine. Aircraft 
with reciprocating engines have tachometers that in- 
dicate the crankshaft rem. This is true for engines 
with reduction gearing also: the tachometer gives en- 
gine crankshaft rem, not propeller new. Helicopters 
have a tachometer for the main rotor or rotors to 
enable the pilot to maintain a safe rotor Rem. Turbine 
engines use tachometers that give readings in percent 
of Rem rather than actual revolutions per minute. 


300 - 750 °C CONTINUOUS OPERATION 


750 - 780 °C TAKEOFF (5 MINUTES) 
780 °C MAXIMUM TAKEOFF 


900 °C MAXIMUM FOR STARTING 
(12 SECONDS) 


Figure 2-39. Some gas temperature gauges are labeled 
MGT for measured gas temperature. The 
‘maximum operating temperatures are often 
time limited for specitic operations. 
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Figure 2-34. The components in an EGT system for a twin-engine airplane with reciprocating engines. This instrument 
is sometimes referred to as a mixture indicator. (Courtesy Cessna Aircratt Co.) 


Split spool turbine engines contain more than one 
main shaft in the engine. They usually have two 
spools or shafts, but there are some turbine engines 
with three. The split spool engines will have a 
tachometer for each main shaft. In the case of turbojet 
and turbofan engines, these are referred to as the 
Ni and Natachometers. The Ni tach is the low pressure 
‘compressor tach and No fs the high pressure com- 
pressor tach. The low pressure compressor and high 
Pressure compressor sections can be seen in the 
drawing of a twin-spool turbojet engine in figure 2-40, 
Turboprop and turboshaft engines may use different 
designations for the tachometers such as gas producer 


MOVABLE 
CONTACT 
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Figure 2-35. A microswitch is designed so that the con- 
tact points open and close with a very small 
motion of the plunger. 
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tach and power section tach. The gas producer tach 
for a turbine engine helicopter shown in figure 2-41 
shows some time limited permissible readings above 
100%. All tachometers have a red radial line toindicate 
the maximum permissible Rem. On turbine engines 
this redline is not necessarily at 100%; it could be 
above or below the 100% reading, The turbine engine 
manufacturer will establish what engine section Rew 
4s equal to 100%. On one particular model of CF34 
turbofan engine, a reading of 100% No 1s equal to 
17,820 Rem. Some reciprocating engine tachometers 
will have a red arc which denotes a range of engine 
speeds that is prohibited due to vibration problems 
at those rotational speeds. A triple tach for a twin- 
engine helicopter is shown in figure 2-42. It is three 
tachometers in one to give readings for the power 
sections of both engines and the main rotor. 


1. Mechanical Tachometers 
Most small general aviation aircraft use simple 
mechanical tachometers that utilize a flexible drive 
cable similar to the speedometer drive cable in a 
car. This flexible drive cable 1s connected to a drive 
gear in the engine accessory section and the other 
end 4s connected to the tachometer in the cockpit, 
Older style tachometers used rotating flywelghts to 
move the pointer in the tachometer instrument as 
filustrated in figure 2-43. Later mechanical 
tachometers use a rotating permanent magnet and 
a drag cup to move the pointer. A tachometer drag 
cup is shown in figure 2-44. The small permanent 
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Figure 2-36. The landing gear indicating and warning system for a smaill airplane. A number of microswitches are 
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Figure 2-37. The operation of a proximity sensor installed on the landing gear system of a corporate jet airplane. 
(Courtesy Canadair Group, Bombardier Inc.) 
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CHAPTER 3 = COMPONENTS 


‘The last band indicates the tolerance of the resistor using a different set of colors, as shown in Table 
3-4. The most common are 5 percent (gold) and 1 percent (brown). There is supposed to be a slightly 
larger gap between the digits and the tolerance bands, but this is sometimes hard to see. 


Table 3-4. Resistor Color Codes for the Final Color Band 


Tolerance Golor 
0.05% Orhnge 
0.25% Bhfe 
0.5% Green 

1% Bro] wa 
DR ed 
5% Go ld 
10% Si_|_Wer 
20% No[ ne 


‘The multiplier digit can be thought of as either the number of Os after the specified digits or as the 
exponent to which the number 10 is raised, as in scientific notation. Some examples make this easy to 
understand and remember. 

A resistor marked with brown, black, red, and gold stripes has a resistance of 1KO with a tolerance of 
5 percent. An easy way to decipher this code is to do a simple substitution for the first two digits (brown 
is 1 and blacks 0, so we have 10 so far). Next decipher the multiplier band and write down that many 0s 
after the first two digits. Red is 2, so write down two 0s. That gives us 1000 so far. The final band is gold, 
and that means a percent tolerance; 1,000 ohms is usually abbreviated as 1.0KQ or simply 1KQ. 


Note K stands for Kilo, the Greek prefix for 1,000. Likewise, M stands for mega, the prefix for 1 million. 


‘This method works for most values from 109 to 10MQ. A problem occurs, however, when we need 
to specify a value less than 10, as a negative multiplier value must be used to get an exponent of less than. 
0. For the value 1 and those less than 100, a gold band is used for the multiplier. For values less than 10, 
asilver band is used, 

‘To save even more precious space on our schematics, another convention is to replace the decimal 
point with the multiplier. For example, 4.7KQ would be written as just 4K7. 1.8MQ would become IMB 
and 1.5 would be 1ES. 10K would still be 10K using this method. Ifit is clearly understood that the 
unit of measure is the ohm, then even the © can be omitted. 


Resistor Power Ratings 


Any resistor has a maximum power-handling capability. This rating is usually expressed in watts or 
fractions of a watt. The larger through-hole resistors shown previously in Figure 3-9, for example, have a 
power rating of 1/2W (or 0.5W, if you prefer). This means that if you attempt to dissipate more than half 
a watt of power through the resistor, it is most likely going to quickly overheat and fai 

‘Thermal failure in a resistor starts with a thin curl of smoke, and then results in the discoloration of 
the resistor itself and sometimes actual flames. In any case, it gets dangerously hot, so do try to avoid 
this situation, 
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magnet ts fastened to the end of the drive mechanism 
so that it produces a rotating magnetic field. Sur- 
rounding the magnet is a drag cup made of aluminum, 
As the magnet rotates, it sets up eddy currents in 
the aluminum drag cup and the magnetic fields of 
the eddy currents interact with the rotating field of 
the permanent magnet. The interaction of the two 
fields causes a torque force or drag force to be applied 
to the drag cup which rotates it against spring tension 
to move the pointer. The main advantage of the drag 
cup tachometer is that there 1s no direct mechanical 
connection between the drive cable and the pointer 
mechanism. This makes it smoother in operation and 
less likely to break if some minor binding occurs, 


2. Tachometer Generators 


This type of tachometer system uses an electrical 
generator that is mechanically driven by gears at 
the engine and which transmits electrical energy to 
the cockpit instrument to give an indication of RPM. 
There are both AC and DC tach generator systems, 
but the DC type is not found on modern aircraft 
The DC type had a small DC generator on the engine 
and a cockpit gauge which indicated the voltage output 
of the generator as Rem. The major disadvantage of 
this type of tach generator is that any fault which 
caused a lower than normal voltage would result 
in an error in the indicated nest. The AC tach generator 
eliminates that problem by using an AC generator 
on the engine and an AC synchronous motor in the 
indicator. An AC tach generator system is shown 
in figure 2-45. The primary determining factor in 
the motor rem is the frequency of the AC that powers 


RUDDER TRIM 
INDICATOR, 


RUDDER TRIM 
KNOB. 


Figure 2-38. A mechanical position indicator for the rud- 
der trim on a twin-engine airplane. (Cour- 
tesy Cessna Aircraft Co.) 


It. A lower voltage caused by loose connections for 
example would not have much affect on the indicated 
res. Both types of tach generator systems use per- 
manent magnets so that they are totally independent 
of the electrical systems of the aircraft. 


3. Electronic Tachometers 


There are several different types of electronic 
tachometers used on aircraft. The kind used on 
some reciprocating engines is operated by a special 
set of points in the engine magneto. This set of 
contact points opens and closes like the normal 
points, but only supplies signals for the tach system. 

‘The points in the magneto are connected by wiring 
to the cockpit instrument. Since the frequency of 
opening of the points is proportional to the engine 
Rem, an electronic circuit measures the frequency 
at which the points open and close and moves 
the pointer to indicate the proper RPM of the engine. 

Two slightly different kinds of electronic 
tachometers are found on turbine engines. The first 
type fs often used as a fan speed sensor to measure 
the pM of the fan section of a turbofan engine. 
Figure 2-46 shows this type. It uses a sensor which 
contains a coil of wire that generates a magnetic 
field. The sensor is mounted in the shroud around 
the fan. As each fan blade goes by, it cuts the 
field of the coil and this is sensed and measured 
by an electronic circuit. The frequency at which 
the fan blades cut across the field of the sensor 
is directly proportional to the fan RPM. 

Another type of electronic tach used on turbine 
engines has a gear driven shaft on the engine which 
turns a rotor with a permanent magnet embedded 
nits rim. The sensor contains a coil which is located 
close to the rotating magnet. Each time the field 
of the rotating permanent magnet cuts across the 
coll, it induces a voltage. The frequency of this 
signal 1s measured by an electronic circuit and 
used to position the pointer for the correct RPM 
indication. This type of tachometer is used in figure 
2-47 for the No indication for a large turbofan engine. 


F. Oil Pressure Indicators 
‘The oll pressure gauges on small aircraft are usually 
the direct reading type. The oil pressure line is con- 
nected into an oil passage in the engine and transmits 
that pressure through tubing and hose to the cockpit 
instrument which contains a bourdon tube to move 
the pointer. Larger aircraft such as corporate tur- 
boprops, bizjets and air carrier Jets will use instru- 
ments that do not rely on having fluids under pressure 
1n the cockpit area. These aircraft may use a bourdon 
tube or similar pressure sensor, but it will be installed 


75 


Aircraft Technical Books, LLC 


(970) 726-5111 


fliectAwaw At Techiocks: cea 


SURFACE POSITION INDICATOR 
eo ec 
ff R 
AILERON 


eo eo 
R 


ELEVATOR 


| qe 


RUDDER 


Figure 2-39. A surface position indicator system for the flight control surfaces. Synchro transmitters and receivers are 
used to transmit the information from the control surfaces to the cockpit indicator. 
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Figure 2-40. Diagram of a twin-spool turbojet engine showing the low pressure compressor and high pressure 


compressor. 
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Figure 2-41. The label Ng is commonly applied to the gas 
producer tachometer for turboprop and tur- 
boshatt engines. Some maximum values are 
time limited and some only apply when one 
engine has failed on a twin engine aircratt. 


ENG. 2 
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Figure 2-42. Twin-engine helicopters often use a triple 
tachometer that provides indications for 
both engines and the main rotor. The engine 
Rem Is Np for twin spool engines since the 
indication is for the power turbine section. 


fon the engine or wherever the pressure source is 
located. The information will be transmitted to the 
cockpit gauges by electrical signals from a synchro 
transmitter or similar device that is located at the 
sensor end of the system. Figure 2-48 illustrates an 
oll pressure system with an Autosyn synchro. The 
same basic principle of operation would apply to fuel 
Pressure gauges, hydraulic pressure gauges, and 
similar instruments. 
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Figure 2-44. The permanent magnet and drag cup of a 
‘modern mechanical tachometer. 


G. Torquemeters 
Torquemeters are used to give an indication of the 
torque being produced by an engine or the torque 
being delivered to the main rotor drive ofa helicopter. 
Turboprop airplanes and aircraft with turboshaft 
engines will have a torquemeter installed because 
it is the best way to measure the power being 
produced by these types of turbine engines. Figure 
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Figure 2-43. Older type of mechanical tachometer that used the centrifugal force of spinning flyweights. 


2-49 is a triple torquemeter for a twin engine helicop- 
ter. It supplies readings of the torque for each engine 
and the main rotor drive 

Helicopters often have a torquemeter that is lo- 
cated at the rotor drive gearbox to indicate the torque 
that is driving the main rotor. Large radial reciprocat- 
ing engines like those found in DC-6s and Convair 
240s also had torquemeters to accurately measure 
the power developed by the engines, 

There are several techniques used to measure 
torque for an aircraft torquemeter instrument. One 
technique 1s to put sensors on a driveshaft, like 
the main rotor drive shaft ofa helicopter. The sensors 
can be seen at the bottom of the main rotor drive 
shaft in figure 2-50 which illustrates this principle. 
‘The sensors measure the amount of twist in the 
shaft which is caused by the torque force. The 
electrical signals from the sensors are processed 
and used to position the cockpit indicator. Another 
technique which is used relies on a measurement 
of torque pressure. The sensor for this type of system 
is a small oil filled cylinder with a piston in it 
The sensor would be located in the reduction gear- 
box. The reduction gearbox for a turboprop engine 
is shown in figure 2-51. The sensor is installed 
{in the reduction gearbox so that the torque reaction 
force is applied to the piston and creates a build-up 
of pressure that is proportional to the torque force. 
Figure 2-52 shows another example of this type 
of torque sensor. The torque pressure is measured 
and causes the instrument pointer to show the 
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corresponding torque reading. The cockpit indicator 
for a torquemeter system may use a number of 
different units of measure. Those units of measure 
most often seen are horsepower, psi, foot-pounds 
and. percent. 


H. Engine Pressure 
Ratio Indicators 


This type of instrument is used on some kinds 
of turbojet and turbofan airplane engines. Those 
engines built by Pratt & Whitney and Rolls Royce 
use an engine pressure ratio gauge (EPR) as a 
primary engine instrument, Jet engines built by 
GE and Garrett usually do not have an EPR gauge, 
but use the Ni tachometer in its place. As its name 
implies, the engine pressure ratio gauge indicates 
the ratio of two different pressures measured on 
the engine. The two pressures are most often called 
Pto and Ptz. The total inlet pressure at the front 
of the engine is Pta. The total outlet pressure at 
the aft end of the engine is Pt. Figure 2-53 l- 
lustrates the location of the probes and the dif- 
ferential pressure transducer. These pressures are 
called total pressures because the probes measure 
both static and dynamic pressure. The probes 


operate like pitot tubes since they measure ram 
pressure or total pressure in the airstream. The 
two probes are connected by tubing to a transducer 
mounted on the engine. The transducer is a dif- 
ferential pressure device that produces an electrical 
output related to the ratio of Pt7/Pta. The transducer 
may use a synchro transmitter that is connected 
to the synchro receiver in the cockpit instrument. 
The Pt2 probe in the front of the engine is prone 
to icing so it includes a heating system to prevent 
blockage by ice. The transducer and cockpit gauge 
for a typical EPR system is shown in figure 2-54. 
Engine pressure ratio gauges often include an index 
mark which can be set manually by the pilot. When 
the correct power setting for takeoff has been deter- 
mined, a knob is used to set the bug or index 
mark to the correct value on the face of the in- 
strument. During takeoff, the power is set by lining 
up the EPR gauge pointer with the bug. This makes 
it easier to set the correct level of engine power 
for takeoff. 


I. Manifold Pressure Gauges 


Manifold pressure gauges are only found on certain 
reciprocating engines where they are required to 
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Figure 2-45. AN AC tach generator system. 
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Figure 2-46. Electronic tachometer which measures fan speed for the N; tachometer. The sensors produce an output 


signal each time a fan blade cuts through the magnetic field. The frequency of this output signal is 
‘measured to provide indications of Ny RPM. 
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Figure 2-47. Tachometer system for the high pressure compressor of a turbofan engine. The gear-driven rotor from the 
accessory section has a permanent magnet which induces signals in a pick-up coil. 
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Figure 2-48. An oil pressure indicating system for a large airplane. 
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Figure 2-49. A triple torquemeter for a twin-engine 
helicopter. The torque for both engines and 
the main rotor is given on the same instru- 
ment with readings in percent. 
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Figure 2-50. Example of amain rotor mast torque system 
for a helicopter. The two sensors measure 
the amount of twist in the main rotor drive 
Shaft as an indication of torque. 
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accurately set engine power. Aircraft with super- 
charged engines and aircraft with constant-speed 
propellers will have manifold pressure gauges. The 
manifold pressure gauge measures the absolute 
pressure in inches of mercury at a specific point 
in the induction system of the engine. Figure 2-55 
shows the location of the manifold pressure (MAP) 
‘measurement for a radial supercharged engine. Fig- 
ure 2-56 shows the location of the MAP connection 
in the induction system of a turbocharged horizon- 
tally opposed reciprocating engine. The pressure 
is measured downstream of the carburetor or fuel 
control unit and downstream of the supercharger 
Mf so equipped. The pressure measuring port in 
the induction system is connected by tubing and 
hose to a bellows or diaphragm in the instrument. 
Since the pressure in the induction system is below 
ambient pressure at idle or low power settings, 
the use of absolute pressure eliminates the con- 
fusion of having both positive and negative numbers 
on the gauge. At idle, the reading on the MAP gauge 
will be about 10 in, Hg. At full throttle with an 
unsupercharged engine at sea level, the reading 
will be about 28 in. Hg. With an unsupercharged 
engine the full throttle reading will always be below 
ambient pressure because of friction and pressure 
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Figure 2-51. An illustration of the basic operating prin- 
ciples of a torque pressure gauge. The 
planetary reduction gears have a ring gear 
which is prevented from rotating by the pis- 
tons in the oll filled cylinders. The torque 
force on the ring gear causes pressure to be 
applied to the oil in the cylinders. This pres- 
sure is a measurement of torque. 
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Figure 2-52. The torquemeter system for a turboprop engine. The ring gear of the planetary gear set is prevented from 
rotating by the helical splines on the outer circumference that mesh with splines In the outer housing. 
Torque force causes the ring gear to more rearward and push against the small piston. The piston applies 
pressure to the oil in the cylinder and this pressure is a measure of the torque produced. 
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loss in the induction system. A supercharged engine 
will have a redline on the MAP gauge to indicate 
the maximum permissible manifold pressure. The 
redline might range from 35-75 in. Hg depending 
on the type of engine. 


J. Primary Power 
Setting Instruments 
‘The specific powerplant instruments installed in a 
particular aircraft will vary considerably depending 
on the type of powerplants it has and what kinds 
of information the pilot needs to operate the engines 
properly. The most important kinds of powerplant 
instruments have been described and some infor- 
mation has been given concerning what types of 
powerplants would use each kind of instrument. In 
order to gain a better understanding of the application 


of powerplant instruments to different powerplants, 
the primary power setting instruments used with 
various types of engines will be described. 

reciprocating engine with a fixed-pitch propeller 
uses the engine tachometer as the primary power 
setting instrument. This is normally the only in- 
strument available on aircraft with this engine and 
propeller combination that can be used to deter- 
mine the power setting. The fixed-pitch blade angle 
for the propeller is chosen so that full throttle 
can be used for takeoff without over-speeding the 
engine. 

When a constant-speed propeller is fitted on a 
reciprocating engine, the tachometer alone cannot 
be used to accurately set engine power. The 
stant-speed propeller will automatically vary the 
blade angle to maintain a selected ROM. 


Pty 


Figure 2-53. The engine pressure ratio system for a jet engine. 
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Ifyou know the voltage across the resistor, as well as the current, you can easily calculate the power 
being dissipated using the simple formula P = x I. Remember that P is the power value in watts, Vis the 
voltage in volts, and Is the current in amps. One volt at one amp is one watt, which is way more than 
enough to smoke our little resistors. Be carefull Any time you calculate the correct value for a resistor in 
‘ohms, be sure to also calculate the required power-handling capability 


Variable Resistors 


So far we've only looked at fixed-value resistors. They usually exhibit the same resistance day in and day 
‘out. That’s what we love about them, But what if you need to vary the resistance in a circuit? We have 
resistors for that, too! A good example is a volume control on an amplifier. Turn itto the left (down), and 
the volume goes down. Turn it to the right (up), and the volume goes up. How does that work? 

‘One kind of variable resistor is called a potentiometer. Potentiometers are sometimes abbreviated as 
‘pots. Pots usually have three terminals instead of two, Two of the terminals connect to the fixed resistor 
that is inside the potentiometer. Instead of being all sealed up like the fixed resistors you've been 
studying, the internal, resistive conductor is exposed along a track or groove. The third terminal, which 
is often physically in the center, between the two other terminals, is called the wiper, and can be moved 
from one end of the fixed resistor to the other end, making electrical connection to the inner part of the 
fixed resistor as it goes. As the wiper moves along the length of the resistive element, it taps into the 
resistor at a different point, varying the resistance. This is how a potentiometer can be used as a variable 
resistor, 

Figure 3-12 shows a typical three-terminal potentiometer with a round body. The shaft can be 
turned to adjust the resistance. There are many variations on this basic design. 


Figure 3-12. A typical potentiometer, or variable resistor. Image by BG Micro (http:/lbgmicra.com), 


‘The schematic symbol for a potentiometer looks suspi 
which happens to be exactly what it is. The extra terminal 
arrow. See Figure 3-13, 


wusly like a resistor with an extra terminal, 
the wiper, shown as the upward-pointing 


Fairly large movements of the throttle lever can 
be made without affecting the engine Rpm, so that 
the tachometer by itself cannot be used to set engine 
power. The primary power setting instrument for 
this type of aircraft 1s the manifold pressure gauge. 
Acruise power setting would be made by first setting 
the desired engine rem with the propeller control 
and then adjusting the manifold pressure gauge 


to the desired power setting. Information is available 
{in the Pilot's Operating Handbook so the pilot can 
determine what settings will produce a given percent 
of power for cruise. Common cruise settings would 
be 55, 65 or 75 percent of maximum engine power. 
Supercharged reciprocating engines also use the 
manifold pressure gauge as the primary power set- 
ting instrument. 
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Figure 2-54. The EPR gauge measures engine pressure ratio which is the ratio of Ptr/Ptz. It provides indications of the 
thrust being produced by a turbojet or turbofan engin 
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Figure 2-55. The measurement point for manifold pressure is downstream of the carburetor and downstream of the 


supercharger in this radial engine. 
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The primary power setting instrument for aircraft 
with turboshaft and turboprop engines is the tor- 
quemeter. Engine rm is not a good measure of engine 
power because of the way these engines operate. 
‘The gas temperature gauge is a very important in- 
strument for these types of engines. The pilot needs 
to monitor the gas temperature reading to prevent 
damage to the engine by excessive heat. Turboshaft 
and turboprop engines are often given a flat rating 
for the maximum permissible engine power. For ex- 
ample, an engine might be rated at 575 sup (shaft 
horsepower) from sea level to 20,000 ft. This is in 
effect a derating of the engine at lower altitudes. 
‘The maximum power the engine can safely produce 
at low altitudes is limited by the strength of the 
reduction gearbox. At higher altitudes, the engine 
is less efficient and must work harder to produce 
horsepower. This results in higher engine tempera- 
tures; therefore, at higher altitudes, the maximum. 
safe throttle setting is determined by the redline 
on the gas temperature gauge. The torquemeter 1s 
the primary power setting instrument because it 
has a direct relationship to engine horsepower. The 


maximum power setting that can be safely used 
is determined by the strength of the gearbox at 
low altitudes and the gas temperature at higher 
altitudes. 

‘The primary power setting instrument for turbojet 
and turbofan engines depends on who manufac- 
tured the engine. Some of these engines use the 
EPR gauge and others use the Ni tachometer as 
the primary power setting instrument. There are 
some advantages and disadvantages to each method 
and the choice of which one to use is based on 
conventional usage 

Turbojet and turbofan engines made by Pratt & 
Whitney and Rolls Royce use the EPR gauge as 
the primary power setting instrument. Those en- 
gines made by GE and a few other companies use 
the Nj tach as the primary power setting instrument. 
There is a standard placement of primary engine 
instruments for virtually all air carrier jet airplanes. 

‘The most important engine instruments are in- 
stalled in the center of the instrument panel, toward 
the top. The primary power setting instrument will 
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Figure 2-56. Manifold pressure is measured downstream of the supercharger and downstream of the throttle plate in 
the tuel-air contro! unit for a turbo-supercharged, fuel-injected reciprocating engine. (Courtesy Cessna 
Alrcratt Co.) 
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be the one at the top of this stack of engine in- 
struments. The EPR gauge will be at the top of 
the stack on some air carrier jets, and the N; tach 
on other airplanes. Figure 2-57 shows the primary 
engine instruments for an air carrier jet with Pratt 
& Whitney engines, Figure 2-58 shows the primary 
engine instruments for an air carrier jet with GE 
engines. 


K. Vibration Indicators 


Aircraft with turbine engines often have a vibration 
indicator system which monitors vibration from the 
engines. Any significant imbalance in a turbine en- 
gine can cause serious damage due to the very 
high rotational speeds of the rotors. Vibration 
caused by an imbalance or other factors is indicated 
to the crew in the cockpit so that they can take 
appropriate action. The vibration indicator system 
shown in figure 2-59 is typical of the type found 
on modern jet airplanes. The sensor ts a piezoelectric 
crystal which produces an electrical signal when 
it is vibrated. This signal is sent to a signal con- 
ditioner and then to the cockpit instrument to pro- 
vide an indication of the amount of vibration at 
the sensor location on the side of the engine. 


L. Logic Circuits and 
Digital Systems 


Logie circuits and microprocessors have made pos- 
sible some of the very sophisticated electronic in- 
struments and similar systems on modern aircraft. 
They are used for many different applications from 
relatively simple switching functions to complex 
computer systems. Certain basic principles are in- 
volved in these advanced systems, and these will 
be covered first. 


1, Binary Numbers 


‘The binary number system and binary codes are 
the method used by logic gates to transmit and 
process information. The word digital refers to the 
use of binary numbers and codes. A simple example 
of the concept of digital and analog type signals 
1s shown in figure 2-60. The values of voltage and 
current in the circuits represent the digital and 
analog systems. In a circuit with a variable resistor, 
there are an infinite number of different values 
for current flow. Another example of this would 
be a simple fuel quantity system that uses a float 
operated variable resistor. The resistor moves in 
very small increments so that there are an infinite 
number of different current flows that can occur 
in the circult. The circuit with the switch illustrates 
the concept of digital values. The switch is either 


on or off with no in-between settings. This follows 
the binary or digital signal system because only 
two different values are used. The two conditions 
in a binary or digital circuit are called 1 and 0, 
or high and low, or on and off. 

The binary number system is a base 2 number 
system. The decimal number system that we are 
more familiar with is a base 10 system. The decimal 
system uses 10 different digits to make up numbers. 
The 10 numbers are 0 through 9. By showing some 
examples of converting numbers from binary to 
decimal and vice versa, the binary system will be 
better understood 

‘The procedure for convertinga number from binary 
to decimal is illustrated in figure 2-61. We start 
by writing down the binary number as shown by 
row (A). Then just above each binary digit. the base 
2 equivalent for that digit is written as shown by 
row (B). In row (C), the decimal equivalents are 
entered starting at the right and working back to 
the left. Notice that the decimal equivalents start 
with 1 at the right and are doubled each digit as 
you move toward the left. Next you look at the binary 
digits in row (A) and wherever there is a binary 
1 you bring down the decimal equivalent as shown 
in row (D). Where there is a binary zero in row 
(A), you do not bring down any decimal equivalent 
since binary zero and decimal zero have the same 
value. Finally. the decimal equivalents are added 
up to produce the decimal equivalent of 77. 

The procedure for converting a decimal number 
tobinary will be illustrated by converting the decimal 
number 77 to its binary equivalent. The technique 
for converting from decimal to binary consists of 
a series of divisions by the number two. We start 
by setting up a table with three columns as shown 
in figure 2-62. The first step is to divide 77 by 
2 and enter the quotient and remainder in the 
proper column. The quotient is then brought down 
each time and divided by 2 and the values recorded. 
The process is repeated until the quotient 1s zero. 
The digits in the remainder column are read from 
the bottom up and this will be the binary equivalent. 

‘There are some terms used with binary numbers 
that refer to how the binary digits are grouped. For 
example, in the binary number { 101 110 |, there 
are two sets of three digits each. In digital or binary 
terminology, we would say that there are three bits 
in each byte. A bit is a binary digit, while a byte 
4s a group of bits together. As an analogy, we might 
compare them to letters and words. The previous 
example would be like a group of words with three 
letters in each word. This is what is meant by binary 
codes, how the binary digits are grouped. 
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Figure 2-57. Powerplant instruments for an air carrier jet with Pratt and Whitney engines that utilize an EPR gauge. 
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Figure 2-58. Powerplant instrument layout for an air carrier jet with G.E. engines and the Ns tachs at the top of the stack. 
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Figure 2-60. An example of the difference between analog and digital. The circuit with the switch represents digital 
because it has two conditions: on and off. The circuit with the variable resistor is analog because it can 
have an infinite number of different current flows between maximum and minimum. 
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Figure 2-61. An example of the method for converting a 
number from binary to decimal notation. 


‘Two common types of binary codes that are used 
with logic circuits are Binary Coded Decimal (BCD) 
and Octal. An example of BCD coding would be | 
1001 1101 1110 }. The rule for BCD is that there 
are four bits in each byte. An example of Octal coding 
is [ 100 111 101 }. This is the same as an earlier 
example. There are three bits in each byte. The reason 
that standard coding systems such as these are used 
fs that it is more efficient than having a variable 
number of bits in each byte. The Octal code gets 
its name from the fact that there are eight different 
decimal equivalent numbers that can be encoded in 
a three bit byte. For example, 000 is equal to decimal 
© and 111 is equal to decimal 7. 


2. Logic Gates 


Logic gates can be thought of as the most simple 
and basic building blocks for digital control systems. 


division quotient remainder 
m2 8 1 
saz 19 ° 
1972 ° 1 
92 4 1 
a2 2 ° 
22 1 ° 
42 ° 1 | 


Figure 2-62. An example of converting a number from 
decimal to binary notation. 


‘A logic gate uses binary signals as its inputs 
and outputs. It is a semi-conductor device which 
is manufactured using techniques similar to those 
used to produce diodes and transistors. Since logic 
gates are found in all types of systems on modern 
aircraft, it is useful to know something about them 
so that their function in a circuit can be understood. 
There are six basic kinds of logic gates that can 
be identified by their standard schematic symbols. 
All of them have certain things in common: they 
may have different numbers of inputs. but each 
logic gate has just one output. Logic gates can 


a1 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


be thought of as special types of electronic switches, 
1n fact, they are often used to perform switching 
functions. For simplicity. logic gates with no more 
than two inputs will be described here. 

a, AND Gate 
The AND gate is shown in figure 2-63 along with 
its truth table. The truth table shows all the possible 
combinations of inputs and the output that will 
be produced for each set of inputs. The truth table 
can be explained with a statement: the AND gate 
produces a binary 1 output only when all inputs 
are binary 1. The name of this logic gate can make 
it easier to remember the truth table, 

D. OR Gate 
‘The OR gate is shown in figure 2-64. The statement 
which describes the truth table is: the OR gate 
produces a 1 output when any input is 1. Notice 
that in the truth table for the OR gate, the input 
combinations are listed in the same order as they 
were for the AND gate. This makes it easier to 
remember the truth tables. All logic gates with two 
inputs have the inputs listed in the same order. 

©. INVERT Gate 
The Invert gate is shown in figure 2-65. This is 
a very simple logie gate, it only has one input and 
the output is always the opposite of the input. 
The Invert gate simply inverts any signal that is 
applied to it. Notice the small open circle on the 
output side of the Invert gate symbol. This will 
be used in combination with the basic shapes al- 
ready covered to identify other kinds of logic gates. 


4, NAND Gate 
The NAND gate is shown in figure 2-66. Notice 
the small open circle on the output side. This dis- 
tinguishes it from the AND gate and also tells how 
it works. The NAND gate Is just an AND gate with 
the ouputs inverted. This can be stated as: the 
NAND gate produces a 0 output only when alll the 
inputs are 1 

©. NOR Gate 
The NOR gate is shown in figure 2-67. The NOR 
gate is an OR gate with the outputs inverted. The 
truth table can be described as: the NOR gate 
produces a 0 output when any input is I. Notice 
the small open circle on the output side which 
distinguishes it from the OR gate. 

£. EXCLUSIVE OR Gate 
The Exclusive OR gate is shown in figure 2-68 
The truth table can be explained by the statement 
the Exclusive OR gate produces 1 output whenever 
the inputs are dissimilar, It is the only logic gate 
with two inputs that has equal numbers of ones 
and zeros in the outputs column. 

‘An aircraft schematic using logic gates 1s shown 
in figure 2-75. It is evident that in order to 
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Figure 2-65. The INVERT gate and its truth table. 
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Figure 2-63. The AND gate and its truth table. 


Figure 2-66. The NAND gate and its truth table. 


Figure 2-64. The OR gate and its truth table. 
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Figure 2-67. The NOR gate and its truth table. 
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understand and troubleshoot this aircraft system, 
the technician should be familiar with logic gates 
and their truth tables. 


g. Amplifier or Buffer 
The buffer or amplifier is shown in figure 2-69. 
It produces no change in the logic state of the 
input signal. It is used to amplify or increase signal 
strength. It can also be used to isolate one part 
of a circuit from another part of the same circuit 
or from some other unit 
h. Positive and Negative Logic 

Logie gates use different values of voltage to represent 
binary ones and zeros. The terms positive and negative 
logic refer to whether the voltage value for a binary 
1 is more positive or more negative than the voltage 
value for binary 0. Figure 2-70(A) shows examples 
of positive logic. The voltage value for binary 1 is 
more positive (or less negative) than the value for 
binary 0. Figure 2-70(B) shows examples of negative 
logic which is the opposite situation. 


3. Integrated Circuits 
‘The evolution of electronic circuit technology is 
shown in figure 2-71(A) and figure 2-71(B). For many 


Y 


Figure 2.69. The AMPLIFIER and its truth table. 


“vat 


Figure 2-70. 
(A) Example of positive logic. 
(8) Example of negative logic. 


years, the vacuum tube represented the state of 
the art in delicate control of electron flow for radios 
and early computers. The development of the tran- 
sistor in the 1960s allowed much smaller and more 
efficient electronic components to be made. 

The transistor was made from a semi-conductor 
material like silicon or germanium. In the 1970s, 
the integrated circuit was invented. An integrated 
circuit is a small chip of semi-conductor material 
with the equivalent of many transistors on it. It 
was no longer necessary to manufacture transistors 
one at a time in individual units. Since the invention 
of the integrated circuit, the technology has ad- 
vanced rapidly by crowding more and more tran- 
sistors onto this smalll chip of silicon or germanium. 


Figure 2-71 
(A) In the 1960s, transistors began to replace 
vacuum tubes as a means to provide precise 
control of electrical signals tor amplifiers and 
‘other electronic devices including computers. 
An integrated circuit contains the equivalent of 
‘many transistors on a small chip of silicon. Very 
fine wires connect the chip to the outer pins. 
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The term microprocessor refers to an integrated 
circuit that has the equivalent of thousands of tran- 
sistors on one tiny chip of silicon. The microproces- 
sor has made possible the widespread use of 
computer controls for cars, radios, and in airplanes 
as well. The logic gates that we have been discussing 
are not manufactured one at a time. Logic gates 
are contained within integrated circuits. Integrated 
circuits vary considerably in complexity. Simple in- 
tegrated circuits that contain 6 or 8 logic gates 
can be purchased for about 25 cents. The most 
complex integrated circuits are those called 
microprocessors. which would have the equivalent 
of thousands of logic gates on one chip. A schematic 
representation of the logic gates in a simple in- 
tegrated circuit is shown in figure 2-72, 
Integrated circuits are manufactured from silicon 
that has been specially processed. The circuit that 
will be placed onto the silicon is drawn with great 
accuracy. The circuit drawing is then shrunk to 
a small size using techniques similar to those for 
reducing a photograph. The circuit tracings are 
transferred to the chip of silicon by etching them 
into the chip. The small chip of silicon is then 
sealed in a housing of plastic or ceramic. The in- 
tegrated circuit has connector pins along the sides 
to carry signals to and from the small chip of silicon 
within. Figure 2-71(B) shows these features of an 
integrated circuit with very fine wires connecting 
the chip to the outer contact pins along the sides. 
One of the goals when designing integrated cir- 
cuits is to make the chip as small as possible 
On a very high speed microprocessor, the time it 
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Figure 2-72. An example of a relatively simple integrated 


circuit (IC) showing logie gate functions and 
pin connections. 
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takes electrons to move the width of the chip limits 
the speed of computation. 


Integrated circuits are divided into categories 
based on their complexity. The four categories nor- 
mally referred to are: 

1, Small scale integration (SSI) 

2. Medium scale integration (MSI) 

3. Large scale integration (LSI) 

4, Very Large scale integration (VLSI) 

If a digital system has many different integrated 
circuits that are connected to each other. they must 
be compatible with each other. Integrated circuits 
that use the same values of voltage for binary ones 
and zeros and operate at similar speeds are said 
to be in the same family. Two of the more common 
families are TTL (transistor-transistor logic) and 
CMOS (complimentary metal oxide semi-conductor) 

The TTL family. for instance, uses positive logic 
with binary 1 = +5V and binary 0 = OV. 


4. Dip Standards 
Integrated circuits (ICs) are manufactured in stand- 
ard sizes and shapes. This means that ICs made 
by different companies can be installed in the same 
way and simplifies replacement. The DIP (dual inline 
package) standard concerns the numbering of the 
connector pins and the shape and size of the in- 
tegrated circuit. A typical DIP integrated circuit is 
shown in figure 2-72. With the notch at the top, 
the connector pins are numbered down the left side 
and then up the right side. The spacing of the pins 
fits the standard pattern. The total number of pins 
varies from about 8 to more than 40 depending 
on the complexity of the integrated circuit. Logic 
gates can be used for many different purposes. The 
smaller ones can be used as high speed switches. 
Adders and subtractors are used in a computer 
to perform mathematical calculations. Clocks are 
logic gates that supply a set frequency to synchronize 
the operation of different units. Latches and flip-flops 
are used for memory functions. A typical computer 
contains many integrated circuits that perform a 
variety of functions such as those mentioned here. 


5. ARINC 429 Digital Standards 


The latest air carrier jets have many different com- 
puters and digital systems on board the aircraft. 
These many digital systems must have a rapid and 
efficient way to communicate using binary coded 
signals, ARINC 429 is the standard for Digital In- 
formation Transfer Systems that is used on these 
airplanes. This standard specifies the use of a dual 
digital data bus where the various units connected 
will receive messages on both sections of the bus 
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Figure 3-13. The schematic symbol for a potentiometer isa fixed resistor with a wiper terminal. The “CW” 
arrow indicates which way the wiper goes when the shaft is rotated clockwise. 


Potentiometers generally come with two distinctive response curves, or tapers: 


+ Alinearcurve means that every equal step of rotation about the axis changes the 
resistance by the same amount. For example, if you were to center the shaft in the 
middle of its rotation, the resistance from the wiper contact to either of the end 
contacts would be nearly exactly half of the total resistance between the two end 
contacts. This is quite useful for when you need to adjust a voltage up or down in a 
relatively straight line. This is sometimes indicated by adding a capital B to the 
end of the resistance value (e-g., 10KOB). 


-uits, however, it has been discovered that the human ear is 

response curve that more accurately describes this, 
sensitivity is called an audio curve or taper. An Ais used as a suffix to indicate that 
an audio taper is used for a potentiometer. 


Note that linear and audio tapers are norinterchangeable. Ifyo 
in a parts bin, you can get 


find some random potentiometers 
quick idea of what you've got by centering the shafts and seeing if the 
resistance is“ I” or not, using an ohmmeter. Equal resistance to either end terminal indicates 
alinear taper, and anything else is mostly probably an audio taper. 

Just like any other resistor, a potentiometer has a maximum power rating as well as a tolerance. 
‘These are usually either printed on the body of the potentiometer, if there is room, or hidden away in a 
product data sheet somewhere. 


Specialty Resistors 


‘There are many different kinds of resistors made for many special kinds of applications. High-power 
resistors are built out of sturdier materials that can take the thermal stress required to dissipate large 
amounts of heat. See Figure 13-14. 
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but only transmit on one of them. The type of mes- 
sage transmission is serial which means different 
messages are sent in a series one after the other. 
‘The messages are separated by time intervals. This 
industry standard also specifies what coding sys- 
tems will be used such as binary. binary coded 
decimal and discrete. The standard length of an 
ARINC 429 word 1s 32 bits as shown in figure 
2-73, The use of ARINC 429 by the equipment 
manufacturers permits the airlines and other users 
to purchase electronic equipment from different 
sources and know that the different units will be 
compatible with each other. 
6. Digital Aircraft Systems 
‘The trend in the design of modern aircraft and 
aircraft systems is to make greater use of digital 
circuits and digital signals because of the ad- 
vantages they have over older style analog systems, 
This follows another trend which is the use of more 
automated monitoring and control systems. 
Some of the fundamental concepts involved in 
the design of electronic systems for current produc 
tion aircraft are: 
1, The use of proximity sensors to replace 
microswitches. 
2. The use of transistors to replace potentiom- 
eters, relays etc 
3. Designing equipment to fit in standard size 
LRUs (line replaceable units). 
4. Increased use of BITE (built-in test equipment) 
5. Computer controls for navigation, engines, sys- 
tems instruments, etc. 
6. Electronic instruments (CRTs) to replace elec- 
tro-mechanical instruments and displays. 
7. LEDs and LCDs employed for lighted displays 
that replace older style displays and controls. 


The use of computer monitoring systems like EICAS 
has permitted the elimination of a flight crew member 
on many aircraft. The flight engineer is replaced by 
the sophisticated computer monitoring systems and 
automatic control systems to create what is called 
the two-man cockpit in aircraft such as the Boeing 
747-400 and McDonnell Douglas MD-11 

The use of ARINC 600 standard LRUs permits 
more efficient installation and maintenance of 
aircraft equipment. Many of the LRUs contain BITE 
systems which can be used to troubleshoot 
problems and identify faulty LRUs for replacement. 
Maintenance technicians still need to be very 
familiar with the aircraft systems so that they can 
do a better job of troubleshooting and repair, and 
so that the number of false removals of good LRUs 
can be reduced. 


M. Takeoff Warning Systems 
A takeoff warning system is designed to sound 
a warning if the flight crew tries to takeoff in 
an airplane with the flaps or other important sys- 
tems in an incorrect position for a safe takeoff. 
Air carrier Jets will have takeoff warning systems 
while most simpler aircraft will not. The critical 
items that are monitored by the takeoff warning 
system are: 

1. Piteh trim or stabilizer trim 

2. Speed brake 

3. Leading edge flaps and slats 

4. Trailing edge flaps 

‘A schematic of a typical takeoff warning system 
is shown in figure 2-74. The two series switches 
are on the throttles and landing gear. When there 
is weight on the wheels and the throttles are ad- 
vanced for takeoff, both of these switches will be 
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Figure 2-73. ARINC 429 is the industry standard for digital information transmission systems. An ARINC 429 standard 


word contains 32 bits. 
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closed. If any of the parallel switches s closed. 
a takeoff warning will be initiated, 

A more detailed schematic of a takeoff warning sys- 
tem is shown in figure 2-75. Notice the use of logic 
gate symbols on this relatively simple aircraft system. 

There have been aircraft accidents caused by the 
failure of the takeoff warning system and an 
attempted takeoff with one of the critical systems 
set improperly. It is an important system that should 


be inspected regularly and maintained properly to 
give warnings when needed. 


N. Angle of Attack Indicators 

The angle of attack indicator is a system that gives 
an instrument indication in the cockpit of the angle 
of attack for the wings of the airplane. Angle of attack 
is the angle between the chord line of an airfoil and 
the relative wind. The angle of attack instrument 
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Figure 2-74. A simplified schematic of a takeoff warning system. 
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Figure 2-75. The takeoff warning system for an alr carrier jet airplane. Logic gate symbols are often found on aircratt 


schematics. 
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can be very useful in critical flight conditions where 
maximum performance must be employed. During 
landing and takeoff from short runways and in an 
encounter with wind shear, the angle of attack in- 
strument can allow more precise control of the 
airplane. There are two common types of sensors 
used for AOA systems. The first type is a small vane 
on a pivot that is installed on the forward fuselage 
of the airplane. This type can be seen as a part 


of the stall warning system shown in figure 2-76. 
Angle of attack sensors can be used with a stall 
warning system, an AOA gauge, or both. The vane 
rotates to align itself with the relative wind and this 
information is transmitted to the cockpit with a 
synchro system where it moves a pointer on the AOA 
instrument. The second type uses a sensor which 
ts a tube with two slots that projects out into the 
airstream, normally from the forward fuselage. This 
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Figure 2-76. The stall warning system for a corporate jet airplane that employs vane-type angle-of-attack sensors. 


(Courtesy Canadair Group, Bombardier Inc.) 
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type of probe, along with the AOA indicator, is shown 
in figure 2-77. The two slots in the probe are connected 
to two chambers. As the angle of attack changes, 
the relative pressure in the two slots changes along 
with the pressures in the air chambers. The difference 
in air pressure rotates a vane in the unit inside the 


POTENTIOMETER 
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‘CHAMBER 
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MOVE THE PADDLE WHICH ROTATES THE 
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“ 
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Figure 2-77 An angle-ot-attack indicating system that 
uses the air pressure type of AOA probe. 
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fuselage which is connected by synchro to the cockpit 
instrument. The units displayed on the cockpit in- 
strument face can be a percent or decimal numbers 
that indicate the angle of attack. The reading of 100% 
or 1.0 would indicate a stall angle of attack, so the 
pilot can readily determine if a safe margin is being 
maintained from the stall angle-of-attack, 


O. Stall Warning Systems 
A stall warning system ts required for all modern 
airplanes. Several of the common types will be 
described, but they all rely on some measurement 
of angle of attack to activate the stall warning sys- 
tem, The airspeed of the airplane cannot be used 
to operate a stall warning system because the 
airplane can stall at many different airspeeds. An 
airplane will stall at a higher airspeed in a steep 
bank than it will in level flight because some of 
the wing lift is being used to make the airplane 
turn, The airplane will stall at the same angle of 
attack in both straight and turning flight, so AOA 
is a better indicator for stall warning than airspeed. 

The stall warning system found on many older 
airplanes used a vibrating reed and required no out- 
side power source. Figure 2-78 shows this type of 
system. A small hole in the leading edge of the wing 
is connected by tubing to a reed and horn near the 
cockpit. At high angles of attack close to a stall, 
a low pressure or suction is produced at the opening 
in the leading edge and this pulls air through the 
reed to make it vibrate and produce a noise 

On later small airplanes, a vane operated switch 
fs located on the leading edge and this switch 1s 
closed by the upward movement of the vane at 
high angles of attack. This system uses DC power 
to operate the stall warning horn. Figure 2-79 shows 
this type of stall warning sensor. 
Modern high performance airplanes use an AOA probe 
as previously described which is connected to a stall 
warning circuit. These airplanes usually have several 
other sensors connected to the stall warning circuit 
or computer. Sensors for flap and slat position are 
used to give an accurate stall warning for any flight 
condition. Most jet airplanes have a stick shaker as 
part of the stall warning system. This device actually 
shakes or vibrates the control column to warn the 
pilot of an approaching stall. The stick shaker can 
be seen at the left side of figure 2-76. 


P. Annunciators 
Other than simple single-engine airplanes, most 
aircraft have an annunciator panel which groups 
together a number of different indicator lights for 
a varlety of aircraft systems and equipment. There 
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are usually three categories of annunciator indications 
based on how important the information is to the 
flight crew. Warnings are the most serious and nor- 
mally activate a red light. For very serious conditions 
like fires, a sound warning is also given. Caution 
annunciators are usually amber in color. Status or 
special purpose annunciators may be white or some 
other color lights. If the airplane has a large number 
of annunciators and the panel must be located over- 
head or some other location which is not in front 
of the crew, master caution and warning lights are 
‘employed. With this system, there is one red light 
and one amber light in plain view in front of the 
pilot and/or copilot. When any warning light on the 
main panel ts illuminated, the master warning light 
also comes on. The crew is alerted to look up at 
the main annunciator panel to find the source of 
the warning. The master warning light is then reset 
0 it will be available to give any additional warnings 


that might be needed. The master caution light works 
in a similar manner. Some of the typical indications 
for an annunciator panel for a small twin-engine 
airplane are shown in figure 2-80 


Q. FARs for Warning Systems 
and Annunciators 

Some of the FAA requirements for warning systems 

and annunelators are given below to familiarize the 

reader with the kinds of rules that apply to these 

systems. 


FAR 23.207 
Stall Warning 
A. There must be a clear and distinctive stall 
warning with flaps and landing gear in any 
normal position in straight and turning flight, 
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Figure 2-78. The components in a vibrating reed stall warning system. (Courtesy Cessna Aircraft Co.) 
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B. The stall warning may be inherent buffet or 
a device. Ifa device ts used, visual indications 
by themselves that require the pilot's attention 
tobe directed in the cockpit are not acceptable. 
The stall warning must begin not less than 
5 knots above stall speed: but not more than 
10 knots or 15% above stall speed, whichever 
is greater. The stall warning must continue 
to the stall 


Retractable Landing Gear 


A. There must be a position indicating system 
for extended and retracted, 


B. Warning system 
1, There must be a warning if one or more 
throttles are retarded and the landing gear 
is not down and locked. 


2. There must be a warning when the flaps 
are extended to or beyond the approach 
flap setting and the landing gear 1s not 
down and locked. 


FAR 23.1203 
Fire Detector System 
For multi-engine, turbine-powered airplanes, 
multi-engine reciprocating engine airplanes incor- 
porating turbosuperchargers and all commuter 
category airplanes: 
A. There must be a means which ensures the 
prompt detection of a fire in an engine com- 
partment. 


FAR 23.1303 
Flight and Navigation Instruments 
The following are required flight and navigation 
instruments: 
E. A speed warning device for 
1, Turbine engine powered airplanes 


2. Other airplanes for which Vmo/Mmo and 
Vd/Md are established under FAR 23 if 
Vmo/Mmo is greater than 0.8 Vd/Md. 


FAR 23.1353 
Storage Battery Design and Installation 


g. Nickel cadmium battery installations capable 
of being used to start an engine or auxiliary 
power unit must have 
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1. A system to control the charging rate of 
the battery automatically so as to prevent 
battery overheating. 

2. A battery temperature sensing and over- 
temperature warning system with a means 
for disconnecting the battery from its charg- 
ing source in the event of an over-tem- 
perature condition, 

3. A battery failure sensing and warning sys- 
tem with a means for disconnecting the 
battery from its charging source in the event 
of a battery failure. 


FAR 91.219 

Altitude Alerting System or Device 

Turbojet-Powered Civil Airplanes: 

1, No person may operate a turbojet powered 
civil airplane unless it is equipped with an 
altitude alerting system or device that: 


STALL WARNING UNIT 


aa POINT 


‘THE VANE IS PLACED AT THE STAGNATION POINT 
‘ON THE LEADING EDGE OF THE WING. 
«“ 


‘THE VANE ACTUATES A PRECISION SWITCH 
INSIDE THE HOUSING. 
@ 


Figure 2-79. The electrically powered stall warning sys- 
tem for a small airplane that uses a vane 
operated switch. 
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2. Will alert the pilot upon approaching a pre- in sufficient time to establish level flight at 
selected altitude in either ascent or descent, the preselected altitude. 


by a sequence of both aural and visual signals 


The control and operation of a typical altitude 
alerting system are shown in figure 2-81 


. AUTOPILOT OFF LIGHT (AMBER) — Indicates the autopilot has disengaged. 


|. HEATER OVERHEAT LIGHT (AMBER) — Indicates an abnormally high temperature has occurred 


. WING AND STABILIZER DEICE SYSTEM PRESSURE LIGHT (GREEN) — Indicates pressure 


. RIGHT ALTERNATOR OFF LIGHT (AMBER) — Indicates the right alternator is not supplying 


14, 


Note: For Mutation ont. Net to be used fr operon! purposes. 


1 2 3 4 
NIGHT 
TEST DAY | 
4 3 2 " 9 


DOOR OPEN LIGHT (RED) — Indicates that the forward baggage compartment door, the cabin | 
entry doors and/or the emergency exit door are not secured safely for flight | 


in the combustion heater and it has been automatically shut off. Once the light illuminates, 
the heater will not operate until the overheat switch in the right forward nose section (accessible 
in nosewheel well) has been reset. 

LEFT ALTERNATOR OFF LIGHT (AMBER) — Indicates the left alternator is not supplying electrical 
current. 


LOW VOLTAGE LIGHT (RED) — Indicates electrical system bus voltage Is less than 24.5 volts. 


is being applied to the surface deice boots to inflate them. 


electrical current. 
WINDSHIELD ANTI-ICE SYSTEM LIGHT (GREEN) — Indicates that heating elements in the 
windshield anti-ice system are operating. 

RIGHT ENGINE FIRE LIGHT (RED) — Indicates an excessive temperature condition or possible 
fire has occurred in the right engine compartment. 

RIGHT LOW FUEL LIGHT (AMBER) — Indicates fuel quantity in right main fuel tank is 60 
Ibs. or less. 

LEFT LOW FUEL LIGHT (AMBER) — Indicaties fuel quantity in left main fuel tank is 60 Ibs. 
or less. 

LEFT ENGINE FIRE LIGHT (RED) — Indicates an excessive temperature condition or possible 
fire has occurred in the left engine compartment. 

DAY/NIGHT SWITCH — Sets brightness level of annunclator panel indicator lamps for either 
day or night operation. 

TEST SWITCH — Tests operation of annunciator panel lamps, landing gear system position 
indicator lights, and aural warning tones of landing gear, fire detection and stall warning systems. 
Also, switch can be used to silence an activated engine fire detection warning tone. 


Figure 2-80. (Courtesy Cessna Aircraft Co.) 


(A) The annunciator panel for a small twin-engine airplane. 
(8) The meanings for the various annunciator lights 


101 


Aircraft Technical Books, LLC 
(970) 726-5111 
‘finches AG TechBindien oom 


(ou) seipsequiog ‘dno epeuvg Ksounog) ‘wersks Gunsore epnunre jaoidAy @ yIIm pete|s0sse SBUIULEM Jesne pue [eNsiA ou'1e-z eunB 4 


(Q¥OHO .9, 938 U) 
ONINVM TWEnY 


{44 000°s1) 


1840. 
anon 


any a3193738 


\7 


Ad osz+ 


NO. 
aHon 
ia 
sani 


3anLiLTv 03193738 M138 WOU 
HOVOUddY HLIM TVOILN3GI NOLLW#3d0 
3QNLIL 1 03193135 

3N0@V WOUd NMOHS HOVOUddY 


44 0001+ 
\ 440 
(QYOHD 19. 93S 1) nety 
SNINUWA TwunY 


Moanin 
aaAviasia 
Ban. 193738. 
‘1 a3sn 

BOND 138 


'310N 


wouvoIONt 
BONLILIY 
SNIVLd¥9 


(waewe) 
aHOn 
ius 
sanity 


93193735 
‘14 00081 
‘SMOHS MOANIM 


(gon) 
2 01.138 
WOLDaT3S 


102 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


CHAPTER III 


Communication and Navigation Systems 


‘The avionics and radio equipment found in aircraft 
has seen more change and advancement in recent 
years than any other part of the aircraft. Most of 
these changes have resulted from the same tech- 
nology that has produced personal computers and 
a world wide telecommuntcations industry. Al- 
though early radios were in use prior to World War 
I, it is only since the 1940s that extensive use 
has been made of radios for communication and 
navigation in all types of aircraft. The basic VHF 
communications and navigation systems that are 
used in aviation were developed in the 1940s, but 
the introduction of newer systems has been in- 
creasing dramatically in recent years. This chapter 
will cover the types of avionics equipment that are 
already in widespread use and the latest develop- 
ments that are only beginning to be installed on 
airplanes. Most of the systems described utilize radio 
waves, so we will begin with the fundamentals of 
radio systems. 


A. Radio Fundamentals 

The basic components found in radios and the 
operating principles involved will be explained here 
so that the specific aircraft avionics systems 
described later can be understood more easily. 


1. Types of Aircraft Radio Systems 

The first radios installed in airplanes were used 
for communications and it was only much later 
that navigational radio systems were developed. 
Radio systems for other purposes have also been 
developed, especially in the last 20 to 30 years, 
Some of the uses for radio in modern aircraft can 
be categorized as follows. 

1. Communications — Both voice and data, 

2. Navigation — Many different systems are in 
use today. 

3. ATC Radar —The Air Traffic Control system 
elles on radar. 

4, Weather Avoidance — Used to avoid areas of 
adverse weather. 

5. Approach Aids — A specialized type of nav- 
igation to guide an aircraft down to the runway 
in bad weather. 

6. Altitude Measurement — Gives precise alti- 
tude above ground level. 


7. Airborne Collision Avoidance — Warns the 
pilot of nearby aircraft. 
All of these examples use radio waves, but there 
are other avionics systems that do not rely on the 
use of radio waves. 


2. Electromagnetic Waves 
a, Frequency Bands 


The range and diversity of electromagnetic waves, 
or EM waves, is very broad. The entire spectrum 
of EM waves includes not only radio waves but visible 
light, gamma rays. infrared. etc. The range of radio 
wave frequencies that we will be involved with is 
illustrated in figure 3-1. The frequencies are divided 
into bands which, starting at the low end, are: very 
low frequency (VLF), low frequency (LF), medium fre- 
‘quency (MF), high frequency (HF), very high frequency 
(VHF), ultra high frequency (UHF), super high fre- 
quency (SHF) and extremely high frequency (EHF), 
‘Common aircraft radio systems are included on the 
right side in figure 3-1. Notice that there is an aviation 
application for all of the bands except EHF. The two 
common radio broadcast bands are also listed for 
purposes of comparison. 

All EM waves consist of two different invisible 
energy fields that travel through space. The electric 
field and the magnetic field are at right angles to 
each other and to the direction of propagation or 
travel. Figure 3-2 shows the two fields and the 
direction of propagation. Radio waves are produced 
when a radio frequency electrical signal is sent 
down a conductor to an antenna. The antenna trans- 
forms the electrical signal into EM waves which 
propagate outward from the antenna through space. 
‘The EM waves travel through space at the velocity 
of light, which is 186,284 miles per second or 
300,000,000 meters per second. When the EM 
waves strike a receive antenna, they induce voltage 
and current to produce an electrical signal that 
matches the one applied to the transmit antenna, 
but of course the signal is much weaker. The basic 
operating frequency of a radio is called the carrier 
frequency, because this is the signal that carries 
the data or information that needs to be transmitted 
from one place to another. 

‘The wavelength of EM waves is often used in deserib- 
ing antennas and other radio components. The 
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Figure 3-1. Radio frequency chart showing the operating frequencles of common aircraft systems. 
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Figure 13-14. A power resistor ean handle much more heat dissipation than the smaller though-hole or 
surface-mount varieties. They are often so big that they need special mounting hardware. Image by BG 
Micro (hupzilbgmicro.com). 


Another popular options the multiturn potentiometer. These potentiometers have an internal gear 
system that allows their shalts or wipers to be moved slowly across their internal resistive tracks by 
multiple turns of the control element. Increasing the number of turns allows the user much finer control 
of the resistance adjustment. Italso takes the user longer to get from one point to another along the 
scale, 


Capacitors 


‘The basic definition of capacitoris two conductors separated by an insulator. By itself, it doesn’t sound 
like that would be a very interesting configuration at all. It turns out, however, that there's a lot more to 


‘When a voltage is applied across a capacitor, no steady current flows through it, Remember, there is 
an insulatorin the middle of that capacitor. Any insulator, just like the insulation on a piece of wire, does 
not conduct electricity. 

‘What happens is that an electric fieldis created between the two conductors, or plates, as they are 
called when they are part of a capacitor. Now we get back to the fairies and dragons and molecules and 
so forth, way down deep at the heart of the problem. This electric field is a form of energy. Once itis built 
up by the difference in voltage, or potential, between the two conductors, it has nowhere to go, so there 
it stays... at least until something else in the circuit changes, 

For this reason, capacitors are sometimes used as reservoirs of electrical energy in a circuit, holding 
abit of spark here and there as needed. Just asit takes electrical energy to build up this electric field, a 
certain amount of electrical energy will be released when the field collapses. This will happen when the 
voltage between the two conductors drops. 

Using capacitors as tiny electric batteries in a circuit is only one of many applications for this 
versatile part. While a capacitor will not conduct a steady flow of electric current between its terminals, it 
will often appear to conduct alternating current (as opposed to direct current), which is why you see 
them so often in audio circuits. As a charge builds up on one plate within the capacitor, it then attracts 
electrons from the other side, pulling them in from the other side. Even though they don’t “jump the 
gap” of the central insulator, it looks like a tug-of-war is going on from both sides. 

‘This behavior can also be used to send the higher-frequency components of a signal one way in a 
circuit and the lower-frequency components of a signal in another direction. This is one way that analog 
filters are built, and it has all kinds of useful and interesting applications. 


‘wavelength of an EM wave is the distance from peak 
to peak for the invisible waves in the electric and 
magnetic fields. Wavelength is measured in meters 
and it is inversely proportional to the frequency. The 
wavelength in meters can be found by dividing the 
constant 300,000,000 by the frequency in hertz. At 
higher frequencies, it is easier to use 300 divided 
by the frequency in MHz to obtain the wavelength, 
b. Modulation 
If we design a radio transmitter that sends out a 
steady carrier wave, we would not be able to transmit 


VARYING 
ELECTRIC 
FIELD 


VARYING 
MAGNETIC 
FIELD 


any data or information. The receiver would only 
produce a steady hum or nothing at all depending 
on the design of the receiver. In order to transmit 
any data or intelligence, it is necessary to vary or 
alter the carrier wave in some way. The process 
of changing or varying the carrier wave is called 
modulation. When the Italian inventor Guglielmo 
Marconi was developing the first practical radio sys- 
tem in 1896, there was no way to modulate the 
radio wave in order to transmit voice, so he used 
a method of switching the transmitter on and off 
to transmit Morse code signals. This simplest form 
of modulation is called CW or radio telegraphy since 
it borrowed the Morse code from the telegraph in- 
dustry. Figure 3-3 shows a radio carrier wave which 
uses CW to send Morse code dots and dashes. Within 
ten years, new inventions permitted voice and music 
to be transmitted by radio using improved types 
of modulation. Figure 3-4 illustrates the principles 


Figure 3-2. An electromagnetic wave with the electric 
field and magnetic field at right angles to 
ch other and the direction of propagation. 


Figure 3-3. The simplest form of transmitting data with 
radio waves is with Morse code dots and 
dashes or CW. 
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Figure 3-4. Simplified voice radio system. 
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of a simple voice radio system. A microphone con- 
verts sound waves to electrical signals that are com- 
bined with the carrier wave using AM or FM 
modulation. The receiver picks up the modulated 
carrier wave and then separates out the audio fre- 
quency using a demodulator. The audio output of 
the demodulator drives a speaker or headset to 
reproduce the sound waves that were picked up 
by the microphone in the transmitter. Current radio 
systems use a number of different types of modula- 
tion, the two most common being amplitude modula- 
tion (AM) and frequency modulation (FM). When 
amplitude modulation is used, the intensity or 
amplitude of the carrier wave signal is varied up 


and down as shown in figure 3-5. The frequency 
of the carrier wave is changed when frequency 
modulation is used. Figure 3-6 shows a carrier wave 
with this type of modulation. The two commercial 
broadcast radio bands are a good example here since 
one uses AM and the other FM. One of the advantages 
of FM is that it is less affected by atmospheric noise 
from thunderstorms and other disturbances. 


¢. Audio and Radio Frequencies 


Two terms that are often used in discussions about 
radio systems are audio frequency (AF) and radio 
frequency (RF). Audio frequencies are those of 
20,000 Hz or less. They are called audio because 


‘THE CARRIER IS A HIGH-FREQUENCY 
‘ALTERNATING CURRENT. 
“ 


OC VARYING AT AN AUDIO FREQUENCY IS 
‘PRODUCED IN THE MODULATOR. 
@) 


| ‘THE CARRIER IS MODULATED, OR CHANGED, IN 
| [AMPLITUDE TO COINCIDE WITH THE AUDIO FREQUENCY. 
THE SIGNAL IS TRANSMITTED IN THIS FORM, 
© 


‘THE AMPLITUDE MODULATED CARRIER IS 
PICKED UP BY THE RECEIVER IN THIS FORM. 
oy 


‘THE SIGNAL IS PASSED THROUGH A DETECTOR 
‘WHERE ONE-HALF IF IT 1S REMOVED. 
© 


‘A DEMODULATOR REMOVES THE CARRIER 
{AND LEAVES ONLY PULSATING OC. 
co) 


‘THE PULSATING DC IS FED INTO AN AMPLIFIER WHERE 
IT BECOMES AC, JUST LIKE THAT PRODUCED 
‘BY THE MICROPHONE. 
@ 


Figure 3-5. An example of the use of amplitude modulation (AM). 
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these are approximately the frequencies of sound 
waves that can be heard by the human ear. Radio 
frequencies are those above 20,000 Hz. These terms 
are most often used when discussing the electrical 
signals that are produced and used by radio 
receivers and transmitters. 


d. Ground, Sky and Space Waves 


The behavior of radio waves as they travel through 
the earth's atmosphere and beyond are classified 
by the terms ground, space and sky waves. The 
propagation characteristics of ground waves, sky 
waves and space waves are illustrated in figure 
3-7. Radio waves at frequencies below the HF band 
(below 3 MHz) are called ground waves because 
they will follow the curvature of the earth and bend. 
Radio waves that operate in the HF band from 
3 MHz to 30 MHz are called sky waves. They tend 
to travel in straight lines and will not follow the 
curvature of the earth. Sky waves will bounce or 
refract off the ionosphere. The ionosphere is made 
up of layers of fonized particles from about 60-200 
miles high. When sky waves strike a layer of the 
lonosphere in the right way, they will be refracted 
so that they will come back to earth hundreds of 
miles away. This characteristic of sky waves can 
be used to achieve long range transmission of radio 
signals. Space waves are the result of transmissions 
of radio waves at frequencies above 30 MHz or 
above the HF band, Space waves travel in straight 
lines, but they will not bounce off the ionosphere. 
The radio signals used to communicate with orbiting 
satellites are above 30 MHz. A good example can 
be given here for those who are familiar with AM 


and FM radio receivers. The commercial broadcast 
stations known as AM broadcast in the MF band 
so that the EM waves behave as ground waves. 
At night, it is not unusual to pick up an AM station 
that is hundreds of miles away because the signal 
has followed the curvature of the earth. Commercial 
FM stations operate in the VHF band and the recep- 
tion range fs limited to line-of-sight or straight lines 
because they are space waves. The maximum recep- 
tion range for these stations is usually about 60 
miles because they are blocked by the earth's sur- 
face at greater distances. 
3. Basic Radio Components 
a, Amplifiers 

‘An amplifier is a device that increases the strength 
of a signal. They are found in both transmitters 
and receivers. A transmitter must increase the 
strength of the signal sent to the antenna so that 
the EM waves will travel a useful distance outward 
from the antenna. A receiver needs amplifiers be- 
cause the strength of the signal from the antenna 
is very low and must be increased to enable the 
signal to be heard. Up until the 1960s, most 
amplifiers relied on vacuum tubes to increase the 
strength of signals. The transistor has replaced the 
vacuum tube for most amplifier applications. 
Amplifiers can be categorized as Class A, Class 
B and Class C. The difference between these is 
the shape of the output waveform. Figure 3-8 shows 
the output of a Class A amplifier, it is complete 
sine waves just like the input. The Class B amplifier 
has an output which shows only half of each sine 
wave as shown in figure 3-8. The Class C amplifier 


Figure 3-6. An example of the use of frequency modulation (FM). 
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has an output waveform which is less than half 
of the sine wave as shown at the bottom in figure 
3-8. The Class C amplifier is often used as a power 
amplifier because of its higher efficiency. The output 
of the Class C amplifier can be sent through an 
LC circuit or other device to restore the complete 
sine wave shape. 
b. Oscillators 

An oscillator is a device that produces the frequen- 
cies needed by both receivers and transmitters. A 
simple oscillator is an LC circuit or tank circuit 
made up of a capacitor and inductor in parallel. 
The LC circuit will have a resonant frequency which 
matches the desired frequency. An LC circuit by 
itself will not continue to oscillate because of resis- 
tance in the components and wires. Figure 3-9 
shows an LC tank circuit which can be connected 
to a battery to produce oscillations. If the switch 
in figure 3-9 is moved to position A, the capacitor 
will be charged by the battery. If the switch is 
then moved to position C, the tank circuit will start 
to oscillate as energy is transferred rapidly back 
and forth between the capacitor and inductor. The 
oscillations will become weaker and die out because 
of the resistance in the circutt, In order to maintain 
oscillations, some energy must be fed back into 


the tank circuit. In earlier radios a vacuum tube 
was used to supply the needed feedback. A tran- 
sistor is used instead of a vacuum tube In newer 
radio designs as shown in figure 3-10. The resonant 
frequency or oscillation frequency is determined 
by the values of capacitance and inductance in 
the tank circuit. The LC circuit will not be stable 
over a period of time and may drift off the correct 
frequency. A common technique to stabilize the 
oscillator and produce a more accurate frequency 
fs to use a crystal as shown in figure 3-11. The 
piezoelectric effect of the crystal will produce a more 
accurate and consistent output frequency from the 
oscillator. 
, Modulators and Demodulators 

We will use a voice communications radio as an 
example of the purpose and function of modulators 
and demodulators. In the radio transmitter, a device 
4s needed which will combine the AF signal with 
the RF carrier wave signal before it is sent to the 
antenna. This is the function of a modulator, it 
combines the AF and RF signals so that information 
can be transmitted. The output of the modulator 
is called modulated RF. The signal produced by 
the antenna in a receiver will be modulated RF. 
In order to hear the voice as an output of the 
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Figure 3-7. The propagation characteristics of ground waves, sky waves and space waves. 
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Figure 3-8. An example of the output waveform for Class 
A, Band C amplifiers. 
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DAMPED OSCILLATION CAUSED 
BY RESISTANCE IN THE CIRCUIT 


Figure 3-9. A parallel LC tank circuit. Without feedback, 
the oscillations will be weakened by resis- 
tance in the circult and die out. 


receiver, the AF component must be separated out. 
‘The demodulator removes the RF component of the 
modulated RF signal and produces an AF output 

When the AF and RF signals are combined in 
the modulator, they must have the proper relative 


Figure 3-10. An oscillator circuit with feedback supplied 
by a transistor. 
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Figure 3-11. A crystal controlled oscillator. 
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strengths for maximum efficiency. The amount of 
modulation is called the modulation rate. If the 
AF signal is too weak compared to the RF signal, 
the modulation rate will be low and the efficiency 


will also be low. Ifthe modulation rate is over 100%, 
there will be distortion in the signal due to the 
gaps created. Figure 3-12 gives examples of 50%, 
100% and more than 100% modulation rates with 
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Figure 3-12. Examples of different modulation rates. 
(A) 50% 
(8) 100% 
(C) Over 100% 
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AM modulation. Most radio transmitters are ad- 
justed to about 90-95% modulation to provide a 
little margin to prevent distortion. Shouting into 
a microphone when using a radio can cause over- 
modulation and should be avoided. 


d. Filters 


A filter is used in a radio circuit to remove or filter 
out unwanted frequencies. The signals that are 
processed by the circuits in a radio often have ad- 
ditional frequencies present that are not needed. 
If the proper filter is installed, it will filter out the 
frequency or frequencies that are not wanted. A 
filter is usually made up of an arrangement of in- 
ductors and capacitors as shown in figure 3-13. 
A low pass filter will remove all frequencies above 
a certain value and pass the low ones. A high pass 
filter does the opposite. If a range of frequencies 
must be blocked, a band reject filter will be used. 
A bandpass filter will allow a certain band of fre- 
quencies to go through and block frequencies either 
above or below that range. 

¢. Antenn: 
An antenna is a device that transforms electrical 
signals into EM waves in the case of a transmit 
antenna, or transforms EM waves into electrical 
signals in the case of a receive antenna, Depending 
on the particular radio system involved, an antenna 
may be used for transmit only, receive only, or 
both. The maintenance, inspection and installation 
of antennas is usually the responsibility of the 
airframe technician since they are attached to the 
structure or skin of the aircraft. Antennas often 
have general names that describe some of their 


basic characteristics. Two of the more common types 
are the Hertz dipole antenna and the Marconi 
monopole antenna. The Hertz dipole antenna has 
two metal conductors in a straight line with the 
connection in the middle. It is called a half-wave 
antenna because the overall length is equal to one 
half the wavelength of the EM wave it is designed 
to be used with. Figure 3-14 is an example of a 
Hertz dipole antenna. The Marconi antenna is a 
single metal conductor with a length of 
wavelength as illustrated in figure 3-15. In order 
to work properly, the Marconi antenna must have 
metal surrounding the mounting base. The metal 
at the base is needed for efficient operation of the 
antenna. The necessary metal at the base is called 
the groundplane or counterpoise. In figure 3-15, 
the groundplane is the four metal rods at the base 
of the antenna; the metal skin of an aircraft is 
used as a groundplane for most aircraft antennas. 
Most antennas must be installed with the correct 


FOR MAXIMUM EFFICIENCY, THE LENGTH OF 
‘THE ANTENNA SHOULD BE EXACTLY ONE-HALF 
‘OF AWAVE LENGTH. 

“ 


lv 
Ie 
o4 
i 
TH | | F 

A WHEN THE VOLTAGE IS MAXIMUM AT THE ENDS. 

tern 
®@ 
4 
4 
WO TIT Ho TOOT 

Hq 


| 
l 


‘THE CURRENT WILL BE MAXIMUM AT THE CENTER 
"OF THE ANTENNA, 
© 


Figure 3-13. Radio frequency filters are combinations of 
Inductors and capacitors. 


Figure 3-14. The Hertz dipole antenna is a half-wave 
antenni 
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polarization. Polarization refers to the orientation 
of the electric field relative to the earth. If the electric 
field is vertical, it has vertical polarization. 

The Marconi antenna will produce a vertically 
polarized radiation pattern as shown in figure 3-16. 
Horizontal polarization means that the electric fleld 
will be parallel to the earth’s surface. The hor- 
zontally polarized pattern of a Hertz dipole antenna 
is shown in figure 3-17. Another way to understand, 
polarization is that the polarization of the aircraft 
antenna should normally match the polarization 
of the ground based antenna and the EM waves 
it will utilize. An aircraft VHF communications an- 
tenna is an example of a Marconi antenna with 
vertical polarization. The common example of a Hertz 
antenna is the VHF navigation antenna found on 
small airplanes. It is a V-shaped dipole antenna 
with horizontal polarization. 

Antennas must not only be matched to the 
proper radio, but the conductor that connects 
the radio and antenna is very critical. A special 
type of conductor used to connect radios and 


antennas is called a coaxial cable or coax. Figure 
3-18 shows the basic parts of a coaxial cable 
designed to carry RF signals. It consists of a center 
conductor covered by a special kind of insulation 
and an outer conductor around the insulation, 
Plain wires cannot be used for radio frequency 
signals because the energy loss would be too great 
at these frequencies. The antennas and coaxial 
cables must be maintained in good condition to 
ensure proper performance from the radio system. 


The connection between an antenna and a radio 
normally requires a coupler in order to give the 
best transfer of energy between the two of them, 
‘Two common types of antenna couplers are the 
LC circuit and the transformer types. A transformer 
type of antenna coupler is shown in the antenna 
connection in figure 3-19, The use of an LC circuit 
as a coupler between the coax and antenna is shown, 
in figure 3-20. Most aircraft antennas are speed- 
rated. For example, an antenna rated at 250 mph 
should not be installed on an aircraft with a higher 
Vne speed. 
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Figure 3-15. The Marconi antennas a V4-wave monopole 
antenna that requires a groundplane. 
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Figure 3-16. A vertically polarized marconi antenna will 
produce this type of radiation pattern. 
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Figure 3-17. A horizontally polarized Hertz antenna will 
produce this type of radiation pattern. 


Figure 3-18. Coaxial cable is used to carry radio tre- 
quency electrical signals between radios 
and antennas. 
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£. Tuning Circuits 
An antenna will intercept many different EM waves 
of different frequencies so some method must be 
used to separate out the desired frequency. The 
tuning circuit performs this function. A simple 
tuning circult 1s shown in figure 3-21, it consists 
of a variable capacitor and an inductor in parallel. 
As the tuning knob is rotated on the radio, it moves 
the variable capacitor until the resonant frequency 
of the circuit matches the frequency of the desired 
station. This signal is passed into the radio and 
the other frequencies are blocked out. A better type 
of tuner which is found on most modern radios 
uses a frequency synthesizer which contains a num- 
ber of crystals that can be combined to match the 
desired frequency. The basic operation of a fre- 
quency synthesizer is shown in figure 3-22. Each 
crystal has a particular frequency and by using 
switches the crystals can be combined to produce 
many additional frequencies. When two frequencies 
are combined, two new frequencies are created that 
are equal to the sum and the difference of the 
two frequencies. By using this technique, hundreds 
of frequencies can be created using a relatively small 
number of fixed frequency crystals. 
g. Transmitters 

The components that have been described will be 
combined in a block diagram to see how they work 
together. A voice radio transmitter is shown in figure 
3-23. The microphone changes the sound waves 
of a human voice into AF signals that are amplified 
and then sent to the modulator. The oscillator in 


this radio operates at one half the carrier frequency, 
so its output is amplified and then doubled. The 
modulator combines the AF and RF signals which 
are then amplified in the power amp before being 
sent down the coax to the antenna. 


h, Receivers 


In the 1920s, a new type of radio receiver was 
invented that produced better sound quality. It was 
called the superheterodyne or superhet radio. The 
only major difference between the superhet and 
earlier radios was that it reduced the modulated 
RF signal from the antenna to an AF signal in 
more than one jump or stage. Since modern radio 
components are much smaller and more efficient 
than in the 1920s, virtually all modern radio 
receivers are superhet. Figure 3-24 shows a block 
diagram of a VHF superhet aircraft receiver. The 
RF signal from the antenna is combined with a 
local oscillator frequency to produce a lower IF fre- 
quency. The intermediate frequencies found in a 
superhet radio are abbreviated as IF. The basic 
principle of the mixer is that when two different 
frequencies are combined, two new frequencies are 
created; the sum and the difference of the two com- 
bined frequencies. In this example, the output of 
the mixer is the difference between the RF frequency 
and the local oscillator frequency. The IF signal 
is amplified and then sent to the detector and 
demodulator. The detector chops off half of each 
sine wave to produce a varying DC signal from 
an AC signal. The AF signal is amplified and used 
to drive the speaker. 
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Figure 3-19. An isolation transformer can be used as an antenna coupling devic 
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i, Speakers and Microphones 
Aircraft radios often supply an audio output for 
the pilot and voice transmitters require an audio 
input from a microphone. A speaker is a device 
that transforms electrical signals into sound waves. 
A dynamic speaker is shown in figure 3-25. 

When the audio frequency signal is applied to 
the windings in the speaker. it sets up a magnetic 
field that expands and contracts at an audio rate. 
This field causes the metal diaphragm to vibrate 
at a corresponding rate to produce the movement 
of air that generates sound waves. Dynamic mi- 
crophones are available which operate in the op- 
posite way, Many newer and more efficient types 
of microphones are now being manufactured, but 
they all work by transforming the vibrations of 
sound waves into varying electrical signals. 

j. Audio Control Panel: 
When an aircraft has more than one radio, an efficient 
means of switching the microphone and speaker 
connections from one radio to another is needed, 


Figure 3-20. An LC circuit can be used as an antenna 
coupler. 


Figure 3-21. This simple radio receiver uses a variable 
capacitor to tune in different frequencies by 
changing the resonant frequency of the tank 
circuit. 


14 


‘The audio control panel performs this function, A 
typical audio control panel is shown in figure 3-26. 
‘An audio control panel is not a radio because it 
only uses audio frequencies, but it is associated with 
the radios in the aircraft. This audio control panel 
has a row of toggle switches that can be used to 
connect the audio output of the various radios to 
the speaker or headphones. It also has a rotary selector 
switch to connect the microphone audio output to 
the different radio transmitters and intercom systems. 
available for the aircraft. The audio control panel 
illustrated also has three lights that are the indicators 
for the marker beacon system on the aircraft. The 
marker beacon system will be described later. 


B. Regulations and Standards 
for Radios 

Aircraft avionics equipment might have to comply with 
a number of different regulations and standards de- 
pending on the type of equipment and the type of 
aircraft in which it is installed, Regulations from the 
FAA and the FCC apply to the manufacture and use 
of most types of equipment and carry the force of law. 
FAA standards for equipment are usually in the forin 
of TSO (Technical Standard Order) approvals, FCC 
rules generally apply to equipment which produces radio 
waves. An FCC Station License ts required for aircraft 
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Figure 3-22. The frequency synthesizer is a crystal con- 
trolled tuning device found on many mod- 
ern radios and other electronic units. 
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Capacitors come in all shapes and sizes. They are made of many different materials, depending on 
what particular characteristics are needed. See Figure 3-15. 


Figure 3-15. Some electrolytic capacitors of various sizes and capacities. Both much larger and much 
smaller capacitors exist and are very common in electronics. 


7 


that have radio transmitters other than ELT. Each 
different type of transmitter must be listed on the 
license that is displayed in the cockpit. The role 
of ARINC in established standards has been de- 
scribed earlier. These standards apply to the equip- 
ment in air carrier jets and bizjets primarily. In 
addition to the rules for the equipment itself, there 
are some FAA Regulations concerning the use of 
radio equipment in flight. Some of these FAA rules 


are given here, Others will be covered later when 
the specific types of equipment to which the rules 
apply are discussed. 


FAR 91.130 (c) 

No person may operate an aircraft in an Airport 
Radar Service Area (ARSA) unless two-way radio 
‘communication is established and maintained with 
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Figure 3-24. Simplified block diagram of a superheterodyne VHF voice radio receiver. 
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ATC. A transponder with Mode C automatic report- 
ing of aircraft pressure altitude is also required 
in all ARSAs. 


FAR 91.131 (c) and (4) 
No person may operate an aircraft in a Terminal 
Control Area (TCA) unless it has 


1. A two-way radio with appropriate frequencies 
available. 


An operable transponder with Mode C altitude 
reporting, 


FAR 91.205 (d) and (e) 
Minimum Equipment Requirements for IFR 
1. Two-way radio communications and naviga- 
tion equipment appropriate to the ground fa- 
cilities that will be used. 


2. At and above 24,000 ft. MSL; approved DME 
(distance measuring equipment), 
FAR 91.511 


arge and turbine-powered, _ multi-engine 


airplanes, if operating over water more than 30 
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Figure 3-25. A dynamic speaker produces @ magnetic 

field that varies at an audio rate, causing the 
diaphragm to vibrate and produce sound 
waves 


minutes or 100 nautical miles from the nearest 
shoreline, must have: 


1, Radio communication equipment appropriate 
to the ground facllities. 


Two transmitters. 
Two microphones. 
Two headsets (or headset and speaker) 
Two independent receivers, 

If needed, one HF transceiver. 


ope 


C. Intercom and 
Interphone Systems 


Intercom and interphone systems are not radio sys- 
tems, they use audio signals to permit communication 
between various points in and around the aircraft, 
The two systems operate in a similar manner, the 
difference is who uses the systems and where the 
phone jacks are located. The intercom system is used 
for voice communications from one point to another 
within the aircraft. Large aircraft have intercom sys- 
tems so that the cockpit crew can communicate with 
the cabin crew and vice versa. On small airplanes, 
the intercom is used to communicate within the cock- 
pit area and is needed because of noise in the cockpit 
area. The interphone system permits conversation 
between the cockpit and someone outside the aircraft, 
usually maintenance or service personnel. The opera- 
tion of intercom and interphone systems is the same. 
Phone jacks are available at different locations where 
a handset or headset can be connected. The handset 
or headset contains a microphone, a small speaker 
and a push-to-talk switch (PTT). The phone Jacks 
and wiring are connected to an audio amplifier so 
that the volume can be controlled. Switches are avail- 
able to select the desired system and a ringing system 
like that of a telephone is used for alerting the other 
party. On larger aircraft, a PA (passenger address) 
system is included so that announcements can be 
made to the passengers by the flight crew or cabin 
crew. Figure 3-27 shows the interphone system for 
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Figure 3-26. An audio control panel performs the switching functions between radios and the microphones 


speakers. (Courtesy Terra Corp.) 
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abizjet airplane. External interphone jacks are located 
in the nosewheel area, avionics equipment bay area 
and in the aft fuselage near the auxiliary power unit 
(APU). These external jacks permit communication 
between the cockpit and maintenance personnel at 
these locations outside the aircraft 


D. Communications Radios 

There are a number of different radio communica- 
tions systems available for aircraft use. They differ 
primarily in the frequencies used and the type of 
communication involved. The most important use 
of communications radios is for Air Traffic Control 
since the controllers need to be in contact with 
the pilots to give necessary instructions. The general 
trend since the 1930s has been the use of higher 
frequencies and the development of specialized com- 
munications for other than ATC purposes. 


1, HF Communications 
Up until the 1940s, most aircraft radio communica 
tions utilized frequencies in the LF, MF and HF 
bands because suitable equipment was not available 
to use higher frequencies. Aircraft HF radios operate 
on frequencies between 2 and 30 MHz. The only 
modern aircraft that carry HF comm radios are 
those that operate long distances over water or 
in the remote regions of the earth. Air carrier jets 
and bizjets that routinely fly the Atlantic and Pacific 
oceans will have HF comm radios for ATC purposes. 

‘The HF comm radios have a maximum reception 
range of about 1.500 to 2.000 miles compared to 
a maximum of about 250 miles for VHF comm. 
‘The reception range of VHF comm radios is restricted 
to line-of-sight distances as shown in figure 3-28. 
The probe and flush mount antennas used for HF 
comm require a special antenna tuning and coupling 
device. This ts automatically repositioned each time 
a new frequency is selected in order to tune the 
antenna for that particular frequency. Smaller 
aircraft with HF comm will use a long wire antenna 
that usually extends from a wing tip up to the 
vertical fin. Up to the 1960s, many aircraft used 
a long wire trailing antenna which extended out 
the aft fuselage of the airplane. This antenna could 
be run in and out to select the proper antenna 
length. It is not suitable for high speed aircraft. 
80 it is little used today. HF comm radios utilize 
ground and sky waves to achieve their greater recep- 
tion range. Aircraft HF transmitters produce an 
output power of 80-200 watts which is much higher 
than the output power typically found with VHF 
transmitters. This is necessary to achieve long dis- 
tance communication. A disadvantage of HF is that 
it 4s more affected by atmospheric interference than 


VHF. Sometimes an aircraft in the middle of the 
ocean will lose communication because of 
thunderstorms or other disturbances. 


2, VHF Communication 


The use of frequencies in the VHF band for aircraft 
communication was developed in the 1940s. VHF 
provides much clearer reception and is much less 
affected by atmospheric conditions. EM waves in 
the VHF band are space waves so that the reception 
range is limited to line-of-sight distances. At 1000 
ft., the reception range is about 30-40 miles. The 
maximum reception range using ground based sta- 
tions is about 250 miles at altitudes above 35,000 
ft. Much less power is required for VHF than for 
HF comm. Aircraft VHF transmitters have an output 
power of 5-20 watts. The standard radio com- 
munications system in the U.S.A. for ATC purposes 
4s VHF. This is also true for most other countries 
of the world. The International Civil Aviation Or- 
ganization (ICAO) has designated VHF as the stand- 
ard radio communication system for ATC purposes 
over land. 


The range of frequencies used for VHF comm 
is 118-137 MHz using AM modulation. In the 1950s, 
an aircraft VHF comm radio could tune only 90 
channels or different frequencies. Later the separa- 
tion between channels was reduced to produce 360 
channels. Modern VHF comm radios have 720 or 
760 channels available. The spacing between chan- 
nels is now 25 kHz, so that adjacent usable fre- 
quencies would be 120.15, 120.175, 120.20 ete. 
The latest models of aircraft VHF comm radios use 
lighted displays that employ LEDs (light emitting 
diodes), LCDs (liquid crystal displays), or gas dis- 
charge tubes. Figure 3-29 shows a complete set 
of radios that might be found on a typical general 
aviation airplane. The radios use lighted displays 
for the frequencies and other information that 1s 
needed. The use of lighted displays and crystal 
controlled tuning has eliminated the complex 
switching systems employed on earlier tuners. The 
modern radio displays two different frequencies, 
the one on the left is the active frequency and 
the one on the right is the standby frequency that 
4s held in memory. This is a very nice feature which 
allows the pilot to switch the two numbers in the 
display by simply pushing a transfer button. The 
transfer buttons can be seen in figure 3-29 on 
the VHF comm and NAV radios. Technicians should 
be familiar with the use of aircraft radios for 
troubleshooting purposes and also because they 
might have to taxi an airplane which may require 
the use of the radio. The antennas used with VHF 
comm are Marconi Y% wave monopoles that use 
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Figure 3-27. The intercom and interphone system for a corporate jet. The external interphone jacks are shown in the 
Jower right. (Courtesy Canadair Group, Bombardier Inc.) 
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vertical polarization. There is a separate antenna 
for each VHF comm radio. 


3. Radiotelephone 


Aircraft often carry a radiotelephone system which 
1s somewhat similar to the portable cellular phone 
available for cars. It employs radio signals to permit 
telephone calls to be made from the aircraft in 
flight. The frequencies used are 450-500 MHz in 
the UHF band. The antenna used is a Marcont 
antenna of a slightly different shape and size com- 
pared to a VHF comm antenna. 


4, SATCOMM, 

Avery recent development in aircraft systems is Satel- 
lite Communications or SATCOMM. A UHF radio is 
installed in the aircraft to communicate with com- 
mercial satellites in orbit overhead. To date, it is 
being used primarily for telephone calls from bizjets 
and air carrier jets. It is beginning to be used for 
datalinks from an aircraft in flight to the airline com- 
puter system. This permits monitoring of the progress 
of the flight and the status of the aircraft systems. 
In the future, SATCOMM will be used to replace HF 
comm for communications and ATC purposes for 
aircraft over the oceans or remote areas. The equip- 
ment currently available is very expensive, usually 
costing hundreds of thousands of dollars. The antenna 
used with SATCOMM is a special type that must 
be installed on the top of the aircraft. 


5. Selcal 


Selcal is an abbreviation of selective calling, a special 
communications system for air carrier aircraft. Sel- 
cal ts not a separate radio system, it is a piece 


of equipment that is connected to the existing comm. 
radios on the aircraft. It is connected to the VHF 
and HF radios on the aircraft, 


The system is used for communications between 
aircraft in flight and certain airline managers. It 
4s called selective calling because it works somewhat 
Uke a telephone system. An example of a SELCAL 
decoder and the connections to the aircraft's VHF 
and HF radios is shown in figure 3-30. Each aircraft 
{is assigned a code number which is a part of the 
SELCAL equipment. When the proper code is 
received, a tone is heard in the cockpit to tell the 
crew that someone is calling them. They pick up 
a handset in the cockpit and talk to the person 
that has called them. The code consists of four tones 
that are transmitted to the aircraft in series. Each 
of the four tones has twelve possible frequencies, 
so that over 20,000 different codes are available. 
‘An example of a SELCAL communication will il- 
lustrate the operation of the system. The head dis- 
patcher for the airline is sitting in his office in Chicago 
and needs to call the flight crew of one of the airline's 
aircraft to give them a message. According to the 
schedule, the airplane is somewhere between Boston 
and Atlanta. The dispatcher picks up his telephone 
and dials a special access code and the code for 
that airplane. The signal is sent out over many dif- 
ferent ground transmitters and received by hundreds 
of airplanes in fight. The phone will ring only in 
the cockpit of the airplane he is calling and he 
will pass on the message when they answer. The 
SELCAL system ts a great help to the airline when 
they must reroute a flight or pass along important 
information to the crew in flight. 
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Figure 3-28. Example of the line-of-sight restriction that applies to VHF and other space wave transmissions. 
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E. Emergency Locator 
Transmitters (ELTs) 
The ELT is a self-contained transmitter that is 
designed to help locate an airplane after a crash. 
A typical ELT with its antenna and coaxial cable 
is shown in figure 3-31. It is required on most small 
airplanes, but is not required on air carrier jets and 
bizjets. The ELT is battery powered and is automat- 
ically turned on by crash forces. It will transmit a 
special swept tone for 48 hours on two different emer- 
gency frequencies. The two frequencies are 121.5 MHz 
and 243.0 MHz; 121.5 is the civilian emergency fre- 
quency and 243.0 is the military emergency frequency. 
The transmitter is activated by an acceleration 
operated switch when a rapid deceleration force is 
applied along the longitudinal axis of the aircraft 
The ELT must be installed as far aft as possible 
but in front of the tail surfaces since this area has 
been shown to remain intact in most airplane crashes. 
The batteries in the ELT must be replaced or recharged 
at specific intervals as required by the FARs. There 
are times when an aircraft technician may need to 
test an ELT so he should be familiar with the pro- 
cedure. If possible, the ELT should be tested with 


the antenna disconnected or shielded to prevent the 
transmission of emergency signals into the air. If this 
cannot be done, it is still permissible to test the 
ELT, but only during the first flve minutes of any 
hour and for three audio sweeps maximum. A VHF 
comm radio is turned on and tuned to 121.5 MHz, 
The ELT is then switched on manually until the signal 
is heard on the receiver and then switched off again. 


FAR 91.207 

Emergency Locator Transmitters 

No person may operate a U.S. registered civil 

airplane unless it meets the applicable requirements 
Usted below for ELTs. 

1. Each emergency locator transmitter must be 
in operable condition and meet the require. 
ments of TSO-C91 or TSO-C91A and it must 
be installed as far aft as practicable 

2. Batteries used in the ELT must be replaced 
or recharged as appropriate: 

a, When the transmitter has been in use for 
more than one cumulative hour; or 
b. When 50% of the useful Iife has expired. 


Figure 3-29. A typical set of radios and associated equipment for a small airplane. The VHF com and nav radios show 
both active and standby frequencies. (Courtesy Terra Corp.) 
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4, The requirements for ELT do not apply t 


3. The expiration date for the replacement or 


recharge of the battery must be legibly marked 
on the outside of the transmitter and entered 
in the aircraft maintenance record. 


a. Anewly acquired aircraft that must be ferried 
to a place where the ELT will be installed. 


b. An aircraft with an inoperative ELT that 
must be ferried to a place for ELT repair. 


c. Turbojet powered aircraft. 


Scheduled air carrier flights. 


. Training flights conducted entirely within 50 


nautical miles of the airport of operations. 
Design and test flights. 

Delivery flights of new aircraft. 

Aircraft engaged in aerial application of 
chemicals for agricultural purposes. 
Research and development aircraft. 
Exhibition and air racing aircraft, 
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Figure 3-30. A typical SELCAL decoder unit showing the connections to the VHF and HF com radios. 
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k, Aircraft equipped to carry only one person. 

1 An aircraft during any period in which the 
ELT has been temporarily removed for in- 
spection, repair, modification or replace- 
ment, subject to the following: 

1. A maintenance record entry must be 
made that includes the date of removal, 
the serial number and the reason for 
removal. 

2. A placard must be placed in view of the 
pilot which states “ELT not installed”. 

3. The aircraft must not be operated more 
than 90 days after initial ELT removal, 


Cockpit Voice Recorders 
and Flight Data Recorders 


‘The cockpit voice recorder (CVR) and the flight data 
recorder (FDR) are designed to automatically record 
information in fight that can be used during an in- 
vestigation following an accident or serious incident. 
They are installed on all air carrier jets and some 
commuter airliners and privately owned aircraft. The 
recorders are installed in the aft fuselage as shown 
in figure 3-32 since this area is least likely to be 
severely damaged in an accident. 

‘The CVR is designed to record sounds in the 
cockpit and communications on the intercom and 
radio systems. It has a hot microphone in the cockpit, 
which is always activated to record voices, warning 
sounds, engine noise etc. The CVR is also connected 
to the intercom so that conversations between the 
members of the crew can be recorded. It is also 
connected to radios so that communications with 
ATC are recorded. The CVR has a continuous re- 
cording system that holds approximately the last 
30 minutes of data. It is located in the aft fuselage 
for better survival and it is waterproof and protected 
against fire and impact forces. 


Figure 3-31. An ELT transmitter for small airplanes with 
the antenna and coaxial cable. 
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The flight data recorder has many more inputs 
than the cockpit voice recorder. It has a recording 
time of 8 hours on smaller aircraft and about 24 
hours on larger aircraft. The CVR and FDR are 
located in the same area of the aft fuselage and 
have similar protection from water, fire etc. Some 
of the typical types of data that are recorded on 
the FDR are listed below. 

Air carrier jets have been required to carry CVRs 
and FDRs for some years, but recently new reg- 
ulations have gone into effect that require these 
devices on smaller aircraft. Some of these new reg- 
ulations are summarized here. 


FAR 91.609 
Flight Recorders and Cockpit Voice Recorders 
1, Multi-engine turbine powered airplanes or ro- 
torcraft with 10 passenger seats or more man- 
ufactured after October 11, 1991 must have 
digital flight data recorder with 8 hours storage. 

2, After October 11, 1991, multi-engine turbine 
powered airplanes and rotoreraft with 6 pas- 
senger seats or more and with a required min- 
imum flight crew of 2 pilots must have an 
approved cockpit voice recorder with minimum 
storage of 15 minutes. 

3. If an accident or incident occurs, the operator 
must hold the data 90 days or longer if requested, 


FAR 91 Appendix E 
Flight Recorder Specifications 
The flight recorder required for certain aircraft 
under FAR 91.609 must record the following items: 
1. Airspeed. 
2. Altitude. 
3. Magnetic Heading. 
4. Vertical Acceleration. 
5. Longitudinal Acceleration. 
6. 
7. 
8. 


Pitch Attitude. 
. Roll Attitude. 
. Pitch Trim Position. 

9. Ni, EPR or Prop Rpm and Torque. 

10. Vertical Speed. 

11, Angle of Attack. 

12, Autopilot Engagement. 

13. TE Flap Position, 

14, LE Flap Position, 

15. Reverse Thrust. 

16. Spoiler/Speedbrake Position. 
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CVR_AND FDR 
RECORDERS: 


Figure 3-32. Large commuter aircraft and air carrier jets have a Cockpit Voice Recorder and Flight Data Recorder 


installed in the aft section of the fuselage. 


G. Navigational Systems 


There is a much wider variety of navigational sys- 
tems available to aircraft than communications sys- 
tems. There is a wide range of capabilities for the 
various systems and some of them are very spe- 
clalized. Some of them have been around for 50 
years and others are much newer. We will start 
with a brief description of a NAV system that is 
now obsolete. A basic understanding of this older 
system will make clearer the greater capabilities 
of more modern NAV systems. 


1, Four-course Radio Range 
The four-course radio range was the first radio 
navigation system developed in the U.S. to guide 
aircraft in poor weather conditions. Before its in- 
vention, the standard navigation system consisted 
of powerful light beacons that the pilot followed 
during either day or night flying. The four-course 
radio range gets its name from the fact that only 
four pathways or courses were usable with this 
system. The ground stations transmitted signals 
in the LF band, so the signals could be very difficult 
to use when atmospheric conditions caused inter- 
ference. The antenna arrangement on the ground 
transmitted four different directional radio beams 
as shown in figure 3-33. The signals transmitted 
north and south of the station were modulated 
with the Morse code letter “N". The signals trans- 
mitted east and west were modulated with the letter 
A’. If the pilot was flying in any one of these sectors 
and listening to the signals, the Morse code keying 
for the letter A or N, as appropriate, would be heard. 
If the aireraft was exactly along a line where the 
signals merged, a steady hum or tone would be 
heard in the headphones. The pilot navigated by 
listening to the sounds and aligning the airplane 


along the centerline of one of the four courses. 
‘As long as the aircraft was on course, the pilot 
would hear the steady tone in the headphones. 
Since the radio signals were affected by atmospheric 
noise, the pilot often had to fly for hours on end 
Ustening to noise and static and trying to pick out 
the correct signals. The system was not very easy 
to use and the last one in the U.S. was taken 
off the air in the 1970s. 


2. Automatic Direction Finder (ADF) 


‘The ADF system has been in use since the 1930s 
and even though it is not as accurate or easy to 
use as the more common VOR system, it is still 
widely used because it is inexpensive. Many smaller 
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Figure 3-33. The first radio navigation system was the 4 
‘course radio range which operated in the LF 
band. 
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airports that have no other radio aids to navigation 
will have a transmitter that can be used with ADF 
equipment. The term automatic direction finder ap- 
plies to the aircraft equipment and the term non- 
directional beacon (NDB) refers to the associated 
ground based equipment. For our purposes, we 
can use ADF and NDB to mean the same thing 
since the overall system requires both airborne and 
ground based equipment to operate. The ADF 
receiver can receive signals transmitted in the range 
of 190 to 1,800 kHz. The signals are in both the 
LF and MF bands. The ADF equipment on the 
aircraft can receive two different types of transmitted 
signals. The range 190-500 kHz is used by NDB 
transmitters that are specifically designed for 
aircraft use. The range of 550-1,800 kHz 1s the 
band used by commercial AM broadcast stations. 
‘The broadcast stations can be used for navigation, 
but are not as good as the NDBs because the pilot 
does not always know exactly where the transmitter 
site is located. The NDB locations are shown on 
aeronautical charts so the location of the transmit 
antenna can be determined more accurately. The 
signals transmitted from the ground sites are om- 
nidirectional. The ADF equipment determines sta- 
tion direction through the use of a directional 
antenna. The directional antenna is called a loop 
antenna. The older versions were actually shaped 
like a loop as shown in figure 3-34. The strength 
of the output signal from the antenna depends on 
the angle between the plane of the loop and the 
direction of travel of the EM wave. When the EM 
wave is at right angles to the plane of the loop, 


the signal is minimum or a null. When the EM 
wave and the loop antenna are parallel, the signal 
strength is at a maximum, As the loop antenna 
is rotated, there will be a rise and fall in the signal 
strength received. If the loop is rotated 360°, there 
will be two peaks and two nulls in the signal strength 
as shown in figure 3-35. The null is used to deter- 
mine station direction rather than the peak because 
there is a greater change in the signal strength 
when the null is reached than when a peak is 
reached. With a loop antenna alone there would 
be two nulls for each 360°, which means the station 
could be in one of two directions. This ambiguity 
problem is removed by using a second antenna 
called the sense antenna. Figure 3-36 shows how 
the signals from both antennas are combined to 
determine the direction of the transmit station 
Older loop antennas were rotated by electric motors. 
‘The newer types of loop antenna do not rotate them- 
selves, they use an electronic system to cause rota- 
tion of the signal. In either type. the principle of 
operation is the same. The simple type of cockpit 
indicator used with an ADF is called a radio compass 
indicator or ADF indicator. This type of simple ADF 
indicator can be seen in figure 3-37. Ithas a compass 
rose with degree markings and a pointer which 
points in the direction of the transmitter site. When 
the pointer is straight up, it shows that the station 
is directly in front of the aircraft. If the pilot keeps 
the pointer at the top of the instrument, it will 
guide him to the location of the transmitter. On 
newer types of ADF equipment. the cockpit indicator 
4s called a radio magnetic indicator (RMI) 
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Figure 3-34. Example of the directional characteristics of a loop antenna. 
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(CHAPTER 3 = COMPONENTS 


Schematic Symbols 


While there are a large number of special-purpose capacitors that are custom made for certain 
applications, a very large number of capacitors fall into two broad categories: polarized and 
nonpolarized. The schematic symbols for both types of capacitors display the fundamental construction 
of two conducting plates separated by an insulator. See Figure 3-16. 


+ 
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Figure 3-16. The schematic symbols for polarized capacitors (left) and nonpolarized capacitors (right) 


— C2 


Cl isa polarized capacitor, meaning one terminal is more positive than the other. In practice, this is 
\dicated on the part itself in a variety of ways. One convention is that the anode, or more positive lead, 
physically a litde bit longer than the cathode, or negative lead. There is generally some sort of mark 
made on the capacitor body itself. Usually this isa stripe on the negative side of the capacitor. 

‘What's really odd and potentially confusing is that one type of capacitor, specifically that made 
primarily of tantalum, has a stripe that indicates the positivelead of the polarized capacitor. Know your 
capacitors! 

Apolarized capacitor that is installed backward will experience terrible physical and thermal 
stresses and can sometimes explode, sending bits of itself all over the place. 

‘C2 in Figure 3-16 illustrates a nonpolarized capacitor. It doesn’t matter which way itis installed in a 
circuit. Itis electrically symmetrical and works just as well in either orientation. 


Inductors 


An inductor is almost always made out of coils of wire. Sometimes inductors are quite large, as with 
transformers, while other times they are as small as a speck. An inductor would appear, electrically, as a 
simple short-circuit if it weren't configured to take advantage of certain principles of electromagnetism, 
or the tendency for the flow of electric current in a conductor to form a magnetic field around the 
conductor. The shape and orientation of the loops of wire that compose the inductor determine its 
electrical characteristics. 

In many ways, an inductors the opposite or complement of the capacitor. While a capacitor does 
not conduct direct current from one terminal to another, an inductor will happily do so, at least for a 
time. While a capacitor will resist a change in voltage across its terminal as it builds up its electric field, 
an inductor will resist a change in current flow across its terminal once it has established a magnetic 
field. 

Because of their complementary natures, the two components can be used together to form a tuned 
circuit—one that resonates at a particular frequency, or allows the passage of only a certain range of 
frequencies, with the capacitor shuflling the high-frequency portions and blocking the low-frequency 
portions, while the inductor does the opposite, blocking the high-frequency components and passing 
ones. This is how many older radios and televisions worked before the advent of low- 
cost solid-state electronics. 

‘Once an inductor has built up a magnetic field, any drop in the current flow across its terminals will, 
result in the collapse of the field and the generation of a very-high-voltage spike. This is the basic 
electrical circuit that was used in automobile engines to create the high-voltage spark needed to 
the fuel-and-air mixture in the combustion chamber. 
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‘The appearance of this RMI is illustrated in figure 
3-38, The RMI has two pointers that can be operated 
by two ADF signals, two VOR signals, or one of 


each. It also includes a compass card which ts 
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Figure 3-35. If a loop antenna is rotated 360°, two peaks 
and two nulls will occur. 
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Figure 3-36. When the signals from the loop and sense 
antennas are combined, the ambiguity 
problem Is eliminated. 


slaved to a remote DG and flux gate compass as 
described in chapter 1. The primary use of ADF 
is for approaches to airports that don't have any 
better radio aids to navigation available 


3. Very High Frequency 
Omnirange (VOR) 

‘The VOR system is the standard IFR radio navigation 
system for cross-country flying in the U.S. and most 
of the rest of the world. The VOR system was 
developed to overcome some of the problems with 
the old four course radio range. The major ad- 
vantages of VOR over the older system are: 

1. An infinite number of radials or courses are 
available, not just four. 

2. Since it operates in the VHF band, the VOR 
4s much less affected by thunderstorms and 
atmospheric conditions. 

3. The VOR is much more accurate. 

4, The VOR is much easier to use, the pilot follows 
an indicator needle instead of listening to 
Morse code signals for navigation 

The first VOR was installed in Indianapolis in 

1939 and by the 1950s, coverage was almost com- 
plete over the entire U.S. Since the reception range 
of VOR is limited by the same line-of-sight con- 
siderations that apply to VHF comm, about 1,500 
VOR ground sites are required for nationwide 
coverage. The range of frequencies used by VORs 
is 108-118 MHz. The ground sites transmit two 
kinds of signals, a reference signal and a rotating 
signal. The reference signal uses FM and the rotating 
signal uses AM. The two signals are aligned so 
that they will be in phase when the receiver is 
straight north of the ground site. The phase angle 


‘strument. 
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for east is 90° and for south it is 180°. No matter 
where the aircraft is in relation to the ground site, 
the direction can be determined by measuring the 
phase angle between the two signals. The cockpit 
indicator for VOR is shown in figure 3-39. This 
indicator has three different parts: the course devia- 
tion indicator (CD), the omni bearing selector (OBS) 
and the TO-FROM indicator. 

1. OBS — The omni bearing selector is a knob 
that the pilot rotates to select the desired radial 
from the station. 

2, CDI— The course deviation indicator is the ver- 
Ucal needle or pointer. When it moves to the 
left of center, the pilot must turn left to get 
back on the desired radial set with the OBS. 

3. TO-FROM Indicator — The to-from indicator 
is a small window where one of three words 
is displayed: TO, FROM or OFF. The word 
TO means that the pilot ts flying toward the 
station, The word FROM means the pilot is 
flying away from it and the word OFF means 
that usable signals are not being received or 


the indication is changing between the TO and 
FROM conditions. 

The procedure for tuning in a station with the 
VOR 1s similar to that used for tuning an ADF. 
The pilot locates the station on an aeronautical chart 
or other reference and determines the frequency. 

The pilot then tunes in the desired frequency 
and listens for the Morse code identifier. Both VORs 
and ADFs transmit a two or three letter identifier 
in Morse code. When the station has been identified, 
the pilot is ready to use it for navigation by means 
of the appropriate cockpit indicator instrument. 

The latest types of VOR indicators use light bars 
instead of a needle for the CDI. A VOR indicator 
that uses light bars can be seen in figure 3-29 
on the left side. On aircraft equipped with an HSI 
or EHSI, the VOR steering commands are displayed 
on the HSI instead of the more simple VOR indicator. 
The aircraft VOR equipment must be tested for 
accuracy if it is used for IFR (this is covered in 
the FAR section later on). 
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Figure 3-38. The Rll can display either ADF or VOR radio navigational information. (Courtesy Canadair Group, 


Bombardier Inc.) 
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4. Distance Measuring 
Equipment (DME) 

‘The military services have their own radio navigation 
system which operates on principles similar to those 
of VOR. The system is known as TACAN (Tactical 
‘Air Navigation) and it uses signals in the UHF band, 
An additional feature of TACAN that is not a part 
of the VOR system is the use of distance measuring 
equipment as an integral part of TACAN. The DME 
portion of TACAN is used by civilian aircraft to aug- 
ment the information available from the VOR. The 
VOR and TACAN transmitters are usually located 
at the same ground sites and referred to as 
VORTACS. The frequencies utilized by DME are in 
the range of 960-1,215 MHz. The basic operation 
of DME is illustrated in figure 3-40. The airplane 
DME transmitter sends out a pulse signal in all 
directions. This is referred to as the interrogation. 
When a DME ground station receives a valid in- 
terrogation from an aircraft, it sends back a reply 
after a fixed delay of 50 microseconds. The aircraft 
DME equipment measures the travel time for the 
signals to be sent and received back. and calculates 
the distance in nautical miles. The distance infor- 
mation is displayed on an indicator in the cockpit 
for the pilots. The distance measurement given by 
DME is a slant range distance so some error will 
result from the altitude of the aircraft. The amount 
of difference between slant range distance and 
horizontal or map distance is normally small and 
the error can be ignored. If the aircraft is at a high 
altitude and almost directly over the DME ground 
site, the error will be at its greatest. For example, 
if the aircraft is directly over the DME site and 
18,000 ft. above it, the DME will indicate 3 nm 
(1 nm = 6,080 ft.). With the use of microprocessors, 
a modern DME can give other indications in addition 
to distance. If the DME distance 1s known, then 
groundspeed and time to station can be found 
through mathematical calculations. The pilot can 
select which readout is needed; distance in nautical 
miles, groundspeed in knots or time-to-station in 
minutes. Due to the fact that most DME ground 
sites are located in the same place as a VOR, the 
two radios are tuned at the same time. When the 
pilot selects the proper frequency for the VOR that 
is being used, the DME equipment is tuned auto- 
matically to the proper DME channel. 


5. RNAV — Area Navigation 
The RNAV equipment in aircraft contains a computer 
that processes the signals received from VOR and 
DME ground sites. The main advantage of RNAV is 
that it permits random direct routes of flight. The 
use of conventional VOR navigation along airways 


requires that the aircraft be flown directly from one 
VOR site to the next. Since the VOR sites seldom 
line up directly along the desired flight path, the 
aircraft ends up flying a zigzag course to get from 
one place to another over long distances. The use 
of RNAV equipment permits the aircraft to fly directly 
to the destination without having to fly straight to 
and from each of the VOR sites. This more direct 
routing is illustrated in figure 3-41. The RNAV com- 
puter processes signals from VOR and DME tran 

mitters and displays steering information to the pilot 
to guide the aircraft along a direct route of fight. 


Wages = 184 65 
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Figure 3-39. The VOR indicator contains the CD! needle, 
the TO-FROM indicator and the OBS knob 
to select the desired radial. 
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Before takeoff the pilot will program the computer 
with the desired waypoints that establish the desired 
route of flight. A waypoint is established as a direction 
and distance from a VOR and DME site. For example, 
the waypoint OMN 240/25 would indicate a point 
that is 25 nautical miles southwest of the OMN trans- 
mitter site. The pilot programs the RNAV computer 
by designating a number of waypoints along the 
desired flight path. During flight, the RNAV computer 
performs the calculations needed to display guidance 
commands using a CDI or HSI that will guide the 
aircraft from one waypoint to the next. Even though 
the RNAV equipment is designed to permit direct 
routes, the aircraft must be able to receive usable 
signals from VORTAC sites. Waypoints cannot be used 
if they would take the aircraft beyond the line-of-sight 
reception range. A limitation on the use of RNAV 
for IFR flight is the ATC system. In congested areas 
with a lot of air traffic, the direct routes of flight 
may not be approved by air traflic controllers. 


6. Transponders 

The transponder equipment found on aircraft 1s 
designed to make it easier for air traffic controllers 
to identify specific aircraft so that they can prevent 
mid-air collisions and provide guidance to the 
aircraft. The transponder is a device which is related 
to radar, so we will begin with a short history 
of the use of radar to identify aircraft. The use 
of radar to locate aircraft in flight dates back to 
the 1930s. The principle used is called primary 
radar or echo location radar. The radar transmitter 
sends out a brief pulse of EM waves which travel 
outward at the speed of light and bounce off the 
metal parts of an airplane. The reflected energy 
or echo is received back at the radar site where 
it produces a spot of light on the radar scope. 
The problem with this primary radar is that all 
the blips on the radar scope look the same. During 
World War II, a system was developed to make 
it easier to distinguish the friendly aircraft from 
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Figure 3-40. The operation of the DME radio system using pulse signals. 
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the enemy aircraft. The system was known as IFF 
(identification friend or foe) and it is still called 
that by the military. This type of radar is also 
called secondary radar. A small radar frequency 
receiver and transmitter unit is installed in each 
airplane. When the radar pulse from the ground 
site strikes the aircraft, the IFF equipment sends 
a coded signal back to the ground site. The basic 


operation of the primary and secondary radar sys- 
tems is shown in figure 3-42. The coded signal 
received at the radar site from the aircraft permits 
it to be identified. In the years since World War 
Il, both primary and secondary radar have been 
adapted for ATC purposes. Transponder is the 
name of the secondary radar equipment installed 
on aircraft. 
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Figure 3-41. The use of RNAV equipment permits direct flights using way points. 
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Figure 3-42. Both primary and secondary radar are used for Air Traffle Control purposes. 


‘The aircraft transponder system uses only two 
different frequencies. one to transmit and one to 
receive. The transponder receives on 1030 MHz and 
transmits on 1090 MHz (it is a UHF system). The 
ground radar site sends out a coded interrogation 
pulse which in effect asks the airborne equipment 
to answer or reply. When the transponder receives 
a valid interrogation, it sends back the proper reply 
signal. The coding used in the transponder signals 
is digital or binary. Each interrogation and reply 
signal consists of a number of pulses in a pulse 
train as illustrated in figure 3-43. For each location 
in the pulse train, a pulse can either be present 
or absent. The cockpit controls for the transponder 
permit the pilot to set one of 4096 different numeri- 
cal codes. The numbers set into the transponder 
represent an octal coding so there are no 85 or 
9s in the code setting window. The possible code 
settings range from 0000 to 7777. The computer 
in the ground radar site can identify the aircraft 
by the code its transponder is sending out. 
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Some transponder codes are reserved for special 
purposes; 0000 is used by the military, 1200 ts for 
VER aircraft and 7500,7600 and 7700 are reserved 
for specific types of aircraft emergency situations, 
‘There are several different operating modes as- 
sociated with transponder equipment. They are: 
1, Mode3/A — This is the basic transponder mode 
that can utilize one of 4096 different codes. 

2. Mode C —This mode includes the above ca- 
pabilities but adds a coded message giving 
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Figure 3-43. The reply from an aircratt transponder uses 
binary coded pulses of very short duration. 
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the aircraft's pressure altitude using an al- 
titude encoder. 

3. Mode S— This 1s the latest development in 
transponders and 1s not yet fully operational, 
it will have the capability of sending additional 
messages such as ATC instructions or weather 
reports that can be viewed on a CRT or printed 
on paper in the cockpit. Mode S also increases 
the number of different identification codes 
for the aircraft to over one million. 


7. FARs for VOR and Transponder 
The FAA regulations which apply to testing and 
operation of VOR and transponder equipment are 
summarized here. 


FAR 91.171 
VOR Equipment Check for IFR Operations 
(a) No person may operate a civil aircraft under 

IFR using the VOR system of radio navigation 

unless the VOR equipment of that aircraft: 

1, Is maintained, checked and inspected 
under an approved procedure: or 

2. Has been operationally checked within the 
preceding 30 days and was found to be within 
the limits for bearing error set forth below. 

(b) The check must use one of the following: 

1. An approved FAA or Repair station ground 
test signal — 24°. 

2. Designated VOR checkpoint on the airport 
surface — 24° 

3. Designated airborne checkpoint — 26°. 

4, An airborne check using a VOR radial and 
prominent ground point that can be seen 
from the air as established by the person 
doing the check — 26°, 

5. If two separate VOR receivers are installed, 
they can be checked against each other 
— 24", 

(©) Maintenance record entry 

1, Each person performing one of the above 
checks shalll enter the date, place and bear- 
ing error in the aircraft log or other record 
and sign it. 

2. Ifa test signal from a repair station is used, 
the repair station certificate holder must 
enter the bearing transmitted and date in 
the aircraft log or other record. 


FAR 91.215 
ATC Transponder and Altitude Reporting 
Equipment and Use 
(a) TSO requirements 


1, All aircraft transponders must meet the 
appropriate requirements of TSO-C74b, 
TSO-C74c or TSO-C112. 

2. After July 1, 1991, all initial installations 
of ATC transponders in aircraft must meet 
the requirements of TSO-C112 (Mode S). 

Note: Due to development delays this requirement 

has been dropped. 

(b) Airspace requirements — all aircraft operating 
in the following airspace must have a 4096 
code transponder with Mode C altitude re- 
porting or a Mode S transponder. 

1, Terminal Control Areas — TCAs 

2, Airport Radar Service Areas — ARSAS 

3. In all controlled airspace above 10,000 ft 
MSL and over 2,500 AGL. 


FAR 91.413 

ATC Transponder Tests and Inspections 

(a) No person may use an ATC transponder that 
is required by the rules of this Chapter unless 
it has been tested and inspected within the 
preceding 24 calendar months and meets the 
requirement of Part 43 Appendix F. 

(b) Following any installation or maintenance 
which could have introduced errors, the in- 
tegrated system must be tested in accordance 
with paragraph (c) of Appendix E. Part 43. 

(c) The above tests and inspections must be con- 
ducted by: 

1, An appropriately rated repair station: or 

2. A holder of a continuous airworthiness 
program as provided in Part 121, 127, 
or 135; or 

3. The manufacturer of the aircraft, if the tran- 
sponder was installed by that manufacturer. 


|. Long Range Navigation Systems 
The navigation systems in this section all have 
usable ranges that exceed those of the VOR, ADF 
and other systems already covered. Some of these 
long range navigation systems do not rely on ground 
based transmitters and some do not use radio sig- 
nals at all. All of them have been developed since 
the 1960s so they are relatively more modern than 
most of the systems previously described. The long 
range navigation systems use geographical coor- 
dinates to establish aircraft position and waypoints 
along a desired flight path. As shown in figure 3-44, 
geographical coordinates are based on the grid sys- 
tem of lines of latitude and longitude. Longitude 
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is expressed either east or west of the prime meridian 
that runs through Greenwich, England. The max- 
imum longitude s 180° which is the International 
Date Line exactly half way around the earth from 
the prime meridian. Latitude is measured north 
and south of the equator with a maximum value 
of 90° at the poles. Since 1° is equal to approximately 
60 nm, for accurate positions each degree is divided 
into 60 minutes and each minute into 60 seconds. 
‘An example of a lat/long position is 29°, 10 minutes, 
51 seconds North latitude by 81°, 3 minutes, 22 
seconds West longitude. This coordinate position 
locates the airport at Daytona Beach, Florida 


1. Loran C 
The first Loran system was developed in the 1940s 
by the U.S. Navy for use by ships. Modifications were 
made to produce Loran A. B, C and D. Loran C 
4s the only one that has any large scale use by aircraft 
All the early transmitter sites were located along 
coastlines since it was a system for ships. Starting 
about 30 years ago, pilots of privately owned airplanes 
began modifying Loran C units from boats and ships 
for aircraft use. The system has been improved and 
newer equipment is now available that make Loran 
Ca very useful radio navigation system. Within the 
last several years new ground sites have been installed 


TUDE 


Figure 3-44. Long range navigation systems define aircraft position in terms of latitude and longitude. 
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in the western U.S. to give nationwide coverage. The 
primary aircraft users of Loran C continue to be 
general aviation aircraft. 


The Loran C system uses ground transmitter sites 
that all transmit on the same frequency—100 kHz. 
The EM waves produced are ground waves. The 
operation of this system involves transmitter chains 
in which each chain consists of one master station 
and two or more slave stations. For purposes of 
explanation, we will consider a chain with two slave 
stations like that shown in figure 3-45. Each trans- 
mitter uses a tower about 1,000 ft. tall and has 
an output power of approximately 4,000,000 watts. 


The transmissions are sequenced so that the 
master transmits first and then the slaves transmit. 
‘The location of the master and slaves are hundreds 


of miles apart. The signals received by the aircraft 
will have a time separation that is determined by 
the aircraft location relative to the transmitter sites. 
A computer in the Loran C receiver performs the 
calculations that determine location. The location 
determination has an accuracy on the order of 400- 
1,000 ft. in most cases. The Loran C equipment 
in the aircraft does not have to be tuned since 
all signals are received on 100 kHz, Each chain 
can be identified by the time delay between trans- 
mission pulses and the information is stored in 
the computer memory of the aircraft receiver. The 
reception range is 1,000 miles or more. An ad- 
vantage of this system is that signals can be received 
at any altitude, even with the aircraft on the ground. 
The use of microprocessors has made the modern 
Loran C unit a very powerful and versatile navigation 
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Figure 3-45. A Loran C chain consists of one master station and two or more slave stations. 
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system. A Loran C receiver contains a large amount 
of memory which stores the location of every airport 
and VOR in the U.S. The memory often includes 
extra information for each airport such as radio 
frequencies available, runway direction and length, 
fuel available etc. The memory can also store pilot 
designated waypoints to enable direct routes to be 
flown. The output of the Loran C includes a CDI 
type indicator which can be used to guide the aircraft 
along the desired route of flight. A Loran C receiver 
and its digital lighted display can be seen at the 
bottom of the radio stack in figure 3-29. 


2. Omega 
‘The Omega radio navigation system was developed 
by the U.S. Navy for use by ships and aircraft 
There are only eight Omega transmitter sites scat- 
tered around the earth, but they provide worldwide 
coverage. The maximum usable reception range is 
approximately 10,000 miles. The signals are trans- 
mitted in the VLF band by powerful ground based 
transmitters. Each ground station transmits on 
several different frequencies between 10 and 14 kHz 
in a repeating pattern. The transmissions from the 
eight stations are sequenced so that two different 
stations don’t transmit on the same frequency at 
the same time. The accurate timing required for 
this is maintained by atomic clocks. When an aireraft 
(Omega receiver is turned on, it automatically selects 
the strongest signals for navigational use. The 
processing of signals is performed by computers 
and the display of position and guidance information 


1s similar to that used with Loran C. The U.S. Navy 
also operates a VLF communications system that 
uiilizes seven sites around the world. Many aircraft 
navigation receivers can pick up both Omega and 
VLF comm signals. The Omega signals are more 
accurate for navigation and are used as the primary 
source, the VLF communications station signals are 
used as a back-up or secondary means of navigation. 
The locations for the eight Omega stations and the 
seven VLF stations are shown in figure 3-46. 


3. Inertial Navigation System — INS 


The inertial navigation system or INS is a long range 
NAV system that does not rely on the reception 
of radio waves. The system is totally self-contained 
within the aircraft. The key to the operation of 
INS ts the very accurate measurement of accelera- 
tion forces. The accelerometer sensors measure ac- 
celeration in directions parallel to the earth's 
surface. The INS unit can calculate direction and 
velocity of the aircraft by measuring acceleration 
forces, but it cannot determine where the aircraft 
is when the unit is first turned on. For this reason, 
the INS must be aligned and calibrated before 
takeoff. When the INS is first turned on before 
flight and before the aircraft is moved, the position 
of the aircraft is entered on a keyboard so the 
unit can align and calibrate itself. During flight 
the INS calculates direction and velocity, which 
when applied to the beginning position gives the 
present position. During very long flights. the INS 
will develop a cumulative error. Toward the end 


OMEGA STATIONS 


Letter No. Location Latitude Longitude 


A 4 Abra, Norway 6625N 19°08 
8 2 Monrovia, Liberia e1eN  1040W 
© 3 Haiku, Hawai, USA 21°28N 157°50W 
D4 La Mowe, North Dakota, USA 4622N 96°20 
E 5 La Reunion 2058S | SSHTE 
F 6 Golfo Nuevo, Argentina 4s0sS 6st 
G7 Austra 3820S 146"56W 

| 8 Toustima, Japan 3e37N 19°27 


|Each station transmits three basic frequencies: 10.2 kHz, 
|11.93 kez, and 13.6 kHz. To prevent signal interference 
‘between stations, transmisisons are timed such that only one 
[station is transmiting @ particular frequency at a time. 


Each station transmits a specific frequency. 


VLF COMMUNICATION STATIONS | 


Frequency | 
Wo, Location Laude Longtde atl)” Pwr (KW) | 
1 Mane ae Grew 783006 | 
2 sesan SEN HOPE 7a a8 | 
3 Washington 48°12'‘N 121°55W = 18.6 124 | 
4 Hawai 2125N teBroW 234 
5 Manjand —860N TeaTW iat | 
6 Awiaia 2140S eNO 223 
7 Greet Bian s2'2eN ornitW 160 40 


Figure 3-46. There are eight Omega transmitter sites that provide world-wide coverage. The seven VLF stations can be 


used as back-ups. 
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CHAPTER » COMPONENTS 


Inductors can also be used to efficiently pass alternating current via a magnetic field from one 
inductor to another. This is how the primary windings of a power transformer induce a current in the 
neighboring secondary coil, which, depending on the ratio of windings and a few other factors, 
determines if the transformer steps up the voltage or steps down the voltage. It can even keep the voltage 
the same, for when electrical isolation is needed between two different systems. 

‘Most electric motors employ some sort of inductor that alternately attracts and repels another 
electromagnet or permanent magnet. The most basic direct-current (DC) motors require a fairly 
‘complex mechanical arrangement to perform the necessary switch-swap to alternate the fields. This 
process is called commutation. In other types of electric motors, such as brushless motors and stepper 
motors, this commutation process is done electronically, externally to the motor itself, and requires 
‘more complex circuitry to control the speed and direction of the motors. See Figure 3-17. 


Figure 3-17. Some simple DC motors. When direct current is applied to their terminals, they spin. The 
‘magic happens with an electrical and mechanical arrangement inside that performs the necessary 
commutation of the magnetic fields. 


Switches 


‘The most basic way to control the flow of electric current in a circuit it to literally break the circuit, This 
‘means that instead of forming a conductive loop from power source to components and back again, a 
gap is introduced somewhere in the loop. 

‘This gap can come anywhere in the loop. It can be right next to the battery, for example, oF 
somewhere off in the middle—as long as the circle is broken, no current will flow. 
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of a long flight the error might be 20 miles. To 
eliminate this cumulative error, modern INS units 
can be updated using radio signals received from 
ground stations where they are available. The simple 
type of INS sensors are small weights which react 
to acceleration forces by movement about a hinge 
point as shown in figure 3-47. In order to give 
accurate readings, the accelerometers must be 
mounted on a gyro stabilized platform so that they 
only measure horizontal forces. This stable platform 
and the control panel for an INS system is shown 
in figure 3-48(A) and figure 3-48(B). In effect, the 
accelerometers measure north-south and east-west 
accelerations in order to determine aircraft position. 

‘The newest type of inertial navigation system does 
not use conventional spinning gyroscopes and does 
not need a gyro stabilized platform. A modern Inertial 
Reference Unit (IRU) for an INS system contains three 
accelerometers and three ring laser gyros (RLGs). The 
three accelerometers measure acceleration forces 
along the aircraft's three axes; vertical, lateral and 
longitudinal. The RLG is a device with no moving 
parts that replaces a conventional gyro with a spinning 
rotor. AS shown in figure 3-49, the laser gyro uses 
a triangular housing and two different laser beams. 
‘The mirrors at the corners direct the two laser beams 
in opposite directions around the triangular course. 
Sensitive detectors measure the Doppler frequency 
shift that occurs when the unit is rotated. Three 
of these RLGs are needed to measure rotation around 
the three axes of the aircraft. A computer processes 
the signals from the three accelerometers and the 
three laser gyro sensors to determine aircraft heading, 
position and groundspeed. 

This modern type of IRU is referred to as a strap- 
down system because it does not require a gyro 
stabilized platform like that shown tn figure 3-48(A). 
The corrections that are needed are calculated by 
the computer. Like any inertial navigation system, 
the strapdown INS must be given the geographical 
coordinates for present position during the align- 
ment before takeoff. 

Inertial navigation systems can be programmed with 
complete routes of flight and can be coupled to the 
aircraft autopilot to provide steering commands. 


4. Doppler Navigation 
The Doppler navigation system does not rely on 
the reception of radio signals from ground based 
transmitter sites, but it does use radio waves. 

‘The Doppler system uses radar beams that are 
projected downward and received back at the 
aircraft after they have bounced off the surface 
of the earth. The frequency commonly used is 8.8 


GHz, The arrangement of the radar beams is shown 
in figure 3-50. Notice that two beams are projected 
forward and two to the rear. When the aircraft is 
in motion, the frequency of the received signals 
will be shifted upward or downward compared to 
the frequency that was transmitted. The change 
in frequency of a wave when there is relative motion 
between the source of the wave and the observer 
is the Doppler effect. Figure 3-51 illustrates the 
Doppler effect with sound waves where the observer 
hears a change in pitch or frequency of the sound 
waves as the ambulance goes by his position. The 
Doppler effect is the same for both sound waves 
and radio waves. That 1s where this system gets 
its name. If the aircraft is traveling forward over 
the surface of the earth and not drifting right or 
left, the frequency of the two forward beams is 
shifted upward equally and the frequency of the 
two rearward beams is shifted downward equally. 
If the aircraft is drifting. there will be a difference 
in the received frequency between the right side 
and left side beams. By measuring all four beams, 
the groundspeed and side drift of the aircraft can 
be calculated accurately. This information can be 
used to make a continuous determination of posi- 
tion, Like INS, Doppler NAV systems must be aligned 
before takeoff and will develop cumulative errors 
in flight. Doppler can be updated using available 
ground based radio signals as is done with INS, 
Doppler navigation units were common in the past, 
but have now been largely replaced by INS and 
other newer long range navigation systems. 


5. Satellite Navigation 


The latest development in long range navigation 
systems is the use of satellites in earth orbit. Two 
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Figure 3-47. One simple type of INS accelerometer. 
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Figure 3-48. 
(A) The gyro stabilized platform of INS accelerometers. 
(8) The keyboard and controls for the INS system and the HSI which can be used to display INS navigational 
information. 
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systems began development in the 1970s. one by 
the USSR and one by the U.S. The U.S. system 
1s called GPS (global positioning system) and the 
Russian system is called GLONASS. 


Both systems are still incomplete although some 
satellites are in orbit now and can be used. The 
two systems are very similar in terms of the fre- 
quencies and principles of operation. The GPS sys- 
tem was designed to include 24 satellites, 21 primary 
and 3 spares. Due to delays caused by the Space 
Shuttle Challenger disaster and other factors only 
18 satellites were in place as of the middle of 1992. 
‘The GLONASS system was also designed to use 
a total of 24 satellites, but only about 15 were 
in place by the middle of 1992. The satellites of 
both systems orbit at an altitude of about 10,000 
nm with a period of 11 to 12 hours. The position 
and altitude of the satellites is known with great 
precision. The aircraft with a satellite navigation 
system communicates with the satellites using fre- 
‘quencies in the 1.6 GHz range. For accurate naviga- 
tion, the aircraft must be able to communicate with 
at least four different satellites as seen in figure 


3-52. Currently the coverage in most areas is over 
90%. Since the altitude ofall the satellites is known, 
this system can provide altitude as well as position 
information. The accuracy is on the order of 80 
ft. which makes the system potentially more ac- 
curate than the other systems so far described. 
The GPS system was developed and is operated 
by the Department of Defense. A possible limitation 
on the use of GPS for IFR is the difficulty in monitor- 
ing the accuracy of the satellite signals. Satellite 
navigation systems can be purchased now, but they 
are primarily used for VFR navigation or as a secon- 
dary system. The use of this system as a sole source 
for IFR navigation has not yet been approved. It 
has been predicted that within a few years satellite 
navigation may become the dominant long range 
NAV system and may also be used for precision 
approach guidance to airport runways. 


I. Instrument Landing 
System (ILS) 
An instrument approach procedure is a method 
used to guide an aircraft to an airport runway for 
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Figure 3-49, A laser beam IRU (inertial reference unit) which uses laser beams to replace conventional gyros for an INS 


navigation system. 
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landing in bad weather conditions. The procedures 
must be FAA-approved and are published in special 
books for pilots to use. There are two basic types 
of instrument approach procedures: precision ap- 
proaches and non-precision approaches. The dif- 
ference is that precision approaches give the pilot 
vertical or descent guidance while non-precision 
approaches do not. Signals from VORs and NDBs 
can be used for non-precision approaches. The 
standard type of precision approach system used 
in the U.S. and most of the world for civilian aircraft 
fs the ILS. The military still uses a form of precision 
approach radar, but that kind of system is no longer 
operated by the FAA. Instrument approaches have 
weather minimums which specify the minimum ceil- 
ing (cloud height) and visibility needed to success- 
fully complete the approach. The weather minimums 
for a Category I standard ILS are 200 ft. ceiling 
and ¥% mile visibility. The minimums for a non- 
precision approach would be about twice as much. 


The ground equipment needed for an ILS system 
has four parts. 
1, Localizer — A radio beam for lateral guidance. 
2. Glideslope — A radio beam for vertical guid- 
ance. 
3. Marker Beacons — Radio signals that give dis- 
tance to the runway data. 
4, Runway and approach lights. 
The lights will not be discussed further because 
they require no equipment on board the aircraft. 
The first three parts will be described in order. 
The localizer layout is shown in figure 3-53 with 
‘a view from above to show the localizer beam, 
The signals transmitted by the localizer are on fre- 
quencies between 108 and 112 MHz. A dual beam 
is transmitted outward from the far end of the runway. 
The right half of the signal is modulated at 150 Hz 
and the left half is modulated at 90 Hz. The aircraft 
receiver measures the relative strength of the 90 and 
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Figure 3-50. The orientation of the four radio beams projected trom the bottom of the aircraft by a Doppler navigation 


system. 
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150 Hz signals that are received. When they are equal, 
the aircraft is lined up with the centerline of the 
runway. The cockpit indicator is a vertical needle 
Just like a VOR indicator, in fact it is often the same 
one. If the needle swings to the left, the pilot must 
turn left to get back on course. 

The glideslope uses a principle like that of the 
localizer, but it transmits on frequencies of 328 
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Figure 3-51. Example of the Doppler principle applied to 
sound waves rather than radio waves. 


to 336 MHz in the UHF band. A side view of the 
glideslope and runway is shown in figure 3-54. 

The glidestope signal uses 90 Hz modulation above 
the glidepath and 150 Hz modulation below the 
glidepath. The center of the glidepath would produce 
equal parts of 90 and 150 Hz signal in the receiver, 
The cockpit indicator for glideslope is a horizontal 
needle as shown in figure 3-55 which shows a simple 
ILS indicator. A needle deflected upward means 
the pilot must fly up or decrease his rate of descent. 
The actual glidepath angle used in an ILS system 
4s about 22-3". This angle permits both large and 
small aircraft to use the ILS. The glideslope and 
localizer frequencies for an ILS are paired together 
in set combinations. The glidestope receiver is ustial- 
ly slaved to the localizer receiver so that when a 
localizer frequency is tuned in, the correct glideslope 
frequency is automatically set in the glideslope 
receiver. 

‘The marker beacons are low powered transmitters 
that transmit a cone shaped pattern straight up 
into the air. When the aircraft flies directly over 
the marker beacon site, an indication is given in 
the cockpit to show the pilot the distance to the 
approach end of the runway. This is illustrated 
in figure 3-56 which gives the approximate distances 
for the outer, middle and inner markers. All marker 


Figure 3-52. When using satellite navigation, the aircraft usually needs to communicate with four satellites for accurate 


Information. 
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beacons transmit on 75 MHz so different modula- 
tions must be used to identify the inner, middle 
and outer markers. The aircraft receiver does not 
need to be tuned and in fact is often turned on 
automatically with the electrical system. The outer 
marker is modulated with a frequency of 400 Hz 
and a Morse code sequence of dashes. It also causes 
a blue light to illuminate in the cockpit so it can 
be identified by sound or with the blue light or 
both. 

The middle marker is modulated with a frequency 
of 1300 Hz and a sequence of Morse code dots 
and dashes. 

The amber indicator light comes on over the mid- 
dle marker. The inner marker is not used with 
all ILS systems. It uses a modulation of 3000 Hz 
and a sequence of Morse code dots. The white light 
comes on over the inner marker. The three marker 
beacon indicator lights can be seen on the left side 
of the audio control panel in figure 3-26. 

‘Some ILS systems place an NDB type transmitter 
at the outer or middle marker locations. These make 
it easier for the pilot to navigate to the proper loca- 
tion to begin the approach. These are examples 
of what are called transitional navigational aids. 
When an NDB transmitter is associated with a 
marker beacon location, it is called a compass 
locator. The pilot would tune it in on his ADF receiver 
and follow the indications as he would for any NDB. 

The signals produced by the localizer system are 
projected in opposite directions so that the localizer 
is usable from either direction as shown in figure 
3-57. The course that is used with the ILS ts called 
the front course and the other is called the back 
course. The glideslope 1s projected in one direction 
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Figure 3-53. The localizer course Is modulated by 150 Hz 
on the right side and by 90 Hz on the left side 


Figure 3-54. The glidesiope signal is modulated by 90 Hz 
above and 150 Hz below the middle of the 
glidepath. 
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only. If an airport has an ILS for runway 9. the 
full ILS is only available for landings to the east 
on runway 9 (090°). The back course of the localizer 
would be available for landings on runway 27 (the 
opposite end of the same runway). The back course 
approach is a localizer only approach which will 
have higher minimums than the ILS because it does 
not have the glideslope. The sensing of the indicator 
needle is backwards on the back course approach 
The pilot would have to use opposite corrections 
on the back course compared to the ILS. 
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Figure 3-55. The ILS indicator has two needles: avertical 
needle for localizer and @ horizontal needle 
for glidestope. 
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Figure 3-56. The marker beacon transmitters send sig- 
nals upward which provide indications in 
the cockpit of distance to the runwa 
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Figure 3-57. The localizer transmits signals that provide 
guidance on both the front course and the 
back course. Only the front course is used 

for an ILS. 


J. Microwave Landing 
System (MLS) 
The microwave landing system is a recently 
developed precision approach system that is in 
limited use at this time with about eight systems 
in service in the U.S. The MLS was designed to 
‘overcome some of the problems with ILS. A major 
problem with ILS is that not enough frequencies 
are available to install the system in all the places 
it might be needed. ILS is affected by some bending 
of the beams by obstructions and can only have 
one glidepath angle that all aircraft must use. The 
MLS transmitters operate at frequencies between 
5.0and 5.1 GHz. Many new frequencies are available 
in this range and the signals do not suffer the 
same kind of interference or bending that affects 
ILS signals. The principle of operation of the MLS 
is called a time referenced scanning beam system 


‘Two beams are used: one that scans side to side 
and one that scans up and down. The aircraft 
receiver measures the time difference between 
reception of the TO and FRO scans for the two 
beams in order to determine lateral and vertical 
position. The scanning beams used by the MLS 
are illustrated in figure 3-58. The cockpit display 
works in a way similar to the one used with ILS. 
Because of delays in development, only a few MLS 
approach systems are in use. One of the first was 
installed at a smalll airport in Colorado that is served 
by a commuter airline. The airline operates STOL 
(short takeoff and landing) aircraft and the glides- 
lope that is used is steeper than normal. This allows 
a steep approach which gives greater terrain 
clearance in mountainous areas. The glidepath 
angle for MLS is determined by the processing of 
the signals by the aircraft equipment. It is not deter- 
mined by the installation of the ground antennas. 
This means that with MLS a different glidepath 
angle could be used by aircraft with different flight 
characteristics. It will probably be many years before 
MLS has replaced ILS to any great extent, in fact, 
the FAA just recently ordered new ILS equipment 
for installation at a number of U.S. airports. The 
use of MLS requires different receivers and antennas 
than ILS, but both types of equipment may be found 
on some aircraft. 


K. Radar Altimeter 


The radio altimeter or radar altimeter is a system 
which measures the aircraft's height above ground 
level (AGL) with an accuracy of about 5 ft. A con- 
ventional altimeter is not that accurate and it 
measures MSL not AGL altitude. The usable range 
for a radar altimeter extends up to 2,500 ft. but 
it is mainly used during instrument approaches in 
bad weather. The basic Category I ILS minimums 
are 200 ft. ceiling and 1% mile visibility. There are 
other categories of ILS with lower minimums. A 


Figure 3-58. The MLS system has two scanning beams. The lateral beam that scans side to side is shown here. 
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Category II LS has minimums of 100 ft. celling and 
Ys mile visibility. The minimums for Category III are 
even lower. When the aircraft 1s flying below 200 
ft. in bad weather, a better method of measuring 
altitude than a barometric altimeter is needed for 
safety. This is the main use for a radar altimeter. 
as a precise way to measure AGL altitude during 
IFR approaches. The radar altimeter uses antennas 
that are installed on the belly of the aircraft. The 
transmitter sends out radio waves at 4.3 GHz which 
strike the earth and bounce back to the receive an- 
tenna. By measuring the travel time for the radio 
waves, an accurate calculation can be made of AGL 
altitude. The basic parts of a radio altimeter or radar 
altimeter system and one type of cockpit indicator 
are shown in figure 3-59. Another type of cockpit 
indicator for a radar altimeter that uses a round 
display is shown in figure 3-60. This instrument has 
a bug that can be set at 200 ft. or some other altitude 


Low Range Radio Altimeter Receiver/Transmitter 


ENCY 


to give a warning to the pilot during an instrument 
approach. 


L. Ground Proximity Warning 
System (GPWS) 


‘The ground proximity warning system is designed 
to provide warnings to the flight crew when the 
aircraft is in danger of striking the ground due 
to excessive descent rate or rising terrain. This 
equipment is required on all air carrier jets and 
it is found on some bizjets and other aircraft as 
well. The main component in a GPWS system is 
a computer which monitors numerous inputs and 
makes calculations to determine if the aircraft is 
in danger of hitting the ground. Some of the inputs 
to the computer are barometric altitude, radar al- 
titude, rate of climb or descent, flap position and 
landing gear position. The GPWS is one of the few 
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Figure 3-59. The aircraft radar altimeter system is also called. 
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systems on a civil aircraft that gives a spoken voice 
command to the flight crew. When it is determined 
that a warning must be given, a recorded voice 
on tape is activated which tells the flight crew to 
“PULL UP, PULL UP" or a similar type of message. 


M. Weather Radar 


Aradar weather unit is another piece of equipment 
which is required for all air carrier jets and is com- 
mon on many other types ofaircraft. Aircraft weather 
radar is a pulse radar that typically operates at 
9.375 GHz. The radar antenna is installed on the 
front of the aircraft where it sends out brief pulses 
of radar frequency EM waves in order to locate 
and avoid thunderstorms. There must be something 
present in a thunderstorm which will reflect the 
radar pulse, Clouds are invisible to radar, but ice, 
hail and especially rain will reflect the energy back 
to the aircraft radar antenna. The strength of the 
return is affected by the size of the raindrops and 
the rainfall intensity. Color radars use different col- 
ors for different intensity levels. Green, yellow and 
red are often used with red indicating the highest 
intensity of rainfall. 

Radar signals can also be reflected from the 
ground and the radar system can be used to locate 
surface features on the earth below. This mapping 
feature is especially effective when used to pick 
up well defined coastlines. 


Weather radar is called a pulse radar system 
because it transmits very brief pulses of energy. 
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Figure 3-60. Some radar altimeters use a round indicator 
instrument. 


This is necessary in order to use the same antenna 
for transmit and receive and to produce a usable 
maximum range. The transmitter sends out a pulse 
that has a duration of about one microsecond. Then 
the antenna is switched to the receiver for a period 
of about 2,500 microseconds. The receiver must 
be connected long enough for the pulse to travel 
out to the maximum range and back again. The 
use of pulse radar also makes the system more 
efficient since the transmit energy is concentrated 
in brief pulses which permits much higher values 
of peak power than would otherwise be possible 
The major components and their location for a 
weather radar system on a business jet airplane 
are shown in figure 3-61 


‘The major components of a weather radar system. 
and their functions will now be listed 


1. Antenna — The antennais a parabolic reflector 
or a newer and more efficient flat plate an- 
tenna. It does not rotate 360° like ATC radar, 
but scans side to side through an are of ap- 
proximately 120° 


2. Radar screen or display — This shows the re 
turns picked up on the radar, usually in 
or 4 different colors. 

3. Cavity magnetron — This is a special device 
used to produce the radar frequency EM waves 
for the radar system (figure 3-62) 

4, Synchronizer — The antenna and the screen 
must be synchronized in order to show the 
correct location of the returns. 

5. Duplexer — This unit rapidly switches the an- 
tenna between the transmitter and receiver, 


6. Stabilization System —The antenna unit 
needs to be gyro stabilized so that pitch and 
roll attitudes of the aircraft will not cause in- 
correct display presentations. 

7. Waveguide — because of the power and fre- 

quency of the EM waves, coaxial cables cannot 
be used to connect the antenna with the R/T 
unit. A hollow tube called waveguide is used 
for this purpose (figure 3-63). 

‘The weather radar has a maximum range from 
200-300 miles on a typical installation. The controls 
allow the pilot to select different ranges and different 
settings so that the best indications of thunder- 
storms can be produced depending on the con- 
ditions encountered. 


A tilt control is included so that the antenna 
can be tiled up and down to gauge the vertical 
extent of the storm cell. The radar antenna is 
protected by a plastic or fiberglass radome which 
must be carefully maintained to prevent adverse 
effects on radar performance, The radome often 
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Figure 3-61. The major components of a weather radar system. (Courtesy Canadair Group, Bombardier Inc.) 
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(CHAPTER 3 = COMPONENTS 


80 


Ifyou perform the lightbulb experiment in Chapter 1, you can see how this works. When everything 
.ed up properly and the final connection is made, the lightbulb lights up. When any of the 
connections are broken, the light goes out. It’s really as simple as that. 

Most of the electrical switches that you operate every day are really mechanical in nature. Their 
main function is to physically move two conductors either together or apart. 

In the lightbulb experiment, you could use the wire as a switch, by physically touching either the 
battery terminal or the lightbulb (depending on how you were holding everything together). With a litle 
practice, you could probably send Morse code, or at least a variation on “one if by land, two if by sea.” 

‘There are many kinds of switches for many kinds of switching tasks. The most basic are momentary 
action switches. These are usually push buttons, and only conduct electricity when pressed. Alternately, 
they can be built so that they conduct electricity all the time, except when pressed: 


‘© The first option is called normally open. When a circuit is open, itis not 
conducting electricity. When you close the circuit, by completing the loop, 
electricity can flow. A normally open switch would be welcome in a doorbell 
circuit. When no one is pressing the button, no bells are ringing. It would be 
annoying the other way around, 


‘+ Anormally closed switch acts like a solid piece of wire (being a conductor of 
electricity) until it is activated, when it ceases to provide a path for the electricity 
to follow. This type of switch can be used as a kill switch on a gasoline-powered 
engine, such as a lawn mower, for example. By interrupting the flow of electrici 
generated by the magneto and powering the spark plug, you interrupt the internal 
combustion cycle, which will eventually cause the engine to slow down and then 
stop. 


‘This type of switch is called a single-throw switch. It's either on or it’s off—conducting electricity or 
not conducting electricity. 


Note For almost every possible configuration of switches, there is a corresponding opposite configuration that 
is almost as popular. 


Another useful configuration for a switch is to switch from one circuit to another circuit, and not 
just on and off. This is referred to as a double-throw circuit. A switch like this normally has three 
terminals. A common terminal is usually, but not always, in the center. At any rate, the common terminal 
is electrically connected to the moving part of the switch that is going to make contact with one or the 
other two remaining contacts. The normally closed contact is the one that will be making contact with 
the common terminal when the switch is not activated, or at rest. The normally open contact is simply 
the other terminal. This assumes that the switch has some sort of bias or mechanical spring action that 
returns it to a certain orientation when no one is activatin, 

Some double-throw switches can remain in either state indefinitely. A typical light switch used in 
indoor lighting is a good example. It’s just as happy to stay on as off. 

Switches can have more than one circuit built into them. These switches are called double pole, 
triple pole, and so forth. They're like two or more single-pole switches physically taped together, so that 
when one is switched, they all are switched. Usually these poles are electrically isolated from each other. 

We'll play with switches again in Chapter 5, where you'll learn some interesting ways to wire 
them up. 


has conducting strips fastened on the outside to 
conduct static charges and lightning strikes away 
from the radome. A typical arrangement of lightning 
diverter strips 1s shown in figure 3-64. The radome 
should only be painted with approved types of paint 
which will not interfere with the radar frequency 
signals that must pass through the radome. 

Personal safety is very important when working 
on aircraft with radar systems. Some of the com- 
ponents in the receiver/transmitter unit can hold 
very high voltages and should be worked on only 
by personnel that are familiar with the necessary 
safety precautions, The emissions from the radar 
antenna can be very hazardous to human beings. 
‘The radar should never be turned on while on the 
ground unless special precautions are taken. The 
manufacturers maintenance instructions usually 
include some information on the MPEL. The max- 
imum permissible exposure level gives safe distan- 
ces from aircraft radar antennas. The best procedure 
is to never walk in front of an aircraft when the 
radar might be turned on 


N. Stormscope® 
‘The Stormscope is a weather avoidance system that 
uses completely different methods to locate 
thunderstorms than a radar system, The Storm- 
scope is designed to receive the radio frequency 
EM waves produced by lightning discharges. It uses 
a directional antenna system similar to that used 
by the ADF equipment. In fact in some cases it 
is possible to connect the Stormscope to the aircraft 
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Figure 3-62. A cavity magnetron produces the powerful 
SHF band EM waves for a weather radar 
transmitter. 


ADF antennas with special couplers. The direction 
of the lightning is determined using the directional 
antenna and the relative intensity of the discharge 
4s measured. The intensity is used as pseudo range 
on the display. It is not actual range like that ob- 
tained from weather radar, but it does give useful 
information to the pilot. The display instrument 
4n the cockpit is normally a small round LCD display 
that shows a light dot for each lightning strike 
that is detected. From the patterns on the display 
the pilot can determine where the worst areas are 
located and avoid them. Figure 3-65 shows the 
appearance of a typical Stormscope display instru- 
ment. The purpose of all weather detection systems 
is avoidance. A very strong thunderstorm cell has 
the capability of tearing apart even the strongest 
of aircraft. 

‘Since the Stormscope and the weather radar react 
to different aspects of thunderstorms, the best 
weather avoidance system would be to have both 
installed in the aircraft. Many corporate aircraft 
in fact do have both systems installed 


0. TCAS — Airborne Collision 
Avoidance System 
‘The full meaning of the abbreviation TCAS is traffic 
alert and collision avoidance system. The prevention 
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Figure 3-63. Waveguide is used to carry the radar fre- 
quency energy between the A/T unit and the 
antenna in a weather radar system. (Cour- 
tesy Piper Aircraft Co.) 
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of collisions between aircraft is the primary respon- 
sibility of the ATC system. This TCAS system was 
developed because both the FAA and the airlines 
were interested in having a system which would 
display collision threats to the pilots. This type 
of equipment is being installed at the present time 
in air carrier jets. About half of them have had 
the equipment installed already. The TCAS equip- 
ment uses some of the same equipment and prin- 
ciples as the transponders discussed earlier. The 
TCAS equipment on the aircraft includes a com- 
puter, a display screen in the cockpit and a direc- 
tional antenna system. The unit sends out 
interrogations in all directions around the TCAS 
aircraft. Any transponder equipped aircraft within 
range will send back a reply and the TCAS cal- 
culates direction, range and altitude of the other 
aircraft. Of course it can only determine altitude 
if the other aircraft is Mode C equipped. If the 
other aircraft does not have a transponder, tt will 
not be detected at all. Each aircraft that has been 


detected within a certain range will be displayed 
as a lighted symbol on the display screen. If the 
other aircraft gets closer and creates a threat, the 
symbol will change color and shape. If the TCAS 
‘equipment determines that a sufficient danger level 
{8 present, it will display an avoidance maneuver 
command to the pilots. The avoidance maneuver 
will be in the vertical plane only, the present equip- 
ment ts not able to suggest turns as avoidance 
maneuvers. The pilot will be told on the display 
to climb or descend at a certain rate to avoid the 
threat aircraft. The general appearance of the cock- 
pit indicator for a TCAS is shown in figure 3-66. 
‘The aircraft symbols are different shapes and colors 
with an altitude and climb or descent arrow next 
to the symbol. The position of the TCAS equipped 
aircraft is shown by the airplane symbol at the 
center of the range circle. The installation of TCAS 
in an aircraft normally uses a Mode S transponder 
and a special type of directional antenna just for 
the TCAS equipment. 
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Figure 3-64. Lightning diverter strips are installed on nose radomes to prevent damage due to lightning strikes and 


static electricity. 
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Figure 3-66. Simplified example of a TCAS display. The 
| symbols for threat aircraft use different 
} shapes and colors. 


Figure 3-65. The type of display normally used with a 
Stormscope. 
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CHAPTER IV 


Aircraft Antennas and Autopilots 


‘This chapter contains three major topic areas: recom- 
mendations for installing and inspecting avionics 
equipment, additional information concerning 
aircraft antennas and aircraft autopilot systems. 


A. Installation and Inspection 
of Avionics 


There are a number of factors which make the 
installation of avionics equipment more critical than 
the installation of other types of equipment. Radios 
and avionics are very sensitive to electromagnetic 
interference which can be created by nearby wiring 
and other electrically operated devices. The instal- 
lation and maintenance of good bonding jumper 
connections is important to ensure proper operation 
of avionics units. Avionics equipment is easily 
damaged by excessive heat which requires that 
provisions be made for adequate air circulation, 
The most common cause for failures in avionics 
equipment is probably overheating. Figure 4-1 
shows the avionics cooling arrangement for a small 
airplane. The tubing and plenums in this type of 
system must be maintained properly to ensure that 
adequate cooling airflow is available to the equip- 
ment. Other types of avionics cooling systems use 
electric motor driven fans, these must be maintained 
in good condition to prevent overheating. A thorough 
knowledge of these and other important considera- 
tions is necessary to ensure proper performance 
from installed avionics equipment in aircraft. The 
repair of avionics equipment is accomplished by 
appropriately rated FAA repair stations, but the 
installation, inspection and routine maintenance 
on these units is often performed by A&P tech- 
nicians. Some of the important considerations when 
installing and inspecting avionics equipment will 
be discussed next. 


1. Cleaning of Electronic Equipment 
Cleaning of electronic equipment 1s important in 
order to remove accumulations of dust, dirt and 
lint that can block cooling holes and cause over- 
heating, Dirt and lint which collects on open terminal 
strips and other electrical connections can absorb 
moisture and cause short circuits. Open terminal 
strips like those shown in figure 4-2 should be 
cleaned regularly to prevent the accumulation of 
dirt and lint that can cause these types of problems. 


Electrical connections should be kept clean and 
free of corrosion and oxidation which can add un- 
wanted resistance. When a mild abrasive is needed 
to remove corrosion and oxidation on terminal strips 
and mating surfaces, emery cloth is recommended. 

‘Commutators and slip rings should be cleaned 
with crocus cloth or very fine sandpaper. 

Older electronic equipment made extensive use 
of rotary selector switches and similar devices with 
many sets of contacts. Spray cans of a special clean- 
ing solvent are available for cleaning the contacts 
of these devices. Before using a spray can contact 
cleaner, you should ensure that it is compatible 
with any plastic or non-metallic parts of these 
switches. 


2, Routing Wires 
Wiring of all types should be routed above lines 
that carry fluids and clamped securely to the aircraft 
structure. The wires should be routed so as to 
prevent abrasive damage from control cables, 
mechanical linkages and other moving parts in the 
aircraft. Frequent clamps and ties should be used 
to prevent excessive wire movement due to in-flight 
vibration and other factors. The proper installation 
of clamps to prevent excessive wire movement is 
illustrated in figure 4-3. Where wires terminate at 
pieces of equipment. enough slack should be left 
after the last clamp to allow for shock mount mo- 
tions. If wires are clamped tightly too close to the 
termination point, normal aircraft motions and 
vibration will put bending loads on the wire con- 
nectors and cause premature failure in the wires. 

Another factor to consider when routing wiring 
for electronic equipment is electromagnetic inter- 
ference (EMD). Antenna leads and other wiring sen- 
sitive to EMI should be routed away from the wires 
for inverters, power supplies, strobe lights. motors 
and other components that are known to cause 
interference. When troubleshooting a noise or in- 
terference problem in aircraft radios and sensitive 
electronic equipment, itis often necessary to reroute 
wires away from the source of the EMI once it 
has been located. 


3. Switches and Circuit Breakers 
The radios on aircraft are usually connected to an 
avionics master switch. This switch is separate from 
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the normal master switch as shown in figure 4-4. 
This is a useful feature which makes it easier for 
the pilot to ensure that all the radios are turned 
off when starting and stopping the engine. The 
radios should be turned off when the engine is 
started and stopped in order to prevent damage 


caused by surge currents and spikes of high voltage 
that can occur during engine starts and engine 
shut down. When installing switches in aircraft cir- 
cuits, the rating of the switch must be adequate 
to handle both the type and amount of current 
and voltage for the circuit. Figure 4-5 shows a typical 


Figure 4-1. Avionics cooling installation for a smail airplane that uses vents on the sides of the fuselage to move air 


across the radios. 
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Figure 4-2. Open terminal strips should be kept clean 

‘and free of corrosion. Check for metal ob- 
Jects that could fall across the terminals and 
cause shorts. 


aircraft toggle switch. Whether the circuit is AC 
‘or DC makes a significant difference in the proper 
selection of switches. 

For example. there is a common aircraft quality 
switch that 1s rated for 10 amps at 125-250 volts 
AC. The same switch s rated at 0.3 amps when 
it is used in a DC circuit up to 125 volts DC. 
If this switch was installed in a 10 amp DC circuit 
the points would quickly burn and fail. The reason 
for this difference in ratings is that the current 
in an AC circuit drops to zero twice each cycle, 
this greatly reduces the problem of arcing as the 
points in the switch are opening. The proper rating 
of a switch in terms of both current flow and AC 


YZ 


“V2INCH MAXIMUM WITH 
NORMAL HAND PRESSURE: 


Figure 4-3. 


Wires and antenna leads should be supported with proper clamps and ties. 


Figure 4-4, An avionics master switch supplies electrical power to the avionics bus. It should be off when starting and 


‘stopping the engine. 
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versus DC rating is very important to ensure ade- 
quate performance and service life. The condition 
of switches can be checked during an inspection 
by operating the switch and checking the “feel” 
during operation. Many switches have over-center 
mechanisms and other devices that produce a dis- 
tinct feel to the switch. When the switch is getting 
worn and ready to fail, it often starts to feel sloppy 
in operation. 

Circuit breakers for aircraft circuits should be 
the “trip free” type. This means that the circuit 
breaker cannot be overridden by holding it in the 
engaged position. It will open the circuit regardless 
of the position of the control toggle or push button. 
Various types of circuit breakers are available as 
shown in figure 4-6 and the correct selection of 
circuit breaker ratings for the particular circuit 
is important to prevent dangerous overloads in 
the aircraft's circuits. During inspections. the 
proper operation of the circuit breaker should be 


Cl 


Figure 4-8. Switches used in aircraft circuits should 
hhave the appropriate AC or DC rating to 
prevent premature failures. 


PUSHTO-RESET PUSH-PULL-TYPE —_ TOGGLE-TYPE 
CIRCUIT GREARER CIRCUIT BREAKER CIRCUIT BREAKER 
i} a (} « 


Figure 4-6. Circuit breakers should be the trip-free type 
and inspected regularly for proper operation. 
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determined. Most types can be manually opened 
to interrupt current flow. Even a small general 
aviation airplane may have a large number of 
switches and circuit breakers as shown in figure 
4-7. These should be inspected for proper operation 
and for any abnormal “feel” which could indicate 
an impending failure. 


4, Bonding and Shielding 


Radio reception can be completely blocked or severe- 
ly interfered with by improper bonding and shielding 
in the aircraft. The source of the noise interference 
that affects aircraft radios 1s both inside and outside 
the aircraft. Outside interference comes from 
precipitation static and thunderstorms. Inside in- 
terference can be produced by current flow in other 
circuits and EMI emitters like ignition systems. The 
proper installation and maintenance of bonding 
jumpers is a key factor in preventing radio inter- 
ference. Both braided wire bonding jumpers and 
thin metal straps are used for bonding connections. 
An installation of a braided bonding jumper on 
a shock mount is shown in figure 4-8. All parts 
of the aircraft that could create noise problems 
should be bonded. Electrical equipment that is 
shock mounted should have adequate bonding 
jumpers to carry the ground path current without 
producing excessive voltage drop. 

When the bonding jumpers carry ground path 
currents, always use more than one. If there is 
only one and it breaks. the radio or other piece 
of equipment will be inoperative. When attaching 
bonding jumpers all dirt, grease, paint and coatings 
such as anodizing should be removed to ensure 
good electrical contact. A heavy bonding jumper 
for installation on airframe parts is shown in figure 
4-9. The general rule is that the maximum resistance 
for a bonding jumper connection should be .003 
ohms. The FAA in AC 65.15 does state that if a 
bonding jumper is only used for static electricity 
purposes and does not carry ground path currents, 
0.01 ohms maximum 1s acceptable. Bonding 
jumpers accomplish a number of different functions 
on aircraft, some of these are listed below. 

1. Supply the ground path for current flow for 
electrical equipment, especially shock 
mounted equipment 

2. Reduce radio interference. 

3. Decrease possibility of lightning damage (at 
control surface hinges. for example). 

4, Allow static charges to equalize between dif- 
ferent parts of the airframe. This can reduce 
the fire hazard caused by arcing near fuel 
tank vents, ete. 
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Figure 4-7. Typical circuit breaker panel for a twin-engine airplane. (Courtesy Cessna Alrcratt Co.) 
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A number of factors should be kept in mind when 
installing and inspecting bonding jumpers. Some 
recommendations concerning bonding jumpers are: 
1. Bonding Jumpers should be as short as pos- 
sible (however, allow for any necessary motion 
as with a control surface) 
2, Do not solder bonding jumpers. It makes them 
brittle and they break. 
3. Donot pair:t bonding jumpers. This also makes 
them brittle. 
4. Ensure good contact by removing dirt, grease, 
paint and other coatings. 
5. Use compatible hardware to prevent corrosion. 


Use compatible bonding jumpers (aluminum 
alloy for aluminum alloy structures and copper 
or brass jumpers for parts made of steel, stain- 
less steel, brass or bronze). 


Figure 4-8. Bonding jumpers on shock mounts must 
allow freedom of movement on the shock 
mounts and should be inspected regularly to 
detect breakage or corrosion. 


Figure 4-9. Heavy duty bonding straps are often re- 
quired for bonding of major airframe com- 
ponents. 
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Shielding is an important part of noise suppres- 
sion for aircraft radios. Shielding can be applied 
at the source of the noise or at the component 
or circuit that is sensitive to EMI. Shielding consists 
of a metal outer cover for a wire or component. 
Electromagnetic fields that could cause interference 
are captured in the metal cover and sent to ground. 
The ignition system of an aircraft engine can produce 
serious interference and so all parts of the ignition 
system need to be shielded. 


On a reciprocating engine, for example, the mag- 
neto, ignition wires, spark plugs and "P” lead need 
to be shielded as illustrated in figure 4-10. The 
magneto and spark plugs are shielded by being 
made with a metal housing or outer cover. The 
ignition wires use an outer wire braid shielding 
The primary or “P* lead is the wire that connects 
the magneto to the cockpit ignition switch. It should 
be a shielded wire to prevent noise. If all parts 
of the ignition system have been shielded and ig- 
nition noise is still present, it may be necessary 
to install a filter capacitor on the magneto. This 
is a condenser or capacitor of the correct size which 
will help to filter out noise at the source, Other 
aircraft components may require filters also, such 
as certain motors and power supplies. 

Under certain circumstances noise and inter- 
ference can be caused by the shielding on electrical 
wiring, The use of shielded wires can sometimes 
result in a phenomenon known as ground-loop in- 
terference. This ground-loop problem {s illustrated 
in figure 4-11 

Circuit A in figure 4-11 uses a shielded wire 
with the shielding grounded at both ends. Circuit 
B is a single-wire circuit with ground connections 
at both ends. There ts nothing to prevent the ground 
path currents for circuit B from flowing along the 
wire shielding of circuit A. Depending on the types 
of electrical signals involved, groundloops can cause 
interference between different circuits in the 
aircraft. The way to prevent groundioop problems 
is to leave one end of the shielding “floating” or 
ungrounded. If one of the grounds for the shielding 
in circuit A was disconnected, currents for circuit 
B could not use the shielding as a current path. 
Special precautions are recommended in AC 43.13- 
2A for the installation of inverters to prevent these 
Kinds of problems. The recommended procedures 
to prevent inverter interference are: 

1. Install inverters in separate areas, away from 

sensitive electronic circutts. 

2. Separate the input and output wires of the 

inverter. 


3. Properly bond the inverter case to the airframe. 
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CHAPTER 3 = COMPONENTS 


Active Components 


While it could truthfully be said that aif electronic components require some electricity to do anything, 
the distinction made in this book between passive and active components is that active components 
need a little more power to be really interesting. 

First we'll lok at sources of this magical electricity, and then we'll move on to some of the 
fascinating and complex components that will happily use it all up for you. 


Power Supplies 


You're going to need some sort of power source for any electric or electronic circuit you run across. Ifit 
doesn’t use electricity in some structured form, it's not really electronics, now is it? 


Batteries 


You can use regular batteries to power a lot of your circuits, but they eventually wear out, and then you 
have no real recourse other than to throw them away or recycle them, if possible. Ifyou're going to be 
using batteries, at least get some good ones. Many of the bargain brands are terribly inferior in their 
manufacture and are only providing you with a false economy. Spend a little more and get higher- 
quality parts, and you will be rewarded with longer life and more reliable operation, 

A great way to work with batteries is to use the appropriate battery connectors or battery holders. 
‘Sometimes you can remove these from obsolete electronic devices that have outlived their useful 
lifetime. Always observe the proper orientation and polarity of batteries. Even smaller batteries contain 
an annoying amount of power, especially when it all decides to come out at once, such as when you 
accidentally plug something in backward or short something out. This can result in damaged parts, 
burns, or even fires. Be careful with batteries. 

Having a fuse holder wired inline with your battery-powered supply is an excellent and cheap way 
to prevent such “unauthorized thermal events.” Keep several spare fuses on hand as well. Fuses cost 
little and save much, 

Rechargeable batteries are becoming more common, and they keep coming down in price while 
improving in longevity and power capacity, and decreasing in size and weight. Any rechargeable battery 
technology beats any kind of primary, or nonrechargeable, battery in the long run, 


Caution The same wamings about battery polarity and fuses apply to rechargeable batteries as well 


Since there's no easy way to “turn off” a battery, it would be a good idea to include a power switch in 
your supply, if possible. Just make sure that whatever switch you select can stand up to the maximum 
current you will want to be extracting from your power supply. You should also make your switch large 
and easy to see, so that you can find it quickly when you need it. An obvious power-on indicator is also a 
great plus for a homemade power supply. This can be as simple as a green LED (with appropriate 
Current-limiting resistor—see below) or as complex as a voltage meter indicating how much juice is left. 
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Figure 4-10. All parts of the ignition system should be shielded to prevent radio noise. 


CIRCUIT *A" WITH SHIELDED WIRE 
GROUNDED AT BOTH ENDS 
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AIRFRAME GROUNDS 


| 
¢——4, | | 


= Figure 4-12. Static wicks are installed on the trailing 
‘edges of the flight control surfaces to help 


Figure 4-11. Example of how “ground loop” interference remove static charges in flight in order to 
do seeaed prevent noise in the radios. 

4. Use shielded wires for inverter output wires 5. Static Dischargers 
and ground the shielding at the inverter end A common cause of noise in aircraft radios and 
only. related equipment is P-static interference. Precipita- 
Anumber ofitems of aircraftequipmentcan create __ tion or P-static noise Is caused by static electricity 
special interference problems, examples include in- that builds up on an aircraft in flight. The static 
verters, motors, strobe lights, rotating beacon lights _ electricity is produced by friction and can build 
etc. Sometimes trial and error is necessary to ‘up to 80,000 volts or more under certain conditions. 
eliminate noise and interference problems. The use _ Friction between the metal skin of the aircraft and 


of shielded wires and physical separation are basic _particles in the atmosphere is a common cause 
techniques that can be used to prevent or eliminate _of P-static. Flying through rain, snow, ice or even 


noise and interference between different aircraft dust particles can result in a static charge on the 
systems and equipment. airframe. The exhaust stream of a turbine engine 
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can cause static electricity due to friction between 
particles in the exhaust and the metal tailpipe. 
P-static is a greater problem for high speed aircraft 
because higher speeds produce more friction and 
higher charges. High speed aircraft usually require 
more static dischargers to reduce the static charge 
on the aircraft. Static dischargers are small devices 
fastened to the extremities of the aircraft that are 
designed to discharge the aircraft to the atmosphere. 
They are commonly installed on all classes of aircraft 
that operate IFR and require all weather radio 


reception. Static dischargers are fastened to the 
trailing edges of the primary flight control surfaces: 
ailerons, elevators and rudders. A recommended 
installation of static dischargers for a small airplane 
fs shown in figure 4-12. High speed aircraft may 
have additional static dischargers on the outboard 
tips of the wing and horizontal stabilizer. The static 
dischargers reduce the threshold for discharge to 
the atmosphere so that the voltage on the aircraft 
is reduced. The locations of the static dischargers 
for a business jet are shown in figure 4-13, 


| STRAIGHT WICK 


STABILIZER TIP WICK 


Figure 4-13. The installation of static dischargers for a corporate jet airplane. (Courtesy Canadair Group, Bombardier Inc.) 
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Corona is a term associated with P-static charges 
on aircraft. Corona refers to the glow that is some- 
times visible on the extremities of the aircraft when 
static electricity is discharging to the atmosphere. 
St. Elmo's Fire 1s an older term that means the 
same thing. The installation of static dischargers 
will eliminate or reduce corona by controlling the 
discharges to the atmosphere. 

‘There are three basic types of static dischargers 
used on aircraft: static wicks, wire braid dischargers 
and null field dischargers. The static wick is also 
called a flexible static discharger and is found on 
low speed aircraft. It consists of a plastic tube or 
outer covering with a fabric braid inside. The inner 
braid can be cotton, nylon, or some other material. 
The inner braid extends beyond the plastic covering 
where it is fanned out to produce the discharge 
points. The FAA recommends that one inch of the 
inner braid should extend beyond the outer cover. 

When they become worn, they can be retrimmed 
to this dimension until they become too short and 
must be replaced. The inner braid of a static dis- 
charger is designed to have some built-in resistance 
to control the discharge current and further reduce 
noise. The wire braid static dischargers are also 
called the semi-flexible type. This type is simply 


a piece of wire braid made of stainless steel wires 
as shown in figure 4-15. The wire braid does not 
have any built-in resistance, so this kind is not 
as effective as the other two kinds of static dis- 
chargers. Jet airplanes normally use the null field 
discharger which is more rugged than the others 
for high speed aircraft use. The null field discharger 
consists of a rigid shaft made of fiberglass or com- 
posite materials with very sharp metal points at 
the aft end. The metal points are sometimes made 
of tungsten for longer life. Static wicks and null 
field dischargers are illustrated in figure 4-14. As 
shown in figure 4-14, the metal points of the null 
field dischargers are at right angles to the direction 
of flight. This feature helps to further reduce noise 
compared to the other kinds of static dischargers. 
Static dischargers should be maintained properly 
to ensure that they will perform their intended func- 
tion. The attachment to the aircraft must be tight 
and with good electrical contact. Any corrosion or 
looseness at the attachment point can create noise 
in the radios. Damaged or badly worn static dis- 
chargers should be replaced with new ones of the 
approved type. The noise produced by P-static affects 
the frequency bands of HF and below more than 
the higher frequency bands. If the pilot complains 


NULL FIELD TYPE 
DISCHARGES 


SET SCREW 


RETAINER 


TRAILING EDGE 
STATIC DISCHARGER 


C= 


‘STATIC WICK TYPE DISCHARGER 


RETAINER BLADE 


PINS | 


WING AND EMPENNAGE 
TIP STATIC DISCHARGER 


TAIL SECTION TYPICAL 
INSTALLATION POINTS 


Figure 4-14. The Null Field and Static Wick types of static dischargers. 
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of noise on a radio system that operates at HF 
or below, the static dischargers should be inspected 
to determine if the noise is P-static related, 

6. Installation Methods 

The installation of electronic equipment and radio 
equipment follows some of the same basic practices 
that are used for other equipment, but special pro- 
cedures may be required to prevent interference 
or other problems that especially affect these types 
of aircraft systems. The specific instructions of the 
manufacturer should always be followed when avail- 
able. Some general recommendations from AC 
43.13-1A and -2A will be described here along with 
some precautions that should be observed for all 
types of installations. 

‘a. General Precautions 

Ifa standard location and mounting rack is available 
from the aircraft manufacturer, it should be used 
to install items of equipment. A standard type of 
shock mounted installation for electronic equipment 
is shown in figure 4-16. If this is not available, 
the installer will have to determine the best location 
and means of mounting for the equipment. Some 
of the factors that should be considered when 
making this type of determination are: 

1. Sufficient air circulation to prevent overheat- 
ing. This might require a certain free air space 
in some cases and the installation of a cooling 
fan in other cases. 

2. Adequate clearance from high temperatures 
and flammable materials (next toa combustion 
heater would not be good place to install a 
radio). 


3. Protection from water, fumes, hydraulic fluid, 
ete. 


= 


Figure 4-15. The semi-flexible wire braid static dis- 
chargers do not have any built-in resistance. 
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4. Protection from damage by baggage or seat 
deflection. 

5. Sufficient clearance to prevent rubbing or 
striking aircraft structures, control cables, 
movable parts, ete. 

6. Preventing interference and noise. Separate 
sensitive electronic equipment from inverters. 
power supplies, strobe lights, motors, etc. 

7. If shock mounts will be used, ensure that 
the equipment does not exceed the weight car- 
rying capability of the shock mounts and install 
adequate bonding jumpers or straps. 

b. Static Loads 

Whenever it is necessary for the installer to fabricate 
a mounting for aircraft equipment, the strength 
of the mounting should be verified with a load test 
An example of a fabricated mounting for aircraft 
equipment is illustrated in figure 4-17. The equip- 
ment installed in aircraft must be able to withstand 
the acceleration forces or “G” loads that are ex- 
perienced in flight. In a steep turn, for example, 
the additional “G* load is felt by the equipment 
in the aircraft as well as by the wings and other 
structures. 

A simple example of how a static load test might 
be performed will be explained here. The load factors 
for the test can be obtained from AC 43.13-2A 
which has a table similar to figure 4-18. 

We will use the example of a radio that weighs 
5 Ibs. and will be installed in the baggage com- 
partment behind the rear seats of a Normal category 
airplane. The mounting that is fabricated to hold 


MACHINE 
SCREW 


_PLATE 
NUT 


‘sHock 
MOUNT 


‘equipment that includes shock mounts. 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


the radio would be tested by applying loads equal 
to the weight of the equipment multiplied by the 
appropriate load factor. The sideward test load would 
be 7.5 Ibs., upward load 15 Ibs., forward load 45 
Ibs. and the downward load 33 Ibs. If a location 
was chosen that was in the nose section of the 
aircraft and forward of all occupants, a forward test 
load of 2.0 Gs or 10 Ibs. would have been sufficient. 
‘The mountings for aircraft equipment must be able 
to withstand the appropriate level of acceleration 
forces or load factors that might be experienced 
in flight, Standard industry practices for rivets, bolts, 
screws, etc. would be followed to ensure that ade- 
quate levels of strength are provided in the fasteners 
and in mounting brackets and similar parts. The 


1-BULB ANGLE 


2-STIFFENING FLANGE OR ANGLE 
AT ENDS OF PLATFORM 


3-REINFORCEMENT ANGLE FOR BULKHEAD 


Figure 4-17, A fabricated mounting unit for avionics 
‘equipment. 
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| SIDEWARD 156s | 156s | 206s 
UPWARD 306s | 456s 15 Gs 
FORWARD* 206s | 906s 40 Gs 
DOWNWARD 66Gs | 906s 40 Gs 


When equipment mounting Is located externally to one side, oF 
forward of occupants, a forward load factor of 20-g le suficiont 


Figure 4-18. Static test load factors that could be used 
for testing equipment mountings and ai 
tachments. 


FAA in AC 43.13-2A recommends the use of machine 
screws and anchor nuts for the removable fasteners 
to hold aircraft radios in place. Where possible. ex- 
isting plate nuts should be used or new ones in- 
stalled, If that is not practical, then machine screws 
and self-locking nuts can be used. 

When radios or other equipment are installed 
in an instrument panel and the item will extend 
some distance behind the instrument panel, a brace 
or support should be installed to the side or back 
of the equipment to minimize the load on the in- 
strument panel itself, An example of a rear brace 
for an item of equipment installed in an instrument 
panel is shown in figure 4-19. 


B. Antenna Installations 


The antennas found in aircraft radio installations 
are critical to the proper operation of the radio 
system. Antennas must be carefully installed and 
maintained in order to provide the efficiency that 
is needed for good radio reception and transmission. 
There are many factors that can affect the efficiency 
of aircraft antennas. An A&P technician should be 
familiar with the basic factors that affect the proper 
operation of an antenna. The inspection and main- 
tenance of aircraft antennas is part of an A&P tech- 
nicians responsibility in most cases because the 
antennas are fastened to the skin or other structure 
of the aircraft. Some of the key concepts that affect 
antenna operation will be covered in this section. 
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Figure 4-19. Example of the installation of a rear brace or 
support for radio equipment installed in an 
instrument panel. 


159 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


1, Standing Wave Ratio 
The standing wave ratio is a measure of the efficiency 
of an antenna installation. The standing wave ratio 
(SWR) is also referred to as voltage standing wave 
ratio (VSWR). In order to demonstrate the principle 
of VSWR, we will consider what would happen if 
Just one sine wave was sent down a transmission 
line from a radio transmitter. Figure 4-20(A) shows 
this sine wave traveling from left to right. If the trans- 
mission line had an infinite length, the sine wave 
signal would eventually be reduced to zero by line 
resistance. In an actual installation, the transmission 
line fs of a limited length and terminates at the an- 
tenna. The purpose of the antenna is to transform 


the sine wave signal into radio waves, but this can 
never be accomplished with 100 percent efficiency. 
The result of this less than perfect efficiency is that 
some of the energy is reflected back toward the trans- 
mitter from the antenna end of the transmission line, 
This is illustrated by figure 4-20(B) which shows some 
energy being reflected back toward the transmitter 
and moving from right to left. The output of the 
transmitter is not just one sine wave at a time, but 
a continuous series of sine waves. The reflected waves 
will combine with the transmitter output waves to 
produce standing waves on the transmission line as 
indicated by figure 4-20(C). A calculation based on 
the relationship between forward power and reflected 


—— Fonwaro Power | 


(A) 


| RADIO. 


TRANSMITTER : 


RF OUTPUT 


~<—— REFLECTED POWER 


(8) 


RADIO. 


TRANSMITTER r 


RF OUTPUT 


(©) 


RADIO. 


RESULTANT STANDING WAVE 


TRANSMITTER u 


RF OUTPUT 


Figure 4-20. Wustration of the principle involved in the standing wave ratio for an antenna installation. 


(A) Forward power. 
(8) Reflected power. 
(C) Resultant Standing Wave. 
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power gives the voltage standing wave ratio, which 
is a measure of efficiency. With a perfect antenna 
installation, there would be zero reflected power and 
the VSWR would be 1:1 or simply 1. In an actual 
aircraft antenna system, the lowest VSWR is the most 
efficient. Typical values for VSWR of aircraft antennas 
are in the range of 1.1 to 5.0 for the various types 
of antennas. Manufacturer's catalogs usually list the 
VSWR for antennas so that the relative efficiency 
of different types can be compared when selecting 
an antenna. The listing of VSWR in the specifications 
for an aircraft antenna can be seen in figure 4-21 

‘The example given here was for the VSWR of a 
transmit antenna, but the manufacturer's data also 
lists the VSWR for receive only antennas. If the trans- 
mission line or coaxial cable that connects the antenna 
is in good condition and properly suited to the in- 
stallation, the VSWR is affected by the antenna itself. 
However, if there 1s a fault in the coaxial cable the 
VSWR will go up significantly, which reduces efficien- 
cy. Special types of wattmeters and VSWR meters 
can be used to measure the VSWR of an aircraft 
antenna installation for troubleshooting purposes. 


2. Coaxial Cables and Connectors 
Coaxial cables are required for the antenna connec- 
tions on most aircraft radios because of the RF 


SPECIFICATIONS 
VSWR 201 
IMPEDANCE 50 ohms 

| Power 40 wats 
WEIGHT 02 bs. 
CONSTRUCTION Whip 
HEIGHT 140 in, 

| evemenr | Open 


Figure 4.21. Antenna manufacturers catalogs usually 
list the V.S.W.R. for each antenna. (Courtesy 
of Dayton-Granger, Inc.) 


frequencies that are used. A coaxial cable is shown 
in figure 4-22, The proper installation and main- 
tenance of coaxial cables is very important since large 
losses can occur if a fault is present. Coaxial cables 
should be rejected if they have become dented or 
if kinks are found. Any distortion or crushing which 
causes the cable to be oval in shape or flattened 
are also cause for rejection. If abrasion or rubbing 
has exposed or damaged the wire braid, the cable 
should be replaced. Coaxial cable should be supported 
by clamps about every 2 ft. to help prevent damage. 
A good rule of thumb for coaxial cable bend radius 
is to use a minimum bend radius of 10 times the 
cable diameter. This will help to reduce the possibility 
of kinks from sharp bends. Special types of end con- 
nectors are used with coaxial cable and they come 
in a number of different styles. Some can be removed 
and reused and other types are crimped or swaged 
on and cannot be reused. When installing and remov- 
ing coaxial cable connections, care should be used 
to prevent damage to the connectors. If corrosion 
4s found on connectors, it is usually better to replace 
them rather than try to clean them. Even small 
amounts of corrosion or corrosion pits can cause 
a signal loss. Figure 4-23 shows a reusable coaxial 
cable connector. When installing this type, the wire 
braid should be carefully spread out over the braid 
clamp and breakage of the wires should be avoided. 
The connector should be assembled carefully to pro- 
vide tight connections with good electrical contact 
and to avoid distorting the coaxial cable or the con- 
nector itself. If it is necessary to solder a connector 
pin onto the center conductor. only an approved 
electrical solder should be used—never use acid core 
solder or acid flux on electrical connectors. An 
acceptable solder is 60/40 rosin core solder. Great 
care must be used in soldering to prevent excessive 
heat damage to the coaxial cable insulation materials. 

Some antenna cables are matched to the radio 
and antenna and should not be shortened or spliced. 
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Figure 4-22. The parts of a coaxial cable for antennas. 
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This is true for some ADF antenna leads. for example 
On other installations the antenna coax should be 
kept as short as possible and routed as directly as 
possible to reduce line loss. 

The specific antenna or radio manufacturers in- 
stallation instructions should be followed carefully 
in this area since there are many different procedures 
that may apply depending on the specific installation. 
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Figure 4-23. installation procedure for a reusable coaxial 
cable connector. 


3. Wire Antennas 


A wire antenna is a length of wire that is supported 
by masts and attachments above or below the aircraft 
fuselage. They are found most often on smaller aircraft 
and older aircraft. Jet airplanes seldom use wire an- 
tennas because of the vibration and increased chance 
of damage at high speeds. The type of wire used 
is most often a copper coated steel wire that is a 
solid single strand. Wire with an outer covering of 
insulating material is superior to non-insulated wire 
in reducing noise caused by P-static. 

A type of wire antenna that is seldom used today 
is the trailing wire antenna. The trailing wire antenna 
was a roll of wire on a drum in the aft fuselage 
which could be extended out the back of the aircraft 
in flight. It was very common in the 1930s and 
1940s for HF communications radios. The advantage 
was that 200 ft. or more of wire could be extended 
out the back of the airplane for better radio per- 
formance. The disadvantages were the added com- 
plexity and weight of the mechanism to extend and 
retract the antenna. It is not suitable for high speed 
aircraft and 1s rarely used on modern aircraft 

‘The wire type marker beacon antenna is shown 
{in figure 4-24. This type may still be found on small 
airplanes. It is about 4 ft. long and fastened to standoff 
and support masts on the bottom of the aircraft. 
‘The minimum fuselage separation should be 6 inches. 

A long wire antenna for HF communications is 
still commonly used on general aviation aircraft 
that have HF equipment. Figure 4-25 shows a typical 
installation with the wire running from a wing tip 
to the vertical fin and then down to a feed-through 
on the top of the fuselage. The long wire antenna 
includes a tensioning device to maintain the proper 
tension on the wire and insulators at the appropriate 
points. A long wire antenna normally employs a 
weak point at the aft end so it cannot wrap around 
the aircraft if it breaks due to excessive tension. 
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Figure 4-24.  wire-type marker beacon antenna. 
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The most common use of wire antennas on 
modern aircraft is as an ADF sense antenna. These 
will be described in the next section. 


4. ADF Antennas 


All aircraft ADF receivers require two antennas, the 
loop antenna and the sense antenna. The loop antenna 
4s the directional antenna and the sense antenna 
is needed to eliminate the ambiguity caused by the 
two nulls in the reception pattern. Air carrier jets 
have an ADF antenna that combines the loop and 
sense antennas in one housing that is a low profile 
or flush mount and it is installed on the top or bottom 
of the fuselage. The ADF antennas on general aviation 
aircraft come in a greater variety and are most often 
separate loop and sense antennas. 

The loop antenna that is rotated by an electric 
motor is still used, but is being replaced by the type 
that rotates the signal rather than the antenna itself, 
‘A motor driven loop antenna for installation inside 
a housing is shown in figure 4-26. The newer non- 
rotating types are usually contained in a teardrop 
shaped streamlined housing that installs on the top 
or bottom of the aircraft as shown in figure 4-27. 
The sense antennas used with the dual antenna 


installations are either the wire type or whip type. 
‘The whip type sense antenna 1s a metal rod about 
4 ft. long and installed on the top or bottom. It is 
still found on some helicopters were there isn't enough 
room for a long wire sense antenna, this is shown 
in figure 4-28. The long wire sense antenna is about 
15-20 ft. long and most often installed using the 
vertical fin as the aft anchor point to gain more fuselage 
clearance. The recommended minimum clearance 
from the fuselage is 12". A top installation for a sense 
wire is shown in figure 4-29. The sense wire can 
be installed on the bottom as shown in figure 4-30 
if adequate ground and fuselage clearance can be 
obtained. Like the long wire HF antenna, the ADF 
sense wire will use masts, tension units and weak 
links as part of the installation. 


In order to give accurate navigational information, 
ADF antennas must be installed and calibrated 
correctly. The loop antenna normally needs to be 
installed close to the electrical center of the sense 
antenna to give accurate indications of station pas- 
sage. This relationship is illustrated in figure 4-31. 

Both the loop and sense antennas can be installed 
on the top or the bottom, but they must have the 
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Figure 4-25. A long wire HF comm antenna installation. (Courtesy Dayton-Granger inc) 
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correct relationship to each other for accurate read- 
ings to be obtained. Since the ADF antenna system 
is highly directional, it must be calibrated to give 
the correct indications of ground station direction. 


INTERNAL LOOP 


Figure 4-26. A motor-driven ADF loop antenna for inte 
ral installations. 
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Figure 4-27. A non-rotating, teardrop-shaped ADF loop 


This is called the check for quadrantal error or the 
calibration check. Whenever an antenna Is installed 
or any change is made which could affect the ac- 
curacy of the ADF, a check for quadrantal error 
should be performed. The checks can be made on 
the ground, but should always be confirmed with 
a flight check. To perform the ground check a nearby 
NDB of known location is tuned in and the bearing 
is checked and adjusted at least every 45° as the 
aircraft is turned on the ground. The flight check 
involves locating geographical points on the ground 
with known bearings from the NDB and flying the 
aircraft over those locations to confirm the accuracy 
of the ADF bearing information. This flight check 
should be performed at low altitude to reduce errors 
in established the aircraft position accurately. 


5. Groundplane Considerations 


When a % wave, Marconi-type antenna Is installed 
on an aircraft, an adequate groundplane or counter- 
poise 1s required for proper operation. The aircraft 
systems that use /% wave antennas are VHF com- 
munications, ATC transponder, DME and UHF 
radiotelephone. When these antennas are installed 
on metal skinned aircraft, the metal skin supplies 
the groundplane. If the antenna is installed too close 
to fiberglass areas or windshields. the groundplane 
area is reduced and may result in poor performance. 
A basic rule of thumb that is sometimes used is 
that the groundplane should extend in all directions 
outward from the base of the antenna a distance 
equal to the height of the antenna. A shorter antenna 
does not need as much groundplane as a longer 
antenna. The groundplane cannot be too big, but 
st can be too small which has an adverse effect on 
signal pattern and strength. For DME and 
transponders, which use similar frequencies, the 
groundplane should extend 8-12" in all directions 


antenna. 
uF comm 
No.4 
GLIDESLOPE 
7 r — 
ANG. WAZ 1 
IZ ea 
| ADF SENSE 
TRANSPONDER 
| VHF poun Eres DME ADF LOOP: 
| 0 


Figure 4-28. Helicopter antenna installations are difficult because of limited skin area and limited ground clearance. 
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Transformers 


Another great power supply that you probably already own is a power adapter or transformer from 
another electronic appliance. You should use caution, of course, with anything that plugs into the wall. 
for power, especially if you're planning on monkeying around with the other end of it 

Almost all commercially produced power adapters have a slew of certifications plastered on them. 
Somewhere in there should be the basic data concerning what type of power input it expects, what 
going to try to produce, and what the maximum limits are on the output. Make sure that whatever itis 
that you're going to plug into your wall is specifically designed to plug into your wall, as electrical power 
standards vary from one location to another. 

Make sure that any repurposed power supply you use does not get overly warm when in use. This is 
an indication that itis presently or has been overloaded in the past. Such a device is a fire-starter waiting 
for its magic moment. 

You need to know how much voltage is coming out of your power supply. Even if it is clearly printed 
on the device itself, if you have access to a voltmeter, you need to verify the output voltage before 
connecting it to anything. Many lower-cost power adapters are unregulated and will produce an output 
voltage that will vary wildly depending on the load applied to it. A regulated voltage output, on the other 
hand, will provide consistent voltage levels on the output, even with varying loads. 

USB adapters and chargers are becoming quite common and can provide regulated +5V at up to 
1/2A and sometimes more. These are great devices to use for small electronic experiments. They are 
generally small, lightweight, and reliable. 

A dedicated bench power supply is a very handy piece of test and measurement gear to have 
available in your lab. A good supply will have a variable voltage and a readout to show you what's going 
on (or coming out). A step up and you get to set the maximum current that it will supply (to keep things 
from getting out of control too fasi). Additional desirable features include multiple outputs and remote 
control from your PC. 

No matter what kind of power supply you use, use it responsibly. Don't leave equipment powered 
up if you're not using it. Don’t attempt to bypass safety measures that are in place for your protection. 


Diodes 


A diode is a semiconductor device that will conduct current in one direction only. That's the simple 
story. Of course, the reality is much more complex. A typical diode is composed of two pieces of a 


onductor material, usually silicon, but sometimes germanium or some other exotic substance. The 
ode action occurs in the junction between the two types of semiconductors, which have been specially 
manufactured to contain the exact right balance of impurities required. This is generally not the kind of 
thing you can build in your lab, unless you're Jeri Ellsworth. 

‘These two bits of semiconductor, called the N region and the P region (for negative and positive, 
respectively), are sealed up in either a glass or plastic enclosure. A standard diode has two terminals—an 
anode and a cathode—which represent the positive and negative leads, again respectively. Conventional 
current (ie., current flowing from the more positive voltage to the more negative voltage) can flow 
through the diode from the anode to the cathode, but not the other way around. It's magic! Well, 
technically it’s semiconductor physics, but either answer will serve for our purposes. 

Diodes come in all sizes. Generally speaking, the more power a diode is expected to handle, the 
larger it is going to be. Small-signal diodes are the same size or smaller than typical resistors. Power 
diodes, often called rectifiers, depending on their application, can be so large they have to be mounted 
with large bolts. 

‘The two most important electrical characteristics for the happy care and feeding of diodes are their 
maximum reverse voltage and forward current capability. You don’t want to exceed either one. 


from the antenna base. For VHF communications 
antennas a groundplane that extends 24” in all direc- 
tions is desirable. These sizes would give a 
groundplane that is a little larger than if the length 
of the antenna was used as the dimension. It is 
not always possible to supply a large enough 
groundplane when installing antennas on aircraft with 
limited metal skin area such as small helicopters, 
but the groundplane area should always be considered 
and provided for to the extent possible. 

If itis necessary to install these types of antennas 
on aircraft with non-metal skin, a groundplane must 
be provided by the installer. This usually means 
installing metal foll strips or wire mesh fastened 
on the inside of the aircraft covering. The same 
rules would apply as to desirable lengths. An example 
of the use of a foll strip groundplane is seen in 
figure 4-32. 
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Figure 4-29. Top-mounted ADF sense wire antenna. 
(Courtesy Dayton-Granger Inc.) 


Figure 4-30. Bottom-mounted ADF sense wire antenna. 
(Courtesy Dayton-Granger inc.) 


When installing 4 wave antennas, it is recom- 
mended that all grease, dirt and paint be removed 
from the skin area under the base of the antenna. 
‘Some avionics experts recommend that a gasket not 
be used so that the base of the antenna contacts 
the skin of the aircraft. Whether or not a gasket 
4s used, the skin should be cleaned and stripped 
and a sealant applied around the base of the antenna 
after installation, 

The installation of antennas to the skin of aircraft 
requires that some additional reinforcement be given 
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Figure 4-31. The ADF loop antenna should normally be 
installed near the electrical center of the 
sense wire antenna. 
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Figure 4-32. When installing Marconi antennas on an 
aircraft with non-metal skin, a groundplane 
must be provided. 
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to preserve the strength of the aircraft structure 
The use of a doubler as shown in figure 4-33 will 
reinforce the aircraft structure and provide the ad- 
ditional support needed for antenna drag loads. 
6. Reducing Antenna Interference 
A very important factor in the proper performance 
of aircraft antennas is the prevention of interference 
between one system and another. Interference can 
also occur between a radio system antenna and other 
‘components of the aircraft. A basic consideration is 
that antennas for systems that operate on similar 
frequencies must be separated by a certain minimum 
distance to prevent interference. The possible inter- 
actions that can adversely affect aircraft radio systems 
are many and varied. The more common problems 
that can occur will be described here, but sometimes 
particular interference problem may require trial 
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and error to eliminate the cause of the antenna 
interaction. 


The important factors that affect mutual inter- 
ference are frequency and wavelength, polarization 
and type of modulation. The operating frequencies 
for the various radio systems are listed in the fre- 
quency chart in chapter 3. The polarization of radio 
waves is based on the orientation of the electric 
field relative to the earth’s surface. The field orien- 
tations for vertical and horizontal polarization can 
be seen in figures 4-34 and 4-35. The antenna 
installed on the aircraft needs to have the proper 
polarization relative to the ground based antenna 
for optimum performance—particularly at frequen- 
cles above HF. Figure 4-36 gives the polarization 
for the various types of aircraft radio systems. 

From the information in figure 4-36, it can be 
seen that all the systems use vertical polarization 
except for VOR and the three parts of the ILS in- 
strument approach system, 

VHF Communications Antennas 


Aircraft that are equipped for IFR operations com- 
monly have 2 or 3 separate VHF comm radios which 
utilize separate antennas. The VHF comm antennas 
should be separated from each other by at least 5 
ft. This is easily accomplished on an air carrier jet 
which has a lot of fuselage skin area available, but 
may be difficult on small aircraft which have much 
less available skin area. Figure 4-37 shows the an- 
tenna locations for a Boeing 767 with good separation 
between similar systems. The VHF comm antennas 
use vertical polarization and require a suitable 
groundplane. When two antennas are installed on 
small aircraft, the best coverage 1s usually obtained 
with one antenna on the top and the other on the 
bottom of the fuselage. This desired top and bottom 
separation 1s shown in figure 4-38 on a twin-engine 
airplane. The ELT antenna can cause serious in- 
terference with VHF comm and should be separated 
by at least 5 ft. from any VHF comm antenna. Radio 
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Figure 4-33. A reinforcing doubler should be installed 
Inside the skin at the base of the antenna. 
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interference can be caused by parts of the aircraft 
as well as by other antennas. The vertical fin of an 
aircraft can cause significant signal blockage to any 
VHF comm antenna that ts installed too close. A 
top mounted VHF comm antenna that is installed 
closer than 5 ft. to the vertical fin will result in blockage 
and poor radio reception and transmission to the 
rear of the aircraft. The VHF comm antenna is a 
1% wave Marconi antenna which must have an ade- 
quate groundplane or counterpoise for proper opera- 
tion. A common mistake is the installation of a VHF 
comm too far forward on the upper fuselage. If it 
is less than 24" from the top of the windshield, the 
signal pattern can be distorted by the lack of 
groundplane in the forward direction. 
b. DME and Transponder Antennas 
These two antennas are treated as equals because 
they use similar frequencies, polarization and modula- 
tion, The antennas used for these two systems are 
% wave Marconi antennas with vertical polarization 
and they both transmit and receive. Since the 
wavelength fs shorter at higher frequencies, the min- 
imum separation distance is less than that for VHF 
comm antennas. The DME and transponder antennas 
should be separated from each other by at least 2 
ft. and an adequate groundplane must be provided 
around the base of the antenna. These antennas 
are normally installed on the bottom of the aircraft 
to prevent signal blockage by the fuselage. A top 
mounted antenna may be used on a narrow portion 
of the aircraft that will not cause significant blockage. 
The top of the tail boom on a helicopter can be an 
acceptable location. 
¢. VOR and Localizer 


VOR antennas are most often installed on the vertical 
fin of the aircraft. This gives good reception 
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Figure 4-35. When an EM wave has horizontal polariza- 
tion, the electric field is in the horizontal 
plane. 


characteristics from all directions on most aircraft. 
On small aircraft, the VOR antenna is sometimes 
mounted on the top of the fuselage. Ifthe VOR antenna 
4s mounted too far forward. a propeller modulation 
problem can occur. When signals are being received 
from the front of the aircraft, the radio wave is chopped 
by the propeller blades. At certain rems, this can 
cause serious propeller modulation interference. The 
cure for this involves changing propeller re or relocat- 
ing the antenna. Small aircraft often use the same 
antenna for both VOR and localizer reception. This 
4s practical because the two systems operate on similar 
frequencies. When the localizer is being used for an 
instrument approach, the signals are always received 
from the front of the aircraft. On a large aircraft, 
it is not possible to use the tail mounted VOR antenna 
for localizer reception because of fuselage blockage. 
These aircraft will use a separate localizer antenna 
or antennas that are mounted in the nose section 
inside the radome for the weather radar. 

The location of the VOR and localizer antennas 
usually provides sufficient separation that inter- 
ference from other antennas is not a problem. If a 
VHF comm or other antenna 1s mounted closer than 
5 ft. from the VOR, it can cause some interference 
depending on the type of VHF comm antenna used. 

4. Glideslope Antenna: 

Like the localizer, the signals from the ground trans- 
mitters for the glideslope are always received from 
the front of the aircraft. Some small aircraft use the 
VOR antenna to receive glideslope signals as well 
as localizer signals. The glideslope operates on fre- 
quencies that are the third harmonic of VOR fre- 
quencies. This means that the glideslope frequencies 
are three times the frequencies for VOR. A special 
antenna coupler 1s used so that the VOR antenna 
can supply two separate VOR and localizer receivers 
and also supply signals for the glideslope receiver. 
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Figure 4-36. The polarization for various types of aircraft 
radio systems. 
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The same fuselage blockage problems occur on large 
aircraft for both localizer and glideslope reception. 
The glideslope antenna or antennas for air carrier 
Jets are installed inside the radome on the nose of 
the aircraft. Aircraft that do not have a nose radome 
can utilize a separate glideslope antenna that is 
mounted on the forward fuselage on either the top 
or bottom. Blockage of signals by the fuselage or 
other parts of the aircraft is the primary consideration 
{in locating localizer and glideslope antennas. Interfer- 
ence from other antennas is not as great a problem 
with these systems as itis for some other radio systems. 
©. Loran C and Omega 
Loran C and Omega system antennas are receive 
only antennas and they operate at frequencies that 
are widely separated from those of most other 
aircraft radios. The major sources of interference 
for these radio systems are P-static noise and noise 
from aircraft electrical systems. The Loran C and 


Omega antennas can be mounted on the top or 
the bottom of the aircraft. The best location for 
these types of antennas is based on preventing 
interference from aircraft motors, generators, power 
supplies and similar systems. The proper instal- 
lation and maintenance of bonding jumpers and 
static dischargers 1s critical to ensure good per- 
formance from these lower frequency radio systems. 

f. ADF Antennas 
‘The primary consideration in locating ADF antennas 
is to obtain the proper relationship between the loop 
and sense antenna to ensure accurate indications 
ofstation direction. The ADF antennas can be installed 
with both loop and sense antennas on the top of 
the fuselage, both on the bottom or one on the top 
and one on the bottom. 

The most common installation on small aircraft 
is with a wire sense antenna on the top and the 
loop antenna on the bottom of the aircraft. In any 
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Figure 4-37. Antenna installations on modern air cartier jets often include localizer and glideslope antennas inside the 
radome and flush mount VOR and HF comm antennas In the vertical fin. 
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case, the loop antenna must be located in the electri- 
cal center of the sense antenna for accurate read- 
ings. The ADF antenna system is a directional 
antenna system and interference from parts of the 
aircraft can sometimes cause bearing errors. This 
is one reason that a check of quadrantal error should 
always be performed when ADF antennas are in- 
stalled or relocated. Proper bonding jumper and 
static discharger installations are important to 
prevent P-static noise in ADF receivers. ADF an- 
tennas should be located to minimize interference 
from aircraft generators and alternators. Filter 
capacitors can be used to reduce interference from 
alternators and similar devices. 
7. Types of Antenna: 
Many different types of antennas are used in aircraft 
radio systems. Aviation technicians should be familiar 
with the common types of antennas so that they 
can properly identify, inspect and maintain them. 
Some of the common types of aircraft antennas and 
their basic characteristics will be described in this 
section. Aircraft antennas usually have a speed rating 
and should only be installed on aircraft that operate 
at and below their rated speed. 
a, VOR Antenna: 

There are two basic types of VOR antennas found 
on aircraft: the half-wave dipole and the balanced 


loop types. The half-wave dipole antenna is a “V" 
shaped antenna that has a figure eight-shaped 
reception pattern. This kind of antenna ts shown 
in figure 4-39. The antenna has two metal rods 
in the shape of the letter “V" or a fiberglass covered 
element made of thin sheet metal. It is installed 
on the aircraft on the vertical fin or on top of 
the fuselage with the open end of the “V" pointed 
either forward or aft. The figure 8 reception pattern 
works well for normal VOR airway flying because 
the station is either in front of or behind the aircraft. 
It does not work well for RNAV when the VOR 
station may be off the side of the aircraft. The 
dipole VOR antenna requires a special impedance 
matching device called a “balun”. The balun is 
located at the antenna end of the coaxial cable 
for more efficient transfer of energy from the an- 
tenna to the coax and receiver. A balun is illustrated 
in figure 4-40. The balanced loop VOR antenna 
has a circular reception pattern and is therefore 
the better type of antenna for RNAV. There are 
three types of balanced loop antenna: the open 
loop towel bar, the blade and the internal mount. 
The towel bar and blade types are shown in figure 
4-41. These antennas come in two halves that are 
mounted on opposite sides of the vertical fin on 
airplanes. On helicopters or in special cases they 
are mounted on each side of the aft fuselage or 


Figure 4-39. Hertz dipole “V" type antennas for VOR reception. (Courtesy Comant Industries Inc.) 
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tail boom. The blade-type. balanced loop VOR an- 
tenna has a higher speed rating than the towel 
bar or V-type and is used on bizjets and similar 
aircraft. Air carrier jets use a VOR antenna that 
is mounted inside the vertical fin with non-metallic 
flush covers on each side. This kind of antenna 
is shown in figure 4-37 

b. Localizer 
Small airplanes usually do not have a separate 
localizer antenna, the VOR antenna is used to 
receive localizer signals. On air carrier jets and 
similar aircraft, the large fuselage can cause block- 
age of the localizer signals so a separate localizer 
antenna is installed. A type of separate localizer 
antenna is seen in figure 4-42. This antenna is 
installed inside the radome on the nose section 
of the aircraft 


©. Glideslope 


The signals from glideslope transmitters can be 
received on a VOR antenna because they operate 
at a frequency that is approximately the third 
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Figure 4-40. Balun for a VOR antenna. 


harmonic of the VOR frequency. Single-engine 
airplanes commonly use a signal splitter or coupler 
to supply the glideslope receiver from the VOR an- 
tena, Other general aviation airplanes often use a 
V-shaped glideslope antenna like that shown in figure 
4-43 to receive glideslope signals. This antenna looks 
a lot like a V-shaped VOR antenna but it is only 
about 4 the size because of the shorter wavelength 
of glidestope signals. When a separate glideslope an- 
tenna is installed on the aircraft, it needs to be located 
on the front of the aircraft to prevent blockage. The 
loop type glideslope antenna in figure 4-44 can be 


Figure 4-41. Balanced loop antennas for VOR reception. 
(Courtesy Dorne & Margolin inc.) 
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installed either externally or internally on the forward 
part of an aircraft. The dipole glideslope antenna in 
figure 4-45 is designed to be installed inside a radome 
as it is not a streamlined design. 

4. Marker Beacon 
The older style wire-type marker beacon antenna 
has been previously described under the heading 


DESCRIPTION 


'$65-147-2: Constructed with high-strength aluminum tubing and | 
extrusion, with fiberglass base housing. | 


of wire antennas. All marker beacon antennas need 
to be installed on the bottom of the aircraft because 
the signals are received when the aircraft is directly 
over the transmitter site. Another type of marker 
beacon antenna found on smaller aircraft is the 
sled type. This is a bent metal rod which is about 
3-1 to 4 ft. long and uses a sliding clip for the 
lead-in connection. When the antenna is installed 
on the aircraft, the clip can be loosened and moved 
to tune the antenna. A newer type of marker beacon 
antenna is the boat type antenna that is illustrated 
in figure 4-46. This antenna is smaller and more 
streamlined than the wire or sled type antennas. 

‘Air carrier Jets most often use a flush mounted 
marker beacon antenna that is installed in the belly 
of the airplane. 


GLIDESLOPE 
‘ANTENNA 


Figure 4-44. A loop-type glideslope antenna for internal 
or external mounting. 


Figure 4-42.A localizer antenna for installation inside a 
radome. (Courtesy Sensor Systems) 


SPECIFICATIONS 


VS.WA. 5.01 
IMPEDANCE +50 ohms 
POWER NA 
WEIGHT 02 bs. 

| CONSTRUCTION | - + Fiberglass. 

| HEIGHT 34 in, 
ELEMENT Grounded 


‘SPECIFICATIONS | 
VSWR. 301 
IMPEDANCE, 50 ohms 
POWER NA 
WEIGHT 0.1 Ibs. 
‘CONSTRUCTION Metal 
HEIGHT 183 in 
ELEMENT Grounded 


Figure 4-43. A “V"-type glideslope antenna. (Courtesy 
Dayton-Granger Inc.) 
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Figure 4-45. A glideslope antenna for internal installa- 
tion. (Courtesy Dayton-Granger Inc.) 
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¢. HF Communication 
The trailing wire and long wire HF antennas found 
on older aircraft and slow speed aircraft have already 
been covered. Older air carrier jets used a probe-type 
HF antenna similar to the vertical fin mounted an- 
tenna shown in figure 4-47. This antenna includes 
a special coupler/tuner that retunes the antenna 
each time the frequency is changed on the HF radio. 
This kind of antenna can be mounted on the vertical 
fin as shown or on a wing tip. The later model 
air carrier jets use a flush mounted HF comm an- 
tenna that is installed inside the vertical fin as 
seen in figure 4-37. This antenna also requires 
a special tuning device that is installed at the an- 
tenna connection point. 
f. VHF Communication 
The VHF comm radios on aircraft use a separate 
antenna for each radio. These antennas are "4 wave, 
monopole antennas that can be mounted on the 
top or bottom of the aircraft. Lower speed aircraft 
use the thin whip type antennas while higher speed 
aircraft employ blade type antennas that create less 
drag. The antenna may either be straight or bent, 
the bent antennas having the advantages of less 
drag and less height for belly mountings. A variety 
of VHF comm antennas is shown in figure 4-48 
of both whip and blade types. Some blade-type 
VHF comm antennas have a stainless steel leading 
edge to prevent damage. this feature can be seen 
on the antenna in figure 4-49. 
g. DME/Transponder 

The same type of antenna can be used for either 
DME or transponder systems on aircraft. This is 
practical because they operate at similar frequencies 
and have similar characteristics. These antennas 
are almost always installed on the bottom of the 
aircraft, but they can be located on the top of a 
narrow tail boom or other location that does not 
cause serious blockage. The two common types are 
the spike and blade antennas as illustrated in figure 


Figure 4-46. A boat-type marker beacon antenna. (Cour- 
tesy Dorne & Margolin inc.) 


4-50. The spike is a short metal rod with a ball 
on the end. This type is cheaper and easier to 
install, but it is more easily damaged and creates 
more vibration and drag. The blade type is the 
most common type on modern aircraft. This antenna 
can be distinguished from the VHF comm blade 
because it is much smaller, about 2-4” long. These 
antennas are all /s wave monopoles with vertical 
polarization so an adequate groundplane must be 
Provided during installation. 

h. ELT Antennas 
Figure 4-51 shows the common type of ELT antenna, 
it is a thin metal rod that is located close to the 
ELT itself, The antenna is a Marconi Y% wave an- 
tenna that requires a groundplane. It should nor- 
mally be installed as close as possible to the ELT 
because of the low output power of ELT transmitters. 
A blade type of ELT antenna is also available for 
higher speed aircraft 

4, Satellite Navigation 
The signals from GPS and GLONASS satellites are 
received from above the aircraft so the antenna needs 
to be installed on the upper surfaces of the aircraft. 
A typical GPS antenna is shown in figure 4-52. This 
small, round antenna creates very low drag and yet 
has a VSWR of 2:1 which provides good signal recep: 
tion for the GPS/GLONASS navigation system. 


HF NUMBER 1 
COUPLER 


m~\ 


HF NUMBER 2 
COUPLER 


Figure 4-47. Some jet transports have an HF probe-type 
antenna installed in the vertical fin. Two 


‘antenna coupling and tuning devices are 
also installed in the fin to retune the antenna 
when different frequencies are selected. 


173 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


j. Satellite Communications 
The SATCOM antenna, like the SATNAV antenna, 
must be installed on the top of the aircraft to prevent 
signal blockage. A variety of different designs are 
produced for this kind of antenna. The antenna 
in figure 4-53 is just one of the kinds of antennas 
being produced for satellite communications sys- 
tems for aircraft. 
k. Loran C 

An ADF antenna can be used to receive Loran C 
navigational signals by utilizing a special antenna 
coupler. Specific antennas for Loran C are now 
being produced and they often bear a resemblance 
to VHF comm antennas as indicated in figure 4-54. 
These antennas can be installed on either the top 
or the bottom of the aircraft and still provide good 
reception because of the frequencies involved. These 
antennas often include a special anti-static coating 
to reduce P-static noise in the radio. 


1, Omega 
Aircraft antennas designed to receive Omega/VLF 
signals are available in two basic types: the “E” 
field and “H” field types. The antenna shown in 
figure 4-55 is the “E” field kind. These antennas 
can be installed on either upper or lower surfaces 
of the aircraft. The most important consideration 
when choosing a location is to reduce noise in- 
terference from aircraft systems. A “skin noise map" 
is often required which consists of measuring the 
VLF noise on various parts of the aircraft to find 
the best antenna location. The lowest noise is usual- 
ly found on the aft underbelly of most aircraft, 


m. MLS 
The MLS receive antenna seen in figure 4-56 is 
a low profile, vertically polarized antenna designed 
toreceive the MLS signals that operate on frequencies 
of 5.08 to 5.09 GHz. This kind of antenna should 
be located on the nose section of the aircraft for 


Figure 4-48. Various VHF comm antennas. (Courtesy Comant Industries Inc.) 


174 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


CHAPTER 3 = COMPONENTS 


1 best, only ever going to have a cryptic part number written on it, you'll need to 
consult the manufacturer's data sheet to find out all the necessary information. Many semiconductor 
producers offer “commodity” parts that conform to standard part numbering schemes. That way, you 
know that a2N4148 diode from one manufacturer is going to be pretty close to a 2N4148 diode from any 
other manufacturer, but you should always check to make sure. 

Diodes typically have a forward voltage that must be exceeded before current will low. This voltage 
is essentially lost and is dissipated as waste heat from the device. Silicon diodes will have an average 
forward voltage around 0.7V and up. Germanium diodes will have a smaller forward voltage, 
0f 0.3V. Schottky diodes use a metal-to-semiconductor interface region and achieve substant 
voltage drops, making them much more suitable for higher-power applications, 


LEDs 


‘One special kind of diode is the popular light-emitting diode. You see these little guys everywhere these 
days. In fact, some folks go around with black tape, just trying to cover them all up so they can get their 
darkness back at night, 

‘The reason that they are everywhere is that they are cheap, reliable, and easy to use. They don’t take 
up much room, don’t take up much power, and don't generate that much heat. The exceptions to these 
admirable qualities, of course, are in the newer generation of LED lighting products that emit 
tremendous amounts of light and produce tremendous amounts of heat. Every month it seems that a 
new record is set for efficiency. Let’s hope that trend continues. 

Being essentially diodes, LEDs have both an anode and a cathode. LEDs only conduct current in a 
single direction. You'll need to make sure you limit the amount of current flowing through your LEDs, 
because the LEDs themselves sure aren't going to do it. 

LEDs designed to be indicator lights can be powered with as little as ImA. High-elficiency LEDs can 
bbe used for illumination purposes and still only draw 20-30mA each. These very modest power 
requirements make LEDs a favorite for microcontroller projects, as these output power levels are easily 
handled by most popular chips. 

‘The forward voltage drop across LEDs is typically much higher than fora rectifier or signal diode. In 
fact, the voltage goes up as the emitted color of the LED goes from the infrared and red end of the 
spectrum (1.2-2V) up to the blue and ultraviolet end of the spectrum (3-3.6V). 


Transistors 


Attrue modern miracle, the semiconductor transistor ushered in the age of solid-state electronics. More 
than a million individual transistors can be used to build modern computer processors, all on a single 
chip. 

‘The first types of transistors to be built and used were called bipolar junction transistors (BJTs). This 
type of transistor is similar in construction to the diode, except that there are two semiconductor 


beans allows a small amount of electrical current to be applied to one of 
the three terminals of the transistor, called the base, which in turn allows a much greater amount of 
electrical current to flow between the remaining two terminals, known as the collector and emitter: 

‘Two complementary types of BJs are made, depending on the way that the positive and negative 
semiconductors are sandwiched together. NPN transistors will conduct conventional current from the 
collector to the emitter when current flows from the base to the emitter. The opposite variety, called the 
PNP transistor, does precisely the opposite, conducting conventional current from the emitter to the 
collector when the base is negatively biased, 

‘Transistors can be used to make amplifiers, switches, current limiters, voltage regulators, oscillators, 
and any number of other useful circuits, They are generally very low cost, lightweight, and reliable. 
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best reception and minimum blockage. Some MLS 
systems require two antennas to be installed on 
the aircraft for proper signal reception, 
n. TCAS 

The Traffic Alert and Collision Avoidance system 
found on air carrier jets requires a special type 
of directional antenna like that seen in figure 4-57. 
This TCAS I antenna ts normally located on the 


| DESCRIPTION 
‘865-8282: This broadband fixed tuned antenna operates in the 
frequency range of 116-156 MHz. | 


Figure 4-49. A blade-type VHF comm antenna with @ 
Stainless steel guard on the leading edge. 
(Courtesy Sensor Systems) 


top of the fuselage and has three connector ports 
for connection to the aircraft's TCAS I equipment. 
©. Radiotelephone 

Radiotelephone antennas come in a wide variety 
of shapes and sizes. These UHF antennas are nor- 
mally installed on the bottom of the aircraft since 
they operate in conjunction with ground based line- 
of-sight radio waves. A number of different kinds 
ofradiotelephone antennas are shown in figure 4-58. 
‘A major consideration when installing this type of 
antenna is preventing noise that can be caused 
by loose joints and poorly bonded surfaces on the 
aircraft. 


C, Autopilots and Flight Directors 
‘The FAA classifies autopilots as aircraft instruments 
s0 A&P technicians cannot repair or alter autopilots. 
There are many tasks related to autopilots that 
might be performed by aircraft technicians such 
as installation, inspection, troubleshooting ete. An 
autopilot 1s an expensive and complicated device. 
It often has various components located in many 
different areas of the aircraft and many intercon- 
nections. The autopilot is connected to the flight 
control system of the aircraft and autopilot mal- 
functions can be very serious indeed. 

An autopilot system must always be approved 
by the FAA for the specific make and model of 
aircraft in which it will be installed. A type of 
autopilot may be approved for a number of different 


Figure 4-50. Typical antennas used for DME and transponder. (Courtesy Comant Industries Inc.) 
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aircraft, but different torque settings and adjust- 
ments may have to be made for each application. 
The maintenance instructions that apply to the 
specific autopilot installation should always be fol- 
lowed as there are many differences in adjustments 
and testing for the various aircraft installations. 
The basic principles of operation for aircraft 
autopilots will be described here along with some 
specific examples of aircraft autopilot installations. 


1. Types of Autopilots 


Autopilot systems are categorized according to the 
number of aircraft axes of rotation they control 
and according to their complexity. The autopilot 
utilizes the same control surfaces that the human 
pilot does. The three control axes of an airplane 
are shown in figure 4-59. The rudder controls 
aircraft rotation about or around the vertical or 
yaw axis, The elevators control rotation about the 
lateral or pitch axis. The ailerons control aircraft 
rotation about the longitudinal or roll axis. 
Autopilots can be described as single-axis, two-axis 
or three-axis types. The single-axis autopilot usually 
operates the ailerons only and is often referred to 
as a wing leveler. The two-axis autopilot controls 


SPECIFICATIONS 


Vswa. 20:1 
IMPEDANCE 50 ohms 
POWER 40 watts 

| WEIGHT 0.3 Ibs. 
CONSTRUCTION Whip 

| HEIGHT 183 in, 

| ELEMENT = Open 

Figure 4-51. A whip-type ELT antenna. (Courtesy 


Dayton-Granger Inc.) 
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the ailerons and elevator to provide additional con- 
trol of the aircraft. A three-axis autopilot operates 
all three types of control surfaces: ailerons, elevator 
and rudder. There is a very large difference in the 
capabilities of a three-axis autopilot found on a 
small general aviation airplane and the three-axis 
autopilot found on air carrier jets and similar 


| DESCRIPTION: 


'867-1575-14: Dual band L1/L2 GPS Antenna provides coverage 
| at 1227.6 Miz and 1575.42 MHz with a VSWR of 2.0:1 


Figure 4-52. GPS antenna for satellite nav. (Courtesy 
Sensor Systems) 


SPECIFICATIONS 

| 

| vswa.... asi | 
IMPEDANCE 50 ohms 
POWER 1900 watts 

| WEIGHT 26 Ibs. 

| CONSTRUCTION Fiberglass 
HEIGHT 105 in. | 
ELEMENT . Grounded | 


Figure 4-53. An antenna for satellite communications. 
(Courtesy Dayton-Granger inc.) 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


aircraft. For this reason two other categories of 
autopilot will be added to the three already men- 
tioned. Two common abbreviations for these ad- 
vanced autopilots will be used to distinguish them 
from the other types. 

The term “Automatic Flight Control System” 
(AFCS) generally represents the state-of-the-art that 
was reached a few years ago. The autopilot in the 
Lockheed L-1011 is an example of an AFCS. 

This is a three axis autopilot that can control 
the aircraft during climbs, descents, cruise flight 
and during instrument approaches. It also has an 
auto-throttle system which will automatically control 
engine power or thrust. Some AFCS autopilots have 
auto-land capability where the autopilot can actually 
land the airplane on the runway. These types of 
autopilots require many back-up systems and high 
levels of redundancy. The AFCS includes a flight direc- 
tor function which will be explained later. 

The latest types of autopilots are referred to as 
Flight Management Systems (FMS). These include 


Figure 4-54. Antennas for Loran C nav receivers. (Courtesy Comant Industries inc.) 


SPECIFICATIONS. 
VSWR. . NA 
IMPEDANCE NA 
POWER NA 
WEIGHT 14 tbs. | 
CONSTRUCTION Fiberglass 

| HEIGHT 82 in 

| ELEMENT ‘Open 


Figure 4-58. An “E” fleld Omega antenna. (Courtesy 
Dayton-Granger Inc.) 
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SPECIFICATIONS 


VSWR 
IMPEDANCE 
POWER 
WEIGHT 
‘CONSTRUCTION 
HEIGHT 
ELEMENT 
APPROVALS. 


201 
50 ohms 
NA 

0.1 Ibs, 
Fiberglass 
03 in 
NA 
TS0-C104 


Figure 4-56. An antenna for MLS reception. (Courtesy 


Dayton-Granger Inc.) 


additional computers called Flight Management 
Computers that permit an entire flight from just 
after takeoff to landing to be programmed in the 
computers and automatically controlled. The Flight 


DESCRIPTION 
872-1748: Traffic Collision Avoidance System | 


Figure 4-57. A TCAS | antenna. (Courtesy Sensor Sys- 
tems) 


Figure 4-58. A variety of radiotelephone antennas. (Courtesy Comant Industries Inc.) 
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Management Computer can be thought of as a 
master computer which controls the autopilot and 
auto-throttle computers. The computers can store 
in their memory many different routes and flight 
profiles and they can be used to provide a maximum 
economy in fuel consumption or other desired con- 
trolling factor. The standard Boeing 767 autopilot 
systems will be used later as an example of the 
capabilities of an FMS installation, 


2. Basic Autopilot Operation 


The FAA states in AC 65-15A that the purpose 
of an automatic pilot system is primarily to reduce 
the work, strain and fatigue of controlling the aircraft 
during long flights. The capabilities of a modern 
autopilot go way beyond simply controlling the 
aircraft during cruise operations. A sophisticated 
autopilot system can land the airplane in weather 
conditions that are so bad that the human pilot 


‘AXIS OF ROLL (LONGITUDINAL) 


could not legally land the airplane. We would have 
to say that the statement is true for simple autopilot 
systems, but is obsolete or outdated in describing 
a sophisticated modern autopilot. In this section, 
the basic parts and operation of simple autopilots 
will be described. Figure 4-60 shows the basic parts 
of the rudder control channel of an autopilot. The 
aileron and elevator channels would work in a 
similar fashion. The basic parts and their functions 
are: 

1, Sensors or Gyros — These detect a change in 
aircraft attitude using gyros or similar sensing 
devices. 

2, Amplifier or Computer — This component pro- 
cesses the signals from the sensors and sends 
signals to the servos to correct the attitude. 

3. Servos — The servos receive the signals from 
the computer and supply the physical force 
necessary to move the flight control surface. 


AXIS OF YAW (VERTICAL) | 


[AXIS OF PITCH (LATERAL) 


Figure 4-59. The control axes for an airplane. 
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AIRCRAFT ON COURSE 


1 
| 
GYRO INPUT SIGNAL | 


AMPLIFIER 


FEEDBACK 
CIRCUIT 


CONTROL SURFACE 
FEEDBACK SIGNAL 


SERVO ~ | 


Figure 4-60. The basic operation of an autopilot. 


Figure 4-61. An autopilot controller. 


4. Feedback — All but the simplest autopilots 
have a feedback system that sends signals 
back to the computer that indicate the motion 
of the flight control surface. Without feedback 
the control of the aircraft would not be smooth 
and precise. 
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5. Controller — Figure 4-61 shows a typical con- 
troller. This unit is located in the cockpit and 
contains the actuating switches and the pitch 
and turn knobs. The pilot can move the pitch 
knob or turn knob to supply manual com- 
mands to the autopilot that change the pitch 
attitude or command a turn, 

‘The operation of any autopilot follows these basic 
principles although different types of sensors. servos, 
ete. may be used. On a modern autopilot the com- 
puters are digital computers and there are often three 
different computers for each of the three control axes, 


3. Sensors 


‘The gyroscopic sensors used with autopilots are 
similar to the gyro instruments described in chapter 
1. The pitch, roll and yaw of the aircraft are detected 
by gyro sensors that send signals to the computer. 
‘The output signals of the sensors are most often 
electrical signals. A common method of producing 
the output signals is a special type of variable trans- 
former called an El pick-off which detects the motion 
between the gyro rotor and its gimbals, The latest 
types of autopilots use a sensor that employs laser 
beams instead of a spinning gyro rotor. Figure 4-62 
shows one of these laser sensors that are called 
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Figure 4-62. Ring laser gyro sensor for an autopilot. 


ring laser gyros or RLGs. The RLG has two laser 
beams that travel in opposite directions around 
a triangular course. Sensitive detectors measure 
the Doppler shift or frequency change whenever 
the unit is rotated. One of these is needed for each 
axis that must be measured for the autopilot. These 
RLGs are much more expensive than an actual 
gyro, but they eliminate the moving parts that cause 
‘a conventional gyro to gradually wear out. 
4. Servos 

The servos supply the force needed to move the 
flight control surfaces of the aircraft, There are four 
basic kinds which will be described here. Some 
simple autopilots found on small airplanes use 
vacuum sources like those used to operate gyro 
instruments. The vacuum is directed to pneumatic 
servos that are connected mechanically to the normal 
flight control system. As seen in figure 4-63, the 
pneumatic servo fs an air tight housing which con- 
tains a movable diaphragm. When vacuum is applied 
to the servo, the diaphragm is displaced which pulls 
on the bridle cable that is connected to the main 
control cable by a bridle clamp. Two of these servos 
would be needed for each control axis. 


Servos that utilize electric motors are shown in 
Figures 4-64 and 4-65. 

The servo shown in figure 4-64 uses a reversible 
DC motor and reduction gearing to supply the force 
to move the control surface in both directions. The 
servo in figure 4-65 has an electric motor that runs 
continuously and uses magnetic clutches to engage 
the mechanism and apply torque to the capstan 
and control cable. This type has the advantage that 
the inertia forces in starting and stopping the motor 
are eliminated. It can be engaged and disengaged 
more rapidly and precisely. 


SUCTION 
FROM: 
CONTROLLER 


BRIDLE 


‘CONTROL CABLE 


Figure 4-63. Pneumatic servo for a small aircraft 
autopilot, 
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Air carrier jets and some of the larger bizjets 
use hydraulically powered flight controls. The nor- 
mal flight control system employs mechanical 
linkages that control hydraulic units called Power 
Control Actuators or PCAs. The autopilot servos 
on these types of aircraft are electro-hydraulic servo 
valves that utilize electrical signals from the 
autopilot computers to direct hydraulic fluid under 
pressure to a hydraulic actuator. The actuator por- 
tion of the electro-hydraulic servo valve supplies 
mechanical force to the normal linkage of the flight 
control system. Figure 4-66 shows the electro- 
hydraulic servo valve for a typical large aircraft 
autopilot system. Figure 4-67 shows an autopilot 
servo for elevator control in the tail section of an 
air carrier jet. The mechanical force produced by 
the autopilot servo is transmitted by a push-pull 
tube to the normal flight control linkage that ac- 
tivates the PCAs. The level of redundancy in this, 
system is typical for this class of aircraft. 


5. Small Aircraft Autopilots 


A single-axis autopilot for a single engine airplane 
is shown in figure 4-68, This simple autopilot uses 
pneumatic servos to actuate the ailerons. The source 
of power is a dry air vacuum pump which ts engine 
driven. The sensor is a gyro turn coordinator which 
controls the pneumatic power applied to the servos. 
‘Some of the torque settings and rigging instructions 
for the autopilot can be seen in this drawing, This 
is the type of autopilot which is often called a wing 
leveler since it controls only the aileron control 
surfaces. 


bc moTOR 


Figure 4-64. Autopilot servo with reversible DC motor, 
reduction gears and bridle cables. 
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A three axis autopilot with electric motor servos 
4s illustrated in figure 4-69. The sensors used with 
this system include gyro sensors and an altitude 
sensor. The altitude sensor shows that this autopilot 
would have an altitude hold capability. 

Radio signals from the aircraft's navigation radios 
can be used by the autopilot to steer the aircraft 
along a desired VOR or localizer course. The pitch, 
roll and yaw servos receive electrical signals from 
the computer that activate the electric motors to move 
the control surfaces. A pitch trim servo is included 
so that the autopilot can apply nose up or nose down 
pitch trim as required. The aircraft can operate with 
a wide range of CG positions and the autopilot, like 
the human pilot, uses pitch trim to reduce the elevator 
control force to an acceptable level. The autopilot 
controller has switches to engage the heading, radio 
NAV and altitude operating modes. It also contains 
an on/off switch, a pitch control indicator and the 
knobs for manual control of autopilot pitch and turns, 
It should be noted that these autopilot components 
are located in various parts of the aircraft and some 
of the minor components such as bridle cables are 
not shown. This autopilot system has the ability to 
guide the aircraft on an ILS approach using both 
localizer and glideslope signals. This feature is called 
an approach coupler and is required for certain types 
of instrument approaches as will be covered later 
in the section on FARs. 


6. Flight Management System (FMS) 
The Boeing 767 will be used as an example of 
a flight management system or FMS. This system 
has the capability of automatically controlling the 
airplane from just after takeoff (above 400 ft. AGL) 
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Figure 4-65. Autopilot servo with a motor that runs con- 


tinuously and is engaged by magnetic 
clutches. 
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through roll out on the runway after landing at 
the destination airport. The human pilot must take 
over to turn off the runway and taxi to the gate. 
This does not mean that all flights will use all 
these capabilities, but the autopilot and flight direc- 
tor will be used for some portion of each flight 
under normal circumstances. 

a, Flight Management Computers 

The Flight Management Computers (FMCs) provide 
a number of advanced features and functions which 
were not found on earlier autopilot systems. Some 
of the functions of the Flight Management Com- 
puter are: 

1, Flight Planning — The entire flight can be pro- 
grammed into the computer using a cockpit 
keyboard, 

2. Performance Management — The system can 
provide optimum profiles for climb, cruise, de- 
scent and holding patterns. A minimum cost 
flight can be flown automatically by using op- 
timum climb settings, cruise settings etc. 


3. Navigation Calculations — The FMC can cal- 
culate great circle routes, climb and descent 
profiles etc. 

4, Auto Tune of VOR and DME — The FMC can 
automatically tune the radios to the correct 
station frequencies. 

5. Autothrottle Speed Commands — These are dis 
played on the EADI as FAST/SLOW indications. 

The FMC is in effect a master computer which 


integrates the functions of the laser sensors, Flight 
Control Computers, Thrust Management Com- 
puters, Air Data Computers, navigation sensors and 
EICAS computers. The autopilot sensors are called 
Inertial Reference Units (IRUs) and they are the 
same in basic operation as the Ring Laser Gyros 
(RLGs) previously described. 


b. Flight Control Computers 


The flight control computers are the autopilot com- 
puters and there are three of them. A block diagram 
of the connections to the three Flight Control Com- 
puters is shown in figure 4-70. The three computers 
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Figure 4-66. An electrohydraulic servo vaive is employed in an autopilot system for aircraft with hydraulically powered 
flight controls. Linear variable differential transformers (VDT) provide feedback signals of the movement 


of the mechanical parts of the system. 
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are independent so that a failure in one will not 
affect the other two. The computers are modern 
digital computers that are more compact and faster 
than earlier types of computers. 

¢. Thrust Management Computer (TMC) 


The purpose of the TMC is to automatically set 
the proper thrust level for the engines. A diagram 
of the autothrottle system is shown in figure 4-71. 
The output servo moves the throttle linkage to 
set the level of engine power calculated by the 
‘TMC. The system includes sensors on the engines 
which monitor the important engine operating 
parameters. The monitoring of engine parameters 


fs used to prevent exceeding any engine operating 
imitation for RPM, EPR, EGT, etc. The autothrottle 
system can be used to maintain a given climb rate, 
indicated airspeed, Mach number or descent rate, 
Since the 767 has autoland capabilities. the 
autothrottle system will automatically close the 
throttles just prior to landing so that a smooth 
touchdown can be made. The TMC system also 
provides a minimum speed protection which will 
maintain a safe margin above stall speed for the 
particular flight configuration. The autopilot system 
and the autothrottle system can be engaged 
separately or together using the controls on the 
flight control panel. 
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Figure 4-67. The autopilot servos on a large jet airplane provide mechanical force to move the normal contro! linkage 
and activate the hydraulic PCAs that move the flight control surfaces. 
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CHAPTER 3 = COMPONENTS 


84 


Aswith any other electrical components, you need to be aware of the electrical li 
transistors. Even when a transistor is fully saturated and conducting very efficiently, 
certain amount of its energy as heat. Too much heat and say goodbye to your tra 

‘Anewer type of transistor is becoming quite popular in power circuit applications, and uses a 
different type of semiconductor property to accomplish its mission. The MOSFET (metal-oxide- 
semiconductor field-effect transistor) has three terminals, just like the BJT. Each terminal performs a 
similar job, bui does it in a different way. The gate of a MOSFET is electrically isolated from the 
conduction channel between the drain and source terminals. However, when a proper voltage is applied 
to the gate, it creates an electrical field that influences the conductivity of the channel between the drain 
and the source. 

‘The important differences between BJTs and MOSFETs lie in the type of s 
of the transistors and how much power is wasted by being converted to heat. A BY 
controlled device, where more current into (or out of) the base results in more current flow through the 
device. The MOSFET is a voltage-controlled device, where more voltage applied to the gate increases the 
current flowing through the channel. 

Additionally, MOSFETs typically have much lower on-state resistance than BJTs, meaning they can 
more efficiently switch higher currents. Finally, MOSFETs have a positive temperature coefficient, 
meaning that they conduct less power as they heat up—which is a good thing. BJTs are subject to 
thermal runaway—conducting more current as they heat up, which in turn generates more heat, and so 
n, until something snaps, crackles, or pops. 


tations of your 


Integrated Circuits 


As parts get more specialized, they become less fun. There are a hundred ways to wire up some 
transistors, resistors, and capacitors, but there's generally only one way to hook up a thermocouple 
interface chip. 

‘The good news is that it has become much easier for companies to design and build vastly complex 
chips that can do things for us that, honestly, most people cannot comprehend. And that’s OK. We need 
airplanes that can, mostly, fly themselves. If we had to depend on humans to get everything done, you 
can imagine what kind of world we'd live in, Humans are notoriously sleepy, hungry, distracted, and 
forgetful. A voltage comparator chip does nothing but compare two voltages, all day, every day, 
perfectly, all the time. 

Integrated circuits come in an unbelievably wide range of functions, packages, and capal 
first integrated circuits were amplifiers. Integrated circuits allowed manufacturers to make chips that 
have dozens or hundreds of transistors and other parts all at once. Just plop that little silicon chip into a 
plastic package with legs on it, and you're done. 

‘What kind of chips do you need in your lab? Well, that’s going to depend heavily on what kind of 
circuits you're wanting to design, build, or repair. 

Many older chips had a standard 0.1" pin spacing that made them easy to plug into a solderless 
breadboard for prototyping purposes. Most newer chips have been considerably shrunk, because 
phones and tablet computers are all the rage these days. It's still possible to work with these newer chips, 
but it almost always requires mounting them to some sort of breakout board or expander that brings out 
their tiny leads to a more reasonable, and reachable, size. 


Acquiring Components 


Where do components come from? The same place as everything else—the store—just like food, just like 


‘component manufacturing industry spans the globe. Ifsomeone’s not putting 
something electronic together, they're taking something electronic apart. 


NOTE 


TORQUE HOSE MOUNTING NUTS (3) TO 
12-14 LB. INCHES AND CABLE CLAMP (6) 
‘TO 70-90 LB. INCHES WHEN INSTALLING 


‘THE OPTIONAL GYRO SYSTEM AND THE 
WING LEVELER SYSTEM OBTAIN VACUUM 
FROM THE SAME VACUUM SOURCE 


Note: For Mutation ony. Net 


1, RIGHT AILERON VACUUM HOSE 6, CLAMP. 11. INVERTER 

2. LEFT AILERON VACUUM HOSE 7. DIRECT CABLE 12, VACUUM RELIEF VALVE 
3. NUT 8. BELLCRANK 19, FILTER 

4, SERVO 9. ROLL-TRIM KNOB, 14, SUCTION GAGE 

5. BRACKET 10. TURN COORDINATOR 15. ON-OFF CONTROL, 


be used for malntnance purposes 


Figure 4-68. A single-axis autopilot with pneumatic servos. (Courtesy Cessna Aircraft Corp.) 
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d. Flight Control Panel 


The flight control panel contains the switches to 
activate the various functions of the autopilot and 
to adjust the settings for the desired vertical speed, 
IAS, Mach number, etc. The indicator lights for 
the different modes of operation are also included 


in the flight control panel. This panel is located 
in the glareshield above the center instrument panel 
and it is illustrated in figure 4-72. 

¢. Control Wheel Steering (CWS) 
Control wheel steering is an operating mode for the 
autopilot in addition to the command operating 
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mode. The command mode is the normal autopilot 
mode where the pilot does not touch the controls 
because the autopilot is flying the airplane. In the 
CWS mode, the controls are moved by the pilot 
as in normal flight and the force that is applied 
to the controls is measured and used as an input 
signal to the autopilot computers. In effect, the 
human pilot is flying the airplane, but the autopilot 
1s helping to move the control surfaces. Figure 4-73 
shows the connections between the force transducer 
and the flight control computer. The operation of 
a typical force transducer is illustrated by figure 
4-74, The three electrical windings and the armature 


above them make up a special type of variable trans- 
former. The AC input signal is applied to the center 
winding and the outer windings produce the output 
signal. The housing of the force transducer is flexible 
so that its length will change based on the force 
applied to it. When the housing changes in length, 
it causes relative motion between the armature and 
the coils. This motion alters the magnetic coupling 
and therefore produces a change in the output signal. 


f. Flight Director 


A Might director is a system that uses some of 
the basic components of an autopilot, but not all 
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Figure 4-70. Block diagram of a three-channel autopilot for a large aircraft with hydraulically powered flight controls. 
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Figure 4-71. Block diagram of an autothrottle system with a thrust management computer. 
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of them. A flight director uses sensors and com- 
puters, but it does not have servos. The flight direc- 
tor computer uses the signals from sensors to 
calculate a correction which is then displayed as 
a command for the pilot to follow. The commands 
from the flight director are displayed to the pilot 
on the EADI by the command bars. The operation 
of the command bars on the EADI is shown in 
figure 4-75. On the left, the command bar symbol 
4s above the airplane symbol. The indication ts that 
the pilot needs to raise the nose to satisfy this 
flight director command. On the right, the nose 
of the airplane has been raised so that the airplane 
symbol aligns with the command bar. During flight 
director operations the pilot maintains manual con- 
trol of the aircraft, but follows the steering com- 
mands indicated by the command bars. One of 
the primary uses for the flight director is during 


an instrument approach. By using the flight director 
the pilot can more accurately fly the airplane on 
an ILS approach because the computer is making 
rapid calculations to predict the optimum heading 
and attitude for the approach. Corrections for wind 
drift are automatic, all the pilot has to do is follow 
the flight director commands. 

Another condition when the flight director is help- 
ful is in setting the proper takeoff pitch attitude. 

g. Additional Features 
Some of the additional features of the Boeing 767 
Autopilot and Flight Director System that are typical 
for this class of aircraft will be described briefly. 

‘The Stability Augmentation System (SAS) involves 
certain functions of the yaw control system. One of 
the purposes of the SAS is to eliminate a potential 
problem known as Dutch Roll. Many large swept 
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Figure 4-72. The autopilot contro! panel for a sophisticated autopilot includes switches to control the autopilot, the 
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Figure 4-73. Location of the force transducers and servos in the control system of an air carrier jet airplane. 
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wing airplanes display a peculiar type of instability 
at high altitudes under certain flight conditions. This 
can result in a continuous pitching and rolling motion 
known as Dutch Roll. The SAS will automatically 
make rapid and precise rudder movements to reduce 
Dutch Roll motions of the airplane. The system is 
also referred to as the yaw damper and it can be 
engaged separately from the rest of the autopilot. 

The runway alignment feature of the Boeing 767 
4s a part of the autoland system. It will automatically 


align the longitudinal axis of the airplane with the 
runway prior to touchdown. This feature is im- 
portant during crosswind landings because it is 
designed to prevent the airplane from landing at 
a crab angle to the runway. This is illustrated in 
figure 4-76. The runway alignment feature is limited 
to control surface deflections of 25° for the rudder 
and 2° for ailerons. A very strong crosswind at 
90° to the runway could not be completely 
counteracted. This same feature will also provide 
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Figure 4-74. Basic operation of one type of force transducer. 
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Figure 4-75. The command bars in an ADI are positioned by signals from the flight director computer. The pilot follows 
the commands by aligning the airplane symbol with the command bars. 
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corrections if an engine fails during the landing 
approach. It would supply the control corrections 
to counteract the asymmetrical thrust situation. 


7. FARs for Autopilots 


‘Some of the Federal Aviation Regulations that apply 
to autopilots and related systems will be given here. 
Most of the references are to FAR Part 23 and 
FAR Part 91 which apply mainly to small airplanes. 
The requirements for transport category aircraft 
autopilots include some of these same requirements, 
but with many additional requirements that won't 
be discussed here. 


FAR 23.1329 

Automatic Pilot System 

A. An automatic pilot system must be designed 
so that: 

1, It can be quickly and positively disengaged 
or 

2. One pilot can overpower the autopilot to 
control the airplane. 

B. Unless there is automatic synchronization, a 
means must be provided to indicate to the 
pilot the alignment of the actuating device in 
relation to the control system it operates. 

C. The controls must be readily accessible to the 
pilot and operate in the same plane and sense 
as the cockpit controls. 

D. The autopilot must not produce hazardous 
loads on the airplane or produce hazardous 
deviations in the flight path in the event of 
malfunctions. 

E. Each system must be designed so that a single 
malfunction will not produce a hardover signal 
in more than one control axis. 

F. There must be protection against adverse in- 
teraction of integrated components resulting 
from a malfunction. 

G. If the automatic pilot system can be coupled 
to navigation equipment, a means must be 
provided to indicate the current mode of op- 
eration. Selector switch position s not accept- 
able as a means of indication. 


FAR 23.1335 
Flight Director Systems 


A means must be provided to indicate the current 
mode of operation. Selector switch position is not 
acceptable as a means of indication. 
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FAR 91 Appendix A 
Category II Operations: Required Instruments 
and Equipment 


Refer to figure 4-77 for an example of the weather 
minimums associated with Category Il and Category 
III ILS approaches. 


2A9 An automatic pilot approach coupler or a flight 
director system is required for Category Il 
ILS operations. 


| 
| 
Figure 4-76. The stability augmentation system (SAS) in 
an aircraft with autoland capability has a 
‘special operating mode called runway align- 
ment. At approximately 500 ft. the runway 
alignment feature will eliminate the crab 
angle caused by a crosswind so that the 
aircraft will be pointed down the runway at 
touchdown. 
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2B1 For Category Ill ILS operations additional 
equipment requirements are a radio altimeter 
and autothrottle system. 


FAR 135,105 

Autopilot in Place of Second Pilot 

The certificate holder may use an autopilot in 
place of a second pilot if: 

‘A. The autopilot and its operation are approved. 


B, The Administrator issues an approval amend- 
ment. 


C. The autopilot is a 3-axis type. 


D. The certificate holder shows that operations 
can be conducted safely. 


E, Exceptions: A second pilot must be used: 
1. For IFR operations. 
2. For Category II approaches. 
3. If required by the aircraft manufacturer. 


8. Autopilot Maintenance 
The information in this section is not meant to relate 
to any particular aircraft autopilot system. The pro- 
cedures are general and could be applied to most 
autopilots as appropriate. Maintenance of autoptlots 
consists of visual inspections, replacement of com- 
ponents, cleaning, lubrication, troubleshooting and 
operational checkouts of the system. 

‘An operational check of the autopilot should 
be performed whenever an autopilot is installed, 
when components are replaced and whenever a 
malfunction 1s suspected. Many things can be 
operationally checked on the ground, but some 
situations may require a test flight with an air- 
borne checkout of the autopilot. Some general 
procedures for a ground checkout of an autopilot 
are as follows. 

With the autopilot disengaged, manipulate the 
flight controls to see if they function smoothly and 


ILS_APPROAGH | RUNWAY VISUAL | DECISION HEIGHT 
CATEGORY | "RANGE (RVR) (ALTITUDE) 
Category | 2400 feet 200 feet 
Category It 1200 feet 100 feet 
Category HA 700 fest None 
Category We 150 feet None 
Category HC ‘None ‘None 


Figure 4-77, The airport weather minimums for the 
various ILS approach categories. 


without excessive drag or interference from autopilot 
components. The alignment of the autopilot to the 
aircraft should be checked. This normally involves 
checking such things as cable tension, torque set- 
tings, dimensional adjustments ete. 

Before engaging the autopilot for an operational 
check, allow the gyros to come up to speed. This 
normally requires from 2~4 minutes. After engaging 
the autopilot, the following checks should be made. 

1, Rotate the turn knob on the controller to the 
left. The rudder pedals and control column 
should move in the proper directions to indicate 
a left turn. The motion should be smooth and 
without excessive binding, jerking or hesitation, 

2. Rotate the turn knob to the right and watch 
for the proper operation and motion of the 
controls. 

3. Rotate the pitch knob up and down and watch 
for the correct motion of the control column 
aft and forward. 

4, Ifthe autopilot has automatic pitch trim, check 
the proper motion of the trim control as the 
control column moves fore and aft. When the 
control column moves back. the system should 
apply nose up trim and vice versa. 

5. With the autopilot engaged, try to overpower 
it by grasping the controls and applying force. 
It should be possible to overpower the autopilot 
if it is adjusted properly. 

6. Check all of the controls and switches for 
proper actuation and correct indications. 

7. It may be desirable to taxi the aircraft in order 
to check out some of the operating modes, 
Ifyou engage the heading hold mode and make 
a taxi turn to the right, the controls should 
show motion commanding a turn to the left. 

8. Check the autopilot disconnect switches to 
ensure that the autopilot disconnects rapidly 
and positively. There may be several ways to 
disconnect the autopilot: check them all. 

9. If the aircraft has a flight director, check for 
proper indications by the command bars in 
the ADI or EADI. Check the autopilot mode 
Indicators in the ADI or EADI if so equipped. 

If the aircraft has both an autopilot and flight 
director, they can be checked against each other 
as an ald in troubleshooting. The autopilot and 
fight director share some components while others 
are only used by the autopilot. This can be used 
to help locate the source of the problem when mal- 
functions are suspected. A ground checkout can 
often help to locate the source of a problem by 
comparing the indications of the flight director and 
autopilot. If the flight director 1s commanding an 
incorrect control movement and the autopilot 1s 
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moving the controls in the same incorrect direction, 
then the fault is most likely a component they share 
such as the sensors or computer. If the flight director 
shows a correct command for nose up pitch, but 
the autopilot does not move the controls to agree 
with this command then the problem is likely not 
in the sensors or computer. 

Some complaints about autopilot malfunctions 
are the result of faults in components other than 
the autopilot itself. If a pilot reports that the 
autopilot will not track a VOR radial, the problem 
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could be a wiring fault in the wires that carry radio 
signals to the autopilot rather than a problem with 
the autopilot itself, Conditions such as rigging 
problems or binding of the main control cables in 
the aircraft itself can adversely affect the operation 
of the autopilot. Because the interactions and in- 
terconnections associated with autopilots can be 
very complex, a good system schematic and a 
thorough knowledge of the autopilot are necessary 
for efficient troubleshooting and maintenance of 
autopilot systems. 
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APPENDIX A — Glossary 


Accelerometer — A device or instrument which 
measures acceleration forces. The unit of mea- 
sure is most often “Gs” based on the accelera- 
tion of gravity. 

Aircraft — A machine that operates in the air. Ex- 
amples include airplanes, gliders, balloons, air- 
ships and rotorcraft. 

Airplane — An engine-driven, fixed-wing aircraft 
that fs heavier than air and supported in flight 
by wings. 

Altitude engine — A reciprocating aircraft engine 
that employs a supercharger to maintain sea 
level power at higher altitudes. 

Annunciator — The indicating lights that are used 
to alert crew members to operating conditions 
that they need to be aware of As in warning, 
caution and status indicator lights. 

Appliance — Any instrument, mechanism, equip- 
ment, part, apparatus, appurtenance or acces- 
sory. including communications equipment, 
that is used in operating or controlling an air- 
craft in flight and is not part of an airframe, en- 
gine or propeller. 

Artificial horizon — An aircraft instrument used 
to indicate pitch and roll attitudes. A gyro in- 
strument used for IFR and also known as a gyro 
horizon, attitude gyro, bank and pitch indicator 
ete. 

Autosyn — A synchro system that transmits posi- 
tional information electrically from one place to 
another. The Autosyn type uses AC power and 
electromagnet rotors in both the sending and re- 
ceiving units. 

Avionics — Aircraft electronic equipment. Most 
often refers to aircraft radios and similar compo- 
nents. 

Balun — A special type of impedance matching de- 
vice used with V-shaped aircraft VOR antennas. 
Bellows — A mechanical device for measuring 
pressure. It is a thin metal container with accor- 
dion shaped folds on the sides. Often separated 
into two chambers for use as a differential pres- 

sure measuring sensor. 

Bonding jumper — A metal conductor used to 
electrically connect two parts of an aircraft. 
Most often a wire braid or thin metal strap. 


Bourdon tube — A curved, hollow metal tube used 
as a pressure measuring sensor. Used for rela- 
tively higher pressures than a bellows or dia- 
phragm. 

Calibrated airspeed — Indicated airspeed that has 
been corrected for airspeed system errors and 
errors caused by the location and alignment of 
the pitot and static ports or sensors. 

Category It operation — An ILS instrument ap- 
proach using the specified procedures and 
meeting the requirements for operations in 
weather conditions below those required for a 
Category | approach, 

Category III operation — An ILS instrument ap. 
proach using the additional procedures and re. 
quirements for operations in weather conditions 
below those required for a Category Il approach 

Class B Airspace — This is the same as a TCA 
{termimal control area), the airspace around a 
major airport where special equipment and 
flight restrictions apply. 

Class C Airspace — this is the same as an ARSA 
(airport radar service area), the airspace around 
a busy airport where special equipment and 
flight restrictions apply. 

Coaxial cable — A special conductor having a cen- 
ter conductor, a layer of dielectric insulation 
and an outer conductor. Designed to carry radio 
frequency electrical signals as in an antenna 
lead. 

Compass dip — The tilting of the float in a mag- 
netic compass due to the curvature of the earth. 
Compass dip becomes greater as the distance 
from the equator increases. Magnetic compass 
acceleration error and north turning error are a 
result of compass dip. 

Compensator — A device to adjust or compensate 
for some error in an aircraft instrument or radio 
system, The compensator magnets in an aircraft 
compass installation. 

Critical engine — The engine whose failure would 
most adversely affect the peformance or han- 
dling qualities of an aircraft. 

Dashpot — A small acceleration operated air 
pump used in an aircraft IVSI to decrease the 
lag in the indication. 
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Deviation — An error in a magnetic compass 
caused by magnetic fields in the aircraft. This 
error is minimized and recorded in a procedure 
called swinging the compass. 

Diaphragm — A small lens shaped metal container 
that is used as a sensor to measure pressures. 
Used in altimeters and airspeed indicators be: 
cause of its sensitivity, 

Doppler effect — The apparent change in fre- 
quency of a sound wave or radio wave when 
there is relative motion between the observer 
and the source of the waves. Used in the Dopp- 
ler navigation system by bouncing radar waves 
off the surface of the earth. The Doppler princi- 
ple is also used on the latest types of weather 
radar systems on aircraft. 

Drip stick — A fuel quantity measuring system 
that uses a tube or stick that is extended below 
the wing of the airplane. It is a mechanical mea- 
suring system that requires no outside power. 

Encoding altimeter — An altimeter or sensor that 
supplies electrical outputs related to aircraft al- 
titude. The output is supplied to the aircraft 
transponder which transmits the data to a 
ground station, Also referred to as Mode C. 

Erector mechanism — A device or mechanism in 
an artificial horizon that maintains the vertical 
spin axis of the gyro to ensure accurate readings. 

Flight level — A level of constant atmospheric 
pressure related to a reference level of 29.92 in. 
Hg. Flight levels are indicated in hundreds of 
feet as in FL310, FL330, FL350 ete. Aircraft 
must use flight levels rather than MSL altitudes 
at and above 18,000 ft 

Flux valve — The sensor for a flux gate compass 
system. The flux valve produces an electrical 
output from the earth's magnetic field to operate 
remote compass systems and other devices. 

Gyroscope — A small wheel or rotor that is spun 
at high speed to operate aircraft intruments. 
Also used to stabilize certain components such 
as radar antennas and INS accelerometers. 

Heading indicator — A gyro instrument that indi- 
cates the magnetic heading of the aircraft. Also 
called the DG, gyro compass, heading gyro etc. 

IFR conditions — Weather conditions below the 
minimum for VFR flight. 

Inclinometer — An aircraft instrument that indi- 
cates slips and skids. Also called the slip-skid 
indicator. Usually a small curved glass tube 
with a ball in it, 
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Indicated airspeed — The speed of an aircraft as 
shown on its pitot-static airspeed indicator cali- 
brated to reflect standard atmospheric adiabatic 
compressible flow at sea level and uncorrected 
for airspeed system errors. 

Instrument — A device using an internal mecha- 
nism to show visually or aurally the altitude, 
attitude, or operation of an aircraft or aircraft 
part. It includes electronic devices for automati- 
cally controlling an aircraft in flight (autopilots). 

Knots — A velocity in units of nautical miles per 
hour. To convert from knots to mex, multiply by 
1.151. 

Kollsman window — The small window on the 
face of an altimeter that indicates the baromet 
ric pressure for which the altimeter has been set 
with the setting knob. Unit of measure is inches 
of mercury or millibars. 

Large aircraft — Aircraft of more than 12,500 Ibs. 
maximum certificated takeoff weight. 

Logic gate — A semi-conductor device that pro. 
duces an output from one or more inputs. It 
uses digital signals and is a basic component in 
many aircraft electronic systems. 

Loran C — A radio navigation system that uses 
signals transmitted from ground stations on a 
frequency of 100 KHz. Most often used by gen- 
eral aviation aircraft. 

Lubber line — The line on a magnetic compass 
that is used to take readings. The numbers on 
the compass card are read against the lubber 
line. 

Mach number — The ratio of true airspeed to the 
speed of sound for the specified flight condition 
and altitude. 

Magnesyn — A synchro system used on aircraft. 
‘The Magnesyn system uses AC power and per- 
manent magnet rotors in the sending and re- 
ceiving units. 

Manifold pressure — The absolute pressure mea- 
sured at the appropriate point in the induction 
system of a reciprocating aircraft engine and ex- 
pressed in inches of Mercury. 

Octal — A binary code system used with inte- 
grated circuits and logic gates. The octal code 
uses three bit bytes. 

Omega — A radio navigation system that employs 
ground stations that transmit on frequencies 
from 10-14 KHz. It provides world wide cover- 
age. VLF ground sites are also used by aircraft 
‘Omega systems. 
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CHAPTER 3 » COMPONENTS 


Once upon a time it took some hunting to find sources for electronic parts. Swap meets and “ham 
fests” were great places to find components, assemblies, and entire appliances just ready to be hacked, 
studied, improved, or rebuilt. Now you have to spend time looking for places to get away from all the 
electronic hustle and bustle. 

‘One of the great things about today’s Internet is that it takes almost no effort to find both electronic 
parts and the information needed to use them, The real trick these days is finding the best deal. 

Ifyou're strictly a hobbyist, looking to spend some quality time alone or with your kids, learning 
about electronics and building fun projects, then it just about doesn't matter if you get the absolute, 
rock-bottom price on every component and tool. Even if you're a budding entrepreneur, you're still in a 
much better position today to leverage those brilliant ideas floating around in that noggin of yours than 
you would have been even ten years ago, all because of the ubiquitous nature of electronics and 
technology saturating our lives. Not only can you get the right tools and the best parts shipped right to 
your door for a song, you can easily network with knowledgeable folk from all over the globe, 
contributing ideas and brainstorming across time zones and borders. 


Buying New Components 


ime job just keeping up with all of the new tools, parts, software, and 
hardware that are available today. Even if you could, it would take many lifetimes to make and grow the 
connections and relationships you need to successfully compete in the global economy. 

‘That being said, a good place to start is in your own backyard. Ifat all possible, you should deal 
locally for the things you need. When what you want or need cannot be obtained locally, expand 
outward until you find it. 

While it's certainly nice to be able to find all your needs met close to home, it’s also good to know 
that the world is shrinking every day. The sort of deals and relationships that couldn't possibly have 
existed in your parents’ time are happening right now. 

Ifyou are in a position to spend some money on quality tools and components, then by all means 
do so. You will not regret it. Buying questionable items is like buying your groceries out of some guy's 
van in a parking lot, Maybe he'll be there next week and maybe he won't. 

Even the small fry can get treated like an honored guest when dealing with the right people. The 
trick is finding the right people. The best way to find them is to ask your friends and others with similar 

jerest where they trade. Ask them how they feel about their relationships with their vendors. Are they 
just a number? Or are they a partner? 


Recycling Used Components 


It’s really a bad idea to waste anything. In a more perfect world, there'd be no “other” category at the 
recyclers. Everything would have an exit strategy, especially the complex and fragile toys we're so 
addicted to these days. 

Until that day, try to look at your trash with new eyes. Is it conceivable that someone else might be 
able to use this equipment, or is it truly past its useful life? Or are you just being lazy? 

You can do your part, and you should believe that others are doing their part as well. Take the time 
to find them, find out what they can offer you, and find out what you have that they might be able to use. 
You won't know until you ask. 

Be careful when harvesting components with which you are unfamiliar. Novice recyclers should 
give yesterday's cathode ray tube (CRT) TVs and monitors a wide berth. They can retain lethal voltages 
for considerable periods of time after being retired from service. Just leave them on the side of the road. 
‘The same goes for microwave ovens, or any equipment that has refrigerant in it. The stuff they use 
nowadays is quite toxic, 
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Piezoelectric — A device that employs a crystal 
sensor that produces electrical output signals 
when it is squeezed or vibrated. An example is 
the piezoelectric sensor for an engine vibration 
indicator. 

Polarization — The orientation of the electric field 
portion of an electro-magnetic radio wave. Verti- 
cal polarization would mean that the electric 
field is vertical relative to the earth’s surface. 

Precession — The displacement of a gyro rotor by 
an outside force. The gyro will precess as if the 
force was applied 90° ahead in the direction of 
rotation from the actual point of application of 
the disturbing force. 

Pressure Altitude — The altitude shown on an 
aircraft altimeter when 29.92 is set into the bar- 
ometric pressure setting window. This repre- 
sents the altitude in a Standard Atmosphere. 

Proximity sensor — A sensor or transducer used 
to replace microswitches in an aircraft position 
indicating system. It is an electronic device with 
no moving parts and is considered to be more 
reliable than microswitches. 

Quadrantal error — The error in indication for an 
aircraft ADF system. A check of quadrantal error 
should be made whenever an antenna ts in- 
stalled or other maintenance is performed which 
could affect the accuracy of the ADF system. 

Radar — Radio detection and ranging. Used in avi- 
ation for ATC purposes, weather avoidance sys- 
tems, navigation and precision altitude 
measurement. 

Ratiometer — An electrical circuit used to operate 
an aircraft instrument. It is called a ratiometer 
because the pointer is positoned by the ratio of 
the field strength of two electromagnetic fields. 

Rigidity — The characteristic of a gyro rotor that 
causes it to try to maintain its spin axis fixed in 
space. 

Sea level engine — A reciprocating aircraft engine 
having a rated takeoff power that is producible 
only at sea level. An unsupercharged engine. 


Selsyn — A synchro system used on aircraft. The 
Selsyn uses DC power with a variable resistor in 
the sending unit and a permanent magnet rotor 
and three section coil in the receiving unit. 

Slip-skid indicator — The same as inclinometer. 
See above. 

Small aircraft — Aircraft of 12,500 Ibs. or less 
maximum certificated takeoff weight. 

Thermocouple — A device which uses two differ- 
ent metals to produce a DC output at the cold 
junction when the hot junction is heated 
Commonly used for CHT, EGT and other rela- 
tively high temperature measurements in an 
aireraft. 

Torquemeter — An instrument system that mea- 
sures torque delivered to a shaft, usually by the 
aircraft engine. Common on large recip engines, 
turboprop engines and turboshaft engines. 

True Airspeed — True airspeed is calibrated air- 
speed that has been corrected for altitude and 
temperature effects. An airspeed indicator is de- 
signed to be accurate for the standard pressure 
and temperature at sea level. At higher alti- 
tudes, indicated or calibrated airspeed is less 
than true airspeed, 

Variation — The apparent error in the indication of 
a magnetic compass caused by the fact that the 
north geographic pole and the north magnetic 
pole of the earth are not in the same location. 

Venturi — A tube with curved inner walls that 
produces a reduction in pressure in accordance 
with Bernoulli's Principle. Used in aircraft to 
produce suction to operate gyros and as a jet 
pump. 

Waveguide — A hollow tube used as a conductor 
for radar frequency EM waves. Usually rectan- 
gular in cross-section and found in aircraft 
weather radar systems. 

Wheatstone bridge — A bridge circuit with three 
fixed resistors and a variable resistor. It is used 
to operate a meter movement that rotates a 
pointer in an aircraft instrument for tempera- 
ture measurements. 
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APPENDIX B — Abbreviations 


ADC — Air data computer: A computer which 
Processes inputs from pitot tubes, static ports 
and TAT probes and provides outputs to the 
typical pitot-static instruments as well as other 
aircraft systems. 

ADF — Automatic direction finder: A radio naviga- 
tion system using signals in the LF and MF 
bands. 

ADI — Attitude director indicator: An instrument 
that combines pitch and roll data with the com- 
mand bars of a flight director 

AF — Audio frequency: 20,000 Hz and below. 

AFCS — Automatic flight control system: Usually 
refers to more advanced autopilots that include 
features such as auto-throttle and stored flight 
plan routes. 

AFM — Aircraft light manual: An FAA-approved 
manual that lists operating requirements. Use- 
ful to mechanics as well as to pilots. 

AGL — Altitude above ground level. 

AM — Amplitude modulated: This refers to a radio 
wave that has been modulated in such a way 
that the amplitude of the signal varies up and 
down to match the modulating signal. 

AOA — Angle-of-attack: The angle between the 
chord line of an airfoil and the relative wind. 
Also AOA instrument presentation. 

ARINC — Aeronautical Radio Incorporated: This is 
an organization made up of airlines and 
manufacturers which establishes standards for 
aircraft equipment. For example, ARINC 429 for 
digital data. 

ARSA — Airport radar service area: An area of 
airspace around an airport with radar air traffic 
control (ATC) in which special restrictions are 
placed on aircraft flight operations. 

ATC — Air traffic control. 

BCD — Binary coded decimal: A binary code sys- 
tem that uses four bit bytes. 

BIT — Each individual binary digit or number in a 
digital word or message. 

BYTE — A group of binary bits which are treated 
together as in a binary word with 32 bits. In this 
example, one byte = 32 bits. 


‘CADC — Central air data computer: Same as ADC. 

CAS — Calibrated airspeed. 

CAT Il — Category II ILS instrument approaches. 

CAT Ill — Category IIL ILS instrument approaches. 

crm — Cubic feet per minute: A measure of flow rate 
used with air-operated gyros. 

CHT — Cylinder head temperature: An instrument 
found on many aircraft with air-cooled reciprocat- 
ing engines, usually a thermocouple system. 

CIT — Compressor inlet temperature: Also called 
Tta, it refers to the temperature of the air enter- 
ing the inlet of a turbine engine. 

CPU — Central processing unit: One of the major 
components of a computer, the CPU contains 
the ALU, control and memory functions. 

RT — Cathode ray tube: This ts the display for 
electronic aircraft instruments. It looks like a TV 
screen, but is specially designed to be readable 
in the bright conditions of the cockpit. 

CVR — Cockpit voice recorder: Records cockpit 
sounds and conversations from radio and inter- 
com systems. 

DG — Directional gyro: An instrument which gives 
information concerning aircraft rotation about 
the vertical axis. Usually referenced to magnetic 
headings. 

DME — Distance measuring equipment: A two-way 
radio system for determining aircraft distance in 
nautical miles from a ground site. 

EADI — Electronic attitude director indicator instru- 
ment: A display which combines pitch and roll 
data along with indications from the flight direc- 
tor in the form of command bar movements. 
Other data such as radio navigation displays are 
also included. A CRT instrument 

EGT — Exhaust gas temperature: An instrument 
which displays the temperature of the engine 
exhaust gasses. Found on both reciprocating 
and turbine engines. 

EHSI — Electronic horizontal situation indicator: A 
display which combines gyro stabilized magnetic 
heading information along with radio naviga- 
tional information using a deviation bar in- 
dicator. A CRT instrument, 


197 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


EICAS — Engine indication and crew alerting sys- 
tem: An electronic instrument system that 
provides indications for powerplant and aircraft 
system instruments, and provides alert, caution 
and status messages for the crew. EICAS typi- 
cally uses two CRTs, 

ELT — Emergency locator transmitter: A smalll self- 
contained radio transmitter for crash location 
purposes found on most smalll aircraft, 

EM WAVES — Electro-magnetic waves: Most often, 
used to mean radio waves. 

EPR — Engine pressure ratio: An instrument which 
indicates the power being produced by certain 
turbojet and turbofan engines. EPR is the ratio 
of total outlet pressure divided by total inlet 
pressure 

FCC — Federal Communications Commission: This 
government agency establishes rules for many 
types of electronic equipment including the 
radio equipment on aircraft. 

FDR — Flight data recorder: A system which records 
many different operating parameters such as al- 
titude, airspeed, engine power. G loadings. flap 
settings, ete. Used for accident investigation. 

FM — Frequency modulation: A radio carrier wave 
uses FM when the carrier wave frequency is 
varied up and down by the modulating signal. 

FMS — Flight management system: A sophisticated 
autopilot system that includes advanced fea- 
tures for managing virtually the entire flight. 
Uses an FMC (flight management computer). 

Fem — Feet per minute: The standard unit of meas- 
urement for aircraft rate of climb indicators and 
similar devices. 

‘op! — Gallons per hour: A standard unit of meas- 
urement for fuel flow or fuel consumption for 
aircraft. Usually used for reciprocating engines. 

GPS — Global positioning system: A satellite 
navigation system being developed for the 
military, but available for use by civilian 
aircraft. 

GPWS — Ground proximity warning syste 
Designed to give a warning to the flight crew to 
avoid ground impact due to excessive rates of 
descent, rising terrain, ete. 

HSI — Horizontal situation indicator: An integrated 
aircraft instrument which displays magnetic 
heading, radio navigation steering information 
and sometimes additional information. It 
replaces the simpler DG instrument. 

IAS — Indicated airspeed. 
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IC — Integrated circult: A semi-conductor device 
that incorporates a number of logic gates in one 
compact unit. 

ICAO — International Ctvil Aviation Organization. 

IFR — Instrument flight rules: Aircraft must operate 
IFR if weather conditions are below the mini- 
mums for visual reference flying. 

ILS — Instrument landing system: A precision ap- 
proach using radio guidance signals to guide an 
aircraft to a landing runway. 

INS — Inertial navigation system: A navigational 
system that uses very accurate measurements 
of acceleration to calculate aircraft position, 
course and speed. 

IRU — Inertial reference unit: Most often refers to 
the laser device which is the sensor for INS and 
other aircraft systems. 

ITT — Inter-turbine temperature: This refers to a 
gas temperature measurement on a turbine en- 
gine where the probes are located in between 
two different sections of the turbine. 

IVSI — Instantaneous vertical speed indicator: An 
instrument that eliminates the lag of a conven- 
tional VSI through the use of acceleration 
operated dashpots.. 

KIAS — Knots indicated airspeed: We also find 
KCAS and KTAS, 

LMM — Compass locator transmitter at the middle 
marker. 

LCD — Liquid crystal display: A common type of 
device used in aircraft instruments and radios 
that have a lighted display. 

LED — Light emitting diode: A common type of 
device used in lighted displays on radios and 
other equipment. 

LOM — Compass locator transmitter at the outer 
marker. 

LRU — Line replaceable unit: Modern aircraft have 
most electronic equipment installed in the form 
of LRUs which are standard size boxes that con- 
tain the equipment and which make replace- 
ment and maintenance simpler and more 
efficient. 

MLS — Microwave landing system: A new type of 
precision approach aid that may eventually 
replace ILS. In limited use at this time. 

MM —ILS middle marker. 

MSL — Altitude in terms of mean sea level. 

Ni — A tachometer indication of the low pressure 
compressor speed in a turbine engine. 
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Nz — A tachometer indication of the high pressure 
compressor speed in a turbine engine. 

Ng — A tachometer indication of the gas producer 
speed in a turbine engine. Usually turboprop or 
turboshaft. 

Np — A tachometer indication of the power section 
speed in a turbine engine. Usually turboprop or 
turboshaft 

N; — A tachometer indication of the rotor speed for 
a helicopter. Usually the main rotor. 

NDB — Non-directional radio beacon: The ground 
based radio transmitter that sends the signals 
which are received by the aircraft ADF radio 
navigation receiver. 

OM —ILS outer marker. 

POH — Pilot's operating handbook: This is an FAA- 
approved document which gives operating infor- 
mation for that particular aircraft. Used by both 
pilots and mechanics. Same as AFM 

Pett — Pounds per hour: A unit of measurement for 
aircraft fuel flow and fuel consumption. Most 
often used with turbine engines. 

Psta — Pounds per square inch absolute: A mea- 
surement of pressure compared to a perfect vac- 
uum, 


Psto — Pounds per square inch differential: A mea- 
surement of the differential pressure between 
two pressures measured at different points. 

Psi — Pounds per square inch gauge: A measure- 
ment of pressure compared to ambient condi- 
tons, usually ambient atmospheric pressure. 

P-static — Precipitation static: The static electricity 
charge on an aircraft produced by friction with 
ice, snow, rain, sand, dust ete. It can cause 
noise in the radios and other problems, 

RAM — Random access memory: The memory in a 
computer that can be affected by operator input 
and is lost when the computer is turned off. 

RF — Radio frequency: Refers to frequencies above 
audio frequencies. or those frequencies above 
20,000 Hz (20 KHz). 

RLG — Ring laser gyro: A laser beam device that 
can be used to replace spinning gyroscopes to 
operate aircraft instruments and other aircraft 
systems, 

RNAV — Area navigation: The use of a computer to 
process signals from VOR and DME transmit- 
ters, permitting random direct routes to be 
flown using waypoints designated as a VOR ra- 
dial and distance such as OMN 243/24. 


ROC — Rate of climb: An aircraft instrument that 
gives readings in FPM of the aircraft rate of 
climb or descent. 

ROM — Read only memory: Sometimes called 
hard-wired, this is the memory in a computer 
which cannot be changed by the operator and is 
not lost when the computer is turned off. 

RVR — Runway visual range: A measured visibility 
along a runway, stated in feet. RVR 2400 = 1/2 
mille visibility. 

SAS — Stability augmentation system: This system 
4s often associated with an autopilot and it is 
designed to provide additional stability to the 
aircraft for certain flight conditions. On swept 
wing jets, for example, it helps to reduce Dutch 
roll. 

SELCAL — Selective calling: A communications 
system which allows the person on the ground 
to dial a code to contact a specific airplane in 
flight. Used by the airlines to contact their air- 
craft for operational reasons. 

SWR — Standing wave ratio: A measure of the effi- 
ciency of an antenna, it is based on forward 
power and reflected power measurements. 

TACAN — Tactical air navigation: a radio naviga- 
tion system in the UHF band designed primarily 
for military aircraft. 

TAS — True Airspeed. 

TCA — Terminal control area: An area of airspace 
around a busy airport where special restrictions 
are placed on aircraft flight operations. 

TCAS — Traffic alert and collision avoidance sys- 
tem: This system is installed in some larger air- 
craft where it gives warnings to the pilots to 
prevent mid-air collisions. The TCAS uses tran- 
sponder principles of operation. 

TIT — Turbine inlet temperature: Refers to the mea- 
surement of gas temperature for a turbine en- 
gine where the probes are located just 
downstream of the combustion chambers or just 
in front of the first turbine stage. Can also refer 
toa turbosupercharger temperature. 

TOT — Turbine outlet temperature: Refers to the 
measurement of gas temperature for a turbine 
engine where the probes are located down- 
stream of all the turbine sections. Also called 
EGT. 

V-speeds — Designated airspeeds related to a spe- 
cific aircraft certification requirement or operat- 
ing airspeed. 

V — Velocity. 


199 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


Va — Design maneuvering speed. 

‘Vd — Design dive speed. 

Vfe — Maximum speed with the flaps extended. 

Vle — Maximum speed with the landing gear 
extended. 

Vlo — Maximum landing gear operating speed. 

Vme — Minimum control speed: The lowest speed 
at which directional control of the aircraft can 
be maintained with the critical engine failed and 
the remaining engines at maximum continuous 
power. 

‘Vmo/Mmo — Maximum operating speed: In terms 
of airspeed and in terms of Mach number. 

Vne — Never exceed speed: the maximum permiss- 
able speed under any circumstances. 

Vno — Maximum structural cruising speed. 

Vs; — The stalling speed or minimum steady fight 
speed with the landing gear and flaps retracted. 


200 


Vso — The stalling speed or minimum steady Might 
speed with the landing gear and flaps extended. 

Vx — The speed for best angle of climb. 

Vy — The speed for best rate of climb, 

Vyse — The speed for best rate of climb, single en- 
gine operations with one engine inoperative. 

VER — Visual flight rules: for VFR the pilot must 
be able to control the aircraft by visual outside 
references. 

VHF — Very high frequency. 

VOR — VHF omnidirectional radio range: a radio 
navigation system, 

VORTAC — A combined VOR and TACAN transmit- 
ter site 


VSI — Vertical speed indicator: an aircraft instru- 
ment that indicates aircraft rate of change of al- 
titude in FPM. 

VSWR — Voltage standing wave ratio: Same as 
SWR (see above), 


Aircraft Technical Books, LLC 


(970) 726-5111 


http://www ACTechBooks.com 


Absolute pressure... 4 


‘Acceleration error. 42 
Accelerometer en 23 
‘Accelerometer operated dashpots...22 
‘Air data computer systems. 28 
‘Atrspeed 

calibrated... 17 

indicated... 17 

ue is 7 
[Airspeed indicator markings 0.19 
Airspeed placards . 12 
Altimeter 

encoding 

non-sensitive. 

radar 

sensitive... 15 
‘Alumeter system tests and 

Inspections. DA, 25 
Altitude alerting system cnn 100 
AmphNeE orn 107 
“Amplitude Modulation (AM), 
‘Angle of attack indieators.......--.96 
Annunciators 98 
Antenna couplerS.eurnssnneseed 2 
Antenna interference .. 166 
‘Antenna separation, VHF comm 166 
‘Antennas, types of 170 

DME / transponder .cccnne17S 

BLT 173 

Bde slope rn AT 

crs. 173 

HF comm 173, 

locabizer. 

Loran C... 

‘marker beacon sone 72 

MES soo 

Omega. 

Radiotelephone... 

saTCOM 

TCAS 1 & 

VHF comm 166, 173 

VOR. .170 
ARINC 429.. : 54 
ARINC 429 digital standards .....94 
‘Artificial horizon 31 


INDEX 


‘Attitude Director Indicator (ADI)....93 
‘Audio control panels . 4 
‘Audio Frequency (AP) 106 
‘Automatic Direction Finder (ADF) 123, 
‘Automatic Might control system....177 
Autopilot maintenance... 191 


Autopilot sensors 180 
‘Autopilots, types of 176 
‘Autosyn synchro, 63 
Autothrottle .. 184 
‘Avionics master switch... 149 


Bimetallic temperature system.....65 


Binary Coded Decimal (BCD)........91 
Binary numbers. 

BITE systems. 

Bonding jumpers. 4, 152 
Bourdon tube 13 
Bridle cable 

c 

aging knob.... er) 
Calibrated airspeed 17 
Capacitance quantity indicators....58 
Cavity magnetron. 

cor 


MOS. 
Coaxial cables. 
Cockpit voice recorders. 
Command bars 
Compass dip.. 
Compass error 
acceleration. 42 
deviation 
north turning... 
varlation... A 
‘Compass, flux gate “4 
‘Computerized fuel system .........68 
‘Computers 
basle parts of. 
sn aircraft 
Control Wheel Steering (CWS) ....186 


Aircraft Technical Books, LLC 
(970) 726-5111 
http://www ACTechBooks.com 


Critical engine.. 19 
Crystal 108 
Cylinder Head Temperature 

(CHT) gauge 87 
|: eee 
Deviation error 42 
Diaphragm . 13 
Differential pressure ...cecneeed 
Dip standards seat 
Directional gyro, 29 
Distance Measuring Equipment 

(Me). 127 
Doppler navigation 135 
Drag cup. 73,74, 75 
Drip stick 56 
Duteh roll. 188 
E 
BEAD celts Sian 
EHS! 50 
BICAS ssssesetenene 50 
Electromagnetic waves. 103 

wavelength of. 103 


Electronic equipment, cleaning ...149 


Electronte instruments. 49 
Electronte tachometer. 75 
Emergency Locator Transmitters 

(ELTs) 120 
Engine pressure ratio indicators ...79 
Erector mechanism 22 
Exhaust gas temperature 

(E07) gauge. 87 
; eee 
FAR 91.411 Alumeter system tests 

and inspection 25 
Piers... NN Ty 
Fight data recorders 122 
Flight diector 187 


Flight management computers... 183 
Flight management system 


(eM). 177, 182 
Float-type mechanical gauge .....55 
Flux gate compass... 44 
Four-course radio range .nnnn-123 


201 


Frequency modulation (FM)....... 108 
Frequency synthesizer wo 
Fuel-injected engine flowmeters..... 58 


G 
Gauge 
float-type mechanical... 55 
magnetic direct reading 55. 
sight glass 55. 
Gauge pressure .. 14 
Gimbals. 29 
Glass cockpit. 49 
Guipestope. css. 


GPS (global positioning system)... 137 
Ground proximity warning 

system 
Ground waves. 


Ground-loop interference.. 
Groundplane 
considerations... 


Integrated circuits 
Intercom systems 
Interphone systems 


Inverters. sve 1A 
nr. iene 8. 
| a ae 
Kollsman window er 
L_ 

Lautude: 7 131 
Line replaceable unt... 53 
Localtzer posteiaa i 
Logie gates... a 
Long wire sense antenna .....ur 163 


Longitude ... 
Loop antenna 
Loran C.. 

LRU... 


M 


HS 
Heads up displays, z 
Heads up Guidance System (HGS).51 
Hertz dipole antenna m 
HF comm radto. sow IT 
Horizontal polarizaion vcs 12 
Horizontal Situation Indicator 

(HSI). 


x 

TPF ene 
Inclinometer. 
Indicated airspeed .. 
Inertial Navigation System (INS)... 194 


Inertial Reference Unit (TRU)... 195 

Instantaneous vertical speed 
indicator... 

Instrument and equipment 
requirements capi 

Instrument categories ccs 


Instrument flight rules.. 
Instrument Landing System (ILS) 137 


Instrument lighting systems. 5 
Instruments 
instrument Might rules, 2 


methods to install, a 
visual Might rules day. 
visual Might rules night.. 


202 


‘Mach number 


‘Machmeter é 
‘Magnesyn synchro... 
Magnetic compass 
Magnetic directing reading gauge... 55 
Maintenance of gyro systems... 
‘Manifold pressure gauges. 
Marconi antenna... 
Marker beacons. : 
Mass flowmeters 63 
Master caution lights... 
Master warning lights... 
Maximum allowable airspeed 

Andleator ree 21 
Mechanical bulb temperature 

gauge.. 
Mechanical tachometers. 
‘Microphones. 
Microwave landing system (MLS). 141 
Mode 8/4. otesessnnnnnnnnee 180 
Mode C. 
Mode $ 


126 
A a 
Oil pressure indicators 8 
Omega sense 134 
Oscillators. 0108 
P 
Pestatic 6.155 
Pitot tube. 23 
Polarization 
horizontal. 112, 166 
vertical 112, 166 
Position indicating systems. 69 


Positive and negative logle ... 
Powerplants, types of. 


Precession oer 29 
Pressure 
A SOLE ren “ 
differential “ 
gauge. “4 
Primary power setting instruments 84 
Proximity sensor... n 
rr 
Quadrantal error oO 
R 
Radar alUMetet.srnsnnenennn AT 
AIT 
7 
sens 106 
Radio frequency chatt..ennone1O4 
Radiotelephone: 119 


Ratiometer tempereature gauge ....67 
Required instruments 
fight and navigation, 
powerplant... 
Rigidity in space 
RLG. . 
[RMI (radio magnetic indicator)... 45 


Modulation rate 10 —_-RNAV. ' 
Modulators and demodulators..... 108 Runway alignment 189 
N s 

North turning error. ‘SATCOMM... 


Null field discharger. 


Aircraft Technical Books, LLC 
(970) 726-5111 
http://www ACTechBooks.com 


Satellite navigation 


Seleal eee YT) 


Selsyn SYNChFO senssnenenenene 62 
Sense antenna, 124 
Sensors, autopllot nen 180 
Servos, autopilot. 181 
Shielding. 

Shock mounts. 

Sight glass gauge... 

Silicon.. 

Sky waves. sia 
Slip-skid indicator. 34 
Space waves. 

Speakers... 

Speed of sound 21 
St. Elmo's Fire 187 


Stability Augmentation System 
(SAS)... 
Stall warning systems 


Standard "T" configuration. u 
Standard Atmosphere table 1S 
Standard rate turn... 35 
Standard sizes for round 

instruments . ai 


Standing wave ratio .. 
Static discharagers .... 
Static loads. 

Static ports . 
Static wicks .. 


187 


Stick shaker. oe 98 
Stormscope. Tt 145, 
‘Superheterodyne, 113 
‘Swinging the compass. 42 


‘Synchro systems.. 


tr 

Tachometer generators... 

‘Takeoff warning system: 

Teas. bested 5 

‘Temperature measuring systems...65 
bimetattle 65 


mechanical bulb... 66 
ratlometer 7 
thermocouples... 87 
Wheatstone BEE... 66 

Thermocouples .enenenenenenees67 

‘Thrust Management Computer 
(mmc) 

11 

‘TO-FROM indicator... sone 6 

Torquemeters. 

Total Air Temperature (TAT) ....00-28 

‘Transponders. 

‘Trip free circuit breakers... 

True airspeed ncn cheek? 

TT... 94 


Aircraft Technical Books, LLC 
(970) 726-5111 
‘tetas tt actin tad Goa 


‘Turn and bank. 
‘Turn coordinator. 


Ve 
Vacuum pump... 
Vane-type flowmeters 
Var 


Variometer . 

Venturi for gyros 

Vertical card compass... 

Vertical polarization .. 

Vertical speed indicator 

Very high frequency omnirange 
(wor). 

VHF comm radio, 


Vibration indicators. 
Visual Might rules day .. 
Visual fight rules night... 
vine 


Waveguide... 
Weather radar 
Wet pump for air driven gyros 
Wheatstone bridge temperature 
gauge 
Wire antennas. 


34 
36 


12 


125 
17 


203 


ABOUT THE BOOK 


Aircraft Instruments and Avionics is intended to be used in the instruction of students 
in an aviation maintenance technician training program. 


This textbook includes: 


Basic Instruments: Why study instruments, aircraft instrument requirements, pitot-static 
system instruments, gyro instruments, compass systems, electronic instruments, and 
computers in aircraft 


Powerplant Instruments and Logic Gates: Liquid quantity measuring systems, fuel flow 
indicators, temperature measuring systems, position indicating systems, tachometers, oil 
pressure indicators, torquemeters, engine pressure ratio indicators, manifold pressure 
gauges, primary power setting instruments, vibration indicators, logic circuits and digital 
systems, takeoff warning systems, angle of attack indicators, stall warning systems, and 
annunciators 


Communication and Navigation Systems: Radio fundamentals, regulations and 
standards for radios, intercom and interphone systems, communications radios, 
emergency locator transmitters (ELTs), cockpit voice recorders, flight data recorders, 
navigation systems, instrument landing system (ILS), radar altimeter, ground proximity 
warning system (GPWS), weather radar, Stormscope®, and airborne collision avoidance 
system (TCAS) 


Aircraft Antennas and Autopilots: Installation and inspection of avionics, antenna 
installations, autopilots, and flight directors 


ABOUT THE AUTHOR 


Max Henderson taught Aviation Maintenance Technology subjects at Embry-Riddle 
‘Aeronautical University. Prior to that he was an Electronics Technician in the U.S. Air 
Force. He holds a commercial pilot as well as a mechanic certificate with an airframe and 
powerplant rating. He has also worked as a control tower operator. 


‘J8312866-001 ISBN 0-99100-422-x 


Jeppesen Sanderson Inc. 
‘wun jeppesen.com 
55 Inverness Drive East 
Englewood, Colorado 801 12-5498 aeacass ooaeeet 


(CHAPTER 3 = COMPONENTS 


86 


‘There is a growing surplus of both components and “last year’s models” available to the student of 
electronics these days. Sometimes it’s worth your time and money just to take something apart to see 
how it works. Then sometimes you find some useful parts inside that you can use in projects of your 


Component Data Sheets 


Every component ever manufactured has a data sheet. This data sheet contains everything you ever 
wanted or needed to know about this particular component. It's probably available right now on the 
manufacturer's web site, along with a dozen application notes. If not, then it's probably available on a 
university's computer system in a project folder. 
is isn’t always the case, sadly. Past a certain point, it doesn’t make sense to allocate resources to 

information that no one wants or needs anymore. That point varies with each company, with some 
ligently archiving their information and others tossing it out the window at the end of the quarter. 

‘When possible, collect and maintain your own private set of data sheets. When you acquire a new 
piece of equipment, get everything you can find in electronic form and stash it away somewhere where 
you can find it when you need it. If you're experimenting with some new components, squirrel away 
those data sheets, just in case you strike gold. 

Have you built something cool? Write up your own data sheet for it! Pretend that you're still going to 
be interesied in this project next year. Better yet, imagine that someone else could take an interest in your 
work, You'll be pleasantly surprised at how useful you'll find this information in the future, after you've 
slept abit. 


Summary 


‘This chapter has covered a lot of different types of electronic components, but it has only scratched the 
surface of what is presently available. 

It’s perfectly possible to sj a 
how any of the underlying principles work. Sometimes practical understanding of what 
the different components do in a circuit. Hopefully this chapter has given you a rough outline of what is 
involved. Ideally, your interest has been sparked enough to pursue more detailed study elsewhere. Good 
luck and happy discovering! 

‘Now that you're armed with some basic tools and some ideas about some of the available 
components, it's time to get busy building your own lab, one experiment at a time. 

‘The remainder of this book will take you on a journey of trial, error, and experimentation that will 
help you build the best possible lab for your needs, both for now and in the future. 
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PREFACE 


Electronic Warfare Fundamentals is a student supplementary text and reference 
book that provides the foundation for understanding the basic concepts 
underlying electronic warfare (EW). This text uses a practical building-block 
approach to facilitate student comprehension of the essential subject matter 
associated with the combat applications of EW. 


Since radar and infrared (IR) weapons systems present the greatest threat to air 
operations on today's battlefield, this text emphasizes radar and IR theory and 
countermeasures. Although command and control (C?) systems play a vital role in 
modern warfare, these systems are not a direct threat to the aircrew and hence 
are not discussed in this book. This text does address the specific types of radar 
systems most likely to be associated with a modern integrated air defense 
system (IADS). 


To introduce the reader to EW, Electronic Warfare Fundamentals begins with a 
brief history of radar, an overview of radar capabilities, and a brief introduction to 
the threat systems associated with a typical IADS. The two subsequent chapters 
introduce the theory and characteristics of radio frequency (RF) energy as it 
relates to radar operations. These are followed by radar signal characteristics, 
radar system components, and radar target discrimination capabilities. The book 
continues with a discussion of antenna types and scans, target tracking, and 
missile guidance techniques. 


The next step in the building-block approach is a detailed description of 
countermeasures designed to defeat radar systems. The text presents the theory 
and employment considerations for both noise and deception jamming 
techniques and their impact on radar systems. This is followed by a chapter on 
decoys, both for defeating an IADS as well as for self-protection. Then, the next 
chapter discusses chaff characteristics, employment, and impact on specific 
radar systems. 


The following two chapters are dedicated to the IR threat. The first covers IR 
theory, IR target detection and tracking, and advanced IR missile flare rejection 
techniques. The second chapter presents IR countermeasures to include flare 
employment, maneuvers, and missile warning equipment. 


Electronic Warfare Fundamentals then addresses an important aspect of EW, 
specifically electronic protection (EP). This section includes a description of the 
most common radar EP techniques designed to counter noise jamming, 
deception jamming, and chaff employment. The book concludes with an overview 
of the basic components and limitations of a typical radar warning receiver 
(RWR), current geolocation techniques, and it finally discusses the basic 
components of a self-protection jamming system. 


In addition to the textual material, the book also contains a detailed glossary of 
EW-related terms and acronyms for quick reference. A list of references is 
provided to acknowledge the source material used in the preparation of this text. 
These sources also provide the interested student with a supplementary reading 
list to learn more about a specific topic. 
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CHAPTER4 


A Portable Mini-Lab 


Having a portable (or at least (transportable) electronics lab comes in handy in several circumstances. 
Maybe you don't have a place (yet) for a permanent home for all that equipment. Maybe you need to 
bounce at a moment's notice, heading off on electronic adventures at the drop ofa hat. Or maybe you 
like to keep everything where you can find it in a hurry, without having to rummage through shelves and 
boxes, looking for just the right tool or component. 

Whatever your motivation for wanting a portable lab at your disposal, this chapter should help you 
get started. 


Have Lab, Will Travel 


First, a note or two is in order concerning travelling with your electronics lab. Nothing makes security 
screeners at an airport or customs inspectors at border crossings more nervous than a bunch of 
mysterious devices, especially devices that are tangled up in a rat’s nest of wires. 

Do what you can to keep your collection of tools and components tidy and in working order. You 
will most likely be asked to at least turn on any questionable items and demonstrate that they are not 
hollowed-out shells for transporting questionable items. It also doesn’t hurt to clearly label equipment 
4s to its function and ownership, which makes sense in any case, not just travel scenarios, 


The Compact Executive Model 


“A full mongoose is a slow mongoose.” This is an important lesson learned from Rudyard Kipling’s 
Rikki-Tikki-Tavi. Rikki, a mongoose, has to stay fast on his feet to be able to combat Nag the cobra and 
hope to win. Therefore, Rikki learns to only take a few bites at a time when eating and never gorge 
himself. 

Although hopefully not in a life-or-death situation like Rikki’s, you can learn a thing or two from this 
simple philosophy. Only take what you absolutely need when travelling, and never take something you 
can obtain at your destination. These things will only slow you down. Don't be a slow mongoose. 


Tip Travel light. 
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CHAPTER 1. INTRODUCTION TO RADAR 


1. INTRODUCTION 


The word “RADAR” is an acronym for RAdio Detection And Ranging. As it was 
originally conceived, radio waves were used to detect the presence of a target 
and to determine its distance or range (Figure 1-1). 


Figure 1-1. Radar System 


2. HISTORY 


The reflection of radio waves by objects was first noted more than a century ago. 
In 1903, the reflection of radio waves was employed in Germany to demonstrate 
detection of ships at sea (Figure 1-2). In 1922, Marconi presented the same idea in 
Britain but received little official interest. These early experiments used 
continuous wave, or CW, transmissions and relied on the reflection of a 
transmitted wave from a target to indicate the presence of a target. CW 
transmissions can detect the presence of an object and, if the radio wave is 
formed into a narrow beam, can also provide azimuth information. CW 
transmissions cannot provide range. 


Figure 1-2. Early Continuous Wave Radar Experiments 
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a. The lack of range information was a serious limitation but was finally 
overcome by modulating the radio wave transmissions to send out a train of 
short pulses (Figure 1-3). The time between pulse transmission and an echo 
return to the receiver provides a direct measurement of range. Practical 
development of the pulse radar began in the 1930s, principally in the United 
States, Britain, and Germany. Due to deteriorating relations with Germany and the 
threat of invasion, the British intensified their efforts to develop a pulse radar in 
1935. These efforts culminated in the development and deployment of multiple 
radar stations which formed the Chain Home System. These radar installations 
provided critical information to British pilots on the size and location of German 
bomber formations during the Battle of Britain. 


Figure 1-3. Pulse Radar Operation 


b. The Chain Home System is considered the first integrated air defense 
system, or IADS. Radar development, with its obvious military and civilian 
applications, has continued unabated to the present day. 


3. TARGET DISCRIMINANTS 


The widespread military and civilian application of radar is based on its inherent 
advantages over the human eye (Figure 1-4). Radar can “see” farther than the 
human eye and more accurately assess the range or distance of an object. Radar 
works well in all-weather conditions and is relatively immune to smoke, haze, and 
clouds. What's more, radar works 24 hours a day because it can transmit its own 
energy and does not have to rely on sunshine or ambient radiation. There are 
some disadvantages of radar when compared to the human eye. First, radar does 
not have the resolution that the human eye has. While radar can detect the 
presence of an airplane, the human eye can discern, in great detail, the shape, 
size, color, and even markings. This can be a serious limitation if positive 
identification is required prior to engagement. 
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Figure 1-4. Radar Advantages and Disadvantages 


Second, the human eye is not bothered by undesirable reflections, called clutter, 
the way radar sometimes is. Although metal is the best reflector of radio 
frequency (RF) energy, nearly any material will reflect some RF energy. 
Mountains, trees, buildings, rain, birds, and chaff all reflect RF energy. Radar 
systems must use target discriminants to isolate the desired target return from 
the clutter. These target discriminants include range, velocity, and angle 


(Figure 1-5). 
Target 
Detection 


Discriminants 


Range Velocity 


Figure 1-5. Radar Target Discriminants 


a. The first target discriminant is range. The time an RF wave takes to go to, 
and return from, a target allows measurement of the range to that target. We 
know that RF energy travels at the speed of light, or “c” which is 3 x 10° meters 
per second. Target range can be determined by using the basic radar range 
equation (Equation 1-1), target range equals measured time, multiplied by the 
speed of light (“‘c”), divided by 2. 
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(CHAPTER 4 » APORTABLE MIN-LAB 


slim and lightweight briefcase or attaché can hold many of the tools and components you might 
need for your mobile electronic experimentations. The main advantage is that you will only need one 
hand to carry it (leaving one hand free to open doors, bribe guards, or fend olf ninja—assuming you 
have two hands to begin with). See Figure 4-1 


Figure 4-1. The compact executive mobile electronics laboratory. There's plenty of room for lots of tiny 
things, but not much else. Also handy for transporting big stacks of cash, should the situation arise 
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Radar Range Equation 


Speed of Light (c) 3x10° meters/sec 


Range = (Measured Time x c)+2 


Equation 1-1. Basic Radar Range Equation 


b. Target angle discrimination is another critical capability of radar systems. 
In order for a radar system to detect a target, the antenna must be pointed at the 
target during the transmission and reception of RF energy. The ability of a radar 
system to accurately determine angle is a function of the horizontal beamwidth of 
the antenna. If the radar sweep is referenced to true North, the angle of a radar 
return can be measured relative to true North (Figure 1-6). 


Figure 1-6. Angle Discrimination 


c. Velocity discrimination is a specific capability of CW and pulse Doppler 
radar systems. The transmitters of CW radars send out continuous RF at a 
specific frequency (Figure 1-7). The reflected signal frequency is changed, or 
shifted, by a specific amount by a moving target. This frequency shift, called the 
Doppler effect, allows the measurement of the velocity of that target relative to 
the radar. The receiver measures this frequency difference which equates to a 
specific radial velocity. Pulse Doppler radars can measure the Doppler effect 
while still obtaining the range. 
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Figure 1-7. Velocity Discrimination 


d. A basic pulse radar system consists of a transmitter, antenna, receiver, and 
a master timer (Figure 1-8). The transmitter sends electromagnetic energy (RF) to 
the antenna. This energy is radiated through the atmosphere. When this RF 
energy is interrupted by any object, such as a plane, ship, or the earth, a portion 
of the RF energy is reflected back to the antenna and processed by the receiver. 


Receiver Transmitter | 
Master Timer 
(Synchronizer) 


Figure 1-8. Basic Radar Operation 


The reflection is called an echo, and the object interrupting the RF energy is 
called a target. The presence of an echo indicates target detection. If the target 
detected is the desired target, the echo is referred to as a target signal. If the echo 
is from undesired targets, such as the earth, the echo is referred to as clutter. 
This is especially true when the undesirable echoes make the detection of the 
desired target difficult. The capability of the antenna to focus the RF energy 


1-5 


Chapter 1. Introduction to RADAR Electronic Warfare Fundamentals 


affects the angular discrimination of the radar. The ability of the master timer to 
determine the time between RF transmission and target echo reception impacts 
the range determination capability of the radar. The ability of the receiver to 
analyze the Doppler frequency shift in the target echo determines the velocity 
discrimination capability of the radar and the ability of the radar to reject clutter. 


4. INTRODUCTION TO INTEGRATED AIR DEFENSE SYSTEMS (IADS) 
Radar systems have the inherent capability to determine accurate range, azimuth, 
and/or velocity information on airborne targets. Radar systems can provide this 
information in nearly all types of weather, day or night, and at distances that far 
exceed the capabilities of the human eye. Military commanders have taken 
advantage of these capabilities by employing radar systems to provide air 
defense for high-value targets. The primary missions of radar systems employed 
for air defense are attack warning and threat engagement. 


a. Radar systems specifically designed to provide attack warning are called 
early warning (EW) radars (Figure 1-9). These radars are characterized by high 
power output, large antennas, and low frequencies. These same characteristics 
limit the accuracy of the target parameters available from early warning radars. 
The long-range detection of aircraft and the earliest possible attack warning 
capabilities of early warning radars provide the first line of defense for the air 
defense system. 


Figure 1-9. Early Warning Radar System 
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b. Radar systems designed to provide target engagement information include 
ground control intercept (GCI) radars, acquisition radars, target tracking radars 
(TTRs), and airborne interceptor (Al) radars. 


(1) GCI radars are designed to provide sufficiently accurate target aircraft 
range, azimuth, and altitude information to vector Al assets to intercept and 
destroy attacking aircraft (Figure 1-10). To provide this data, early warning radars 
can be deployed along with specialized height finder radars. This combination of 
radar systems is commonly referred to as a GCI site. Newer GCI radar systems, 
employing phased array antennas and Doppler processing, can provide the 
required 3-dimensional target information. Any radar system, or combination of 
radar systems, that can determine 3-dimensional target data, and is equipped 
with the communication equipment to pass this information to Al assets, can act 
as a GCI site. GCI radar systems can be used to supplement early warning radar 
systems to provide critical attack warning. 


Figure 1-10. GCI Radar 


(2) Acquisition radar systems are designed to act as GCI radars for ground 
based TTRs. Acquisition radar systems generally have shorter range capability 
than early warning radars and operate at higher frequencies. These radar 
systems provide accurate target range and azimuth data to TTRs to facilitate 
target engagement. Acquisition radars can be a distinct radar system 
(Figure 1-11) or be incorporated as part of the TTR (Figure 1-12). 
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Se Engagement Radar | 


Missile Launchers | 
Missile Launchers | 


Figure 1-11. Acquisition Radar and TTR 


Figure 1-12. TTR with Acquisition 


(3) The primary role of TTRs, in support of an air defense system, is to 
provide continuous and accurate target parameters to a fire control computer. 
The fire control computer uses this data to guide missiles or aim antiaircraft 
artillery (AAA) to destroy attacking aircraft. TTRs employ various tracking 
techniques to continuously update target parameters. TTRs generally employ 
high frequencies, narrow beamwidths, and computer signal processing to 
enhance the accuracy of target parameters provided to the fire control computer. 
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(4) Al radar systems are TTRs employed by fighter aircraft to engage and 
destroy airborne targets (Figure 1-13). These radar systems are characterized by 
high frequency, sophisticated computer processing, and accurate target tracking 
capability. They are designed to allow the Al asset to employ air-to-air missiles 
and guns/cannons. TTRs and Al radars constitute the highest radar threat 
associated with an air defense system. 


Figure 1-13. MiG-29 


(5) Another growing lethal threat associated with an air defense system is 
infrared (IR) missiles. IR missile systems can be man-portable (Figure 1-14), 
mounted on vehicles, or employed by Al assets. These missile systems guide on 
the distinctive IR signature of aircraft. The recent proliferation and enhanced 
performance of IR systems has increased the contribution of these systems to air 
defense. 


Figure 1-14. IR System 
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c. All these radar systems can be deployed to provide air defense for a 
particular country or geographical area. When the employment of these radar 
systems is integrated by a command and control (C’) structure, this constitutes 
an IADS (Figure 1-15). The C? structure allows the military commander to take 
advantage of the threat warning provided by early warning radars. Based on this 
threat warning, the military commander can allocate specific assets (GCI and Al 
assets, or acquisition radars and TTRs) to engage airborne targets. This 
allocation decision is based on the capabilities of these systems and the tactical 
situation. This allocation process enables the military commander to maximize 
ies of his forces to engage and destroy attacking aircraft. 


Figure 1-15. A Typical IADS 


5. SUMMARY 
Radar systems are the cornerstones of a modern IADS. Radar and IR threat 
systems operate at frequencies that span most of the electromagnetic spectrum. 
Each system has unique capabilities and operating characteristics that enable it 
to accomplish assigned tasks in support of the IADS. In order to effectively 
employ offensive air power on the modern battlefield, the systems that support 
the IADS must be negated. A basic knowledge of how radar and IR systems 
operate, their capabilities, limitations, and the available countermeasures is the 
key to defeating these systems. The purpose of this book is to provide this 
information. 
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CHAPTER 2. CHARACTERISTICS OF RF RADIATION 


4. INTRODUCTION 
In order for a radar system to determine range, azimuth, elevation, or velocity 
data, it must transmit and receive electromagnetic radiation. This electromagnetic 
radiation is referred to as radio frequency (RF) radiation. RF transmissions have 
specific characteristics that determine the capabilities and limitations of a radar 
system to provide these target discriminants, based on an analysis of the 
characteristics of the target return. The frequency of transmitted RF energy 
affects the ability of a radar system to analyze target return, based on time, to 
determine target range. RF frequency also affects the ability of the transmitting 
antenna to focus RF energy into a narrow beam to provide azimuth and elevation 
information. The wavelength and frequency of the transmitted RF energy impact 
the propagation of the radar signal through the atmosphere. The polarization of 
the RF signal affects the amount of clutter the radar must contend with. The 
ability of a radar system to use the Doppler effect in analyzing the radar return 
impacts the velocity discrimination capability of the radar. These characteristics 
of RF radiation will be discussed in this chapter. 
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Figure 2-1. Radio Frequency 


2. FREQUENCY 
The output signal from a typical radio or radar system has several important 
characteristics that affect the capabilities and limitations of radio or radar 
systems. The first characteristic considered is usually RF. The frequency of the 
transmitted signal is the number of times per second the RF energy completes 
‘one cycle. The RF signal depicted in Figure 2-1 has a frequency of one cycle per 
second. The basic unit of measurement is the hertz (Hz). One hertz equals one 
cycle per second. Most radars have an RF in the millions of hertz, or megahertz 
(MHz). 
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3. WAVELENGTH 


A characteristic of any RF signal is wavelength. Wavelength is a measure of the 
physical distance between peaks of a sine wave propagated in space (Figure 2-2). 


Wavelength 


Distance 


Figure 2-2. Radar Signal Wavelength 


Though wavelength is measured in meters, most radar signals have wavelengths 
measured in centimeters or millimeters. The wavelength of a radar signal can be 
computed using the equation shown in Equation 2-1. The relationship between 
wavelength and frequency is inverse: the higher the frequency, the shorter the 
wavelength. In early radio and radar terminology, wavelength was used instead of 
frequency to describe operating characteristics of a system. Today, wavelength is 
used to describe systems operating at very high frequencies, such as millimeter 
wave, and for describing infrared (IR) systems. 


c (Speed of Light, 
Wavelength (1) re gece 


(Radar Frequency) 


Equation 2-1. Basic Wavelength Equation 


4. POLARIZATION 


Another characteristic of a radio frequency wave is polarization. Polarization is 
determined by the radar antenna and refers to the orientation of the RF wave as it 
travels through space. There are two types of polarization: linear and circular. 
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a. Traveling electromagnetic energy has two components: an electrostatic 
field and a magnetic field. These two fields are always perpendicular to each 
other and perpendicular to the direction of travel. The polarization of the wave is 
defined in terms of the orientation to the electrostatic field. Many radar antennas 
are linearly polarized, either vertically or horizontally. The signal depicted in 
Figure 2-3 is vertically polarized. 


itatic Field 


Direction of 
Propagation 


Figure 2-3. Radar Signal Vertical Polarization 


b. Some radars use circular polarization to improve target detection in rain. 
Circular polarization can be right-hand, or left-hand orientation. For circular 
polarization, the direction of the electrostatic field varies with time and traces a 
circular locus about a fixed plane perpendicular to the direction of propagation. 
For a right-hand circular polarized signal, the electrostatic vector appears to 
rotate in a clockwise direction. For a left-hand circular polarized signal, the 
rotation is counterclockwise. Circular polarization can be visualized by pointing 
the thumb of either hand in the direction of propagation and curling the fingers in 
the direction of electrostatic field rotation (Figure 2-4). 
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Let's take a look at what all you can take with you without alot of heavy lifting. Starting on the left 
and moving to the right, we have 


‘+ Netbook PC with AC charger and USB mouse (it might be hard to see in Figure 4-1 
because it's upside down and covered by other stuf) 


‘+ Arduino Uno programmable microcontroller (or physical computing platform) 


+ Folding multitool 


ighted magnifier 

+ Digital camera 

4+ Solderless breadboard with lots of precut jumper wires 

+ Digital multimeter and probes 

+ Compact single-channel oscilloscope with probe 

+ AC-powered USB charger—can also be used as a stand-alone regulated SV power 
supply 

+ USB cable 

+ Avatiety of LEDs in al shapes and sizes 

«Additional passive components 


‘© Avariety of batteries, both rechargeable and otherwise, and various battery 
holders (not shown) 


‘© Static-sensitive integrated circuits and modules stored in a 


atic bags 


‘+ Notebooks, wri 


implements, blank media, and document 
‘© Your contact information in case of loss 


One of the interesting features of this lab is that it is completely self-contained, power-wise. While 
's nice to have access to AC power, it’s not strictly required, at least for a while. The Arduino and the 
attached breadboard are powered by the battery in the netbook, via the USB cable. The multimeter has 
‘own 9V battery, while the mini-oscilloscope can be recharged from a spare USB connector. With an 

extended-life battery, you can expect four to five hours of on-location electronic experimentation. 

Ifyour netbook or PC has Wi-Fi or other connectivity to the Internet, you can browse tutorials, data 
sheets, user forums, and even this book, unless you've already downloaded these items to the internal 
hard drive, 

Have a look at t 


particular lab deployed and ready for action in Figure 4-2. 
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Figure 2-4. Circular Polarization 


c. The impact of polarization on receivers and transmitters is fairly 
straightforward. If an antenna is designed to receive a particular polarization, it 

ill have difficulty receiving a signal with an opposite polarization. This situation 
is defined as cross polar 


Vertically polarized jet antenna may not 
receive horizontally polarized threat signal. ] 


Figure 2-5. Impact of Polarization 
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The impact of cross polarization on electronic combat can be dramatic. If a radar 
warning receiver antenna is polarized to receive vertically polarized signals, a 
threat system employing a horizontally polarized radar signal may not be 
detected, or may be displayed on the scope well after the threat has acquired the 
aircraft. In addition, if the jamming antenna on an electronic attack (EA) system is 
also vertically polarized, it may not be able to jam this system. Fortunately, this 
potentially lethal situation rarely occurs, but future threat systems may take 
advantage of this situation. Table 2-1 details the impact of polarization on 
selected transmit and receive antenna combinations. 


Table 2-1. Antenna Polarization Loss 


Transmit Antenna Receive Antenna 
Polarization Polarization 


Vertical 


Vertical Slant (45° or 135°) | 
Vertical or Horizontal | Horizontal or Vertical | 


roular 
Vertical (right-hand or left-hand) | 
Horizontal Horizontal ] 


Horizontal Slant (45° or 135°) | 
ular 
(right-hand or left-hand) 


Circular (right-hand) | Circular (right-hand) 
| Circular (right-hand) Circular (left-hand) 


Circular cer eae 
(right-hand or left-hand) | _ Slant (45° or 135°) 


5. DOPPLER EFFECT 
The “Doppler effect” takes advantage of the fact that the frequency of RF waves 
will be changed or shifted when reflected from a target moving relative to the 
radar. The shifted frequency of the returning RF wave depends on the movement 
of the aircraft in relation to the radar. In Figures 2-6, 2-7, and 2-8, f. is the 
transmitted frequency of the radar, and f, is the frequency of the reflected RF 
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wave from the target. For a stationary target, the frequency of the reflected signal 
will equal the frequency of the transmitted signal (Figure 2-6). 


Antenna Non-Moving 


Figure 2-6. Zero Doppler Effect — Stationary Target 


a. For a target moving toward the radar, the frequency of the reflected signal 
will be higher than the transmitted signal (Figure 2-7). 


f, 
WN ‘ 
Bo f, <f, 
: Closing Target 
Antenna 


Figure 2-7. Doppler Effect — Closing Target 


b. The reflected frequency for a target moving away from the radar will be 
lower than the transmitted frequency (Figure 2-8). 


Opening Target 


Antenna 


Figure 2-8. Doppler Effect - Opening Target 
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6. ELECTROMAGNETIC SPECTRUM 

The portion of the electromagnetic spectrum (Figure 2-9) that today's electronic 
combat systems must deal with starts with radio waves and encompasses 
microwaves, infrared, and a small portion of the ultraviolet region. 
Communications systems generally operate in the HF, UHF, and VHF regions. 
‘Some satellite communications operate in the SHF region. Radars operate in the 
microwave region, normally from 0.2 — 200 gigahertz. Infrared systems operate in 
the region just below visible light. 


VACUUM ULTRAVIOLET 


ULTRAVIOLET 


NEAR ULTRAVIOLET ; 


VISIBLE LIGHT. 


NEAR INFRARED 
IMMEDIATE INFRARED 
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INFRARED 
3 10 30 


‘SUBLIMITER WAVES 


MILLIMETER WAVES 
EXTREMELY HIGH FREQUENCY 
CENTIMETER WAVES 
SUPER HIGH FREQUENCY 
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GIGAHERTZ 
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MEDIUM FREQUENCY 


LOW FREQUENCY 


VERY LOW FREQUENCY 


10 30100300 4 


Figure 2-9. Electromagnetic Spectrum 
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a. Table 2-2 lists prefixes commonly used to indicate scientific notation and 
their abbreviations. These prefixes are often used when dealing with extremely 
high frequency radar signals or RF waves with extremely small wavelengths. For 
example, when dealing with extremely high frequency RF, it is simpler to use 
gigahertz, or GHz. One gigahertz is one thousand megahertz (MHz). For example, 
a radar operating at 3150 MHz is also operating at an RF of 3.150 GHz. 


Table 2-2. Commonly Used Prefixes for Scientific Notation 


One Thousand 
One Hundred 


One Millionth 


b. Frequency bands are often used when discussing radars and electronic 
combat systems. Radar designers use a frequency band designation system 
entirely different from the one used in electronic combat. Table 2-3 depicts both 
frequency band designation systems and the corresponding frequency ranges. 
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Table 2-3. Radar Frequency Band Designations 


Bredveucy sap ge Freq nau Band cee Band 
__0-250MHz_ 
250-500MHz | _ 
500-1000MHz 
1-2GHz 
2-3GHz 


HFIVHF 


GHz) | 
Ku (12.5-18 GHz) | 
K(18-26.5GHz) | 
Ka(26.5-40GHz) | 


10-20 GHz 
20-40 GHz 
40 60 GHz 


A 
B 
c 
D 
(3 
F 
G 
H 
1 
J 
K 
("4 
M 


7. RF PROPAGATION 

Propagation characteristics of RF energy are profoundly affected by the earth's 
surface and atmospheric conditions. Any analysis of radar performance must 
take into account the propagation phenomena associated with RF radiation in a 
“real world” environment. The most important propagation phenomena include 
refraction, anomalous propagation (ducting), and attenuation. 


a. In a vacuum, RF waves travel in a straight line. However, RF waves 
propagating within the earth's atmosphere do not travel in a straight line. The 
earth's atmosphere bends, or refracts, RF waves. One impact of the atmospheric 
refraction of RF waves is an increase in the line of sight (LOS) of the radar. This 
increase in radar LOS effectively extends the range of the radar system 
(Figure 2-10). 
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Radarrayinthe _ 
f presence of refraction 


4 Radar ray inthe — Radar horizon 
absence of refraction in the presence 


Radar horizon in'th of refraction 
absence of refraction: 


Figure 2-10. Impact of Refraction on RF Propagation 


Atmospheric refraction of RF energy can also induce elevation measurement 
errors in radar systems (Figure 2-11). 


Apparent target position 


1 Refracted ray 
——<7> t 


Radar True target position 


Figure 2-11. Impact of Refraction on Target Elevation Determination 


(1) The refraction of RF waves in the atmosphere is caused by the 
variation in the velocity of propagation with altitude. The index of refraction (n) is 
used to describe this velocity variation and is defined by Equation 2-2. 
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Velocity of Propagation in a Vacuum 


Index of Refraction (n 


Velocity of Propagation in the Atmosphere 


Equation 2-2. Index of Refraction 


(2) The term refractivity (N) is used for predicting the impact of refraction 
on RF wave propagation. Refra is a “scaled up” expression for the index of 
refraction and is used by radar designers to calculate the impact of refraction on 
actual radar systems. At normal radar operating frequencies, the refractivity for 
air containing water vapor can be computed using Equation 2-3. 


77.6 5 
Refractivity (N) = (n-1)x 10° = oo Fr “te e 


n= index of refraction e = partial pressure of water vapor 
p=barometric pressure _T = absolute temperature (degrees K) 


Equation 2-3. Refractivity of RF Waves (Normal Radar Frequencies) 


(3) As altitude increases, the barometric pressure and water vapor content 
decrease rapidly. At the same time, the absolute temperature decreases slowly 
based on the standard lapse rate. Using Equation 2-3, it can be seen that the 
refractivity of the atmosphere decreases with increasing altitude. This decrease 
in refractivity means that the velocity of RF waves increases with altitude. The 
result is a downward bending, or refraction, of RF waves as depicted in Figure 
2-10. RF wave refraction primarily affects ground-based radar systems at low 
antenna elevation angles, especially at or near the horizon. For most radar 
applications, refraction is not a factor at elevation angles above 5 degrees. 


b. The term anomalous, or nonstandard, propagation is used to describe 
atmospheric conditions that extend the propagation of RF waves and increase 
radar range. The most common anomalous propagation phenomena is called 
superrefraction, or ducting. 


(1) A superrefracting duct is formed when the refractivity of the 
atmosphere (Equation 2-2) rapidly decreases with altitude. Based on Equation 
2-2, this occurs when the temperature increases with altitude and/or the water 
vapor content decreases with altitude. An increase in temperature with altitude i 
called a temperature inversion. To produce a duct, the temperature inversion 
must be very pronounced. 
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“e Evaporation Duct 


Figure 2-12. Superrefracting Surface Duct 


(2) A superrefracting duct acts like a wave guide which traps the RF wave 
(Figure 2-12). This channels the radar signal and reduces attenuation. In order for 
an RF wave to propagate within a duct, the angle of the radar signal, in relation to 
the duct, should be less than one degree. The RF waves trapped by the duct take 
advantage of the decrease in refractivity and travel much further than normal. 
This can greatly extend the range of a radar system. 


(3) The extension of radar range inside a duct can result in a reduction of 
radar coverage outside the duct. The area of reduced radar coverage because of 
ducting is called a radar hole. Due to radar holes, the extended radar range 
caused by ducting may result in a decrease in radar coverage along other paths 
of propagation. These holes can seriously degrade the effectiveness of early 
warning radar systems. For example, a radar system is taking advantage of a duct 
formed at the surface to extend low altitude radar range (Figure 2-12). Airborne 
targets flying just above the duct would normally be detected, but because of 
ducting, these targets may be missed. 


(4) Water vapor content is a significant factor in producing ducts. 
Consequently, most ducts are formed over water and in warm climates. Any 
atmospheric phenomenon that results in a pronounced increase in temperature 
and/or a decrease in water vapor content as altitude increases can generate a 
superrefracting duct, of which there are three types. A superrefracting duct which 
is formed just above the surface of the earth is referred to as a surface duct. A 
surface duct formed just above the surface of the ocean is called an evaporation 
duct. A duct which is formed well above the surface of the earth is known as an 
elevated duct. 


(a) Surface ducts formed over land are usually a result of the nighttime 
radiation of heat from the earth. Duct formation is especially prevalent during the 
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summer months when the ground is moist. As the earth loses heat, a temperature 
inversion is created at the surface coupled with a sharp decrease in the moisture 
content. These conditions are favorable to the formation of a surface duct. A 
superrefracting duct can also be produced by the diverging downdraft under a 
thunderstorm. The cool air that is dispersed creates a local temperature inversion 
while the water vapor content decreases due to rain. Surface ducts formed in 
conjunction with thunderstorms are difficult to predict and normally persist for a 
short period of time. 


(b) A superrefracting surface duct that lies just above the surface of 
the ocean is a result of evaporated water, thus the term evaporation duct. The air 
in contact with the ocean is saturated with water vapor, while the air several feet 
above the ocean contains a much lower level. This rapid decrease in water vapor 
pressure with an increase in altitude creates an evaporation duct. An evaporation 
duct exists over the ocean almost all the time. The height of this duct varies from 
20 to 100 feet based on the season, time of day, and wind speed. One positive 
aspect of an evaporation duct is the extended range available to a shipborne 
radar system with a properly aligned antenna. This extended range coverage 
against surface ships and low altitude aircraft is a definite advantage of ducted 
propagation. 


(c) An elevated duct is generally formed by a temperature inversion in 
the upper atmosphere. To take maximum advantage of the increased radar range 
inside an elevated duct, both the radar and the target should be inside the 
elevated duct. In addition, radar systems operating below an elevated duct may 
also experience enhanced range performance. 


(4) The presence of surface ducts and elevated ducts, especially over land, 
are extremely difficult to predict and may persist for very short periods of time. 
The atmospheric conditions favorable to duct formation are difficult to predict 
using conventional weather forecasting techniques. 


c. The attenuation of RF energy in a clear atmosphere is due to the presence 
of oxygen and water vapor. Attenuation results when a portion of the RF energy 
strikes these molecules and is absorbed as heat. Figure 2-13 details the RF 
attenuation loss due to atmospheric gasses based on the frequency of the RF 
energy. 
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Figure 4-2. The compact executive lab is deployed on a desktop. You have access to lots of electronic 
building and debugging capabilities in a small area. Using a solderless breadboard helps reduce the 
number of fabrication tools that you need to carry with you on your adventures. 


‘The Arduino was included for its small size, popularity, and ease of use. There's a whole world 
‘waiting for you inside that little board, waiting to be explored, but that’s a story for another day. 

You can use the USB cable to extract a regulated +5V supply from your PC for your low-voltage- 
experimenting pleasure. You can also use an inexpensive USB charger to do the same thing, ifyou don't 
feel like hauling a whole PC around with you. Just don't try to draw more than half an amp of current, 
which is the “official” USB limit for supplying power to USB devices. Technically, unenumerated devices 
(.e,, just a USB cable with nothing intelligent enough to identify itself to your computer) can only draw 
up fo 100 mA (0.1A) of current. A USB charger, on the other hand, is not so picky. 


No Soldering Required 


One notable omission from this particular configuration is any sort of soldering tool. You could certainly 
add a small soldering iron, some solder, and a few more hand tools, You'll either need to boot out some 
of the bulkier items, such as the PC or the full-sized multimeter, or get a slightly bigger cat 
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Figure 2-13. RF Atmospheric Attenuation 


(1) At frequencies below 1 GHz, the effect of atmospheric attenuation is 
negligible. Above 10 GHz, atmospheric attenuation increases dramatically. This 
dramatic signal loss impacts the maximum detection range of radars operating in 
the millimeter wavelength band. 


(2) RF energy attenuation decreases as altitude increases. The RF 
attenuation experienced by an air-to-air radar will depend on the altitude of the 
target as well as target range. For a ground-based radar, RF attenuation will 
decrease as antenna elevation increases. 


8. SUMMARY 

Since all radar operations depend on the transmission and reception of RF 
energy, a basic knowledge of RF frequency, wavelength, and polarization 
provides the basis for understanding the more complex radar characteristics. 
Since most modern radar systems employ some form of Doppler signal 
processing, the concept of the Doppler effect is fundamental to understanding 
modern radar operation. The concepts of refraction, anomalous propagation 
(ducting), and atmospheric attenuation are key to understanding how RF waves 
propagate in the atmosphere. The topics in this chapter provide a foundation for 
understanding radar and jamming system operation. 


2-14 


Electronic Warfare Fundamentals Chapter 3. Radar Signal Characteristics 


CHAPTER 3. RADAR SIGNAL CHARACTERISTICS 


1. INTRODUCTION 


Every radar produces a radio frequency (RF) signal with specific characteristics 
that differentiate it from all other signals and define its capabilities and 
limitations. Pulse width (pulse duration), pulse recurrence time (pulse repetition 
interval), pulse repetition frequency, and power are all radar signal characteristics 
determined by the radar transmitter. Listening time, rest time, and recovery time 
are radar receiver characteristics. An understanding of the terms used to 
describe these characteristics is critical to understanding radar operation. 


2. PULSE WIDTH (PW) 

Figure 3-1 depicts the output from a typical pulse radar. PW, sometimes called 
pulse duration (PD), is the time that the transmitter is sending out RF energy. PW 
is measured in microseconds. It has an impact on range resolution capability, 
that is, how accurately the radar can discriminate between two targets based on 
range. 


‘ Pulse Recurrence Time > 


eteisier 


Figure 3-1. Typical Radar Pulse 


3. PULSE RECURRENCE TIME (PRT) 
Pulse recurrence time is also known as pulse repetition time. PRT is the time 
required for a complete transmission cycle. This is the time from the beginning of 
‘one pulse of RF energy to the beginning of the next. PRT is measured in 
microseconds. PRT is the same as pulse repetition interval (PRI), which is used in 
radar warning receivers and other electronic warfare support (ES) assets to 
discriminate between radar systems. It also affects maximum radar range. 
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4. PULSE REPETITION FREQUENCY (PRF) 
One of the most important characteristics of a pulse radar signal is pulse 
repetition frequency. PRF is the rate at which pulses or pulse groups are 
transmitted. Generally, PRF is the number of pulses generated per second and is 
expressed in hertz (Hz). PRF and PRI are related in that PRI is the inverse of PRF. 
A word of caution—do not confuse the operating frequency of the radar, which is 
measured in Hz, with the pulse repetition frequency, which is also measured in 
Hz. They are entirely different characteristics of a pulsed radar signal. 


a 
ii 


Figure 3-2. Constant PRF Radar Pulse 


a. A pulse radar operating at an unvarying PRF is called a constant PRF radar 
(Figure 3-2). Pulse radar systems can employ PRF stagger or PRF jitter as an 
electronic protection (EP) technique against repeater or synchronous jammers. 
The time between each pulse is the PRI. 


Figure 3-3. PRF Stagger 
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b. PRF stagger is accomplished by assuring that no adjacent PRIs are equal. 
The number of different PRIs generated is called the “position” of the stagger. 
Two-position stagger would have two PRI values, for example, 300 microseconds 
and 500 microseconds (Figure 3-3). 


c. PRF jitter may be considered a random stagger. It is also an EP technique 
to counter synchronous jammers. PRF jitter has no repeating pattern of PRI 
values (Figure 3-4). 


Figure 3-4. PRF Jitter 


5. RADAR RECEIVER CHARACTERISTICS 
Pulse repetition frequency, pulse recurrence time, and pulse width are 
determined by the transmitter. The pulse radar signal characteristics that relate to 
receiver operation are rest time, recovery time (RT), and listening time (LT) 
(Figure 3-5). 


Pulse Width Actual 
-_ (Pw oe 


Recovery Time 


RT) 


Figure 3-5. Basic Radar Pulse 


3-3 


Chapter 3. Radar Signal Characteristics Electronic Warfare Fundamentals 


a. Rest time is the time between the end of one transmitted pulse and the 
beginning of the next. It represents the total time that the radar is not 
transmitting. Rest time is measured in microseconds. 


b. Recovery time (RT) is the time immediately following transmission time 
during which the receiver is unable to process returning radar energy. RT is 
determined by the amount of isolation between the transmitter and receiver and 
the efficiency of the duplexer. A part of the high power transmitter output spills 
over into the receiver and saturates this system. The time required for the 
receiver to recover from this condition is RT. 


c. Listening time (LT) is the time the receiver can process target returns. 
Listening time is measured from the end of the recovery time to the beginning of 
the next pulse, or PRT minus (PW + RT). Listening time is measured in 
microseconds. 


6. DUTY CYCLE 


Duty cycle is the ratio of the time the transmitter operates to the time it could 
operate during a given transmission cycle. The duty cycle of a radar can be 
computed by dividing the PW by the PRT, or by multiplying the PW times the 
PRF. Duty cycle has no units (Equation 3-1). CW radars have a duty cycle of 
100%, while early warning radars may have a duty cycle of around 1%. 


Duty Cycle = = or Duty Cycle = PW x PRE 


Equation 3-1. Duty Cycle 


7. PEAK POWER 

The power output of a radar is normally expressed in terms of peak power or 
average power (Figure 3-6). Peak power is the amplitude, or power, of an 
individual radar pulse. It is simply the power, measured in watts or megawatts, 
that is radiated when the transmitter is on. The power a radar transmits is 
normally used to determine the maximum detection range of that radar. However, 
it is the energy in a radar pulse that determines maximum radar detection range. 
Since power is the rate of flow of energy, the energy in a radar pulse is equal to 
the peak power multiplied by the time the radar is transmitting, or pulse width 
(Equation 3-2). 
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Average Power = Peak Power x (PW/PRT) 
Energy = Average Power x PRT 


Figure 3-6. Peak Power and Average Power 


Energy Per Pulse = Peak Power x Pulse Width |] 


Equation 3-2. Energy Per Pulse 


8. AVERAGE POWER 


Average power is the power distributed over the pulse recurrence time. It can be 
computed using the formula in Figure 3-6. The energy transmitted by average 
power can be computed by multiplying average power by PRT. Since the energy 
in a set of pulses determines detection range, average power or energy provides 
a better measure of the detection range of a radar than does peak power. Average 
power can be increased by increasing the PRF, by increasing the pulse width, or 
by increasing peak power (Figure 3-7). 
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Figure 3-7. Radar Power and Energy 


9. MODULATION 
The characteristics of an RF signal must be changed in order to transmit 
information on the signal. This process is called modulation. Modulation is 
accomplished by combining a basic RF signal, called a carrier wave, with a 
modulating signal that contains the desired information. The resulting waveform 
is then used to transmit the desired information. 


a. One basic modulation technique is amplitude modulation (AM). The carrier 
wave is combined with a modulating signal containing information of varying 
amplitude. Waveforms produced have the same frequency as the carrier wave but 
with a varying amplitude based on the information from the modulating signal. 
AM is used extensively in communications and broadcast radio transmissions 


(Figure 3-8). 


‘Amplitude. 


Carrier i Modulated 
Slane Waveform 


Modulating 


Figure 3-8. Amplitude Modulation 
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b. Frequency modulation (FM) is another means of impressing information on 
a carrier wave. Frequency modulation is accomplished by combining the carrier 
wave with a modulating signal containing information of varying frequency. The 
waveform produced has the same amplitude as the carrier wave, but the 
frequency varies based on the information from the modulating signal 
(Figure 3-9). FM is used extensively in communications and commercial radio. FM 
is also used with continuous wave (CW) radars to make them more resistant to 
jamming and to add range determination capability. 


" Frequency 
Carrier M ae Modulated 


Waveform 


Figure 3-9. Frequency Modulation 


c. A type of amplitude modulation known as pulse modulation (PM) is used in 
pulse radars to produce the short, powerful bursts of RF energy. PM combines 
the carrier wave with a rectangular pulse that acts like a switch. PM turns the 
transmitter on, leaves it on for a predetermined time, and then turns it off. The 
result is a waveform that produces radar pulses that can be used to measure 
range and angle to the target (Figure 3-10). 


Carrier Bectanoulag Modulated 


Pulse 
Waveform 


Figure 3-10. Pulse Modulation 
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40. SUMMARY 
The radar signal characteristics of PW, PRI, PRF, and power determine the 
maximum range and the range resolution capability of a specific radar. When 
combined with the frequency of the carrier wave of the radar signal, these 
parameters provide a unique signature to identify a specific radar signal. 
Modulation is the method used to put information on an RF carrier wave. The 
primary modulation techniques used in radar signal generation include 
amplitude, frequency, and pulse modulation. The radar signal characteristics of 
PRF, PRI, power, and modulation are the keys to understanding radar operation 
and jamming techniques. 
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CHAPTER 4. RADAR SYSTEM COMPONENTS. 


1. INTRODUCTION 


The individual components of a radar determine the capabilities and limitations of 
a particular radar system. The characteristics of these components also 
determine the countermeasures that will be effective against a specific radar 
system. This chapter will discuss the components of a basic pulse radar, a 
continuous wave (CW) radar, a pulse Doppler radar, and a monopulse radar. 


2. PULSE RADAR SYSTEM 
The most common type of radar design is the pulse radar system. The name 
describes a process of transmitting discrete bursts of RF energy at the frequency 
of the radar system. The time that pulses are transmitted determines the pulse 
repetition frequency (PRF) of the radar system. A pulse radar system can figure 
‘out range and azimuth. Range is determined by the time that it takes a pulse to go 
to a target and return. Target azimuth is determined by the relative position, or 
antenna orientation, when the pulse strikes the target. Figure 4-1 is a basic block 
diagram of a simple pulse radar system. 


Transmitter 
Group 


7) 
v na Duplexer Master Timer 


(synchronizer) 


Antenna 


Figure 4-1. Pulse Radar Block Diagram 


a. The purpose of the transmitter is to deliver a series of high-energy bursts 
of radio frequency (RF) energy to the antenna. The transmitter group of a modern 
pulse radar normally consists of a pulse generator or waveform generator, a 
modulator, and some kind of power amplifier (Figure 4-2). 


(1) The purpose of the waveform generator is to generate the proper 
waveform or pulse, normally at a low power level, before delivery to the 
modulator. It is much easier to generate complex waveforms at a lower power 
level. These complex waveforms are required for coherent systems employing 
digital moving target indicator techniques and for pulse Doppler radar operations. 
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The Ever-Shrinking Computing Device 


‘One option that will be gaining momentum in the very near future is the use of tablet computers or 
smart phones instead of the physically larger laptops or netbooks. They already have a lot of the 
computing capabilities of reasonably powered portable computers. Also, you can look forward to 
innovative hardware and software interfaces that will make them more useful in the lab as 

srogrammable test and measurement devices, While name-brand products still command a premium 
price, many no-name or OEM (original equipment manufacturer) products are being sold for a fraction 
of the cost. 


Electrical Experiments You Can Perform 


Here are some simple electronic experiments that you can perform using only the tools and components 
found in the compact executive mobile electronics lab. Start out with something simple and 
incrementally build on your success. Don't try the most complex problems first. What you want is to 
build up both your knowledge and your confidence at the same time. 


Lighten Up, 20th Century Style 


Here's an easy experiment that will teach you several interesting things about electronics, believe it or 
not. You can light up a typical LED using only a lithium coin cell. t needs to be a lithium coin cell that 
produces at least three volts (marked "3V"), not one of the smaller batteries that only supplies 1.5V, such. 
as a watch or hearing-aid battery, as these will not produce enough voltage to light up a typical LED. 

ide the coin cell between the leads of your LED. There are four possible outcomes, three of which 
‘nothing interesting happens." Let's start with the least likely possibility, in which the LED lights up. 


First Possible Outcome: The LED Lights Up When Attached to the Coin Cell 


Figure 4-3 shows the results of this outcome. Notice that the longer lead of the sLED (the positive, or 
anode, lead) is touching the side of the coin cell marked with a +. No current-limiting resistor is required 
in this circuit because the battery's internal resistance is sufficient to keep from blowing up the LED. It 
just happens to work out that way, this time. Most other times, you will need to add a current-limiting 
resistor to the circuit, 
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Figure 4-2. Transmitter Group 


(2) The modulator is a major portion of the transmitter. The modulator 
provides an extremely powerful, very short pulse of direct current (DC) voltage to 
the power amplifier. This is similar to the ignition system of an automobile but 
with very stringent requirements. The modulator has an energy storage device 
and a switch. Between pulses, during the resting time of the transmitter, energy is 
accumulated and stored in the storage device. When keyed by the master timer, 
all this energy is switched to the power amplifier as a pulse. The waveform of this 
pulse is determined by the waveform generator. 


(3) The power amplifier for a modern radar is normally a klystron, traveling 
wave tube, cross field amplifier, or solid state amplifier. Most common pulse 
radars use a klystron power amplifier. No matter what power amplifier is used, the 
purpose of the transmitter group is to produce a series of pulses at the correct 
amplitude, at the proper interval, with the exact waveform, and at the operating 
frequency of the radar. 


b. A duplexer is required when both the transmitter and receiver use the same 
antenna. The duplexer acts as a rapid switch to protect the sensitive receiver 
from damage when the high-power transmitter is on. When the transmitter is off, 
the duplexer directs the weak target signals to the receiver. The duplexer's main 
purpose is to minimize power loss and maximize isolation. Power lost in the 
duplexer during transmission reduces the maximum detection range of the radar. 
Isolation refers to the amount of transmitter power that “bleeds through” the 
duplexer to the receiver during transmission. This “bleed through” must be 
extremely small to avoid receiver saturation or damage. 


c. The capabilities of the receiver group are critical to radar performance 
(Figure 4-3). The ability of the radar receiver to detect the presence of the target 
return and extract the required information is limited primarily by noise. Noise 
can enter the receiver through the antenna along with the target return. This type 
of noise is called external noise. Noise generated the receiver is called 
thermal noise. Radar noise can never be completely eliminated. Minimizing noise 
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is the most important consideration in the design of the sensitive receivers used 
with modern radars. In addition, relative immunity to noise makes a radar system 
more resistant to jamming. 


Receiver 
-— 


IF 
RF 
Ampl Li Mixer & pee Detector | 


Local Video 
Oscillator Amplifier 


Figure 4-3. Receiver Group 


(1) The most common pulse radar receiver is the superheterodyne 
receiver. A superheterodyne receiver consists of an RF amplifier, a mixer and 
local intermediate frequency (IF) amplifier, a detector, and a video amplifier. 


(2) Radar target returns enter the receiver group via the antenna and 
duplexer. Since these signals are normally very low power, the RF amplifier 
boosts the signal gain and filters out as much external noise as possible. The 
ity of the RF ampli 

vity. The boosted RF signal is sent to the mixer where it is converted to a 
lower IF. This is accomplished by mixing the RF signal with the signal from the 
local oscillator to produce an IF that is easier to process. The IF amplifier 
increases the IF signal level and includes a matched filter. The matched filter 
maximizes the signal-to-noise ratio which enhances detection of the target return. 
The detector, which is usually a crystal diode, extracts the video modulation from 
the IF or converts the IF to a video signal. 


d. The brain of a basic pulse radar is the master timer, or synchronizer, which 
coordinat 

timing within the radar is necessary to get accurate range. The master timer is an 
oscillator that triggers the transmitter to initiate transmission of a pulse. 
Simultaneously, the master timer sends a signal to initialize the display to ensure 
that range and azimuth information is accurately displayed. 
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Figure 4-4. Master Timer/Synchronizer 


e. The function of the antenna during transmission is to concentrate the radar 
energy from the transmitter into a shaped beam that points in the desired 
direction (Figure 4-5). During reception, or listening time, the function of the 
antenna is to collect the returning radar energy contained in the echo signals, 
and deliver these signals to the receiver. Radar antennas are characterized by 
directive beams that are usually scanned in a recognizable pattern. 


Figure 4-5. Parabolic Antenna 


f. The purpose of the radar display is to take the information derived from a 
radar target in the receiver group and present it to the operator in a usable 
format. There are many different types of scope displays depending on the 
purpose of the radar and how the radar information is to be used. There are four 
basic types of radar displays: the A scope, B scope, range height indicator (RHI) 
scope, and plan position indicator (PPI) scope. 
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(1) The A scope is used to display target range or velocity (Figure 4-6). 
Threat systems using A scope displays include air interceptors (Als) with 
range-only radar, surface-to-air missiles (SAMs), and radar-directed antiaircraft 
artillery (AAA) systems. SAM and AAA systems may use the A scope for range or 
velocity information, and other radar displays for azimuth and elevation data. The 
A scope displays range or velocity in relation to amplitude. The operator must 
distinguish the target return from other returns, including ground return and 
noise. 


Ground Return 


Target 
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Figure 4-6. A Scope Display 


(2) The B scope is used to display target range and azimuth (Figure 4-7). 
Threat systems using B scope displays include Al and SAM systems. The 
position of the target return to the right or left of the centerline of the screen 
shows the azimuth of the target. The position of the target return in relation to the 
bottom of the display, or zero range, shows target range. 
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Figure 4-7. B Scope Display 
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(3) The RHI scope is used to display range and elevation (Figure 4-8). The 
RHI scope is used with height finder radars, and a modified RHI scope is used for 
ground-controlled approach (GCA) radars. The sweep trace of the display 
produces a fan-shaped display with the vertex at the lower left of the scope. The 
antenna sweeps up and down and is synchronized with the display. 


Elevation 


Figure 4-8. RHI Scope Display 


(4) The PPI display is probably the best known radar display (Figure 4-9). 
The display represents a map picture of the area scanned by the radar beam, 
usually 360 degrees. The PPI display is used by early warning, acquisition, 
ground-controlled intercept (GCI), and SAM radar systems. The target return's 
angular position shows target azimuth, while distance from the center of the 
display shows range. 


Dead Astern 
Figure 4-9. PPI Scope Display 


46 


Electronic Warfare Fundamentals Chapter 4. Radar System Components 


3. CONTINUOUS WAVE (CW) RADAR 
A continuous radar transmission from the antenna requires that classic CW 
radars have two antennas, one for transmission and one for reception 
(Figure 4-10). Since a continuous transmission results in a continuous echo 
signal, it is impossible to tell what part of the echo is associated with any 
particular part of the transmission. This makes conventional range determination 
(based on timing) impossible. However, the simple application of the Doppler 
principle provides a means for a CW radar to track a target. The Doppler principle 
deals with the fact that a radar return from a moving target will be shifted in 
frequency by an amount proportional to its radial velocity relative to the radar 
site. Using the difference in frequency from the transmitted signal to the received 
signal, a CW radar can separate the target return from clutter, based on a change 
in frequency. This type of radar is called a CW Doppler radar. 


Figure 4-10. Continuous Wave Radar 


a. Figure 4-11 depicts a basic CW Doppler radar. In a simple CW Doppler 
radar, the transmitter transmits a continuous signal at the radar's operating 
frequency. This signal is reflected by a moving target and travels back to the 
receiving antenna. The frequency of the reflected signal (fs) is the frequency 
change due to the Doppler effect. This target frequency is passed to the detector. 
The transmitted frequency (f.) is also fed to the detector as a reference. The 
detector notes the difference between the transmitted and received frequencies 
and passes this frequency to the Doppler filters. The Doppler filters only allow 
Doppler frequencies within a certain range to pass through. A filter is required for 
each Doppler frequency. The number of Doppler filters determines the number of 
targets that the radar can resolve in velocity. 
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Figure 4-11. Basic CW Doppler Radar 


b. The output of each Doppler filter is amplified and passed to its own display. 
The display is normally an A scope as shown in Figure 4-12. 
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Figure 4-12. CW Doppler Radar Display 
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4. PULSE DOPPLER RADAR 
Pulse Doppler radars combine the advantages of both pulse and Doppler radar 
systems (Figure 4-13). Because the signal is pulsed, the radar can determine 
range, azimuth, and elevation, similar to a conventional pulsed radar. A pulse 
Doppler radar can also compute overtake, or rate of closure, relative to the radar 
system on a pulse-to-pulse basis. Pulse Doppler radars also use multiple PRFs to 
eliminate target eclipsing and for range determination in medium PRF. The beauty 
of a pulse Doppler radar is that it eliminates ground clutter and provides range, 
azimuth, and velocity resolution. 
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Figure 4-13. CW and Pulse Doppler Radar Comparison 


a. A pulse Doppler radar transmits a box, or pulse, of coherent RF energy at 
the operating frequency of the radar. The frequency inside these boxes reacts the 
same way as the continuous waves of a CW radar. However, since the RF waves 
are pulsed, range determination can be accomplished by measuring the time it 
takes for the reflected pulse to return from the target. Velocity determination and 
tracking are accomplished by capturing and quantifying the Doppler shift of the 
frequencies in each box or pulse. 


b. The basic block diagram of a coherent pulse Doppler radar (Figure 4-14) is 
similar to a pulse radar except for the addition of an exciter, a radar computer, 
and a digital signal processor. The exciter generates a continuous stable low 
power signal at the desired frequency and phase for the transmitter. It also sends 
this signal as a reference to the receiver. The digital signal processor performs 
the adding and subtracting functions required to find, track, and sort targets with 
respect to velocity and range. The radar computer performs all routine functions 
of the radar such as changing modes and accounting for aircraft flight 
parameters. 
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Figure 4-14. Basic Pulse Doppler Radar Diagram 


5. MONOPULSE RADAR 
The primary functions of monopulse radars include target tracking and weapon 
guidance. Monopulse radars were developed to overcome the limitations and 
jamming susceptibility of scanning radar systems. A monopulse radar typically 
receives returned radar energy in two, three, or four separate receivers, or 
channels, each looking at a different area. By comparing the returns from each 
receiver, track errors can be determined. For example, in Figure 4-15, this radar 
compares the amplitude, or signal strength, in each channel. Obviously, an 
aircraft in area “A” will produce a stronger return in receiver “A” since that 
receiver is focused in that direction. Since this type of system uses signal 
strength to determine position, typical noise jamming will only highlight an 
aircraft” position. Other coherent radars can measure phase differences verses 
the amplitude differences used in the last example. If a signal is directly ahead of 
the antenna, each quadrant will receive the returned signal at exactly the same 
time and therefore the same exact phase. However, if a return is off-center, the 
returned signal will strike part of the antenna slightly ahead of the opposite side 
and each quadrant will measure a different phase. This phase difference is used 
to determine azimuth error. 
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Figure 4-15. Monopulse Radar 


a. Monopulse radars operate by comparing the amplitude or the phase of the 
received signal in each of the transmitted beams. A complex set of comparator 
circuits, called magic T's, do the addition and subtraction of the received signals 
based on the orientation of the magnetic field, or H-plane, and the electrostatic 
field, or E-plane (Figure 4-16). The received signal from antenna A enters the 
magic T in the H-plane arm while the signal from antenna B enters the magic T in 


the E-plane arm. 


E-Plane Arm 


Figure 4-16. Monopulse Magic T’s 


b. Figure 4-17 depicts the output of a magic T. Output is the sum and 
difference of the two input signals. These sum and difference values, in amplitude 
or phase, are used to generate azimuth and elevation error signals and to 


compute range. 
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Figure 4-3. A typical LED lights up when attached to a lithium coin cell. No extra wires needed! 


‘The other three scenarios? Let's look at them one at a time, 


Second Possible Outcome: Nothing Interesting Happens 


Why? Because the LED has been installed backward. Alternatively, the coin cell has been installed 
backward. Remember from Chapter 2 that LEDs are light-emitting diodes, and diodes only carry current 
in one direction, Therefore, when connected backward, they block the flow of electric current, 
preventing anything interesting from happening in the rest of the circuit. 

‘Typical lithium coin cells have one broad, flat side that usually has something printed or etched on. 
it, almost always with a + to indicate the positive polarity of the cell. The other side is often textured or 
rippled in some way to help make better electrical contact when installed in a device. This other side is 
the negative terminal of the battery. 

‘The LED, being a diode, is polarized. It will only work when installed in the proper orientation inside 
the circuit, Most LEDs will offer one or more ways of easily identifying which lead is which (see 
Figure 4-4). 


Chapter 4. Radar System Components. Electronic Warfare Fundamentals 


(A- B) 


(Difference) 


Figure 4-17. Magic T Output Signals 


c. These sum and differences computed by the magic T's are sent as signals 
to the monopulse tracking servos to generate both azimuth and elevation 
corrections to keep the monopulse antenna centered on the target (Figure 4-18). 
Target range is computed by calculating the difference of signal transmission 
time with the reception time of the target echo. Range information is displayed to 
the operator for range tracking. 
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Figure 4-18. Monopulse Radar Track 
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d. If the signal in antenna A equals the signal in antenna B, equals the signal 
in antenna C, and equals the signal in antenna D, the target is in the center of the 
four radar beams (Figure 4-19). This is the condition the monopulse tracker 
attempts to maintain when tracking a target. 


Figure 4-19. Monopulse Radar Track Logic 


6. SUMMARY 
This chapter has discussed the basic components of a simple pulse radar, a 
continuous wave radar, a pulse Doppler radar, and a monopulse radar. The 
characteristics of these components determine the capabilities and limitations of 
a particular radar system. 
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CHAPTER 5. RADAR PRINCIPLES 


1. INTRODUCTION 


The primary purpose of radar systems is to determine the range, azimuth, 
elevation, or velocity of a target. The ability of a radar system to determine and 
resolve these important target parameters depends on the characteristics of the 
transmitted radar signal. This chapter explains the relationship of radar frequency 
(RF), pulse repetition frequency (PRF), pulse width (PW), and beamwidth to target 
detection and resolution. 


2. RADAR RANGE 


A basic pulse radar system consists of four fundamental elements: the 
transmitter, the receiver, the antenna, and the synchronizer, or master timer. 


a. The transmitter, through the antenna, sends out a pulse of RF energy at a 
designated frequency. The presence of a target is revealed when the RF energy 
bounces off the target, returns to the radar antenna, and goes into the receiver 
(Figure 5-1). The master timer measures the time between the transmission of a 
pulse and the arrival of a target echo. 


Figure 5-1. Basic Radar Pulse 


(1) RF energy travels at the speed of light (c) which is 3 x 10° meters per 
second. Target range can be computed by using the basic radar range 
determination equation (Equation 5-1). 
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Measured Time x Speed of 


Target Range = 5 


Equation 5-1. Basic Radar Range Determination Equation 


(2) Another useful measurement is the radar mile, which is the round trip 
time for an RF wave to travel to and from a target one nautical mile away (Figure 
5.2). Solving the radar range equation for time results in Equation 5-2. 
Substituting the appropriate values into the equation and solving for time gives 
measured time of 12.4 microseconds for a one nautical mile (1853 meters) round 
trip. 


6.2 usec oe 


TNM 


Figure 5-2. Radar Mile 


Target Range x 2 1853 meters x 2 


Measured Time = =12.4ysec 


Speed of Light(c) 3x 10° meters/second 


Equation 5-2. Radar Mile 
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(3) A limitation on radar detection range is the concept of a second time 
around echo. A second time around echo occurs when a target echo associated 
with a particular radar pulse arrives at the antenna after another radar pulse has 
been transmitted. The radar master timer always assumes the target echo is 
associated with the last pulse transmitted. This makes the target echo ambiguous 
in range. Figure 5-3 depicts a radar signal with a pulse recurrence time (PRT) of 
248 microseconds. Radar pulse A takes 372 microseconds to travel to the target 
and return. Using the range determination equation, actual target range is 30 
nautical miles (nm). However, before the target echo returns to the antenna, radar 
pulse B is transmitted. The master timer associates the target echo of pulse A 
with radar pulse B, and calculates a target range of 10 nm. This ambiguous and 
false range is displayed to the operator. 


Actual Range Sweep 


Renn Voltage 


Range 


Echo from Pulse A 


PRT = 248 psec > isee| 


372 psec 


Figure 5-3. Second Time Around Echo 


(4) Range ambiguities caused by second time around echoes limit the 
maximum unambiguous range of a radar system. This important capability can be 
calculated by using Equation 5-3. An analysis of this equation shows that a radar 
system designed for long-range detection should transmit a radar signal with a 
large PRT. In addition, as the PRF of a radar signal increases, the PRT decreases, 
and the maximum unambiguous range decreases. 
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PRT (usecs) 


Maximum Unambiguous Range = 


12.4 (usecs/nm) 


Equation 5-3. Maximum Unambiguous Range 


b. A critical aspect of range determination is range resolution. Range 
resolution is the ability of a radar to separate two targets that are close together 
in range and are at approximately the same azimuth (Figure 5-4). The range 
resolution capability is determined by pulse width. Pulse width is the time that the 
radar is transmitting RF energy. Pulse width is measured in microseconds. 


Physical Length of the Pulse Width = PW (usec) x 984 ft/sec 


Figure 5-4. Radar Pulse 


(1) A radar pulse in free space occupies a physical distance equal to the 
pulse width multiplied by the speed of light, which is about 984 feet per 
microsecond. If two targets are closer together than one-half of this physical 
distance, the radar cannot resolve the returns in range, and only one target will 
be displayed. 
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(2) To illustrate range resolution, consider Figure 5-5, in which two aircraft 
are separated by a distance of one-half the pulse width or less. At T1, the leading 
edge of the radar pulse hits the lead aircraft. 


Figure 5-5. Radar Pulse at T1 


(3) In Figure 5-6, at T2 the leading edge of this same pulse hits the trailing 
aircraft. Since the trailing aircraft is less than one-half the pulse width from the 
lead aircraft, the return echo from the lead aircraft is received by the antenna 
before the entire pulse has left the trailing aircraft. 


Figure 5-6. Radar Pulse at T2 
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(4) T3 depicts the merging target echoes at the radar (Figure 5-7). The 
radar would display only one target in this situation, such as the one shown on 
the radar scope in Figure 5-6. 


Echos Merge 


Figure 5-7. Radar Pulse at T3 


(5) Two targets separated by more than one-half the pulse width, as in 
Figure 5-8, will be displayed as two targets. In this case, the transmitted puls: 
completely past the lead aircraft before the return echo from the t i 
reaches the antenna. 


Figure 5-8. Radar Range Resolution 
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(6) The range resolution of the radar is usually expressed in feet and can 

be computed using Equation 5-4. It is the minimum separation required between 

two targets in order for the radar to display them separately on the radar scope. 
Pulse Width x 984 feet 


2 


Range Resolution = 


Equation 5-4. Range Resolution 


3. AZIMUTH DETERMINATION 


The beamwidth of a radar system is the horizontal and vertical thickness of the 
radar beam (Figure 5-9). Beamwidth depends on antenna design and is normally 
measured in degrees from the center of the beam to the point at which the power 
drops off by half. This half-power point is -3 dB in power drop-off. Beamwidth 
governs the azimuth and elevation accuracy and resolution capability of a radar 


system in the same way that pulse width governs radar range accuracy and 
resolution. 


Beamwidth 


%Power Point 
(-3 dB) 


Figure 5-9. Radar Beamwidth 


a. In order for a radar system to figure out target azimuth, the antenna must 
be aligned with a point of reference and pointed at the target during the 
transmission and reception of several pulses of radar energy. If the antenna is 
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‘+ Brand-new LEDs will have extended leads about an inch orso long, One lead will 
bbe slightly longer than the other one. The longer lead is the anode, or positive lead. 
‘The shorter lead is the cathode, or negative lead.. This information is lost when the 
leads of the LED are trimmed—for example, after being installed in a PCB, 


Another industry standard for identifying the polarity of an LED is to look at the 
‘small ridge or shoulder atthe base of the LED body. There will bea flat portion 

‘molded into the otherwise circular outline. This Mat spot marks the cathode, or 

negative terminal of the LED. 


Figure 4-4, Typical LEDs in the 3mm, Smm, 8mm, and 10mm sizes almost always have two polarity 
indicators. The first is that the longer lead is the positive lead, or anode (top). The second is that the flat 
side on the base indicates the negative lead, or cathode (bottom). 


On really tiny LEDs, there may be an even tinier mark printed or etched onto the LED to indicate the 
cathode, You will sometimes need a magnifying glass just to see it! 

‘The quick and easy fix for this problem is to swap the direction of either the LED or the battery. If 
this still produces no good results, we have to consider some more possibilities. 
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referenced to true North, the azimuth of the target can be measured relative to 
true North (Figure 5-10). Azimuth determination is based on the position of the 
antenna when the target is being illuminated. 


Figure 5-10. Azimuth Determination 


(1) To provide accurate azimuth determination over a large area, many 
radars employ a narrow beam and scan the antenna in a predictable pattern. The 
most common scan pattern is a 360° circular scan at a constant rate (Figure 5-11). 
The plan position indicator (PPI) radar scope display is normally associated with 
this scan pattern. As the radar beam sweeps, a target is detected and displayed. 
The position of the antenna, when the target is displayed, shows the relative 
azimuth. 


Figure 5-11. Antenna Scan 
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(2) The azimuth accuracy of a radar system is determined by the horizontal 
beamwidth (HBW). In Figure 5-12, radar system A has a horizontal beamwidth of 
10°. As the beam sweeps, the target is illuminated for as long as it is in the beam. 
This means that the target covers 10° in azimuth on the PPI scope. Radar system 
B has a beamwidth of 1°. A target displayed on the PPI scope will cover 1° in 
azimuth. The narrower the horizontal beamwidth, the better the azimuth accuracy. 


HBW=10° 


Figure 5-12. Horizontal Beamwidth Comparison 


b. Azimuth resolution is the ability of a radar to display two targets flying at 
approximately the same range with little angular separation, such as two fighters 
flying line-abreast tactical formation. The azimuth resolution capability is usually 
expressed in nautical miles and corresponds to the minimum azimuth separation 
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required between two targets for separate display. Azimuth resolution depends 
‘on the horizontal beamwidth of the radar. The radar system in Figure 5-13 has a 
horizontal beamwidth of 10°. The two targets are so close in azimuth that the 
return echoes are blended into one return. 


Figure 5-13. Horizontal Beamwidth and Azimuth Resolution 


(1) The radar system in Figure 5-14 has a horizontal beamwidth of 1°. The 
radar beam not only hits the targets, but passes between them without causing a 
return. This allows the radars to display two distinct radar returns. A small 
horizontal beamwidth improves azimuth resolution. 


Figure 5-14. Azimuth Resolution 
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(2) Azimuth resolution, in nautical miles, can be computed using Equation 
5-5. Notice that this equation is the “60 to 1 rule” used for navigation. A 1° 
beamwidth will yield a one-mile-wide cell at 60 nautical miles. 


Horizontal Beamwidth x Range 


Azimuth Resolution = a 


Equation 5-5. Azimuth Resolution 


4. ELEVATION DETERMINATION 


Since a radar beam is three-dimensional, the vertical beamwidth is the primary 
factor in determining altitude resolution capability. Altitude resolution is the 
ability of a radar to display two targets flying at approximately the same range 
and azimuth with little altitude separation, such as two fighters flying a vertical 
stack formation. The altitude resolution capability is usually expressed in feet and 
corresponds to the minimum altitude separation required between two targets for 
separate display. The radar system in Figure 5-15 has a vertical beamwidth of 10°. 
The two targets are so close in altitude that the return echoes depicted on the 
range height indicator (RHI) are blended into one. 


Figure 5-15. Vertical Beamwidth and Elevation Resolution 
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a. The radar system depicted in Figure 5-16 has a vertical beamwidth of 1°. 
This small beam not only hits the targets, but passes between them without 
causing a return. This allows the radar to display two distinct targets. 


Figure 5-16. Elevation Resolution 


b. Altitude/elevation resolution, in thousands of feet, can be computed using 
Equation 5-6. 


r - Vertical Beamwidth x Range 
Altitude Resolution 


60 


Equation 5-6. Altitude Resolution 


5. RADAR RESOLUTION CELL 
A radar's pulse width, horizontal beamwidth, and vertical beamwidth form a three- 
dimensional resolution cell (RC) (Figure 5-17). A resolution cell is the smallest 
volume of airspace in which a radar cannot determine the presence of more than 
one target. The resolution cell of a radar is a measure of how well the radar can 
resolve targets in range, azimuth, and altitude. The horizontal and vertical 
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dimensions of a resolution cell vary with range. The closer to the radar, the 
smaller the resolution cell. 


One Target Detected 


Figure 5-17. Radar Resolution Cell 


a. The physical dimensions of a radar's resolution cell can be computed. For 
a radar with a pulse width of 1 microsecond, a horizontal beamwidth of 1°, and a 
vertical beamwidth of 10°, the formulas for range resolution, azimuth resolution, 
and altitude resolution can be used to compute the dimensions of the resolution 
cell. In the example in Figure 5-18, at a target range of 10 nm, the physical 
dimensions of the radar's resolution cell are 492 feet in range, by 1000 feet in 
azimuth, and 10,000 feet in altitude. These figures can be confirmed by using 
Equations 5-4, 5-5, and 5-6. 


A= Pulse Width x Speedottight 


984 feet per microsecond 
2 


A= 1 Microsecond x 


A= 492 feet 


Figure 5-18. Radar Resolution Cell Dimensions 
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b. Based on these computations, two, or more, aircraft flying a trail formation 
closer than 492 feet would be displayed as a single target. Two, or more, aircraft 
flying line abreast closer than 1000 feet would be displayed as a single target. 
Two, or more, aircraft flying a vertical stack closer than 10,000 feet would be 
displayed as a single target. This also shows that the shorter the pulse width, the 
better the range resolution capability of a radar system. The narrower the 
horizontal beamwidth, the better the azimuth resolution capability. The narrower 
the vertical beamwidth, the better the altitude resolution capability. 


c. Another type of resolution is velocity resolution. For a Doppler radar 
aircraft flying within the conventional resolution cell described above can be 
distinguished as separate targets if they have enough speed differential. 
Paragraph 6 below will describe how this is carried out. 


6. PULSE DOPPLER VELOCITY DETERMINATION 
To fully understand how a pulse Doppler radar determines target velocity, it is 
necessary to know more about the pulsed waveform. To generate a pulse 
modulated wave, a continuous carrier sine wave, like the output from a CW radar, 
is combined with a rectangular wave, like that of a pulse radar, to produce the 
pulse modulated waveform. Figure 5-19 depicts pulse modulation. 


el alelal 


Rectangular Pulse Modulated 
Pulse Waveform 


Figure 5-19. Pulse Modulation 


a. Mathematically, any waveform other than a sine wave is composed of many 
different pure sine waves added in the proper amplitude and phase relationships 
(Figure 5-20). In a pulsed modulated waveform, the sine waves correspond to the 
fundamental frequency, which is the PRF, and the sum of all harmonics in the 
proper amplitude and phase. The frequency of the harmonic is the basic 
frequency plus or minus a multiple of the PRF. 
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Fundamental Third 
AT PRF Harmonic 


Figure 5-20. Harmonics of a Pulse Modulated Waveform 


(1) Figure 5-21 is a plot of the harmonic content of a pulse modulated 
waveform operating at a carrier frequency of 2800 megahertz (MHz) with a PRF of 
1 MHz. Note the loops of frequencies on either side of the carrier frequency. 
These are the additions and subtractions of all the frequencies in the rectangular 
pulse to the carrier frequency. The important thing to remember is that there are 
many frequencies present, and a pulse Doppler radar must deal with a crowded 
frequency spectrum. This becomes even more important when one considers the 
fact that every frequency present will experience a Doppler shift when it is 
reflected by a moving target. The individual frequencies shown are called spectral 
lines. 


oO fa wally i 


2800MHz 


Figure 5-21. Harmonic Content 


(2) For a pulse Doppler radar to accurately measure velocity, it must 
compare the frequency change, or Doppler shift, between the carrier frequency 
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and the frequency returning from the target. It is a difficult task for the radar to 
differentiate between the returning carrier and all the harmonic frequencies 
(Figure 5-22). 


Transmitter Frequency 
Returned Frequency 


Amplitude 


10 kHz 


20 kHz 
30 kHz 


I) Frequency 


Receiver Bandwidth 64 kHz 


Figure 5-22. Spectral Line Frequencies 


b. The radar differentiates between the returning carrier frequencies and all 
other harmonic frequencies by using clutter cancellers, or filters, at the known 
harmonic frequencies (Figure 5-23). The radar cannot process frequencies 
cancelled by these filters. The filters create “blind speeds” for the radar. The 
closer together the spectral lines, the more “blind speeds” the radar will have. 


Transmitter Frequency 
Returned Frequency 
Amplitude 
10 KHz 10 kHz 


20 kHz 


30 kHz 


Frequency 


Clutter Cancellers 


Figure 5-23. Selective Clutter Canceling 
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(1) Since the position of the harmonics in relation to the carrier frequency 
is based on PRF, the number of blind speeds can be reduced by changing the 
PRF of the radar. The higher the PRF, the wider the spacing of the spectral lines 
and the fewer blind speeds due to selective clutter canceling. However, a high 
PRF increases the problem of range ambiguities. Most modern pulse Doppler 
radars employ a medium and high PRF mode. Medium PRF equates to fewer 
range ambiguities but more blind speeds. High PRF has fewer blind speeds but 
more range ambiguities (Figure 5-24). 


Medium PRF 


High PRF 


Frequency 
PRF ‘Clutter Filters 


Figure 5-24. PRF and Spectral Lines 


(2) To separate the returning target frequency shifts from all other 
frequencies in the returning waveform, the pulse Doppler radar employs filters to 
cancel the known harmonic frequency shifts. In addition, the radar cancels out all 
returns with no frequency shift, which equates to canceling all returns with no 
movement relative to the radar. However, if the radar has too many clutter filters, 
this creates multiple blind speeds, and targets will be missed. In Figure 5-25, the 
detection filters allow target frequencies to be processed, and clutter filters 
cancel unwanted frequency shifts. Target 1 will be detected, but Target 2 will be 
canceled. 
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Third Possible Outcome: Nothing Interesting Happens 


‘This time, after establishing that the LED has been properly oriented with respect to the polarity of the 
battery, we must entertain the possibility that the battery has been previously depleted. Coin cells have a 
limited amount of energy stored within them, and this can be easily drained in normal use aver time, 

A quick way to measure a battery's electrical goodness is to use a voltmeter. See Figure 4-5. 


Figure 4-5. Measuring a coin cell's electrical goodness using a digital multimeter. This one is chock-full of 
goodness! 


Ifyou have a multimeter, be sure to set it to read DC voltage, in the appropriate voltage range 
(unless you have a fancy “autoranging” meter). Touch one of the meter’s probes to one side of the 
battery and the other probe to the other side of the battery, and see how much voltage is measured. 
Anything below 3V should be considered depleted and of no further use, as far as electronic-type 
projects are concerned. The batteries are shiny and round, so they may have a second career in some 
sort of art project, but otherwise they should be disposed of in a responsible manner. 

Also, pethaps because oftheir very shininess and roundness, they like to be eaten by small children. 
Don't let this happen! Take whatever steps are necessary to prevent small children from handling or 
even touching your electronic tools and components. Use extra care when your lab is mobilized, 


Caution No unsupervised children, no matter how adorable, are allowed in the lab! 
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Figure 5-25. Pulse Doppler Filters 


7. BASIC RADAR EQUATION 
The basic radar equation relates the range of a radar system to the 
characteristics of the transmitter, receiver, antenna, and the target. The radar 
equation provides a means not only to figure out the maximum range of a 
particular radar system, but it can be used to understand the factors that affect 
radar operation. In this section, the simple forms of the radar equation are 
developed, starting with the power density of the transmitting antenna to the 
power received by the receiving antenna. 


a. Power density is the power of a radio wave per unit of area normal to the 
direction of propagation. The power density generated by a practical antenna can 
be expressed in Equation 5-7. 


P_ = transmitted power 


Bx 
G =antenna gain 


Power Density from Antenna = 


radius of the antenna 


Equation 5-7. Power Density From an Antenna 


b. As the radar beam propagates through space, it arrives at a target at some 
range (R) from the antenna. As the radar beam travels through space, the 
wavefront of the beam expands to a very large cross-sectional area, especially in 
relation to the target dimensions. The power density of the radar beam, across 
this wide area, at the target, is detailed in Equation 5-8. 
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PxG transmitted power 
7 
Power Density at Target = Re 


G = antenna gain 
R =range to the target 


Re 


Equation 5-8. Power Density at the Target 


c. Since the cross-sectional area of the radar beam is so large, only a small 
portion of the total power in the beam can be reflected toward the antenna. The 
rest of the radar energy continues through space and is dissipated, absorbed, or 
reflected by other targets. The small portion of the radar beam that hits the target 
is reradiated in various directions. The measure of the amount of incident power 
intercepted by the target and reradiated back in the direction of the antenna 
depends on the radar cross section (RCS) of the target. Equation 5-9 details the 
power density of the target echo signal reflected back to the radar antenna. 


P, = transmitted power 


E RxG o  G =antenna gain 
Power Density at Antenna 


4nR? * 4nR? g =Rcs 


R =range to the target 


Equation 5-9. Power Density at the Antenna 


d. As the target echo reaches the antenna, part of the echo is captured by the 
antenna based on the effective aperture (A.). Equation 5-10 details the actual 
signal power received by the radar system. This is one form of the basic radar 
equation and is the signal strength of a radar return from a specific target at 
range (R) from the radar. 
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P, = transmitted power 


RCo. G =antenna gain 


“Gar! % =RCS 
R =range to the target 
A,= antenna aperture area 


A. 


Signal Power Density (S) = 


Equation 5-10. Signal Power Density 


e. A detailed analysis of this equation is not required to draw some basic 
conclusions about the factors affecting the detection of an aircraft. If any factor in 
the numerator, such as transmitted power, is increased by a factor of three, the 
signal received by the radar will increase by only 30 percent. This clearly shows 
why radar system operation is characterized by the transmission of megawatts of 
power and the reception of microwatts of returning power. In addition, this 
equation shows that the most critical factor in determining radar detection is 
target range. 


f. The maximum radar range (Rmax) occurs when the signal power density 
received just equals the minimum detectable signal (Sum) for the receiver. Solving 
Equation 5-11 for range, and substituting Sm, yields the basic radar equation for 
Ruax for a specific target. This is another form of the basic radar equation. 


insmitted power 


G =antenna gain 


= petalé o =RCS 


Rmax 


2 
[4x Sun] A,= antenna aperture area 


R =range to the target 


Equation 5-11. Basic Radar Equation 
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g. It is important to note that the basic radar equations do not consider such 
factors as meteorological conditions, changes in aircraft RCS, the impact of 
clutter on gain, or operator abilities. The radar equation does explain why a radar 
system designed for long-range detection should transmit a very high power 
signal, concentrated into a narrow beam, collected by a large antenna, and 
processed by a very sensitive receiver. 


8. SUMMARY 

This chapter has discussed the methods employed by radar systems to 
determine target range, azimuth, elevation, and velocity. The relationship between 
pulse width and range resolution, beamwidth and azimuth/elevation resolution, 
and PRF and velocity resolution have been explained. In addition, an explanation 
of the complex radar equation has been presented. The capabilities and 
limitations of a specific radar system to determine these critical target parameters 
is the key to understanding the countermeasures designed to defeat this system. 
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CHAPTER 6. ANTENNA CHARACTERISTICS AND SCANS 


4. INTRODUCTION 
The function of the antenna during transmission is to concentrate the radar 
energy from the transmitter into a shaped beam that points in the desired 
direction. During reception, or listening time, the function of the antenna is to 
collect the returning radar energy, contained in the echo signals, and deliver 
these signals to the receiver. Radar antennas are characterized by directive 
beams that are usually scanned in a recognizable pattern. The primary antenna 
types in use today fall into three categories: parabolic, Cassegrain, or phased 
array antennas. Additionally, the method radar antennas employ to sample the 
environment is a critical design feature of the radar system. The scan type 
selected for a particular radar system often decides the employment of that radar 
in an integrated air defense system (IADS). The process the radar antenna uses to 
search airspace for targets is called scanning or sweeping. This chapter 
discusses circular, unidirectional, bidirectional, helical, raster, Palmer, and 
conical scans, and track-while-scan (TWS) radar systems. 


2. PARABOLIC ANTENNA 


One of the most widely used radar antennas is the parabolic reflector (Figure 6-1). 
The parabola-shaped antenna is illuminated by a source of radar energy, from the 


Figure 6-1. Parabolic Antenna 
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transmitter, called the feed. The feed is placed at the focus of the parabola, and 
the radar energy is directed at the reflector surface. Because a point source of 
energy, located at the focus, is converted into a wavefront of uniform phase, the 
parabola is well suited for radar antenna applications. By changing the size and 
shape of the parabolic reflecting surface, a variety of radar beam shapes can be 
transmitted. 


a. The antenna depicted in Figure 6-1 generates a nearly symmetrical pencil 
beam that can be used for target tracking. 


b. Elongating the horizontal dimensions of the parabolic antenna creates a 
radar antenna called the parabolic cylinder antenna (Figure 6-2). The pattern of 
this antenna is a vertical fan-shaped beam. Combining this antenna pattern with a 
circular scan technique creates a radar system well suited for long-range search 
and target acquisition. 


Figure 6-2. Parabolic Cylinder Antenna 


c. Elongating the vertical dimensions of the parabola creates a radar antenna 
that generates a horizontal fan-shaped beam with a small vertical dimension 
(Figure 6-3). This type of antenna is generally used in height-finding radar 
systems. 


6-2 


Electronic Warfare Fundamentals Chapter 6. Antenna Characteristics and Scans 


Figure 6-3. Height-Finder Parabolic Antenna 


d. Another variation of the basic parabolic antenna includes using an array of 
multiple feeds instead of a single feed (Figure 6-4). This type of parabolic antenna 
can produce multiple radar beams, either symmetrical or asymmetrical, 
depending on the angle and spacing of the individual feeds. 


Figure 6-4. Multiple-Feed Parabolic Antenna 


3. CASSEGRAIN ANTENNA 


A Cassegrain antenna uses a two-reflector system to generate and focus a radar 
beam (Figure 6-5). The primary reflector uses a parabolic contour, and the 
secondary reflector, or subreflector, has a hyperbolic contour. The antenna feed 
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is located at one of the two foci of the hyperbola. Radar energy from the 
transmitter is reflected from the subreflector to the primary reflector to focus the 
radar beam. Radar energy returning from a target is collected by the primary 
reflector and reflected as a convergent beam to the subreflector. The radar 
energy is rereflected by the subreflector, converging at the position of the 
antenna feed. The larger the subreflector, the closer it can be to the primary 
reflector. This reduces the axial dimensions of the radar but increases aperture 
blockage due to the subreflector. A small subreflector reduces aperture blockage, 
but it must be positioned at a greater distance from the primary reflector. 


Feed Subreflector 


Parabolic 
Reflector 


Figure 6-5. Cassegrain Antenna 


a. To reduce the aperture blockage by the subreflector and to provide a 
method to rapidly scan the radar beam, the flat plate Cassegrain antenna was 
developed. This type of Cassegrain antenna is depicted in Figure 6-6. 


Fixed Parabs 
with Parallel 


Fixed Feed 
‘Axis of Mirror Movement 


= Movable Planar 
Twist Reflector 


Ray Path 


Figure 6-6. Flat Plate Cassegrain Antenna 
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The fixed parabolic reflector is made up of parallel wires spaced less than a half 
wavelength apart and supported by a low-loss dielectric material. This makes the 
fixed parabolic reflector polarization sensitive. It will completely reflect one type 
of linear polarization and be transparent to the orthogonal polarization. The fixed 
antenna feed, in the middle of the moveable mirror, transmits a radar signal 
polarized to be reflected by the parabolic reflector. The moveable mirror is 
constructed as a twist reflector that changes the polarization of the radar signal 
by 90°. The signal from the feed is reflected by the parabolic reflector to the 
mirror, which rotates the polarization 90°. This rotation makes the transmitted 
signal transparent to the parabolic reflector, and the signal passes through with 
minimal attenuation. The radar beam can be scanned over a wide area by rotating 
the moveable mirror. A deflection of the mirror by the angle @ results in the beam 
scanning through an angle of 26. 


b. The geometry of the Cassegrain antenna is especially well suited for 
monopulse tracking radar applications. Unlike the parabolic antenna, the complex 
feed assembly required for a monopulse radar can be placed behind the reflector 
to avoid aperture blocking. 


4. PHASED ARRAY ANTENNA 

The phased array radar is a product of the application of computer and digital 
technologies to the field of radar design. A phased array antenna is a complex 
arrangement of many individual transmitting and receiving elements in a 
particular pattern. A phased array antenna can, in effect, radiate more than one 
beam from the antenna by using a computer to rapidly and independently control 
groups of these individual elements. Multiple beams and computer processing of 
radar returns give the phased array radar the ability to track-while-scanning and 
engage multiple targets simultaneously. Figure 6-7 is a view of the phased array 
radar antenna. 


Figure 6-7. Phased Array Antenna 
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Fourth Possible Outcome: Nothing Interesting Happens Because the LED Is 
Defective 
This 


in happen when an LED is subjected to too much current and the tiny, tiny wires within the 
plastic body overheat and fail. It can also occur when the LED has been exposed to the elements and 
moisture has penetrated the casing, allowing the internal connections to oxidize. This scenario, while 
within the realm of possibility, is certainly the least likely of the four, unless you are habitually cruel to 
your LEDs. It's also easy to test, if you have a known-good lithium coin cell handy 


Where’s the Resistor? 


;nt be wondering where the current. 


You imiting resistor can be found in this circuit. It’s in there, all 


right, but it’s hidden within the battery, so to speak. Coin cells are designed to provide tiny amounts of 
current over a long period of time. You're not going to arc-weld or start your car with one. As such, they 
have a much higher internal resistance than most any other kind of battery. We use this “feature” to our 


advantage when testing LEDs using just a coin cell, as the maximum amount of current that 
normally flow out of the battery is below that necessary to destroy the LED. 


A Slightly More Permanent Circuit 


You can build a more permanent circuit for the coin cell and LED using a solderless breadboard. If you 
recall from the “Solderless Breadboards” section of Chapter 3 (see Figure 3-6), a solderless breadboard is, 
an array of spring-loaded tie points, which serve to both physically hold electronic components and 
provide electrical connections between certain points. Let's build an LED circuit on a solderless 
breadboard using an LED, a coin cell, a resistor, a jumper wire, and a custom battery holder (see Figure 
4-6). Later on, in Figure 4-7, you can see details of the custom battery holder. 
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a. A phased array radar uses the principle of radar phase to control the 
individual transmitting and receiving elements. When two transmitted frequencies 
are in-phase, their amplitudes add together, and the radiated energy is doubled. 
When two transmitted frequencies are out-of-phase, they cancel each other. 
Phased array radars use this principle to control the shape of the transmitted 
radar beam (Figure 6-8). 


In Phase 


2 Total 
Time——<——» Time—<——> 


Out of Phase 
@ 


Figure 6-8. Phase Relationships 


b. Phase relationships and antenna element spacing determine the 
orientation of the transmitted beam. In Figure 6-9, antenna elements A and B are 
separated by one-half wavelength and are radiating in-phase, that is, when one is 
at the positive peak, the other is also at a positive peak. Since the elements are 
one-half wavelength apart, when the positive peak radiated by A reaches B, B will 
be radiating a negative peak. As the peaks propagate along the X axis, they will 
cancel each other out. The total radiated power along that axis will be zero. Along 
the Y axis, however, the positive peaks from A will add to the positive peaks from 
B, causing the total radiation along this axis to be at its maximum value. This type 
of array is called a “broadside array” because most of the radiation is in the 
direction that is broadside to the line of the antenna array. 
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Line of Reinforcement | 


Line of Cancellation 


Figure 6-9. Broadside Array 


c. If the same antenna elements are fed out-of-phase, the principal direction 
of radiation will be along the axis of the antenna elements. In Figure 6-10, when 
the positive peak from A arrives at B, B is now positive also. These energies 
interact to strengthen the energy being radiated from the ends of the array. 
Meanwhile, when the positive peak from A, radiating along the Y axis, meets the 
negative peak from B, they are canceled. This type of array is called an “end-fire 
array.” 


Line of Cancellation j 
I 
AiB 


re ed ae 


al 


Line of Reinforcement 


Figure 6-10. End-Fire Array 
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d. The computer controlling the phase of the signal delivered to each 
transmitting and receiving element of a phased array antenna controls the 
direction and shape of the radiated beam (Figure 6-11). By shifting the phase of 
als between 0° and 180°, the beam sweeps. This is the basic means of 
producing an antenna scan. In addition, the amplitude, or power, of the signal 
applied to each element can be varied to control the sidelobes. This alters the 
shape of the beam which affects the range capability and angular resolution of 
the radar. 


Broadside 


Figure 6-11. Phased Array Antenna Scan 


e. Figure 6-12 depicts a variation of the phased array antenna, known as a 
planar array antenna. A planar array antenna uses transmit and receive elements 
in a linear array, but, unlike the phased array radar, the elements are smaller and 
are placed on a movable flat plate. The ability to simultaneously track several 
targets is one advantage of this type of radar. 
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Figure 6-12. Planar Array Antenna 


5. ANTENNA GAIN 
The most important characteristic of any type of antenna is antenna gain. 
Antenna gain is a measure of the ability of an antenna to concentrate energy in 
the desired direction. Antenna gain should not be confused with receiver gain, 
which is designed to control the sensitivity of the receiver section of a radar 
system. There are two types of antenna gain: directive and power. 


a. The directive gain of a transmitting antenna is the measure of signal 
intensity radiated in a particular direction. Directive gain is dependent on the 
shape of the radiation pattern of a specific radar antenna. The directive gain does 
not take into account the dissipative losses of the antenna. Directive gain is 
computed using Equation 6-1. 


aoe 4 Maximum Radiation Intensity (Desired Direction) 
Gp (Directive Gain) = 


‘Average Radiation Intensity 


Equation 6-1. Directive Gain 
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b. The power gain does include the antenna dissipative losses and is 
computed using Equation 6-2. 


Maximum Radiation Intensity (Practical Antenna) 


Radiation Intensity of an Isotropic Antenna 


Equation 6-2. Power Gain 


c. The term isotropic antenna describes a theoretical spherical antenna that 
radiates with equal intensity in all directions. This results in a spherical radiation 
pattern. The power density for any point on an isotropic antenna is the radiation 
intensity and can be calculated by dividing the total power transmitted (Pr) by the 
total surface area of the sphere, as shown in Equation 6-3. 


P, (Watts) 


Power Density (Isotropic Antenna) = Sart CanIRIGIERS? 


Equation 6-3. Power Density for an Isotropic Antenna 


d. The radiation pattern of an isotropic, or spherical, antenna would provide 
neither azimuth or elevation resolution and would be unusable for radar 
applications. To provide azimuth and elevation resolution, a practical antenna 
must focus the radar energy. The power density of a practical antenna differs 
from the isotropic antenna only in terms of antenna gain (G). Solving Equation 6-3 
for the power density of a practical antenna yields Equation 6-4. 


Pr 
4a? 


Power Density (Practical Antenna) = 


Equation 6-4. Power Density for a Practical Antenna 
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e. The actual power gain (G) of a practical antenna can be calculated by using 
Equation 6-5. 


4A. Ac = effective area of aperture 
AL A = wavelength of the radar 


NOTE: The effective area of aperture (A.) is the effective 
antenna area presented to the returning radar echo. 


Equation 6-5. Power Gain of a Practical Antenna 


6. POWER DENSITY 


The power density and gain of an antenna are a function of the antenna pattern of 
a radar system. Figures 6-13 and 6-14 illustrate the antenna pattern of a typical 
parabolic antenna. Most of the power density of the radar is concentrated in the 
main beam. However, since the radar is not a perfect reflector, some radar energy 
is transmitted in the sidelobes. In addition, there is spillover radiation due to the 
energy radiated by the feed that is not intercepted by the reflector. Finally, the 
radar has a back lobe caused by diffraction effects of the reflector and direct 
signal leakage. Sidelobes and backlobes are all undesirable radiations that 
adversely affect the maximum radar range and increases the vulnerability of the 
radar to certain jamming techniques. 


‘Mainiobe 


ion Intensity, dB 


gc \estigial lobe or shoulder 


geist sidelobe 


ae Other minor lobes Spillover radiation 


kobe 
Backlobe 
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Figure 6-13. Radiation Pattern for a Parabolic Antenna 
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Sidelobes 


ae, 


Sidelobes 


Figure 6-14. Radar Antenna Pattern 


a. All radars have a primary main beam, which is where the radar has the 
most power and where target detection usually occurs. The dimensions of this 
main beam are highly dependent on the design of the antenna. 


b. Besides the main beam, all radars have what is called a backlobe. This lobe 
is directly opposite to the location of the main beam. The sensitivity and signal 
strength associated with the backlobe is significantly less than that in the main 
beam. 


c. Sidelobes add another dimension to the radar pattern. As with the 
backlobe, sidelobes do not have the signal strength or sensitivity associated with 
the main beam. Normally, the sensitivity associated with the sidelobes is 40-50 
decibels (dBs) less than the main beam. The radar signal weakness in the 
backlobe and sidelobes of the main beam make these areas of the radar signal 
vulnerable to jamming. It is much easier to introduce jamming into these areas 
because of the reduced jamming-to-signal ratio needed to be effective. It is 
difficult for jamming to be effective in the main beam because the radar signal is 
very powerful in that region. 


7. CIRCULAR SCAN 
A circular scanning radar uses an antenna system that continuously scans 360° 
in azimuth (Figure 6-15). The time required for the antenna to sweep one complete 
360° cycle is called the scan rate. Scan duration is the number of “hits per scan,” 
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or the number of pulses, reflected by a target as the radar beam crosses it during 
one full scan. Most pulse radars require 15 to 20 hits per scan to obtain sufficient 
information to display a target. The factors that determine the number of hits per 
scan the radar receives include pulse repetition frequency (PRF), antenna 
beamwidth, and scan duration. 


Figure 6-15. Circular Scan Radar 


a. Circular scan radars provide accurate target range and azimuth 
information. This makes these radars ideal for the roles of early warning and 
initial target acquisition. To accomplish these missions, the antenna generates a 
fan beam that has a large vertical beamwidth and a small horizontal beamwidth. 
Since elevation information will normally be provided by height finder radars, the 
size of the vertical beamwidth is not a limitation. This antenna scan allows the 
radar to scan large volumes of airspace for early target detection. Since early 
detection is the primary goal of early warning radars, accurate altitude and 
azimuth resolution are secondary considerations. 


b. Circular scan radars designed for early warning transmit a radar signal with 
a low PRF. A low PRF allows sufficient time for the radar pulse to travel long 
distances, and return, before another pulse is transmitted. This gives the radar 
system a long, unambiguous range capability. Circular scan radars with low PRFs 
generally use long pulse widths in order to increase their average power and 
long-range detection capability. The scan durations of early warning radars are 
relatively long to provide the required “hits per scan” for long-range target 
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detection. The plan position indicator (PPI) scope display is normally used with a 
circular scan radar (Figure 6-16). 


Figure 6-16. PPI Scope Display 


c. In order to provide coverage for a large volume of airspace, the beamwidth 
associated with a circular scan radar is relatively wide. This wide beamwidth, 
coupled with the long pulse width and low PRF, gives the circular scan radar a 
large resolution cell, especially at long ranges (Figure 6-17). This limitation can be 
exp to mask force size and composition. However, as range decreases, the 
dimensions of the resolution cell decrease, and a circular scan radar will begin to 
break out target formations. 


One Target Detected 


Figure 6-17. Resolution Cell 
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d. Circular scan radars provide range and azimuth information for both early 
warning and acquisition roles. Modified circular scan radars that can also provide 
elevation information may be used for ground control intercept (GCl) roles. Two 
modified circular scan radars that determine range, azimuth, and elevation are the 
V-beam and the stacked beam. 


(1) The V-beam radar transmits two fan-shaped beams that are swept 
together (Figure 6-18). A vertical beam provides range and azimuth information. A 
second beam, rotated at some convenient angle, provides a measure of the 
altitude of the target. 


Figure 6-18. V-Beam Radar 


(2) A stacked beam radar (Figure 6-19) employs a vertical stack of fixed 
elevation “pencil” beams which rotate 360°. Elevation information is obtained by 
noting which beam contains the target return. Range and azimuth information is 
determined in the same manner as in an early warning radar. 


Figure 6-19. Stacked Beam Radar 
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Figure 4-6, A slightly more permanent LED circuit, built on a solderless breadboard. The tie points on the 
breadboard are labeled left to right with the letters A-E and F-J for the columns. The rows are numbered 
Starting at 1 at the top. The LED's anode, for example, is installed in tie point F3. The power rails on either 
side are simply marked with + for positive and - for negative. 


Referring again to Figure 4-6, you can see the overall layout of the LEDeircuit. The power rails along 
both sides of the breadboard are just longer versions of the electrical connections that connect each of 
the groups of five tie points together. In this example, the right-hand power rails are used, but the left- 
hand side is not. 

‘The schematic diagram of this circuit shows how simple itis, at least in principle (see Figure 4-7) 
Can you see the circle? 


Rt 


o1 


T ¥ GREEN 


Figure 4-7. The schematic diagram of the LED circuitas built on the solderless breadboard. Schematies are 
intentionally simpler than reality (most of the time) in order to help convey the very basic idea of how 
things are tobe wired and the relationships between the components, without bogging you down in all the 
inevitable details that are involved. 
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8. LINEAR SCAN 
Linear scan is a method used by some radar systems to sweep a narrow radar 
beam in a set pattern to cover a large volume of airspace. Linear scans can be 
oriented in a vertical direction for height finder radars or in a horizontal direction, 
or raster, for acquisition and target tracking radars. A unidirectional linear radar 
scans in a single direction then begins its sweep all over again (Figure 6-20). 
Generally, linear scans offer excellent single-axis coverage, and the narrow beam 
offers enhanced azimuth and elevation resolution. 


Figure 6-20. Unidirectional Linear Scan 


9. UNIDIRECTIONAL SCAN 


A helical scan is a unidirectional scan pattern that allows a “pencil” beam to 
search a 360° pattern. In Figure 6-21, the antenna sweeps a 360° sector in a 
clockwise direction. After each complete revolution, the antenna elevation is 
increased. This scan pattern is repeated for a specified number of revolutions, in 
this case, three, 360° sweeps. At the end of the scan pattern, the antenna 
elevation is reset to the initial elevation and the scan is repeated. A helical scan 
pattern is commonly used as a target acquisition mode for radar systems with 
narrow vertical and horizontal beamwidths. 
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Figure 6-21. Helical Scan 


10. BIDIRECTIONAL SCAN 


A bidirectional linear scan, such as a raster scan, sweeps both horizontally and 
vertically (Figure 6-22). A raster scan uses a thin beam to cover a rectangular area 
by horizontally sweeping the area. The angle of elevation is incrementally 
stepped up or down with each horizontal sweep of the desired sector. After the 
sector has been covered, the angle of elevation is reset to the original value and 
the process is repeated. The number of raster bars is set by the number of 
horizontal sweeps in the basic raster pattern. Figure 6-22 shows a four-bar raster 
scan, which is normally associated with an airborne interceptor (Al) radar. 


Figure 6-22. Raster Scan 


6-17 


Chapter 6. Antenna Characteristics and Scans Electronic Warfare Fundamentals 


41. CONICAL SCAN 

A conical scan, or conscan, radar is generally used for precision target tracking. 
A conical scan radar (Figure 6-23) employs a pencil beam of radar energy that is 
continuously rotated around the target. This circular rotation of a pencil beam 
generates a cone-shaped scan pattern with the apex of the cone located at the 
antenna. Thus, the name conical scan. 


Figure 6-23. Conical Scan 


a. As the pencil beam rotates, the circular scan patterns overlap in the center. 
This creates a central tracking area that has a much smaller effective beamwidth 
than the rotating pencil beam (Figure 6-24). This results in a very precise tracking 
solution. 


Central Tracking 
Point 


Figure 6-24. Conical Scan Tracking Area 
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b. Since conical scan radars are designed for precision target tracking, these 
radars normally operate at high frequencies, high PRF, narrow pulse widths, and 
narrow beamwidths. The rotation rate of the pencil beam can exceed 1,800 
revolutions per minute. This means that both azimuth and elevation data can be 
updated about 30 times per second. 


c. The combination of conical scan and raster scan is called a Palmer-raster 
scan (Figure 6-25). A Palmer-raster scan uses a thin beam, employing a conical 
scan searching pattern, for a specific sector of airspace. With each sweep of the 
sector, the angle of elevation is incrementally stepped up or down. After the 
vertical sector has been covered, the angle of elevation is set at the original 
elevation and the process is repeated. The number of bars is determined by the 
number of vertical search scans. 


Figure 6-25. Palmer-Raster Scan 


d. The combination of a conical scan and a circular scan is called a Palmer 
scan. Palmer scans incorporate a circular scanning antenna to search the entire 
horizon while simultaneously performing a conical scan. If the radar antenn 
also performing a unidirectional altitude search in conjunction with this scan, i 
employing a Palmer-helical scan (Figure 6-26). 
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Figure 6-26. Palmer-Helical Scan 


12. TRACK-WHILE-SCAN 
A track-while-scan (TWS) system uses a technique that allows a radar to track 
‘one or more targets while scanning for others. Radar systems with a TWS 
capability must be able to generate two or more distinct radar beams. 


a. A conventional TWS radar employs two antennas that work with each other 
to perform the scan function (Figure 6-27). Each antenna produces a separate 
unidirectional beam. Each beam is transmitted at a different frequency. The 
vertical antenna generates a beam employing a vertical sector scan similar to a 
height finder radar except the beamwidth is narrower and it scans at a higher 
rate. The horizontal antenna generates an identical beam employing a horizontal 
sector scan at a different frequency. The track function is accomplished in the 
area where the two beams pass through each other. A target that is within this 
center area is tracked, and positional information on range, elevation, and 
azimuth is updated each time the beams sweep through the area. 
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Elevation Beam 


Figure 6-27. Conventional TWS Radar 


b. The phased array radar is a product of the application of computer and 
digital technologies to the field of radar design. A phased array is a complex 
arrangement of many individual transmitting and receiving elements in a 
particular pattern (Figure 6-28). Common arrays include linear, planar, curved, 
and conformal, with linear being the most common. By using a computer to 
rapidly and independently control groups of these individual elements, a phased 
array antenna can, in effect, radiate more than one beam from the antenna. 
Multiple beams and computer processing of radar returns give the phased array 
radar the ability to perform the TWS function. The most common employment of 
the TWS capability of the phased array radar is in the air-to-air arena. 


Figure 6-28. Phased Array Antenna 
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(1) The number of individual transmitting and receiving elements is limited 
by the size of the radar antenna. The number of targets a phased array radar can 
track is limited by the number of independent beams the antenna can generate. 
Many phased array radars, especially air-to-air radars, do not track and scan 

imultaneously, but rapidly switch between the two modes to overcome this 
limitation (Figure 6-29). 


Figure 6-29. Phased Array TWS 


(2) Modern TWS radars employ computer signal processing and complex 
computer algorithms to simplify the problem of target correlation (Figure 6-30). 
An air-to-air radar typically uses a raster scan to search a volume of airspace. In 
the search mode, the radar simply presents all targets detected in this airspace to 
the pilot on his radar display. In the TWS mode, the radar employs computer 
processing to figure out target correlation and update target information. This is 
done automatically, and the results are presented on the display. 
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6 Bar, +30° Scan Pattern 


Figure 6-30. Phased Array TWS Radar Display 


13. IMPACT OF TERRAIN ON RADAR SCANS 


No matter what type of scan a radar system employs, terrain can limit radar line 
of sight (LOS) and target detection. The concepts of radar horizon, direct terrain 
masking, and indirect terrain masking are important factors in radar target 
detection and mission planning. 


a. RF waves traveling in the atmosphere are bent, or refracted, and do not 
travel in a straight line. However, the degree of refraction depends on 
atmospheric conditions which vary significantly and are difficult to accurately 
quantify and predict. For these reasons, most radar computations are based on 
the assumption that RF waves travel in a straight line. The concept of the radar 
horizon is based on this assumption. 


(1) The radar horizon shown in Figure 6-31 is the maximum range a radar 
system can detect a target due to the curvature of the earth. The distance (d) to 
the horizon for a radar antenna at a height (h) can be computed using Equation 
6-6. 


Radar Rey 


Curvature of the Earth 


Figure 6-31. The Radar Horizon 
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Distance to Horizon (d) = V2kah 


k = constant (4/3) 


a = radius of earth 
h = height of radar antenna 


Equation 6-6. Basic Radar Horizon Equation 


(2) In Equation 6-6, the constant, k, is commonly used to compensate for 
the assumption of straight line propagation of RF waves. Using the assumption 
that the height of the radar antenna is small compared to the radius of the earth, 
distance is measured in nautical miles (nm), and height is measured in feet, then 
Equation 6-6 reduces to Equation 6-7. 


Equation 6-7. Simplified Radar Horizon Equation 


(3) Another application of Equation 6-7 is in calculating the range at which 
a radar antenna will achieve LOS with a low-altitude target. To compute this 
distance (D), Equation 6-8 can be used. 


Target Detection Distance (D) = 1.06 (Vh + vtarget altitude) 


Equation 6-8. Target LOS Distance 
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(4) To illustrate the use of Equations 6-7 and 6-8, consider the example of a 
radar antenna located at a height of 25 feet and a target aircraft flying at an 
altitude of 100 feet. From Equation 6-7, the radar horizon for this system would be 
5.3 nm. From Equation 6-8, the radar antenna will have LOS with the target 
aircraft at 16 nm. 


b. The previous discussions of the radar horizon assumes the radar is 
operating over water or level terrain. Radar operations over rough terrain can 
present other radar LOS limitations. As illustrated in Figure 6-32, prominent 
terrain features can limit radar detection. In this illustration, a mountain acts as a 
radar horizon and limits target LOS in one sector of the radar scan. This situation 
is called direct terrain masking. Placing prominent terrain features between the 
aircraft and threat radar systems effectively negates these systems and is an 
integral part of threat avoidance during combat mission planning. 


Radar Beam 


Figure 6-32. Direct Terrain Masking 


c. Figure 6-33 depicts another impact of terrain on target detection/indirect 
terrain masking. When both the aircraft and a prominent terrain feature are 
illuminated by a radar beam, a pulse radar system may not be able to differentiate 
the target return from the return generated by the terrain. Indirect terrain masking 
is most effective when the aircraft is flying abeam the radar site. Pulse Doppler 
radars and radar systems employing moving target indicator (MTI) circuits may 
be able to negate the effectiveness of indirect terrain masking. However, indirect 
terrain masking is another important consideration for threat avoidance during 
combat mission planning. 
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The Battery 


‘The symbol for the battery actually looks like the battery in this case. The same symbol is used for most 
single-cell batteries, even when they are of completely different shapes or proportions. Multicell 
batteries are usually represented with repeated stacks of long and short lines. 
‘The battery symbol's long line represents the positive terminal of the battery, and the short line 
ative terminal. Again, it’s just a coincidence that the wide side of the lithium coin cell 
is the positive terminal. The addition of the + sign in the schematic is redundant, but you'd be surprised 
how many people accidentally reverse this symbol. Better safe than sorry when it comes to electricity! 


The Resistor 


‘The battery's positive terminal is connected via a wire (drawn as a simple, solid line) to one side of the 
resistor. The schematic symbol for the resistor is a zigzag line. 

‘The resistor is labeled “RI” (resistor 1) in this schematic, even though it's the only resistor and could 
just as well have been labeled "RESISTOR #1,” or just plain “resistor.” The numeric value underneath the 
resistor is the component's primary electri at least as far as we're concerned when 
looking at the schematic. In this case, it indicates a resistor whose value is 1500. In this simple example, 
the value of the resistor is quite flexible. A larger value, such as 1KQ (1,000 ohms) or more, would also 
‘work, except that the LED would not shine as brightly. This is because more resistance results in less 
current flow, and it’s the current flow that makes the LED shine. More current, more shiny. 

We haven't specified any of the other important characteristics of the resistor, such as the tolerance 
or the power-handling capacity. Because this is such a low-power circuit, almost anything will do. When 
you start to work with really big LEDs that require correspondingly really big power supplies, this 
becomes a much more critical issue. For now, we start simply 


The LED 


‘The other side of the resistor is connected, again, with a simple, solid line, to the anode of the LED, 
whose reference designator in this schematic is D1 (for diode 1). You could have called it “LED,” and 
future generations would probably have understood your intentions, which should be your overriding 
goal. Its characteristic “value” in this case is “green.” Of course, any color will do, as long as you have the 
eyes to see it 

‘The LED's schematic diagram effectively communicates its polarized nature. The arrow indicates 
the flow of conventional current, The flat bar indicates the cathode, or negative terminal of the LED. This 
corresponds to the flat side of the LED body in this example. The cathode is connected via a wire back to 
the negative terminal of the battery, completing the circuit 

Can you see the circle yer? Hint: It’s disguised as a rectangle. The important point is that it forms a 
complete loop. 
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Figure 6-33. Indirect Terrain Masking 


414. SUMMARY 

This chapter has introduced basic antenna characteristics and how these 
characteristics influence their employment. The concepts of antenna gain and 
power density were also explained. The remainder of the chapter discussed the 
different types of radar scans. A radar's scan pattern is designed to enhance 
target detection and facilitate target tracking. The radar horizon, direct terrain 
masking, and indirect terrain masking are LOS limitations to all radar scans. The 
scan pattern chosen for a specific radar system determines the ability of that 
radar to provide accurate range, azimuth, elevation, or velocity of the detected 
target. 
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CHAPTER 7. TARGET TRACKING 


1. INTRODUCTION 


A target tracking radar (TTR) is designed to provide all the necessary information 
to guide a missile or aim a gun to destroy an aircraft. Once a target has been 
detected, either by a dedicated search radar or by using an acquisition mode, the 
TTR is designed to provide accurate target range, azimuth, elevation, or velocity 
information to a fire control computer. 


a. A typical TTR has individual tracking loops to track a target in range, 
azimuth, elevation, or velocity. The antenna of the TTR is pointed at a single 
target, and the radar initiates acquisition and target track. TTRs normally employ 
automatic trackers to continuously measure target data. The range tracking loop 
employs an early gate/late gate range tracker to maintain automatic range 
tracking. The azimuth and elevation tracking loops generate error signals to 
position the antenna and maintain constant target illumination. The velocity 
tracking loop found on pulse Doppler and CW radars is used to reject clutter and 
generate accurate target radial velocity information. Alll this critical information is 
passed to a fire control computer for weapons employment. 


b. The fire control computer is programmed with critical information on the 
capability of the weapon to be employed. For a missile, the fire control computer 
is programmed with the aerodynamic and range capabilities of the missile. For 
antiaircraft artillery (AAA), the fire control computer is programmed with the 
ballistics for the gun, rate of fire, and tracking rate. The fire control computer 
uses the precise target information from the TTR and the programmed weapon's 
parameters to compute a firing solution. Once a firing solution has been 
computed, the fire control computer either fires the weapon automatically or 
alerts the operator, who fires the weapon. For missile employment, the fire 
control computer may continue to provide missile guidance and fusing 
commands until missile impact or initiation of an active missile guidance mode. 
For AAA engagement, the fire control computer computes the required lead 
angle, aims the guns, and initiates firing. 


c. To provide the required azimuth and elevation resolution, most TTRs use a 
high frequency to provide narrow antenna beamwidths for accurate target 
tracking. High frequency operation also allows the radar to transmit wide 
bandwidths. To provide the required range resolution, most TTRs employ narrow 
pulse widths and high pulse repetition frequencies (PRFs) to rapidly update 
target information. In this chapter, the target tracking techniques of conical scan, 
track-while-scan, lobe-on-receive-only, monopulse, Doppler radars, and pulse 
Doppler radars will be discussed. 
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2. RANGE TRACKING 

In most TTR applications, the target is continuously tracked in range, azimuth, 
and elevation. Range tracking can be accomplished by an operator who watches 
an “A” scope presentation and manually positions a handwheel to maintain a 
marker over the desired target return. The setting of the handwheel is a measure 
of target range and is converted to a voltage used by the fire control computer. 
As target speeds and maneuvers increase, the operator may have extreme 
difficulty maintaining manual target range tracking. To avoid this situation, most 
TTRs employ an automatic range tracking loop. All pulse TTRs, which includes 
conical scan, track-while-scan, monopulse, and pulse Doppler radars, employ 
either a split gate or leading-edge automatic range tracking system. In a TTR, 
automatic range tracking serves two essential functions: (1) it provides the 
critical value of target range, and (2) it provides a target acceptance range gate 
that excludes clutter and interference from other returns. Since radar range is 
normally the first target discriminator used to initiate automatic target tracking, 
the second function is essential to the proper operation of the other tracking 
loops. 


a. A range gate circuit is simply an electronic switch that is turned on for a 
period of time after a pulse has been transmitted. The time delay for switch 
activation corresponds to a specific range. Any target return that appears inside 
this range gate is automatically tracked. The most common type of automatic 
range tracking is accomplished by a split-gate tracker. Two range gates are 
generated as shown in Figure 7-1. The automatic range tracking loop attempts to 
keep the amount of energy from the target return in the early gate and late gate 
equal. The range tracking error is computed by subtracting the output of the late 
gate from the output of the early gate. The amount of the range tracking error 
signal is the difference between the center of the pulse and the center of the 
range gate. The sign of the error signal determines the direction in which the 
gates must be repositioned to continue to track the target. 


Range Gate 
cA 


AGC 


Early Range Gate" TI™ Late Range Gate 
Range————_—_———_»> 


(Time in psec) 


Figure 7-1. Split-Gate Range Tracker 
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b. Leading-edge range tracking is an electronic protection (EP) technique 
used to defeat range-gate-pull-off (RGPO) jamming. Figure 7-2 illustrates the 
application of leading-edge tracking. The leading-edge tracker obtains all range 
data from the leading edge of the target return. All RGPO cover pulse jamming 
tends to lag the target return by some increment of time (see (a) in Figure 7-2). By 
differentiating the entire return with respect to time, the target return can be 
separated from the jamming pulse (see (b) in Figure 7-2). Employing a split-gate 
tracker electronically positioned at the initial pan, or leading edge, of the 
returning pulse, the range tracking loop can track the target return and ignore any 
jamming signals. The range tracking loop then uses split-gate tracking logic to 
determine the magnitude and direction of range tracking errors and reposition the 
range gate. 


Jammer 
Delay, | RGPO Cover Pulse Jamming 


Target Return 


Time 
(a) Target Signal Plus Jammer Waveform 


Target RGPO Cover Pulse Jamming 
Returns, (ae Waveform 


Time 
Early Late 
Range Gate - a Range Gate 


(b) Split Gate Tracking Derivative Pulse 


Figure 7-2. Leading-Edge Range Tracker 


c. The width of the tracking gate is an important radar design consideration. 
The range gate should be sufficiently narrow to effectively isolate the target from 
other returns at different ranges. It should be wide enough to allow sufficient 
energy from the target echo to be displayed. The width of the range tracking gate 
is normally equal to the pulse width of the radar. 
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d. Nearly all range tracking gates employ some form of automatic gain control 
(AGC). AGC is designed to limit target clutter and glint. It is also designed to 
avoid excessive false alarms. 


3. CONICAL SCAN 


A conical scan tracking system is a special form of sequential lobing. Sequential 
lobing implies that the radar antenna beam is sequentially moved between beam 
positions around the target to develop angle-error data. For a conical scan radar 
to generate azimuth and elevation tracking data, the beam must be switched 
between at least four beam positions as shown in Figure 7-3. 


Target in This Area 


Actual Beam Width 


Figure 7-3. Conical Scan Positions 


a. One of the simplest conical scan antennas is a parabola with an offset rear 
feed that rotates, or nutates, to maintain the plane of signal polarization. The 
radar beam is rotated at a fixed frequency around the target. The angle between 
the axis of rotation (normally the axis of the antenna) and the axis of the antenna 
beam is called the squint angle. 


b. A conical scan radar first tracks the target aircraft in range. For azimuth 
and elevation tracking, the target return is modulated at a frequency equal to the 
rotation frequency of the radar beam. This results in a target signal output that 
resembles a sine wave (Figure 7-4). The azimuth and elevation tracking loops 
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drive servo motors to position the antenna to keep the energy level in each of the 
four positions equal. The amount of the modulated signal determines how far the 
target is off the antenna boresight while the phase of the modulation (positive or 
negative) determines the direction. 


Figure 7-4. Conical Scan Modulation 


c. In Figure 7-5, most of the target energy is in position 1, with a small amount 
of energy in position 4. The output from the elevation tracking loop is positive 
and drives the antenna servos upward. The output from the azimuth tracking loop 
moves the antenna to the right. 


+ 


Figure 7-5. Conical Scan Tracking Errors 
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d. Once a balance of target energy in each scan position is achieved, the 
target is in the central tracking area (Figure 7-6). The azimuth and elevation 
tracking circuits continue to drive the antenna servos to maintain this energy 
balance which keeps the radar beam on the target. 


+] Position 1 Position 3 


Figure 7-6. Conical Scan Tracking 


e. The primary advantage of a conical scan radar is the small beamwidth 
which provides extremely accurate target tracking information. The primary 
disadvantages of conical scan include the following: (1) the narrow beamwidth 
makes target acquisition a problem. Even using a Palmer-helical scan, it may take 
considerable time to find and initiate track on a target; (2) conical scan radars are 
vulnerable to inverse gain modulation jamming based on the scanning frequency 
of the rotating beam; (3) a conical scan radar must analyze many radar return 
pulses to generate a tracking solution. 


4. TRACK-WHILE-SCAN (TWS) 

TWS is a combined search and tracking mode that sacrifices the continuous 
target observation capability of the dedicated tracker in return for the ability to 
monitor a finite sector of airspace. This is accomplished while maintaining tracks 
on multiple targets moving through the covered airspace. There are two types of 
radar systems capable of TWS operation: conventional and phased array. 


a. Conventional track-while-scan threat radars use two separate antennas to 
generate two separate beams (Figure 7-7). These beams operate at two different 
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frequencies and are sectored so they overlap the same region of space. This 
overlap area provides a tracking area for a single target. One beam is sectored in 
the vertical plane to give range and elevation. The other beam is sectored in the 
horizontal plane to provide range and azimuth. Each beam scans its sector at a 
rate of 5 to 50 times per second. This provides a rapid update on target range, 
azimuth, and elevation. 


80% of Scan Areas Overlap 


Elevation Beam 


Azimuth Beam 


Figure 7-7. Conventional TWS Radar Beams 


(1) The two TWS antennas generate their beams using an electro- 
mechanical principle. Each antenna provides inputs to its own display and 
provides angle and range information for all targets in the coverage of the radar. 
The display from the elevation beam is calibrated in range and elevation, while 
the display from the azimuth beam is calibrated in azimuth and range. Operators 
position a cursor over the returns on these displays using range as the primary 
parameter. Once a target has been designated for engagement, the radar 
automatically attempts to keep the tracking axis of the radar beams centered on 
the target. 


(2) Once the target is designated by the operator, the range gate is enabled 
and tracks the target using a split-gate tracker. The azimuth and elevation 
tracking loops receive information only from targets inside the range gate. As the 
beams scan across the target, a burst of pulse returns is received that have an 
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amplitude envelope corresponding to the beam pattern. The azimuth beam 
pattern is shown in Figure 7-8. 
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Figure 7-8. Conventional TWS Azimuth Tracking 


(a) The azimuth tracker is typically a split-gate tracker, identical in 
concept to a split-gate range tracker. However, range delay time is replaced by 
azimuth scan time. The azimuth tracker uses a left gate and right gate. Each gate 
integrates its share of the target return to generate a voltage/time value. When the 
azimuth gate is centered on the target, the areas are equal and the error signal 

ight gate minus left gate) is zero. The azimuth tracking loop sends signals to the 
antenna servos to keep the target centered in the scan area. 


(b) Elevation tracking is accomplished in the same manner by using an 
up gate and a down gate. The elevation tracking loop also sends signals to the 
antenna servos to keep the target centered in the scan area. 


(3) Once the target is designated and the radar is automatically keeping 
the radar return centered in the tracking area, target range, azimuth, and elevation 
information is sent to a fire control computer. The radar continues to provide 
information on other targets in the scan area. The fire control computer indicates 
the firing solution has been achieved for the designated target, and a mis: 
launched. The radar tracks the target and the missile and provides in-flig! 
corrections to the missile right up to the moment of missile impact. These 
corrections are based on both target and missile azimuth, range, and elevation 
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information. Information is passed to the missile from a dedicated antenna on the 
radar to special antennas on the missile. Commands from the radar to the missile 
are called uplink guidance commands. Information from the missile back to the 
radar and fire control computer is called downlink information. 


(4) The advantages of a conventional TWS radar include the following: (1) 
‘WS radars have the ability to maintain radar contact with all targets in the sector 
scan area while maintaining target track on a single target, and (2) the rapid 
sector scan rate provides a rapid update on target parameters. The primary 
disadvantages of a conventional TWS radar include: (1) a large resolution cell due 
to the wide azimuth and elevation beams, and (2) vulnerability to modulation 
jamming based on the scan rate of the independent beams. 


b. Many modern radars employing a planar or phased array antenna system 
have a TWS mode. The radar does not really track and scan simultaneously, but 
rapidly switches between search and track (Figure 7-9). 


Figure 7-9. Phased Array TWS 


(1) The most common air-to-air radar system uses a planar array antenna. 
In the scan mode, the radar antenna generates a pencil beam and uses a raster 
scan to detect targets in the search area. Targets detected are presented to the 
pilot on the aircraft's radar display (Figure 7-10). 
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Building the Actual Circuit 


‘Comparing the schematic to the photograph of the completed circuit might not immediately click in 
your head. Take a look at Figure 4-8 for a slightly different angle, where you can see some more details, 
such as how the battery is being mounted. 


Figure 4-8. Another view of the LED circuit as built on a solderless breadboard. The battery holder is a 
‘modified pin block that has had a couple of its pins removed, allowing the coin cell to fit in on the 
diagonal. A thinner coin cell could have fit without your having to remove the corner pins. A proper coin 
cell holder is inexpensive and would provide a much more robust solution to the problem. 


Looking at Figure 4-8, you can see how the positive side of the battery is making physical and 
electrical contact with the gold-plated pin of the pin block. The remainder of the pin emerges 
underneath the black plastic molding to make contact with the spring-loaded tie point within the body 
of the solderless breadboard, which in this case is the negative power rail. The positive terminal, in a 
similar fashion, makes contact with the positive power rail. 

By attaching the battery directly to the right-side power rails, you ensure that your circuits are only a 
short jumper away from power, no matter where along the breadboard you decide to build them. Handy! 
Note that the left-side and right-side power rails are not connected at this time. If you would like 

them to be, you can easily attach them using jumper wires, See Figure 4-9, 
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6 Bar, +30° Scan Pattern 


Figure 7-10. Air-to-Air TWS Display 


(a) In the track mode, the antenna generates multiple beams to 
illuminate individual targets. The radar typically uses monopulse or pulse 
Doppler techniques to update target range, azimuth, elevation or velocity. These 
tracking techniques will be covered later in this chapter. The radar initiates a 
track file on each detected target that contains all current data on the target and 
an estimate of future target position. 


(b) As the radar switches between track and scan modes, target 
parameters are updated in the tracking loop (Figure 7-11). The new target 
information is compared to the predicted information in the measurement data 
processing cell. If the two sets of data agree within certain limits, target position 
and information are updated. This process is called gating. 


Radar I Measurement I Track | 
Sensor Data Processing CU and Detection 


Gate Filtering (Prediction| 
Formation and Update) 


Figure 7-11. Planar/Phased Array TWS Tracking Loop 
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(c) If the updated target information does not correspond to the 
predicted values, the information is sent to the correlation processor. The 
correlation processor attempts to resolve the conflict based on further refinement 
of target data. If the correlation processor cannot assign the target parameters to 
an existing track file, a new track file is generated and displayed. 


(2) The obvious advantage of a planar/phased array TWS radar is that it 
can search a large volume of airspace while tracking individual targets. The 
number of targets that can be tracked is limited by the number of beams the radar 
can generate. Planar/phased array radars have increased peak and average 
power when compared to pulse radar systems. Since the radar beam of a 
planar/phased array radar is electronically controlled and can rapidly change 
beams and scans, it is resistant to many jamming techniques. The primary 
disadvantages of a planar/phased array TWS radar include its complexity, cost, 
and reliance on computer processing. 


5. LOBE-ON-RECEIVE-ONLY (LORO) 
LORO is a mode of radar operation developed as an EP feature for a track-while- 
scan radar. LORO can be employed by any radar that has the capability to 
passively track a target. Ina LORO mode, the radar transmits a continuous signal 
from a set of illuminating antennas. This continuous signal hits the target, and 
the return echo is received by a different set of receive antennas (Figure 7-12). 
The receive antennas are passive and generate azimuth and elevation tracking 
signals by electronically scanning the reflected signal. The tracking signals are 
sent to the antenna servos to keep the illuminating antennas pointed at the target 
and centered in the receive antenna tracking area. The range tracking circuit uses 
the time delay between the transmission and reception of the illuminating 
antenna signals. A split-gate tracker is used to provide range tracking. 


‘Transmit Antennas 


a —Peveving Antennas 


Figure 7-12. LORO Mode 


7-11 


Chapter 7. Target Tracking Electronic Warfare Fundamentals 


a. The illuminating antennas used in the LORO mode have very narrow 
beamwidths and transmit at a high power level. This reduces the effectiveness of 
noise jamming techniques against a radar employing a LORO mode. In addition, 
the continuous signal from the illuminating antennas negate the effectiveness of 
most angle deception jamming techniques designed to defeat TWS radars. These 
specialized jamming techniques exploit the scan rate of TWS antennas. In the 
LORO mode, the illuminating antennas do not have a scan rate. The limited 
effectiveness of both noise and deception jamming techniques is the major 
advantage of the LORO mode. 


b. The LORO mode also provides a track-on-jam (TOJ) capability to exploit 
noise jamming techniques. In a TOJ mode, the receive antennas passively track 
any detected noise jamming signals. The radar assumes that the most intense 
jamming signal is the target. The receive antennas process the strongest 
jamming signal as if it were a target echo from the transmit antenna signal. The 
receive antennas generate azimuth and elevation tracking signals to keep the 
jamming signal centered in the tracking area. The TOJ mode does not provide 
target range. 


6. MONOPULSE RADAR, 


Monopulse radars are among the most complex radar systems. From a single 
pulse, a monopulse radar can derive all the data needed to update a target's 
position. It does this by comparing the relationship of two or more radar beams 
that are transmitted together from the same antenna but received separately. By 
comparing the phase or amplitude of the energy in these returned beams, target 
azimuth and elevation can be found. The speed that a monopulse radar updates 
the target's position, coupled wit! azimuth/elevation accuracy and resistance 
to jamming, make this a popular choice amongst many newer TTRs. 


a. The Magic T circuit allows monopulse radars to gather and process 
information from a single pulse that is transmitted and received using separate 
antennas. Figure 7-13 depicts a four-beam monopulse radar system. The Magic T 
is a sophisticated wave guide that can separate multiple signals by their phase 
relationships. This allows the radar tracking computer to compare the signal 
amplitude from the reflected pulses in several distinct ways. As the reflected 
energy enters the Magic T, it is separated by phase. The energy in the “H” arm 
will be in-phase and will exit from ports 1 and 2. The received energies entering 
the wave guide in the “E” arm exit at the number 1 port. This energy is exactly 
180° out-of-phase with energy entering the H arm. This ensures there is no 
transfer of energy between the E and H plane arms. A typical monopulse radar 
would have eight Magic T's. 


7-12 


Electronic Warfare Fundamentals. Chapter 7. Target Tracking 


Figure 7-13. Monopulse Magic T 


b. The output of a Magic T is the sum and difference of the two signals. These 
sum and difference values in amplitude or phase are used to generate azimuth 
and elevation error signals as well as to compute range. Monopulse radars may 
split the incoming signal as depicted in Figure 7-14. Upper antennas receive the A 
and B signals. Lower antennas receive the C and D signals. The various 
combinations of signals are processed and compared by simple addition and 
subtraction of the signal characteristics. From these steps, azimuth, range and 
elevation data are computed. 


Figure 7-14. Magic T Output Signals 
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igure 7-15 is used to compute target range. Target 
range is derived by adding the signal from the A scan to the signal from the B 
scan. This value is then added to the sum of the C and D scan signals. The output 
of these combinations is then passed to the range circuit which figures out the 
range of the target and displays it to the operator. Monopulse range tracking is 
accomplished by using either a leading-edge or split-gate tracking loop. 


(2) Target elevation tracking error is derived using the middle equation 
from Figure 7-15. The signal from the A scan is added to the signal from the B 
scan. The signals from the C and D scans are also added. This time, however, the 
sum of A+B is subtracted from the sum of C+D. This value is then passed to the 
elevation circuit. Elevation signals are sent to the operator display and the servo 
mechanism, which corrects to the updated position of the target. 


(3) The bottom equation from Figure 7-15 is used to compute the azimuth 
error. The signal from the A scan is added to the signal from the C scan. The B 
and D scans are also added together. The sums of these values are subtracted 
from each other. This difference equals the tracking error in azimuth. The radar 
system will then position the search beam to even the energy level between the 
two pairs of sums. When this occurs, the azimuth tracking error is zero. 


A+B) + (C+D 
(A+B) + (C+D) Mix IF Amp and 


Detector Seats ange) 


Elevation 
Correction 


IF Amp and 


Detector pelt 


to | 


(A+C)-(B+D) F 
IF Amp and Azimuth 


‘Azimuth Detector Servo | Correction 
Error 


Figure 7-15. Monopulse Tracking Loops 


c. A further illustration of the idea of signal combinations can be seen by 
referring to the F-16 in Figure 7-16. All the energy is received in the B scan area. 
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The A scan signal is added to the B scan signal. The signals from the C and D 
scans are also added. However, the sum of A+B is now subtracted from the sum 
of C+D. In this case, the values from the A scan and the C scan are zero. This 
total value of (A+B) - (C+D) is then passed to the elevation circuit. 


Figure 7-16. Monopulse Elevation Tracking Error 


(1) The comparison in Figure 7-17 shows that all the energy is in the B 
scan. The radar will reposition the scan vertically to balance the energy between 
the B and D scans. When the energy level is balanced, the elevation error is zero. 


Elevation error =0 
Azimuth Error Remains 


c D 


Figure 7-17. Monopulse Elevation Track 
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(2) Using the azimuth error equation from Figure 7-15, the azimuth tracking 
loop computes the azimuth error and repositions the antenna to equalize the 
received energy in all the beams. The monopulse radar has now established a 
tracking solution (Figure 7-18). All these computations are done instantaneously 
on a pulse-to-pulse basis. 


Figure 7-18. Monopulse Azimuth Track 


7. CONTINUOUS WAVE (CW) RADARS 
CW radar was one of the earliest forms of radar systems. Unlike pulse radar 
systems, CW radars emit a continuous beam of RF energy with no interruptions 
in the transmissions to detect returning echoes. A continuous radar transmission 
from the antenna requires that a classic CW radar have two antennas, one for 
transmission and one for reception (Figure 7-19). 


Figure 7-19. CW Radar 
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a. Since a continuous transmission results in a continuous echo signal, it is 
impossible to tell what part of the echo is associated with any particular part of 
the transmission. This makes range typical determination impossible. The 
azimuth and elevation tracking capability of a CW radar is based on the antenna 
position when the target is illuminated. The simple application of the Doppler 
principle provides a means for a CW radar to track a target in velocity and reject 
clutter. The Doppler principle deals with the fact that a radar return from a moving 
target will be shifted in frequency by an amount proportional to its radial velocity 
compared with the radar site. Using the difference in frequency from the 
transmitted signal to the received signal, a CW radar can separate the target 
return from clutter based on a change in frequency. This type of radar is called a 
CW Doppler radar. 


b. The most serious disadvantage of a simple CW Doppler radar is that it does 
not provide any range information on the target. One method of obtaining range 
information from a CW radar uses frequency modulation (FM). The modulation 
can be sinusoidal, sawtooth, triangular, or any shape, as long as the rate of 
frequency change is known. The transmitter emits a continuous signal, but the 
frequency is changed in a known pattern. When the echo returns from the target, 
it is then compared to the frequency being transmitted. This frequency difference 
is directly proportional to the range of the target. 


(1) Figure 7-20 shows how a FM CW radar measures range. Using a 
triangular wave for modulation, a plot of transmitted frequency over time would 
look like the solid line. It is important to note that this is not a depiction of the 
transmitted wave but a plot of how the frequency of the wave varies with time. For 
a target, without any relative motion, the frequency returning to the receiver is 
depicted by the dotted line. The target echo frequency lags the transmitted 
frequency by time (t). There is also a frequency difference between the 
transmitted and received signals. Range to the target may be computed by 
measuring this frequency difference and dividing by the rate of change of the 
transmitted frequency. The result is time. Dividing this time by 12.4 microseconds 
per radar mile yields range to the target. The frequency difference is constant for 
a target, without any relative motion, except for the brief intervals when the 
change in frequency goes from a positive to a negative slope. These “ditches” 
are negligible and can be disregarded when calculating range. The average 
amplitude is equal to target range. 


TAT 


Chapter 7. Target Tracking Electronic Warfare Fundamentals 


Frequency of Frequency of Target 
Trenacatal Echo at Receiver 


t 


Frequency 


f Frequency 
Difference 


Average Amplitude 
(Indicated Target Range) 


Frequency Difference 
between Transmitted 
and Received Signals 


Figure 7-20. FM CW Radar Range Determination (No Relative Motion) 


(2) For a target moving toward the radar, the FM CW radar measures both 
target range and velocity. In Figure 7-21, the frequency of the return signal will be 
increased as depicted by the dotted line. Remember, this is a graph of frequency 
versus time, not a depiction of the radar wave. For a moving target, this results in 
a varying frequency difference. A plot of the frequency difference over time 
provides target range by averaging the difference, while target velocity is found 
by comparing the two frequency differences. 


Echo Frequency Increase 
(Due to Doppler Shift) 


Frequency 


Average Indicates 
Target Range 


Difference Indicates 
Target Velocity 


Frequency 
Difference 


Figure 7-21. FM CW Radar Range Determination (Relative Motion) 
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c. The primary advantage of the FM CW Doppler radar is its ability to combine 
the clutter rejection features of a simple CW Doppler radar with the capability to 
detect range. The widest application of FM CW Doppler radars is in radar 
altimeters for aircraft. In addition, the HAWK missile system uses an FM CW 
Doppler acquisition radar and a CW target illuminator. 


d. Another method used for clutter rejection in a pulse radar system is to 
employ special circuits, or Doppler processing, to identify and reject clutter. 
These special circuits are added to the receiver section of a pulse radar and are 
called moving target indicators (MTIs). There are two types of MTls, non-coherent 
and coherent. 


(1) The earliest form of MTI was called non-coherent MTI or “area” MTI. 
Non-coherent MTI radars do not process Doppler frequencies. The returns from 
one scan are subtracted from returns from the next scan. All targets that move at 
least one resolution cell in the time between scans are displayed. All stationary 
objects, including fixed clutter, are cancelled and not displayed. In this type of 
MTI, clutter cancellation is based on the size and movement of the return. Due to 
changes in the clutter cross section, instabilities in radar operations, variations 
such as rain or clouds, and noise from the transmitter, clutter cancellation is 
never complete. In another form of non-coherent MTI, the radar returns from 
moving targets are compared to the returns from fixed targets, and the fixed 
targets are cancelled. These non-coherent MTIs are simple, but they do not 
provide the clutter rejection available from coherent MTI radars. 


(2) Acoherent MTI uses the fact that Doppler shifts appear to a pulse radar 
as phase shifts on the received target pulse. Coherent MTI uses sophisticated 
circuitry, including stable local oscillators (STALOs) and coherent local 
oscillators (COHOs) to capture and process these phase shifts. Further 
processing of these phase shifts yields velocities for each return. Those 
velocities associated with stationary targets are rejected and only moving targets 
are displayed. Coherent MTIs have a major problem called “blind speeds.” Blind 
speeds occur for all target Doppler frequencies that are the exact PRF, or any 
multiple of the PRF, of the radar signal. When a target is moving at a velocity that 
produces this Doppler frequency, its return is cancelled along with fixed returns. 


(3) There are three techniques to limit “blind speeds.” The first technique 
is to use a PRF stagger. By staggering the PRF, the blind speed associated with 
one PRF will be covered by the other PRF. The second method is called the delay 
line and canceler. This involves delaying each pulse so it can be compared to the 
next pulse before processing. This method enhances Doppler frequency 
comparison and rejects clutter more effectively. The third way is to use range 
gates and Doppler filters. A range gate is simply a switch that opens for a ti 
corresponding to the time a radar return would arrive for a target at a specific 
range. For example, a range gate for all targets between 10 and 11 nautical miles 
would open 124 microseconds after the transmitted pulse (12.4 microseconds per 
mile) and close 12.4 microseconds later. A target return at this range would trip 
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Figure 4-9, Attaching the left- and right-side power rails using jumpers. By default, the power rails are not 
connected. There are some situations where you need them to not be connected, such as when using 
multiple supply voltages within a single circuit. These things happen. 


Now, referring all the way back to Figure 4-6 (sorry about that), you should be able to see how the 
positive terminal of the battery is indeed connected to one side of the resistor. The other side of the 
resistor, then, makes an electrical connection with the anode of the LED (the non-flat side, when seen 
from above). The cathode is connected to the negative power rail using a short jumper wire. The 
negative power rail then completes the circuit back to the battery. The circle is complete. 

‘Note that the resistor could have been placed either before the LED in the circuit (as shown in the 
photographs) or after the LED. The only important points are that itis in the same circuit, or circle, and. 
that the current must flow through both the LED and the resistor. It really doesn’t matter which one 
comes first, especially in this simple circuit. It will only make a difference when you start to do fancy 
stuff, like adding switches and such to complicate things. 

ifyou're using a different kind of solderiess breadboard (and there are a few distinct varieties), you 
‘may of may not have power rails available. Ifso, fret not. You can still make point-to-point connections 
‘using more jumper wires. Now you're starting to understand why you were assigned to cut and strip so 
‘many jumper wires back in Chapter 2! They should start to be coming in handy just about now. 
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this gate and be processed by Doppler filters to find velocity. Fixed targets would 
trip the range gate and be eliminated by the Doppler filters. This is a 
sophisticated technique that is also used by pulse Doppler radars. 


8. PULSE DOPPLER RADAR 


Pulse Doppler radars combine the advantages of both pulse and Doppler radar 
systems. Because the signal is pulsed, the radar can find range, azimuth, and 
elevation, similar to a conventional pulsed radar. A pulse Doppler radar can also 
compute overtake, or rate of closure, compared with the radar system on a pulse- 
to-pulse basis. A pulse Doppler radar operates much like an MTI, and the terms 
are sometimes used interchangeably. However, an MTI uses Doppler frequency 
shifts only to reject clutter while a pulse Doppler radar uses Doppler frequency 
shifts to reject clutter and to track targets in velocity. A pulse Doppler radar 
transmits a box or pulse of RF energy at the operating frequency of the radar 
(Figure 7-22). The frequency inside these boxes reacts the same way as the 
continuous waves of a CW radar, but since the RF waves are pulsed, range 
determination can be accomplished by measuring the time it takes for the 
reflected pulse to return from the target. Velocity determination and tracking are 
accomplished by capturing and quantifying the Doppler shift of the frequencies in 
each pulse. 


CT AUAUAUAUAV, 
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Pulsed 


Radar = 
Velocity | Range | 
Tracking Tracking 


Figure 7-22. Comparison of CW Radar and Pulse Doppler Radar 


a. A pulse Doppler radar tracks a single target in azimuth and elevation by 
employing either conical scan (sequential lobing) or monopulse tracking. Angle 
and elevation tracking employing these techniques is covered in Sections 3 and 6 
of this chapter. The error signals generated by these techniques are sent to the 
antenna servos to keep the target return centered in the antenna beam. 


b. Range tracking of a single target in a pulse Doppler radar is normally 
accomplished by a split-gate or leading-edge range tracking loop. Some pulse 
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Doppler radars employ an FM technique to provide range information during high 
PRF operations. 


c. For velocity tracking, each range gate has a complete set of Doppler filter 
banks as depicted in Figure 7-23. Each pulse of RF energy is composed of many 
frequencies. To separate the returning target frequency from all other frequencies 
in the returning waveform, the pulse Doppler radar employs filters to cancel the 
unwanted frequencies. In addition, it cancels out all returns with no frequency 
shift, which equates to canceling all returns with no movement relative to the 
radar. 


Frequency 


Clutter Filter 


—Transmitter Frequency 
- Returned Frequency 


Figure 7-23. Range Ambiguity 


d. The ability of a pulse Doppler radar to accomplish range, azimuth, and 
velocity tracking is dependent on the PRF of the radar. Table 7-1 summarizes 
these capabilities based on PRF. Low PRF tracking in velocity is extremely 
difficult due to the spacing of the spectral lines. Low PRF gives accurate range 
and azimuth as well as long, unambiguous range. Medium PRF tracking in range, 
azimuth, and velocity is easy for the radar to handle. High PRF provides excellent 
velocity resolution, but range ambiguities become a problem. 


Table 7-1. Pulse Doppler Tracking Capabilities 


[Prefix | Velocity | Range | Azimuth 
LowPRF | Poor | __— Good _| Good 


MedPRF | Good | __Good__|__ Good | 
High PRF_ | Excelient_| Poor | __ Good _ 
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e. Weaknesses of pulse Doppler radars include velocity blind speeds, range 
ambiguity, and range eclipsing. 


(1) The primary operator exploitable weakness of a pulse Doppler radar 
takes advantage of the pulse Doppler radar's biggest strength. The pulse Doppler 
is designed to eliminate ground returns so that the attacker is able to track an 
aircraft that used to be able to hide in ground clutter. To remove the ground 
clutter and avoid tracking unwanted targets like cars on a road, a filter is 
designed in the radar to eliminate all targets with a low velocity relative to the 
radar. The key to breaking track of a pulse Doppler radar is to place the aircraft in 
a speed less than the speed gate relative to the radar (Figure 7-24), commonly 
referred to as the Doppler notch. 


V,_ = 0 (Not Tracked) 


~ HITLUULLLLI] | 


Ve = 400 knots (Tracked) 


Figure 7-24. Pulse Doppler Speed Gate 


(2) Range ambiguity occurs primarily with long-range targets when the 
return comes back to the radar after another pulse has already been transmitted 
(Figure 7-25). The radar will see this return and base its range calculations on the 
transmission time of the immediately preceding pulse, instead of the pulse that 
generated the return. The result will be an incorrect range calculation. 
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Figure 7-25. Range Ambiguity 


(3) Range eclipsing occurs when a target return comes back to the radar 
antenna while a pulse is being transmitted (Figure 7-26). Since the radar cannot 
receive while transmitting, the return will not be displayed. 


Not Seen 


Return 
from 
Pulse 1 


Figure 7-26. Range Eclipsing 


(4) To solve the problems of range ambiguity and eclipsing, a pulse 
Doppler radar employs different PRFs and computer logic. In Figure 7-27, at 
PRF 4, the return from target 1 is eclipsed, and target 2 is ambiguous. By 
changing the PRF slightly, these range problems can be resolved. Notice that at 
PRF 2, neither target is eclipsed, and at PRF 3, target 2 is eclipsed. The computer 
logic needs to be extremely advanced to compensate for these problems. These 
simplistic examples show the complex problem of using multiple PRFs. 
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Figure 7-27. Resolving Range Ambiguity and Eclipsing 


9. SUMMARY 


This chapter has discussed the range, azimuth, elevation, and velocity tracking 
techniques employed by conical scan, TWS, LORO, monopulse, CW Doppler, and 
pulse Doppler radar systems. The method used by a specific radar system to 
track a target determines the type of jamming technique required to counter this 
system. A basic understanding of the target tracking techniques will enable you 
to understand the basic jamming techniques employed to defeat these threats. 
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CHAPTER 8. RADAR MISSILE GUIDANCE TECHNIQUES 


1. INTRODUCTION 


Once a target has been designated, acquired, and tracked by a radar system, the 
final stage in target engagement is to guide a missile or projectile to destroy the 
target. There are three basic requirements for successful missile guidance: (1) 
precise target tracking by a target tracking radar (TTR) to provide target 
parameters (range, azimuth, elevation, velocity, etc.), (2) a method to track the 
position of the missile compared with the target, and (3) a fire control computer to 
generate missile guidance commands based on target and missile position. The 
guidance techniques employed by modern air-to-air and surface-to-air 
(SAM) systems will be covered in this chapter. In addition, the target 
engagement techniques employed by antiaircraft artillery (AAA) systems will also 
be discussed. There are three distinct phases in any missile intercept: boost, 
mid-course, and terminal. 


a. Nearly all missiles are unguided during the initial boost phase (Figure 8-1). 
During the boost phase, the missile electrical and hydraulic systems are activated 
and are coming up to operating parameters. The missile is gathering speed and 
normally will be in an unguided mode of flight. 


Figure 8-1. Initial Boost Phase 


b. During the mid-course phase, the missile is actively being guided to the 
target using some type of guidance signal (Figure 8-2). Guidance signals deflect 
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the control vanes of the missile to change its direction. These vanes change the 
roll, pitch, and yaw, in some combination, to control the missile flight path. 
Normally a gas grain generator powers a small hydraulic pump that deflects the 
control vanes in response to guidance signals. Each missile carries a limited 
supply of hydraulic fluid for maneuvering. The fluid is expended through vents 
with every control surface activation. The limited quantity of hydraulic fluid can 
be a significant factor during a long-range missile intercept. 


Figure 8-2. Mid-Course Guidance Phase 


c. The final phase of an intercept is the terminal phase (Figure 8-3). During 
this phase, the missile attempts to pass close enough to the target to detonate 
the fuse while the target is within the lethal radius of the warhead. Modern 
missiles employ both a contact fuse and some type of proximity fuse. Proximity 
fuses range from command detonation for command-guided missiles, fractional 
Doppler gates for semi-active guided missiles, to active laser fuses for IR-guided 
missiles. 
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Figure 8-3. Terminal Guidance Phase 


2. COMMAND GUIDANCE 

Command guidance uses a fire control computer to constantly send course 
correction commands to the missile throughout its flight. These commands are a 
series of electrical missile guidance pulses called doublets or triplets. These 
pulses provide steering commands to the missile by varying the spacing between 
each guidance pulse. Each pulse, or pulse combination, relays some roll, pitch, 
and yaw command to the missile. These inputs are constantly corrected for the 
spatial relationship between the missile and the target's present position and rate 
of motion. Guidance commands are passed to the missile by specialized 
antennas on the TTR and an antenna installed on the missile, called a missile 
beacon. The beacon is a special radio receiver and transmitter that is attached to 
the rear of the missile. It acts like a transponder in that the TTR tracks and 
receives guidance commands. The guidance frequency may be widely separated 
from the target tracking radar frequency to minimize interference. This beacon is 
usually masked until missile booster separation. This results in the missile being 
launched unguided for the first 2-3 seconds. This type of delay is one of the 
reasons that all command-guided missile systems have a minimum launch range. 
Command guidance is used by the SA-2, SA-3, SA-4, and SA-8. 


a. Command-guided missiles will generally fly a rectified (full or half) or three- 
point pursuit geometry during the mid-course portion of the intercept (Figure 8-4). 
However, a command-guided missile may transition to a pure pursuit geometry 
during the terminal phase of the intercept. Rectified geometry involves the 
prediction of where the target and the missile will be at some point in the future. 


8-3 


Chapter 8. Radar Missile Guidance Techniques Electronic Warfare Fundamentals 


The target's direction and rate of movement is tracked and predicted. The missile 
is then launched, pulls lead on the target, and is guided to the point in the sky 
where the intercept is predicted to take place. This profile requires the constant 
update of both the target and missile positions. 


Figure 8-4. Rectified Flight Profile 


b. Three-point pursuit geometry is often used when there is incomplete range 
tracking data on the target. In this case, it will be impossible to predict exactly 
where the target will be at some point in the future. In this profile, the target 
tracking radar constantly tracks the target. The missile location will be updated 
by the missile beacon. The fire control computer will direct the missile to fly 
directly down the tracking radar beam toward the target. In this geometry, the 
missile may start out on a direct intercept course and, depending on the target's 
direction and rate of movement, transition to a pure pursuit intercept. The three 
points in three-point missile geometry are depicted in Figure 8-5. Point one is the 
target tracking radar, point two is the missile itself, and point three is the target. 
By keeping all three points always in a line, the missile will intercept the target at 
some point, although the range of the target is unknown. 
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Point 3 


Figure 8-5. Command Guidance: Three-Point Pursuit 


c. Command guidance techniques have many advantages. First, command- 
guided missiles can adjust their flight geometry throughout an intercept profile. 
Second, the missiles are uncomplicated since they do not carry onboard 
computers or target tracking equipment. The fire control computer associated 
with the TTR accomplishes all intercept calculations. Third, the primary intercept 
profile, a full- or half-rectified intercept, is the fastest and most fuel-efficient 
intercept. Fourth, command guidance is difficult to jam since the missile beacon 
antenna is at the rear of the missile and can be relatively high-powered. And 
finally, an intercept is possible even without accurate range information by using 
the three point intercept profile. 


d. Command guidance has several disadvantages. First, the use of a missile 
beacon delays the capture of the missile by the tracking radar. This can cause a 
large dead zone which equates to a larger minimum engagement range. Second, 
the accuracy of the intercept geometry is only as good as the tracking 
information provided by the target tracking radar. Jamming, interference, or loss 
of signal will adversely affect the intercept accuracy. In addition, normal radar 
characteristics could produce sufficient errors to cause the missile to miss the 
target, especially at longer ranges. Third, with insufficient range information, the 
three-point intercept profile is very slow and could result in the missile running 
out of energy before it gets to the target. Fourth, command guidance is reactive. 
The fire control computer constantly updates the intercept geometry based on 
target maneuvering. This results in missile maneuvering lagging target 
maneuvers. 


8-5 


(CHAPTER 4 » APORTABLE MIN-LAB 


100 


Multiple Uses for the LED 


Now we've moved from the 19th century incandescent bulb to the 20th century LED. What kind of 
lighting devices will we encounter in the centuries ahead? 

‘One of the nice features of LEDs is that they don’t typically require a great deal of power to operate. 
‘This is certainly true of indicator-style LEDs, whose only purpose is to be seen as either on or off. We can 
leave this LED installed right where itis and use it as a handy power-on indicator for future projects. You 
‘might be surprised how many heads get scratched in puzzlement, wondering why a newly wired 
prototype isn’t working, only to find out after exhaustive investigation that the power wasn’t turned on! 
‘Then again, you might not be surprised by this. 

‘Now let's take this perfectly working circuit and break it—on purpose. Ifwe interrupt the circuit, for 
‘example, by removing any of the components or their connections, the circuit stops working, To that 
‘end, remove the short jumper wire and replace it with two longer jumper wires. Plug in each of the new, 
longer jumper wires where the two ends of the short jumper were installed. See Figure 4-10. 


Figure 4-10. By intentionally breaking the circuit, we stop the flow of electricity through the components, 
extinguishing the LED. By reconnecting the longer jumpers (or just touching them together), we reestablish 
the circuit, and the LED should light back up again. We can use this mechanism to test whether there is 
continuity in another circuit. 


Now, by touching the two probe wires together, you recomplete the circuit, and the LED should 
glow in happiness. This is exactly how a switch works, You can use this basic idea to build a continuity 
tester that lights up the LED when the current flows in the circuit. This is very handy for testing cables 
and wiring in a more complex assembly. 
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3. SEMI-ACTIVE GUIDANCE 
Semi-active guidance is significantly different from command guidance, but only 
after launch. The first requirement is still for the target tracking radar to maintain 
a solid target track, with the tracking data being supplied to the fire control 
computer. The fire control computer then directs a target illumination antenna to 
point at the target and illuminates it with CW energy. The missile then passively 
homes on the reflected CW energy. 


a. The missile used by a threat system that uses CW homing is vastly 
different from the missile being guided by a command guidance signal. The 
missile that homes on CW energy must be equipped with a seeker section 
composed of an antenna and an internal receiver. The seeker section processes 
and computes the necessary course corrections as it flies toward the target. It 
can do this by knowing the zero boresight line of the antenna within the missile 
(Figure 8-6). As the reflected CW energy is received by the seeker, there is 
normally some deviation from the zero reference position. The onboard computer 
then directs the control surfaces to change the flight path to reduce the reference 
errors in the antenna to zero, if possible. When the error between the antenna 
position and the boresight position is zero, the missile is pointed directly at the 
target. 


Zero Bore Line 


oe 


Missile Commanded Down to 0° Error 


Figure 8-6. Semi-Active Guided Missile 


b. Missile systems that use semi-active guidance normally use velocity as the 
primary target discriminator during the intercept. The missile seeker locks onto a 
reference Doppler signal provided by the fire control computer before launch. 
This Doppler signal establishes a tracking gate around the velocity of the target. 
After the missile is launched, it initially compares the reference Doppler to the 
target Doppler signal. 
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c. The mid-course phase for a semi-active missile is also different from that of 
a command-guided missile. A semi-active guided missile follows the reflected CW 
energy during the mid-course phase of the intercept and normally attempts to fly 
a lead pursuit profile to the target (Figure 8-7). If the target maneuvers, however, 
the missile may transition to a pure pursuit flight path. Unlike a command-guided 
missile, a semi-active guided missile does not use a missile beacon. The fire 
control computer does not need to know where the missile is to compute course 
corrections since all that is necessary is to illuminate the target with the CW 
illuminator. This also means that the missile can begin to track and guide when it 
is launched and locked on to the reference Doppler gate. Semi-active guidance is 
the primary mode of guidance for many surface-to-air missiles, and almost all 
radar-guided air-to-air missiles. 


Figure 8-7. Semi-Active Guidance (Mid-Course) 


d. As the missile enters the terminal phase of the intercept, there is no 
change in the guidance mode used by a CW homing missile. The missile may 
complete the terminal phase of the intercept geometry by going to a pure pursuit 
flight path, if necessary (Figure 8-8). The missile continues to home in on the 
reflected CW signal until it passes close enough for the fuse to function. 
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jamming that may be used to deny range 
information. Second, a semi-active le can be guided almost immediately 
after launch. This gives it a very small minimum range since it can maneuver 
almost as soon as it clears the launch rail. Third, it computes its own course 
corrections as necessary. This allows for a much quicker reaction to target 
maneuvers compared to a command-guided missile. Fourth, during a long-range 
intercept, a CW missile can be more accurate than a command-guided missile. 
This is accomplished by taking the inherent long-range radar tracking errors out 
of the equation. The target tracking radar only has to keep the target illuminated 
so that it can point the CW antenna at the target. 


f. Although semi-active missile guidance is generally considered an excellent 
guidance technique, it does have some disadvantages. First, a semi-active guided 
missile normally requires reference Doppler values to be entered into the missile 
computer before launch. Without this reference, a semi-active missile cannot be 
launched (Figure 8-9). Second, a semi-active homing missile must maintain a lock 
onto the target Doppler. The use of chaff and beam maneuvers, which result in a 
near zero target Doppler, may cause a missile or radar to break lock. Third, if a 
break-lock occurs, a CW homing missile normally cannot regain target track and 
complete the intercept. 
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Figure 8-9. Semi-Active Guidance CW Reference Signal 


4. ACTIVE GUIDANCE 


Active guidance is an improvement that has been included in several new long- 
range missiles such as the AIM-54 Phoenix and the AIM-120 AMRAAM. This 
specialized guidance mode is only active during the terminal phase of flight. The 


mid-course phase usually employs semi-active or command guidance (Figure 
8-10). 


Figure 8-10. Active Guidance Mid-Course Intercept Phase 
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a. The range at which the missile goes “active” is dependent on the intercept 
geometry. High-aspect angle intercepts allow the activation of active guidance 
sooner than beam or tail-aspect intercepts. Missiles that employ active g 
carry a complete miniature radar system and fire control computer 
missile. As the missile nears the target, its internal radar system turns on and 
locks onto the target. The internal fire control computer directs control inputs to 
complete the intercept (Figure 8-11). 


Missile's Active Radar Locks 
On and Completes Intercept 


Ground/Aircraft Radar Turns Off 
After Missile's Active Radar Turns On 


Figure 8-11. Active Guidance Phase 


b. Active-guided missiles have many advantages. First, active-guided 
missiles are very accurate at long ranges. This is because they do not rely on the 
target tracking radar once their internal radar takes over the intercept. Second, an 
active missile is extremely difficult to jam. It uses a narrow beam and its relative 
power is constantly increasing as it nears the target. Third, an active-guided 
missile is a fire-and-forget weapon. Command or semi-active missile guidance 
requires the target tracking radar to maintain lock-on until the intercept is 
completed. In an air-to-air engagement, this means the interceptor is predictable 
until the missile hits the target, and vulnerable to an enemy missile attack. An 
interceptor with an active missile, however, may launch the missile and, once it 
goes “active,” can then turn around or maneuver defensively. 


c. Active-guided missiles have a few disadvantages as well. First, the a 
homing missile is a complex missile integrating both command and active 
guidance modes. Second, the missile may still be susceptible to electronic 
jamming during the mid-course phase of flight. Remember, during the mid-course 
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phase, the missile relies on command or semi-active guidance. Jamming the 
target tracking radar may affect the missile's ability to “‘see” the target near the 
terminal phase. 


5. SEEKER-AIDED GROUND GUIDANCE/TRACK-VIA-MISSILE GUIDANCE 
In seeker-aided ground guidance (SAGG) and track-via-missile (TVM) guidance, 
the target is illuminated by the ground-based radar and the missile receives 
reflected energy from the target. Unlike conventional semi-active homing, the 
missile does not generate its own guidance commands. Instead, the missile 
transmits raw engagement data to the ground-based fire control system (FCS) in 
order to generate uplink guidance commands. TVM is similar to SAGG; however, 
additional processing is done on-board the missile prior to transmitting the 
engagement data to the ground-based FCS. 


SS 


Doppler Processing of Seeker Signal Data 
and Correlation with Other Information 


Figure 8-12. SAGG/Track-Via-Missile Guidance 


a. Track-via-missile and seeker-aided ground guidance are two relatively new 
missile guidance techniques with similar advantages. First, they are extremely 
accurate at long ranges where the inherent radar tracking errors may be large 
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enough to cause a miss. Second, they can respond very quickly to any actions 
taken by the target since the missile seeker can track these changes and transmit 
the new position to the TTR fire control computer. Third, TVM and SAGG can be 
used with a large and capable fire control computer since most computations are 
accomplished by the TTR. Fourth, the integration of a phased array radar and the 
powerful TTR fire control computer allows the missile system to engage multiple 
targets. The Patriot missile battery, for example, can track and engage at least 
four targets simultaneously. 


b. The major disadvantage of track-via-missile and seeker-aided ground 
guidance is that they are the most complex forms of missile guidance. They 
require the use of sophisticated computers to combine radar tracking data and 
data received from the missile. This required hardware is expensive and demands 
greater maintenance and logistical support. In addition, the missile itself needs to 
be large enough to store the appropriate hardware for computations and data 
transfer. 


6. ANTIAIRCRAFT ARTILLERY (AAA) 

The classic role of AAA is point defense. AAA systems provide clos 
for high-value targets. AAA systems are deployed to defend ci 
bridges, industrial centers, lines of communications, command and control 
centers, infantry/tank units, and SAM sites. There are two types of AAA systems: 
towed and mobile. Towed AAA is normally deployed in fixed sites around key 
targets. Mobile AAA systems are deployed to provide air defense for army units 
and to protect mobile SAM sites. The effectiveness of AAA systems, towed or 
mobile, depends on the ability of the system to predict an aircraft's future 
position to fire its unguided ballistic projectile to intercept the aircraft and 
destroy it. To accomplish this objective, AAA systems employ two primary 
tactics, aimed fire and sector/barrage fire. 


a. Aimed AAA fire requires very accurate aircraft position information and an 
accurate prediction of future position. For aimed AAA fire, this information can be 
derived by using an optical sighting system on the gun or by employing a radar 
system coupled with a fire control computer. Smaller caliber AAA guns generally 
rely on optical target acquisition and firing (Figure 8-13). The high rate of fire, 
short range, and short projectile time of flight (TOF) simplifies the prediction and 
aiming problem for these systems. Smaller caliber AAA can also use tracer 
ammunition to help the gunner in correcting his optical firing solution. Larger 
caliber AAA systems, with slow rates of fire, long range, and long projectile TOF, 
generally use a TTR and a fire control computer to solve the problems associated 
with aimed fire (Figure 8-14). 
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Fire Director 4 


Figure 8-13. Optically Aimed AAA 


(1) The typical engagement sequence for an aimed AAA engagement 
employing a TTR and fire control computer begins with initial target data from an 
acquisition radar. The guns and TTR are pointed toward the target. The TTR 
initiates search and lock-on to the target. The TTR associated with large caliber 
AAA is usually a conical scan radar to provide accurate target positioning 
information. Target information is fed into the fire control computer which 
calculates the aim point, points the guns, and initiates firing. The fire control 
computer uses the target kinematic data, gun ballistics, wind, air density, and 
projectile dispersion pattern to compute the required aim point. All these 
computations are based on the assumption that the target will continue on the 
same heading, at the same altitude, and at the same airspeed during the projectile 
TOF. 
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Figure 8-14. Radar-Directed AAA 


(2) The typical engagement sequence for an aimed AAA engagement, 
employing optical target tracking begins with initial target information from an 
acquisition radar to the fire director. The fire director gives gross aiming 
commands to the individual guns. The gunners then visually search for the target 
and use the on-carriage gun sights to predict the required lead angle and initiate 
firing. 


b. Sector or barrage fire tactics are employed when the aircraft cannot be 
accurately tracked (Figure 8-15). Acquisition information suggests an aircraft will 
traverse a volume of airspace or a specific sector. The fire director instructs the 
gunners to fire randomly into this sector in an effort to hit the aircraft with the 
barrage of AAA fire, or have the aircraft fly into a “curtain” of AAA fire. This tactic 
is especially effective for point defense for a fixed target. Attacking aircraft may 
have to fly a predictable flight path during weapons delivery. Sector/barrage fire 
can be directed to cover the expected attack directions and altitudes. 
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Acquisition 


Figure 8-15. Sector/Barrage AAA 


7. SUMMARY 
This chapter has discussed the most common missile guidance techniques and 
AAA firing modes used by modern threat systems. A familiarity with the guidance 
technique employed by specific threat systems is the key to understanding the 
jamming techniques, chaff/flare employment settings, and tactical maneuvers 
designed to counter these systems. 
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More electronic experiments, including how to both calculate and measure what's happening in a 
circuit, can be found in Chapter 5. 


The Special Project Portable Laboratory 


‘When you move past the simple joys of lighting LEDs and wiring up tutorial circuits, where do you go 
and what do you build? How about a robot? 

Doug Paradis is an award-winning writer and robot builder. When Doug wants to work on one of his, 
robots, he packs up a small kit of tools and heads over the local robot club, which in Doug's case is the 
Dallas Personal Robotics Group (DPRG). They meet every Tuesday at the Dallas Makerspace for an 
informal evening of robot building and socializing, See Figure 4-11. 


Figure 4-11. Doug Paradis of DPRG, arriving at the Dallas Makerspace for an evening of robot building. 
Doug uses the club’ laser cutter and other specialized tools to give his robots that winning edge. He brings 
his own set of hand-picked tools along with him. 
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CHAPTER 9. INTRODUCTION TO RADAR JAMMING 


1. INTRODUCTION 


Radar jamming is the intentional radiation or reradiation of radio frequency (RF) 
signals to interfere with the operation of a radar by saturating its receiver with 
false targets or false target information. Radar jamming is one principal 
component of electronic combat (EC). Specifically, it is the electronic attack (EA) 
component of electronic warfare (EW). Radar jamming is designed to counter the 
radar systems that play a vital role in support of an enemy integrated air defense 
system (IADS). The primary purpose of radar jamming is to create confusion and 
deny critical information to negate the effectiveness of enemy radar systems. 
This chapter will introduce the two types of radar jamming, the three radar 
jamming employment options, and discuss the fundamental principles that 
determine the effectiveness of radar jamming. 


2. RADAR JAMMING TYPES 
There are two types of radar jamming: noise and deception. 


a. Noise jamming is produced by modulating a RF carrier wave with noise, or 
random amplitude changes, and transmitting that wave at the victim's radar 
frequency. It relies on high power levels to saturate the radar receiver and deny 
range and, occasionally, azimuth and elevation information to the victim radar 
(Figure 9-1). Noise jamming takes advantage of the extreme sensitivity of the 
radar receiver and the transmission pattern of the radar antenna to deny critical 
information to the victim radar. 


Figure 9-1. Noise Jamming 
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b. Deception jamming uses complex receiving and transmitting circuits to 
process and retransmit jamming pulses that appear as a real target to the victim 
radar. A deception jammer receives the signal from the victim radar and alters the 
signal to provide false range, azimuth, or velocity information. The altered signal 
is then retransmitted (Figure 9-2). The victim radar processes this signal, which 
disrupts the victim radar and confuses the radar operator. To be effective, 
deception jamming must match not only the victim radar’s operating frequency, 
but all the other operating characteristics, inclu 
(PRF), pulse repetition interval (PRI), pulse width, and scan rate. 


Figure 9-2. Deception Jamming 


c. Both noise and deception jamming effectiveness are heavily dependent on 
another component of EW, specifically, electronic warfare support (ES). ES 
assets, either airborne or ground-based, provide the threat system specific radar 
parametric data and update this critical information based on observed threat 
system operations. This data provides the foundation for developing noise and 
deception jamming techniques. Intelligence and engineering assessment of this 
data are used to identify specific threat system weaknesses that can be exploited 
the optimum noise, deception, or combination of jamming techniques. This 
information is then programmed into jamming systems to counter specific 
threats. 


9-2 


Electronic Warfare Fundamentals Chapter 9. Introduction to Radar Jamming 


3. RADAR JAMMING EMPLOYMENT OPTIONS 
There are currently two primary employment options for both noise and 
deception jamming techniques. These options are: (1) support jamming, and (2) 
self-protection jamming. Support jamming can be broken down further into stand- 
off jamming (SOJ), and escort jamming. 


a. To counter early warning, ground control intercept (GCI), and acquisition 
radars associated with an enemy IADS, noise and deception jamming techniques 
are employed by specialized support jamming aircraft. The goal of support 
jamming is to create confusion and delays within the command and control 
structure of the IADS. Deny, delay or degrade the enemy's ability to engage 
friendly forces. Support jamming operations can be focused against a national 
level IADS through the use of a stand-off jamming (SOJ) profile (Figure 9-3) or 
against a target area threat array using an escort jamming profile. 


Figure 9-3. Stand-Off Jamming 


(1) From an orbit area outside the surface-to-air missile (SAM) engagement 
zone, SOJ aircraft employ specialized jamming techniques to deny the enemy 
information about the attack package. SOJ aircraft employ specialized noise 
jamming techniques to generate jamming strobes on the victim radar display. 
This effectively denies range and azimuth information on aircraft ingressing and 
egressing the area covered by the noise jamming strobes. Intensity of the strobes 
is based on the power in the jamming. The area covered is based on the amount 
of jamming that can be injected into the main beam and sidelobes of the victim 
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radar. The effectiveness of SOJ noise jamming is determined by the power the 
jammer can generate relative to the power the victim radar can generate. This is 
called the jamming-to-signal (J/S) ratio. 


(2) SOJ aircraft can also employ a deception technique to generate false 
targets to confuse the radar operator and mask the presence of real targets 
(Figure 9-4). In this specialized technique, the deception jammer must tune to the 
frequency, PRF, and scan rate of the victim radar. The jammer then transmits 
multiple jamming pulses that the victim radar receiver processes like real target 
returns. With enough power, the deception jammer can generate multiple false 
azimuth targets by injecting jamming pulses into the sidelobes of the victim 
radar. False moving targets and false range targets are generated by varying the 
time delay of the jamming pulses based on the PRF and scan rate of the victim 
radar. 


False Targets in Ré 
‘alse Targets in Range 


S a> 
<— true Targets 
Moving False Targets 


ip I 
1 
HH 
False Targets in Azimuth 
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Figure 9-4. False Target Jamming 


(3) Escort jamming is a specific tactic used by the EA-6B Prowler. The 
EA-6B is employed as an integral part of the attack package and is normally 
positioned behind and above the attack package (Figure 9-5). 
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Figure 9-5. Escort Jamming 


Using noise jamming, the EA-6B attempts to deny range and azimuth 
information to the victim radar by injecting high power signals into the main radar 
beam and sidelobes. To be effective, the EA-6B must be properly positioned in 
relation to the ingressing or egressing attack package (Figure 9-6). 


Figure 9-6. Escort Jamming Alignment 
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b. Self-protection radar jamming targets the radar systems that support 
jamming cannot negate. Self-protection jamming systems are part of a self- 
protection suite that includes a self-protection jamming pod, a chaffiflare 
dispenser, and on some aircraft, a towed decoy system. The overall purpose of 
these systems is individual aircraft survivability. These systems are designed to 
counter the individual SAM, AAA, and Al assets associated with the enemy IADS. 
They employ deception jamming techniques against the target tracking radars 
(TTRs) associated with these threats. They are designed to break the radar track 
‘or generate sufficient tracking errors to cause the missile or bullet to miss the 
aircraft. 


(1) Self-protection radar jamming systems usually employ deception 
jamming techniques based on several factors. First, effective deception jamming 
techniques generally require less power than noise jamming techniques. Second, 
less power means less weight and space, which are very important 
considerations for modern tactical aircraft. Finally, deception jammers can be 
designed to jam multiple threats, which is a critical requirement for operations in 
a dense threat environment (Figure 9-7). 


Figure 9-7. Self-Protection Jamming 


(2) Despite the advantages of deception jamming techniques for self- 
protection jamming, there are some limitations that must be considered. 
deception jammers are complex electronic systems that must receive a vict 
radar's signal, memorize all its characteristics, modify the signal, and retransmit 
this modified signal at a high power level. Second, to be effective, deception 
jammers must be programmed with all the signal parameters (frequency, PRF, 
PRI, pulse width, scan rate, etc.) of the victim radar. Finally, because many 
deception techniques can be effective against specific threats, selecting optimum 
techniques to employ against these threats must be based on identified threat 
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system limitations. Identifying these specific threat systems limitations may be 
difficult. 


4. FUNDAMENTALS OF RADAR JAMMING 
There are some fundamental principles that apply to all types of jamming and to 
all jamming employment options. These principles are based on the 
characteristics of the jamming system and the characteristics of the victim radar. 
They include frequency matching, continuous interference, signal-to-noise ratio, 
jamming-to-signal ratio, and burnthrough range. 


a. Based on the data provided by ES systems and intelligence evaluations, 
radar jamming systems must transmit signals at the frequency of the victim radar 
This applies to both noise and deception jamming. If a jamming signal does not 
match the transmitter frequency, the jamming signal is not received and 
displayed on the scope (Figure 9-8). When a jamming signal matches the 
transmitter frequency, the jamming signal is received and masks the target 
display (Figure 9-9). 


Radar Jamming 
Frequency Frequency 


Amplitude 


3500 MHz Frequency 
¢ 


Figure 9-8. Jamming Frequency Error 
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Radar Jamming 
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Figure 9-9. Correct Jamming Frequency Matching 


b. For maximum effectiveness, a jamming transmitter should produce 
continuous interference. In much the same way intermittent static on a radio 
receiver does not completely block out a signal, intermittent jamming on a radar 
scope may not completely mask the target. An experienced radar operator or 
advanced automatic tracker can “read through” intermittent jamming and derive 
sufficient target information to negate jamming effectiveness. While true for noise 
g techniques, continuous interference also applies to deception 
techniques, especially when target reacquisition is considered. 


c. The signal-to-noise (S/N) ratio is a measure of the ability of the vi 
to detect targets. It is also an indication of the vulnerability of the radar to certain 
jamming techniques, especially noise jamming. 


(1) From the discussion of the basic radar equation in Chapter 5 (Equation 
5-10), Equation 9-1 is the signal power density of a target return at the radar 
receiver. The signal power density of the target return is so weak that it requires 
very strong amplification before processing and display. Besides the signal 
power from the target, some level of thermal noise is also generated and 
amplified along with the target signal. For an “ideal” (no noise) amplifier, 
Equation 9-2 is used to compute the level of thermal noise generated by the 
amplifier. 
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P, = transmitted power 
G =antenna gain 

© = target radar cross section (RCS) 
Ac=antenna aperture area 

R = range to the target 


P,GoA, 
(4x)R* 


Signal Power Density 


Equation 9-1. Signal Power Density 


K = Boltzman's Constant 
(1.38 x 107*watts/Hz degrees K) 


Thermal Noise (N) = KTBF T = standard Heels (290° K) . 
radar receiver equivalent bandwidth 


radar receiver noise figure 
(one for "ideal" receiver) 


Equation 9-2. Thermal Noise 


Note: The instantaneous bandwidth of a receiver is the frequency range over 
which the receiver can simultaneously amplify two or more signals to within a 
specified gait 


(2) The radar receiver amplifies both target signal and thermal noise. The 
output of the radar receiver will contain the target signal and the noise amplified 
across the bandwidth of the receiver. Separating the desired target signal from 
the undesired noise signal is one of the major problems confronting radar 
designers. 


(3) Equation 9-3 is derived by dividing Equation 9-1 by Equation 9-2. Many 
factors in this equation fluctuate and must be estimated using statistical 
calculations. For example, target RCS fluctuates based on the changing angle of 
the antenna beam and corresponding changes in the reflected signal. Effective 
antenna aperture is also a statistical phenomenon based on the fluctuations in 
target RCS. The thermal noise generated by a receiver is also a fluctuating factor 
and must be treated statistically. This means that the S/N ratio is a statistical 
factor associated with a probability of target detection and a probability of a false 
alarm. A false alarm occurs when the radar operator or automatic tracking circuit 
designates a fluctuation in noise level as a target. The higher the S/N ratio, the 
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Figure 4-12 shows what Doug brings with him to work on his robots. 


Figure 4-12, The contents of Doug's portable workshop. A variety of hand tools, precison measurement 
devices, and fasteners (including tape, tie wraps, and super glue) are easily stored in a small tool bag for 


easy transport. The comparmentalized storage containers at the upper right contain a large assortment of 
screws, washers, and nuts. 


Doug has learned the lesson of travelling light. The electronic portions of his robotic creations 
evolve slowly over time, but the mechanical aspects get a lot of tweaking along the way. 
Not everyone has perfected the art of light travelling. See Figure 4-13. 
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higher the probability of target detection with a corresponding reduction in the 
probability of a false alarm. 


Signal-to-Noise Ratio 


ansmitted power K = Boltzman's Constant 
G =antenna gain (1.38 x 10° watts/Hz degrees K) 
arget radar cross section (RCS) _' = Standard temperature (290° K) 
radar receiver equivalent bandwidth 
ntenna aperture area = ‘ a 
F = radar receiver noise figure 
R =range to the target (one for "ideal" receiver) 


Equation 9-3. Signal-to-Noise Ratio 


(4) An analysis of Equation 9-3 suggests that any action that increases the 
power in the target signal (for example, increasing transmitted power, increasing 
antenna gain/aperture area, or decreasing target range) will improve the S/N ratio 
and improve the probability of target detection. It would also appear that 
decreasing the bandwidth of the radar receiver will increase the S/N ratio and 
enhance the probability of target detection. However, if the effective bandwidth of 
the receiver is reduced, this may eliminate a significant portion of the radar signal 
spectrum and decrease the probability of target detection. 


(5) The SIN ratio is also an indication of the range at which a target will be 
detected. A plot of the receiver output of a typical radar is shown in Figure 9-10. 
The weak target signal at an extended range is just above the receiver noise level. 
The target at closer range is easily detected above the noise level. A radar 
operator or automatic target detector could mistake the very weak target return 
as a fluctuation in the receiver noise level. This could result in a missed 
detection. The lack of discrimination between noise and target returns because of 
a poor SIN ratio can also result in designating fluctuations in the noise level as 
actual target signals, known as false alarms. 
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Figure 9-10. S/N Ratio and Target Detection 


(6) To preclude, or ize false alarms, the radar receiver may be 
equipped with electronic circuits to establish a false alarm threshold. If the signal 
strength of a radar return is below this threshold level, it will not be detected or 
displayed (Figure 9-11). This false alarm threshold also influences the probability 
of target detection. With the threshold set too high, many detected targets will not 
be displayed. Additionally, if the false alarm threshold is raised automatically in 
relation to the amplitude of the receiver noise, the radar receiver is more 
vulnerable to noise jamming. 


False Alarm 


Figure 9-11. Receiver False Alarm Threshold 
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(7) For any target return to be detected by the radar, the S/N ratio must be 
greater than one. If the S/N ratio is less than one, the target will not be detected 
above the receiver noise level. The purpose of noise jamming is to raise the level 
of noise in the radar receiver to reduce the S/N ratio to less than one. This masks 
the presence of the true target return. If a false alarm threshold is used, noise 
jamming raises this threshold to further complicate target detection. Figure 9-12 
depicts a S/N ratio greater than one. Figure 9-13 depicts a S/N ratio of less than 
‘one due to noise jamming. 


Figure 9-13. S/N Ratio Less Than One 
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d. The jamming-to-signal (J/S) ratio is a fundamental measure of jamming 
effectiveness. The J/S ratio compares the power in the jamming signal with the 
power in the radar return. Equation 9-4 is an expression of the J/S ratio. It is 
important to note that the J/S ratio should be measured at the output of the radar 
receiver. This will allow consideration of the receiver signal processing gain 
applied to the jamming signal. 


Jamming-to-Signal Rati 


PG, 


P, = jamming power transmitted 
G, = jamming antenna gain 

P, = peak power transmitted by the radar 
G, = radar antenna gail 

R =range from jammer to radar 

oO =aircraft RCS 


Equation 9-4. Jamming-to-Signal Ratio 


(1) The most critical factor in both the S/N and the J/S ratios is range. The 
SIN ratio is calculated based on R to the fourth power. This equates to a signal 
traveling from the radar to the target, and back to the radar receiver. The J/S ratio 
is calculated using R to the second power. This factor reflects the “one way” 
transmission of the jamming pulse from the jammer to the victim radar’s receiver. 


(2) For a jamming signal to be effective, the J/S ratio must be greater than 
one. In general, threat radars, especially ground-based radars, transmit much 
more power than does an airborne jamming system. However, this power must 
travel twice as far as the airborne jamming signal. At long ranges, a low power 
jamming system can generate a J/S ratio much greater than one. In Figure 9-14, 
the jamming pulse completely masks the target return. As the jamming system 
approaches the target, the distance the radar pulse travels decreases with a 
corresponding increase of power in the radar return. This reduces the J/S ratio to 
a value less than one and the radar “sees” the target. This is called the 
burnthrough range (Figure 9-15). 
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Figure 9-14. J/S Ratio Greater Than One 
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Figure 9-15. J/S Ratio Less Than One 


e. Burnthrough occurs when the power in the reflected target signal exceeds 
the power in the jamming signal. Even when an optimum and continuous 
jamming technique is transmitting on the exact frequency of the victim radar, the 
jamming starts to lose effectiveness as it nears the radar. For a particular radar 
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jamming technique, burnthrough range depends on the detection capability of the 
victim radar, expressed as the S/N ratio, and the capability of the aircraft's 
jamming system, expressed as the J/S ratio. The idea of burnthrough range 
explains why a jamming technique, especially noise jamming, loses its 
effectiveness as the aircraft approaches the radar. When plotting the jamming 
and signal power versus range (Figure 9-16), these two values intersect at the 
point where the J/S ratio is one. At closer ranges, the jamming pulse is no longer 
masking the aircraft, and the aircraft can be detected. Burnthrough range is the 
point where the radar can see through the jamming. 
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Figure 9-16. Burnthrough Range 


5. SUMMARY 
The purpose of radar jamming is to confuse or deny critical data to the radar 
systems that play a vital role in supporting the mission of an integrated air 
defense system. Two types of radar jamming, noise and deception, can be 
employed in a support-jamming role, or in a self-protection role for individual 
aircraft. The effectiveness of a jamming technique depends on the ability of the 
jamming system to generate a jamming signal that replicates the parameters of 
the victim radar, especially its frequency. The signal-to-noise ratio of the victim 
radar determines the vulnerability of the radar receiver to jamming while the 
jamming-to-signal ratio is an indication of the ability of the jamming system to 
effectively jam the victim radar. These basic radar jamming concepts are 
fundamental to understanding the impact of specific jamming techniques on 
radar systems. 


9-15 


Chapter 9. Introduction to Radar Jamming Electronic Warfare Fundamentals 


9-16 


Electronic Warfare Fundamentals Chapter 10. Radar Noise Jamming 


CHAPTER 10. RADAR NOISE JAMMING 


4. INTRODUCTION 
A radar noise jamming system is designed to generate a disturbance in a radar 
receiver to delay or deny target detection. Since thermal noise is always present 
in the radar receiver, noise jamming attempts to mask the presence of targets by 
substantially adding to this noise level. Radar noise jamming can be employed by 
support jamming assets or as a self-protection jamming technique. Radar noise 
jamming usually employs high-power jamming signals tuned to the frequency of 
the victim radar. This chapter will discuss the factors that determine the 
effectiveness of radar noise jamming, radar noise jamming generation, and the 
most common noise jamming techniques. These noise jamming techniques 
include barrage, spot, swept spot, cover pulse, and modulated noise jamming. 


2. RADAR NOISE JAMMING EFFECTIVENESS 
The effectiveness of radar noise jamming depends on numerous factors. These 
factors include the jamming-to-signal (J/S) ratio, power density, the quality of the 
noise signal, and the polarization of the transmitted jamming signal (Figure 10-1). 


Detected Target Returns 


oe 


Figure 10-1. Noise Level in a Typical Radar Receiver Output 


a. One of the most important factors that impacts the effectiveness of radar 
noise jamming is the J/S ratio (Figure 10-2). As discussed in Chapter 9, the power 
output of the noise jammer must be greater than the power in the target return, as 
measured at the output of the radar receiver. To achieve this level of jamming 
power, radar noise jammers usually generate high-power jamming signals. These 
high-power jamming signals can be introduced into the victim radar's main beam 
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to deny range information and into the victim radar's sidelobes to deny azimuth 
information. 


Detected Target Returns 


Figure 10-2. Impact of Noise Jamming 


b. Another factor which impacts the effectiveness of radar noise jamming is 


the power density. The power density of the noise jamming signal has a direct 
relation to the J/S ratio. 


(1) If the noise jamming signal is centered on the frequency and bandwidth 
of the victim radar, the jamming signal has a high power density. The ability of a 
noise jammer to concentrate the jamming signal depends on the ability of the 


jammer to identify the exact frequency and bandwidth of the victim radar 
(Figure 10-3). 
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Figure 10-3. Power Density — Narrow Bandwidth 
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(2) If the generated noise jamming signal has to cover a wide bandwidth or 
frequency range, the power density at any one frequency is reduced (Figure 10-4). 
Radar systems that are frequency agile or that employ a wide bandwidth can 
reduce, or negate, the effectiveness of noise jamming by reducing the power 
density of the jamming signal. 
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Figure 10-4. Power Density - Wide Bandwidth 


c. The quality of the noise jamming also determines its effectiveness. To 
effectively jam a radar receiver with noise, the jamming signal must emulate the 
thermal noise generated by the receiver. This ensures that the radar operator or 
automatic detection circuit cannot distinguish between the noise jamming and 
normal thermal noise. Thermal noise is referred to as white noise and has a 
uniform spectrum. All of the frequencies in the bandwidth of the receiver have the 
same spectrum and an amplitude that varies based on Gaussian distribution. A 
Gaussian distribution is simply a bell-shaped distribution of amplitudes. In order 
to be effective, the jamming signal should exactly match the characteristics of the 
thermal noise signal of the victim radar receiver. 


d. Polarization of the noise jamming signal is another significant factor that 
impacts its effectiveness. As discussed in Chapter 2, if the polarization of the 
jamming signal does not match the antenna polarization of the victim radar, there 
is a significant power loss in the jamming signal. Noise jamming systems 
designed to counter multiple threat radars, with various polarizations, generally 
use a transmitting antenna with a 45° slant or use circular polarization. Most 
threat systems are horizontally or vertically polarized. This results in a 50% 
reduction in effective radiated power (ERP) for most threat systems. A more 
serious power loss, nearly 100%, in ERP occurs when the jamming antenna is 


10-3 


CHAPTER 4 © APORTABLE MIM-LAB 


Figure 4-13. A sort-of portable robotics lab, with lots of tools and spare parts. One way of looking at this 
bounteous splendor is “three trips to the car: 


This caravan of tools, parts, and miscellaneous supplies forms the entourage of Kyle the Robot. Kyle 
is very much a work-in-progress. The basic framework is made of hand-tooled aluminum. The large 
wheels use O-rings for tires and are driven by 24V gear motors. The 24V supply is made up of two 12V, 
5Ah rechargeable lead-acid batteries, Ah stands for amp hours, and represents the capacity of the 
battery. In this case, it can deliver an amp of current for five hours, or five amps for one hour. The 
‘custom PCB holds the electronics for the drive motors and will be controlled by a separate 
microcontroller that has yet to be added. See Figure 4-14. 
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orthogonally polarized with the victim antenna. The polarization of the noise 
jamming signal impacts the J/S ratio and the power density. 


3. RADAR NOISE JAMMING GENERATION 


Noise jamming is produced by modulating an RF carrier wave with random 
amplitude or frequency changes, called noise, and retransmitting that wave at the 
victim radar's frequency. Since noise from numerous sources is always present 
and displayed on a radar scope, noise jamming adds to the problem of target 
detection. Reflected radar pulses from target aircraft are extremely weak. To 
detect these pulses, a radar receiver must be very sensitive and be able to 
amplify the weak target returns. Noise jamming takes advantage of this radar 
characteristic to delay or deny target detection. 


signal is to employ a highly am 
frequency of the victim radar. This signal is filtered and directly amplified to the 
maximum power that can be generated by the transmitter. This method is called 
direct noise amplification (DINA). The DINA method of noise generation has a 
serious limitation. The maximum power available from linear wideband power 
amplification is extremely limited. Employing any other form of power 
amplification would alter the Gaussian distribution of the jamming signal. This 
method of generating radar noise jamming was used extensively during WW II. 


b. Modern noise jamming systems generate noise jamming signals by 
frequency modulating a carrier wave at the frequency of the victim radar. FM 
noise jammers employ a receiving antenna to intercept the victim's radar signal. 
The antenna passes the victim radar signal to the receiver for identification. The 
receiver also tunes the jamming signal generator to the correct frequency. The 
receiver uses an automatic frequency control (AFC) circuit to tune the voltage- 
controlled oscillator (VCO) to the frequency of the victim radar. A noise signal is 
generated by the jamming signal generator and added to the tuning voltage of the 
VCO to get an FM jamming signal. This signal is sent to a traveling wave tube 
(TWT) power transmitter. The TWT is normally operated in a saturated mode 
which produces a high-power jamming signal that covers a wider bandwidth than 
the victim radar. This reduces the power density of the signal, but the high power 
levels available from the TWT amplification of an FM signal compensate for this 
loss. The signal is sent to the transmitting antenna and directed toward the victim 
radar. 


c. Figure 10-5 highlights an important feature of a modern radar noise 
jamming system: a look-through capability. A look-through mode allows the 
receiver to periodically sample the signal environment. The objective of the look- 
through mode is to allow the jammer to update victim radar parameters and 
change the jamming signal to respond to changes in the signal environment. This 
greatly enhances the effectiveness of noise jamming systems. One method used 
to provide a look-through capability is to isolate the transmit and receive 
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antennas to allow continuous operation of the receiver to update signal 
parameters. Another method is to switch off the jammer for a brief period to allow 
the receiver to sample the signal environment. Since this latter look-through 
method eliminates the jamming signal, the amount of time the jammer is switched 
off must be kept to a minimum. 
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Figure 10-5. Frequency Modulated (FM) Noise Jamming System 


4. BARRAGE JAMMING 

An important aspect of jamming power is power density. Noise jamming depends 
‘on power density for its effectiveness. Power density is a function of the 
frequency range, or bandwidth, of the jamming signal. If a jammer covers a 
narrow frequency range, it can concentrate energy in a narrow band. If a jammer 
covers a wide frequency range, the energy is spread over that entire range. Since 
the jammer has fixed radiated power, this lowers the effective jamming power at a 
given frequency. Barrage jamming is a jamming technique where high power is 
sacrificed for the continuous coverage of several radar frequencies (Figure 10-6). 
The jamming signal is spread over a wide frequency range, which lowers the ERP 
at any one frequency. This type of jamming is useful against frequency-agile 
radars, against a radar system that uses multiple beams, or against multiple radar 
systems operating in a specific frequency range. By spreading the jamming over 
a wide frequency range, there is some level of jamming no matter what frequency 
the radar uses. Barrage jamming was used extensively during World War Il. 
Advantages of barrage jamming are its simplicity and ability to cover a wide 
portion of the electromagnetic spectrum. The primary disadvantage is the low 
power density, especially when a high J/S ratio is needed against modern radars. 
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Figure 10-6. Barrage Jamming 


5. SPOT JAMMING 


One way to take advantage of the noise jammer's simplicity, but raise the 
jamming signal power, is to use a spot jammer. The earliest spot jammers were 
very narrow band jammers covering a bandwidth of 10 megahertz or less (Figure 
10-7). This narrow band spot jammer was tuned to the anticipated frequency of 
the target radar. When it is necessary to jam a number of radars at different 
frequencies, more than one jammer is used. One problem that developed was of 
carrying the required number of spot jammers to counter a modern IADS. Also, 
radars that change their operating frequency, or are frequency-agile, defeat the 
spot jammer. Today, intercept panoramic receivers work with spot jammers to 
determine the frequency of the victim radar. A look-through capability is included 
in the system so that the target radar signal can be monitored to assess jamming 
effectiveness. The jamming signal can be adjusted for any changes in the 
operating frequency of the radar. 


510 MHz Victim 520 MHz 


Figure 10-7. Spot Jamming 
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a. The primary advantage of spot jamming is its power density. Radar or 
communications receivers can be countered at longer ranges than when using a 
barrage jammer of equal output power (Figure 10-8). 


Barrage Jammer 
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Spot Jammer 
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Figure 10-8. Spot Jamming Effectiveness 


b. A disadvantage of the spot jammer is its coverage of a narrow band of the 
frequency spectrum. An operator or computer in the receiver must constantly 
monitor and tune the jamming signal to the target radar's frequency. The 
complexity of this process increases when jamming frequency-agile radars that 
can change frequencies with every pulse. 


6. SWEPT-SPOT JAMMING 

When high power density is required over a large bandwidth, one solution is to 
take spot jamming and sweep it across a wide frequency range (Figure 10-9). This 
preserves the high power density but allows the jamming to cover a large 
bandwidth. The jamming spot is swept across a broad frequency range at varying 
speeds. With this technique, a number of radar systems can be covered. Because 
of their high jamming power, swept-spot jammers are able to cover a number of 
radars operating in a broad frequency range. However, jamming is not 
continuous. Fast swept-spot jamming can approximate continuous jamming by 
causing a phenomenon known as “ringing.” Fast sweeping spot noise is like a 
burst of energy which sets up vibrations within the receiver section. When these 
vibrations last until the next burst of energy is received, this is known as ringing. 
Three factors determine swept-spot jamming effectiveness. The first is the power 
in the spot. The next is the bandwidth, or frequency range, the spot covers. The 
last is the sweep rate. 
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Figure 10-9. Swept-Spot Jamming 


7. COVER PULSE JAMMING 
Cover pulse jamming is a modification of swept-spot jamming. This is a “smart 
noise” technique that is responsive for a short period of time (Figure 10-10). A 
repeater jammer acts as a transponder. It receives several radar pulses and 
determines the PRF of the victim radar. It then uses this data to predict when the 
next radar pulse should arrive. Using an oscillator that is gated for a period of 
time based on predicted pulse arrival time, a noise-modulated signal is amplified 
and transmitted. This process works against a radar with a steady PRF, and 
allows a low-powered repeater to respond to a number of threats by time-sharing. 


Cover Pulse 


Figure 10-10. Cover Pulse Jamming 
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a. Cover pulse jamming is used to initiate a range gate pull-off (RGPO) 
deception jamming technique. The deception jammer transmits a noise jamming 
signal, or cover pulse, that is much stronger than the target return. The cover 
pulse raises the automatic gain inside the range gate, and the range tracking loop 
initiates tracking on the cover pulse. The deception jammer then increases the 
time delay in the jamming pulse and moves the range tracking gate away from the 
real target (Figure 10-11). 
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Figure 10-11. Range Gate Pull-Off Cover Pulse 


b. A form of cover pulse jamming is also used to initiate a velocity gate pull- 
off (VGPO) technique against continuous wave and pulse Doppler radars. The 
cover pulse, in this case, is a strong jamming signal with the same frequency 
shift as the aircraft return. This cover pulse steals the velocity tracking gate and 
sets up the velocity tracking loop to steal the velocity tracking gate based on 
false target Doppler shifts (Figure 10-12). 
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Figure 10-12. Velocity Gate Pull-Off Cover Pulse 


8. MODULATED NOISE JAMMING 
Modulated jammers are special hybrid jammers which employ noise jamming that 
is either amplitude or frequency modulated. The purpose of this modulated noise 
is to defeat target tracking radars (TTRs) rather than deny range information. 
Modulated noise jamming has proven effective against conical scan and track- 
while-scan (TWS) TTRs. 


a. Modulated jamming alters the noise jamming signal at a frequency that is 
related to the scan rate of the target radar. If modulated jamming is used against 
a conical scan radar, a sine wave signal is used (Figure 10-13). The frequency of 
the sine wave is slightly higher than the scan rate of the victim radar. The 
amplitude difference results in a constantly varying phase between the radar and 
the jamming signal. This phase differential produces false targets with a strong 
signal amplitude everywhere the signals reinforce each other. This causes the 
conical scan radar to track the false returns and lose the real target return. For 
this technique to work, the scan rate of the intended victim radar must be known. 
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Figure 10-13. Conical Scan Modulated Jamming 
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b. Against a TWS radar, a rectangular waveform is used to modulate the noi: 
signal. The PRF of the modulation is set at some harmonic of the TWS rate. This 
synchronization results in a number of jamming strobes on the radar scope. Each 
jamming strobe is at a different azimuth or elevation depending on which radar 
beam is being jammed. The number of jamming strobes depends directly on the 
harmonic used to modulate the signal. In Figure 10-14, a modulating signal 
frequency that is four times the scan rate of the radar will produce four jamming 
strobes on the scope. If the jamming is slightly out of tune with the scan rate, the 
jamming strobes will appear to roll across the radar scope. 


NRA 

HANAN 
NNN MP 
SALAMA 


No Jamming Noise Jamming Modulated Noise 


Figure 10-14. TWS Modulated Jamming 


9. SUMMARY 
Radar noise jamming is employed to deny target acquisition and target tracking 
data to a victim radar. This is accomplished by injecting amplitude or frequency 
modulated noise jamming signals into the victim radar's receiver. The radar noise 
jamming techniques discussed in this chapter included barrage, spot, swept- 
spot, cover pulse, and modulated jamming. The effectiveness of these noise 
jamming techniques depends on the power density of the jamming signal 
compared to the power in the radar return, or the J/S ratio. Radar noise jammers 
are generally simple, high-power systems which can be effectively employed in a 
support or self-protection role. Radar noise jamming can be employed in 
conjunction with deception jamming techniques to maximize the impact of 
jamming on victim radars. 
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CHAPTER 11. DECEPTION JAMMING 


1. INTRODUCTION 


Deception jamming systems are designed to inject false information into a victim 
radar to deny critical information on target azimuth, range, velocity, or a 
combination of these parameters. To be effective, a deception jammer receives 
the victim radar signal, modifies this signal, and retransmits this altered signal 
back to the victim radar. Because these systems retransmit, or repeat, a replica of 
the victim's radar signal, deception jammers are known as repeater jammers. The 
retransmitted signal must match all victim radar signal characteristics including 
frequency, pulse repetition frequency (PRF), pulse repetition interval (PRI), pulse 
width, and scan rate. However, the deception jammer does not have to replicate 
the power of the victim radar system. 


a. A deception jammer requires significantly less power than a noise jamming 
system. The deception jammer gains this advantage by using a waveform that is 
identical to the waveform the radar's receiver is specifically designed to process. 
Therefore, the deception jammer can match its operating cycle to the operating 
cycle of the victim radar instead of using the 100% duty cycle required of a noise 
jammer. To be effective, a deception jammer's power requirements are dictated 
by the average power of a radar rather than the peak power required for a noise 
jammer. In addition, since the jammer waveform looks identical to the radar's 
waveform, it is processed like a real return. The jamming signal is amplified by 
the victim radar receiver, which increases its effectiveness. The reduced power 
required for effective deception jamming is particularly significant when 
designing and building self-protection jamming systems for tactical aircraft that 
penetrate a dense threat environment. Deception jamming systems can be 
smaller, lighter, and can jam more than one threat simultaneously. These 
characteristics give deception jammers a great advantage over noise jamming 
systems. 


b. Although deception jammers require less power, they are much more 
complex than noise jammers (Figure 11-1). Memory is the most critical element of 
any deception jammer. The memory element must store the signal characteristics 
of the victim radar and pass these parameters to the control circuitry for 
processing. This must be done almost instantaneously for every signal that will 
be jammed. Any delay in the memory loop diminishes the effectiveness of the 
deception technique. Using digital RF memory (DRFM) reduces the time delay 
and enhances deception jammer effectiveness. Deception jamming employed in a 
self-protection role is designed to counter lethal radar systems. To be effective, 
deception jamming systems must be programmed with detailed and exact signal 
parameters for each lethal threat. 
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Figure 4-14. Kyle the Robot isa work-in-progress who requires a wide range of specialized tools and 
components. Some new components are being fitted, including dedicated battery voltmeters, fuses, a 


circuit breaker, and a master power switch. Once the sharp corners are filed off, Kyle will be able to roll 
around the house, looking for chores to do. 


Summary 


‘As we come to the end of this chapter, you should have some good ideas bouncing around in your head 
‘about how you want to pack your mobile electronics lab, what tools and components you absolutely 
‘must have with you, and how you want them organized. The best way to find out for sure what works for 
you is to make a few field trips, paying careful attention to what was actually used compared to what you 
anticipated needing, This will help you whittle down your cargo to the bare essentials, which is what you 
want, Remember, travel light. Excess baggage is a purely optional curse. 

In the next chapter, we'll look at some suggestions for organizing and working in a more permanent 
setting. This could be a domain as small as the corner of a desk or as large as a warehouse, You will soon, 
discover, ifyou haven't already, that this hobby, like many other projects, will quickly expand to fill the 
space available. Try to keep in mind that you are the one that ultimately makes the decisions. Effort 
spent planning ahead of time will help keep the sprawl to a minimum, while helping you stay focused on 
what you wanted to be able to do in the first place, 
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Figure 11-1. Deception Jamming System 


c. The requirement for exact signal parameters increases the burden on 
electronic warfare support (ES) systems to provide and update threat information 
on operating frequency, PRF, PRI, power pulse width, scan rate, and other unique 
signal characteristics. An electronic intelligence (ELINT) architecture is required 
to collect, update, and provide changes to deception jamming systems. In 
addition, intelligence and engineering information on exactly how a specific 
threat system acquires, tracks and engages a target is essential in identifying 
system weaknesses. Once a weakness has been identified, an effective deception 
jamming technique can be developed and programmed into a deception jammer. 
For example, if a particular radar system relies primarily on Doppler tracking, a 
Doppler deception technique will greatly reduce its effectiveness. Threat system 
ion is the best source of detailed information on threat system 
ies and vulnerabilities. Effective deception jamming requires much more 
intelligence support than does noise jamming. 


d. Most self-protection jamming techniques employ some form of deception 
against a target tracking radar (TTR). The purpose of a TTR is to continuously 
update target range, azimuth, and velocity. Target parameters are fed to a fire 
control computer that computes a future impact point for a weapon based on 
these parameters and the characteristics of the weapon being employed. The fire 
control computer is constantly updating this predicted impact point based on 
changes in target parameters. Deception jamming is designed to take advantage 
of any weaknesses in either target tracking or impact point calculation to 
maximize the miss distance of the weapon or to prevent automatic tracking. This 
chapter will discuss the most commonly employed deception jamming 
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techniques, including false target jamming, range deception jamming, angle 
deception jamming, velocity deception jamming, and monopulse jamming. 


2. FALSE TARGET JAMMING 


False target jamming is an effective jamming technique employed against 
acquisition, early warning, and ground control intercept (GCI) radars. The 
purpose of this type of jamming is to confuse the enemy radar operator by 
generating many false target returns on the victim radar scope. When false target 
deception jamming is successfully employed, the radar operator cannot 
distinguish between false targets and real targets (Figure 11-2). 
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Figure 11-2. False Target Generation 


a. To generate false targets, the deception jammer must tune to the 
frequency, PRF, and scan rate of the victim radar. The jamming pulse must 
appear on the radar scope exactly like a radar return from an aircraft. Multiple 
false targets greater in range than the jammer are generated by delaying the 
transmission of a jamming pulse until after the victim radar pulse has been 
received. False targets closer in range are generated by anticipating the arrival of 
a radar pulse and transmitting a jamming pulse before the victim radar pulse hits 
the aircraft. If the victim radar employs a jittered PRF, only targets greater in 
range can be generated. 


b. To generate different azimuth false targets, the deception jammer 
synchronizes its transmitted pulse with the victim radar’s sidelobes. Due to their 
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reduced power, when compared to the main beam, sidelobes are difficult to 
detect and analyze. The receiver in the deception jammer must be sensitive 
enough to detect these sidelobes and not be saturated by the power in the main 
radar beam. A false target deception jammer must inject a jamming pulse that 
looks like a target return into these sidelobes. To penetrate the radar sidelobes 
requires a lot of power. However, the power must be judiciously used. If a 
powerful jamming pulse is injected into the main beam, the false targets will be 
easy to detect. Most false target jammers vary the power in the jamming pulse 
inversely with the power in the received signal, on a pulse-by-pulse basis. This 
means the repeater jamming signal is at minimum power when the main beam of 
the victim radar is on the aircraft and at maximum power when the sidelobes are 
being jammed. To effectively generate false azimuth targets, the jammer must 
have a receiver with a wide dynamic range to detect both the main beam and the 
sidelobes. In addition, the jamming system must be able to generate high power 
that can be effectively controlled by the receiver. 


c. To generate moving false targets, the deception jammer must synchronize 
with the main beam and the sidelobes in frequency, pulse width and PRF. 
Amplitude modulated jamming signals, with variable time delays, are transmitted 
into the sidelobes of the victim radar. The variable time delay provides a false 
target that changes range, either toward or away from the radar, depending on 
the time delay. The amplitude modulation provides false azimuth targets that 
appear to be moving. 


d. The effectiveness of false target generation is based on the credibility of 
the generated false radar returns. If the victim radar can easily distinguish 
between false returns and target returns, the technique is a failure. The false 
returns must look identical to an aircraft return. The radar return on the victim 
radar scope should have the same intensity, depth, and width as a target return. 


(1) Power determines the false target intensity when it is displayed on the 
victim radar scope. Varying jammer output power inversely with received power 
ensures that each false target has nearly the same intensity as a true target 
return. The depth, or thickness, of the false target depends on the pulse width of 
the victim radar. By matching the pulse width of the jamming pulse with the pulse 
width of the victim radar, the jammer can generate false targets with the same 
depth as a real target return. 


(2) The width of the false target depends on the antenna pattern of the 
victim radar. This can pose a problem for false-target deception jammers. 
Because the jamming pulse is transmitted the entire time the radar beam is on the 
jammer, the width of a false target will tend to be greater than a real target return. 
Aircraft radar return varies with main beam cross-section. To correct this 
problem, most false target deception jammers use random modulation in the 
power of the transmitted pulses. This will vary the width of the false targets and 
make them look more like the variable returns of actual targets. 
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3. RANGE DECEPTION JAMMING 
Although a specific TTR can track multiple targets and direct multiple weapons, 
the tracking circuit must select a single target return and track it while ignoring 
all other returns. Target selection is done by using gate bins. The range gate is 
used as the primary gate for target selection. A range gate is an electronic switch 
that is turned on for a period of microseconds based on a certain range or time 
delay after a pulse is transmitted (Figure 11-3). 
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Figure 11-3. Range Gate Tracking 


a. Range deception jamming exploits any inherent weakness in a TTR's 
automatic range gate tracking circuits. When a TTR's range gate locks on to an 
aircraft, the range deception jammer detects the radar signal. The range 
deception jammer then amplifies and retransmits a signal much stronger than the 
radar return. This retransmitted signal, called a cover pulse, is displayed in the 
range gate with the target signal (Figure 11-4). 
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Figure 11-4. Range Gate Jamming Cover Pulse 


b. The automatic gain control (AGC) circuit lowers the gain in the range 
tracking gate to control the amplitude of the cover pulse in the range gate. 
Reduced gain causes the real target return to be lost, and the range gate only 
tracks the jamming signal. This is known as range gate capture. 


c. Once the range gate is captured by the cover pulse, a technique called 
range gate pull-off (RGPO) is employed (Figure 11-5). The deception jammer 
memorizes the radar signal and introduces a series of time delays before 
retransmitting. By increasing these time delays, the range gate will detect an 
increase in range and automatically move off to a false range. Once the range 
gate has moved well away from the real target, the range deception jammer shuts 
down, and the radar range gate is left with no target to track. The range gate 
breaks lock and the TTR must again go through the process of search, 
acquisition, and lock-on to re-engage the target. 
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Figure 11-5. Range Gate Pull-Off 


d. There are several advantages of range deception jamming, especially when 
used as a self-protection technique. It can generate sufficient errors to deny 
range information and is effective against most automatic range tracking 
systems. This technique does not require a large amount of power, just enough 
to cover the radar return of the aircraft. If the time delays are not exaggerated, an 
operator may not detect the loss of range lock-on until after a missile has been 
fired. The insidious nature of range deception jamming may generate enough 
miss distance to save the aircraft and pilot. 


e. There are disadvantages to using range deception jamming. First, it can be 
defeated by a trained radar operator. If the operator detects a problem with the 
automatic range tracking circuit, the system can be switched to manual range 
tracking mode to defeat RGPO. Also, if the threat system is still able to track the 
aircraft's azimuth and elevation, range information may not be required to 
complete target engagement. To maximize range deception jamming 
effectiveness, it should be employed in conjunction with azimuth and elevation 
jamming. Finally, this type of range deception jamming is not effective against a 
leading-edge range tracking system. A leading-edge tracker will not see the 
delayed cover pulse. As the cover pulse moves off the target, AGC circuits reset 
the gain to continue tracking the real target. The only way to defeat a leading- 
edge range tracker is with a deceptive jammer that anticipates the next radar 
pulse and sends a jamming cover pulse before it reaches the aircraft. This 
jamming technique can also be defeated by randomly varying the radar PRF. 
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4. ANGLE DECEPTION JAMMING 
Angle deception jamming is designed to exploit weaknesses in the angle tracking 
loop of the victim radar. The specific technique depends on the tracking method 
used to derive azimuth and elevation information. Inverse amplitude modulation 
jamming is the main angle deception technique used against TWS radars. For 
conical scan radars, scan rate modulation and inverse gain jamming are used. 
Swept square wave (SSW) jamming is used against LORO tracking radars. 
Monopulse angle deception jamming will be covered separately. 


a. The azimuth and elevation tracking loop for a TWS radar is based on target 
signal amplitude modulation. The inverse amplitude modulation jammer 
generates a signal with modulation exactly opposite the expected return. To 
accomplish this, the angle deception jammer must receive the radar signals from 
the tracking beams. The jammer responds with a signal of the same frequency, 
PRF, and scan rate synchronized to the inverse of the radar antenna pattern 
(Figure 11-6). This induces an error in the angle tracking gate that, over a series 
of scans, causes the radar to lose target angle tracking. 
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Figure 11-6. Inverse Amplitude Modulation Jamming 


11-8 


Electronic Warfare Fundamentals. Chapter 11. Deception Jamming 


b. Inverse gain jamming is also effective against conical scan radars. Since 
conical scan radars use the phase of the target returns to generate error signals, 
an inverse gain deception jammer attempts to alter the phase by inducing fake 
signals into the antennas. In addition, by altering the amplitude of the signal, the 
jammer induces large errors into the tracking loop. To accomplish this, the 
jammer must determine the frequency, PRF, and scan rate of the victim radar. It 
then transmits signals that change the phase and amplitude of the target signal, 
resulting in a signal 180 degrees out of phase with the actual target (Figure 11-7). 
This 180-degree error rapidly drives the antenna off the target and causes 
break-lock. 
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Figure 11-7. Inverse Gain Jamming 


c. Scan rate modulation is also used against conical scan radars. This angle 
deception technique modulates the jamming pulse at or near the victim radar 
nutation frequency. As the modulation approaches the radar’s nutation 
frequency, large error signals appear in the radar servo tracking loops, producing 
random gyrations in the antenna system, causing break-lock. This technique 
most effective if the modulation jamming is slowly swept in frequency ut 
matches the nutation rate. 
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d. Both inverse scan and scan rate modulation jamming require very little 
power and have proven extremely effective against TWS and conical scan radars. 
To be effective, however, the angle deception jammer must find the precise scan 
rate of the victim radar. The jammer must concentrate on one signal at a time, 
the number of threat systems that can be jammed simultaneously. In a 
dense threat environment, this can be a severe limitation. 


e. The effectiveness of inverse gain and scan rate modulation jamming led 
radar designers to employ antennas that scan only during the receiving function 
of the radar system. Generally, this is accomplished by using two antennas. The 
ing antenna illuminates the target. Receiving antennas scan to produce 
the amplitude modulation of the reflected signal for effective angle tracking. This 
technique is called Lobe-On-Receive-Only (LORO). Since the transmitting 
antenna does not nutate, or scan, angle deception jammers cannot detect the 
modulation required to generate effective inverse gain modulation. Swept square 
wave (SSW) jamming is the angle deception technique developed to counter 
LORO angle tracking. 


f. SSW jamming continuously varies the frequency of amplitude modulation 
on the jamming pulse over an expected range of nutation or scanning 
frequencies. This range is established by either electronic intelligence (ELINT) 
data on a particular system, or by exploitation. The dotted line in Figure 11-8 
shows a threat's nutation or scan frequency. As the frequency of the modulated 
jamming pulse approaches the threat scan frequency, it induces errors in the 
angle tracking loop of the victim radar. The longer the SSW jamming stays near 
the scan frequency, the greater the induced errors. It is important that the sweep 
rate of the modulating jamming be slow enough to maximize its impact on the 
victim radar. 
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Figure 11-8. Swept Square Wave Jamming 
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5. VELOCITY DECEPTION JAMMING 
Pulse Doppler and continuous wave (CW) radars track targets based on velocity 
or Doppler-shifted frequency (Figure 11-9). The objective of velocity deception 
jamming is to deny velocity tracking information and generate false velocity 
targets. The primary techniques include velocity gate pull-off (VGPO), Doppler 
noise, narrowband Doppler noise, and Doppler false targets. 
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Figure 11-9. Velocity Tracking Gate 


a. Velocity gate pull-off counters pulse Doppler or CW radars by stealing the 
velocity gate of their automatic tracking loop. The objective of VGPO is to capture 
the Doppler velocity tracking gate by transmitting an intense false Doppler signal. 
Then the frequency of the false signal is changed to move the tracking gate away 
from the true target Doppler. This is analogous to the RGPO technique used 
against the range gate tracking loop. 


(1) To accomplish an effective VGPO technique, the jammer receives the 


CW or pulse Doppler signal. It then retransmits a CW or pulse Doppler signal that 
is higher in power than the return from the aircraft, but at approximately the same 
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CHAPTERS 


The Cozy Corner Lab 


Chapter 4 focused on the needs of the travelling electronic adept. Here in Chapter 5 you can come home 
toa lab that is always ready and waiting for some electrical fun and doodling. Nice! 

You don’t need an entire garage or extra office for a functional laboratory for your electronic 
endeavors. I's certainly nice if these areas are available to you, but you might be surprised at how much 
you can do in just a small space, if you set it up properly and maintain it with determination. 

‘The first part of this chapter will deal with the task of rehabilitating a small, dedicated work area that 
has succumbed to years of poor organizational habits. These things happen. The second half of the 
chapter explores the possibilities of starting afresh with a nice, clean space—either something brand 
new or just newly cleaned. Some more projects help break in your new work area, as well as familiarize 
‘you with more interesting information about some of the basic electronic components reviewed in 
Chapter 3. 


The Rehabilitation of a Small but Useful Area 


Let's perform a little magic, in the form of a complete makeover for a small workstation, Have a look at 
Figure 5-1. Don't let this happen to you! 
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Doppler frequency (Figure 11-10). It is important that the frequency of this initial 
jamming pulse appears within the same velocity tracking filters as the target 
return or the victim radar will disregard it. The frequency band of the Doppler 
tracking filters is an important piece of intelligence information. The velocity 
tracking gates are quite narrow, roughly 50 to 250 MHz. Once the jamming pulse 
appears in the tracking gate, the automatic gain control circuit gains out the 
target return, and the jamming pulse has captured the velocity gate. 
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Figure 11-10. Velocity Gate Capture 


(2) Once the jamming pulse has captured the tracking gate, the deception 
jammer slowly changes the Doppler frequency (Figure 11-11). This frequency 
shift is accomplished by several methods. The most common method uses 
frequency modulation (FM) within the jammer’s traveling wave tube (TWT). By 
varying the TWT voltage, the Doppler frequency of the jamming pulse is changed 
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linearly, and the radar tracking gates follow the jamming pulse. By using FM, the 
jamming pulse can be moved in either a positive or negative direction, depending 
on the slope of the voltage. By slowly changing the frequency of the modulation, 
the jamming pulse pulls the tracking gates off the target. When the maximum 
offset has been achieved, nominally 5 to 50 kHz, the FM is “snapped back” to a 
minimum value, and the process is repeated to preclude target reacquisition. 
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Figure 11-11. Velocity Gate Pull-Off 


(3) The rate of change of frequency offset in a VGPO pulse is an extremely 
critical parameter. Many CW and pulse Doppler radars employ acceleration stops 
as part of the tracking gates. By differentiating the velocity outputs of the velocity 
tracking gates with respect to time, the velocity tracker computes target 
acceleration. Acceleration stops detect and reject unusually large changes in 
target acceleration. If the VGPO technique changes the frequency of the jamming 
pulse too rapidly, the tracking loop, with acceleration stops, will reject the 
jamming pulse and stay on the target. This means that an effective VGPO 
technique may take from one to ten seconds. 


b. Doppler noise differs from most noise techniques in that it is a repeater 
technique. The jamming system must receive the pulse Doppler radar signal in 
order to generate an appropriate jamming pulse. Also, noise jamming output is 
done on a pulse-by-pulse basis and only lasts as long as the pulse duration, or 
pulse width, of the victim radar signal (Figure 11-12). The Doppler noise jammer 
receives each pulse and applies a random frequency shift, either positive or 
negative, to each pulse. 
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Figure 11-12. Doppler Noise Jamming 


(1) When Doppler noise jamming pulses are processed by the signal 
processor, and the Doppler frequencies are sent to the velocity tracking gate, 
there are so many different velocities that the tracking gate cannot disting 
the target from the jamming. The random distribution of target veloci 
effectively masks the true target Doppler velocity. If the velocity tracking loop is 
not saturated, multiple false targets traveling at different speeds will be 
displayed. 


(2) When a technique called Doppler noise blinking is employed, it 
interferes with the angle and velocity tracking within most semi-active radar 
missiles. Doppler noise blinking is accomplished by rapidly transmitting bursts of 
Doppler noise jamming (Figure 11-13). 
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Figure 11-13. Impact of Doppler Noise Jamming 
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(3) Doppler noise jamming is effective against most pulse Doppler radars 
and the semi-active missiles employed with these radars. One disadvantage, 
however, is that it is only effective against the velocity tracking loop. If range 
tracking is still available to the radar, Doppler noise may highlight the jamming 
aircraft. Another disadvantage is that Doppler noise requires a sophisti 
jammer able to receive the victim radar pulse, generate random po: 
negative frequency modulations on this pulse, and retransmit the jamming pulses 
at the PRF and pulse width of the victim radar. This requires an extremely fast 
signal processing capability and detailed intelligence information on the victim 
radar. 


c. Narrowband Doppler noise is also a repeater technique. The jamming 
system receives the pulse Doppler radar signal and generates a noise jamming 
signal on a pulse-by-pulse basis (Figure 11-14). Narrowband Doppler noise 
requires detailed information on the frequency coverage of an individual velocity 
tracking filter, or velocity bin, employed by the victim radar. Once this frequency 
range is known, the jammer receives each pulse from the victim radar and 
transmits jamming pulses with a higher and lower frequency shift based on the 
real target Doppler. These frequency shifts are always within the frequency range 
of the velocity bi 
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Figure 11-14. Narrowband Doppler Noise 


(1) When these pulses are processed by the signal processor and the 
Doppler signals are sent to the velocity tracking gates, the particular bin that 


11-15 


Chapter 11. Deception Jamming Electronic Warfare Fundamentals 


contains the target Doppler also contains several other targets generated by the 
jammer. The victim radar signal processor attempts to distinguish the target 
Doppler from the jamming pulses. It raises the gain in the velocity tracking bins, 
thinking that the signal with the highest amplitude is the target. But, as the signal 
gain is increased, the target is “gained out” with the jamming signals and no 
target is displayed. This is called velocity bin masking and can completely deny 
target information to a pulse Doppler radar (Figure 11-15). 
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Figure 11-15. Velocity Bin Masking 


(2) The advantage of narrowband Doppler noise is that it completely 
masks an aircraft's velocity from a pulse Doppler radar. The disadvantages 
include the following: When the victim radar can range-track an aircraft, 
narrowband Doppler noise highlights the aircraft's presence. To be effective, 
narrowband Doppler noise requires knowledge of the frequency range of the 
radar's velocity tracking bins, or filters. This detailed information may be 
available only through threat system exploitation. Finally, sophisticated signal 
processing and jamming systems are required to receive and transmit in the very 
narrow frequency band of the velocity bin. 


d. Doppler false target jamming is normally used with narrowband Doppler 
noise or other deception techniques. Its purpose is to initially confuse the radar 
signal processor with multiple targets and then force the radar signal processor 
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to raise its gain levels in the velocity tracking loop. The Doppler false target 
jammer receives each pulse of the victim radar and applies a random frequency 
shift to a selected number of these pulses (Figure 11-16). 


Transmitted 
Frequencies 


f, 
Doppler ‘. Target 
False Targets Doppler 


¢4V NN 4 
—— asc Gain 2 
-—— == Gain1 
Frequency 


Figure 11-16. Impact of Doppler False Target Jamming 


(1) The selected pulses are processed by the signal processor, and 
multiple Doppler frequencies are sent to the velocity tracking gate. In an attempt 
to distinguish the target from the jamming pulses, the signal processor increases 
the gain in each tracking filter, assuming the target Doppler has a higher 
amplitude than the jamming pulses. This increase in gain sets up the velocity 
tracking loop for a narrowband Doppler noise technique that will cause the real 
target to be lost among the generated false targets. 


(2) The advantage of Doppler false target jamming is that it can initially 
confuse the radar signal processor and the radar operator as to the velocity of 
the real target. It also sets up the radar for narrowband Doppler noise technique 
and increases its effectiveness. The disadvantage is that the signal processor or 
the radar operator will eventually be able to distinguish the real target from the 
false targets based on its velocity. This jamming technique is much more 
effective when used in conjunction with other Doppler jamming techniques. 


6. MONOPULSE DECEPTION JAMMING 


The ability of monopulse tracking radars to obtain azimuth, range, and elevation 
information on a pulse-by-pulse basis make them extremely difficult to jam 
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(Figure 11-17). Amplitude modulation jamming used against conical scan or TWS 
radars, such as inverse scan and swept square wave, highlights a target, making 
monopulse tracking easier. Frequency modulation techniques, such as RGPO 
and VGPO, are equally ineffective. They serve as a beacon that aids the 
monopulse radar's target tracking ability. The monopulse radar may be able to 
track the jammer with more accuracy than tracking actual radar returns because 
target glint effects are absent from the jamming pulse. Monopulse angle jamming 
techniques can be divided into two main categories, system-specific and 
universal. Examples of system-specific jamming techniques include skirt 
frequency jamming, image jamming, and cross-polarization jamming. These 
techniques attempt to exploit weaknesses in the design and operation of specific 
monopulse radars. Cross-eye jamming, a universal technique, attempts to exploit 
all monopulse radar systems. 
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Figure 11-17. Monopulse Radar Receiver 


a. Skirt frequency jamming, or filter skirt jamming, is designed to counter the 
monopulse receiver. Skirt frequency jamming is based on the fact that the 
intermediate frequency (IF) filter of the monopulse receiver must be correctly 
tuned to the transmitting frequency of the monopulse radar. It these two 
components are not exactly tuned, the target signal may be presented on the 
edge, or skirt, of the receiver IF filter. This offers an opportunity to inject a 
jamming signal into this skirt (Figure 11-18). 
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Figure 11-18. Filter Skirt Jamming Pulse 


(1) Filter skirt jamming attempts to take advantage of this frequency 
imbalance by transmitting a jamming pulse tuned slightly off the radar 
transmitted frequency and in the middle of the receiver IF filter. This jamming 
pulse will generate a false error signal and drive the antenna away from the true 


target return. 


(2) A well designed and maintained monopulse system does not have a 
frequency imbalance. The transmitter and IF filter frequencies will be identical. 
Jamming signals that are even slightly out of this narrow frequency range will not 
affect the monopulse tracking capability of the radar (Figure 11-19). 
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Figure 11-19. Ineffective Filter Skirt Jamming 


11-19 


Chapter 11. Deception Jamming Electronic Warfare Fundamentals 


(3) Effective filter skirt jamming requires extensive knowledge of the 
internal operation of the IF filter. This information can normally be obtained only 
by system exploitation. Variances from radar to radar and frequency imbalance 
exists from one radar IF filter to another. This creates a high degree of 
uncertainty in the effectiveness of this technique. 


b. Image jamming exploits another potential weakness in the monopulse 
receiver (Figure 11-20). Some monopulse receivers have a wide-open front end 
with no preselection before the mixer. If the jammer transmits a pulse at the 
intermediate, or image, frequency, but out of phase with this frequency, the phase 
of the target tracking signal will be reversed and the antenna will be driven away 
from the target (Figure 11-21). Effective image jamming requires detailed 
information on the operation of the monopulse receiver. Of particular importance 
is the image, or intermediate, frequency and whether the local oscillation 
frequency is above or below the transmitted frequency. This may require 
exploitation of the monopulse threat system. In addition, a well-designed 
monopulse system has preselection in the front end and will reject signals that 
are out of phase with the transmitted frequencies. This capability renders image 
jamming ineffective. 
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Figure 11-20. Monopulse Image Frequency 
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Figure 11-21. Monopulse Image Jamming 


¢. Cross-polarization jamming exploits the difference in the monopulse 
antenna pattern for a jamming pulse that is polarized orthogonal to the design 
polarization. The antenna pattern for a two-channel monopulse radar using sigma 
and delta beams shows the tracking point to be between the two beams (Figure 
11-22). This is true if the radar is using its design polarization. However, the radar 
antenna also has a receiving pattern for a signal that is cross-polarized with the 
design frequency. For a cross-polarized signal, the tracking point is shifted one 
beamwidth to the right. This shift in the tracking point results in a target tracking 
signal that is 180° out of phase with the real signal. To be effective, a jamming 
signal polarized orthogonally to the design frequency of the radar would have to 
be 25 to 30 decibels, or about 1000 times, stronger than the radar signal. 
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Figure 11-22. Cross-Polarization Antenna Pattern 
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(CHAPTER 5 » THE COZY CORNER LAB 


Figure 5-1. A workstation that has been in continuous use for several years. Not much planning went into 
the original organization of this work area. Such a space can often accumulate flotsam and jetsam that 
‘might have at one time seemed appropriate, but now just competes for precious space. The effective work 
area is down to onty a few dozen square inches! This limits the scope of projects that can be comfortably 
undertaken, Italso causes unnecessary delays in rooting around for tools and parts. I's not pretty and it's 
not safe 


Where to begin? Like any other project, this big project is made up of many smaller projects, none of 
which are especially difficult, if approached in the right order and with the right attitude. 

Ifyou're starting from scratch with your electronics lab and don’t want to wade through this mess, 
jump on over to the "Adding a Power Source” section of this chapter. 


Science to the Rescue! 


Let's use the science of taxonomy to help break down this task into smaller, more manageable jobs, 
‘Taxonomy comes from the Greek words for “arrangement” (taxis) and “method” (nomia). That sound 
like exactly what is needed here! An “arrangement method” would assist in building up a plan for 

ing this project. 


Tip Method plus rigor equals success! Have a plan, pursue it with determination, and you will succeed, 
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(1) A cross-polarized jammer must receive and measure the polarization of 
the victim monopulse radar. The jammer then transmits a very high power 
jamming signal at the same frequency, but orthogonally polarized, to the victim 
radar. As a rule, the jamming signal must be 25 to 30 dBs stronger than the target 
return to exploit the tracking errors in the cross-polarized antenna pattern. 
Additionally, it must be as purely orthogonal to the design polarization as 
possible. Any jamming signal component that is not purely orthogonal will 
highlight the target and require more jamming power to cover the target return. 


(2) A cross-polarized jammer must be able to generate a powerful jamming 
pulse that is polarized orthogonal to the victim radar. A cross-polarized jammer 
that generates the power and purity of polarization required to defeat monopulse 
angle tracking poses extreme technological challenges. 


d. Cross-eye jamming is a complex technique that attempts to distort the 
wavefront of the beams in a monopulse radar and induce angle tracking errors. It 
exploits two basic assumptions of monopulse tracking logic in comparing target 
returns on a pulse-by-pulse basis. The first assumption is that a target return will 
always be a normal radar pulse echo. The second assumption is that any shift 
amplitude or phase in a target return is due to the tracking antenna not pointing 
directly at a target. This condition generates an error signal and the antenna tries 
to null, but the amplitude or phase shifts. 


(1) Cross-eye jamming attacks the two assumptions through a process of 
receiving and transmitting jamming pulses from different antennas separated as 
far apart as possible. In Figure 11-23, the phase front of a monopulse signal is 
received by the number 1 receive antenna, amplified by the repeater, and 
transmitted by the number 2 transmit antenna. The same phase front then hits 
receive antenna number 2, is shifted 180°, amplified by the repeater, and 
transmitted by the number 4 transmit antenna. These two out-of-phase signals 
must be matched in amplitude and must exceed the amplitude of the target 
return. 


(2) When these jamming signals arrive at the victim radar, the tracking 
loop attempts to null out the amplitude and phase differences. With two widely 
spaced jamming sources at different phases, the antenna never achieves a null 
position or tracking solution. The distance between antenna pairs is an important 
parameter that determines the effectiveness of cross-eye jamming. The wider the 
spacing between antenna pairs, the more distortion in the victim's wave front 
near the true radar return. Most fighter aircraft do not provide sufficient spacing 
between the antennas to maximize effectiveness. Effectiveness is also lost when 
the aircraft is abeam or going away from the radar. To further complicate matters, 
when the radar is directly in front of the aircraft, the jamming pulses must have a 
power at least 20 dBs above the target return. Cross-eye jamming can also be 
defeated with a leading-edge tracker that rejects jamming signals arriving at the 
antenna behind the target return. 
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(3) Countering monopulse angle tracking is the greatest challenge for self- 
protection jamming systems. Skirt jamming and image jamming have had limited 
success. Cross-polarization and cross-eye jamming techniques require complex 
and sophisticated circuitry and much power. 


Figure 11-23. Cross-Eye Jamming 


7. TERRAIN BOUNCE 
Terrain bounce is a jamming technique used primarily at low altitude. It is used to 
counter semi-active, air-to-air missiles and monopulse tracking radars. The 
technique involves a repeater jammer that receives the radar or missile guidance 
signal. The jammer amplifies and directs this signal to illuminate the terrain 
directly in front of the aircraft. The missile or radar tracks the reflected energy 
from the spot on the ground instead of the aircraft (Figure 11-24). 
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Altitude . 
Jamming Spot 


Figure 11-24. Terrain Bounce 


a. To be effective, the terrain bounce jamming antennas should have a narrow 
elevation beamwidth and a broad azimuth beamwidth. This transmission pattern 
maximizes the energy directed toward the ground and minimizes the energy 
transmitted toward the missile or radar. To overcome signal losses associated 
terrain propagation, the jamming system should also generate 
power. This ensures the energy reflected from the terrain is higher 
than the energy in the aircraft return. The terrain bounce jamming antennas 
should have very low sidelobes to preclude activation of any home-on-jam (HOJ) 
missile capability. For an air-to-air missile, the terrain bounce technique should 
be activated at long range. This will initially put the aircraft and the jamming spot 
in the same resolution cell. As the range decreases, the missile will be decoyed 
by the higher power in the jamming spot. 


b. Some problems associated with terrain bounce jamming include the 
uncertainty of the signal scattering parameters of the various terrain features and 
the possible changes in signal polarization caused by terrain propagation. In 
addition, terrain bounce jamming can place maneuvering restrictions and 
maximum altitude limitations on the aircraft. 


8. SUMMARY 
There are several deception jamming techniques that can be employed to counter 
threat radar systems. The effectiveness of these techniques can be enhanced 
when they are employed in combination. For example, the effectiveness of an 
RGPO technique is enhanced when an angle deception technique is also 
employed. Determining the most effective deception technique, or combination of 
techniques, can present a challenge to intelligence and engineering analysts. 
However, when employed with maneuvers and chaff, deception techniques can 
mean the difference between success and failure on the modern battlefield. 
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CHAPTER 12. DECOYS 


1. INTRODUCTION 


A decoy is a device designed to look to an enemy radar more like an aircraft than 
the actual aircraft itself. Decoys do three primary missions: they saturate the 
enemy's integrated air defense system (IADS), coerce the enemy into exposing 
his forces prematurely, and defeat tracking by enemy radar. This chapter will 
discuss saturation decoys, towed decoys, and expendable active decoys. Chaff 
and flare systems will be discussed in separate chapters. 


2. SATURATION DECOYS 

A saturation decoy is usually an expendable vehicle designed to emulate a 
penetrating aircraft. Its mission is to deceive and saturate an enemy's IADS. 
Employing multiple saturation decoys can force an IADS to devote critical 
resources to engage these false targets. This depletes enemy assets available to 
engage penetrating aircraft. In addition, ground or air launched saturation decoys 
can be used to stimulate the IADS, to collect intelligence data, or to initiate 
attacks by suppression of enemy air defense (SEAD) assets. The three main 
characteristics of saturation decoys are their electronic signature, their flight 
program, and their mission type. 


a. Saturation decoys must present an electronic signature, or radar return 
that is indistinguishable from the aircraft they are protecting. Decoys can do this 
by either passive or active measures, or use a combination of both. A passive 
decoy is essentially a flying radar reflector. The size, shape, and materials used in 
the decoy are optimized to ensure that the proper amount of radar energy 
returned to the enemy radars. Active decoys employ radar repeater systems to 
receive the enemy radar signal, amplify it and send back a radar return of the 
proper size to confuse the enemy. Reflecting or transmitting the proper size radar 
return is critical for both passive and active decoys. A return that is too large or 
too small will allow the enemy radar operator to differentiate between decoys and 
aircraft, causing the decoys to be ignored. 


b. To continue deceiving an enemy IADS, a decoy must do more than provide 
the proper-sized radar return. Possessing flight characteristics similar to the 
aircraft it is protecting increases the probability that the decoy will effectively 
deceive an IADS for a sustained period of time. Modern decoys can either be 
powered with rockets, miniature engines, or simply glide for very long distances 
based upon the altitude and airspeed of the jet that releases them. Additionally, 
their flight paths can be pre-programmed into an onboard autopilot, allowing the 
decoy to fly an independent ground track, thus increasing their appearance as 
attack aircraft worth tracking. 
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c. Saturation decoys carry out two of the three decoy missions. Launched in 
significant numbers, they can saturate or overburden an IADS. Meanwhile, their 
realistic electronic image and preprogrammed flight paths entice the enemy to 
turn on radars and show his forces. 


(1) Saturation decoys launched in coordination with an attacking strike 
package force the enemy to take time to process meaningless tracks and tie up 
critical assets. In this role, decoys primarily work against the early warning 
network of the enemy IADS by presenting the IADS with numerous targets to sort 
and track. Resources committed to tracking decoys may not be available to track 
actual aircraft. Additionally, if an enemy knows that decoys are present, he may 
not commit any resources against targets for fear they are just decoys. 


(2) Time of radiation or “emission control” is a critical factor for 
acquisition and target tracking radars. To be effective and survive on the 
battlefield, ground threat radars radiate as little as possible; too much time 
radiating allows ELINT collectors to find their location and either direct aircraft to 
avoid them or call in an attack upon them. Therefore, when a decoy can get a 
radar to emit, the radar is now essentially compromised and can be avoided or 
attacked. Getting the enemy's radars to emit is called “stimulating the IADS,” 
which is generally a precursor to any threat suppression mission. 


(3) An extremely successful example of using decoys to stimulate the 
IADS was carried out in the Bekaa Valley in 1982. The Israelis opened the conflict 
by launching saturation decoys to successfully simulate an attack. While the 
Syrians reloaded, Israeli fighters attacked, destroying 17 of 19 Syrian SA-6s in the 
beginning of the battle. With the ground threat neutralized, the Israeli Air Force 
went on to destroy 85 Syrian fighters in the pure air-to-air conflict that resulted. 


Figure 12-1. Tactical Air Launched Decoy 


d. Two examples of saturation decoys are the Navy's Tactical Air Launched 
Decoy (TALD) in Figure 12-1 and the Air Force's proposed Miniature Air Launched 
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Decoy (MALD) in Figure 12-2. Both of these decoys can work actively or passively 
and both have pre-programmable flight paths. The TALD is an unpowered decoy 
normally launched from an F-14 Tomcat. The Air Force's MALD is a smaller jet- 
powered decoy also designed to be used by fighter aircraft. The MALD is 90 
inches long, 6 inches in diameter, and has 25-inch wings that are foldable- 
essentially it is the size of an air-to-air missile. Because of its small size, the 
MALD can be carried into the target area before it is launched. Once launched it 
uses its speed, independent flight path, and electronically manipulated radar 
signature to make acquisition radars and target tracking radars mistake it for one 
of the attacking aircraft. 


Figure 12-2. Miniature Air Launched Decoy (MALD) 


3. TOWED DECOYS 

A towed decoy is a small jammer that is physically attached to the aircraft (Figure 
12-3). Unlike the saturation decoys that work against the IADS, the towed decoys 
are for individual aircraft survival. Towed decoys are designed to defeat enemy 
missiles in the final stages of an engagement; therefore, towed decoys, as well as. 
other expendables, are known as endgame countermeasures. While towed 
decoys are primarily designed to provide sufficient miss distance between an 
attacking semi-active radar missile and the protected aircraft, they may also be 
effective against pulse Doppler radars and monopulse radars. 


a. To be effective, the towed decoy must turn on within the threat radar's 
resolution cell after the radar is tracking the protected target. To successfully 
decoy the missile, the towed decoy must return radar signals with sufficient 
power to simulate a radar cross section (RCS) significantly larger than that of the 


12-3 


Chapter 12. Decoys Electronic Warfare Fundamentals 


protected target. There are currently two generations of towed decoys on the 
market. Their primary difference lies in the connection each has with the aircraft 
towing it. 


Safety 
Circle 


Figure 12-3. Towed Decoy 


(1) The first generation of towed decoys contains a simple repeater 
jammer that enhances any signal it receives in the proper frequency range. The 
enhanced signal is stronger than the aircraft signal so the missile is lured 
towards the decoy. These decoys are stand-alone units that contain all the 
electronics, processors, receivers and transmitters within them. The only tie to 
the aircraft is for power and status. One of the big advantages of these simple 
repeater devices is that they do not require the exact frequency of the enemy 
radar systems to be effective, they will enhance any signal coming at them. An 
area of concern with the use of towed decoys is possible conflict between the 
onboard jamming system and the towed decoy. The onboard system could 
overpower the decoy, causing the attacking missile to ignore the decoy and track 
the aircraft. 


(2) The second generation of decoys is tethered to the aircraft via fiber 
optic cable. Through this cable travels the different jamming modulations to be 
used by the decoy. These fiber optic towed decoys (FOTD) only contain the 
transmitters; the rem items are in the jet or the pod. This system allows for 
more complex jamming through the decoy, including cooperative jamming 
between the aircraft and the decoy. 


b. The separation required between the decoy and the aircraft is a primary 
consideration in developing a towed decoy system. The towed decoy should be 
positioned far enough behind the aircraft to preclude warhead fragments from 
missiles guiding on the decoy from also impacting the aircraft. Missile A in Figure 
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12-3 depicts a situation where the missile will detonate well outside of the 
aircraft's safety circle. From a pilot perspective, any restrictions on aircraft 
maneuvering imposed by a towed decoy are very important. The number of 
decoys that can be carried and the time required for decoy deployment are also 
important employment considerations. 


c. Acl 9 360° coverage is a primary limitation of a towed decoy system. 
When an aircraft equipped with a towed decoy is abeam a threat radar, the radar 
may be able to discriminate between the aircraft and the decoy. This is a function 
of the resolution cell of the radar. In addition, missiles approaching from a high- 
aspect angle, and above the aircraft (Figure 12-3 - Missile B), may fuse on the 
aircraft while guiding to the decoy. Missiles approaching from a low-aspect angle 
(Figure 12-3 - Missile C) may not fuse on the decoy and subsequently acquire and 
fuse on the aircraft. Finally, if the decoy is destroyed or lost, the time required to 
deploy a replacement decoy is critical, especially if the aircraft is engaged by 
multiple missiles. 


d. An example of a fielded towed decoy system is the AN/ALE-50 (Figure 
12-4). This first generation towed decoy system is found on Air Force F-16 and 
B-1 aircraft, and there is a version that is integrated into the ALQ-184 pod. 


Figure 12-4. AN/ALE-50 System 


(1) The system consists of a launch controller subsystem and towed 
decoys. The launch controller houses the decoy before it is launched, provides 
power to the decoy, and provides for the monitoring of the electronics. The decoy 
body is a factory sealed, self-contained unit with everything except for power. 
Power comes through the tether from the host aircraft; the decoy sends its 
operating status back through the tether to the aircraft. 
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(2) ALE-50 decoy use is cleared throughout the flight regime of the F-16 
and B-1. Decoys can be deployed without being turned on, but once a decoy has 
been deployed, it cannot be reeled back in and must be severed before landing. 
Procedures are in place to reduce the chance that the onboard jamming system 
will negate the decoy. 


(3) The ALE-50 towed decoy is a wideband RF repeater that provides self- 
protection EA by receiving, electronically amplifying, and retransmitting enemy 
radar RF signals. Upon receiving a threat radar signal, this simple repeater 
amplifies the signal and retransmits it. This provides the radar with two signals, 
one reflected from the aircraft and a stronger one from the decoy. With the signal 
from the decoy being the more attractive, the radar or missile guides towards the 
decoy. During combat operations over Kosovo, ALE-50 decoys were credited with 
saves for both F-16s and B-1s. 


4. EXPENDABLE ACTIVE DECOYS 
Expendable active decoys are designed to lure the tracking gates of an enemy's 
radar away from the aircraft. They are endgame countermeasures like towed 
decoys, but they differ in that expendable decoys free-fall or glide to the ground 
as opposed to being towed behind the aircraft. 


a. Expendable decoys are small, active jamming systems designed to be 
expended by existing aircraft chaff and flare dispensers, such as the AN/ALE-40 
or the AN/ALE-47. Expendable decoys can employ noise or deception jamming 
with noise jamming being the most common. Deception jamming techniques can 
be employed to enhance effectiveness against pulse Doppler radars. There are 
two challenges associated with expendable jammers: the amount of the time the 
jammer is effective and the packaging (Figure 12-5). 


Figure 12-5. Generic Expendable 
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b. Expendable decoys are designed to provide protection for the dispensing 
aircraft for a specific period. The dispensing altitude and rate of fall determine 
this period of effective coverage. Expendable decoys can employ small 
parachutes of aerodynamic design to slow the rate of fall and increase the time of 
effective coverage. If the period of coverage is too short, multiple expendable 
decoys must be employed. This places a premium on timely employment and 
expendables management. 


c. The primary components of an expendable decoy are the transmit and 
receive antennas, techniques generator, amplifier, and power supply. The 
transmit and receive antennas should be isolated and capable of high gain, wide 
bandwidth, and should use compatible polarization with the victim radar. The 
techniques generator must recognize the victim radar signal and generate the 
appropriate jamming response. The amplifier must be capable of generating a 
high power jamming signal over a wide frequency range. To meet these 
requirements, sophisticated computer and miniaturization techniques are used, 
and the components packaged to all fit in the aircraft dispenser. These factors 
impact the cost of expendable decoys and may limit the availability of these 
assets. 


d. The Generic Expendable, RTE-1489, commonly called the GEN-X decoy is a 
fielded expendable active decoy. The decoy is sized to fit into a 1.4 x 1.4 x 5.8 
inch cartridge and take advantage of new microwave/millimeter-wave integrated 
circuit (MMIC) technology. The GEN-X is programmable and features a broadband 
antenna and wide frequency coverage. After ejection, the decoy extends three 
small fins for stability. Its battery ignites to provide power, the receiver locks on 
to the threat radar signal, and a deception signal is generated and transmitted. 


5. SUMMARY 
Decoys simply provide the enemy with more targets to process. In the case of 
saturation decoys, this forces the enemy to commit resources against false 
targets, or show his defenses. For towed decoys and expendable active decoys, it 
makes the missile or tracking radar separate a real target from more 
electronically attractive decoys. 
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Let's break down the overall category of “big mess on table” into two major taxa (singular: taxon), or 
categories. Ideally, what we will ind here are tools and components. There will be other bits and pieces 
that don’t easily fit into one category or the other (or will maybe fit into both), but it gives us a place to 
start 


Organization 


Divide and conquer These are the two words that will help us through the ordeal of rehabilitating this 
workspace. We'll get to do a lot of dividing here, and end up as conquerors. The spoils will be a useful 
(and tidy) work area that will encourage you to begin new electronic adventures, instead of scaring 
small children. 


The Great Divide 


Itwould be possible to reorganize this workspace in situ (.e., in place), but it would require a great deal 
of inner peace and lots of patience. Lacking these, a complete reboot isin order. Let's clear off the entire 
table and start afresh. This will provide the excellent opportunity to arrange things in exactly the best 
possible order. 

First, get two big containers, These can be cardboard boxes or plastic storage bins—it really doesn’t 
matter. We'll ust be using them as temporary staging areas as we make like an embryo (and divide and 
divide again). See Figure 5-2. 


Figure 5-2, Two large cardboard boxes are enlisted to help with the initial organization of the contents of 
the tabletop. One will be for tools and the other one for components. Further subdivisions will be made 
later. 
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CHAPTER 13. CHAFF EMPLOYMENT 


4. INTRODUCTION 
Chaff was first used during World War II when the Royal Air Force, under the 
code name “WINDOW,” dropped bales of metallic foil during a night bombing raid 
in July 1943 (Figure 13-1). The bales of foil were thrown from each bomber as it 
approached the target. The disruption of German AAA fire control and ground 
control intercept (GCl) radars rendered these systems almost totally ineffective. 
Based on this early success, chaff employment became a standard bomber tactic 
for the rest of the war. 


Figure 13-1. “WINDOW” - The First Operational Employment of Chaff 


a. Chaff is one of the most widely used and effective expendable electronic 
attack (EA) devices. It is a form of volumetric radar clutter consisting of multiple 
metalized radar reflectors designed to interfere with and confuse radar operation. 
It is dispensed into the atmosphere to deny radar acquisition, generate false 
targets, and to deny or disrupt radar tracking. Chaff is designed to be dispensed 
from an aircraft and function for a limited period. 


b. Even with the development and deployment of advanced radar threat 
systems, chaff continues to be an extremely effective EA device. Experience 
gained during the Vietnam conflict, the 1973 Yom Kippur War, and DESERT 
STORM clearly shows that chaff effectiveness against radar threats is still a 
factor with which the enemy must contend. This is especially true when chaff is 
employed with self-protection jamming and aircraft maneuvers. 
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c. Chaff screening and self-protection are the two basic chaff employment 
tactics. Chaff screening tactics, including area saturation and chaff corridor 
employment, are designed to confuse and deny acquisition information to the 
early warning, GCI, and acquisition radars supporting surface-to-air missile 
(SAM) systems. Self-protection tactics are designed to counter acquisition and 
target tracking radars (TTRs). When used with jamming and maneuvers, chaff can 
cause TTRs to break lock or generate survivable miss distances if a SAM is fired 
at the aircraft. 


2. CHAFF CHARACTERISTICS 

To understand how chaff affects radar systems, it is important to understand its 
characteristics. The most important chaff characteristics are radar cross section 
(RCS), frequency coverage, bloom rate, Doppler content, polarization, and 
persistence. 


a. RCS is a measure of the net reradiated energy from a target to the 
illuminating radar. The RCS of an aircraft varies based on the size, shape, type of 
skin surface, configuration, and aspect to the illuminating radar. Figure 13-2 
shows the effect of aspect on aircraft RCS. The RCS is greatest when the aircraft 
aspect is 90°, or abeam the radar. The lowest RCS occurs near the 30-70° and 
110-150° of aspect. Since the aircraft RCS also varies based on frequency, the 
victim radar's frequency is a key factor. To be effective, chaff must be dispensed 
in large enough quantities to create an RCS greater than the aircraft RCS. 


Measured Aircraft RCS Pattem Typical Aircraft Average 
At A Specific Frequency RCS Pattern 


© 20 a 60 9 100-120 140 160 120 


Azimuth Angle (Deg) 


Usually Aircraft RCS Is Lowest at 30°- 70° Azimuth 
Chaff Breaklock Requires The Least Chaff 


Figure 13-2. Aircraft Radar Cross Section (RCS) 
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(1) The RCS of a chaff bundle depends on the frequency of the victim radar 
and the dispensing aircraft's relative position, or aspect. Figure 13-3 shows the 
RCS of a single RR-170 chaff cartridge based on frequency. It shows that the 
largest RCS occurs at about 3 GHz. However, for the spectrum between 2-18 GHz, 
which includes most SAM TTRs, the RCS of the RR-170 cartridge is over 50 
square meters. Since the typical fighter aircraft RCS varies between 1 and 10 
square meters, depending upon frequency and aspect, the RR-170 chaff cartridge 
should provide a sufficient RCS to mask the aircraft RCS. 
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Figure 13-3. RR-170 Chaff Cartridge RCS 


(2) The angular relationship, or aspect, between the aircraft and chaff 
bundle affects the chaff RCS presented to the victim radar. Chaff RCS is greatest 
when the chaff bundle and the aircraft are abeam the threat radar. It is smallest 
when the threat radar is off the nose or tail of the aircraft. Aspect is important 
when developing self-protection maneuvering and chaff dispensing tactics 
against threat radars (Figure 13-4). 
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Figure 13-4. Threat Radar Aspect and Chaff RCS 


(3) Dispensing multiple chaff bundles simultaneously does not necessarily 
increase chaff RCS. Multiple bundles increase the density of the chaff but do not 
directly enhance self-protection capabilities (Figure 13-5). This is an important 
consideration when developing chaff dispenser rates to counter threats. 


1 Chaff Unit 


2 Chaff Units 


3 Chaff Units 


Figure 13-5. Impact of Multiple Chaff Cartridge Employment on Chaff RCS 
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b. Each strip of chaff is a dipole reflector that reradiates the electromagnetic 
energy received from an emitting radar and creates a radar echo. The optimum 
size is cut to about one-half the wavelength of the victim radar's RF. Since a 
single cut length is restricted in effectiveness to a narrow range of frequencies, 
different lengths are normally packaged together to provide coverage over a wide 
range of frequencies (Figure 13-6). 


Single Strand Cut to Nearly 100% E/F Band 
E/F Band Length Reradiated Energy Radar Frequency 


Single Strand Cut to Only 40% H Band 
E/F Band Length Reradiated Energy Radar Frequency 


Figure 13-6. Chaff Length and Frequency Coverage 


(1) Considerable research and development has reduced the size and 
increased the effectiveness of self-protection chaff. There are various chaff sizes, 
shapes, and materials. Most chaff carried on fighter aircraft are made of small 
aluminum strips, coated strips of nylon, or fiberglass. These strips are cut to 
various lengths and compressed into bundles that are small and light enough to 
allow the aircraft to carry and dispense multiple chaff bundles. These cuts of 
chaff are packaged into chaff cartridges and inserted into a dispenser on the 
aircraft. An explosive squib assembly ejects the cartridges from the dispenser 
and disperses the chaff (Figure 13-7). 
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Figure 13-7. RR-170 Chaff Cartridge 


le as many dipoles as possible and present the maximum 
radar cross section, each chaff bundle has numerous chaff cuts to match a 
predetermined range of frequencies. Each chaff cartridge contains almost 3 
million dipoles packaged in an eight inch by one-inch cartridge. The dipole 
frequencies cover the frequency range where most SAM TTRs and air-to-air 
radars operate (2 - 18 GHZ). 


c. Bloom rate, the rate at which chaff will scatter, is also a very important 
characteristic of self-protection chaff. Self-protection chaff effectiveness is based 
on the relationship of bloom rate, chaff RCS, aircraft RCS, and the resolution cell 
of the threat radar system. The ability of chaff to effectively defeat a target 
tracking radar is directly related to the chaff dispense rate, which determines the 
chaff RCS, which should be larger than the aircraft's RCS. The chaff bundles 
must also bloom within the resolution cell of the radar. 


(1) Chaff bloom rate is dependent on aerodynamic factors associated with 
the chaff type, the location of the dispenser on the aircraft, and the aircraft wake 
or turbulence. Heavy or dense chaff falls faster and blooms slower than lighter 
and less dense chaff. The location of the chaff dispenser on the aircraft affects 
the airflow in which the chaff will be dispensed. The ideal position for the 
dispenser is in the area where there is the most turbulence from the aircraft. 
Turbulence behind the aircraft is probably the most important factor affecting 
bloom rate. The more turbulent the airflow, the greater the bloom rate (Figure 
13-8). Maneuvering the aircraft while dispensing chaff also enhances the chaff 
bloom rate. 
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Figure 13-8. Impact of Turbulence and Chaff Bloom Rate 


(2) To ensure that the victim radar is decoyed or that it transfers automatic 
tracking to the chaff, the chaff must bloom within the radar resolution cell. This 
resolution cell is a three-dimensional spheroid with dimensions based on the 
pulse width, horizontal beamwidth, vertical beamwidth, and the range of the 
aircraft (Figure 13-9). There are some rules of thumb that can be used when 
considering the bloom rate of chaff and the resolution cell of a particular radar. 
The shorter the pulse width of a radar, the faster the chaff has to bloom to be 
effective. The narrower the horizontal and vertical beamwidths, the faster the 
chaff has to bloom to be effective. 


Figure 13-9. Chaff Bloom Rate and Radar Resolution Cell 
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d. Against Doppler radars, self-protection chaff is most effective when 
dispensed at or near the beam, relative to the threat radar. When chaff is 
dispensed in the airstream, the drag on an individual dipole is so great compared 
to its mass that it slows to the velocity of the surrounding air mass almost 
instantly. Since the relative velocity of the chaff, in relation to the radar, is zero, 
radar systems employing Doppler processing and tracking will not display the 
chaff. Doppler processing radars will continue to track the aircraft unless it also 
has a relative velocity of zero. This occurs when the aircraft is abeam the radar. 
Chaff corridor and area saturation tactics against Doppler tracking radars will 
have limited effectiveness. 


Chaff persistence and polarization are two additional characteristics that 
are important employment considerations for area saturation or chaff corridor 
operations. These individual chaff element characteristics are directly related to 
the combined effects of aerodynamic, atmospheric, and gravitational influences. 


(1) Chaff persistence is the length of time the chaff is at an effective 
altitude to screen ingressing aircraft during area saturation or chaff corridor 
operations. The time span depends on the fall rate of the chaff and varies 
according to the density of the dipoles. The prevailing atmospheric conditions, 
such as wind and temperature also affect chaff persistence. Generally, the longer 
cuts used for lower frequency radars fall faster than the shorter cuts used for 
higher frequency radars. Each type has its own rate of fall based on these 
conditions. The rate of fall is a critical mission planning consideration for 
determining the amount of time between chaff corridor or area saturation 
initiation and the arrival of the aircraft being screened. If the chaff is employed 
too early, it may not be at the correct altitude or may have dispersed to the point 
that it is not effective to screen ingressing aircraft. 


(2) Each chaff strand is a polarized dipole with positive and negative ends. 
The orientation of these strands determine their polarity (Figure 13-10). Chaff cuts 
with the positive and negative ends oriented vertically are vertically polarized. 
Chaff cuts with the positive and negative ends oriented horizontally are 
horizontally polarized. Since chaff strands are initially buffeted by turbulence and 
airstream vortices, the dipole orientation and polarization, changes rapidly and 
randomly. Eventually, the strands separate into two groups; one descending 
horizontally, and one descending vertically. Since the vertically oriented strands 
tend to fall faster, the lower part of the chaff cloud tends to become more 
vertically polarized, while the upper portion is horizontally polarized. A threat 
radar that uses vertical polarization will receive minimal affects from the upper 
(horizontally polarized) portion of the chaff cloud. If the aircraft being screened 
are flying within this portion of the chaff cloud, they may be detected and 
engaged. This is another mission planning consideration for chaff area saturation 
or chaff corridor operations. 
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Figure 13-10. Impact of Chaff Polarization 


3. CHAFF OPERATIONAL EMPLOYMENT 


The two primary chaff employment tactics are force screening and self- 
protection. Force screening tactics include area saturation and corridor 
operations. Self-protection tactics include the reactive employment of chaff to 
negate a potentially lethal engagement. Different chaff dispensing techniques are 
used for each employment tactic and are important planning considerations for 
all chaff employment tactics. This section will discuss area saturation, corridor 
operations, and self-protection chaff employment. 


a. The objective of area saturation operations is to present multiple false 
targets in a specific area in order to saturate radar systems and confuse the 
enemy integrated air defense system (IADS). Area saturation can be 
accomplished by fighter aircraft or drones equipped with chaff pods employing 
random chaff dispensing techniques. The chaff dispenser is set to release 
random bursts of chaff along the ingress and egress route of the attack package. 
Chaff pods may be supplemented with chaff bombs containing special fuses that 
provide false targets at varying altitudes. Attack aircraft can also contribute to 
area saturation by randomly dispensing self-protection chaff as they ingress and 
egress. However, this tactic can deplete the number of chaff bundles an attack 
aircraft may need to defeat a potentially lethal radar system encountered at a later 
time in the mission. 


(1) The chaff cuts must provide frequency coverage for the threat radar 
systems. Also the RCS of each chaff burst should be large enough to present a 
realistic target to the victim radars. Multiple false targets created by chaff area 
saturation may confuse threat system operators and encourage them to expend 
missiles on false chaff targets. 
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Now, the first thing you will want to do is remove any items that really don’t belong in the lab at all, 
such as coffee cups, personal effects, and any obvious trash. Everything that is about to go into one of 
the two boxes should eventually find its way back to the work area, so now is the time to omit the things 
just don’t belong here. 

Is ita tool? Is it a component? How do we tell? Ask five people and you will get five different answers. 
For the purposes of this little endeavor, a component is something that will become a part of a project, 
‘while a fool is something that is used to modify or manipulate a component. Another way of looking at it 
is that components get used up quickly, while tools get used up slowly. If you build enough projects, you 
will be lucky enough to see exceptions to these guidelines. 

Here are some examples. Wire is a component, Wire cutters are tools. That was easy. A flashlight is a 
sual inspection aid,” so it goes under the category of tools. Batteries for the flashlight are consumable, 
so they are components. There's no real need to be ultra-precise at this point. Use your best judgment 
‘and make up policies that make sense to you. 

It might help, from a physical logistics standpoint, to use smaller subcontainers to hold the really 
small bits as you're lumping them into the two broad categories. Folding cardboard bin boxes are handy 
both on the tabletop as well as on shelves, if you have them. The cardboard bin boxes shown in Figure 
5-3 are from Uline (http: //uline. con), part numbers S-16268 (4” wide) and S-16269 (6" wide). 


Figure 5-3, Folding cardboard bin boxes help contain some of the smaller bits and pieces during the Big 


Sort. You can use whatever happens to be available. Some preliminary subsubdivision is going on here. 
For the most part, the tools are on the left and the components are on the right. 
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(2) Saturation also masks the number of attacking aircraft (Figure 13-11). 
When used with false target deception jamming, area saturation can greatly 
enhance mission success. However, the technique is resource-intensive since 
aircraft employing chaff pods and chaff bombs cannot attack targets. These 
aircraft are vulnerable to attack and should be supported by standoff jamming. 
Area saturation tactics may have limited success against Doppler processing 
radars. 


Figure 13-11. Area Saturation Tactics 


b. The objective of chaff corridor operations is to screen the ingress and 
egress of an attack package by dispensing large quantities of chaff in a 
continuous “ribbon.” Fighter aircraft, or drones equipped with chaff pods such as 
the ALE-38, employ a stream chaff dispensing technique to “lay” the chaff 
corridor. The pods are set to provide a continuous line of chaff dense enough to 
hide ingressing and egressing aircraft. The chaff cuts should provide frequency 
coverage for the radar systems that must be countered. Timing for the chaff 
aircraft in relation to the attack package must consider the fall rate and 
persistency of the chaff to ensure that the chaff corridor covers the required 
altitude for a time sufficient to allow the attack package to ingress and egress. An 
effective chaff corridor completely denies a radar's ability to distinguish between 
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the chaff and the attack aircraft. To do this, the radar cross section, or RCS, of the 
chaff within the resolution cell of the radar must exceed the RCS of the aircraft. 
This condition must be met throughout the length of the chaff corridor. When this 
condition is met, the chaff corridor will appear as a continuous return on the 
victim radar scope, and the attack package cannot be detected (Figure 13-12). 


Figure 13-12. Chaff Corridor Tactics 


(1) One advantage of a chaff corridor is that it can screen ingressing and 
egressing aircraft from pulse radar systems. However, chaff corridors are 
resource-intensive. Aircraft “laying” the corridor cannot strike critical targets. 
The chaff aircraft are also vulnerable to attack. Therefore, standoff jamming and 
self-protection jamming systems should be employed to provide some screening 
and protection for the chaff dispensing aircraft. Finally, chaff corridors may not 
be effective against radars with Doppler processing. 


(2) To be effective, chaff corridor operations require detailed planning. 
Electronic combat (EC) planners must first determine that a chaff corridor is the 
most effective way to screen the attack force. This decision is based on the 
vulnerability of the attack aircraft to the anticipated threat radar systems and the 
availability of chaff assets. Once the decision is made to employ a chaff corridor, 
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planners must select the location, determine the length of the chaff corridor, 
select the ingress and egress altitudes, and establish the timing for the chaff 
aircraft and the attack package. Once the location of the chaff corridor is 
determined, planners must assess the threat radar systems that must be 
countered. The specific operating frequencies of the threat radars will determine 
the cuts of chaff that must be dispensed. The resolution cells of the threat radars 
will determine the density of chaff required. The length of the chaff corridor and 
the chaff density will determine the number of chaff aircraft required to seed the 
chaff corridor. The chaff fall rate and the atmospheric conditions impact the 
timing between the chaff aircraft and the attack package, and the altitude that the 
chaff dispensing aircraft must fly. 


c. Self-protection chaff tactics are based on the use of chaff dispensers that 
use burst chaff dispensing techniques to defeat a TTR. Burst chaff dispensing, 
employed during the final phase of an engagement by air-to-air or surface-to-air 
weapons, can generate tracking errors or a radar break-lock. Burst chaff 
effectiveness is greatly enhanced when accompanied by jamming and evasive 
maneuvers (Figure 13-13). 


Figure 13-13. Self-Protection Chaff Tactics 


(1) Self-protection chaff has proven effective against all pulse radar threat 
systems when employed with maneuvers and jamming. This is especially true for 
TTRs operating in an automatic tracking mode. 
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(a) Chaff employed against a track-while-scan (TWS) radar is designed 
to put multiple targets, with an RCS greater than the aircraft, in the resolution cell 
of the horizontal and vertical radar beams (Figure 13-14). Since the tracking loop 
tracks the largest return, the TWS radar will automatically switch to the chaff. 
After dispensing chaff, the pilot can maneuver vertically or horizontally to move 
the aircraft out of the resolution cell. 


Figure 13-14. Self-Protection Chaff Effect on a TWS Radar 


(b) Against a conical scan radar, chaff puts multiple, large RCS targets 
within the separate scans of the radar (Figure 13-15). These multiple targets 
generate error signals in the tracking loop and drive the separate scans off the 
aircraft return. As the conical scan radar tracking loop attempts to resolve these 
error signals, it will eventually lock on to the chaff. Maneuvering outside the 
overlapping scan area enhances chaff effectiveness and facilitates the transfer of 
radar lock-on to the chaff. 
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Figure 13-15. Self-Protection Chaff Impact on a Conical Scan Radar 


(c) Chaff employed against a monopulse radar is designed to put 
multiple targets in at least two of the tracking beams (Figure 13-16). This 
generates errors in the azimuth, elevation, and range tracking circuits. Multiple 
chaff targets continue to generate azimuth and elevation errors that can 
eventually generate a break-lock condition, as the radar transfers lock-on to the 
chaff. Chaff is most effective against monopulse radars when employed on the 
beam in order to create the maximum angular tracking error. 
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Figure 13-16. Self-Protection Chaff Impact on a Monopulse Radar 


(d) Modern radars may employ some form of Doppler filtering to negate 
the effectiveness of chaff and other sources of clutter. Pulse Doppler and 
continuous wave radar systems track targets based on target velocity relative to 
the radar. Radars employing a moving target indicator (MTI) use relative target 
velocity to distinguish between targets and clutter. Chaff slows to near zero 
relative velocity almost immediately after dispensing. For self-protection chaff to 
be effective, the aircraft velocity relative to the radar site must also be near zero 
This occurs when the aircraft's aspect to the radar is 90°, or on the beam. By 
maneuvering to a beam aspect against a Doppler radar, the pilot is exploiting the 
“notch” where radar cannot discriminate targets based on Doppler frequency 
shift (Figure 13-17). 
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Figure 13-17. Self-Protection Chaff Impact on a Doppler Radar 


4. SUMMARY 
Chaff is one of the oldest and most effective pulse radar countermeasures. The 
fundamental characteristics of chaff (RCS, frequency coverage, bloom rate, 
Doppler content, polarization, and persistence) determine the effectiveness of 
chaff employment. The primary chaff employment tactics of force screening and 
self-protection are designed to maximize the impact of chaff on threat radar 
systems. Self-protection chaff, together with jamming and maneuvers, is often 
the “last line of defense” against lethal radar threat systems. 
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CHAPTER 14. IR FUNDAMENTALS 


1. INTRODUCTION 


Since their introduction in the 1950s, infrared (IR) missiles have been an 
increasing threat from both ground-based and airborne systems. The range, 
reliability, and effectiveness of IR missiles have been continuously improved by 
advanced detector materials and computer technology. Since IR missiles are 
passive, they are relatively simple and inexpensive to produce. These 
characteristics have contributed to the proliferation of IR missiles in the combat 
arena. Nearly every aircraft flying in either the air-to-air or air-to-surface role now 
carries an all-aspect IR missile. Additionally, every infantry unit down to the 
platoon level is equipped with shoulder-fired IR missiles (Figure 14-1). This 
chapter will cover basic IR theory, IR missile detection, IR seekers, and conclude 
with a section on IR flare rejection. 


Figure 14-1. The IR Threat 


2. BASIC IR THEORY 


Because of its location in the frequency spectrum, IR radiation exhibits some of 
the characteristics and limitations of microwaves and visible light. 


a. All warm objects emit IR energy. The object's temperature dictates the 


characteristics of this radiation. As the temperature of the material increases, the 
radiant intensity increases and shifts to shorter and shorter wavelengths or 
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higher and higher frequencies. The frequency band of IR radiation falls between 
the upper limit of microwaves and the lower limit of visible light. When discussing 
IR radiation, it is more convenient to refer to wavelength instead of frequency 
(Figure 14-2). The wavelength of the highest frequency IR is 0.72 x 10° meters. A 
unit of measure called the micron (y), is one millionth, or 10°, of a meter and is 
used to designate IR wavelengths. IR energy falls in the electromagnetic 
spectrum between the wavelengths of 1000 and 0.72 microns, while visible light 
occupies the spectrum from 0.72 to 0.39 microns. 
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Figure 14-2. IR Frequency Band 
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b. As the IR energy travels through the atmosphere, certain wavelengths are 
absorbed or attenuated. The greatest IR attenuator is atmospheric water vapor, 
which varies as the weather conditions vary, with negligible absorption at 
altitudes above 30,000 feet. Another significant attenuator is carbon dioxide. The 
percentage of carbon dioxide in the atmosphere is practically constant up to a 
height of 30 miles. Carbon dioxide absorption is predictable and occurs only in 
the IR region. Scattering is another form of atmospheric attenuation and is 
caused by dust particles and water droplets. Scattering is also largely dependent 
‘on weather conditions and cannot be predicted. Most of the scattering occurs at 
lower altitudes and at the shorter wavelengths. Other atmospheric elements 
cause little or no attenuation of IR energy. Figure 14-3 shows atmospheric IR 
transmission at sea level. There is a relatively large window of IR transmission in 
the region from one to five microns. This is the region where the aircraft engine 
heat signature is at its maximum intensity and where most IR missiles are 
designed to operate. 
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Figure 14-3. Atmospheric IR Transmission 


c. IR energy exhibits some of the transmission characteristics of both RF 
energy and visible light. As with visible light, it can be optically focused by lenses 
and mirrors. This characteristic is used in the IR mi detector elements 
(Figure 14-4). As with RF energy, the intensity of IR radiation diminishes inversely 
with the square of the distance between the source and the receiver. 
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After everything is removed ftom the table and the cardboard boxes are nearly full, the table itself 
should get a good washing, Behold the tabula rasa (blank slate) depicted in Figure 5-4. 


Figure 5-4, The tabletop has been cleared of tools, components, and various bits of debris. A good washing 
with soap and water completes the cleansing. A burned spot (the result of a poorly supervised thermal test) 
is covered with a small sticker (see inset). 
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Figure 14-4. IR Missile Seeker 


d. If the intensity of the aircraft's IR signature, while in the military power 
setting, is plotted in relation to wavelength, it reaches a peak at approximately 3 
microns (Figure 14-5). In afterburner, the aircraft's IR intensity reaches a peak at 
approximately 1.5 microns. Since IR missiles are designed to detect and track the 
aircraft's IR signature, most IR missiles operate in the region of 1 to 5 microns. To 
be effective, the IR intensity of a flare must also fall within this micron region. 
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Figure 14-5. Aircraft IR Intensity 
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e. An aircraft's relative IR signature is based on aspect angle, airspeed, 
altitude, and afterburner status. The minimum relative IR intensity is at the nose 
and maximum at the tail. As airspeed increases, the relative IR intensity increases 
due to the heat generated by friction and increased engine temperatures. As 
altitude increases, the relative IR signature increases at all aspect angles, due to 
the reduction in atmospheric attenuation (Figure 14-6). 
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Figure 14-6. IR Signature Versus Aspect Angle 


3. IR SIGNATURE SOURCES 
IR guidance is based on the fact that every object with a temperature above zero 
degrees Kelvin emits IR radiation. The temperature of the object dictates the 
characteristics of this radiation. As the temperature of the object increases, the 
radiant intensity increases and shifts to higher and higher frequencies and 
correspondingly shorter and shorter wavelengths. The F-16 at Figure 14-7 
demonstrates the different wavelengths found at different areas of the aircraft. 
Emissivity in Figure 14-7 is a relative measure of the IR energy emitted when a 
surface is directly viewed. 
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Figure 14-7. Target Signature Sources 


a. The main aircraft signature sources are the plume, the engine hot parts, 
and the skin. The skin is large in area, but usually fairly cool. Thus the best 
detection of the aircraft skin is usually in the long wave IR band (8-12 microns). 


b. The engine hot parts offer excellent detection when one is looking at the 
right angle. They have high temperatures and high emissivity. However, 
depending on the viewing angle, they may have a low perceived area. 


c. The plume has high temperatures and a high perceived area. This large 
perceived area allows near all-aspect detection. Unfortunately, it has a relatively 
low emissivity except near 4.2 microns. It is the strategy of the new breed of all- 
aspect missiles to detect the plume in the mid-wave IR, around 4.2 microns. 


d. Figure 14-8 shows some of the common IR detector materials. Note that the 


cooled detectors are sensitive to longer wavelength (lower energy) photons, as 
discussed earlier. 
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Material Wave-Band 


Lead Sulfide (PbS) - Uncooled 1.5 - 2.5 micrometers 


Lead Sulfide (PbS) - Cooled 2.0 - 4.0 micrometers 
Lead Selenide (PbSe) - Uncooled 2.0 - 4.2 micrometers 
Lead Selenide (PbSe) - Cooled 3.0 - 5.0 micrometers 


Indium Antimonide (InSb) - Cooled 2.0 - 5.0 micrometers. 


Mercury-Cadium-Telluride = 
(Hg,,,,Cd,,Te) - Cooled 8.0 - 13.0 micrometers 


Figure 14-8. IR Detection Materials 


4. IR SEEKER CHARACTERISTICS 
Guidance units are designed to detect and home in on the IR radiation of the 
aircraft. The job of the seeker is to view the scene and output the estimated target 
position. Figure 14-9 shows the hardware that makes up the seeker of a generic 
IR missile system. 
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Figure 14-9. IR Missile Seeker 
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a. The dome acts as an IR transparent protective cover. Most IR missiles use 
the hemispherical dome because that shape does not alter the path of the 
incoming light rays. The optics focus the scene through the reticle onto the 
detector. The reticle pattern enables the detector output to “code” the position of 
the target. 


b. The internal workings of the missile are similar to those found in a radar 
tracking system. There is an automatic gain control (AGC) to adjust the levels of 
the detector output so that it is not too large or too small. The demodulation 
circuit “decodes” the detector signal. The threshold circuit cancels signals that 
are below the specified threshold value, similar to the clutter rejection function 
found in radar systems. Finally, the phase analyzer reads the target position from 
the signal and sends the result to the autopilot. The autopilot then adjusts the 
missile’s flight path to track the target. 


c. IR systems employ filters and detectors to filter out unwanted IR radiation 
from the sun, sunlit clouds, smoke, the earth, and other background radiation 
sources (Figure 14-10). The detection unit is coupled with a guidance system to 
generate commands to the missile control vanes to keep the target centered in 
the field of view. 
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Figure 14-10. Spin Scan Reticle 


d. A defining characteristic of an IR missile is its field of view (FOV) and field 
of regard (FOR) (Figure 14-11). The angular size of the image in degrees is called 
the field of view. To provide the greatest possibility of collecting IR radiation from 
the target, the receiver must have the greatest possible FOV. This in turn may 
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create problems. A large FOV increases the possibility that the receiver may not 
be able to distinguish the target from other sources of IR radiation. To avoid this 
problem, a relatively small FOV is scanned through a wider area. This wider area 
is referred to as the FOR. The gimbal enables the FOV to be scanned, so that an 
entire FOR can be searched. 
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Figure 14-11. Missile Field of View 


5. IR SEEKER TYPES 


Through the years advances in seeker technology have resulted in significant 
changes to IR missile engagement tactics. This section will discuss spinning 
reticle, conical scan, cooled, and imaging IR seekers. 


a. First generation IR missiles, like the SA-7, use a spinning reticle as the 
means to track the target. Due to their relatively low cost and ease of use, IR 
missiles of the first generation can still be encountered. The spinning reticle 
inserted in the seeker just before the IR radiation reaches the detector. The reticle 
is a thin plate of optical material which has a transparent and opaque pattern on 
it. As the reticle is rotated, the IR energy is chopped at a rate determined by the 
reticle pattern. This system produces error signals when the target is not exactly 
centered in the field of view. Figure 14-12 is an example of a reticle pattern that 
can provide both azimuth and elevation information. If the target is located in the 
upper half of the pattern, the IR intensity on the detector is constant as the reticle 
rotates. As the pie-shaped half of the disc rotates over the target, the IR energy is 
pulsed and the amplitude of the pulses is an indication of relative elevation angle. 
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When the target moves to the right or left, the pulsing starts and stops at different 
times, indicating target azimuth. Center spun spin-scan seekers, also called 
center null reticles, are relatively insensitive when the target is in the center of the 
seeker scan where there is no tracking error. This is because the point target 
tends to bleed energy into all the spokes at once, eliminating the pulsed signal 
output of the detector. Once the target falls off the center of the reticle, the seeker 
generates an error signal that initiates guidance commands to recenter the target. 
This is the reason early IR missiles flew an undulating path toward the target. 
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Figure 14-12. IR Mis: 


b. IR conical-scan (con-scan) seekers were developed to solve some of the 
problems with spin-scan seekers; notably the lack of error response when the 
target is near the center of the seeker field of view (FOV) (Figure 14-13). In a 
typical con-scan seeker, the reticle is fixed and does not spin. Instead, a 
secondary mirror is tilted and spun. This causes the target image to be scanned 
in a circular path around the outer edge of the reticle. When the target is centered 
in the seeker scan, the detector generates a pulsed output similar to that of the 
spin-scan seeker. However, as the target leaves the center, the output of the 
detector is a frequency modulated (FM) sine wave. The frequency of the 
modulation is directly proportional to the amount of target displacement from the 
center of the seeker scan. Con-scan optics are usually designed to spin the target 
very close to the edge of the reticle. This generates the greatest amount of FM 
modulation for a given target tracking error and gives the con-scan IR missile a 
more sensitive and tighter tracking loop. The center of the reticle is only used for 
acquisition. 
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Figure 14-13. Conical Scan IR Seeker 


c. A significant improvement to IR seekers resulted from the cooling of the 
detector with an inert gas such as argon. Older IR missiles, using uncooled lead- 
sulfide detectors, have a peak sensi in the 2 micron region. This limits these 
s, the SA-7 for example, to stern attacks because the missiles can only 
discriminate the IR signature of the engine turbine from background IR energy. 
By cooling the detector with an inert gas, like argon, the detectors of newer IR 

issiles can track longer wavelength IR radiation associated with airframe 
ion. Using newer detector materials like m antimonide (InSb), require 
cooling to have increased target detection range and all-aspect tracking 
capability. 


d. Imaging IR is the most recent advancement in IR seeker technology. The 
technology for these seekers is similar to that found in the AGM-65 Maverick 
missile. Imaging IR seekers are harder to decoy with flares than older seekers, 
and they are resistant to pulsed light jamming. Imaging detection involves 
creating an IR picture of the scene in one of two ways, scanning or staring. A 
scanning system uses one detector (or a mix of detectors and mirrors) which 
moves relative to the scene until the entire scene is scanned. This is an easy 
system to fabricate, but it can be noisy because the detector can't stay very long 
at each position, and it does not have a lot of time to measure the signal. A 
staring system uses many detectors, each of which detects a small portion of the 
scene. Each detector can “dwell” on its part of the scene for the entire frame 
time. However, such systems, also called focal plane arrays, are difficult to 
fabricate in a way such that each detector has the same sensitivity. One of the 
prime advantages with using imaging IR seekers is that they can be programmed 
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to track a particular IR shape or scene, significantly reducing the effectiveness of 
decoy flares. 


6. IR MISSILE FLARE REJECTION 


Flares are the primary countermeasure used to defeat the IR mi . Advanced IR 
missiles use different techniques to overcome the use of self-protection flares. 
There are two important characteristics of infrared (IR) missiles that influence the 
effectiveness of self-protection flares. The first is the ability of the IR missile 
seeker to discriminate between the IR signature of the aircraft and the IR 
signature of background interference, especially clouds. The second is the flare 
rejection capability built into the missile seeker and the missile guidance section. 


a. The major source of IR background interference is sunlit clouds. Space 
filtering using a spinning reticle as described in the previous section is the 
method most widely used to suppress background interference and improve 
discrimination. IR energy from the target is gathered by the optical system and 
focused on the spinning reticle. The reticle chops the signal into a series of 
pulses that are focused onto the IR detector element. The signal output of a point 
source of IR energy, such as a target aircraft, will be a series of pulses. The signal 
output of a cloud, which covers several segments of the reticle, will be a single 
large pulse. An electrical filter eliminates the single large cloud pulse, and passes 
the multiple pulses generated by the target to the missile guidance section. 


(1) IR missiles using spin-scan seekers have very little ability to reject 
flares. Flares provide the missile seeker with a hotter target than that of the 
raft, causing the spin-scan seeker to track the flare. The typical flare burns 
with a peak energy emission in the 2 micron range. Since the flare energy 
emission is greater than that of the target aircraft, the missile seeker transfers 
lock to the flare. 


(2) Due to the scan pattern, con-scan seekers have some inherent 
resistance to flares. As described in the previous section, the reticle in a con- 
scan seeker is fixed and does not spin. Instead, a secondary mirror is tilted and 
spun. This causes the target image to be scanned in a circular path around the 
outer edge of the reticle. Because flares tend to drop away from the aircraft, they 
will drop off the con-scan reticle much faster than for a spin-scan reticle; 
therefore, flare resistance is built-in. 


(3) Reducing the missile FOV is another method to help an IR missile 
discriminate the target IR signature from background IR (Figure 14-14). Limiting 
the FOV of the missile also makes the missile more resistant to flares. To decoy 
an IR missile seeker, the flare must create a heat source hotter than the aircraft 
and within the missile FOV. To decoy an IR missile with a narrow FOV, the flare 
must reach peak intensity almost immediately after ejection (Figure 14-15). 
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Flare 


IR Missile Seeker Field of View 


Figure 14-14. Impact of IR Missile Field of View 


Missile Field 
of View 


Narrow Field of View 


Figure 14-15. IR Missile — Narrow Field of View 
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Adding a Power Source 


Here's where a bit of planning will save you a lot of headaches in the future. What you never seem to 

have enough of in any laboratory, especially electronics labs, are lots of conveniently located power 

outlets. Let's take care of that issue right away, before building anything else onto the tabletop. See 
igure 5-5. 


Figure 5-5. A 12-outlet power strip is attached to the back edge of the tabletop. This will provide a safe and 
convenient source of power for all those gadgets you'll eventually want on your bench, Tools needed for the 
job include a drill motor to drill out some small pilot holes for the brackets, a small drill bit, and a felt- 
tipped marker. Before drilting the pitot holes, align the brackets where you want them to go and use the 
‘marker to puta dot where the pilot hole should be drilled. Make sure the power strip is not plugged in 
when you're drilling right next to it! 


Having lots of extra power outlets is a nice bonus, but is not absolutely required. What you want to 
avoid, however, is excessive daisy-chaining of power strips and extension cords. Thisis a fire hazard, 
Remember from Chapter 3 that every conductor has a certain amount of resistance. This resistance 
turns electricity into heat. Enough heat makes things catch on fire. 
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(4) The detector also influences the ability of an IR missile to discriminate 
target IR from background IR. Newer IR seekers can track longer wavelength IR 
radiation. The seeker's ability to track through a wider frequency range forces 
flares to decoy that wider frequency range to be successful. Additionally, the 
cooled seeker's ability to track from all angles could cause geometry problems, 
the missile may never see a flare ejected from the bottom rear of an aircraft. 


b. IR missile designers have combined computer signal processing and 
modern IR missile seekers to detect the presence of flares and reject them as. 
targets. This flare rejection capability, or IR counter-countermeasure (IRCCM), 
allows newer IR missiles to track the aircraft IR signature while rejecting multiple 
flares. Flare rejection is based on two computer functions. The first is called the 
“trigger,” which detects the flare in the seeker field of view. The “trigger” function 
activates the “response” computer processing, the action the seeker takes to 
reject the flare. Both the “trigger” and “response” must operate to successfully 
reject flares. Each advanced IR missile employs different computer techniques 
for both the “trigger” and “response.” A flare technique developed to counter one 
IR missile may not work against another IR missile that uses different flare 
rejection computer techniques. 


(1) There are several “trigger” techniques that can be used by IR missiles 
to detect flares. Advanced IR missiles may employ one or more of these 
techniques to detect the presence of a flare in the seeker FOV. These “trigger” 
techniques include rise time, two-color, kinematic, and spatial. 


(a) An IR missile using a rise time “trigger” monitors the IR energy 
level of the target. A sharp rise in the received IR energy within a specified time 
limit indicates a flare in the IR seeker FOV. When the missile detects this rapid 
rise in IR energy, the rise-time “trigger” triggers a flare “response.” The 
“response” is switched off when the received IR energy drops to its original level. 
The thresholds for the rise in IR energy and the response time are set to preclude 
activating the rise time “trigger” when the aircraft selects afterburner. An IR 
missile using the rise time “trigger” can be decoyed by multiple flares with slow 
rise times. 


(b) IR missiles using a two-color “trigger” to detect flares sample the 
energy level in two different wavelength bands. In Figure 14-16, a non- 
afterburning target would have more IR intensity in band B than in band A. The 
typical flare produces more IR intensity in band A than band B. A sudden 
increase in band A intensity compared to band B intensity indicates a flare in the 
seeker FOV. The two-color “trigger” would then trigger a flare “response.” 
Advanced IR missiles using a two-color “trigger” can employ different detectors 
composed of different materials to monitor the intensity in two bands. A lead 
sulfide detector could be used for band A and indium antimonide for band B. IR 
missiles using a single detector can employ a reticle with different bandpass 
filters to monitor IR intensi both bands. To track the target, IR missiles 
employing a two-color “trigger” may use either band, or use data from both 
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bands of a dual-channel tracker. An IR missile using the two-color “trigger” can 
be decoyed by multiple flares that provide equal IR intensity in each band. 


Aircraft IR Intensity 
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Figure 14-16. Two-Color IR “Trigger” 


(c) A kinematic “trigger” takes advantage of the fact that flares 
separate very quickly from the dispensing aircraft due to aerodynamic drag. In a 
beam aspect engagement, an IR seeker that transfers track from the target to the 
flare will have a dramatic change in the line-of-sight rate due to the rapid 
separation of the flare from the ai i i 
“trigger” detects this change and initiates the “response.” IR missiles employing 
a kinematic “trigger” may have difficulty in flare detection in a head-on or stern 
engagement due to the small line-of-sight change between target and flare. 
Multiple flares dispensed at very short intervals will probably decoy an IR missile 
employing a kinematic “trigger”. 


(d) The spatial “trigger” operates like the kinematic “trigger” in that it 
uses the rapid separation of the flare from the aircraft to trigger the “response.” 
An IR missile employing a spatial “trigger” uses the seeker to detect a flare. 
When the flare separates to the rear of the aircraft, the seeker will see the target 
on the edge of the FOV corresponding to the direction of target movement. The 
flare will be on the opposite side of the FOV. Once two hot objects on opposite 
sides of the FOV are distinguishable, the spatial “trigger” triggers the flare 
“response.” IR missiles employing a spatial “trigger” can be decoyed by 
dispensing multiple flares at very short intervals. 


(2) The seeker’s “response” to the “trigger” is to reject the flare or limit its 
effect on target track. As long as the flare remains in the seeker FOV, the missile 
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is tracking the target in a degraded mode. Most IR seekers have a FOV of less 
than 2.5°. At long ranges, the flare will remain in the FOV for a relatively long 
period of time. At close range, the flare will be in the missile FOV for a relatively 
short period of time. Several different “response” techniques may be used, either 
alone or in combinations, to defeat a flare. These “response” techniques include 
simple memory, seeker push-ahead, seeker push-pull, and sector attenuation. 


(a) When the simple memory “response” is initiated, the missile 
continues the maneuver it was performing just before the “trigger.” This 
“response” assumes the flare will separate to the rear of the target. The missile 
rejects the seeker track data and maintains its motion relative to the target, 
waiting for the flare to leave the seeker FOV. The missile will continue to reject 
track data until the flare leaves the FOV or until the “trigger” times out. When the 
“trigger” times out, the “response” is discarded and the seeker operates in the 
normal track mode. If the “trigger” times out while a flare remains in the FOV, the 
seeker will usually transfer lock to the flare. 


(b) The seeker push-ahead “response” causes the seeker gimbals to 
drive the seeker forward in the direction the target is moving (Figure 14-17). 
Pushing the seeker forward causes the flare to depart the FOV faster than with 
simple memory, minimizing the amount of time the missile is not tracking the 
target. The greater the amount of forward movement (called “bias”), the faster the 
flare will depart the FOV. If the amount of forward bias applied is too great, the 
seeker may be pushed forward of the target. This could cause both the target and 
the flare to depart the FOV and the missile would have to reacquire the target. 


Figure 14-17. Seeker Push-Ahead “Response” Technique 
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(c) The seeker push-pull “response” assumes flares will have a higher 
intensity IR signature than the target. The “response” is initiated when the target 
and flare are on opposite sides of the seeker FOV (Figure 14-18). This 
corresponds to a spatial “trigger” condition. The received energy will rise and fall 
as the energy of the target and flare is scanned across the detector. When the 
flare energy is at a peak, the seeker gimbals drive the seeker away from the flare. 
When the lesser energy from the target is detected, the seeker's gimbals pull the 
seeker in the direction of the target. As a result, the seeker is moved away from 
the flare and toward the coolest IR source in the FOV, the target aircraft. 


Seeker Push-pull 


Detector 
Output 


Figure 14-18. Seeker Push-Pull “Response” Technique 


(d) The sector attenuation “response” is initiated by placing an 
attenuation filter across part of the seeker FOV (Figure 14-19). This filter reduces 
the seeker sensitivity in that part of the FOV. If the target being tracked is in the 
center of the FOV, then placing an attenuator in the quadrant below and to the 
rear of the target should reduce any energy received from a flare. If the attenuated 
flare energy is below that of the target energy, the seeker will continue to track 
the target. 
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Without Sector Filter With Sector Filter 


Figure 14-19. Sector Attenuation “Response” Technique 


7. SUMMARY 
This chapter provided some background on IR theory and IR detection, then went 
into some of the basics about the different types of IR missile seekers. Finally 
factors that impact the ability of an IR missile to reduce the effectiveness of self- 
protection flares were discussed. This ability depends on the discrimination 
capabilities of the missile seeker, the type of detector, the missile FOV, and the 
missile flare rejection capabilities. Modern IR missiles that employ sophisticated 
flare rejection techniques and advanced missile seeker technologies present a 
growing, and potentially lethal, threat. 
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CHAPTER 15. IR COUNTERMEASURES 


4. INTRODUCTION 

Defeating IR missiles used to be an afterthought placed well behind surviving the 
radar missile threat. Now with the proliferation of advanced IR missiles, defeating 
the IR threat is becoming more important and more difficult. The primary 
countermeasure used to defeat IR missiles is the self-protection flare. This 
chapter will discuss flare characteristics and employment considerations. One of 
the main difficulties in defeating an IR missile is knowing that one has been 
launched. This chapter will also discuss some of the methods currently available 
to detect an IR missile attack. 


2. FLARE CHARACTERISTICS 
Self-protection flares were developed to counter threat systems operating in the 
IR spectrum. Self-protection chaff and flare dispensers, such as the ALE-40, 
ALE-45, or the ALE-47, are designed to allow the pilot to dispense flare cartridges 
when engaged by an IR threat. These flare cartridges are pyrotechnic and 
pyrophoric devices designed to produce an IR source that is more attractive than 
the IR signature of the aircraft. To decoy an IR missile seeker, the flare must 
create a heat source more attractive than the aircraft, within the missile field of 
view. The most important flare characteristics that determine the ability of a flare 
to decoy an IR missile are IR wavelength matching, flare rise time, and flare burn 
time. The MJU-7 flare cartridge will be used as an example of a typical flare 
cartridge. 


Cartridge 7” Flare 
Assembly Payload 


Figure 15-1. The MJU-7 Flare 
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a. The MJU-7 flare cartridge (Figure 15-1) is an example of a flare cartridge 
used in both the ALE-40 and the ALE-47 dispensers. The flare grain is composed 
of magnesium and tetraflouroethylene, or C2Fs, which burns at 2000 to 2200°K. As 
the flare burns, it emits IR energy of different wavelengths from the luminous 
zone that emulates the aircraft IR signature. The burning flare also produces a 
large quantity of white smoke, which may highlight the position of the dispensing 
aircraft. 


b. A flare must reach peak intensity shortly after ejection or it will not be 
effective in decoying the IR missile seeker. Flare rise time is the time required for 
the flare to reach peak intensity. 


(1) To counter a short-range IR missile with a narrow field of view, a flare 
must reach peak intensity quickly. On the other hand, some advanced IR missiles 
now look for a rapid rise in IR energy as a trigger to know when a flare is trying to 
decoy it (Figure 15-2). 


Missile 
ield of View 


Flare —+§ 


Figure 15-2. Impact of Flare Rise Time 


(2) Flare rise time varies dramatically with altitude. The flare burns longer 
at high altitude, but it takes much longer to reach peak intensity. This increase in 
flare rise time at high altitude can impact the effectiveness of flares to decoy and 
defeat IR missiles particularly in the air-to-air combat environment. 


c. Flare burn time is the time span that the flare burns and determines how far 
the IR seeker will be pulled off the target. The longer the burn time, the longer the 
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IR seeker is pulled off the target aircraft. The flare should burn long enough to 
ensure that the aircraft is no longer in the missile field of view. Flare burn time, 
like flare rise time, varies with altitude. A flare will burn longer, but at lower 
intensity, at higher altitudes. A longer flare burn time increases the probability the 
IR missile will be decoyed by a single flare. 


3. ADVANCED FLARES 
To counter the advances in IR missile seeker technology the Air Force and Navy 
formed the Advanced Strategic and Tactical Expendables program to develop and 
field advanced IR decoys. Two products to come out of this program are the 
kinematic flare, MJU-47, and the covert flare, MJU-50/51. 


a. Kinematic Flares. A significant characteristic of conventional flares is that 
upon ejection they rapidly slow down and separate from the aircraft. As 
described in Chapter 14, modern IR missiles exploit this rapid separation between 
the aircraft and the flare. The rapid separation triggers a flare rejection response 
in the missile seeker causing it to ignore the flare and continue tracking the 
aircraft. The kinematic, or thrusted, flare delays the missile response by 
propelling itself in the direction of the aircraft and negating or delaying the 
missile's flare rejection trigger. The MJU-47 is the same size as the currently 
fielded MJU-10 flares. The flare’s decoying pyrotechnics are vectored out the end 
of the flare to provide a means of propulsion (Figure 15-3). 


Figure 15-3. Kinematic Flare 
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b. Covert Flares. Though an effective tactic at defeating MANPADS, pre- 
emptively dropping flares in a target area carries a significant risk. The risk is that 
enemy air defense systems that may not have known the aircraft's location will 
surely see the flares, day or night, and any chance for surprise is lost. Figure 15-4 
shows the visual signature of conventional flares. The danger of highlighting 
oneself becomes even more likely as aircraft become fitted with chaff and flare 
systems that automatically dispense expendables based upon inputs from the 
RWR or a missile attack warning system (MAWS). Automatic systems tend to 
error on the side of caution which means expendables will be dropped if there is 
any ambiguity. Visually covert flares, named the MJU-50 and MJU-51, remove this 
problem by not leaving a visual signature such as smoke or flame. These covert 
flares are made of material that oxidizes, pyrophoric instead of pyrotechnic, when 
released in the air. The MJU-50 is the size of the small M-206 flare while the 
MJU-51 is the size of the MJU-7 flare. 


Figure 15-4. Flare Visual Signature 


4. FLARE EMPLOYMENT 
The purpose of employing a self-protection flare cartridge is to decoy the seeker 
head of an IR missile. This is accomplished by presenting the IR missile with a 
second heat source with an IR signature that exceeds the aircraft signature. The 
flare or IR source must appear in the field of view of the IR missile at the same 
time as the aircraft. As the flare separates from the aircraft, the IR missile seeker 
tracks the most intense IR signature, which ideally is the flare, and is decoyed 
away from the aircraft. 
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a. It is important to perform maneuvers along with flare employment to 
effectively defeat IR missiles. Maneuvers compound the IR missile’s tracking 
problems and increase the distance between the aircraft and flare. Maneuvers 
that put the aircraft outside the IR missile field of view increase the ability of the 
flare to decoy the missile. When engaged by an IR threat, one tactic is to 
immediately dispense a flare and maneuver to put the missile on the beam. This 
increases the line-of-sight rate the missile guidance system must process and 
gives maximum separation between the aircraft and the flare (Figure 15-5). 


Figure 15-5. Initial Maneuver and Flare Employment 


b. With the IR threat on the beam, the pilot has the best chance for achieving 
a “tally-ho” on the missile to determine range and keep the missile on the beam. 
Visually acquiring the missile increases the chances of surviving the encounter. 
Modern chaff and flare dispensers, such as the ALE-47 and ALQ-213, can be 
programmed to dispense flares in a sequence optimized to defeat specific IR 
missiles. Programs are selected by the pilot based upon the most likely threat. 
Classified tactics manuals provide aircraft specific maneuvers and flare 
dispensing programs to defeat the IR threat. 


5. IRCM TACTICS 
Besides maneuvers and flare employment, there are other IR countermeasures 
that can reduce the effectiveness of IR threat systems. The first is to reduce the 
intensity of the heat signature of the aircraft by reducing the power setting. The 
engines produce the largest IR signature and are the only source of IR radiation 
that the pilot can influence. By reducing the power setting, the IR signature 
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Ifyou do have the luxury of being able to mount a permanent power strip (which, technically, 
remains a temporary power tap as far as the manufacturer is concerned), then be sure to install it 
securely using the hardware provided. See Figure 5-6. 


Figure 


. The power strip is fastened securely to the table using the provided hardware. You do not want 


your power strip wiggling around, or worse yet, falling off the table, dragging all of your power tools with 
itt 


Tip Test every outlet of your power strip before permanently mounting it to your workbench, 


A Clean, Well-Lighted Space 


You can never have enough light, it seems, What passes for normal room illumination might be 
sufficient for such adventurous undertakings as finding your way to the door or looking for the remote 
control for the television. For anything more demanding, you're going to have to add some more 
lighting, and probably lots of it 
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reduced and the required flare intensity is thereby reduced. Use of afterburner 
should be minimized for exactly the same reason; the required flare intensity 
necessary to cover an aircraft in afterburner is difficult to obtain. The pilot should 
not reduce the power setting below the minimum required to maintain sufficient 
maneuvering airspeed. 


a. Another effective IRCM is to use the sun. Maneuvering into the sun masks 
the aircraft's IR signature from most IR threat systems. When attacking a target 
defended by IR systems, an attack axis that places the sun behind the attacker 
may limit the effectiveness of these systems. 


b. Clouds or smoke can also confuse IR threat systems (Figure 15-6). The 
water vapor making up clouds diffuses the IR energy making it difficult for an IR 
system to get a point to track, similar to how sun's light is diffused on a cloudy 
day. The particles found in smoke can have a similar effect on IR energy. The final 
IRCM is to reduce the IR signature of the aircraft by careful design of the engines 
and exhaust system. For example, the F-117 was specifically designed to provide 
the lowest possible IR signature. 


Figure 15-6. IRCM 


6. MISSILE APPROACH WARNING SYSTEMS (MAWS) 

One of the most important factors in defeating an IR missile attack is knowing 
that an attack is in progress. Since IR threat systems are generally passive, the 
radar warning receiver (RWR) will provide no attack warning unless the threat 
uses some detectable radar energy for acquisition prior to launching an IR 
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. MAWS are designed to provide the crew some warning of an ongoing 
missile attack. These systems have been widely deployed on larger aircraft. 
Advances in technology allowing them to be smaller and promising lower false 
alarm rates have increased the possibility that fighter size aircraft may be 
outfitted with this equipment. 


a. The two primary requirements for MAWS are timeliness and reliability. An 
IR missile engagement is an extremely short event providing very little time for 
the targeted aircraft to respond with maneuvers and flares. Secondly, there must 
be a very low false alarm rate. In earlier systems the sun, flares, or the wingman's 
aircraft have been known to cause false alarms. Aside from being annoying, a 
false alarm can become a tactical problem if the MAWS is tied directly into the 
countermeasures dispenser set allowing for automatic dispensing of chaff and 
flares when the MAWS senses an attack. False alarms in this type of scenario 
would only serve to highlight a previously untargeted aircraft. 


b. MAWS detect incoming missiles either actively or passively. The active 
MAWS use a pulse Doppler radar to detect and track the in-flight approach of an 
attacking missile. Pulse Doppler radar is used for this purpose because of its 
ability to use relative velocity to pull targets out of clutter. An incoming 
will have a high velocity relative to the surrounding background. Range and time 
to impact are computed automatically, updated continuously, and provided to the 
crew to assist in defensive maneuvers (Figure 15-7). The down side to active 
MAWS is the requirement to continuously radiate for long periods of time to 
ensure protection. This contradicts the common tactic of keeping radar 
transmissions to a minimum to avoid being tracked via passive detection 
measures. This situation has led to the latest generation of MAWS being mostly 
of the passive type. 


Figure 15-7. Missile Alert Warning System (MAWS) 
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c. The passive MAWS operate in either the ultraviolet, or the infrared 
frequency spectrum. These systems are tuned to look for the IR signature of a 
missile’s rocket motor, then pass a warning and the position of the inbound 
threat to the pilot. To obtain all-aspect missile warning, multiple MAWS sensors 
must be positioned on the aircraft in a similar fashion to RWR antennas. All- 
aspect MAWS face the same challenges that RWR systems face: false multiple 
targets due to maneuvers and accurate threat position reporting, to name a few. 


7. SUMMARY 

The proliferation of IR threat systems has elevated the importance of IRCM to 
survival on the modern battlefield. The most effective IRCM is still the 
employment of flares in conjunction with maneuvers. The specific flare 
characteristics of IR spectrum coverage, rise time, and burn time are ical 
factors in determining flare effectiveness. Other IRCM tactics are de: 
enhance the effectiveness of flares and take advantage of IR missile limitations. 
The effectiveness of all IRCM tactics depends on some type of attack warning. 
The new generation of MAWS should provide some measure of warning to the 
crews and in some cases automatically defeat the IR missile. 
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CHAPTER 16. RADAR ELECTRONIC PROTECTION (EP) 
TECHNIQUES 


1. INTRODUCTION 


Electronic warfare (EW) is defined as military action involving the use of 
electromagnetic and directed energy to control the electromagnetic spectrum or 
to attack the enemy. Nearly every military action, from command and control of 
an entire integrated air defense system (IADS) to precision guidance of an 
individual weapon, depends on effective use of the electromagnetic spectrum. 
Radar systems have become a vital element of nearly every military operation. 
Since these systems operate across the entire electromagnetic spectrum, much 
of the EW effort is concerned with countering radar systems. All of the jamming 
techniques discussed in Chapters 10 and 11 and the chaff employment options 
discussed in Chapter 13 are specifically designed to counter radar systems. 
These actions are classified as electronic attack (EA), which is a part of EW. 


a. EW is somewhat like a chess game—a series of moves and countermoves 
within the electromagnetic spectrum. As we develop jamming techniques to 
counter radar systems, our adversaries develop counter-countermeasures to 
negate the effectiveness of these techniques. In response, we develop newer 
techniques and our adversaries respond with new modifications to their radar 
systems. This series of moves and countermoves can continue for decades. The 
development and application of radar counter-countermeasures are classified as 
electronic protection (EP), also a part of EW. 


b. The continuing battle to control the electromagnetic spectrum for 
unrestricted radar employment has resulted in over 150 radar EP techniques. 
These techniques are designed to negate the effectiveness of electronic jamming 
and chaff on radar systems. These radar EP techniques can be incorporated into 
the design of a radar system or added to an existing radar system in response to 
a jamming technique. It is beyond the scope of this text to discuss all the radar 
EP techniques in use today. This chapter will discuss the most common EP 
techniques. They have been organized by function of the technique within the 
radar. These functions include radar receiver protection, jamming avoidance, 
jamming signal exploitation, overpowering the jamming signal, pulse duration 
discrimination, angle discrimination, bandwidth discrimination, Doppler 
discrimination, and time discrimination. 


2. RADAR RECEIVER PROTECTION 


The following are some of the most common radar counter-countermeasures 
designed to prevent receiver overload or saturation. 
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a. Sensitivity time control (STC) is used to counter close-in chaff or close-in 
clutter. Receiver gain is set at normal for long ranges and reduced for close 
ranges. One problem with using STC is that close-in targets may be missed if 
STC is improperly adjusted. 


b. Automatic gain control (AGC) is used to counter chaff, clutter, and most 
types of transmitted jamming. AGC senses the signal level of a receiver's output 
and develops a back-bias, producing a constant output level. This technique has 
a slow response time compared to fast AGC and instantaneous AGC, both of 
which are employed instead of AGC. Also, it cannot maintain correct IF output 
levels for different intensity signals that are close in range because the bias 
voltage has a long buildup and decay time. 


c. Fast automatic gain control (FAGC) is also employed against chaff, clutter, 
and most types of transmitted jamming. FAGC works by sensing the signal level 
of receiver output and develops a back-bias, tending to hold output constant. 
Response time is within milliseconds, permitting fast response and recovery as. 
the antenna traverses the jammer's bearing. There are several precautions to note 
when using FAGC. First, targets may be suppressed and lost without the operator 
knowing that jamming is present. Second, a strong pulse or echo may cause 
ensuing weak targets to be lost. Lastly, FAGC has difficulty getting an accurate 
bearing on the jamming source. 


d. Instantaneous automatic gain control (IAGC) is another technique to 
counter chaff, clutter, and most types of transmitted jamming. IAGC senses the 
signal level of each echo or jamming pulse and develops a back-bias that holds 
the stage output constant. Gain control response time is within milliseconds and 
extends the dynamic range of the receiver. There are several precautions to note 
when using IAGC. First, it is not effective against signals whose “in band” time is 
less than the IAGC response time. Also, continuous duty cycle jammers, 
targets may be lost without the operator knowing that jamming is present. Finally, 
it is difficult to get an accurate bearing on the jamming source. 


e. Automatic noise leveling (ANL) counters noise jamming and modulated or 
unmodulated constant wave jamming. ANL samples receiver noise content at the 
end of each PRF and sets the gain accordingly for the next pulse interval. 
Continuous jamming reduces gain to keep output the same as the original noise 
level. ANL also follows the scanning rate of the antenna so that receiver noise 
output is constant as the antenna rotates. When using ANL, targets may be 
suppressed and lost without the operator knowing that jamming is present. Also, 
receiver gain is unstable when pulses or swept jamming enter the sampling gate 
intermittently. 


f. The logarithmic receiver (LOG) counters most types of transmitted 
jamming by amplifying and demodulating large dynamic-range signals in 
logarithmic amplifiers. This produces “amplitude compression” of the strong 
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signals. However, when using LOG, output is nearly constant so the operator 
cannot easily tell when jamming is present. 


g. The logarithmic receiver with fast time constant (LOG-FTC) counters 
narrowband jamming, chaff, and clutter. This technique amplifies and 
demodulates large dynamic-range signals in logarithmic amplifiers, producing 
“amplitude compression” of the strong signals. Video is coupled through FTC 
circuits to eliminate rectified carrier and low frequency sideband products. There 
are problems with using LOG-FTC. First, the receiver output is nearly constant, 
so the operator cannot always tell when jamming is present. Second, LOG-FTC is 
not effective against wideband, or fast-swept, short pulse jamming. Lastly, 
LOG-FTC causes a broadening of displayed jam sector. as well as degrading 
bearing accuracy on the jam source. 


h. Dicke-fix (DF) counters wideband and fast-swept jamming and is similar in 
employment to wideband limiting (WBL). DF amplifies without ringing, clips down 
all pulses to a common level, then amplifies the narrowband echo signal more 
than the wideband jamming. Noise level is held constant, independent of jamming 
intensity. There are precautions to note when using DF. Jamming that enters the 
wideband limiter can capture limiters, causing poor receiver sensitivity. Targets 
may be suppressed without the operator knowing that jamming is present. Also, 
resolution and target detection range are reduced, even in a non-jamming 
environment. Finally, DF is ineffective against extremely fast-swept spot jamming. 


i. WBL is used to counter wideband jamming and fast-swept jamming. WBL 
amplifies without ringing, clips down all pulses to a common level, then amplifies 
the narrowband echo signal more than the wideband jamming. Noise level is held 
constant, independent of jamming intensity. However, jamming that enters the 
wideband limiter can capture limiters and cause poor receiver sensitivity. 
Resolution and target detection range is reduced, even in a clear environment. 
Targets may be suppressed without the operator knowing that jamming is 
present. Finally, WBL is ineffective against fast-swept spot jamming. 


j. Adaptive video processing (AVP) counters chaff corridors, weather, sea 
clutter, and most types of transmitted jamming. AVP combines the adaptive 
threshold, beam-to-beam correlation, and wide-pulse blanking in frequency- 
scanning three-dimensional radars to avoid collapsing undesired returns on the 
PPI display. However, when using AVP, there is a decreased probability of 
detection in some multiple target situations. Also, targets may be suppressed 
without the operator knowing that jamming is present. Finally, AVP passes all 
point targets. 
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3. JAMMING SIGNAL AVOIDANCE 
The following are some EP techniques used to avoid jamming signals. 


a. Frequency agility (FA) counters narrowband jamming and some types of 
repeater and deception jamming. FA enables the radar to make rapid changes of 
transmitter and receiver operating frequency, sometimes on a pulse-to-pulse 
basis. Manual frequency changes may cause mutual interference with other 
radars and services. 


b. Frequency diversity works against narrowband jamming and some types of 
repeaters and transponders. It is a multiple-radar coordination procedure in 
which radars are assigned operating frequencies that are separated to reduce 
mutual interference and their susceptibility to a single jammer. It is important to 
note that other radars may be operating at the same allocated operating 
frequency. 


c. Polarization diversity is used to counter chaff, weather, and transmitted 
jamming. Polarization diversity attenuates jamming input to a radar receiver by 
using antenna polarization different from jammer polarization, and usually 
involves separate radars of different polarization. There are two precautions when 
using polarization diversity: (1) ground clutter worsens on vertical polarization, 
and (2) close coordination is necessary if separate radars are used; for example, 
one horizontally polarized search radar and one vertically polarized search radar. 


d. Circular polarization (CP) works against chaff, weather, and transmitted 
jamming. CP attenuates jamming input to a radar receiver by using antenna 
polarization different from jammer polarization, and usually involves separate 
radars of different polarization. CP also improves target detection in rain clutter. 


e. Conical-scan-on-receive-only (COSRO) is employed against inverse conical 
scan jamming to deny a jammer the ability to sense and upset scan angle 
tracking information. A constantly transmitted illumination beam is received and 
scanned to derive target angle information. However, the jammer can still 
degrade angle tracking if it can approximate the received signal scan rate. 


f. Speedgate tracking is used against all types of transmitted jamming. The 
technique provides a very narrow bandpass having a center frequency related to 
Doppler shift. Only jamming within the restricted band is effective. It has the 
advantages of accurate target Doppler discrimination and good target tracking at 
low target levels. However, the speedgate can be stolen by gate stealers and 
some types of swept jamming. 


g. Leading-edge track (LET) is used to counter an incoming target dropping 
chaff by allowing target tracking on the leading edge of the target. Trailing edge 
track (TET) is used to counter a receding target dropping chaff. 
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h. Track coast is used to counter chaff, clutter, multiple targets, range gate 
stealers, jam fades, and blinking jamming by placing tracking radar in a rate- 
aided coast condition. The system “estimates” target position to avoid 
interrupting the fire control solution. A lock-on or return to acquisition mode 
terminates the track coast condition. Track coast requires adequate storage of 
rate-aided information, and no true tracking information will be developed while 
track coast is operating. 


i. Guard gates work against chaff, clutter, multiple targets, range gate 
stealers, jam fades, and blinking jamming. Guard gates provide automatic 
detection of a foreign signal and “estimates” target position to avoid interrupting 
fire control solutions. Like track coast, guard gates require an adequate store of 
rate-aided information with no true tracking information developed. 


4. JAMMING SIGNAL EXPLOITATION 


The following are some EP techniques that use the jamming signal for target 
acquisition and engagement. 


a. Passive angle tracking (PAT) counters most types of transmitted jamming 
by allowing the radar to acquire and angle-track the source of jamming signals. 
There are some problems with this technique. Blinking jamming can cause severe 
instability, and the range of the jammer is unavailable until the target reaches 
burnthrough range. 


b. Home-on-jamming (HOJ) counters most types of transmitted jamming by 
allowing the missile or radar to use the jamming signals, locate the source, and 
home on it. However, blinking jamming can cause severe instability, and the 
range of the jammer is unavailable until burnthrough. 


c. Jamming signals produce recognizable sounds that help in their detection 
and identification. Aural recognition allows an operator to listen to the Doppler 
frequency associated with a moving target. It is used to counter most types of 
jamming. 


d. The local oscillator off technique counters continuously transmitted 
jamming. No receiver output occurs unless a target echo signal and a jamming 
signal are present. Limitations of this technique include: targets only display in 
an area where jamming is present; and, if the antenna rotates away from the 
jammer, or if jamming is turned off, no targets are displayed on the radar scope. 


e. The jamming strobe indicator counters any transmitted jamming with high- 
duty-cycle modulation. The indicator is a variable marker strobe on the radar 
display that moves in range proportional to jamming strength. The indicator 
traces an antenna lobe pattern on the display, showing the azimuth of the 
jamming source. There are some problems with the jamming strobe 
First, it interrupts normal video in some radars. Second, inverse or sidelobe 
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jamming can cause erroneous strobes. Finally, the jam strobe does not react to 
unmodulated CW or low-duty-cycle jamming for some radar systems. 


f. The jamming indicator lamp, located on the operator console, is used on 
radars with automatic noise leveling (ANL) to counter continuous transmitted 
jamming. The lamp alerts the operator to the presence of jamming, and the ANL is 
manually shut off. This action allows the operator to determine jammer bearing. 


g. Clean strobe generation (CSG) counters any transmitted jamming by using 
the sidelobe blanking circuits of a radar. An azimuth strobe appears when the 
jamming level in the main antenna exceeds the jamming level in the sidelobe 
auxiliary antennas. The operator is alerted to the presence and bearing of a 
jamming source, even with a constant false alarm radar (CFAR) receiver. 


h. Jamming attenuation (JAM ATTEN) counters both clutter and any type of 
jamming. Receiver gain is reduced to avoid receiver saturation by inserting an 
attenuator pad that enables the operator to recognize presence, type, and bearing 
of a jamming source. When using JAM ATTEN, however, the reduced gain may 
cause loss of targets, even in non-jammed sectors. Also, any improvement in 
signal-to-jam ratio is not possible. 


i. Receiver manual IF gain (MAN GAIN or IF GAIN) also counters clutter and 
jamming. Receiver gain is reduced to avoid jamming saturation by manually 
reducing stage gain, allowing the operator to identify jammer presence, type, and 
bearing. When using IF GAIN, the reduced gain may cause a loss of targets, even 
in non-jammed sectors. Also, any improvement in signal-to-jam ratio is not 
possible. 


5. OVERPOWERING THE JAMMING SIGNAL 
Following are some EP techniques a radar system can employ to overpower 
jamming and reduce the jamming-to-signal (J/S) ratio to less than one. 


a. Burnthrough counters most types of transmitted jamming. Energy in the 
target pulse is raised by increasing the peak power, that is, the PRF or pulse 
width, or by increasing the time the radar illuminates the target by reducing the 
scan rate or scan angle. Some radars have modes in which the radar 
concentrates its power in narrow azimuth and elevation sectors about the 
suspected target position. However, burnthrough can degrade general radar 
performance by overloading the receiver if a large radar cross section target is 
detected. High power may impact radar operation in clutter or dense chaff 
environments. 


b. Narrowband long pulse (NBLP or NLP) counters most types of transmitted 


jamming by using a high-energy long pulse. The signal uses a narrowband 
receiver for reception, and increases detection range for targets in jamming and 
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in the clear. Simultaneously, it reduces resolution, which causes poor radar 
performance in chaff and clutter. 


6. PULSE DURATION DISCRIMINATION 
The following are some radar counter-countermeasures that use pulse duration 
to discriminate between radar and jamming signals. 


a. The fast time constant (FTC) is used to counter chaff, clutter, and 
narrowband jamming. A video circuit provides low frequency attenuation to reject 
carrier and low frequency modulation jamming. FTC passes normal radar pulse 
lengths with little attenuation, but causes some loss of receiver sensitivity. 


b. Pulse width discrimination (PWD), clutter eliminate (CE), and wide pulse 
blanking (WPB) are designed to counter chaff, most types of jamming, EMI, and 
some types of deception jammers. A video coincidence gate, involving a delay 
line matched to the expected signal duration, senses if a return is the proper 
pulse width. PWD, CE, and WPB provide an enabling path for qualified signals. 
However, weak signals may be lost in the signal processing. 


c. Pulse expansion-compression (PC) is used to counter most types of noise 
jamming and some types of deception jamming. An expanded pulse is coded for 
transmission. This expanded pulse is transmitted and decoded on return. Echo 
responses are then compressed in a decoding process. This 
expansion/compression is equivalent to NLP, which provides longer detection 
ranges, and wideband short pulse, which provides increased resolution. Using 
PC is not without problems. Unwanted residues may cause loss of weak targets. 
Additionally, range error proportional to the Doppler shift, or radial velocity, 
affects the accuracy of the PC. 


7. ANGLE DISCRIMINATION 
The following techniques use angle discrimination to distinguish between radar 
returns and jamming signals. 


a. Sidelobe blanking (SLB) and sidelobe cancellation (SLC) are types of 
sidelobe suppression (SLS) used to counter sidelobe response to chaff, clutter, 
transmitted jamming, sidelobe jamming, and deception jamming. An auxiliary 
antenna approximates the pattern and gain of sidelobes of the main antenna and 
produces a signal for comparison with the signal received in the main antenna. If 
the signal in the auxiliary antenna is greater, the signal in the main antenna 
channel is blanked. This permits bearings to be obtained on a jamming source 
and rejects sidelobe jamming. SLB is useful only for determining the bearing to 
the jamming source. 


b. Antenna manual positioning, antenna traverse and elevation angle offset, 
antenna jog, and antenna slow scan are EP techniques used to counter main 
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Ata minimum, you are going to want some task lighting, which helps illuminate the immediate area 
of your focus. In this case, where a small table is being used as a workbench, an articulated fluorescent 
lamp with a built-in magnifier will do a great job, at least until more lighting can be strung up. See 
Figure 5-7. 


Figure 5-7. You will need some task lighting for your bench. This desk lamp also includes a handy 


‘magnifier for really close work. 


Tools 


Now we're ready to bring some of the tools back in to the lab. Here's where you get to decide which tools 
‘get a permanent home on the bench and which ones get put up and stored when not in use. 

‘The permanently deployed tools on your workbench should be the ones that you find that you are 
using the most. The ones that get put up after every use are the ones that either only get used 
infrequently or pose some sort of hazard, such as sharp edges or hot surfaces. Again, you get to decide, 
I's your lab. 
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beam and sidelobe jamming and deception. These techniques are designed to 
increase the antenna scans across the jammed sector to increase the blip-scan 
ratio. These techniques increase the number of pulses integrated, as well as the 
operators’ sorting capability. 


8. BANDWIDTH DISCRIMINATION 


The following are EP techniques that use bandwidth to distinguish between radar 
jamming and target returns. 


a. Dicke-fix (DF) counters wideband and fast-swept jamming. A wideband 
limiter amplifies without ringing and clips all pulses down to a common level. 
Then an amplifier increases narrowband target echo signals more than the 
wideband jamming. There are some problems associated with DF. Any jamming 
entering the wideband limiter can “capture” the limiters and cause poor receiver 
sensitivity. Targets may be suppressed without the operator knowing that 
jamming is present. Resolution and target range is reduced, even in a clear 
environment. Finally, DF is ineffective, even harmful, when the jamming 
bandwidth is near the bandwidth of the desired echo signal. 


b. Transmitter pulse lengthening (TPL) counters wideband and fast-swept 
jamming. TPL concentrates power into a narrow band about the carrier frequency 
by lengthening the transmitting pulse. While this allows use of a narrowband 
receiver, it impairs resolution, causing poor chaff and clutter performance. 


c. Transmitter pulse shaping (TPS) counters wideband and fast-swept 
jamming. The sideband range is limited by shaping the transmitted pulse. This 
allows use of a narrowband receiver, but impairs resolution, causing poor 
performance in chaff and clutter. 


d. Narrowband pulse limiting (NBLP or NLP) is a form of transmitter pulse 
lengthening that counters wideband jamming and fast-swept jamming. NBLP 
concentrates power into a narrow band in the carrier frequency by lengthening 
the transmitting pulse. This allows use of a narrowband receiver, but impairs 
resolution, causing poor chaff and clutter performance. 


e. The fast time constant (FTC) is used to counter chaff, clutter, and 
narrowband jamming. A video circuit provides low frequency attenuation to reject 
carrier and low frequency modulation of jamming. FTC passes normal radar pulse 
lengths with little attenuation, but causes some loss of receiver sensitivity. 


f. High video pass (HVP) is used to counter chaff, clutter, and narrowband 
jamming. It is similar to FTC. A video circuit provides low frequency attenuation 
to reject carrier and low frequency modulation jamming. HVP passes only the 
leading edge of the received pulses. HVP can cause some loss of receiver 
sensitivity. 
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g. The wideband short pulse (WSP) counters chaff, clutter, and narrowband 
jamming by transmitting a short pulse and using a wideband receiver for 
reception. Echo resolution and accuracy are improved, and performance against 
narrowband jamming is enhanced. However, the maximum detection range is 
decreased and system vulnerability to wideband jamming is increased. 


h. Narrowband limiting (NBL) counters chaff, clutter and narrowband 
jamming. A narrowband filter positioned in the front of the amplifier section 
allows only the target signal bandwidth to enter the limiter, reducing wideband 
and off-frequency jamming. The limiter clips all signals and noise to a common 
level. This technique is useful only when followed by pulse compression or other 
“decode” techniques. NBL is not effective against wideband jammers capable of 
causing “ringing” of the NBL bandpass filters. Targets may be suppressed and 
lost without the operator knowing that jamming is present. Finally, target 
detection and resolution are poor. 


9. DOPPLER DISCRIMINATION 


EP techniques that use Doppler frequency discrimination between radar and 
jamming signals to negate jamming effectiveness include the following: 


a. Moving target indication (MTI) is used to counter chaff and clutter. The 
phase of returned target echoes is compared on a pulse-to-pulse basis. Those 
with no phase change (no change in radial velocity) are cancelled using a delay- 
line canceler. Sensitivity using MTI is poor for weak targets, even in the clear. 
Also, it is blind to targets that have a Doppler frequency that is equal to a multiple 
of the radar PRF, unless PRF stagger is used. Finally, limited dynamic range does 
not allow full cancellation of strong clutter echoes. 


b. Compensated coherent MTI, also known as compensated COHO MT, 
counters chaff and clutter by comparing the phase of returned target echoes on a 
pulse-to-pulse basis. Those pulses with no phase change, that is, no change in 
radial velocity, are cancelled. Corrections to the coherent oscillator are applied to 
compensate for motion of the platform and radar antenna. Sensitivity is poor for 
weak targets, even in the clear, and it is blind to targets that have a Doppler 
frequency equal to, or a multiple of, the radar PRF, unless PRF stagger is used. 


10. TIME DISCRIMINATION 


The following EP techniques use time discrimination between radar and jamming 
signals to negate jamming effectiveness. 


a. Video integration (VINT) and integrate-multiply (INT-MULT) counter any 
form of transmitted jamming not synchronous with radar PRF. The video 
continuously circulates through a delay line, delaying signals exactly one pulse 
recurrence time (PRT), then combines them with signals from the next PRT. 
Synchronous target signals add together to increase video output, but noise and 
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random pulses are suppressed. Unless MTI and FTC are employed, VINT and INT- 
MULT will enhance chaff, clutter, and jamming along with target returns. Also, 
feedback control, or loop gain, must be carefully adjusted for optimum results. 


b. PRF stagger and jitter are EP techniques designed to counter quasi- 
synchronous jamming, EMI, MTI blind-speeds, “second trip” echoes, and repeater 
jammers simulating “closer-than-real” targets. The transmitter pulse interval is 
varied to break up synchronous patterns. Received signals must be “de- 
staggered” for use with MTI or integration. When using any of these techniques, 
video de-stagger balance must be accurate or “double video” occurs. These 
techniques are not effective against exact synchronous deception jamming. 


c. Pulse-to-pulse correlation (PPC) is used to counter slow-swept blinking or 
pulsed jamming not synchronized with radar PRF, and some types of deception 
jammers. To be displayed, target video must exceed a threshold voltage for two 
successive pulses. The technique avoids displaying non-synchronous jamming 
and EMI, but is not effective against synchronous jamming, and may cause weak 
targets to be missed. 


d. Beam-to-beam correlation (BBC) is used to counter slow-swept blinking or 
pulse jamming not synchronous with radar PRF and some types of repeaters and 
transponders. It is used in three-dimensional frequency scanning or frequency 
agile radars. To be displayed, the target return echo signal must exceed a 
threshold value in two adjacent antenna beams. BBC is not effective against 
synchronous jamming. It may also cause weak targets to be missed. 


e. Single beam blanking (SBB) is used to counter slow-swept, bli 
pulsed jamming, and narrowband jamming. It is used in three-dimen: 
frequency scanning or frequency agile radars to avoid displaying vertical beams 
containing jamming. A blanking pulse is generated for vertical beams con 
jamming so that they are not displayed. The technique is not used on RHI 
Also, it can cause a loss of targets at the jammed elevation angle on the PPI 
display. 


11. SUMMARY 
This chapter has discussed some of the most widely employed EP techniques 
designed to counter radar jamming. The capabilities of the individual radar 
operator were not discussed. However, the radar operator is as important as the 
EP techniques designed for the radar system. Many of the most effective EP 
techniques are designed to ease operator interpretation of the radar display. In 
the chess game of EW, the capabilities of individual radar operators can be as 
important as the sophisticated EP techniques in determining the final outcome. 
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CHAPTER 17. RADAR WARNING RECEIVER (RWR) BASIC 
OPERATIONS AND GEOLOCATION TECHNIQUES 


1. INTRODUCTION 


Radar surveillance and radar-directed weapons represent the biggest threat to 
aircraft survival on the modern battlefield. The first step in countering these 
threat systems is to provide the pilot or crew with timely information on the signal 
environment. The radar warning receiver (RWR) is designed to provide this vital 
information to the pilot. The RWR system is an example of an electronic warfare 
support (ES) system. The primary purpose of an RWR system is to provide a 
depiction of the electronic order of battle (EOB) that can have an immediate 
impact on aircraft survival. Though the RWR system is complex, the basic 
operations of the various components are straightforward. A step above RWR 
systems is threat geolocation. While an RWR provides the EOB for a single 
aircraft, threat geolocation systems can provide accurate threat location data for 
numerous aircraft over an entire region. Threat location data is used for aircraft 
threat avoidance and, more common today, the preemptive attacking of enemy 
radar sites. This chapter will discuss the functions of the various components of 
a RWR system including the antennas, receiver/amplifiers, signal processor, 
emitter identification (EID) tables, RWR scope, RWR audio, and limitations to 
RWR systems. This chapter will then go on to discuss three of the methods used 
to geolocate radar threat systems. 


2. RWR ANTENNAS 
Antennas are designed to receive radar pulses from threat radar systems. Factors 
that impact the operation of the RWR antennas include location, pattern, 
sensitivity, and polarization. 


a. The physical location of the RWR antennas on the aircraft can affect its 
ability to detect a radar signal. Antennas are arranged to cover a predetermined 
area of horizontal and vertical space around the aircraft (Figure 17-1). 


b. The antennas and their patterns play an essential part in displaying the 
spatial relationship of a threat radar to the aircraft. The antenna patterns are the 
areas, or “footprints,” that the antennas are specifically designed to cover. These 
footprints are directly affected by the relative position of the antennas to the 
threat systems. This is because the signal processor measures and compares 
signal strength from all the aircraft antennas to compute threat signal location 
relative to the aircraft. This relative location is then presented on the RWR scope 
display. Aircraft movement and maneuvering shifts these relative positions 
during flight and can distort the true threat position on the RWR scope. Precise 
position determination is not possible with most RWRs. 
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Figure 17-1. Radar Warning Receiver (RWR) Antennas 


c. The sensitivity of an RWR antenna directly affects its ability to detect a 
radar signal. The more sensitive the antenna, the further it can detect a signal. 
The sensitivity of a system and its ability to intercept a radar signal is usually 
expressed in decibels relative to milliwatts or dBm units. A 10 dBm change in 
ity can result in a 25 nm range difference in target detection. In general, 
sensitivity levels of -50 to -60 dBms are required to detect signals at long ranges 


(Figure 17-2). 


Detection 


Figure 17-2. RWR Antenna Sensitivity 
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d. Another factor affecting antenna detection range is the polarization of the 
antennas. If the polarization of the RWR antenna and the threat system antenna 
are mismatched, or cross-polarized, initial detection of a threat signal could be 
delayed until the aircraft is within the lethal range of a threat system. In this 
situation, the aircraft could be engaged with minimal warning (Figure 17-3). 


Normal Detection Range Polarization 
Matched 


cae 


Cross-Polarized Detection Range 


Figure 17-3. RWR Antenna Polarization 


3. RWR RECEIVER/AMPLIFIERS 
The RWR receiver/amplifier section processes the radar signals from the 
antennas. Most RWR systems use frequency bands to differentiate signals. 
Nominal band designations are summarized in Table 17-1. There are two types of 
receivers currently used in RWR systems: the crystal video receiver and the 
superheterodyne receiver. 


Table 17-1. RWR Frequency Band Designators 
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a. A crystal video receiver (CVR) is the simplest type of microwave receiver. It 
is used primarily for detection of pulse radar signals in the 2 to 18 GHz band. A 
CVR used in a radar warning receiver incorporates crystal detectors for each 
designated frequency band. A pulse radar signal is detected by the antenna and 
passed to the multiplexer. The multiplexer divides the received radar signals by 
frequency band and sends the signals to the appropriate band channel. The RF 
amplifier boosts the radar signal and passes it to the crystal detector (Figure 
17-4). 


Antenna 


Multiplexer 


Compressive 
ler Detector Video 
Bank Amplifier 


Figure 17-4. Crystal Video RWR Receiver 


(1) The crystal detector is an RF diode, which converts the RF signal into a 
video signal. The voltage level of the output video signal is dependent only on the 
amplitude of the input signal and not on the frequency or phase. The sensitivi 
of a CVR is limited by the sensitivity of these crystal detectors. The sensi 
crystal detectors currently available is generally adequate to detect main beam 
radiation from most threat radars. The video output of the crystal detectors is 
amplified by a high-grain compressive video amplifier and sent to the RWR scope 
for display. 


(2) A CVRis extremely fast, sensitive, and covers a wide frequency range. 
These characteristics coupled with low cost and small size make CVRs ideal for 
use in radar warning receivers. The primary disadvantage of a CVR is that it is 
indiscriminate in reception and can be saturated in a dense signal environment. 
Multiple signals in the same band can cause amplitude distortion which can mask 
key threat signals. 
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b. A superheterodyne RWR receiver uses a pre-selector filter, mixer, and a 
local oscillator to translate the received signal to a lower intermediate frequency 
(IF). This lower IF allows the receiver to amplify and filter the received signal to 
provide greater sens and frequency selectivity than a CVR (Figure 17-5). 


Antenna 


Signal 
Processor 


Computer 
Controlled 
Tuning 


Figure 17-5. Superheterodyne RWR Receiver 


(1) Superheterodyne RWR receivers use special scanning techniques 
controlled by the signal processor to tune the pre-selector filter and the local 
oscillator to rapidly scan selected threat system frequency bands. If the receiver 
detects activity in any of these bands, the scan stops to allow the processor to 
analyze the detected signals. The signal is combined with the local oscillator 
signal to lower the frequency to the IF. This signal is amplified, filtered, and 
amplified again before it reaches the signal processor. The signal processor 
classifies the threat and displays the proper threat symbol to the pilot. This entire 
process is accomplished in a matter of microseconds. 


(2) The scanning superheterodyne receiver has important features that 
make it effective for RWR system application. It has excellent sens! and 
selectivity. It also has good frequency resolution. These features give the 
superheterodyne receiver a very low false alarm rate. The major disadvantage of 
the scanning superheterodyne receiver is its limited capability to receive signals 
from threat systems employing scanning antenna patterns. This limitation can be 
‘overcome with specific computer-controlled tuning to look for these threat 
signals. 


17-5 


Chapter 17. RWR Basic Operations Electronic Warfare Fundamentals 


4. SIGNAL PROCESSOR 
The signal processor is the heart of the radar warning receiver. The signal 
processor is also known as the digital processor or analysis processor in 
different RWR systems. Its primary functions are to process numerous complex 
radar signals and identify, among the thousands of similar signals, those 
generated by lethal threat systems. The signal processor accomplishes this task 
continuously over the duration of the mission and displays the identified threat 
system to the aircrew almost instantly. 


a. Signal processing begins when RF energy strikes the receive antennas on 
the aircraft. The received signals are then boosted in strength by intermediate 
amplifiers or antenna receivers. These amplified signals are then sent to the 
signal processor, or digital processor, where they are assigned a track file for 
reference to other signal characteristics. Data in these files is compared to those 
in the emitter identification (EID) table to process the signal for identification. 
Once identification is complete, a video and, if necessary, an audio signal, is sent 
to the cockpit display. The audio and video signals alert the aircrew to the 
electronic environment around the aircraft. This whole process takes less than a 
microsecond (Figure 17-6). 
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Figure 17-6. RWR System 


b. Since many signals may be present, the amplifier detectors boost the 
signal strength, and also tag each signal by certain characteristics such as its 
time of arrival, direction of arrival, and/or frequency. These signals, along with 
their respective tags, are sent to the signal processor for further processing and 
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identification. The signal processor then makes a track file for each signal it 
receives from the amplifier detector. 


c. The signal processor classifies each received signal and corresponding 
track file by its unique radar signal characteristics. Identifying characteristics 
used by a signal processor can include radio frequency, pulse width, pulse 
repetition frequency, EP techniques, and more. Characteristics of one signal may 
be identical to characteristics from different signals, while certain other 
characteristics can be as unique as a human fingerprint. The signal processor 
uses these primary characteristics to identify specific signals. When the primary 
characteristics of two or more signals are similar, the signal processor uses 
additional signal characteristics to resolve any confusion between two or more 
signals. 


d. The signal processor ranks the track files based on priorities determined 
from tests it conducts on the signal characteristics and the threat priorities 
contained in the EID tables. It then quickly processes signals belonging to lethal 
threats before it processes signals belonging to non-lethal threats. For example, 
three signals enter the processor together and separate track files are 
established for each signal (Figure 17-7). A test on the first characteristic 
discriminant, frequency, will delay the further processing of Signal 3, since no 
lethal threat systems operate at a frequency less than 2000 megahertz. A further 
test on the remaining prioritized signals may eliminate Signal 2 as a threat system 
signal, leaving more processor time for the identification of the threat system 
which generated Signal 1. These tests do not stop the processor from attempting 
to identify all received signals. The signal processor merely delays the identifying 
sequence until all high priority signals have been processed. 


igh Priori 


ast jgnal 1 
High Priority | sional 2 Signal 1] 


Signal 1 = 5000 MHz —> 
Freq. 


Signal 2= 3000 MHz——» 4“ | Above 
2000 MHz 


Signal 3=1000MHz——» — ? 
Low Priority 
No 


Low Priority Signal 3 


Figure 17-7. Signal Processor Signal Priority 
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Tools for Soldering 


An activity that is practiced frequently in many electronics labs is soldering, If you haven't learned how 
to solder yet, you are strongly encouraged to do so. Here's a handy setup for soldering, sitting in one 
comer of the newly refurbished workbench, See Figure 5-8, 


Figure 5-8. A temperature-controlled soldering station with a stand for the soldering iron, a water bottle to 
wet the tip-wiping sponge, and some different kinds of solder. Some people prefer to have the soldering 


station nearer to the front edge of the table, Use whatever configuation makes the mast sense in your lab. 


Caution Soldering irons are hot and can cause serious burns. Do not place a soldering iron where you might 
accidentally knook it off the work table or brush against it 
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5, EMITTER IDENTIFICATION (EID) TABLES 
The signal characteristics in each track file are filled with processed data, and are 
constantly updated based on the time of arrival and location of the received 
signals. In addition, the track files are constantly compared to the EID table 
installed in the signal processor's computer memory. The EID table is a 
predefined table of radar characteristics associated with known radar systems 
(Figure 17-8). It is created from information gathered from electronic warfare 
support (ES) assets and intelligence sources. This table can be changed and 
updated as necessary to reflect the most current radar characteristics available 
for the anticipated threats in the planned theater of conflict. Each RWR system 
has unique procedures to reprogram the signal processor and update the EID 
tables. Emergency reprogramming actions, such as would be taken if a new 
threat appears that is not part of the current EID, are called a Pacer Ware. 


Frequency Scan Rate Power 


5000 mez | 2000 ES 16.0 Hz | 0.5 ms nal 1500 kw | 


PRI Polarization Beams 


Missile Frequency 
Guidance Agility 


Figure 17-8. Sample EID Table 


6. RWR SCOPE DISPLAY 
The signal processor continually compares signal characteristics in the track 
files with the data in the EID tables. Once the signal processor has determined 
that enough of the signal characteristics match the information in the EID tables, 
it generates and positions a video symbol on the RWR scope. The video symbol 
represents a specific threat, and each threat system has its own unique symbol. 
In addition, an audio tone is generated to alert the pilot. The signal processor also 
generates symbols and audio associated with specific threat system actions, 
including search, track, and missile launch. The position of the threat symbol on 
the RWR scope always represents the relative position of the threat in relation to 
the aircraft which is the center of the RWR scope. The signal processor compares 
the received signal strength in the different antennas to determine the proper 
location of the threat symbol. Figure 17-9 depicts a situation where the two 
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forward antennas receive equal signal strength therefore the signal processor 
places the symbol at the 12 o'clock position. 


Figure 17-9. RWR Scope Azimuth Positioning 


7. RWR AUDIO 

In addition to generating threat symbols for each identified threat, the signal 
processor also generates threat audio. Threat audio first alerts the aircrew to the 
detection of a threat system. This RWR audio is generally referred to as “new 
guy” alert audio. The signal processor can also present constant audio from a 
selected threat. The aircrew controls this function through the interface control 
unit. The constant audio provided by an RWR system can be either “real” or 
synthetic. “Real” audio is normally based on the actual pulse repetition frequency 
(PRF) of the threat system radar whether the signal processor has identified it or 
not. Synthetic audio is based on the classification of the threat (SAM, Al, etc.) as. 
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determined by the signal processor. The signal processor also generates a 
launch warning audio when the signal characteristics of the threat indicate a 
missile launch condition exists. 


8. RWR INTERFACE CONTROL UNIT (ICU) 
Every RWR system has some type of an ICU which provides the aircrew interface 
with the signal processor (Figure 17-10). The buttons on the ICU control specific 
functions of the signal processor. The ICU allows the aircrew to optimize the 
RWR system based on mission tactics. This optimization includes selecting 
appropriate priority lists based on ingress and egress tactics, controlling threat 
audio presentation, and determining the number and types of threats displayed. 
In addition, the ICU provides an additional visual indication of missile launch. All 
system test functions are controlled by the ICU to allow the aircrew to monitor the 
status of the RWR system. 


THREAT 


Figure 17-10. RWR Interface Control Unit 


9. RWR LIMITATIONS 
There are several limitations associated with all RWR systems. The most 
important limitations include ambiguities, impact of maneuvering, and 
electromagnetic interference (EMI). 


a. The sheer number and diversity of radar systems associated with an 
enemy IADS greatly compound the problem of threat identification and warning 
for RWRs. Adding to this problem is the fact that many different threat systems 
use operating modes that are parametrically similar. When an RWR processes a 
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radar signal that has the same characteristics of a signal from a different system, 
an ambiguity may occur. An RWR ambiguity is defined as the display of more 
than one symbol for a specific threat signal. RWR ambiguities may occur from 
both enemy and friendly radar systems. 


(1) Figure 17-11 depicts a number of friendly and threat signals that 
operate between 8000 and 10,000 megahertz. On any given combat mission, it is 
quite possible that the RWR will receive signals from one or more of these threat 
systems at the same time. If frequency is the only signal characteristic available 
for processing, the RWR will not be able to determine which system the signal 
represents. Since threat systems operating in this frequency range are potentially 
lethal systems, the signal processor will attempt to match the frequency with a 
threat system from the EID table. 


9000 MHz 10,000 MHz 
SA-3 


Flapwheel l 


MiG-29 


Su-27 l 


Figure 17-11. Signal Frequency Spectrum 


(2) Matching partially processed signals to threat systems in the EID table 
may result in the wrong threat symbol being displayed, or numerous symbols 
being displayed on top of each other, making it difficult for the pilot to distinguish 
the exact threat. Incorrect threat symbology, or numerous combined symbols, are 
called RWR ambiguities. 


b. RWRs are designed to provide accurate threat positioning information 
when the aircraft is flying straight and level. Most RWRs will also provide 
accurate threat positioning information when the aircraft is maneuvering up to 
certain limits of bank angle and turn rate. If aircraft maneuvering exceeds these 
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limits, RWR threat positioning data becomes unreliable. The two RWR limitations 
associated with aggressive maneuvering are inaccurate threat azimuth and 
multiple threat symbols. 


(1) In Figure 17-12, the right forward and right aft RWR antennas detect a 
threat signal from a TTR. The left forward and left aft antennas are shielded by the 
aircraft and do not detect the signal. The signal processor determines the threat 
position, using the azimuth positioning algorithm, and displays the threat symbol 
at the 2 o'clock position. 


Figure 17-12. RWR Threat Azimuth Position Determination 


(2) When the pilot maneuvers aggressively to put the threat symbol on the 
beam, he exceeds the RWR maneuvering limitations (Figure 17-13). Now all four 
RWR antennas detect the TTR signal. The signal strength in the right and left 
forward antennas is nearly equal. Based on this information, the signal processor 
displays the RWR symbol at the one o'clock position while the threat is actually at 
the three o'clock posi 
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Figure 17-13. RWR Azimuth Error 


(3) During aggressive maneuvering, the RWR signal processor may 
generate multiple symbols for a single threat emitter. In Figure 17-14, as the 
aircraft maneuvers, the relative azimuth of the threat position changes rapidly 
causing signal strength detected by each antenna to also change rapidly. The 
signal processor interprets these changing signals as new and different threat 
systems with the same signal characteristics. The number of “false” threat 
symbols displayed for a single threat is determined by the processing speed of 
the signal processor and a parameter called the symbol “age-out” time. Symbol 
age-out is the time, normally in seconds, that the RWR will continue to display a 
threat symbol after the signal processor has determined that the threat is no 
longer transmitting. The symbol age-out time is set for each threat in the EID 
tables. 
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Figure 17-14. RWR Multiple Threat Symbols 


c. Electromagnetic interference (EMI) is defined as any electromagnetic 
disturbance that interrupts, obstructs, or otherwise degrades or limits the 
effective performance of electronic systems. EMI can be induced intentionally, by 
way of jamming, or unintentionally as a result of spurious e1 ns and 
modulations. Certain RWR characteristics make them susceptible to EMI. Modern 
RWR systems are designed to receive and process signals in a wide frequency 
range, nominally 0.5 to 18 GHz, where most threats operate. This broad frequency 
coverage combined with the sensitive antennas make RWR systems susceptible 
to EMI. The primary source of EMI that impacts RWR operation is noise and 
deception jamming designed to counter enemy threat systems. 


(1) High power noise jamming, such as that provided by a stand-off 
jamming aircraft, causes the RWR to raise the receiver threshold in the frequency 
band of the jamming. This effectively reduces the sensitivity of the RWR receiver 
and could delay the display of threat signals in that band. The reduction in 
sensitivity depends on the power that the jammer is transmitting, the beamwidth 
of the jamming beam, and the distance from the jammer to the aircraft. High 
power jamming may also generate multiple threat symbols on the RWR scope at 
the approximate azimuth to the jammer's position relative to the aircraft. 
Additionally, jamming from a wingman's self-protection system can generate 
multiple threat symbols and reduced sensitivity. 
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(2) A limitation of all RWR systems, related to EMI, is the problem of 
inaccurately identifying threat radar systems as friendly radar systems. This 
occurs when the parameters of a friendly radar are similar to the parameters of a 
threat radar system. The RWR will either display a threat radar symbol or an 
ambiguity associated with a threat radar. These RWR misidentifications are 
especially prevalent for Al radar systems. 


(3) The impact of EMI on the operation of an RWR system depends on the 
signal environment. The pilot has little contro! over the number and diversity of 
friendly and enemy signals the RWR system must process. EMI is an unfortunate 
consequence of the reliance of modern military forces on operations in the 
electromagnetic spectrum. Aircrews should be keenly aware that EMI will impact 
RWR operation and be must be familiar with common RWR displays of EMI. 


10. THREAT GEOLOCATION TECHNIQUES 
The purpose of threat geolocation is to put a defined position, normally 
coordinates, on a threat radar. This information can be used to simply warn other 
aircraft about the threat or, if the coordinates are accurate enough, to allow for 
targeting and attack of the threat. Until recently, threat geolocation could only be 
performed by strategic assets and specialized tactical aircraft, specifically the 
F-4G Wild Weasel. Due to inherent time delays, data provided through strategic 
channels often did not apply to mobile threat systems. The mobile systems would 
relocate making the data obsolete. This section will discuss three techniques 
used to geolocate, also known as direction finding (DF), emitting radars that can 
be used by tactical assets to rapidly locate radar threat systems. The three are 
triangulation, interferometry, and time of arrival. All three techniques are heavily 
dependent upon the receiving aircraft's ability to accurately determine its present 
position, and the advent of GPS receivers has made this significantly easier. 


a. Triangulation is the most basic form of DF available. It involves taking 
direction measurements from more than one source. The intersection of the 
azimuth measurements, called “lines of bearing”, is the likely location of the 
emitter (Figure 17-15). To be effective, the participating aircraft must have 
accurate data of their current positions when getting the lines of bearing. 


(1) Triangulation can be carried out by multiple aircraft equipped with 
receiver equipment or by one aircraft over a period of time. The advantage of 
having multiple aircraft providing azimuth measurements is the increased angle- 
off and the speed of interception. In triangulation the best azimuth cuts are those 
that approach 90° angles. The speed of interception comes into play because 
threat emitters, knowing that DF operations are underway, attempt to transmit for 
as little time as possible. The disadvantage of multiple platforms is the 
communication required to ensure that all the platforms are measuring the same 
radar. In a dense radar environment this can be a difficult task. 
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Emitter Location 


Line 
of 
Bearing 2 


Figure 17-15. Triangulation 


(2) Single aircraft triangulation eliminates the problem of signal 
coordination with other aircraft, but it also requires that the aircraft transit some 
distance to get multiple azimuth measurements. The accuracy of single ship DF 
operations is a function of the quality of the receiver equipment, distance away 
from the targeted radar, speed of the aircraft, and the amount of time that the 
targeted radar radiates. 


b. The second technique is called interferometry. This technique is also 
known as phase interferometry, or phase difference of arrival. These systems 
‘operate by comparing the phase of a radar wave as it impacts two or more DF 
antennas; this phase difference is then used to compute an angle of arrival 
(AOA). For aircraft, the desire is to have these DF antennas on different parts of 
the same aircraft. Multiple AOA measurements are then used to provide the range 
and position of the threat. 


(1) The key elements in an interferometer system are two antennas in fixed 
locations with matched receivers, a phase comparator, and a processor (Figure 
17-16). An intermediate frequency output from each receiver is passed to a phase 
comparator, which measures the relative phase of the two signals. This relative 
phase position is passed to a processor, which calculates the AOA relative to the 
orientation of the two antennas (called the baseline). In most systems, the 
processor also accepts information about the orientation of the baseline (relative 
to true North or local horizontal) to determine the true azimuth or elevation angle 
to the emitter. 


17-16 


Electronic Warfare Fundamentals. Chapter 17. RWR Basic Operations 


Receiver Receiver 


Phase Comparator 
Orientation —» Processor +> 


Information Arrival 


Figure 17-16. Interferometer Components 


(2) To obtain rapid emitter locations some interferometer systems use 
multiple receive antennas in an array setup. This allows for simultaneous azimuth 
and elevation measurements to rapidly locate the emitter. An array allows for the 
mixing of long and short baselines in different patterns by selecting different 
pairs of antennas (Figure 17-17). The terms long baseline and short baseline are 
often used to designate the distance between the antenna elements in an 
interferometer system. Long baselines have the advantage of providing a quick 
and accurate location of the emitter, but they can suffer from ambiguities 
resulting from different wavefronts hitting the different antenna elements. In 
addition to the array depicted in Figure 17-17, a long baseline system could be 
created by using the existing RWR antennas on an aircraft, and supplementing 
these with a small short baseline system to compensate for the ambiguities. 


Short Baseline 


= Spiral Antennas 


Figure 17-17. Interferometer Array 
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Hand Tools and Some Test Equipment 


No matter what you work on at the bench, you will most likely discover the need for some common hand 
tools, When working with electronics, especially, you will often need wire cutters, wire strippers, and 
small pliers. These tools have been laid out conveniently (for a right-handed person) at the lower-right 
hand side of the bench, while the less-often-used hand tools can reside in a box. 

A regulated, adjustable bench power supply is also very handy when working with electronics of all 
kinds. A good, reliable multimeter can also claim a permanent home on the bench, as these will get a lot 
of use. See Figure 5-9. 


Figure 5-9. A clean bench with just enough tools to have some fun. Extra soldering supplies, including 
‘more kinds of solder, extra soldering iron tips, soldering flux, and an emergency backup soldering iron, sit 
ina box adjacent to the soldering station. Hand tools and basic test-and-measurement equipment 
complete the set of "most-useful tools." There's still room for a few more, when you need them. 
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c. Time of arrival (TOA) and time difference of arrival (TDOA) techniques are 
the final type of location techniques to be covered in this section. Both 
techniques are based around the fact that radar signals travel at approximately 
the speed of light. Both techniques, using the speed of light as a constant, solve 
for the distance that the emitter is away from the receiver using the equation 
distance equals rate multiplied by time. Because there is not any dire 
information, the equation represents the radius of a circle around the recei 
antenna; multiple distance measurements taken from multiple receivers are then 
overlayed. The intersection of the circles is the position of the emitter. If only two 
receivers are used, a simple DF technique can solve the ambiguity of which 
intersection represents the emitter (Figure 17-18). 


Emitter 


Figure 17-18. Time of Arrival Measurements 


(1) TOA positioning is calculated by taking the time that a signal leaves a 
radar, measuring its arrival time at the receiver and mathematically solving for 
distance using the techniques described above. One of the primary challenges 
involved with TOA positioning is determining when the measured signal was 
transmitted, this requires either a very cooperative enemy or a radar signal with 
some type of exploitable time reference. Another challenge involves insuring that 
multiple receivers are timing the same signal. This is especially difficult in a 
threat intensive environment. 


(2) TDOA is used when it is not possible to determine when a signal was 
transmitted. TDOA uses most of the same principles as TOA except that it must 
compensate for not knowing the time the signal was transmitted. It does this by 
using an extra receiver a known distance from the first receiver to generate a 
distance curve. The arrival of the signal is precisely measured at the two 
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receivers, the theory is that a signal that arrives at the two receivers at times t1 
and t2 had to originate from a point on a curve defined by that difference in arrival 
time. For example, if the signal arrives at the two points at exactly the same time, 
then the transmitter must be equal distance from the two receivers. In this case 
the curve is actually a line of possible locations equal distance from the receivers 
and can easily be drawn. For situations where the signal arrives at different times 
at the receivers, a hyperbolic curve instead of a straight line denotes all the 
possible locations of the transmitter. Figure 17-19 shows an example of when the 
signal arrives at a different time, the constant value is the time difference 
multiplied by the speed of light yielding a distance. To solve for the emitter's 
location using TDOA another antenna receiver is required that is not in line with 
the first two receivers to generate an independent curve that will cross the first 
curve at the transmitter location. 


? ~ 


Emitter 


Figure 17-19. Time Difference of Arrival Measurements 


(3) Timing techniques require very good timing accuracy in the receiving 
systems. If the receivers are far apart, such as different aircraft, then a separate 
time measurement is required at the source before sending to a processor. As 
with triangulation, one of the major challenges of multiple aircraft measurements 
is the coordination to ensure that the same signal is being looked at by all aircraft 
involved. 


(4) Timing techniques are affected by the type of radar that they are trying 
to locate. Pure CW radars are not practical for a timing technique because there 
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is not a pulse to time. Pulsed signals, on the other hand, are much more 
susceptible to this type of location technique. 


11. SUMMARY 
An RWR system is designed to provide a picture of the electronic order of battle 
(EOB) operating in the vicinity of an aircraft. The signal processor is the heart of 
the RWR system and controls the function of all other system components. The 
signal processor, using inputs from the antennas and the receiver/amplifiers, 
compares the signal parameters with the parameters in the EID tables. The 
identified signals are displayed on the RWR scope with the appropriate audio. 
The ICU provides the aircrew interface with the signal processor to allow the 
aircrew to customize RWR operation for each combat mission. Modern RWR 
systems have some limitations that can effect aircrew survival. These limitations 
include ambiguous threat displays, maneuvering limitations, and EMI. Despite 
these limitations, an operational RWR system is one of the keys to survival on 
today's electronic battlefield. A product of advances on the electronic battlefield 
is rapid threat geolocation. New threat geolocation techniques are designed to 
provide advanced threat information to allow pilots to avoid, suppress, or destroy 
the mobile threat. The three most common techniques are basic triangulation 
using lines of bearing, interferometry using phase difference of arrival, and time 
difference of arrival using time differences to determine distance curves. 
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CHAPTER 18. SELF-PROTECTION JAMMING SYSTEM 
OPERATIONS 


1. INTRODUCTION 


Self-protection jamming systems are designed to counter surface-to-air missile 
(SAM), airborne interceptor (Al), and antiaircraft artillery (AAA) acquisition and 
target tracking radars. Self-protection jamming systems generate noise and 
deception jamming techniques to either deny threat system automatic tracking 
capability or generate sufficient tracking errors to prevent a successful 
engagement. 


a. To counter the diverse array of threats and their associated frequencies in 
an integrated air defense system (IADS), a self-protection jamming system must 
be able to simultaneously jam multiple signals operating in a wide frequency 
range. The system must also be able to generate sufficient power to mask the 
radar return of the aircraft. Since many modern self-protection jamming systems 
are carried internally or externally on aircraft, their size, shape, and weight must 
be carefully controlled to minimize adverse effects on aircraft performance and 
handling. These design requirements may require a trade-off between additional 
power or capability and aircraft compatibility. 


b. A self-protection jamming system must have receive antennas to receive 
radar signals, a system processor to identify received signals, a jamming 
techniques generator to produce an optimum jamming technique for the 
identified threat, and transmit antennas to transmit the required jamming 
techniques. These system components will be discussed in this chapter. 


c. There are numerous internal and externally mounted self-protection 
jamming systems in use today. To simplify the discussion, the ALQ-184 pod will 
be used as an example of a modern, self-protection jamming system (Figure 
18-1). The functions and operations of the ALQ-184 components are 
representative of currently deployed self-protection systems. 


Figure 18-1. ALQ-184 Pod 
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2. RECEIVE ANTENNAS 
The ALQ-184 pod has two sets of receive antenna assemblies located on the front 
and rear of the lower pod “gondola” (Figure 18-2). Each receive antenna 
assembly set consists of a low-band antenna and a mid/high-band antenna. The 
low-band antenna's signals are combined to form the input for the low-band 
receiver. The mid/high-band antennas provide signals to the separate mid/high- 
band portion of the pod. 


Figure 18-2. ALQ-184 Receive Antenna Location 


a. The low-band receive antennas are circularly polarized spiral arrays. The 
mid/high-band receive antenna covers eight sub-bands via an eight element array 
that corresponds to the eight element transmit array. The mid/high-band antenna 
is also circularly polarized. 


b. Each signal received via the receive antenna generates a corresponding 
transmit signal through a crystal video receiver. The angle of arrival (AOA) of 
each signal is determined by comparing the output of the crystal video receiver 
for each antenna. 


3. RECEIVER SECTION 


The forward and aft receive antennas detect radar signals and send them to the 
receiver section. The receiver section contains an AOA receiver and a multiplexer 
that separates frequencies. The AOA receiver determines the AOA of a signal 
based on the output signal level of each antenna element. The AOA data is 
passed to the system processor to control the angle of transmission of the 
jamming signal. The multiplexer separates all received threat signals into eight 
frequency sub-bands consisting of five mid-band and three high-band frequency 
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ranges. The multiplexer categorizes the received radar signals by sub-band and 
azimuth and then sends them to the system processor and the exciter. 


4. SYSTEM PROCESSOR 
The system processor is the “brain” of the ALQ-184 pod. It receives the threat 
signals from the receiver section that have already been categorized by sub-band 
and distinguished by AOA. Each received signal and its corresponding AOA is 
counted. When the signal count exceeds a pre-set threshold, the system 
processor validates the signal and identifies it using the emitter identification 
(EID) tables. Based on this threat identification, the system processor directs the 
techniques generator to initiate a jamming program through the exciter. At the 
same time, the system processor, through a signal switch control, directs the 
transmitter section to use either the forward or aft transmit antenna array, and 
specifies the transmit angle for the jamming program based on AOA. 


a. The system processor also controls the low-band portion of the pod 
(Figure 18-3). The forward or aft low-band antenna receives and combines the 
threat signal and sends it to the multiplexer. The multiplexer channelizes this 
signal into one of two low sub-bands. The signal then passes to the modulator 
where the voltage controlled oscillators (VCOs) generate a jamming technique as 
directed by the system processor techniques generator. This ensures the 
jamming technique is at the proper frequency and modulation to provide 
maximum effect against the threat system. The generated jamming signal passes 
to a second multiplexer and then to a solid state amplifier for amplification. The 
amplified jamming signal is then sent to the two low-band traveling wave tubes 
(TWTs) and transmitted from the forward and aft low-band transmit antennas. 


C-9492 
Control Indicator Unit 


Receiver Transmit 
Antennas id/High-Band Section Antennas 


Receiver Ex Transmitter 
Section Section 


Low-Band Section 2] 


‘System Processor 


Figure 18-3. ALQ-184 Simplified Block Diagram 
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b. The system processor periodically performs a background built-in-test 
(B-BIT), to check the status and calibration of the ALQ-184. The system processor 
software is updated or reprogrammed as required from a memory loader verifier 
(MLV). The system processor uses two major software programs. The operational 
flight program (OFP) manages the receiver and transmitter functions, signal 
processing, and techniques generation. The mission data generator (MDG) 
contains the threat EID tables and the jamming techniques matrix for these 
threats. 


5. JAMMING TECHNIQUES GENERATOR 
The exciter section contains the VCOs and the keyed oscillators, which generate 
the jamming waveforms that are directed by the system processor. The exciter 
takes the threat signal from the receiver and modifies it with deception 
modulation or generates a noise program based on the techniques generator in 
the system processor. The selected jamming technique is then sent to the 
transmitter section. 


6. TRANSMIT ANTENNAS 
The transmitter section contains antenna switching circuits, a signal forming 
network, and TWTs. The antenna switching circuits are controlled by the system 
processor to ensure the transmitted jamming pulse is radiated at the proper 
azimuth. The signal-forming network controls the phase of each jammi 
There are sixteen TWTs in the transmitter section, one for each front 
antenna. The TWTs amplify the jamming signal for transmission from the 
appropriate transmit antenna. 


a. The ALQ-184 has two sets of transmit antenna assemblies. One set is 
located on the front and one on the rear of the main pod assembly (Figure 18-4). 


Forward Rear 
Transmit Antennas Transmit Antennas 


Figure 18-4. ALQ-184 Transmit Antenna Location 
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Each set has a low-band and mid/high-band antenna. The transmit antennas 
have opposite polarization from the receive antennas. This enables the pod to 
transmit and receive at the same time while preventing pod “ringing.” Ringing 
occurs when the pod receives its own jamming signal and generates a jamming 
program to counter its own signal. This condition can highlight the aircraft to 
enemy radar and seriously degrade pod effectiveness. 


b. The low-band transmit horn antennas are circularly polarized. The 
mid/high-band transmit antennas have the same eight-element array as the 
receive antennas. The transmit antennas generate a directional jamming signal 
for pulsed radar signals based on the AOA determined by the receive antennas. 
Detailed information on the antenna jamming pattern is contained in the ALQ-184 
ECM Handbook. 


7. C-9492 CONTROL INDICATOR UNIT 


The C-9492 Control Indicator Unit (CIU) provides control of all functions of the 
ALQ-184. It allows the aircrew to control system power, select jamming 
techniques, and monitor system status (Figure 18-5). 


Figure 18-5. C-9492 Control Indicator Unit 


8. JAMMING POD CONSIDERATIONS 
Unfortunately, jamming pods do not make the aircraft completely invisible from 
enemy threat systems. When used in conjunction with the RWR, expendables, 
and threat countertactics they do drastically increase the probability of surviving 
a threat engagement. This section contains some items of consideration to 
ensure that your self-protection jamming is being properly utilized. These 
considerations include highlighting, burnthrough, and reprogramming. 
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a. If used improperly a self-protection pod can actually highlight the aircraft. 
This happens when a pod transmits a jamming program constantly or when 
another type of radar, not targeted for jamming but in the same frequency range, 
sees the jamming. Highlighting is normally associated with noise programs that 
transmit constantly. Most pods today avoid this by transmitting only when a 
threat requires it. Additionally, some aircraft have pod inhibit switches that allow 
the pod to remain in a standby condition until the pilot switches the pod to 
operate. What makes this system effective is that the switch is either on the stick 
or throttle allowing the pilot to rapidly go to operate without looking inside the 
cockpit (Figure 18-6). 


F-16 
Countermeasures 
Management 
Switch 


Figure 18-6. F-16 ECM CMS 


b. Burnthrough is described as the range that the aircraft's radar return is 
stronger than its jamming signal. Basically, the jet has gotten so close to the 
threat radar that the threat radar is overpowering the jamming pod. The range that 
this occurs varies for different radars, but it should be planned for particularly 
when there are threats in the target area. Burnthrough is also a consideration for 
support jamming systems; there is a range at which the support jammer's signal 
will be overpowered and the protected aircraft can be seen. 


c. Many self-protection jamming systems are what is called software- 


reprogrammable. This means that jamming programs can be rapidly changed to 
adjust for changes in enemy radar systems. These updates can be made to 
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systems while they are still on the jet, and can take as little as 15 minutes using 
an MLV. The process of changing electronic warfare systems is known as a Pacer 
Ware change. An exercise to check the ability to make changes is known as a 
Serene Byte exercise. The pilot of the aircraft carrying the self-protection system 
has one responsibility in this process: to ensure that his jamming system is 
carrying the most current software program, usually referred to as a software 
version. While Pacer Ware changes are not common during peacetime 
operations, they do happen quickly during combat operations often to fine tune 
the jamming systems for the particular theater of combat. 


9. SUMMARY 


The effective employment of self-protection jamming is one of the factors that 
can mean the difference between success and failure on the modern battlefield. 
When employed in concert with chaff and maneuvers, self-protection jamming 
can be extremely effective in negating potentially lethal attacks. Despite their 
limitations, self-protection jamming systems are an important part of the “bag of 
tricks” aircrews can employ to put bombs on target. 
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Under the Desk 


Ifyour workbench has the luxury of drawers, by all means use them! Try to keep your under-desk 
environment as free of clutter as possible. It’s not really a very convenient place io store unused tools or 
components. You're going to drop the occasional item from time to time, so having to dig out a bunch of 
junk just to find itis just going to be more frustrating for you. Keep it clean! 

You should keep a medium-sized trash can under or near your work area, as you will inevitably 
‘generate some waste products in this hobby. By minimizing the amount of food-related garbage 
deposited in your laboratory trash receptacle, you can postpone the invasion of little critters looking for 
a free meal. Also, bits of wire and old components don’t tend to stink after a few days, but a half-eaten 
sandwich might. 


Tip Copper easily recycles at a premium price. Collect your copper wire snippings and cash them in someday. 


Anice addition to the under-the-table accessories you might consider is some low-wattage strip 
lighting. LEDs are especially good for this. You will appreciate this more once you conduct your first 
search-and-rescue mission for that teensy-tiny component that dropped off the edge of your table and 
into the carpet. 


Components 


Most of our tools are now ready to go. The most frequently used tools are permanently set up, ready for 
action. The less frequently used tools are carefully stored where we can get to them when we need them, 
but are not in the way the rest of the time. This is a big improvement over the situation you saw back in 
Figure 5-1, 

Now we need some components with which to work, using our scientifically arrayed tools. Have a 
look at Figure 5-10 to see one example of how to keep your parts organized yet within easy reach, 
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ANNEX A 
GLOSSARY 


Absorption - Dissipation of energy of electromagnetic waves, sound, and light 
waves into other forms of energy because of interaction with matter. Absorption 
characteristics of specific materials are used as blankets, coatings, or structural 
and surface materials for aircraft to reduce effective radar cross-sections. 


Acoustic jamming - The deliberate radiation of mechanical or electro-acoustic 
signals with the objectives of obliterating or obscuring signals which the enemy 
is attempting to receive, and of deterring enemy weapon systems. 


Acquire — 


1. When applied to acquisition radars: the process of detecting the presence 
and location of a target in sufficient detail to permit identification. 


2. When applied to tracking radars: the process of positioning a radar beam 
so that a target is in that beam to permit the effective employment of weapons. 


Acquisition radar - A radar set that detects an approaching target and feeds 
approximate position data to a fire control or missile guidance radar that then 
takes over the function of tracking the target. 


Active array radar - A phased array radar in which each radiating element 
contains a transmitter and receiver front end, as opposed to a single 
transmitter/receiver serving all phased array elements. Advantages attributed to 
active array radars include efficient use of prime power, no waveguide losses, 
very wide bandwidth, and extreme reliability due to the lack of single point of 
failure. 


Active homing guidance - A system of homing guidance in which both the source 
for illuminating the target, and the receiver for detecting the energy reflected from 
the target as the result of illumination, are carried within the missile. 


Aerosols - Solid particles dispersed in the atmosphere that have resonant size 
particles with a high index of refraction. The particles both scatter and absorb 
visual and laser-directed energy so as to lessen the effect of weapon systems 
directed by these techniques. 


Al 
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Airborne early warning and control - Air surveillance and control provided by 
airborne early warning vehicles that are equipped with search and height finding 
radar and communications equipment for controlling weapons. 


Airborne interceptor (Al) - A manned aircraft used for identification and/or 
engagement of airborne objects. (An Al may or may not be equipped with radar to 
assist in the interception.) 


Airborne Warning and Control System (AWACS) - An aircraft suitably equipped to 
provide control, surveillance, and communications capability for strategic 
defense and/or tactical air operations. 


Air defense - All defensive measures designed to destroy attacking enemy 
aircraft or missiles in the earth's envelope of atmosphere, or to nullify or reduce 
the effectiveness of such attack. 


Air surveillance radar (ASR) - A radar displaying range and azimuth that is 
normally employed in a terminal area as an aid to approach and departure 
control. 


Air-to-air missile (AAM) - A missile launched from an airborne carrier at a target 
above the surface. 


Air-to-surface missile (ASM) - A missile launched from an airborne carrier to 
impact on a surface target. 


Alternating current (AC) - An electric current that reverses its direction at 
regularly recurring intervals, the frequency being determined by the frequency of 
the alternator supplying the current. 


AM-CW jamming - Jamming in which a carrier wave is modulated at a constant 
recurring rate. The recurrence rate of amplitude modulation is variable, and 
reflects a noticeable change in the radar scope. Because of the spiraling or 
chaining effect produced, AM-CW jamming is easily identified. 


Amplifier - An electronic circuit usually used to obtain ampl 
current, or power. 


ication of voltage, 


Amplitude shift keying - A method of impressing a digital signal upon a carrier 
signal by causing the carrier amplitude to take different values corresponding to 
the different values of the digital signal. 
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Amplitude modulation (AM) - A method of impressing a message upon a carrier 
signal by causing the carrier amplitude to vary proportionally to the message 
waveform. 


Angle jamming - A deception jamming technique used to deny azimuth and 
elevation information to a TTR by transmitting a jamming pulse similar to the 
radar pulse, but with modulation information out of phase with the returning 
target azimuth modulation information. 


Angle tracking - Accomplished through the use of pulses to determine angular 
definition of a target. 


Antenna - A device used for transmitting or receiving RF energy. The function of 
the antenna during transmission is to concentrate the radar energy from the 
transmitter into a shaped beam that points in the desired direction. During 
reception, or listening time, the function of the antenna is to collect the returning 
radar energy, contained in the echo signals, and deliver these signals to the 
receiver. Radar antennas are characterized by directive beams that are usually 
scanned in a recognizable pattern. The primary radar antenna types in use today 
fall into three categories: parabolic, Cassegrain, and phased array antennas. 


Antenna cross talk - A measure of undesired power transfer through space from 
one antenna to another. Ratio of power received by one antenna to power 
transmitted by the other usually expressed in decibels. 


Antenna gain - See Gain 
Antenna polarization - See Polarization 


Antenna sidelobes - See Sidelobes 


Antiaircraft artillery (AAA) - Guns used to shoot unguided projectiles at airborne 
aircraft. Usually used in the air defense system. 


Anti-clutter circuits (in radar) - Circuits that attenuate undesired reflections to 
permit detection of targets otherwise obscured by such reflections. 


Antiradiation missile (ARM) - A missile that homes passively on a radiation 
source. 


Area defense - The concept of locating defense units to intercept enemy attacks, 
remote from, and without reference to, individual vital installations, industrial 
complexes, or population centers. 
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Asynchronous pulsed jamming - An effective form of pulsed jamming where the 
jammer nearly matches the PRF of the radar then transmits multiples of the PRF. 
It is more effective if the jammer pulse width is greater than that of the radar. 
Asynchronous pulsed jamming is similar to synchronous jamming except that 
the target lines tend to curve inward or outward and appear fuzzy in the jammed 
sector of the radar scope. 


Attenuation - The decrease in amplitude of a signal during its transmission from 
one point to another. Attenuation increases as distance increases. The higher the 
frequency of the propagating signal, the higher the rate of attenuation. 


Automatic frequency control (AFC) - Circuits in a receiver that automatically 
correct the local oscillator frequency to prevent receiver drift in tuned frequency. 


Automatic gain control (AGC) — 


1. A feature involving special circuitry designed to maintain the output of a 
radio, radar, or television receiver essentially constant, or to prevent its 
exceeding certain limits, despite variations in the strength of the incoming signal. 
In a radio receiver, in particular, though something of a misnomer, also known as. 
automatic volume control. 


2. A self-acting compensating device that maintains the output of a 
transmission system constant with narrow limits, even in the face of wide 
variations in the attenuation of the system. 


3. A radar circuit that prevents saturation of the radar receiver by long blocks 
of receiver signals, or by a carrier modulated at low frequency. 


Automatic search jamming - An intercept receiver and jamming transmitting 
system that automatically searches for and jams enemy signals of specific 
radiation characteristics. 


Automatic tracking - Tracking in which a system employs some mechanism, e.g., 
servo or computer, to automatically follow some characteristics of the signal. 


Azimuth resolution - The ability of a radar to distinguish two targets in close 
azimuth proximity and distance. 


Backlobe - The portion of the radiation pattern of an antenna that is oriented 180° 
in relation to the main beam. The antenna backlobe is a result of diffraction 
effects of the reflector and direct leakage through the reflector surface. 
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Backward wave oscillator (BWO) - A special traveling wave tube in which 
oscillatory currents are produced by using an oscillatory electromagnetic field to 
bunch the electrons as they flow from cathode to anode. 


Ballistic missile - Any missile that does not rely upon aerodynamic surfaces to 
produce lift and consequently follows a ballistic trajectory when thrust is 
terminated. 


Bandpass filter - A filter that allows a select range of frequencies to pass while 
attenuating all frequencies outside the range. 


Bandwidth - The range of frequencies within which performance, with respect to 
some characteristics, falls with specific limits (ie., the width of frequency of a 
barrage noise package). 


Barrage noise jamming - Noise jamming spread in frequency to deny the use of 
multiple radar frequencies to effectively deny range information. Although this is 
attractive because it enables one jammer to simultaneously jam several radars of 
different frequencies, it does have the inherent problem that the wider the 
jamming spread, the less jamming power available per radar. 


Beam rider - A mis: 


le guided by an electronic beam. 


Beam-to-beam correlation (BBC) - Used by frequency scan radars to reject pulse 
jamming and jamming at swept frequencies. Correlation is made from two 
adjacent beams (pulses). The receiver rejects those targets (signals) that do not 
occur at the same place in two adjacent beams. 


Beamwidth - The width of a radar beam measured between lines of half-power 
points on the polar pattern of the antenna. This width is measured at the 3 dB 
points. 


Beat frequency oscillator (BFO) - Any oscillator whose output is intended to be 
mixed with another signal to produce a sum or difference beat frequency. Used 
particularly in reception of CW transmissions. 


Bistatic radar - A radar where the transmitting and receiving antennas are 
separated by a considerable distance. Bistatic operation provides several 
advantages for its user. The covert positioning of the receivers poses problems 
for a potential attacking force since ELINT techniques locate the transmitter not 
the receiver. The proper placement of jamming assets is difficult, since the 
receiving sites are unknown. In addition, if a stand-off jammer is directed at the 
transmitter, its effectiveness in the direction of the covert receiver is diminished. 
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Jammers not in the same beam as the wanted targets will be attenuated by the 
receiver's sidelobe protection and these targets will be more readily detected. 


Blanking — 


4. The cutting off of the electronic beam in a cathode-ray tube when the 
picture is not being formed. The beam is blanked while the spot is returning to 
the starting position (normally right to left). 


2. Process of making a channel or device noneffective for a desired interval. 


Blinking - A jamming technique employed by two aircraft separated by a short 
distance and within the same azimuth resolution to appear as one target to a 
tracking radar. The two aircraft alternately spot jam, causing the radar system to 
oscillate from one plane to another, making an accurate solution of fire control 
problem impossible. However, keep in mind that too high a blinking frequency 
can cause the tracker to average the data while too low a frequency will cause a 
missile to home-in on one of the jammers. 


Broad pulse jamming - Transmission of broad pulses for control system jamming 
when little is known about the command pulse group. For example, a broad pulse 
might cover a whole group of command pulses, thus jamming that command. 


Burnthrough range - The ability of a radar to see through jamming. Usually 
described as the point when the radar's target return is stronger than the 
jamming signal. 


Burst chaff - The formation of a reflective volume of chaff from an individual 


bundle. 


Buzzer - Code name for airborne jamming. 


Capture - Where the jammer takes control over the guidance signal by active 
jamming. 


Capture effect - The tendency of a receiver to suppress the weaker of two signals 
within its bandpass. 


Capture of AGC - Domination of the radar's automatic gain control (AGC) level by 
a strong transmitted jamming signal. 


Carrier frequency - Frequency of an unmodulated radio wave emanated from a 
radio, radar, or other type of transmitter. 
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Carrier wave - Electromagnetic radiation used to “carry” information from one 
point to another. 


Centroid homing - When applied to antiradiation missiles, the effect on a missile 
that has two or more radiation sources in its field of view causing it to home on 
the centroid of the power from the radiating sources. 


Chaff - Ribbon-like pieces of metallic materials or metalized plastic that are 
dispensed by aircraft to mask or screen other aircraft or to cause a tracking radar 
to break lock. The foil materials are generally cut into small pieces for which the 
size is dependent upon the radar interrogation frequency (approximately 1/2 
wavelength of the victim radar frequency). Being 1/2 wavelength long, chaff acts 
as a resonant dipole and reflects much of the energy back to the radar. 


Chaff corridor - Operational technique of dropping large quantities of chaff for a 
continuous period of time. This results in a “ribbon” or “stream” of returns many 
miles long on radar scopes. The penetrating strike force can then use the 
resulting chaff corridor to mask its penetration. 


Chirp - A pulse compression technique characterized by linear frequency 
modulation on pulse (LFMOP). 


Chirp radar - Radar in which a swept-frequency signal is transmitted, received 
from a target, and then compressed in time to give a final narrow pulse called the 
chirp signal. It has high immunity to jamming and an inherent rejection of random 
noise signals. 


Circularly polarized jamming - The techniques of radiating jamming energy in 
both planes of polarization. With this method, there is a 3-dB loss of effective 
power in either plane, but the enemy cannot cross-polarize his antenna to escape 
jamming. 


Circular scan - The pattern generated by an antenna that is continuously rotating 
in one direction. 


Clipped noise modulation - A clipping action is performed to increase the. 
bandwidth of the jamming signal. Results in more energy in the sidebands, 
correspondingly less energy in the carrier, and an increase in the ratio of average 
power to peak power. 


Clutter - Unwanted signals, echoes, or images on the face of a scope that 
interferes with the observation of desired signals. Also called noise. This tends to 
mask the true target from detection or cause a tracking radar to break lock. 
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Clutter elimination - The clutter eliminator circuit discriminates against any target 
echo that exceeds three times the transmitted pulse width, and will not display it 
on the indicator. It is normally employed on the lower beams of a high frequency 
radar. This will allow targets above a preset signal strength to be presented, while 
the clutter (land) will be eliminated. 


Clutter gating - A technique that provides switching between MTI and normal 
videos. It results in the normal video being displayed in regions with no clutter 
and the MTI video being switched in only for the clutter areas. Clutter gating is 
achieved automatically by the PW discrimination or the use of storage tubes. It 
also can be achieved by a manually operated range azimuth gate. The clutter gate 
vastly increases the effectiveness of noncoherent MTI against chaff. 


Coherent MTI (in radar MTI) - A system in which the target echo is selected based 
on its Doppler frequency when compared to a local reference frequency 
maintained by a coherent oscillator. 


Coherent noise jamming - Noise-like jamming signal that is repetitive and in 
synch with the PRI of the radar. 


information of the 
g a signal that is 


Coherent repeater jammer - A jammer that uses the phas 
receiver radar signal in creating false targets thus transi 
acceptable to the receiver processor of a victim coherent radar. 


Command and control warfare (C2W) - The integrated use of operations security 
(OPSEC), ‘ary deception, psychological operations (PSYOP), electronic 
warfare (EW), and physical destruction, mutually supported by intelligence to 
deny information, influence, degrade, or destroy adversary C? capabilities while 
protecting friendly C? capabilities. 


Command, control, communications, and computer systems (C4) - The process 
of, and means for, the exercise of authority and direction by a properly 
designated commander over assigned forces in the accomplishment of the 
commander's mission. 


Command guidance - A guidance system in which intelligence transmitted to the 
missile from an offboard source causes the missile to traverse a directed flight 
path. 


Communications intelligence (COMINT) - Intelligence derived from the 
interception of enemy communications signals. 


Communications security (COMSEC) - The protection resulting from all measures 
designed to deny unauthorized persons information of value that might be 
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derived from the possession and study of telecommunications, or to mislead 
unauthorized persons in their interpretation of the results of such possession 
and study. COMSEC includes: 1. Cryptosecurity; 2. transmission security; 3. 
emission security; and 4. physical security of communications security material 
and information. 


4. Cryptosecurity - The component of communications security that results 
from the provision of technically sound cryptosystems and their proper use. 


2. Transmission security - The component of communications security from 
which all measures designed to protect transmissions from interception and 
exploitation by means other than cryptanalysis. 


3. Emission security - The component of communications security that 
results from all measures taken to deny unauthorized persons information of 
value that might be derived from intercept and analysis of compromising 
emanations from crypto equipment and telecommunications systems. 


4. Physical security - The component of communications security that results 
from all physical measures necessary to safeguard classified equipment, 
material, and documents from access thereto or observation thereof by being 
within a friendly power. 


Complex pulse - A pulse train in which there is more than one pulse width and/or 
more than one pulse repetition interval. 


Conformal antenna - An antenna which conforms to a surface whose shape is 
determined by considerations other than electromagnetic, for example, an 
antenna shaped to aerodynamically fit the side of an aircraft. 


Conical scan (CONSCAN) - A type of scanning in which the axis of the RF beam is 
tilted away from the axis of the reflector and rotated about it, thus generating a 
cone. 


Constant false alarm rate (CFAR) receiver - A radar receiver with automatic 
detection circuits designed to produce a constant number of erroneous target 
detections independent of noise level at the receiver input. CFAR techniques are 
intended to prevent receiver saturation and overload, to present clear video 
information to the display, and a constant noise level to an automatic detector. A 
device that accomplishes these objectives may respond to the signal-to-noise 
ratio, for example, rather than the absolute signal level above a fixed threshold. 
CFAR does not usually permit the detection of a target if the target is weaker than 
the jamming, but it does attempt to remove the confusing jamming effects. 
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Figure 5-10. Parts bins are used to organize components. This style of container is available in many sizes 
with different numbers and sizes of drawers. Even more parts are stored on a shelf behind the work area, 
The most commonly used hand tools are laid out on the right. The other hand tools are collected in a small 
toolbox on the left 


Where to Go from Here 
‘This work space could be further augmented with shelving, both above the work surface and 


underneath, More lighting wouldn’t hurt, either. However, this is plenty to get started. Let's build some 
electronics projects on this squeaky-clean table and see if we can dirty it up a 


Projects 


Let's look at a few smaller circuits you can easily build on your tidy, new work area using a solderless 
breadboard. Expanding on the LED-and-coin-cell experiments in Chapter 4, we'll add a few more 
components and hopefully start to see how they all interact. 
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Continuous wave (CW) - A constant, single-frequency, unmodulated carrier wave 
that is transmitted and then reflected. A good system for determining velocity. 


Correlation detection (modulation systems) - Detection based on the averaged 
product of the received signal and locally generated function possessing some 
known characteristics of the transmitted wave. Note the following caveats: 


1. The averaged product can be formed, for example, by multiplying and 
integrating, or by using a matched filter whose impulse response, when reversed 
in time, is the locally generated function. 


2. Strictly, the above definition applies to detection based on cross- 
correlation. The term correlation detection may also apply to detection involving 
autocorrelation, in which case the locally generated function is merely a delayed 
form of the received signal. 


Countdown - A technique for forcing the radar AGC to continuously change value 
and oscillate. The jammer rapidly changes the duty cycle of the deception pulses. 


Countdown blink - Self-screening AGC deception using a gated repeater or noise 
source; the period of which is short compared to the victim's AGC time constant. 


Cover pulse - A jammer covers the radar return with an AM pulse usually much 
wider than the radar pulse. Since tracking circuits are looking for largest return, 
they will transfer to the cover pulse, thereby denying range information. 


Cross-eye - A jamming technique used to produce angular errors in monopulse 
and other passive lobing radars. Jammer is a two-source interferometer that 
causes the phase front of the signal reaching the radar to be highly distorted. 
With such a technique, it is difficult for the radar to determine the points from 
which the transmissions are originating. Requires a high jam-to-signal ratio or the 
skin echo will show up in the pattern nulls. 


Cross-gated CFAR - A CFAR technique employed to achieve the fast switching 
required for an optimum combination of normal and MTI modes. Here, the MTI 
video signals are used to “gate” on the normal video when the MTI indicates a 
target in clutter. CFAR action is achieved by the wideband as in the zero-crossing 
and Dicke fix CFARs. 


Cross polarization - or “Cross Pole,” is a monopulse jamming technique where a 
cross-polarized signal is transmitted to give erroneous angle data to the radar. 
The component of the jamming signal with the same polarization as the radar 
must be very small. 
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Cross polarization jamming - A technique whereby the received signal is 
retransmitted cross-polarized and at a much higher power than the skin return- 
effective against some monopulse radars by generating erroneous angle 
information. 


CW jamming - The transmission of constant-amplitude, constant-frequency, 
unmodulated jamming signals to change the signal-to-noise ratio of a radar 
receiver. 


Data link - A communications link which permits automatic transmission of 
information in digital form. 


Deception - Those measures designed to mislead the enemy by manipulation, 
distortion, or falsification of evidence to induce him to react in a manner 
prejudicial to his interests. (See Electronic Deception, or Manipulative Deception.) 


Deception jamming - Any means of jamming consisting of false signals that have 
similar characteristics to the victim radar thereby deceiving the operator into 
erroneous conclusions. 


Decibel (dB) - A dimensionless unit for expressing the ratio of two values, the 
number of decibels being 10 times the logarithm to the base 10 of a power ratio, 
or 20 times the logarithm to the base 10 of a voltage of current ratio. A power 
increase by 3 dB indicates a doubling of the original power. 


(dBm) - Same as dBw except the reference level is one milliwatt instead of one 
watt. 


(dBw) - Unit used to describe the ratio of the power at any point in a 
transmission system to a referenced level of one watt. The ratio expresses 
decibels above and below the reference level of one watt. 


Defense suppression - A term applied to weapons systems that are intended to 
eliminate or degrade enemy detection, acquisition, or tracking equipment. 


Delayed opening chaff - Chaff that blooms at a specific elapsed time after it is 
dispensed. 


Detector balanced bias - Controlling circuit used in radar systems for anti-clutter 
purposes. 


Dicke fix - A technique specifically designed to protect the receiver from ringing 
caused by noise, fast-sweep, or narrow-pulse jamming. The basic configuration 
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consists of a broadband limiting IF amplifier, followed by an IF amplifier of 
optimum bandwidth. The limit level is preset at approximately the peak amplitude 
of receiver noise. The bandwidth may vary from 10 to 20 MHz, depending on the 
jamming environment. The device provides excellent discrimination against fast- 
sweep jamming (10 - 500 MHz), usually something about 20 to 40 dB, without 
appreciable loss in sensitivity. However, strong CW jamming will seriously 
degrade the performance of the Dicke fix because the CW signal captures the 
radar signal in the limiter. 


Dicke fix CFAR - Constant False Alarm Rate. 


Dicke fix MT CFAR - An MTI CFAR technique similar to Dicke fix CFAR. Limiting 
and narrowbanding follow wideband amplification, phase detection, and 
cancellation so as not to impair the MTI performance. 


Digital radio frequency memory (DRFM) - A computer-controlled digital device 
used in radar jamming systems. DRFM provides an extremely fast and accurate 
storage capability for victim radar signal parameters. Jamming systems 
employing DRFM can rapidly and accurately generate coherent jamming based 
on the memorized victim radar signal. 


DINA - See Direct Amplified Noise. 
Diode - An electron device having two electrodes, a cathode, and an anode. 


Diplex - Two transmitters operating alternately on approximately the same RF and 
using a common antenna. The normal procedure is to pulse each transmitter at 
the desired PRF, 180° out-of-phase. The advantage is that higher peak power per 
transmitter is possible because each transmitter is operating at ‘ the normal 
duty cycle. 


Dipole antenna - A straight, center-fed, % wavelength antenna. Horizontally 
polarized, it produces a figure-eight radiation pattern with maximum radiation at 
right angles to the plane of the antenna. 


ction finding (DF) - A procedure for obtaining bearings of radio frequency 
emitters with the use of a highly directional antenna and a display unit on an 
intercept receiver or ancillary equipment. 


Direct amplified noise (DINA) - DINA without a carrier frequency is used for 
increasing (saturating) the radar receiver's noise level. This is called video 
stealing. The biggest danger from this type of jamming is that the radar operator 
may not realize he is being jammed when automatic gain control (AGC) or 
automatic noise leveling (ANL) are employed. This is a barrage type of jamming 
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with a bandwidth normally more than 50 MHz. DINA appears as a bright, high 
intensity wedge when the manual gain is employed. Thus, all useful radar scope 
information is lost. 


Doppler (effect) - Continuous wave (CW) Doppler radar modules are sensors that 
measure the shift in frequency created when an object moves. A transmitter emits 
energy at a specific frequency which, when reflected, can indicate both speed 
and direction of the target. When objects move closer to the Doppler source, they 
increase in shift (positive value), and when they move further away, they 
decrease in shift (negative value). 


Doppler radar - A radar system that measures the velocity of a moving object by 
the apparent shift in carrier frequency of the returned signal as it approaches or 
recedes. 


Downlink - The signal from a transponder beacon located on a surface-to-air 
missile (SAM) used to provide a traceable radar return for missile guidance. 


Downlink jamming (DLJ) - Some command guidance missiles carry a beacon 
(downlink) which is used by the parent radar to track the e. If this beacon 
reply can be hidden from the parent tracking radar, the missile guidance solution 
can be defeated. Hence, downlink (beacon) jamming is intended to screen the 
missile beacon signal from the parent radar's view. 


Ducting - The bending of radar rays due to atmospheric conditions. Ducting can 
either extend radar coverage beyond normal line of sight or it can deny the radar 
picture above a duct. Ducting is also called Anomalous Propagation. 


Dummy antenna - A device that has the necessary impedance characteristics of 
an antenna and the necessary power-handling capabilities, but does not radiate 
or receive radio waves. Note: In receiver practice, that portion of the impedance 
not included in the signal generator is often called a dummy antenna. 


Dummy load (radio transmission) - A dissipative but essentially nonradiating 
substitute device having impedance characteristics simulating those of the 
substituted device. This allows power to be applied to the radar unit without 
radiating into free space. 


Duplex - In radar, a condition of operation when two identical and 
interchangeable equipments are provided—one in an active state, and the other 
immediately available for operation. 


Duplexer - A switching device used in radar to permit alternate use of the same 
antenna for both transmitting and receiving. 
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Duty cycle - The ratio of the time the transmitter is actually on versus the time it 
could be on in a given transmission cycle. Mathematically, it can be expressed 
as: 


Duty Cycle = PD or Duty Cycle = PD X PRF 


PRT 


Dynamic range - 


1. The difference, in decibels, between the overload level and the minimum 
acceptable signal level in a system or transducer. Note: The minimum acceptable 
signal level of a system or transducer is ordinarily fixed by one or more of the 
following: noise level, low-level distortion, interference, or resolution level. 


2. Ratio of the specified maximum signal level capability of a system or 
component to its noise or resolution level, usually expressed in decibels. 


Early warning radar - A radar set or system used near the periphery of a defended 
area to provide early notification of hostile aircraft approaching the area. 


EA pod - A jamming system that is designed to be carried externally on an 
aircraft. 


Effective radiated power (ERP) - Input power to antenna time multiplied by the 
gain of the antenna, expressed in watts. 


Electromagnetic interference (EMI) - Any electromagnetic disturbance that 
interrupts, obstructs, or otherwise degrades or limits the effective performance of 
electronic systems. EMI can be induced intentionally, by way of jamming, or 
unintentionally because of spurious emissions and modulations. 


Electromagnetic pulse (EMP) - The generation and radiation in a transmission 
medium of a very narrow and very high-amplitude pulse of electromagnetic noise. 
The term is associated with the high-level pulse because of a nuclear detonation 
and with an intentionally generated narrow, high-amplitude pulse for EA 
applications. In nuclear detonations, the EMP signal consists of a continuous 
spectrum with most of its energy distributed throughout the low frequency band 
of 3 to 30 kHz. 


Electromagnetic radiation - Radiation made up of oscillating electric and 
magnetic fields and propagated with the speed of light. Includes gamma 
radiation, x-rays, ultraviolet, visible and infrared radiation, plus radar and radio 
waves. 
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Electromagnetic spectrum - The total range of frequencies (or wavelengths) over 
which any form of electromagnetic radiation occurs. 


Electromagnetic test environment (EMTE) - A range complex of radars, such as 
those located at Eglin AFB, FL, operating in different frequency bands and modes 
to provide a very flexible test facility for evaluating aircraft antenna patterns, 
reflectivity measurements, infrared, reconnaissance, airborne interceptors, and 
electronic warfare devices and techniques. 


Electronic attack (EA) - The use of electromagnetic energy, directed energy, or 
antiradiation weapons to attack personnel, facilities, or equipment with the intent 
of degrading, neutralizing, or destroying enemy combat capability. Action taken 
to reduce the enemy's effective use of the electromagnetic spectrum. EA is a 
division of electronic warfare (EW). 


Electronic combat (EC) - Action taken in support of military operations against 
the enemy's electromagnetic capabilities. EC is task-oriented and includes 
electronic warfare (EW), command and control warfare (C2W), and suppression of 
enemy air defenses (SEAD). 


Electronic protection (EP) - Active and passive means taken to protect personnel, 
facilities, and equipment from any effects of friendly or enemy employment of 
electronic warfare that degrade, neutralize or destroy friendly combat capability. 
EP is a division of electronic warfare (EW). 


Electromagnetic deception - The deliberate radiation, reradiation, alteration, 
absorption, or reflection of electromagnetic radiations in a manner intended to 
mislead an enemy in the interpretation of, or use of, information received by his 
electronic systems. There are two categories of electronic deception: 


1. Manipulative deception - The alteration or simulation of friendly 
electromagnetic radiation to accomplish deception. 


2. imitative deception - The introduction of radiations into enemy channels 
that imitate his own emissions. 


Electronic intelligence (ELINT) - The intelligence information product of activities 
engaged in the collection and processing for subsequent intelligence purposes of 
foreign, noncommunications, electromagnetic radiations emanating from other 
than nuclear detonations or radioactive sources. 


Electronic intelligence parameter limit list (EPL) - A compilation of identified 
signals with assigned ELINT notations. 
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Electronic jammers — 


1. Expendable - A transmitter designed for special use such as being dropped 
behind enemy lines. 


2. Repeater - A receiver-transmitter device that, when triggered by enemy 
radar impulses, returns synchronized false signals to the enemy equipment. The 
returned impulses are spaced and timed to produce false echoes or bearing 
errors in the enemy equipment. See Expendable and Repeater Jammers. 


Electronic jamming - The deliberate radiation, reradiation, or reflection of 
electromagnetic energy with the object of impairing the use of electronic devices, 
equipment, or systems. 


Electronic order of battle - A listing of all the electronic radi: 
military force giving location, type function, and other pe! 


ing equipment of a 
ent data. 


Electronic reconnaissance - Specific reconnaissance directed toward the 
collection of electromagnetic radiations. Examples: 


COMINT Communi 


ns Intelligence 


ELINT Electronic Intelligence 
OPINT Optical Intelligence 
RINT Radiated Intelligence 


SIGINT Signal Intelligence 


Electronic warfare (EW) - Military action involving the use of electromagnetic 
energy and directed energy to control the electromagnetic spectrum. EW has 
three divisions: electronic attack (EA), electronic protection (EP), and electronic 
warfare support (ES). 


Electronic warfare support (ES) - Actions taken to search for, intercept, identify, 
and locate sources of intentional radiated electromagnetic energy for the purpose 
of immediate threat recognition. Surveillance of the electromagnetic spectrum 
that directly supports an operational commander's electromagnetic information 
needs. ES is a division of EW. 


Electro-optics (EO) - The interaction between optics and electronics leading to 
the transformation of electrical energy into light, or vice versa, with the use of an 
optical device. 
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Electro-optic counter-countermeasures (EOCCM) - Actions taken to ensure the 
effective friendly use of the electro-optic spectrum despite the enemy's use of 
countermeasures in that spectrum. 


Emission control (EMCON) — 


4. The management of electromagnetic radiations to counter an enemy's 
capability to detect, identify, or locate friendly emitters for exploitation by hostile 
action. 


2. Controlling the radiation of an active system to minimize detection by 
enemy sensors. 


Endgame - The period of military engagement 3-5 seconds before missile impact. 


Endgame countermeasures (EGCM) - Actions taken to defeat a tracking missile. 
This includes expendables, decoys, and maneuvers. 


Essential elements of information (EEl) - The critical items of information 
regarding the enemy and his environment needed by the commander by a 
particular time to relate with other available information and intelligence to be 
able to reach a logical decision. 


Expendable jammer - A nonrecoverable jammer. Early expendables were limited 
to chaff and flare deployments; however, various radiating jamming systems 
exist that use noise or repeater techniques. These are dispensed by aircraft or 
other delivery systems and are designed to disrupt or deceive a victim radar for a 
short period of time. 


Extremely high frequency (EHF) - Frequencies in the range of 30 to 300 GHz. 


False target - Radiated bundle of electromagnetic energy that is displaced in time 
from the echo that creates a response in the receiver where no reflecting surface 
exists. 


False target generator - Device for generating electromagnetic energy of the 
correct frequency of the receiver that is displaced in time from the reflected 
energy of the target. 


Fast automatic gain control (FAGC) - An AGC scheme characterized by a 
response time that is long with respect to a PW and short with respect to the 
target. An ultra fast FAGC will reduce the CW capture effect on the Dicke fix. 
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Fast time constant circuit (in radar) — 


1. A circuit with short time constant used to emphasize 
duration to produce discrimination against extended clutter, long-pulse jamming, 
or noise. 


2. Aresistance-capacitance differentiating network with a time constant about 
equal to the transmitted pulse width and employed in the video portion of the 
receiver to provide the discrimination against jamming with low modulating 
frequencies. FTC is effective against CW, long jamming pulses, swept jamming, 
and clutter. It is also fairly effective against chaff corridors. Based on time, the 
radar receiver will allow only pulses equal to its own pulse width to pass and be 
presented on the indicators as targets. Because of this, only the leading edges of 
long pulses will be displayed. 


Fence — 
4. Line or network of early warning radars. 


2. Concentric steel fence erected around a ground radar transmitting antenna 
to serve as an artificial horizon and suppress ground clutter that would otherwise 
drown out weak signals returning at a low angle from the target. 


Ferret - An aircraft, ship, or vehicle especially equipped for the detection, 
location, recording, and analyzing of electromagnetic radiations. 


Field of view (FOV) - The maximum solid angle visible by an optical or electro- 
optic system. 


Fire control radar - Specialized radar systems used to locate and track airborne 
and surface targets, compute an optimum weapons firing point, and control the 
firing and sometimes guidance of its weapons. 


FM-by-noise modulation - A method of frequency modulating with effective 
jamming method against AM and fix-tuned FM receivers. Not very effective 
against continuously tunable PFM receivers; careful tuning can defeat a great 
portion of the jamming signal. For this reason, FM-by-noise is not considered 
optimum as a type of modulation for jamming FM receivers. 


FM jamming - Technique consisting of a constant amplitude RF signal that is 
varied in frequency around a center frequency to produce a signal over a band of 
frequencies. 
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Forward edge of the battle area (FEBA) - The foremost limits of a series of areas 
in which ground combat units are deployed, excluding the areas in which the 
covering or screening forces are operating, designated to coordinate fire support, 
the positioning of forces, or the maneuver of units. 


Frequency agility - A radar's ability to change frequency within its operating 
band, usually on a pulse-to-pulse basis. This is an EP technique employed to 
avoid spot jamming and to force the jammer to go into a less effective barrage 
mode. 


Frequency band designations — 


1. As decided upon by the Atlantic City Radio Convention of 1947, and later 
modified by Comite Consultatif International Radio (CCIR) Recommendation No. 
142 in 1953: 


Band RF Range Band RF Range 
VLF 0-30 kHz VHF 30-300 MHz 
LF 30-300 kHz UHF 300-3000 MHz 
MF — 300-3000 kHz SHF 3-30 GHz 

HF 3-30 MHz EHF — 30-300 GHz 


2. Electronic warfare uses the following designations: 


A 0-250 MHz H 6-8 GHz 

B 250-500 MHz 1 8-10 GHz 

c 500-1000 MHz J 10-20 GHz 
D 1000-2000 MHz K 20-40 GHz 
E 2-3 GHz L 40-60 GHz 
F 3-4 GHz M 60-100 GHz 
G 4-6 GHz 


Frequency bandpass - The number of hertz where maximum output is obtained 
between two limits usually defined and bounded by lower and upper half power 
(3 dB) points. 


Frequency hopping - An anti-jamming technique used by a radar system. The 
carrier frequency of the pulsed transmissions are periodically or continuously 
shifted within limits on each successive pulse. 


Frequency diversity - Method of transmission and/or reception using several 
frequencies simultaneously to minimize the effects of selective fading, deliberate 
jamming, or interference. 
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CHAPTER S © THE COZY CORNER LAB 


‘There are any number of different types of solderless breadboards available today. A range of them 
shown in Figure 5-11. 


Figure 5-11. Different sizes of solderless breadboards, all with the same lead pitch and internal 
connections. The small black unit in the center is perfect for little circuits with only a few small 
components. The white unit on the left has more tie points and offers power rails along each side. The 
deluxe, powered unit on the right adds even more space, as well as multiple regulated power supplies for 
all your tinkering requirements. 


Parallel and Series Circuits 


‘The circuits presented so far have all illustrated the “loop” characteristic of electrical circuits. Electricity 
generally flows in a circle. t's possible to have more than one path through a circuit, however. What 
happens then? 

Like most good questions, the answer is, “It depends.” Let's hook up ftv LEDs at once and try to 
figure out exactly what's going on, Figure 5-12 shows how it’s put together. See Figure 5-13 for the 
schematic diagram. 
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Frequency modulated CW (FM-CW) jamming - FM of a CW signal to produce a 
wide band of signals when the exact operating frequency of the victim is not 
known within the CW limits. 


Frequency modulation (FM) - A method of impressing a message upon a carrier 
signal by causing the carrier frequency to vary proportionally to the message 
waveform. 


Frequency shift keying (FSK) - A form of FM where the carrier is mined code. In 
multiple FSK, the carrier is shifted to more than two frequencies. FSK is used 
principally with teletype communications. 


Frequency spectrum - The entire range of frequencies of electromagnetic 
radiation. 


G - Acceleration due to gravity (32.2 ft/sec”). 


Gain (manual) - The receiver gain control allows the operator to vary the receiver 
sensitivity. It is not designed as an AJ feature; however, when properly employed 
it may greatly reduce the effects of jamming. The radar detection capability is 
also reduced by an equal amount. 


Gain (transmission gain) - The increase in signal power in transmission from one 
point to another under static conditions. Note: Power gain is usually expressed in 
decibels. 


Glint (in radar) - 


1. The random component of target location error caused by variations in the 
phase front of the target signal (as contrasted with scintillation error). GLINT may 
affect angle, range of Doppler measurements, and may have peak values 
corresponding to locations beyond the true target extent in the measured 
coordinate. 


2. Electronic countermeasures that use the scintillating, or flashing, effect of 
shuttered or rotating reflectors to degrade tracking or seeking functions of an 
enemy weapons system. 


Ground controlled intercept (GCI) - Vectoring an interceptor aircraft to an 
airborne target by means of information relayed from a ground-based radar site 
that observes both the interceptor and target. 


A-20 


Electronic Warfare Fundamentals Annex A. Glossary 


Guidance system (missile) - A system that evaluates flight information, correlates 
it with target data, determines the desired flight path of the missile, and 
communicates the necessary commands to the missile flight control system. 


Guided missile - An unmanned vehicle moving above the surface of the earth, 
whose trajectory of flight path is capable of being altered by an external or 
internal mechanism. 


Height finder - A radar used to detect the angular elevation, slant range and 
height of objects in the vertical sight plane. An air defense ground radar used 
specifically to accurately determine aircraft altitude for tracking and ground 
controlled intercepts. 


Hertz (Hz) - The unit of frequency, equal to one cycle of variation per second. It 
supersedes the unit cycle per second (cps). 


High frequency (HF) - Frequencies from 3000 - 30,000 kHz. 


Home-on-jam (HOJ) - A missile mode of operation in which a jamming signa 
used to develop steering information for the missile to home in on the jamming 
source. 


Homing guidance - A system by which a missile steers itself toward a target by 
means of a self-contained mechanism which is activated by some distinguishing 
characteristics of the target. 


Identification, friend or foe (IFF) - A system using radar transmission to which 
equipment carried by friendly forces automatically responds, for example, by 
emitting pulses, thereby distinguishing themselves from enemy forces. It is the 
primary method or determining the friendly or unfriendly character of aircraft and 
ships by other aircraft and ships, and by ground forces employing radar 
detection equipment and associated identification, friend or foe units. 


Image frequency - An undesired input frequency capable of producing the 
selected frequency by the same process. NOTE: An image frequency is a 
frequency which differs from, but has a certain symmetrical relationship to, that 
which a superheterodyne receiver is tuned. Consequently, the image frequency 
can be mistakenly accepted and processed as a true frequency by the receiver. 


Image jamming - Jamming at the image frequency of the radar receiver. Barrage 
jamming is made most effective by generating energy at both the normal 
operating and imaging frequency of the radar. Image jamming inverts the phase 
of the response and is thereby useful as an eagle deception technique. Not 
effective if the radar uses image rejection. 


A-21 


Annex A. Glossar Electronic Warfare Fundamentals 


imitative deception - The introduction of radiations into enemy channels which 
imitates their own emissions. 


Imitative jamming - The jamming technique of transmitting a signal identical to 
the original guidance signal. 


Infrared (IR) - That portion of the frequency spectrum lying between the upper 
end of the millimeter wave region and the lower (red) end of the je spectrum. 
In wavelength, the IR lies between 0.78 and 300 microns; in frequency, it lies 
between one and 400 terahertz (THz). 


Infrared counter-countermeasures (IRCCM) - Actions taken to effectively employ 
our own infrared radiation equipment and systems in spite of the enemy's actions 
to counter their use. 


Infrared countermeasures (IRCM) — 


4. Countermeasures used specifically against enemy threats operating in the 
infrared spectrum. 


2. Actions taken to prevent or reduce the effectiveness of enemy equipment 
and tactics employing infrared radiation. 


Instantaneous automatic gain control (IAGC) - 


1. That portion of a system that automatically adjusts the gain of an amplifier 
with varying input pulse amplitudes. The adjustment is sufficiently fast to operate 
while a pulse is passing through the amplifier. 


2. In radar, a quick-acting automatic gain control that responds to vari 
of mean clutter level, or jamming over different range or angular re 
avoiding receiver saturation (also known as back-bias). [AGC automatically 
adjusts the gain of the radar receiver so that strong signals do not block 
adjoining weak signals. IGAC is not quick enough to block short pulse jamming, 
extended clutter, or chaff. 


Instantaneous frequency CFAR (IFCFAR) - A technique similar to the IF DICKE 
FIX CFAR, except for having a phase detector instead of a frequency 
discriminator. The primary use of this technique, combined with rapid random 
frequency changes, is to make chaff signals appear noise-like so they can be 
handled conventionally. 
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Instantaneous inverse gain - Pulse-by-pulse amplification, modulation, and 
reradiation of the victim's radar pulse to obscure angle data. 


Intercept point - A computed point in space toward which an interceptor is 
vectored to complete an interception. 


Interference (electronic) - An electrical or electromagnetic disturbance that 
causes undesirable responses on electronic equipment. Electrical interference 
refers specifically to interference caused by the operation of electrical apparatus 
that is not designed to radiate electromagnetic energy. 


Interferometer - As pertains to radar, a receiving system which determines the 
angle of arrival of a wave by phase comparison of the signals received at 
separate antennas or separate points on the same antenna. 


Interleaved jamming - 
usually to cover pulse jam 


e sharing of a jammer's output around many threats 
9g. 


Intermediate frequency (IF) — 


1. A fixed frequency to which all carrier waves are converted in a 
superheterodyne receiver. 


2. A frequency to which a signaling wave is shifted locally as an intermediate 
step during transmission or reception. 


3. A frequency resulting from the combination of the received signal and that 
of the local oscillator in a superheterodyne receiver. 


Intermediate frequency jamming - Form of CW jamming that is accomplished by 
transmitting two CW signals separated by a frequency equal to the center 
frequency of the radar receiver IF amplifier. 


Interrogator - A device used to transmit pulse-coded challenges to an IFF 
transponder and then evaluates the pulse-coded reply for identification purposes. 


Intrapulse modulation repeater - A classified deception jamming technique. 
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Intrusion - 
1. The entry of a nonfriendly aircraft or system into friendly air space. 


2. The intentional interference in a communication system by which the 
intruder attempts to confuse, delay, or cause error by the selective introduction 
of additional data. 


Inverse conscan - One method of confusing a radar operator or fire control radar 
system is to provide erroneous target bearings. This is accomplished by first 
sensing the radar antenna scan rate and then modulating repeater amplifier gain 
so that the weapons systems will fire at some bearing other than the true target 
bearing. The angle deception technique is used to break lock on CONSCAN 
radars. 


Inverse gain - Amplification, inverse modulation, and reradiation of a radar's 
pulse train at the rotation rate of the radar scan. Deceives a conical scanning 
radar in angle. 


Inverse-gain repeater jammer - A form of repeater in which the jammer creates 
false targets by varying the output power inverse with the strength of the 
received radar signal. 


Jaff - Expression for the combination of electronic and chaff jamming. An ECM 
tactic involving the use of jammers to illuminate chaff corridors or chaff bursts to 
produce false targets. 


Jam attenuator control - Used to prevent receiver saturation from any strong 
signals, including electronic jamming, chaff, or clutter. It also permits the 
determination of the bearing and elevation of jammers that would cause wide 
sectors of the scope to be obscured. The control reduces all signals equally, 
jamming as well as targets. This control should be used in the jammed sector 
only and not for an entire antenna revolution. Targets in the jammed sector would 
only be seen if they were stronger than the jamming. However, the jammed sector 
may be reduced enough in size to allow the operator to determine either bearing 
or elevation. 


Jammer - A device used to deprive, limit, or degrade the use of communications 
or radar systems. Radio frequency jammers include noise, discrete frequency 
repeater, and deceptive equipment. 


Jamming-to-signal (J/S) ratio - The relative power ratio of jamming to the radar 
return signal at the radar antenna. The inverse of the signal-to-jamming ratio. 
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Jam strobe - Also called JAVA (jamming amplitude versus azimuth). A circuit that 
generates a marker on the PPI to indicate signal strength as a function of bearing. 
It does this by sampling the jamming intensity once each repetition period. 
Besides showing the direction of the jammer, it also indicates the severity of 
main beam and sidelobe jamming. 


Jet engine modulation (JEM) - Modulation present in the radar returns received 
from a jet aircraft, caused by the rotation of the fan or turbine blades of the 
aircraft's engines. 


Jittered pulse repetition frequency (jittered PRF) - The PRF is rapidly varied at a 
random rate so that false targets appear to jitter or appear fuzzy on the scope. An 
alternative to jittered PRF is to change the PRF momentarily. This causes the 
false targets to change their position on the scope. It provides a discrimination 
against repeater-type jammers. 


Klystron - A very stable microwave amplifier that provides high gain at good 
efficiency. This is accomplished by velocity modulating (accelerating a beam of 
electronics flowing from its cathode to its anode. 


Laser target designation - The use of a laser to direct a light beam onto the target 
so that appropriate sensors can track or home on the reflected energy. 


Leading-edge tracker - A tracking radar that obtains its data from the leading 
edge of the echo pulse from the target. 


Light amplification by stimulated emission of radiation (LASER) - A process of 
generating coherent light. The process uses a natural molecular (and atomic) 
phenomenon whereby molecules absorb incident electromagnetic energy at 
specific frequencies. It then stores this energy for short but usable periods, then 
releases the stored energy as light at particular frequencies, and in an extremely 
narrow frequency band. 


Lobe - One of the three-dimensional sections of the radiation pattern of a 
directional antenna bounded by 1-2 cones of nulls. 


Lobe-on-receive-only (LORO) - Mode of operation consisting of transmitting on 
one antenna system and receiving the reflected energy on another system (TWS, 
conical, or monopulse). 


Local oscillator off - A simple expedient of shutting off the local oscillator during 
barrage jamming. The barrage jammer will not be seen unless there is a beating 
signal such as a target; therefore, targets will appear. Since targets will not 
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appear in directions where no jamming arises, either an automatic azimuth switch 
or an additional receiver display is required. 


Logarithmic fast time constant log (LOG-FTCL) - A device consisting of a 
logarithmic IF amplifier followed by an FTC circuit. The LOG-FTC combination is 
very effective in removing variations in the video output noise level caused by 
spot noise, wideband noise, and slow sweep noise modulated AM jamming. 


Logarithmic receiver - A receiver whose response approximates the logarithm of 
the strength of the incoming signal. A special type of receiver having a large 
dynamic range of automatic gain control that gives considerable protection 
against receiver saturation by strong jamming on interference signals. Useful 
against weather, clutter, chaff, and spot jamming. 


Look-down, shoot-down - Refers to an air interceptor (Al) equipped with a pulse 
Doppler radar, or a radar that has a moving target indicator (MTI) feature, that can 
detect and lock-on to a target within ground return clutter enabling the Al to track 
and shoot the target. 


Look-through — 


4. When jamming, a technique by which the jamming emission 
irregularly for extremely short periods to allow monitoring of the victim signal 
during jamming operations. 


2. When being jammed, the technique of observing or monitoring a desired 
signal during interruptions in the jamming signals. 


Low frequency (LF) - Frequencies from 30 - 300 kHz. 


Low power spread spectrum radar - A low power, high duty cycle radar whose 
spectrum is spread 100 MHz or more. Since this radar has a broad output 
spectrum and a high duty cycle, neither time nor frequency can be effectively 
used to resolve these signals. This leaves direction as the prime method of 
resolution. The spectrum of these radars is spread over the bandwidth by any of 
the pseudo random noise modulating techniques commonly used in 
communications. Techniques such as bi-phase modulation, quaternary phase 
modulation, chirp, random frequency jumping, etc., may be used to spread either 
a CW signal or a very high duty cycle signal. Such signals have a very good 
range resolution—approximately equal to the reciprocal of the bandwidth. 


Magnetron - A radar microwave device whose operation is based on the motion of 
electrons (AC) under the influence of combined electric and magnetic fields. 
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Mainlobe - The lobe of a transmitting or receiving antenna centered on the 
directivity axis of the antenna. 


Manipulative deception - The alteration or simulation of friendly electromagnetic 
radiations to accomplish the deception. 


Meaconing, interference, jamming, and intrusion (MlJI) - An acronym of four 
component parts to determine the intent and technique of electromagnetic 
radiation. 


Meaconing - a system of receiving radio beacon signals and rebroadcasting 
them on the same frequency to confuse navigation. Interference - unintentional 
electromagnetic radiation that may cause interference with electronic equipment. 


Jamming - the deliberate radiation, reradiation, or reflection of 
electromagnetic energy with the intent of impairing the use of electronic devices, 
equipment, or systems being used by the enemy. 


Intrusion - the intentional insertion of electromagn 
transmission paths in any manner with the objective of decei 
causing confusion. 


energy into 
ing operators or 


Medium frequency (MF) - Frequencies from 300 to 3,000 kHz. 
Micron - A unit of length equal to a micrometer (10* meters). 


Microwave amplification by stimulated emission or radiation (MASER) - A low- 
noise, radio-frequency amplifier. The emission of energy stored in a molecular or 
atomic system by a microwave power supply is stimulated by the input signal. 


Microwave communications - Line-of-sight communications, the frequency of 
which is higher than 300 MHz. 


Millimeter waves - Frequencies (30 GHz to 300 GHz) in the millimeter portion of 
the electromagnetic spectrum. 


Miss distance - The distance measured between the closest paths of a target and 
interceptor (i.e., aircraft and missile). One objective of self-protection jamming 
systems is to increase the miss distance to avoid destruction if missile launch 
cannot be prevented. 
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Missile approach warning system (MAWS) - A system used to detect and provide 
warning of approaching missiles. MAWS may be partitioned into active MAWS 
and passive MAWS. 


1. Active missile approach warning system (AMAWS) - Generally employs 
pulse Doppler radar as its sensor. This radar is able to discern a moving target in 
stationary or slow-moving background clutter. 


2. Passive missile approach warning system (PMAWS) - An ultraviolet (UV) or 
infrared-based detector system with the ability to detect and distinguish threat 
missiles from surrounding clutter and non-lethal missiles. 


Modulated barrage jamming - A technique that varies the amplitude of the output 
power of a barrage jammer with sinusoidal or complex modulation. 


Modulated CW jamming - A CW carrier waveform that has been modulated with 
another signal (such as noise, low, medium, or high frequencies), and is 
transmitted for the purpose of deception. May be AM, FM, pulse modulated (PM), 
etc. 


Modulated PRF (MPRF) - The deliberate modulation of the interpulse spacing in a 
pulse train. See PRF Jitter and PRF Stagger. 


Modulation - The variation of amplitude, frequency, or phase of an 
electromagnetic wave by impressing another wave on it. 


Modulator - A device (such as an electron tube) for modulating a carrier wave or 
signal for the transmission of intelligence of some sort. 


Monopinch - Anti-jam application of the monopulse technique where the error 
signal is used to provide discrimination against jamming signals. 


Monopulse - A method of pulse generation that allows the simultaneous 
determining of azimuth, elevation and range, and/or speed from a single pulse. 


Monopulse radar - A radar using a receiving antenna system having two or more 
partially overlapping lobes in the radiation patterns. Sum and difference channels 
in the receiver compare the amplitudes or the phases of the antenna outputs to 
determine the angle of arrival of the received signal relative to the antenna 
boresight. A well-designed monopulse tracking system achieve a more 
accurate track under conventional jamming techniques than on the skin return. 
Certain monopulse trackers are susceptible to angular jamming techniques such 
as skirt and image jamming. Techniques such as “CROSS EYE” are designed to 
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attack all monopulse tracking systems. Monopulse deception is a major area of 
advanced R&D with no clear “best technique” yet in sight. 


Moving target indicator (MT!) - A radar presentation that shows only targets that 
are in motion. Signals from stationary targets are subtracted out of the return 
signal by the output of a suitable memory circuit. 


MTI CFAR - A technique that provides CFAR capability in an MTI receiver. The 
cancellation of ground clutter is not impaired during radar jamming. 


Multiband radar - Radar that simultaneously operates on more than one 
frequency band through a common antenna. This technique allows for many 
sophisticated forms of video processing and requires that a jammer must jam all 
channels simultaneously. 


Multiplex - Simultaneous transmission of two or more signals on a common 
carrier wave. The three types of multiplex are called time division, frequency 
division, and phase division. 


Multitarget generator jamming - A technique where a generator takes the radar's 
PRF, scan rate, and antenna lobe pattern and computes when to transmit false 
targets at the radar's frequency. The targets appear as true targets, but normally 
only about 20 percent of the targets are programmed to give a logical course and 
speed. The many targets saturate the tracking operator's capability by the sudden 
appearance of multiple targets, and/or many targets either stationary or on 
illogical courses and speeds, or maneuvers such as 90 degree turns at high 
speeds but with no displacement. Also, targets may appear in back and sidelobe 
positions. 


Music - In air intercept, a term meaning electronic jamming. 


Narrowband (NB-1) - Narrows the receiver frequency making it more selective. It 
limits the target signals and the jamming signal to a set level of amplitude and 
reduces the level of a jamming signal if the jammer is not tuned to the radar's 
exact frequency. 


Narrow pulse jamming - Jamming where the jammer pulse width is less than the 
radar's pulse width. Technique may be required by interleaved jamming. 
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Figure 5-12. Two LEDs are illuminated at the same time. This simple circuit demonstrates both parallel 
and series electrical circuits. A3xAAA battery holder with an integrated power switch is used to provide 
power to the circuit. 
‘To build this circuit as shown, you will need the following components: 
‘+ Asoldetless breadboard with power rails 


‘+ A3xAAA battery holder (which holds three AAA cells) and three fresh AAA cells— 
rechargeable cells are better 


‘+ TwoLEDs (any visible color will do 
+ Two 1000 1/4W resistors 
‘+ Two short jumper wires 


Using the letters printed on the breadboard to find the columns across the top and the numbers to 
find the rows, we can describe each of the tie points using a single letter and a number, such as A-1 or 
B-2. The following exercise shows how to put it all together. 
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Noise — 


4. Any unwanted disturbance within a dynamic electrical or mechanical 
system, such as undesired electromagnetic radiation, and any transmission 
channel or device. 


2. Uncontrolled random disturbances that arise in a guided missile system 
because of various physical phenomena. 


Noise jamming - Direct (straight) AM or FM noise on a carrier frequency that has a 
highly variable bandwidth for the purpose of increasing (saturating) the radar 
receiver's noise level. 


Nuclear effects - The electromagnetic phenomena resulting from a nuclear 
explosion. The phenomena are listed as follows: 


1. Argus phenomena (trapped electrons). The trapping in the earth's magnetic 
field of electrons produced by a nuclear burst. 


2. Blackout (radio frequency interference). An effect that is the result of 
ionization produced by a nuclear explosion in or above the atmosphere. This 
ionization can cause interference (blackout) by attenuating, reflecting, cluttering, 
and scattering radar electromagnetic pulses in a high-intensity burst of 
electromagnetic radiation, predominantly in the radio frequency range of the 
spectrum. 


3. Optical phenomena. Intense radiations covering all parts of the optical 
spectrum are produced by the interactions between the atmosphere and the 
nuclear radiation and fission products resulting from a nuclear detonation. The 
resulting auroras and airglows are created as an optical background that can 
affect reconnaissance, tracking, warning and homing systems, and personnel. 


4. Transient radiation effects on electronics. Nuclear radiation impinging on 
electronic systems or components can substantially alter the operation and 
output of these systems. The word transient refers to the type of environment and 
not to the duration of the effect since the effect may be either transient or 
permanent. 


Nulls - Points of no radiation in an antenna radiation pattern. 


Obscuration - Effects produced by masking-type jammers. Denial of either range 
or angle is achieved by submerging data interference caused by noise or noise- 
like signals. 
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Off-frequency spot jamming - A type of spot jamming in which the jammer 
frequency is off the radar operating frequency but still within the radar receiver 
bandpass. 


Optical countermeasures - Applications of electronic countermeasures in the 
visible light portion of the electromagnetic spectrum. Actions taken to prevent or 
reduce an enemy's effective use of the visible spectrum. 


Oscillator - Electronic circuit or device capable of converting direct current (DC) 
into alternating current (AC) at a frequency determined by the inductive and the 
capacitive constants of the oscillator. 


Over-the-horizon radar - A radar system that makes use of the ionosphere to 
extend its range of detection beyond line-of-sight. Over-the-horizon radars may 
be either forward scatter or backscatter systems. 


Palmer scan - Conical scan superimposed on another type of scan pattern- 
usually a spiral pattern. 


Passive angle tracking (PAT) - A target may be tracked “passively” if that target 
emits electromagnetic radiation; i.e., jamming radio, radar signal of sufficient 
duration that a DF bearing may be obtained. The emission from the target is DF- 
ed in azimuth and/or elevation. No range information will be available unless 
cross DF techniques are used by two or more passively tracking sites. 


Passive detection and tracking - By combining azimuth data on jamming strobes 
from several stations, intersections are obtained which indicate the position of 
the jammers. The number of ghosts can be reduced by increasing the number of 
friendly stations and obtaining elevation angles of strobes when available. 


Passive electronic countermeasures - Electronic countermeasures based on the 
reflection, absorption or modification of the enemy's electromagnetic energy. 
This distinction between active and passive countermeasures is not currently 
used, but is based on the presence or absence of an electronic transmitter. 


Passive homing guidance - A system of homing guidance in which the receiver in 
the missile uses radiations only from the target. 


Peak power - Maximum power output during transmission time. Expressed in 
watts or megawatts. 


Penetration aids - Techniques and/or devices employed by aerospace systems to 
increase the probability of weapon system penetration of any enemy defense. 
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Examples are: Low altitude profiles, trajectory adjustments, reduced radar cross- 
sections of attack vehicles, improved vehicle hardness to effects of defense 
engagements, terrain avoidance radar, bomber defense missiles, decoys, chaff, 
electronic countermeasures, etc. Penetration aids are used by an offensive 
system to penetrate enemy defenses more effectively. Also called PENAIDS. 


Phase modulation - A method of impressing a message upon a carrier signal by 
causing the carrier phase to vary proportionally to the waveform. 


Phase shift keying - A method of impressing a digital signal upon a carrier signal 
by causing the carrier phase to take different values corresponding to the 
different values of the digital signal. 


Phased array radar - Radar using many antenna elements that are fed out-of- 
phase to each other. The direction of the beam can be changed as rapidly as the 
phase relationships (usually less than 20 jisec). Thus, the antenna remains 
stationary while the beam is moved electronically. The use of many antenna 
elements allows for very rapid and high directivity of the beam(s) with a large 
peak and/or average power. 


Point defense - The defense of specified geographical areas, citi and vital 
installations. One distinguishing feature of point defense missile: that their 
guidance information is received from radars located near the launching sites. 


Polarization - The direction of an electrical field is considered the direction of 
polarization. When a half-wave dipole antenna is horizontally oriented, the 
emitted wave is horizontally polarized. A vertical polarized wave is emitted when 
the antenna is erected vertically. 


Polarization diversity - The variation of polarization (such as horizontal, vertical, 
circular, or elliptical for radar use) either simultaneously or singularly. 


Power management - Generally classified methods to optimize all related EW 
activities and facilities-usually in reference to a coordinate, optimized EW suite. 


PPI scope - A radar display yielding range and azimuth information via an 
intensity modulated display and a circular sweep of a radial line. The radar is 
located at the center of the display. 


PRF jitter - PRF rapidly varied at a random rate so that false targets appear to 
jitter, or appear fuzzy, on the scope. An alternative to jittered PRF is to 
momentarily change the PRF. This causes the false targets to change their 
position on the scope. 
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PRF stagger - The technique of switching PRF or PRI to different values on a 
pulse-to-pulse basis such that the various intervals follow a regular pattern. This 
is useful in compensating for “blind speeds” in pulsed MTI radars. Interpulse 
intervals differ but follow a regular pattern. 


Pseudo noise - A modulation technique resulting in low signal selectability and 
decreased vulnerability to jamming. 


Pulse compression - A scheme whereby a specifically modulated, medium power 
long pulse is stretched and transmitted. The returned pulse is compressed in the 
receiver demodulation process to obtain the advantage of narrow pulse 
operation. Long pulses provide the advantage of long range detection and short 
(compressed) pulses provide the advantage of better resolution and accuracy. 
This technique uses matched filter techniques for discriminating against signals 
that do not correspond to the transmitted code. It permits an increase in average 
transmitted power (without an increase in peak power) with no loss in range 
resolution. Pulse compression is a special form of pulse coding and correlation. 


Pulse deception jamming - Any of the many false target techniques used to 
deceive a pulse radar, as opposed to obscurative noise techniques. 


Pulse discriminator - Device that responds only to a pulse that has a particular 
characteristic, such as duration or period. 


Pulse Doppler radar - A highly complex radar system that employs a very high 
pulse repetition frequency (usually 10,000 PPS or higher) to reduce “blind 
speeds” and measure the Doppler frequency shift to resolve target velocity. Pulse 
Doppler is applied principally to radar systems requiring the detection of moving 
targets in a ground clutter environment. It uses pulse modulation to achieve 
higher peak power, greater range, less susceptibility to unfriendly detection, and 
enhanced range resolution. 


Pulse duration - The time in microseconds that the radar set is transmitting RF 
energy. Generally, the greater the pulse duration, the higher the average power, 
but the poorer the range resolution. Also known as pulse width. More technically, 
it is the time interval, measured at the half-amplitude points, from the leading 
edge to the trailing edge of a pulse. 


Pulse group - In complex pulse trains, two or more pulses that are recognizably 
distinct from the others. 


Pulse interference suppression and blanking (PISAB) - An EP automatic 
interference blanking device that will blank all video signals not synchronous 
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with the radar PRF. PISAB does not require any trigger and operates on both 
normal and MTI modes. It is effective against random pulse signals. 


Pulse jitter - Random variation of interpulse interval. 


Pulse modulation (PM) - A special case of amplitude modulation in which the 
carrier wave is varied at a pulsed rate. This series of pulses is generally for 
transmitting data. The result is a short, powerful burst of electromagnetic 
radiation that can be used for measuring the distance from a radar set to a target. 


Pulse modulated jamming - Use of jamming pulses of various widths and 
repetition rates. 


Pulse position modulation - Modulation by variation of the interval that elapses 
between the pulse to be modulated in a group of pulses and a synchronizing 
pulse, usually the first pulse of the group. 


Pulse repetition frequency (PRF) - The rate at which pulses or pulse groups are 
transmitted from a radar set. Generally, PRF is the number of pulses generated 
per second and is expressed in hertz (Hz). 


Pulse repetition interval (PRI) - The interval of time between two transmitted radar 
pulses, usually expressed in microseconds. PRI is the inverse of PRF. 


Pulse recurrence time (PRT) - Time elapsing between the start of one transmitted 
pulse and the start of the next. It is the reciprocal of PRF. 


Pulse recurrence time (PRT) agility - Ability of the radar set to vary the number of 
pulses per set. 


Pulse width (PW) - See Pulse Duration. 


Pulse width discrimination (PWD) - An EP technique used to discriminate against 
received pulses that do not have the same duration as the radar transmitted 
pulse. PWD is used in eliminating the effects of pulse type interference when the 
interference pulses are not the same length as the real radar pulse. Since this 
circuit generates a blanking gate that shuts off the receiver whenever a pulse of 
improper length is sensed, loss of valid target data can result. PWD offers good 
discrimination against long-pulse jamming and jamming signals employing low 
frequency noise modulation. It affords little or no discrimination against short 
pulses and HF noise modulations. 
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Pulse width discriminator - A device that measures the pulse length of video 
signals and passes only those pulses whose time duration tails into some 
predetermined design tolerances. A pulse width discriminator will generally 
provide some gain against barrage jamming, similar to that of a matched filter in 
the video. 


“Rabbits” - Interference from another radar on or near the frequency of the 
receiving radar. Shows on the indicators as interference at the rate of the relative 
PRF of the interfering radar. 


Radar - From Radio Detection And Ranging. A device used to detect a distant 
target and determine and display its relative direction (azimuth) and its relative 
distance (range). 


Radar absorbent material (RAM) - Material used as a radar camouflage device to 
reduce the echo area of an object. 


Radar beacon - A receiver-transmitter combination that sends out a coded signal 
when triggered by the proper type of pulse enabling determination of range and 
bearing information by the interrogating station or aircraft. 


Radar cross section - The equivalent area intercepted by a radiated signal and, if 
scattered uniformly in all directions, produces an echo at the radar receiver equal 
to that of the target. Typical radar cross sections of aircraft vary from one to over 
1,000 square meters. The RCS of ships may exceed 10,000 square meters. 


Radar definition - The accuracy with which a radar obtains target information 
such as range, azimuth, or elevation. 


Radar homing - Homing on the source of a radar beam. 


Radar homing and warning (RHAW) - Typically consists of an airborne, wideband 
video receiver designed to intercept, identify, and display the direction to pulse- 
type emitters. 


ts that are close 
idual returns. 


Radar resolution - A measure of a radar's ability to separate tar: 
together in some aspect of range, azimuth, or elevation into ini 


Radar warning receiver (RWR) - A receiver onboard an aircraft that analyzes the 
hostile radar environment and determines radar threat by type, frequency, relative 
bearing, and relative distance. The threat is displayed to the aircrew by means of 
display lights, video symbols, and aural tones. 
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Radio frequency (RF) - Electromagnetic energy radiated at some frequency. 


Radio frequency interference - An unintentional interfering signal capable of 
being propagated into electronic equipment, usually derived from sources 
outside the system. 


Railing — 


1. Pertains to radar pulse jamming at high recurrence rates (50 to 150 kHz). It 
results in an image on a radar indicator resembling fence railing. 


2. The name given to that pattern produced on an “A” scope by CW 
modulated with a high frequency signal. Railings appear as a series of vertical 
lines resembling target echoes along the baseline. 


Random modulation CW jamming - The use of a nonperiodic function to an AM, 
FM, or AM/FM CW carrier. The effects produced on a radar are similar to those 
produced by DINA. 


Random noise - Electromagnetic energy having no particular modulation or 
pattern. May be generated by either natural atmospheric phenomena or by 
electromagnetic radiation devices. 


Random pulse jamming - The technique by which a pulse transmission system is 
pulsed irregularly by random noise signals. 


Range - The distance from one object to another. 


Range gate - A gate voltage used to select radar echoes from a very short range 
interval. 


Range gate capture - A jamming technique using a spoofer radar transmitter to 
produce a false target echo that can make a target tracking radar move off the 
real target and follow the false one. 


Range gate pull-in (RGPI) - Same as range gate pull-off (see next text entry) 
except that the deceptive pulse is transmitted before the radar pulse is received. 
This is accomplished by digital storage of the pulse repetition period which must 
be extremely stable. 


Range gate pull-off (RGPO) - A deception technique used against pulse tracking 
radars using range gates. The jammer initially repeats the skin echo with 
minimum time delay at a high power to capture the AGC circuitry. The delay is 
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progressively increased, forcing the tracking gates to be pulled away (“walked 
off”) from the target echo. Frequency memory loops (FML) or transponders 
provide the variable delay. 


Range gate tracker - A radar system that tracks targets in range by measuring the 
elapsed time from the transmitted pulse to the echo return. 


Range tracking - Pulse radars measure the time difference between radar pulse 
transmission and echo reception. The range gate is positioned at a range where 
the target is expected. The receiver is blanked off except during the period where 
the range gate is positioned. Range tracking may occur at the leading edge of the 
return pulse or between ON and OFF gates. 


Recovery time (RT) - The time that a radar requires to “get ready” to receive after 
a pulse is sent out. Time is required to get ready because the high-powered pulse 
tends to fill the sensitive radar receiver with RF energy, which prevents target 
returns from being seen. A short “damping out” period occurs after the pulse 
width during which time the RF energy dissipates, allowing weak target echoes to 
once again be detected. 


Rectifier - A device (such as a vacuum tube) for converting alternating current 
(AC) into direct current (DC). 


Repeater - A receiver-transmitter combination that amplifies the received signal 
and retransmits it. 


Repeater jammer - Equipment used to confuse or deceive the enemy by causing 
his equipment to present false information. This is done by a system that 
intercepts and reradiates a signal on the frequency of the enemy equipment. The 
reradiated signal is modified to present erroneous data on azimuth, range, 
number of targets, etc. 


Repeater jamming - Interception and reradiation of a signal with the reradiation of 
a signal being modified to give erroneous azimuth, range, velocity, acceleration, 
or number of targets. 


Resolution - The ability of a system to distinguish between two adjacent objects 
and to display them separately. 


Resolution cell - The minimum volume in space in which a radar can discriminate 
between targets. It is determined numerically-for a conventional radar-by the 
width of the beam in angle, the pulse width in range, and the velocity gate width 
in speed. 
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Response noise jammer - A repeater jammer that transmits spot noise over the 
received radar frequency even in the case of radar frequency agility. 


Ringing - The undesired oscillation or triggering of an electrical device by its own 
transmitter. 


Rope - An element of chaff consisting of a long roll of metallic foil or wire that is 
designed for broad low frequency response. (See Chaff.) 


Rope chaff - Chaff that contains one or more rope elements. (See Chaff.) 


Rotating polarization - The result of a rotating feed. This should not be confused 
with circular polarization where the electric field rotates about the axis of 
propagation at the radar frequency. 


SAM - Surface-to-air missile. 


Saturating signal - In radar, a signal of an amplitude greater than the dynamic 
range of the receiving system. 


Sawtooth modulated jamming - Electronic countermeasure technique when a 
high-level jamming signal is transmitted, thus causing large AGC voltages to be 
developed at the radar receiver that, in turn, causes the target return and receiver 
noise to completely disappear. 


Scan - The process of directing a beam of RF energy successively over a given 
region, or the corresponding process in reception. 


Scan interval - The time interval from the peak of one mainlobe in a scan pattern 
to the peak of the next mainlobe. 


Scan period - The time period of basic scan types (except conical and lobe 
switching) or the period of the lowest repetitive cycle of complex scan 
combinations. The basic unit of measurement is degrees/mils per second or 
seconds per cycle. 


Scan rate modulation - Modulation of the deception jamming signal with one or 
more frequencies that are related to the scan rate of the radar. 


Scan type - The path made in space by a point on the radar beam, for example, 
circular, helical, conical, spiral, or sector. 
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Search — 


1. A term applied to that phase of radar operation when the lobe, or beam of 
radiated energy, is directed in such a way to search for targets in the area. 


2. A systematic examination of space to locate and identify targets of interest. 


Sector scan - A scan in which the antenna sweeps back and forth through a 
selected angle. 


Selective identification feature (SIF) - A capability which, when added to the basic 
IFF system, provides the means to transmit, receive, and display selected coded 
replies. 


Self-protection jamming - Jamming to protect the vehicle upon which the jammer 
is deployed. 


Semiactive radar homing - Semiactive homing guidance combines principles 
from both the beam rider and the active radar homing missile. Track on the target 
is established by the Al's radar; the missile is launched when the target comes 
within its effective range. During missile flight, the Al maintains track on the 
target. Radar returns from the target are received by the missile. Guidance 
commands are generated within the missile from the radar returns. 


Sensitivity time control (STC) - Programmed variation of the gai 
radar receiver as a function of time within each pulse repetition interval or 
observation time. STC prevents overloading of the receiver by strong echoes 
from targets or clutter at close ranges. STC reduces the gain of the radar receiver 
for detection of close-in targets. It is particularly effective in removing close-in 
clutter and strong nearby signals. STC also refers to a circuit that reduces the 
gain of the radar receiver immediately following the transmission of the radar 
pulse so that the receiver is not saturated by strong radar returns from nearby 
objects. 


Serrodyne - A method of “pulling off” the velocity gate of a Doppler radar by 
using a voltage-controlled phase shifter, usually a traveling wave tube (TWT). 
This introduces a frequency shift from zero to some maximum value, pulling the 
Doppler tracking gate away from the skin echo. The phase shift is usually 
accomplished by modulating the TWT's helix voltages. 


Sidelobe - Part of the beam from an antenna, other than the mainlobe. Sidelobe 
gain is usually less than mainlobe gain. Given that the mainlobe radiates most of 
the power at zero degrees azimuth, sidelobes inherently radiate significant power 
in the direction of +20°, 90°, and 150° relative to the mainlobe. 
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ASSEMBLY INSTRUCTIONS 


Install the top LED with its anode (longer lead) in tie point F-11 and the cathode in 
tie point F-12. 


Insert one of the resistors from the red power rail on the right at row 11 across to 
tie point -11 


3. Connect the right-hand blue power rail at row 12 to tie point J-12 using a short 
jumper wire 


Install another LED just below the top LED, with its anode in tie point F-17 and the 
cathode in F-18. 


'5, Install the other resistor from the right-hand power rail at row 17 across to tie 
point I-17. 


6. Use another short jumper wire to connect the blue power rail on the right at row 
18 to tie point J-18. 


7. Install three fresh AAA cells into the battery holder. 


8, Insert the red wire (positive) coming from the battery holder to the red power rail 
‘on the right at row 3 (the top). 


‘9, Insert the black wire (negative) from the battery holder to the blue power rail on 
the right at row 3, 


10. If your battery holder has a power switch, turn it on now. 


‘The circuit is now complete. Please verify that both LEDs are illuminated, as shown in Figure 5-12. 


Troubleshooting 
Ifboth LEDs are not shining at this point, you're going to have to do some troubleshooting. 


‘© The first thing to do is double-check your wiring. Does your breadboard look like 
the one in Figure 5-12? 


+ Next, make sure you're using good batteries. Ifyou have a voltmeter, you can test. 
the batteries by measuring their voltage. New alkaline or carbon zinc cells should 
read 1.5V or more. Rechargeable nickel-cadmium (NiCd) or nickel-metal hydride 
(NIMH) batteries should read around 1.2V each when completely charged. 


‘© Are the cells properly installed in the holder? Are they in the proper orientation 
and firmly seated? 
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Sidelobe blanking (SLB) - A device that employs an auxiliary wide angle antenna 
and receiver to sense whether a received pulse originates in the sidelobe region 
of the main antenna and to gate it from the output signal if it does. This technique 
uses an omnidirectional antenna and compares relative signal strength between 
the omni and the radar antenna. The omnichannel (plus receiver) has slightly 
more gain than the sidelobes of the normal channel, but less gain than the main 
beam. Any signal that is greater in the omnichannel must have been received 
from a sidelobe and is blanked. This technique is effective in removing spoofed 
signals with a duty cycle up to 50%. 


Sidelobe canceller (SLC) - A device that employs one or more auxiliary antennas 
and receivers to allow linear subtraction of interfering signals from the desired 
output if they are sensed to originate in the sidelobe of the main antenna. This 
technique employs the same antenna and receiver configurations of the SLB, 
except that a gain matching and canceling process takes place. Extraneous 
signals entering the sidelobes of the main antenna are canceled while the targets 
remain. This type of system exhibits cancellation roughly 20 dB against a single 
noise jammer. With multiple jammers at various azimuths, the performance of this 
device rapidly deteriorates. 


Sidelobe jamming - Jamming through a sidelobe of the receiving antenna in an 
attempt to obliterate the desired signal received through the mainlobe of the 
receiving antenna at fixed points. 


Sidelobe suppression - The suppression of that portion of the beam from a radar 
antenna other than the mainlobe. 


Sidewinder - A solid-propellant, air-to-air missile with nonnuclear warhead and an 
infrared guidance system. Designated as the AIM-9 missile. 


Signal intelligence (SIGINT) - Intelligence derived from the interception of enemy 
communications and noncommunication signals. A generic term that includes 
both COMINT and ELINT. 


nal-to-jamming ratio (S/J) - The ratio of the signal power to the jamming power 
or intentional interference at some point in the system. This ratio is often 
expressed in decibels. 


Signal-to-noise ratio (S/N) - Ratio of the power of the signal to the power of the 
noise. 


Signature - The set of parameters that describes the characteristics of a radar 
target or an RF emitter and distinguishes one emitter from another. Signature 
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parameters include the RF of the carrier, the modulation characteristics (typically 
the pulse modulation code), and the scan pattern. 


Sine-wave modulated jamming - Jamming signal produced by modulating a CW 
signal with one or more sine waves. 


Single beam blanking (SBB) - Used by phased array radars as an alternative 
method of Beam to Beam Correlation (BBC). It is effective, to some degree, 
against many multiple target generators and swept frequency jammers. Because 
of overlapping beamwidths, a target signal will appear in more than one beam as 
the beams are scanned past a true target. When jamming signals are transmitted 
along one beam, that beam is blanked by the radar receiver. 


Skirt jamming - Jamming that places the signal somewhat off the radar center 
frequency but within the IF skirts. The technique will degrade the tracking 
accuracy of some monopulse radars; however, good radar design makes the 
technique ineffective. 


‘Smart jamming - Selective jamming of threat radars with an optimized modulation 
signal at a correct time. Power management techniques are used to control smart 
jamming systems. 


Smith modulation - Deceptive technique that operates on the servo loop of the 
victim's radar. Two RF carriers are transmitted with a few cycles difference. 


Spiral scan - A pencil beam scan which moves around a central axis describing 
the surface of a cone in an ever-increasing cone size. 


Spot jamming - Narrow frequency band jamming concentrated against radar at a 
particular frequency. The jamming bandwidth is comparable to the radar 
bandpass. Used to deny range and sometimes angle information. 


Spread spectrum - Use of broader frequency bandwidths than normally required 
to transmit information, in order to gain advantages in interference rejection (anti- 
jam), message privacy/security, low probability of intercept (LPI), deny frequency 
resolution, multiplexing of more than one message in the same bandwidth, or 
high resolution range measurement. 


Spurious radiation - Emissions from a radio transmitter at frequencies outside its 
assigned or intended emission frequency. Spurious emission includes harmonic 
ion, parasitic emission, and intermodulation products, but excludes 
ions in the immediate vi of the necessary band that are a result of the 
modulation process for the transmission of information. 
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Spurious response — 


1. Any response, other than the desired response, of an electric transducer or 
device. 


2. A term used in electronic warfare to describe the undesirable signal images 
in the intercept receiver resulting from the mixing of the intercepted signal with 
harmonics of the local oscillators in the receiver. 


Staggered PRF - A technique of using more than one PRF to reduce the blind 
speeds associated with MTI radars. PRF switching occurs on a pulse-to-pulse 
basis. 


Stand-off jammer (SOJ) - A powerful jammer that remains at a safe range while 
providing jamming coverage (masking) for the attacking elements. The Navy EA- 
6B is an example of a SOJ aircraft. 


Stand-off jamming (SOJ) - A jamming aircraft that orbits outside the maximum 
range of the SAM threat. As the attack package penetrates, the jamming aircraft 
directs jamming against all significant radars in the area. 


Stream - Dispensing of chaff (solid/random interval/bursts). 


Stream chaff - Operational technique of dropping large quantities of chaff for a 
continuous period of time. This results in a “ribbon” or “stream” of returns many 
miles in length on victim radar scopes. The penetrating attack package can then 
use the resulting chaff corridor to mask their penetration. 


Super high frequency (SHF) - Frequencies from 3 to 30 GHz. 


Support jamming - A tactic by which aircraft carrying electronic jamming 
equipment orbit at a safe distance from the enemy threat defenses or fly escort 
with the strike force for the primary purpose of screening them from the threat 
radars. 


Suppression of enemy air defenses (SEAD) - That activity which neutralizes, 
destroys, or temporarily degrades enemy air defense systems in a specific area 
by using physical attack, deception, and/or electronic warfare. 


Surface-to-air missile (SAM) - A missile launched from a surface launcher at a 
target above the surface. 


A-42 


Electronic Warfare Fundamentals. Annex A. Glossary 


Sweep jammer - Electronic jammer that sweeps a narrow band of electronic 
energy over a broad bandwidth. 


Sweep lock-on jammer - A transmitter in which a narrowband jamming signal can 
be tuned over a broad frequency band and the signal locked on a particular 
frequency. 


Swept audio - Jamming technique usually employed against conical scan-on- 
receive-only (COSRO) radars. The received pulses are amplified and 
retransmitted by the target and amplitude modulated at a frequency close to the 
suspected receiver antenna scan frequency. 


Swept jamming - An EA technique of barrage jamming in which a CW carrier or 
noise source is swept over a selected bandwidth. 


Swept-spot jamming - A jamming technique in which an oscillator is swept over a 
specific range of frequencies in the band of interest in order to be assured of 
exciting a receiver tuned to any frequency in that band. 


Synchronized-pulse jamming - The technique of attempting to insert jamming 
pulses into a receiver each time the receiver gate opens. 


Synchronous-pulsed jamming - A jamming technique that matches exactly the 
PRF of the victim's radar; then transmits multiples of the PRF. It is most effective 
if the jammer also matches the PW of the radar. Synchronous-pulsed jamming is 
easily recognized since the spacing between successive target lines is equal and 
each target line is the same in depth from the center outward. The width of the 
jammed sector is dependent upon the range of the jammer from the radar. 


Synthetic aperture radar (SAR) - A high-resolution ground mapping technique in 
which advantage is taken of the forward motion of a coherent pulsed radar to 
synthesize the equivalent of a very long sidelooking array antenna from the radar 
returns received over a period of up to several seconds or more. 


Target acquisition - The detection, identification, and location of a target in 
sufficient detail to permit the effective employment of weapons. 
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Terminal guidance — 


1. The guidance applied to a guided missile between mid-course and arrival in 
the vicinity of the target. 


2. Electronic, mechanical, visual, or other assistance given to aircraft pilots to 
ion within or over, landing upon or departure from an air 
landing or air drop facility. 


Terminal threat - The weapon systems, generally near a target, used to directly 


in order to destroy it. 


Terrain-avoidance radar - An airborne radar that provides a display of terrain 
ahead of low-flying aircraft to permit horizontal avoidance of obstacles. 


Terrain-following radar (TFR) - An airborne radar that provides a display of terrain 
ahead of low-flying aircraft to permit manual control, or signals for automatic 
control to maintain constant altitude above the ground. 


Thermal crossover - The natural phenomenon which normally occurs twice daily 
when temperature conditions are such that there is a loss of contrast between 
two adjacent objects on infrared imagery. 


Threshold - The minimum value of a signal that can be detected by a system or 
sensor under consideration. 


Time-of-arrival (TOA) - A method of locating a distant pulse emitter by measuring 
the difference in the time-of-arrival of its pulses at three separate locations. This 
method is also called Inverse LORAN. 


Track ~ 
1. Aseries of related contacts displayed on a plotting board. 
2. To display or record the successive positions of a moving object. 


3. To lock onto a point of radiation and obtain guidance from it. 
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4. To keep a gun properly aimed, or to continuously point a target-locating 
instrument at a moving target. 


5. The actual path of an aircraft above, or a ship on, the surface of the earth. 
The course is the path that is planned; the track is the path that is taken. 


Tracking - The continuous monitoring of range, velocity, or position of a target in 
space from a reference position. This is accomplished via radar and/or optical 
means. 


Tracking radar - A radar that measures the range, azimuth, elevation, and/or 
velocity of the target and provides data that may be used by the fire control 
computer to determine the target path and predict its future position. 


Track-on-jam - A method of passive target tracking using the jamming signal 
emitted by the target. 


Track-while-scan (TWS) radar - Although it is not really a tracking radar in the true 
sense of the word, it does provide complete and accurate position information for 
missile guidance by using two separate beams produced by two separate 
antennas on two different frequencies. The system uses electronic computer 
techniques whereby raw data are used to track an assigned target, compute 
target velocity, and predict its future position while maintaining normal sector 
scan. 


Transceiver - A combined radio transmitter and receiver in which some circuits 
other than those of the power supply are common to both transmitter and 
receiver, and not providing for simultaneous transmission and reception. 


Transponder - A transmitter-receiver capable of accepting the electronic 
challenge of an interrogator and automatically transmitting an appropriate reply. 


Traveling wave tube (TWT) - An electron tube in which a beam of electrons 
interacts continuously with a guided electromagnetic wave to produce 
amplification at microwave frequencies. A TWT capable of providing high 
amplification (60 dB) in frequencies over several octaves without adjustment. 
TWTs are classified by: 


1. Power Output: 


Low (less than one watt) 
High (more than 10 watts) 
Intermediate (one to 10 watts) 
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2. Noise Characteristics: 
Low (less than 20 dB) 


3. Operating Mode: 


Dual Mode (pulse or CW) 


4. Method of Focusing: 


PPM (periodic permanent magnet) 
Solenoid (single electromagnet) 
Coupled Cavity 


5. Terms associated with TWT operation: 


a. Gain Compression: Change in amplification a device provides as it 
operates near saturation. 


b. Overdrive: TWT is operating beyond the point of saturation. 


c. Saturation Gain: Ratio of output power to input power when the 
device is being driven at maximum output. 


d. Serrodyne: Linear translation of the phase of a signal on the helix of 
a TWT by a linear sawtooth waveform that enables the TWT to operate 
as a single sideband frequency translator. 


e. Small Signal Gain: Ratio of output power to input power when the 
TWT is operating linearly. 


Two-signal jamming (also called straddle jamming) - Jamming whereby two 
signals are transmitted on two RF frequencies slightly separated. Effective 
against certain types of radar where receiver bandwidth is narrow enough to 
defeat noise jamming. 


Ultra high frequency (UHF) - Frequencies from 300 to 3,000 MHz. 
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Unit prefixes - Prefixes used to indicate scientific units: 


Multiple Prefix Symbol 
10” tera T 
10° giga G 
10° mega M 
10° kilo k 
10? hecto h 
10° deka da 
10" deci d 
107 centi c 
10° milli m 
40° micro y 
10° nano n 
40° pico p 
105 femto f 
10° atto a 


Unmodulated CW jamming - The transmission of a high power carrier frequency 
that causes an overload effect to occur in the radar receiver. Used against 
bandpass radars that have a limited tuning capability. Unmodulated CW jamming 
can be identified by a blackening of the scope background (no video present) in a 
wedge-shaped sector, or by a solid brightening of a wedge or sector, normally 
exceeding one bandwidth. 


Uplink - The missile guidance signal that passes command guidance intelligence 
from the site to the missile. 


Velocity gate pull-off (VGPO) - Method of capturing the velocity gate of a Doppler 
radar and moving it away from the skin echo. Similar to the RGPO, but used 
against Doppler radar systems. The target Doppler frequency, which is amplified 
and retransmitted, is shifted in frequency to provide an apparent rate change or 
Doppler shift. 


Very high frequency (VHF) - Frequencies from 30 to 300 MHz. 


Very low frequency (VLF) - Frequencies from 3 to 30 kHz. 


AAT 
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Video frequency — 


1. A band of frequencies extending from approximately 100 Hz to several 
MHz. 


2. The frequency of the voltage resulting from television scanning. Range 
from zero to 4 MHz or more. 


Warning receiver - A receiver with the primary function of warning the user that 
his unit is being illuminated by an electromagnetic signal of interest. 


Wideband constant false alarm rate receiver (WB-1) - Used against individual or 
combinations of rapidly swept FM-CW, noise, or CW jamming. This mode has 
nonlinear limiting and gives poor resolution of overlapping targets. 


Window — 


1. Strips of frequency-cut metal foil, wire, or bars that may be dropped from 
aircraft or missiles, or expelled from shells or rockets as a radar countermeasure. 
A confusion reflector. 


2. A passive radar deception or confusion device; usually consisting of some 
metallic structure, designed in size and shape to effectively reflect impinging 
signals, to simulate a true target. 


3. British name for chaff. 


Wobbulation - A periodic and usually slow variation of a parameter (such as 
frequency, amplitude, or period) about a central value. A low frequency 
modulation of a jamming carrier that appears on a radar display as a “wobbling” 
target. This effect is an undesired result of an angle deception or time-varying 
barrage technique. 


Wooden round - An ordnance round (shell, missile, etc.) requiring no 
maintenance or preparation time prior to loading for firing. 
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ANNEX B 
EC-RELATED ABBREVIATIONS AND ACRONYMS 


A 
AAA Antiaircraft artillery 
AAM Air-to-air missile 
AAS ARM alarm sensor 
AC Alternating current 
ACET Automatic cancellation of extended targets 
ACQ Acquisition 
AC&W Aircraft control and warning 
ADA Air defense artillery 
ADF Automatic direction finding 
ADL Automatic data link 
AEW Airborne early warning 
AF Air Force/audio frequency 
AFB Air Force Base 
AFC Automatic frequency control 
AFRES Air Force Reserves 
AGC Automatic gain control 
AGI Auxiliary general intelligence (ship) 
AGL Above ground level 
AGM Air-to-ground missile 
Al Airborne interceptor 
AJ Anti-jamming 
AM Amplitude modulation 
AM-CW Amplitude modulated continuous wave 
AMOP Amplitude modulation on pulse 
AMP Amplifier 
AMRAAM Advanced medium range air-to-air missile 
AMTI Airborne moving target indicator 
ANG Air National Guard 
ANL Automatic noise limiting 
AOA Angle of arrival/angle of attack 
AOJ Angle-on-jam 
ARM Antiradiation missile 
ASK Amplitude shift keying 
ASM Air-to-surface missile 
ASR Air surveillance radar 
ASW Anti-submarine warfare 
ATC Air traffic control 
ATD Automatic target detector 
ATR Antenna, transmit receive 
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+ Is the power switch (ifavailable) not in the On position? This happens more 
frequently than anyone would like to admit. Wiggle the switch back and forth and 
see if it’s only making intermittent connection. 


* Check the orientation of the LEDs. They will only work if installed in the correct, 
orientation. It only takes a second to unplug them, swap them around, and try 
them the other way. At these low voltages, it won’t hurt them to be installed 
backward, 


* Are your resistors the right value? The 1000 value is not critical. Anything from 
1002 to 1KQ will do nicely. Don’t use smaller values, as this will allow too much 
current to flow through the circuit, perhaps damaging the LEDs. How much. 
current? We'll figure that out in just a bit. Larger-value resistors will decrease the 
amount of light emitted by the LEDs, down to the point where you can’t see them 
anymore. 


‘* Are you sure your LEDs emit visible light? Millions of infrared LEDs are 
manufactured every month for use in remote controls and night-vision gear. This, 
light is not visible with the human eye, although some digital cameras can see it. 
Just because it looks like an LED doesn't mean it is an LED, 


A Different View of the Same Thing 


Your version of the circuit in Figure 5-12 might look a litte different, and that's just fine, The important 
point is that both LEDs are lit up at the same time when you apply power. 

Let's look at the traditional schematic for this circuit to get an idea of what's g 
Figure 5-13. 


1g on here. See 


Figure 5-13. The traditional schematic diagram of the two-LED circuit. This diagram should convey the 
very basic information needed to build the circuit, as well as understand the important aspects of how the 
circuit is supposed to work, without going into much detail at all about the actual implementation or 
assembly of the components. 


By now you should be able to look at the schematic and see the loop formed by the circuit. The only 
new twist is that there are two paths along which the electricity can flow, either through RI and D1 (the 

top LED on the breadboard) or through R2 and D2 (the bottom LED, or the initials of a certain adorable 

robot from the movies) 
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ATV 
AVNL 
AVP 
AWACS 
AZ 


COHO 
COMINT 
COMSEC 
CONSCAN 
COSRO 
CPAC 

cP 

CRT 
csG 
CSLC 

cv 

CVR 


Automatic threshold variation 
Automatic video noise leveling 
Adaptive video processing 

Airborne warning and control system 
Azimuth 


Beam-to-beam correlation 
Battery control center 

Beat frequency oscillator 

Built-in test 

Ballistic Missile Early Warning System 
Barrage noise 

Boresight error 

Battery terminal equipment 
Bandwidth 

Backward wave oscillator 


c 


Degree centigrade 
Command and control 

Command, control, and communications 
Command and control warfare 

Combat air patrol 

Close air support 

Clutter eliminator 

Circular error probable 

Constant false alarm rate 

Close-in jamming 

Control indicator unit 


Countermeasures 


Conical scan 
Conical scan-on-receive-only 
Coded pulse anti-clutter 
Circular polarization 
Cathode ray tube 

Clean strobe generator 
Coherent sidelobe canceler 
Coincident video 

Crystal video receiver 
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cw Continuous wave 
CWAR Continuous wave acquisition radar 
cwl Continuous wave illuminator 
D 
4B Decibel 
dBm Decibels relative to 1 milliwatt 
dBw Decibels relative to 1 watt 
DBB Detector back bias 
DBF Digital beam forming 
De Direct current 
DET Detector 
DF Direction finder/Dicke fix 
DINA Direct amplified noise 
DIFM ital instantaneous frequency measurement 
DME Distance measuring equipment 
DOA Direction of arrival/dead on arrival 
DOF Degrees of freedom 
DPI Detected pulse interference 
DR Dynamic range/dead reckoning 
DRFM Digital radio frequency memory 
DsB Double sideband 
DTM Data transfer module 
E 
EA Electronic attack 
Ec Electronic combat 
ECCM Electronic counter-countermeasures 
ECM Electronic countermeasures 
ECP Electronic combat pilot 
EDAC Error detection and correction 
EHF Extremely high frequency 
EID Emitter identification (table) 
EL Elevation 
ELINT Electronic intelligence 
ELSCAN Elevation scan 
EMCON Emission control 
EMI Electromagnetic interference 
EMP Electromagnetic pulse 
EO Electro-optical 
EOB Electronic order of battle 
EP Electronic protection 
ER Electronic reconnaissance 
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ERP 
ES 
EviIL 
Ew 
Ewo 
Ewws 


F 
FA 

FC 

FAAR 
FAGC 
FCR 

FCS 
FEBA 
FFO 

FFT 

FLIR 

FM 
FM-CW 
FMOP 
FOJ 

FOR 
FOTD 
FOV 
FRESCAN 
FS 


ft 
FTC 


Effective radiated power 
Electronic warfare support 
Evaluated vs. integrated log 
Electronic warfare 

Electronic warfare officer 
Electronic warfare warning set 


F 


Degrees Fahrenheit 
Frequency agility 

Fire control 

Forward area alerting radar 
Fast automatic gain control 
Fire control radar 

Fire control system 

Forward edge of the battle area 
Fixed frequency oscillator 

Fast Fourier transform 

Forward looking infrared 
Frequency modulation 
Frequency modulation continuous wave pulsed 
Frequency modulation on pulse 
Fuse-on-jam 

Field of regard 

Fiber optic towed decoy 

Field of view 

Frequency scanning 
Frequency sector 

Frequency shift keying 

Feet 

Fast time constant 


G 


Antenna gain/acceleration due to gravity 
Ground aided seeker 

Ground controlled approach 

Ground controlled intercept 

Generator 

Gigahertz 
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H 
HARM High-speed antiradiation missile 
HAWK Homing all-the-way killer 
HBW Horizontal beam width 
HF High frequency/height finder 
HFDF High frequency direction finding 
HIPIR High-power illuminator radar 
HOJ Home-on-jam 
HOT Home-on-target 
HQ Headquarters 
HUMINT Human intelligence 
HVP High video pass 
HVPS High voltage power supply 
Hz Hertz 
I 
1 Improved 
IADS Integrated air defense system 
laGc Instantaneous automatic gain control 
IcD Imitative communications deception 
Icw Interrupted continual wave 
IF Intermediate frequency 
IFC Instantaneous frequency correlator 
IFF Identification, friend or foe 
IPM Instantaneous position memory 
IR Infrared 
IRCM Infrared countermeasures 
J 
JAT Jam angle track 
JAVA Jamming amplitude versus azimuth 
Jes Joint Chiefs of Staff 
JLT Jammer look-through 
JIS Jamming-to-signal (ratio) 
JTIDS Joint Tactical Information Distribution System 
K 
K Degrees Kelvin 
kHz Kilohertz 
km Kilometer 


B-5 


Annex B. Abbreviations and Acronyms Electronic Warfare Fundamentals 


KO 
kv 
kw 


LIN 
LIN-LOG 
LLLTV 
Lo 

LOG 
LOG-FTC 
LORO 
Los 

LPI 

LT 

LVA 


M 

MALD 
MASER 
MANPADS 
MAWS 
MBB 

MCG 


Keyed oscillation 
Kilovolts 
Kilowatts 


L 


Light amplification by stimulated emission of radiation 
Leading-edge tracker 

Low frequency 

Linear frequency modulation on pulse (chirp) 
Linear 

Linear-logarithmic amplifier 

Low light level television 

Local oscillator 

Logarithmic 

Logarithmic receiver with fast time constant 
Lobe-on-receive-only 

Line of sight 

Low probability of intercept 

Listening time 

Log video amplifier 


Meter 
Miniature air launched decoy 

Microwave amplification by stimulated emission of radiation 
Manportable air defense system 

Missile approach warning system 

Main beam blanking 

Midcourse guidance 

Manipulative communications deception 

Mission data type 

Mission data file 

Mission data generator 

Medium frequency 

Multifunction array radar 

Missile guidance 

Manual gain control 

Megahertz 

Microwave integrated circuit 

Meaconing, Intrusion, Jamming, and Interference 

Mainlobe cancel 
Memory loader ve 
Millimeter 


B-6 


Electronic Warfare Fundamentals Annex B. Abbreviations and Acronyms 


MMIC Monolithic microwave integrated circuit 
MMW Millimeter wave 
MOE Measure of Effectiveness 
MOPA Master oscillator power amplifier 
msec Millisecond 
MTD Moving target detector 
MTI Moving target indicator 
MUX Multiplexer 
Mw Megawatts 
N 
NBFM Narrowband frequency modulation 
NBL Narrowband limiting 
NBLP Narrowband long pulse 
nm Nautical mile 
NLP Narrowband long pulse 
NOTAM Notice to airmen 
NSPS Nonsynchronous pulse suppression 
(eo) 
OFP Operational flight program 
00B Order of battle 
00k On-off keying 
OOK cw Interrupted CW 
OPDEC Operational deception 
OPSEC Operational security 
OTH Over-the-horizon 
Pp 
PAM Pulse amplitude modulation 
PAR Pulse acquisition radar/precision approach radar 
PAT Passive angle track 
Pc Pulse compression 
PCM Pulse code modulation 
PD Pulse Doppler/pulse duration (same as PW) 
PDM Pulse duration modulation 
PENAIDS Penetration aids 
PEM Pulse frequency modulation 
PEN Pulse-forming network 
PHOTOINT Photographic intelligence 
PIE Pulse interference elimination 
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PISAB 
PLD 
PM 
PN 
PPC 
PPI 
PPM 
PPS 
PRF 
PRI 
PRT 
PSK 
PW 
PWD 
PWM 


Pulse interference suppression and blanking 
Pulse length discrimination (same as PWD) 
Phase modulation 

Pseudo noise 

Pulse-to-pulse correlation 

Plan position indicator 

Pulse position modulation 

Pulses per second 

Pulse repetition frequency 

Pulse repetition interval 

Pulse recurrence time 

Phase shift keying 

Pulse width 

Pulse width discrimination 

Pulse width modulat 


R 


Radio detection and ranging 
Range angle gate memory 

Radar absorbing material/repeater amplitude modulation 
Random range program 

Resolution cell 

Radar cross section 

Radio direction finding 

Radio frequency 

Radio frequency discriminator 

Radio frequency interference 

Range gate memory 

Range gate pull in 

Range gate pull off 

Radar homing and warning 

Range height indicator 

Radar order of battle 

Range only radar 

Receiver/processor 

Random pulse discrimination 

Random pulse jamming 

Revolutions per minute 

Random pulse suppression 

Remotely piloted vehicle 

Radio short-range beacon for navigation 
Recovery time 

Receiver/transmitter 

Radar warning receiver 
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Ss 
SAM Surface-to-air missile 
SAR Synthetic aperture radar 
SASE Semi-automatic support equipment 
SATCOM Satellite communications 
SBB Single beam blanking 
scv Sub-clutter visibility 
SEAD ‘Suppression of enemy air defenses 
sec Seconds 
SHF Super high frequency 
SIF Selective identification feature 
SIGINT Signals intelligence 
Si Signal-to-jamming (ratio) 
SLAR Side-looking airborne radar 
SLB Sidelobe blanking 
sLc Sidelobe cancellation 
SLs Sidelobe suppression 
SIN Signal-to-noise (ratio) 
SOJ Stand-off jamming 
SORO Scan-on-receive-only 
SRM ‘Swept rectangular modulation 
ss Swept-spot 
ssB Single sideband 
SSN Swept-spot noise/social security number 
SRW Swept rectangular wave 
ssw ‘Swept square wave 
STALO 
sTc Sensitivity time control 
swc Scan with compensation 
i 
TA Target acquisition 
TACAN Tactical air navigation 
TALD Tactical air launched decoy 
TBM Track break modulation 
TDD Target detection device 
TDOA Time difference of arrival 
TEL Transporter-erector-launcher 
TELAR Transporter-erector-launcher and radar 
TET Trailing edge tracker 
TEWS Tactical electronic warfare system 
TFR Terrain following radar 
TGT Target 
TIS Tactical jamming system 
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TOA Time of arrival 

TOF Time of flight 

TOJ Track-on-jam 

TPL Transmitter pulse lengthening 
TPS Transmitter pulse shaping 
TIR Target tracking radar 

Vv Television 


TM Track-via-missile 
Tws Track-while-scan 
TT Traveling wave tube 
U 
UHF Ultra high frequency 
usec Microseconds 
Vv 
vco Voltage controlled oscillator 
VDL Video data link 
VGPO Velocity gate pull off 
VHF Very high frequency 
VHSIC Very high speed integrate circuit 
VINT Video integration 
VLF Very low frequency 
VSRW VGPO with swept rectangular wave 
VSWR Voltage standing-wave ratio 
Ww 
w Watts 
WBFM Wideband frequency modulation 
WBL Wideband limiting 
WPB Wide pulse blanking 
wsP Wideband short pulse 
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CHAPTER S © THE COZY CORNER LAB 


‘The three AAA cells in the battery holder are shown as B1 in the diagram. The power switch, labeled 
SWI, is shown as a separate component to remind us that the circuit can easily be broken, halting the 
flow of electricity, which is something we want to happen from time to time. The connections between 
the two resistors and the two LEDs should be somewhat obvious. Il discuss the details for the parallel 
and series connections momentarily. 

Remember that an electronic schematic diagram is an abstract representation, boiled down to only 
the essential items involved and the relationships among them. As such, it doesn't need to resemble the 
final product, but it could. See Figure 5-14, 
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Figure 5-14, Another schematic diagram of the two-LED circuit, showing the approximate physical layout 
of the components on the solderless breadboard. This style of schematic is often used when describing how 
to actually build a circuit, showing the constraints of the actual, physical components and the connections 
between them. It conveys more specific information than the previous example in Figure 5-13. 
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Introduction 


Is an Instrument Rating Necessary? 
‘The answer to this question depends entirely upon individual 
needs. Pilots may not need an instrument rating if they fly in 
familiar uncongested areas, stay continually alert to weather 
developments, and accept an alternative to their original plan. 
However, some cross-country destinations may take a pilot 
to unfamiliar airports and/or through high activity areas 
marginal visual or instrument meteorological conditions 
(IMC). Under these conditions, an instrument rating may 
be an alternative to rerouting, rescheduling, or canceling 
a flight, Many accidents are the result of pilots who lack 
the necessary skills or equipment to fly in marginal visual 
meteorological conditions (VMC) or IMC and attempt flight 
without outside references 


Pilots originally flew aircraft strictly by sight, sound, and 
feel while comparing the aircraft’s attitude to the natural 
horizon. As aircraft performance increased, pilots required 
more inflight information to enhance the safe operation of 
their aircraft. This information has ranged from a string tied 
to a wing strut, to development of sophi 
flight information systems (EFIS) and flight management 
tems (FMS). Interpretation of the instruments and aircraft 
edle, 
¢ of “attitude instrument 


jcated electronic 


control have advanced from the “one, two, three” or “n 
ball, and airspeed” system to the ws 
flying” techniques, 


Navigation began by using ground references with dead 
reckoning and has led to the development of electronic 
navigation systems. These include the automatic direction 
finder (ADF), very-high frequency omnidirectional range 
(VOR), distance measuring equipment (DME), tactical air 
navigation (TACAN), long range navigation (LORAN), 
global positioning system (GPS), instrument landing system 
(ILS), microwave landing system (MLS), and inertial 
navigation system (INS). 


Perhaps you want an instrument rating for the same basic 
reason you learned to fly inthe first place—because you like 
flying. Maintaining and extending your proficiency, once you 
have the rating, means less reliance on chance and more on 
skill and knowledge. Earn the rating—not because you might 


cents achievement and 


need it sometime, but because it repr 
provides training you will use continually and build upon 
as long as you fly. But most importantly it means greater 


safety in flying. 


Instrument Rating Requirements 
A private or commercial pilot must have an instrument 
rating and meet the appropriate currency requirements if 
that pilot operates an aircraft using an instrument flight 
rules (IFR) flight plan in conditions less than the minimums 
prescribed for visual flight rules (VER), or in any flight in 
Class A airspace. 


‘You will need to carefully review the aeronautical knowledge 
and experience requirements for the instrument rating as 
outlined in Title 14 of the Code of Federal Regulations 
(14 CFR) part 61. After completing the Federal Aviation 
mn (FAA) Knowledge Te 
ing, and all the experience requirements have 
been satistied, you are eligible to take the practical test. The 
regulations specify minimum total and pilot-in-command 
time requirements. This minimum applies to all applicants, 
regardless of ability or previous aviation experience, 


Administrat ued for the 


instrument r: 


Training for the Instrument Rating 
A person who wishes to add the instrument rating to 
her pilot certificate must first make commitments of time, 
money, and quality of training. There are many combinations, 
of training methods available. Independent studies may be 
adequate preparation to pass the required FAA Knowledge 
‘Test for the instrument rating. Occasional periods of ground 
and flight instruction may provide the skills necessary to 
pass the required test. Or, individuals may choose a training, 
facility that provides comprehensive aviation education and. 
the training necessary to ensure the pilot will pass all the 
required tests and operate safely in the National Airspace 
System (NAS). The aeronautical knowledge may be 
administered by educational institutions, aviation-oriented 
schools, correspondence courses, and appropriately rated 
instructors. Each person must decide for themselves which 
training program best meets his or her needs and at the same 
time maintain a high quality of training. Interested persons, 


is or 


vil 


(OHAPTER 5 © THE COZY CORNER LAB 


Batteries in Series and Parallel 


Let's look at the batteries first. Technically, as mentioned in Chapter 1, there is one batteryin this circ 
and it happens to be composed of three cells. The term battery is very often used interchangeably with 
cells, and the distinction is minor. It’s better to avoid confusion than it is to be exactly, precisely correct— 
usually. 

‘We see three cells sitting side by side in both the schematic in Figure 5-14 and the actual battery 
holder shown in Figure 5-12. The cells are connected in series, meaning that one connects to another 
that connects to another, and so forth. They are like beads on a single wire. You should be able to trace 
the wiring (the solid lines) that connects the individual cells in the schematic. 

‘Note the polarity of each of the cells within the battery. The positive terminal of the bottom-most 
cell is wired to the negative terminal of the center cell. The positive terminal of the center cell is 
connected to the negative terminal of the topmost cell 

‘The negative terminal of the bottom-most cell is connected to one side of an SPST (single-pole, 
single-throw) switch. The other side of the switch emerges from the battery holder's body as the black, or 
negative, lead from the battery pack. The positive terminal of the topmost cell connects directly to the 
red, or positive, lead coming out of the battery pack. 

‘The switch could have just as easily been installed in the positive lead, and it would have worked 
exactly the same. The battery holder used in the photograph happens to switch the negative lead, as was, 
revealed by examining the internal wiring using a multimeter as a continuity tester. 

When the switch is open (i, in the Off position), the circle is broken and no electricity is going to 
flow. When the switch is closed, the circuit is complete and power is made available to the remainder of 
the LED circuit, assuming that it is wired up correctly. 

‘The amount of voltage being supplied by the battery holder depends on the electrical characteristics 
of the individual cells. Ifalkaline batteries are used, each cell will provide 1.5V, assuming that the cells 
are relatively fresh. Rechargeable NiCd or NiMH cells will provide around 1.2V when fully charged. 

‘When batteries like these are connected in series, the total voltage available is the sum of each of the 
cells. Just add all the voltages together. For example, using fresh alkaline batteries, the total voltage 
would be 3 x 1.5V = 4.5V. Rechargeable cells would provide 3 x 1.2V = 3.6V when fully charged. 

Ifthe cells were wired in parallel, with all of the positive terminals being connected together and all 
of the negative terminals wired together, the total output voltage would only be 1.5V for alkaline cells. 
‘The total output current, however, would be triple the capacity of each individual cell. See Figure 
for a comparison of series, parallel, and combination circuits using batteries. 


should make inquiries regarding the available training at 
nearby airports, training facilities, in aviation put 
and through the FAA Flight Standards District Office 
(FSDO). 


Although the regulations specify minimum requirements, 
the amount of instructional time needed is determined not 
by the regulation, but by the individual’s ability to achieve 
incy. A professional pilot with 
flying experience may easily attain a satisfactory 
level of proficiency in the minimum time required by 
regulation. Your own time requirements will depend upon a 
variety of factors, including previous flying experience, rate 
of learning, basic ability, frequency of flight training, type of 
aircraft flown, quality of ground school training, and quality 
of flight instruction, to name a few. The total instructional 
time you will need, the scheduling of such time, is up to the 
individual most qualified to judge your proficiency—the 
instructor who supervises your progress and endorses your 
record of flight training, 


You can accelerate and enrich much of your training by 
informal study. An increasing number of visual aids and 
programmed instrument courses is available. The best course 
isone that includes a well-integrated flight and ground school 
curriculum. The sequential nature of the learning process 
requires that each element of knowledge and skill be learned. 
and applied in the right manner at the right time. 


Part of your instrument training may utilize a flight simulator, 
flight training device, ora personal comput 
training device (PCATD). This ground-based flight training 
equipment is a valuable tool for developing your instrument 
cross-check and learning procedures, such as intercepting and 
tracking, holding patterns, and instrument approaches. Once 
these concepts are fully understood, you can then continue 
with inflight training and refine these techniques for full 
transference of your new knowledge and skills, 


Holding the instrument rating does not necessarily make you a 
competent all-weather pilot. The rating certifies only that you 
have complied with the minimum experience requirements, 
that you can plan and execute a flight under IFR, that you 
can execute basic instrument maneuvers, and that you have 
shown acceptable skill and judgment in performing these 
activities. Your instrument rating permits you to fly into 


vill 


instrument weather conditions with no previous instrument 
weather experience. Your instrument rating is issued on 
the assumption that you have the good judgment to avoid 
situations beyond your capabilities. The instrument training, 
program you undertake should help you to develop not only 
essential flying skills but also the judgment necessary to use 
the skills within your own limits. 


Regardless of the method of training selected, the curriculum, 
in Appendix B, Instrument Training Lesson Guide, provides 
guidance as to the minimum training required for the addition 
of an instrument rating to a private or commercial pilot 
certificate. 


Maintaining the Instrument Rating 
Once you hold the instrument rating, you may not act as pilot- 
in-command under IFR or in weather conditions less than the 
imums prescribed for VR, unless you meet the recent 
ight experience requirements outlined in 14 CFR part 61 
‘These procedures must be accomplished within the preceding 
6 months and include six instrument approaches, holding, 
procedures, and intercepting and tracking courses through the 
use of navigation systems. If you do not meet the experience 
requirements during these 6 months, you have another 6 
months to meet these minimums. If the requirements are 
still not met, you must pass an instrument proficiency check, 
which is an inflight evaluation by a qualified instrument 
ight instructor using tasks outlined in the instrument rating 
practical test standards (PTS). 


‘The instrument currency requirements must be accomplished 
under actual or simulated instrument conditions. You may log, 
strument flight time during the time for which you control 
the aircraft solely by reference to the instruments. This can 
be accomplished by wearing a view-limiting device, such as, 
hood, flying an approved flight-training device, or flying 
in actual IMC. 


It takes only one harrowing experience to clarify the 
distinction between minimum practical knowledge and a 
thorough understanding of how to apply the procedures and. 
techniques used in instrument flight. Your instrument training, 
is never complete; it is adequate when you have absorbed 
every foreseeable detail of knowledge and skill to ensure a 
solution will be available if and when you need it. 
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Human factors is @ broad field that examines the interaction 
‘between people, machines, and the environment for the 
purpose of improving performance and reducing errors, As 
aircraft became more reliable and less prone to mechanical 
failure, the percentage of accidents related to human factors 
increased. Some aspect of human factors now accounts for 
over 80 percent of all accidents, Pilots who have a good 
understanding of human factors are better equipped to plan 
and execute a safe and uneventful flight, 


Flying in instrument meteorological conditions (IMC) can 
result in Sensations that are misleading to the body's sensory 
system. A sale pilot needs to understand these sensations and, 
effectively counteract them. Instrument flying requires. pilot 
to make decisions using all available Fesources. 


‘The elements of human factors covered in this chapter 
include sensory systems used for orientation, illusions in 
flight, physiological and psychological factors, medical 
factors, aeronautical decision-making, and crew resource 
‘management (CRM). 
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Figure 5-15. Different arrangements of the wiring of the batteries produce different results. The top two 
cells are arranged in series. Their respective voltages are aclded together. The center circuit consists of two 
cells arranged in parallel, This configuration doubles the current that can be delivered. The bottom 
drawing shows a combination of both series and parallel circuits, doubling both the voltage and the 
current. 


When connected in series, the total current output 
individual cell 

In summary, if you need more voltage, stack the cells end to end. Ifyou need more current, stack 
them side by side. Even more complex arrangements are possible, using both parallel and series circuits 
to achieve the desired power output characteristics. This practice is very common in hobby model 
aircraft and battery-powered vehicles. A designation such as 3S2P means that there are two parallel 
ircuits (2P) of three cells in series (3S). 

Looking back at the circuit in Figures 5-13 and 5-14, we see that the “battery” used in cuit 
consists of three cells in series. This means that if alkaline batteries of 1.5V each are used, the total 
voltage available to the circuit is 4.5V. If typical rechargeable cells (NiCd or NiMH) are used, we can 
expect 3.6V to flow through the circuit. 


the same as the current capacity of each 


Switches in Series 


‘The power switch, labeled SW1 in the schematic, is in series with the rest of the circuit. As menti 
the previous section, when this switch is open, no current flows through the circuit at all. The switch is 
intentionally placed at this location in this circuit to act as a bottleneck. When the power switch is, 
turned off, no power flows through the circuit. That seems like a good idea, considering the desired 
operational goal, 
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Sensory Systems for Orientation 


Orientation is the awaren 


s of the position of the aircraft 
and of oneself in relation to a specific reference point, 
Disorientation is the lack of orientation, and spatial 
disorientation specifically refers 
with regard to position in space and to other objects, 


to the lack of orientation 


Orientation is maintained through the body’s sensory organs 
in three areas: visual, vestibular, and postural. The eyes 
‘maintain visual orientation. The motion sensing system in 


the inner ear maintains vestibular orientation, The nerves in 
the skin, joints, and muscles of the body maintain postural 
orientation. When healthy human beings are in their natural 
environment, these three systems work well. When the 
human body is subjected to the forces of flight, these senses 
can provide misleading information. It is this misleading 
information that causes pilots to become disoriented. 


Eyes 
OF all the senses, vision is most important in providing 
information to maintain safe flight. Even though the 
human eye is optimized for day vision, it is also capable 
of vision in very low light environments. During the day, 
the eye uses receptors called cones, while at night, vision is, 
facilitated by the use of rods. 
Both of these provide a level 
of vision optimized for the 
lighting conditions that they 
were intended, That is, cones 
are ineffective at night and 
rods are ineffective during 
the day. 
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Rods, which contain rhodopsin 
(called visual purple), are 
especially sensitive to light 
and increased light washes out 
the rhodopsin compromising 
the night vision. Hence, when 
strong light is momentarily 
introduced at night, vision 
may be totally ineffective as 


the rods take time to become 
effective again in darkness. 
Smoking, alcohol, oxygen 
deprivation, and age affect 
vision, especially at night. It 
should be noted that at nig 
oxygen deprivation such as one 
caused from a climb to a high 
e causes a significant 


reduction in vision, A return 
back to the lower altitude will 
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not restore a pilot's vision inthe same transitory period used 
atthe climb altitude 


‘The eye also has two blind spots. The day blind spot is the 
location on the light sensitive retina where the optic nerve 
fiber bundle (which carries messages from the eye to the 
brain) passes through, This location has no light receptors, 
and a message cannot be created there to be sent to the brain, 
‘The night blind spot is due to a concentration of cones in an 
area surrounding the fovea on the retina, Because there are 
no rods in this area, direct vision on an object at night will 
disappear. As a result, off-center viewing and scanning at 
night is best for both obstacle avoidance and to maximize 
situational awareness, [See the Pilot’s Handbook of 
Aeronautical Knowledge and the Aeronautical Information 
Manual (AIM) for detailed reading, | 


‘The brain also processes visual information based upon color, 
relationship of colors, and vision from objects around us. 
Figure 1-1 demonstrates the visual processing of information. 
‘The brain assigns color based on many items to include an 
object’s surroundings. In the figure below, the orange square 
on the shaded side of the cube is actually the same color 
as the brown square in the center of the cube’s top face. 


3333333 


Figure 1-1. Rubik's Cube Graphic 


Isolating the orange square from surrounding influences 
will reveal that it is actually brown. The application to a real 
environment is evident when processing visual information 
that is influenced by surroundings. The ability to pick out an 
ainport in varied terrain or another aircraft in a light haze are 
examples of problems with interpretation that make vigilance 
all the more necessary 


Figure 1-2 illustrates problems with perception. Both tables, 
are the same lengths. Objects are easily misinterpreted in 
size to include both length and width. Being accustomed to 
a 75-foot-wide runway on flat terrain is most likely going 
to influence a pilot’s perception of a wider runway on 
uneven terrain simply because of the inherent processing, 
experience. 


Vision Under Dim and Bright Illumination 

Under conditions of dim illumination, aeronautical charts and 
aircraft instruments can become unreadable unless adequate 
flight deck lighting is available. In darkness, vision becomes, 
‘more sensitive to light. This process is called dark adaptation, 
Although exposure to total darkness for at least 30 minutes is, 
required for complete dark adaptation, a pilot can achieve a 
moderate degree of dark adaptation within 20 minutes under 
ddim red flight deck lighting, 


Red light distorts colors (filters the red spectrum), especially 
on aeronautical charts, and makes it very difficult for the 
eyes to focus on objects inside the aircraft. Pilots should 


Figure 1-2, Shepard's Tables. 


use it only where optimum outside night vision capability is, 
necessary. White flight deck lighting (dim lighting) should 
be available when needed for map and instrument reading, 
especially under IMC conditions 


Since any degree of dark adaptation is lost within a few 
seconds of viewing a bright light, pilots should close one eye 
when using a light to preserve some degree of night vision. 
During night flights in the vicinity of lightning, flight deck 
lights should be turned up to help prevent loss of night vision 
due to the bright flashes. Dark adaptation is also impaired by 
exposure to cabin pressure altitudes above 5,000 feet, carbon 
monoxide inhaled through smoking, deficiency of Vitamin A 
in the diet, and by prolonged exposure to bright sunlight 


During flight in visual meteorological conditions (VMC), 
the eyesare the major orientation source and usually provide 
accurate and reliable information, Visual cues usually 
prevail over false sensations from other sensory systems. 
When these visual cues are taken away, as they are in IMC, 
false sensations can cause the pilot to quickly become 
disoriented. 


An effective way to counter these false sensations is to 
recognize the problem, disregard the false sensations, rely 
oon the flight instruments, and use the eyes to determine the 
aircraft attitude. The pilot must have an understanding of 
the problem and the skill to control the aircraft using only 
instrument indications. 
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The motion sensing system is. 
located in each inner ear in the 
approximate position shown. 


“Endolymph Fluid 


Figure 1-3. Inner Ear Orientation. 


Ears 
‘The inner ear has two major parts concerned with orientation, 
the semicircular canals and the otolith organs. [Figure 1-3] The 
semicircular canals detect angular acceleration of the body 
\while the otolith organs detect linear acceleration and gravity. 
‘The semicircular canals consist of three tubes at right angles 
to each other, each located on one of three axes: pitch, roll, 
or yaw as illustrated in Figure 1-4. Bach canal is filled with 
a fluid called endolymph fluid. In the center of the canal 
the cupola, a gelatinous structure that rests upon sensory 
hairs located at the end of the vestibular nerves. It is the 
movement of these hairs within the fluid which causes 
sensations of motion. 


Because of the friction between the fluid and the canal, it 
may take about 15-20 seconds for the fluid in the ear canal 
to reach the same speed as the canal’s motion. 


Yaw — 


YAW 


Figure 1-4, Angular Acceleration and the Semicircular Tubes. 


1-4 


‘Tillustrate what happens during a tur, visualize the aircraft 
in straight and level flight. With no acceleration of the aircraft, 
the hair cells are upright and the body senses that no turn 
has occurred. Therefore, the position of the hair cells and the 
actual sensation correspond. 


Placing the aircraft into a turn puts the semicircular canal and, 
its fluid into motion, with the fluid within the semicircular 
canal lagging behind the accelerated canal walls.[Figure 1-5] 
This lag creates a relative movement of the fluid within the 
canal. The canal wall and the cupula move in the opposite 
direction from the motion of the fluid. 


‘The brain interprets the movement of the hairs to be a turn in 
the same direction as the canal wall. ‘The body correctly senses 
that a tur is being made. If the turn continues at constant 
rate for several seconds or longer, the motion of the fluid in 


The semicircular tubes are 
arranged at approximately 

right angles to each other, in 
the roll, pitch, and yaw axes. 


Ear Canal 
Eardrum 


Eustachian Tube 


@ @ 


No turning Start of tum Constant rate turn Tum stopped 
No sensation. Sensation of turning _No sensation after fluid Sensation of turning in 

‘as moving fluid deflects accelerates to same opposite direction as moving 

hairs. speed as tube wall. fluid deflects hairs in opposite 


Figure 1-5. Angular Acceleration. 


the canals catches up with the canal walls. The hairs are no 
longer bent, and the brain receives the false impression that 
turning has stopped. Thus, the position of the hair cells and the 
resulting sensation during a prolonged, constant turn in either 
direction will result in the false sensation of no turn. 


‘When the aircraft returns to straight-and-level flight, the uid 
in the canal moves briefly in the opposite direction. This sends, 
a signal to the brain that is falsely interpreted as movement 
in the opposite direction. In an attempt to correct the falsely 
perceived turn, the pilot may reenter the turn placing the 
aircraft in an out of control situation. 


‘The otolith organs detect linear acceleration and gravity ina 
similar way. Instead of being filled with a fluid, a gelatinous, 
‘membrane containing chalk-like crystals covers the sensory 
hairs. When the pilot tilts his or her head, the weight of these 
crystals causes this membrane to shift due to gravity and 
the sensory hairs detect this shift. The brain orients this new 
position to what it perceives as vertical. Acceleration and 
deceleration also cause the membrane to shift in a similar 
manner, Forward acceleration gives the illusion of the head 
tilting backward. [Figure 1-6] Asa result, during takeoff and 
hile accelerating, the pilot may sense a steeper than normal 
climb resulting in a tendency to nose-down. 


Nerves 
Nerves in the body’s skin, muscles, and joints constantly 
send signals to the brain, which signals the body’s relation to 
gravity. These signals tell the pilot his or her current position. 
Acceleration will be felt as the pilot is pushed back into the 
seat. Forces created in turns can lead to false sensations of 
the true direction of gravity, and may give the pilot a false 
sense of which way is up. 


Uncoordinated turns, especially climbing turns, can cause 
misleading signals to be sent to the brain, Skids and slips 
give the sensation of banking or tilting, Turbulence can create 
‘motions that confuse the brain as well. Pilots need to be aware 
that fatigue or illness can exacerbate these sensations and 
ultimately lead to subtle incapacitation, 


direction. 


Illusions Leading to Spatial 
Disorientation 

‘The sensory system responsible for most of the illusions 
leading to spatial disorientation is the vestibular system, 
Visual illusions can also cause spatial disorientation. 


Vestibular Illusions 
The Leans 

A condition called the leans can result when a banked attitude, 
to the left for example, may be entered too stowly to set in 
motion the fluid in the “roll” semicircular tubes. [Figure 1-5] 
An abrupt correction of this attitude sets the fluid in motion, 
creating the illusion of a banked attitude to the right. The 
disoriented pilot may make the error of rolling the aircraft 
into the original left banked attitude, or if level flight is, 
maintained, will feel compelled to lean in the perceived 
vertical plane until this illusion subsides. 


“ 
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Figure 1-8, Linear Acceleration. 
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Coriolis Hlusion 

‘The coriolis illusion occurs when a pilot has been in a turn 
Jong enough for the fluid in the ear canal to move at the same 
speed as the canal. A movement of the head in a different 
plane, such as looking at something in a different part of the 
flight deck, may set the fluid moving and create the illusion 
of turning or accelerating on an entirely different axis. 
This action causes the pilot to think the aircraft is doing a 
‘maneuver that itis not. The disoriented pilot may maneuver 
the aircraft into a dangerous attitude in an attempt to correct 
the aircraft's perceived attitude, 


For this reason, itis important that pilots develop an instrument 
cross-chteck or scan that involves minimal head movement, 
‘Take care when retrieving charts and other objects inthe flight 
deck—itsomething is dropped, retrieve it with minimal head 
‘movement and be alert for the coriolis illusion, 


Graveyard Spiral 

As in other illusions, pilot in a prolonged coordinated, 
constant rate turn, will have the illusion of not turning. 
During the recovery to level flight, the pilot will experience 
the sensation of turning in the opposite direction, The 
disoriented pilot may return the aircraft to its original turn, 
Because an aircraft tends to lose altitude in turns unless the 
pilot compensates for the loss in lift, the pilot may notice 
a loss of altitude. The absence of any sensation of turning, 
creates the illusion of being in a level descent. The pilot may 
pull back on the controls in an attempt to climb or stop the 


Figure 1-7. Graveyard Spiral 
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“Graveyard 


descent, This action tightens the spiral and increases the loss, 
of altitude; hence, this illusion is referred to as a graveyard 
spiral. /Figure 1-7) At some point, this could lead to a loss 
of control by the pilot. 


Somatogravic Illusion 

A rapid acceleration, such as experienced during takeoff, 
stimulates the otolith organs in the same way as tilting the 
head backwards. This action creates the somatogravic illusion 
of being in a nose-up attitude, especially in situations without 
‘good visual references. The disoriented pilot may push the 
aircraft into a nose-low or dive attitude. A rapid deceleration 
by quick reduction of the throttle(s) can have the opposite 
effect, with the disoriented pilot pulling the aircraft into a 
nose-up or stall attitude. 


Inversion Illusion 

An abrupt change from climb to straight-and-level flight can 
stimulate the otolith organs enough to create the illusion of 
tumbling backwards, or inversion illusion. The disoriented 
pilot may push the aircraft abruptly into a nose-low attitude, 
possibly intensifying this illusion. 


Elevator Illusion 

An abrupt upward vertical acceleration, as can occur in 
an updraft, can stimulate the otolith organs to create the 
illusion of being in a climb. This is called elevator illusion, 
‘The disoriented pilot may push the aircraft into a nose-low 
attitude, An abrupt downward vertical acceleration, usually 
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in a downdraft, has the opposite effect, with the disoriented 
pilot pulling the aircraft into a nose-up attitude. 


Visual Illusions 
‘Visual illusions are especially hazardous because pilots rely 
on their eyes for correct information. Two illusions that lead 
to spatial disorientation, false horizon and autokinesis, are 
concerned with only the visual system. 


False Horizon 

A sloping cloud formation, an obscured horizon, an aurora 
borealis, a dark scene spread with ground lights and stars, 
and certain geometric patterns of ground lights can provide 
inaccurate visual information, or false horizon, for aligning, 
the aircraft correctly with the actual horizon. The disoriented 
pilot may place the aircraft in a dangerous attitude. 


Autokinesis: 

Inthe dark, a stationary light will appear to move about when 
stared at for many seconds. The disoriented pilot could lose 
control of the aircraft in attempting to align it with the false 
‘movements of this light, called autokinesis. 


Postural Considerations 

‘The postural system sends signals from the skin, joints, and 
muscles to the brain that are interpreted in relation to the 
Earth’s gravitational pull. These signals determine posture. 
Inputs from each movement update the body's position to 
the brain on a constant basis. “Seat of the pants” flying is 


largely dependent upon these signals. Used in conjunction 
with visual and vestibular clues, these sensations can be 
fairly reliable. However, because of the forces acting upon 
the body in certain flight situations, many false sensations 
can occur due to acceleration forces overpowering gravity. 
[Figure 1-8] These situations include uncoordinated turns, 
climbing turns, and turbulence 


Demonstration of Spat 


‘There are a number of controlled aircraft maneuvers a pilot 
can perform to experiment with spatial disorientation, While 
each maneuver will normally create a specific illusion, any 
false sensation is an effective demonstration of disorientation, 
‘Thus, even if there is no sensation during any of th 
maneuvers, the absence of sensation is still an effective 
demonstration in that it shows the inability to detect bank 
or roll. There are several objectives in demonstrating these 
various maneuvers. 


1, They teach 
the huma 


ts to understand the susceptibility of 
‘stem to spatial disorientation, 


2, They demonstrate that judgments of aircraft attitude 
based on bodily sensations are frequently false. 


They help lessen the occurrence and degree of 
disorientation through a better understanding of the 
relationship between aircraft motion, head movements, 
and resulting disorientation 

4, They help instill a greater confidence in relying on 
ht instruments for assessing true 


Level Coordinated turn Pull out 
Tey . 4 
~ * 
Level skid Forward slip Uncoordinated turn 


Skid, slip, and uncoordinated turns feel alike. 
Pilots feel they are being forced sideways in their seat. 


Sensations From Centrifugal Force. 


A pilot should not attempt any of these maneuvers at low 
altitudes, or in the absence of an instructor pilot or an 
appropriate safety 


Climbing While Accelerating 
With the pilot's eyes closed, the instructor pilot maintains 
approach airspeed in a straight-and-level attitude for several 
seconds, and then accelerates while maintaining straight-and- 
level attitude. The usual illusion during this maneuver, without 
visual references, will be that the aircraft is climbing 


Climbing While Turning 
With the pilot’s eyes still closed and the aircraft in a straight- 
and-level attitude, the instructor pilot now executes, with a 
relatively slow entry, a well-coordinated turn of about 1.5 
positive G (approximately 50° bank) for 90°, While in the 
tum, without outside visual references and under the effect of 
the slight positive G, the usual illusion produced is that of a 
climb. Upon sensing the climb, the pilot should immediately 
open the eyes and see that a slowly established, coordinated 


tum produces the same feeling as a climb, 


Diving While Turning 
Repeating the previous procedure, with the exception that 
the pilot’s eyes should be kept closed until recovery from 
the turn is approximately one-half completed can create this, 
sensation, With the eyes closed, the usual illusion will be 
that the aircraft is diving, 


Tilting to Right or Left 
While in a straight-and-level attitude, with the pilot’s eyes, 
closed, the instructor pilot executes a moderate or slight skid 
to the left with wings level. This creates the illusion of the 
body being tilted to the right. 


Reversal of Motion 
This ilusion can be demonstrated in any of the three planes of 
motion. While straight and level, with the pilot’seyes closed, 
the instructor pilot smoothly and positively rolls the aircraft 0 
approximately a 45° bank attitude while maintaining heading 
and pitch attitude. This creates the illusion of a strong sense 
of rotation in the opposite direction. After this illusion is, 
noted, the pilot should open his or her eyes and observe that 
the aircraft is in a banked attitude. 


Diving or Rolling Beyond the Vertical Plane 
This maneuver may produce extreme disorientation. While 
in straight-and-level flight, the pilot should sit normally, 
either with eyes closed or gaze lowered to the floor. The 
instructor pilot starts a positive, coordinated roll toward a 
30° or 40° angle of bank. As this is in progress, the pilot 
tilts his or her head forward, looks to the right or left, then 
immediately returns his or her head to an upright position. 


1-8 


‘The instructor pilot should time the maneuver so the roll is 
stopped as the pilot returns his or her head upright, An intense 
disorientation is usually produced by this maneuver, and the 
pilot experiences the sensation of falling downward into the 
direction of the roll 


In the descriptions of these maneuvers, the instructor pilot is, 
doing the flying, but having the pilot do the flying can also 
bea very effective demonstration. The pilot should close his 
or her eyes and tilt the head to one side, The instructor pilot 
tells the pilot what control inputs to perform. The pilot then 
attempls to establish the correct attitude or control input 
eyes closed and head tilted. While it is clear the pilot has no 
idea of the actual attitude, he or she will react to what the 
senses are saying. After a short time, the pilot will become 
disoriented and the instructor pilot then tells the pilot to 
look up and recover. The benefit of this exercise isthe pilot 
experiences the disorientation while flying the aircraft 


Coping with Spatial Disorientation 
‘To prevent illusions and their potentially disastrous 
consequences, pilots can: 

1, Understand the causes of these illusions and remain 
constantly alert for them. Take the opportunity to 
understand and then experience spatial disorientation 
illusions in a device such as a Barany chair, a 
‘Vertigon, or a Virtual Reality Spatial Disorientation 
Demonstrator. 


R 


Always obtain and understand preflight weather 
briefings. 


3. Before flying in marginal visibility (Less than 3 miles) 
or where a visible horizon is not evident such as flight 
over open water during the night, obtain training and 
‘maintain proficiency in airplane control by reference 
to instrument 


4, Do not continue flight into adverse weather conditions 
into dusk or darkness unless proficient in the use of 
flight instruments. If intending to fly at night, maintain 
night-flight currency and proficiency, Include cross- 
country and local operations at various airfields, 


5, Ensure that when outside visual references are used, 
they are reliable, fixed points on the Earth’s surface. 


6. Avoid sudden head movement, particularly during 
takeoffs, turns, and approaches to Landing, 


7. Be physically tuned for flight into reduced visibility. 
‘That is, ensure proper rest, adequate diet, and, if flying 
at night, allow for night adaptation, Remember that 
illness, medication, alcohol, fatigue, sleep loss, and 
mild hypoxia are likely to increase susceptibility to 
spatial disorientation 


8. Most importantly, become proficient in the use of 
flight instruments and rely upon them. ‘Trust the 
instruments and disregard your sensory perceptions, 


The sensations that lead to illusions during instrument 
flight conditions are normal perceptions experienced by 
pilots. These undesirable sensations cannot be completely 
prevented, but through training and awareness, pilots can 
ignore or suppress them by developing absolute reliance 
on the flight instruments. As pilots gain proficiency in 
instrument flying, they become less susceptible to these 
illusions and their effec 


Optical Illusions 


OF the senses, vision is the most important for safe flight. 
However, various terrain features and atmospheric conditions 
can create optical illusions. These illusions are primarily 
associated with landing, Since pilots must transition from 
reliance on instruments to visual cues outside the flight 
deck for landing at the end of an instrument approach, itis, 
imperative they be aware of the potential problems associated 
with these illusions, and take appropriate corrective action. 
‘The major illusions leading to landing errors are described 
below. 


Runway Width Illusion 
A narrower-than-usual runway can create an illusion the 
aircraft is at a higher altitude than it actually is, especially 
‘when runway length-to-width relationships are comparable. 
[Figure 1-9A] The pilot who does not recognize this illusion 
will fly 4 lower approach, with the risk of striking objects 
along the approach path or landing short. A wider-than-usual 
rumway can have the opposite effect, with the risk of leveling 
out high and landing hard, or overshooting the runway 


Runway and Terrain Slopes Illusion 
An upsloping runway, upsloping terrain, or both, can create 
an illusion the aircraft is at « higher altitude than it actually 
is, [Figure 1-9B] The pilot who does not recognize this, 
illusion will fly a lower approach. Downsloping runways and, 
downsloping approach terrain can have the opposite effect 


Featureless Terrain Illusion 
An absence of surrounding ground features, as in an 
overwater approach, over darkened areas, o terrain made 
featureless by snow, can create an illusion the aircraft is at 
a higher altitude than it actually is. This illusion, sometimes 
referred to as the “black hole approach,” causes pilots to fly 
a lower approach than is desired, 


Water Refraction 
Rain on the windscreen can create an illusion of being at a 
higher altitude due to the horizon appearing lower than itis 
‘This can result in the pilot flying a lower approach. 


Haze 
Atmospheric haze can create an illusion of being at a greater 
distance and height from the runway. As a result, the pilot 
will have a tendency to be low on the approach. Conversely, 
extremely clear air (clear bright conditions of a high attitude 
aisport) can give the pilot the illusion of being closer than he 
or she actually is, resulting in a high approach, which may 
result in an overshoot or go around, The diffusion of light 
due to water particles on the windshield can adversely affect, 
depth perception. The lights and terrain features normally 
used to gauge height during landing become less effective 
for the pilot 


Fog 
Flying into fog can create an illusion of pitching up. Pilots, 
who do not recognize this illusion will often steepen the 
approach quite abruptly, 


Ground Lighting Illusions 
Lights along a straight path, such as a road or lights on moving, 
trains, can be mistaken for runway and approach lights. Bright 
runway and approach lighting systems, especially where 
few lights illuminate the surrounding terrain, may create the 
illusion of less distance to the runway. The pilot who does not 
recognize this illusion will often fly a higher approach. 


How To Prevent Landing Errors Due to 
Optical Illusions 


‘TD prevent these illusions and their potentially hazardous 
consequences, pilots can: 


1, Anticipate the possibility of visual illusions during 
approaches to unfamiliar airports, particularly at 
night or in adverse weather conditions. Consult 
airport diagrams and the Airport/Facitity Directory 
(AJED) for information on runway slope, terrain, and 
lighting. 


2, Make frequent reference to the altimeter, especially 
during all approaches, day and night. 


3. If possible, conduct aerial visual inspection of 
unfamiliar airports before landing 
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] Figure 1-98 
Runway width illusion 


+ Anarrower-than-usual runway can 
created an illusion that the aircraft 
is higher than it actually i, leading 
toalower approach. 


+ Awider-than-usual runway can 
create an illusion that the aircraft is 
ower than it actualy is, lea 
ahigher approach. 


ovsoping runway ‘Upsloping rumay. NEE Figure 1-98 
Runway slope illusion 


+ Adownsloping runway can create 
the llusion that the aircrafts lower 
than it actually s leading toa 
higher approach. 


+ An upstoping runway can cres 
theillusion that the aircraft is higher 
than it actually is, leading toa lower 
approach. 


Normal approach 
#4 Approach due to illusion 


Figure 1-8. Runway Width and Slope Hlusions. 


4, Use Visual Approach Slope Indicator (VASI) or 6, Recognize that the chances of being involved in an 


Precision Approach Path Indicator (PAPI) systems approach accident increase when some emergency or 
for a visual reference, or an electronic glide slope, other activity distracts from usual procedures. 
whenever sy: ase pratlable 7, Maintain optimum proficiency in landing procedures. 


5, Utilize the visual descent point (VDP) found on many 
nonprecision instrument approach procedure charts 


Physiological and Psychological Factors 


Physiological or psychological factors can affect a pilot 
and compromise the safety of a flight. These factors are 
stress, medical, alcohol, and fatigue. Any of these factors, 
individually or nificantly degrade the 
pilot's decision-making or flying abilities. 


Stress 
Stress is the body’s response to demands placed upon it. These 
demands can be either pleasant or unpleasant in nature. The 
causes of stress for a pilot can range from unexpected weather 
or mechanical problems while in flight, to personal issues 
unrelated to flying, Stress is an inevitable and necessary part 
of life; it adds motivation to life and heightens an individual’s, 
response to meet any challenge. The effects of stress are 
cumulative and there is a limit to a person’s adaptive nature. 
‘This limit, called the stress tolerance level (or channel 
capacity), is based on the ability to cope with the situation. 


AL first, some amount of stress can be desirable and can 
actually improve performance. However, higherstress levels, 
particularly over long periods of time, can adversely affect 
performance. Performance will generally increase with the 
onset of stress, but will peak and then begin to fall off rapidly 
as stress levels exceed the ability to cope. [Figure 1-10] 


AL this point, a pilot’s performance begins to decline and 
judgment deteriorates. Complex or unfamiliar tasks require 
higher levels of performance than simple or overlearned 
tasks. Complex or unfamiliar tasks are also more subject to 
the adverse effects of increasing stress than simple or familiar 
tasks. [Figure 1-10] 


“The indicators of excessive stress often show as three types 
of symptoms: (1) emotional, (2) physical, and (3) behavioral. 
Emotional symptoms may surface as over-compensation, 
denial, suspicion, paranoia, agitation, restlessness, or 
defensiveness. Physical stress can result in acute fatigue 
hile behavioral degradation will be manifested as sensitivity 
ism, tendency to be argumentative, arrogance, and 
hostility. Pilots need to learn to recognize the symptoms of 
stress as they begin to occur. 


‘There are many techniques available that can help reduce 
stress in life or help people cope with it better. Not all of the 
following ideas may be a solution, but some of them should 
be effective 

1. Become knowledgeable about stress 

2. Take a realistic self-assessment. (See the Pilot's 

Handbook of Aeronautical Knowledge), 
3. Take a systematic approach to problem solving. 


4, Develop a lifestyle that will buffer against the effects 
of stress. 


5. Pra 


ice behavior management techniques. 


6. Establish and maintain a strong support network. 


Good flight deck stress management begins with good life 

stress management. Many of the stress coping techniques 

practiced for life stress management are not usually practical 

in light, Rather, pilots must condition themselves to relax and. 

think rationally when stress appears. The following checklist 
‘outlines some methods of flight deck stress management. 

1. Avoid situations that distract from flying the aircraft 

2. Reduce flight deck workload to reduce stress levels. 

‘This will create a proper environment in which to make 

‘200d decisions. Typically, flying involves higher stress 

levels during takeoff and landing phases. Between the 

two generally lies a period of low activity resulting 


in a lower stress level. Transitioning from the cruise 


phase to the landing phase is generally accompanied 
by a significant workload that, if not properly 
accommodated, will increase stress significantly, 
Proper planning and prioritization of flight deck 
duties are key to avoiding events that affect the pilot's 
capacity to maintain situational awareness, 


Relationship between stress and performance 


Performaneo 


Lovel of stress over time: 
‘Stress and performance in complex and simple tasks 


Performance 


Level of stress over time 


Figure 1-10. Siress and Performance. 


CHAPTER 5 = THE COZY CORNER LAB 


‘The schematic symbol for SW1 shows a pretty good likeness to the internal wiring of any simple 
SPST switch. There are two terminals, and a conductor that can be moved to either electrically connect 
them or electrically isolate them. As drawn, the switch is in the open position. 

If we added another identical switch in series with the existing switch, what would happen? Take a 
look at Figure 5-16. 


A 8 
-0-0—0-O- 
swt swe 


Figure 5-16. Two switches in series. Both switches must be closed for electricity to flow through this part of 
the circuit. Ifeither switch is open, the circuit is broken and no current will flow. 


Both switch A (SW1) and switch B (SW2) must be moved to the closed position for any electricity to 
flow through the circuit. If either switch is opened, then no current will flow. This is sometimes referred. 
toas an ANDeircuit. Both A and B must be on for the circuit to operate. 

A circuit just like this is often used in security systems. Switches are attached to doors and windows. 
Allof the switches are wired in series, forming a large loop. The switches are all configured to be closed 
when the doors and windows are closed, and to open when doors or windows are opened. 

Ifall the doors and windows are closed, then the loop of switches will allow the flow of electrici 
Although it sounds exactly backward, when electricity is flowing in the circuit, this keeps the security 
alarm turned off. When any one of the switches is opened, the circuit is broken. The alarm then sounds. 

Most real security systems are more complex than this, of course. The main advantage of this 
particular configuration is that it is easy to install and requires the least amount of wiring. The chief 

isadvantage is that when the alarm is triggered, you have no idea exactly which switch caused 


Switches in Parallel 


Just like with batteries, switches behave differently when configured in a different manner. Let's connect 
two switches in parallel this time and see what happens. See Figure 5-17. 


‘sw 


Figure 5-17. Two SPST switches in parallel. Ifeither one of the switches is closed, then power can flow 
through this part of the circuit. Both switches must be opened to stop the flow of current. 


‘The circuit in Figure 5-17 will conduct electricity if switch A (SW1) or switch B (SW2) are closed. To 
stop the flow of current, you have to open both switches. This can be used as a simple OR circuit. If 
switch A orswitch B is closed, then power can flow through the circuit. 

Looking back at the schematics in Figures 5-13 and 5-14, we see that SW1 is in series with the rest of 
the circuit. This makes it a very effective way to turn power on and off from a single location. Handy! 
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If a problem occurs, remain calm. If time is not a 
pressing factor, follow the analytical approach to 
decision-making: think for a moment, weigh the 
alternatives, select and take an appropriate course of 
action, and then evaluate its effects. 


If an emergency situation occurs, remain calm and 
use the aeronautical decision-making (ADM) process 
to resolve the emergency. This process relies on the 
pilots training and experience to accurately and 
automatically respond to an emergency situation, 
Constant training in handling emergency procedures 
will help reduce pilot stress when an emergency 


4, Become thoroughly familiar with the aircraft, its 
‘operation, and emergency procedures. Also, maintain 
flight proficiency to build confidence. 


5, Know and respect personal limits. Studies have 
suggested that highly experienced pilots have taken 
more chances when flying into potential icing 
conditions than low time or inexperienced pilots. 
Very low time pilots without experience may analyze 
and interpret the likelihood for “potential” flight into 

1g without the benefit of life experience, thereby 

making decisions closely aligned with the compilation 
of their training and recent academic knowledge. 

Highly experienced pilots may evaluate the current 

situation based upon the empirical information 

(Sometimes diluted with time) coupled with their 

vast experience. This may lead to a level of greater 

acceptability ofthe situation because their experience 
has illustrated successful navigation of this problem 
before. Therefore, the automatic decision may be in 


error because not all salient facts are evaluated. 

6, Donotallow small mistakes to be distractions during, 
flight; rather, review and analyze them after landing, 

7. If flying adds stress, either stop flying or seek 
professional help to manage stress within acceptable 
limits 


Medical Factors 


A“go/no-go” decision based on a pilot’s medical factors is, 
made before each flight, The pilot should not only preflight 
check the aircraft, but also himself or herself before 
every flight. A pilot should ask, “Can I pass my medical 
examination right now?” If the answer is not an absolute 
“yes,” do not fly. This is especially true for pilots embarking, 
on flights in IMC. Instrument flying is much more demanding, 
than flying in VMC, and peak performance is critical for the 
safety of flight. 


Pilot performance c: riously degraded by both 
prescribed and over-the-counter medications, as well as 
by the medical conditions for which they are taken. Many 
medications, such as tranquilizers, sedatives, strong pain 
relievers, and cough suppressants, have primary effects 
that impair judgment, memory, alertne: 
vision, and the ability to make calculations. Others, such 
as antihistamines, blood pressure drugs, muscle relaxants, 
and agents to control diarthea and motion sickness, have 
side effects that impair the same critical functions. Any 
medication that depresses the nervous system, such as 
sedative, tranquilizer, or antihistamine, makes a pilot much 
more susceptible to hypoxia. 


. coordination, 


Tile 14 of the Code of Federal Regulations (14 CER) prohibit 
pilots from performing crewmember duties while using any 
medication that affects the faculties in any way contrary to 
safety. The safest rule is not to fly as a crewmember while 
taking any medication, unless approved to do so by the 
Federal Aviation Administration (FAA). If there is any doubt 
regarding the effects of any medication, consult an Aviation 
Medical Examiner (AME) before flying 


Alcohol 
14 CER part 91 prohibits pilots from performing crewmember 
duties within 8 hours after drinking any alcoholic beverage or 
while under the influence. Extensive research has provided a 
number of facts about the hazards of alcohol consumption and, 
flying. As little as one ounce of liquor, one bottle of beer, or 
four ounces of wine can impair flying skills and render pilot 
much more susceptible to disorientation and hypoxia. Even 
after the body completely metabolizes a moderate amount of 
alcohol, « pilot can still be impaired for many hours. There 
is simply no way of increasing the metabolism of alcohol or 
alleviating a hangover. 


Fatigue 
Fatigue is one of the most treacherous hazards to flight safety, 
as it may not be apparent to a pilot until serious errors are 
made. Fatigue can be either acute (short-term) or chroni 
(long-term). 


Acute Fatigue 

A normal occurrence of everyday living, acute fatigue is 
the tiredness felt after long periods of physical and mental 
strain, including strenuous muscular effort, immobility, heavy 
mental workload, strong emotional pressure, monotony, and 
lack of sleep. Adequate rest, regular exercise, and proper 
nutrition prevent acute fatigue. 


Indications of fatigue are generally subtle and hard to 
recognize because the individual being assessed is generally 
the person making the assessment, as in single pilot 
operations. Therefore, the pilot must look at small errors 
that occur to provide an indication of becoming fatigued. 
include 


+ Misplacing items during the preflight; 

+ Leaving material (pencils, charts) in the planning 
area; 

+ Missing radio calls; 

+ Answering calls improperly (read-backs); and 


+ Improper tuning of frequencies. 


Chronic Fatigue 

Chronic fatigue occurs when there is not enough time for a 
full recovery from repeated episodes of acute fatigue, Chronic 
fatigue’s underlying cause is generally not “rest-related” and, 
may have deeper points of origin. Therefore, rest alone may 
not resolve chronic fatigue. 


Chronic fatigue is a combination of both physiological 
problems and psychological issues. Psychological problems 
such as financial, home life, or job related stresses cause a 
lack of qualified rest that is only resolved by mitigating the 
underpinning problems. Without resolution, performance 
continues to fall off, judgment becomes impaired, and 
unwarranted risks are taken, Recovery from chronic fatigue 
requires a prolonged and deliberate solution, In either case, 
unless adequate precautions are taken, personal performance 
could be impaired and adversely affect pilot judgment and 
decision-making. 


IMSAFE Checklist 
‘The following checklist, IMSAFE, is intended for a pilot's 
personal preflight use. A quick check of the items on this 
list will help a pilot make a good self-evaluation prior to any 
flight. If the answer to any of the checklist questions is yes, 
then the pilot should cons 


Mlness 
Do I have any symptoms? 


Medication 
Have 1 been taking prescription or over-the-counter dru 


Stress 
‘Am I under psychological pressure from the job? Do I have 
money, health, or family problems? 


Alcohol 
Have I been drinking within 8 hours? Within 24 hou 


Fatigue 


‘Am [tired and not adequately rested? 


Eating 
Have I eaten enough of the proper foods to keep adequately 
nourished during the entire flight? 


Hazard Identification 


In order to identify a hazard, it would be useful to define what 
ahazard is. The FAA System Salety course defines a hazard 
as: “a present condition, event, object, or circumstance that 
could lead or contribute to an unplanned or undesired event,” 
Put simply, a hazard is a source of danger. Potential hazards 
may be identified from a number of internal and external 
sources, These may be based upon several concurrent factors 
that provide an indication and ultimate identification of a 
hazard. Consider the following situations: 


Situation 1 
‘The pilot has just taken off and is entering the clouds. Suddenly, 
there isan explosive sound. The sudden noise is disturbing and 
occurs.as the pilot is given a new heading, a climb restriction, 
and the frequency for the departure control 


Situation 2 
The pilot took off late in a rented aircraft (first time flying 
this model), and is now in night conditions due to the delay, 
‘and flying on an instrument flight rules (IFR) flight plan in 
IMC conditions. The radios do not seem to work well and. 
develop static. They seem to be getting weaker. As the pilot 
proceeds, the rotating beacon stops flashing/rotating, and the 
lights become dimmer. As the situation progresses, the pilot 
is unaware of the problem because the generator warning, 
light, (on the lower left of the panel) is obscured by the chart, 
on the pilot’s tap. 


Both situations above represent hazards that must be dealt 
with differently and a level of risk must be associated with 
each depending on various factors affecting the flight. 


Risk Analysis 
Risk is defined as the future impact of a hazard that is not 
eliminated or controlled. Itis the possibility of loss or injury. 
Risk analysisis the process whereby hazards are characterized 
by their likelihood and severity. Risk analysis evaluates 
the hazards to determine the outcomes and how abrupt that 
outcome will occur. The analysis applied will be qualitative 
to the degree that time allows resulting in either an analytical 
or automatic approach in the decision-making process. 


In the first situation, the decision may be automatic: fly the 
ainplane to a safe landing, Since automatic decision-making, 
is based upon education and experience, an inexperienced 
pilot may react improperly to the situation which results in 
an inadequate action, To mitigate improper decision-making, 
immediate action items from emergency procedures should 
be learned. Training, education, and mentorship are all key 
factors in honing automatic decision-making skills. 


Inthe second situation, 


the pilot has flashlight onboard, it 
can be used for illumination, although its light may degrade 
night vision, After changing the appropriate transponder 
code, and making calls in the blind, awareness of present 
location becomes imperative, especially if the pilot must 
execute a controlled descent to VMC conditions. Proper 
preflight planning conducted before departure and constant 
awareness of location provide an element of both comfort 
(reduces stress) and information from which the pilot can 
draw credible information, 


In both cases, the outcomes can be successful through 
systems understanding, emergency procedures training, and 
correctly analyzing the risks associated with each course 
of action, 


Crew Resource Management (CRM) 

and Single-Pilot Resource Management 
(SRM) 

(Crew resource management (CRM) and single-pilot resource 
‘management (SRM) is the ability for the crew or pilot to 
‘manage all resources effectively to ensure the outcome of the 
flight is successful. In general aviation, SRM will be most 
often used and its focus is on the single-pilot operation. SRM 
integrates the following: 


+ Situational Awareness 
+ Flight Deck Resource Management 
+ Task Management 


+ Aeronautical Decii 
Management 


jon-making (ADM) and Risk 


SRM recognizes the need to seek proper information from 
these sources to make a valid decision. For instance, the 
pilot may have to request assistance from others and be 
assertive to resolve situations. Pilots should understand the 
need to seek information from other sources until they have 
the proper information to make the best decision. Once a 
pilot has gathered all pertinent information and made the 
appropriate decision, the pilot needs to perform an assessment 
of the action taken. 


Situational Awareness 

Situational awareness is the accurate perception of 
operational and environmental factors that affect the flight. It 
isa logical analysis based upon the machine, external support, 
environment, and the pilot. It is knowing what is going on. 


Flight Deck Resource Management 
CRM is the effective use of all available resources: human, 
equipment, and information. It focuses on communication 
skills, teamwork, task allocation, and decision-making. 
While CRM often concentrates on pilots who operate in 
crew environments, the elements and concepts also apply to 
single-pilot operations. 


Human Resources 
Human resources include everyone routinely working with the 
pilot to ensure flight safety. These people include, but are not 
limited to: weather briefers, flight line personnel, maintenance 
personnel, crew members, pilots, and air traffic personnel, 
Pilots need to effectively communicate with these people. 
This is accomplished by using the key components of the 
communication process: inquiry, advocacy, and assertion 


Pilots must recognize the need to seck enough information 
from these resources to make a valid decision. Afier the 
necessary information has been gathered, the pilot’s decision 
must be passed on to those concerned, such as air traffic 
controllers, crew members, and passengers. The pilot may 
have to request assistance from others and be assertive to 
safely resolve some situations 


Equipment 
Equipment in many of today’s ai 
fight and navigation systems. These automatic systems, wl 
providing relief from many routine flight deck tasks, present a 
different set of problems for pilots. The automation intended. 
to reduce pilot workload essentially removes the pilot from the 
process of managing the aircraft, thereby reducing situational 
awareness and leading to complacency. Information from 
these systems needs to be continually monitored to ensure 
proper situational awareness. Pilots should be thoroughly 
familiar with the operation of and information provided by 
all systems used. It is essential that pilots be aware not only 
of equipment capabilities, but also equipment limitations 
order to manage those systems effectively and safely. 


waft includes automated 


Information Workload 
Information workloads and automated systems, such as 
autopilots, need to be properly managed to ensure a safe 


flight. The pilot flying in IMC is faced with many tasks, each 
with a different level of importance to the outcome of the 
fight, For example, a pilot preparing to execute an instrument 
approach to an airport needs to review the approach chart, 
prepare the aircraft for the approach and landing, complete 
checklists, obtain information from Automatic Terminal 
Information Service (ATIS) or air traffic control (ATC), and. 
set the navigation radios and equipment. 


The pilot who effectively manages his or her workload 
will complete as many of these tasks as early as possible 
to preclude the possibility of becoming overloaded by last 
minute changes and communication priorities in the later, 
more critical stages of the approach. Figure I-11 shows the 
margin of safety is at the minimum level during this stage 
of the approach, Routine tasks delayed until the last minute 
can contribute tothe pilot becoming overloaded and stressed, 
resulting in erosion of performance, 


By planning ahead, a pilot can effectively reduce workload 
during critical phases of flight. If a pilot enters the final 
phases of the instrument approach unprepared, the pilot 
should recognize the situation, abandon the approach, and 
try it again after becoming better prepared. Effective resource 
‘management includes recognizing hazardous situations and 
attitudes, decision-making to promote good judgment and 
headwork, and managing the situation to ensure the safe 
outcome of the IFR flight. 


Task Management 
Pilots have a limited capacity for information. Once 
information flow exceeds the pilot's ability to mentally 
process the information any additional information will 
become unattended or displace other tasks and information 


already being processed. This is termed channel capacity and. 
once reached only two alternatives exist: shed the unimportant 
tasks or perform all tasks at a less than optimal level. Like an 
electrical circuit being overloaded, either the consumption 
must be reduced or a circuit failure is experienced 


‘The pilot who effectively manages the tasks and properly 
prioritizes them will have a successful flight. For example, 
do not become distracted and fixate on an instrument light 
failure. This unnecessary focus displaces capability and 
prevents the pilot’s ability to appreciate tasks of greater 
importance. By planning ahead, « pilot can effectively reduce 
workload during critical phases of a flight. 


Aeronautical Decision-Making (ADM) 
Flying safely requires the effective integration of three 
separate sets of skills. Most obvious are the basic ~and- 
rudder skills needed to control the airplane. Next, are skills 
related to proficient operation of aircraft systems, and last, 
but not least, are ADM skills. 


ADM is a systematic approach to the mental process used 
by pilots to consistently determine the best course of action 
in response to a given set of circumstances. The importance 
of learning effective ADM skills cannot be overemphasized. 
While progress is continually being made in the advancement 
of pilot training methods, airplane equipment and systems, and 
services for pilots, accidents still occur. Despite all the changes 
in technology to improve flight safety, one factor remains the 
same—the human factor. While the FAA strives to eliminate 
errors through training and safety programs, one fact remains: 
humans make errors. It is estimated that approximately 80 
percent of all aviation aeci 


nts are human factors related 


Figure 1-11. The Margin of Safer: 


‘The ADM process addresses all aspects of decision making, 
in the flight deck and identifies the steps involved in good 
decision making. While the ADM process will not eliminate 
errors, it will help the pilot recognize errors, and in turn 
enable the pilot to manage the error to minimize its effects. 
‘These steps are 


1. Identifying personal attitudes hazardous to safe 
flight; 


2. Learning behavior modification techniques; 
Learning how to recognize and cope with stress; 
Developing risk assessment skills; 


3 
4 
5. Using all resources; and 
6 


Evaluating the effectiveness of one’s ADM s 


ibe 


Historically, the term “pilot error” has been used to des 
ofthe 
or decision made by the pilot was the cause, or a contributing, 
factor that led to the accident. This definition also includes, 
the pilot’s failure to make a decision or take action. From 
a broader perspective, the phrase “human factors related” 
more aptly describes these accidents since itis usually not a 

ingle decision that leads to an accident, but a chain of events 
triggered by a number of factors, 


the ca accidents, Pilot error means that an action 


‘The poor judgment chain, sometimes referred to as the “error 
chain,” isa term used to describe this concept of contributing 
factors ina human factors related accident. Breaking one link 
in the chain normally is all that is necessary to change the 


outcome of the sequence of events. 


The Decision-Making Process 
‘An understanding of the decision-making process provides, 
a pilot with a foundation for developing ADM skills. 
Some situations, such as engine failures, require a pilot to 
respond immediately using established procedures with a 
little time for deta This 
decision-making and is based upon training, experience, and 
recognition. Traditionally, pilots have been well trained to 
react to emergencies, but are not as well prepared to make 
jons requiring a more reflective response where greater 
required. Typically during a flight, there is time 
to examine any changes that occur, gather information, and 
risk before reaching a decision. The steps leading to 
this conclusion constitute the decision-making process. 


ed anal 


termed automatic 


Defining the Problem 
Problem definition is the first step in the decision-making, 
process. Defining the problem begins with recognizing that 
a change has occurred or that an expected change did not 
occur. A problem is perceived first by the senses, then i 
distinguished through insight and experience. One critical 
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error that can be made during the decision-making process 
is incorrectly defining the problem. For example, a low oil 
pressure reading could indicate that the engine is about to 
fail and an emergency landing should be planned, or it could 
‘mean that the oil pressure sensor has failed. The actions to be 
taken in each of these circumstances would b 

different. One requires an immediate de 
training, experience, and evaluation of the situation; whereas 
the latter decision is based upon an analysis. It should be 
noted that the same indication could result in two different 
actions depending upon other influences. 


Choosing a Course of Action 
After the problem has been identified, the pilot must evaluate 
the need to react to it and determine the actions that may 


‘The expected outcome of each possible action should be 
considered and the risks assessed before deciding on a 
response to the situation. 


Implementing the Decision and Evaluating the 
Outcome 

Although a decision may be reached and a course of action 
implemented, the decision-making process is not complete. 
Itisimportant o think ahead and determine how the decision 
could affect other phases of flight. As the flight progresses, the 
pilot must continue to evaluate the outcome of the decision 
to ensure that itis producing the dk 


red result 


Improper Decision-Making Outcomes 
Pilots sometimes get in trouble not because of deficient basic 
skills or system knowledge, but rather because of faulty 
decision-making skills. Althou; I decisions 
may appear to be simple or routine, each individual decision 
in aviation often defines the options available for the next, 
decision the pilot must make and the options, good or 
bad, they provide. Therefore, a poor decision early on in 
a flight can compromise the safety of the flight at a later 
time necessitating decisions that must be more accurate and. 
decisive. Conversely, good decision-making early on in an 
emergency provide greater latitude for options later on. 


FAA Advisory Circular (AC) 60-22, defines ADM as a 
systematic approach to the mental process of evaluating a 
given set of circumstances and determining the best course of 
action. ADM thus builds upon the foundation of conventional 
decision-making, but enhances the process to decrease 
the probability of pilot error. Specifically, ADM provides 
a structure to help the pilot use all resources to develop 
comprehensive situational awareness. 


Models for Practicing ADM 
‘Two models for practicing ADM are presented below. 


Perceive, Process, Perform 
erform (3P) model for ADM offers 
a simple, practical, and systematic approach that can be 
used during all phases of flight. /Figure 1-12] To use i 
the pilot will: 


‘The Perceive-Process-1 


+ Perceive the given set of circumstances for a flight; 


+ Process by evaluating their impact on flight safety; 
and 


+ Perform by implementing the best course of action. 


p ie 


Decision- 
Making 


Figure 1-12. The 3P Model for Aeronautical Decision-Making. 


In the first step, the goal is to develop situational awareness 
by perceiving hazards, which are present events, objects, or 
circumstances that could contribute to an und 
event. In this step, the pilot will systematically identify and. 
list hazards associated with all aspects of the flight: pilot, 
aircraft, environment, and external pressures. It is important 
to consider how individual hazards might combine. Consider, 
for example, the hazard that arises when a new instrument 
pilot with no experience in actual instrument conditions wants, 
to make a cross-country flight to an airport with low ceilings, 
in order to attend an important business meeting, 


In the second step, the goal is to process this information 
to determine whether the identified hazards constitute risk, 
which is defined as the future impact of a hazard that is not 
controlled or eliminated. The degree of risk posed by a given 
hazard can be measured in terms of exposure (number of 
people or resources affected), severity (extent of possible 


loss), and probability (the likelihood that a hazard will cause 
a loss). If the hazard is low ceilings, for example, the level 
of risk depends on a number of other factors, stich as pilot 
training and experience, aircraft equipment and fuel capacity, 
and others. 


In the third step, the goal is to perform by taking action to 
climinate hazards or mitigate risk, and then continuously 
evaluate the outcome of this action, With the example of low 
ceilings at destination, for instance, the pilot can perform 
good ADM by selecting a suitable alternate, knowing where 
to find good weather, and carrying sufficient fuel to reach 
it, This course of action would mitigate the risk. The pilot 
also has the option to eliminate it entirely by waiting for 
better weather. 


Once the pilot has completed the 3P decision process and 
selected a course of action, the process begins anew because 
now the set of circumstances brought about by the course of 
action requires analysis. The decision-making process is a 
continuous loop of perceiving, processing and performing, 


‘The DECIDE Model 
Another structured approach to ADM is the DECIDE model, 
which is six-step process intended to provide a logical 
Way of approaching decision-making. As in the 3P model, 
the elements of the DECIDE model represent a continuous 
loop process to assist a pilot in the decision-making, 
required when faced with a situational change that requires 
judgment. /Figure 1-13C] The model is primarily focused 
oon the intellectual component, but can have an impact on 
the motivational component of judgment as well. If pilot 
continually uses the DECIDE Model in all decision-making, 
itbecomes natural and results in better decisions being made 
under all types of situations. The steps in this approach are 
listed in Figure 1-13C. 


In conventional decision-making, the need for a decision is, 
triggered by recognition that something has changed or an 
expected change did not occur. Recognition of the change, 
or lack of change, is a vital step in any decision making 
process. Not noticing change in a situation can lead directly 
to a mishap. (Figure 1-13A] The change indicates that an 
appropriate response or action is necessary in order to modify 
the situation (or, atleast, one of the elements that comprise it) 
and bring about a desired new situation, Therefore, situational 
awareness is the key to successful and safe decision making. 
At this point in the process, the pilot is faced with a need to 
evaluate the entire range of possible responses tothe detected 
change and to determine the best course of action. 


Figure 1-138 illustrates how the ADM process expands 
conventional decision-making, shows the interactions of the 
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Figure 1-138 
Conventional decision-making process 


Figure 1-138 
“Aeronautical decision-making process 
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Figure 1-130 
‘The DECIDE Model 


“Detect The decision maker dete the aha change has occured. 


2. Estimate, The decision maker estimates the need to counter or 


‘8. Choose. The decision maker chooses a des 


55 Do. The decision mab 


takes the necessary action, 


Figure 1-13, Decision-Making. 


ADM steps, and how these steps can produce a safe outcome, 
Starting with the recognition of change, and following with an 
assessment of alternatives, a decision to act or not act is made, 
and the results are monitored. Pilots can use ADM to enhance 
their conventional decision-making process because it: 


1, Increases their awareness of the importance of attitude 
in decision-making; 


‘Teaches the ability to search for and establish relevance 
of information; and 

3, Increases their motivation to choose and execute actions 
that ensure safety in the situational timeframe. 


to the change, 


me (in terms of success) forthe Might. 
4. Identity. The decesion maker identifies actions which could successfully control the change. 


6, Evaluate. The decision maker evaluates the effect(s) of hishher acton countering the change, 


Hazardous Attitudes and Antidotes 


Hazardous attitudes, which contribute to poor pilot judgment, 
canbe effectively counteracted by redirecting that hazardous 
attitude so that correct action can be taken. Recognition of 
hazardous thoughts is the first step toward neutralizing them. 
After recognizing a thought as hazardous, the pilot should 
label it as hazardous, then state the corresponding antidote. 
Antidotes should be memorized for each of the hazardous 
attitudes so they automatically come to mind when needed. 
Each hazardous attitude along with its appropriate antidote 
is shown in Figure 1-14, 


Figure 1-14, The Five Antidotes to Hazaridous Auritudes. 


Research has identified five hazardous attitudes that can affect 
apilot’s judgment, as well as antidotes for each of these five 
altitudes. ADM addresses the fotlowing: 
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Anti-authority (“Don’t tell me!”), This attitude is 
found in pilots who do not like anyone telling them 
‘what to do. They may be resentful of having someone 
tell them what to do or may regard rules, regulations, 
and procedures as silly or unnecessary. However, there 
is always the prerogative to question authority if it is 
perceived to be in error. 

Impulsivity (“Do something quickly!”). This attitude 
is found in pilots who frequently feel the need to do 
something—anything—immediately. They do not 
stop to think about what they are about to do, they do 
not select the best course of action, and they do the 
first thing that comes to mind. 
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Invulnerability (“It won't happen to me!"). Many 
pilots feel that accidents happen to others, but never 
to them. They know accidents can happen, and they 
know that anyone can be affected. They never really 
feel or believe that they will be personally involved 
Pilots who think this way are more likely to take 
chances and increase risk. 


Macho (“Ican do it!”). Pilots who are always trying to 
prove that they are better than anyone else are thinking, 
“Lean do it'll show them.” Pilots with this type of, 
attitude will try to prove themselves by taking risks in 
order to impress others. This pattern is characteris 

in both men and women, 


Resignation (“What's the use?”). These pilots do not 
see themselves as being able to make a great deal of 
difference in what happens to them, When things go 
‘well, these pilots are apt to think it is due to good luck. 
‘When things go badly, they may feel that someone is 
out to get them, or attribute it to bad luck. The pilot 
will leave the action to others, for better or worse. 
‘Sometimes, they will even go along with unreasonable 
requests just to be a “nice guy.” 
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Chapter 2 


Aerodynamic. 
Factors 
Ze 


Introduction, 


Several factors affect girotglt performance including the 
atmosphere, aerodynainics, and aircrafticing, Pilots need af 
understanding of these factors for a sound basis for prediction: 
of aircraft response to control inputs, especially with regan 
to instrumeatfapproaches, while holding, and when operating 
at reduced airspeed in instrument meteorological conditions 
(IMC). Although these factors are important to the pilot fl 
Visual flight rules (VER), they must be even more thorough 
understood by the pilot operating under instrument flight 
rules (IFR). Instrument pilots rely strictly on instrimer 
indications to precisely control the aircraft; therefore, the; 
must have a solid understanding of basic aerodynamic: 
principles in order to make accurate judgments re 

aircraft control inputs. 
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The Three-Way Switch 


‘You might think that the circuit shown in Figure 5-17 could be used to turn lights on and off from two 
ifferent locations. You would be partly correct. You could turn lights on from either s\ 
since flipping either switch to On will cause current to flow and lights (or other appliances) to operate. 

Unfortunately, you would not be able to turn off the light from either switch if the other switch were 
on. So this configuration is good for turning lights on but not off. A slightly more complex arrangement is, 
required to do both, 

‘We will need two switches, as before, but they will need to have a little more functionality to 
‘accomplish what we've set out to do. Instead ofa switch that's either open or closed, we need a switch 
that alternates between two different routes, depending on how itis positioned. This type of switch is 
called a double-throw switch, as it connects a common terminal to either one of two different terminals. 
Itcan be thrown in two different directions. This should be much easier to understand when looking at a 
schematic symbol. See Figure 5-18. 


Figure 5-18. A single-pole, double-throw (SPDT) switch. The common terminal on the left side is 
connected to either the top or bottom terminal on the right. Variations of this type of switch have a neutral 
position in the middle. Push-button (Le, momentary contact) versions of this switch will label the two 
right-side terminals as either “normally open" or “normally closed,” depending on the physical 
configuration of the switch. 


Now comes the clever bit. We'll connect a pair of these switches together by tying the two non. 
common terminals on one switch to their counterparts on the other switch. This results in fou 
combinations of switch positions (both down, one up, the other up, and both up). Two possil 
the light on, and the other two turn the light off. The important point is that the “on” or “off” state of the 
entire circuit can be changed from either location, independently of the state of the other switch. 
Problem solved! Again, this should be easier to see when presented as a diagram. See Figure 5-19. 


A B 
swt swe 


Figure 5-19.A three-way switch circuit built using two SPDT switches. Power is either carried by the upper 
wire or the lower wire, as long as both switches are in the same position. If not, then no power flows across 


this part of the circuit. As shown, the three-way switch is effectively off. Flip either switch to turn it on. 


Ifyou ask a real electrician how to wire a three-way switch, you'll get several answers, or more likely, 
you'll get, “It depends.” That's because it really does depend on the actual wiring situation. Sometimes 
the power is routed through one or the other of the two switches, and sometimes the power is routed 
through the load. Each of these scenarios requires a different routing of wires and connections. 
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Mean Camber Line 


Upper Camber 


Leading Edge — Mean Chord Line 


Figure 24. The Airfoil 


The Wing 
To understand aerodynamic forces, a pilot needs to 
understand basic terminology associated with airfoils. 
Figure 2-1 illustrates a typical airfoil 


‘The chord line is the straight line intersecting the leading 
and trailing edges of the airfoil, and the term chord refers, 
to the chord line longitudinal length (length as viewed from 


The mean camber is a line located halfway between the 
upper and lower surfaces. Viewing the wing edgewise, the 
‘mean camber connects with the chord line at each end. The 
‘mean camber is important because it assists in determining, 
aerodynamic qualities of an airfoil. The measurement of 
the maximum camber; inclusive of both the displacement 
of the mean camber line and its linear measurement from 
the end of the chord line, provide properties useful in 
evaluating airfoils, 


Review of Basic Aerodynamics 

The instrument pilot must understand the relationship 
and differences between several factors that affect the 
performance of an aircraft in flight. Also, it is crucial to 
understand how the aircraft reacts to various control and 
power changes, because the environment in whi 
pilots fly has inherent hazards not found in visual flying, The 
basis for this understanding is found in the four forces acting, 
on an aircraft and Newton’s Three Laws of Motion. 


trument 


Relative Wind is the direction of the airflow with respect to 
an airfoil. 


Angle of Attack is the acute angle measured between the 


relative wind, of flight path and the chord of the airfoil, 
[Figure 2-2] 
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Lower Camber Tralling Edg 


Flight path is the course or track along which the aircraft is 
flying or is intended to be flown, 


‘The Four Forces 
‘The four basic forces /Figure 2-3] acting upon an aircraft in 
flight are lift, weight, thrust, and drag. 


Lift 

Lift is a component of the total aerodynamic force on an 
airfoil and acts perpendicular to the relative wind. Relative 
wind is the direction of the airflow with respect to an airfoil 
This force acts straight up from the average (called mean) 
center of pressure (CP), which is called the center of lift. It 
should be noted that itis a point along the chord line of an 
airfoil through which all aerodynamic forces are considered 
to act. The magnitude of lift varies proportionately with 
speed, air density, shape and size of the airfoil, and angle 
of attack, During straight-and-level flight, lift and weight 
are equal. 


Figure 2-2. Angle of Antack and Relative Wind. 


Right 
Aileron 


Figure 2-3, The Four Forces and Three Axes of Rotation. 


Weight 

Weight is the force exerted by an aircraft from the pull of 
gravity, It acts on an aircraft through its center of gravity 
(CG) and is straight down. This should not be confused 
with the center of lift, which can be significantly 
from the CG. As an aircraft is descending, weight is greater 
than lft 


rent 


Thrust 

‘Thrust isa force that drives an aircraft through the air and can 
be measured in thrust and/or horsepower. It is a component 
that is parallel to the center of thrust and overcomes drag, 
providing the aircraft with its forward speed component. 


Drag 
Drag is the net aerodynamic force parallel to the relative 
wind and is generally a sum of two components: induced 
drag and parasite drag. 


Induced drag 


Induced drag is caused from the creation of lift and increases 
with angle of attack. Therefore, if the wing is not producing, 
lift, induced drag is zero. Conversely, induced drag decreases, 
with airspeed. 


Parasite drag 
Parasi 


drag is all drag not caused from the production of 
lift. Parasite drag is created by displacement of air by the 
aircraft, turbulence generated by the airfoil, and the hindrance 
of airflow as it pass 


over the surface of the aircraft or 


Horizontal 
Stabilizer 


Vertical 
Stabili 


components. All of these forces create drag not from the 
production of lift but the movement of an object through an 
air mass. Parasite drag increases with speed and includes skin. 
friction drag, interference drag, and form drag, 


+ Skin Friction Drag 
Covering the entire “wetted” surface of the aircraft isa thin 
layer of air called a boundary layer. The ait molecules on the 
surface have zero velocity in relation to the surface; however, 
the layer just above moves over the stagnant molecules 
below because it is pulled along by a third layer close to 
the free stream of air. The velocities of the layers increase 


as the distance from the surface increases until free stream 
velocity is reached, but all are affected by the free stream, 
‘The distance (lotal) between the skin surface and where free 
stream velocity is reached is called the boundary layer. At 
subsonic levels the cumulative layers are about the thickness 
of a playing card, yet their motion sliding over one another 
creates a drag force. This force retards motion due to the 
viscosity of the air and is called skin friction drag, Because 
skin friction drag is related to a large surface area its affect, 
‘on smaller aircraft is small versus large transport aircraft 
where skin friction drag may be considerable. 


+ Interference Drag 
Interference drag is generated by the collision of airstreams 
creating eddy currents, turbulence, or restrictions to smooth 
flow. For instance, the airflow around a fuselage and around, 
the wing meet at some point, usually near the wing’s root 
‘These airflows interfere with each other causing a greater 
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drag than the individual values. This is often the case when 
external items are placed on an aircraft. That is, the drag of 
each item individually, added to that of the aircraft, are less 
than that of the two items when allowed to interfere with 
one another 


+ Form Drag 
Form drag is the drag created because of the shape of a 
component or the aircraft. If one were to place a circular 
disk in an air stream, the pressure on both the top and bottom 
would be equal. However, the airflow starts to break down 
as the air flows around the back of the disk. This creates 
turbulence and hence a lower pressure results. Because the 
total pressure is affected by this reduced pressure, it creates 
drag, Newer aircraft are generally made with consideration 
to this by fairing parts along the fuselage (teardrop) so that 
turbulence and form drag is reduced, 


‘Total lift must overcome the total weight of the aircraft, which 
is comprised of the actual weight and the tail-down force used 
to control the aircrafts pitch attitude. Thrust must overcome 
total drag in order to provide forward speed with which to 
produce lift, Understanding how the aircraft's relationship 
between these elements and the environment provide proper 
interpretation of the aircraft’s instruments. 


Newton's First Law, the Law of Inertia 
Newton’ First Law of Motion is the Law of Inertia, It states, 
that a body at rest will remain at rest, and a body in motion 
will remain in motion, at the same speed and in the same 
ion until affected by an outside force. The force with 
which a body offers resistance to change is called the force of 
inertia. Two outside forces are always present on an aircraft 
in flight: gravity and drag. The pilot uses pitch and thrust 
controls to counter or change these forces to maintain the 
desired flight path. If pilot reduces power while in straight- 
and-level flight, the aircraft will slow due to drag. However, 
as the aircraft slows there isa reduction of lift, which causes, 
the aircraft to begin a descent due to gravity. [Figure 2-4 
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Figure 2-4. Newton's First Law of Motion: the Law of Inertia, 
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Newton’s Second Law, the Law of Momentum 
-cond Law of Motion is the Law of Momentum, 
which states that a body will accelerate in the same direction 
as the force acting upon that body, and the acceleration 
will be directly proportional to the net force and inversely 
proportional to the mass of the body. Acceleration refers 
either to an increase or decrease in velocity, although 
deceleration is commonly used to indicate a decrease. This, 
law governs the aircraft's ability to change flight path and 
speed, which are controlled by attitude (both pitch and bank) 
and thrust inputs, Speeding up, slowing down, entering 
climbs or descents, and turning are examples of accelerations 
that the pilot controls in everyday flight. [Figure 2-5) 


Newton’ 


Newton’s Third Law, the Law of Reaction 
Newton's Third Law of Motion is the Law of Reaction, 
which states that for every action there is an equal and 
opposite reaction. As shown in Figure 2-6, the action of 
the jet engine’s thrust or the pull of the propeller lead to the 
reaction of the aircraft’s forward motion. This law is also 
responsible for a portion of the lift that is produced by a wing, 
from the downward deflection of the airflow around it. This, 
downward force of the relative wind results in an equal but 
opposite (upward) lifting force created by the airflow over 
the wing, /Figure 2-6] 


Atmosphere 


‘The atmosphere is the envelope of air which surrounds the 
Earth. A given volume of dry air contains about 78 percent 
nitrogen, 21 percent oxygen, and about I percent other gases 
such as argon, carbon dioxide, and others to a lesser degree. 
Although seemingly light, air does have weight and a one 
square inch column of the atmosphere at sea level weighs 
approximately 14.7 pounds. About one-half of the air by 
weight is within the fist 18,000 feet. The remainder ofthe air 
is spread over a vertical distance in excess of 1,000 miles. 


Air density isa result ofthe relationship between temperature 
and pressure. Air density is inversely related to temperature 
and directly related to pressure. Fora constant pri 
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‘cond Law of Motion: the Law of 


‘maintained as temperature increases, density must decrease, 
and vice versa, For a constant temperature to be maintained 
as pressure increases, density must increase, and vice versa. 
‘These relationships provide a basis for understanding, 
instrument indications and aircraft performance. 


Layers of the Atmosphere 

There are several layers to the atmosphere with the 
troposphere being closest to the Earth’s surface extending to 
about 60,000 feet at the equator. Following isthe stratosphere, 
mesosphere, ionosphere, thermosphere, and finally the 
exosphere. The tropopause is the thin layer between the 
troposphere and the stratosphere. It varies in both thickness 
and altitude but is generally defined where the standard 
lapse (generally accepted at 2° C per 1,000 feet) decreases 
ignificantly (usually down to 1° C or less). 


International Standard Atmosphere (ISA) 

‘The International Civil Aviation Organization (ICAO) 
established the ICAO Standard Atmosphere as a way 
of creating an international standard for reference and 
performance computation: 
aircraft performance specifications are derived using this 
standard as a reference. Because the standard atmosphere is, 
a derived set of conditions that rarely exist in reality, pilots, 
need to understand how deviations from the standard affect, 
both instrument indications and aircraft performance. 


Instrument indications and 


In the standard atmosphere, sea level pressure is 29,92" inches, 
of mercury (Hg) and the temperature is 15° C (59° F). The 
standard lapse rate for pressure is approximately a 1" Hg, 
per 1,000 feet increase in altitude. The standard lapse 
rate for temperature is a 2° C (3.6° F) decrease per 1,000 feet 
increase, up to the top of the stratosphere. Since all aircraft 
performance is compared and evaluated in the environment 
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Figure 2-8, Newton's Third Law of Motion: the Law of Reaction. 


of the standard atmosphere, all aircraft performanes 
instrumentation is calibrated for the standard atmosphere. 
Because the actual operating conditions rarely. if ever, fit the 
standard atmosphere, certain corrections must apply to the 
instrumentation and aircraft performance. For instance, at 
10,000 ISA predicts that the air pressure should be 19.92" Hg 
(29.92" - 10" Hg= 19.92") and the outside temperature at -5°C. 
(15° C- 20° C). If the temperature or the pressure is different 
than the International Standard Atmosphere (ISA) prediction 
an adjustment must be made to performance predictions and 
various instrument indications 


Pressure Altitude 

‘There are two measurements of the atmosphere that affect 
performance and instrument calibrations: pressure altitude 
and density altitude. Pressure altitude is the height above the 
standard datum pressure (SDP) (29.92" Hg, sea level under 
ISA) and is used for standardizing altitudes for flight levels, 
(FL). Generally, flight levels are at or above 18,000 feet 
(FL 180), providing the pressure is at or above 29.92"Hg, 
For calculations involving aircraft performance when the 
altimeter is set for 29.92" Hg, the altitude indicated is the 
pressure altitude. 


Density Altitude 

Density altitude is pressure altitude corrected for nonstandard 
temperatures, and is used for determining aerodynami 
performance in the nonstandard atmosphere. Density altitude 
increases as the density decreases. Since density varies 
directly with pressure, and inversely with temperature, a 
wide range of temperatures may exist with a given pressure 
altitude, which allows the density to vary, However, a 
known density occurs for any one temperature and pressure 
altitude combination. The density of the air has a significant 
effect on aircraft and engine performance, Regardless of the 
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actual altitude above sea level an aircraft is operating at, its 
performance will be as though it were operating at an altitude 
equal to the existing density altitude. 


Ifa chart is not available the density altitude can be estimated 
by adding 120 feet for every degree Celsius above the ISA. For 
‘example, at 3,000 feet pressure altitude (PA), the ISA prediction 
is 9° C (15° C- [lapse rate of 2° C per 1,000 feet x 3 = 6° C)). 
However, if the actual temperature is 20° C (11° C more than 
that predicted by ISA) then the difference of 11° Cis multiplied 
by 120 feet equaling 1,320. Adding this figure to the original 


3,000 feet provides a density altitude of 4,320 feet (3,000 feet 
+ 1,320 feet), 
Lift 


Lift always acts in a direction perpendicular to the relative 
‘wind and to the lateral axis of the aircraft. The fact that lift i 
referenced to the wing, not to the Earth’s surface, isthe source 
of many errors in learning flight control. Lift is not always, 
“up.” Its direction relative to the Earth’s surface changes as 
the pilot maneuvers the aircralt 


‘The magnitude of the force of lift is directly proportional to 
the density of the ar, the area of the wings, and the airspeed. It 
also depends upon the type of wing and the angle of attack. Lift, 
increases with an increase in angle of attack up to the stalling, 
angle, at which point it decreases with any further increase 
in angle of attack. In conventional aircraft, lift is therefore 
controlled by varying the angle of attack and speed. 


Pitch/Power Relationship 

An examination of Figure 2-7 illustrates the relationship 
between pitch and power while controlling flight path and 
|. In order to maintain a constant lift, as airspeed is 
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Figure 2-7. Relationship of Lift to Angle of Atack. 
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reduced, pitch must be increased. The pilot controls pitch 
through the elevators, which control the angle of attack. 
When back pressure is applied on the elevator control, the tai 
Jowers and the nose rises, thus increasing the wing’sangle of 
attack and lift. Under most conditions the elevator is placing, 
downward pressure on the tail. This pressure requires energy 
that is taken from aircraft performance (speed). Therefore, 
when the CG is closer to the aft portion of the aircraft the 
elevator downward forces are less. This results in less energy 
used for downward forces, in turn resulting in more energy 
applied to aircraft performance. 


‘Thrust is controlled by using the throttle to establish or 
maintain desired airspeeds. The most precise method 
of controlling flight path is to use pitch control while 
simultaneously using power (thrust) to control airspeed. In 
order to maintain a constant lift, a change in pitch requires a 
change in power, and vice versa 


If the pilot wants the aircraft o accelerate while maintaining, 
altitude, thrust must be increased to overcome drag. AS 
the aircraft speeds up, lift is increased. To prevent gaining 
altitude, the pitch angle must be lowered to reduce the 
angle of attack and maintain altitude. To decelerate while 
maintaining altitude, thrust must be decreased to less than the 
value of drag. As the aircraft slows down, lift is reduced. To 
prevent losing altitude, the pitch angle must be increased in 
order to increase the angle of attack and maintain altitude. 


Drag Curves 


When induced drag and parasite drag are plotted on a graph, 
the total drag on the aircraft appears in the form of a “drag 
curve.” Graph A of Figure 2-8 shows a curve based on thrust, 
versus drag, which is primarily used for jet aircraft. Graph B 
of Figure 2-8 is based on power versus drag, and it is used 
for propeller-driven aircraft. This chapter focuses on power 
versus drag charts for propeller-driven aircraft, 


Understanding the drag curve can provide valuable insight 
into the various performance parameters and limitations of 
the aircraft, Because power must equal drag to maintain a 
steady airspeed, the curve can be either a drag curve or a 
power required curve. The power required curve represents, 
the amount of power needed to overcome drag in order to 
maintain a steady speed in level flight. 


achieve 


‘The propellers used on most reciprocating engin 
peak propeller efficiencies in the range of 80 to 88 percent. 
Asairspeed increases, the propeller efficiency increases until 
it reaches its maximum. Any airspeed above this maximum, 
point causes a reduction in propeller efficiency. An engine 
that produces 160 horsepower will have only about 80 
percent of that power converted into available horsepower, 
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Figure 2-8. Thrust and Power Required Curves. 


approximately 128 horsepower. The remainder is lst energy. 
‘This is the reason the thrust and power available curves 
change with speed. 


Regions of Command 
“The drag curve also illustrates the two regions of command: 
the region of normal command, and the region of reversed 
command. The term “region of command” refers to the 
relationship between speed and the power required to 
‘maintain or change that speed. Command” refers to the input 
the pilot must give in terms of power or thrust to maintain a 
new speed once reached. 


‘The “region of normal command” occurs where power must 
be added to increase speed. This region exists at speeds higher 
than the minimum drag point primarily asa result of parasite 
drag. The “region of reversed command” occurs where 
additional power is needed to maintain a slower airspeed. 
‘This region exists at speeds slower than the minimum drag 
point (L/Dyyax on the thrust required curve, Figure 2-8) and 
is primarily due to induced drag. Figure 2-9 shows how one 
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Figure 2-8. Regions of Command. 


power setting can yield two speeds, points 1 and 2, This 
‘because a point I there is high induced drag and low parasite 
drag, while at point 2 there is high parasite drag and low 
induced drag, 


Control Characteristics 

Most flying is conducted in the region of normal command: 
for example, cruise, climb, and maneuvers. The region of 
reversed command may be encountered in the slow-speed 
phases of flight during takeoff and landing; however, for 
most general aviation aircraft, this region is very small and, 
is below normal approach speeds. 


Flight in the region of normal command is characterized 
by a relatively strong tendency of the aircraft to maintain 
the trim speed. Flight in the region of reversed command is, 
characterized by a relatively weak tendency of the aircraft to 
‘maintain the trim speed. In fact, its likely the aircraft exhibits 
no inherent tendency to maintain the trim speed in this area, 
For this reason, the pilot must give particular attention to 
precise control of airspeed when operating in the slow-speed 
phases of the region of reversed command, 


Operation in the region of reversed command does not imply 
that great control difficulty and dangerous conditions exist. 
However, it does amplify errors of basic flying technique— 
making proper flying technique and precise control of the 
aircraft very important. 


Speed Stability 
Normal Command 

‘The characteristics of flight in the region of normal command 
are illustrated at point A on the curve in Figure 2-70. If the 
aircraft is established in steady, level flight at point A, liftis 
equal to weight, and the power available is set equal to the 
power required. Ifthe airspeed is increased with no changes 


27 


Region of 

Reversed 

Command | Region of 
Normal 


{Command 


Power 
Deficit I 


Re 


Power Required 


Little or No Excess 
Power or Power Deficit 


Airspeed 
Figure 2-10. Region of Speed Stability. 


to the power setting, a power deficiency exists. The aircraft 
has a natural tendency to return to the initial speed to balance 
power and drag. If the airspeed is reduced with no changes 
to the power setting, an excess of power exists. The aircraft 
has a natural tendency to speed up to regain the balance 
between power and drag. Keeping the aircraft in proper 
trim enhances this natural tendency. The static longitudinal 
stability of the aircraft tends to return the aircraft to the 
original trimmed condition. 


An aircraft flying in steady, level flight at point C is in 
equilibrium. /Figure 2-10] If the speed were increased 
or decreased slightly, the aircraft would tend to remain at 
that speed. This is because the curve is relatively flat and 
a slight change in speed does not produce any signi 
excess or deficiency in power. It has the characteristic of 
neutral stability, ie., the aircraft’s tendency is to remain at 
the new speed 


sant 


Reversed Command 

‘The characteristics of fightin the region of reversed command, 
are illustrated at point Bon the curve in Figure 2-70. If the 
aircraft is established in steady, level flight at point B, li 
equal to weight, and the power available is set equal to the 
power required. When the airspeed is increased greater than 
point B, an excess of power exists. This causes the aircraft 
to accelerate to an even higher speed. When the aircraft is, 
slowed to some airspeed lower than point B, a deficiency 
of power exists. The natural tendency of the aircraft is to 
continue to slow to an even lower airspeed, 


This tendency toward i 


tability happens because the 


the original change in speed. Although the static longitudinal 
stability of the aircraft tries to maintain the original trimmed 
condition, this instability is more of an influence because of 
the increased induced drag due to the higher angles of attack 


Trim 

‘The term trim refers to employing adjustable aerodynamic 
devices on the aircraft to adjust forces so the pilot does not 
have to manually hold pressure on the controls. One means is, 
to employ trim tabs. A trim tab is a small, adjustable hinged 
surface, located on the trailing edge of the elevator, aileron, 
or rudder control surfaces. (Some aircraft use adjustable 
stabilizers instead of trim tabs for pitch trim.) Trimming is, 
accomplished by deflecting the tab in the direction opposite 
to that in which the primary control surface must be held. 
‘The force of the airflow striking the tab causes the main 
control surface to be deflected to a position that corrects the 
unbalanced condition of the aircraft. 


Because the trim tabs use airflow to function, trim is a 
function of speed. Any change in speed results in the need 
to re-trim the aircraft. An aircraft properly trimmed in pitch 
secks fo return to the original speed before the change. It is, 
very important for instrument pilots to keep the aircraft in 
constant trim. This reduces the pilot’s workload significantly, 
allowing attention to other duties without compromising 
aircraft control 


Slow-Speed Flight 


Anytime an aircraft is flying near the stalling speed or the 
region of reversed command, such as in final approach for a 
normal landing, the initial part of a go around, or maneuvering, 
in slow flight, it is operating in what is called stow-speed 
1. If the aircraft weighs 4,000 pounds, the lift produced 
by the aircraft must be 4,000 pounds. When lift is less 
than 4,000 pounds, the aircraft is no longer able to sustain 
level flight, and consequently descends, During intentional 
descents, this is an important factor and is used in the total 
control of the aircraft. 


However, because lift is required during low speed flight 
and is characterized by high angles of attack, flaps or other 
high lift devices are needed to either change the camber of 
the airfoil, or delay the boundary level separation. Plain 
and split flaps /Figure 2-11] are most commonly used to 
change the camber of an airfoil. It should be noted that with 
the application of flaps, the aircraft will stall at a lower 
angle of attack. The basic wing stalls at 18° without flaps 
but with the application of the flaps extended (to C..sax 
position) the new angle of attack at which point the aircraft 
will stall is 15°, However, the value of lift (flaps extended 
to the C..s4ax position) produces more lift than lift at 18° 
on the basic wing, 


Delaying the boundary layer separation is another way to 
increase C,.yax- Several methods are employed (such as 
suction and use of a blowing boundary layer control), but the 


most common device used on general aviation light aircraft 
is the vortex generator. Small strips of metal placed along, 
the wing (usually in front of the control surfaces) create 
turbulence, The turbulence in turn mixes high energy ait from 
outside the boundary layer with boundary layer air. The effect 
is similar to other boundary layer devices. [Figure 2-12] 


‘Small Airplanes 
Most small aigplanes maintain a speed well in excess of 1.3 
times Vso on an instrument approach. An airplane with a 
stall speed of 50 knots (Vso) has a normal approach speed 
of 65 knots. However, this same airplane may maintain 90 
knots (1.8 Vso) while on the final segment of an instrument 
approach. The landing gear will most likely be extended at 
the beginning of the descent to the minimum descent altitude, 
or upon intercepting the glide slope of the instrument landing 
system. The pilot may also select an intermediate flap setting 
for this phase of the approach. The airplane at this speed has 
200d positive speed stability, as represented by point A on 
Figure 2-10. Flying in this regime permits the pilot to make 
slight pitch changes without changing power settings, and 
accept minor speed changes knowing that when the pitch is, 
returned to the initial setting, the speed returns to the original 
setting. This reduces the pilot’s workload, 


Aircraft are usually stowed to a normal Landing speed when 
oon the final approach just prior to landing, When slowed to 
65 knots, (1.3 Vso), the airplane will be close to point C. 
[Figure 2-10] At this point, precise control of the pitch and 
power becomes more crucial for maintaining the correct speed. 
Pitch and power coordination is necessary because the speed 
stability is relatively neutral since the speed tends to remain 


at the new value and not return to the original setting, In 
addition to the need for more precise airspeed control, the pilot 
normally changes the aircraft’s configuration by extending 
landing flaps. This configuration change means the pilot must 
be alert to unwanted pitch changes at a low altitude. 


Plain 


Split 


Figure 2-11. Various Types of Flaps. 


If allowed to stow several knots, the airplane could enter 
the region of reversed command. At this point, the airplane 
could develop an unsafe sink rate and continue to lose speed. 
unless the pilot takes a prompt corrective action, Proper pitch 
and power coordination is critical in this region due to speed 
instability and the tendency of increased divergence from 
the desired speed. 


Large Airplanes 
Pilots of larger airplanes with higher stall speeds may find the 
speed they maintain on the instrument approach is near 1.3, 
Vso. pulting them near point C (Figure 2-10] the entire time 
the airplane is on the final approach segment. In this case, 
precise speed control is necessary throughout the approach. It 
may be necessary to temporarily select excessive, or d 
thrust in relation to the target thrust setting in order to quickly 
correct for airspeed deviations. 


Figure 2-12. Vortex Generators. 


For example, a pilot is on an instrument approach at 1.3, 
Veo. @ speed near L/Dyyax. and knows that a certain power 
setting maintains that speed. The airplane slows several knots, 
below the desired speed because of a slight reduction in the 
power setting, The pilot increases the power slightly, and the 
ainplane begins to accelerate, but at a slow rate, Because the 
ainplane is still in the “flat part” of the drag curve, this slight 
increase in power will not cause a rapid return to the desired 
speed. The pilot may need to increase the power higher 
than normally needed to maintain the new speed, allow the 
ainplane to accelerate, then reduce the power to the setting 
that maintains the desired speed. 


Climbs 


‘The ability for an aircraft to climb depends upon an excess 
power of thrust over what it takes to maintain equilibrium, 
Excess power is the available power over and above that 
required to maintain horizontal flight at a given speed. 
Although the terms power and thrust are sometimes 
used interchangeably (erroneously implying they are 
synonymous), distinguishing between the two is important 
when considering climb performance. Work is the product of 
a force moving through a distance and is usually independent 
of time, Power implies work rate or units of work per unit of 
time, and as such is function of the speed at which the fore 

isdeveloped. Thrust, also a function of work, means the force 
which imparts a change in the velocity of a mass, 


During take off, the aircraft does not stall even though it 
may be in a climb near the stall speed. The reason is that 
excess power (used to produce thrust) is used during this 
flight regime, Therefore, it is important if an engine fails 
after take off, 1o compensate the loss of thrust with pitch 
and airspeed, 


Fora given weight of the aircraft, the angle of climb depends 
on the difference between thrust and drag, or the excess 
thrust. When the excess thrust is zero, the inclination of the 
flight path is zero, and the aircraft is in steady, level flight. 
‘When thrust is greater than drag, the excess thrust allows a 
climb angle depending on the amount of excess thrust. When 
thrust is less than drag, the deficiency of thrust induces an 
angle of descent. 


Acceleration in Cruise Flight 
Aircraft accelerate in level flight because of an excess of 
power over what is required to maintain a steady speed. This, 
is the same excess power used to climb, Upon reaching the 
desired altitude with pitch being lowered to maintain that 
altitude, the excess power now accelerates the aircraft to its, 
cruise speed. However, reducing power too soon after level, 
off results in a longer period of time to accelerate. 
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Turns 


Like any moving object, an aircraft requires a sideward force 
to make it turn. In a normal turn, this force is supplied by 
banking the aircraft in order to exert lift inward, as well as 
upward. The force of lift is separated into two components, 
at right angles to each other. [Figure 2-13] The upward 
acting lift together with the opposing weight becomes the 
vertical lift component. The horizontally acting lift and its 
opposing centrifugal force are the horizontal lift component, 
or centripetal force. This horizontal lift component is the 
sideward force that causes an aircraft to turn, The equal and 
opposite reaction to this sideward force is centrifugal force, 
which is merely an apparent force as a result of inertia, 
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Figure 2-13. Forces In a Turn. 


‘The relationship between the aircraft's speed and bank angle 
to the rate and radius of turns is important for instrument 
pilots to understand. The pilot can use this knowledge to 
properly estimate bank angles needed for certain rates of 
tum, or to determine how much to lead when intercepting, 
a course 


Rate of Turn 
‘The rate of turn, normally measured in degrees per second, 
is based upon a set bank angle ata set speed. either one of 
these elements changes, the rate of turn changes. Ifthe aircraft 
increases its speed without changing the bank angle, the rate 
f the speed decreases without 
changing the bank angle, the rate of turn increases. 


of turn decreases. Likewi 


Changing the bank angle without changing speed also causes, 
the rate of tur to change. Increasing the bank angle without 
changing speed increases the rate of turn, while decreasing, 
the bank angle reduces the rate of turn 


‘The standard rate of turn, 3° per second, is used as the main 
reference for bank angle. Therefore, the pilot must understand 
how the angle of bank varies with speed changes, such 
as slowing down for holding or an instrument approach. 
Figure 2-14 shows the turn relationship with reference to a 
constant bank angle or a constant airspeed, and the effects on 
rate of tum and radius of turn, A rule of thumb for determining, 
the standard rate tum is to divide the airspeed by ten and 
add 7. An aircraft with an airspeed of 90 knots takes a bank 
angle of 16° to maintain a standard rate turn (90 divided by 
10 plus 7 equals 16°). 


Radius of Turn 
‘The radius of turn varies with changes in either speed or bank. 
If the speed is increased without changing the bank angle, 
the radius of turn increases, and vice versa. If the speed is, 
constant, increasing the bank angle reduces the radius of 
tum, while decreasing the bank angle increases the radius of 
um. This means that intercepting a course at a higher speed 
requires more distance, and therefore, requires a longer lead. 
Ifthe speed is slowed considerably in preparation for holding 
or an approach, a shorter lead is needed than that required 
for cruise flight. 


Coordination of Rudder and Aileron Controls 
Any time ailerons are used, adverse yaw is produced. Adverse 
yaw is caused when the ailerons are deflected as a roll motion 
(as in turn) is initiated. In a right turn, the right aileron is, 
deflected upward while the left is deflected downward. Lift 
is increased on the left side and reduced on the right, resulting, 
in a bank to the right, However, as a result of producing lift 
oon the left, induced drag is also increased on the left side. 
‘The drag causes the left wing to slow down, in turn causing 
the nose of the aircraft to initially move (left) in the direction, 
opposite of the turn. Correcting forthis yaw with rudder, when 
entering and exiting turns, is necessary for precise control of 
the airplane when flying on instruments. The pilot can tell if 
the turn is coordinated by checking the ball in the turn-and- 
slip indicator or the turn coordinator. (Figure 2-15] 
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As the aircraft banks to enter a turn, a portion of the wing's 
vertical lift becomes the horizontal component; therefore, 
without an increase in back pressure, the aircraft loses altitude 
during the turn, ‘The loss of vertical lift can be offset by 
increasing the pitch in one-half bar width increments. Trim 
may be used to relieve the control pressures; however, if used, 
it has to be removed once the turn is complete. 


In a slipping turn, the aircraft is not turning at the rate 
appropriate to the bank being used, and the aircraft falls to 
the inside of the turn, The aircraft is banked too much for the 
rate of turn, so the horizontal lift component is greater than 
the centrifugal force, A skidding turn results from excess of 
centrifugal foree over the horizontal lift component, pulling, 
the aircraft toward the outside of the turn, The rate of turn 
is too great for the angle of bank, so the horizontal lift 
component is less than the centrifugal force. 


‘The ball instrument indicates the quality of the turn, and 
should be centered when the wings are banked, If the ball 
is off of center on the side toward the turn, the aircraft is, 
slipping and rudder pressure should be added on that side to 
increase the rate of turn or the bank angle should be reduced. 
If the ball is off of center on the side away from the turn, 
the aircraft is skidding and rudder pressure toward the turn 
should be relaxed of the bank angle should be increased. 
If the aircraft is properly rigged, the ball should be in the 
center when the wings are level; use rudder and/or aileron 
trim if available. 


‘The increase in induced drag (caused by the increase in angle 
of attack necessary to maintain altitude) results in minor 
loss of airspeed if the power setting is not changed. 


Load Factor 


Any force applied to an aircraft to deflect its flight from a 
straight line produces a stress on its structure; the amount of 
this force is termed load factor. A load factor is the ratio of 
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Figure 2-14. Turns. 
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CHAPTER 5 » THE COZY CORNER LAB 


You are strongly advised to consult a real electrician concerning wiring in your house, where your 
family, pets, and all your stuff live. Less-than-perfect wiring causes fires or electrocution, which are both 
very unpleasant ways to die. 


Caution This book does not teach you how to wire electricity in your home. Consult a professional 


Resistors in Series 


Just like batteries and switches, resistors perform different functions in a circuit depending on their 
configuration. Let’s look at using resistors in series first, and then consider using them in parallel later. 
Both combinations have their uses, as you will see. 

Let's look at just a small part of the schematic that we've been working with so far in this chapter. 
See Figure 5-20. 
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Figure 5-20. One part of the circuit showing an LED, a resistor, and the power rails from our solderless 
breadboard. The resistor and LED are connected in series. The battery and power switch are not shown. 


LED Curiosities 


D1 isan LED. Itis a polarized component and will only work when installed in the proper orientation. 
‘The schematic indicates a red LED should be used, but feel free to use whatever color LED you like or 
happen to have available. The triangle shape of the schematic symbol helps remind us of the direction of 
conventional current through the device. The actual flow of electrons is the other way, but that's only 
because electrons are negatively charged particles and do everything backward. Apparently this was not 
‘well understood when electricity was first being tamed for our use. 

LEDs are fascinating devices, emitting light in a wide range of colors, coming in an astounding array 
of shapes and sizes, and generally requiring very little power to operate. They are almost as easy to use as 
incandescent bulbs and are certainly more power efficient. 

Being semiconductors, however (which leads to their being semimagical in their inner workings), 
LEDs generally only operate correctly within tightly bounded parameters. For example, a typical LED 
will only need between 2 and 3V to shine quite brightly. Incandescent lightbulbs, on the other hand, can 
operate from less than 1V to many hundreds of volts, depending on their construction and intended 
purpose. 
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Note the slight differences in rudder placement. 


Figure 2-15. Adverse Yaw: 


the aerodynamic force on the aircraft to the gross weight of 
the aircraft (c.g. liftweight). For example, a load factor of 3 
‘means the total load on an aircraft's structure is three times, 
its gross weight. When designing an aircraft, itis necessary 
to determine the highest load factors that can be expected in 
normal operation under various operational situations. These 
“highest” load factors are called “limit load factors.” 


Aircraft are placed in various categories, ic., normal, utility, 
and acrobatic, depending upon the load factors they are 
designed to take. For reasons of safety, the aircraft must be 
designed to withstand certain maximum load factors without 
any structural damage. 


The specified load may be expected in terms of aerodynamic 
forces, as in tums. In level flight in undisturbed air, the 
‘wings are supporting not only the weight of the aircraft, but 
centrifugal force as well. As the bank steepens, the horizontal 
lift component increases, centrifugal force increases, and the 
load factor increases. Ifthe load factor becomes so great that 
an increase in angle of attack cannot provide enough lift to 
support the load, the wing stalls. Since the stalling speed 
increases directly with the square root of the load factor, the 
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pilot should be aware of the fight conditions during which the 
load factor can become critical. Steep turns at slow airspe: 
structural ice accumulation, and vertical gusts in turbulent 
air can increase the load factor to a critical level. 


Icing 
One of the greatest hazards to flight is aircraft icing, ‘The 
instrument pilot must be aware of the conditions conducive to 
aircraft icing. These conditions include the types of icing, the 
effects of icing on aircraft control and performance, effects, 
of icing on aircraft systems, and the use and limitations of 
aircraft deice and anti-ice equipment. Coping with the hazards 
of icing begins with preflight planning to determine where 
icing may occur during a flight and ensuring the aircraft is 
free of ice and frost prior to takeoff. This attention to detail 
extends to managing deice and anti-ice systems properly 
during the flight, because weather conditions may change 
rapidly, and the pilot must be able to recognize when a change 
of flight plan is required. 


Types of Icing 

Structural Icing 

Structural icing refers to the accumulation of ice on the 
exterior of the aircraft. Ice forms on aircraft structures and 
surfaces when super-cooled droplets impinge on them and 
freeze. Small and/or narrow objects are the best collectors 
of droplets and ice up most rapidly. This is why a small 
protuberance within sight of the pilot can be used as an “ice 
evidence probe.” It is generally one of the first parts of the 
ainplane on which an appreciable amount of ice forms. An 
aircrafi’s tailplane isa better collector than its wings, because 
the tailplane presents a thinner surface to the airstream. 


Induction Icing 
Ice in the induction system can reduce the amount of air 
available for combustion. The most common example of 
reciprocating engine induction icing is carburetor ice. Most 
ts are familiar with this phenomenon, which occurs when 
air passes through a carburetor venturi and is cooled. AS 
a result ofthis process, ice may form on the venturi walls and, 
throttle plate, restricting airflow to the engine. This may occur 
al temperatures between 20° F (-7° C) and 70° F (21° C). The 
problem is remedied by applying carburetor heat, which uses 
the engine’s own exhaust as a heat source to melt the ice or 
prevent its formation. On the other hand, fuel-injected aircraft 
engines usually are less vulnerable to icing but still can be 
affected if the engine’s air source becomes blocked with ice. 
Manufacturers provide an alternate air source that may be 
selected in case the normal system malfunctions. 


In turbojet aircraft, air that is drawn into the engines creates, 
an area of reduced pressure at the inlet, which lowers the 
temperature below that of the surrounding air. In marginal 
icing conditions (ic., conditions where icing is possible), 
this reduction in temperature may be sufficient to cause ice 
to form on the engine inlet, disrupting the airflow into the 
engine, Another hazard occurs when ice breaks off and is, 
ingested into a running engine, which can cause damage to 
fan blades, engine compressor stall, or combustor flameout 
‘When anti-icing systems are used, runback water also can 
refreeze on unprotected surfaces of the inlet and, ifexcessive, 
reduce airflow into the engine or distort the airflow pattern 
in such 4 manner as to cause compressor or fan blades to 
vibrate, possibly damaging the engine. Another problem 
in turbine engines is the icing of engine probes used to set 
power levels (for example, engine inlet temperature or engine 
pressure ratio (EPR) probes), which can lead to erroneous, 
readings of engine instrumentation operational difficulties 
or total power loss. 


‘The type of ice that forms can be classified as clear, rime, or 
mixed, based on the structure and appearance of the ice. ‘The 
type of ice that forms varies depending on the atmospheric 


and flight conditions in which it forms, Significant structural 
icing on an aircraft can cause serious aircraft control and 
performance problems, 


Clear Ice 

A glossy, transparent ice formed by the relatively slow 
freezing of super cooled water is referred to as clea 
[Figure 2-16] The terms “clear” and 
for essentially the same type of ice accretion. This type of 
ice is denser, harder, and sometimes more transparent than 
rime ice. With larger accretions, clear ice may form “horns,” 
[Figure 2-17] Temperatures close to the freezing point, large 
amounts of liquid water, high aircraft velocities, and large 
droplets are conducive to the formation of clear ice 


Figure 2-16. Clear Ice, 


Figure 2-17. Clear Ice Buildup. 


Rime Ice 
A rough, milky, opaque ice formed by the instantaneous or 
very rapid freezing of super cooled droplets as they strike 
the aircraft is known as rime ice. (Figure 2-18) The rapid 
freezing results in the formation of air pockets in the ice, 
giving it an opaque appearance and making it porous and 
brittle For larger accretions, rime ice may form a streamlined 
extension of the wing. Low temperatures, lesser amounts of 
liquid water, low velocities, and small droplets are conducive 
to the formation of rime ice. 


Figure 2-18. Rime Ice. 


Mixed Ice 
Mixed ive is a combination of clear and rime ice formed on 
the same surface. Iti the shape and roughness of the ice that 
is most important from an aerodynamic point of view. 


General Effects of Icing on Airfoils 
‘The most hazardous aspect of structural icing is its aerodynamic 
effects. /Figure 2-19] Ice alters the shape of an airfoil, reducing, 
the maximum coefficient of lift and angle of attack at which 
the aircraft stalls. Note that at very low angles of attack, there 
may be little or no effect of the ice on the coefficient of lif. 
‘Therefore, when cruising at a low angle of attack, ice on the 
wing may have little effect on the lift. However, note that the 
ice significantly reduces the C, 4x, and the angle of attack 
at which it occurs (the stall angle) is much lower. Thus, when 
slowing down and increasing the angle of attack for approach, 
the pilot may find that ice on the wing, which had litle effect, 
‘on lift in cruise now, causes stall to occur at a lower angle of 
attack and higher speed. Even a thin layer of ice at the leading, 
edge of a wing, especially if it is rough, can have a significant 
effect in increasing stall speed. For large ice shapes, especially 
those with homs, the lift may also be reduced at a lower angle 
of attack. The accumulation of ice affects the coefficient 
of drag of the airfoil. (Figure 2-19) Note that the effect is 
significant even at very small angles of attack, 


A significant reduction in Cy_.4ax and a reduction in the angle 
‘of attack where stall occurs can result from a relatively small 
ice accretion, A reduction of C, ax by 30 percent is not 
‘unusual, and a large horn ice accretion can result in reductions, 
‘of 40 percent to 50 percent. Drag tends to increase steadil 
as ice accretes. An airfoil drag increase of 100 percent is not 
unusual, and for large horn ice accretions, the increase can 
be 200 percent or even higher. 


Ice on an airfoil can have other effects not depicted in these 
curves. Even before airfoil stall, there can be changes in the 
pressure over the airfoil that may affect a control surface at 
the trailing edge. Furthermore, on takeoff, approach, and 
landing, the wings of many aircraft are multi-element airfoils, 
with three or more elements. Ice may affect the different 
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Figure 2-19. Aerodynamic E fects of cing, 
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elements in different ways. Ice may also affect the way in 
which the air streams interact over the elements 


Ice can partially block or limit control surfaces, which 
limits or makes control movements ineffective. Also, if the 
extra weight caused by ice accumulation is too great, the 
aircraft may not be able to become airborne and, if in light, 
the aircraft may not be able to maintain altitude. Therefore 
any accumulation of ice or frost should be removed before 
attempting flight. 


Anotherhazard of structural icing the possible uncommanded 
and uncontrolled roll phenomenon, referred to as roll upset, 
associated with severe in-flight icing, Pilots flying aircraft 
certificated for flight in known icing conditions should be 
aware that severe icing 
certification icing envelope. Roll upset may be caused by 
airflow separation (aerodynamic stall), which induces self- 
deflection of the ailerons and loss of or degraded roll handling, 
characteristics /Figure 2-20). These phenomena can result 
from severe icing conditions without the usual symptoms of 
ice accumulation or a perceived aerodynamic stall. 


a condition outside of the aircraft's 
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Figure 2-20. Effect of lee and Frost on Lift 


Most aircraft have a nose-down pitching moment from the 
‘wings because the CG is ahead of the CP. I is the role of the 
tailplane to counteract this moment by providing a downward, 
force. [Figure 2-21] The result of this configuration is, 


that actions which move the wing away from stall, such 
as deployment of flaps or increasing speed, may increase 
the negative angle of attack of the tail, With ice on the 
tailplane, it may stall after full or partial deployment of flaps. 
[Figure 2-22] 
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Figure 2-21. Downward Force on the Tailplane. 
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Figure 2-22. Ice on the Tailplane. 


Since the tailplane is ordinarily thinner than the wing, itis a 
more efficient collector of ice. On most aircraft the tailplane 
is not visible to the pilot, who therefore cannot observe how 
well it has been cleared of ice by any deicing system. Thus, it 
is important thatthe pilot be alert to the possibility of tailplane 
stall, particularly on approach and landing, 


Piper PA-34-200T (Des Moines, Iowa) 

The pilot of this flight, which took place on January 9, 
1996, said that upon crossing the runway threshold and 
lowering the flaps 25°, “the airplane pitched down.” The 
pilot “immediately released the flaps and added power, but 
the airplane was basically uncontrollable at this point.” The 
pilot reduced power and lowered the flaps before striking, 
the runway on its centerline and sliding 1,000 feet before 
coming to a stop. The accident resulted in serious injury to 
the pilot, the sole occupant. 


245 


Examination of the wreckage revealed heavy impact 
damage 10 the airplane’s forward fuselage, engines, and 
wings. Approximately one-half inch of rime ice was 
observed adhering to the leading edges of the left and right 
horizontal stabilizers and along the leading edge of the 
vertical stabilizer. 


The National Transportation Safety Board (NTSB) 
determined the probable cause of the accident was the pilot's, 
failure to use the airplane’s deicing system, which resulted 
in an accumulation of empennage ice and a ta 
Factors relating to this accident were the icing conditions and 
the pilot’s intentional flight into those known conditions. 


Tailplane Stall Symptoms 
Any of the following symptoms, occurring singly or in 
combination, may be a warning of tailplane icing: 


+ Elevator control pulsing, oscillations, or vibrations; 


+ Abnormal nose-down trim change; 


+ Any other unusual or abnormal pitch anomal 
(possibly resulting in pilot induced oscillations); 


+ Reduction or loss of elevator effectiveness; 


+ Sudden change in elevator force (control would move 
nose-down if unrestrained); and 


+ Sudden uncommanded nose-down pitch. 


If any of the above symptoms occur, the pilot should: 


+ Immediately retract the flaps to the previous setting 
and apply appropriate nose-up elevator pressure; 

+ Increase airspeed appropriately for the reduced flap 
extension setting; 

+ Apply sufficient power for aircraft configuration 
and conditions. (High engine power settings may 
adversely impact response to tailplane stall conditions 
at high airspeed in some aircraft designs. Observe the 
manufacturer’s recommendations regarding power 
settings.); 


+ Make nose-down pitch changes slowly, even in 
gusting conditions, if circumstances allow; and 

+ Ifa pneumatic deicing system is used, operate the 
system several times in an attempt to clear the tailplane 
of i 


Once a tailplane stall is encountered, the stall condition 
tends to worsen with increased airspeed and possibly may 
worsen with increased power settings at the same flap 
elting, Airspeed, at any flap setting, in excess of the airplane 
‘manufacturer’ recommendations, accompanied by uncleared 
ice contaminating the tailplane, may result ina tailplane stall 
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and uncommanded pitch down from which recovery may not, 
be possible. A tailplane stall may occur at speeds less than 
the maximum flap extended speed (VFE). 


Propeller Icing 
Ice buildup on propeller blades reduces thrust for the same 
aerodynamic reasons that wings tend to lose lift and inere 
drag when ice accumulates on them. The greatest quant 
of ice normally collects on the spinner and inner radius of 
the propeller. Propeller areas on which ice may accumulate 
and be ingested into the engine normally are anti-iced rather 
than deiced to reduce the probability of ice being shed into 
the engine. 


Effects of Icing on Critical Aircraft Systems 
In addition to the hazards of structural and induction icing, 
the pilot must be aware of other aircraft systems susceptible 
twicing. The effects of icing do not produce the performance 
loss of structural icing or the power loss of induction icing, 
but can present serious problems to the instrument pilot 
Examples of such systems are flight instruments, stall 
warning systems, and winds 


Flight Instruments 

Various aircraft instruments including the airspeed indicator, 
altimeter, and rate-of-climb indicator utilize pressures 
sensed by pitot tubes and static ports for normal operation. 
When covered by ice these instruments display 
information thereby presenting serious hazard to instrument 
flight. Detailed information on the operation of these 
struments and the specific effects of icing is presented in 
Chapter 3, Flight Instruments. 
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Stall Warning Systems 

Stall warning systems provide essential information to pilots. 
‘These systems range from a sophisticated stall warning vane 
toa simple stall warning switch. Icing affects these systems 
in several ways resulting in possible loss of stall warning to 
the pilot. The loss of these systems can exacerbate an already 
hazardous situation. Even when an aircraft’s stall warning, 
system remains operational during icing conditions, it may 
be ineffective because the wing stalls at a lower angle of 
attack due to 
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Windshields 
Accumulation of ice on flight deck windows can severely 
strict the pilot’s visibility outside of the aircraft. Aircraft 
equipped for flight into known icing conditions typically have 
some form of windshield anti-icing to enable the pilot to see 
in case icing is encountered in flight. One 
system consists of an electrically heated plate installed onto 
the airplane’s windshield to give the pilot a narrow band of 


outside the aircral 


clear visibility 


Another system uses a bar at the lower end 
of the windshield to spray deicing fluid onto it and prevent 
ice from forming. On high performance aircraft that require 
complex windshields to protect against bird strikes and 
withstand pressurization loads, the heating element often is, 
a layer of conductive film or thin wire strands through which 
electric current is run to heat the windshield and prevent ice 
from forming. 


Antenna Icing 
Because of their small size and shape, antennas that do not lay 
flush with the aireraft’s skin tend to accumulate ice rapidly 
Furthermore, they often are devoid of internal a 
or deicing capability for protection. During fight in icing 
conditions, ice accumulations on an antenna may cause it 0 
begin to vibrate or cause radio signals to become distorted 
and it may cause damage to the antenna. Ifa frozen antenna 
breaks off, itcan damage other areas of the aircraft in addition 
to causing a communication or navigation system failure. 


Summary 


Ice-contaminated aircraft have been involved in many 
accidents. Takeoff accidents have usually been due to failure 
ice critical surfaces properly on the ground 
Proper deicing and anti-icing procedures are addressed in 
two other pilot guides, Advisory Circular (AC) 120-58, Pilot 
Guide: Large Aircraft Ground Deicing and AC 135-17, Pilot 
Guide: Small Aircraft Ground Deicing, 


‘The pilot of an aircraft, which is not certificated or equipped 
for flight in icing conditions, should avoid all icing conditions. 
‘The aforementioned guides provide direction on how to do 
this, and on how to exit icing conditions promptly and safely 
should they be inadvertently encountered. 


‘The pilot of an aircraft, which is certificated for flight in 
icing conditions can safely operate in the conditions for 
which the aircraft was evaluated during the certification 
process but should never become complacent about icing, 
Even short encounters with small amounts of rough icing, 
can be very hazardous. The pilot should be familiar with all 
information in the Aircraft Flight Manual (AFM) or Pilot’ 
Operating Handbook (POH) concerning flight in icing 
conditions and follow it carefully. Of particular importance 
aare proper operation of ice protection systems and any 
airspeed minimums to be observed during or after flight 
in icing conditions. There are some icing conditions for 
which no aircraft is evaluated in the certification process, 
such as super-cooled large drops (SLD). These subfreezing, 
water droplets, with diameters greater than SO microns, 
occur within or below clouds and sustained flight in these 
conditions can be very hazardous, The pilot should be fami 
with any information in the AFM or POH relating to these 
conditions, including aircraft-specific cues for recognizing 
these hazardous conditions within clouds. 


‘The information in this chapter is an overview of the hazards 
of aircraft icing. For more detailed information refer to AC 
91-74, Pilot Guide: Flight in Ieing Conditions, AC 91-51A, 
Effect of Icing on Aircraft Control and Airplane Deice and 

Systems, AC 20-73A, Aircraft Ice Protection and 
AC 23.143-1, Ice Contaminated Tailplane Stall (ICTS) 
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Chapter 3 


Flight Instruments ~ 


Introduction 


Airoraft-became a practical fheans of transportation when 
accurate flight instruments freed the pilot from the necessity 
of maintéining visual contact with the ground. Flight 
instruments afé crucial t0,conducting sale flight operations 
and it is important that the pilot have a basic understanding, / 
of their operation. The basic flight instruments required 
for operation under visual flight rules (VER) are airspeed 


indicator (ASI), altimeter, and magnetic direction indicator. 
‘In ddition to these, operation under instrument flight rules 
(IERY requires a gyroscopic rate-of-turn indicator, slip-skid 


indicator, sensitive altimeter adjustable for barometric 
pressure, clock displaying hours, minutes, and seconds with 
a sweep-second pointer or digital presentation, gyroscopic 
ink indicator (artificial horizon), and gyroscopic 

ator (directional gyro or equivalent). 


Aircraft that are flown in instrument meteorological conditions 
(IMC) are equipped with instruments that provide attitude 
and direction reference, as well as navigation instruments that 
allow precision flight from takeoff to landing with limited or 
no outside visual reference 


‘The instruments discussed in this chapter are those required 
by Title 14 of the Code of Federal Regulations (14 CFR) 
part 91, and are organized into three groups: pitot-static 
instruments, compass systems, and gyroscopic instruments. 
‘The chapter concludes with a discussion of how to preflight 
these systems for IFR flight. This chapter addresses additional 
avionics systems such as Electronic Flight Information 
Systems (EFIS), Ground Proximity Warning System 
(GPWS), Terrain Awareness and Warning System (TAWS), 
‘Traffic Alert and Collision Avoidance System (TCAS), 
Head Up Display (HUD), etc., that are increasingly being 
incorporated into general aviation aircraft 


Pitot/Static Systems 
Pitot pressure, or impact air pressure, is sensed through an 
‘open-end tube pointed directly into the relative wind flowing 
around the aircraft, The pitot tube connects to pressure 
operated flight instruments such as the ASI. 


Static Pressure 
Other instruments depend upon accurate sampling of the 
ambient still air atmospheric pressure to determine the 
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Figure 3-1. Typical Electrically Heated Pitot Static Head. 
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height and speed of movement of the aircraft through the 
air, both horizontally and vertically. ‘This pressure, called 
static pressure, is sampled at one or more locations outside 
the aircraft. The pressure of the static air is sensed at a flush 
port where the air is not disturbed. On some aircraft, air is 
sampled by static ports on the side of the electrically heated 
pilot-static head. [Figure 3-1] Other aircralt pick up the static 
pressure through flush ports on the side of the fuselage or 
the vertical fin. These ports are in locations proven by flight 
tests to be in undisturbed air, and they are normally paired, 
‘one on either side of the aircraft. This dual location prevents 
lateral movement of the aircraft from giving erroneous static 
pressure indications. The areas around the static ports may be 
heated with electric heater elements to prevent ice forming, 
over the port and blocking the entry of the static air 


‘Three basic pressure-operated instruments are found in most 
aircraft instrument panels, These are the sensitive altimeter, 
ASI, and vertical speed indicator (VSI). All three receive 
pressures sensed by the aircraft pitot-static system. The static 
ports supply pressure to the ASI, altimeter, and VSI 


Blockage Considerations 
‘The pitot tube is particularly sensitive to blockage especially 
by icing, Even light icing can block the entry hole of the pitot 
tube where ram air enters the system. This affects the ASL 
and is the reason most airplanes are equipped with a pitot 
heating system, 
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Indications of Pitot Tube Blockage 

Ifthe pitot tube becomes blocked, the ASI displays inaccurate 
speeds. At the altitude where the pitot tube becomes blocked, 
the ASI remains at the existing airspeed and doesn’t reflect 
actual changes in speed. 


+ At altitudes above where the pitot tube became 
blocked, the ASI displays a higher-than-actual 
airspeed increasing steadily as altitude increases. 


+ Atloweraltitudes, the ASI displays a lower-than-actual 
airspeed decreasing steadily as altitude decreases. 


Indications from Static Port Blockage 

Many aircraft also have a heating system to protect the 
static ports to ensure the entire pitot-static system is clear 
of ice. If the static ports become blocked, the ASI would 
function but could produce inaccurate indications. At 
the altitude where the blockage occurs, airspeed indications 
would be normal 
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+ Ataltitudes above which the static ports became 
blocked, the ASI displays. lower-than-actual airspeed 
continually decreasing as altitude is increased. 

+ Atloweraltitudes, the ASI displays a higher-than-actual 
airspeed increasing steadily as altitude decreases, 


‘The trapped pressure in the static system causes the altimeter 
to remain at the altitude where the blockage occurred. The 
VSI remains at zero, On some aircraft, an alternate static 
air source valve is used for emergencies. [Figure 3-2] If 
the alternate source is vented inside the airplane, where 
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Figure 3-2. Typical Pitor-Static System. 


static pressure is usually lower than outside static pressure, 
selection of the alternate source may result in the following, 
erroneous instrument indications: 

1, Altimeter reads higher than normal, 


2. Indicated airspeed (IAS 
and 


reads greater than normal, 


3, VSI momentarily shows a climb. Consult the Piot’s 
Operating Handbook/Airplane Flight Manual (POH/ 
AFM) to determine the amount of error. 


Effects of Flight Conditions 

‘The static ports are located in a position where the air at 
thei as undisturbed as possible. But under some 
flight conditions, particularly at a high angle of attack with 
the landing gear and flaps down, the air around the static 
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port may be disturbed to the extent that it can cause an error 
in the indication of the altimeter and ASI. Because of the 
importance of accuracy in these instruments, part of the 
certification tests for an aircraft is a check of position error 
in the static system. 


‘The POH/AFM contains any corrections that must be applied 
to the airspeed for the various configurations of flaps and 
landing gear. 


Pitot/Static Instruments 
Sensitive Altimeter 


A sensitive altimeter is an aneroid barometer that measures 


the absolute pressure of the ambient air and displays it in 


terms of feet or meters above a selected pressure level. 


Principle of Operation 

‘The sensitive element in a sensitive altimeter is a stack of 
evacuated, corrugated bronze aneroid capsules. /Figure 3-3] 
‘The air pressure acting on these aneroids tries to compress 
them against their natural springiness, which tries to expand, 
them, The result is that their thickness changes as the air 
the 
dimension change as the pressure varies over the usable 


pressure changes. Stacking several aneroids increas 


range of the instrument. 


Below 10,000 feet, a striped segment is visible, Above this 
altitude, a mask begins to cover it, and above 15,000 feet, 
all of the stripes are covered. (Figure 3-4) 


Another configuration of the altimeter is the drum-type. 
[Figure 3-5] These instruments have only one pointer that 
makes one revolution for every 1,000 feet. Each number 
represents 100 fect and each mark represents 20 feet. A drum, 
marked in thousands of feet, is geared to the mechanism that 
drives the pointer. To read this type of altimeter, first look at 
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While LEDs have a minimum forward voltage requirement that must be met for them to work at all, 
the brightness of an LED is determined solely by the amount of current flowing through it. 


LEDs Have No Self-Control 


In addition, LEDs have no internal, inherent mechanism to limit the amount of current flowing through 
them, Incandescent bulbs, when cold, have a low internal resistance, allowing much current to flow 
through them when connected to the right power supply. Remember that less resistance means more 
current can flow, and vice versa. This resistance almost instantly goes way up as the filament of the bulb 
glows white hot. The filament itself then becomes the limiting factor in how much current flows through 
the bulb, usually stabilizing at the proper power level. 

LEDs have no such sense of self-control. They will conduct as much current though themselves as 
you are willing to provide, up to and beyond the point where the internal heat generated by the small. 
amount of resistance they do possess causes them to literally burn up. In general, it's usually the tiny, 
almost microscopic internal bond wires that fizzle out, not the actual LED chip itself. However, dead is 
dead, and LEDs are generally considered to be “unrepairable” subassemblies. (Believe it or not, that's 
the correct technical term, even though it's not the correct English word—irreparableis the correct term 
when speaking of non-electrical things). 


Care and Feeding of LEDs 


‘The simplest possible solution to this problem opportunity for excellence is the use of a current-limiting 
fh the LED. Recall that a resistor will resist the flow of current in a circuit. The resistor 
RI, is indicated to exhibit a resistance of 1000. 

Let's say that D1, the red LED in our circuit, requires 2V in normal operation. This is pretty common, 
for red LEDs. Generally speaking, the forward voltage requirement for LEDs goes up as you get farther up 
the color spectrum, Blue LEDs, for example, often require 3.0V to 3.6V to operate. 

Ifwe're using rechargeable cells in our prototype (and we really should be, you know), we can 
expect 3.6V to be made available to the resistor-plus-LED loop within our circuit. If2V is needed for the 
LED, where are the rest of those volts going? 

‘The answer is that they are being used to heat up the current-limiting resistor R1. Resistors turn, 
current into heat. That's what they do. They do it, however, in a very precise and predictable way, which 
makes it easy for us to calculate how much current, voltage, and heat will be churning around in our 
circuits 


Caution Third-grade arithmetic ahead: Addition, subtraction, multiplication, and (shudder) division. You have 
been warned. 


Ifwe started with 3.6V, and two of those volts are being used by the LED, then our good friend 
Subtraction tells us that we've got 1.6V flowing through RI. For a thorough explanation of why this 
happens the way it does, feel free to look up Kirchhoff's Voltage Law. It basically says that all the voltages 
in a circuit end up being equal. The voltage across the resistor and LED will equal the battery voltage. 
‘The voltages within the LED-in-series-with-resistor circuit add up, just like battery voltages add up in 
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Figure 3-3, Sensitive Altimeter Components, 


the drum to get the thousands of feet, and then at the pointer 
to get the feet and hundreds of feet 


sensitive altimeter is one with an adjustable barometric scale 
allowing the pilot to set the reference pressure from which the 
altitude is measured. ‘This scale is visible in a small window 
called the Kollsman window. A knob on the instrument adjusts, 
the scale. The range of the scale is from 28,00" to 31.00" 
inches of mercury (Hg), or 948 to 1,050 millibars, 


Rotating the knob changes both the barometric scale and 
the altimeter pointers in such way that a change in the 
barometric scale of 1" Hg changes the pointer indication 
by 1,000 feet. This is the standard pressure lapse rate 
100 feet. When the barometric scale is adjusted 
Hg or 1,013.2 millibars, the pointers indicate the 


below 
to 29.92 
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pressure altitude, The pilot displays indicate altitude by 
adjusting the barometric scale to the local altimeter Setting, 
‘The altimeter then indicates the height above the existing 
sea level pressure: 


Altimeter Errors 

A sensitive altimeter is designed to indicate standard changes, 
from standard conditions, but most flying involves errors 
caused by nonstandard conditions and the pilot must be able 
to modify the indications to correct for these errors. There 
are two types of errors: mechanical and inherent 


Mechanical 
A preflight check to determine the condition of an altimeter 
consists of setting the barometric scale to the local altimeter 
setting. The altimeter should indicate the surveyed elevation 


Figure 3-4. Three-Pointer Altimeter 
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Figure 3-8, Drum-Iype Altimeter 


of the airport. Ifthe indication is off by more than 75 feet from 
the surveyed elevation, the instrument should be referred 
to a certificated instrument repair station for recalibration, 
Differences between ambient temperature and/or pressure 
sauses an erroneous indication on the altimeter. 


Inherent Altimeter Error 
‘When the aircraft i flying in air that is warmer than standard, 
the air is less dense and the pressure levels are farther apart. 
When the aircraft is flying at an indicated altitude of 5,000 
feet, the pressure level for that altitude is higher than it would 
be in air at standard temperature, and the aircraft is higher 
than it would be if the air were cooler. If the air is colder 
than standard, it is denser and the pressure levels are closer 
together. When the aircraft is flying at an indicated altitude 
of 5,000 feet, its true altitude is lower than it would be if the 
air were warmer. /Figure 3-6] 


Cold Weather Altimeter Errors 

A correctly calibrated pressure altimeter indicates true 
altitude above mean sea level (MSL) when operating within 
the International Standard Atmosphere (ISA) parameters of 
pressure and temperature. Nonstandard pressure conditions are 
corrected by applying the correct local area altimeter setting 


“Temperature errors from ISA result in true altitude being 
higher than indicated altitude whenever the temperature is, 
warmer than ISA and true altitude being lower than indicated 
altitude whenever the temperature is colder than ISA. 
“True altitude variance under conditions of colder than ISA. 
temperatures poses the risk of inadequate obstacle clearance. 
Under extremely cold conditions, pilots may need to add an 


appropriate temperature correction determined from the chart 
in Figure 3-7 to charted IFR altitudes to ensure terrain and, 
‘obstacle clearance with the following restrictions: 


+ Altitudes specifically assigned by Air Traffic Control 
(ATC), such as “maintain 5,000 feet” shall not be 
corrected. Assigned altitudes may be rejected if the 
pilot decides that low temperatures pose a risk of 
inadequate terrain or obstacle clearance, 


+ If temperature corrections are applied to charted 
IER altitudes (such as procedure turn altitudes, final 
approach fix crossing altitudes, etc.), the pilot must 
advise ATC of the applied correction 


ICAO Cold Temperature Error Table 

‘The cold temperature induced altimeter error may be 
significant when considering obstacle clearances when 
temperatures are well below standard, Pilots may wish to 
increase their minimum terrain clearance altitudes with a 
corresponding increase in ceiling from the normal minimum 
when flying in extreme cold temperature conditions. Higher 
altitudes may need to be selected when flying at low terrain 
clearances. Most flight management systems (FMS) with 
air data computers implement a capability to compensate 
for cold temperature errors. Pilots flying with these systems 
should ensure they are aware of the conditions under which 
the system will automatically compensate. If compensation 
is applied by the FMS or manually, ATC must be informed 
that the aircraft is not flying the assigned altitude. Otherwise, 
vertical separation from other aircraft may be reduced 
creating a potentially hazardous situation. The table in 
Figure 3-7, derived from International Civil Aviation 


Figure 3-6. The loss of altitude experienced when flying into an area where the air is colder (more dense) than standard. 
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Figure 3-7. ICAO Cold Temperature Error Table. 


Organization (ICAO) standard formulas, shows how much 
error can exist when the temperature is extremely cold. To 
use the table, find the reported temperature inthe left column, 
and then read across the top row to the height above the 
ainport/reporting station. Subtract the airport elevation from 
the altitude of the final approach fix (PAF). The intersection 
of the column and row is the amount of possible error. 


Example: The reported temperature is -10° Celsius and the 
FAF is 500 feet above the airport elevation. ‘The reported 
current altimeter setting may place the aircraft as much as 50. 
feet below the altitude indicated by the altimeter. 


When using the cold temperature error table, the altitude 
error is proportional to both the height above the reporting, 
station elevation and the temperature at the reporting 
station. For IFR approach procedures, the reporting station 
elevation is assumed to be airport elevation. It is important 
to understand that corrections are based upon the temperature 
at the reporting station, not the temperature observed at the 
raft’s current altitude and height above the reporting 
station and not the charted IFR altitude. 


‘To see how corrections are applied, note the following 
example: 

Airport Elevation 
Airport Temperature 


496 feet 
50°C 


A charted IFR approach to the airport provides the following, 
data: 


Minimum Procedure Turn Altitude 1,800 feet 
Minimum FAF Crossing Altitude 1,200 feet 
Straight-in Minimum Descent Altitude 800 feet 
Circling MDA 1,000 feet 


‘The Minimum Procedure Turn Altitude of 1,800 feet will 
be used as an example to demonstrate determination of 
the appropriate temperature correction. Typically, altitude 
values are rounded up to the nearest 100-foot level. ‘The 
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ve Airport in Feet 


| 900 1,000 1,500 2/000 (000 OG 00 
30 


20 20 40 60 80 90 
50 60 90 120 170 230 280 
90 100 150 200 290 390 490 
130 140 210 280 420 §70 710 
170 190 280 380 570 760 950 
220 240 360 480 720 970 1,210 
270 300 450 590 890 1,190 1,500 


charted procedure tur altitude of 1,800 feet minus the airport 
elevation of 500 feet equals 1,300 feet. The altitude difference 
of 1,300 feet falls between the correction chart elevations of 
1,000 feet and 1,500 feet. At the station temperature of 50°C, 
the correction falls between 300 feet and 450 feet. Dividing 
the difference in compensation values by the difference in 
altitude above the airport gives the error value per foot. 


In this case, 150 feet divided by 500 feet = 0.33 feet for each 
additional foot of altitude above 1,000 feet. This provides a 
correction of 300 feet for the first 1,000 feet and an additional 
value of 0.33 times 300 feet, or 99 feet, which is rounded to 
100 feet, 300 feet + 100 feet = total temperature correction 
of 400 feet. For the given conditions, correcting the charted 
value of 1,800 feet above MSL (equal to a height above the 
reporting station of 1,300 feet) requires the addition of 400 
feet, Thus, when flying at an indicated altitude of 2,200 feet, 
the aircraft is actually flying a true altitude of 1,800 feet. 


Minimum Procedure Turn Altitude 
1,800 feet charted 
Minimum FAF Crossing Altitude 
1,200 feet charted 
Straight-in MDA 
800 feet charted 
Circling MDA 
1,000 feet charted 


2,200 feet corrected 
1,500 feet corrected 


900 feet corrected 


1,200 feet corrected 


Nonstandard Pressure on an Altimeter 

Maintaining a current altimeter setting is critical because the 
atmosphere pressure is not constant. That is, in one location 
the pressure might be higher than the pressure just a short 
distance away, Take an aircraft whose altimeter setting is set 
to 29.92" of local pressure. As the aircraft moves to an area 
of lower pressure (Point A to B in Figure 3-8) and the pilot 
fails to readjust the altimeter setting (essentially calibrating, 
it to local pressure), then as the pressure decreases, the 
true altitude will be lower. Adjusting the altimeter settings 


compensates for this. When the altimeter shows an indicated 
altitude of 5,000 feet, the true altitude at Point A (the height 


above mean sea level) is only 3,500 feet at Point B. The fact, 
that the altitude indication is not always true lends itself to 
the memory aid, “When flying from hot to cold or from a 
high to a low, look out below.” [Figure 3-8) 
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Figure 3-8. £fects of Nonstandard Pressure om an Altimeter of an 
Aircraft Flown into Air of Lower Than Standard Pressure (Air is 
Less Dense) 


Altimeter Enhancements (Encoding) 

It is not sufficient in the airspace system for only the pilot 
to have an indication of the aircraft's altitude; the air traffic 
controller on the ground must also know the altitude of the 
aircraft. Tp provide this information, the aircraft is typically 
equipped with an encoding altimeter. 


When the ATC transponder is set to Mode C, the encoding, 
altimeter supplies the transponder with a series of pulses 
identifying the flight level (in increments of 100 feet) at 
\hich the aircraft is flying, This series of pulses is transmitted 
to the ground radar where they appear on the controller's, 
scope as an alphanumeric display around the return for the 
aircraft. The transponder allows the ground controller to 
identify the aircraft and determine the pressure altitude at 
which itis flying. 


A computer inside the encoding altimeter measures the 
pressure referenced from 29.92" Hg and delivers this data to 
the transponder. When the pilot adjusts the barometric scale 
to the local altimeter setting, the data sent to the transponder 
i not affected. This is to ensure that all Mode C aircraft are 
transmitting data referenced to a common pressure level. ATC 


equipment adjusts the displayed altitudes to compensate for 
local pressure differences allowing display of targets.at correct 
altitudes. 14 CFR part 91 requires the altitude transmitted by 
the transponder to be within 125 feet of the altitude indicated 
‘on the instrument used to maintain flight altitude 


Reduced Vertical Separation Minimum (RVSM) 
Below 31,000 feet, a 1,000 foot separation is the minimum. 
required between usable flight levels. Flight levels (FLs) 
generally start at 18,000 feet where the local pressure is 
29,92" Hg or greater. All aircraft 18,000 feet and above use 
a standard altimeter setting of 29.92" Hg, and the altitudes 
are in reference to a standard hence termed FL. Between FL. 
180 and FL 290, the minimum altitude separation is 1,000 
feet between aircraft. However, for flight above FL 290 
(primarily due to aircraft equipage and reporting capability; 
potential error) ATC applied the requirement of 2,000 feet of 
separation. FL 290, an altitude appropriate for an eastbound, 
aircraft, would be followed by FL 310 for a westbound 
aircraft, and so on to FL.410, orseven FLs available for flight. 
With 1,000-foot separation, or a reduction of the vertical 
separation between FL 290 and FL 410, an additional six 
FLsbecome available. This results in normal flight level and. 
direction management being maintained from FL 180 through 
FL 410. Hence the name is Reduced Vertical Separation 
Minimum (RVSM). Because it is applied domestically, itis 
called United States Domestic Reduced Vertical Separation 
Minimum, or DRVSM. 


However, there isa cost to participate in the DRVSM program 
which relates to both aircraft equipage and pilot training. For 
example, altimetry error must be reduced significantly and 
‘operators using RVSM must receive authorization from the 
appropriate civil aviation authority. RVSM aircraft must 
meet required altitude-keeping performance standards. 
operators must operate in accordance with 
-s/procedures applicable to the airspace where 
they are flying, 


‘The aircraft must be equipped with at least one automatic 
altitude control— 

+ Within a tolerance band of 465 feet about an acquired 
altitude when the aircraft is operated in straight-and- 
level flight. 

+ Within a tolerance band of #130 feet under no 
turbulent, conditions for aircraft for which application 
for type certification occurred on or before April 9, 
1997 that are equipped with an automatic altitude 
control system with flight management/performance 
system inputs. 
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That aircraft must be equipped with an altitude alert system 
that signals an alert when the altitude displayed to the flight 
crew deviates from the selected altitude by more than (in most 
cases) 200 feet. For each condition in the full RVSM fight 
envelope, the largest combined absolute value for residual 
static source error plus the avionics error may not exceed 200 
feet, Aircraft with TCAS must have compatibility with RVSM. 
Operations. Figure 3-9 illustrates the increase in aircraft 
permitted between FL 180 and FL 410, Most noteworthy, 
however, is the economization that aircraft can take advantage 
of by the higher FLs being available to more aircraft. 


‘7 Usable Flight Levels 13 Usable Fight Levels 
Figure 2-9. Increase in Aircraft Permitted Between Fl. 180 and 
FLALO. 


Vertical Speed Indicator (VSI) 
The VSI in Figure 3-10 is also called a vertical velocity 
indicator (VV1), and was formerly known as a rate-of- 
climb indicator. It is a rate-of-pressure change instrument 
that gives an indication of any deviation from a constant 
pressure level 


Inside the instrument case is an aneroid very much like the 
one in an ASI. Both the inside of this aneroid and the inside 
of the instrument case are vented to the static sy 
the case is vented through a calibrated orifice that causes 
the pressure inside the case to change more slowly than 


lem, but 
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the pressure inside the aneroid. As the aircraft ascends, the 
static pressure becomes lower. The pressure inside the case 
compresses the aneroid, moving the pointer upward, showing, 
a climb and indicating the rate of ascent in number of feet 


per minute (fpm). 


When the aircraft levels off, the pressure no longer changes. 
‘The pressure i equal to that inside 
the aneroid, and the pointer returns to its horizontal, or 
zero, position. When the aircraft descends, the static 
pressure increases, The aneroid expands, moving the pointer 
downward, indicating a descent 


jde the case becom 


‘The pointer indication in a VSI lags a few seconds behind 
the actual change in pressure. However, it is more sensitive 
than an altimeter and is useful in alerting the pilot of an 
upward or downward trend, thereby helping maintain a 
constant altitude. 


Some of the more complex VSIs, called instantaneous vertical 
speed indicators (IVSI), have two accelerometer-actuated air 
pumps that sense an upward or downward pitch ofthe aircraft 
and instantaneously create a pressure differential. By the time 
the pressure caused by the pitch acceleration dissipates, the 
altitude pressure change is effective. 


Dynamic Pressure Type Instruments 
Airspeed Indicator (ASI) 

An ASI is a differential pressure gauge that measures the 
dynamic pressure of the air through which the aircraft is 
flying, Dynamic pressure is the difference in the ambient 
static air pressure and the total, or ram, pressure caused by 
the motion of the aircraft through the ar. These two pressures 
are taken from the pitot-static system. 


Figure 3-10, Rate of Climb or Descent in Thousands of Feet Per 
Minute 


‘The mechanism of the ASI in Figure 3-11 consists of a thin, 
corrugated phosphor bronze aneroid, or diaphragm, that 
receives its pressure from the pitot tube. The instrument 
case is sealed and connected to the static ports, As the 
pitot pressure increases or the static pressure decreases, the 
diaphragm expands. This dimensional change is measured by 
a rocking shaft and a set of gears that drives a pointer across 
the instrument dial. Most ASIS are calibrated in knots, or 
nautical miles per hour; some instruments show statute miles 
per hour, and some instruments show both. 


Types of Airspeed 

Just as there are several types of altitude, there are multiple 
types of airspeed: Indicated Airspeed (IAS), Calibrated 
Airspeed (CAS), Equivalent Airspeed (EAS), and True 
Airspeed (TAS). 


Indicated Airspeed (IAS) 
JAS is shown on the dial of the instrument, uncorrected for 
instrument or system errors. 


Calibrated Airspeed (CAS) 

CAS is the speed at which the aircraft is moving through 
the air, which is found by correcting IAS for instrument 
and position errors. The POH/AFM has a chart or graph to 
correct IAS for these errors and provide the correct CAS for 
the various flap and landing gear configurations. 


Equivalent Airspeed (EAS) 

EAS is CAS corrected for compression of the air inside the 
pilot tube. EAS is the same as CAS in standard atmosphere 
at sea level. As the airspeed and pressure altitude increase, 
the CAS becomes higher than it should be, and a correction, 
for compression must be subtracted from the CAS. 


True Airspeed (TAS) 
TAS is CAS corrected for nonstandard pressure and 
temperature. TAS and CAS are the same in standard 
atmosphere at sea level. Under nonstandard conditions, TAS, 
is found by applying a correction for pressure altitude and 
temperature to the CAS, 


Some aircraft are equipped with true ASIs that have a 
temperature-compensated aneroid bellows inside the 
instrument case. This bellows modifies the movement of 
the rocking shaft inside the instrument case so the pointer 
shows the actual TAS. 


‘The TAS indicator provides both true and IAS. These 
instruments have the conventional airspeed mechanism, 
with an added subdial visible through cutouts in the regular 
|.A knob on the instrument allows the pilot to rotate the 
subdial and align an indication of the outside air temperature 
ith the pressure altitude being flown. This alignment causes 
the instrument pointer to indicate the TAS on the subdial. 
[Figure 3-12] 


Figure 3-11. Mechanism of an Airspeed Indicator. 
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Figure 3-12. A true airspeed indicator allows the pilot to correet 
JAS for nonstandard temperature and pressure. 

‘Mach Number 

Asan aircraft approaches the speed of sound, the air flowing, 
over certain areas of its surface speeds up until it reaches the 
speed of sound, and shock waves form. The LAS at which 
these conditions occur changes with temperature. Therefore, 
in this case, airspeed is not entirely adequate to warn the 
pilot of the impending problems. Mach number is more 
useful. Mach number is the ratio of the TAS of the aircraft 
to the speed of sound in the same atmospheric conditions. 
An aircraft flying at the speed of sound is flying at Mach 
1.0, Some older mechanical Machmeters not driven from 
an air data computer use an altitude aneroid inside the 
instrument that converts pitot-static pressure into Mach 
number. These systems assume that the temperature at any 
altitude is standards therefore, the indicated Mach number is, 
e temperature deviates from standard. 
‘These systems are called indicated Machmeters. Modern 


inaccurate wher 


electronic Machmeters use information from an air data 
computer system to correct for temperature errors, These 
systems display true Mach number. 


Figure 3-13. A Machmeter shows the ratio ofthe speed of sound 10 
the TAS the aircraft is lying. 


3-10 


Most high-speed aircraft are limited to a maximum Mach 
number at which they can fly. This is shown on a Machmeter 
as a decimal fraction. (Figure 3-13] For example, if the 
Machmeter indicates .83 and the aircraft is flying at 30,000 
feet where the speed of sound under standard conditions is 
589.5 knots, the airspeed is 489.3 knots. The speed of sound 
varies with the air temperature. Ifthe aircraft were flying at 
Mach .83 at 10,000 feet where the air is much warmer, its 
airspeed would be $30 knots. 


Maximum Allowable Airspeed 
Some aircraft that fly at high subsonic speeds are equipped 
with maximum allowable ASIs like the one in Figure 3-14. 
ea standard air-speed indicator, 
calibrated in knots, but has an additional pointer colored red, 
checkered, or striped. The maximum airspeed pointer is, 
actuated by an aneroid, or altimeter mechanism, that moves 
it to a lower value as air density decreases. By keeping the 
airspeed pointer at a lower value than the maximum pointer, 
the pilot avoids the onset of transonic shock waves 


‘This instrument looks much fil 


Figure 3-14. maximum allowable airspeed indicator has a movable 
pointer that indicates the never-exceed speed, which changes with 
altitude 10 avoid the onset of transonie shock waves 


Airspeed Color Codes 
‘The dial of an ASI is color coded to alert the pilot, at a 
glance, ofthe significance of the speed at whieh the aircraft 
is flying. These colors and their associated airspeeds are 
shown in Figure 3-15, 


Magnetism 
“The Ean isa huge magne, spinning in space, surrounded 
by a magnetic field made up of invisible Hines of flux. These 
lines leave the surface atthe magnetic north pole andre 
athe magnetic South Pole. 


ler 


Lines of magnetic flux have two important charact 
any magnet that is free to rotate will align with them, and 
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White are Flap operating range 
Bottom Flaps-down stall speed 
Top Maximum airspeed for flaps-down flight 
Green are Normal operating range 
Bottom Flaps-up stall speed 
Top” Maximum airspeed for rough ar 


‘Airspeed for best single-engine rate-of-climb 
at gtoss weight and Sea Level 


7 Yellow are Structural warning area 
~ Top —_Never-exceed airspeed 
rete 


Figure 3-15. Color Codes for an Airspeed Indicator. 


aan electrical current is induced into any conductor that cuts 
across them, Most direction indicators installed in aircraft 
mike use of one of these two characteristics, 


The Basic Aviation Magnetic Compass 
One of the oldest and simplest instruments for indicating 
direction is the magnetic compass. Iti also one of the basic 
instruments required by 14 CFR part 91 for both VER and. 
JER flight 


Magnetic Compass Overview 

A magnet is a piece of material, usually a metal containing, 
iron, which attracts and holds lines of magnetic flux. 
Regardless of size, every magnet has two poles: a north 
pole and a south pole. When one magnet is placed in the 
Id of another, the unlike poles attract each other and like 
poles repel. 


Anaircrafi magnetic compass, such as the one in Figure 3-16, 
has two small magnets attached to a metal float sealed inside a 
bow! of clear compass fluid similar to kerosene. A graduated 
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Figure 3-16. A Magnetic Compass. The vertical line is called the 
lubber line 


scale, called a card, is wrapped around the float and viewed 
through a glass window with a lubber line across it. The card 
is marked with letters representing the cardinal directions, 
north, east, south, and west, and a number for each 30° 
between these letters. The final “0” is omitted from these 
directions; for example, 3 = 30°, 6 = 60°, and 33 = 330°. 
‘There are long and short graduation marks between the letters 
and numbers, with each long mark representing 10° and each 
short mark representing 5°, 


Magnetic Compass Construction 
‘The float and card assembly has a hardened steel pivot in its 
center that rides inside a special, spring-loaded, hard-glass 
{jewel cup. The buoyancy of the float takes most of the weight 
off the pivot, and the fluid damps the oscillation of the float 
and card, This jewel-and-pivot type mounting allows the float 
freedom to rotate and tilt up to approximately 18° angle of 
bank. At steeper bank angles, the compass indications are 
erratic and unpredictable 


‘The compass housing is entirely full of compass fluid. To 
prevent damage or leakage when the fluid expands and 
contracts with temperature changes, the rear of the compass 
case is sealed with a flexible diaphragm, or with a metal 
bellows in some compasses. 


Magnetic Compass Theory of Operations 
‘The magnets align with the Earth's magnetic field and the 
pilot reads the direction on the scale oppos 
Note that in Figure 3-16, the pilot sees the compass card from 
its backside, When the pilot is flying north as the compass 
shows, east is to the pilot’s right, but on the card “33”, which 
represents 330° (west of north), is to the right of north. The 
reason for this apparent backward graduation is that the card 
remains stationary, and the compass housing and the pilot tum. 
around it, always viewing the card from its backside. 


le the lubber line. 
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A compensator assembly mounted on the top or bottom of the 
compass allows an aviation maintenance technician (AMT) 
to create a magnetic field inside the compass housing that 
cancels the influence of local outside magnetic fields. This is 
done to correct for deviation error. The compensator assembly 
has two shafts whose ends have screwdriver slots accessible 
from the front of the compass. Each shaft rotates one or two 
small compensating magnets. The end of one shaft is marked 
E,W, and its magnets affect the compass when the aircraft is, 
pointed east or west. The other shaft is marked N-S and its 
‘magnets affect the compass when the aircraft is pointed north 
or south, 


Magnetic Compass Induced Errors 

‘The magnetic compass is the simplest instrument in the 
panel, but itis subject to a number of errors that must be 
considered. 


Variation 
‘The Earth rotates about its geographic axis; maps and charts, 
are drawn using meridians of longitude that pass through the 
geographic poles. Directions measured from the geographic 
poles are called true directions. The north magnetic pole to 
which the magnetic compass points is not collocated with 
the geographic north pole, but is some 1,300 miles away; 
directions measured from the magnetic poles are called 
magnetic directions. In aerial navigation, the difference 
between true and magnetic directions is called variation. This, 
same angular difference in surveying and land navigation is, 
called declination. 


Figure 3-17 shows the isogonic lines that identify the number 
of degrees of variation in their area. The line that passes near 
Chicago is called the agonic line. Anywhere along this line 
the two poles are aligned, and there is no variation. East of 
this line, the magnetic pole is to the west of the geographic 
pole and a correction must be applied to a compass indication 
to get a true direction. 


Figure 3-17. Isoganic lines are lines of equal variation, 
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Flying in the Washington, D.C. area, for example, the variation 
is 10° west. Ifthe pilot wants to fly atrue course of south (180°), 
the variation must be added to this resulting in a magnetic course 
to fly of 190°, Flying in the Los Angeles, CA area, the variation 
is 14° east. To fly a true course of 180° there, the pilot would 
hhave to subtract the variation and fly a magnetic course of 166°. 
‘The variation error does not change with the heading of the 
aircraft itis the same anywhere along the isogonic line. 


Deviation 
‘The magnets in a compass align with any magnetic field 
Local magnetic fields in an aircraft caused by electrical current 
flowing in the structure, in nearby wiring or any magnetized 
part of the structure, conflict with the Earth’s magnetic field 
‘and cause a compass error called deviation. 


Deviation, unlike variation, is different on each heading, but 
not affected by the geographic location. Variation error cannot 
be reduced or changed, but deviation error can be minimized 
when a pilot or AMT performs the maintenance task known, 
as “swinging the compass.” 


Most airports have a compass rose, which is a series of lines 
marked out on a taxiway or ramp at some location where there 
is no magnetic interference. Lines, oriented to magnetic north, 
are painted every 30°, as shown in Figure 3-18. 


Figure 3-18. Utilization of a Compass Rose Aids Compensation 
{for Deviation Errors. 


‘The pilot or AMT aligns the aircraft on each magnetic 
heading and adjusts the compensating magnets to minimize 
the difference between the compass indication and the actual 
magnetic heading of the aircraft. Any error that cannot be 
removed is recorded on a compass correction card, like the one 
in Figure 3-19, and placed in a cardholder near the compass. 
If the pilot wants to fly a magnetic heading of 120° and the 
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Figure 3-19. A compass correction card shows the deviation 
correction for any heading. 


aircraft is operating with the radios on, the pilot should fly a 
compass heading of 123°, 


‘The corrections for variation and deviation must be applied 
in the comect sequence and is shown below starting from the 
true course desired. 


Step 1: Determine the Magnetic Course 
‘True Course (180°) + Variation (410°) 


lagnetic Course (190°) 


error to be applied. The compass card must now be considered 


for the compass course of 190°. 


Step 2: Determine the Compass Cou 
Magnetic Course (190°, from step 1) + Deviation (-2°, from 
correction card) = Compass Course (188°) 


NOTE: Intermediate magnetic courses between those listed on 
the compass card need to be interpreted. Therefore, to steer a true 
course of 180°, the pilot would follow a compass course of 188°. 


“To find the trie course that is being flown when the compass 
course is known: 

Compass Course + Deviation = Magnetic Course + Variation 
= True Course 


Dip Errors 
‘The lines of magnetic fx are considered to leave the Earth at 
the magnetic north pole and enterat the magnetic South Pole. At 
both locations the lines are perpendicular to the Earth's surface, 
At the magnetic equator, which is hallway between the poles, 
the lines are parallel with the surface. The magnets in a compass 
align with this field, and near the poles they dip, or til the float 
and card, The float is balanced with a small dip-compensating, 
‘weight, so it stays relatively level when operating in the middle 
latitudes of the northem hemisphere. This dip along, with this 
‘weight causes two very noticeable errors: northerly turing error 
and acceleration error, 


‘The pull ofthe vertical component ofthe Earth’s magnetic field 
causes northerly turning error, which is apparent on a heading, 
of north or south. When an aircraft flying on a heading of north, 
makes a turn toward east, the aircraft banks to the right, and the 
compass card tilts to the right. The vertical component of the 
Earth’s magnetic field pulls the north-seeking end of the magnet, 
tothe right, andthe float rotates, causing the card to rotate toward, 
west, the direction opposite the direction the tur is being made, 
[igure 3-20) 


Ifthe turn is made from north towest, the aircraft banks to the left 
and the compass card tilts down on the left side, ‘The magnetic 
field pulls on the end of the magnet that causes the card to rotate 
toward east. This indication is again opposite to the direction 


Figure 3-20. Northerly Turning Erron. 
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(HAPTER 5 © THE COZY CORNER LAB 


Ifwe know the voltage across RI (1.6V) and the resistance of R1 (1000), then we can use Ohm's Law 
to calculate the current flowing through R1. Reviewing what you learned in Chapter 3 about the 
predictable and inviolable relationships between voltage, resistance, and current, you can see that 
R (Le., current equals voltage divided by resistance), where I is the current in amps, E is the voltage in 
volts, and R is the resistance in ohms. 

It’s not that hard! It sounds much worse than it actually is. The answer is 0.016A, or 16mA 
(1.6V/1000). That's the teeny-tiny amount of current needed to light up a typical red LED. Most small 
LEDs can handle up to 25mA safely, and some can handle much more than that, especially if they are 
intended for illumination purposes. 

‘One quick side trip to multiplic 
this circuit, While the schematic spe 


on land and we'll know everything we need to know about Rl in 
ied the resistance of RI as 1000 (the primary characteristic or 
component value), nothing was said about the power-handling capability of this component. 

Power is calculated as voltage multiplied by current. That's all there is to it. We know the voltage: 
1.6V. We know the current: 16mA. We multiply them together to get 0.0256W (watts), or almost 26mW. 
Remember that you have to enter the current as 0.016 because the formula calls for the number of amps, 
not milliamps. 

Not quite 26mA is not quite much of anything. You will not be able to tell that the resistor is, 
‘shedding all those extra volts as heat with your fingertip. It might not even register with a sensitive 
thermometer. It’s just a really tiny amount of power. A typical small resistor (a 1/4W resistor) will handle 
250mW of power, which is almost ten times what is needed in this application, 


Tip I's always a good idea to calculate the power requirements of your components, just so you're not foo 
surprised when the magic smoke leaves the circuit, rendering it crispy and nonfunctional 


(OK, we're back from the frightening land of multiplication. It wasn’t that bad was it? The remainder 
of understanding resistors in series depends only upon the science of addition, Counting on your fingers 
will be good enough. 

‘We can change the brightness of the LED by changing the amount of current flowing through it. We 
can change the amount of current flowing through the LED by either raising the supply voltage or by 
changing the resistance of RI. Since we can easily substitute any other value of resistor for the 1000 
resistor with which we began, this is easy to do. Just don't go f00 low in resistor value, as this will allow 
100 much current to flow through the LED, possibly damaging it permanently. 

Adding resistors in series adds their resistances together. For example, if you placed two 1000 
resistors end to end, the total resistance across them would be 2009. That's really all there is to it: 1000 + 
1002 = 2000. 

Ifyou perform this experiment with the LED circuit we built on the breadboard, you can see that the 
LED will not shine as brightly as it did before. This is because the resistance has doubled, which means, 
all other factors remaining the same, that the current through the LED has been cut in half. Half the 
current results in half the brightness, since LEDs are controlled by the amount of current flowing 
through them. 

‘What's interesting about this arrangement is that the power-handling capacity of the two resistors is 
also double what it was when only one resistor was in the circuit. This is because each resistor is now 
dissipating half the power when compared with the previous scenario. If two 1/4W resistors are used in 
series, they can together safely dissipate up to 1/2W of power, although pushing any component to 100 
percent of its capacity is just asking for trouble, especially when heat is concerned. 
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Figure 3-21. The Effects of Acceleration Error. 


the turn is being made, The rule for this error is: when starting 
tum from a northerly heading, the compass indication lags 
behind the turn 


When an aircraft is flying on a heading of south and begins 
a turn toward east, the Earth’s magnetic field pulls on the 
end of the magnet that rotates the card toward east, the same 
direction the turn is being made. Ifthe turn is made from south 
toward west, the magnetic pull starts the card rotating toward 
‘west—again, in the same direction the turn is being made. The 
rule for this error is: When starting a turn from a southerly 
heading, the compass indication leads the tur. 


{In acceleration error, the dip-correction weight causes the end 
of the float and card marked N (the south-seeking end) to be 
heavier than the opposite end. When the aircraft is flying at 
a constant speed on a heading of east or west, the float and 
card is level. The effects of magnetic dip and the weight are 
approximately equal. If the aircraft accelerates on a heading 
of east /Figure 3-21], the inertia of the weight holds its end of 
the float back and the card rotates toward north, As soon as the 
speed of the aircraft stabilizes, the cand swings back to its east 
indication. If, while flying on this easterly heading, the aircraft 
decelerates, the inertia causes the weight to move ahead and the 
card rotates toward south until the speed again stabilizes. 


‘When flying on a heading of west, the same things happen. 
Inertia from acceleration causes the weight to lag, and the 
card rotates toward north. When the aircraft decelerates on a 
heading of west, inertia causes the weight to move ahead and 
the card rotates toward south. 
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Oscillation Error 
Oscillation is a combination of all of the other errors, and it 
-sults in the compass card swinging back and forth around 
the heading being flown. When setting the gyroscopic 
heading indicator to agree with the magnetic compass, use 
the average indication between the swings. 


The Vertical Card Magnetic Compass 
The floating magnet type of compass not only has all the 
errors just described, but also lends itself to confused reading, 
Itis easy to begin a tur in the wrong direction because its card 
appears backward. East is on what the pilot would expect to be 
the west side. The vertical card magnetic compass eliminates, 
some of the errors and confusion. The dial of this compass, 
is graduated with letters representing the cardinal directions, 
numbers every 30°, and marks every 5°. The dial is rotated by 
a set of gears from the shaft-mounted magnet, and the nose 
of the symbolic airplane on the instrument glass represents 
the lubber line for reading the heading of the aircraft from 
the dial, Eddy currents induced into an aluminum-damping, 
cup damp oscillation of the magnet. /Figure 3-22] 


‘The Flux Gate Compass System 
As mentioned earlier, the lines of flux in the Earth’s magnetic 
field have two basic characteristics: a magnet aligns with 
these lines, and an electrical current is induced, or generated, 
in any wire crossed by them. 


Figure 3-22. Vertical Card Magnetic Compass. 


‘The flux gate compass that drives slaved gyros uses the 
characteristic of current induction. The flux valve is a small, 
segmented ring, like the one in Figure 3-23, made of soft 
iron that readily accepts lines of magnetic flux. An electrical 
coil is wound around each of the three legs to accept the 
current induced in this ring by the Earth's magnetic field. A 
coil wound around the iron spacer in the center of the frame 
has 400-Hz alternating current (A.C.) flowing through it. 
During the times when t hes its peak, twice 
during each cycle, there is so much magnetism produced by 
this coil that the frame cannot accept the fines of flux from 
the Earth’s field 
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Figure 3-23. The soft iron frame of the flux valve accepts the flux 
{from the Earth's magnetic field each time the eurrent in the censer 
coil reverses. This flux causes current to flow in the three pickup 
coils. 


Figure 3-24. The current in each of the three pickup coils changes 
with the heading of the aircraft. 


Butas the current reverses between the peaks, it demagnetizes 
the frame so it can accept the flux from the Earth’s field. As 
this flux cuts across the windings in the three coils, it causes 
current to flow in them. These three coils are connected in 
such a way that the current flowing in them changes as the 
heading of the aircraft changes. /Figure 3-24] 


‘The three coils are connected to three similar but smaller coils 
in a synchro inside the instrument case. The synchro rotates 
the dial of a radio magnetic indicator (RMI) or a horizontal 
situation indicator (HSI), 


Remote Indicating Compass 
Remote indicating compasses were developed to compensate 
for the errors and limitations of the older type of heading, 
indicators. The two panel-mounted components of a typical 
system are the pictorial navigation indicator and the slaving, 
control and compensator unit. [Figure 3-25] ‘The pictorial 
navigation indicator is commonly referred to as a HSL 


Figure 3-25. Pictorial Navigation Indicator (HSI Top), Slaving 
Control and Compensator Unit. 
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‘The slaving control and compensator unit has a pushbutton 
that provides a means of selecting either the “slaved gyro” 
or “free gyro” mode. This unit also has a slaving meter 
and two manual heading-drive buttons. The slaving meter 
indicates the difference between the displayed heading and 
the magnetic heading, A right deflection indicates a clockwise 
error of the compass card; a left deflection indicates a 
counterclockwise error. Whenever the aircraft is in a tur 
and the card rotates, the slaving meter shows full deflection 
to one side or the other. When the system is in “free gyro” 
mode, the compass card may be adjusted by depressing the 
appropriate heading-drive button. 


A separate unit, the magnetic slaving transmitter is mounted 
remotely; usually in a wingtip to eliminate the possibility of 
‘magnetic interference. It contains the flux valve, whicl 
the direction-sensing device of the system. A concentration 
of lines of magnetic force, after being amplified, becomes 
a signal relayed to the heading indicator unit, which is also 
remotely mounted. This signal operates a torque motor in 
the heading indicator unit that processes the gyro unit until 
itis aligned with the transmitter signal. The magnetic slaving, 
transmitter is connected electrically to the HSI 


There are a number of designs of the remote indicating 
compass; therefore, only the basic features of the system are 
covered here. Instrument pilots must become familiar with 
the characteristics of the equipment in their aircraft. 


As instrument panels become more crowded and the pilot's, 
available scan time is reduced by a heavier flight deck 
workload, instrument manufacturers have worked toward 
combining instruments. One good example of this is the 
RMI in Figure 3-26. The compass card is driven by signals 


Figure 3-26. Driven by signals from a flux valve, she compass card 
in this RMI indicates the heading of the aircraft opposite the upper 
center index mark. The green pointer is driven by the ADE 
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from the flux valve, and the two pointers are driven by an 
automatic direction finder (ADF) and a very high frequency 
omnidirectional range (VOR). 


Gyroscopic Systems 


Flight without reference to a visible horizon can be safely 
accomplished by the use of gyroscopic instrument systems 
and the two characteristics of gyroscopes, which are rigidity 
and precession, These systems include attitude, heading, 
and rate instruments, along with their power sources. These 
instruments include a gyroscope (or gyro) that isa small wheel 
with its weight concentrated around its periphery. When this, 
wheel isspun at high speed, it becomes rigid and resists tilting, 
or turning in any direction other than around its spin axis, 


Attitude and heading instruments operate on the principle 
of rigidity. For these instruments, the gyro remains rigid 
in its case and the aircraft rotates about it, Rate indicators, 
such as turn indicators and turn coordinators, operate on the 
principle of precession. In this case, the gyro processes (or 
rolls over) proportionate to the rate the aircraft rotates about 
one or more of its axes. 


Power Sources 
Aircraft and instrument manufacturers have designed 
redundancy in the flight instruments so that any single failure 
will not deprive the pilot of the ability to safely conclude 
the flight. Gyroscopic instruments are crucial for instrument 
flight; therefore, they are powered by separate electrical or 
pneumatic sources. 


Pneumatic Systems 
Pneumatic gyros are driven by a jet of air impinging on 
buckets cut into the periphery’ of the wheel. On many aircraft 
this stream of air is obtained by evacuating the instrument 
case with a vacuum source and allowing filtered air to flow 
into the case through a nozzle to spin the wheel. 


Venturi Tube Systems 
Aircraft that do not have a pneumatic pump to evacuate the 
instrument case can use venturi tubes mounted on the outside 
of the aircraft, similar to the system shown in Figure 3-27. Air 
flowing through the venturi tube speeds up in the narrowest, 
part and, according to Bernoulli's principle, the pressure 
drops. This location is connected to the instrument case by 
4 piece of tubing. The two attitude instruments operate on 
approximately 4” Hg of suction; the turn-and-slip indicator 
needs only 2” Hg, so a pressure-reducing needle valve is 
used to decrease the suction. Air flows into the instruments 
through filters built into the instrument cases. In this system, 
ice can clog the venturi tube and stop the instruments when 
they are most needed. 


Suction 
regulator Pressure-reducing 


needle valve 


Turn-and-sip 
indieator 


Attitude 
Indicator 


Heading 
Indicator 


Figure 3-27. venturi ube system that provides necessary vacuum 
to operate key instruments 


Vacuum Pump Systems 

Wet-Type Vacuum Pump 

Steel-vane air pumps have been used for many years 10 
evacuate the instrument cases. The vanes in these pumps 
are lubricated by a small amount of engine oil metered into 
the pump and discharged with the air. In some aircraft the 
discharge air is used to inflate rubber deicer boots on the 
wing and empennage leading edges. ‘To keep the oil from 
deteriorating the rubber boots, it must be removed with an 
oil separator like the one in Figure 3-28. 


‘The vacuum pump moves a greater volume of air than is 
needed to supply the instruments with the suction needed, 
so a suction-relief valve is installed in the inlet side of the 
pump. This spring-loaded valve draws in just enough air to 
maintain the required low pressure inside the instruments, 
as is shown on the suction gauge in the instrument panel 
Filtered air enters the instrument cases from a central air 
filter. As long as aircraft fly at relatively low altitudes, enough 
air is drawn into the instrument cases to spin the gyros at a 
sufliciently high speed, 


Dry Air Vacuum Pump 
As flight altitudes increase, the air is less dense and more air 
must be forced through the instruments. Airpumps that do not 
mix oil with the discharge air are used in high flying aircraft. 


‘atituds 
Indicator 


Needle 
valve 


engine instrument vacuum system using a Steel-vane wet-type vacuum pump. 


Steel vanes sliding in a steel housing need to be lubricated, 
but vanes made of a special formulation of carbon sliding 
inside carbon housing provide their own lubrication in a 
microscopic amount as they wear. 


Pressure Indicating Systems 
Figure 3-29 is a diagram of the instrument pneumatic 
system of a twin-engine general aviation airplane. Two dry 
air pumps are used with fillers in their inlet to filter out any 
contaminants that could damage the fragile carbon vanes in 
the pump. The discharge air from the pump flows through 
a regulator, where excess air is bled off to maintain the 
pressure in the system at the desired level. The regulated air 
then flows through inline filters to remove any contamination 
that could have been picked up from the pump, and from 
there into a manifold check valve. If either engine should 
become inoperative or either pump should fail, the check 
valve isolates the inoperative system and the instruments are 
driven by air from the operating system. After the air passes, 
through the instruments and drives the gyros, itis exhausted 
from the case. The gyro pressure gauge measures the pressure 
drop actos the instruments. 


Electrical Systems 


Many general aviation aircraft that use pneumatic attitude 
indicators use electric rate indicators and/or the reverse. Some 
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Maniols 
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instruments identify their power source on their dial, but it 
is extremely important that pilots consult the POH/AFM to 
determine the power source of all instruments to know what 
action to take in the event of an instrument failure. Direct, 
current (D.C.) electrical instruments are available in 14- or 
28-volt models, depending upon the electrical system in 
the aircraft. A.C. is used to operate some attitude gyros and 
autopilots. Aircraft with only D.C. electrical systems can use 
A.C. instruments via installation of a solid-state D.C. to A.C. 
inverter, which changes 14 or 28 volts D.C. into three-phase 
115-volt, 400-Hz A.C. 


Gyroscopic Instruments 

Attitude Indicators 

‘The first attitude instrument (AI) was originally referred to as 
an artificial horizon, later as a gyto horizon; now it is more 
properly called an attitude indicator. Its operating mechanism, 
isa small brass wheel with a vertical spin axis, spun at a high 
speed by either a stream of air impinging on buckets cut into 
its periphery, or by an electric motor, The gyro is mounted in 
a double gimbal, which allows the aircraft to pitch and roll 
about the gyro as it remains fixed in space. 


A horizon disk is attached to the gimbals so it remains in 
the same plane as the gyro, and the aircraft pitches and 
rolls about it. On early instruments, this was just a bar that 
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Figure 3-29. Tivin-Engine Instrument Pressure System Using a Carbon-Vane Dry-Type Air Pump. 


represented the horizon, but now it is a dise with a line 
representing the horizon and both pitch marks and bank-angle 
lines. The top half of the instrument dial and horizon disc 
is blue, representing the sky; and the bottom half is brown, 
representing the ground. A bank index at the top of the 
instrument shows the angle of bank marked on the banking, 
scale with lines that represent 10°, 20°, 30°, 45°, and 60° 
[Figure 3-30] 


Figure 3-30. The dial of this attiaude indicator has reference lines 
to show pitch and roll. 


A small symbolic aircraft is mounted in the instrument case so it 
appears to be flying relative to the horizon, A knob at the bottom, 
center of the instrument case raises or lowers the aircraft to 
compensate for pitch trim changes as the airspeed changes. The 
‘width of the wings ofthe symbolic aircraft and the dot inthe center 
of the wings represent a pitch change of approximately 2° 


For an AI to function properly, the gyro must remain 
vertically upright while the aircraft rolls and pitches around, 
it, The bearings in these instruments have a minimum of 
friction; however, even this small amount places a rest 
on the gyro producing precession and causing the gyro to til. 
‘To minimize this tilting, an erection mechanism inside the 
instrument case applies a force any time the gyro tilts from 
position. This force acts in such a way to return 
the spinning wheel to its upright position, 


its verti 


‘The older artificial horizons were limited in the amount of 
pitch or roll they could tolerate, normally about 60° in pitch 
and 100° in roll. After either of these limits was exceeded, 
the gyro housing contacted the gimbals, applying such a 
precessing force that the gyro tumbled. Because of this, 
limitation, these instruments had a caging mechanism that 
locked the gyro in its vertical position during any maneuvers 


that exceeded the instrument limits. Newer instruments do 
not have these restrictive tumble limits; therefore, they do 


not have a caging mechanism. 


When an aircraft engine is first started and pneumatic or 
electric power is supplied to the instruments, the gyro is 
not erect. A self-erecting mechanism inside the instrument 
actuated by the force of gravity applies a precessing force, 
causing the gyro to rise to its vertical position. This erection 
can take as long as $ minutes, but is normally done within, 
210 3 minutes 


Attitude indicators are free from most errors, but depending 
upon the speed with which the erection system functions, 
there may be a slight nose-up indication during a rapid 
acceleration and a nose-down indication during a rapid 
deceleration, There is also a possibility of a small bank angle 
aand pitch error after a 180° turn. These inherent errors are 
small and correct themselves within a minute or so after 
returning to straight-and-level flight. 


Heading Indicators 
A magnetic compass is a dependable instrument used as a 
backup instrument. Although very reliable, it has so many 
inherent errors that it has been supplemented with gyroscopic 
heading indicators, 


‘The gyro ina heading indicator is mounted in a double gimbal, 
as in an attitude indicator, but its spin axis is horizontal 
permitting sensing of rotation about the vertical axis of the 
aircraft. Gyro heading indicators, with the exception of slaved. 
gyto indicators, are not north seeking, therefore they must 
be manually set to the appropriate heading by referring to 
a magnetic compass. Rigidity causes them to maintain this, 
heading indication, without the oscillation and other errors, 
inherent in a magnetic compass. 


Older directional gyros use a drum-like card marked in the 
same way as the magnetic compass card. The gyro and the 
card remain rigid inside the case with the pilot viewing the 
card from the back. This creates the possibility the pilot might 


start a turn in the wrong direction similar to using a magnetic 
compass. A knob on the front of the instrument, below the 


dial, can be pushed in to engage the gimbals, This locks the 
gimbals allowing the pilot to rotate the gyro and card until 
the number opposite the lubber line agrees with the magnetic, 
compass. When the knob is pulled out, the gyro remains rigid 
‘and the aircraft is free to turn around the card 


rectional gyros are almost all air-driven by evacuating 
the case and allowing filtered air to flow into the case and 
out through a nozzle, blowing against buckets cut in the 


periphery of the wheel. The Earth constantly rotates at 15° 
per hour while the gyro is maintaining a position relative 
to space, thus causing an apparent drift in the displayed 
heading of 15° pet hour. When using these instruments, it 
is standard practice to compare the heading indicated on the 
directional gyro with the magnetic compass at least every 15 
minutes and to reset the heading as necessary to agree with 
the magnetic compass. 


Heading indicators like the one in Figure 3-31 work on the 
same principle as the older horizontal card indicators, except 
that the gyro drives a vertical dial that looks much like the 
dial of a vertical card magnetic compass. The heading of the 
aircraft is shown against the nose of the symbolic aircraft on 
the instrument glass, which serves as the lubber line. A knob 
in the front of the instrument may be pushed in and turned 
to rotate the gyro and dial. The knob is spring loaded so it 
disengages from the gimbals as soon as itis released. This, 
instrument should be checked about ev 
if itagre 


ry 15 minutes to: 


compass. 


Figure 3-31. The heading indicator is not north seeking, but must 
be set periodically (about every 15 minutes) to agree with the 
‘magnetic compass. 


Turn Indicators 
Attitude and heading indicators function on the principle 
of rigidity, but rate instruments such as the turn-and- 
slip indicator operate on precession. Precession is the 
characteristic of a gyroscope that causes an applied force to 
produce a movement, not at the point of application, but at 
a point 90° from the point of application in the direction of 
rotation. /Figure 3-32] 


Turn-and-Slip Indicator 

‘The first gyroscopic aircraft instrument was the turn indicator 
fn the needle and ball, or turn-and-bank indicator, which 
has more recently been called a turn-and-slip indicator. 


[Figure 3-33] 
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Figure 3-32. Precession causes a force applied 10 a spinning 
wheel to be felt 90° from the point of application in the direction 


of rotation. 


‘The inclinometer in the instrument isa black glass ball sealed 
inside a curved glass tube that is partially filled with a liquid 
for damping, This ball measures the relative strength of the 
force of gravity c of inertia caused by a turn 
When the aircraft is flying straight-and-level, there is no 
inertia acting on the ball, and it remains in the center of the 
tube between two wires. In a turn made with a bank angle 
that is too steep, the force of gravity is greater than the inertia, 
and the ball rolls down to the inside of the turn. If the turn is, 
made with too shallow a bank angle, the inertia is greater than 
gravity and the ball rolls upward to the outside of the tur. 


and the for 


‘The inclinometer does not indicate the amount of bank, nor 
does it indicate slip; it only indicates the relationship between 
the angle of bank and the rate of yaw. 


Figure 3-33. Turn-anu-Slip Indicator 


‘The turn indicator is a small gyro spun either by air or by 
an electric motor. The gyro is mounted in a single gimbal 
with its spin axis parallel to the lateral axis of the aircraft 
and the axis of the gimbal parallel with the longitudinal axis 
[Figure 3-34] 


Horizontal Gyro 


Gimbal rotation 
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Figure 3-34. The rate gyro in both surn-and-slip indicator and aura 
coordinator. 


When the aircraft yaws, or rotates about its vertical axis, it 
produces force in the horizontal plane that, due to precession, 
causes the gyro and its gimbal to rotate about the gimbal’s, 
axis. It is restrained in this rotation plane by a calibration 
spring: itrotls over just enough to cause the pointer to deflect 
until it aligns with one of the doghouse-shaped marks on the 
dial, when the aircraft is making a standard rate tur. 


‘The dial of these instruments is marked “2 MIN TURN.” Some 
tum-and-slip indicators used in 
MIN TURN.” In either instrument, a standard rate turn is, 
being made whenever the needle aligns with a doghouse. A 
standard rate turn is 3° per second. In a2 minute instrument, 
if the needle is one needle width either side of the center 


ster aircraft are marked “4 


alignment mark, the turn is 3° per second and the turn takes 
2 minutes to execute a 360° tum. Ina 4 minute instrument, 


the same turn takes two widths deflection of the needle to 
achieve 3° per second. 


Turn Coordinator 

‘The major limitation of the older turn-and-slip indicator is that 
itsenses rotation only about the vertical axis of the aircraft. It 
(ells nothing of the rotation around the longitudinal axis, which 
in normal flight occurs before the aircraft begins to turn. 


A turn coordinator operates on precession, the same as the 
tum indicator, but its gimbals frame is angled upward about 
30° from the longitudinal axis of the aircraft. (Figure 3-34] 
This allows it to sense both roll and yaw. Therefore during 
«turn, the indicator first shows the rate of banking and once 
stabilized, the turn rate. Some turn coordinator gyros are dual 
powered and can be driven by either air or electricity. 


Rather than using a needle as an indicator, the gimbal moves, 
a dial that is the rear view of a symbolic aircraft. The bezel 
of the instrument is marked to show wings-level flight and 
bank angles for a standard rate turn. (Figure 3-35) 


Figure 3-38. A turn coordinator senses rotation about both roll 
‘and yaw axes. 


‘The inclinometer, similar to the one in a turn-and-slip 
indicator, is called a coordination ball, which shows the 
relationship between the bank angle and the rate of yaw. The 
turn is coordinated when the ball isin the center, between the 
skidding when the ball rolls toward the 
outside of the turn and is slipping when it moves toward the 
inside of the turn. A tum coordinator does not sense pitch. 
‘This is indicated on some instruments by placing the words 
“NO PITCH INFORMATION” on the dial 


marks. The aireraft 
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Flight Support Systems 
Attitude and Heading Reference System (AHRS) 
As aircraft displays have transitioned to new technology, 
the sensors that feed them have also undergone significant 
change. Traditional gyroscopic flight instruments have 
been replaced by Attitude and Heading Reference Systems 
(AHRS) improving reliability and thereby reducing cost and 
maintenance. 


‘The function of an AHRS is the same as gyroscopic systems; 
that is, to determine which way is level and which way is north. 
By knowing the initial heading the AHRS can determine both 
the attitude and magnetic heading of the aircraft 


‘The genesis of this system was initiated by the development 
ofthe ring-LASAR gyroscope developed by Kearfott located 
in Little Falls, New Jersey. [Figure 3-36] Their development 
of the Ring-LASAR gyroscope in the 1960s/1970s was 
in support of Department of Defense (DOD) programs to 
include cruise missile technology. With the precision of 
these gyroscopes, it became readily apparent that they could 
be leveraged for multiple tasks and functions. Gyroscopic 
miniaturization has become so common that solid-state 
gyroscopes are found in products from robotics to toys. 


Because the AHRS system replaces separate gyroscopes, 
such as those associated with an attitude indicator, magnetic 
heading indicator and turn indicator these individual systems, 
are no longer needed. As with many systems today, AHRS. 
itself had matured with time. Early AHRS systems used 


expensive inertial sensors and flux valves. However, 
AHRS foraviation and general aviation in particular are small 
solid-state systems integrating a variety of technology such 
as low cost inertial sensors, rate gyros, and magnetometers, 
and have capability for satellite signal reception. 


Air Data Computer (ADC) 
‘An Air Data Computer (ADC) [Figure 3-37] is an aircraft 
computer that receives and processes pitot pressure, static 
pressure, and temperature to calculate very precise altitude, 
IAS, TAS, and air temperature. The ADC outputs this, 
information in a digital format that can be used by a variety 
of aircraft systems including an EFIS. Modern ADCs 
‘are small solid-state units. Increasingly, aircraft systems 
such as autopilots, pressurization, and FMS utilize ADC 
information for normal operations. NOTE: In most modern 
general aviation systems, both the AHRS and ADC are 
integrated within the electronic displays themselves thereby 
reducing the number of units, reducing weight, and providing, 
simplification for installation resulting in reduced costs. 


Analog Pictorial Displays 
Horizontal Situation Indicator (HSI) 

‘The HSI is a direction indicator that uses the output from 
a flux valve to drive the dial, which acts as the compass 
card, This instrument, shown in Figure 3-38, eombines the 
‘magnetic compass with navigation signals and a glide slope 
‘This gives the pilot an indication of the location of the aircraft 
with relationship to the chosen course. 


Figure 3-36. Tie Kearfott Auinude Heading Reference System (AHRS) on the left incorporates a Monolithic Ring Laser Gyro (MRLG) 


(center), which is housed in an Inertial Sensor Assembi 
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(ISA) on the right. 


Figure 3-37. Air Data Computer (Collins) 


In Figure 3-38, the aircraft heading displayed on the rotating 
azimuth card under the upper lubber line is North or 360°. 
The course-indicating arrowhead shown is set to 020s the 
tail indicates the reciprocal, 200°. The course deviation bar 
operates with a VOR/Localizer (VOR/LOC) navigation 
receiver to indicate left or right deviations from the course 
selected with the course-indicating arrow, operating in the 
same manner that the angular movement of a conventional 
VORJLOC needle indicates deviation from course. 


Congas wring a 


The desired course is selected by rotating the course- 
indicating arrow in relation to the azimuth card by means 
of the course select knob, This gives the pilot a pictorial 
presentation: the fixed aircraft symbol and course deviation 
bar display the aircraft relative to the selected course, as 
though the pilot were above the aircraft looking down, 
‘The TO/FROM indicator is a triangular pointer. When the 
indicator points to the head of the course arrow, it shows 
that the course selected, if properly intercepted and flown, 


takes the aircraft to the selected facility. When the indicator 
points to the tail of the course arrow, it shows that the course 
selected, if properly intercepted and flown, takes the aircraft 
directly away from the selected facility. 


‘The glide slope deviation pointer indicates the relation of 
the aircraft to the glide slope, When the pointer is below the 
center position, the aircraft is above the glide slope, and an 
increased rate of descent is required. In most installations, 
the azimuth card is a remote indicating compass driven by 
a fluxgate; however, in few installations where a fluxgate is, 
not installed, or in emergency operation, the heading must 
be checked against the magnetic compass occasionally and 
reset with the course select knob. 


Attitude Direction Indicator (ADI) 
Advances in attitude instrumentation combine the gyro 
horizon with other instruments such as the HSI, thereby 
reducing the number of separate instruments to which the 
pilot must devote attention. The altitude direction indicator 
(ADI) is an example of such technological advancement. 
A flight director incorporates the ADI within its system, 
which is further explained below (Flight Director System). 
However, an ADI need not have command cues; however, 
it is normally equipped with this feature. 


Flight Director System (FDS) 
A Flight Director System (FDS) combines many instruments 
into one display that provides an easily interpreted 
understanding of the aircralt’s flight path. The computed 
solution furnishes the steering commands necessary to obtain 
and hold a desired path, 


Major components of an FDS include an ADI, also called 
4 Flight Director Indicator (FDI), an HSI, a mode selector, 
and a flight director computer. It should be noted that a 
flight director in use does not infer the aircraft is being 
manipulated by the autopilot (coupled), but is providing 
steering commands thatthe pilot (or the autopilot, if coupled) 
follows. 


‘Typical flight directors use one of two display systems for 
steerage. The first is a set of command bars, one horizontal 
and one vertical. The command bars in this configuration 
dare maintained in a centered position (much like a centered 
slide slope). The second uses @ miniature aireraft aligned to 
a command cue. 


A flight director displays steerage commands to the pilot on 
the ADI. As previously mentioned, the flight director receives 
its signals from one of various sources and provides that to the 
ADI for steerage commands. The mode controller provides 
signals through the ADI to drive the steering bars, e.g., the 
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(CHAPTER S » THE COZY CORNER LAB 


By connecting resistors end to end, you add their resistances together, as well as their power- 
handling capabilities. By keeping a small variety of basic values on hand (e.g., 10, 100, 1000, 1KQ, 10KQ, 
etc.), you can easily stack up the right combination needed for almost any electronic application. This is 
the method used in the very handy device known as a decade resistor or decade box, which has dials for 
each digit in the desired resistance, allowing you to dial up any value of resistor needed. 

Extra credit: IF you've followed along this far, consider researching voltage dividers built using only 
resistors, 


Resistors in Parallel 


What happens when resistors are connected side by side instead of end to end? That's where things get, 
interesting, at least from a mathematical point of view. 

‘An easy way to look at parallel resistors is to think about the amount of current flowing through each 
one, and then add them all up. See Figure 5-21. 


R12 R2S RB 


Figure 5-21. Parallel resistors each conduct a portion of the total current flow through the circuit. Each 
resistor allows a certain amount of current to flow. The sum of their currents can be calculated if their 


individual resistances are known. 


Let's assume that R1, R2, and R3 have resistances of 1000, 200, and 3000, respectively. The total 
resistance of the circuit across the battery terminals is not 6000, as would be the case if they were in 
series instead of parallel. The total resistance is less than 1000, which is the least of the resistors. How 
can this be? 

ist, let's think in terms of how much current is flowing in each of the three parallel pathways 
within this circuit. FB1 is putting out 3.6V, and Ris 1000, then we know to use Ohm's Law to calculate 
the current, with I=E/ R. In this ease, |= 3.6V / 1002 = 0.0364, or 36mA. In addition, the path through 
R2is drawing half that (because R2 is double the value of R1—getit?), or 18 mA. In addition, the final 
pathway is drawing one-third as much current asthe first one, or 12 mA. Just to verify: 1= 36 / 3000 
0.0124, or 12mA. Everything checks out. 

Now add all those currents together: 36mA + 18mA + 12mA = 66mA. That's the total current, using 
this method. Again, since we know both the voltage and the current, we ean find the effective or 
equivalent resistance ofall three resistors in parallel, as i they were One single resistor. Rearranging the 
formula for Ohm’s Law, we find that R= / I. In our case, R = 3.6 / 0.066A = ~54.550. See? Smaller than 
1000, somehow. 

‘Thinking about the individual currents lowing through each resistor is the same as adding the 
current-supplying capacity of battery cells together when arrayed in parallel. Just add them together. 
However, we had to calculate each current separately and then add them together. There is a more 
direct way, depending upon how you look at things, but beware: it involves not only fractions, but 
{fractions upon fractions. Ob, the horror. 
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pilot flies the aircraft to place the delta symbol in the V of the 
steering bars. “Command” indicators tell the pilot in which 
direction and how much to change aircraft attitude to achieve 
the desired result. 


‘The computed command indications relieve the pilot of 
many of the mental calculations required for instrument 
flight. The yellow cue in the ADI /Figure 3-39) provides all 
steering commands to the pilot. Itis driven by a computer that 
receives information from the navigation systems, the ADC, 
AHRS, and other sources of data. The computer processes this, 
information, providing the pilot with a single cue to follow. 
Following the cue provides the pitot with the necessary three 


Figure 3-39. A Typical Cue That a Pilot Would Follow. 


dimensional flight trajectory to maintain the desired path. 
One of the first widely used flight directors was developed 
by Sperry and was called the Sperry Three Axis Attitude 
Reference System (STARS). Developed in the 1960s, it was 
commonly found on both commercial and business aircraft 
alike, STARS (with a modification) and successive flight 
tegrated with the autopilots and aircraft 
providing a fully integrated flight system. 


The flight director/autopilot system described below is, 
typical of installations in many general aviation aircraft 
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Figure 3-40. Components of a Typical Flight Director System. 


‘The components ofa typical flight director include the mode 
controller, ADI, HSI, and annunciator panel. These units are 
illustrated in Figure 3-40. 


‘The pilot may choose from among many modes including 
the HDG (heading) mode, the VOR/LOC (localizer tracking) 
mode, or the AUTO Approach (APP) or G/S (automatic 
capture and tracking of instrument landing system (ILS) 
localizers and glide path) mode. The auto mode has a fully 
automatic pitch selection computer that takes into account 
aircraft performance and wind conditions, and operates once 
the pilot has reached the ILS glide slope. More sophisticated 
systems allow more flight director modes. 


Integrated Flight Control System 
‘The integrated flight control system integrates and merges 
various systems into a system operated and controlled by one 
principal component. Figure 3-41 illustrates key components 
‘of the flight control system that was developed from the 
onset as a fully integrated system comprised of the airframe, 
autopilot, and flight director system. This trend of complete 
integration, once seen only in large commercial aircraft, are 
now becoming common in the general aviation field 


Autopilot Systems 

An autopilot is a mechanical means to control an aircraft 
using electrical, hydraulic, or digital systems. Autopilots can 
control three axes of the aircraft: roll, pitch, and yaw. Most 
autopilots in general aviation control roll and pitch. 


Autopilots also function using different methods. The first 
is position based. That is, the attitude gyro senses the degree 
of difference from a position such as wings level, a change 
in pitch, or a heading change. 


Figure 3-41. The S-TEC/Meggit Corporation Integrated Autopilot Installed in the Cirrus. 


Determining whether a des 
based lies primarily within the type of sensors use 
for an autopilot to possess the capability of controlling an 
aircraft’s altitude (i.e., roll and pitch), that system must be 
provided with constant information on the actual attitude 
of that aircraft. This is accomplished by the use of several 
different types of gyroscopic sensors. Some sensors are 
designed to indicate the aircraft's attitude in the form of 
position in relation to the horizon, while others indicate rate 
(position change over time). 


Rate-based systems use the turn-and-bank sensor for the 
autopilot system. The autopilot uses rate information on 
two of the aircraft's three axes: movement about the vertical 
axis (heading change or yaw) and about the longitudinal 
axis (roll). This combined information from a single sensor 
is made possible by the 30° offset in the gyro’s axis to the 
longitudinal axis. 


Other systems use a combination of both position and rate~ 
based information to benefit from the attributes ofboth systems 
while newer autopilots are digital. Figure 3-42 illustrates an 
autopilot by Century 


Figure 3-43 is a diagram layout of a rate-based autopilot by 
Tee, which permils the purchaser to add modular capability 
form basic wing leveling to increased capability 


In the mid-1970s, visionaries in the avionics industry such 
as Hubert Naimer of Universal, and followed by 
as Ed King, Jr., were looking to advance the technology of 
aircraft navigation, As early as 1976, Naimer had a vision 


thers such 


Figure 342, An Autopilot by Century 


of a “Master Navigation System" that would accept inputs 
from a variety of different types of sensors on an aircraft 
and automatically provide guidance throughout all phases 
of flight. 


Atthat time aircraft navigated over relatively short distances 
ith radio systems, principally VOR or ADE. For long-range 
flight inertial navigation systems (INS), Omega, Doppler, 
and Loran were in common use. Short-range radio systems 
usually did not provide area navigation capability. Long- 
range systems were only capable of en route point-to-point 
navigation between manually entered waypoints described 
as longitude and latitude coordinates, with typical systems 
containing a limited number of waypoints. 
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Figure 3-43. A Diagram Layout of an Autopilot by S-Tee. 


‘The laborious process of manually entering cryptic latitude 
and longitude data for each flight waypoint created high 
crew workloads and frequently resulted in incorrect data 
entry. The requirement of a separate control panel for each 
long-range system consumed precious flight deck space and 
increased the complexity of interfacing the systems with 
display instruments, flight directors, and autopilots. 


‘The concept employed a master computer interfaced with all 
of the navigation sensors on the aircraft. A common control 
display unit (CDU) interfaced with the master computer would 
provide the pilot with a single control point forall navigation 
systems, thereby reducing the number of required flight deck 
panels, Management of the various individual sensors would 
be transferred from the pilot to the new computer. 


nce navigation sensors rarely agree exactly about position, 
Naimer believed that blending all available sensor position 
data through a highly sophisticated, mathematical filtering 
system would produce a more accurate aircraft position. He 
called the process output the “Best Computed Position.” By 
using all available sensors to keep track of position, the system 
could readily provide area navigation capability. The master 
computer, not the individual sensors, would be integrated into 
the airplane, greatly reducing wiring complexity. 


‘To solve the problems of manual waypoint entry, a pre- 
loaded database of global navigation information would 
be readily accessible by the pilot through the CDU. Using, 
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such a system a pilot could quickly and accurately construct, 
a flight plan consisting of dozens of waypoints, avoiding 
the tedious typing of data and the error potential of latitude/ 
longitude coordinates. Rather than simply navigating point- 
to-point, the master system would be able to maneuver the 
aircraft, permitting use of the system for terminal procedures 
including departures, arrivals, and approaches. The system 
would be able to automate any aspect of manual pilot 
navigation of the aircraft, When the first system, called the 
UNS-1, was released by Universal in 1982, it was called a 
flight management system (FMS). [Figure 3-44] 


i 


Figure 3-44. A Control Display Unit (CDU) Used to Control the 
Flight Management System 


‘An FMS uses an electronic database of worldwide 
navigational data including navigation aids, airways and 
intersections, Standard Instrument Departures (SIDS), 
Standard Terminal Arrival Routes (STARS), and Instrument 
Approach Procedures (IAPs) together with pilot input through, 
a CDU to create a flight plan. The FMS provides outputs to 
several aircraft systems including desired track, bearing and 
distance to the active waypoint, lateral course deviation and 
related data o the flight guidance system for the HSI displays, 
and roll steering command for the autopilot/flight director 
system. This allows outputs from the FMS to command 
the airplane where to go and when and how to turn. To 
support adaptation to numerous aircraft types, an FMS is 
usually capable of receiving and outputting both analog and 
digital data and discrete information, Currently, electronic 
navigation databases are updated every 28 days. 


‘The introduction of the Global Positioning System (GPS) has 
provided extremely precise position at low cost, making GPS 
the dominant FMS navigation sensor today. Currently, typical 
FMS installations require that air data and heading information 
be available electronically from the aircraft. This limits FMS 
usage in smaller aircraft, but emerging technologies allow this, 
data from increasingly smaller and less costly systems, 


Some systems interface with a dedicated Distance Measuring, 
Equipment (DME) receiver channel under the control of the 
FMS to provide an additional sensor. In these systems, the 
FMS determines which DME sites should be interrogated 
for distance information using aircraft position and the 
navigation database to locate appropriate DME sites. The 
FMS then compensates aircraft altitude and station altitude 
with the aid of the database to determine the precise distance 
to the station. With the distances from a number of sites the 
FMS can compute a position nearly as accurately as GPS. 


Aimer visualized three-dimensional aircraft control with 
an FMS. Modern systems provide Vertical Navigation 
(VNAV) as well as Lateral Navigation (LNAV) allowing, 
the pilot to create a vertical flight profile synchronous with 
the lateral flight plan. Unlike early systems, such as Inertial 
Reference Systems (IRS) that were only suitable foren route 
navigation, the modern FMS can guide an aircraft during 
instrument approaches. 


‘Today, an FMS provides not only real-time navigation 
capability but typically interfaces with other aircraft systems, 
providing fuel management, control of cabin briefing and 
display systems, display of uplinked text and graphic weather 
data and air/ground data link communications. 


Electronic Flight Instrument Systems 
Modern technology has introduced into aviation a new 
method of displaying flight instruments, such as electronic 
fight instrument systems, integrated flight deck displays, and. 
others. For the purpose of the practical test standards, any 
flight instrument display that utilizes LCD or picture tube like 
displays is referred to as “electronic flight instrument display” 
andjora glass flight deck. In general aviation there is typically 
primary flight display (PFD) and a multi-function display 
(MED). Although both displays are in many cases identical, 
the PFD provides the pilot instrumentation necessary for 
flight to include altitude, airspeed, vertical velocity, attitude, 
heading and trim and trend information. 


Glass flight decks (a term coined to describe electronik 
instrument systems) are becoming more widespread as cost 
falls and dependability continually increases. ‘These systems 
provide many advantages such as being lighter, more reliable, 
‘no moving parts to wear out, consuming less power, and 
replacing numerous mechanical indicators with a single glass 
display. Because the versatility offered by glass displays is 
much greater than that offered by analog displays, the use 
of such systems will only increase with time until analog, 
systems are eclipsed. 


Primary Flight Display (PFD) 


PEDs provide increased situational awareness to the pilot by 
replacing the traditional six instruments used for instrument 
flight with an easy-to-sean display that provides the horizon, 
airspeed, altitude, vertical speed, trend, trim, rate of turn 
among other key relevant indications. Examples of PFDs 
are illustrated in Figure 3-45. 


Synthetic Vision 
Synthetic vision provides a realistic depiction of the aircraft 
in relation to terrain and flight path, Systems such as those 
produced by Chelton Flight Systems, Universal Flight 
Systems, and others provide for depictions of terrain and. 
course. Figure 3-46 is an example of the Chelton Flight 
System providing both 3-dimensional situational awareness 
and a synthetic highway in the sky, representing the desired 
flight path, Synthetic vision is used as a PED, but provides 
guidance in a more normal, outside reference format. 
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Figure 3-45. Tivw Primary Flight Displays (Avidyne on the Left andl Garmin on the Right) 


Figure 3-46. The benefits of realistic visualization imagery, as 
illustrated by Synthetic Vision manufactured by Chelion Flight 
Systems. The system provides the pilot a realistic, real-time, three- 
dimensional depiction of the aircraft and its relation ra terrain 
‘around it 


Multi-Function Display (MFD) 
In addition to a PFD directly in front of the pilot, an MED 
that provides the display of information in addition to primary 
fight information is used within the flight deck. /Figure 3-47] 
Information such as a moving map, approach charts, Terrain 
Awareness Warning System, and weather depiction can all 
be illustrated on the MED, For additional redundaney both 
the PED and MED can display all critical information that 
the other normally presents thereby providing redundancy 
(using a reversionary mode) not normally found in general 
aviation flight de 
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Advanced Technology Systems 

Automatic Dependent Surveillance—Broadcast 
(ADS-B) 

Although standards for Automatic Dependent Surveillance 
(Broadcast) (ADS-B) are still under continuing development. 
the concept is simple: aircraft broadcast a message on 
a regular basis, which includes their position (such as 
latitude, longitude and altitude), velocity, and possibly 
other information. Other aircraft or systems can receive this 
information for use in a wide variety of applications. The 
key to ADS-B is GPS, which provides three-dimensional 
position of the aircraft 


Asan simplified example, consider air-traffic radar. The radar 
measures the range and bearing of an aircraft, The bearing is 
measured by the position ofthe rotating radar antenna when it 
receives a reply to its interrogation from the aircraft, and the 
range by the time it takes for the radar to receive the reply. 


An ADS-B based system, on the other hand, would listen 
for position reports broadcast by the aircraft. [Figure 3-48] 
‘These position reports are based on satellite navigation 
systems. These transmissions include the transmitting, 
aircraft's position, which the receiving aircraft processes into 
usable pilot information. The accuracy of the system is now 
determined by the accuracy of the navigation system, not 
measurement errors. Furthermore the accuracy is unaffected 
by the range to the aircraft as in the case of radar, With radar, 
detecting aircraft speed changes require tracking the data and 
changes can only be detected over a period of several position 
updates. With ADS-B, speed changes are broadcast almost 
instantaneously and received by properly equipped aircraft. 


fevnit14.30 > 114.70 
pewz 117.60 117.90 


Figure 3-48. Aircraft equipped with Automatic Dependent Surveillance—Broadcast (ADS-B) continuously broadcast their identification, 
altitude, direction, and vertical rend. The transmitted signal carries significant information for other aircraft and ground stations alike. 
Other ADS-equipped aircraft receive this information and process it ina variety of ways. It is possible that in a saaurated environment 
(assuming all aircraft are ADS equipped), the systems can project tracks for their respective aircraft and retransmit to other aircraft 
their projected tracks, thereby enhancing collision avoidance. At one time, there was an Automatic Dependent Surveillance—Addressed 
(ADS-A) and that is explained in the Pilot's Handbook of Aeronautical Knowledge. 
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Additionally, other information can be obtained by properly 
equipped aircraft to include notices to airmen (NOTAM), 
weather, ete, Figures 3-49 and 3-50] At the present time, 
ADS-B is predominantly available along the east coast of 
the United States where it is matured, 
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Safety Systems 

Radio Altimeters 

A radio altimeter, commonly referred to as a radar altimeter, 
isa system used for accurately measuring and displaying the 
height above the terrain directly beneath the aircraft. It sends 
a signal to the ground and processes the timed information, 
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Figure 3-89. An aircraft equipped with ADS will receive identification, altitude in hundreds of feet (above or below using + or-), direction 
of the traffic, and aircraft descent or climb using an up or down arrow. The yellow target isan illustration of how a non-ADS equipped 


aircraft would appear on an ADS-equipped aireraft's display: 


Available 


Figure 3-50, An aircraft equipped with ADS has the ability 1 upload and display weather. 
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Its primary application is to provide accurate absolute altitude 
information to the pilot during approach and landing. In 
advanced aircraft today, the radar altimeter also provides its, 
information to other onboard systems such as the autopilot 
and flight directors while they are in the glide slope capture 
mode below 200-300 feet above ground level (AGL), 


A typical system consists of a receiver-transmitter (RT) 
unit, antenna(s) for receiving and transmitting the signal, 
and an indicator. [Figure 3-51] Category Il and III precision 
approach procedures require the use of a radar altimeter and, 
specify the exact minimum height above the terrain as a 
decision height (DH) or radio altitude (RA). 


io 


Figure 3-51. Components of a Radar Altimeter 


Traffic Advisory Systems 
Traffic Information System 

‘The ‘Traffic Information Service (T1S) is a ground- 
service providing information to the flight deck via data 
link using the S-mode transponder and altitude encoder. TIS 
improves the safety and efficiency of “see and avoid” flight 
through an automatic display that informs the pilot of nearby 
traffic. The display can show location, direction, altitude 
and the climb/descent trend of other transponder-equipped 
aircraft. TIS provides estimated position, altitude, altitude 
trend, and ground track information for up to several aircraft 
simultaneously within about 7 NM horizontally, 3,500 feet 
above and 3,500 feet below the aircraft. /Figure 3-52] This, 
data can be displayed on a variety of MEDs. [Figure 3-53] 


Figure 3-54 displays the pictorial concept of the traffic 
information system. Noteworthy is the requirement to have 
Mode S and that the ground air traffic station processes the 
Mode S signal. 


Traffic Alert Systems 

‘Traffic alert systems receive transponder information from 
nearby aircraft to help determine their relative position to the 
equipped aircraft. They provide three-dimensional location 


Figure 3-52. Coverage Provided by a Traffic Information System. 


of other aircralt [Figures 3- and 3-57) and are cost 
effective altematives to TCAS equipage for smaller aircra 


Traffic Avoidance Systems 
‘Traffic Alert and Collision Avoidance System (TCAS) 

‘The TCAS is an airborne system developed by the FAA that 
“operates independently from the ground-based ATC system. 
TCAS was designed to increase flight deck awareness of 
proximate aircraft and to serve as a “last line of defense” for 
the prevention of mid-air collisions, 


‘There are two levels of TCAS systems. TCAS I was developed 
to accommodate the general aviation (GA) community and 
the regional airlines. This system issues traffic advisories 
(TAs) to assist pilots in visual acquisition of intruder aircraft 
‘TCAS | provides approximate bearing and relative altitude 
of aircraft with a selectable range. It provides the pilot 
with traffic advisory (TA) alerting him or her to potentially 
conflicting traffic. The pilot then vis 
and takes appropriate action for collision avoidance. 


ally acquires the traffi 


‘TCAS 11 is a more sophisticated system which provides the 
same information of TCAS I. It also analyzes the projected 
flight path of approaching aircraft and issues resolution 
advisories (RAS) to the pilot to resolve potential mid-air 
collisions. Additionally, if communicating with another 
TCAS II equipped aircraft, the two systems coordinate the 
resolution alerts provided to their respective flight crews. 
[Figure 3-58] 
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Figure 3-53. Multi-Function Display (MED). 


Figure 3-84. Concept of the Traffic Information System. 
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Figure 3-56. A Skywatch System. 


Figure 3-55. Theory of a Typical Alert System, 


Figure 3-87. Alert System by Avidyne (Ryan). 
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(CHAPTER 5 » THE COZY CORNER LAB 


Note Some people don't dig math. Weird, but true. 


Here is the equation for calculating the total resistance (R,) of three resistors in parallel (R,, R,, R.) 


“Oo ® 


‘The good thing about this equation is that you don’t need to know what the supply voltage is to get 
the correct answer. All you need to know are the values of the resistors. If you need to use more resistors, 
just add more terms to the equation, 

Calculating the value of parallel resistors occurs quite frequently when designing electronics. Some 
special cases are simple enough to do in your head. For example, if two identical-value resistors are 
placed in parallel, their combined resistance is half the value of each individual resistor. That is, ifyou 
placed two 1000 ohm resistors in parallel, their effective resistance would be 500. Similarly, if you have 
three identical resistors, the net resistance is one-third the value of each constituent resistor. Make 
sense? These are special cases of the general equation just shown, 

‘This happens so much that an alternate notation method has been developed: R, = R,/RJR,. Thi 
not ofien used for hobby electronics, however. 

‘The power-handling ratings of resistors are added together, so if you have two 10W resistors in 
Parallel, the net power-handling capacity is now 20W. At least that part was easy. 


Capacitors in Series and Parallel 


Capacitors are completely different from resistors. When calculating their values in series and in parallel, 
you have to use exactly the opposite methods. Isn't electronics interesting? 

‘The values of capacitors in parallel are added together. This makes them much more like batteries 
in parallel than resistors. However, you still have to use the lractions-upon-fractions method to calculate 
the value of capacitors in series. 

Again, some shortcuts are available, Two identical capacitors in series have halfthe capacitance of 
each individual capacitor, but double the working voltage, which is the maximum voltage they were 
designed to withstand before failing, 


Inductors in Series and Parallel 


It gets more interesting, believe it or not. Inductors act like resistors as far as adding their values together 
in Series and taking the reciprocal of the sum of the reciprocals of their values in parallel, but onlywhen 
the magnetic fields of all of the inductors involved do not interfere with each other. Ifthe magnetic fields 
generated when current flows though the inductors overlap, then you have to factor in their mutual 
inductance, which starts to get complicated. 

Extra credit: Figure out how all that works and let me know, 
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Figure 3-58. An example of a resolution advisory being provided 
the pilot. In his case, the pilot is requested to elimb, with 1,200 
{feet being the appropriate rate of ascent to avoid traffie conflict. 
This visual indication plus the aural warning provide the pilot 
with excellent traffic awareness that augments see and avoid 
practices 

Terrain Alerting Systems 

Ground Proximity Warning System (GPWS) 

An early application of technology to reduce CFIT was the 
GPws c use since the early 1970s, GPWS uses the 
radio altimeter, speed, and barometric altitude to determine the 
aircraft's position relative tothe ground. The system uses this, 
information in determining aircraft clearance above the Earth 
and provides limited predictability about aircraft position 
relative to rising terrain. It does this based upon algorithms, 
within the system and developed by the manufacturer for 
different airplanes or helicopters. However, in mountainous, 
areas the system is unable to provide predictive information 
due to the unusual slope encountered 


This inability to provide predictive information was evidenced 
in 1999 when a DH-7 crashed in South America. The crew 
had a GPWS onboard, but the sudden rise of the terrain 
rendered it ineffective; the crew continued unintentionall 
{nto a mountain with steep terrain. Another incident involves 
Secretary of Commerce Brown who, along with all on board, 
‘was lost when the crew flew over rapidly rising terrain where 
the GPWS capability is offset by terrain gradient. However, 
the GPWS is tied into and considers landing gear status, lap 
position, and ILS glide slope deviation to det 
operation with respect to terrain, excessive descent rate, 
excessive closure rate to terrain, unsafe terrain clearance while 
not in a landing configuration, excessive deviation below an 
ILS glide slope. It also provides advisory callouts. 


unsafe aircraft 


Generally, the GPWS is tied into the hot bus bar of the electrical 
system to prevent inadvertent switch off. This was demonstrated 
in an accident involving large four-engine turboprop airplane. 
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While on final for landing with the landing gear inadvertently 
up, the crew failed to heed the GPWS warning as the aircraft 
crossed a large berm close to the threshold. In fact, the crew 
attempted without success to shut the system down and attributed 
the signal to a malfunction. Only alter the mishap did the crew 
realize the importance of the GPWS warning. 


‘Terrain Awareness and Warning System (TAWS) 
ATTAWS uses GPS positioning and a database of terrain and, 
obstructions to provide true predictability of the upcoming, 
terrain and obstacles. ‘The warnings it provides pilots are 
both aural and visual, instructing the pilot to take specific 
action. Because TAWS relies on GPS and a database of 

srain/obstacle information, predictability is based upon 
aircraft location and projected location. The system is time 
based and therefore compensates for the performance of the 
aircraft and its speed. [Figure 3-59] 


Head-Up Display (HUD) 

‘The HUD is a display system that provides a projection of 
navigation and air data (airspeed in relation to approach 
reference speed, altitude, lefi/right and up/down glide slope) 
ona transparent screen between the pilot and the windshield, 
‘The concept of a HUD is 
looking at the instrument panel and outside. Virtually any 
information desired can be displayed on the HUD if it is 
available in the aircraft’s flight computer. The display for 


to diminish the shift between 


the HUD can be projected on a separate panel near the 
‘or as shown in Figure 3-60 on an eye piece. Other 
information may be displayed, including a runway target in 
relation to the nose of the aircraft, which allows the pilot to 


windseret 


see the information necessary to make the approach while 
also being able to see out the windshield. 


Required Navigation Instrument System 
Inspection 

‘Systems Preflight Procedures 

Inspecting the instrument system requires a relatively small 
part of the total time required for preflight activities, but its 
importance cannot be overemphasized. Before any flight 
involving aireraft control by instrument reference, the pilot 
should check all instruments and their sources of power 
for proper operation. NOTE: The following procedures are 
appropriate for conventional aircraft instrument systems 
Aircraft equipped with electronic instrument systems utilize 
different procedures. 


Figure 3-59. A six-frame sequence illustrating the manner in which TAWS operates. A TAWS installation is aircraft specific and provides 
warnings and cautions based upon time to potential impact with terrain rather than distance. The TAWS is ilustrated in an upper left 
window while aircrew view is provided out of the windsereen. illustrates the aircraft in relation to the outside terrain while ) and 
(© illustrate the manner in which the TAWS system displays the terrain. is providing a caution of terrain to be traversed, while (& 
provides an illstration of a warning with an aural and textural advisory (red) o pull up. (& also illustrates a pilot taking appropriate 
‘ction (climb in this case) while il Wlustrates that a hazard is no longer a factor. 
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Figure 3-60. A Heud-Up Display. 


Before Engine Start 


1 
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Walk-around inspection: Check the condition of all 
antennas and check the pitot tube for the presence 
of any obstructions and remove the cover. Check 
the static ports to be sure they are free from dirt 
and obstructions, and ensure there is nothing on the 
structure near the ports that would disturb the air 
flowing over them, 


Aircraft records: Confirm that the altimeter and static 
system have been checked and found within approved 
limits within the past 24 calendar months. Check the 
replacement date for the emergency locator transmitter 
(ELT) batteries noted in the maintenance record, and 
be sure they have been replaced within this time 
interval. 


Preflight paperwork: Check the Airport/Facility 
Directory (A/D) and all Notices to Airmen 
(NOTAMS) forthe condition and frequencies ofall the 
navigation aid (NAVAIDs) that are used on the flight. 
Handbooks, en route charts, approach charts, computer 
and flight log should be appropriate for the departure, 
cen route, destination, and alternate airports. 


Radio equipment: Switches off. 


Suction gauge: Proper markings as applicable if 
electronic flight instrumentation is installed. 


13, 
14, 


16, 


ASI: Proper reading, as applicable. If electronic 
ight instrumentation is installed, check emergency 
instrument. 


Attitude indicator: Uncaged, if applicable. If electronic 
flight instrumentation is installed, check emergency 
system to include its battery as appropriate. 
Altimeter: Set the current altimeter setting and ensure 
that the pointers indicate the elevation of the airport 
VSI: Zero indication, as applicable (ifelectronie flight 
instrumentation is installed), 


Heading indicator: Uncaged, if applicable 


‘Turn coordinator: If applicable, miniature aircraft 
level, ball approximately centered (level terrain). 
Magnetic compass: Full of fluid and the correction 
card is in place and current 

Clock: Set to the correct time and running, 

Engine instruments: Proper markings and readings, 


as applicable if electronic flight instrumentation is 
installed. 


Deicing and an 
and fluid quantity 


cing equipment: Check availability 


Alternate static-source valve: Be sure it can be opened 
if needed, and that it is fully closed 


17, 


After 


Pitot tube heater: Check by watching the ammeter 
‘when itis turned on, or by using the method specified 
in the POH/AFM. 


Engine Start 


When the master switch is tumed on, listen to the 
gyrosas they spin up. Any hesitation or unusual noises 
should be investigated before flight. 


Suction gauge or electrical indicators: Check the 
source of power for the gyro instruments. The suction 
developed should be appropriate for the instruments 
in that particular aircraft. If the gyros are electrically 
driven, check the generators and inverters for proper 
operation. 


Magnetic compass: Check the card for freedom of 
movement and confirm the bowl is full of fluid 
Determine compass accuracy by comparing the 
indicated heading against a known heading (runway 
heading) while the airplane is stopped or taxiing 
straight. Remote indicating compasses should also be 
checked against known headings. Note the compass 
‘card correction for the takeoff runway heading. 


Heading indicator: Allow 5 minutes after starting 
engines for the gyro to spin up. Before taxiing, or 
while taxiing straight, set the heading indicator to 
correspond with the magnetic compass heading. A 
slaved gyrocompass should be checked for slaving 
action and its indications compared with those of the 


magnetic compass. If an el 
system is installed, consult the flight manual for proper 
procedures 


Altitude indicator: Allow the same time as noted 
above for gyros to spin up. If the horizon bar erects 
to the horizontal position and remains at the correct 
position for the attitude of the airplane, or if it begins 
to vibrate after this attitude is reached and then slowly 
stops vibrating altogether, the instrument is operating 
properly. If an electronic flight instrument system 
is installed, consult the flight manual for proper 
procedures 


Alt 


jeter: With the altimeter set to the current reported 
jeter setting, note any variation between the 
known field elevation and the altimeter indication. If 
the indication is not within 75 feet of 
the accuracy of the altimeter is questionable and 
the problem should be referred to a repair station 
for evaluation and possible correction. Because the 
elevation of the ramp or hangar area might differ 
significantly from field el 
the run-up area if the error exceeds 75 feet. When 
no altimeter setting is available, set the altimeter 


Id elevation, 


ation, recheck when 


10. Deicing and anti 


to the published field elevation during the pret 
instrument check. 


ight 


VSI: The does not, 
tap the panel gently. Ifan electronic flight instrument 
system is installed, consult the flight manual for proper 
procedures, 


\strument should read zero. If 


Engine instruments: Check for proper readings. 


Radio equipment: Check for proper operation and set 
as desired 


ng equipment: Check operation. 


Taxiing and Takeoff 


1 


‘Turn coordinator: During taxi turns, check the 
‘miniature aircraft for proper turn indications. The ball 
or slip/skid should move freely. The ball or slip/skid 
indicator should move opposite to the direction of 
‘tums. The turn instrument should indicate the direction 
of the turn, While taxiing straight, the miniature 
aircraft (as appropriate) should be level. 


‘Heading indicator: Before takeoff, recheck the heading 
indicator. If the magnetic compass and deviation card 
are accurate, the heading indicator should show the 
known taxiway or runway direction when the airplane 
is aligned with them (within 5°), 

Attitude ind 
in the horizontal position during straight taxiing, or 
tips in excess of 5° during taxi turns, the instrument is 
unreliable. Adjust the miniature aircraft w 
to the horizon bar for the particular airplane while on 
the ground, Forsome tricycle-gear airplanes, a slightly 
nose-low attitude on the ground gives a level flight 
altitude at normal cruising speed 


tor: If the horizon bar fails to remain 


reference 


Engine Shut Down 


When shutting 
instrument indi 


down the engine, note any abnormal 
tions. 
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Chapter 4, Section | 
Airplane: Att 
Instrument 


Using Analog Instrumentation 


Introduction 


Attitude instrument flying is defined as the control of an 
truments rather than 
outside visual references. Today's aircraft come equipped 
with analog and/or digital instruments. Analog instrument 
systems are mechanical and operate with numbers 
ly measurable quantities, such as a watch 
with a sweep second hand. In contrast, digital instrument 
systems are electronic and operate with numbers expressed 
in digits, Although more manufacturers are providing aircraft 
With digital instrumentation, analog instruments remain more 
prevalent. This section acquaints the pilot with the use of 
analog flight instruments, 


aircraft's spatial position by using 


representing 


Any flight, regardless of the aircraft used or route flown, 
consists of basic maneuvers. In visual flight, aircraft attitude 
is controlled by using certain reference points on the aircraft 
with relation to the natural horizon. In instrument flight, 
the aircraft altitude is controlled by reference to the flight 
instruments. Proper interpretation of the flight instruments 
provides essentially the same information that outside 
references do in visual flight. Once the role of each instrument 
in establishing and maintaining a desired aircraft attitude is, 
earned, a pilot is better equipped to control the aircraft in 
emergency situations involving failure of one or more key 
instruments. 


Learning Methods 


‘The two basic methods used for learning attitude instrument 
flying are “control and performance” and “primary and 
supporting.” Both methods utilize the same instruments 
and responses for attitude control. They differ in their 
reliance on the attitude indicator and interpretation of other 
instruments. 


Attitude Instrument Flying Using the Control and 
Performance Method 

Aircraft performance is achieved by controlling the aircraft 
altitude and power. Aircraft attitude is the relationship 
of both the aircraft’s pitch and roll axes in relation to the 
Earth’s horizon. An aircraft is flown in instrument flight by 
controlling the attitude and power, as necessary, to produce 
both controlled and stabilized flight without reference to a 
visible horizon. This overall process is known as the control 
and performance method of attitude instrument flying. 
Starting with basic instrument maneuvers, this process can 
be applied through the use of control, performance, and 
navigation instruments, resulting in a smooth flight, from 
takeoff to landing, 


Figure 4-1. Control Instruments. 
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Control Instruments 

‘The control instruments display immediate attitude and power 
indications and are calibrated to permit those respective 
adjustments in precise increments. In this discussion, the 
term “power” is used in place of the more technically correct, 
term “thrust or drag relationship.” Control is determined 
by reference to the attitude and power indicators. Power 
indicators vary with aircraft and may include manifold 
pressure, tachometers, fuel flow, ete. [Figure 4-1] 


Performance Instruments 

‘The performance instruments indicate the aircraft’s actual 
performance. Performance is determined by reference to 
the altimeter, airspeed or vertical speed indicator (VSI). 
[Figure 4-2] 


Navigation Instruments 

‘The navigation instruments indicate the position of the aircraft 
in relation to a selected navigation facility or fix. This group 
of instruments includes various types of course indicators, 
range indicators, glide-slope indicators, and bearing pointers. 
[Figure 4-3] Newer aircraft with more technologically 
advanced instrumentation provide blended information, 

ving the pilot more accurate positional information, 


Procedural Steps in Using Control and 
Performance 


1. Establish an attitude and power setting on the 
control instruments that results in the desired 
performance. Known or computed attitude changes 
and approximated power settings helps to reduce the 
pilot’s workload, 

2. ‘Trim (fine tune the control forces) until control 


pressures are neutralized. Trimming for hands-off 
essential for smooth, precise aircraft control. 


It allows a pilot to attend to other flight deck duties 
‘with minimum deviation from the desired attitude. 


3. Cross-check the performance instruments to determine 
if the established attitude or power setting is providing 
the desired performance. The cross-check involves 
both seeing and interpreting. If a deviation is noted, 
determine the magnitude and direction of adjustment 
required to achieve the desired performance. 


4, Adjust the attitude and/or power setting on the control 
instruments as necessary. 


Aircraft Control During Instrument Flight 
Attitude Control 

Proper control of aircraft attitude is the result of proper use 
Of the altitude indicator, knowledge of when to change the 


Figure 4-2. Performance Instruments. 


Figure 4-3. Flight Panel Instrumentation. 


4-3 


attitude, and then smoothly changing the attitude a precise 
amount. The attitude reference provides an immediate, direct, 
and corresponding indication of any change in aircraft pitch 
or bank attitude. 


Pitch Control 
Changing the “pitch attitude” of the miniature aircraft or 
fuselage dot by precise amounts in relation to the horizon 
makes pitch changes. These changes are measured in degrees 
or fractions thereof, or bar widths depending upon the type of 
attitude reference. The amount of deviation from the desired 
performance determines the magnitude of the correction, 


Bank Control 
Bank changes are made by changing the “bank attitude” or 
bank pointers by precise amounts in relation to the bank scale. 
‘The bank scale is normally graduated at 0°, 10°, 20°, 30°, 
60°, and 90° and is located at the top or bottom of the attitude 
reference, Normally, use a bank angle that approximates the 
degrees to tur, not to exceed 30°. 


Power Control 
Proper power control results from the ability to smoothly 
establish or maintain desired airspeeds in coordination 
with attitude changes. Power changes are made by throttle 
adjustments and reference to the power indicators. Power 
indicators are not affected by such factors as turbulence, 
improper trim, or inadvertent control pressures. Therefore, 
{in most aircraft little attention is required to ensure the power 
selling remains constant. 


Experience in an aircraft teaches a pilot approximately how 
far to move the throttle to change the power a given amount. 
Power changes are made primarily by throttle movement, 
followed by an indicator cross-check to establish a more 
precise setting, The key isto avoid fixating on the indicators 


Figure 4-4, Pitch Instruments. 
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while setting the power. Knowledge of approximate power 
settings for various flight configurations helps the pilot avoid 
overcontrolling power. 


Attitude Instrument Flying Using the Primary and 
Supporting Method 

Another basic method for teaching attitude instrument flying 
classifies the instruments as they relate to control function as 
well as aircraft performance. All maneuvers involve some 
degree of motion about the lateral (pitch), longitudinal (bank/ 
roll), and vertical (yaw) axes. Attitude control is stressed in 
this handbook in terms of pitch control, bank control, power 
control, and trim control. Instruments are grouped as they 
relate to control function and aircraft performance as pitch 
control, bank control, power control, and trim. 


Pitch Control 

Pitch control is controlling the rotation ofthe aircraft about the 
lateral axis by movement of the elevators. After interpreting, 
the pitch attitude from the proper flight instruments, exert 
control pressures to effect the desired pitch attitude with 
reference to the horizon. These instruments include the 
attitude indicator, altimeter, VSI, and airspeed indicator. 
[Figure 4-4] The attitude indicator displays. direct indication 
Of the aircraft’s pitch attitude while the other pitch attitude 
control instruments indirectly indicate the pitch attitude of 
the aircraft, 


Attitude Indicator 
‘The pitch attitude control of an aircraft controls the angular 
relationship between the longitudinal axis of the aircraft and 
the actual horizon. The attitude indicator gives a direct and 
immediate indication of the pitch attitude of the aircraft. The 
aircraft controls are used to position the miniature aircraft 
in relation to the horizon bar or horizon tine for any pitch 
attitude required. (Figure 4-5] 


Figure 4-5. Attitude Indicator 


‘The miniature aircraft should be placed in the proper position 
in relation to the horizon bar or horizon line before takeoff 
‘The aircraft operator’s manual explains this position. As soon 
as practicable in level flight and at desired cruise airspeed, 
the miniature aircraft should be moved to a position that 
aligns its wings in front of the horizon bar or horizon line. 
This adjustment can be made anytime varying loads or other 
conditions indicate a need. Otherwise, the position of the 
‘miniature aircraft should not be changed for flight at other than 
cruise speed. This is to make sure that the attitude indicator 
displays a true picture of pitch attitude in all maneuvers. 


‘When using the attitude indicator in applying pitch attitude 
corrections, control pressure should be extremely light. 
Movement of the horizon bar above or below the miniature 
aircraft of the attitude indicator in an airplane should not 
exceed one-half the bar width. [Figure 4-6/ If further change 
is required, an additional correction of not more than one-half 
horizon bar wide normally counteracts any deviation from 
normal flight 


Figure 4-6, Pitch Correction Using the Attitude Indicator 


Altimeter 
Ifthe aircraft is maintaining level flight, the altimeter needles 
maintain a constant indication of altitude. If the altimeter 
the pitch attitude must be adjusted 
upward to stop the descent. Ifthe altimeter indicates a gain 
in altitude, the pitch attitude must be adjusted downward to 
stop the climb. [Figure 4-7] The altimeter can also indicate 
the pitch attitude in a climb or descent by how rapidly the 
needles move. A minor adjustment in pitch attitude may be 
made to control the rate at which altitude is gained or lost 
Pitch attitude is used only to correct small altitude changes 
caused by external forces, such as turbulence or up and 
down drafts. 


indicates loss of altitude, 


Figure 4-7. Pitch Correction Using the Altimeter 


Vertical Speed Indicator (VSI) 

In flight at a constant altitude, the VSI (sometimes referred 
to as vertical velocity indicator or rate-of-climb indicator) 
remains at zero. If the needle moves above zero, the pitch 
attitude must be adjusted downward to stop the climb and 
return to level flight. Prompt adjustments to the changes in 
the indications of the VSI can prevent any significant change 
in altitude. /Figure 4-8) Turbulent air causes the needle to 
fluctuate near zero, In such conditions, the average of the 
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CHAPTER S » THE COZY CORNER LAB 


LEDs in Series and Parallel 


You learned (or were reminded of a few of the basic characteristics of LEDs in the previous section, 
although it was really to help illustrate the operation of resistors in series and parallel. A couple of major 
oversimplifications were introduced to help concentrate on the resistor. We'll address a couple of these 
issues here. 

ighting up a single LED using a battery and a fixed current-limiting resistor is fun, but it’s pretty 
basic stuff. Lighting up a lot of LEDs is where it gets to be a lot of fun. To do so, you need to learn a little 
more about the weirdness that is semiconductor 

LEDs are diodes (LED stands for light-emitting diode, after all). Diodes are semiconductors and are 
made by elves in a hollow tree. Semiconductors do not have nice linear voltage-to-current curves. 

For the purposes of simplicity, in the previous section, it was suggested that LEDs have a certain 
minimum voltage that they need to operate. This is called their forward voltage, and is sometimes 
referred to as their voltage drop within a circuit. So far, this is ali true, You can find an LED’s forward 
voltage specification in the data sheet published by the manufacturer. 

‘What you'll find, when you look, is that every manufacturer only publishes a range of voltages, such 
as 1.8V-2.2V, giving a minimum and a maximum voltage. This is what they are contractually obligated to 
deliver in their product. Anything outside of this range is considered defective, or at least out of 
tolerance. You might get a good deal on “rejects” that fall outside these parameters but still light up quite 
nicely, Such is the provenance of many of the penny LEDs available from overseas. Yes, they exist. And 
yes, you get what you pay for. 

‘There are two reasons why LED manufacturers are being so deliberately vague in their 
specifications, The first is that process variations are going to produce a certain randomness to these 

jentical to the next batch, but then the third batch might be all over the 


lace. Such things happen. 

‘The second reason is where the real weirdness begins. Forward voltage is not a fixed value in any 
given device, but instead increases as the current increases. Again, this increase is nonlinear and cannot 
be calculated with a simple formula, 

‘The best way to demonstrate this to yourself is to connect an LED to a power source via a variable 
resistor, such as a potentiometer. For the protection of your LED, add a fixed resistor in series with the 
potentiometer so that you establish a maximum current level, even when the potentiometer is turned all 
the way up (ie., has almost zero resistance). 

Now apply power and adjust the potentiometer until the LED just barely lights up. Now measure the 
voltage across the terminals of the LED, using a voltmeter. It should be in the neighborhood of 2V-3V. 
For extra credit, measure the current flowing through the LED, using an ammeter. This measurement 
will most likely be less than ImA. 

‘Compare these readings to what you find when the LED is at full brightness. The forward voltage 
‘across the LED goes up as the current goes up. To map the nonlinearity of this function, you would need 
to record many readings of both voltage and current, and then plot them in a graph. 

Just as you can wire resistors, capacitors, and inductors in series and in parallel, you can do the 
same with LEDs. As with resistors, the forward voltage of the LEDs are added together when arranged in 
a series circuit. This raises the minimum voltage required to light up a string of LEDs in series. This, 
means that you can’t light up ten LEDS in a single string using a 9V battery. You have to first overcome 
the minimum forward voltage just to get any current at all flowing. Then you have to up the current to 
get the desired brightness, which simultaneously raises the total forward voltage through the circuit. You 
still need a current-limiting resistor in this circuit—but only one is needed. You don't have to have one 
for each LED. 

‘The amount of current flo 
cumulative forward voltage of 


1g through the string of LEDs is determined by the supply voltage, the 
Il the LEDs, and the resistance of the current-limiting resistor. The same 
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fluctuations should be considered as the correct reading. 
Reference to the altimeter helps in turbulent air because it is 
not as sensitive as the VSL 


Vertical speed is represented in feet per minute (pm). 
[Figure 4-8] The face of the instrument is graduated with 
numbers such as 1, 2, 3, ete. These represent thousands of 
feet up or down in a minute. For instance, if the pointer is, 
aligned with 5 (1/2 of a thousand, or 500 fpm) the aircraft 
will climb 500 feet in one minute. The instrument is 
divided into two regions, one for climbing (up) and one for 
descending (down). 


p VERTICAL SPEED 
USAND FT PER MIN 


Figure 4-8, Vertical Speed Indicator 


During turbulence, it is not uncommon to see large 
fluctuations on the VSI. Itis important to remember that small 
corrections should be employed to avoid further exacerbating, 
potentially divergent situation 

Overcorrecting causes the aircraft to overshoot the desired 
altitude; however, corrections should not be so small that 
the return to altitude is unnecessarily prolonged. Asa guide, 
the pitch attitude should produce a rate of change on the VSI 
about twice the size of the altitude deviation. For example, 
if the aircraft is 100 feet off the desired altitude, a 200 fm 
rate of correction would be used. 


During climbs or descents, the VSI is used to change the 
altitude ata desired rate. Pitch attitude and power adjustments, 
are made to maintain the desired rate of climb or descent on 
the VSL 


When pressure is applied to the controls and the VSI shows, 


aan excess of 200 fpm from that desired, overcontrolling is, 
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indicated. For example, if attempting to regain lost altitude 
at the rate of 500 fpm, a reading of more than 700 fpm 
would indicate overcontrolling. Initial movement of the 
needle indicates the trend of vertical movement. The time 
for the VSI to reach its maximum point of deflection after a 
correction is called lag. The lag is proportional to speed and 
‘magnitude of pitch change. In an airplane, overcontrolling 
may be reduced by relaxing pressure on the controls, allowing 
the pitch attitude to neutralize. In some helicopters with 
servo-assisted controls, no control pressures are apparent. 
In this ease, overcontrolling can be reduced by reference to 
the altitude indicator. 


Some aircraft are equipped with an instantaneous vertical 
speed indicator (IVSI). The letters “IVSI” appear on the face 
of the indicator. This instrument assists in interpretation by 
instantaneously indicating the rate of climb or descent at a 
given moment with little or no lag as displayed in a VSI. 


Occasionally, the VSI is slightly out of calibration and 
indicates a gradual climb or descent when the aircraft is in 
level flight. Ifreadjustments cannot be accomplished, the error 
in the indicator should be considered when the instrument is, 
used for pitch control. For example, an improperly set VSI 
may indicate a descent of 100 fpm when the aircraft is in 
level flight. Any deviation from this reading would indicate 
aa change in pitch attitude. 


Airspeed Indicator 
‘The airspeed indicator gives an indirect reading of the pitch 
attitude, With a constant power setting and a constant altitude 
the aircraft isin level flight and airspeed remains constant. Ifthe 
airspeed increases, the pitch attitude has lowered and should be 
raised. [Figure 4-9] Ithe airspeed decreases, the pitch attitude 
hhas moved higher and should be lowered. [Figure 4-10] A 
rapid change in airspeed indicates a large change in pitch 
a slow change in airspeed indicates a small change in pitch 
Although the airspeed indicator is used as a pitch instrument, 
it may be used in level flight for power control. Changes in 
pitch are reflected immediately by a change in airspeed. There 
is very litle lag in the airspeed indicator. 


Pitch Atitude Instrument Cross-Check 
‘The altimeter 


an important instrument for indicating pitch 
attitude in level flight except when used in conditions of 
exceptionally strong vertical currents, such as thunderstorms. 
With proper power settings, any of the pitch attitude 
instruments can be used to hold reasonably level flight 
attitude. However, only the altimeter gives the exact altitude 
information. Regardless of which pitch attitude control 
instrument indicates a need for a pitch attitude adjustment, 
the attitude indicator, if available, should be used to make the 
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Figure 4-9. Pitch attitude has lowered. 
adjustment. Common errors in pitch attitude control are: 

+ Overcontrolting, 

+ Improperly using power, and 

+ Failing to adequately cross-check the pitch attitude 


instruments and take corrective action when pitch 
attitude change is needed 


Bank Control 

Bank control is controlling the angle made by the wing and 
the horizon. After interpreting the bank attitude from the 
appropriate instruments, exert the necessary pressures to move 
the ailerons and roll the aircraft about the longitudinal axis 
As illustrated in Figure 4-11, these instruments include: 


Attitude Indicator 

As previously discussed, the attitude indicator is the only 
instrument that portrays both instantly and directly the actual 
flight attitude and is the basic attitude reference. 


Figure 4-11. Bank Instruments. 


Figure 4-10. Pitch attitude has moved higher. 


Heading Indicator 
‘The heading indicator supplies the pertinent bank and 
heading information and is considered a primary instrument 
for bank. 


Magnetic Compass 
‘The magnetic compass provides heading information and is 
considered a bank instrument when used with the heading 
indicator. Care should be exercised when using the magnetic 
compass as itis affected by acceleration, deceleration in flight 
caused by turbulence, climbing, descending, power changes, 
and airspeed adjustments. Additionally, the magnetic compass 
indication will lead and lag in its reading depending upon 
the direction of turn. Asa result, acceptance of its indication 
should be considered with other instruments that indicate turn 
information, These include the already mentioned attitude 
and heading indicators as well as the turn-and-slp i 

and turn coordinator, 
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Turn Coordinator/Tarn-and-Slip Indicator 
Both of these instruments provide turn information. 
[Figure 4-12] The turn coordinator provides both bank rate 
and then turn rate once stabilized. The tumn-and-slip indicator 
provides only turn rate, 


Figure 4-12. Turn Coordinator and Turn-and-Slip Indicator 


Power Control 

‘A power change to adjust airspeed may cause movement 
around some or all of the aircraft axes. The amount and 
direction of movement depends on how much or how rapidly 
the power is changed, whether single-engine or multiengine 
lane or helicopter. The effect on pitch attitude and 
airspeed caused by power changes during level flight is, 
illustrated in Figures 4-13 and 4-14. During or immediately 
after adjusting the power control(s), the power instruments 
should be cross-checked to see if the power adjustment is as, 
desired. Whether or not the need for a power adjustment is, 
indicated by another instrument(s), adjustment is made by 
cross-checking the power instruments. Aircraft are powered 
by a variety of power plants, each power plant having 
certain instruments that indicate the amount of power being, 
applied to operate the aircraft, During instrument flight, 
these instruments must be used to make the required power 
adjustments, 


As illustrated in Figure 4-15, power indicator instruments 
include: 


Airspeed Indicator 
‘The airspeed indicator provides an indication of power 
best observed initially in level flight where the aircraft 
is in balance and trim. If in level flight the airspeed is 
increasing, it can generally be assumed that the power has 
increased, necessitating the need to adjust power or re-trim 
the aircraft 


Engine Instruments 
Engine instruments, such as the manifold pressure (MP) 
indicator, provide an indication of aircraft performance for a 
given setting under stable conditions. If the power conditions 
are changed, as reflected in the respective engine instrument 
readings, there is an alfect upon the aircraft performance, 
either an increase or decrease of airspeed. When the propeller 
rotational speed (revolutions per minute (RPM) as viewed 
on a tachometer) is increased or decreased on fixed-pitch 
propellers, the performance of the aircraft reflects a gain or 
loss of airspeed as well 


‘Trim Control 

Proper trim technique is essential for smooth and accurate 
sstrument flying and utilizes instrumentation illustrated in 
Figure 4-16. The aircraft should be properly trimmed while 
executing a maneuver. The degree of flying skill, which 
ultimately develops, depends largely upon how well the 
aviator learns to keep the aircraft trimmed. 


Airplane Trim 

An airplane is correctly trimmed when it is maintaining a 
desired attitude with all control pressures neutralized. By 
relieving all control pressures, it is much easier to maintain 
the aircraft at a certain attitude. This allows more time to 
devote to the navigation instruments and additional flight 
deck duties. 
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Figure 413. An Increase in Power Insereasing Airpseed Accordingly in Level Flight. 
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Figure 4-15. Power Instruments, 


Figure 4-16, Trim Instruments 
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An aircraft is placed in trim by: 


+ Applying control pressure(s) to establish a desired 
attitude. Then, the trim is adjusted so that the aircraft 
maintains that attitude when flight controls are 
released. The aircraft i trimmed for coordinated flight 
by centering the ball of the turn-and-slip indicator. 


+ Moving the rudder trim in the direction where the 
ball is displaced from center. Aileron trim may then 
be adjusted to maintain a wings-level attitude. 


+ Using balanced power or thrust when possible to aid 
in maintaining coordinated flight, Changes in attitude, 
power, or configuration may require trim adjustments, 
Use of trim alone to establish a change in aircraft 
attitude usually results in erratic aircraft control, 
Smooth and precise attitude changes are b 
by a combination of control pressures and subsequent 
trim adjustments. The trim controls are aids to smooth 
sirerafi control 


attained 


Helicopter Trim 
A helicopter is placed in trim by continually cross-checking, 
the instruments and performing the following: 

+ Using the cyclic centering button, Ifthe helicopter isso 
equipped, this relieves all possible cyclic pressures, 

+ Using the pedal adjustment to center the ball of the 
turn indicator. Pedal trim is required during all power 
changes and is used to relieve all control pressures 
held after a desired attitude has been attained. 


An improperly trimmed helicopter requires constant control 
pressures, produces tension, distracts attention from cross~ 
checking, and contributes to abrupt and erratic attitude 
control. The pressures felt on the controls should be only 
those applied while controlling the helicopter. 


Adjust the pitch attitude, as airspeed changes, to maintain 
desired attitude for the maneuver being executed. The bank 
must be adjusted to maintain a desired rate of turn, and the 
pedals must be used to maintain coordinated flight. Trim must 
be adjusted as control pressures indicate a change is needed. 


Example of Primary and Support Instruments 
Straight-and-level flight ata constant airspeed means that an 
exact altitude is to be maintained with zero bank (constant 
heading). The primary pitch, bank, and power instruments 
used to maintain this flight condition are: 


+ Altimeter—supplies the most pertinent altitude 
information and is primary for pitch, 


+ Airspeed Indicator—supplies the most pertinent 
information concerning performance in level flight 
in terms of power output and is primary for power. 


Although the attitude indicators the basic attitude reference, 
the concept of primary and supporting instruments does not 
devalue any particular flight instrument, when available, in 
establishing and maintaining pitch-and-bank attitudes. Its the 
only instrument that instantly and directly portrays the actual 
flight attitude. It should always be used, when available, in 
establishing and maintaining pitch-and-bank attitudes. The 
specific use of primary and supporting instruments during, 
basic instrument maneuvers is presented in more detail in 
Chapter 5, Airplane Basic Flight Maneuvers 


Fundamental Skills 


During attitude instrument training, two fundamental flight 
skills must be developed. They are instrument cross-check 
and instrument interpretation, both resulting in positive 
aircraft control, Although these skills are learned separately 
and in deliberate sequence, a measure of proficiency in 
precision flying is the ability to integrate these skills into 
unified, smooth, positive control responses to maintain any 
prescribed flight path, 


Instrument Cross-Check 
‘The first fundamental skill is cross-checking (also called 
“scanning” or “instrument coverage”). Cross-checking is the 
continuous and logical observation of instruments for attitude 
aand performance information, In attitude instrument flying, 
the pilot maintains an attitude by reference to instruments, 
producing the desired result in performance. Observing and 
interpreting two or more instruments to determine attitude and 
performance of an aircraft is called cross-checking, Although 
no specific method of cross-checking is recommended, tho 
instruments that give the best information for controlling the 
aircraft in any given maneuver should be used. The important 
instruments are the ones that give the most pertinent 
information for any particular phase of the maneuver. Thes 
wally the instruments that should be held at a constant 
indication. The remaining instruments should help maintain, 
the important instruments at the desired indications, which 
is also true in using the emergency panel. 


are 


Cross-checking is mandatory in instrument flying. In 
visual flight, a level attitude can be maintained by outside 
references. However, even then the altimeter must be checked. 
to determine if altitude is being maintained. Due to human 
error, instrument error, and airplane performance differences 
in various atmospheric and loading conditions, itisimpossible 
to establish an attitude and have performance remain constant 
for a long period of time. These variables make it necessary 


for the pilot to constantly check the instruments and make 
appropriate changes in airplane attitude using cross-checking, 
of instruments. Examples of cross-checking are explained in 
the following paragraphs. 


Selected Radial Cross-Check 
‘When the selected radial cross-check is used, a pilot spends 
800 90 percent of flight time looking at the attitude indicator, 
taking only quick glances at the other flight instruments (for 
this discussion, the five instruments surrounding the attitude 
indicator are called the light instruments). With this method, 
the pilot’s eyes never travel directly between the flight 
instruments but move by way of the attitude indicator. The 
‘maneuver being performed determines which instruments to 
ook at in the pattern. /Figure 4-17] 


Inverted-V Cross-Check 


In the inverted-V cros 


check, the pilot scans from the 
attitude indicator down to the turn coordinator, up to the 
attitude indicator, down to the VSI, and back up to the attitude 
indicator. [Figure 4-18] 


Rectangular Cross-Check 
In the rectangular cross-check, the pilot scans across 
the top three instruments (airspeed indicator, attitude 
indicator, and altimeter) and then drops down to scan the 
bottom three instruments (VSI, heading indicator, and 


Figure 4-17. Radial Cross-Check 


turn instrument). This scan follows a rectangular path 
(clockwise or counterclockwise rotation isa personal choice). 
[Figure 4-19] 


This cross-checking method gives equal weight to the 
information from each instrument, regardless of its 
importance to the maneuver being performed. However, this 
method length 
critical to the suc 


the time 
essful completion of the maneuver, 


it takes to return to an instrument 


Common Cross-Check Errors 

A beginner might cross-check rapidly, looking at the 
instruments without knowing exactly what to look for. With 
increasing experience in basic instrument maneuvers and 
familiarity with the instrument indications associated with 
them, a pilot learns what to look for, when to look for it, 
‘and what response to make. As proficiency increases, a pilot 
cross-checks primarily from habit, suiting scanning rate and 
sequence to the demands of the flight situation. Failure 10 
maintain basic instrument proficiency through practice can 
result in many of the following common scanning errors, 
both during training and at any subsequent time: 


Fixation, or staring a a single instrument, usually occurs for 
treason, but has poor results. For example, a pilot may stare 
atthe altimeter reading 200 feet below the assigned altitude, 
and wonder how the needle got there. While fixated on the 


att 


Figure 418. Inverted-V Cross-Check 
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Figure 4-19. Rectangular Cross-Check 
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instrument, increasing tension may be unconsciously exerted 
on the controls, which leads to an unnoticed heading change 
likely 
when initiating an attitude change. For example, a shallow 
bank is established for a 90° turn and, instead of maintaining, 
a cross-check of other pertinent instruments, the pilot stares at 
the heading indicator throughout the turn. Since the aircraft is, 
turning, there is no need to recheck the heading indicator for 
approximately 25 seconds after turn entry. The problem here 
‘may not be entirely due to cross-check error. It may be related 
to difficulties with instrument interpretation. Uncertainty 
about reading the heading indicator (interpretation) or 
uncertainty because of inconsistency in rolling out of turns, 
(control) may cause the fixation, 


that leads to more errors. Another common fixation 


Omission of an instrument from a cross-check is another 
likely fault. It may be caused by failure to anticipate 
significant instrument indications following attitude 
changes. For example, in a roll-out from a 180° steep turn, 
straight-and-level flight is established with reference only 
tude indicator, and the pilot neglects to check the 
heading indicator for constant heading inform: 
of precession error, the altitude indicator temporarily shows 
a slight error, correctable by quick reference to the other 
flight instruments. 


m, Because 


Emphasis ona single instrument, instead of on the combination 
of instruments necessary for attitude information, is an 
understandable fault during the initial stages of training. It 
is a natural tendency to rely on the instrument that is most 
readily understood, even when it provides erroneous or 
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inadequate information. Reliance on a single instrument is, 
poor technique. For example, pilot can maintain reasonably 
close altitude control with the attitude indicator, but cannot 
hold altitude with precision without including the altimeter 
in the cross-check. 


Instrument Interpretation 
‘Thesecond fundamental skill, instrument interpretation, requires 
more thorough study and analysis. It begins by understanding, 
ach instrument’s construction and operating principles. Then, 
this knowledge must be applied to the performance of the 
aircraft being flown, the particular maneuvers to be executed, 
the cross-check and control techniques applicable to that 
aircraft, and the flight conditions. 


For example, a pilot uses full power in a small airplane for a 
5-minute climb from near sea level, and the attitude indicator 
shows the miniature aircraft two bar widths (twice the 
thickness of the miniature aircraft wings) above the artificial 
horizon. [Figure 4-20] The airplane is climbing at 500 fm 
as shown on the VSI, and at airspeed of 90 knots, as shown 
on the airspeed indicator. With the power available in this 
particular airplane and the attitude selected by the pilot, the 
performance is shown on the instruments. Now, set up the 
identical picture on the attitude indicator in a jet airplane. 
With the same airplane attitude as shown in the first example, 
the VSI in the jet reads 2,000 fpm and the airspeed indicator 
reads 250 knots, 


As the performance capabilities of the aircraft are learned, 
a pilot interprets the instrument indications appropriately 
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Figure 4-20. Pow 


‘and Attitude Equal Performance. 


in terms of the attitude of the aircraft. If the pitch attitude 
is to be determined, the airspeed indicator, altimeter, VSI, 
and attitude indicator provide the necessary information. If 
the bank attitude is to be determined, the heading indicator, 
turn coordinator, and attitude indicator must be interpreted. 
For each maneuver, learn what performance to expect and 
the combination of instruments to be interpreted in order 
to control aircraft attitude during the maneuver. It is the 
two fundamental flight skills, instrument cross-check and. 
instrument interpretation, that provide the smooth and 
seamless control necessary for basic instrument flight as 
discussed at the beginning of the chapter. 
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Chapter 4, Section Il 


Airplane Attitude 
Instrument Flying, 


Using an Electronic Flight Display 


Introduction 
Altitude instrument flyin 
aircraft's spatial position by using instruments rather than 
outside visual references. As noted in Section I, today’s 
aireraft come equipped with analog and/or digital instruments, 
Section Il acquaints the pilot with the use of digital instruments 
known as an electronic flight display (EFD). 


s defined as the control of an 


‘The improvements in avionics coupled with the introduction 
of EFDs to general aviation aircraft offer today’s pilot an 
unprecedented array of accurate instrumentation to use in 
the support of instrument flying. 
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amount of current is flowing in every part ofthe circuit. F25mA is being drawn from the power supply to 
light up your single string of LEDs, that means that each and every LED has 25mA of juice owing 
through it—more than enough to light them up quite nicely. 

Ifyou have a 12V power supply (ora car battery), you could string up to five or maybe six red LEDs 
in series, with a small current-limiting resistor. That's because each red LED will typically have a forward 
voltage between 1.8V and 2.2V. Other colors higher up the rainbow might need more voltage per LED, 
meaning fewer can be lit at once using a single string of LEDs in series. 

But don’t fret. You can light up as many LEDs as you want by placing multiple strings of LEDs in 
parallel with each other. Each additional string of LEDs adds to the total current draw, so you will 
‘eventually find a limit along that dimension as well. For an example of a small LED array using both 
parallel and series circuits, see Figure 5-22. The schematic is shown in Figure 5-23. 


Figure 5-22. An array of six parallel strings of six infrared LEDs in series. These infrared spotlights are used 
‘for covert surveillance and security applications. 


132 


Until recently, most general aviation aircraft were equipped 
with individual instruments utilized collectively to safely 
maneuver the aircraft by instrument reference alone. With 
ight display system, the 
conventional instruments have been replaced by multiple 
liquid crystal display (LCD) screens. The first screen is 
installed in front of the left seat pilot position and is referred 
to as the primary flight display (PFD). [Figure 4-21] The 
second screen is positioned in approximately the center of 
the instrument panel and is referred to as the multi-function 
display (MED). [Figure 4-22] The pilot can use the MED 
to display navigation information (moving maps), aircraft 
systems information (engine monitoring), or should the need 
arise, a PED. /Figure 4-23] With just these two screens, 
aircraft designers have been able to de-clutter instrument 
panels while increasing safety. This has been accomplished 
through the utilization of solid-state instruments which have 
a failure rate far lower than those of conventional analog 
instrumentation, 


the release of the electronic 


However, in the event of electrical failure, the pilot still 
has emergency instruments as a backup. These instruments 
either do not require electrical power, or as in the case 
of many attitude indicators, they are battery equipped. 
[Figure 4-24] 


Pilots flying under visual flight rules (VER) maneuver their 
aircraft by reference to the natural horizon, utilizing specific 


reference points on the aircraft. In order to operate the aircraft 
in other than VFR weather, with no visual reference to the 
natural horizon, pilots need to develop additional skills 
‘These skills come from the ability to maneuver the aircraft by 
reference to flight instruments alone. These flight instruments 
replicate all the same key elements that a VFR pilot utilizes, 
during 4 normal flight. The natural horizon is replicated on 
the altitude indicator by the artificial horizon, 


Understanding how each flight instrument operates and. 
what role it plays in controlling the attitude of the aircraft 
is fundamental in learning attitude instrument flying. When 
the pilot understands how all the instruments are used in 
establishing and maintaining a desired aircraft attitude, the 
pilot is better prepared to control the aircraft should one 
or more key instruments fail or if the pilot should enter 
instrument flight conditions 


Learning Methods 


‘There are two basic methods utilized for learning. attitude 
instrument flying, They are “control and performance” and 
“primary and supporting.” These methods rely on the same 
flight instruments and require the pilot to make the same 
adjustments tothe flight and power controls to control aircraft 
attitude. The main different 
importance that is pl 
interpretation of the other flight instruments, 


c between the two methods is the 


sed on the attitude indicator and the 


Figure 4-21. Primary Flight Display (PED) and Analog Counterparts 
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Figure 4-22. Multifunction Display (MED). 
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Figure 4-28. Reversionary Display. 
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Figure 4-24. Emergency Back-up of the Airspeed Indicator, Attitude Indicator, and Altitude Indicator. 


Control and Performance Method 
Aircraft performance is accomplished by controlling the 
aircraft attitude and power output. Aircraft attitude is the 
relationship of its longitudinal and lateral axes to the Earth’s 
horizon. When flying in instrument flight conditions, the 
pilot controls the attitude of the aircraft by referencing the 
flight instruments and manipulating the power output of the 
engine to achieve the performance desired. This method can 
be used to achieve a specific performance level enabling a 
pilot to perform any basic instrument maneuver. 


‘The instrumentation can be broken up into three different 
categories: control, performance, and navigation. 


Control Instruments 

‘The control instruments depict immediate attitude and power 
changes. The instrument for attitude display is the attitude 
indicator. Power changes are directly reflected on the manifold 
pressure gauge and the tachometer. /Figure 4-25] All three 
of these instruments can reflect small adjustments, allowing 
for precise control of aircraft attitude. 


Figure 4-25. Control Instruments. 
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Figure 4-26. Performance Instruments 


{In addition, the configuration of the power indicators installed 
in each aircraft may vary to include the following types of 
power indicators: tachometers, manifold pressure indicator, 
engine pressure ratio indicator, fuel flow gauges, etc. 


‘The control instruments do not indicate how fast the aircraft 
is flying or at what altitude it is flying. In order to determine 
these variables and others, a pilot needs to refer to the 
performance instruments. 


Performance Instruments 

‘The performance instruments directly reflect the performance 
the aircraft is achieving. The speed of the aircraft can be 
referenced on the airspeed indicator. The altitude can be 
referenced on the altimeter. The aircraft's climb performance 
can be determined by referencing the vertical speed indicator 
(VSI). [Figure 4-26] Other performance instruments 
available are the heading indicator, angle of attack indicator, 
and the slip/skid indicator. 


[yo ere = 


‘The performance instruments will most directly reflect « 
‘change in acceleration, which is defined as change in velocity 
or direction. Therefore, these instruments indicate if the 
aircraft is changing airspeed, altitude, or heading, which are 
horizontal, vertical, or lateral vectors. 


Navigation Instruments 

The navigation instruments are comprised of global 
positioning system (GPS) displays and indicators, very high 
frequency omnidirectional range/nondirectional radio beacon 
(VORINDB) indicators, moving map displays, localizer, and 
glide slope (GS) indicators. /Figure 4-27] The instruments 
indicate the position of the aircraft relative to a selected 
navigation facility or fix. Navigation instruments allow 
the pilot to maneuver the aircraft along a predetermined 
path of ground-based or spaced-based navigation signals 
‘without reference to any extemal visual cues. The navigation 
instruments can support both lateral and visual inputs. 


Figure 4-27. Navigation Instruments. 
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‘The Four-Step Process Used to Change Attitude 
In order to change the attitude of the aircraft, the pilot must 
make the proper changes to the pitch, bank, or power settings 
of the aircralt. Four steps (establish, trim, cross-check, and 
adjust) have been developed in order to aid in the process, 


Establish 

Any time the attitude of the aircraft requires changing, the 
pilot must adjust the pitch and/or bank in conjunction with 
power to establish the desired performance. The changes 
in pitch and bank require the pilot to reference the attitude 
indicator in order to make precise changes. Power changes 
should be verified on the tachometer, manifold pressure 
gauge, ete. To ease the workload, the pilot should become 
familiar with the approximate pitch and power changes 
necessary 0 establish a specified attitude. 


Trim 

Another important step in attitude instrument flyin; 
trimming the aircraft. Trim is utilized to eliminate the need 
to apply force to the control yoke in order to maintain the 
desired attitude. When the aircraft is trimmed appropriately, 
the pilot is able to relax pressure on the control yoke and 
‘momentarily divert attention to another task at hand without 
deviating from the desired attitude. Trimming the aircraft is, 
very important, and poor trim is one of the most common 
errors instructors note in instrument students. 


Cross-Check 

Once the initial attitude changes have been made, the pilot 
should verify the performance of the aircraft. Cross-checking, 
the control and performance instruments requires the pilot 
to visually scan the instruments as well as interpret the 
indications. All the instruments must be utilized collectively 
in order to develop a full understanding of the aircraft attitude, 
During the cross-check, the pilot needs to determine the 
magnitude of any deviations and determine how much of a 
change is required. All changes are then made based on the 
control instrument indications. 


Adjust 

‘The final step in the process is adjusting for any deviations 
that have been noted during the cross-check, Adjustments 
should be made in small increments. The attitude indicator 
and the power instruments are graduated in small increments 
to allow for precise changes to be made. The pitch should be 
made in reference to bar widths on the miniature airplane. 
‘The bank angle can be changed in reference to the roll scale 
and the power can be adjusted in reference to the tachometer, 
manifold pressure gauge, etc. 


By utilizing these four steps, pilots can better manage the 
attitude of their aircraft. One common error associated with 
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this process is making a larger than necessary change when 
1 deviation is noted. Pilots need to become familiar with the 
aircraft and learn how great a change in attitude is needed to 
produce the desired performance. 


Applying the Four-Step Process 
In attitude instrument flight, the four-step process is used to 
control pitch attitude, bank attitude, and power application of 
the aircraft. The EFD displays indications precisely enough 
that a pilot can apply control more accurately. 


Pitch Control 

‘The pitch control is indicated on the altitude indicator which 
spans the full width of the PFD. Due to the increased size of 
the display, minute changes in pitch can be made and corrected 
for. The pitch scale on the attitude indicator is graduated in 
‘S-degree increments which allow the pilot to make correction 
with precision to approximately 1/2 degree. The miniature 
ainplane utilized to represent the aircraft in conventional 
attitude indicators is replaced in glass panel displays by a 
yellow chevron. [Figure 4-28] Representing the nose of the 
aircraft, the point of the chevron affords the pilot a much 
more precise indication of the degree of pitch and allows 
the pilot to make small, precise changes should the desired 
aircraft performance change. When the desired performance 
is not being achieved, precise pitch changes should be made 
bby referencing the point of the yellow chevron. 


Figure 4-28. The chevron’s relationship to the horizon line 
indicates the pitch of the aircraft. 


Bank Control 
Precise bank control can be developed utilizing the roll 
pointer in conjunction with the roll index displayed on the 


attitude indicator. The roll index is sectioned by hash marks at 
0°, 10°, 20°, 30°, 45°, 60° and the horizon line which depicts, 
90° of bank. [Figure 4-29] The addition of the 45° hash mark 
is an improvement over conventional attitude indicators 
In addition to the roll index, the instrument pilot utilizes 
the turn rate indicator to maintain the aircraft in a standard 
rate turn (3° per second). Most instrument maneuvers can 
be done comfortably, safely, and efficiently by utilizing a 
standard rate turn. 


Figure 4-29. Bank Control Index Lines 


Power Control 

‘The power instruments indicate how much power is being 
generated by the engine. They are not affected by turbulence, 
improper trim, or control pressures. All changes in power 
should be made with reference to power instruments and 
cross-checked on performance instruments. 


Power control needs to be leamed from the beginning of 
flight training. Attitude instrument flying demands increased 
precision when it comes to power control. As experience 


increases, pilots begin to know approximately how much 
change in throttle position is required to produce the desired 
change in airspeed, Different aircraft demand differing 
amounts of throttle change to produce specific performance. 
It is imperative that the pilot make the specific changes on 
the power instruments and allow the performance to stabilize. 
Avoid the tendency to overcontrol, 


One common error encountered with glass panel displays 
is associated with the precision of the digital readouts. 
‘This precision causes pilots to focus too much attention on 
establishing the exact power sett 


Control and power instruments are the foundation for precise 
attitude instrument flying. The keys to altitude instrument 
flying are establishing the desired aircraft attitude on the 
attitude indicator and selecting the desired engine output on 
the power instruments, Cross-checking is the vital ingredient 
in maintaining precise attitude instrument flight. 


Attitude Instrument Flying—Primary and 
Supporting Method 

‘The second method for performing attitude 
flight is a direct extension of the control/power method. 
By utilizing the primary and supporting flight instruments 
in conjunction with the control and power instruments, the 
pilot can precisely maintain aircraft attitude. This method 
utilizes the same instruments as the control/power method; 
however, it focuses more on the instruments that depict the 
most accurate indication for the aspect ofthe aircraft attitude 
being controlled. The four key elements (pitch, bank, roll, 
and trim) are discussed in detail, 


\strument 


Similar to the control/power method, all changes to aircraft 
attitude need to be made using the attitude indicator and the 
power instruments (lachometer, manifold pressure gauge, 
etc.). The following explains how each component of the 
aircraft attitude is monitored for performance. 


Pitch Control 

The pitch of the aircraft refers to the angle between the 
al axis ofthe aircraft and the natural horizon, When 
{rument meteorological conditions, the natural 
horizon is unavailable for reference, and an artificial horizon 
is utilized in its place. [Figure 4-30] The only instrument 
capable of depicting the aircraft attitude is the attitude 
indicator displayed on the PFD. The attitude and heading, 
reference system (AHRS) is the engine that drives the attitude 
display. The AHRS unit is capable of precisely tracking 
minute changes in the pitch, bank, and yaw axes, thereby 
making the PED very accurate and reliable. The AHRS unit 
determines the angle between the aircraft's longitudinal 
axis and the horizon line on initialization. There is no need 
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Figure 4-30. Pitch of the Airerafi 


or means for the pilot to adjust the position of the yellow 
chevron which represents the nose of the aircraft. 


Straight-and-Level Flight 

In straight-and-level flight, the pilot maintains a constant 
altitude, airspeed and, for the most part, heading for 
extended periods of time, ‘To achieve this, three primary 
instruments need to be referenced in order to maintain these 
three variables. 


Primary Pitch 

‘When the pilot is maintaining a constant altitude, the primary 
instrument for pitch is the altimeter. As long as the aircraft 
‘maintains a constant airspeed and pitch attitude, the altitude 
should remain constant. 


‘Two factors that cause the altitude to deviate are turbulence 
and momentary distractions. When a deviation occurs, 
a change in the pitch needs to be made on the attitude 
indicator, Small deviations require small corrections while 
large deviations require larger corrections. Pilots should 
avoid making large corrections that result in rapid attitude 
changes, for this may lead to spatial disorientation. Smooth, 
timely corrections should be made to bring the aircraft back 
to the desired altitude. 


Pay close attention to indications on the PFD. An increase in 
pitch of 2.5° produces a climb rate of 450 feet per minute (pm). 
Small deviations do not require large attitude changes. 


Arule of thumb for correcting altitude deviations isto establish 
change rate of twice the altitude deviation, not to exceed 500 
pm. For example, if the aircraft is off altitude by 40 feet, 2 x 
40 = 80 feet, so-a descent of approximately 100 fpm allows, 
the aircraft to return to the desired altitude in a controlled, 
timely fashion. 
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In addition to the primary instrument, there are also 
supporting instruments that assist the pilot in cross-checking, 
the pitch attitude. The supporting instruments indicate trend, 
‘but they do not indicate precise attitude indications. Three 
instruments (vertical speed, airspeed, and altitude trend 
tape) indicate when the pitch attitude has changed and that 
the altitude is changing, /Figure 4-31] When the altitude is, 
constant, the VSI and altitude trend tape are not shown on 
the PFD. When these two trend indicators are displayed, the 
pilot is made aware that the pitch attitude of the aircraft has 
‘changed and may need adjustment. 


Figure 4-31. Supporting Instruments. 


‘The instrument cross-check necessitates utilizing these 
supporting instruments to better manage altitude control. 
‘The VSI and trend tape provide the pilot with information 
regarding the direction and rate of altitude deviations. The 
pilot is thus able to make correction to the pitch attitude 


before a large deviation in altitude occurs. The airspeed 
indicator depicts an increase if the pitch attitude is lowered. 
Conversely, when the pitch attitude increases, the pilot should 
note a decrease in the airspeed. 


Primary Bank 

‘When flying in instrument meteorological conditions, pilots, 
maintain preplanned or assigned headings. With this in 
mind, the primary instrument for bank angle is the heading 
indicator. Heading changes are displayed instantaneously. 
“The heading indicator is the only instrument that displays the 
current magnetic heading, provided that it is matched to the 
magnetic compass with all deviation adjustments accounted 
for. [Figure 4-32] 


‘There are supporting instruments associated with bank as 
well. The turn rate trend indicator shows the pilot when the 
aircraft is changing heading. The magnetic compass is also 
useful for maintaining a heading; however, itis influenced 
by several errors in various phases of flight. 


Primary Yaw 
“The slip/skid indicator is the primary instrument for yaw. 
tis the only instrument that can indicate if the aircraft is, 
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Figure 4-32. Primary Bank. 


moving through the air with the longitudinal axis of the 
aircraft aligned with the relative wind. 


Primary Power 

‘The primary power instrument for straight-and-level flight is 
the airspeed indicator. The main focus of power is to maintain 
a desired airspeed during level flight. No other instrument 
delivers instantaneous indication. 


Learning the primary and supporting instruments for 
each variable is the key to successfully mastering attitude 
instrument flying, At no point does the primary and supporting, 
method devalue the importance of the atitude indicator or the 
power instruments. All instruments (control, performance, 
primary, and supporting) must be utilized collectively. 


Fundamental Skills of Attitude Instrument 
Flying 

When first learning attitude instrument flying, it is very 
important that two major skills be mastered. Instrument cross- 
‘check and instrument interpretation comprise the foundation 
for safely maneuvering the aircraft by reference to instruments, 
alone, Without mastering both skills, the pilot will not be able 
to maintain precise control of aircraft attitude. 


A000}: & 


300 


4.23 


Instrument Cross-Check 
‘The first fundamental skill is cross-checking (also call 
“ scanning”), Cross-checking is the continuous observation of 
the indications on the control and performance instruments. 
Itis imperative that the new instrument pilot learn to observe 
and interpret the various indi 
the attitude and performance of the aircraft. Due to the 
configuration of some glass panel displays such as the Garmin 
G1000, one or more of the performance instruments may be 
located on an MED installed to the right of the pilot’s direct 
forward line of sight. [Figure 4-33] 


cations in order to control 


How a pilot gathers the necessary information to control the 
aircraft varies by individual pilot. No specific method of 
cross-checking (scanning) is recommended; the pilot must 
learn to determine which instruments give the most pertinent 
information for any particular phase of a maneuver. With 
practice, the pilot is able to observe the primary instruments 
quick! check with the supporting instruments 
in order to maintain the desired attitude. At no time during, 
instrument flying should the pilot stop cross-checking the 
instrumentation 


and cros 


Scanning Techniques 

Since most of the primary and supporting aircraft attitude 
information is displayed on the PED, standard scanning 
techniques can be utilized. It is important to remember 


e the stand-by flight instruments as well as the 
engine indications in the scan. Due to the size of the 
attitude instrument display, scanning techniques have been 
simplified because the attitude indicator is never out of 
peripheral view. 


Selected Radial Cross-Check 
‘The radial scan is designed so that your eyes remain on the 
attitude indicator 80-90 percent of the time. The remainder 
of the time is spent transitioning from the attitude indicator 
to the various other flight instruments. [Figure 4-34] 


‘The radial scan pattern works well for scanning the PFD. The 
close proximity of the instrument tape displays necessitates 
very little eye movement in order to focus in on the desired 
instrument. While the eyes move in any direction, the 
extended artificial horizon line allows the pilot to keep the 
pitch attitude in his or her peripheral vision. This extended 
horizon line greatly reduces the tendency to fixate on one 
instrument and completely ignore all others. Because of 
the size of the attitude display, some portion of the attitude 
indicator is always visible while viewing another instrument 
display on the PED. 


Starting the Scan 

Start the scan in the center of the PED on the yellow chevron, 
Note the pitch attitude and then transition the eyes upward to 
the slip/skid indicator. Ensure that the aircraft is coordinated 


Figure 4-33. Note shat the altitude and vertical speed tapes are slightly to the right ofthe pilot's direct forward line of sight. 
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Figure 4-34. Selected Radial Cross-Check. 


by aligning the split triangle symbol. The top of the split 
triangle is referred to as the roll pointer. The lower portion of 
the split triangle isthe slip/skid indicator. Ifthe lower portion, 
of the triangle is off to one side, step on the rudder pedal on 
the same side to offset it. /Figure 4-35 NOTE: The aircraft 
isnot changing heading. There is no trend vector on the turn 
rate indicator] 


While scanning that region, check the roll pointer and assure 
that the desired degree of roll is being indicated on the bank 


scale, The roll index and the bank scale remain stationary at 
the top of the attitude indicator. The index is marked with 
angles of 10°, 20°, 30°, 45° and 60° in both directions. I'the 
desired bank angle is not indicated, make the appropriate 


Figure 4-35. Roll Pointer and SlipiSkid Indicator, 
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Figure 5-23. The schematic of the LED array, showing both parallel and series circuits. The circuit offers 
two power connectors to make it easy to wire multiple LED arrays using the same power supply. 


Summary 


Even if your workbench doesn't look as bad as the one presented at the beginning of this chapter (or 
if itlooks worse), hopefully you've learned a thing or two about the importance of they saying, “A 

-e for everything and everything in its place.” Since you get to decide where everything goes, you can 
ther make it easy or hard on yourself as the years go by. 

‘The workspace in this chapter extended to a total of 10 square feet. If this is what you have to work 
with, you can certainly set up a comfortable, safe, and productive area for your electronic projects. If you 
have even more space available (adding a shelf either above or below the deskis a great way to do this), 
then even better. 

Hopefully some of the more detailed descriptions of how electronic components can be wired up 
have given you some ideas for projects of your own. The very best possible way to learn more about 
electronics is to think up some simple experiments and try to build them in your lab. Have a goal, take 
lots of notes, and have some fun—even your failures can be used as stepping stones to more ambi 
and creative projects in the future. 

Have a [ot more room? Then perhaps you should be thinking about setting up a group lab or 
classroom. Chapter 6 will give you some helpful advice about what you are going to need to get started. 
See you there! 
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aileron corrections. Veri 


the bank angle is corr 
continue Scanning back to the yellow chevron. 


Scan left to the airspeed tape and verify that the airspeed is, 
as desired, then return back to the center of the display. Scan 
right to the altimeter tape. Verify that the desired altitude is, 
being maintained. If it is not, make the appropriate pitch 
change and verify the result, Once the desired altitude has 
been verified, return to the center of the display. Transition 
down to the heading indicator to verify the desired heading, 
‘When the heading has been confirmed, scan to the center of 
the display. 


Is also important to include the engine indications in the 
scan, Individualized scan methods may require adjustment 
if engine indications are presented on a separate MED. A 
‘modified radial scan can be performed to incorporate these 
instruments into the scan pattern. Another critical component 
to include in the scan is the moving map display located on 
the MED. To aid in situational awareness and facilitate a more 
centralized scan, a smaller inset map can be displayed in the 
lower left corner of the PFD screen 


Trend Indicators 

One improvement the glass panel displays brought to the 
general aviation industry is the trend vector. Trend vectors 
are magenta lines that appear on the airspeed and altitude 
tapes as well as on the turn rate indicator. These magenta 
lines indicate what the associated airspeed, altitude, or 
heading will be in 6 seconds /Figure 4-36] if the current 
rate is maintained. The trend vector is not displayed if there 
is no change to the associated tape and the value remains 
constant [Figure 4-37/ or if there isa failure in some portion, 
of the system that would preclude the vector from being, 
determined 


Airspeed trend indicator 
shows airspeed will be 
approximately 126 kts in 
6 seconds. 


Figure 4-36. Airspeed Trend Indicators. 
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Airspeed indicator 
showing stabilized 
airspeed (no trend 
indicator present). 


Figure 4-37. Airspeed Indicators With No Trend Present 


‘Trend vectors are a very good source of information for the 
new instrument flight rules (IFR) pilot, Pilots who utilize 
good scanning techniques can pick up subtle deviations 
from desired parameters and make small correction to the 
desired attitude. As soon as a trend is indicated on the PED. 
«conscientious pilot can adjust to regain the desired attitude 
[Figure 4-38] 


] Trend indicator shows 

| altitude will be approxi- 
mately 1,780 ft in 6 
seconds. 


VSI arrow has moved up 
‘to indicate a 1,500 fpm 
rate of climb. 


1,500 fpm + 60 sec = 25 ft 
25 ft por soc x 6 soc = 150 ft 
450 f+ 1,630 f= 1,780 ft 


Figure 4-38. 


Iimeter Trend Indicators. 


Another advancement in attitude instrument flying is the turn 
rate rend indicator. AS in the cases of airspeed, altitude, and 
vertical speed trend indicators, the turn rate trend indicator 
depicts what the aircraft's heading willbe in 6 seconds. While 
examining the top of the heading indicator, notice two white 
lines on the exterior ofthe compass rose. /Figure 4-39] These 
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Figure 4-39. Horizontal Sitwation Indicator (HS!) Trend Indicator Elongates Proportionally With the Rate of Turn. 


two tick marks located on both sides ofthe top of the heading rate of turn. To initiate a hall-standard rate turn, position the 
indicator show half-standard rate turns as well as standard indicator on the first tick mark. A standard rate turn would 
rate turns. be indicated by the trend indicator extending to the second 

tick mark. A turn rate in excess of standard rate would be 
In Figure 4-40, when the aircraft begins its turn to the left, indicated by the trend indicator extending past the second tick 
the magenta trend indicator elongates proportionally with the mark. This trend indicator shows what the aircraft’s heading 
will be in 6 seconds, but is limited to indicate no more than 
24° in front of the aircraft, or 4° per second, When the aircraft 
exceeds a turning rate of 25° in 6 seconds, the trend indicator 
hhas an arrowhead attached to it 


‘Trend indicators are very useful when leveling offat a specific 
altitude, when rolling out on a heading, or when stabilizing 
airspeed. One method of determining when to start to level 
olf from a climb or descent is to start leveling at 10 percent 
of the vertical speed rate prior to the desired altitude 


As the aircraft approaches the desired altitude, adjust the 
pitch attitude to keep the trend indicator aligned with the 
target altitude. As the target approaches, the trend indicator 
gradually shrinks until altitude stabilizes. ‘rend indicators 
should be used as a supplement, not as a primary means of 
determining pitch change. 


Figure 4-40. 181 Indicator (enlargement) 
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Common Errors 

Fixation 

Fixation, or staring at one instrument, is a common error 
observed in pilots first learning to utilize trend indicators. 
‘The pilot may initially fixate on the trend indicator and make 
adjustments with reference to that alone, Trend indicators are 
not the only tools to aid the pilot in maintaining the desired 
power or attitude; they should be used in conjunction with the 
primary and supporting instruments in order to better manage 
the flight. With the introduction of airspeed tapes, the pilot 
can monitor airspeed to within one knot. Fixation can lead 
to altempting to keep the airspeed to an unnecessarily tight 
tolerance. There is no need to hold airspeed to within one 
knot; the Instrument Rating Practical Test Standards (PTS) 
allows greater latitude 


Omission 
Another common error associated with attitude instrument 
flying is omission of an instrument from the cross-check. Due 
to the high reliability of the PFD and associated components, 
pilots tend to omit the stand-by instruments as well as the 
‘magnetic compas 
for the omission is the position of the stand-by instruments, 
Pilots should continue to monitor the stand-by instruments, 
in order to detect failures within those systems. One of the 
‘most commonly omitted instruments from the scan is the 
slip/skid indicator. 


from their scans. An additional reason 
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Emphasis 
In initial training, placing emphasis on a single instrument 
is very common and can become a habit if not corrected. 
When the importance of a single instrument is elevated above 
another, the pilot begins to rely solely on that instrument 
for guidance. When rolling out of a 180° turn, the attitude 
indicator, heading indicator, slip/skid indicator, and altimeter 
need to be referenced. Ifa pilot omits the slip/skid indicator, 
coordination is sacrificed. 


m 


Using Analog Instrumentation 
ke 


Instrument flying techniques differ according to preraft om 
type, class, performance capability, and instrumentation. 
‘Therefore, the procedures and techniques that follow need 
to be modified to suit individual aircraft. Recommended 
procedures, performance data, operating limitations, and 
flight characteristics of a particular aircraft are available in the 
Pilot’s Operating Handbook/ Airplane Flight Manual (POH), 
AFM) for study before practicing the flight maneuvers, 


‘The flight maneuvers discussed here in Chapter 5-1 assume 
the use of a single-engine, propeller-driven small airplane 
With retractable gear and flaps and a panel with instruments, 
representative of those discussed earlier in Chapter 3, Flight 
Instruments. With the exception of the instrument takeof all 
of the maneuvers can be performed on “partial panel,” with the 
attitude gyro and heading indicator covered or inoperative, 


Figure 5-1. Pitch Anitude and Airspeed in Level Flight, Slow 
Cruise Speed. 


Straight-and-Level Flight 

Pitch Control 

The pitch attitude of an airplane is the angle between the 
longitudinal axis of the airplane and the actual horizon. In 
level flight, the pitch attitude varies with airspeed and load. 
For training purposes, the latter factor can normally be 
disregarded in small airplanes. Ata constant airspeed, there is, 
only one specific pitch attitude for level flight, Atslow cruise 
speeds, the level flight attitude is nose high with indications 
as in Figure 5-1; at fast cruise speeds, the level-flight attitude 
is nose low, [Figure 5-2] Figure 5-3 shows the indications 
for the attitude at normal cruise speeds. The instruments used 
to determine the pitch attitude of the aircraft are the attitude 
indicator, the altimeter, the vertical speed indicator (VSI), 
and the airspeed indicator (ASD). 


Attitude Indicator 

The attitude indicator gives the direct indication of pitch 
attitude, The desired pitch attitude is gained by using the 
elevator control to raise ot lower the miniature aircraft in 
relation to the horizon bar. This corresponds to the way pitch 
attitude is adjusted in visual flight by raising or lowering 
the nose of the airplane in relation to the natural horizon, 
However, unless the airspeed is constant, and until the 
level flight attitude for that airspeed has been identified and 
established, there is no way to know whether level flight as 


52 


Figure §-2. Pitch Atitude and Airspeed in Level Flight, Fust Cruise 
Speed. 


Figure 6-3. Pitch Attitude and Airspeed in Level Flight, Normal 
Cruise Speed. 


indicated on the attitude indicator is resulting in level flight 
as shown on the altimeter, VSI, and ASI. If the miniature 
aircraft of the attitude indicator is properly adjusted on the 
ground before takeoff, it shows approximately level flight at 
normal cruise speed when the pilot completes the level off 
from a climb. If further adjustment of the miniature aircraft 
is necessary, the other pitch 
‘maintain level flight while the adjustment 


‘To practice pitch control for level flight using only the 
attitude indicator, use the following exercise. Restrict the 
displacement of the horizon bar to a one-half bar width, a 
bar width up or down, then a one-and-one-half bar width, 
One-half, one, and one-and-one-half bar width nose-high 
attitudes are shown in Figures 5-4, 5-5, and 5-6. 


An instructor pilot can demonstrate these normal pitch 
corrections and compare the indications on the attitude 
indicator with the airplane's position to the natural horizon. 


Pitch attitude changes for corrections to level flight by reference 
to instruments are much smaller than those commonly used 
for visual flight. With the airplane correctly trimmed for level 
flight, the elevator displacement and the control pressures 
necessary to effect these standard pitch changes are usually 
very slight. The following are a few helpful hints to help 
determine how much elevator control pressure is required. 


First, a tight grip on the controls makes it difficult to feel 
control pressure changes. Relaxing and learning to control 
the aircraft usually takes considerable conscious effort during, 
the early stages of instrument training 


Second, make smooth and small pitch changes with po 
pressure. With practice, a pilot can make these small pitch 
corrections up or down, “freezing” (holding constant) the 
one-half, full, and one-and-one-half bar widths on the 
attitude indicator. 


Third, with the airplane properly trimmed for level flight, 
momentarily release all pressure on the elevator control 
when becoming aware of tenseness. This is a reminder that 
the airplane is stable; except under turbulent conditions, it 
will maintain level flight if left alone. Even when no control 
change is called for, it will be difficult to resist the impuls 
to move the controls. This may be one of the most difficult 
initial training problems in instrument flight. 


Altimeter 

At constant power, any deviation from level flight (except 
in turbulent air) is the result of a pitch change. Therefore, 
the altimeter gives an indirect indication of the pitch attitude 
in level flight, assuming constant power. Since the altitude 


Figure 5-4. Pitch Correction for Level Flight, One-Half Bar 
Width, 


Figure 5-8, Pitch Correction for Level Flight, One-and-One-Half 
Bar Width. 
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should remain constant when the airplane is in level flight, 
any deviation from the desired altitude signals the need fora 
pitch change. If the aircraft is gaining altitude, the nose must 
be lowered. (Figures 5-7 and 5-8] 


Figure 5-7. Using the Altimeter for Pitch Interpretation, a High 
Altitude Means a Nose-High Pitch Attitude. 


Figure §-8. Pitch Correction Following Altiaule Increase—Lower 
Nose to Correct Altitude Error. 


‘The rate of movement of the altimeter needle is as important 
as its direction of movement in maintaining level flight 
without the use of the altitude indicator. An excessive pitch 
deviation from level flight results ina relatively rapid change 
of altitude; a slight pitch deviation causes a slow change. 
‘Thus, ifthe altimeter needle moves rapidly clockwise, assume 
a considerable nose-high deviation from level flight attitude. 
Conversely, if the needle moves slowly counterclockwise to 
indicate a slightly nose-low attitude, assume that the pitch 
correction necessary to regain the desired altitude is small 
As the altimeter is added to the attitude indicator in a ero 
check, a pilot will learn to recognize the rate of movement 
of the altimeter needle fora given pitch change as shown on 
the attitude indicator. 


‘To practice precision control of pitch in an airplane without 
an attitude indicator, make small pitch changes by visual 
reference to the natural horizon, and note the rate of 
‘movement ofthe altimeter. Note what amount of pitch change 
gives the slowest steady rate of change on the altimeter. Then 
practice small pitch corrections by accurately interpreting 
and controlling the rate of needle movement. 


An instructor pilot can demonstrate an excessive nose-down 
deviation (indicated by rapid movement of the altimeter 
needle) and then, as an example, show the result of improper 
corrective technique. The normal impulse is to make a 
large pitch correction in a hurry, but this inevitably leads 
to overcontrolling. ‘The needle slows down, then reverses 
direction, and finally indicates an excessive nose-high 
deviation. The result is tension on the controls, erratic control 
response, and increasingly extreme control movements. The 
correct technique, which is slower and smoother, will return 
the airplane to the desired attitude more quickly, with positive 
control and no confusion, 


When a pitch error is detected, corrective action should be 
taken promptly, but with light control pressures and two 
distinct changes of attitude: (1) a change of attitude to stop 
the needle movement and (2) a change of attitude to return 
to the desired altitude. 


When the altimeter indicates an altitude deviation, apply 
jjust enough elevator pressure to decrease the rate of needle 
movement. If it slows down abruptly, ease off some of the 
pressure until the needle continues to move, but ease off 
slowly. Slow needle movement means the airplane attitude 
is close to level flight, Add slightly more corrective pressure 
to stop the direction of needle movement. At this point level 
fight is achieved; a reversal of needle movement means 
the aircraft has passed through it. Relax control pressures 
carefully, continuing to cross-check since changing airspeed 
will cause changes in the effectiveness of a given control 
pressure. Next, adjust the pitch attitude with elevator pressure 
for the rate of change of altimeter needle movement that 
correlated with normal pitch corrections, and return to the 
desired altitude. 


Asa rule of thumb, for errors of less than 100 feet, use a half 
bar width correction. /Figures 5-9 and 5-10) For errors in 
excess of 100 feet, use an initial full bar width correction, 
[Figures 5-11 and 5-12] Practice predetermined altitude 
changes using the altimeter alone, then in combination 
the attitude indicator. 


Vertical Speed Indicator (VSI) 

‘The VSI, like the altimeter, gives an indirect indication of 
pitch attitude and is both a trend and a rate instrument. As 
a trend instrument, it shows immediately the initial verti: 
movement of the airplane, which disregarding turbulent 
can be considered a reflection of pitch change. To maintain 
level flight, use the VSI in conjunction with the altimeter and 
attitude indicator. Note any positive or negative trend of the 
needle from zero and apply a very light corrective elevator 


Figure §-10. Pitch Correction, Less Than 100 Feet—One-Half Bar 
Low to Correct Altiaude Error. 


Figure §-12. Pitch Correction, Greater Than 100 Feet—One Bar 
Correction Initially 


pressure, As the needle returns to zero, relax the corrective 
pressure, [F control pressures have been smooth and light, the 
needle reacts immediately and slowly, and the altimeter shows 
little or no change of altitude. As a rate instrument, the VSL 


requires consideration of lag characteristics. 


Lag refers to the delay involved before the needle attains a 
stable indication following a pitch change. Lag is directly 
proportional to the speed and magnitude of a pitch change 
Ifa slow, smooth pitch change is initiated, the needle moves 
with minimum lag to a point of deflection corresponding, 
to the extent of the pitch change, and then stabilizes as the 
aerodynamic forces are balanced in the climb or descent. 
A large and abrupt pitch change produces erratic needle 
movement, a reverse indication, and introduces greater time 
delay (lag) before the needle stabilizes. Pilots are cautioned 
not to chase the needle when flight through turbulent 
conditions produces erratic needle movements. The apparent 
lag in airspeed indications with pitch changes varies greatly 
among different airplanes and is due to the time required for 
the airplane to accelerate or decelerate when the pitch attitude 
ischanged. There is no appreciable lag due to the construction, 
or operation of the instrument. Small pitch changes, smoothly 
executed, result in an immediate change of airspeed 


When using the VSI as a rate instrument and combining it 
with the altimeter and attitude indicator to maintain level 
fight, a pilot should know that the amount the altim: 
needle moves from the desired altitude governs the rate which 
should be used to return to that altitude. A rule of thumb is 
tomake an attitude change that will result in a vertical-speed 
rate approximately double the error in altitude. For example, 
if altitude is off by 100 feet, the rate of return to the desired 
altitude should be approximately 200 feet per minute (pm). 
If it is off by more than 100 feet, the correction should 
be correspondingly greater, but should never exceed the 
optimum rate of climb or descent for the airplane at a given 
airspeed and configuration, 


A deviation of more than 200 fpm from the desired rate 
of return is considered overcontrolling. For example, if 
attempting to change altitude 
400 {pm indicates overcontrolling, 


200 feet, a rate in excess of 


When returning to an altitude, the VSI is the primary pitch 
instrument. Occasionally, the VSI is slightly out of calibration 
and may indicate a climb or descent when the airplane is in 
level flight. If the instrument cannot be adjusted, take the 
error into consideration when using it for pitch control. For 
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example, if the needle indicates a descent of 200 fpm while 
in level flight, use this indication as the zero position. 


Airspeed Indicator (ASI) 

‘The ASI presents an indirect indication of the pitch attitude. 
Innon-turbulent conditions with a constant power setting and, 
pitch attitude, airspeed remains constant. /Figure 5-13] As the 
pitch attitude lowers, airspeed increases, and the nose should 
be raised. [Figure 5-14] As the pitch attitude rises, airspeed 
decreases, and the nose should be lowered. [Figure 5-15] A 
rapid change in ai licates a large pitch change, and 
a slow change of airspeed indicates a small pitch change. 


Constant Airspeed-¢———— Constant Pitch 


Figure §-13. Constant Power Plus Constant Pitch Equals Constant 
Speed. 


Increased Airspeed «Decreased Pitch 


Figure 5-14. Constant Power Plus Decreased Pitch Equals 
Increased Airspeed, 
Pitch 


Vs | 
3 ws 
iy 
woo) 
Mi Will 
Figure 5-15. Constant Power Plus Increased Pitch Equals 
Decreased Airspeed. 
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Pitch control in level flight is a question of cross-check and 
interpretation of the instrument panel for the instrument 
information that enables a pilot to visualize and control pitch 
attitude, Regardless of individual differences in cross-check 
technique, all pilots should use the instruments that give the 
best information for controlling the airplane in any given 
maneuver. Pilots should also check the other instruments 
to aid in maintaining the primary instruments at the desired 
indication 


As noted previously, the primary instrument is the one 
that gives the most pertinent information for a particular 
maneuver. It is usually the one that should be held at a 
constant indication. Which instrument is primary for pitch 
control in level flight, for example? This question should 
be considered in the context of specific airplane, weather 
conditions, pilot experience, operational conditions, and other 
factors. Attitude changes must be detected and interpreted 
instantly for immediate control action in high-performance 
airplanes. On the other hand, a reasonably proficient 
instrument pilot in a slower airplane may rely more on the 
altimeter for primary pitch information, especially if it is 
determined that too much reliance on the attitude indicator 
fails to provide the necessary precise attitude information. 
Whether the pilot decides to regard the altimeter or the 
attitude indicator as primary depends on which approach will 
best help control the attitude. In this handbook, the altimeter 
is normally considered as the primary pitch instrument during, 
level flight. 


Bank Control 
‘The bank attitude of an airplane is the angle between the 
airplane’s wings and the natural horizon, To maintain a 
straight-and-level flight path, the wings of the airplane are 
kept level with the horizon (assuming the airplane is in 
coordinated flight). The instruments used for bank control 
are the attitude indicator, the heading indicator, and the 
turn coordinator. Figure 5-76 illustrates coordinated flight. 
‘The aircraft is banked left with the attitude indicator and 
ior indicating the bank. The heading in 
indicates a left turn by apparent clockwise rotation of the 
compass card bebind the airplane silhouette 


tum coor 
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Attitude Indicator 

‘The attitude indicator shows any change in bank attitude 
directly and instantly and is, therefore, a direct indicator. On 
the standard attitude indicator, the angle of bank is shown 
pictorially by the relationship of the miniature aircraft to the 
artificial horizon bar, and by the alignment of the pointer with, 
the banking scale at the top of the instrument. On the face of 
the standard three-inch instrument, small angles of bank can 
be difficult to detect by reference to the miniature aircratt, 
especially if eaning to one side or changing a seating position 


Figure 5-16. Jnsiruments Used for Bank Control 


slightly. The position of the scale pointer is a good check 
against the apparent miniature aircraft position, Disregarding, 
precession error, small deviations from straight coordinated 
flight can be readily detected on the scale pointer. The 
banking index may be graduated as shown in Figure 5-17, 
or it may be graduated in 30° increments, 


‘The instrument depicted in Figure 5-17 has a scale pointer 
that moves in the same direction of bank shown by the 


miniature aircraft. In this case, the aircraft is in a left 15° 


bank. Precession errors in this instrument are common 


Figure 5-17. Bank Interpretation with the Anitude Indicator, 


and predictable, but the obvious advantage of the attitude 
indicator is an immediate indication of both pitch attitude 
and bank attitude in a single glance. Even with the precession 
errors associated with many attitude indicators, the quick 
attitude presentation requires less visual effort and time for 
positive control than other flight instruments. 


Heading Indicator 

‘The bank attitude of an aircraft in coordinated flight is shown 
indirectly on the heading indicator, since banking results in 
a turn and change in heading. Assuming the same airspeed 
in both instances, a rapid movement of the heading indicator 
(azimuth card in a directional gyro) indicates a large angle 
of bank, whereas slow movement reflects a small angle of 
bank. Note the rate of movement of the heading indicator 
and compare it to the attitude indicator’s degrees of bank. 
‘The attitude indicator’s precession error makes a precise 
check of heading information necessary in order to maintain 
straight flight, 


When deviations from straight flight are noted on the heading, 
indicator, correct to the desired heading using a bank angle no 
greater than the number of degrees to be turned. In any case, 
limit bank corrections to a bank angle no greater than that 
required for a standard rate turn. Use of larger bank angles 
requires a very high level of proficiency, and normally results, 
in overcontrolling and erratic bank control 


Turn Coordinator 

‘The miniature aircraft of the turn coordinator gives an indirect 
indication of the bank attitude of the airplane. When the 
miniature aircraft is level, the airplane is in straight flight 
When the miniature airplane is aligned with one of the 
alignment marks and the aircraft is rolling to the left or right, 
the indication represents the roll rate, with the alignment 
marks indicating a roll of 3° per second in the direction of 
the miniature aircraft. This can be seen in level flight when 
a bank is introduced either to the left or the right, The turn 
coordinator’s indicator will indicate the rolling motion 
although there is no turn being made. Conversely, a pedal 
input to the right or left causes the aircraft to turn momentarily 
about its vertical axis (with no rolling motion) with an 
indication of turn on the turn coordinator. After the turn 
s stabilized and the aircraft is no longer rolling, the 
tum coordinator displays the rate of turn with the alignment 
marks equaling a turn of 3° per second. The turn coordinator 
is able to display both roll and turn parameters because its 
electrically powered gyroscope is canted at an angle. As a 
result, the turn-and-slip indicator provides both roll and turn 
indications. Autopilots in general aviation today use this, 
instrument in determining both roll and turn information, 
After the completion of a turn, retum to straight flight is 
accomplished by coordinated aileron and rudder pressure 10 
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CHAPTER6 


The Small Group Lab and 
Classroom 


‘The first part of this book covered what you need to know to build your own personal electronics lab. 
Now it's time to share the love with your fellow electronics enthusiasts. Where to begin? 

Like most important questions, the answer remains, “It depends.” What resources are available to 
you and your group? How many folks will likely want to be working together, and for how long? How well 
do you really know these people? And these are just a few of the questions you're going to encounter 
along the way 

‘Take the time to understand exactly who “you” (plural; in Texas, y'all) are and what your 
requirements and goals could be. By doing so, you map out the future of your successful facility. 
Likewise, nor planning ahead or making reasonable assumptions about your needs is simply an 
invitation to problems, problems, and more problems. Who wants more problems? 


Tip Ifyou fail to plan, you plan to fal 


Know Yourself 


‘The ancient Greek maxim “know thysell” has as many definitions as it has authors, it seems. Plato 
indicated in several of his dialogues that Socrates would use this phrase to admonish his students to 
learn more about themselves and their own characters and capabilities before attempting to figure out 
the rest of the universe. Wise advice then and now. 

As far as knowing yourself in relation to setting up a shared electronics lab, you should first think 
about what role you are going to play in this endeavor. Yes, you. Here are some of the major ones, and 
‘you might end up being all of them at some point, 


Facilitator or Coordinator 


In the role of the facilitator, you plan on providing an environment for others to use for their projects 
and explorations in electronics. You may or may not partake in these activities yourself, but have been 
tasked with (or volunteered for) the organization and coordination of the lab. 

It’s critically important to understand the needs of your intended lab-menkeys users. See the "Know 
Your Group” section later in the chapter for more information on this topic. 
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level the miniature aircraft. Include the miniature aircraft in 


the cross-check and correct for even the smallest deviations 
from the desired position. When this instrument is used to 
‘maintain straight flight, control pressures must be applied 


very lightly and smoothly. 


The ball of the turn coordinator is actually a separate 
instrument, 
because the two instruments are used together. The ball 
instrument indicates the quality of the turn. If the ball is off 
center, the airplane is slipping or skidding. That is, if the 
coordinator’s miniature airplane is tilted right and the ball is, 
displaced to the right, the aircraft is ina skid. [Figure 5-18] If 
however, the miniature airplane is tilted tothe right with the 
ball off-center to the left, the aircraft is ina slip. (Figure 5-19] 
If the wings are level and the airplane is properly trimmed, 
the ball will remain in the center, and the airplane will be 
in straight flight. If the ball is not centered, the airplane is 
improperly trimmed. 


conveniently located under the miniature aireraft 


Figure 5-19. Slip Indication 


To maintain straight-and-level flight with proper trim, note 
the direction of ball displacement. If the ball isto the left of 
center and the left wing is low, apply left rudder pressure 
to center the ball and correct the slip. At the same time 
apply right aileron pressure as necessary to level the wings, 
cross-checking the heading indicator and attitude indicator 
while centering the ball. Ifthe wings are level and the ball is, 
displaced from the center, the airplane is skidding. Note the 
direction of ball displacement, and use the same corrective 
nique as for an indicated slip. Center the bal (left ball/eft 
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rudder, right ball/right rudder), use aileron as necessary for 
bank control, and retrim. 


‘To trim the airplane using only the tum coordinator, use 
aileron pressure to le 
pressure to center the ball. Hold these indications with control 
pressures, gradually releasing them while applying rudder 
trim sufficient to relieve all rudder pressure. Apply aileron 
trim, if available, to relieve aileron pressure. With a full 
instrument panel, maintain a wings level attitude by reference 
to all available instruments while trimming the airplane. 


el the miniature aircraft and rudder 


Turn-and-Slip Indicator (Needle and Ball) 

Unlike the turn coordinator that provides three indications 
(oll, turn, and trim), the turn-and-slip indicator provides 
two: turn-rate and trim. Although the turn-and-slip indicator 
needle provides an indication of turn only, it provides an 
indirect indication of aircraft attitude when used with roll 
indicators such as a heading indicator or magnetic compass. 
As with the tum coordinator (after stabilizing from a roll), 
when the turn-and-slip indicator’s needle is aligned with the 
alignment marks the aircraft is in a standard turn of 3° per 
second or 360° in 2 minutes. 


‘The ball of the turn-and-bank indicator provides important 
trim in the same manner that the ball in the turn coordinator 
does. Figures 5-18 and 5-19 provide a comparison of the 
‘wo instruments, 


Power Control 
Power produces thrust which, with the appropriate angle of 
attack of the wing, overcomes the forces of gravity, drag, 
and inertia to determine airplane performance. 


Power control must be related to its effect on altitude and 
airspeed, since any change in power setting results in a change 
in the airspeed or the altitude of the airplane. At any given 
airspeed, the power setting determines whether the airplane 
is in level flight, in a climb, or in a descent. If the power is, 
increased in straight-and-level flight and the airspeed held 
constant, the airplane climbs. If power is decreased while 
the airspeed is held constant, the airplane descends. On the 
other hand, if altitude is held constant, the power applied will 
determine the airspeed 


‘The relationship between altitude and airspeed determines the 
need for a change in pitch or power. Ifthe airspeed is not the 
desired value, always check the altimeter before deciding that 
power change is necessary. Think of altitude and airspeed 
as interchangeable; altitude can be traded for airspeed by 
lowering the nose, or convert airspeed to altitude by raising 
the nose. If altitude is higher than desired and airspeed is 


Figure §-20. Airspeed Low and Altitude High—Lower Pitch 


low, of vice versa, a change in pitch alone may return the 
airplane to the desired altitude and airspeed. (Figure 5-20] If 
both airspeed and altitude are high or if both are low, then a 
change in both pitch and power is necessary in order to return 


to the desired airspeed and altitude. [Figure 5-21] 


For changes in airspeed in straight-and-level flight, pitch, 
bank, and power must be coordinated in order to maintain 
constant altitude and heading. When power is changed to 
vary airspeed in straight-and-level flight, a single-engine, 
propeller-driven airplane tends to change attitude around all, 
axes of movement. Therefore, to maintain constant altitude 
and heading, apply various control pressures in proportion 
to the change in power. When power is added to increas 
airspeed, the pitch instruments indicate a climb unless 
forward elevator control pressure is applied as the airspeed 
changes. With an increase in power, the airplane tends to 
yaw and roll to the left unless counteracting aileron and 
rudder pressures are applied. Keeping ahead of these changes 
requires increasing cross-check speed, which varies with the 
type of airplane and its torque characteristics, the extent of 
power and speed change involved. 


Power Settings 

Power control and airspeed changes are much easier when 
approximate power settings necessary to maintain various, 
airspeeds in straight-and-level flight are known in advance. 
However, to change airspeed by any appreciable amount, the 
common procedure is to underpower or overpower on initial 
power changes to accelerate the rate of airspeed change. 
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(For small speed changes, or in airplanes that decelerate or 
accelerate rapidly, overpowering or underpowering is not 
necessary.) 


Consider the example of an airplane that requires 23" 
mercury (Hg) of manifold pressure to maintain a normal 
cruising airspeed of 120 knots, and 18" Hg of manifold 
pressure to maintain an airspeed of 100 knots. The reduction 
in airspeed from 120 knots to 100 knots while maintaining, 


straight-and-level flight is discussed below and illustrated in 
Figures 5-22, 5-23, and 5-24. 
Instrument indications, prior to the power reduction, are 


shown in Figure 5-22. The basic attitude is established and. 
maintained on the attitude indicator. The specific pitch, 
bank, and power control requirements are detected on these 
primary instruments: 


Altimeter—Primary Pitch 
Heading Indicator—Primary Bank 
Airspeed Indicator—Primary Power 


Supporting pitch-and-bank instruments are shown in 
Figure 5-23. Note that the supporting power instrument is 
the manifold pressure gauge (or tachometer if the propeller 
is fixed pitch). However, when a smooth power reduction to 
approximately 15" Hg (underpower) is made, the manifold 
pressure gauge becomes the primary power instrument, 
[Figure 5-23] With practice, power setting can be changed 
with only a brief glance at the power instrument, by sensing, 


0 "4, 
Fee) 35%, 
FSSevrcoe 


ERE 


40= 


Sis mst 45.5 


Figure §-21. Airspeed and Altitude High—Lower Pitch and Reduce Power 
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Primary bank 


‘Supporting pitch 


Figure 5-22. Straight-and-Level Flight (Normal Cruising Speed). 
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‘Supporting pitch and bank 


AIS approaches 
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Figure 5-28. Straight-and-Level Flight (Airspeed Decreasing) 
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the movement of the throttle, the change in sound, and the 
changes in the feel of control pressures. 


As thrust decreases, increase the speed of the cross-check 
and be ready to apply left rudder, back-elevator, and aileron 
control pressure the instant the pitch-and-bank instruments, 
show a deviation from altitude and heading. As proficiency 
is obtained, a pilot learns to cross-check, interpret, and 
control the changes with no deviation of heading and altitude. 
Assuming smooth air and ideal control technique, as airspeed 
decreases, a proportionate increase in airplane pitch attitude 
is required to maintain altitude. Similarly, effective torque 
control means counteracting yaw with rudder pressure. 


As the power is reduced, the altimeter is primary for pitch, 
the heading indicator is primary for bank, and the manifold 
pressure gauge is momentarily primary for power (at 15" 
Hg in this example). Control pressures should be trimmed 
off as the airplane decelerates. As the airspeed approaches 
the desired airspeed of 100 knots, the manifold pressure 
is adjusted to approximately 18” Hg and becomes the 
supporting power instrument. The ASI again becomes 
primary for power. [Figure 5-24) 


Airspeed Changes in Straight-and-Level Flight 
Practice of airspeed changes in straight-and-level fl 
an excellent means of developing increased proficiency in all 
three basic instrument skills, and brings out some common 


‘Supporting pitch and bank 


‘Supporting pitch 


errors tobe expected during training in straight-and-level fight. 
Having learned to control the airplane in a clean configuration 
(minimum drag conditions), increase proficiency in cross- 
check and control by practicing speed changes while extending, 
or retracting the flaps and landing gear. While practicing, be 
sure to comply with the airspeed limitations specified in the 
POH/AFM for gear and flap operation. 


Sudden and exaggerated attitude changes may be necessary 
in order to maintain straight-and-level flight as the landing, 
gear is extended and the flaps are lowered in some airplanes. 
‘The nose tends to pitch down with gear extension, and when 
flaps are lowered, lift increases momentarily (at partial lap 
settings) followed by a marked increase in drag as the flaps 
near maximum extension. 


Control technique varies according to the lift and drag 
characteristics of each airplane. Accordingly, knowledge of 
the powersettings and trim changes associated with different 
combinations of airspeed, gear and flap configurations will, 
reduce instrument cross-check and interpretation problems. 


For example, assume that in straight-and-level flight 
instruments indicate 120 knots with power at 23” Hg/2,300 
revolutions per minute (rpm), gear and flaps up. After 
reduction in airspeed, with gear and flaps fully extended, 
straight-and-level flight at the same altitude requires 25" Hg, 
manifold pressure/2,500 rpm. Maximum gear extension 
speed is 115 knots; maximum flap extension speed is 105 


Figure 5-24. Straight-and-Level Flight (Reduced Airspeed Stabilized). 
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knots. Airspeed reduction to 95 knots, ge 
can be made in the following manner: 


and flaps down, 


1. Maintain rpm at 2,500, since a high power setting will 
be used in full drag configuration, 


Reduce manifold pressure to 10" Hg. As the airspeed 
decreases, increase cross-check speed. 


3. Make trim adjustments for an increased angle of attack 
and decrease in torque. 


4, Lower the gear at 115 knots. The nose may tend to 
pitch down and the rate of deceleration increases. 
Increase pitch attitude to maintain constant altitude, 
and trim off some of the back-elevator pressures. 
If full flaps are lowered at 105 knots, cross-check, 
interpretation, and control must be very rapid. A 
simpler technique is to stabilize attitude with gear 
down before lowering the flaps. 


Since 18” Hg manifold pressure will hold level 
flight at 100 knots with the gear down, increase 
power smoothly to that setting until the ASI shows 
approximately 105 knots, and retrim. The attitude 
indicator now shows approximately two-and-a-half 
bar width nose-high in straight-and-level flight. 


6, Actuate the flap control and simultaneoush 
power to the predetermined setting (25" Hg) for the 
desired airspeed, and trim off the pressures necessary 
to hold constant altitude and heading. The attitude 
indicator now shows a bar width nose-low in straight- 
and-level flight at 95 knots, 


y increase 


Proficiency in straight-and-level flight is attained when a 
pilot can consistently maintain constant altitude and heading, 
with smooth pitch, bank, power, and trim control during the 


pronounced changes in aircraft attitude. 


Trim Technique 
Proper trim technique is essential for smooth and precise 
aircraft control during all phases of flight. By relieving all 
control pressures, it is much easier to hold a given attitude 
constant, and devote more attention to other flight deck 
duties 


sures to 


An aircraft is trimmed by applying control pr 
establish a desired attitude, then adjusting the trim so the 
aircraft will maintain that attitude when the flight controls are 
released. Trim the aircraft for coordinated flight by centering 
the ball of the turn-and-slip indicator, by using rudder trim in 
the direction the ball is displaced from the center. Differential 
power control on multiengine aircraft is an additional factor 
affecting coordinated flight. Use balanced power or thrust, 
‘when possible, to aid in maintaining coordinated flight. 
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Changes in attitude, power, or configuration will require a 
adjustment in most cases. Using trim alone to establish 
a change in aircraft attitude invariably leads to erratic aircraft 
control. Smooth and precise attitude changes are best attained. 
by a combination of control pressures and trim adjustments. 
‘Therefore, when used correctly, trim adjustment is an aid to 


smooth aircraft control. 


Common Errors in Straight-and-Level Flight 
Pitch 
Pitch errors usually result from the following faults: 

1, Improper adjustment of the attitude indicator’s 
miniature aircraft to the wings level attitude 
Following the initial level off from a climb, check the 
altitude indicator and make any necessary adjust 
in the miniature aircraft for level 
normal cruise airspeed, 


2. Insufficient eross-check and interpretation of pitch 
instruments. For example, the airspeed indi 
low. The pilot, believing a nose-high attitude exists, 
applies forward pressure without noting that a low 
power setting is the cause of the airspeed discrepancy. 
Increase cross-check speed to include all relevant 
instrument indications before making a control input. 


3. Uncaging the attitude indicator (if caging feature is, 
present) when the aigplane is not in level flight. The 
altimeter and heading indicator must be stabilized with 
airspeed indication at normal cruise before pulling 
out the caging knob, to obtain correct indications in 
straight-and-level flight at normal cruise airspeed. 


4, Failure to interpret the attitude indicator in terms of 
the existing airspeed, 


5. Late pitch corrections. Pilots commonly like to leave 
well enough alone. When the altimeter indicates a 20 
foot error, there is a reluctance to correct it, perhaps 
because of fear of overcontrolling. If overcontrolling 
is the anticipated error, practice small corrections and 
find the cause of overcontrolling. If any deviation is 
tolerated, errors will increase. 


6. Chasing the vertical speed indications. This tendency 

can be corrected by proper eros 
by incr 
understanding of instrument characteristics. 


7. Using excessive pitch corrections for the altimeter 
evaluation. Rushing a pitch correction by making a 
large pitch change usually aggravates the exi 
error, saving neither time nor effort. 


Failure to maintain established pitch corrections, a 
‘common error associated with cross-check and trim 
errors. For example, having established a pitch change 
to correct an altitude error, there is a tendency to 
slow down the cross-check, waiting for the airplane 
to stabilize in the new pitch attitude. To maintain 
the attitude, continue to cross-check and trim off the 
pressures. 


Fixations during cross-check. After initiating a 
heading correction, for example, there is a tendency 
to become preoccupied with bank control and miss 
errors in pitch attitude. Likewise, during an airspeed 
change, unnecessary gazing at the power instrument 
is common. A small error in power setting is of less 
consequence than large altitude and heading errors. 
‘The airplane will not decelerate any faster by staring 
at the manifold pressure gauge. 


Heading 
Heading errors usually result from the following faults: 


1 


10, 


Failure to cross-check the heading indicator, especially 
during changes in power or pitch attitude. 
Misinterpretation of changes in heading, with resulting 
corrections in the wrong direction. 


Failure to note and remember a preselected heading, 


Failure to observe the rate of heading change and its 
relation to bank altitude. 


Overcontrolling in response to heading changes, 
especially during changes in power settings, 


Anticipating heading changes with premature 
application of rudder control 


Failure to correct small heading deviations. Unless 
zero error in heading is the goal, a pilot will tolerate 
larger and larger deviations. Correction of a 1° error 
takes a lot less time and concentration than corr 
of a 20° error. 


Correcting with improper bank attitude. If correcting 
4 10° heading error with 20° of bank, the airplane 
will roll past the desired heading before the bank 
is established, requiring another correction in the 
opposite direction. Do not multiply existing errors 
With errors in corrective technique. 


Failure to note the cause of a previous heading error 
and thus repeating the same error. For example, the 
airplane is out of trim, with a left wing low tendency. 
Repeated corrections for a slight left turn are made, 
yet trim is ignored, 


Failure to set the heading indicator properly or failure 
to uncage it 


Power 


Power errors usually 


1 


Trim 


-sult from the following faults: 


Failure to know the power settings and pitch attitudes 
appropriate to various airspeeds and airplane 
configurations. 


Abrupt use of throttle. 


Failure to lead the airspeed when making power 
changes. For example, during airspeed reduction in 
level flight, especially with gear and flaps extended, 
adjust the throttle to maintain the slower speed before 
the airspeed actually reaches the desired speed. 
Otherwise, the airplane will decelerate to a speed 
lower than that desired, resulting in additional power 
adjustments. The amount of lead depends upon how 
fast the airplane responds to power changes. 


Fixation on airspeed or manifold pressure instruments 
during airspeed changes, resulting in erratic control 


of both airspeed and power. 


‘Trim errors usually result from the following faults 


1 


Improper adjustment of seat or rudder pedals for 
comfortable po 
ankles makes 


et. Tension in the 


Confusion about the operation of trim devices, which 
differ among various airplane types. Some trim wheels 
are aligned appropriately with the airplane’s ax: 
others are not. Some rotate in a direction contrary to 
what is expected. 


Faulty sequence in trim technique. Trim should be 
used not as a substitute for control with the wheel 
(stick) and rudd c pressur 
held to stabilize attitude. As proficiency is gained, 
little conscious effort will be required to trim off the 
pressures as they occur. 


, but to reliey 


already 


Excessive trim control. This induces control pressures 
that must be held until the airplane is trimmed 


properly. Use trim frequently and in small amounts 


Failure to understand the cause of trim changes. Lack 
of understanding the basic aerodynamics related to 
basic instrument skills will cause a pilot to continually 
lag behind the airplane, 


5-13 


Straight Climbs and Descents 

Climbs 

For a given power setting and load condition, there is only 
one attitude that will give the most efficient rate of climb. 
‘The airspeed and climb power setting that will determine this, 
climb attitude are given in the performance data found in the 
POH/AFM. Details of the technique for entering a climb vary 
according to airspeed on entry and the type of climb (constant 
airspeed or constant rate) desired. (Heading and trim control 
are maintained as discussed in Straight-and-Level Flight.) 


Entry 
‘To enter a constant-airspeed climb from cruising airspeed, 
raise the miniature aircraft to the approximate nose-high 
indication for the predetermined climb speed. The attitude 
will vary according to the type of airplane. Apply light back- 
levator pressure to initiate and maintain the climb attitude. 
‘The pressures will vary as the airplane decelerates. Power 
may be advanced to the climb power setting simultaneously 
with the pitch change, or after the pitch change is established 
and the airspeed approaches climb speed. If the transition 
from level flight to climb is smooth, the VSI will show an 
immediate trend upward, continue to move slowly, and 
then stop at a rate appropriate to the stabilized airspeed and 
attitude, (Primary and supporting instruments for the climb 
entry are shown in Figure 5-25.) 


‘Supporting pitch — 


Figure §-28. Climb Entry for Constant Airspeed Climb. 
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Once the airplane stabilizes ata constant airspeed and attitude, 
the ASIis primary for pitch and the heading indicator remains 
primary for bank. [Figure 5-26] Monitor the tachometer or 
manifold pressure gauge as the primary power instrument to 
ensure the proper climb power setting is being maintained. If 
the climb attitude is correct for the power setting selected, the 
airspeed will stabilize at the desired speed. If the airspeed is, 


low or high, make an appropriately small pitch correction. 


‘Tentera constant airspeed climb, first complete the airspeed 
reduction from cruise airspeed to climb speed in straight- 
and-level flight. The climb entry is then identical to entry 
from cruising airspeed, except that power must be increased 
simultaneously to the climb setting as the pitch attitude is, 
increased. Climb entries on partial panel are more easily 
and accurately controlled if entering the maneuver from 
climbing speed. 


‘The technique for entering a constant rate climb is very 
similar to that used for entry to a constant-airspeed climb 
from climb airspeed. As the power is increased to the 
approximate setting for the desired rate, simultaneously 
raise the miniature aircraft to the climbing attitude for the 
desired airspeed and rate of climb, As the power is increased, 
the ASI is primary for pitch control until the vertical speed 
approaches the desired value. As the vertical speed needle 
stabilizes, it becomes primary for pitch control and the ASL 
becomes primary for power control. [Figure 5-27] 


‘Supporting pitch and bank 


‘Supporting bank: 
Primary bank 


‘Supporting pitch 


Figure §-26. Stabilized Climb at Constant Airspeed. 
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Figure 5-27. Stabilized Climb at Constant Rate. 
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Pitch and power corrections must be promptly and closely 
coordinated. For example, ifthe vertical speed is correct, but 
the airspeed is low, add power. As the power is increased, 
the miniature aircraft must be lowered slightly to maintain 
constant vertical speed. If the vertical speed is high and the 
airspeed is low, lower the miniature aircraft slightly and note 
the increase in airspeed to determine whether or not a power 
change is also necessary. /Figure 5-28) Familiarity with the 
approximate power settings helps to keep pitch and power 
corrections at a minimum. 


Leveling Off 

‘To level off from a climb and maintain an altitude, 
necessary (0 start the level off before reaching the desired 
altitude. ‘The amount of lead varies with rate of climb and 
pilot technique. Ifthe airplane is climbing at 1,000 fpm, it will 
continue to climb at a decreasing rate throughout the transition 
to level flight, An effective practice isto lead the altitude by 
10 percent of the vertical speed shown (500 fpmy/ 50-foot lead, 
1,000 fpm/100-foot lead). 


‘To level off at cruising airspeed, apply smooth, steady 
forward-elevator pressure toward level flight attitude for the 
speed desired. As the atitude indicator shows the pitch change, 
the vertical speed needle will move slowly toward zero, the 
altimeter needle will move more slowly, and the airspeed will, 
show acceleration, /Figure 5-29/ When the altimeter, attitude 


indicator, and VSI show level flight, constant changes in 
pitch and torque control will have to be made as the airspeed 
increases. As the airspeed approaches cruising speed, reduce 
power to the cruise setting. The amount of lead depends upon 
the rate of acceleration of the airplane. 


‘To level off at climbing airspeed, lower the nose to the pitch 
attitude appropriate to that airspeed in level flight. Power 
is simultaneously reduced to the setting for that airspeed 
as the pitch attitude is lowered. If power reduction is at a 
rate proportionate to the pitch change, airspeed will remain 
constant, 


Descents 
A descent can be made at a variety of airspeeds and attitudes 
by reducing power, adding drag, and lowering the nose 
to a predetermined attitude. The airspeed will eventually 
stabilize at a constant value. Meanwhile, the only flight 
instrument providing a positive attitude reference, is the 
attitude indicator, Without the attitude indicator (such as 
during a partial panel descent), the ASI, the altimeter, and 
the VSI will show varying rates of change until the airplane 
decelerates to a constant airspeed at a constant attitude. 
During the transition, changes in control pressure and trim, 
as well as cross-check and interpretation, must be accurate 
to maintain positive contro. 


ey 
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Airspeed Low and Vertical Speed High—Reduce Pitch. 
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Figure §-29. Level Off at Cruising Speed. 


Entry 

The following method for entering descents is 
with or without an attitude indicator. First, reduce airspeed 
to a selected descent airspeed while maintaining straight- 
and-level flight, then make a further reduction in power 
(to a predetermined setting). As the power is adjusted, 
simultaneously lower the nose to maintain constant airspeed, 
and trim off control pressures, 


effective 


During a constant airspeed descent, any deviation from the 
desired airspeed calls for a pitch adjustment. For a constant 
rate descent, the entry is the same, but the VSI is primary for 
pitch control (after it stabilizes near the desired rate), and the 
ASL is primary for power control. Pitch and power must be 
closely coordinated when corrections are made, as they are 
in climbs. [Figure 5-30] 


Leveling Off 

‘The level off from a descent must be started before reaching, 
the desired altitude, The amount of lead depends upon the 
rate of descent and control technique. With too little lead, the 
ainplane will tend to overshoot the selected altitude unless 
technique is rapid. Assuming a 500 fpm rate of descent, lead 
the altitude by 100-150 feet for a level off at an airspeed 
higher than descending speed. At the lead point, add power to 
the appropriate level flight cruise setting, /Figure 5-31] Since 
the nose will tend to rise as the airspeed increases, hold 
forward elevator pressure to maintain the vertical speed at 
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the descending rate until approximately 50 feet above the 
altitude, and then smoothly adjust the pitch attitude to the 
level flight attitude for the airspeed selected. 


‘Tolevel off from a descent at descent airspeed, lead the desired 
altitude by approximately 50 feet, simultaneously adjusting 
the pitch attitude to level flight and adding power to a setting, 
that will hold the airspeed constant. /Figure 5-32] Trim off 
the control pressures and continue with the normal straight- 
aand-level flight cross-check 


Common Errors in Straight Climbs and Descents 
Common errors result from the following faults: 


1, Overcontrolling pitch on climb entry. Until the pitch 
attitudes related to specific power settings used in 
climbs and descents are known, larger than necessary 
pitch adjustments are made. One of the most difficult 
habits to acquire during instrument training is to 
restrain the impulse to disturb a flight attitude until 
the result is known. Overcome the inclination to 
make a large control movement for a pitch change, 
and learn to apply small control pressures smoothly, 
cross-checking rapidly for the results of the change, 
and continuing with the pressures as instruments show 
the desired results. Small pitch changes can be easily 
controlled, stopped, and corrected; large changes are 
‘more difficult to control. 
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(CHAPTER 6 = THE SMALL GROUP LAB AND CLASSROOM 


As the lab facilitator, lab workers will come to you with questions, requests, comments, and 
complaints. Be prepared to address their needs in a responsive and professional manner—even if they're 
just your cousin, 

Your responsibilities will include 


‘* Communicating the scope of the lab (ie., deciding what isand what is not 
acceptable or expected) 


* Publishing any important information or updates regarc 
times, features, rules, and possibly ongoing projects 


ig location, available 


jes involving safety, proper tool usage and training, and participant 


ining supplies of commonly used materials 
‘+ Inspecting and repairing tools as the need arises 


To balance out your responsibilities, you should be granted adequate authority in the following 


+ Characterizing the scope of the lab, based on present and anticipated future needs 
+ Enforcing the policies ofthe lab 

+ Budgetary discretion in acquiring, provisioning, and maintaining lab assets 

+ Granting or revoking access to the lab based on established parameters 


Ifyou're going to be the Keeper of the Lab, then you should have both a personal interest 
itin good shape as well as the wherewithal to decide how things should be done. 
Good luck finding the right balance there. 


keeping 


Teacher or Presenter 


Let's assume that your lab has already been set up (or can be set up in a jiffy), and your main goal is to 
present information or teach classes there. Again, it should be apparent that a good knowledge of your 
intended audience: al part in your success, See the “Know Your Group” section for more 
information. 

‘Once you understand the needs of your class and the goals of your presentation, the next step is to 
leverage the existing facilities to your best advantage. Will you need specialized presentation equipment 
or materials? Ifso, see what is already available, and then make a shopping list of everything else you will, 
need. Examples include lighting, a projector, specialized power distribution, and test equipment. 

‘Are you making an interactive presentation? If so, what materials will you need to provide for your 
students to be able to fully participate in your presentation? 

‘What will be your optimum teacher-to-student ratio? If you have a simple message that's easily 
communicated and reinforced, a single speaker can effectively address a rather large crowd. Once you 
start adding layers of complexity to the subject matter, you're going to have to be prepared to backtrack 
and explain things in more detail from time to time. If you're leading a group through a technical 
exercise, it’s often profitable to have assistants available to help just those individuals that need a little 
more help, without having to stop the class in its tracks. These assistants need to be up to speed on the 
subject matter as well as have good communication and troubleshooting skills. 

Remember that students look to the teacher for leadership, not only as a subject-matter expert. Take 
the lead, set a good example, and share your enthusiasm for your topic with your students. 
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Figure 5-30. Constant Airspeed Descent, Airspeed High—Reduce Power. 
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Figure §-31. Level Off Airspeed Higher Than Descent Airspeed. 
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Figure 5-32. Level Off at Descent Airspeed. 
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Failure to vary the rate of cross-check during speed, 
power, or altitude changes or climb or descent 
entries 

3. Failure 1o maintain a new pitch attitude. For example, 
raising the nose to the correct climb attitude, and as 
the airspeed decreases, either overcontrol and further 
increase the pitch attitude, or allow the nose to lower. AS 
control pressures change with airspeed changes, cross- 
check must be increased and pressures readjusted. 


4, Failure to trim off pressures, Unless the airplane is 
trimmed, there will be difficulty in determining whether 
control pressure changes are induced by aerodynamic 
changes or by the pilot's own movements. 


Failure to learn and use proper power settings. 
6, Failure to cross-check both airspeed and vertical speed 
before making pitch or power adjustments. 


7. Improper pitch and power coordination on slow-speed 
level offs, due to slow cross-check of airspeed and 
altimeter indications, 


8, Failure to cross-check the VSI against the other pitch 
control instruments, resulting in chasing the vertical 
spe 


9, Failure to note the rate of climb or descent to determine 
the lead for level offs, resulting in overshooting or 
undershooting the desired altitude. 


10. Ballooning (allowing the nose to pitch up) on level 
off from descents, resulting from failure to maintain 
descending attitude with forward-clevator pressure as 
power is increased to the level flight cruise setting. 


11. Failure to recognize the approaching straight-and-level 
flight indications as level off is completed. Maintain 
an accelerated cross-check until positively established 
in straight-and-level flight, 


Turns 

Standard Rate Turns 

A standard rate turn is one in which the pilot will do a 
complete 360° circle in two minutes, or 3° per second. A 
standard rate turn, although always 3° per second, will 
require higher angles of bank as airspeed increases. To enter a 
standard rate level turn, apply coordinated aileron and rudder 
pressures in the desired direction of turn. Pilots commonly 
roll into turns at a much too rapid rate. During initial training, 
in turns, base control pressures on the rate of cross-check 
and interpretation. Maneuvering an airplane faster than 
the capability to keep up with the changes in instrument 
indications only creates the need to make corrections. 


Artule of thumb to determine the approximate angle of bank 
required for a standard rate tum is to use 15 percent of the 
true airspeed. A simple way to determine this amount is to 
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divide the airspeed by 10 and add one-half the result, For 
example, at 100 knots, approximately 15° of bank is required 
(100 + 10 = 10 + 5 = 15); at 120 knots, approximately 18° 
of bank is needed for a standard rate turn, 


On the roll-in, use the attitude indicator to establish 
the approximate angle of bank, and then check the turn 
Coordinator's miniature aircraft for a standard rate turn 
indication or the aircraft's turn-and-bank indicator. Maintain 
the bank for this rate of turn, using the turn coordinator’s, 
miniature aircraft as the primary bank reference and the 
attitude indicator as the supporting bank instrument. 
[Figure 5-33] Note the exact angle of bank shown on 
the banking scale of the attitude indicator when the turn 
coordinator indicates a standard rate turn 


During the roll-in, check the altimeter, VSI, and attitude 
indicator for the necessary pitch adjustments as the vertical 
lift component decreases with an increase in bank. If constant 
airspeed is to be maintained, the ASI becomes primary for 
power, and the throttle must be adjusted as drag increases. As 
the bank is established, trim off the pressures applied during 
pitch and power changes, 


‘To recover to straight-and-level flight, apply coordinated 
aileron and rudder pressures opposite to the direction of the 
tum. Strive for the same rate of roll-out used to roll into the 
tum; fewer problems will be encountered in estimating the 
lead necessary for roll-out on exact headings, especially on 


sane maneuvers. Upon initiation of the turn recovery, 
tor becomes the primary bank instrument. 
When the airplane is approximately level, the heading 
indicator is the primary bank instrument as in straight-and- 
level flight. Pitch, power, and trim adjustments are made as 
changes in vertical lift component and airspeed occur. ‘The 
ball should be checked throughout the turn, especially 
control pressures are held rather than trimmed off, 


Some airplanes are very stable during turns, requiring only 
slight trim adjustments that permit hands-off flight while the 
aimplane remains in the established attitude. Other airplanes 
require constant, rapid cross-check and control during turns to 
correct overbanking tendencies. Duc to the interrelationship 
of pitch, bank, and airspeed deviations during turns, cross- 
check must be fast in order to prevent an accumulation of 


Tums to Predetermined Headings 
As long as an airplane is in a coordinated bank, it continues 
toturn. Thus, the roll-out to a desired heading must be started 
before the heading is reached. ‘The amount of lead varies with 
the relationship between the rate of tum, angle of bank, and. 
rate of recovery. For small heading changes, use a bank angle 
that does not exceed the number of degrees to be tured. 
Lead the desired heading by one-half the number of degrees 
of bank used. For example, if a 10° bank is used during a 
change in heading, start the roll-out 5° before reaching the 
desired heading, For larger changes in heading, the amount 


‘Supporting pitch 


Figure 5-33. Standard Rate Turn, Constant Airspeed. 
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of lead varies since the angle of bank for a standard rate turn 
varies with the true airspeed. 


Practice with a lead of one-half the angle of bank until the 
precise lead a given technique requires is determined. If 
rates of roll-in and roll-out are consistent, the preci 
of lead suitable to a particular roll-out technique can be 
determined 


amount 


Timed Turns 
A timed turn is a turn in which the clock and the turn 
coordinator are used to change heading by a specific number 
of degrees ina given time. For example, in standard rate turn 
(3° per second), an airplane turns 45° in 15 seconds; in a half 
standard rate turn, the airplane turns 45° in 30 seconds. 


Prior to performing timed turns, the turn coordinator should 
be calibrated to determine the accuracy of its indications 
[Figure 5-34] Establish a standard rate turn as indicated by 
the turn coordinator, and as the sweep-second hand of the 
clock passes a cardinal point (12, 3, 6, 9), check the heading, 
on the heading indicator. While holding the indicated rate 
of turn constant, note the indicated heading changes at 10 
second intervals. Ifthe airplane turns more than or less than 
30° in that interval, a respectively larger or smaller deflection 
of the miniature aircraft of the turn coordinator is necessary 
to produce a standard rate turn, After calibrating the tum 
coordinator during turns in each direction, note the corrected, 
deflections, if any, and apply them during all timed turns 


‘The same cross-check and control technique is used in making 
a timed turn that is used to execute turns to predetermined 
headings, except the clock is substituted for the heading, 
indicator. The miniature aircraft of the tum coordinator is, 
primary for bank control, the altimeter is primary for pitch 
control, and the ASI is primary for power control. Start the 
roll-in when the clock’s second hand passes a cardinal point, 
hold the turn at the calibrated standard rate indication (or 
hhalf-standard rate for small heading changes), and begin the 
roll-out when the computed number of seconds has elapsed. 
If the rates of roll-in and roll-out are the same, the time taken 
during entry and recovery does not need to be considered in 
the time computation, 


Practice timed turns with a full instrument panel and check 
the heading indicator for the accuracy of turns, Ifthe turns are 
executed without the gyro heading indicator, use the magnetic, 
compass at the completion of the turn to check turn accuracy, 
taking compass deviation errors into consideration. 


Compass Turns 
In most small airplanes, the magnetic compass is the only 
direction indicating instrument independent of other airplane 
instruments and power sources. Because of its operating 
characteristics, called compass errors, pilots are prone 0 
use it only as a reference for setting the heading indicator, 
but knowledge of magnetic compass characteristics permits, 
full use of the instrument to turn the airplane to correct and 
maintain headings 


‘Supporting pitch and bank 


‘Supporting pitch 


Figure 5-34. Tun Coordinator Calibration. 
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Remember the following points when making turns to 
magnetic compass headings or when using the magnetic 
compass as a reference for setting the heading indicator: 

1, Ifon a north heading and a turn is started to the east 
‘or West, the compass indication lags, or indicates a 
turn in the opposite direction. 

2, Ion a south heading and a turn is started toward the 
east or west, the compass indication precedes the turn, 
indicating a greater amount of turn than is actually 
‘oceurring, 


3, When on an east or west heading, the compass 
indicates correctly when starting a turn in either 
direction. 

\cceleration results in 

uth 


4, If on an east or west heading, 
north turn indication; deceleration results in as 


turn indication. 


When maintaining a north or south heading, no error 
results from diving, climbing, or changing airspeed. 


With an angle of bank between 15° and 18°, the amount of 
lead or lag to be used when turning to northerly or southerly 
headings varies with, and is approximately equal to, the 
latitude of the locality over which the turn is being made, 
‘When turning to a heading of north, the lead for roll-out must. 
include the number of degrees of change of latitude, plus the 
lead normally used in recovery from turns. During a turn to 
south heading, maintain the turn until the compass passes 
south the number of degrees of latitude, minus normal roll- 
out lead. [Figure 5-35] 


For example, when turning from an easterly direction to 
north, where the latitude is 30°, start the roll-out when the 
compass reads 37° (30° plus one-half the 15° angle of bank, 
or whatever amount is appropriate for the rate of roll-out). 
When turning from an easterly direction to south, start the 
roll-out when the magnetic compass reads 203° (180° plus 
30° minus one-half the angle of bank). When making similar 
turns from a westerly direction, the appropriate points at 
which to begin the roll-out would be 323° fora turn to north, 
and 157° for a turn to south. 


When turning to a heading of east or west from a northerly 
direction, start the roll-out approximately 10° to 12° before 
the east or west indication is reached. When turning to an 
east or west heading from a southerly direction, start the 
rollout approximately 5° before the east or west indication 
is reached. When turning to other headings, the lead or lag, 
must be interpolated. 


Abrupt changes in attitude or airspeed and the resulting erratic 
‘movements of the compass card make accurate interpretations, 
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Figure 5-35. North and South Turn Error. 


of the instrument very difficult. Proficiency in compass turns 
depends on knowledge of compass characteristics, smooth 
control technique, and accurate bank-and-pitch control. 


Steep Turns 
For purposes of instrument flight training in conventional 
aimplanes, any turn greater than a standard rate is considered 
steep. [Figure 5-36] The exact angle of bank at which a 
normal tum becomes steep is unimportant, What is important 
is learning to control the airplane with bank attitudes 
excess of those normally used on instruments. Practicing 
steep turns will not only increase proficiency in the basic 
instrument flying skills, but also enable smooth, quick, and 
confident reactions to unexpected abnormal flight attitudes 
under instrument flight conditions, 


Pronounced changes occur in the effects of aerodynamic 
forces on aircraft control at progressively greater bank 
attitudes. Skill in cross-check, interpretation, and control is 
increasingly necessary in proportion to the amount of these 
changes, though the techniques for entering, maintaining, and 
recovering from the turn are the same in principle for steep 
turns as for shallower turns. 


Enter a steep turn in the same way as a shallower turn, but 
prepare to cross-check rapidly as the turn steepens. Because 
of the greatly reduced vertical lift component, pitch control 
is usually the most difficult aspect of this maneuver. Unless 


immediately noted and corrected with a pitch increase, the 
loss of vertical lift results in rapid movement of the altimeter, 
vertical speed, and airspeed needles. The faster the rate of 
bank change, the more suddenly the lift changes occur. If 
a cross-check is fast enough to note the immediate 


need 


for pitch changes, smooth, steady back elevator pressure 
will maintain constant altitude. However, overbanking 
to excessively steep angles without adjusting pitch as the 
bank changes occur, requires increasingly stronger elevator 
pressure, The loss of vertical lift and increase in wing loading, 
finally reach a point at which further application of back- 
elevator pressure tightens the turn without raising the nose. 


How does a pilot recognize overbanking and low pitch 
attitude? What should a pilot do to correct them? If rapid 
downward movement ofthe altimeter needle or vertical speed. 
needle, together with an increase in airspeed, is observed 
despite application of back elevator pressure, the airplane isin 
a diving spiral. (Figure 5-37] Immediately shallow the bank 
with smooth and coordinated aileron and rudder pressures, 
hold or slightly relax elevator pressure, and increase the cross 
check of the attitude indicator, altimeter, and VSI. Reduce 
power if the airspeed increase is rapid, When the vertical 
speed trends upward, the altimeter needle will move slower 
as the vertical lift increases. When the elevator is effective in 
raising the nose, hold the bank attitude shown on the attitude 
indicator and adjust elevator control pressures smoothly for 
the nose-high attitude appropriate to the bank maintained. 
If pitch control is consistently late on entries to steep tums, 
rollout immediately to straight-and-level flight and analyze 
possible errors. Practice shallower tums initially and learn the 
attitude changes and control responses required, then 
the banks as a quicker and more accurate cross-check and 
control techniques are developed. 


‘The power necessary to maintain constant airspeed increases 
as the bank and drag increase. With practice, the power 


Figure 5-37. Diving Spiral 
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settings appropriate to specific bank attitudes are learned, and 
adjustments can be made without undue attention to airspeed 
and power instruments. During training in steep turns, as in 
any other maneuver, attend to the most important tasks first. 
Keep the pitch attitude relatively constant, and more time can 
be devoted to cross-check and instrument interpretation. 


During recovery from steep turns to straight-and-level 
flight, elevator and power control must be coordinated with 
bank control in proportion to the changes in aerodynamic 
forces. Back elevator pressures must be released and power 
decreased, The common errors associated with steep turns are 
the same as those discussed later inthis section. Remember, 
errors are more exaggerated, more difficult to correct, and 
more difficult to analyze unless rates of entry and recovery 
are consistent with the level of proficiency in the three basic 


Climbing and Descending Turns 
‘To execute climbing and descending turns, combine the 
technique used in straight climbs and descents with the various, 
turn techniques. The aerodynamic factors alfecting tift and 
power control must be considered in determining power 
settings, and the rate of cross-check and interpretation must be 
increased to enable control of bank as well as pitch changes, 


Change of Airspeed During Turns 
Changing airspeed during turns is an effective maneuver 
for increasing proficiency in all three basic instrument 
skills. Since the maneuver involves simultaneous changes 
in all components of control, proper execution requires 
rapid cross-check and interpretation as well as smooth 


control, Proficiency in the maneuver will also contribute 
to confidence in the instruments during attitude and power 
changes involved in more complex maneuvers. Pitch and. 
power control techniques are the same as those used during, 
changes in airspeed in straight-and-level flight. 


‘The angle of bank necessary for a given rate of turn is 
proportional to the true airspeed. Since the turns are executed, 
at a standard rate, the angle of bank must be varied in 
proportion to the airspeed change in order to maintain a 
constant rate of turn, During a reduction of airspeed, decres 
the angle of bank and increase the pitch attitude to maintain 
altitude and a standard rate tur. 


irect 


‘The altimeter and turn coordinator i 
constant throughout the turn. ‘The altimeter is primary for 
pitch control and the miniature aircraft of the turn coordinator 
is primary for bank control. The manifold pressure gauge (or 
tachometer) is primary for power control while the airspeed 
is changing. As the airspeed approaches the new indication, 
the ASI becomes primary for power control 


\dications should remain 


“Two methods of changing airspeed in turns may be used. In the 
first method, airspeed is changed after the turn is established. 
[Figure 5-38] In the second method, the airspeed change is 
initiated simultaneously with the turn entry. The first method. 
is easier, but regardless of the method used, the rate of eross- 
check must be increased as power is reduced. As the airplane 
decelerates, check the altimeter and VSI for necessary pitch 
changes and the bank instruments for required bank changes. 
If the miniature aircraft of the turn coordinator indicates a 
deviation from the desired defection, adjust the bank. Adjust 


‘Supporting pitch, 


Figure §-38. Change of Airspeed During Turn, 
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pitch attitude to maintain altitude. When approaching the 
desired airspeed, pitch attitude becomes primary for power 
control and the manifold pressure gauge (or tachometer) is, 
adjusted to maintain the desired airspeed. ‘Trim is important 
throughout the maneuver to relieve control pressures, 


Until control technique is very smooth, frequent cross-check 
of the attitude indicator is essential to prevent overcontrolling 
and to provide approximate bank angles appropriate to the 


changing airspeeds. 


Common Errors in Turns 
Pitch 
Pitch errors result from the following faults: 


1. Preoccupation with bank control during turn entry 
and recovery. If 5 seconds are required to roll into a 
turn, check the pitch instruments as bank pressures 
are initiated. If bank control pressure and rate of bank 
change are consistent, a sense of the time required 
for an altitude change will be developed. During the 
interval, check pitch, power, and trim—as well as 
bank—controlling the total attitude 
factor ata time. 


of one 


2. Failure to understand or remember the need for 
changing the pitch attitude as the vertical lift 
component changes, resulting in consistent loss of 
altitude during entries. 


3. Changing the pitch attitude before 
fault is very likely if a cross-check 
of entry t00 rapid. The error occurs during the turn 
entry due to a mechanical and premature application 
of back-elevator control pressure. 


necessary. This 
slow and rate 


4, Overcontrolling the pitch changes. This fault 
commonly occurs with the previous error. 

5. Failure to properly adjust the pitch attitude as the 
vertical lift component increases during the roll-out, 
resulting in consistent gain in altitude on recovery to 
headings. 

6, Failure to trim during tum entry and following tum 
recovery (if turn is prolonged). 

7. Failure to maintain straight-and-level cross-check 
after roll-out. This error commonly follows a perfectly 
executed turn. 

8. Erratic rates of bank change on entry and recovery, 
resulting from failure to cro ch 
instruments with a consistent technique appropriate 
to the changes in lift 


Bank 


Bank and heading errors r 


1 


sult from the following faults: 


Overcontroll 


i, resulting in overbanking upon turn 
entry, overshooting and undershooting headings, as 
well as aggravated pitch, airspeed, and trim errors. 


Fixation on asingle bank instrument. On a 90° change 
of heading, for example, leave the heading indicator 
out of the cross-check for approximately 20 seconds 
after establishing a standard rate turn, since at 3° 
per second the turn will not approach the lead point 
until that time has elapsed. Make the cross-check 
selective, checking only what needs to be checked at 
the appropriate time. 


jon of the horizon bar 


Failure to check for pres 
following recovery from a turn, If the heading 
indicator shows a change in heading when the attitude 
indicator shows level flight, the airplane is turning. If 
the ball is centered, the attitude gyro has precessed; 
if the ball is not centered, the airplane may be in a 
slipping or skidding turn, Center the ball with rudder 
pressure, check the attitude indicator and heading 
indicator, stop the heading change if it continues, and 
retrim, 


Failure to use the proper degree of bank for the amount 
of heading change desired. Rolling into a 20° bank 
for a heading change of 10° will normally overshoot 
the heading. Use the bank attitude appropriate to the 
amount of heading change desired, 


Failure to remember the heading to which the aircraft 
being turned. This fault is likely when rushing the 
‘maneuver. 


‘Turning in the wrong direction, due to misreading or 
misinterpreting the heading indicator, or to confusion 
regarding the location of points on the compass. Turn 
in the shortest direction to reach a given heading, 
unless there is a specific reason to turn the long way 
around. Study the compass rose and visualize at least 
the positions of the eight major points around the 
azimuth, A number of methods can be used to make 
quick computations for heading changes. For example, 
to turn from a heading of 305° to a heading of 110°, 
would a pilot turn right or left for the shortest way 
around? Subtracting 200 from 305 and adding 20, 
gives 125° as the reciprocal of 305°; therefor 
the turn to the right. Likewise, to figure the reciprocal 
of a heading less than 180°, add 200 and subtract 20. 
Computations are done more quickly using multiples 
of 100s and 10s than by adding or subtracting 180° 
from the actual heading; therefore, the method 
suggested above may save time and confusion. 


execute 
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7. Failure to check the ball of the turn coordinator when 
interpreting the instrument for bank information. Ifthe 
roll rate is reduced to zero, the miniature aircraft of 
the turn coordinator indicates only direction and rate 
of turn. Unless 

resulting from a banked attitude. 


the ball is centered, do not assume the 


tum 


Power 
Power and airspeed errors result from the following faults: 

1, Failure to cross-check the ASI as pitch changes are 
made. 

2, Erratic use of power control. This may be due to 
improper throttle friction control, inaccurate throttle 
settings, chasing the airspeed readings, abrupt or 
overcontrolled pitch-and-bank changes, or failure 
to recheck the airspeed to note the effect of a power 
adjustment. 


3, Poor coordination of throttle control with piteh-and- 
bank changes, associated with stow cross-check or 
failure to understand the aerodynamic factors related 
to turns. 


Trim 
‘Trim errors result from the following faults: 
1, Failure to recognize the need for a trim change due 
to slow cross-check and interpretation, For example, 
‘a turn entry at a rate too rapid for a cross-check leads 
to confusion in cross-check and interpretation, with 
resulting tension on the controls. 


2, Failure to understand the relationship between trim 
and attitude/power changes. 

3, Chasing the vertical speed needle, Overcontrolling, 
leads to tension and prevents sensing the pressures to 
be trimmed off. 


4, Failure to trim following power changes. 


Errors During Compass Turns 
In addition to the faults discussed above, the following errors 
connected with compass turns should be noted: 


1, Faulty understanding or computation of lead and 
ag. 

Fixation on the compass during the roll-out. Until 
the airplane is in straight-and-level unaccelerated 
flight, itis unnecessary to read the indicated heading, 
Accordingly, after the roll-out, cross-check for 
straight-and-level flight before checking the accuracy 
of the tum, 
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Approach to Stall 


Practicing approach to stall recoveries in various airplane 
configurations should build confidence in a pilot’s ability to 
control the airplane in unexpected situations. Approach to 
stall should be practiced from straight flight and from shallow 
banks. The objective is to practice recognition and recovery 
from the approach to a stall 


Prior to stall recovery practice, select a safe altitude above 
the terrain, an area free of conflicting air traffic, appropriate 
weather, and the availability of radar traffic advisory 
service, 


Approaches to stalls are accomplished in the following 
contigurations: 


1, Takeoff configuration—should begin from level flight 
near liftoff speed. Power should be applied while 
simultaneously increasing the angle of attack to induce 
an indication of a stall 


2. Clean configuration—should begin from a reduced 
airspeed, such as pattem airspeed, in level flight, 
Power should be applied while simultaneously 
increasing the angle of attack to induce an indication 
of a stall 

3. Approach or landing configuration—should be 
initiated at the appropriate approach or landing 
airspeed. The angle of attack should be smoothly 
increased to induce an indication of a stall. 


Recoveries should be prompt in response to a stall warning, 
device or an aerodynamic indication by smoothly reducing, 
the angle of attack and applying maximum power, or as 
recommended by the POH/AFM. The recovery should be 
completed without an excessive loss of altitude, and on a 
predetermined heading, altitude, and airspeed. 


Unusual Attitudes and Recoveries 


‘An unusual attitude is an airplane attitude not normally 
required for instrument flight. Unusual attitudes may 
result from a number of conditions, such as turbulence, 
disorientation, instrument failure, confusion, preoccupation, 
with flight deck duties, carelessness in cross-checking, 
errors in instrument interpretation, or lack of proficiency in 
aircraft control. Since unusual attitudes are not intentional 
maneuvers during instrument flight, except in training, they 
are often unexpected, and the reaction of an inexperienced 
or inadequately trained pilot to an unexpected abnormal 
flight attitude is usually instinctive rather than intelligent 


and deliberate, This individual reacts with abrupt muscular 
effort, which is purposeless and even hazardous in turbulent 
conditions, at excessive speeds, or at low altitudes, However, 
with practice, the techniques for rapid and safe recovery from 
unusual attitudes can be mastered, 


When an unusual attitude is noted during the cross-check, 
the immediate problem is not how the airplane got there, but 
\what it is doing and how to get it back to straight-and-level, 
flight as quickly as possible 


Recognizing Unusual Attitudes 
Asa general rule, any time an instrument rate of movement 
or indication other than those associated with the basic 
instrument flight maneuvers is 
attitude and increase the speed of cross-check to confirm the 
attitude, instrument error, or instrument malfunction, 


noted, assume an unusual 


Nose-high attitudes are shown by the rate and direction of 
‘movement of the altimeter neede, vertical speed needle, and 
airspeed needle, as well as the immediately recognizable 
indication of the attitude indicator (except in extreme 
altitudes). [Figure 5-39] Nose-low attitudes are shown 
by the same instruments, but in the opposite direction, 
[Figure 5-40] 


Recovery from Unusual Attitudes, 
In moderate unusual attitudes, the pilot can normally 
reorient by establishing a level flight indication on the 
attitude indicator. However, the pilot should not depend on 
this instrument if the attitude indicator is the spillable type, 
because its upset limits may have been exceeded or it may 
have become inoperative due to mechanical malfunction. 
If it is the nonspillable-type instrument and is operating 
properly, errors up to 5° of pitch-and-bank may result and its, 
indications are very difficult to interpret in extreme attitudes. 
Assoon as the unusual attitude is detected, the recommended 
recovery procedures stated in the POH/AFM should be 
initiated, If there are no recommended procedures stated in 
the POH/AFM, the recovery should be initiated by reference 
to the ASI, altimeter, VSI, and turn coordinator. 


Nose-High Attitudes 
If the airspeed is decreasing, or below the desired airspeed, 
increase power (as necessary in proportion to the observed 
deceleration), apply forward elevator pressure to lower the 
nose and prevent a stall, and correct the bank by applying, 
coordinated aileron and rudder pressure to level the 
miniature aircraft and center the ball of the turn coordinator. 
The corrective control applications are made almost 
simultaneously, but in the sequence given above. A level 

itch attitude is indicated by the reversal and stabilization 


Figure 5-39. Unusual Anitude—Nose-High. 
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CHAPTER 6 = THE SMALL GROUP LAB AND CLASSROOM 


A successful teacher leads a class on a journey of discovery. Make sure you don’t lose too many 
along the way 


Participant 


Your goal as primarily a group lab participant is to make effective use of the facilities at hand, making the 
most of your time and energy. Having access to a well-stocked lab with a good array of tools can be a 
decided advantage for both your immediate project goals, and it can be an excellent opportunity to 
accelerate your knowledge of electronics and other mysterious arts. 

Imagining yourself as an active participant is the best perspective when laying out the flow of your 
lab. Set up workstations that have almost everything you need, leaving room for the complex or 
specialized stuff elsewhere. There are more suggestions about specific workstation configurations in the 
“Workstations” section of this chapter. 

While the active-participant model helps you squeeze out the maximum utilization of your lab, be 
sure to consider the sort-of-working-but-also-sort-of-goofing-off model. Not everyone wants to be 
‘working full-tilt all of the time. Leave room for a certain amount of idleness, contemplation, and 
whimsy. You might be surprised at the results, 


Observer 


You want to be in on the action, but not necessarily working on anything in particular. That's great! 
Don’t underestimate the importance of the purely social aspects of technical gatherings. 

Some people just like to hang out with other like-minded individuals. This is a good thing—when 
resources and circumstances allow it. Watching creative, talented, and driven folks working on projects 
with passion is very often the best kind of inspiration. Let your kids see you having fun and making cool 
stuff in your lab, and the next thing you know, they are going to want to be there whenever you are. 
Pretty soon, they are going to want to start working on projects of their own—and that is its own special 
reward. 


Know Your Group 


Now you know a litle bit about who you are and what your expectations of your lab may be. Now it's 
time to get to know the group of people who will most benefit from access to the lab. 

Identify the needs and requirements of your group by first identifying precisely who your intended 
audience is going to be. Knowing this one item, up front, before any big plans are laid, is the best way to 
ensure success down the road. 

‘There are several broad categories for which you might need to prepare. The more you know about 
your particular group, the better. Let's start fairly close to home and expand outward, 


Your Family 


‘Once you've established your own electronics lab at home, it’s great to be able to share some of the fun 
with those that are closest to you. This might be your children, parents, siblings, or extended family. A 
well-planned and well-maintained electronics lab is going to generate some interest, or at least some 
curiosity. Here's how you can carve out some room for them, while still being able to get things done 
yourself. 

It’s very natural to want to share your hobbies and interest with others, and a safe and well-stocked 
electronics lab is a great place to do so. This is an especially ripe opportunity for parents to pass on their 
knowledge, skills, values, and work ethic to the next generation. 
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Figure 5-40, Unusual Attinude—Nose-Low. 


of the ASI and altimeter needles, Straight coordinated flight 
is indicated by the level miniature aircraft and centered ball 
of the turn coordinator. 


Nose-Low Attitudes 
Ifthe airspeed is increasing, or is above the desired airspeed, 
reduce power to prevent excessive airspeed and loss of 
altitude, Correct the bank attitude with coordinated aileron 
and rudder pressure to straight flight by referring to the turn 
coordinator. Raise the nose to level flight attitude by applying 
smooth back elevator pressure. All components of control 
should be changed simultaneously for a smooth, proficient 
recovery. However, during initial training a positive, 
confident recovery should be made by the numbers, in the 
sequence given above. A very important point to remember 
is that the instinctive reaction to a nose-down attitude is to 
pull back on the elevator control. 


After initial control has been applied, continue with a 
fast cross-check for possible overcontrolling, since the 
necessary initial control pressures may be large. As the rate 
of movement of altimeter and ASI needles decreases, the 
attitude is approaching level flight, When the needles stop 
and reverse direction, the aircraft is passing through level, 
flight. As the indications of the ASI, altimeter, and turn 
coordinator stabilize, incorporate the attitude indicator into 
the cross-check. 
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‘The attitude indicator and turn coordinator should be checked 
to determine bank attitude and then corrective aileron 
and rudder pressures should be applied. The ball should 
be centered, If it is not, skidding and slipping sensations 
can easily aggravate disorientation and retard recovery. If 
entering the unusual attitude from an assigned altitude (either 
by an instructor or by air traffic control (ATC) if operating, 
under instrument flight rules (IFR)), return to the original 
altitude after stabilizing in straight-and-level fight. 


Common Errors in Unusual Attitudes 
Common errors associated with unusual attitudes include 
the following faults: 
1, Failure to keep the airplane properly trimmed. A flight 
deck interruption when holding pressures can easi 
lead to inadvertent entry into unusual attitudes. 


2 Disorganized flight deck. Hunting for charts, logs, 
computers, etc., can seriously distract attention from 
the instruments, 

3, Slow cross-check and fixations. The impulse is to 
stop and stare when noting an instrument discrepancy 


unless a pilot has trained enough to develop the 


required for immediate recognition. 


4, Attempting to recover by sensory sensations other than 
sight. The discussion of disorientation in Chapter 1, 
Human Factors, indicates the importance of trusting 
the instruments. 


Failure to practice basic instrument skills. All of the 
errors noted in connection with basic instrument skills 
are aggravated during unusual attitude recoveries until 
the elementary skills have been mastered 


Instrument Takeoff 


Competency in instrument takeoffs will provide the 
proficiency and confidence necessary for use of flight 
instruments during departures under conditions of tow 
visibility, rain, low ceilings, or disorientation at night. A 
sudden rapid transition from “visual” to “instrument” flight 
can result in serious disorientation and control problems. 


Instrument takeoff techniques vary with different types of 
airplanes, but the method described below is applicable 
whether the airplane is single- or multiengine; tricycle gear 
or conventional gear. 


Align the airplane with the centerline of the runway with 
aight. Lock the tailwheel, if so 
equipped, and hold the brakes firmly to avoid creeping while 
preparing for takeoff. Set the heading indicator with the nose 
index on the 5° mark nearest the published runway heading, 
to allow instant detection of slight changes in heading during, 
the takeoff, Make certain that the instrument is uncaged (if 
has a caging feature) by rotating the knob after uncaging and 
checking for constant heading indication. If using an electri 
heading indicator with a rotatable needle, rotate the needle 
50 that it points to the nose position, under the top index. 
‘Advance the throttle to an rpm that will provide partial rudder 
control, Release the brakes, advancing the power smoothly 
to takeoff setting 


the nosewheel or tailwheel s 


During the takeoff roll, hold the heading constant on the 
heading indicator by using the rudder. In multiengine, 
propeller-driven airplanes, also use differential throttle to 
maintain direction, The use of brakes should be avoided, 
except as a last resort, as it usually results in overcontrolling, 
and extending the takeoff roll. Once the brakes are released, 
any deviation in heading must be corrected instantly. 


As the airplane accelerates, cross-check both heading 
indicator and ASI rapidly. The attitude indicator may precess 
to a slight nose-up attitude. As flying speed is approached 
(approximately 15-25 knots below takeoff speed), smoothly 
apply elevator control for the desired takeoff attitude on the 
attitude indicator. This is approximately a two bar width 
climb indication for most small airplanes. 


Continue with a rapid cross-check of heading indicator and 
attitude indicator as the airplane leaves the ground. Do not 
pull it off; let it fly off while holding the selected attitude 
constant, Maintain pitch-and-bank control by referencing, 
the attitude indicator, and make coordinated corrections in 
heading when indicated on the heading indicator. Cross- 
check the altimeter and VSI for a positive rate of climb 
(steady clockwise rotation of the altimeter needle, and the VSI 
showing a stable rate of climb appropriate to the airplane), 


When the altimeter shows asafe altitude (approximately 100 
feet), raise the landing gear and flaps, maintaining attitude by 
referencing the altitude indicator. Because of control pressure 
changes during gear and flap operation, overcontrolling is 
likely unless the pilot notes pitch indications accurately and 
quickly. ‘Trim off control pressures necessary to hold the 
stable climb attitude. Check the altimeter, VSI, and airspeed 
for a smooth acceleration to the predetermined climb speed 
(altimeter and airspeed increasing, vertical speed stable). At 
climb speed, reduce power to climb setting (unless full power 
is recommended for climb by the POH/AFM and trim). 


Throughout the instrument takeoff, cross-check and 
interpretation must be rapid, and control positive and smooth, 
During liftoff, gear and flap retraction, power reduction, and 
the changing control reactions demand rapid cross-check, 
adjustment of control pressures, and accurate trim changes, 


Common Errors in Instrument Takeoffs 
Common errors during the instrument takeoff include the 
following: 

1, Failure to perform an adequate flight deck check 
before the takeoff, Pilots have attempted instrument 
takeoffs with inoperative airspeed indicators (pitot 
tube obstructed), gyros caged, controls locked, 
and numerous other oversights due to haste or 
carelessness, 


2. Improper alignment on the runway. This may result 
from improper brake application, allowing the airplane 
to creep after alignment, or from alignment with the 
nosewheel or tailwheel cocked. In any case, the result 


is.a built-in directional control problem as the takeoff 


3. Improper application of power. Abrupt application 
of power complicates directional control. Add power 
with a smooth, uninterrupted motion, 

4, Improper use of brakes. Incorrect seat or rudder pedal 
adjustment, with feet in an uncomfortable position, 


frequently cause inadvertent application of brak 
excessive heading changes, 
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Overcontrolling rudder pedals. This fault may be 
caused by late recognition of heading changes, tension 
‘on the controls, misinterpretation of the heading 
indicator (and correcting in the wrong direction), 
failure to appreciate changing effectiveness of rudder 
control as the aircraft accelerates, and other factors. If 
heading changes are observed and corrected instantly 
‘with small movement of the rudder pedals, swerving 
tendencies can be reduced, 


6, Failure to maintain attitude after becoming airborne. 
If the pilot reacts to seat-of-the-pants sensations when 
the airplane lifts off, pitch control is guesswork, 
‘The pilot may either allow excessive pitch or apply 
excessive fonvard elevator pressure, depending on the 
reaction to trim changes, 


7, Inadequate cross-check. Fixations are likely during trim 
changes, attitude changes, gear and flap retractions, 
and power changes. Once an instrument or a control 
input is applied, continue the cross-check and note the 
effect during the next cross-check sequence. 


8, Inadequate interpretation of instruments. Failure to 
understand instrument indications immediately indicates 
that further study of the mancuver is necessary 


Basic Instrument Flight Patterns 


Flight patterns are basic maneuvers, flown by sole reference 
to the instruments rather than outside visual clues, for the 
purpose of practicing basic attitude flying. The patterns 
simulate maneuvers encountered on instrument flights 
such as holding pattems, procedure turns, and approaches. 
After attaining a reasonable degree of proficiency in basic 
maneuvers, apply these skills to the various combinations of 
individual maneuvers. The following practice flight patterns 
are directly applicable to operational instrument flying. 


Racetrack Pattern 


1, Time 3 minutes straight-and-level flight from A to B, 
[Figure 5-41] During this interval, reduce airspeed to 
the holding speed appropriate for the aircraft. 


Start a 180° standard rate turn tothe right at B. Roll-out 
at Con the reciprocal of the heading originally used 
aA. 

3. Time a 1 minute straight-and-level flight from C to D. 


4, Start a 180° standard rate turn to the right at D, rolling 
‘out on the original heading, 


Fly 1 minute on the original heading, adjusting 
the outbound leg so that the inbound segment is 1 
minute. 
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Figure 5-41. Racetrack Pattern (Entire Pattern in Level Flight) 


NOTE: This patter isan exercise combining use ofthe clock 
with bas 


‘maneuvers 


Procedure Turn 
A procedure turn is a maneuver that facilitates: 
+ Arreversal in flight direction. 


+ A descent from an initial approach fix or assigned 
altitude to a permissible altitude (usually the procedure 
tur altitude), 


+ An interception of the inbound course at a sufficient 
distance allowing the aircraft to become aligned with 
the final approach. 


Procedure turn types include the 45° turn, the 80/260 turn, and, 
the teardrop turn All of these tums are normally conducted no 
more than 10 nautical miles (NM) from the primary airport 
‘The procedure turn altitude generally provides a minimum 
of 1,000" obstacle clearance in the procedure turn area (not 
necessarily within the 10 NM are around the primary airport). 
‘Turns may have to be increased or decreased but should not 
exceed 30° of a bank angle, 


Standard 45° Procedure Turn 


1, Start timing at point A (usually identified on approach 
procedures by a fix). For example, fly outbound on a 
heading of 360° for a given time (2 minutes, in this 
example). [Figure 5-42] 

2, After flying outbound for2 minutes (point B), turn left 
45° to a heading of 315° using a standard rate turn, 
After roll-out and stabilizing, fly this new heading 
of 315° for 40 seconds and the aircraft will be at the 
approximate position of C. 


Figure 
Flight) 
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End 
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542. Standard Procedure Turn (Entire Pattern in Level 


At point C, turn 225° right (using a standard rate turn) 
which will provide a heading of 180°. The timing is 
such that in a no wind environment, the pilot will be 
aligned with the final approach course of 180° at D. 
Wind conditions, however must be considered during 
the execution of the procedure turn. Compensating 
for wind may result in changes to outbound time, 
procedure turn heading and/or time and minor changes 
in the inbound turn, 


80/260 Procedure Turn 


1 


Figure 
Flight. 


Start timing at point A (usually identified on approach 
procedures by a fix). For example, fly outbound on a 
heading of 360° for 2 minutes. /Figure 5-43] 


‘stot, 


5-43. 80/260 Procedure Turn (Entire Pattern in Level 


np 


ACB, enter a left standard rate turn of 80° to a heading 
of 280° 


3, At the completion of the 80° turn to 280° (Point C), 
immediately turn right 260°, rolling-out on a heading 
of 180° (Point D) and also the reciprocal of the entry 
heading, 


Teardrop Patterns 

‘There are three typical teardrop procedure turns. A 30°, 20°, 
and a 10° teardrop pattern. The below steps indicate actions 
{or all three starting on a heading of 360°. /Figure 5-44] 


1, At point B (after stabilizing on the outbound course) 
tur left: 


+ 30° toa heading of 330° and time for I minute 
+ 20° toa heading of 340° and time for 2 minutes 
+ 10° to aheading of 350° and time for 3 minutes 
©), make a 


Bp 


After the appropriate time above (Pt 
standard rate turn to the right for 


+ 30° teardrop—210° to the final course heading 
of 180° (Point D) 

+ 20° teardrop—200° to the final course heading 
of 180° (Point D) 


+ 10° teardrop—190° to the final course heading 
of 180° (Point D) 


By using the different teardrop patterns, a pilot is afforded the 
ability to manage time more efficiently. For instance, a 10° 
pattern for 3 minutes provides about three times the distance 


Figure 5-44. Teardrop Pattern (Entire Pattern in Level Flight). 
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(and time) than a 30° pattern, Pattern selection should be 
based upon an individual assessment of the procedure tur 
requirements to include wind, complexity, the individual 
preparedness, etc. 


Circling Approach Patterns 
Pattern I 


1 


Rp 


ALA, start timing for 2 minutes from A to B; reduce 
airspeed to approach speed. [Figure 5-45] 

ALB, make a standard rate turn to the left for 45°. 

At the completion of the turn, time for 45 seconds to 
c 

ALC, turn to the original heading: fly 1 minute to D, 
lowering the landing gear and flaps. 

AtD, turn right 180°, rolling-out at E on the reciprocal 
of the entry heading. 

ALE, enter a 500 fpm rate descent. At the end of a 500 


foot descent, enter a straight constant-airspeed climb, 
retracting gear and flaps. 


Figure 5-45. Circling Approach Pattern I (Imaginary Runway). 
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Pattern II 
Steps: 
1, ALA, start timing for 2 minutes from A to B; reduce 
airspeed to approach speed. [Figure 5-46] 
ALB, make a standard rate turn to the left for 45°. 


At the completion of the turn, time for 1 minute to 
c 

4, ALC, tum right for 180° to D; fly for 1-1/2 minutes 
to E, lowering the landing gear and flaps. 

5. ALE, tum right for 180°, rolling-out at E 


6. ALE enter 500 fpm rate descent. At the end of a 500 
foot descent, enter a straight constant-airspeed climb, 
retracting gear and flaps 


Figure 5-48. Circling Approach Pattern II (Imaginary Runway). 
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Using an Electronic Flight Display 
7 L. : 


flying. The pilot's 
displayed and apply) 

the aircraft and 

that each aircraft make and model flown may require a 
different technique. Airralt weight, speed, and configuration 
changes require the pilot to vary his or hertechnique in order 
to perform successful attitude instrument flying, A pilot must 
become familiar with all sections of the Pilot’s Operating 
Handbook/Airplane Flight Manual (POH/AFM) prior to 
performing any flight maneuver. 


Chapter 5-II describes basic attitude instrument 
maneuvers and explains how to perform each one by 
interpreting the indications presented. on. the electroni 
fight display (EFD). In addition to normal 
“partial panel” flight will be addressed, With the exception of 
the instrument takeoff, all light maneuvers Gani be performed 
on “partial panel” with the Attitude Heading Re! 
System (AHRS) unit simulated or rendered inoperative. 


200d 


We 


Straight-and-Level Flight 

Pitch Control 

The pitch attitude of an airplane is the angle between the 
longitudinal axis of the airplane and the actual horizon, 
In level flight, the pitch attitude varies with airspeed and 
load. For training purposes, the latter factor can normally 
be disregarded in small airplanes. At a constant airspeed, 
there is only one specific pitch attitude for level flight. At 
slow cruise speeds, the level flight attitude is nose-high with 
indications as in Figure 5-47; at fast cruise speeds, the level 
flight attitude is nose-low. /Figure 5-48] Figure 5-49 shows 
the indications for the attitude at normal cruise speeds. 


Figure 5-47. Pitch Attiaule and Airspeed in Level Flight, Slow 
Cruise Speed. 


‘The instruments that directly or indirectly indicate pitch on 
the Primary Flight Display (PED) are the attitude indicator, 
altimeter, vertical speed indicator (VSI), airspeed indicator 
(ASD, and both airspeed and altitude trend indicators. 


Attitude Indicator 

‘The attitude indicator gives the pilot a direct indication of 
the pitch attitude, The increased size of the attitude display 
on the EFD system greatly increases situational awareness 
for the pilot. Most attitude indicators span the entire width 
of the PED sereen, 


‘The aircraft pitch attitude is controlled by changing the 
deflection of the elevator. As the pilot pulls back on the 
control yoke causing the elevator to rise, the yellow chevron 
will begin to show a displacement up from the artificial 
horizon line. This is caused by the AHRS unit sensing the 
changing angle between the longitudinal plane of the earth 
and the longitudinal axis of the aircraft 


‘The attitude indicator displayed on the PED screen is « 
representation of outside visual cues. Rather than rely on 
the natural horizon visible during visual flight rules (VFR) 
1, the pilot must rely on the artificial horizon of the 
PED screen. 


During normal cruise airspeed, the point of the yellow 
chevron (aircraft symbol) will be positioned on the artificial 
horizon. Unlike conventional attitude indicators, the EFD 
attitude indicator does not allow for manipulating the position 
of the chevron in relationship to the artificial horizon. ‘The 
position is fixed and therefore will always display the pitch 
angle as calculated by the AHRS u 


Figure 5-48. Pitch Artinude Decreasing and Airspeed Increasing—Indicates Need to Increase Pitch. 
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Figure 5-49. Various Pitch Aindes (Right), Aireraft Shown in 
Level Flight. 


‘The attitude indicator only shows pitch attitude and does 
not indicate altitude. A pilot should not attempt to maintain 
level flight using the attitude indicator alone. It is important 
for the pilot to understand how small displacements both up 
and down can affect the altitude of the aircraft. To achieve 
this, the pilot should practice increasing the pitch attitude 
incrementally to become familiar with how each degree of 
pitch changes the altitude. [Figures 5-50 and 5-51] In both 
cases, the aircraft will slow and gain altitude. 


‘The full height of the chevron is approximatel 
provides an accurate reference for pitch adjustment. It 
imperative that the pilot make the desired changes to pitch 
by referencing the attitude indicator and then trimming off 
any excess control pressures. Relieving these pressures will 
allow for 4 more stabilized flight and will reduce pilot work 
load. Once the aircraft is trimmed for level flight, the pilot 


Figure 5-50. Pitch Indications for Various Atitudes (1° through 5°) 


‘must smoothly and precisely manipulate the elevator control 
forces in order to change the piteh attitude. 


‘To master the ability to smoothly control the elevator, a pilot 
must develop a very light touch on the control yoke. The 
thumb and two fingers are normally sufficient to move the 
control yoke. The pilot should avoid griping the yoke with 
a full fist. When a pilot grips the yoke with a full fist, there 
is a tendency to apply excess pressures, thus changing the 
aircraft attitude. 


Practice making smooth, small pitch changes both up and 
down until precise corrections can be made. With practice 
a pilot will be able to make pitch changes in 1° increments, 
smoothly controlling the attitude of the aircrat 


‘The last step in mastering elevator control is trim. Trimming 
the aircraft to relieve any control pressures is essential 
for smooth attitude instrument flight. To accomplish this, 
momentarily release the control yoke. Note which way the 
aircraft pitch attitude wants to move. Grasp the control yoke 


again and then reapply the pressure to return the attitude 
to the previous position. Apply trim in the direction of the 
control pressure. Small applications of trim will make large 
changes in the pitch attitude. Be patient and make multiple 
changes to trim, if necessary. 


Once the aircraft is in trim, relax on the control yoke as 
much as practicable. When pressure is held on the yoke, 
unconscious pressures are applied to the elevator and ailerons, 
which displaces the aircraft from its desired flight path. Ifthe 
aircraft isin trim, in calm, non-turbulent air, a pilot should be 
able to release the control yoke and maintain level flight for 
extended periods of time. This is one of the hardest skills to 
learn priorto successfully flying in instrument meteorological 
conditions (IMC). 


Figure 5-51. Pitch Ilustrated at 1 
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Altimeter 


At constant power, any deviation from level flight (except 
in turbulent air) must be the result of a pitch change. If the 
power is constant, the altimeter gives an indirect indication 
of the pitch attitude in level flight. Since the altitude should 
remain constant when the airplane is in level flight, any 
deviation from the desired altitude signals the need for a 
pitch change. For example, ifthe aircraft is gaining altitude, 
the nose must be lowered. 


In the PED, as the pitch starts to change, the altitude trend 
indicator on the altitude tape will begin to show a change 
in the direction of displacement. The rate at which the trend. 
indicator grows and the altimeter numbers change aids the 
pilot in determining how much ofa pitch change is necessary 
to stop the trend, 


AS a pilot becomes familiar with a specific aircraft's 
instruments, he or she learns to correlate pitch chan, 
altimeter tapes, and altitude trend indicators. By adding the 
altitude tape display and the altitude trend indicator into the 
can along with the attitude indicator, a pilot starts to develop 
the 


\strument eross-check. 


Partial Panel Flight 

One important skill to practice is partial panel flight by 
referencing the altimeter as the primary pitch indicator. 
Practice controlling the pitch by referencing the altitude 
tape and trend indicator alone without the use of the attitude 
indicator. Pilots need to learn to make corrections to altitude 
deviations by referencing the rate of change of the altitude 
tape and trend indicator. When operating in IMC and in a 
partial panel configuration, the pilot should avoid abrupt 
changes to the control yoke. Reacting abruptly to altitude 
changes can lead to large pitch changes and thus a larger 
divergence from the initial altitude. 


When a pilot is controlling pitch by the altitude tape and 
altitude trend indicators alone, itis possible to overcontrol the 
aircraft by making a larger than necessary pitch correction. 
Overcontrolling will cause the pilot to move from a nose- 
high attitude 10 a nose-low attitude and vice versa. Small 
changes to pitch are required to insure prompt corrective 
actions are taken to return the aircraft to its original altitude 


with less confusion, 


When an altitude deviation occurs, two actions need to be 
accomplished. First, make a smooth control input to stop 
the needle movement. Once the altitude tape has stopped 
moving, make a change to the pitch attitude to start back to 
the entry altitude. 
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During instrument flight with limited instrumentation, itis, 
imperative that only small and precise control inputs are 
made. Once a needle movement is indicated denoting a 
deviation in altitude, the pilot needs to make small control 
inputs to stop the deviation. Rapid control movements will, 
only compound the deviation by causing an oscillation effect. 
‘This type of oscillation can quickly cause the pilot to become 
disoriented and begin to fixate on the altitude. Fixation on 
the altimeter can lead to a loss of directional control as well 
as airspeed control, 


Asa general rule of thumb, for altitude deviations less than 
100 feet, utilize a pitch change of 1°, which equates to 1/5 of 
the thickness of the chevron, Small incremental pitch changes 
will allow the performance to be evaluated and will eliminate 
overcontrolling of the aircraft 


Instrumentation needs to be utilized collectively, but 
failures will occur which leave the pilot with only limited 
instrumentation, That is why partial panel flying training 


is important. If the pilot understands how to utilize each 
strument independently, no significant change 
in carrying out the flight when other instruments fail. 


‘encountered 


pending altitude deviation. In addition to trend information, 
the vertical speed also gives a rate indication. By using the 
VSI tape in conjunction with the altitude trend tape, a pilot 
will have a better understanding of how much of a correction, 
Is to be made. With practice, the pilot will learn the 
performance of a particular aircraft and know how much 
pitch change is required in order to correct for a specific 
rate indication, 


Unlike older analog VSIs, new glass panel displays have 
instantaneous VSIs. Older units had a lag designed into the 
system that was utilized to indicate rate information. The 
new glass panel displays utilize a digital air data computer 
that does not indicate a lag. Altitude changes are shown 
immediately and can be corrected for quickly. 


‘The VSI tape should be used to assist in determining what 
pitch changes are necessary to return to the desired altitude. 
A good rule of thumb isto use a vertical speed rate of change 
that is double the altitude deviation. However, at no time 
should the rate of change be more than the optimum rate of 
climb or descent for the specific aircraft being flown. For 
example, if the altitude is off by 200 feet from the desired 
altitude, then a 400 feet per minute (fpm) rate of change 


would be sufficient to get the aircraft back to the original 
altitude. Ifthe altitude has changed by 700 feet, then doubling, 
that would necessitate a 1,400 fpm change. Most aircraft 
are not capable of that, so restrict changes to no more than 
optimum climb and descent. An optimum rate of change 
would vary between 500 and 1,000 fpm. 


One error the instrument pilot encounters is overcontrolling, 
Overcontrolling occurs when a deviation of more than 
200 {pm is indicated over the optimum rate of change. For 
example, an altitude deviation of 200 feet is indicated on the 
altimeter, a vertical speed rate of 400 feet should be indicated 
oon the gauge. If the vertical speed rate showed 600 fpm (200 
‘more than optimum), the pilot would be overcontrolling the 
aircraft. 


When returning to altitude, the primary piteh instrument 
is the VSI tape. If any deviation from the desired vertical 
speed is indicated, make the appropriate pitch change 
the attitude indicator. 


As the aircraft approaches the target altitude, the vertical 
speed rate can be slowed in order to capture the altitude in a 
more stabilized fashion. Normally within 10 percent of the 
rate of climb or descent from the target altitude, begin to 
slow the vertical speed rate in order to level off at the target 
altitude. This will allow the pilot to level atthe desired altitude 
without rapid control inputs or experiencing discomfort due 
to G-load. 


Airspeed Indicator (ASI) 

‘The ASI presents an indirect indication of the pitch attitude. 
At-a constant power setting and pitch attitude, airspeed 
constant. As the pitch attitude lowers, airspeed 
and the nose should be raised. 


As the pitch attitude is increased, the nose of the aireraft will 
raise, which wil result in an increase in the angle of attack 
as well as an increase in induced drag. The increased drag 
will begin to slow the momentum of the aircraft which will 
be indicated on the ASI. The airspeed trend indicator will 
show a trend as to where the airspeed will be in 6 seconds. 
ely, ifthe nose of the aircraft should begin to fall, the 
angle of attack as well as induced drag will decrease. 


Conv 


‘There isa lag associated with the ASI when using it asa piteh 
instrument. It is not a lag associated with the construction 
of the ASI, but a lag associated with momentum change. 
Depending on the rate of momentum change, the ASI may not 
indicate a pitch change in a timely fashion. Ifthe ASI is being 
used as the sole reference for pitch change, it may not allow 
for a prompt correction. However, if smooth pitch changes 
are executed, modern glass panel displays are capable of 


1g 1 knot changes in airspeed and also capable of 
ing airspeed trends, 


ence to flight instruments alone, it 
is imperative that all of the flight instruments be cross- 
checked for pitch control. By cross-checking all pitch related 
instruments, the pilot can better visualize the aircraft attitude 
atall times. 


As previously stated, the primary instrument for pitch is the 
instrument that gives the pilot the most pertinent information 
fora specific parameter. When in level flight and maintaining, 
constant altitude, what instrument shows a direct indication 
of altitude? The only instrument that is capable of showing, 
altitude isthe altimeter. The other instruments are supporting, 
instruments that are capable of showing a trend away from 
altitude, but do not directly indicate an altitude. 


‘The supporting instruments forewarn of an impending 
altitude deviation, With an efficient cross-check, a proficient 
pilot will be better able to maintain altitude. 


Bank Control 
‘This discussion assumes the aircraft is being flown in 
coordinated flight which means the longitudinal axis of the 


aircraft is aligned with the relative wind. On the PFD, the 


ip/skid indicator, and the heading indi 
indicate whether or not the aircraft is maintaining a straight 
(zero bank) flight path. 


Attitude Indicator 

‘The attitude indicator is the only instrument on the PFD that 
has the capability of displaying the precise bank angle of the 
aircraft. This is made possible by the display of the roll scale 
depicted as part of the attitude indicator. 


Figure 5-52 identifies the components that make up the 
attitude indicator display. Note that the top of the display 
is blue, representing sky, the bottom is brown, depicting 
dirt, and the white line separating them is the horizon. The 
lines parallel to the horizon line are the pitch scale which i 
marked in 5° increments and labeled every 10°. The pitch 
scale always remains parallel to the horizon. 


‘The curved line in the blue area is 


the roll scale. The triangle 
on the top of the scale is the zero index. The hash marks on 
the scale represent the degree of bank. (Figure 5-53] The 
roll scale always remains in the same position relative to 
the horizon line. 
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(CHAPTER 6 » THE SMALL GROUP LAB AND CLASSROOM 


‘The family lab can be a logical extension of the family home. Everything is shared, including 
responsibilities and privileges. In more agrarian societies, this is already well understood at an early age, 
where chores around the farm and in the fields and a respect for the tools being used help enhance a 
sense of group belonging and worth. Everyone has a stake in the prosperity of the family endeavor. 

Do you want your kids to appreciate what you give them? Then give them chores before you give 
them presents. Let them clean up the lab, put away tools, inventory parts, and take out the trash before 
spoiling them with all the fun stuff you get to do in the lab. This will help foster a sense of ownership in 
the long-term success of the lab, whether you're there to supervise or not. 

It bears repeating (from Chapter 4) that no unsupervised children, no matter how adorable, should 
be allowed in the lab. Would you allow unsupervised cooking in the kitchen? It's the same basic 
scenario. When everything goes well, everyone has a good time. It only takes a split-second distraction to 
go from a good time to a trip to the emergency room in either case. Have rules and enforce them, even if 
it's your elders that you are protecting by doing so. 

‘Sometimes having a resource like a shared electronic laboratory is the first opportunity people have 
to assert some sort of control over their relationships. Use the opportunity to make friends with your 
relatives, while you still can, 


Your Friends 


Unlike your family, as the saying goes, you get to pick your friends. Now you have the opportunity to 
provide a cool place to hang out as well as build all manner of awesome gizmos. It's only natural to want 
to share some of the fun with your like-minded friends. 

‘The basic framework of rules and accountability apply to the friendly lab as well as any other group 
endeavor. Let your friends know up front what your expectations of them are in regard to use of the lab. 
Can they use your tools? Can they store artwork-in-progress at your place? When is it cool to come over 
to tinker, and when is it not? These kinds of questions should be dealt with early in the game; otherwit 
these issues can flare up and become trouble spots. There's no substitute for good commu 

‘Once you extend your laboratory's hospitality to those outside your immediate family, it’s a good 
idea to clearly designate what is your personal property and what belongs to the lab and all its 
participants. This can be as simple as putting name tags on all your tools and marking shared resources 
appropriately. 

where trust really factors into the success or failure of a group lab. Just like in math, you want 
iiaiainatens ‘many variables as possible to ensure that a good time is had by all, and to ensure the 
long-term safety and viability of the facility itself. Which of your friends do you trust in your lab? Think 
about these things at length before opening the doors to just anybody. 


Coworkers and Fellow Students 


So you've been tasked with organizing or supervising a lab for a school class or university department. 
You may or may not have any choice in who will be granted access, or even when they can av. 
themselves to the facilities. 

‘The balance of responsibility and authority is crucial in this scenario, just like in most other 
situations in life. Hopefully you will be in a position to enforce whatever rules are already in place. 
Ideally, you will have some say in crafting new rules as they become necessary, or adjust existing rules 
when they need it. In either case, it’s just not fair for someone to expect you to do a good job, yet not 
provide you the tools to get it done. 

Positions like this become available from time to time in most schools. Sometimes there’s an 
opportunity for a small paycheck, and other times all you are going to get are points with the 
administration. Hopefully, at least you will also enjoy lab privileges. That's got to be worth something, 
yes? 
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Figure 5-52. Astinde Indicator. 


‘The roll pointer indicates the direction and degree of bank. 
[Figure 5-53] The roll pointer is aligned with the aircraft 
symbol. The roll pointer indicates the angle of the lateral 
of the aircraft compared to the natural horizon, The slip/skid 
indicator will show if the longitudinal axis of the aircraft is 
aligned with the relative wind, which is coordinated flight. With 
the roll index and the slip/skid indicator aligned, any deflection, 
either right or left of the roll index will cause the aircraft to turn 
in that direction, With the small graduations on the roll scale, it 
is easy to determine the bank angle within approximately 1°. In 
coordinated flight, i the roll index isaligned with the roll pointer, 
the aircraft is achieving straight flight. 


An advantage of EFI 
error. Precession error in analog gauges 
being applied to a spinning gyro. With the new soli 
instruments, precession error has been eliminated. 


the elimination of the precession 
caused by forces 
state 


ice the attitude indicator is capable of showing precise 
pitch and bank angles, the only time thatthe attitude indicator 
will be a primary instrument is when attempting to fly at a 
specific bank angle or pitch angle, Other times, the attitude 
instrument can be thought of as a control instrument. 


Horizontal Situation Indicator (HSI) 

The HSI is a rotating 360° compass card that indicates 
magnetic heading. The HSI is the only instrument that is 
capable of showing exact headings. The magnetic compass 
canbe used asa backup instrument in case of an HSI failure; 
however, due to erratic, unstable movements, itis more likely 
to be used a supporting instrument, 


{In order for the pilot to achieve the desired rate of change, 
it is important for him or her to understand the relationship 
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Figure 5-83. Attitude Indicator Showing a 15° left bank. 


between the rate at which the HSI changes heading displays 
and the amount of bank angle required to meet that rate of 
change. A very small rate of heading change means the bank 
angle is small, and it will take more time to deviate from the 
desired straight flight path. A larger rate of heading change 
means a greater bank angle will happen at a faster rat. 


Heading Indicator 

‘The heading indicator is the large black box with a white 
number that indicates the magnetic heading of the aircraft 
[Figure 5-54] The aircraft heading is displayed to the nearest 
degree. When this number begins to change, the pilot should 
be aware that straight flight is no longer being achieved. 


Turn Rate Indicator 

‘The turn rate indicator gives an indirect indication of bank. 
It is a magenta trend indicator capable of displaying half- 
standard as well as standard rate turns to both the left and 
right, /Figure 5-54) The turn indicator is capable of indicating, 
turns up to 4° per second by extending the magenta line 
outward from the standard rate mark. Ifthe rate of turn has 
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Figure 5-54. Slip/Skid and Turn Rate Indicator. 
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exceeded 4° per second, the magenta line can not precisely 
indicate where the heading will be in the next 6 seconds, the 
‘magenta line freezes and an arrowhead will be displayed. This, 
alerts the pilot to the fact that the normal range of operation, 
has been exceeded. 


Slip|Skid Indicator 

‘The slip/skid indicator is the small portion of the lower 
segmented triangle displayed on the attitude indicator. This 
instrument depicts whether the aircraft’s longitudinal axis is 
aligned with the relative wind. [Figure 5-54] 


‘The pilot must always remember to cross-check the roll index: 
to the roll pointer when attempting to maintain straight flight. 
‘Any time the heading remains constant and the roll pointer and 
the roll index are not aligned, the aircraft is in uncoordinated 
flight. To make a correction, the pilot should apply rudder 
pressure to bring the aircraft back to coordinated flight, 


Power Control 
Power produces thrust which, with the appropriate angle of 
attack of the wing, overcomes the forces of gravity, drag, 
and inertia to determine airplane performance. 


Power control must be related to its effect on altitude and 
airspeed, since any change in power setting results in a change 
in the airspeed or the altitude of the airplane, At any given 
airspeed, the power setting determines whether the airplane 
is in level flight, in a climb, or in a descent. If the power is 
increased in straight-and-level flight and the airspeed held 
constant, the airplane will climb; if power is decreased while 
the airspeed is held constant, the airplane will descend. On 
the other hand, if altitude is held constant, the power applied 
will determine the airspeed. 


‘The relationship between altitude and airspeed determines the 
need for a change in pitch or power. Ifthe airspeed is off the 
desired value, alway's check the altimeter before deciding that 
a power change is necessary. Think of altitude and airspeed 
as interchangeable; altitude can be traded for airspeed by 
lowering the nose, or convert airspeed to altitude by raising 
the nose. If altitude is higher than desired and airspeed is, 
low, or vice versa, a change in pitch alone may return the 
ainplane to the desired altitude and airspeed. [Figure 5-55] If 
both airspeed and altitude are high or i 
change in both pitch and power is necessary in order to return 
to the desired airspeed and altitude. {Figure 5-56) 


both are low, then a 


For changes in airspeed in straight-and-level flight, pitch, bank, 
and power must be coordinated in order to maintain constant 
altitude and heading. When power is changed to vary airspeed 
in straight-and-level flight, a single-engine, propeller-driven 
airplane tends to change attitude around all axes of movement. 


‘Therefore, to maintain constant altitude and heading, apply 
various control pressures in proportion to the change in power. 
‘When power isadded to increase airspeed, the pitch instruments 
indicate a climb unless forward-elevator control pressure is, 
applied asthe airspeed changes, With an increase in power, the 
airplane tends to yaw and roll o the left unless counteracting, 
aileron and rudder pressures are applied. Keeping ahead of 
these changes requires increasing cross-check speed, which 
varies with the type of airplane and its torque characteristics, 
the extent of power and speed change involved 


Power Settings 

Power control and airspeed changes are much easier when 
approximate power settings necessa 
airspeeds in straight-and-level flight are known in advance. 
However, to change airspeed by any appreciable amount, the 
common procedure is to underpower or overpower on initial 
power changes to accelerate the rate of airspeed change. (For 
small speed changes, or in aipplanes that decelerate or accelerate 
rapidly, overpowering or underpowering is not necessary.) 


to maintain various 


Figure 5-55. An aircraft decreasing in airspeed while gaining 
altitude, In this case, the pilot has decreased pitch. 


Figure 5-56. Figure shows both an increase in speed and altitude 
where pitch adjustment alone is insufficient. In this situation, a 
reduction of power is also necessary: 
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Consider the example of an airplane that requires 23" of 
‘manifold pressure (Hg) to maintain a normal cruising airspeed 
of 120 knots, and 18" Hg to maintain an airspeed of 100 knots. 
‘The reduction in airspeed from 120 knots to 100 knots while 
maintaining straight-and-level flight is discussed below and 
illustrated in Figures 5-57, 5-58, and 5-59 


Instrument indications, prior to the power reduction, are 
shown in Figure 5-57. The basic attitude is established and. 
maintained on the attitude indicator. The specific pitch, 
bank, and power control requirements are detected on these 
primary instruments: 


Altimeter—Primary Pitch 
Heading Indicator—Primary Bank 
Airspeed Indicator—Primary Power 


Supporting pitch and bank instruments are shown in 
Figure 5-57. Note that the supporting power instrument is, 
the manifold pressure gauge (or tachometer if the propeller 
is fixed pitch). However, when a smooth power reduction to 
approximately 15" Hg (underpower) is made, the manifold 
pressure gauge becomes the primary power instrument 
[Figure 5-58] With practice, power setting can be changed 
with only a brief glance at the power instrument, by sensing 
the movement of the throttle, the change in sound, and the 
changes in the feel of control pressures. 


As the thrust decreases, increase the speed of the cross-check 
and be ready to apply left rudder, back-elevator, and aileron 
control pressure the instant the pitch-and-bank instruments, 


Figure 5-87. Straight-and-Level Flight (Normal Cruising Speed). 
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show a deviation from altitude and heading. As proficiency 
is obtained, a pilot will learn to cross-check, interpret, and 
control the changes with no deviation of heading and altitude. 
Assuming smooth air and ideal control technique, as airspeed 
decreases, a proportionate increase in airplane pitch attitude 
is required to maintain altitude. Similarly, effective torque 
control means counteracting yaw with rudder pressure. 


As the power is reduced, the altimeter is primary for piteh, 
the heading indicator is primary for bank, and the manifold 
pressure gauge is momentarily primary for power (at 15" 
Hg in Figure 5-58). Control pressures should be trimmed 
off as the airplane decelerates. As the airspeed approaches 
the desired airspeed of 100 knots, the manifold pressure 
is adjusted to approximately 18" Hg and becomes the 
supporting power instrument. The ASI again becomes 
primary for power. [Figure 5-58] 


Airspeed Changes in Straight-and-Level Flight 
Practice of airspeed changes in straight-and-level fight 
provides an excellent means of developing increased 
proficiency in all three basic instrument skills, and brings 
‘out Some common errors to be expected during training 
in straight-and-level flight. Having learned to control the 
airplane ina clean configuration (minimum drag conditions), 
increase proficiency in eross-check and control by 
speed changes while extending or retracting the flaps and 
landing gear. While practicing, be sure to comply with the 
airspeed limitations specitied in the POH/AFM for g 
flap operation 


cticing 


rand 


Figure 5-59. Seraight-and-Level Flight (Reduced Airspeed Stabilized) 
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Sudden and exaggerated attitude changes may be necessary 
in order to maintain straight-and-level flight as the landing, 
gear is extended and the flaps are lowered in some airplanes. 
The nose tends to pitch down with gear extension, and when 
flaps are lowered, lift increases momentarily (at partial flap 
settings) followed by a marked increase in drag as the flaps 
near maximum extension. 


Control technique varies according to the lift and drag 
characteristics of each airplane. Accordingly, knowledge of 
the power settings and trim changes associated with dif 
combinations of airspeed, gear, and flap configurations will 
reduce instrument cross-check and interpretation problems. 
[Figure 5-60] 


rent 


For example, assume that in straight-and-level flight 
instruments indicate 120 knots with power at 23" Hy, 
manifold pressure/2,300 revolutions per minute (rpm), gear 
and flaps up. After reduction in airspeed, with gear and flaps, 
fully extended, straight-and-level flight at the same altitude 
requires 25" Hg manifold pressure/2,500 rpm, Maximum. 
gear extension speed is 115 knots; maximum flap extension 
speed is 105 knots. Airspeed reduction to 95 knots, gear and, 
flaps down, can be made in the following manner: 


1, Maintain rpm at 2,500, since a high power setting will 
bbe used in full drag configuration, 
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Reduce manifold pressure to 10" Hg. As the airspeed 
decreases, inerease cross-check speed. 


Make trim adjustments for an increased angle of attack 
and decrease in torque. 


Lower the gear at 115 knots. The nose may tend to 
pitch down and the rate of deceleration increases, 
Increase pitch attitude to maintain constant altitude, 
and trim off some of the back-elevator pressures. 
If full flaps are lowered at 105 knots, crass-check, 
interpretation, and control must be very rapid. A 
simpler technique is to stabilize attitude with gear 
down before lowering the flaps. 


Since 18" Hg manifold pressure will hold level 
flight at 100 knots with the gear down, increase 
power smoothly to that setting as the ASI shows 
approximately 105 knots, and retrim, The attitude 
indicator now shows approximately two-and-a-half 
bar width nose-high in straight-and-level flight. 


Actuate the flap control and simultaneously increase 
power to the predetermined setting (25" Hg) for the 
desired airspeed, and trim off the pressures necessary 
to hold constant altitude and heading. The attitude 
indicator now shows a bar width nose-low in straight- 
and-level flight at 95 knots, 


Figure 5-80. Cross-check Supporting Instruments 
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Trim Technique 
Trim control is one of the most important flight habits to 
cultivate. Trimming refers to relieving any control pressures 
that need to be applied by the pilot to the control surfaces to 
maintain a desired flight attitude, The desired result is for the 
pilot to be able to take his or her hands off the control surfaces 
and have the aircraft remain in the current attitude, Once the 
aircraft is trimmed for hands-off flight, the pilot is able to 
devote more time to monitoring the flight instruments and 
other aircraft systems, 


Inordertotrim the aircraft, apply pressure to the control surface 
that needs trimming and roll the trim wheel in the direction 
pressure is being held, Relax the pressure that isbeing applied to 
the control surface and monitor the primary instrument forthat 
attitude. Ifthe desired performance isachieved, fly hands off. If 


additional trimming is required, redo the trimming steps 


Anaircraftis trimmed fora specific airspeed, not pitch atitude 
or altitude. Any time an aircraft changes airspeed there is a 
need to re-trim, For example, an aircraft is flying at 100 knots, 
straight-and-level. An increase of 50 rpm will cause the airspeed 
to increase. As the airspeed increases, additional lift will be 
generated and the aircraft will climb. Once the additional thrust 
has stabilized at some higher altitude, the airspeed will again 
stabilize at 100 knots, 


‘This demonstrates how trim is associated with airspeed and 
not altitude. Ifthe initial altitude is to be maintained, forward 
pressure would need to be applied to the control wheel while 
the trim wheel needs to be rolled forward to eliminate any 
control pressures, Rolling forward on the trim wheel is equal 
to increasing for a trimmed airspeed. Any time the airspeed 
is changed, re-trimming will be required. Trimming can be 
accomplished during any transitional period; however, prior 
to final trimming, the airspeed must be held constant. If the 
airspeed is allowed to change, the trim will not be adjusted 
properly and the altitude will vary until the airspeed for which 
the aircraft is trimmed is achieved. 


Common Errors in Straight-and-Level Flight 

Pitch 

Pitch errors usually result from the following errors: 

1, Improper adjustment of the yellow chevron (aircraft, 

symbol) on the attitude indicator, 
Corrective Action: Once the aircraft has leveled off and 
the airspeed has stabilized, make small corrections to 
the pitch attitude to achieve the desired performance, 
Cross-check the Supporting instruments for validation, 


2. Insufficient cross-check and interpretation of pitch 
instruments. [Figure 5-61] 


Figure 5-61. Insufficient cross-check. The problem is power and not nose-high. In this ease, the pilos decreased pitch inappropriately: 
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Example: The airspeed indication is low. The pilot, 
believing a nose-high pitch attitude exists, applies 
forward pressure without noting that a low power setting 
the cause of the airspeed discrepancy. 


Corrective Action: Increase the rate of cross-check ofall 
the supporting flight instruments. Airspeed and altitude 
should be stabilized before making a control input 


ions. 


Acceptance of devi 
Example: A pilot has an altitude range of +100 feet 
according to the practical test standards for straight-and 
level-flight. When the pilot notices that the altitude has 
deviated by 60 feet, no correction is made because the 
altitude is holding steady and is within the standards. 


Corrective Action: The pilot should cross-check the 
instruments and, when a deviation is noted, prompt 
corrective actions should be taken in order to bring the 
aircraft back to the desired altitude. Deviations from 
altitude should be expected but not accepted 


Overcontrolling—Excessive Pitch Changes. 


Example: A pilot notices a deviation in altitude. In an 
attempt to quickly return to altitude, the pilot makes a 
large pitch change. The large pitch change destabilizes 
the attitude and compounds the error. 


Corrective Action: Small, smooth corrections should 
bbe made in order to recover to the desired altitude 
(0.5° to 2° depending on the severity of the deviation). 
Instrument flying is comprised of small corrections to 
maintain the aircraft attitude. When flying in IMC, 
a pilot should avoid making large attitude changes 
in order to avoid loss of aircraft control and spatial 
ientation. 


Failure to Maintain Pitch Corrections. 


Pitch changes need to be made promptly and held for 
validation. Many times pilots will make corrections 
and allow the pitch attitude to change due to not 
trimming the aircraft. It is imperative that any time a 
pitch change is made; the trim is readjusted in order to 
eliminate any control pressures that are being held. A 
rapid cross-check will aid in avoiding any deviations 
from the desired pitch attitude. 


Example: A pilot notices a deviation in altitude. A 
change in the pitch attitude is accomplished but no 
adjustment to the trim 
the pilot to slow the cross-check and an inadvertent 
reduction in the pressure to the control column 
commences. The pitch attitude then changes, thus 
complicating recovery to the desired altitude 


made. Distractions cause 


Corrective Action: The pilot should initiate a pitch 
change and then immediately trim the aircraft to 
relieve any control pressures. A rapid cross 
should be established in order to validate the desired 
performance is being achieved. 


Fixation During Cross-Check. 


Devoting an unequal amount of time to one instrument 
cither for interpretation or assigning too much 
importance to an instrument. Equal amounts of time 
should be spent during the cross-check to avoid an 
unnoticed deviation in one of the aircraft attitudes. 


Example: A pilot makes a correction to the pitch 
altitude and then devotes all of the attention to the 


altimeter to determine if the pitch correction 
valid. During this time, no attention is paid to the 
heading indicator which shows a turn to the left 
[Figure 5-62] 

Corrective Action: The pilot should monitor all 
instrumentation during the cross-check. Do not fixate 
(on one instrument waiting for validation. Continue to 
scan all instruments to avoid allowing the aircraft to 
begin a deviation in another attitude 


Heading 


Heading errors usually result from but are not 


ited to the 


following errors: 
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Failure to cross-check the heading indicator, especially 
during changes in power or pitch attitude. 


Misinterpretation of changes in heading, with resulting 
corrections in the wrong direction, 


Failure to note and remember a preselected heading. 


ind i 


Failure to observe the rate of heading change 
relation to bank attitude 


Overcontrolling in response to heading changes, 
especially during changes in power settings. 


Anticipating heading changes with premature 
application of rudder pressure 


Failure to correct small heading deviations. Unless 
zero error in heading is the goal, a pilot will tolerate 
larger and larger deviations. Correction of a 1° error 
takes 
of a 20° error. 


far less time and concentration than correction 


Correcting with improper bank attitude. If correcting 
10° heading error with a 20° bank correction, the 
aircraft will roll past the desired heading before the 
bank is established, requiring another correction in 
the opposite direction. Do not multiply existing errors 
with errors in corrective technique. 


Figure 5-62. The pilot has fixated on pitch and altitude, leaving bank indications unattended. Note the trend line to the left. 
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Failure to note the cause of a previous heading error 
and thus repeating the same error. For example, the 
airplane is out of trim, with a left wing low tendency. 
Repeated corrections for a slight left turn are made, 
yet trim is ignored. 


Power 
Power errors usually result from but are not limited to the 
following errors: 


Failure to become familiar with the aircraft’s specific 
power settings and pitch attitudes. 


Abrupt use of throttle. 


Failure to lead the airspe 
changes, climbs or descents. 


when making power 


Example: When leveling off from a descent, increase 
the power in order to avoid the airspeed from bleeding 
Off due to the decrease in momentum of the aircraft 
If the pilot waits to bring in the power until after the 
aircraft is established in the level pitch attitude, the 
aircraft will have already decreased below the speed 
desired which will require additional adjustment in 
the power setting, 


Fixation on airspeed tape or manifold pressure 
indications during airspeed changes, resulting in 


Trim 


control of airspeed, power, as well as pitch and 


bank attitudes. 


‘Trim errors usually result from the following faults: 


1 


Improper adjustment of seat or rudder pedals for 
comfortable position of legs and feet, Tension in the 
ankles makes it difficult to relax rudder pressures, 


Confusion about the operation of trim devices, which 
differ among various airplane types. Some trim wheels 
are aligned appropriately with the airplane's axes: 
others are not, Some rotate in a direction contrary to 
expectations 


Failure to understand the principles of trim and that 
the aircraft is being trimmed for airspeed, not a pitch 
attitude, 


Faulty sequence in trim techniques. Trim should be 
utilized to relieve control pressures, not to change 
pitch attitudes. The proper trim technique has the pilot 
holding the control wheel first and then trimming to 
relieve any control pressures. Continuous trim changes 
will be required as the power setting is changed. 
Utilize the trim continuously, but in small amounts. 
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Straight Climbs and Descents 


Each aircraft will have a specific pitch attitude and airspeed 
that corresponds to the most efficient climb rate for a specified 
weight, The POH/AFM contains the speeds that will produce 
the desired climb. These numbers are based on maximum 
gross weight. Pilots must be familiar with how the speeds will, 
vary with weight so they can compensate during flight. 


Entry 
Constant Airspeed Climb From Cruise Airspeed 

To enter a constant airspeed climb from cruise airspeed, 
slowly and smoothly apply aft elevator pressure in order 
to raise the yellow chevron (aircraft symbol) until the tip 
points to the desired degree of pitch. [Figure 5-63] Hold 
the aft control pressure and smoothly increase the power 
to the climb power setting. This increase in power may be 


Figure 5-83. Constant Airspeed Climb From Cruise Airspeed. 
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initiated either prior to initiating the pitch change or after 
having established the desired pitch setting, Consult the 
POH/AFM for specific climb power settings if anything other 
than a full power climb is desired. Pitch attitudes will vary 
depending on the type of aircraft being flown. As airspeed 
decreases, control forces will need to be increased in order 
to compensate for the additional elevator deflection required 
to maintain attitude, Utilize trim to eliminate any control 
pressures. By effectively using trim, the pilot will be better 
able to maintain the desired pitch without constant attention. 
‘The pilot is thus able to devote more time to maintaining an 
effective scan of all instrumentation, 


‘The VSI should be utilized to monitor the performance of the 
aircraft. With a smooth pitch transition, the VSI tape should 
begin to show an immediate trend upward and stabilize on a 


4 Before procedure 
‘+ Current procedure 


rate of climb equivalent to the pitch and power setting being 
utilized. Depending on current weight and atmospheric 
conditions, this rate will be different, This will require the 
pilot to be knowledgeable of how weight and atmospheric 
conditions affect aircraft performance. 


Once the aircraft is stabilized at a constant airspeed and pitch 
altitude, the primary flight instrument for pitch will be the ASI 
and the primary bank instrument will be the heading indicator. 
‘The primary power instrument will be the tachometer or the 
‘manifold pressure gauge depending on the aircraft type. Ifthe 
pitch attitude is correct, the airspeed should slowly decrease 
to the desired speed. If there is any variation in airspeed, 
‘make small pitch changes until the aircraft is stabilized at 
the desired speed. Any change in airspeed will require a trim 
adjustment. 


ea 


Constant Airspeed Climb from Established Airspeed 
In order to enter a constant airspeed climb, first complete the 
airspeed reduction from cruise airspeed to climb airspeed. 
Maintain straight-and-level flight as the airspeed is reduced. 
‘The entry to the climb is similar to the entry from cruise 
airspeed with the exception that the power must be increased 
when the pitch attitude is raised. [Figure 5-64] Power added 
after the pitch change will show a decrease in airspeed due 
to the increased drag encountered. Power added prior to a 
pitch change will cause the airspeed to increase due to the 
excess thrust. 


Constant Rate Climbs 


Constant rate climbs are very similar to the constant airspeed: 
climbs in the way the entry is made. As power is added, 


4 Before procedure 
¥ Current procedure 


\ 
Marlys 


o 


Figure 5-84. Constant-Airspeed Climb From Established Airspeed. 
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CHAPTER 6 = THE SMALL GROUP LAB AND CLASSROOM 


Ifyou are helping to run an existing lab, there are probably others you can consult who have had 
this particular honor in the past. Try to find out who these folks might be and see if you can get any 
helpful advice from them about your lab and its care and feeding. 
Ifyou're starting from scratch, you will enjoy the double-edged sword of setting things up the way 
1s well as setting things up the way everyone else wants it. You ger to establish whatever level 
you want, with the caveat that you then must maintain that level. It's a freedom, like 
most freedoms, that comes with a price. 


Special-Interest Groups 


Are you a member of club that has a special interest in electronics? Several popular interests, such as 
ham radio operators, remote-control model flyers or drivers, robot builders, and computer users, have a 
love-hate relationship with electronics. Having a dedicated electronics lab available to the membership 
isa great way to build up the love as well as work out the hate. 

‘Given a highly specialized crowd, such as the members ofa university or trade school, you might 
even find people organized into an electronics club, especially these days when almost every aspect of 
our lives is touched by this technology in one way or another. 

‘The specialized nature of your group helps focus what areas of electronics are of most practical 
interest, at least from a lab point of view. This cascades into easier choices when it comes to stocking the 
lab with workstations, tools, and components. 

‘The Dallas Personal Robotics Group (DPRG; see http: //dprg.org), for example, had the use of an 
1,800-square-foot warehouse for over six years, rent free, due to the generosity of one of the members, 
‘Mike Dodson of Modern Assemblies. Having access to an excellent industrial setting allowed the club 
members to dream of and then realize much more ambitious robot projects than could be attempted at 
home. After Mike’s retirement, the DPRG went into a nomadic phase and finally spun off a dedicated 
workshop and meeting area, now called the Dallas Makerspace. 


The General Public 


Alot of people see the popularity of do-it-yourself (DIY) and maker-movement projects and envision 
themselves as entrepreneurs, seeing a need and being able to meet it. Unfortunately, most of these 
people are wrong. 

‘Building a lab dedicated to public use sounds like a great and noble aim. The realities of such an 
undertaking, including the financial, logistical, and business related, are not to be underestimated. 

While it seems to work well in certain areas and at certain times, it’s almost always the result of the right 
combination of people coming together at the right time. 

Hackerspaces (a terribly unfortunately chosen label) are springing up all over the world. The term 
hacker, while understood within some technical communities to mean a person of respectable skills, has 
adecidedly unrespectable taint to it when viewed from the outside. To the vast majority of the English- 
speaking world, a hacker is a rogue computer jockey, a criminal intent on breaking and entering into 
computer systems for nefarious purposes. 

‘The term maker, on the other hand, leaves a more positive first impression. The Dallas Makerspace 
members deliberately made this decision when naming themselves, while they were still just a 
subcommittee within the board of directors of the nomadic DPRG, looking for a new home. It was 
important to them to maintain the very positive image that the DPRG had established and built over its 

‘ory, while still looking to the future. 
‘going to set up a lab for use by the general public, whether you decide to call ita 
hackerspace, a makerspace, or something entirely different, you get to make almost no assumptions 
about the good intentions of your membership. It’s a sad state of affairs, to be sure, but it seems to be the 
prevailing wisdom of the day 


139 


smoothly apply elevator pressure to raise the yellow chevron 
to the desired pitch attitude that equates to the desired vertical 
speed rate. The primary instrument for pitch during the initial 
portion of the maneuver is the ASI until the vertical speed 
rate stabilizes and then the VSI tape becomes primary. The 
ASI then becomes the primary instrument for power. If any 
deviation from the desired vertical speed is noted, small 
pitch changes will be required in order to achieve the desired 
vertical speed. [Figure 5-65] 


When making changes to compensate for deviations in 
performance, pitch, and power, pilot inputs need to be 
coordinated to maintain a stable flight attitude. For instance, 
iffthe vertical speed is lower than desired but the airspeed is, 
correct, an increase in pitch will momentarily increase the 
vertical speed. However, the increased drag will quickly 
start to degrade the airspeed if no increase in power is made. 
A change to any one variable will mandate a coordinated 
change in the other. 


Converse 


if the airspeed is low and the pitch is high, 
reduction in the pitch attitude alone may solve the problem. 
Lower the nose of the aircraft very slightly to see if a power 
reduction is necessary. Being familiar with the pitch and 
power settings for the aircraft aids in achieving precise 
attitude instrument flying. 


(a Supporting pitch and bank 


‘or 


Figure 5-65. Constant Rate Climbs. 
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Leveling Off 

Leveling off from a climb requires a reduction in the pitch 
prior to reaching the desired altitude. If no change in pitch 
is made until reaching the desired altitude, the momentum. 
of the aircraft causes the aircraft to continue past the desired 
altitude throughout the transition to a level pitch attitude. The 
amount of lead to be applied depends on the vertical speed 
rate. A higher vertical speed requires a larger lead for level, 
off. A good rule of thumb to utilize is to lead the level off 
by 10 percent of the vertical speed rate (1,000 fpm + 10 = 
100 feet lead). 


‘Tolevel off at the desired altitude, refer to the attitude display 
and apply smooth forward elevator pressure toward the desired. 
level pitch attitude while monitoring the VSI and altimeter 
tapes. The rates should start to slow and airspeed should 
begin to increase. Maintain the climb power setting until the 
airspeed approaches the desired cruise airspeed. Continue to 
monitor the altimeter to maintain the desired altitude as the 
airspeed increases, Prior to reaching the cruise airspeed, the 
power must be reduced to avoid overshooting the desired 
speed. The amount of lead time that is required depends on 
the speed at which the aircraft ac 
airspeed trend indicator can assist by showing how quickly 
the aircraft will arrive at the desired speed. 


erates. Utilization of the 


Supporting pitch untit 
desired vertical speed, 
is achieved, then it 
becomes the primary 
instrument for pitch. 


Co Ab aS 
Cons 


‘To level off at climbing airspeed, lower the nose to the 
appropriate pitch attitude for level flight with a simultaneous 
reduction in power to a setting that will maintain the desired 
speed. With a coordinated reduction in pitch and power there 
should be no change in the airspeed, 


Descents 
Descending flight can be accomplished at various airspeeds 
and pitch attitudes by reducing power, lowering the nose to 
«pitch attitude lower than the level flight attitude, or adding 
dirag. Once any of these changes have been made, the airspeed 
will eventually stabilize. During this transitional phase, the 
only instrument that will display an accurate indication of 
pitch is the attitude indicator. Without the use of the attitude 
indicator (such as in partial pane! flight), the ASI tape, the VSI 
tape, and the altimeter tape will show changing values until 


the aircraft stabilizes at a constant airspeed and constant rate 
of descent. The altimeter tape continues to show a descent, 
Hold pitch constant and allow the aireraft to stabilize. During, 
any change in altitude or airspeed, continuous application of 
trim is required to eliminate any control pressures that need, 
to be applied to the control yoke. An inc: 
during the transition is important since changes are being 
made to the aircraft flight path and speed. [Figure 5-66] 


ease in the Sean rate 


(scan be accomplished with a constant rate, constant 
airspeed or a combination. The following method can 
accomplish any of these with or without an attitude indicator. 
Reduce the power to allow the aircraft to decelerate to the 
desired airspeed while maintaining straight-and-level flight. 
As the aircraft approaches the desired airspeed, reduce the 


4 Bofore procedure 
~ Current procedure 


Figure 5-66. The top image illustrates a reduetion of power and descending at 500 fpm to an altitude of 5,000 feet. The bottom image 


illustrates an increase in power and the initiation of leveling off. 
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power to a predetermined value. The airspeed continues to 
decrease below the desired airspeed unless a simultaneous 
reduction in pitch is performed. The primary instrument 
for pitch is the ASI tape. If any deviation from the desired 
speed is noted, make small pitch corrections by referencing, 
the attitude indicator and validate the changes made with the 
airspeed tape. Utilize the airspeed trend indicator to judge if 
the airspeed will be increasing and at what rate, Remember 
to trim off any control pressures. 


The entry procedure for a constant rate descent is the same 
except the primary instrument for pitch is the VSI tape. 
‘The primary instrument for power will be the ASI. When 
performing a constant rate descent while maintaining 
a specific airspeed, coordinated use of pitch and power 
will be required. Any change in pitch directly affects the 
airspeed. Conversely, any change in airspeed will have a 
direct impact on vertical speed as long as the pitch is being 
held constant. 


Leveling Off 

When leveling off from a descent with the intention of 
returning to cruise airspeed, first start by increasing the 
power to cruise prior to increasing the pitch back toward 
the level flight attitude. A technique used to determine 
how soon to start the level off is to lead the level off by an 
altitude corresponding to 10 percent of the rate of descent. 
For example, ifthe aircraft is descending at 1,000 fpm, start 
the level off 100 feet above the level off altitude. Ifthe pitch 
attitude change is started late, there is a tendency to overshoot 
the desired altitude unless the pitch change is made with 
a rapid movement. Avoid making any rapid changes that 
could lead to control issues or spatial disorientation. Once 
in level pitch attitude, allow the aircraft to accelerate to the 
desired speed. Monitor the performance on the airspeed and. 
altitude tapes. Make adjustments to the power in order to 
correct any deviations in the airspeed. Verify that the aircraft 
is maintaining level flight by cross-checking the altimeter 
tape. If deviations are noticed, make an appropriate smooth 
pitch change in order to arrive back at desired altitude. Any 
change in pitch requires a smooth coordinated change to the 
power setting. Monitor the airspeed in order to maintain the 


‘To level off at @ constant airspeed, the pilot must again 
determine when to start to increase the pitch attitude toward 
the level attitude. If pitch is the only item that is changing, 
airspeed varies due to the increase in drag as the aircraft's, 
pitch increases. A smooth coordinated increase in power will, 
need to be made to a predetermined value in order to maintain, 
speed. Trim the aircraft to relieve any control pressure that 
may have to be applied. 
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Common Errors in Straight Climbs and Descents 
Climbing and descending errors usually result from but are 
not limited to the following errors: 


1. Overcontrolling pitch on beginning the climb. 
raft familiarization is the key to achieving prec 
altitude instrument flying. Until the pilot becomes 
familiar with the pitch attitudes associated with 
specific airspeeds, the pilot must make corrections 
to the initial pitch settings. Changes do not produce 
stantaneous and stabilized results; patience must be 
‘maintained while the new speeds and vertical speed 
rates stabilize, Avoid the temptations to make a change 
and then rush into making another change until the 
first one is validated. Small changes will produce more 
expeditious results and allow for a more stabilized 
flight path. Large changes to pitch and power are 
more difficult to control and can further complicate 
the recovery process. 


2. Failure to increase the rate of instrument cross-check. 
‘Any time a pitch or power change is made, an increase 
in the rate a pilot cro: 
required. A slow cross-check can lead to deviations 
in other flight attitudes, 


checks the instrument is 


3. Failure to maintain new pitch attitudes. Once a 

pitch change is made to correct for a deviation, that 
ich attitude must be maintained until the change 
validated. Utilize trim to assist in maintaining the 
new pitch attitude. Ifthe pitch is allowed to change, 
it is impossible to validate whether the initial pitch 
change was sufficient to correct the deviation. The 
continuous changing of the pitch attitude delays the 
recovery process. 


4, Failure to utilize effe 


ive trim techniques. If control 
pressures have to be held by the pilot, validation of, 
the initial correction will be impossible if the pitch 
is allowed to vary. Pilots have the tendency to either 
apply or relax additional control pressures when 
‘manually holding pitch attitudes. Trim allows the 
pilot to fly without holding pressure on the control 
yoke. 


5, Failure to learn and utilize proper power settings. Any 
time a pilot is not familiar with an aircraft’s specific 

+h and power settings, or does not utilize them, a 
change in flight paths will take longer. Learn pitch 
and power settings in order to expedite changing the 
flight path. 

6. Failure to cross-check both airspeed and vertical speed. 
prior to making adjustments to pitch and or power. Itis 
possible that a change in one may correct a de 
in the other. 


7. Uncoordinated use of pitch and power during level 
offs. During level offs, both pitch and power settings 
need to be made in unison in order to achieve the 
desired results. If pitch is increased before adding 
power, additional drag will be generated thereby 


reducing airspeed below the desired value. 


8, Failure to utilize supporting pitch instruments which 
will lead to chasing the VSI. Always utilize the attitude 
indicator as the control instrument on which to change 
the pitch. 

9, Failure to determine a proper lead time for level off 
from a climb or descent. Waiting too long can lead to 
overshooting the altitude, 

10, Ballooning—Failure to maintain forward control 
pressure during level off as power is increased 
Additional lift is generated causing the nose of the 
aireraft to pitch up. 


Turns 
Standard Rate Turns 
‘The previous sections have addressed flying straight-and- 


level as well as climbs and descents. However, attitude 
instrument flying is not accomplished solely by flying in 
a straight line, At some point, the aircraft will need to be 
tured to maneuver along victor airways, global positioning, 
system (GPS) courses, and instrument approaches. The 
key to instrument flying is smooth, controlled changes to 
pitch and bank. Instrument flying should be a slow but 
deliberate process that takes the pilot from departure airport 
to destination airport without any radical flight maneuvers. 


A turn to specific heading should be made at standard rate. 
Standard rate is defined as a turning rate of 3° per second 
which will yield a complete 360° turn in 2 minutes. A 
turning rate of 3° per second will allow fora timely heading, 
change, as well as allowing the pilot sufficient time to cross 
check the flight instruments and avoid drastic changes to 
the aerodynamic forces being exerted on the aircraft. At no 
time should the aircraft be maneuvered faster than the pilot 
is comfortable cross-checking the flight instruments. Most 
autopilots are programmed to turn at standard rate. 


Establishing A Standard Rate Turn 

In order to initiate a standard rate turn, approximate the 
bank angle and then establish that bank angle on the attitude 
indicator. A rule of thumb to determine the approximate angle 
of bank is to use 15 percent of the true airspeed. A simple 
way to determine this amount is to divide the airspeed by 
10 and add one-half the result. For example, at 100 knots, 
approximately 15° of bank is required (100/10 = 10 + 5 
15); at 120 knots, approximately 18° of bank is needed for a 


standard-rate turn, Cross-check the turn rate indicator, located, 
on the HSI, to determine if that bank angle is sufficient to 
deliver a standard rate turn, Slight modifications may need 
to be made to the bank angle in order to achieve the desired 
performance. The primary bank instrument in this case is the 
turn rate indicator since the goal is to achieve a standard rate 
turn, The turn rate indicator is the only instrument that can 
specifically indicate a standard rate turn, The attitude indicator 
isused only to establish a bank angle (control instrument) but 
can be utilized as a supporting instrument by cross-checking, 
the bank angle to determine if the bank is greater or less than 
what was calculated 


As the aircraft rolls into the bank, the vertical component of 
lift will begin to decrease. [Figure 5-67] As this happens, 
additional lift must be generated to maintain level flight 
Apply aft control pressure on the yoke sufficient to stop any 
altitude loss trend. With the increase in lift that needs to be 
generated, additional induced drag will also be generated. 
This additional drag will cause the aircraft to start to 
decelerate. To counteract this, apply additional thrust by 
adding power to the power lever. Once altitude and airspeed 
is being maintained, utilize the trim wheel to eliminate any 
control forces that need to be held on the control column, 


When rolling out from a standard rate turn, the pilot needs 
to utilize coordinated aileron and rudder and roll-out to a 
wings level attitude utilizing smooth control inputs. ‘The 
roll-out rate should be the same as the roll-in rate in order to 
estimate the lead necessary to arrive at the desired heading 
without over- or undershooting, 


During the transition from the tun back to straight light, the 
attitude indicator becomes the primary instrument for bank. 
Once the wings are level, the heading indicator becomes 
the primary instrument for bank. As bank decreases, the 
vertical component increases if the pitch attitude is not 
decreased sufficiently to maintain level flight. An aggressive 
check keeps the altimeter stationary if forward control 
pressure is applied to the control column. As the bank angle is, 
decreased, the pitch attitude should be decreased accordingly 
in order to arrive at the level pitch attitude when the aircraft 
reaches zero bank. Remember to utilize the trim wheel to 
climinate any excess control forces that would otherwise 
need to be held 


cross: 


Common Errors 


1, One common error associated with standard rate tums 
is due to pilot inability to hold the appropriate bank 
angle that equates to a standard rate. The primary bank 
instrument during the turn is the turn rate indicator: 
however the bank angle varies slightly. With an 
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Figure 5-87, Standard Rate Tun—Constant Airspeed. 


aggressive cross-check, a pilot should be able to 
minimize errors arising from over- or underbanking, 


Another error normally encountered during standard 
rate turns is inefficient or lack of adequate cross- 
checking. Pilots need to establish an aggressive 
cross-check in order to detect and eliminate all 
deviations from altitude, airspeed, and bank angle 
during a maneuver. 


3. Fixation is a major error associated with attitude 
instrument flying in general, Pilots training for their 
instrument rating tend to focus on what they perceive 
to be the most important task at hand and abandon 
their eross-check by applying all of their attention to 
the turn rate indicator. A modified radial scan works 
‘well fo provide the pilot with adequate scanning of all 
instrumentation during the maneuver. 


Turns to Predetermined Headings 
‘Turning the aircraft is one of the most basic maneuvers that a 
pilot learns during initial flight training. Learning to control 
the aircraft, maintaining coordination, and smoothly rolling, 
out on a desired heading are all keys to proficient attitude 
instrument flying, 


EFDs allow the pilot to better utilize all instrumentation during 
all phases of attitude instrument flying by consolidating all 
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traditional instrumentation onto the PFD. The increased size 
of the attitude indicator, which stretches the entire width of 
the PED, allows the pilot to maintain better pitch control 
while the introduction of the turn rate indicator positioned 
directly on the compass rose aids the pilot in determining, 
when to begin a roll-out for the desired heading, 


‘When determining what bank angle to utilize when making a 
heading change, a general rule states that for a small heading, 
change, do not use a bank angle that is greater than the total 
umber of degrees of change needed. For instance, if heading, 
change of 20° is needed, a bank angle of not more than 20° is 
required. Another rule of thumb that better defines the bank 
angle is half the total number of degrees of heading change 
required, but never greater than standard rate, The exact bank 
angle that equates to a Standard rate turn varies due to true 
airspeed. 


With this in mind and the angle of bank calculated, the next 
step is determining when to start the roll-out process. For 
example: 


An aircraft begins a turn from a heading of 030° to a heading, 
of 120°. With the given airspeed, a standard rate turn has 
yielded a 15° bank. The pilot wants to begin a smooth 
coordinated roll-out to the desired heading when the heading, 


indicator displays approximately 112°. The necessary 
calculations are: 

15° bank (standard ra 15° 
120° -7.5° = 112.5° 


By utilizing this technique the pilot is better able to judge if 
any modifications need to be made to the amount of lead once 
the amount of over- or undershooting is established. 


Timed Turns 
‘Timed turns to headings are performed in the same fashion 
with an EFD as with an analog equipped aircraft. The 
instrumentation used to perform this maneuver is the turn rate 
indicator as well as the clock. The purpose of this maneuver 
is to allow the pilot to gain proficiency in scanning as well 
as to further develop the pilot’s ability to control the aircraft 
without standard instrumentation, 


Timed turns become 


sential when controlling the aircraft 
with a loss of the heading indicator. This may become 
necessary due toa loss of the AHRS unit or the magnetometer. 
In any case, the magnetic compass will still be available for 
navigation, The reason for timed turns instead of magnetic 
compass turns is the simplicity of the maneuver. Magnetic 
compass turns require the pilot to take into account various 
errors associated with the compass; timed turns do not. 


Prior to initiating a turn, determine if the standard rate 
indication on the turn rate indicator will actually deliver a 
3° per second turn. To accomplish thi 
be made. Establish a turn in either direction at the indicated 
tthe digital timer as the compass rolls past 
a cardinal heading. Stop the timer once the compass card 
rolls through another cardinal heading. Roll wings level and 
compute the rate of tum. If the turn rate indicator is calibrated 
and indicating correctly, 90° of heading change should take 
30 seconds. If the time taken to change heading by 90° is, 
more or less than 30 second: 
below the standard rate line needs to be made to compensate 
for the difference. Once the calibration has been completed 
in one direction, proceed to the opposite direction. When 
both directions have been calibrated, apply the calibrated 
calculations to all timed turns, 


a calibration must 


standard rate. St 


then a deflection above or 


In order to accomplish a timed turn, the amount of heading, 
change needs to be established. For a change in heading from 
120° toa heading of 360°, the pilot calculates the difference 
and divides that number by 3. In this case, 120° divided by 
3° per second equals 40 seconds. This means that it would 
take 40 seconds for an aircraft to change heading 120° if that 
aircraft were held in a perfect standard rate turn, Timing for 
the maneuver should start as the aircraft begins rolling into 


the standard rate turn, Monitor all flight instruments during, 
this maneuver. The primary pitch instrument isthe altimeter. 
‘The primary power instrument is the ASI and the primary 
bank instrument is the turn rate indicator. 


Once the calculated time expires, start a smooth coordinated 
roll-out. As long as the pilot utilizes the same rate of roll-in as, 
roll-out, the time it takes for both will not need to be included. 
in the calculations. With practice the pilot should level the 
wings on the desired heading. If any deviation has occurred, 
make small corrections to establish the correct heading, 


Compass Turns 
‘The magnetic compass is the only instrument that requires 
no other source of power for operation. In the event of an 
AHRS or magnetometer failure, the magnetic compass 
the instrument the pilot uses to determine aircraft heading. 
For a more detailed explanation on the use of the magn 
compass, see page 5-21 


Steep Turns 
For the purpose of instrument flight training, a steep turn is, 
defined as any turn in excess of standard rate. A standard rate 
das 3° per second. The bank angle that equate 

to a tum rate of 3° per second varies according to airspeed. 
As airspeed increases, the bank angle must be increased. 
‘The exact bank angle that equates to a standard rate turn is 
unimportant. Normal standard rate turn bank angles range 
from 10° to 20°. The goal of training in steep turn maneuvers, 
is pilot proficiency in controlling the aircraft with excessive 
bank angles. 


turn is d 


‘Training in excessive bank angles will challenge the pilot in 
honing cross-checking skills and improve altitude control 
throughout a wider range of flight attitudes. Although the 
current instrument flight check practical test standards (PTS) 
do not call for a demonstration of steep turns on the certification 
check flight, this do 
pilot-in-training to demonstrate profi 


not eliminate the need for the instrument 


ency to an instructor. 


‘Tiaining in steep turns teaches the pilot to recognize and to 
adapt to rapidly changing aerodynamic forces that necessitate 
an increase inthe rate of cross-checking all flight instruments. 
‘The procedures for entering, maintaining and exiting a steep 
turn are the same as for shallower turns. Proficiency in 
instrument cross-check and interpretation is increased due to 
the higher aerodynamic forces and increased speed at which 
the forces are changing, 
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Performing the Maneuver 
‘To enter a steep turn to the Left, roll into a coordinated 45° 
bank turn to the left. An advantage that glass panel displays 
have over analog instrumentation is a 45° bank indication on 
the roll scale. This additional index on the roll scale allows 
the pilot to precisely roll into the desired bank angle instead 
of having to approximate it as is necessary with analog, 
instrumentation. [Figure 5-68) 


Figure 5-68. Sicep Left Turn. 
AS soon as the bank angle increases from level flight, the 
vertical component of lift begins to decrease. If the vertical 
component of lift is allowed to continue to decrease, a 
pronounced loss of altitude is indicated on the altimeter along, 
with the VSI tape, as well as the altitude trend indicator. 
Additionally, the airspeed will begin to increase due to 
the lowered pitch attitude. It is very important to have a 
comprehensive scan developed prior to training in steep 
turns. Utilization of all of the trend indicators, as well the 
VSI, altimeter, and ASI, is essential in learning to fly steep 
tums by reference to instruments alone. 


In order to avoid a loss of altitude, the pilot begins to 
slowly increase back pressure on the control yoke in order 
to increase the pitch altitude. The pitch change required is, 
usually no more than 3° to 5°, depending on the type of 
aircraft. AS the pilot increases back pressure, the angle of 
attack increases, thus increasing the vertical component of 
lift. When a deviation in altitude is indicated, proper control 
force corrections need to be made. During initial training 
of steep turns, pilots have a tendency to overbank. Over 
banking is when the bank angle exceeds 50°. As the outboard 
wing begins to travel faster through the air it will begin to 
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generate a greater and greater differential in lift compared 
to the inboard wing. As the bank angle continues to progress 
more and more steeply past 45°, the two components of lift 
(vertical and horizontal) become inversely proportionate. 


Once the angle has exceeded 45°, the horizontal component 
of lift is now the greater force. If altitude should continue to 
decrease and the pilot only applies back yoke pressure, the 
aircraft’s turn radius begins to tighten due to the increased 
horizontal force. If aft control pressure continues to increase, 
there will come a point where the loss of the vertical 
component of lift and aerodynamic wing loading prohi 
the nose of the aircraft from being raised. Any increase in 
pitch only tightens the turning radius. 


‘The key to successfully performing a steep turn by reference 
to instruments alone is the thorough understanding of the 
aerodynamics involved, as well asa quick and reliable cross: 
check. The pilot should utilize the trim to avoid holding 
control forces for any period of time. With time and practice, 
4 flight instructor can demonstrate how to successfully fly 
steep turns with and without the use of trim. Once the aircraft 
is trimmed for the maneuver, accomplishing the maneuver 
will be virtually a hands-off effort. This allows additional 
time for cross-checking and interpreting the instruments, 


It is imperative when correcting for a deviation in altitude, 
that the pilot modify the bank angle #5° in order to vary the 
vertical component of lift, nt just adjust back pressure. These 
two actions should be accomplished simultaneously. 


During the recovery from steep turns to straight-and-level 
fight, aft control forces must be varied with the power control 
to arrive back at entry altitude, heading and airspeed. 


Steps: 
1. Perform clearing turns. 


2. Roll left into a45° bank turn and immediately begin to 
increase the pitch attitude by approximately 3° 10 5°. 


3. Asthe bank rolls past 30°, increase power to maintain 
the entry airspeed, 


4, Apply trim to eliminate any aft control wheel forces 


5, Begin rolling out of the steep turn approximately 20° 
prior to the desired heading, 

6, Apply forward control pressure and place the pitch 
altitude in the level cruise pitch attitude. 

7. Reduce power to the entry power setting to mainta 
the desired airspeed. 


8, Re-trim the aircraft as soon as practical or continue 


into a right hand steep turn and continue from step 3. 


9, Once the maneuver is complete, establish cruis 


e flight 
and accomplish all appropriate checklist items. 


Unusual Attitude Recovery Protection 

‘Unusual attitudes are some of the most hazardous situations 
for a pilot to be in. Without proper recovery training 
on instrument interpretation and aircraft control, a pilot 
can quickly aggravate an abnormal flight attitude into a 
potentially fatal accident 


Analog gauges require the pilot to scan between instruments, 
to deduce the aircraft attitude. Individually, these gauges 
lack the necessary information needed for a successful 
recovery. 


EFDs have additional features to aid in recognition and 
recovery from unusual flight attitudes. ‘The PFD displays 
all the flight instruments on one screen. Each instrument is 
superimposed over a full-screen representation of the attitude 
indicator. With this configuration, the pilot no longer needs 
to transition from one instrument to another. 


The new unusual attitude recovery protection allows the pilot 
tobe ableto quickly determine the aircraft's attitude and make 
aa safe, proper and prompt recovery. Situational awareness is, 
increased by the introduction of the large full-width artificial 
horizon depicted on the PFD. This now allows forthe attitude 
indicator to be in view during all portions of the scan. 


One problem with analog gauges is that the attitude indicator 
displays a complete blue or brown Segment when the pitch 
attitude is increased toward 90° nose-up or nose-down. 


With the EFDs, the attitude indicator is designed to retain a 
portion of both sky and land representation at all times. This 
improvement allows the pilot to always know the quickest 
way to return to the horizon. Situational awareness is greatly 
increased. 


NOTE: The horizon line starts moving downward at 
approximately 47° pitch up. From this point on, the brown. 
segment will remain visible to show the pilot the quickest 
Way to return to the level pitch attitude, Figure 5-69) 


NOTE: The horizon line starts moving upward at 
approximately 27° pitch down, From this point on, the blue 
segment will remain visible to show the pilot the quickest 
Way to return to the level pitch attitude, [Figure 5-70] 


It is imperative to understand that the white line on the 
attitude indicator is the horizon line. ‘The break between the 
blue and brown symbols is only a reference and should not 
be thought of as the artificial horizon 


Another important advancement is the development of the 
unusual attitude recovery protection that is built into the PFD. 
capable by the AHRS. In the case of a nose- 
high unusual attitude, the unusual attitude recovery protection 
red chevrons which point back to the horizon line. 


software and mad 


Figure 5-69. Unusual Anitude Recovery Protection, Note the brown horizon line is visible atthe bottom. 
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Figure 5-70. Horizon line starts moving upward at 27°, Nore that the blue sky remains visible at 17° nose-down. 


‘These chevrons are positioned at 50° up on the attitude indi 
‘The chevrons appear when the aircralt approaches a nose: 
attitude of 30°. The software automatically de-clutters the PED 
leaving only airspeed, heading, attitude, VSI tape, 
and the trend vectors. The de-cluttered information reappears 
‘when the pitch attitude falls below 25°. 


himet 


For nose-low unusual attitudes, the chevrons are displayed 
‘when the pitch exceeds 15° nose-down. Ifthe pitch continues 
to decrease, the unusual attitude recovery protection de- 
clutters the screen at 20° nose-down. The de-cluttered 


information reappears when the pitch increases above 15°. 


Additionally, there are bank limits that trigger the unusual 
attitude protection. If the aircraft’s bank increases beyond 
60°, a continuation of the roll index occurs to indicate the 
shortest direction to roll the wings back to level. At 65°, the 
PED de-clutters. All information reappears when the bank 
decreases below 60° 


In Figure 5-71, the aircraft has rolled past 60°, Observe the 
white line that continues from the end of the bank index. 
This line appears to indicate the shortest distance back to 
wings level 


When experiencing a failure of the AHRS unit, all unusual 
attitude protection is lost. ‘The failure of the AHRS results, 
in the Loss ofall heading and attitude indications on the PFD. 
In addition, all modes of the autopilot, except for roll and 
altitude hold, are lost. 
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‘The following picture series represents how important this 
technology is in increasing situational awareness, and how 
critical itis in improving safety 

Figure 5-72 shows the unusual attitude protection with 
valid AHRS and air data computer (ADC) inputs. The 
bright red chevrons pointing down to the horizon indicate 
4 nose-high unusual attitude that can be easily recognized 
and corrected, 


NOTE: The red chevrons point buck to the level pitch attitude. 
‘The trend indicators show where the airspeed and altitude will 
be in 6 seconds. The trend indicator on the heading indicator 
shows which direction the aircraft is turning. ‘The stip/skid 
indicator clearly shows if the aircraft is coordinated. This 
information helps the pilot determine which type of unusual 
attitude the aircraft has taken. 


Now look at Figure 5-73. The display shows the same 
airspeed as the picture above; however, the AHRS unit has 
failed. ‘The altimeter and the VSI tape are the only clear 
indications that the aircraft is in a nose-high attitude. ‘The 
one key instrument that is no longer present is the slip/skid 
indicator. There is not a standby turn coordinator installed 
in the aircraft for the pilot to reference. 


‘The magnetic compass indicates a heading is being 
maintained; however, itis not as useful as a turn coordinator 
or slip/skid indicator. 
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Figure 5-71. Aircraft Rolled Past 60°. 
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Figure §-72. Unusual Anitude Protection With Valid AHRS. 
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(CHAPTER 6 » THE SMALL GROUP LAB AND CLASSROOM 


Some popular and successful organizations—such as Noisebridge (waw.noisebridge.net), in San 
Francisco, California, which was incorporated in the state as a “non-profit educational corporation for 
public benefit”—operate almost entirely on a “consensus basis,” sometimes known as “anarchic chaos.” 
Noisebridge’s overriding motto is “Be excellent to each other,” very often shortened to just “Be 

excellent.” Its very real success and sense of community among members is based on what seems to be a 
very local tolerance that is not to be found in many parts of the globe. If you ever get a chance, do stop by 
and prepare to be impressed. It’s an amazing place. 

A good parallel would be to visit your local public library. In the areas that still maintain libraries 
(shockingly, they are on the decline), you will find a finely tuned machine that meshes well with the 
surrounding locality. Are there bars on the windows? Ifso, you're going to need some bars on your 
windows. Are there metal detectors at the entrance? Oh, dear. Do you see any uniformed security forces 
present? These are not good signs. 

Don’t be completely discouraged, however. Sometimes a community in decline needs a little boost 
of energy and an injection of esprit de corps. This can often be accomplished by introducing some new 
alternatives for people's spare time. An ancient Muslim saying reads, “Trust in Allah, but tie your camel.” 


A Shared Resource 


Do you have a dedicated space available? Ifso, you are way ahead of the game. Finding a good location is 
half the battle. If your space is truly dedicated to your pursuits and activities (L., a private home, club, 
or makerspace), you have the advantage of being able to leave tools, components, and projects in place, 
returning to them (and finding them still there!) when the opportunity arises. “Truly dedicated” in this, 
‘sense can be equated with having your own key to the door and reasonably free access. While a 24-hour 
facility sounds like a great idea, there are a lot of logistical problems associated, such as security, utility 
costs, scheduling, and parking, just to name a few. 

Ifyour space is not-so-dedicated, such as a school lab or friend's garage, you can still make ita 
home away from home if you are able to arrange for secure storage of all your shiny toys. This could take 
the form of individual lockers or a storage closet. 

No matter what the logistical arrangements, the main challenge to providing a versatile and 
effective setting for electronic and other kinds of tinkers is basically a social one. Once it's more than just 
you, it can start to get complicated. 

Luckily, there are some time-tested methods for making these types of things run smoothly. 


Bea Hospitable Host 


Ifyou are taking the lead in arranging a shared work space, please remember that you are responsible for 
extending the appropriate hospitality to your present and future guests. This single factor will greatly 
determine the vibe, feeling, or ambiance of the facility, even more than having the latest and greatest 
tools and gizmos on hand. 

‘This task may or may not fall entirely on your shoulders. Many hands make light work. If you are 
able to delegate some of the duties of a hospitable host to other members of your group, consider doing 


‘Think of your task in the same light as planning a successful party, even if it’s one that you 
anticipate will last for days on end. These basic ideas are as old as civilized living. Think about fabulous 
‘or memorable events that you have been privileged to attend in the past, and then plan on taking 
itup anoteh. 
‘Try to anticipate the human needs of your attendees as well as their technological expectations. 
People have what seems like an endless list of requirements, some of which you can address, some not. 
Make your location known. Make this information easy to find to those interested, and easy to 
update when the venue changes. A web site is trivial to set up these days, and even a post to a popular 
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Figure 5-73. AHRS Unit Failed. 


Figure 5-74 depictsan AHRS and ADC failure. In this failure 
scenario, there are no indications of the aircraft’s attitude. The 
‘manufacturer recommends turning on the autopilot which is 
simply a wing leveler. 


With failure of the primary instrumentation on the PFD, the 
only references available are the stand-by instruments. The 
standby instrumentation consists of an analog ASI, attitude 
indicator, altimeter, and magnetic compass. There is no 
standby turn coordinator installed, 


In extreme nose- 


h or nose-low pitch attitudes, as well 
h bank angles, the analog altitude indicator has the 
potential to tumble, rendering it unusable, 


as hi 


Autopilot Usage 
‘The autopilot is equipped with inputs from a turn coordinator 
installed behind the MED screen. This turn coordinator is, 
installed solely for the use of the autopilot to facilitate the 
roll mode. Roll mode, which is simply a wing leveler. This 
protection will always be available, barring a failure of the 
turn coordinator (to aid the pilot if the aircraft attains an 
unusual attitude) 


NOTE: The pilot is not able to gain access to the turn 
coordinator. This instrument is installed behind the MFD. 
panel. [Figure 5-75] 


Most EFD equipped aircraft are coming from the factory 
with autopilots installed. However, the purchaser of the 
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aircraft can specify if an autopilot is to be installed. Extreme 
caution should be utilized when flying an EFD equipped 
aircraft without an autopilot in IMC with an AHRS and 
ADC failure 


‘The autopilot should be utilized to reduce workload, which 
affords the pilot more time to monitor the flight. Utilization 
of the autopilot also decreases the chances of entry into an 
unusual attitude. 


Flying an EFD equipped aircraft without the use of an 
autopilot has been shown to increase workload and decrease 
situational awareness for pilots first learning to flying the 
new system. 


Common Errors Leading to Unusual Attitudes 


‘The following errors have the potential to disrupt a pilot’s 
situational awareness and lead to unusual attitudes, 


1, Improper trimming techniques. A failure to keep the 
aircraft trimmed for level flight at all times ean turn 
‘4 momentary distraction into an emergency situation 
if the pilot stops eross-checking. 


2. Poor crew resource management (CRM) skills. Failure 
to perform all single-pilot resource management 
duties efficiently. A major cause of CRM related 
accidents comes from the failure of the pilot to 
maintain an organized flight deck. Items that are 
being utilized for the flight portion should be neatly 
arranged for easy access, A disorganized flight deck 


Figure 5-74. AHRS ADC Failure. 


Figure 5-75. This autopilor requires roll information from a turn cooninator 
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ccan lead to a distraction that causes the pilot to cease 
cross-checking the instruments long enough to enter 
‘an unusual attitude. 


Fixation is displayed when a pilot focuses far too 
much attention on one instrument because he or 
she perceives something is wrong or a deviation 
‘occurring. It is important for the instrument pilot to 
remember that  cross-check of several instruments 
for corroboration is more valuable than checking a 
single instrument 


4, Attempting to recover by sensory sensations other 
than sight. Recovery by instinct almost always leads 
to erroneous corrections due to the illusions that are 
prevalent during instrument flight. 


Failure to practice basic attitude instrument flying, 
When a pilot does not fly instrument approach 
procedures or even basic attitude instrument flying 
maneuvers for long periods of time, skill levels 
diminish, Pilots should avoid flying in IMC ifthey are 
not proficient, They should seek a qualified instructor 
to receive additional instruction prior to entry into 
IMC. 


Instrument Takeoff 


‘The reason for learning to fly by reference to instruments, 
to expand a pilot’s abilities to operate an aircraft 
ty less than VER. Another valuable maneuver 
to learn is the instrument takeoff, This maneuver requires 
the pilot to maneuver the aircraft during the takeoff roll by 
reference to flight instruments alone with no outside visual 
reference, With practice, 
asa standard rate turn. 


‘maneuver becomes as routine 


‘The reason behind practicing instrument takeoffs is to reduce 
the disorientation that can occur during the transitional phase 
of quickly moving the eyes from the outside references i 
to the flight instruments, 


One EFD system currently offers what is trademarked as 
synthetic vision. Synthetic vision is a three-dimensional 
computer-generated representation of the terrain that lies 
ahead of the aircraft. The display shows runways as well 
asa depiction of the terrain features based on a GPS terrain, 
database. Similar to a video game, the display generates a 
runway the pilot can maneuver down in order to maintain 
directional control. As long as the pilot tracks down the 
computer-generated runway, the aircraft will remain aligned 
with the actual runway, 


‘Not all EFD systems have such an advanced visioning system. 
With all othersystems, the pilot needs to revert tothe standard, 
procedures for instrument takeoffs. Each aircraft may require 
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4 modification to the maneuver; therefore, always obtain 
training on any new equipment to be used, 


In order to accomplish an instrument takeoff, the aircraft 
needs to be maneuvered on the centerline of the runway facing, 
the direction of departure with the nose or tail wheel straight. 
Assistance from the instructor may be necessary if the pilot 
has been taxiing while wearing a view limiting device. Lock 
the tail wheel, if so equipped, and hold the brakes firmly to 
prevent the aircraft from creeping. Cross-check the heading, 
indicator on the PFD with the magnetic compass and adjust 
for any deviations noted on the compass card. Set the heading, 
to the nearest 5° mark closest to the runway heading. This, 
allows the pilot to quickly detect any deviations from the 
desired heading and allows prompt corrective actions during, 
the takeoff roll. Using the omnibearing select (OBS) mode 
on the GPS, rotate the OBS selector until the needle points, 
to the runway heading. This adds additional situational 
awareness during the takeoff roll. Smoothly apply power to 
generate suflicient rudder authority for directional control. 
Release the brakes and continue to advance the power to the 
takeoff setting, 


As soon as the brakes are released, any deviation in heading 
needs to be corrected immediately. Avoid using brakes to 
control direction as this increases the takeoff roll, as well as 
provides the potential of overcontrolling the aircraft 


Continuously cross-check the ASI and the heading indicator 
as the aircraft accelerates. As the aircraft approaches 15-25 
knots below the rotation speed, smoothly apply aft elevator 
pressure to increase the pitch attitude to the desired takeoff 
attitude (approximately 7° for most small airplanes). With 
the pitch attitude held constant, continue to cross-check the 
fight instruments and allow the aircraft to fly off of the 
runway. Do not pull the aircraft off of the runway, Pulling, 
the aircraft off of the runway imposes left turning tendencies 
due to P-Factor, which will yaw the aircraft to the left and 
destabilize the takeoff. 


Maintain the desired pitch and bank attitudes by referencing, 
the attitude indicator and cross-check the VSI tape for an 
indication of a positive rate of climb. Take note of the magenta 
6-second altimeter trend indicator. The trend should show 
positive. Barring turbulence, all trend indications should 
be stabilized. The airspeed trend indicator should not be 
visible at this point ifthe airspeed is being held constant. An 
activation of the airspeed trend indicator shows that the pitch 
attitude is not being held at the desired value and, therefore, 
the airspeed is changing. The desired performance is to be 
climbing at a constant airspeed and vertical speed rate. Use 
the ASI as the primary instrument for the pitch indication. 


Once the aircraft has reached a safe altitude (approximately 
100 feet for insufficient runway available for landing should 
an engine failure occur) retract the landing gear and flaps 
while referencing the ASI and attitude indicator to maintain 
the desired pitch. As the configuration is changed, an 
in aft control pressure is needed in order to maintain the 
desired pitch attitude. Smoothly increase the aft control 
pressure to compensate for the change in configuration. 
Anticipate the changes and increase the rate of cross-check. 
‘The airspeed tape and altitude tape increases while the VSL 
tape is held constant. Allow the aircraft to accelerate to the 
desired climb speed, Once the desired climb speed is reached, 
reduce the power to the climb power setting as printed in 
the POH/AFM. Trim the aircraft to eliminate any control 
pressures. 
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Common Errors in Instrument Takeoffs 
Common errors associated with the instrument takeoff 
include, but are not limited to, the following: 


1, Failure to perform an adequate flight deck check 
before the takeoff, Pilots have attempted instrument 
takeoff with inoperative airspeed indicators (pitot 
tube obstructed), controls locked, and numerous 
other oversights due to haste or carelessness. It is 
imperative to cross-check the ASI as soon as possible 
No airspeed will be indicated until 20 knots of true 
airspeed is generated in some systems. 


Improper alignment on the runway. ‘This may result 
from improper brake applications, allowing the 
airplane to creep after alignment, or from alignment 
with the nosewheel or tailwheel cocked. In any case, 
the result is a built-in directional control problem as 
the takeoff starts 


3. Improper application of power. Abrupt applications of 
power complicate directional control. Power should be 


applied in a smooth and continuous manner to arrive 
al the takeoff power setting within approximately 3 
seconds. 


4, Improper use of brakes. Incorrect seat or rudder pedal 
adjustment, with feet in an uncomfortable position, 
frequently causes inadvertent application of brakes 
and excessive heading changes. 


Overcontrolling rudder pedals. This fault may be 
caused by late recognition of heading changes, tension 
on the controls, misinterpretation of the heading 
indicator (and correcting in the wrong direction), 
failure to appreciate changing effectiveness of rudder 
control as the aircraft accelerates, and other factors. If 
heading changes are observed and corrected instantly 
with small movement of the rudder pedals, swerving 
tendencies can be reduced. 


6, Failure to maintain attitude after becoming airbome. 
If the pilot reacts to seat-of-the-pants sensations when 
the airplane lifts off, pitch control is guesswork. 
‘The pilot may either allow excessive pitch or apply 
excessive forward-elevator pressure, depending on 
the reaction to trim changes. 


7, Inadequate cross-check. Fixations are likely during the 
trim changes, attitude changes, gear and flap retractions, 
and power changes. Once an instrument or a control 
input is applied, continue the cross-check and note the 
effect control during the next cross-check sequence. 


8, Inadequate interpretation of instruments. Failure 
to understand instrument indications immediately 
indicates that further study of the maneuver is 


necessary, 


Basic Instrument Flight Patterns 

After attaining a reasonable degree of proficiency in basic 
maneuvers, apply these skills to the various combinations 
of individual maneuvers. The practice flight patterns, 
beginning on page 5-30, are directly applicable to operational 
instrument flying. 
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Chapter 6 


Helicopter Attitude 
Instrument Flying 


Altitude instrument flying in helicopters is essentially visual 
flying with the flight instruments substituted for the various 
reference points on the helicopter and the natural horizon, 
Control changes, required (o produce a given attitude by 
reference to instruments, are identical to those used in 


sesare the same. Basic instrument training is intended to 
block toward attaining an instrument rating. 


Flight Instruments 


When flying a helicopter with reference to the flight 
instruments, proper instrument interpretation is the basis, 
for aircraft control. Skill, in part, depends on understanding, 
how a particular instrument or system functions, including, 
its indications and limitations (see Chapter 3, Flight 
Instruments). With this knowledge, a pilot can quickly 
interpret an instrument indication and translate that 
information into a control response. 


Instrument Flight 


‘To achieve smooth, positive control of the helicopter during 
instrument flight, three fundamental skills must be developed 
They are instrument cross-check, instrument interpretation, 
and aircraft control 


Instrument Cross-Check 
Cross-checking, sometimes referred to as scanning, is the 
continuous and logical observation of instruments for attitude 
and performance information. In attitude instrument flying, 
an altitude is maintained by reference to the instruments, 
which produces the desired result in performance. Due to 
hhuman error, instrument error, and helicopter performance 
differences in various atmospheric and loading conditions, 
itis difficult to establish an attitude and have performance 


remain constant for a long period of time. These variables 
make it necessary to constantly check the instruments and 
make appropriate changes in the helicopter’s attitude, The 
actual technique may vary depending on what instruments 
are installed and where they are installed, as well as pilot 
experience and proficiency level. This discussion concentrates 
on the six basic flight instruments. [Figure 6-1] 


AL first, there may be a tendency to cross-check rapidly. 
looking directly at the instruments without knowing exactly 
what information is nee 


ed. However, with familiarity and 
practice, the instrument cross-check reveals definite trends 
during specific flight conditions. These trends help a pilot 
control the helicopter as it makes a transition from one flight 
condition to another, 


When full concentration is applied to a sing! 
problem called fixation is encountered. This results from a 
natural human inclination to observe a specific instrument 
carefully and accurately, often to the exclusion of other 
instruments, Fixation on a single instrument usually results 
in poor control. For example, while performing a turn, there 
isa tendeney to watch only the turn-and-slip indicator instead 
of including other instruments in the cross-check. This 
fixation on the turn-and-slip indicator often leads to a loss of 
altitude through poor pitch-and-hank control. Look at each 


instrument, a 


Figure 6-1. Jn most situations, she crass-check pattern includes the attitude indicator between the crass-check of each of the other 


instruments. A typical eross-check might progress as follows: attinule indicator, altimeter, attitude indicator, vertical speed indicator 


attitude indicator, heading indicator, attiaude indicator, and so on. 


62 


instrument only long enough to understand the information 
it presents, and then proceed to the next one. Similarly, too 
much emphasis can be placed on a single instrument, instead 
of relying on a combination of instruments necessary for 
helicopter performance information, This differs from fixation 
in that other instruments are included in a cross-check, but too 
‘much attention is placed on one particular instrument. 


During performance of a maneuver, there is sometimes 
a failure to anticipate significant instrument indications 
following attitude changes. For example, during level off 
from a climb or descent, a pilot may concentrate on pitch 
control, while forgetting about heading or roll information, 
This error, called omission, results in erratic control of 
heading and bank. 


In spite of these common errors, most pilots can adapt well to 
flight by instrument reference after instruction and practice. 
Many find that they can control the helicopter more 
and precisely by instruments, 


Instrument Interpretation 
The flight instruments together give a picture of what is, 
happening. No one instrument is more important than the 
next; however, during certain maneuvers or conditions, 
those instruments that provide the most pertinent and useful 
information are termed primary instruments, Those which 
back up and supplement the primary instruments are termed 
supporting instruments. For example, since the attitude 
indicator is the only instrument that provides instant and 
ect aircraft attitude information, it should be considered 
primary during any change in pitch or bank attitude. After 
the new attitude is established, other instruments become 
primary, and the attitude indicator usually becomes the 
supporting instrument. 


Aircraft Control 
Controlling a heticopter isthe result of accurately interpreting, 
the flight instruments and translating these readings 
into correct control responses. Aircraft control involves 
adjustment to pitch, bank, power, and trim in order to achieve 
a desired flight path. 


Pitch attitude control is controlling the movement of 
the helicopter about its lateral axis. After interpreting 
the helicopter’s pitch attitude by reference to the pitch 
instruments (attitude indicator, altimeter, airspeed 
indicator, and vertical speed indicator (VSI), cyclic control 
adjustments are made to affect the desired pitch attitude. In 
this chapter, the pitch attitudes depicted are approximate 
and vary with different helicopters. 


Bank attitude control is controlling the angle made by the 
lateral till of the rotor and the natural horizon, or the movement 
of the heticopter about its longitudinal axis. After interpreting, 
the helicopter’s bank instruments (attitude indicator, heading, 
indicator, and turn indicator), cyclic control adjustments are 
made to attain the desired bank attitude. 


Power control is the application of collective pitch with 
corresponding throttle control, where applicable. In straight- 
and-level flight, changes of collective pitch are made to 
correct for altitude deviation if the error is more than 100 
feet, or the airspeed is off by more than 10 knots. Ifthe error 
is less than that amount, a pilot should use a slight eyelic 
climb or descent, 


In order to fly a helicopter by reference to the instruments, it 
is important to know the approximate power settings required 
fora particular helicopter in various load configurations and 
flight conditions 


‘Trim, in helicopters, refers to the use of the cyclic centering 
button, if the helicopter is so equipped, to relieve all 
possible cyctic pressures. Trim also refers to the use of pedal 
adjustment to center the ball of the turn indicator. Pedal trim. 
is required during all power changes. 


‘The proper adjustment of collective pitch and eyclic friction 
helps a pilot relax during instrument flight, Friction should 
be adjusted to minimize overcontrolling and to prevent 
creeping, but not applied to such a degree that control 
movement is limited, In addition, many helicopters equipped 
for instrument flight contain stability augmentation systems 
or an autopilot to help relieve pilot workload 


Straight-and-Level Flight 


Straight-and-level unaccelerated flight consists of maintaining, 
the desired altitude, heading, airspeed, and pedal trim. 


Pitch Control 
‘The pitch attitude of a helicopter is the angular relation of 
its longitudinal axis to the natural horizon. If available, the 
used to establish the desired pitch attitude, 
In evel flight, pitch attitude varies with airspeed and center of 
gravity (CG). Ata constant altitude and a stabilized airspeed, 
the pitch attitude is approximately level. [Figure 6-2 


Attitude Indicator 

‘The attitude indicator gives a direct indication of the pitch 
attitude of the helicopter. In visual flight, attain the desired 
pitch attitude by using the cyclic to raise and lower the nose 


Figure 6: 
indicator. 


of the helicopter in relation to the natural horizon. During 
{rument flight, follow exactly the same procedure in 
raising or lowering the miniature aircraft in relation to the 
horizon bar. 


‘There is some delay between control application and resultant 
instrument change. ‘This is the normal control lag in the 
helicopter and should not be confused with instrument lag. 
‘The attitude indicator may show small misrepresentations, 
of pitch attitude during maneuvers involving acceleration, 
deceleration, or turns. This precession error can be detected 
quickly by cross-checking the other pitch instruments. 


Ifthe miniature aircraft is properly adjusted on the ground, 
‘may not require readjustment in flight. Ifthe miniature aircraft 
is not on the horizon bar after level off at normal cruising, 
airspeed, adjust it as necessary while maintaining level flight 
with the other pitch instruments. Once the miniature aircraft 
has been adjusted in level flight at normal cruising airspeed, 
leave it unchanged so it gives an accurate picture of pitch 
attitude at all times. 


When making initial pitch attitude corrections to maintain 
altitude, the changes of attitude should be small and smoothly 
applied. The initial movement of the horizon bar should not 
exceed one bar width high or low. /Figure 6-3] If a further 
adjustment is required, an additional correction of one-half bar 
normally corrects any deviation from the desired altitude. This, 
one-and-one-half bar correction is normally the maximum. 
pitch attitude correction from level flight attitude. 


Alter making the correction, cross-check the other pitch 
instruments to determine whether the pitch attitude change 
is sufficient. If additional correction is needed to return to 
altitude, or if the airspeed varies more than 10 knots from 
that desired, adjust the power. 
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The flight instruments for pitch control are the airspeed indicator, attiwde indicator, altime 


1, and vertical speed 


Altimeter 

‘The altimeter gives an indirect indication of the pitch 
attitude of the helicopter in straight-and-level flight, Since 
the altitude should remain constant in level flight, deviation 
from the desired altitude indicates a need for a change in 
pitch attitude and power as necessary. When losing altitude, 
raise the pitch attitude and adjust power as necessary. When 
gaining altitude, lower the pitch attitude and adjust power 
as necessary. Indications for power changes are explained 
in the next paragraph. 


‘The rate at which the altimeter moves helps to determine pitch 
attitude, A very slow movement of the altimeter indicates 
4 small deviation from the desired pitch attitude, while a 


Figure 6-3. The initial pitch correction at normal eruise is one bar 
width or less, 


ent of the altimeter indicates a large deviation 
from the desired pitch attitude. Make any corrective action 
promptly, with small control changes. Also, remember that 
movement of the altimeter should always be corrected by 
two distinct changes. The first is a change of attitude to stop 
the altimeter movement; the second is a change of attitude to 
return smoothly to the desired altitude. Ifaltitude and airspeed. 
are more than 100 feet and 10 knots low, respectively, apply 
power in addition to an increase of pitch attitude. If the 
altitude and airspeed are high by more than 100 feet and 10 
knots, reduce power and lower the pitch attitude. 


There is a small lag in the movement of the altimeter; 
however, forall practical purposes, cons 
gives an immediate indication of a chang 
change in pitch altitude. Since the altimeter provides the 
‘most pertinent information regarding pitch in level flight, it 
is considered primary for pitch 


fer that the altimeter 


or a need for 


Vertical Speed Indicator (VSI) 

‘The VSI gives an indirect indication of the pitch attitude of 
the helicopter and should be used in conjunction with the 
other pitch instruments to attain a high degree of accuracy 
and precision. The instrument indicates zero when in level 
flight. Any movement of the needle from the zero position, 
shows a need for an immediate change in pitch attitude to 
return it to zero, Always use the VSI in conjunction with 
the altimeter in level flight. If a movement of the VSI is 
detected, immediately use the proper corrective measures 
to return it to zero. Ifthe correction is made promptly, there 
is usually little or no change in altitude. If the needle of the 
VSI does not indicate zero, the altimeter indicates a gain or 
loss of altitude. 


The initial movement of the vertical speed needle is 
instantaneous and indicates the trend of the vertical movement 
of the helicopter. A period of time is necessary for the VSI 10 
reach its maximum point of deflection after a correction has, 
been made. This time element is commonly referred to as 
instrument lag. The lag is directly proportional to the speed 
and magnitude of the pitch change. When employing smooth 
control techniques and small adjustments in pitch attitude are 
‘made, lag is minimized, and the VSI is easy to interpret. 


Overcontrolling can be minimized by first neutralizing the 
controls and allowing the pitch attitude to stabilize, then 
readjusting the pitch attitude by noting the indications of the 
other pitch instruments, 


Occasionally, the VSI may be slightly out of calibration. 
This could result in the instrument indicating a slight climb 
or descent even when the helicopter is in level flight. If the 
instrument cannot be calibrated properly, this error must be 


taken into consideration when using the VSI for pitch control. 
For example, if descent of 100 feet per minute (fpm) is the 
vertical speed indication when the helicopter isin level flight, 
use that indication as level flight. Any deviation from that 
reading would indicate a change in attitude. 


Airspeed Indicator 
‘The airspeed indicator 
helicopter pitch attitude. With a given power setting and 
pitch attitude, the airspeed remains constant. Ifthe airspeed 
increases, the nose is too low and should be raised. If the 
airspeed decreases, the nose is too high and should be 
lowered. A rapid change in airspeed indicates a large change 
in pitch attitude, and a slow change in airspeed indicates a 
small change in pitch attitude. There is very little lag in the 
indications ofthe airspeed indicator. If, while making attitude 
changes, there is some lag between control application and 
change of airspeed, it is most likely due to cyclic control lag. 
Generally, a departure from the desired airspeed, due to an 
inadvertent pitch attitude change, also results in a change in 
altitude. For example, an increase in airspeed due to a low 
pitch attitude results in a decrease in altitude. A correction in 
the pitch attitude regains both airspeed and altitude. 


an indirect indication of 


Bank Control 
‘The bank attitude of a helicopter is the angular rel 
its lateral axis to the natural horizon. To maintain a strai 
course in visual flight, keep the lateral axis of the helicopter 
level with the natural horizon. Assuming the helicopter is in 
iny deviation from a laterally level attitude 
Figure 6-4] 


mn of 


Attitude Indicator 

‘The attitude indicator gives a direct indication of the bank 
attitude of the helicopter. For instrument flight, the miniature 
aircraft and the horizon bar of the attitude indicator are 
substituted for the actual helicopter and the natural horizon. 
Any change in bank attitude of the helicopter is indicated 
instantly by the miniature aircraft. For proper interpretation 
of this instrument, imagine being in the miniature aircraft. If 
the helicopter is properly trimmed and the rotor tilts, a turn 
begins. The turn can be stopped by leveling the miniature 
aircraft with the horizon bar. The ball in the turn-and-slip 
indicator should always be kept centered through proper 
pedal trim. 


‘The angle of bank is indicated by the pointer on the banking 
scale at the top of the instrument. [Figure 6-5] Small bank 
angles, which may not be seen by observing the miniature 
aircraft, can easily be determined by referring to the banking, 
scale pointer. 
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CHAPTER 6 = THE SMALL GROUP LAB AND CLASSROOM 


forum will tend to be accessible via Internet search engines, in time. There's a new social media outlet 
popping up every third Tuesday, so avail yourself to what makes sense for your audience. Word of 
mouth only goes so far these days. 

Once you've gone to the trouble of publishing your location, go the extra mile and put out some sort 
of actual sign or indicator that your arriving guests have found the right spot. If you have ai ble 
logo or symbol associated with your group, be sure to proudly wave that flag. People don’t like feeling 
lost, or unsure whether they're entering a welcoming space or about to trespass on private property. 

Let everyone know when they are expected as well as when they are nor expected. Post your regular 
meeting times, if you have them, Alternatively, make known the appropriate hours of operation. It's 
disappointing to be turned away at the door just because it’s 1:00 a.m. on a school night. 

‘When possible, welcome your guests. This makes a big impression on both newcomers as well as 
the regulars. Being part of a group is supposed to enfiance a feeling of inclusiveness and belonging. We 
are social animals at heart, and even a simple hello is often the prelude to an interesting and productive 
time together. 

Have rules. Make these rules known. A sign on the front door is not out of place, as long as it’s not 
too negative or off-putting. Rules should prevent problems from occurring, and not be enacted as a 
spontaneous reaction when problems inevitably occur. 

Ensure your guests’ comfort when attending. Is there enough room for the largest (and the smallest) 

ipant io safely enter and exit the facilities? Is there adequate lighting in the common areas, if they 
exist? Is there a place for everyone to sit? Who has dominion over the thermostat? 

Do you plan on making refreshments available? Will this duty rotate among the membership? Keep 
track of such things, if only to keep from overextending yourself in all the myriad details of hosting a 
successful meeting. While massive banqueting and consumption of yummies make for a festive and. 
enjoyable association, these activities are not always aligned with maintaining an effective laboratory. 
Separate the feeding trough from the work areas. Stay focused on what you're trying to accomplish here. 

Will everyone have access to restrooms, and whose job is it to keep these areas tidy? 

And the most important question of all: Who takes out the trash? 


Be a Courteous Guest 


Just as it's important to play the role of the hospitable host, itis likewise critical to be a courteous guest 
‘when visiting a facility, whether you are a paid-up member in good standing or an invited guest. Again, 
these guidelines will vary according to the intents and purposes of your lab, but the basics will always 
remain the same. 

Ifpossible, and when appropriate, let your host know if you are planning on attending. This won't 
apply in a causal, drop-in type of laboratory. Even so, by making your intentions of attending known 
ahead of time, you might influence (one way or the other) the attendance of other potential participants. 
Nothing succeeds like success. A well-attended party has a better potential for awesomeness than a 
sparsely peopled event. 

Arrive on time or within the established time frames set forth by your host. Similarly, unless you 
have been granted special access, plan on leaving at a reasonable time as well. Benjamin Franklin wrote 
his Poor Richard's Almanack (1736) that "Fish & Visitors stink in 3 days.” Don't be a stinker. 

‘Try to contribute something. Don't show up empty-handed, expecting to be fed, entertained, and 
enlightened. 
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Figure 6-4. The flight instruments used for bank control are the attinude, heading, and turn indicators 


Pitch-and-bank altitudes can be determined simultaneously 
oon the attitude indicator. Even though the miniature aircraft 
is not level with the horizon bar, pitch attitude can be 
established by observing the relative position of the miniature 
aircraft and the horizon bar. 


‘The attitude indicator may show small misrepresentations 
of bank attitude during maneuvers that involve turns. This, 
precession error can be detected immediately by closely 
cross-checking the other bank instruments during these 
maneuvers. Precession is normally noticed when rolling 
ut of a turn. If, upon completion of a turn, the miniature 
aircraft is level and the helicopter is still turning, make a 


small change of bank attitude to center the turn needle and, 
stop the movement of the heading indicator, 


Heading Indicator 

In coordinated flight, the heading indicator gives an indirect, 
indication of a heticopter’s bank attitude. When a helicopter is, 
banked, itturns. When the lateral axis of a helicopter is level, 
§ straight. Therefore, in coordinated flight when the 
heading indicator shows constant heading, the helicopter is, 
level laterally, A deviation from the desired heading indicates, 
‘abank in the direction the helicopter is turning. A small angle 
of bank is indicated by a slow change of heading; large angle 
of bank is indicated by a rapid change of heading. If a turn 
is noticed, apply opposite cyclic until the heading indicator 


Figure 6-5. The banking scale at the top of the attitude indicator indicates varying degrees of bank. In this example, the helicopter is 


banked approximately 15° tothe right. 
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indicates the desired heading, simultaneously ensuring the 
ball is centered. When making the correction to the desired 
heading, do not use a bank angle greater than that required 
to achieve a standard rate turn. In addition, if the number 
of degrees of change is small, limit the bank angle to the 
number of degrees to be tuned. Bank angles greater than 
these require more skill and precision in attaining the desired 
results, During straight-and-level flight, the heading indicator 
is the primary reference for bank control. 


Turn Indicator 

During coordinated flight, the needle of the turn-and-slip 
indicator gives an indirect indication of the bank attitude 
of the helicopter. When the needle is displaced from the 
vertical position, the helicopter is turning in the direction of 
the displacement, Thus, if the needle is displaced to the left, 
the helicopter is turning left. Bringing the needle back to 
the vertical position with the cyclic produces straight flight. 
A close observation of the needle is necessary to accurately 
interpret small deviations from the desired position. 


Cross-check the ball ofthe turn-and-slip indicator to determine 
if the helicopter is in coordinated flight. (Figure 6-6) If 
the rotor is laterally level and pedal pressure properly 
compensates for torque, the ball remains in the center. To 
center the ball, level the helicopter laterally by reference to 
the other bank instruments, then center the ball with pedal 
trim. Torque correction pressures vary as power changes are 
made. Always check the ball after stich changes. 


Figure 6-8. Coordinated flight is indicated by centering of the ball. 


Common Errors During Straight-and-Level Flight 
1, Failure to maintain altitude 
2. Failure to maintain heading 
3, Overcontrolling pitch and bank during corrections 
4, Failure to maintain proper pedal trim 
5. Failure to cross-check all available instruments 


Power Control During Straight-and-Level Flight 
Establishing specific power settings is accomplished through 
collective pitch adjustments and throttle control, where 
necessary. For reciprocating-powered helicopters, power 
indication is observed on the manifold pressure gauge. 
For turbine-powered helicopters, power is observed on the 
torque gauge. (Although most Instrument Flight Rules (IFR)- 
certified helicopters are turbine powered, depictions within 
this chapter use a reciprocating-powered helicopter as this, 
is where training is most likely conducted.) 


At any given airspeed, a specific power setting determines 
whether the helicopter is in level flight, in a climb, or in a 
descent. For example, cruising airspeed maintained with 
cruising power results in level flight. If pilot inereases the 
power setting and holds the airspeed constant, the helicopter 
climbs. Conversely, if the pilot decreases power and holds 
the airspeed constant, the helicopter descends. 


NY zy, 
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{the altitude is held constant, power determines the airspeed. 
For example, at a constant altitude, cruising power results, 
in cruising airspeed. Any deviation from the cruising power 
setting results in a change of airspeed. When power is added. 
to increase airspeed, the nose of the helicopter pitches up and 
yaws to the right ina helicopter with a counterclockwise main 
rotor blade rotation. /Figure 6-7] When power is reduced to 
decrease airspeed, the nose pitches down and yaws to the 
left. /Figure 6-8) The yawing effect is most pronounced in 
single-rotor helicopters, and is absent in helicopters with 
counter-rotating rotors. To counteract the yawing tendency 
of the helicopter, apply pedal trim during power changes. 


‘To maintain a constant altitude and airspeed in level flight, 
coordinate pitch attitude and power control. The relationship 
between altitude and airspeed determines the need for a 
change in power and/or pitch attitude. If the altitude is 
constant and the airsp igh or low, change the power to 
obtain the desired airspeed. During the change in power, make 
an accurate interpretation of the altimeter, then counteract, 
any deviation from the desired altitude by an appropriate 
change of pitch attitude. Ifthe altitude is low and the airspeed 
is high, or vice versa, a change in pitch attitude alone may 
return the helicopter to the proper altitude and airspeed. If 
both airspeed and altitude are low, or if both are high, changes 
in both power and pitch attitude are necessary. 


‘To make power control easy when changing airspeed, 
necessary to know the approximate power settings for the 


various airspeeds at which the helicopter is flown, When the 
airspeed is to be changed by any appreciable amount, adjust 
the power so that it is over or under that setting necessary 
to maintain the new airspeed. As the power approaches the 
desired setting, include the manifold pressure in the cross- 
check to determine when the proper adjustment has been 
accomplished. As the airspeed is changing, adjust the pitch 
attitude to maintain a constant altitude. A constant heading, 
should be maintained throughout the change. As the desired 
airspeed is approached, adjust power to the new cruising 
power setting and further adjust pitch attitude to maintain 
altitude. The instrument indications for straight-and-level 
flight at normal cruise and during the transition from normal 
cruise to slow cruise are illustrated in Figures 6-9 and 6-10. 
After the airspeed stabilizes at slow cruise, the attitude 
indicator shows an approximate level pitch attitude: 


‘The altimeter is the primary pitch instrument during level 
flight, whether flying at a constant airspeed or during a 
change in airspeed. Altitude should not change during 
airspeed transitions, and the heading indicator remains the 
primary bank instrument. Whenever the airspeed is changed 
by an appreciable amount, the manifold pressure gauge is, 
momentarily the primary instrument for power control. 
When the airspeed approaches the desired reading, the 
airspeed indicator again becomes the primary instrument 
for power control. 


Figure 6-7. Flight instrument indications in straight-and-level flight with power increasing. 
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Figure 6-8, Flight instrument indications in straight-and-level flight with power decreasing. 


Figure 6-8. Flight instrument indications n straight-and-level flight at normal cruise speed 


Primary power as airspeed 
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Figure 6-10. Flight instrument indications in straight-and-level flight with airspeed decreasing. 


‘To produce straight-and-level flight, the cross-check of the 
pitch-and-bank instruments should be combined with the 
power control instruments. With a constant power setting, a 
normal cross-check should be satisfactory. When changing, 
power, the speed of the cross-check must be increased 10 
cover the pitch-and-bank instruments adequately. This is, 
necessary lo counteract any deviations immediately. 


Common Errors During Airspeed Changes 
1. Improper use of power 
2. Overcontrolting pitch attitude 
3, Failure to maintain heading 
4, Failure to maintain altitude 


5S. Improper pedal trim 


For any power setting and load condition, there is only 
one airspeed that t rate of climb, 
‘To determine this, consult the climb data for the type of 
helicopter being flown. The technique varies according to 
the airspeed on entry and whether a constant airspe 
constant rate climb is made. 


ives the most effi 


6-10 


Entry 
‘Toenter a constant airspeed climb from cruise airspeed when 
the climb speed is Lower than cruise speed, simultaneously 


increase power to the climb power setting and adjust pitch 
attitude to the approximate climb attitude. The increase in 


power causes the helicopter to start climbing and only v 


slight back cyclic pressure is needed to complete the change 
from level to climb attitude. The attitude indicator should 
be used to accomplish the pitch change. If the transition 
from level flight to a climb is smooth, the VSI shows an 
immediate upward trend and then stops at arate appropriate 
to the stabilized airspeed and attitude. Primary and supporting, 
instruments for climb entry are illustrated in Figure 6-11 


When the helicopter stabilizes at a constant airspeed and 
attitude, the airspeed indicator becomes primary for pitch. 
‘The manifold pressure continues to be primary for power and 
should be monitored closely to determine ifthe properclimb 
power setting is being maintained. Primary and supporting, 
instruments for a stabilized constant airspeed climb are shown, 
in Figure 6-12. 


‘The technique and procedures for entering a constant rate 
climb are very similar to those previously described for a 
constant airspeed climb. For training purposes, a constant 
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Figure 6-11. Flight instrument indications during climb entry for a constant-airspeed climb. 
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Figure 6-12. Flight instrument indications in a stabilized constant-airspeed climb, 


rate climb is entered from climb airspeed. Use the rate 
appropriate for the particular helicopter being flown. 
Normally, in helicopters with low climb rates, 500 fpm is 
appropriate. In helicopters capable of high climb rates, use 
arate of 1,000 fpm. 


‘To enter a constant rate climb, increase power to the 
approximate setting for the desired rate. As power is 
applied, the airspeed indicator is primary for pitch until the 
vertical speed approaches the desired rate. At this time, the 
VSI becomes primary for pitch. Change pitch attitude by 
reference to the attitude indicator to maintain the desired 
vertical speed. When the VSI becomes primary for pitch, the 
airspeed indicator becomes primary for power. Primary and 
supporting instruments fora stabilized constant rate climb are 
illustrated in Figure 6-13. Adjust power to maintain desired 
airspeed. Pitch attitude and power corrections should be 
closely coordinated. ‘To illustrate this, if the vertical speed 
is correct but the airspeed is low, add power. As power is 
increased, it may be necessary to lower the pitch attitude 
slightly to avoid increasing the vertical rate. Adjust the pitch 
attitude smoothly to avoid overcontrolting. Small power 
corrections are usually sufficient to bring the airspeed back 
to the desired indication. 


Level off 
‘The level off from a constant airspeed climb must be started 
before reaching the desired altitude. Although the amount 


Sea 


of lead varies with the type of helicopter being flown and 
pilot technique, the most important factor is vertical speed. 
‘As a rule of thumb, use 10 percent of the vertical velocity 
as the lead point. For example, if the rate of climb is 500 
{pm, initiate the level off approximately 50 feet before the 
desired altitude, When the proper lead altitude is reached, the 
altimeter becomes primary for pitch, Adjust the pitch attitude 
to the level flight attitude for that airspeed. Cross-check the 
altimeter and VSI to determine when level flight has been 
attained at the desired altitude. If cruise airspeed is higher 
than climb airspeed, leave the power at the climb power 
setting until the airspeed approaches cruise airspeed, and 
then reduce it to the cruise power setting. The level off from 
‘constant rate climb is accomplished in the same manner as 
the level off from a constant airspeed climb, 


A descent may be performed at any normal airspeed the 
helicopter can attain, but the airspeed must be determined 
prior to entry, The technique is determined by the type of 
descent, a constant airspeed or a constant rate 


Entry 
If airspeed is higher than descending airspeed, and a constant 
airspeed descent is desired, reduce power to a descent 
power setting and maintain a constant altitude using eyclic 
pitch control, This slows the helicopter. As the helicopter 
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Figure 6-13. Flight Instrument Indications in a Stabilized Constant-Rate Climb. 
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approaches the descending airspeed, the airspeed indicator 
becomes primary for pitch and the manifold pressure is, 
primary for power. Holding the airspeed constant causes the 
helicopter to descend, For a constant rate descent, reduce the 
power to the approximate setting for the desired rate. If the 
descent is started at the descending airspeed, the airspeed 
indicator is primary for pitch until the VSI approaches the 
desired rate. At this time, the VSI becomes primary for 
pitch, and the airspeed indicator becomes primary for power. 
Coordinate power and pitch attitude control as previously 
described on page 6-10 for constant rate 


imbs. 


Level Off 
The level off from a constant airspeed descent may be 
made at descending airspeed or at cruise airspeed, if this is 
higher than descending airspeed. As in a climb level off, the 
amount of lead depends on the rate of descent and control 
technique. For a level off at descending airspeed, the lead 
should be approximately 10 percent of the vertical speed. At 
the lead altitude, simultaneously increase power to the setting, 
necessary to maintain descending airspeed in level flight. At 
this point, the altimeter becomes primary for pitch, and the 
airspeed indicator becomes primary for power. 


‘To level off at an airspeed higher than descending airspeed, 
increase the power approximately 100 to 150 feet prior to 
reaching the desired altitude. The power setting should be that 
which is necessary to maintain the desired airspeed in level, 
flight. Hold the vertical speed constant until approximately 
50 feet above the desired altitude. At this point, the altimeter 
becomes primary for pitch and the airspeed indicator becomes, 
primary for power. The level off from a constant rate descent 
should be accomplished in the same manner as the level off 
from a constant airspeed descent 


Common Errors During Straight Climbs and 
Descents 


1. Failure to maintain heading 


2. Improper use of power 
3. Poor control of pitch attitude 
4, Failure to maintain proper pedal trim 


Failure to level off on desired altitude 


Turns 


‘Turns made by reference to the flight instruments should 
be made at a precise rate. Turns described in this chapter 
are those not exceeding a standard rate of 3° per second 
as indicated on the turn-and-slip indicator. True airspeed 
determines the angle of bank necessary to maintain a standard 
rate turn, A tule of thumb to determine the approximate angle 


of bank required for a standard rate turn is to use 15 percent 
of the airspeed. A simple way to determine this amount is, 
to divide the airspeed by 10 and add one-half the result, For 
example, at 60 knots approximately 9° of bank is required 
(60 + 10 = 6, 6 +3 = 9; at 80 knots approximately 12° of 
bank is needed for a standard rate tum, 


‘TD enter a tum, apply lateral cyclic in the direction of the 
desired turn. The entry should be accomplished smoothly, 
using the attitude indicator to establish the approximate bank 
angle. When the turn indi 
it becomes primary for bank. The attitude indicator now 
becomes a supporting instrument, During level turns, the 
altimeter is primary for pitch, and the airspeed indicator is, 
primary for power. Primary and supporting instruments for a 
stabilized standard rate turn are illustrated in Figure 6-14. If 
aan increase in power is required to maintain airspeed, slight 
forward cyclic pressure may be required since the helicopter 
tends to pitch up as collective pitch is increased. Apply pedal 
trim, as required, to keep the ball centered. 


or indicates a standard rate turn, 


‘To recover to straight-and-level flight, apply cyclic in the 
direction opposite the turn, The rate of roll-out should be the 
same as the rate used when rolling into the turn. As the turn 
recovery is initiated, the attitude indicator becomes primary 
for bank. When the helicopter is approximately level, the 
heading indicator becomes primary for bank as in straight- 
and-level flight. Cross-check the airspeed indicator and ball 
closely to maintain the desired airspeed and pedal trim. 


Tur to a Predetermined Heading 
A helicopter turns as long as its lateral axis is tilted; 
therefore, the recovery must start before the desired heading, 
is reached. The amount of lead varies with the rate of turn 
and piloting technique. 


Asa guide, when making a 3° per second rate of turn, use a 
lead of one-half the bank angle. For example, if using a 12° 
bank angle, use half of that, or 6°, as the lead point prior to the 
desired heading. Use this lead until the exact amount required 
by a particular technique can be determined. The bank angle 
should never exceed the number of degrees to be turned. 
As in any standard rate turn, the rate of recovery should be 
the same as the rate of entry. During turns to predetermined 
headings, cross-check the primary and supporting pitch, bank, 
and power instruments closely. 


Timed Turns 
A timed turn is a turn in which the clock and turn-and-slip 
indicator ate used to change heading a definite number of 
degrees in a given time. For example, using a standard rate 
turn, a helicopter turns 45° in 15 seconds. Using a half- 
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Figure 6-14. Flight Instrument Indications in a Standan-Rate Turn to the Left. 


standard rate turn, the helicopter turns 45° in 30 seconds, 
‘Timed turns can be used if the heading indicator becomes, 
inoperative 


Prior to performing timed tums, the turn coordinator should 
be calibrated to determine the accuracy of its indications. 
‘To do this, establish a standard rate turn by referring to the 
tum-and-slip indicator. Then, as the sweep second hand of 
the clock passes a cardinal point (12, 3, 6, or 9), check the 
heading on the heading indicator. While holding the indicated 
rate of turn constant, note the heading changes at 10-second, 
intervals. If the helicopter turns more or less than 30° in 
that interval, a smaller or larger deflection of the need 
sary to produce a standard rate turn, After the turn- 
ip indicator has been calibrated during turns in each 
direction, note the corrected deflections, if any, and apply 
them during all timed turns. 


and 


Use the same cross-check and control technique in making 
timed turns that is used to make turns to a predetermined 
heading, but substitute the clock for the heading indicator. 
‘The needle of the turn-and-slip indicator is primary for bank 
control, the altimeter is primary for pitch control, and the 
airspeed indicator is primary for power control. Begin the 
roll-in when the clock’s second hand passes a cardinal point; 
hold the turn at the calibrated standard rate indication, or 
half-standard rate for small changes in heading; then begin 
the roll-out when the computed number of seconds has 
elapsed, Ifthe roll-in and roll-out rates are the same, the time 
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taken during entry and recovery need not be considered in 
the time computation, 


If practicing timed tums with a full instrument panel, check 
the heading indicator for the accuracy of the tums. If executing, 
tums without the heading indicator, use the magnetic compass, 
at the completion of the turn to check tum accuracy, taking, 
compass deviation errors into consideration. 


Change of Airspeed in Turns 
Changing airspeed in turns is an effective maneuver for 
increasing proficiency in all three basic instrument skills 
Since the maneuver involves simultaneous changes in all 
components of control, proper execution requires a rapid 
cross-check and interpretation, as well as smooth control 
Proficiency in the maneuver also contributes to confidence in 
the instruments during attitude and power changes involved 
in more complex maneuvers. 


Pitch and power control techniques are the same as those 
used during airspeed changes in straight-and-level flight 
As discussed previously, the angle of bank necessary for a 
given rate of turn is proportional to the true airspeed. Since 
the turns are executed at standard rate, the angle of bank 
must be varied in direct proportion to the airspeed change in 
order to maintain a constant rate of turn, During a reduction 
of airspeed, decrease the angle of bank and increase the pitch 
attitude to maintain altitude and a standard rate turn 


Altimeter and turn indicator readings should remain constant 
out the turn. The altimeter is primary for pitch control, 
and the turn needle is primary for bank control. Manifold 
pressure is primary for power control while the airspeed 
changing. As the airspeed approaches the new indication, the 
airspeed indicator becomes primary for power control. 


‘Two methods of changing airspeed in turns may be used. 
In the first method, airspeed is changed after the turn 
established. In the second method, the airspeed change 
is initiated simultaneously with the turn entry. The first 
method is easier, but regardless of the method used, the rate 
of cross-check must be increased as power is reduced. As 
the helicopter decelerates, check the altimeter and VSI for 
needed pitch changes, and the bank instruments for needed 
bank changes. If the needle of the turn-and-stip indicator 
shows a deviation from the desired deflection, change the 
bank. Adjust pitch attitude to maintain altitude. When the 
airspeed approaches that desired, the airspeed indicator 
becomes primary for power control. Adjust the power to 
maintain the desired airspeed. Use pedal trim to ensure the 
maneuver is coordinated. 


Until control technique is very smooth, frequently cross- 
check the attitude indicator to keep from overcontrolling, 
and to provide approximate bank angles appropriate for the 
changing airspeeds 


Compass Turns 
The use of gyroscopic heading indicators makes heading 
control very easy. However, if the heading indicator fails, 
or the helicopter is not equipped with one, use the magnetic 
compass for heading reference. When making compass-only 
tums, a pilot needs to adjust for the lead or lag created by 
acceleration and deceleration errors so that the helicopter 
rolls out on the desired heading. When turning to a heading 
of north, the lead for the roll-out must include the number of 
degrees of latitude plus the lead normally used in recovery 
from tums. During a turn to a south heading, maintain the 
tum until the compass passes south the number of degrees 
of latitude, minus the normal roll-out lead. For example, 
‘when turning from an easterly direction to north, where the 
latitude is 30°, start the roll-out when the compass reads 
37° (30° plus one-half the 15° angle of bank, or whatever 
amount is appropriate for the rate of roll-out). When turning, 
terly direction to south, start the roll-out when 


from an 
the magnetic compass reads 203° (180° plus 30° minus one- 
half the angle of bank). When making similar turns from a 
westerly direction, the appropriate points at which to begin, 
the roll-out would be 323° for a turn to north, and 157° for 
a turn to south. 


30° Bank Turn 

A turn using 30° of bank is seldom necessary or advisable 
in instrument meteorological conditions (IMC), and is 
jered an unusual attitude in a helicopter. However, it 
an excellent maneuver to practice to increase the ability to 
react quickly and smoothly to rapid changes of attitude. Even 
though the entry and recovery techniques are the same as for 
any other turn, it is more difficult to control pitch because 
I lift as the bank increases. Also, 
ease in vertical lift, there is a tendency 


of the decrease in verti 
because of the dk 
to lose altitude and/or airspeed. Therefore, to maintain a 
constant altitude and airspeed, additional power is required. 
Do not initiate a correction, however, until the instruments, 
indicate the need for one. During the maneuver, note the 
need for a correction on the altimeter and VSI, check the 
autitude indicator, and then make the necessary adjustments, 
After making a change, check the altimeter and VSI again to 
determine whether or not the correction was adequate. 


Climbing and Descending Turns 
For climbing and descending turns, the techniques described. 
previously for straight climbs, descents, and standard rate 
turns are combined. For practice, simultaneously turn and 
start the climb or descent. The primary and supporting 
instruments for a stabilized constant airspeed left climbing, 
tur are illustrated in Figure 6-15. The level off from a 
climbing or descending turn is the same as the level off from 
a straight climb or descent. Tb return to straight-and-level, 
flight, stop the turn and then level off, or level off and then 
stop the turn, or simultaneously level off and stop the turn. 
During climbing and descending turns, keep the ball of the 
turn indicator centered with pedal trim. 


Common Errors During Turns 
1, Failure to maintain desired turn rate 

Failure to maintain altitude in level turns 

Failure to maintain desired airspeed 

Variation in the rate of entry and recovery 

Failure to use proper lead in turns to a heading 


Failure to properly compute time during timed turns 


Failure to use proper leads and lags during the compass 
turns 


8. Improper use of power 


9, Failure to use proper pedal trim 
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(CHAPTER 6 = THE SMALL GROUP LAB AND CLASSROOM 


Workstations 


Now it's time to talk about your workstations. Even if't's just you in the lab, having a separate 
‘workstation for each type of activity is a great idea. For example, you might have one workstation set up 
for programming a computer, another for soldering electronics, and another for working with power 
tools, such as a drill press or a saw. 

‘Workstations dedicated to a particular task should have everything within easy reach, including 
tooling, supplies, power, and lighting. Don’t waste time by forcing people to wander around the lab 
looking for the right drill bit or magnifying glass. Keep everything close so you can find what you need, 
when you need it. 

Having a place for everything ahead of time is the best way to follow the wise adage, “A place for 
everything and everything in its place.” You get to decide where everything lives. It doesn’t hurt to go 
ahead and label everything conspicuously so that others can find their way around the lab. 

Ifyou have several people wanting to work on the same kinds of projects at the same ti 
‘going to need multiple, nearly identical workstations. The exact number depends on your available 
space and the number of people you expect to want to participate simultaneously, as well as your 
budget. 

Most indoor-oriented work can often be performed at a work table. Exceptions include giant-scale 
mechatronics, pyrotechnics, and underwater robotics. Some of their constituent bits and pieces, 
however, can be crafted on an adequately prepared work table. 

Make sure each work area has plenty of power outlets available. You're almost guaranteed to run 
short at some point. Take care not to overload your circuits, however. If you anticipate needing a lot 
more power than is presently provisioned, you're going to have to consider the real possibility of having 
your facility expanded by qualified, licensed professionals. These requirements will vary from one 
location to the next. Check with your local building codes to be sure. 

As repeated often in previous chapters, you can never have foo much lighting available, especially 
for the more detail-oriented chores. Typical indoor room lighting is just about adequate for finding your 
way out of the room, and that’s about all. You'll need area lighting for each workstation, and possible 

tional task lighting, depending on your particular requirements, 

n can be challenging, Wireless networking is a good way 
to accommodate a relatively small number of users at once. More than a handful of computers trying to 
‘access the Internet at the same time can bring many wireless routers to a slow crawl. Dedicated high 
speed Ethernet connectivity is more expensive and takes more effort to deploy, but offers much greater 
bandwidth to your lab-folk. 

Ifyou're especially cramped (or dimensionally constrained) in your lab, you'll need to get inventive. 
For example, a table placed in the center of the room can be approached from multiple sides. There's no 
reason all the workbenches have to be pushed up against a wall, allowing access from only a single side. 
Get creative! 


Safety Planning 


While it's tempting to fil up all the available space in a lab with workstations, especially when the budget 
permits it, do try to leave a bit of common area here and there. You always want to be able to walk away 
from a workstation with the same (or sometimes even more) rapidity you approached it with. Fire is an 
excellent example of such a motivator. 
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Unusual Attitudes 


Any maneuver not required for normal helicopter instrument 
flight is an unusual attitude and may be caused by any one 
or combination of factors such as turbulence, disorientation, 
instrument failure, confusion, preoccupation with flight deck 
duties, carelessness in cross-checking, errors in instrument 
interpretation, or lack of proficiency in aircraft control. Due 
to the instability characteristics of the helicopter, unusual 
attitudes can be extremely critical, AS soon as an unustil 
attitude is detected, make a recovery to straight-and-level 
{light as soon as possible with a minimum loss of altitude 


‘To recover from an unusual altitude, a pilot should correct 
bank-and-pitch attitude and adjust power as necessary. All 
components are changed almost simultaneously, with little 
lead of one over the other. A pilot must be able to perform 
this task with and without the attitude indicator. If the 
helicopter is in a climbing or descending turn, adjust bank, 
pitch, and power. The bank attitude should be corrected 
by referring to the turn-and-slip indicator and attitude 
indicator. Pitch attitude should be corrected by reference to 
the altimeter, airspeed indicator, VSI, and attitude indicator. 
Adjust power by referring to the airspeed indicator and 
‘manifold pressure. 


Since the displacement of the controls used in recovery from 
unusual attitudes may be greater than those used for normal 
flight, make careful adjustments as straight-and-level flight 
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is approached. Cross-check the other instruments closely to 
avoid avercontrolling. 


Common Errors During Unusual Attitude 
Recoveries 
1, Failure to make proper pitch correction 


Failure to make proper bank correction 


3. Failure to make proper power correction 


Overcontrolling pitch and/or bank attitude 


Overcontrolling power 


6. Excessive loss of altitude 


Emergencies 


Emergencies during instrument flight are handled similarly 
to those occurring during VER flight. A thorough knowledge 
of the helicopter and its systems, as well as good aeronautical 
knowledge and judgment, is the best preparation for 
emergency situations. Safe operations begin with preflight 
planning and a thorough preflight inspection. Plan a route 
of flight to include adequate landing sites in the event of an 
emergency landing. Make sure all resources, such as maps, 
publications, flashlights, and fire extinguishers are readily 
available for use in an emergency 


During any emergency, first fly the aircraft. This means ensure 
the helicopter is under control, and determine emergency 
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Figure 6-16. Flight Instrument Indications for a Stabilized Left Climbing Turn at a Constant Airspeed, 
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landing sites. Then perform the emergency checklist memory 
items, followed by items written in the rotorcraft flight 
‘manual (RFM). When all these items are under control, notify 
air traffic control (ATC). Declare any emergency on the last 
assigned ATC frequency. If one was not issued, transmit on 
the emergency frequency 121.5. Set the transponder to the 
emergency squawk code 7700. This code triggers an alarm 
or special indicator in radar facilities. 


‘When experiencing most in-flight emergencies, such as low 
fuel or complete electrical failure, land as soon as possible. 
In the event of an electrical fire, turn off all nonessential 
equipment and land immediately. Some essential electrical 
instruments, such as the attitude indicator, may be required 
fora sale landing. A navigation radio failure may not require 
an immediate landing if the flight can continue safely. In 
case, land as soon as practical. ATC may be able to 
provide vectors to a safe landing area. For specific details 
on what to do during an emergency, refer to the RFM for 
the helicopter. 


Autorotations 
Both straight-ahead and turning autorotations should be 
practiced by reference to instruments. This training ensures, 
prompt corrective action to maintain positive aircraft control 
in the event of an engine failure 


‘To enter autorotation, reduce collective pitch smoothly to 
maintain a safe rotor RPM and apply pedal trim to keep the 
ball of the turn-and-slip indicator centered. The pitch attitude 
of the helicopter should be approximately level as shown by 
the altitude indicator. The airspeed indicator is the primary 
pitch instrument and should be adjusted to the recommended 
autorotation speed. The heading indicator is primary for bank 
in a straight-ahead autorotation, In a turning autorotation, a 
standard rate turn should be maintained by re 
needle of the turn-and-slip indicator. 


Common Errors During Autorotations 
1, Uncoordinated entry due to improper pedal trim 
2. Poor airspeed control due to improper pitch attitude 
3, Poor heading control in straight-ahead autorotations 
4, Failure to maintain proper rotor RPM 
5. Failure to maintain a standard rate turn during turning 


autorotations 


Servo Failure 
“Most helicopters certified forsingle-pilot IFR fight are required 
to have autopilots, which greatly reduces pilot workload. Ifan 
autopilot servo fails, however, resume manual control of the 
helicopter. The amount of workload inerease depends on which 


servo fails. If a cyclic servo fails, a pilot may want to land 
immediately because the workload increases tremendously. If 
an antitorque or collective servo fails, continuing to the next 
suitable landing site might be possible. 


Instrument Takeoff 


‘The procedures and techniques described here should be 
modified as necessary to conform to those set forth in the 
‘operating instructions for the particular helicopter being 
flown. During training, instrument takeoffs should not 
be attempted except when receiving instruction from an 
appropriately certificated, proficient flight instructor pilot. 


Adjust the miniature aircraft in the attitude indicator, as 
appropriate, for the aircraft being flown. After the helicopter 
isaligned with the runway or takeoff pad, to prevent forward 
movement of a helicopter equipped with a wheel-type landing, 
gear, set the parking brakes or apply the toe brakes. If the 
parking brake is used, it must be unlocked after the takeoff 
has been completed. Apply sulficient friction tothe collective 
pitch control to minimize overcontrolling and to prevent 
creeping, Excessive friction should be avoided since it limits, 
collective pitch movement, 


After checking all instruments for proper indications, start 
the takeoff by applying collective pitch and a predetermined. 
power setting. Add power smoothly and steadily to gain 
airspeed and altitude simultaneously and to prevent settling 10 
the ground. As power is applied and the helicopter becomes 
airborne, use the antitorque pedals initially to maintain the 
desired heading. At the same time, apply forward cyclic to 
begin accelerating to climbing airspeed. During the initial 
acceleration, the pitch attitude ofthe helicopter, as read on the 
attitude indicator, should be one- to two-bar widths low. The 
primary and supporting instruments after becoming airborne 
are illustrated in Figure 6-16. As the airspeed increases to the 
appropriate climb airspeed, adjust pitch gradually to climb 
attitude, As climb airspeed is reached, reduce power to the 
climb power setting and transition to a fully coordinated 
straight climb. 


During the initial climb out, minor heading corrections 
should be made with pedals only until sufficient airspeed is, 
attained to transition to fully coordinated flight. Throughout 
the instrument takeoff, instrument cross-check and 
interpretations must be rapid and accurate, and aircraft control 
positive and smooth. 
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Figure 6-16. Flight Instrument Indications During an Instrument Takeoff 


Common Errors During Instrument Takeoffs 
1, Failure to maintain heading 
2. Overcontrolling pedals 


Failure to use requi 


3 ed power 
4, Failure to adjust pitch attitude as climbing airspeed is, 
reached 


Changing Technology 


Advances in technology have brought about changes in 
the instrumentation found in all types of aircraft, including 
helicopters. Electronic displays commonly referred to as 
“glass cockpits” are becoming more common, Primary flight 
displays (PFDs) and multi-function displays (MFDs) are 
changing not only what information is available to a pilot 
but also how that information is displayed. 


6-18 


Illustrations of technological advancements in instrumentation 
are described as follows. In Figure 6-17, a typical PFD 
depicts an aircraft flying straight-and-level at 3,000 
feet and 100 knots. Figure 6-18 illustrates @ nose-low 
pitch attitude in a right turn, MFDs can be configured to 
provide navigation information such as the moving map in 


Figure 6-19 or information pertaining to aircraft systems as 
in Figure 6-20. 
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Figure 6-17. PFD Indications During Straight-and-Level Flight 
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Figure 6-19. MFD Display of a Moving Map, 


Figure 6-20. MED Display of Aircraft Systems, 
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This chapter provides the basic radio principles applicable to 

tion equipment, as well 8s anf operational kn 
of how to use these systems in instrument flight. Thi 
information provides the framework for all instrument 
procedures, including standardsintstrument departure 
procedures (SIDS), departure procedures (DPs), holding 
patterns, and approaches, because eath,of th ns 
consists mainly of accurate attitude instrument flying and 
accurate trac 


Basic Radio Principles 


A radio wave is an electromagnetic (EM) wave with 
frequency characteristics that make it useful. The wave 
will travel long distances through space (in or out of the 
atmosphere) without losing too much strength. An antenna 
is used to convert electric current into a radio wave so it can 
travel through space to the receiving antenna, which converts, 
it back into an electric current for use by a receiver. 


How Radio Waves Propagate 
All matter has a varying degree of conductivity or resistance 
to radio waves. The Earth itself acts as the greatest resistor 
to radio waves. Radiated energy that travels near the ground, 
induces a voltage in the ground that subtracts energy from the 
‘wave, decreasing the strength of the wave as the distance from 
the antenna becomes greater. Trees, buildings, and mineral 
deposits affect the strength to varying degrees. Radiated 
energy in the upper atmosphere is likewise affected as the 
energy of radiation is absorbed by molecules of air, water, 
and dust. The characteristics of radio wave propagation vary 
according to the signal frequency and the design, use, and 
limitations of the equipment. 


Ground 
A ground wave travels across the surface of the Earth. You 
can best imagine a ground wave’s path as being in a tunnel 
or alley bounded by the surface of the Earth and by the 
ionosphere, which keeps the ground wave from going out 
into space. Generally, the lower the frequency, the farther 
the signal will travel, 
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Ground waves are usable for navigation purposes because 
they travel reliably and predictably along the same route 
day after day, and are not influenced by too many outside 
factors. The ground wave frequency range is generally from 
the lowest frequencies in the radio range (perhaps as low as 
100 Hz) up to approximately 1,000 kHz (1 MHz). Although 
there is a ground wave component to frequencies above this, 
up to 30 MHz, the ground wave at these higher frequencies 
loses strength over very short distances. 


Sky Wave 

“The sky wave, at frequencies of 1 to 30 MHz, is good for 
ong distances because these frequencies are refracted or 
“bent” by the ionosphere, causing the signal to be sent back 
to Earth from high in the sky and received great distances, 
away. [Figure 7-1] Used by high frequency (HF) radios in 
aircraft, messages can be sent across oceans using only 50 
to 100 watts of power. Frequencies that produce a sky wave 
are not used for navigation because the pathway of the signal 
from transmitter to receiver is highly variable. The wave is, 
“bounced” off of the ionosphere, which is always changing, 
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due to the varying amount of the suns radiation reaching it 
(night/day and seasonal variations, sunspot activity, etc.). The 
sky wave is, therefore, unreliable for navigation purposes. 


For aeronautical communication purposes, the sky wave 
(HE) is about 80 t0 90 percent reliable. HF is being gradually 
replaced by more reliable satellite communication. 


Space 
When able to pass through the ionosphere, radio waves 
of 15 MHz and above (all the way up to many GHz), are 
considered space waves. Most navigation systems operate 
als propagating as space waves. Frequencies above 
100 MHz have nearly no ground or sky wave components. 
‘They are space waves, but (except for global positioning 
system (GPS) the navigation signal is used before it reaches, 
the ionosphere so the effect of the ionosphere, which can 
‘cause some propagation errors, is minimal. GPS errors 
‘caused by passage through the ionosphere are significant 
and are corrected for by the GPS receiver system. 
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Space waves have another characteristic of concern to users. 
Space waves reflect off hard objects and may be blocked if 
the object is between the transmitter and the receiver. Site 
and terrain error, as well as propeller/rotor modulation error 
in very high omnidirectional range (VOR) systems is caused 
bby this bounce. Instrument landing system (ILS) course 
distortion is also the result of this phenomenon, which led 
to the need for establishment of ILS critical areas. 


lonosphere 


Figure 7-1. Ground, Space, and Sky Wave Propogation. 


Generally, space waves are “line of sight” receivable, but 
those of lower frequencies will “bend” somewhat over the 
horizon. The VOR signal at 108 to 118 MHz is a lower 
frequency than distance measuring equipment (DME) at 962 
to 1213 MHz. Therefore, when an aircraft is flown “over the 
horizon” from a VOR/DME station, the DME will normally 
be the first to stop functioning, 


Disturbances to Radio Wave Reception 
Static distorts the radio wave and inte 
reception of communications and navigation signals. Low- 
frequency airborne equipment such as automatic direction 
ler (ADF) and LORAN are particularly subject to static 
disturbance. Using very high frequency (VHF) and ultra- 
high frequency (UHF) frequencies avoids many of the 
discharge noise effects. Static noise heard on navigation 
or communication radio frequencies may be a warning of 
interference with navigation instrument displays. Some of 
the problems caused by precipitation static (P-static) are: 


with normal 


+ Complete loss of VHF communications, 
+ Erroneous magnetic compass readings. 


* Aircraft flying with one wing low while using the 
autopilot. 


+ High-pitched squeal on audio, 
+ Motorboat sound on audio. 
+ Loss ofall avionies, 


+ Inoperative very-low frequency (VLF) navigation 
system. 


+ Erratic instrument readouts. 


+ Weak transmis 


jons and poor radio reception, 


+ St. Elmo’s Fire. 


Traditional Navigation Systems 
Nondirectional Radio Beacon (NDB) 

‘The nondirectional radio beacon (NDB) is a ground-based 
radio transmitter that transmits radio energy in all directions. 
‘The ADF, when used with an NDB, determines the bearing 
from the aircraft to the transmitting station. The indicator 
may be mounted in a separate instrument in the aircraft 
panel. [Figure 7-2] The ADF needle points to the NDB 
ground station to determine the relative bearing (RB) to the 
transmitting station. It is the number of degrees measured 
clockwise between the aircraft's heading and the direction 
from which the bearing is taken, The aircraft's magnetic 
heading (MH) is the direction the aircraft is pointed with 
respect to magnetic north. The magnetic bearing (MB) is the 
direction to or from a radio transmitting station measured 
relative to magnetic north, 


NDB Components 

‘The ground equipment, the NDB, transmits in the frequency 
range of 190 to 535 kHz. Most ADFs will also tune the AM 
broadcast band frequencies above the NDB band (550 to 
1650 kHz). However, these frequencies are not approved 
for navigation because stations do not continuously identify 


themselves, and they are much more susceptible to sky 
wave propagation especially from dusk to dawn. NDB 
stations are capable of voice transmission and are often used 
for transmitting the automated weather observing system 
(AWOS). The aircraft must be in operational range of the 
NDB. Coverage depends on the strength of the transmitting 
station. Before relying on ADF indications, identify the 
station by listening to the Morse code identifier. NDB stations 
are usually two letters or an alpha-numeric combination 


ADF Components 

‘The airborne equipment includes two antennas, a receiver, 
and the indicator instrument, The “sense” antenna (non- 
directional) receives signals with nearly equal efficiency 
from all directions. The “loop” antenna receives signals 


better from two directions (bidirectional). When the loop 
and sense antenna inputs are processed together in the ADF 
radio, the result i the ability to receive a radio signal well in 
alldirections but one, thus resolving all directional ambiguity 


‘The indicator instrument can be one of four kinds: fixed- 
card ADE, rotatable compass-card ADE, or radio magnetic 
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Figure 7-2. ADF Indicator Instrument and Receiver 
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indicator (RMI) with either one needle or dual needle. Fixed- 
card ADF (also known as the relative bearing indicator (RBI)) 
always indicates zero at the top of the instrument, with the 
needle indicating the RB to the station. Figure 7-3 indicates, 
an RB of 135°; if the MH is 045°, the MB to the station is, 
180°, (MH + RB = MB to the station.) 


The movabl 


ard ADF allows the pilot to rotate the 
aircratt’s present heading to the top of the instrument so 
that the head of the needle indicates MB to the station and. 
the tail indicates MB from the station. Figure 7-4 indicates, 
a heading of 045°, MB to the station of 180°, and MB from 
the station of 360°, 


The RMI differs from the movable-card ADF in that it 
automatically rotates the azimuth card (remotely controlled 
by a gyrocompass) to represent aircraft heading, The RMI 
has two needles, which can be used to indicate navigation 
information from either the ADF or the VOR receiver. When 
aneedle is being driven by the ADF, the head of the needle 
indicates the MB TO the station tuned on the ADF receiver. 
The tail of the needle is the bearing FROM the station. When 
ancedle of the RMI is driven by a VOR receiver, the needle 
indicates where the aircraft is radially with respect to the 
VOR station. The needle points to the bearing TO the station, 
as read on the azimuth card, The tail of the needle points to 
the radial of the VOR the aircraft is currently on or crossing, 
Figure 7-5 indicates a heading of 005°, the MB to the station. 
is 005°, and the MB from the station is 185°, 
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Figure 73. Relaive bearing (RB) on a fxed-card indicator. Note 
that the card always indicates 360°, or north. In this ease, the 
relative bearing tothe station is 135° to the right. Ifthe aircraft 
were on a magnetic heading of 360°, then the magnetic bearing 
(MB) would also be 138°. 
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Function of ADF 
‘The ADF can be used to plot your position, track inbound 
and outbound, and intercept a bearing. These procedures 
are used to execute holding patterns and nonprecision 
instrument approaches. 


Orientation 
‘The ADF needle points TO the station, regardless of aircraft 
heading or position. The RB indicated is thus the angular 
relationship between the aircraft heading and the station, 
measured clockwise from the nose of the aircraft. Think of 
the nose/tail and left/right needle indications, visualizing the 
ADF dial in terms of the longitudinal axis of the aircralt 
When the needle points to 0°, the nose of the aircraft points, 
directly to the station; with the pointer on 210°, the station 
is 30° to the left of the tail; with the pointer on 090°, the 
station i off the right wingtip. The RB alone does not indicate 
aircraft position. The RB must be related to aircraft heading, 
in order to determine direction to or from the station, 


Station Passage 
When you are near the station, slight deviations from 
the desired track result in large deflections of the needle. 
Therefore, it is important to establish the correct drift 
correction angle as soon as possible. Make small heading 
corrections (not over 5*) as soon as the needle shows a 
deviation from course, until it begins to rotate steadily toward 
wingtip position orshows erratic left/right oscillations. You 


Figure 7-4. Relative bearing (RB) on a movable-card indicator. By 
placing the aircraft's magnetic heading (MH) of 045° under the 
‘op index, the relative bearing (RB) of 133° tothe right will also 
be the magnetic bearing (no wind conditions) which will take you 
to the transmitting station 


VOR needle. 


Figure 7-5. Radio magnetic indicator (RMI). Because the aircraft's 
magnetic heading is automatically changed, the relative bearing 
(RB), inthis case 095°, wil indicate the magnetic bearing (095°) 
tw the station (no wind conditions) and the magnetic heading that 
will ake you there. 


are abeam a station when the needle points 90° off your track. 
Hold your last corrected heading constant and time station 
passage when the needle shows either wingtip position or 
settles at or near the 180° position. The time interval from 
the first indications of station proximity to positive station 
passage varies with altitude—a few seconds at low levels to 
3 minutes at high altitude. 


Homing 
‘The ADF may be used to “home” in on a station. Homing, 
is flying the aircraft on any heading required to keep the 
needle pointing directly to the 0° RB po 
ona station, tune the station, identify the Morse code signal, 
and then turn the aircraft to bring the ADF azimuth needle to 
the 0° RB position. Turns should be made using the heading 
indicator. When the turn is complete, check the ADF needle 
and make small corrections as necessary. 


ition. To home in 


Figure 7-6 illustrates homing starting from an initial MH of 
(050° and an RB of 310°, indicating a 50° left turn is needed 
to produce an RB of zero, Turn lefi, rolling out at 50° minus, 
50° equals 360°. Small heading corrections are then made 
to zero the ADF needle. 


there 
direct track over the ground. With a crosswind, the aircraft 
will follow a circuitous path to the station on the downwind 
side of the direct track to the station, 


xno wind, the aircraft will home to the station on a 


Tracking 


‘Tracking uses a heading that will maintain the desired track 
to or from the station regardless of crosswind conditions. 
Interpretation of the heading indicator and needle is done to 
‘maintain a constant MB to or from the station, 


‘Totrack inbound, turn to the heading that will produce a zero 
RB. Maintain this heading until off-course drift is indicated 
by displacement of the needle, which will occur if there is a 
crosswind (needle moving left = wind from the left; needle 
moving right = wind from the right). A rapid rate of bearing, 
change with a constant heading indicates either a strong, 
crosswind of close proximity to the station or both. When 
there is a definite (2° to 5°) change in needle reading, turn 
in the direction of needle deflection to intercept the initial 
MB. The angle of interception must be greater than the 
number of degrees of drift, otherwise the aircraft will slowly 
drift due to the wind pushing the aircraft. If repeated often 
enough, the track to the station will appear circular and the 
distance greatly increased as compared to a straight track. 
‘The intercept angle depends on the rate of drift, the aircraft 
speed, and station proximity. Initially, itis standard to double 
the RB when turning toward your course. 


For example, if your heading equals your course and the 
needle points 10° left, tum 20° left, twice the initial RB. 
[Figure 7-7] This will be your intercept angle to capture the 
RB. Hold this heading until the needle is deflected 20° in 
the opposite direction. That is, the deflection of the needle 
equals the interception angle (in this case 20°). The track has 
been intercepted, and the aircraft will remain on track as long, 
as the RB remains the same number of degrees as the wind 
correction angle (WCA), the angle between the desired track 
and the heading of the aircraft necessary to keep the aircraft 
tracking over the desired track. Lead the interception to avoid. 
overshooting the track. Tarn 10° toward the inbound course. 
You are now inbound with a 10° left correction angle 


NOTE: In Figure 7-7, for the aircraft closest to the station, the 
WCA is 10° left and the RB is 10° right. If those values do 
not change, the aircraft will track directly to the station. If you 
observe off-course deflection in the original direction, turn 
again to the original interception heading. When the desired 
course has been re-intercepted, turn 5° toward the inbound 
course, proceeding inbound with a 15° drift correction. Ifthe 
initial 10° drift correction is excessive, as shown by needle 
deflection away from the wind, turn to parallel the desired 
course and let the wind drift you back on course. When the 
needle is again zeroed, turn into the wind with a reduced 
drift correction angle. 
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CHAPTER 6 = THE SMALL GROUP LAB AND CLASSROOM 


Tip Keep a properly selected and maintained fire extinguisher at each workstation, if possible. 


Post emergency procedures prominently, where everyone, including 
evacuation plan, complete with map and "You are here” indicator posted at each workstation. Hopefully 
you will never need it, 


Presentations 


Are you excited about your latest project? Have you just learned a great new skill? Setting up your lab for 
group presentations is an excellent way to communicate these ideas to your friends, family, and. 
coworkers. 

Make your vieti#s guests comfortable. Have adequate seating for everyone, with plenty of room 
between the rows (if you have more than one row of chairs). Ensure that everyone has a good view of 
what you intend to present. 

Will the attendees be expected to take notes? Then perhaps you should set up tables where they can 
comfortably jot down some of the more spectacular aspects of your presentation. If you will be providing 
a handout or other documentation packages, make sure you have enough for the anticipated demand. 
Will you be entertaining questions or comments either during the presentation or afterward? Then make 
sure that not only can your audience see you, but that you can see them. 

Ifyou're going to be using some sort of projector for your presentation, by all means set aside some 
time to get to know the equipment ahead of time, Nothing ever seems to work just exactly as you 
imagined that it should. This seems to be an invariant law of presentation physics. No one is really sure 
why. 

Your audience's time is just as valuable as your own. In fact, if there are only two people attending, 
then their collective time is worth approximately twice as much as yours. Think about it. Have all your 
ducks in a row, so to speak. Wasting time figuring out which cable goes where is not a good use of your 
time together. 


Summary 


‘Wow! You can really go crazy setting up a shared electronics lab, can’t you? 

Before you even flip on the light in your shiny new group lab, you should already have an insightful 
idea of who is going to be using it and why. You should also have some honest expectations of what your 
own expectations are going to be, and how you would like to interact with both the lab itself and its 
population. 

The details, of course, are always going to be specific to your particular situation. Be on guard, 
however, for the future. It's going to sneak up on you, someday. Not too long ago, for example, it took a 
fairly hefty desk to keep a modern personal computer up off the floor. That kind of computing power 
now fits in a pocket, Think of what better uses you could dream up for that space these days! 

‘That kind of forward thinking is exactly what turns the dreams of today into the reality of tomorrow. 
It’s forward-thinking people like you, dear reader, that help map out those realities. Take the 
opportunity you have right now fo spend some quality time daydreaming about how things could be. 
‘Then take those steps necessary to make it happen. Your family, your society, and your world expect 
‘great things from you. You can do it! 
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Figure 7-8. ADF Homing With a Crosswind. 
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RB = 10° RIGHT 


Figure 7-7. ADF Tracking Inbound. 
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‘To track outbound, the same principles apply: needle moving, 
left = wind from the left, needle moving right = wind from the 
right, Wind correction is made toward the needle deflection. 
‘The only exception is while the turn to establish the WCA is 
being made, the direction of the azimuth needle deflections i 


reversed. When tracking inbound, needle deflection decreases, 
while turning to establish the WCA, and needle deflection 
increases when tracking outbound. Note the example of 
course interception and outbound tracking in Figure 7-8 


Intercepting Bearings 
ADF orientation and tracking procedures may be applied to 
intercept a specified inbound or outbound MB. To intercept 
an inbound bearing of 355°, the following steps may be used. 
[Figure 7-9] 


1. Determine your position in relation to the station by 
paralleling the desired inbound bearing. In this case, 
turn to a heading of 355°, Note that the station is to 
the right front of the aircraft 


Determine the number of degrees of needle deflection 
from the nose of the aircralt. In this case, the needle’s 
RB from the aircraft's nose is 40° to the right. A rule 
of thumb for interception is to double this RB amount 
as an interception angle (80°). 

3. Tumthe fed MB the number of 
degrees determined for the interception angle which 
as indicated (in two above) is twice the initial RB 
(40°), or in this case 80°. Therefore, the right turn will 
‘be 80° from the initial MB of 355°, or a turn to 075° 
magnetic (355° + 80° + 075°). 

4, Maintain this interception heading of 075° until the 

is deflected the same number of degrees “left” 

from the zero position as the angle of interception 

(080°, (minus any lead appropriate for the rate at which 

the bearing is changing), 

‘Turn left 80° and the RB (in a no wind condition and 

with proper compensation for the rate of the ADF 

needle movement) should be 0°, or directly off the 
nose. Additionally, the MB should be 355° indicating 
proper interception of the desired course. 


ircraft toward the des 


needl 


NOTE: The rate of an ADF needle movement or any bearing, 
pointer for that matter will be faster as aircraft position 
becomes closer to the station or waypoint (WP). 


Interception of an outbound MB can be accomplished by the 
same procedures as for the inbound intercept, except that 
it is necessary to substitute the 180° position for the zero 
position on the needle. 
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Operational Errors of ADF 

Some of the common pilot-induced errors associated with 
ADF navigation are listed below to help you avoid making, 
the same mistakes. The errors are: 


1, Improper tuning and station identification. Many pilots 
have made the mistake of homing or tracking to the 
wrong station. 

2. Positively identifying any malfunctions of the RML 
slaving system or ignoring the warning flag. 


3. Dependence on homing rather than proper tracking. 
‘This commonly results from sole reliance on the ADF 
dications, rather than correlating them with heading 


indications 

4, Poor orientation, due to failure to follow proper steps 
in orientation and tracking, 

5. Careless interception angl 
‘you rush the initial orienta 


, very likely to happen if 
ion procedure. 


6. Overshooting and undershooting predetermined MBs, 
often due to forgetting the course interception angles 
used. 

7. Failure to maintain selected headings. Any heading 
change is accompanied by an ADF needle change. 
‘The instruments must be read in combination before 
any interpretation is made. 


8, Failure to understand the limitations of the ADF and 
the factors that affect its use. 


9. Overcontrolling track corrections close to the station 
(chasing the ADF needle), due to failure to understand 
or recognize station approach. 


10. Failure to keep the heading indicator set so it agrees 
with the magnetic compass. 


Very High Frequency Omnidirectional Range 
(vor) 

VOR is the primary navigational aid (NAVAID) used by ci 
aviation in the National Airspace System (NAS). The VOR 
ground station is oriented to magnetic north and transmits, 
azimuth information to the aircraft, providing 360 courses, 
‘TO or FROM the VOR station. When DME is installed with 
the VOR, itis referred to as a VOR/DME and provides both 
azimuth and distance information. When military tactical ai 
navigation (TACAN) equipment is installed with the VOR, 
it is known as a VORTAC and provides both azimuth and. 

istance information, 


Figure 7-8. ADF Interception and Tracking Outbound. 
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Figure 7-8, Interception of Bearing. 


‘The courses oriented FROM the station are called radials, The 
VOR information received by an aircraft is not influenced 
by aircraft attitude or heading, [Figure 7-10) Radials can 
be envisioned to be like the spokes of a wheel on which the 
aircraft is on one specific radial at any time. For example, 
aircraft A (heading 180°) is inbound on the 360° radial; after 
crossing the station, the aircraft is outbound on the 180° 
radial at AL. Aircraft B is shown crossing the 225° radial. 
Similarly, at any point around the station, an aircraft can be 
located somewhere on a specific VOR radial. Additionally, 
a VOR needle on an RMI will always point to the course 
that will take you to the VOR station where conversely the 
ADF needle points tothe station asa RB from the aircraft. In 
the example above, the ADF needle at position A would be 
pointed straight ahead, at Al to the aircraft's 180° position 
(ail) and at B, to the aircratt’s right 


The VOR receiver measures and presents information to 
indicate bearing TO or FROM the station. In addition to the 
navigation signals transmitted by the VOR, a Morse code 
signal is transmitted concurrently to identify the facility, as 
well as voice transmissions for communication and relay of 
‘weather and other information. 


VORS are classified according to their operational uses. The 
standard VOR facility has 4 power output of approximately 
200 watts, with a maximum usable range depending upon 
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the aircraft altitude, class of facility, location of the facility, 
terrain conditions within the usable area of the facility, and 
other factors. Above and beyond certain altitude and distance 
limits, signal interference from other VOR facilities and a 
weak signal make it unreliable. Coverage is typically at least 
40 miles at normal minimum instrument flight rules (IFR) 
altitudes. VORs with accuracy problems in parts of their 
service volume are listed in Notices to Airmen (NOTAMs) 
and in the Airport/Facility Directory (A/FD) under the name 
of the NAVAID. 


VOR Components 

‘The ground equipment consists of a VOR ground station, 
which is a small, low building topped with a flat white disc, 
upon which are located the VOR antennas and a fiberglass 
cone-shaped tower. [Figure 7-11] The station includes an 
automatic monitoring system, The monitor automatically 
turns off defective equipment and turns on the standby 
transmitter. Generally, the accuracy of the signal from the 
ground station is within 1° 


VOR facilities are aurally identified by Morse code, or 
voice, or both. The VOR can be used for ground-to-air 
communication without interference with the navigation 
signal. VOR facilities operate within the 108.0 to 117.95 MHz 
frequency band and assignment between 108.0 and 112.0 


Mageetic Noah 
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Figure 7-10. VOR Radial 


Figure 7-11. VOR Transmister (Ground Station). 


MHz is in even 


nth increments to preclude any conflict 
with ILS localizer frequency assignment, which uses the 
odd tenths in this range. 


‘The airborne equipment includes an antenna, a receiver, and 
the indicator instrument. The receiver has a frequency knob to 
select any of the frequencies between 108.0 to 117.95 MHz 
‘The On/Ofi/volume control turns on the navigation receiver 
and controls the audio volume. The volume has no effect on 
the operation of the 1 
identifier before relying on the instrument for navigation. 


ver. You should listen to the station 


VOR indicator instruments have at least the essential 
components shown in the instrument illustrated in 
Figure 7-12. 


‘Approximately 2 dagraes 
in the VOR mode 


Figure 7-12. The VOR Indicator Instrument, 


Omnibearing Selector (OBS) 
‘The desired course is selected by turning the OBS knob until 
the course is aligned with the course index mark or displayed 
in the course window 


Course Deviation Indicator (CDI) 
‘The deviation indicator is composed of an instrument face 
and a needle hinged to move laterally across the instrument 
face. The needle centers when the aircraft is on the selected 
radial or its reciprocal, Full needle deflection from the center 
position to either side of the dial indicates the aircraft is 12 

or more off course, assuming normal needle sensitivity. The 
of the center circle is 2° off course: with each dot 


outer 
representing an additional 2°. 


TOIFROM Indicator 
‘The TO/FROM indicator shows whether the selected course 
if imercepted and flown will take the aircraft TO or FROM 
the station. It does not indicate whether the aircraft is heading, 
to or from the station, 


Flags or Other Signal Strength Indicators 
‘The device that indicates a usable or an unreliable signal may 
be an “OFF” flag. It retracts from view when signal strength 
is sufficient for reliable instrument indications. Alternately. 
insufficient signal strength may be indicated by a blank or 
OFF in the TO/FROM window 


‘The indicator instrument may also be a horizontal situation 
indicator (HSI) which combines the heading indicator 
and CDI. /Figure 7-13] The combination of navigation 
information from VOR/Localizer (LOC) or from LORAN 
or GPS, with aircraft heading information provides a visual 
picture of the aircraft’s location and direction. This decreases 
pilot workload especially with tasks such as course intercepts, 
flying a back-course approach, or holding pattern entry. (See 
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Figure 7-13. A Typical Horizontal Situation Indicator (HS) 
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Chapter 3, Flight Instruments, for operational characteristics.) 
[Figure 7-14] 


Function of VOR 

Orientation 

The VOR does not account for the aircraft heading. It only 
relays the aircraft direction from the station and will have the 
same indications regardless of which way the nose is pointing, 
Tune the VOR receiver to the appropriate frequency of the 
selected VOR ground station, turn up the audio volume, and. 
identify the station’s signal audibly. ‘Then, rotate the OBS 
to center the CDI needle and read the course under or over 


the index, 


In Figure 7-12, 360° TO is the course indicated, while in 
Figure 7-15, 180° TO is the course. The latter indicates that 
the aircraft (which may be heading in any direction) is, at this, 
‘moment, located at any point on the 360° radial (Line from 
the station) except directly over the station or very close to 
it, as in Figure 7-15, The CDI will deviate from side to side 
as the aircraft ps 
of the volume of space above the station where the zone of 
confusion exists. This zone of confusion is caused by lack of 
adequate signal directly above the station due to the radiation 


es over or nearly over the station because 


= 


‘Selected heading box 9 —==seagummr’ 
x. vi 
Course select pointer sespry 

‘Course deviation scale 


pattern of the station’s antenna, and because the resultant 
of the opposing reference and variable signals is small and. 
constantly changing 


‘The CDI in Figure 7-15 indicates 180°, meaning that the 
aircraft ison the 180° or the 360° radial ofthe station. The TO/ 
FROM indicator resolves the ambiguity. Ifthe TO indicator is, 
showing, then itis 180° TO the station, The FROM indication 
indicates the radial of the station the aircraft is presently on. 
Movement of the CDI from center, if it occurs at a relativel) 
constant rate, indicates the aircraft is moving or drifting off the 
180°/360! line. If the movement is rapid or fluctuating, this 
is an indication of impending station passage (the aircraft is 
near the station), To determine the aircraft's position relative 
to the station, rotate the OBS until FROM appears in the 
window, and then center the CDI needle. The index indicates 
the VOR radial where the aircraft is located. The inbound (10 
the station) course is the reciprocal of the radial. 


If the VOR is set to the reciprocal of the intended course, 
the CDI will reflect reverse sensing. To correct for needle 
deflection, turn away from the needle. To avoid this reverse 
sensing situation, set the VOR to agree with the intended 
course 


Figure 7-14, An HSI display as seen on she pilot's primary flight display (PED) on an electronic flight instrument. Note dhat only ateributes 


related to the HSI are labeled, 
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Figure 7-18. CDI Interpretation. The CDI as typically found on analog systems (right) and as found on electronic flight instruments 
efi. 


single NAVAID will allow a pilot to determine the aircraft's, 
position relative to a radial. Indications from a second. 


Tracking TO and FROM the Station 
‘To track to the station, rotate the OBS until TO appears, then 
center the CDI. Fly the course indicated by the index. Ifthe CDI 
moves off center to the left, follow the needle by correcting 
course to the left, beginning with a 20° correction. 


When flying the course indicated on the index, a left 
deflection of the needle indicates a crosswind component 
from the left. If the amount of correction brings the needle 
back to center, decrease the left course correction by half. If 
the CDI moves left or right now, it should do so much more 
slowly, and smaller heading corrections can be made for the 
next iteration, 


Keeping the CDI centered will take the aircraft to the station. 
‘To track to the station, the OBS value at the index is not 
changed. To home to the station, the CDI needle i periodically 
centered, and the new course under the index is used for the 
aircraft heading. Homing will follow a circuitous route to the 
station, just as with ADF homing. 


To track FROM the station on a VOR radial, you should 


first orient the aircraft’s location with respect to the station 


and the desired outbound track by centering the CDI needle 
with a FROM indication. The track is intercepted by either 
tablishing. an intercept heading, 


flying over the station or 
‘The magnetic course of the dk 
index using the OBS and the intercept heading held until the 
CDI centers. Then the procedure for tracking to the station is, 
used to fly outbound on the specified radi 


Course Interception 
If the desired course is not the one being flown, first orient 
the aircraft's position with respect to the VOR station and the 
course to be flown, and then establish an intercept heading. 
‘The following steps may be used to intercept a predetermined 
course, either inbound or outbound, Steps 1-3 may be omitted 
when turning directly o intercept the course without initially 
turning to parallel the desired course. 


1. Determine the difference between the radial to be 
intercepted and the radial on which the aircraft is 
located (205° ~ 160° = 045°), 


Double the difference to determine the interception 
angle, which will not be less than 20° nor greater 
than 90° (45° x 2 = 090°). 205° + 090° = 295° for the 
intercept) 


TA4 


3. Rotate the OBS to the desired radi 
course. 


or inbound 


4, Turn to the interception heading, 

5, Hold this heading constant until the CDI center, which 
indicates the aircraft is on course. (With practice in 
judging the varying rates of closure with the course 
centerline, pilots learn to lead the turn to prevent 
overshooting the course.) 

6. ‘Turn to the MH corresponding to the selected 
course, and follow tracking procedures inbound or 
outbound. 


Course interception is illustrated in Figure 7-16. 


VOR Operational Errors 
I pilot-induced errors include: 


1, Careless tuning and identification of station, 


2. Failure to check recei 


er for accuracy sensitivity 


3, Turning in the wrong direction during an orientation. 
‘This error is common until visualizing position rather 
than heading, 

4, Failure to check the ambiguity (TO/FROM) indicator, 
particularly during cours 
in reverse sensing and corrections in the wrong 


reversals, resulting 


direction. 
5. Failure to parallel the desired radial on a track 
interception problem. Without this step, orientation 
to the desired radial can be confusing. Since pilots 
think in terms of left and right of course, aligning the 


aircraft position to the radial/course is essential 


6. Overshooting and undershooting radials on interception 
problems. 


7. Overcontrolling corrections during tracking, especially 
close to the station. 


8. Misinterpretation of station passage. On VOR 
receivers not equipped with an ON/OFF flag, a 
voice transmission on the combined communication 
and navigation radio (NAV/COM) in use for VOR 
‘may cause the same TO/FROM fluctuations on the 
ambiguity meter as shown during station passage. 
Read the whole receiver—TO/FROM, CDI, and 
OBS—before you make a decision. Do not utilize a 
VOR reading observed while transmitting, 


9. Chasing the CDI, resulting in homing instead of 
tracking. Careless heading control and failure to 
bracket wind corre: 


‘Ator needle centers "Te intercept a course of 025", inbound of VOR A 


‘Take difference between 
current radial of 160° and 
desired radial 205° (45°) 

‘Double for intercept (80°) 


“+ Add to desired radial 
(205° + 90° = 295") 


Turn to 295° until 
interception ofthe 205° 


eae 
Ones: = 
hose 


(GB 22201 poston, inoound 
‘on 160° radial. 


Figure 7-16. Course Interception (VOR). 


APPENDIXA 


Getting Started with Tool Building 


Once you've become comfortable in your lab and have had time to play with a few circuits, you might 
start to notice that some of the "tools” you've been using are just simple electronic circuits themselves. 
Good examples are power supplies and meters. These are great tool-building projects because you can 
see uselul results early, 

Let's take a look at building a couple of simple electronic tools that might be of use in your lab. 
Hopefully you will develop a better understanding of how these tools work. Ideally, you will progress 
from the basic question of “Does it work?” to the more involved questions of “How well does it work and 
what can I do to improve it?” 

Please bear in mind that these exercises, while hopefully useful, are to illustrate what needs to go 
into the building of practical, reliable tools. At every stage you should be thinking about what design 
choices you have and which choices will enhance the usefulness of your tool-building process. 


AVery Simple Power Supply 


Almost all electronic projects need electricity to work. Having a good, dependable power supply at your 
disposal on your bench will get you started faster on new projects. You won't have to worry about dead 
batteries and flaky power adapters. See Figure A-1, 
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VOR Accuracy 
‘The effectiveness of the VOR depends upon proper use and 
adjustment of both ground and airborne equipment. 


‘The accuracy of course alignment of the VOR is generally 
plus or minus 1°. On some VORs, minor course roughness 
may be observed, evidenced by course needle or brief flag 
alarm. At a few stations, usually in mountainous terrain, 
the pilot may occasionally observe a brief course needle 
oscillation, similar tothe indication of “approaching station. 
Pilots flying over unfamiliar routes are cautioned to be on 
the alert for these vagaries, and in particular, to use the TO/ 
FROM indicator to determine positive station passage. 


Certain propeller revolutions per minute (RPM) settings 
or helicopter rotor speeds can cause the VOR CDI to 
fluctuate as much as plus or minus 6°. Slight changes to 
the RPM setting will normally smooth out this roughness. 
Pilots are urged to check for this modulation phenomenon 
prior to reporting a VOR station or aircraft equipment for 
unsatisfactory operation 


VOR Receiver Accuracy Check 
VOR system course sensitivity may be checked by noting 
the number of degrees of change as the OBS is rotated to 
move the CDI from center to the last dot on either side. The 
course selected should not exceed 10° or 12° either side. In 
addition, Title 14 of the Code of Federal Regulations (14 
CFR) part 91 provides for certain VOR equipment accuracy 
checks, and an appropriate endorsement, within 30 days prior 
to flight under IFR. To comply with this requirement and to 
ensure satisfactory operation of the airborne system, use the 
following means for checking VOR receiver accuracy 
1. VOR test facility (VOT) ora radiated test 
‘an appropriately rated radio repair station. 


ignal from 


2. Certified checkpoints on the airport surface. 


3. Certified airborne checkpoints. 


VOR Test Facility (VOT) 
‘The Federal Aviation Administration (FAA) VOT transmits 
a test signal which provides users a convenient means to 
determine the operational status and accuracy of a VOR 
fer while on the ground where a VOT is located. 
Locations of VOTS are published in the A/FD. Two means of 
identification are used. One isa series of dots and the other is, 
continuous tone. Information concerning an individual test 
znal can be obtained from the local flight service station 
(ESS.) The airborne use of VOT is permitted; however, its 
use is strictly limited to those areas/altitudes specifically 
authorized in the A/ED or appropriate supplement. 
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‘To use the VOT service, tune in the VOT frequency 108.0 
MHz on the VOR receiver. With the CDI centered, the 
OBS should read 0° with the TO/FROM indication showing, 
FROM or the OBS should read 180° with the TO/FROM 
indication showing TO. Should the VOR receiver operate an 
RMI, it would indicate 180° on any OBS setting 


A radiated VOT from an appropriately rated radio repair 
station serves the same purpose as an FAA VOT signal, and, 
the check is made in much the same manner as a VOT with, 


some differences. 


The frequency normally approved by the Federal 
Communications Commission (FCC) is 108.0 MHz; 
however, repair stations are not permitted to radiate the 
VOR test signal continuously. The owner or operator of the 
aircraft must make arrangements with the repair station to 
have the test signal transmitted. A representative of the repair 
station must make an entry into the aircraft logbook or other 
permanent record certifying to the radial accuracy and the 
date of transmission. 


Certified Checkpoints 

Airborne and ground checkpoints consist of certified radials, 
that should be received at specific points on the airport surface 
or over specific landmarks while airborne in the immediate 
vicinity of the airport. Locations of these checkpoints are 
published in the A/ED. 


Should an error in excess of +4° be indicated through use of 
a ground check, or 46° using the airborne check, IFR flight 
shall not be attempted without first correcting the source of 
the error. No correction other than the correction card figures, 
supplied by the manufacturer should be applied in making, 
er checks. 


em VOR (units independent of each other except 
for the antenna) is installed in the aircraft, one system may 
be checked against the other. Turn both systems to the 
VOR ground facility and note the indicated bearing to that 
station, The maximum permissible variation between the two 
indicated bearings i 


Distance Measuring Equipment (DME) 
‘When used in conjunction with the VOR system, DME makes 
it possible for pilots to determine an accurate geographic 
position of the aircraft, including the bearing and distance 
TO or FROM the station. The aircraft DME transmits 
interrogating radio frequency (RF) pulses, which are received. 
by the DME antenna at the ground facility. The signal triggers, 
ground receiver equipment to respond to the interrogating, 


aircraft. The airborne DME equipment measures the elapsed 
time between the interrogation signal sent by the aircraft and, 
reception of the reply pulses from the ground station. This, 
time measurement is converted into distance in nautical miles 
(NM) from the station. 


Some DME receivers provide a groundspeed in knots by 
‘monitoring the rate of change of the aircraft's position relative 
to the ground station. Groundspeed values are accurate only 
‘when tracking directly to oF from the station, 


DME Components 

VOR/DME, VORTAC, ILS/DME, and LOC/DME 
navigation facilities established by the FAA provide course 
and distance information from collocated components under 
a frequency pairing plan. DME operates on frequencies 
in the UHF spectrum between 962 MHz and 1213 MHz, 
Aircraft receiving equipment which provides for automatic 
DME selection assures reception of azimuth and distance 
information from a common source when designated VOR/ 
DME, VORTAC, ILS/DME, and LOC/DME are selected. 
Some aircraft have separate VOR and DME receivers, each 
of which must be tuned to the appropriate navigation facility. 
‘The airborne equipment includes an antenna and a receiver. 


The pilot-controllable features of the DME receiver 
include: 


Channel (Frequency) Selector 
Many DMEs are channeled by an associated VHF radio, or 
there may be a selector switch so a pilot can select which 
VHF radio is channeling the DME. For a DME with its 
own frequency selector, use the frequency of the associated 
VOR/DME or VORTAC station, 


OniOpiVolume Switch 
‘The DME identifier will be heard as a Morse code identifier 
with a tone somewhat higher than that of the associated VOR 
or LOC. It will be heard once for every three or four times 
the VOR or LOC identifier is heard. If only one identifier is, 
heard about every 30 seconds, the DME is functional, but 
the associated VOR or LOC is not 


Mode Switch 
‘The mode switch selects between distance (DIST) or distance 
in NMs, groundspeed, and time to station. There may also 
be one or more HOLD functions which permit the DME to 
stay channeled to the station that was selected before the 
switch was placed in the hold position. Thi 
you make an ILS approach at a facility that has no collocated 
DME, but there is a VOR/DME nearby. 


is useful when 


Altitude 
‘Some DMEs correct for slant-range error. 


Function of DME 

A DME is used for determining the distance from a ground 
DME transmitter. Compared to other VHF/UHF NAVAIDs, 
4 DME is very accurate, The distance information can be 
used to determine the aircraft position or flying a track that 
is a constant distance from the station. This is referred to as 
a DME are. 


DME Are 


‘There are many instrument approach procedures (LAPS) that 
incorporate DME ares. The procedures and techniques given 
here for intercepting and maintaining such arcs are applicable 
lity 


tony facility that provides DME information. Such a f 
may or may not be collocated with the facility that provide 
final approach guidance, 


Asan example of flying a DME are, refer to Figure 7-17 and 
follow these steps: 
1, Track inbound on the OKT 325° radial, frequently 
checking the DME mileage readout. 
2. A0.5 NM lead is satisfactory for groundspeeds of 150 
knots of less; start the turn to the are at 10.5 miles. At 


higher groundspeeds, use @ proportionately greater 
lead. 


Figure 7-17. DME Are Interception. 
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3. Continue the turn for approximately 90°, The roll-out 
heading will be 055° in a no wind condition, 


4, During the last part of the intercepting turn, monitor 
the DME closely. If the arc is being overshot (more 
than 1,0 NM), continue through the originally planned 
roll-out heading. Ifthe arc is being undershot, roll-out 
of the turn early 


‘The procedure for intercepting the 10 DME when outbound 
is basically the same, the lead point being 10 NM minus 0.5, 
NM, or 9.5 NM. 


When flying a DME are with wind, itis important to keep a 
continuous mental picture of the aircraft's position relative to 
the facility. Since the wind-drift correction angle is constantly 
changing throughout the arc, wind orientation is important. 


Using DME and RMI To Maintain an Are 
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In some cases 


wind can be used in returning to the desired 
track. High airspeeds require more pilot attention because of 
the higher rate of deviation and correction, 


Maintaining the arc is simplified by keeping slightly inside 
the curve; thus, the arc is turning toward the aircraft and 
interception may be accomplished by holding a straight 
course. When outside the curve, the arc is “turning away” 
and greater correction is required. 


To fly the are using the VOR CDI, center the CDI needle 
upon completion of the 90° turn to intercept the arc. The 
aircraft’s heading will be found very near the left or right 
side (270° or 90° reference points) of the instrument. The 
readings at that side location on the instrument will give 
primary heading information while on the arc. Adjust the 
aircraft heading to compensate for wind and to correct for 


Vary the amount of correction) 
according to the rate of deviation 
‘and adjust as necessary according 
‘to the rate of corectior } 


= 


Correct 10-20°foreach 
‘Ve-mile deviation trom arc. 


‘movable card is 
afier each tum 


distance to maintain the correct arc distance. Recenter the 
CDI and note the new primary head 
the CDI gets 24° from center. 


indicated whenever 


With an RMI, in a no wind condition, pilots should 
theoretically be able to fly an exact circle around the facility 
by maintaining an RB of 90° or 270°. In actual practice. 
a series of short legs are flown. To maintain the arc in 
Figure 7-18, proceed as follows: 


1. With the RMI bearing pointer on the wingtip reference 
(90° or 270° position) and the aireraft at the desired 
DME range, maintain a constant heading and allow the 
bearing pointer to move 5°-10° behind the wingtip. 
‘This will cause the range to increase slightly 


‘Turn toward the facility to place the bearing pointer 
5-10° ahead of the wingtip reference, and then 
maintain heading until the bearing pointer is again 
behind the wingtip. Continue this procedure to 
maintain the approximate arc. 


3. Ifa crosswind causes the aircraft to drift away from 
the facility, turn the aircraft until the bearing pointer is 
ahead of the wingtip reference. If a crosswind causes 
the aircraft to drift toward the facility, turn until the 


bearing is behind the wingtip. 


4, Asa guide in making range corrections, change the RB 
10°20” for each half-mile deviation from the desired 
arc, For example, in no-wind conditions, if the aircraft 

is 1/2 to 1 mile outside the arc and the bearing pointer 

ison the wingtip reference, turn the aircraft 20° toward 
the facility to return to the are. 


Without an RMI, orientation is more difficult since there is, 
no direct azimuth reference. However, the procedure can be 
flown using the OBS and CDI for azimuth information and 
the DME for arc distance. 


Intercepting Lead Radials 

‘A lead radial isthe radial at which the turn from the arc to the 
inbound course is started. When intercepting a radial from 
a DME arc, the lead will vary with arc radius and ground 
speed. For the average general aviation aircraft, flying arcs, 
such as those depicted on most approach charts at speeds, 
of 150 knots or less, the lead will be under 5*. There is no 
difference between intercepting a radial from an arc and 
intercepting it from a straight course. 


With an RMI, the rate of bearing movement should be 
‘monitored closely while flying the arc. 
radial to be intercepted as soon as possible and determine 
the approximate lead. Upon reaching this point, start the 
intercepting turn, Without an RMI, the technique for radial 


et the course of the 


interception is the same except for azimuth information, 
which is available only from the OBS and CDI. 


‘The technique for intercepting a localizer from a DME arc 
imilar to intercepting @ radial. At the depicted lead radial 
(LR 223 or LR 212 in Figures 7-19, 7-20, and 7-21), a 
pilot having a single VOR/LOC receiver should set it to the 
localizer frequency. Ifthe pilot has dual VOR/LOC receiv 
one unit may be used to provide azimuth inform: 
other set to the localizer frequency. Since these lead radials 
provide 7° of lead, a half-standard rate turn should be used 
until the LOC needle starts to move toward center. 


jonand the 


DME Errors 
A DME/DME fix (a location based on two DME lines of 
position from two DME stations) provides a more accurate 
aircraft location than using a VOR and a DME fix. 


DME signals are line-of-sight; the mileage readout is the 
straight line distance from the aircraft to the DME ground 
facility and is commonly referred to as slant range distance. 
Slant range refers to the distance from the aircraft's antenna 
round station (A line at an angle to the ground 
transmitter. GPS systems provide distance as the horizontal 
measurement from the WP to the aircraft. Therefore, at 3,000 
feet and 0.5 miles the DME (slant range) would read 0.6 NM 
while the GPS distance would show the actual horizontal 
distance of 5 DME. This 
andior at long ranges. Itis greatest when the aircraft is closer 
to the facility, at which time the DME receiver will display 
altitude (in NM) above the facility. Slant range error is, 
negligible ifthe aircraft is one mi 
facility for each 1,000 feet of altitude above the elevation of 
the facility 


error is smallest at low altitudes 


c or more from the ground 


‘Area Navigation (RNAV) 
Area navigation (RNAV) equipment includes VOR/DME, 
LORAN, GPS, and inertial navigation systems (INS). RNAV 
equipment is capable of computing the aircraft position, 
actual track, groundspeed, and then presenting meaningful 
information to the pilot. This information may be in the form, 
of distance, cross-track error, and time estimates relative to 
the selected track or WP. In addition, the RNAV equipment 
installations must be approved for use under IFR. The Pilot's, 
Operating Handbook/Airplane Flight Manual (POH/AFM) 
should always be consulted to determine what equipment is, 
installed, the operations that are approved, and the details of 
equipment use. Some aircraft may have equipment that allows, 
input from more than one RNAV source, thereby providing, 
a very accurate and reliable navigation source. 
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Figure 7-19. An aircraft is displayed heading southwest to intercept the localizer approach, using the 16 NM DME Are off of ORM. 
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Figure 7-20. The same aircraft illustrated in Figure 7-19 shown on the ORM radial near TIGAE intersection turning inbound for the 
local 
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Figure 7-21. Aircraft is illustrated inbound on the localizer 


Figure 7-22. RNAV Computation. 
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VORIDME RNAV 

VOR RNAV is based on information generated by the present 
VORTAC or VOR/DME system to create a WP using an 
airborne computer. As shown in Figure 7-22, the value of 
side A is the measured DME distance to the VOR/DME. Side 
B, the distance from the VOR/DME to the WP, and angle 1 
(VOR radial or the bearing from the VORTAC to the WP) 
are values set in the flight deck control. ‘The bearing from 
the VOR/DME to the aircraft, angle 2, is measured by the 
VOR receiver. The airborne computer continuously compares 
angles 1 and 2 and determines angle 3 and side C, which is 
the distance in NMs and magnetic course from the aircraft 
to the WP. This is presented as guidance information on the 
flight deck display, 


VOR/DME RNAV Components 

Although RNAV flight deck instrument displays vary among, 
‘manufacturers, most are connected to the aireraft CDI with a 
switch or knob to select VOR or RNAV guidance. There is, 
usually a light or indicator to inform the pilot whether VOR 
or RNAV is selected, Figure 7-23] The display includes the 
WP frequency, mode in use, WP radial and distance, DME 
distance, groundspeed, and time to station, 


Figure 7-23. Onboard RNAV receivers have changed significantly 
Originally, RNAV receivers typically computed combined data 
from VOR, VORTAC, andlor DME. That is generally not the case 
now. Today, GPS such as the GNC 300 and the Bendix King KLS 


88 LORAN receivers compute waypoints based upon embedded 
databases and aircraft positional information 


Most VOR/DME RNAV systems have the following airborne 
controls: 


1. Off/On/Volume control to select the frequency of the 
VOR/DME station to be used. 


MODE select switch used to select VOR/DME mode, 
with: 


a. Angular course width de 
operation); or 


ion (standard VOR 


b, Linear cross-track deviation as standard (45 NM 
full scale CDI). 


3. RNAV mode, with direct to WP with linear cross-track 
deviation of 5 NM. 


4. RNAV/APPR (approach mode) with linear deviation 
of £1.25 NM as full scale CDI defection. 


5, WPselect control. Some units allow the storage of more 
than one WP; this control allows selection of any WP 
in storage. 


6. Data input controls, ‘These controls allow user input 
of WP number or ident, VOR or LOC frequency, WP 
radial and distance. 


While DME groundspeed readout is accurate only when 
tracking directly to or from the station in VOR/DME mode, 
in RNAV mode the DME groundspeed readout is accurate on 
any track. 


Function of VORIDME RNAV 

‘The advantages of the VOR/DME RNAV system stem from 
the ability of the airborne computer to locate a WP wherever it 
is convenient, as long as the aircraft is within reception range 
of both nearby VOR and DME facilities. A series of these 
WP%s make up an RNAV route. In addition to the published 
routes, a random RNAV route may be flown under IFR if itis, 
approved by air traffic control (ATC). RNAV DPs and standard 
terminal arrival routes (STARS) are contained in the DP and 
STAR booklets. 


VOR/DME RNAV approach procedure charts are also 
available. Note in the VOR/DME RNAV chart excerpt shown 
in Figure 7-24 that the WP identification boxes contain the 
following information: WP name, coordinates, frequency, 
identifier radial distance (facility to WP), and reference facility 
elevation, The initial approach fix (IAF), final approach fix 
(FAF), and missed approach point (MAP) are labeled. 


‘Tofly a route or to execute an approach under IFR, the RNAV 
equipment installed in the aircralt must be approved for the 
appropriate IFR operations. 


In vertical navigation (VNAV) mode, vertical guidance is 
provided, as well as horizontal guidance in some installations. A 
WP isselected ata point where the descent begins, and another 
WPisselected where the descent ends, The RNAV equipment 
Computes the rate of descent relative to the groundspeed; on 
some installations, it displays vertical guidance information 
on the GS indicator. When using this type of equipment 
during an instrument approach, the pilot must keep in mind 
that the vertical guidance information provided is not part of 
the nonprecision approach. Published nonprecision approach 
altitudes must be observed and complied with, unless otherwise 
directed by ATC. 
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Figure 7-24. VOR/DME RNAV Rwy 25 Approach (Excerps) 


‘To fly to a WP using RNAY, observe the following procedure 
[igure 7-25}: 
1, Select the VOR/DME frequency 


2. Select the RNAV mode 

3. Select the radial of the VOR that passes through the WP 
(225°). 

4, Select the distance from the DME to the WP (12 
NM). 


Figure 7-28. Aircrafi/DME/Waypoint Relationship. 
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5. Check and confirm all inputs, and center the CDI needle 
with the TO indicator showing 


6. Maneuver the aircraft to fly the indicated heading 
plus or minus wind correction to keep the CDI needle 
centered. 


7, The CDI needle will indicate distance off course of 1 
NM per dots the DME readout will indicate distance in 
NM from the WP; the groundspeed will read closing 
speed (knots) to the WP: and the time to station (TTS) 
will read time to the WP 


VOR/DME RNAV Errors 

‘The limitation of this system is the reception volume. 
Published approaches have been tested to ensure this is not 
4 problem, Descents/approaches to airports distant from the 
VOR/DME facility may not be possible because, during 
the approach, the aircraft may descend below the reception 
altitude of the facitity at that distance. 


Long Range Navigation (LORAN) 
LORAN uses a network of land-based transmitters to provide 
aan accurate long-range navigation system. The FAA and the 
United States Coast Guard (USCG) arranged the stations 
into chains. The signal from station is a carefully structured 
sequence of brief RF pulses centered at 100 kHz, At that 
frequency, signals travel considerable distances as ground 
waves, from which accurate navigation information is 
available. The airborne receiver monitors all of the stations 


within the s 
difference (TD) between the signals, All of the points having, 
the same TD from a station pair create a line of position 


ted chain, then measures the arrival time 


Figure 7-26. A control panel from a military aircraft after LORAN 
was first put into use, The receiver is remotely mounted and weighs 
over 25 pounds. lis size is about six times that of the LORAN fully 
imegrated receiver: 


(LOP). The aircraft position is determined atthe intersection 
of two or more LOPs. Then the computer converts the 
known location to latitude and longitude coordinates. 
[Figure 7-26] 


While continuall 


computing latitude/longitude fixes, the 
computer is able to determine and display: 

1, Track over the ground since last computation; 

2. Groundspeed by dividing distance covered since last 


computation by the time since last computation (and 
averaging several of these); 


Distance to destination; 
4, Destination time of arrival; and 


5S, Cross-track error, 


‘The Aeronautical Information Manual (AIM) provides a 
detailed explanation of how LORAN works. LORAN is 
a very accurate navigation system if adequate signals are 
received. There are two types of accuracy that must be 


addressed in any discussion of LORAN accuracy 


Repeatable accuracy is the accuracy measured when a user 
notes the LORAN position, moves away from that location, 
then uses the LORAN to return to that initial LORAN 
position. Distance from that initial position is the error. 
Propagation and terrain errors will be essentially the same as, 
‘when the first position was taken, so those errors are factored 
out by using the initial position. Typical repeatable accuracy 


for LORAN can be as good as 0.01 NM, or 60 feet, if the 
second position is determined during the day and within a 


short period of time (a few days). 


Absolute accuracy refers to the ability to determi 


c present 
position in space independently, and is most often used by 


pilots. When the LORAN receiver is tured on and position 
is determined, absolute accuracy applies. Typical LORAN 


absolute accuracy will vary from about 0.1 NM to as much 
as 2.5 NM depending on distance from the station, geometry 
of the TD LOP crossing angles, terrain and environmental 
conditions, signal-to-noise ratio (signal strength), and some 


design choices made by the receiver manufacturer. 


¢ diminished with the introduction 


Although LORAN wu: 
of Global Navigation Satellite Systems such as the United 
States’ GPS, its use has since increased. Three items aided 
in this resurgence: 

+ In 1996, a commission called the Gore Commission 
evaluated GPS? long-term use as a sole navigation 
aid. Although GPS was hailed originally as the 
eventual sole NAVAID, which would replace the need 
for most currently existing NAVAIDs by the year 
2020, the Commission questioned single-Link failure 
potential and its effect on the NAS. For this reason, 
the forecasted decommissioning of the VOR has been 
amended and their expectant lifecycle extended into 
the future, Additionally, the use of LORAN continues 
to be evaluated for facilitating carrying GPS corrective 
timing signals. 

+ The GPS is controlled by the DOD presenting certain 
unforecasted uncertainties for commercial use on an 
uninterrupted basis. 


Asa result of these and other key factors, itwas determined that 
LORAN would remain. In recognition of GPS vulnerabili 
as a GNSS, there are plans to maintain other systems that 
could provide en route and terminal accuracy such as LORAN. 
‘Therefore as LORAN is further modernized it’s a possibility 
that it may be used to augment GPS and provide backup to 
GPS during unlikely but potential outages. Or if combined 
with GPS and other systems such as newer miniaturized low- 
cost inertial navigation systems (INS), superior accuracy and 
seamless backup will always be available. 


LORAN Components 

‘The LORAN receiver incorporates a radio receiver, signal 
processor, navigation computer, control/display, and antenna, 
When turned on, the receivers go through an initialization 
or warm-up period, then inform the user they are ready 10 
be programmed, LORAN receivers vary widely in their 
appearance, method of user programming, and navigation 
information display. Therefore, it is necessary to become 
familiar with the unit, including programming and output 
interpretation. The LORAN operating manual should be in the 
aircraft at all times and avaiable to the pilot. IFR-approved 
LORAN units require that the manual be aboard and that the 
pilot be familiar with the unit’s functions, before flight. 
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APPENDIX A © GETTING STARTED WITH TOOL BUILDING 
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Figure A-1. A professional bench power supply. This device allows both the voltage and the maximum 
current to be adjusted. It provides two dedicated meters to show how much power is flowing: one for 
voltage and the other for current. It also provides a modular set of plugs (banana plugs) for easily 
connecting and disconnecting power leads 


Abench power supply such as the one shown in Figure A-1 has many features and includes extra 
circuitry to make it safe and easy to use. It will also set you back a good chunk of change (ie., cost 
money). We're going to build something a bit simpler to start, Feel free to add more bells and whistles as 
your needs arise, 


Caution Anything plugged into the wall has the potential to shock, bur, or kill you, Do not defeat their safety 
features! 


Function of LORAN 
After initialization, select for the present location WP 
(the airport), and select GO TO in order to determine if 
the LORAN is functioning properly. Proper operation is, 
indicated by a low distance reading (0 to 0.5 NM). The 
implest mode of navigation is referred to as GO TO: you 
select a WP from one of the databases and choose the 
GO TO mode. Before use in flight, verify that the latitude 
and longitude of the chosen WP is correct by reference to 
another approved information source. An updatable LORAN 
database that supports the appropriate operations (e.g., en 
route, terminal, and instrument approaches) is required when 
operating under IER. 


In addition to displaying bearing, distance, time to the WE, 
and track and speed over the ground, the LORAN receiver 
may have other features such as flight planning (WP 
sequential storage), emergency location of several nearest 
imports, vertical navigation capabilities, and more. 


LORAN Errors 

System Errors 

LORAN is subject to interference from many external 
sources, which can cause distortion of or interference with 
LORAN signals. LORAN rei all 
“notch filters” to reduce or eliminate interference. Proximity 
to 60 Hz altemating current power lines, static discharge, 
Psstatic, electrical noise from generators, alternators, strobes, 
and other onboard electronics may decrease the signal- 
to-noise ratio to the point where the LORAN receiver's 
performance is degraded. 


er manufacturers ii 


Proper installation of the antenna, good electrical bonding, 
and an effective static discharge system are the minimum 
requirements for LORAN receiver operation, Most receivers 
have internal tests that verify the timing alignment of the 
receiver clock with the LORAN pulse, and measure and 
display signal-to-noise ratio, A signal will be activated to alert 
the pilot if any of the parameters for reliable navigation are 
exceeded on LORAN sets certified for IFR operations. 


LORAN is most accurate when the signal travels over sea 
water during the day and least accurate when the signal 
comes over land and large bodies of fresh water or ice at 
night; furthermore, the accuracy degrades as distance from 
the station increases. However, LORAN accuracy is generally 
better than VOR accuracy. 
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Operational Errors 
Some of the typical pilot-induced errors of LORAN operation 
are: 


1, Use of a nonapproved LORAN receiver for FR 
operations. The pilot should check the aircralt’s POH/ 
AFM LORAN supplement to be certain the unit’s 
functions are well understood (this supplement must 
be present inthe aircraft for approved IFR operations) 
‘There should be a copy of FAA Form 337, Major 
Repair and Alteration, present in the aircraft’s records, 
showing approval of use of this model LORAN for 
IER operations in this aircraft 

2. Failure to double-check the latitude/longitude values 
for a WP to be used. Whether the WP was accessed 
from the airport, NDB, VOR, or intersection database, 
the values of latitude and longitude should still be 
checked against the values in the A/FD or other 
approved source. Ifthe WP data is entered in the user 
database, its accuracy must be checked before use. 

3, Attempting to use LORAN information with degraded 
signals, 


Advanced Technologies 

Global Navigation Satellite System (GNSS) 

The Global Navigation Satellite System (GNSS) is a 
constellation of satellites providing a high-frequency signal 
which contains time and distance that is picked up by a 
receiver thereby. /Figure 7-27] The receiver which picks up 
multiple signals from different satellites is able to triangulate 
its position from these satellites. 


Figure 7-27. A typical example (GNS 480) of a stand-alone GPS 
receiver and display. 


‘Three GNSSs exist today: the GPS, a United States system; 
the Russian GNSS (GLONASS); and Galileo, a European 
system, 
1, GLONASS 
picked up by any GLONASS receiver, allowing the 
user to pinpoint their position, 


isa network of 24 satellites, which can be 


2. Galileo planned to be a network of 30 satellites that 
continuously transmit high-frequency radio signals 
containing time and distance data that can be picked 
up by a Galileo receiver with operational expectancy 
by 2013 

3. ‘The GPS came on line in 1992 with 24 satellites, and 
Loday utilizes 30 satellites 


Global Positioning System (GPS) 
The Gi 
broadcasts a signal that is used by rei 
precise position anywher 
multiple satellites and determines a measurement that is then 


'S isa satellite-based radio navigation system, which 


vers to determine 


in the world, The receiver tracks 


ypical GPS Satelite Array. 


used to determine the user location. [Figure 7-28] 
The Department of Defense (DOD) developed and deployed 
SPS as.a space-based positioning, velocity, and time system. 

‘The DOD is responsible for operation of the GPS satellite 

constellation, and constantly monitors the satellites to ensure 

proper operation, The GPS system permits Earth-centered 
coordinates to be determined and provides aircraft position 

enced to the DOD World Geodetic System of 1984 

(WGS-84), Satellite navigation systems are unaffected 

by weather and provide global navigation coverage that 

fully meets the civil requirements for use as the primary 


means of navigation in oceanic airspace and certain remote 
areas. Properly certified GPS equipment may be used as a 
supplemental means of IFR navigation for domestic en route, 
terminal operations, and certain IAPs, Navigational values 
such as distance and bearing to a WP and groundspeed, are 
computed from the aircraft's current position (latitude and 
longitude) and the location of the next WE. Course guidance 


is provided as a linear deviation from the desired track of a 
Great Circle route between defined WPS. 


GPS may not be approved for IFR use in other countries. 
Prior to its use, pilots should ensure that GPS is authorized 
by the appropriate countries. 


GPS Components 
GPS consists of three distinct functional elements: space, 
control, and user. 


‘The space element consists of over 30 Navstar satellites, This 
group of satellites is called a constellation. The space element 
consists of 24 Navigation System using Timing and Ranging, 
(NAVSTAR) satellites in 6 orbital planes. ‘The satellites in 
each plane are spaced 60° apart for complete coverage and 
are located (nominally) at about 11,000 miles above the 
Earth, The planes are arranged so that there are always five 


satellites in view at any time on the Earth, Presently, there are 
at least 31 Block 1/ILA(IIR and IIR-M satellites in orbit with, 
the additional satellites representing replacement satellites 
(upgraded systems) and spares. Recently, the Air Force 


received funding for procurement of 31 Block IF satellites 


‘The GPS constellation broadcasts a pseudo-random code 
timing signal and data message that the aircraft equipment 
processes to obtain satellite position and status data. By 
e and precisel 
matching timing with the atomic clocks on the satellites, the 


knowing the precise location of each satel 


aircraft receiver/processor can accurately measure the time 
each signal takes to arrive at the receiver and, therefore, 
determine aircraft position. 


‘The control element consists of a network of ground-based 
GPS monitoring and control stations that ensure the accuracy 
of satellite positions and their clocks. In its present form, it 
has five monitoring stations, three ground antennas, and a 
master control station. 


‘The user element consists of antennas and receiver/processors 
on board the aircraft that provide positioning, velocity. 
and precise timing to the user. GPS equipment used while 
operating under IFR must meet the standards set forth in 
‘Technical Standard Order (TSO) C-129 (or equivalent); meet 
the airworthiness installation requirements; be “approve 


for 
thal type of IFR operation; and be operated in accordance with 
the applicable POH/AEM or flight manual supplement. 


TT 


An updatable GPS database that supports the appropriate 
operations (e.g., en route, terminal, and instrument 
approaches) is required when operating under IFR. The 
aircraft GPS navigation database contains WPs from the 
geographic areas where GPS navigation has been approved 
for IFR operations. The pilot selects the desired WPS from 
the database and may add user-defined WPS for the flight. 


Equipment approved in accordance with TSO C-115a, visual 
flight rules (VFR), and hand-held GPS systems do not meet 
the requirements of TSO C-129 and are not authorized for 
IER navigation, instrument approaches, or as a principal 
instrument flight reference. During IFR operations, these 
units (TSO C-115a) may be considered only an aid to 

ituational awarei 


Prior to GPS/WAAS IFR operation, the pilot must review 
appropriate NOTAMS and aeronautical information, This 
information is available on request from an Automated 
Flight Service Station. The FAA will provide NOTAMs to 
advise pilots of the status of the WAAS and level of service 
available. 


Function of GPS 

GPS operation is based on the concept of ranging and 
triangulation from a group of satellites in space which act 
as precise reference points. The receiver uses data from a 
minimum of four satellites above the mask angle (the lowest 
angle above the horizon at which it can use a satellite. 


‘The aircraft GPS receiver measures distance from a satellite 
using the travel time ofa radio signal 
specific code, called a course/acq 
contains information about satell 


‘ach satellite transmits 
mn (CA) code, which 
c position, the GPS system 
time, and the health and accuracy of the transmitted data 
Knowing the speed at which the signal traveled (approximately 
186,000 miles per second) and the exact broadcast time, 
the distance traveled by the signal can be computed from 
the arrival time. The distance derived from this method of 
computing distance is called a pseudo-range because it 
a direct measurement of distance, but a measurement based 
on time. In addition to knowing the distance to a satellite, a 
receiver needs to know the satellite’s exact position in space, 
its ephemeris. Each satellite transmits information about its, 
exact orbital location. The G 
to establish the precise position of the satellite. 


not 


ceiver uses this information 


Using the calculated pseudo-range and po 
supplied by the satellite, the GPS r 
mathematically determi position by triangulation 
from several satellites. The GPS receiver needs at least four 
Id a three-dimensional position (latitude, 


longitude, and altitude) and time solution. The GPS receiver 
computes navigational values (distance and bearing to 
4 WP, groundspeed, etc.) by using the aircraft’s known 
latitude/longitude and referencing these to a database built 
into the receiver. 


‘The GPS receiver verifies the integrity (usability) of the 
signals received from the GPS constellation through receiver 
autonomous integrity monitoring (RAIM) to determine if a 
satellite is providing corrupted information. RAIM needs 
4 minimum of five sate 
4 barometric altimeter baro-aiding to detect an integrity 
anomaly. For receivers capable of doing so, RAIM needs 
six satellites in view (or five satellites with baro-aiding) 
to isolate a corrupt satellite signal and remove it from the 
navigation solution. 


sin view, or four satellites and 


Generally, there are two types of RAIM messages. One 
type indicates that there are not enough satellites available 
to provide RAIM and another type indicates that the RAIM 
has detected a potential error that exceeds the limit for the 
current phase of flight. Without RAIM capability, the pilot 
has no assurance of the accuracy of the GPS po: 


navigation equipment under IFR for 
domestic en route, terminal operations, and certain IAPS, 
must be equipped with an approved and operational alternate 
means of navigation appropriate to the flight. The avionics 
necessary to receive all of the ground-based facilities 
appropriate for the route to the destination airport and any 
required alternate airport must be installed and operational 
Ground-based facilities necessary for these routes must also 
be operational. Active monitoring of alternative navigation 
equipment is not required if the GPS receiver uses RAIM for 
integrity monitoring. Active monitoring of an alternate means, 
of navigation is required when the RAIM capability of the 
GPS equipment is lost. In situations where the loss of RAIM. 
capability is predicted to occur, the flight must 
approved equipment, delay departure, or cancel the flight. 


ly on other 


GPS Substitution 

JER En Route and Terminal Operations 
GPS systems, certified for IFR en route and terminal 
operations, may be used as a substitute for ADF and DME, 
receivers when conducting the following operations within 
the United States NAS. 

1. Determining the aircraft position over a DME fix. This 
es en route operations at and above 24,000 feet 
a level (MSL) (FL 240) when using Gi 

navigation, 
2. Flying a DME are. 


3. Navigating TO/FROM an NDB/compass locator. 


for 


contact thi 


4. Determining the aircraft position over an NDB/compass 
locator. 


5. Determining the aircraft position over a fix defined by 
‘an NDB/compass locator bearing crossing a VOR/LOC 
course. 


6, Holding over an NDB/compass locator. 


GPS Substitution for ADF or DME 
Using GPS as a substitute for ADF or DMI 
following restrictions: 


subject to the 


1. This equipment must be installed in accordance with 
appropriate airworthiness installation requirements 
and operated 
POH/AFM, or supplement. 


2. The required integrity for these operations must be 
provided by at least en route RAIM, or equi 


3. WPs, fixes, intersections, and facility locations to be 
used for these operations must be retrieved from the 
GPS airborne database. The database must be current. 
If the required positions cannot be retrieved from the 
airborne database, the substitution of GPS for ADF 
and/or DME is not authorized 


4, Procedures must be established for use when RAIM 
outages are predicted or occur. This may require the 
flight to rely on other approved equipment or require 
the aircraft to be equipped with operational NDB and/or 
DME receivers. Otherwise, the flight must be rerouted, 
delayed, canceled, or conducted under VER. 


5. The CDI must be set to terminal sensitivity (1 NM) 
when tracking GPS course guidance in the terminal 

6. A non-GPS approach procedure must exist at the 
alternate airport when one is required. Ifthe non-GPS 
approaches on which the pilot must rely require DME 
or ADE, the aircraft must be equipped with DME or 
ADF avionics as appropriate 

7. Charted requirements for ADF and/or DME can be met 
using the GPS system, except for use as the principal 
instrument approach navigation source. 


NOTE: The following provides guidance, which is not 
specific to any particular aircraft GPS system. For specific 


tem guidance, refer to the POH/AFM, or supplement, or 
system manufacturer. 


To Determine Aircraft Position Over a DME Fix: 


integrity 


If the fix is identified by a five-tette 
contained in the GPS airborne database, 
the named fix as the 


ity is 
used to establish the DME fix. If this f 
the airborne database, it is not authorized for use. 


y is not in 


identified by a five-Letter name which is not, 
contained in the GPS airborne database, or if the fix is 
establishing the DME fix 


the active GPS WP. 


‘not named, select the facil 
or another named DME fix 


‘When selecting the named fix as the active GPS WP, 
appilot is over the fix when the GPS system indicates 
the active WP 

If selecting the DME providing facility as the active 
GPS WP, a pilot is over the fix when the GPS distance 
from the active WP equals the charted DME value, and 
the aircraft is established on the appropriate bearing 
or course. 


To Fly a DME Are: 


1 


Verify aircraft GPS system integrity monitoring 
functioning properly and indicates satisfactory 
integrity. 


Select from the airborne database the facility providing 
the DME are as the active GPS WP. The only 
acceptable facility is the DME facility on which the, 
is based. I this facility is notin your airborne database, 
‘you are not authorized to perform this operation. 


Maintain position on the arc by reference to the GPS 
lance instead of a DME readout. 


To Navigate TO or FROM an NDB/Compass 
Locator: 


1 


Verify aircraft GPS system integrity monitoring 
is functioning properly and indicates satisfactory 
integrity 


elect the NDB/compass locator facility from the 
airborne database as the active WP. If the chart depicts 
the compass locator collocated with a fix of the same 
name, use of that fix as the active WP in place of the 
compass locator facility is authorized. 


Select and navigate on the appropriate course to or 
from the active WE. 
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To Determine Aircraft Position Over an NDB/ 
Compass Locator: 


1. Verify aircraft GPS system integrity monitoring 
is functioning properly and indicates satisfactory 
integrity, 
elect the NDB/compass locator facility from the 
airborne database. When using an NDB/compass 
locator, the facility must be charted and be in the 
airborne database. Ifthe facility is not in the airborne 
database, pilots are not authorized to use a facility WP 
for this operation. 


3. A pilot is over the NDB/compass locator when the 
GPS system indicates arrival at the active WP 


To Determine Aircraft Position Over a Fix Made up 
of an NDB|Compass Locator Bearing Crossing a 
VORILOC Cours 


1. Verify aircraft GPS system integrity monitoring 


is functioning properly and indicates satisfactory 
integrity. 
2. A fix made up by a crossing NDB/compass locator 


bearing is identified by a five-leter fix name. Pilots 
may select either the named fix or the NDB/compass 
locator facility providing the crossing bearing to 
establish the fix as the active GPS WP. When using 
‘an NDB/compass locator, that facility must be charted 
and be in the airborne database. If the facility is not 
in the pilots are not authorized to 
use a facility WP for this operation. 


orne databast 


3. When selecting the named fix as the active GPS WP, 
pilot is over the fix when the GPS system indicates 
the pilot is at the WP, 

4, When selecting the NDB/compass locator facility 
as the active GPS WP. pilots are over the fix when 
the GPS bearing to the active WP is the same as 
the charted NDB/compass locator bearing for the 
fix flying the prescribed track from the non-GPS 
navigation source. 


To Hold Over an NDB/Compass Locator: 


1. Verify aircraft GPS system integrity monitoring 
functioning properly and indicates sa 
integrity, 

Select the NDB/compass locator facility from the 
airborne database as the active WP. When using a 
facility as the active WP, the only acceptable facility 
is the NDB/compass locator facility which is charted 
If this facility is not in the airborne database, its use 
is not authorized, 


factory 
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3. Select nonsequencing (¢.g.,“HOLD” or “OBS”) mode 
and the appropriate course in accordance with the 
POH/AFM, or supplement 


4, Hold using the GPS system in accordance with the 
POH/AFM, or supplement. 


IFR Flight Using GPS 
Preflight preparations should ensure that the GPS is properly 
stalled and certified with a current database for the type 
of operation. The GPS operation must be conducted in 
accordance with the FAA-approved POH/AFM or flight 
‘manual supplement. Flightcrew members must be thoroughly 
familiar with the particular GPS equipment installed in the 
aircraft, the receiver operation manual, and the POH/AFM 
or flight manual supplement. Unlike ILS and VOR, the 
basic operation, receiver presentation to the pilot and some 
capabilities of the equipment can vary greatly. Due to these 
differences, operation of different brands, or even models, 
of the same brand of GPS receiver under IFR should not be 
attempted without thorough study of the operation of that 
particular receiver and installation. Using the equipment in 
flight under VER conditions prior to attempting IFR operation, 
will allow further familiarization. 


Required preflight preparations should include checking 
NOTAMS relating to the IFR flight when using GPS as a 
supplemental method of navigation. GPS satellite outages are 
issued as GPS NOTAMS both domestically and internationally 
Pilots may obtain GPS RAIM availability information 
for an airport by specifically requesting GPS aeronautical 
information from an automated flight service station 
(AFSS) during preflight briefings. GPS RAIM aeronautical 
information can be obtained for a 3-hour period: the estimated 
time of arrival (ETA), and 1 hour before to 1 hour after the 
ETA hour, ora 24-hour time frame for a specific airport. FAA. 
briefers will provide RAIM information fora period of 1 hour 
before to 1 hour after the ETTA, unless a specific timeframe is, 
requested by the pilot. I flying a published GPS departure, the 
pilot should also request a RAIM prediction for the departure 
airport. Some GPS receivers have the capability to predict, 
RAIM availability. The pilot should also ensure that the 
required underlying ground-based navigation facilities and 
related aircraft equipment appropriate to the route of flight, 
terminal operations, instrument approaches for the destination, 
ports/heliports wil be operational forthe ETA. 
If the required ground-based facilities and equipment will 
not be available, the flight should be rerouted, rescheduled, 
canceled, or conducted under VER. 


and alternat 


Except for programming and retrieving information from 
the GPS receiver, planning the flight is accomplished in a 
similar manner to conventional NAVAIDs. Departure WP, 
DP, route, STAR, desired approach, IAF, and destination 


ainport are entered into the GPS receiver according to the 
manufacturer's instructions. During preflight, additional 
information may be entered for functions such as ETA, fuel 
planning, winds aloft, ete. 


When the GPS receiver is turned on, it begins an internal 
process of test and initialization, When the receiver is 
initialized, the user develops the route by selecting a WP 
or series of WPS, verifies the data, and selects the active 
flight plan, This procedure varies widely among receivers 
made by different manufacturers. GPS is a complex system, 
offering litle standardization between receiver models. Itis, 
the pilot's responsibility to be familiar with the operation of 
the equipment in the aircraft 


‘The GPS receiver provides navigational values such as track, 
bearing, groundspeed, and distance. These are computed from 
the aircraft's present latitude and longitude to the location of 
the next WP. Course guidance is provided between WPS. The 
pilot has the advantage of knowing the aircraft’s actual track 
over the ground, As long as track and bearing to the WP are 
matched up (by selecting the correct aircraft heading), the 
aircraft is going directly to the WE. 


GPS Instrument Approaches 

‘There is a mixture of GPS overlay approaches (approaches, 
with “or GPS” in the title) and GPS stand-alone approaches 
in the United States 


NOTE: GPS instrument approach operations outside the 
United States must be authorized by the appropriate country 
authority 


While conducting these IAPs, ground-based NAVAIDs are 
not required to be operational and associated aircraft avionics 
need not be installed, operational, turned on, or monitored; 
however, monitoring backup navigation systems is always 
recommended when available. 


Pilots should have a basic understanding of GPS approach 
procedures and practice GPS LAPS under visual meteorological 
conditions (VMC) until thoroughly proficient with all 
aspects of their equipment (receiver and installation) prior 
to attempting flight in instrument meteorological conditions 
(IMC). [Figure 7-29] 


AILIAPS must be retrievable from the current GPS database 
supplied by the manufacturer or other FAA-approved 
source, Flying point to point on the approach does not 
assure compliance with the published approach procedure. 
‘The proper RAIM sensitivity will not be available and the 
CDI sensitivity will not automatically change to 0.3 NM. 
Manually setting CDI sensitivity does not automatically 
change the RAIM sensitivity on some receivers, Some existing, 
nonprecision approach procedures cannot be coded for use 
with GPS and will not be available as overlays. 
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Figure 7-29. A GPS Stand-Alone Approach. 
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GPS approaches are requested and approved by ATC using, 
the GPS title, such as “GPS RWY 24” or “RNAV RWY 35.” 
Using the manufacturer's recommended procedures, the 
desired approach and the appropriate IAF are selected from 
the GPS receiver database. Pilots should fly the full approach 
from an initial approach waypoint (LAWP) or feeder fix unless, 
specifically cleared otherwise. Randomly joining an approach 
at an intermediate fix does not ensure terrain clearance. 


When an approach has been loaded in the flight plan, GPS 
receivers will give an “arm” annunciation 30 NM straight 
line distance from the airport/heliport reference point. The 
approach mode should be “armed” when within 30 NM. 
distance so the receiver will change from en route CDI 
(£5.NM) and RAIM (£2 NM) sensitivity to +1 NM terminal 
sensitivity. Where the IAWP is within 30 NM, a CDI 
ensitivity change will occur once the approach mode is 
armed and the aircraft is within 30 NM. Where the IAWP. 
is beyond the 30 NM point, CDI sensitivity will not change 
until the aircraft is within 30 NM even if the approach is, 
armed earlier. Feeder route obstacle clearance is predicated 
iver CDI and RAIM being in terminal CDI 
within 30 NM of the airport/heliport reference 
point; therefore, the receiver should always be armed no later 
than the 30 NM annunciation 


on the re 


sensi 


Pilots should pay particular attention to the exact operation 
of their GPS rei for performing holding patterns and in 
the case of overlay approaches, operations such as procedure 
turns. These procedures may require manual intervention 
by the pilot to stop the sequencing of WPs by the receiver 
and to resume automatic GPS navigation sequencing once 
the maneuver is complete. The same WP may appear in the 
route of flight more than once and consecutively (¢.g., [AWP, 
final approach waypoint (FAWP), missed approach waypoint 
(MAWP) on a procedure turn). Care must be exercised to 
ensure the receiver is sequenced to the appropriate WP for 
the segment of the procedure being flown, especially if one 
or more fly-over WPs are skipped (e.g., FAWP rather than 
IAWP if the procedure turn is not flown). The pilot may need 
to sequence past one or more fly-overs of the same WP in 
order to start GPS automatic sequencing at the proper place 
in the sequence of WPs. 


When receiving vectors to final, most receiver operating 
manuals suggest placing the receiver in the nonsequencing, 
mode on the FAWP and manually setting the course. This, 
provides an extended final approach course in cases where 
the aircraft is vectored onto the final approach cout 
of any existing segment which is aligned with the runway. 
Assigned altitudes must be maintained until established on a 
published segment of the approach. Required altitudes at WPS 
outside the FAWP or step-down fixes must be considered. 


c outs 
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Calculating the distance to the FAWP may be required in 
order to descend at the proper location 


When within 2 NM of the FAWP with the approach mode 
armed, the approach mode will switch to active, which results, 
in RAIM and CDI sensitivity changing to the approach 
mode. Beginning 2 NM prior to the FAWE, the full scale 
CDI sensitivity will change smoothly from +1 NM to +0.3 
NM at the FAWP. AS sensitivity changes from +1 NM to 
+#0.3 NM approaching the FAWP, and the CDI not centered, 
the corresponding increase in CDI displacement may give 
the impression the aircraft is moving further away from the 
intended course even though it is on an acceptable intercept 
heading. If digital track displacement information (cross-track 
error) is available in the approach mode, it may help the pilot 
remain position oriented in this situation. Being established 
oon the final approach course prior to the beginning of the 
sensitivity change at 2 NM will help prevent problems in 
interpreting the CDI display during ramp-down. Requesting, 
or accepting vectors, which will cause the aircraft to intercept 
the final approach course within 2 NM of the FAWP, is not 
recommended. 


Incorrect inputs into the GPS receiver are especially critical 
during approaches. In some cases, an incorrect entry 
cause the receiver to leave the approach mode. Overriding, 
an automatically selected sensitivity during an approach 
will cancel the approach mode annunciation. Ifthe approach 
mode is not armed by 2 NM prior to the FAWP, the approach 
mode will not become active at 2NM prior to the FAWP and, 
the equipment will flag. In these conditions, the RAIM and, 
CDI sensitivity will not ramp down, and the pilot should not 
descend to minimum descent altitude (MDA), but fly to the 
MAWP and execute a missed approach. The approach active 
annunciator andor the receiver should be checked to ensure 
the approach mode is active prior to the FAWP. 


A GPS missed approach requires pilot action to sequence the 
receiver past the MAWP to the missed approach portion of 
the procedure. The pilot must be thoroughly familiar with 
the activation procedure for the particular GPS receiver 
installed in the aircraft and must initiate appropriate action 
after the MAWP. Activating the missed approach prior o the 
MAWP will cause CDI sensitivity to change immediately to 
terminal (#1 NM) sensitivity, and the receiver will continue 
tonavigate to the MAWP. The receiver will not sequence past 
the MAWP. Turns should not begin prior to the MAWP. If 
the missed approach is not activated, the GPS receiver will 
isplay an extension of the inbound final approach course and 
the along track distance (ATD) will increase from the MAWP. 
until it is manually sequenced after crossing the MAWP. 


Missed approach routings in which the first track is via a 
course rather than direct to the next WP require additional 
action by the pilot to set the course. Being familiar with all 
of the required inputs is especially critical during this phase 
of flight 


Departures and Instrument Departure Procedures 
(DPs) 

The GPS receiver must be set to terminal (#1 NM) CDI 
and the navigation routes contained in the database 
in order to fly published IFR charted departures and DPs. 
‘Terminal RAIM should be provided automatically by the 
receiver. (Terminal RAIM for departure may not be available 
3s the WPS are part of the active flight plan rather than 
proceeding direct to the first destination.) Certain segments, 
of a DP may require some manual intervention by the pilot, 
especially when radar vectored to a course or required to 
intercept a specific course to a WP. The database may not 
contain all of the transitions or departures from all runways, 
and some GPS receivers do not contain DPS in the database. 
Itisnecessary that helicopter procedures be flown at 70 knots, 
or less since helicopter departure procedures and missed 
approaches use a 20:1 obstacle clearance surface (OCS), 
which is double the fixed-wing OCS. Turning ar 
oon this speed also. Missed approach routings in which the 
track is via a course rather than direct to the next WP 
re additional action by the pilot to set the course. Being, 
with all of the required inputs is especially critical 
during this phase of flight 
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GPS Errors 

Normally, with 30 satellites in operation, the GPS 
constellation is expected to be available continuously 
worldwide. Whenever there are fewer than 24 operational 
satellites, GPS navigational capability may not be available 
at certain geographic locations. Loss of signals may also 


occur in valleys surrounded by high terrain, and any time 
the aircraft's GPS antenna is “shadowed” by the aircraft's, 
structure (e.g., when the aircraft is banked). 


iarmonic interference.” Pilots 


ons may caus 
olate the interference by relocating nearby portable 
receivers, changing frequencies, or turning off suspected 
causes of the interference while monitoring the receiver's, 
mal quality data page. 


GPS position data can be affected by equipment characteristics, 
and various geometric factors, which typically cause errors, 


of less than 100 feet. Satellite atomic clock inaccuracies, 
receiver/processors, signals reflected from hard objects, 
(multi-path), ionospheric and tropospheric delays, and 
satellite data transmission errors may cause small position 
errors or momentary loss of the GPS signal. 


System Status 
‘The status of GPS satellites is broadcast as part of the data 
message transmitted by the GPS satellites. GPS status 
information is also available by means of the United State 

Coast Guard navigation information service: (703) 313- 
5907, or on the internet at http://www.navcen.uscg.gov 

Additionally, satellite status is available through the Notice 
to Airmen (NOTAM) system. 


‘The GPS receiver verifies the integrity (usability) of the 
signals received from the GPS constellation through rei 
autonomous integrity monitoring (RAIM) to determine if 
a satellite is providing corrupted information. At least one 
satellite, in addition to those required for naviga 
be in view for the receiver to perform the RAIM function; 
thus, RAIM needs a minimum of five satellites in view, or 
four satellites and a barometric altimeter (baro-aiding) to 
detect an integrity anomaly. For receivers capable of doing, 
so, RAIM needs six satellites in view (or five satellites with, 
baro-aiding) to isolate the corrupt satellite signal and remove 
it from the navigation solution. 


mn, must 


RAIM messages vary somewhat between receivers; however, 
there are two most commonly used types. One type indicates, 
that there are not enough satellites available to provide 
RAIM integrity monitoring and another type indicates that 
the RAIM integrity monitor has detected a potential error 
that exceeds the limit for the current phase of flight. Without 
RAIM capability, the pilot has no assurance of the accuracy 
of the GPS posi 


Selective Availability. Selective Availability (SA) isa method 
by which the accuracy of GPS is intentionally degraded. 
‘This feature is designed to deny hostile use of precise GPS 
positioning data. SA was discontinued on May 1, 2000, 
but many GPS receivers are designed to assume that SA 
is still active. New receivers may take advantage of the 
discontinuance of SA based on the performance values in 
ICAO Annex 10, and do not need to be designed to operate 
outside of that performance. 
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GPS Familiarization 

Pilots should practice GPS approaches under visual 
meteorological conditions (VMC) until thoroughly proficient 
with all aspects of their equipment (receiver and installation) 
prior to attempting flight by IFR in instrument meteorological 
conditions (IMC). Some of the tasks which the pilot should 
practice are: 


1. Utilizing the receiver autonomous integrity monitoring, 
(RAIM) prediction function; 


Inserting a DP into the flight plan, including setting 
terminal CDI sensitivity, if required, and the condi 
under which terminal RAIM is available for departure 
(Some receivers are not DP or STAR capable): 


3. Programming the destination airport; 


4, Programming and flying the overlay approache 
(especially procedure turns and ares); 


Changing to another approach after selecting an 
approach; 


6, Programming and flying “direct” missed approaches; 
Programming and flying “routed” missed 
approaches; 

8, Entering, flying, and exiting holding patterns, 
particularly on overlay approaches with a second WP 
in the holding pattern; 


9, Programming and flying a “route” from a holding 


pattern; 

10. Programming and flying an approach with radar vectors 
to the intermediate segment; 

11. Indication of the actions required for RAIM failure 
both before and after the FAWP; and 

12, Programming a radial and distance from a VOR (often 


used in departure instructions). 


Differential Global Positioning Systems (DGPS) 
Differential global positioning systems (DGPS) are designed 
to improve the accuracy of global navigation satelite systems 
by measuring changes in variables to provide 
tioning corrections, 


Because multiple receivers receiving the same set of satellites, 
produce similar errors, a reference receiver placed at a known 
location can compute its theoretical position accurately and 
can compare that value to the measurements provided by the 
navigation satellite signals. The difference in measurement 
between the two signals is an error that can be corrected by 
providing a reference signal correction 


As a result of this differe 
satel 


input accuracy of the 
te system can be increased to meters. The Wide 
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Area Augmentation System (WAAS) and Local Area 
‘Augmentation System (LAAS) are examples of differential 
global positioning systems, 


Wide Area Augmentation System (WAAS) 
‘The WAAS is designed to improve the accuracy, integrity, 
and availability of GPS signals. WAAS allows GPS to be 
used, as the aviation navigation system, from takeoff through 
egory I precision approaches. The International Ci 
Aviation Organization (ICAO) has defined Standards for 
satellite-based augmentation systems (SBAS), and Japan 
and Europe are building similar systems that are planned 
to be interoperable with WAAS: EGNOS, the European 
Geostationary Navigation Overlay System, and MSAS, 
the Japanese Multifunctional ‘Transport Satellite (MTSAT) 
Satellite-based Augmentation System. The result will be a 
worldwide seamless navigation capability similar to GPS but 
with greater accuracy, availability, and integrity 


Unlike traditional ground-based navigation aids, WAAS. 
will cover a more extensive service area in which surveyed 
rea ground reference stations are linked to the WAAS 
network. Signals from the GPS satellites are monitored by 
stations to determine satellite clock and ephemeris, 
ons. Each station in the network relays the data to a 


wide 


wide-area master station where the correction information is, 
computed. A correction message is prepared and uplinked to 
geostationary satellite (GEO) via a ground uplink and then 
broadcast on the same frequency as GPS to WAAS 


within the broadeast coverage area. [Figure 7-30] 


cceivers 


In addition to providing the correction signal, WAAS. 
provides an additional measurement to the aircraft receiver, 
improving the availability of GPS by providing, in effect, 
an additional GPS satellite in view. The integrity of GPS is, 
improved through real-time monitoring, and the accuracy 
is improved by providing differential corrections to reduce 
errors. [Figure 7-31] Asa result, performance improvement 
sufficient to enable approach procedures with GPS/WAAS 
slide paths. At this time the FAA has completed installation of 
25 wide area ground reference systems, two master stations, 
and four ground uplink stations, 


General Requirements 
WAAS avionics must be ce 
‘TSO-C145A, Airborne Navi snsors Using the GPS 
‘Augmented by the WAAS; or TSO-146A for stand-alone 
systems. GPS/WAAS operation must be conducted in 
accordance with the FAA-approved aircraft flight manual 
(AFM) and flight manual supplements. Flight manual 
supplements must state the level of approach procedure that 
the receiver supports, 


in accordance with 
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Figure 7-30. WAAS Satelite Representation, 
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{APPENDOX A » GETTING STARTED WITH TOOL BUILDING 


An Easy 2.5 Watts 


You probably have a spare USB charger lying around somewhere. If you don't already, you more than 
likely will at some point in the near future, as these are becoming more common with smaller electronic 
devices. If not, you can obtain one relatively cheaply if you do some smart shopping. The USB charger 
shown in Figure A-2 was obtained from overseas via eBay for less than $1. You will also need a USB cable 
about 3 or 4 feet long. Again, don't spend a lot of money on a new cable. If you don’t already have one 
floating around in a drawer somewhere, you probably know someone that does, 


Figure A-2. A USB charger that plugs into the wall and provides a regulated +5V supply. This plug is 
intended for US wiring, but will operate from 110AC ta 240VAC at 50 or 60Hz, which pretty much covers 
the whole world, if you have the right adapter plug. 


It doesn't matter what type of USB cable you find, because we're going to cut off the smaller end and 
use the bare wires inside the cable. It just has to have the USB A-style plug shown on the left side of 
Figure A-2. The plug will fit into the socket of the charger. You do not need to open or modify the USB 
charger at all, and you are seriously advised not to do so for any reason. 

Let's take a closer look at the label on the charger to find out exactly what it's supposed to be doing 
for us. See Figure A-3. 


Figure 7-31. WAAS Sacellite Representation. 


Instrument Approach Capabilities 

WAAS receivers support all basic GPS approach functions 
and will provide additional capabilities with the key benefit 
to generate an electronic glide path, independent of ground 
equipment or barometric aiding. This eliminates several 
problems such as cold temperature effects, incorrect altimeter 
setting or lack of a local altimeter source, and allows approach 
procedures to be built without the cost of installing ground 
stations at each airport. A new class of approach procedures 
which provide vertical guidance requirements for precision 
approaches has been developed to support satellite navigation 
use for aviation applications. These new procedures called 
Approach with Vertical Guidance (APV) include approaches 
such as the LNAV/VNAV procedures presently being flown 
with barometric vertical navigation, 


Local Area Augmentation System (LAAS) 
LAAS is a ground-based augmentation system which uses 
a GPS reference facility located on or in the vicinity of 
the airport being serviced. This facility has a reference 
receiver that measures GPS satellite pseudo-range and 
iming and retransmits the signal. Aircraft landing at 
LAAS-equipped airports are able to conduct approaches to 
Category I level and above for properly equipped aircraft 
[Figures 7-32 and 7-33] 


Inertial Navigation System (INS) 

Inertial Navigation System (INS) is a system that navigates 
precisely without any input from outside of the aircraft. Itis, 
fully self-contained. The INS is initialized by the pilot, who 
enters into the system the exact location of the aircraft on the 
ground before the flight. The INS is also programmed with 
WPS along the desired route of flight. 
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Figure 7-32. LAAS Representation 


Figure 7-33. LAS Representation, 


INS Components 

INS is considered a stand-alone navigation system, especially 
when more than one independent unit is onboard. The 
airborne equipment consists of an accelerometer to measure 
acceleration—which, when integrated with time, gives 
velocity—and gyros to measure direction, 


Later versions of the INS, called inertial reference systems 
(IRS) utilize laser gyros and more powerful computers; 
therefore, the accelerometer mountings no longer need to 
be kept level and aligned with true north. The computer 
system can handle the added workload of dealing with the 
computations necessary to correct for gravitational and 
directional errors. Consequently, these newer systems are 
sometimes called strap down systems, as the accelerometers, 
and gyros are strapped down to the airframe, rather than being, 
mounted on a structure that stays fixed with respect to the 
horizon and true north. 


INS Errors 

“The principal error associated with INS is degradation of 
position with time. INS computes position by starting with 
accurate position input which is changed continuously as 
accelerometers and gyros provide speed and direction inputs. 
Both accelerometers and gyros are subject to very small 
errors; as time passes, those errors probably accumulate, 


While the best INS/IRS display errors of 0.1 to 0.4 NM alter 
flights across the North Atlantic of 4 to 6 hours, smaller and. 
less expensive systems are being built that show errors of 1 
to NM per hour. This accuracy is more than sufficient for 
a navigation system that can be combined with and updated 
by GPS. The synergy of a navigation system consisting of an 
INS/IRS unit in combination with a GPS resolves the errors, 
and weaknesses of both systems. GPS isaccurate all the time 


itis working but may be subject to short and periodic outages. 
INS is made more accurate because itis continually updated 
and continues to function with good accuracy if the GPS has 
moments of lost signal. 


Instrument Approach Systems 


Most navigation systems approved for en route and terminal 
operations under IFR, such as VOR, NDB, and GPS, may 
also be approved to conduct IAPs. The most common 
systems in use in the United States are the ILS, simplified 
directional facility (SDF), locatizer directional aid (LDA), 
and microwave landing system (MLS). These systems 
operate independently of other navigation systems, There are 
new systems being developed, such as WAAS and LAAS. 
Other systems have been developed for special use. 


Instrument Landing Systems (ILS) 
‘The ILS system provides both course and altitude guidance 
to a specific runway. The ILS system is used to execute 
4 precision instrument approach procedure or precision 
approach. [Figure 7-34] The system consists of the following, 
‘components: 

1, A localizer providing horizontal (left/right) guidance 
along the extended centerline of the runway. 

2. A glide slope (GS) providing vertical (up/down) 
guidance toward the runway touchdown point, usually 
at a 3° slope. 

3, Marker beacons providing range information along 
the approach path. 

4, Approach lights assisting in the transition from 
instrument to visual flight. 


‘The following supplementary elements, though not specific 
‘components of the system, may be incorporated to increase 
safety and uti 


1. Compass locators providing transition from en route 
NAVAIDs to the ILS system and assisting in holding 
procedures, tracking the localizer course, identifying 
the marker beacon sites, and providing a PAF for ADF 
approaches, 


2. DME collocated with the GS transmitter providing 
positive distance-to-touchdown information or DME 
associated with another nearby facility (VOR orstand- 
alone), if specified in the approach procedure. 


ILS approaches are categorized into three different types of 
approaches based on the equipment at the airport and the 
experience level of the pilot. Category I approaches provide 
for approach height above touchdown of not less than 200 feet, 
Category ILapproaches provide for approach toa height above 
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Figure 7-34 Instrument Landing Systems. 
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touchdown of not less than 100 feet, Category III approaches, 
provide lower minimums for approaches without a decision 
height minimum. While pilots need only be instrument rated 
and the aircraft be equipped with the appropriate airborne 
equipment to execute Category I approaches, Category IL 
and IIL approaches require special certification for the pilots, 
ground equipment, and airborne equipment, 


ILS Components 
Ground Components 

‘The ILS uses a number of different ground facilities, These 
facilities may be used as a part of the ILS system, as well as 
part of another approach. For example, the compass locator 
‘may be used with NDB approaches. 


Localizer 
‘The localizer (LOC) ground antenna array is located on the 
extended centerline of the instrument runway of an airport, 
located at the departure end of the runway to prevent it from 
being a collision hazard, This unit radiates a field pattern, 
which develops a course down the centerline of the runway 
toward the middle markers (MMs) and outer markers 
(OMSs), and a similar course along the runway centerline in 
the opposite direction. These are called the front and back 
courses, respectively, The localizer provides course guidance, 
transmitted at 108.1 to 111.95 MHz (odd tenths only), 
throughout the descent path to the runway threshold from a 
distance of 18 NM from the antenna to an altitude of 4,500 
feet above the elevation of the antenna site. [Figure 7-35] 


‘The localizer course width is defined as the angular 
displacement at any point along the course between a full 
“fly-left” (CDI needle fully deflected to the left) and a full 
“fly-right” indication (CDI needle fully deflected to the right). 
Each localizer facility is audibly identified by a three-letter 
designator, transmitted at frequent regular intervals. The ILS, 
identification is preceded by the letter “I” (two dots). For 
‘example, the ILS localizer at Springfield, Missouri transmits 
the identifier ISGF. The localizer includes a voice feature on 
its frequency for use by the associated ATC facility in issuing 
approach and landing instructions. 


‘The localizer course is very narrow, normally 5°. This 
results in high needle sensitivity. With this course width, 
a full-scale deflection shows when the aircraft is 2.5° 10 
cither side of the centerline. This sensitivity permits accurate 
orientation to the landing runway. With no more than one~ 
quarter scale deflection maintained, the aircraft will be 
aligned with the runway. 


Gilide Slope (GS) 

GS describes the systems that generate, receive, and indicate 
the ground facility radiation pattern. The glide path is the 
straight, sloped line the aircraft should fly in its descent from 
where the GS intersects the altitude used for approaching the 
FAR, to the runway touchdown zone. The GS equipment 
is housed in a building approximately 750 to 1,250 feet 
down the runway from the approach end of the runway, and 
‘between 400 and 600 feet to one side of the centerline. 


Figure 7-85. Localizer Coverage Limits 
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‘The course projected by the GS equipment is essentially the 
same as would be generated by a localizer operating on its 
side. The GS projection angle is normally adjusted to 25° 
to 3.5° above horizontal, so it intersects the MM at about 
200 feet and the OM at about 1,400 feet above the runway 
elevation. At locations where standard minimum obstruction 
clearance cannot be obtained with the normal maximum GS 
angle, the GS equipment is displaced farther from the approach 
end of the runway if the length of the runway permits; or, the 
GS angle may be increased up to 4° 


Unlike the localizer, the GS transmitter radiates signals only 
in the direction of the final approach on the front course. The 
system provides no vertical guidance for approaches on the 
back course. The glide path is normally 1.4° thick. At 10 
NM from the point of touchdown, this represents a vertical 
distance of approximately 1,500 feet, narrowing to a few feet 
at touchdown, 


Marker Beacons 
‘Two VHF marker beacons, outer and middle, are normally 
used in the ILS system. Figure 7-36] A third beacon, the 
inner, is used where Category II operations are certified. A 
marker beacon may also be installed to indicate the FAF on 
the ILS back course. 


Figure 7-36. Localizer receiver indications and aireraft 
displacement. 


‘The OM is located on the localizer front course 4~7 miles 
from the airport to indicate a p 
the appropriate altitude on the localizer course, will intercept 
the glide path. The MM is located approximately 3,500 feet 
from the landing threshold on the centerline of the localizer 
front course ata position where the GS centerline is about 200 
feet above the touchdown zone elevation. The inner marker 
(IM), where installed, is located on the front course between 
the MM and the landing threshold. It indicates the point at 
hich an aircraft is at the decision height on the glide path 
during a Category II ILS approach. The back-course marker, 
‘where installed, indicates the back-course FAR 


at which an aireraft, at 
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Compass Locator 
Compass locators are low-powered NDBs and are received 
and indicated by the ADF receiver. When used in conjunction 
with an ILS front course, the compass locator facilities are 
collocated with the outer and/or MM facilities. The coding, 
identification of the outer locator consists of the first two 
letters of the three-letter identifier of the associated LOC. 
For example, the outer locator at Dallas/Love Field (DAL) is, 
identified as “DA.” The middle locator at DAL is identified 
by the last two letters “AL.” 


Approach Lighting Systems (ALS) 
Normal approach and letdown on the ILS is divided into two 
distinct stages: the instrument approach stage using only radio 
‘guidance, and the visual stage, when visual contact with the 
ground runway environment is necessary for accuracy and, 
safety. The most critical period of an instrument approach, 
particularly during low ceiling/visibility conditions, is the 
point at which the pilot must decide whether to land or 
execute a missed approach. As the runway threshold is 
approached, the visual glide path will separate into individual 
lights. At this point, the approach should be continued by 
reference to the runway touchdown zone markers. The ALS 
provides lights that will penetrate the atmosphere far enough 
from touchdown to give directional, distance, and glide path 
information for safe vi 


ual transition, 


Visual identification of the ALS by the pilot must be 
instantaneous, so it is important to know the type of ALS 
before the approach is started. Check the instrument approach 
chart and the A/FD for the particular type of lighting facilities, 
at the destination airport before any instrument flight. With 
reduced visibility, rapid orientation to a strange runway can 
be difficult, especially during a circling approach to an airport 
with minimum lighting facilities, orto a large terminal airport 
located in the midst of distracting city and ground facility 
lights, Some of the most common ALS systems are shown 
in Figure 7-37. 


A high-intensity flasher system, often referred to as “the 
rabbit,” is installed at many large airports. The flashers consist 
of a series of brilliant blue-white bursts of light flashing in 
sequence along the approach lights, giving the effect ofa ball 
of light traveling towards the runway. Typically, “the rabbit” 
makes two trips toward the runway per second, 


Runway end identifier lights (REIL) are installed for rapid and, 
positive identification of the approach end of an instrument 
runway. The system consists of a pair of synchronized 
flashing lights placed laterally on each side of the runway 
threshold facing the approach area 
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ALSF—Approach light system with sequenced flashing lights 
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'SSALR—Simpliiod short approach light systom with runway allgnmentinsicator lights 
MALSR—Medium intensity approach light system with runway alignment indicator lights 


REIL—Runway end identification ights 


MALSF—Medium intensity approach light system wih sequenced flashing lights (and runway alignment) 


ODALS— Omnidirectional approach light system 
Figure 7-97. Precision and Nonprecision ALS Configuration, 


‘The visual approach slope indicator (VASI) gives visual 
descent guidance information during the approach to a 
runway. The standard VASI consists of light bars that 
project a visual glide path, which provides safe obstruction 
clearance within the approach zone, The normal GS angle 
is 3°; however, the angle may be as high as 4.5° for proper 
obstacle clearance, On runways served by ILS, the VASL 
angle normally coincides with the electronic GS angle. 
Visual left/right course guidance is obtained by alignment 
with the runway lights, The standard VASI installation 
consists of either 2-,3-, 4-,6-, 12-, or 16-light units arranged 
in downwind and upwind light bars. Some airports serving 
ong-bodied aircraft have three-bar VASIs which provide two 
visual glidepaths to the same runway. The first glide path 
encountered is the same as provided by the standard VASI. 


e second glide path is about 25 percent higher than the first 
and is designed for the use of pilots of long-bodied aircraft 


‘The basic principle of VASI is that of color differentiation 
between red and white. Each light projects a beam having, 
4 white segment in the upper part and a red segment in the 
lower part of the beam, From a position above the glide path 
the pilot sees both bars as white. Lowering the aircraft with 
respect tothe glide path, the color of the upwind bars changes 
from white to pink to red, When on the proper glide path, 
the landing aircraft will overshoot the downwind bars and 
tundershoot the upwind bars. Thus the downwind (closer) 
bars are seen as white and the upwind bars as red. From a 
position below the glide path, both light bars are seen as 
red. Moving up to the glide path, the color of the downwind 


Tat 


[oem adept | 


On atepath 


's from red to pink to white. When below the 
glide path, as indicated by a distinct all-red signal, a safe 
obstruction clearance might not exist. A standard two-bar 
‘VASI is illustrated in Figure 7-38. 


ILS Airborne Components 
Airborne equipment for the ILS system includes receivers 
for the localizer, GS, marker beacons, ADE, DME, and the 
respective indicator instruments, 


‘The typical VOR receiver is also a localizer receiver with 
common tuning and indicating equipment. Some receivers 
have separate function selector switches, but most switch 
between VOR and LOC automatically by sensing if odd 
tenths between 108 and 111.95 MHz have been selected. 
Otherwise, tuning of VOR and localizer frequencies is 
accomplished with the same knobs and switches, and the CDI 
indicates “on course” as it does on a VOR radial 


‘Though some GS receivers are tuned separately, in a typical 
installation the GS is tuned automatically to the proper 
frequency when the localizeris tuned, Each of the 40 localizer 
channels in the 108.10 to 111.95 MHz band is paired with a 
corresponding GS frequency, 


‘When the localizer indicator also includes a GS needle, the 
instrument is often called a cross-pointer indicator. ‘The 
crossed horizontal (GS) and vertical (localizer) needles are 
free to move through standard five-dot deflections to indicate 
position on the localizer course and glide path, 


‘When the aircraft ison the glide path, the needle is horizontal, 
overlying the reference dots. Since the glide path is much 
narrower than the localizer course (approximately 1.4° from 
full up to full down deflection) the needle is very sensitive 
to displacement of the aircraft from on-path alignment. With 
the proper rate of descent established upon GS interception, 
very small corrections keep the aircraft aligned. 
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‘The localizer and GS warning flags disappear from view on 
the indicator when sulficient voltage is received to actuate the 
needles. The flags show when an unstable signal or receiver 
malfunction occurs. 


at the rate of two per second, and a purple/blue marker beacon 
light. The MM is identified by an intermediate tone, alternate 
dots and dashes at the rate of 95 dov/dash combinations per 
minute, and an amber marker beacon light, The IM, where 
installed, is identified by a high-pitched tone, continuous dots, 


atthe rate of six per second, and a white marker beacon light 
‘The back-course marker (BCM), where installed, is identified 
by a high-pitched tone with two dots at arate of 72:0 75 two- 
dot combinations per minute, and a white marker beacon light. 
Marker beacon receiver sensitivity is selectable as high or low 
on many units. The low-sensitivity position gives the sharpest 
indication of position and should be used during an approach. 
‘The high-sensitivity position provides an earlier warning that 
the aircraft is approaching the marker beacon 


ILS Function 
‘The localizer needle indicates, by deflection, whether the 
aircraft is right or left ofthe localizer centerline, regardless of 
the position or heading of the aircraft, Rotating the OBS has 
no effect on the operation of the localizer needle, although 
itis useful to rotate the OBS to put the LOC inbound course 
under the course index. When inbound on the front course, or 


outbound on the back course, the course indication remains 
directional. (See Figure 7-39, aircraft C, D, and E.) 


Unless the aircraft has reverse sensing capability and it is in 
use, when flying inbound on the back course or outbound 
on the front course, heading corrections to on-course are 
made opposite the needle deflection. This is commonly 
described as “flying away from the needle.” (See Figure 7~ 
aircraft A and B.) Back course signals should not be used 
for an approach unless a back course approach procedure 
is published for that particular runway and the approach is, 
authorized by ATC. 


Once you have reached the localizer centerline, maintain 
the inbound heading until the CDI moves off center. Drift 
corrections should be small and reduced proportionately as 
the course narrows. By the time you reach the OM, your drift 
correction should be established accurately enough on a well- 
executed approach to permit completion of the approach, 
with heading corrections no greater then 2°, 


‘The heaviest demand on pilot technique occurs during 
descent from the OM to the MM, when you maintain 
the locatizer course, adjust pitch attitude to maintain the 
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Localizer Course Indications. To follow indications displayed in the aireraf, start from A and proceed through E 
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proper rate of descent, and adjust power to maintain proper 
airspeed. Simultaneously, the altimeter must be checked 
and preparation made for visual transition to land or for a 
missed approach, You can appreciate the need for accurate 
instrument interpretation and aircraft control within the ILS 
as a whole, when you notice the relationship between CDI 
and glide path needle indications, and aircraft displacement 
from the localizer and glide path centerlines. 


Deflection of the GS needle indicates the position of the 
raft with respect to the glide path. When the aircraft is 
above the glide path, the needle is deflected downward. When 
the aircraft is below the glide path, the needle is deflected 
upward. [Figure 7-40] 


ILS Errors 
‘The ILS and its components are subject to certain errors, 
hich are listed below. Localizer and GS signals are subject 
the same type of bounce from hard objects as space waves. 
1. Reflection. Surface vehicles and even other aircraft 
flying below 5,000 feet above ground level (AGL) 

may disturb the signal for aircraft on the approach. 
2. False courses. In addition to the desired course, GS 
facilities inherently produce additional courses at 
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higher vertical angles. The angle of the lowest of these 
false courses will occur at approximately 9°-12°, An 
aircraft flying the LOC/GS course ata constant altitude 
‘would observe gyrations of both the GS needle and GS 
‘warning flag as the aircraft passed through the various 
false courses. Getting established on one of these 
false courses will result in either confusion (reversed 
GS needle indications) or in the need for a very high 
descent rate, However, if the approach is conducted 
at the altitudes specified on the appropriate approach 
chart, these false courses will not be encountered. 


Marker Beacons 

‘The very low power and directional antenna of the marker 
beacon transmitter ensures that the signal will not be received 
any distance from the transmitter site, Problems with signal 
reception are usually caused by the ai 
being turned on, or by incorrect receiver sensitivity. 


Some marker beacon receivers, to decrease weight and cost, 
are designed without their own power supply. ‘These units, 
utilize a power source from another radio in the avionics 
stack, often the ADE. In some aircraft, this requires the 
ADF to be turned on in order for the marker beacon receiver 
to function, yet no warning placard is required. Another 


roximataly 50° | 
iacement trom, 

‘centerline per vertical 

dot displacement 


Figure 7-40. Illustrates a GS receiver indication and aireraft displacement. An analog system is on the left and the same indication on 


the Garmin PED on the right. 
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source of trouble may be the “High/Low/Off” three-position 
switch, which both activates the receiver and selects receiver 
sensitivity. Usually, the “test” feature only tests to see if 
the light bulbs in the marker beacon lights are working, 
‘Therefore, in some installations, thes 
for the pilot to ascertain the marker beacon receiver 
on except to fly over a marker beacon transmitter, and see if 
1 signal is received and indicated (¢.g., audib 
via marker beacon lights). 


no functional way 


actually 


and visually 


Operational Errors 


1, Failure to und 


tand the fundamentals of ILS ground 
equipment, particularly the difference 
dimer the VOR receiver 

localizer course, the assumption is sometimes made 
that interception and tracking techniques are identical 
when tracking localizer courses and VOR radials. 
Remember that the CDI sensing is sharper and faster 
‘on the localizer cours 


2. Disorientation during transition to the ILS due to poor 
planning and reliance on one receiver instead of on all 
available airborne equipment. Use all the assistance 


3. Disorientation on the localizer course, due to the first 
error noted above, 


4, Incorrect localizer interception angles. A large 
interception angle usually results in overshooting, 
and possible disorientation. When intercepting, 
if possible, turn to the localizer course heading 
immediately upon the first indication of needle 
movement. An ADF receiver is an excellent aid to 
orient you during an ILS approach if there is locator 
‘or NDB on the inbound course. 


5. Chasing the CDI and glide path needles, espe 
‘when you have not sufficiently studied the approach 


ly 


‘Simplified Directional Facility (SDF) 
‘The SDE provides a final approach course similar to the ILS 
localizer. The SDF course may or may not be aligned with 
the runway and the course may be wider than a standard 
ILS localizer, resulting in 
indi 
centerline. Instrument indications in the area between 35 
and 90° from the cou 
should be disregarded. 


centerline are not controlled and 


‘The SDF must provide signals sufficient to allow satisfactory 
operation of a typical aircraft installation within a sector 
which extends from the center of the SDF antenna system 
to distances of 18 NM covering a sector 10° either side of 


centerline up to an angle 7° above the horizontal. The angle 
of convergence of the final approach course and the extended 
runway centerline must not exceed 30°. Pilots should note 
this angle since the approach course originates at the antenna 
site, and an approach continued beyond the runway threshold. 
would lead the aircraft to the SDF offset position rather than 
along the runway centerline 


DF signal emitted from the 
transmitter is fixed at either 6° or 12°, as necessary, to provide 
maximum flyability and optimum approach course quality. 
A three-letter identifier is transmitted in code on the SDF 
frequency; ther ” (two dots) transmitted before 
the station identifier, as there is with the LOC. For example, 
the identifier for Lebanon, Missouri, SDF is LBO. 


no Lette 


Localizer Type Directional Aid (LDA) 
‘The LDA is of comparable utility and accuracy to a localizer 
but is not part of a complete ILS. The LDA course width i 
between 3° and 6° and thus provides a more precise approach 
course than an SDF installation. Some LDAs are equipped 
with a GS. The LDA course is not aligned with the runway, 
but straight-in minimums may be published where the angle 
between the runway centerline and the LDA course does not 
exceed 30°. If this angle exceeds 30°, only circling, 
are published. The identifier is three letters preceded by 
transmitted in code on the LDA frequency. For example, the 
identifier for Van Nuys, California, LDA is I-BUR. 


inimums 


Microwave Landing System (MLS) 
‘The MLS provides precision navigation guidance for exact 
alignment and descent of aircraft on approach to a runway. 
imuth, elevation, and distance. Both lateral 
and vertical guidance may be displayed on conventional 
course deviation indicators or incorporated into multipurpose 
flight deck displays. Range information can be displayed 
by conventional DME indicators and also incorporated into 
multipurpose displays. [Figure 7-41] 


ons, which are 


‘The system may be divided into five func 
approach azimuth, back azimuth, approach elevation, range; 
and data communications. The standard configuration of 
MLS ground equipment includes an azimuth station to 
perform functions.as indicated above. In addition to providing, 
azimuth navigation guidance, the station transmits basic data, 
which consists of information associated directly with the 
operation of the landing system, as well as advisory data on 
the performance of the ground equipment. 


Approach Azimuth Guidance 
‘The azimuth station transmits MLS angle and data on one 
of 200 channels within the frequency range of 5031 to 5091 
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APPENDIX A © GETTING STARTED WITH TOOL BUILDING 


Figure A-3. The label of the USB charger tells us that it accepts anything fromt 110VAC to 240VAC at either 
S0Hz or 60H, This wide range of input power allows the same internal electronic design to be used 
worldwide. Only the prongs that plug into the wall vary from location to location. The label also tells us 
that the USB charger will output +5V at up to 500mA. That's 2.5W! 


‘The “OUTPUT: 5.0V—~500mA” marking tells us what we need to know about the flavor of the power 
coming out of the adapter. The “5.0V" is the measure of the voltage. This is a very useful voltage level for 
small projects. Many digital chips require a 5V supply, although 3.3V is also becoming quite popular. 

‘The - symbol represents direct current (DC) voltage. The symbol for AC (alternating current) 
voltage isthe tilde, or wavy line symbol ~. The “500mA" is the maximum current that can be supplied by 
this charger (500 milliamps, or 0.5), although you are cautioned not to expect a low-cost item such as 
this one to produce 100 percent of its rated power 100 percent of the time. 

While this USB charger will most likely work for our intended purposes, it’s best to keep those 
‘expectations in check. Note that “Model:” is misspelled ("Mode:"); and also note the absence of the 
magic letters USB or the USB logo. Also, there is a complete lack of any safety certifications present on 
this humble device, as befits its eheap economically optimized provenance. Compare this with the 
veritable constellation of safety certifications on the name-brand laptop charger shown in Figure A-4. 
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Figure 7-41. MLS Coverage Volumes, 3-D Representation. 


MHz. The equipment is normally located about 1,000 feet 
beyond the stop end of the runway, but there is considerable 
flexibility in selecting sites. For example, for heliport 
operations the azimuth transmitter can be collocated with 
the elevation transmitter. The azimuth coverage extends 
laterally at least 40° on either side of the runway centerline 
in a standard configuration, in elevation up to an angle of 15° 
and to at least 20,000 feet, and in range to at least 20 NM. 


MLS requires separate airborne equipment to receive and 
process the signals from what is normally installed in general 
aviation aircraft today. Ithas data communications capability, 
and can provide audible information about the condition 
of the transmitting system and other pertinent data such as 
‘weather, runway status, etc. The MLS transmits an audible 
identifier consisting of four letters beginning with the letter 
M, in Morse code at a rate of at least six per minute. The 
MLS system monitors itself and transmits ground-to-air data 
‘messages about the system’s operational condition. During, 
periods of routine or emergency maintenance, the coded 
identification is missing from the transmissions. At this time 
there are only a few systems installed. 


Required Navigation Performance 


RNP is a navigation system that provides a specified level 
of accuracy defined by a lateral area of confined airspace 
in which an RNP-certified aircraft operates. The continuing, 
growth of aviation places increasing demands on airspace 
capacity and emphasizes the need for the best use of the 
available airspace. These factors, along with the accuracy of 
‘modem aviation navigation systems and the requirement for 
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increased operational efficiency in terms of direct routings 
and track-keeping accuracy, have resulted in the concept 
of required navigation performance—a statement of the 
navigation performance accuracy necessary for operation 
within a defined airspace. RNP can include both performance 
and functional requirements, and is indicated by the RNP type. 
‘These standards are intended for designers, manufacturers, 
and installers of avionics equipment, as well as service 
providers and users of these systems for global operations. 
‘The minimum aviation system performance specification 
(MASPS) provides guidance for the development of airspace 
and operational procedures needed to obtain the benefits of 
improved navigation capability. [Figure 7-42] 


‘The RNP type defines the total system error (TSE) that 
is allowed in lateral and longitudinal dimensions within 
4 particular airspace. The TSE, which takes account of 
navigation system errors (NSE), computation errors, display 
errors and flight technical errors (FTE), must not exceed the 
specified RNP value for 95 percent of the flight time on any 
part of any single flight. RNP combines the accuracy standards 
laid out in the ICAO Manual (Doc 9613) with specific 
accuracy requirements, as well as functional and performance 
standards, for the RNAV system to realize a system that 
can meet future air traffic management requirements. The 
functional criteria for RNP address the need for the Hight paths 
of participating aircralt to be both predictable and repeatable 
to the declared levels of accuracy. More information on RNP 
is contained in subsequent chapters. 


‘The term RNP is also applied as a descriptor for airspace, 
routes, and procedures (including departures, arrivals, 
and IAPS). The descriptor can apply to a unique approach 
procedure or to a large region of airspace. RNP applies to 
navigation performance within a designated airspace, and 
includes the capability of both the available infrastructure 
(navigation aids) and the aircraft. 


RNP type is used to specify navigation requirements for the 
airspace. The following are ICAO RNP ‘Types: RNP-1.0, 
RNP-4.0, RNP-5.0, and RNP-10.0. The required performance 
is obtained through a combination of aircraft capability and 
the level of service provided by the corresponding navigation 
infrastructure. From a broad perspective 


Aircraft Capability + Level of Service = Access 


In this context, aircraft capability refers to the airworthiness 
certification and operational approval elements (including 
avionics, maintenance, database, human factors, pilot 
procedures, training, and other issues). The level of service 
element refers to the NAS infrastructure, including published 
routes, signal-in-space performance and availability, and air 


traffic management, When considered collectively, these 
elements result in providing access. Access provides the 
desired benefit (airspace, procedures, routes of flight, etc.) 
RNP levels are actual distances from the centerline of the 
fight path, which must be maintained for aircraft and obstacle 
separation. Although additional FAA-recognized RNP 
levels may be used for specific operations, the United States, 
currently supports three standard RNP levels: 


+ RNP0.3~ Approach 


+ RNP 1.0~ Departure, Terminal 
+ RNP2.0-En route 


RNP 0.3 represents a distance of 0.3 NM either side of a 
specified flight path centerline. The specific performance 
that is required on the final approach segment of an 
instrument approach is an example of this RNP level. At 
the present time, a 0.3 RNP le 
normal RNAV operations. Specific airlines, using special 
procedures, are approved to use RNP levels lower than 
RNP 0,3, but those levels are used only in accordance with 
their approved operations specifications (OpsSpecs). For 
aircraft equipment to qualify for a specific RNP type, it 
must maintain navigational accuracy at least 95 percent of 
the total flight time 


cl is the lowest level used in 


Flight Management Systems (FMS) 
A flight management system (FMS) is not a navigation 
system in itself, Rather, it is a system that automates the 
tasks of managing the onboard navigation systems, FMS may 
perform other onboard management tasks, but this discussion 
is limited to its navigation function. 


S is an interface between flight crews and flight-deck 
systems. FMS can be thought of as a computer with a large 
database of airport and NAVAID locations and associated 
data, aircraft performance data, airways, intersections, 


DPs, and STARS. FMS also has the ability to accept and 
store numerous user-defined WPS, flight routes consisting, 
of departures, WPs, arrivals, approaches, alternates, ete. 
FMS can quickly define a desired route from the aircraft's, 
current position to any point in the world, perform flight 
plan computations, and display the total picture of the flight 
route to the crew 


FMS also has the capability of controlling (selecting) VOR, 
DME, and LOC NAVAIDS, and then receiving navigational 
data from them. INS, LORAN, and GPS navigational data 
may also be accepted by the FMS computer. The FMS may 
act as the input/output device for the onboard navigation 
systems, so that it becomes the “go-between” for the crew 
and the navigation systems 


Function of FMS 
At startup, the erew programs the aircraft location, departure 
runway, DP (if applicable), WPs defining the route, approach 
procedure, approach to be used, and routing to alternate. This, 
may be entered manually, be in the form of a stored flight 
plan, or be a flight plan developed in another computer and, 
transferred by disk or electronically to the FMS computer. 
‘The crew enters this basic information in the control/display 
unit (CDU). [Figure 7-43] 


Once airborne, the FMS computer channels the appropriate 
NAVAIDs and takes radial/distance information, or 
channels two NAVAIDs, taking the more accurate distance 
information, FMS then indicates position, track, desired 
heading, groundspeed and position relative to desired track. 
Position information from the FMS updates the INS. In more 
sophisticated aircraft, the FMS provides inputs to the HSI, 
RMI, glass flight deck navigation displays, head-up display 
(HUD), autopilot, and autothrottle systems. 


Figure 7-83. Typical Display and Control Unit(s) in General Aviation. The Universal U! 


(left) controls and integrates all other 


systems: The Avidyne (center) and Garmin systems (right) illustrate and are typical of completely integrated systems. Although the 
Universal CDU is not typically found on smaller general aviation aircraft, the difference in capabilities of the CDUS and stand-alone 


sytems is diminishing each year. 
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Head-Up Display (HUD) 


‘The HUD is a display system that provides a projection of 
navigation and air data (airspeed in relation to approach 
reference speed, altitude, lef\/right and up/down GS) on a 
transparent screen between the pilot and the windshield. Other 
information may be displayed, including a runway target in 
relation to the nose of the aircraft. This allows the pilot to see 
the information necessary to make the approach while also 
being able to see out the windshield, which diminishes the 
need to shift between looking at the panel to looking outside. 
Virtually any information desired can be displayed on the 


Figure 7-44, Example ofa Head-Up Display (top) anda Head-Down 
Display (bottom). The head-up display presents information in front 
of the pilot along his/her normal field of view while a head-down 
display may present information beyond the normal head-up field 
of view: 


HUD if it is available in the aircraft's flight computer, and 
if the display is user definable. [Figure 7-44) 


Radar Navigation (Ground Based) 


Radar works by transmitting a pulse of RF energy ina specific 
direction. The return of the echo of bounce of that pulse from 
a target is precisely timed. From this, the distance traveled 
by the pulse and its echo is determined and displayed on a 
radar screen in such a manner that the distance and bearing to 
this target can be instantly determined, The radar transmitter 


must be capable of delivering extremely high power levels, 


er must be able to detect extremely small signal 
levels of the returning echoes. 


‘The radar display system provides the controller with a map- 
like presentation upon which appear all the radar echoes 
of aircraft within detection range of the radar facility. By 
means of electronically generated range marks and azimuth- 
indicating devices, the controller can locate each radar target 
with respect to the radar facility, or can locate one radar target 
with respect to another. 


Another device, a video-mapping unit, generates an actual 
ainway or airport map and presents it on the radar display 
equipment, Using the video-mapping feature, the air traffi 
controller not only can view the aircraft targets, but can se 
these targets in relation to runways, navigation aids, and 
hazardous ground obstructions in the area. Therefore, radar 
becomes a NAVAID, as well as the most significant means 
of traffic separation 


In a display presenting perhaps a dozen or more targets, a 
primary surveillance radar system cannot identify one specific 
radar target, and it may have difficulty “seeing” a small target 
at considerable distance—especially if th 
or thunderstorm between the radar site and the aircraft 
problem is solved with the Air Traffic Control Radar Beacon 
System (ATCRBS), sometimes called secondary surveillance 
radar (SSR), which utilizes a transponder in the aircraft. The 
ground equipment isan interrogating unit, in which the beacon 
antenna is mounted so it rotates with the surveillance antenna. 
‘The interrogating unit transmits a coded pulse sequence that 
aactuates the aircraft transponder. The transponder answers the 
coded sequence by transmitting a preselected coded sequence 
back to the ground equipment, providing a strong return signal 
and positive aircraft identification, as well as other special data 
such as aircraft altitude, 


¢ is a rain shower 


Functions of Radar Navigation 
‘The radar systems used by ATC are air route surveillance 
radar (ARSR), airport surveillance radar (ASR), and precision 
approach radar (PAR) and airport surface detection equipment 
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(ASDE). Surveillance radars scan through 360° of azimuth 
and present target information on a radar display located in 
a tower or center. This information is used independently or 
in conjunction with other navigational aids in the control of 
air traffic. 


ARSR is a long-range radar system designed primarily to cover 
large areas and provide a display of aircraft while en route 
between terminal areas. The ARSR enables air route tra 
control center (ARTCC) controllers to provide radar service 
when the aircraft are within the ARSR coverage. In some 
instances, ARSR may enable ARTCC to provide terminal radar 
services similar to but usually more limited than those provided 
by a radar approach control. 


ASR is designed to provide relatively short-range coverage in 
the general vicinity of an airport and to serve as an expeditious, 
means of handling terminal area traffic through observation 
of precise aircraft locations on a radarscope. Nonpre 


instrument approaches are available at airports that have an 
approved surveillance radar approach procedure. ASR provides 
radar vectors to the final approach course and then azimuth 
information to the pilot during the approach. In addition 10 
range (distance) from the runway, the pilot is advised of MDA, 
at the MDA. If 


when to begin descent, and when the aircraft 
requested, recommended altitudes will be furnis 
while on final 


PAR is designed to be used as a landing aid displaying range, 
azimuth, and elevation information rather than as an aid for 
sequencing and spacing aircraft. PAR equipment may be 
used as a primary landing aid, or it may be used to monitor 
other types of approaches. Two antennas are used in the PAR 
array, one scanning a vertical plane, and the other scanning 
horizontally. Since the range is limited to 10 miles, azimuth to 
20°, and elevation o 7°, only the final approach area 
‘The controller's scope is divided into two parts. The upper half 
presents altitude and distance information, and the lower half 
presents azimuth and distance. 


covered. 


PAR isa system in which a controller provides highly accurate 
navigational guidance in azimuth and elevation to pilot. Pilots, 
are given headings to fly o direct them to and keep their aircraft 
aligned with the extended centerline of the landing runway. 
‘They are told to anticipate glide path interception approximately 
10-30 seconds before it occurs and when to start descent. 
‘The published decision height (DH) is given only if the pilot 
requests it, Ifthe aircraft is observed to deviate above or below 
the glide path, the pilot is given there 
by use of terms “slightly” or “well” and is expected to adjust 
the aircraft’s rate of descent/ascent to return to the glide path. 
‘Trend information is also issued with respect to the elevation 
of the aircraft and may be modified by the terms “rapidly” and. 


ive amount of deviation 
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“slowly” (eg., “well above glide path, coming down rapidly”). 
Range from touchdown is given at least once each mile. If an 
aircraft is observed by the controller to proceed outside of 
specified safety zone limits in azimuth and/or elevation and 
continue to operate outside these prescribed limits, the pilot will 
be directed to execute a missed approach or to fly a specified 
course unless the pilot has the runway environment (runway, 
approach lights etc.) insight. Navigational gui 
and elevation is provided to the pilot until the aircraft reaches, 
the published decision altitude (DAYDH. Advisory course and. 
slide path information is furnished by the controller until the 
aircraft passes over the landing threshold, at which point the 
pilot is advised of any deviation from the runway centerline. 
Radar service is automatically terminated upon compl 
the approach. 


rmuth 


not 


Airport Surface Detection Equipment 

ifically designed to detect all principal 
features on the surface of an airport, including aircraft and. 
vehicular traffic, and to present the entire image on a radar 
indicator console in the control tower. It is used to augment 
visual observation by tower personnel of aircraft and/or 
vehicular movements on runways and taxiways. 


Radar Limitations 


1. It is very important for the aviation community to 
recognize the fact that there are limitations to radar 
service and that ATC controllers may not always be able 
to issue traffic advisories concerning aircraft which are 
not under ATC control and cannot be seen on radar. 


2. The characteristics of radio waves are such that they 
normally travel in a continuous straight is 
they are “bent” by abnormal atmospheric phenomena 
such as temperature inversions; reflected or attenuated 
by dense objects such as heavy clouds, precipitation, 
ground obstacles, mountains, etc; or screened by high 
terrain features. 


e unless 


3. Primary radar energy that strikes dense objects will be 
reflected and displayed on the operator's scope, thereby 
blocking out aircraft at the same range and greatly 
weakening or completely eliminating the display of 
targets at a greater rang 


4, Relatively low altitude aircraft will not be seen if they 
are screened by mountains or are below the radar beam 
due to curvature of the Earth. 

5. The amount of reflective surface of an aircraft will 
determine the size ofthe radar retumn. Therefore, a small 
light airplane or a sleek jet fighter will be more difficult 
to see on primary radar than a large commercial jet or 
military bomber 


AILARTCC radar in the conterminous United States and 
many ASR have the capability to interrogate Mode C 
and display altitude information to the controller from 
appropriately equipped aircraft. However, a number of 
ASR do not have Mode C display capability; therefore, 
altitude information must be obtained from the pilot 
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‘The National Airspace System (NAS) is the network of 
United States airspace: air navigation facilities, equipment, 
services, airports or landing areas, aeronautical charts, 
information/services, rules, regulations, procedures, technic 

information, manpower, and material. Included are system 
components shared jointly with the military. The system’s 
present configuration is a reflection af the technological 

A + advances concerning the speed and altitude capability of jet 

ee Ns aircraft, as well asthe complexity of microchip and sat! 

based navigation equipment, To conform to international 
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“This chapterisa general discussion of airspace classification; 
route, terminal, and approach procedures; and operations 
thin the NAS. Detailed information on the classification 
9f airspace, operating procedures, and restrictions is found. 
n the Aeronautical Information Manual (AIM). 


Airspace Classification 
Airspace in the United States (Figure 8-1 is designated as 
follows: 


1. Class A. Generally, airspace from 18,000 feet mean 
sea level (MSL) up to and including flight level (FL) 
600, including the airspace overlying the waters 
within 12 nautical miles (NM) of the coast of the 
48 contiguous states and Alaska. Unless otherwise 
authorized, all pilots must operate their aircraft under 
instrument flight rules (IFR), 


i B. Generally, airspace from the surface to 10,000 
feet MSL surrounding the nation’s busiest airports in 
terms of airport operations or passenger enplanements, 
‘The configuration of each Class B airspace area is 
idually tailored, consi 
‘or more layers (some Class B airspace areas resemble 
upside-down wedding cakes), and is designed to 
contain all published instrument procedures once 
an aircraft enters the airspace. An air traffic control 
(ATC) clearance is required for all aircraft to operate 
in the area, and all aircraft that are so cleared receive 
separation services within the airspace. 


indi of surface area and two 


C. Generally, airspace from the surface to 
4,000 feet above the airport elevation (charted 
in MSL) surrounding those airports that have an 
operational control tower, are serviced by a radar 
approach control, and have a certain number of IFR 
operations or passenger enplanements. Although the 
configuration of each Class C area is individually 
tailored, the airspace usually consists of a surface 
area with a5 NM radius, an outer circle with a 10. NM 
radius that extends from 1,200 feet to 4,000 feet above 
the airport elevation and an outer area. Bach aircraft 
must establish two-way radio communications with 
the ATC facility providing air traffic services prior 
to entering the airspace and thereafter maintain those 
communications while within the airspace. 


4, Class D. Generally, that airspace from the surface 
to 2,500 feet above the airport elevation (charted 
in MSL) surrounding those airports that have an 
operational control tower. The configuration of 
each Class D airspace area is individually tailored 
and when instrument procedures are published, 
the airspace will normally be designed to contain 
the procedures. Arrival extensions for instrument 
approach procedures (IAPs) may be Class D or Class 
E airspace. Unless otherwise authorized, each 
must establish two-way radio communications with 
the ATC facility providing air traffic services prior 
to entering the airspace and thereafter maintain those 
‘communications while in the airspace. 


afl 
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5. Class E. Generally, if the airspace is not Class A, B, 
C, or D, and is controlled airspace, then itis Class E 
airspace. Class E airspace extends upward from either 
the surface or a designated altitude to the overlying 
or adjacent controlled airspace. When designated as a 
surface area, the airspace will be configured to contain 
all instrument procedures. Also in this class are federal 
airways, airspace beginning at either 700 or 1,200 feet 
above ground level (AGL) used to transition to and 
from the terminal or en route environment, and en 
route domestic and offshore airspace ar 
below 18,000 feet MSL. Unless designated at a lower 
altitude, Class E airspace begins at 14,500 MSL over 
the United States, including that airspace overlying the 
‘waters within 12 NM of the coast of the 48 contiguous 
states and Alaska, up to but not including 18,000 feet 
MSL, and the airspace above FL. 600. 


6. Class G. Airspace not designated as Class A, B,C, D, 
or E, Class G airspace is essentially uncontrolled by 
ATCexcept when associated with a temporary control 
tower. 


Special Use Airspace 
Special use airspace is the designation for airspace in which 
certain activities must be confined, or where limitations 
may be imposed on aircraft operations that are not part 
of those activities. Certain special use airspace areas can 
create limitations on the mixed use of airspace. The special 
use airspace depicted on instrument charts includes the 
area name or number, effective altitude, time and weather 
conditions of operation, the controlling agency, and the chart 
panel location. On National Aeronautical Charting Group 
(NACG) en route charts, this information is available on one 
of the end panels. 


Prohibited areas contain airspace of defined dimensions 
within which the flight of aircraft is prohibited. S 
are established for security or other reasons associated with 
the national welfare, These areas are published in the Federal 
Register and are depicted on aeronautical charts. The area is, 
charted as a “P” followed by a number (e.g., “P-123"). 


uch areas 


Restricted areas are areas where operations are hazardous to 
nonparticipating aircraft and contain airspace within which 
the flight of aircraft, while not wholly prohibited, is subject, 
torestrictions. Activities within these areas must be confined 
because of their nature, or limitations may be imposed upon 
aircraft operations that are not a part of those activ 
both. Restricted areas denote the existence of unusual, often 
invisible, hazards to aircraft (e.g., artillery firing, aerial 
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Figure 8-1. Airspace Classifications 
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APPENDOX A » GETTING STARTED WITH TOOL BULDING 


Figure A-4, A name-brand laptop charger with several international safety certifications. Every one of 
these certifications costs money to obtain, and shows that the device was demonstrated to be safe for use in 
‘atypical home or business application. 


Next we adapt the USB cable to our needs. In the words of the Red Queen, “Off with his head!" 


Caution Make sure the USB charger is not plugged into the wall or a power strip when making modifications to 
the cable. 


First, plug the USB cable into the USB charger. Now cut off the otherend of the cable. See 
Figure A-5. 
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gunnery, or guided missiles). IFR flights may be authorized 
to transit the airspace and are routed accordingly. Penetration 
of restricted areas without authorization from the using 
or controlling agency may be extremely hazardous to the 
aircraft and its occupants. ATC facilities apply the following 
procedures when aircraft are operating on an IFR clearance 
(including those cleared by ATC to maintain visual flight 
rules (VFR)-On-Top) via a route that lies within joint- 
restricted airspace: 


1. Ifthe restricted area is not active and has been released 
to the Federal Aviation Administration (FAA), the 
ATC facility will allow the aircraft to operate in the 
restricted airspace without issuing specific clearance 
for it to do so. 


If the restricted area is active and has not been 
released to the FAA, the ATC facility will 
clearance which will ensure the aircraft avoids the 
restricted airspace 


Restricted are: 
number (€g. 
chart approps 


are charted with an “R” followed by a 
“R-S701”) and are depicted on the en route 
te for use at the altitude or FL being flown. 


Warning areas are 
however, the United States government does 
isdiction over the airspace. A warning area is airspace of 
ined dimensions, extending from 12 NM outward from 
the coast of the United States, containing activity that may 
be hazardous to nonparticipating aircraft. The purpose of 
such areas is to warn nonparticipating pilots of the potential 
danger. A warning area may be located over domestic or 
jonal waters or both. The airspace is designated with 
followed by a number (c.g., “W-123"). 


not have sole 


Military operations areas (MOAs) consist of airspace with 
its established for the purpose 
of separating certain military training activities from IFR 
traffic. Whenever an MOA is being used, nonparticipating 
IER traffic may be cleared through an MOA if IER separation, 
can be provided by ATC. Otherwise, ATC will reroute or 
restrict nonparticipating IFR traffic. MOAS are depicted on 
sectional, VER terminal area, and en route low altitude charts, 


and are not numbered (e.g., “Boardman MOA’). 


Alert areas are depicted on aeronautical charts with an 
“A? followed by a number (e.g., “A-123”) to inform 
nonparticipating pilots of areas that may contain a high 
volume of pilot training or an unusual type of aerial activity. 
Pilots should exercise caution in alert areas. All activity 
within an alert area shall be conducted in accordance with 
regulations, without waiver, and pilots of participating 
aircraft, as well as pilots transiting the area, shall be equally 
responsible for collision avoidance. 


a4 


Military Training Routes (MTRs) are routes used by military 
aircraft to maintain proficiency in tactical flying. These routes, 
are usually established below 10,000 feet MSL for operations, 
at speeds in excess of 250 knots. Some route segments may 
ed at higher altitudes for purposes of route continuity. 
are identified as IFR (IR), and VER (VR), followed by 
number. MTRs with no segment above 1,500 feet AGL are 
identified by four number characters (¢.g., 11206, VR1207, 
etc.). MTRS that include one or more segments above 1,500 
feet AGL are identified by three number characters (e.g. 
1R206, VR207). IFR Low Altitude En Route Charts depict, 
allIR routes and all VR routes that accommodate operations 
above 1,500 feet AGL. IR routes are conducted in accordance 
with IFR regardless of weather conditions. 


‘Temporary flight restrictions (TFRs) are put into effect 
when traffic in the airspace would endanger or hamper air 
or ground ac in the designated area. For example, 
lent, flood, or dis 
could warrant a TER, which would be 
Airmen (NOTAM). 


National Security Areas (NSAs) consist of airspace with 
defined vertical and lateral dimensions established at 
locations where there is a requirement for increased security 
and safety of ground facilities. Flight in NSAs may be 
temporarily prohibited by regulation under the provisions of 
Title 14 of the Code of Federal Regulations (14 CFR) part 99 
and prohibitions will be disseminated via NOTAM. 


Federal Airways 
‘The primary means for routing aircraft operating under IFR 
is the federal airways system. 


ach federal airway isbased on a centertine that extends from 
one NAVAID/vaypointfix/intersection to another NAVAID/ 
waypoint /fix/intersection specified for that airway. A federal 
airway includes the airspace within parallel boundary lines, 
four NM to each side of the centerline. As in all instrument 
t, courses are magnetic, and distances are in NM. The 
airspace of a federal airway has a floor of 1,200 feet AGL, 
pecified. A federal airway does not include 
the airspace of a prohibited area, 


unless otherwi 


Victor airways include the airspace extending from 1,200 feet, 
AGL up to, but not including 18,000 feet MSL. The airways, 
are designated on Sectional and IFR low altitude en route 
charts with the letter “V” followed by a number (¢.g.,“V23"). 
‘Typically, Victor airways are given odd numbers when oriented 
north/south and even numbers when oriented east/west. If more 
than one airway coincides on a route segment, the numbers are 
listed serially (e.g., “V287-495-500"). /Figure 8-2] 
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Figure 8-2. Victor Airways and Charted IFR Altitudes. 
Jet routes exist only in Class A airspace, from 18,000 feet coordinates, degree distance fixes, or offsets from established 


MSL to FLL 450, and are depicted on high-altitude en route 
charts, The letter “J” precedes a number to label the airway 
(eg, J12). 


RNAY routes have been established in both the low-altitude 
and the high-altitude structures in recent years and are 
depicted on the en route low and high chart series. High 
altitude RNAV routes are identified with a “O” prefix (except 
the Q-routes in the Gulf of Mexico) and low altitude RNAV 
routes are identified with a “T” prefix. RNAV routes and data 
are depicted in aeronautical blue. 


{In addition tothe published routes, a random RNAV route may 
be flown under IFR if itis approved by ATC. Random RNAV 
routes are direct routes, based on area navigation capability, 
between waypoints defined in terms of latitude/longitude 


routes/airways at a specified distance and direction. 


Radar monitoring by ATC is required on all random 
RNAV routes. These routes can only be approved in a radar 
environment, Factors that will be considered by ATC in 
approving random RNAV routes include the capability to 
provide radar monitoring, and compatibility with traffic 
volume and flow. ATC will radar monitor each flight; 
however, navigation on the random RNAV route is the 
responsibility of the pilot 


Other Routing 

Preferred IFR routes have been established between 
major terminals to guide pilots in planning their routes of 
flight, minimizing route changes and aiding in the orderly 
‘management of air traffic on federal airways, Low and high 
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altitude preferred routes are listed in the Airport/Facility 
Directory (A/FD). ‘To use a preferred route, reference the 
departure and arrival airports; if a routing exists for your 
fight, then airway instructions will be liste. 


‘Tower En Route Control (TEC) is an ATC program that 
uses overlapping approach control radar services to provide 
IFR clearances. By using TEC, a pilot is routed by airport 
control towers. Some advantages include abbreviated filing 
procedures and reduced traffic separation requirements. TEC 
is dependent upon the ATC’s workload, and the procedure 
varies among locales. 


‘The latest version of Advisory Circular (AC) 90-91, North 
American Route Program (NRP), provides guidance to users 
of the NAS for participation in the NRP. All flights operating 
at or above FL 290 within the conterminous United States 
and Canada are eligible to participate in the NRP, the primary 
purpose of which isto allow operators to plan minimum time/ 
cost routes that may be off the prescribed route structure. NRP 
aircraft are not subject to route-limiting restrictions (e.g., 
published preferred IFR routes) beyond a 200 NM radius of 
their point of departure or destination. 


IFR En Route Charts 


‘The objective of IFR en route flight is to navigate within the 
lateral limits of a designated airway at an altitude consistent 
with the ATC clearance. Your ability to fly instruments 
safely and competently in the system is greatly enhanced by 
understanding the vast array of data available to the pilot on 
instrument charts. The NACG maintains and produces the 
charts for the United States government. 


En route high-altitude charts provide aeronautical information 
for en route instrument navigation (IFR) at or above 18,000 
feet MSL. Information includes the portrayal of Jet and 
RNAV routes, identification and frequencies of radio aids, 
selected airports, distances, time zones, special use airspace, 
and related information. Established Jet routes from 18,000 
feet MSL to FL 450 use NAVAIDs not more than 260 NM. 
apart. The charts are revised every 56 days. 


‘To effectively depart from one airport and navigate en route 
under instrument conditions a pilot needs the appropriate FR. 
en route low-altitude chart(s). The IFR low altitude en route 
chart i the instrument equivalent of the Sectional chart. When 
folded, the cover of the NACG en route chart displays an 
index map of the United States showing the coverage areas. 
Cities near congested airspace are shown in black type and 
their associated area chart is listed in the box in the lower 
left-hand comer of the map coverage box. Also noted is an 
explanation of the off-route obstruction clearance altitude 
(OROCA). The effective date of the chart is printed on the 
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other side of the folded chart. Information concerning MTRs 
is also included on the chart cover. The en route charts are 
revised every 56 days. 


When the NACG en route chart is unfolded, the legend is, 
displayed and provides information concerning airports, 
NAVAIDs, communications, air traffic services, and 
airspace. 


Airport Information 
Airport information is provided in the legend, and the symbols 
used for the airport name, elevation, and runway length are 
similar to the sectional chart presentation. Associated city 
names are shown for public airports only. FAA identifiers are 
shown for all airports. ICAO identifiers are also shown for 
aisports outside of the contiguous United States. Instrument 
approaches can be found at airports with blue or green 
symbols, while the brown airport symbol denotes airports, 
that do not have instrument approaches. Stars are used to 
indicate the part-time nature of tower operations, ATIS 
frequencies, part-time or on request lighting facilities, and 
part-time airspace classifications. A box after an airport name 
with a “C” or “D” inside indicates Class C and D airspace, 

sspectively, per Figure 8: 


Charted IFR Altitudes 
‘The minimum en route altitude (MEA) ensures a navigation 
signal strong enough for adequate reception by the aircraft 
navigation (NAV) receiver and obstacle clearance along the 
airway. Communication is not necessarily guaranteed with 
MEA compliance. The obstacle clearance, within the limits of 
the airway, is typically 1,000 feet in non-mountainous areas 
and 2,000 feet in designated mountainous areas. MEAS can 
be authorized with breaks in the signal coverage: if this is the 
case, the NACG en route chart notes “MEA GAP" parallel 
to the affected airway. MEAs are usually bidirectional; 
however, they can be single-directional, Arrows are used to 
indicate the direction to which the MEA applies. 


‘The minimum obstruction clearance altitude (MOCA), as 
the name suggests, provides the same obstruction clearance 
as an MEA; however, the NAV signal reception is ensured 
only within 22 NM of the closest NAVAID defining the route. 
‘The MOCA is listed below the MEA and indicated on NACG 
charts by a leading asterisk (e.g., “*3400"—see Figure 8-2, 
V287 at bottom left), 


‘The minimum reception altitude (MRA) identifies the lowest 
altitude at which an intersection can be determined from an 
off-course NAVAID. If the reception is line-of-sight based, 
signal coverage will only extend to the MRA or above. 
However, ifthe aircraft is equipped with distance measuring, 
equipment (DME) and the chart indicates the intersection can 
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Figure 8-3, £n Route Airport Legend. 


be identified with such equipment, the pilot could define the 
x without attaining the MRA. On NACG charts, the MRA. 
is indicated by the symbol /@and the altitude preceded by 
“MRA’ (e.g., “MRA 9300"). [Figure 8-2] 


‘The minimum crossing altitude (MCA) will be charted when 
a higher MEA route segment is approached. The MCA is 
usually indicated when a pilot is approaching steeply rising, 
terrain, and obstacle clearance and/or signal reception is, 
compromised. In this case, the pilot is required to initiate 
climb so the MCA is reached by the time the intersection 
is crossed. On NACG charts, the MCA is indicated by the 
symbol &>, and the Victor airway number, altitude, and 
the direction to which it applies (e.g. “V24 $000 SE") 


‘The maximum authorized altitude (MAA) is the highest 
altitude at which the airway can be flown with assurance 
of receiving adequate navigation signals, Chart depictions 
appear as “MAA-15000.” 


When an MEA, MOCA, and/or MAA change on a segment 
other than at a NAVAID, a sideways “T” — is depicted 
on the chart, If there is an airway break without the symbol, 
one can assume the altitudes have not changed (see the upper 
left area of Figure 8-2). When a change of MEA to a higher 
MEA is required, the climb may commence at the break, 
ensuring obstacle clearance. [Figure 8-4] 


Lighting available 
© Por Conrlled Ughting 
> Porttime or on reques! 


“Aitports/Seoplane bases shown in BLUE ond GREEN fave an opproved low Alitde Insrument Approach Procedure published. Those 
0 ed DOD low Alig Inirument. ep Precodre oor BOD RADAR u 
‘BROWN do not have o published Inrument Approach Procedure. 


1. A soldsine box enclosing the airport 
‘name indicates 4 CFR pat 93 Special 
Requiremonts—see Direcory/Supplement 

2. "NO SVR" above the sirpor’ name 
indicotes la CFR por 91 fixed-wing 

ered ft pce 
ier ing the airport name 

indicates Coss Cor Clase D Alspace 


(MINIMA published in DOD FLIPS 


5 Rolo ty names for pb 

5; Asocilad cly names for public cirports 
Cre shown above or pesading he cpa 
fame. Fairpor nore ond ciy nome ore 
fre soie, ony the apr name shown, 
The arpest denier nporenheses 
{alow be orp noms, Cy names fr 
tilory erpots are ol shown, 


any Part tine or established 
Aigport Nome , xe ROTAM Sse 4/6 tealion 


(APT) (ICAO)_0)*~ forties of operation, In 
NAOT eso 
(a) #1098 
_ Longe ry lenght 
ate ae nearest 100 fee with 70 foot 
im enemy nb dividing po (odd 0) 
lighting Copabily: _Sindicotes sof surface 


~ Neo lighting available 
«private ociltes—indcates no 
lighting information s availble 


Navigation Features 
‘Types of NAVAIDs 

Very high frequency omnidirectional ranges (VORs) are the 
principal NAVAIDs that support the Victor and Jet airways. 
Many other navigation tools are also available to the pilot 
For example, nondirectional beacons (NDBs) can broadcast 
signals accurate enough to provide stand-alone approact 
and DME allows the pilot to pinpoint a reporting point on the 
airway. Though primarily navigation tools, these NAVAIDs 
can also transmit voice broadcasts. 


“Tuotical air navigation (TACAN) channels are represented 
as the two- or three-digit numbers following the three-letter 
identifier in the NAVAID boxes. The NACG terminal 
procedures provide a frequency-pairing table for the 
‘TACAN-only sites. On NACG charts, very-high frequencies 
and ultra-high frequencies (VHF/UHF) NAVAIDs (¢.g., 
VORS) are depicted in black, while low frequencies and 
medium frequencies (LF/MF) are depicted as brown. 
[Figure 8-5] 


Identifying Intersections 

Intersections along the airway route are established by a 
variety of NAVAIDs. An open triangle A\ indicates the 
location of an ATC reporting point at an intersection. If the 
triangle is solid, report is compulsory. [Figure 8-4] 
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"AIR TRAFFIC SERVICES AND AIRSPACE INFORMATION. 
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Figure 8-4. Legend From En Route Low Attitude Chart, Air Traffic Services and Airspace Information Section. 
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NAVAIDS AND COMMUNICATION BOXES 
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Figure 8-5, Legend From En Route Low Attitude Chart. 
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NDBs, localizers, and off-route VORS are used to establish 
intersections. NDBs are sometimes collocated with 
intersections, in which case passage of the NDB would mark 
the intersection. A bearing to an off-route NDB also can 
provide intersection identification. A localizer course used to 
identify an intersection is depicted by a feathered arrowhead 
symbol on the en route chart, —e—=—wererrrk 
If feathered markings appear on the left-hand side of the 
arrowhead, ——=—=—=_X a back course (BC) 
signal is transmitted. On NACG en route charts, the localizer 
symbol is only depicted to identify an intersection. 


Off-route VORs remain the most common means of 
identifying intersections when traveling on an airway. Arrows 
depicted next tothe intersection Kg indicate the NAVAID to 
be used for identification, Another means of identifying an 
intersection is with the use of DME. A hollow arrowhead 
indicates DME is authorized for intersection identification. If 
the DME mileage at the intersection isa cumulative distance 
of route segments, the mileage is totaled and indicated by 
a D-shaped symbol with a mileage number inside. 
[Figure 8-4] Approved IFR GPS units can also be used to 
report intersections, 


Other Route Information 
DME and GPS provide valuable route information concerning 
such factors as mileage, position, and groundspeed. Even 
without this equipment, information is provided on the 
charts for making the necessary calculations using time and 
distance, ‘The en route chart depicts point-to-point distances 
cn the airway system. Distances from VOR to VOR are 
charted with a number inside of a box. [000] To differentiate 
distances when two airways coincide, the word “TO" with the 
three-letter VOR identifier appear to the left of the distance 
boxes. TO PDX 


‘VOR changeover points (COPs) are depicted on the charts by 
this symbol: J The numbers indicate the distance at which 
to change the"VOR frequency. The frequency change might 
be required due to signal reception or conflicting frequencies. 
If COP does not appear on an airway, the frequency should 
be changed midway between the facilities. A COP at an 
intersection may indicate a course change. 


Occasionally an “x will appear at a separated segment of 
an airway that is not an intersection, ‘The “x” is a mileage 
breakdown or computer navigation fix and may indicate a 
course change. 


‘Today’s computerized system of ATC has greatly reduced 
the need for holding en route. However, 
published holding patterns are still found on [ED/) | 
charts at junctures where ATC has deemed it 
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necessary to enable traffic flow. When a holding pattern is, 
charted, the controller may provide the holding direction and, 
the statement “as published.” [Figure 8-4] 


Boundaries separating the jurisdiction of Air Route Traffic 
Control Centers (ARTCC) are depicted on charts with blue 
serrations. nnninnnann. The name 
of the controlling fa 
corresponding side of the division line 
ARTCC remote sites are depicted as blue serrated boxes 
and contain the center name, sector name, and the sector 
frequency. (Figure 8-4) 


ity is printed on the |} sm: 


Weather Information and Communication Features 
En route NAVAIDs also provide weather information and 
1236 12218 


serve communication functions. 
When a NAVAID is shown as a 
shadowed box, an automated flight 
service station (AFSS) of the same 
name is directly associated with the facility. If an ASS is 
located without an associated NAVAID, the shadowed box is, 
ind contains only the name and identifier. The AFSS 
frequencies are provided above the 
box. (Frequencies 122.2 and 255.4, 
sand emergency frequencies 121.5 and 
243.0 are not listed.) 


smaller 


323.6 122.65 


ELDORADO ELD) 


A Remote Communications Outlet (RCO) associated with 


a NAVAID is designated by a thin- 1236 
lined box with the controlling AFS! INE BLUFF 
frequency above the box, and the {116.0 PBF 107 


name under the box. Without an TON 


associated facility, the thin-lined 


RCO box contains the AFSS name (JONESBORO 12255) 


and remote frequency. 


Automated Surface Observing Station (ASOS), Automated 
Weather Observing Station (AWOS), Hazardous Inflight 
Weather Advisory Service 
(HIWAS) and Transcribed 
Weather Broadcast (TWEB) are 
continuously transmitted over 
selected NAVAIDs and depicted in the NAVAID box. ASOS/ 
AWOS are depicted by a white “A”, HIWAS by a “H” and 
‘TWEB broadcasts by a““T” in a solid black circle in the upper 
right or left corner. 


116.0 PBF 80(Y) = 


New Technologies 


‘Technological advances have made multifunction displays 
and moving maps more common in newer aircraft. Even older 
aircraft are being retrofitted to include “glass” in the flight 
deck. [Figure 8-6] Moving maps improve pilot situational 
awareness by providing a picture of aircraft location in 


vat (10800 


NAVIGATION WP 100) come 


Figure 8-6. Moving Map Display 


relation to NAVAIDS, waypoints, airspace, terrain, and 
hazardous weather. GPS systems can be certified for terminal 
area and en route use as well as approach guidance, 


Additional breakthroughs in display technology are the new 
electronic chart systems or electronic flight bags that facilitate 
the use of electronic documents in the general aviation 
flight deck. /Figure 8-7] An electronic chart or flight bag 
is self-powered electronic library that stores and displays, 
en route charts and other essential documents on a screen. 


‘These electronic devices can store the digitized United States 
terminal procedures, en route charts, the complete airport 
facility directory, in addition to Title 14 of the Code of Federal 
Regulations (14 CFR) and the AIM. Full touch-screen based. 
computers allow pilots to view airport approach and area 
charts electronically while flying. It replaces paper charts as, 
well as other paper materials including minimum equipment 
lists (MEL), standard operating procedures (SOPS), standard 
instrument departures (SIDs), standard terminal arrival 
routes (STARS), checklists, and flight deck manuals. As with 
paper flight publications, the electronic database needs to be 
current to provide accurate information regarding NAVAIDS, 
Waypoints, and terminal procedures. Databases are updated 
every 28 days and are available from various commercial 
vendors. Pilots should be familiar with equipment operation, 
capabilities, and limitations prior to use 


Figure 8-7. Example of an Electronic Flight Bag. 
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Terminal Procedures Publications 


While the en route charts provide the information necessary 
to safely transit broad regions of airspace, the United States, 
‘Terminal Procedures Publication (TPP) enables pilots to 
guide their aircraft in the airport area. Whether departing or 
arriving, these procedures exist to make the controllers’ and. 
pilots’ jobs safer and more efficient. Available in booklets, 
by region (published by NACG), the TPP includes approach 
procedures, STARS, Departure Procedures (DPs), and airport 
diagrams, 


Departure Procedures (DPs) 
‘There are two types of DPs, Obstacle Departure Procedures 
(ODP) and SIDs. [Figure 8-8) Both types of DPs provide 
obstacle clearance protection to aircraft in instrument 
meteorological conditions (IMC), while reducing 
communications and departure delays. DPs are published in 
text and/or charted graphic form. Regardless of the format, all 
DPs provide a way to depart the airport and transition to the 
en route structure safely. When possible, pilots are strongly 
encouraged to file and fly a DP at night, during marginal 
ial meteorological conditions (VMC) and IMC. 


vis 


All DPs provide obstacle clearance provided the aircraft 
crosses the end of the runway at least 35 feet AGL; climbs 
0.400 feet above airport elevation before turning; and climbs, 
at least 200 feet per nautical mile (FPNM), unless a higher 
climb gradient is specified to the assigned altitude. ATC may 
vector an aircraft off a previously assigned DP; however, the 
200 FPNM or the FPNM specified in the DP is required. 


‘Textual ODPs are listed by city and airport in the IFR 
‘Take-Off Minimums and DPs Section of the TPP. SIDs are 
depicted in the TPP following the approach procedures for 
the airport 


Standard Terminal Arrival Routes (STARS) 
STARS depict prescribed routes to transition the instrument 
pilot from the en route structure to a fix in the terminal area 
from which an instrument approach can be conducted. If a 
pilot does not have the appropriate STAR, write “No STAR” 
in the flight plan, However, if the controller is busy, the pilot 
might be cleared along the same route and, if necessary, 
the controller will have the pilot copy the entire text of the 
procedure. 


STARs are listed alphabetically at the beginning of the 


NACG booklet. Figure 8-9 shows an example of a STAR, and. 
the legend for STARS and DPs printed in NACG booklets. 
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Instrument Approach Procedure (IAP) 
Charts 

‘The IAP chart provides the method to descend and land safely 
in low visibility conditions. The FAA establishes an LAP 
after thorough analyses of obstructions, terrain features, and 
navigational facilities. Maneuvers, including altitude changes, 
course corrections, and other limitations, are prescribed in the 
IAP. The approach charts reflect the eriteria associated with 
the United States Standard for Terminal Instrument Approach 
Procedures (TERPS), which prescribes standardized methods 
for use in designing instrument flight procedures. 


In addition to the NACG, other governmental and corporate 
entities produce approach procedures, The United States 
ary IAPs are established and published by the 
Department of Defense and are available to the public 
upon request, Special IAPS are approved by the FAA for 
individual operators and are not available to the general 
public. Foreign country standard LAPS are established and 
published according to the individual country’s publication 
procedures. The information presented in the following 
sections will highlight features of the United States Terminal 
Procedures Publications. 


‘The instrument approach chart is divided into six main 
sections, which include the margin identification, pilot 
briefing (and notes), plan view, profile view, landing 
minimums, and airport diagram, [Figure 8-10] An 
examination of 


fh section follows. 


Margin Identification 
‘The margin identification, at the top and bottom of the chart, 
depicts the airport location and procedure identification. 
‘The civil approach plates are organized by city, then airport 
name and state. For example, Orlando Executive in Orlando, 
Florida is alphabetically listed under “O” for Orlando. 
Military approaches are organized by airport name first 


‘The chart’s amendment status appears below the city and state 
in the bottom margin. The amendment number is followed 
by the five-digit julian-date of the last chart change.“05300" 
is read, “the 300th day of 2005”. At the center of the top 
margin is the FAA chart reference number and the approving, 
authority. At the bottom center, the airport’s latitude and 
longitude coordinates are provided. 
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APPENDIX A © GETTING STARTED WITH TOOL BUILDING 


150 


Figure A-5. Cut off the device end of the USB cable. If you cut off the wrong end, you're not going to be able 
to plug it back into the charger, at least not without a considerable amount of effort. To ensure you cut the 


correct end, plug the host end of the cable into the USB charger before sniping, and then cut off the other 
end. 


‘Now carefully strip off about an inch of the cable's insulating jacket. Do your best to not nick the 
{insulation on the wires inside, Within the jacket you should find four wires. Two of these wires carry the 
+5V and ground from the power supply. The other two wires carry the data on the USB connection. 
Since we're only interested in the power, we can ignore the other two wires for now. See Figure A-6. 
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Figure 8-10. Instrument Approach Chart. 
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‘The procedure chart title (top and bottom mar 
Figure 8-10) is derived from the type of navigs 
providing final approach course guidance. A runway number 
is listed when the approach course is aligned within 30° of the 
runway centerline. This type of approach allows a straight- 
in landing under the right conditions. The type of approach 
followed by a letter identifies approaches that do not have 
straight-in landing minimums. Examples include procedure 
titles at the same airport, which have only circling minimums. 
‘The first approach of this type created at the airport will be 
labeled with the letter A, and the lettering will continue in 
alphabetical order (¢.g., “VOR-A or “LDA-B”). The letter 
designation signifies the expectation is for the procedure to 
culminate in a circling approach to land. As a general rule, 
Circling-only approaches are designed for one of the two 
following reasons: 


+ The final approach cours 
centerline exceeds 30°. 


c alignment with the runway 


+ The descent gradient is greater than 400 feet per 
NM from the FAF to the threshold crossing height 
(TCH). When this maximum gradient is exceeded, the 
circling-only approach procedure may be designed to 
meet the gradient criteria limits. 


Further information on this topic can be found in the 
Instrument Procedures Handbook, Chapter 5, under Approach. 
Naming Conventions, 


‘Todistinguish between the left, right, and center runways, an 
“L2“R,"or“C” follows the runway number (e.g.,“ILS RWY 
16R”), In some cases, an airport might have more than one 
circling approach, shown as VOR-A, VOR/DME-B, ete. 


More than one navigational system separated by a slash 
indicates more than one type of equipment is required to 
execute the final approach (c.g., VOR/DME RWY 31). More 
than one navigational system separated by “or” indicat 
type of equipment may be used to execute the final approach 
(cg. VOR or GPS RWY 15). Multiple approaches of the same 
type, to the same runway and using the same guidance, have 
an additional letter from the end of the alphabet, number, or 
term in the title (e.g., ILS Z RWY 28, SILVER ILS RWY 
28, or ILS 2 RWY 28). VOR/DME RNAV approaches are 
identified as VOR/DME RNAV RWY (runway number). 
Helicopters have special IAPs, designated with COPTER in 
the procedure identification (e.g., COPTER LOC/DME 25L). 
Other types of navigation systems may be required to execute 
other portions of the approach prior to intercepting the final 
approach segment or during the missed approach. 


either 


The Pilot Briefing 
The pilot briefing is located at the top of the chart and. 
provides the pilot with information required to complete the 
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published approach procedure. Included in the pilot briefing 
are the NAVAID providing approach guidance, its frequency, 
the final approach course, and runway information. A notes 
section contains additional procedural information. For 
example, a procedural note might indicate restrictions for 
Circling maneuvers. Some other notes might concern a local 
altimeter setting and the resulting change in the minimums. 
‘The use of RADAR may also be noted in t 
Additional notes may be found in the plan view. 


ection, 


When a triangle containing a “T” (SJ) appears in the notes 
section, it signifies the airport has nonstandard IFR takeoff 
minimums. Pilots should refer to the DPs section of the TPP 
to determine takeoff minimums. 


When a triangle containing an “A” (4) appears in the notes 
section, it signifies the airport has nonstandard IFR alternate 
minimums. Civil pilots should refer to the Alternate Minimums 
ection of the TPP to determine alternate minimums. Military 
pilots should refer to appropriate regulations. 


When a triangle containing an “A” NA (€\NA) appears in 
the notes area, it signifies that Alternate Minimums are Not 
Authorized due to unmonitored facility or the absence of 
‘weather reporting service. 


Communication frequencies are listed in the order in which 
they would be used during the approach. Frequencies for 
weather and related facilities are included, where applicable, 
such as automatic terminal information service (ATIS), 
automated surface observing system (ASOS), automated 
‘weather observation system (AWOS), and AFS 


The Plan View 
‘The plan view provides a graphical overhead view of the 
procedure, and depicts the routes that guide the pilot from 
the en route segments to the initial approach fix (IAF). 
[Figure 8-10] During the initial approach, the aircraft has 
departed the en route phase of flight and is maneuvering, 
to enter an intermediate or final segment of the instrument 
approach. An initial approach can be made along prescribed 
routes within the terminal area, which may be along an are, 
radial, course, heading, radar vector, or a combination thereof. 
Procedure turns and high altitude teardrop penetrations 
are initial approach segments. Features of the plan view, 
including the procedure turn, obstacle elevation, minimum. 
safe altitude (MSA), and procedure track, are depicted in 
Figure 8-11. Terrain will be depicted in the plan view portion 
of all LAPS if the terrain within the plan view exceeds 4,000 
feet above the airport elevation, or if within a 6 nautical mile 
radius of the airport reference point the terrain rises at least 
2,000 feet above the airport elevation 
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Some NACG charts contain a reference or distance circle 
with a specified radius (10 NM is most common). Normally 
approach features within the plan view are shown to scale; 
however, only the data within the reference circle is always 
drawn to scale. 


Concentric dashed circles, or concentric rings around the 
distance circle, are used when the information necessary 10 
the procedure will not fit to scale within the limits ofthe plan 
view area, They serve as a means to systematically arrange 
thi ¢ position outside and beyond 
the reference circle. These concentric rings are labeled en 
route facilities and feeder facilities. 


information in its rel 


‘The primary airport depicted in the plan view is drawn with 
enough detail to show the runway orientation and final 
approach course alignment, Airports other than the primary 
approach airport are not normally depicted in the NACG 
plan view. 


Known spot elevations are indicated on the plan view with a 
dot in MSL altitude. The largest dot and number combination 
indicates the highest elevation. An inverted “V" with a dot 
in the center depicts an obstacle. (A The highest obstacte is, 
indicated with a bolder, larger ve 
[Figure 8-11] 


ion of the same symbol, 


‘The MSA circle appears inthe plan view, except in approaches 
for which the Terminal Arrival Area (TAA) format is used or 
appropriate NAVAIDs (e.g., VOR or NDB), caw 25 
are unavailable. The MSA is provided for wa ; Ys, 
emergency purposes only and guarantees 
1,000 feet obstruction clearance in the sector 
indicated with reference tothe bearings in the 
circle. For conventional navigation systems, 
the MSA is normally based on the primary omnidirectional 
facility (NAVALD) on which the IAP is predicated, The MSA 
depiction on the approach chart contains the facility identifier 
of the NAVAID used to determine the MSA altitudes. For 
RNAV approaches, the MSA is based on the runway waypoint 
for straight-in approaches, or the airport waypoint for circling, 
approaches. For GPS approaches, the MSA center header will 
be the missed approach waypoint. The MSL altitudes appear 
in boxes within the circle, which is typically a 25 NM radius 
unless otherwise indicated. The MSA circle header refers to 
the letter identifier of the NAVALD or waypoint that describes 
the center of the circle. 


NAVAIDs necessary for the completion of the instrument 
procedure include the facility name, letler identifier, and 
Morse code sequence. They may also furnish the frequency, 
Morse code, and channel. A heavy-lined NAVAID box depicts, 
the primary NAVAID used for the approach, An “I” in front 
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of the NAVAID identifier (in Figure 8-11, “LAVE’) listed in 
the NAVAID box indicates a localizer. The requirement for 
an ADE, DME, or RADAR in the approach is noted in the 
plan view. 
Intersections, fixes, radials, and course lines describe route 
‘and approach sequencing information, The main procedure 
or final approach course is a thick, solid line. A 
DME are, which is part of the main procedure course, is, 
also represented as a thick, solid line. A feeder 
route is depicted with a medium line and provides 
heading, altitude, and distance information. (All three 
components must be designated on the chart to provide a 
navigable course.) Radials, such as lead radials, are shown 
by thin lines, ‘The missed approach track is drawn 
using a thin, hash marked line with a directional arrow. 
mA visual flight path segment 
appears as a thick dashed line with a directional arrow. 
Visual Fight Pah’ IAFS are charted LAF when associated with 
a NAVAID or when freestanding, 


‘The missed approach holding pattem track is represented with 
4 thin-dashed line. When collocated, the missed approach 
holding pattern and procedure turn holding pattern are 
indicated as a sotid, black line. Arrival holding patterns are 
depicted as thin, solid lines. 


Terminal Arrival Area (TAA) 


‘The design objective of the TAA procedure is to provide 
4 transition method for arriving aircraft with GPS/RNAV 
equipment. TAS will also eliminate or reduce the need 
for feeder routes, departure extensions, and procedure 
turns or course reversal. The TAA is controlled ai 
established in conjunction with the standard or modified 
RNAV approach configurations. 


‘The standard TAA has three areas: straight-in, left base, and 
right base. The arc boundaries of the three areas of the TAA 
are published portions of the approach and allow aircraft to 
transition from the en route structure direct to the nearest 
IAF. When crossing the boundary of each of these areas or 
when released by ATC within the area, the pilot is expected 
to proceed direct to the appropriate waypoint LAF for the 
approach area being flown. A pilot has the option in all areas 
of proceeding directly to the holding pattern. 


‘The TAA has a “I” structure that normally provides a NoPT. 
for aircraft using the approach. [Figure 8-12] The TAA 
provides the pilot and air traffic controller with an efficient 
method for routing traffic from the en route to the terminal 
structure, The basic “T” contained in the TAA normally 
aligns the procedure on runway centerline, with the missed 
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approach point (MAP) lox eshold, the FAF 5 
NM from the threshold, and the intermediate fix (IF) 5 NM. 
from the FAR, 


In order to accommodate descent from a high en route altitude 
to the initial segment altitude, a hold in lieu of a procedure 
tum provides the aircraft with an extended distance for the 
necessary descent gradient, The holding pattern constructed 
for this purpose is always established on the center IAF 
waypoint, Other modifications may be required for parallel 
runways, or special operational requirements. When 
published, the RNAV chart will depict the TAA through 
the use of icons representing each TAA associated with the 
RNAY procedure. These icons are depicted in the plan view 
of the approach, generally arranged on the chart in accordance 
with their position relative to the aircraft’s arrival from the 
en route structure, 


Course Reversal Elements in Plan View and 
Profile View 

Course reversals included in an IAP are depicted in one of 
three different ways: a 45°/180° procedure turn, a holding 
pattern in lieu of procedure turn, or a teardrop procedure. 
‘The maneuvers are required when it is necessary to reverse 
ion to establish the aircraft inbound on an intermediate 
or final approach course. Components of the required 
procedure are depicted in the plan view and the profile view. 
‘The maneuver must be completed within the distance and 
af the minimum altitude specified in the profile view. Pilots, 
should coordinate with the appropriate ATC facility relating, 
to course reversal during the IAP. 


Procedure Turns fh 
A procedure turn barbed arrow _/7” ogg. indicates 


the direction or side of the outbound course on which 


Raed 


the procedure turn is made. [Figure 8-13] Headings are 
provided for course reversal using the 45° procedure turn, 
However, the point at which the turn may be commenced, 
and the type and rate of turn is left to the discretion of the 
pilot. Some of the options are the 45° procedure turn, the 
racetrack pattern, the teardrop procedure turn, or the 80°/260° 
course reversal. The absence of the procedure turn barbed 
arrow in the plan view indicates that a procedure turn is, 


not authorized for that procedure. A maximum procedure 
turn speed of not greater than 200 knots indicated airspeed 
(KIAS) should be observed when turning outbound over the 
IAF and throughout the procedure turn maneuver to ensure 
staying within the obstruction clearance area. The normal 
procedure turn distance is 10 NM. This may be reduced to 
4 minimum of 5 NM where only Category A or helicopter 
aircraft are operated, or increased to as much as 15 NM to 
accommodate high performance aircraft. Descent below the 
procedure tun altitude begins alter the aircraft is established 
on the inbound course. 


‘The procedure turn is not required when the symbol “NoPT” 
appears, when radar vectoring to the final approach is 
provided, when conducting a timed approach, or when the 
procedure tun is not authorized, Pilots should contact the 
appropriate ATC facility when in doubt if a procedure turn 
is required. 


Holding in Lieu of Procedure Turn 
A holding pattern in lieu of a procedure turn may be specified 
for course reversal in some procedures. [Figure 8-14] In such 
cases, the holding pattern is established over an intermediate 
fix ora final approach fix (FAF). The holding pattern distance 
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Figure 8-19. 45° Procedure Turn 
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Figure 8-14. Holding in Lieu of Procedure Turn 


or time specified in the profile view must be observed. 
Maximum holding airspeed limitations as set forth for all 
holding patterns apply. The holding pattern maneuver is 
completed when the aircraft is established on the inbound 
course after executing the appropriate entry. If cleared for 
the approach prior to returning to the holding fix and the 
aircraft is at the prescribed altitude, additional circuits of the 
holding pattern are neither necessary nor expected by ATC. 
If pilots elect to make additional circuits to lose excessive 
altitude or to become better established on course, itis their 
responsibility to advise ATC upon receipt of their approach 
clearance. When holding in lieu of a procedure turn, the 
holding pattern must be followed, except when RADAR, 
VECTORING to the final approach course is provided or 
when NoPT is shown on the approach course. 


Teardrop Procedure 

When a teardrop procedure turn is depicted and a course 
reversal is required, unless otherwise authorized by ATC, 
this type of procedure must be executed. [Figure 8-15] The 
teardrop procedure consists of departure from an [AF on the 
published outbound course followed by a tum toward and 
intercepting the inbound course at or prior to the intermediate 
or point. Its purpose is to permit an aircraft to reverse 
direction and lose considerable altitude within reasonably 
limited airspace. Where no fix is available to mark the 
beginning of the intermediate segment, it shall be assumed 
to commence at a point 10 NM prior to the FAF. When the 
facility is located on the airport, an aircraft is considered to 
be on final approach upon completion of the penetration turn. 
However, the final approach segment begins on the final 
approach course 10 NM from the facility 


Figure 8-18. Teardrop Procedure. 


The Profile View 

‘The profile view is a depiction of the procedure from the sidle 
and illustrates the vertical approach path altitudes, headings, 
distances, and fixes. /Figures 8-10, 8-11, and 8-12) The 
view includes the minimum altitude and the maximum 
distance for the procedure turn, altitudes over prescribed 
fixes, distances between fixes, and the missed approach 
procedure. The profile view aids in the pilot’s interpretation. 
of the IAP. The profile view is not drawn to scale. 
[Figures 8-10, 8-11, 8-12, and 8-16] 


‘The precision approach glide slope (GS) intercept altitude 
is a minimum altitude for GS interception after completion 
of the procedure tur, illustrated by an altitude number and 
“zigzag line. ILapplies to precision approaches, and except 
where otherwise prescribed, also applies as a minimum. 
altitude for crossing the FAF when the GS is inoperative 
or not used. Precision approach profiles also depict the GS 
angle of descent, threshold-crossing height (TCH), and GS 
altitude at the outer marker (OM). 


For nonprecision approaches, a final descent is initiated and 
the final segment begins at either the FA or the final approach 
point (FAP). The FAF is identified by use of the Maltese cross 
symbol in the profile view. $& [Figure 8-11] When no FAF 
is depicted, the final approach point is the point at which the 
aircraft is established inbound on the final approach course, 
[Figure 8-16] 


Stepdown fixes in nonprecision procedures are provided 
between the FAF and the airport for authorizing a lower 
minimum descent altitude (MDA) after passing an 
obstruction. Stepdown fixes can be identified by NAVAID, 
NAVAID fix, waypoint or radar, and are depicted by a hash 
marked line. } Normally, there is only one stepdown fix 
between the FAF and the MAP, but there can be several. 
If the stepdown fix cannot be identified for any reason, the 
minimum altitude at the stepdown fix becomes the MDA for 
the approach, However, circling minimums apply if they are 
higher than the stepdown fix minimum altitude, and a circling 
approach is required. 


‘The visual descent point (VDP) is a defined point on 
the final approach course of a nonprecision straight-in 
approach procedure, A normal descent from the MDA to 
the runway touchdown point may be commenced, provided 
visual reference is established. The VDP is identilied on 
the profile view of the approach chart by the symbol “V." 
[Figure 8-12] 


‘The MAP varies depending upon the approach flown. For 
the ILS, the MAP is at the decision altitude/decision height 
(DA/DH). For nonprecision procedures, the pilot determines 
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the MAP by timing from FAF when the approach aid is away 
from the airport, by a fix or NAVAID when the navigation 
facility is located on the field, or by waypoints as defined 
by GPS or VOR/DME RNAV. The pilot may execute the 
MAP early, but pilots should, unless otherwise cleared by 
ATC, fly the IAP as specified on the approach plate to the 
MAP at or above the MDA or DA/DH before executing a 
turning maneuver. 


‘A complete description of the missed approach procedure 
appears in the pilot briefing section. (Figure 8-16] Icons 
indicating what is to be accomplished at the MAP are located 
in the profile view. When initiating a missed approach, the 
pilot will be directed to climb straight ahead (¢.g., “Climb to 
2,000") or commence a turning climb to a specified altitude 
(c.g. “Climbing right turn to 2,000"). In some cases, the 
procedure will direct the pilot to climb straight ahead to 
an initial altitude, then turn or enter a climbing turn to the 
holding altitude (e.g.,""Climb to 900, then climbing right turn 
to 2,500 direct ABC VOR and hold”), 


When the missed approach procedure specifies holding at 
a facility or fix, the pilot proceeds according to the missed 
approach track and pattern depicted on the plan view. An 
alternate missed approach procedure may also be issued by 
ATC. The textual description will also specify the NAVALD(S) 
or radials that identify the holding fix. 


The profile view also depicts minimum, maximum, 
recommended, and mandatory block altitudes used in 
approaches. The minimum altitude is depicted with the altitude 
underscored. 2500 On final approach, aircraft are required 
to maintain an altitude at or above the depicted altitude until 
reaching the subsequent fix. The maximum altitude will be 
depicted with the altitude overscored, 4300 and aircraft 
‘must remain at or below the depicted altitude. Mandatory 
altitudes will be depicted with the altitude both underscored 
and overscored, 5500 and altitude is to be maintained at the 
depicted value. Recommended altitudes are advisory altitudes 
and are neither over- nor underscored, When an over- or 
underscore spans two numbers, a mandatory block altitude is 
indicated, and aircraft are required to maintain altitude within 
the range of the two numbers, [Figures 8-11 and 8-12] 


‘The Vertical Descent Angle (VDA) found on nonprecision 
approach charts provides the pilot with information required 
to establish a stabilized approach descent from the FAF 
or stepdown fix to the threshold crossing height (TCH). 
[Figure 8-17] Pilots can use the published angle and 
estimated or actual ground speed to find a target rate of descent 
using the rate of descent table in the back of the TPP. 
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Figure 8-17. Vertical Descent Angle (VDA). 


Landing Minimums 
‘The minimums section sets forth the lowest altitude and 
visibility requirements for the approach, whether precision 
or nonprecision, straight-in or circling, or radar vectored. 
When a fix is incorporated in a nonprecision final segment, 
to sets of minimums may be published, depending upon 
how the fix can be identified. Two sets of minimums may 
also be published when a second altimeter source is used 
in the procedure. The minimums ensure that final approach 
‘obstacle clearance is provided from the start of the final 
segment to the runway or MAP, whichever occurs last. The 
same minimums apply to both day and night operations unless 
different minimums are specified in the Notes section of the 
pilot briefing. Published circling minimums provide obstacle 
clearance when pilots remain within the appropriate area of 
protection. [Figure 8-18] 


Minimums are specified for various aircraft approach 
categories based upon a value 1.3 times the stalling speed 
of the aircraft in the landing configuration at maximum. 
certified gross landing weight. Ifit is necessary to maneuver 
at speeds in excess of the upper limit of a speed range for a 
category, the minimums for the next higher category should 
be used. For example, an aircraft that falls into category A, 
but is circling to land ata speed in excess of 91 knots, should 
use approach category B minimums when circling to land. 
[Figure 8-19] 


‘The minimums for straight-in and circling appear directly 
under each aircraft category. [Figure 8-19] When there is 
no solid division line between minimums for each category 
oon the rows for straight-in or circling, the minimums apply 
to the two or more categories, 


‘The terms used to describe the minimum approach altitudes 
differ between precision and nonprecision approaches. 
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APPENDIX A » GETTING STARTED WITH TOOL BUILDING 


Figure A-6. The four internal wires within the USB cable, From left to right they are red (VBUS ar +SV), 
black (ground), green (USB D+), and white (USB D-). Use the red and black wires to pull a regulated +5V 
from the charger. 


‘The USB standard specifies every little detail about how to build and mark USB cables, even down, 
to the colors of the internal wires in the cable that you're not ever supposed to see! That's dedication, 


Note Apple violates the USB standard by not having a raised USB symbol molded into its cables. 


However, sometimes cable manufacturers fudge a bit and use whatever four-conductor cable they 
happen to have lying around. A very common substitute cable uses red, blue, yellow, and brown wires, 
internally. See Table A-1 for a list of which wires go where. 
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Precision approaches use decision height (DH), which 
is referenced to the height above threshold elevation 
(HAT). Nonprecision approaches use MDA, referenced 
MSL.” The MDA is also referenced to HAT for 
approaches, or hei 
circling approaches. On NACG charts, the figur 
parenthetically are for military operations and are not used 
in civil aviation 


Visibility figures are provided in statute miles or runway 
visual range (RVR), which is reported in hundre 
RVR is measured by a transmissometer, which represents the 
horizontal distance measured at points along the runway. It 
is based on the sighting of either high intensity runway lights, 
or on the visual contrast of other targets, whichever yields 
the greater visual range. RVR is horizontal visual range, not 
slant visual range, and is used in lieu of prevailing visibility 
in determining minimums for a particular runway. It is, 
illustrated in hundreds of feet if less than a mile (ie., “24” 
is an RVR of 2,400 feet). /Figures 8-19 and 8-20] 


of feet. 


‘re depicted after the DA/DH or MDA in the 
minimums section. If visibility in statute miles is indicated, 
an altitude number, hyphen, and a whole or fractional 
number appear; for example, 530-1, which indicates “530 
feet MSL’ and 1 statute mile visibility. This is the descent 
minimum for the approach. The RVR value is separated 
from the minimum altitude with a slash, such as “1065/24,” 
which indicates 1,065 feet MSL and an RVR of 2,400 feet. 
If RVR is prescribed for the procedure, but not available, a 
conversion table is used to provide the equivalent visibility 
in this case, of 1/2 statute mile visibility. [Figure 8-20) The 
also available in the TPP. 


conversion table 


‘When an alternate airpor is required, standard IFR alternate 
‘minimums apply. For aireraft other than helicopters, precision 
approach procedures require a 600-feet ceiling and two 
statute miles visibility; nonprecision approaches require an 
800-feet ceiling and two statute miles visibility. Helicopter 
alternate minimums are a ceiling that is 200 feet above the 
minimum for the approach to be flown and visibility of at 
least one statute mile, but not less than the mini 
for the approach to be flown. When a black triangle 
white “A” appears in the notes section of the pilot briefing, 
it indicates non-standard IFR alternate minimums exist for 
the airport. If an “NA” appears after the “A,” XNA then 
alternate minimums are not authorized. Thi 
found in the beginning of the TPP. 


um visibility 


information is 


In addition to the COPTER approaches, instrument-equipped 
helicopters may fly standard approach procedures. The 
required visibility minimum may be reduced to one-half the 
published visibility minimum for category A aircraft, but 


in no case may it be reduced to less than 1/4 mile or 1,200 
feet RVR. 


‘Two terms are specific to helicopters. Height above landing 
(HAL) means height above a designated helicopter landing, 
area used for helicopter IAPs. “Point in space approach” 
refers to a helicopter IAP to a MAP more than 2,600 feet 
from an associated helicopter landing area, 


Airport Sketch /Airport Diagram 
‘The airport sketch, located on the bottom right side of the 
chart, includes many helpful features. LAPS for some of the 
larger ainports devote an entire page to an airport diagram. 
Airport sketch information concerning runway orientation, 
lighting, final approach bearings, airport beacon, and. 
obstacles all serve to guide the pilot in the final phases of 
flight, See Figure 8-21 fora legend of airport diagram/airport 
sketch features (see also Figure 8-10 for an example of an 
import diagram), 


‘The airport elevation is indicated in a separate box at the 
top left of the airport sketch. The touchdown zone elevation 
(TDZE), which is the highest elevation within the first 3,000 
feet of the runway, is designated at the approach end of the 
procedure’s runway. 


Beneath the airport sketch is a time and speed table when 
applicable. The table provides the distan 
of time required to transit the distance from the FAF to the 
MAP for selected groundspeeds. 


and the amount 


‘The approach lighting systems and the visual approach lights 
are depicted on the airport sketch. White on black symbols 
@ are used for identifying pilot-controlled lighting (PCL). 
Runway lighting aids are also noted (e.g., REIL, HIRL), as, 
is the runway centerline lighting (RCL). [Figure 8-22] 


‘The airport diagram shows the paved runway configuration 
in solid black, while the taxiways and aprons are shaded 
gray. Other runway environment features are shown, such 
as the runway identification, dimensions, magnetic heading, 
displaced threshold, arresting gear, usable length, and slope. 


Inoperative Components 
Certain procedures can be flown with inoperative components. 
According to the Inoperative Components Table, for 
example, an ILS approach with a malfunctioning Medium 
Intensity Approach Lighting System with Runway Alignment 
Indicator Lights (MALSR = MALS with RAIL) can be 
flown if the minimum visibility is increased by 1/4 mile. 
[Figure 8-23] A note in this section might read, “Inoperative 
‘Table does not apply to ALS or HIRL Runway 13L.” 
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Figure 8-21. Airport Legend and Diagram. 
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RNAV Instrument Approach Charts, 
‘To avoid unnecessary duplication and proliferation of 
approach charts, approach minimums for unaugmented 
SPS, Wide Area Augmentation System (WAAS 

‘Area Augmentation System (LAAS), will be published 
on the same approach chart as lateral navigation/vertical 
navigation (LNAV/VNAV). Other types of equipment may 
be authorized to conduct the approach based on the minima 
notes in the front of the TPP approach chart books. Approach 
charts titled “RNAV RWY XX” may be used by aircraft 
with navigation systems that meet the required navigational 
performance (RNP) values for each segment of the approach. 
[Figure 8-24] 


‘The chart may contain as many as four lines of approach 
minimums: global landing system (GLS), WAS and LAAS, 
LNAV/VNAY, LNAY, and circling. LNAV/VNAV is an 
instrument approach with lateral and vertical guidance with 
integrity limits similar to barometric vertical navigation 
(BARO VNAV), 


RNAY procedures that incorporate a final approach stepdown, 
fix may be published without vertical navigation on a separate 
chart also titled RNAV. During a transition period when GPS 
procedures are undergoing revision to a new ttle, both RNAV. 
and GPS approach charts and formats will be published. ATC 
clearance for the RNAV procedure will authorize a properly 
certificated pilot to utilize any landing minimums for which 
the aircraft is certified 


Chart terminology will change slightly to support the new 
procedure types: 


1. DA replaces the term DH. DA conforms to the 
international convention where altitudes relate to 
MSL and heights relate to AGL. DA will eventually 
bbe published for other types of IAPS with vertical 
guidance, as well. DA indicates to the pilot that the 
published descent profile is flown to the DA (MSL), 
where a missed approach will be initiated if visual 
references for landing are not established. Obstacle 
clearance is provided to allow a momentary descent 
below DA while transitioning from the final approach to 
the missed approach. The aircraft is expected to follow 
the missed approach instructions while continuing 
along the published final approach course to at least 
the published runway threshold waypoint or MAP (if 
not at the threshold) before executing any turns. 
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2. MDAwill continue to be used only for the LNAV and 
circling procedures. 


3. Threshold crossing height (TCH) has been traditionally 
used in precision approaches as the height of the 
above threshold. With publication of LNAV/VNAV 
minimums and RNAV descent angles, including 
graphically depicted descent profiles, TCH also 
applies to the height of the “descent angle,” or glide 
path, at the threshold. Unless otherwise required for 
larger type aircraft, which may be using the IAP, the 
typical TCH will be 30 to 50 feet. 


‘The minima format changes slightly 


1. Each line of minima on the RNAV IAP will be titled 
to reflect the RNAV system applicable (¢.g., GLS, 
LNAV/VNAY, and LNAV). Circling minima will 
also be provided. 


2. The minima title box will also indicate the nature of 
\de for the LAP. For example: DA 
will be published next to the minima line title for 
‘minimums supporting vertical guidance, and MDA 
will be published where the minima line supports only 
lateral guidance. During an approach where an MDA 
is used, descent below MDA is not authorized. 


the minimum alt 


3. Where two or more systems share the same minima, 
cach line of minima will be displayed separately. 


For more information concerning government charts, the 
NACG can be contacted by telephone, or via their internet 
addres 


at: 


National Aeronautical Charting Group 
‘Telephone 800-626-3677 
hutp://naco.faa.gov/ 
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~The Air Traffic 
Control System 
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Introduction - 


This chapter covers the communication equipment, 
‘communication procedures, and air traffic control (ATC) 
facilities and services available for flight under instrumen 

‘flight aol fn the National Airspace System (NAS). 


APPENDIX A © GETTING STARTED WITH TOOL BUILDING 


Table A-1. Standard USB Wire Colors and Their Functions, Along with Popular Alternate Colors 


Function | Pin Number | Standard USB Color | Alternate Color 
BUS (+5V) 1 Red Red 

D-2 White Blue 

D+3 Green Yellow 

GND4 Black Brown 


Now is the time to verify the wiring before we get much further. Even if your cable has the official 
wire colors within the insulating jacket, you are strongly advised to double-check both the voltage and 
the polarity coming out of the charger before connecting it to your tender, sensitive circuits. Minimize 
your assumptions about the compliance of others. Testing proves testing works! 

Strip about 1/4 inch of the insulation from the ends of the red and black wires. Get out your meter 
and set it up to read voltage at or above the SV range. If your fancy meter has autoranging, then just set it 
to read DC voltage. Plug the USB cable into the charger, ifit’s not already installed. Make sure the red 
and black wires are not touching, and then plug the charger into the wall or a convenient power strip. 

Now measure the voltage between the red and black wires. Hopefully you should see a reading at or 
near 5.0V. The USB standard specifies a tolerance of +10 percent, so anything between 4.5V and 5.5V is, 
considered OK. See Figure A-7. 
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Navigation/Communication (NAV/COM) 
Equipment 

Civilian pilots communicate with ATC on frequencies in 
the very high frequency (VHF) range between 118,000 and. 
136.975 MHz. To derive full benefit from the ATC system, 
radios capable of 25 kHz spacing are required (e.g., 134.500, 
134.575, 134.600). If ATC assigns a frequency that cannot 
be selected, ask for an alternative frequency 


Figure 9-1 illustrates a typical radio panel installation, 
consisting of a communications transceiver on the left and a 
navigational receiver on the right. Many radios allow the pilot 
to have one or more frequencies stored in memory and one 
frequency active for transmitting and receiving (called simplex 
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Figure 9-2. Audio Panel. 
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operation). Ibis possible to communicate with some automated 
flight service stations (AFSS) by transmitting on 122.1 MHz 
elected on the communication radio) and receiving on a 
VHF omnidirectional range (VOR) frequency (selected on 
the navigation radio). This is called duplex operation, 


‘An audio panel allows a pilot to adjust the volume of the 
selected receiver(s) and to select the desired transmitter. 
[Figure 9-2] The audio panel has two positions for receiver 
selection, cabin speaker, and headphone (some units might 
have a center “olf” position). Use ofa hand-held microphone 
and the cabin speaker introduces the distraction of reaching 
for and hanging up the microphone. A headset with a boom 
microphon 
microphone should be positioned close to the lips to reduce 


is recommended for clear communications. The 
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Figure 9-3. Boom Microphone, Headset, and Push-To-Talk 
Switch 


the possibility of ambient flight deck noise interfering with 
transmissions to the controller. Headphones deliver the 
received signal directly to the ears; therefore, ambient noise 
does not interfere with the pilot’s ability to understand the 
transmission. [Figure 9-3] 


Switching the transmitter selector between COMI and 
COM2 changes both transmitter and receiver frequencies. 
It is necessary only when a pilot wants to monitor one 
frequency while transmitting on another. One example is, 
listening to automatic terminal information service (ATIS 
on one receiver while communicating with ATC on the 
other. Monitoring a navigation receiver to check for proper 
identification is another reason to use the switch panel 


Most audio switch panels also include a marker beacon 
receiver. All marker beacons transmit on 75 MHz, so there 


is no frequency selector. 


Figure 9-4 illustrates an increasingly popular form of 
NAV/COM radio; it contains a global positioning system 
(GPS) receiver and a communications transceiver. Using its 
navigational capability, this unit can determine when a flight 
crosses an airspace boundary or fix and can automatically 


Figure 9-4. Combination GPS-Com Unit. 


select the appropriate communications frequency for that 
location in the communications radio. 


Radar and Transponders 
ATC radars have a limited ability to display primary returns, 
which is energy reflected from an aircraft's metallic structure. 
‘Their ability to display secondary returns (transponder replies 
to ground interrogation signals) makes possible the many 
advantages of automation 


er installed 


‘A transponder isa radar beacon transmitter/res 
in the instrument panel. ATC beacon transmitters send out 
interrogation signals continuously as the radar antenna 
rotates. When an interrogation is received by a transponder, a 
coded reply is sent to the ground station where itis displayed 
on the controller's scope. A reply’light on the transponder 
panel flickers every time it receives and replies to a radar 
interrogation. Transponder codes are assigned by ATC. 


When a controller asks. pilot to “ident” and the ident button 
is pushed, the return on the controller's scope is intensified for 
precise identification of a flight. When requested, briefly push 
the ident button to activate this feature. It is good practice 
for pilots to verbally confirm that they have changed codes 
or pushed the ident button, 


Mode C (Altitude Reporting) 

Primary radar returns indicate only range and bearing from 
the radar antenna to the target; secondary radar returns can 
display altitude, Mode C, on the control scope ifthe aircraft 
is equipped with an encoding altimeter or blind encoder. In 
either case, when the transponder’s function switch is in the 
ALT position the aircraft's pressure altitude is sent to the 
controller. Adjusting the altimeter’s Kollsman window has 
no effect on the altitude read by the controller. 


“Transponders, when installed, must be ON at all times when 
operating in controlled airspace; altitude reporting is required 
by regulation in Class B and Class C airspace and inside a 
30-mile circle surrounding the primary airport in Class B 
airspace. Altitude reporting should also be ON at ll times. 
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Communication Procedures 


lar 
flight. This requires pilots and controllers to use terms that 
are understood by both—the Pilot/Controller Glossary in the 
‘Aeronautical Information Manual (AIM) is the best source of 
terms and definitions. The AIM is revised twice a year and 
new definitions are added, so the glossary should be reviewed 
frequently. Because clearances and instructions are comprised 
largely of letters and numbers, a phonetic pronunciation guide 
has been developed for both. /Figure 9-5] 


in communication is essential for a safe instrument 


ATCs must follow the guidance of the Air Traffic Control 
Manual when communicating with pilots. The manual 
presents the controller with different situations and prescribes, 
precise terminology that must be used, This is advantageous, 
for pilots because once they have recognized a pattern 
or format they can expect future controller transmissions 
to follow that format, Controllers are faced with a wide 
variety of communication styles based on pilot experience, 
proficiency, and professionalism, 


Pilots should study the examples in the AIM, listen to 
other pilots communicate, and apply the lessons learned 
to their own communications with ATC. Pilots should ask 


for clarification of a clearance or instruction. If necessary, 
use plain English to ensure understanding, and expect the 
controller to reply in the same way. A safe instrument flight 
is the result of cooperation between controller and pilot. 


Communication Facilities 


‘The controller's primary responsibility is separation of 
aircraft operating under IFR. This is accomplished with ATC 
facilities which include the AFSS, airport trafic control tower 
(ATCT), terminal radar approach control (TRACON), and 
air route traffic control center (ARTCC). 


Automated Flight Service Stations (AFSS) 
A pilot’s first contact with ATC is usually through AFSS, 
either by radio or telephone. AFSSs provide pilot briefings, 
receive and process flight plans, relay ATC clearances, 
originate Notices to Airmen (NOTAMS), and broadcast 
aviation weather. Some facilities provide En Route Flight 
Advisory Service (EFAS), take weather observations, 
and advise United States Customs and Immigration of 
international flights. 


‘Telephone contact with Flight Service can be obtained 
by dialing 1-800-WX-BRIEF, This number can be used 
anywhere in the United States and connects to the nearest 
AFSS based on the area code from which the call originates. 
‘There are a variety of methods of making radio contact: 
direct transmission, remote communication outlets (RCOs), 
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ground communication outlets (GCOs), and by using duplex 
transmissions through navigational aids (NAVAIDs). The 
best source of information on frequency usage isthe Airport/ 
Facility Directory (A/FD) and the legend panel on sectional 
charts also contains contact information. 


Eg ee 
@ Alia (AL-FAH) 
ry 5 Bravo (GRAH-VOH) 
@ care reel 
es -- Cotta (DELLTAH) 
So - Echo (Eck OH) 
ry Foxtrot (FoKs-TROT 
eS —.- Got (our) 
.) Hotel (HOH-TEL) 
ry india (DEE-AH) 
oO Joliet (WEWALEE-ET) 
so -- lo (KEVLOM 
@ - uma (LEE-MAH) 
o — Miko (uke) 
s - November __(NO-VEM-BER) 
@ =e wx (oss.ca 
o Papa (PAH-PAH) 
@ —--— — arcbec (KEH-BECK) 
r) Romeo (ROWME-OM) 
ry Stora (SEEAR-RAH) 
ry Tango ANG-G0) 
m7 eo Pee 
o Vietr (vik7AH) 
oOo Whiskey (WiSS-KEY) 
@ Xray (EckS-RAY) 
rm Yokoo (YANGEY) 
@ Zulu (200100) 
@ One (WUN) 
@ Two (700) 
2 Thies (TREE) 
@ Four (FOWER) 
) Five (FIFE) 
@ Six (six) 
@ ‘Seven (SEVEN) 
@ ———- Gm am 
@ Nine (ener) 
@o Zero (2EE-RO) 


Figure 9-5. Phonetic Pronunciation Guide. 


‘The briefer sends a flight plan to the host computer at 
the ARTCC (Center). After processing the flight plan, 
the computer will send flight strips to the tower, to the 
radar facility that will handle the departure route, and to 
the Center controller whose sector the flight first enters 
Figure 9-6 shows a typical strip. These strips are detivered 
approximately 30 minutes prior to the proposed departure 
time, Strips are delivered to en route facilities 30 minutes 
before the flight is expected to enter their airspace. If a 
flight plan is not opened, it will “time out” 2 hours after the 
proposed departure time. 


‘When departing an airport in Class G airspace, a pilot receives, 
an IFR clearance from the AFSS by radio or telephone. It 
contains either a clearance void time, in which case an aircraft 
must be airborne prior to that time, or a release time. Pilots, 
should not take-off prior to the release time. Pilots can help 
the controller by stating how soon they expect to be airborne. 
Ifthe void time is, for example, 10 minutes past the hour and, 
an aircraft is airborne at exactly 10 minutes past the hour, 


the clearance is void—a pilot must take off prior to the void 
time. A specific void time may be requested when filing a 
flight plan. 

ATC Towers 


Several controllers in the tower cab are involved in handling, 
an instrument flight, Where there is a dedicated clearance 
delivery position, that frequency is found in the A/FD and 
on the instrument approach chart for the departure airport. 
Where there is no clearance delivery position, the ground 
controller performs this function, At the busiest airports, pre- 
taxi clearance is required; the frequency for pre-taxi clearance 
can be found in the A/FD. Taxi clearance should be requested 
‘not more than 10 minutes before proposed taxi time 


{tis recommended that pilots read their IFR clearance back to 
the clearance delivery controller. Instrument clearances can 
be overwhelming when attempting to copy them verbatim, 
but they follow a format that allows a pilot to be prepared 
when responding “Ready to cop 
limit (usually the destination airport); route, including any 


” The format is: clearance 


departure procedure; initial altitude; frequency (for departure 
control); and transponder code. With the exception of the 
transponder code, a pilot knows most of these items before 
engine start. One technique for clearance copying is writing, 
CRAFT. 


Assume an IFR flight plan has been filed from Seattle, 
Washington to Sacramento, California via V-23 at 7,000 
feet, Traffic is taking off to the north from Seatt 
(Sea-Tac) airport and, by monitoring the clearance delivery 
frequency, a pilot can determine the departure procedure 
being assigned to southbound flights. The clearance limi 
is the destination airport, so write “SAC” after the letter C 
Write “SEATTLE TWO — V23" after R for Route, because 
departure control issued this departure to other flights. Write 
“7° after the A, the departure control frequency printed on 
the approach charts for Sea-Tac after F, and leave the space 
after the leter T blank—the transponder code is generated by 
computer and can seldom be determined in advance. Then, 
call clearance delivery and report “Ready to copy.” 


Tacoma 


As the controller reads the clearance, check it against what 
is already written down; if there is a change, draw a line 
through that item and write in the changed item, Chances 
are the changes are minimal, and most of the clearance is, 
copied before keying the microphone. Still, itis worthwhile 
to develop clearance shorthand to decrease the verbiage that 
must be copied (see Appendix 1). 


lots are required to have either the text of a departure 
procedure (DP) or a graphic representation (if one is 
available), and should review it before accepting a clearance. 
‘This is another reason to find out ahead of time which DP is 
in use. If the DP includes an altitude or a departure control 
frequency, those items are not included in the clearance. 


‘The last clearance received supersedes all previous clearances. 
For example, ifthe DP says “Climb and maintain 2,000 feet, 
expect higher in 6 miles,” but upon contacting the departure 
controller a new clearance is received: “Climb and maintain 
8,000 feet,” the 2,000 feet restriction has been canceled. This, 
rule applies in both terminal and Center airspace. 


[Call Sign—Nonthwest 186) 
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Figure 9-6. Flight Strip. 
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‘When reporting ready to copy an IFR clearance before the 
strip has been received from the Center computer, pilots 
are advised “clearance on request.” The controller initiates, 
contact when it has been received. This time can be used for 
taxi and pre-takeoff checks. 


‘The local controller is responsible for operations in the Class, 
D airspace and on the active runways. At some towers, 
designated as IFR towers, the local controller has vectoring, 
authority, At visual flight rules (VFR) towers, the local 
‘cepts inbound IFR flights from the terminal radar 
facility and cannot provide vectors. The local controller also 
coordinates flights in the local area with radar controllers. 
Although Class D airspace normally extends 2,500 feet above 
field elevation, towers frequently release the top 500 feet to 
the radar controllers to facilitate overllights. Accordingly, 
when a flight is vectored over an airport at an altitude that 
appears to enter the tower controller's airspace, there is no 
need to contact the tower controller—all coordination is, 
handled by ATC. 


controller 


‘The departure radar controller may be in the same building 
as the control tower, but it is more likely that the departure 
radar position is remotely located. The tower controller will 
not issue a takeoff clearance until the departure controller 
issues a release. 


Terminal Radar Approach Control (TRACON) 
TRACONS are considered terminal facilities because they 
provide the link between the departure airport and the en route 
structure of the NAS. Terminal airspace normally extends 30 
nautical miles (NM) from the facility, with a vertical extent 


Figure 9-7. Combined Radar and Beacon Antenna. 
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of 10,000 feet; however, dimensions vary widely. Class B 
and Class C airspace dimensions are provided on aeronautical 
charts, At terminal radar facilities the airspace is divided 
into sectors, each with one or more controllers, and each 
assigned a discrete radio frequency. All terminal 
facilities are approach controls and should be addressed 
as “Approach” except when directed to do otherwise (e.g., 
“Contact departure on 120.4"). 


sector 


‘Terminal radar antennas are located on or adjacent to the 
aimport. Figure 9-7 shows a typical configuration. Terminal 
controllers can assign altitudes lower than published 
procedural altitudes called minimum vectoring altitudes 
(MVAs). These altitudes are not published or accessible to 
pilots, but are displayed at the controller's position, as shown 
in Figure 9-8, However, when pilots are assigned an altitude 
that seems to be too low, they should query the controller 
before descending 


When a pilot accepts a clearance and reports ready for takeoff, 
‘controller in the tower contacts the TRACON for a release. 
An aircraft is not cleared for takeoff until the departure 
controller can fit the flight into the departure flow. A pilot may 
have to hold for release. When takeoff clearance is received, 
the departure controller is aware of the flight and is waiting, 


the departure strip or the computer screen the 
repeat any portion of the clearance to that controller. 
establish contact with the facility when instructed to do so by 
the tower controller. The terminal facility computer picks up 
the transponder and initiates tracking as Soon as it detects the 


(iva betieen 160 
td 290 ogress 


Figure 9-8. Minimum Vectoring Altitude Chart 


jgned code. For this reason, the transponder should remain 
on standby until takeoff clearance has been received. 


‘The aircraft appears on the controller's radar display as a 
target with an associated data block that moves as the aircraft 
moves through the airspace. The data block includes aircraft 
identification, aircraft type, altitude, and airspeed. 


A TRACON controller uses Airport Surveillance Radar 
(ASR) to detect primary targets and Automated Radar 
ems (ARTS) to receive transponder signals; the 
two are combined on the controller's scope. [Figure 9-9] 


‘Terminal S\ 


At facilities with ASR-3 equipment, radar returns from 
precipitation are not displayed as varying levels of intensity, 
and controllers must rely on pilot reports and experience 
to provide weather avoidance information. With ASR-9 
equipment, the controller can select up to six levels of 
intensity. Light precipitation does not require avoidance 
tactics but precipitation levels of moderate, heavy or 
extreme should cause pilots to plan accordingly. Along, 
with precipitation the pilot must additionally consider the 
temperature, which if between -20° and +5° C will cause icing 
even during light precipitation. The returns from higher level 
of intensity may obscure aircraft data blocks, and controllers 
may select the higher levels only on pilot request. When 
uncertainty exists about the weather ahead, ask the controller 
if the facility can display intensity levels—pilots of small 
aircraft should avoid intensity levels 3 or higher. 


Tower En Route Control (TEC) 
At many locations, instrument flights can be conducted 
entirely in terminal airspace. These TEC routes are generally 
for aircraft operating below 10,000 feet, and they can be 
found in the A/FD. Pilots desiring to use TEC should include 
that designation in the remarks section of the flight plan. 


Pilots are not limited to the major airports at the city pairs, 
listed in the A/FD. For example, a tower en route flight from 
an airport in New York (NYC) airspace could terminate 
al any airport within approximately 30 miles of Bradley 
International (BDL) airspace, such as Hartford (HFD). 
[Figure 9-10] 


A valuable service provided by the automated radar 
equipment at terminal radar facilities is the Minimum Safe 
Altitude Warnings (MSAW). This equipment predicts an 
aircraft’s position in 2 minutes based on present path of 
flight—the controller issues a safety alert if the projected 
path encounters terrain or an obstruction. An unusually 
rapid descent rate on a nonprecision approach can trigger 
such an alert 


Air Route Tratfic Control Center (ARTCC) 
ARTCC facilities are responsible for maintaining separation 
between IFR flights in the en route structure, Center radars 
(Air Route Surveillance Radar (ARSR)) acquire and track 
transponder returns using the same basic technology as 
terminal radars. [Figure 9-11] 


Earlier 


“enter radars display weather as an area of slashe 
(light precipitation) and Hs (moderate rainfall), as illustrated 
in Figure 9-12. Because the controller cannot detect higher 
levels of precipitation, pilots should be wary of areas showing, 
moderate rainfall. Newer radar displays show weather as 
three levels of blue. Controllers can select the level of weather 
tobe displayed. Weather displays of higher levels of inten 
can make it difficult for controllers to see aircraft data blocks, 
so pilots should not expect ATC to keep weather displayed 
continuously. 


divided into sectors in the same manner 
; additionally, most Center airspac 


Center airspac 
as terminal a 


frequencies, because each Center has a network of remote 
transmitter/receiver sites. All Center frequencies can be found 
in the back of the A/FD in the format shown in Figure 9-13; 


they are also found on en route charts. 


Each ARTCC’s area of res ility covers several states; 
when flying from the vicinity of one remote communication, 
site toward another, expect to hear the same controller on 
different frequencies. 


Center Approach/Departure Control 
‘The majority of airports with instrument approaches do not 
lie within terminal radar airspace, and when operating to 
or from these airports pilots communicate directly with the 
Center controller. Departing from a tower-controlled airport, 
the tower controller provides instructions for contacting the 
appropriate Center controller. When departing an airport 
without an operating control tower, the clearance includes 
instructions such as “Upon entering controlled airspace, 
contact Houston Center on 126.5.” Pilots are responsible 
for terrain clearance until reaching the controller's MVA. 
imply hearing “Radar contact” does not relieve a pilot of 
this responsibility. 


If obstactes in the departure path require a steeper-than- 
imb gradient (200 FPNM), then the controller 
s the pilot. Howe the pilot's responsibility to 
check the departure airpor listing in the A/FD to determine if 
there are trees or wires in the departure path. When in doubt, 
ask the controller for the required climb gradient. 


standard cl 
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. The top image is a display as seen by controllers in an Air Traffic Facility: The one illustrated is an ARTS Il (Automated 
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Figure 9- 
Radar Terminal System). The display shown provides an explanation of the symbols tn the graphic. The lower figure is an example of 
the Digital Bright Radar Indicator Tower Equipment (DBRITE) screen as seen by tower personnel. It provides tower controllers with 
4 visual display of the airport surveillance radar, beacon signals, and data received from ARTS Il. The display shown provides an 
explanation of the symbols in the graphic 
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Figure 9-10. A Portion of the New York Area Tower En Route List. (From the AIFD) 
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Figure 9-11. Center Radar Displays 


A common clearance in these situations is “When able, 
proceed direct to the Astoria VOR....” The words “when able” 
‘mean to proceed to the waypoint, intersection, or NAVAID 
when the pilot is able to navigate directly to that point using, 
onboard available systems providing proper guidance, usable 
signal, etc. If provided such guidance while flying VER, the 
pilot remains responsible for terrain and obstacle clearance. 
Using the standard climb gradient, an aircraft is 2 miles 
from the departure end of the runway before it is safe to 
turn (400 feet above ground level (AGL)). When a Center 
controller issues a heading, a direct route, or says “direct 
when able,” the controller becomes responsible for terrain 
and obstruction clearance, 


Another common Center clearance is “Leaving (altitude) 
fly (heading) or proceed direct when able.” This keeps the 
terrain/obstruction clearance responsibility in the flight deck 
until above the minimum IFR altitude. A controller cannot 
issue an IFR clearance until an aircraft is above the minimum, 
IER altitude unless itis able to climb in VER conditions 


Ona Center controller's scope, 1 NM is about 1/28 of an inch, 
When a Center controller is providing Approach/Departure 
at an airport many miles from the radar 
stimating headings and distances is very difficult 
Controllers providing vectors to final must set the range on 
their scopes to not more than 125 NM to provide the greatest 
possible accuracy for intercept headings. Accordingly, at 
locations more distant from a Center radar antenna, pilots, 
should expect a minimum of vectoring, 


control service 


antenna, 


910 


Abilene 
Ardmore 
Big Spring -1337 


134,25 127.45 
=132.975 128.1 
Blue Ridge -127.5 12487 
Brownwood -127.45 
Clinton-Sherman -132.45 126.4 
Cumby —132.85 192.02 126.57 
Dublin -195.375 128.32 127.15 
El Dorado -133.875 126.2 
Frankston -13525 134.025 
Gainsville -134.15 120.77 
Hobbs -133.1 

Keller -135.275 134.15 
Lubbock 133.35 127.7 
Marshall 135.1 128.125 
McAlester -135.45 1322 
Midland (Site A) -133.1 132.075 
Mineral Wells 195.6. 127.0 
Monroe ~135.1 

Oklahoma City 1339 132.45 


126.3 


193,25 
126.45 


Paducah 134.55 1335 133.35 126.45 
Paris -127.6 
Plainview —125.45, 


San Angelo -132.075 126.15 
Scurry -135.75 126.725 
Shreveport -195.1 132.275 


Texarkana ~134.475 133.95 126.57 
Tyler -135,25 134.025 
Waco -133.3 


Wichita Falls -(Site Nr1) - 134.55 132.925 
Wichita Falls -(Site Nr2) - 1335 127.95 


Figure 9-13. Center Symbology 


ATC Inflight Weather Avoidance 
Assistance 

ATC Radar Weather Displays 

ATC radar systems are able to display areas of precipitation 
by sending out a beam of radio energy that is reflected back to 
the radar antenna when it strikes an object or moisture which 
may be in the form of rain drops, hail, or snow. The larger 
the object, or the denser its reflective surface, the stronger the 
return will be. Radar weather processors indicate the intensity 
of reflective retums in terms of decibels with respect to the 
radar reflectively factor (4BZ). 


ATC systems cannot detect the presence or absence of 
clouds. ATC radar systems can often determine the intensity 
ofa precipitation area, but the specific character of that are 
(snow, rain, hail, VIRGA, ete.) cannot be determined. For 
this reason, ATC refers to all weather areas displayed on 
ATC radar scopes as “precipitation.” 


All ATC facilities using radar weather processors with the 
ability to determine precipitation intensity describes the 
intensity to pilots as: 


(< 30 dBZ) 

(30 to 40 dBz) 
3. “HEAVY” (240 to 50 4BzZ) 
4, EXTREME” (250 Bz) 


ARTCC controllers do not use the term “LIGHT” becaus 
their systems do not display “LIGHT” precipitation 
intensities. ATC facilities that, due to equipment limitations, 
cannot display the intensity levels of precipitation, will 
describe the location of the precipitation area by geographic 
position, or position relative to the aircraft. Since the intensity 
level is not available, the controller states, “INTENSITY 
UNKNOWN.” 


ARTCC facilities normally use a Weather and Radar 
Processor (WARP) to display a mosaic of data obtained from 
multiple NEXRAD sites. The WARP processor is only used 
in ARTCC facilities 


‘There is a time delay between actual conditions and those 
displayed to the controller. For example, the precipitation 
data on the ARTCC controller's display could be up to 6 
minutes old, When the WARP is not available, a secondary 
system, the narrowband ARSR is utilized. The ARSR system 
can display two distinct levels of precipitation intensity that 
is described to pilots as “MODERATE” (30 to 40 dBZ) and 
“HEAVY to EXTREME” (>40 dBZ), 


ATC radar systems cannot detect turbulence. Generally, 
turbulence can be expected to occur as the rate of rainfall or 
intensity of precipitation increases. Turbulence associated 
with greater rates of rainfall/precipitation is normally more 
severe than any associated with lesser rates of rainfall/ 
precipitation. Turbulence should be expected to occur near 

, even in clear air, Thunderstorms are a 
form of convective activity that implies severe or greater 
turbulence. Operation within 20 miles of thunderstorms 
should be approached with great caution, as the severity of 
turbulence can be markedly greater than the precipitation 
intensity might indicate, 


Weather Avoidance Assistance 
ATC’s first duty priority is to separate aircraft and issue 
safety alerts, ATC provides additional services to the extent 
possible, contingent upon higher priority duties and other 
factors including limitations of radar, volume of traffic, 
frequency congestion, and workload. Subject to the above 
factors/limitations, controllers issue pertinent information 
on weather or chaff areas; and if requested, assist pilots, 10 
the extent possible, in avoiding areas of precipitation. Pilots, 
should respond to a weather advisory by acknowledging the 
advisory and, if desired, requesting an alternate course of 
action, such as 


1, Request to deviate off course by stating the direction 
and number of degrees or miles needed to deviate from 
the original course; 


B 


Request a change of altitude: or 


Request routing assistance to avoid the affected 
area. Because ATC radar systems cannot detect the 
presence or absence of clouds and turbulence, such 
assistance conveys no guarantee that the pilot will not 
encounter hazards associated with convective activity, 
Pilots wishing to circumnavigate precipitation areas 
by a specific distance should make their desire 
clearly known to ATC at the time of the request for 
services. Pilots must advise ATC when they can 
resume normal navigation. 


IER pilots shall not deviate from their assigned course or 
altitude without an ATC clearance. Plan ahead for possible 
course deviations because hazardous convective conditions 
can develop quite rapidly. This is important to consider 
because the precipitation data displayed on ARTCC radar 
scopes can be up to 6 minutes old and thunderstorms can 
develop at rates exceeding 6,000 feet per minute (Ipm). When 
encountering weather conditions that threaten the safety of 
the aircraft, the pilot may exercise emergency authority as 
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APPENDIX A » GETTING STARTED WITH TOOL BUILDING 


Figure A-7. Measure the voltage coming from the USB charger before connecting it to any of your circuits. 
This one reads 5V on the dot! This is a much safer method than trial by fire (ie., plugging it into your 
circuit and looking for a fire). 


Now that you've confirmed that the red and black wires do indeed carry the regulated +5V from the 
USB charger, you can clip off the unused green and white wires. At this point you can either use the bare, 
stripped wires of the USB cable or solder on a more robust connector. Since this power supply is 
destined to be used with a solderless breadboard, a small, two-pin connector with the appropriate 
spacing will be attached. See Figure A-8, 
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stated in 14 CER part 91, section 91.3 should an immediate 
deviation from the assigned clearance be necessary and time 
does not permit approval by ATC, 


enerally, when weather disrupts the flow of air traffic, 
greater workload demands are placed on the controller. 
Requests for deviations from course and other services 
should be made as far in advance as possible to better assure 
the controller's ability to approve these requests promptly 
‘When requesting approval to detour around weather activity, 
include the following information to facilitate the request: 


1, The proposed point where detour commence 


‘The proposed route and extent of detour (direction 
and distance); 


‘The point where original route 
4, Flight conditions (IMC or VMC); 


Ibe resumed; 


Whether the aircraft is equipped with functioning 
airborne radar; and 


6. Any further deviation that may become nec 


sary, 


‘To a large degree, the assistance that might be rendered 
by ATC depends upon the weather information available 
to controllers. Due to the extremely transitory nature of 
lisplayed precipitation 


hazardous weather, the controller's 
information may be of limited value. 


Obtaining IFR clearance or approval to circumnavigate 
hazardous weather can often be accommodated more readily 
in the en route areas away from terminals because there 
is usually less congestion and, therefore, greater freedom 
of action. In terminal areas, the problem is more acute 
because of traffic density, ATC coordination requirements, 
complex departure and arrival routes, and adjacent airports 
AS a consequence, controllers are less likely to be able to 
accommodate all requests for weather detours in a terminal 
area. Nevertheless, pilots should not hesitate to advise 
controllers of any observed hazardous weather and should 
specifically advise controllers if they desire circumnavigation 
of observed weather. 


Pilot reports (PIREPs) of flight conditions help define the 
nature and extent of weather conditions in a particular area, 
‘These reports are disseminated by radio and electronic means 
to other pilots. Provide PIREP information to ATC regarding, 
pertinent flight conditions, such as: 


1, Turbulence 


Visibility 
Cloud tops and bases; and 


4, The presence of hazards such as ice, hail, and 
lightning, 


Approach Control Facility 


An approach control facility is a terminal ATC facility 
that provides approach control service in the terminal area, 
Services are provided for arriving and departing VER and 
IPR aircraft and, on occasion, en route aircraft. In addition, 
for airports with parallel runways with ILS or LDA 
approaches, the approach control facility provides monit 
of the approaches. 


ring 


Approach Control Advances 

Precision Runway Monitor (PRM) 

Over the past few years, a new technology has been installed 
at airports that permits a decreased Separation distance 
between parallel runways. The system is called a Precision 
Runway Monitor (PRM) and is comprised of high-update 
radar, high-resolution ATC displays, and PRM-certified 
controllers. [Figure 9-14] 


Figure 9-14. High Resolution ATC Displays Used in PRM. 


Precision Runway Monitor (PRM) Radar 

‘The PRM uses a Monopulse Secondary Surveillance Radar 
(MSSR) that employs electronically scanned antennas. 
Because the PRM has no scan rate restrictions, itis capable 
of providing a faster update rate (up to 0.5 second) over 
conventional systems, thereby providing better target 
presentation in terms of accuracy, resolution, and track 
prediction. The system is designed to search, track, process, 
and display SSR-equipped aircraft within airspace of over 
30 miles in range and over 15,000 feet in elevation. Visual 
and audible alerts are generated to warn controllers to take 
corrective actions. 


Figure 9-15. Aircraft Management Using PRM. (Note the no transgression zone (NTZ) and how the aircraft are separated.) 


PRM Benefits 

‘Typically, PRM is used with dual approaches with centerlines, 
separated less than 4,300 feet but not less than 3,000 feet 
(under most conditions). [Figure 9-15) Separating the two 
final approach courses is a No Transgression Zone (NTZ) 
with surveillance of that zone provided by two controllers, 
one for each active approach. The system tracking software 
provides PRM monitor controllers with aircraft identification, 
position, speed, projected position, as well as vis 
aural alerts 


Control Sequence 
‘The IFR system is flexible and accommodating if pilots do 
their homework, have as many frequencies as possible written 
down before they are needed, and have an alternate in mind 
if the flight cannot be completed as planned. Pilots should 
Famili 


rize themselves with all the facilities and services 
ble along the planned route of flight. [Figure 9-16] 
know where the nearest VFR conditions can be 
found, and be prepared to head in that direction ifthe situation 
deteriorates. 


A typical IFR flight, with departure and arrival at airports 
with control towers, would use the ATC facilities and servi 
in the following sequence: 


1, AFSS: Obtain a weather briefing for a departure, 
destination and alternate airports, and en route 
conditions, and then file a flight plan by calling 
1-800-WX-BRIEF. 

2. _ATIS: Preflight complete, listen for present conditions 
and the approach in use, 

3, Clearance Delivery: Priorto taxiing, obtain a departure 
clearance. 

4, Ground Control: Noting thatthe flight is IFR, receive 
taxi instructions, 

5, Tower: Pre-takeoff checks complete, receive clearance 
to takeoff. 

6. Departure Control: Once the transponder “tags up” 
with the ARTS, the tower controller instructs the pilot 
to contact Departure to establish radar contact. 
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7. ARTCC: After departing the departure controller's 
airspace, aircraft is handed off to Center, who 
coordinates the flight while en route. Pilots may 
be in contact with multiple ARTCC facilities; they 
coordinate the hand-off. 


8, EFAS/HIWAS: Coordinate with ATC before 
leaving their frequency to obtain inflight weather 
informa 

9, ATIS: Coordinate with ATC before leaving their 
frequency to obtain ATIS information. 


10. Approach Control: Center hands off to approach 
control where pilots receive additional information 
and clearances. 

11. ‘Tower: Once cleared for the approach, pilots are 
instructed to contact tower control; the flight plan is 
canceled by the tower controller upon landing, 


A typical IFR 
without operating control towers, would use the ATC 
facilities and services in the following sequence: 


ht, with departure and arrival at airports 


1. AFSS: Obtain a weather briefing for departure, 
destination, and alternate airports, and en route 
conditions, and then file a flight plan by calling 
1-800-WX-BRIEF. Provide the latitude/longitude 
description for small airports to ensure that Center is 
able to locate departure and arrival locations. 

AFSS or UNICOM: ATC clearances can be filed and 
received on the UNICOM frequency if the licen 
has made arrangements with the controlling ARTCC; 
otherwise, file with ASS via telephone. Be sure all 
preflight preparations are complete before filing. The 
clearance includ 


a clearance void time. Pilots must 
be airborne prior to the void time. 
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3. ARTCC: After takeoff, establish contact with Center. 
During the flight, pilots may be in contact with 
multiple ARTCC facilities; ATC coordinates the hand- 
offs 

4, EFAS/HIWAS: Coordinate with ATC before 
leaving their frequency to obtain in-flight weather 
information. 


5. Approach Control: Center hands off to approach 
control where pilots receive additional information and 
clearances. If a landing under visual meteorological 
conditions (VMC) is possible, pilots may cancel their 
IER clearance before landing, 


Letters of Agreement (LOA) 
‘The ATC system is indeed a system, and very little happens 
by chance. As a flight progresses, controllers in adjoining, 
sectors or adjoining Centers coordinate its handling by 
telephone or by computer. Where there is a boundary between 
the airspace controlled by different facilities, the location and, 
altitude for hand-off is determined by Letters of Agreement 
(LOA) negotiated between the two facility managers. This, 
information is not available to pilots in any Federal AV 
Administration (FAA) publication, For this reason, itis good. 
practice to note on the en route chart the points at which hand- 
offs occur. Each time a flight is handed-off to a different 
facility, the controller knows the altitude and location—this, 
was part of the hand-off procedure. 


Airport Advisory Area. 
“TAFSS name] RADIO" 


uNicom 
“Tairport name] UNICOM™ 


Air Route Trafic Control Center (ARTCC) 
“CENTER 


AApproact/Departure Control 
“fairport name] APPROACH" 
(unless otherwise advised) 


‘Automatic Terminal Information Service 
amis) 


Clearance Delivery 
“Tairport name] CLEARANCE” 


Common Trafic Advisory Frequency 
(cTar) 


‘Automated Flight Service Station (AFSS) 
“[laclty name] RADIO" 


Ground Control 


“Taitport name] GROUND" 


Hazardous Infight Weather Advisory 
Service (HIWAS) 


MutTicom 
“Taitport name] TRAFFIC” 


Tower 
“[airport name] TOWER" 


En Route Flight Advisory Service (EFAS) 
FLIGHT WATCH 


Figure 9-16. ATC Facilites, 


AFSS personnel provide trafic advisories 
to pilots operating within 10 mies of the 
pert. 


‘Aiport advisories rom an airport without 
‘an operating control tower or AFSS. 


En route radar faites that maintain sep- 
‘aration between iFR fights, and between 
IFR fights and known VFR fights, Centers 
provide VER trafic advisories on & 
workload permitting basis, 


Positions ata terminal radar facil 
responsible for handling of IFR fights to 
‘and from the primary sitport (where 
Class 8 airspace exists). 


Continuous broadcast of audio tape 
‘prepared by ATC controlar containing 
wind direction and velocity, temperature, 
altimeter setting, runway and approach 
Inuse, and other information of interest 
to plots. 


Control tower position responsible for 
transmiting departure clearances to 
IR fights, 


(CTAF provides a singe frequency fr pilots 
inthe area to use fr contacting the facity 
‘andlor braadeasting ther positon and 
intentions to other pilots, 


Provides information and services to pilots, 
Using remote communications outlets 
(FICOs) and ground communications 
outlets (GOs). 


‘At tower-controlled airports, a positon in 
the tower responsible fr controling airrat 
taxing to and from the runways. 


‘Continuous broadcast of forecast hazard 
‘ous weather conditions on selected 
'NAVAIDS. No communication eapebilly. 


Intended for use by pts at airports with 
‘no radio facilities Plots should use sett 
‘announce procedures given in the AIM. 


Local’ controller responsite for opera- 
tions on the runways and in Class 8, C, 
(or D airspace surrounding the airport. 


For fight weather information. 


‘ervices, and Radio Call Signs. 


Usted in A/FD under the city name; also 
‘on aectional charts in alrport data block. 


Listed in /FD and on instrument enroute 
chars, 


Listed in A/FD; also on sectional charts 
in the communications panel and on 
terminal area chars, 


Listed in A/FD under the city name; also 
‘on sectional charts in aiport data block 
‘niin the communications panel, and on 
{orminal area chars, 


Listed on instrument approach procedure 
chars. 


Listed in A/FD; also on sectional charts 
inthe airport data block (folowed by a 
‘white C on a blue or magenta back- 
‘ground).At airports with no tower, CTAF 
is 122.9, the "MULTICOM" frequency. 


Listed in A/FD and sectional charts, bth 
‘under cily name and ina separate listing 
‘of AFSS frequencies. On sectional charts, 
listed above the VOR boxes, or in sep 
arate bons when remote 


Listed in AIFD undar city nama, 


Black circle with white “H" in VOR 
requency box; notation in A/FD airport 
listing under "Radio Aids to Navigation” 


122.9 MHz, 
AJFD shows 122.9 as CTAF; also on 
‘sectional charts 122.9 is followed by a 
white C on a dark background, indicating 
CTA 


Listed in AIFD under city name; also on 
‘sectional and terminal contol area charts 
in the airport data block and commun- 
cations panel 


122.0 MHz 
(0800-2200 focal time) 


Chapter 10 


IFR Flight 


This chapter is a discussion of conducting a flight under 
instrument flight rules (IFR). It also explains the sources for 
flight planning, the conditions associated with instrument 
‘light, and the procedures used for each phase of IFR flight: 
departure, en route, and approach, The chapter concludes 
“with an example of an IFR flight which applies many of the 
procedures discussed in the chapter, 


Sources of Flight Planning Information 


‘The following resources are available for a pilot planning a 
flight conducted under instrument flight rules (IFR). 


National Aeronautical Charting Group (NACG) 
publications: 


+ TER en route charts, 
+ area charts 


+ United States (U.S.) Terminal Procedures Publications 
rer) 


‘The Federal Aviation Administration (FAA) publications: 
+ AIM 
+ Aitpory/Facility Directory (A/ED) 
+ Notices to Airmen Publication (NTAP) for flight 
planning in the National Airspace System (NAS) 


ts should also consult the Pilot's Operating Handbook/ 
Airplane Flight Manual (POH/AFM) for flight planning 
information pertinent to the aircraft to be flown, 


A review of the contents ofall the listed publications will help 
determine which material should be referenced for each flight. 
Asapilot becomes more familiar with these publications, the 
flight planning process becomes quicker and easier. 


Aeronautical Information Manual (AIM) 

‘The AIM provides the aviation community with basic 
flight information and air traffic control (ATC) procedures 
used in the United States NAS. An international version 
called the Aeronautical Information Publication contains 
parallel information, as well as specific information on the 
international airports used by the international community. 


Airport/Facility Directory (A/FD) 

‘The A/ED contains information on airports, communications, 
and navigation aids pertinent to IFR flight. It also includes 
very-high frequency omnidirectional range (VOR) receiver 
checkpoints, automated flight service station (AFSS), weather 
service telephone numbers, and air route traffic control center 
(ARTCC) frequencies. Various special notices essential 
to flight are also included, such as land-and-hold-short 
operations (LAHSO) data, the civil use of military fields, 
continuous power facilities, and special flight procedures. 


In the major terminal and en route environments, preferred 
routes have been established to guide pilots in planning their 
routes of flight, to minimize route changes, and to aid in the 
orderly management of air traffic using the federal airways. 
‘The A/ED lists both high and low altitude preferred routes. 


10-2 


Notices to Airmen Publication (NTAP) 
‘The NTAP is a publication containing current Notices to 
Airmen (NOTAMS) which are essential to the safety of ight, 
as well as supplemental data affecting the other operational 
publications listed. I also includes current Flight Data Center 
(FDC) NOTAMS, which are regulatory in nature, issued to 
establish restrictions to flight or to amend charts or published 
instrument approach procedures (IAPS). 


POH/AFM 

‘The POH/AEM contain operating limitations, performance, 
normal and emergency procedures, and a variety of other 
operational information for the respective aircraft, Aircraft 
manufacturers have done considerable testing to gather and. 
substantiate the information in the aircraft manual, Pilots should 
refer toil for information relevant to a proposed flight. 


IFR ht Plan 


As specified in Title 14 of the Code of Federal Regulations 
(14 CER) part 91, no person may operate an aircraft in 
controlled airspace under IFR unless that person has filed an 
IER flight plan. Flight plans may be submitted to the nearest 
AFSS or air traffic control tower (ATCT) either in person, 
by telephone (1-800-WX-BRIEF), by computer (using the 
direct user access terminal 


iff no other means are available. 
plans at least 30 minutes prior to estimated time of departure 
to preclude possible delay in receiving a departure clearance 
from ATC. The AIM provides guidance for completing 
and filing FAA Form 7233-1, Flight Plan. These forms are 
available at flight service stations (FSSs), and are generally 
found in flight planning rooms at airport terminal buildings. 
[Figure 10-1] 


Filing in Flight 
IFR flight plans may be filed from the air under various 
conditions, including: 
1, A flight outside controlled airspace before proceeding 
into IFR conditions in controlled airspace. 


2. A VER flight expecting IFR weather conditions en 
route in controlled airspace. 


er of these situations, the flight plan may be filed with 
the nearest AFSS or directly with the ARTCC, A pilot who 
files with the AFSS submits the information normally entered 
during preflight filing, except for “point of departure,” 
together with present position and altitude. AFSS then 
relays this information to the ARTCC. The ARTCC will 
then clear the pilot from present position or from a spe 
navigation fix, 


A pilot who files directly with the ARTCC reports present 
position and altitude, and submits only the flight plan 
information normally relayed from the AFSS to the ARTCC. 
Be aware that traffic saturation frequently prevents ARTCC 
personnel from accepting flight plans by radio. In such 
cases, a pilot is advised to contact the nearest AFSS to file 
the flight plan. 


Cancelling IFR Flight Plans 
An IFR flight plan may be cancelled any time a pilot is, 
operating in VER conditions outside Class A airspace by 
stating “cancel my IFR flight plan” to the controller or air-to- 
ground station, After cancelling an IFR flight plan, the pilot 
should change to the appropriate air-to-ground frequency, 
transponder code as directed, and VFR altitude/flight level. 


ATC separation and information services (including radar 
services, where applicable) are discontinued when an IF 
flight plan is cancelled. If VER radar advisory service is 
desired, a pilot must specifically request i Be aware that 
other procedures may apply when cancelling an IFR flight 
plan within areas such as Class C or Class B airspace. 


When operating on an IFR flight plan to an airport with 
an operating control tower, a flight plan is cancelled 


automatically upon landing. If operating on an IFR flight 
plan to an airport without an operating control tower, the 
pilot is responsible for cancelling the flight plan. This can 
be done by telephone after landing if there is no operating, 
FSS or other means of direct communications with ATC. 
When there is no FSS or air-to-ground communicatio 
not possible below a certain altitude, a pilot may cancel an 
IER flight plan while still airborne and able to communicate 
with ATC by radio. If using this procedure, be certain the 
remainder of the flight can be conducted under VER. It is 
essential that IFR flight plans be cancelled expeditiously. This, 
allows other IFR traffic to utilize the airspace. 


Clearances 

An ATC clearance allows an aircraft to proceed under 
specified traffic conditions within controlled airspace for the 
purpose of providing separation between known aircraft 


Examples 
A flight filed for a short distance at a relatively low altitude 
in an area of low traffic density might receive a clearance 
as follows: 
“Cessna 1230 Alpha, cleared to Doeville airport direct, 
cruise 5,000.” 


Figure 10-1. Flight Plan Form. 


“iebtmcarovaomsiaaion | (FAAUSE ONLY) OIPILOTBRIEFING CVNR | OW" | Site 
FLIGHT PLAN OSTOPOVER 
Ta] * fowibcanon SSCA eotier| “Aten A se ed 

Ve CoLGROF ARCRIET ‘VIL IRGRAFT PILOTS. 14 GFR Par 9 racures you fle an VFR ight plan wo apart der water ht wales 

Incontedaspace Faure to ie could esl a cl pura rot fo exceed $1,000 [reach wollen (Secon #01 oF 

{te Federal Avaton Ae  1388, as smende Fang cla VFR Tig pan econenensed na po cpersrg pace. Se 

ts Par ar eguramaris coocemng D/PR Agha 
FAA Form 7233-4 (6-82) CLOSE VFR FLIGHT PLAN WITH FSS ON ARRIVAL 
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* in this clearance means a pilot is authorized 
ide from the minimum IFR altitude up to and 
including 5,000 feet, and may level off at any altitude within 
this block of airspace. A climb or descent within the block may 
be made at the pilot's discretion. However, once a pilot reports, 
leaving an altitude within the block, the pilot may not return to 
that altitude without further ATC clearance. 


When ATC issues a cruise clearance 


conjunction with an 
unpublished route, an appropriate crossing altitude will be 
speci earance until the aircraft reaches a 
ix, point, or route where the altitude information is available. 
‘The crossing altitude ensures IFR ot 
the point at which the aircraft enters a segment of a published 
route or IAP 


to ensure terrain: 


struction clearance to 


Once a flight plan is filed, ATC will issue the clearance with 
appropriate instructions, such as the following: 
“Cessna 1230 Alpha is cleared to Skyline airport 
the Crossville 055 radial, Victor 18, maintain 5,000. 
Clearance void if not off by 1330.” 


Ora more complex clearance, such as: 


it 1230 Alpha is cleared to Wichita Mid-continent 
itport via Victor 77, left turn after takeoff, proceed 
direct to the Oklahoma City VORTAC. Hold west on 
the Oklahoma City 277 radial, climb to 5,000 in holding 
pattern before proceeding on course. Maintain 5,000 to 
CASHION intersection. Climb to and maintain 7,000. 
Departure control frequency will be 121.05, Squawk 
412.” 


Clearance deli 


ery may issue the following “abbreviated 
cludes a departure procedure (DP) 

sssna 1230 Alpha, cleared to La Guardia as filed, 
RINGOES 8 departure Phillipsburg transition, maintain 
8,000. Departure control frequency will be 120.4, 
Squawk 0700.” 


clearance” which 


This clearance may be readily copied in shorthand as follows: 


“CAF RNGOS PSB M80 DPC 120.4 SQ 0700.” 
‘The information contained in this DP clearance is abbreviated 
using clearance shorthand (see appendix 1). The pilot should 
know the locations of the specified navigation facilities, together 
with the route and point-to-point time, before accepting the 
clearance. 


‘The DP enables a pilot to study and understand the details, 
of a departure before filing an IFR flight plan. It provides 
the information necessary to set up communication and 
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navigation equipment and be ready for departure before 
requesting an IFR clearance. 


Once the clearance is accepted, a pilot is required to comply 
with ATC instructions. A clearance different from that issued 
may be requested if the pilot considers another course of action, 


more practicable or if aircraft equipment limitations or other 


considerations make acceptance of the clearance inadvisable. 


A pilot should also request clarification or amendment, as 
appropriate, any time a clearance is not fully understood 
or considered unacceptable for safety of flight. The 
responsible for requesting an amended clearance if AT 
a clearance that would cause a pilot to deviate from a rule or 
regulation or would place the aircraft in jeopardy. 


Clearance Separations 
ATC will provide the pilot on an IFR clearance with separation 
from other IFR traffic. This separation is provided: 


1. Vertically —by assignment of different altitudes. 


2. Longitudinally—by controlling time separation between 
aircraft on the same cours. 


3. Laterally—by assignment of different flight paths, 
4. By radar—including all of the above. 


> does not provide separation for an aircraft operating: 
1. Outside controlled airspace. 
2. Onan IFR clearance: 


a) With “VER-On-Top” authorized instead of a 
specific assigned altitude. 


b) Specifying climb or descent in “VER conditions. 


©) Atany time in VER conditions, since uncontrolled 


VER flights may be operating in the same 
airspace. 


In addition to heading and altitude assignments, ATC will 
occasionally issue speed adjustments to maintain the required 
separations. For example: 


“essa 30 Alpha, slow to 100 knots.” 


A pilot who receives speed adjustments is expected to maintain 
that speed plus or minus 10 knots. If for any reason the pilot 
is not able to accept a speed restriction, the pilot should advise 
ATC. 


At times, ATC may also employ visual separation techniques, 
to keep aircraft safely separated. A pilot who obtains visual 
contact with another aircraft may be asked to maintain visual 
separation or to follow the aircraft. For example: 


“Cessna 30 Alpha, maintain visual se 
traffic, climb and maintain 7,000.” 


The pilot’s acceptance of instructions to maintain visual 
separation or to follow another aircraft is an acknowledgment 
that the aircraft will be maneuvered as necessary, to maintain 
safe separation. It is also an acknowledgment that the pilot 
accepts the responsibility for wake turbulence avoidanc 


In the absence of radar contact, ATC will rely on position 
reports to assist in maintaining proper separation. Using the data 
transmitted by the pilot, the controller follows the progress of 
each flight, ATC must correlate the pilots’ reports to provide 
separation; therefore, the accuracy of each pilot's report can 
affect the progress and safety of every other aircraft operating 
fn the area on an IFR flight plan. 


Departure Procedures (DPs) 


Instrument departure procedures are preplanned instrument 
flight rule (IFR) procedures, which provide obstruction 
clearance from the terminal area to the appropriate en route 
structure and provide the pilot with a way to depart the airport 
and transition to the en route structure safely. Pilots operating 
under 14 CFR part 91 are strongly encouraged to file and fly a 
DP when one is available. [Figure 10-2] 


‘There are two types of DPs, Obstacle Departure Procedures 
(ODP), printed either textually or graphically, and Standard 
Instrument Departures (SID), always printed graphically. All 
DPs, cither textual or graphic, may be designed using either 
conventional or RNAV criteria. RNAV procedures will have 
RNAV printed in the title, e., SHEAD TWO DEPARTURE, 
(RNAV), 


Obstacle Departure Procedures (ODP) 
ODPs provide obstruction clearance via the least onerous route 
from the terminal area to the appropriate en route structure. ODPS 
are recommended for obstruction clearance and may be flown 
without ATC clearance unless an altemate departure procedure 
(SID or radar vector) has been specifically assigned by ATC. 
Graphic ODPs will have (OBSTACLE) printed in the procedure 
tile, ¢g., GEYSR THREE DEPARTURE (OBSTACLE), 
CROWN ONE DEPARTURE (RNAV)(OBSTACLE), 


Standard Instrument Departures 
Standard Instrument Departures (SID) are air traffic control 
(ATC) procedures printed for pilot/eontroller use in graphic 
form to provide obstruction clearance and a transition from 
the terminal area to the appropriate en route structure. SIDS 
are primarily designed for system enhancement and to reduce 
pilot/controller workload. ATC clearance must be received 
prior to flying a SID, 


ODPs are found in section C of each booklet published 
regionally by the NACG, TPP, along with “IFR Take-off 
Minimums” while SIDs are collocated with the approach 
procedures for the applicable airport. Additional information 
on the development of DPs can be found in paragraph 5-2-7 
of the AIM. However, the following points are important 
to remember. 


1, The pilot of IFR aircraft operating from locations 
where DP procedures are effective may expect an ATC 
clearance containing a DP. The use of a DP requires 
pilot possession of at least the textual description of the 
approved DP 


2. Iapilotdoes not possess a preprinted DP or for any other 
reason does not wish to use a DP, he or she is expected 
to advise ATC. Notification may be accomplished by 
filing “NO DP” in the remarks section ofthe filed flight 
plan, or by advising ATC. 


3, Ifa DP isaccepted ina clearance, a pilot must comply 
with it 


Radar Controlled Departures 
On IER departures from airports in congested areas, a pilot 
will normally receive navigational guidance from departure 
control by radar vector. When a departure is to be vectored 
immediately following takeoff, the pilot will be advised before 
takeoff of the initial heading to be flown. This information is 
Vitalin the event of a loss of two-way radio communications 
during departure. 


‘The radar departure is normally simple. Following takeoff, 
contact departure control on the assigned frequency when 
advised to do so by the control tower. At this time departure 
control verifies radar contact, and gives headings, altitude, and 
climb instructions to move an aircraft quickly and safely out of 
the terminal area. A pilot is expected to fly the assigned headings, 
and altitudes until informed by the controller of the aircraft's, 
position with respect to the route given in the clearance, whom, 
to contact next, and to “resume own navigation.” 


Departure control will provide vectors to either a navigation 
facility, or an en route position appropriate to the departure 
clearance, or transfer to another controller with further radar 
surveillance capabilities. /Figure 10-2] 


A radar controlled departure does not relieve the pilot of 
responsibilities as pilot-in-command. Be prepared before 
takeoff to conduct navigation according to the ATC clearance, 
with navigation receivers checked and properly tuned. While 
under radar control, monitor instruments to ensure continuous, 
orientation to the route specified in the clearance, and record 
ignated checkpoints. 


the time over d 
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APPENDIX A © GETTING STARTED WITH TOOL BUILDING 


Figure A-8, A gold-plated pin connector is soldered to the modified USB cable. The red and black 
insulation is left visible to be a polarity indicator when installing the cable to the solderless breadboard. 
Another happy LED! 


Adding Features 


‘This power supply works just fine for most projects. If your requirements are, “Translate AC power from 
the wall into regulated DC power I can use for small projects, without spending a lot of money,” then this 
contraption fits the bill precisely. 

You can see for yourself in Figure A-8 that it does indeed work as advertised. Looking back at Figure 
A-7, you can see that the charger itself has a power-on indicator LED built into the housing, What it 
doesn’t have is a power control ora switch. The power to the circuit is controlled by the switch on the 
power strip. This works just fine as long as you don’t mind turning on and off everything else that 
happens to be plugged into the same power strip. 
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Departures From Airports Without an Operating 
Control Tower 

‘When departing from airports that have neither an operating, 
tower noran FSS, a pilot should telephone the light plan to the 
nearest ATC facility at least 30 minutes before the estimated 
departure time. If weather conditions permit, depart VER and 
request IFR clearance as soon as radio contact is established 
with ATC. 


If weather conditions make it undesirable to fly VER, telephone 
clearance request. In this case, the controller would probably 
issue a short-range clearance pending establishment of radio 
contact, and might restrict the departure time to a certain period. 
For example 


“Clearance void if not off by 0900. 


‘This would authorize departure within the allotted period and 
permit a pilot to proceed in accordance with the clearance, In 
the absence of any specific departure instructions, a pilot would 
be expected to proceed on course via the most direct route 


En Route Procedures 

Procedures en route will vary according to the proposed route, 
the traffic environment, and the ATC facilities controlling, 
the flight. Some IFR flights are under radar surveillance and 
controlled from departure to arrival, and others rely entirely 
on pilot navigation. 


Where ATC has no jurisdiction, it does not issue an IFR 
clearance. It has no control over the flight, nor does the pilot 
have any assurance of separation from other traf 


ATC Reports 
All pilots are required to report unforecast weather conditions, 
or other information related to safety of flight to ATC. The 
pilot-in-command of each aircraft operated in controlled 
airspace under IFR shall report as soon as practical to ATC any 
malfunctions of navigational, approach, or communication, 
equipment occurring in flight: 


1. Loss of VOR, tactical air navigation (TACAN) or 
automatic direction finder (ADF) receiver capability. 


‘Complete or partial loss of instrument landing system 
(ILS) receiver capability 


3. Impairment of air-to-ground communications 
capability 


The pilot-in-command shall include within the report 
(1) Aircraft identification, (2) Equipment affected, (3) Degree 
to which the pilot to operate under IFR within the ATC 
system is impaired, and (4) Nature and extent of assistance 
desired from ATC. 


Position Reports 
Position reports are required over each compulsory reporting, 
point (shown on the chart as a solid triangle) along the route 
being flown regardless of altitude, including those with 
4 VER-on-top clearance. Along direct routes, reports are 
required of all IFR flights over each point used to define 
the route of flight. Reports at reporting points (shown as an 
open triangle) are made only when requested by ATC. A 
pilot should discontinue position reporting over designated 
reporting points when informed by ATC that the aircraft 
is in “RADAR CONTACT.” Position reporting should be 
resumed when ATC advises “RADAR CONTACT LOST” 
or “RADAR SERVICE TERMINATED.” 


Position reports should include the following items: 
1, Identification 
2. Position 
3, Time 


4, Altitude or flight level (include actual altitude or flight 
level when operating on a clearance specifying VER- 
on-top) 


5, Type of flight plan (not required in IFR position reports, 
‘made directly to ARTCCs or approach control) 


6, ETA and name of next reporting point 
7, The name only of the next succeeding reporting point 
along the route of flight 


8. Pertinent remarks 


En route position reports are submitted normally to 
the ARTCC controllers via direct controller-to-pilot 
communications channels, using the appropriate ARTCC 
frequencies listed on the en route chart 


Whenever an initial contact with a controller is to be followed 
by a position report, the name of the reporting point should 
be included in the call-up. This alerts the controller that such 
information is forthcoming. For example: 


sna 1230 Alpha at JAILS 


“Atlanta Center, Ci 
intersection.” 


“Cessna 1230 Alpha Atlanta Center.” 


“Atlanta Center, Cessna 1230 Alpha at JAILS 
intersection, 5,000, estimating Monroeville at 
1730.” 


Additional Reports 
In addition to required position report 
should be made to ATC without a speci 


e following reports 
request. 
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1, Atall times: 


a) When vacating any previously assigned altitude 
or flight level for a newly assigned altitude or 
flight level 


b) When an altitude change will be made if operating 
on a clearance specifying VFR-on-top 

©) When unable to climb/descend ata rate of at least 
'500 feet per minute (fpm) 

4) When an approach has been missed (Request 
clearance for specific action (to alternative 
airport, another approach, etc.)) 

©) Change in average true airspeed (at cruising 
altitude) when it varies by 5 percent or ten knots, 
(whichever is greater) from that filed in the flight 
plan 


f) The time and altitude upon reaching a holding, 
‘or point to which cleared 


2) When leaving any assigned holding fix or point 
NOTE- The reports in (f) and (g) may be omitted 
by pilots of aircraft involved in instrument 
training at military terminal area facilities when 
radar service is being provided. 


h) Any loss in controlled airspace of VOR, 
TACAN, ADF, low frequency navigation 
receiver capability, GPS anomalies while using 


installed IFR-certified GPS/GNSS receivers, 
‘complete or partial loss of ILS receiver capability, 
or impairment of air/ground communi 
capability. Reports should include aircraft 
identification, equipment affected, degree to 
which the capability to operate under IFR in 
the ATC system is impaired, and the nature and 
extent of assistance desired from ATC. 


i) Any information relating to the safety of flight 


When not in radar contact: 


a) When leaving the final approach fix inbound 
‘on final approach (nonprecision approach), or 
when leaving the outer marker or fix used in lieu 
of the outer marker inbound on final approach 
(precision approach). 


b) A corrected estimate at any time it becomes 
apparent that an estimate as previously submitted 
is in error in excess of 3 minutes. 


Any pilot who encounters weather conditions that have not 
been forecast, or hazardous conditions which have been 
forecast, is expected to forward a report of such weather 
to ATC. 
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Planning the Descent and Approach 
ATC arrival procedures and flight deck workload are affected 
by weather conditions, traffic density, aircraft equipment, 
and radar availability 


When landing at an airport with approach control services 
and where two or more IAPS are published, information on 
the type of approach to expect will be provided in advance of 
arrival or vectors will be provided to a visual approach. This, 
information will be broadcast either on automated terminal 
information service (ATIS) or by a controller. It will not be 
furnished when the visibility is 3 miles or more and the ceiling, 
isat orabove the highest initial approach altitude established 
for any low altitude IAP for the airport 


‘The purpose of this information is to help the pilot plan arrival 
actions; however, itis not an ATC clearance or commitment 
subject to change. Fluctuating weather, shifting 
winds, blocked runway, etc., are conditions that may result 
in changes to the approach information previously received. 
It is important for a pilot to advise ATC immediately if he 
or she is unable to execute the approach or prefers another 
type of approach. 


and 


If the destination is an airport without an operating control 
tower, and has automated weather data with broadcast 
capability, the 
observing system/automated weather observing, system 
(ASOS/AWOS) frequency to ascertain the current weather for 
the airport. ATC should be advised that weather information 
has been received and what the pilot’s intentions are. 


lot should monitor the automated surface 


When the approach to be executed has been determined, the 
pilot should plan for and request a descent to the appropriate 
altitude prior to the initial approach fix (IAF) or transition 
route depicted on the IAP. When flying the transition route, 
pilot should maintain the last assigned altitude until ATC 
gives the instructions “cleared for the approach.” Lower 
altitudes can be requested to bring the trans 
altitude closer to the required altitude at the initial approach 
fix. When ATC uses the phrase “at pilot’s discretion” in the 
altitude information of a clearance, the pilot has the option 
to start a descent at any rate, and may level off temporarily 
at any intermediate altitude. However, once an altitude has 


been vacated, return to that altitude is not authorized without 
a clearance. When ATC has not used the term “at pilot’s, 
discretion” nor imposed any descent restrictions, ini 
descent promptly upon acknowledgment of the clearance 


Descend at an optimum rate (consistent with the operating, 
characteristics of the aircraft) to 1,000 feet above the assigned 
altitude. Then attempt to descend at a rate of between 500 and. 


1,500 fpm until the assigned altitude is reached. Ifat anytime 
pilot is unable to maintain a descent rate of atleast 500 fpm, 
advise ATC. Also advise ATC if it is necessary to level off 
af an intermediate altitude during descent. An exception to 
this is when leveling off at 10,000 feet mean sea level (MSL) 
on descent, or 2,500 feet above airport elevation (prior to 
entering a Class B, Class C, or Class D surface area) when 
required for speed reduction. 


Standard Terminal Arrival Routes (STARS) 
Standard terminal arrival routes (as described in Chapter 
8) have been established to simplify clearance delivery 
procedures for arriving aircraft at certain areas having high 
density traffic, A STAR serves a purpose parallel to that of a 
DP for departing traffic. [Figure 10-3] The following points, 
regarding STARS are important to remember: 
1, AIL STARS are contained in the TPP, along with the 
IAP charts for the destination airport, The AIM also 
describes STAR procedures. 


If the destination is a location for which STARS 
have been published, a pilot may be issued a 
clearance containing a STAR whenever ATC deems 
it appropriate. To accept the clearance, a pilot must 
possess at least the approved textual description, 


3, Itisthe pilot's responsibility to either accept or refuse 
an issued STAR. Ifa STAR will not or cannot be used, 
advise ATC by placing “NO STAR” in the remarks 
section of the filed flight plan or by advising ATC. 


4, Ifa STAR is accepted in a clearance, compliance is 
mandatory. 


‘Substitutes for Inoperative or Unusable 
Components. 

‘The basic ground components of an ILS are the localizer, 
glide slope, outer marker, middle marker, and inner marker 
(when installed). A compass locator or precision radar may 
be substituted for the outer or middle marker. Distance 
‘measuring equipment (DME), VOR, or nondirectional beacon 
(NDB) fixes authorized in the standard LAP or surveillance 
radar may be substituted for the outer marker. 


Additionally, IFR-certified global positioning system (GPS) 
equipment, operated in accordance with Advisory Circular 
(AC) 90-94, Guidelines for Using Global Positioning System 
Equipment for IFR En Route and ‘Terminal Operations and 
for Nonprecision Instrument Approaches in the United 
States National Airspace System, may be substituted for 
ADF and DME equipment, except when flying NDB LAP. 
Specifically, GPS can be substituted for ADF and DME 
equipment when: 


1, Flying a DME are: 


2. Navigating TO/FROM an NDB; 

3. Determining the aircraft position over an NDB; 

4, Determining the aircraft position over a fix made up 
of a crossing NDB bearing: 

5, Holding over an NDB; 

6, Determining aircraft position over a DME fix. 


Holding Procedures 


upon traffic and weather conditions, holding may 
-d. Holding is a predetermined maneuver which 
keeps aircraft within a specified airspace while awaiting 
further clearance from ATC. A standard holding pattern 
uses right turns, and a nonstandard holding pattern uses left 
tums, The ATC clearance will always specify left turns when 
‘a nonstandard pattern is to be flown. 


Standard Holding Pattern (No Wind) 
Ina standard holding pattem with no winds, /Figure 10-4] the 
aircraft follows the specified course inbound to the holding, 
fix, turns 180° to the right, flies a parallel straight course 
outbound for 1 minute, turns 180° to the right, and flies the 
inbound course to the fix. 


Standard Holding Pattern (With Wind) 

A standard symmetrical holding pattern cannot be flown 
when winds exist. In those situations, the pilot is expected 
to: 


1, Compensate for the effect of a known wind except 
when turning 


2. Adjust outbound timing to achieve a 1-minute (1-1/2 
‘minutes above 14,000 feet) inbound leg. 


Figure 10-5 illustrates the holding track followed with a left 
crosswind. The effect of wind is counteracted by applying 
rift corrections to the inbound and outbound legs and by 
applying time allowances to the outbound leg 


Holding Instructions 
If an aircraft arrives at a clearance limit before receiving 
clearance beyond the fix, ATC expects the pilot to maintain 
the last assigned altitude and begin holding in accordance 
with the charted holding pattern, If no holding pattem is 
charted and holding instructions have not been issued, enter 
«astandard holding pattern on the course on which the aircraft 
approached the fix and request further clearance as soon 
as possible, Normally, when no delay is anticipated, ATC 
will issue holding instructions at least 5 minutes before the 
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Figure 10-4, Standard Holding Pastern—No Wind. 


Figure 10-5. Drift Correction in Holding Pattern 
estimated arrival at the fix. Where a holding pattern is not 
charted, the ATC clearance will specify the following 


1. Direction of holding from the fix in terms of the eight 
cardinal compass points (N, NE, E, SE, etc.) 


vv 


Holding fix (the fix may be omitted if included at the 
beginning of the transmission as the clearance limit) 


3, Radial, course, bearing, airway, or route on which the 


aireraft is to hold. 

4, Leg length in miles if DME or area navigation 
(RNAV) is to be used (leg length will be specified in 
minutes on pilot request or if the controller considers 
it necessary). 


5, Direction of turn, if left tums are to be made, because 
the pilot requests or the controller considers it 
necessary. 

6. Time to expect-further-clearance (EFC) and any 
pertinent additional delay information. 


ATC instructions will also be issued whenever: 


1, It is determined that a delay will exceed 1 hour. 

2. Arrevised EFC is necessary. 

3, Ina terminal area having a number of navigation 
aids and approach procedures, a clearance limit may 
not indicate clearly which approach procedures will 
be used. On initial contact, or as soon as possible 
thereafter, approach control will advise the pilot of 
the type of approach to expect. 


4, Ceiling and/or visibility is reported as being at or 


below the highest “circling minimums” established 
for the airport concerned, ATC will transmit a report 
of current weather conditions and subsequent changes, 
as necessary. 


5, An aircraft is holding while awaiting approach 
clearance, and the pilot advises ATC that reported 
‘weather conditions are below minimums applicable 
to the operation. In this event, ATC will issue suitable 
instructions to aircraft desiring either to continue 
holding while awaiting weather improvement or 
proceed to another airport. 


Standard Entry Procedures 
‘The entry procedures given in the AIM evolved from 
extensive experimentation under a wide range of operational 
conditions. The standardized procedures should be followed. 
to ensure that an aircraft remains within the boundaries of 
the prescribed holding airspace. 


‘When a speed reduction is required, start the reduction when 

3 minutes or less from the holding fix. Cross the holding fix 
initially at or below the maximum holding airspeed (MHA). 
‘The purpose of the speed reduction isto prevent overshooting 
the holding airspace limits, especially at locations where 
adjacent holding patterns are close together. 


All aircraft may hold atthe following altitudes and maximum 
holding airspeeds: 


Altitude Mean Sea Level (MSL) Airspeed (KIAS) 


Up to 6,000 feet 200 
6,001 ~ 14,000 feet 230 
14,001 feet and above 265 
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The following are exceptions to the maximum holding, 
airspeeds: 

1, Holding patterns from 6,001 to 14,000 feet may 
be restricted to a maximum airspeed of 210 knots 
indicated airspeed (KIAS). This nonstandard pattern 
is depicted by an icon 


Holding patterns may be restricted to a maximum 
airspeed of 175 KIAS. This nonstandard pattern is 
depicted by an icon. Holding patterns restricted to 
175 KIAS are generally found on IAPs applicable to 
category A and B aircraft only. 


310 


3. Holding patterns at Air Force airfields only 
KIAS maximum, unless otherwise depicted. 


4, Holding patterns at Navy airfields only—230 KIAS. 
maximum, unless otherwise depicted, 


The pilot of an aircraft unable to comply with 
maximum airspeed restrictions should notify ATC. 


While other entry procedures may enable the aircraft to 
enter the holding pattern and remain within protected 
airspace, the parallel, teardrop, and direct entries are the 
procedures for entry and holding recommended by the FAA. 
‘Additionally, paragraph 5-3-7 in the AIM should be reviewed. 
[Figure 10-6] 


1, Parallel Procedure. When approaching the holding 
fix from anywhere in sector (a), fly to the fix 
Afterwards, tum to a heading to parallel the holding 
course outbound. Fly outbound for 1 minute, turn in 
the direction of the holding pattern through more than 
180%, and return to the holding fix or intercept the 
holding course inbound. 

2. Teardrop Procedure. When approaching the holding 
fix from anywhere in sector (b), the teardrop entry 
procedure would be to fly to the fix, turn outbound to 
‘a heading for a 30° teardrop entry within the pattern 


Figure 10-8, Holding Pattern Eniry Procedures. 


10-12 


(on the holding side) for a period of 1 minute, then 
tur in the direction of the holding pattern to intercept 
the inbound holding course. 


3. Direct Entry Procedure. When approaching the 
holding fix from anywhere in sector (c), the direct 
entry procedure would be to fly directly to the fix and 
turn to follow the holding pattern. 


A pilot should make all turns during entry and while holding at: 
1. 3° per second, or 
2, 30° bank angle, or 


3. A bank angle provided by a flight director system, 


Time Factors 
‘The holding pattern entry time reported to ATC is the initial 
time of arrival over the fix. Upon entering a holding pattern, 
the initial outbound leg is flown for 1 minute at or below 
14,000 feet MSL, and for 1-1/2 minutes above 14,000 
feet MSL. Timing for subsequent outbound legs should be 
adjusted as necessary to achieve proper inbound leg time. 
‘The pilot should begin outbound timing over or abeam the 
fix, whichever occurs later. If the abeam position cannot 
be determined, start timing when the turn to outbound is 
completed. (Figure 10-7] 


Time leaving the holding fix must be known to ATC before 
succeeding aircraft can be cleared to the vacated airspace. 
Leave the holding fix: 

1, When ATC issues either further clearance en route or 
approach clearance; 

2, Asprescribed in 14 CFR part 91 (for IFR operations; 
two-way radio communications failure, and 
responsibility and authority of the pilot-in-command); 

3, After the IFR flight plan has been cancelled, if the 
aircraft is holding in VER conditions 


DME Holding 
‘The same entry and holding procedures apply to DME 
holding, but distances (nautical miles) are used instead of 
time values. The length of the outbound leg will be specified 
by the controller, and the end of this leg is determined by 
the DME readout 


Approaches 
Compliance With Published Standard Instrument 
Approach Procedures, 

Compliance with the approach procedures shown on the 
approach charts provides necessary navigation guidance 
information for alignment with the final approach courses, 
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Figure 10-7, Holding—Outbound Timing. 


as well as obstruction clearance, Under certain conditions, a 
maneuver or procedure turn may be necessary, 
However, this procedure is not authorized when: 


1, The symbol “NoPT” appears on the approach course 
‘on the plan view of the approach chart 


2. Radar vectoring is provided to the final approach 
course. 


3, A holding pattern is published in liew of a procedure 
turn 


4, Executing a timed approach from a holding fix. 


Otherwise directed by ATC. 


Instrument Approaches to Civil Airports. 
Unless otherwise authorized, when an instrument letdown to 
an aisport is necessary, the pilot should use a standard IAP 
prescribed for that airport. IAPs are depicted on IAP charts, 
and are found in the TPP, 


ATC approach procedures depend upon the facilities available 
atthe terminal area, the type of instrument approach executed, 
and the existing weather conditions. The ATC facilities, 
navigation aids (NAVAIDs), and associated frequencies 
appropriate to each standard instrument approach are given 
on the approach chart, Individual charts are published for 
standard approach procedures associated with the following, 
types of facilities: 


1, Nondirectional beacon (NDB) 


2. Very-high frequency omnirange (VOR) 
3 


Very-high frequency omnirange with distance 
‘measuring equipment (VORTAC or VOR/DME) 


Localizer (LOC) 
Instrument landing system (ILS) 
Localizer-type directional aid (LDA) 
Simplified directional facility (SDF) 
‘Area navigation (RNAV) 


Global positioning system (GPS) 


An IAP can be flown in one of two ways: as a full approach 
or with the assistance of radar vectors. When the IAP is flown 
a. full approach, pilots conduct their own navigation using, 
the routes and altitudes depicted on the instrument approach 
chart. A full approach allows the pilot to transition from 
the en route phase, to the instrument approach, and then to 
4 landing with minimal assistance from ATC. This type of 
procedure may be requested by the pilot but is most often 
used in areas without radar coverage. A full approach also 
provides the pilot with a means of completing an instrument 
approach in the event of a communications failure. 


‘When an approach is flown with the assistance of radar vectors, 
ATC provides guidance in the form of headings and altitudes 
which position the aircraft to intercept the final approach. 
From this point, the pilot resumes navigation, intercepts the 
final approach course, and completes the approach using the 
IAP chart. This is often a more expedient method of flying, 
the approach, as opposed to the full approach, and allows 
ATC to sequence arriving traffic. A pilot operating in radar 
contact can generally expect the assistance of radar vectors 
to the final approach course. 
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Approach to Airport Without an Operating Control 
Tower 

Figure 10-8 shows an approach procedure at an airport 
without an operating control tower. When approaching, 
such a facility, the pilot should monitor the AWOS/ASOS 
if available for the latest weather conditions. When direct 
communication between the pilot and controller is no longer 
required, the ARTCC or approach controller will issue a 
clearance for an instrument approach and advise “change to 
advisory frequency approved.” When the aircraft arriv 
a “cruise” clearance, ATC will not issue further clearance 
for approach and landing. 


on 


If an approach clearance is required, ATC will authorize 
the pilot to execute his or her choice of standard instrument 
approach (if more than one is published for the airport) 
with the phrase “Cleared for the approach” and the 
communications frequency change required, if any. From 
this point on, there will be no contact with ATC. The pilot 
is responsible for closing the IFR flight plan before landing, 
if in VER conditions, or by telephone after landing 


Unless otherwise authorized by ATC, a pilot is expected to 
execute the complete IAP shown on the chart 


Approach to Airport With an Operating Tower, 

With No Approach Control 

When an aircraft approaches an airport with an operating, 
control tower, but no approach control, ATC will 
a clearance to an approach/outer fix with the appropriate 


sue 


information and instructions as follows: 
1, Name of the fix 
Ne 


ide to be maintained 


3. Holding information and expected approach clearance 
time, if appropriate 


4, Instructions regarding further communications, 
including: 


a) fa 


b) time and place of contact 


ility to be contacted 


©) frequency/ies to be used 


If ATIS is available, a pilot should monitor that frequency 
for information such as ceiling, visibility, wind direction and 
velocity, altimeter setting, instrument approach, and runways, 
in use prior to initial radio contact with the tower. If ATIS is, 
not available, ATC will pro 
the nearest reporting station. 


e weather information from 
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Approach to an Airport With an Operating Tower, 
With an Approach Control 
Where radar is approved for approach control service, it is 


used to provide vectors in conjunction with published IAPs. 


Radar vectors can provide course guidance and expedite 


aff 


to the final approach course of any established IAP. 


Figure 10-9 shows an IAP chart with maximum ATC 


facilities avai 


ble. 


Approach control facilities that provide this radar service 
operate in the following manner: 


1 


Arriving aircraft are either cleared to an outer fix most 
appropriate to the route being flown with vertical 
separation and, if required, given holding information; 


‘When radar hand-off are effected between ARTCC 
and approach control, or between two approach 
control facilities, aircraft are cleared to the airport, or 
to. fix so located that the hand-off will be completed 
prior to the time the aircraft reaches the fix. 


a) When the radar hand-off are utilized, successive 
arriving flights may be handed off to approach 
control with radar separation in lieu of vertical 
separation. 


b) After hand-off to approach control, an aircraft 
is vectored to the appropriate final approach 
course 


ued 


Radar vectors and altitude/flight levels are 
as required for spacing and separating aircraft; do 
not deviate from the headings issued by approach 
control 


Aircraft are normally informed when it becomes 
ssary to be vectored across the final approach 
course for spacing or other reasons. If approach 
course crossing is imminent and the pilot has not 
been informed that the aircraft will be vectored across 
the final approach course, the pilot should query the 
controller. The pilot is not expected to turn inbound on 
the final approach course unless an approach clearance 
hhas been issued. This clearance is normally issued with 
the final vector for interception of the final approach 
course, and the vector enables the pilot o establish the 
aircraft on the final approach course prior to reaching 
the final approach fix. 


Once the aircraft is established inbound on the final 
approach course, radar separation is maintained with 
other aircraft, and the pilot is expected to complete 


clearance (ILS, VOR, NDB, GPS, etc.) as the primary 
‘means of navigation. 
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Figure 10-8. Monroeville, AL (MVC) VOR or GPS Rwy 3 Approach: An Approach Procedure at an Airport Without an Operating 
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APPENDOX A » GETTING STARTED WITH TOOL BUILDING 


Various Indicators 


Not all USB chargers have a power indicator, however. Some have both a power indicator LED as well as 
a charge status indicator, which can tell you ata glance if your USB device is fully charged or still 
‘charging. A charge status indicator is usually implemented by measuring the amount of current being 
drawn from the supply. If more than a preset current is lowing, the power supply assumes a battery is 
still being charged. When that current drops below a certain level, it assumes that the battery has been 
‘completely (or maybe just mostly) charged. Some chargers use a red or orange LED to indicate charging, 
and a green or blue LED to show that the battery is finished charging. Again, this type of charge status 
lisplay is provided to give the user a quick status update with a single glance, You don't need to consult 
the product manual to interpret the status code, if you can remember that red means “charging” and 
‘green means “charged.” 

Let's rearrange some of the parts on the solderless breadboard to make room for some new features. 
See Figure A-9. 


Figure A-9. The regulated power coming from the USB charger is no longer directly connected to the 


breadboard's power rails. Instead, itis routed to some internal tie points and then connected to the power 


rails via two short jumpers. 


Power-On Indicator 


First, we add a local power-on indicator by reinstalling the LED and current-limiting resistor used in the 
previous experiments. While this duplicates the function of any LEDs that might be present on the USB 
‘charger itself, it brings the indicator closer to the area of interest, which in this case is the circuitry 
‘onboard the solderless breadboard. 
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After passing the final approach fix inbound, the 
pilot is expected to proceed direct to the airport and 
complete the approach, or to execute the published 
missed approach procedure. 


Radar service is automatically terminated when the 
landing is completed or when the pilot is instructed to 
change to advisory frequeney at uncontrolled airports, 
whichever occurs first 


Radar Approaches 
With a radar approach, the pilot receives course and altitude 
guidance from a controller who monitors the progress of the 
flight with radar. This is an option should the pilot experience 


an emergency or distress situation. 


‘The only airborne radio equipment required for radar 
approaches is a functioning radio transmitter and receiver. 
‘The radar controller vectors the aircraft to align it with the 
runway centerline. The controller continues the vectors to 
keep the aireraft on course until the pilot can complete the 
approach and landing by visual reference to the surface. 
‘There are two types of radar approaches: Precision (PAR) 
and Surveillance (ASR), 


A radar approach may be given to any aircraft upon request 
and may be offered to pilots of aircraft in distress or to expedite 
traffic; however, an ASR might not be approved unless 
there is an ATC operational requirement, or in an unusual 
or emergency situation. Acceptance of a PAR or ASR by a 
pilot does not waive the prescribed weather minimums for the 
ainport ot for the particular aircraft operator concerned. The 


decision to make a radar approach when the reported weather 
is below the established minimums rests with the pilot. 


PAR and ASR minimums are published on separate pages 
in the FAA Terminal Procedures Publication (TPP). 
Figure 10-10. 

Precision Approach (PAR) is one in which a controller 
provides highly accurate navigational guidance in azimuth 
and elevation to a pilot. 


‘The controller gives the pilot headings to fly that direct the 
aircraft to, and keep the aircraft aligned with, the extended 
centerline of the landing runway. The pilot is told to anticipate 
slide path interception approximately 10 to 30 seconds before 
it occurs and when to start descent. The published decision 
height (DH) will be given only if the pilot requests it, If 
the aircraft is observed to deviate above or below the glide 
path, the pilot is given the relative amount of deviation by 
use of terms “slightly” or “well” and is expected to adjust 
the aircraft's rate of descent/ascent to return to the glide 
path. Tend information is also issued with respect to the 
elevation of the aircraft and may be modified by the terms 
“rapidly” and “slowly”; e.g., “well above glide path, coming 
down rapidly.” 


Range from touchdown is given at least once each mile. If 
an aircraft is observed by the controller to proceed outside 
of specified safety zone limits in azimuth and/or elevation 
and continue to operate outside these prescribed limits, the 
pilot will be directed to execute a missed approach or to fly a 
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specified course unless the pilot has the runway environment 
(runway, approach lights, ete.) in sight. Navigational 
guidance in azimuth and elevation is provided to the pilot 
until the aircraft reaches the published DH. Advisory course 
and glide path information is furnished by the controller 
until the aircraft passes over the landing threshold. At this, 
point the pilot is advised of any deviation from the runway 
centerline. Radar service is automatically terminated upon 
completion of the approach. 


Surveillance Approach (ASR) is one in which a controller 
provides navigational guidance in azimuth only. 


The controller furnishes the pilot with headings to fly to 
align the aircraft with the extended centerline of the landing, 
runway. Since the radar information used for a surveillance 
approach is considerably less precise than that used for a 
precision approach, the accuracy of the approach will not 
be as great and higher minimums will apply. Guidance in 
elevation is not possible but the pilot will be advised when to 
commence descent to the Minimum Descent Altitude (MDA) 
or, if appropriate, to an intermediate step-down fix Minimum, 
Crossing Altitude and subsequently to the prescribed MDA. 
In addition, the pilot will be advised of the location of the 
Missed Approach Point (MAP) prescribed for the procedure 
and the aircraft’s position each mile on final from the runway, 
ainport or heliport or MAP, as appropriate. 


If requested by the pilot, recommended altitudes will be 
issued at each mile, based on the descent gradient established 
for the procedure, down to the last mile that is at or above 
the MDA. Normally, navigational guidance will be provided 
until the aircraft reaches the MAP. 


Radar service is automatically terminated at the completion 
of a radar approach. 


No-Gyro Approach is available to a pilot under radar control 
‘who experiences circumstances wherein the directional gyro or 
other stabilized compass is inoperative or inaccurate. When this, 
occurs, the pilot should so advise ATC and request a no-gyro 
vector or approach. The pilot of an aircraft not equipped with a 
directional gyro or other stabilized compass who desires radar 
handling may also request a no-gyro vector or approach. The 
pilot should make all turns at standard rate and should execute 
the turn immediately upon receipt of instructions. For example, 
“TURN RIGHT,” “STOP TURN.” When a surveillance or 
precision approach is made, the pilot will be advised after the 
aircraft has been turned onto final approach to make turns at 
half standard rate 
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Radar Monitoring of Instrument Approaches 
PAR facilities operated by the FAA and the military services 
at some joint-use (civil and military) and military 
monitor aircraft on instrument approaches and issue radar 
advisories to the pilot when weather is below VER minimums, 
(1,000 and 3), at night, or when requested by a pilot. This 
service is provided only when the PAR Final Approach 
Course coincides with the final approach of the navigational 
aid and only during the operational hours of the PAR. The 
radar advisories serve only as a secondary aid since the pilot 
has selected the navigational aid as the primary aid for the 
approach. 


stallations 


Prior to starting final approach, the pilot will be advised of 
the frequency on whi 
If, for any reason, radar advisories cannot be furnished, the 
pilot will be so advised, 


the advisories will be transmitted, 


Advisory information, derived from radar observations, 
includes information on 


1. Passing the final approach fix inbound (nonprecision 
approach) or passing the outer marker or fix used 
in lieu of the outer marker inbound (precision 
approach), 


2. ‘Trend advisories with respect to elevation and/or 
azimuth radar position and movement will be 
provided. 


3. If, after repeated advisories, the aircraft proceeds 
outside the PAR safety limit or if a radical deviation is 
observed, the pilot will be advised to execute a missed 
approach unless the prescribed visual reference with 
the surface is established. 


Radar service is automatically terminated upon completion 
of the approach. [Figure 10-11] 


Timed Approaches From a Holding Fix 
‘Timed approaches from a holding fix are conducted when 
‘many aircraft are waiting for an approach clearance. Although 
the controller will not specifically state “timed approaches 
are in progress,” the assigning of a time to depart the FAF 
inbound (nonprecision approach), or the outer marker or 
fix used in lieu of the outer marker inbound (precision 
approach), indicates that timed approach procedures are 
being utilized. 
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In lieu of holding, the controller may use radar vector 
final approach course to establish a distance between 
that will ensure the appropriate time sequence between the 
FAF and outer marker, or fix used in lieu of the outer marker 
and the airport. Each pilot in the approach sequence will 
be given advance notice of the time they should leave the 
holding point on approach to the airport. When a time to 
leave the holding point ived, the pilot should adjust 
the flight path in order to leave the fix as closely as possible 
to the designated time. 


‘Timed approaches may be conducted when the following, 
conditions are met: 


1, A control tower is in operation at the airport where 
the approaches are conducted. 


Direct communications are maintained between the 
pilot and the Center or approach controller until the 
pilot is instructed to contact the tower 


3. If more than one missed approach proceduri 
available, none require a course reversal. 

4, Ifonly one missed approach procedure is available, 
the following conditions are met: 


a) Course reversal is not required; and 


b) Reported ceiling and visibility are equal to or 
greater than the highest prescribed circling 
minimums for the [AP 


5. When cleared for the approach, pilots should not 
execute a procedure turn 


Approaches to Parallel Runways 
Procedures permit ILS instrument approach operations to dual 
or triple parallel runway configurations. A parallel approach 
is an ATC procedure that permits parallel ILS approach to 
ainports with parallel runways separated by at least 2,500 
feet between centerlines. Wherever parallel approache 
are in progress, pilots are informed that approaches to both 
runways are in use. 


multancous approaches are permitted to runways: 
1. With centerlines separated by 4,300 to 9,000 feet; 
2. That are equipped with final monitor controllers; 


3. That require radar monitoring to ensure separation 
between aircraft on the adjacent parallel approach 
course. 


The approach procedure chart will include the note 

‘simultaneous approaches authorized RWYS 14L and 14R,” 
identifying the appropriate runways. When advised that 
simultaneous parallel approaches are in progress, pilots must 
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advise approach control immediately of malfunctioning or 
inoperative components, 


Parallel approach operations demand heightened pilot 
situational awareness. The close proximity of adjacent 
aircraft conducting simultaneous parallel approaches 
mandates strict compliance with all ATC clearances and 
approach procedures. Pilots should pay particular attention 
to the following approach chart information: name and 
number of the approach, localizer frequency, inbound course, 
glide slope intercept altitude, DA/DH, missed approach 
instructions, special notes/procedures, and the assigned 
rumway location and proximity to adjacent runways. Pilots, 
also need to exercise strict radio discipline, which includes 
continuous monitoring of communications and the avoidance 
of lengthy, unnecessary radio transmissions. 


Side-Step Maneuver 
ATC may authorize a side-step maneuver to either one of 
two parallel runways that are separated by 1,200 feet or le 
followed by a straight-in landing on the adjacent runway. 
Aircraft executing a side-step maneuver will be cleared 
for a specified nonprecision approach and landing on the 
adjacent parallel runway. For example, “Cleared ILS runway 
7 left approach, side-step to runway 7 right.” The pilot is 
expected to commence the side-step maneuver as soon as 
possible after the runway or runway environment is in sight. 
Landing minimums to the adjacent runway will be based on 
ia and therefore higher than the precision 
minimums to the primary runway, but will normally be lower 
than the published circling minimums. 


Circling Approaches 
Landing minimums listed on the approach chart under 
“CIRCLING” apply when itis necessary to circle the airport, 
maneuver for landing, or when no straight-in minimums are 
specified on the approach chart. (Figure 10-11] 


‘The circling minimums published on the instrument approach 
chart provide a minimum of 300 feet of obstacle clearance in 
the circling area. /Figure 10-12] During a circling approach, 
the pilot should maintain visual contact with the runway of 
intended landing and fly no lower than the circling minimums, 
until positioned to make a final descent for a landing. It is, 
important to remember that circling minimums are only 
minimums. If the ceiling allows it, fly at an altitude that 
more nearly approximates VFR traffic pattern altitude. This, 
will make any maneuvering safer and 
landing runway into a more normal perspective. 


the view of the 


Figure 10-13 shows patterns that can be used for circling 
approaches. Pattern “A” can be flown when the final approach 


Defining size of areas, radi (¢) vary 
with the approach category 


Figure 10-12. Circling Approach Area Radii 


Figure 10-13, Circling Approaches. 


course intersects the runway centerline at less than a 90° 
angle, and the runway is in sight early enough to establish a 
base leg, Ifthe runway becomes visible too late to fly pattern 
“A, circle as shown in “B.” Fly pattern “C” if itis desirable 
to land opposite the direction of the final approach, and the 


rumway is sighted in time for a turn to downwind leg. If the 
rumway is sighted too late for a turn to downwind, fly pattern 
“D.” Regardless of the pattern flown, the pilot must maneuver 
the aircraft to remain within the designated circling area, 
Refer to section A (“Terms and Landing Minima Data”) in 
the front of each TPP for a description of circling approach 
categories. 


‘The criteria for determining the pattern to be flown are 
based on personal flying capabilities and knowledge of the 
performance characteristics of the aircraft. In each instance, 
the pilot must consider all factors: airport design, ceiling and 
ibility, wind direction and velocity, final approach course 
alignment, distance from the final approach fix to the runway, 
and ATC instructions 


IAP Minimums 
Pilots may not operate an aircraft at any airport below 
the authorized MDA or continue an approach below the 
authorized DA/DH unless: 


1. ‘The aircraft is continuously in a position from which 
a descent to a landing on the intended runway can 
be made at a normal descent rate using normal 
maneuvers; 


2, The flight visibility is not less than that prescribed for 
the approach procedure being used; and 


3, At least one of the following visual references for 
the intended runway is visible and identifiable to the 
pilot: 


a) Approach light system 
b) Threshold 

©) Threshold markings 

d) Threshold lights 

e) Runway end identifier lights (REIL) 

1) Visual approach slope indicator (VASI) 

2) Touchdown zone or touchdown zone markings 
fh) Touchdown zone lights 

i) Runway or runway markings 

i) Runway lights 


Missed Approaches 
A missed approach procedure is formulated for each 
published instrument approach and allows the pilot to return 
to the airway structure while remaining clear of obstacles. 
‘The procedure is shown on the approach chart in text and 
graphic form. Since the execution of a missed approach 
occurs when the flight deck workload is at a maximum, the 
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procedure should be studied and mastered before beginning, 
the approach, 


‘When a missed approach procedure is initiated, a climb pitch 
attitude should be established while setting climb power. 
Configure the aircraft for climb, turn to the appropriate 
heading, advise ATC that a missed approach is being 
executed, and request further clearances. 


If the missed approach is initiated prior to reaching the 
missed approach point (MAP), unless otherwise cleared by 
ATE, continue to fly the IAP as specified on the approach 
chart, Fly to the MAP at or above the MDA or DA/DH before 
beginning a turn 


If visual reference is lost while circling-to-land from an 
instrument approach, execute the appropriate missed 
approach procedure. Make the initial climbing turn toward 
the landing runway and then maneuver to intercept and fly 
the missed approach course. 


Pilots should immediately execute the missed approach 
procedure: 

1, Whenever the requirements for operating below DA/ 
DH or MDA are not met when the aircraft is below 
MDA, or upon arrival at the MAP and at any time 
after that until touchdown; 


2. Whenever an identifiable part ofthe airport isnot visible 
tothe pilot during a circting maneuverat orabove MDA; 
or 


3. When so directed by ATC. 


Landing 
According to 14 CER part 91, no pilot may land when the flight 
visibility is less than the visibility prescribed in the standard 
IAP being used. ATC will provide the pilot with the current 
visibility reports appropriate to the runway in use. This may be 
in he form of prevailing visibility, runway visual value (RVV), 
or runway visual range (RVR). However, only the pilot can 
determine if the flight visibility meets the landing requirements, 
indicated on the approach chart. If the flight visibility meets, 
the minimum prescribed for the approach, then the approach 
may be continued to a landing. Ifthe flight visibility is less than 
that prescribed for the approach, then the pilot must execute a 
missed approach, regardless of the reported visibility. 


‘The landing minimums published on LAP charts are based on 
full operation of all components and visual aids associated 
with the instrument approach chart being used. Higher 
minimums are required with inoperative components or 
il aids. For example, if the ALSF-1 approach lighting 
system were inoperative, the visibility minimums for an ILS. 
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would need to be increased by one-quarter mile, If more 
than one component is inoperative, each minimum is raised 
to the highest minimum required by any single component 
that is inoperative. ILS glide slope inoperative minimums 
are published on instrument approach charts as localizer 
minimums. Consult the “Inoperative Components or Visual 
Aids Table” (printed on the inside front cover of each TPP), 
for a complete description of the effect of inoperative 
components on approach minimums. 


Instrument Weather Flying 

Flying Experience 

‘The more experience a pilot has in VER and IFR flight, 
the more proficient a pilot becomes. VER experience can 
be gained by flying in terminal areas with high traffic 
activity. This type of flying forces the pilot to polish the 
skill of dividing his or her attention between aircraft control, 
navigation, communications, and other flight deck duties. 
IFR experience can be gained through night flying which 
also promotes both instrument proficiency and confidence. 
‘The progression from flying at night under clear, moor 
conditions to flying at night without moonlight, natural 
horizon, of familiar landmarks teaches a pilot to trust the 
aircraft instruments with minimal dependence upon what 
can be seen outside the aircraft. It is a pilot's decision to 
proceed with an IFR flight or to wait for more acceptable 
weather conditions. 


Recency of Experience 

Currency as an instrument pilot is an equally important 
consideration. No person may act as pifot in command of an 
aircraft under IFR or in weather conditions less than VFR 
minimums unless he or she has met the requirements of part 
91. Remember, these are minimum requirements, 


Airborne Equipment and Ground Facilities 
Regulations specify minimum equipment for filing an IF 
flight plan. IL is the pilot’s responsibility to determine the 
adequacy of the aircraft and navigation/communication 
(NAV/COM) equipment for the proposed IFR flight. 
Performance limitations, accessories, and general condition 
of the equipment are directly related to the weather, route, 
altitude, and ground facilities pertinent to the fight, as well 
as to the flight deck workload. 


Weather Conditions 
In addition to the weather conditions that might affect a 
VER flight, an IFR pilot must consider the effects of other 
weather phenomena (e.g., thunderstorms, turbulence, icing, 


Turbulence 

Inflight turbulence can range from occasional light bumps 
to extreme airspeed and altitude variations that make aircraft 
icull. To reduce the risk factors associated with 
lots must learn methods of avoidance, as 
ig techniques for dealing with an inadvertent 


control di 
turbulence, 
well as pilot 
encounter. 


‘Turbulence avoidance begins with a thorough preflight weather 
briefing. Many reports and forecasts are available 10 assist 
the pilot in determining areas of potential turbulence. These 
include the Severe Weather Warning (WW), SIGMET (WS), 
Convective SIGMET (WST), AIRMET (WA), Severe Weather 
Outlook (AC), Center Weather Advisory (CWA), Area Forecast 
(FA), and Pilot Reports (UA or PIREPS). Since thunderstorms, 
are always indicative of turbulence, areas of known and forecast 
thunderstorm activity will always be of interest to the pilot. In 
addition, clear air turbulence (CAT) associated with et streams, 
strong winds over rough terrain, and fast moving cold fronts are 
good indicators of turbulence. 


Pilots should be alert while in flight for the signposts of 
turbulence. For example, clouds with vertical development 
such as cumulus, towering cumulus, and cumulonimbus are 
indicators of atmospheric instability and possible turbulence. 
Standing lenticular clouds lack vertical development but 
indicate strong mountain wave turbulence. While en route, 
pilots can monitor hazardous inflight weather advisory 


service (HIWAS) broadcast for updated weather advisor 
or contact the nearest AFSS or En Route Flight Advisory 
Service (EFAS) for the latest turbulence-related PIREPS. 


‘To avoid turbulence associated with strong thunderstorms, 
circumnavigate cells by at least 20 miles. Turbulence may 
also be present in the clear air above a thunderstorm. ‘To 
avoid this, fly at least 1,000 feet above the top for every 10 
knots of wind at that level, or fly around the storm. Finally, 
do not underestimate the turbulence beneath a thunderstorm, 
Never atlempt to fly under a thunderstorm, The possible 
results of turbulence and wind shear under the storm could 
be disastrous, 


When moderate to severe turbulence is encountered, aircraft 
control is difficult, and a great deal of concentration is 
required to maintain an instrument scan, [Figure 10-14] Pilots, 
should immediately reduce power and slow the aircraft to 
the recommended turbulence penetration speed as described 
in the POH/AFM. To minimize the load factor imposed on 
the aircraft, the wings should be kept level and the aircraft's, 
pitch attitude should be held constant. The aircraft is allowed 
to fluctuate up and down, because maneuvering to maintain 
4 constant altitude only increases the stress on the aircrall 
If necessary, the pilot should advise ATC of the fluctuations, 
and request a block altitude clearance. In addition, the power 
should remain constant at a setting that will maintain the 
recommended turbulence penetration airspeed. 


Figure 10-14, Maintaining an instrument sean in severe turbulence can be difficult. 


10-23, 


‘The best source of information on the location and intensity 
of turbulence are PIREPs. Therefore, pilots are encouraged to 
familiarize themselves with the turbulence reporting criteria 
found in the AIM, which also describes the procedure for 
volunteering PIREPS relating to turbulence. 


Structural Icing 
The very nature of flight in Instrument Meteorological 
Conditions means operating in visible moisture such as clouds 
At the right temperatures, this moisture can freeze on the 
aircraft, causing increased weight, degraded performance, and 
unpredictable aerodynamic characteristics. Understanding, 
avoidance, and early recognition followed by prompt action, 
are the keys to avoiding this potentially 


1azardous situation, 


Structural icing refers to the accumulation of ice on the exterior 
of the aircraft and is broken down into three classifications: 
rime ice, clear ice, and mixed ice. For ice to form, there must 
be moisture present in the air, and the air must be cooled to 
a temperature of 0° C (32° F) of less. Aerodynamic cooling 
can lower the surface temperature of an airfoil and cause ici 
to form on the airframe even though the ambient temperature 
is slightly above freezing, 


Rime ice forms if the droplets are small and freeze immediately 
when contacting the aircraft surface. This type of ice usually 
forms on areas such as the leading edges of wings or struts. 
It has a somewhat rough-looking appearance and a milky- 
white color. 


Clear ice is usually formed from larger water droplets or 
freezing rain that can spread over a surface. This is the most 
dangerous type of ice since it is clear, hard to see, and can 
change the shape of the airfoil 


Mixed ice is a mixture of clear ice and rime ice. It has the 
bad characteristics of both types and can form rapidly. Ice 
particles become embedded in clear ice, building a very rough 
accumulation. The table in Figure 10-15 lists the temperatures 


at which the various types of ice will form, 


Outside Air Temperature Range lcing Type 


0°Ct0-10°C lear 
“10°Cto 15°C Mixed clear and rime 
“15°C 10-206 Fimo 


Figure 10-18, Temperature Ranges for lee Formation 


Structural icing is a condition that can only get worse. 
Therefore, during an inadvertent icing encounter, it is 
important the pilot act to prevent additional i 
Regardless of the level of anti-ice or deice protection offered 


accumulation, 
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by the aircraft, the first course of action should be to leave 
the area of visible moisture. This might mean descending, 
to an altitude below the cloud bases, climbing to an altitude 
that is above the cloud tops, or turning to a different course. 
If this is not possible, then the pilot must move to an altitude 
where the temperature is above freezing, Pilots should report 
icing conditions to ATC and request new routing or altitude 
if icing will be a hazard. Refer to the AIM for information 
on reporting icing intensities. 


Fog 
Instrument pilots must learn to anticipate conditions leading, 
to the formation of fog and take appropriate action early in 
the progress of the flight. Before a flight, close examination, 
of current and forecast weather should alert the pilot to the 
possibility of fog formation. When fog is a consideration, 
pilots should plan adequate fuel reserves and alternate 
landing sites. En route, the pilot must stay alert for fog 
formation through weather updates from EFAS, ATIS, and 
ASOS/AWOS sites 


‘Two conditions will lead to the formation of fog. Either the 
air is cooled to saturation, or sufficient moisture is added 
to the air until saturation occurs. In either case, fog can 
form when the temperature/dewpoint spread is 5° or less. 
Pilots planning to arrive at their destination near dusk with 
decreasing temperatures should be particularly concerned 
about the possibility of fog formation, 


Volcanic Ash 

Volcanic eruptions create volcanic ash clouds containing 
aan abrasive dust that poses a serious safety threat to flight 
operations. Adding to the danger is the fact that these ash 
clouds are not easily discernible from ordinary clouds when 
encountered at some distance from the volcanic eruption. 
When an aircraft enters a volcanic ash cloud, dust particles, 
and smoke may become evident in the cabin, often along with 
the odor of an electrical fire. Inside the volcanic ash cloud, 
the aircraft may also experience lightning and St, Elmo’s fire 
on the windscreen, The abrasive nature of the volcanic ash 
can pit the windscreens, thus reducing or eliminating forward 
visibility. The pitot-static system may become clogged, 
causing instrument failure. Severe engine damage is probable 
in both piston and jet-powered aircraft, 


Every effort must be made to avoid volcanic ash. Since 
volcanic ash clouds are carried by the wind, pilots should plan 
their fights to remain upwind of the ash-producing volcano. 
Visual detection and airborne radar are not considered 
4 reliable means of avoiding volcanic ash clouds. Pilots, 
witnessing volcanic eruptions or encountering volcanic 
ash should immediately pass this information along in 
the form of a pilot report. The National Weather Service 


monitors voleanic eruptions and estimates ash trajectories. 
This information is passed along to pilots in the form of 
SIGMETs 


As for many other hazards to flight, the best source of 
volcanic information comes from PIREPS, Pilots who witness 
a volcanic eruption or encounter volcanic ash in flight 
should immediately inform the nearest agency. Voleanic 
Ash Forecast ‘Transport and Dispersion (VAFTAD) charts, 
are also available; these depict volcanic ash cloud locations, 
in the atmosphere following an eruption, and also forecast 
dispersion of the ash concentrations over 6- and 12-hour time 


intervals. See AC 00-45, Aviation Weather Servi 


Thunderstorms 

A thunderstorm packs just about every weather hazard known 
to aviation into one vicious bundle. Turbulence, hail, rain, 
snow, lightning, sustained updrafis and downdrafts, and icing, 
conditions are all present in thunderstorms. Do not take off in 
the face of an approaching thunderstorm or fly an aireral that is, 
not equipped with thunderstorm detection in clouds or at night, 
in areas of suspected thunderstorm activity. /Figure 10-16] 


There is no useful correlation between the external visual 
appearance of thunderstorms and th ly or amount of 
turbulence or hail within them. Al thunderstorms should be 


Figure 10-16. slunderstorm packs justaboutevery weather hazard 
known to aviation into one vicious bundle. 


considered hazardous, and thunderstorms with tops above 
35,000 feet should be considered extremely hazardous. 


Weather radar, airborne or ground based, will normally 
reflect the areas of moderate to heavy precipitation (radar 
does not detect turbulence). The frequency and severity of 
turbulence generally increases with the radar reflectivity 
closely associated with the areas of highest liquid water 
content of the storm. A flight path through an area of strong, 
or very strong radar echoes separated by 20 10 30 miles or 
less may not be considered free of severe turbulence. 


‘The probability of lightning strikes occurring to aircraft is 
greatest when operating at altitudes where temperatures are 
between -5 ° Cand +5 °C. In addition, an aircraft flying inthe 
clear air near a thunderstorm is also susceptible to lightning 
strikes. Thunderstorm avoidance is always the best policy. 


Wind Shear 

Wind shear can be defined as a change in wind speed and/or 
wind direction in a short distance. It can exist in a horizontal 
or vertical direction and occasionally in both, Wind shear can 
occur at ll levels of the atmosphere but is of greatest concern 
during takeoffs and landings. It is typically associated 
with thunderstorms and low-level temperature inversions; 
however, the jet stream and weather fronts are also sources 
of wind shear. 


As Figure 10-17 illustrates 
instrument approach, a shear from a tailwind to a headwind, 
causes the airspeed to increase and the nose to pitch up with 
«a corresponding balloon above the glide path. A shear from 
a headwind to a tailwind has the opposite effect, and the 
aircraft will sink below the glide path. 


, While an aircraft is on an 


A headwind shear followed by a tailwind/downdraft shear is, 
particularly dangerous because the pilot has reduced power 
and lowered the nose in response to the headhwind shear. This 
leaves the aircraft in a nose-low, power-low configuration 
when the tailwind shear occurs, which makes recovery more 
difficult, particularly near the ground, This type of wind 
shear scenario is likely while making an approach in the 
face of an oncoming thunderstorm. Pilots should be alert for 
indications of wind shear early in the approach phase and be 
ready 10 initiate a missed approach at the first indication, It 
may be impossible to recover from a wind shear encounter 
at low altitude. 


‘TD inform pilots of hazardous wind shear activity, some 
airports have installed a Low-Level Wind Shear Alert 
System (LLWAS) consisting of a centerfield wind indicator 
and several surrounding boundary-wind indicators. With 
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APPENDIX A © GETTING STARTED WITH TOOL BUILDING 


‘The anode of the LED goes into tie point F-3, with the cathode being installed at tie point F-4, The 
current-limiting resistor spans the gap between tie point I-3 and the right-hand positive (red) power rail. 
A short jumper connects tie point J4 and the right-hand negative power rail. See Figure A-10. 


Figure A-10, Add an LED and a current-limiting resistor across the power rails of the solderless 
breadboard to give an at-a-glance power indicator, right where the action is taking place. 


Now we have a good power-on indicator, right where we need it. It may or may not be redundant, 
depending on the features of your USB charger. This type of indicator is digital in the sense that it tells us 
that the circuit is either on or off, without giving us a lot of precise information about anything in 
between. Fora lot of applications, however, this is more than enough information, 


Power Supply Voltage 


What if you did either want or need more precise information about the power supply? One method 
‘would be to permanently connect your multimeter to the circuit so that you can see how many volts are 
being delivered, That method assumes that you're not going to need your multimeter for anything else, 

‘A practical variation of that method, however, it to provide convenient test pointsin your circuit so 
that you can quickly and easily take a voltage reading when the need arises. Be sure to position the test 
points so that they are easy to access, Having a nice, big, readable label wouldn't hurt, either. Also, try to 
arrange things so that it’s not likely that contact with a metal object, such as a tool or your wristwatch, 
will accidentally short out the power supply by touching both test points at the same time. Even simple 
“features” get complicated quickly, it seems! 

Ifyou want an accurate (and permanent) voltage reading on your circuit, consider adding a 
voltmeter. Small panel meters are relatively inexpensive and reasonably accurate. ADC voltmeter has 
two leads, positive and negative, that are attached across the voltage to be measured, See Figure A-11 
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Tailwind Shearing to Headwind or Calm 


Headwind Shearing to Tailwind or Calm 


Figure 10-17. Glide slope Deviations Due to Wind Shear Encounter. 


this system, controllers are alerted of wind discrepancies 
(an indicator of wind shear possibility) and provide this, 
information to pilots. A typical wind shear alert issued to a 
pilot would be: 


“Runway 27 arrival, wind shear alert, 20 knot loss 3 
ile final, threshold wind 200 at 15" 


In plain language, the controller is advising aircraft arriving, 
on runway 27 that at about 3 miles out they can expect a 
‘wind shear condition that will decrease their airspeed by 20 
knots and possibly encounter turbulence. Additionally, the 
ainport surface winds for landing runway 27 are reported as 
200° at 15 knots. 


Pilots encountering wind shear are encouraged to pass along, 
pilot reports, Refer to AIM for additional information on 
wind shear PIREPS. 


VER-On-Top 
Pilots on IFR flight plans operating in VER weather 
conditions may request VFR-on-top in lieu of an assigned 
altitude, This permits them to select an altitude or flight level 
of their choice (subject to any ATC restrictions). 


Pilots desiring to climb through a cloud, haze, smoke, or 
other meteorological formation and then either cancel their 
IER flight plan or operate VER-on-top may request a climb 
to VER-on-top. The ATC authorization will contain a top 
report (or a statement that no top report is available) and a 
request lo report upon reaching VFR-on-top. Additionally, 
the ATC authorization may contain a clearance limit, routing, 
and an alternative clearance if VFR-on-top is not reached by 
a specified altitude. 


A pilot on an IFR flight plan, operating in VFR conditions, 


may request to climb/descend in VFR conditions. When 
operating in VER conditions with an ATC authorization to 
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“maintain VFR-on-top/maintain VFR conditions,” pilots on 
IER fight plans must: 

1. Fly atthe appropriate VER altitude as prescribed in 14 
CER part 91. 

2. Comply with the VFR visibility and distance-from- 
cloud criteria in 14 CFR part 91. 

3. Comply with instrument flight rules applicable to this 
{ight (minimum IFR altitudes, position reporting, radio 
communications, course tobe flown, adherence to ATC 
clearance, etc.). 


Pilots operating on a VER-on-top clearance should advise 
ATC before any altitude change to ensure the exchange of 
accurate traffic information, 


ATC authorization to “maintain VER-on-top” is not intended 
to restrict pilots to operating only above an obscuring 
meteorological formation (layer). Rather, it permits operation, 
above, below, between layers, or in areas where there is no 
meteorological obstruction. It is imperative pilots understand, 
however, that clearance to operate “VFR-on-top/VER 
conditions” does not imply cancellation of the IFR flight 
plan, 


Pilots operating VFR-on-top/VFR conditions may receive 
traffic information from ATC on other pertinent IFR or 
VER aircraft. However, when operating in VER weather 
conditions, itis the pilot’s responsibility to be vigilant to see 
and avoid other aircraft 


‘This clearance must be requested by the pilot onan IFR flight 
plan, VFR-on-top is not permitted in certain areas, such as 
Class A airspace. Consequently, IFR flights operating VER- 
‘on-top must avoid such airspace. 


VER Over-The-Top 
VER over-the-top must not be confused with VFR-on- 
top. VFR-on-top is an IFR clearance that allows the pilot 
to fly VER altitudes. VER over-the-top is strictly a VER 
operation in which the pilot maintains VER cloud clearance 
requirements while operating on top of an undercast layer. 
This situation might occur when the departure airport and the 
destination airport are reporting clear conditions, but a low 
overcast layer is present in between. The pilot could conduct, 
a VER departure, fly over the top of the undercast in VFR 
conditions, then complete a VFR descent and landing at the 
destination, VFR cloud clearance requirements would be 
‘maintained at all times, and an IFR clearance would not be 
required for any part of the flight. 


Conducting an IFR Flight 


‘T illustrate some of the concepts introduced in this chapter, 
follow along on a typical IFR flight from the Birmingham 
International Airport (BHM), Birmingham, Alabama to 
Gulfport-Biloxi International Airport (GPT), Gulfport, 
Mississippi. [Figure 10-18) For this trip, a Cessna 182 
with a call sign of N1230A will be flown. The aircraft is 
equipped with dual navigation and communication radios, a 
transponder, and a GPS system approved for IFR en route, 
terminal, and approach operations. 


Preflight 
The success of the flight depends largely upon the 
thoroughness of the preflight planning. The evening before 
the flight, pay close attention to the weather forecast and 
begin planning the flight. 


‘The Weather Channel indicates a large, low-pressure system 
has settled in over the Midwest, pulling moisture up from 
the Gulf of Mexico and causing low ceilings and visibility 
with little chance for improvement over the next couple of 
days. To begin planning, gather all the necessary charts and 
materials, and verify everything is current. This includes en 
route charts, approach charts, DPs, STAR charts, the GPS 
database, as well as an A/FD, some navigation logs, and the 
aircraft’s POH/AFM. The charts cover both the departure 
and arrival airports and any contingency airports that will 
be needed if the flight cannot be completed as planned. This 
is also a good time for the pilot to consider recent flight 
experience, pilot proficiency, fitness, and personal weather 
minimums to fly this particular flight, 


Check the A/ED to become familiar with the departure and 
arrival airport, and check for any preferred routing between 
BHM and GPT. Next, review the approach charts and any 
DP or STAR that pertains to the flight. Finally, review the en 
route charts for potential routing, paying close attention to the 
minimum en route and obstacle clearance altitudes. 


After this review, select the best option. For this flight, the 
Birmingham Three Departure /Figure 10-2] to Brookwood. 
VORTAC, V 209 to Kewanee VORTAC, direct to Gulfport 
using GPS would be a logical route. An altitude of 4,000 feet 
meets all the regulatory requirements and falls well within 
the performance capabilities of the aircraft 


Next, call 1-800-WX-BRIEF to obtain an outlook-type 
weather briefing for the proposed flight. This provides 
forecast conditions for departure and arrival airports, as well, 
as the en route portion of the flight including forecast winds 
aloft. This also is a good opportunity to check the available 
NOTAMs. 


‘The weather briefer confirms the predictions of the weather 
channel giving forecast conditions that are at or near 
minimum landing minimums at both BHM and GPT for 
the proposed departure time. The briefer provides NOTAM 
information for GPT indicating that the localizer to runway 
32s scheduled to be out of service and that runway 18/36 is 
closed until further notice. Also check for temporary flight 
jons (TFRs) along the proposed route. 


After receiving a weather briefing, continue flight planning 
and begin to transfer some preliminary information onto 
the navigation log, listing each fix along the route and the 
distances, frequencies, and altitudes. Consolidating this, 
information onto an organized navigation log will keep the 
workload to a minimum during the flight. 


Next, obtain a standard weather briefing online for the 
proposed route. A check of current conditions indicates 
low IFR conditions at both the departure airport and the 
destination, with visibility of one-quarter mile: 


SURFACE WEATHER OBSERVATIONS 
METAR KBHM 111155Z VRBOSKT SM FG -RA VVO04 
06/05 A2994 RMK A02 SLP140, 


METAR KGPT 1111562.24003K‘ 
A2962 RMK A02 SLP033 


'4SM FG OVCOOL 08/07 


‘The small temperature/dewpoint spread is causing the low 
visibility and ceilings. Conditions should improve tater in 
the day as temperatures increase. A check of the terminal 
forecast confirms this theory: 


TERMINAL FORECASTS 
‘TAF KBHM 1111562 111212 VRBOSK’ 
TEMPOI316 % SM OVCO04 


SM FG VV004 


FM1600 VRBOSKT 25M BR OVC007 TEMPO 1720 3SM 
DZ BKNO09 
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FM2000 22008KT 3SM -RA OVCO1S TEMP 2205 3SM 
RA OVC025 FM0500 23013KT P6SM OVC025 


FM0800 23013KT P6SM BKN030 PROBAO 1012 2SM BR 
ovco30 


‘TAF KGPT 111153Z 111212 24004KT % SM FG OVCO01 
BECMG 1317 38M BR OVCO04 


FM1700 24010KT 4SM -RA OVC006 FM0400 24010 SSM. 
‘SCTOS0 TEMPO 0612 P6SM SKC 


In addition to the terminal forecast, the area fore 
indicates gradual improvement along the route. Since the 
terminal forecast only provides information for a 5-mile 
radius around a terminal area, checking the area forecast 
provides a better understanding of the overall weather picture 
along the route, as well as potential hazards: 


t also 


SYNOPSIS AND VFR CLOUDS/WEATHER FORECASTS, 
SYNOPSIS... AREA OF LOW PRESSURE CNTD OV AL 
RMNG GENLY STNRY BRNGNG MSTR AND WD SPRD_ 
IFRTOE TN. ALF...LOW PRES TROF ACRS CNTR PTN, 
OF THE DFW FA WILL GDLY MOV EWD DURG PD. 


NRN LA, AR, NRN MS 
SWLY WND THRUT THE PD. 16Z CIG OVC006. SCT 
-SHRA. OTLK... IFR SRN ¥ ... CIG SCT ~ BKNOIS 
‘TOPS TO FL250 SWLY WND THRUT THE PD. 17Z AGL 
BKNO40. OTLK...MVER CIG VIS. 


LA MS CSTL WTRS 
CIG OVCO01 — OVCO06. TOPS TO FL240. V: 
FG. SWLY WND. 16Z CIG OVC010 VI 
VIS 3-5SM -RN BR OVC009. OTLK...MVER CIG VIS. 


FL 
CIG BKNO020 TOPS TO FLI80. VIS 1-3 SM BR. SWLY 
WND. 18Z BRK030, OTLK...MVER CIG. 


AL this time, there are no SIGMETS or PIREPS reported. 
However, there are several AIRMETs, one for IFR 
conditions, one for turbulence that covers the entire route, 
and another for icing conditions which covers an area just 
north of the route 

WAUS44 KKCI 111150 

DFWS WA 0111150 

AIRMET SIERRA FOR IFR VALID UNTIL 111800 


AIRMET IFR...OK TX LA AR MS AL FL 


‘TS IMPLY SEV OR GTR TURB SEV ICE LLWS AND 
IFR CONDS. 


NON MSL HGHTS DENOTED BY AGL OR CIG. 
A recheck of NOTAMS for Gulfport confirms that the 
localizer to runway 32 is out of service until further notice 
and runway 18/36 is closed. If runway 6 is planned for the 
departure, confirm that the climb restriction for the departure 
can be met. 


GPT 12/006 GPT LOC OS UFN 


GPT 12/008 GPT MIRL RWY 18/36 OS UFN 


ce the weather is substantially better to the east, Pensacola 
Regional Airport is a good alternate with current conditions, 
and a forecast of marginal VER. 


METAR KPNS 111150Z 21010Z 38M BKNO14 OVC025 
09/03 A2973 


‘TAF KPNS 1111522. 111212 22010KT 3 SM BR OVC020 
BECMG 13174 SM BR OVC025 


FM1700 23010KT 4SM -RA OVC030 


FM 0400 25014KT SSM OVC0S0 TEMPO1612 P6SM 
ovcoso 


If weather minimums are below a pilot’s personal minimums, 
a delay in departure to wait for improved conditions 
4 good decision. This time can be used to complete the 
navigation log which is the next step in planning an IFR 
flight. [Figure 10-19] 


Use the POH/AFM to compute a true airspeed, cruise power 
setting, and fuel burn based on the forecast temperatures 
aloft and cruising pressure altitude. Also, compute weight- 
and-balance information and determine takeoff and landing, 
distances. There will be a crosswind if weather conditions 
require a straight-in landing on runway 14 at GPT. Therefore, 
compute the landing distance assuming a 10-knot crosswind, 
and determine if the runway length is adequate to allow 
landing. Determine the estimated flight time and fuel burn 
using the winds aloft forecast and considering Pensacola 
Regional Airport as an altemate airport. With full tanks, the 
flight can be made nonstop with adequate fuel for flight to 
the destination, alternate, and the reserve requirement. 


Next, check the surface analysis chart which shows where the 
pressure systems will be found. The weather depiction chart, 
shows areas of IFR conditions and can be used to find areas 
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Figure 10-19. Navigation Log 
of improving conditions, These charts provide information Call an AFSS for an updated weather briefing, Birmingham 


a pilot will need should a diversion to VFR conditions be 
required. For this flight, the radar depicts precipitation along, 
the route, and the latest satellite photo confirms what the 
weather depiction chart showed. 


‘When the navigation log is finished, complete the flight plan 
in preparation for filing with flight service. [Figure 10-20] 
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INTL airport is now reporting 700 overcast with 3 miles 
visibility, and Gullport-Biloxi is now 400 overcast with 2 
miles visibility. The alternate, Pensacola Regional Airport, 


ues to report adequate Weather conditions with 2,000 
overcast and 3 miles visibility in light rain. 


Figure 10-20, Flight Plan Form. 


Several pilot reports have been submitted for light icing 
conditions; however, all the reports are north of the route 
of flight and correspond to the AIRMET that was issued 
earlier. No pilot reports have included cloud tops, but the 
area forecast predicted cloud tops to flight level 240. Since 
the weather conditions appear to be improving, a flight plan 
can be filed using the completed form 


Analyze the latest weather minimums to determine if they 
exceed personal minimums. With the absence of icing 
reported along the route and steadily rising temperatures, 
structural icing should not be a problem, Make a note to 
do an operational check of the pitot heat during preflight 
and to take evasive action immediately should even light 
icing conditions be encountered in flight. This may require 
returning to BHM or landing at an intermediate spot before 
reaching GPT. The go/no-go decision will be constantly 
reevaluated during the flight. 


Once at the airport, conduct a thorough preflight inspection. 
A quick check of the logbooks indicates all airworthiness 
requirements have been met to conduct this IFR flight 
including an altimeter, static, and transponder test within 
the preceding 24 calendar months. In addition, a log on 
the clipboard indicates the VOR system has been checked 
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within the preceding 30 days. Turn on the master switch and, 
pilot heat, and quickly check the heating element before it 
becomes too hot. Then, complete the rest of the walk-around, 
procedure. Since this will bea flight in actual IFR conditions, 
place special emphasis on IFR equipment during the walk- 
around, including the alternator belt and antennas. After 
completing the preflight, organize charts, pencils, paper, and 

gation log in the flight deck for qui access. This 
is also the time to enter the planned flight into the GPS. 


Departure 
After starting the engine, tune in ATIS and copy the 
information to the navigation log. The conditions remain the 
same as the updated weather briefing with the ceifing at 700 
lity at 3 miles. Call clearance delivery to 
receive a clearance: 


overcast, and vi 


“Clearance Delivery, Cessna 1230 IER to Gulfport 
Biloxi with information Kilo, ready to copy.” 


“Cessna 1230A is cleared to Gulfport-Biloxi via the 
Birmingham Three Departure, Brookwood, Victor 
209 Kewanee then direct Mindo, Gulfport. Climb and 
‘maintain 4,000, Squawk 0321.” 
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Read back the clearance and review the DP. Although a 
departure frequency was not given in the clearance, note that 
on the DP, the departure control frequency is listed as 123.8, 
for the southern sector. Since a departure from runway 24 
is anticipated, note the instruction to climb to 2,100 prior 
to turning. After tuning in the appropriate frequencies and 
setting up navigation equipment for the departure routing, 
contact ground control (noting that this is IFR) and receive 
the following clearance: 


“Cessna 1230A taxi to runway 24 via taxiway 
Mike. 


Read back the clearance and aircraft call sign, After a review 
of the taxi instructions on the airport diagram, begin to taxi 
and check the flight instruments for proper indications. 


Hold short of runway 24 and complete the before takeoff 
checklist and engine run-up. Advis 
for takeoff. The tower gives the following clearance: 


c the tower when ready 


“Cessna 30A cleared for takeoff runway 24. 
Caution wake turbulence from 737 departing to the 
northwest.” 


‘Taxi into position. Note the time off on the navigation log, 
verify that the heading indicator and magnetic compass are 
in agreement, the transponder is in the ALT position, all the 
necessary lights, equipment, and pitot heat are on. Start the 
takeoff roll. To avoid the 737’s wake turbulence, make note 
of its lift off point and take off prior to that point. 


En Route 
Alter departure, climb straight ahead to 2,100 feet as directed 
by the Birmingham Three Departure. While continuing a 
climb to the assigned altitude of 4,000 feet, the following, 
instructions are received from the tower: 


“Cessna 30A contact Departure. 


Acknowledge the clearance and contact departure on the 
frequency designated by the DP. State the present altitude 
¢ departure controller can check the encoded altitude 
indicated altitude: 


“Birmingham Departure 
through 2,700 heading 240.” 


sssna 1230A. climbing 


Departure replies: 


“Cessna 30A proceed direct to Brookwood and resume 
‘own navigation. Contact Atlanta Center on 134.05.” 


Acknowledge the clearance, contact Atlanta Center and. 
proceed direct to Brookwood VORTAC, using the IFR- 
approved GPS equipment. En route to Kewanee, VORTAC 
Atlanta Center issues the following instructions: 
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“Cessna 1230A contact Memphis Center on 
125.975.” 


ter 
ter 


Acknowledge the instructions and contact Memphis C 
with aircraft ID and present altitude, Memphis Ci 
acknowledges contact: 


‘Cessna 1230A, Meridian altimeter is 29.87. Traffic 
al your 2 o’clock and 6 miles is a King Air at 5,000 
climbing to 12,000.” 


Even when on an IER flight plan, pilots are still responsible 
for seeing and avoiding other aircraft. Acknowledge the call 
from Memphis Center and inform them of negative contact, 
with traffic due to IMC. 


“Roger, altimeter setting 29.87. Cessna 1230A is in 


IMC negative contact with traffic. 


Continue the flight, and at each fix note the arrival time on 
the navigation log to monitor progress. 


‘To get an update of the weather at the destination and issue 
4 pilot report, contact the FSS servicing the area. To find 
the nearest AFSS, locate a nearby VOR and check above 
the VOR information box for a frequency. In this case, the 
nearest VOR is Kewanee VORTAC which lists a receive- 
only frequency of 122.1 for Greenwood FSS. Request a 
frequency change from Memphis and then attempt to contact, 
Greenwood on 122.1 while listening over the Kewanee 
VORTAC frequency of 113.8: 


“Greenwood Radio Cessna 1230A receiving on 
frequency 113.8, over.” 


‘Cessna 30A, this is Gr 


-nwood, go ahead. 


“Greenwood Radio, Cessna 30A is currently 30 miles 
south of the Kewanee VORTAC at 4,000 feet en 
route to Gulfport. Requesting an update of en route 
conditions and current weather at GPT, as well as 
PNS. 


“Cessna 30A, Greenwood Radio, current weather at 
Gulfport is 400 overcast with 3 mil in light 
rain. The winds are from 140 at 7 and the altimeter 
is 29.86. Weather across your route is generally IFR 
in light rain with ceilings ranging from 300 to 1,000 
overcast with visibilities between 1 and 3 miles, 
Pensacola weather is much better with ceilings now 
at 2,500 and visibility 6 miles. Checking current 
NOTAMS at GPT shows the localizer out of service 
and runway 18/36 closed. 


visibili 


“Roger, Cessna 30A copies the wea 
PIREP when you are ready to copy.” 


“Cessna 30 go ahead with your PIREP” 


“Cessna 30A is a Cessna 182 located on the Kewanee 
195° radial at 30 miles level at 4,000 feet. I am 
currently in IMC conditions with a smooth ride. 
Outside air temperature is plus 1° Ci 
icing.” 


“Cessna 30 thank you for the PIREP” 
With the weather check and PIREP complete, return to 
‘Memphis Center: 


“Memphis Center, 
frequency. 


sssna 1230A is back on your 


“Cessna 1230A, Memphis Center, roger, contact 
Houston Center now on frequency 126.8.” 


“Roger, contact Houston Center frequency 126.8, 
Cessna 12304.” 


“Houston Center, Cessna 1230A level at 4,000 
feet.” 


“Cessna 30A, Houston Center area altimeter 29.88.” 


Arrival 
40 miles north of Gulfport, tune in ATIS on number two 
communication radio. The report reveals there has been no 
change in the weather and ATIS is advertising ILS runway 
14as the active approach, 


Houston Center completes a hand off to Gulfport approach 
control with instructions to contact approach: 
“Gulfport Approach, Cessna 1230A level 4,000 feet 
with information TANGO. Request GPS Runway 14 
approach.” 


“Cessna 30A, Gulfport Approach, descend and 
maintain 3,000 feet.” 


“Descend to 3,000, Cessna 30A.” 


Begin a descent to 3,000 and configure your navigation 
radios for the approach. The GPS will automatically change 
from the en route mode to the terminal mode. This change 


will affect the sensitivity of the CDI. Tune in the VORTAC 
frequency of 109.0 on the number one navigation radio, and 
set in the final approach course of 133° on the OBS. This, 
setup will help with situational awareness should the GPS 
lose signal 


‘Cessna 30A your position is 7 miles from MINDO, 
‘maintain 3,000 feet until MINDO, cleared for the GPS. 
runway 14 approach.” 


Read back the clearance and concentrate on flying the aircraft. 
At MINDO descend to 2,000 as depicted on the approach 
chart. At BROWA turn to the final approach course of 
133°, Just outside the Final Approach Way Point (FAWP) 
AVYUM, the GPS will change to the approach mode and 
the CDI will become even more sensitive. Gulfport approach 
control issues instructions to contact Gulfport tower: 


essna 30A contact Tower on 123.7.” 


“123.7, Cessna 30A.”" 


‘sna 1230A outside AVYUM on the GPS. 
runway 14.” 


“Tower, 


na 30A Gulfport Tower, the ceiling is now 600 
overcast and the visibility is 4 miles.” 


“Cleared to land runway 14, Cessna 30A.” 


Continue the approach, complete the appropriate checklists, 
cross AVYUM, and begin the final descent. At 700 feet MSL. 
visual contact with the airport is possible. Slow the aircraft 
and configure it to allow a normal descent to landing. As 
touch down is completed, Gulfport Tower gives further 


instructions: 


sna 30 turn left at taxiway Bravo and contact 
ground on 120.4.” 


“Roger, Cessma 30A." 


‘Taxi clear of the runway and complete the appropriate 
checklists. The Tower will automatically cancel the IFR 
flight plan. 
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gence 
perations 


Iatroduittion 
Changing weather conditions, air faffic control (ATC), the 
aircraft, and the pilot are all variables that make instrument 
‘an unpredictable and challenging operation. The safety 

Wight depends upon the pilot's ability to manage these 
maintaining positive aircraft control and 


situational awareness, This chapter discusses the 


events related to unforecasted, adverse weather; 


malfunctions; communication/navigation 
s; and Loss of situational awareness. 


APPENDIX A » GETTING STARTED WITH TOOL BUILDING 


Figure A-11. A DC voltmeter is attached to the circuit to accurately measure the supply voltage. The Von 
the meter's legend stands for voltage. The underline beneath the V indicates that itis designed to measure 
DC voltages, as opposed to AC voltages. 


‘The panel meter shown in Figure A-11 has a range of 0-30VDC. That's a bit more than we need, 
since our little power supply is only supposed to produce 5.0VDC #10 percent. Since the meter's range 
does not accurately match the expected range of supply voltages, we lose a bit of precision when 
attempting to read the display. All the action is crowded together on the left side of the meter, 

Itmight seem that a 0-5VDC meter would be preferable, but that would not allow for any 
‘overvoltage conditions at all. Remember, the USB standard allows for up to 5.5VDC to be delivered over 
the cable. A 0-6VDC meter, ifavailable, would be more suitable. The meter introduced in Figure A-I1, 
however, would be perfect when used with the laptop supply shown in Figure A-4, because its output 
voltage is 19.0V. That leaves a bit of room for overvoltage conditions and gives a wide enough swing of 
the needle to produce fine detail. 
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Unforecast Adverse Weather 

Inadvertent Thunderstorm Encounter 

A pilot should avoid flying through a thunderstorm of any 
intensity. However, certain conditions may be present that 
could lead to an inadvertent thunderstorm encounter. For 
example, flying in areas where thunderstorms are embedded. 
in large cloud masses may make thunderstorm avoidance 
difficult, even when the aircraft is equipped with thunderstorm, 
detection equipment. Therefore, pilots must be prepared to 
deal with an inadvertent thunderstorm penetration, At the 
very least, a thunderstorm encounter subjects the aircraft to 
turbulence that could be severe. The pilot and passengers 
should tighten seat belts and shoulder harnesses and secure 
any loose items in the cabin, 


As with any emergency, the first order of business during, 
an inadvertent thunderstorm encounter must be to fly the 
aircraft. The pilot workload is heavy; therefore, increased 
concentration is necessary to maintain an instrument 
Ifa pilot inadvertently enters a thunderstorm, it is better to 
maintain a course straight through the thunderstorm rather 
than turning around. A straight course minimizes the amount 
of time in the thunderstorm and turning maneuvers only 
se structural stress on the aircraft. 


“an, 


Reduce power to a setting that maintains a speed at the 
recommended turbulence penetration speed as described in the 
Pilot’s Operating Handbook/Airplane Flight Manual (POH/ 
AFM), and try to minimize additional power adjustments, 
Concentrate on maintaining a level attitude while allowing 
airspeed and altitude to fluctuate. Similarly, if using the 
autopilot, disengage the altitude hold and speed hold modes, 
as they only increase the aircraft's maneuvering—thereby 
ing structural ste 


During a thunderstorm encounter, the potential for icing 
also exists. As soon as possible, turn on anti-icing/deicing 
equipment and carburetor heat, if equipped. leing can be 
rapid at any altitude and may lead to power failure and/or 
loss of airspeed indication 


Lightning is also present in a thunderstorm and can 
temporarily blind a pilot. To reduce this risk, turn up flight 
deck lights to the highest intensity, concentrate on the flight 
instruments, and resist the urge to look outside. 


Inadvertent Icing Encounter 
Because icing is unpredictable in nature, pilots may find 
themselves in icing conditions even though they have done 
everything practicable to avoid it. In order to stay alert to this, 
possibility while operating in visible moisture, pilots should 
monitor the outside air temperature (OAT), 


The effects of ice on aircraft are cumulative—thrust is 
reduced, drag increases, lift lessens, and weight increases. 
‘The results are an increase in stall speed and a deterioration 
of aircraft performance. In extreme cases, two to three inches, 
of ice can form on the leading edge of the airfoil in less than 
5 minutes. It takes only 1/2 inch of ice to reduce the lifting 
power of some aircraft by 50 percent and increases the 
frictional drag by an equal percentage. 


Apilot can expect icing when flying in visible precipitation, 
such as rain or cloud droplets, and the temperature is, 
between +02 and -10° Celsius. When icing is detected, a 
pilot should do one of two things, particularly ifthe aircraft 
is not equipped with deicing equipment: leave the area of 
precipitation or go to an altitude where the temperature is, 
above freezing. This “warmer” altitude may not always be 
a lower altitude. Proper preflight action includes obtaining 
information on the freezing level and the above-freezing 
levels in precipitation areas, 


If neither option is available, consider an immediate landing, 
at the nearest suitable airport. Even if the aircraft is equipped 
with anti-icing/deicing equipment, itis not designed to allow 
aircraft to operate indefinitely in icing conditions. Anti- 
icing/deicing equipment gives a pilot more time to get out of 
the icing conditions. Report icing to ATC and request new 
routing or altitude, Be sure to report the type of aircraft, and 
use the following terms when reporting icing to ATC: 


1, Trace. Ice becomes perceptible. Rate of accumulation 
is slightly greater than sublimation, Deicing/anti-icing 
equipment is not utilized unless encountered for an 
extended period of time (over 1 hour). 


2. Light. The rate of accumulation may create a problem 
if flight is prolonged in this environment (over 1 
hour). Occasional use of deicing/anti-icing equipment 
removes/prevents accumulation. It does not present a 
problem if deicing/anti-icing equipment is used. 


3, Moderate. The rate of accumulation is such that even 
short encounters become potentially hazardous and 
use of deicing/anti-icing equipment or flight diversion 
is necessary. 


4, Severe. The rate of accumulation is such that dei 


ing 
1g equipment fails to reduce or control the 
hazard. Immediate flight diversion is necessary. 


anti 


Early ice detection is criti 
night flight, Use a flash 
the wings. At the first indication of ice accumulation, take 
action to get out of the icing conditions. Refer to the POH/ 
AFM for the proper use of anti-icing/deicing equipment 


and is particularly difficult during 
tht to check for ice accumulation on 


Figure 11-1. St. Elmo's Fire is harmless but may affect both communication and navigation radios, especially the lower frequencies 


such as those used on the ADE 


Precipitation Static 
Precipitation static, often referred to as P-static, occurs 
when accumulated static electricity is discharged from the 
extremities of the aircraft. This discharge has the potential 
to create problems for the instrument pilot. These problems 
range from the Serious, such as erroneous magnetic compass 
readings and the complete loss of very high frequency (VHF) 
communications to the annoyance of high-pitched audio 
squealing and St. Elmo’s fire. (Figure 11-1] 


Precipitation static is caused when an aircraft encounters 
airborne particles during flight (¢.g., rain or snow), 
and develops a negative charge. It can also result from 
atmospheric electric fields in thunderstorm clouds. When 
a significant negative voltage level is reached, the aircraft 
discharges it, which can create electrical disturbances. This 
electrical discharge builds with time as the aircraft Mi 
precipitation, Itis usually encountered in rain, but snow can 
cause the same effect. AS the static buildup increases, the 
effectiveness ofboth communication and navigation systems 
decreases to the point of potential unusability 


To reduce the problems associated with P-static, the pilot 
should ensure the aircraft's static wicks are properly maintained 
and accounted for. Broken or missing static wicks should be 


replaced before an instrument flight. [Figure 1 


Aircraft System Malfunctions 


Preventing aircraft system malfunctions that might lead 
to an inflight emergency begins with a thorough preflight 


Figure 11-2. One example of a static wick installed on aircraft 
control surface to bleed off static charges built up during flight 
This will prevent static buildup and St. Elmo's fre by allowing 


the static electricity 10 dissipate harmlessly 


inspection. In addition to those items normally checked 
prior toa visual flight rules (VFR) flight, pilots intending to 
fly under instrument flight rules (IFR) should pay particular 
attention to the alternator belt, antennas, static wicks, anti- 
icing/deicing equipment, pitot tube, and static ports. 


During taxi, verify the operation and accuracy of all flight 
instruments. In addition, during the run-up, verify that the 
operation of the pneumatic system(s) is within acceptable 
parameters. Itis critical that all systems are determined to be 
operational before departing into IFR conditions. 


Electronic Flight Display Malfunction 
When a pilot becomes familiar and comfortable with the 
new electronic displays, he or she also tends to become more 
reliant on the syste em then becomes & primary 
source of navigation and data acquisition instead of the 
supplementary source of data as initially intended, 


Complete retiance on the moving map for navigation becomes, 
a problem during a failure of one, more, or all of the flight 
display sereens, Under these conditions, the systems revert to 
a composite mode (called reversionary), which eliminates the 
moving map display and combines the PFD with the engine 


indicating system. [Figure 11-3] If a pilot has relied on the 
display for navigation information and situational awareness, 
he or she lacks any concept of critical data such asthe aircraft's 
position, the nearest airport, or proximity to other aircraft 
‘The electronic flight display is a supplementary source of 
navigation data and does not replace en route charts. To 
maintain situational awareness, a pilot must follow the flight 
oon the en route chart while monitoring the PED. Itis important 
for the pilot to know the location of the closest airport as 
well as surrounding traffic relat 
her aircraft. This information becomes critical should the 
electronic flight display fail. 


¢ to the location of his or 


For the pilot who utilizes the electronic database as a 
substitute for the Airport Faciliti 
or loss of electrical power can mean the pilot is no longer 
able to access airport information. Once the pilot loses the 
ability to call up airport information, aeronautical d 
making is compromised, 


Directo 


sereen failure 


Alternator/Generator Failure 
Depending upon the aircraft being flown, an alternator failure 
is indicated in different ways 


Figure 11-3. G1000 PED display in normal mode and in the reversionary mode activated upon system failure. 
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Figure 11-4. Ammeter (left) and Loadmeter (right). 


that indicates the state of charge or discharge of the battery. 
[Figure 11-4] A positive indication on the ammeter indicates 
a charge condition; a negative indication reveals a discharge 
condition. Other aircraft use a load meter to indicate the load 


being carried by the alternator. (Figure 11-4] 


Sometimes an indicator light is also installed in the aircraft to 
alert the pilot to an alternator failure. On some aircraft such 
as the Cessna 172, the light is located on the lower left side 
making it difficult to see its illumination if charts are open 
Ensure that these safety indicators are visible during flight. 


‘When a loss of the electrical charging system is experienced, 
the pilot has approximately 40 minutes of battery life 
remaining before the system fails entirely. The time 
‘mentioned is an approximation and should not be relied upon. 
as specific to all aircraft. In addition, the battery charge that 
exists ina battery may not be ful, altering the time available 
before electrical exhaustion occurs. At no time should a pilot 
consider continuing a flight once the electrical charging 
system has failed, Land at the nearest suitable airport 


Techniques for Electrical Usage 
Master Battery Switch 

One technique for conserving the main battery charge is, 
to fly the aircraft to the airport of intended landing while 
operating with minimal power. If a two-position battery 
master/alternator rocker switch /Figure 11-5] is installed, it 
can be utilized to isolate the main battery from the electrical 
system and conserve power. 


Operating on the Main Battery 

While en route to the aisport of intended landing, reduce the 
electrical load as much as practical. Turn off all unnecessary 
electrical items such as duplicate radios, non-essential 
lighting, etc. Ifunable to turn off radios, lights, ete. manually, 


f 


I 
30 60 


consider pulling circuit breakers to isol 
equipment from the electrical system. Maximum time of 
useful voltage may be between 30 and 40 minutes and is 
influenced by many factors, which degrade the useful time. 


¢ those pieces of 


Loss of Alternator/Generator for Electronic Flight 
Instrumentation 

With the increase in electrical components being installed 
in modern technically advanced aircraft, the power supply 
and the charging system need increased attention and 
understanding. Traditional round dial aircraft do not rely 
as heavily on electrical power for the primary six-pack 
instrumentation. Modern electronic flight displays utilize the 
electrical system to power the AHRS, ADC, engine indicating, 
system (EIS), etc. A loss of an alternator or generator was 
considered an abnormality in traditionally equipped aircraft; 


MASTER 
ALT BAT 


ON 


Figure 11-5. Double Rocker Switch Seen on Many Aircraft 


however, 


failure of this magnitude is considered an 
emergency in technically advanced aircraft, 


Due to the increased demand for electrical power, it is 
necessary for manufacturers to install a standby batter 
conjunction with the primary battery, The standby battery i 
held in reserve and kept charged in case of a failure of the 
charging system and a subsequent exhaustion of the main 
battery. The standby battery is brought online when the main 
battery voltage is depleted to a specitic value, approximately 
19 volts. Generally, the standby battery switch must be in the 
ARM position for this to occur but pilots should refer to the 
aircraft flight manual for specifics on an aircraft’s electrical 
system. The standby battery powers the essential bus and 
allows the primary flight display (PED) to be utilized. 


The essential bus usually powers the following 
components 


1, AHRS (Attitude and Heading Reference System) 
2, ADC (Air Data Computer) 

3. PED (Primary Flight Display) 

4, Navigation Radio #1 

5, Communication Radio #1 

6, Standby Indicator Light 


Techniques for Electrical Usage 
Standby Battery 

One technique for conserving the main battery charg 
to fly the aircraft to the airport of intended landing while 
using the standby battery. A two-position battery master/ 
alternator rocket switch is installed on most aircraft with 
electronic flight displays, which can be utilized to isolate 
the main battery from the electrical system. By switching the 
MASTER side off, the battery is taken offline and the standby 
battery comes online to power the essential bus. However, 
the standby battery switch must be in the ARM position for 
this to occur. [Figure 11-6 Utilization of the standby battery 
first reserves the main battery for use when approaching to 
land. With this technique, electrical power may be available 
for the use of flaps, gear, lights, etc. Do not rely on any power 
to be available after the standby battery has exhausted itself. 
Once the charging system has failed, flight with a powered 
electrical system is not guaranteed, 


Operating on the Main Battery 

While en route to the aisport of intended landing, reduce the 
electrical load as much as practical. Turn off all unnecessary 
electrical items such as duplicate radios, non-essential 
lighting, etc, Ifunable to tum off radios, lights, ete., manually, 
consider pulling circuit breakers to isolate those pieces of 
equipment from the electrical system. Keep in mind that 
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‘once the standby battery has exhausted its charge, the flight 
deck may become very dark depending on what time of 
day the failure occurs, The priority during this emergency 
situation is landing the aircraft as soon as possible without 
jeopardizing safety. 


A standby attitude indicator, altimeter, airspeed indicator 
(ASI) and magnetic compass are installed in each aircraft 
for use when the PFD instrumentation is unavailable. 
[Figure 11-7] These would be the only instruments left 
available to the pilot. Navigation would be limited to pilotage 
and dead reckoning unless a hand-held transceiver with a 
GPS/navigation function is onboard. 


Once an alternator failure has been detected, the pilot must 
reduce the electrical load on the battery and land as soon as 
practical. Depending upon the electrical load and condition 
of the battery, there may be sufficient power available for 
45 minutes of flight—or for only a matter of minutes. Pilots 
should also know which systems on the aircraft are electric and, 
those that continue to operate without electrical power. Pilots, 
can attempt to troubleshoot alternator failure by following, 
the established alternator failure procedure published in the 
POH/AFM. If the altemator cannot be reset, advise ATC of 
the situation and inform them of the impending electrical 
failure. 


Analog Instrument Failure 


A.wamning indicator or an inconsistency between indications 
on the attitude indicator and the supporting performance 


[I STBY BATT — 
ou 


TEST 


MASTER 
ALT BAT 
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Figure 11-8. Note the double rocker switch and the standby battery 
switel inthis aireraft. The standby 


correcily; arming should be done prior to departure. 


nattery must be armed 10 work 


Figure 11-7. Emergency Instrumentation Available 10 the Pilot on Electronic Flight Instrumented Airerafi. 


instruments usually identifies system or instrument failure. 
Aircraft control must be maintained while identifying the 
failed component(s). Expedite the cross-check and include 
all flight instruments, The problem may be individual 
instrument failure or a system failure affecting multiple 
instruments, 


One method of identification involves an immediate 
comparison of the attitude indicator with the rate-of-turn 
indicator and vertical speed indicator (VSI). Along with 
providing pitch-and-bank information, this technique 
compares the static system with the suction or pressure system. 
and the electrical system. Identify the failed component(s) 
and use the remaining functional instruments to maintain 
aircraft control. 


Atlempt to restore the inoperative component(s) by checking, 
the appropriate power source, changing to a backup or 
alternate system, and resetting the instrument if possible. 
Covering the failed instrument(s) may enhance a pilot’s 
ability to maintain aircraft control and navigate the aircralt. 
Usually, the next step is to advise ATC of the problem and, 
if necessary, declare an emergency before the situation 
deteriorates beyond the pilot's ability to recover. 


Pneumatic System Failure 


One possible cause of instrument failure is a loss of the 
suction of pressure source. This pressure or suction is 


supplied by a vacuum pump mechanically driven off the 
‘engine. Occasionally these pumps fail, leaving the pilot with 
inoperative attitude and heading indicators. 


Figure 11-8 illustrates inoperative vacuum driven attitude 
and heading indicators which can fail progressively. As the 
‘gyroscopes slow down they may wander, which, if connected 
to the autopilot and/or flight director, can cause incorrect, 
movement or erroneous indications. In Figure 11-8, the 
aircraft is actually level and at 2,000 feet MSL. It is not in 
‘turn to the left which the pilot may misinterpret if he or 
she fails to see the off or failed flags. If that occurs, the pilot 
may transform a normally benign situation into a hazardous 
situation. Again, good decision-making by the pilot only 
‘occurs after a careful analysis of systems. 


Many small aircraft are not equipped with a warning system 
for vacuum failure; therefore, the pilot should monitor the 
systems vacuum/pressure gauge. This can be a hazardous 
situation with the potential to lead the unsuspecting pilot into 
a dangerous unusual attitude which would require a partial 
‘panel recovery. Iis important that pilots practice instrument 
flight without reference to the attitude and heading indicators, 
in preparation for such a failure. 


Pitot/Static System Failure 


A pitot or static system failure can also cause erratic and 
unreliable instrument indications, When a static system 
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problem occurs, it affects the ASI, altimeter, and the VSL 
In most aircraft, provisions have been made for the pilot to 
select an alternate static source. Check the POH/AFM for 
the location and operation of the alternate static source. In 
the absence of an alternate static source, in an unpressurized 
aircraft, the pilot could break the glass on the VSI. The VSI 
is not required for instrument flight, and breaking the glass 
provides the altimeter and the ASI a source of static pressure. 
This procedure could cause additional instrument errors. 


Avionics equipment has become very reliable, and the 
likelihood of a complete communications failure is remote. 
However, each IFR flight should be planned and executed in 
anticipation of a two-way radio failure. At any given point 
during a flight, the pilot must know exactly what route to fly, 
‘what altitude to fly, and when to continue beyond a clearance 
limit. Title 14 of the Code of Federal Regulations (14 CFR) 
part 91 describes the procedures to be followed in case of a 
‘two-way radio communications failure. If operating in VFR 
conditions atthe time of the failure, the pilot should continue 
the flight under VFR and land as soon as practicable. If the 
failure occurs in IFR conditions, or if VER conditions cannot 
be maintained, the pilot must continue the flight: 


1, Along the route assigned in the last ATC clearance 
received: 


If being radar vectored, by the direct route from the 
‘point of radio failure tothe fix, route, or airway specified 
in the vector clearance; 


3, In the absence of an assigned route, by the route 
that ATC has advised may be expected in a further 
clearance; or 

4, Inthe absence of an assigned route ora route that ATC 
hhas advised may be expected in a further clearance, 
by the route filed in the flight plan. 


‘The pilot should maintain the highest of the following 
altitudes or flight levels for the route segment being flown 


1, The altitude or flight level assigned in the last ATC 
clearance received; 


R 


‘The minimum altitude (converted, if appropriate, to 
‘minimum flight level as prescribed in part 91 for IFR 
operations); or 

3, The altitude or flight level ATC has advised may be 
expected in a further clearance. 


In addition to route and altitude, the pilot must also plan the 
progress of the flight to leave the clearance limit. 


1, When the clearance limit is a fix from which an 
nt or descent 
and approach as close as possible to the expe: 
further-clearance time if one has been received. Ifan 
expect-further-clearance time has not been received, 
commence descent or descent and approach as close as 
possible to the estimated time of arrival as calculated 
from the filed or amended (with ATC) estimated time 
en route. 


approach begins, commence de 


2. If the clearance limit is not a fix from which an 
approach bi 
expect-further-clearance time ifone has been received. 
Ifno expect-further-clearance time has been received 
leave the clearance limit upon arrival over it, and 
proceed to a fix from which an approach begins and 
‘commence descent or descent and approach as close as 
possible to the estimated time of arrival as calculated 

ed or amended (with ATC) estimated time 

en route. (Figure 11-8] 


ins, leave the clearance limit at the 


from the 


While following these procedures, set the transponder to 
code 7600 and use all means possible to reestablish two-way 
radio communication with ATC. This includes monitoring 
navigational aids (NAVAIDs), attempting radio contact with 
other aircraft, and attempting contact with a nearby automated 
flight service station (AFSS). 


GPS Nearest Airport Function 


Procedures for accessing the nearest airport information 
vary by the type of display installed in an aircraft. Pilots can 
obtain information relative to the nearest airport by using the 
PED, MED, or the nearest function on the GPS receiver. The 
following examples are based on a popular system. Pilots 
should become familiar with the operational character 
of the equipment to be used 


v1 108,00) 


Figure 11-9. The default soft key menu that is displayed on the PED contains a “NRST 


key opens a text box which displays the nearest 25 airports 


Nearest Airports Using the PFD 
With the advancements in electronic databases, diverting to 
itports has become easier. Simply by pressing a soft 
key on the PED, pilots can access information for up to 25 of 
the nearest airports that meet the criteria set in the systems 
configuration page. [Figure 11-9] Pilots are able to specify 
what airports are acceptable for their aircraft requirements 
based on landing surface and length of runway 


alternate 


When the text box opens, the flashing cursor is located over 
the nearest airport that meets the criteria set in the auxiliary 
selup page as shown in Figure 11-10. Scrolling through the 

5 airports is accomplished by turning the outer FMS knob, 
which is located on the lower right corner of the display 
screen. Turning the FMS knob clockwise moves the blinking, 
cursor to the next closest airport, By continuing to turn the 
knob, the pilot is able to scroll through all 25 nearest airports. 
Each airport box contains the information illustrated in 
Figure 11-11, which the pilot can utilize to determine which 
airport best suis their individual nee« 


Additional Information for a Specific Airport 

In addition to the information that is presented on the first 
screen, the pilot can view additional information as shown in 
Figure 11-12 by highlighting the airport identifier and then 
pressing the enter key 


“uis.onn toe 


(Nearest Airport) soft key. Pressing this soft 
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Figure 11-10. An enlargement of the box shown in the lower right 
of Figure 11-9. Note shat KGNV would be flashing, 
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Figure 11-11. Information shown on the nearest airport pag 
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Figure 11-12. Information shown on the auditional information 
page that will aid the pilot in making a more informed decision 
‘about which airport to choose when diverting 
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From this menu or the previous default nearest airport screen, 
the pilot is able to activate the Direct-To function, which 
provides a direct GPS course to the airport, In addition, 
the pilot can auto-tune communication frequencies by 
highlighting the appropriate frequency and then pressing, 
the enter key. The frequency is placed in the stand-by box 
of either COMI or COM2, whichever frequency has the 
cyan box around it 


Nearest Airports Using the MFD 
A second way to determine the nearest airport is by 
referencing the NRST Page Group located on the MED. This, 
method provides additional information tothe pilot; however, 
it may require additional steps to view. Figure 11-13] 


Navigating the MFD Page Groups 

Most display systems are designed for case of navigation 
through the different screens on the MFD. Notice the 
various page groups in the lower right-hand corner of the 
MED screen, Navigation through thes 
is accomplished by turning the outer FMS knob clockwise. 
[Figure 11-14] 


four page groups 


Within each page group are specific pages that provide 
additional information pertaining to that specific group. Once 
the desired page group and page is selected, the MED remains 
in that configuration until the page is changed or the CLR 
button is depressed for more than 2 seconds. Holding the CLR 
button returns the display to the default moving map page. 


Nearest Airport Page Group 

‘The nearest airport page contains specific areas of interest 
for the airport selected. /Figure 11-15] The pilot is furnished 
information regarding runways, frequencies, and types of 
approaches available. 


Nearest Airports Page Soft Keys 

Figure 11-16 illustrates four specific soft keys that allow 
the pilot to access independent windows of the airport page. 
Selection of each of these windows can also be accomplished 
by utilizing the MENU hard key 


‘The soft keys and functions are as follows: Scroll through 
each section with the cursor, then press enter to accept the 
selection, 

1, APT, Allows the user access to scroll through the 
25 nearest airports. The white arrow indicates which 
airport is selected. The INFORMATION window 
is slaved to the White arrow. The INFORMATION 
window decodes the airport identifier, Scroll through 
the 25 airports by turning the outer FMS knob. 
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Figure 11-13. The MFD is another means of viewing the nearest airports 


RNWY. Moves the cursor into the Runways section 
and allows the user to scroll through the available 
runways at a specific airport that is selected in 
conjunction with the APT soft key. A green arrow 
indicates additional runways to view. 


FREO. Moves the cursor into the Frequencies section 
and allows the pilot to highlight and auto-tune the 
frequency into the selected standby box. 


APR. Moves the cursor into the Approach section and 
allows the pilot to review approaches and load them 
into the flight plan. When the APR soft key is selected, 
an additional soft key appears. The LD APR (Load 
Approach) soft key must be pressed once the desired 
instrument approach procedure has been highlighted 
Once the soft key is pressed, the screen changes to the 
PROC Page Group. From this page the pilot is able to 
choose the desired approach, the transition, and choose 
the option to activate the approach or just load it into 
the flight plan 


Situational Awareness 


Situational awareness (SA) is not simply a mental picture of 
aircraft location; rather, itis an overall assessment of each 
element of the environment and how it affects a flight. On one 


end of the SA spectrum is a pilot who is knowledgeable of 


every aspect of the flight; consequently, this pilots d 
making is proa 


ive. With good SA, this pilotis able to make 


decisions well ahead of time and evaluate several different 
options. On the other end of the SA spectrum is a pilot who 


is missing important pieces of the puzzle: 
wher 


knew exactly 
I was when I ran out of fuel.” Consequently, this 
jon-making is reactive. With poor SA, a pilot 


Figure 11-14, Page Groups. As the FMS outer knob is rotated, the 
‘current page group is indicated by highlighting the specific group 


indicator. Notice that the MAP page group is highlighted. 
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APPENDIX A © GETTING STARTED WITH TOOL BUILDING 


Power Supply Current 


Measuring the voltage at any point in a circuit is easy. Just put a voltmeter between two points and voila 
In our previous example, we measured the VBUS power supply voltage with reference to GND, the 
ground potential of the circuit. Many voltage measurements are made with respect to ground. 

‘To measure the current flowing through a circuit, we have two options. The first option is the most 
direct route. Install an ammeter (a meter that measures amps of current) inline with the circuit you want 
to measure. This requires that you break the circuit to make room for the meter. Once installed, the 
current flowing in the circuit actually flows through the ammeter as well. 

‘The second option involves using a bit of trickery and some math. Instead of installing an ammeter 
directly inline with the current flow to be measured, we install a resistor of known resistance and 
measure the voltage that develops across the resistor. 

Since we know that the values of volts, ohms, and amps are always related in any circuit, we can use 
‘Ohm's Law to determine how much current is flowing through a circuit by measuring the voltage across 
aknown resistance. 

‘To make things very easy, let's use a 10 resistor in series with the power supply, inserted in the 
circuit between where the positive lead of the power supply arrives at the circuit and where it is 
connected to the rest of the circuitry 

Unlike our previous use of Ohm's Law to calculate the missing value based on two known values, we 
only use one known value (the value of the resistor, called a shunt resistor when used in this manner), 
‘This one known value (resistance) then establishes the relationship between the two other values, 
voltage and current. As the current increases in the circuit, so does the voltage across the resistor. The 
two values will mirror each other—as one increases or decreases, the other will follow. 

Since we used a 10 resistor in the circuit, this sets the relationship between current through the 
{rcuit and voltage across the resistor ata 1:1 ratio. For every ampere of current through the circuit, for 
example, 1V will be measured across the resistor. 

‘Our power supply is only supposed to be able to deliver 0.5A of current, maximum, so welll be 
dealing with voltages of less than 0.5V, unless something terribly unexpected happens. 

Again, we could permanently attach a multimeter across the leads of a 10 resistor inserted into the 
circuit, or we could attach a voltmeter that is sensitive enough to give accurately readable information in 
the range we need. The 0-30VDC meter used before is much too large in range to do us any good here. 
‘We might see a tiny wiggle in the needle, but that's all. 

Instead, we'll use a different kind of meter entirely. A digital voltmeter contains its own dedicated 
measurement circuitry and a numeric display to indicate the voltage reading. It also requires its own 
separate power supply. See Figure A-12. 
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Figure 11-18, The page group of nearest airports has been selected. 


lacks a vision of future 
quickly, often with limited options. 


ents and is forced to make decisions 


During a typical IFR flight, a pilot operates at varying levels 
of SA. For example, a pilot may be cruising to his or her 
destination with a high level of SA when ATC issues an 
unexpected standard terminal arrival route (STAR). Since the 
pilot was not expecting the STAR and is not familiar with it, 
SA is lowered. However, after becoming familiar with the 
TAR and resuming normal navigation, the pilot returns to 
a higher level of SA. 


Factors that reduce SA include: 
unexpected events, complacency, high workload, unfamiliar 
situations, and inoperative equipment. In some situations, a 
loss of SA may be beyond a pilot’s control. For example, a 
pneumatic system failure and associated loss of the attitude 
and heading indicators could cause a pilot to find his or her 
aircraft in an unusual attitude. In this situation, established 
procedures must be used to regain SA. 


distractions, unusual or 


Pilots should be alert to a loss of SA anytime they are ina 


reactive mindset. To regain SA, reassess the situation and 


seek additional information from other sources, such as the 
navigation instruments or ATC. 
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Traffic Avoidance 
Electronic flight displays have the capability of displaying 
transponder-equipped aircraft on the MFD as well as the 
inset map on the PFD. Howe\ 

stems, not all traffic is displayed. Some TIS units display 
only eight intruding targets within the service volume. The 
normal service volume has altitude limitations of 3,500 feet 


due to the limitations of the 


below the aircraft to 3,500 feet above the aircraft. The lateral 
limitation is 7 NM. [Figure 11-17/ Pilots unfamiliar with the 
limitations of the system may rely on the aural warnings to 
alert them to approaching traffic. 


In addition to an outside visual scan of traffic, a pilot should 
incorporate any Tiaffic Information electronically displayed 
such as TIS. This innovation in traffic alerting reinforces and 
adds synergy to the ability to see and avoid. However, it is 
aan aid and not a replacement for the responsibilities of the 
pilot. Systems such as TIS provide a visual representation 
of nearby traffic and displays a symbol on the moving map 
display with relative information about altitude, vertical 
trends, and direction of flight. /Figure 11-18] 


Is important to remember that most systems display only a 
specific maximum number of targets allowed. Therefore, it 


“The white arrow 
(indicates whch 
airports eoloced, 


Runway 


By requency [Bl 


Figure 11-16. The four soft keys atthe bottom of the MED are airport (A), runway (B), frequency (C), and approach (D). 


= es 
‘dabonal runways to view. 


Approach 


From this page, the lot abe to chooge the desired 
geproasrenton and choose the opton oa 
approach of ust lead linto the fight pan, 
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gets displayed are the only aireraft 
in the vicinity. The system displays only the closest aircraft 
In addition, the system does not display aircraft that are not 
equipped with transponders. The display may not show a 
aircraft; however, a Piper Cub with no transponder could be 
flying in the area. TIS coverage can be sporadic and is not 
available in some areas of the United States. Traffic advisory 
software is to be utilized only for increased situational 
awareness and not the sole means of traffic avoidance. There is 
no substitute for a good visual scan of the Surrounding sky, 


— 


Surrounding the Aircraft for Coverage 


110.60 : 123.800 118,000) cae 


rrowern 10.0 


Figure 11-18. A Tpical Display on Aircraft MED When Using TIS. 
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Appendix A 


Clearance Shorthand 


The following shorthand system is recommended by the 
Federal Aviation Administration (FAA). Applicants for the 
instrument rating may use any shorthand system, in any 
language, which ensures accurate compliance with air traffic 
control (ATC) instructions. No shorthand system is required 
by regulation and no knowledge of shorthand is required for 
the FAA Knowledge Test; however, because of the vital need 
for reliable communication between the pilot and controller, 
Clearance information should be unmistakably clear. 


The following symbols and contractions represent words 
and phrases frequently used in clearances. Most are used 
regularly by ATC personnel. By practicing this shorthand, 
omitting the parenthetical words, you will be able to copy 
Jong clearances as fast as they are read, 


Example: CAF M+ RH RV VI8 140 SO 0700 DPC 120.4 
Cleared as filed, maintain runway heading for radar vector 
to Victor 18, climb to 4,000, squawk 0700, departure control 
frequency is 120.4. 


Words and Phrases Shorthand 
Above. ABV 
Above (Altitude, Hundreds of Feet 0 
Adjust speed to 250 knots. 250 K 
Advise ADZ 
Alter (Passing) < 
Ainway (Designation) v26 
Airport A 
Alternate Instructions, O 
Altitude 6,000-17,000 160-170 
And. & 
Approach. AP 
Approach Control APC 
‘Area Navigation RNAV 
Arriving 4 
AL @ 
Ator Above. 

At or Below T 
(ATC) Advises cA 
(ATC) Clears or Cleared c 
(ATC) Requests CR 


Back Course. 
Bearing, 

Before (Reaching, Passing) 

Below 

Below (Altitude, Hundreds of Feet) 
Center 

Clearance Void if Not Off By (Time) 
Cleared as Filed, 

Cleared to Airport 


Cleared to ClimbDescend at Pilot's Discretion 


Cleared to Cross. 
Cleared to Depart From the Fix 
Cleared to the Fix. 
Cleared to Hold and Instructions Issued 
Cleared to Land, 
Cleared to the Outer Marker 
Climb to (Altitude, Hundreds of Feet) 
Contact Approach 
Contact (Denver) Approach Control 
Contact (Denver) Center 
Course 
Cross 
Cnui 
Delay Indefinite 
Depart (Direction, if Specified) 
Departure Control 
Descend To (Altitude, Hundreds of Feet) 
Direct. 
Direction (Bound) 

Eastbound, 

‘Westbound 

Northbound. 

Southbound, 

Inbound 

Outbound. 
DME Fix (Mile) 
Each, 
Enter Control Area 


imated Time of Arrival 
Expect 
Expect-Further-Clearance 


Fan Marker. FM 
Final F 
Final Approach. FA 
Flight Level FL 
Flight Planned Route. FPR 
For Further Clearance FFC 
For Further Headings FFH 
From FM 
Ground GND 
GPS Approach GPS 
Heading. HDG 
Hold (Direction). HW 
Holding Pattern =) 
ILS Approach Ls 
Increase Speed 30 Knots, 330K 
Initial Approach I 
Instrument Departure Procedure DP 
Intersection XN 
Join or Intercept Airway/Jet Route/Track or Course... 
Left Turn After Takeoff. ») 
Locator Outer Marker LOM 
M 

Me 

Maintain VER Conditions On Top. VER, 


Middle Compass Locator. 
Middle Marker 

Missed Approach 

Nondirectional Beacon Approach: 
ut of (Leave) Control Area 
Outer Marker. 

Over (Station), 

On Course 

Precision Approach Radar 
Procedure Turn 

Radar Vector. 

Radial (080° Radial) O80R 
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Reduce Speed 20 Knots 
Remain This Frequency 
Remain Well to Left Side. 
Remain Well to Right Side. 
Report Crossing, 
Report Departing 
Report Leaving, 
Report on Course 
Report Over. 
Report Passing. 
Report Reaching, 
Report Starting Procedure Turn. 
Reverse Course 
Right Tum After Takeoff. 
Runway Heading 
Runway (Number), 
Squawk. 
tandby 
Straight-in Approach. 
Surveillance Radar Approach 
‘Takeoff (Direction). 
‘Tower. 
‘Tarn Left 
‘Tarn Right 
Until 
Until Advised (By). 
Until Further Advised 
VER Conditions On Top 
Via 


VOR Approach 
VORTAC. 
While in Control Area. 
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Instrument Training Lesson Guide 


Introduction 
Fl 
Ie 


{ht instructors may use this guide in the development of 
‘on plans. The lessons are arranged in a logical learning 
sequence and use the building-block technique. Each lesson 
includes ground training appropriate to the flight portion of 
the lesson, Itis vitally important that the flight instructor brief 
the student on the objective of the lesson and how it will be 
accomplished. Debriefing the student’s performance is also 
necessary to motivate further progress. To ensure steady 
progress, student pilots should master the objective of each 
lesson before advancing to the next lesson. Lessons should 
be arranged to take advantage of each student’s knowledge 
and skills 


Flight instructors must monitor progress closely during 
training to guide student pilots in how to properly divide 
their attention. The importance of this division of attention 
or“cross-check” cannot be overemphasized. Cross-check and 
proper instrument interpretation are essential components 
of “attitude instrument flying” that enables student pilots to 
accurately visualize the aircraft’s attitude at all times. 


When possible, each lesson should incorporate radio 

communications, basic navigation, and emergency procedures, 

so the student pilot is exposed to the entire IFR experience 

with each flight. Cross-reference the Instrument ‘Training 

Lesson Guide with this handbook and the Instrument 
standards for a comprehensive i 

rating training program. 


Practical Test 


trument 


Lesson 1—Ground and flight evaluation 
of student’s knowledge and performance 


Aircraft systems 
Aircraft performance 

Preflight planning 

Use of checklists 

Basic flight maneuvers 

Radio communications procedures 
Navigation systems, 


Lesson 2—Preflight preparation and 
flight by reference to instruments 
Ground Training 

Instrument system preflight procedures 

Altitude instrument flying 

Fundamental instrument skills 

Instrument eross-check techniques 


Flight Training 
Aircraft and instrument preflight inspection 
Use of checklists 

Fundamental instrument skills 

Basic flight maneuvers 

Instrument approach (demonstrated) 
Postflight procedures 


Lesson 3—Fligh 
factors 

Ground Training 
Human factors 

Flight instruments and systems 
Aircraft systems 

Navigation instruments and systems 


Flight Training 
Aircraft and instrument preflight inspection 
Radio communications, 

Checklist procedures 

Altitude instrument flying 

Fundamental instrument skills 

Basic flight maneuvers 

Spatial disorientation demonstration 
Navigation systems, 

Postflight procedures 


Lesson 4—Attitude instrument flying 
Ground Training 
Human factors 

Flight instruments and. 


struments and human 
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Aircraft systems 
Navigation instruments and systems 
Attitude instrament flying 
Fundamental instrument skills 

Basic flight maneuvers 


Flight Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications 

Attitude instrument flying, 

Fundamental instrument skills 

Basic flight maneuvers, 

Spatial disorientation 

Navigation 

Postflight procedures 


Lesson 5—Aerodynamic factors and 
basic flight maneuvers 

Ground Training 

Basic aerodynamic factors 

Basic instrument flight patterns 

Emergency procedures 


Flight Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications, 

Basic instrument flight patterns 
Emergency procedures 

Navigation 

Postflight procedures 


Lesson 6—Partial panel operations 
Ground Training 

ATC system 

Flight instruments 

Partial panel operations 


Flight Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications, 

Basic instrument flight pattems 
Emergency procedures 

Partial panel practice 

Navigation 

Postflight procedures 


Be 


Lesson 7—Recovery from unusual 
attitudes 

Ground Training 

Attitude instrument flying 

ATC system 

NAS overview 


Flight Training 
Preflight 

Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications, 

Instrument takeoff 

Navigation 

Partial panel practice 

Recovery from unusual attitudes 

Posttlight procedures 


Lesson 8—Navigation systems 
Ground Training 

ATC clearances 

Departure procedures 

IFR en route charts 


Flight Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications, 

Intercepting and tracking 

Holding 

Postflight procedures 


Lesson 9—Review and practice 
Ground Training 

Aerodynamic factors 

Flight instruments and systems 

Altitude instrument flying 

Navigation systems 

NAS 

ATC 

Emergency procedures 


Flight Training 
Aircraft and instrument preflight inspection 

Checklist procedures 

Radio communications 

Review and practice as determined by the flight instructor 


Instrument takeoff 
Radio communications, 
Navigation systems, 
Emergency procedures 
Postflight procedures 


Lessons 10 through 12—Orientation, 
intercepting, tracking, and holding using 
each navigation system installed in the 
aircraft 

Ground Training 

Preflight planning 

Navigation systems 

NAS 

ATC 

Emergencies 


Flight Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications, 

Departure procedures 

En route navigation 

‘Terminal operations 

Partial panel operation 

Instrument approach 

Missed approach 

Approach to a landing 

Postflight procedures 


Lessons 20 and 21—Cross-country 
flights 

Ground Training 

Preflight planning 

Aircraft performance 

Navigation systems 

NAS 

ATC 

Emergencies 


Flight Training 
Emergency procedures 

Partial panel operation 

Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications, 

Departure procedu 
En route navigation 
‘Terminal operations 


s 


Instrument approach 
Missed approach 
Approach to a landing 
Postflight procedures 


Lessons 22 and 23—Review and practice 
Ground Training 

Human factors 

Aerodynamic factors 

Flight instruments and systems 
Attitude instrument flying 
Basic flight maneuvers 
Navigation systems, 

NAS 

ATC 

Emergency operations 


Flight Training 
Aircraft and instrument preflight inspection 

Checklist procedures 

Radio communications 

Review and practice as determined by the flight instructor 
Instrument takeoff 
Partial panel operatio 
Unusual attitude recoveries 


Radio communications, 
Navigation systems 
Emergency procedures 
Postflight procedures 


Lessons 24 and subsequent—Practical 
test preparation 

Ground Training 

Title 14 of the Code of Federal Regulations (14 CFR) parts 
61, 71, 91, 95, and 97 

Instrument Flying Handbook 

Practical test standards 

Administrative requirements 

Equipment requirements 

Applicant's requirements 


Flight Training 
Review and practice until the student can consistently 
perform all required tasks in accordance with the appropriate 
practical test standards, 


NOTE; Its the recommending instructor's responsibility to 
ensure that the applicant meets 14 CFR part 61 requirements, 
and is prepared for the practical test, including: training, 
knowledge, experience, and the appropriate instructor 
endorsements. 
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Glossary 


Absolute accuracy. The ability to determine present position, 
in space independently, and is most often used by pilots. 


Absolute altitude, The actual distance between an aircraft 
and the terrain over which itis flying, 


Absolute pressure, Pressure measured from the reference 
of zero pressure, or a vacuum. 


AG. Alternating current 
Acceleration error. A magnetic compass error apparent when 
the aircraft accelerates while flying on an easterly or westerly 
heading, causing the compass card to rotate toward North. 
Accelerometer. A part of an inertial navigation system 
(INS) that accurately measures the force of acceleration in 
one direction, 


ADE Sce automatic direction finder. 


ADL See attitude director indicator. 


ee aeronautical decision-making. 


ADS-B. 


.¢ automatic dependent surveillance-broadcast. 


Adverse yaw. A flight condition at the beginning of a turn in 
which the nose of the aircraft starts to move in the dir 
opposite the direction the turn is being made, caused by the 
induced drag produced by the downward-deflected aileron 
holding back the wing as it begins to rise 


Aeronautical decision-making (ADM). A systematic 
approach to the mental process used by pilots to consistently. 
determine the best course of action in response to a given 
set of circumstances 


AJED. See Airport/Facility Directory. 


Agonic line. An irregular imaginary line across the surface of, 
the Earth along which the magnetic and geographic poles a 
alignment, and along which there is no magnetic variation. 


Aireraft approach category. A performance grouping of 
aircraft based on a speed of 1.3 times the stall speed in the 
landing configuration at maximum gross landing weight. 


Air data computer (ADC). An aircraft computer that 
cives and proce 
temperature to calculate very precise altitude, indi 
airspeed, true airspeed, and air temperature. 


AIRMET. Inflight weather advisory issued as an amendment 
to the area forecast, concerning weather phenomena of 
operational interest to all aircraft and that is potentially 
hazardous to aircraft with limited capability due to lack of 
equipment, instrumentation, or pilot qualifications. 


Airport diagram. The section of an instrument approach 
procedure chart that shows a detailed diagram of the 
import. This diagram includes surface features and airport 
configuration information. 


Airport/Facility Directory (A/FD). An FAA publication 
containing information on all airports, communications, 
and NAVAIDs. 


Airport surface detection equipment (ASDE). Radar 
equipment specifically designed to detect all principal 
features and traffic on the surface of an ainport, presenting the 
entire image on the control tower console; used to augment 
visual observation by tower personnel of aircraft and/or 
vehicular movements on rumways and taxiways, 


Airport surveillance radar (ASR). Approach control 


radar used to detect and display an aircraft’s position in the 
terminal area, 


Gt 


APPENDIX A » GETTING STARTED WITH TOOL BULDING 


Figure A-12. A digital voltage meter is used to read the voltage across the shunt resistor installed in the 


circuit. Because the shunt resistor hasa 1.00 value, Ohm's Law dictates that the reading in millivolts on 


the digital meter correspond exactly to the number of milliamps flowing through the circuit. Math is 
useful, sometimes. 


‘The jumper wire connecting the incoming power supply directly to the power rail has been replaced 
‘with a 10 resistor, Leads from both ends of the resistor have been connected to the input terminals of 
the digital voltage meter on the right. The digital meter, unlike the analog meter on the left, requires an 
independent power supply to operate, in this case a 9V battery. 

So now we've added some features to our simple power supply, including a power-on indicator, a 
supply voltage reading, and a supply current reading. 

‘These are very useful features to have on any power supply. However, at this point in the 
prototyping stage, we've just barely covered what the added circuitry is supposed to do. Packaging all, 
this up into an easy-to-use and reliable device takes as much if not more thought and effort. 

First, you have to rebuild this entire circuit in a more permanent fashion. Next, you will have to 
‘wedge all that clever gadgetry into some sort of enclosure to protect the delicate bits while still 
permitting access to the inputs, outputs, and controls, ifany. Then you get to label everything so that 
you can remember how to use it in the future, 


Summary 


‘So now you just might be developing a certain respect for how much work goes into building even the 
simplest tools—tools that are useful, accurate, reliable, and an asset to your toolbox. Remember, every 
tool on your workbench has to earn its place there. This applies to tools you design and build yourself, as 
well. 

Good luck with your tool-building projects. Sometimes it's just as much fun to work on your tools as 
is to work with your tools. 
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Airport surveillance radar approach. An instrument 
approach in which ATC issues instructions for pilot 
compliance based on aircraft position in relation to the final 
approach course and the distance from the end of the runway 
as displayed on the controller's radar scope. 


Air route surveillance radar (ARSR). Air route traffic 
control center (ARTCC) radar used primarily to detect, 
and display an aircraft’s position whil 
terminal areas, 


en route between 


Air route traffic control center (ARTCC). Provides ATC 
service to aircraft operating on IFR flight plans within 
controlled airspace and principally during the en route phase 
of flight 


Airspeed indicator. A differential pressure gauge that 
‘measures the dynamic pressure of the air through which the 
aircraft is flying. Displays the craft's airspeed, typically in 
knots, to the pilot 


Air traffic control radar beacon system (ATCRBS). 
Sometimes called secondary surveillance radar (SSR), which 
utilizes a transponder in the aircraft. The ground equipment is, 
an interrogating unit, in which the beacon antenna is mounted, 
so it rotates with the surveillance antenna. The interrogating, 
unit transmits a coded pulse sequence that actuates the aircraft 
transponder. The transponder answers the coded sequence by 
transmitting a preselected coded sequence back to the ground. 
equipment, providing a strong return signal and positive 
aircraft identification, as well as other special data. 


based on a centerline that extends from 
tion to another navigation aid 
(or through several navigation aids or intersections); used 
to establish a known route for en route procedures between 
terminal areas. 


Airway. An airwa 
one navigation aid or inte! 


Alert area. An area in which there is a high volume of pilot 
training or an unusual type of aeronautical activity 


Almanac data, Information the global positioning system 
(GPS) receiver can obtain from one satellite which describes, 
the approximate orbital positioning of all satellites in the 
wy for the GPS 
receiver to know what satellites to look for in the sky at a 
given time. 


constel This information is nei 


ALS. 


ce approach lighting system. 


Alternate airport. An airport designated in an IFR flight 
plan, providing suitable destination if a landing at the 
intended airport becomes inadvisable. 
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Alternate static source valve. A valve inthe instrument static 
air system that supplies reference air pressure to the altimeter, 
airspeed indicator, and vertical speed indicator if the normal 
static pickup should become clogged or iced over. 


Altimeter setting, Station pressure (the barometric pressure 
atthe location the reading is taken) which has been corrected. 
for the height of the station above sea level. 


AME, See aviation medical examiner. 


Amendment status. The circulation date and revision 
number of an instrument approach procedure, printed above 
the procedure identification. 


Ammeter An instrument installed is with an electrical 
load used to measure the amount of current flowing through 


the load, 


Aneroid. The sensitive component in an altimeter or 
barometer that measures the absolute pressure of the air. 
It is a sealed, flat capsule made of thin disks of corrugated 
metal soldered together and evacuated by pumping all of 
the air out of it 


Aneroid barometer. An instrument that measures the 
absolute pressure of the atmosphere by balancing the weight 
of the air above it against the spring action of the aneroid. 


Angle of attack. The acute angle formed between the 
chord line of an airfoil and the direction of the air striking, 
the airfoil 


Anti-ice. Preventing the accumulation of ice on an aircraft 
structure via a system designed for that purpo 


Approach lighting system (ALS). Provides lights that will 
penetrate the atmosphere far enough from touchdown to give 
directional, distance, and glide path information for safe 
transition from instrument to visual flight. 


Area chart. Part of the low-altitude en route chart sei 
this chart furnishes terminal data at a larger s 


ale for 


Area navigation (RNAV). Allows a pilot to fly a selected 
course to a predetermined point without the need to overfly 
ground-based navigation facilities, by using waypoints. 


ARSR. See air route surveillance radar, 


control center. 


ASDE, Sce airport surface detection equipment. 
ASOS. See automated surface observing station. 


ASR. Si 


airport surveillance radar. 
ATC. Air Traffic Control 

ATCRBS. See air traffic control radar beacon system. 
ATIS. See automatic terminal information service. 
Atmospheric propagation delay. A bending of the 


electromagnetic (EM) wave from the satellite that creates, 
‘an error in the GPS system. 


Attitude and heading reference systems (AHS). System 
composed of three-axis sensors that provide heading, attitude, 
and yaw information for aircraft. AHRS are designed to 
replace traditional mechanical gyroscopic flight instruments, 
and provide superior reliability and accuracy. 


Attitude director indicator (ADD). An aircraft attitude 
indicator that incorporates flight command bars to provide 
pitch and roll commands. 


Attitude indicator: The foundation for all instrument flight, 
this instrument reflects the airplane's attitude in relation to 
the horizon, 


Attitude instrument flying. Controlling the 
reference to the instruments rather than by outside visual 


‘craft by 


Autokinesis. Nighttime visual illusion that a stationary light 
is moving, which becomes apparent after sevi 
staring at the light. 


seconds of 


Automated Weather Observing System (AWOS). 
Automated weather reporting system consisting of various 
sensors, a processor, a computer-generated voice subsystem, 
and a transmitter to broadcast weather data. 


Automated Surface Observing Station (ASS). Weather 
reporting system which provides surface observations every 
minute via digitized voice broadcasts and printed reports. 


Automatic dependent surveillance-broadeast (ADS-B). A 
device used in aircraft that repeatedly broadcasts a message 
that includes position (such as latitude, longitude, and 
altitude), velocity, and possibly other information. 


Automatic direction finder (ADF). Electronic navigation 
equipment that operates in the low- and medium-frequency 
bands. Used in conjunction with the ground-based 
nondirectional beacon (NDB), the instrument displays the 
number of degrees clockwise from the nose of the aircraft 
to the station being received. 


Automatic terminal information service (ATIS). The 
continuous broadcast of recorded non-control information in 
selected terminal areas. Its purpose is to improve controller 
-y congestion by automating, 
repetitive transmission of essential but routine information, 


Aviation medical examiner (AME). A physician with 
training in aviation medicine designated by the Civil 
Aerospace Medical Institute (CAM). 


AWOS. Sce automated weather observing system. 


Azimuth card, A card that may be set, gyroscopically 
controlled, or driven by a remote compass. 


Back course (BC). The reciprocal of the localizer course 
for an ILS. When flying a back-course approach, an aircraft 
approaches the instrument runway from the end at which the 
localizer antennas are installed. 


Baro-aiding. A method of augmenting the GPS integrity 
solution by using a non-satellite input source. To ensure that 
baro-aiding is available, the current altimeter setting must 
be entered as described in the operating manual. 


Barometric seale. A scale on the dial of an altimeter to which, 
the pilot sets the barometric pressure level from which the 
altitude shown by the pointers is measured 


BC. See back course. 
Block altitude. A block of altitudes assigned by ATC to 


allow altitude deviations; for example, “Maintain block 
altitude 9 to 11 thousand.” 


Cage. The black markings on the ball instrument indicating 
its neutral position 


Calibrated. The instrument indication compared with a 
standard value to determine the accuracy of the instrument. 


Calibrated orifice. A hole of specific diam 
the pressure change in the case of a vertical speed indicator. 


used todelay 
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Calibrated airspeed. The speed at which the aircraft 
is moving through the air, found by correcting IAS for 
instrument and position errors. 


CAS. Calibrated airspeed. 
DL. Course deviation indicator. 


Changeover point (COP). A point along the route or 
airway segment between two adjacent navigation facilities, 
or waypoints where changeover in navigation guidance 
should occur. 


Circling approach. A maneuver initiated by the pilot to 
align the aircraft with a runway for landing when a straight- 
in landing from an instrument approach is not possible or is, 
not desirable. 


Class A airspace. Airspace from 18,000 feet MSL up to and. 
including FL 600, including the airspace overlying the waters, 
within 12. NM of the coast of the 48 contiguous states and 
‘Alaska; and designated international airspace beyond 12NM_ 
of the coast of the 48 cont 
of domestic radio navigational signal or ATC radar coverage, 
and within which domestic procedures are applied. 


juous states and Alaska within areas 


Class B airspace. Airspace from th 
MSL surrounding the nation’s bu 
IER operations or passenger numbers. The configuration of 
each Class B airspace is individually tailored and consists, 
of a surface ar 1s, and is designed to 
contain all published instrument procedures once an aircraft 
enters the airspace. For all aircraft, an ATC clearanc 
required to operate in the area, and aircraft so cleared receive 
eparation services within the airspa 


and two or more Ia} 


Class C airspace. Airspace from the surface to 4,000 feet 
above the airport elevation (charted in MSL) surrounding, 
those airports having an operational control tower, serviced 
by radar approach control, and having a certain number of IFR 
operations or passenger numbers. Although the configuration, 
of each Class C airspace area is individually tailored, the 
airspace usually consists of a 5 NM radius core surface area 
that extends from the surface up to 4,000 feet above the airport 
elevation, and a 10 NM radius shelf area that extends from 
1,200 feet to 4,000 feet above the airport elevation 


Class D airspace. Airspace from the surface to 2,500 feet 
above the airport elevation (charted in MSL) surrounding, 
those airports that have an operational control tower. The 
configuration of each Class D airspace area is individually 
tailored, and when instrument procedures are published, the 
airspace is normally designed to contain the procedures. 
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Class E airspace. Airspace that is not Class A, Class B, Class 
C, or Class D, and is controlled airspace. 


Class G airspace. Airspace that is uncontrolled, except 
when associated with a temporary control tower, and has 
not been designated as Class A, Class B, Class C, Class D, 
or Class E airspace. 


Clean configuration. A configuration in which all flight 
control surfaces have been placed to create minimum drag. 
In most aircraft this means flaps and gear retracted. 


Clearance. ATC permission for an aircraft to proceed under 
specified traffic conditions within controlled airspace, for the 
purpose of providing separation between known aircraft 


Clearance delivery. Control tower position responsible for 
transmitting departure clearances to IFR flights. 


Clearance limit. The fix, point, or location to which an 
aircraft is cleared when issued an air traffic clearance. 


Clearance on request. An IFR clearance not yet received 
after filing a flight plan. 


Clearance void time. Used by ATC, the time at which the 
departure clearance 
not been made. The pilot must obtain a new clearance or 
cancel the IFR flight plan if not off by the specified time. 


automatically canceled if takeoff has 


Clear ice, Glossy, clear, or translucent ice formed by the 
relatively slow freezing of large, supercooled water droplets. 


Compass course, A true course corrected for variation and, 
deviation errors, 


Compass locator: A low-power, low- or medium-frequency 
(LIMB) radio beacon installed atthe site of the outer or middle 
marker of an ILS. 


Compass rose. A small circle graduated in 360° increments, 
printed on navigational charts to show the amount of 
variation at different locations, or on instruments 


Computer navigation fix. A point used to define a 
navigation track for an airborne computer 
GPS or FMS. 


tem such as 


Concentric rings. Dashed-line circles depicted in the plan 
view of LAP charts, outside of the reference circle, that show 
en route and feeder facilit 


Cone of confusion. A cone-shaped volume of airspace 
directly above a VOR station where no signal is received, 
causing the CDI to fluctuate. 


Control and performance. A method of attitude instrument 
flying in which one instrument is used for making attitude 
changes, and the other instruments are used to monitor the 
progress of the change. 


Control display unit. A display interfaced with the master 
computer, providing the pilot with a single control point 
for all navigations systems, thereby reducing the number of 
required flight deck panels. 


Controlled airspace. An airspace of defined dimensions 
within which ATC service is provided to IFR and VER flights, 
in accordance with the airsp: 
Class A, Class B, Class C, Cl 


¢ classification. It includes 
s D, and Class E airspace. 


Control pressures. The amount of physical exertion on the 
control column necessary to achieve the desired attitude. 


Convective weather. Unstable, 1 
cumiliform clouds. 


g air found in 


Convective SIGMET. Weather advisory concerning 
convective weather icant to the safety of all aircraft, 
including thunderstorms, hail, and tornadoes. 


Coordinated flight, Flight with a minimum disturbance of 
the forces maintaining equilibrium, established via effective 
control use. 


COP. See changeover point. 


Coriolis illusion. The illusion of rotation or movement in an 
ely different axis, caused by an abrupt head movement, 
in a prolonged constant rate turn that has ceased 
stimulating the brain’s motion sensing system. 


enti 


Crew resource management (CRM). The effective 
use of all available resources—human, hardware, and 


information. 


Critical areas, Areas where disturbances to the ILS localizer 
and glide slope courses may occur when surface vehicles or 
aircraft operate near the localizer or glide slope antennas. 


CRM. 


1¢ crew resource management, 


Cross-check. The first fundamental skill of instrument flight, 
also known as “scan,” the continuous and logical observation, 
of instruments for attitude and performance information. 


Cruise clearance. An ATC clearance issued to allow a 
pilot to conduct flight at any altitude from the minimum 
IER altitude up to and including the altitude specified in the 
clearance. Also authorizes a pilot to proceed to and make an 
approach at the destination airport. 


Current induction, An electrical current being induced into, 
or generated in, any conductor that is crossed by lines of flux. 
from any magnet. 


DA. See decision altitude, 


D.C. Direct current. 


Dark adaptation, Physical and chemical adjustments of the 
eye that make vision possible in relative darkness. 


Deceleration error. A magnetic compass error that occurs 
when the aircraft decelerates while flying on an easterly 
or westerly heading, causing the compass card to rotate 
toward South. 


Decision altitude (DA). A specitied altitude in the precision 
approach, charted in feet MSL, at which a missed approach 
must be the req 
the approach has not bet 


id visual reference to continue 
established. 


tiated. 


Decision height (DH). A specified altitude in the precision 
approach, charted in height above threshold elevation, 
at which a decision must be made either to continue the 
approach or to execute a missed approach, 


Deice. The act of removing ice accumulation from an 
aircraft structure 


Density altitude. Pressure altitude corrected for nonstandard 
temperature. Density altitude is used in computing the 
performance of an aircraft and its engines. 


Departure procedure (DP). Preplanned IFR ATC departure, 
published for pilot use, in textual and graphic format. 


Deviation. A magnetic compass error caused by local 
magnetic fields within the aircraft. Deviation erroris different 
ch heading, 


one: 


DGPS. Differential global positioning system. 


DH. 


¢ decision height. 
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Differential Global Positioning System (DGPS). A 
that improves the accuracy of Global Navigation s 
Systems (GNSS) by measuring changes in variables to 
provide satellite positioning corrections, 


Direct indication. The true and instantaneous reflection of 
aircraft pitch-and-bank attitude by the mi 
relative to the horizon bar of the attitude indicator. 


ature aircraft, 


Direct User Access Terminal System (DUATS). A system 
that provides current FAA weather and flight plan filing 
services to certified civil pilots, via personal computer, 
‘modem, or telephone access to the system. Pilots can request 
specific types of weather briefings and other pertinent data 
for planned flights. 


Distance circle. See reference circle. 
Distance measuring equipment (DME). A pulse-type 
electronic navigation system that shows the pilot, by an 
instrument-panel indication, the number of nautical miles 
between the aircraft and a ground station or waypoint. 


DME. Sce distance measuring equipment. 


DME are, A flight tra 
station or waypoint. 


+k that is a constant distance from the 


DOD. Department of Defense. 


Doghouse. A turn-and-slip indicator dial mark in the shape 
of a doghouse. 


Domestic Reduced Vertical Separation Minimum 
(DRVSM). Additional flight levels between FL 290 and FL. 
410 to provide operational, traffic, and airspace efficiency. 


Double gimbal. A type of mount used for the gyro in an 
attitude instrument. The axes of the two gimbals are at right 
angles to the spin axis of the gyro, allowing free motion in 
two planes around the gyro. 


DES 


departure procedure. 
Drag. The net aerodynamic force parallel to the relative 
wind, usually the sum of two components: induced drag 


and parasite drag. 


Drag curve. The curve created when plotting induced drag 
and parasite drag 


DUATS. 


1 direct user access terminal system. 
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Duplex. Transmitting on one frequency and receiving on a 
separate frequency 


Eddy currents. Current induced in a metal cup or dise when 
it is crossed by lines of flux from a moving magnet. 


EFAS, Sce En Route Flight Advisory Service. 


EFC. 


expect-further-clearance. 


Electronic flight display (EFD). For the purpose of 
standardization, any flight instrument display that uses 
LCD or other image-producing system (Cathode Ray Tube 
[CRT], ete.) 


Elevator illusion, The sensation of being in a climb or 
descent, caused by the kind of abrupt vertical accelerations 
that result from up- or downdrafts. 


Emergency. A distress or urgent condition, 


Emphasis error. The result of giving too much attention 
to a particular instrument during the cross-check, instead of 
relying on a combination of instruments necessary for attitude 
and performance information 


EM wave, Electromagnetic wave. 


Encoding altimeter. A special type of pressure altimeter 
used to send a signal to the air traffic controller on the ground, 
showing the pressure altitude the aircraft is flying, 


En route facilities ring. Depicted in the plan view of IAP 
charts, a circle which designates NAVAIDs, fixes, and 
intersections that are part of the en route low altitude airway 
structure 


En Route Flight Advisory Service (EFAS). An en route 
weather-only AFSS service. 


En route high-altitude charts. Aeronautical charts for en 
route instrument navigation at or above 18,000 feet MSL. 


En route low-altitude charts. Aeronautical charts for en 
route IFR navigation below 18,000 feet MSL. 


Equivalent airspeed. Airspeed equivalent to CAS in 
standard atmosphere at sea level. As the airspeed and pressure 
altitude increase, the CAS becomes higher than it should be, 
and a correction for compression must be subtracted from 
the CAS. 


Expect-further-clearance (EFC). The time a pilot can 
expect to receive clearance beyond a clearance limit, 


FAA. Federal Aviation Administration, 


FAR. S 


final approach fix. 


False horizon, Inaccurate visual information for aligning the 
aircraft, caused by various natural and geometric formations, 
that disorient the pilot from the actual horizon. 


Federal airways. Class E airspace areas that extend upward 
from 1,200 feet to, but not including, 18,000 feet MSL, unless 
otherwise specified. 


Feeder facilities. Used by ATC to direct aircraft to 
intervening fixes between the en route structure and the 
initial approach fix. 


Final approach, Part of an instrument approach 
procedure in which alignment and descent for landing are 
accomplished. 


Final approach fix (RAF). The fix from which the IFR 
approach to an airport 
the beginning of the final approach segment. An FAF is 
designated on government charts by a Maltese cross symbol 
for nonprecision approaches, and a lightning bolt symbol for 
precision approaches. 


‘executed, and which identifies 


Fixating, Staring at a single instrument, thereby interrupting, 
the eross-check process, 


FL. 


fight level 


Flight configurations. Adjusting the aireraft control surfaces, 
(including flaps and landing gear) in a manner that will 
achieve a specified attitude. 


Flight director indicator (FDI). One of the major components, 
of a flight director system, it provides steering commands that 
the pilot (or the autopilot, if coupled) follows 


Flight level (FL). A measure of altitude (in hundreds of feet) 
used by aircraft flying above 18,000 feet with the altimeter 
set at 29.92" Hg, 


Flight management system (FMS). Provides pilot and crew 
with highly accurate and automatic long-range navigation 
capability, blending available inputs from long- and short- 
range Sensors, 


Flight path. The line, course, or track along which an aircraft 
is flying or is intended to be flown. 


Flight patterns, Basic maneuvers, flown by reference to the 
instruments rather than outside visual cues, for the purpose 
of practicing basic attitude flying. The patterns simulate 
‘maneuvers encountered on instrument flights such as holding, 
patterns, procedure turns, and approaches. 


Flight strips. Paper strips containing instrument flight 
information, used by ATC when processing flight plans. 


FMS. S 


flight management system. 


Form drag. The drag created because of the shape of a 
component or the aircraft 


Fundamental skills. Pilot skills of instrument cross-check, 
instrument interpretation, and aircraft control 


Glide stope (GS). Part of the ILS that projects a radio beam. 
upward at an angle of approximately 3° from the approach 
end of an instrument runway. The glide slope provides 
vertical guidance to aircraft on the final approach course for 
the aircraft to follow when making an ILS approach along, 
the localizer path. 


Glide slope intercept altitude, The minimum altitude of an 
intermediate approach segment prescribed for a precision 
approach that ensures obstacle clearance. 


Global landing system (GLS). An instrument approach with, 
lateral and vertical guidance with integrity limits (similar to 
barometric vertical navigation (BRO VNAV). 


Global navigation satellite systems (GNSS). Satellite 
navigation systems that provide autonomous geo-spatial 
positioning with global coverage. It allows small electronic 
receivers to determine their location (longitude, latitude, and, 
altitude) to within a few meters using time signals transmitted. 
along a line of sight by radio from satellites, 


GNSS. Sce global navigation satellite systems. 


Global positioning system (GPS). Navigation system 
that uses satellite rather than ground-based transmitters for 
location information 
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Goniometer. As used in radio frequency (RF) antenna 
systems, a direction-sensing device consisting of two fixed 
loops of wire oriented 90° from each other, which separately 
sense received signal strength and send those signals to two 
rotors (also oriented 90°) in the sealed direction-indicating 
instrument. The rotors are attached to the direction-indicating, 
needle of the instrument and rotated by a small motor until 
minimum magnetic field is 


snsed near the rotors. 


GPS. See global positioning system. 


GPS Approach Overlay Program, An authorization for 
pilots to use GPS avionics under IFR for flying designated 
existing nonprecision instrument approach procedures, with 
the exception of LOC, LDA, and SDF procedures. 


Graveyard spiral. The illusion of the cessation of a tur 
while still in a prolonged, coordinated, constant rate turn, 
which can lead a disoriented pilot to a loss of control of the 


aireraft 


Great cirele route. The shortest distance across the surface 
of a sphere (the Earth) between two points on the surface. 


Ground proximity warning system (GPWS). A system 
designed to determine an aircraft's clearance above the Earth 
and provides limited predictability about aircraft position 
relative to rising terrain, 


Groundspeed. Speed over the ground, either closing speed to 
the station or waypoint, or speed over the ground in whatever 
direction the aircraft is going at the moment, depending upon 
the navigation system used, 


Gs.s 


glide slope 


WPS, See ground proximity warning system 
HAA. See height above airport. 
HAL. Sce height above landing, 


HAT. S 


height above touchdown elevation, 


Hazardous attitudes. Five aeronautical decision-making, 
attitudes that may contribute to poor pilot judgment: 
antiauthority, impulsivity, invulnerability, machismo, and. 
resignation 


Hazardous Inflight Weather Advisory Service (HIWAS). 
Service providing recorded weather forecasts broadcast 10 
airborne pilots over selected VORs. 


G8 


Head-up display (HUD). A special type of flight viewing 
screen that allows the pilot to watch the flight instruments, 
and other data while looking through the windshield of the 
aircraft for other traffic, the approach lights, or the runway. 


Height above airport (HAA). The height of the MDA above 
the published airport elevation. 


Height above landing (HAL). The height above a designated 
helicopter landing area used for helicopter instrument 
approach procedures. 


Height above touchdown elevation (HAT). The DA/DH or 
MDA above the highest runway elev: 
zone (first 3,000 feet of the runway). 


mn in the touchdown 


HE High frequency. 


Hg. Abbreviation for mercury, from the Latin 
hhydrargyrum. 


HIWAS. S: 
Service. 


Hazardous Inflight Weather Advisory 


Holding. A predetermined maneuver that keeps aircraft 
within a specified airspace while awaiting further clearance 
from ATC. 


Holding pattern, A racetrack pattern, involving two tums 
and two legs, used to keep an aircraft within a prescribed 
airspace with respect to a geographic fix. A standard pattern 
uses right turns; nonstandard patterns use left turns. 


Homing. Flying the aircraft on any heading required to keep 
the needle pointing to the 0° relative bearing position, 


Horizontal situation indicator (HSI). A flight navigation 
instrument that combines the heading indicator with a CDI, 
in order to provide the pilot with better situational awareness 
of location with respect to the courseline. 


HSI. 


See horizontal situation indicator. 
HUD. See head-up display. 


Human factors. A multidisciplinary field encompassing the 
behavioral and social sciences, engineering, and physiology, 
to consider the variables that influence individual and 
crew performance for the purpose of optimizing human 
performance and reducing errors. 


Hypoxia, A state of oxygen deficiency in the body sufficient 
to impair functions of the brain and other organs. 


TAR S 


intial approach fix. 


TAR S 


.¢ instrument approach procedures. 


IAS. 


indicated airspe 


ICAO, See International 


ivil Aviation Organization. 
Ident. Air Traffic Control request for a pilot to push 
the button on the transponder to identify return on the 


controller's scope. 


IER. S 


strument flight rules, 


ILs. 


instrument landing system. 


ILS categories. Categories of instrument approach 
procedures allowed at airports equipped with the following, 
types of instrument landing systems: 
ILS Category I: Provides for approach to a height 
above touchdown of not less than 200 feet, and with 
runway visual range of not less than 1,800 feet. 


ILS Category II: Provides for approach to a height 
above touchdown of not less than 100 feet and with 
al range of not less than 1,200 feet. 

ILS Category IIIA: for approach without 
a decision height minimum and with runway visual 
range of not less than 700 feet. 


Provi 


ILS Category IIIB: Provides for approach without 
a decision height minimum and with runway visual 
range of not less than 150 feet. 


ILS Category IIIC: Provides for approach without a 
decision height minimum and without runway visual 
range minimum. 


IMC. 


instrument meteorological conditions. 


Indicated airspeed (IAS). Shown on the dial of the 
instrument airspeed indicator on an aircraft. Directly related 
to calibrated airspeed (CAS), IAS includes instrument errors, 
and position error. 


Indirect indication. A reflection of aircraft pitch-and-bank 
attitude by the instruments other than the attitude indicator. 


Induced drag. Drag caused by the same factors that produce 
lift; its amount varies inversely with airspeed. As airspeed 


decreases, the angle of attack must increase, in turn increasing 
induced drag. 


Induction icing. A type of ice in the induction system that 
reduces the amount of air available for combustion. The most 
commonly found induction icing is carburetor icing. 


Inertial navigation system (INS). A computer-based 
navigation system that tracks the movement of an aircraft 
via signals produced by onboard accelerometers. The initial 
location of the aircraft is entered into the computer, and all, 
subsequent movement of the aircraft is sensed and used to 
keep the position updated. An INS does not require any inputs, 
from outside signals. 


Initial approach fix (IAF). The fix depi 
where the instrument approach procedure (IAP) begins unless 
otherwise authorized by ATC. 


Inoperative components. Higher minimums are prescribed 
when the specified visual aids are not functioning; this, 
ed in the Inoperative Components Table found 
in the United States Terminal Procedures Publications. 


information is lis 


INS. See inertial navigation system. 


Instantaneous vertical speed indicator (VSI). Assists in 
interpretation by instantaneously indicating the rate of climb 
or descent ata given moment with little or no lag as displayed 
in a vertical speed indicator (VSI) 


Instrument approach procedures (IAP). A series of 
predetermined maneuvers for the orderly transfer of an 
aircraft under IER from the beginning of the initial approach 
to a landing or to a point from which a landing may be 
made visually. 


Instrument flight rules (IFR). Rules and regulations 
established by the Federal Aviation Administration to govern 
flight under conditions in which flight by outside visual 
reference is not safe. IFR flight depends upon flying by 
reference to instruments in the flight deck, and navigation i 
accomplished by reference to electronic signals. 


Instrument landing system (ILS). An electroni 
that provides both horizontal and vertical guidance to a 
specific runway, used to execute a precision instrument 
approach procedure. 


tem 


Instrument meteorological conditions (IMC). 
Meteorological conditions expressed in terms of visibility, 
distance from clouds, and ceiling less than the minimums 
specified for visual meteorological conditions, requiring 
operations to be conducted under IFR. 


Go 


Instrument takeoff. Using the instruments rather than 
outside visual cues to maintain runway heading and execute 
a safe takeoff. 


Interference drag. Drag generated by the collision of 
airstreams creating eddy currents, turbulen 
to smooth flow. 


orrestrictions 


International Civil Aviation Organization (ICAO). The 
United Nations agency for developing the principles and 
techniques of intemational air navigation, and fostering planning, 
and development of international civil air transport. 


International standard atmosphere (IAS). A model of 
standard variation of pressure and temperature. 


Inversion illusion, The feeling that the aircraft is tumbling 
backwards, caused by an abrupt change from climb to straight- 
nd-level flight while in situations lacking visual reference. 


Inverter. A solid-state electronic device that converts D.C. 
into A.C. current of the proper voltage and frequency 10 
operate A.C. gyro instruments. 


Isogonic lines. Lines drawn across aeronautical charts to 


connect points having the same magnetic variation, 


IVSL S 


instantaneous vertical speed indicator. 


Jet route. A route designated to serve flight operations from 
18,000 feet MSL up to and including FL 450. 


Jet stream, A high-velocity narrow stream of winds, usually 
found near the upper limit of the troposphere, which flows 
generally from west to east 


KIAS. Knots indicated airspeed. 


Kollsman window. A barometric scale window of a 
sensitive altimeter used to adjust the altitude for the 
altimeter setting, 


LAAS. 


¢ local area augmentation system. 


Lag, The delay that occurs before an instrument needle attains, 
a stable indication. 


Land as soon as possible, ATC instruction to pilot. Land 
without delay at the nearest suitable area, such as an open 
field, at which a safe approach and landing is assured. 


Land as soon as practical. ATC instruction to pilot. The 
landing site and duration of flight are at the discretion of the 
pilot. Extended flight beyond the nearest approved landing, 
area is not recommended. 


Land immediately. ATC instruction to pilot. The urgency 
of the landing is paramount. The primary consideration is, 
to ensure the survival of the occupants. Landing in trees, 
water, or other unsafe areas should be considered only as 


a last resort. 
LDA. See localizer-type directional aid 


Lead radial. The radial at which the turn from the DME are 
to the inbound course is started, 


Leans, the. A physical sensation caused by an abrupt 
correction of a banked attitude entered too slowly to 
stimulate the motion sensing system in the inner ear. The 
abrupt corre lusion of banking in the 
opposite direction, 


jon can create the 


Lift. A component of the total aerodynamic force on an air 
and acts perpendicular to the relative wind. 


Lines of flux. Invisible lines of magnetic force passing 
between the poles of a magnet. 


UME 


low or medium frequency. 


LMM. See locator middle marker. 


Load factor. The ratio of a specified load to the total weight 
of the aircraft. The specified load is expressed in terms of 
any of the following: aerodynamic forces, inertial forces, or 
ground or water reactions 


Loadmeter. A type of ammeter installed between the generator 
output and the main bus in an aircraft electrical system. 


LOC. See localizer. 


Local area augmentation system (LAS). A differential 
global positioning system (DGPS) that improves the accuracy 
of the system by determining position error from the GPS 
satellites, then transmitting the error, or corrective factors, 
to the airborne Gi 


Localizer (LOC). The portion of an ILS that gives left/right 
guidance information down the centerline of the instrument 
runway for final approach. 


Localizer-type directional aid (LDA). A NAVAID used 
for nonprecision instrument approaches with utility and 
accuracy comparable to a localizer but which is not a part 
of a complete ILS and is not aligned with the runway. Some 


Locator middle marker (LMM). Nondirectional radio 
beacon (NDB) compass locator, collocated with a middle 
marker (MM). 


Locator outer marker (LOM). NDB compass locator, 
collocated with an outer marker (OM). 


LOM. See locator outer marker. 


tronic 


Long range navigation (LORAN). An e! 
navigational system by which hyperbolic lines of position 
are determined by measuring the difference in the time of 
reception of synchronized pulse signals from two fixed 
transmitters. LORAN A operates in the 1750 to 1950 kHz 
frequency band. LORAN C and D operate in the 100 to 110 
KHz frequency band. 


LORAN, See long range navigation. 


Low or medium frequency. A frequency range between 
190-535 kHz with the medium frequency above 300 
kHz. Generally associated with nondirectional beacons 
transmitting a continuous carrier with either a 400 or 1,020 
Hz modulation. 


Lubber line. The reference line used in a magnetic compass, 
or heading indicator. 


MAA, 


jee maximum authorized altitude, 


Mach number: The ratio of the true airspeed of the aircraft 
to the speed of sound in the same atmospheric conditions, 
named in honor of Ernst Mach, late 19th century physicist 


Mach meter. The instrument that displays the ratio of the 
speed of sound to the true airspeed an aircraft is flying, 


Magnetic bearing (MB). The direction to or from a radio 
transmitting station measured relative to magnetic north. 


Magnetic heading (MH). The direction an aircraft is pointed 
with respect to magnetic north 


Mandatory altitude. An altitude depicted on an instrument 
approach chart with the altitude value both underscored and. 
overscored. Aircraft are required to maintain altitude at the 
depicted value. 


Mandatory block altitude. An altitude depicted on an 
instrument approach chart with two underscored and 
overscored altitude values between which aircraft are 
required to maintain altitude. 


MAR See missed approach point. 


Margin identification, The top and bottom areas on an 
instrument approach chart that depict information about 
the procedure, including airport location and procedure 
identification. 


cls 


Marker beacon. A low-powered transmitter that ts 
signal upward in a small, fan-shaped pattern. Used along the 
flight path when approaching an airport for landing, marker 
beacons indicate both aurally and visually when the aircraft 
is directly over the facility 


Maximum altitude. An altitude depicted on an instrument 
approach chart with overscored altitude value at which or 
below aircraft are required to maintain altitude. 


Maximum authorized altitude (MAA). A published altitude 
representing the maximum usable altitude or flight level for 
an airspace structure or route segment. 


MB. 


1e magnetic bearing. 


MCA. Si 


{ce minimum crossing altitude 


MDA. See minimum descent altitude, 


MEA. 


¢ minimum en route altitude. 


Mean sea level. The average height of the surface of the 
sea af a particular location for all stages of the tide over a 
19-year period. 

MED. See multi-function display. 


MH. 


ve magnetic heading. 


MHz, Megahertz 


Gt 


Index 


A 


Active electrical and electronic components 
batteries, 81 
diodes, 82-83 
integrated circuits, 84 
LEDs, 83 
power supplies, 81 
transformers, 82 
transistors, 83-84 
Active-participant model, 137 
American wire gauge (AWG), 26-28, 60-61 
Ammeters, 49 


Arduino 


mpatible microcomputer, 67 


AWG. See American wire gauge (AWG) 


B 


Barrier strip, 30-31 
Bipolar junction transistors (BJTS), 83, 84 
Bolts, 33 


definition, 76 
electrolytic capacitors, 77 
schematic symbols, 78 
in series and parallel, 130 
Charge status indicator, 155 
Coin cell 
electrical goodness measurement, 94 
lithium 
installed backward, 92 
LED lights up, 91-92 
Components, electric and electronic circuits 
acquiring components, 84 


new components purchase, 85 
recycle, used components, 85-86 
active components, 81 
batteries, 81 
diodes, 82-83 
integrated circuits, 84 
LEDs, 83 
power supplies, 81 
transformers, 82 
transistors, 83-84 
conductors and interconnects 
connectors, 64-68 
description, 57 
electrical schematics, 57-58 
wire and cables, 58-64 
data sheets, 86 
passive components 
‘apacitors, 76-78 
\ductors, 78-79 
resistors, 68-76 
switches, 79-80 
Computers, 35-36 
Conductors and interconnects 
connectors 
clip leads, 65 
description, 64 
solderless breadboards, 66-68 
description, 57 
electrical schematics, 57-58 
wire and cables 
conductivity, 61-62 
description, 58-59 
longer version, 60-61 
Ohm's law, 62-63 
short version, 59-60 
storing, 63-64 
testing, 63 
Connectors 
leads, 65 
description, 64 
solderless breadboards 
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Microwave landing system (MLS). A precision instrument 
approach system operating in the microwave spectrum which 
normally consists of an azimuth station, elevation station, 
and precision distance measuring equipment. 


Mileage breakdown, A fix indicating a course change 
that appears on the chart as an “x” at a break between two 
segments of a federal airway. 


Military operations area (MOA). Airspace established for 
the purpose of separating certain military training activities, 
from IER traffic. 


Military training route (MTR). Airspace of defined vertical 
and lateral dimensions established for the conduct of military 
training at airspeeds in excess of 250 knots indicated airspeed 
(KIAS), 


Minimum altitude, An altitude depicted on an instrument 
approach chart with the altitude value underscored, Aireraft are 
required to maintain altitude at or above the depicted value. 


Minimum crossing altitude (MCA). The lowest allowed 
altitude at certain fixes an aircraft must cross when proceeding, 
in the direction of a higher minimum en route altitude 
(MEA), 


Minimum descent altitude (MDA). The lowest altitude (in 
feet MSL) to which descent is authorized on final approach, 
or during circle-to-land maneuvering in execution of a 
nonprecision approach, 


Minimum en route altitude (MEA). The lowest published 
altitude between radio fixes that ensures acceptable 
navigational signal coverage and meets obstacle clearance 
requirements between those fixes. 


Minimum obstruction clearance altitude (MOCA). The 
lowest published altitude in effect between radio fixes on VOR 
Ys, off-ainway routes, or route segments, which meets 
obstacle clearance requirements for the entire route segment 
and which ensures acceptable navigational signal coverage 
only within 25 statute (22 nautical) mites of a VOR. 


Minimum reception altitude (MRA). The lowest altitude 
at which an airway intersection can be determined. 


Minimum safe altitude (MSA), The mi 
depicted on approach charts which provides at least 1,000 feet 
of obstacle clearance for emergency use within a specified 
distance from the listed navigation facility 


imum altitude 


Minimum vectoring altitude (MVA). An IFR altitude lower 
than the minimum en route altitude (MEA) that provides 
terrain and obstacle clearance. 


Minimums section. The area on an IAP chart that displays the 
lowest altitude and visibility requirements for the approach. 


Missed approach. A maneuver conducted by a pilot when an 
instrument approach cannot be completed to a landing, 


Missed approach point (MAP). A point prescribed in each 
instrument approach at which a missed approach procedure 
shall be executed if the required visual reference has not 
been established. 


Mixed ice. A mixture of clear ice and rime ice. 


MLS. 


ce microwave landing sy 
MM. Middle marker. 


MOA. S 


military operations area. 
MOCA. See minimum obstruction clearance altitude. 
Mode C. Altitude reporting transponder mode. 
MRA. See minimum reception altitude. 

MSA. See minimum safe altitude. 


MSL. s 


‘mean sea level. 


MTR. 


military training route 


Multi-function display (MFD). Small screen (CRT or LCD) 
in an aircraft that can be used to display information to the 
pilot in numerous configurable ways. Often an MED will be 
used in concert with a Primary Flight Display. 


MVA. Sce minimum vectoring altitude. 


NACG. $ 


National Aeronautical Charting Group. 


NI 


National Airspace System. 


National Airspace System (NAS). The common network of 
United States airspace—air navigation facilities, equipment 
and services, airports or landing areas; aeronautical charts, 
information and services; rules, regulations and procedures, 
technical information; and manpower and material. 


National Aeronautical Charting Group (NACG). A 
Federal agency operating under the FAA, responsible for 
publishing charts such as the terminal procedures and en 
route charts, 


National Route Program (NRP). A set of rules and 
procedures designed to increase the flexibility of user flight 
planning within published guidelines, 


National Security Area (NSA). Areas consisting of airspace of 
defined vertical and lateral dimensions established at locations, 
‘where there is a requirement for increased security and safety 
of ground facilities. Pilots are requested to voluntarily avoid 
flying through the depicted NSA. When it is necessary to 
provide a greater level of security and safety, flight in NSAs 
may be temporarily prohibited. Regulatory prohibitions are 
disseminated via NOTAMS. 


National Transportation Safety Board (NTSB). A United 
States Government independent organization responsible for 
investigations of accidents involving aviation, highways, 
waterways, pipelines, and railroads in the United States. 
NTSB is charged by congress to investigate every civil 
aviation accident in the United States 


NAVAID. Naviagtional aid 

NAV/COM. Navigation and communication radio. 

NDB. See nondirectional radio beacon. 

NM. Nautical mite. 

NOAA. National Oceanic and Atmospheric Administration, 

No-gyro approach. A radar approach that may be used in 
ase of a malfunctioning gyro-compass or directional gyro. 

«d of providing the pilot with headings to be flown, 


the controller observes the radar track and issues control 
instructions “turn right/left” or “stop turn,” as appropriate 


Nondirectional radio beacon (NDB). A ground-based radio 
transmitter that transmits radio energy in all directions. 


Nonprecision approach. A standard instrument approach 
procedure in which only horizontal guidance is provided. 


No procedure turn (NoPT). Term used with the appropriate 
course and altitude to denote that the procedure turn is not 
required. 


NoPT. See no procedure tum. 


Notice to Airmen (NOTAM). A notice filed with an aviation 
ert aircraft pilots of any hazards en route or at 
1 specific location. The authority in turn provides means of 
disseminating relevant NOTAMs to pilots. 


NRPS: 


+e National Route Program. 


NSA. See National Security Area. 


NTSB. 


1c National Transportation Safety Board. 
NWS. National Weather Service. 

Obstacle departure procedures (ODP). Obstacle clearance 
protection provided to aircraft in instrument meteorological 
conditions (IMC). 


opp. 


obstacle departure procedures. 


OM. Outer marker, 


at 


Omission error. The failure to anticipate signif 
instrument indications following attitude changes; for 
example, concentrating on pitch control while forgetting 
about heading or roll information, resulting in erratic control 
of heading and bank. 


Optical illusion. A misleading visual image. For the 
purpose of this handbook, the term refers to the brai 
misinterpretation of features on the ground associated 
with landing, which causes a pilot to misread the spatial 
relationships between the aircraft and the runway. 


Orientation, Awareness of the position of the aireraft and 
of oneself in relation to a specific reference point. 


Otolith organ, An inner ear organ that detects linear 
acceleration and gravity orientation. 


Outer marker. A marker beacon at or near the glide slope 
intercept altitude of an ILS approach. It is normally located 
four to seven miles from the runway threshold on the 
extended centerline of the runway. 


Overcontrolling. Using more movement in the control 
column than is necessary to achieve the desired pitch-and 
bank condition. 


Overpower: To use more power than required for the purpose 
of achieving a faster rate of airspeed change. 


P-statie. See precipitation static. 


PAPI. See precision approach path indicator. 


PAR. S 


precision approach radar. 


Parasite drag. Drag caused by the friction of air moving, 
over the aircraft structure; its amount varies directly with 
the airspeed. 


PED. See primary flight display. 


PIC. S 


¢ pilot-in-command. 


Pilot-in-command (PIC). The pilot responsible for the 
operation and safety of an aircraft 


Pilot report (PIREP). Report of meteorological phenomena 
encountered by aircraft. 


Pilot’s Operating Handbook/Airplane Flight Manual 
(POH/AFM). FAA-approved documents published by the 
airframe manufacturer that list the operating conditions for 
particular model of aircraft. 


PIREP. See pilot report. 
Pitot pressure. Ram air pressure used to measure airspeed, 


Pitot-static head. A combination pickup used to sample pitot 
pressure and static air pressure. 


Plan view. The overhead view of an approach procedure on 
an instrument approach chart. The plan view depicts the routes 
that guide the pilot from the en route segments to the IAF. 


POH/AEM. Sce Pilot’s Operating Handbook/Airplane 
Flight Manual 


Point-in-space approach. A type of helicopter instrument 
approach procedure to a missed approach point more than 
2,600 feet from an associated helicopter landing area. 


Position error, Error in the indication of the altimeter, ASI, 
and VSI caused by the air at the static system entrance not 
being absolutely stil. 


Position report. A report over a known location as 
transmitted by an aircraft to ATC. 


Precession. The characteristic of a gyroscope that causes an 
applied force to be felt, not at the point of application, but 
‘90° from that point in the direction of rotation. 
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Precipitation static (P-static). A form of radio interference 
caused by rain, snow, or dust particles hitting the antenna and, 
inducing a small radio-frequency voltage into it 


Precision approach, A standard instrument approach 
procedure in which both vertical and horizontal guidance 
is provided. 


Precision approach path indicator (PAPI). A system of 
ting of one row of 
in two- or four-light systems. A pilot on the correct glide slope 
will see two white lights and two red lights. See VASL 


Precision approach radar (PAR). A type of radar used 
at an airport to guide an aircraft through the final stages of 
landing, providing horizontal and vertical guidance. The 
radar operator directs the pilot to change heading or adjust 
the descent rate to keep the aircraft on a path that allows it 
to touch down at the correct spot on the runway. 


Precision runway monitor (PRM). System allows 
simultaneous, independent Instrument Flight Rules (IFR) 
ly spaced parallel runways. 


established in the major 
terminal and en route environments to increase system 
efficiency and capacity. IFR clearances are issued based on 
ted in the A/FD except when severe weather 
avoidance procedures or other factors dictate otherwise 


these routes, 


Pressure altitude. Altitude above the standard 29.92" Hg, 
plane. 


Prevailing visibility. The greatest horizontal visibility 
equaled or exceeded throughout at least half the horizon 
circle (which is not necessarily continuous). 


ide instrument 


Primary and supporting. A method of ati 
flying using the instrument that provides the most direct, 
indication of attitude and performance 


Primary flight display (PFD). A display that provides 
increased situational awareness to the pilot by replacing the 
traditional six instruments used for instrument flight with 
an easy-to-scan display that provides the horizon, airspeed, 
altitude, vertical speed, trend, trim, rate of turn among other 
key relevant indications, 


PRM. See precision runway monitor. 


Procedure turn, A maneuver prescribed when itis ne 
toreverse direction to establish an aircraft on the interme: 
approach segment or final approach course. 


Profile view. Side view of an IAP chart illustrating the vertical 
approach path altitudes, headings, distances, and fixes. 


Prohibited area. Des 
aireraft is prohibited, 


mnated airspace within which flight of 


Propeller/rotor modulation error. Certain propeller RPM 
settings or helicopter rotor speeds can cause the VOR course 
deviation indicator (CDI) to fluctuate as much as +6°. Slight 
changes to the RPM setting will normally smooth out this, 
roughness, 


Rabbit, the. High-intensity flasher 5 
large airports. The flashers 
blue-white bursts of light flashing in sequence along the 
approach lights, giving the effect of a ball of light traveling 
towards the runway, 


tem installed at many 
consist of a series of brilliant 


Radar, Radio Detection And Ranging. 


Radar approach. The controller provides vectors while 
monitoring the progress of the flight with radar, guiding 
the pilot through the descent to the airport/heliport or to a 
specific runway. 


Radials. The courses oriented from a station. 


Radio or radar altimeter. An electronic altimeter that 
determines the height of an aircraft above the terrain by 
measuring the time needed for a pulse of radio-frequency 
energy to travel from the aircraft to the ground and return, 


Radio frequency (RF). A term that re 
current (AC) having characteristics such that, if the current is, 
input to antenna, an electromagnetic (EM) field is generated 
ting and/or communications. 


to alternating 


Radio magnetic indicator (RMI). An electronic navigation 
instrument that combines a magnetic compass card with two 
bearing pointers (typically). Generally, one pointer is for the 
ADF while the other is for an RNAV or VOR navigation 
are typically different colors and of 
s tion, Sometimes 
function switch is provided to allow the #2 pointer to be 
slaved to either a VOR or RNAV system. The card of the 
RMI acts as a gyro-stabilized magnetic compass (usually 
corrected for north via a flux valve) and shows the magnetic 
heading the aircraft is flying. 


Radio wave. An clectromagnetic wave (EM wave) with 
frequency characteristics useful for radio transmission. 


RAIM. 


receiver autonomous integrity monitoring. 


Random RNAV routes. Direct routes, based on area 

avigation capability, between waypoints defined in terms 
of latitude/longitude coordinates, degree 
offsets from established routes/airway at a specified distance 
and direction, 


listance fixes, or 


Ranging signals. Transmitted from the GPS satellite, these 
allow the aircraft's receiver to determine range (distance) 
from each satellite 


RB. 
RBL. 


relative bearing. 
ce relative bearing indicator. 


RCO. 


remote communications outlet 
Receiver autonomous integrity monitoring (RAIM). 
A system used to verify the usability of the received GPS 
signals and warns the pilot of any malfunction in the 
navigation system. This system is required for IFR-certified 
GPS unit 


Recommended altitude. An altitude depicted on an 
instrument approach chart with the altitude value neither 
underscored nor overscored. The depicted value is an 
advisory value. 


Receiver-transmitter (RT). A system that permits selection 
of a unique channel or frequency whereupon a signal (typically 


communication) can be transmitted and rect 


Reduced vertical separation minimum (RVSM). Reduces 
the vertical separation between flight level (FL) 290-410 
from 2,000 feet to 1,000 feet and makes six additional FLs 
available for operation. Also see DRVSM. 


Reference circle (also, distance cirele). The circle depicted 
in the plan view of an LAP chart that typically has a 10 NM 
radius, within which chart the elements are drawn to scale, 


Regions of command. The “regions of normal and reversed. 
command” refers to the relationship between speed and the 
power required to maintain or change that speed in flight. 


REIL. 


‘ee runway end identifier lights. 


Relative bearing (RB). The angular difference between the 
aircraft heading and the 
clockwise from the nose of the aircraft. 


fection to the station, measured 


Relative bearing indicator (RBI). Also known asthe fixed- 
card ADF, zero is always indicated atthe top of the instrument 
and the needle indicates the relative bearing to the station. 


Relative wind. Direction of the airflow produced by an object, 
moving through the air. The relative wind for an airplane in 
flight flows in a direction parallel with and opposite to the 
direction of flight; therefore, the actual flight path of the 
ainplane determines the direction of the relative wind 


Remote communications outlet (RCO). An unmanned 
communications facility that is remotely controlled by air 
traffic personnel 


Required navigation performance (RNP). A specified level, 
of accuracy defined by a lateral area of confined airspace in 
which an RNP-certified aircraft operates 


Restricted area. Airspace designated under 14 CFR part 
73 within which the flight of aircraft, while not wholly 


prohibited, is subject to restriction. 


Reverse sensing. The VOR needle appearing to indicate the 
reverse of normal operation. 


RE Radio frequency. 


Rhodopsin. The photosensitive pi 
visual response in the rods of the eye 


gments that initiate the 


Rigidity. The characteristic of a gyroscope that prevents its, 
axis of rotation tilting as the Earth rotates, 


Rime ice, Rough, milky, opaque ice formed by the 
instantaneous freezing of small supercooled water droplets. 


Risk. The future impact of a hazard that is not eliminated 
or controlled. 


RML. See radio magnetic indicator. 


RNA\ 


area navigation. 


RNI 


requis 


-d navigation performance. 


Runway end identifier lights (REIL). A pair of synchronized 
flashing lights, located laterally on each side of the runway 
threshold, providing rapid and positive identification of the 
approach end of a runway. 


Runway visibility value (RVV). The 
for a particular runway by a transmissometer. 


bility determined 


Runway visual range (RVR). The 
horizontal distance a pilot should be 
rumway from the approach end, based on either the sighting, 
of high-intensity runway lights, or the visual contrast of 
other objects. 


\strumentally derived 
ble to see down the 


RVR. 


See runway visual range. 


runway visibility value, 


selective availabil 


St. Elmo’s Fire. A corona discharge which lights up the aircraft 
surface areas where maximum static discharge occurs. 


Satellite ephemeris data. Data broadcast by the GPS 
satellite containing very accurate orbital data for that 
satellite, atmospheric propagation data, and satellite clock 
error data 


Scan, The first fundamental skill of instrument flight, also 
knownas “cross-check;” the continuous and logical observation 
of instruments for attitude and performance information. 


SDE 


simplified directional facility 


Selective availability (SA). A satellite technology permitting, 
the Department of Defense (DOD) to creat 
of national security, a significant clock and ephemeris error 
in the satellites, resulting in a navigation error. 


in the interest 


Semicircular canal. An inner ear organ that detects angular 
acceleration of the body. 


Sensitive altimeter. A form of multipointer pneumatic 
altimeter with an adjustable barometric scale that allows the 
reference pressure to be set to any desired level 


SIDS. See standard instrument departure procedures. 
SIGMET. The acronym for Significant Meteorological 


information. A weather advisory issued concerning weather 
significant to the safety of all aircraft, 


Signal-to-noise ratio. An indication of signal strength 
received compared to background noise, which is a measure 
of how adequate the received signal 


Simplex. Transmission and reception on the same 
frequency. 


Simplified directional facility (SDF). A NAVAID used 
for nonprecision instrument approaches. The final approach 
course is similar to that of an ILS localizer; however, the 
SDF course may be offset from the runway, generally not 
‘more than 3°, and the course may be wider 
resulting in a lower degree of accuracy. 


Single-pilot resource management (SRM). The abil 
crew or pilot to manage all resources effectively to ensure 
the outcome of the flight is successful 


Situational awareness. Pilot knowledge of where the aircraft 
regard to location, ar traffic control, weather, regulations, 
aircraft status, and other factors that may affect flight, 


Skidding turn, An uncoordinated turn in which the rate of 
tum is too great for the angle of bank, pulling the aircraft to 
the outside of the turn. 


Skin friction drag. Drag generated between air molecules, 
and the solid surface of the aircraft 


ince from the aircraft antenna 
ght transmission of the 


Slant range. The horizontal dis 
to the ground station, due to line-of 
DME signal. 


Slaved compass. A system whereby the heading gyro is, 

‘slaved to,” or continuously corrected to bring its direction 
readings into agreement with a remotely located magnetic 
direction sensing device (usually this is a flux valve or flux. 
gale compass). 


Slipping turn. An uncoordinated tum in which the aircraft 
is banked too much for the rate of turn, so the horizontal lift 
component is greater than the centrifugal force, pulling the 
aircraft toward the inside of the turn, 


Small airplane. An airplane of 12,500 pounds or less 
maximum certificated takeoff weight 


Somatogravie illusion. The misperception of being 
in a nose-up or nose-down attitude, caused by a rapid 
acceleration or deceleration while in flight situations that 
lack visual reference. 


Spatial disorientation. The state of confusion due to 
misleading information being sent to the brain from various, 
ry organs, resulting in a lack of awareness of the aircraft 


position in relation to a specific reference point. 


Special use airspace. Airspace in which flight activities are 
subject to restrictions that can create limitations on the mixed. 
use of airspace. Consists of prohibited, restricted, warning, 
military operations, and alert areas. 


SRM. 


See single-pilot resource management. 


SSR. 


econdary surveillance radar. 


SSV. 


ee standard service volume. 


Standard holding pattern. A holding pattern in which all 
turns are made to the right. 


Standard instrument departure procedures (SIDS). 
Published procedures to expedite clearance delivery and to 
facilitate transition between takeoff and en route operations, 


Standard rate turn, A turn in which an aircraft changes its 
di per 
typically 2 minute or 4 minute instruments. In a 2 minute 
instrument, if the needle is one needle width either side of 
the center alignment mark, the turn is 3° per second and the 
tur takes 2 minutes to execute a 360° turn, In a 4 minute 


mm al a rate of econd. The turn indicators are 


instrument, the same turn takes two widths deflection of the 
needle to achieve 3° per second. The 4 minute turn i 
is usually found on high performance aircraft 


Standard service volume (SV). Defines the limits of the 
volume of airspace which the VOR serves. 


Standard terminal arrival route (STAR). A preplanned 
IER ATC arrival procedure published for pilot use in graphic 
andor textual form. 


STAR, See standard terminal arrival route, 


Static longitudinal stability. The aerodynamic pitching 
moments required to return the aircraft to the equilibrium 
angle of attack. 


Static pressure, Pressure of air that is still, or not moving, 
measured perpendicular to the surface of the aircraft 


Steep turns. In instrument flight, any turn greater than standard, 
rate; in visual flight, anything greater than a 45° bank. 


Stepdown fix. The point after which additional descent is 
permitted within a segment of an LAP 


in which the accelerometers 
ed with 


Strapdown system. An INS 
and gyros are permanently “strapped down” or 
the three axes of the ai 


rath 


Stress. The body’s response to demands placed upon it. 


Structural 
of the aircraft 


ing. The accumulation of ice on the exterior 


Suction relief valve. A relief valve in an i 
system required to maintain the correct low pressure inside 
the instrument case for the proper operation of the gyros. 


trument vacuum, 


Synchro. A device used to transmit indications of angular 
‘movement or position from one location to another. 


Synthetic vision. A realistic display depiction of the aircraft 
in relation to terrain and flight path 


TAA. See terminal arrival area. 


TACAN. 


tactical air navigation 


‘Tactical air navigation (TACAN). An electronic navigation 
system used by military aircraft, providing both distance and. 
direction information 


TAWS. Sce terrain awareness and warning system. 


TCAS. 


-e traffic alert colli 


jon awoidance system. 


‘TCH. See thres 


old crossing hei 


TDZE. See touchdown zone elevation. 


TEC. s 


‘Tower En Route Control, 


‘Technique. The manner in which procedures are executed. 


‘Temporary flight restriction (TFR). 
imposed in order to 


n to flight 


1. Protect persons and property in the air or on the 
surface from an existing or imminent flight associated 
hazard; 


Provide a safe environment for the operation of 
disaster relief aircraft; 


3. Prevent an unsafe cong 
above an incident; 


ion of sightseeing aircraft 


4, Protect the President, Vice President, or other public 
figures; and, 


5. Provide a safe environment for space agency 
operations, 

Pilots are expected to check appropriate NOTAMs during, 

flight planning when conducting flight in an area where a 

temporary flight restriction is in effect. 
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‘Tension, Maintaining an excessively strong grip on the control 
column, usually resulting in an overcontrolted situation, 


‘Terminal Instrument Approach Procedure (TERP). 
Prescribes standardized methods for use in des 
instrument flight procedures. 


‘Terminal arrival area (TAA). A procedure to provide a 
new transition method for arriving aircraft equipped with 
FMS and/or GPS navigational equipment. The TAA contains 
structure that normally provides a NoPT for aircraft 
using the approach. 


‘TERP, See terminal instrument approach procedure. 


‘Terrain Awareness and Warning System (TAWS). A 
timed-based system that provid 
potential hazards with fixed objects by using GPS posi 
and a database of terrain and obstructions to provide true 
predictability of the upcoming terrain and obstacl 


information con 


‘TER. See temporary flight restriction. 


‘Threshold crossing height (TCH). The theoretical height 
above the runway threshold at which the aircraft’s glide 
slope antenna would be ifthe aircraft maintains the trajectory 
established by the mean ILS glide slope or MLS glide path. 


‘Thrust (aerodynamic force). The forward aerodynamic 
force produced by a propeller, fan, or turbojet engine a 
forces a mass of air to the rear, behind the aircraft 


‘Time and speed table, A table depicted on an instrument 
approach procedure chart that identifies the distance from the 
FAF to the MAP, and provides the time required to transit 
that distance based on various groundspeeds. 


‘Timed turn, A turn in which the clock and the turn 
coordinator are used to change heading a definite number of 
degrees in a given time, 


Tis. 


¢ traffic information service. 


Title 14 of the Code of Federal Regulations (14 CFR). 
‘The federal a 
airerat, airway 


(ion regulations governing the operation of 
and airmen. 


‘Touchdown zone elevation (TDZE). The highest elevation 
in the first 3,000 feet of the landing surface, TDZE is 
indicated on the instrument approach procedure chart when 
straight-in landing minimums are authorized. 


‘Tower En Route Control (TEC). The control of IFR en route 
traffic within delegated airspace between two or more adjacent 
approach control facilities, designed to expedite traffic and 
reduce control and pilot communication requirements. 


‘TPP, See United States Terminal Procedures Publication. 


‘Tracking. Flying a heading that will maintain the desired track 
to or from the station regardless of crosswind conditions. 


Traffic Alert Collision Avoidance System (TCAS). 
An airborne system developed by the FAA that operates 
independently from the ground-based Air Traffic Control 
flight deck awareness of 


proximate aircraft and to servi 
the prevention of mid-air colli 


‘Traffic information service (TIS). A ground-based service 
providing information to the flight deck via data link using, 
the S-mode transponder and altitude encoder to improve the 
safety and efficiency of “see and avoid” flight through an 
automatic display that informs the pilot of nearby traffic. 


‘Transcribed Weather Broadcast (TWEB). Meteorological 
and aeronautical data recorded on tapes and broadcast over 
selected NAVAIDs. Generally, the broadcast contains rout 
oriented data with specially prepared NWS forecasts, inflight 
advisories, and winds aloft. It also includes selected current 
information such as weather reports (METAR/SPECD, 
NOTAMS, and special notices. 


‘Transponder. The airborne portion of the ATC radar 
beacon system. 

‘Transponder code. One of 4,096 four-digit discrete codes 
ATC assigns to distinguish between aircraft 


‘Trend. Immediate indication of the direction of aircraft 
‘movement, as shown on instruments, 


‘Trim. Adjusting the aerodynamic forces on the control 
surfaces so that the aircraft maintains the set attitude without 


any control input 


‘TWEB. See Transcribed Weather Broadcast. 


‘True airspeed. Actual airspeed, determined by applying a 
correction for pressure altitude and temperature to the CAS. 


UBE See ultra-high frequency. 


Ultra-high frequeney (UHF). The range of electromagnetic 
frequencies between 962 MHz and 1213 MHz. 


Uncaging, Unlocking the gimbals of a gyroscopic instrument, 
making it susceptible to damage by abrupt flight maneuvers, 
or rough handling, 


Underpower: Using less power than required for the purpose 
of achieving a faster rate of airspeed change. 


United States Terminal Procedures Publication (TPP). 
Booklets published in regional format by the NACO that 
include DPs, STARS, IAPS, and other information pertinent 
Co IER flight, 


Unusual attitude, An unintentional, unanticipated, or 
extreme aircraft attitude, 


User-defined waypoints. Waypoint location and other data 
which may be input by the user, thisis the only GPS database 
information that may be altered (edited) by the user. 


Variation, Compass error caused by the difference in 
the physical locations of the magnetic north pole and the 
geographic north pole. 


VASL. 


See visual approach slope indicator. 
VDP. See visual descent point. 

Vectoring. Navigational guidance by assigning headings. 
Venturi tube. A specially shaped tube attached to the outside 


of an aircraft to produce suction to allow proper operation, 
of gyro instruments, 


Vertical speed indicator (VSD). A rate-of-pressure change 
instrument that gives an indication of any deviation from a 
constant pressure level, 


Very-high frequency (VHF). A band of radio frequen: 
falling between 30 and 300 MHz. 


Very-high frequency omnidirectional range (VOR). 
Electronic navigation equipment in which the flight deck 
instrument identifies the radial or line from the VOR station, 
measured in degrees clockwise from magnetic north, along, 
which the aircraft is located. 


Vestibule. The central cavity of the bony labyrinth of the ear, 
or the parts of the membranous labyrinth that it contains. 


VER. See visual flight rules. 


VER-on-top. ATC authorization foran IFR aircraft to operate 
in VER conditions at any appropriate VER altitude. 


VER over-the-top. A VER operation in which an aircraft 
operates in VER conditions on top of an undercast. 


ys based on a centerline that extends 
ction, 


Victor airways. Airway: 


from one VOR or VORTAC navigation aid or inter 
to another navigation aid (or through several navigation aids, 
or intersections); used to establish a known route foren route 
procedures between terminal areas. 


Visual approach slope indicator (VASI). A visual aid of 
lights arranged to provide descent guidance information 
during the approach to the runway. A pilot on the correct 
glide slope will see red lights over white lights, 


Visual descent point (VDP). A defined point on the final 
approach course of a nonprecision straight-in approach 
procedure from which normal descent from the MDA to the 
runway touchdown point may be commenced, provided the 
runway environment is clearly visible to the pilot 


Visual flight rules (VFR). Flight rules adopted by the 
FAA governing aircraft flight using visual references. VFR 
operations specify the amount of ceiling and the visibility the 
pilot must have in order fo operate according to these rules. 
‘When the weather conditions are such that the pilot can not 
operate according 10 VFR, he or she must use instrument 
flight rules (IFR). 


Visual meteorological conditions (VMC). Meteorological 
conditions expressed in terms of visibility, distan 
cloud, and ceiling meeting or exceeding the minimums 
specified for VER. 


¢ from 


YMC. 


.¢ visual meteorological conditions. 


VOR. 


very-high frequency omnidirectional range. 


VORTAC. A facility consisting of two components, VOR 
and TACAN, which provides three individual services: VOR 
azimuth, TACAN azimuth, and TACAN distance (DME) at 
one site 


VOR test facility (VOT). A ground facility which emits a 


to ground use only. 


VOT. See VOR test facility 
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VSI. 


See vertical speed indicator. 


WAAS. 


See wide area augmentation system, 


Warning area, An area containing hazards to any aircraft 
not participating in the activities being conducted in the 
area. Warning areas may contain intensive military training, 
S, or special weapons testing, 


Waypoint. A designated geographical location used for route 
definition or progress-reporting purposes and is defined in 
terms of latitude/longitude coordinates. 


WCA. See wind correction angle. 


Weather and radar processor (WARP). A device that 
provides real-time, accurate, predictive and strategic weather 
information presented in an integrated manner in the National 
Airspace System (NAS). 


Weight. The force exerted by an aircraft from the pull of 
gravity. 


Wide area augmentation system (WAAS). A differential 
global positioning system (DGPS) that improves the accuracy 
of the system by determining position error from the GPS. 
satellites, then transmitting the error, or corrective factors, 
to the airborne GPS receiver. 


Wind correction angle (WCA). The angle between the 
desired track and the heading of the aircraft necessary to 


keep the aircraft tracking over the desired track. 


Work. Am 


surement of force used to produce movement. 


Zone of confusion. Volume of space above the station where 
«lack of adequate navigation signal directly above the VOR 
station causes the needle to deviate. 


Index 


A 


above ground level 
absolute accuracy. 

acceleration in cruise flight... 
acute fatigue 
additional reports 
adjust... if 
advanced technologies, 
advanced technology systems... 
adverse yaw. 11,242 
aeronautical decision-making (ADM)I-1, 1-12, 1-15, 1-17 


aeronautical information manual (AIM). 9-4, 10-2 
agonic line. 312 
air data computer (ADC) 322 
air route surveillance radar (ARSR) 7-49,.9-7 
air route traffic control center (ARTC) 7-50, 9-4, 9-7, 10-2 
air traffic control (ATC). 1-15, 9-1, 1-1 


inflight weather avoidance assistane 
radar weather displays. 
air traffic control radar beacon s 


air traffic control towers, 


aircraft approach categories 
aircraft control. 

aircraft system malfunctions. 
ainplane trim. 

ainport diagram. 

ainport information 

ainport sketch. 

ainport surface detection equipment (ASDE). 
ainport surveillance radar (ASR), 


Airport/Facility Directory (A/FD).....-1-9, 7-10, 8-6, 10-2 


airspace classification 81 
class A through G 8-2 
airspeed color codes 3-10 


indicator. 
calibrated 


equivalent. 
WUE ee 


airspeed changes 


common errors. 6-10 
airspeed indicators, 4-26, 5-29, 5-61 
‘maximum allowable airspeed 3-10 


alcohol. 
alternate airport 
alternator/generator failure 
altimeter 

amendment status. 

analog pictorial displays 
approach lighting systems (ALS. 
approach to stall 

altimeter 


errors. 
cold weather 
enhancements (encoding). 
analog instrument failure 
angle of attack 
approach azimuth guidance. 
approach control advances, 
approach control facility 
approach to airport 
without an operating control tower... 
with control tower, no approach control 
with control tower and approach control 
Approaches. 
missed. 
parallel runways 
radar. 
timed, from a holding fx 
area navigation (RNAV) 
arrival... 
atmosphere 
layers of the atmosphere 
attitude and heading reference system (AHRS 
attitude director indicator (ADI) 


Dex. 


Connectors, solderless breadboards (cont.) 
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Arduino-compatible microcomputer, 67 


description, 66 
prototype LED display, 68 
tie points, 66 
Cozy corner lab 
in series and parallel, 130, 
inductors in series and parallel, 130 
LEDs, in series and parallel, 131-133 
parallel and series circuits 
assembly instructions, 119 
batteries in, 122-123 
components, 118 
in different view, 120-121 
schematic diagram, 118 
troubleshooting, 119-120 
rehabilitation, work station, 105-106 
components, 115-116 
divide, 107-109 
lighting, 112 
power source, 110-111 
taxonomy, 106-107 
tools, 112-114 
under-desk environment, 115 
resistors 
in parallel, 129 
in series, 126 
switches 
in parallel, 124 
in series, 123, 
three-way, 125-126 


D 


Dallas Personal Robotics Group (DPRG), 17, 101~ 


102, 139 

DC voltmeter, 156-157 

Digital caliper, 46, 47 

Digital storage oscilloscope (DSO), 53-54 

Digital voltage meter, 159 

Diodes, 82-83 

Double-throw switches, 80 

DPRG. See Dallas Personal Robotics 
Group(DPRG) 

Drawing, 23 

Drills, 40-43 


DSO. See Digital storage oscilloscope (DSO) 


E,F,G 
Electrical experiment 
LED 
defective, 95, 
installed backward, 92-93 


lights up when attached to lithium coin 


cell, 91-92 
on solderless breadboard, 95-98 
parallel and series circuits, 117-118 
Electrolytic capacitors, 77 
Electronic measurement tools 
ammeters, 49 
ohmmeters, 49 
voltmeters, 47-48 
Electronics lab 
and classroom (see Lab and classroom) 


;working principles 
practical approach, 9 
theoretical approach, 7-8 
environmental impact, 14 
flashlight, 11-13, 
fundamental components, 4-5 
goals, 6 
ideas, 5-6 
of Harold Timmis, 16 
planning, 2 
portable (see Portable mini-lab) 
Robot Clubhouse, 17 
safety, 10 
space for, 3 
tools, 3-4 (see also Tools) 
Environmental impact, 14 


H 


Hackerspaces, 139 
Hand tools, 114 
computers, 35-36 
pliers and tweezers, 29-30 
screwdriver, 30-33 
screws, bolts and nuts, 33 
wire crimpers, 34-35 
wire cutters, 23-25, 29 
wire strippers, 25-29 
Harold Timmis’ lab, 16 


attitude 


indicator.....4-4, 4 

control... 

instrument flying 4-1, 4-21, 6-1 
autokinesis, 17 
automated flight service stations (AFSS) 9-4 
automated radar terminal systems (ARTS) 9-7 
automated surface observing station (ASOS) 810 
automated terminal information service (ATIS) on. 10-8 


automated weather observing station (AWOS).....-8-10 
automatic dependent surveillance-broadcast (ADS-B)3-28 


automatic direction finder (ADF) «3-16, 7-3, 10-7 
function Of nrenn senso 
operational errors. 7-8 

automatic terminal information service (ATIS). 1-15, 8-16 

automatic weather observing system (AWOS). 73 

autopilot systems. 3-24 

autorotations. 6-17 

common errors. 6-17 

azimuth card 7-4 

B 

back courses (BC) 7-39 

bank control 4-4, 4-7, 4-20, 5-6, 5-37, 6-5 

baro-aiding 7-28 

barometric vertical navigation (BARO VNAV) ......8-32 

basic aerodynamics (review of) 22 
relative wind 22 
angle of attack 22 

basic instrument flight patterns, 5-30, 5-61 


basic radio principles 
blockage considerations. 

tions of pitot tube blockage 
indications from static port blockage 
effects of flight conditions. 


c 

calibrated. 5:2, 6-14 
calibrated ori 
center approach/departure control, 9-7 


certified checkpoints 7-16 
changeover points (COPS) 8-10 
changing technology 6-18 


charted IFR altitudes 8-6 


chronic fatigue 113 
circling approaches, 10-20 
circling approach pattern. 5-32 


class D airspace... 
clean configuration, 
clear ice... 


soe SLL 
2-13, 10-24 


clearances, 

separations 
clearance delivery 
clearance on request 
clearance void time 
climbing 

while accelerating, 

while turning ... 
climbs. 


common errors 
fixation 
omission 
emphasis. 
communication equipment. 
communication facilities, 
communication procedures 
communication/navigation system malfunction 


compass 
course 3.13 
locator. 7-28, 7-40 
turns 

compass rose 3-12, 5-25 

computer navigation fix 8-10 

concentric rings 8-18 

conducting an IFR flight 10-27 


constant airspeed climb 
from cruise airspeed 
from established airspeed... 
constant rate climbs. 


control 
character 
and performance 
instruments 
sequence : 
control display unit (CDU) 
control pressures 
coordinated 


ties. 


coordination of rudder and aileron controls. 
coriolis illusion, 

course interception 

course reversal elements 


plan view 8-20 
profile view 8-20 
crew resource management 114 


critical areas 


cross-cheek, 


‘common errors. 
cruise clearance 10-4 
current induction 3-15 


D 


dark adaptation. 13 
DECIDE model... see lT 
decision height (DH). 331, 7-50, 8-21 
deice 213 
density altitude DS 
departure .. 10-31 
departure procedures (DPS)... 7-1, 7-33, 8-12, 10-5 

instrument. -33 
departures 


airports without an operating control tower 
radar controlled 

descents, 

deviation 

differential global positioning systems (DGPS). 

direct indication 5. 

directional 

ance circle. 

jance measuring equipment (DME) 

are. 


components. 
errors. 
function of 
diving 
or rolling beyond the vertical plane. 1-8 
while turning 18 
Dob. 3-22 
doghouse 3-21 


domestic reduced vertical 
separation minimum (DRVSM) 
double gimbal. 
8 sn 
drag curves, 
dry air vacuum pump 
duplex. sees 
dynamic pressure type instruments 


E 


ears 


otolith organs 
semicircular canals 
eddy CUrTERtS..osn 
electrical systems nr 
electronic flight display (EFD)..... 
electronic flight instrument systems 
elevator illusion... 


6-16 


emergencies. 
€n route. oats 10-7, 10-32 
en route flight advisory service (EFAS). ry 
en route high-altitud 8-6 
en route procedures. 10-7 


encoding altimeter. 
entry . 
equipment. 


37 
46, 5-49, 6-10 


F 

false horizon 

fatigue 

featureless terrain illusion 

federal airways. 

feeder fa 

feet per minute (pm) 

filing in flight 

final approach fix (FAF). 

final approach waypoint (FAWP), 

flight director indicator (FDI) 

flight instruments 

flight levels (FL) 

flight management systems (FMS)... 
function of... 

flight patterns.. 

flight planning information, sources. 


ities. 


W323 
2-16, 341, 6-2 


flight support systems 
flight path 
four step process used to change altitude... 
flux gate compass. 
flying experience 
08 so 
form drag 
four forces 
fundamental skills 

of attitude instrument flying. 

instrument cross-check, 

instrument flight 


G 


slide slope 

glide slope intercept altitud 

global landing system (GLS) 

global navigation satellite system (GNSS) 

global positioning system (GPS) 
components, 


familiarization 
function of 
instrument approaches. 
nearest airport function. 
substitution 

graveyard spiral 

ground lighting illusions 


ground proximity warning system (GPWS) 

ground speed 

ground wave. 

gyroscopic systems, power sources 
pneumatic systems. 
‘vacuum pump systems .. 

gyroscopic instruments 
attitude indicator... 


H 

hazard identification 1 

hazardous attitudes. 1-18 
and antidotes, 1-18 

Hazardous Inflight Weather Advisory Service 

(HIWAS). 8-10 

haze 1.9 

head up display (HUD) 3.34, 7-49 

heading, 5-13, 5-44 


heading indicators #19, 4 

height above airport (HAA) 

height above landing (HAL). 

height above threshold elevation (HAT). 

helicopter trim 

holding 
DME. 
instructions 


patterns, 

procedures 
homing 
horizontal situation indicator (HSI) 
human 


factors... 
resources. 


JAP minimums, 
ICAO cold temperature error table 
ICAO Standard Atmosphere 
iM. on 
types of 
identifying intersections 
JER en route and terminal operations. 
IER en route charts... 
JER flight plan 
canceling, 
JER Flight using GPS, a 
illusions leading to spatial disorientation, 
IMSAFE Cheeklis 
indirect indication 
induced drag 
induction icing... 


ba 


inertia navigation systems (INS). 7-36 
components. 737 
errors. 137 

initial approach fix (IAF) 7-23, 8-16, 8-18, 


inoperative components... 
instantaneous vertical speed indi 
instrument 
approach capabilities 
approach s 
eross-check. 


stems, 


instrument approach procedures (IAPS).....7-17, 8-2, 8-12 
instrument approach procedures, compliance with....10-12 
instrument approaches 
to civil airports 10-13 
radar monitoring of. 10-18 


instrument flight 6.2 
3-1, 10-1 


instrument flight rules (IFR). 
instrument interpretation 
instrument landing systems (ILS). 

components, 

errors. 

function 
instrument takeoffs. 

common errors. 
instrument weather flying 
integrated flight control system 
intercepting lead radials 
interference drag 
international civil aviation organization (ICAO) 
international standard atmosphere (ISA) . 
inversion illusion 
inverted-V cross-check... 
inverter 


ogonic line 
J 

jet routes, 85 
K 

Kolisman window. 34, 0-3 
L 

ag, 5, 6-5 
land as soon as possible 6-17 
land as soon as practical 6-17 
land immediately 6-17 


landing. 


landing minimums, 8-23 
large airplanes, 2-10 
Law of Ines 29 


Law of Momentum 24 


Law of Reaction, 24 
layers of the atmosphere 2-5 
lead radial. 719 
leans, the 1s 


learning methods 
control and performance. 
primary and supporting... 
letters of agreement (LOA)... 
leveling off 
ae : 
lines of magnetic flux. 
load factor 
local area augmentation system (LAS) 
localizer (LOC) sn 
locatizer type directional aid (LDA) 
Jong range navigation (LORAN) 
‘components, 
EFTOTS an 


function of aes 
Joss of alternator/generator for 


ectronie flight 


instrumentation. ws 
Iubber line Ld 
M 

‘mach number. 3-10 
machmeters 3-10 
magnetic compass, basic aviation. 311 


induced Ert018 00 
magnetic bearing (MB) 
magnetic heading (MH) 
magnetism. 
margin identification. 
marker beacons ... 
‘maximum authorized altitude (MAA) 
‘mean sea level (MSL) 
medical factors, 
acute fatigue. 
alcohol 
chronic fatigue 
fatigue... 


microwave landing system (MLS), 
middle markers (MMs) 

mileage breakdown, 

military operations areas (MOAS), 

military training routes (MTRS) 0mm od 
minimum crossing altitude (MCA), 8-7 
‘minimum descent altitude (MDA), 

minimum en route altitude (MEA) 8-6 
minimum obstruction clearance altitude (MOCA) ....8-6 
minimum reception altitude (MRA) 8-6 


minimum safe altitude (MSA) 

minimum vectoring altitudes (MVAS) 

minimums section 

missed approach point (MAP). 

missed approach procedure 

missed approach waypoint (MAHWP). 

mixed ice 

Mode C. 
altitude reporting 

models for practicing ADM 
perceive, process, perform 
DECIDE model, the... 

monopulse secondary surveillance radar (MSSR).....9- 

multi-function display (MED), 28, 11-1 
navigating page groups. 
nearest airports, using. 


8-16, 818 


N 


National Aeronautical Charting Group (NACG) 0.82 
National Airspace System (NAS) 
National Security Areas (NSA). 

National Tansportation Safety Board (NTSB 
nautical miles (NM) 
navigation/communication (NAV/COM) equipment 


92,03 
navigation features, &7 
navigation instruments. 4-2, 4-19 
nearest airport page group. 11-10 
nearest airports page soft keys. 11-10 
nerves 1s 
new technologies. 8-10 
Newton’s First Law of Motion Law of Inertia 24 


Newton’s Second Law of Motion Law of Momentum..2-4 
Newton’s Third Law of Motion Law of Reaction ...0...2-4 


no-gyro approach 10-18 
nondirectional beacon (NDB). 73,87 
nonprecision approach 9-7 
nonstandard pressure on an altimeter. 36 
normal command 27 


North American Route Program (NRP). 
nose high attitudes. 
nose low attitudes, 
notices to airmen (NOTAM) 


5-28 


fe} 

obstical clearance surface 
‘obstacle departure procedures (ODP) 

off-route obstruction clearance altitude (OROCA. 
‘operating on the main battery 

operational errors 
optical illusions... 


featureless terrain illusion 
fog. 

ground lighting illusions 
haze. 


how to prevent landing errors due to optical illusions 


runway width illusion. 
runway and terrain slopes illusion. 
‘water refraction 


orientation 


oscillation etror 
otolith organs 
outer markers (OMS). 5 
outside air temperature (OAT)... 
overcontrolling, 

overpower 


P 


parasite drag 
partial panel flight 
performance instrument 
physiological and psychological factors, 
pilot briefing, 

Pilot 
Manual (POH/AFM). 
pilot/static instruments, 
pilot/static systems 


's Operating Handbook/Airplane Flight 


failure 
pitch control 4-4, 4-20-21, 5-2, 5-34, 6-3 
h/power relationship, 2-6 

pitot pressure. 3-2 
pitot-static head 3-2 
plan view... 8-16 

course reversal elements 8-20 
planning the descent and approach 10-8 
preflight 10-2 
profile view 8-21 
pneumatic systems 3-16 

failure 11-7 
POH/AFM. 10-2 
position 

error. 

reports... : 
postural considerations. 
power... 

control... 

settings.. 
precession. 

error. 


precipitation static (P-static) 
precision approach 


16 


precision approach path indicator (PAPI) 1-10 
precision approach radar (PAR), 7-49, 10-17 
precision runway monitor (PRM) G12 

RADAR 12 

BeMeLHAS ero 9-12 
preferred [FR routes 
pressure 

altitude. 

density 

indicating systems y 
preventing landing errors due to optical illusions.......1-9 
primary 

bank 

pitch. 

power. 4-23 

yaw 4-23 
primary and supporting method. 4-4, 4-21 
primary flight display (PED) i 3.27 

additional information for specific airport 1-11 


nearest airports, 11-10 


ing. 


procedure turn 7-32, 8-20 
holding in lieu of 8-20 
standard 45° 5-30 
80/260. 5-31 

profile view 8-21 

propeller icing és 2-16 

propeller/rotor modulation error 72 

R 

racetrack pattern... 

radar 
limitations... 
transponders -veconn 


radar controlled departures... 
radar navigation (ground based) 
functions of. 
radials. 
radio altimeter 
radio frequency (RF 
radio magnetic indicator (RMI) 
radio wave. 


radius of turn 211 
rate of turns 2-10 
receiver autonomous integrity monitoring (RAIM)....7-28 
receiver-transmitter (RT), 31 
rectangular Cross-CheCk 4-11 
reduced vertical separation minimum (RVSM) 37 
reference circle 8-18 


regions of command, 
normal command, 
reversed command... 
relative bearing (RB). 
relative wind, 
remote communications outlet (RCO) 
remote indicating compass. 
repeatable accuracy 
required navigation performance i 
required navigation instrument system inspection. 
reversal of motion... 
RNAV instrument approach charts 
reversed command 
reverse sensing 


shodopsin 

rigidity. 

risk. 

tisk analysis 

RNAV (See area navigation) runway width 

illusion 1-9, 1-10 
and terrain slopes illusion. 1-9, 1-10 

runway end identifier lights (REIL). 7-40 

rumway visual range (RVR)... 8-27, 10-22 

rumway visual value (RVV) .. e022 


s 


safety systems 
scanning techniques 


semicircular canals, 


sensitive altimeter 


principle of operation 
sensory systems for orientation. 

servo failure 

jde-step maneuver. 

implex 

simplified directional facility (SDF) 
single-pilot resource management (SRM) 


situational awareness 1-14, 11-11 
skin friction drag 23 
sky wave. 7-2 


slip/skid indicator. 

slow-speed flight 

small airplanes 

somatogravic illusion 

space wave 

spatial disorientation 
coping with spatial disorientation 
demonstration of spatial disorientation 


special use airspace 
speed stability. 
St. Elmo's Fire 


stall warning systems 2-16 
standard entry procedures, 10-11 
standard holding pattern 
no wind 10.9 
with wind... 10-9 
standard instrument departure procedures (SID) -..10-5 


standard rate of turn 
establishing... 
common errors. 
standard terminal arrival routes (STAR).. 
standby battery. 
static longitudinal stability 
static pressure... 
steep turns 
stepdown fix 
straightand-level fight. 
airspeed changes. 


5-19, 5-3 
SSI 
Se 
8-12, 10-9 
11-6 


5-11, 5-40 


common errors. 6-7 
power control during se -T 
straight climbs and descents. 5-14, 5-46 
common errors. 5-17, 5-50, 6-13, 
stre88... wll 
structural icing 2-13, 10-24 


suction relief valve 
synchro, 
synthetic vision 
system status 
systems preflight procedures 
before engine start 
after engine start 
taxiing and takeoff. 
engine shut down. 


T 


tactical air navigation (TACAN) 7-8, 8-7, 10-7 
tailplane stall symptoms. 


task management 


teardrop 
patterns 
procedure 
techniques E 
for electrical usage 5, 11-6 
master battery switch. 15 
operating on the main battery 5, 11-6 
temporary flight restrictions (TFRs) &4 
tension. 4-10, 4-13, 
terminal arrival area (TAA). 818 
terminal instrument approach procedures (TERPS)....8-12 


7 


‘Terminal Procedures Publications (TPP) 
terminal radar approach control (TRACON) 
terrain alerting systems 

terrain awareness and warning systems (TAWS) 
threshold crossing height (TCH). 
thrust. 
thunderstorm encounter, inadvertent 


thunderstorms. ‘ 9-11, 10-25 
tilting to right or left wo lB 
time factors. 10-12 
time and speed table B27 


timed turns 5-21, 5-53, 6-13, 
Title 14 of the Code of Federal Regulations 

(14 CER) cceone I-12, 3-2, 7-16, 84, 811, 10-2, 1-8 
touch down zone elevation (TDZE). 
‘Tower En Route Control (TEC) 
tracking... 


‘Traditional navigation systems... 
traffic 
advisory systems 


avoidance, 
avoidance systems... 
information system (TIS). 


transcribed weather broadcast (TWEB), 8-10 
transponder. 9-3 

codes. 9-3 
trend indicators. 4-26 


trim. 2-8, 4-8, 4-10, 4-20, 
control 

turbulence. 

turn indicator 

tur rate indicator. 

turn-and-slip indicator. 

tums. 
change of airspeed 
climbing and descending, 


‘common errors. 5-25, 6-15 
‘compass 5-21, 5-53, 615, 
coordinator 


to predetermined headings 
radius of 
rate of... 


standard rate 


steep. : 
timed 5-21, 5-53, 6-13, 
tum-and-slip indicator. 3-20, 4-8, 5-8 


13 
8-7 


types of 
types of NAVAIDS, 


18 


uU 


ultra high frequeney (UHF) 
uncaging, 

underpower 
tnforecast adverse weather 


unusual attitude... 
common errors 
recognizing, 
recovery from. 


-58, 6-16 
5-27 


15-28, 


v 


vacuum pump systems, 
variation 
vectoring 
venturi tubes... 
card magnetic compass 
vertical speed indicator (VSI) 

very high frequency (VHF)... 

very high frequency omni-directional 


range (VOR). 78 
accuracy. 7-16 
function of 7-12 
operational errors. 7-14 
receiver accuracy check 7-16 


vestibular 


vestibular illusions 1s 

VER Over-The-Top 10-27 

VER-On-Top. 10-26 
ctor airways 8-4 
isual approach slope indicator (VASI) T-Al 
isual descent point (VDP). 8-21 
isual flight rules (VFR). 2-1, 3-1, 4-16, 6-1 
isual illusions 17 
isual meteorological conditions 

(vac), 

volcanic ash. 

VOR/DME RNAV 
components, 


function of. 
VOR test facility (VOT) .. 
YMC (Sce visual meteorological conditions) 


Ww 

water refractio 
waypoint 
weather and radar processor (WARP)... 
weather avoidance assistance. 


weather conditions 


weather information and communication features... 


weight 
wet type vacuum pump 

wide area augmentation system (WAAS) 
windshields 

wing, the 

wind correction angle (WCA). 

wind shear 

work 


Zz 


zone of confusion, 


7-12 
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Indicators, 155 
Inductors 
DC motors, 79 
description, 78 
usage, 79 
Infrared LEDs, 132 
Inspection equipment, 45-46 
Insulators, 8 
Integrated circuits, 84 


L 


Lab and classroom 
‘group 
coworkers and fellow students, 138 
family, 137 
friends, 138 
general public, 139-140 
special-interest groups, 139 
presentations, 143, 
role 
facilitator/ coordinator, 135 
observer, 137 
participant, 137 
teacher/presenter, 136 
shared resource 
courteous guest, 141 
hospitable host, 140-141 
workstations 
description, 142 
safety planning, 142 
Laboratory set up. See Electronics lab 
Laptop charger, 149 
Laser cutters, 43 
Light-emitting diodes (LEDs), 83 
care and feeding, 127-128 
circuit on solderless breadboard, 95-98 
curiosities, 126-127 
defective, 95 
installed backward, 92-93 
in series and parallel, 131-33 
lights up when attached to lithium coin cell, 
91-92 
self-control, lack of, 127 
uses, 100 


al-oxide-semiconductor field-effect 
transistor (MOSFET), 84 

Modern digital storage oscilloscope, 52-53 

Mobile electronics lab. See Portable mini-lab 

MOSFET. See Metal-oxide-semiconductor field- 
effect transistor (MOSFET) 

Multimeters, 50-51, 94 


N 
Noisebridge organization, 140 
Nuts, 33 


oO 


Ohmmeters, 49 
Ohm's law 
description, 49 
on, 49, 62-63 


Oscilloscopes 
functions of, $1 
modern, 52-54 
tiny, 54-55, 


P,Q 


Parallel and series circuits 
assembly instructions, 119 
batteries in, 122-123 
in different view, 120-121 
schematic diagram, 118 
troubleshooting, 119-120 

Passive electrical and electronic components 


resistors, 68-76 
switches, 79-80 
Pencil-grip style, soldering irons, 39 


Permanent circuit, 95-97 
Physical measurement devices, 46-47 
Pliers and tweezers, 29-30 
Portable mini-lab 

advantages, 88 

‘compact executive model 
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Portable mini-lab, compact executive model 
(cont) 
electrical experiments (see Electrical 
experiments) 
lab deployed on desktop, 89-90 
components, 89 
DPRG, 101-102 
features, 89 
robotics lab, 103 
travel, 87 
Potentiometer, 74-75 
Power-on indicator, 155 
Power rail attachment, 99 
Power supplies, 55-56, 81-82, 145-146 
Power tools 
3D printers, 44 
drills, 40-43 
laser cutters, 43 
Professional bench power supply, 146 
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Resistors 
color codes, 72-73 
description, 68 
location, 95 
in parallel, 129 
in permanent circuit, 97 
power ratings, 73 
‘schematic symbols and reference 
designators, 70-71 
in series, 126 
specialty resistors, 75~ 
standard values and tolerances, 71-72 
through-hole and surface-mount resistors, 
69-70 
variable resistors, 74-75, 
RIGOL DS1052E oscilloscope, 54 
Robot Clubhouse, 17, 
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Shunt resistor, 158 
Single-pole double-throw (SPDT) swit 
Single-throw switches, 80 
Soldering 

definition, 4 

instructions for, 37-38 

tools for, 113 
Solderless breadboards, 66 


164 


Arduino-compatible microcomputer, 67 
description, 66 
prototype LED display, 68 
tie points, 66 
types of, 117 
SPDT switch. See Single-pole double-throw 
(SPDT) switch 
Stereo microscope, 45 
Surface-mount resistors, 69-70 
Switches 
description, 79 
double-throw switch, 80 
in parallel, 124 
in series, 123 
single-throw switch, 80 
three-way, 125-126 
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Tablet computers, 91 
Tabletop drill press, 42 
Tektronix 475A oscilloscope, 52 
‘Temperature-controlled soldering station, 113, 
Terminal block, 31-32 
Test and measurement equipment 

eters, 50-51 


oscilloscopes 
functions of, $1 


power supplies, 55 
8D printers, 44 
Three-way switch, 125-126 
Through-hole resistors, 69-70 
Tools 
earmutfis, 22 
electronic measurement 
ammeters, 49 
ohmeters, 49 
voltmeters, 47-48 


eye protection, 21 
for soldering, 37-40 
hand 


computers, 35-36 
pliers and tweezers, 29-30 
protection, 22 
screwdriver, 30-33 
screws, bolts and nuts, 33 
wire crimpers, 34-35 
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wire cutters, 23-25, 29 
wire strippers, 25-29 
hearing protection, 22, 
indicators, 155 
inspection equipment, 45-46 
mind, 19-21 
physical measurement devices, 46-47 
power 
‘3D printers, 44 
drills, 40-43 
laser cutters, 43 
power-on indicator, 155 
power supply, 145-46 
USB charger 
description, 147-148 
voltage measurement, 149-153 
‘Transformers, 82 
Transistors 
BYTs, 83 
description, 83 
MOSFET, 84 
‘Troubleshooting, 2 


U 


Unrepairable subassemblies, 127 
USB charger 
cable 


INDE. 


ns, 152 


internal wires, 151 


description, 147-148 
regulated power from, 155 
voltage measurement, 149-153 


Vv 


Variable resistors, 74-75 
Voltmeters, 47-48 


W, X, Y, Z 


Weller controlled-temperature soldering station, 
37 
Wire and cables 
conductivity, 61-62 
description, 58-59 
longer version, 60-61 
Ohm's law, 62-63 
short version, 59-60 
storing, 63-64 
testing, 63 
‘erimpers, 34-3 
cutters, 23-25, 29 
ire strippers, 25-29 
Wood screws, 33 
Workshop. See Electronics lab 
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To my father, John H. Wheat, who patiently taught me about electricity and electronics over 40 
years ago. To this day, I remain fascinated by it. My life has been enriched in so many ways by 
the many things that I learned from my father. 
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About the Author 


Dale Wheat is a full-time freelance writer, specializing in electronics and 
embedded systems. He has written several articles for technical and hobbyist 
magazines such as Circuit Cellar, O'Reilly's MAKE magazine, and Elektor. He 
teaches classes on electronics, microcontrollers, and soldering skills. He designs 
and sells DIY electronics kits from his web site, http: //dalesheat.con. Before 
becoming a full-time writer, Dale consulted as a computer programmer and, 
systems analyst for several companies, including IBM, MCI, and GTE (now 
Verizon). Dale is a two-term past president of the Dallas Personal Robotics 
Group, the world’s oldest personal robotics club. He is a member of the National 

. Honor Society, Phi Theta Kappa, and intends to continue his education as long. 
as they keep the doors open. He lives with his wife, Anne, near Dallas, Texas. 
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About the Technical Reviewer / 


Cliff Wootton is a former Interactive TV systems architect at BBC News. 
‘The "News Loops” service developed there was nominated for a BAFTA and 
won a Royal Television Society Award for Technical Innovation. An invited 
speaker on pre-processing for video compression at the Apple WWDC 
conference. Taught post graduate MA students about real-world 
computing, multimedia, video compression, metadata and researching the 
deployment of next generation interactive TV systems based on open 
standards, 


Currently working on R&D projects investigating new Interactive TV 
technologies, involved with MPEG standards working groups, writing more books on the topic and 
speaking at conferences when not lecturing on Multimedia at the University of the Arts in London, 
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TABLE 15.1 Typical Liquid Phases 


Maximum 
‘Temperature 
Type Composition co 
ing, APiezons Hydrocarbon Hydrocarbon mixtures 250-300 
mee GMN, ‘peases 
etc) (arying MW) 

‘SE-30 Methyl silicone Like silicone oil, but cross-linked 350 
rubber 

‘DC-200 Silicone oil R 225 
oe) RSi-0-] $0 —SiR 

R 

DC-710 Silicone oil R’ 300 
(R= CH) \ 
® = Calls) fea he 

R 
Carbowaxes Polyethylene Polyether Upto 250 
(400-20) slycols HO—(CH;CH,—O),—CH,CH;0H 

(varying chain 
lengths) 

DEGS Diethylene glycol Polyester 200 
ceo Hy CH -0-F—(CHid»—F-0 
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Preface 


‘Ata time when information is widely and freely 
available in greater quantities than ever before, 
the reader may wonder whether The Encyclope- 
dia of Electronic Components is really necessary. 
Surely, anything you want to know can be found 
online? 


Well, yes and no, Let's consider the available 
resources. 


1. Datasheets 


Datasheets are indispensable, but they have lim- 
itations, Some are detailed; others are skimpy. 
‘Some show you sample schematics asa guide to 
using a component; many don't. None of them 
tells you much about how a component works, 
because that’s not their purpose. Often they 
don't mention other components that must be 
added. Some datasheets for DC-DC converters, 
for instance, say nothing at all about bypass ca- 
pacitors, even though the capacitors may be es- 
sential. A datasheet for an optocoupler says 
nothing about the pullup resistor required by the 
open-callector output. 


Datasheets don't facilitate comparison shop- 
ping. Adatasheet from onemanufacturerwill not 
compare its products with those from another 
manufacturer, and may not even provide much 
guidance about alternatives that are available 
from the same manufacturer. For example, a da- 


tasheet for a linear voltage regulator won't sug- 
gest that you might do better to use a DC-DC 
converterinan application where high efficiency 
is important. 


Most ofall, datasheets don't tell you how toavoid 
common mistakes. What actually happens if you 
connect that tantalum capacitor the wrong way 
around? A datasheet gives you the customary list 
of absolute maximum values, and after that, you 
are on your own, burning things out, encounter- 
ing mysterious electronic behavior, and discov- 
ering limitations that are so well known, the da- 
tasheet didn’t bother to mention them. In my ex- 
perience, relying on datasheets creates a signifi- 
cant risk of reinventing the wheel. 


2. pedia 


Wikipedia's coverage of electronics is impressive 
but inconsistent. Some entries are elementary, 
while others are extremely technical. Some are 
shallow, while others are deep. Some are well or- 
ganized, while others run off into obscure topics 
that may have interested one of the contributors 
but are of little practical value to most readers. 
Many topicsare distributed overmul 
forcing you to hunt through several URLs, Over- 
all, Wikipedia tends to be good if you want theo- 
ry, but not-so-good if you want hands-on prac- 
ticality. 
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3. Manufacturers’ Tutorials 


The Encyclopedic Solution 


‘A few helpful and enlightened manufacturers 
have compiledhighly authoritative, instructional 
overviews of the components that they sell. Lit- 
telfuse, for instance, publishes an excellent series 
of documents telling you everything you could 
possibly want to know about fuses. But now you 
encounter a different problem: There is so much 
information, you'll need a couple of hours to dig 
throughitall. Also, because the tutorials tend not 
to receive high page rankings on Google, they 
can be hard to find, And if a manufacturer has 
gaps in its product ling, its tutorial is unlikely to 
mention them. Consequently, you won't know 
what's missing. 


4. Personal Guides 


{tis a well-known attribute of the Web that many 
individuals fee! the impulse to share everything 
they know (or think they know) abouta particular 
topic. These personal guides can present surpris- 
ingly thorough online coverage of relatively ob- 
scure issues, such as the types of capacitors most 
suitable forloudspeaker crossover circuits, or the 
correct derivation of amp-hour numbers for 
lead-acid batteries. Unfortunately, on some sites 
you can also find errors, unsubstantiated opin- 
ions, plagiarism, and eccentricity. My generalrule 
is that three or more guides generally have to 
agree with each other before their statements 
can be trusted—and even then, | have a small 
residue of doubt. The search-inspect-and-verify 
process can take a while, 


So—yes, the information that you want usually 
does exist somewhere online, but no, it may not 
be easy to find, The vastness of the Web is not 
organized like an encyclopedia. 


What about books? Generally speaking, they 
tend to be entry-level, or they specialize in nar- 
row areas. A few broad-ranging books are truly 
excellent, but they are primarily educational, or- 
ganized in an instructional sequence. They are 
not reference books. 


Scarcity or inaccessibility of information ceased 
tobea problem many yearsago. Its vast quantity, 
inconsistency, and dispersal have become the 
new barriers to acquiring knowledge. If you have 
to go hunting among datasheets, Wikipedia, 
manufacturers’ tutorials (which may or may not 
exist), personal guides (which may have unre- 
vealed bias), and multiple educational books, the 
process will be inconvenient and  time- 
consuming, If you plan to revisit the topic in the 
future, you'll have to remember which URLs were 
Useful and which ones weren't—and you may 
find that many of them are not even there any- 
more, 


When | considered these issues during my own 
work as an electronics columnist for Make mag- 
azine, | saw a real need for a fact-checked, cross- 
referenced encyclopedia that would compile the 
basic information about components concisely, 
in an organized, consistent format, with infor- 
mative photographs, schematics, and diagrams 
It might save many people a lot of search time if 
it could summarize how components work, how 
to use them, what the alternatives are, and what 
the common errors and problems may be. 


That is the modest ambition of The Encyclopedia 
of Electronic Components. 


The Audience 


Like any reference work, this one hopes to serve 
‘two categories of readers: The informed and the 
not-yet-informed. 


Perhaps youare learning electronics, and yousee 
a part listed in a catalog. It looks interesting, but 
the catalog doesn'ttell you exactly what the part 
does or how it is commonly used. You need to 
look it up either by function or by name, but 
you're not sure where to start. An encyclopedic 
reference can simplify the fact-finding process, 
can save you from ordering a part that may be 
inappropriate, and can tell you how it should be 
used. 


xx Encyclopedia of Electronic Components Volume 1 
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Perhaps, instead, youarean electronics engineer 
‘or hobbyist, thinking about a new circuit. You re- 
member using a component three or four years 
ago, but your recollection may not be reliable. 
You need to refresh your memory with a quick 
summary—and so, you open the encyclopedia, 
just to make sure. 


Completeness 


Obviously, this book cannot include every com- 
ponent that exists. Mouser Electronics claims to 
have more than 2 million products listed in its 
online database. The Encyclopedia of Electronic 
Components only has room for a fraction of that 
number—but still it can refer you to the primary 
types. The electronic edition of this book should 
allow easy insertions and updates. My hope is 
that it can become an ever-expanding resource. 
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BUILDING A DIY VIDEO TRANSMITTER 
Sa 


WHAT YOU NEED 

- Blank PCB Copper Plate (jameco.com part #169279) 
- Capacitors: 2x 0.1uf 

4x 100u 

2x 6-70pf Variable Caps (jameco.com part #32855) 
- Resistors: 27kOhm 

10kOh 
- Transistor-MPSA18 (jameco.com part #210681) 
- 1k potentiometer 
- Small amount (~4") of magnet wire 24 AWG or close (jameco.com part #2098419) 
- Sand paper 
- Stranded hookup wire 
- Hacksaw or dremel tool 
-Headphones with 1/8” plug (from iPod or MP3 player) 
- Hot glue or super glue 
- Soldering Iron 
- CRT “tube” TV with an antenna (the transmitter won't transmit to newer flat screen TV's) 


INTRODUCTION 
This micro video transmitter was designed by the DIY radio and micro TV artist Tetsuo Kogawa. His 
website (http://anarchy.translocal jp/) is full of great info on DIY radio, and all credit for this circuit goes 
to him.The transmitter can be used to transmit a relatively clear video signal or abstract visualizations, 
depending on the desired output. It will usually function at a distance of about 20 feet. If you have any 
previous experience with electronics or circuit building, you will notice that this method of building is 
different. The circuit is constructed on top of a copper “ground plate” which is common in radio applica- 
tions. This tutorial uses step-by-step sketches and photos created based on Tetsuo Kogawa's design. 


beg 


BUILDING THE TRANSMITTER 
1. PREPARING THE COPPER PLATE 


- Take the bare copper plate and cut off inch of material using a dremel tool or hacksaw. 
- Use this material to cut out 6 square % in. x % in. pieces. 
- Arrange the 6 pieces on the larger copper plate as shown in the image below... 


“NOTE™ Be sure to arrange them so that all the component leads will be able to reach the 
squares. Look ahead to see what components will go where so you know exactly how to space 
them. 


- Once you have them arranged, put a dab of hot or super glue on the bottom of each square and 
stick them in place on the copper plate. 
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2. ADDING THE 100uF CAPACITOR (the cylinder with “100uF” written on the side) 
- Melt a blob of solder onto the two squares furthest to the right. To do this, apply your iron to each 
square to transfer heat for an extended period of time until the solder flows onto the surfa 


reheat solder blobs and put the 
capacitor into place 


- Bend the legs ut of the 100uf capaciior and straddle them between the two squares making 
sure that the leads are only touching the two small squares (not touching the ground plate). 

- Cut the excess off of the leads. 

- One ata time, re-heat the solder blobs and place the capacitor leads into them, allowing them 
to cool down until they stay in place. 
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**NOTE** - This capacitor is polarized meaning that it has to be facing in the appropriate direc- 
tion, Make sure you solder the NEGATIVE lead to the LOWER of the two squares. The negative 
side has the shorter lead and a vertical stripe along the side of the capacitor. 
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3. ADDING THE .1uF CAPACITORS (the two discs with “104” written on them) 
- These capacitors will be positioned between the upper and lower left most squares and the 
ground plate. Melt a blob of solder on these two squares and two blobs on the ground plate be- 
side each. (Reference the pictures for exact positioning). 

- Re-heat the blobs and position the capacitors accordingly as in step 2. 


| 
i} 
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4, ADDING THE RESISTORS (10k and 27k) 
- Solder the 10k resistor (brown, black and orange stripes) between the bottom left square and 
ground. 

- Solder the 27k resistor (red, violate and orange stripes) between the two left squares. 
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5. ADDING THE COIL 
- Cut about 4” of the magnet wire (24 AWG or close) 

- Use the plug from your headphones to wrap the wire around. Make 5 turns. 
oF ne a 


- With the wire still wrapped around the headphone plug, take a small piece of sand paper 
and rub off the colored insulation of each end until the bare copper is exposed (If the copper 
is not exposed, you won't be able to make a connection). 


To avoid misunderstandings regarding the pur- 
pose and method of this book, here is a quick 
guide regarding the way in which it has been 
conceived and organized. 


Reference vs. Tutorial 


As its title suggests, this isa reference book, not 
a tutorial. In other words, it does not begin with 
elementary concepts and build sequentially to- 
ward concepts that are more advanced. 


You should be able to dip into the text at any 
point, locate the topic that interests you, learn 
what you need to know, and then put the book 
aside. If you choose to read it straight through 
from beginning to end, youwill not find concepts 
being introduced in a sequential, cumulative 
manner. 


My book Make:Electronics follows the tutorial ap- 
proach. Its range, however, is more circumscri- 
bed than that of this encyclopedia, because a tu- 
torial inevitably allocates a lot of space to step- 
by-step explanations and instructions. 


Theory and Practice 


This book is oriented toward practicality rather 
than theory. lam assuming that the reader most- 
ly wants to know how to use electronic compo- 
nents, rather than why they work the way they 


do. Consequently | have not included any proofs 
of formulae, any definitions rooted in electrical 
theory, or any historical background. Units are 
defined only to the extent that is necessary to 
avoid confusion, 


Many books on electronics theory already exist, 
if theory is of interest to you. 


Organization 


The encyclopedia is divided into entries, each 
entry being devoted to one broad type of com- 
ponent. Two rules determine whether a compo- 
nent has an entry all to itself, oris subsumed into 
another entry: 


1. A component merits its own entry if itis (a) 
widely used or (b) not-so-widely used but 
has a unique identity and maybe some his- 
torical status. A widely used component 
would be a bipolar transistor, while a not- 
so-widely-used component with a unique 
identity would bea unijunction transistor. 


2. Acomponent does not meritits own ent 
it is (@) seldom used or (b) very similar in 
function to another component that is more 
widely used. Forexample, the rheostatissub- 


6. ADDING THE VARIABLE CAPACITORS 
*NOTE* Once the component leads start to pile up on each other on each square, it helps to add 
additional solder. 

- The first variable capacitor will be soldered between the top square of the three that make up 
the bottom triangle and the ground plate. 

- Solder the “nose” of the capacitor (the lead that is different from the other two) to the square, 
and the other two side leads to the ground plate. 

*NOTE* You will have to bend the leads in a certain way in order to get everything positioned 
properly. Just play around with it till you get it. 

- The second variable capacitor will bridge between top and right squares of the triangle. Only 

two leads are needed here so use your clippers to remove one of the side leads, leaving the 

nose and only one side. (See the pic below) 
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The variable capacitors soldered into place... 
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7. ADDING THE TRANSISTOR (MPSA18) 
*NOTE* This transistor is sensitive to heat and can be destroyed by the heat from your iron. Be 
sure to follow the necessary precautions below. But don't worry if you do kill one, they are only 
~$.10 a piece. 

- The three leads of the transistor all do specific things and must go to the appropriate places. 
Here is a pic of the orientation of this transistor... 
C=Collector B=Base E=Emitter 


flat edge 


B 


- Each lead from the transistor will be soldered to the three different squares that make up the 
triangle, so you will have to bend the leads accordingly. 
- The B lead (base) goes to the left square of the triangle, the C lead (collector) goes to the top 


square, and the E lead (emitter) goes to the right square, as in the image below. 
nd the Ee Joe l u 


- Before you solder the transistor in place, you need to have a “heat sink” attached to protect 
it. This will draw some of the heat from the transistor to something else. To do this, simply 
take an alligator clip and attach it to the lead you are soldering... 


7S Eis 4 


place alligator clip 
between soldering 
iron and transistor 


to act as a heat sink 


~- Solder each lead in place attaching the clip lead to each one before doing so. 
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8. ADDING THE 1k POTENTIOMETER 
- Put a bit of super glue or hot glue on the bottom of the potentiometer and stick it to the upper 
right comer with the leads facing towards the left of the plate. 

- Take a small amount of stranded hookup wire and strip both ends. Solder one side to the upper 
most lead and the other side to the ground plate. 

- Repeat the process by connecting the middle lead of the potentiometer to the upper most of 
the two right squares. Then connect the lower lead of the potentiometer to the right most square 
of the triangle. 
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. ADDING THE INPUT WIRES. 
- Cut two small lengths (~4-5") of your stranded wire and strip both sides 
- Solder one of the wires to the ground plate (this will be the ground input from your video 
source) 
- Solder the other wire to the bottom square of the two right squares. (This will be the signal input 
from your video source) 
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40. ADDING THE BATTERY INPUT WIRES 
- Just like the last step, cut two shot pieces of wire and strip both ends. 
- Solder one of the wires to the ground plate (this will be the negative input from your 9volt bat- 
tery). 
- Solder the other wire to the upper left square (this will be the positive input from your volt bat- 
tery). 


we. 
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41. ADDING THE ANTENNA 
- Cut about 2 feet of wire and strip one end. 
- Solder the wire to the right most square of the triangle. 


Ate 
NS 2 tay 


OPERATING 
- Find a video source (DVD player, VHS player, iPod etc.) that has a composite video output. 
- Use an alligator clip lead to connect the ground from your video source to the ground input 
of the transmitter. Using another alligator clip lead, attach the signal output from your 
source to the signal input of the transmitter. 

- Use two more alligator clips to connect the positive and negative of a 9v battery to the 
positive and negative battery inputs of the transmitter. 

- Turn on a CRT “tube style” TV and tune it to channel 2 or 3. 

- Turn your potentiometer to somewhere around 50% 

- Using a smalll screwdriver, tune the upper most variable cap slowly until you see the TV 
make a flicker or change. 

- Tune the second variable capacitor until you start to see some strong signal coming through 
- Tune the potentiometer and the two variable capacitors until you get the imagery you wan 


Send any comments, questions or suggestions to yaktronix.online@gmail.com 
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Fighting the pollution by public radio broadcast antennas 


Fighting the pollution by public radio broadcas' 
antennas 


Un texte en frangais : La pollution radio par les émetteurs FM 
Een tekst in het Nederlands: De radiovervuiling door FM-stralen 
A petition: www petition-electrosmog,be 


The electromagnetic pollution has now reached such a level that not only hypersensitive persons are being harmed. 
The debate most often focuses on cell phones, their relay antennas, Wi-Fi routers and similar technologies. It is 
often pointed out that domestic appliances like power saving lamps and cheap electronic devices, are harmful too. 
Recently, I came to the conclusion that I too had problems with electromagnetic radiations. Yet after a few months 
investigating, I was surprised to find out that far out the main cause of my problems was nothing I had heard about. 
‘A 100 MHz FM public radio broadcast antenna is located atop a local hospital and burns the whole city with an 
astounding force of 2 Vim (pike value). 


| found other persons that are harmed. For example people who develop severe headaches or tiredness after a few 
hours working in a given place. They have no problems in other places, that are less exposed to the FM radio 
‘waves, It seems to me that people who live in strongly exposed habitations often develop psychiatric problems, My 
guess is that probably several thousand persons in the city are severely affected. Maybe tens of thousands are 
affected but without getting obviously sick. 


Most puzzling is the fact that this hammering by radio waves is completely useless, It wouldn't change anything to 
the quality of the reception by the listeners in the city, if the force of the radio waves was divided by 100 or 
preferably 1,000. The purpose of those antennas is to emit far away in the countryside. That's why they are located 
atop hills or tall buildings and they have a huge power. But, due to their rudimentary construction, quite much of 
that power is wasted and hits the nearby city. 


It is legal to hit the ground with such force. Whether I measure in rooms or in the open, it is at worst a little below 
the norms. Hence the problem is with the norms, They keep being too high, despite the efforts of many scholars and 
health organizations. The situation is catastrophic. If the people did understand the harm that is done to their 
children, revolts would break open. 


Below is a picture of a cheap calculator that I transformed. It contains no more battery nor solar power cell. Instead 
it draws its energy from a 1 meter long antenna. Anyplace in the city center, in direct view of the emitter, the power 
of the radio waves is strong enough to feed the device. I made this because nobody was frightened by the figures I 
‘was reporting, except some friends that are into electronics. Everybody knows that a car can kill even at 30 km/h 
speed but almost nobody has any knowledge about radio waves figures. When I showed the calculator, everybody 
understood and some whitened, (The calculator also works in some classrooms where I tried it out. The emitter was 
visible through the windows... Should I warn the parents of the students that failed their exams?) 


Powered by (\ 000webhost 


http iivawericbrasseurorgielectrosmog_fm. him 


415 


sumed into the potentiometer section, 
while silicon diode, Zener diode, and germa- 
nium diode are combined together in the di- 
‘ode entry. 


Inevitably, these guidelines required judgment 
calls that in some cases may seem arbitrary. My 
ultimate decision was based on where | would 
expect to find a component if! was looking for it 
myself 


Subject Paths 


Entries are not organized alphabetically. Instead 
they are grouped by subject, in much the same 
way that books in the nonfiction section of a li- 
brary are organized by the Dewey Decimal Sys- 
tem. Thisis convenient f you don't know exactly 
what you are looking for, or if you don't know all 
the options that may be available to perform a 
task that you have in mind, 


Each primary category is divided into subcate- 
gories, and the subcategories are divided into 
component types. This hierarchy is shown in 
Figure 1-1. It is also apparent when you look at 
the top of the first page of each entry, where you 
will find the path that leads to it. The capacitor 
entry, for instance, is headed with this pa 


power > moderation > capacitor 


Any classification scheme tends to run into ex- 
ceptions. You can buy a chip containing a resistor 
array, for instance. Technically, this is an analog 
integrated circuit, but should it really be included 
with solid-state relays and comparators? A deci- 
sion was made to put it in the resistor section, 
because this seemed more useful. 


‘Some components have hybrid functions. In Vol- 
ume 2, in the integrated circuit subcategory, we 
will distinguish between those that are analog 
and those that are digital. So where should an 
analog-digital converter be listed? It will be 
found under analog, because that category 
seems better associated with its primary func- 
tion, and people may be more likely to look for it 
there. 


Primary | Secondary | Component 
Category | Category _| Type 


Poe cutee (Bea 
Saree (NSE 
1s 
pustouton 
si 
retary stn 
rotational encoder 
moderation relay 
ae 
potentiometer 
caper 
variable capacitor 
Seno EE 
ACA transformer 
ACC power sul 
DC-DC converter 
CAC Inverter 
aaa one egis 
Sloe, (ees 
Eeenet sr Ou solenoid 
rotational ‘DC motor 
‘output AC motor 
ee 
steno moor 
discrete single diode 
sem, 216899. anjunton transistor 
FR (SES STENE 
duoction) field-effect transistor 


Figure 14. The subject-oriented organization of cate 
_goFies and entries in this encyclopedia. 


Inclusions and Exclusions 


There is also the question of whats, and what is 
not, a component. Is wire a component? Not for 
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This didn't help anyway, so I invented another device: the "snake". The picture below shows six of them, an early 
version. 
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You just hang the snake in the flux of radio waves and the LED lamp at one end will bright up, clearly visible in 
daytime and enough to light and read a text at night. 


The snake is less impressive than the calculator but it is much cheaper and easier to make and it can be sent in an 
envelope. I made tens of them and sent them to politicians, newspapers, universities... I gave some to local people, 
together with a user guide on a sheet of paper. Just like the calculator, the snake contains no battery. The lamp lights 
up solely on the power of the radio waves, The picture below shows a later version, that can be roiled up in an 
envelope that fits the conditions to be sent with only one stamp. 
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However mad it is to send such power on a city, nothing has been done yet against this. It's like an 19th century 
chemical plant sending its pollutants all around. Some complain but others argue that closing the factory would 
mean people laid off. Some then reply that being employed to feed children that die from ugly sicknesses may be 
nonsense... And so on, except for the fact that the chemical factory indeed had a purpose While the strength of the 
radio waves we're talking about, has no serious purpose at all 


Something common to all heavy sources of electromagnetic pollution is that it wouldn't cost much to make them 
harmless. For example, high tension power lines can be made harmless by feeding them DC current instead of AC 
current. This requires some more heavy electronics at the input and the output but the price of itis a detail in the 
whole. I studied the schematics of power saving lamps and simply noticed that they were conceived by people who 
do not understand the propagation of radio waves. Adding the necessary components to make the lamps radio-silent 
would almost not increase their prices. Enforcing proper norms will not change our way of life, it will just stop to 
favor the sociopathics amongst the industrials and lobbyists 


So, what can I do to help people understand the situation? They need to appropriate the scientific knowledge 
involved. Most assume that the necessary studies will be made by labs and then the governments will adapt the laws 
accordingly... That would be OK if it wasn't for the trillions of money involved. A minister in Belgium tried to 
prevent sugar dispensers in schools, she immediately got a made-up scandal on her shoulders, All she ultimately 
managed to get was to have some health advice notices glued on the sacred dispensers. 


Flows of observations are now available, showing the effects of radio waves that match the norms: brains of rats 
destroyed, people unable to work, eggs that don't hatch, quarreling birds, increased risk of cancer, cows aging 
abnormally... I myself had seeds germinate and saw them die quicker when closer to a power saving lamp. Their 
strategy to cope with this is simple: "OK, there does exist scientific evidence of some danger... but there also does 
exist evidence that there is no danger at all! So let’s balance the whole..." The norms are lowered but kept above 
What cell phone operators need for the current systems. The fact in itself of making a balance between scientific 
evidence is nonsense. Either a study proves a given danger and it can be verified, or bust. But anyway, what are 
those studies that tend to prove that there would be no danger? Lots of them are simply payed for by the cell phone 
industry... Yet some are perfectly serious, for example those concluding that radiations within the norms will not 
heat the brain or the body abnormally. This is perfectly true. There is no problem of scientific fairness involved with 
these studies, But, is a bullet harmless because it only very slightly heats your bones? A more sophisticated 
approach is to pick out studies that have borderline conclusions: "there may be a problem but it is not clear..." The 
tudy will be assumed to conclude that there is no problem at all, while it just was an inconclusive experiment like 
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(When I'm exposed, I tend to compulsively perform simple tasks, What if a study examines if being exposed 
hampers the ability to perform that kind of tasks?) 


Then, there is the problem that I'm going to make people sick. Indeed, electromagnetic hypersensitivity has a 
psychological component. Once people understand that they are victim to the radio waves and what symptoms the 
radio waves cause, they can overreact and become very sick when they start feeling the symptoms or just when they 
know there is a strong radiation force around, The radio waves induce a physiological stress, that hampers the 
proper functioning of the brain. When you add a psychological stress, due to the awareness of the problem, the 
summation of the two multiplies... Therapies for hypersensitive persons imply to dislearn them to overreact. Some 
friends of mine just refuse to start talking about electromagnetic sensitivity because they don't want to embark in the 
sickness, They do so with everything, meanwhile they eat very good food and have lots of pleasure in life. It 

works... with people with a strong health and a tad of selfishness, 


When you are in a cold wind and you feel a pain in the neck, you know it is due to the wind and you take cover. 
Almost nobody can do this with the symptoms of an exposition to strong radio waves. You feel tired, some brain 
fog, like if your head was in a clamp, a headache, or simply you make stupid errors... You will blame yourself or the 
location, possibly the noisy people around... while in fact you are mainly undergoing electromagnetic sensitivity. 
The home of a friend is strongly exposed. After about twenty minutes I can nor more find my words and speak 
correctly, unless I wrap my head in aluminum foil. There is a fair chance that a while ago, I would have blamed my 
friend for being annoying (he is) to the point of making me speechless. There also is a fair chance that my friend is 
annoying because he hangs in that electromagnetic pollution everyday. Since he lives there, he became an alcoholic, 
lost his job, manages to keep no girlfriend... (Everything I mention here can have other causes. Quite often, such 
causes just add up. For example, the person blaming the noisy people around, would maybe have felt nothing if the 
noisy people weren't there. Like you don't feel your bad knee when you carry no bag.) 


The impact of the electromagnetic pollution is severe. It is a far too heavy, and pointless, contribution to our 
burdens and losses. But how do you establish, scientifically, be it as an amateur, that there indeed is a problem? My 
initial approach can be an illustration of this. As my home is uninhabitable, I spend most of the day working in local 
libraries. I noticed that I could work quite well at some places and not at all at other places. Then I saw an article 
taped on a board, about the effects of cell phone and Wi-Fi radiations, Okay... I made a spreadsheet, with a row for 
each location and a note from 0 to 10 according to my ability to work there. Although I knew it was a weak 
approach, | then filled in each row the strength of the closest Wi-Fi router, as listed by my laptop. There was no 
correlation... but this proved not at all that the Wi-Fi was innocent. Weeks later I made a nonsensical but working 
little assembly that made the variability of the radio waves hearable. This time I got a correlation. Mild, but 

obvious. The ability to work is horizontally while the intensity of the radio signals is vertically: 
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It quickly became obvious that I was measuring no strong signal in the GHz bands. I had no doubt that there were 
cell phone and Wi-Fi emissions coming from all directions and echoing all around but their sipgindieeby g'OOtM/ebhost 
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weak, The problem was with lower frequencies. I accused the fluorescent lamps for a while, till I finally understood 


that there was only one strong source, hitting me everywhere; those 100 MHz public radio broadcasts. The picture 
below shows the final correlation, Only one dot disagrees with the theory: 
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Iwas heavily disturbed by the radio waves, simply unable to work, long before I started puzzling on the subject, 
This is a strong proof that the matter is not just psychological, Reciprocally, once I understood the psychological 
component, I tried to use it positively, to counterbalance the effects of the electrosmog. | did get some results but | 
was never able to work correctly in the most exposed places. It is by no means "just psychological”. It is useless "to 
be willing to make a small effort". I did efforts that frightened other people. One thing that does clearly help is 
eating a lot of sugar (Organic jam on rice bread...) (by the way, is that why sugar dispensers are placed everywhere 
kids are supposed to think and learn, to counterbalance the effects of the nearby cell phone relay antennas?) Aleohol 
does also help and I'm afraid this is why people seem to become alcoholics in exposed habitations 


Also, it does sometimes happen that I feel like undergoing strong radio waves but when I pop out my measuring 
device, I measure nothing serious. I have a natural tendency to be knocked-out... The radio waves are far out my 
heaviest problem but they are not always responsible. 


| started studying other sources of radio pollution. I had an obvious benefit of removing every power saving lamp in 
my home. I put ferrite cores on most power chords. On one power chord that I sometimes use to feed my laptop 
inside my shielded tent, I had to put ten ferrites till I felt no more direct effect. Something very interesting is that till 
then I had no problem when using my cell phone. You guessed correctly: I started having problems, to the point that 
T never more hold it against my ear. I always use an earplug linked to the cell phone by a wire with two ferrite cores. 
| suppose that since I started avoiding the exposure to strong radio waves (which significantly improved my life and 
ability to work), my brains are no more constantly knocked out. So they get knocked out if I hold my cell phone 
against my head. And I feel it. This is one more synergy between the public broadcasts emitters and the cell phone 
industry: one hides the other away. 'Want to prove that inhabitants close to a relay antenna are no worse than those 
further away? Do the experiment in a city that is strongly exposed to public broadcasts. 


So: buy a measuring tool or have a friend assemble one for you. And start comparing your problems and those of 
the people around you, with the level of electromagnetic pollution. If you can, make large-scale experiments with 
tens of persons, under advice of somebody with knowledge in statistics (to build an expressive statistic yet 
completely false, is *easy*). We need many such experiments, til it becomes unbearable for local interiocutors to 
negate the problem and not to dim the emissions. Step by step, we need to conquer our world back. Some 
enterprises and some countries have already set their norms at responsible levels. 


One very important parameter is the rate at which the problems build up and then disappear, when exposed. Some 
people claim that they instantly feel when their cell phone is going to ring. I never could verify this. A friend claims 


that his ca reacts when he is going to get a text message on his cell phone. I tried several Ging 535 Be PL Yb Sonost 
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behavior while making my cell phone emit close to him but I got nothing. So I suppose that the cat reacts to the tone 
of the cell phone and my friend brain-confuses the timing, (I don't pretend nobody can feel a text message arriving, 
1'm just saying that I never could verify.) What I'm sure about is that my problems need minutes to build up, most 
often some ten or twenty minutes, the problem possibly becoming really painful after an hour. Once the problem 
built up, it needs much more time to diminish, maybe four times more. I often had to sleep a whole night on it. One 
day I "burned" my brains by holding a very polluting power saving lamp about 3 decimeters away from my head, I 
only noticed the problem after half an hour, But then it was horrible, like if a flame had been sweeping inside my 
head. Really just like the ache of a burn wound. I had a strong nausea and headache, that calmed down only hours 
later. | identified a few persons whose problems are obviously due to the electromagnetic pollution, in all cases the 
same applies: it needs time to build up. This means you cannot simply walk in and out of an exposed zone and 
claim you feel no difference, Also, you cannot get into a safe zone and claim you feel no better. If you were already 
poisoned, you will stay that way a long while. The only sure approach is to stay really long in a safe zone, 
preferably spend the night there, then go working in a polluted area. Try to be aware of what happens to you. The 
next day go working in a safe zone and try to see the difference. (This is a goldmine to build inconclusive studies.) 


Everybody is sensitive to electromagnetic waves, The question is about the level of the sensibility. That's why 
people who get seriously sick with the current levels of exposition are called "hypersensitive". They are more 
sensitive than the average, sometimes with very painful and debilitating consequene: 


There is a whole ladder of symptoms. This is roughly the ladder for me, exposed to the 100 MHz FM broadcasts 


0.01][V/m No problem | 
0.1 [Vim||No more able to concentrate and work | 
J 
| 


1 |[Vim|[head in a clamp, maybe difficulties to talk 


10 __|[Vim[[Tried it once for 2 hours, had to stay the whole next day in bed with an awful headache. 


The serious problems begin for me at 0.1 V/m. Yet I know some people that wouldn't be called hypersensitive and 
that get problems similar to mine at about 0.3 V/m. A friend spent with me the two hours under the 10 V/m 
radiation and claimed he endured no problem... but he made surprising errors on the way back. It is very difficult 
for me, in my city, to find locations where the force is around 0.01 V/m, Values between 0.1 and 0.3 are common. It 
is easy to find building with rooms reaching 1 V/m. The force is quite predictable, according to the location and the 
orientation of the building, how much it emerges out of other buildings... So, because many people are being 
affected and because the radiation is reasonably easy to measure or to estimate, making statistics linking common 
health problems with the level of exposition is quite doable. 


Hypersensitive persons would be 1% of the population. The need to protect this minority is enough to stop those 
powerful broadcasts from reaching the ground. I don't understand why I have to add that everybody is being 
harmed, be it toa lesser degree. I met official people whose job is to help hypersensitive persons, They've seen their 
pain and anguish by themselves... but they feel clueless as to how to stop the emissions. It's a very strange situation, 
when even the people close to the steer and convinced of a problem, can't do anything to stop it. 


Ithas been claimed that the hypersensitivity of some persons is caused by an accumulation of toxic metals or 
organic pollutants, In such cases, antioxidants can be of immediate help and detoxifications would greatly help. 
(Note that common medical analysis like looking for mercury and the like in samples of blood, urine or hair, will 
reveal nothing even under severe intoxication, because blood and hair renew constantly. Only a sudden intoxication 
can be revealed by such analysis. The toxics slowly accumulated in standing body cells like the brain... Best method 
seem to be to take a well-tuned quantity of chelating molecules and then perform an analysis of the blood or urine.) 


Cell phone and Wi-Fi radiations are different, for several reasons: they don't spread the same way in the body, they 
are pulsated and their frequency make they will not target the same macromolecules in the body. It would seem that 
you need 3 times more force of FM broadcast waves than cell phone or Wi-Fi waves, to have a same global 

impact. 


I was frightened when I understood that under those 2 V/m force of radiation, an electric current in the order of 1 
mA oscillates through the body. Such a current at a high frequency of 100 MHz will interact with the body quite 

differently than a DC or low frequency AC current. You cannot make direct comparisons... Anyway, 100 mA of DC 
current can be enough to kill a person by electrocution. 1 mA of low frequency current is enough to fec! the cu 
asa tickle, What are the consequences of such a current on the chemical reactions in the liver 
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hormones by glands everywhere in the body? What if the person being exposed is a pregnant woman, with the baby 
just at the worst place in the flux of current? The length of an “antenna” matters much to allow it to build up 

current, Teenagers have the "optimal" length for 100 MHz radio waves... One thing I'm sure about is that if the 
government decided that from now on the school kids will be latched electrodes on the body and a current of | mA. 
send through several hours a day, whatever the frequency, the parents will not accept. But this *is* happening, 
through radio waves, and I could feel the neuroleptic-like effect of it. (By the way, this implies that those 
experiments that show brains of rats destroyed by cell phones waves within the norms, apply only to a lesser degree 
to human brains, because of the difference in size. Rats are close to the optimal length to be harmed by cell phone 
waves... The optimal wavelength to dammage teenagers is that of those 100 MHz public broadcasts...) 


The radiations harm me more inside buildings than outside. I may get more sick under 0.2 V/m in a room than 
under 2 V/m directly exposed to an antenna, I don't know exactly why. Here are four possibilities: 


«The roofs atop buildings act like prisms and send the waves towards the inhabitants beneath. Radio waves 
coming from above would be more harmful than when coming from aside. 


+ The radio waves resonate and echo inside the building and build up in metallic structures. This creates halos, 
of proximity that will inject more power inside nearby living bodies. For example, while simply wrapping 
aluminum foil around my head, it is obvious that some designs of shielding will make me even more sick 
than using no aluminum at all, The same way, when some parts of the shielding of my tent wear off and stop 
to be conducting, I can get serious problems till I replace or complement the faulty area. 


+ Buildings contain their own sources of electromagnetic pollution. They add their effects to those of the 
pollution from the outside, 


* Close to metallic structures, the electromagnetic field can become rotating, This because waves with 
equivalent strength come from different directions with different phase shifts 


Again, the four possibilities mentioned above are potentially very suitable to build experiments that demonstrate 
there is no problem. Perform the experiment in an anechoic place with the waves coming from aside and no other 
radiation than the one from the experiment... Just the opposite from real world situations but you can claim to be 
serious at avoiding parasitic variables, 


If you want to find the FM emitters somewhere, fmscan.org is the reference I used till now. 


This is the schematic of the "snake": 


375m BAT62 112,5 cm 


RA Led 
BAT62 


BATO2 detection diodes are no more produced. BATIS diodes work fine but they wear out; after a few months they 
stop functioning. SMS7630 diodes are great but very little and mechanically fragile, MMSD701T1G diodes are 
sturdy and powerful; an excellent choice for a beginner, Such SMD diodes do also work for cell phone frequencies, 
which allows to test out a snake with a calling cell phone pushed against it. But any detection diodes that can 
manage 100 MHz will do. 


The LED I'm currently using is the L-7113SEC-H . It lights up with a low tension and a very low current (the bluer 
a LED, the more tension it needs). Its color is red yet close to orange hence it is easily seen by the human eye (the 
eye is most sensitive to green, yellow and orange). The beam is quite narrow so when the LED is directed towards 
somebody's eyes it will appear quite bright. 


For the lengths of 37.5 and 112.5 centimeters, any electric wire with two copper conductors will do, Audio signal 

wire is a practical solution, Use the shielding as one of the two conductors, The lengths of the two segments must 

not be precise. What matters is that the total length of the snake be 1.5 meters. Do not hesitate to try out ifaJittle 
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longer of shorter snake gives better results, 


A schematic of my current probes, that I connect to a standard multimeter, measuring Volts DC, The measure 
displayed by the multimeter must be multiplied by 10. When using a 200.0 mV scale, just read while forgetting the 


dot: 


10. om 


BATIS 


ionF HH 


This is a picture of a device that tries to pack the whole in a neat gadget. The electronic circuit is a €7 digital Volts, 
display with a scale of 200.0 mV. I soldered away the jumper that makes the dot be displayed. The antenna is only 7 
em long, so an RMS value is displayed (for roughly steady radio waves). The whole cost about €12. Hold the 
antenna perpendicular to the direction the waves come from and try to hold the device away from conducting 
objects like your body or metallic objects. You cannot closely trust such simple device yet itis very handy and 
adequate to compare the radiation level in different places: 
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the purposes of this encyclopedia, How about a 
DC-DC converter? Because converters are now 
sold in small packages by component suppliers, 
they have been included as components. 


Many similar decisions had to be made ona case- 
by-case basis. Undoubtedly, some readers will 
disagree with the outcome, but reconciling all 
the disagreements would have been impossible. 
Speaking personally, the best | could do was cre~ 
atea book thatis organized in theway that would 
suit me best if | were using it myself. 


Typographical Conventions 


Throughout this encyclopedia, the names of 
components that have their own entries are pre- 
sented in bold type. Other important electron- 
ics terms or component names are presented in 
italics where they first appearin any one section. 


The names of components, and the categories to 
which they belong, are all set in lower-case type, 
except where a term is normally capitalized be- 
cause it is an acronym or a trademark. Trimpot, 
for instance, is trademarked by Bourns, but trim- 
‘mers not, LED is an acronym, but cap (abbrevi- 
ation for capacitor) is not. 


Where formulae are used, they are expressed in 
a format that will be familiar to computer pro- 
grammers but may be unfamiliar to others. The 
* (asterisk) symbol is used in place of a multipli- 
cation sign, while the / (slash symbol) is used to 
indicate division. Where pairs of parentheses are 
nested, the most deeply nested pair identifies 
the operations that should be performed first. 


Volume Contents 


Practical considerations relating to book length 
influenced the decision to divide The Encyclope- 
dia of Electronic Components into three volumes. 
Each volume deals with broad subject areas as 
follows. 


Volume 1 


Power, electromagnetism, and discrete sem- 
iconductors, 


Typographical Conventions 


The power category includes sources of pow- 
er and methods to distribute, store, i 
rupt, and modify power. The electromagnet- 
ism category includes devices that exert 
force linearly, and others that create a turn- 
ing force. Discrete semiconductors include 
the main types of diodes and transistors. 


Volume 2 
Integrated circuits, lightsources, sound sour- 
ces, heat sources, and high-frequency sour- 
ces. 


Integrated circuits are divided into analog 
and digital components. Light sources range 
from incandescent bulbs to LEDs and small 
display screens; some reflective compo- 
nents, such as liquid-crystal displays and e- 
ink, are also included. Sound sources are pri- 
marily electromagnetic. 


Volume 3 


Sensing devices. 


The field ofsensorshas becomesoextensive, 
they easily merit a volume to themselves. 
Sensing devices include those that detect 
light, sound, heat, motion, pressure, gas, hu- 
midity, orientation, electricity, proximity, 
force, and radiation. 


Atthe time of writing, volumes 2 and 3 are still in 
preparation, but their contents are expected to 
be as described above. 


Safari® Books Online 


Safari Books Online is an on-demand digital li 
brary that lets you easily search over 7,500 tech- 
nology and creative reference books and videos 
to find the answers you need quickly. 


With a subscription, you can read any page and 
watch any video from our library online, Read 
books on your cell phone and mobile devices 
Access new titles before they are available for 
print, and get exclusive access to manuscripts in 
development and post feedback for the authors. 
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Those probes and device, quite easily allow to know the direction some 100 MHz radiation come from. Hold the 
thing at some decimeters from your body, roughly at the height of the belly. Your body and the device form a 
directional antenna... When the device is towards the emitter, it will display up to twice the value, while when it is 
hidden from the emitter by your body, the measure will be very low. 


If you measure something strong, yet by turning in different directions the device always shows approximately the 
same value, then you are probably undergoing low-frequency radio waves like short wave broadcasts. 


If the emitter is close, like a power saving lamp or a wrongly build power supply, converge towards it simply using 
the fact that the closer you get, the stronger the measure 


Such measuring tools are handy to find out power chords and appliances that pollute, yet then the measure 
displayed doesn't mean much. Once you are really close to an emitter, the measuring device and the emitter interact 
and the power flowing through the measuring device can be tremendous even though the device is only weakly 
polluting. You are in the "halo of proximity" of the device... Best example is most quality laptops, which emit 
almost no radio waves. I never could notice a problem while using my laptop when it is plugged to nothing... Yet if 
Thold a measuring tool against the screen I get frightening data... A few decimeters further, where my head can be, 
the measuring tool tells there is nothing... So, the high figures close to the laptop indeed tell that strong currents 
flow through it, but competent people made things such that those currents harm nobody. 


If you want a global measure, away from the effects of your body, hold the device above your head. Or place it on 
some plastic o cardboard box and walk some distance away. 


The windows are a common entry point of radio waves and electric wires can be awfull ducts, yet in some cases I 
noticed that metallic structures unrelated with electricity, like the copper tubes of water heating radiators, were the 
main ducts of radio pollution towards a room, 


Below is a device I assembled to focus on 1.8 GHz cell phone radio waves. Close to the nearby cell phone relay 
antenna, in direct view of it, I could not measure much more than 0.1 V/m (pike value). While this is still too much, 
itis by no means comparable to the frightening 2 V/m intensity of the FM broadcasts. I also went measuring in 
places where people complain about problems similar to mine. They thought the reason was the nearby cell phone 
relay antennas. But I could measure no significant intensity of cell phone radio waves at all, while the force of the 
FM broadcasts was above 0.2 Vim. 
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After about a year experimenting, the most simple protection I could come up with against 100 MHz broadeasts is a 
headband of aluminum, much the shape and size of a sweatband. I hide it inside a bonnet. I have no idea as to how 
and why it helps, aside from the general fact that any conducting structure will change something to the propagation 
of high frequency currents, Don't make it too high, a 3 to 4 centimeters height is OK. To try this out, you can just 
fold ina circle a | meter long wrap of aluminum and compress it to a flattened ring that fits your head. If you intent 
to re-use it, then you must strengthen it with lengths of tape before (inside) and after (outside) the ring is 

constituted. Make sure the tape does not hamper a perfect electric contact all around the ring. This protection is not 
perfect but it really helps. 

When the field strength is above 0.1 V/m, I need a complementary vertical band in order to be able to work. 

This also is a cheap way to make statistics. Compare days with the headband to days without the headband. In order 
to be scientific, you must ask somebody else to put the headband inside your bonnet every morning, at random. 
Every morning, the other person writes down if there was a conducting headband inside the bonnet or not. Every 
evening, you write a comment down to how your day was (headache? brain fog? errors? doomed day?) Then after a 
while you compare the two. At worst, if you have to do it alone, buy two identical bonnets, push a plastic headband 
inside one and an aluminum headband inside the other, and spend each day without knowing which one you picked. 
At the end of the day, write your appreciation down before checking and writing down which bonnet you picked. 
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AA friend who is a physician points out that in many administrations, be they public or private, the employees are 
being persecuted. (That often happens when the work done by the administration is mostly useless and only serves 
to justify the social position and the salaries of a few people.) A statistic about the health impact of radio waves in 
such administrations could be of few significance, because the people have all kinds of health problems due to the 
harassment. The addition to this by the radio waves may be comparatively negligible. (Yet another way to build a 
statistic that shows few or no impact of the radio waves: perform it in a place where people bow under 
humilations...) 


I was quite frightened to discover that the symptoms caused by radio waves, as I see them around me, are very close 
to those of “radiation poisoning". This is part of nuclear medicine. When a victim is exposed to a short and strong 
burst of radioactivity or any other ionizing radiation, its body will quickly react like if it had been poisoned. A 
"low" poisoning by radiations yields headaches, tiredness, difficulties to think... while stronger poisoning can lead 
to the person die in a few days like if it was heavily burn, The exposure to ionizing radiations is measured in 
"Gray". | Gy leads to a low poisoning, So I computed out how much energy a person gets from the local FM 
emitter, like the person I know that get sick at their desk. The result is 0.01 Gy for 8 hours of exposition, which is 
quite close, 


Radio waves can induce all the typical problems caused by that ionisinig radiations but the energy levels involved 
can be quite different. For example, ionizing radiations cause burns without increasing the temperature of the body, 
while radio waves can only burn if they are powerful enough to heat the body. Radio waves can induce cancer but 
again the energy required is ways higher, like spending ten years using a cell phone against the head, several hours a 
day 


Body cells can be attacked by all kinds of means. Ionizing radiations lead to direct damage of the cell membrane. 
Radio waves disturb the molecular cell gates operate. The cell will always react the same way, as for poisoning: it 
will close the cell gates, to try to shun itself from the outside World and from the harm, This has many 
consequences, The cell is less able to fulfill its purpose inside the body. It uses resources to try to protect its internal 
parts, It will accumulate waste. That's why people get tired, less efficient or even sick. When the aggression made to 
the cell is deemed too strong, the cell will auto-destruct. That's the way radiations and chemicals can be used 
against cancer, making the cancer cell suicide. 


The cells can be helped to better recover from the state of shock. Also they can be made to go less likely into the 
state of shock. Medication and health advice can be helpful for this. 


A link has been proposed between autism and radio pollution, The growth of the human brain is very complex, with 
cells traveling from one side of the brain towards the other to find their place. This involves a tremendous amount 
of communication and coordination between the cells. What if those cells are too often put into a state of shock? 
These are two scientific publications about the link between autism and radio waves 
http://www.nebi,nlm,nih.gov/pubmed/16530334 
http://www.nebi.nlm.nih.gov/pubmed/14962625 Fa 
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Publications about how radio waves disturb cells : 


http://www,nebi,nlm.nih,eov/pubmed/10860806 


http://www.nebi.nlm.nih,eov/pubmed/12379225 


Links 
hitp:/www.teslabel,be 
hitp:/Awww.clag.be 
hitp:/www.001.becx 
hitp:/www.eriirem.org 
hitp:/www.next-up.org 
hitp:/Awww.robindestoits.org 
hitp:/Awww.beperkdestraline.org 
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SWR Bridge 1 to 1000 Mhz 


This SWR bridge is not my own invention, OZ3SW and OZ9MO has improved the design after DJ7VY 
construction in ukw-berichte 1/83 
This is a construction set made for the members of Frederikssunds EDR Club, all | did was a bit of 
gluing and soldering 
Thanks for all the hardware help, parts help, calibrating and measuring ! you know who | mean ! 
Itis possible to measure return loss up to 1000 Mhz, the return loss range is 0-50 to 0-40dB 
depending on frequency. 
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MICROWAVE MIND CONTROL 
by Tim Rifat 


UK INTELLIGENCE FORCES AND MICROWAVE MIND CONTROL 
MIND CONTROL 


As a scientist researching into microwave weapons used on the general public, evidence that the GM900 
microwave network as used by Vodaphone and British Telecom, is a major health hazard, has come to my 
attention. Defence Intelligence Agency (DIA) documents entitled: Biological Effects Of Electromagnetic 
Radiation (Radiowaves and Microwaves) Eurasian Communist Countries, show that microwave frequen- 
cies similar to those of the cellular phones can cause health problems in the following areas: 


* Blood. 

* Cardiovascular System. 

* Cells. 

* Central Nervous System. 
* Digestive System. 

* Glands. 

* Metabolism. 

* Reproduction. 

* Visual System. 

* Internal Sound Perception. 


Equipment to test the frequency and intensity of microwave phones shows that they produce signals 
similar to microwave ovens. Two Vodaphone cellular phones were producing 100mW/cm2 and 50 mW/ 
cm2 respectively. The danger level for microwave ovens is SmW/cm2 and the Russians regularly used 
10 mW/cm2 for weapon research. These Vodaphones will therefore cause significant health problems if 
used. A variety of cell phones can be tested to see how dangerous they are. 


The GM1800 system used by Orange uses higher frequency microwaves. Australian scientists found this 
caused cancer in mice exposed to radiation of this type. The documents in my possession show that mi- 
crowaves pass deeply into the body and can have a negative effect on the brain and body. 


The DIA research dates from 1976 and shows the dangers were known about over twenty years ago. 
The Soviets used the frequencies and intensities used by mobile phones, 1800 MHz and 900 MHz, as 
Weapons. It is a rule of the intelligence community that you hide things in plain view, getting the pu- 
blic to accept microwave mind control weapons which effect their behaviour under the guise of mobile 
phones was a stroke of genius. Getting the public to pay for these microwave mind control devices, so 
their brains and behaviour can be damaged, to make them more docile and easy to control, was pure 
diabolical genius. 


UK INTELLIGENCE FORCES AND MICROWAVE MIND CONTROL 


Microwave weapons that turn people into stressed, confused, submissive zombies are being used in 
Britain's inner cities. Developed by the communists, microwave weapons similar to microwave ovens 
have since the 1980s, been targeted on inner city council estates. These weapons transmit extremely low 
frequency (ELF) signals which mimic natural brain waves; at the flick of a switch, all the people around 
these microwave transmitters are turned into submissive zombies who cannot think clearly, become 
depressed, apathetic and want to lounge around all day doing nothing: the inner city malaise found on 
Britain's streets. With the advent of new ELF detectors designed by the author's research teams, the 
mass mind control of the metropolitan UK population can be proved. ELF signals are officially only found 
at nuclear submarine communication stations, so the researchers were shocked to find microwave and 
UHF, mind control signals in city centres, the author's flat, being sent through mobile phones, the BT 
telephones and from the numerous transmitters that dot the country. 


The massive increase in mobile phones has enabled the UK security forces to use this network of trans- 
mitters to beam mind control signals into the brains of anyone living near these transmitters. Microwave 
phones use pulse modulated microwaves of the correct intensity to pass through the skull into the brain 
and control behaviour. Microwave transmitters are therefore the perfect medium for the transmission of 
ELF signals to mind control the UK population. 


Researchers are of the opinion that the inner city riots of the early eighties forced the Thatcher regime 
to deploy ELF mind control devices developed in the 1970s to turn the working class housing estates into 


total policing zones. In these zones, ELF transmitters turned the inhabitants into docile zombies. So suc- 
cessful was this technology that it was expanded to cover all major towns. Mass mind control of the UK 
public to make them submissive and obey authority was expanded, hand-in-hand with the mobile phone 
network and military and police microwave transmitters. Now the entire London conurbation is covered 
by UHF and microwave carrying mind numbing ELF. 


Research into the use of microwave weapons and their use for mind control began in 1950s at the 
Tavistock Institute, one of Britain's leading psychiatric research establishments. The UK institute was 
researching into ways of mind controlling the British population without them knowing. The monkey sub- 
mission response, whereby the dominant monkey caused submissive behaviour in the underlings, was 
the brain state of most interest to the British scientists. Having found this specific brain rhythm for docile 
submissive, zombie-like behaviour, it was then recorded and used as the template for the ELF signal be- 
amed on UK microwave transmitters. Britain was the first discoverer of microwave technology, used for 
radar, in the 1940s and therefore had a commanding lead over everyone else in this field. 


The 1970s brought a darker side to the story, with the news that the Russians were microwaving the 
US embassy in Moscow. One third of the staff eventually died of cancer from this microwave irradiation. 
Australian scientists proved in 1997, that tiny amounts of microwave produced by the very safest mobile 
phones, cause cancer in mice, when exposed to this radiation. Greenham Common was the first time that 
the Ministry of Defence was involved in the offensive microwaving of women protesters, the so called 
Greenham Common Women. This event showed that the UK security forces were willing to use lethal 
doses of microwave radiation on large groups of the general public. Equipment showed that the women 
peace protesters were subject to high levels of microwave radiation, some of them have subsequently 
died from cancer. Northern Ireland would have been a perfect proving ground for mass mind control 
technology. Research at the Tavistock institute enabled the Thatcher government to put into large sca- 
le use, the frequency which causes submission in humans. Radiating this ELF frequency on microwave 
transmitters, cellphones, BT phones and by use of other transmitters, the inner city population can be 
behaviourally controlled. My research group have ELF detectors, which can prove all manner of UK trans- 
mitters are being used to mind control the population. Since ELF is not found naturally, and is only used 
for nuclear submarine communication, its presence proves mind control weapons are being used on the 
general public. The author also has access to scientific documents showing the devastating effects of ELF 
broadcast by microwave, UHF and VHF on humans. 


It is alleged that Marconi put this microwave technology into full scale production, and around thirty 
scientists and military personnel on the project who began to ask questions committed * suicide’ under 
mysterious circumstances. 


My research has found that microwave weapons are targeted on middle class troublemakers and resear- 
chers who cause problems for the establishment. Russian and American research has found that pulse 
modulated microwaves (as used for mobile phones) can, when modulated with ELF which mimics specific 
brain patterns change the behaviour of the victim at the flick of a switch. It has been found that UK se- 
curity police, such as MIS use the 450 MHz frequency used for this research (legally allowed to be used 
by the police) for behavioural control. A vast catalogue of mind control frequencies in the MHz range, 
FM radio, TV and mobile phone frequencies, have been measured, which are used in the UK for mind 
control and killing or disabling victims: 147, 153, 197, 199, 447, 453, 456, 466, 853, 883, 884, 887... 
Symptoms can be depression, befuddled thinking, loss of memory, stress, not being able to cope, manic 
behaviour, schizophrenia, nervous breakdowns, physical collapse, brain and nervous system damage, 
heart attacks, cancer... 


An example was Brighton police van, parked outside the Brighton Pavilion which was used to beam UHF 
and microwaves at vagrants to clear them from the area. All Brighton's city centres are bombarded with 
microwaves when vagrants congregate to make them so ill they have to flee. The Evening Argus newspa- 
per asked the police if the white van which was parked in the Brighton Pavilion grounds for months, was 
their van, they replied it was one of their surveillance’ vehicles. On Wednesday, 4th of February the au- 
thor was passing Brighton Police station with a frequency counter which detects microwave weapons, and 
I detected a 452 MHz microwave beam being directed at two young offenders sitting on a wall opposite 
the station. I confronted the police with the reading, Robert Galloway, spokesperson for the police stated, 
nthey were not interested in microwaves even if they were a danger to health." The author has uncovered 
widespread use of microwave weapons in Brighton by the police and MIS as a test programme to clear 
vagrants from the city centre. 


Contacting researchers in this field of enquiry, they all complain of microwave-like symptoms, headache, 
nausea, giddiness, eye damage, ear problems... Readings I have taken show that the 750-1000 MHz 
range is used by the intelligence services for inducing nervous and physical collapse. Microwave ovens 


give off 1000 MHz. 


On the Channel 4 programme, For the Love of...New World Order, shown on Monday night at 12pm, on 
April 6th, the author revealed some of these facts on television. The presenter, and researchers of this 
programme complained of severe headaches in the days preceding filming symptomatic of microwave 
attack. As the foremost non-military expert microwave weapons, remote viewing (psychic spying) and 
Psi-warfare, the author became aware of the microwave problem when he was targeted to stop his fort- 
hcoming book on remote viewing being released. This book on psychic spying, published by Century 
Books, is the first book by a scientist on the subject of Psi-warfare and the techniques the superpowers 
developed 


Subsequent to the filming of the Channel 4 programme, he was arrested by Brighton Police on February 
15th outside their building and his frequency counter was confiscated to stop him recording the use of 
microwave weapons around the police station and in public places around the town. Even though no law 
was broken. It appears Brighton Police are worried that their use of microwave weapons on Brighton's 
vagrants is coming to light. The UK government has also bought up all the readily available frequency 
counters, these being the Watson FC-128 frequency counters, and the Optotronic devices, and the manu- 
facturers now market a modified’ model, which most probably has a digital filter so that the microwave 
weapon frequencies given above, cannot be shown. The author's frequency counter has still not been 
returned. With such high-level manipulation of events it seems that microwave mind control is part of a 
secret policy which is being practised on the general public in this county. As part of a covert government 
policy of harassing and disabling critics, this means of attack is not covered by the law and highly denia- 
ble, the perfect intelligence device for civilian control. The author's flat is targeted with a 900 MHz beam 
which seems to be designed to cause massive neurological damage and produce tumours. 


The BT phone network has the potential to be used for docilisation of the UK public. A 30-40 MHz signal 
is carried by the phone. When the earpiece is placed against the head, bone conduction carries the ELF 
component into the brain of the phone user. A ELF signal which can effect behaviour or health is therefore 
passed into all BT phone users. It appears from experts I have consulted on the subject that the digital 
phones have been designed to carry this mind control carrier frequency. Vodaphone have supplied a mo- 
bile phone to a friend of mine that pumps out an 847 MHz signal at over 100 mW/cm2, this is equivalent 
to 4x100 watt lightbulbs being turned on in the body of the user. This means that mobile phones can 
potentially be used to kill or so disable a person they no longer become a problem to the establishment. 
Another Vodaphone tested pumped out 50 mW/cm2. UK safe levels for microwave ovens are 5 mW/cm2 
- which are not held near the head. There are reports by military researchers that 1 mW/cm2 will cause 
swelling of nerve cells exposed to microwave. 


It is obvious that a total policing of the population by means of UHF, VHF, and microwave EM radiation, 
amongst others, is being used to keep the UK population in a docile and submissive mental state. Men 
tal confusion can also be added to the signal for working class inner city areas to keep them docile and 
confused. A land of stultified zombies, who are mind controlled to make them docile and unable to think 
clearly. Subversives are habitually targeted with microwaves to drive them mad or make them fatally ill 


On July 4th 1976 seven giant transmitters in the Ukraine, powered by the Chernobyl nuclear facility, 
pumped a 100 megawatt radio frequency at the West, which contained a 10 Hz ELF mind control fre~ 
quency. According to a US scientist, Dr. Andrija Puharich, MD, the soviet pulses covered the human brain 
frequencies. With a Dr. Bob Beck Andrija proved that the Soviet transmissions were a weapon. He found 
that a 6.66 Hz frequency would cause depression and an 11 Hz signal would cause manic and riotous 
behaviour. transmissions could indeed entrain the human brain, and thereby induce behavioural modi- 
fication populations can be mind controlled en masse by ELF transmissions. More importantly he found 
that an ELF signal could cause cancer at the flick of a switch. It did this by modifying the function of the 
RNA transferases so that amino acid sequences are scrambled and produce unnatural proteins. 


MIND CONTROL 


Torture is alive and well in the UK. MIS, the UK's secret police, regularly use Non-Lethal Weapons on any 
dissidents. Since MIS have a well documented history of hating the Labour Party, and were instrumental 
in bringing down the Labour Prime Minister Harold Wilson, they naturally took to spying on, and discre- 
diting, any group or person who did not follow their rabid right wing dogma. When Margaret Thatcher 
became Prime Minister of a right wing Conservative Government in 1979, she soon saw the power in 
recruiting MI5 to be her own secret police. During the Miner's strike in the early eighties, Arthur Scargill 
and his National Union of Miners nearly brought the Conservative Government down, with their year long 
strike, Margaret Thatcher used MIS5 to spy on the Miners and to discredit Arthur Scargill. Leading police 
officers argued against the use of MIS on the civilian population, they were ignored or replaced - if they 


proved too vociferous. 


Margaret Thatcher was the first Prime Minister for many a year to sit in on the Joint Intelligence 
Committee's meetings on a regular basis. Thatcher, as a trained scientist, would have been well aware 
of the usefulness of microwave weapons. They are impossible to detect unless you have a detector, dis- 
sidents have no idea these weapons exist, and best of all, they are totally deniable. It may be that MIS 
kept this research secret from Margaret Thatcher, but the resources the UK has put into these fearsome, 
so-called non-lethal weapons, is extensive. UK intelligence runs a fleet of microwave weapon carrying 
vans, as well as portable microwave weapons that can be deployed near the dissident's home. The vast 
expense can be disguised as communications equipment, for as we all know, microwave telephone com- 
munication is all the rage in our modern world. My research shows that the microwave telephone network 
also has the potential to be used as a major mind control weapon system to control the behaviour of the 
microwave phone users. 


Developed under the Conservative government, which was in power from 1979-97. The UK secret, or 
;black’ government, has at its disposal a fearsome array of mind control weapons. These abhorrent de- 
vices are euphemistically called non-lethal weapons’ by the UK military. In fact they kill you slowly by 
causing: nerve damage, cancers, mental collapse leading to suicides, or tissue failure, such as heart 
attacks due to the cooking effect of microwaves. 


Precisely modulated microwave radiation is used to influence brain function. Human behaviour and re- 
actions can be entirely controlled by using pulse modulated microwave EM radiation. Pulse modulated 
microwaves are useful as the carrier for the mind control signals as they are able to pass through the 
skull, which is rather resistant to low level EM. The massive number of microwave antennae that dot the 
country, some of which are used for the microwave phone network, all use pulse modulated microwaves, 
which makes their use for a strategic mind control device against the civilian population in times of trou- 
ble, or rioting, crucial to modifying the behaviour of the general population. In modern democracies it 
is no longer viable to shoot rioters, or torture dissidents by normal means, as the bad publicity is self 
defeating. Thus, microwave weapons have been developed by the UK's military intelligence as they leave 
no marks, or gaping wounds. This pulse modulated microwave carrier beam can then be used to carry 
signals. These signals are extremely low frequency recordings of brain electrical potentials, which have 
been recorded by neuro-medical researchers such as Dr Ross Adey. 


Dr Ross Adey's research at the Brain Research Institute of the University of California, was funded by 
the CIA. In their Pandora project a catalogue of different brain signals for specific actions, emotions and 
pathological states of mind were recorded. It was found that when microwaves were used to fire these 
signals at victims’ brains, they experienced the moods, behaviour, and the pathological states, carried by 
the signals. This meant that by mimicking natural brain frequencies, the human brain could be controlled 
remotely by use of extremely low frequency broadcast carried by pulse modulated microwave beams 
(ELF pulse modulated microwave remote mind control technology). 


It is now possible to broadcast mind control commands directly into the brain by use of microwave 
beams. All that is needed is a catalogue of every specific brain frequency for each: mood, action and 
thought. These catalogues of excitation potentials are available from Russian neuro-medical research 
institutes, so any one with enough cash can have the same technology at their disposal, as UK military 
mind control groups (the psychological-enforcement arm of MIS). The Aum sect bought microwave we- 
aponry via their 50,000 Russian converts. 


Particular excitation potential, is then broadcast by pulse modulated microwave transmitter. This pulse 
modulated microwave beam has the ELF excitation potential frequency imprinted upon it. It was found 
that each behavioural set in humans had a distinctive frequency. There was one for: anger, suicide, 
hysteria, trauma, serial killing, paranoia, lust...etc. Intelligence operatives in the UK regularly park mi- 
crowave transmitters outside targets’ houses and beam specific mood inducing excitation potentials at 
the victims. To aid them, they have sophisticated millimetre wave scanners to look through the victims’ 
walls, so they can see the targets’ in their homes. Pulse modulated microwaves are reqularly directed at 
the victims’ brains, while other people in their homes are oblivious of what is going on. A leading con- 
spiracy researcher, who looks into GCHQ at Cheltenham, found one of these vans, with two spheres on 
its roof parked in his road. When he took the number plate and through contacts checked who owned it, 
he found it was an MOD van. Hopefully he has found the microwave weapon system before it has done 
him too much harm. 


These microwave weapons were developed allegedly at Marconi. When firing microwave beams through 
walls at one specific target, every material in the way of the microwave beam attenuates or modifies 
the intensity and frequency of the beam. Since precise frequencies and intensities are needed for mind 


control, very sophisticated microwave arrays and computer programmes had to be developed so that 
the microwave beam could be changed in response to the materials which lay between the target and 
the weapon, as the victim moved around the house. To do this, the reflectivity and refractivity of the 
materials between victim and weapon had to be analysed in real-time and fed to a computer which could 
change the microwave array in concert with the changing environment between victim and weapon, as 
the target moved around his/her home. Secondly, there had to be an automatic interrupter if another 
person walked in front of the beam. The victim needed to be driven mad or disabled, without anyone else 
being aware that he or she was being targeted. The technology for this was very complex but eventu- 
ally it was perfected. Twenty five or more scientists and military personnel, associated with the Marconi 
project, then died in mysterious circumstances. Intelligence personnel regularly kill people to keep them 
quiet. Maybe they killed the entire research team to keep such a diabolical weapon secret. For if it were 
made public, the scandal would bring down the government. Whatever the real story, by the mid to late 
eighties, all the problems had been ironed out and these new smart microwave weapons were deployed 
on the UK s streets. Northern Ireland would have proved the perfect place to test them out. Pulse mo- 
dulated microwave weapons had now come of age. 


By this method, any mood or behavioural set, can be conditioned into the target's brain. Intelligence 
agents keep a log of the victim's behaviour to see if more intense ,treatment' is needed and as a guide 
for future mind control projects. It is alleged that by this method, UFO and conspiracy researchers, are 
routinely driven to commit suicide. having the excitation potential for suicide beamed into your brain day 
and night by microwave mind control weapons, soon resets the brain into a cycle of depression that spi- 
rals out of control ending in suicide. Many intelligence and technical officers in the UK, who have spilled 
the beans, or could be a potential leak, are driven to commit suicide by the special mind control teams 
run by MIS. If you look at the long list of UK military and intelligence experts who inexplicably commit 
suicide, one can see an underlying mind control logic that drives them to kill themselves. 


Behavioural reinforcement is used in a synergistic way with the mind control. It was found that the effect 
of the microwave beams could be greatly enhanced by external reinforcement. Intelligence community 
personnel destroy the target's property, ruin their financial affairs spread vicious rumour, make sexual 
peccadilloes public knowledge - such as wearing women's underwear, while checking oneself - with an 
orange in one's mouth. External reinforcement of pulse modulated microwave mind control technology 
was found to be very effective. Intelligence chiefs are now in seventh heaven; if some one becomes a 
problem they get the ,suicide mind control team’ parked outside their house. Within weeks, the victim 
kills himself. This is very pleasing to the intelligence mandarins, as suicides are easy to explain away - 
even if the victim was a highly placed politician or military man. 


If the military intelligence agency does not wish you to commit suicide, they can drive you mad. This is 
done by beaming the excitation potential of a particular pathological mental state at your brain while you 
are at home. To aid in this, the intelligence operatives can place sounds and speech in the target victim's 
brain. This inter cerebral hearing is used to drive the victim mad, as no one else can hear the voices 
transmitted into the brain of the target. Transmission of auditory data directly into the targets’ brains 
using microwave carrier beams is now common practise. Instead of using excitation potentials, one uses 
a transducer to modify the spoken word into ELF audiograms, that are then superimposed on the pulse 
modulated microwave beam. 


Discrediting well known people who are causing problems for the shadowy elite, by driving them mad, 
seems to be standard operating procedure for the intelligence community. Victims are subject to pulse 
modulated microwaves which carry different types of madness and behavioural aberrations, encoded 
as ELF excitation potentials. This makes the troublesome high profile person, display manic or insane 
behaviour that discredits them. Examples of this technique are allegedly: David Icke, Fergie, Princess 
Diana... Outside environmental reinforcement, by use of media agents in league with MIS, makes it as- 
sured that the high profile person's mind controlled madness, will be put in the worst possible light to 
discredit them. In this way, high profile subversives who cannot be wrongly imprisoned (unlike the Carl 
Bridgewater prisoners, Birmingham Six, Guilford Four...) in the normal way by Britain's police, or killed 
by assassination squads, such as the Pegasus group, are made to look ridiculous. Public humiliation is 
the finest weapon the authorities have, to make harmless, a potential well known figure, who is causing 
trouble. 


If the VIP needs to be made temporarily ill, microwave beams containing the signal the brain gives off 
during a vicious bout of flu can be fired at the victim. This causes the target to display all the symptoms 
of flu, even though they have not caught the virus. Major Ed Dames, the remote viewing specialist, who 
has close links with the US secret military, alluded to this device on a US TV programme. 


The intelligence agents can also use low level microwaves to cause mental and physical confusion that 
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leads to illness. Beaming microwaves at victims makes them fatigued, damages their immune system, 
causes neurological damage that effects their thinking, and ability to carry out tasks, induces premature 
ageing, cancer and cataracts. Sussex Police regularly use this low level microwave to clear drunks from 
city centres. While researching this matter, I was subject to high levels of microwave >10mW/cm2 whe- 
never I approached their headquarters, whilst MIS irradiated my home continually with microwaves. It 
seems that I touched a raw nerve while researching mind control weapon usage in the UK. 


Organisations that irritate the authorities have their building turned into a ,hot spot’ by microwave 
transmitters, so the staff all suffer sick building syndrome caused by microwave damage. Or the staff of 
the target organisation have their behaviour changed to cause discord. UFO Reality, a leading UFO and 
conspiracy magazine have complained of mysterious health problems, while another New Age group 
complained of eye damage, nausea and headaches brought on whenever they had a meeting, which may 
have been caused by microwaves. 


Heating the victim to death, by microwave cooking is caused by increasing the field intensity of the radia- 
tion, to cause local hot spots in the victims’ eyes and galll bladder, which have poor circulation, so cannot 
carry away the heat. 


Irradiating the optic nerve of the victim with the same signal that is sent to the brain by this nerve, cau- 
ses the nerve tissue to overload. In this way, subversives can be blinded by the intelligence community 
without them knowing what has occurred. An American researcher complained of this problem to me and 
warned me that this weapon system was being used on my person by MIS. 


Neurological research has found that the brain has specific frequencies for each voluntary movement 
called preparatory sets. When you pick up an object, there is a specific preparatory set for this action. By 
firing at your chest a microwave beam containing the ELF signals given off by the heart, this organ can 
be put into a chaotic state, the so called heart attack. In this way, high profile leaders of political parties, 
who are prone to heart attacks, can be killed off -before they cause any trouble. Neil Kinnock’s Labour 
government was allegedly cheated out of an election victory by postal vote rigging in twenty key mar- 
ginal seats. When a new even more electable Labour leader was found, it is rumoured that John Smith, 
the then Labour leader, was prompted to have a fatal heart attack, while walking in the country with his 
family, by means of a concealed microwave device which operated on the Vagus nerve to bring about a 
massive heart attack. Since MI5 have a long history of naked hatred toward the Labour Party, there may 
be some truth in the above, though no hard evidence has yet been found. 


Paralysis can be induced in the target by use of this method of broadcasting preparatory sets encoded on 
microwave beams. A pulse modulated microwave beam, carrying an ELF signal, which is identical to the 
one in the motor neurone centre of the brain, is used to jam the victim's motor co-ordination. This is ana- 
logous to radar jamming, using a more powerful signal at the same frequency to swamp out the enemy's 
radar. Motor neurone preparatory set potentials are jammed by a bigger signal carried by a microwave 
carrier beam, that literally overloads the brain, so it cannot control the body. Pulse modulated microwave 
weapons which broadcast the ELF preparatory sets of the motor cortex at the victim, will paralyse the 
victim without killing them. Breathing and heartbeat are involuntary actions controlled by another set of 
frequencies in another part of the brain. 


This technique can be used to abduct people for secret government mind control experiments, under 
the guise of alien abduction. A microwave beam of this nature will paralyse the victim, so they can be 
bundled into a black helicopter and airlifted away for experimentation. 


Once the procedure is complete, hypnosis can be used ta plant false memories of alien abduction. In this 
way, real alien abductions can be used by the authorities to enable them to obtain a limitless supply of 
guinea pigs for their mind control experiments. 


Real memories of government involvement are erased electronically. This technique clears all short-term 
memories from the victim's consciousness by broadcasting microwave beams at the target which carry 
the signals used for memory retention. When you remember something, it is first stored in your short- 
term memory. After approximately twelve hours, this short-term memory is converted in the brain to 
long-term memory, after which you remember this information for the rest of your life. If this conversion 
from short-term memory to long-term memory does not occur, the data is lost. We all see details around 
us, but try to recall the decor in a restaurant you ate at some weeks ago and you will see how tenuous 
memory is. Microwave radiation of a specific frequency can interfere with the transfer of memories from 
short to long-term memory. Microwave radiation of a specific frequency can interfere with the synapses 
of the brain. By interfering with the connections between brain cells, memory of people can be disrupted. 
In this way, Seal special forces assassins can be brain wiped after a mission, so they have no idea of the 


target they killed. Using hypnosis, false memories can then be planted in the brain, so the gap left by the 
real memory is papered over. 


The latest advance in electronic mind control were discussed in my previous articles in Nexus, but for 
those who missed the ESP of Espionage, this equipment uses special types of microwave beams called 
MASERs. These are the laser equivalent of microwave beams. These MASER beams have been used to 
develop something called synthetic telepathy. This is the ability to read peoples’ minds from a distance. 
Electronic scanning of victims’ brains by monitoring the electromagnetic (EM) emissions from peoples’ 
brains and using amongst other things, the brain waves (as measured on an EEG), to read the victim's 
subvocalised thoughts. 


Head of US Special Forces Major-General Schaknow, talked about synthetic telepathy during a lecture 
in July 1992 at Fort Bragg North Carolina. The US military is hard at work perfecting synthetic telepa- 
thy. In synthetic telepathy, the weak electromagnetic signals in the brain associated with subvocalised 
thought, are connected to a computer by use of electrodes, or in more advanced mechanisms by MASER 
beams. Sophisticated computer systems have learnt to read the subvocalised thoughts in the brain, by 
associating a specific brain excitation potential, with a particular word. In this case, only one specific 
language can be decoded, as each word in a language has a specific set of frequencies that must be 
discovered. Once the donkey work of finding the specific frequencies for all the words in a language has 
been programmed into a super computer, which can carry out massive parallel processing, fuzzy logic 
software is used to match this with real world excitation potential associated with subvocalised thought 
obtained from thousands of abductees, who are used to calibrate the synthetic telepathy devices. GCHQ 
Cheltenham, the intelligence gathering arm of MIS, possess the advanced computer systems needed for 
synthetic telepathy. 


Synthetic telepathy detects the I5Hz, 5 milliwatt auditory cortex brain emissions, that are linked with the 
excitation potentials in the brain associated with subvocalised thought. New technology, involving low 
frequency microwaves and RF, has enabled devices to be built which can scan through walls and look 
inside peoples’ bodies like X-rays. This enables security personnel to see a target in his own home and to 
track him throughout the house. Further to this, being able to see inside the victim's head, would allow 
computer controlled targeting of specific brain centres in the victim's brain, even when he was walking 
around the house. 


A scan of the specific brain emissions given off when the victim subvocalises using an array of pulsed 
frequency MASERS fired at the specific brain centres of the subversive, while he resides in his own home, 
enables the victim to be scanned. By firing an array of ELF pulse modulated MASERs, which scan up and 
down the window of frequency emissions given off by subvocalised thought, interference effects can be 
measured in the MASER beam. The victim's ELF brain emissions will interact constructively or destruc- 
tively with the pulsed frequency MASER carrying ELF in the ELF window associated with subvocalised 
thoughts. If we fire an array of pulsed MASERs, which are out of phase with each other, extraneous 
noise can be filtered out in the digital domain. Since the converging ELF modulated MASERs are being 
effected by the low level emissions in the victim's brain, the shifts in the ELF pulsed signal going into the 
subversive's brain can be detected. A simplistic version of this would be the LASER beam shone at the 
window of the person that is being bugged. The vibrations in the window cause modulations in the LASER 
that can be converted into electrical signals and hence into sound. In this way the subvocalised thoughts 
in the victim's brain can be read. Having already built up a library of excitation potential signatures for 
differing words and groupings of words, a sophisticated computer can begin to decode the emission 
signatures into word streams. In this way the subvocalised thoughts of the victim can be stored in the 
memory of a supercomputer and analysed to give a read out of what the target is thinking... 


Using ELF audiograms carried by a single pulse-modulated Maser, subvocalised thoughts can be placed 
in the victim's brain. This enables UK synthetic telepathy operators the ability to enter into conversations 
with the subversive to drive him mad or to bring up key words which will get the victim thinking about the 
information they wish to find. Visual cortex excitation potentials can also be broadcast into the victim's 
brain so that illusory images can be projected into their brain to drive them mad, or to programme them 
to commit suicide. 


My research has led me to uncover a truly nation-wide mind control weapon system. Each UK police 
station is equipped with a vast array of microwave antennae. The Sussex Police headquarters has a two 
hundred foot antenna. The building is surrounded by a fence and is off limits to the public. This micro- 
wave complex sits in the middle of a council housing estate, which means the people in this area are 
being bathed in low level microwaves. New research has shown that low level microwaves give mice can- 
cer, since the emitters tested by the scientists, were the new ultra safe mobile phones which give of much 
smaller intensities than the police antennae, the Police microwave system is a serious health hazard. It 


seems that low level microwave radiation excites the hydrogen bonds in the cell and can interfere with 
meiosis. This causes cell division to go wrong, which leads to cancerous cells and hence tumours, 


Secondly, the police have been granted the exclusive use of the 450 MHz microwave frequency range. 
This is exactly the frequency used by Dr Ross Adey, the CIA mind control expert, in his experiments on 
behavioural modification. It seems the police have the exclusive use of this mind control frequency and a 
vast array of antennae to broadcast this frequency all over the country. Very useful for mass mind control 
in times of emergency. Adey found that by using 0.75mW/cm2 intensity of pulse modulated microwave 
at a frequency of 450 MHz, it was discovered that an ELF modulation could be used to control all aspects 
of human behaviour. The Sussex police headquarters is connected to CCTY, closed circuit television ca- 
meras throughout the town. Some of these cameras have microwave telemetry devices that could easily 
be used to broadcast this frequency. The large antennae that bracket the town could also be used. 


The most insidious aspect of this, is that the entire mobile phone network could easily be used to control 
the behaviour of the phone users. By use of my microwave detector, I have found that mobile phones of 
the newer type, give off a pulse modulated microwave signal of around 0.75mW/cm2 at the earpiece. 
This may be coincidence, but it is exactly the intensity required form behavioural control as found by 
Dr Ross Adey, the pioneer of microwave mind control. So in theory, an ELF signal could be added to the 
microwave network to feed a precise behavioural pattern into every mobile phone user in the UK. If their 
were widespread riots, the ability to broadcast behavioural stimuli to mollify all the mobile phone users in 
the country would prove useful. Since mobile phone users are generally middle class, it means authority 
has a useful method of controlling the behaviour of the key voters. Microwave carrier beams are perfect 
for transmitting the excitation potential of docility to the phone user to keep them servile in times of 
trouble. When no ELF signal is broadcast the phone acts in a completely different manner on behaviour 
in humans. In this case the microwave phones causes the neurones to release calcium ions which makes 
the user tired irritable and when stresses likely to emotional outbursts such as road rage. 


In Brighton, the local MIS headquarters has a large microwave array on its roof. Secret bunkers in the 
area also have large microwave arrays above them. It is child's play to transmit an ELF modulated signal 
to be broadcast by the entire mobile phone network - if need be. By this means the entire mobile phone 
users can be behaviourally modified. At the cost of developing cancer from low level microwave exposure 
from the phones they constantly use, stressing the neural network by constant calcium ion efflux and 
interference with bioelectric fields. 


It seems strange that a few milliCuries of ionising radiation will get the National Radiological Protection 
Board excited, whilst high intensity cancer inducing non ionising microwave radiation, goes unchecked. 
So high are levels near transmitters, that litter the countryside, that light bulbs will explode near them. 
If the intelligence community is using microwaves on a large scale as mass mind control weapons, then 
the NRPB's silence is easily explainable. To add to this, the numerous microwave detectors that were 
cheaply available to check leakage from microwave ovens are no longer made by any company in the 
country. It seems the UK authorities do not want the population to be able to detect when they are being 
microwave. 


In conclusion, it can be seen that the UK intelligence and police, have a dizzy array of high-tech mind 
control devices. They regularly target their own populations and thousands of people are made ill by mi- 
crowave weapons. With the advent of synthetic telepathy, ,CCTV of the mind’ becomes a reality. 


With the election of a New Labour government unaware of microwave weapons and untainted, as they 
had no part in their development and deployment, it is certain that Tony Blair's government will outlaw 
these abhorrent microwave weapons - as they have done land mines. The only problem will be convin- 
cing the Labour government that MIS's microwave communication equipment is in fact microwave mind 
control weaponry. With the total secrecy the MIS organisation operates under, one can be sure they will 
be mendacious as to how their £200 million pound budget is used to hone their leading edge microwave 
mind control torture weapons that are used on the public. Even more disturbing is the use of EMP and 
microwave weapons by the police on anyone researching into this area. 
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power > source > battery 


battery 


This entry covers electrochemical power sources. Electricity is most often generated 
electromagnetically, but since these sources cannot be classified as components, they 
are outside the scope of the encyclopedia. Electrostatic sources are excluded for similar 
reasons. 


Abattery is sometimes referred to asa cell or power cell, but can actually contain multiple 
cells, as defined in this entry. It used to be called an accumulator ora pile, but those terms 


are now archaic. 


OTHER RELATED COMPONENTS 


+ eapatiter (see Chapter 12) 


What It Does 


A battery contains one or more electrochemical 
cells in which chemical reactions create an elec- 
trical potential between two immersed termi- 
nals, This potential can be discharged as current 
passing through a load. 


An electrochemical cell should not be confused 
with an electrolytic cell, which is powered by an 
external source of electricity to promote electrol- 
ysis, whereby chemical compounds are broken 
down to their constituent elements. An electro- 
lytic cell thus consumes electricity, while an elec- 
trochemical cell produces electricity. 


Batteries range in size from button cells to large 
Jead-acid units that store power generated by 
solar panels or windmills in locations that can be 
off the grid. Arrays of large batteries can provide 
bridging power for businesses or even small 
communities where conventional power is un- 
reliable. Figure 2-1 shows a 60KW, 480VDC self- 
watering battery array installed in a corporate 
data center, supplementing wind and solar sour- 


ces and providing time-of-day peak shaving of 
energy usage. Each lead-acid battery in this array 
measures approximately 28" x 24” x 12" and 
weighs about 1,000 Ib. 


Figure 2-1. A battery array providing 6OKW at 480VDC as 
backup for a corporate data center. (Photo by permission 
of Hybridyne Power Systems, Canada, inc. and the Hy: 
bridyne group of campanies. Copyright by Hybridyne, an 
Internationally registered trademark of Hybridyne Power 
Systems Canada Ine. No right of further reproduction un 
Jess specifically granted by Hybridyne.) 
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Schematic symbols for a battery are shown in 
Figure 2-2. The longer of the two lines represents 
the positive side of the battery, in each case. One 
way to remember this is by imagining that the 
longer line can be snipped in half so that the two 
segments can combine to form a + sign. Tradi- 
tionally, multiple connected battery symbols 
dicate multiple cells inside a battery; thus the 
center symbols in the figure could indicate a 3V 
battery, while those on the right would indicate 
a voltage greater than 3V. In practice, this con- 
vention is not followed conscientiously. 


Figure 2-2. Schematic symbols fora battery. Each pair of 
symbols within a blue rectangle is functionally identical 


How It Works 


Ina basic battery design often used for demon- 
stration purposes, a piece of copper serves as an 
electrode, partially immersed in a solution of cop- 
per sulfate, while a piece of zinc forms a second 
electrode, partially immersed ina solution of zinc 
sulfate. Each sulfate solution is known as an elec- 
trolyte, the complete battery may be referred to 
asa cell, and each half of it may be termed a half- 
cell. 


A simplified cross-section view is shown in 
Figure 2-3. Blue arrows show the movement of 
electrons from the zinc terminal (the anode), 
through an external load, and into a copper ter- 
minal (the cathode). A membrane separator al- 
lows the electrons to circulate back through the 
battery, while preventing electrolyte mixing. 


Orange arrows represent positive copper ions. 
White arrows represent positivezincions.(Anion 


source 


power tery 
is an atom with an excess or deficit of electrons.) 
The zinc ions are attracted into the zinc sulfate 
electrolyte, resulting in a net loss of mass from 
the zinc electrode. 


Meanwhile, electrons passing into the copper 
electrode tend to attract positive copper ions, 
shownas orangearrowsin the diagram. The cop- 
perionsare drawn outof the copper sulfate elec- 
trolyte, and result in a net accumulation of cop- 
per atoms on the copper electrode. 


This processis energized partially by thefactthat 
zinctends to lose electrons more easily than cop- 
per, 


Membrane 
Separator 


Zine 
Electrode 


Copper 
Electrode 


Figure 2-3. A classically simple electrochemical cel, See 
text far additional details. 


6 Encyclopedia of Electronic Components Volume 1 


av sjeuSis o1uog “Aupruny pur (apminze) aunssaid ur soZueyo yp “saaamvoy, 
“n990 s1oLa HRUIAISKS aWIOg “payesuaduos ainyesddua st g-adpm2oV oy 
“(ae) wmipaur ayp Jo Ausuap ay) UO Kprea1d spuadap punos Jo paads au sy 


“(QyBts uo) va! Kq O.LSIC AAU 19sp] (vondo-01199)9) 
PIY-pury pur (4J9] UO) JOUMs® doUEISIP SUOSE.IN G-adpNIoy 1°7 aANBL 


-ajdumexa 
JO} “QoOh+ WP SUL Og'PSE pur D,OI~ I sp OE'¢zE SI Punos jo poods 
AYL “(tay Ul) aunssaid o1ydsoune ayy d pur (egy ut) ainssazd anodes s9wM 
ened suiaqdsoune amp sta ‘(D.) smis[aQ seaudop ur ainyesadwin ouaydsoune 
ay) S110 + SPELT = “UAL UL) aumtesedwiay ouaydsoune ay st J ax9ya 


(er) de) 0818 0- LN, gecoroz = 9 


(sau ut) 
2 punos Jo paads ayp Joy uoNeNba SuiMojJo} ay2 aALIOP PIP (GE61) ZILAYIS 


ao £, DP 
un Wy 


:SMo|[OJ SP p 2oUNISIP 
ay aindiios 01 suuuad 9 punos jo paods ayp Jo a8pajmouyy “paanseour 
SE ypeq pue aoepins Sundaes ait or jaaen o} asind v Joy own WSIp, 
AYL “SAARM UNOS aAlazal puk yUSURN OF (prosejog Aq apewt) JoonpsuE 
onshoor-onoaja ue sasn suOUNASUL ay, “F L¢ SYsIOM pur Dage pur 
Deb woanniag sareiado ay “(widd QOOT + UHL Q1)F OF wALeAINbA st YDIYAN SIP 
1 + 951% St paionb st uorsizaid ay, “your | JO WO | JO UORNJOSA BIA UE 
€] 01 UH 9°9 Woy SadtteISIP ainseat UD I] “4OSUAS punoseniN ue Jo a1duNeXo 
aUO SI (Ja UO *]°Z AINSI as) Jo;MUISa aouMIsIp DuOSDaln §-advINZIY YL, 


4osuag punospayy TZ 


co L™D (5-01) ( CES Losz )} +p = 2p 


rammorgnueut 
ayy Aq UaAld WU CEg Jo YPSua[IAvAL JOLLED ay pur sUONIPUOD puepURIS Oy) 
wou} paALap aq ued UORENba HONdaL09 FUIAMO|JO} ayp ‘AUIpIUUNY Jo SoUN LUT 
au SuUOUsE UayAL “AUprUNY aAnejar 909 Pur eal] E56 *D,E7 W PURIST 
yoauN0d ay} SAINSRALL OSI v1] ay) “JouMoLyNULUE aU’ OF SuIps0soy 


-panmbar st wonsa109 aantsod v :yoys 00} pansvatu ose 
aye saoueysip “TuawNASU! ay) JO aanssoud (,paepurys,) adua1aJO1 By} URL) 1aAO] 
sainssaid ty “parjdde aq 0) sey uonza1109 aanisod e :yoYs 001 pamseaut 
aye SgouRIsIP “jUDUINAISUE ayy Jo aunyeaduia, (,pxepuNys,) aouaIaJO1 oy 
ueyy z9yzry samesoduiar ry “ur QOL Jo seoueysip Joy areLdosdde aq aysiu 
SUONDAOD “UE OE O1 WH Z'Q JO SAdURISIP 10} pazoUTE aq YSU SIU ISTIYAY 
aunssoad ouoydsoune ut a8ueys egy ¢¢ sad pur sunesaduuay s1aydsoune ut 
aBurys 9,01 Jad wi QT /uU | noge Jo ayes ee aBuLYD saop syustuansraLL 
ay) Jo afeos ay “ssajaw aourrsip jeondo-onosja say |e WTA Oy] 
“srjaured suaydsoune ay soy Aupoey induy ue aaey 10M sa0p OLSIC AU, 


Caourisip winuuyxeut ay aaaiyse oF parinbar are sarejd 1981 je1sadg 
“WL QOT WRU? 19ZUO] soouRISIP ainsvatt o1 jou pawUUEAToId age s[apou! OA, 
9Soy} IY] UMOYS DALY SISAL) “WOOT aAoge WUE OT puL WI QO] AOJaq WUE | 
st uoNnjosar Aejdsip ayy, “(O| 1 WUE CTF) OZ W WU EF se KowINdO ay pur 
W QOZ-Z'0 SB paist] st aBury Sunesado ayy ‘.o1ssvj9 oy) pue .a17 OLSIC un 
JO} "7O0T UE Pasea|ar Sem SAL2S OLSIG WY UL “(h661 BurA 7 antA\) 
[PAg] WEE Z YT MOJAG [JOM dM Pas OLSIG se[NoIWed ay Jo (s1OLIA 
31898 ‘S10119 s1poLIad “iueISuOD aAlyEPpr) SIOLID HeUIAISAS |[e WM Poyst|qeas 
AARY SJUAWAINSRAU a] “WIL | SI VONNJOSAL ay, “FOIDaLJa1 MOYTA “WOE 
1 Wi 7-0 se paronb st afums UL Cur € St OLSIC [euIFUI0 4p Jo yPFuay Wun 
DY) “SiOIauU doURISIP sfuOANIa|a Jo" ISoUr Se a]droutsd quatuAnseatu-aseyd 
Dues auf Sasn sO}9UU DOUBSID SIU, “S9ORJINS 01 d9URASIP dup auNseaU O1 JOTOUL 
QOULISIP APOIP JSP] a[QISIA Ue SASN I] “AAOQE passnasip adtaap punoseNjn ayy 
vy ASUO] nu St wYL “uo wu c_Ez SF IUSUINNSHT oy, “GGL UI Posvaja1 
stat [9poul OLSIC Sly SY, “(YBU UO *]°Z aunBLy 998) passnasip st .O.LSIG, 
ATOLL JOSP] P]ay-PurY PDI ayp “sOsuas Jeondo-Ond9[9 UP Jo a[duIEXd UE SW. 


sosuag jvIndg-0.49a1q 707 


-s0un0s 
way] Ja" 10 uns op 01 pasodxo aq 10u Pinoys pur ommeiodwuay qwoIquE 
Du) Te JVs O01 BWN YFnous usa aq sNW adIA9p ay *(punos Jo poods 
areudoidde you ay) Jo uorendwos ayy 10}) aunyesaduiay Jo WIOINseoUt 
[eu ayy Jo asned9gq “soURISIP advoAv ue WMI SooRUNS YsNoY 
-siodiro pur Aroisfoydn ‘sureno se Yons sfe~areur Surqzosqe £q porsa|jou 10U 


onaudeu ayp yitas 19yp980L, “preog-uo parejno|es aq uvd IUIOd v 01 aouDLaysIp 
TYBI9y ay) pu souRISIP [eIUOZLIOY a4) ‘soUaNbasuoD UJ “a[SuR [ROILIOA 
@ pue (asks si UF YOU onouseU ISUIee poouardjar) o[3ue [eIUOZLIOY 
b ‘gounisip ado[s v Ayaumeu ‘Siatoayar? aIuONDDI9 dU Jo asoup O IIIS 
niep opiaoad suiaisks yong “iyais Jo aul] SuIpuodsoazod oy Jo uoneUT|OUT 
ay) pur Sureaq onouseu ay) se [fam se qUIod vO) coURISIP ay) aunsRoUt 
uno ieyp “suasks odAiajnoourq aptoad sioamorynuew Jo Joquinu y 


Sd AI duURISIG-9[sUy-a[sUy PPy-puey 77 


Qy3u uo) Jowe907 voIa] pur 
(y9| uo) KBopouypay, 19s" Aq sase] KANG PIay-pUEY MOLONID 27°Z |ANLy 


ac) 


-_—= 


-ayqissod st swarsés GYD 01 saysueN eI W “sBuIpjing Jo Kaauns pars! 
-samnduio9 ayy 10} saindutos peduad vo} OLSIC & Sut] Wsss uoNtsmbs 
RIP SILL “‘PAMOT[O} WIWAOSIG “9661 UI “Sarjopoayy tuo] 
POI] ay OF WAWYDENE ay) JOP ISD OLSIAG ke se puR siudwamnseout 
Jonuos 10) siaindwos woy uonriedo 10} ZEZTSY OLSIA wed aN 
sv yons ‘suoIsian pastperoads awWos UI a1ge[teae st UALINSISUE aq “C661 2OUIS 


-pautnbax st Aypigeis wreag 92g J1 spodin wisUMeD O1UO Paxaids 2q 
uvo SOLSIG “Seouersip soo] 1 SuNuIOd a[qeas v apraoad you Aeur uonesado 
purysay ‘ospy “siouseur <q aonjd ut play st pue OLSIG a O10 sdy9 
ory Tuauyoene adoosajar v s|]as voIa] ‘saoueisip 1a8uo] 1 ak9_ kq_udas 
3g joUURD JOP Jase] atp SY “(BuNaaYs aAnsayor Jo apeut) arejd rE (uavouq) 
v Buisn Aq (sfopour zamau J0J wt QOZ 10) WH ODT OF papuarxa aq uRD aduer 
AY, “01 pamseaut Zu!9q st dourrsip atp Tutod YA OF AfeXA SMOUY ZOSN at 
ep os ‘onJans SuNs—a]Ja1 ay} ONO JOP pas v sioafosd aporp Jase] 9|qISIA ULL, 


*(eay ut) aunssaid 
suoydsoune ayy d pur “(9,) snisjag soarfap ur ainqesadiay ouoydsoune 
dip S11 “(+ SPELT = SUIALY W1) amesaduiay oLaydsoune xp SF J, a191]A\ 


sajdurexo 40] ‘yndouss “sued se yons ‘sioafqo Jo AU90[9a ayp Jo WsWAINSPaUT 
ay uuued squaunnsur yo adX aus ay Jo suOIsIOA TOO “(Z66I) 
uve Xq passnosip are sizodse uonratdde auiog “suonindwos spnowouosin 
wos Joye ‘(espa WSU pue yo] or ynuNIze sunseow) soup ay 
pur (wonog ay pur do} ay) 01 afSue UONRAda aInsvau!) 1YSt9y ay oUTLTAIAP 
Aqisea uro siuatunnsut oyp ‘20n v Oo} douNISIP ot paunsvoui SuIAvH “Ansnput 
A9qUUN dtp JO} pausisap to9q aary stuauNSUE past{eIoads “aydioutad ut Sea] 
Je ‘aIGISIA aq 01 padu sjurod sa OU ‘AfOOIP SBuLIeag ainseoUI sjuoWNNSUT 
amp asneoag —‘sanbiuysar gg Xq pareurpiood azam yoryar siutod 01 
soanqvay [PUONIPPE dutIO9 oF pasn UDYO are KYL “sIuDWAINSRAL STT/SID 
pur uonesojar ‘siydessodo. ‘Koiuaauy ‘aunjox “Suydues “Sunewnsa 
“Suypyoud “Surddeur soy ssn Cueut axey siuoumnsut play-pury osayy 


saputy aus s9sr] Jo UoRsajas B Jo IEP [UYDAL, 21-7 GEL, 


nunsny puryaning furan vsa 

oy ossev —— SuHo>44 nut T1108 09 Poowarsiey 

Zasseng s0UdtA\ seroHd GELLO-A —_ PAK HOSONL § 66EL 
Foy souueyor iq suissésoap roieT HAWN Yndousy— AFojOUDaL Se] —_seuMM/UOWY 
sof 06 sot sok wees 
iia ae iia ssvo uy, Suunsnayy 
10 zo peal OF OF Aowanooy 
093% SPX SPER SOR 0981 aura 
onoupoup 
(sreawid)oc= ——s0suos re ie Guoy).sit uonesiqng 
a zo tae sol aut SuLnstayy 
zo 70 ia 0F Koray 
mary 
sso seo ti seo au Sunseoy 
sw o0se «8 000¢ ww ooze stg ada. 0 984 
18 0081 8 00st «8 00 wssh — sfupring on 98ury 
wo0ei ww o01> weit $9104 0 uy 
we wsz we aouesic winaragy 
cua gov wit cus 001 vw oor oeinooy) 
sours 

20001 jomsoy SBI 9807 

anos 29501 m1 AW-00€ ITE VOU wows 


“ojqujreae Ajjensn st wep atp Jo Surssao01d pur a8esoys Pusarxa oy) 0 
sonpaMU ZEZ-SY UY “a]qissod st Suuonssod [euorsuawnp-oomp v “SuLswq 


ol 


soy 40) 1soy ay £q paonpur suoNPaqrA ap dump OL “sIxe voRIaA su IMoge 
wopaayy Jo sarap OU set JOsUDS amp *AyjeAMEN| “SKeaLapis 40/puR spreALI0} 
PAD St (9[OIYaA SOY 10) ISOY oY) J UEAS [RIUOZLOY SUIeUIAZ Wt IY os 
porjequits Aypensn st sosuas xn oy, "smak OE UPI B10! JO} UBISOp sOsUOs 
Areuutid up uoaq sey ¢°Z andy UL UMOYs UBISop aU], “ploly SNoUFeUI s,qpuv 
ay JO JOI99A xp JO WauodWiOS |UOZIIOY d{p1 Jo WONDOIP 242 oUTULID}2p 
0} paulisap ud9q sey YoIy sMaworusew vst sscdwos sw-xny oy], 


(ZL61 Na|Ied 42142) oI XNY v Jo UORONAsUOD eI.UEH :¢°7 aaNSty 


Yj 

“uonmjusumAsuT SuLé9Aans UL UOISN|DUT 40} [PELs 
ins atu099q KpUdAI KUO Davy] SossediuOD aeE-xn|J By) “JOADNOH 
e Ur SiPak KuretUL 10} PsN 199q SPU 1 :AXaUE JOU St AFOJOUYIO 
i OuseUE ox JO TataIseaL aYy 10} Sassedwos oe-xnIJ 
po[[eo-0s asn anoge paquosap sooiaap doucysip-o[duv-9/Sue ploy-puLy |TV 


sspduioy ayvsxnpy 77 


-[erap a10Ur UF MOJ9q passnosip auv sjuauIaINseaLuE 
aN ay pur yrnunze ayy 40} pasn siuauoduIOD oy, “TT ay) UO WIRAQ 
24 dooy 0} posmnbar aq Avu yoddns owos ‘saseo asouy uy “Toss 1ueIS 
wag amp astuignis dpuaroyyns 0} [qu aq 10 APU S99IAap asaxp Jo UOHTeIOdO 
puryaoyy rey) pajou aq Pinoys IT “(9661 0661) J930NY UL punoy aq Kew 
S1orauu sourisip asind Uo uoneuLIosU! Joyny “Sues ouMMARp axp Jo o]qnop 
‘yj 0} dn popuarxa aq ues aSuvs ap “siq}au aourisip [eando-on9a[9 J9"p0 [1 
Ui ayty YBIU Ty. “StusWaINseaUL Iys[Aep 40y St 3BueL 2ouUNSIP Poronb au}, 
“(@) ‘by aas) aanyins Sundayar ayy wos pur o} sasind ayp Jo awn IYsIY 
ay) Woy PaaLiap St adueIsIp ay], “(Luu 96 NOE Jo syPBuapoAvA\) ParAzUT 
Ivau ay) Ut Sunesado Aqyensn ‘sjuowamnseaut soueysip ayp 40} s1ose] aporp 
pasind asn sjuaumnaysur [Ty °Z°Z aunBLy ut paroidap aie sjuawmnnsut sy199ds 
OML “17 a1Gey UE UOAIS st stuatunasUT eoIdAd Jo HONDaIAs v Jo LEP KY OU, 


-sasodind 
uomeqoumoop 40J aud98 otf Jo atu OapIA v UO preOAO ov siejnoned 
ITV. “azou pur Wi Q¢e 1 dn saduRrsip ye (y/UTY | 01) Y/Y OZE 01 Q Jo spaads 
Soanseauu yeyp (Paent) ADO], JAS] OFA -OoplA) 1uauNzsur ue sorjddns 


iat 


(-KeasXue painseaur aq isn woRsaUIp premioy 
OY) UT IN AYP aseay Ie ‘yaw aduLISIP ay YA UONLUIqUIOD UI Ng “Yons 
se UORPULOJUL feuONIPpE stip azmMba1 you saop ssediios aw3-xnj [euONIpEN 
DULL) “Paunsvaut aq IsNUU SI]!) JOSUAS-sso19e Pur -—Buope axp ‘aue|d [rIuOZLIOY 
B UL asvo s,JOsUaS ap JO BULTIQ ay) BALLap OJ, “WaISAS aTeUIPIOOD asvd dU] UT 
ploy snouseu s,queg up jo stusuoduios sasip oup ainsvoui ued pein v Yong 
SIOSUSS AVE XNIJ SIXR-o]aUIS [PUOTOMIO dant Jo PeIN wasn OF 9]qISSOd St 11 
‘uonisod jeiuozuoy ut JOSUaS [eUOISHAWIP-OA1 [eUONIPEN axp asiqiqeis uey 
AOYWY “VtAop oy} Jo SI[N-ssosse pue -Buope a[qemoyye ayy riser asodind 
TONE] Bu 40} pasn sioaid Jo spequis ay, “auy]d PrUOZLOY v Ul past|IqeIs 2q 
snu pur <avoy pur a8zv] A[oanejas ame sasseduios awed xny eUONIpEN ILL 


“saindwios p1vog-uo ayy q soypany passasoud pur pasissip 
2q 01 ary safeyoa Jjo-yoid ay) ‘suauMAsUL play-pueY 40g —“1Wd¥o09 
DU} UF LOWOIPUL SuIpeay ayP_O1 parsauuos a1m siUdWA[> JOIaeP Xnyp 
up ‘syyesoare Up IFO} apSue YSU We SEAL UoyA “[eUsIS wNWTUNW e pur “Pla1y 
sqqueq aun o1 faltered st (ayods) sixe Suunseaw swe vaya “[eusIs wnuwtxeU 
B soqpsaua JJo-yord y “sayods any ou ut xn ayy sagueYD ploy onauseut 
Sunes auf Ul Josuas awF xny a7 Jo UONETUDHIO ay) MOY SMOYS FZ BUNTY 
soyods sou ay) &q pauyap waisks arvutp1009 ay) 01 parsadsax YilA\ PIL, 
onauteu surg ay) Jo a[sue ayp aA! 0} pourquios uoyp am syyo-yord aan 
dy WON] SOBRIOA ay, “uOHONPUL INaUTeUI-oNDa[9 01 anp [109 JJo-4>!d ayp Ut 
paresouds st a8eI]OA v pu O19z-40U SaLIOd9q [109 Krepuodes ax YSNOs XN 
[e101 aup ‘xn onauseu paonpur ay or sppe play oneuseur ype au se UOOS 
SV. “ploy onousew syueg ay Jo aouasqe ay ur o19z 9q [ILM (ZH 008 12) 
jyo-yord ayy &q posnseaur xny [eI01 ay “xn InauseU paonput ay Jo syed 
imar pue premioy ax apnjout sji0o (yJo-Jo1d) Aaepuooas ayy sy —“sayods 
auf Jo ued Jamo] ayy pur saddn ayy £q pares st xny snouseu ay, “sayods 
Sout aun Ul (ZH OOF Je “'9) Ploy onoUFeU UP sayeIOUDS [oo Kru OY 


(cL61 
nolled 40ye) soyods soxup ay UO s[109 JJo-yo1d ay) UL paonpul speusTs ay 
pur Jo;aep xny e Ysnomp ploy onausew syuwy ayy jo wed pz aansey 


<0L2 


“e1'0 AtqeardAr st Kovsnooe 
au “(pawoy,) piny v &q ppunousns Ajjensn s} apnpour JOsuas ap *(2]9149A 


ral 


“0suas [aaa] a4|ONDO]O Ue JO MOA UR[g 29'7 2nEy 


(punoip) eponsera enue, organ 


seposea YenUsssHio 


anopeas YIMUUIZe axp1 JO UONDaIIOD xp 10} 
J]N SSO ay} JO JAWAINSRaLE ay Joy JOSUAS y[1 [RUONIPpE UL auinbad ssosuas 
Xn] SIxv-9]@UIS Jo PeUN v asN YIYA SMOUINNSUT dy “[EUOZLIOY o1 sooUERSIP 
adojs paunsvau ay Jo uononpar ou Jj 1931"1 at) oF UoNDaNP ul ZuIpeas 
AD}OWOUT]D v auINbar swOUINNSUL |] “pasn s1OsUds 11N dy IMogU oyr90ds 
JOU aie Sas!Aap aouRIsIp-9/Sue-a[3ur ploy-pury Jo SiamMoRURUT ISO 


suapomouny 777 


“aut {Rad Ur Zurpear Josuas ay 1921109 pur JOSUAS axp JO 1ALH|aAaysIp 
‘ayy Jo syuouodwos omy ou) UTUUD}OP siosUss UONEUTfoUT pareszaqUL 
OM] “SEF JO SIN-ssouse pur -Buoje i areiado oy payloads st aotaap 
ayL “suiasXs Suunsrau paseq re[nd0UIg sy) Joy pen (DW ‘ssedwod 
SnouseA, [eUsIq) Josuas oVwF-xny) sixe-souy) e amoRyNURUA Soop PdIa] 
“(p66I [#19 BLIANDULA) (9 PUR | S1AqUINN) S|109 (JJo-49!d) Aaepuodas oan pur 
(6 01 Sioquiny) s[109 SuNIOxa sno} YIM USisop Jeonowad v SMOYS CZ AINSI 
JO d|ppHU dup UL weAFeIp dy, “INd90 PINom UONONpUT OU ey suBdLE YOryAr 
Souaz Jo Xn|J [e101 v JaISIRa1 pfnom [LoD uoNINpUl axp ‘platy aNnaUuseUr puso 
uv Jo aouasge ay) UT “s[!o9 oY) YMA siae] ay) uaamag paoeid are suoqquL 
AAHOUNSOIOUTPUD AO] snoydioUR woIy apeU saI0d OAL “s[!oo uNIoxXa 
(2eurjd) oan uaaaiag paysimpurs st [109 uonanput (seuepd) ay “(F66T 12.19 
BLONULA) YJ>] ay) UO UFISap a[qIssod v ajdioutid sIseq ayp SMOYS CZ DNS 


+(S661 8919] JAR) SadtAap Play-pury ,PIAoaD, pue 10199, JOY 
40y vata] £q paudisap (QW) ssedwios snaudeur [eNsIp [euorsusWIp-291y 
SYP YS aM UO. “(PEGI “Te 19 PHONOUL,A J9Y7e) JOSUas aIeSXNY pares-fayfemed 
seurjd © Jo (a[pptut Ut) uaisap ajqissod pur (1J2] wo) afdioung :g°7 aansey 


(£661 HOW 494) 
speor asn-mo] ‘our] a[Buls Jo skoasns souwssreuuosar ayy Joy aiM|NoUsy 
Jo quaunmedag gf atp Jo aotaiag ysas04 amp Xq posn quauidinby :z°7 aanSLy 


“sourisip afvzoae ue Avpdstp Aeur usuzsut ax “ureag aup Kq ANY, 
am sioalqo Jo 1oquinu v Jf “r99{go ay ovo AIIny s{pey WeDq Jose] ou Jo TULA 
1004 ay? TY auns ayxeUL OF sey auO ‘osy “J9A{go atp Jo axuad ayy O} JOU pue 
“Qoafgo oy) Uo) dovJINs IS9soJo ay) OF PaiNnsvaw are SooURISIP [Ty “ovINdoe 
quowlamsrour oyp uEyP Jose] a7 19/qo a1 Jo suoIsUOUNIP ax JI pastfeas 
aq jOUURD saoIAap ay) Jo AoviNooe qUOWIAINSPOUI ay) IY sva}9 St If “919 
sosnoy ‘saysng ‘soon ‘sajod se yons sio8ue1 aannesodooo-tiou oy jouioINseOUL 
2IN 1} paowoid ame saoisap sourrsip-ojSue-s]Sue play-puey ULL 


saomaq] aSuny-aj3uy-aj5uy pjaH-puny fo as E77 


urau! ayy Survey Xq pur 
Suonoauip yiog UF (saouaLayyIp YBI9y 40) sadoys joissyd aus ayy SuLNseoUL 
Aq play ayy UL pareurUt]a aq URD s}OWOUT|D ay) Jo IURSUOD aatppr 
SY) UL SIOMI] “paystiqeisa <psea ssay st pur sadoys ann ysurde uosteduros 
v sauinbag Jane] aU, “paearyoeg pur prensoy ‘dos aus axp Jo wouduseaut 
ay) Yom ssn dtp <q parsar <IIsva aq ULD saUNIOY YJ, “(4OLIa (APDUI|) 
quapuiadap-o[aue-[eaIs9A ay 10J) UONDaID a[ROS aU PUP (OLD O19Z ay 
Jog) yueISuoD aatppE ayp ase suONIaLI09 UELOdUH sour ay.L “UaUNSN{pE 10 
uoneaqifes Fuuinba1 siou9 Jo JaquNU B dAvy SIOaWOUT|D pur SI>}OUNIN [IY 


aoumtordeo ayy Jo aBueyo penuasaysip aun uo paseq aq 
uvo o1uon29]9 mnopeas ayy ‘AANEWIATE Ue SY “IN auf Jo aunsvau e st syuouiNs 
Om) ay udaaKtaq aouAIaysIP oy, “FYI ay RY WALD JAB] ev Kuws 
[11a aponoojo [enuasayjtp U0 ‘apis uo o1 soAour a]qqnq amp JF “owes a1 9q 
[II spray yiog UL uaLND ayp eM suRaLE SI “pInby] ay) Aq AIpenba pa1dA0o 
aq [TIM saponsaya [eNUALAYJIP YIOq “panUad st a[gqnq 41e ay) J] “aanoNpuos 
SE Yo ‘okons9[9 UP YPN Pally ame seIA ses ayL “sajopooyp 
UL S[DAd] are|d ay? a[quiasar S1OsUas Jor] SNAJONDa[a aL “4OSUAs v Yons 
Jo UBISap dIseq dU] SMOYS 9°Z aUNBIA{ “,[°0 JO UOLNJOSa1 v Pur ,9OF Jo oBucs 
BuuNsvaw v Ya JOSUIs [aAay INA fONNDAID Apenb-ysry, v soon [ary ATU 


ial 


sBupraq Supnseayy yurod zejnotued ve qUeISHOD are ing ‘azqeioipard you 
aur sjoatgo asayp £q pasneo S10119 ay], “siuaLINo yauIp pue susodap [esouIL 
*(sadurexo maj v snl aatd 01 “Samoans a1ax9U09 pasiosutad ‘SoAMINNS [9918 
‘sajod 1481] Jeans Jaars ‘S19M\01 aut] UOISsMUSUEN “sre9 ATeUONNIS 40 Buissed 
sv Yons) Auutxosd asojo ur s}oafqo aypeaW Xq parsoye st dn-es awjnonued 
ve pjey onausew ay, “Joasasqo ay) Aq peonponnut asoup pure jauTuOSAUD 
uoNeIS ay) Or anp asouy <jaumU “sauOFI om OIL [ey suOnseME 
[eo0], aay, “Ploy sNoUFeUI ayy Jo soouRqumsIp [eso] axe a[quioIpaid sso] 


siuaupunbar uo Supuadop ‘Burmag 10 yINUIIZE UMOUY Jo SoUIT May 
B Uo doIA9p douRIsIp-9[suL-9[suE UE oyIqiIPd 01 JoISva aq IYSIU 1 ‘aonoesd 
Up “‘UORIppe UF parepisuos oq 01 sey (ND “YUOU pus oy pur (NL) yUOU 
anny ay Uaaadiag aur ayn) 2auassaauor pus ayy vamp ‘uonsafoad dew v jo 
(ND) yuo" pd sy) isureSe paouasayas aq 0] ase suUONRIUATIO paunseaut ay) J] 


*Kjpanoodsar 
“avaX sad samnutu [*[— pur saeiSap ¢]"|— a4 sanqea ayy “QL6I 404 urese pure 
(VM) WoareMMeD UT “(E261 UOSe|UL) awa Jod sue Jo samnUIU {°]-+ HONEA 
aejNdas oy] pur (AASN) APSCIMAN UT SaauTap OS] ] SBA UONRUT|Dap SNaUTeUL 
DU) “OL6I UL ‘eOUT JO dasZop UO Yoras UND IONE] oy, “sWUOIS SeUTEU Or 
anp suoneLA zejnFaut oO} pue (o1e Jo aINULUL DUO URYp SS9I JO 40419 oIpoLIad) 
UONRURA [enUUE UP ‘OI Jo saINUIL g Inge Jo (Kep 2UO J9A0 10419 J1poLtod) 
uONeLA [eUNIp v “YONA (wId1-Suo]) AINDas w OF Ioa{gns st UoNRUT|Zap 
SnaUTeUL ay) FY UAOUY [JA St a] “UEISUOD Jou st Pfay onoUseUT s,quEs 
DY) wy? St WEIqord ay, “N|A sM JUD Or AU[IOe] v aAvy swuoWINNSUL 
SOW “SUS WOUAINSRaL ay JO LONI] PUR aWH oy) JJ IUDLIND 9g ISN 
anfeA UOHRUT|IAP oY, “Palapisuos aq IsMu (NW YoU sHUTeW oy) pur 
(NL) quou ann atp waaavieq afsue ays) voruysap snauspu sup 10J anfeA ay 
uatp “(yuu s1ydesz0a8) ypiou anny ysuMese paouaiayas aq 01 ame suONRUaLIO 
painsra ay J] “sassedwos snausew Japjo ay se sisayja aus app 
01 yo9fgns am Koy) ‘aouanbasuos uy “(sBuLwaq snoUseU) suONEUELIO UIeIGO 
0} plot] onouseu s,yueq oy Jo asn oyPui sosseduios oms-xnyy Jo sada |TV 


-squauoduios aanyp [fe ut Kovsngoe 189g auf SIDAN[Op (POL 
Uo) 198.2) pure (por UO) UOIRIS TAUINASUT PaUYyap [Jaar v pur JOIDa]J91 SANOR, 
uv Sura, “aiqneduros are soousraypip uONwAd|D preayoeq pur PIRALIOy ay) 
ey aunsua siYstay so199]Jo1 pur sista wuaWNNSUE Feng “sorUuI douNISIP 
ap aaoge adoosajar ayy sv rasyjo sues oyp we ated 108m) v SOLUS por 
Joya [Jar aWL, “soIndutod peuosiod w uo Furssoo0xd 1010 10} popsoga1 axe wIMp 
Sy. “Tonposd jeuyy ayy Jo rey) ueY ZONEq StTey KoeIMooR UL YIN paidnss0 
“91 9q urd squlod paxseM ayy wy sainsud ‘sio99[J01 (nse) Jo asn yp 
pur ‘stones 981 au) pur wownAsU oyp I sojod (Sunsoddns) jo asn oy, 
“spror isaz0y Jo Aaaans ayp soy aamynoUsy Jo jwaUTUEdag SP amp) Jo ao1As9g 
ysaroy au) Aq payein wauidinbs Arejjrour awos sMmoys {°Z angiy “pouty 
dq 0} ai suoreIS quOJOIJIP Woy syUDtsanstoUE Jt “UELOdUN £194 soULOD9q 
SuONMIS JOUINSHE PU PIAyDeq “pIEALIOS ay) JO VONIULJDP dy, “UMOUY, 
[19 are sasioaen sseduuoo auf, “sasseduos anaugeuu yas sed dtp UL ouOP 
stat 11 Se Syzoastou Kaains dn pjing 0} pasn aq und suOUINNSUT owsXN OY 


‘oup UL sofueyo ay JO} aunsvauI v aUI09aq KoUaNbaxy JOWI|I9SO ay UL saSueyD 
dup *sounbosuos uj “ouanboxy aoueuosos SurAiwa siyp savoyjoy nos19 
JOTPITIISO auf Jo auanbayy ay, “Aouanbayy aouruosas ayy ur aBueyo v sasne> 
uraq SunesqiA xp uo do10p SuBueyD ayy, “SMo|[aq [9a1s ayp UL aunssord 
OUP TPM SOAOW YOTYA ULE J9AI] e Kq passaidulos st wag zyIeNb su, 
‘suvout ouoajaozaid Xq Aouanbaxy aouruosas [eyaUEpUNy sit aE][I9S0 
on apeu st pur ynoMID soI|]I9S0 ue UT paor|d st wag ZueNb v ‘10SUaS 
zumnb Suneaqia ain uj “adA1 yora Jo uorriuautajduut auo sMoys g°Z aunty 
azoy passnastp SadAi sostias aut ayy Jo ayemMooe SOU ay ase ADULL, “PeO| 
Burden sopun sopurjd s1feou v 0 wieaq Zuenb v *kypeo1dA ‘jo Kounbayy 
aouruosal ay Ul afueyS xP JO asn yeu! siosuas ainssaid uoneIq.A 


AOSUAS AANSSA4 UOUDIGIA [TET 


poulpino Mou are sojdiouLud sOsuas UOUMLUOD ysoU! ay, “amnssaad ainjosqe 
pounsratil aip) Woy suONeAgTD axp1 Jo UONEMduIos axp| PUE Sanfea uONPAgKeS 
dU} JO} SUONDALO9 dup ‘SUN UALd}JIP UI9AVI9q UOISIOAUOD a4) JOy S49]NdUIOD 
pAvog-4O dames} SPdIA9P yj, “Siinos1D [eUsIP pue ongojeur pareisosse 
SH IA. Josuas ainssord P punore ajInq am simawomq suONDa/> [IY 


sapdyaujad Surpso yy ET 


“pasmbag st (q1un yiZu9] Joysour UI Jo) saxjoUL UL ]NO-prad Based YOIyAN UT 
“sojoumnje se aiqnop siaiatuoseg [puooag “pasmbar s} 11am ainssoud soyIOuR 
UL JO (qu ‘IeguTW se UMOUY <SnoIAaid “egy [easedorsey UF Ino-—prar v 
‘osvo Sip UT “STUSWaINSeaU JdUEASIP dIuONSa}a Jo UOHINpaL ayy Joy posmbar 
ainssaid ouiaydsoune ayy aunsvaw 0} pasn aq uvo ayy “Kpisity “BuysoOUITUD 
onewoss Ur sasn UreUT OA aArYy SioaWOeG (JeNSIP, 10) sIuONda;y 


(saajauy Ty pur) sxajautoseg o1H0.)9919 €°Z 


“qunowre aus ayy £q Suosm aq pinom uoHRIS aU WOIy Padsasqo 
sSuumoq J1e sv ‘suondasip painsvaui sv passasoid aq ues sBulueaq paunsvau 
Du) ‘91eploavun az sdouURqUMsIP oo] oxy ‘Sas asay UT “SBULIAQ 
anauTeU 7291009 ulRIgo o1 YNOYsIP <fouranxa aq pinow 11 ‘ajdurexa 404 ‘seam 
ueqin u]_ “porewinsazapun aq 10U pnoys saduEqimsip [eD0] Jo wagord a4, 


Aaua 
ateredos v se 40 uoreUT|Dap ayn Jo ued se soypN9 ‘S409 asaup 105 aVesUadwIOD 
luvo sootop Suunseour oy], “(Kv ous sip uaym shea om sduipear 
‘auf J2) 49A198g0 IejNon ed v Joy TUEISUOD aq q[LM JIU 9490d amp JO/puR SOx 
aut “1]9q ¥ Jo apyang ayy “yoreas ay ‘sasse|s Jo auray [eIAU ay Woy se YoNs 
‘soasoggo dtp Aq pasneo aouaiapIO1U! ay|, “parayye are sjuod pua yyog ssajun 
ssrouo oytoods wonreis 1991p O} SMOT[e SUI] UO spmAyorg pure PreALIoy 


powe 


source > battery 
Batteries for use in consumer electronics typical- 
ly usea paste instead of aliquid as an electrolyte, 
and have been referred to as dry cells, although 
this term is becoming obsolete. The two half- 
cells may be combined concentrically, as in a 
typical 1.5-volt C, D, AA, or AAA alkaline battery 
(see Figure 2-4). 
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Figure 2-4. Cross-section view of a typical 1.5-valt alka 
line battery. 


A1.5V battery contains one cell, while a 6V or 9V 
battery will contain multiple cells connected in 
series, The total voltage of the battery is the sum 
of the voltages of its cells. 


Electrode Terminology 
The electrodes of a cell are often referred to as 
the anode and the cathode. These terms are con- 
fusing because the electrons enter the anade in- 
side the cell and leave it outside the cell, while 
electrons enter the cathode from outside the cell 


Variants 


and leave it inside the cell. Thus, the anode is an 
electron emitter if you look at it externally, but 
the cathode is an electron emitter if you look at 
it internally. 


Conventional current is imagined to flow in the 
opposite direction to electrons, and therefore, 
outside the cell, this current flows from the cath- 
code to the anode, and from this perspective, the 
cathode can be thought of as being "more posi 
tive” than the anode. To remember this, think of 
the letter t in “cathode” as being a + sign, thus: 
cathode. In larger batteries, the cathode is often 
painted or tagged red, while the anode may be 
painted or tagged black or blue, 


When areusable battery is recharged, the flow of 
electrons reverses and the anode and the cath- 
ode effectively trade places. Recognizing this, 
themanufacturers of rechargeable batteries may 
refer to the more-positive terminal as the anode. 
This creates additional confusion, exacerbated 
further still by electronics manufacturers using 
the term "cathode" to identify the end of a di 

‘ode which must be “more negative"(ie, ata low- 
er potential) than the opposite end. 


Tominimize the risk of errors, itis easiest to avoid 
the terms “anode” and “cathode” when refe 
to batteries, and speak instead of the negative 
and positive terminals. This encyclopedia uses 
the common convention of reserving the term 
“cathode” to identify the "more negative" end of 
any type of diode. 


Variants 
Three types of batteries exist. 


1. Disposable batteries, properly (but infre- 
quently) referred to as primary cells. They are 
not reliably rechargeable because their 
chemical reactions are not easily reversible. 


2. Rechargeable batteries, properly (but infre- 


quently) known as secondary cells. They can 
berecharged by applyinga voltage between 
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Variants 


the terminals from an external source such 
asa battery charger. The materials used in the 
battery, and the care with which the battery 
is maintained, will affect the rate at which 
chemical degradation of the electrodes 
gradually occurs as itis recharged repeated- 
ly. Either way, the number of charge/ 
discharge cycles is limited, 


3. Fuel Cells require an inflow of a reactive gas 
such as hydrogen to maintain an electro- 
chemical reaction over a long period. They 
are beyond the scope of this encyclopedia. 


Alarge capacitor may be substituted for a bat- 
tery for some applications, although ithas a low- 
er energy density and will be more expensive to 
manufacture than a battery of equivalent power 
storage. A capacitor charges and discharges 
much more rapidly than a battery because no 
chemical reactions are involved, but a battery 
sustains its voltage much more successfully dur- 
ing the discharge cycle. See Figure 2-5. 


Voltage 


Capacitor 


Time > 


Figure 2-5. The voltage drop of a discharging capacitor is 
‘much steeper initially than that of a battery, making ca: 
pacitors unsuitable as a battery substitute in many appli 
cations. However. the ability af a capacitor to discharge 
very rapidly at high amperage can sometimes be a signif 
cant advantage, 


Capacitors that can store a very large amount of 
energy are often referred to as supercapacitors, 


power > source > battery 


Disposable Batteries 

The energy density of any disposable battery is 
higher than that of any type of rechargeable bat- 
tery, and it will have a much longer shelf life be- 
cause it loses its charge more slowly during stor- 
age (this is known as the self-discharge rate). Di 
posable batteries may have a useful life of five 
years or more, making them ideal for applica- 
tions such as smoke detectors, handheld re- 
motes for consumer electronics, or emergency 
flashlights 


Disposable batteries are not well suited to deliv- 
ering high currents through loads below 750. 
Rechargeable batteries are preferable for higher- 
current applications. The bar chart in Figure 2-6 
shows the rated and actual capabilities of an al- 
kaline battery relative to the three most com- 
monly used rechargeable types, when the bat- 
tery is connected with a resistance that is low 
enough to assure complete discharge in 1 hour. 


The manufacturer's rating of watt hours per kilo 
is typically established by testing a battery with 
a relatively high-resistance load and slow rate of 
discharge. This rating will not apply in practice if 
a battery is discharged with a C-rate of 1, mean- 
ing complete discharge during 1 hour. 


‘Common types of disposable batteries are zinc- 
carbon cells and alkaline cells. In a zinc-carbon 
cell, the negative electrode is made of zinc while 
the positive electrode is made of carbon. The 
limited power capacity of this type of battery has 
reduced its popularity, but because it is the 
cheapest to manufacture, it may still be found 
where a company sells a product with "batteries 
included,’ The electrolyte is usually ammonium, 
chloride or zinc chloride. The 9V battery in 
Figure 2-7 is actually a zinc-carbon battery ac- 
cording to its supplier, while the smaller one be- 
side it is a 12V alkaline battery designed for use 
in burglaralarms, These examples show that bat- 
teries cannot always be identified correctly by a 
casual assessment of their appearance. 
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Lead-Acid NIMH Lion Alkaline 


Figure 2-6. Because of their relatively high internal resist: 
ance, alkaline batteries are especialy unsuited to high dis 
Charge rates, and shauld be reserved for applications 
where 2 small current is required over a long period 
(Chart derived trom hittp://batteryuniversity.com.) 


Figure 2-7. At left, cheap carbon-zine battery: at right. a 
12 alkaline burglar alarm battery. See text for additional 
details. 


Inanalkaline cell, thenegative electrode is made 
of zinc powder, the positive electrode is manga- 
nese dioxide, and the electrolyte is potassium 
hydroxide, An alkaline cell may provide between 
three to five times the power capacity of an equal 
size of zinc-carbon cell and is less susceptible to 
voltage drop during the discharge cycle. 


Variants 


Extremely long shelf life is necessary in some 
military applications, This may be achieved by 
using a reserve battery, in which the internal 
chemical compounds are separated from each 
other but can be recombined prior to use. 


Rechargeable Batteries 
Commonly used types are lead-acid, nickel cad- 
mium (abbreviated NiCad or NiCd), nickel-metal 
hydride (abbreviated NiMA), lithium-ion (abbre- 
viated Li-ion), and lithium-ion polymer. 


Lead-acid batteries have existed for more than a 
century and are still widely used in vehicles, bur- 
glaralarms, emergency lighting, and large power 
backup systems, The early design was described 
as flooded; it used a solution of sulfuric acid (ge- 
nerically referred to as battery acid) as its electro- 
lyte, required the addition of distilled water pe- 
riodically, and was vented to allow gas to escape. 
The venting also allowed acid to spill if the bat- 
tery was tipped over. 


The valve-requlated lead-acid battery (VRLA) has 
become widely used, requiring no addition of 
water to the cells. A pressure relief valve is in- 
cluded, but will not leak electrolyte, regardless of 
the position of the battery. VRLA batteries are 
preferred for uninterruptible power supplies for 
data-processing equipment, and are found in 
automobiles and in electric wheelchairs, as their 
low gas output and security from spillage increa- 
ses their safety factor. 


VRLA batteries can be divided into two types: 
absorbed glass mat (AGM) and gel batteries. The 
electrolyte in an AGM is absorbed in a fiber-glass 
mat separator. In a gel cell, the electrolyte is 
mixed with silica dustto form an immobilized gel. 


The term deep cycle battery may be applied to a 
lead-acid battery and indicates that it should be 
more tolerant of discharge to a low level—per- 
haps 20 percent ofits full charge (although man- 
ufacturers may claimalowernumber). The plates 
ina standard lead-acid battery are composed of 
allead sponge, which maximizes the surface area 
available to acid in the battery but can be phys- 
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ically abraded by deep discharge. Ina deep cycle 
battery, the plates are solid. This means they are 
more robust, but are less able to supply high am- 
perage. if a deep-discharge battery is used to 
start an internal combustion engine, the battery 
should be larger thana regular lead-acid battery 
used for this purpose. 


Asealed lead-acid battery intended to power an 
external light activated by a motion detector is 
shown in Figure 2-8. This unit weighs several 
pounds and is trickle-charged during the day- 
time by a 6" x 6” solar panel. 


Figure 2-8. A Jead-acid battery from an external light ac 
tivated by a motion sensor, 


Nickel-cadmium (NiCad) batteries can withstand 
extremely high currents, but have been banned 
in Europe because of the toxicity of metallic cad- 
mium. They are being replaced in the United 
States by nickel-metal hydride (NiMH) types, 
which are free from the memory effect that can 
prevent NiCad cell from fully recharging ifithas 
been left for weeks or months in a partially dis~ 
charged state. 


Lithium-ion and lithium-ion polymer batteries 
have a better energy-to-mass ratio than NiMH 
batteries, and are widely used with electronic 
devices such as laptop computers, media play- 
ers, digital cameras, and cellular phones. Large 
arrays of lithium batteries have also been used in 
some electric vehicles. 


Various small rechargeable batteries are shown 
in Figure 2-9. The NiCad pack at top-left was 
manufactured fora cordless phone andis rapidly 
becoming obsolete. The 3V lithium battery at 
top-right was intended for a digital camera, The 
three batteries in the lower half of the photo- 
graph are all rechargeable NiMH substitutes for 
9V, AA, and AAA batteries. The NiMH chemistry 
results in the AA and AAA single-cell batteries 
being rated for 1.2V rather than 1.5V, but the 
manufacturer claims they can be substituted for 
1.5 alkaline cells because NiMH units sustain 
their rated voltage more consistently over time. 
Thus, the output froma fresh NiMH battery may 
be comparable to that of an alkaline battery that 
is part-way through its discharge cycle. 


Figure 2-9. Top left: NiCad battery pack far a cordless 
phone. Top right: Lithium battery for a digital camera. The 
other batteries are rechargeable NIMH substitutes for ev 
eryday alkaline cells. 


NiMH battery packs are available to deliver sub- 
stantial power while being smaller and lighter 
than lead-acid equivalents, The NiMH packagein 
Figure 2-10 is rated for 10Ah, and consists of ten 
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power > source > battery 


D-size NiMH batteries wired in series to deliver 
12VDC. This type of battery pack is useful 


to- 


botics and other applications where a small 
motor-driven device must have free mobility. 


Figure 2-10. This NiMH battery pack is rated at 104h and 
delivers 12 volts fram ten D-size cells wired in series. 


Values 


Amperage 
The current delivered by a battery will be largely 
determined by the resistance of the externalload 
placed between its terminals. However, because 
ion transfer must occur inside the battery to 
complete the circuit, the current will also be limi- 
ted by the internal resistance of the battery. This 
should be thought of as an active part of the cir- 
a 


Since a battery will deliver no current if there is 
no load, current must be measured while a load 
is attached, and cannot be measured by a meter 
alone. The meter will be immediately overloa- 
ded, with destructive results, if it is connected 
directly between the terminals of a battery, or in 
parallel with the load. Current must always be 
measured with the meter in series with the load, 
and the polarity of the meter must correspond 
with the polarity of the battery. See Figure 2-11, 


Values 


Meter 
‘measuring 


current 


Figure 2-11. When measuring current using an ammeter, 
(ora multimeter configured to measure amps), the meter 
‘must be placed in series with the battery and a load. To 
avoid damaging the meter, it must never be applied di- 
rectly across the terminals of the battery, or in parallel 
with 2 load, Be careful to observe the polarity of the meter, 


Capacity 
The electrical capacity ofa battery is measured in 
‘amp-hours, abbreviated Ah, AH, or (rarely) A/H. 
Smaller values are measured in milliamp-hours, 
usually abbreviated mAh. Iflis the current being 
drawn from a battery (in amps) and Tis the time 
for which the battery can deliver that current (in 
hours), the amp-hour capacity is given by the 
formula: 


Ah *T 


By turning the formula around, if we know the 
amp-hour rating that a manufacturer has deter- 
mined for a battery, we can calculate the time in 
hours for whicha battery can deliver a particular 
current: 


T= Ah / 


Theoretically, Ahis a constant value for any given 
battery. Thus a battery rated for 4h should pro- 
vide 1 amp for 4hours, 4amps for 1 hour, S amps 
for 0.8 hours (48 minutes), and so on. 


In reality, this conveniently linear relationship 
does not exist. It quickly breaks down as the 
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Values 


current rises, especially when using lead-acid 
batteries, which do not perform well when re- 
quired to deliver high current. Some of the cur- 
rent is lost as heat, and the battery may be elec- 
trochemically incapable of keeping up with de- 
mand. 


The Peukert number (named after its German 
originator in 1897) is a fudge factor to obtain a 
more realistic value for T at higher currents. if n 
is the Peukert number for a particular battery, 
then the previous formula can be modified thus: 
T=ah/ 1 

Manufacturers usually (but not always) supply 
Peukert’s number in their specification for a bat- 
tery. So, if a battery has been rated at 4Ah, and 
its Peukert number is 1.2 (which is typical for 
lead-acid batteries), and I=5 (in other words, we 
want to know for how longa time, T, the battery 
can deliver 5 amps): 


T= 4/ 5%? = approxinately 4 / 6.9 


This is about 0.58 hours, or 35 minutes—much 
lessthan the 48 minutesthat the original formula 
suggested. 


Unfortunately, there is a major problem with this 
calculation. In Peukert's era, the amp-hour rating 
fora battery was established by a manufacturer 
by drawing 1A and measuring the time during 
which the battery was capable of delivering that, 
current, If it took 4 hours, the battery was rated 
ataah. 


Today, this measurement process is reversed. In- 
stead of specifying the current to be drawn from 
the battery, a manufacturer specifies the time for 
which the test will run, then finds the maximum, 
current the battery can deliver for that time. 
Often, the time period is 20 hours. Therefore, ifa 
battery has a modern 4Ah rating, testing has 
probably determined thatit delivered 0.2A for 20 
hours, not 1A for4 hours, which would have been, 
the case in Peukert’s era. 


Thisisa significant distinction, because the same 
battery that can deliver 0.2A for 20 hours will not 


be able to satisfy the greater demand of 1A for 4 
hours. Therefore the oldamp-hourratingand the 
modern amp-hour rating mean different things 
and are incompatible. If the modern Ab rating is 
inserted into the old Peukert formula (as it was 
above), the answer will be misleadingly optim 
tic. Unfortunately, this factis widely disregarded. 
Peukert's formula is still being used, and the per- 
formance of many batteries is being evaluated 
incorrectly. 


The formula has been revised (initially by Chris 
son of SmartGauge Electronics) to take into 
account the way in which Ah ratings are estab- 
lished today. Suppose that AhM is the modern 
rating for the battery's capacity in amp-hours, H 
isthe duration in hours for which the battery was 
tested when the manufacturer calibrated it, n is 
Peukert’s number (supplied by the manufactur- 
er) as before, and|isthe currentyouhopeto draw 
from the battery. This is the revised formula to 
determineT: 


T 


H+ (anM / (I * HD" ) 


How do we know the value for H? Most (not all) 
manufacturers will supply this number in their 
battery specification. Alternatively, and confus- 
ingly, they may usethe term Crate, which can be 
defined as 1/H. This means you can easily get the 
value for H if you know the C-rate: 


H=4/ Crate 
We can now use the revised formula to rework 
the original calculation. Going back to the exam- 
ple, if the battery was rated for 4Ah using the 
modern system, in a discharge test thatlasted 20 
hours (which is the same as a C-rate of 0.05), and 
the manufacturer still states that it has a Peukert 
number of 1.2,and wewantto knowfor howlong 
we can draw 5A from it: 


T = 20 * (4/(5 * 20)'4) 
20 * 0.021 


approximately 


This is about 0.42 hours, or 25 minutes—quite 
different from the 35 minutes obtained with the 
old version of the formula, which should never 
be used when calculating the probable dis- 
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batte 


power> source 


charge time based ona modern Ah rating. These 
issues may seem arcane, but they are of great 
importance when assessing the likely perfor- 
mance of battery-powered equipment such as 
electric vehicles. 


Figure 2-12 shows the probable actual perfor- 
mance of batteries with Peukert numbers of 1.1, 
1.2, and 1.3. The curves were derived from the 
revised version of Peukert’s formula and show 
how the number of amp-hours that you can ex- 
pect diminishes for each battery as the current 
increases. For example, ifa battery that the man- 
ufacturer has assigned a Peukert number of 1.2 
is rated at 100Ah using the modern 20-hour test, 
but we draw 30A from it, the battery can actually 
deliver only 70Ah. 


100, 


Peukert 
Number 1.1 


8 


8 


Peukert 
Number 1.2 


3 


Peukert 
Number 1.3 


‘Actual Amp-Hours 


Each battery rated 
100 amp-hours 

bya test drawing 

5 amps for 20 hours 
(Crate of 0.05) 
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5 dg undp wzcNnao nso 
Discharge Current in Amps 


Figure 2-12. Actual amp-hour performance that should 
be expected fram three batteries of Peukert numbers 1, 
1.2. and 1.3 when they discharge currents ranging from 5 
10 30 amps, assuming that the manufacturer has rated 
each battery at 1O0Ah using the modern system. which 
usually entails a 20-hour test (a C-rate of 0.08). 


One additional factor: For any rechargeable bat- 
tery, the Peukert number gradually increases 
with age, as the battery deteriorates chemically. 


Voltage 
The rated voltage of a fully charged battery is 
known as the open circuit voltage (abbreviated 
OCV or V.<), defined as the potential that exists 
when no load is imposed between the terminals 
Because the internal resistance ofa volt meter (or 
a multimeter, when it is used to measure DC 
volts) is very high, it can be connected directly 
between the battery terminals with no other 
load present, and will show the OCV quite accu- 
rately, withoutriskof damageto the meter. Afully 
charged 12-volt car battery may have an OCV of 
about 12.6 volts, while a fresh 9-volt alkaline bat- 
tery typically has an OCV of about 9.5 volts. Be 
extremely careful to seta multimeter to measure 
DC volts before connecting it across the battery. 
Usually this entails plugging the wire from the 
red probe into a socket separately reserved for 
measuring voltage, not amperage. 


The voltage delivered by a battery will be pulled 
down significantly when a load is applied to it, 
and will decrease further as time passes during a 
discharge cycle. For these reasons, a voltage 
regulator is required when a battery powers 
components such as digital integrated circuit 
chips, which do not tolerate a wide variation in 
voltage. 


To measure voltage while a load is applied to the 
battery, the meter must be connected in parallel 
with the load. See Figure 2-13. This type of meas- 
urement will give a reasonably accurate reading 
for the potential applied to the load, so long as 
the resistance of the load is relatively low com- 
pared with the internal resistance of the meter. 


Figure 2-14 shows the performance of five com- 
monly used sizes ofalkaline batteries. The ratings 
in this chart were derived for alkaline batteries 
under favorable conditions, passing a small cur- 
rent through a relatively high-ohm load for long 
periods (40 to 400 hours, depending on battery 
type). The test continued until the final voltage 
for each 1.5V battery was 0.8V, and the final volt- 
age for the 9V battery was a mere 4.8V. These 
voltages were considered acceptable when the 
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How to Use it 


Meter Meter 
measuring measuring 
open voltage 
circuit while 
voltage battery is 


inuse 


| 


Figure 23. When using a volt meter (or a multimeter 
configured to measure valtage), the meter can be applied 
directly between the battery terminals to determine the 
open-circuit voltage (OCV), or in parallel witha load to de- 
termine the voltage actually supplied during use. A mutt 
meter must he set to measure DC valts before connecting 
it across a battery. Any other setting may damage the me: 
ter 


‘Ah ratings for the batteries were calculated by 
the manufacturer, but in real-world situations, a 
final voltage of 4.8V from a 9V battery Is likely to 
be unacceptable in many electronics applica~ 
tions, 


Battery | Rating | Final | Load | current 
type | (An) | voltage | (ohms) | (mA) 
AAA 115008 15 20 


AA 28708 5 20 
c 18 08 39 40 
D 7 08 39 40 


vv 057 848 = 20 14 


Figure 2-14. The voltage delivered by a battery may drop 
toa low level while a manufacturer is establishing an amp 
hhour rating. Values for current, shown in the chart, were 
calculated subsequently as estimated averages, and 
should be considered approximate. (Derived from a chart 
published by Panasonic.) 


source 


power tery 
‘Asa general rule of thumb, ifan application does 
not tolerate a significant voltage drop, the man- 
ufacturer’s amp-hour rating for a small battery 
may be divided by 2 to obtain a realistic number. 


How to Use it 


When choosing a battery to power a circuit, con- 
siderations will include the intended shelf life, 
maximum and typical current drain, and battery 
weight. The amp-hour rating of a battery can be 
used as a very approximate guide to determine 
its suitability. For 5V circuits that impose a drain 
of 100mA orless, itiscommontousea9V battery, 
or six 1.5V batteries in series, passing current 
through a voltage regulator such as the 
LM7805. Note that the voltage regulator requires 
energy to function, and thus itimposes a voltage 
drop that will be dissipated as heat, The mini- 
mum drop will vary depending on the type of 
regulator used. 


Batteries or cells may be used in series or in par- 
allel. In series, the total voltage of the chain of 
cells is found by summing their individual vol- 
tages, while their amp-hour rating remains the 
sameasforasingle cell, assuming thatall the cells 
are identical. Wired in parallel, the total voltage 
of the cells remains the same as for a single cell, 
while the combined amp-hour value is found by 
summing their individual amp-hour ratings, as- 
suming that all the batteries are identical. See 
Figure 2-15, 


In addition to their obvious advantage of porta- 
bility, batteries have an additional advantage of 
being generally free from power spikesand noise 
that can cause sensitive components to misbe- 
have. Consequently, the need for smoothing will 
depend only on possible noise created by other 
components in the circuit. 


Motors or other inductive loads draw an initial 
surge that can be many times the current that 
they use after they start running. A battery must 
be chosen that will tolerate this surge without 
damage. 
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Figure 25. Theoretical results of using 1.5V cells in ser 
Jes or in parallel, assuming a ZAh rating for one cel, 


Because of the risk of fire, United States airline 
regulations limit the amp-hour capacity of 
thium-ion batteries in any electronic device in 
carry-on or checked passenger baggage. Ifa de- 
vice may be carried frequently as passenger bag- 
gage (for example, emergency medical equip- 
ment), NiMH batteries are preferred. 


What Can Go Wrong 


Short 
Fire 

A battery capable of delivering significant cur- 
rent can overheat, catch fire, or even explode ifit 
is short-circuited. Dropping a wrench across the 
terminals of a car battery will result in a bright 
flash, a loud noise, and some molten metal, Even 
a 1.5-voltalkaline AA battery can becometoo hot 
to touch if its terminals are shorted together. 
(Nevertry this witha rechargeable battery, which 
has a much lower internal resistance, allowing 
much higher flow of current) Lithium-ion bat- 
teries are particularly dangerous, and almost al- 
ways are packaged with a current-limiting com- 
ponent that should not be disabled. A short- 
circuited lithium battery can explode. 


uits: Overheating and 


If a battery pack is used as a cheap and simple 
workbench DC power supply, a fuse or circuit 
breaker should be included. Any device that uses 
significant battery power should be fused. 


What Can Go W 


Diminished Performance Caused 
by Improper Recharging 

Many types of batteries require a precisely meas- 
ured charging voltage and a cycle that ends au- 
tomatically when the battery is fully charged. 
Failure to observe this protocol can result in 
chemical damage that may not be reversible. A 
charger should be used that is specifically in- 
tended for the type of battery. A detailed com- 
parison of chargers and batteries is outside the 
scope of this encyclopedia. 


Complete Discharge of Lead-A 
Battery 

‘Complete or near-complete discharge of a lead- 
acid battery will significantly shorten its life (un- 
less itis specifically designed for deep-cycle use 
—although even then, more than an 80% dis- 
charge is not generally recommended). 


Inadequate Current 

Chemical reactions inside a battery occur more 
slowlyat low temperatures. Consequently, a cold 
battery cannotdeliverasmuch currentasa warm 
battery. For this reason, in winter weather, a car 
battery is less able to deliver high current. At the 
same time, because engine oil becomes more 
viscous as the temperature falls, the starter mo- 
tor will demand more current to turn the engine. 
This combination of factors explains the tenden- 
cyofcarbatteries to fail on cold winter mornings. 


Incorrect Polarity 

If a battery charger or generator is connected 
with a battery with incorrect polarity, the battery 
may experience permanent damage. The fuse or 
circuit breakerin a charger may prevent this from 
‘occurring and may also prevent damage to the 
charger, but this cannot be guaranteed. 


Iftwo high-capacity batteriesareconnectedwith 
‘opposite polarity (as may happenwhenaclumsy 
attempt is made to starta stalled car with jumper 
cables), the results may be explosive. Never lean 
over a car battery when attaching cables to it, 
and ideally, wear eye protection, 
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-an Go Wrong 


Reverse Charging 
Reverse charging can occur when a battery be- 
comes completely discharged while it is wired 
(correctly) in series with other batteries that are 
stilldelivering current. In the uppersection of the 
schematic at Figure 2-16 two healthy 6V batter- 
ies, in series, are powering a resistive load. The 
battery on the left applies a potential of 6 volts 
to the battery on the right, which adds its own 6 
volts to create a full 12 volts across the load. The 
red and blue lines indicate volt meter leads, and 
the numbers show the reading that should be 
observed on the meter. 


In the second schematic, the battery on the left 
has become exhausted and is now a "dead 
weight” in the circui 
The battery on the right still sustains a 6-volt po- 
tential. Ifthe internal resistance of the dead bat- 
tery is approximately 1 ohm and the resistance 
of the load is approximately 20 ohms, the poten- 
tialacrossthe dead battery will beabout0.3 volts, 
in the opposite direction to its normal charged 
voltage. Reverse charging will result and can 
damage the battery. To avoid this problem, a 
battery pack containing multiple cells should 
never be fully discharged. 


Sulfurization 

When a lead-acid battery is partially or com- 
pletely discharged and is allowed to remain in 
that state, sulfur tends to build up on its metal 
plates. The sulfur gradually tends to harden, 
forming a barrier against the electrochemical re- 
actions that are necessary to recharge the bat- 
tery. For this reason, lead-acid batteries should 
not be allowed to sit for long periods in a diis- 
charged condition. Anecdotal evidence sug- 
gests that even a very small trickle-charging cur- 
rent can prevent sulfurization, whichis why some 
people recommendattachinga small solar panel 
to a battery that is seldom used—for example, 
onasail boat, where the sole function of the bat- 
tery is to start an auxiliary engine when there is 
insufficient wind. 


power > source 
12v 

ev ev 
5.V 

o3v ev 


Figure 2-16. When a pair of 6V batteries is placed in ser- 
Jes to power a resistive load, if one of the batteries dis: 
charges completely, it becomes a load instead of a power 
source, and wil be subjected to reverse charging. which 
‘may cause permanent damage. 


High Current Flow Between Parallel 
Batteries 

IF two batteries are connected in parallel, with 
correct polarity, but one of them is fully charged 
while the other is not, the charged battery will 
attempt to recharge its neighbor. Because the 
batteries are wired directly together, the current 
will be limited only by their internal resistance 
and the resistance of the cables connecting 
them. This may lead to overheating and possible 
damage. The risk becomes more significant 
when linking batteries that have high Ah ratings. 
Ideally they should be protected from one an- 
other by high-current fuses. 
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2 


jumper | 


‘Ajumper may also be referred to as a jumper socket or a shunt. A jumper should not be 
confused with jumper wires, which are not considered components for the purposes of 


this encyclopedia 


OTHER RELATED COMPONENTS 


«+ suiteh (See Chapter 6) 


What It Does 


‘A jumper is a low-cost substitute for a switch, 
where a connection has to be made (or unmade) 
only afew times during the lifetime of a product. 
Typically itallowsafunction or feature ona circuit 
board to be set on a semipermanent basis, often 
atthe time of manufacture. ADIPswitch performs 
the same function more conveniently. See “DIP” 
(page 43). 


There is no standardized schematic symbol to 
represent a jumper. 


How It Works 


A jumper is a very small rectangular plastic tab 
containing two (or sometimes more) metal sock- 
ets usually spaced either 0.1” or 2mm apart. The 
sockets are connected electrically inside the tab, 
so that when they are pushed over two (or more) 
pins that have been installed on a circuit board 
for this purpose, the jumper shorts the pins to- 
gether. The pins are usually 0.025” square and are 
often part of a header that is soldered into the 
board. In a parts catalogue, jumpers may be 
found ina section titled "Headers and Wire Hous- 
ings” or similar. 


Three jumpers are shown in Figure 3-1. The blue 
one contains two sockets spaced 0.1” andisdeep 


enough to enclose the pins completely. The red 
cone contains two sockets spaced 2mm and may 
allow the tips of the pins to emerge from its op- 
posite end. The black one contains four sockets, 
each pair spaced 0.1" apart. 


Figure 31. Three jumpers containing two sockets spaced 
2mm (left), two sackets spaced 0.1" (top right), and four 
‘sockets, each pair spaced 0.1" (bottom right) 
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The set of pins with which a jumper is used is 
often referred to as a header. Headers are avail- 
able with pinsin single or dual rows. Some head- 
ersare designed to be snapped offto provide the 
desired number of pins. A dual 28-pin header is 
shown in Figure 3-2 with a black jumper pushed 
onto a pair of pins near the midpoint. 


Figure 3-2. A jumper pushed onto a pair of pins midway 
along a dual 28-pin header. 


Vari 


A jumper assembly may be a kit containing not 
only the jumper but also the array of pins with 
which itis intended to be used. Check the man- 
ufacturer's datasheet to find out exactly what is 
included. 


ints 


The most common types of jumpers have two 
sockets only, but variants are available with as 
many as 12 sockets, which may be arranged in 
one or two rows. Header sockets may be used as 
a substitute for purpose-made jumpers, with the 
advantage that they are often sold in long strips 
that can be snapped offto provide as many sock- 
ets as needed. However, the pins attached to 
header sockets must be manually connected by 
soldering small lengths of wire between them, 


In some jumpers, the plastic tab extends upward 
for about half an inch and functions as a finger 
grip, making the jumper much easier to hold 
during insertion and removal. This is a desirable 
feature if there is room to accommodate it. 


The sockets inside ajumper are often made from 
phosphor-bronze, copper-nickel alloy, tin alloy, 
or brass alloy. They are usually gold-plated, but 
in some instances are tin-plated. 


Rarely, a jumper may consist of a metal strip with 
U-shaped connections suitable for being used in 
conjunction with screw terminals. Two jumpers 
of this type are shown in Figure 3-3. They should 
not be confused with high-amperage fuses that 
look superficially similar. 


Figure 3-3. These jumpers are designed to short together 
two or three screw terminals 


Values 
The spacing between the sockets in a jumper is 


referred to as its pitch, As previously noted, 0. 
and 2mm are the most popular values. 


A typical maximum rating for a jumper of 0.1" 
pitch is 2A or 2.5A at 250V. 
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How to Use it 


A jumper may activate a “set it and forget it” cir- 
cuit function. An example would be the factory 
configuration of a product to work with 115VAC 
or230VAC power input. End userswere expected 
to set jumpers in some computer equipment 
sold during the 1980s, but this is no longer the 
case. 


What Can Go Wrong 


Jumpersare easily dropped, easily lost, and easily 
placed incorrectly. When purchasing jumpers, 
buy extras to compensate for their fragility and 
the ease of losing them. 


How to Use it 


Any location where ajumpermay be used should 
be clearly labelled to define the function of each 
setting. 


Cheap, poorly made jumpers may self-destruct 
from mechanical stresses when removed from 
their pins. The plastic casing can come away, 
leaving the sockets clinging naked to the pins 
protruding from the circuit board. This is another 
reason why itis a good idea to have a small stock 
of spare jumpers for emergencies. 


Oxidation in jumpers where the contacts are not 
gold- or silver-plated can create electrical resist- 
ance or unreliable cone 
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The alternate spelling fuze is seldom used. 


‘OTHER RELATED COMPONENTS 


+ None 


What It Does 


Afuse protectsan electrical circuit or device from 
‘excessive current when a metal element inside it 
melts to create an open circuit. With the excep- 
tion of resettable fuses (discussed separately in 
"Resettable Fuses” (page 24)),a fuse must be dis- 
carded and replaced after it has fulfilled its func- 
tion. 


When high current melts a fuse, itis said to blow 
or trip the fuse. (In the case of a resettable fuse, 
only the word trip is used.) 


‘Afuse can workwith either AC or DCvoltage, and 
can be designed for almost any current. In resi- 
dential and commercial buildings, circuit break- 
ers have become common, buta large cartridge 
fuse may still be used to protect the whole sys- 
tem from short-circuits or from overcurrent 
caused by lightning strikes on exposed power 
es. 


In electronic devices, the power supply is al- 
most always fused. 


Schematic symbols for a fuse are shown in 
Figure 4-1, Those at the right and second from 
right are most frequently used. The one in the 
center is approved by ANSI, IEC, and IEEE but is 
seldom seen. To the left of that isthe fuse symbol 
understood by electrical contractors in architec 
tural plans. The symbol at far left used to be com- 
mon but has fallen into disuse. 


power > connection > fuse 


fuse 


Figure 4-1. Alternate schematic symbols for a fuse. See 
fext for explanation. 


How It Works 


The elementinafuseis usually awire orthin metal 
strip mounted between two terminals, In a car- 
tridge fuse, it is enclosed in a glass or ceramic 
cylinder with a contact at each end, or in a small 
metallic can. (Old-style, large, high-amperage 
fuses may be packaged in a paper or cardboard 
tube.) The traditional glass cartridge allows vis- 
ualinspection to confirm that the fuse has blown. 


‘A fuse responds only to current, not to voltage. 
When choosing a fuse that will be reliable in con- 
ditions of steady currentconsumption, asaferule 
is to figure the maximum amperage when all 
components are functioning and add 50%. How- 
ever, if current surges or spikes are likely, their 
duration will be relevant. If lis the current surge 
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Poor Mans’ Electronics Web Page - Random Wire Antenna - Homebrew Arrestor 


Poor Man's Electronics Web Page 


Random Wire 
Antenna Project 
Links: 


Back to main page 
How to build it 


How it works 
Computer program 


Homebrew arresto! 


Random Wire Antenna 


Homebrew lightning arrestor: 


Pill bottle 


toreceiver 


Use 2 screws, file to a point, 
double nut as shown, and adjust 
gap to about 1/4" 


stor made from pill bottle 


How to 
make it 


Drill a 
hole in 
the 
bottom 
and in 
the lid 
ofa 2 
1/2" 
long by 
1-1/4" 
dia. pill 
bottle. 
File the 
ends of 
two 3" 
#20 


machine bolts into a sharp point. Then lock them in place on each 
end of the pill box with double nuts. Adjust the gap to about 1/4". 


Strip about 3/4” of #14 copper stranded wire and loop it under the 
outside nut. Do this on both ends. The wires should connect to 
the antenna lead-in on one side and the ground lead wire on the 


other side. 


Seal around the lid and connections with clear silicone caulking to 


make the unit water tight. 


How it works 


‘tp simyplace.frontier.com!~bwalker1945/LongWire.himl 


111102017 Poor Mans’ Electronics Web Page - Random Wire Antenna - Homebrew Arrestor 


Electrical field intensity is a function of the amount of voltage 
divided by the surface area over which it acts. The diameter of 
the tip of the screws when filed down is quite small, so the 
surface area is quite small. Since field intensity is greater for a 
smaller area, it will take a relatively small voltage to raise the field 
intensity inside the pill bottle to the point where the air across the 
gap will ionize. 


Once the air has ionized, it becomes a conductor; that is, a short 
circuit, and will bypass the static charges to ground. 


‘tp simyptace.frontier.com!~bwalker1945/LongWires.himl 
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Values 


inampsand tisits duration in seconds, the surge 
sensitivity of a fuse—which is often referred to 
verbally or in printed format as I2t—is given by 
the formula: 


Rmt=P*t 


Some semiconductors also have an I2t rating, 
and should be protected with a similarly rated 
fuse. 


‘Any fuse will present some resistance to the cur- 
rent flowing through it. Otherwise, the current 
‘would not generate the heat that blows the fuse. 
Manufacturer datasheets list the voltage drop 
that the internal resistance of a fuse is likely to 
introduce into a circui 


Values 


The current rating or rated current of a fuse is usu- 
ally printed or stamped on its casing, and is the 
maximum flow that it should withstand on a 
continuous basis, at the ambient temperature 
specified by the manufacturer (usually 25 de- 
grees Centigrade). The ambient temperature 
refers to the immediate environment of the fuse, 
not the larger area in which it may be located, 
Note that in an enclosure containing other com- 
ponents, the temperature is usually significantly 
higher than outside the enclosure. 


Ideally a fuse should function reliably and indef- 
initely at its rated maximum amperage, but 
should blow just as reliably if the current rises by 
approximately 20% beyond the maximum. Inre- 
ality, manufacturers recommend that continu- 
‘ous loading of a fuse should not exceed 75% of 
its rating at 25 degrees Centigrade. 


The voltage rating or rated voltage of a fuse is the 
maximum voltage at which its element can be 
counted on to melt in a safe and predictable 
manner when itis overloaded by excess current. 
This is sometimes known as the breaking capaci- 
ty. Above that rating, the remaining pieces of the 
fuse element may form an arc that sustains some 
electrical conduction. 


power > connection > fuse 
‘Afuse can always be used at alower voltage than 
its rating. If it has a breaking capacity of 250V, it 
still provide the same protection if itis used 
at sv. 


Four differently rated glass cartridge fuses are 
shown in Figure 4-2. The oneat the top is a slow- 
blowing type, rated at 15A. Its element is de- 
signed to absorb heat before melting. Below itis 
a 0.5A fuse with a correspondingly thinner ele- 
ment. The two smaller fuses are rated at SA each, 
The center two fuses have a maximum voltage 
rating of 250V, while the one at the top is rated 
at32Vand the oneat the bottomis rated at 350V, 
Clearly, the size of a fuse should never be used as 
a guide to its ratings. 


Figure 4-2. Four glass cartridge fuses. See text for de- 
tails. 


Vai 


Early power fuses in residential buildings consi 
ted of bare nichrome wire wrapped around a 
porcelain holder. n the 1890s, Edison developed 
plug fuses in which the fuse was contained in a 
porcelain module with a screw thread, compati- 
ble with the base of an incandescent bulb. This 
design persisted in some US. urban areas for 
more than 70 years, is still foundin old buildings, 
and is still being manufactured. 


ints 
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Introduction 


Nature moves in the form of a sine wave, be it an ocean 
wave, earthquake, sonic boom, explosion, sound through air, 
or the natural frequency of a body in mation. Energy, vibrating 
particles and other invisible forces pervade our physical 
universe. Even light - part particle, part wave — has a 
fundamental frequency, which can be observed as color. 


Sensors can convert these forces into electrical 
signals that you can observe and study with an 
oscilloscope. Oscilloscopes enable scientists, 
engineers, technicians, educators and others to 
“see” events that change over time. 


Oscilloscopes are indispensable tools for anyone designing, 
manufacturing or repairing electronic equipment. In today’s 
fast-paced world, engineers need the best tools available to 
solve their measurement challenges quickly and accurately, 
As the eyes of the engineer, oscilloscopes are the key to 
meeting today’s demanding measurement challenges. 


The usefuiness of an oscilloscope is not limited to the world 
of electronics. With the proper sensor, an oscilloscope can 
measure all kinds of phenomena. A sensor is a device that 
creates an electrical signal in response to physical stimuli, 
such as sound, mechanical stress, pressure, light, or heat. A. 
microphone is a sensor that converts sound into an eleotrical 
signal. Figure 1 shows an example of scientific data that can 
be gathered by an oscilloscope. 

Oscilloscopes are used by everyone from physicists to repair 
technicians. An automotive engineer uses an oscilloscope to 
correlate analog data from sensors with serial data from the 
engine control unit. A medical researcher uses an oscillscope 
to measure brain waves. The possibilities are endless, 

The concepts presented in this primer will provide you with 

fa good starting point in understanding oscilloscope basios 
and operation 
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Light Source 


Photo Cal 


Figure 1, An example of sclaific data gathered by an aslloscope 


‘The glossary in the back of this primer will give you definitions 
of unfamiliar terms. The vocabulary and muttiple-choice 
writen exercises on osciloscope theory and controls make 
this primer a Useful classroom aid. No mathematical or 
electronics knowledge is necessary. 

After reading this primer, you will be able to: 

= Describe how oscilloscopes work 

= Desoribe the differences between Various oscilloscopes 

w= Describe electrical waveform types 

1s Understand basic oscilloscope controls 

ws Take simple measurements 

‘The manual provided with your osciloscope will give you 
more specific information about how to use the oscilloscope 
in your work. Some oscilloscope manufacturers also provide 
‘a multitude of application notes to help you optimize the 
oscilloscope for your application-specific measurements, 
Should you need additional assistance, or have any 
comments or questions about the material in this primer, 
simply contact your Tektronix representative, or visi 
www.tektronix.com. 
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Signal Integrity 
The Significance of Signal Integrity 


‘The key to any good oscillascope system is its ability to 

accurately reconstruct a waveform — referred to as signal 

integrity. An oscilloscope is analogous to a camera that 

captures signal images that we can then observe and 

interpret. Two key issues lie at the heart of signal integrity 

1s When you take a picture, is it an accurate picture of what 
actually happened? 

ws Is the picture clear or fuzzy? 

= How many of those accurate pictures can you take per 
second? 

‘Taken together, the different systems and performance capa- 

bilties of an oscilloscope contribute to its abilty to deliver the 

highest signal integrity possible. Probes also affect the signal 

integrity of a measurement system. 

Signal integrity impacts many electronic design disciplines. 

But until a few years ago, it wasn't much of a problem for 

digital designers. They could rely on their logic designs to 

act like the Boolean circuits they were. Noisy, indeterminate 

signals were something that accurred in high-speed designs 

— something for RF designers to worry about. Digital systems 

switched slowly and signals stabilized predictably. 


Processor clock rates have since muttiplied by orders of 
‘magnitude. Computer applications such as 8D graphies, 
video and server /O demand vast bandwidth. Much of 
today's telecommunications equipment is digitally based, 

and similarly requires massive bandwidth. So too does 

digital high-definition TV. The current crop of microprocessor 
devices handles data at rates up to 2, 3 and even 5 GS/s 
(gigasamples per second), while some DDR3 memory 
devices use clocks in excess of 2 GHz as well as data signals, 
with 35 ps rise times. 


importantly, speed increases have trickled down to the 
common IC devices used in automobiles, consumer 
electronics, and machine controllers, to name just a few 
applications, 


® 


XYZs of Oscilloscopes 


‘A processor running at a 20 MHz clock rate may well have 
signals with rise times similar to those of an 800 MHz prooes- 
sor, Designers have crossed a performance threshold that 
means, in effact, almost every design is a high-speed design 


Without some precautionary measures, high-speed problems 
can creep into otherwise conventional digital designs. If a 
circuit is experiencing intermittent failures, or if it encounters, 
errors at voltage and temperature extremes, chances are 
there are some hidden signal integrity problems. These can 
affect time-to-market, product reiabiity, EMI compliance, 
and more. These high-speed problems can also impact the 
integrity of a serial data stream in a system, requiring some 
method of correlating specific patterns in the data with the 
observed characteristics of high-speed waveforms, 


Why is Signal Integrity a Problem? 


Let's look at some of the specific causes of signal degrada- 
tion in today’s digital designs. Why are these problems so 
much more prevalent today than in years past? 


‘The answer is speed. In the “slow old days,” maintaining 
acceptable digital signal integrity meant paying attention to 
details ke clock distribution, signal path design, noise mar- 
gins, loading effects, transmission line effects, bus termina- 
tion, decoupling and power distribution, All of these rules still 
apply, but... 

Bus cycle times are up to a thousand times faster than they 
were 20 years ago! Transactions that once took micrasec- 
onds are now measured in nanoseconds. To achieve this 
improvement, edge speeds too have accelerated: they are 
up to 100 times faster than those of two decades ago. 


This is all well and good; however, certain physical realities 
have kept circuit board technology trom keeping up the pace. 
‘The propagation time of inter-chip buses has remained 
almost unchanged over the decades. Geometrias have 
shrunk, certainly, but there is stil a need to provide circuit 
board real estate for IG devices, connectors, passive compo- 
nents, and of course, the bus traces themselves. This real 
estate acids up to distance, and distance means time - the 
enemy of speed. 
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It's important to remember that the edge speed - rise time — 
of a digital signal can carry much higher frequency compo- 
nents than its repetition rate might imply. For this reason, 
some designers deliberately seek IC devices with relatively 
“slow" ise times. 

The lumped circuit model has always been the basis of 

most calculations used to predict signal behavior in a circutt 
But when edge speeds are more than four to six times faster 
than the signal path delay, the simple lumped model no 
longer applies. 

Circuit board traces just six inches long become transmission 
lines when driven with signals exhibiting edge rates below 
four to six nanoseconds, irrespective of the oycle rate, 

In effeot, new signal paths are created. These intangible 
connections aren't on the schematics, but nevertheless 
provide a means for signals to influence one another in 
Unpredictable ways. 


Sometimes even the errors introduced by the 
probe/instrument combination can provide 

a significant contribution to the signal being 
measured. However, by applying the “square 
root of the sum of the squares” formula to the 
measured value, it is possible to determine 
whether the device under test is approaching 
a rise/fall time failure. In addition, recent 
oscilloscope tools use special filtering tech- 
niques to de-embed the measurement system's 
effects on the signal, displaying edge times 
and other signal characteristics. 
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At the same time, the intended signal paths don't work the 
Way they are supposed to, Ground planes and power planes, 
like the signal traces desoribed above, become inductive 

and act lke transmission lines; power supply decoupling 

is far less effective. EMI goes up as faster edge speeds 
produce shorter wavelengths relative to the bus length. 
Crosstalk increases. 


In addition, fast edge speeds require generally higher currents 
to produce them. Higher currents tend to cause ground 
bounce, especially on wide buses in which many signals, 
switch at once. Moreover, higher current increases the 
amount of radiated magnetic energy and with it, crosstalk. 


Viewing the Analog Origins of Digital Signals 


What do all these characteristics have in common? They 
are classic analog phenomena. To solve signal integrity 
problems, digital designers need to step into the analog 
dlomain, And to take that step, they need tools that can. 
show them how digital and analog signals interact 


Digital errors often have their roots in analog signal integrity 
problems. To track down the cause of the digital faut, it's 
often necessary to turn to an oscilloscope, which can display 
waveform details, edges and noise; can detect and display 
transients; and can help you precisely measure timing 
relationships such as setup and hold times. Modern oscillo- 
scopes can help to simplify the troubleshooting process by 
triggering on specific pattems in parallel or serial data 
streams and displaying the analog signal that corresponds in 
time with a specified event. 

Understanding each of the systems within your oscilloscope 
‘and how to apply them will contribute to the effective 
application of the oscilloscope to tackle your specific 
measurement challenge. 
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The Oscilloscope 


What is an o: how does it work? This section 


loscope 


'S these fundamental questions, 


oscilloscope is basically a graph-displaying device — it 
's a graph of an electrical signal. In most applications, 

raph shows how signals change over time: the vertical 
Y) axis represents voltage and the harizont 
represents time. The intensity or brightness 


X) axis 
of the display 

is sometimes called the Z axis, as shawn in Figure 2. In DPO 
oscilloscopes, the Z axis can be represented by color gracing 
of the display, as seen in Figure 3. 


This simple graph can tell you many things about a signal 
such as: 
= The time and voltage values of a signal 


= The frequency of an oscillating 


gnal 


= The “moving parts" of a circuit represented by the signal 


P 


= The frequency with which a particul 
1ring relative to ather portions 


rtion of the signal 


is 0c 


= Whether or not a malfunctioning component is distorting 
the signal 


= How much of a signal is dir 
rent (AC) 


current (DC) or alternating 


alls noise and whether the noise 


= How much af the sign 
9 with time 


XYZs of Oscilloscop: 


Figure 9. Twa ofc lock pattems with Za inienay gran 


Understanding Waveforms and Waveform 
Measurements 


ric term for is 


a wave — sound waves, brain w 


voltage waves are all repetit 


me waves. Remember 


that physical phenomena such 
or electrical phenomena such as current or power can be 


verted to a voltage by a sensor. One cycle of a 


is vibrations or temperature 


the partion of the wai 
ion of a wave. A voltag 


hat repeats. A waveform is a g} 
aveform sho 


on the horizontal axis and voltage on the vertical axis. 
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Figure 4 


Waveform shapes reveal a great deal about a signal. Any 
time you see a change in the height of the waveform, you 
know the voltage has changed. Any time there isa flat 
horizontal line, you know that there is no change for that 


length of time, Straight, diagonal lines mean a linear 
change - rise or fall of voage at a steady rate. Sharp 
angles on a waveform indicate sudden change. Figure 4 
shows common wavetorms and Figure 5 displays sources 
of common waveforms, 
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Figure 5. Sour 


Types of Waves 
You can 


lassify me 


waves into the 


types: 
Sine waves 

w= Square and rectangular waves 

= Sawtooth and triangle waves 

i= Step and pulse shapes 

w= Periodic and non-periodic signals 

1s Synchronous and asynchronous signals 


= Complex waves 
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Sine Waves 
‘The sine wave is the fundamental wave shape for several 
reasons. It has harmonious mathematical properties - i is 
the same sine shape you may have studied in trigonometry 
class. The voltage in your wall outlet varies as a sine wave, 
Test signals produced by the oscillator circuit of a signal 
generator are often sine waves. Most AC power sources 
produce sine waves. (AC signifies alternating current, 
although the voltage alternates too, DC stands for direct 
current, which means a steady current and voltage, such 
as a battery produces.) 


The damped sine wave is a special case you may see in 
a circuit that oscilates, but winds down over time. 


‘Square and Rectangular Waves 
‘The square wave is another common wave shape. Basically, 
a square wave is a voltage that turns on and off (or goes 
high and jow) at reguler intervals. itis a standard wave for 
testing amplifiers — good amplifiers increase the amplitude of 
a square wave with minimum distortion. Television, radio and 
computer circuitry often use square waves for timing signals. 
The rectangular wave is like the square wave except that 
the high and low time intervals are not of equal length. 

itis particularly important when analyzing digital circuitry 


‘Sawtooth and Triangle Waves 
‘Sawtooth and triangle waves resutt rom circuits designed to 
control voltages lineatty, such as the horizontal sweep 

of an analog oscilloscope or the raster scan of a television, 
‘The transitions between voltage levels of these waves change 
at a constant rate, These transitions are called ramps. 
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Step and Pulse Shapes 
Signals such as steps and pulses that ocour rarely, or non- 
periodically, are called single-shot or transient signals. A step 
indicates a sudden change in voltage, similar to the voltage 
change you would see if you turned on a power switch. 


A pulse indicates sudden changes in voltage, similar to the 
voltage changes you would see if you turned a power switch 
(on and then off again. A pulse might represent one bit of 
information traveling through a computer circuit or it might be 
glitch, or defect, in a circuit. A collection of pulses traveling 
together creates a pulse train, Digital components in a 
computer communicate with each other using pulses, These 
pulses may be in the form of serial data stream or multiple 
signal lines may be used to represent a value in a parallel 
data bus. Pulses are also common in x-ray, radar, and 
communications equipment. 


Periodic and Non-periodic Signals 
Repetitive signals are referred to as periodic signals, while 
signals that constantly change are known as non-periadic 
signals. A stil picture is analogous to a periodic signal, while 
‘a moving picture can be equated to a non-periodic signal 


‘Synchronous and Asynchronous Signals 
When a timing relationship exists between two signals, 
those signals are referred to as synchronous. Clock, data 
and address signals inside a computer are an example of 
synchronous signals. 

Asynchronous is a term used to describe those signals 
between which no timing relationship exists. Because no 
time correlation exists between the act of touching a key 
on a computer keyboard and the clock inside the computer, 
these are considered asynchronous. 
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Figura 6. An NTSC compost ao spas an sxample of a complax Ua 


Complex Waves 


‘Some waveforms combine the characteristics of sines, 


squares, steps, and pulses to produce complex wavest 


The signal information may be embedded in the form of 
amplitude, phase, and/or frequency variations. For example, 
although the signal in Figure 6 is an ordinary composite vicleo 
signal, itis composed of many cycles of higher frequency 
waveforms embedded in a lower-frequency envelope. 

in this example, itis usually most important to understand 
the relative levels and timing relationships of the steps. To 
view this signal, you need an oscilloscope that captures the 
low-frequency envelope and blends in the higher-frequenoy 
waves in an intensity-graded fashion so that you can see 
their overall combination as an image that can be visually 
interpreted. Digital phosphor oscilloscopes 


re most 


suited to viewing complex waves, such as video signals, 
illustrated in Figure 6. Their displays provide the necessary 
frequeney-of-occurrence information, or intensity grading, 
that is essential to understanding what the waveform is 
really doing, 


10 ynww.tektronix.com/oseillagcopes 


Figure 7,622 Nev's seri ata aye patie, 


‘Some oscilloscopes allaw for displaying certain types of 
complex waveforms in special ways. For example, 
telecommunicatior 


lata may be displayed as an e 


patter or a constellation diagram. 


Telecommunications digital data signals can be displayed! on 
an ostilloscope as a special type of waveform referred to as 
an eye pattem. The name comes from the similarity of the 
eyes, as seen in Figure 7. Eye 
patterns are produced when digital data from a receiver is 
sampled and applied to the vertical input, while 
is used to trigger the horizontal sweep. The eye pattem 
displays one bit or unit interval of data with all possible ed 
transitions and state 


waveform to a series of 


superimposed in one comprehensive 
A constellation diagram is a representation of a signal modu- 
lated by a digital modulation scheme such as quadrature 
amplitude modulation or phase-shift keying. 
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Figure 8. Fequoney and period of a sine wats, 


Waveform Measurements, 


Many terms are used to dasoribe the types of measurements 
that you make with your oscilloscope. This section describes 
some of the most common measurements and terms, 


Frequency and Period 
ifa signal repeats, it has a frequency. The frequency is 
measured in Hertz (Hz) and equals the number of times the 
signal repeats itself in one second, referred to as cycles per 
second. A repetitive signal also has a period, which is the 
‘amount of time it takes the signal to complete one cycle. 
Period and frequency are reciprocals of each other, so that 
“V/period equals the frequency and 1/Mrequency equals the 
period, For example, the sine wave in Figure 8 has a trequen- 
oy of 8 Hz and a period of 1/3 second, 


Voltage 
Voltage is the amount of electric potential, or signal strength, 
between two points in a circuit. Usually, one of these points is 
(ground, or zero volts, but not always. You may want to 
‘measure the voltage from the maximum peak to the minimum 
peak of a waveform, referred to as the peak-to-peak voltage. 


Amplitude 
Amplitude refers to the amount of voltage between two 
Points in a circuit. Amplitude commonly refers to the 
‘maximum voltage of a signal measured from ground, or 
eto volts. The waveform shown in Figure 9 has an 
amplitude of 1 V and a peak-to-peak voltage of 2 V. 
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Figure 8. Ampituse and degrees of asine wave, 


Votage 


Current 


Phase = 9° 


Figure 10, Phase st, 


Phase 


Phase is best explained by looking at a sine wave, The 
Voltage level of sine waves is based on circular motion. 

Given that a circle has 360°, one oycle of a sine wave has 
960°, as shown in Figure 9. Using degrees, you can refer to 
the phase angle of a sine wave when you want to describe 
how much of the period has elapsed. 

Phase shift describes the difference in timing between two 
otherwise similar signals. The waveform in Figure 10 labeled 
“ourrent” is said to be 90° out of phase with the waveform 
labeled “voltage,” since the waves reach similar points in their 
cycles exactly 1/4 of a cycle apart (360°/4 = 90°), Phase 
shifts are common in electronics. 
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rs Waveform Measurements with Digital Oscilloscopes: 
Modern digital oscilloscopes have functions that make 

waveform measurements easier. They have front-panel 
buttons and/or soreen-based menus from which you can 
‘select fully automated measurements. These include ampli- 
tude, period, rise/fall time, and many more. Many digital 
instruments also provide mean and RMS calculations, duty 
cycle, and other math operations. Automated measurements, 
‘appear as on-screen alphanumeric readouts. Typically these 
readings are more accurate than is possible to obtain with 
direct graticule interpretation. 
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‘Small Cartridge Fuses 
Small cartridge fuses for appliances and elec- 
tronics equipment—such as those shown in 
Figure 4-2~are available in sizes tabulated in 
Figure 4-3. With the exception of the 4.5mm di- 
ameter fuse (a European addition), these si 
were originally measured in inches; today, they 
are often described only with the equivalent 
metric measurement. Any cartridge fuse is usu- 
ally available with the option of a lead attached 
to it at each end, so that it can be used as a 
through-hole component. 


Diameter | Diamet 
(inches) | (metric 


ES vom 

eB 0477" 4.5mm 0.588" 15mm 
4 6mm 1.4/4" 32mm 
9/32" Tmm 1-4/4" 32mm 
13/32" 10mm 1-4/2" 38mm 

4 Gm 7/8" 22mm 

4a 6mm th 25mm 


Figure 4-3. The approximate physical sizes of commonly 
used small glass or ceramic cartridge fuses are shawn 
here with the codes that are often used ta identify them. 


Fuses may be fastacting, medium acting, orslow- 
blowing, the last of which may alternatively be 
referred to as delay fuses. Extra-fast-acting fuses 
areavailable from some manufacturers. Theterm 
‘lo-Blo is often used but is actually a trademark 
of Littelfuse. None of the terms describing the 
speed of action of a fuse has been standardized 
with a specific time or time range. 


Some cartridge fuses are available in a ceramic 
format as an alternative to the more common 
glass cylinder. If accidental application of ex- 
tremely high current is possible (for example, in 
a multimeter that can be set to measure amps, 
and may be accidentally connected across a 
powerful battery), a ceramic cartridge is prefera- 


Variants 


ble because it contains a filler that will help to 
stop an arc from forming. Also, ifa fuse is physi 
ally destroyed by application of very high cur- 
rent, ceramic fragments may be preferable ta 
glass fragments. 


Automotive Fuses 

‘Automotive fuses are identifiable by their use of 
blades designed for insertion in flat sockets 
where the fuse is unlikely to loosen as a result of 
vibration or temperature changes. The fuses 
come in various sizes, and are uniformly color- 
coded for easy identification. 


A selection of automotive fuses is shown in 
Figure 4-4, The type at the top is typically de- 
scribed as a "maxi-fuse” while the type at 
bottom-left is a "mini-fuse.” Here agai 
relevant to function, asall three of those pictured 
are rated 30A at 32V. 


Figure 4-4. Three automotive fuses. All have the same 
rating: 30A at 32V. 


In Figure 4-5, the largest of the fuses from 
Figure 4-4 has been cut open to reveal its ele- 
ment. 


Chapter4 23 
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Digital Oscillascopes Samples 
Signals and Construct Displays 


Figure 11. Analog asiloscopes ace sonas, whl dtl asciloscopes sample gras and construct dps. 


The Types of Oscilloscopes 


Electronic equipment can be classified into two categories: 
analog and digital. Analog equipment works with continuous- 
ly variable voltages, while digital equipment works with dls- 
crete binary numbers that represent voltage samples. A 
conventional phonograph is an analog device, while a 
compact disc player is a digital device. 


Oscilloscopes can be classified similarly — as analog and 
digital types. In contrast to an analog oscilloscope, a digital 
oscilloscope uses an analog-to-digital converter (ADC) to 
convert the measured voltage into digital information. It 
acquires the waveform as a series of samples, and stores 
these samples until it accurnulates enough samples to 
describe a waveform, The digital oscilloscope then 
re-assembles the waveform for display on the screen, as 
seen in Figure 11 

Digital oscilloscopes can be classified into digital storage 
oscilloscopes (DSOs}, digital phosphor oscilloscopes 
(POs), mixed signal oscilloscopes (MSOs), and digital 
sampling oscilloscopes. 

‘The digital approach means that the oscilloscope can display 
any frequency within its range with stabiity, brightness, and 
clarity. For repetitive signals, the bandwith of the digital 
oscilloscope is a function of the analog bandwidth of the 


front-end components of the oscilloscope, commonly 

referred to as the ~8 dB point. For single-shot and transient 

events, such as pulses and steps, the bandwidth can be d 
limited by the oscilloscope's sample rate, Please refer to 

the Sample Rate section under Performance Terms and 

Considerations for a more detailed discussion. 


Digital Storage Oscilloscopes 

A conventional digital oscilloscope is known as a digital 
storage oscilloscope (DSO). ts display typically relies on a 
raster-type screen rather than the luminous phosphor found) 
in an older analog oscilloscope. 

Digital storage oscilloscopes (DSOs) allow you to capture 
and view events that may happen only once — known as 
transients. Because the waveform information exists in digital 
form as a serias of stored binary values, it can be analyzed, 
archived, printed, and otherwise processed, within the 
oscilloscope itself or by an external computer. The waveform 
need not be continuous; it can be displayed even when the 
signal disappears. Unike analog oscilloscopes, digital storage 
oscilloscopes provide permanent signal storage and exten- 
sive waveform processing. However, DSOs typically have no 
real-time intensity grading; therefore, they cannot express 
varying levels of intensity in the: live signal. 
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Figure 12. The seri-processing architecture of a cg storage 


‘Some of the subsystems that comprise DSOs are similar 
to those in analog oscilloscopes. However, DSOs contain 
additional data-processing subsystems that are used to 
collect and display data for the entire waveform. A DSO 
employs a serial-processing architecture to capture and 
display a signal on its screen, as shown in Figure 12. A 
description of this serial-prooessing architecture follows. 
Serial-processing Architecture 

Like an analog oscilloscope, a DSO’ first (input) stage is a 
vertical amplifier. Vertical controls allow you to adjust the 
amplitude and posttion range at this stage. Next, the analog- 
to-digital converter (ADC) in the horizontal system samples 
the signal at discrete points in time and converts the signal's 
voltage at these points into digital values called sample 
points. This process is referred to as digitizing a signal 


The horizontal system's sample clock determines how often 
the ADC takes a sample. This rate is referred to as the 
sample rate and is expressed in samples per second (S/s). 
The sample points from the ADC are stored in acquisition 
memory as waveform points, Several sample points may 
comprise one waveform point. Together, the waveform points 
comprise one waveform record. The number of waveform 
points Used to create a waveform record is caled the record 
length. The trigger system determin 
points of the record, 


he start and stop 


The DSO's signal path includes a microprocessor through 
which the measured signal passes on its way to the display. 
This microprocessor processes the signal, coordinates 
display activities, manages the front panel controls, and 
more. The signal then passes through the display memory 
and is displayed on the oscilloscope screen 
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Figure 13. The digital storage 
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Depending on the capabilities of your oscilloscope, adliional 
processing of the sample points may take place, which 
enhances the display. Pre-trigger may also be available, 
enabling you to see events before the trigger point. Most 

of today’s digital oscilloscopes also provide a selection 
measurements, simplifying the 


of automatic parame 
‘measurement process. 

‘As shown in Figure 13, a DSO provides high performance 
ina single-shot, muiti-channel instrument. DSOs are ideal 
for low-repetition-rate or single-shot, high-speed, multi- 
channel design applications. In the real world of digital 
design, an engineer usually examines four or more signals 
simultaneously, making the DSO a critical companion. 
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XYZs of Oscilloscopes 


‘Snapshots ofthe Digital Phosphor contents are peiodeally 
‘sent decty tothe splay without stopping the acquistion 


Figure 14. The para processhng achicturs ofa digital phaser oscilscope (OPO), 


Digital Phosphor Oscilloscopes 
The digital phosphor oscilloscope (DPO) offers a new 
approach to oscilloscope architecture. This architecture 
enables a DPO to deliver unique acquisition and display 
capabilties to accurately reconstruct a signal 


While @ DSO uses a serial-processing architecture to capture, 
display and analyze signals, a DPO employs a parallel-pro- 
cessing architecture to perform these functions, as shown, 
in Figure 14. The OPO architecture dedicates unique ASIC 
hardware to acquire waveform images, delivering high 
waveform capture rates that resutt in a higher level of signal 
visualization. This performance increases the probability of 
witnessing transient events that occur in digital systems, 
such as runt pulses, glitches and transition errors, and 
enables additional analysis capability. A description of this 
parallel-processing architecture follows, 
Parallel-processing Architecture 

A DPO's frst (input) stage is similar to that of an analog 
oscilloscope — a vertical amplifier - and its second stage is 
similar to that of a DSO —an ADC, But, the DPO differs 
significantly from its predecessors following the analog-to- 
digital conversion, 

For any oscilloscope — analog, DSO or DPO - there is always 
a holdott time during which the instrument processes the 
most recently acquired data, resets the system, and waits 
for the next trigger event. During this time, the oscilloscope 
is blind to all signal activity. The probability of seeing an 
infrequent or low-repetiion event decreases as the holdott 
time increases. 


It should be noted that itis impossible to determine the 
probability of capture by simply looking at the display upclate 
rate. if you rely solely on the update rate, it is easy to make 
the mistake of believing that the oscilloscope is capturing 

all pertinent information about the waveform when, in fact, 
itis not. 


‘The digital storage oscilloscope processes captured wave- 
forms serially. The speed of its microprocessor is a bottleneck 
in this process because it mits the waveform capture rate. 


‘The DPO rasterizes the digitized waveform data into a digital 
phosphor database. Every 1/30th of a second — about as fast 
as the human eye can perceive it - a snapshot of the signal 
image that is stored in the database is pipelined directly to 
the display system. This direct rasterization of waveform data, 
and direct copy to display memory from the database, 
removes the data-processing bottleneck inherent in other 
architectures. The result is an enhanced “real-time” and lively 
display update. Signal detais, intermittent events, and 
dynamic characteristics of the signal are captured in real- 
time. The DPO's microprocessor works in parallel with this 
integrated acquisition system for display management, 
‘measurement automation and instrument control, so that it 
doas not affect the oscilloscope's acquisition speed. 

‘A DPO faithfully emulates the best display attributes of an 
analog oscilloscope, displaying the signal in three dimen- 
sions: time, amplitude and the distribution of amplitude over 
time, all in real-time. 
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Unlike an analog osciloscope’s reliance on chemical phos: 
or, a DPO uses a purely electronic digital phosphor that 
tinuously updated database. This databa 
of information for every single pixel in the 
scope’s display. Each time a waveform is captured — 


actually 


has 


a separate “cell 
oscil 


in other words, every time the oscilloscope triggers — itis 
mapped into the digital phosphor database’s cells. Each cell 
that represents a screen location and is touched by the 

waveform is reinforced with intensity information, while 


her 


cells are not. The 
where the 


intensity information builds up in cells 


Javeform passes most often. 


When the aig 


tabase is fed to the oscilla 


phosphi 
scope's display, the display reveals inter 


areas, 


ified waveform 


in propo 


jon to the signal's frequency of occurrence 


at each point — much lke the intensity grading characteristics 
of an analog oscilloscope. The DPO also allows the display 
of the varying -of-occurrence information on the 


displ 


requet 
-ontrasting colors, unlike an analog oscilloscope. 


With a DPO, it is easy to see the difference between a 
waveform that occurs on almost every trigger and one that 
occurs, say, every 100th tage” 


Digital phosphor oscilloscopes (POs) break down the barrier 
tween analog and digital oscilloscope technologies. They 
are equally suitable for viewing high and low frequencies, 
repetitive waveforms, transients, and signal variations in real- 


time, Only a DPO provides the Z (intensity) axis in real-time 
that is missing from conventional DSOs. 
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‘A DPO is ideal for those who need the best general-purpose 
design and troubleshooting tool for a wide range of ay 
tions, as seen in Figure 15. A DPO is civanced 
analysis, communication mask testing, digital debug of inter- 
mittent signals, repetitive digital design and 
tions. 


cemplary for 


iming applica- 


Mixed Signal Oscilloscopes 


The mixed signal oscilloscope (MSO) combines the perform- 
ance of a DPO with the basic functionality of a 16-channel 
logic analyzer, including parallel/serial bus protocol decoding 
and triggering. The MSO's digital channels view a digital 
nal as either a logic high or logic low, just like @ digital circuit 
Views the signal. This means as long as ringing, oversh 
and ground bounce do not cause logic transitions, these 
anelog characteristics are not of concer to the M 
like a logic analyzer, a MSO uses a threshold voltage to 
determine if the signal is logic high or logic low. 


The MSO is the tool of choice for quickly debugging digital 
circuits using its powerful digital triggering, high resolution 
acquisition capability, and analysis tools, The root cause of 
many digital problems is quic 

the analog and digital representations of the 
in Figure 16, making a MSO ideal for verifying and debugging 
digital ci 


cer to pinpoint by analyzing both 


nal, as shown 


its. 
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Digital Sampling Oscilloscopes 

In contrast to the digital storage and digital phosphor 
oscilloscope architectures, the architecture of the digital 
reverses the position of the attenu 


sampling oscillosco 
tor/ampifier and the sampling bridge, 
The input signal is sampled before any attenuation or amplif- 
cation is performed. A low bandwidth amplifier can then 


}own in Figure 17. 


be utilized after the sampling bridge because the signal has 
idy been converted to a lower frequency by the 
nent, 


al 


mpling 
gate, resulting in a much higher bandwith instrun 


The tradeoff for this high bandwidth, however, 
sampling osciloscope’s dynamic range is limited. Since 

20 attenuator/amplifer in front of the sampling gate, 
1 facilty to scale the input. The sampling bridge 
the input 
at all times. Therefore, the dynamic range of most sampling 
osciloscopes is limited to about 1 V peak-to-peak. Digital 
storage and cigital phosphor oscilloscopes, on the other 
50 to 100 volts, 


hat the 


there is 


there is 
‘must be able to handle the full dynamic range 


hand, can handl 


In addition, protection diodes cannot be placed in front of 
the sampling bridge as this would limit the bandwidth, This 
reduces the safe input voltage for a sampling 
to about & V, as compared to 500 V available on other 
oscilloscopes. 


iloscope 


XYZs of Oscilloscopes 
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When measuring high-frequency signals, the DSO or Di 
may not be able to collect enough samples in one sweep. A 
digital sampling oscilloscope is an ideal tool for accurately 


capturing signals whose frequency components are much 
higher than the oscillos ample rate, as seen in 

Figure 18. This oscilloscope is capable of measuring signals 
of up to an order of magnitude faster than any other oscillo- 


cope's 


e, It can achieve bandwidth and high-speed timing ten 
times higher than other osciloscopes for repetitive signals. 
Sequential equivalent-time sampling oscilloscopes 


available with bandwidths to 80 GHz, 
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The Systems and Controls of an 
Oscilloscope 

This section briefly describes the basic systems and controls 
found on analog and digital oscilloscopes. Some controls 
differ between analog and digital oscilloscopes; your oscillo- 
‘scope probably has additional controls not discussed here. 


A basic oscilloscope consists of four different 
systems — the vertical system, horizontal 
system, trigger system, and display system. 
Understanding each of these systems will 
enable you to effectively apply the oscilloscope 
to tackle your specific measurement challenges. 
Recall that each system contributes to the 
oscilloscope's ability to accurately reconstruct 

a signal. 


The front panel of an oscilloscope is divided into three 
main sections labeled vertical, horizontal, and trigger. Your 
oscilloscope may have ather sections, depending on the 
model and type, See if you can locate these front-pane!_ seo- 
tions in Figure 19, and on your oscilloscope, as you read 
through this section. 

When using an oscilloscope, you need to adjust three basic 

settings to accommodate an incoming signal: 

1 Vertical: The attenuation or amplification of the signal. Use 
‘the volts/clv control to adjust the amplitude of the signal to 
the desired measurement range. 

= Horizontal: The time base. Use the sec/div control to set 
the amount of time per division represented horizontally 
across the screen. 

1s Trigger: The triggering of the oscilloscope, Use the trigger 
level to stabilize a repeating signal, or to trigger on a single 
event. 
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Figure 19. Fron panel cone! sation ofan esclloscape 


‘Common vertical controls include: 


= Termination 
-1M ohm 


-GND 


= Bandwidth 
~ Limit 
~ Enhancement 
= Position 


= Offset 
= Invert - On/Ort 


= Scale 
- Fixed steps 
~ Variable 


Ce 
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Figure 20, AC and D0 input couping 


Vertical System and Controls 

Vertical controls can be used to position and scale the 
Waveform vertically, set the input coupling, and adjust other 
signal conditioning, 


Position and Volts per Division 


‘The vertical position control allows you to move the waveform 
up and down exactly where you want it on the screen, 


‘The volts-per-division setting (usually written as volts/dlv) is a 
scaling factor that varies the size of the waveform on the 
screen. If the volts/div setting is 5 volts, then each of the 
eight vertical divisions represents 5 volts and the entire 
screen can display 40 volts from bottom to top, assuming a 
graticule with eight major divisions. If the setting is 0.5 
volts/div, the screen can display 4 volts from bottom to top, 
and so on. The maximum voltage you can display on the 
screen is the volts/dlv setting multiplied by the number of 
vertical divisions. Note that the probe you use, 1X or 10X, 
also influences the scale factor. You must divide the volts/div 
scale by the attenuation factor of the probe if the oscilo- 
scope does not do it for you. 

Otten the votts/dlv scale has either a variable gain or a fine 
gain control for scaling a displayed signal to a certain number 
of divisions. Use this control to assist in taking rise time 
‘measurements, 


® 


XYZs of Oscilloscopes: 


AC Coupling of 
the Same Signal 


av 


ov Hsp 


Input Coupling 
Coupling refers to the method used to connect an electrical 
signal from one circuit to another. In this case, the input 
coupling is the connection from your test circuit to the 
oscilloscope. The coupling can be set to DC, AC, or ground. 
DC coupling shows all of an input signal. AC coupling blocks 
the DC component of a signal so that you see the waveform 
centered around zero volts. Figure 20 illustrates this aifer- 
ence. The AC coupling setting is useful when the entire 
signal (alternating current + direct current) is too large for 

the volts/div setting. 

The ground setting disconnects the input signal from the 
vertical system, which lets you see where zero volts is 
located on the screen. With grounded input coupling and 
auto trigger mode, you see a horizontal line on the soreen 
that represents zero vos. Switching from DG to ground and 
back again is a handy way of measuring signal voltage levels 
with respect to ground, 


Bandwidth Limit 
Most oscilloscopes have a circuit that limits the bandwidth of 
the oscilloscope. By limiting the bandwidth, you reduce the 
noise that sometimes appears on the displayed waveform, 
resutting in a cleaner signal display. Note that, while eliminat- 
ing noise, the bandwidth limit can also reduce or eliminate 
high-frequency signal content. 
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Bandwidth Enhancement 

‘Some oscilloscopes may provide a DSP arbitrary equalization 
filter which can be used to improve the oscilloscope channel 
response. This fiter extends the bandwidth, flattens the 
oscilloscape channel frequency response, improves phase 
linearity, and provides a better match between channels. 

It also decreases rise time and improves the time domain 
step response. 


Horizontal System and Controls 

An oscilloscope's horizontal system is most closely 
associated with its acquisition of an input signal ~ sample 
rate and record length are among the considerations here, 
Horizontal controls are used to position and scale the 
waveform horizontally 


Acquisition Controls 


Digital osciloscopes have settings that let you control how 
the acquisition system processes a signal. Look aver the 
acquisition options on your digital osciloscope while you 
read this description. Figure 21 shows you an example of 
an acquisition menu 


Acquisition Modes 

Acquisition mades control haw waveform points are pro- 
duced from sample points. Sample points are the digital 
values derived directly from the analog-to-digital converter 
(ADO). The sample interval refers to the time between 

these sample points. Waveform points are the digital 

values that are stored in memory and displayed to construct, 
the waveform, The time value difference between waveform 
points is referred to as the waveform interval. 
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‘Common horizontal controls include 


Time Base = Resolution 
a xY m= Sample Rate 

= Soale w= Trigger Position 
= Trace Separation = Zoom/Pan, 

= Record Length = Search 


Figure 21. Example of an accuistion mans, 


The sample interval and the waveform interval may, or may 
not, be the same. This fact leads to the existence of several 
different acquisition modes in which one waveform point is 
comprised of several sequentially acquired sample points. 
Additionally, waveform points can be created from a compas- 
ite of sample points taken from multiple acquisitions, which 
provides another set of acquisition modes. A description of 
the most commonly used acquisition modes follows, 
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‘Types of Acquisition Modes 

= Sample Mode: This is the simplest acquistion mode. 


The oscilloscope creates a waveform point by saving one 


sample point during each waveform interval 


= Peak Detect Mode: The oscilloscope sav 
and maximum value sample points taken during two 
waveform intervals and uses these samples as the two 
corresponding waveform points. Digital oscilloscopes with 
peak detect mode run the ADC at a fast sample rate, 

fen at very slow time base settings (slow time base 

seitings translate into long waveform interval 

able to capture fast signal changes that would occur 

between the waveform points if in sample mode, as shown 

in Figure 22. Peak detect mode is particularly useful for 

ing narrow pulses spaced far apart in time, as demon- 

strated in Figure 23. 


the minimum 


m Hi-Res Mode: Like peak detect, hi res mode is a way 
of getting more information in cases when the ADC can 
‘sample faster than the time base setting requires. In this, 
case, multiple samples taken within one waveform interval 
are averaged together to produce one waveform poin 

and an improvement in 

resolution for low-speed signals. The advantage of Hi Res 

Mode over Average is that Hi-Res Mode can be used even 

on a single shot event 


The result is a decrease in noi 


lope Mode: Envelope mode is similar to peak det 
mode. However, in envelope mode, the minimum and 
maximum waveform points from multiple acquisitions 
are combined to form a waveform that shows min/max 
‘cumulation over time. Peak detact mode is usually 

cd to acquire the records that are combined to 
the envelope waveform, 


Figure 23, Peck detct mode enables the osclloscopa to capture etree ba 


= Average Mode: In average made, the oscilloscape 
saves ane sample point during each waveform interval 
as in sample mode. However, waveform points from 
consecutive acquisitions are then averaged together to 
produce the final displayed wavetorm. Average mode 
;duoes noise without loss of bandwidth, but requires 
a repeating signal 


= Waveform Database Made: In waveform database mode, 
the oscillocope accumulates a waveform database that 
provides a three-dimensional array of amplitude, time, and 
counts. 


Starting and Stopping the Acquisition System 
One of the great 


advantages of digital oscilloscope: 
ter viewing, To this end, 


their ability to store waveforms for 
there are usually one or more buttons on the front panel 
that allow you to start and stop the acquisition system so 
you can analyze waveforms at your leisure. Additionally, you 
may want the oscilloscope to automatically stop acquiring 
after one accsition is complete or after one set of records 
has been tured into an envelope or average wavetorm, 

This feature is commonly called single sweep or single 
quence and its controls are usually found either with the 


oth 


;cQuisition controls or with the trigger controls, 
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Figure 24, Basic sanging, showing sample poh ae canted by nterplaton ta 
roe a continuous water, 


Sampling 
‘Sampling is the process of converting a portion of an 

input signal into a number of discrete electrical values for 
the purpose of storage, processing and/or display. The 
magnitude of each sampled point is equal to the amplitude 
of the input signal at the instant in time in which the signal 
is sampled. 

‘Sampling is ike taking snapshots. Each snapshot corre- 
sponds to a specific point in time on the waveform, These 
snapshots can then be arranged in the appropriate order in 
time so as to reconstruct the input signal 

Ina digital oscilloscope, an array of sampled points is 
reconstructed on a display with the measured ampiitucle on 
the vertical axis and time on the horizontal axis, as ilustrated 
in Figure 24 

The input waveform in Figure 24 appears as a serias of dots 
on the soreen, If the dots are widely spaced and difficult to 
interpret as a waveform, the dots can be connected using 

a process called interpolation. Interpolation connects the 
dots with lines, or vectors. A number of interpolation meth- 
ods are available that can be used to produce an accurate 
representation of a continuous input signal 
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Sampling Controls 
‘Some digital oscilloscopes provide you with a choice in 
sampling method — either real-time sampling or equivalent- 
time sampling. The acquisition controls available with these 
oscilloscopes will alow you to select a sample method to 
acquire signals. Note that this choice makes no difference 
for slow time base settings and only has an effect when 

the ADC cannot sample fast enough to fil the record with 
waveform points in one pass. Each sampling method has 
distinct advantages, depending on the kind of measurements 
being made, 


Controls are typically available on modern oscilloscopes to 
give you the choice of three horizontal time base modes of 
operations. If you are simply doing signal exploration and 
want to interact with a lively signal, you will use the Automatic. 
or interactive default mode that provides you with the liveliest 
display update rate. if you want a precise measurement and 
the highest real-time sample rate thet will give you the most 
measurement accuracy, then the Constant Sample Rate 
mode is for you. it will maintain the highest sample rate and 
provide the best real-time resolution. The last mode is called 
the Manual mode because it ensures direct and independent 
control of the sample rate and record length 


Real-time Sampling Method 
Real-time sampling is ideal for signals whose frequency range 
is less than half the oscilloscope’s maximum sample tate. 
Here, the oscilloscope can acquire more than enough points 
in one “sweep” of the waveform to construct an 

accurate picture, as shown in Figure 25. Real-time sampling 
is the only way to capture fast, single-shot, transient signals, 
with a digital oscilloscope, 


Variants 


Figure 4-5. The largest fuse from the previous figure, cut 
(open to reveal its element. 


Usually automotive fuses are mounted together 
in a block, but if aftermarket accessory equip- 
ment is added, it may be protected by an inline 
fuse ina holder that terminates in two wires. This 
is shown with two sample fuses in 
Similar inline fuse holders are manufactured for 
other types of fuses. 


Strip Fuses 
High-amperage fuses for vehicles may be sold in 
“strip fuse" format, also known as a fusible link, 
designed to be clamped between two screw- 
down terminals. Since some jumpers may look 
very similar, itis important to keep them sepa- 
rate. A strip fuse is shown 


Through-Hole Fuses 

‘Small fuses with radial leads, which seem appro- 
priate for through-hole insertion in printed cir- 
cuit boards, are actually often used in conjunc- 
tion with appropriate sockets, so that they can 
be easily replaced. They are described in cata~ 
logues as “subminiature fuses" and are typically 
found in laptop computers and their power sup- 
plies, also televisions, battery chargers, and air 
conditioners. Three examples are shown in 


Figure 4-8, Allhave slow-blowing characteri 


nnection > fuse 


Figure 4-6. Two blade-type fuses, commonly used for au: 
tamative applications, shown with an inline fuse holder. 
The plastic cap, at right, is closed over the holder when 
fuse has been installed. 


Figure 4-7. This strip fuse is intended for use in diesel ve 
hicles. The example shown is rated 100A at 36V. 


Resettable Fuses 

Properly known as a polymeric positive tempera: 
cient fuse (often abbreviated PTC or 
ttable fuse Is a solid-state, encapsu- 
lated component that greatly increases its resist- 
ance in response toa current overload, but grad- 
ually returns to its original condition when the 
flow of currents discontinued. It can be thought 
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Figure 25. Rea-ime samplng metho. 


Figure 26 crc to capture this 10 pds in re-e,th samp rate must 


Real-time 


npling presents the greatest challenge for 
digital oscilloscopes because of the sample r 


to accurately digitize high-frequency transient events, as 
in Figure 26. These events occur only once, and 
in the same time frame that they o 


ifthe sample rate isn't fast enougl 
1n “fold 
aliasing in the display, as demonstrated in Figure 27. In 


high-frequency compo- 
jown" into a lower frequency, causing 


addition, real-time sampling is further comp! 
speed memory required to store the 
digitized. Please refer to the Sample Rate and Record Length 


tions under Performance Terms and Considerations for 


itis 


additional detail regarding the sample rate and record 


length needed to accurately characterize high-tre 


ponents. 


XYZs of Oscilloscopes 


Real-time sampling with interpolation, dgital oscilloscopes 
take discrete samples of the signal that can be displayed. 
However, it can be difficult to visualize the signal represented 
as dots, especially there can be only a few dats 
representing high-frequency portions of the signal. To aid in 
the visualization of signals, digital oscilloscopes typically have 
polation display modes, 


ini 


In simple terms, interpolation “connects the dots" so that 


nal that is sampled only a few times in eac! 
accurately displayed. Using real-time 
ope collects a 
of the signal in a single pass in real-time mode and uses 


cycle 


sampling with 


interpolation, the oscil imple points 


int 


polation to fil in the gaps. Interpolation is a processing 
technique used to estim: 
based on a 


te what the way 


form looks like 
few points. 
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Sine Wave Reproduced 
sing Sine x/xnteppalation 


A 


Sine Wave Reproduced 
using Linear interpolation "8 


Figure 28, Linear an sin xx interpalaten 


Linear interpolation connects sample points with straight 
lines. This approach is limited to reconstructing straight- 
edged signals, as illustrated in Figure 28, which better lends 
itsetf to square waves. 

The more versatile sin x/x interpolation connects sample 
points with curves, as shown in Figure 28. Sin x/x interpola 
tion is a mathematical process in which points are calculated 
to fil in the time between the real samples. This form of inter- 
polation lends itself to curved and irregular signal shanes, 
Which are far more comman in the real world than pure 
square waves and pulses. Consequently, sin x/x interpotation 
is the preferred method for applications where the sample 
rate is 3 to 5 times the system bandwidth. 

Equivalent-time Sampling Method 

When measuring high-frequency signals, the oscilloscope 
may not be able to collect enough samples in one sweep. 
Equivalent-time sampling can be used to accurately acquire 
signals whose frequency exceeds half the oscilloscope's 
sample rate, as ilustrated in Figure 29. Equivalent-time 
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Waveform Constructed 
with Record Pots 


‘st Acquisition Cycle 


2nd Acquistion Cycle 


Sd Acquistion Cycle 


rth Acquistion Cycle 


Flgwe 20. Some oxciloscopas use oqulaen-ime sampling to capture and day 
‘er fast raptive signs, 


dligtizers (samplers) take advantage of the fact that most 
naturally occurring and man-made events are repetitive. 
Equivalent-time sampling constructs a picture of a repetitive 
signal by capturing a ite bit of information from each 
repetition. The waveform slowly builds up ike a string of 
lights, illuminating one-by-one. This allows the oscilloscope 
to accurately capture signals whose frequency components 
are much higher than the oscilloscope's sample rate. 


‘There are two types of equivalent-time sampling methods: 
random and sequential. Each has its advantages. Random 
equivalent-time sampling allows display of the input signal 
prior to the trigger point, without the use of a delay line. 
‘Sequential equivalent-time sampling provides much greater 
time resolution and accuracy. Both require that the input 
signal be repetitive 
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Figure 30. n random equiiet-sime saplrg, the sampng Cock runs asyctvo 
ously th he mut sgral arate tigger 


Random Equivalent-time Sampling 
Random equivalent-time digitizers (samplers) utilize an inter- 
‘nal clock that runs asynchronously with respect to the input 
signal and the signal trigger, as illustrated in Figure 30. 
‘Samples are taken continuously, independent of the trigger 
position, and are displayed based on the time difference 
between the sample and the trigger. Although samples are 
taken sequentially in time, they are random with respent to 
the trigger — hence the name “random” equivalent-time 
sampling. Sample points appear randomly along the wave- 
form when displayed on the oscillascope screen 


The abilty to acquire and display samples prior to the trigger 
point is the key advantage of this sampling technique, 
eliminating the need for external pretrigger signals or delay 
lines. Depending on the sample rate and the time window 
of the display, random sampling may also allow more than 
one sample to be acquired per triggered event. However, at 
faster sweep speeds, the acquisition window narrows until 
the digitizer cannot sample on every trigger. It is at these 
faster sweep speeds that very precise timing measurements 
are often made, and where the extraordinary time resolution 
of the sequential equivalent-time sampler is most beneficial 
‘The bandwidth limit for random ecuivalent-time sampling is 
less than for sequential-time sampling. 
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Figur 31. n sequential equtaien-time sampling, the single sample taken fr each 
recognized tigger ater tire delay whic sereranted tar each cycle 


‘Sequential Equivalent-time Sampling 
‘The sequential equivalent-time sampler acquires one sample 
per trigger, inclependent of the time/div setting, or sweep 
speed, as ilustrated in Figure 31. When a trigger is detected, 
a sample is taken after a very short, but well-defined, delay. 
When the next trigger occurs, a small time increment — datta t 
— is added to this delay and the digitizer takes another sam- 
ple. This process is repeated many times, with “detta t” 
added to each previous acquisition, until the time window is 
filed, Sample points appear from left to right in sequence 
along the waveform when displayed on the oscilloscope 
soreen 

Technologically speaking, it is easier to generate a very 
short, very precise “delta t" than it is to accurately measure 
the vertical and horizontal positions of a sample relative to 
the trigger point, as required by random samplers. This 
precisely measured delay is what gives sequential samplers 
their unmatched time resolution. Since, with sequential 
sampling, the sample is taken after the trigger level is 
detected, the trigger point cannot be displayed without an 
analog delay line, which may, in turn, reduce the bandwidth 
of the instrument. if an external pretrigger can be supplied, 
bandwidth will not be affected. 
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Position and Seconds per Division 


The horizontal position control moves the waveform left and. 
right to exactly where you want it on the screen, 


The seconds-per-division setting (usually written as sec/div) 
lets you select the rate at which the waveform is drawn 
across the screen (also known as the time base setting or 
sweep speed). This setting is a scale factor. If the setting is 

1 ms, each horizontal division represents 1 ms and the total 
screen width represents 10 ms, or ten divisions. Changing 
the sec/aiv setting enables you to look at longer and shorter 
time intervals of the input signal 


AS with the vertical volts/div scale, the horizontal sec/aliv 
soale may have variable timing, allowing you to set the 
horizontal time scale between the discrete settings, 


Time Base Sele 


ns 
Your oscilloscope has a time base, which is usually referred 
to as the main time base. Many oscilloscopes also have what 
is called a delayed time base — a time base with a sweep that 
can start (or be triggered to start) relative to a pre-determined 
time on the main time base sweep. Using a delayed time 
base sweep allows you to see events more clearly and to see 
events that are not visible solely with the main time base 
sweep. 

‘The delayed time base requires the setting of a time delay 
and the possible use of delayed trigger modes and other 
settings not described in this primer. Refer to the manual 
supplied with your osciloscope for information on how to 

Use these features, 


Zoom/Pan 


Your oscilloscope may have special horizontal magnification 
settings that let you display a magnified section of the 
waveform on-screen. Some oscilloscopes add pan functions 
to the zoom capability. Knobs are used to adjust zoom factor 
or scale and the pan of the zoom box across the waveform, 
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Search 
‘Some oscilloscopes offer search and mark capabilities, 
enabling you to quickly navigate through long acquisitions 
looking for user-defined events. 


XY Mode 


Most oscilloscopes have an XY made that lets you display 
an input signal, rather than the time base, on the horizontal 
axis. This mode of operation opens up a whole new area 
of phase shift measurement techniques, explained in the 
Measurement Techniques section of this primer 


ZAxis 


A cligtal phosphor osciloscope (DPO) has a high display 
sample density and an innate ability to capture intensity 
information. With its intensity axis (Z axis), the DPO is able 

to provide a three-dimensional, real-time display similar to 
that of an analog oscilloscope. As you look at the waveform 
trace on a DPO, you can see brightened areas - the areas 
where a signal occurs most often. This display makes it easy 
to distinguish the basic signal shape from a transient that 
‘occurs only once in a while - the basic signal would appear 
much brighter, One application of the Z axis is to feed special 
timed signals into the separate Z input to create highlighted 
“marker” dots at known intervals in the waveform. 


XYZ Mode with DPO and XYZ Record 


play 

Some DPOs can use the Z input to create an XY display 
with intensity grading. in this case, the DPO samples the 
instantaneous data value at the Z input and uses that value 
to qualify a specific part of the waveform. Once you have 
qualified samples, these samples can accumulate, resulting 
in an intensity-graded XYZ display. XYZ mode is especially 
Useful for displaying the polar patterns commonly used in 
testing wireless communication devices — a constellation 
diagram, for example. Anather method of displaying XYZ 
data is XYZ record display. In this mode the data from the 
acquisition memory Is used rather than the DPO database. 
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Figure 32. Untioneed pay. 


Trigger System and Controls 


An oscilloscope’s trigger function synchronizes the horizontal 
‘sweep at the correct paint of the signal, essential for clear 
signal characterization. Trigger controls allow you to stabilize 
repetitive waveforms and capture single-shot waveforms. 


‘The trigger makes repetitive waveforms appear static on 
the oscilloscope display by repeatedly displaying the same 
portion of the input signal. Imagine the jumble on the screen 
that would result if each sweep started at a different place on 
the signal, as illustrated in Figure 32. 


Edge triggering, available in analog and digital oscilloscopes, 
is the basic and most common type. In addition to threshold 
triggering offered by both analog and digital oscilloscopes, 
many digital oscilloscopes offer numerous specialized trigger 
settings not offered by analog instruments. These triggers 
respond to specific conditions in the incoming signal, making 
it easy to detect, for example, a pulse that is narrower than it 
should be. Such a condition would be impossible to detect 
with a voltage threshold trigger alone. 


‘Advanced trigger controls enable you to isolate specific 
events of interest to optimize the osciloscope’s sample 

rate and record length. Advanced triggering capabilities in 
some oscilloscopes give you highly selective control. You can 
trigger on pulses defined by amplitude (such as runt pulses), 
qualified by time (pulse width, gltch, slew rate, setup-and- 
hold, and time-out}, and delineated by logic state or pattern 
(logic triggering) 


= if 


XYZs of Oscilloscopes 


(Other advanced trigger functions include: 

= Pattern Lock Triggering: Pattern lock triggering acids 
a new dimension to NRZ serial pattern triggering by 
enabling the oscilloscope to take synchronized acquisitions 
of a long serial test pattern with outstanding time base 
accuracy. Pattem lock triggering can be used to remove 
random jitter from long serial data patterns. Effects of 
specific bit transitions can be investigated, and averaging 
can be used with mask testing, 

1 Serial Pattern Triggering: Serial pattem triggering can be 
used to debug serial architectures. It provides a trigger on 
the serial pattern of an NRZ serial data stream with built-in 
clock recovery and correlates events across the physical 
and link layer. The instrument can recover the clack signal, 
identity transitions, and allow you to set the desired 
encoded words for the serial pattern trigger to capture. 

= A&B Triggering: Some trigger systems offer multiple 
‘rigger types only on a single event (A event), with delayed 
trigger (B event) selection limited to edge type triggering 
and often do not provide a way to reset the trigger 
sequence if the B event doesn't occur. Modem ascilo- 
scopes can provide the full suite of advanced trigger types 
on both A and B triggers, logic quaification to cantral 
when to look for these events, and reset triggering to 
begin the trigger sequence again after a specified time, 
state, or transition so that even events in the most com- 
plex signals can be captured. 

= Search & Mark Triggering: Hardware triggers watch for 
one event type at a time, but Search can scan for multiple 
event types simultaneously, For example, scan tor setup or 
hold time violations on multiple channels. Individual marks 
can be placed by Search indicating events that meet 
search oriteria, 


= Trigger Correction: Since the trigger and data acquisition 
systems share different paths there is some inherent time 
delay between the trigger position and the data acquired. 
This results in skew and trigger jtter. With a trigger 
correction system the instrument adjusts the trigger 
position and compensates for the difference of delay there 
is between the trigger path and the data acquisition path, 
This will eliminate virtually any trigger jtter at the trigger 
point, In this mode, the trigger point can be used as a 
measurement reference. 


wwwtektonixcomloselloscopes 27 


® | 


03W-8605-5.qxd 12/10/09 10:24 AM Page 28 


ca 


Primer 


Figure 33. Common tigger types. 


1 Serial Triggering on Specific Standard Signals I°C, 
CAN, LIN, ete.) - Some oscilloscopes provide the ability 
10 trigger on specific signal types for standard serial data 
signals such as CAN, LIN, FC, SPI, and others. The 
decode of these signal types is also available on many 
oscilloscopes today, 

1 Parallel Bus Triggering - Muttiple paralle! buses can be 
defined and displayed at one time to easily view decoded 
parallel bus data over time. By specifying which channels 
are the clock and data lines, you can create a parallel bus 
display on some oscilloscopes that automatically decodes 
bus content. Countless hours can be saved by using par- 
alle bus triggers to simplify capture and analysis. 
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Optional trigger controls in some osciloscopes are designed 
‘specifically to examine communications signals as wel. 
Figure 33 highlights a few of these common trigger types 

in more detail. The intuitive user interface available in some 
oscilloscopes also allows rapid setup of trigger parameters 
with wide flexibility in the test setup to maximize your 
productivity. 
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Trigger Position 


Horizontal trigger position control is only available on cigital 
oscilloscopes. The trigger position control may be located 
in the horizontal control section of your oscilloscope. It 
actually represents the horizontal position of the trigger in 
the waveform record. 


Varying the horizontal trigger position allows you to capture 
what a signal did before a trigger event, known as pre-trigger 
viewing. Thus, it determines the length of viewable signal 
both preceding and following a trigger point. 


Digital oscilloscopes can provide pre-trigger viewing because 
they constantly process the input signal, whether or not a. 
trigger has been received. A steady stream of data flows 
through the oscilloscope; the trigger merely tells the ascilo- 
scope to save the present data in memory. 

In contrast, analog oscilloscopes only display the signal — 
that is, write it on the CRT — after receiving the trigger: Thus, 
pre-trigger viewing is not available in analog osciloscopes, 
with the exception of a small amount of pre-trigger provided 
by a delay line in the vertical system. 


Pre-trigger viewing is a valuable troubleshooting aid, fa 
problem occurs intermittently, you can trigger an the problem, 
record the events that led up to it and, possibly, find the 
cause. 


Trigger Level and Slope 
‘The trigger level and siope controls provide the basic trigger 
point definition and determine how a waveform is displayed, 
as ilustrated in Figure 34 


The trigger circuit acts as a comparator. You select the slope 
and voltage level on ane input of the comparator. When the 
trigger signal on the other comparator input matches your 
settings, the oscilascope generates a trigger. 

‘The slope control determines whether the trigger point is on 
the rising or the faling edge of a signal. A rising edge 

isa positive slope and a faling edge is a negative slope. The 
level control determines where on the edge the trigger point 
occurs, 
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Figure 34, Poste and nogatve lope tigger. 


Trigger Sources 
The oscilloscope does not necessary need to trigger on 
the signal being displayed. Several sources can trigger the 
sweep: 
= Any input channel 
= An extemal source other than the signal applied to an 
input channel 
= The power source signal 
= A signal internally defined by the oscilloscope, from one 
or more input channels 
Most of the time, you can leave the oscilloscope set to 
trigger on the channel displayed. Some oscilloscopes provide 
a trigger output that delivers the trigger signal to another 
instrument 
‘The oscilloscope can use an alternate trigger source, 
whether or not it is displayed, so you should be careful not to 
unwittingly trigger on channel 1 while displaying channel 2, 
for example 
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‘Trigger Level 


Trigger Point 


Holdott 


Acquisition Interval 


‘Acquisition Interval 


Holdott Holdott 


New triggers are not recognized during the holdott time, 


Figure 36. Tager hola 


Trigger Modes 

‘The trigger mode determines whether or not the asciloscope 
draws a waveform based on a signal condition. Common 
‘trigger modes include normal and auto. 


In normal mode the oscilloscope only sweens if the input 
signal reaches the set trigger point; otherwise (on an analog 
oscilloscope) the screen is blank or (on a digital oscilloscope) 
frozen on the last acquired waveform, Normal mode can be: 
disorienting since you may not see the signal at fist if the 
level control is not adjusted correctly. 

‘Auto mode causes the oscilloscope to sweep, even without 
a trigger If no signal is present, a timer in the oscilloscope 
triggers the sweep. This ensures that the display will not 
disappear if the signal does not cause a trigger. 

In practice, you will probably use both modes: normal mode 
because it lets you see just the signal of interest, even when 
triggers occur at a slow rate, and auto mode because it 
requires less adjustment. 

Many oscilloscopes also include special modes for single 
sweeps, triggering on video signals, or automatically setting 
‘the trigger level. 
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Trigger Coupling 

Just as you can select ether AG or DG coupling for the 
vertical system, you can choose the kind af coupling for 
‘the trigger signal. 

Besides AC and DC coupling, your oscilloscope may also 
have high frequency rejection, low frequency rejection, and 
noise rejection trigger coupling. These special settings are 
Useful for eliminating noise from the trigger signal to prevent 
false triggering, 


Trigger Holdott 
Sometimes getting an oscilsscope to trigger on the correct 


part of a signal requires great skil. Many oscilloscopes have 
special features to make this task easier. 


Trigger holdott is an adjustable period of time after a valid 
trigger during which the oscilloscope cannot trigger. 

This feature is useful when you are triggering on complex 
waveform shapes, so that the oscilloscope only triggers on. 
an eligible trigger point. Figure 36 shows how using trigger 
holdoff helps create a usable display. 
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Figure 96, An asclocepe racule, 


Display System and Controls 

‘An oscilloscope's front panel includes a display soreen and 
the knobs, buttons, switches, and indicators used to control 
signal acquisition and display. As mentioned at the front of 
this section, front-panel controls are usually divided into 
vertical, horizontal and trigger sections. The front panel also 
includes input connectors. 


Take a look at the ascilloscope display. Notice the grid mark- 
ings on the screen — these markings create the graticule. 
Each vertical and horizontal line constitutes a major division 
‘The graticule is usually laid out in an 8-by-10 or 10-by-10 
division pattern. Labeling on the oscilloscope controls (such 
as volts/div and sec/div) always refers to major divisions. The 
tick marks on the center horizontal and vertical graticule 
lines, as shown in Figure 36, are called minor divisions. Many 
oscilloscopes display on the screen how many volts each 
vertical division represents and how many seconds each hor- 
izontal civision represents. 


Other Oscilloscope Controls 


Math and Measurement Operations 
Your oscilloscope may also have operations that allow 

you to add waveforms together, creating a new waveform 
display. Analog oscilloscopes combine the signals while 
digital oscilloscopes create new waveforms mathematically. 
Subtracting waveforms is another math operation. 
Subtraction with analog oscilascopes is possible by using 
the channel invert function on one signal and then using 
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(Channel 1 Display 


‘ADD Mode: Channel 1 
‘and Channel 2 Combined 


(Channel 2 Display 


Figure 37, Acsng channels 


the add operation. Digital oscilloscopes typically have a 
subtraction operation available, Figure 37 illustrates a third 
wayetorm created by combining two different signals. 


Using the power of their internal processors, digital oscilla 
scopes offer many advanced math operations: multiplication, 
division, integration, Fast Fourier Transform, and more. This 
advanced signal processing capability can also perform 
functions such as the insertion of a iter look which can, 

be used de-embed the characteristics of the fixture on the 
device under test or implement a fiter block with desired 
frequency response such as a low pass fiter. The processing 
block is flexible — not dedicated; it can perform as an 
arbitrary fter instead, for example for simulation of 
ppre-emphasis/de-emphasis schemes. 


Di 


al Timing and State Acquisitions 


Digital channels provided by a mixed signal oscilloscope 
enable acquisition capabilities similar to those found on logic 
analyzers. There are two major digital acquisition tech- 
niques. The first technique is timing acquisition in which the 
MSO samples the digital signal at uniformly spaced times 
determined by the MSO's sample rate. At each sample 
point, the MSO stores the signal's logic state and creates a 
timing diagram of the signal. The second digital acquisition 
technique is state acquisition. State acquisition defines 
special times that the digital signal's logic state is valid and 
stable, This is common in synchronous and clocked digital 
circuits. A clock signal defines the time when the signal state 
is valid. For example, the input signal stable time is around 
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the rising clock edge for a D-Flip-Flop with rising edge clock- 

ing. The output signal stable time is around the faling clock 

edge for a D-Flip-Flop with rising edge clocking, Since the 

clock period of a synchronous circuit may not be fixed, the 

time between state acquisitions may not be uniform as i is in 

a timing acquisition, 

A mixed signal oscilloscope's digital channels acquire signals 

similar to how a logic analyzer acquires signals in timing 

acquisition mode. The MSO then decodes the timing acquisi- 

tion into a clocked bus display, and event table which is simi- 

lar to the logic analyzer's state acquisition display, providing 

you with important information during debug 

We have described the basic oscilloscope controls that a 

beginner needs to know about. Your oscilloscope may have 

ther controls for various functions. Some of these may 

include: 

= Automatic parametric measurements 

= Measurement cursors, 

= Keypads for mathematical operations or data entry 

= Printing capabilities 

1 Interfaces for connecting your oscilloscope to @ computer 
or directly to the Internet 

Look over the other options available to you and read your 

osciloscope's manual to find out more about these other 

controls, 


The Complete Measurement System 


Probes 

Even the most advanced instrument can only be as precise 
as the data that goes into it. A probe functions in conjunction 
with an oscilascope as part of the measurement system, 
Precision measurements start at the probe tip. The right 
probes matched to the oscilloscope and the device-under- 
test (DUT) not only allow the signal to be brought to the 
oscilloscope cleanly, they also amplify and preserve the signal 
for the greatest signal integrity and measurement accuracy. 
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Figure 38, Danse davcos and systems require smal orm 


To ensure accurate reconstruction of your 
signal, try to choose a probe that, when 
paired with your oscilloscope, exceeds the 
signal bandwidth by 5 times. 


Probes actually become part of the circuit, introducing 
resistive, capacitive and inductive loading that inevitably alters 
the measurement. For the most accurate resuits, the goal is 
to select a probe with minimal loading. An ideal pairing of the 
probe with the oscilloscope will minimize this loading, and 
enable you to access all of the power, features and capabil- 
ties of your oscilloscope. 


Another connectivity consicleration is the probe's form factor. 
‘Small form factor probes provide easier access to today’s 
densely packed circuitry, as shown in Figure 38. 

A brief description of the types of probes follows. Please refer 
to the Tektronix ABCs of Probes primer for more information 
about this essential component of the overall measurement 
system. 


power> connection > fuse 


Figure 4-8. Three subminiature fuses terminating in wire 
leads. From left to right: 10A at 250V, 25A at 250V, and 
Shat 250V. 


ofasa thermistor that hasa nonlinear response. 
Three through-hole examples are shown in 
Figure 4-9. While different sizes of cartridge fuse 
may share the same ratings, differently rated re- 
settable fuses may be identical in size. The one 
on the left is rated 40A at 30V, while the one on 
the right is rated 2.5A at 30V. (Note that the codes 
printed on the fuses are not the same as their 
‘manufacturer part numbers) The fuse at the top 
is rated 1A at 135V. 


When more than the maximum current passes 
through the fuse, its internal resistance increases 
suddenly from a few ohms to hundreds of thou- 
sands of ohms. This is known as tripping the fuse. 
This inevitably entails a small delay, but is com- 
parable to the time taken fora slow-blowing fuse 
to respond. 


Aresettable fuse contains a polymer whose crys- 
talline structure is loaded with graphite particles 
that conduct electricity. As current flowing 
through the fuse induces heat, the polymer tran- 
sitions to an amorphous state, separating the 
‘graphite particles and interrupting the conduc- 
tive pathways. A small current still passes 
through the component, sufficient to maintain 
its amorphous state until power is disconnected. 


Variants 


oe Beeeeeeeee! 


Figure 4-9. Some through-hole resettable fuses. See text 
for deta, 


After the resettable fuse cools, it gradually re- 
crystallizes, although its resistance does not fall 
back completely to its original value for more 
than an hour. 


The maximum safe level of current for a resetta- 
ble fuse is known as the hold current, while the 
current that triggers its response is termed the 
tip current. Resettable fuses are available with 
trip-current ratings from 20mA to 100A. While 
conventional appliance and electronics fuses 
may beratedas high as 600V, resettable fuses are 
seldom rated above 100V. 


Typical cartridge fuses are affected only to a mi- 
norextent by temperature, but the currentrating 
of a resettable fuse may diminish to 75% of its 
normal value at 50 degrees Centigrade and may 
drop to 50% of its normal value at 80 degrees 
Centigrade. In other words, afuse that s rated for 
4Aat25 degreesmay toleratea maximum of only 
3A when it operates at twice that temperature. 
See Figure 4-10, 
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Figure 99. typical paseve pre wih accessors, 


Passive Probes 


For measuring typical signal and voltage levels, passive 
probes provide ease-of-use and a wide range of measure- 
ment capabilities at an affordable price. The pairing of a 
passive voltage probe with a current probe will provide you 
With an ideal solution tor measuring power. 


Most passive probes have some attenuation faotor, such 
‘as 10X, 100X, and so on. By convention, attenuation factors, 
such as for the 10X attenuator probe, have the X after the 
factor. In contrast, magnification factors ike X10 have the X 
first. 

‘The 10X (ead as “ten times") attenuator probe reduces cir- 
cuit loading in comparison to a 1X probe and is an excellent 
general-purpose passive probe. Circuit loading becomes 
more pronounced for higher frequency and/or higher 
impedance signal sources, so be sure to analyze these 
signal/probe loading interactions before selecting a probe. 
‘The 10X attenuator probe improves the accuracy of your 
measurements, but also reduces the signal's amplitude at 
the oscilloscope input by a factor of 10. 
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Because it attenuates the signal, the 10X attenuator probe 
makes it dificult to look at signals less than 10 milivolts 
peak-to-peak. The 1X probe is similar to the 10X attenuator 
pprobe but lacks the attenuation circuitry. Without this circuitry, 
more interference is introduced to the circuit being tested, 


Use the 10X attenuator probe as your general-purpose 
probe, but keep the 1X probe accessible to measure 
slow-speedi, low-ampltude signals. Some probes have a 
convenient feature for switching between 1X and 10X 
attenuation at the probe tip. if your probe has this feature, 
make sure you are using the correct setting before taking 
measurements. 

Many oscilloscopes can automatically detect whether you are 
Using a 1X or 10X probe and adjust their screen readouts 
accordingly. However with some oscilloscopes, you must set 
the type of probe you are using or read from the proper 1X or 
40X marking on the volts/div control. 


The 10X attenuator probe works by balancing the probe's, 
electrical properties against the oscilloscope’s electrical 
properties. Before using a 10X attenuator probe you need 
to adjust this balance for your particular oscilloscope. This 
adjust ment is known as compensating the probe and is, 
described in more detail in the Operating the Oscilloscope 
section of this primer 


Passive probes, such as the one shown in Figure 39, provide 
excellent general-purpose probing solutions. However, 
general-purpose passive probes cannot accurately measure 
signals with extremely fast rise times, and may excessively 
load sensitive circuits. The steady increase in signal clook 
rates and edge speeds demands higher speed probes with 
less loading effects. High-speed active and differential probes 
provide ideal solutions when measuring high-speed and/or 
differential signals. 
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Figure 40. Hgf-perrmance probes ar cited when me 
095 fund in teas computor bso a 


Active and Differential Probes 

Increasing signal speeds and lower-voltage logic families 
make accurate measurement results difficult to achieve. 
Signal fidelity and device loading are critical issues. A com- 
plete measurement solution at these high speeds includes 


high-speed, high-fidelity probing solutions to match the 
performance of the oscilloscope, as shown in Figure 40, 
Active and citferential probes use specially developed 
integrated circuits to preserve the signal during access and 


transmission to t 9 signal integrity. 
For measuring signals with fast rise times, a high-speed 


1@ oscilloscope, ensui 


active or differential probe will provide more accurate resuts, 
a highlighted in Figure 41 

Newer probe types provide the advantage of being able to 
Use one setup, and get three types of measurements without 
adjusting probe tip connections. These probes can make 
differential, single-ended and common mode measuremer 
from the same probe setup. 


Logic Probes 


The logic probe shown in Figure 42 offers two eight-channe! 
ds. Each channel ends with a probe tip featuring a 
recessed ground for simplified connection to the device- 
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Figure 42. Lae probes fora mie sgnal oscloscop 


Under-test. The coax on the first channel of each pod is 
colored blue making it easy to identity. The common ground 
Uses an automotive style connector making it easy to create 
custom grounds for connecting to the device-under-test. 
When connecting to square pins, you can use an adapter 
that attaches to the probe head extending the probe ground 
flush with the probe tip so you can attach to a header. These 
probes offer outstanding electrical characteristics with 
minimal capacitive loading, 
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Specialty Probes 


In addition to the previously mentioned probe types, there are 
also a variety of other specialty probes and probing systems 
‘These include current, high-voltage, and optical probes, just 
toname a few. 


Probe Accessories 

Many modern oscilloscopes provide special automated 
features built into the input and mating probe connectors. In 
the case of inteligent probe interfaces, the act af connecting 
the probe to the instrument notifies the oscilloscope about 
the probe's attenuation factor, which in tum scales the display 
0 that the probe's attenuation is figured into the readout on 
the screen, Some probe interfaces also recognize the type 
of probe - that is, passive, active or current. The interface 
may act as a DC power source for probes. Active probes 
have their own amplifier and butter circuitry that requires 

DC power. 

Ground lead and probe tip accessories are also available to 
improve signal integrity when measuring high-speed signals. 
Ground lead adapters provide spacing flexibility between 
probe tip and ground lead connections to the DUT, while 
‘maintaining very short lead lengths from probe tip to DUT. 
Please refer to the Tektronix ABCs of Probes primer for more 
information about probes and probe accessories. 


Performance Terms and 
Considerations 

‘As previously mentioned, an oscilloscope is analogous to 
‘a camera that captures signal images that we can observe 
and interpret. Shutter speed, lighting conditions, aperture 
‘and the ASA rating of the film all affect the camera's ability 
to capture an image clearly and accurately. 


Like the basic systems of an oscilloscope, the 
performance considerations of an oscilloscope 
significantly affect its ability to achieve the 
required signal integrity. 


® 


XYZs of Oscilloscopes 


70-306) 


‘Noraized Frequency ti) 


Figure 43. Osciloscope hardwicths the faquency at whlch a sruscial Input ral 
a stented fo 70.7% ofthe signa’ rue apt, known aa the 2c pon. 


Learning a new skill often involves leaming a new vocabulary. 
This idea holds true for learning how to use an oscilloscope. 
This section describes some useful measurement and oscilo- 
scope performance terms, These terms are used to describe 
the criteria essential to choosing the right asciloscope for 
your application, Understanding these terms will help you to 
evaluate and compare your oscilloscope with other models. 


Bandwidth 

‘Bandwidth determines an oscilloscope’s fundamental ability 
to measure a signal. As signal frequency increases, the 
capability of the oscilloscope to accurately display the signal 
decreases. This specification indicates the frequency range 
that the oscilloscope can accurately measure. 

Oscilloscope bandwidth is specified as the frequency at 
which a sinusoidal input signal is attenuated to 70.7% of the 
signal's true amplitude, known as the -3 dB point, a term 
based on a logarithmic scale, as seen in Figure 43. 

Without adequate bandwidth, your oscilloscope will not 

be able to resolve high-frequency changes. Amplitude will 
be distorted, Edges will vanish. Details will be lost. Without 
adequate bandwidth, all the features, bells and whistles in 
your oscilloscope will mean nothing, 

To determine the oscilloscope bandwidth nesded to 
accurately characterize signal amplitude in your specific 
application, apply the “5 Times Rule.” 


Oscilloscope Bandwidth > Highest Frequency |< 5 
Component of Signal 
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Figure 44. Th higher the bandwith the mare acura the rprocction | Figure 45, Fie tie charactezation ofa high-speed digi 


An oscilloscope selected using the 5 Times Rule will ibes the useful frequency range of an 


£2% error in your measurements — typically 


ive 


late the oscilo ied 


pe rise time 


you less than 


sulficient for today’s applications. However, as signal speeds fOr your type, use the following equation: 
increase, it may not be possible to achieve this rule of thumb. i 
Always keep in mind that higher banchwicth will ikely provide Oscilloscope Rise Time < Fastest Rise Time of Signal * 


more accurate reproduction of your signal, as demonstrated . 
in Figure 44. Note that this basis for oscilloscope rise time sale 
similar to that for bandwidth. As in t bandwidth, 
g this rule of thumb may not alw 
extreme speeds of today’s sigy 
oscilloscope with faster rise time will more 


ion is 


‘Some oscilloscopes provide a method of enhancing the 
through digital si 
ised to improve the osc! 
the bandwidth, flat 


bandwiat 


ion filter can ys remem- 


el response, This fiter exten 


accurately capture the oritical details of fast transitions, 


fequency response, improves 
jes a better mat 


me applications, you may know only the rise time of a 


phase linearity, and pr 


It also decreases rise time and improves the time- signal. A constant allows you to relate the bandwidth and 
domain step response. ‘ise time of the oscilloscope, using the equation: 
Rise Time k 

Bandwidth 


In the digital world, rise time measurements are critical Rise Time 


time may be a more appropriate performance consider 


where k is a value between 0,35 and 0.45, depend 
on the shape of the oscilloscope's frequency response 
your oscilloscope curve and pulse rise time response, Oscilloscopes with 
‘ a bandwidth of <I GHz typically have a 0.35 value, 
ely while oscilloscopes with a bandwidth of > 1 GHz 

of rapid transitions, usually have a value between 0,40 and 0.45, 


jon when you expect to measure digital signals, such 


}eps. As shown in Figure 


must have sufficient rise time to at ture the details 
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Logic Family ‘Typical Signal Calculated Signal 
Rise Time Bandwidth 

7 Zn 175 WHE 

HOS 150s 230 WH 

om 11 350 MH 

ios WO pe 875 WH 

eo 700 ps 35 GH 

tats 109s a7 Git 
‘Some logic families produce inherently han 
others, as illustrated in Figure 46. 
Sample Rate 
Sample rate — spectiad in samples per second (S/s) - refers 


to how frequently a digital o 
sample of the signal, analogous to the frames 


iloscope takes a snapshot or 
a movie 


camera. The faster an oscilloscope samples (Le., the higher 
the sample rate), the greater the resolution and detail of the 
waveform and the less likely that critical information 


displayes 


or events will be lost, as shown in Figure 47. The minimum 
ample rate may also be important if you need to look at 
slowly changing signals over longer periods af time. Typically, 
the displayed sample rate chang made to the 
control to maintain a constant number of 


ss with change: 


horizontal soz 
waveform points in the displayed waveform record 


How do you calculate your sample rate requirements 
The method differs based on the tyr 
land the method of signal 


of waveform you are 
construction used by 


avoid ali 


Nyquist theorem states that th ‘must be samel 
at least twice as fast as its highest frequency component 
ho 


sign 


This thes 
a continuous signal. Since no oscilloscope offers infinite 
cord length and, by definition, glitches are not continuous, 


wever, assumes an infinite record length and 


XYZs of Oscillos 


Figure 47. Ang 


sampling at only twice the rate of highest frequency compa- 
ent is usually insulficient 


In reality, accurate reconstruction of a signal 


jepends on both 
ample rate and the interpolation method used to fil in 
the spaces between the samples. Some oscilloscopes let you 


lect either sin (x)/x 


iterpolation for measuring sinusoi 


For accurate reconstruction using sin(x)/x 
interpolation, your oscilloscope should have 
a sample rate at least 2.5 times the highest 
frequency component of your signal. Using 
linear interpolation, the sample rate should 
be at least 10 times the highest frequency 


signal component. 


‘Some measurement systems with sample rates to 5 
and bandwidths to 20 GHz have been optimized for 
capturing very fast, single-shot and transient events by 


oversampling up to § times the bandwidth. 
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Figure 48. ADPO p 
It-channe gta esis ape 


Waveform Capture Rate 


All oscilloscop. 
number of times per second to capture the signal, and clos: 
ie wavetorm capture rate, 


blink. That is, they open their eyes a given 


n. This i 


their eyes in bet 
expressed as waveforms per second (wims/s). While the 
sample rate indicates how frequently the oscilloscope 
samples the input signal within one waveform, or cycle, the 
5 to how quickly 


waveform capture rate r 


oscilloscope 


acquires waveforms, 


Wavetorm capture rates vary greatly, depending on the type 
and performance level of the ascillascope. Oscilloscopes with 
high waveform capture rates provide signific 
insight into signal behavior, and dramatically increase the 
probability that the oscilloscope will quickly capture transient 
anomalies such as jitter, runt pulses, glitches and transition 


tly more visual 


errors. 
Digital storage oscilloscopes (DSOs) employ a serial-process- 
ing architecture to capture from 10 to 5,000 wims/s. Some 
SOs provide a special mode that bursts multiple captures, 
into long memory, temporarily delivering higher waveform 
capture rates followed by long processing dead times tha 

the probabilly of capturing rare, intermittent events. 


redu 
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genera parpase design a 


Most digital phosphor oscilloscopes (DPOs) employ a 
arall itecture to deliver vastly gre 
‘As seen in Figure 48, some DPOs 

can acquire millions of waveforms in just seconds, significant- 
ly increasing the probability of capturing intermittent and elu- 


sive events an 


allowing you to see the problems in your si 


nal more quickly. Moreover, the DPO's ability to acquire and 


display three dimensions of signal behavior in real time — 
amplitude, time and distribution of amplitude over time — 
results in a superior level of insight into signal behavior, as 
shown in Figure 49. 


Record Length 


Record length, expressed as the number of points that 
comprise a complete waveform record, determines the 


amount of data that can be captured with each channel 
Since an oscilloscope can store only a limited number of 
samples, the waveform duration (time) will be inversely 


proportional to the oscilloscope's sample rate. 


Record Length 


Time Interval 


‘Sample Rate 
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Modern osciloscapes allow you to select record length to 
optimize the level of detall needed for your application, 

if you are analyzing an extremely stable sinusoidal signal, 
you may need only a 600 point record length, but if you are 
isolating the causes of timing anomalies in a complex digital 
data stream, you may need a milion points or more for a 
given record length, as demonstrated in Figure 60. 


Triggering Capab 
{An osciloscope's trigger function synchronizes the horizontal 
sweep at the correct point ofthe signal, essential for clear 
signal characterization. Tigger contrals alow you to stabiize 
repetitive waveforms and capture single-shot waveforms. 


ies 


Please refer to the Trigger section under Performance Terms 
and Considerations for more information regarding triggering 
capabilities, 


Effective Bits 


Effective bits represent a measure of a digital oscilloscope's 
ability to accurately reconstruct a sinewave signal's shape 
This measurement compares the oscilloscope's actual 
error to that of a theoretical “ideal” digitizer. Because the 
actual errors include noise and distortion, the frequency 
and amplitude of the signal must be specified. 


Frequency Response 

Bandwidth alone is not enough to ensure that an oscilo- 
scope can accurately capture a high frequency signal. The 
goal of oscilloscope design is a specific type of frequency 
response: Maximally Flat Envelope Delay (MFED). A 
frequency response of this type delivers excellent pulse 
fidelity with minimum avershoot and ringing. Since a digital 
oscilloscope is composed of real ampifiers, attenuators, 
ADGs, interconnects, and relays, MFED response is a 
goal that can only be approached. Pulse fidelity varies 
considerably with model and manufacturer. 


Vertical Sensitivity 


Vertical sensitivity indicates how much the vertical amplifier 
can amply a weak signal usually measured in milivolts 
(mV) per division. The smallest voltage detected by a general- 
purpose oscilloscope is typically about 1 mV per vertical 
screen division. 


XYZs of Oscilloscopes 


Figure $0. Captuing the high frequency etal ofthis modulated 85 Miz carior 

roqules high escutan sami [100 as Seerg the sora complete mockaton 

femveope rues a ong tme craton [1 ms. Using ang racor eng (10, the 
loscope can daplay both 


‘Sweep Speed 

‘Sweep speed indicates how fast the trace can sweep across 
the oscilloscope screen, enabling you to see fine details. The 
sweep speed of an asciloscope is represented by time 
(seconds) per division. 


Gain Accuracy 

Gain accuracy indicates how accurately the vertical system 
attenuates or amplifes a signal, usually represented as a 
percentage error 


Horizontal Accuracy (Time Base) 
Horizontal, or time base, accuracy indicates how accurately 
the horizontal system displays the timing of a signal, usually 
represented as a percentage error. 


Vertical Resolution (Analog-to-Digital 
Converter) 

Vertical resolution of the ADC, and therefore, the digital oscil- 
loscope, indicates how precisely it can convert input voltages 
into digital values. Vertical resolution is measured in bits. 
Calculation techniques can improve the effective resolution, 
as exemplified with hi-res acquistion mode. 
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Timing Resolution (MSO) 


{An important MSO acquisition specification is the timing res: 
lution used for capturing digital signals. Acquiring a signal 
with better timing resolution provides a more accurate timing 
measurement of when the signal changes. Far example, @ 
500 MS/s acquisition rate has 2 ns timing resolution and the 
acquired signal edge uncertainty is 2 ns. A smaller timing res- 
lution of 60.6 ps (16.5 GS/s) decreases the signal edge 
tainty to 60.6 ps and captures faster changing signals 


une 


Some MSOs internally acquire digital signals with two types 
of acquisitions at the same time. The first acquisition is with 
standard timing resolution, and the second acquisttion uses a 
high speed resolution. The standard resolution is used over a 
longer record length while the high speed timing acquisition 
offers more resolution around a narrow point of interest, as 
shown in Figure 51 


Connectivity 


The need to analyze measurement resuits remains of 
Utmost importance. The need to document and share 
information and measurement results easily and frequently 
has also grown in importance. The connectivity of an oscillo- 
scope delivers advanced analysis capabilties and simpities 
the documentation and sharing of results. As shown in Figure 
52, standard interfaces (GPIB, RS-232, USB, Ethernet) and 
network communication modules enable some oscilloscopes 
to delver a vast array of functionality and control 
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Figure 53 


me advanced oscilloscopes also let you: 


= Create, edit and share documents on the oscilloscope — 
all while working with the instrument in your particular 
environment 


= Access network printing and fle sharing resources 
= Access 


1@ Windows® desktop 

= Run third-party analysis and documentation software 
ww Link to networks 

= Access the Internet 

= Send and receive 


-mail 


Expandability 


An oscilloscope should be able ta accommodate your needs 
as they change. Some oscilloscopes allow you to: 
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Figure $8, Autom ocked or unlock Figure 87. Viceo apoestion morules make the oecilscope a fat, tl-al ool 


memory to channels to analyze longer record lengths 
= Add application-specitic measurement capabilities 


= Complement the power of the oscilloscope with a full 
id modules 


ange of probes al 


= Work with popular third-party analysis and productivity 
Windows-compatible software 


= Add accessories, such as battery packs and rackmounts 
Application modules and software may enable you 


10 a highly specialized analysis 


tran: 


jorm your osciloscope in 
tool capable of performing functions such as jitter and 


timing analysis, microprocessor memary system verificati 


‘communications standards testing, disk drive measurements, 
video measurements, power measurements and much more. 

i. igure $8. Ac 4 product 
Figures 58 - 88 highlight a few of these examples. lectin Ws alien 
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Ease-of-Use 

Oscilloscopes should be easy to learn and easy to use, 
helping you work at peak efficiency and productivity. Allowing 
you to focus on your design, rather than the measurement 
tools. Just as there is no one typical car driver, there is no 
one typical osciloscope user. Regardless of whether you 
prefer a traditional instrument interface, or that of a 
Windows® 
oscilloscope's operation. 


interface, itis important to have flexibility in your 


Figure 6 Touch play naturally soles Issues wth cutsed benches are 


Many oscilloscopes offer a balance between performance 
and simplicity by providing the user with many ways to oper- 
ate the instrument. A front-panel layout, in Figure 69, pro- 
Vides dedicated vertical, horizontal and trigger controls. An 
icon-tich graphical user interface, as shown in Figure 60, 


even occasional osciloscope users to feel as comfortable 
diving the osciloscope as they do driving a car, while giving 
full-time users easy access to the oscilascope's most 


helps you understand and intuitively use advanced capabli- ced features in addition, many osciloscopes are 


ties. Touch-sensitive displays solve issues with cluttered 


portable, such as the one shown in Figure 62, making the 


oscilloscope efficient in many different operating environ- 
ments ~ in the lab or in the field, 


benches and carts, while providing access to clear, on- 
screen buttons, as seen in Figure 61. Online help provides a 
convenient, buit-in reference manual. Intuitive controls allow 
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Figure 410. The three curves give a very approximate 
‘dea of the temperature sensitivity of three types af fuses 
commonly used fo protect electronic equipment. The let 
hhand scale provides an approximate value for the amper 
‘age which wil trip the fuse, 


Conventional slow-blowing fuses are 
temperature-sensitive, but to a lesser degree 
than resettable fuses. 


Resettable fuses are used in computer power 
supplies, USB power sources, and loudspeaker 
enclosures, where they protect the speaker coils 
from being overdriven, They are appropriate in 
situations where a fuse may be tripped relatively 
often, or where technically unsophisticated 
users may feel unable to replace a fuse or reseta 
circuit breaker. 


Brand names for resettable fuses include Poly- 
‘Switch, OptiReset, Everfuse, Polyfuse, and Multi- 
fuse. They are available in surface-mount (SMT) 
packages of as through-hole components, but 
not in cartridge format. 


Surface Mount Fuses 

Because surface-mount fuses are icult or im- 
possibleto replaceafter they have been soldered 
‘onto the board, they are often resettable. 


fuse 


A surface-mount resettable fuse approximately 
0.3" square is shown in Figure 4-11. Itis rated for 
230V and has an internal resistance of 50 ohms. 
Its hold current is 0.09A and its trip current is 
0.194. 


Figure 4-11. 4 surface-mount resettable fuse. See text for 
details 


How to Use it 


‘Any equipment that may be plugged into a wall 
outlet should be fused, not only to protect its 
components but also to protect users who may 
open the box and start investigating with a 
screwdriver. 


Equipment that contains powerful motors, 
pumps, or other inductive loads should be pro- 
tected with slow-blowing fuses, as the initial 
surge of current when the equipmentis switched 
onislikely to rise well above therating of the fuse. 
A slow-blowing fuse will tolerate a surge for a 
couple of seconds. Other fuses will not. 


Conversely, fast-acting fuses should be used with 
electronic equipment, especially integrated ci 
cuits that are quickly and easily damaged. 


‘Any device using substantial battery power 
should be fused because of the unpredictable 
and generally bad behavior of batteries when 
they are short-circuited, Parallel connections be- 
‘tween multiple large batteries should be fused 
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Operating the Oscilloscope 

This section briefly describes how to set up and start 

Using an osciloscape — spacificaly, haw to properly ground 
the oscilloscope and yourself, set the oscilloscope contrals, 
calibrate the oscilloscope, connect the probes, and compen- 
sate the probes. 


Proper grounding is an important step when setting up to 
take measurements or Work on a circuit. Proper grounding of 
the oscilloscope protects you from a hazardous shock and 
grounding yourself protects your circuits from damage. 


Proper Grounding 

To ground the oscilloscope means to connect it to an electri- 
cally neutral reference point, such as earth ground. Ground 
your oscilloscope by plugging its three-pronged power cord 
into an outlet grounded to earth ground. 

Grounding the oscilloscope is necessary for safety. ita high 
voltage contacts the case of an ungrounded oscilloscope — 
any part of the case, including knobs that appear insulated — 
it can give you a shock. However, with a properly grounded 
oscilloscope, the current travels through the grounding path 
to earth ground rather than through you to earth ground, 


Grounding is also necessary for taking accurate measure 


XYZs of Oscilloscopes 


Figure 63. Tpical wristype ouncing stp. 


‘ments with your oscilloscope. The oscilloscope needs to 
share the same ground as any circuits you are testing. 

‘Some oscilloscopes do not require separate connection to 
earth ground, These oscilloscopes have insulated cases and 
controls, which keeps any possible shock hazard away from 
the user. 

if you are working with integrated circuits (ICs), you also need 
to ground yourselt. Integrated circuits have tiny conduction 
paths that can be damaged by static electricity that builds up 
on your body. You can ruin an expensive IC simply by walking 
across a carpet or taking off a sweater and then touching the 
leads of the IC. To solve this problem, wear a grounding 
strap, as shows in Figure 63. This strap safely sends static 
charges on your body to earth ground, 


Setting the Controls 

After plugging in the oscilloscope, take a look at the front 
panel, As described previously, the front panel is typically 
divided into three main sections labeled vertical, horizontal, 
and trigger. Your oscilloscope may have ather sections, 
depending on the model and type. 

Notice the input connectors on your oscilloscope - this is 
where you attach the probes. Most osciloscopes have at 
least two input channels and each channel can display a 
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waveform on the screen. Multiple channels are useful for 

comparing waveforms. As mentioned earlier, MSOs also have 

digital inputs as well 

‘Some oscilloscopes have AUTOSET and/or DEFAULT 

buttons that can set up the controls in one step to accom- 

modate a signal. f your oscilloscope does not have this 

capability, itis helpful to set the controls to standard positions 

before taking measurements. 

General instructions to manually set up the oscilloscope in 

standard positions are as follows: 

1 Set the oscilloscope to display channel 1 

= Set the vertical volts/division scale and position controls to 
miclrange positions 

12 Turn off the variable votts/aivision 

= Turn off all magnification settings 

w= Set the channel 1 input coupling to DC 

ws Set the trigger mode to auto 

w= Set the trigger source to channel 1 

1x Turn trigger holdoff to minimum or off 

1» Set the horizontal time/division and position controls to 
mid-range positions 

w= Adjust channel 1 volts/dlvision such that the signal 
‘occupies as much of the 10 vertical divisions as possible 
without clipping or signal distortion 


Calibrating the Instrument 

In addition to proper oscilascope setup, periodic instrument 
self-calibration is recommended for accurate measurements. 
Calibration is needed if the ambient temperature has changed 
more than 5°C (9°F) since the last self-calibration or once 

a week. In the oscilloscope menu this can sometimes be 
initiated as “Signal Path Compensation’. Refer to the manual 
that accompanied your oscilloscope for more detailed 
instructions. 
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Connecting the Probes 


Now you are ready to connect a probe to your oscilloscope. 
AA probe, if well-matched to the asciloscope, will enable you 
to access all of the power and performance in the oscillo- 
scope and will ensure the integrity of the signal you are 
measuring, 

Measuring a signal requires two connections: the probe tip 
connection and the ground connection. Probes often come 
with a clip attachment for grounding the probe to the circuit 
Under test. In practice, you attach the grounding clip to a 
known ground in the circuit, such as the metal chassis of a 
product you are repairing, and touch the probe tip to a test 
point in the circuit 


Compensating the Probes 

Passive attenuation voltage probes must be compensated to 

the oscilloscope, Before using a passive probe, you need to 

compensate it - to balance its electrical properties to a par- 

ticular osciloscope. 

You should get into the habit of compensating the probe 

every time you set up your oscilloscope. A poorly adjusted 

probe can make your measurements less accurate. Figure 64 

ilustrates the effects on a 1 MHz test signal when using a 

probe that is not properly compensated. 

Most oscilloscopes have a square wave reference signal 

available at a terminal on the front panel used to compensate 

the probe, General instructions to compensate the probe are 

as follows: 

w= Attach the probe to a vertical channel 

= Connect the probe tip to the probe compensation, i.e, 
square wave reference signal 

1 Attach the ground alip of the probe to ground 

ws View the square wave reterenoe signal 

= Make the proper adjustments on the probe so that the 
corners of the square wave are square 
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Probe Adustment Sarl Nota Rauced Ample 
Probe Compensated 
Corecty 
Probe Adstment Sgr Nota Proper Ampituae 
Probe 
Overcompensated. 
Probe Adstment Sgr Not neeased Ameituc 
Figure 64.1 scp Foe Corel 
When you compensate the probe, always attach any a channel you plan to use. This will ensure that the oscilloscope 


sory tips you will use and 


the same electrical properties as it does when you take 


nect the probe to the verti ha 


@ 
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Oscilloscope Measurement Techniques. 
This section reviews basic measurement techniques. The two 
most basic measurements you can make are voltage and 
time measurements. Just about every other measurement is 
based on one of these two fundamental techniques. 


This section discusses methods for taking 
measurements visually with the oscilloscope 
screen. This is a common technique with 
analog instruments, and also may be useful 

for “at-a-glance” interpretation of digital oscillo- 
scope displays. 


Note that most digital oscilascopes include automated 
‘measurement tools that simplify and accelerate common 
analysis tasks, thus improving the reliability and confidence of 
your measurements. However, knowing how to make meas- 
Urements manually as described here will help you under- 
stand and check the automatic measurements, 


Voltage Measurements 
Voltage is the amount of electric potential, expressed in volts, 
between two points in a circuit, Usually one of these points 
is ground (zero volts), but not always. Voltages can also be 
measured from peak-to-peak — from the maximum point of 
signal to its minimum point. You must be careful to specify 
which voltage you mean, 

The oscilloscope is primarily a voltage-measuring device. 
(Once you have measured the voltage, other quantities are 
just a calculation away. For example, Ohm's law states that 
voltage between two points in a circuit equals the current 
times the resistance. From any two of these quantities you 
can calculate the third using the folowing formula: 


Voltage = Current x Resistance 
Voltage 
Current = s 
Resistance 
Resistance = —_YoUeee 
Current 
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Figure 66. Measure vltage onthe contr vercal gatoue Ine, 


‘Another handy formula is the power law, which states that 
the power of a DC signal equals the voltage times the cur- 
rent. Caloulations are more complicated for AC signals, but 
the point here is that measuring the voltage is the first step 
toward calculating other quantities. Figure 65 shows the volt- 
age of one peak (V,) and the peak-to-peak voltage (V,..) 

The most basic method of taking voltage measurements is 

to count the number of divisions a waveform spans an the 
oscilloscope’s vertical scale. Adjusting the signal to cover 
most of the display vertically makes for the best voltage 
measurements, as shown in Figure 66. The more display area 
you use, the more accurately you can read the measurement. 


Many oscilloscopes have cursors that let you make waveform, 
‘measurements automatically, without having to count gratic- 
tule marks. A cursor is simply a line that you can move across 
the display, Two horizontal cursor lines can be moved up and 
down to bracket a waveform's amplitude for voltage meas- 
urements, and two vertical lines move right and left for time 
measurements, A readout shows the voltage or time at their 
positions, 
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Figure 67, Massura tims onthe center Ponzontal atioue Ine, 


Time and Frequency Measurements 


You can make time measurements using the horizontal scale 
of the oscilloscope. Time measurements include measuring 
the period and pulse width of pulses. Frequency is the recip- 
rocal of the period, so once you know the period, the fre- 
quency is one divided by the period. Like voltage measure- 
‘ments, time measurements are more accurate when you 
adjust the portion of the signal to be measured to cover a 
large area of the display, as illustrated in Figure 67. 


Pulse Width and Rise Time Measurements 

In many applications, the details of a pulses shape are 
important. Pulses can become distorted and cause a digital 
circuit to matfunction, and the timing of pulses in a pulse train 
is often significant. 
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Flgure 68. sete ard puse weth measurement pins 


Standard pulse measurements are pulse rise time and pulse 
width, Rise time is the amount of time a pulse takes to go 
from a low to high voltage. By convention, the rise time is 
‘measured from 10% to 90% of the full voltage of the pulse. 
This eliminates any ireguiarities at the pulses transition 
comers. Pulse width is the amount of time the pulse takes to 
0 from low to high and back to low again. By convention, 
the pulse width is measured at 50% of full voage. Figure 68 
ilustrates these measurement points. 

Pulse measurements often require fine-tuning the triggering, 
‘To become an expert at capturing pulses, you should 

learn how to use trigger holdotf and how to set the digital 
oscilloscope to capture pretrigger data, as described in the 
‘Systems and Controls of an Osailloscope section. Horizontal 
‘magnification is another useful feature for measuring pulses, 
since It allows you to see fine details of a fast pulse. 
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Figure 69, issu patans 


Phase Shift Measurements 

(One method for measuring phase shift - the difference in 
timing between two otherwise identical periodic signals — 

is to use XY mode. This measurement technique involves 
inputting one signal into the vertical system as usual and 
then another signal into the horizontal system — called an XY 
measurement because both the X and Y axis are tracing 
voltages. The waveform that results from this arrangement is 
called a Lissajous pattern (named for French physicist Jules 
Antoine Lissajous and pronounced LEE-sa-zhoo). From 

the shape of the Lissajous pattern, you can tell the phase 
difference between the two signals. You can also tell their 
frequency ratio. Figure 69 shows Lissajous patterns for 
various frequency ratios and phase shift. 

The XY measurement technique originated with analog 
oscilloscopes. DSOs may have difficulty creating real-time XY 
displays. Some DSOs create an XY image by accumulating 
triggered data points over time, then displaying two channels 
as an XY display. 
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POs, on the other hand, are able to acquire and display @ 
genuine XY mode image in real-time, using a continuous 
stream of digitized data. DPOs can also display an XYZ 
image with intensified areas. Unlike XY displays on DSOs and 
DPOs, these displays on analog oscilloscopes are typically 
limited to a few megahertz of bandwidth, 


Other Measurement Techniques 


This section has covered basic measurement techniques. 
(Other measurement techniques involve setting up the oscilo- 
scope to test electrical components on an assembly line, 
capturing elusive transient signals, and many others. The 
‘measurement techniques you will use will depend on your 
application, but you have leamed enough to get started. 
Practice using your oscilloscope and read more about it. 
Soon its operation will be second nature to you. 
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Written Exercises Part | covers information presented in 


these sections: 
This section contains written exercises that cover information 


in this primer. These are divided into two parts, Part | and = The Oscilloscope 
Part l, with vocabulary and application exercises for each. Performance Terms and Considerations 


Check how well you have absorbed the information in 

these sections by verifying your responses against the 

answer key at the end ofthis section on page 54 Part Il covers information presented in 
sections: 


= The Systems and Controls of an Oscilascope 
= Operating the Oscilloscope 


= Measurement Techniques 


Part | A: Vocabulary Exercise 


Write the letter of the definitions in the right column next to the correct words in the left column. 


Term Definition 
4. __ Acquisition A. The unit of electric potential difference. 
2, __ Analog B A performance measurement indicating the precision of an ADC, measured in bits 
3, __ Bandwidth © Term used when referring to degree points of a signal's period. 
4, __ Digital Phosphor The number of times a signal repeats in one second, 
5, __ Frequency E The amount of time it takes a wave to complete one cycle. 
6. __ Gitch F Astored digital value that represents the voltage of a signal at a specific 
point in time on the display. 
7. __ Period G Acommon waveform shape that has a rising edge, a width, anda falling eclge, 
8 __ Phase HA performance measurement indicating the rising edge speed of a pulse. 
9, __ Pulse 1 Oscilloscope circuitry that controls the timing of the sweep. 
40. __ Waveform Point J An intermittent spike in a circuit 
11. __ Rise Time KK Asignal measured by an oscilloscope that only occurs once, 
12. __ Sample Point L_ The oscilloscope's process of collecting sample points from the ADC, 


processing them, and storing them in memory. 


13. ___ Digital Storage -M_ Something that operates with continuously changing values, 

14. __ Time Base N. Digital oscilloscope that captures 3 dimensions of signal information in real-time. 
15. __ Transient © Digital oscilloscope with serial processing, 

16.___ ADC Resolution PA ssine wave frequency range, defined by the - 3 dB point. 

17.__ Volt Q The raw data from an ADC used to caloulate and display waveform points 
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Part | B: Application Exercise 


Circle the best answers for each statement. Some statements have more than one right answer. 


1,With an oscilloscope you o: 


a. Caloulate the frequency of a signal 
b. Find matfunctioning electrical components. 
©. Analyze signal details. 
d. All the above. 

2. The difference between analog and digitizing 
oscilloscopes is: 
a. Analog oscilloscopes do not have on-screen menus. 


b. Analog oscilloscopes apply a measurement voltage 
directly to the display system, while digital oscilloscopes 
first convert the voltage into digital values. 


©. Analog oscilloscopes measure analogs, whereas 
digitizing oscilloscopes measure digits. 


d. Analog oscilloscopes do not have an acquisition 
system. 


3. An oscilloscope’s vertical section does the 


following: 
a. Acquires sample points with an ADC. 

b, Starts a horizontal sweep. 

©. Lets you adjust the brightness af the display. 


d, Attenuates or amples the input signal 


4, The time base control of the oscilloscope 
does the following: 


a. Adjusts the vertical scale. 
b, Shows you the current time of day. 


©. Sets the amount of time represented by the 
horizontal width of the screen, 


d. Sends a clock pulse to the probe. 
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5. On an oscilloscope display: 


a. Voltage is on the vertical axis and time is on the 
horizontal axis. 


b. A straight diagonal trace means voltage is changing 
ata steady rate. 


c. A flat horizontal trace means voltage is constant 


d. All the above, 


6. All repeating waves have the following properties: 
a. A frequency measured in Hertz. 
b. A period measured in seconds. 
©. Abandwidth measured in Hertz. 
d. All the above. 
7. If you probe inside a computer with an 


oscilloscope, you are likely to find the 
following types of signals: 


a. Pulse trains. 
b. Ramp waves. 
©. Sine waves. 
d. Al the above. 

8. When evaluating the performance of an analog 
oscilloscope, some things you might consider are: 
a. The bandwidth. 
b, The vertical sensitivity, 
©. The ADC resolution 
d. The sweep speed. 

9. The difference between digital storage 


oscilloscopes (DSO) and digital phosphor 
oscilloscopes (DPO) is: 


a. The DSO has a higher bandwidth. 


b. The DPO captures three dimensions of 
waveform information in real-time, 


©. The DSO has a color display. 
d. The DSO captures more signal details. 
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Part Il A: Vocabulary Exercise 


Write the letter of the definitions in the right column next to the correct words in the left column. 


Term Definition 
1. __ Averaging Mode A The unintentional interaction of the probe and oscilloscope with the circult being tested 
which distorts @ signal 
2. __ Circuit Loading BA conductor that connects electrical curents to the Earth. 
3, __ Compensation GA sampling mode in which the digital oscilloscope collects as many samples as it can 
as the signal occurs, then constructs a display, using interpolation if necessary. 
4. __ Coupling D_A.sampling mode in which the digital oscilloscope constructs a picture of a repetitive 
signal by capturing a little bit of information from each repetition. 
5. __ Earth Ground EA device that converts a specific physical quantity such as sound, pressure, strain, or 
light intensity into an electrical signal 
6. __ Equivalent-Time FA test device for injecting a signal into a circuit input 
7. __ Graticule G A processing technique used by digital oscilloscopes to eliminate noise in a displayed signal. 
8, ___ Interpolation H. The method of connecting two circuits together, 
9, __ Real Time 1 A“connect-the-dots” processing technique to estimate what a fast waveform looks ike 
based on only a few sampled points. 
10. __ Signal Generator J The grid lines on a screen tor measuring oscilloscope traces. 
11. __ Single Sweep KA trigger mode that triggers the sweep once, must be reset to accept another trigger event. 
12. __ Sensor L.A probe adjustment for 10X attenuator probes that balances the electrical properties of 


the probe with the electrical properties of the oscilloscope. 
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Part II B: Application Exercise 


Circle the best answers for each statement. Some statements have more than one right answer. 


1. To operate an oscilloscope safely, you should: 


a. Ground the oscilloscope with the proper three-pronged 
power cord 


b, Leam to recognize potentially dangerous electrical 
‘components. 


©. Avoid touching exposed connections in a circuit being 
tested even if the power is off 


d. All the above, 


Grounding an oscilloscope is necessary: 
a. For safety reasons. 

b, To provide a reference point for making measurements, 
©. To align the trace with the screen's horizontal axis, 


d. All the above, 


s 


Circuit loading is caused by: 
a. An input signal having too large a voltage. 


b, The probe and oscilloscope interacting with the 
circuit being tested. 


c. A 10X attenuator probe being uncompensated 
d, Putting too much weight on a circuit 
Compensating a probe is necessary to: 


a. Balance the electrical properties of the 10X attenuator 
probe with the oscilloscope. 


b. Prevent damaging the circuit being tested. 
©. Improve the accuracy of your measurements. 
d, All the above. 

5. The trace rotation control is useful for: 
a, Scaling waveforms on the soreen. 
b. Detecting sine wave signals. 


©. Aligning the waveform trace with the soreen’s horizontal 
axis on an analog oscilloscope, 


d. Measuring pulse width, 
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6. The volts per division control is used to: 
a. Scale a waveform vertically. 
b, Position a waveform vertically 
©. Attenuate or amplify an input signal. 
d, Set the numbers of volts each division represents. 


Setting the v 
does the follo 


al input coupling to ground 


a Disconnects the input signal from the oscilloscope. 
b, Causes a horizontal ine to appear with auto trigger. 
©. Lets you see where zero volts is on the screen. 


d. All the above, 


The trigger is necessary to: 
a. Stabilize repeating waveforms on the screen. 
b, Capture single-shot waveforms. 

. Mark a particular point of an acquisition. 

d. All the above. 


The difference between auto and normal 
trigger mod 


a. In normal mode the oscilloscope only sweeps ance 
and then stops. 


b. In normal mode the oscilloscope only sweeps if the 
input signal reaches the trigger point; otherwise the 
sereen is blank. 


©. Auto mode makes the oscilloscope sweep continuousty 
even without being triggered, 


d. All the above. 
10. The acquisition mode that best reduces noise 
in a repeating signal is: 
a, Sample mode. 
b, Peak detect mode, 
©. Envelope mode, 


d. Averaging mode. 


powe ction > fu 


to avoid the possibility thata highly charged bat- 
tery may attempt to recharge its neighbor(s). 
Large “I size” fuses rated from 125A to 450A have 
become common in thesolar power community, 
where banks of lead-acid batteries are often 
used. These fuses have a thick brass tab at each 
end, drilled so that they can be bolted into place. 
Alternatively, they will push-fit into an appropri- 
ate fuseholder. 


For cartridge fuses up to 1/4” in diameter that 
don't have leads attached, appropriately sized 
fuseholders are available in several formats: 


is probably the 
most common, consisting of a plastic tube with 
aspring-contact at the bottom, and a plastic cap 
with a second contact inside. The cap either 
screws onto the tube of the fuse, or is pushed 
down and turned to hold it in place. A nut is pro- 
vided to secure the fuseholder after it has been 
inserted into a hole drilled in the panel. The fuse 
is dropped into the tube, and the cap is applied. 
This type of holder is available in full-length or 
shorter, “low profile" formats. A low-profile hold- 
eris shown in Figure 4-12.Itis shown assembled 
at right, with its component parts disassembled 
alongside. 


Figure 4-12. A low-profile pane-mounted fuse holder 
shown disassembled (left) and assembled (right). 


What Can Go W 


Circuit board mounted fuse enclosu1 
sically the same as the panel-mounted version, 
but with through-hole solder pins attached. 


Fuse block isa small plastic block with two clips 
on its upper surface for insertion of a cartridge 
fuse, 


Fuse clips can be bought individually, with sol- 
der pins for through-hole mounting. 


Inline fuse holders designed to be inserted in 
a length of wire. Usually made of plastic, it will 
either terminate it, wires or will have metal con- 
tacts to crimp or solder at each end. See 
Figure 4-6, 


Through-hole fuse holders are available for 


subminiature fuses. 


What Can Go Wrong 
Repeated Failure 


When a fuse ina circuit blows frequently, this is 
known as nuisance opening. Often it can result 
from failure to take into account all the aspects 
ofthe circuit, such asa large filtering capacitorin 
a power supply that draws a major surge of cur- 
rent when the power supply is switched on. The 
formally correct procedure to address this prob- 
lem is to measure the power surge, properly 
known as peak inrush current, with an oscillo- 
scope, calculate the P *t of the wave form, and 
select a fuse with a rating at least 5 times that 
value. 


A fuse should never be replaced with an equiva- 
lent length of wire or any other conductor. 


Soldering Damage 
When a through-hole or surface-mount fuse is 
soldered into place, heat from the soldering pro- 
cess can cause the soft metal element inside the 
fuse to melt partially and reflow. This is likely to 
change the rating of the fuse. Generally, fuses 
should be treated with the same caution as sem- 
iconductors when they are fixed in place with 
solder. 
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11. The two most basic measurements you can make 


with an oscilloscope are: 
1a, Time and frequency measurements. 
b, Time and voltage measurements, 
c. Voltage and pulse width measurements. 
4, Pulse width and phase shift measurements, 
12. If the volts/division is set at 0.5, the largest 


signal that can fit on the screen (assuming 
an8x10 i 


a. 62,5 millivolts peak-to-peak. 
b. 8 volts peak-to-peak, 
©. 4 volts peak-to-peak. 
d. 0.5 volts peak-to-peak. 

13. If the seconds/division is set at 0.1 ms, 


the amount of time represented by the width 
of the screen is: 


a. 0.1 ms 
b. 1 ms. 
c. 1 second. 


0.1 kHz, 
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14. By convention, pulse width is measured: 
1. At 10% of the pulse’s peak-to-peak (pk-pk) voltage. 
b, At 50% of the pulse’s peak-to-peak (pk-pk) voltage. 
©. At 90% of the pulse's peak-to-peak (pk-pk) voltage. 
d. At 10% and 90% of the pulse’s peak-to-peak (pk-pk) 

voltage, 
15. You attach a probe to your test circuit but the 
screen is blank. You should: 

1a, Check that the screen intensity is turned up. 


b, Check that the oscilloscope is set to display the 
channel that the probe is connected to. 


©, Set the trigger mode to auto since norm mode blanks 
the screen 


4, Set the vertical input coupling to AC and set the 
votts/division to its largest value since a large DC 
signal may go off the top or bottom of the screen. 


8. Check that the probe isn't shorted and make sure 
itis properly grounded, 


{. Check that the oscilloscope is set to trigger an the 
input channel you are using. 


g. Allof the above, 


wwwtektonixcomloselloscopes 58 


® 


O3W-8605-S.qxd 12/10/09 10:24 AM Page 54 + 


Primer 


& Answer Key 


This section provides the answers to all written exercises in the previous section, 


Part IA: Vocabulary Exercise Answers 


a 5. D 9.6 13.0 
2M 6 J 10.F 14.1 
3.P 7£ WH 16.K 
aN B.C 12. 16.8 

7A 


Part IB: Application Exercise Answers 


1.0 3.0 5. 7A 
2.8D 4.0 6AB &.ABD 
a8 


Part IIA: Vocabulary Exercise Answers 


1G aH 7d 10.F 
2A 6B a! 1K 
BL 6D ac 12.E 


Part IIB: Application Exercise Answers 


1.0 5.0 9.B,C 13.8 
2.AB 6AGD 40.0 14.8 
Ea) 7.0 1.8 16.6 
4.AC 8D 12.6 
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Glossary 
A 


Acquisition Mode - Modes that control how waveform 
points are produced from sample points. Some types include 
sample, peak detect, hires, envelope, average, and wave- 
form data base. 

‘Aiternating Current (AC) ~ A signal in which the current and 
voltage vary in a repeating pattem over time. Also used to 
indicate signal coupling type. 

‘Amplification - An increase in signal amplitude during its 
transmission from one point to another. 

‘Amplitude ~The magnitude of a quantity or strength of a 
signal. In electronios, amplitude usualy refers to either voltage: 
or power. 

Analog-to-Digital Converter (ADC) - A digital electronic 
‘component that converts an electrical signal into discrete 
binary values. 

Analog Oscilloscope - An instrument that creates a wave- 
form display by applying the input signal (conditioned and. 
amplified) to the vertical axis of an electron beam moving 
across a cathode-ray tube (CRT) screen horizontally from left 
to right. A chemical phosphor coated on the CRT creates a 
glowing trace wherever the beam hits. 


‘Analog Signal - A signal with continuously variable voltages. 


Attenuation — A decrease in signal amplitude during its 
transmission from one point to another, 


‘Averaging - A processing technique used by digital oscilo- 
‘scopes to reduce noise in a displayed signal 


B 


Bandwidth - A frequency range, usually limited by ~3 08, 


Cc 


Circuit Loading ~ The unintentional interaction of the probe 
and oscilloscope with the circuit being tested, distorting the 
signal 

‘Compensation ~ A probe adjustment for passive attenuation 
probes that balances the capacitance of the probe with the 
capacitance of the oscilloscope. 

Coupling - The method of connecting two circuits together. 
Circuits connected with a wire are directly coupled (OC); 
circuits connected through a capacitor or transformer are 
indirectly (AC) coupled. 


Cursor ~ An on-screen marker that you can align with a 
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waveform to make more accurate measurements. 


D 


Delayed Time Base - A time base with a sweep that can, 
start (or be triggered to start) relative to a pre-determined 
time on the main time base sweep. Allows you to see events 
more clearly and to see events that are not visible solely with 
the main time base sweep. 


Digital Signal - A signal whose voltage samples are 
represented by discrete binary numbers. 


Digital Oscilloscope - A type of oscilloscope that uses an 
analog-to-digital converter (ADC) to convert the measured 
voltage into digital information. Types include: digital storage, 
digital phosphor, mixed signal, and digital sampling oscillo- 
scopes. 


Digital Phosphor Oscilloscope (DPO) - A type of digital 
oscilloscope that closely models the display characteristios 
of an analog oscilloscope while providing traditional digital 
oscilloscope benefits (waveform storage, automated 
measurements, etc.) The DPO uses a parallel-processing 
architecture to pass the signal to the raster-type display, 
which provides intensity-graded viewing of signal 
characteristics in teal time. The DPO displays signals in 
three dimensions: amplitude, time and the distribution of 
amplitude over time. 


igital Sampling Oscilloscope — A type of digital 
oscilloscope that employs equivalent-time sampling method 
to capture and display samples of a signal, ideal for 
accurately capturing signals whose frequency components 
‘are much higher than the oscilloscope's sample rate. 


igital Signal Processing - The application of algorithms to 
improve the accuracy of measured signals. 


Digital Storage Oscilloscope (DSO) - A cigital oscilloscope 
that acquires signals via digital sampling (using an anelog-to- 
cligital converter) It uses a serial-processing architecture to 
control acquisition, user interface, and the raster display. 


Digitize - The process by which an analog-to-cdigital 
converter (ADC) in the horizontal system samples a signal 
at discrete points in time and converts the signal's voltage 
at these points into digital values called sample points. 


Direct Current (DC) - A signal with a constant voltage 
and/or current. Also used to indicate signal coupling type. 


on — Measurement markings on the oscilloscope gratio 
Ul indicating major and minor marks. 
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Earth Ground — A conductor that will connect electrical 
currents to the Earth, 


Effective Bits - A measure of a digital oscilloscope's ability 
to accurately reconstruct a sine wave signal's shape. This 
measurement compares the oscilloscope's actual error to 
that of a theoretical “ideal” digitizer. 

Envelope - The outline of a signal's highest and lowest 
points acquired over many displayed waveform repetitions, 
Equivalent-time Sampling ~ A sampling mode in which the 
oscilloscope constructs a picture of a repetitive signal by 
capturing a little bit of information from each repetition, Two 
types of equivalent-time sampling: random and sequential 


F 


Focus - The analog oscilloscope control that adjusts the 
cathode-ray tube (CRT) electron beam to control the sharp- 
ness of the display. 

Frequency ~ The number af times a signal repeats in one 
second, measured in Hertz (cycles per second). The frequen- 
cy equals 1/petiod. 

Frequency Response ~ Frequency response curves of an 
oscilloscope define the accuracy in amplitude representation 
of the input signal in function of the signals frequency. In 
order to obtain maximum signal fidelity it is important that 
the oscilloscope has a fiat (stable) frequency response across. 
the entire specified oscilloscopes bandwidth. 


G 


Gain Accuracy ~ An indication of how accurately the vertical 
system attenuates or amplifies a signal, usually represented 
as a percentage error 


Gigahertz (GHz) - 1,000,000,000 Hertz; a unit of frequency. 
Glitch ~ An intermittent, high-speed error in a circutt 


Graticule ~ The grid lines on a display for measuring oscillo- 
soope traces, 


Ground - 


1. Aconducting connection by which an electric circuit 
or equipment is connected to the earth to establish 
and maintain a reference voltage level 


2, The voltage reference point in a circuit. 
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Hertz (Hz) — One cycle per second: the unit of frequenay. 
Horizontal Accuracy (Time Base) ~ An indication of how 
accurately the horizontal system displays the timing of a 
signal, usually represented as a percentage error. 


Horizontal Sweep ~ The action of the horizontal system that 
causes a waveform to be drawn, 


Intensity Grading — Frequenay-of-ocourrence information 
that is essential to understanding what the waveform is really 
doing. 


Interpolation - A “connect-the-dots" processing technique 
to estimate what a fast waveform looks like based on only a 
few sampled points. Two types: linear and sin x/x 


K 


Kilohertz (kHz) ~ 1,000 Hertz; a unit of frequency. 


L 


Loading - The unintentional interaction of the probe and 
oscilloscope with the circuit being tested which distorts 

a signal 

Logic Analyzer - An instrument used to make the logic 
states of many digital signals visible over time. tt analyzes the 
digital data and can represent the data as real-time software 
execution, data flow values, state sequences, etc. 


M 

Megahertz (MHz) ~ 1,000,000 Hertz; a unit of frequency. 
Megasamples per second (MS/s) ~ A sample rate unit 
equal to one milion samples per second, 

Microsecond (is) ~ A unit of time equivalent to 0.000001 
seconds, 


Miillisecond (ms) ~ A unit of time equivalent to 0.001 
seconds, 


Mixed Signal Oscilloscope (MSO) ~ A type of digital oscillo- 
scope that combines the basic functionalty of a 16-channel 
logic analyzer with the trusted performance of a 4-channel 
digital phosphor oscilloscope. 
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Nanosecond (ns) ~ A unit of time equivalent to 0.000000001 
seconds, 


Noise - An unwanted voltage or current in an electrical 
cirout. 


ie) 


Oscilloscope — An instrument used to make voltage 
changes visible over time, The word oscilloscope comes from 
“oscillate,” since oscilloscopes are often used to measure 
oscillating voltages. 


p 


Peak (V,) - The maximum voltage level measured from a 
zeto reference point. 


Peak Detection - An acquisttion mode available with digital 
oscilloscopes that enables you to observe signal details 
that may otherwise be missed, particularly useful for seeing 
narrow pulses spaced far apart in time. 


Peak-to-peak (V,.,) ~ The voltage measured from the 
maximum point of a signal to its minimum point 


Period - The amount of time it takes a wave to complete 
one cycle. The period equals 1/Arequency. 


Phase - The amount of time that passes from the beginning 
of a cycle to the beginning of the next cycle, measured in 
degrees. 


Phase Shift - The difference in timing between two other- 
wise similar signals. 


Pre-trigger Viewing - The ability of a cigital oscilloscope to 
capture what a signal did before a trigger event. Determines 
the length of viewable signal both preceding and following a 
trigger point, 


Probe - An oscilloscope input device, usually having a 
Pointed metal tio for making electrical contact with a circuit 

element, a lead to connect to the circuit's ground reference, 
and a flexible cable for transmitting the signal and ground to 
the oscilloscope. 


Pulse - A common waveform shape that has a fast rising 
edge, a width, and a fast faling edge. 
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XYZs of Oscilloscopes 


Pulse Train - A collection of pulses traveling together. 


Pulse Width ~ The amount of time the pulse takes to go 
from low to high and back to low again, conventionally 
measured at 50% of full voltage. 


R 


Ramps ~ Transitions between voltage levels of sine waves 
that change at a constant rate, 


Raster — A type of display. 


Real-time Sampling ~ A sampling made in which the 
oscilloscope collects as many samples as possible trom 
one triggered acquisition, Ideal for signals whose frequenoy 
range is less than haif the osciloscope's maximum sample 
rate, 


Record Length ~ The number of waveform points used to 
create a record of a signal 


Rise Time — The time taken for the leading edge of a pulse 
to rise trom its low to its high values, typically measured from 
10% to 90%. 


Ss 


‘Sampling ~ The conversion of a portion of an input signal 
into a number of discrete electrical values for the purpose of 
storage, processing and/or display by an oscilloscope. Two 
types: real-time sampling and equivalent-time sampling. 
Sample Point - The raw data from an ADG used to caloulate 
waveform points 

‘Sample Rate — Refers to how frequently a digital oscilo- 
scope takes a sample of the signal, specifiad in samples per 
second (S/s) 

Sensor — A device that converts a specific physical quantity 
such as sound, pressure, strain, or light intensity into an elec- 
trical signal 

Signal Integrity - The accurate reconstruction of a signal, 
determined by the systems and performance considerations 
of an oscilloscope, in addition to the probe used to acquire 
the signal 

Signal Source - A test device used to inject a signal into 

a circuit input; the circuit's output is then read by an oscillo- 
scope. Also known as a signal generator. 
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Sine Wave - A common curved wave shape that is 
mathematically defined 

Single Shot - A signal measured by an oscilloscope that 
only occurs once (also called a transient event). 

Single Sweep — A trigger mode to display one triggered 
screen of a signal and then stop. 

Slope - On a graph or an oscilloscope display, the ratio of a 
vertical distance to a horizontal distance. A positive slope 
increases from left to right, while a negative slope decreases 
from latt to right, 

‘Square Wave - A common wave shape consisting of 
repeating square pulses. 

‘Sweep ~ One horizontal pass of an aniog oscilloscope's elec- 
tron beam from left to right across the CRT soreen, 


‘Sweep Speed - Same as the time base, 


tT 


Time Base - Oscilloscope circuitry that controls the timing 
of the sweep. The time base is set by the seconds/division 
control 


‘Trace ~ The visible shapes drawn on a CRT by the move- 
ment of the electron beam. 


‘Transient ~ A signal measured by an oscilascope that only 
‘cours once (also called a single-shot event) 

Trigger ~ The circuit that references a horizontal sweep on 
an oscilloscope. 


Trigger Holdoff — A control that allows you to adjust 
the period of time after a valid trigger during which the 
oscilloscope cannot trigger. 


‘Trigger Level - The voltage level that a trigger source signal 
must reach before the trigger circuit initiates a sweep, 


Trigger Mode — A mode that determines whether or not the 
oscilloscope draws a wavelorm ifit does not detact a trigger. 
Common trigger modes include normal and auto. 


Trigger Slope - The siope that a trigger source signal must 
reach before the trigger circuit initiates a sweep. 
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Vertical Resolution (Analog-to-Digital Converter) ~ 
An indication of how precisely an analog-to-digital converter 
(ADO) in a cigital oscilloscope can convert input voltages 
into digital values, measured in bits. Calculation techniques, 
such as hi res anquisition made, can improve the effective 
resolution. 

Vertical Sensitivity - An indication of how much the 
vertical amplifier can amplify a weak signal — usually 
‘measured in millivolts (mV) per division. 

Volt - The unit of electric potential difference, 


Voltage ~ The difference in electric potential, expressed in 
volts, between two points. 


w 


Wave - The generic term for a pattern that repeats over 
time, Common types include: sine, square, rectangular, 
sawtooth, triangle, step, pulse, periodic, non-periodic, 
synchronous, asynchronous. 


Waveform — A graphic representation of a voltage varying 
over time. 

Waveform Capture Rate - Refers to how quickly an 
oscilloscope acquires waveforms, expressed as waveforms 
per second (wims/s) 

Waveform Point ~ A cigital value that represents the voltage 
ofa signal at a specific point in time. Waveform points are 
caloulated from sample points and stored in memory. 

Writing Speed - The abiity of an analog oscilloscope to 
provide a visible trace of the movernent of a signal from 

one point to another. This abiity is restrictive for low-repetition 
signals that have fast-moving details, such as digital logic 
signals. 

XY Mode - A measuremenbt technique that involves 
inputting one signal into the vertical system, as usual, and 
one into the horizontal system to trace voltages on both the 
X and Y axis. 


Z 


Z Axis - The display attribute on an oscilloscope that shows: 
brightness variations as the trace is formed. 
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Springer Handbook provides 
‘concise compilation of approved 
key information on methods of 
research, general principles, and 
functional relationships in physics 
and engineering. The world’s lead- 
ing experts in the fields of physics 
and engineering will be assigned by 
one or several renowned editors to 
‘write the chapters comprising each 
volume. The content is selected by 
these experts from Springer sources 
(books, journals, online content) 
and other systematic and approved 
recent publications of physical and 
technical information. 

‘The volumes will be designed to 
be useful as readable desk reference 
book to give a fast and comprehen- 
sive overview and easy retrieval of 
essential reliable key information, 
including tables, graphs, and bibli- 
‘ographies. References to extensive 
sources are provided 
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What Can Go Wrong > connection > fuse 


Placement 

A fuse should be placed close to the power 
source or power input point in a circuit, so that it 
protects as much of the circuit as possible. 
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Foreword by Neal Lane 


In a January 2000 speech at the California Institute of 
‘Technology, former President W. J Clinton talked about 
the exciting promise of “nanotechnology” and the im- 
portance of expanding research in nanoscale science 
and engineering and in the physical sciences, more 
broadly. Later that month, he announced in his State of 
the Union Address an ambitious $497 million federal, 
‘multi-agency national nanotechnology initiative (NNT) 
in the fiseal year 2001 budget; and he made the NNI 
‘atop science and technology priority within a budget that 
emphasized increased investment in U.S. scientific re- 


try as well as the federal government 
have taken special interest in seeing 
‘srowth nurtured in this field, Micro- 
and nanosystems are the next logical 
step in the “silicon revolution”. 

The discovery of novel mater- 
ils, processes, and phenomena at 
the nanoscale and the development 
‘of new experimental and thearetic- 
al techniques for research provide 
fresh opportunities for the develop- 


Prof. Neal Lane 


Lniversy Professor 
Department of Physics and 


search. With strong bipartisan support in Congress, most 
of this request was appropriated, and the NNI was born. 

Nanotechnology is the ability to manipulate indi- 
‘vidual atoms and molecules to produce nanostructured 
‘materials and sub-micron objects that have applica- 
tions in the real world. Nanotechnology involves the 
production and application of physical, chemical and 
biological systems at scales ranging from individ- 
ual atoms or molecules to about 100 nanometers, as 


‘ment of innovative nanosystems and 
nanostructured materials. There is 
fan increasing need for a multidis- 
ciplinary, systems-oriented approach 
to manufacturing micro/nanodevices 
which function reliably. This can 
only be achieved through the cross- 
fertilization of ideas from different 
disciplines and the systematic flow 
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‘well as the integration of the resulting nanostruc- 
tures into larger systems. Nanotechnology is likely to 
have a profound impact on our economy and soci- 
ty in the early 21st century, perhaps comparable to 
that of information technology or advances in cellu- 
lar and molecular biology. Science and engineering 
research in nanotechnology promises breakthroughs 
in areas such as materials and manufacturing, elec- 
tronics, medicine and healthcare, energy and the 
environment, biotechnology, information technology 
and national security. It is widely felt that nano- 
technology will lead to the next industrial revolution, 
Nanometer-scale features are built up from their 
elemental constituents. Micro- and nanosystems compo- 
nents are fabricated using batch-processing techniques 
that are compatible with integrated circuits and range in 
size from micro- to nanometers, Micro- and nanos 
tems include Micro/NanoElectroMechanical Systems 
(MEMS/NEMS), micromechatronics, optoelectronics, 
‘microfluidics and systems integration. These systems 
ccan sense, control, and activate on the micro/nanoscale 
and can function individually or in arrays to generate 
effects on the macroscale. Due to the enabling nature of 
these systems and the significant impact they can have 
‘on both the commercial and defense applications, indus- 
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of information and people among re- 
search groups. 

Nanotechnology is a broad, high- 
ly interdisciplinary, and still evolving field. Covering 
even the most important aspects of nanotechnology in 
fa single book that reaches readers ranging from stu- 
dents to active researchers in academia and industry is 
‘an enormous challenge. To prepare such a wide-ranging 
book on nanotechnology, Professor Bhushan has har- 
nessed his own knowledge and experience, gained in 
several industries and universities, and has assembled 
about 90 internationally recognized authors from three 
continents to write 38 chapters. The authors come from 
both academia and industry. 

Professor Bharat Bhushan’s comprehensive book 
is intended to serve both as a textbook for university 
courses as well as a reference for researchers. It is 
a timely addition to the literature on nanotechnology, 
which I anticipate will stimulate further interest in this 
important new field and serve as an invaluable resource 
to members of the international scientific and industrial 
community. 

‘The Editor-in-Chief and his team are to be warmly 
congratulated for bringing together this exclusive, 
timely, and useful Nanotechnology Handbook. 
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Foreword by James R. Heath 


Nanotechnology has become an increasingly popular 
buzzword over the past five years or so, a trend that has 
been fueled by a global set of publicly funded nano- 
technology initiatives, Even as researchers have been 
struggling to demonstrate some of the most fundamental 
and simple aspects of this field, the term nanotechnol- 
ogy has entered into the public consciousness through 
articles in the popular press and popular fiction, Asacon- 
sequence, the expectations of the public are high for 
nanotechnology, even while the actual public definition 
of nanotechnology remains a bit fuzzy. 

Why shouldn't those expectations be high? The late 
1990's witnessed @ major information technology (IT) 
revolution and minor biotechnology revolution. The IT 
revolution impacted virtually every aspect of life in the 
‘western world, I am sitting on an airplane at 30,000 feet 
at the moment, working on my laptop, as are about half 
of the other passengers on this plane, The plane itself is 
riddled with computational and communications equip- 
‘ment. As soon as we land, many of us will pull out cell 
phones, others will check email via wireless modem, 
some will do both. This picture would be the same if 
I was landing in Los Angeles, Beijing, or Capetown. 
1 will probably never actually print this text, but will 
instead submit it electronically. All of this was unthink- 
able a dozen years ago, It is therefore no wonder that 
the public expects marvelous things to happen quickly. 
However, the science that laid the groundwork for the IT 
revolution dates back 60 years or more, with its origins 
in the fundamental solid state physics. 

By contrast, the biotech revolution was relatively 
‘minor and, at least to date, not particularly effective. The 
‘major diseases that plagued mankind a quarter century 
‘ago are still here. In some third world countries, the aver- 
age lifespan of individuals has actually decreased from 
‘where it was a full century ago, While the costs of elec- 
tronics technologies have plummeted, health care costs 
hhave continued to rise. The biotech revolution may have 
1 profound impact, but the task at hand is substantially 
‘more difficult to what was required for the IT revolution. 
In effect, the IT revolution was based on the advanced 
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engineering of two-dimensional digit- 
al circuits constructed from rela- 
tively simple components extended 
solids. The biotech revolution is eal- 
ly dependent upon the ability to 
reverse engineer three-dimensional 
analog systems constricted. from 
suite complex components — pro- 
teins. Given that the basic science be- 
ind biotech is substantially younger 
than the science that has supported Separnent ot hemiy 
TT, i is perhaps not surprising that tatansinsiuteotecholgy 
the biotech revolution has not really Pasadena, CA 9125, Usk 

been a proper revolution yet, and it Wovied in he gun of Noe! 

likely needs at least another decade ugte Mears E Smalley at 
or 30 to come to futon Sneed fatuene mae 

Where does nanotechnology fit sss wmich ego revauion 
into this picture? In many ways, tenlunton of nants: 
nanotechnology depends upon ihe Tee flee ma, 
ability to engineer two- and three- uel nae m cnensy.ser 
dimensional systems constructed [ete ery o' 
from ‘complex components such Sn) an eens aa 
as macromolecules, biomolecules, ‘Med # a Scientific Director 
nanostructured solids, etc, Further: sn. 0" rem 
‘more, in terms of patents, public 
tions, and other metrics that can be 
used to gauge the birth and evolution of afield, nanotech 
lags some 15-20 years behind biotech. Thus, now is 
the time thatthe fundamental science behind nanotech- 
nology is being explored and developed, Nevertheless 
progress with that science is moving forward at a dra- 
‘matic pace. I the scientific community can keep up this 
pace and if the public sector will continue to support 
this science, then itis possible, and perhaps even likely. 
that in 20 years from now we may be speaking of the 
nanotech revolution, 

“The Nanotechnology Handbook is timely in assem- 
bling chapters in the broad field of nanotechnology with 
an emphasis on reliability. The handbook should be 
4 valuable reference for experienced researchers as well 
as for a novice in the fel, 
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Preface 


On December 29, 1959 at the California Institute of 
‘Technology, Nobel Laureate Richard P. Feynman gave 
‘talk at the Annual meeting of the American Physic- 
al Society that has become one classic science lecture 
of the 20th century, titled “There's Plenty of Room at 
the Bottom.” He presented a technological vision of 
extreme miniaturization in 1959, several years before the 
‘word “chip” became part of the lexicon, He talked about 
the problem of manipulating and controlling things on 
a small scale. Extrapolating from known physical laws, 
Feynman envisioned a technology using the ultimate 
toolbox of nature, building nanoobjects atom by atom or 
molecule by molecule. Since the 1980s, many inventions 
and discoveries in fabrication of nanoabjects have been 
4 testament to his vision. In recognition of this reality, 
in January 2000 speech at the same institute, former 
President W. J. Clinton talked about the exciting promise 
of “nanotechnology” and the importance of expanding 
research in nanoscale science and engineering. Later 
that month, he announced in his State of the Union Ad- 
dress an ambitious $497 million federal, multi-agency 
national nanotechnology initiative (NI) in the fiscal 
year 2001 budget, and made the NNI a top science and 
technology priority. Nanotechnology literally means any 
technology done on a nanoscale that has applications in 
the real world. Nanotechnology encompasses produe- 
tion and application of physical, chemical and biological 
systems al size scales, ranging from individual atoms 
for molecules to submicron dimensions as well as the 
integration of the resulting nanostructures into larger 
systems. Nanofabrication methods include the manipu- 
lation or self-assembly of individual atoms, molecules, 
for molecular structures to produce nanostructured ma- 
terials and sub-micron devices. Micro- and nanosystems 
‘components are fabricated using top-down lithographic 
‘and nonlithographic fabrication techniques. Nanotech- 
nology will have a profound impact on our economy 
and society in the early 21st century, comparable to that 
of semiconductor technology, information technology, 
cor advances in cellular and molecular biology. The re- 
search and development in nanotechnology will lead to 
potential breakthroughs in areas such as materials and 
‘manufacturing, nanoelectronics, medicine and health- 
care, energy, biotechnology, information technology and 
national security. It is widely felt that nanotechnology 
‘will lead to the next industrial revolution. 


Springer Handbook  Nanoteehnolo 
BPahushan “© Springer 008 


Reliability is a critical technology for many micro- 
and nanosystems and nanostructured materials. No 
book exists on this emerging field. A broad based 
handbook is needed. The purpose of this handbook 
is to present an overview of nanomaterial synthe- 
sis, micro/nanofabrication, micro- and nanocomponents 
and systems, reliability issues (including nanotribology 
and nanomechanics) for nanotechnology, and indus- 
trial applications. The chapters have been written by 
internationally recognized experts in the field, from 
academia, national research labs and industry from all 
over the world 

‘The handhook integrates knowledge from the fab- 
rication, mechanics, materials science and reliability 
points of view. This book is intended for three types 
of readers: graduate students of nanotechnology, re- 
searchers in academia and industry who are active or 
intend to become active in this field, and practicing en- 
sgineers and scientists who have encountered a problem 
and hope to solve it as expeditiously as possible. The 
handbook should serve as an excellent text for one ortwo 
semester graduate courses in nanotechnology in mech- 
nical engineering, materials science, applied physics, 
‘or applied chemistry, 

‘We embarked on this project in February 2002, and 
we worked very hard to get all the chapters to the 
publisher in a record time of about 1 year. I wish to 
sincerely thank the authors for offering to write compre- 
hensive chapters on a tight schedule, This is generally 
an added responsibility in the hectic work schedules 
ff researchers today. I depended on a large number 
of reviewers who provided critical reviews, I would 
like to thank Dr. Phillip J. Bond, Chief of Staff and 
Under Secretary for Technology, US Department of 
(Commerce, Washington, D.C. for suggestions for chap- 
ters as well as authors in the handbook. I would also 
like to thank my colleague, Dr. Huiwen Liu, whose ef- 
forts during the preparation of this handbook were very 
useful 

Thope that this handbook will stimulate further in- 
terest inthis important new field, and the readers of this 
handbook will find it useful 


Bharat Bhushan 
Editor 


‘September 2003 
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Editors Vita 


Dr. Bharat Bhushan received an M.S. in mechanical 
engineering from the Massachusetts Institute of Tech- 
nology in 1971, an MS. in mechanies and a Ph.D. in 
‘mechanical engineering from the University of Col- 
orado at Boulder in 1973 and 1976, respectively, an 
MBA from Rensselaer Polytechnic Institute at Troy, 
NY in 1980, Doctor Technicae from the University 
of Trondheim at Trondheim, Norway in 1990, 2 Doc- 
tor of Technical Sciences from the Warsaw University 
of Technology at Warsaw, Poland in 1996, and Doc- 
tor Honouris Causa from the Metal-Polymer Research 
Institute of National Academy of Sciences at Gomel, 
Belarus in 2000. He is a registered professional engin- 
eer (mechanical). He is presently an Ohio Eminent 
Scholar and The Howard D. Winbigler Professor in 
the Department of Mechanical Engineering, Graduate 
Research Faculty Advisor in the Department of Mater- 
ils Science and Engineering, and the Director of the 
Nanotribology Laboratory for Information Storage & 
MEMS/NEMS (NLIM) at the Ohio State University 
Columbus, Ohio, He is an internationally recognized 
expert of tribology on the macro- to nanoscales, and is, 
‘one of the most prolific authors in the field. He is consid- 
cred by some a pioneer of the tribology and mechanics 
of magnetic storage devices and a leading researcher 
in the fields of nanotribology and nanomechanics us- 
ing scanning probe microscopy and applications to 
micro/nanotechnology. He has authored 5 technical 
books, 45 handbook chapters, more than 450 technical 
Papers in referred journals, and more than 60 tech- 
nical reports, edited more than 25 books, and holds 
14 USS. patents. He is founding editor-in-chief of World 
Scientific Advances in Information Storage Systems 
Series, CRC Press Mechanics and Materials Science 
Series, and Microsystem Technologies ~ Micro- & 
Nanosystems and Information Storage & Processing 
Systems (formerly called Journal of Information Stor- 
age and Processing Systems). He has given more than 
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250 invited presentations on five con- 
tinents and more than 60 keynote/ 
plenary addresses at major inter- 
national conferences, 

Dr. Bhushan is an accomplished 
organizer. He organized the first sym- 
posium on Tribology and Mechanics 
‘of Magnetic Storage Systems in 1984 
and the first international symposium 
‘on Advances in Information Storage Systems in 1990, 
both of which are now held annually, He is the founder of 
an ASME Information Storage and Processing Systems 
Division founded in 1993 and served as the found- 
ing chair during 1993-1998. His biography has heen 
listed in over two dozen Who's Who books includ- 
ing Who's Who in the World and has received more 
than a dozen awards for his contributions to science 
and technology from professional societies, industry, 
and U.S, government agencies. He is also the recipi- 
ent of various international fellowships including the 
Alexander von Humboldt Research Prize for Senior 
Scientists, Max Planck Foundation Research Award 
for Outstanding Foreign Scientists, and the Fulbright 
Senior Scholar Award. He is a foreign member of 
the International Academy of Engineering (Russia), 
Belorussian Academy of Engineering and Technology 
and the Academy of Triboengineering of Ukraine, an 
honorary member of the Society of Tribologists of 
Belarus, a fellow of ASME, IEEE, and the New York 
Academy of Sciences, and a member of STLE, ASE, 
Sigma Xi and Tau Beta Pi 

Dr. Bhushan has previously worked for the R & D 
Division of Mechanical Technology Inc., Latham, NY; 
the Technology Services Division of SKF Industries 
Inc., King of Prussia, PA; the General Products Div- 
ision Laboratory of IBM Corporation, Tucson, AZ; and 
the Almaden Research Center of IBM Corporation, San 
Tose, CA. 
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ower > connection > pushbutton 


pushbutton | 


Often referred to as a pushbutton switch and sometimes as a momentary switch. In this 
encyclopedia, pushbutton is considered separately from aswitch, which generally uses 
a lever-shaped actuator rather than a button, and has at least one pole contact where a 
pushbutton generally has contacts that are not distinguishable from each other. 


OTHER RELATED COMPONENTS 


«+ suiteh (See Chapter 6) 
«+ rotary switch (See Chapter 7) 


What It Does 


‘A pushbutton contains at least two contacts, 
which close or open when the button is pressed. 
Usually a spring restores the button toits original 
position when external pressure is released. 
Figure 5-1 shows schematic symbols for push- 
buttons. The symbols that share each blue rec- 
tangle are functionally identical, At top is a 
normally-open single-throw pushbutton, At 
center is a normally-closed single-throw push- 
button. At bottom is a double-throw 
pushbutton. 


Unlike a switch, a basic pushbutton does not 
have a primary contact that can be identified as 
the pole. However,a single pushbutton may close 
‘or open two separate pairs of contacts, in which 
case it can be referred to, a little misleadingly, as 
a double-pole pushbutton, See Figure 5-2. Dif- 
ferent symbols are used for slider pushbuttons 
with multiple contactpairs;see Slider’ (page 31). 


A generic full-size, two-contact pushbutton is 
shown in Figure 5-3, 


ae afl, 
— —o o— 
tLe —10— 
tLe —210— 
—. —o o— 


Figure 5-1. Commonly used schematic symbols to repre 
sent a simple pushbutton. See text for details. 


How It Works 


Figure 5-4 showsa cross-section of a pushbutton 
that has a single steel return spring, to create re- 
sistance to downward force on the button, and a 
pair of springs above a pair of contacts, to hold 
each contact in place and make a firm connec- 
tion when the button is pressed. The two upper 
contacts are electrically linked, although this fea- 
ture is not shown, 
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Figure 5-2. Commonly used schematic symbols to repre 
sent a double-pole pushbutton. 


Figure 5-4. Cross-section of 2 pushbutton showing two 
spring-loaded contacts and single return spring. 
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Poles and Throws 

Abbreviations that identify the number of poles 
and contacts inside a pushbutton are the same 
as the abbreviations that identify those at- 
tributes in a switch. A few examples will make 
this clear: 

SPST, also known as 1PIT 

Single pole, single throw 


DPST also known as 2P1T 
Double pole, single throw 


power > connection > pusi 


ioutton 


Figure 5-3. The simplest, traditional form of pushbutton, 
In which pressing the button creates a connection be 
tween two contacts, 


SPDT also known as 1P2T 
Single pole, double throw 


3PST also known as 3P1T 
Three pole, single throw 


While a switch may have an additional center 
position, pushbuttons generally do not. 


On-Off Behavior 

Parentheses are used to indicate the momentary 

state of the pushbutton while its pressed. Itwill 

return to the other state by default. 

(OFF-(ON) or (ON)-OFF 
Contacts are normally open by default, and 
are closed only while the button is pressed. 
This is sometimes described as a make-to- 
make connection, or asa Form pushbutton. 


ON-(OFF) or (OFF)-ON 
Contacts are normally closed by default, and 
are open only while the button is pressed. 
This is sometimes described as a make-to- 
break connection, oras.a Form 8 pushbutton. 


ON-(ON) or (ON)-ON 
This is a double-throw pushbutton in which 
one set of contacts is normally closed. When 
the buttonis pressed, the first set of contacts 


30 Encyclopedia of Electronic Components Volume 1 
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is opened and the other set of contacts is 
closed, until the button is released. This is 
sometimes described as a Form C pushbut- 
ton. 


For a single-throw pushbutton, the terms NC or 
NO may be used to describe it as normally 
closed or normally open. 


Slider 


This type, also knownas a slide pushbutton, con- 
tains a thin bar or rod that slides in and out of a 
long, narrow enclosure, Contacts on the rod rub 
across secondary contacts inside the enclosure. 
Closely resembling a slider switch, it is cheap, 
compact, and well adapted for multiple connec- 
tions (up to 8 separate poles in some models) 
However, it can only tolerate low currents, has 
limited durability, and is vulnerable to 
contamination. 


A four-pole, double-throw pushbutton is shown 
in Figure 5-5. A variety of plastic caps can be ob- 
tained topress-fitonto the end ofthewhitenylon 
actuator. 


Figure 5-5. A 4PDT slider pushbutton, shown without the 
cap that can be snapped onto the end of the actuator. 


Figure 5-6 shows schematic symbols fortwo pos- 
sible slide pushbuttons, with a black rectangle 
indicating each sliding contact. The lead that 
functions as a pole is marked with a P in each 
case, Standardization for slide pushbutton sche- 


matic symbols does not really exist, but these 
‘examples are fairly typical. An insulating section 
that connects the sliding contacts internally is 
shown here as a gray rectangle, but in some da- 
tasheets may appear as a line or an open rectan- 
gle. 


Since the symbols fora slide pushbutton may be 
identical to the symbols for a slide switch, care 
must be taken when examining a schematic, to 
determine which typeof componentisintended 


Kee. 


Toler 


Figure 5-6. Left: schematic symbol for a simple SPOT 
slide pushbutton, where a mavable contact sharts togeth: 
er either the let pair or right pair of fixed contacts. Right: 
A 4PDT pushbutton in which the same principle has been 
extended. The mavable contacts are attached to each 
‘ther mechanically by an insulator. Each pole terminalis 
marked witha P 


Styles 

Many pushbutton switches are sold without caps 
attached, This allows the user to choose from a 
selection of styles and colors. Typically the cap is 
a push-fit onto the end of the rod or bar that ac- 
tivates the internal contacts. Some sample caps 
are shown in Figure 5-7, alongside a DPDT push- 
button, Any of the caps will snap-fit onto its ac- 
tuator, 


An illuminated pushbutton contains a small in- 
candescentbulb, neon bulb, or LED (light-emitting 
diode). The lightsource almost always hasits own 
‘two terminals, which are isolated from the other 
terminals on the button housing and can be 
wired to activate the light when the button is 
pressed, when it is released, or on some other 
basis. Pushbuttons containing LEDs usually 
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1, Introduction to Nanotechnology 


A biological system can be exceedingly small. 
Many of the cells are very tiny, but they are very 
active; they manufacture various substances; they 
walk around; they wiggle; and they do all kinds of. 
‘marvelous things ~ all on a very small scale. Also, 
they store information. Consider the possibility 
that we too can make a thing very small which 
does what we want ~ that we can manufacture 
4n object that maneuvers at that level. 


(From the talk “There's Plenty of Room at the 
Bottom”, delivered by Richard P. Feynman at the 
annual meeting of the American Physical Society at 
the California Institute of Technology, Pasadena, 
(A, on December 29, 1959.) 


by 8. Bhushan 


1.1 Background and Definition 
of Nanotechnology 


1.2. Why Nano? 
1.3 Lessons from Nature 

1.4 Applications in Different Fields 
1.5 Reliability Issues of MEMSINEMS 
1.6 Organization of the Handbook. 
References 


1.1 Background and Definition of Nanotechnology 


On Dec. 29, 1959, at the California Institute of Tech- 
nology, Nobel Laureate Richard P. Feynman gave talk 
at the annual meeting of the American Physical So- 
ciety that has become one of the twentieth century's 
classic science lectures, titled “There's Plenty of Room 
at the Bottom” [1.1]. He presented a technological vi- 
sion of extreme miniaturization several years before the 
‘word “chip” became part of the lexicon, He talked about 
the problem of manipulating and controlling things on 
4 small scale. Extrapolating from known physical laws, 
Feynman envisioned a technology using the ultimate 
toolbox of nature, building nanoobjects atom by atom 
or molecule by molecule. Since the 1980s, many inven- 
tions and discoveries in the fabrication of nanoobjects 
have become a testament to his vision. In recognition of 
this reality, the National Science and Technology Coun- 
cil (NSTC) of the White House created the Interagency 
Working Group on Nanoscience, Engineering and Tech- 
nology (WGN) in 1998. In a January 2000 speech at 
the same institute, former President William J. Clinton 
talked about the exciting promise of nanotechnology 
and, more generally the importance of expanding re- 
search in nanoscale science and technology. Later that 
‘month, he announced in his State of the Union Ad- 
dress an ambitious $497 million federal, multi-agency 
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‘National Nanotechnology Initiative (NNI) in the fiscal 
‘year 2001 budget, and made it a top science and tech- 
nology priority [1.2,3]. The objective of this initiative 
‘was to form a broad-based coalition in which academe, 
the private sector, and local, state, and federal govern- 
ments would work together to push the envelope of 
nanoscience and nanoengineering to reap nanotechnol- 
‘gy’s potential social and economic benefits, 
‘Nanotechnology literally means any technology per- 
formed on a nanoscale that has applications in the real 
world, Nanotechnology encompasses the production 
and application of physical, chemical, and biological 
systems at scales ranging from individual atoms or 
molecules to submicron dimensions, as well as the 
integration of the resulting nanostructures into larger 
systems. Nanotechnology is likely to have a pro- 
found impact on our economy and society in the early 
‘twenty-first century, comparable to that of semicondue- 
tor technology, information technology, or cellular and 
molecular biology. Science and technology research in 
nanotechnology promises breakthroughs in such areas as, 
‘materials and manufacturing, nanoelectronics, medicine 
and healthcare, energy, biotechnology, information tech- 
nology, and national security. It is widely felt that 
nanotechnology will be the next industrial revolution, 
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Nanometer-scale features are mainly built up from 
their elemental constituents. Chemical synthesis — the 
spontancoas self-assembly of molecular clusters (m0- 
lecular self-assembly) from simple reagents in solution 
“or biological molectles (e.g, DNA) are used as 
building blocks for the production of three-dimensional 
nanostructures, including quantum dots (nanocrystals) 
of arbitrary diameter (about 10 to 10° atoms), A var- 
iety of vacuum deposition and nonequilibrium plasma 
chemistry techniques are used to produce layered 
haanocomposites and nanotubes. Atomically controlled 
structures are produced using molecular beam epitaxy 
and organo-metllic vapor phase epitaxy. Micro- and 
haanosystem components are fabricated using top-down 
Tthographic and nonlithographic fabrication techniques 
and range in size from micro- to nanometers. Continued 
improvements in lithography for use. in the produc- 
tion of manocomponents have resulted in ine widths 
as small as 1Onanometers in experimental prototypes. 
‘The nanotechnology field in addition tothe fabrication 
of nanosystems, provides the impetus to development of 
experimental and computational tools 


1.2 Why Nano? 


‘The discovery of novel materials, processes, and phe- 
nomena at the nanoscale, as well as the development 
of new experimental and theoretical techniques for 
research provide fresh opportunities for the develop- 
ment of innovative nanosystems and nanostructured 


1.3 Lessons from Nature 


Nanotechnology is @ new word, but it is not an entirely 
new field, Nature has many objects and processes that 
function on « micro- to nanoscale [1.2.4]. The under- 
standing of these functions can guide usin imitating and 
producing nanodevices and nanomaterials 

Billions of years ago, molecules began organiz- 
ing themselves into the complex strictures that could 
support life. Photosynthesis harnesses solar energy to 
support plant life. Molecular ensembles are present in 
plants, which include light harvesting molecules, such 
as chlorophyll arranged within te cells on the nanome- 
ter to micrometer scales, These structures capture light 
energy. and convert it into the chemical energy that 
drives the biochemical machinery of plant ces, Live 
organs use chemical energy in the body. The flagella 
a type of bacteria, rotates at over 10,000RPM [1.5] 


‘The micro- and nanosystems include micro/nano- 
celectromechanical systems (MEMS/NEMS) (e.g. sen 
sors, actuators, and miniaturized systems comprising 
sensing, processing, and/or actuating functions), micro- 
mechatronics, optoelectronics, microfluidies, and sys- 
tems integration. These systems can sense, control, and 
activate on the micro/nanascale and function individu- 
ally or in arrays to generate effects on the macroscale. 
‘The microsystems market in 2000 was about § 15 bil- 
lion, and, with a projected 10-20 % annual growth rate, 
itis expected to increase to more than § 100 billion by 
the end of this decade. The nanosystems market in 2001 
was about $100 million and the integrated nanos; 
tems market is expected to be more than $25 bi 
by the end of this decade. Due to the enabling na- 
ture of these systems, and because of the significant 
impact they can have on the commercial and defense 
applications, venture capitalists, industry, as well as 
the federal government have taken a special interest 
in nurturing growth in this field. Micro- and nanos: 
tems are likely to be the next logical step in the “silicon 
revolution.” 


materials, Nanosystems are expected to find various 
unique applications. Nanostructured materials can be 
made with unique nanostructures and properties. This 
field is expected to open new venues in science and 
technology. 


This is an example of a biological molecular ma- 
chine, The flagella motor is driven by the proton 
flow caused by the electrochemical potential differ- 
‘ences across the membrane. The diameter of the bearing 
is about 20-30nm, with an estimated clearance of 
about L nm, 

In the context of tribology, some biological systems 
have anti-adhesion surfaces. Fist, many plant leaves 
(such as lotus leaf) are covered by ahydrophobic cuticle, 
which is composed of a mixture of large hydrocar- 
bon molecules that have a strong hydrophobia, Second, 
the surface is made of a unique roughness distribu. 
tion [1.6,7], It has been reported that for some leaf 
surfaces, the roughness ofthe hydrophobic leaf surface 
decreases wetness, which i reflected ina greater contact 
angle of water droplets on such surfaces. 
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1.4, Applications in Different Fields 


1.4 Applications in Different Fields 


Science and technology continue to move forward in 
‘making the fabrication of micro/nanodevices and sy 
tems possible for a variety of industrial, consumer, and 
biomedical applications. A range of MEMS devices 
have been produced, some of which are commercially 
used [1.4,8-12]. A variety of sensors are used in indus- 
trial, consumer, and biomedical applications. Various 
‘microstructures or microcomponents are used in micro- 
instruments and other industrial applications, such as 
‘micromirror arrays. Two of the largest “killer” indus- 
trial applications are accelerometers (about 85 million 
units in 2002) and digital micromirror devices (about 
$400 million in sales in 2001). Integrated capacitive- 
type, silicon accelerometers have been used in airbag 
deployment in automobiles since 1991 [1.13, 14] 
Accelerometer technology was about a billion-dollar- 
s-year industry in 2001, dominated by Analog Devices 
followed by Motorola and Bosch. Commercial digital 
light processing (DLP) equipment using digital micro- 
‘mirror devices (DMD) were launched in 1996 by Texas 
Instruments for digital projection displays in portable 
and home theater projectors, as well as table-top and 
projection TVs [1.15, 16]. More than 1.5 million pro- 
jectors were sold before 2002. Other major industrial 
applications include pressure sensors, inkjet printer 
hheads, and optical switches. Silicon-based piezores 
tive pressure sensors for manifold absolute pressure 
sensing for engines were launched in 1991 by Nova- 
Sensor, and their annual sales were about 25 million 
units in 2002, Annual sales of inkjet printer heads with 
‘microscale functional components were about 400 mil- 
lion units in 2002, Capacitive pressure sensors for 
tire pressure measurements were launched by Mo- 
torola. Other applications of MEMS devices include 
chemical sensors; gas sensors; infrared detectors and 
focal plane arrays for earth abservations; space sci- 
ence and missile defense applications; pico-satllites for 
space applications; and many hydraulic, pneumatic, and 
other consumer products, MEMS devices are also be- 
ing pursued in magnetic storage systems [1.17], where 
they are being developed for super-compact and ultra- 
high recording-density magnetic disk drives, Several 
integrated head/suspension microdevices have been fab- 
ricated for contact recording applications [1.18, 19] 
High-bandwidth, servo-controlled microactuators have 
been fabricated for ultrahigh track-density applications, 
Which serve as the fine-position control element of 
a two-stage, coarse/fine servo system, coupled with 
8 conventional actuator [1.20-23]. Millimeter-sized 
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‘wobble motors and actuators for tip-based recording 
schemes have also been fabricated [1.24] 

BIOMEMS are increasingly used in commercial and 
defense applications (e..,[1.4,25-28)). Applications of 
BIOMEMS include biofluidic chips (otherwise known 
as microfluidic chips, bioflips, or simply biochips) 
for chemical and biochemical’ analyses. (biosensors) 
in medical diagnostics (e.g, DNA, RNA, proteins, 
cells, blood pressure and assays, and toxin identifi 
cation) and implantable pharmaceutical drug delivery. 
‘The biosensors, also referred to as lab-on-a-chip,inte- 
grate sample handling, separation, detection, and data 
analysis onto one platform. Biosensors are designed 
to either detect a single or class of (bio)chemicals or 
system-level analytical capabilities for a broad range 
of (bio)chemical species known as micro total analysis 
systems (j.TAS). The chips rely on microfluidies and 
involve the manipulation of tiny amounts of fluids in 
microchannels using microvalves for various analyses. 
‘The test fluid is pumped into the chip generally using 
an external pump for analyses. Some chips have been 
designed with an integrated clectrostatically actuated 
diaphragm-type micropump. Silicon-based, disposable 
blood-pressure sensor chips were introduced in the 
early 1990s by NovaSensor for blood pressure moni- 
toring (about 20 million units in 2002). A variety of 
biosensors are manufactured by various companies, in- 
cluding ACLARA, Agilent Technologies, Calipertech, 
and STAT, 

After the tragedy of Sept. 11, 2001, concem over 
biological and chemical warfare has led to the develop- 
‘ment of handheld units with bio- and chemical sensors 
for the detection of biological zerms, chemical or nerve 
agents, mustard agents, and chemical precursors to 
protect subways, airports, the water supply, and the 
population [1.29 

Other BIOMEMS applications include minimal 
invasive surgery, such as endoscopic. surgery, laser 
angioplasty, and microscopic surgery. Implantable ar- 
tifcial organs can also be produced. 

Micro-instruments and micro-manipulators are used 
to move, position, probe, pattem, and characterize 
nanoscale objects nd nanoscale features. Miniatur- 
ized analytical equipment includes gas chromatography 
and mass. spectrometry, Other instruments include 
micro-STM, where STM stands for scanning tunneling 
‘microscope. 

Examples of NEMS include nanocomponents, nano- 
devices, nanosystems, and nanomaterials, such as 
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microcantilever with integrated sharp nanotips for STM 
and atomic force microscopy (AFM), AFM array (milli 
pede) for data storage, AFM tips for nanolithography, 
dip-pen nanolithography for printing molecules, bio- 
logical (DNA) motors, molecular gears, molecularly 
thick films (e.g, in giant magneto-resistive or GMR 
heads and magnetic media), nanoparticles, (e.g, nano- 
magnetic particles in magnetic media). nanowires, 
carbon nanotubes, quantum wires (QWRs), quan- 
tum boxes (QBs), and quantum transistors [1.30-34] 

BIONEMS include nanobiosensors ~ a microarray of 
silicon nanowites, roughly a few nm in size, to selec- 
tively bind and detect even a single biological molecule, 
such as DNA or protein, by using nanoelectronics to de- 
tect the slight electrical charze caused by such binding, 
or a microarray of carbon nanotubes to electrically de- 
tect glucose, implantable drug-delivery devices ~ e.g. 


1.5 Reliability Issues of MEMS/NEMS 


‘There is an increasing need for a multidisciplinary, 
system-oriented approach to manufacturing micro/ 
nanodevices that function reliably. This can only be 
achieved through the cross-fertilization of ideas from 
different disciplines and the systematic flow of infor- 
‘mation and people among research groups, Common 
potential failure mechanisms for MEMS/NEMS that 
need to be addressed in order to increase reliability are: 
adhesion, friction, wear, fracture, fatigue, and contam- 
ination, Surface micro/nanomachined structures often 
include smooth and chemically active surfaces. Due to 
the large surface area to volume ratio in MEMS/NEMS, 
they are particularly prone to stiction (high static fric- 
tion) as part of normal operation. Fracture occurs when 
the load on microdevice is greater than the strength 
of the material. Fracture is a serious reliability con- 
‘cem, particularly for the brittle materials used in the 
construction of these components, since it can im- 
mediately, or eventually, lead to catastrophic failures. 
Additionally, debris can be formed from the fracturing 
of microstructures, leading to other failure processes. 
For less brittle materials, repeated loading over a long 
period causes fatigue that would also lead to the break- 
ing and fracturing of the device. In principle, this failure 
mode is relatively easy to observe and simple to pre- 
dict, However, the materials properties of thin films are 
often not known, making fatigue predictions prone to 


micro/nanoparticles with drug molecules encapsulated 
in functionized shells for a site-specific targeting ap- 
plication, and a silicon capsule with a nanoporous 
membrane filled with drugs for long term delivery, 
nanodevices for sequencing single molecules of DNA 
in the Human Genome Project, cellular growth using 
carbon nanotubes for spinal cord repair, nanotubes for 
nanostructured materials for various applications, such 
as spinal fusion devices, organ growth, and growth of 
artificial tissues using nanofibers. 

Nanoelectronics can be used to build computer mem- 
ory, using individual molecules or nanotubes to store bits 
of information, as well as molecular switches, molecu- 
Jar or nanotube transistors, nanotube flat-panel displays, 
nanotube integrated circuits, fast logic gates, switches, 
nanoscopic lasers, and nanotubes as electrodes in fuel 
cells. 


‘Many MEMS/NEMS devices operate near their ther- 
mal dissipation limit, They may encounter hot spots 
that can cause failures, particularly in weak structures 
such as diaphragms or cantilevers. Thermal stressing 
and relaxation caused by thermal variations can cre- 
ate material delamination and fatigue in cantilevers. 
In large temperature changes, as experienced in the 
space environment, bimetallic beams will also experi- 
cence warping due to mismatched coefficients of thermal 
‘expansion, Packaging has heen a big problem. The con- 
tamination, which probably happens in packaging and 
during storage, can also strongly influence the reliabil- 
ity of MEMS/NEMS. For example, a particulate dust 
landed on one of the electrodes of a comb drive can 
‘cause catastrophic failure, There are no MEMS/NEMS. 
fabrication standards, which makes it difficult to transfer 
fabrication steps in MEMS/NEMS between foundaries. 

Obviously, studies of determination and suppres- 
sion of active failure mechanisms affecting this new 
and promising technology are critical to the high re- 
liability of MEMS/NEMS and are determining factors 
in successful practical application. 

Mechanical properties are known to exhibit a depen- 
dence on specimen size. Mechanical property evaluation 
of nanometer-scaled structures is carried out to help 
design reliable systems, since good mechanical prop- 
erties are of critical importance in such applications. 
‘Some of the properties of interest are; Young's mod- 
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ulus of elasticity, hardness, bending strength, fracture 
toughness, and fatigue life. Finite element modeling is 
carried out to study the effects of surface roughness 
and scratches on stresses in nanostructures. When nano- 


1.6 Organization of the Handbook 


‘The handbook integrates knowledge from the fabrica- 
tion, mechanics, materials science, and reliability points 
of view. Organization of the book is straightforward. 
‘The handbook is divided into six parts. This first part 
introduces the nanotechnology field, including an intro- 
duction to nanostructures, micro/nanofabrication and, 
micro/nanodevices. The second part introduces scan- 
ning probe microscopy. The third part provides an 
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structures are smaller than a fundamental physical length 
scale, conventional theory may no longer apply. and new: 
phenomena may emerge. Molecular mechanics is used 
to simulate the behavior of a nano-object. 


overview of nanotribology and nanomechanics, which 
will prepare the reader to understand the tribology and 
‘mechanics of industrial applications. The fourth part 
provides an overview of molecularly thick films for 
lubrication, The fifth part focuses on industrial appli 
cations and microdevice reliability, And the last part 
focuses on the social and ethical implications of nano- 
technology. 
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Figure 57. Caps (buttons or knobs) that may be sold as 
separate accessories for some pushbuttons, shown here 
ide a compatible pushbutton 


require external series resistors, which should be 
chosen according to the voltage that will be 
used, See the LED entry in Volume 2 for addi- 
tional commentary on appropriate series resis- 
tors. An example of an illuminated pushbutton is 
shown in Figure 5-8. This is a DPDT component, 
designed to be mounted on a printed circuit 
board, with an additional lead at each end con- 
necting with an internal LED underneath the 
translucent white button. 


Termination and Contact Plating 
These options are the same as for a switch and 
are described in that entry. 


Mounting Style 

The traditional panel-mounted button is usually 
secured through a hole in the panel by tighten- 
ing a nut that engages with a thread on the 
bushing ofthe pushbutton. Alternatively, apush- 


nection > pushbutton 


This pushbutton contains an LED underneath 


nt button, 


button housing can have flexible plastic protru- 
sions on either side, allowing it to be snapped 
into place in an appropriate-sized panel cutout. 
This style is shown in Figure 5 


PC pushbuttons (pushbuttons mounted in a 
printed circuit board, or PCB) are a common var- 
iant. After the component has been installed in 
the circuit board, either the button must align 
witha cutoutin thefront panel and pokethrough 
it when the device is assembled, or an external 
(non-electrical) button thatis part ofthe product 
enclosure must press on the actuator of the 
pushbutton after assembly. 


Surface-mount pushbuttons that allow direct 
fingertip access are uncommon, However, about 
one-quarter of tactile switches are designed for 
surface mount at the time of writing. They are 
typically found beneath membranes that the 
User presses to activate the switch beneath—for 
example, in remotes that are used to operate 
electronic devices. 


Sealed or Unsealed 

A sealed pushbutton will include protection 
against water, dust, dirt, and other environmen- 
tal hazards, at some additional cost. 
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Molecule-Based Devices 


‘The constituent components of conventional 23 Chesiical Appromcties 


to Nanostructured Materials 10 
devices are carved out of larger materials relying Dat From Molecular Building Blocks 

‘on physical methods. This top-down approach to Me te Nanontiuchaies 40 
engineered building blocks becomes increasingly 2:49 “ Nanecealed Blomolesuies: 

challenging as the dimensions of the target Nucleic Acids and Proteins. 10 
structures approach the nanoscale. Nature, on 2.1.3. Chemical Synthesis 

the other hand, relies on chemical strategies of Artificial Nanostructures n 
to assemble nanoscaled biomolecules. Small 2.1.4 From Structural Contra 

‘molecular building blocks are joined to produce to Designed Properties 

nanostructures with defined geometries and and Functions, 2 
specific functions. It is becoming apparent that). wotecular witches and Logic Gates au 
nature's bottom-up approach to functional 224 From Macroscopic 

nanostructures can be mimicked to produce to Molecular Switches 15 
artificial molecules with nanoscaled dimensions 2.2.2 Digital Processing 

and engineered properties. Indeed, examples of and Molecular Logic Gates 15 
artificial nanohelices, nanotubes, and molecular 2.23 Molecular AND, NOT, and OR Gates., 16 
‘motors are starting to be developed. Some 2.2.4 Combinational Logic 

of these fascinating chemical systems have at the Molecular Level uv 
intriguing electrochemical and photochemical 2.2.5 Intermolecular Communication...... 18 


properties that can be exploited to manipulate 
chemical, electrical, and optical signals at the 
molecular level. This tremendous opportunity 


2.3. Solid State Devices. 2 
23.1 From Functional Solutions 
to Electroactive 


has lead to the development of the molecular and Photoactive Solids 2 
equivalent of conventional logic gates. Simple 2.3.2 Langmuit-Blodgett Films 8 
logic operations, for example, can be reproduced 2133 Self-Assembled Monolayers 7 
with collections of molecules operating in solution. 213.4 Nanogaps and Nanowires, 31 


Most of these chemical systems, however, rely on 
bulk addressing to execute combinational and 
sequential logic operations. Itis essential to devise References 36 
‘methods to reproduce these useful functions in 

solid-state configurations and, eventually, with 

single molecules. These challenging objectives 


2k Conclusions and Outlook 35 


are stimulating the design of clever devices components. The rapid and continuous progress 
that interface small assemblies of organic of this exploratory research will, we hope, lead to 
molecules with macroscaled and nanoscaled an entire generation of molecule-based devices 
electrodes. These strategies have already produced _that might ultimately find useful applications 
rudimentary examples of diodes, switches, and in a variety of fields, ranging fram biomedical 
transistors based on functional molecular research to information technology. 
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2.1 Chemical Approaches to Nanostructured Materials 


‘The fabrication of conventional devices relies on the 
assembly of macroscopic building blocks with spe- 
cific configurations, The shapes of these components 
are carved out of larger materials by exploiting phys- 
methods, This top-down approach to engineered 
building blocks is extremely powerful and can deliver 
effectively and reproducibly microscaled objects. This 
strategy becomes increasingly challenging, however, as 
the dimensions of the target structures approach the 
nanoscale, Indeed, the physical fabrication of nanosized 
features with subnanometer precision is a formidable 
technological challenge, 


2.1.1 From Molecular Building Blocks 
to Nanostructures 


Nature efficiently builds nanostructures by relying on 
chemical approaches. Tiny molecular building blocks 
are assembled with a remarkable degree of structural 
control in a variety of nanoscaled materials with defined 
shapes. properties, and functions. In contrast to the 
top-down physical methods, small components are con- 
nected to produce larger objects in these bottom-up 
chemical strategies. It is becoming apparent that the 
limitations of the top-down approach to artificial nano- 
structures can be overcome by mimicking nature's 
bottom-up processes. Indeed, we are starting to see 
emerge beautiful and ingenious examples of molecule- 
based strategies to fabricate chemically nanoscaled 
building blocks for functional materials and innovative 
devices. 


2.1.2 Nanoscaled Biomolecules: 
Nucleic Acids and Proteins 


Nanoscaled macromolecules play a fundamental role 
in biological processes [2.1]. Nucleic acids, for exam- 
ple, ensure the transmission and expression of genetic 
information. These particular biomolecules are lin- 
ear polymers incorporating nucleotide repeating units 
(Fig. 21a). Each nucleotide has a phosphate bridge and 
«sugar residue. Chemical bonds between the phosphate 
of one nucleotide and the sugar of the next ensures 
the propagation of a polynucleotide strand from the 5’ 
to the 3’ end. Along the sequence of altemating sugar 
and phosphate fragments, an extended chain of robust 
covalent bonds invotving carbon, oxygen, and phospho- 
rous atoms forms the main backbone of the polymeric 
strand, 


Every single nucleotide of a polynucleotide strand 
carries one of the four heterocyclic bases shown in 
Fig.2.1b. For a strand incorporating 100 nucleotide 
repeating units, total of 4!” unique polynucleotide se- 
quences are possible. It follows that nature can fabricate 
huge number of closely related nanostructures relying 
only on four building blocks. The heterocyclic bases 
appended to the main backbone of alternating phos- 
phate and sugar units can sustain hydrogen bonding and 
[br -or] stacking interactions. Hydrogen bonds, formed 
between [N—H] donors and either N or O acceptors, en- 
‘courage the pairing of adenine (A) with thymine (T) and 
of guanine (G) with cytosine (C). The stacking interac- 
tions involve attractive contacts between the extended 
sr-surfaces of heterocyclic bases, 

In the B conformation of deoxyribonucleic acid 
(DNA), the synergism of hydrogen bonds and [2+ zr] 
stacking glues pairs of complementary polynucleotide 
strands in fascinating double helical supermolecules 
(Fig. 2.1c) with precise structural control at the sub- 
nanometer level. The two polynucleotide strands wrap 
around a common axis to form a right-handed double 
helix with a diameter of ca. 21nm. The hydrogen bonded 
and [+7] stacked base pairs lie at the core of the 
helix with their 7-planes perpendicular to the main axis 
of the helix. The alternating phosphate and sugar units 
define the outer surface of the double helix. In B-DNA, 
approximately ten base pairs define each helical turn cor- 
responding to arise per turn or helical pitch of ca. 31m. 
Considering that these molecules can incorporate up 
to approximately 10!! base pairs, extended end-to-end 
lengths spanning from only few nanometers to hundreds 
of meters are possible. 

Nature’s operating principles to fabricate nano- 
structures are not limited to nucleic acids. Proteins are 
also built joining simple molecular building blocks, the 
amino acids, by strong covalent bonds [2.1]. More pre- 
cisely, nature relies on 20 amino acids differing in their 
side chains to assemble linear polymers, called polypep- 
tides, incorporating an extended backbone of robust 
IC=N] and [C=C] bonds (Fig. 2.2a). For a single poly- 
mer strand of 100 repeating amino acid units, a total 
of 20!” unique combinations of polypeptide sequences 
are possible. Considering that proteins can incorporate 
‘more than one polypetide chain with over 4,000 amino 
acid residues each, it is obvious that nature can assemble 
an enormous number of different biomolecules relying 
on the same fabrication strategy and a relatively small 
pool of building blocks. 
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Fig.2.1a-c A polynucleotide strand 
(a) incorporates altemating phosphate 
and sugar residues joined by covalent 
bonds. Each sugar carries one of four 
heteroeyelic bases (b). Noncovalent 
ieractions between complemen- 
tary bases in two independent 
polynucleotide strands encourage 
the formation of nanoscaled double 
helixes (¢) 


b) 


2 


}—05 nm —+1 
Polypeptide helix 


.2a~c A polypeptide strand (a) incorporates amino acid residues differing in their side chains and joined by covalent 


bonds. Hydrogen bonding interactions curl a single polypeptide strand into a helical arrangement (b) or lock pairs of 


strands into nanoscaled sheets (c) 
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‘The covalent backbones of the polypeptide strands 
form the main skeleton of a protein molecule. In 
addition, myriad secondary interactions, involving non- 
covalent contacts between portions of the amino acid 
residues, control the arrangement of the individual 
polypeptide chains. Intrastrand hydrogen bonds curl 
single polypeptide chains around a longitudinal axis 
in a helical fashion to form tubular nanostructures 
ca, 0.5nm wide and ca, 2nm long (Fig.2.2b). Sim- 
ilarly, interstrand hydrogen bonds can align from 
2 up to 15 parallel or antiparallel polypeptide chains 
to form nanoscaled sheets with average dimensions 
of 2x3nm (Fig.2.2c). Multiple nanohelices and/or 
nanosheets combine into a unique three-dimensional 
arrangement dictating the overall shape and dimensions 
of a protein 


2.1.3 Chemical Synthesis 
of Artificial Nanostructures 


Nature fabricates complex. nanostructures relying on 
simple criteria and a relatively small pool of molecular 
building blocks. Robust chemical bonds join the basic 
‘components into covalent scaffolds. Noncovalent inter- 
actions determine the three-dimensional arrangement 
and overall shape of the resulting assemblies. The multi- 
tude of unique combinations possible for long sequences 
of chemically connected building blacks provides access 
to huge libraries of nanoscaled biomolecules. 

Modern chemical synthesis has evolved consider- 
ably over the past few decades [2.2]. Experimental 
procedures to join molecular components with structural 
control at the picometer level are available. A multi- 
tude of synthetic schemes to encourage the formation 
of chemical bonds between selected atoms in react- 
ing molecules have been developed. Furthermore, the 
tremendous progress of crystallographic and spectro- 
scopic techniques has provided efficient and reliable 
tools to probe directly the structural features of artifi- 
cial inorganic and organic compounds. It follows that 
designed molecules with engineered shapes and dimen- 
sions can be now prepared in a laboratory relying on 
the many tricks of chemical synthesis and the power of 
crystallographic and spectroscopic analyses, 

‘The high degree of sophistication reached in this 
research area translates into the possibility of mimick- 
ing the strategies successfully employed by nature to 
fabricate chemically nanostructures [2.3]. Small mo- 
lecular building blocks can be synthesized and joined 
covalently following routine laboratory procedures. It 
is even possible to design the stereoelectronic proper- 


ties of the assembling components in order to shape 
the geometry of the final product with the assistance of 
noncovalent interactions. For example, five bipyridine 
building blocks (Fig. 2.3) can be connected in five syn- 
thetic steps to produce an oligobipyridine strand [2.4] 
‘The five repeating units are bridged by [C—O] bonds and 
can chelate metal cations in the bay regions defined by 
their two nitrogen atoms. The spontaneous assembly of 
two organic strands in a double helical arrangement oc- 
curs in the presence of inorganic cations. Inthe resulting 
helicate, the two oligobipyridine strands wrap around 
an axis defined by five Cu(I) centers. Each inorganic 
cation coordinates two bipyridine units with a tetrahe- 
dral geometry imposing a diameter of ca. 0.6nm on 
the nanoscaled helicate [2.5]. The overall length from 
cone end of the helicate to the other is ca. 3nm [2.6] 
‘The analogy between this artificial double helix and the 
B-DNA double helix shown in Fig. .Le is obvious. In 
both instances, a supramolecular glue combines two in- 
dependent molecular strands into nanostructures with 
defined shapes and dimensions 

‘The chemical synthesis of nanostructures can bor- 
row nature's design criteria as well as its molecular 
building blocks. Amino acids, the basic components of 
proteins, can be assembled into artificial macrocycles, 
In the example of Fig.2.4, eight amino acid residues 
are joined through the formation of [CN] bonds in 
multiple synthetic steps [2.7]. The resulting covalent 
backbone defines a circular cavity with a diameter of 
ca, 0.8nm [2.8]. In analogy to the polypeptide chains 
of proteins, the amino acid residues of this artificial 
oligopeptide can sustain hydrogen bonding interactions, 
It follows that multiple macrocycles can pile on top of 
each other to form tubular nanostructures, The walls of 
the resulting nanotubes are maintained in position by the 
cooperative action of at least eight primary hydrogen 
bonding contacts per macrocycle. These noncovalent 
interactions maintain the mean planes of independent 
macrocycles in an approximately parallel arrangement 
with a plane-to-plane separation of ca. 0.5 nm. 


2.1.6 From Structural Control 
to Designed Properties and Functions 


‘The examples in Figs. 2.3 and 2.4 demonstrate that 
modular building blocks can be assembled into target 
‘compounds with precise structural control at the pico- 
‘meter level through programmed sequences of synthetic 
steps. Indeed, modern chemical synthesis offers access 
to complex molecules with nanoscaled dimensions and, 
thus, provides cost-effective strategies for the production 
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and characterization of billions of engineered nano- 


Me ' 
structures in parallel, Furthermore, the high degree of 
Stroctural contol is accompanied by the possibilty [owas ee 


of designing specific properties into the target nano- Ly = 
structures, Electroactive and photoactive components () Oo 

ccan be integrated chemically into functional molecular Ret , fe) 
machines [2.9]. Extensive electrochemical investiga- T 

tions have demonstrated that inorganic and organic x©) @ 

compounds can exchange electrons with macroscopic 3° satay Teal [off 
electrodes [2.10]. These studies have unraveled the pro- ? © 

cesses responsible for the oxidation and reduction of 

‘numerous functional groups and indicated viable design 

criteria to adjust the ability of molecules to accept or 

donate electrons [2.1 1]. Similarly, detailed photochem- 

jeal and photophysical investigations have elucidated the 


‘mechanisms responsible for the absorption and emis- ° 
sion of photons at the molecular level (2.12). The 

vast knowledge established on the interactions between al 
light and molecules offers the opportunity to engineer Bey 
chromophoric and fluorophoric functional groups with __Oligebpyriine eee 
defined absorption and emission properties (2.11, 13] al tells 


‘The power of chemical synthesis to deliver fune- 
tional molecules is, perhaps, better illustrated by the 
‘molecular motor shown in Fig.2.5. The preparation 
of this [2Jrotaxane requires 12 synthetic steps starting 
from known precursors (2.1.4). This complex molecule 
incorporates a Ru(Il)-trisbipyridine stopper bridged ou 
to a linear tetracationic fragment by a rigid triaryl le 

spacer. The other end of the tetracationic portion is 

terminated by a bulky tetraarylmethane stopper. The  Fig-2.3 An oligobipyridine strand can be synthesized joining five 
bipyridinium unit of this dumbbell-shaped compound — bipyridine subunits by covalent bonds. The tetrahedral coordination 
is encircled by a macrocyclic polyether. No covalent _ of pairs of bipyridine ligands by Cu(l) ions encourages the assembly 
bonds join the macrocyclic and linear components. two oligobipyridine strands into a double helical arrangement 
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Obgoeice maroc EB) Sysco 


14 Cyclic oligopeptides ean be synthesized joining eight amino acid residues by covalent bonds. The resulting 
_macroeycles self-assemble into nanoscaled tube-like arrays 
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Fig.2.5 This nanoscale [2|rotaxane incorporates a photoactive Ru(lI)-tishipyriine stopper and two electroactive bipyridinium 
units. Photoinduced electron transfer from the photoactive stopper to the encircled electroctive unit forces the macrocyclic 
polyether to shuttle tothe adjacent bipyrdinium dication 


Rather, hydrogen bonding and [r+] stacking inter- ethanolamine) in solution, the photogenerated hole in 


actions maintain the macrocyclic polyether around the 
bipyridinium unit. In addition, mechanical constrains 
associated with the bulk of the two terminal stoppers 
prevent the macrocycle to slip off the thread. The ap- 
proximate end-to-end distance for this [2]rotaxane is 
ca, Sm, 

‘The bipyridinium and the 3,3'-dimethyl bipyri- 
dinium units within the dumbbell-shaped component 
undergo two consecutive and reversible monoelectronic 
reductions [2.14], The two methyl substituents on the 
3,3'-dimethyl bipyridinium dication make this elec- 
troactive unit more difficult to reduce. In acetonitrile, 
its redox potential is ca. 0.20V more negative than 
that of the unsubstituted bipyridinium dication. Under 
iadiation at 436nm in degassed acetonitrile, the ex- 
citation of the Ru(Il)-trisbipyridine stopper is followed 
by electron transfer to the unsubstituted bipyridinium 
init, In the presence of a sacrificial electron donor (tri- 


the photoactive stopper is filled, and undesired back 
electron transfer is suppressed. The permanent and light- 
induced reduction of the dicationic bipyridinium unit to 
1 radical cation depresses significantly the magnitude 
of the noncovalent interactions holding the macrocyclic 
polyether in position. As a result, the macrocycle shut- 
tes from the reduced unit to the adjacent dicationic 
3,3/-dimethyl bipyridinum. After the diffusion of mo- 
lecular oxygen into the acetonitrile solution, oxidation 
occurs restoring the dicationic form of the bipyri- 
dinium unit and its ability to sustain strong noncovalent 
bonds. As a result, the macrocyclic polyether shuttles 
back to its original position, This amazing example 
of a molecular shuttle reveals that dynamic processes 
‘can be controlled reversibly at the molecular level re- 
lying on the clever integration of electroactive and 
photoactive fragments into functional and nanoscaled 
molecules, 


2.2 Molecular Switches and Logic Gates 


Everyday, we routinely perform dozens of switching 
operations. We turn on and off our personal computers, 
cellular phones, CD players, radios, or simple light bulbs 
ata click of a button. Every single time, our finger exerts 


4 mechanical stimulation on a control device, namely 
4 switch, The external stimulus changes the physical 
state of the switch closing or opening an electric cir- 
cuit and enabling or preventing the passage of electrons. 
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Overall, the switch transduces a mechanical input into 
aan electrical output. 


2.2.1 From Macroscopic 
to Molecular Switches 


‘The use of switching devices is certainly not limited 
to electric circuits. For example, a switch at the junc- 
tion of a railroad can divert trains from one track to 
another. Similarly, a faucet in a lavatory pipe can block 
or release the flow of water. Of course, the nature of 
the control stimulations and the character of the final 
‘outcome vary significantly from case to case, but the 
operating principle behind each switching device is the 
same. In all cases, input stimulations reach the switch 
changing its physical state and producing a specific 
output 

‘The development of nanoscaled counterparts to con- 
ventional switches is expected to have fundamental 
scientific and technological implications. For instance, 
fone can envisage practical applications for ultraminia- 
turized switches in areas ranging from biomedical 
research to information technology. The major challenge 
in the quest for nanoswitches, however, isthe identifica- 
tion of reliable design criteria and operating principles 
for these innovative and fascinating devices. Chem- 
ical approaches to implement molecule-sized switches 
appear to be extremely promising, The intrinsically 
small dimensions of organic molecules coupled with 
the power of chemical synthesis are the main driving 
forces behind these exploratory investigations. 

Certain organic molecules adjust their structural and 
electronic properties when stimulated with chemical, 
electrical, or optical inputs. Generally, the change is 
accompanied by an electrochemical or spectroscopic 
response. Overall, these nanostructures transduce input 
stimulations into detectable outputs and, appropriately, 
are called molecular switches [2.15, 16]. The chemical 
transformations associated with these switching pro- 
ccesses are often reversible. The chemical system returns 
to the original state when the input signal is turned off. 
‘The interconverting states of a molecular switch can 
be isomers, an acid and its conjugated base, the oxi- 
ized and reduced forms of a redox active molecule, or 
even the complexed and uncomplexed forms of a recep- 
tor [2.9, 15,16]. The output of a molecular switch can be 
1 chemical, electrical, and/or optical signal that varies 
in intensity with the interconversion process. For exam- 
ple, changes in absorbance, fluorescence, pH, or redox 
potential can accompany the reversible transformation 
of a molecular switch, 
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2.2.2 Digital Processing 
and Molecular Logic Gates 


In present computer networks, data are elaborated elec- 
tronically by microprocessor systems [2.17] and are 
exchanged optically between remote locations [2.18] 
Data processing and communication require the encod- 
ing of information in electrical and optical signals in the 
form of binary digits. Using arbitrary assumptions, logic 
thresholds can be established for each signal and, then, 
0 and 1 digits can be encoded following simple con- 
ventions. Sequences of electronic devices manipulate 
the encoded bits executing logic functions as a result of 
basie switching operations. 

The three basic AND, NOT, and OR operators com- 
bine binary inputs into binary outputs following precise 
logic protocols [2.17]. The NOT operator converts an 
input signal into an output signal. When the input is 0, 
the output is 1, When the input is 1, the output is 0. 
Because of the inverse relationship between the input 
and output values, the NOT gate is often called “invert- 
ex" [2.19]. The OR operator combines two input signals 
into a single output signal. When one or both inputs 
are 1, the output is 1. When both inputs are 0, the out- 
putis 0, The AND gate also combines two input signals 
{nto one output signal. In this instance, however, the out- 
putis | only when both inputs are 1. When at least one 
Input is 0, the output is 0. 

The output of one gate can be connected to one 
of the inputs of another operator. A NAND gate, for 
example, is assembled connecting the output of an AND 
‘operator to the input of a NOT gate. Now the two input 
signals are converted into the final output afler two con- 
secutive logic operations. Ina similar fashion, 2 NOR 
gate can be assembled connecting the output of an OR 
‘peratorto the input of a NOT gate. Once again, two con- 
secutive logic operations determine the relation between 
two input signals and a single output. The NAND and 
NOR operations are termed universal functions because 
any conceivable logic operation can be implemented 
relying only on one of these two gates [2.17]. In fact, 
digital circuits are fabricated routinely interconnecting 
exclusively NAND orexclusively NOR operators [2.19] 

The logic gates of conventional microprocessors are 
assembled interconnecting transistors, and their input 
and output signals are electrical [2.19]. But the concepts 
of binary logic can be extended to chemical, mechan- 
ical, optical, pneumatic, or any other type of signal. 
First itis necessary to design devices that can respond 
to these stimulations in the same way transistors re- 
spond to electrical signals. Molecular switches respond 
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toa variety of input stimulations producing specific out- 
puts and can, therefore, be exploited to implement logic 
functions [2.20,21] 


2.2.3 Molecular AND, NOT, and OR Gates 


More than a decade ago, researchers proposed a potential 
strategy to execute logic operations at the molecu- 
lar level [2.22]. Later, the analogy between molecular 
switches and logic gates was recognized in a seminal 
article [2.23], in which it was demonstrated that AND, 
NOT, and OR operations can be reproduced with fluo- 
rescent molecules. The pyrazole derivative 1 (Fig. 2.6) 
is a molecular NOT gate. It imposes an inverse rela- 
tion between a chemical input (concentration of H*) 
and an optical output (emission intensity). In a mix- 
ture of methanol and water, the fluorescence quantum 


yield of Tis 0.13 in the presence of only 0.1 equivalents 
of H* [2.23]. The quantum yield drops to 0.003 when 
the equivalents of HY are 1,000. Photoinduced electron 
transfer from the central pyrazoline unit to the pendant 
benzoic acid quenches the fluorescence of the protonated 
form. Thus, a change in H+ concentration (I) from a low 
to ahiigh value switches the emission intensity (0) from 
high to a low value, The inverse relationship between 
the chemical input I and the optical output O translates 
Into the truth table of a NOT operation if a positive logic 
convention (low =0, high = 1) is applied to both sig- 
nals. The emission intensity is high (= 1) when the 
concentration of H* is low (I = 0). The emission inten- 
sity is low (O =0) when the concentration of HY is high 
d=). 

‘The anthracene derivative 2 (Fig.2,6) is a mo- 
lecular OR gate. It transduces two chemical inputs 
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Fig. 2,6 The fluorescence intensity of the pyrazoline derivative 1 is high when the concentration of H* is low, and vice 
versa, The fluorescence intensity of the anthracene derivative 2is high when the concentration of Na* and/or K™ is high. 
The emission is low when both concentrations are low. The fluorescence intensity of the anthracene 3 is high only when 
the concentrations of H* and Na* are high. The emission is low in the other three cases. The signal transductions of the 


molecular switches 1, 2, and 3 translate into the truth tables of NOT, OR, and AND gates, respectively 


if positive logic 


‘convention is applied to all inputs and outputs (low = 0, high = 1) 
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power > connection > pushbutton 


Latching 
This variant, also known as a press-twice push- 
button, contains a mechanical ratchet, which is 
rotated each time the button is pressed. The first 
press causes contacts to latch in the closed state. 
The second press returns the contacts to the 
open state, after which, the process repeats. This 
press-twice design is typically found on flash- 
lights, audio equipment, and in automotive ap- 
plications. While latching is the most commonly 
used term, it is also known as push-push, lock- 
ing, push-lockpush-release, push-onpush-off, and 
alternate, 


Ina latching pushbutton with lockdown, the but- 
the latched statethanin the 
unlatched state. However, buttons that behave 
this way are not always identified as doing soon 
their datasheets. 


Asix-poledouble-throw pushbutton thatlatches 
and then unlatches each time it is pressed is 
shown in Figure 5-9. 


Figure 5-9. This 6PDT pushbutton latches and then un- 
latches, each time it is pressed. 


Two more variants are shown in Figure 5-10.On 
the right is a simple DPDT latching pushbutton 
with lockdown. On the left isa latching pushbut- 
ton that cycles through four states, beginning 
with one “off” state, the remaining three con- 
necting a different pair of its wires in turn. 


‘simple OFF-(ON) button may appear to have a 
latching output if it sends a pulse to a micro- 
controller in which software inside the micro- 


Variants 


Figure 5-10. At right, a simple DPDT latching pushbutton 
with lockclown. At eft, this pushbutton cycles through four 
states. one of them an “off” state, the others connecting a 
different pair ofits wires in turn. 


controller toggles an output between twostates. 
The microcontroller can step through an unlimi- 
ted number of options in response to each but- 
ton press. Examplesare found on cellular phones 
or portable media players. 


‘mechanically latching pushbutton hasahigher 
failure rate than a simple OFF-(ON) button, as a 
result of its internal mechanism, but has the ad- 
vantage of requiring no additional microcontrol- 
ler to create its output. Microcontrollers are dis- 
cussed in Volume 2. 


Foot Pedal 

Foot pedal pushbuttons generally require more 
actuation force than those intended for manual 
use. They are ruggedly built and are commonly 
found in vacuum cleaners, audio-transcription 
foot pedals, and “stomp boxes" used by musi 
cians. 


Keypad 
A keypad is a rectangular array of usually 12 or 
16 OFF-(ON) buttons, Their contacts are accessed 
viaa headersuitable forconnection witha ribbon 
cable or insertion into a printed circuit board. In 
some keypads, each button connects with a 
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(concentrations of Na* and K*) into an optical out- 
put (emission intensity). In methanol, the fluorescence 
quantum yield is only 0.003 in the absence of metal 
cations [2.23]. Photoinduced electron transfer from 
the nitrogen atom of the azacrown fragment to the 
anthracene fluorophore quenches the emission. After 
the addition of 1,000 equivalents of either Na* or 
K+, the quantum yield raises to 0.053 and 0.14, re- 
spectively. Similarly, the quantum yield is 0.14 when 
both metal cations are present in solution. The com- 
plexation of one of the two metal cations inside the 
azacrown receptor depresses the efficiency of the pho- 
toinduced electron transfer enhancing the fluorescence. 
‘Thus, changes in the concentrations of Na* (11) and/or 
K+ (12) from low to high values switch the emission 
intensity (O) from a low to a high value. The relation- 
ship between the chemical inputs I1 and 12 and the 
optical output O translates into the truth table of an 
OR operation if a positive logic convention (low = 0, 
high = 1) is applied to all signals. The emission in- 
tensity is low (0 =0) only when the concentration 
of Na* and K* are low (1 =0, 12=0). The emis- 
sion intensity is high (O = 1) for the other three input 
combinations. 

‘The anthracene derivative 3 (Fig. 2.6) isa molecular 
AND gate. It transduces two chemical inpats (concen- 
trations of H* and Na*) into an optical output (emission 
intensity). In a mixture of methanol and iso-propanol, 
the fluorescence quantum yield is only 0.011 in the 
absence of H* or Na* [2.23], Photoinduced electron 
transfer from either the tertiary amino group or the cat- 
echol fragment to the anthracene fluorophore quenches 
the emission, After the addition of either 100 equivalents 
of H* or 1,000 equivalents of Na*, a modest change of 
the quantum yield to 0,020 and 0.011, respectively, is 
observed. Instead, the quantum yield increases to 0.068 
‘when both species are present in solution. The protona- 
tion of the amino group and the insertion of the metal 
cation in the benzocrown ether receptor depress the ef- 
ficiency of the photoinduced electron transfer processes 
enhancing the fluorescence. Thus, changes in the con- 
centrations of H* (11) and Na+ (12) from low to high 
‘values switch the emission intensity (O) from a low to 
high value. The relationship between the chemical in- 
puts I! and 12 and the optical output O translates into 
the truth table of an AND operation if a positive logic 
convention (low = 0, high = 1) is applied to all signals, 
‘The emission intensity is high (O = 1) only when the 
concentration of H* and Na* are high (11 = 1, 12-= 1) 
‘The emission intensity is low (O =0) for the other three 
input combinations. 
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2.2. Combinational Logic 
at the Molecular Level 


‘The fascinating molecular AND, NOT, and OR gates 
illustrated in Fig. 2,6 have stimulated the design of 
related chemical systems able to execute the three 
basic logic operations and simple combinations of 
thom [2.20, 21]. Most of these molecular switches 
convert chemical inputs into optical outputs. But the 
implementation of logic operations at the molecular 
level isnot limited to the use of chemical inputs, For ex- 
ample, electrical signals and reversible redox processes 
can be exploited to modulate the output of a molecular 
switch [2.24], The supramolecular assembly & (Fig. 2.7) 
executes a XNOR function relying on these operating 
principles. The electron rich etrathiafulvalene (TTF) 
‘guest threads the cavity ofa 7-clectron deficient bipyri- 
dinium (BIPY) host. In acetonitrile, an absorption band 
associated with the charge-transfer interactions between 
the complementary zr-surfaces is observed at 830 nm, 
Electrical stimulations alter the redox state of either the 
‘TTF orthe BIPY units encouraging the separation of the 
two components of the complex and the disappearance 
of the charge-transfer band. Electrolysis at a potential 
of +0.5V oxidizes the neutral TTF unit to a mono- 
cationic state. The now cationic guest is expelled from 
the cavity of the tetracationic host as a result of elec- 
trostatic repulsion. Consistently, the absorption band 
at 830nm disappears. The charge-transfer band, how- 
ever, is restored after the exhaustive back reduction of 
the TTF unit at a potential of OV. Similar changes 
in the absorption properties can be induced address- 
ing the BIPY units. Electrolysis at —0.3 V reduces the 
icationie BIPY units to their monocationic forms en- 
couraging the separation of the two components of the 
complex and the disappearance of the absorption band, 
‘The original absorption spectrum is restored afler the 
exhaustive back oxidation of the BIPY units ata poten- 
tial of O V. Thus, this supramolecular system responds to 
electrical stimulations producing an optical output. One 
of the electrical inputs (11) controls the redox state ofthe 
TIF unit switching between 0 and +0.5V. The other 
(2) determines the redox state ofthe bipyridinium units 
switching between — 0.3 and V. The optical output (0) 
is the absorbance of the charge-transfer band. A posi- 
tive logic convention (low = 0, high = 1) can be applied 
to the input I! and output O. A negative logic conven- 
tion (low = 1, high =0) can be applied to the input 2. 
‘The resulting wuth table corresponds to that of a XNOR 
circuit Fig. 2.7), The charge-transfer absorbance is high 
(0 = L)only when one voltage input is low and the other 
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Fig. 2.7 The charge-transfer absorbance of the complex 4 is high when the voltage input addressing the tetrathiafulvalene 
(TTF) unit is tow and that stimulating the bipyridinium (BLPY) units is high and vice versa. Ifa positive logic convention 
is applied to the TTF input and to the absorbance output (Low =O, high = 1) while a negative logic convention is applied 
to the BIPY input (low = 0, high = 1), the signal transduction of & translates into the truth table of a XNOR circuit 


is high (11 =0, 12 =) or vice versa (IM = 1, 2= 1), 
11s important to note that the input string with both 
11 and 12 equal to 1 implies that input potentials of 
+0.$ and —0.3 V are applied simultaneously to a solu- 
tion containing the supramolecular assembly 4 and not 
to an individual complex. OF course, the concomitant 
oxidation of the TTF guest and reduction of the BIPY 
units in the very same complex would be unrealistic. 
In bulk solution, instead, some complexes are oxidized 
while others are reduced, leaving the average solution 
composition unaffected. Thus, the XNOR operation ex- 
ecuted by this supramolecular system is a consequence 
of bulk properties and nota result of unimolecular signal 
transduction 

Optical inputs can be employed to operate the 
three-state molecular switch of Fig.2.8 in acetonitrile 
solution [2.25]. This chemical system responds to three 
inputs producing two outputs. The three input stimula- 
tions are ultraviolet light (11), visible light (12), and the 
concentration of H* (13). One ofthe two optical outputs 
is the absorbance at 401 nm (O1), which is high when 
the molecular switch is in the yellow-green state 6 and 
Jow in the other two cases. The other optical outputs the 
absorbance at $63 nm (02), which is high when the mo- 
lecular switch is in the purple state 7 and low inthe other 
two cases. The colorless spiropyran state 5 switches to 
the merocyanine form 7 upon irradiation with ultraviolet 
light. Itswitches to the protonated meroeyanine from 6 
when treated with H*. The colored state 7 isomerizes 
back to inthe dark orupon irradiation with visible light. 


Alternatively, 7 switches to 6 when treated with H*.The 
colored state 6 switches to 5, when irradiated with vis~ 
ible light, and to, afer the removal of H*. In summary, 
this three-state molecular switch responds to two optical 
inputs (11 and 12) and one chemical input (13) producing 
‘two optical outputs (01 and 02). Binary digits can be 
‘encoded on each signal applying positive logic conven- 
tions (low =0, high = 1). Itfollows that the three-state 
molecular switch converts input strings of three binary 
digits into output strings of two binary digits. The cor- 
responding truth table (Fig. 2.8) reveals that the optical 
output O1 is high (O1 = 1) when only the input 13 is ap- 
plied (11 =0, 12 =0, 13 = 1), when only the input 12 is 
not applied (Il = 1, 2 =0, 13 =0), or when all three 
inputs are applied (II = 1, 12 =0, 13 =0). The optical 
output O2 is high (O2= 1) when only the input 11 is 
applied (I1 = 1, 12 =0, 13 =0) or when only the input 
1 is not applied (II = 1, 12=0, 13 =0). The combi- 
national logic circuit (Fig. 2.8) equivalent to this truth 
table shows that all three inputs determine the outpat 
1, while only 11 and 13 control the value of 02, 


2.2.5 Intermolecular Communication 


‘The combinational logic circuits in Figs. 2.7 and 2.8 
are arrays of interconnected AND, NOT, and OR oper- 
ators. The digital communication between these basic 
logic elements ensures the execution of a sequence of 
simple logic operations that results in the complex logic 
function processed by the entire circuit. It follows that 


Springer Handbook o Napotechnalo 
Penge Shuchon © springer 2004 


6 


Nanomaterials Synthesis and Applications: Molecule-Based Devices 


12.2 Molecular Switches and Logic Gates 


.8 Ultraviolet light (11), visible light (12), and H* (13) 
inputs induce the interconversion between the three states 5, 
6, and 7. The colorless state 5 does not absorb inthe visible 
region, The yellow-green state 6 absorbs at 401 nm (Ol). 
"The purple state 7 absorbs at 563 nm (02). The truth table 
illustrates the conversion of input strings of three binary 
digits (11, 2, and 13) into output strings of two binary 
digits (O1 and ©2) operated by this three-state molecular 
switch. A combinational logic circuit incorporating nine 
AND, NOT, and OR operators correspond to this particular 
truth table 


the logic function of a given circuit can be adjusted 
altering the number and type of basic gates and their 
interconnection protocol [2.17]. This modular approach 
to combinational logic circuits is extremely powerful 
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‘Any logic function can be implemented connecting the 
appropriate combination of simple AND, NOT, and OR 
gates, 

The strategies followed so far to implement com- 
plex logic functions with molecular switches are based 
fon the careful design of the chemical system and on 
the judicious choice of the inputs and outputs (2.20,21] 
AA specific sequence of AND, NOT, and OR operations 
is programmed in a single molecular switch. No digital 
communication between distinct gates is needed since 
they are built in the same molecular entity. Though ex- 
tremely elegant, this strategy does not have the same 
versatility of a modular approach. A different molecule 
has to be designed, synthesized, and analyzed every 
single time a different logic function has to be real- 
ized. In addition, the degree of complexity that can be 
achieved with only one molecular switch is fairly lim- 
ited. The connection of the input and output terminals 
of independent molecular AND, NOT, and OR opera- 
tors, instead, would offer the possibility of assembling 
any combinational logic circuit from three basic building 
blocks. 

In digital electronics, the communication between 
two logic gates can be realized connecting their ter- 
minals with a wire [2-19]. Methods to transmit binary 
data between distinct molecular switches are not so ob- 
vious and must be identified. Recently we developed 
two strategies to communicate signals between compat- 
ible molecular components. In one instance, a chemical 
signal is communicated between two distinet molecular 
switches [2.26]. They are the three-state switch illus- 
trated in Fig. 2.8 and the two-state switch of Fig, 2.9 
‘The merocyanine form 7 is a photogenerated base. Its 
prnitrophenolate fragment, produced upon irradiation of 
the colorless state 5 with ultraviolet light, ean abstract 
4 proton from an acid present in the same solution, The 
resulting protonated form 6 is a photoacid, It releases 
2 proton upon irradiation with visible light and can pro- 
tonate a base co-dissolved in the same medium, The 
orange azopyridine 8 switches to the red-purple azopy- 
ridinium 9 upon protonation. This process is reversible, 
and the addition of a base restores the orange state 8. 
It follows that photoinduced proton transfer can be ex- 
ploited to communicate a chemical signal from 6 to 8 
and from 9 to 7. The two colored states 8 and 9 have 
different absorption properties in the visible region. In 
acetonitrile, the orange state 8 absorbs at 422m, and 
the red-purple state 9 absorbs at $56.nm, The changes in 
absorbance of these two bands can be exploited to mon- 
itor the photoinduced exchange of protons between the 
two communicating molecular switches. 
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‘The three-state molecular switch and the two-state 
molecular switch can be operated sequentially when 
dissolved in the same acetonitrile solution, In the pres- 
ence of one equivalent of H*, the two-state molecular 

itch isin state 9 and the absorbance at 556 nm is high 
(0 = 1), Upon irradiation with ultraviolet light (11 = 0), 
5 switches to7. The photogenerated base deprotonates 9 
producing 8 and 6. Asaresult, the absorbance at $56 nm 
decreases (O = 0). Upon irradiation with visible light 
(12 =1), 6 switches to § releasing H*. The result is 
the protonation of 8 to form 9 and restore the high 
absorbance at $56nm (O = 1). In summary, the three- 
state molecular switch transduces two optical inputs 
(11 = ultraviolet light, 12 = visible ight) into a chem- 
ical signal (proton transfer) that is communicated to the 
two-state molecular switch and converted into a final 
optical output (O = absorbance at 556.nm). 

‘The logic behavior of the two communicating 
molecular switches is significantly different from those 
of the chemical systems illustrated in Figs. 2.6, 2.7, 
and 2.8 [2.26]. The truth table in Fig.2.9 lists the four 
possible combinations of two-digit input strings and the 
corresponding one-digit output. The output digit O for 
the input strings 01, 10, and 11 can take only one value, 
In fact, the input string 01 is transduced into a 1, and the 
input strings 10 and 11 are converted into 0. Instead, the 


Fig.2.9 The concentration of H* controls the reversible 
interconversion between the two states 8 and 9, In response 
to ultraviolet (11) and visible (12) inputs, the three-state mo- 
lecular switch in Fig. 2.7 modulates the ratio between these 
two forms and the absorbance (O) of 9 through photoin- 
dduced proton transfer. The truth table and sequential logic 
circuit illustrate the signal tansduction behavior ofthe two 
‘communicating molecular switches. The interconversion 
between the five three-digit stings of input (11 and 12) and 
output (O) data is achieved varying the input values in steps 


output digit O for the input string 00 can be either O or | 
‘The sequence of events leading to the input string 00 
determines the value of the output. The boxes a-e in 
Fig. 2.9 illustrates this effect. They correspond to the 
five three-digit inpuVoutput strings. The transformation 
of one box into any of the other four is achieved in one or 
two steps by changing the values of Il and/or 12. In two 
instances (a and b), the two-state molecular switch is in 
state 9, and the output signal is high (O = 1). Inthe other 
three cases (c, d, and e), the two-state molecular switch 
is in state 8, and the output signal is low (O = 0). The 
strings 000 (e) and 001 (a) correspond to the first entry of 
the truth table. They share the same input digits but dif- 
fer in the output value. The string 000 (e) can be obtained 
only from the string 100 (e) varying the value of I1. Sim- 
ilarly, the string 001 (a) can be accessed only from the 
string O11 (b) varying the value of 12. In both transfor- 
‘mations, the output digit remains unchanged. Thus, the 
value of O1 in the parent string is memorized and main- 
tained in the daughter string when both inputs become 0. 
‘This memory effect is the fundamental operating prin- 
ciple of sequential logic circuits [2.17], which are used 
extensively to assemble the memory elements of modern 
microprocessors. The sequential logic circuit equivalent 
to the truth table of the two communicating molecular 
switches is also shown in Fig. 2.9. In this circuit, the 
input data 11 and 12 are combined through NOT, OR, 
and AND operators. The output of the AND gate O is 
also an inpat of the OR gate and controls, together with 
11 and 12, the signal transduction behavior. 

‘The other strategy for digital transmission between 
‘molecules is hased on the communication of optical sig- 
nals between the three-state molecular switch (Fig. 2.8) 
and fluorescent compounds [2.27.28]. In the optical net- 
work of Fig.2.10, three optical signals travel from an 
excilation source to a detector after passing through 
two quartz cells. The first cell contains an equimolar 
acetonitrile solution of naphthalene, anthracene, and 
tetracene, The second cell contains an acetonitrile solu- 
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Fig. 2.10 The excitation source sends three monochromatic light beams (275, 357, and 441 nm) to a quartz cell containing 
aan equimolar acetonitrile solution of naphthalene, anthracene and tetracene. The three fluorophores absorb the exciting 
‘beams and reemit at 305, 401, and $44.nm, respectively. The light emitted in the direction perpendicular tothe exciting 
beams passes through another quartz cell containing an acetonitrile solution of the three-state molecular switch shown 
in Fig.2,7. Ultraviolet (11), visible (12), and H+ (13) inputs control the interconversion between the three states of 
the molecular switch. They determine the intensity of the optical outputs reaching the detector and correspond to the 
‘naphthalene (01), anthracene (02), and tetracene (03) emissions. The truth table and equivalent combinational logic 
illustrate the relation between the three inputs and the three outputs. The output O1 is always 0, and itis not influenced 


by the three inputs. Only two inputs determine the value of O3, while all of them control the output O2 


tion of the three-state molecular switch. The excitation 
source sends three consecutive monochromatic light 
beams to the first cell stimulating the emission of the 
three fluorophores. The light emitted in the direction per- 
pendicular to the exciting beam reaches the second cell. 
‘When the molecular switch is in state 5, the naphtha- 
lene emission at 335.nm is absorbed and a low intensity 
‘output (01) reaches the detector. Instead, the anthracene 
and tetracene emissions at 401 and 544 nm, respectively, 
pass unaffected and high intensity outputs (02 and 03) 
reach the detector. When the molecular switch is in 
state 6, the naphthalene and anthracene emissions are 
absorbed and only the tetracene emission reaches the 
detector (01 = 0, 02 = 0, 03 = 1). When the molecu- 
larswitch is state 7, the emission of al three fluorophores 
is absorbed (Ol = 0, 02 = 0, 03 = 0). The interconver- 
sion of the molecular switch between the three states is 
induced addressing the second cell with ultraviolet (11), 
visible (12) and H (13) inputs. Thus, three independent 
optical outputs (O1, 02 and 03) can be modulated stim- 
ulating the molecular switch with two optical and one 
chemical input. The truth table in Fig. 2.10 illustrates 
the relation between the three inputs (I1, 12 and 13) and 
the three outputs (O1, 02 and 03), when positive logic 
conventions are applied to all signals, The equivalent 
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logic circuit shows that all three inputs control the an- 
thracene channel ©2, but only 11 and 1 influence the 
tetracene channel 03. Instead, the intensity of the naph- 
thalene channel O1 is always low, and it is not affected 
by the three inputs. 

‘Tho operating principles of the optical network in 
Fig. 2.10 can be simplified to implement all-optical logic 
gates. The chemical input inducing the formation of the 
protonated form 6 of the molecular switch can be elim- 
inated, The interconversion between the remaining two 
states 5 and 7 can be controlled relying exclusively on 
ultraviolet inputs. Indeed, ultraviolet irradiation induces 
the isomerization of the colorless form 5 to the col- 
cored species 7, which reisomerizes to the original state 
in the dark. Thus, a single ultraviolet source is suffi 
cient to control the switching from 5 to 7 and vice versa, 
(On the basis of these considerations, all-optical NAND, 
NOR, and NOT gates can be implemented operating 
sequentially or in parallel from one to three independent 
switching elements [2.28]. For example, the all-optical 
network illustrated in Fig.2,11 is a three-input NOR 
gate. A monochromatic optical signal travels from a vis- 
ible source to a detector. Three switching elements are 
aligned along the path of the traveling light. They are 
{quartz cells containing an acetonitrile solution of the mo- 
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Fig. 2.11 The visible source sends 1 monochromatic beam (563 nm) to the detector. The waveling light is forced to pass 
through three quartz cells containing the molecular switch illustrated in Fig. 2.7. The three switching elements are operated 
by independent ultraviolet inputs. When at least one of them ison, the associated molecular switch isin the purple formn7, 
\hich can absorb and block the traveling light. The truth table and equivalent logic circuit illustrate the relation between 


the three inputs 11, 12, and 13 and the optical output O 


lecular switch shown in Fig. 2.8. The interconversion of 
the colorless form 5 into the purple isomer 7 is induced 
stimulating the cell with an ultraviolet input. The rei- 
somerization from 7 to 5 occurs spontaneously, as the 
ultraviolet sources is turned off. Using three distinct ul- 
traviolet sources, the three switching elements can be 
controlled independently. 

‘The colorless form § does not absorb in the visible 
region, while the purple isomer 7 has a strong absorption 
band at 563nm. Thus, a 563mm optical signal leaving 
the visible source can reach the detector unaffected only 
if all three switching elements are in the nonabsorbing 
state 5. [fone of the three ultraviolet inputs 11, 12, or 13 


2.3 Solid State Devices 


‘The fascinating chemical systems illustrated in 
Figs. 26-2.11 demonstrate that logic functions can 
be implemented relying on the interplay between de- 
signed molecules and chemical, electrical and/or optical 
signals [220,21] 


2.3.1 From Functional Solutions 
to Electroactive 
and Photoactive Solids 


‘These molecular switches, however, are operated exclu 
sively in solution and remain far from potential 
applications in information technology at this stage. 


is tured on, the intensity of the optical output © drops 
to 3-4% of its original value, Iftwo or three ultraviolet 
inputs are turned on simultaneously, the optical output 
drops to 0%. Indeed, the photogenerated state 7 absorbs 
and blocks the traveling light. Applying positive logic 
conventions to all signals, binary digits ean be encoded 
in the three optical inputs and in the optical output. 
‘The resulting truth table is illustrated in Fig. 2.11. The 
output O is 1 only if all three inputs 11, 12, or 13 are 0. 
‘The output O is O if at least one of the three inputs 
11, 12, or 13 is 1. This signal transduction corresponds 
to that executed by a three-input NOR gate, which is 
combination of one NOT and two OR operators. 


‘The integration of liquid components and volatile or- 
ganic solvents in practical digital devices is hard to 
envisage. Furthermore, the logic operations executed 
by these chemical systems rely on bulk addressing. 
Although the individual molecular components have 
nanoscaled dimensions, macroscopic collections of 
them are employed for digital processing. In some in- 
stances, the operating principles cannot even be scaled 
down to the unimolecular level. Often bulk properties 
are responsible for signal transduction. For example, 
a single fluorescent compound 2 cannot execute an OR 
operation. Its azacrown appendage can accommodate 
only one metal cation. As a result, an individual molecu- 
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lar switch can respond to only one of the two chemical 
inputs. tis a collection of numerous molecular switches 
dissolved in an organic solvent that responds to both 
inputs enabling an OR operation. 

‘The development of miniaturized molecule-based 
devices requires the identification of methods to trans- 
fer the switching mechanisms developed in solution to 
the solid state [2.29]. Borrowing designs and fabrication 
strategies from conventional electronics, researchers are 
starting to explore the integration of molecular com- 
ponents into functional circuits and devices [2.30-33] 
Generally, these strategies combine lithography and sur- 
face chemistry to assemble nanometer-thick organic 
films on the surfaces of microscaled or nanoscaled 
electrodes. Two main approaches for the deposition 
of organized molecular arrays on inorganic supports 
hhave emerged so far. In one instance, amphiphilic 
‘molecular building blocks are compressed into orga- 
nized monolayers at at/water interfaces, The resulting 


films can be transferred on supporting solids employing 
the Langmuir-Blodgett technique [2.34]. Alternatively, 
certain molecules can be designed to adsorb sponta- 
neously on the surfaces of compatible solids from liquid 
for vapor phases, The result is the self-assembly of 
organic layers on inorganic supports [2.35], 


2.3.2 Langmuir—Blodgett Films 

Films of amphiphilic molecules can be deposited on 
variety of solid supports employing the Langmuir 
Blodgett technique [2.34]. This method can be extended 
to electroactive compounds incorporating hydrophilic 
and hydrophobic groups. For example, the am- 
phiphile 10 (Fig. 2.12) has a hydrophobic hexadecy! tail 
attached to a hydrophilic bipyridinium dication [2.36, 
37]. This compound dissolves in mixtures of chloro- 
form and methanol, but it is not soluble in moderately 
concentrated aqueous solutions of sodium perchlorate 
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‘Thus the spreading of an organic solution of 10 on an 
aqueous sodium perchlorate subphase affords a collec- 
tion of disorganized amphiphiles floating on the water 
surface (Fig. 2.12), after the organic solvent has evapo- 
rated, The molecular building blocks can be compressed 
into a monolayer withthe aid of a moving barrier. The 
hydrophobic tails align away from the aqueous phase. 
‘The hydrophilic dicationic heads and the accompany- 
ing perchlorate counterions pack to form an organized 
monolayer at the arfwater interface. The compression 
process can be monitored recording the surface pressure 
(cr)-area per molecule (A) isotherm, which indicates 
4 limiting molecular area of ca. 50 A. This value is 
larger than the projected area of an oligomethylene 
chain. It correlates reasonably, however, with the over- 
all area ofa bipyriinium dication plus two perchlorate 

“The monolayer prepared at the airhvater interface 
(Fig. 2.12) canbe transferred on the surface ofa indium. 
tin oxide electrode pre-immersed in the aqueous phase 
‘The slow lifting of the solid support drags the mono- 
layer away from the aqueous subphase. The final result 
isthe coating of the electrode with an organic film con- 
taining electroactive bipyridinium building blocks. The 
modified electrode can be integrated in a conventional 
electrochemical cell to probe the redox response ofthe 
electroactve layer. The resulting cyclic voltammograms 
reveal the characteristic waves for the first reduction 
process of the bipyridinium dications, confirming the 
successful transferof the electroactive amphiphiles from 
the airhwater interface to the electrode surface. The 
integration of the redox waves indicates a surface cov- 
‘erage of ca. 4x 10! mol em~2. This value corresponds 
to a molecular area of ca. 40A? and is in excellent 
agreement with the limiting molecular srea ofthe A 
isotherm. 

‘These seminal experiments demonstrate that elec- 
trogctive amphiphiles can be organized into uniform 
monolayers at the aifwater interface and then trans- 
ferred efficiently onthe surface of appropriate substrates 
to produce electrode/monolayer junctions. The result 
ing electroactive materials can become the funetional 
components of molecule-based devices, For exam- 
ple, bipyridinium-based photodiodes ean be fabricated 
following this approach [2.38.39 Their operating prin- 
ciples rely on photoinduced electron transfer from 
chromophoric units to bipyridinium acceptors, The 
electroactive and photoactive amphiphile 1 (Fig. 2.13) 
incorporates hydrophobic ferrocene and pyrene tails and 
a hydrophilic bipyridinium head. Chloroform solutions 
OF M1 containing ten equivalents of arachidic acid can 


Fig.2.13 Mixed monolayers of the amphiphile 11 and 
arachidic acid can he wansferred from the air/water interface 
to the surface of an electrode to generate a molecule-based 
photodiode 


be spread on an aqueous calcium chloride subphase in 
a Langmuir trough. The amphiphiles can be compressed 
into a mixed monolayer, after the evaporation of the 
organic solvent, Pronounced steps in the correspond- 
ing x-A isotherm suggest that the bulky ferrocene and 
pyrene groups are squeezed away from the water sur- 
face. In the final arrangement, both photoactive groups 
align above the hydrophobic dication, 

‘A mixed monolayer of 1 and arachidie acid can be 
transferred from the air/water interface to the surface 
of a transparent gold electrode following the methodol- 
ogy illustrated for the system in Fig.2.12. The coated 
electrode can be integrated in a conventional electro- 
chemical cell. Upon irradiation at 330nm under an 
inert atmosphere, an anodic photocurrent of ca. 2nA 
develops at a potential of OV relative to a saturated 
calomel electrode. Indeed, the illumination of the elec- 
troactive monolayer induces the electron transfer from 
the pyrene appendage to the bipyridinium acceptor and 
then from the reduced acceptor to the electrode. A see- 
ond intramolecular electron transfer from the ferrocene 


Springer Handbook Nanotechnology 
"BBhushon @ Springer 2068 


& 


Nanomaterials Synthesis and Applications: Molecule-Based Devices 


2.3 Solid State Devices, 


donor to the oxidized pyrene fills its photogenerated 
hole. Overall, a unidirectional flow of electrons across 
the monolayer/electrode junction is established under 
the influence of light, 

‘The ability to transfer clectroactive monolayers 
from air/water interfaces to electrode surfaces can 
be exploited to fabricate molecule-based electronic 
devices. In particular, arrays of interconnected elec- 
trode/monolayer/electrode tunneling junctions can be 
assembled combining the Langmuir-Blodgett technique 
‘with electron beam evaporation [2.33]. Fig. 2,4 illus- 
trates a schematic representation of the resulting devices. 
Initially, parallel fingers are patterned on a silicon wafer 
‘with a silicon dioxide overlayer by electron beam evap- 
‘ration, The bottom electrodes deposited on the support 
can be either aluminum wires covered by an aluminum 
‘oxide or n-doped silicon lines with silicon dioxide over- 
layers. Their widths are ca. 6 or 7m, respectively. 
‘The patterned silicon chip is immersed in the aque- 
‘ous subphase of a Langmuir trough prior to monolayer 


formation. After the compression of electroactive am- 
phiphiles atthe air/water interface, the substrate is pulled 
‘out of the aqueous phase to encourage the transfer of 
the molecular layer on the parallel bottom electrodes as 
well as on the gaps between them. Then, a second set 
of electrodes orthogonal to the first is deposited through 
‘a mask by electron beam evaporation. They consist of 
‘titanium underlayer plus an aluminum overlayer. Their 
thicknesses are ca. 0.05 and 1 jum, respectively, and their 
‘width is ca. 10 jum. In the final assembly, portions of 
the molecular layer become sandwiched between the 
bottom and top electrodes. The active areas of these elec. 
trode/monolayer/electrode junctions are ca. 60-70 ys 
and correspond to ca. 10 molecules, 

The [2]rotaxane 12 (Fig, 214) incorporates a macro- 
cyclic polyether threaded onto a bipyridinium-based 
backbone [2.40, 41]. The two bipyridinium dications 
are bridged by a m-phenylene spacer and terminated by 
tetraarylmethane appendages. These two bulky groups 
trap mechanically the macracycle preventing its dis- 


(Top electrode 


‘Support 


ezivued 


1¥ The [2}rotaxane 12 and the [2catenane 13 can be compressed into organized monolayers at air/water interfaces, ‘The 
resulting monolayers can be transferred on the bottom electrodes of a patterned silicon support. After the deposition of a top 
electrode, electrode/monolayer/electrode junctions can be assembled. Note that only the portion of the monolayer sandwiched 
between the top and bottom electrodes is shown in the diagram. The oxidation of the tetrathiafulvalene unit ofthe [2Jeatenane 13 
is followed by the circumrotation of the macrocyclic polyether to afford the [2Jcatenane 1, The process is reversible, and the 
reduction of the cationic tetrathiafulvalene unit restores the original state 


> Springer Handogo w Nanotechnol 


26 Part A 


Nanostructures, Micro/Manofabrication, and Micro/Nanodevices. 


ezfy ued 


sociation from the tetracationic backbone. In addition, 
their hydrophobicity complements the hydrophilicity of 
the two bipyridinium dications imposing amphiphilic 
character on the overall molecular assembly. This com- 
pound does not dissolve in aqueous solutions and can 
be compressed into orgunized monolayers at sirfwater 
interfaces. The corresponding A isotherm reveals 
a limiting molecular area of ca. 130A2, This large 
value isa consequence of the bulk associated with the 
hydrophobic tetraarylmethane tals and the macrocycle 
encircling the tetrcationic backbone 

‘Monolayers ofthe (2jrotaxane 12 can be transferred 
from the air/water interface to the surfaces ofthe bottom 
aluminum/aluminum oxide electrades ofa patterned sil 
icon chip with the hydrophobic tetraaryImethane groups 
pointing away from the supporting substrate, The sub- 
sequent assembly ofa top titanium/aluminum electrode 
affords electrode/monolayer/electrode junctions. Their 
current/voltage signature can be recorded grounding the 
top electrode and scanning the potential ofthe bottom 
electrode. A pronounced increase in current is observed 
when the potential is lowered below —0.7 V. Under 
these conditions. the bipyridinium-centered LUMOs 
mediate the tunneling of electrons from the bottom 
to the top electrode leading to a current enhancement. 
A similar current profile is observed ifthe potential is 
returmed to 0 and then back to 2. Instead, « mod- 
est increase in current in the opposite direction is 
observed when the potential is raised above +-0.7V. 
Presumably, this trend is a result of the participation 
of the phenoxy-centered HOMOs in the tunneling pro- 
cess. After a single positive voltage pulse, however 
no current can be detected if the potential is retuned 
to negative values. In summary, the postive potential 
scan suppresses imreversibly the conducting ability of 
the elecrode/molecule/electrode junction, The behav- 
ior of this device correlates with the redox response 
of the [2Jrotaxane 12 in solution, Cyclic voltammo- 
grams reveal reversible monoelectronic reductions of 
the bipyridinium dications. But they also show two 
itreversible oxidations associated, presumably, with the 
phenoxy rings of the macrocycle and tetraarylmethane 
groups, These observations suggest that a positive volt 
age pulse applied to the electrade/monolayerielectrode 
junction oxidizes ireversibly the sandwiched molecules 
suppressing their ability to mediate the transfer of 
electrons from the bottom to the top electrode under 
a negative bis. 

‘The device incorporating the [2}rotaxane 13 can be 
exploited to implement simple logic operations [2.40] 
‘The two bottom electrodes can be stimulated with 


voltage inputs (11 snd 12) while measuring a current 
output (0) atthe common top electrade. When at leat 
one of the two inputs is high (0'V), the output is low 
(<0.7 nA). When both inputs are low (~2V), the out 
Dut is high (ca. 4nA). Ifa negative logic convention is 
applied to the voltage inputs (low — 1, high = 0) and 
«positive logic convention is applied to the current out 
put (low 0, high = 1), the signal transduction behavior 
translates into the truth table ofan AND gate. The out 
put O is 1 only when both inputs are 1, Instead, an OR 
operation can be executed ifthe logarithm ofthe current 
is considered as the output. The logarithm of the cur- 
rent is —12 when both voltage inputs are OV. Irises to 
ca, ~9 when one or both voltage inputs are lowered to 
=2.V. This signal transduction behavior translates into 
the truth table ofan OR gate if a negative logic conven- 
tion is applied tothe voltage inputs (low = 1, high = 0) 
and a positive logic convention is applied to the current 
output (low = 0, high 1). The output O is 1 when at 
least one of the two inputs is 

“The [2Jeatenane 13 (Fig, 2.14) incorporates macro- 
cyclic polyether interlocked with a tetractionic 
cyclophane [2.42,43]. Organic solutions ofthe hexaflu- 
orophosphate salt of this [2Jeatenane and six equivalents 
of the sodium salt of dimyristoylphosphatidic acid 
can be co-spread on the water surface of a Langmuir 
trough [24]. The sodium hexafluorophosphate formed 
dissolves in the supporting aqueous phase, while the 
hydrophilic bipyridinium cations and the amphiphil 
anions remain at the interface. Upon compression, the 
anions align their hydrophobic tails away from the 
water surface forming a compact monolayer above the 
cationic bipyridinium derivatives. The corresponding 

isotherm indicates limiting molecular areas of 

ca, 125A, This large yalue is a consequence of the 
bulk associated withthe two interlocking macrocycles. 

Monolayers of the (2)catemane 13 can be trans- 
fered from the air/water interface to the surfaces 
of the bottom n-doped silicon/silicon dioxide elec- 
trodes of a patterned silicon chip with the hydrophobic 
tails of the amphiphilic anions pointing away from 
the supporting substrate [2.45, 46]. The subsequent 
assembly ofa top ttuniunv/aluminum electrode affords 
electrode/monolayerielectrade arrays. Their junction 
resistance can be probed grounding the top electrode 
and maintaining the potential of the bottom electrode 
at +0.1 V. Ifa voltage pulse of +2V is applied to the 
bottom electrode before the measurement, the junction 
resistance probed is ca. 0.7GQ. After a pulse of ~2 V 
applied to the bottom electrode, the junction resistance 
probed at +0.1'V drops ea. 0.3G2. Thus, alterna 
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separate contactiin the header, while all the but- 
tons share a common ground, More often, the 
buttons are matrix encoded, meaning that each 
of them bridges a unique pair of conductors ina 
matrix. A 16-button matrix is shown in 
Figure 5-11. This configuration is suitable for poll- 
ing by a microcontroller, which can be pro- 
grammed to send an output pulse to each of the 
four horizontal wires in turn. During each pulse, 
it checks the remaining four vertical wires in se- 
quence, to determine which one, if any, is carry- 
inga signal. Pullup or pulldown resistors should 
beadded to the input wires to prevent the inputs 
of the microcontroller from behaving unpredict- 
ably when no signal is present. The external ap- 
pearance of two keypadsis shown in Figure 5-12. 


+S I 5 
zd 


I 


Figure 5-11. Buttons in a numeric keypad are usually 
‘wired as a matrix, where each buttan makes a connection 
between 2 unique pair of wires. This system is suttable for 
being polled by a microcontroller. 


Tactile Switch 

Despite being called a switch, this is a miniature 
pushbutton, less than 0.4" square, designed for 
insertion in a printed-circuit board orin a solder- 
less breadboard, Itisalmost always a SPST device 
but may have four pins, one pair connected to 
each contact. Tactile switches may be PC- 
mounted behind membrane pads. An example 
is shown in Figure 5-13. 


power > connecti 


n> pushbutton 


Figure 5.12. The keypad on the left is matrixencoded, 
and is polled via seven through-hole pins that protrude 
behind it. The keypad on the right assigns each button to 
1 separate contact in its header. See the text for details 
‘about matrix encoding. 


Figure 5.13. A typical tactile switch. 


Membrane Pad 

Typically found on devices such as microwave 
ovens where contacts must be sealed against 
particles and liquids. Finger pressure on a mem- 
brane pad closes hidden or internal pushbut- 
tons, They are usually custom-designed for spe- 
cific product applications and are not generally 
available as generic off-the-shelf components. 
Some surplus pads may be found for sale on auc- 
tion websites. 
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ing positive and negative voltage pulses can switch 
reversibly the junction resistance between high and low 
values. This intriguing behavior is a result of the redox 
and dynamic properties ofthe [2|eatenane 13. 

Extensive spectroscopic and crystallographic stud- 
ies [2.42, 43] demonstrated that the tetrathiafulvalene 
unit resides preferentially inside the cavity of the tetra- 
cationic cyclophane of the [2Jeatenane 13 (Fig. 2.14) 
Attractive [1+ 2r] stacking interactions between the 
neutral tetrathiafulvalene and the bipyridinium dicat- 
ions are responsible for this co-conformation. Oxidation 
of the tetrathiafulvalene generates a cationic form 
that is expelled from the cavity of the tetracationic 
cyelophane. After the circumrotation of the macro- 
eyelic polyether, the oxidized tetrathiafulvalene is 
exchanged with the neutral 1,5-dioxynaphthalene pro- 
ducing the (2|catenane 1% (Fig.2.14). The reduction 
of the tetrathiafulvalene back to its neutral state is 
followed by the circumrotation of the macrocyclic 
polyether, which restores the original state 14. The 
voltage pulses applied to the bottom electrode of the 
electrode/monolayerjjunction oxidize and reduce the 
tetrathiafulvalene unit inducing the interconversion be- 
tween the forms 13 and 4, The difference in the 
stereoelectronic properties of these two states translates 
into distinct current/voltage signatures. Indeed, their 
ability to mediate the tunneling of electrons across the 
junction differs significantly. As a result, the junction 
resistance probed at a low voltage afier an oxidizing 
pulse is significantly different from that determined 
under the same conditions after a reducing pulse. 


2.3.3 Self-Assembled Monolayers 


In the examples illustrated in Figs. 2.12-2.15, mono- 
layers of amphiphilic and electroactive derivatives are 
assembled at air/water interfaces and then transferred 
fon the surfaces of appropriate substrates. An alterna- 
tive strategy to coat electrodes with molecular layers 
relies on the ability of certain compounds to adsorb 
spontaneously on solid supports from liquid or vapor 
phases [2.35]. In particular, the affinity of certain sul- 
furated functional groups for gold can be exploited to 
encourage the self-assembly of organic molecules on 
‘microscaled and nanoscaled electrodes. 

‘The electrode/monolayer/electrode junction in 
Fig. 2.|5a incorporates a molecular layer between two 
gold electrodes mounted on a silicon nitride support. 
‘This device can be fabricated combining chemical vapor 
deposition, lithography, anisotropic etching, and self- 
assembly [2.47]. Initially, a silicon wafer is coated 
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Fig. 215 
{a) A monolayer of the 
thiol 15 is embedded be- 
tween two gold electrodes 
‘maintained in position 
by a silicon nitride sup- 
port, (b) A monolayer of 
the bisthiol 16 is located 
between two gold elec- 
trodes and stimulated by 
a silicon gate 


with a SOnm thick layer of silicon nitride by low 
pressure chemical vapor deposition. Then, a square of 
400400 jum is pattemed on one side of the coated 
wafer by optical lithography and reactive ion etch- 
ing. Anisotropic etching of the exposed silicon up to 
the other side of the wafer Ieaves a suspended silicon 
nitride membrane of 40x40 jum. Electron beam lithog- 
raphy and reactive ion etching can be used to carve 
abowl-shaped hole (diameter = 30-50 nm) in the mem- 
brane. Evaporation of gold on the membrane fills the 
pore producing a bowl-shaped electrode. Immersion of 
the substrate in a solution of the thiol 15 results in the 
self-assembly of a molecular layer on the narrow part 
of the bowl-shaped electrode. The subsequent evapora- 
tion of a gold film on the organic monolayer produces 
an electrode/monolayer/electrode junction (Fig.2.15a) 
‘with a contact ares of less than 2,000 nm? and approxi- 
‘mately 1,000 molecules. 

Under the influence of voltage pulses applied to one 
of the two gold electrodes in Fig. 2.15a, the conductivity 
of the sandwiched monolayer switches reversibly 
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tween low and high values [2.48] Inthe inital state the ered below —0.2V. It is important to not, however, 
monolayers ina low conducting mode. A current out- that only the molecules within Sam from the mono: 
putof only 30pA is detected, wen a probing voliage of lzyefnsulator interface are responsible for conduction, 
“$0.25 V is applied tothe bow-shapedelecrode. Ifthe Thus the carent/voltage behavior ofthis three-erminal 
same electrode is stimulated with a short vollage pulse deviee is determined only by few thousand molecules, 
of +5, the monolayer switches toa high conducting Comveatinal tramistors are the basic. building 
tmode. Now a carent output of 1S0pA is measured at blocks of digital ciruits 2.19), They are routinely 

3 the same probing volage of +0.25V. Repeated prob- interconnected with specific configurations to execute 

2 ing ofthe current oblput at various infervale of time designed logic functions, The molocule-baed teandsior 

= indicates that the high conducting tate is memorized by in Fig, 2,15b is wo exception. can be used to assemble 

I the molecule-based device, and itis retained for more real electronic circuits incorporating molecular compo: 


than 15 min, The low conducting mode is restored after 
either a relatively long period of time or the stimula- 
tion of the bowl-shaped electrode with a reverse voltage 
pulse of ~5 V. Thus the current output switches from 
{Tow to ahigh value, ifa high voltage input is applied. 
It switches from a high to a low value, under the in- 
fluence of a low voltage pulse. This behavior offers the 
opportunity to store and erase binary data in analogy 
to a conventional random access memory [2.17]. Bi- 
nary digits can be encoded on the current output of the 
rmolecule-hased device applying a positive logic conven- 
tion (low = 0, high = 1), It follows that a binary 1 can 
be stored in the molecule-hased device applying a high 
voltage input, andit can be erased applying alow voltage 
input [2.48 

‘The electrode/monolayer/electrode junctions in 
Fig.2.14 and in Fig.2.15a are two-terminal devices. 
A voltage input is applied to one terminal, and a current 
output is measured at the other. The implementation 
of molecule-hased transistors, however, requires three 
terminals. A third electrode is needed to gate the cur- 
rent flowing between the source and drain terminals. 
‘These types of devices are much more versatile than 
their two-terminal counterparts for the implementation 
of logic functions, But the incorporation of molecular 
components in a three-terminal configuration is con- 
siderably more challenging. A remarkable example is 
the composite assembly in Fig.2.15b [249]. This field- 
effect transistor integrates a monolayer of the bisthiol 16 
and three electrodes. Conventional lithography and 
anisotropic etching are employed to define a vertical 
step ina doped silicon substrate. The resulting structure 
iscovered with an insulating layer of silicon dioxide with 
a thickness of ca. 301m, Then gold is evaporated on the 
bottom part of the step to allow the self-assembly the 
bisthiol 16. Under the influence of the gate voltage, the 
molecular components embedded in this device modu- 
late the current flowing between the source and drain 
electrodes. The intensity of the drain current increases 
by five orders of magnitude ifthe gate voltage is low- 


nents. The connection of the drain terminals of two 
molecule-based transistors affords an inverter [2.49] 
In this basic circuit, an output voltage switches from 
high (OV) to a low value (—2V) when an input volt- 
age varies from a low (~2 V) to a high value (0'V) and 
vice versa. This signal transduction behavior translates 
Into the truth table of a NOT gat, if a positive logic con- 
vention (low = 0, high = 1) is applied to the input and 
output voltages. 

‘The ability of thiols to self-assemble on the surface 
of gold can be exploited to fabricate nanocomposite 
materials integrating organic and inorganic compo- 
nents. For example, the bisthiol 17 forms monolayers 
(Fig. 2.16a) on gold electrodes with surface coverages 
of ca. 4.1x 10!" molem? (2.50, 51]. The formation of 
a thiolate~gold bond at one of the two thiol ends of 17 
is responsible for adsorption. The remaining thiol group 
points away from the supporting surface and can be 
exploited for further functionalization. Gold nanopar- 
ticles adsorb on the molecular layer (Fig. 2.16), once 
again, as a result of thiolate-gold bond formation, 
‘The immersion of the resulting material in a methanol 
solution of 17 encourages the adsorption of an ad- 
ditional organic layer (Fig.2,16c) on the composite 
material. Following these procedures, up to ten alter- 
nating organic and inorganic layers can be deposited 
on the electrode surface. The resulting assembly can 
mediate the unidirectional electron transfer from the 
supporting electrode to redox active species in solu- 
tion, For example, the cyclic voltammogram of the 
[Ru(NH)6)°+/2* couple recorded with a bare gold 
electrode reveals a reversible reduction process. In the 
presence of ten altemating molecular and nanoparticle 
layers on the electrode surface, the reduction potential 
shifts by ca. —0.2V and the back oxidation wave dis- 
appears. The pronounced potential shift indicates that 
[Ru(NHs)6]>* accepts electrons only after the surface- 
confined bipyridinium dications have been reduced. The 
lack of reversibility indicates that the back oxidation to 
the bipyridinium dications inhibits the transfer of elec- 
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trons from the [Ru(NH3)¢]°* to the electrode. Thus 
the electroactive multilayer allows the flow of elec- 
trons in one direction only in analogy to conventional 
diodes. 

‘The current/voltage behavior of individual nanopar- 
ticles in Fig. 2.16b can be probed by scanning tunneling 
spectroscopy in an aqueous electrolyte under an inert 
atmosphere [2.52]. The platinum-iridium tip of a scan- 
ning tunneling microscope i positioned above one of the 
old particles. The voltage of the gold substrate relative 
to the tip is maintained at —0.2V while that relative to 
reference electrode immersed in the same electrolyte is 
varied to control the redox state of the electroactive units 
Indeed, the bipyridinium dications in the molecular layer 
can be reduced reversibly to a monocationic state. The 
resulting monocations can be reduced further and, once 
again, reversibly to a neutral form. Finally, the current 
flowing from the gold suppor tothe tip of the scanning 
tunneling microscope is monitored as the tip-particle 
distance increases, From the distance dependence of the 
current, inverse length decays of ca. 16 and 7am“! for 
the dicationic and monocationic states, respectively, of 
the molecular spacer can be determined. The dramatic 
decrease indicates that the reduction of the electroactive 
unit facilitates the tunneling of electrons through the 
golt/molecule/nanoparticle/tip junction. In summary, 
a change in the redox state of the bipyridinium com- 
ponents can be exploited to gate reversibly the current 
flowing through this nanoscaled device. 

Similar nanostructured materials, combining mo- 
lecular and nanoparticles layers, can be prepared on 
layers on indium-tin oxide electrodes following mul- 
tistep procedures [2.53]. The hydroxylated surfaces 
of indium-tin oxide supports can be functionalized 
with 3-ammoniumpropylysilyl groups and then ex- 
posed to gold nanoparticles having a diameter of ca. 
13nm [254,55], Electrostatic interactions promote the 
adsorption of the nanoparticles on the organic layer 
(Fig. 2.172). The treatment of the composite film with 
the bipyridinium cyclophane 18 produces an organic 
layer on the gold nanoparticles (Fig. 2.18b). Following 
this approach, alternating layers of inorganic nanopar- 
ticles and organic building blocks can be assembled on 
the indium-tin oxide support. Cyclic voltammograms 
of the resulting materials show the oxidation of the 
gold nanoparticles and the reduction of the bipyridinium 
units. The peak current for both pracesses increases with 
the number of alternating layers. Comparison of these 
values indicates that the ratio between the number of 
tetracationic cyclophanes and that of the nanoparticles 
sca 100: | 
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Fig. 2.16 (a) The bisthiol 18 self-assembles on gold electrodes as 
4 result of thiolate-gold bond formation, (b) Gold nanoparticles 
adsorb spontaneously on the molecular layer. (e) Exposure of the 
composite assembly to a solution of 18 results in the formation of an 
additional molecular layer on the surface ofthe gold nanoparticles 


The tetracationic cyclophane 18 binds dioxyarenes 
in solution [2.56, 57]. Attractive supramolecular forces 
between the electron deficient bipyridinium units and 
the electron rich guests are responsible for complexa- 
tion. This recognition motif can be exploited to probe 
the ability of the composite films in Fig. 2.17b.cto sense 
electron rich analytes. In particular, hydroquinone is 
expected to enter the electron deficient cavities of the 
surface-confined cyclophanes. Cyclic voltammograms 
consistently reveal the redox waves associated with the 
reversible oxidation of hydroquinone even when very 
small amounts of the guest (ca. 1 10° M) are added to 
the electrolyte solution [2.54, 55]. No redex response 
can be detected with a bare indium-tin oxide electrode 
under otherwise identical conditions, The supramolecu- 
lar association of the guest and the surface confined 
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eyclophanes increases the local concentration of hydro- 
‘quinone at the electrode/solution interface enabling its 
electrochemical detection, 

Following related strategy, the [2|catenane 19 
(Fig. 2.17) can be incorporated into similar composite 
arrays [2.58,59]. This interlocked molecule incorporates 
a Ru(ID)/trisbipyridine sensitizer and two bipyridinium 
acceptors. Upon irradiation of the composite mater- 
ial at 440 nm, photoinduced electron transfer from the 


Fig. 2.17 (a) Gold nanoparticles 
assemble spontaneously on pre- 
functionalized indium-tin oxide 
electrodes. (b) Electrostatic inter- 
actions encourage the adsorption of 
the tetracationic eyclophane 18 on 
the surface-confined nanoparticles. 
(0) An additional layer of nano- 
particles assembles on the cationic 
organic coating. Similar composite 
films can be prepared using the tetra- 
cationic [2}eatenane 19 instead of 
the eyelophane 18. (d) Phosphonate 
groups can be used to anchor molecu- 
[ar building blocks to ttanium dioxide 
nanoparticles 


sensitizer to the appended acceptors occurs, The photo- 
generated hole in the sensitizer i filled after the transfer 
‘of an electron from a sacrificial electron donor present 
in the electrolyte solution, Under a positive voltage bias 
applied to the supporting electrode, an electron flow 
from the bipyridinium acceptors to the indium-tin oxide 
supportis established. The resulting current switches be- 
toween high and low values as the light source is turned 
‘on and off. 
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Another photoresponsive device, assembled com- 
bining inorganic nanoparticles with molecular building 
blocks, is illustrated in Fig. 2.17, Phosphonate groups 
can be used to anchor a Ru(ID)trisbipyridine complex 
with an appended bipyridinium dication to titanium 
dioxide nanoparticles deposited on a doped tin oxide 
electrode [2.6061]. The resulting composite array can 
be integrated in aconventional electrochemical cell filled 
‘with an aqueous electrolyte containing triethanolamine. 
Under a bias voltage of —0.45 V and irradiation at 
532nm, 95% of the excited ruthenium centers trans- 
fer electrons to the titanium dioxide nanoparticles. The 
other 5% donate electrons to the bipyridinium dicat- 
ions. All the electrons transferred to the bipyridinium 
acceptors return to the ruthenium centers, while only 
‘80% of those accepted by the nanoparticles return to 
the wansition metal complexes, The remaining 15% 
reach the bipyridinium acceptors, while electron transfer 
from sacrificial triethanolamine donors fills the photo- 
generated holes left in the ruthenium sensitizers, The 
photoinduced reduction of the bipyridinium dication is 
accompanied by the appearance of the characteristic 
‘band of the radical cation in the absorption spectrum. 
‘This band persists for hours under open circuit condi- 
tions. Butit fades in ca. 15 s undera voltage bias of +1 V, 
as the radical cation is oxidized back to the dicationic 
form. In summary, an optical stimulation accompanied 
by a negative voltage bias reduces the bipyridinium 
building block. The state of the photogenerated form 
ccan be read optically, recording the absorption spectrum, 
in the visible region, and erased electrically, applying 
1 positive voltage pulse. 


2,3. Nanogaps and Nanowires 


‘The operating principles of the electroactive and pho- 
toactive devices illustrated in Figs. 2.12-2.17 exploit 
the ability of small collections of molecular compo- 
nents to manipulate electrons and photons. Designed 
molecules are deposited on relatively large electrodes 
and can be addressed electrically and/or optically by 
controlling the voltage of the support and/or illuminating, 
its surface, The transition from devices relying on col- 
lections of molecules to unimolecular devices requires 
the identification of practical methods to contact single 
‘molecules. This fascinating objective demands the rather 
challenging miniaturization of contacting electrodes to 
the nanoscale. 

A promising approach to unimolecular devices relies 
fon the fabrication of nanometer-sized gaps in metal- 
lic features followed by the insertion of individual 
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molecules between the terminals of the gap. This strat- 
egy permits the assembly of nanoscaled three-terminal 
devices equivalent to conventional transistors (2.62-64]. 
‘Aremarkable example is illustrated in Fig. 2.18a [2.62]. 
It incorporates a single molecule in the nanogap gen- 
crated between two gold electrodes. Initially electron 
beam lithography is used to pattern a gold wire on 
a doped silicon wafer covered by an insulating silicon 
dioxide layer. Then the gold feature is broken by elec- 
tromigration to generate the nanogap. The lateral size of 
the separated electrodes is ca. 100mm and their thick- 
nessis ca. 15 nm. Scanning electron microcopy indicates 
that the facing surfaces of the separated electrodes are 
not uniform and that tiny gaps between their protrusions 
are formed. Current/voltage measurements suggest that 
the size of the smallest nanogap is ca. nm. When the 


Fig. 2.18 (a) Nanosealed transistors can be fabricated in- 
serting a single molecule (20 or 21) between source and 
drain electrodes mounted on a silicon/siticon dioxide sup- 
port. (b) A DNA nanowire can bridge nanoelectrodes 
suspended above a silicon dioxide support 
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breakage of the gold feature is preceded by the depos- 
ition of a dilute toluene solution of Cy (20), junctions 
with enhanced conduction are obtained, This particular 
molecule has a diameter of ca. 0.7 nm and can insert in 
the nanogap facilitating the flow of electrons across the 
junction. 

‘The unique configuration of the molecule-based 
device in Fig. 2. 8a.can reproduce the functions of acon- 
ventional transistor [2.19] atthe nanoscale. The two gold 
terminals of the junction are the drain and source of 
this nanotransistor, and the underlying silicon wafer is 
the gate. At a temperature of 1.5K, the junction con- 
ductance is very small, when the gate bias is low, and 
increases in steps at higher voltages [2.62]. The conduc- 
tance gap is a consequence of the finite energy required 
to oxidize/reduce the single Co positioned in the june- 
tion Its interesting that the zero-conductance window 
also changes with the gate voltage and can be opened 
and closed reversibly adjusting the gate bias. 

‘A similar strategy can be employed to fabricate 
4 nanoscaled transistor incorporating the Co(II) com- 
plex 21 shown in Fig.2.18 [2.64]. In this instance, 
a silicon dioxide layer with a thickness of ca. 30mm 
is grown thermally on a doped silicon substrate. Then 
a gold wire with a width of ca. 200mm and a thick- 
nesses of ca. 10-15nm is patterned on the silicon 
dioxide overlayer by electron beam lithography. Af- 
ter extensive washing of the substrate with acetone 
and methylene chloride and cleaning with oxygen 
plasma, the gold wire is exposed to a solution of the 
bisthiol 21. The formation of thiolate~gold bonds pro- 
motes the self-assembly of the molecular building block 
on the gold surface. At this point, electromigration- 
induced breakage produces a gap of 1-2nm in 
the gold wire. The surface-confined bisthiol 21 is 
only 0.24nm long and, therefore, it can insert in 
the nanogap producing an electrode/molecule/electrode 
junction. 

‘The cobalt center in 21 can be oxidized/reduced 
reversibly between Co(ll) and Co(II) [2.64]. When 
this electroactive molecule is inserted in a nanogap 
(Fig. 2.18a), its ability to accept and donate electrodes 
dictates the current/voltage profile ofthe resulting elec- 
trode/molecule/electrode junction. More precisely, no 
current flows across the junction below a certain voltage 
threshold. As the source voltage is raised above this par- 
ticular value, the drain current increases in steps. The 
threshold associated with the source voltage varies in 
‘magnitude with the gate voltage. This intriguing behav- 
ior is a consequence of the finite energy necessary to 
oxidize/reduce the cobalt center and of a change in the 


relative stabilities of the oxidized and reduced forms 
Co(lt) and Co(II) with the gate voltage. In summary, 
the conduction ofthe electrode/molecule/electrode junc 
tion can be tuned adjusting the voltage of the silicon 
support. The behavior ofthis molecule-based nanoelec- 
tronic device is equivalent to that of a conventional 
transistor [2.19]. In both instances, the gate voltage 
regulates the current flowing from the source to the 
drain 

‘The electromigration-induced breakage of pre- 
formed metallic features successfully produces nano- 
gaps by moving apart two fragments of the same wire. 
Alternatively, nanogaps can be fabricated reducing the 
separation of the two terminals of much larger gaps. 
For example, gold electrodes separated by a distance 
of 20-80 nm can be patterned on  silicon/silicon diox- 
ide substrate by electron beam lithography [2.65]. The 
relatively large gap between them can be reduced sig- 
nificantly by the electrochemical deposition of gold on 
the surfaces of both electrodes. The final result is the 
fabrication of two nanoelectrodes separated by ca, I nm 
and with a radius of curvature of 515 nm. The two ter- 
minals of this nanogap can be “contacted” by organic 
nanowires grown between them [2.66] In particular, the 
electropolymerization of aniline produces polyaniline 
bridges between the gold nanoelectrodes. The conduc- 
tance of the resulting junction can be probed immersing 
the overall assembly in an electrolyte solution. Employ- 
ing abipotentiostat, the bias voltage ofthe two terminals 
of the junction can be maintained at 20 mV while their 
potentials are scanned relative to that of a silver/silver 
chloride reference electrode. Below ca 0.15 V.the poly- 
‘mer wire is in an insulating tate and the current flowing 
crass the junction is less than 0.0SnA. At this volt- 
age threshold, however, the current raises abruptly 10 
ca. 301A. This value corresponds to a conductivity for 
the polymer nanojunction of 10100 em™', When the 
potential is lnwered again below the threshold, the cur- 
rent returns back to very low values. The abrupt decrease 
in current in the backward scan is observed at a poten- 
tial that is slightly more negative than that causing the 
abrupt current increase inthe forward scan. In summary, 
the conductance of this nanoscaled junction switches on 
and off as a potential input is switched ahove and below 
a voltage threshold. 

Itis interesting to note thatthe influence of organic 
bridges on the junction conductance can be exploited 
for chemical sensing. Nanogaps fabricated following 
4 similar strategy but lacking the polyaniline bridge 
alter their conduction alter exposure to dilute solutions 
of small organic molecules [2.67]. Indeed, the organic 
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analytes dock into the nanogaps producing a marked 
decrease in the junction conductance. The magnitude 
of the conductance drop happens to be proportional 
to the analyte-nanoelectrode binding strength. Thus 
the presence of the analyte in solution can be de- 
tected probing the currentvoltage characteristics of the 
nanogaps. 

Nanogaps between electrodes. patterned on sil- 
iconlsilicon dioxide supports can be bridged also by 
DNA double strands [2.68, 69]. The device in Fig. 2.18b 
has a 10.4nm long poly(G)-poly(C) DNA oligomer 
suspended between two nanoelectrodes. It can be fab- 
ricated patterning a 30m wide slit in a silicon nitride 
overlayer covering a siliconfsilicon dioxide support by 
electron beam evaporation. Underetching the silicon 
dioxide layer leaves a silicon nitride finger, which can 
be sputtered with a platinum layer and chopped to 
leave a nanogap of 8m. At this point, a microdroplet 
of a dilute solution of DNA is deposited on the de- 
vice and a bias of SV is applied hetween the two 
electrodes. Electrostatic forces encourage the depos- 
ition of a single DNA wire on top of the nanogap. 
AAs soon as the nanowire is in position, current starts 
to flow across the junction. The current/voltage sig- 
nature of the electrode/DNA/electrode junction shows 
currents below I pA at low voltage biases. Under these 
conditions, the DNA nanowire is an insulator. Above 
certain voltage threshold, however, the nanowire be- 
comes conducting and currents up to 100nA can flow 
across the junction through a single nanowire. Assum- 
ing that direct tunneling from electrode to electrode is 
extremely unlikely fora relatively large gap of 8m, the 
intriguing currentvoltage behavior has to be a conse- 
quence of the participation of the molecular states in the 
electron transport process. Two possible mechanisms 
can be envisaged. Sequential hopping of the electrons 
between states localized in the DNA base pairs can 
allow the current flow above a certain voltage thresh- 
old, But this mechanism would presumably result in 
8 Coulomb blockade voltage gap that is not observed 
experimentally. More likely, electronic states delocal- 
ized across the entire length of the DNA nanowire are 
producing a molecular conduction band. The off-set be- 
tween the molecular conduction band and the Fermi 
levels of the electrodes is responsible for the insulat- 
ing behavior at low biases. Above a certain voltage 
threshold, the molecular band and one ofthe Fermi lev- 
els align facilitating the passage of electrons across the 
junction. 

‘Carbon nanotubes are extremely versatile build- 
ing blocks for the assembly of nanoscaled electronic 
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Fig.2.19 (a) Nanoscaled junctions ean be assembled on 
silicomsilicon dioxide supports crossing pairs of or 
thogonally arranged single-wall carbon nanotubes with 
chromium/gold electrical contacts at their ends. (b) Nano- 
transistors can be fabricated contacting the two ends 
of a single-wall carbon nanotube deposited on an alu- 
‘minunvaluminum oxide gate with gold sources and drain 
One oF two nanotube transistors can be integrated into 
nanosealed NOT (e) and NOR (4) logic gates 


devices. They can be used to bridge nanogaps [2.70-73] 
and assemble nanoscaled cross junctions [2.7476]. 
In Fig. 2.19a, a single-wall carbon nanotube crosses 
over another one in an orthogonal arrangement [2.74]. 
Both nanotubes have electrical contacts at their ends, 
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‘The fabrication of this device involves three main 
steps. First, alignment marks for the electrodes are 
patterned on a silicon/silicon dioxide support by elec- 
tron beam lithography. Then the substrate is exposed 
to a dichloromethane suspension of single-wall SWNT 
carbon nanotubes. After washing with isopropanol, 
crosses of carbon nanotubes in an appropriate align- 
ment relative to the electrode marks are identified 
by tapping mode atomic force microscopy. Finally 
chromium/gold electrodes are fabricated on top of 
the nanotube ends, again, by electron beam lithog- 
raphy. The conductance of individual nanotubes can 
be probed by exploiting the two electric contacts 
at their ends. These two-terminal measurements re- 
veal that certain nanotubes have metallic behavior, 
while others are semiconducting. It follows that three 
distinct types of cross junctions differing in the na- 
ture of their constituent nanotubes can be identified 
on the silicon/silicon dioxide support. Four terminal 
current/voltage measurements indicate that junctions 
formed by two metallic nanotubes have high condue- 
tance and ohmic behavior. Similarly, high junction 
‘conductance and ohmic behavior is observed when two 
semiconducting nanotubes cross. The current/voltage 
signature of junctions formed when a metallic nanotube 
ferosses a semiconducting one are, instead, 
pletely different. The metallic nanotube depletes the 
semiconducting one at the junction region producing 
‘a nanoscaled Schottky barrier with a pronounced recti- 
fying behavior. 

imilar fabrication strategies can be exploited to 
assemble nanoscaled counterparts of conventional tran- 
sistors. The device in Fig. 2.19b is assembled patterning 
an aluminum finger ona silicon/silicon dioxide substrate 
by electron beam lithography [2.76]. After exposure to 
air, an insulating aluminum oxide layer forms on the 
aluminum finger. Then a dichloromethane suspension of 
single-wall carbon nanotubes is deposited on the result- 
ing substrate, Atomic force microscopy can be used to 
select carbon nanotubes with a diameter of ca, | nm pos- 
itioned on the aluminum finger, After registering their 
coordinates relative to alignment markers, gold contacts 
ccan be evaporated on their ends by electron beam lithog- 
raphy. The final assembly is a nanoscaled three-terminal 
device equivalent to a conventional field effect transis- 
tor[2.19]. The two gold contacts are the source and drain 
terminals, while the underlying aluminum finger repro- 
duces the function of the gate. At a source to drain bias 
of ca, — 1.3 V, the drain current jumps from ca, 0 0 ca. 
SOMA when the gate voltage is lowered from — 1.0 to 
— 1.3 V. Thus moderate changes in the gate voltage vary 


significantly the current flowing through the nanotube- 
based device in analogy to a conventional enhancement 
mode p-type field effect transistor [2.19] 

‘The nanoscaled transistor in Fig. 218 has a micro- 
scaled silicon gate that extends under the entire 
chip (2.62, 64]. The configuration in Fig. 2.196, in- 
stead, has nanoscaled aluminum gates for every single 
carbon nanotube transistor fabricated on the same 
support [2.76]. It follows that multiple nanoscaled tran- 
sistors can be fabricated on the same chip and operated 
independently following this strategy. This unique fea- 
ture offers the possibility of fabricating nanoscaled 
digital circuits by interconnecting the terminals of 
independent nanotube transistors. The examples in 
Fig. 2.19eq illustrate the configurations of nanoscaled 
NOT and NOR gates implemented using one or two 
nanotube transistors. In Fig. .19c, an off-chip bias re- 
sistor is connected to the drain terminal of a single 
transistor while the source is grounded. A voltage input 
applied to the gate modulates the nanotube conduc- 
tance altering the voltage output probed at the drain 
terminal. In particular, a voltage input of — 1.5 low- 
ers the nanotube resistance (26M) below that of the 
bias resistor (100M2). As a result, the voltage out- 
put drops to OV. When the voltage input is raised 
to OY, the nanotube resistance increases above that 
of the bias resistor and the voltage output becomes 
—1.5V. Thus the output of this nanoelectronic de- 
vice switches from a high (OV) and to a low (—1.5V) 
level as the input shifts from a low (— 1.5 V) toa high 
(OV) Value. The inverse relation between input and 
output translates into a NOT operation if a negative 
logic convention (low = 1, high = 0) is applied to both 
signals. 

In Fig. 2.154, the source terminals of two indepen- 
dent nanotube transistors fabricated on the same chip are 
connected by a gold wire and grounded [2.76]. Similarly, 
the two drain terminals are connected by another gold 
Wire and contacted to an off-chip bias resistors. The gate 
of each nanotube can be stimulated with a voltage input 
and the voltage output of the device ean be probed at 
their interconnected drain terminals. When the resist- 
ance of at least one ofthe two nanotubes is below that of 
the resistor, the output is 0 V. When both nanotubes are 
ina nonconducting mode, the output voltage is — 1.5 V. 
‘Thus if a low voltage input — 1.5 V is applied to one oF 
both transistors, the output ishigh (0 V). When both volt- 
age inputs are high (OV), the output is low (— 1.5). 
If a negative logic convention (low = 1, high = 0) is 
applied to all signals, the signal transduction behavior 
translates in to a NOR operation. 
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Nature builds nanostructured biomolecules relying on 
‘highly modular approach (2.1). Small building blocks 
fre connected by robust chemical bonds to generate long 
Strands of repeating units. The synergism of a muti 
tude of attractive supramolecular forces determines the 
three-dimensional arrangement of the resulting poly- 
meric chains and controls the association of independent 
strands into single and well-defined entities. Nucleic 
acids and proteins are two representative classes of 
biomolecules assembled with subnanometer precision 
through the subtle interplay of covalent and noncovalent 
bonds starting from a relatively small poo! of nucleotide 
and amino acid building blocks. 

‘The power of chemical synthesis [2.2] offers the 
opportunity of mimicking nature's modilar approach to 
‘nanostructured materials. Following established exper- 
‘mental protocols, small molecular building blocks can 
be joined together relying on the controlled formation 
of covalent bonds between designed functional groups. 
‘Thus anficial molecules with nanoscaled dimensions 
can be assembled piece by piece with high structural 
control. Indeed, helical, tubular, interlocked, and highly 
branched manostnictures have been all prepared already 
exploiting this general strategy and the synergism of 
covalent and noncovalent bonds [2.3] 

‘The chemical construction of nanoscaled molecules 
from modular building blocks also offers the opportun- 
ity for engineering specific properties in the resulting 
assemblies. In particular, electroactive and photoactive 
fragments can be integrated into single molecules. The 
ability ofthese functional subunits to accept/donate elec- 
trons and photons can be exploited to design nanoscaled 
electronic and photonic devices. Indeed, molecules that 
respond to electrical and optical stimulations producing 
detectable outputs have been designed already [2.16] 
‘These chemical systems can be employed to contol 
the interplay of input and output signals at the mo- 
lecular evel. Their conceptual analogy with the signal 
transduction operated by conventional logic gates in 
digital circuits is evident, In fact, electroactive and 
photoactive molecules able to reproduce AND, NOT, 
fnd OR operations as well ss simple combinational 
of these basic logic functions are already a real 
ity [220,21] 

Most of the molecular switches for digital pro- 
cessing developed so far rely on bulk addressing 
In general, relatively large collections of functional 
molecules are addressed simultaneously in solution 
‘The realization of molecule-based devices with re- 
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duced dimensions as well as practical limitations 
associated with liquid phases in potential applica- 
tions are encouraging a transition from the solution 
to the solid state. The general strategy followed so 
far relies on the deposition of functional molecules 
fon the surfaces of appropriate electrodes following 
either the Langmuir-Blodgett methodology [2.34] or 
self-assembly processes [2.35]. The combination of 
these techniques with the nanofabrication of insulating, 
metallic, and semiconducting features on appropriate 
supports has already allowed the realization of fascinat- 
ing molecule-based devices [2.30-33,53]. The resulting 
assemblies integrate inorganic and organic components 
and, in some instances, even biomolecules to execute 
specific functions. They can convert optical stimulations 
into electrical signals. They can execute irreversible 
and reversible switching operations. They can sense 
qualitatively and quantitatively specific analytes. They 
can reproduce the functions of conventional rectifiers 
and transistors. They can be integrated within func- 
tioning nanoelectronic devices capable of simple logic 
operations. 

The remarkable examples of molecule-based mater- 
ials and devices now available demonstrate the great 
potential and promise for this research area. At this 
stage, the only limit left to the design of functional 
‘molecules is the imagination of the synthetic chemist. 
Al sort of molecular building blocks with tailored 
dimensions, shapes, and properties are more or less 
accessible with the assistance of modern chemical syn- 
thesis. Now, the major challenges are (1) to master the 
‘operating principles of the molecule-based devices that 
have been and continue to he assembled and (2) to ex- 
ppand and improve the fabrication strategies available 
to incorporate molecules into reliable device architec- 
tures. As we continue to gather further insights in 
these directions, design criteria for a wide diversity of 
‘molecule-based devices will emerge. It is not unreal- 
istic to foresee the evolution of an entire generation 
of nanoscaled devices, based on engineered molecular 
components, that will find applications in a variety of 
fields ranging from biomedical research to information 
technology. Perhaps nature can once again illuminate 
cour path, teaching us not only how to synthesize nano- 
structured molecules but also how to use them. After 
all, nature is replete with examples of extremely sophis- 
ticated molecule-based devices. From tiny bacteria to 
higheranimals, we ae alla collection of molecule-hased 
devices. 
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power > connection > pushbutton 
Radio Buttons 

The term radio buttons is sometimes used to 
identify a set of pushbuttons that are mechani- 
ally interlinked so that only one of them can 
make an electrical connection at a time. If one 
button is pressed, it latches. fa second button is 
pressed, it latches while unlatching the first but- 
ton. The buttons can be pressed in any sequence. 
This system is useful for applications such as 
component selection in a stereo system, where 
only one input can be permitted at a time. How- 
ever, its use is becoming less common. 


Snap-Action Switches 
A snap-action switch (described in detail in the 
switch section of this encyclopedia) canbefitted 
with a pushbutton, as shown in Figure 5-14, This 
provides a pleasingly precise action, high relia- 
bility, and capability of switching currents of 
around 5A. However, snap-action switches are 
almost always single-pole devices. 


Figure 5-14. 4 pushbutton mounted on top of a SPOT 
snap-action switch. 


Emergency Switch 
‘An emergency switch is a normally-closed de- 
vice, usually consisting of a large pushbutton 


that clicks firmly into its “off” position when 
pressed, and does not spring back. A flange 
around the button allows it to be grasped and 
pulled outward to restore it to its “on” position 


Values 


Pushbutton current ratings range from afew mA 
to 20A or more. Many pushbuttons have their 
current ratings printed on them butsome donot. 
Current ratings are usually specified for a partic- 
ular voltage, and may differ for AC versus DC. 


How to Use it 


Issues such as appearance, tactile feel, physical 
size, and ease of product assembly tend to dic- 
tate the choice of a pushbutton, after the funda- 
mental requirements of voltage, current, and du- 
rability have been satisfied, Like any electrome- 
chanical component, a pushbutton is vulnerable 
to dirt and moisture. The ways in which a device 
may be used or abused should be taken into ac- 
count when deciding whether the extra expense 
of a sealed component is justified. 


When a pushbutton controls a device that has a 
high inductive load, a snubber can be added to 
minimize arcing, See "Arcing” (page 47) in the 
switch entry of this encyclopedia, for additional 
information. 


What Can Go Wrong 


No Button 

When ordering a pushbutton switch, read data- 
sheets carefully to determine whether a cap is 
included. Caps are often sold separately and may 
not be interchangeable between switches from 
different manufacturers. 


Mounting Problems 

Ina panel-mount pushbutton that is secured by 
turning a nut, the nut may loosen with use, al- 
lowing the component to fall inside its enclosure 
when the button is pressed. Conversely, over- 
tightening the nut may strip the threads on the 


Chapter5 35 


8 


Nanomaterials Synthesis and Applications: Molecule-Based Devices 


References 


2.40 


24d 


2a2 


2.43 


2.44 


245 


2.46 


247 


2.48 


2.49 


1N'=methyl viologen with arachidic acid, Chem. Phys. 
Lett. 170 (1990) 57-60 

M. Fujihira, K. Nishiyama, H. Yamada: Photo 
electrochemical responses of optically transparent 
electrodes modified with Langmuir-Blodgett films 
Consisting of surfactant derivatives of electron 
donor, acceptor and sensitizer molecules, Thin Solid 
Films t32 (1985) 77~€2 

M, Fujihira: Photoelectric conversion with Lang- 
‘muir=Blodgett films. In: Nanostructures Based on 
‘Molecular Materials, ed. by W. Gipel,C. Ziegler (VCH, 
Weinheim 1992) pp. 27-46 

CP. Collies, E.W. Wong, M. Belohradsky, F.M. Ray- 
mo, J.F. Stoddart, PJ. Kuekes, R.S. Williams, 
J.R: Heath: Electronically configurable molecular 
based logic gates, Science 285 (1999) 391-398 

E.W. Wang, ¢.P. Collier, M. Belohradsky, F.M. Ray- 
mo, 1.F. Stoddart, J.R. Heath: Fabrication and 
transport properties of single~molecule-thick elec~ 
trachemical junctions, J. Am. Chem. Soc. 122 (2000) 
5@31-5aK0 

M, Asakawa, P.R. Ashton, V. Balzani, A. Credi, 
C Hamers, G. Matterstelg, M. Montalt, A.N. Ship- 
‘way, N. Spencer, J.F. Stoddart, M.S. Tolley, M. Ven- 
‘uri, A.J. White, D.J. Williams: A chemically and 
electrochemically switchable [2]Jeatenane incarpa- 
rating a tetrathiafulvalene unit, Angew. Chem. Int. 
Ed. 37 (1998) 333-337 

V, Balzani, A. Cregi, G. Matterstelg, 0.A. Matthews, 
FM. Raymo, JF. Stoddart, M. Venturi, A.1.P. White, 
D.J. Williams: Switching of pseudorotaxanes and 
catenanes incorporating a tetrathiafulvalene unit by 
redox and chemical inputs, J. Org. Chem. 65 (2000) 
1924-1936 

M, Asakawa, M. Higuchi, G. Mattersteig, T. Naka- 
mura, A.R. Pease, F.M. Raymo, T. Shimizu, 
JL. Stoddart: CurtentiVoltage characteristics of 
‘monolayers of redox-switchable [2}catenanes on 
gold, Adv. Mater. 12 (2000) 1099~n102 

CP. Collier, G. Mattersteig, E.W. Wong, Y. Luo, 
IK Beverly, 1. Sampaio, F.M. Raymo, J.F. Stoddart, 
J.R. Heath: A [2]catenane based solid-state elec 
‘tronically reconfigurable switch, Science 289 (2000) 
wes 

CP. Collier, 4.0. Jeppesen, ¥. Luo, J. Perkins, 
EW. Wong, J.8. Heath, J.F. Stoddart: Molecular 
based electronically switchable tunnel junction 
devices, J. Am. Chem. Sac. 123 (2001) 12632-12641 

J. Chen, M.A. Reed, A.M. Rawiett, J.M. Tour: Large 
on-off ratios and negative differential resistance in 
molecular electronic device, Science 286 (1999) 
1550-1552 

M.A. Reed, J. Chen, A.M. Rawlett, D.W. Price, 
J.M. Tour: Malecular random access memory cell, 
‘Appl. Phys. Lett. 78 (2001) 3735-3737 

J. Schon, H. Meng, Z. Bao: Self-assembled mono- 
layer organic field-effect transistors, Nature 413 
(2001) 73-16 


Springer Handbook  Nanotechnolo 
BPahushan “© Springer 008 


2.50 


2sL 


252 


2.60 


2.61 


2.62 


2.63 


2.64 


Lt. Gittins, D. Bethell, R.J. Nichols, D.J. Schiffrin: 
Redox-controlled multilayers of discrete gold par~ 
ticles: A navel electraactive nanomaterial, Adv. 
Mater. 9 (1998) 737~740 

Dit, Gittins, D. Bethell, R.J. Nichols, D.J. Schiffrin: 
Diode-like electron transfer across nanostructured 
films containing a redox ligand, J. Mater. Chem. 10 
(2000) 79-83 

Dit, Gittins, D. Bethell,D.J. Schiffrin, R.J. Nichols: 
‘A nanometer-scale electranic switch’ consisting of 
8 metal cluster and redox-addressable groups, Na~ 
‘ure 408 (2000) 67-69 

AN. Shipway, M. Lahay, |. Willner: Nanostructured 
gold colloid electrodes, Adv. Mater. 12 (2000) 993~ 
998 

AN. Shipway, M. Lahav, R. Blonder, |. Willner: Bis 
bipyridinium cyclophane receptor—Au nanoparticle 
superstructure for electrachemical sensing applica 
tions, Chem, Mater. 1 (1999) 13-15 

M. Lahav, A.N. Shipway, |. Willner, M.B. Nielsen, 
J.F. Stoddart: An enlarged bis-bipyridinum cyclo 
phane~Au nanoparticle superstructure for selective 
electrochemical sensing applications, J. Electroanal 
Chem. 482 (2000) 217—221 

R.E. Gillard, F.M. Raymo, JF Stoddart: Controlling 
self-assembly, Chem. Eur. J. 3 (1997) 1933-1940 
FM. Raymo, J.F. Stoddart: From supramolecular 
complexes to interlocked molecular compounds, 
Chemtracts - Organic Chemistry 1 (1998) 491~ 
st 

M. Lahay, T. Gabriel, A.N. Shipway, |. Willner: As~ 
sembly of a Zn(l)-porphyrin-bipyridinium dyad and 
‘Au-nanopatticie superstructures on conductive sur= 
faces, J. Am. Chem. Soc. 121 (1999) 258-259 

M. Lahay, V. Heleg-Shabtal, J. Wasserman, E. Katz, 
|. Willner, H. Durr, Y. Hu, $.H. Bossmann: Photo 
electrochemistry with integrated photosensitizer~ 
electron acceptor Au-nanoparticle arrays, J. Am. 
Chem. Soc. 122 (2000) 1480~T1487 

6G. Will, $.¥. Rao, D. Fitzmaurice: Heterasupramo- 
lecular optical write-read-erase device, J. Mater. 
Chem. 9 (1999) 2297-2299 

AL Merrins, C Kleverlann, G. Will, S.N. Rao, 
F. Scandola, D. Fitzmaurice: Time-resolved optic 
al spectroscopy of heterosupramolecular assemblies 
based on nanostructured Ti) films modified by 
chemisorption of covalently linked ruthenium and 
‘viologen complex components, J. Phys. Chem. 8 105 
(2001) 2998-3004 

H. Park, J. Park, A.K.L. Lim, EH. Anderson, 
AP. Alivisatos, P.L. McEuen: Nanomechanical oscil~ 
lations in a single Ceo transistor, Nature 407 (2000) 
57-60 

W. Liang, M.P. Shares, M. Bockrath, J.R, tong, 
H. Park: Konda resonance in asingle-moleculetran- 
sistor, Nature 617 (2002) 725-729 

4. Park, ALN. Pasupathy, J.1. Goldsmith, C. chang, 
Y. Yaish, J.R. Petta, M. Rinkoski, J.P. Sethna, 


ca 


tly ued 


38 Part A 


Nanostructures, Micro/Nanofabrication, and Micro/Nanodevices 


z]yv ued 


2.65 


2.66 


267 


2.68 


2.69 


2.70 


HD. Abruna, P.L. McEuen, D.C. Ralph: Coulomb 
blockade and the Kondo effect in single-atom tran- 
sistors, Nature 617 (2002) 722-725 

GZ. U, HX. He, NJ. Tao: Quantized tunneling 
current in the metallic nanogaps formed by elec 
‘rodeposition and etching, Appl. Phys. Lett. 77 (2000) 
3995-3997 

H. He, J. Zhu, NJ. Tao, LA. Nagahara, |. Amlani, 
R. Tsui: A conducting polymer nangjunction switch, 
J. Am. Chem. Soc. 123 (2001) 77307731 

[A Bogozi, 0. Lam, H. He, C. Ui, NJ. Tao, L.A. Naga 
hara, |. Amlani, R. Tsui: Molecular adsorption onto 
metallic quantum wires, J. Am. Chem. Soc. 123 (206!) 
4585-4590 

AL Bezryadin, CN. Lau, M. Tinkham: Quan- 
‘tum suppression of superconductivty in ultrathin 
nanowires, Nature 404 (2000) 971~97% 

D. Porath, A. Bezryadin, S. de Vries, C. Dekker: Dir 
‘ect measurement of electrical transpart through DNA 
molecules, Nature 403 (2000) 635-638 

S.J. Tans, M.#. Devoret, H. Dai, A. Thess, EE. Smal 
ley, LJ. Geerligs, C. Dekker: Individual single-wall 


carbon nanotubes as quantum wires, Nature 386 
(1997) a7u—077 

A.F. Morpurgo, J. Kong, CM. Marcus, H. Dat: 
Gate-controlled superconducting proximity effect in 
carbon nanotubes, Nature 286 (1999) 263-265 

4 Nygird, D.H. Cobden, PE. Lindelaf: Konda physics 
in carbon nanotubes, Nature 408 (2000) 342-346 
W. Liang, M. Bockrath, D. Bozovic, J.H. Hafner, 
M. Tinkham, H. Park: Fabry-Perot interference in 
2 nanotube electron waveguide, Nature 611 (2001) 
665-669 

M.S. Fuhrer, J. Nygdrd, L. shih, M. Forero, 
Y.-G. Yoon, M.5.C. Mazzoni, H.J. Choi, J. ihm, 
5.6. Loule, A. Zettl, P.L. McEuen: Crossed nanotube 
Junctions, Science 288 (2000) 494-497 

T. Ruockes, K. Kim, E. Joselevich, 6.¥. Tseng, 
GeL. Cheung, (.M. Lieber: Carbon nanotube-based 
nonvolatile randam access memary for molecular 
‘computing, Science 289 (2000) 94-97 

{A Bachtold, P. Hadley, T. Nakanishi, C. Dekker: Logic 
circuits with carbon nanotube transistors, Science 
294 (2001) 1317-1320 


sone aint etna 


é 


3. Introduction to Carbon Nanotubes 


Carbon nanotubes are among the amazing 
objects that science sometimes creates by 
accident, without meaning to, but that will 
likely revolutionize the technological landscape 
of the century ahead, Our society stands to be 
significantly influenced by carbon nanotubes, 
shaped by nanotube applications in every aspect, 
just as silicon-based technology still shapes 
society today. The world already dreams of space- 
elevators tethered by the strongest of cables, 
hydrogen-powered vehicles, artificial muscles, 
and so on — feasts that would be made possible 
by the emerging carbon nanotube science. 

Of course, nothing is set in stone yet. We are 
still at the stage of possibilities and potential. The 
recent example of fullerenes ~ molecules closely 
related to nanotubes, whose importance was so 
anticipated that their discovery In 1985 brought 
a Nobel Prize to thelr finders in 1996 although 
few related applications have actually yet reached 
the market ~ teaches us to play the game of 
enthusiastic predictions with some caution. But 
in the case of carbon nanotubes, expectations are 
high. Taking again the example of electronics, 
the miniaturization of chips is about to reach its 
lowest limits. Are we going to accept that our 
video camera, computers, and cellular phones no 
longer decrease in size and increase in memory 
every six months? Surely not. Always going deeper, 
farther, smaller, higher is a characteristic unique 
to humankind, and which helps to explain its 
domination of the living world on earth. Carbon 
nanotubes can help us fulfill our expectation of 
constant technological progress as a source of 
better living. 

In this chapter, after the structure, synthesis 
methods, growth mechanisms, and properties of 
carbon nanotubes will be described, an entire 
section will be devoted to nanotube-related 
nano-objects, Indeed, should pristine nanotubes 
reach any limitation in some area, their ready and 
close association to foreign atoms, molecules, 
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and compounds offers the prospect of an even 
‘magnified set of properties. Finally, we will 
describe carbon nanotube applications supporting 
the idea that the future for the science and 
technology of carbon nanotubes looks very 
promising. 
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Carbon nanotubes have been synthesized for along time 
1s products from the action ofa catalyst over the gaseous 
species originating from the thermal decomposition of 
hydrocarbons (see Sect. 3.2). Some of the first evidence 
thatthe nanofilaments thus produced were actually nano- 
tubes — i.e., exhibiting an inner cavity ~ can be found 
in the transmission electron microscope micrographs 
published by Hillert et al. in 1958 [3.1]. This was of 
course related to and made possible by the progress in 
transmission electron microscopy. It is then likely that 
the carbon filaments prepared by Hughes and Cham 
bers in 1889 [3.2], reported by Maruyama et al. [3.3] as 
probably the first patent ever deposited in the field, and 
‘hose preparation method was also based on the cata- 
Iytically enhanced thermal cracking of hydrocarbons, 
were already carbon nanotube-related morphologies, 
The preparation of vapor-grown carbon fibers had ac- 
tually been reported as early as more than one century 
ago [34,5]. Since then, the interest in carbon nano- 
filaments/nanotubes has been recurrent, though within 
4 scientific area almost limited to the carbon material 
scientist community. The reader is invited to consult the 
review published by Baker etal. [3.6] regarding the early 
works. The worldwide enthusiasm came unexpectedly 
in 1991, after the catalyst-free formation of nearly per- 
fect concentric multiwall carbon nanotubes (c-MWNTS, 
see Sect. 3.1) was reported [3.7] as by-products of the 
formation of fullerenes by the electric-arc technique. But 
the real breakthrough occurred two years later, when at~ 
tempts in situ to fill the nanotubes with various metals 


3.1 Structure of Carbon Nanotubes 


It is simple to imagine a single-wall carbon nanotube 
(SWNT). Ideally, it is enough to consider a perfect 
graphene sheet (a graphene being the same polyaro- 
matic mono-atomic layer made of an hexagonal display 
of sp? hybridized carbon atoms that genuine graphite is 
built up with), to roll it into a cylinder (Fig. 3.1) pay- 
ing attention that the hexagonal rings put in contact j 
‘coherently, then to close the tips by two caps, each cap 
being a hemi-fullerene with the appropriate diameter 
(Fig. 3.2a-c). 


3.1.1 Single-Wall Nanotubes 


Geometrically, there is no restriction regarding the 
tube diameter, But calculations have shown that col- 


(see Sect. 3.5) led to the discovery ~ again unexpected 
~ of single-wall carbon nanotubes (SWNTS) simulta- 
neously by Iijima et al. [3.8] and Bethune et al. [3.9] 
Single-wall carbon nanotubes were really new nano- 
objects many of whose properties and behaviors are quite 
specific (see Sect. 3.4). They are also beautiful objects 
for fundamental physics as well as unique molecules 
for experimental chemistry, still keeping some mys- 
tery since their formation mechanisms are a subject 
of controversy and are still debated (see Sect. 3.3). Po- 
tential applications seem countless, although few have 
reached a marketable status so far (see Sect. 3.6). Conse- 
quently, about five papers a day with carbon nanotubes 
as the main topic are currently published by research 
teams from around the world, an illustration of how 
extraordinarily active - and highly competitive ~ is 
this field of research. It is a quite unusual situation, 
similar to that of fullerenes, which, by the way, are 
again carbon nano-objects structurally closely related 
to nanotubes, 

‘This is not, however, only about scientific exaltation. 
Economical aspects are leading the game toa greater and 
greater extent. According to experts, the world market is 
predicted to be more than 430 M$ in 2004 and estimated 
to grow to several b§ before 2009. That is serious busi- 
ness, and it will be closely related to how scientists and 
‘engineers will be able to deal with the many challenges 
found on the path from the beautiful, ideal molecule 
to the reliable ~ and it is hoped, cheap ~ manufactured 
product. 


lapsing the single-wall tube into a flattened two-layer 
ribbon is energetically more favorable than maintain- 
ing the tubular morphology beyond a diameter value of 
‘~2.5nm [3.10]. On the other hand, it intuitively comes 
tomind that the shorter the radius of curvature, the higher 
the stress and the energetic cost, although SWNTs with 
diameters as low as 0.4nm have been successfully syn- 
thesized [3.11]. A suitable energetic compromise is thus 
reached for ~ 1-4nm, the most frequent diameter en- 
‘countered regardless ofthe synthesis techniques (atleast 
those based on solid carbon source) when conditions for 
high SWNT yields are used, There is no such restriction 
for nanotube length, which only depends on limita- 
tions brought by the preparation method and the specific 
‘conditions used for the synthesis (thermal gradients, res- 
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3x1 Sketch of the way to make a single-wall car- 
bon nanotube, starting ftom a graphene sheet (adapted 
from (3.12]) 


Fig. 3.2a-c Sketch of three different SWNT structures as 
examples for (a) a zig-zag-type nanotube, (b) an armchair 
type nanotube, (c) a helical nanotube (adapted from [3.13]) 


idence time, etc.). Experimental data are consistent with, 
these statements, since SWNT’ wider than 2.5 nm are 
scarcely reported in literature, whatever the preparation 
‘method, while SWNT length can be in the micrometer 
or the millimeter range. These features make single-wall 
carbon nanotubes a unique example of single molecules 
‘with huge aspect ratios, 

‘Two important consequences derive from the SWNT 
structure as described above: 
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1. Allcarbon atoms are involved in hexagonal aromatic 
rings only and are therefore in equivalent position, 
except at the nanotube tips where 6%5 = 30atoms 
at each tip are involved in pentagonal rings (consid- 
ering that adjacent pentagons are unlikely) ~ though 
not more, not less, as a consequence of the Euler's 
rule that also governs the fullerene structure. In case 
SWNT are ideally perfect, their chemical reactiy- 
ity will therefore be highly favored atthe tube tips, 
atthe very location of the pentagonal rings. 
Though carbon atoms are involved in aromatic rings, 
the C=C bond angles are no longer planar as they 
stiould ideally be. This means thatthe hybridization 
of carbon atoms are no longer pure sp* but get some 
percentage of the sp? character, ina proportion that 
increases as the tube radius of curvature decreases 
For example, the effect is the same as for the Cay 
fullerene molecules, whose radius of curvature is 
0.35.im, and the subsequent sp" character propor- 
tion about 30%. On the one hand, this is supposed to 
make the SWNT surface (though consisting of aro- 
matic ring faces) a bit more reactive than regular, 
planar graphene, relatively speaking. On the other 
hand, this somehow induces a variable overlapping 
of the bands of density of states, thereby inducing 
unique versatile electronic behavior (see Sect. 3.4) 


As illustrated by Fig.3.2, there are many ways to 
roll a graphene into a single-wall nanotube, some of 
the resulting nanotubes enabling symmetry mirrors both 
parallel and perpendicular to the nanotube axis (such 
as the SWNTs from Fig.3.2a and 3.2b), some others 
not (such as the SWNT from Fig. 3.2c). By correspon- 
dence with the terms used for molecules, the latter are 
commonly called “chiral” nanotubes, “Helical” should 
be preferred, however, in order to respect the definition 
of chirality, which makes all chiral molecules unable 1o 
be superimposed on their own image in a mirror. The 
various ways to roll graphene into tubes are therefore 
‘mathematically defined by the vector of helicity Cy,.and 
the angle of helicity @, as follows (referring to Fig. 3.1): 


OA=Cy = na, +may 


with 


a 
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where n and m are the integers of the vector OA consid- 
cing the unit vectors ay and ay. 

‘The vector of helicity Cy(= OA) is perpendicular to 
the tube axis, while the angle of helicity @ is taken with 
respect to the so-called zig-zag axis, ie., the vector of 
helicity that makes nanotubes of the “zig-zag” type (see 
below). The diameter D of the corresponding nanotube 
is related to Cy by the relation: 


acey a= m+ vi 
p= coy 30 7 eam 
where 
141A <a, < 144A 
(graphite) (Con) 


‘The C—C bond length is actually elongated by the cur 
vature imposed, taking the average value for the Coo 
fullerene molecule as a reasonable upper limit, and the 
value for flat graphenes in genuine graphite as the lower 
limit (corresponding to an infinite radius of curvature), 
Since Cy, #, and D are all expressed as a function 
of the integers n and m., they are sufficient to define 
any SWNT specifically, by noting them (n,m). Ob- 
taining the values of 1 and m for a given SWNT is 
simple by counting the number of hexagons that sep- 
arate the extremities of the C, vector following the 
unit vector ay first, then a2 [3.12] In the example of 
Fig.3.1, the SWNT that will be obtained by rolling 
the graphene so that the two shaded aromatic cycles 
superimpose exactly is a (4,2) chiral nanotube. Simi- 
larly, SWNT from Fig. 3.2a to 3.2c are (9,0), (5.5), and 
(10,5) nanotubes respectively, thereby providing exam- 
ples of zig-zag-type SWNT (with an angle of helicity 
= 0°), armehair-type SWNT (with an angle of helicity 
of 30°) and a chiral SWNT, respectively. This also illus- 
trates why the term “chiral” is sometimes inappropriate 
and should preferably be replaced by “helical”. Arm- 
chair (1,1) nanotubes, though definitely achiral from 


Fig. 3.3 Image of two neighboring chiral SWNT within 
a SWNT bundle as seen by high resolution scanning tunnel- 
ing microscopy (by courtesy of Prof. Yazdani, University 
of Ulinois at Urbana, USA) 


a standpoint of symmetry, exhibit a “chiral angle" 
ferent from 0. “Zig-zag” and “armchait” qualifications 
for achiral nanotubes refer to the way carbon atoms 
are displayed at the edge of the nanotube crass sec- 
tion (Fig. 3.2a and 3.2b). Generally speaking, it is clear 
from Figs. 3.1 and 3.2a that having the vector of helicity 
perpendicular to any of the three overall C=C bond di- 
rections will provide zig-zag-type SWNTS, noted (1.0), 
while having the vector of helicity parallel to one of the 
three C=C bond directions will provide armchair-type 
SWNTs, noted (7,1). On the other hand, because of 
the sixfold symmetry of the graphene sheet, the angle 
of helicity @ for the chiral (1, m) nanotubes is such as 
0 <4 < 30°, Figure 3.3 provides two examples of what 
chiral SWNTs look like, as seen by means of atomic 
force microscopy. 

Planar graphenes in graphite have x electrons, which 
are satisfied by the stacking of graphenes that allows 
van der Waals forces to develop. Similar reasons make 
fullerenes gather and order into fullerite crystals and 
SWNTs into SWNT ropes (Fig.3.4a). Spontaneously, 
SWNTS in ropes tend to arrange into an hexagonal array, 
which corresponds to the highest compactness achic 
able (Fig. 3.4b). This feature brings new periodicities 


Fig. 3.4a,b High resolution transmis- 
sion electron microscopy images of 
a SWNT rope (a) longitudinal view. 
At the top of the image an isolated 
Single SWNT also appears. (b) cross 
section view (from [3.14) 
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with respect to graphite or turbostratic polyaromatic 
carbon crystals. Turbostatic structure corresponds to 
‘graphenes which are stacked with random rotations 
‘or translations instead of being piled up following se- 
quential ABAB positions, as in graphite structure. This 
implies that no lattice atom plane exists anymore other 
than the graphene planes themselves (corresponding 
to the (001) atom plane family). These new peri- 
odicities make diffraction patterns specific and quite 
different from that of other sp?-carbon-based crystals, 
although /ik reflections, which account for the hexa- 
gonal symmetry of graphene plane, are still present. 
On the other hand, 00/ reflections, which account for 
the stacking sequence of graphenes in regular, “mul- 
tilayered” polyaromatic crystals that does not exist in 
SWNT ropes, are absent. Such a hexagonal packing 
‘of SWNTS within the ropes requires that SWNTs ex- 
hibit similar diameters, which is the common case 
for SWNTs prepared by the electric arc or the laser 
‘vaporization processes. SWNTs prepared these ways 
are actually about 1.35nm wide (diameter value for 
8 (10,10) tube, among others), for reasons still un- 
clear but related to the growth mechanisms specific 
to the conditions provided by these techniques (see 
Sect. 3.3), 


3.1.2 Multiwall Nanotubes 


Building multiwall carbon nanotubes isa litle bit more 
complex, since it has to deal with the various ways 
araphenes can be displayed and mutually arranged 
within a filament morphology. Considering the usual 
textural versatility of polyaromatic solids, a similar ver- 
satilty can be expected. Likewise, diffraction patterns 
no longer differentiate from that of anisotropic poly- 
aromatic solids. The easiest MWNT to imagine is the 
concentric type (¢-MWNT), in which SWNTs with 
regularly increasing diameters are coaxially displayed 
according to a Russian-doll model intoa multiwall nano- 
tube (Fig.3.5). Such nanotubes are generally formed 
either by the clectric-are technique (without need of 
any catalyst) or by catalysteenhanced thermal cracking 
of gaseous hydrocarbons or CO disproportionation (see 
Sect.3.2). The number of walls (or number of coaxial 
tubes) can be anything, starting from two, with no up- 
per limit, The intertube distance is approximately that 
of the intergraphene distance in turbostratic, polyaro- 
atic solids, ie. 0.34nm (as opposed to 0.335nm in 
genuine graphite), since the increasing radius of cur- 
vature imposed on the concentric graphenes prevents 
the carbon atoms from being displayed as in graphite, 
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i.e., each of the carbon atoms from a graphene fac- 
ing alternatively either a ring center or a carbon atom 
from the neighboring graphene, But two cases allow 
such a nanotube to reach ~ totally or partially ~ the 
3D crystal periodicity of graphite. One is to consider 
a high number of concentric graphenes, i.e, concen- 
tric graphenes with long radius of curvature. In that 
case, the shift of the relative positions of carbon atoms 
from superimposed graphenes is so small with respect 
to that in graphite that some commensurability is pos- 
sible. It may result in MWNTs with the association of 
both structures, i.e. turbostratic in the core and graphitic 
in the outer part [3.15]. The other case occurs for ¢- 
MWNTS exhibiting faceted morphologies, originating 
either from the synthesis process or more likely from 


Fig. 3.5 High resolution transmission electron microscopy 
{mage (longitudinal view) of a concentric multiwall carbon 


nanotube (c-MWNT) prepared by electric are. In insert, 
sketch of the Russian-doll-like display of graphenes 
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subsequent heat-treatments at high temperatures (e.g., 
2,500°C) in inert atmospheres. Obviously, facets allow 
‘gtaphenes to get back a flat arrangement of atoms — 
except at the junction between neighboring facets ~ in 
which the specific stacking sequence of graphite can 
develop. 

‘Another frequent inner texture for multiwall car- 
bon nanotubes is the so-called herringbone texture 
(ie-MWNTS), in which graphenes make an angle with 
respect to the nanotube axis (Fig. 3.6). The angle value 
varies upon the processing conditions (e.g., the catalyst 
morphology or the atmosphere composition), from 0 (in 
which case the texture tums into that of a e-MWNT) 
to 90? (in that case, the filament is no longer a tube, 
see below), and the inner diameter varies so that the 
tubular feature can be lost [3.19], justifying that the 
latter can be called nanofibers rather than nanotubes. 
h-MWNTS are exclusively obtained by processes in- 
volving catalysts, generally catalyst-enhanced thermal 
cracking of hydrocarbons or CO disproportionation. 


sSvaite a i ay 

ig. 3.69, One of the ealiest high resolution transmission elec- 
won microscopy image of a herringbone (and bamboo) mult-wall 
nanotube (bh-MWNT. longitudinal view) prepared by CO dispro- 
portionation on Fe-Co catalyst. (a) as-grown. The nanotube surface 
is made of free graphene edges. (b) after 2,900 °C heat-treatment. 
Both the herringbone andthe bamboo textures have become abvi- 
‘ous. Graphene edges from the surface have buckled with neighbors 
(rr), closing the access to the intergraphene spacing (adapted 
from [3.16]) 


One unresolved question is whether the herringbone 
texture, which actually describes th texture projection 
rather than the overall three-dimensional texture, origi- 
nates from the scroll-like spiral arrangement of a single 
graphene ribbon or from the stacking of independent 
truncated-cone-like graphenes. Although the former is 
more likely for energetic reasons since providing a min- 
imal and constant amount of transitorily unsatisfied 
bonds during the nanotube growth (similar to the well- 
known growth mechanism froma screw dislocation), the 
‘question is still debated. 

‘Another common feature is the occurrence, ata vari 
able frequency, of a limited amount of graphenes 
oriented perpendicular to the nanotube axis, thus form 
ing the so-called “bamboo” texture. Itcannot be a texture 
by its own but affects in a variable extent either 
-MWNT (be-MWNT) or lic MWNT (bh-MWNT) tex- 
tures (Figs. 3.6 and 3.7). The question may be addressed 
Whether such filaments, though hollowed, should still 
be called nanotubes, since the inner cavity is no longer 
‘opened all along the filament as it is for a genuine tube. 
‘They therefore are sometimes referred as “nanofibers” 
in literature. 

Nanofilaments that defintely cannot be called 
nanotubes are thase built from graphenes oriented per- 
pendicular to the filament axis and stacked as piled-up 
plates, Although they actually correspond to h-MWNTs 
with the graphene/MWNT axis angle = 90°, the oc- 
currence of inner cavity is no longer possible, and 
such filaments are therefore most often referred to as 
“platelet-nanofibers” in literature [3.19] 


Fig.3.7a,b Transmission electron microscopy images 
from bamboo-multi-wall nanotubes (longitudinal views) 
(a) low magnification of a bamboo-herringbone multi-wall 
nanotube (bh-MWNT) showing the nearly periodic feature 
‘ofthe texture, whichis very frequent. (from [3.171 (b) high 
resolution image of a bamboo-concentrie multi-wall nano- 
tube (be-MWNT) (modified from [3.18]) 
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As opposed to SWNTs, whose aspect ratio is so 
high that acceding the tube tips is almost impossible, 
aspect ratio for MWNTs (and carbon nanofibers) are 
generally lower and often allow one to image tube 
ends by transmission electron microscopy. Except for 
e-MWNTs from electric are (see Fig.3.5) that grow 
following a catalyst-free process, nanotube tips are fre- 
quently found associated with the catalyst crystal from 
which they have been formed. 

MWNT properties (see Sect. 34) will obviously de- 
pend on the perfection and orientation of graphenes in 
the tube more than any other feature (e.g., the respective 
spiral angle of the constituting nanotubes for e- MWNTs 
has little importance). Graphene orientation is a mat- 
ter of texture, as described above. Graphene perfection 
is a matter of nanotexture, which is commonly used 
to describe other polyaromatic carbon materials, and 
which is quantified by several parameters preferably 
obtained from high resolution transmission electron mi- 
croscopy (Fig. 3.8). Both texture and nanotexture depend 
‘on the processing conditions. While the texture type is 
fa permanent, intrinsic feature only able to go toward 
‘complete alteration upon severe degradation treatments 
(e.g., oxidation), however, nanotexture can be improved 


3.2 Synthesis of Carbon Nanotubes 


Producing carbon nanotubes so that the currently 
planned applications hecome marketable requires solv- 
ing some problems that are more or less restrictive 
depending on the cases. One example is to specifically 
control the configuration (chirality), the purity, or the 
structural quality of SWNTS, with the production cap- 
city adapted to the application, One condition would be 
to understand perfectly the mechanism of nanotube nu- 
cleation and growth, which remains the object of a lot of 
controversy inspite ofan intense, worldwide experimen- 
tal effort. This problem is partly explained by the lack 
of knowledge regarding several parameters controlling 
the synthesis conditions. For instance, neither the tem- 
peratures of nanotube condensation and formation nor 
the manner in which they are influenced by the synthesis 
parameters are known. Equally often unknown is the ex- 
act and accurate role ofthe catalysts in nanotube growth. 
Given the large number of experimental parameters and 
considering the large range of conditions thatthe several 
synthesis techniques correspond to, itis quite legitimate 
to think of more than one mechanism intervening in the 
‘nanotube formation, 
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Sketch explaining the various parameters obtained 
from high resolution (lattice fringe mode) transmission 
electron microscopy for quantifying nanotexture: L, is the 
average length of perfect (distortion-free) graphenes of co- 
herent areas: N is the number of piled-up graphenes in the 
coherent (distortion-free) areas; L> is the average length 
of continuous though distorted graphenes within graphene 
stacks; isthe average distortion angle. Ly and N are more 
or less related to L, and L obtained from X-ray diffraction 


by subsequent thermal treatments at high temperatures 
(eg., > 2,000°C) or, reversibly, possibly degraded by 
chemical treatments (e-g., slight oxidation conditions). 


3.2.1 Solid Carbon Source-Based Production 
Techniques for Carbon Nanotubes 


‘Among the different SWNT production techniques, the 
three processes (laser ablation, solar energy, and electric 
are) presented in this section have atleast two common 
points: a high temperature (1,000K < T <6,000K) 
‘medium and the fact that the carbon source originates 
from the erosion of solid graphite. In spite of these 
common points, both the morphologies of the carbon 
nanostructures and the SWNT yields can differ notably 
‘with respect to the experimental conditions. 

Before being utilized for carbon nanotube synthesis, 
these techniques permitted the production of fullerenes. 
Laser vaporization of graphite was actually the very first 
‘method to demonstrate the existence of fullerenes, in- 
cluding the most popular one (because the most stable 
and therefore the most abundant), Cy [3.20]. On the 
other hand, the electric are technique was (and still 
is) the first method to produce fullerenes in relatively 
large quantities [3.21]. As opposed to the fullerene for- 
imation, which requires the presence of carbon atoms 
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in high temperature media and the absence of oxy: 
‘gen, the utilization of these techniques for the synthesis 
Of nanotubes requires an additional condition, i.e. the 
presence of catalysts in one of the electrode or the 
target 

In case of these synthesis techniques requiring 
relatively high temperatures to sublime graphite, the 
different mechanisms such as the carbon molecule disso- 
ciation and the atom recombination processes take place 
at different time scales from nanosecond to microsec- 
ond and even millisecond. The formation of nanotubes 
and other graphene-based products appears afterward 
with a relatively long delay. 

‘The methods of laser ablation, solar energy, and elec- 
tric are are based on an essential mechanism, i.e. the 
‘energy transfer resulting from the interaction between 
either the target material and an external radiation (laser 
beam or radiation emanating from solar energy) or the 
electrode and the plasma (in case of electric arc). This 
interaction is at the origin of the target or anode erasion 
leading to the formation of a plasma, i.e. an electri- 
cally neutral ionized gas, composed of neutral atoms, 
charged particles (molecules and ionized species), and 
electrons. The ionization degree of this plasma, defined 
by the ratio (ne/e-+7), Where te and m are the den- 
sity of electrons and that of neutral atoms respectively, 
highlights the importance of energy transfer between 
the plasma and the material. The characteristics of this 
plasma and notably the fields of temperature and of con- 
centration of the various species present in the plasma 
thereby depend not only on the nature and composi- 
tion of the target or that of the electrode but also on the 
energy transferred. 

(One of the advantages of these different synthesis 
techniques is the possibilty of varying a large number 
of parameters, which allow the composition of the high 
temperature medium to be modified and, consequently, 
the most relevant parameters to be determined, in onder 
to define the optimal conditions for the control of car- 
bon nanotube formation, But a major drawback of these 
techniques ~ as for any other technique for the produe- 
tion of SWNTs ~ is that SWNTs never come pure, ie 
they are associated with other carbon phases and catalyst 
remnants. Although purification processes are proposed 
in literature and by some commercial companies to rid 
these undesirable phases. they are all based on oxidation 
(eg. acidic) processes that are likely to affect deeply 
the SWNT structure [3.14]. Subsequent thermal treat- 
ments at ~ 1,200°C under inert atmosphere, however, 
succeed somewhat in recovering the former structure 
quality [3.24] 


Laser Ablation 
After the first laser was built in 1960, physicists immedi- 
ately made use of it as a means of concentrating a large 
quantity of energy inside a very small volume within 
relatively short time. The consequences of this energy 
input naturally depends on the characteristics of the de- 
vice employed. During the interaction between the laser 
beam and the material, numerous phenomena superim- 
pose and/or follow each other within the time range, 
‘each of these processes being sensitive to such different 
parameters as the laser beam characteristics, the incom 
ing power density (also termed “fluence”), the nature of 
the target, and the environment surrounding it. For in- 
stance, the solid target can merely heat up, or melt, or 
vaporize depending on the power provided. 

While this technique was used successfully to syn- 
thesize fullerene-related structures for the very first 
time [3.20], the synthesis of SWNT by laser ablation 
came only ten years later [3.22] 


Laser Ablation ~ Experimental Devices 
‘Two types of laser devices are utilized nowadays for 
‘carbon nanotube production: lasers operating in pulsed 
‘mode on the one hand and lasers operating in continuous 
mode on the other hand, the latter generally providing 
a smaller influence. 

‘An example of the layout indicating the principle of 
4 laser ablation device is given in Fig. 3.9, A graphite 
pellet containing the catalyst is put in the middle of an 
inert gas-filled quartz tube placed in an oven maintained 
at a temperature of 1,200°C [3.22,23]. The energy of 
the laser beam focused on the pellet permits it to vapor- 
ize and sublime the graphite by uniformly bombarding 
its surface, The carbon species swept by a flow of neutral 
gas are thereafter deposited as soot in different regions: 
on the conical water-cooled copper collector, on the 
quartz tube walls, and on the backside of the pellet, 


Fig.3.9 Sketch of an early laser vaporization apparatus 
(adapted from [3.22,23)) 
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What Can Go Wrong 


pushbutton bushing, especially in cheaper com- 
ponents where the threads are molded into 
plastic. Consider applying a drop of Loc-Tite or 
similar adhesive before completely tightening 
the nut. Nut sizes vary widely, and finding a re- 
placement may be time-consuming. 


LED Issues 

When using a pushbutton containing an LED, be 
careful to distinguish the LED power terminals 
from the switched terminals. The manufacturer's 
datasheet should clarify this distinction, but the 
polarity of the LED terminals may not be clearly 
indicated, Ifa diode-testing meter function is un- 


power > connection 


pushbutton 


available,a sample ofthe switch should betested 
witha source of 3to SVDCanda 2K series resistor. 
Briefly touching the power to the LED terminals, 
through the resistor, should cause the LED to 
flash dimly if the polarity is correct, but should 
not be sufficient to burn out the LED if the po- 
larity is incorrect. 


Other Problems 

Problems such as arcing, overload, short circuits, 
wrong terminal type, and contact bounce are 
generally the same as those associated with a 
switch, and are summarized in that entry in this 
encyclopedia. 


36 Encyclopedia of Electronic Components Volume 1 
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Various improvements have been made to this de- 
vice in order to increase the production efficiency. For 
example, Thess et al. [3.25] employed a second pulsed 
laser that follows the initial impulsion but at a differ- 
ent frequency in order to ensure a more complete and 
efficient irradiation of the pellet. This second impul- 
sion has the role of vaporizing the coarse aggregates 
issued from the first ablation and thereby making them 
participate in the active carbon feedstock involved in 
the nanotube growth. Other modifications were brought 
by Rincler et al, [3.24], who inserted a second quartz 
tube of a smaller diameter coaxially disposed inside 
to the first one. This second tube has the role of re- 
ducing the vaporization zone and thereby permitting an 
increase in the quantity of sublimed carbon. They also 
arranged to place the graphite pellet on a revolving sys- 
tem so that the laser beam uniformly scans its whole 
surface. 

Other groups have realized that, as far as the tar- 
get contains both the catalyst and the graphite, the latter 
evaporates in priority and the pellet surface becomes 
‘more and more metal rich, resulting in a decrease of 
the efficiency in nanotube formation in the course of the 
process. To solve this problem, Yudasaka et al. [3.27] 
utilized two pellets facing each other, one entirely 
made from the graphite powder and the other from 
an alloy of transition metals (catalysts), and irradiated 
simultaneously. 

A. sketch of a synthesis reactor based on the 
‘vaporization of a target ata fixed temperature by a con- 
tinuous CO> laser beam (3.=10.6qum) is shown in 
Fig. 3.10 [3.26]. The power can be varied from 100 W to 
1,600 W. The temperature of the target is measured with, 
an optical pyrometer, and these measurements are used 
to regulate the laser power to maintain a constant vapor- 
ization temperature. The gas, heated by the contact with 
the target, acts as alocal furnace and creates an extended 
hot zone, making an external furnace unnecessary. The 
gas is extracted through a silica pipe, and the solid prod- 
ucts formed are carried away by the gas flow through the 
pipe and then collected on a filter. The synthesis yield 
is controlled by three parameters: the cooling rate ofthe 
‘medium where the active, secondary catalyst particles 
are formed, the residence time, and the temperature (in 
the 1,000-2,100K range) at which SWNTs nucleate 
and grow [3.28] 

But devices equipped with facilities to gather in situ 
data such asthe target temperature are few and, generally 
speaking, among the numerous parameters of the laser 
ablation synthesis technique. The most studied are the 
nature of the target, the nature and concentration of the 
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pyrometer 


Fig.3.10 Sketch of a synthesis reactor with a continuous 
CO; laser device (adapted from [3.26)) 


catalysts, the nature of the neutral gas flow, and the 
temperature of the outer oven (when any). 


Laser Ablation ~ Results 
Inthe absence of catalysts in the target, the soot collected 
‘mainly contains multiwall nanotubes (¢-MWNTS). Their 
lengths can reach 300mm, Their quantity and struc- 
ture quality are dependent on the oven temperature. 
‘The best quality is obtained for an oven temperature 
set at 1,200°C. At lower oven temperatures, the struc- 
ture quality decreases, and the nanotubes start presenting, 
‘many defects [3.23]. As soon as small quantities (few 
percents or less) of transition metals (Ni, Co) playing 
the role of catalysts are incorporated into the graphite 
pellet, products yielded undergo significant modifica- 
tions, and SWNTs are formed instead of MWNTs. 
‘The yield of SWNTs strongly depends on the type of 
‘metal catalyst used and is seen to increase with furnace 
temperature, among other factors. The SWNTs have 
remarkably uniform diameter and they self-organize 
into rope-like crystallites 5-20 nm in diameter and tens 
to hundreds of micrometers in length (Fig. 3.11). The 
ends of all SWNT appear to be perfectly closed with 
hemispherical end caps showing no evidence of any as- 
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Fig. 3.11 Low magnification TEM images of atypical aw 
SWNT material ebained fom the laser vaporization tech 
nique, Fibrous morphologies are SWAT bundles and dark 


particles are catalyst remnants, Raw SWNT materials from 
electric are exhibit a similar aspect (from [3.14]) 


sociated metal catalyst particle, although, as pointed out 
in Sect.3.1, finding the two tips of a SWNT is rather 
challenging, considering the huge aspect ratio of the 
nanotube and their entanglement. Another feature of 
SWNTs produced with this technique is that they are 
supposedly “cleaner” than those produced employing 
other techniques, i.e.,associated with a lower amount of 
an amorphous carbon phase, either coating the SWNTs 
or gathered into nano-particles. Such an advantage, how- 
ever, stands only for synthesis conditions specifically set 
to ensure high quality SWNTs. It can no longer be true 
when conditions are such that high yields are preferred, 
and SWNTs from electric are may appear cleaner than 
SWNTs from laser vaporization [3.14] 

‘The laser vaporization technique is one of the three 
methods currently used to prepare SWNTs as com- 
‘mercial products. SWNTs prepared that way were first 
marketed by Carbon Nanotechnologies Inc. (Texas, 
USA), with prices as high as $ 1,000/g (raw mater- 
ials) until December 2002. As a probable consequence 
of the impossibility to lower the amount of impurities 
in the raw materials, they have recently decided to fo- 
‘cus on fabricating SWNTs by the HiPCo technique (see 
Sect. 3.2.2). Though laser-based method are generally 
considered not competitive in the long term for the 
low-cost production of SWNTs compared to CCVD- 
based methods (see Sect.3.2.2), prediction of prices 
as low as $0.03 per gram of raw high concentration 
SWNT soot are expected in the near future (Acolt S.A., 
Switzerland). 


Electric-Arc Method 
Electric arcs between carbon electrodes have been stud- 
ied as light sources and radiation standards for a very 
Jong time. Lately they have received renewed attention 
for their use in producing new fullerenes-related mo- 
Jecular carbon nanostructures such as genuine fullerenes 
or nanotubes. This technique was first brought to light 
by Kratschmer et al. [3.21] who utilized it to achieve 
the production of fullerenes in macroscopic quantities. 
In the course of investigating the other carbon nano- 
structures formed along with the fullerenes and more 
particularly the solid carbon deposit forming onto the 
cathode, lijima [3.7] discovered the catalyst-ree forma- 
tion of perfect ¢-MWNT-type carbon nanotubes. Then, 
as mentioned in the introduction of this chapter, the 
catalyst-promoted formation of SWNTs was inciden- 
tally discovered after some amounts of transition metals 
were introduced into the anode in an attempt to fill the 
c-MWNTS with metals while they grow [3.8,9]. Since 
then, a lot of work has been carried out by many groups 
using this technique to understand the mechanisms of 
nanotube growth as well as the role played by the eata- 
Iysts (when any) for the synthesis of MWNTs and/or 
SWNTs [329-11] 


Electric-Art Method ~ Experimental Devices 
‘The principle of this technique is to vaporize carbon in 
the presence of catalysts (iron, nickel, cobalt, yttrium, 
boron, gadolinium, and so forth) under reduced atmos- 
phere of inert gas (argon or helium). After the triggering 
of the are between two electrodes, a plasma is formed 
consisting of the mixture of carbon vapor, the rare gas 
(helium or argon), and the vapors of catalysts. The va- 
porization isthe consequence ofthe energy transfer from 
the arc to the anode made of graphite doped with cata- 
lysts. The anode erosion rate is more or less important 
depending on the power ofthe arc and also on the other 
‘experimental conditions. It is noteworthy that a high an- 
ode erosion does not necessarily lead to a high carbon 
nanotube production. 

‘An example ofa reactor layouts shown in Fig. 3.12 
1k consists of a cylinder of about 30cm in diameter and 
about 1m in height, equipped with diametrically op- 
posed sapphire windows located so that they face the 
plasma zone in view of observing the arc, The reactor 
possesses two valves, one for carrying out the primary 
evacuation (0.1 Pa) of the chamber, the other permit- 
ting it to fll with a rare gas up to the desired working 
pressure. 

‘Contrary to the solar energy technique, SWNTS are 
deposited (provided appropriate catalysts are used) in 
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Fig. 3.12 Sketch of an electric are reactor 


different regions of the reactor: (1) the collaret, which 
forms around the cathode; (2) the web-like deposits 
found above the cathode; (3) the soot deposited all 
around the reactor walls and bottom, On the other hand, 
‘MWNTs are formed embedded in a hard deposit adher- 
ent to the cathode, whenever catalysts are used or not 
‘The cathode deposits formed under the cathode. The 
formation of collaret and web is not systematic and de- 
pends on the experimental conditions as indicated in 
‘Table 3.1, as opposed to cathode deposit and soot that 
are systematically found. 

‘Two graphite rods of few millimeters in diameter 
constitute the electrodes between which a potential dif- 
ference is applied. The dimensions of these electrodes 
‘vary according to the authors. In certain cases, the cath- 
ode has a greater diameter than the anode in order to 
facilitate their alignment (3.32, 42]. Other authors uti- 
lize electrodes of the same diameter [3.41]. The whole 
device can be designed horizontally [3.33.41] or verti- 
cally [3.34, 36-38]. The advantage of the latter is the 
symmetry brought by the vertcality with respect to 
gravity, which facilitates computer modeling (regarding 
convection flows, for instance) 

‘Two types of anodes can be utilized as soon as cata- 
lysts need to be introduced: (1) graphite anodes in which 
4 coaxial hole is drilled several centimeters in length 
and in which catalyst and graphite powders are mixed; 
(2) graphite anodes in which the catalysts are homoge- 
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neously dispersed [3.43]. The former are by far the most 
popular, due to their ease of fabrication, 

‘The optimization of the process regarding the nano- 
tube yield and quality is attempted by studying the 
role of various parameters such as the type of doped 
anode (homogeneous or heterogeneous catalyst disper- 
sion), the nature as well asthe concentration of catalysts, 
the nature of the plasmagenic gas, the buffer gas pres- 
sure, the are current intensity, and the distance between 
electrodes. Investigating the result of varying these 
parameters on the type and amount of carbon nanostruc- 
tures formed is, of course, the preliminary work that 
has been done. Though electric arc reactors equipped 
‘with the related facilities are few (see Fig. 3.12), inves- 
tigating the missing link, i.e. the effect of varying the 
parameters on the plasma characteristics (fields of con- 
centration species and temperature) is likely to provide 
‘a more comprehensive understanding of the phenomena 
involved in nanotube formation, This has been recently 
developed by atomic and molecular optical emission 
spectroscopy [3.34,36-39, 41] 

Finally, mention has to be made of attempts to make 
the electric are within liquid media such as liquid ni- 
trogen [3.44] or water [3.45,46], the goal being easier 
processing since they do not require pumping devices 
or a closed volume and therefore are likely to allow 
continuous synthesis. This adaptation has not, however, 
reached the state of mass production. 


Electric-Arc Method ~ Results 
In view of the numerous results obtained with this 
electric-are technique, it appears clearly that both the 
‘nanotube morphology and the nanotube production eff- 
ciency strongly depend on the experimental conditions 
and, in particular, on the nature of the catalysts. It is 
‘worth noting that the products obtained do not consist 
solely in carbon nanotubes but also in nontubular forms 
of carbon such as nanoparticles, fullerene-like structures 
including Cys, poorly organized polyaromatic carbons, 
nearly amorphous nanofibers, multiwall shells, single- 
‘wall nanocapsules, and amorphous carbon as reported 
in Table 3.1 [3.35,37,38]. In addition, catalyst remnants 
are found all over the place, i.e. inthe soot, collaret, 
‘web, and cathode deposit in various concentration. Gen- 
erally, at pressure value of about 600 mbar of helium, 
for 80 are current and 1 mm electrode gap, the use of 
Ni¥ as coupled catalysts favors more particularly the 
synthesis of SWNTS [3.8,33,447]. For such conditions 
providing high SWNT yields, SWNT concentrations are 
higher in the collaret (in the range of 50-70), then 
in the web (~ 50% or less) then in the soot. On the 
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Table 3.1 Different carbon momphologies obtained by changing the type of anode, the type of eatalysts, and pressure value, in 
series of arc-discharge experiments (electrode gap = I mm) 


O.6Ni-+0.6Co. 
(homogeneous anode) 
P~60kPa 

conditions 1~80A 


‘MWNT + MWS + 
POPAC or Cn + cat- 
alysts ¢~3—35am. 

‘| NANF + catalysts 

‘© AC patticles + cata- 
lysts 

= (DWNT), [SWNT], 
ropes or isolated, 
+ POPAC 

Web = [AQT], DWNT, 
$2,745.70. 
SWNT 
o12-18nm, 
isolated or ropes 
$< 15um, 

+ POPAC + Cn 
‘© AC particles + catalysts 
~3—40nm + MWS 
INANE] 


Collaret* POPAC and SWNC 


eSWNTO 
opened], distorted, 
isolated or ropes 
@< 15am, +Ca 

+ {ACI particles 


Cathode « POPAC and SWNC 
deposit particles, 
Catalysts  ~ 
5-300am MWS 
*MWNT 9 <50nm 
(SW) @~ Lonm 
clean + Cn, isolated. 
‘or ropes 


Abundant ~ Present ~ [Rare] 


0.6Ni-+0.6Co. 
(homogeneous anode) 
P~40kPa 

1~80A 


‘© POPAC and AC 
particles + eatalysts 
$~2-20nm 

NAN + catalysts 
$~5-20nm 
+MWws 

+ [SWVT] @~1-1.4nm, 
distorted or damaged, 
isolated or ropes + Cn 


None 


# AC and POPAC 
particles + catalysts 
6~3-250m 

SWNT §~1-14nm 
clean + Cn, [isolated] 
orropes @ = 250m 

= Catalysts 
$~$-50am 
MWS, 

@ [SWNC) 


*POPAC and SWNC 
particles + Cn 

1 Catalysts 
@~20-100nm 
+MWws: 


+05Co 


P~ 60KPa 
I~ 804 


© AC and POPAC par- 
ticles + catalysts 
~3-35nm 

@NANF + catalysts 
~4-15nm 
[SWAT] $~ 120m, 
isolated or ropes 


‘None 


+ Catalysts 
~3-110om 
+ MWS 

© AC of POPAC par- 
ticles + eatalysts 
~3-50nm 

SWNT ¢~14nm 
clean + Cn isolated 
‘or ropes @ < 200m 


+ MWS, catalystee 

eMWNT ¢ < 35m 

+ POPAC and PSWNC 
particles 

e [SWNT], isolated or 
ropes 

+ {Caraysis] 
@~3-30nm 


42Ni+1Y 


P~60kPa 

1~80A 

® POPAC and AC 
+ particles + cata- 
lysts @ = 30mm 

‘eSWNT $~ 14om, 
clean + Ca, short 
‘with tips, dam- 
aged], isolated or 
ropes <25nm_ 

‘* [SWNC] particles 


© SWNT, @~14nm, 
isolated or ropes 
4 <20nm, + AC 

‘» POPAC and AC 
particles-+ catalysts 
$ ~3—10-400m 
+ MWS 


SWNT 
o~14-2.5nm, 
clean + Cn, [dam- 
aged], isolated or 
ropes @ < 301nm 

‘*POPAC or AC par 
ticles + catalysts 
$~3-30nm 

‘S[MWS] + catalysts 
co eatalyst-fre. 


SWNT. 
o> 14-4.tnm, 
clean + Cn, short 
with tips, isolated or 
ropes @ = 20nm, 

‘* POPAC or AC par 
ticles + catalysts 
$~3-30nm 

‘MWS + catalysts 
4 <40nm or 
catalystfree 

(anwar 


Glossary: AC; amorphous catbon; POPAC: poorly organised polyaromatic carbon; Cn: fullerene-like structure, 
including Cp; NANF: nearly amorphous nanofiber, MWS: multivall shell; SWNT: sinle-wall nanotube; 
DWNT: double-wall nanotube, MWNT: muliwall nanotube; SWNC: single-wall nanocapsule. 
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other hand, ¢- MWNTs are found in the cathode deposit. 
SWNT lengths are micrometric and, typically, outer 
iameters range around 1.4nm. Taking the latter con- 
ditions as a reference experiment (Table 3.1, column 4), 
Table 3.1 illustrates the consequence of changing the 
parameters. For instance (Table 3.1, column 3), using 
[Ni/Co instead of Ni/Y as catalysts prevents the formation 
of SWNTs. But when the Ni/Co catalysts are homoge- 
neously dispersed in the anode (Table 31, column 1), the 
formation of nanotubes is promoted again, but MWNTs 
with two or three walls prevail over SWNTs, among 
which DWNTs (double-wall nanotubes) make a major- 
ity, But it is enough to decrease the ambient pressure 
from 60 to 40kPa (Table 3.1, column 2) for getting 
back to conditions where the nanotube formation is 
impeached 

Recent works have attempted to replace graphite 
powder (sp* hybridized carbon) by diamond powder 
(sp? hybridized carbon) to mix with the catalyst pow- 
der and fill hollowed-type graphite anodes, The result 
‘was an unexpected but quite significant increase (up to 
+2304) inthe SWNT yield [3.39.40]. Such experiments 
reyeal, as for the comparison between the results from 
using homogeneous instead of heterogeneous anodes 
that the physical phenomena (charge and heat transfers) 
that occurred in the anode during the are are of utmost 
importance, which was neglected until now. 

It is clear that while the use of rare earth element 
(such as Y) as a single catalyst does not provide the 
conditions to grow SWNTs, associating it with a tran- 
sition metal (such as Ni/Y) seems to correspond to the 
‘most appropriate combinations, leading to the highest 
SWNT yields [3.42]. On the other hand, using a single 
rare earth element may lead to unexpected results, such 
as the anticipated closure of graphene edges from a ¢- 
‘MWNT wall with the neighboring graphene edges from 
the same wall side, leading to the preferred formation 
of telescope-like and open c-MWNTS able to contain 
nested Gd crystals [3.36,38]. Such a need for bimetallic 
catalysts has just begun to be understood as a possi- 
ble requirement to promote the transitory formation of 
nickel particles coated with ytrium carbide, whose lat- 
tice constants are somewhat commensurable with that 
of graphenes [3.48] 

Figure 3.13 illustrates the kind of information pro- 
-vided by the analysis ofthe plasma by means of emission 
spectroscopy, i.e. radial temperature (Fig. 3.13a) or C2 
species concentration (Fig. 3.13b) profiles inthe plasma. 
‘A common feature is that a huge vertical gradient 
(~500K/mm) rapidly establishes (at ~ 0.5mm from 
the center inthe radial direction) from the bottom to the 
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Fig. 3.13a,b Typical temperature (a) and C2 concentration 
(b) profiles in the plasma at the anode surface (square). at 
the plasma center (dor), and at the cathode surface (riangle) 
for “standard” conditions (see text). Gradients are similar 
‘whatever the catalyst, although absolute value may vary 


top of the plasma, as a probable consequence of convec- 
tion phenomena (Fig. 3.13a). The zone of actual SWNT 
formation is beyond the limit of the volume analyzable 
in the radial direction, corresponding to colder areas, 
‘The C2 concentration increases dramatically from the 
anode to the cathode and decreases dramatically in the 
radial direction (Fig. 3.13b). This demonstrates that C2 
moieties are secondary products resulting from the re- 
combination of primary species formed from the anode, 
It also suggests that C2 moieties may be the building 
blocks for MWNT (formed at the cathode) but not for 
SWNT [3.38,40] 
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Although many aspects of it still need to be un- 
derstood, the electric-are method is one of the three 
methods currently used to produce SWNTs as com- 
mercial products. At the French company Nanoledge 
S.A. (Montpellier, France), for instance, current produe- 
tion (for 2003) reaches ~ 20kg/year (raw SWNTS, i.e. 
not purified), with a marketed price of ~ 90 Euros/g, 
which is much cheaper than any other production 
‘method so far. A decrease to 2~S Euros/g is expected for 
sometime before 2007, with a SWNT production cap- 
acity of 4~Stons/year. Amazingly, raw SWNTs from 
electric are proposed by Bucky USA (Texas, USA) are 
still proposed at a marketed price of $ 1,000/g, 


Solar Furnace 
Solar furnace devices were originally utilized by 
several groups to produce fullerenes. [3.49-51] 
Heben etal. [3.52] and Laplaze et al. [3.53] later mod- 
ified their former devices in order to use them for 
carbon nanotube production, This modification con- 
sisted mainly in using more powerful ovens [3.54,55], 


Solar Furnace ~ Experimental Devices 
‘The principle of this technique is again based on the 
sublimation in an inert gas of a mixture of graphite 
powder and catalysts formerly placed in a crucible. An 
‘example of such a device is shown in Fig. 3.14. The so- 
lar rays are collected by a plain mirror and reflected 
toward a parabolic mirror that focuses them directly 
onto a graphite pellet under controlled atmosphere. The 
high temperature of about 4,000K permits both the 
carbon and the catalysts to vaporize. The vapors are 
then dragged by the neutral gas and condense onto 
the cold walls of the thermal sereen. The reactor con- 
sists of a brass support cooled by water circulation, on 
Which Pyrex® chambers with various shapes can be fixed 
(Fig. 3.14b). This support contains a watertight passage 
permitting the introduction of the neutral gas and a cop- 
per rod on which the target is mounted, ‘The target is 
surrounded by a graphite tube that plays both the role of 
a thermal screen to reduce radiation losses (very impor- 
tant in the case of graphite) and the role of a duet to lead 
‘carbon vapors toa filter in order to avoid soot deposits on 
the Pyrex® chamber wall. A graphite crucible filled with 
powdered graphite (for fullerene synthesis) or a mix- 
ture of graphite and catalysts (for nanotube synthesis) is 
utilized in order to reduce the conduction losses. 

‘These studies primarily investigated the target com- 
position, the type and concentration of catalysts, the 
flow-rate, the composition and pressure of the plasma- 
genic gas inside the chamber, and the oven power, The 


objectives are similar to that of works carried out with 
the other solid-carbon-source-based processes, When 
possible, specific in situ diagnostics (pyrometry, optic- 
al emission spectroscopy, etc.) are also performed in 
order to understand better the role of the various param- 
eters (temperature measurements atthe crucible surface, 
along the graphite tube acting as thermal screen, C> 
radical concentration in the immediate vicinity of the 
crucible), 


Solar Furnace ~ Results 
Some results obtained by different groups conceming 
the influence of the catalysts can be summarized as 
follows. With Ni/Co and at low pressure, the sample 
collected contains mainly MWNTs with bamboo tex- 
ture, carbon shells, and some bundles of SWNTTs [3.54] 
At higher pressures, only bundles of SWNTs are ob- 
tained with fewer carbon shells. With Ni/Y and at a high 
pressure, relatively long bundles of SWNT are ob- 
served. With Co, SWNT bundles are obtained in the 
soot with SWNT diameters ranging from 1 to 2nm. 
Laplaze et al. [3.54] observed very few nanotubes but 
a large quantity of carbon shells. 

In order to proceed to a large-scale synthesis of 
single-wall carbon nanotubes, which is still a challenge 
for chemical engineers, Flamant et al. [3.56] recently 
demonstrated that solar energy-based synthesis is a ver- 
satile method to obtain SWNT and can he scaled from 
0.10.5 g/h to 10 g/h and then to 100 g/h productivity 
using existing solar furnaces. Experiments at medium 
scale (10-2/h, 50 kW solar power) have proven the fea- 
sibility of designing and building such a reactor and of 
the scaling-up method. Numerical simulation was mean- 
while performed in orderto improve the selectivity of the 
synthesis, in particular by controlling the carbon vapor 
cooling rate. 


3.2.2 Gaseous Carbon Source-Based 
Production Techniques 
for Carbon Nanotubes 


As mentioned in the introduction of this chapter, the 
ccatalysis-enhanced thermal cracking of gaseous car- 
bon source (hydrocarbons, CO) ~ commonly referred 
to as catalytic chemical vapor deposition (CCVD) — 
has been known to produce carbon nanofilaments for 
a long time [3.4], so that reporting all the works pub- 
lished in the field since the beginning of the century 
is almost impossible. Until the 90s, however, carbon 
nanofilaments were mainly produced to act as a core 
substrate for the subsequent growth of larger (micro- 
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‘etric) carbon fibers ~ so-called vapor-grown carbon 
fibers ~ by means of thickening through mere catalyst- 
free CVD processes (3.57, 58]. We therefore are going 
to focus instead on the more recent attempts made to 
prepare genuine carbon nanotubes. 

‘The synthesis of carbon nanotubes (either single- or 
:multiwalled) by CCVD methods involves the catalytic 
decomposition of a carbon containing source on small 
‘metallic particles or clusters. This technique involves 
either an heterogeneous process if a solid substrate 
has a role or an homogeneous process if everything 
takes place in the gas phase. The metals generally used 
for these reactions are transition metals, such as Fe, 
Co, and Ni. It is a rather “low temperature” process 
compared to arc-discharge and laserablation methods, 
with the formation of carbon nanotubes typically oc- 
curring between 600°C and 1.000°C. Because of the 
low temperature, the selectivity of the CCVD method is 
generally better forthe production of MWNTs with re- 
spect to graphitic particles and amorphous-like carbon, 
‘hich remain an important part ofthe raw are-discharge 
SWAT samples, for example. Both homogeneous and 
hheterogencous processes appear very sensitive to the 
nature and the structure of the catalyst used, as well as 
to the operating conditions. Carbon nanotubes prepared 
by CCD methods are generally much longer (few tens 
to hundreds of micrometers) than those obtained by are 
discharge (few micrometers). Depending on the experi- 
‘mental conditions, itis possible to grow dense arrays 
fof nanotubes. It is a general statement that MWNTs 
from CCVD contain more structural defects (i.e., ex- 
hibit a lower nanotexture) than MWNTs from are, due 
to the lower temperature reaction, which does not al- 
Jow any structural rearrangements. These defects can be 
removed by subsequently applying heat treatments in 
‘vacuum or inert atmosphere to the products. Whether 
such a discrepancy is also true for SWNTs remains 
questionable. CCVD SWNTsare generally gathered into 
bundles that are generally of smaller diameter (few tens 
of nm) than their are-discharge and laser-ablation coun- 
terparts (around 100m in diameter). CCVD provides 
reasonably good perspectives of large-scale and low-cost 
processes forthe mass production of carbon nanotubes, 
«key point for their applications at the industrial scale, 

‘A last word concems the nomenclature. Because 
work in the field started more than one century ago, 
denomination of the carbon objects prepared by this 
‘method has changed with time with regard to the 
authors, research areas, and fashions. The same ob- 
jects are found to be called vapor grown carbon 
fibers, nanofilaments, nanofibers, and from now on, 
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Fig.3.tha,b Sketch of a solar energy reactor in use in Odeilho 
focused in F; (b) Example of 
Pyrex® chamber placed in (a) so thatthe graphite crucible is at the 


(France), (a) Gathering of sun 


point F (adapted from [3.56]) 


nanotubes. Specifically regarding multilayered fibrous 
morphologies (since single-layered fibrous morpholo- 
ies cannot be otherwise than SWNT anyway), the 
exact name should be vapor-grown carbon nanofila- 
ments (VGCNF). Whether or not the filaments are 
then tubular is a matter of textural description, which 
should go with other textural features such as bamboo, 
herringbone, concentric, etc. (see Sect. 3.1.2). But the 
usage has decided otherwise. In the following, we will 
therefore use MWNTs for any hollowed nanofilament, 
whether they contain transversally oriented graphene 
walls or not. Any other nanofilament will be named 
‘nanofiber.” 


Heterogeneous Processes 
Heterogeneous CCVD processes are basically simple 
and consist, within a furnace heated to the desired tem- 
perature, in passing a gascous flow containing a given 
proportion of a hydrocarbon (mainly CH, C22, CoH, 
for CoH, usually as a mixture with either Hp or an in- 
ert gas such as Ar) over small transition metal particles 
(Fe, Co, Ni). The latter are previously deposited onto an 
inert substrate, for instance, by spraying « suspension of 
the metal particles on it, or any other method. The reac- 
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tion is chemically defined as catalysis-enhanced thermal 
cracking 


CHy + x C+ y/2H2 


CCatalysis-enhanced thermal cracking was used as 
carly as the late 19th century (see beginning of chapter). 
Further extensive works before the 90s include those 
by Baker etal. [3.6,59], oF Endo et al. [3.60, 61]. Sev- 
«eral review papers have been published since then, such 
as [3.62] in addition to many regular papers. 

‘CO can be used instead of hydrocarbons, the reac- 
tion is then chemically defined as catalysis-enhanced 
disproportionation 


2CO+C+COs 


Heterogeneous Processes ~ 

Experimental Devices 
‘The ability of catalysis-enhanced CO disproportiona- 
tion in making carbon nanofilaments was reported by 
Davis et al. [3.63] as early as 1953, probably for the 
first time. Extensive following works were performed by 
Boehm [3.64], Audier et al. [3.16,65-67], and Gadelle 
etal. [3.68-71] 

‘Although formation mechanisms for SWNT and 
MWNTS can be quite different (see Sect. 3.3, or refer to 
a review article such as [3.72)), many of the parameters 
of the catalytic processes have a similar and important 
role on the type of nanotubes formed: the temperature, 
the duration of the treatment, the gas composition and 
flow rate, and of course the catalyst nature and size, 
Ata given temperature, depending mainly on the na- 
ture of both the catalyst and the carbon-containing gas, 
the catalytic decomposition will take place at the sur- 
face of the metal particles, followed by a mass-transport 
of the freshly produced carbon either by surface or vol- 
ume diffusion until the carbon concentration reaches the 
solubility limit, and the precipitation starts 

It is now agreed that the formation of CCVD car- 
bon nanotubes occurs on metal particles of a very small 
size, typically in the nanometer-size range [3.72]. These 
catalytic metal particles are prepared mainly by re- 
duction of transition metals compounds (salts, oxides) 
by Ha, prior to the nanotube formation step (where the 
carbon containing gas is required). It is possible, how- 
ever, to produce these catalytic metal particles in situ in 
presence of the carbon source, allowing for a one-step 
process [3.73]. Because the control ofthe metal particle 
size isthe key point (they have to be kept at ananometric 
size), their coalescence is generally avoided by support- 
ing them on an inert support such as an oxide (Al2Ox, 


Sis, zeolites, MgAl20,, MgO, etc.), or more rarely on 
graphite. A low concentration of the catalytic metal pre- 
cursor is required to limit the coalescence of the metal 
particles that may happen during the reduction step. 

‘There are two main ways for the preparation of the 
catalyst: (a) the impregnation of a substrate with a s0- 
lution of a salt of the desired transition metal catalyst, 
and (b) the preparation of a solid solution of an oxide 
of the chosen catalytic metal in a chemically inert and 
thermally stable host oxide. The catalyst is then reduced 
to form the metal particles on which the catalytic de- 
composition of the carbon source will lead to carbon 
nanotube growth, In most cases, the nanotubes can then 
be separated from the catalyst (Fig. 3.15). 


Heterogeneous Processes ~ Results with CCVD 
Involving Impregnated Catalysts 
‘A lot of work was already done inthis area even before 
the discovery of fullerenes and carbon nanotubes, but 
although the formation of tubular carbon structures by 
catalytic processes involving small metal particles was 
clearly identified, the authors did not focus onthe prepa- 
ration of SWNTs or MWNTs with respect to the other 
carbon species. Some examples will be given here to 
illustrate the most striking improvements obtained, 
With the impregnation method, the process generally 
involves four different and successive steps: (1) the im- 
pregnation ofthe support by a solution ofa salt (nitrate, 
chloride) ofthe chosen metal catalyst; (2) the drying and 
calcination of the supported catalyst to get the oxide of 
the catalytic metal; (3) the reduction in a Hp-containing 
atmosphere to make the catalytic metal particles and at 
last (4) the decomposition of a carbon-containing gas 
over the freshly prepared metal particles that will lead to 
the nanotube growth. For example, Ivanov et al. [3.74] 
have prepared nanotubes by the decomposition of C3Ha 
(pure orn mixture with Ha) on well-dispersed transition 
metal particles (Fe, Co, Ni, Cu) supported on graphite or 
SiOs.Co-SiO was found tobe the best catalys/support 
combination forthe preparation of MWNTS, but most of 
the other combinations led to carbon filaments, some- 
times covered with amorphous-like carbon. The same 
authors have developed a precipitation-ion-exchange 
method that provides a better dispersion of metals on 
silica compared tothe classical impregnation technique. 
‘The same group has then proposed the use of a zeolite- 
supported Co catalyst (3.75, 76], resulting in very finely 
dispersed metal particles (from 1 to 5Onm in diameter). 
Only om this catalyst could they observe MWNTs with 
a diameter around 4nm and only two or three walls 
Dai et al. [3.77] have prepared SWNTs by CO dispro- 
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portionation on nano-sized Mo particles. The diameters 
Of the nanotubes obtained are closely related to that of 
the original particles and range from | to Sam. The 
nanotubes obtained by this method are free of amor- 
phous carbon coating. It is also found that a synergetic 
effect occurs in the case of an alloy instead of the com- 
ponents alone, and one of the most striking examples is, 
the addition of Mo to Fe [3.78] or Co [3.79], 


Heterogeneous Processes ~ Results with CCVD 
Involving Solid-Solutions-Based Catalysts 
A solid solution of two metal oxides is formed when 
some ions of one of the metals are found in substi- 
tution of the other metal ions. For example, FexO3 
can be prepared in solid solution into AlzO3 to give 
8 Alp_2,Fe2,0s solid solution. The use of a solid solu- 
tion allows a perfect homogeneity of the dispersion of 
each oxide one in the other. These solid solutions can 
be prepared by different ways but the co-precipitation 
of mixed-oxalates and the combustion synthesis have 
been used mainly for the preparation of nanotubes, 
‘The synthesis of nanotubes by catalytic decomposi- 
tion of CHy over Aly-2,Fe2,03 solid solutions was 
originated by Peigney et al. [3.73] and then studied 
extensively by the same group using different oxides 
such as spinel-hased solid solutions (Mgi—»MyAlby 
with M = Fe, Co, Ni, or a binary alloy [3.80, 81] or 
‘magnesia-based solid solutions (3.80, 82] (Mgi_yM,O, 
with M = Fe, Co or Ni)), Because of the very homo- 
geneous dispersion of the catalytic oxide, it is possible 
to produce very small catalytic metal particles, at the 
high temperature required for the decomposition of 
CH, (which was chosen for its greater thermal sta- 
bility compared to other hydrocarbons). The method 
proposed by these authors involves the heating of the 
solid solution from room temperature to a tempera- 
ture between 850°C and 1.050°C in a mixture of 
Hz and CH, typically containing 18 mol.% of CHy 
‘The nanotubes obtained depend clearly on the nature 
of both the transition metal (or alloy) used and the in- 
ert oxide (matrix), the latter because the Lewis acidity 
seems to play an important role [3.83]. For example, in 
the case of solid solutions containing around 10 wt% of 
Fe, the amount of carbon nanotubes obtained is decreas- 
ing inthe following order depending of the matrixoxide: 
MgO > AlO3 > MgAl:0, [3.80]. In the case of MgO- 
based solid solutions the nanotubes can be very easily 
separated from the catalyst by dissolving it, in diluted 
HCI, for example [3.82]. The nanotubes obtained are 
typically gathered into small diameter bundles (less than 
15nm) with lengths up to 100 jm. The nanotubes are 


Springer Handbook  Nanoteehnolo 
BPahushan © Springer2008 


ported catalyst |Catalytical metal 
ees ene 
> > ng 


Fig.3.15 Formation of nanotubes by the CCVD- based impregnation 
technique. (1) Formation ofthe catalytic metal particles by reduction 
of a precursor; (2) Catalytic decomposition of a carbon-containing 
gas, leading to the growth of carbon nanotubes (CNT); (3) Removal 
of the catalyst to recover the CNTs (from [3.80)) 


mainly SWNTs and DWNTs, with diameters ranging 
between | and 3.nm. 

CObiaining pure nanotubes by the CCVD method re- 
quires, a forall the other techniques, the removal of the 
catalyst. When a catalyst supported (impregnation) in 
solid solution is used, the supporting ~ and eatalytical- 
ly inactive ~ oxide is the main impurity, both in weight 
and volume, When oxides such as Al203 or SiO» (or 
even combinations) are used, aggressive treatments in- 
volving hot caustic solutions (KOH, NaOH) for Als0s 
or the use of HF for SiO; are required. These treat- 
ments have no effect, however, on the other impurities 
such as other forms of earbon (amorphous-like carbon, 
sraphitized carbon particles and shells, and so on). Ox- 
‘dizing treatments (air oxidation, use of strong oxidants 
such as HNOs, KMnO,, HO») are thus required and 
allow for the removal of most of the unwanted forms 
of carbon but are resulting in a low yield of remain- 
ing carbon nanotubes, which are often quite damaged. 
Flahaut etal [3.82] were the first to use a MgCoO solid 
solution to prepare SWNTs and DWNTs that could be 
easily separated without any damage by a fast and safe 
‘washing with an aqueous HCI solution. 

In most cases, only very small quantities of catalyst 
(typically less than 500mg) have been used, and most 
claims for “high yield” productions of nanotubes are 
based on laboratory experimental data, without taking 
into account all the technical problems related to the 
scaling up of a laboratory-scale CCVD reactor, At the 
present time, although the production of MWNTs is 
possible at an industrial scale, the production of SWNTs 
atan affordable cost is still a challenge. 


Homogeneous Processes 
‘The homogenous route, also called “floating catalyst 
method,” differs from the other CCVD-based meth- 
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ods because it uses only gaseous species and does not 
require the presence of any solid phase in the reac- 
tor. The basic principle of this technique, similar to 
the other CCVD processes, is to decompose a carbon 
source (ethylene, xylene. benzene, carbon monoxide, 
etc.) on nanometric transition metallic (generally Fe, 
Co, or Ni) particles in order to obtain carbon nano- 
tubes, The catalytic particles are formed directly in the 
reactor, however, and are not introduced before the 
reaction, as it happens in the supported CCVD, for 
instance. 


Homogeneous Processes ~ 
Experimental Devices 

‘The typical reactor used in this technique is a quartz 
tube placed in an oven to which the gaseous feedstock, 
containing the metal precursor, the carbon source, some 
hydrogen, and a vector gas (No, Ar, or He), is sent 
‘The first zone of the reactor is kept at a lower tem- 
perature, and the second zone, where the formation of 
tubes occurs, is heated to 700~1,200°C. The metal pre- 
cursor is generally a metal-organic compound, such as 
1 zero-valent carbonyl compound like Fe(CO)s [3.84] 
ora metallocene [3.85-87], for instance ferrocene, nick- 
elocene or cobaltocene. It may be advantageous to make 
the reactor vertical, in order for the effect of gravity to 
be symmetrically dispatched on the gaseous volume in- 
side the furnace and to help in maintaining for a while 
the solid products in fluidized bed. 


Homogeneous Processes ~ Results 
‘The metal-organic compound decomposes in the first 
zone of the reactor to generate the nanometric metallic 
particles that can catalyze the nanotubes formation. In 
the second part ofthe reactor, the carbon source is de- 
composed to atomic carbon which then is responsible 
for the formation of nanotubes 

This technique is quite flexible and both single- 
walled nanotubes [3.88] and multiwalled nano- 
tubes [3.89] have been obtained depending on the 
carbon feedstock gas; it has also been exploited for 
some years in the production of vapor grown carbon 
nanofibers [3.90] 

‘The main drawback of this type of process is again, 
a for heterogeneous processes, the difficulty to control 
the size of the metal nanoparticles, and thus the nano- 
tube formation is often accompanied by the production 
of undesired carbon forms (amorphous carbon or poly- 
aromatic carbon phases found as various phases or ax 
coatings). In particular, encapsulated forms have been 
often found, asthe result ofthe creation of metallic par- 


ticles that are too big to be active for growing nanotubes 
(but are still effective for catalytically decomposing the 
carbon source) and be totally recovered by graphene 
layers. 

‘The same kind of parameters as for heterogeneous 
processes have to be controlled in order to finely tune 
this process and obtain selectively the desired morphol- 
ogy and structure of the nanotubes formed, such as: the 
choice of the carbon source; the reaction temperature; 
the residence time; the composition of the incoming 
gaseous feedstock with a particular attention paid to the 
role played by hydrogen proportion, which can control 
the orientation of graphenes with respect to the nanotube 
axis thus switching from c-MWNT to h-MWNT [3.69]: 
and the ratio of the metallorgani precursor to the carbon 
source (for lower values, SWNTs are obtained [3.85)). 
As recently demonstrated, the overall process can be 
Improved by adding other compounds such as ammonia 
or sulfur-containing species to the reactive gas phase. 
‘The former allows aligned nanotubes and mixed C-N 
nanotubes [3.91] to be obtained, the latter results in 
‘significant increase in productivity [3.90] 

It should be emphasized that only small productions 
have been achieved so far, and the scale up toward in- 
dustrial exploitation seems quite difficult because of the 
large number of parameters that have to be considered. 
‘A critical one is to be able to increase the quantity of 
‘metallorganic compound that has to be sent in the reac- 
tor, asa requirement to increase the production, without 
obtaining too big particles. This problem has not yet 
been solved. An additional problem inherent in the pro- 
cess is the possibility of clogging the reactor due to the 
deposition of metallic nanoparticles on the reactor walls 
followed by carbon deposition. 

‘A significant breakthrough concerning this tech- 
nique could be the process developed at Rice University, 
the so-called HiPCo™ process to produce SWNTs of 
very high purity [3.92]. This gas phase catalytic reac- 
tion uses carbon monoxide to produce, from [Fe(CO)s], 
a SWNT material claimed to be relatively free of 
by-products. The temperature and pressure conditions 
required are applicable to industrial plants, The company 
Carbon Nanotechnologies Inc. (Houston, TX, USA) ac- 
tually sells raw SWNT materials prepared that way, 
at a marketed price of $375/g, doubled if purified 
(2003 data). Other companies are more specialized in 
MWNTs such as Applied Sciences Inc. (Cedarville, 
Ohio, USA), which currently has a production facility of 
~ 40 tons/year of ~ 100nm large MWNTs (Pyrograf- 
IM}), or Hyperion Catalysis (Cambridge, MA, USA), 
which makes MWNT-based materials, 
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power > connection > switch 


switch 


The term switeh refers here to a physically operated mechanical switch, controlled by 
flipping a lever or sliding a knob, Although there is some overlap of function, rotary 
switches and pushbuttons have their own separate entries. Solid-state switching com- 
ponents are described in entries for bipolar transistor, unijunction transistor, and 
field-effect transistor. Integrated-circuit switching devices will be found in Volume 2. 
Coaxial switches are used for high-frequency signals, and are not included in this ency- 
clopedia. Multidirectionalswitches differentiate up, down, left, right, diagonal, rotational, 


and other finger inputs, and are not included in this encyclopedia, 


OTHER RELATED COMPONENTS 


+ pushbutton (See Chopter 5) 
«+ rotary switeh (See Chapter 7) 


What It Does 


A switch contains at least two contacts, which 
close or open when an external lever or knob is 
flipped or moved. Schematic symbols for the 
most basic type of on-off switch are shown in 
Figure 6-1. 


The most fundamental type of switch is a knife 
switch, illustrated in Figure 6-2. Although it was 
‘common in the earliest days of electrical discov- 
ery, today its restricted to educational purposes 
in schools, and (in a more robust format) to AC 
electrical supply panels, where the large contact 
area makes it appropriate for conducting high 
amperages,anditcan beused for"*hot switching” 
a substantial load. 


How It Works 


The pole of a switch is generally connected with 
a movable contact that makes or breaks a con- 
nection with a secondary contact. Ifthere is only 
‘one pole, this is a single-pole switch. If there is an 
additional pole, electrically isolated from the 
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Figure 61. The two mast common schematic symbals 
for a SPST switch, also known as an on-off switch. The 
symbols are functionally identical. 


first, with its own contact or set of contacts, this 
is a two-pole switch, also known as a double- 
pole switch. Switches with more than 4 poles are 
uncommon, 


If there is only one secondary contact per pole, 
this isa single-throw or ST switch, which may also 
bbe described asan on-offor off-on switch. fthere 
is an additional secondary contact per pole, and 
the pole of the switch connects with the second 
contact while disconnecting from the first, this is 
adouble-throw or DT switch, also knownasatwo- 
way switch. 
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Introduction to Carbon Nanotubes 


3.2 Synthesis of Carbon Nanotubes 


Templating 
Another technique interesting to describe briefly, though 
definitely not suitable for mass production, is the tem- 
plating technique, It is the second method only (the 
first being the electric-are technique, when consider- 
ing the formation of MWNTs on the cathode) able 
to synthesize carbon nanotubes without any catalyst. 
‘Any other work reporting the catalyst-free formation 
fof nanotubes is likely to have been fooled by metal- 
lic impurities present in the reactor or by some other 
factors having brought a chemical gradient to the sys- 
tem. Another original aspect is that it allows aligned 
nanotubes to be obtained naturally, without the help 
of any subsequent alignment procedure. But recovering 
the nanotubes only requires the template to be removed 
(dissolved), which means the former alignment of the 
‘nanotubes is lost. 


Templating ~ Experimental Devices 
‘The principle of the technique is to deposit a solid 
carbon coating obtained from CVD method onto 
the walls of an appropriate porous substrate whose 
pores are displayed as parallel channels. The feed- 
stock is again a hydrocarbon, as a common carbon 
source. The substrate can be alumina or zeolite for in- 
stance, however, which present natural channel pores, 
while ‘the whole is heated to a temperature able 
to crack the hydrocarbon selected as carbon source 
Fig. 3.16). 


Fig. 3.16 Principle of the templating technique for the catalyst-tree 
formation of single-walled or concentric-type multi-walled carbon 
nanotubes (from [3.93]) 
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Templating ~ Results 
Provided the chemical vapor deposition mechanism 
(which is actually better described as a chemical vapor 
infiltration mechanism) is well controlled, the synthe- 
sis results in the coating of the channel pore walls by 
4 Variable number of graphenes. Both MWNTs (exclu- 
sively concentric type) or SWNT can be obtained. The 
smallest SWNTs (diameters ~ 0.4m) ever obtained 
mentioned in Sect,3.1 have actually been synthesized 
by this technique (3.1 1]. Lengths are directly determined. 
by channel lengths, i.e. by the thickness of the substrate 
plate. A main advantage is the purity of the tubes (no 
catalyst remnants, and little other carbon phases). On 
the other hand, the nanotube structure is not closed at 
both ends, which can be an advantage or a drawback, 
depending on the application. For instance, recovering 
the tubes requires the porous matrix to dissolve using 
‘one of the chemical treatment previously cited, The fact 
that tubes are open makes them even more sensitive to 
the acid attack. 


3.2.3 Miscellaneous Techniques 


In addition to the major techniques described in 
Sects. 3.2.1 and 3.2.2, many attempts can be found in 
literature to produce nanotubes by various ways, with 
a generally specific goal, such as looking fora low-cost 
or acatalyst-fee production process. None has been suf- 
ficiently convincing so far to be presented as a serious 
alternative to the major processes described previously. 
‘Some examples are provided in the following. 

Hsu et al. [3.94] have succeeded in preparing 
MWNTS (including coiled MWNTS, a peculiar mor- 
phology resembling a spring) by a catalyst-free 
(although Li was present) electrolytic method, by run- 
ning a 3-5. current between two graphite electrodes 
(a graphite crucible as the anode and a graphite rod 
as the cathode). The graphite crucible was filled with 
lithium chloride, while the whole was heated in air or 
argon at ~ 600°C. As with many other techniques, by- 
products such as encapsulated metal particles, carbon 
shells, amorphous carbon, and so on, are formed. 

Cho etl, {3.95] have proposed a pure chemistry 
route, by the polyestrification of etric acid onto ethylen 
slycol at 30°C. followed by a polymerization at 135°C, 
then carbonized at 300°C under argon, then oxidized 
at 400°C in air, Despite the latter oxidation step, the 
solid product surprisingly contains short MWNTs, al- 
though obviously with a poor nanotexture. By-products 
such as carbon shells and amorphous carbon are also 
formed, 
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Li ct al. [3.96] have also obtained short MWNTs by 
a catalyst-free (although Si is present) pyrolytic method 
which involves heating silicon carbonitride nanograins 
ina BN crucible to 1,200-1,900°C in nitrogen within 
a graphite furnace, No details are given about the pos- 
sible occurrence of by-products, but they are likely 
considering the complexity ofthe chemical system (Si- 
C-B.N) and the high temperatures involved. 

Terranova et al. [3.98] have investigated the cata- 
lyzed reaction between a solid carbon source and atomic 
hydrogen. Graphite nanoparticles (~ 20nm) are sent 
With a stam of Hp onto a Ta filament heated at 
2,200°C. The species produced, whatever they are, 
then hit a Si polished plate warmed to 900°C and 
supporting transition metal particles. The whole cham- 
ber is under a dynamic vacuum of 40torr. SWNT are 
supposed to form acconding tothe authors, although im- 
ages are poorly convincing. One major drawback of the 
method, besides its complexity compared to others, is 
the difficulty of recovering the “nanotubes” from the Si 
substrates onto which they seem to he firmly bonded. 

‘A last example is an attempt to prepare nanotubes 
by diffusion flame synthesis [3.99]. A regular gaseous 
hydrocarbon source (ethylene, ... added with ferrocene 

por sent within a laminar diffusion flame made from 
airand CHy whose temperature range is 500-1,200°C. 
SWNT are actualy formed, together with encapsulated 
metal particles, soot, and so on, Inadditionto alow yield, 
the SWNT structure is quite poor. 


3.2.4 Synthesis 
of Aligned Carbon Nanotubes 


Several applications (such as field-emission-based dis- 
play, see Sect. 3.6) require that carbon nanotubes grow 
as highly aligned bunches, in highly ordered arrays, or 
located at specific positions. In that case, the purpose 
of the process is not mass production but controlled 
growth and purity, with subsequent control of nanotube 
morphology, texture, and structure. Generally speaking, 
the more promising methods for the synthesis of aligned 
nanotubes are based on CCVD processes, which involve 
molecular precursors as carbon source, and method of 
thermal cracking assisted by the catalytic activity of tran- 
sition metal (Co, Ni, Fe) nanoparticles deposited onto 
solid supports. Few attempts have been made so far to 
obtain such materials with SWNTs. But the catalyst- 
free templating methods related to that described in 
Sect. 3.2.2 are not considered here, due to the lack of 
support after the template removal, which does not allow 
the former alignment to be maintained. 


During the CCVD-growth, nanotubes can self- 
assemble into nanotube bunches aligned perpendicular 
to the substrate if the catalyst film on the substrate has 
a critical thickness [3.100], the driving forces for this 
alignment are the van der Waals interactions between the 
nanotubes, which allow them to grow perpendicularly to 
the substrates If the catalyst nanoparticles are deposited 
onto a mesoporous substrate, the mesoscopic pores may 
also cause a certain effect on the alignment when the 
growth starts, thus controlling the growth direction of 
the nanotubes. Two kinds of substrates have been used 
so far in this purpose: mesoporous silica [3.101, 102] 
and anodie alumina [3.103]. 

Different methods have been reported in the lit- 
erature for metal particles deposition onto substrates: 
(@) deposition ofa thin film on alumina substrates from 
rmetallic-salt precursor impregnation followed by oxida~ 
tion/reduction steps [3.104] (i) embedding catalyst par- 
ticles in mesoporous silica by sol-gel processes [3.101], 
(ii) thermal evaporation of Fe, Co, Ni, or Co-Ni metal 
alloys on SiO or quartz substrates under high va 
tuum [3.105, 106], Gv) photolithographic patterning of 
metal-containing photoresist polymer with the aid of 
conventional black and white films as a mask [3.107] 
and, electrochemical deposition at the bottom of the 
pores in anodic aluminum oxide templates [3.103] 

Depositing the catalyst nanoparticles onto a pre- 
viously pattered substrate allows one to control the 
frequency of local occurrence and the display of 
the MWNT bunches formed. The as-produced ma- 
terials mainly consist in arrayed, densely packed, 
freestanding, aligned MWNTS (Fig. 3.17), which is quite 


Fig.3.17 Example of a free-standing MWNT anay ob- 

ined from the pyrolysis of a gaseous carbon source ever 
lyst nanoparticles previously deposited onto a patterned 
substrate. Each square-base rod is a bunch of MWNTs 
aligned perpendicular tothe surface (from [3.97]) 
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High-temperature oven 


3.18a-c Sketch of a double-fumace CCVD device for the organo-metallic/hydrocarbon co-pyrolysis process. In (a): subli- 
‘mation ofthe precursor; in (b): decomposition ofthe precursor and MWNTs growth onto the substrate. (c) Example ofthe densely 
packed and aligned MWNTT material obtained (rom [3.108]) 


sullable for ficld emission-based applications for in- 
stance [3.97] 

When a densely packed coating of vertically 
aligned MWNTs is desired (Fig. 3.18b), another route 
is the pyrolysis of hydrocarbons in the presence of 
organometallic precursor molecules like ferrocene or 
iron pentacarbonyl, operating in a dual furnace sys- 
tem (Fig.3.18a). The organo-metallic precursor (e.¢., 
ferrocene) is first sublimed at low temperature in 
the first furnace or is injected as a solution along 
with the hydrocarbon feedstock, then the whole com- 
ponents are pyrolyzed at higher temperature in the 
second furnace [3.88, 108-111]. The parameters that 
must be taken into account are the heating or feed- 
ing rate of ferrocene, the flow rate of the vector gas 
(Ar or No) and of the gaseous hydrocarbon, and the 
temperature of pyrolysis (650-1,050°C). Generally 
speaking, the co-deposition process using [Fe(CO)s] 
as catalyst source implies its thermal decomposition 
at elevated temperatures to produce atomic iron that 


deposits on the substrates in the hot zone of the re- 
actor. As the nanotube growth occurs simultancously 
with the introduction of [Fe(CO)s], the temperatures 
chosen for the growth depend on the carbon feedstock 
utilized, e.g., they can vary from 750°C for acety- 
lene to’ 1,100°C for methane, Mixtures of [FeCp2] 
and xylene or [FeCp2] and acetylene have also been 
used successfully for the production of freestanding 
MWNTs 

The nanotube yield and quality are directly linked 
‘with the amount and size of the catalyst particles, and 
since the planar substrates used do not exhibit high sur- 
face area, the dispersion of the metal can be a key step 
in the process. Ithas been observed that an etching pre- 
treatment of the surface of the deposited catalyst thin 
film with NH may be critical for an efficient growth of 
nanotubes by bringing the appropriate metal particle size 
distribution, It may also favor the alignment of MWNTs 
and prevent the formation of amorphous carbon from 
thermal cracking of acetylene [3.112] 


3.3 Growth Mechanisms of Carbon Nanotubes 


Growth mechanisms of carbon nanotubes are still 
debated, But researchers have been impressively im- 
aginative and have made a number of hypotheses. One 
reason is that conditions allowing carbon nanofilaments 
to grow are very diverse, which means that related grow 
ing mechanisms are many. For given conditions, the 
truth is even probably a combination or a compromise 
between some of the proposals. Another reason is that 
phenomena are quite fast and difficult to observe in situ. 
Itis generally agreed, however, that growth should oc- 
cur so that the number of dangling bonds is limited, for 
energetic reasons, 
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3.3.1 Catalyst-Free Growth 


As already mentioned, in addition to the templating tech- 
nique which merely relates to chemical vapor infiltration 
‘mechanism for pyrolytic carbon, the growth of -MWNT 
as a deposit onto the cathode in the electrie-are method 
is a rare example of catalyst-free carbon nanofilament 
growth, The driving forces are obviously related to the 
electric field, i.e. related to charge transfers from an 
electrode to the other via the particles contained in the 
plasma. How the MWNT nucleus forms is not clear, but 
once it has started, it may include the direct incorpora- 
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tion of Co species to the primary graphene structure as bon as nanotube walls. The texture is then determined 
it was formerly proposed for fullerenes [3.113]. This is by the orientation of the crystal faces relative to the fila- 
supported by recent C radical concentration measure- _ ment axis (Fig. 3.19), as demonstrated beyond doubt by 
ments that revealed an increasing concentration of C2 transmission electron microscopy images such as that 
from the anode being consumed to the growing cath- in Rodriguez et al. (3.19]. This mechanism can there- 
ode (Fig. 3.13), indicating, first, that C2 are secondary fore provide either c-MWNT, or h-MWNT, or platelet 
species only, and second, that C2 species could actu- _nanofiber. 
ally participate actively in the growth mechanism of If conditions are such that the catalyst is a liquid 
-MWNTS in the are method. droplet, either because of higher temperature condi- 

tions or because of lower temperature melting catalyst, 
3.3.2 Catalytically Activated Growth a mechanism similar to that above can still occur, real- 
ly VLS (vapor = gaseous C species, liquid = molten 
Growth mechanisms involving catalysts are more catalyst, S = graphenes), but there are obviously no 

F difficult to ascertain, since they are more diverse. more crystal faces to orientate preferentially the re- 

3 Although a more or less extensive contribution of jected graphenes. Energy minimization requirements 

a a VLS (Vapor-Liquid-Solid [3.114]) mechanism is will therefore tend to make them concentric and parallel 

= rather well admitted, itis quite difficult to find com- to the filament axis. 

we 


prehensive and plausible explanations able to account 
for both the various conditions used and the various 
morphologies observed. What follows is an attempt to 
provide overall explanations of most of the phenom- 
ena, while remaining consistent with the experimental 
data. We did not consider hypotheses for which there 
are a lack of experimental evidence, such as the moving 
‘nano-catalyst mechanism, which proposed that dangling 
bonds from a growing SWNT may be temporarily sta- 
bilized by a nano-sized catalyst located at the SWNT 
tip [3.23], or the scooter mechanism, which proposed 
that C dangling bonds are temporarily stabilized by 
a single catalyst atom, moving all around the SWNT 
cross section edge, allowing subsequent C atom addi- 
tion [3.115] 

From the various results, it appears that the most 
important parameters are probably the thermodynamic 
conditions (only temperature will be considered here), 
the catalyst particle size, and the presence of a substrate. 
‘Temperature is critical and basically corresponds to the 
discrepancy between CCVD methods and solid-carbon- 
source based method, 


Low Temperature Conditions 
Low temperature conditions are typical from CCVD 
conditions, since nanotubes are frequently found to grow 
far below 1,000°C. If conditions are such that the cata- 
lyst is a crystallized solid, the nanofilament is probably 
formed according to a mechanism close to a VLS mech- 
anism, in which three steps are defined: (i) adsorption 
then decomposition of C-containing gaseous moieties 
at the catalyst surface; (ii) dissolution then diffusion 
of the C-species through the catalyst, thus forming 
a solid solution; (iii) back precipitation of solid car- 


With large catalyst particles (or in the absence of 
any substrate), the mechanisms above will generally Fol- 
low a “tip growth" scheme, i.e., the catalyst will move 
forward while the rejected carbon form the nanotube 
behind, whether there is a substrate or not. In that case, 


Fig. 3.19 Illustration of the relationships between the cat- 
alyst crystal outer morphology and the subsequent carbon 
nanofilament inner texture. Crystal are drawn from their 
mages in the projected plane perpendicular to the electron 
beam in a transmission electron microscope, i.e. crystal 
morphology in the out-of-plane dimension is not ascer- 
tained (adapted from [3.19}) 


sone aint errant 
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chances are high that one end is open. On the contrary, 
‘when catalyst particles deposited onto a substrate are 
small enough (nanoparticles) to be refrained to move 
by the interaction forces with the substrate, the growth 
mechanism will follow a “base growth” scheme, i.e. 
the carbon nanofilament grows away from the substrate 
leaving the catalyst nanoparticle attached to the substrate 
(Fig. 3.20), 

‘The bamboo texture that affects both the herringbone 
and the concentric texture may reveal a specificity of the 
dissolution-rejection mechanism, ie. periodic, discon- 
tinuous dynamics of the phenomenon. Once the catalyst 
hhas reached the saturation threshold regarding its content 
in carbon, it expulses it quite suddenly. Then it becomes 
again able to incorporate a given amount of carbon with- 
out having any catalytic activity fora little while, then 
over-saturation is reached again, etc, Factors controlling 
such a behavior, however, are not determined. 

Itis then clear that, in any of the mechanisms above, 
1 catalyst particle = | nanofilament. This explains why, 
although making SWNT by CVD methods is possible, 
controlling the catalyst particle size is critical, since 
it thereby controls the subsequent nanofilament to be 
grown from it. Reaching a really narrow size distribu- 
tion in CCVD is quite challenging, specifically as far 
as nanosizes are concerned when growing SWNT is 
the goal. Only particles <2nm will be able to make 
it (Fig. 3.20), since larger SWNTSs would energetically 
not be favored [3.10]. Another specificity of the CCVD 
‘method and from the related growth mechanisms is that 
the process can be effective all along the isothermal 
zone of the reactor furnace since continuously fed with 
a carbon-rich feedstock, which is generally in excess, 
with a constant composition at a given time of fight of 
the species. Coarsely, the longer the isothermal zone in 
gaseous carbon excess conditions, the longer the nano- 
tubes. This is why the nanotube lengths can be much 
longer than that obtained by solid-carbon-source-based 
‘methods 

Table 3.2 provides guidelines for the relationships 
between the synthesis conditions and the type of nano- 
tube formed. 


High Temperature Conditions 
High temperature conditions are typical from solid- 
carbon-source based methods such as electric arc, laser 
‘vaporization, or solar furnace (see Sect. 3.2). The huge 
temperatures involved (several thousands °C) atomize 
both the carbon source and the catalyst. Of course, 
catalyst-based SWNTs do not form in the area of highest 
temperatures (contrary to ¢-MWNT in the electric arc 
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Fig.3.20 High resolution transmission electron mi- 
croscopy images of several SWNT’ grown from iron-based. 
nanoparticles by CCVD method, showing that particle 
sizes determine SWNT diameters in that case (adapted 
from [3.116)) 


‘method), but the medium is made of atoms and radicals 
all mixed, some of which are likely to condense into the 
same droplet (since it willbe liquid at the beginning). At 
some distance from the atomization zone, the medium is 
therefore made of carbon metal alloy droplets and of sec- 
ondary carbon species that range from Ca to higher order 
‘molecules such as corannulene which is made of a cen- 
tral pentagon surrounded by 5 hexagons. (The preferred 
formation of such a molecule can be explained by the 
former association of carbon atoms into a pentagon, be- 
cause itis the fastest way to limit dangling bonds at low 
energetic cost, thereby providing a fixation site for other 
carbon atoms (or C>) which also will tend to close into a 
ring, again to limit dangling bonds. Since adjacent pen- 
tagons are not energetically favoured, these cycles will 
be hexagons, Such a molecule is thought tobe a probable 
precursor for fullerenes, Fullerenes are actually always 
produced, even in conditions which produce SWNTs.) 
‘The same event of saturation in C of the carbon-metal 
alloy droplet occurs as described in Sect. 3.3.2, result- 
ing in the precipitation of excess C outside the particle 
upon the effect of the decreasing thermal gradient in the 
reactor, which decreases the solubility threshold of C 
in the metal [3.117]. Once the “inner” carbon atoms 
reach the catalyst particle surface, they meet the “outer” 
carbon species, including corannulene, that will con- 
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Table 3.2 Guidelines indicating the relationships between possible carbon nanofilament morphologies and some basic synthesis 
conditions 


jing temperature... 


‘and physical state of catalyst 
Solid 


(crystallized) 


Liquid from 
melting 


Liquid from 
clusters 


Fi (heterogeneous homogeneous 

a ‘Nanotube related to catalyst particle (independent) 

= diameter size) from particle 

a size) 

“© Nanotube/particle one nanotube/particle several 
SWNTsfparticle 


tribute to cap the merging nanotubes. Once formed and 
capped, nanotubes can grow both from the inner carbon 
atoms (Fig.3.21a), according to the VLS mechanism 
proposed by Saito et al. (3.1171, and from the outer 
carbon atoms, according the adatom mechanism pro- 
posed by Bemholc et al. [3.118]. In the latter, carbon 
atoms from the surrounding medium in the reactor are 
attracted then stabilized by the carbon/catalyst interface 
atthe nanotube/catalyst surface contact, promoting their 
subsequent incorporation at the tube base. The growth 
mechanism therefore mainly follows the base growth 
scheme. But once the nanotubes are capped, Ca species 
still remaining in the medium and which meet the grow- 
ing nanotubes far from the nanotube/catalyst interface, 
‘may still incorporate the nanotubes from both the side 
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21 (a) Mechanisin proposed for SWNT growth (see text). (b) Transmission electron microscopy image of SWNT 
‘growing radial to a large Ni catalyst particle surface in the electric arc experiment. (modified from (3.171) 


wall or the tip, thereby giving rise to some propor- 
tion of Stone-Wales defects (3.40]. The occurrence of 
sananometer-thick surface layer of yttrium carbide (onto 
the main Ni-containing catalyst core), whose some lat- 
tice distances are commensurable with that of the C=C 
distance in graphene, as recently revealed by Gavil- 
let et al. [3.48], could possibly play a beneficial role 
in the stabilization effect at the nanotube/catalystinter- 
face and explain why SWNT yield is enhanced by such 
bimetallic alloys (as opposed to single metal catalysts) 

‘A major difference with the low temperature mech- 
anisms described for CCVD methods is that many 
nanotubes are formed from a single, relatively large 
(~ 10-50nm) catalyst particle (Fig. 3.216), whose size 
distribution is therefore not as critical as for the low 
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3.4 Properties of Carbon Nanotubes 


temperature mechanisms (particles that are too large, 
however, would induce polyaromatic shells instead of 
nanotubes). That is why SWNT diameters are much 
‘more homogeneous than for CCVD methods. Why the 
‘most frequent diameter is ~ 1.4nm is again a matter 
of energy balance. Single-wall nanotubes larger than 
~ 2.5 nm are not stable [3.10]. On the other hand, strain 
to the CC angles increases as the radius of curva- 
ture decreases. Such diameter (1.4nm) should therefore 
correspond to the best energetic compromise. Another 
difference with the low temperature mechanisms for 
(CCVDiis that temperature gradients are huge, and the gas 
phase composition surrounding the catalysts droplets is 
also subjected to rapid changes (as opposed to what 


3.4 Properties of Carbon Nanotubes 


Carbon is 4 unique light stom that can form one-, two 
or threefold strong chemical bonds. The planar threefold 
configuration forms graphene planes that can, under ces- 
tain growth conditions (see Sect.3.3), adopt a tubular 
‘geometry. Properties of the so-called carbon nanotubes 
may change drastically depending on whether SWNTs 
or MWNTS are considered (see Sect. 3.1) 


3.6.1 Variabi 
of Carbon Nanotube Properties 


Properties of MWNTS are generally not much differ- 
cent from that of regular polyaromatic solids (which may 
exhibit graphitic, or turbostratic, or intermediate crys- 
tallographic structure), and variations are then mainly 
driven by the textural type of the MWNTs consid- 
ered (concentric, herringbone, bamboo) and the quality 
of the nanotexture (see Sect. 3.1), both of which con- 
trol the extent of anisotropy, Actually, for polyaromatic 
solids, whose structural entities are built with stacked 
‘graphenes, bond strength is quite different depending 
‘on whether the in-plane direction is considered (which 
includes only very strong — covalent ~ and therefore 
very short ~ 0.142 nm bonds) or the direction perpen- 
dicular to it (which includes only very weak ~ van der 
‘Waals ~ and therefore very loose ~ ~ 0.34nm bonds). 
Such heterogeneity is not found in single (isolated) 
SWNTS. But the heterogeneity is back along with the 
related consequences when SWNT associate into bun- 
dles. Therefore, properties ~ and applicability ~ for 
SWNTs may also change dramatically depending on 
whether single SWNT or SWNT ropes are involved. 
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could happen in a laminar flow of a gaseous feedstock 
whose carbon source is in excess). This explains why 
nanotubes from arc are generally shorter than nanotubes 
from CCVD, and why mass production by CCVD should 
be favored. In the latter, the catalytic role of the metal- 
lic particle can be recurrent as long as the conditions 
‘are maintained. In the former, surrounding conditions 
change continuously, and the window for efficient catal- 
ysis effect can be very narrow. Lowering temperature 
‘gradients in solid carbon source-based SWNT producing 
methods such as the electric-are reactor should therefore 
bea way to increase the SWNT yield and length [3.119]. 
Amazingly, this is in opposition to fullerene production 
from are, 


In the following, we will emphasize SWNT prop- 
erties, as far as their original structure often leads 
to original properties with respect to that of regular 
polyaromatic solids, But we will also sometimes cite 
properties of MWNTs for comparison, 


3.4.2 General Properties 


SWNT-type carbon nanotube diameters fall in the 
nanometer range and can be hundreds of micrometers 
Jong. SWNTS are narrower in diameter than the thinnest 
line able to be obtained by electron beam lithography. 
SWNTs are stable up to 750°C in air (but start be- 
ing damaged earlier through oxidation mechanisms, as 
demonstrated by their subsequent ability tobe filled with 
molecules, see Sect. 3.5) and up to ~ 1,500~1,800°C in 
inert atmosphere beyond which they transform into reg- 
ular, polyaromatic solids (i.e., phases built with stacked 
‘graphenes instead of single graphenes) [3.120]. They 
have half the mass density of aluminum, While the 
length of SWNTs can be macroscopic, the diameter has 
a molecular dimension. As a molecule, properties are 
closely influenced by the way atoms are displayed along. 
the molecule direction. The physical and chemical be- 
havior of SWNTs are therefore related to their unique 
structural features [3.121] 


3.4.3 SWNT Adsorption Properties 


‘An interesting feature of SWNTS is their very high sur- 
face area, the highest ever due to the fact that a single 
‘graphene sheet is probably the unique example of a ma- 
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terial energetically stable in normal conditions while number of nanotubes in a bundle of SWNTS [3.125] 
consisting of a single ayer of atoms. Ideally, i.e, not Experimentally, the specific surface area of SWNTs is 
considering SWNTsinbundlesbutisolated SWNT, and often larger than that of MWNTS. Typically, the total 
provided the SWN'Ts have one end opened (by oxida- surface area of as-grown SWNT ranges between 400) 
tion treatment for instance), the real surface area can be and 900m?g~ (micropore volume, 0.15-0.3em'g~'), 
equal to that of a single, flat graphene, i.e. ~2.700m?/g whereas values ranging between 200 and 400 m?g-! for 
(accounting for both sides) as-produced MWNTs are often reported, In the ease 

But practically, nanotubes ~ specifically SWNTs ~ of SWNT, the diameter of the tubes and the num- 
are more often associated with many other nanotubes tober of tubes in the bundle will affect mainly the BET 
form bundles, then fibers, films, papers et. thanasasin- value. It is worth noting that opening/closing of the 
gle entity, Such architectures develop various porosity central canal noticeably contributes to the adsorption 
ranges important for determining adsorption properties properties of nanotubes. Inthe case of MWNTTs, chem- 
(the latier aspects are also developed in Sect.3.62, fo- ial treatments such as KOH activation are efficient 

3 cused on applications) It is thus most appropriate toto develop  microporosity, and surface areas as high 

a discuss adsorption on SWNT-based materials intermof as 1,050m2g~! have been reported [3.126]. Thus it 

= adsorption onthe outerorinnersurfaces of such bundles. appears that opening or cutting as well as chemical 

: Furthermore, theoretical calculations have predicted that treatments (purification step for example) of carbon 


the molecule adsorption on the surface or inside of the 
nanotube bundle is stronger than that on an individual 
tube. A similar situation exists for MWNTs where ad- 
sorption could occur either on or inside the tubes or 
between aggregated MWNTs. Additionally, it has been 
shown that the curvature of the graphene sheets consti- 
tuting the nanotube walls can result in a lower heat for 
adsorption with respect to that of a planar graphene (see 
Sect. 3.1.1). 


Accessible SWNT Surface Area 
Various studies dealing with the adsorption of nitro- 
gen on MWNTS [3.122, 123] and SWNTs [3.124] have 
highlighted the porous nature of these two materials. 
Pores in MWNTs can be divided mainly into inner hol- 
low cavities of small diameter (narrowly distributed, 
mainly 3-10nm) and aggregated pores (widely dis- 
tributed, 20-40 nm), formed by interaction of isolated 
MWNTS. It is also worth noting that the ultra-strong 
nitrogen capillarty in the aggregated pores contributes 
to the major part of the total adsorption, showing that 
the aggregated pores are much more important than 
the inner cavities of the MWNTs for adsorption. Ad- 
sorption of N> has been studied on as-prepared and 
acid-treated SWNT, and the results obtained point out 
the microporous nature of SWNT materials, as op- 
posed to the mesoporous MWNT materials. Also, as 
opposed to isolated SWNT (see above), surface areas 
well above 400m?g" have been measured for SWNT- 
bundle-containing materials, with internal surface areas 
of 300m?g~ or higher. 

‘The theoretical specific surface area of carbon nano- 
tubes ranges over a broad scale, from 50 to 1,315 m?g~! 
depending on the number of walls, the diameter, or the 


nanotubes can considerably affect their surface area and 
pore structure. 


Adsorption Sites and Binding Energy 
of the Adsorbates 
An important problem to solve when considering ad- 
sorption on nanotubes is the identification of the 
adsorption sites. Adsorption of gases in a SWNT bundle 
‘can occur inside the tubes (pore), inthe interstitial trian- 
gular channels between the tubes, on the outer surface of 
the bundle, or in a groove formed at the contact between 
adjacent tubes on the outside of the bundle (Fig. 3.22). 
Starting from closed-end SWNTs, simple molecules can 
adsorb on the walls of the outer nanotubes of the bundle 
and preferably on the external grooves. For the more 
attractive sites, corresponding to the first adsorption 
stages, it seems that adsorption or condensation in the 
interstitial channel of SWNT bundles depends on the 
size of the molecule (or on the SWNT diameters) and on 
their interaction energies [3.127]. Then, adapted treat- 
‘ments to open the tubes will favour the gas adsorption 
(e-g., O2, No in the inner walls (3.128, 129]), For hydro- 


Fig. 3.22 Sketch 
of a SWNT bun- 
dle illustrating 
the four different 
adsorption sites 
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gen and other small molecules, computational methods 
have shown that, for open SWNTS, the pore, intersti- 
tial, and groove sites are energetically more favourable 
than the surface site, with respect to the increasing num- 
ber of carbon nanotubes interacting with the adsorbed 
‘molecules [3.130] 

For MWNTS, adsorption can occur in the agare~ 
gated pores, inside the tube or on the external walls. In 
the latter case, the presence of defects, as incomplete 
‘graphene layers, has to be taken into consideration. Al- 
though adsorption between the graphenes (intercalation) 
hhas been proposed in the case of hydrogen adsorption 
in b-MWNTS or platelet nanofibers [3.132], it is un- 
likely for many molecules due to steric effect and should 
not prevail for small molecules due to long diffusion 
path, 

Few studies deal with adsorption sites in MWNTs, 
however it has been shown that butane adsorbs more 
in the case of MWNTS with smaller outside diameters, 
‘which is consistent with another statement thatthe strain 
brought to curved graphene surfaces affects sorption. 
‘Most of the butane adsorbs to the external surface of 
the MWNTs while only a small fraction of the gas con- 
densed in the pores [3.133]. Comparative adsorption of 
krypton or of ethylene on MWNTs or on graphite has 
allowed scientists to determine the dependence of the 
adsorption and wetting properties on the specific mor- 
phology of the nanotubes. Higher condensation pressure 
and lower heat of adsorption were found on nanotubes 
‘with respect to graphite [3.34]. These differences result 
‘mainly from a decrease in the lateral interactions be- 
tween the adsorbed molecules, related to the curvature 
of the graphene sheets, 


A limited number of theoretical as well as experi- 
‘mental works exist on the values of the binding energies 
for gases on carbon nanotubes. If most of these stud- 
ies report low binding energies on SWNTS, consistent 
‘with a physisorption, some experimental results, in par- 
ticular in the case of hydrogen, are still controversial 
(see Sect.3.6.2). In the case of platelet nanofibers, 
the initial dissociation of hydrogen on graphite edge 
sites, which constitute the majority of the nanofiber 
surface has been proposed [3.135]. For carbon nano- 
tubes, a mechanism that involves Hy dissociation on 
residual metal catalyst followed by H spillover and 
adsorption on the most reactive nanotube sites could 
be envisaged [3.136]. Doping nanotubes with alkali 
may enhance hydrogen adsorption, due to the charge 
transfer from the alkali metal to the nanotube, which 
polarizes the Hp molecule and induces dipole intersc- 
tion [3.137 

Generally speaking, the adsorbates can be either 
charge donors or acceptors to the nanotubes, The ob- 
served trends in the binding energies of gases with 
different van der Waals radii suggest that the groove 
sites of SWNT are the preferred low coverage adsorp- 
tion sites due to their higher binding energies, Finally, 
several studies have shown that, at low coverage, the 
binding energy of the adsorbate on SWNT is between 
25% and 75% higher than the binding energy on a single 
‘graphene. This discrepancy can be attributed to an in- 
crease of the effective coordination in the binding sites, 
such asthe groove sites, in SWNTs bundles [3.138, 139]. 
Representative results concerning the adsorption prop- 
erties of SWNTs and MWNTs are summarized on 
Table 3.3 


Table3.3 Adsorption properties and sites of SWNTs and MWNTs. Letters in column 5 refer to Fig. 3.22. Data of two 
last columns are from [3.131] 


Typeof Porosity Surfac Binding energy Adsorption Attractive Surface 
nanotube (emg!) of the adsorba sites potential area 
per site 
(m?/2) 
Microporous Low, mainly Surface (A) 0.089483 
SWNT Vico: 400-900 _physisorption Groove (B) 0.089 2 
(bundle) 0.15-03 25-15% > graphite Pore (C) 0.062783 
Interstitial (D) 0.119 45 
Surface 
MWNT — Mesoporous 200-400. _-Physisorption Pore = = 
Aggregated 
pores 
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3.4. Transport Properties one to characterize and control the properties of the 

electrical contacts. Likewise, the interaction with the 

‘The narrow diameter of SWNT has a strong influence substrate influence the bulk transport properties a lot 

on its electronic excitations due to its small size com- when SWNTs embedded in a medium (e.g., a compos- 

pared to the characteristic length scale of low energy ite) are considered. The conduction of charge carriers 

electronic excitations. Combined with the particular in metallic SWNTs is thought to be ballistic (i.e., 

shape of the electronic band structure of graphene, car- independent from length) due to the expected small 

bon nanotubes are ideal quantum wires. The conduction number of defects [3.144~146] with a predicted elec- 

and the valence band of the graphene touch on the 6cor- tric conductance twice the fundamental conductance 

ners (K’ points) of the Brillouin zone [3.140]. By rolling unit Go = 4e/h because of the existence of two prop- 

the graphene to form a tube, new periodic boundary agating modes. Because of the reduced scattering, 

conditions for the electronic wave functions superim- metallic SWNT can transport huge current densities 

pose, which give rise to one-dimensional sub-bands: (max 10° A/cm?) without being damaged, i.e. about 

F C,K =2q where q is an integer and C, the vector three orders of magnitude higher than in Cu. On the 
a ‘na, + maz characteristic of the diameter and the helic- other hand, in a one-dimensional system, electrons of- 
= ity of the tube (see Sect. 3.1). IF one of these sub-bands ten localize due to structural defects or disorder. In 
2 passes through one of the K points, the nanotube will be case the contact resistance is too high, a tunnel bar- 


metallic, otherwise it will be semiconductor with a gap 
inversely proportional with the diameter. Fora tube with 
a diameter of 3nm, the gap falls in the range of the 
thermal energy at room temperature. AS pointed out in 
Sect. 3.1 already, knowing (n,m) then allows one to pre- 
dict whether or not the tube exhibits a metallic behavior. 
‘To summarize, we can say that the electronic structure 
of SWNT depends both on the orientation of the honey- 
comb lattice with respect tothe tube axis and the radius 
of curvature imposed to the bent graphene sheet. This 
explains why properties of MWNTs quickly become no 
different from regular, polyaromatic solids asthe num- 
ber of walls (graphenes) increases, since the radius of 
curvature increases meanwhile. In addition, the conduc- 
tion occurs essentially through the extemal tube (for 
¢-MWNTS), butte interactions with te internal coaxial 
tubes may make the electronic properties vary. For small 
diameter MWNTs exhibiting alow numberof walls, typ- 
ically two (DWNTS), the relative lattice orientation of 
the two superimposed graphenes remains determinant, 
and the resulting overall electronic behavior can either 
be metallic or semiconductor upon structural consid- 
erations [3.141]. Another consequence, valid for any 
nano-sized carbon nanotube whatever the number of 
walls, is that applying stresses to the tube is also likely to 
change its electronic behavior, as a consequence ofthe 
variation brought to the position of the sub-bands with 
respect to the K points of the Brillouin zone [3.142] 
‘The details of electronic properties of SWNTs 
are not well understood yet, and numerous theoretic- 
al and experimental works have revealed fascinating 
effects [3.143]. An assembly of agglomerated tubes 
(ropes) inereases the complexity. Moreover, investigat- 
ing the electron properties of a single SWNT requires 


Fier is formed, and the charge transport is dominated 
by tunneling effects. Several transport phenomena were 
reported in the literature of this regime: weak local- 
ization due to quantum interferences of the electronic 
wave functions that leads to an increase of the resistiv- 
ity [3.147-149], Coulomb blockade at low temperature 
that characterizes by conductance oscillations as the gate 
voltage increases [3.148], superconductivity induced 
by superconductor contacts [3.150], or spin polariza- 
tion effects induced by ferromagnetic contacts [3.151] 
Furthermore, due to enhanced Coulomb interactions, 
one-dimensional metals are expected to show drastic 
changes in the density of states at the Fermi level and 
are described by a Luttinger liquid [3.148]. This behav- 
ior is expected to result in the variation of conductance 
Ys. temperature that follows a power law, with a zero 
conductance at low temperature. 

‘As mentioned previously. SWNTs are_model 
systems to study one-dimensional charge transport phe- 
nomena. Due to the of mesoscopic dimension of the 
morphology, the one-dimensional structure of the nano- 
tube has strong singularities in the electronic density 
of states (DOS) that fall in the energy range of vis- 
ible light. As a consequence, visible light is strongly 
absorbed. It has been observed that flash illumination 
with a broadband light can lead to spontaneous burning 
of a macroscopic sample of agglomerated (.c., ropes) 
carbon nanotubes in air and room temperature [3.152] 

‘Asa probable consequence ofboth the small number 
of defects (at east the kind of defects that oppose phonon 
transport) and the cylindrical topography, SWNT ex- 
hibit a large phonon mean free path, which results in 
a high thermal conductivity. The thermal conductivity 
of SWNTs is comparable to that of a single, isolated 
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Figure 6-2. A DPST knife switch intended for the educa 
tional environment. 


A double-throw switch may have an additional 
center position. This position may have no con- 
nection (itis an “off” position) or in some cases it 
connects with a third contact. 


Where a switch is spring-loaded to return to one 
ofits positions when manual pressureis released, 
it functions like a pushbutton even though its 
physical appearance may be indistinguishable 
froma switch. 


Variants 


Float switch, mercury switch, reed switch, pressure 
switch, and Hall-effect switch are considered as 
sensing devices, and will be found in Volume 3. 


Terminology 
Many different types of switches contain parts 
that serve the same common functions. The ac- 
tuator is the lever, knab, or toggle that the user 
tums or pushes. A bushing surrounds the actua- 
tor on a toggle-type switch. The common con- 
tact inside a switch is connected with the pole of 


the switch, Usually a movable contactis attached 
to it internally, to touch the secondary contact, 
also known as a stationary contact when the 
movable contact is flipped to and fro. 


Poles and Throws 
Abbreviations identify the number of poles and 
contacts inside a switch. A few examples will 
make this clear: 
SPST also known as 1PIT 

Single pole, single throw 


DPST also known as 2P1T 
Double pole, single throw 


SPDT also known as 1P2T 
Single pole, double throw 


3PSTalso known as 3P1T 
Three pole, single throw 


Other combinations are possible. 


In Figure 6-3, schematic symbols are shown for 
double-throw switches with 1, 2,and 3 poles. The 
dashed lines indicate a mechanical connection, 
so that all sections of the switch move together 
when the switch is turned. No electrical connec- 
tion exists between the poles. 
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Figure 6-3. Schematic symbols to represent three types 
of double-throw switch. Top left: Single-pole. Bottom left 
Double-pole. Right: Tiple-pole, more commonly known a5 
Sole. 
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‘sraphene layer or high purity diamond [3.153] or pos- 
sibly higher (~ 6,000 W/mK). 

Finally, carbon nanotubes may also exhibit a post- 
tive or negative magneto-resistance depending on the 
current, the temperature, and the field, whether they are 
MWNTs [3.154] or SWNTS [3.149]. 


3.4.5 Mechanical Properties 


While tubular nano-morphology is also observed for 
‘many two-dimensional solids, carbon nanotubes. are 
unique through the particularly strong threefolded bond- 
ing (sp? hybridization of the atomic orbitals) of the 
curved graphene sheet, which is stronger than in dia- 
‘mond (sp? hybridization) as revealed by their difference 
in C—C bond length (0.142 vs. 0.154nm for graphene 
and diamond respectively). This makes carbon nano- 
tubes ~ SWNTs or e-MWNTs ~ particularly stable 
against deformations. The tensile strength of SWNTs 
can be 20 times that of stee! [3.155] and has actually been 
‘measured equal to ~ 45 GPa [3.156]. Very high tensile 
strength values are also expected for ideal (defect-free) 
©MWNTs, since combining perfect tubes concentri- 
cally is not supposed to be detrimental to the overall tube 
strength, provided the tube ends are well capped (other- 
‘wise, concentric tubes could glide relative to each other, 
inducing high strain). Tensile strength values as high 
as ~ 150GPa have actually been measured for perfect 
MWNTS from electric arc [3.157], although the reason 
for such a high value compared to that measured for 
SWNT is not clear. It probably reveals the difficulty in 
carrying out such measurements in reliable manner. At 
least, flexural modulus, for perfect MWNTs should log 
ically exhibit higher values than SWNTs [3.155], with 
a flexibility that decreases as the number of walls in- 
creases. On the other hand, measurements performed on 
defective MWNTs obtained from CCVD gave a range 
of 3-30 GPa [3.158]. Tensile modulus, also, reaches the 
highest values ever, 1 TPa for MWNTS [3.159], and pos- 
sibly even higher for SWNT, up to 1.3 TPa [3.160, 161] 
Figure 3,23 illustrates how spectacularly defect-free car- 
bon nanotubes could revolutionize the current panel of 
high performance fibrous materials. 


3.4.6 Reactivity 


‘The chemical reactivity of graphite, fullerenes, and car- 
bon nanotubes exhibits some common features. Like 
any small object, carbon nanotubes have a large sur- 
face with which they can interact with their environment 
(see Sect. 3.4.1). It is worth noting, however, that the 
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Fig. 3.23 Plot of the tensile strength versus tensile modulus for cur- 
rent fibrous materials, as compared to SWNT. Large eivcles are 
PAN-based carbon fibers, which include the highest tensile strength 
fiber available on the market (T1000 from Torayca): Triangles are 
pitch-based carhon fibers, which include the highest tensile modulus 
fiber on the market (K1100 from Amoco) 


chemistry of nanotubes chemistry differs from that of 
regular polyaromatic carbon materials because of their 
unique shape, small diameter, and structural proper- 
ties. Compared to graphite, perfect SWNTs have no 
chemically active dangling bonds (the reactivity of 
polyaromatic solids is known to occur mainly through 
graphene edges). Compared to fullerenes, the ratio of 
“weak” sites (C—C bonds involved in heterocycles) over 
strong sites (C—C bonds between regular hexagons) is 
nly slightly different from 0 for ideally perfect bes 
(as opposed to 1 in Cgp fullerenes ~ Cg molecules 
have 12 pentagons (therefore accounting for 5x12 = 30 
C=C bonds) and 20 hexagons, each of them having 
three CC bonds not involved in an adjacent pentagon 
but shared with neighboring hexagon (therefore ac- 
counting for 20%3% 1/2 = 30 C—C bonds involved in 
hexagons only). Although graphene faces are chemically 
relatively inert, the radius of curvature imposed on the 
‘graphene in nanotubes enforces the three formerly planar 
(C=C bonds characteristic of the genuine sp* hybridiza- 
tion to accept distortions in bond angles that make them 
closer and closer tothe situation of three ofthe fourC—C 
bonds in diamond (characteristic of the genuine sp’ hy- 
bridization) as the radius of curvature decreases. Even. 
though itis not enough to bring a genuine chemical reac- 
tivity to the carbon atoms, a consequence is to consider 
that either nesting sites are created at the concave sur- 
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face, or strong physisorption sites are created above each 
carbon atom of the convex surface, bath with a bond- 
ing efficiency that increases as the nanotube diameter 
decreases. 

As already pointed out in Sect.3.1, the chemical 
reactivity of SWNTs (and ¢-MNWTS) is supposed to 
come mainly from the caps, since they contain six 
pentagons each, as opposed to the tube body, which 
supposedly contains hexagons only. Indeed, oxidizing 
treatments applied to carbon nanotubes (air oxidation, 
wet-chemistry oxidation) are known to open the nano- 
tube tips rather selectively [3.162]. But the ability of 
SWNTS to be opened by oxidation methods then filled 
with foreign molecules such as fullerenes (see Sect. 3.5) 
reveals the accurrence of side defects [3. 4], whose iden- 
tification and occurrence were discussed then proposed 
to be an average of one Stone-Wales defect every S nm 
along the tbe length, involving an amount of about 


2% of the carbon atoms for the example of a reg- 
ular (10,10) SWNT [3.163] ~ a Stone-Wales defect 
is made of four adjacent heterocycles, two pentagons 
and two heptagons, displayed by pairs in opposition. 
Such a defect actually allows localized double bonds 
to be formed between the carbon atoms involved in the 
defect (instead of the electrons participating to the de- 
localized electron cloud above the graphene as usual, 
‘enhancing the chemical reactivity, e.g, toward chloro- 
carbenes [3.163)). This means that the overall chemical 
reactivity of carbon nanotubesshould strongly depend 
fon the way they are synthesized. For example, SWNTs 
prepared by the arc-discharge method are supposed to 
contain fewer structural defects compared 19 CCVD- 
synthesized SWNTs, which have a higher chemical 
reactivity. Of course, the reactivity of h-MWNT-type 
‘nanotubes is intrinsically higher, due to the occurrence 
of accessible graphene edges at the nanotube surface, 


3.5 Carbon Nanotube-Based Nano-Objects 


3.5.1 Hetero-Nanotubes 


Hetero-nanotubes are defined here as carbon nanotubes 
whose carbon atoms, part or all of them, are substi- 
tuted with another element while the overall honeycomb 
lattice-based graphene structure is maintained. Elements 
involved are, therefore, boron and/or nitrogen. Benefits 
‘can be new behaviors (e.g., BN nanotubes are electrical 
insulators), improved properties (e.g., regarding the re- 
sistance to oxidation), or better control of the properties. 
One current challenge is actually to control the process- 
ing so that the desired SWNT structure is selectively 
synthesized (metallic or semiconductor). In this regard, 
it was demonstrated that substituting some C atoms by 
or B atoms lead to SWNTs whose electrical behavior 
is systematically metallic (3.164, 165]. 

Some examples of hetero-nanotubes, though mainly 
MWNTSs, are found in literature, whose hetero-atom 
involved is generally nitrogen due to the ease of in- 
troducing some gaseous or solid nitrogen and/or boron 
containing species (e.g.,. Na, NH3, BN, HfB2) in existing 
MWNT synthesis devices [3.164, 166] until complete 
substitution of carbon [3.167, 168]. An amazing re- 
sult of such attempts to synthesize hetero-MWNTs was 
the subsequent formation of “multilayered” c-MWNTs, 
i.e. MWNTs whose constituting coaxial tubes were 
alternatively made of carbon graphenes and boron 
nitride graphenes [3.169]. On the other hand, exam- 


ples of hetero-SWNTs are few But the synthesis of 
B- or N-containing SWNTs has been recently re- 
ported [3.165, 170] 


3.5.2 Hybrid Carbon Nanotubes 


Hybrid carbon nanotubes are here defined as carbon 
nanotubes, SWNTs or MWNTs, whose inner cav- 
ity has been filled, partially or entirely, by foreign 
atoms, molecules, compounds, or crystals. Such hy- 
brids are thereby noted as X@SWNT (or X@MWNT, 
if appropriate, where X is the atom, molecule, etc. 
involved) [3.171] 


Motivation 
Why filling carbon nanotubes? The very small inner cav- 
ity of nanotubes is an amazing tool to prepare and study 
the properties of confined nanostructures of any nature, 
such as salts, metals, oxides, gases, or even discrete 
molecules like Cap, for example. Because of the almost 
one-dimensional structure of carbon nanotubes (specif- 
ically considering SWNT), different physical and/or 
chemical properties can be expected for the encapsulated 
foreign materials or possibly for the overall hybrid ma- 
terials. Indeed, when the volume available inside a car- 
bon nanotube is small enough, the foreign material can 
be made mainly of “surface atoms” of reduced coordi- 
rence. The overall former motivation was then to tenta- 
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tively form metal nanowires likely to be interesting for 
electronic applications (quantum wires). Metals were the 
preferred fillers, and nanotubes were mostly considered 
‘merely as nano-molds, likely to be removed afierward. 

Butitis likely that the removal of the SWNT “container” 
to liberate the confined one-dimensional structure may 
destroy or at least transform it because of the stabilizing 
effect brought by the interactions with the nanotube wall 

Filling nanotubes while they grow (in situ filling) 
was one of the pioneering methods. In most cases, 
however, the filling step is separated from the step of 
synthesis of the nanotubes. Three methods can then 
be distinguished: (a) wet chemistry procedures, and 
physical procedures, involving (b) capillarty filling by 
molten material or (c) filing by a sublimated material 

Generally speaking, the estimation of the filling rate 
is problematic and most of the time is taken merely 
from the TEM observation, without any statistics on the 
‘number of tubes observed. Moreover, as far as SWNTs 
are concerned, the fact that the nanotubes are gathered 
into bundles makes difficult the observation of the exact 
‘number of filled tubes, as well as the estimation of the 
filled length for each tube. 

Filling carbon nanotubes with materials that could 
not have been introduced directly is also possible. Thi 
can be accomplished by first filling the nanotubes with 
an appropriate precursor (i.e., able to sublime, or melt, 
or solubilize) that will later be transformed by chemical 
reaction or by a physical interaction such as electron 
beam irradiation, for example [3.172]. In the case of 
secondary chemical transformation, the reduction by H> 
is the most frequently used to obtain nanotubes filled 
with metals [3.173]. Sulfides can be obtained as well by 
using H,S as reducing agent [3.173] 

Because the inner diameter of SWNTs is generally 
smaller than that of MWNTS, itis more difficult to fill 
them, and the driving forces involved in the phenomena 
are not yet totally understood (see the review paper by 
[3.163]. Consequently, more than one hundred articles, 
dealing with filled MWNTs were already published by 
the time this chapter was written. We, therefore, did 
not attempt to review all the works. We chose to cite 
the pioneering works, then to focus on the more recent 
‘works dealing with the more challenging topic of filling 
SWNTs. 


In Situ Filling Method 
Most of the first hybrid carbon nanotubes ever syn- 
thesized were directly obtained in the course of their 
processing. This concerns only MWNTs, prepared by 
the arc-discharge method in its early hours, for which the 
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filling materials were easly introduced in the system by 
drilling a central hole in the anode and filling it withthe 
heteroelements. First attempts were all reported the same 
year [3.174-178], with elements such as Pb, Bi, ¥C2, 
TiC, etc. Later on, Loiseau et al. [3.179] showed that 
MUWNTs could also be filled to several jim in length by 
elements such as Se, Sb, 8, and Ge, but only as nanopar- 
ticles with elements such as Bi, B, Al and Te. Sulfur was 
suggested to play an important role during the in situ for- 
‘mation of filled MWNTs by are-discharge (3,180). This 
technique is no longer the preferred one because of the 
difficulty in controling the filling ratio and yield and in 
achieving mass production. 


Wet Chemistry Filling Method 
‘The wet chemistry method requires the opening of the 
nanotubes tips by chemical oxidation prior to the fill- 
ing step. This is generally obtained by refluxing the 
nanotubes in diluted nitric acid [3.181—183], although 
other oxidizing liquid media may work as well, e.g. 
[HCI+CrOs] [3.184] or chlorocarbenes formed from 
the photolytic dissociation of CHCI, [3.163] asa rare ex- 
ample of a nonacidic liquid route for opening SWNTs. If 
dissolved form (salt, oxide, etc.) of the desired metal is, 
‘meanwhile introduced during the opening step, some of 
it will got inside the nanotubes, An annealing treatment 
(after washing and drying of the treated nanotubes) may 
then lead to the oxide or to the metal, depending on the 
annealing atmosphere [3.162]. Although the wet chem- 
istry method looked promising because a wide variety of 
‘materials can be introduced within nanotubes this way, 
and because it operates at temperature not much differ~ 
ent from room temperature, attention has to be paid 10 
the oxidation method that has tobe carried out asthe first 
stops. The damages brought to the nanotubes by severe 
treatments (e.g., nitric acid) make them improper for 
use with SWNTs. Moreover, the filling yield is not very 
important, as a probable consequence of the presence 
of the solvent molecules that also enter the tube cavity, 
and the subsequent filled lengths rarely exceed 100 nm, 
Recent results have been obtained. however, using wet 
chemistry filling by Mitral et al. [3.184] who have filled 
SWNT ropes by CrO3 with an average yield of ~ 20%. 


Molten State Filling Method 
‘The physical method involving liquid (molten) phase 
is more restrictive, frst, because some materials may 
start decomposing when they melt, and second because 
the melting point has to be compatible with the nano- 
tubes, ie. thermal treatment temperature should remain 
below the temperature of transformation or damaging 
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of the nanotubes. Because the filling is occurring by 
capillarity, the surface tension threshold of the molten 
material was found to be 100-200 Nem? [3.185]. But 
this threshold was proposed for MWNTs, whose inner 
diameters (510m) are generally larger than those of 
SWNTs (I-2nm). In a typical filling experiment, the 
MWNTS are closely mixed with the desired amount of 
fillerby gentle grinding, and the mixture is then vacuum- 
sealed in a silica ampoule. The ampoule is then slowly 
heated to a temperature above the melting point of the 
filer, then is slowly cooled. The use of this method does 
not require any opening of the nanotubes prior to the 
heat treatment. The mechanism of nanotube opening is 
not yet established clearly, but it is certainly related to 
the chemical aggressivity ofthe molten materials toward 
carbon and more precisely toward graphene defects in 
the tube structure (see Sect. 34.4), 

Most of the works on SWNTS involving this method 
were performed by Sloan and coworkers at Oxford 
University [3.187], although other groups followed the 
same procedure [3.86, 181, 183]. Precursors to fill the 
nanotubes were mainly metals halides. Although little 
is known yet about the physical properties of halides 
crystallized within carbon nanotubes, the crystallization 
itself of molten salts within small diameter SWN'Ts has 
been studied in detail, revealing a strong interaction be- 
tween the one-dimensional crystals and the surrounding 
‘graphene wall. For example, Sloan et al. [3.188] have 
described two-layer 4 : 4 coordinated KI crystals formed 
within SWNT of around 1.4nm diameter. These two- 


Fig.3.24 HRTEM images and corresponding structural model for 
Phi; filled SWNT ({rom [3.186] 


layer crystals are “all surface” and have no “internal” 
atoms. Significant lattice distortions occur compared to 
the bulk structure of KI, where the normal coordinence 
{is 6 : 6 (meaning that each ion is surrounded by six iden- 
tical closer neighbors). Indeed, the distance hetween two 
ions across the SWNT capillary is 1.4 times the same 
distance along the tube axis. This denotes an accommo- 
dation of the KI crystal to the confined space provided 
by the inner nanotube cavity in the constrained crys- 
tal direction (across the tube axis). This implies that 
the interactions between the ions and the surrounding 
carbon atoms are strong. The volume dimension avail- 
able within the nanotubes thus somehow controls the 
crystal structure of inserted materials. For instance, the 
structure and orientation of encapsulated Pbl> crystals 
inside their capillaries were found to arrange in dif- 
ferent ways inside SWNTs and DWNTs, with respect 
to the diameter of the confining nanotubes [3.186]. In 
the case of SWNTs, most of the obtained encapsulated 
one-dimensional Plz crystals exhibit a strong preferred 
orientation with their (110) planes aligning at an angle 
‘of ca. 60° to the SWNT axes as shown in Fig. 3.24a 
and 3.24b. Due to the extremely small diameter of 
the nanotube capillaries, individual crystallites are of- 
ten only a few polyhedral layers thick, as outlined in 
Fig. 3.24d to 3.24h. As a result of lattice terminations 
enforced by capillary confinement, the edging poly- 
hedra must be of reduced coordination, as indicated 
in Fig.3.24g and 3.24h, In the case of Pblz formed 
inside DWNTs, similar crystal growth behavior was 
generally observed to occur in narrow nanotubes with 
diameters comparable to that of SWNTs. As the diam- 
‘ter of the encapsulating capillaries increases, however, 
different preferred orientations are frequently observed 
(Fig. 3.25). In this example, the Ply crystal is oriented 
with the [121] direction parallel to the direction of the 
electron beam (Fig. 3.25ato 3.25d). If the Pl @DWNT 
hybrid is viewed “side-on” (as indicated by the arrow in 
Fig. 3.25e) polyhedral slabs are seen to arrange along 
the capillary, oriented at an angle of ca. 45° with respect 
to the tubule axis. 


Sublimation Filling Method 
This method is even more restrictive than the previous 
‘one, since itis applicable only to a very limited num- 
ber of compounds due to the requirement for the filling 
materials to sublimate within the temperature range of 
thermal stability of the nanotubes. Examples are there- 
fore few. Actually, except for an attempt to fill SWNTs 
with ZrCl, [3.189], the only example published so far is 
the formation of Cqy @SWNT (whose popular nickname 
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is “peapods”), reported forthe firs time in 1998 [3.190], 
where regular ~ 1.4nm large SWNTs are filled with 
C4 fullerene molecule chains (Fig. 3.26). Of course, 
the process requires a pre-opening of the SWNTs by 
some method, as discussed previously, typically either 
acid attack [3.191] or heat-treatment in air [3.192]. Then 
the opened SWNTs are put into a sealed glass tube to- 
zgzether with fullerene powder and placed into a furnace 
heated above the sublimation temperature for fullerite 
(©~ 350°C). Since there is no limitation related to 
Laplace's law or the presence of solvent since only 
gaseous molecules are involved, filling efficiency may 
actually reach ~ 100% [3.192] 

Remarkable behaviors have been revealed since 
then, such as the ability of the Cqy molecules to move 
freely within the SWNT cavity (Fig. 3.26b and 3.26¢) 
upon random ionization effects from electron irradi- 
ation [3.193], oF to coalesce into 0.7nm large inner 
elongated capsules upon electron irradiation [3.194], 
or into a 0.7 nm large nanotube upon subsequent ther- 
‘mal treatment above 1,200°C [3.193, 195]. Annealing 
of Cw @SWNT materials may thus appear as an effi- 
cient way to produce DWNT with nearly constant inner 
(~0.7nm) and outer (~ 1.4nm) diameters. DWNTs 
produced this way are actually the smallest MWNTs 
synthesized so far. 

Based on the successful synthesis of so-called 
endofullerenes previously achieved [3.13], further 
development of the process has recently led to 
the synthesis of more complex nanotube-based hy- 
brid materials such as Lay@Cyo@SWNTs [3.196], 
Gd@Cy2@SWNTs [3.197], or Er,Sex_.N@Co@ 
SWNT [3.198] among other examples. These provide 
even more extended perspective regarding the poten- 
tial applications of peapods, which are still being 
investigated, 

Finally the last example to cite is the successful at- 
tempt to produce peapods by a related method. by using 
accelerated fullerene ions (instead of neutral gaseous 
‘molecules) to enforce the fullerenes to enter the SWNT 
strueture [3.199] 


3.5.3 Functionalized Nanotubes 


Based on the reactivity of carbon nanotubes as dis- 
cussed in Sect. 3.4.6, the functionalization reactions can 
be divided into two main groups. One is based on the 
chemical oxidation of the nanotubes (tips, structural de- 
fects) leading to carboxylic, carbonyl, and/or hydroxyl 
functions. These functions are then used for additional 
reactions, to attach oligomeric or polymeric functional 
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Fig.3.25 HRTEM images (experimental and simulations), and cor- 
responding structural model for a Pbly filled double-wall carbon 
nanotube (from (3.1861) 


oe pment 
Fig.3.26-c HRTEM images of (a) example of tive regular Cop 
rmolecules encapsulated together with two higher fullerenes (C9 
and Cio) a8 distorted capsules (on the right) within a regular 
1.4nmdiameter SWNT. (a)=(e) Example ofthe diffusion ofthe Cau- 
molecules along the SWNT cavity. The time between each image 
of the sequence is about 10. The Fact that nothing occurs between 
(a) and (b) reveals the randomness of the ionisation evens generated 
by the microscope electron beam and assumed tobe responsible for 
the molecule displacement 


entities. The second group is based on direct addition to 
the graphitic-like surface of the nanotubes (i.e. without 
any intermediate step). Examples of the latter reactions 
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include oxidation or fuorination (an important first step 
for further functionalization with other organic groups). 
Properties and applications of functionalized nanotubes 
have been reviewed recently [3.200] 


Oxidation of Carbon Nanotubes 
Carbon nanotubes are often oxidized and therefore 
opened before chemical functionalization to increase 
their chemical reactivity (creation of dangling bonds). 
Chemical oxidation of nanotubes is mainly achieved us- 
ing cither wet chemistry or gaseous oxidants such as 
oxygen (typically air) or CO2. Depending on the syn- 
thesis process, the oxidation resistance of the nanotubes 
can yary. When oxidation is carried out through gas, 
phases, thermo-gravimetric analysis (TGA) is of great 
use to determine at which temperature the treatment 
should be applied. Itis important to know that TGA ac- 
curacy increases as the heating rate diminishes, while 
the literature often provides TGA analyses obtained in 
nonoptimized conditions, leading to overestimated oxi- 
dation temperatures. The presence of catalyst remnants 
(metals, more rarely oxides), the type of nanotubes 
(SWNTs, c-MWNTs, h-MWNTS), and the oxidizing 
agent (air, O2 is an inert gas, COs, etc.) as well as 
the flow rate used make difficult the comparison of 
Published results. It is generally agreed, however, that 
amorphous carbon burns first, followed by SWNTs and 
then multiwall materials (shells, MWNTs), even if TGA 
is often unfortunately not able to clearly separate the 
different oxidation steps. The more common method 
used for nanotube oxidation is that of aqueous solutions 
of oxidizing reagents. The main one is nitric acid, ei- 
ther concentrated or diluted (around 3 moles per liter in 
‘most cases), but oxidants such as potassium dichromate 
(K:Cr07), hydrogen peroxide (H.O>), or potassium 
permanganate (KMnO,) are very often used as well. 
HCI, like HF, do not damage nanotubes because these 
acids are not oxidizing, 


Functionalization 
of Oxidized Carbon Nanotubes 
Carboxylic groups located at the nanotube tips can 
be coupled with different chemical groups. Oxidized 
nanotubes are usually reacted with thionyl chloride 
(SOCIz) to generate the acyl chloride, even if a di- 
rect reaction is theoretically possible with alcohols or 
amines, for example, Reaction of SWNTs with octade- 
eylamine (ODA) was reported by Chen et al. [3.201] 
after reaction of oxidized SWNTs with SOCl. The 
functionalized SWNTs have substantial solubility in 
chloroform (CHCI5), dichloromethane (CHCl), aro- 


matic solvents, and carbon bisulfide (CS2). Many other 
reactions between functionalized nanotubes (after re- 
action with SOCI2) and amines have been reported 
in the literature and will not be reviewed here. Non- 
covalent reactions between the carboxylic groups of 
oxidized nanotubes and octadecylammonium ions are 
possible [3.202], providing solubility in tetrahydrofuran 
(THE) and CH:Cly. Functionalization by glucosamine 
using similar procedures [3.203] allowed the water sol- 
ubilization of SWNT, which is of special interest when 
considering biological applications of functionalized 
nanotubes. Functionalization with lipophilic and hy- 
drophilic dendra (with long alkyl chains and oligomeric 
poly(ethyleneglycol) groups) has been achieved by am- 
ination and esterification reactions [3.204], leading to 
solubility of the functionalized nanotubes in hexane, 
chloroform, and water. It is interesting to note that in 
the latter case, the functional groups could be removed 
Jjust by modifying the pH of the solution (base- and acid- 
‘catalyzed hydrolysis reaction conditions, [3.205)). A last 
example is the possible interconnection af nanotubes 
via chemical functionalization. This has been recently 
achieved by Chi et al. [3.206] using the already de- 
tailed acyl chloride way and a bifunctionalized amine to 
link the nanotubes by the formation of amide bonds. 


Sidewall Functionalization 
of Carbon Nanatubes 
‘The covalent functionalization of the nanotube walls 
is possible by means of fluorination reactions. It was 
first reported by Mickelson et al. (3.207), with Fy gas 
(the nanotubes can then be defluorinated, if required, 
with anhydrous hydrazine). As recently reviewed by 
Khabashesku tl. [3.208], itis then possible touse these 
fuorinated nanotubes to carry out subsequent derivati- 
zation reactions. Thus, sidewall-alkylated nanotubes can 
be prepared by nucleophilic substitution (Grignard syn- 
thesis or reaction with alkyllithium precursors [3,209)), 
‘These alkyl sidewall groups can be removed by air ox- 
idation, Electrochemical addition of aryl radicals (from 
the reduction of aryl diazonium salts) to nanotubes has 
also been reported by Bahr etal, [3.210], Functionaliza- 
tion of the nanotube extemal wall by cycloaddition of 
nitrenes, addition of nuclephilic carbenes, or addition of 
radicals has been described by Holzinger etal. [3.211] 
Electrophilic addition of dichlorocarbene to SWNTs oc 
curs by reaction with the deactivated double bonds in the 
nanotube wall [3.212]. Silanization reactions are another 
way to functionalize nanotubes, although only tested 
with MWNTS, Velasco-Santos et al. [3.213] have re- 
acted oxidized MWNTs with an organosilane (RSIR, 
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with R being an organo-functional group attached to sil- 
icon) and obtained organo-functional groups attached to 
the nanotubes by silanol groups. 

Noncovalent sidewall functionalization of nanotubes 
is important because the covalent bonds are associated 
with changes from sp? to sp? in the hybridization of 
the carbon atoms involved, which corresponds to a loss 
of the graphite-like character. As a consequence, phys- 
ical properties of functionalized nanotubes, specifically 
SWNT, may be modified. One possibility for achiev- 
ing noncovalent functionalization of nanotubes is to 
wrap the nanotubes in a polymer [3.214], which al- 
lows their solubilization (thus improving the processing 
possibilities) while preserving their physical properties. 


Finally, it is worth keeping in mind that all these 
chemical reactions are not specific to nanotubes and may 
‘occur to most of the carbonaceous impurities present in 
the raw materials. This makes difficult the characteri- 
zation of the functionalized samples and thus requires 
‘one to perform the experiments starting with very pure 
carbon nanotube samples, which is unfortunately not al- 
‘ways the case for the results reported inthe literature. On. 
the other hand, purifying the nanotubes to start with may 
also bias the functionalization experiments since purifi- 
cation requires chemical treatments, But the demand for 
such products does exist already, and purified then fluo- 
rinated SWNTs can be found on the market at $900/ 
(Carbon Nanotechnologies Inc., 2003). 


3.6 Applications of Carbon Nanotubes 


Carbon nanotubes can be inert and can have a high as- 
pect ratio, high tensile strength, low mass density, high 
heat conductivity, large surface area, and versatile elec- 
tronic behavior including high electron conductivity. 
While these are the main characteristics of the prop- 
erties for individual nanotubes, a large number of them 
can form secondary structures such as ropes, fibers, pa- 
pers, thin films with aligned tubes, etc., with their own 
specific properties. The combination of these proper- 
ties makes them ideal candidates for a large number of 
applications provided their cost is sufficiently low. The 
cost of carbon nanotubes depends strongly on both the 
quality and the production process. High quality sin- 
ale shell carbon nanotubes can cast 50100 times more 
than gold, But synthesis of carbon nanotubes is con- 
stantly improving, and sale prizes fall by 50% per year. 
Application of carbon nanotubes is therefore a very fast 
‘moving area with new potential applications found every 
‘year, even several times per year. Making an exhaustive 
list is again a challenge we will not take. Below are 
listed applications considered “current” (Sect. 3.6.1) ei 
ther because already marketed, or because up-scaling 
synthesis is being processed, or because prototypes are 
currently developed by profit-based companies. Other 
applications are said to be “expected” (Sect. 3.6.2). 


3.6.1 Current Applications 


High mechanical strength of carbon nanotubes makes 
them a near to ideal force sensor in scanning probe mi- 
croscopy (SPM) with a higher durability and the ability 
toimage surfaces witha high lateral resolution, the latter 
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being a typical limitation of conventional force sensors 
(ceramic tips). The idea was first proposed and experi- 
‘mented by Dai et al. [3.77] using c-MWNTs. It was 
extended to SWNTs by Hafner etal. [3.215], since small 
diameters of SWNTs were supposed to bring higher res- 
olution than MWNTs due to the extremely short radius 
of curvature of the tube end. But commercial nanotube- 
based tips (e.g., Piezomax, Middleton, WI, USA) use 
MWNTS for processing convenience. Itis also likely that 
the flexural modulus of SWNT is too low and therefore 
induces artifacts affecting the lateral resolution when 
scanning a rough surface. On the other hand, the flexu- 
ral modulus of c-MWNTS is supposed to increase with 
the number of walls, but the radius of curvature of the 
tip meanwhile increases, 


Near-Field Microscope Probes 
SWNT or MWNT, such nanotube-based SPM tips also 
offer the perspective of being functionalized, in the 
prospect of making selective images based on chemical 
discrimination by “chemical force microscopy” (CFM). 
Chemical function imaging using functionalized nano- 
tubes represents a huge step forward in CFM because 
the tip can be functionalized very accurately (ideally at 
the very nanotube tip only, where the reactivity is the 
highest), increasing the spatial resolution. The intersc- 
tion between chemical species present at the end of the 
nanotube tip and a surface containing chemical fune- 
tions can be recorded with great sensitivity, allowing the 
chemical mapping of molecules (3.216,217]. 

Today the cost of nanotube-based SPM tips is in the 
range of $200/tip. Such a high cost is explained both 
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Fig. 3.27 Scan- 
ning electron 


microscopy 
image of 
‘carbon nano- 
tube (MWNT) 
‘mounted onto 
regular ceramic 
tip as a probe 
for atomic force 
microscopy 


by the processing difficulty, which ideally requires one 
to grow or mount a single MWNT in the appropriate 
direction at the tip of a regular SPM probe (Fig. 327), 
and by the need to individually control the tip quality. 
Such a market has been estimated at ~ $ 20M/year. 


Field Emission-Based Devices 
Based on a pioneering work by de Heer et al. [3.218], 
carbon nanotubes have been demonstrated to be effi- 
cient field emitters and are currently being incorporated 
in several applications, including flat panel display for 
television sets or computers (whose a first prototype 
was exhibited by Samsung in 1999) or any devices re- 


a) Top view 


Gass plate 


MWNTs 


Glass plate 
Fig. 3.28 (a) Principle ofa field-emitter-based sereen. (b) Scanning 
electron microscope image of a nanotube-based emitter system (sop 
view), Round dots are MWNTT tips seen through the holes corre 
sponding to the extraction grid, By courtesy of Legagneux (Thales 
Research & Technology, Orsay, USA) 


quiring an electron producing cathode, such as X-ray 
sources, The principle of a field-emission-based screen 
is demonstrated in Fig. 3.28a, Briefly, a potential differ- 
ence is brought between emitting tips and an extraction 
stid so that electrons are taking out from the tips and 
sent onto an electron sensitive screen layer. Replacing 
the glass support and protection of the screen by some 
polymer-based material will even allow the develope 
of flexible screens. As opposed to regular (metallic) 
electron emitting tips, the structural perfection of car- 
bon nanotubes allows higher electron emission stability 
higher mechanical resistance, and longer life time. Fist 
of all, it allows energy savings since it needs lower (or 
no) heating temperature of the tips and requires much 
lower threshold voltage. As an illustration for the latter, 
producing a current density of | mA /em? is possible for 
a threshold voltage of 3 V/jim with nanotubes, while it 
requires 20 V/jum for graphite powder and 100 V /jum 
for regular Mo or Si tips. The subsequent reductions in 
‘cost and energy consumption are estimated at 1/3 and 
1/10 respectively. Generally speaking, the maximum 
current density obtainable ranges between 10* A/cm? 
and 108 A/em? depending on the nanotubes involved 
(eg., SWNT or MWNT, opened or capped, aligned or 
not) [3.219-221]. Although nanotube side-walls seem 
to emit as well as nanotube tips, many works have 
dealt (and are still dealing) with’ growing nanotubes 
perpendicular to the substrate surface as regular arrays 
(Fig. 3.2b). Besides, using SWNTS instead of MWNTs 
does not appear necessary for many of these appli 
tions when they are used as bunches. On the other hand, 
when considering single, isolated nanotubes, SWNTS 
are generally less preferable since they allow much lower 
electron dases than do MWNTs, although they are likely 
meanwhile to provide an even higher coherent source (an 
useful feature for devices such as electron microscopes 
or X-ray generators). 

‘The market associated with this application is huge. 
With such major companies involved as Motorola, NEC, 
NKK, Samsung, Thales, Toshiba, et., the first commer- 
cial flat TV sets and computers using nanotube-based 
screens are about to be seen in stores, and compa- 
nies such as Oxford Instruments and Medirad are about 
to commercialize miniature X-ray generators for med- 
ical applications on the basis of nanotube-based cold 
cathodes developed by Applied Nanotech Inc 


Chemical Sensors 
‘The electrical conductance of semiconductor SWNT 
was recently demonstrated to be highly sensitive to the 
change in the chemical composition of the surround- 
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ing atmosphere at room temperature, due to the charges 
transfer between the nanotubes and the molecules from 
the gases adsorhed onto the SWNT surface. It has also 
bbeen shown that there is a linear dependence between 
the concentration ofthe adsorbed gas and the difference 
in electrical properties, and that the adsorption is re- 
versible. First tries involved NO2 or NH [3.222] and 
Qp [3.223], SWNT-based chemical NO» and NH sen- 
sors are characterized by extremely short response time 
(Fig. 3.29), thus being different from conventionally 
used sensors (3.222, 224, High sensitivity toward water 
‘or ammonia vapors has been measured on SWNT-SiO> 
composite [3.225]. This study indicated the presence 
of paype SWNT dispersed among the predominant 
metallic SWNTs, and that chemisorption of gases on 
the surface of the semiconductor SWNTS is responsible 
for the sensing action, The determination of CO> and Ox 
concentrations on SWNT-SiO composite has also been 
reported [3.226]. By doping nanotubes with palladium 
nanoparticles, Kong et al, (3.227) have also shown that 
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3.29a,b Demonstration ofthe ability of SWNT in de- 
tecting molecule traces in inert gases. (a) Increase ina single 
SWNT conductance when 20 ppm of NO2 are added to an 
argon gas flow: (b) Same with 1% NHs added tothe argon 
gs flow (from [3.222)) 
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the modified material could reveal the presence of hy- 
drogen up to 400 ppm whereas the as-grown material 
was totally ineffective. 

Generally speaking, the sensitivity of the new 
nanotube-based sensors is three orders of magnitude 
higher than that of standard solid state devices. In addi- 
tion, the interest in using nanotubes as opposed to current 
sensors is the simplicity and the very small size of the 
system in which they can be placed, the fact that they 
ccan operate at room temperature, and their selectivity, 
which allows a limited number of sensor device archi- 
tectures to be built for a variety of industrial purposes, 
while the current technology requires a large diversity 
of devices based on mixed metal oxide, opto-mechanics, 
catalytic beads, electrochemistry, etc. The market oppor- 
tunity is expected to be $ 1.6 billion by 2006, including 
both the biological area and the chemical industrial area. 
‘Nanotube-based sensors are currently developed in both. 
large and small companies, such as Nanomix (USA), for 
example, 


Catalyst Support 
Carbon materials are attractive supports in heteroge- 
neous catalytic processes due to their ability to be 
tailored to specific needs: indeed, activated carbons are 
already currently employed as catalyst supports because 
of their high surface area, their stability at high tem- 
peratures (under not oxidizing atmosphere), and the 
possibility of controlling both their porous structure 
and the chemical nature of their surface [3.228, 229] 
‘The attention has been brought to nano-sized fibrous 
morphologies of carbon that appeared during the last 
decade, showing novel interesting potentialities as sup- 
ports [3.230], Carbon nanofibers (also improperly called 
graphite nanofibers) and carbon nanotubes have been 
used successfully and shown to present, as catalyst- 
supporting materials, properties superior to that of such 
other regular catalyst-supports as activated carbon, soot, 
or graphite [3.231]. The use of graphite nanofibers as 
a direct catalyst for oxidative dehydrogenation has also 
been reported [3.232 

‘The morphology and size of carbon nanotubes, es- 
pecially since they do present huge lengths vs. diameters 
spect ratio), can play a significant role in catalytic 
applications due to their ability to disperse catalytic- 
ally active metal particles. Their electronic properties 
are also of primary importance [3.233] since this con- 
ductive support may be exerting electronic perturbation 
as well as geometric constraint on the dispersed metal 
particles. A recent comparison between the interaction 
of transition metal atoms with carbon nanotube walls 
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and that with graphite indicates major differences in 
bonding sites, magnetic moments, and charge-transfer 
direction [3.234]. Thus the possibility of song metal- 
support interaction has to be taken into account. Their 
mechanical strength is also important and makes them 
resistant to attrition in view of recycling. Their exter- 
nal or internal surface presents strong hydrophobicity 
and strong adsorption ability toward organic molecules. 
Finally, for MWNT-based catalystsupports, the rela- 
tively high surface area and the absence of microporosity 
(ice., pores <2nm) associated with a high meso- and 
macropore volume (see Sect. 34.3) result in signif- 
icant improvements of the catalytic activity, in the 
‘case of liquid-phase reactions when compared to cata- 
lysts supported on activated carbon. With nanotube 
supports, the mass transfer limitation of the reactants 
to the active sites is actually prevented due to the 
absence of microporosity, and the apparent contact 
time of the products with the catalyst is diminished, 
leading to more active and more selective catalytic 
effects 

‘The most widely used technique to prepare carbon 
nanotube-supported catalysts is the incipient wetness 
impregnation, in which the purified support is im- 
pregnated with a solution of the metal precursor, then 
dried, calcinated and/or reduced in order to obtain metal 
particles dispersed on the support. The chemical treat- 
ment and/or the modification of the carbon nanotube 
surface was found to be a useful tool to control its hy- 
drophobic or hydrophilic character [3.236]. A strong 
rmetal/support interaction can thus be expected from 
the occurrence of functionalized groups ereated by the 
oxidation of the support surface, resulting in smaller 
particle sizes [3.237]. A more sophisticated technique 
to achieve the grafting of metal particles onto carbon 
nanotubes consists of functionalizing the outer surface 
of the tubes and then performing a chemical reaction 
witha metal complex, thus resulting ina good dispersion 
of the metallic particles (Fig. 3.30) [3.235] 

Selected examples of some carbon nanotube-based 
catalysts together with the related preparation routes and 
catalytic activities are listed in Table 3.4 

‘The market is huge for this application since it most 
often concerns the “heavy” chemical industry. It implies 
and requires mass production of low-cost nanotubes, 
processed by methods other than solid-carbon-source- 
based methods (see Sect. 3.2.1)-Such an application also 
requires some surface reactivity, making the h-MWNT 
type nanotubes with a poor nanotexture (see Sect. 3.1.2) 
the most suitable starting material for preparing such 
catalyst supports. Catalysisenhanced thermal cracking 


Fig. 3.30 ‘Transmission electron microscopy image show- 
ing rhodium nanoparticles supported on MWNT surface 
(from [3.235)) 


of gaseous carbon precursors is therefore preferred, and 
pilot plants are already being built by major chemical 
industrial companies (e.g., Ato-Fina, France), 


3.6.2 Expected Applications 
Related to Adsorption 


‘The adsorption and interaction of gases, liquids, or metal 
with carbon nanotubes has attracted much attention in 
the past several years. The applications resulting from 
the adsorption properties of carbon nanotubes can be ar- 
bitrarly divided into two groups. The first group is based 
‘on the consequences of molecule adsorption on nano- 
tube electronic properties, whose main application is the 
‘chemical sensors (see Sect. 3.6.1). The second group 
cludes gas storage, gas separation, or the use of carbon 
nanotubes as adsorbent and results from the morpholog- 
ical characteristics of carbon nanotubes (surface area, 
aspect ratio, and so forth). Among the three latter po- 
tential applications, the possibility of storing gases, and 
more particularly hydrogen, on carbon nanotubes has 
received most of the attention, 
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On-Off Behavior 
The words ON and OFF are used to indicate the 
possible states of a switch, The additional word 
NONE is used by some manufacturers to indicate 
that a switch does not have a center position. 
Some manufacturers don’t bother with the word 
NONE, assuming that if the word is omitted, a 
center position does not exist. 
‘ON-OFF or ON-NONE-OFF 
A basic on-off SPST switch with no center 
position, 


(ON-ON or ON-NONE-ON 
Abasic SPDT switch with no center position, 


‘ON-OFF-ON 
Adouble-throw switch with center-off posi- 
tion (no connection when the switch is cen- 
tered). 


‘ON-ON-ON 


Atriple-throw switch where the center po- 
sition connects with its own set of terminals. 


Parentheses are used in descriptions of spring- 
loaded switches to indicate a momentary state 
that lasts only as long as pressure is applied to 
the actuator. 


(ON)-OFF or OF F-(ON) 

A spring-loaded switch that is normally off 
and returns to that position when pressure 
is released. Also known as NO (normally 
open), and sometimes described as FORM A. 
Its performance is similar to that of a push- 
button and is sometimes described as a 
‘make-to-make connection. 


ON-(OFF) or (OFF)-ON 
A spring-loaded switch that is normally on 
and returns to that position when pressure 
is released. This is sometimes described as a 
make-to-break connection. Also known as 
NC (normally closed), and sometimes de- 
scribed as FORM B. 


Variants 


(ON)-OFF-(ON) 
Aspring-loaded double-throw switch witha 
no-connection center position to which it 
returns when pressure on its actuator is re- 
leased, 


Other combinations of these terms are possible. 


Most double-throw switches break the connec- 
tion with one contact (or set of contacts) before 
making the connection with the second contact 
(orset of contacts). This isknownasabreakbefore 
‘make switch. Much less common isa make before 
break switch, also known as a shorting switch, 
which establishes the second connection a mo- 
ment before the first connection is broken. Use 
of a shorting switch may cause unforeseen con- 
sequences inelectroniccomponentsattached to 
it, as both sides of the switch will be briefly con- 
nected when the switchs turned. 


Snap-Action 

Also known as a limit switch and sometimes as a 
‘microswitch or basicswitch. This utlitarian design 
is often intended to be triggered mechanically 
rather than with finger pressure, for example in 
3D printers. Its generally cheap but reliable. 


Two snap-action switches are shown in 
Figure 6-4. A sectional view ofa snap-action ON- 
(ON) limit switch is shown in Figure 6-5. The pole 
contacts are mounted on a flexible strip which 
can move up and down in the center of the 
switch. The strip has a cutout which allows an 
inverted U-shaped spring to flip to and fro. It 
keeps the contacts pressed together in either of 
the switch states, 


Chapter6 39 


Introduction to Carbon Nanotubes 


3.6 Applications of Carbon Nanotubes 


Table3.4 Preparation and catalytic performances of some nanotube-supported catalysts 


RUMWNT+SWNT Liquid phase impregnation, 

3230] no pretreatment of the tubes 

PUMWNT electrodes Electrode-less plating with 

B.149] pre-functionalization of 
MWNT 


RWMWNT [3.235] Surface mediated _organo- 


metallic synthesis, pre-func~ 

tionalization of MWNT 
Ru-alkali/MWNT ‘Liquid phase impregnation, 
13.238] no pretreatment of the tubes 
Rh-phosphine/MWNT Liquid phase grafting from 
13.239] [RhH(CO)(PPhs)3] 


Gas Storage ~ Hydrogen 
‘The development of lightweight and safe system for hy- 
drogen storage is necessary for a wide use of highly 
efficient H-air fuel cells in transportation vehicles. The 
U.S, Department of Energy Hydrogen Plan has seta stan- 
dard by providing a commercially significant benchmark 
for the amount of reversible hydrogen adsorption, This 
benchmark requires a system-weight efficiency (the ra- 
tio of Hp weight to system weight) of 6.5 wt% hydrogen 
and a volumetric density of 63 kgHo/m°: 

From now on, the failure to produce a practical 
storage system for hydrogen has prevented hydrogen 
from coming to the commercial forefront as a trans- 
portation fuel. The ideal hydrogen storage system needs 
to be light, compact, relatively inexpensive, safe, easy 
to use, and reusable without the need for regeneration. 
While research and development are continuing on such 
technologies as liquid hydrogen systems, compressed 
hhydrogen systems, metal hydride systems, and super- 
activated carbon systems, all have serious disadvantages. 
For example, liquid hydrogen systems are very expen- 
sive, primarily because the hydrogen must be cooled 
to about 252°C, For example, a liquid hydrogen sys- 
tem will cost about four times more than an equivalent 
amount of gasoline, Further, liquid hydrogen must be 
kept cooled to prevent it from boiling away, even when 
the vehicle is parked. 

Compressed hydrogen is much cheaper than liquid 
hydrogen but also much bulkier. 

Meal hydride systems store hydrogen as a solid in 
combination with other materials. For example, metal 
hydrides are produced by bathing a metal, such as pal- 
ladium or magnesium, in hydrogen. The metal splits the 
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Tiguid phase cinnamalde- 


hyde hydrogenation port interaction compared to 
activated carbon 

Oxygen reduction for fuel High electrocatalytic 

cells applications activity 

Liquid phase hydroformyla- Higher activity of 

tion and hydrogenation RWMWNT compared to 
Rivactivated carbon 

Ammonia synthesis, gas Higher activity with MWNT 

phase reaction than with graphite 


Liquid phase hydroformyla- 
tion lective catalyst 


dihydrogen gas molecules and binds the hydrogen atoms 
to the metal until released by heating. The disadvantages 
of'a metal hydride system are its weight (typically about 
eight times more than an equivalent amount of liquid 
hydrogen or an equivalent amount of gasoline) and the 
need to warm it up to release the hydrogen. 

Superactivated carbon is the basis of another system 
for storing hydrogen that initially showed commercial 
potential, Superactivated carhon is a material similar to 
the highly porous activated carbon used in water filters 
but can gently hold hydrogen molecules by physisorp- 
tion at sub-zero temperatures. The colder the carbon, the 
less heat is needed to disturb the weak forces holding 
the carbon and hydrogen together. Again, a major disad- 
‘vantage of such a system is that preventing the hydrogen 
from escaping requires it to constantly remain at very 
low temperatures, even when the vehicle is parked. 

Consequently there still remains a great need for 
‘a material that can store hydrogen and is light, compact, 
relatively inexpensive, safe, easy to use, and reusable 
Without regeneration, Recently some articles or patents 
concerning the very high, reversible adsorption of hy- 
drogen in carbon nanotubes or platelet nanofibers have 
aroused tremendous interest in the research community, 
stimulating much experimental and theoretical works, 
‘Most of the works on hydrogen adsorption on carbon 
nanotubes have been recently reviewed [3.240-243] 

A group from Northeastern University [3.132, 244] 
‘was the first to report the supposedly successful hydro- 
«gen storage in carbon layered nanostructures possessing 
some crystallinity. The authors claimed that, in platelet 
nanofibers (3—50.nm in width), hydrogen can be stored 
up to 75 wt%, meaning a C/H ratio of 1/9. Complete 
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hydrogen desorption occurs only at very high tempera- 
ture, The same authors have recently pointed out the 
dramatic role of the treatment that has to be applied to 
the carbon nanofibers prior to Hy adsorption [3.244] 
This thermal treatment, though simple (1,000°C in an 
inert gas), is a critical procedure in order to remove 
chemisorbed gases from the edge and step regions of 
the carbon structures. Failure to achieve this condi- 
tion results in a dramatic decrease in the hydrogen 
adsorption performance of the materials. In this work, 
the authors have performed the experiments at room 
temperature, and 100bar of Hp, hydrogen uptake be- 
tween 20 and 40 wi% were recorded. The authors have 
also demonstrated by XRD measurements that structural 
perturbation of the material was produced following 
hydrogen treatment, and that it was manifested by an ex- 
pansion of the graphitic interplane distance (from 0.34 
before Hz adsorption to 0.347 after Ha uptake). 

Hydrogen adsorption and desorption measurements 
on nanofibers similar to that used by Rodriguez 
etal. [3.19] were also performed by Af et al. [3.245] 
‘The authors have measured a hydrogen uptake of 
2.4wi%. In fact, in their study, none of the graphite 
nanofiber material tested has indicated hydrogen stor- 
age abilities that exceed the values already reported for 
activated carbons. 

‘Adsorption of Hz on platelet nanofibers was com- 
puted by Monte Carlo simulations [3.246]. The graphene 
spacing was optimized to maximize the weight fraction 
of Hp adsorbed. Given the results of their calcula- 
tions, the authors concluded that no physically realistic 
sgraphite-hydrogen potential can account for the tremen- 
dous adsorption ability reported by the group from Penn 
State 

Reepka et al. [3.247] have also used theoretical 
Monte Carlo calculation to calculate the amount of phys- 
ically adsorbed hydrogen molecules in carbon slit pores 
of dimensions similar to that used by the Penn State 
group (i.e.,0.34nm as the interplanar distance between 
graphenes in the nanofibers). They reached the conclu- 
sion that no hydrogen can be adsorbed at all. Even if 
the interplanar distance is assumed to expand during 
the adsorption process, the maximum calculated adsorp- 
tion is I wt% for d = 0.7 nm. These authors concluded 
that the Penn State experimental results could not be 
attributed to some “abnormal capillary condensation ef- 
fect" as initially claimed. Since then, nobody has been 
able to duplicate it experimentally. 

Meanwhile, hydrogen storage experiments were also 
attempted on SWNTs. The first work was reported by 
Dillon etal (3.248] who used temperature-programmed 


desorption measurements. A major drawback of their 
experimental procedure was that they used only 1 mg of 
‘unpurified soot containing 0.1% of SWNTs. They at- 
tibuted the reversible hydrogen capacity of 0.01 wi% 
observed to the SWNTs only, therefore leading toa pre- 
sumable capacity of S—10wi% for a pure nanotubes 
sample. TPD experiments shown Hy desorption between 
170 and +100°C. Despite the weakness ofthe demon- 
stration, the paper, which was published not much before 
that of Chambers etal. [3.132], has induced a worldwide 
excitement for the field 

Hydrogen adsorption measurements were also per- 
formed on SWNT samples of high purity [3.249]. At 
193°C, 160 bar of Hz were admitted and the hydro- 
gen adsorption was found to exceed 8 wt%. In this case, 
the authors proposed that hydrogen is first adsorbed on 
the outer surfaces ofthe crystalline material. But no data 
concerning H» desorption are given 

Inrecent reports, Dresselhaus and coworkers [3.240, 
0] reported hydrogen storage in SWNTS (1.85nm 
of average diameter) at room temperature. A hydrogen 
storage capacity of 4.2 wt% was achieved reproducibly 
under 100bar for a SWNT-containing material of about 
(0.5 g that was previously soaked in hydrochloric acid and 
then heat-treated (500°C) in vacuum. The purity ofthe 
sample was estimated from TGA and TEM observations 
to be about 50 to 60%. Moreover, 78% of the adsorbed 
hydrogen could be released under ambient pressure 
at room temperature, while the release of the residual 
stored hydrogen required some heating at 200°C. 

‘A valuable input to the topic was brought by 
Hirscher etal (3.251), who demonstrated that several 
of the supposedly successful experiments regarding the 
storage of Hy in SWNT were actually misled by the 
hydrogen storage capacity of Ti nanoparticles originat- 
ing from the sonoprobe frequently used at one step or 
another of the procedure, specifically when the SWNT 
material is previously purified. 

Density functional theory (DFT) was used [3.252] 
to estimate Hz adsorption in SWNT. From their ealeu- 
lations, within the regime of operating conditions where 
adsorptive storage seems attractive, the storage proper- 
ties of Hy in a SWNT system appear to fall far short 
of the DOE target. In their model, rolling graphite into 
«cylindrical sheet does not significantly alter the nature 
of the carbon-H) interaction in contradiction with the 
latest calculations, which indicate that the possibilities 
of physisorption increase as the radius of curvature of 
SWNTs decreases [3.253] 

‘More recently, however, Lee etal. [3.254.255] have 
also used DFT calculations to search for hydrogen ad- 


sone aint errant 


Introduction to Carbon Nanotubes | 3.6 Applications of Carbon Nanotubes 79 


sorption sites and predict maximum storage capacity in 
SWNT. They have found two chemisorption sites, at 
the exterior and the interior of the tube wall. Thus they 
predict a maximum hydrogen storage capacity that can 
exceed 14 wt% (160 kgH2/m'). The authors have also 
considered Hp adsorption in multiwall carbon nanotubes 
‘and have predicted lower storage capacities for the latter. 

Calculations are constrained, however, by the start- 
ing hypotheses. While considering the same (10,10) 
SWNT, although calculations based on DFT predict 
2 14.3% storage [3.254], calculations based ona geomet- 
tical model predict 3.3% [3.240], and calculations based 
‘on quantum mechanical molecular dynamics model pre- 
dict 0.47% [3.256]. 

In conclusion, neither the experimental results, ob- 
viously biased by some problem in the procedures, nor 
theoretical results are yet able to demonstrate that an ef- 
ficient storage of Hp is achievable for carbon nanotubes, 
whatever the type. But the definitive failure statement 
cannot yet be claimed, Further efforts have to be made 
to enhance Hz adsorption of these materials, in par- 
ticular (i) by adjusting the surface properties that can 
be modified by chemical or mechanical treatments, and 
Gi) by adjusting the material structure (pore size and 
curvature). Whether the best carbon material will then 
bbe nanotube-hased is another story. 


Gas Storage ~ Gases Other than Hydrogen 
Encouraged by the potential applications related to hy- 
drogen adsorption, several research groups have tried 
to use carbon nanotubes as a stocking and transporting 
‘mean for other gases such as: oxygen, nitrogen, noble 
gases (argon and xenon), and hydrocarbons (methane, 
ethane, and ethylene). These studies have shown that 
carbon nanotubes could become the world’s smallest 
zgzas cylinders combining low weight, easy transporta- 
bility, and safe use with acceptable adsorbed quantities. 
‘Thanks to their nano-sizes, nanotubes might also be used 
in medicine where physically confining special gases 
(ike "Xe for instance) prior to injection would be 
extremely useful 

Kusnetzova et al. [3.257] have conducted experi- 
‘ments with xenon and found that a very significant 
enhancement (280 times more, up to a molar ratio 
Ny./N¢=0.045) can be achieved by opening the 
SWNT bundles by thermal activation at 800°C. With 
this treatment the gas can be adsorbed inside the nano- 
tubes and the rates of adsorption are also increased. 

The possibility of storing argon in carbon nano- 
tubes has been studied with encouraging results by 
Gadd et al. [3.258]: their experiments show that large 
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amounts of argon can be trapped into catalytically grown 
MWNTs (20-150.nm) by hot isostatic pressing (HIP- 
ing) for 48 hours at 650°C under an argon pressure of 
1,700 bar. Energy dispersive X-ray spectroscopy was 
used to determine that the gas was located inside the 
tubes and not on their walls. Further studies determined 
the argon pressure inside the tubes at room temperature, 

‘The authors estimated this feature to be around 600 bars, 
indicating that the equilibrium pressure was attained in 
the tubes during the HIP-ing and that MWNTs would be 
convenient material for storing that gas. 


Gas Separation 
‘As SWNTs or MWNTs have regular geometries that 
can, to some extent, be controllable, they could be 
used to develop precise separation tools. Ifthe sorption 
‘mechanisms are known, it should be possible to control 
sorption of various gases through combinations of tem- 
perature, pressure, and nanotube morphology. Since the 
large-scale production of nanotubes is now constantly 
progressing and may result in low costs, accurate sepa- 
ration methods based on carbon nanotubes have started 
to be investigated. 

A theoretical study has aimed to determine the ef- 
{fect of different factors such as the diameter of the tubes, 
the density and the type of the gas used on the flow 
of molecules inside the nanotubes. An atomistic simu- 
lation with methane, ethane, and ethylene [3.259] has 
shown that the molecule mobility decreases with the de- 
crease of the diameter of the tube for each of the three 
‘gases. Ethane and ethylene have a smaller mobility due 
to the stronger interaction they seem to have with the 
nanotube walls. In another theoretical study on the pos- 
sibility of hydrocarbon mixture separation on SWNT 
bundles, the authors conclude on the possibility of us- 
ing carbon nanotubes to separate methane/n-butane and 
‘methane/isobutene mixtures [3.260], with an efficiency 
that increases as the average tube diameter decreases. 
‘An experimental work was also performed by the same 
‘group on the sorption of butane on MWNTS [3.133]. 

‘Simulation by grand canonical Monte Carlo for sep- 
aration of hydrogen and carbon monoxide by adsorption 
‘on SWNT has also been reported [3.261]. In mast of the 
situations studied, SWNTs are found to adsorb more CO 
than Hp, and an excellent separation effect could prob- 
ably be obtained, again, by varying the SWNT average 
diameter, 


Adsorbents 
Carbon nanotubes were recently found to be able 10 
adsorb some toxic gases such as dioxins [3.262], fluo- 


Orel ued 


80 Part | Nanostructures, MicrolNanofabrication, and Micranodevices 


ore|v ued 


ride 3.263], lead [3.264], or alcohols [3.265] better than 
the materials used so far, such as activated carbon. These 
pioneering works opened a new field of applications as 
‘leaning filters for many industrial processes having haz~ 
ardous by-products. Adsorption of dioxins, which are 
very common and persistent carcinogenic by-products 
of many industrial processes, is a good example of the 
interest of nanotubes inthis field. Ecological conscious- 
ness has imposed emission limits on dioxin-generating 
sources in many countries, but finding materials that 
‘can act as effective filters, even at extremely low con- 
centrations, is a big issue. Long et al. [3.262] have 
found that nanotubes can attract and trap more dioxins 
than activated carbons or other polyaromatic materials 
that are currently used as filters. This improvement is 
probably due to the stronger interaction forces that ex- 
ist between dioxin molecules and the nanotube curved 
surfaces compared to those for flat graphene sheets. 

‘The adsorption capacity of AlsOx/MWNT for fluo- 
ride from water has been reported to be 13.5 times that 
of activated carbon and 4 times that of AlOs [3.263] 
‘The same group has also reported an adsorption capacity 
of lead from water by MWNTS higher than that by ac- 
tivated carbon [3.264], The possibilty to using graphite 
nanofibers to purify water from alcohols has also been 
explored [3.265]. These experimental results suggest 
that carbon nanotubes may be promising adsorbents for 
the removal of polluting agents from water. 


Bio-Sensors 
Attaching molecules of biological interest to carbon 
nanotubes is an ideal way to realize nanometer-sized 
biosensors, Indeed, the electrical conductivity of such 
functionalized nanotubes would depend on modifica- 
tions of the interaction of the probe with the studied 
media, because of chemical changes or as result of their 
interaction with target species. The science of attaching 
biomolecules to nanotubes is rather recent and was in- 
spired by similar research in the fullerene area. Some 
results have already been patented, and what was look- 
ing like a dream a couple of years ago may become 
reality in the near future. The use of the internal cavity 
‘of nanotubes for drug delivery would be another amaz- 
ing application, but little work has been carried out so far 
to investigate the harmfulness of nanotubes in the human 
body. MWNTs have been used by Mattson et al. [3.266] 
asa substrate for neuronal growth. They have compared 
the activity of untreated MWNTs with that of MWNTs 
coated with a bioactive molecule (4-hydroxynonenal) 
and observed that on these latter functionalized nano- 
tubes, neurons elaborated multiple neurites. This is an 


important result illustrating the feasibility of using nano- 
tubes as substrate for nerve cell growth, 

Davis et al. [3.267] have immobilized different 
proteins (metallothionein, eytochrome ¢ and c3, f-lac- 
tamase I in MWNTs and checked that these molecules 
‘were still catalytically active compared to the nonimmo- 
bilized ones. They have shown that confining a protein 
within a nanotube provides some protection toward the 
external environment, Protein immobilization via non- 
covalent sidewall functionalization was proposed by 
Chen ot al, [3.268] by using a bifunctional molecule 
(-pyrenebutanoic acid, succinimidyl ester). This mol- 
ecule is maintained to the nanotube wall by the pyrenyl 
group, and amine groups or biological molecules can 
react with the ester function to form amid bonds. This 
‘method was also used to immobilize ferritin and strepta- 
vidin onto SWNT. It has the main advantage of not 
modifying the SWNT wall and keeping unperturbed 
the sp? structure, maintaining the physical properties 
of the nanotubes. Shim etal. [3.269] have functionalized 
SWNT with biotin and observed specific binding with 
streptavidin, illustrating biomolecular recognition possi- 
bilities. Dwyer etal, [3.270] have functionalized SWNTs 
by covalently coupling DNA strands to them using 
EDC(1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
hydrochloride) but did not test biomolecular recog- 
nition; other proteins such as bovine serum albumin 
(BSA) [3.271] have been attached to nanotubes us- 
ing the same process (diimide-activated amidation with 
EDC) and most ofthe attached proteins remained bios 
tive, Instead of working with individual nanotubes (or 
more likely nanotube bundles in the case of SWNT), 
Nguyen et al. [3.272] have functionalized nanotubes 
arrayed with a nucleic acid, still using EDC as the 
coupling agent, in order to facilitate the realization of 
biosensors based on protein-functionalized nanotubes. 
Recently Acamian etal. [3.273] have immobilized a se- 
ries of biomolecules (cytochrome c, ferritin, and glucose 
oxydase) on SWNT and observed that the use of EDC 
was not always necessary, indicating that the binding 
was predominantly noncovalent. In the case of glucose 
oxydase, they have tested the catalytic activity of func- 
tionalized nanotubes immobilized on a glassy carbon 
electrode and observed a tenfold greater catalytic re- 
sponse compared to that in the absence of modified 
SWNTs. 

Fanctionalization of nanotubes with biomolecules is 
still in its infancy, and their use as biosensors may lead 
to practical applications earlier than expected. For ex- 
ample, functionalized nanotubes can be used as AFM 
tips (See Sect. 3.6.1) allowing to perform “chemical 
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force microscopy” (CFM), allowing single-molecule 
‘measurements, Even in the case of nonfunctionalized 
(CNT-based tips, important improvements have been ob- 
tained for the characterization of biomolecules (see the 
review by (3.215). 


Composites 
Because of their exceptional morphological, electric- 
al, thermal, and mechanical characteristics, carbon 
nanotubes are particularly promising materials as rein- 
forcement in composite materials with metal, ceramic, 
cor polymer matrix. Key basic issues include the good 
dispersion of the nanotubes, the control of the nanotube/ 
matrix bonding, the densification of bulk composites 
‘and thin films, and the possibility of aligning the nano- 
tubes. In addition, the nanotube type (SWNT. c-MWNT, 
h-MWNT, ete.) and origin (are, laser, CCVD, etc.) is 
also an important variable since determining the struc- 
tural perfection, surface reactivity, and aspect ratio of 
the reinforcement. 

Considering the major breakthrough that carbon 
nanotubes are expected to make in the field, the fol- 
lowing will give an overview of the current work on 
‘metal-, ceramic- and polymer-matrix composites rein- 
forced with nanotubes. We will not consider nanotubes 
‘merely coated with another material will not be consid- 
cred here, We discussed filled nanotubes in Sect. 3.5.2. 
Applications involving the incorporation of nanotubes 
to materials for purposes other than structural will be 
‘mentioned in Sect. 3.6.2 


Metal Matrix Composites 
‘Nanotube-metal matrix composites are still rarely stud- 
ied, The materials are generally prepared by standard 
powder metallurgy techniques, but the dispersion of 
the nanotubes is not optimal. Thermal stability and 
electrical and mechanical properties of the compos- 
ites are investigated. The room temperature electrical 
resistivity of hot-pressed CCVD MWNTS-Al compos- 
ites increases slightly by increasing the MWNT volume 
fraction [3.274]. The tensile strength and elongation 
of nonpurified are-discharge MWNT-Al composites are 
only slightly affected by annealing at 873K in con- 
trast to that of pure Al [3.275]. The Young's modulus 
of nonpurified arc-discharge MWNTs-Ti composites is 
about 1.7 times that of pure Ti [3.276]. The formation 
of TiC, probably resulting from the reaction between 
amorphous carbon and the matrix, was observed, but the 
MWNTs themselves were not damaged. An increase of 
the Vickers hardness by a factor 5.5 over that of pure 
Ti was associated with the suppression of coarsening 
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of the Ti grains, the TiC formation, and the addition 
of MWNTs with an extremely high Young's modu- 
lus. CCVD MWNTs-Cu composites [3.277] also show 
a higher hardness and a lower friction coefficient and 
‘wear loss. A deformation of 50-60 % of the composites 
was observed. A MWNTs-metallic glass Fe82P18 com- 
posite [3.278] with a good dispersion of the MWNTS 
‘was prepared by the rapid solidification technique. 


Ceramic Matrix Composites 
Carbon nanotube-containing ceramic-matrix compos- 
ites are a bit more frequently studied, most efforts 
made to obtain tougher ceramics [3.279]. Compos- 
ites can be processed following the regular processing 
route, in which the nanotubes are usually mechanically 
mixed with the matrix (or a matrix precursor) then 
densified using hot-pressing sintering of the slurry or 
powders, Zhan et al. [3.280] ball-milled SWNT bundles 
(from the HiPCo technique) and nanometric alumina 
powders, producing a fairly homogeneous dispersion, 
supposedly without damaging the SWNT. On the other 
hand, interesting results were obtained using the spark 
plasma sintering (SPS) technique, which was able to 
prepare fully dense composites without damage to the 
SWNTs [3.281]. Other original composite processing 
include sol-gel route, by which bulk and thin film com- 
posites were prepared [3.282], and in situ SWNT growth 
in ceramic foams, using procedures closely related to 
that described in Sect. 3.2.2 [3.283]. 

‘Ma et al. [3.284] prepared MWNT-SiC composites 
by hot-pressing mixtures of CCVD MWNTT and nano- 
SiC powders. ‘They claimed that the presence of the 
MWNTS provides an increase of about 10% of both the 
bending strength and fracture toughness, but the dis- 
persion of the MWNTs looks poor. Several detailed 
studies [3.82, 285-288] have dealt with the prepara- 
tion of nanotube-Fe-Alz03, nanotube-Co-MgO, and 
nanotube-Fe/Co-MgAl:0; composites by hot-pressing 
of the corresponding composite powders. The nanotubes 
‘were grown in situ in the starting powders by a CCVD 
‘method [3.73, 80,289-293] and thus are very homoge- 
neously dispersed between the metal-oxide grains, in 
‘way that could be impossible to achieve by mechanic- 
al mixing. The nanotubes (mostly SWNTs and DWNTs) 
gather in long, branched bundles smaller than SO:nm in 
diameter, which appear to be very flexible. Depending 
oon the matrix and hot-pressing temperature, a fraction of 
the nanotubes seems to be destroyed during hot-pressing 
in a primary vacuum. The increase of the quantity of 
nanotubes (ca. 2~12 wt%) leads to a refinement of the 
microstructure but also to a strong decrease in rela- 
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tive density (70-93%). Probably because of this, the 
fracture strength and the toughness of the nanotube- 
containing composites are generally lower than those 
of the nanotube-free metal-oxide composites and only 
marginally higher than those of the corresponding cer- 
amics. SEM observations revealed both the trapping of 
some of the nanotubes within the matrix grains or at 
grain boundaries and a relatively good wetting in the 
‘case of alumina. Most nanotubes are cut near the frac- 
ture surface after some pull-out and could contribute to 
a mechanical reinforcement. 

Siegel et al. [3.294] claimed that the fracture 
toughness of 10vol.% MWNTs-alumina hot-pressed 
composites is increased by 24% (to 4.2MPam!/?) 
over that of pure alumina, But the density and grain 
size are not reported, so it is difficult to consider this 
result as an evidence for the beneficial role of the 
MWNTS themselves. A confirmation could be found 
in the work by Sun et al. [3.281] who developed a col- 
loidal route to coat the nanotubes with alumina particles 
prior to another mixing step with alumina particles then 
densification by SPS. A very large gain in fracture tough- 
ness (calculated from Vickers indentation) is reported 
(from 3.7 MPam!/? for pure AlOs to 4.9MPa m!/2 
for an addition of 0.1 wi% of SWNT nanotubes, and to 
9.7 Pam!” for an addition of 10 wt%). But itis pos- 
sible thatthe beneficial input of the nanotubes is due to 
the previous coating of the nanotubes before sintering, 
resulting in an improved bonding with the matrix. 

Bulk properties other than mechanical are also worth 
being investigated. Interestingly. the presence of well 
dispersed nanotubes confers an electrical conductivity 
to the otherwise insulating ceramie-matrix composites, 
‘The percolation threshold is very low ~ in the range 
0.2-0.6 wt% of carbon — due io the very high as- 
pect ratio of nanotubes. Varying the nanotube quantity 
in the starting powders allows the electrical condu 
tivity to be controlled in the range 0.01—10Sem! 
Moreover, the extrusion at high temperatures in vac- 
tuum allows the nanotubes to be aligned in the matrix, 
thus inducing an anisotropy in the electrical conductiv- 
ity [3.295]. One of the early works involved MWNTs 
ina superconducting BiySr2CaCu;Os matrix 3.296] 
‘The application of SWNT for thermal management in 
partially stabilized zirconia [3.297] and of MWNTs- 
lanthanum cobaltate composites for application as an 
oxygen electrode in zine/air [3.298] were reported more 
recently. The friction coefficient was also shown to 
increase and the wear loss to decrease upon the in- 
crease in nanotube volume fraction in carbon/carbon 
composites [3.299] 


‘The latter is one of the few examples in which car- 
bon has been considered as a matrix. Another one is the 
‘work reported by Andrews et al. [3.300], who introduced 
‘S.wi% of SWNT into a pitch material before spinning 
the whole as a SWNT-reinforced pitch-fiber. Subsequent 
carbonization transformed it into a SWNT-reinforced 
carbon fiber. Due to the contribution of the SWNTs, 
which were aligned by the spinning stresses, the re- 
sulting gain in tensile strength, modulus, and electrical 
conductivity with respect to the nonreinforced carbon 
fiber was claimed to be 90, 150, and 340%, respectively. 


Polymer Matrix Composites 
Nanotube-polymer composites, first reported by 
Ajayanet al (3.301 ]are now intensively studied, notably 
epoxy- and polymethylmethacrylate (PMMA)-matrix 
composites. Regarding the mechanical characteristics, 
the three key issues affecting the performance ofa fiber. 
polymer composite are the strength and toughness ofthe 
fibrous reinforcement, its orientation, anda good interfa- 
cial bonding crucial forthe load transferto oceur(3.302] 
“The ability ofthe polymer to form large-diameter helices 
around individual nanotubes favors the formation of 
a strong bond with the matrix [3.302], Isolated SWNT 
may be more desirable than MWNTs or bundles for 
dispersion in a matrix because of the weak frictional 
interactions between layers of MWNT and between 
‘SWNTs in bundles [3.302]. The main mechanisms of 
load transfer are micromechanical interlocking, chem- 
ical bonding, and van der Waals bonding between the 
nanotubes and the matrix. A high interfacial shear stress 
between the fiber and the matrix will transfer the ap- 
plied load to the fiber over a short distance [3.303] 
SWNTs longer than 10-100 jm would be needed for 
significant load-bearing ability in the case of non- 
bonded SWNT-matrix interactions, whereas the critical 
length for SWNTs cross-linked to the matrix is only 
Iyim [3.304]. Defects are likely to limit the working 
length of SWNT [3.305], however. 

“The load transfer to MWNTs dispersed in an epoxy 
resin was much higher in compression than in ten- 
sion [3.303]. It was proposed that all the walls of the 
MWNTs are stressed in compression, whereas only the 
outer walls are stressed in tension because all the in- 
ner tubes are sliding within the outer. Mechanical tests 
performed on 5 wt’ SWNT-epoxy composites [3.306] 
showed that SWN'Ts bundles were pulled out ofthe ma- 
trix during the deformation ofthe material. The influence 
of the nanotube/matrix interfacial interaction was evi- 
denced by Gong etal [3.307] It was also reported that 
coating regular carbon fiber with MWNTs prior to their 
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dispersion into an epoxy matrix improves the interfacial 
load transfer, possibly by local stiffening of the matrix 
near interface [3.308] 

As for ceramic matrix composites, the electrical 
characteristics of SWNT- and MWNT-epoxy compos- 
ites are described with the percolation theory. Very 
low percolation threshold (below 1 wt%) is often re~ 
ported [3.30981]. Industrial epoxy loaded with 1 wt% 
unpurified CCVD- prepared SWNTS showed an increase 
in thermal conductivity of 70% and 125% at 40 K and at 
room temperature, respectively [3.309]. Also, the Vick- 
cers hardness rose with the SWNT loading up to a factor 
of 3.5 at 2wt%. Thus both the thermal and mechanical 
properties of such composites are improved without the 
need to chemically functionalize the SWNTs. 

Likewise, the conductivity of laser prepared SWNT- 
PMMA composites increases with the load in SWNTs 
(1-8 wit% SWNTs) [3.302]. Thermogravimetric analy- 
sis shows that, compared to pure PMMA, the thermal 
degradation of PMMA films occurs ata slightly higher 
temperature when 26 wi% MWNTs are added [3.312] 
Improving the wetting between the MWNTs and the 
PMMA by coating the MWNTs with poly( vinylidene 
fluoride) prior to melt-blending with PMMA resulted 
in an increased storage modulus [3.313]. The impact 
strength in aligned SWNT-PMMA composites was sig- 
nificantly increased with only 0.1 wt% of SWNTs, 
possibly because of a weak interfacial adhesion, and/or 
of the high flexibility of the SWNTs, and/or the pullout 
and sliding effects of individual SWNTs within bun- 
dies [3.314]. The transport properties of arc-discharge 
SWNTS-PMMA composite films (10 yum thick) were 
studied in great detail [3.315, 316]. The electrical con- 
ductivity increases by nine orders of magnitude from 
0.1 to 8 wt% SWNT, The room temperature conductiv- 
ity is again well described with the standard percolation 
theory, confirming the good dispersion of the SWNT in 
the matrix. 

Polymer composites with other matrices include 
CCVD-prepared MWNT-polyvinyl alcohol [3.317], 
are-prepared MWNT-polyhydroxyaminoether [3.318], 
are-prepared MWNT-polyurethane acrylate [3.319, 
320], SWNT-polyurethane acrylate [3.321], SWNT- 
polycarbonate [3.322], MWNTpolyaniline [3.323], 
MWNT-polystyrene [3.324], SWNT-polyethylene 
[3.325], CCVD-prepared MWNT-polyacrylonitrile. 
[3.326], MWNT-oxotitanium phthalocyanine [3.327], 
are-prepared MWNT-poly(3-octylthiophene) [3.328], 
SWNT-poly(-octylthiophene) [3.329], and CCVD 
MWNTs.poly(3-hexylthiophene) [3.330]. These works 
deal mainly with films 100-200 micrometer thick and 
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aim to study the glass transition of the polymer, 
‘mechanical, and electrical characteristics as well as 
photoconductivity. 

‘A great deal of work is also devoted to nano- 
-tube-polymer composites for applications as_ma- 
terials for molecular optoelectronics, using pri- 
marily _poly(m-phenylenevinylene-co-2,5-dioctoxy-p- 
phenylenevinylene) (PmPV) as the matrix. This 
conjugated polymer tends to coil, forming a helical 
structure, The electrical conductivity of the composite 
films (4—36 wi% MWNTS) is increased by eight orders 
‘of magnitude compared to that of PmPV [3.331]. Using 
the MWNT-PmPV composites asthe electron-transport- 
layer in light-emitting diodes results in a significant 
increase in brightness [3.332]. The SWNTs act as ahole- 
trapping material blocking the holes in the composites, 
this being probably induced through long-range inter- 
actions within the matrix [3.333]. Similar investigations 
‘were carried out on are-discharge SWNTs-polyethylene 
dioxythiophene (PEDOT) composite layers [3.334] and 
MWNTs-polyphenylenevinylene composites [3.335] 

Toconclude, two critical issues have to be considered 
for the application of nanotubes as reinforcement for 
advanced composites. One is to chose between SWNTS 
and MWNTs. The former seem more beneficial for the 
purpose of mechanical strengthening, provided they are 
isolated or arranged into cohesive yarns so that the load 
is able to be conveniently transferred from a SWNT to 
another. Unfortunately, despite recent advances [3.336 
330], this is still a technical challenge. The other issue 
is to tailor the nanotube/matrix interface with respect to 
the matrix. This is a current topic for many laboratories 
involved in the field, 


Multifunctional Materials 
One of the major benefits expected from incorporating 
carbon nanotubes in other solid or liquid materials is 
bringing some electrical conductivity to them while not 
affecting the other properties or behaviors of these ma- 
terials. As already mentioned in the previous section, the 
percolation threshold is reached at very low load with 
nanotubes. Tailoring the electrical conductivity of a bulk 
‘material is then achievable by adjusting the nanotube 
‘volume fraction in the formerly insulating material while 
not making this fraction too large anyway. As demon- 
strated by Maruyama [3.3], there are three regimes of 
interest regarding the electrical conductivity: (i) electro- 
static discharge, e.g. to prevent fire or explosion hazard 
in combustible environments or perturbations in elec- 
tronics, which requires electrical resistivity less than 
10! em; (ii) electrostatic painting, which requires 
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the material to be painted to be electrical conductive 
‘enough electrical resistivity below 10° Stem) to prevent 
the charged paint droplets to be repelled; (i) elecro- 
magnetic interference shielding, which is achieved for 
electrical resistivity lower than 10 9 em. 

“Materials are often asked to be multifunctional, © 
having both igh electrical conductivity and high tough- 
ness, of high thermal conductivity and high thermal 
stability, etc. The association of several materials, each 
of them bringing one of the desired features, there- 
fore generally meets this need. Exceptional features and 
properties of carbon nanotubes make them likly to be 
4 perfect mullfunctional material in many cases. For 
instance, materials for satelites ae often required to 
be electrical conductive, mechanically self-supporting, 
ae transporte excess heat away, sometimes be pro. 


Mechan 


z 


High Volume Fraction 
Structural x x 
composites 
High x 
conduction ‘Heat exchangers x 
composites EMI shield x 


tected against electromagnetic interferences, ete., while 
exhibiting minimal weight and volume. All these proper- 
ties should be possible witha single nanotube-containing 
‘composite material instead of complex multi-materials 
combining layers of polymers, aluminum, copper, etc. 
‘Table 3.5 provides an overview of various fields in which 
‘nanotube-based multifunctional materials should find an 
application. 


Nano-Electronics 
As reported in Sects. 3.1.1 and 3.4.4, SWNT nanotubes 
ccan be either metallic (with an electrical conductivity 
higher than that of copper), or semiconductor. This has 
inspired the design of several components for nano- 
electronics. First, metallic SWNTs can be used as 
mere ballistic conductors. Moreover, as early as 1995, 


Table3.5 Applications for nanotube-based multifunctional materials (rom [3.3)), by courtesy of B. Maruyama (WPAFB, Dayton, 
Ohio) 
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dissipation 
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“ For electrostatic painting, to mitigate lightning strikes on aircraft, etc. 


4 To increase service temperature rating of product 

© To reduce operating temperatures of electronic packages 
# Reduces warping 

* Reduces microcracking damage in composites 
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realizing a rectifying diode by joining one metallic 
SWNT to one semiconductor SWNT (hetero-junction) 
‘was proposed by Lambin et al. [3.340], then later by 
Chico et al. [3.341] and Yao et al. [3.342]. Also, field- 
effect transistors (FET) can be built by the attachment of 
a semiconductor SWNT across two electrodes (source 
and drain) deposited on an insulating substrate that 
serves as a gate electrode [3.343, 344]. Recently the- 
association of two such SWNT-based FETs has made 
a voltage inverter [3.345] 

All the latter developments are fascinating and 
provide promising perspectives for nanotube-based elec- 
tronics. But progress is obviously needed before making 
SWNT-based integrated circuits on a routine basis 
‘A key point is the need to be able to prepare se- 
lectively either metallic or semiconductor nanotubes. 
‘Although a way has been proposed to destroy selec- 
tively metallic SWNTs from bundles of undifferentiated 
SWNT [3.347], the method is not scalable and selec- 
tive synthesis would be preferable. Also, defect-free 
nanotubes are required. Generally speaking, it relates 
to another major challenge, which is to be able to 
fabricate at industrial scale integrated circuits includ- 
ing nanometer-size components that only sophisticated 
imaging methods (AFM) are able to visualize. 


NanoTools, Nano-Devices, Nano-Systems 
Due to the ability of graphene to expand slightly when 
electrically charged, nanotubes have been found to act, 
conveniently as actuators. Kim et al. [3.346] demon- 
strated it by designing “nano”-tweezers able to grab, 
‘manipulate, release nano-objects (the “nano” bead hav- 
ing been handled for the demonstration was actually 


——— 


Deposit independent 
Sanne be Ye metal coatings 
= “Attach 


3.31 Sketch explaining how the first nano-tweezers 
were designed. First isa glass micropipette (dark cone, 
op). Then two Au coatings (in grey, middle) are deposited 
so that they are not in contact. Then a voltage is applied 1o 
the electrodes (from [3.346)) 
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closer to micrometer than nanometer), and measure their 
electrical properties. This was made possible quite sim- 
ply by depositing two non- interconnected gold coatings 
conto a pulled glass micropipette (Fig. 3.31), then attach- 
ing two MWNTSs (or two SWNT-bundles) ~ 20-50 nm_ 
in diameter to each of the gold electrodes. Applying 
a voltage (08.5 V) between the two electrodes then 
makes the tube tips to open and close reversibly in 
controlled manner. 

A similar experiment, again rather simple, was pro- 
posed by Baughman etal. the same year (1999) [3.348], 
consisting in mounting two SWNT-based paper strips 
(bucky-paper”) on both sides of an insulating double- 
side tape. The two bucky-paper strips were previously 
loaded with Na* and CI-, respectively. When 1'V was 
applied between the two paper strips, both expand, but 
the strip loaded with Na* expands a bit more, forcing 
the whole system to bend. Though performed in a liquid 
environment, such a behavior has inspired the authors to 
predict a future for their system as “artificial muscles.” 

Another example of amazing nano-tools is the nano- 
thermometer proposed by Gao et al. [3.349]. A single 
MWNT was used, in that case, partially filled with li- 
quid gallium, Upon the effect of temperature variations 
in the range 50-500°C, the gallium goes up and down 
reversibly within the nanotube cavity at reproducible 
level with respect to the values of the temperature 
applied. 

OF course, nano-tools such as nano-tweezers or 
nano-thermometers will hardly reach a commercial de- 
‘velopment so to justify industrial investments. But such 
experiments are more than amazing laboratory curiosi- 
ties. They definitely demonstrate the ability of carbon 
nanotubes as parts for future nano-devices, including 
‘nanomechanics-based systems 


Supercapacitors 
‘Supercapacitors include two electrodes immersed in an 
electrolyte (e.g., 6M KOH), separated by an insulat- 
ing ion-permeable membrane. Charging the capacitors 
is achieved by applying a potential between the two 
electrodes, making the cations and the anions mov- 
ing toward the electrode oppositely charged. Suitable 
electrodes should exhibit a high electrical conductiy- 
ity and a high surface area since the capacitance is 
proportional to it, Actually, the surface area should 
originate mainly from the appropriate combination of 
‘mesopores (to allow the electrolyte components to cir- 
culate well, which is related to the charging speed) and 
micropores (whose walls are the surface of attraction 
and fixation sites for the ions). Based on early works by 
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‘Niu etal. (3.350), such a combination was found to be 
reached with the specific architecture offered by packed 
and entangled h-MWNTS with a poor nanotexture (see 
Sect. 3.1.2). But, activation pre-treatments are neces- 
sary. For instance, a capacitor made from nanotubes 
with surface area = 220 m?/g exhibited a capacitance 
of 20F/g, which increased up to 100F/g after an ac- 
tivation treatment was applied to the nanotubes so that 
their surface area reaches 880m?/g [3.126]. Altera- 
tively, again due to their specific architecture induced 
by their huge aspect ratio, nanotubes can also be used as 
supports for conductive polymer coatings, e.g, polypyt- 
role or polyaniline [3.351], which otherwise would make 
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Figure 6-4. Two SPDT snap-action switches, also known 
as limit switches, The one on the right is full-size. The one 
fon the left is miniature, with an actuator arm to provide 
additional leverage. The arm may be trimmed to the re: 
‘quired length. 


Figure 6-5. Top: Two contacts inside this limit switch are 
fouching by default. Bottom: When the external button is 
pressed, it pushes 2 flexible metal strip downward until it 
Connects with the lower cantact. The inverted-U-shaped 
component is a spring that rests inside a cutout in the 
Flexible strip and resists motion through the central part of 
its travel 


jon > switch 


The term snap action refers to a spring-loaded 
internal mechanism which snaps to and fro be- 
‘tween its two positions. This type of switch is 
usually SPDT and has a momentary action; in 
other words, it functions in ON-(ON) mode, al- 
though OFF-(ON) and (less often) ON-(OFF) ver- 
sions are available. The body of the switch is 
sealed, with a small button protruding through 
ahole. A thin metal arm may provide additional 
leverage to press the button. A roller may be 
mounted at the end of the arm so that the switch 
can be activated as it slides against a moving 
mechanical component suchasacam orawheel. 
The switch is commonly used to limit the travel 
or rotation of such a component. Literally thou- 
sands of variants are available, in different sizes, 
requiring different amounts of force for activa~ 
tion. Subminiature snap-action switches can 
often be actuated by a pressure of only a few 
grams. 


Rocker 

Three rocker switches are shown in Figure 6-6. A 
sectional view of a rocker switch is shown in 
Figure 6-7. In this design, a spring-loaded ball 
bearing rolls to either end ofa central rocker arm 
when the switch is turned. Rocker switches are 
often used as power on-off switches. 


Slider 


Many types of slider switch (also known as slide 
switch)are widely used asa low-cost but versatile 
way to control small electronic devices, from 
clock-radios to stereos. The switch is usually 
mounted on a circuit board, and its knob or cap 
protrudes througha slot in the panel. This design 
ismore vulnerable to dirt and moisture than oth- 
er types of switch. It is usually cheaper than a 
toggle switch butis seldom designed foruse with 
ahigh current. 


Most slide switches havetwo positions, and func- 
tion as SPDT or DPDT switches, but other config- 
urations are less commonly available with more 
poles and/or positions. A subminiature slide 
switch is shown in Figure 6-8, while some sche- 
matic representations are shown in Figure 6-9, 
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connection > switch 


Figure 6-6. Three rocker switches. the upper two de- 
signed for pustrinsertion into a suitably sized rectangular 
hnole in a panel. The switch at front-center is intended fo 
be screwed in place, and is more than 20 years old, show. 
ing that while the choice of materials has changed, the ba- 
sic design has not 


Figure 67. This sectional view of a rocker switch shows a 
spring-loaded ball-bearing that rolls to and fro along a 
rocker arm, connecting either pair of contacts when the 
switch is turned. 


where a black rectangle indicates a sliding inter- 
nal contact, and a terminal that functions as a 
pole is identified with letter P in each case. Top 
left: A SPDT switch using a two-position slider. 
Top right: A 4PDT slide switch. Bottom left: There 
are no poles in this switch, as such. The slider can 


Variants 


short together any of four pairs of contacts, Bot- 
tom right: The slider shorts together three pos- 
sible pairs of contacts out of four. Here again, 
there is no pole. 


Note that the schematic representation of aslide 
switch may be identical to that of a slide push- 
button. A schematic should be inspected care- 
fully to determine which type is intended. 


Figure 6-8. This subminiature side switch is less than 
half an inch long, rated 0.34 at 3OVDC. Larger versions 
Jaok almost identical, but can handle only slightly more 
current. 


The representation of sliders in schematics has 
not been standardized, but the samples shown 
are common, 


Toggle 
A toggle switch provides firm and preciseaction 
via a lever (the toggle) that is usually tear-drop 
shaped and nickel plated, although plastic tog- 
gles are common in cheaper variants. Formerly 
Used to control almostall electroniccomponents 
(including early computers), the toggle has de- 
clined in popularity but is still used in applica- 
tions such as automobile accessory kits, motor- 
boat instrument panels, and industrial controls. 


Three miniature DPDT toggle switches areshown 
in Figure 6-10. Two full-size, heavy-duty toggle 
switches are shown in Figure 6-11. A full-size, 
four-pole, double-throw heavy-duty toggle 
switch is shown in Figure 6-12. Toggle switches 
with more poles are extremely rare. 
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Nanowires are especially attractive for nanoscience 
studies as well as for nanotechnology applications. 
Nanowires, compared to other low dimensional 
systems, have two quantum confined directions 
While still leaving one unconfined direction for 
electrical conduction. This allows them to be 
used in applications which require electrical 
conduction, rather than tunneling transport, 
Because of their unique density of electronic 
states, nanowires in the limit of small diameters 
ate expected to exhibit significantly different 
optical, electrical, and magnetic properties from 
their bulk 3-D crystalline counterparts, Increased 
surface area, very high density of electronic states 
and joint density of states near the energies of 
their van Hove singularities, enhanced exciton 
binding energy, diameter-dependent bandgap, 
and increased surface scattering for electrons 
and phonons are just some of the ways in which 
nanowires differ from their corresponding bulk 
‘materials. Yet the sizes of nanowires are typically 
large enough (>1nm in the quantum confined 
direction) to have local crystal structures closely 
related to their parent materials, thereby allowing 
theoretical predictions about their properties to 
be made on the basis of an extensive literature 
relevant to their bulk properties. 

Not only do nanowires exhibit many properties 
that are similar to, and others that are distinctly 
different from those of thelr bulk counterparts, 
nanowires have the advantage from an applica 
tions standpoint in that some of the materials 
parameters critical for certain properties can be 
independently controlled in nanowires but not 
in their bulk counterparts. Certain properties can 
also be enhanced nonlinearly in small diameter 
nanowires by exploiting the singular aspects of 
the 1-D electronic density of states. Furthermore, 
nanowires have been shown to provide a promis- 
ing framework for applying the “bottom-u 
approach [4.1] for the design of nanostructures for 
nanoscience investigations and for potential 
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nanotechnology applications. Driven by: ()) these 
new research and development opportunities, 
(2) the smaller and smaller length scales now being 
used in the semiconductor, opto-electronics, and 
‘magnetics industries, and (3) the dramatic 
development of the biotechnology industry where 
the action is also at the nanoscale, the nanowire 
research field has developed with exceptional 
speed in the last few years. A review of the 
current status of nanowire research is therefore 
of significant broad interest at the present 
time. This review aims to focus on nanowire 
properties that differ from those of their parent 
‘crystalline bulk materials, with an eye toward 
possible applications that might emerge from the 
unique properties of nanowires and from future 
discoveries in this field, 
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For quick reference, examples of typical nanowires 
that have been synthesized and studied are listed in 
Table 4.1. Also of use to the reader are review ar- 
ticles that focus on a comparison between nanowire 


4,1 Synthesis 


In this section we survey the most common synthetic 
approaches that have successfully afforded high quality 
nanowires of a large variety of materials (see Table 4.1). 
In Sect. 4.1.1, we discuss methods that make use of vari- 
us templates with nanochannels to confine the nanowire 
growth to two dimensions, In Sect. 4.1.2, we present the 
synthesis of nanowires by the vapor-liquid.-solid mech- 
anism and its many variations. In Sect. 4.1.3, we present 
‘examples of other synthetic methods of general applica 
bility. The last part of this section (Sect. 4.1.4) features 
several approaches that have been developed to organize 
nanowires into simple architectures. 


4.1.1 Template-Assisted Synthesis 


‘The template-assisted synthesis of nanowires is a con- 
ceptually simple and intuitive way to fabricate nano- 
structures [4.7-10]. These templates contain very small 
cylindrical pores or voids within the host material, and 
the empty spaces are filled with the chosen material, 
which adopts the pore morphology, to form nanowires. 
In this section, we describe the templates first and then 
describe strategies for filling them to make nanowires. 


Template Synthesis 
In template-assisted synthesis of nanostructures, the 
‘chemical stability and mechanical properties of the tem- 
plate, as well as the diameter, uniformity, and density of 
the pores are important characteristics to consider, Tem- 
plates frequently used for nanowire synthesis include 


and nanotube properties [4.2] and the many reviews 
that have been written about carbon nanotubes [4.3-5], 
which can be considered as a model one-dimensional 
system, 


anodic alumina (AlzO3), nano-channel glass, ion track- 
ciched polymers, and mica films. 

Porous anodic alumina templates are produced by 
anodizing pure Al films in various acids [4.1113] 
Under carefully chosen anodization conditions, the re- 
sulting oxide film possesses a regular hexagonal array 
of parallel and nearly cylindrical channels, as shown 
in Fig. 4.1a, The self-organization of the pore structure 
in an anodic alumina template involves two coupled 
processes: pore formation with uniform diameters and 
pore ondering. The pores form with uniform diameters 
because of a delicate balance between electric-field- 
enhanced diffusion, which determines the growth rate 
of the alumina, and dissolution of the alumina into 
the acidic electrolyte [4.12]. The pores are believed to 
self-order because of mechanical stress atthe aluminum- 
alumina interface due to volume expansion during the 
anodization. This stress produces a repulsive force be- 
tween the pores, causing them to arrange in a hexagonal 
lattice [4.14]. Depending on the anodization condi- 
tions, the pore diameter can be systematically varied 
from < 10nm up to 200nm with a pore density in the 
range of 107-10"! pores/em? [4.11, 12, 15, 16]. Many 
groups have shown that the pore size distribution and 
the pore ordering ofthe anodic alumina templates can be 
significantly improved by a two-step anodization tech- 
nique [4.6, 17, 18] in which the aluminum oxide layer 
is dissolved after the first anodization in an acidic solu- 
jon under the same 


tion followed by a second anodiza 
conditions. 


Fig. 4.1 (a) SEM images of the top 
surfaces of porous anodic alumina 
templates anodized with an average 
pore diameter of 44:nm [4.6]. (b) SEM 
image of the particle track-etched 
polycarbonate membrane, witha pore 
diameter of 1)um [4.7] 
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Ag DNA-template, redox 
template, pulsed ECD* 

Au template, ECD! 

Bi stress-induced 
template, vapor-phase 
template, ECD" 


template, pressure-injection 


BiyTes template, de ECD* 
cas liquid-phase (surfactant), recrystallization 
template, ac ECD" 
CdSe liquid-phase (surfactant), redox 
template, ac ECD" 
cu ‘vapor deposition 
template, ECD" 
Fe template, ECD® 
shadow deposition 
GaN template, CVD® 
vis! 
GaAs template, liquid/vapor OMCVD# 
Ge high-T, high-P liquid-phase, redox 
vis? 
onide-assisted. 
InAs template, liquid/vapor OMCVD! 
InP vis! 
Mo step decoration, ECD! redox 
Ni template, ECD* 
Pose liquid phase 
Pa step decoration, ECD* 
Se liquid-phase, recrystallization 
template, pressure injection 
Si vis? 
laser-ablation VLS? 
onide-assisted. 
low-T VS! 
Zn template, vapor-phase 
template, ECD! 
200 vLsb 
template, ECD* 


4 Electrochemical deposition 
® Vapor-liquid-solid growth 

© Chemical vapor deposition 

4 Organometallic chemical vapor deposition 
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Tablew.1 Selected syntheses 
of nanowires by material 
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Another type of porous template commonly used 
for nanowire synthesis is the template type fabricated 
by chemically etching particle tracks originating from 
ion bombardment [4.19], such as track-etched polycar- 
bonate membranes (Fig. 1b) [4.7.20,21] and also mica 
films [4.22] 

(Other porous materials can be used as host templates 
for nanowire growth, as discussed by Ozin [4.8]. Nano 
channel glass (NCG), for example, contains a regular 
hexagonal array of capillaries similar to the pore struc- 
ture in anodic alumina with a packing density as high 
as 3%10!° pores/em? [4.9]. Porous Vycor glass that 
contains an interconnected network of pores less than 
101m was also employed for the early study of nano- 
structures [4.68]. Mesoporous molecular sieves [4.69], 
termed MCM-41, possess hexagonally packed pores 
with very small channel diameters that can be varied 
between 2nm and 10mm, Conducting organic fila- 
ments have been fabricated in the nanochannels of 
MCM-4l [4.70]. Recently the DNA molecule has also 
been used as a template for growing nanometer-sized 
wires [4.23] 

Diblock copolymers, polymers that consist of two 
chain segments with different properties, have also been 
utilized as templates for nanowire growth. When the 
two segments are immiscible in each other, phase seg- 
regation occurs, and depending on their volume ratio, 
spheres, cylinders, and lamellae may self-assemble. To 
form self-assembled arrays of nanopores, copolymers 
composed of polystyrene and polymethylmethacrylate 
[P(S-b-MMA)] [4.71] were used. By applying an elec- 
tric field while the copolymer was heated above the 
glass transition temperature of the two constituent poly- 
mers, the self-assembled cylinders of PMMA could be 
aligned with their main axis perpendicular to the film. 
Selective removal of the PMMA component afforded 
the preparation of 14-nm-diameter ordered pore arrays 
with a packing density of 1.9% 10" em 


Nanowire Template Assisted Growth 
by Pressure Injection 
‘The pressure injection technique is often employed when 
fabricating highly crystalline nanowires from a low- 
‘melting point material and when using porous templates 
with robust mechanical strength. In the high-pressure 
injection method, the nanowires are formed by pressure 
injecting the desired material in liquid form into the 
evacuated pores of the template. Due to the heating and 
the pressurization processes, the templates used for the 
pressure injection method must be chemically stable and 
be able to maintain their structural integrity at high tem- 


peratures and high pressures. Anodic aluminum oxide 
films and nano-channel glass are two typical materials 
used as templates in conjunction with the pressure injec- 
tion filling technique. Metal nanowires (Bi, In, Sn, and 
Al) and semiconductor nanowires (Se, Te, GaSb, and 
BipTes) have been fabricated in anodic aluminum oxide 
templates using this method [4.32, 58, 67] 

‘The pressure P required to overcome the surface 
tension for the liquid material to fill the pores with 
a diameter dw is determined by the Washbum equa- 
tion [4.72] 


dy = —4y cos 6/P (way 


where y is the surface tension of the liquid, and @ is the 
contact angle between the liquid and the template. To 
reduce the required pressure and to maximize the filling 
factor, some surfactants are used to decrease the surface 
tension and the contact angle. For example, the intro- 
duction of Cu in the Bi melt can facilitate filling the 


Intensity (arb, units) 


(up) 


b) 


0 w w ey to 

200) 
Fig.4.2a-c XRD patterns of bismuth/anodic alumina 
nano-composites with average bismuth wire diameters of 
(2) 40m, (b) 52am, and (c) 9Snm [4.67]. The Miller 
indices corresponding to the lattice planes of bulk Bi 
ae indicated above the individual peaks. ‘The majority 
of the Bi nanowires are oriented along the [1011] and 
[0112] diteetions for dw = 60nmand dy << S0.nm, espec- 
tively [4.16,67]. The existence of more than one dominant 
cvigntation in the $2-nm Bi nanowires is attributed to the 
transitional behavior of intermediate-diameter nanowires a8 
the preferential growth orientation is shifted from [1011] 10 
[0112] with decreasing dy 
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pores in the anodic alumina template with liquid Bi and 
can increase the number of nanowires prepared [4.16]. 
But some of the surfactants might cause contamination 
problems and therefore should be avoided. Nanowires 
produced by the pressure injection technique usually 
possess high crystallinity and a preferred crystal orien- 
tation along the wire axis. For example, Fig. 4.2 shows 
the X-ray diffraction (XRD) patterns of Bi nanowire 
arrays of three different wire diameters with an injee- 
tion pressure of ~ 5,000 psi [4.67], demonstrating that 
the major (> 80%) crystal orientation of the wire axes 
in the 95-nm and 40-nm diameter Bi nanowire arrays 
are, respectively, normal to the (202) and (012) lattice 
planes. These are denoted by [1011] and [0112] when 
using a hexagonal unit cell, suggesting a wire-diameter- 
dependent crystal growth direction. On the other hand, 
30 nm Bi nanowires produced using a much higher pres- 
sure of > 20,000 psi show a different crystal orientation 
of (001) along the wire axis [4.33], indicating that the 
preferred crystal orientation may also depend on the ap- 
plied pressure, with the most dense packing direction 
along the wire axis for the highest applied pressure. 


Electrochemical Deposition 
‘The electrochemical deposition technique has attracted 
increasing attention as an alternative method for fab- 
ricating nanowires. Traditionally, electrochemistry has 
been used to grow thin films on conducting surfaces. 
Since electrochemical growth is usually controllable 
in the direction normal to the substrate surface, this 
‘method can be readily extended to fabricate 1-D or 0- 
D nanostructures, if the deposition is confined within 
the pores of an appropriate template. In the electro- 
chemical methods, a thin conducting metal film is 
first coated on one side of the porous membrane to 
serve as the cathode for electroplating. The length of 
the deposited nanowires can be controlled by vary- 
ing the duration of the electroplating process. This 
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‘method has been used to synthesize a wide variety of 
nanowires eg., metals (Bi [4.21, 29]; Co [4.73, 74h: 
Fe [4.15,75]; Cu [4.20 76]; Ni [4.22,73]; Ag [424,77 
Au[4.25,26)); conducting polymers [4.7.29]; supercon- 
ductors (Pb [4.78)); semiconductors (CaS [4.37]; and 
even superlattice nanowires with A/B constituents (such 
as Cu/Co [4.20,76]) have been synthesized electrochem- 
ically (see Table 4.1). 

In the electrochemical deposition process, the cho- 
sen template has to be chemically stable in the electrolyte 
during the electrolysis process. Cracks and defects in the 
templates are detrimental to the nanowire growth, since 
the deposition processes primarily occur in the more ac- 
cessible cracks, leaving most of the nanopores unfilled 
Particle track-etched mica films or polymer membranes 
are typical templates used in the simple de electrolysis, 
To use anodic aluminum oxide films in the de elec- 
trochemical deposition, the insulating barrier layer that 
separates the pores from the bottom aluminum substrate 
has to be removed, and a metal film is then evapo- 
rated onto the back of the template membrane [4.79] 
Compound nanowire arrays, such as BizTes, have been 
fabricated in alumina templates with a high filing factor 
using the de electrochemical deposition [4.34]. Fig- 
ures 43a and b, respectively, show the top view and 
cross-sectional SEM images of a BizTes nanowire ar- 
ray [4.34]. The light areas are associated with BizTes 
nanowires, the dark regions denote empty pores, and the 
surrounding gray matrix is alumina, 

Surfactants are also used with electrochemical de- 
position when necessary. For example, when using 
templates derived from PMMAJPS diblock copolymers 
(see above), methanol is used as a surfactant is used to 
facilitate pore filling [4.71], thereby achieving ~ 100% 
filling factor. 

It is also possible to employ an ac electrodepos- 
ition method in anodic alumina templates without the 
removal of the barrier layer. by utilizing the rectifying 


Fig.4.3 (a) SEM image of a BizTes 
nanowire array in cross section show- 
ing relatively high pore filling factor. 
(b) SEM image of a BizTes nanowire 
array composite along the wire axis 
res 
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properties of the oxide barrier. In ac electrochemical 
deposition, although the applied voltage is sinusoidal 
and symmetric, the current is greater during the ca- 
thodic half-cycles, making deposition dominant over the 
stripping, which occurs in the subsequent anodic half- 
cycles. Since no rectification occurs at defect sites, the 
deposition and stripping rates are equal, and no ma- 
terial is deposited, Hence, the difficulties associated 
with cracks are avoided. In this fashion, metals, such as 
Co [4.74] and Fe [4.15,75], and semiconductors, such 
as CdS [4.37], have been deposited into the pores of an- 
dic aluminum oxide templates without removing the 
barrier layer. 

In contrast to nanowires synthesized by the pressure 
injection method, nanowires fabricated by the elec- 
trochemical process are usually polyerystaline, with 
no preferred crystal orientations, as observed by XRD 
studies. Some exceptions exist, however. For exam 
ple, polycrystalline CdS nanowires, fabricated by an 
ac electrodeposition method in anodic alumina tem- 
plates [4.37], possibly have a preferred wire growth 
orientation along the c-axis. In addition, Xu et al. have 
prepared a number of single-crystal II-VI semiconductor 
nanowires, including CdS, CdSe, and CdTe, by deelec- 
trochemical deposition in anodic alumina templates 
with a nonaqueous electrolyte [4.36,.40]. Furthermore, 
single-crystal Pb nanowires can be formed by pulse 
electrodeposition under over-potential conditions, but 
no specific crystal orientation along the wire axis was 
observed [4.78]. The use of pulse currents is believed to 
be advantageous for the growth of crystalline wires be- 
cause the metal ions in the solution can be regenerated 
between the electrical pulses and, therefore, uniform 


a) ») 


15am 


Fig.l (a) TEM image of a single Co(10nmyCu(10.nm) 
‘multilayered nanowire. (b) A selected region ofthe sample 
at high magnification [4.76] 


deposition conditions can be produced for each deposi- 
tion pulse. Similarly, single crystal Ag nanowires were 
fabricated by pulsed electro-deposition [4.24] 

‘One advantage of the electrochemical deposition 
technique is the possibility of fabricating multilayered 
structures within nanowires. By varying the cathodic 
potentials in the electrolyte that contains two different 
kinds of ions, different metal layers can be control- 
lably deposited. In this fashion, Co/Cu multilayered 
nanowires have been synthesized [4.20, 76]. Figure 4.4 
shows TEM images of a single Co/Cu nanowire of 
about 40nm in diameter [4.76]. The light bands rep- 
resent Co-rich regions, and the dark bands represent 
‘Cu-rich layers. This electrodeposition method provides 
«low-cost approach to preparing multilayered 1-D nano- 
structures, 


Vapor Deposition 
Vapor deposition of nanowires includes physical va- 
por deposition (PVD) [4.28], chemical vapor deposition 
(CVD) 4.80], and metallorganic chemical vapor deposi- 
tion (MOCVD) [4.48]. Like electrochemical deposition, 
vapor deposition is usually capable of preparing smaller- 
diameter (< 201m) nanowires than pressure injection 
methods, since it does not rely on the high pressure and 
surface tension involved to insert the material into the 
pores 

In the physical vapor deposition technique, the 
material to be filled is first heated to produce a vapor, 
which is then introduced through the pores of the 
template and cooled to solidify. Using an especially de- 
signed experimental setup [4.28]. nearly single-crystal 
Bi nanowires in anodic aluminum templates with pore 
diameters as small as 7m have been synthesized, and 
these Bi nanowires were found to possess a preferred 
crystal growth orientation along the wire axis, simi- 
Jar to the Bi nanowires prepared by pressure injection 
[4.16,28} 

‘Compound materials that result from two react- 
ing gases have also been prepared by the chemical 
vapor depasition (CVD) technique. For example, single- 
crystal GaN nanowires have been synthesized in anodic 
alumina templates through a gas reaction of GaO va- 
por with a flowing ammonia atmosphere [4.45, 80] 
A different liquid/gas phase approach has been used 
to prepare polycrystalline GaAs and InAs nanowires in 
a nanochannel glass array [4.48]. In this method, the 
nanochannels are filled with one liquid precursor (¢-2. 
MexGa or EtsIn) via acapillary effect, and the nanowires 
are formed within the template by reactions between the 
liquid precursor and the other gas reactant (e.g., ASH). 
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Nanotube Synthesis with Templates 
and as Templates 

Recently carbon nanotubes, an important class of 1-D 
‘nanostructures, have been fabricated within the pores of 
anodic alumina templates using a chemical vapor de- 
position technique [4.81-84] to form highly ordered 
two-dimensional carbon nanotube arrays. A small 
amount of metal catalyst (e.g., Co) is first electro- 
chemically deposited on the bottom of the pores. The 
templates are then placed in a furnace and heated to 
~700-800°C with a flowing gas consisting of a mix- 
ture of Np and acetylene (C2H2) or ethylene (C2H,). 
‘The hydrocarbon molecules are pyrolyzed to form car- 
‘bon nanotubes in the pores ofthe template with the help 
of the metal catalysts. Well-aligned nanotube arrays have 
stimulated much interest because of their great poten- 
tial in various applications, such as cold-eathode fat 
panel displays. OF particular interest is the use of zeo- 
lite templates with very narrow pores (< | nm diameter) 
that permit the growth of carbon nanotubes with diam- 
eters of 0.42nm, having only 10 carbon atoms around 
the circumference [4.85]. 

‘The hollow cores of carbon nanotubes have also been 
used to synthesize a variety of nanowires of very small 
diameter [4.86]. These very small diameter nanowires 
have een extensively studied by high resolution TEM 
but have not yet been characterized to the same degree 
regarding their physical properties. 


4.1.2 VLS Method for Nanowire Synthesis 


Some of the recent successful syntheses of semi- 
conductor nanowires are based on the so-called 
vapor-liquid-solid (VLS) mechanism of anisotropic 
crystal growth, This mechanism was first proposed for 
the growth of single crystal silicon whiskers 100m to 
hundreds of microns in diameter [4.87]. The proposed 
growth mechanism (see Fig. 4.5) involves the absorp- 
tion of source material from the gas phase into a liquid 
droplet of catalyst (a molten particle of gold on a silicon 
substrate in the original work [4,87]. Upon supersatu- 
tation of the liquid alloy, a nucleation event generates 
fa solid precipitate of the source material. This seed 
serves as a preferred site for further deposition of mater- 
ial at the interface of the liquid droplet, promoting the 
elongation of the seed into a nanowire or a whisker, and 
suppressing further nucleation events on the same cata- 
lyst. Since the liquid droplet catalyzes the incorporation 
of material from the gas source to the growing crystal, 
the deposit grows anisotropically as a whisker whose 
diameter is dictated by the diameter of the liquid alloy 


springer Handbook  Nanoteehnolo 
® anishan” © Spinger2000 


Si vapor 
So 1 J /SiMetal 
cy Jeaalys (liquid 


5 > eal > 


etalyst (liquid) 


‘si solid) 


Fig.4.5 Schematic diagram illustrating the growth of silicon 


nanowires by the VLS mechanism 


droplet. The nanowires thus obtained are of high purity, 
except for the end containing the solidified catalyst as 
an alloy particle (see Figs. 4.5, 4.6a). Real-time obser- 
vations of the alloying, nucleation, and elongation steps 
in the growth of germanium nanowires from gold nan- 
clusters by the VLS method were recorded by in situ 
TEM [4.88]. 

Reduction of the average wire diameter to the 
nanometer scale requires the generation of nanosized 
catalyst droplets. Due to the balance between the 
liquid-vapor surface free energy and the free energy 
of condensation, however, the size of a liquid droplet, 
in equilibrium with its vapor, is usually limited to the 
micrometer range. This obstacle was overcome in recent 
‘years by several new methodologies: 1) Advances in the 
Synthesis of metal nanoclusters have made monodis- 
persed nanoparticles commercially available. These can 
be dispersed on a solid substrate in high dilution so that 
‘when the temperature is raised above the melting point, 
the liquid clusters do not aggregate [4.59]. 2) Altera- 
tively, metal islands of nanoscale sizes can self-form 
when a strained thin layer is grown or heat treated 
on a non-epitaxial substrate [4.50]. 3) Laser-assisted 
catalytic VLS growth is a method used to generate 
nanowires under nonequilibrium conditions. By laser 
ablation of a target containing both the catalyst and the 
source materials, a plasma is generated from which cat- 
alyst nanoclusters nucleate as the plasma cools down, 
Single crystal nanowires grow as long as the particle re- 
‘mains liquid [4.60]. 4) Interestingly, by optimization of 
the material properties of the catalyst-nanowire system, 
conditions can be achieved for which nanocrystals nu- 
cleate in a liquid catalyst pool supersaturated with the 
nanowire material, migrate to the surface due to a large 
surface tension, and continue growing as nanowires per- 
pendicular to the liquid surface [4.62]. In this case, 
supersaturated nanodroplets are sustained on the outer 
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6 (a) TEM images of Sinanowires produced afte laser ablating a iy Feo, target. The dark spheres with a slightly 
larger diameter than the wires are solidified catalyst clusters [4.60]. (b) Diffraction contrast TEM image of a Si nanowire. 
‘The crystalline Si core appears darker than the amorphous oxide surface layer. The inset shows the convergent beam 
electron diffraction pattern recorded perpendicular to the wire axis, confirming the nanowire crystallinity [4.60]. (2) STEM 
image of SiSiy Ge, superlattice nanowires in the bright field mode. The scale bar is 500mm [4.90] 


end of the nanowire due to the low solubility of the 
nanowire material in the liquid [4.89] 

‘A wide variety of elemental, binary, and compound 
semiconductor nanowires has been synthesized by the 
VLS method, and relatively good control over the 
nanowire diameter and diameter distribution has been 
achieved. Researchers are currently focusing attention 
on the controlled variation of the materials properties 
along the nanowire axis. To this context, researchers 
have modified the VLS synthesis apparatus to gener- 
ate compositionally modulated nanowires. GaAs'GaP 
modulated nanowires have been synthesized by alter- 
nately ablating targets of the corresponding materials 
in the presence of gold nanoparticles [4.92]. p-Si/n-Si 
nanowires were grown by chemical vapor deposi- 
tion from altemating gaseous mixtures containing the 
appropriate dopant [4.92]. Si/Si,,Ge, nanowires were 
grown by combining silicon from a gascous source 
with germanium from a periodically ablated target (see 
Fig.4.6¢) [4.90]. Finally, using an ultra-high vacuum 
‘chamberand molecular beams, InAs/InP nanowires with 
atomically sharp interfaces were obtained [4.93]. These 
compositionally modulated nanowires are expected to 
exhibit exciting electronic, photonic, and thermoelectric 
properties. 

Silicon and germanium nanowires grown by the 
VLS method consist of a crystalline core coated by 
«relatively thick amorphous oxide layer (2~3 nm) (see 
Fig. 4.66). These layers are too thick to be the result 
of ambient oxidation, and it has been shown that these 
oxides play an important role in the nanowire growth 
process [4.61,91]. Silicon oxides were found to serve 
as a special and highly selective catalyst, that signifi- 
cantly enhances the yield of Si nanowires, without the 


need for metal catalyst particles [4.61, 91,94]. A simi- 
lar yield enhancement was also found in the synthesis 
of Ge nanowires from the laser ablation of Ge pow- 
der mixed with GeO» [4.51]. The Si and Ge nanowires 
produced from these metal-free targets generally grow 
along the [112] crystal direction [4.95] and have the 
benefit that no catalyst clusters are found on either 
ends of the nanowires. Based on these observations 


Fig. 4.7 TEM image showing the two major morpholo- 
gies of Si nanowires prepared by the oxide assisted growth 
method [4.91]. Notice the absence of metal particles when 
‘compared to Fig. 46a, The arrow points at an oxide-linked 
chain of Si nanoparticles 
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Figure 6-9. Slide switch schematics. Each black rectan 
gle represents a mavable contact that connects two pairs 
of fixed contacts ata time. Detailed commentary on these 
variants wll be found in the body of the text. Manufactur 

fers may use variants of these symbols in their datasheets 
(for example, the gray rectangle indicating an insulating 
contact carrier, at top right. may be represented as a sin 

gle line, ora black outline with a white center) 


Figure 610. Three miniature toggle switches with current 
ratings ranging from 0.34 to 6A at 125VAC. Each small 
‘square in te background grid measures 0.1° x 0.1 


‘An automotive toggle switch is shown in 
Figure 6-13. Its plastic toggle is extended to min- 
imize operating error. 


power jon > switch 


Figure 6-11. Two full-size toggle switches capable of han 
ding significant current. At let. the switch terminates in 
quickcconnect terminals. At right, the switch has solder 
terminals (some af them containing residual traces of so: 
den) 


Figure 6:12. A 4PDT full-size toggle switch with solder 
terminals. capable of switching 254 at 125VAC. Four-pole 
switches are relatively unusual 


Figure 6-13. A toggte switch intended for control of auto 
‘motive accessories. 


High-end toggle switches are extremely durable 
and can be sealed from environmental 
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and other TEM studies, an oxide-enhanced nanowire 
growth mechanism different from the classical VLS 
mechanism was proposed, in which no metal catalyst 
is required during the laser ablation-assisted synthe- 
sis [491]. Itis postulated that the nanowire growth 
is dependent on the presence of SiO (or GeO) vapor. 
‘This decomposes in the nanowire tip region into Si (or 
Ge), which is incorporated into the crystalline phase 
and SiO> (or GeO:), which contributes to the outer 
coating. The initial nucleation events generate oxide- 
coated spherical nanocrystals. The [112] erystal faces 
have the fastest growth rate, and therefore the nanocrys- 
tals soon begin elongating along this direction to form 
one-dimensional structures. The Sin 0 oF Gey O(n > 1) 
layer on the nanowire tips may’ be at temperatures 
near their molten states, catalyzing the incorporation of 
gas molecules in a directional fashion [4,95]. Besides 
nanowires with smooth walls, a second morphology 
of chains of non-oriented nanocrystals linked by ox- 
ide necks is frequently observed (indicated by an arrow 
in Fig. 4.7). In addition, it was found by STM studies 
that about 14 of the wires consist of a regular array 
of two alternating segments, 10nm and 5 nm in length, 
respectively [4.96]. The segments, whose junctions form 
an angle of 30°, are probably a result of alternating 
growth along different crystallographic orientations (see 
Sect. 4.21). 


4.1.3 Other Synthesis Methods 


In this section we review several other general pro- 
cedures available for the synthesis of a variety of 
nanowires. We focus on “bottom-up” approaches, which 
afford many kinds of nanowires in large numbers and 
ddo not require highly sophisticated equipment (such as 
scanning microscopy or lithography based methods). We 
exclude cases for which the nanowires are not self sus- 
tained (such as inthe case of atomic rows om the surface 
of crystals). 

Gates etal. have demonstrated a solution-phase syn- 
thesis of nanowires with controllable diameters [4.57, 
97], without the use of templates, catalysts, or surfac- 
tants, They make use of the anisotropy of the crystal 
structure of trigonal selenium and tellurium, which can 
be viewed as rows of 1-D helical atomic chains. They 
base their approach on the mass transfer of atoms during 
an aging step from a high free-energy solid phase (e.2., 
amorphous selenium) to a seed (e.g., trigonal selenium 
nanocrystal) that grows preferentially along one crystal- 
lographic axis. The lateral dimension of the seed, which 
dictates the diameter of the nanowire, can be controlled 
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by the temperature of the nucleation step. Furthermore, 
Se/Te alloy nanowires were synthesized by this method, 
and Ag,Se compound nanowires were obtained by treat- 
ing selenium nanowires with AgNOs [498-100]. 

More often, however, the use of surfactants is 
necessary to promote the anisotropic 1-D growth of 
nanocrystals. Solution phase synthetic routes have been 
‘optimized to produce monodispersed quantum dots i.e. 
zero-dimensional isotropic nanocrystals [4.10] Surfac- 
tants are necessary inthis case to stabilize the interfaces 
of the nanoparticles and retard oxidation and aggrega- 
tion processes. Detailed studies on the effect of growth 
conditions revealed that they can be manipulated to 
induce a directional growth of the nanocrystals, usu- 
ally generating nanorods (aspect ratio of ~ 10), and in 
favorable cases, nanowires of high-aspect ratios, Heath 
and LeGoues [449] synthesized germanium nanowires 
by reducing a mixture of GeCly and phenyl-GeCl; at 
high temperature and high pressure. The phenyl lig- 
and was essential for the formation of high-aspect ratio 
nanowires [4.49]. In growing CdSe nanorods [4.38], 
Alivisatos et al. used a mixture of two surfactants, 
whose concentration ratio influenced the structure of 
the nanocrystal. It is believed that different surfactants 
have different affinities and different absorption rates 
for the different crystal faces of CdSe, thereby regu- 
lating the growth rate of these faces. A coordinating 
alkyl-diamine solvent was used to grow polycrystalline 
PbSe nanowires at low temperatures [4.55]. Here, the 
surfactant-induced directional growth is believed to oc- 
cur, through the formation of organometallic complexes 
in which the bidentate ligand assumes the equatorial 
positions, thus hindering the ions from approaching 
each other in this plane. Additionally, the alkyl-amine 
‘molecules coat the external surface of the wire, pre- 
venting lateral growth. The aspect ratio of the wires 
increased as the temperature was lowered in the range 
10 <T< 117°C, Ethylenediamine was used to grow 
CdS nanowires and tetrapods by a solvo-thermal re- 
exystallization process starting with CdS nanocrystals 
for amorphous particles [4.35]. While the coordinating 
solvent was crucial for the nanowire growth, the re- 
searchers did not clarify its role in the shape and phase 
control 

Stress-induced crystalline bismuth nanowires have 
been grown from sputtered films of layers of Bi and 
CEN. The nanowires presumably grow from defects 
and cleavage fractures in the film and are up to sev- 
eral millimeter in lengths with diameters ranging from 
30 to 200mm [4.27]. While the exploration of this 
technique has only begun, stress-induced unidirectional 
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‘growth should be applicable to a variety of composite 
films 

Selective electrodeposition along the step edges in 
highly oriented pyrolytic graphite (HOPG) was used 
to obiain MoO> nanowires as shown in Fig.4.8. The 
site-selectivity was achieved by applying a low over- 
potential to the electrochemical cell in which the HOPG 
served as cathode, thus minimizing the nucleation events 
on less favorable sites (i.e., plateaus). While these 
nanowires cannot be removed from the substrate, they 
can be reduced to metallic molybdenum nanowires, 
which can then be released as free-standing nanowires. 
Other metallic nanowires were also obtained by this 
method (4.53, 102]. In contrast to the template synthesis 
approaches described above, in this method the sub- 
strate defines only the position and orientation of the 
nanowire, not its diameter. In this context, other surface 
morphologies, such as self-assembled grooves in etched 
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Fig. .8 Schematic of the electrodeposition step edge dec- 
oration of HOPG (highly oriented pyrolytic graphite) for 
the synthesis of molybdenum nanowires [4.53, 102] 


crystal planes, have been used to generate nanowire 
arrays via gas-phase shadow deposition (for example: 
Fe nanowires on (110)NaCI [4.44]. The cross-section 
of artificially prepared superlattice structures has also 
been used for site-selective electrodeposition of paral- 
Jel and closely spaced nanowires [4.103]. Nanowires 
prepared on the above-mentioned substrates would have 
semicircular, rectangular, or other unconventional cross- 
sectional shapes. 


4.1.4 Hierarchical Arrangement 
and Superstructures of Nanowires 


Ordering nanowires into useful structures is another 
challenge to address in order to harness the full poten- 
tial of nanowires for applications. We will first review 
‘examples of nanowires having a nontrivial structure and 
then proceed to describe methods to create assemblies 
‘of nanowires of a predetermined structure. 

We have already mentioned in Sect. 4.1.2 that the 
preparation of nanowires with a graded composition 
‘or with a superlattice structure along their main axis 
was demonstrated by controlling the gas-phase chem- 
istry as a function of time during the growth of the 
nanowires by the VLS method, Control of the composi- 
tion along the axial dimension was also demonstrated by 
4 template-assisted method, for example by the consecu- 
tive electrochemical deposition of different metals in the 
pores of an alumina template [4,104], Alternatively, the 
‘composition can be varied along the radial dimension of 
the nanowire, for example, by first growing a nanowire 
by the VLS method and then switching the synthesis 
conditions to grow a different material on the surface 
of the nanowire by CVD. This technique was demon- 
strated for the synthesis of Si/Ge and Ge/Si coaxial (or 
core-shell) nanowires [4.105], and it was shown that by 
«thermal annealing process the outer shell can be formed 
epitaxially on the inner core, A different approach was 
adopted by Wang et al. who generated a mixture of 
‘coaxial and biaxial SiC-SiO, nanowires by the catalyst 
free high-temperature reaction of amorphous silica and 
a carbon/graphite mixture [4.106] 

‘A different category of nontrivial nanowires is that 
of nanowires having a nonlinear structure, resulting 
from multiple one-dimensional growth steps, Members 
of this category are tetrapods, which were mentioned 
in the context of liquid-phase synthesis (Sect. 4.1.3). 
In this process, a tetrahedral quantum-dot core is first 
grown, and then the conditions are modified to induce 
one-dimensional growth of a nanowire from each 
‘one of the facets of the tetrahedron. A similar process 
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Fig. 


produced high-symmetry In,0s/Zn0 hierarchical nano- 
structures, From a mixture of heat-treated In 03, Zt 
and graphite powders, faceted InyO3 nanowires were 
first obtained, on which oriented shorter ZnO nanowires 
crystallized [4.107], Brush-like structures were obtained 
as amixture of 1 structures of different symmetries, For 
example, two, four, or six rows of ZnO nanorods could 
be found on different core nanowires, depending on the 
crystallographic orientation of the main axis ofthe core 
nanowire, as shown in Fig.4.9, Comb-like structures 
entirely made of ZnO were also reported [4.65], 
Control of the position of a nanowire in the growth 
process is important for preparing devices or test struc- 
tures containing nanowires, especially when involving 
a large array of nanowires. Post-synthesis methods to 
align and position nanowires include microfluidic chan- 


Fig. 4.10 A ‘TEM image of a smectic phase of a BaCrOy 
nnanored film (left inser) achieved by the Langmuir 
Blodgett technique, as depicted by the illustration [4.109] 
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9a-d SEM images of (a) 6-fold(b) 4-fold and (c)2-fold symmetry nanobrushes made of an InzOs core and 20 
nanowie brushes [4.107], and of (d) Zn0 nanonails [4.108] 


nels [4.110], Langmuir-Blodgett assemblies [4.109], 
and electric-field assisted assembly [4.111]. The first 
method involves the orientation of the nanowires by 
the liquid flow direction when nanowire solution is 
injected into a microfluidic channel assembly and by 
the interaction of the nanowires with the side walls of 
the channel, The second method involves the alignment 
of nanowires at a liquid-gas or liquid-liquid interface 
by the application of compressive forces on the in- 
terface (Fig 4.10). The third technique is based on 
dielectrophoretic forces that pull polarizable nanowires 
toward regions of high field strength. The nanowires 
align between two isolated electrodes that are capac- 
itatively coupled to a pair of buried electrodes biased 
with an AC voltage. Once a nanowire shorts the elec- 
trodes, the electric field is eliminated, preventing more 
nanowires from depositing. The above techniques have 
been successfully used to prepare electronic circuitry 
and optical devices out of nanowires (see Sects. 4.3.1 
and 4.3.3). Alternatively, alignment and positioning of 
the nanowires can be specified and controlled during 
their growth by the proper design of the synthesis. For 
example, ZnO nanowires prepared by the VLS method 
‘were grown into an array in which both their position 
oon the substrate and their growth direction and orienta- 
tion were controlled [4.65]. The nanowire growth region 
was defined by patteming the gold film, which serves 
aa catalyst for the ZnO nanowire growth, employing 
soft-lithography, e-beam lithography, or photolithogra- 
phy. The orientation of the nanowires was achieved by 
selecting a substrate with a lattice structure matching 
that of the nanowire material to facilitate the epitaxial 
growth. These conditions result in an array of nanowire 
posts at predetermined positions, all vertically aligned 
With the same crystal growth orientation (see Fig. 4.11). 
A similar structure could be obtained by the template- 
‘mediated electrochemical synthesis of nanowires (see 
Sect. 4.1.1), particularly if anodic alumina with its par- 
allel and ordered channels is used. The control over the 
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PP he 
Fis mages of ZnO nanowite arrays grown on a sapphire substrate, where (a) shows patterned growth, 
(b) shows a higher resolution image ofthe parallel alignment of the nanowires, and (c) shows the faceted side-walls and 


the hexagonal cross section of the nanowires. For nanowire growth, the sapphire substrates were coated with a 1.0 10 
3.5nm thick patterned layer of Au as the catalyst, using a TEM grid as the shadow mask. These nanowires have been 


used for nanowire laser applications [4.115] 


location of the nucleation of nanowires in the electro- 
chemical deposition is determined by the pore positions 
and the back-electrode geometry. The pare positions can 
be precisely controlled by imprint lithography [4.112] 


By growing the template on a pattemed conductive 
substrate that serves as a back-electrode [4,113,114], dif- 
ferent materials can be deposited in the pores at different 
regions of the template. 


4,2 Characterization and Physical Properties of Nanowires 


In this section we review the structure and properties 
of nanowires, and the interrelationship between the two. 
‘The discovery and investigation of nanostructures were 
galvanized by advances in various characterization and 
microscopy techniques that enable materials characteri- 
zation to take place at smaller and smaller length scales, 
reaching down to individual atoms. For applications, 
characterization of the nanowire structural properties is 
especially important so that a reproducible relationship 
between theirdesired functionality and their geometrical 
and structural characteristics can be established, Due to 
the enhanced surface-to-volume ratioin nanowires, their 
properties may depend sensitively on their surface con- 
dition and geometrical configuration. Even nanowires 
‘made of the same material may possess dissimilar prop- 
erties due to differences in their crystal phase, crystalline 
size, surface conditions, and aspect ratios, which depend 
on the synthesis methods and conditions used in their 
preparation, 


4.2.1 Structural Characterization 


‘Structural and geometric factors play an important role 
in determining the various attributes of nanowires, such 
as their electrical, optical and magnetic properties. Var- 
ious novel tools, therefore, have been developed and 


employed to obtain this important structural information 
at the nanoscale. At the micron scale, optical techniques 
are extensively used for imaging structural features. 
Since the sizes of nanowires are usually comparable to 
or, in most cases, much smaller than the wavelength of 
visible light, traditional optical microscopy techniques 
are usually limited in characterizing the morphology 
and surface features of nanowires. Electron microscopy 
techniques, therefore, play a more dominant role at the 
nanoscale. Since electrons interact more strongly than 
photons, electron microscopy is particularly sensitive 
relative to X-rays for the analysis of tiny samples. 

In this section we review and give examples of 
how scanning electron microscopy, transmission elec- 
ton microscopy, scanning probe spectroscopies, and 
diffraction techniques are used to characterize the struc- 
ture of nanowires. To provide the necessary basis for 
developing reliable structure-property relations, we ap- 
ply multiple characterization tools to the same samples. 


Scanning Electron Microscopy (SEM) 
SEM usually produces images down to length scales 
of ~ 10nm and provides valuable information regard- 
ing the structural arrangement, spatial distribution, wire 
density, and geometrical features of the nanowires. 
Examples of SEM micrographs shown in Figs. 4.1 and 
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4.3 indicate that structural features at the 10mm to 10 yum. 
length scales can be probed, providing information on 
the size, size distribution, shapes, spatial distributions, 
density, nanowire alignment, filling factors, granular- 
ity ete. As another example, Fig. 4.1 1a shows an SEM 
image of ZnO nanowire arrays grown on a sapphire sub- 
strate [4.115], which provides evidence for the nonuni- 
form spatial distribution of the nanowires on the sub- 
strate. This distribution was attained by patterning the 
catalyst film to define high density growth regions and 
nanowire-free regions. Figure 4.11b, showing a higher 
‘magnification of the same system, indicates that these 
‘Zo0 nanowires grow perpendicular to the substrate, are 
‘well aligned with approximately equal wire lengths, and 
have wire diameters in the range of 20 < dw < 150nm. 
‘The SEM micrograph in Fig. 4.1 le provides further in- 
formation about the surface of the nanowires, showing 
it to be well-faceted and forming a hexagonal crass- 
section, indicative of nanowire growth along the (0001) 
direction, The uniformity of the nanowire size, its align- 
‘ment perpendicular to the substrate, and its uniform 
growth direction, as suggested by the SEM data, are 
linked to the good epitaxial interface between the (0001) 
plane of the ZnO nanowire and the (110) plane of 
the sapphire substrate, (The crystal structures of ZnO 
and sapphire are essentially incommensurate, with the 
exception that the @ axis of ZnO and the ¢ axis of 
sapphire are related almost exactly by a factor of 4, 


42 SEM image of GaN nanowires in a mat arrange- 
‘ment synthesized by laser-assisted catalytic growth. The 

jameters and lengths on the order of 10mm 
and 10 um, respectively [4.46], 
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‘with a mismatch of less than 0.08% at room tempera- 
ture [4.115].) The well-faceted nature ofthese nanowires 
has important implications for their lasing action (see 
Sect.4.3.2). Figure 4.12 shows an SEM image of 
GaN nanowires synthesized by a laser-asssted catalytic 
growth method [446], indicating a random spatial ori- 
entation of the nanowire axes and a wide diameter distri- 
bution for these nanowires, in contrast to the ZnO wires 
in Fig 4.11 and to arrays of well-aligned nanowires 
prepared by template-assisted growth (see Fig. 4.3) 


Transmission Electron Microscopy (TEM) 
‘TEM and high resolution transmission electron micro- 
scopy (HRTEM) are powerful imaging tools to study 
nanowires atthe atomic scale, and they usually provide 
‘more detsiled geometrical features than are seen in SEM 
images. TEM studies also yield information regarding 
the crystal structure, crystal quality, grain size, and erys- 
tal orientation of the nanowire axis. When operating in 
the diffraction mode, selected area electron diffraction 
(SAED) patterns can be made to determine the erys- 
tal structure of nanowires. As an example, the TEM 
images in Fig.4.13 show four different morphologies 
for Si nanowires prepared by the laser ablation of a Si 
target [4.116]: (a) spring-shaped; (b)fishbone-shaped 
(indicated by solid arrow) and frog-egg-shaped (indi- 
cated by the hollow arrow), (€) pearl-shaped, while 
(@) shows the poly-sites of nanowire nucleation, The 
crystal quality of nanowires is revealed from high res- 
olution TEM images with atomic resolution, along 
with selected area electron diffraction (SAED) pat- 
tems. For example, Fig. 4.14 shows a TEM image of 
cone of the GaN nanowires from Fig 4.12, indicating 
single crystallinity and showing (100) lattice planes, 
thus demonstrating the growth direction ofthe nanoyire. 
‘This information is supplemented by the corresponding 
electron diffraction patter in the upper right 

‘The high resolution of the TEM also allows for the 
investigation ofthe surface stricture ofthe nanowires 
In many cases the nanowires are sheathed with a native 
oxide layer or an amorphous oxide layer that forms dur- 
ing the growth process, This can be seen in Fig. .6b 
for silicon nanowires and in Fig. 4.15 for germanium 
nanowires [4.51], showing a mass-thickness contrast 
‘TEM image and  selected-area electron diffraction pat 
tem of a Ge nanowire. The main TEM image shows 
that these Ge nanowires possess an amorphous GeO 
sheath with a crystalline Ge core oriented in the [211] 
direction 

Dynamical processes of the surface layer of 
nanowires can be studied by using an in situ environ- 
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‘mental TEM chamber, which allows TEM observations 
to be made while different gases are introduced or as 
the sample is heat treated at various temperatures, as 
illustrated in Fig.4.16. The figure shows high reso- 


Fig. 4.13a-d TEM morphologies of 
four special forms of Si nanowires 
synthesized by the laser ablation of 
a Si powder target. (a) A spring 
shaped Si nanowire: (b) fishbone- 
shaped (indicated by a solid arrow) 
and frog-egs-shaped (indicated by 
a hollow arrow) Si nanowires: and 
(6) pearl-shaped nanowires, while 
{@) shows poly-sites for the nucleation 
of silicon nanowires (indicated by 
arovss) [4.116 


Fig. 4.14 Lattice resolved high resolution TEM image of 
‘one GaN nanowire (le) showing that (100) lattice planes 
‘are visible perpendicular to the wire axis. The electroa 
diffraction pattem (top right) was recorded along the (001) 
zone axis. A lattive-resolved TEM image (Jower right) 
highlights the continuity of the lattice up to the nanowire 
edge, where a thin native oxide layer is found. The 
directions of various crystallographic planes are indicated 
in the lower right figure [4.46] 


lution TEM images of a Bi nanowire with an oxide 
coating and the effect of a dynamic oxide removal pro- 
cess carried out within the environmental chamber of 
the TEM [4.117]. The amorphous bismuth-oxide layer 
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Fig. 4.15 A mass-thickness contrast TEM image of a Ge 
‘nanowire taken along the [011] zone axis and a selected- 
area electron diffraction pattern (upper left inset) [4.51] 
The Ge nanowires were synthesized by laser ablation of 
a mixture of Ge and GeO: powder. The core of the Ge 
‘nanowire is crystalline, while the surface GeO2 is amor- 
phous 


coating the nanowire (Fig. 4.16a) is removed by expo- 
sure to hydrogen gas within the environmental chamber 
of the TEM, as indicated in Fig. 4.160, 

By coupling the powerful imaging capabilities of 
‘TEM with other characterization tools, such as an elec- 
fron energy loss spectrometer (EELS) or an energy 
dispersive X-ray spectrometer (EDS) within the TEM 
instrument, additional properties of the nanowires can 
bbe probed with high spatial resolution, With the EELS 
technique, the energy and momentum of the incident 
and scattered electrons are measured in an inelastic 
electron scattering process to provide information on 
the energy and momentum of the excitations in the 
nanowire sample. Fig.4.17 shows the dependence on 
nanowire diameter of the electron energy loss spec- 
tra of Bi nanowires. The spectra were taken from the 
center of the nanowire, and the shift in the energy 
of the peak position (Fig. 4.17) indicates the effect of 
the nanowire diameter on the plasmon frequency in 
the nanowires. The results show changes in the elec- 
tronic structure of Bi nanowires as the wire diameter 
decreases [4.118]. Such changes in electronic structure 
a a function of nanowire diameter are also observed 
in their transport (Sect. 4.22) and optical (Sect. 4.2.3) 
properties and are related to quantum confinement 
effects 
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Belore After Hsanneating at 130°C for 
4.16 High resolution transmission electon microscope 
(HRTEM) image of a Bi nanowite (left) belore and (right) after 
annealing in hydrogen gas at 130°C for Ghours within the envi- 
ronmental chamber of the HRTEM instrument to remove the oxide 
surface layer [4.117] 


EDS measures the energy and intensity distribution 
of X-rays generated by the impact of the electron beam 
con the surface of the sample, The elemental composi: 
tion within the probed area can be determined to a high 
degree of precision. The technique was particularly use- 
ful for the compositional characterization of superlattice 


Intensity (rb, units) 


Cie ee” eT 3 
Energy loss (eV) 


Fig.4.17 Electron energy loss spectra (EELS) taken from 
the center of bismuth nanowires with diameters of 35, 60, 


‘and 90 nm, The shift in the volume plasmon peaks is due to 
the wite diameter effects on the electronic structure [4.113] 
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nanowires [4.90] and core-sheath nanowires [4.105] (se 
Sect. 4.1.2) 


Scanning Tunneling Probes 
Several scanning probe techniques [4.119], such as 
scanning tunneling microscopy (STM), electric field 
gradient. microscopy (EFM) [4.16], magnetic field 
microscopy (MFM) [4.54], and scanning thermal mi- 
croscopy (STHM) [4.120], combined with atomic force 
microscopy (AFM), have been employed to study the 
structural, electronic, magnetic, and thermal properties 
of nanowires. A scanning tunneling microscope can be 
employed to reveal both topographical structural infor: 
mation, such as that illustrated in Fig. 4.18, as well as 
information on the local electronic density of states of 
a nanowire, when used in the STS (scanning tunneling 
spectroscopy) mode. Figure 4.18 shows STM height im. 
ages (taken in the constant current STM mode) of MoSe 
molecular wires deposited from a methanol or acetoni 
trie solution of LiyMogSeg on to Au substrates. The 
STM image of a single MoSe wire (Fig, 4.18a) exhibits 
4 0.45 nm lattice repeat distance in a MoSe molecu: 
lar wire, When both STM and STS measurements are 
made on the same sample, the electronic and structural 
properties can be correlated, for example, as in the joint 
STM/STS studies on Si nanowires [4.96], showing al: 
temnating segments of a single nanowire identified with 
growth along [110] and [112] directions, and different 
I-V characteristics measured for the [110] segments as 
compared with the [112] segments 

Magnetic field microscopy (MFM) has been em- 
ployed to study magnetic polarization of magnetic 
nanowires embedded in an insulating template, such as 
an anodic alumina template, For example, Fig. 4.19 
shows the topographic image of an anodic alumina 
template filled with Ni nanowires, and Fig. 4.19 demon: 


ig. 4.18a-d_ STM height images, obtained inthe constant 
current mode, of MoSe chains deposited on an Au(111) 
substrate. (a) A single chain image, and (b) a MoS: 
bundle. (¢) and (4) Images of MoSe wire fragments con- 

ining 5 and 3 unit cells, respectively [4.119]. The scale 
bars are all Im 


strates the corresponding magnetic polarization of each 
nanowire in the template. This micrograph shows that 
‘a magnetic field microscopy probe can distinguish be- 
‘owen spin-up and spin-down nanowires in the nanowire 


Fig. 4.19 (a) Topographic image of 
4 highly ordered porous alumina 
template with a period of 100nm 
filled with 35nm diameter nickel 
nanowires. (b) The corresponding 
MEM (magnetic force microscope) 
image of the nano-magnet array 
showing thatthe pillars are magne 
tized alternately “up” (white) and 
down" (black) [454] 
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array, thereby providing a method for measuring inter- 
‘wire magnetic dipolar interactions [4.54], 


X-Ray Analysis 
Other characterization techniques commonly used to 
study the crystal structure and chemical composition 
of nanowires include X-ray diffraction and X-ray 
energy dispersion analysis (EDAX). The peak pos- 
itions in the X-ray diffraction pattern can be used to 
determine the chemical composition and the crystal 
phase structure of the nanowires. For example, Fig. 4.2 
shows that Bi nanowires have the same crystal struc- 
ture and lattice constants as bulk bismuth. Both the 
X-ray diffraction pattern (XRD) for an array of aligned 
Bi nanowires (Fig. 4.2) and the SAED pattern for indi 
vidual Bi nanowires [4.16] suggest that the nanowires 
have a common axis of crystal orientation 

As another example of an XRD pattern for an array 
of aligned nanowires, Fig. 4.20 shows the X-ray diffrac- 
tion pattern of the ZnO nanowires displayed in Fig. 4.11 
Only (002) diffraction peaks are observed for these 
aligned ZnO nanowires, indicating that their preferred 
growth direction is (001) along the wire axis. A simi- 
lar preferred growth orientation was also observed for 
Bi nanowires produced by high pressure injection (see 
Sect. 4.1.1), while the vapor phase and low pressure 
injection filling techniques give preferred alignment 
along lower symmetry axes (see Fig. 4.2). 

EDAX has been used to determine the chemical com- 
position, stoichiometry of compound nanowires, or the 
impurity content in the nanowires. But the results from 
EDAX analysis should be interpreted carefully to avoid 
systematic errors, 


4.2.2 Transport Properties 


‘The study of nanowire electrical transport properties 
is important for nanowire characterization, electronic 
device applications, and the investigation of unusual 
transport phenomena arising from one-dimensional 
quantum effects. Important factors that determine the 
transport properties of nanowires include the wire diam- 
ter (important for both classical and quantum size 
effects), material composition, surface conditions. crys- 
tal quality, and the crystallographic orientation along 
the wire axis, which is important for materials with 
anisotropic materials parameters, such as the effective 
‘mass tensor, the Fermi surface, or the carrier mobility. 
Electronic transport phenomena in low-dimensional 
systems can be roughly divided into two categories: 
ballistic and diffusive transport. Ballistic transport phe- 
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a a a a a Pr) 
Fig. 4.20 X-ray diffraction pattern of aligned ZnO 
nanowires (see Fig.4.11) grown on a sapphire sub- 
sate, Only [00¢] diffraction peaks are observed for the 
nanowires, owing to their well-oriented growth orientation, 
‘Strong diffraction peaks for the sapphire substrate are also 
found [4.115] 


Thal vue 


‘nomena occur when electrons travel across the nanowire 
‘without any scattering. In this case, the conduction is 
‘mainly determined by the contacts between the nanowire 
and the extemal circuit, and the conductance is quan- 
tized into an integral number of universal conductance 
units Go = 2e?/h (4.121, 122]. Ballistic transport phe- 
nomena are usually observed in very short quantum 
wires, such as those produced by using mechanically 
controlled break junctions (MCBB) [4.123, 124] where 
the electron mean free path is much longer than the 
‘wire length, and the conduction is a pure quantum phe- 
nomenon. To observe ballistic transport, the thermal 
energy must also obey the relation kyT <¢)—e)—1, 
where ¢) —)-1 is the energy separation between sub- 
band levels j and j— 1.On the other hand, for nanowires 
‘with lengths much larger than the carrier mean free path, 
the electrons (or holes) undergo numerous scattering 
events when they travel along the wire. In this case, the 
transport isin the diffusive regime, and the conduction is 
dominated by carrier scattering within the wires due to 
phonons (lattice vibrations), boundary scattering, lattice 
and other structural defects, and impurity atoms. 


Conductance Quantization 
in Metallic Nanowires 

‘The ballistic transport of 1-D systems has been ex- 

tensively studied since the discovery of quantized 
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conductance in 1-D systems in 1988 (4.121, 122]. The 
phenomena of conductance quantization occur when the 
diameter of the nanowire is comparable to the elec- 
tron Fermi wavelength, which is on the order of 0.5 nm 
for most metals [4,125]. Most conductance quantiza- 
tion experiments up to the present were performed by 
joining and separating two metal electrodes. As the two 
metal electrodes are slowly separated, & nano-contact 
is formed before it breaks completely (see Fig. 4.212), 
and conductance in integral multiple values of Go is 
observed through these nano-contacts. Fig. 4.21b shows 
the conductance histogram built with 18,000 contact 
breakage curves hetween two gold electrodes at room 
temperature [4.126], with the electrode separation up 
to ~ 1 8am. The conductance quantization behavior is 
found to be independent of the contact material and has 
been observed in various metals, such as Au [4.126], Ag, 
Na, Cu [4.127], and Hg [4.128]. For semimetals such as 
Bi, conductance quantization has also been observed for 
an electrode separation of as long as 100 nm at 4K be- 
cause of the long Fermi wavelength (~26nm) [4.125], 
indicating that the conductance quantization may be 
due to the existence of well-defined quantum states lor 
calized at a constriction instead of resulting from the 
atom rearrangement asthe electrodes separate. Since the 
conductance quantization is observed only in breaking 
contacts, or for very narrow and very short nanowires, 
‘most nanowires of practical interest (possessing lengths 
of several microns) li inthe diffusive transport regime, 
Where the carrier scattering is significant and should be 


considered 
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Fig. 4.21 (a) Schematic representation of the last stages ofthe con- 
tact breakage process [4.126]. (b) Histogram of conductance values 
‘built with 18,000 gold contact breakage experiments in air at room 
temperature, showing conductance peaks at integral values of Go, 
In this experiment the gold electrodes approach and separate at 
89,000 A/s [4.126] 


I-V Characterization 

of Semiconducting Nanowires 
‘The electronic transport behavior of nanowires may be 
categorized based on the relative magnitude of three 
length scales: carrier mean free path €y, the de Broglie 
wavelength of electrons 4, and the wire diameter dw 
For wire diameters much larger than the carrier mean 
free path (dw > &), the nanowires exhibit transport 
properties similar to bulk materials, which are indepen- 
dent ofthe wire diameter, since the scattering due to the 
wire boundary is negligible compared to other scattering 
mechanisms. For wire diameters comparable or smaller 
than the carrier mean free path (dw ~ fw or dw < éw) 
but still much larger than the de Broglie wavelength of 
the electrons (dw >> Ae), the transport in nanowires is in 
the classical finite size regime, in which the band struc- 
ture ofthe nanowire is still similar to that of bulk while 
the scattering events at the wire boundary alter their 
transport behavior. For wire diameters comparable tothe 
electronic wavelength dy ~ Ae, the electronic density 
of states is altered dramatically and quantum subbands 
are formed due to the quantum confinement effect at 
the wire boundary. In this regime, the transport prop- 
erties are further influenced by the change in the band 
structure. Transport properties for nanowires inthe clas- 
sical finite size and quantum size regimes, therefore, are 
highly diameter-dependent. 

Researchers have investigated the transport prop- 
erties of various semiconducting nanowires and have 
demonstrated their potential for diverse electronic 
devices, such as for p-n diodes [4.129, 130], field effect 
transistors [4.129], memory cells, and switches [4.131] 
(See Sect.4.3.1). The nanowires studied so far in this 
context have usually been made from conventional 
semiconducting materials, such as group IV and III-V 
compound semiconductors via the VLS growth method 
(see Sect.4.1.2), and their nanowire properties have 
been compared to their well-established bulk proper- 
ties. Interestingly the physical principles for describing 
bulk semiconductor devices also hold for devices based 
on these semiconducting nanowires with wire diam- 
eters of tens of nanometers. For example, Fig.4 
shows the current-voltage (I-V) behavior of a 4:by-1 
crossed p-Si/n-GaN junction array at room tempera- 
ture [4.129]. The long horizontal wire in the figure is 
a p-Si nanowire (10-25nm in diameter) and the four 
short vertical wires are n-GaN nanowires (10-30nm 
in diameter). Each of the four nanoscale cross points 
independently forms a p-n junction with current rectifi- 
cation behavior, as shown by the I-V curves in Fig. 4.22, 
and the junction behavior (e.g, the turn-on voltage) can 
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contamination with a thin boot made from mol- 
ded rubber or vinyl, which screws in place over 
the toggle, using the thread on the switch bush- 
ing. See Figure 6-14, 


Figure 6.14. A rubber or vinyl boot can be used to protect 
2 toggle switch from contamination with dirt or water. 
Each boat cantains a nut that screws onto the threads af a 
foggle switch, as shown at let. 


A locking toggle switch has a toggle that must be 
pulled out against the force ofa retaining spring, 
before the toggle can be moved from one posi- 
tion to another. The toggle then snaps back into 
place, usually engaging in a small slot in the 
bushing of the switch, 


DIP 


A DIP switch is an array of very small, separate 
switches, designed for mounting directly on a 
circuit board, either in through-hole or surface- 
mount format. Through-hole DIP switches have 
‘two rows of pins with a0.1” pitch, the rows being 
spaced 0.3” apart tofita standard DIP (dual-inline 
package) socket or comparable configuration of 
holes in the board. Surface-mount DIP switches 
may have 0.1" or 0.05” pitch. 


Most DIP arrays consist of SPST switches, each of 
which can close or open a connection between 
two pins on opposite sides of the switch body. 
The switch positions are usually labelled ON and 
OFF. Figure 6-15 shows a selection of DIP 
switches. Figure 6-16 shows the internal connec- 
tions ina DIP switch. 


Variants 


Figure 6-15. As shown here, DIP switches are available 
with 2 vanity of “positions.” meaning the number of 
‘switches. not the number af switch states, 


Figure 6-16. The interior connections of a 16-pin DIP 
swatch 


The number of switches in a DIP array is usually 
referred to as its number of “positions” This 
should not be confused with the two positions 
of each physical switch lever. SPST DIP switches 
are made with 1, 2, 3,4,5,6,7,8,9, 10, 12,and 16 
positions, 


Early IBM-compatible desktop computers often 
required the userto setthe position ofan internal 
DIP switch when making routine upgrades such 
as installing an additional disk drive, While this 
feature Is now obsolete, DIP switches are still 
Used in scientific equipment where the user is 
expected to be sufficiently competent to open a 
cabinetand poke around insideit. Because of the 
0.1” spacing, a small screwdriver or the tip of a 
pen is more appropriate than a finger to flip in- 
dividual levers to and fro. 
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22 LY behavior for a {p) by In) crossed p-Si 
‘n-GaN junction array shown schematically n the inset. The 
four curves represent the I-V response for each of the four 
junctions, showing similar current rectifying characteristics 
in each case. The length scale har between the two middle 
junctions is 2\um [4.129]. The p-Si and n-GaN nanowires 
‘are 10-25 nm and 10-30 nm in diameter, respectively 
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23 Gate-dependent I-V characteristics of a crossed 
nanowire field-effect transistor (FET). The n-GaN nanowire 
is used as the nano-gate, with the gate voltage indicated (0, 
1, 2, and 3.V). The inset shows the current vs. Vpae for 
a nanowire gate (lower curve) and for a global back-gate 
(top curve) when the bias voltage is set at 1 V [4.129] 
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be controlled by varying the oxide coating on these 
nanowires [4.129]. 

Huang etal. have demonstrated nanowire junction 
diodes with a high tum-on voltage (~ 5 V)by increasing 
the oxide thickness at the junctions. The high turn-on 
voltage enables the use of the junction in a nanoscale 
FET as shown in Fig. 4.23 [4.129], where I-V data for 
4 pSi nanowire are presented, for which the n-GaN 
nanowire with a thick oxide coating is used as « nano- 
gate. By varying the nano-gate voltage, the conductance 
of the p-Si nanowire can be changed by more than 
a factor of 10° (lower curve in the inset), whereas 
the conductance changes by only a factor of ten when 
a global backe-gate is used (lop curve in the inset of 
Fig. 4.23). This behavior may be due to the thin gate 
dicletric between the crossed nanowires and the better 
control of the local carrier density through « nano-gate 
Based on the gate-dependent I-V data of these p-S 
nanowires, iti found thatthe mobility for holes in the 
p-Si nanowires may be higher than that for bale p-Si. 
although further investigation is required fora complete 
understanding 

Because of the enhanced surface-to-volume ri- 
fio of nanowires, their transport behavior may be 
‘modified by changing their surface conditions. For ex- 
ample, researchers have found that by coating n-lnP 
nanowires with layer of redox molecules stich ax cobalt 
phthalocyanine, the conductance of the InP nanowires 
may change by orders of magnitude by altering the 
charge state of the redox molecules to provide bistable 
nanoscale switches [4.131]. The resistance (or conduc- 
tance) of some nanowires (.g.. Pd nanowires) is also 
very sensitive to the presence of certain gases (€.g 
Hy) (4.132, 133]. and this property may be utilized for 
sensor applications to provide improved sensitivity com- 
pared to conventional sensors based on bulke material 
(see Sect. 4.3.4). 

‘Although it remains unclear how the size may infla- 
ence the transport properties and device performance of 
semiconducting nanowires, many ofthe larger diameter 
semiconducting nanowires are expected to be described 
by classical physics, since their quantization energies 
£2 /QmedR,) are usually smaller han the thermal energy 
kT. By comparing the quantization energy with the 
thermal energy. the critical wire diameter below which 
«quantum confinement effects become significant i esti- 
mated to be nm for Si nanowires at room temperature. 
‘which is much smaller than the size of many ofthe semi- 
conklucting nanowires that have been investigated so far 
By using material systems with much smaller effective 
carrer masses mg (such as bismuth), the critical diam- 
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eter for which such quantum effects can be observed effects. Bi is a semimetal in bulk form, in which the 
is increased, thereby facilitating the study of quantum T-point valence band overlaps with the L-point con- 
confinement effects. It is for this reason that the bis- duction band by 38meV at 77K. As the wire diameter 
ruth nanowire system has been studied so extensively. decreases, the lowest conduction subband increases in 
Furthermore, since the crystal structure and lattice con- energy, and the highest valence subband decreases in 
stants of bismuth nanowires are the same as for 3-D energy. Model calculations predict that the band over: 
crystalline bismuth, itis possible to carry out detailed lap should vanish in Bi nanowires (with their wire 
model calculations to guide and to interpret transport axes along the trigonal direction) at a wire diameter 
and optical experiments on bismuth nanowires. Forthese ~ 5Onm [4.134] 
reasons, bismuth can be considered as a model system ‘The resistance of Bi nanowires is determined by 
for studying I-D effects in nanowires. two competing factors: the carrier density that in- 

creases with T, and the cartier mobility that decreases 

Temperature-Dependent Resistance with T. The non-monotonic R(T) for large-diameter 
Measurements Bi nanowires is due to a smaller carrier concentration 
Although nanowires with electronic properties similar variation at low temperature (< 100K) in semimet- 
to their bulk counterparts are promising for construct- als, so that the electrical resistance is dominated by 
ing nano-devices ased on well-established knowledge the mobility factor in this temperature range, Based 
of their bulk counterparts, it is expected that quan- on the semiclassical transport model and the estab- 
tum size effects in nanowires will likely be utilized lished band structure of Bi nanowires, the calculated 

F to generate new phenomena absent in bulk materials R(T)/RGOOK) for 36-nm and 70-nm Bi nanowires 

a and thus provide enhanced performance and novel func- is shown by the solid curves in Fig.4.24c to illus- 

S tionality for certain applications. In this context, the tate different R(T’) tends for semiconducting and 

zi transport properties of bismuth (Bi) nanowires have  semimetallic nanowires, respectively [4.67]. The curves 

Ea been extensively studied, both theoretically [4.134] _ in Fig. 4.24c exhibit tends consistent with experimental 


and experimentally (4.28, 30, 67, 135-138] because of 
their promise for enhanced thermoelectric performance, 
‘Transport studies of ferromagnetic nanowire arrays, 
such as Ni or Fe, have also received much attention be- 
‘cause of their potential for high-density magnetic storage 
applications, 

‘The very small electron effective mass components 
and the long cartier mean free paths in Bi facilitate the 
study of quantum size effects inthe transport properties 
of nanowires. Quantum size effects are expected to be- 
‘come significant in bismuth nanowires with diameters 
smaller than 50 nm [4.134], and the fabrication of crys- 
talline nanowires ofthis diameter range is relatively easy. 

Figure 4.24a shows the T dependence of the re- 
sistance R(T) for Bi nanowires (7 <dw <200nm) 
synthesized by vapor deposition and pressure injec- 
tion [4.28], illustrating the quantum effects in their 
temperature-dependent resistance. In Fig.4.24a, the 
R(T) behavior of Bi nanowires is dramatically different 
from that of bulk Bi and is highly sensitive to the wire 
diameter. The R(T) curves in Fig.4.24a show a non- 
monotonic trend for larger-diameter (70 and 200m) 
nanowires, although R(T’) becomes monotonic with T 
for small-diameter (< 48nm) nanowires. This dramatic 
change in the behavior of R(T) as a function of diy is 
attributed to a unique semimetal-semiconductor transi- 
tion phenomena in Bi [4.139], induced by quantum size 


results. The condition for the semimetal-semiconductor 
transition in Bi nanowires can be experimentally deter- 
mined, as shown by the measured resistance ratio R 
(OK)/R(00K) of Bi nanowires as a function of wire 
diameter [4.140] in Fig.4.25. The maximum in the 
resistance ratio R(10K)/R(100 K) at dw ~ 48 nm indi- 
cates the wire diameter forthe transition of Bi nanowires 
from a semimetallic phase to a semiconducting phase. 
‘The semimetal-semiconductor transition and the semi- 
conducting phase in Bi nanowires are examples of new 
transport phenomena, resulting from low dimensionality 
nd absent in the bulk 3-D phase, which further increase 
the possible benefits from the properties of nanowires 
for desired applications (see Sect. 4.3.2). 

It should be noted that good crystal quality is 
essential for observing the quantum size effect in 
nanowires, as shown by the R(T) plots in Fig.4.24a 
For example, Fig.4.24b shows the normalized R(T) 
measurements of Bi nanowires with larger diameters 
(200nm-2)um) prepared by electrochemical depos- 
ition [4.30], and these nanowires possess monotonic 
R(T) behaviors, quite different from those of the cor- 
responding nanowire diameters shown in Fig.4.24a, 
‘The absence of the resistance maximum in Fig.4.24b 
is due to the lower crystalline quality for nanowires 
prepared by electrochemical deposition, which tends to 
produce polycrystalline nanowires with a much lower 
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Fig. 4.24 (a) Measured temperature dependence of the resistance R(T’) normalized to the room temperature (300K) 
resistance for bismuth nanowire arrays of various wire diameters dw [4.28]. (b) R(T)/R@90K) for bismuth wires of 
larger dwy and lower mobility [4.30 () Calculated R(T)/ (300 K) of 36-nm and 70-nm bismuth nanowires. The dashed 
curve refers to a 70-nm polyerystalline wire with inereased boundary scattering [4.139] 


RECTAL Fig. 4.25 Measured resistance ratio R(10K)/R(100 K) of 

6 Bi nanowires asa function of diameter. The peak indicates 
the transition from a semimetallc phase toa semiconduct- 
ing phase as the wire diameter decreases [4.141] 
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carrier mobility. This monotonic R(T) for semimetallic 
Bi nanowires at a higher defect level is also confirmed 
by theoretical calculations, as shown by the dashed 
curve in Fig. 4.24e for 70-nm wires with increased grain 
boundary scattering [4.139] 

‘The theoretical model developed for Bi nanowires 
not only provides good agreement with experimental 
results, but it also plays an essential role in under- 
standing the influence of the quantum size effect, the 
boundary scattering, and the crystal quality on their 
electrical properties. The transport model has also been 
generalized to predict the transport properties of Te- 
doped Bi nanowires [4.67], Sb nanowires [4.142], and 
BiSb alloy nanowires [4.143], and good agreement be- 
tween experiment and theory has also been obtained 
for these cases. While the electronic density of states 
may be significantly altered due to quantum confine- 
ment effects, various scattering mechanisms related to 
the transport properties of nanowires can be accounted 
for by Matthiessen’s rule, 

For nanowires with diameters comparable to the 
phase-breaking length, their transport properties may 
be further influenced by localization effects. It has been 
predicted that in disordered systems, the extended elec- 
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Fig. 4.26 Temperature dependence of the resistance of 
‘Zn nanowires synthesized by vapor deposition in various 
porous templates [4.63]. ‘The data are given as points, the 
full ine are fitsto aT" law for 15 nm diameter Zn nanowires 
in an SiO> template, denoted by Za/SiOp. Fits to a com- 
bined 7" and 7" law were made for the smaller nanowire 
diameter composite denoted by 9 nm Za/AlsOs and 4am 
ZalVycor glass 


tronic wave functions become localized near defect sites, 
resulting in the trapping of carriers and giving rise to 
a different transport behavior. Localization effects are 
also expected to be more pronounced as dimensional- 
ity and sample size are reduced. Localization effects 
fon the transport properties of nanowire systems have 
been studied on Bi nanowires [4.144] and, more re- 
cently, on Zn nanowires [4.63]. Figure 4.26 shows the 
measured R(T)/R(G300K) of Zn nanowires fabricated 
by vapor deposition in porous silica or alumina [4.63] 
While 15am Zn nanowires exhibit an R(T) bebav- 
ior with a T! dependence as expected for a metallic 
wire, the R(T) of 9nm and 4 nm Zn nanowires exhibits 
a temperature dependence of T-"/? at low tempera- 
ture, consistent with 1-D localization theory. Thus, due 
to this localization effect, the use of nanowires with 
very small diameters for transport applications may be 
limited, 


Magnetoresistance 
Magnetoresistance (MR) measurements provide an 
informative technique for characterizing nanowires 
because these measurements yield a great deal of 
information about the electron scattering with wire 
boundaries, the effects of doping and anny 
tering, and localization effects in the nanowires [4,137] 
For example, at low fields the MR data show a quadratic 
dependence on the B field from which carrier mobility 
estimates can be made (see Fig. 4.27 at low B field). 
Figure 4.27 shows the longitudinal magnetor 

ance (B parallel to the wire axis) for 65nm and 109 nm 
Bi nanowire samples (before thermal annealing) at 2 K. 
‘The MR maxima in Fig. 4.27a are due to the classical 
size effect, where the wire boundary scattering is re- 
duced as the cyclotron radius becomes smaller than the 
wire radius in the high field limit, resulting in a decrease 
in the resistivity. This behavior is typical for the lon- 
gitudinal MR of Bi nanowires in the diameter range of 
45:nm to 200 nm (4.28, 136, 137, 145], and the peak po- 
sition By, moves to lower B field values as the wire 
diameter increases, as shown in Fig.4.27e [4.145]. in 
which Bj varies linearly with 1/dw. The condition 
for the occurrance of By, is approximately given by 
Buy ~ 2chke/edw where ky is the wave vector at the 
Fermi energy. The peak position, By, is found to in- 
crease linearly with temperature in the range of 2 to 
100 K, as shown in Fig. 4.27b [4.145]. As T is increased, 
phonon scattering becomes increasingly important, and 
therefore a higher magnetic field is required to re- 
duce the resistivity associated with boundary scattering 
sufficiently to change the sign of the MR. Likewise, in- 
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27 (a) Longitudinal magnetoresistance, AR(B)/R(O), at 2K as a function of B for Bi nanowire arrays with 


diameters 65 and 109 nm before thermal annealing. (b) The peak position By, as a function of temperature for the 109 nm 
diameter Bi nanowire array after thermal annealing. (c) The peak position By, of the longitudinal MR (after thermal 
annealing) at 2K as a function of 1/y. the reciprocal of the nanowire diameter [4.145] 


creasing the grain boundary scattering is also expected 
to increase the value of By at a given T and wire 
diameter. 

‘The presence of the peak in the longitudinal MR of 
nanowires requires a high crystal quality with long car- 
riermean fee paths along the nanowire axis, so that most 
scattering events occur at the wire boundary instead of 
ata grain boundary, at impurity sites, or at defect sites 
‘within the nanowire, Liv etal. have investigated the MR 
of 400-nm Bi nanowires synthesized by electrochemi- 
cal deposition [4.21], and no peak in the longitudinal 
MR is observed. The absence of a magnetoresistance 
peak may be attributed to a higher defect level in the 
nanowires produced electrochemically and to a large 
wire diameter, much longer than the carrier mean free 
path. The negative MR observed for the Bi nanowire ar- 
rays above By (see Fig. 4.27) shows that wire boundary 
scattering is a dominant scattering process for the longi- 
tudinal magnetoresistance, thereby establishing that the 
‘mean free path is larger than the wire diameter and that 
a ballistic transport behavior is indeed observed in the 
high field regime. 

In addition to the longitudinal magnetoresistance 
‘measurements, transverse magnetoresistance measure- 
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ments (B perpendicular to the wire axis) have also 
been performed on Bi nanowires array samples [4.28, 
137, 145], where a monotonically increasing B? depen- 
dence aver the entire range 0 < B < 5.5 is found for 
all Bi nanowires studied thus far. This is as expected, 
since the wire boundary scattering cannot be reduced 
by a magnetic field perpendicular to the wire axis. The 
transverse magnetoresistance is also found always to 
be larger than the longitudinal magnetoresistance in 
nanowire arrays, 

By applying a magnetic field to nanowires at very 
Jow temperatures (= 5K), one can induce a transition 
from a 1-D confined system at low magnetic fields 
to a 31D confined system as the field strength in- 
creases, as shown in Fig.4.28 for the longitudinal MR 
of Bi nanowire arrays of various nanowire diameters 
(28-70nm) for T < 5K [4.137]. In these curves, a sub- 
the step-like feature is seen at low magnetic fields, which 
is found to depend only on the wire diameter, and is 
independent of temperature, the orientation of the mag- 
netic field, and even on the nanowire material (ein 
‘Sh nanowires [4.142]). The lack of a dependence of the 
‘magnetic field at which the step appears on tempers- 
ture, field orientation, and material type indicates that 
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Fig. 6.28 Longitudinal magnetoresistance as a function of 
‘magnetic field for Bi nanowires ofthe diameters indicated. 
‘The vertical bars indicate the critical magnetic field Be 
at which the magnetic length equals the nanowire diam- 
eter [4.137] 


the phenomenon is related to the magnetic field length, 
Ly = (h/eB)"/2.The characteristic length Ly is the spa- 
tial extent of the wave function of electrons in the lowest 
Landau level, and Ly is independent of the carrier effec- 
tive masses. Setting Ly(B.) equal to the diameter dy of 
the nanowire defines a critical magnetic field strength, 
B, below which the wave function is confined by the 
nanowire boundary (the 1-D regime), and above which 
the wave function is confined by the magnetic field (the 
3-D regime). The physical basis for this phenomenon is 
associated with confinement of a single magnetic flux 
quantum within the nanowire cross section [4.137]. This 
phenomenon, though independent of temperature, is ob- 
served for T < 5K, since the phase breaking length has 


to be larger than the wire diameter. This calculated field 
strength, B, indicated in Fig.4.28 by vertical lines for 
the appropriate nanowire diameters, provides a good fit 
to the step-like features in these MR curves. 

‘The Shubnikov-de Haas (SdH) quantum oscillatory 
effect, which results from the passage of the quantized 
Landau levels through the Fermi energy as the field 
strength varies, should, in principle, provide the most 
direct measurement of the Fermi energy and carrier 
density. Forexample, Heremans etal. have demonstrated 
that SdH oscillations can be observed in Bi nanowire 
samples with diameters down to 200nm [4.146] and 
have demonstrated that Te doping can be used to raise 
the Fermi energy in Bi nanowires. Such information on 
the Fermi energy is important because, for certain appli- 
cations based on nanowires, itis necessary to place the 
Fermi energy near a subband edge where the density of 
states has a sharp feature, But due to the unusual 1-D 
geometry for nanowires, other characterization te 
niques commonly used in bulk materials to determine the 
Fermi energy and the carrier concentration (e.g. the Hall 
measurement) cannot be applied for nanowire systems. 
‘The observation of the SdH oscillatory effect requires 
very high crystal quality samples that allow carriers to 
execute a complete cyclotron orbit in the nanowire be- 
fore they are scattered. For small nanowire diameters, 
large magnetic fields are required to produce cyclotron 
radii smaller than the wire radius. For some nanowire 
systems, all Landau levels may have passed through the 
Fermi level at such a high field strength, and in such 
‘acase, no ascillations can be observed, The localization 
effect may also prevent the observation of SdH oscil- 
lations for very small diameter (< 10nm) nanowires. 
Observing SdH oscillations in highly doped samples (as 
may be required for certain applications) may be diffi- 
cult because impurity scattering reduces the mean free 
path, requiring high B fields to satisfy the requirement 
that carriers complete a cyclotron orbit prior to scatter- 
ing, Although SdH oscillations provide the most direct 
‘method of measuring the Fermi energy and carrier dens- 
ity of nanowire samples, this technique may not work, 
however, for smaller diameter nanowires, or for heavily 
doped nanowires. 


Thermoelectric Properties 
Nanowires are predicted to be promising for thermo- 
electric applications [4.134, 147], due to their novel band 
structure compared to their bulk counterparts and the ex- 
pected reduction in thermal conductivity associated with 
enhanced boundary scattering (see Sect.4.2.2). Due to 
the sharp density of states at the 1-D subband edges 
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(where the van Hove singularities occur), nanowires 
are expected to exhibit enhanced Seebeck coefficients 
compared to their bulk counterparts, Since the Seebeck 
coefficient measurement is independent of the number of 
‘nanowires contributing to the signal, the measurements 
‘on nanowire arrays of uniform wire diameter are, in prin- 
ciple, as informative as single-wire measurements. The 
‘major challenge in measuring the Seebeck coefficient of 
nanowires lies in the design of tiny temperature probes to 
determine accurately the temperature difference across 
the nanowire. Figure 4.29a shows the schematic experi- 
‘mental setup for the Seebeck coefficient measurement of 
nanowire arrays [4.148], where two thermocouples are 
placed on both faces of a nanowire array and a heater 
is attached on one face of the array to generate a tem- 
perature gradient along the nanowire axis. Ideally the 
size of the thermocouples should be much smaller than 


a) Epp Heater 
Thermocouple 
usec | ‘Tovolimeter 
») suv) 
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Tengen (6) 
Fig.4.29 (a) Experimental setup for the measurement 
of the Seebeck coefficient in nanowire arrays [4.148] 
{(b) Measured Seebeck coefficient as a function of tem- 
perature for Bi (0,¥) and Bio osSbys(9,*) nanowires with 
diferent diameters. The solid curve denotes the Seebeck 
coefficient for bulk Bi [4.139] 
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the thickness of the nanowire array template (ie., the 
nanowire length) to minimize error. However, due to the 
thinness of most templates (< 50 jum) and the large size 
of commercially available thermocouples (~ 12 um), 
the measured Secheck coefficient values are usually 
underestimated, 

‘The thermoelectric properties of Bi nanowire sys- 
tems have been investigated extensively because of their 
potential as good thermoelectric materials. Figure 4.29 
shows the measured Seeheck coefficient $(7') as a fune- 
tion of temperature for nanowire arrays with diameters 
of 40 and 6Snm and different isoelectronic Sb alloy 
concentrations [4.139]; S(T) results for bulk Bi are 
shown (solid curve) for comparison. Enhancement in the 
thermopower is observed in Fig. 4.29b as the wire diam- 
eter decreases and as the Sb content increases, which 
is attributed to the semimetal-semiconductor transition 
induced by quantum confinement and to Sb alloying 
effects in Bij_,Sb, nanowires. Heremans et al. have 
observed a substantial increase in the thermopower of 
Bi nanowires as the wire diameter further decreases, 
as shown in Fig.4.30a for 1Snm Bifsilica and 9nm 
Bi/alumina nanocomposites [4,63]. The enhancement 
is due to the sharp density of states near the Fermi 
energy in a 1-D system. Although the samples in 
Fig. 4.30a also possess very high electrical resistance 
(~G®Q), the results for the 9nm Bi/alumina samples 
show that the Seebeck coefficient can be enhanced by 
almost 1,000 times relative to bulk material. But for 
Bi nanowires with very small diameters (~4nm), the 
localization effect becomes dominant, which compro- 
mises the thermopower enhancement. Therefore, for 
Bi nanowires, the optimal wire diameter range for the 
largest thermopower enhancement is found to be be- 
tween 4 to 15 nm [4.63], 

‘The effect of the nanowire diameter on the ther- 
mopower of nanowires has also been observed in Zn 
nanowires [4.63]. Figure 4,30h shows the Seebeck coet- 
ficient of 9nm Zn/alumina and 4nm Zn/Vycor glass 
nanocomposites, exhibiting enhanced thermopower as 
the wire diameter decreases. It is found that while 
9nm Zn nanowires still exhibit metallic behavior, the 
thermopower of 4nm Zn nanowires shows a differ- 
ent temperature dependence, which may be due to the 
1-D localization effect, although further investigation is 
required for a definitive identification of the conduction 
‘mechanism in such small nanowires. 


Quantum Wire Superlattices 
The studies on superlattice nanowires, which possess 
4 periodic modulation in their materials composition 
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30 (a) Absolute value of the Seebeck coefficient of two 15 nm Bifsilica samples, and two nm Bi/alumina nano- 


‘composite samples, in comparison to bulk Bi and 200nm Bi nanowires in the pores of alumina templates [4.63]. The 
full line on top of the igure isa fit to a T—! law. The Seebeck coefficient ofthe 9 nm Bi/alumina composite is positive; 
the rest are negative. (b) The Seebeck coefficient of 9 nm Zn/Al;Os and 4nm Zn/Vycor glass nanocomposite samples in 


‘comparison to bulk Zn [4.63] 


along the wire axis, have attracted much attention 
recently because of their promise in such appli- 
cations as. thermoelectries (see Sect.4.3.2) [4.149], 
nanobarcodes (see Sect. 4.33) [4.90], nanolasers (see 
Sect.4.3.3) [4.92], one-dimensional waveguides, and 
resonant tunneling diodes (4.93, 150]. Figure 4.31a 
shows a schematic structure of a superlattice nanowire 


a) yn 


a 


Fig.4.31 (a) Schematic diagram of superlattice (seg- 
mented) nanowires consisting of interlaced nanodots A and 
B of the indicated length and wire diameter. (b) Schematic 
Potential profile of the subbands in the supertattice 
nanowire 4.149] 


consisting of interlaced quantum dots of two different 
materials, as denoted by A and B. Various techniques 
have been developed to synthesize superlattice nanowire 
structures with different interface conditions, as men- 
tioned in Sect, 4.1.1 and Sect. 4.1.2. 

In this superlattice (SL) nanowire structure, the 
electronic transport along the wire axis is made pos- 
sible by the tunneling between adjacent quantum dots, 
while the uniqueness of each quantum dot and its 0-D 
characteristic behavior is maintained by the energy dif- 
ference of the conduction or valence bands between 
quantum dots of different materials (see Fig.4.31b), 
which provides some amount of quantum confinement. 
Recently Bjark et al. have observed interesting non- 
linear I-V characteristics with a negative differential 
resistance in one-dimensional heterogeneous structures 
made of InAs and InP, where InP serves as the poten- 
tial barrier [4.93, 150]. The nonlinear I-V behavior is 
associated with the double barrier resonant tunneling 
in one-dimensional structures, demonstrating the capa- 
bility of transport phenonema in superlattice nanowires 
via tunneling and the possibility of controlling the elec- 
tronic band structure of the SL nanowires by carefully 
selecting the constituent materials. This kind of new 
structure is especially attractive for thermoelectric ap- 
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Fig. 4.32 Optimal Z7' calculated as a function of segment 
length for 10-nm diameter PbSe/PbS nanowires at 77K, 
‘where “optimal” refers to the placement of the Fermi level 
to optimize ZT. The optimal ZT for 10-nm diameter PbSe, 
PbS, and PbSey sSos nanowires are 0.33, 0.22, and 0.48, 
respectively [4,141] 


plications, because the interfaces between the nanodots 
ccan reduce the lattice thermal conductivity by block- 
ing the phonon conduction along the wire axis, while 
electrical conduction may be sustained and even benefit 
from the unusual electronic band structures due to the 
periodic potential perturbation. For example, Fig. 4.32 
shows the calculated dimensionless thermoelecttic fig- 
ture of merit ZT = StaT/« (see Sect. 4.2.2) where « is 
the total thermal conductivity (including both the lat- 
tice and electronic contribution) of 10-nm diameter 
PDS/PbSe superlattice nanowires as a function of the 
segment length. A higher thermoelectric performance 
than for PbSep sSqs alloy nanowires can be achieved 
fora 10 nm diametcr superlattice nanowire with segment 
lengths < 7m. But the localization effect, which may 
become important for very short segment lengths, may 
jeopardize this enhancement in the ZT of superlattice 
nanowires [4.141] 


Thermal Conductivity of Nanowires 
Experimental measurements of the temperature depen- 
dence of the thermal conductivity «(T') of individual 
suspended nanowires have been carried out to study 
the dependence of (7) on the wire diameter. In this 
context, measurements have been made on nanowires 
down to only 22nm in diameter [4.151]. Such measure- 
‘ments are very challenging and are now possible because 
of technological developments in fabricating and us- 
ing nanometer size thermal scanning probes 4.120, 1 

153]. The experiments show that the thermal conductiv- 
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ity of small homogeneous nanowires may be more than 
‘one order of magnitude smaller than in the bulk, arising 
‘mainly from strong boundary scattering effects [4.154] 
Phonon confinement effects may eventually become 
important at still smaller diameter nanowires. (see 
Sect. 4.2.3). Measurements on mats of nanowires (see, 
for example, Fig.4.12) do not generally give reliable 
results because the contact thermal resistance between 
adjacent nanowires tends to be high, which isin part due 
to the thin surface oxide coating that most nanowires 
have, This surface oxide coating may also be important 
for thermal conductivity measurements on individual 
suspended nanowires because of the relative importance 
of phonon scattering at the lateral walls of the nanowire, 

‘The most extensive experimental thermal con- 
ductivity measurements have been done on Si 
nanowires [4.151] where x(T) measurements have 
been made on nanowires in the diameter range of 
22 <dw <115Snm. The results show a large decrease 
in the peak of x(7) associated with umklapp processes 
as dw decreases, indicating a growing importance of 
boundary scattering and a corresponding decreasing im- 
portance of phonon-phonon scattering, At the smallest 
‘wire diameter of 22nm, a linear «(7") dependence is 
found experimentally, consistent with a linear T de- 
pendence of the specific heat for a 1-D system and 
a temperature independent mean free path and velocity 
of sound. 

Model calculations for x(T) based on a radi 
tive heat transfer model have been carried out for Si 
nanowires [4.155]. These results show that the predicted 
(7) behavior for Si nanowires is similar to that ob- 
served experimentally inthe range of 37 < dy < 115mm 
regarding both the functional form of «(7’) and the mag- 
nitude ofthe relative decrease in the maximum thermal 
conductivity Xue a8 a function of dw. But the model 
calculations predict a substantially larger magnitude for 
(7) (by 50% or more) than is observed! experimen- 
tally. Furthermore, the model calculations (see Fig. 4.33) 
do not reproduce the experimentally observed linear 
T dependence for the 22:nm nanowires, but rather pre- 
dict a 3-D behavior for both the density of states and the 
specific heat in 22m nanowires [4.155, 156] 

Thermal conductance measurements on GaAs 
nanowires below 6 K show a power law dependence, but 
the T dependence becomes somewhat less pronounced 
below ~ 2.5K [4.152]. This deviation from the power 
Jaw temperature dependence led to a more detailed study 
of the quantum limit for the thermal conductance. To 
carry out these more detailed experiments, a meso- 
scopic phonon resonator and waveguide device were 
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4.33 Predicted thermal conductivity of $i nanowires 
of various diameters [4.155] 


constructed that included four ~ 200 nm wide and 85 nm 
thick silicon nitride nanowire-like nano-constrictions 
(see Fig. 4.34a) to establish the quantized thermal con- 
ductance limit of go Bh (see Fig,4.34b) for 
ballistic phonon transport [4.157, 158]. For temperatures 
above 0.8K. the thermal conductance in Fig, 4,34b fol- 
lows a 73 law, but as T is further reduced, a transition 
to a linear T dependence is observed, consistent with 
‘phonon mean free path of ~ | jum, and a thermal con- 
ductance value approaching 16g, corresponding to four 
‘massless phonon modes per channel and four channels in 


two bright 


in (a) normalized to 16go (see text) 4.158] 


their phonon waveguide structure (see Fig. 4.34a). Bal- 
listic phonon transport occurs when the thermal phonon 
wavelength (380nm for the experimental structure) is 
somewhat greater than the width of the phonon wav 
uide at its constriction, 


4.2.3 Optical Properties 


Optical methods provide an easy and sensitive tool for 
measuring the electronic structure of nanowires since 
optical measurements require minimal sample prepara- 
tion (for example, contacts are not required) and the 
‘measurements are sensitive to quantum effects. Optical 
spectra of I-D systems, such as carbon nanotubes, often 
show intense features at specific energies near singular- 
ities in the joint density of states formed under strong 
quantum confinement conditions. A variety of optical 
techniques have shown that the properties of nanowires 
are different from those of their bulk counterparts, and 
this section of the review focuses on these differences, 
Although optical properties have been shown to pro- 
vide an extremely important tool forthe characterization 
of nanowires, the interpretation of these measurements 
is not always straightforward. The wavelength of light 
used to probe the sample is usually smaller than the 
wire length but larger than the wire diameter, Hence, the 
probe light used in an optical measurement cannot be 
focused solely onto the wire, and the wire and the sub- 
strate on which the wire rests (or host material, if the 
wires are embedded in a template) are simultaneously 
probed. For measurements, such as photo-luminescence 


Gio 
‘Temperature T(K) 


4.34 (a) Suspended mesoscopic phonon device used to measure ballistic phonon transport. The device consists of 
an 4x4 um “phonon cavity” (center) connected to four SisNy membranes, 60 nm thick and less than 200 nm wide. The 
© shaped objects on the phonon cavity are thin film heating and sensing Cr/Au resistors, whereas the dark 
regions are empty space. (b) Log-log plot of the temperature dependence of the thermal conductance Go of the structure 
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Variants 


DIP switches may also be used during prototype 
development, as they allow a convenient way to 
testa circuit in numerous different modes of op- 
eration. 


‘Most DIP switches have wire terminals which are 
just long enough for insertion into a standard 
breaboard. 


DIP switch package options include standard, 
low-profile, right-angle (standing at 90 degrees 
relative to the circuit board), and piano (with 
switch levers designed to be pressed, like tiny 
rocker switches, instead of being flipped to and 
fro). 


Some SPDT, DPST, DPDT, 3PST, and 4PST variants 
exist, but are uncommon, Multiple external pins 
connect with the additional internal switch con- 
tacts, and a manufacturer's datasheet should be 
consulted to confirm the pattern of internal con- 
nections. A surface-mount, 0.1” pitch, DPST DIP 
switch is shown in Figure 6-17, witha plastic cov- 
er to protect the switches from contamination 
during wave soldering (at left), and with the cov- 
er peeled off (at right). 


Figure 6-17. A SPDT surface-mount double-throw DIP 
switch, sold with a plastic caver (shawn at lett) to protect 
it during wave soldering. The cover has been removed at 
right. 


SIP 

A SIP switch is an array of small, separate 
switches, identical in concept toa DIP switch, but 
using only one row of pins instead of a double 
row. The applications for SIP switches are the 


conn switch 


power tion> 
same as DIP switches; the primary difference is 
simply that the SIP switch occu little less 
space, while being perhaps slightly less conve- 
nient to use. 


One terminal of each switch usually shares a 
common bus. The internal connections in a ty 
ical 8-pin SIP array are shown in Figure 6-18. Fi 
spacing is 0.1", as in a typical DIP switch. 


Figure 618. The interior connections of an 8-pin SIP 
‘switch incorporating 2 common bus, 


Paddle 

Apaddle switch hasa flat-sided tab-shaped plas- 
tic actuator, relatively large to allow a firm, error- 
free grip. Internally itis often comparable with a 
rocker switch, andis generally used with AC pow- 
er. Some toggle-switch bodies are also sold with 
paddle-shaped actuators. A subminiature pad- 
dle switch is shown in Figure 6-19. 


Bis Ee 
eS 5 


dey | 


cr] ee 
a fits 


Figure 619. A subminiature paddle switch. Full-size ver- 
sions are often used as power switches. 
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(PL), if the substrate does not luminescence or ab- 
sorb in the frequency range of the measurements, PL. 
directly measures the luminescence of the nanowires 
and the substrate can be ignored. In reflection and 
transmission measurements, however, even a nonab- 
sorbing substrate can modify the measured spectra of 

In this section, we discuss the determination of the 
dielectric function for nanowires in the context of effee- 
tive medium theories. We then discuss various optical 
techniques with appropriate examples that sensitively 
differentiate nanowire properties from those also found 
in the parent bulk material, giving particular emphasis 
to electronic quantum confinement effects. Finally, we 
review phonon confinement effects, 


The Dielectric Function 
In this subsection we review the use of effective medium 
theory as a method to handle the optical properties of 
nanowires whose diameters are typically smaller than 
the wavelength of light, noting that observable optical 
properties of materials can be related to the complex 
dielectric function [4.159, 160]. Effective medium theo- 
ries [4.161, 162] can be applied to model the nanowire 
and substrate as one continuous composite witha single 
complex dielectric function (€\ +ie2), where the real 
and imaginary parts of the dielectric function ¢; and e> 
are related to the index of refraction (n) and the absorp- 
tion coefficient (K) by the relation ¢1 +ie2 = (n +ik)” 
Since photons at visible or infrared wavelengths “see” 
a dielectric function for the composite nanowire ar- 
ray/substrate system that is different from that of the 
nanowire itself, the optical transmission and reflection 
are different from what they would be if the light were 
focused only on the nanowire. One commonly observed 
consequence of effective medium theory is the shift in 
the plasma frequency in accordance with the percentage 
of nanowire material contained in the composite 4.163] 
‘The plasma resonance occurs when ey (o) becomes 2er0, 
and the plasma frequency of the nanowire composite 
‘will shift to lower (higher) energies when the magnitude 
of the dielectric function of the host materials is larger 
(smaller) than that of the nanowire. 

Although reflection and transmission measurements 
probe both the nanowire and the substrate, the optic- 
al properties of the nanowires can be independently 
determined. One technique for separating the dielec- 
tric function of the nanowires from the host is to use an 
effective medium theory in reverse. Since the dielectric 
function of the host material is often known, and since 
the dielectric function of the composite material can be 


springer Handbook  Nanotechnolo 
Di tndshan © Spinger2000 


‘measured by the standard method of using reflection and 
transmission measurements in combination with either 
the Kramer-Kronig relations or Maxwell’s equations, 
the complex dielectric function of the nanowires can 
be deduced, This approach has been used successfully, 
for example, in determining the frequency dependence 
of the real and imaginary parts of the dielectric function 
€,() and ¢(w) fora parallel array of bismuth nanowires 
filling the pores of an alumina template [4.164] 


Optical Properties Characteristic of Nanowires 
‘A wide range of optical techniques are available for the 
characterization of nanowires to distinguish their prop- 
erties from those of their parent bulk materials. Some 
differences in properties are geometric, such asthe small 
diameter size and the large length-to-diameter ratio (also 
called the aspect ratio), while other differences focus on 
quantum confinement issues. 

Probably the most hasic optical technique is to meas- 
ure the reflection and/or transmission of a nanowire to 
determine the frequency-dependent real and imaginary 
parts ofthe dielectric function. This technique has been 
used, for example, to study the band gap and its tem- 
perature dependence in gallium nitride nanowires in the 
1050 nm range in comparison to bulk values [4.165]. 
‘The plasma frequency, free carrier density, and donor im- 
purity concentration as a function of temperature were 
also determined from the infrared spectra, which is espe- 
cially useful for nanowire research since Hall effect 
‘measurements cannot be made on nanowires. 

Photo-luminescence (PL) or fluorescence spec- 
troscopy is a common method to study nanowires 
Emission techniques probe the nanowires directly, and 
the effect of the host material does not have to be 
considered. This characterization method has been 
used to study many properties of nanowires, such as 
the optical gap behavior, oxygen vacancies in ZnO 
nanowires [4.66], strain in Si nanowires [4,166], and 
quantum confinement effects in InP nanowires [4.92] 
Figure 4.35 shows the photo-luminescence of InP 
nanowires as a function of wire diameter, thereby pro- 
viding direct information on the effective band gap. As 
the wire diameter of an InP nanowire is decreased so 
that it becomes smaller than the bulk exciton diameter 
of 191m, quantum confinement effects set in, and the 
band gap is increased. This results in an increase in the 
PL. peak energy because of the stronger electron-hole 
Coulomb binding energy within the quantum-confined 
nanowires as the wire radius gets smaller than the ef- 
fective Bohr radius for the exciton for bulk InP. The 
smaller the effective mass, the larger the quantum con- 
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Fig. 4.35a-d Photo-luminescence of 
InP nanowires of varying diameters 

at 7K ((b) and (d) and room temper- 
ature (a) and (2), showing quantum 
confinement effets ofthe exciton for 
Wire diameters less than 20m [4.92] 
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finement effects. When the shift in the peak energy as 
a function of nanowire diameter (Fig.4.35a) is analyzed 
using an effective mass model, the reduced effective 
mass of the exciton is deduced to be 0.052m, which 
agrees quite well with the literature value of 0.065mo 
for bulk InP. Although the line widths of the PL peak 
for the small diameter nanowires (10nm) are smaller at 
low temperature (7K), the observation of strong quan- 
tum confinement and band gap tunability effects at room 
temperature are significant for photonics applications of 
nanowires (see Sect. 4.3.3) 

‘The resolution of photo-luminescence (PL) optical 
imaging of a nanowire is, in general, limited by the 
wavelength of light. But when a sample is placed very 
close to the detector, the light is not given a chance to 
diffract, and so samples much smaller than the wave- 
length of light can be resolved. This technique is known 
as near-field scanning optical microscopy (NSOM) and 


has been used successfully [4.167] to image nanowires. 
For example, Fig. 4.36 shows the topographical (a) and 
PL (b) NSOM images of a single ZnO nanowire. 
‘Magneto-optics can he used to measure the elec- 
tronic band structure of nanowires. For example, 
‘magneto-optics in conjunction with photo-conductance 
has been proposed [4.168] as a tool to determine band 
parameters for nanowires, such as the Fermi energy, 
electron effective masses, and the number of subbands 
to be considered [4.168]. Since different nanowire sub- 
bands have different electrical transmission properties, 
the electrical conductivity changes when light is used 
to excite electrons to higher subbands, thereby provid- 
ing a method for studying the electronic structure of 
nanowires optically. Magneto-optics can also be used to 
study the magnetic properties of nanowires in relation 
to bulk properties [4.44, 169]. For example, the surface 
‘magneto-optical Kerr effect has been used to measure 
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the dependence of the magnetic ordering temperature of 
Fe-Co alloy nanowires on the relative concentration of 
Fe and Co [4.169], and it was used to find that, unlike the 
case of bulk Fe-Co alloys, cobalt in nanowires inhibits 
‘magnetic ordering. 


fonlinear optical properties of nanowires have re- 
ceived particular attention since the nonlinear behavior 
is often enhanced over that in bulk materials and 
since the nonlinear effects can be utilized for many 
applications. One such study measured the second har- 
‘monic generation (SHG) and third harmonic generation 
(THG) in a single nanowire by using near-field optic- 
al microscopy [4.170]. ZnO nanowires were shown 
to have strong SHG and THG effects that are highly 
polarization-sensitive, and this polarization sensitivity 
can be explained on the basis of optical and geomet- 
rical considerations. Some components of the second 
harmonic polarization tensor are found to be enhanced 
in nanowires while others are suppressed as the wire 
diameters decreased, and such effects could be of inter- 
est for device applications. The authors also showed 
that the second-order nonlinearities are mostly wave- 
length independent for 2 <400nm, which is in the 
transparent regime for ZnO, below the onset of band 
zap absorption; this observation is also of interest for 
device applications. 

Reflectivity and transmission measurements have 
also been used to study the effects of quantum 
confinement and surface effects on the low energy in- 
direct transition in bismuth nanowires [4.171]. Black 
et al [4.171] investigated an intense and sharp absorp- 
tion peak in bismuth nanowires, which is not observed in 
bulk bismuth, The energy position Ep ofthis strong ab- 
sorption peak increases with decreasing diameter. But 
the rate of increase in energy with decreasing diam- 
eter [AE /Adw| is an order of magnitude less than that 
predicted for either a direct interband transition or for 
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Fig.4.36 (a) Topographical and 
(b) photoluminescenee (PL) near- 
field scanning optical microscopy 
(NSOM) images of a single 210 
nanowire waveguide [4.167] 


intersubband transitions in bismuth nanowires. On the 
other hand, the magnitude of |4£/Adw| agrees well 
with that predicted for an indirect L-point valence to 
T-point valence band transition (see Fig. 4.37). Since 
both the initial and final states for the indirect L-T point 
valence band transition downshift in energy as the wire 
diameter dvy is decreased, the shift in the absorption peak 
results from a difference between the effective masses 
and not from the actual value of either of the masses. 
Hence the diameter dependence of the absorption peak 
energy is an order of magnitude less for a valence to 
valence band indirect transition than for a direct inter- 
band L-point transition. Furthermore, the band-tracking 
effect for the indirect transition gives rise to a large 
value for the joint density of states, thus accounting for 
the high intensity of this feature, The enhanced cou- 
pling of this indirect transition to an applied optical field 
arises through the gradient of the dielectric function, 
which is large at the bismuth-air or bismuth-alumina 
interfaces. It should be noted that, in contrast to the 
surface effect for bulk samples, the whole nanowire 
contributes to the optical absorption due to the spatial 
variation in the dielectric function, since the penetration 
depth is larger than or comparable to the wire diameter, 
In addition, the intensity can be quite significant be- 
cause abundant initial state electrons, final state holes, 
and appropriate phonons exist for making an indirect 
L-T point valence band transition at room tempera- 
ture. Interestingly, the polarization dependence of this, 
absorption peak is such that the strong absorption is 
present when the electric field is perpendicular to the 
‘wire axis but is absent when the electri field is parallel 
to the wire axis; this is contrary to a traditional polsr- 
izer, such as a carbon nanotube in which the optical E 
field is polarized by the nanotube itself to be aligned 
along the carbon nanotube axis. The observed polar- 
ization dependence for bismuth nanowires is consistent 
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Fig. 4.37 (a) ‘The measured optical transmission spectra as a function of wavenumber (1/2) of a ~45nm diameter 
bismuth nanowire array. (b) The simulated optical transmission spectrum resulting from an indirect transition of an 
L point electron to a T point valence subband state. The insert in (a) shows the bismuth Brillouin zone, and the location 
of the 7-point hole and of the three L-point electron pockets, including the nondegenerate A, and the doubly degenerate 


B pockets, The inser in (b) shows the indirect Z.to T point electronic transition induced by a photon with an energy equal 
to the energy difference between the initial and final states minus the phonon energy (about 100. cm") needed to satisfy 


conservation of energy in a Stokes process [4.171] 
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4.38 Room temperature Raman-scattering spectra of 
GaN nanowires and of jum thick GaN epilayer film with 
green (514.5 nm) laser excitation, The Raman-scattering 

response was obtained by dividing the measured spect 

by the Bose-Einssin thermal factor [4.172] 
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with a surface induced effect that increases the coupling 
between the L-point and T-point bands throughout the 
full volume of the nanowire. Figure 4.37 shows the ex- 
perimentally observed transmission spectrum in bismuth 
nanowires of ~ 451m diameter (a), and for compari- 
son, the simulated optical transmission from an indirect, 
transition in bismuth nanowires of ~ 45m diameter is 
also shown in (b). The indirect L to T point valence 
band transition mechanism [4.171] is also consistent 
with observations of the effect on the optical spectra 
of a decrease in the nanowire diameter and of n-type 
doping of bismuth nanowires with Te. 


Phonon Confinement Effects 
Phonons in nanowires are spatially confined by the 
nanowire cross-sectional area, crystalline boundaries 
and surface disorder. These finite size effects give rise 
to phonon confinement, causing an uncertainty in the 
phonon wave vector, which typically gives rise to a fre- 
quency shift and a lineshape broadening. Since zone 
center phonons tend to correspond to maxima in the 
phonon dispersion curves, the inclusion of contributions 
from a broader range of phonon wave vectors results 
in both a downshift in frequency and an asymmetric 
broadening of the Raman line that developes a low 
frequency tail. These phonon confinement effects have 


4.3 Applications 


In the preceding sections we have reviewed many 
of the central characteristics that make nanowires in 
some cases similar and in some cases very differ- 
cent from their parent materials. We have also shown 
that some properties are diameter dependent and are 
therefore tunable during synthesis. Thus it is of great 
interest to find applications for nanowires that could 
benefit in unprecedented ways from both the unique 
and tunable properties of nanowires and the small 
size of these nanostructures, for use in the minia- 
turization of conventional devices. As the synthetic 
‘methods for the production of nanowires are maturing 
(Sect. 4.1), and nanowires can be made in reproducible 
and cost-effective ways, it is only a matter of time 
before applications will be explored seriously. This is 
2 timely development, as the semiconductor industry 
will soon be reaching what seems to be its limit in 
feature-size reduction and approaching a classical-to- 
quantum size transition. At the same time the field of 
biotechnology is expanding through the availability of 
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been theoretically predicted [4.173,174] and experimen- 
tally observed in GaN [4.172], as shown in Fig. 4.38 for 
GaN nanowires with diameters in the range 10-50nm., 
‘The application of these theoretical models indicates 
that broadening effects should be noticeable as the wire 
diameter in GaN nanowires decreases to ~ 20nm, When 
the wire diameter further decreases to ~ 10nm, the 
frequency downshift and asymmetric Raman line broad- 
ening effects should become observable in the Raman 
spectra for the GaN nanowires but are not found in the 
corresponding spectra for bulk GaN. 

‘The experimental spectra in Fig. 4.38 show the four 
At + £1 +2E> modes expected from symmetry consid- 
erations for bulk GaN crystals. Two types of quantum, 
confinement effects are observed. The first type is the 
observation of the downshift and asymmetric broad- 
ening effects discussed above. Observations of such 
downshifts and asymmetric broadening have also been 
recently reported in 7 nm diameter Si nanowires [4.175]. 
‘A second type of confinement effect found in Fig. 4.38 
for GaN nanowires is the appearance of additional Ra- 
‘man features not found in the corresponding bulk spectra 
and associated with combination modes and a zone 
boundary mode. Resonant enhancement effects were 
also observed for the A\(LO) phonon at 728 cm! (see 
Fig. 4.38) at higher laser excitation energies [4.172] 


tremendous genome information and innovative sereen- 
ing assays. Since nanowires are the size ofthe shrinking 
electronic components and of cellular biomolecules, 
it is only natural for nanowires to be good candi- 
dates for applications in these fields. Commercialization 
of nanowire devices, however, will require reliable 
‘mass-production, effective assembly techniques, and 
quality-control methods. 

In this section, we discuss applications of nanowires 
to electronics (Sect. 4.3.1), thermoelectrics (Sect. 4.3.2), 
optics (Sect. 4.3.3), chemical and biological sensing 
(ect. 4.3.4), and magnetic media (Sect. 4.3.5). 


4.3.1 Electrical Applications 


‘The microelectronics industry continues to face tech- 
nology (e.g., lithography) and economic challenges as 
the device feature size is decreased, especially below 
100mm. The self-assembly of nanowires might present 
fa way to construct unconventional devices that do not 
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rely on improvements in photo-lthography and, there- 
fore, do not necessarily imply increasing fabrication 
costs. Devices made from nanowires have several advan- 
tages over those made by photolithography. A variety 
of approaches has been devised to organize nanowires 
via self-assembly (see Sect. 4.1.4), thus eliminating the 
need for the expensive lithographic techniques nor- 
mally required to produce devices the size of 1 

nanowires, which we discuss earlier (see Sect.4.1) 
In addition, unlike traditional silicon processing, dif- 
forent semiconductors can be simultaneously used in 
nanowire devices to produce diverse functionalities. Not 
only can wires of different materials be combined, but 
a single wire can be made of different materials. For 
example, junctions of GaAs and GaP show rectifying 
behavior [4.92], thus demonstrating that good elec- 
tronic interfaces between two different semiconductors 
can be achieved in the synthesis of multicomponent 
nanowires, Transistors made from nanowires could 
also have advantages because of their unique mor- 
phology. For example, in bulk field effect transistors 
(FETS), the depletion layer formed below the source 
and drain region results in a source-drain capacitance 
that limits the operation speed. In nanowires, how- 
ever, the conductor is surrounded by an oxide and 
thus the depletion layer cannot be formed. Depend- 
ing on the device design, the source-drain capacitance 
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Fig. 4.392,b Optoelectrical characterization of a crossed nanowire 
jjunetion formed between 65-nm n-type and 68-nm petype InP 
nanowires. (a) Electroluminescence (EL) image of the light emit- 
ted from a forward-biased nanowire p-n junction at 2.5. Inset, 
Photoluminescence (PL) image of the junction. (b) EL intensity as 
‘function of operation voltage. inser, the SEM image and the I-V 
characteristics of the junction [4.52]. The scale bar in the inser is 
Sum 


in nanowires could be greatly minimized and possibly 
eliminated 

Device functionalities common in conventional 
semiconductor technologies, such the p-n junction 
diodes [4.129], field-effect transistors [4.131], logic 
gates [4.129], and light-emitting diodes. [4.52, 92], 
have been recently demonstrated in nanowires, showing 
their promise as the building blocks for the construc- 
tion of complex integrated circuits by employing the 
“bottom-up” paradigm. Several approaches have been 
investigated to form nanowire diodes (see Sect. 4.2.2), 
For example, Schottky diodes can be formed by con- 
tacting a GaN nanowire with Al electrodes [4.130] 
Furthermore, p-n junction diodes can be formed at the 
crossing of two nanowires, such as the crossing of 
1 and p-type InP nanowires doped by Te and Zn, re- 
spectively [4.52], or Si nanowires doped by phosphorus 
(n-type) and boron (p-type) [4.176]. In addition to the 
crossing of two distinctive nanowires, heterogeneous 
junctions have also been constructed inside a single wire, 
either along the wire axis in the form of a nanowire 
superlattice [4.92] or perpendicular to the wire axis 
by forming a core-shell structure of silicon and ger- 
manium [4.105]. These various nanowire junctions not 
only possess similar current rectifying properties (see 
Fig. 4.22) as expected for bulk semiconductor devices, 
but they also exhibit electro-Iuminescence (EL) that may 
be interesting for optoelectronic applications, as shown 
in Fig. 4.39 for the electroluminescence of a crossed 
junction of n and p-type InP nanowires [4.52] (see 
Sect. 4.3.3). 

In addition to the two-terminal nanowire devices, 
stich as the p-n junctions described above, itis found 
that the conductance of a semiconductor nanowire can 
be significantly modified by applying voltage at a third 
gate terminal, implying the utilization of nanowires as 
4 field-effect transistor (FET). This gate terminal can 
either be the substrate [446,47], a separate metal con- 
tact located close to the nanowire [4.177], or another 
nanowire with a thick oxide coating in the crossed 
nanowire junction configuration [4.129]. We discuss the 
operation principles of these nanowire-based FETS in 
Sect. 4.2.2. Various logic devices performing basic logic 
functions have been demonstrated using nanowire junc- 
tions [4.129], as shown in Fig. 4.40 for the OR and 
AND logic gates constructed from 2-by-1 and I-by-3 
nanowire p-n junctions, respectively. By functionalizing 
nanowires with redox active molecules to store charges, 
the nanowire FETs can exhibit bi-stable logic on or 
off states [4.131], which may be used for nonvolatile 
memory or as switches, 
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Nanowires have also been proposed for applications 
associated with electron field emission [4.178], such as 
flat panel displays, because of their small diameter and 
large curvature at the nanowire tip, which may reduce 
the threshold voltage for the electron emission [4.179]. 
In this connection, the demonstration of very high field 
emission currents from the sharp tip (~ 10.nm radius) 
of Si cone [4.178] and from carbon nanotubes [4.180] 
stimulates interest in this potential application opportu- 
nity for nanowires, 

‘The concept of constructing electronic devices based 
‘on nanowires has already been demonstrated, and the 
next step for electronic applications would be to devise 
1 feasible method for integration and mass production. 
‘We expect that in order to maintain the growing rate 
of device density and functionality in the existing elee- 
tronics industry, new kinds of complementary electronic 
devices will emerge from this “bottom-up” scheme for 
nanowire electronics, different from what has been pro- 
duced by the traditional “top-down” approach pursued 
by conventional electronics. 


4.3.2 Thermoelectric Applications 


One proposed application for nanowires is for thermo- 
electric cooling and for the conversion between thermal 
and electrical energy [4.156, 181]. The efficiency of 
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Fig.4.40a-d Nanowire logic gates: (a) Sche- 
matic of logic OR gate constructed from 
2 2(p-Si) by I(a-GaN) crossed nanowire junc- 
tion, The inser shows the SEM image (bar: 
1m) of an assembled OR gate and the sym- 
bolic electronic eieuit.(b) The output voltage 
‘of the circuit in (a) versus the four possible 
logie addeess level inputs: (0,0): (0.1): (1.0 
U,1), where logic 0 input is OV and logic 1 is 
5 (sume for below). (e) Schematic of logic 
[AND gate constructed from a 1(p-Si) by 3(n- 
GaN) crossed nanowire junction. The inser 
shows the SEM image (bar: 1 yum) of 

nbled AND gate and he symbolic electronic 
circuit, (4) The output voltage of the circuit in 
(€) versus the four possible logic address level 


inputs [4.129] 


thermoelectric device is measured in terms of a dimen- 
sionless figure of merit ZT, where Z is defined as 


42) 


in which o is the electrical conductivity, § is the See- 
beck coefficient, « is the thermal conductivity, and Tis 
the temperature. In order to achieve a high ZT and 
therefore efficient thermoelectric performance, a high 
electrical conductivity, a high Seebeck coefficient, and 
alow thermal conductivity are required. In 3-D systems, 
the electronic contribution to x is proportional to & in 
accordance with the Wiedemann-Franz law, and nor- 
‘mally materials with high S have a low o. Hence an 
increase in the electrical conductivity (e.g., by electron 
donor doping) results in an adverse variation in both the 
Seebeck coefficient (decreasing) and the thermal con- 
ductivity (increasing). These two trade-offs set the upper 
limit for increasing ZT in bulk materials, with the max- 
imum ZT remaining at ~ | at room temperature for the 
1960-1995 time frame. 

The high electronic density of states in quantum- 
confined structures is proposed as a promising 
possibility to bypass the Seeheck/electrical conductiv- 
ity trade-off and to control each thermoelectric-related 
variable independently, thereby allowing for an in- 
creased electrical conductivity, a relatively low thermal 
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Fig. 4.41 (a) Calculated ZT of 1-D(nanowire) and 2-D(quantum well) bismuth systems at 77 K as a function of dy, 


denoting the wire diameter or film thickness. The thermoelectric performance (i.e., ZT) is expected to improve greatly 


when the wire diameter is small enough so that the nanow 


ire become a one-dimensional system. (b) Contour plot of 


optimal ZT values for p-ype Bi, Sb, nanowires vs, wire diameter and antimony concentration calculated at 77 K [4.183] 


conductivity, and a large Seebeck coefficient simulta- 
neously [4.182]. For example, Figs. 4.29b and 4.30 
in Sect. 4.2.2 show an enhancement in $ for bismuth 
an dbismuth-antimony nanowires as the wire diameter 
decreases. In addition to alleviating the undesired con- 
nections between a, S, and the electronic contribution 
to the thermal conductivity, nanowires also have the 
advantage that the phonon contribution to the thermal 
conductivity is greatly reduced because of boundary 
scattering (see Sect.4.2.2), thereby achieving a high 
ZT. Figure 4.41a shows the theoretical values for ZT 
vs. sample size for both bismuth thin films (2-D) and 
nanowires (1-D) in the quantum confined regime, ex- 
hibiting a rapidly increasing 27 as the quantum size 
effect becomes more and more important [4.182]. In 
addition, the quantum size effect in nanowires can be 
combined with other parameters to tailor the band strue- 
ture and electronic transport behavior (e.z., Sb alloying 
in Bi) to further optimize ZT. For example, Fig.4.41b 
shows the predicted ZT for p-type Biy_,Sb, alloy 
nanowires as a function of wire diameter and Sb con- 
tent x [4.183]. The occurrence of a local Z7 maxima 
in the vicinity of x ~0.13 and dy ~45nm is due to 
the coalesce of ten valence bands in the nanowire and 
the resulting unusual high density of states for holes, 
which is a phenomenon absent in bulk Bij ,Sb, al- 
loys. For nanowires with very small diameters, it is 
speculated that localization effects will eventually limit 


the enhancement of ZT. But in bismuth nanowires, 
localization effects are not significant for wires with 
diameters larger than 9nm [4.63]. In addition to 1-D 
nanowires, ZT values as high as ~2 have also been 
experimentally demonstrated in macroscopic samples 
containing PbSe quantum dots (0-D) [4.184] and stacked 
2D films [4.154]. 

‘Although the application of nanowires to thermo- 
electrics seems very promising, these materials are still 
in the research phase of the development cycle and quite 
far from being commercialized. One challenge for ther- 
moelectric devices based on nanowires lies in finding 
a suitable host material that will not reduce ZT too 
much due to the unwanted heat conduction through the 
host material. The host material should, therefore, have 
alow thermal conductivity and accupy as low a volume 
percentage in the composite material as possible while 
still providing the quantum confinement and the support 
for the nanowires. 


4,3.3 Optical Applications 


‘Nanowires also hold promise for optical applications. 
One-dimensional systems exhibit a singularity in their 
joint density of states, allowing quantum effects in 
nanowires to be optically observable, sometimes, even 
at room temperature, Since the density of states of 
‘a nanowire in the quantum limit (small wire diameter) 
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is highly localized in energy, the available states quickly 
fill up with electrons as the intensity ofthe incident light 
is increased. This filling up of the subbands, as well 
as other effects unique to low-dimensional materials, 
lead to strong optical nonlinearities in quantum wires 
Quantum wires may thus yield optical switches with 
lower switching energy and increased switching speed 
compared to currently available optical switches. 

Light emission from nanowires can be achieved by 
photo-luminescence (PL) or electro-luminescence (EL), 
distinguished by whether the electronic excitation is 
achieved by optical illumination o by electrical stim- 
ulation across a p-n junction, respectively. PL. is often 
used for optical properties characterization, as described 
in Sect. 4.2.3, but from the applications pointof view, EL 
is a more convenient excitation method. Light emitting 
diodes (LEDs) have been achieved in junctions be- 
tween a p-type and an n-type nanowire (Fig. 4.39) [4.52] 
and in superlattice nanowires with p-type and n-type 
segments [4.92]. The light emission was localized to 
the junction area and was polarized in the superlattice 

Light emission from quantum wire p-n junctions 
is especially interesting for laser applications, because 
quantum wires can form lasers with lower excitation 
thresholds compared to their bulk counterparts, and they 
also exhibit a decreased temperature sensitivity in their 
performance [4.185]. Furthermore, the emission wave- 
length can be tuned for a given material composition by 
only altering the geometry of the wire. 

LLasing action has been reported in ZnO nanowires 
‘with wire diameters much smaller than the wavelength 
of the light emitted (2 = 385 nm) [4.115] (see Fig. 4.42) 
Since the edge and lateral surface of ZnO nanowires 
are faceted (see Sect. 4.2.1), they form optical cavi 
ties that sustain desired cavity modes. Compared to 
conventional semiconductor lasers, the exciton laser ac- 
tion employed in zine oxide nanowire lasers exhibits 
a lower lasing threshold (~40kW/em?) than their 
3-D counterparts (~ 300kW/em?). In order to utilize 
exciton confinement effects in the lasing action, the 
exciton binding energy (~ 60meV in ZnO) must be 
sgreater than the thermal energy (~ 26meV at 300K), 
Decreasing the wire diameter increases the excitation 
binding energy and lowers the threshold for lasing. PL. 
NSOM imaging confirmed the waveguiding properties 
of the anisotropic and well-faceted structure of ZnO 
nanowires, limiting the emission to the tips of the ZnO 
nanowires [4.167] 

Laser action has heen also observed in GaN 
nanowires [4.186]. Unlike Zn, GaN has a small exciton 
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Fig. 4.42 A schematic of lasing in ZnO nanowires and the 
PL spectra of ZnO nanowires at two excitation intensities, 
(One PL spectra is taken below the lasing threshold, and the 
other above it [4.115] 


binding energy, of only ~ 25 meV. Furthermore, since 
the wire radii used in this study (15-75 nm) [4.186] are 
larger than the Bohr radius of excitons in GaN (11 nm), 
the exciton binding energy is not expected to increase in 
these GaN wires and quantum confinement effects such 
as shown in Fig. 4.35 for InP are not expected. Some tun- 
ability of the center of the spectral intensity, however, 
‘was achieved by increasing the intensity of the pump 
power, causing a redshift in the laser emission, which 
is explained as a band gap renormalization as a result 
of the formation of an electron-hole plasma, Heating 
effects were excluded as the source of the spectral shift. 

Nanowire photodetectors were also proposed, ZnO 
nanowires were found to display a strong photocurrent 
response to UV light irradiation [4.187]. The con- 
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ductivity of the nanowire increased by four onders of 
magnitude compared to the dark state. The response 
of the nanowire was reversible and selective to. pho 
ton energies above the band gap, suggesting that ZnO 
nanowires could be a good candidate for optoelectronic 
switches. 

fanowires have also been proposed for another type 
of optical switching. Light with its electric field nor- 
mal to the wire axis excites a transverse free carrier 
resonance inside the wire, while light with its electric 
field parallel to the wire axis excites a longitudinal free 
cartier resonance inside the wire. Since nanowires are 
highly anisotropic, these two resonances occur at two 
different wavelengths and thus result in absorption peaks 
at two different energies. Gold nanowires dispersed in 
an aqueous solution align along the electric field when 
a DC voltage is applied. The energy of the absorption 
peak can be toggled between the transverse and longi- 
tudinal resonance energies by changing the alignment 
of the nanowires under polarized light illumination us- 
ing an electric field [4.188, 189]. Thus, electro-optical 
modulation is achieved. 

Nanowires may also be used as barcode tags for op 
tical read out. Nanowires containing gold, silver, nickel, 
palladium, and platinum were fabricated [4.104] by elec 
trochemical filling of porous anodic alumina, so that 
each nanowire consisted of segments of various metal 
constituents. Thus many types of nanowires can be made 
from a handful of materials and identified by the order 
of the metal segments along their main axis and the 
length of each segment. Barcode read out is possible 
by reflectance optical microscopy. The segment length 
is limited by the Rayleigh diffraction limit and not by 
synthesis limitations; thus it can be as small as 145 nm. 
Figure 4.43a shows an optical image of many Au-Ag- 
Au-Ag bar-coded wires, where the silver segments show 
higher reflectivity. Figure 4 43h is backscattering mode 


FE-SEM image of a single nanowire, highlighting the 
composition and segment length variations along the 

Both the large surface area and the high conduc- 
tivity along the length of nanowires are favorable for 
their use in inorganic-organic solar cells [4.190], which 
offer promise from a manufacture-ability and cost effec- 
tive standpoint. In a hybrid nanocrystal-organic solar 
cell, the incident light forms bound electron-hole pairs 
(excitons) in both the inorganic nanocrystal and in the 
surrounding organic medium, These excitons diffuse 
to the inorganic-organic interface and disassociate to 
form an electron and a hole. Since conjugated poly- 
‘mers usually have poor electron mobilities, the inorganic 
phase is chosen to have a higher electron affinity than 
the organic phase so that the organic phase carries 
the holes and the semiconductor carries the electrons. 
‘The separated electrons and holes drift to the external 
electrodes through the inorganic and organic materials, 
respectively. But only those excitons formed within an 
exciton diffusion length from an interface can disas- 
sociate before recombining, and therefore the distance 
between the dissociation sites limits the efficiency of 
a solar cell, A solar cell prepared from a composite of 
CdSe nanorods inside poly (3-ethylthiophene) [4.190] 
yielded 6.9% monochromatic power efficiencies and 
1.7% power conversion efficiencies under A.M. 1.5 il- 
Jumination (equal to solar irradiance through 1.5 times 
the air mass of the earth at direct normal incidence). 
‘The nanorods provide a large surface area with good 
chemical bonding to the polymer for efficient charge 
transfer and exciton dissociation. Furthermore, they pro- 
vide a good conduction path for the electrons to reach 
the electrode. Their enhanced absorption coefficient and 
their tunable band gap are also characteristics that can 
be used to enhance the energy conversion efficiency of 
solar cells. 


Fig. 4.43 (a) An optical 
image of many short Au: 
‘Ag-Au-Au bar-coded wires, 
‘and (b) an FE-SEM image 
of an Au/Ag bar-coded wire 
With multiple strips of vary- 
ing length, ‘The insert in (a) 
shows a histogram of the par- 

lengths for 106 particles, 
in this image [4.104] 
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Vandal Resistant Switch 

Typically fabricated from stainless steel, this is 
designed to withstand most types of abuse and 
is also weather-proof. The pushbuttons that al- 
low pedestrians to trigger a traffic signal are a 
form of vandal-resistant switch. 


Tactile Switch 

This is considered to be a pushbutton, and is 
described in that entry. See "Tactile Switch" 
(page 34), 


Mounting Options 

‘A panel mount switch generally has a threaded 
bushing that is inserted from behind the front 
panel of product, througha hole of appropriate 
size. It is supplied with a lockwasher and a nut 
(often, two nuts) that fit the thread on the switch 
bushing. 


Frontpanel mount usually means that screws visi- 
ble from the front of the panel are attached to a 
bracket on the switch behind the panel. The ac- 
tuator of the switch is accessible through a cut- 
out in the panel. This mounting style is mostly 
used for rocker switches and sometimes for slide 
switches. 


‘Subpane! mount means that the switch is attach- 
ed toa separate plate or chassis behind the con- 
trol panel. Theactuatorof the switchis accessible 
through a cutout. 


Snap-in mount requires a switch with flexible 
plastic or metal tabs each side, designed to push 
through a cutout in the panel, at which point the 
tabs spring out and retain the switch 


PC mount switches have pins that are soldered 
into a printed circuit board. They may have ad- 
ditional solderable lugs to provide mechanical 
support. 

Surface mount switches are attached to a board 
in the same manner as other surface-mount 
components. 


Termination 


‘Switches (and pushbuttons) are available with a 
variety of terminals. 


Solderlugsaresmall tabs each usually perforated 
with a hole through which the end of a wire can 
be inserted prior ta soldering. 


PCterminals are pins that protrude from the bot- 
tom of the switch, suitable for insertion ina print- 
ed circuit board. This style is also known as a 
through-hole. The terminals may have a right- 
angle bend toallow the component to be moun- 
ted flat against the board, with the switch actua- 
tor ticking out at the side. This termination style 
is known as right-angle PC, Many manufacturers 
offer a choice of straight or bent pin terminals, 
but the component may be listed in a catalog 
under either of those options, with no indication 
that other options exist. Check manufacturer da- 
tasheets carefully. 


‘Quick connect terminals are spade-shaped to ac- 
cept push-on connectors, commonly used in au- 
tomotive applications. Hybrid quick-connectter- 
minals that can also function as solder lugs are 
sometimes offered as an option. 


Screw terminals have screws premounted in flat 
terminals, for solderless attachment of wires. 


Wire leads are flexible insulated wires, often with 
stripped and tinned ends, protruding at least an 
inch from the body of the component, This op- 
tion is becoming uncommon. 


Contact Plating Options 

The internal electrical contacts of a switch are 
usually plated with silver or gold. Nickel, tin, and 
silver alloys are cheaper but less common. Other 
types are relatively rare. 


Values 


Switches designed for electronic devices vary 
widely in power capability, depending on their 
purpose. Racker switches, paddle switches, and 
toggle switches are often used to turn power on 
and off, and are typically rated for 10 at 125VAC, 
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Nanowires | 4.3 Applications 


4.3.4 Chemical and Biochemical 
Sensing Devices 


Sensors for chemical and biochemical substances with 
nanowires as the sensing probe are a very attractive 
application area. Nanowire sensors will potentially be 
simaller, more sensitive, demand less power, and react 
faster than their macroscopic counterparts. Arrays of 
nanowire sensors could, in principle, achieve nanometer 
scale spatial resolution and therefore provide accurate 
real-time information regarding not only the concentra- 
tion ofa specific analyte but also its spatial distribution, 
Such arrays, for example, could be very useful for 
dynamic studies on the effects of chemical gradients 
‘on biological cells. The operation of sensors made with 
nanowires, nanotubes, or nano-contacts is based mostly 
oon the reversible change in the conductance ofthe nano- 
structure upon absorption of the agent to he detected, but 
other detection methods, such as mechanical and optical 
detection, are conceptually plausible. The increased sen- 
sitivity and faster response time of nanowires are aresult 
of the large surface-to-volume ratio and the small cross- 
section available for conduction channels. Inthe bulk, on 
the other hand, the abundance of charges can effective- 
ly shield external fields, and the abundance of material 
can afford many alternative conduction channels. There- 
fore a stronger chemical stimulus and longer response 
time are necessary to observe changes in the physical 
properties of a 3-D sensor in comparison to a nanowire 

Cui et al. placed silicon nanowires made by the 
VLS method (Sect. 4.1.2) between two metal electrodes 
and modified the silicon oxide coating of the wire by 
the addition of molecules sensitive to the analyte to be 
detected [4.191]. For example, a pH sensor was made by 
covalently linking an amine containing silane to the sur- 
face ofthe nanowire. Variations inthe pH of the solution 
into which the nanowire was immersed caused protona- 
tion and deprotonation of the —NH2 and the —SiOH 
groups on the surface of the nanowire. The variation 
in surface charge densities regulates the conductance of 
the nanowire; due to the p-type characteristics of a sii- 
con wire, the conductance increases with the addition 
of negative surface charge. The combined acid and 
base behavior of the surface groups results in an ap- 
proximately linear dependence of the conductance on 
pH in the pH range 2 to 9, thus leading to a direct 
readout pH meter. This same type of approach was 
used for the detection of the binding of biomolecules, 
such as streptavidin using biotin-modified nanowires 
(see Fig. 441). This nanowire-based device has high 
sensitivity and could detect streptavidin binding down 
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Fig. 4.64 (a) Sueptavidin molecules bind to a silicon nanowire 
functionalized with biotin, The binding of streptavidin to biotin 
causes the nanowire to change its resistance. (b) The conductance of 
biotin-modified silicon nanowire exposed to streptavidin ina butter 
solution (regions 1 and 3) and with the introduction of a solution of| 
antibiotin monoclonal antibody (region 2) [4.191] 


to a 10pM (10! mole) concentration. The chemical 
detection devices were made in a field-effect transis- 
tor geometry, so that the back-gate potential could be 
used to regulate the conductance in conjugation with the 
chemical detection and to provide areal time direct read 
cut [4.191]. The extension of this device to detect mul- 
tiple analytes, using multiple nanowires each sensitized 
to a different analyte, could provide for fast, sensitive 
and in-situ sereening procedures 

Favier et al. used a similar approach, making 
2 nanosensor for the detection of hydrogen out of an 
array of palladium nanowires between two metal con- 
tacts [4.56]. They demonstrated that nanogaps were 
present in their nanowire structure, and upon absorp- 
tion of Hz and formation of Pd hydride, the nanogap 
structure would close and improve the electrical con- 
tact, thereby increasing the conductance ofthe nanowire 
array. The response time of these sensors was 75 msec, 
and they could operate in the range of O.5 to 5% Ho 
before saturation occurred 


4.3.5 Magnetic Applications 


It has been demonstrated that arrays of single domain 
‘magnetic nanowires can be prepared with controlled 
nanowire diameter and length, aligned along a com- 
‘mon direction and arranged in a close-packed ordered 
array (see Sect. 4.1.1), and that the magnetic properties 
(coercivity, remanence, and dipolar magnetic interwire 
interaction) can be controlled to achieve a variety of 
‘magnetic applications [4.54,71] 
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Magnetic information storage is the most interesting 
of these applications. The large nanowire aspect ratio 
(length/diameter) prevents the onset of the “superpara- 
magnetic” limit at which the magnetization direction 
in the magnetic grains can be reversed by the thermal 
energy kp, thereby resulting in loss of recorded data in 
the magnetic recording medium. The magnetic energy 
in a grain can be increased by increasing either the vol- 
ume oF the anisotropy of the grain, If the volume is 
increased, the particle size increases, and thus, the reso- 
lution is decreased. For spherical magnetized grains, the 
superparamagnetic limit at room temperature is reached 
at 70 Gbit/in’. In nanowires, the anisotropy is very large 
and yet the wire diameters are small, so the magneto- 
static switching energy can easily be above the thermal 
‘energy while the spatial resolution is large. For mag- 
netic data storage applications, a large aspect ratio is 


4,4 Concluding Remarks 


A review has been presented of synthesis, charac- 
terization, and physical properties of nanowires, with 
particular reference to nanowire properties that differ 
from those of their bulk counterparts and to potential 
applications that might result from the special struc- 
ture and properties of nanowires. We have shown in this 
chapter that the emerging field of nanowire research has 
developed rapidly over the past few years, driven by the 
development of a variety of complementary nanowire 
synthesis methods and of effective tools to measure 
both their structure and properties, as reviewed, respec- 
tively, in Sect. 4.1 and Sect.4.2. At present, much of the 
progress is at the demonstration-of-concept level, with 
many gaps in knowledge remaining to be elucidated, 
theoretical models to be developed, and new nanowire 
systems to be explored. Having demonstrated that many 
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needed forthe nanowires to maintain a high coercivity, 
and a sufficient separation between nanowires is needed 
to suppress inter-wire magnetic dipolar coupling (see 
Sect. 42,1), Thus nanowires can form stable nd highly 
dense magnetic memory arrays with packing densities 
in excess of 10! wires/cm?. 

“The onset of superparamagnetism can be prevented 
in the single domain magnetic nanowire arrays that 
have already been fabricated either using porous alu- 
mina templates to make Ni nanowires with 35mm 
diameters [4.58] or diblock copolymer templates [4.71] 
to make Co nanowires, with mean diameters of 
Ldnm and 100% filing of the template pores (see 
Sect. 4.1.1), Ordered magnetic nanowire arrays that have 
already been demonstrated offer the exciting promise 
for achieving systems permitting 10! bits/in? data 
storage 


of the most interesting discoveries to date relate to 
nanowire properties not present in their bulk material 
counterparts, we can expect future research emphasis to 
be focused increasingly on smaller diameter nanowires, 
where new unexplored physical phenomena related to 
quantum confinement effects are more likely tobe found. 
We can also expect the development of applications to 
soon follow. Many promising applications are now at the 
early demonstration stage (see Sect. 4.3), but are moving 
ahead rapidly because of their promise for new function- 
ality, not previously available, to the fields of electronics, 
opto-electronics, biotechnology, magnetics, and energy 
conversion and generation, among others. Many excit- 
ing challenges remain in advancing both the nanoscience 
and the nano-technological promise already demon- 
strated by the nanowire research described in this review. 
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How to Use it 


although some toggle switches go as high as 
30A. Snap-action or limit switches may be simi- 
larly rated, although miniature versions will have 
reduced capability. Slide switches cannot handle 
significant power, and are often rated around 
0.5A (orless) at 30VDC. DiPand SIP switches have 
atypical maximum rating of 100mA at SOV and 
ate not designed for frequent use. Generally they 
are used only when the power to the device is off. 


How to Use it 


Power Switches 

When a simple SPST switch is used to turn DC 
power on and off, it conventionally switches the 
positive side of the power supply, also some- 
times knownas the high side. The primary reason 
for following this convention is that itis widely 
used; thus, following it will reduce confusion. 


More importantly, an on-off switch that controls 
AC power must be used on the “live” side of the 
supply, not the “neutral” side. If you have any 
doubts about these concepts (which go beyond 
the scope of this book), consulta reference guide 
‘on this subject. Using a DPST component to 
switch both sides of an AC supply may be a 
worthwhile additional precaution in some appli- 
cations. The ground wire of an AC supply should 
never be switched, because the device should 
always be grounded when it is plugged into an 
electric outlet. 


Limit Switches 

An application for two limit switches with a DC 
motor and two rectifier diodes is shown in 
Figure 6-20. This diagram assumes that the mo- 
tor turns clockwise when its lower terminal is 
positive, and counter-clockwise when its upper 
terminal is positive, Only two terminals are used 
(and shown) in each limit switch; they are chosen 
to be normally-closed. Other terminals inside a 
switch may exist, may be normally-open, and can 
be ignored. 


The motor is driven through a dual-coil, DPDT 
latching relay, which will remain in either posi- 


power > connection > switch 


Counter-clockwise 


Figure 6-20. in this schematic, normally-closed limit 
switches are opened by pressure from an arm attached to 
‘a motor, thus switching oft its power at each end of its 
permitted travel and preventing overload and burnout. A 
two-coil atching relay activates the motor. Rectiier di 
‘odes allow power fo reach the motor to reverse its rata 
tion when a limit switch is open, 


tion indefinitely without drawing power. When 
the upper coil of the relay receives a pulse from 
a pushbutton or some other source, the relay 
flips to its upper position, which conducts posi- 
tive current through the lower limit switch, to the 
lower terminal of the motor. The motor turns 
clockwise until the arm attached to its shaft hits 
the lower limit switch and opens it. Positive cur- 
rent is blocked by the lower diode, so the motor 
stops. 


When the lower coil of the relay is activated, the 
relay flips to its lower position, Positive current 
can now reach the upper side of the motor 
through the upper limit switch. The motor runs 
counter-clockwise until its arm opens the upper 
limit switch, at which point the motor stops 
again. This simple system allows a DC motor to 
berunineitherdirection bya button-press of any 
duration, without risk of burnout when the mo- 
tor reaches the end of its travel. Ithas been used 
for applications such as raising and lowering 
powered windows in an automobile. 
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5. Introduction to Micro/Nanofabrication 


In this chapter, we discuss various micro/ 
‘nanofabrication techniques used to manufacture 
structures in a wide range of dimensions 
(mm-nm), Starting with some of the most 
‘common microfabrication techniques (lithography, 
deposition, and etching), we present an array 

(of micromachining and MEMS technologies that 
can be used to fabricate microstructures down 

to ~1pm. These techniques have attained an 
adequate level of maturity to allow for a variety 
of MEMS-based commercial products (pressure 
sensors, accelerometers, gyroscopes, etc.). More 
recently, nanometer-sized structures have 
attracted an enormous amount of interest. This is. 
‘mainly due to their unique electrical, magnetic, 
optical, thermal, and mechanical properties, These 
could lead to a variety of electronic, photonic, 
and sensing devices with a superior performance 
compared to thelr macro counterparts, Subsequent, 
to our discussion on MEMS and micromachining, 
we present several important nanofabrication 
techniques currently under intense investigation, 
Although e-beam and other high resolution 
lithographies can be used to fabricate nanometer 
sized structures, their serial nature and/or cost 
preclude their widespread application. This has 
forced investigators to explore alternative and 


Recent innovations in the area of micro/nanofabrication 
have created a unique opportunity for manufactur- 
ing structures in the nanometer-millimeter range. The 
available six orders of magnitude dimensional span 
can be used to fabricate novel electronic, optical, 
‘magnetic, mechanical, and chemical/biological devices 
‘with applications ranging from sensors to computation 
and control. In this chapter, we will introduce ma- 
jor micro/nanofabrication techniques currently used to 
Tabricate structures in the nanometer to several hundred 
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potentially superior techniques such as strain 
engineering, self-assembly, and nano-imprint 
lithography. Among these, self-assembly Is the 
‘most promising method, due to its low cost and 
the ability to produce nanostructures at different, 
length scales. 


micrometer range. We will focus mainly on the most 
important and widely used techniques and will not dis- 
cuss specialized methods. After a brief introduction 
to basic microfabrication, we will discuss MEMS- 
fabrication techniques used to build microstructures 
down to about 1m in dimensions. Following this 
‘we will discuss several major top-down and bottom- 
up nanofabrication methods that have shown great 
promise in manufacturing nanostructures (dimensions 
<1 pm). 
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5.1 Basic Microfabrication Techniques 


Most micro/nanofabrication techniques have their roots 
in the standard fabrication methods developed for the 
semiconductor industry [5.13]. Therefore, a clear un- 
derstanding of these techniques is necessary for anyone 
‘embarking on a esearch and development path in the 
micro/nano area. In this section, we will discuss ma- 
jor microfabrication techniques used most frequently 
in the manufacturing of micro/nanostructures, Some 
of these techniques such as thin-film deposition and 
etching are common between the micro/nano and 
VLSI microchip fabrication disciplines. However, sev- 
eral other techniques that are more specific to the 
micro/nanofabrication area will also be discussed in this 
section, 


5.1.1 Lithography 


Lithography is the technique used to transfer a computer 
‘generated pattem onto a substrate (silicon, glass, GaAs, 
tc.) This pattern is subsequently used to etch an under- 
lying thin film (oxide, nitride, etc) for various purposes 
(doping, etching, etc.). Although photolithography. i... 
the lithography using a UV light source, is by far the 
most widely used lithography technique in microelec- 
tronic fabrication, electron-beam (e-beam) and X-ray 
lithography are two other alternatives that have attracted 
‘considerable attention in the MEMS and nanofabrication 
areas. We will discuss photolithography in this section 
and postpone the discussion of e-heam and X-ray tech- 
niques to the subsequent sections dealing with MEMS 
and nanofabrication. 

‘The starting point following the creation of the com- 
puter layout for a specific fabrication sequence is the 
‘generation of a photomask. This involves a sequence of 
photographic processes (using optical or e-beam pattern 
generators) that results in a glass plate having the desired 
pattern in the form of a thin (~ 100 nm) chromium layer 
Following the generation of photomask, te lithography 
process can proceed as shown in Fig. 5.1. This sequence 
‘demonstrates the pattern transfer onto a substrate coated 
With silicon dioxide. However, the same technique is ap- 
plicable to other materials. After depositing the desired 


‘material on the substrate, the photolithography process 
starts with spin coating the substrate with a photoresist. 
This is a polymeric photosensitive material that can be 
spun onto the wafer in liquid form (usually an adhe- 
sion promoter such as hexamethyldisilazane HMDS is 
used prior to the application of the resist). The spinnis 
speed and photoresist viscosity will determine the final 
resist thickness, which is typically between 0.52.5 jum. 
‘Two different kinds of photoresist are available: positive 
sand negative. In the positive resist, the UV-exposed ar- 
‘eas will be dissolved in the subsequent development 
stage, whereas in the negative photoresist, the exposed 
areas will remain intact after the development. Due to 
its better performance with regard to the process con- 
trol in small geometries, the positive resist is the most 
extensively used photoresist in the VLSI processes. Af 
ter spinning the photoresist on the waler, the substrate is 
soft baked (5~30 min at 60-100°C) in order to remove 
the solvents from the resist and improve the adhesion. 
Subsequently, the mask is aligned to the wafer and the 
photoresist is exposed to a UV source, 

Depending on the separation between the mask and 
the wafer, three different exposure systems are available: 
1) contact, 2) proximity, and 3) projection. Although 
contact printing gives better resolution compared to 
the proximity technique, the constant contact of the 
mask with photoresist reduces the process yield and 
can damage the mask. Projection printing uses a dual- 
lens optical system to project the mask image onto the 
wafer. Since only one die at a time can be exposed. this 
requires a step-and-repeat system to totally cover the 
wafer area. Projection printing is by far the most widely 
used system in microfabrication and can yield superior 
resolutions compared to contact and proximity meth- 
ods. The exposure source for photolithography depends 
on the resolution, Above 0.25 um minimum line width, 
high pressure mercury lamp is adequate (436nm g-line 
and 365 nmii-line). However, between 0.25 and 0.13 um, 
deep UV sources such as excimer lasers (248 um KrF 
and 193 nm ArF) are required, Although there has been 
extensive competition for the below 0.13 jm regime (in- 
‘cluding e-beam and X-ray), extreme UV (EUV) with 


Fig. 5.1 Lithography process flow 
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‘a wavelength of 10-14nm seems to be the preferred 
technique [5.4] 

After exposure, the photoresist is developed in a pro- 
ccoss similar to the development of photographic film. 
‘The resist is subsequently hard baked (20-30 min at 
120-180°C) in order to further improve the adhesion, 
‘The hard hake step concludes the photolithography se- 
quence by creating the desired pattern on the wafer. 
‘Next, the underlying thin film is etched, and the pho- 
toresist is stripped in acetone or other organic removal 
solvents. Figure 5.2 shows schematic drawing of pho- 
tolithography steps with a positive photoresist. 


5.1.2 Thin Film Deposition and Doping 


‘Thin-film deposition and doping are used extensively in 
‘micro/nanofabrication technologies. Most of the fabri- 


Sr 
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.2 Schematic drawing of the photolithographie steps 


‘with a positive photoresist (PR) 
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cated micro/nanostructures contain materials other than 
that of the substrate, which are obtained by various de- 
position techniques, or by modification of the substrate. 
‘The following is a list of a few typical applications 
for the deposited and/or doped materials used in mi- 
cro/nanofabrication that gives an idea of the required 
properties: 


Mechanical structure 
Electrical isolation 

Electrical connection 

Sensing or actuating 

Mask for etching and doping 

‘Support or mold during deposition of other materials 
(sacrificial materials) 

© Passivation 


Most ofthe deposited thin films have different prop- 
erties than those of their corresponding “bulk” forms 
(for example, metals show higher resistivities as thin 
films). In addition, the techniques utilized to deposit 
these materials have a great impact on ther final proper- 
ties. For instance, internal stress (compressive or tensile) 
ina film is strongly process-dependent, Excessive stress 
‘may crack or detach the film from the substrate and there- 
fore must be minimized, although it may also be useful 
for certain applications. Adhesion is another important 
issue that needs tobe taken into account when depositing 
thin films. In some cases such as the deposition of no- 
ble metals (eg., gold) an intermediate layer (chromium 
or titanium) may be needed to improve the adhesion 
Finally, step coverage and conformality are two prop- 
erties that can also influence the choice of deposition 
technique. Figure 5.3 illustrates these concepts 


Fig.5.3a-d Step coverage and conformality: (a) poor step cov- 
erage, (b) good step coverage, (c) nonconformal layer, and 


(4) conformal layer 
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Oxidation 
‘Oxidation of silicon isa process used to obtain a thin film 
of Si» of excellent quality (very low density of defects) 
and thickness homogeneity. Although it is not properly 
1 deposition, the result is the same, i-e., a thin layer 
‘of a new material covering the surface is produced. The 
oxidation process is typically carried out at temperatures 
in the range of 900°C to 1,200°C in the presence of O 
(dry oxidation) or HzO (wet oxidation). The reactions 
for oxide formation are: 


Sijsaisy + O24pus) = S}Or(0ta) 
and 


‘Sits + 2H20 eam) = SiO2(ons) + 2H24ga0) 


Although the rate ofthe oxide growth is higher for wet 
oxidation, iis achieved atthe expense of a lower oxide 
‘quality (density). Since silicon atoms fom the substrate 
Participate in the reaction, the substrate is consumed as 
the oxide grows (~ 44% ofthe total thickness ies above 
the line ofthe original silicon surface). The oxidation of 
silicon also occurs at oom temperature, however, layer 
Of ahout 20 (native oxide) is enough to passivate the 
surface and prevent further oxidation. To grow thicker 
lonides, wafers are introduced ito an electri resistance 
fumace such as the one represented in Fig. 5.1 Tens of 
wafers can be processed in a single batch in such equip- 
ment, By strictly controlling the timing, temperature, 
and gas flow entering the quartz tube, the desired thick- 
ness ean be achieved with a high accuricy. Thicknesses 
ranging froma few tens of Angstroms to 2yum can be 
‘oblained in reasonable times. Despite the good quality 
Of the SiOy obtained by silicon oxidation (also called 
thermal oxide), the use ofthis process is often limited 
to the early stages of Fabrication, since some of the ma- 
terials added during the formation of structures may not 
withstand the high temperatures. The contamination of 


Fig. 5.4 Schematic representation of a typical oxidation furnace 


the furnace when the substrates have been previously 
in contact with certain etchants such as KOH, or when 
materials such as metals have been deposited also pose 
limitations in most of the cases. 


Doping 
‘The introduction of certain impurities in a semicon- 
ductor can change its electrical, chemical, and even 
mechanical properties. Typical impurities, ar dopants, 
used in silicon include boron (to form p-type regions) 
and phosphorous or arsenic (to form n-type regions). 
Doping is the main process used in the microelectronic 
industry to fabricate major components such as diodes 
and transistors. In micro/nanofabrication technologies 
doping has additional applications such asthe Formation 
of piezoresistors for mechanical transducers and the ere- 
ation of etch stop layers. Two different techniques are 
used to introduce the impurities into a semiconductor 
substrate: diffusion and ion implantation, 

Diffusion isthe process that became dominant in the 
initial years following the invention of the integrated 
circuit to form n- and p-type regions in the silicon, 
‘The diffusion of impurities into the silicon accurs only 
at high temperatures (above 800 °C). Furnaces used to 
carry out this process are similar tothe oxidation ones. 
‘The dopants are introduced into the furnace’s gascous 
atmosphere from liquid or solid sources. Figure 5.5 il- 
lustrates the process of creating an n-type region by 
diffusion of phosphor from the surface into a p-type sub- 
strate, A masking material is previously deposited and 
patterned on the surface to define the areas to be doped. 
However, because diffusion is an isotropic process, the 
doped area will also extend underneath the mask. In 
‘microfabrication, diffusion is mainly used forthe forma- 
tion of very highly doped boron regions (p**), which 
are usually used as an etch stop in bulk micromachining. 

Jon implantation allows a more precise control ofthe 
{dose (total amount of impurities introduced per area unit) 


opant gas containing 
‘Phosphorus compounds 


Fig. 5.5 Formation of an n-type region on a petype silicon 
‘substrate by diffusion of phosphorous 
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and the impurity profile (concentration versus depth). In 
ion implantation, the impurities are ionized and acceles- 
ated toward the semiconductor surfuce. The penetration 
of impurities in the material follows a Gaussian distribu- 
tion. After implantation, an annealing process is needed. 
to activate the impurities and repair the damage in the 
crystal structure produced by the ion collisions. A drive- 
in process to redistribute the impurities performed in 
1a standard furnace such as the ones used for oxidation 
or diffusion may be required as well. 


Chemical Vapor Deposition and Epitaxy 
As its name suggests, chemical vapor deposition (CVD) 
includes all the deposition techniques using the reac- 
tion of chemicals in a gas phase to form the deposited 
thin film. The energy needed for the chemical reaction 
to occur is usually supplied by maintaining the sub- 
strate at elevated temperatures. Other alternative energy 
sources such as plasma or optical excitation are also 
used, with the advantage of requiring a lower tempera- 
ture atthe substrate, The most common CVD processes 
in microfabrication are LPCVD (low pressure CVD) and 
PECVD (plasma enhanced CVD) 

‘The LPCVD process is typically carried out in elee- 
trically heated tubes, similar to the oxidation tubes, 
equipped with pumping capabilities to achieve the 
needed low pressures (0.1 to 1.0tor). A large mum- 
ber of wafers can be processed simultaneousty, and 
the material is deposited in both sides of the wafers, 
‘The process temperatures depend on the material to 
be deposited, but generally are in the range of 550 
to 900°C. As in the oxidation, high temperatures and 
contamination issues can restrict the type of processes 
used prior to the LPCVD. Typical materials deposited 
by LPCVD include silicon oxide (eg... SICH: + 
2N20 = SiO +2N> +2HCI at 900°C), silicon nitride 
(e.g, 3SiHy + 4NHa => SisNa + 12H2 at 700-900°C), 
and polysilicon (e.g, SiH => Si+ 2H» at 600°C), Due 
to its faster etch rate in HF, in situ phosphorous-doped 
LPCVD oxide (phosphosilicate glass or PSG) is used 
extensively as the sacrificial layer in surface microma- 
chining. Conformality in this process is excellent, even 
for very high-aspect-ratio structures. Mechanical prop- 
erties of LPCVD materials are good compared to others 
such as PECVD, and LPCVD materials often used as 
structural materials in microfabricated devices. Stress in 
the deposited layers depends on the material, deposition 
conditions, and subsequent thermal history (e.g. post- 
deposition anneal). Typical values are: 100-300 MPa 
(compressive) for oxide, ~1GPa (tensile) for stoi- 
chiometric nitride, and ~ 200-300MPa (tensile) for 
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polysilicon, The stress in nitride layers can he reduced 
to nearly zero by using a silicon-rich composition, Since 
the stress values can vary aver a wide range, one has to 
‘measure and characterize the internal stress of deposited 
thin films for any specific equipment and deposition 
conditions. 

‘The PECVD process is performed in plasma sys- 
tems such as the one represented in Fig, 5.6. The use 
of RF energy to create highly reactive species in the 
plasma allows for the use of lower temperatures at 
the substrates (150 to 350°C), Parallel-plate plasma 
reactors normally used in microfabrication can only 
process a limited number of wafers per batch. The 
‘wafers are positioned horizontally on top of the lower 
electrode, so only one side gets deposited. Typical ma- 
terials deposited with PECVD include silicon oxide, 
nitride, and amorphous silicon, Conformality is good 
for low-aspect-ratio structures, but becomes very poor 
for deep trenches (20% of the surface thickness inside 
through-wafer holes with aspect ratio of ten). Stress 
depends on deposition parameters and can be either 
compressive or tensile. PECVD nitrides are typically 
non-stoichiometric (SiyN,) and are much less resistant 
to etchants in masking applications. 

Another interesting type of CVD is epitaxial growth, 
In this process, a single crystalline material is grown as 
fan extension of the crystal structure of the substrate. 
It is possible to grow dissimilar materials if the erys- 
tal structures are somehow similar (lattice-matched). 
Silicon-on-sapphire (SOS) substrates and some het- 
cerostructures are fabricated in this way. However, most 
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‘To vacuum pump 


Fig.5.6 Schematic representation of a typical PECVD 
system 
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‘common in microfabrication is the growth of silicon 
‘on another silicon substrate, Of particular interest for 
the formation of microstructures is the selective epi- 
taxial growth, In this process the silicon crystal is 
allowed o grow only in windows patterned on a masking 
material. Many CVD techniques have been used to pro- 
duce epitaxial growth, The most common for silicon is 
thermal chemical vapor deposition or vapor phase epi- 
taxy (VPE). Metallorganic chemical vapor deposition 
(MOCVD) and molecular beam epitaxy (MBE) are the 
‘most common for growing high quality II-V compound 
layers with nearly atomic abrupt interfaces. The former 
uses vapors of organic compounds with group II atoms 
such as trimethylgallium [Ga(CHs)3] and group V hy- 
drides such as AsHs in a CVD chamber with fast gas 
switching capabilities, The later typically uses molecu- 
Jar beams from thermally evaporated elemental sources 
aiming at the substrate in an ultrahigh vacuum chamber. 
Inthis case, rapid on/off control ofthe beams is achieved 
by using shuttersin front ofthe sources. Finally, it should 
be mentioned that many metals (molybdenum, tanta- 
Jum, titanium, and tungsten) can also be deposited using 
LPCVD. These are attractive for their low resistivities 
and their ability to form silicides with silicon, Due to its 
application in the new interconnect technologies, copper 
(CVD is an active area of research 


Physical Vapor Deposition 

(Evaporation and Sputtering) 

In physical deposition systems the material to be de- 
posited is transported from a source to the wafers, both 
being in the same chamber. Two physical principles are 
used to do so: evaporation and sputtering, 

In evaporation, the source is placed in a small con- 
tainer with tapered walls, called a crucible, and heated up 
to a temperature at which evaporation ogcurs, Various 
techniques are utilized to reach the high temperatures 
needed, including the induction of high currents with 
coils wound around the crucible and the bombardment of 
the material surface with an electron beam (e-beam evap- 
‘rators). This process is mainly used to deposit metals, 
although dielectrics can also be evaporated. In atypical 
system, the crucible is located at the bottom of a vac- 
tuum chamber, whereas the wafers are placed lining the 
‘dome-shaped ceiling of the chamber, Fig, 5.7. The main 
characteristic ofthis pracess is very poor step coverage, 
including shadow effects, as illustrated in Fig. 5.8. AS 
will be explained in subsequent sections, some microfab- 
Fication techniques utilize these effects to pattern the de- 
posited layer, One way toimprove the step coverage is by 
rotating and/or heating the wafers during the deposition. 


Fig. 5.7 Schematic representation of an electron-beam de- 


Ul 


Fig. 5.8 Shadow effects observed in evaporated films. Ar- 
rows show the trajectory of the material atoms. being 
deposited 


In sputtering, target of the material to be de- 
posited is bombarded with high-energy inert ions 
(usually argon). The outcome of the bombardment is 
that individual atoms or clusters are removed from 
the surface and ejected toward the wafer. The physi- 
cal nature of this process allows its use with virtually 
any existing material. Examples of interesting mater- 
jals for microfabrication that are frequently sputtered 
include metals, dielectrics, alloys (such as shape mem- 
ory alloys), and all kinds of compounds (for example, 
piezoelectric PZT). The inert ions bombarding the tar- 
get are produced in DC or RF plasma, In a simple 
parullel-plate system, the top electrode is the tar 
get and the wafers are placed horizontally on top 
of the bottom electrode. In spite of its lower de- 
position rate, step coverage in sputtering is much 
better than in evaporation. Yet, the films obtained 


Springer Handbaok a Nanstechnaigy 
Penge tnuchon © sprnger 200 


8 


8 


Introduction to MicrolNanofabrication 


5.1 Basic Micrafabrication Techniques 


9 Typical cross section evolution of a wench while 
being filled with sputter deposition 


with this deposition process are nonconformal. Fig- 
ure 5.9 illustrates successive sputtering profiles in 
trench, 

Both evaporation and sputtering systems are often 
capable of depositing more than one material simulta- 
neously or sequentially. This capability is very useful in 
obtaining alloys and multilayers (e.g., multilayer mag- 
netic recording heads are sputtered). For certain low 
reactivity metals such as Au and Pt, the previous deposi- 
tion of «thin layer of another metal is needed to improve 
the adhesion, Ti and Cr are two frequently used adhe- 
sion promoters. Stress in evaporated or sputtered layers 
istypically tensile. The deposition rates are much higher 
than most CVD techniques. However, due to stress ae- 
cumulation and cracking, a thickness beyond 2 um is, 
rarely deposited with these processes. For thicker de- 
positions a technique described in the next section is 
sometimes used, 


Electroplating 
Electroplating (or electrodeposition) is a process typi- 
cally used to obtain thick (Lens of micrometers) metal 
structures, The sample to be electroplated is introduced 
in a solution containing a reducible form of the ion of 
the desired metal and is maintained at a negative poten- 
tial (cathode) relative to a counter electrode (anode). The 
ions are reduced at the sample surface and the insolu- 
ble metal atoms are incorporated into the surface. As an 
example, copper electrodeposition is frequently done in 
copper sulfide-hased solutions. The reaction taking place 
at the surface is Cu°+ +2e~ — Cuy,). Recommended 
current densities for electrodeposition processes are on 
the order of 5 to 100mA fem’, 

As can be deduced from the process mechanism, the 
surface to be electroplated has to be electrically condue- 
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tive and preferably of the same material as the deposited 
one if a good adhesion is desired. In order to electrode- 
posit metals on top of an insulator (the most common 
ccase) a thin film of the same metal, called the seed layer, 
is previously deposited on the surface. Masking of the 
seed layer with a resist permits selective electroplatingat 
the patterned areas. Figure 5.10 illustrates a typical se- 
quence of the steps required to obtain isolated metal 
structures, 


5.1.3 Etching and Substrate Removal 


‘Thin film and bulk substrate etching is another fabrica- 
tion step that is of fundamental importance to both VLSI 
processes and micro/nanofabrication. In the VLSI area, 
various conducting and dielectric thin films deposited 
{for passivation or masking purposes must be removed at 
some point or another. In micro/nanofabrication, in addi- 
tion to thin film etching, very often the substrate (silicon, 
glass, GaAs, etc.) also needs to be removed in or- 
der to create various mechanical micro-/nanostructures 


(beams, plates, etc.). Two important figures of merit for 
any etching process are selectivity and directionality. 
Selectivity is the degree to which the etchant can differ- 
entiate between the masking layer and the layer to be 


) 


Fig.5.10a-d Formation of isolated metal structures by 
electroplating through a mask: (a) seed layer deposition, 
{(b) photoresist spinning and patterning (c) electroplating, 
(4) photoresist and seed layer stripping 
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rates. Metals can be etched using various combinations 
of acids and base solutions. There are also many com 
mercially available etchant formulations for aluminum, 
chromium, and gold that can be used easily. A com- 
prehensive table of various metal etchants can be found 
in [5.5] 

‘Anisotropic and isotropic wet etching of crys- 
talline silicon and gallium arsenide) and non-crystalline 
(lass). substrates. are important topics in_micro/ 
nanofabrication [5.6-10]. In particular, the realization 
of the possiblity of anisotropic wet etching of silicon is 
considered the beginning of the micromachining and 


Silicon Silicon 


5.M1a,b Profile forisotropic (a) and anisotropic (b) etch 
through a photoresist (PR) mask 


‘These are all anisotropic etchants that attack silicon 
along preferred crystallographic directions. In addition, 
they all show a marked reduction in the etch rate in 
heavily doped (> 5x 10! em) boron (p**) regions. 
‘The chemistry behind the action of these etchants is 
not yet very clear, but it seems that silicon atom oxi 

tion at the surface and its reaction with hydroxyl ions 
(OH) are responsible for the formation of a soluble 
silicon complex (SiO>(OH)?-). The etch rate depends 
on the concentration and temperature and is usually 
around I jim/min at temperatures of 85—115°C. Com- 
‘mon masking materials for anisotropic wet etchants are 
silicon dioxide and nitride, the latter being superior for 
longer etch times. The crystallographic plane which 
shows the slowest etch rate is the (111) plane. Although 
the lower atomic concentration along these planes have 
been speculated as the reason for this phenomenon, the 
evidence is inconclusive, and other factors must be in- 
cluded to account for this remarkable etch stop property. 
‘The anisotropic behavior of these etchants with respect 
to the (111) planes have been used extensively to create 
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a) (40) 
= Silicon 
b) (100) 


‘12a, Anisotropic etch profiles for: (a) (100) and 
(b) (110) silicon wafers 


beams, membranes, and other mechanical and structural 
components. Figure 5.12 shows the typical cross sec- 
tions of (100) and (110) silicon wafers etched with an 
anisotropic wet etchant. As can be seen, the (111) slow 
planes are exposed in both situations, one creating 54.7° 
sloped sidewalls in the (100) wafer and the other cre- 
ating vertical sidewalls in the (110) wafer. Depending 
oon the dimensions of the mask opening, a V-groove or 
‘trapezoidal trench is formed in the (100) wafer. A large 
enough opening will allow the silicon to be etched all 
the way through the wafer, thus creating a thin dielectric 
‘membrane of the other side. It should be mentioned that 
exposed convex corners have a higher etch rate than the 
concave ones, resulting in an undercut that can be used 
to create dielectric (e.g., nitride) cantilever beams. Fig- 

13 shows a cantilever beam fabricated using the 
convex comer undercut on a (100) wafer. 

‘The three above mentioned etchants show different 
directional and dopant selectivities. KOH has the best 
(11) selectivity (400/1) followed by TMAH and EDP. 
However, EDP has the highest selectivity with respect, 
to the deep boron diffusion regions. Safety and CMOS 
compatibility are other important criteria for choosing 


>= 5 = 


Silicon 


Conver commer undercut 


13 Top view and cross section of a dielectric ean- 
tilever beam fabricated using convex corner undercut 
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1 particular anisotropic etchant, Among the three men- 
tioned etchants TMAH is the most benign, whereas EDP. 
is extremely corrosive and carcinogenic. Silicon can be 
dissolved in TMAH in order to improve its selectiv- 
ity with respect to aluminum. This property has made 
"TMAH very appealing for post-CMOS micromachining 
{for which aluminum lines have to be protected. Finally, 
it should be mentioned that one can modulate the etch 
rate using a reverse biased p-n junction (electrochemical 
etch stop). Figure 5.14 shows the setup commonly used 
to perform electrochemical etching. The silicon wafer 
under etch consists of an n-epi region on a p-type sub- 
strate. Upon the application of a reverse bias voltage 
to the structure (p-substrate is in contact with the solu- 
tion and n-epi is protected using a water tight fixture). 
the p-substrate is etched away. When the n-epi regions 
are exposed to the solution, an oxide passivation layer 
is formed and etch is stopped. This technique can be 
used to fabricate single-crystalline silicon membranes 
for pressure sensors and other mechanical transducers, 


Dry Etching 
Most dry etching techniques are plasma-based. They 
have several advantages compared with wet etching. 
‘These include smaller undercut (allowing smaller lines 
to be patterned) and higher anisotropicity (allowing 
high-aspect-ratio vertical structures). However, the se- 
lectivity of dry etching techniques is lower than the wet 
ctchants, and one must take into account the finite etch 
rate of the masking materials. The three basic dry etching 
techniques, namely, high-pressure plasma etching, reac- 
tive ion etching (RIE), and ion milling utilize different 
‘mechanisms to obtain directionality 

on milling is a purely physical process that utilizes 
accelerated inert ions (e.g., Ar*) striking perpendic- 


ln-cpi Ipsubstrte [Counter electrode 


Fig. 5.14 Electrochemical etch setup 
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ular to the surface to remove the material (pressure 
~10~~10" ton), Fig. 5.15a. The main characteris- 
tics of this technique are very low etch rates (on the 
order of a few nanometers per minute) and poor se- 
lectivity (close to 1:1 for most materials); hence it is 
‘generally used to etch very thin layers. In high-pressure 
(10~!-5 torr) plasma etchers, highly reactive species 
are created that react with the material to be etched. The 
products of the reaction are volatile, so that they dif- 
fuse away and new material is exposed to the reactive 
species. Directionality can be achieved. if desired, with 
the sidewall passivation technique (Fig. 5.15b). In this 
technique, nonvolatile species produced in the chamber 
deposit and passivate the surfaces, The deposit can only 
be removed by physical collision with incident ions. 
Because the movement of the ions has a vertical direc- 
tionality, the deposit is removed mainly at the horizontal 
surfaces, while the vertical walls remain passivated. In 
this fashion, the vertical etch rate becomes much higher 
than the lateral one, 


b) elon ‘@Nonvolatile species 
P Volatile product 


9 elon Activated gPVolatle 
Material atom ° ‘material stom ~ product 


Fig.5.15a~c Simplified representation of etching mechanisms for 
(a) ion milting,(b) high-pressure plasma etching, and (c) RIE 


‘The RIE etching, also called ion-assisted etching, 
is a combination of physical and chemical processes. 
In this technique, the reactive species react with the 
material only when the surfaces are “activated” by 
the collision of incident ions from the plasma (e.g., 
by breaking bonds at the surface). As in the previ- 
ous technique, the directionality of the ion's velocity 
produces many more collisions in the horizontal sur- 
faces than in the walls, thus generating faster etching 
rates in the vertical direction (Fig. 5.15c). To further in- 
‘crease the etch anisotropy, sidewall passivation methods 
in some cases, are also used. An interesting case is the 
deep reactive ion etching (DRIE) technique, capable of 
achieving aspect ratios of 30:1 and silicon etching rates 
of 2 to 3j.m/min (through-wafer etch is possible). In 
this technique, the passivation deposition and etching 
steps are performed sequentially in a two-step cycle, as 
shown in Fig. 5.16. In commercial silicon DRIE etch- 
cers, SFi/Ar is typically used for the etching step and 
a combination of Ar and a fluoropolymer (nCF2) for 
the passivation step. A Teflon-like polymer about 50 nm 
thick is deposited during the latter step, covering only 
the sidewalls (Ar* ion bombardment removes the Teflon 
on the horizontal surfaces). Due to the cyclic nature of 
this process, the sidewalls of the etched features show 
a periodic “wave-shape” roughness in the range of 50 
to 400nm. 

Dry etching can also be performed in non-plasma 
‘equipment if the etching gases are reactive enough. 
‘The so-called vapor phase etching (VPE) processes can 
be carried out in a simple chamber with gas feeding 
and pumping capabilities. Two examples of VPE are 
xenon difluoride (XeF) etching of silicon and HF-vapor 
etching of silicon dioxide. Due to its isotropic nature, 
these processes are typically used for etching sacrificial 
layers and releasing structures while avoiding stiction 
problems (see Sects. 5.2.1 and 5.2.2), 


a) b) 
ee 
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= — 
Fig 5.16a~d DRIE cyclic process: (a) photoresist patern- 


ing, (b) etch step, (¢) passivation step, and (d) etch step 
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ADPDT pushbutton could be substituted for the 
latching relay if manual control, only, is accepta- 
ble, However, in this scenario, sustained pressure 
on the pushbutton would be necessary to move 
the motor arm all the way to the opposite end of 
its travel. A DPDT switch might be more appro- 
priate than a pushbutton. 


Logic Circuits 

Logic circuits that depend purely on switchescan 
be constructed (for example, to add binary num- 
bers) but are rare and have no practical applica- 
tions. The most familiar and simplest example of 
manually switched logic is a pair of SPDT 
switches in house wiring, one positioned at the 
top of a flight of stairs and the other at the bot- 
tom, as shown in Figure 6-21. Either switch will 
turn the light on if itis currently off, or off if itis 
currently on, To extend this circuit by incorpo- 
rating a third switch that has the same function 
asthe othertwo, a DPDT switch must be inserted. 
See Figure 6-22. 


Figure 6-21. SPOT switches are commonly used in house 
wiring sa that either of them will turn a shared light an if 
‘s off, oroffit ison. 


Figure 6-22. A DPDT switch must be inserted if three 
switches must have identical function to contral the on-oft 
state of a single light bul. 


What Can Go Wrong 


Alternatives 

‘As microcontrollers have become cheaper and 
more ubiquitous, they have taken over many 
functions in electronic products that used to be 
served by switches, A menuing system driven by 
a microcontroller can use one rotational en- 
coder with a SPST pushbutton built into it to se- 
lectand adjust numerous parameters in a device 
such as a car stereo, where functions were once 
selected and adjusted by individual switchesand 
potentiometers, The rotational-encoder o| 
takes up less space, is cheaper to build (assuming 
a microcontroller is going to be used in the de- 
vice for other purposes anyway), and can be 
more reliable, as it reduces the number of elec- 
tromechanical parts. Whether itis easier to use is 
a matter of taste. Cost and ergonomics may be 
the primary factors to consider when choosing 
where and how to use switches. 


What Can Go Wrong 


The contacts inside a switch will be rapidly ero- 
ded if arcing (pronounced “arking") occurs. An 
electric arc is a spark that tends to form when a 
switch is opened while conducting a high cur- 
rent or high voltage (typically 10A or more and 
100V or more). The most common cause is an 
inductive load that generates back-EMF when it 
is switched on and forward-EMF when it is 
switched off, The surge can be many times the 
amperage that the load draws during continu- 
ous operation, In DC circuits, arcing can be re- 
duced by using a rectifier diode in parallel with 
the load (with its polarity blocking normal cur- 
rent flow). This is often referred to as a flyback 
diode or freewheeling diode. In AC circuits, where 
a diode cannot be used in this way, a snubber (a 
simple combination of capacitor and resistor) 
may be placed around the load. A snubber can 
also be used around the switch itself, in DC cir- 
cuits. See “Snubber” (page 108). 
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Table 5.1 ‘Typical dry etch chemistries 


Si CRY/02, CF2Ch, CF:Cl, SFe/O2/Ch, 
Cl/Hy/C2Fe/CCly, C2CIFs/02, Bra, 
SiF,/Os, NF5, CIF3, CCly, CChFs, 
C2CIFs/SFo, CoFe/CF3Cl, CFsCVBr 


SiO» CEy/Hz, C2F, C33, CHFs/O2 

SisNg (CEy/O2/Hp, CF, C3Fs, CHF 

Organics 2, CFy/O2, SFs/O2 

Al BChs, BCl/Chs, CCL/Cly/BCh, 
SiCL/Ch. 

Silicides CF 4/02, NFs, SFo/Cla, CF/Clz 

Refractories. CF\/O2, NFy/H, SFs/O2 

GaAs BCIy/Ar, Cla/On/Ha, CCIHs/H 
Hp, CHy/Hp, CCIF2/02/Ar/He 

InP (CHy/Hy, CoH o/Ho, Ch/Ar 

Au GChFi, Ch, CIF; 


Most importantly, materials can be etched with the 
aforementioned techniques, and for each material a va- 
riety of chemistries is available. Table 5.1 lists some 
of the most common materials along with selected etch 
recipes [5.11]. For each chemistry, the etch rate, di- 
rectionality, and selectivity with respect to the mask 
‘materials depend on parameters such as the flow/rates 
of the gases entering the chamber, the working pressure, 
and the RF power applied to the plasma. 


5.1.4 Substrate Bonding 


Substrate (wafer) bonding (slicon-slicon,slicon-glass, 
and glass-glass) is among the most important fabrica- 
tion techniques in microsystem technology [5.12, 13] 
I is frequently used to fabricate complex 3-D struc- 
tures both as a functional unit and as part of the final 
‘microsystem package and encapsulation, The two most 
important bonding techniques are silicon-silicon fusion 
(orsilicon direct bonding) and silicon-glass electrostatic 
(or anodic) bonding. In addition to these techniques, 
several other alternative methods that utilize an interme- 
diate layer (eutectic, adhesive, and glass frit) have also 
been investigated. All these techniques can be used to 
bond the substrates at the wafer level. In this chapter, 
‘we will only discuss wafer-level techniques and will not 
treat the device level bonding methods (cg., e-beam and 
laser welding). 
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Silicon Direct Bonding 
Direct silicon, or fusion bonding, is used in the 
fabrication of micromechanical devices and silicon-on- 
insulator (SON) substrates. Although itis mostly used to 
bond two silicon wafers with or without an oxide layer, 
it has also been used to bond different semiconductors 
such as GaAs and InP [5.13]. One main requirement 
fora successful bond is sufficient planarity (< 10A sur- 
face roughness and <5 yum bow across a 4” wafer) and 
cleanliness of the surfaces. In addition, thermal expan- 
sion mismatch also needs to be considered if bonding of 
two dissimilar materials is contemplated. The bonding 
procedure is as follows: The silicon- or oxide-coated sil- 
icon wafers are first thoroughly cleaned. Subsequently, 
the surfaces are hydrated (activated) in HF or boiling 
nitric acid (RCA clean also works). This renders the 
surfaces hydrophilic by creating an abundance of hy- 
droxyl ions. Then the substrates are brought together in 
close proximity (starting from the center to avoid the 
void formation). The close approximation of the bond- 
ing surfaces allows the short-range attractive yan der 
‘Waals forces to bring the surfaces into intimate contact, 
‘onan atomic scale. Following this step, a hydrogen bond. 
between the two hydroxyl-coated silicon wafers bonds 
the substrates together, These steps can be performed 
at room temperatures; however, in order to increase the 
bond strength a high temperature (800~ 1,200 °C) anneal 
is usually required. A big advantage of silicon fusion 
bonding is the thermal matching of the substrates, 


Anodic Bonding 
Silicon-glass anodic (electrostatic) bonding is another 
‘major substrate joining technique that has been used 
extensively for microsensor packaging and device fabri- 
cation. The main advantage of this technique is its lower 
bonding temperature, which is around 300-400°C. Fig- 
ure 5.17 shows the bonding setup. A glass wafer (usually. 
Pyrex 7740 for its thermal expansion match to silicon) 


Fig. 5.17 Glass-to-silicon anodic bonding setup 
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is placed on top of a silicon wafer, and the sandwich 
is heated to 300-400°C. Subsequently, a voltage of 
‘~ 1,000 V is applied to the glass-silicon sandwich with 
the glass connected to the cathode. The bond starts im- 
‘mediately after the application of the voltage and spreads 
outward from the cathode contact point. The bond can 
be visually observed as a dark greyish front that expands 
throughout the wafer. 

‘The bonding mechanism is as follows: During the 
beating period, glass sodium ions move toward the cath- 
ode and create a depletion layer at the silicon-glass 
Interface, A strong electrostatic force is therefore created 
atthe interface that pulls the substrates into intimate con- 
tact. The exact chemical reaction responsible for anodic 
bonding is not yet clear, but covalent silicon oxygen 
bond at the interface seems to be responsible for the 
bond. Silicon-to-silicon anodic bonding using sputtered 
or evaporated glass interlayer is also possible 


Bonding with Intermediate Layers 
Various other wafer bonding techniques utilizing an 
intermediate layer have also been investigated [5.13] 
Among the most important ones are adhesive, eutectic, 
and glass frit bonds, Adhesive bond using a polymer 
(eg. polyimides, epoxies, thermoplast adhesives, and 
photoresist) in between the wafers has been used 10 
join different wafer substrates [5.14]. Complete curing 
(inanoven or using dielectric heating) of the polymer be- 
fore or during the bonding process prevents subsequent 
solvent outgas and void formation. Although reasonably 
high bonding strengths can be obtained, these bonds are 
non-hermetic and unstable overtime 

Inthe eutectic bonding process, gold-coated sili- 
con wafers are bonded together at temperatures greater 
than the silicon-gold eutectic point (363°C, 2.85% sil- 
jcon and 97.1% Au) [5.15]. This process can achieve 
high bonding strength and good stability at relatively 
low temperatures, For good bond uniformity, silicon 
dioxide must be removed from the silicon” surface 
prior to the deposition of the gold, In addition, all 
Organic contaminants on the gold surface must be re- 
moved (using UV light) prior to the bond, Pressure 
should also be applied in order to achieve a better 
contact. Although eutectic bond can be accomplished 
at low temperatures, achieving uniformity over large 
areas has proven to be challenging. More recent! 
localized silicon-gold eutectic bonding has been re 
ported. In this technique, a silicon cap is bonded 
to another silicon wafer having a gold micro-heater 
(0.27A current for a bonding temperature of about 
800°C), Fig. 5.18 [5.16] 
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Fig. 5.18 Eutectic bonding with localized heating 


Gilass ffit can also be used as an interlayer in sub- 
strate bonding, In this technique, first a thin layer of 
glass is deposited and pre-glazed. The glass-coated sub- 
strates are then brought into contact, and the sandwich 
is heated to above the glass melting temperature (typi- 
cally < 600°C). Like in the eutectic process, pressure 
must be applied for adequate contact [5.17] 


Bond Characterization 
‘Two major characterization techniques for substrate 
bonding evaluation are: 1) visual inspection and 2) blade 
test [5.12]. Once the bond has been completed, the 
bonding surfaces can be visually inspected for the 
presence of voids, cracks, and nonuniformity. The 

ass anodic bond interface does not require 
any particular imaging instrument and can be inspected 
with an unaided eye or under a light microscope. 
However, infrared imaging, X-ray photography, and ul- 
trasonic methods are necessary for opaque substrates 
(mainly silicon-silicon), Although infrared transmission 
has some resolution limits due to its wavelength, it 


Fig. 5.19 Blade test technique forthe measurement of bond 
strength 
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is the most common tool in bond inspection and of- 
fers a quality technique with a simple IR source and 
aCCD camera 

‘The blade test is often performed in order to es- 
timate the specific surface energy (and hence bond 
strength), Fig.5.19. In this test, a blade is inserted be- 
tween the bonded substrates and a crack is induced. 
‘The length of the crack is then measured and the spe- 
cific surface energy is calculated using the following 
equation [5.18 


3B y? 


5.2 MEMS Fabrication Techniques 


In this section, we will discuss various important 
‘MEMS fabrication techniques commonly used to build 
various. microdevices (microsensors and microactu- 
ators) [56-10]. The dimensional spectrum of the 
‘microstructures that can be fabricated using these tech- 
niques span from Imm to 1jim, As mentioned in 
the introduction, we will mostly emphasize the more 
important techniques and will not discuss specialized 
methods. 


5.2.1 Bulk Micromachining 


Bulk micromachining is the oldest MEMS technol- 
ogy and hence probably one of the more mature 
ones (5.8, 9]. It is currently by far the most com- 
‘mercially successful one, helping manufacture devices 
such as pressure sensors and ink-jet print heads. Al- 
though there are many different variations, the basic 
concept behind bulk micromachining is selective re- 
‘moval of the substrate (silicon, glass, GaAs, etc). This 
allows the creation of various micromechanical com- 
ponents such as beams, plates, and membranes that 
can be used to fabricate a variety of sensors and 
actuators. The most important microfabrication tech- 
niques used in bulk micromachining are wet and dry 
etch and substrate bonding. Although one can use dif- 
ferent criteria in dividing the bulk micromachining 
techniques into separate categories, we will use a his- 
torical time line for this purpose. Starting with the more 
traditional wet etching techniques, we will proceed to 
the more recent ones that use deep RIE and wafer 
bonding, 
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where g is the surface energy (erg/em?), E is the 
‘Young's modulus of substrate (dyne /em), isthe thick- 
ness of the wafer, y is the half-thickness of the blade, 
and L. is the crack length. The crack length is usually 
‘measured using the interference fringes parallel to the- 
blade edge under an IR light source, A semi-quantitative 
technique for evaluation of the bond strength is the pull 
test. This technique is based on using a test fixture (or 
tensometer) for measuring the force required to pull two 
bonded substrates apart. The pull test is more effective 
fon small samples and can be used to compare differ- 
ent bonding techniques without the need to accurately 
‘measure the surface energy, 


Bulk Micromachining 
Using Wet Etch and Wafer Bonding 
‘The use of anisotropic wet etchants to remove silicon 
can be regarded as the beginning of the micromachining 
era, Back side etch was used to create movable struc- 
tures such as beams, membranes, and plates, Fig. 5.20. 
Initially, the etching was timed to create a specified 
thickness. However, this technique proved inadequate 
in creating thin structures (<20 im), Subsequent use 
of various etch stop techniques allowed the creation of 
thinner membranes in a more controlled fashion. As 
‘mentioned in Sect. 5.1.3, heavily doped boron regions 
and electrochemical bias can be used to drastically slow 
down the etch process and hence create controllable 
thickness microstructures. Figure 5.21a,b show the cross 
section of two piezoresistive pressure sensors fabricated 
using electrochemical and P** etch stop techniques, 
‘The use of the P** method requires the epitaxial growth 
of a lightly doped region on top of a P** etch stop layer. 


Fig. 5.20 Wet anisotropic silicon back side etch 
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‘This layer is subsequently used for the placement of 
piezeoresistors. However, if no active component is re- 
quired, one can simply use the P*+ region to create 
a thin membrane, Fig. 5.21c 
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Fig. 5.21a-c Wet micromachining etch stop techniques: 
(a) electrochemical with n-epi on p substrate, (b) P** etch 
and (c) P+ etch stop without n-epi 
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Fig. 5.22 Freestanding microstructure fabrication using 
deep and shallow boron diffusions and EDP release 


‘The P+* etch stop technique can also be used to ere- 
ate isolated thi silicon structures through the dissolution 
of the entre lightly doped region [5.19]. This technique 
was successfully used to fabricate silicon recording and 
stimulate electrodes for biomedical applications. Fig- 
ure 5.22 shows the cross section of such a process that 
relies on deep (15~20 jm) and shallow boron (2~5 um) 
diffusion steps to create microelectrodes with flexible 
‘connecting ribbon cables. An extension of this process 
that uses a combination of P** etch stop layers and 
silicon-glass anodic bonding has also been developed. 
This process is commonly known as the dissolved wafer 
process and has been used to fabricate a variety of mi- 
‘erosensors and microactuators [5.20]. Figure 5.23 shows 
the cross section of this process. Figure 5.24 shows an 
SEM photograph of a micro-accelerometer fabricated 
using the dissolved wafer process. 

Itisalso possible to merge wet bulk micromachining 
and microelectronics fabrication processes to build mi- 


) 


Glass 
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Fig. 5.23a-e Dissolved wafer process sequence, (a) KOH 
etch, (b) deep B diffusion, (¢) shallow B diffusion, 
(d) siicon-glass anodic bond, and (e) release in EDP 
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Fig. 5.24 SEM photograph of a micro-accelerometer fab- 
ricated using the dissolved wafer process [5.20] 


Suspension beam| 


Fig.5.25 Suspended island created on a prefabricated 
CMOS chip using front-side wet etch and electrochemical 
etch stop 


cromechanical components on the same substrate as the 
integrated circuits (CMOS, Bipolar, or BICMOS) [5.21]. 
‘This is very appealing since it allows the integration of 
interface and signal processing circuitry with MEMS 
structures on a single chip. However, important fabri- 
cation issues such as process compatibility and yield 
have to be carefully considered. Among the most pop- 
ular techniques in this category is the post-processing 
of the CMOS integrated circuits by front side etching in 
‘TMAH solutions. As mentioned previously, silicon-rich 
‘TMAH does not attack aluminum and therefore can be 
used to undercut microstructures in an already processed 
CMOS chip. Figure 5.25 shows a schematic of such a 
process in which front side wet etch and electrochemical 
etch stop have been used to produce suspended beams. 
This technique has been used extensively to fabricate 
2 variety of microsensors (e.g., humidity, gas, chem- 
ical, and pressure). Figure 5.26 shows a photograph of 
‘a past-CMOS processed chemical sensor. 
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Fig.5.26 Photograph of a postCMOS processed can- 
lever beam resonator for chemical sensing [5.21] 


Bulk Micromachining Using Dry Etch 
Balk silicon micromachining using dry etch is a very 
attractive alternative to the wet techniques described in 
the previous section, These techniques were developed 
in the mid-1990s, following the successful efforts to de- 
velop processes for anisotropic dry silicon etch. More 
recent advances in deep silicon RIE and the availabil- 
ity of SOI wafers with a thick top silicon layer have 
increased the application of these techniques. These 
techniques allow the fabrication of high-aspect-ratio 
Yertical structures in isolation or along with on-chip 
electronics. Process compatibility with active microelec- 
tronics is less of a concer in dry methods, since many 
of them do not damage the circuit or its interconnect. 
‘The most simple dry bulk micromachining technique 
relies on the front side undercut of microstructures using 
‘XeF> vapor phase etch [5.22]. Asmentioned before, this, 
however, is an isotropic etch and, therefore, has a lim- 
ited application. A combination of isotropic/anisotropic 
dry etch is more useful and can be used to cre- 
ate a variety of interesting strictures. Two successful 
techniques using this combination are single-crystal re- 
active etching and metallization (SCREAM) [5.23] and 
post-CMOS dry release using aluminum/silicon dioxide 
laminate [5.24]. The first technique relies on the combi- 
nation of isotropic/anisotropic dry etch to create single 
crystalline suspended structures. Figure 5.27 shows the 
cross section of the process. It starts with an anisotropic 
(C1z/BCh) siliconetch using an oxide mask (Fig.5.27b), 
This is followed by a conformal PECVD oxide depo- 
sition (Fig. 5.27c). Subsequently, an anisotropic oxide 
etch is used to remove the oxide at the bottom of the 
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‘SEM photograph of a structure fabricated 
using SCREAM process: (a) comb-drive actuator, (b) sus- 
pended spring, (c) spring support, (d) moving suspended 
capacitor plate, and (e) fixed capacitor plate [5.25] 
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Fig. 5.29 Cross section of the process flow for the post-CMOS dry 
microstructure fabrication 


trenches leaving the sidewall oxide intact (Fig, 5.274). 
Atthis stage, an isotropic silicon etch (SF) is performed 
that results in undercut and release of the silicon struc- 
tures (Fig.5.27e). Finally, if electrostatic actuation is 
desired, 1 metal can be sputtered to cover the top and 
sidewall of the microstructure and the bottom of the c 
ity formed below it (Fig.5.271). Figure 5.28 shows an 
SEM photograph of a comb-drive actuator fabricated 
using SCREAM technology. 

The second dry release technique relies on the 
masking capability of aluminum interconnect lines in 
a CMOS integrated circuit to create suspended mi- 
crostructures. Figure 5.29 shows the cross section of this 
process. As can be seen, the third level Al of a prefab- 
Ficated CMOS chip is used as a mask to anisotropically 
etch the underlying oxide layers all the way to the 
silicon (CHF:/O>), Fig.5.29b. This is followed by an 
anisotropic silicon etch to create a recess in the sili- 
con, which will be used in the final step to facilitate the 
undercut and release, Fig. 5.29¢. Finally, an isotropic sil- 
icon etch is used to undercut and release the structures, 
Fig. 5.29d. Figure 5.30 shows an SEM photograph of 
a comb-drive actuator fabricated using this technology. 

In addition to the methods described above, recent 
advancements in the development of deep reactive ion 
etching of silicon (DRIE, see Sect. 5.1.3) have created 
new opportunities for dry bulk micromachining tech- 
niques (see Sect. 5.2.3). One of the most important ones 
uses thick silicon SOL wafers that are commercially 
available in various top silicon thicknesses [5.26]. Fig- 
ure 5.31 shows the crass section of a typical process 
using DRIE and SOI wafers. The top silicon layer is 
patterned and etched all the way to the buried oxide, 
Fig. 5.31b, The oxide is subsequently removed in HF, 
releasing suspended single crystalline microstructures, 
Fig. 5.3lc. In a modification of this process, the sub- 
strate can also be removed from the back side, allowing 
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30 SEM photograph of a comb-drive actuator fabri- 


ccated using aluminum mask post-CMOS dry release [5.27] 


Fig. 5.31 DRIE processes using SOL wafers 


ceasy access from both sides (this allows an easier release 
and prevents stiction), Fig. 5.31. 


5.2.2 Surface Micromachining 


Surface micromachining is another important MEMS 
‘microfabrication technique that can be used to create 
movable microstructures on top of a silicon sub- 
strate [5.28]. This technique relies on the deposition 
of structural thin films on a sacrificial layer that is 
subsequently etched away, resulting in movable mi- 
cromechanical structures (beams, membranes, plates, 
etc,). The main advantage of surface micromachin- 
ing is that extremely small sizes can be obtained. In 
addition, it is relatively easy to integrate the microma- 
chined structures with on-chip electronics for increased 
functionality, However, due to the increased surface non- 
planarity with any additional layer, there is a limit to the 
‘number of layers that can be deposited. Although one 
of the earliest reported MEMS structures was a surface 
‘micromachined resonant gate transistor [5.29], material- 
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related difficulties resulted inthe termination of efforts in 
this area. In the mid-1980s, improvements in the field of 
thin film deposition rekindled interest in surface micro- 
‘machining [5.30]. Later in the same decade, polysilicon 
surface micromachining was introduced, which opened 
the door to the fabrication of a variety of microsensors 
(accelerometers, gyroscopes, etc.) and microactuators 
(micromisrors, RF switches, et.). In this section, we 
will concentrate on the key process steps involved in 
surface micromachining fabrication and the various ma- 
terials used in the surface micromachining process. In 
addition, monolithic integration of CMOS with MEMS 
structures and 3-D surface micromachining are also 
discussed, 


Basic Surface Micromachining Processes 
‘The basic surface micromachining process is illustrated 
in Fig. 5.32. The process begins with a silicon substrate 
‘ontop of which a sacrificial layer is grown and patterned, 
Fig. 5.32. Subsequently, the structural material is de- 
posited and pattemed, Fig. 5.32b. As can be seen, the 
structural material is anchored to the substrate through 
the openings created in the sacrificial layer during the 
previous step. Finally, the sacrificial layer is removed, re~ 
sulting in the release of the micrastructures Fig. 5.32¢. In 
wide structures, itis usually necessary to provide access 
holes in the structural layer for a fast sacrificial layer 
removal. It is also possible to seal micracavities ere- 
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ated by the surface micromachining technique [5.8,9] 
‘This can be done at the wafer level and is a big ad- 
vantage in applications such as pressure sensors that 
require a sealed cavity. Figure 5.33 shows two differ- 
ent techniques that can be used for this purpose. In 
the first, following the etching of the sacrificial layer, 
a LPCVD dielectric layer (oxide or nitride) is deposited 
to cover and seal the etch holes in the structural material, 
Fig. 5.33a, Since the LPCVD deposition is performed 
at reduced pressures, a sub-atmospheric pill-box mi- 
crocavity can be created. In the second technique, also 
called reactive sealing, the polysilicon structural mater- 
ial is oxidized following the sacrificial layer removal, 
Fig. 5.33b. If access holes are small enough, the grown 
oxide can seal the cavity. Due to the consumption of 
the oxygen during the growth process, the cavity is 
sub-atmospherie, 

‘The most common sacrificial and structural mater- 
ials are phosphosilicate glass (PSG) and polysilicon, 
respectively (low temperature oxide, or LTO. is also fre- 
quently used as the sacrificial layer). However, there 
are several other sacrificial/structural combinations that 
have been used to create a variety of surface micro- 
machined structures. Important design issues related 
to the choice of the sacrificial layer are: 1) quality 
(pinholes. etc.), 2) ease of deposition, 3) deposition 
rate, 4) deposition temperature, and 5) etch diffi- 
culty and selectivity (sacrificial layer etchant should 
not attack the structural layer). The particular choice 
of material for structural layers depends on the de- 
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Fig. 5.33 Two sealing techniques for surface microma- 
cchined created cavities 
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Fig. 5.34 SEM photographs of Texas Instrument micromior ar- 
ray [528] 


sired properties and the specific application. Several 
important requirements are: 1) ease of deposition, 
2) deposition rate, 3) step coverage, 4) mechanical 
properties (internal stress, stress gradient, Young's mod- 
ulus, fracture strength, and internal damping), 5) etch 
selectivity, 6) thermal budget and history, 7) elec- 
trical conductivity, and 8) optical reflectivity. Two 
examples from the commercially available surface 
micromachined devices illustrate various successful 
sacrificial/structural combinations. Texas Instruments’s 
deformable mirror display (DMD) spatial light mod- 
ulator uses aluminum as the structural material (good 
optical reflectivity) and photoresist as the sacrificial 
layer (easy dry etch and low processing temperatures, 
allowing easy post-IC integration with CMOS) [5.32], 
Fig. 5.34. Incontrast, Analog Devices’s microgyroscope 
uses polysilicon structural material and a PSG sac- 
rificial layer, Fig.5.35. Two recent additions to the 
collection of available structural layers are poly-silicon- 
germanium and poly-germanium [5.33.34]. These are 
Intended to be a substitute for polysilicon in applica- 
tions where the high polysilicon deposition temperature 
(around 600°C) is forbidding (e.g., CMOS integration). 
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Fig.5.35 SEM photograph of Analog Devi 
scape [5.31] 
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Table 5.2 Several important surface micromachined sacrificial/structural combinations 


PSG or LTO 


Unlike LPCVD polysilicon, poly-germanium (poly-Ge) 
and poly-silicon-germanium (poly-Si;-yGe,) can be 
deposited at temperatures as low as 350°C (poly-Ge de- 
position temperature is usually lower than poly-SiGe). 
‘Table 5.2 summarizes important surface micromachined 
sacrificial/structural combinations. 

‘An important consideration in the design and pro- 
cessing of surfuce micromachined structures isthe issue 
of stiction [5.8,9, 35,36]. This can happen during the 
release step if a wet etchant is used to remove the sac- 
rificial layer, or during the device lifetime. The reason 
for stction during release is the surface tension of the 
liguid etchant, which can hold the microstructure down 
and cause stiction. This usually happens when the struc- 
ture is compliant and does not possess enough spring 
constant to overcome the surface tension force of the 
rinsing liquid (ie., water). There are several ways one 
can alleviate the release-related stiction problem. These 
include: 1) the use of dry or vapor phase etchant, 2) the 
use of solvents with lower surface tension, 3) zeomet- 
rical modifications, 4) CO critical drying, 5) freeze 
drying, and 6) self-assembled monolayer (SAM) or or- 
ganic thin-film surface modification, The first technique 
prevents stiction by not using a wet etchant, although 
in the case of vapor phase release, the condensation 
possibility is existent and can cause some stiction. The 
second method uses rinsing solvents such as methanol 
with a lower surface tension than water. This is usu- 
ally followed by a rapid evaporation of the solvent on 
4 hot plate. However, this technique is not optimum, 
and many structures still stick. The third technique is 
xeometrical, which provides dimples in the structural 
layer in order to reduce the contact surface area and 
hence reduce the attractive force. The fourth and fifth 
techniques rely on the phase change (in one ease CO2 
and the other butyl-alcohol), which avoids the liquid 
phase altogether by directly going to the gas phase. 
‘The last technique uses self-assembled monolayers or 
organic thin films to coat the surfaces with a hydropho- 
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bic layer. The stiction that occurs during the operating 
lifetime of the device (in-use stiction) is due to the 
condensation of moisture on the surfaces, electrostatic 
charge accumulation, or direct chemical bonding. Sur- 
face passivation using self-assembled monolayers or 
organic thin films can be used to reduce the surface 
energy and reduce or eliminate the capillary forces and 
direct chemical bonding. These organic coatings also 
reduce electrostatic forces if a thin layer is applied di- 
rectly to the semiconductor (without the intervening 
oxide layer). Commonly used organic coatings include 
fluorinated fatty acids (Texas Instruments aluminum 
‘micromitrors), silicone polymeric layers (Analog De- 
vices accelerometers), and siloxane self-assembled 
monolayers. 


Surface Micromachining Integration 
with Active Electronics 

Integration of surface micromachined structures with 
on-chip circuitry can increase performance and sim- 
plify packaging, However, issues related to process 
compatibility and yield must be carefully considered. 
‘The two most common techniques are MEMS-first and 
MEMS-last techniques. In the MEMS-last technique, 
the integrated circuit is first fabricated and surface mi- 
cromachined structures are subsequently built on top of 
the silicon wafer. An aluminum structural layer with a 
photoresist sacrificial layer is an attractive combination 
due to the low thermal budget of the process (Texeas In- 
struments micromirror array). However, in applications 
‘where mechanical properties of Al are not adequate, 
polysilicon structural material with LITO or PSG sacrifi- 
cial layer must be used. Due tothe rather high deposition 
temperature of polysilicon, this combination requires 
special attention with regard to the thermal budget. For 
example, aluminum metallization must be avoided and 
substituted with refractory metals such as tungsten, This 
can only be achieved at a greater process complexity and 
lower transistor performance. 
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MEMS - frst technique alleviates these difficulties by 
fabricating the microstructures at the very beginning of 
the process. But if the microstructures are processed 
first, they have to be buried in a sealed trench to elimi- 
nate the interference of microstructures with subsequent 
CMOS processes. Figure 5.36 shows a cross section of 
a MEMS -first fabrication process developed at the San- 
dia National Laboratory [5.37]. The process starts with 
a shallow anisotropic etching of trenches in a silicon 
substrate to accommodate the height of the polysilicon 
structures fabricated later on, A silicon nitride layer is 
then deposited to provide isolation at the bottom of 
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Fig. 5.36 Cross section of the Sandia MEMS-first integrated fabi- 
cation process 
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Fig. 5.37 Silicon pin-and-sample hinge scanner with 3-D surface 
micromachined structures [5.38] 


the trenches. Next, several layers of polysilicon and 
sacrificial oxide are deposited and patterned in a stan- 
dard surface micromachining process. Subsequently, the 
trenches are completely filled with sacrificial oxide and 
the wafers are planarized with chemical-mechanical 
polishing (this avoids complication in the following 
lithographic steps). After an annealing step, the trenches 
are sealed with a nitride cap. At this point, a stan- 
dard CMOS fabrication process is performed. At the 
‘end of the CMOS process, the nitride cap is etched and 
the buried structures released by etching the sacrificial 
oxide. 


3-0 Microstructures Using Surface 
Micromachining 

‘Three-dimensional surface microstructures ean be fab- 
ricated using surface micromachining. The fabrication 
of hinges for the vertical assembly of MEMS. was 
4 major advance toward achieving 3-D microstric 
tures [5.39]. Optical microsytems have greatly benefited 
from surface micromachined 3D structures. These 
microstructures are used as passive or active compo- 
nents (micromirror, Fresnel lens, optical cavity, etc) 
on a silicon optical bench (silicon. microphotonics). 
‘An example is the Fresnel lens that has been sur- 
face micromachined in polysilicon and then erected 
using hinge structures and locked in place using mi- 
cromachined tabs, thus liberating the structure from the 
horizontal plane of the wafer [5.38, 40). Various mi- 
croactuators (e2., comb drive and vibromotors) have 
been used to move these structures out of the silicon 
plane and ito postion, Figure 5.37 shows an SEM pho- 
tognph of a bar-code micro-scanner using a silicon 
optical microbench with 3-D surface micromachined 
structures. 


5.2.3 High-Aspect-Ratio Micromachining 


‘The bulk and surface micromachining technolo- 
gies presented in the previous sections fulfill the 
requirements of a large group of applications. 
Certain applications, however, require the fabrica- 
tion of high-aspect-ratio structures, which is not 
possible with the aforementioned technologies. In 
this section, we describe three technologies, LIGA, 
HEXSIL, and HARPSS, capable of producing struc- 
tures with vertical dimensions much larger than 
the lateral dimensions by means of X-ray lithog- 
raphy (LIGA) and DRIE etching (HEXSIL and 
HARPSS), 


sone aint errant 


What Can Go Wrong 


When switching an inductive load, itis generally 
prudent to use switches rated for twice as much 
current as the circuit will normally draw. 


Dry Joints 
‘Switches that control significant current will have 
substantial terminals, and these terminals will be 
attached to heavy-gauge wire. When using sol- 
der to make this type of connection, the com- 
bined heat capacity of the wire and the terminal 
will sinka lot more heat than a small component 
‘ona circuit board. At least a 30W soldering iron 
should be used. Lower-wattage irons may be in- 
capable of melting the solder completely (even 
though they seem to), anda “dry joint” will result, 
which can havea relatively high electrical resist- 
ance and will be mechanically weak, liable to 
break later. Any good solder joint should with- 
stand flexing of the wire attached to it. 


Short Circuits 

Because many switches are still wired in with sol- 
der tabs, screw terminals, or quick-connect ter- 
minals, wires that become accidentally detached 
can be a significant hazard, Heat-shrink tubing 
should be applied to enclose wiresand terminals 
at the rear of a power switch, as an additional 
precaution, Power switches should always be 
used in conjunction with appropriate fuses. 


Contact Contamination 

Sealed switches should be used in any environ- 
ment where dirt or water may be present. Slide 
switches are especially vulnerable to contamina- 
tion, and are difficult to seal. Switches used 
audio components will create "scratchy" sounds 
if their contacts deteriorate. 


Wrong Terminal Type 
Because switches are available with a wide vari- 
ety of terminal types, it’s easy to order the wrong 
type. Switches may be supplied with pins for 
through-hole insertion in circuit boards; screw 
terminals; quick-disconnect terminals; or solder 
lugs. Variants may also be available for surface 


tion > switch 


mount. If a project requires, for example, the in- 
sertion of pins in a printed circuit board, and a 
switch is supplied with solder lugs, it will be un- 
usable. 


Part numbers generally include codes to ider 
each terminal variant, and should be studied 
carefully. 


Contact Bounce 

‘Also knownas switch bounce. When two contacts 
snap together, extremely rapid, microscopic vi- 
brations occur that cause brief interruptions be- 
fore the contacts settle. While this phenomenon 
isnot perceptibleto human senses, it can be per- 
ceived as a series of multiple pulses by a logic 
chip. For this reason, various strategies are used 
to debounce a switch that drives a logic input. 
This issue is explored in detail in the entry on 
logic chips in Volume 2 of the encyclopedia. 


Mechanical Wear 

Any toggle or rocker switch contains a mechan- 
ical pivot, which tend to deteriorate in harsh en- 
vironments, Friction is also an issue inside these 
switches, as the design often entails the rounded 
tip of a lever rubbing to and fro across the center 
of a movable contact. 


The spring inside a snap switch or limit switch 
may fail as a result of metal fatigue, although this 
is rare. Aslide switch is farless durable, as its con- 
tacts rub across each other every time the switch 
changes position. 


In any application that entails frequent switch- 
ing, or where switch failure is a critical issue, the 
most sensible practice is to avoid using cheap 
switches. 


Mounting Problems 
Ina panel-mount switch that is secured by turn- 
ing a nut, the nut may loosen with use, allowing 
the component to fall inside its enclosure. Con- 
versely, overtightening the nut may strip the 
threads on the switch body, especiallyin cheaper 
components where the threads are molded into 
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UGA 
LIGA is a high-aspect-ratio micromachining pro- 
cess that relies on X-ray lithography and elec- 
troplating (in German: Lithographie Glvanoformung 
Abformung) (5.41, 42]. We already introduced the con- 
cept of the plating-through-mask technique in Sect. 5.1.2 
(sce Fig. 5.10). With standard UV photolithography and 
photoresists, the maximum thickness achievable is on 
the order of a few tens of microns and the resulting 
‘metal structures show tapered walls. LIGA is a technol- 
ogy based on the same plating-through-mask idea, but 
ccan be used to fabricate metal structures of thicknesses 
ranging from a few microns to a few millimeters with 
almost vertical sidewalls. This is achieved using X-ray 
lithography and special photoresists, Due to their short 
wavelength, X-rays are capable of penetrating a thick 
photoresist layer with no scattering and defining fea- 
tures with lateral dimensions down to 0.2 ym (aspect 
ratio > 100: 1). 

‘The photoresists used in LIGA should comply with 
certain requirements, including sensitivity to X-rays, 
resistance to electroplating chemicals, and good ad- 
hesion to the substrate. Based on such requirements 


tures [5.41] 
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Poly-(methylmethacrylate) (PMMA) is considered an 
optimal choice for the LIGA process. Application 
of the thick photoresist on top of the substrate can 
be performed by various techniques such as multi- 
ple spin coating, pre-cast PMMA sheets, and plasma 
polymerization coating. The mask structure and ma- 
terials for X-ray lithography must also comply with 
certain requirements, The traditional masks based on 
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Fig. 5.39a-e Sacrificial LIGA process: (a) UV lithogra- 
phy for sacrificial layer patterning, (b) X-ray lithography, 
(o)electroplating,(d) structure releasing, (e) top view of the 
‘movable structure 
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glass plates with a pattemed chrome thin layer are 
not suitable, because X-rays are not absorbed in the 
chromium layer and the glass plate is not transpar- 
ent enough. Instead, X-ray lithography uses a silicon 
nitride mask with gold as the absorber material (typ- 
ically formed by electroplating gold to a thickness 
of 10-20)m). The nitride membrane is supported 
by a silicon frame, which can be fabricated using 
bulk micromachining techniques. Once the photoresist 
is exposed to the X-rays and developed, the pro- 
cess proceeds with the electroplating of the desired 
metal. Ni is the most common, although other met- 
als and metallic compounds such as Cu, Au, NiFe, 
and NiW are also electroplated in LIGA. processes. 
A. good agitation of the plating solution is the key 
in obtaining a uniform and repeatable result during 
this step. A paddle plating cell, based on a wind- 
shield wiper-like device moving only Imm away 
from the substrate surface, provides extremely re- 
producible agitation, Figure 5.38 shows an SEM of 
a LIGA microstructure fabricated by electroplating 
nickel 


Fig.5.60a-f HEXSIL process flow: (a) DRIE, (b) sactifcil layer 
deposition, (c) structural material deposition and trench filling, 


(d) etch structural layer from the surface, (e) etch sa 
and pulling out of the structure, (f) example 
structure 


I layer 


‘aHEXSIL fabricated 


Due to the high cost of the X-ray sources (syn- 
chrotron radiation), the LIGA technology was initially 
intended for the fabrication of molds that could be 
used many times in hot embossing or injection mold- 
ing processes. However, it has been also used in many 
applications to directly form high-aspect-ratio metal 
structures on top of a substrate, A cheaper alternative 
to the LIGA process (with somewhat p 

ties) called UV-LIGA, or “poor man’s LIG. 
proposed [5.43,44]. This process uses SU-8 negative 
photoresist (available for spin coating at various thick- 
nesses ranging from | to 500 um) and standard contact 
lithography equipment. Using this technique, aspect ra- 
tios larger than 20:1 have been demonstrated. A major 
problem of this alternative is the removal of the SU-8 
photoresist after plating. Various methods with different 
degrees of success have been proposed. These include: 
wet etching with special solvents, burning at high tem- 
peratures (600°C), dry etching, use of a release layer, 
and high-pressure waterjet etching. 

{A variation of the basic LIGA process, shown in 
Fig. 5.9, permits the fabrication of electrically isolated 
movable structures and thus opens more possibilities for 
sensor and actuator design using this technology [5.45] 
‘The so-called sacrificial LIGA (SLIGA) starts with the 
patterning of the seed layer. Subsequently, a sacrificial 
layer (e.., titanium) is deposited and pattemed. The 
process then proceeds as usual in standard LIGA until 
the last step when the sacrificial layer is removed. The 
electroplated structures that overlap with the sacrificial 
layer are released in this step. 


HEGSIL 
‘The second method for fabricating high-aspect-ratio 
structures, which is based on a template replica- 
tion technology, is HEXSIL (HEXagonal honeycomb 
polyS/Zicon) [5.46]. Figure 5.40 shows a simplified pro- 
cess flow. A high-aspect-ratio template is first formed 
in a silicon substrate using DRIE. Next, a sacrificial 
rulilayer is deposited to allow the final release of the 
structures. The multilayer is composed of one oF more 
PSG nonconformal layers to provide fast etch release 
(~20)um/min in 49% HE) alternated with conformal 
layers of either oxide oF nitride to provide enowgh 
thickness for proper release of the structures. The to- 
tal thickness of the sacrificial layer has to be larger 
than the shrinkage or elongation ofthe structures caused 
by the relaxation of the internal stress (compressive or 
tensile) during the release step. Otherwise, the struc- 
tures will clamp themselves to the walls of the template 
and their retrieval will not be possible. Any material 
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Trew 
Ju SEM micrograph of an angular microactuator 
fabricated using HEXSIL [5.48] 


that can be conformally deposited and yet not damaged 
during the HF release step is suitable for the struc- 
tural layer. Structures made of polysilicon, nitride, and 
electroless nickel [5.47] have been reported. Nickel can 
only be deposited in combination with polysilicon since 
a conductive surface is needed for the deposition to oc- 
cur. After deposition of structural materials, a blanket 
etch (poly or nitride) or a mechanical lapping (nickel) 
is performed to remove the excess materials from the 
surface. Finally, a49% HF with surfactant is used to dis- 
solve the sacrificial layers. The process can be repeated 
‘many times using the same template, thus considerably 
lowering the fabrication costs. Figure 5.41 shows an 
SEM photograph of a microactuator fabricated using 
the HEXSIL process, 


HARPSS 
‘The igh aspect ratio combined with poly and 
single-crystal silicon (HARPSS) technology is another 
technique capable of producing high-aspect-atio, elec- 
trically isolated polycrystalline and single-crystal silicon 
microstructures with capacitive air gaps ranging from 
submicrometer to tens of micrometers [5.50] The stra 
tures, tens to hundreds of micrometers thick, are defined 
by trenches etched with DRIE and filled with oxide and 
poly layers. The release of the microstructures is done 
atthe end by means of a directional silicon etch fol- 
lowed by an isotropic etch. The small, vertical gaps and 
thick structures possible with this technology can be ap- 
plied to the fabrication of a variety of MEMS devices, 
Particularly inertial sensors [5.51] and RF beam res- 
fnators [5.52]. Figure 5.42 shows the process flow at 
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Fig. 5.2a-d HARPS process flow. (a) Nitride deposition and pat- 
teming, DRIE etching and oxide deposition, (b) poly 1 deposition 
and etch back, oxide patterning and poly 2 deposition and patterning, 
(0) DRIE etching, (d) silicon isotropic etching 


the cross section of a single-crystal silicon beam res- 
nator. The HARPSS process starts with the deposition 
and patterning of a silicon nitride layer that will be 
used to isolate the poly structure's connection pads from 
the substrate. High-aspect-ratio trenches (~ 5 jum wide) 
are then etched into the substrate using a DRIE etcher. 
Next, a conformal oxide layer (LPCVD) is deposited. 
‘This layer has two functions: 1) to protect the structures 
during the dry etch release and 2) to define the submi- 
ccrometer gap between silicon and polysilicon structures. 
Following the oxide deposition, the trenches are com 
pletely filled with LPCVD polysilicon, The polysilicon 
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5.43 SEM photograph of a micto-gyroscope fabri 
cated using HARPSS process [5.49] 
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is etched back, and the underneath oxide is patterned 
to provide anchor points for the structures, A second 
layer of polysilicon is then deposited and patterned. 
Finally, the structures are released using a DRIE step 
followed by an isotropic silicon etch through a pho- 
toresist mask that exposes only the areas of silicon 
substrate surrounding the structures. It should he noted 


5.3 Nanofabrication Techniques 


‘The microfabrication techniques discussed so far were 
mostly geared toward fabricating devices in the 1 mm 
to 1 jim dimensional range (submicron dimensions be- 
ing possible in certain techniques such as HARPSS 
using a dielectric sacrificial layer). Recent years have 
witnessed a tremendous surge of interest in fabri- 
cating sub-micto (1 jum—100nm) and nanostructures 
(1-100 nm range) [5.53]. This interest arises from both 
practical and fundamental view points. At the more sci- 
entific and fundamental level, nanostructures provide 
an interesting tool in studying electrical, magnetic, op- 
tical, thermal, and mechanical properties of matter at 
the nanometer scale, These include important quantum 
mechanical phenomena (e.g., conductance quantiza- 
tion, band-gap modification, coulomb blockade, etc.) 
arising from the confinement of charged carriers in 
structures such as quantum wells, wires, and dots, 
Fig. 5.44. On the practical side, nanostructures can pro- 
vide significant improvements in the performance of 
electronic/optical devices and sensors. Inthe device area, 
investigators have been mostly interested in fabricating 
nanometer-sized transistors in anticipation of technical 
difficulties forecasted in extending Moore's law be- 
yond 100 nm resolution. In addition, optical sources and 
detectors having nanometer-sized dimensions exhibit 
improved characteristics unachievable in larger devices 
(e.g.,lowerthreshold current, improved dynamic behav- 
ior, and improved emission line-width in quantum dot 
lasers). These improvements creste novel possibilities 
for next-generation computation and communication 
devices. In the sensors area, shrinking dimensions be- 
yond conventional optical lithography can provide major 
improvements in sensitivity and selectivity. 

‘One can broadly divide various nanofabrication 
techniques into top-down and bottom-up categories. 
‘The first approach starts with a bulk or thin film 
‘material and removes selective regions to fabricate nano- 
structures (similar to micromachining techniques). The 
second method relies on molecular recognition and 


that single-crystal silicon structures are not protected at 
the bottom during the isotropic etch, This causes the 
single-crystal silicon structures to be etched vertically 
from the bottom, and thus be shorter than the polysili- 
‘con structures, Figure 5.43 shows an SEM photograph 
of a micro-gyroscope fabricated using the HARPSS 
process. 


self-assembly to fabricate nanostructures out of smaller 
building blocks (molecules, colloids, and clusters). The 
top-down approach is an offshoot of standard lithog- 
raphy and micromachining techniques. On the other 
hand, the bottom-up approach has more of a chem- 
ical engineering and material science flavor and relies 
on fundamentally different principles. In this chapter, 
we will discuss four major nano-fabrication techniques. 
‘These include: i) e-beam and nano-imprint fabrication, 
ii) epitaxy and strain engineering, iii) scanned probe 
techniques, and iv) self-assembly and template manu- 
facturing. 


¢ Several important quantum confinement 
structures, (a) quantum well, (b) quantum wire, and 
(€) quantum dot 
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5.3.1 E-Beam 
and Nano-Imprint Fabrication 


In previous sections, we discussed several important 
lithography techniques used commonly in MEMS and 
ticrofabrication. These include various forms of UV 
(regular, deep, and extreme) and X-ray lithographs, 
However, duet the lack of resolution (in the case 
of the UV), or the dlifculty in manufacturing mask 
and radiation sources (Xm), these techniques are 
not suitable for nanometer-scale fabrication, E-beam 
Ithography isan atractive alternative technique for fab- 
ricating nanostructures [5.54]. It uses an electron beam 
toexpose an elecron-sensitive resist suchas polymethyl 
methacrylate (PMMA) dissolved in trichlorobenzene 
(positive) orpoly chloromethyltyrene (negative) [5.55] 
The e-beam gun is usually part of a scanning electron 
microscope (SEM), although transmission electron mi- 
croscopes (TEM) can also be used. Although electron 
‘wavelengths on the order of 1A can he easly achieved, 
clectron scattering in the resist limits the attainable 
resolutions to > 10nm. The beam control and pattern 
generation are achieved through « computer interface. 
Evteam lithography is serial and, hence, it has a low 
throughput. Although this is not a major concer in 
fabricating devices used in studying fundamental micro- 
physics, it severely limits large scale nanofabricaton 
shea lithography n conjunction with suc processes 
as liftoff, etching, and electo-deposition, can be used 
to fabricate various nanostructures. 

‘An interesting new technique that circumvents the 
serial and low throughput limitations of the e-beam 
Ithography for fabricating nanostructures isthe nano- 
imprint technology [5.56]. This technique uses an 
e-beam fabricated hard material master (or mold) to 
stamp and deform a polymeric resist. This is usually 
followed by a reactive ion etching step to transfer the 
stamped paltem to the substrate. This technique i eco- 
romically superior, since a single stamp can be used 
repeatedly to fabricate a large number of nanostruc- 
tures. Figure 545 shows a schematic illustration of 
nano-imprint fabrication. First, « hard material (©, 
silicon of SiO3) stamp is ceated using e-beam lithog- 
raphy and reactive ion etching. Then, a resis-costed 
substat i stamped, and, finally, an anisotropic RIE is 
Performed to remove the resist residue inthe stamped 
Bea, At this stage, the process is complete and one 
can either etch the substrate of, if metallic nanostuc- 
tures are desired, evaporate the metal and perform a lift 
of, The resist used in nano-imprint technology can be 
thermal plastic, UV-curabl, oF thermal-curale poly 
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Fig.5.45 Schematic illustration of nano-imprint fabrication 


‘mer. For a thermal plastic resist (e.g., PMMA), the 
substrate is heated to above the glass transition tem- 
perature (T,) of the polymer before stamping and is 
cooled to below Ty before the stamp is removed. Simi- 
larly, the UV and thermal-curable resists are fully cured 
before the stamp is separated. Nano-imprint technol- 
ogy resolution is limited by the mold and polymer 
strengths and can be as small as 10nm, More re- 
cently, the nano-imprint technique has been used to 
stamp a silicon substrate in less than 250ns using 
a XeCl excimer laser (308mm) and a quartz mask 
(laser assisted direct imprint, LADI), Fig. 5.46 [5.57]. 


release 


Fig.5.46 Ultrafast silicon nano-imprinting using an excimer laser 
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Fig.5.47a,b SEM micrographs of (a) quartz mold and (b) imprinted 
silicon surface using LADI [5.57] 


Figure 5.47 shows SEM micrographs of the quartz 
‘mold and imprinted silicon substrate with 140-nm lines 
using LADL 


5.3.2 Epitaxy and Strain Engineering 


Atomic precision deposition techniques such as molecu- 
lar beam epitaxy (MBE) and metallo-organie chemical 
vapor deposition (MOCVD) have proven to be effective 
tools in fabricating a variety of quantum confinement 
structures and devices (quantum well lasers, photo- 
detectors, resonant tunneling diodes, etc.) [5.58-60] 
Although quantum wells and superlattices are the 
structures that lend themselves most easily to these tech- 
niques (see Fig.5.44a), quantum wires and dots have 
also been fabricated by adding subsequent steps such 
as etching and selective growth, Fabrication of quantum 
well and superlattice structures using epitaxial growth 
is a mature and well developed field and, therefore, will 
not be discussed in this chapter. Instead, we will concen- 
trate on quantum wire and dot nanostructure fabrication 
using basic epitaxial techniques [5.61, 62] 


Quantum Structure Nanofabrication 
Using Epitaxy on Patterned Substrates 
‘There have been several different approaches to the fab- 
rication of quantum wires and dots using epitaxial layers. 
‘The most straight forward technique involves e-beam 
lithography and etching of an epitaxial grown layer (e.g., 
InGaAs on GaAs substrate) [5.63]. However, due to the 
damage and/or contamination during lithography, this 
method is not very suitable for active device fabrica- 


tion (e.g., quantum dot lasers). Several other methods 
involving regrowth of epitaxial layers over nonplanar 
surfaces such as step-edge, cleaved-edge, and patterned 
substrate have been used to fabricate quantum wires and 
dots without the need for lithography and etching of 
the quantum confined structure [5.62, 64]. These non- 
planar surface templates can be fabricated in a variety of 
Ways such as etching through a mask or cleavage along 
crystallographic planes. Subsequent epitaxial growth on 
top of these structures results in a set of planes with 
different growth rates depending on the geometry or 
surface diffusion and adsorption effects, These effects 
can significantly enhance or limit the growth rate on 
certain planes, resulting in lateral patterning and con- 
finement of deposited epitaxial layers and formation of 
quantum wires (in V grooves) and dots (in inverted pyra- 
mids). Figure 5.48a shows a schematic cross section of 
an InGaAs quantum wire fabricated in a V-groove InP. 
As can be seen, the growth rate on the sidewalls is lower 
than that of the top and bottom surfaces. Therefore, the 
thicker InGaAs layerat the bottom of the V-groove forms 
‘quantum wire confined from the sides by athinner layer 
with a wider bandgap. Figure 5.48b shows a quantum 
wire formed using epitaxial growth over adielectric pat- 
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Fig.5.48 (a) InGaAs quantum wire fabricated in a V- 
groove InP and (b) AlGaAs quantum wire fabricated 
through epitaxial growth on a masked GaAs substrate 
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temed planar substrate. In both of these techniques, it 
is relatively easy to create quantum wells. However, in 
order to create quantum wires and dots one still needs 
e-beam lithography to pattern the groove and window 
templates, 


Quantum Structure Nanofabrication 
Using Strain-Induced Self-Assembly 
‘A more recent technique for fabricating quantum wires 
and dots involves strain-induced self-assembly [5.62, 
65]. The term self-assembly represents a process 
whereby a strained 2-D system reduces its energy by 
fa transition into a 3-D morphology. The most com- 
‘monly used material combination for this technique is 
the In, Gay, As/GaAs system, which offers a large lat- 
tice mismatch (7.2% between InAsand GaAs) [5.66,67], 
although recently Ge dots on Si substrate have also 
attracted considerable attention [5.68]. This method re- 
lies on lattice mismatch between an epitaxial grown 
layer and its substrate to form an array of quantum 
dots or wires. Figure 5.49 shows a schematic of the 
strain-induced self-assembly process. When the lattice 
constants of the substrate and the epitaxial layer differ 
considerably, only the first few deposited monolayers 
crystallize in the form of an epitaxial strained layer in 


as 
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Fig. 5.W9a-c Stranski-Krastanow growth mode, (a) 2-D 
wetting layer, (b) growth front roughening and breakup, 
and (c) coherent 3-D self-assembly 
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which the lattice constants are equal. When a critical 
thickness is exceeded, a significant strain in the layer 
leads to the breakdown of this ordered structure and the 
spontaneous formation of randomly distributed islets of 
regular shape and similar size (usually < 30nm in diam- 
eter). This mode of growth is usually referred to as the 
‘Stranski-Krastanow mode. The quantum dot size, sepa- 
ration, and height depend on the deposition parameters 
(Le, total deposited material, growth rate, and temper- 
ature) and material combinations. As can be seen, this 
is a very convenient method to grow perfect crystalline 
nanostructures over a large area without any lithography 
andetching. One major drawback of this technique is the 
randomness of the quantum dot distribution, It should be 
‘mentioned that this technique can also be used to fabri- 
cate quantum wires by strain relaxation bunching at the 
step edges. 


5.3.3 Scanned Probe Techniques 


‘The invention of scanned probe microscopes in the 
1980s revolutionized atomic-scale imaging and spec~ 
toscopy. In particular, scanning tunneling and atomic 
force microscopes (STM and AFM) have found 
‘widespread applications in physics, chemistry, material 
science, and biology. The possibility of stomic-scale ma- 
nipulation, lithography, and nanomachining using such 
probes was considered from the beginning and has ma- 
tured considerably over the past decade. In this section, 
after a brief introduction to scanned probe microscopes, 
‘we will discuss several important nano-lithography and 
‘machining techniques that have been used to create 
nanometer-sized structures. 

The scanning probe microscopy (SPM) systems are 
capable of controlling the movement of an atomically 
sharp tip in close proximity to orin contact with a surface 
with subnanometer accuracy. Piezoelectric positioners 
are typically used to achieve such accuracy. High res- 
olution images can be acquired by raster scanning the 
tips over a surface while simultaneously monitoring the 
interaction ofthe tip with the surface. In scanning tunnel- 
ing microscope systems, a bias voltage is applied to the 
sample and the tip is positioned close enough to the sur- 
face, so that a tunneling current develops through the gap 
(Fig. 5.50a). Because this current is extremely sensitive 
to the distance between the tip and the surface, scan- 
ning the tip in the x-y plane while recording the tunnel 
current permits the mapping of the surface topography 
with resolution on the atomic scale. In a more com- 
‘mon mode of operation, the amplified current signal is 
connected to the z-axis piezoelectric positioner through 
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Fig.5.50a,b Scanning probe systems: (a) STM and 


(b) AFM. 


1 feedback loop, so that the current and, therefore, the 
distance are kept constant throughout the scanning. In 
this configuration the picture of the surface topography 
is obtained by recording the vertical position of the tip 
at each x-y position. 

‘The STM system only works for conductive surfaces 
because of the need to establish a tunneling current. The 
atomic force microscopy was developed as an alternative 
for imaging either conducting or nonconducting sur- 
faces. In AFM, the tip is attached to a flexible cantilever 
and is brought in contact with the surface (Fig. 5.50b). 
‘The force between the tip and the surface is detected 
by sensing the cantilever deflection. A topographic im- 
age of the surface is obtained by plotting the deflection 
as a function of the x-y position. In a more common 
‘mode of operation, a feedback loop is used to maintain 
‘constant deflection, while the topographic information 
is obtained from the cantilever vertical displacement. 
‘Some scanning probe systems use a combination of the 
AFM and STM modes, i.e, the tip is mounted in a can- 


tilever with an electrical connection, so both the surface 
forces and the tunneling currents can be controlled or 
monitored, STM systems can be operated in ultrahigh 
vacuum (UHV STM) or in air, whereas AFM systems are 
typically operated in air. When a scanning probe system 
is operated in air, water adsorbed onto the sample sur- 
face accumulates underneath the tip, forming a meniscus 
between the tip and the surface, This water meniscus 
plays an important role in some of the scanning probe 
techniques described below. 


Scanning Probe Induced Oxidation 
Nanometer-scale local oxidation of various materials 
‘can be achieved using scanning probes operated in air 
and biased at a sufficiently high voltage, Fig. 5.51. Tip 
bias of —2 to —10V is normally used with writing 
speeds of 0.1~100)um/s in an ambient humidity of 
20-40%. It is believed that the water meniscus formed 
at the contact point serves as an electrolyte such that 
the biased tip anodically oxidizes a small region of 
the surface [5.70]. The most common application of 
this principle is the oxidation of hydrogen-passivated 
silicon. A dip in HF solution is typically used to passi- 
vate the silicon surfaces with hydrogen atoms. Patterns 
of oxide “written” on a silicon surface can be used 
as a mask for wet or dry etching. Ten-nm line width 
patterns have been successfully transferred to a silicon 
substrate in this fashion [5.71]. Various metals have also 
been locally anodized using this approach such as alu- 
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‘SEM image of an inverted, wuncated pyramid 
array fabricated on a silicon SOI water by SPM oxidation 
tnd subsequent etch in TMAH (pitch is S00 nm) [5.69] 
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‘minum or titanium [5.72], An interesting variation of 
this process is the anodization of deposited amorphous 
silicon [5.73]. Amorphous silicon can be deposited at 
low temperature on top of many materials. The de- 
posited silicon layer can be patterned and used as, for 
example, the gate of a 0.1 um CMOS transistor [5.74], 
or it can be used as a mask to pattem an underlying 
film, The major drawback of this technique is poor re- 
producibility due to tip wear during the anodization, 
However, using AFM in noncontact mode has overcome 
this problem [5.70] 


Scanning Probe Resist Exposure 
and Lithography 
Electrons emitted from a biased SPM tip can be used to 
expose a resist the same way e-beam lithography does 
(Fig. 5.52) [5.74]. Various systems have been used for 
this lithographic technique. These include constant cur- 
rent STM, noncontact AFM, and AFM with constant 
tip-resist force and constant current. The systems us- 
ing AFM cantilevers have the advantage of performing 
imaging and alignment tasks without exposing the re- 
sist. Resists well characterized for e-beam lithography 
(eg,, PMMA or SALGO1) have been used with scan- 
ning probe lithography to achieve reliable sub-100-nm 
lithography. The procedure for this pracess is as fol- 
lows. The wafers are cleaned and the native oxide (in 
the case of silicon or poly) is removed with a HF dip. 
Subsequently, 35-100 nm-thick resist is spin-coated on 
top of the surface. The exposure is done by moving the 
SPM tip over the surface while applying a bias voltage 
high enough to produce an emission of electrons from 
the tip (a few tens of volts). Development ofthe resist is 
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Fig. 5.52 Scanning probe lithography with organic resist 


Springer Handbook o Nanoteehnolo 
Ds andshan © Spinger2000 


Substrate 


Fig.5.53 Schematic representation of the dip-pen nanolithography 


‘working principle 


performed in standard solutions following the exposure. 
Features below 50:nm in width have been achieved with 
this procedure, 


Dip-Pen Nanolithography 
In dip-pen nanolithography (DPN), the tip of an AFM 
operated in airis “inked” with a chemical of interest and 
brought into contact with a surface. The ink molecules 
flow from the tip onto the surface as with a fountain 
pen. The water meniscus that naturally forms between 
the tip and the surface enables the diffusion and trans- 
port of the molecules, as shown in Fig. 5.53. Inking 
can be done by dipping the tip in a solution contain- 
ing a small concentration of the molecules followed by 
a drying step (e.g., blowing dry with compressed di- 
Muoroethane). Line widths down to 12nm with spatial 
resolution of Sim have been demonstrated with this 
technique [5.75]. Species patterned with DPN include 
conducting polymers, gold, dendrimers, DNA, organic 
dyes, antibodies, and alkanethiols. Alkanethiols have 
also been used as an organic monolayer mask to etch 
a gold layer and subsequently etch the exposed silicon 
substrate, 


Other Scanning Probe Nanofabrication 
Techniques 
‘A great variety of nanofabrication techniques using 
scanning probe systems have been demonstrated. Some 
of these are proof of concept demonstrations and their 
utility as a viable and repeatable fabrication process 
has yet to be evaluated. For example, a substrate can 
be mechanically machined using STM/AFM tips act- 
ing as plows or engraving tools [5.76]. This can be 
used to directly create structures in the substrate, al- 
though it is more commonly used to pattern a resist 
fora subsequent etc, lio or electro-deposition step. 
‘Mechanical nanomachining with SPM probes can be fa- 
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cilitated by heating the tip above the glass transition dynamic minima (energy minimization) constraints, or 
of a polymeric substrate material. This approach has chemical and due to the complementary binding of 
been applied to SPM-hased high-density data storage in organic molecules and supramolecules (molecular self- 
polycarbonate substrates [5.77] assembly) [5.87]. Molecular self-assembly is one ofthe 

Electric fields strong enough to induce the emission most important techniques used in biology for the de- 
of atoms from the tip can be easily generated by ap- velopment of complex functional structures. Since these 
plying voltage pulses above 3 V. This phenomenon has techniques require that the target structures be thermo- 
been used to transfer material from the tip to the surface dynamically stable, they tend to produce structures that 
and vice versa, Ten- to 20-nm mounds of metals such arerelatively defect-free and self-healing. Self-assembly 
as Au, Ag, or Pt have heen deposited or removed from is by no means limited to molecules or the nano-domain 
1 surface in this fashion [5.78]. The same approach has and can be carried out on just about any scale, making 
been used to extract single atoms from a semiconductor it a powerful bottom-up assembly and manufacturing 
surface and re-deposit them elsewhere [5.79]. Manipu- method (multiscale ordering). Another attractive feature 
lation of nanoparticles, molecules, and single atoms on of this technique relates to the possibility of combining 
top of a surface has also been achieved by simply push- self-assembly properties of organic molecules with the 
ing or sliding them with the SPM tip [5.80], Metals can electronic, magnetic, and photonic properties of inor- 
also be locally deposited by the STM chemical vaporde- ganic components. Template manufacturing is another 
Position technique [5.81]. In this technique, a precursor bottom-up technique that utilizes material deposition 
organometallic gas is introduced in the STM chamber. (electroplating, CVD, etc.) in nano-templates in order 
A voltage pulse applied between the tip and the sur- to fabricate nanostructures, The nano-templates used in 
face dissociates the precursor gas into a thin layer of this technique are usually prepared using self-assembly 
metal. Local electro-chemical etch [5.82] and electro- techniques. In the following sections, we will discuss 
deposition [5.83] are also possible using SPM systems. various important self-assembly and template manufac- 
A droplet of suitable solution is frst placed on the sub- turing techniques currently under heavy investigation. 
strate, Then the STM tip is immersed into the droplet 
and a voltage is applied. In order to reduce Faradaic cur- Physical and Chemical Self-Assembly 

g rents the tip is coated with wax such that only the very The central theme behind the self-assembly process is 

ed end is exposed to the solution, Sub-100-nm feature size spontaneous (physical) or chemical aggregation of col- 

= has been achieved using this technique. loidal nano-particles [5.88]. Spontaneous self-assembly 
es Ung a single fp ta actully pred the desired. explo tho tenancy of mono-dispened nano or sabe 


modification in a surface leads to very slow fabri 
tion processes that are impractical for mass production. 
Many of the scanning probe techniques developed thus 
far, however, could also be performed by an array of tips, 
which would increase their throughput and make them 
‘more competitive compared with other parallel nanofab- 
rication processes. This approach has been demonstrated 
for imaging, lithography [5.84], and data storage [5.85] 
using both 1-D and 2-D arrays of scanning probes, With 
the development of larger arrays with individual con- 
trol of force, vertical position, and current advances, we 
might see these techniques become standard fabrication 
processes in the industry. 


5.3.4 Self-Assembly 
and Template Manufacturing 


Self-assembly is a nanofabrication technique that in- 
volves aggregation of colloidal nano-partcles into the 
final desired structure [5.86]. This aggregation can be 
cither spontaneous (entropic) and due to the thermo- 


micro colloidal spheres to organize into a face-centered 
cubic (FCC) latice. The force driving this process 
the desire of the system to achieve a thermodynami- 
cally stable state (minimum free energy). In addition to 
spontaneous thermal self-assembly, gravitational, con- 
vective, and electrohydrodynamic forces can also be 
used to induce aggregation into complex 3-D structures. 
‘Chemical self-assembly requires the attachment of asin- 
gle molecular organic layer (self-assembled monolayer, 
‘or SAM) to the colloidal particles (organic or inorganic) 
and subsequent self-assembly of these components into 
41 complex structure using molecular recognition and 
binding 


Physical Self-Assembly. This is an entropic-driven 
method that relies on the spontaneous organization 
of colloidal particles into a relatively stable structure 
through non-covalent interactions. For example, col- 
Joidal polystyrene spheres can be assembled into a 
3-D structure on a substrate that is held vertically in 
the colloidal solution, Fig. 5.54 [5.89, 90]. Upon the 
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plastic. Consider applying a drop of Loc-Tite or 
similaradhesive after moderately tightening the 
nut. Note that nut sizes vary widely, and finding 
a replacement may be time-consuming. 


Cryptic Schematics 
In some circuit schematics, the poles of a multi- 
pole switch may be visually separated from each 


What Can Go Wrong 


other, even at opposite sides of the page, for 
convenience in drawing the schematic. Dotted 
lines usually, but not always, link the poles. In the 
absence of dotted lines, switch segments are 
often coded to indicate their commonality. For 
example, SW1(a)andSW1(b) arealmostcertainly 
different parts of the same switch, with linked 
poles. 
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Silicon 
wafer 


Fig. 5.5% Colloidal particle self-assembly onto solid sub- 
strates upon drying in vertical position 


evaporation of the solvent, the spheres aggregate into 
hexagonal close packed (HCP) structure, The intersti- 
tial pore size and density are determined by the polymer 
sphere size. The polymer spheres can be etched into 
smaller sizes after forming the HCP arrays, thereby 
altering the template pore separations [5.91]. This tech- 
nique can fabricate large pattemed areas in a quick, 
simple, and costeffective way. A classic example is the 
natural assembly of on-chip silicon photonic bandgap 
crystals [5.89], which are capable of reflecting the light 
arriving from any direction in a certain wavelength 
range [5.92]. In this method, a thin layer of silica col- 
loidal spheres is assembled on a silicon substrate. This 
is achieved by placing a silicon wafer vertically in a vial 
containing an ethanolic suspension of silica spheres. 
‘A temperature gradient across the vial aids the flow 
of silica spheres. Figure 5.55 shows the cross-sectional 
‘SEM image of a thin planar opal template assembled 
directly on a Si wafer from 855 nm spheres. Once such 
template is prepared, LPCVD can be used to fill the in- 
terstitial spaces with Si, so that the high refractive index 
of silicon provides the necessary bandgap. 

One can also deposit colloidal particles into 
2 patterned substrate (template-assisted self-assembly, 
‘TASA) [5.93, 94]. This method is based on the princi- 
ple that when aqueous dispersion of colloidal particles 
is allowed to dewet from a solid surface that is already 
patterned, the colloidal particles are trapped by the re- 
cessed regions and assembled into aggregates of shapes 
and sizes determined by the geometric confinement pro- 
vided by the template. The patterned arrays of templates 
ccan be fabricated using conventional contact-mode pho- 
tolithography, which gives control over the shape and 
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Fig.5.55 Cross-sectional SEM image of a thin planar opal 
silica template (spheres 835nm in diameter) assembled 
directly on a Si water [5.89] 


dimensions of the templates, thereby allowing the as- 
sembly of complex structures from colloidal particles 
‘The cross-sectional view ofa fluidic cell used in TASA 
is shown in Fig. 5.56, The fluidic cell has two parallel 
lass substrates to confine the agueous dispersion of the 
colloidal particles. The surface ofthe bottom substrate is 
patterned with a2-D array of templates. When the aque- 
ous dispersionis allowed to slowly dewet across the cell, 
the capillary force exerted on the liquid pushes the col- 
loidal spheres across the surface ofthe bottom substrate 
until they are physically trapped by the templates. I the 
concentration ofthe colloidal dispersion i high enough, 
the template will be filled by the maximum number of 
colloidal particles determined by the geometrical con- 
finement. This method can be used to fabricate a variety 
of polygonal and polyhedral aggregates that ae difficult 
to generate [5.95] 


Colloidal particles 


Fig.5.56 A cross-sectional view of the ud 
template-assisted self-assembly 
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Chemical Self-Assembly. Organic and supramolecular _ from solution onto Si/SiO substrates. Since the silicon- 
SAMs play a critical role in colloidal particle self: chloride bond is susceptible to hydrolysis, a limited 
assembly. SAMS are robust organic molecules that are amount of water has tobe present inthe system in order 
chemically adsorbed onto solid substrates [5.96]. Mast to obtain good quality monolayers. Monolayers made 
often, they have a hydrophilic (polar) head that can be of methyl- and vinyl-terminated alkylsianes are auto- 
bonded o various sold surfucesandalong. hydrophobic phobic to the hydrocarbon solution and hence emerge 
(nonpolar) til that extends outward, SAMs are formed uniformly dry from the solution, whereas monolayers 
by the immersion of a substrate in a dilute solution of made of esterterminated alkylsilanes emerge wet from 
the molecule in an organic solvent. The resulting film the solution used in their formation. The disadvantage 
is a dense organization of molecules arranged to ex- of this method is that if the alkyltrichlorosilane in the 
pose the end group. The durahilty of a SAMs highly solvent adhering to the substrate is exposed to water, 
dependent on the effectiveness of the anchoring to the cloudy flmis deposited on the surface due to formation 
surface ofthe substrate, SAMs havebeen widely studied, oF a gel of polymere siloxane 
because the end group can be functionalized to form pre: Another important organic SAM system isthe alka 
cisely arranged molecular arrays for various applications nethiols (X(CHz),SH, where X is the endgroup) on 
ranging from simple ultrathin insulators and lubricants gold (5.96, 99-101]. A major advantage of using gold 
to complex biological sensors. Chemical self-assembly as the substrate material is that it does not have a stable 
uses organic or supramolecular SAMSasthe binding and oxide, and thus it can be handled in ambient condi- 
recognition sites for fabricating complex 3-D structures tions. When a fresh, clean, hydrophilic gold substrate is 
from colloidal nano-particles. Most commonly used or- immersed (several minutes to several hours) into a di- 
ganic monolayers include: 1) organosilicon compounds lute solution (10-3 M) of the organic sulfur compound 
on glass and native surface oxide ayer of silicon, 2)alka- (alkanethiols) in an inorganic solvent, a close-packed, 
nethiols, dialkyl disulfides, and dialkyl sulfides on gold, oriented monolayer can be obtained, Sulfur is used as 
3) faty acids on alumina and other metal oxides, and the head group, because ofits strong interaction with 
4) DNA. gold substrate (44keal mol), resulting in the Formation 
Octadecyltichlorosilane (OTS) is the most com- of a close-packed, ordered monolayer. The end group 
z mon organosilane used in the formation of SAMs, of alkanethiol can be modified to render hydropho- 
2 tiny Because of the fact dat it i sinple, ead bic or hyophilc properties to the adsorbed layer 
= ily available, and forms good, dense layers [5.97.98]. Another method for depositing alkanethiol SAM is sft- 
2 Alkylrichlorosilane monolayers can be prepared on lithography. This technique i based on inking a PDMS 


clean silicon wafers whose surface is SiO2 (with al- 
most 5x 10!4 SiOHgroups/em?). Figure 5.57 shows the 
schematic representation of the formation of alkylsilox- 
ane monolayers by adsorption of alkyltrichlorosilanes 
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Fig. 5.57 (a) Alkylsiloxane formed from the adsorption of 
alkyltrichlorosilane on Si/SiO2 substrates. (b) Schematic 
representation of the process 


stamp with alkanethiol and its subsequent transfer to 
planar and nonplanar substrates, Alkanethiol function- 
alized surfaces (planar, nonplanar, spherical) can also 
be used to self-assemble a variety of intricate 3-D struc- 
tures [5.102] 

Carboxylic acid derivatives self-assemble on sur- 
faces (eg., glass, AlsO3, and Ag,O) through an 
acid-base reaction, giving rise to monolayers of fatty 
acids [5.103]. The time required for the formation of 
a complete monolayer increases with decreased con- 
centration. A higher concentration of carboxylic acid 
is required to form a monolayer on gold compared to 
‘AlO3. This is due to differences in the affinity of the 
COOH groups (more affinity to AlyO3 and glass than 
gold) and also the surface concentration of the salt- 
forming oxides in the two substrates. In the case of 
amorphous metal oxide surfaces, the chemisorption of 
alkanoic acids is not unique. For example, on Ag2O the 
carboxylate two oxygen atoms bind to the substrate in 
nearly symmetrical manner, resulting in ordered mono- 
layers with a chain tlt angle from the surface normally 
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of 15° to 25°. Buton CuO and AlzOs, the oxygen atoms 
bind themselves symmetrically and the chain tilt angle 
is close to 0°. The structure of the monolayers is thus 
balance of the various interactions taking place in the 
polymer chains. 

Deoxyribonucleic acid (DNA), the framework on 
which all life is built, can be used to self-assemble 
nanomaterials into useful macroscopic aggregates that 
display a number of desired physical properties [5.104] 
DNA consists of two strands, which are coiled around 
each other to form a double helix. When the two strands 
are uncoiled, singular strands of nucleotides are left 
‘These nucleotides consist of a sugar (pentose ring) 
1 phosphate (PO,), and a nitrogenous base. The order 
and architecture ofthese components are essential forthe 
proper structure of a nucleotide. There are typically four 
nucleotides found in DNA: Adenine (A), Guanine (G), 
Cytosine (C), and Thyamine (T). A key property of 
the DNA structure is that the described nucleotides 
bind specifically to another nucleotide when arranged 
in the two-strand double helix (A to T and C to G), 
‘This specific bonding capability can he used to assem- 
ble nanophase material and nano-structures [5.105]. For 
example, nucleotide functionalized nano-gold particles 
have been assembled into complex 3-D structures by 
attaching DNA strands to the gold via an enabler or 
linker [5.106]. Ina separate work, DNA was used to as- 
semble nanoparticles into macroscopic materials. This 
‘method uses alkane dithiol as the linker molecule to 
connect the DNA template to the nanoparticle. The 
thiol groups at each end of the linker molecule cova- 
ently attach themselves to the colloidal particles to form 
aggregate structures [5.107] 


Template Manufacturing 
‘Template manufacturing refers to a set of techniques 
that can be used to fabricate 3-D organic or inorganic 
structures from a nano-template. These templates dif- 
fer in material, patter, feature size, overall template 
size, and periodicity. Although nano-templates can be 
fabricated using e-beam lithography, the serial nature of 
this technique prohibits its widespread application. Self- 
assembly is the preferred technique that can produce 
large-area nano-templates in a massively parallel fash- 
ion. Several nano-templates have been investigated for 
use in template manufacturing. These include polymer 
colloidal spheres, alumina membranes, and nuclear- 
track etched membranes, Colloidal spheres can be 
deposited in a regular 3-D array using the techniques 
described in the previous section (see Figs. 5.54-5.56). 
Porous aluminum oxide membranes can be fabricated 
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by the anodic oxidation of aluminum [5.108]. The ox- 
idized film consists of columnar arrays of hexagonal, 
close-packed pores with a separation comparable to the 
pore size. By controlling the electrolyte species, tem- 
perature, anodizing voltage and time, different pore 
sizes, density and height can be obtained. The pore 
size and depth can further be adjusted by etching the 
‘oxide in an appropriate acid. Templates of porous poly- 
carbonate or mica membranes can be fabricated by 
nuclear-track etched membranes [5.109]. This technique 
is based on the passage of high-energy decay fragments, 
from a radioactive source through a dielectric material, 
‘The particles leave behind chemically active damaged 
tracks that subsequently can be etched to create pores 
throughout the thickness of the membrane [5.110, 111] 
Unlike the other methods, the pore separation and, 
hence, the pore density are independent of the pore size. 
‘The pore density is only determined by the irradiation 
process, 

Following template fabrication, the interstitial 
spaces (in the case of colloidal spheres) or pores (in the 
case of alumina and polycarbonate membranes) in the 
template are filled with the desired material (5.91, 112] 
‘This can be done using a variety of deposition techniques 
such as electroplating and CVD. The final structure can 
be a composite of nano-template and deposited mater- 
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Fig.5.58 Symbesis of nano-bar-code particles 
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ial, or the template can be selectively etched, resulting 
in an air-filled 3-D complex structure, For example, 
nickel [5.111], iron [5.113], and cobalt [5.114] nano- 
wires have been electrochemically grown into porous 
template matrices. Three-dimensional photonic crystals 
have been fubricated by electrochemical deposition of 
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6. Stamping Techniques for Micro 
and Nanofabrication: Methods and Applications 


This chapter highlights some recent advances 
in high resolution printing methods, in which 

a "stamp" forms a pattern of “ink” on the 
surface it contacts. it focuses on two approaches 
whose capabilities, level of development, and 
demonstrated applications indicate a strong 
potential for widespread use, especially in areas 
Where conventional methods are unsuitable. The 
first of these, known as microcontact printing, 
uses a high resolution rubber stamp to print 
patterns of chemical inks, mainly those that 
lead to the formation of organic self-assembled 
‘monolayers (SAMs). These printed SAMs can be 
used either as resists in selective wet etching, 

or as templates in selective deposition to form 
structures of a variety of materials. The other 
approach, referred to as nanotransfer printing, 
Uses similar high resolution stamps, but ones 
inked with solid thin film materials. In this case, 
SAMs, or other types of surface chemistries, bond 
these films to a substrate that the stamp contacts. 
‘The material transfer that results upon removal 
of the stamp forms a pattem in the geometry of 
the relief features, in a purely additive fashion. 
In addition to providing detailed descriptions of 
these microlnanoprinting techniques, this chapter 
illustrates their use in some areas where these 
methods may provide attractive alternatives to 
‘more established lithographic methods. 


‘There is considerable interest in methods for building 
structures that have micron or nanometer dimensions. 
Historically, research and development in this area has 
been driven mainly by the needs of the microelectron- 
ics industry. The spectacularly successful techniques 
that have emerged from those efforts ~ photolithogra- 
phy, electron beam lithography, ete. ~ are extremely 
‘well suited to the tasks for which they were princi- 
pally designed: forming structures of radiation sensitive 
materials (e.g., photoresists or electron beam resists) 
fon ultra-flat glass or semiconductor surfaces. Signifi- 
cant challenges exist in adapting these methods for new 
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‘The demonstrator applications span fields as di- 
verse as biotechnology (intravascular stents), 
fiber optics (tunable fiber devices), nanoanalyt- 
ical chemistry (high resolution nuclear magnetic 
resonance), plastic electronics (paper-like dis~ 
plays), and integrated optics (distributed feedback 
lasers). The growing interest in nanoscience and 
nanotechnology motivates research and the de~ 
velopment of new methods that can be used for 
nanofabricating the relevant test structures or de- 
vices. The attractive capabilities of the techniques 
described here, together with the interesting and 
subtle materials science, chemistry, and physics 
associated with them, make this a promising area 
for basic and applied study. 


emerging applications and areas of research that require 
patterning of unusual systems and materials (e.g., those 
in biotechnology, plastic electronics, etc.), structures 
‘with nanometer dimensions (i.e., below 50-100nm), 
large areas in a single step (i.e., larger than a few square 
centimeters), or non-planar (i.e., rough or curved) 
surfaces. These established techniques also have the 
disadvantage of high capital and operational costs. As 
a result, some of the oldest and conceptually simplest 
forms of lithography ~ embossing, molding, stamp- 
ing, writing, etc. ~ are now being re-examined for 
their potential to serve as the basis for nanofabrica- 
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tion techniques that can avoid these limitations [6.1] 
Considerable progress has been made in the last few 
years, mainly by combining these approaches or vari- 
fants of them with new materials, chemistries, and 
processing techniques, This chapter highlights some re- 
cent advances in high resolution printing methods, in 
which a “stamp” forms a pattern of “ink” on a sur- 
face that it contacts. It focuses on approaches whose 
capabilities, level of development, and demonstrated 
applications indicate a strong potential for widespread 
use, especially in areas where conventional methods are 
unsuitable, 

Contact printing involves the use of an element with 
surface relief (i-e., the stamp) for transferring mater- 
ial applied to its surface (i.e. the ink) to locations on 
a substrate that it contacts. The printing press, one of 
the earliest manufacturable implementations of this ap- 
proach, was introduced by Gutenberg in the fifteenth 


6.1 High Resolution Stamps 


‘The printing process can he separated into two parts: 
fabrication of the stamp and the use of this stamp to pat- 
tern features defined by the relief on its surface. These 
two processes are typically quite different, although it 
is possible in some cases to use patterns generated by 
a stamp to produce a replica of that stamp. The strue- 
ture from which the stamp is derived, which is known as 
the “master”, can be fabricated with any technique that 
is capable of producing well-defined structures of relief 
on a surface, This master can then be used directly as 
the stamp, or to produce stamps via molding or printing 
procedures. Itis important to note that the technique for 
producing the master does not need to be fast or low in 
cost, It also does not need to possess many other char- 
acteristics that might be desirable for a given patterning 
task: [Lis used just once to produce a master, which is di- 
rectly or indirectly used to fabricate stamps. Each one of 
these stamps can then be used many times for printing. 
Ina common approach for the high resolution tech- 
niques that are the focus of this chapter, an established 
lithographic technique, such as one of those developed 
for the microelectronics industry, defines the master. Fig- 
ture 6.1 schematically illustrates typical processes. Here, 
photolithography patterns a thin layer of resist on a sil- 
icon wafer, Stamps are generated from this structure 
in one of two ways: By casting against this master, 
or by etching the substrate with the patterned resist, 


century. The general approach has since been used al- 
most exclusively for producing printed text or images 
with features that are one hundred microns or larger in 
their minimum dimension. The resolution is determined 
by the nature of the ink and its interaction with the 
stamp and/or substrate, the resolution of the stamp, and 
the processing conditions that are used for printing or 
‘converting the pattern of ink into a pattern of functional 
‘material. This chapter focuses on (1) printing techniques 
that are capable of micron and nanometer resolution, and 
(2) their use for fabricating key elements of active elec- 
tronic or optical devices and subsystems, It begins with 
aan overview of some methods for fabricating high reso- 
lution stamps and then illustrates two different ways that 
these stamps can be used to print patterns of functional 
materials. Applications that highlight the capabilities of 
these techniques and the performance of systems that 
are constructed with them are also presented. 


as a mask, In the first approach, the master itself can 
be used multiple times to produce many stamps. typ- 
ically using a light or heat-curable prepolymer. In the 
second, the etched substrate serves as the stamp. Addi- 
tional stamps can be generated either by repeating the 
lithography and etching, or by using the original stamp 
to print replica stamps. For minimum lateral feature 
sizes greater than ~ 1-2 microns, contact or proxim- 
ity mode photolithography with a mask produced by 
direct write photolithography represents convenient 
method to fabricate the master. For features smaller 
than ~ 2microns, several different techniques can be 
used [6.2] including: (1) projection mode photolithog- 
raphy [6.3], (2) direct write electron beam (or focused 
jon beam) lithography [64,5]. (3) scanning. probe 
lithography [6.6-9] or (4) laser interference lithogra- 
phy [6.10]. The first approach requires a photomask 
generated by some other method, such as direct write 
photolithography or electron beam lithography. The re- 
duction (typically 4x) provided by the projection optics 
relaxes the resolution requirements on the mask and 
‘enables features as small as ~90nm when deep ul- 
traviolet radiation and phase shifting masks are used, 
‘The costs for these systems are, however, very high and 
their availability for general research purposes is lim- 
ited. The second method is flexible in the geometry 
of patterns that can be produced, and the writing 5 
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tems are highly developed: 30-50nm features can be 
achieved with commercial systems [6.11], and < 10mm 
features are possible with research tools, as first demon- 
strated more than 25 years ago by Broers [6.12]. The 
‘main drawbacks of this method are that itis relatively 
slow and it is difficult to pattern large areas. Like pro- 
jection mode photolithography, it can be expensive. 
‘The third method, scanning probe lithography, is quite 
powerful in principle, but the tools are not as well es- 


6.2 Microcontact P: ig 


Microcontact printing (j1CP) [6.13] is one of several 
soft lithographic techniques ~ replica molding, micro- 
‘molding in capillaries, microtransfer molding, near-field 
conformal photolithography using an elastomeric phase- 
shifting mask, etc. ~ that have been developed as 
alternatives to established methods for micro- and 
‘nanofabrication [6.1418]. CP uses an elastomeric ele- 
‘ment (usually polydimethylsiloxane ~ PDMS) with high 
resolution features of relief as a stamp to print patterns 
‘of chemical inks. It was mainly developed for use with 
inks that form self-assembled monolayers (SAMs) of 
alkanethiolates on gold and silver. The procedure for 
carrying out j.CP in these systems is remarkably sim- 
ple: A stamp, inked with a solution of alkanethiol, is 
brought into contact with the surface of a substrate to 
transfer ink molecules to regions where the stamp and 
substrate contact. The resolution and effectiveness of 
HCP rely on conformal contact between the stamp and 
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Fig. 6.1 Schematic illustration of two methods for produe- 
ing high resolution stamps. The frst step involves patterning 
4 thin layer of some radiation sensitive material, known 
as the resist, om a flat substrate, such as a silicon wafer. 
It is convenient to use an established technique, such as 
photolithography or electron beam lithography, for this pur- 
pose. This structure, known as the master, is converted (© 
a stamp either by etching or molding. In the first case, the 
resist acts as a mask for etching the underlying substrate, 
Removing the resist yields a stamp. This structure can be 
used directly as a stamp to print patterns, or to produce ad- 
ditional stamps. In the molding approach, a prepolymer is 
cast against the relief structure formed by the patterned re- 
sist on the substrate. Curing (thermally or optically) and 
then peeling the resulting polymer away from the substrate 
yields a stamp. In this approach, many stamps can be made 
‘with a single master, and each stamp can be used many 
times 


tablished as those for other approaches, This technique 
has atomic resolution, but its writing speed can be lower 
and the areas that can be patterned are smaller than elec- 
tron beam systems. Interference lithography provides 
2 powerful, low cost tool for generating periodic ar- 
rays of features with dimensions down to 100~200nm; 
smaller sizes demand ultraviolet lasers, and patterns 
with aperiodic or non-regular features are difficult to 
produce, 


the surface of the substrate, rapid formation of highly 
ordered monolayers [6.19], and autophobicity of the 
SAM, which effectively blocks the reactive spreading 
of the ink across the surface [6.20]. It can pattern SAMs 
over relatively large areas (~up to 0.25 ft have been 
demonstrated in prototype electronic devices) ina single 
impression [6.21]. The edge resolution of SAMs printed 
onto thermally evaporated gold films is on the order of 
'50-nm, as determined by lateral force microscopy [6.22] 
Microcontact printing has been used with a range of 
different SAMs on various substrates [6.14]. Of these, 
alkanethiolates on gold, silver, and palladium [6.23] 
presently give the highest resolution, In many cases, 
the mechanical properties of the stamp limit the sizes of 
the smallest features that can be achieved: The most 
commonly used elastomer (Sylgard 184, Dow Com- 
ing) has a low modulus, which can lead to mechanical 
collapse or sagging for features of relief with aspect 
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Fig, 6.2 Schematic illustration of microcontact printing. 
The first step involves inking a stamp with a solution of 
‘material thatis capable of forming a self-assembled mono- 
layer (SAM) on a substrate that will be printed. In the case 
illustrated here, the ink is a millimolar concentration of 
hhexadecanethiol (HDT) in ethanol. Directly applying the 
ink to the surface of the stamp with a pipette prepares the 
stamp for printing. Blowing the surface of the stamp dry 
tnd placing it on a substrate delivers the ink to areas where 
the stamp contacts the substrate, The substrate consists of 
‘thin layer of Au on a flat support. Removing the stamp 
after a few seconds of contact leaves a patterned SAM of 
HDT on the surface of the Au film. The printed SAM can 
act asa resist for the aqueous-based wet etching of the ex- 
posed regions of the Au, The resulting pattem of conducting 
‘gold can be used to build devices of various types 


ratios greater than ~ 2 or less than ~ 0.05, Stamps fab- 
ricated with high modulus elastomers avoid some of 
these problems [6.24, 25]. Conventional stamps are also 
susceptible to in-plane mechanical strains that can cause 
distortions in the printed patterns. Composite stamps that 
use thin elastomer layers on stiff supports are effective 
at minimizing this source of distortion [6,26]. Methods 
for printing that avoid direct mechanical manipulation 
of the stamp can reduce distortions with conventional 
and composite stamps [6,21]. This approach has proven 
effective in large area flexible circuit applications that 
require accurate multilevel registration, 


‘The patterned SAM can be used either as a resist in 
selective wet etching or as a template in selective depo- 
sition to form structures of a variety of materials: metals, 
silicon, liquids, organic polymers, and even biological 
species. Figure 6.2 schematically illustrates the use of 
HCP and wet etching to pattern a thin film of Au. Fig- 
ure 6.3 shows SEM images of nanostructures of gold 
(20am thick, thermally evsporated with a 2.5 nm layer 
of Ti as an adhesion promoter) and silver (~ 100 nm 
thick formed by electroless deposition using commer- 
cially available plating baths) [6.27] that were fabricated 
using this approach, In the first and second examples, the 
‘masters for the stamps consisted of photoresist patterned 
on silicon wafers with projection and contact mode 
photolithography, respectively. Placing these masters in 
‘desiccator for ~ 1 h with a few drops of tridecafluoro- 
1,1,2,2-tetrahydrooetyl-t-trichlorosilane forms a silane 
monolayer on the exposed native oxide of the sili- 
con, This monolayer prevents adhesion of the master 
to PDMS (Sylgard 184), which is cast and cured from 
10:1 mixture of prepolymer and curing agent. Placing 
1 few drops of a ~ I mM solution of hexadecancthiol 
(HDT) in ethanol on the surface of the stamps, and 
then blowing them dry with a stream of nitrogen pre- 
pares them for printing. Contacting the metal film for 
a few seconds with the stamp produces a patterned 
self-assembled monolayer (SAM) of HDT. An aque- 
ous etchant (ImM K,Fe(CN)g, 10mM KyFe(CN)o, 
and 0.1 M NayS3O3) removes the unprinted regions of 
the silver [6.28]. A similar solution (1 mM K,Fe(CN), 
10mM K3Fe(CN)s, 10M KOH, and 0.1 M Na2S203) 


2am 10m 
Fig.6.3 Scanning electron micrographs of typical strue- 
tures formed by microcontact printing a self-assembled 
monolayer ink of hexadecanethiol onto a thin metal film 
followed by etching of the unprinted areas of the film. The 
left frame shows an array of Au (20nm-thick) dots with 
'~500nm diameters. The right frame shows a printed struc- 
ture of Ag (100nm thick) in the geometry of interdigitated 
source/drain electrodes for a wansistor in a simple inverter 
circuit. The edge resolution of patterns that can be easily 
achieved with microcontact printing is ~ $0-100nm 
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Schematic illustration of a simple method to print 
lines on the surfaces of optical fibers. Rolling a fiber over 
the inked stamp prints a pattern onto the fiber surface, De- 
pending on the orientation of the fiber axis with the line 
stamp illustrated here, itis possible in a single rotation of 
the fiber to produce & continuous microcoil, or arrays of 
bands or stripes 


can be used for etching the bare gold [6.29]. The results 
of Fig. 6.3 show that the roughness on the edges of the 
patterns is ~50-100nm. The resolution is determined 
by the grain sizeof the metal films, the isotropic etching 
process, slight reactive spreading of the inks, and edge 
disorder in the patterned SAMs. 

‘The structures of Fig.6.3 were formed on the fat 
surfaces of silicon wafers (Ieft image) and glass slides 
(ight image). An attractive feature of wCP and cer- 
tain other contact printing techniques is their ability 10 
patter features with high resolution on highly curved 
or rough surfaces [6.18 30, 31]. This type of pattern- 
ing task is difficult or impossible to accomplish with 
photolithography due to its limited depth of focus 
and the difficulty of casting uniform films of pho- 
toresist on non-fat surfaces. Figure 6.4 shows, as an 
example, a straightforward approach for high resolu- 
tion printing on the highly curved surfaces of optical 
fibers. Here, simply rolling the fiber over an inked 
stamp prints a pattern on the entire outer surface of 
the fiber, Simple staging systems allow aligament of 
features 10 the fiber axis; they also ensure registra- 
tion of the pattem from one side of the fiber to the 
other (6,16). Figure 6.5 shows 3 micron-wide lines and 
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Fig.6.5 Optical micrographs of some three-dimensional 
‘microstructures formed by microcontact printing on curved 
surfaces. The fop frame shows an array of 3-micron lines 
of Au 2Onm)/Ti (1.Snm) printed onto the surface of an 
‘optical fiber. This type of structure can be used as an inte 

rated photomask for producing mode-coupling gratings in 
the core of the fiber. The bottom frames show a freestanding 
‘metallic microstructure formed by (1) microcontact print- 
ing and etching a thin (100nm-thick) film of Ag on the 
surface of a glass microcapillary tube, (2) electroplating 
the Ag to increase its thickness (to tens of microns) and 
G)etching away the glass mictocapillary with concentrated 
hydrofluoric acid. The structure shown here has the geom. 

etry and mechanical properties of an intravascular stent, 
which is a biomedical device commonly used in balloon 
angioplasty 


spaces printed onto the surface of a single mode opti 
cal fiber (diameter 125 um). The bottom frame shows 
a freestanding metallic structure with the geometry and 
mechanical properties of an intravascular stent, which 
is a biomedical device that is commonly used in bal- 
Joon angioplasty procedures. In this latter case CP 
followed by electroplating generated the Ag microstruc: 
ture on a sacrificial glass eylinder that was subsequently 
etched away with concentrated hydrofluoric acid [6.32]. 
Other examples of microcontact printing on non-fat sur 
faces (i.e., low cost plastic sheets and optical ridge 
waveguides) appear in the applications section of this, 
chapter. 
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6.3 Nanotransfer Printing 


Nanotransfer printing (nTP) isa more recent high resolu- 
tion printing technique, which uses surface chemistries 
as interfacial “glues” and “release” layers (rather than 
“inks”, as in (CP) to control the transfer of solid 
material layers from relie features on a stamp to a sub- 
strate (6.33-35]. This approach is purely additive (i.e., 
material is only deposited in locations where it is 
needed), and it can generate complex patterns of single 
or multiple layers of materials with nanometer resolu- 
tion over large areas in a single process step. It does 
not suffer from surface diffusion or edge disorder in 
the patterned inks of CP, nor does it require post- 
printing etching or deposition steps to produce structures 
of functional materials. ‘The method involves four com 
ponents: (1) astamp (rigid, flexible, or elastomeric) with 
relief features in the geometry of the desired pattern, 
(2) a method for depositing a thin layer of solid mater- 
ial onto the raised features of this stamp, (3) a means 
of bringing the stamp into intimate physical contact 
witha substrate, and (4) surface chemistries that prevent 
adhesion of the deposited material to the stamp and pro- 
mote its strong adhesion to the substrate. nTP has been 
demonstrated with SAMs and other surface chemistries 
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for printing onto flexible and rigid substrates with hard 
Inorganic and soft polymer stamps. Figure 6,6 presents 
‘set of procedures for using nTP to pattern a thin metal 
bilayer of Au/Ti witha surface transfer chemistry that re- 
lies on.a dehydration reaction [6.33]. The process begins 
with fabrication of a suitable stamp. Elastomerie stamps 
ccan be builtusing the same casting and curing procedures 
described for j.CP. Rigid stamps can be fabricated by 
(1) patterning resist (e-g., electron beam resist or pho- 
toresist) on a substrate (e.g., Si or GaAs), (2) etching the 
‘exposed regions of the substrate with an anisotropic re- 
active ion etch, and (3) removing the resist, as illustrated 
in Fig.6.1. For both types of stamps, careful control of 
the lithography and the etching steps yields features of 
relief with nearly vertical orslightly re-entrant sidewalls 
‘The stamps typically have depths of relief > 0.2 um for 
patterning metal films with thicknesses < 50m, 
Electron beam evaporation of Au (20nm: I nm/s) 
and Ti (5 nm; 0.3 nm/s) generates uniform metal bilay- 
cers on the surfaces of the stamp. A vertical, collimated 
flux of metal from the source ensures uniform deposi- 
tion only on the raised and recessed regions of relief. 
‘The gold adheres poorly to the surfaces of stamps made 
of GaAs, PDMS, glass, or Si. In the process of Fig. 6.6, 
a fluorinated silane monolayer acts to reduce further the 
adhesion when a Si stamp (with native oxide) is used. 
‘The Ti layer serves two purposes: (1) it promotes adhe- 
sion between the Au layer and the substrate after pattern 


Fig.6.6 Schematic illustration of nanotransfer printing 
procedures. Here, interfacial dehydration chemistries con- 
twol the transfer of a thin metal film from a hard inorganic 
stamp to a conformable elastomeric substrate (thin film 
of polydimethylsiloxane (PDMS) on a plastic sheet). The 
process begins with the fabrication of a silicon stamp (by 
‘conventional lithography and etching) followed by sur- 
face functionalization of the native oxide with a fluorinated 
silane monolayer, This layer ensures poor adhesion between 
the stamp and a bilayer metal film (Au and Ti) deposited 
by electron beam evaporation. A collimated flux of metal 
oriented perpendicular to the surface of the stamp avoids 
deposition on the sidewalls of relief. Exposing the sur- 
face Ti layer to-an oxygen plasma produces titanol groups. 
A similar exposure for the PDMS produces silanol groups. 
Contacting the metal-coated stamp to the PDMS results in 
dehydration reaction that links the metal tothe PDMS. Re- 
‘moving the stamp leaves a pattern of metal in the geometry 
‘of the relief features 
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transfer, and (2) it readily forms a ~ 31nm oxide layer at 
ambient conditions, which provides a surface where the 
dehydration reaction can take place. Exposing the tit 
nium oxide (TiO, ) surface to an oxygen plasma breaks 
bridging oxygen bonds, thus creating defect sites where 
‘water molecules can adsorb. The result is a titanium ox- 
ide surface with some fractional coverage of hydroxyl 
(-OH) groups (titanol) 

In the case of Fig.6.6, the substrate is a thin 
film of PDMS (10-50 jum thick) cast onto a sheet of 
poly(ethylene terephthalate) (PET; 175 um thick). Ex- 
posing the PDMS to an oxygen plasma produces surface 
(-OH) groups (silanol). Placing the plasma oxidized, 
‘Au/Ti-coated stamp on top of these substrates leads to 
intimate, conformal contact between the raised regions 
of the stamp and the substrate, without the application 
of any external pressure, (The soft, conformable PDMS 
is important inthis regard.) Itis likely that a dehydration 
reaction takes place at the (OH)-bearing interfaces dur- 
ing contact; this reaction results in permanent Ti-O—Si 
bonds that produce strong adhesion between the two 
surfaces. Peeling the substrate and stamp apart transfers 
the Au/Ti bilayer from the raised regions of the stamp 
(to which the metal has extremely poor adhesion) to the 
substrate, Complete pattern transfer from an elastomeric 
stamp to a thin elastomeric substrate occurs readily at 
room temperature in open air with contact times of less 
than 15 seconds. When a rigid stamp is employed, slight 
heating is needed to induce transfer. While the origin 
of this difference is unclear, it may reflect the compara- 
tively poor contact when rigid stamps are used; similar 
differences are also observed in cold welding of gold 
films [6.36] 

Figure 6.7 shows scanning electron micrographs of 
‘a pattern produced using a GaAs stamp generated by 
electron beam lithography and etching. The frames on 
the right show images of the metal-coated stamp before 
printing (top) and the transferred pattern (bottom). The 
resolution appears to be limited only by the resolution 
of the stamp itself, and perhaps by the grain size of 
the metal films, Although the accuracy in multilevel 
registration that is possible with nTP has not yet been 
(quantified, its performance is likely similar to that of 
embossing techniques when rigid stamps are used [6.37] 

A wide range of surface chemistries can be used 
for the transfer. SAMs are particularly attractive due to 
their chemical flexibility. Figure 6.8 illustrates the use 
ofa thiol terminated SAM and aTP for forming patterns 
of Au on a silicon wafer [6.34]. Here, the vapor phase 
co-condensation of the methoxy groups of molecules of 
3-mereaptopropyltrimethoxysilane (MPTMS) with the 
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Printed pattern 
Fig.6.7 Scanning electron micrograph (SEM) of a pattern 
produced by nanotransfer printing. The structure consists 
of a bilayer of Au (20nm)/Ti (1nm) (white) in the geom- 
ey of a photonic bandgap waveguide printed onto a thin 
layer of polydimethylsiloxane on a sheet of plastic (black). 
Electron beam lithography and etching of a GaAs wafer 
produced the stamp that was used in this case. The transfer 
chemistry relied on condensation reactions between ttanol 
‘groups on the surface of the Ti and silanol groups on the 
surface of the PDMS. The frames on the right show SEMs 
of the Aw/Ti-coated stamp (top) before printing and on the 
substrate (bottom) after printing. The electron beam lithy 
raphy and etching used to fabricate the stamp limit the 
‘minimum feature size (~ 70mm) and the edge resolution 
(~5—10nm) of this pattern 


—OH terminated surface of the wafer produces a SAM 
of MPTMS with exposed thiol (SH) groups. PDMS 
stamps can be prepared for printing on this surface by 
coating them with a thin film (~ 15nm) of Au using 
conditions (thermal evaporation 1.0nm/s; ~ 10~? torr 
base pressure) that yield optically smooth, uniform films 
without the buckling that has been observed in the past 
with similar systems [6.38], Nanocracking that some. 

times occurs in the films deposited in this way can be 
reduced or eliminated by evaporating a small amount of 
‘Ti onto the PDMS before Au deposition and/or by ex- 
posing the PDMS surface briefly to an oxygen plasma, 
Bringing this coated stamp into contact with the MPTMS 
SAM leads to the formation of sulfur-gold bonds in 
the regions of contact. Removing the stamp after a few 
seconds efficiently transfers the gold from the ruised re- 
sions of the stamp (Au does not adhere to the PDMS) 
to the substrate. Covalent bonding of the SAM glue 
to both the substrate and the gold leads to good adhe- 
sion of the printed patterns: They easily pass Scotch 
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Fig. 6.8 Schematic illustration of steps for nanotransfer 
printing a pattern of a thin layer of Au onto a silicon wafer 
using a self-assembled monolayer (SAM) surface chem- 
istry. Plasma oxidizing the surface of the wafer generates 
—OH groups. Solution or vapor phase exposure ofthe wafer 
to 3-mercaptopropyl-timethoxysitane yields a SAM with 
‘exposed thiol groups. Contacting an Au-coated stamp to 
this surface produces thiol linkages that bond the gold to 
the substrate, Removing the stamp completes the transfer 
printing process 


tape adhesion tests, Similar results can be obtained with 
other substrates containing surface —OH groups. For 
example, Au pattems can be printed onto ~ 250 um- 
thick sheets of poly(ethylene terephthalate) (PET) by 
first spin casting and curing (130°C for 24h) a thin film 
of an organosilsesquioxane on the PET. Exposing the 
cured film (~ 1 jm thick) to an oxygen plasma and then 
to air produces the necessary surface (~OH) groups. 
Figure 6.9 shows some optical micrographs of typical 
printed patterns in this case [6.34] 

Similar surface chemistries can guide transfer to 
other substrates. Alkanedithiols, for example, are useful 


Bhs 


Fig.6.9 Optical micrographs of pattems of Au (1Sam 


thick) formed on plastic (left frame) and silicon (right 
4srame) substrates with nanotransfer printing. ‘The transfer 
‘chemistries in both cases rely on self-assembled monolay- 
‘ers with exposed thiol groups. The minimum feature sizes 
and the edge resolution are both limited by the photolithog- 
raphy used to fabricate the stamps 


for printing Au onto GaAs wafers [6.35]. Immers- 
ing these substrates (freshly etched with 37% HCI for 
~2min to remove the surface oxide) in a 0.05M so- 
lution of 1,8-octanedithiol in ethanol for 3h produces 
‘a monolayer of dithiol on the surface. Although the 
chemistry of this system is not completely clear, itis gen- 
‘rally believed that the thiol end groups bond chemically 
to the surface. Surface spectroscopy suggests the forma- 
tion of Ga—S and As—S bonds. Contacting an Au-coated 
PDMS stamp with the treated substrate causes the ex- 
posed thiol endgroups to react with Au in the regions of 
contact. This reaction produces permanent Au-S bonds 
at the stamp/substrate interface (see insets in Fig. 6.2 
for idealized chemical reaction schemes). Figure 6.10 
illustrates a representative optical micrograph of an Au 
pattern generated by nTP on GaAs, 


2pm 


Fig. 6.10 Optical micrograph of a pattern of Au (151m 
thick) formed on a GaAs substrate using nanotransferprint- 
ing. The transfer chemistry in this case relies on a dithiol 


layer formed on the substrate. The minimum feature sizes 
tnd the edge resolution are both limited by the photolithog- 
raphy used to fabricate the stamps 
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6.4 Applications 


Promising potential applications for the types of print- 
ing techniques described in the previous sections include 
those where the patterning requirements cannot be met 
with existing tools or those where the casts of these 
conventional methods are prohibitively high.We have 
focused our efforts partly on unusual electronic systems 
such as flexible plastic circuits and devices that rely 
‘on electrodes patterned on curved objects such as mi- 
ccrocapillaries and optical fibers. We have also explored 
photonic systems such as distributed feedback structures 
for lasers and other integrated optical elements that de- 
‘mand sub-micron features. The sections below highlight 
several examples in each of these areas. 


6.4.1 Unconventional Electronic Systems 


A relatively new direction in electronics research seeks 
to establish low cost plastic materials, substrates, and 
Printing techniques for large area flexible electronic de- 
vices, such as paper-like displays. These types of novel 
devices can complement those (eg. high density mem- 
ries, high speed microprocessors, etc.) that are well 
suited to existing inorganic (e.., silicon) electronics 
technologies. High resolution patterning methods for 
defining the separation between the source and drain 
electrodes (i.e., channel length) of transistors in these 
plastic circuits are particularly important because this d- 
‘mension determines current output and other important 
characteristics [6.39]. 

‘Although conventional patterning techniques, such 
as photolithography or electron beam lithography, have 
the required resolution, they are not appropriate be- 
cause they are expensive and generally require multiple 
processing steps with resists, solvents, and developers, 
‘which can be dffculttouse with organic active materials 
and plastic substrates, Microcontact and nanotransfer 
Printing ate both particularly wel suited for this appli 
cation. They can be combined and matched with other 
techniques, such as ink jet or screen printing to form 
4 complete system for patterning ll layers in practical 
plastic electronic devices [6.40]. 

Figure 6.11. illustrates schematically a cross- 
sectional view of atypical organic transistor. The frame 
on the right shows the electrical switching. charac- 
teristics of a device that uses source/drain electrodes 
of Au patterned by jiCP, a dielectric layer of an 
organosilsesquioxane, agate of indium tin oxide (ITO), 
and a PET substrate, The effective semiconductor mo- 
bility extracted from these data is comparable to those 
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Fig.6.11 Schematic cross-sectional view (1op) and eleetri- 
cal performance (bottom) of an organic thin film transistor 
‘with microcontact printed source and drain electrodes. The 
structure consists of a substrate (PET), gate electrode 
(indium tin oxide), a gate dielectric (spin cast layer of 
“organosilsesquioxane), source and drain electrodes (20 nm. 
‘Auand 1.5 nm Ti), and a layer of the organic semicondue- 
tor pentacene, The electrical properties of this device are 
comparable to or better than those that use pentacene with 
photolithographically defined source/drain electrodes and 
inorganic dielectrics, gates, and substrates 


‘measured in devices that use the same semiconductor 
(pentacene in this case) with inorganic substrates and 
dielectrics, and gold source/drain electrodes defined by 
photolithography. Our recent work [6.1,27,41]with wCP. 
in the area of plastic electronics demonstrates: (1) meth- 
ods for using cylindrical “roller” stamps mounted on 
fixed axles for printing in a continuous reel-to-reel fash- 
ion, high resolution sourvefdrain electrodes in ultrathin 
gold and silver deposited from solution at room tem- 
perature using electroless deposition, (2) techniques for 
performing registration and alignment of the printed fea- 
‘ures with other elements of a circuit over large areas, 
(3) strategies for achieving densities of defects that are as 
‘good as those observed with photolithography when the 
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Fig. 6.12 Image of a flexible plastic active matrix back- 
plane circuit whose finest features (transistor source/drain 
electrodes, and related interconnects) are patterned by 
microcontact printing. ‘The circuit rests partly on the 
‘elastomeric stamp that was used for printing. The circuit 
‘consists of a square array of interconnected organic tran- 
sistors, each of which acts locally as a voltage-controlled 
switch to control the color of an element in the display. 
The inset shows an optical micrograph of one of the 
transistors 


a) Clean stamp 


patterning is performed outside of clean room facilities, 
(4) methods for removing the printed SAMs to allow 
good electrical contact of the electrodes with organic 
semiconductors deposited on top of them, and (5) mater- 
ials and fabrication sequences that can efficiently exploit 
these printed electrodes for working organic TFTS in 
large scale circuits 

Figure 6.12 provides an image of a large area plastic 
circuit with critical features defined by j.CP. This cit- 
cuit is a flexible active matrix backplane for a display. 
It consists of a square array of interconnected transis- 
tors, each of which serves as a switching element that 
controls the color of a display pixel [6.21.42]. The tran- 
sistors themselveshhave the layout illustrated in Fig. 6.11, 
and they use similar materials, The semiconductor in 
this image is blue (pentacene), the source/drain level is 
Au, the ITO appears green in the optical micrograph 
in the inset. Part of the circuit rests on the stamp that 
was used for j.CP. The smallest features are the source 
and drain electrodes (~ 15 jm lines), the interconnect- 
ing lines (~ 15 tm lines), and the channel length of the 
transistor (~ 15 um). This circuit incorporates five lay- 
cers of material patterned with good registration of the 
source/drain, gate, and semiconductor levels. The sim- 
ple printing approach is illustrated in Fig. 6.13 [6.21] 
Just before use, the surface of the stamp is cleaned using 
‘a conventional adhesive roller lint remover; this proce- 
dure removes dust from the stamp in a manner that does 


Fig. 6.13 Schematic illustration of fabrication steps for mi- 
‘esocontact printing onto large areas of plastic sheets. The 
process begins with cleaning the stamp using a conventional 
adhesive roller Lint remover. This procedure effectively re- 
moves dust particles. To minimize distortions, the stamp 
rests face up on a flat surface and is not manipulated di- 
rectly during the printing. Alignment and registration are 
achieved with alignment marks on one side of the sub- 
strate and the stamp. By bending the plastic sheet, contact 
is initiated on one side of the stamp. The contact line is 
then allowed to progress gradually across the stamp. This 
approach avoids the formation of air bubbles that can frus- 
trate good contact. Afier the substrate is in contact with 
the stamp for a few seconds, the plastic substrate is sep- 
arated from the stamp by peeling it away, beginning in 
fone corner. Good registration (maximum cumulative dis- 
tortions less than SOmicrons over an area of 0.25 square 
feet) and low density of defects can be achieved with this 
simple approach, Itis also well suited for use with rigid 
‘composite stamps designed to even further reduce the level 
of distortion 
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not contaminate or damage its surface. Inking the stamp 
and placing it face up on a flat surface prepares it for 
printing. Matching the cross hair alignment marks on 
the corners of one edge of the stamp with those pat- 
temed in the ITO brings the substrate into registration 
with the stamp. During this alignment, features on the 
stamp are viewed directly through the semitransparent 
substrate. By bending the PET sheet, contact with the 
stamp is initiated on the edge of the substrate that con- 
tains the eross hair marks. Gradually unbending the sheet 
allows contact to progress across the rest of the surface. 

This printing procedure is attractive because it avoids 
distortions that can arise when directly manipulating the 
flexible rubber stamp. It also minimizes the number and 
size of trapped air pockets that can form between the 
stamp and substrate. Careful measurements performed 
after etching the unprinted areas of the gold show that 
‘over the entire 6" x6" area of the circuit, (1) the ever- 
all alignment accuracy for positioning the stamp relative 
to the substrate (ie., the offset of the center of the dis- 
tribution of registration errors) is ~ 50-100 jum, even 
with the simple approach used here, and (2) the dis- 
tortion in the positions of features in the source/drain 
level, when referenced to the gate level, can be as small 
as ~50jum (Le., the full width at half maximum of 
the distribution of registration errors). These distortions 
represent the cumulative effects of deformations in the 
stamp and distortions in the gate and column electrodes 
that may arise during the patterning and processing of 
the flexible PET sheet, The density of defects in the 
printed patterns is comparable to (or smaller than) that 
in resist patterned by contact mode photolithography 
‘when both procedures are performed outside of a clean- 
room facility (i.e., when dust is the dominant source of 
defects). 

Figure 6.14 shows an “exploded” view of a paper- 
like display that consists of a printed flexible plastic 
backplane circuit, like the one illustrated in Fig. 6.13, 
laminated against a thin layer of “electronic ink” [6.21, 
43]. The electronic ink is composed of a monolayer of 
transparent polymer microcapsules that contain a sus- 
pension of charged white pigment particles suspended 
in a black liquid. The printed transistors in the back- 
plane circuit act as local switches, which control electric 
fields that drive the pigments to the front or back of the 
display. When the particles flow to the front of a micro- 
capsule, it appears white; when they flow to the back, 
it appears black, Figure 6.15 shows a working sheet 
of active matrix electronic paper that uses this design. 
This prototype display has several hundred pixels and 
‘an optical contrast that is both independent of the view- 
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Fig. 6.16 Schematic exploded view of the components of a pixel in 
anelectronic paper-like display (bottom frame) that uses a microcon- 
tact printed flexible active matrix backplane circuit (ilustration near 
the bottom frame). The circuit is laminated against an unpatterned 
thin sheet of electronic ink (1op frame) that consists of a monolayer 
of transparent polymer microcapsules (diameter ~ 100 microns) 
‘These capsules contain a heavily dyed black fluid and a suspension 
of charged white pigment particles (see right inser). When one of the 
transistors turns on, electric fields develop between an unpattemed 
‘ransparentfrontplane electrode (indium tin oxide) and a backplane 
electrode that connects to the transistor. Electrophoretic flow drives 
the pigment particles tothe front or the back of the display. depend- 
{ng on the polarity of the field. This flow changes the color of the 
plxel, as viewed from the front of the display, from black to white 


ing angle and significantly better than newsprint. The 
device is ~ Imm thick, is mechanically flexible, and 
weighs ~ 80% less than a conventional liquid crystal 
display of similar size. Although these displays have 
only a relatively coarse resolution, all of the process- 
ing techniques, the CP method, the materials, and the 
electronic inks are suitable for the large numbers of 
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Fig, 6.15 Electronic paper-like display showing two differ- 
ent images. The device consists of several hundred pixels 
controlled by a flexible active matrix backplane circuit 
formed by microcontact printing. The relatively coarse res- 
lution of the display is not limited by material properties 
or by the printing techniques. Instead, itis set by practical 
considerations for achieving high pixel yields in the rela- 
tively uncontrolled environment of the chemistry laboratory 
the circuits were fabricated 


pixels required for high information content electronic 
newspapers and other systems 

Like CP, nTP is well suited to forming high res- 
olution source/drain electrodes for plastic electronics. 
TP of Aw/Ti features in the geometry of the drain and 
source level of organic transistors and with appropriate 
interconnects on a thin layer of PDMS on PET yields 
a substrate that can be used in an unusual but power: 
ful way for building circuits: Soft, room temperature 
lamination of such a structure against a plastic sub- 
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Fig. 6.16 The top frame shows current-voltage character- 
istics of an n-channel transistor formed with electrodes 
patterned by nanotransfer printing that are laminated 
‘against a substrate that supports an organic semiconductor 
agate dielectric, and a gate. The inset shows an optical mi 
crograph of the interdigitated electrodes. The bottom frame 
fn the right shows the transfer characteristics of a simple 
CMOS inverter circuit that uses this device and a similar 
‘one for the p-channel transistor 


strate that supports the semiconductor, gate dielectric, 
and gate levels yields a high performance circuit em 

bedded between two plastic sheets [6.33,44]. (Details of 
this lamination procedure are presented elsewhere.) The 
left frame of Fig. 6.16 shows the current-voltage charac- 
teristics of a laminated n-channel transistor that uses the 
organic semiconductor copper hexadecafluorophthalo- 

cyanine (n-type) and source/drain electrodes patterned 
with TP, The inset shows an optical micrograph of the 
printed interdigitated source/drain electrodes of this de 

vice. The bottom frame of Fig. 6.16 shows the transfer 
characteristics ofa laminated complementary organic in- 
verter circuit whose electrodes and connecting lines are 
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Not to be confused with rotational encoder, which has its own entry in this 


encyclopedia 
OTHER RELATED COMPONENTS 


«+ suiteh (See Chapter 6) 
+ rotational encoder (See Chapter 2) 


What It Does 


A rotary switch makes an electrical connection 
between a rotor, mounted on a shaft that is 
turned by a knob, and one of two or more sta- 
tionary contacts. Traditionally, it was the compo- 
nent of choice to select wavebands on a radio 
receiver, broadcast channels on a television or 
inputs on a stereo preamplifier, Since the 1990s, 
it has been substantially superceded by the ro- 
tational encoder. However it still has applica- 
tions in military equipment, field equipment, 
industrial control systems, and other applica- 
tions requiring a rugged component that will 
withstand heavy use and a possibly harsh envi- 
ronment. Also, while the output froma rotational 
encoder must be decoded and interpreted by a 
device such as a microcontroller, a rotary switch 
is an entirely passive component that does not 
require any additional electronics for its func- 
tionality. 


Twotypical schematicsymbols fora rotary switch 
are shown in Figure 7-1. They are functionally 
identical. A simplified rendering of the interior of 
a traditional-style rotary switch is shown in 
Figure 7-2. A separate contact (not shown) con- 
nects with the rotor, which connects with each 


ofthe stationary contacts in turn. The colors were 
chosen to differentiate the parts more clearly, 
and do not correspond with colors in an actual 
switch. 
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Figure 7-1. Typical schematic symbols for a rotary switch. 
The twa symbols are functionally identical. The number of 
contacts will vary depending on the switch 


A selection of rotary switches is shown in 
Figure 7-3. At top-left is an open frame switch, 
providing no protection toits contacts from con- 
taminants, This type of component is now rare. 
At top-right is a twelve-position, single-pole 
switch rated 2.5Aat 125VAC. Atfront-leftisafour- 
position, single-pole switch rated 0.3A at 16VDC 
or 100VAC. At front right is a two-position, two- 
pole switch with the same rating as the one be- 
side it. All the sealed switches allow a choice of 
panel mounting or through-hole printed circuit 
board mounting, 
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defined by n TP. The p-channel transistor in this circuit 
used pentacene for the semiconductor [6.33] 

In addition to high resolution source/drain elec- 
trodes, it is possible to use nTP to form complex 
‘mulilayer devices with electrical functionality on plastic 
substrates [6.34]. Figure 6.17 shows a metalinsulator/ 
‘metal (MIM) structure of Au (50 nm), SiN (100m: by 
plasma enhanced vapor deposition, PECVD), Ti (nm) 
and Au (50m) formed by transfer printing witha silicon 
stamp that is coated sequentially with these layers. Inthis 
case, a short reactive ion etch (with CF), after the sec- 
ond Au deposition, removes the SiN, from the sidewalls 
of the stamp, nTP transfers these layers in a patterned 
xeometry 10 a substrate of Au(15 nm)/Ti(I nm)-coated 
PDMS(50 jimyPET(250 um). Interfacial cold welding 
between the Au on the surfaces of the stamp and 
substrate bonds the multilayers to the substrate. Fig- 
ure 6.3 illustrates the procedures, the structures (Iateral 
dimensions of 250mx250 jm, for ease of electri- 
cal probing), and their electrical characteristics. These 
‘MIM capacitors have performance similar to devices 
fabricated on silicon wafers by photolithography and 
lift-off. This example illustrates the ability of nTP to 
pfint patterns of materials whose growth conditions 
(high temperature SIN, by PECVD, in this ease) pre- 
vventtheir direct deposition or processing on the substrate 
of interest (PET, inthis case). The cold welding trans- 
fer approach has also been exploited in other ways for 
patterning components for plastic electronics (645,46) 

Another class of unusual electronic/optoelectronic 
devices relies on circuits or circuit elements on curved 
surfaces. This emerging area of research was stimu- 
lated primarily by the ability of wCP to print high 
resolution features on fibers and cylinders. Figure 6.18 
shows a conducting microcoil printed with 41CP on 
8 microcapillary tube using the approach illustrated in 
Fig. 6.4, The coil serves as the excitation and detection 
clement for high resolution proton nuclear magnetic res- 
‘nance of nanoliter volumes of fuid that are housed in 
the bore of the microcapillary [6.47]. The high fll factor 
and other considerations lead to extremely high sen- 
sitivity with such printed coils. The bottom frame of 
Fig. 6.18 shows the spectrum of an ~ 8nL. volume of 
ethylbenzene, The narrow lines demonstrate the high 
resolution that is possible with this approach. Similar 
coils can be used as magnets [6.48], springs [6.32], 
and electrical transformers [6.49]. Figure 6.19 shows 
an optical micrograph and the electrical measurements 
from a concentric cylindrical microtransformer that uses 
a microcoil printed on a microcapllary tube witha fer- 
romagnetic wire threaded through its core. Inserting this 
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Fig.6.17 Multilayer thin film capacitor structure printed in a sin- 
gle step onto a plastic substrate using the nanotransfer printing 
technique. A multilayer of Au/SiN,/TW/Au was frst deposited onto 
silicon stamp formed by photolithography and etching. Contacting 
this stamp to a substrate of AWPDMS/PET forms a cold weld that 
‘bonds the exposed Au on the stamp to the Au coating on the substrate 
Removing the stamp produces arrays of square (250 jumx250 jum) 
‘metal/nsulator/metal capacitors on the plastic support. The black 
Jine shows the measured current-voltage characteristics of one of 
these printed capacitors. The brown line corresponds to a similar 
structure formed on a rigid glass substrate using conventional pho- 
tolithographic procedures. The characteristics are the same for these 
two cases. The slightly higher level of noise in the printed devices 
results, at least parly, from the difficulty in making good electrical 
contacts to strictures on the flexible plastic substrate 
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Fig. 6.18 The 1op frame shows an optical micrograph of 
‘continuous conducting microcoil formed by microcon- 
‘act printing onto a microcapillary tube. This type of printed. 
‘microcoil is well suited for excitation and detection of nu- 
clear magnetic resonance spectra from nanoliter volumes 
of fluid housed in the bore of the microcapillary. The hor 
om frame shows a spectra trace collected from an ~ 8. 
‘volume of ethyl benzene using a structure similar to the one 
shown in the top frame 
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Fig. 6.19 The inset shows a concentric microtransformer 
formed using microcoils printed onto two different micro- 
capillary tubes. The smaller of the tubes (outer diameter 
135 microns) has a ferromagnetic wire threaded through 
its core. The larger one (outer diameter 350 microns) has 
the smaller tube threaded through its core. The resulting 
structure is a microtransformer that shows good coupling 
‘coefficients at frequencies up to ~ 1 MHz. The graph shows 
its performance 


structure into the core of a larger microcapillary that 
also supports a printed microcoil completes the trans- 
former [6.49]. This type of device shows good coupling 
coefficients up to relatively high frequencies. Examples 
of other optoelectronic components appear in fiber op- 
tics where microfabricated on-fiber structures serve as 
integrated photomasks [6.16] and distributed thermal 
sctuators [6.18]. 


6.4.2 Lasers and Waveguide Structures 


In addition to integral components of unconventional 
electronic systems, useful structures for integrated optics 
can be built by using CP and aTP to print sacrifi- 
cial resist layers for etching glass waveguides. These 
printing techniques offer the most significant potential 
value for this area when they are used to pattem fea- 


Fig. 6.20 » Schematic illustration of the use of micro- 
contact printing (j1CP) for fabricating high resolution 
gratings that can be incorporated into distributed planar 
laser structures or other components for integrated optics. 
‘The geometries illustrated here are suitable for 3rd order 
distributed feedback (DFB) lasers that operate in the red. 


Fig. 6.21 » Schematic illustrations and lasing spectra of 
plastic lasers that use microcontact printed resonators based 
fon surface relief distributed Bragg reflectors (DBRs) and 
distributed feedback gratings (DFBs) on glass substrates. 
‘The grating periods are ~ 600 nm in both cases. The lasers 
use thin film plastic gain media deposited onto the printed 
gratings. The laser shows emission in a narrow wavelength 
range, with a width that is limited by the resolution of the 
spectrometer used to characterize the output. In both cases, 
the emission profiles, the lasing thresholds and other ehar- 
acteristics of the devices are comparable to similar lasers 
that use resonators formed by high resolution projection 
mode photolithography 
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tures that are smaller than those that can be achieved 
with contact mode photolithography. Mode coupling 
agatings and distributed laser resonators are two such 
classes of structures. We have demonstrated j.CP for 
forming distributed feedback (DFB) and distributed 
Bragg reflector (DBR) lasers that have narrow emis- 
sion line widths [6.50]. This challenging fabrication 
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Fig.6.22 The 1op frames gives a schematic illustration 
of steps for microcontact printing high resolution grat- 
ings directly onto the top surfaces of ridge waveguides, 
‘The printing defines a sacrificial etch mask of gold that 
is subsequently removed. Producing this type of structure 
with photolithography is difficult because of severe thick- 
‘ness nonuniformities that appear in photoresist spin easton 
this type of non-planar substrate. The upper bottom frame 
shows a top view optical micrograph of printed gold lines | 

on the ridge waveguides. The lower bottom frame shows the | 
emission output of a plastic photopumped laser that uses | [= 


the printed structure and a thin evaporated layer of gain 620 oa a0 750 m0, 
‘media Wavelength (am) 


Intensity (arb. units) 
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demonstrates the suitability of \.CP for building struc- 
tures that have (1) feature sizes significantly less than 
one micron (~ 300nm), and (2) long-range spatial co- 
herence (~ I mm). The lasers employ optically pumped 
gain material deposited onto DFB or DBR resonators 
formed from periodic relief on a transparent substrate 
‘The gain media confines light tothe surface of the struc- 
ture; its thickness is chosen to support a single transverse 
mode. To generate the required relief, lines of gold 
formed by CP ona glass slide act as resists for reactive 
ion etching of the glass. Removing the gold leaves a pe- 
riodic pattern of relief (600nm period, 50 nm depth) on 
the surface ofthe glass (see Fig. 6.20). Figure 6.21 shows 
the performance of plastic lasers that use printed DEB 
and DBR resonators with gain media consisting of thin 
films of PBD doped with 1% by weight of coumarin 
490 and DCMIL, photopumped with 2ns pulses from 
4 nitrogen laser with intensities > SKW/em? [6.50] 
Multimode lasing at resolution-limited line widths was 
observed at wavelengths corresponding tothe third har- 
monic of the gratings. These characteristics are similar 
to those observed in lasers that use resonators gener- 
ated with photolithography and better than those that 
use imprinted polymers [6.51] 


6.5 Conclusions 


‘This chapter provides an overview of two contact 
printing techniques that are capable of micron and sub- 
micron resolution. It also illustrates some applications 
of these methods that may provide attractive alternatives 
to more established lithographic methods. The growing 
interest in nanoscience and technology makes crucial 
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‘Contact printing not only provides a route to low cost 
equivalents of gratings fabricated with other approaches, 
but also allows the fabrication of structures that would 
be difficult or impossible to generate with photolithog- 
raphy: For example, CP can be used to form DFB 
resonators directly on the top surfaces of ridge wave- 
guides [6.52]. Figure 6.22 illustrates the procedures. 
‘The bottom left frame shows an optical micrograph of 
the printed gold lines. Sublimation of a ~ 200mm film 
of tris(8-hydroxy quinoline) aluminum (Alg) doped with 
0,5-5.0weight percent of the laser dye DCMII onto the 
resonators produces waveguide DFB lasers. The layer of 
gain material itself provides a planar waveguide with air 
and polymeras the cladding layers. The relief waveguide 
provides lateral confinement ofthe ight. Photopumping 
these devices with the output of a pulsed nitrogen laser 
(~ 21s, 337 nm) causes lasing due to Bragg reflections 
induced by the DFB structures on the top surfaces of the 
ridge waveguides. Some of the laser emission scatters 
out ofthe plane of the waveguide at an angle allowed by 
phase matching conditions. In this way, the grating also 
functions as an output coupler and offers a convenient 
‘way to characterize the laser emission, The bottom right 
frame of Fig. 6.22 shows the emission profile 


the development of new methods for fabricating the rel- 
evant test structures and devices. The simplicity of the 
techniques described here, together with the interesting 
and subtle materials science, chemistry, and physics as- 
sociated with them, make this a promising area for basic 
and applied study. 
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7. Materials Aspects of Micro- 
and Nanoelectromechanical Systems 


‘Two of the more significant technological achieve~ 
ments during the last 20 years have been 

the development of MEMS and its new off- 
shoot, NEMS. These developments were made 
possible in large measure by significant ad~ 
vancements in the materials and processes 
used in the fabrication of MEMS and NEMS de- 
Vices. And while initial developments capitalized 
on a mature Si infrastructure, recent advances 
have used materials and processes not as- 
sociated with IC fabrication, a trend that is 
likely to continue as new application areas are 
identified, 

‘A well-rounded understanding of MEMS and 
NEMS requires a basic knowledge of the materials 
used to construct the devices, since material 
properties often govern device performance. An 
understanding of the materials used in MEMS 
and NEMS Is really an understanding of material 
systems. Devices are rarely constructed of a single 
‘material, but rather a collection of materials, 
each providing a critical function and often 
Working in conjunction with each other. It is 
from this perspective that the following chapter is 
constructed, A preview of the materials selected 
for inclusion is presented in Table 7.1, From this 
table it is easy to see that this chapter is not 
a summary of all materials used In MEMS and 
NEMS, as such a work would itself constitute a text, 
of significant size, It does, 


7.1 Silicon 


Use of silicon (Si) asa material for microfabricated sen- 
sors dates back to the 1950s when C. S. Smith published 
apaper describing the piezoresistive effectin germanium 
(Ge) and Si [7.1]. Smith found that the piezoresistive 
coefficients of Si were significantly higher than those 
associated with conventional metal strain gauges, a find- 
ing that led to the development of Si strain gauges in the 
carly 1960s. Throughout the 1960s and early 1970s, 
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however, present a selection of some of the more 
important material systems, including examples 
that illustrate the importance of viewing MEMS 
and NEMS in terms of material systems. 


‘various Si bulk micromachining techniques were devel- 
‘oped, which ultimately led to the commercial production 
of piezoresistive Si pressure sensors during this period. 
‘The subsequent development of surface micromachin- 
ing techniques for Si, along with the recognition that 
micromachined Si structures could potentially be inte- 
grated with Si IC devices, marked the advent of MEMS 
and positioned Si as the primary MEMS material. 


203 
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Table 7.1 Distinguishing characteristics and application examples of selected materials for MEMS and NEMS 


‘Single exystal Silicon (Si) 


‘Silicon Dio ($103) 


peat ees ee ‘Deposited at low temperatures 


7.1.1 Single Crystal Silicon 


For MEMS applications, single erystal Si serves sev- 
eral key functions. It is one of the most versatile 
materials for bulk micromachining, due to the avail- 
ability of anisotropic etching processes in conjunction 
‘with good mechanical properties. Having a Young's 
modulus of about 190GPa, Si compares favorably, 
from a mechanical perspective, with steel, which has 
a Young's modulus of about 210GPa. Favorable me- 
chanical properties enable Si to be used as a material 
for membranes, beams, and other such structures. For 
surface micromachining applications, single crystal Si 
substrates are used primarily as mechanical platforms 
‘on which Si and non-Si device structures can be fabri- 
cated, Use of high-quality single crystal wafers enables 
the fabrication of integrated MEMS devices, at least 


for materials and processes that are compatible with 
SiICs. 

Bulk micromachining is a process whereby etch- 
ing techniques are used in conjunction with etch masks 
‘and etch stops to selectively sculpt micromechanical 
structures from a bulk substrate. From the materials 
perspective, single crystal Si is a relatively easy ma- 
terial to bulk micromachine, due to the availability 
‘of anisotropic etchants, such as potassium hydroxide 
(KOH) and tetramethyl-aluminum hydroxide (TMAH), 
that attack the (100) and (110) Si crystal planes signifi- 
‘cantly faster than the (111) crystal planes. For example, 
the etching rate ratio of (100) to (111) planes in Si is 
‘about 400: for a typical KOH/wvater etch solution. Sil- 
icon dioxide (SiO), silicon nitride (SisNs), and some 
metallic thin films (e.g.. Cr, Au, ete.) provide good etch 
‘masks for most Si anisotropic etchants, 
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In contrast to anisotropic etching, isotropic etch- 
ing exhibits no selectivity to the various crystal planes. 
From a processing perspective, isotropic etching of Si is 
commonly used for removal of work-damaged surfaces, 
creation of structures in single-crystal slices, and pat- 
terning single-crystal or polycrystalline films. The most 
commonly used isotropic Si etchants are mixtures of hy- 
drofluoric (HF) and nitrie (HNOs) acid in water or acetic 
acid (CHxCOOH), with the etch rate dependent on the 
ratio of HF to HNOs, 

In terms of etch stops, boron-doped Si is effective 
for some liquid reagents, Boron-doped etch stops are of- 
ten less than 10 jum thick, since the boron concentration 
in Si must exceed 7x 10!” cm? for the etch stop to be 
effective, and the doping is done by diffusion. It is possi- 
ble to create a boron-doped etch stop below an undoped 
Si layer using ion implantation; however, the practical 
implant depth is limited to a few microns. 

Well-established dry etching processes are available 
to pattern single crystal Si. The process spectrum ranges 
from physical mechanisms such as sputtering and ion 
milling to chemical mechanisms such as plasma etch- 
ing. Reactive ion etching (RIE) is the most commonly 
used dry etching technique toetch Si. By combining both 
physical and chemical processes, RIE is a highly effee- 
tive anisotropic Si etching technique that is independent 
of crystalline orientation. Fluorinated compounds such 
as CF), SF, and NF3, or chlorinated compounds such as 
CCl; or Cly, sometimes mixed with He, O2, or Ho, are 
commonly used in Si RIE, The RIE process is highly 
directional, which enables direct pattern transfer from 
an overlying masking material to the etched Si surface. 
SiO} thin films are often used as a masking material, 
‘wing to its chemical durability and ease in pattern- 
ing. Process limitations (i.e., etch rates) restrict the 
ctch depths of Si RIE to less than 10microns. How- 
lever, a process called deep reactive ion etching (DRIE) 
thas extended the use of anisotropic dry etching to depths 
well beyond several hundred microns. 

Using the aforementioned processes and tech- 
niques, a wide variety of microfabricated devices 
have been made from single crystal Si, such as 
piezoresistive pressure sensors, accelerometers, and me- 
chanical resonators, to name a few, Using nearly the 
same approaches but on a smaller scale, top-down 
nanomachining techniques have been used to fabricate 
nanoelectromechanical devices from single crystal Si 
Single crystal Si is particularly well-suited for nanofab- 
rication, because high crystal quality substrates with 
very smooth surfaces are readily available, By cou- 
pling electron-beam (e-beam) lithographic techniques 
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Fig.7.1 A collection of Si nanoelectromechanical beam resonators 
fabricated trom a single-crystal Si substrate (courtesy M. Roukes, 


Caltech) 


‘with conventional Si etching, device structures with sub- 
micron dimensions have been fabricated. Submicron, 
single crystal Si nanomechanical structures have been 
successfully micromachined from bulk Si wafers [7.2] 
and silicon-on-insulator (SOL) wafers [7.3]. In the for 
‘mer case, an isotropic Si etch was performed to release 
the device structures, whereas in the latter, the 50.nm_ 
to 200nm structures were released by dissolving the 
underlying oxide layer in HF. An example of nanoelec- 
tromechanical beam structures fabricated from a single 
crystal Si substrate is shown in Fig. 7.1 


7.1.2 Polysilicon 


Surface micromachining is a process whereby a se- 
quence of thin films, often of different materials, is 
deposited and selectively etched to form the desired mi- 
cromechanical (or microelectromechanical) structure. In 
contrast to bulk micromachining, the substrate serves 
primarily as a platform to support the device. For Si- 
based surface micromachined MEMS, polycrystalline 
Si (polysilicon) is most often used as the structural ma- 
teria, silicon dioxide (SiO2) as the sacrificial material, 
silicon nitride (SiN) for electrical isolation of device 
structures, and single crystal Si as the substrate, Like 
single crystal Si, polysilicon can be doped during or 
after film deposition. SiOz can be thermally grown or 
deposited on Si over a broad temperature range (e.g., 
200°C to 1,150°C) tomeet various process and material 
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Fig.7.2 SEM micrograph of a surface-micromachined polysilicon 
micromotor fabricated using a SiOz sacri 


fal layer 


requirements. SiO, isreadily dissolvable in hydrofluoric 
acid (HF), which does not etch polysilicon and, thus, can 
be used to dissolve SiO» sacrificial layers. SisNy is an 
insulating film that is highly resistant to oxide etchants, 
‘The polysilicon micromotor shown in Fig. 7.2 was sur 
face micromachined using a process that included these 
materials. 

For MEMS and IC applications, polysilicon films 
are commonly deposited using a process known as 
low-pressure chemical vapor deposition (LPCVD). The 
typical polysilicon LPCVD reactor is based on a hot 


Dep. Rate(A/min) 


700 


500550600650 750 800850 900, 


‘Temperature °C) 


Fig.7.3 Deposition rate versus substrate temperature for in situ 
bboron-doped (¢) and undoped (@) polysilicon films grown by at- 
‘mospheric pressure chemical vapor deposition [7.4] 


wall, resistance-heated furnace. Typical processes are 
performed at temperatures ranging from 580°C to 
650°C and pressures from 100 to 400 mtorr. The most 
‘commonly used source gas is silane (SiH). 

Polysilicon thin films consist ofa collection of small 
single crystal grains whose microstructure and orien- 
tation is a funetion of the deposition conditions [7.5] 
For typical LPCVD processes (e.g., 200mtorr), the 
amorphous-to-polycrystalline transition temperature is 
bout 570°C, with amorphous films deposited below the 
transition temperature. At 600°C, the grains are small 
and equiaxed, while at 625°C, the grains are large and 
‘columnar{7.5]. The crystal orientation is predominantly 
(110) Si for temperatures between 600°C and 650°C, 
While the (100) orientation is dominant for temperatures 
between 650°C and 700°C. 

In terms of chemical resistance, polysilicon is very 
much like single crystal Si. The oxidation rate of un- 
doped polysilicon is typically between that of (100)- 
and (111)-oriented single crystal Si. For temperatures 
below 1,000°C, heavily phosphorus-doped polysilicon 
‘oxidizes at a rate significantly higher than undoped 
polysilicon 

‘The resistivity of polysilicon can be modified us- 
ing the doping methods developed for single crystal Si 
Diffusion is an effective method for doping polysil- 
icon films, especially for heavy doping of thick films. 
Phosphorous, which is the most commonly used dopant 
in polysilicon MEMS, diffuses significantly faster in 
polysilicon than in single crystal Si, due primarily to 
‘enhanced diffusion rates along grain boundaries. The 
diffusivity in polysilicon thin films (i.e., small equiaxed 
grains) is about 1 x 10!2.em?/s, 

on implantation is also used to dope polysilicon 
films, A high-temperature annealing step is usually re- 
‘quired to electrically activate the implanted dopants, as 
well as to repair implant-related damage in the polys 
icon films. In general, the conductivity of implanted 
polysilicon films is not as high as films doped by 
diffusion 

In situ doping of polysilicon is performed by sim- 
ply including a dopant gas, usually diborane (BH) or 
phosphine (PH), in the CVD process. The addition of 
dopants during the deposition process not only modi- 
fies the conductivity, but also affects the deposition rate 
of the polysilicon films. As shown in Fig. 7.3, the inclu- 
sion of boron generally increases the deposition rate of 
polysilicon relative to undoped films [7.4], while phos- 
phorus (not shown) reduces the rate. In situ doping can 
bbe used to produce conductive films with uniform dop- 
ing profiles without requiring the high-temperature steps 
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Figure 7-2. A simplified rendering of interior parts ina ba 
sic SP6T rotary switch. Arbitrary colors have been added 
fer clarity. 


How It Works 


‘A switch may have multiple poles, each connect- 
ing with its own rotor. The rotors are likely to be 
on separate decks of the switch, but two, three, 
or four rotors, pointing in different directions, 
may be combined on a single deck if the switch 
has only a small number of positions. 


Rotary switches are usually made with a maxi- 
mum of twelve positions, but include provision 
for limiting the number of positions with a stop. 
This is typically a pin, which may be attached to 
‘a washer that fits around the bushing of the 
switch. The pin is inserted into a choice of holes 
to prevent the switch from turing past that 
point. For example, an eight-position rotary 
switch can be configured so thatithas only seven 
(oras few as two) available positions. 


A specification for a rotary switch usually in- 
cludes the angle through which the switch turns 
between one position and the next. A twelve- 
position switch usually has a 30-degree turn an- 
gle. 


power > con > rotary switch 


Figure 7-3. A selection of rotary switches. See text for de 
tals, 


Variants 


Conventional 

The traditional style of rotary switch is designed 
to be panel-mounted, with a body that ranges 
from 1” to 1.5” in diameter. If there is more than 
one deck, they are spaced from each other by 
about 0.5", The switch makes an audible and tac- 
tile “click” as itis turned from one position to the 
next. 


Arugged sealed five-deck rotary switch isshown 
in Figure 7-4. has five poles (one per deck), and 
maximum of 12 positions. The contacts are rat- 
ed 0.5A at 28VDC. This type of heavy-duty com- 
ponent is becoming relatively rare, 


If the rotor in a switch establishes a connection 
with thenextcontacta moment before breaking 
the connection with the previous contact, this is 
known as a shorting switch, which may also be 
described as a make-before-break switch. In a 
rnonshorting or break-before-make switch, a tiny 
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usually associated with diffusion or ion implantation. 
Although commonly used to produce doped polysilicon 
for electrostatic devices, Cao et al. [7.6] have used in 
situ phosphorus-doped polysilicon films in piezoresis- 
tive strain gauges, achieving gauge factors as high as 15 
for a single stip sensor. 

‘The thermal conductivity of polysilicon is a strong 
function of its microstructure and, therefore, the con- 
ditions used during deposition [7.5]. For fine-grained 
films, the thermal conductivity is about 25% of the value 
of single crystal Si. For thick films with large grains, the 
thermal conductivity ranges between 50% and 85% of 
the single crystal value, 

Like the electrical and thermal properties of poly- 
silicon, the as-deposited residual stress in polysilicon 
films depends on microstructure. For films deposited 
under typical conditions (200 mtorr, 625°C), the as- 
deposited polysilicon films have compressive residual 
stresses. The highest compressive stresses are found in 
amorphous Si films and polysilicon films with a strong, 
columnar (110) texture. For films with fine-grained 
‘microstructures, the stress tends to be tensile. Annealing, 
ccan be used to reduce the compressive stress in as- 
deposited polysilicon films. For instance, compressive 
residual stresses on the order of 500 MPa can be reduced 
to less than 10 MPa by annealing the as-deposited films 
at 1,000°C in a Np ambient (7.7, 8]. Recent advances 
in the area of rapid thermal annealing (RTA) indicate 
that RTA provides an effective method of stress redue- 
tion in polysilicon films. Zhang et al. [7.9] reported that 
10 anneal at 1,100 °C was sufficient to completely re- 
lieve the stress in films that originally had a compressive 
stress of about 340 MPa. RTA is particularly attractive 
in situations where the process parameters require a low 
thermal budget. 

As an alternative to high-temperature annealing, 
Yang et al. [7.10] have developed an approach that actu- 
ally utilizes the residual stress characteristics of polysil- 
icon deposited under various conditions to construct 
polysilicon multilayers that have the desired thickness 
and stress values. The multilayers are comprised of al- 
temnating tensile and compressive polysilicon layers that 
are deposited in a sequential manner. The tensile layers 
consist of fine-grained polysilicon grown at a tempera- 
ture of 570°C, while the compressive layers are made up 
of columnar polysilicon deposited at 615°C. The overall 
stress in the composite film depends on the number of al- 
ternating layers and the thickness of each layer, With the 
proper set of parameters, a composite polysilicon multi- 
layer can be deposited with near zero residual stress and 
no stress gradient. The process achieves stress redue- 
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tion without high-temperature annealing, a considerable 
advantage for integrated MEMS processes. 

Many device designs require thick polysilicon struc- 
tural layers that are not readily achievable using 
conventional LPCVD polysilicon, due to process-related 
limitations. For these designs, epitaxial Si reactors can 
be used to grow polysilicon films. Unlike conventional 
LPCVD processes with deposition rates of less than 
100A /min, epitaxial processes have deposition rales 
oon the order of I micron/min [7.11]. The high de- 
position rates result from the much higher substrate 
temperatures (> 1,000°C) and deposition pressures 
(© 50tor) used in these processes. The polysilicon 
films are usually deposited on SiQ> sacrificial layers 
to enable surface micromachining. An LPCVD polysil- 
icon seed layer is sometimes used to control nucleation, 
again size, and surface roughness. AS with conven: 
tional polysilicon, the microstructure and residual stress 
of the epi-poly films, as they are known, is related 
to deposition conditions. Compressive films generally 
have a mixture of [110] and [311] grains (7.12, 13} 
while tensile films have a random mix of {110}, [100], 
[111], and [311] grains [7.12]. The Young's modu- 
lus of epi-poly measured from micromachined test 
structures is comparable to LPCVD polysilicon [7.13] 
‘Mechanical properties tet structures [7.1~13], thermal 
actuators (7.11, electrostatically actuated accelerome- 
ters [7.1], and gryoscopes [7.14] have been fabricated 
from these films. 

Al of the aforementioned polysilicon deposition 
processes utilize substrate temperatures in excess of 
570°C either during film deposition, or in post- 
deposition processing steps. As a low temperature 
alternative to LPCVD polysilicon, Abe et al. [7.15] and 
Honer etal. (7.16] have developed sputtering processes 
for polysilicon. Early work [7.15] emphasized the abil- 
ity to deposit very smooth (25 A) polysilicon films on 
thermally oxidized wafers at reasonable deposition rates 
(191 A/min) and with low residual compressive stresses 
The process involved DC magnitron sputtering from 
a Si target using an Ar sputtering gas, a chamber pres- 
sure of Smitorr, and a power of 100W. The authors 
reported that a post-deposition anneal at 700°C in No 
for two hours was needed to crystallize the deposited 
film and perhaps lower the stress. Honer et al. 7.16] 
sought to develop a polymer-friendly, Si-based surface 
‘micromachining process based on polysilicon sputtered 
onto polyimide and PSG sacrificial layers. To improve 
the conductivity of the micromachined Si structures, 
the sputtered Si films were sandwiched between two 
TTIW cladding layers. The device structures on poly- 
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imide were released using oxygen plasma etching. The 
processing step with the highest temperature was, in 
fact, the polyimide cure at 350°C. To test the robust- 
ness of the process, sputter-deposited Si microstructures 
‘were fabricated on substrates containing CMOS devices. 
As expected from thermal budget considerations, the 
authors reported no measurable degradation of device 
performance. 


7.1.3 Porous Silicon 


Porous Siis produced by room temperature electrochem- 
ical etching of Si in HF. If configured as an electrode 
in an HF-based electrochemical circuit, positive charge 
carters (holes) atthe Si surface facilitate the exchange 
of F atoms with H atoms, that terminate the Si surface. 
The exchange continues inthe subsurface region, lead- 
ing to the eventual removal of the fluorinated $i. The 
quality of the etched surface is related to the density of 
holes at the surface, which is controlled by the applied 
current density. For high current densities, the density 
of holes is high and the etched surface is smooth. For 
low current densities, the hole density is low and elus- 
tered in highly localized regions associated with surface 
defects. Surface defects become enlarged by etching, 
Which leads to the formation of pores. Pore size and 
density are related to the type of Si used and the condi- 
tions of the electrochemical cell. Both single crystal and 
polycrystalline Si can be converted to porous Si 

"The large surface-to-volume ratios make porous Si 
attractive for gaseous and liquid applications, includ- 
ing filter membranes and absorbing layers for chemical 
and mass sensing [7.17]. When single crystal substrates 
are used, the unetched porous layer remains single crys- 
talline and is suitable for epitaxial Si growth, It has 
been shown that CVD coatings do not generally pene- 
trate the porous regions, but rather overcoat the pores 
at the surface of the substrate [7.18]. The formation of 
localized Si-on-insulator structures is, therefore, possi- 
ble by simply combining pore formation with epitaxial 
growth, followed by dry etching to ereate access holes 
to the porous region, and thermal oxidation of the un- 
derlying porous region. A third application uses porous 
Si as a sacrificial layer for polysilicon and single crys- 
talline Si surface micromachining. As shown by Lang 
et al. [7.18] the process involves the electrical isola- 
tion of the solid structural Si layer by either pn-junction 
formation through selective doping, or use of electri- 
cally insulating thin films, since the formation of pores 
only occurs on electrically charged surfaces. A weak Si 
etchant will aggressively attack the porous regions with 


little damage to the structural Si layers and can be used 
to release the devices. 
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ilicon Dioxide 


Silicon dioxide (Si02) is one of the most widely used 
materials in the fabrication of MEMS. In polysilicon 
surface micromachining, SiO> is used as a sacrificial 
material, since it can be easily dissolved using etchants 
that do not attack polysilicon. SiO is widely used as etch 
mask for dry etching of thick polysilicon films, since itis 
chemically resistant to dry etching processes for polysil- 
icon. SiO> films are also used as passivation layers on 
the surfaces of environmentally sensitive devices. 

‘The most common processes used to produce SiO 
films for polysilicon surface micromachining are ther- 
mal oxidation and LPCVD. Thermal oxidation of Si is 
performed at temperatures of 900°C to 1,200°C in the 
presence of oxygen or steam. Since thermal oxidation 
is a self-limiting process, the maximum practical film 
thickness that can be obtained is about 2 jim, which is 
sufficient for many sacrificial applications. As noted by 
its name, thermal oxidation of Si can only be performed 
on Si surfaces. 

‘SiO> films can be deposited on a wide variety of sub- 
strate materials by LPCVD. In general. LPCVD provides 
‘ameans for depositing thick (> 2 jum) SiO» films at tem- 
peratures much lower than thermal oxidation. Known as 
Jow-temperature oxides, or LTO for short, these films 
have a higher etch rate in HF than thermal oxides, which 
translates to significantly faster release times when LTO 
films are used as sacrificial layers. Phosphosilicate glass 
(PSG) can be formed using nearly the same deposition 
process as LTO by adding a phosphorus-containing gas 
to the precursor flows. PSG films are useful as sacrificial 
layers, since they generally have higher etching rates in 
HF than LTO films, 

PSG and LTO films are deposited in hot-wall, low- 
pressure, fused silica furnaces in systems similar to those 
described previously for polysilicon. Precursor gases in- 
clude SiH as a Si source, Op as an oxygen source, and, 
in the case of PSG, PH3 as a source of phosphorus. LTO 
and PSG films are typically deposited at temperatures of 
425°C to 450°C and pressures ranging from 200 mtorr 
to 400 mtorr. The low deposition temperatures result in 
LTO and PSG films that are slightly less dense than ther- 
‘mal oxides, due to the incorporation of hydrogen in the 
films. LTO films can, however, be densified by an an- 
nealing step at high temperature (1,000°C). The low 
density of LTO and PSG films is partially responsible 
for the increased etch rate in HF. 
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Thermal SiO and LITO are electrical insulators 
used in numerous MEMS applications. The dielectric 
constants of thermal oxide and LTO are 3.9 and 4. 
respectively. The dielectric strength of thermal SiO is 
1.1x10°V/em, and for LTO it is about 80% of that 
value [7.19]. The stress in thermal SiO is compres- 
sive with a magnitude of about 300MPa [7.19]. For 
LTO, however, the as-deposited residual stress is tensile, 
with a magnitude of about 100 MPa to 400 MPa [7.19] 
‘The addition of phosphorous to LITO decreases the ten- 
sile residual stress to about 10MPa for phosphorus 
concentrations of 8% [7.20]. As with polysilicon, the 
properties of LTO and PSG are dependent on processing 
conditions. 


as a molding material, with Ni channel plate molds 
fabricated using a conventional LIGA process. The Ni 
‘molds were then filled with SOG, and the sacrificial 
Ni molds were removed in a reverse electroplating pro- 
cess. In this case, the fabricated SOG structures (over 
100 microns tall) were micromachined glass structures 
fabricated using a molding material more commonly 
used for structural components. 


7.1.5 Silicon Nitride 

Silicon nitride (SisN,) is widely used in MEMS for elec- 
trical isolation, surface passivation, etch masking, and 
as a mechanical material. Two deposition methods are 


Plasma-enhanced chemical vapor deposition (PECVD) commonly used to deposit SigNg thin films: LPCVD. 


is another common method to produce oxides of silicon 
Using a plasma to dissociate the gaseous precursors, the 
deposition temperatures needed to deposit PECVD ox- 
ide films is lower than for LPCVD films, For this reason, 
PECVD oxides are quite commonly used as masking, 
passivation, and protective layers, especially on devices 
that have been coated with metals, 

Quartz is the crystalline form of SiO and has 
interesting properties for MEMS. Quartz is optically 
transparent, piezoelectric, and electrically insulating 
Like single crystal Si, quartz substrates are available 
as high quality, large area wafers that can be bulk mi- 
cromachined using anisotropic etchants. A short review 
of the basics of quartz etching by Danel etal. [7.21] is 
recommended for those interested in the subject. Quartz 
has recently become a popular substrate material for 
microfluidic devices due to its optical, electronic, and 
chemical properties, 

Another SiOz-related material that has recently 
found uses in MEMS is spin-on-glass (SOG). SOG is 
1 polymeric material with a viscosity suitable for spin 
coating. Two recent publications illustrate the poten- 
tial for SOG in MEMS fabrication. Inthe frst example, 
Yasseen etal. [7.22] detailed the development of SOG as 
thick-film sacrificial molding material for thick polysil- 
icon films. The authors reported a process to deposit, 
polish, and etch SOG films that were 20 microns thick. 
‘The thick SOG films were patterned into molds and filled 
with 10 micron-thick LPCVD polysilicon films, pla- 
narized by selective CMP, and subsequently dissolved in 
wet etchant containing HCI, HF, and H,O to reveal the 
patiemed polysilicon structures. The cured SOG films 
‘were completely compatible with the polysilicon depo- 
sition process. In the second example, Lit et al. (7.23] 
fabricated high-aspect ratio channel plate microstruc 
tures from SOG. Electroplated nickel (Ni) was used 
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and PECVD. PECVD silicon nitride is generally non- 
stoichiometric (sometimes denoted as SiyNy: H) and 
‘may contain significant concentrations of hydrogen, Use 
of PECVD silicon nitride in micromachining applica- 
tions is somewhat limited because it has a high etch 
rate in HF (eg., often higher than that of thermally 
grown SiO2). However, PECVD offers the ability to de- 
posit nearly stress-free silicon nitride films, an attractive 
property for encapsulation and packaging. 

Unlike its PECVD counterpart, LPCVD SisNa is 
extremely resistant to chemical attack, making it the 
‘material of choice for many Si bulk and surface micro- 
‘machining applications. LPCVD SisNq is commonly 
used as an insulating layer because it has a resistivity 
of 10! xem and field breakdown limit of 107 V/cm, 
LPCVD SisNj films are deposited in horizontal fumaces 
similar to those used for polysilicon deposition. Typical 
deposition temperatures and pressures range between 
700°C to 900°C and 200 mtorr to SOO mtorr, respec- 
tively. The standard source gases are dichlorosilane 
(SiHl,Clz) and ammonia (NH). To produce stoichiomet- 
ric SigN4, a NHL to SiH,Clz ratio of 10:1 is commonly 
used. The microstructure of films deposited under these 
conditions is amorphous. 

The residual stress in stoichiometric SisNy is large 
and tensile, with a magnitude of about 1 GPa. Such 
a large residual stress causes films thicker than a few 
thousand angstroms to crack. Nonetheless, thin stoi- 
chiometric SisN, films have been used as mechanical 
support structures and electrical insulating layers in 
piezoresistive pressure sensors [7.24]. To enable the 
use of Si3Ny films for applications that require micron- 
thick, durable, and chemically resistant membranes, 
Si,Ny films can be deposited by LPCVD. These films, 
often referred to as Sicrich or low-stress nitride, are in- 
tentionally deposited with an excess of Si by simply 
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decreasing the ratio of NHy to SiH2Cl> during depo- 
sition, Nearly stress-free films can be deposited using 
a NHL to SiH2Clp ratio of 1:6, a deposition temper- 
ature of 850°C, and a pressure of 500 mtorr [7.25] 
‘The increase in Si content not only leads to a redue- 
tion in tensile stress, but also a decrease in the etch rate 
in HF, Such properties have enabled the development 
of fabrication techniques that would otherwise not be 


7.2 Germanium-Based Materials 


Like Si, Ge has a long history as semiconductor de- 
vice material, dating back to the development of the 
earliest transistors and semiconductor strain gauges. Is- 
sues related to the water solubility of germanium oxide, 
however, stymied the development of Ge for microelec- 
tronic devices, Nonetheless, there is a renewed interest 
in using Ge in micromachined devices due to the rela- 
tively low processing temperatures required to deposit 
the material 


7.2.1 Polycrystalline Ge 


‘Thin polycrystalline Ge (poly-Ge) films can be deposited 
by LPCVD at temperatures as low as 325°C on Si, Ge, 
and SiGe substrates [7.27]. Ge does not nucleate on 
Si» surfaces, which prohibits the use of thermal ox- 
ides and LTO films as sacrificial layers, but enables 
the use of these films as sacrificial molds. Residual 
stress in poly-Ge films deposited on Si substrates can 
be reduced to nearly zero after short anneals at mod- 
‘est temperatures (30s at 600°C). Paly-Ge is essentially 
impervious to KOH, TMAH, and BOE, enabling the 
fabrication of Ge membranes on Si substrates [7.27] 
‘The mechanical properties of poly-Ge are comparable to 
polysilicon, having a Young's modulus of 132 GPa and 
a fracture stress between 1.5GPa and 3.0GPa [7.28] 
Mixtures of HNOs, HO, and HCl and H30, H20., 
and HCI, as well as the RCA $C-1 cleaning solution 
isotropically etch Ge. Since these mixtures do not etch 
Si, SiO, SisNy, and SiN, poly-Ge can be used as 
4 sacrificial substrate layer in polysilicon surface mi- 
cromachining. Using these techniques, devices such as 
poly-Ge-based thermistors and SisNy membrane-based 
pressure sensors, made using poly-Ge sacrificial layers, 
have been fabricated (7.27. Franke etal. [7.28] found no 
performance degradation in Si CMOS devices follow- 
ing the fabrication of surface micromachined poly-Ge 
structures, thus demonstrating the potential for on-chip 


feasible with stoichiometric SisNy. For example, low 
stress silicon nitride has been bulk micromachined us- 
ing silicon as the sacrificial material. In this case, an 
anisotropic Si etchant (TMAH) was used to dissolve 
the sacrificial silicon, French et al. [7.26] used PSG as 
a sacrificial layer to surface micromachine low-stress 
nitride, capitalizing on the HF resistance of the nitride 
films, 


integration of Ge electromechanical devices with Si 
circuitry. 


7.2.2 Polycrystalline SiGe 


Like poly-Ge, polycrystalline SiGe (poly-SiGe) is a ma- 
terial that can be deposited at temperatures lower than 
those required for polysilicon. Deposition processes in- 
clude LPCVD, APCVD, and RTCVD (rapid thermal 
CVD) using SiH and Gell; as precursor gases. Deposi- 
tion temperatures range from 450°C for LPCVD [7.29] 
to 625°C by rapid thermal CVD (RTCVD) [7.30]. In 
general, the deposition temperature is related to the 
concentration of Ge in the films, with higher Ge con- 
centrations resulting in lower deposition temperatures. 
Like polysilicon, poty-SiGe can be doped with boron 
and phosphorus to modify its conductivity. In situ boron 
doping can be performed at temperatures as low as 
450°C [7.29] Sedky et al. [7.30] showed that the depo- 
sition temperature of conductive films doped with boron 
‘could be further reduced to 400 °C if the Ge content was 
kept at or above 70%. 

Unlike poly-Ge, poty-SiGe can be deposited on 
number of sacrificial substrates, including Si> [7.30], 
PSG [7.28], and poly-Ge [7.28]. For Ge rich films, 
«thin polysilicon seed layer is sometimes used on SiO 
surfaces since Ge does not readily nucleate on oxide 
surfaces. Like many compound materials, variations 
in film composition can change the physical proper- 
ties of the material. For instance, etching of poly-SiGe 
by Hz02 becomes significant for Ge concentrations 
over 70%. Sedky et al. [7.31] have shown that the 
microstructure, film conductivity, residual-stress, and 
residual stress gradient are related to the concentra- 
tion of Ge in the material. With respect to residual 
stress, Franke et al. [7.29] produced in situ boron- 
doped films with residual compressive stresses as low as 
10MPa, 
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‘The poly-SiGe, poly-Ge material system is particu- 
larly attractive for surface micromachining since HO 
can be used as a release agent. It has been reported 
that poly-Ge etches at a rate of 0.4 microns/min in 
H,0,, while poly-SiGe with Ge concentrations below 
8056 have no observable etch rate after 40 rs [7.32] 
‘The ability to use HyO> as a sacrificial etchant makes 
the combination of poly-SiGe and poly-Ge extremely 
attractive for surface micromachining from the process- 
ing, safety, and materials compatibility points of view: 
Due to the conformal nature of LPCVD processin 

poly-SiGe structural elements, stich as gimbal-based mi 
croactuator structures, have been made by high-aspect 
ratio micromolding [7.32], Capitalizing onthe low de- 
Position temperatures, an integrated MEMS fabrication 
process with Si ICs has been demonstrated [7.29] 


7.3 Metals 


It can be argued that of all the material categories as- 
sociated with MEMS, metals may be among the most 
enabling, since metallic thin films are used in many 
different capacities ranging from etch masks used in 
device fabrication to interconnects and structural ele- 
‘ments in microsensors and microactuators, Metallic thin 
films can be deposited using a wide range of techniques, 
including evaporation, sputtering, CVD, and electro- 
plating. Since a complete review of the metals used in 
‘MEMS is far beyond the scope of this chapter, the exam- 
ples presented in this section were selected to represent 
aa broad cross section of where metals have found uses 
in MEMS. 

Aluminum (Al) and gold (Au) are among the most 
widely employed metals in microfabricated electronic 
and electromechanical devices, as a result of their use 
as innerconnect and packaging materials, In addition to 
these critical electrical functions, Al and Au are also 
desirable as electromechanical materials. One such ex- 
ampleis the use of Au micromechanical switches for RF 
MEMS. For conventional RF applications, chip level 
switching is currently performed using FET- and PIN 
diode-based solid state devices fabricated from gal- 
lium arsenide (GaAs) substrates. Unfortunately, these 
devices suffer from insertion losses and poor electri- 
cal isolation. In an effort to develop replacements for 
GaAs-based solid state switches, Hyman et al. [7.34] re- 
ported the development of an electrostatically actuated, 
cantilever-based micromechanical switch fabricated on 
GaAs substrates, The device consisted of a silicon 
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In this process, CMOS structures are first fabricated 
on Si wafers. Poly-SiGe mechanical structures are 
then surface micromachined using a poly-Ge sacri- 
ficial layer. A significant advantage of this design 
is that the MEMS structure is positioned directly 
above the CMOS structure, thus reducing the para- 
sitic capacitance and contact resistance characteristic 
of interconnects associated with side-by-side integra- 
tion schemes. Use of H202 as the sacrificial etchant 
means that no special protective layers are required 
to protect the underlying CMOS layer during release. 
In addition to its utility as a material for integrated 
MEMS devices, poly-SiGe has been identified as a ma- 
terial well suited for micromachined thermopiles [7.33] 
due to its lower thermal conductivity relative 
10 Si 


nitride-encased Au cantilever constructed on a sacrifi- 
cial silicon dioxide ayer. The silicon nitride and silicon 
dioxide layers were deposited by PECVD. and the Aw 
beam was electroplated from a sodium sulfite solution 
inside a photoresist mold. A thin multlayerof Tiand Au 
‘vas sputter deposited in the mold prior to electroplating 
The trilayer cantilever structure was chosen to minimize 
the deleterious effects of thermal and process-related 
stress gradients in order to produce unbent and ther- 
rally stable beams. After deposition and pattering, the 
cantilevers were released in HP. The processing steps 
proved to be completely compatible with GaAs sub- 
strates. The released cantilevers demonstrated switching 
speeds etter than 50 1s at 25 V with contact lifetimes 
exceeding 10° cycles. 

In a second example from RF MEMS, Chang 
et al. [7.35] reported the fabrication of an Al-hased mi- 
romachined switch as an altemative to GaAs FETS 
and PIN diodes. In contrast to the work by Hyman 
et al. [7.34], this switch utilizes the differences in the 
residual stresses in AL and Cr thin films to create bent 
cantilever switches that capitalize on the stress differ 
ences in the materials, Each switch is comprised of 
4 series of linked bimorph cantilevers designed in such 
4 way that the resulting structure bends significantly out 
of the plane of the wafer due to the stress differences in 
the bimorph. The switch is drawn closed by electrostatic 
attraction, The bimorph consists of metals thatcan easily 
be processed with GaAs wafers, thus making integration 
with GaAs devices possible. The released switches were 
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relatively slow, at 10 ms, butan actuation voltage of only 
26V was needed to close the switch. 

‘Thin-film metallic alloys that exhibit the shape- 
memory effect are of particular interest to the MEMS 
‘community for their potential in microactuators. The 
shape-memory effect relies onthe reversible transforma- 
tion from a ductile martensite phase to a stiff austenite 
phase in the material withthe application of heat. The 
reversible phase change allows the shape-memory ef- 
fect to be used as an actuation mechanism, since the 
material changes shape during the transition, It has been 
found that high forces and strains can be generated from 
shape-memory thin films at reasonable power inputs, 
thus enabling shape-memory actuation to be used in 
MEMS-based microfluidic devices, such as microvalves 
and micropumps. Titanium-nickel (TiNi) is among the 
most popular of the shape-memory alloys, owing to 
its high actuation work density (50MJ/m’) and large 
bandwidth (up to 0.1kHz) [7.36]. TIN1 is also attrac- 
tive because conventional sputtering techniques can be 
employed to deposit thin films, as detailed in a recent 
report by Shih et al. [736] In this study, TiNi films 
were deposited by co-sputtering elemental Ti and Ni 
targets, and a co-sputtering TiNi alloy and elemental Ti 
targets. It was reported that co-sputtering from TiNi and 
‘Ti targets produced hetter films due to process variations 
related to the roughening of the Ni target in the case of 
‘Ti and Ni co-sputtering. The TINi/Ti co-sputtering pro- 
‘cess has een used to produce shape-memory material 
for a silicon spring-based microvalve [7.37]. 

Use of thin-film metal alloys in magnetic actuator 
systems is another example of the versatility of metallic 
materials in MEMS. Magnetic actuation in microdevices 
generally requires the magnetic layers to be relatively 
thick (tens to hundreds of microns) to generate mag- 
netic fields of sufficient strength to generate the desired 
actuation. To this end, magnetic materials are often de- 
posited by thick film methods, such as electroplating, 


‘The thickness of these layers exceeds what can feasibly 
be patterned by etching, so plating is aften performed 
in microfabricated molds made from materials such as 
polymethylmethacrylate (PMMA), The PMMA mold 
thickness can exceed several hundred microns, so X-rays 
are used as the exposure source during the patterning 
steps, When necessary, a metallic thin film seed layer is 
deposited prior to plating. After plating, the mold is dis- 
solved, which frees the metallic component. Known as 
LIGA (short for Lithography, Galvanoforming and Ab- 
formung), this process has been used to produce a wide 
variety of high-aspect ratio structures from plateable ma- 
terials, such as nickel-iron (NiFe) magnetic alloys [7.38] 
and Ni [7.39]. 

In addition to elemental metals and simple com- 
pound alloys, more complex metallic alloys commonly 
used in commerical macroscopic applications are find- 
ing their way into MEMS applications. One such 
‘example is an alloy of titanium known as Ti-6AL4V, 
Composed of 88% titanium, 6% aluminum and 4% 
vanadium, this alloy is widely used in commercial 
aviation due to its weight, strength, and temperature 
tolerance. Pornsin-sirirak et al. [7.40] have explored 
the use of this alloy in the manufacture of MEMS- 
based winged structures for micro aerial vehicles. The 
authors considered this alloy not only because of its 
weight and strength, but also because of its ductility 
and its etching rate at room temperature. The designs 
for the wing prototype were modelled after the wings 
of bats and various flying insects. For this application, 
‘Ti-alloy structures patterned from bulk (250 jum-thick) 
material by an HF/HNO3/H20 etching solution were 
used, rather than thin films. Parylene-C (detailed in 
Sect.7.7.3) was deposited on the pattemed alloy to 
serve as the wing membrane, The miniature micro- 
machined wings were integrated into a test setup, and 
several prototypes actually demonstrated short duration 
flight. 


7.4 Harsh Environment Semiconductors 


Silicon Carbide (SiC) has long been recognized as the 
leading semiconductor for use in high temperature and 
high power electronics and is currently receiving atten- 
tion as « material for harsh environment MEMS, 


7.4.1 Silicon Carbide 


SiC isa polymorphic material that exists in cubic, hexag- 
onal, and thombehedral polytypes. The cubic polytype, 


called 3C-SiC, has an electronic bandgap of 2.3eV, 
which is over twice that of Si, Numerous hexagonal and 
‘thombehedral polytypes have been identified, the two 
‘most common being 4H-SiC and 6H-SiC. The electronic 
bandgap of 4H- and 6H-SiC is even higher than 3C-SiC 
= 2.9 and 3.2V. respectively. SiC films can be doped to 
‘create n-type and p-type material. The stiffness of SiC is, 
{quite large relative to Si, with a Young's modulus ranging 
from 300 GPa to 450 GPa, depending on the microstruc- 
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ture. SiC is not etched in any wet Si etchants or by XeF, 
‘popular dry Si etchant used for releasing device struc- 
tures [7.41]. SiC is a material that does not melt, but 
rather sublimes at temperatures in excess of 1,800°C. 
Single crystal 4H- and 6H-SiC wafers are commercially 
available, but smaller in diameter (3 inches) and much 
‘more expensive than Si 

SiC thin films can be grown or deposited using 
‘a number of different techniques. For high-quality sin- 
ale crystal films, APCVD and LPCVD processes are 
most commonly employed. Homoepitaxial growth of 
4H- and 6H-SIC yields high quality films suitable for 
microelectronic applications, but only on substrates of 
the same polytype. These processes usually employ dual 
precursors, such as SiFly and C3Hg, and are performed at 
temperatures ranging from 1,500°C to 1,700°C. Epi- 
taxial films with p-type or n-type conductivity can be 
‘grown using aluminum and boron for p-type films and 
nitrogen and phosphorus for n-type films. Nitrogen is 
so effective at modifying the conductivity of SiC that 
growth of undoped SiC is extremely challenging, be- 
‘cause the concentrations of residual nitrogen in typical 
deposition systems are sufficient for n-type doping. 

APCVD and LPCVD can also be used to deposit 
3C-SiC on Si substrates. Heteroepitaxy is possible, de- 
spite 20% lattice mismatch, because 3C-SiC and Si 
have similar lattice structures. The growth process in- 
volves two key steps. The first step, called carbonization, 
cconverts the near surface region of the Si substrate to 3C- 
SiC by simply exposing it to a hydrocarbon/hydrogen 
mixture at high substrate temperatures (> 1,200°C). 
‘The carbonized layer forms a crystalline template on 
which a 3C-SiC film can be grown by adding a silicon- 
containing gas to the hydragen/hydrocarbon mix. The 
lattice mismatch between Si and 3C-SiC results in the 
formation of crystalline defects in the 3C-SiC film, with 
the density being highest in the carbonization layer 
and decreasing with increasing thickness. The crystal 
quality of 3C-SiC films is nowhere near that of epi- 
‘axially grown 4H- and GH-SiC films; however, the 
fact that 3C-SiC can be grown on Si substrates en- 
ables the use of Si bulk micromachining techniques to 
fabricate a host of 3C-SiC-based mechanical devices. 
‘These include microfabricated pressure sensors [7-42] 
‘and nanoelectromechanical resonant structures [7.43] 

Polycrystalline SiC (poly-SiC) has proven to be 
fa very versatile material for SiC MEMS, Unlike sin- 
ale crystal versions of SiC, poly-SiC can be deposited 
(on a Variety of substrate types, including such common 
surface micromachining materials as polysilicon, SiO, 
and SisNj, using a much wider range of processes than 
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epitaxial films. Commonly used deposition techniques 
include LPCVD [7.41, 44,45] and APCVD [7.46,471 
‘The deposition of poly-SiC requires much lower sub- 
strate temperatures than epitaxial films, ranging from 
roughly 700°C to 1,200°C. Amorphous SiC can be de- 
posited at even lower temperatures (25 °C to 400°C) by 
PECVD [7.48] and sputtering [7.49]. The microstruc~ 
ture of poly-SiC films is temperature, substrate, and 
process dependent. For amorphous substrates, such as 
Si» and SisN, APCVD poly-SiC films deposited from 
silane and propane are oriented randomly with equiaxed 
grains [7.47], whereas for oriented substrates, such as 
polysilicon, the texture of the poly-SiC film matches that 
of the substrate [7.46]. By comparison, poly-SiC films 
deposited by LPCVD from dichlorosilane and acety- 
lene are highly textured (111) films with a columnar 
microstructure [7.44], while films deposited from disil- 
butane have a distribution of orientations [7.41]. This 
variation suggests that device performance can be tai- 
lored by selecting the proper substrate and deposition 
conditions. 

Direct bulk micromachining of SiC is very difficult 
due to its chemical inertness. Although conventional 
‘wet chemical techniques are not effective, several elec- 
trochemical etch processes have been demonstrated 
and used in the fabrication of 6H-SiC pressure sen- 
sors [7.50]. The etching processes are selective to the 
conductivity of the material, so dimensional control of 
the etched structures depends on the ability to form 
doped layers, which can only be formed by in situ or 
ion implantation processes, since solid source diffusion 
is not possible at reasonable processing temperatures, 
‘This constraint somewhat limits the geometrical com- 
plexity of the patterned structures, as compared with 
conventional plasma-based etching. To fabricate thick 
(hundreds of microns), 3-D, high-aspect ratio SiC strue- 
tures, a molding technique has been developed [7.39] 
‘The molds are fabricated from Si substrates using deep 
reactive ion etching and then filled with SiC using a com- 
bination of thin epitaxial and thick polycrystalline film 
CVD processes. The thin film process is used to protect 
the mold from pitting during the more aggressive mold 
filling SiC growth step. The mold filling process coats 
all surfaces of the mold with a SiC film as thick as the 
‘mold is deep. To release the SiC structure, the substrate 
is first mechanically polished to expose sections of the 
‘Si mold, then the substrate is immersed in a Si etchant 
to completely dissolve the mold. This process has been 
used to fabricate solid SiC fuel atomizers [7.39], and 
variant has been used to fabricate SiC structures for 
‘micropower systems [7.51] 
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In addition to CVD processes, bulk micromachined 
SiC structures can be fabricated using sintered SiC pow- 
ders. Tanaka etal. 7.52] describe a process in which SiC 
‘components, stich as micro gas turbine engine rotors, can 
be fabricated from SiC powders using a micro-reaction- 
sintering process. The molds are microfabricated from 
Si using DRIE and filled with SiC and graphite pow- 
ders mixed with a phenol resin, The molds are then 
reaction-sintered using a hot isostatic pressing tech- 
nique. The SiC components are then released from the 
Si mold by wet chemical etching. The authors reported 
that the component shrinkage was less than 3%. The 
bending strength and Vickers hardness of the micro- 
reaction-sintered material was roughly 70 to 80% of 
commercially available reaction-sintered SiC, the dif- 
ference being attributed to the presence of unreacted Si 
in the micro-scale components. 

In a related process, Liew et al. 7.54] detail a tech- 
nique to create silicon carbon nitride (SCN) MEMS 
structures by molding injectable polymer precursors. 
Unlike the aforementioned processes, this technique 
uses SU-8 photoresists for the molds. SU-8, detailed 
later in this chapter, isa versatile photo-definable poly- 
mer in which thick films (hundreds of microns) can 
bbe patterned using conventional UV photolithographic 
techniques. After patterning, the molds are filled with 
the SiCN-containing polymer precursor, lightly pol- 
ished, and then subjected to a multistep heat-treating 
process. During the thermal processing steps, the SU-8 


Tater resonant stricture 
fabricated using a multilayer, mcromolding-based micromachining 
process 753] 


mold decomposes, and the SiCN structure is released. 
‘The resulting SiCN structures retain many of the same 
properties of stoichiometric SiC. 

‘Although SiC cannot be etched using conventional 
wet etch techniques, thin SiC films can be patterned us- 
ing conventional dry etching techniques. RIE processes 
using fluorinated compounds, such as CHF3 and SF 
combined with O2, an inert gas, or Ho. The high oxygen 
content in these plasmas generally prohibits the use of 
photoresist as a masking material, therefore, hard masks 
made of Al, Ni, and ITO are often used. RIE-based SiC 
surface micromachining processes with polysilicon and 
SiO» sacrificial layers have been developed for single 
layer devices [7.55.56]. Multilayered structures are very 
difficult to fabricate by direct RIE because the etch rates, 
of the sacrificial layers are much higher than the SiC 
structural layers, making critical dimensional control 
very difficult and RIE-based SiC multilayer processes 
impractical. 

To address the issues related to RIE of multilayer 
SiC structures, a micromolding process for pattern- 
ing SiC films on sacrificial layer substrates has been 
developed [7.57]. In essence, the micromolding tech- 
nique is the thin film analog to the molding-based, bulk 
micromachining technique presented earlier. The micro- 
molding process utilizes polysilicon and SiO» films as 
both molds and sacrificial substrate layers, with SiO> 
molds used with polysilicon sacrificial layers and viea 
versa. These films are deposited and patterned using 
conventional methods, thus leveraging the well char- 
acterized and highly selective processes developed for 
polysilicon MEMS. Poly-SiC films are simply deposited 
into the micromolds, and mechanical polishing is used 
to remove poly-SiC from the top of the molds. Appro- 
priate etchants are then used to dissolve the molds and 
sacrificial layers. The micromolding method utilizes the 
differences in chemical properties of the three materials, 
in this system in a way that bypasses the difficulties as- 
sociated with chemical etching of SiC. This technique 
thas been extended to multilayer processes that have been 
used to fabricate SiC micromotors [7.57] and the lateral 
resonant structure shown in Fig. 7.4 [7.53] 

Yang et al [7.43] have recently shown that the chem- 
ical inertness of SiC facilitates the fabrication of NEMS 
devices. In this work, the authors present a fabrication 
method to realize SiC mechanical resonators with sub- 
micron thickness and width dimensions. The resonators 
were fabricated from ~ 260 m-thick 3C-SiC films epi- 
taxially grown on (100) Si wafers. The films were 
patterned into 150nm-wide beams ranging in length 
from 2 to 8 um. The beams were etched in a NF/Ox/Ar 
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5 SEM micrograph of a 3C-SiC nanomechanical 
beam resonator fabricated by electron-beam lithography 
and dry etching processes (courtesy M. Roukes, Caltech) 


plasma using an evaporated Cr etch mask. After pattern- 
ing, the beams were released by etching isotropically 
the underlying Si using a NFs/Ar plasma. The inertness 
of the SIC film to the Si etchant enables the dry release 
of the nanomechanical beams. An example of a 3C-SiC 
nanomechanical beam is shown in Fig. 7.5 


7.4.2 Diamond 


Diamond is commonly known as nature's hardest ma- 
terial, making it ideal for high wear environments. 
Diamond has a very large electronic bandgap (5.5 eV), 
‘which makes it attractive for high temperature electron- 
ics. Undoped diamond is a high quality insulator with 
dielectric constant of 5.5; however it can be relatively 
casily doped with boron to create p-type conductivity. 
Diamond has a very high Young's modulus (1,035 GPa), 
‘making it suitable for high frequency micromachined 
resonators, and itis among nature's most chemically in- 
cert materials, making it well suited for harsh chemical 
environments. 

Unlike SiC, fabrication of diamond MEMS is 
currently restricted to polycrystalline and amorphous 
‘material, since epitaxial-quality single-crystal diamond 
wafers are not yet commercially available. Polycrys- 
talline diamond films can be deposited on Si and SiOy 
substrates, but the surfaces often must be seeded by di- 
amond powders, or biased with a negative charge to 
initiate growth. In general, diamond nucleates much 
‘more readily on Si surfaces than on SiO surfaces, an 
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effect that has been used to selectively pattern diamond 
films into micromachined AFM cantilever probes using 
‘SiOp molding masks [7.58] 

Bulk micromachining of diamond is very diffi- 
cult given its extreme chemical inertness. Diamond 
structures have nevertheless been fabricated using bulk 
micromachined Si molds to pattern the structures [7.59]. 
‘The Si molds were fabricated using conventional mi- 
cromachining techniques and filled with polycrystalline 
diamond deposited by hot filament chemical vapor depo- 
sition (HPCVD). The HFCVD process uses hydrogen as 
carrier gas and methane as the carbon source. The pro- 
ccess was performed at a substrate temperature of 850°C 
to 900°C and a pressure of SO mtorr. The Si substrate 
‘was seeded prior to deposition using a diamond par- 
ticle/ethanol solution. After deposition, the top surface 
of the structure was polished using a hot iron plate. After 
polishing, the Simold was removed in a Si etchant, leav- 
ing behind the micromachined diamond structure. This 
process was used to produce high-aspect-ratio capillary 
channels for microfluidic applications [7.60] and com 
ponents for diflractive optics, laser-o-fiber alignment, 
and power device cooling structures [7.61] 

Due to the nucleation processes associated with 
diamond film growth, surface micromachining of poly- 
crystalline diamond thin films requires modifications to 
conventional micromachining to facilitate film growth 
fon sacrificial substrates. Conventional RIE methods 
are generally ineffective, so initial work focused on 
developing selective deposition techniques. One early 
‘method used selective seeding to form patterned tem- 
plates for diamond nucleation. The selective seeding 
process employed the lithographic patterning of pho- 
toresist that contained diamond powders {7.62}. The 
diamond-loaded photoresist was deposited and pat- 
temed onto a Cr-coated Si wafer. During the onset of 
diamond growth, the patterned photoresist rapidly evap- 
crates, leaving behind the diamond seed particles in 
the desired locations. A patterned diamond film is then 
selectively grown on these locations. 

‘A second process utilizes selective deposition di- 
rectly on sacrificial substrate layers. This process 
combines conventional diamond seeding with pho- 
tolithographic patterning and etching to fabricate 
micromachined diamond structures on SiOx sacrificial 
layers [7.63]. The process can be performed in one of 
two ways. The first approach begins with the seeding 
of an oxidized Si wafer. The wafer is coated with pho- 
toresist and photolithographically patterned. Unmasked 
regions of the seeded SiO film are then partially etched, 
forming a surface unfavorable for diamond growth. The 
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photoresist is then removed, and a diamond film is de- 
posited on the seeded regions. The second approach also 
begins with an oxidized Si wafer. The wafer is coated 
with photoresist, photolithographically patterned, and 
then seeded with diamond particles. The photoresist is 
removed, leaving behind a patterned seed layer suitable 
for selective growth. These techniques have been suc- 
cessfully used to fabricate cantilever beams and bridge 
structures, 

A third method to surface micromachine polycrys- 
talline diamond films follows the conventional approach 
of film deposition, dry etching, and release. The chem- 
ical ineriness of diamond renders most conventional 
plasma chemistries useless; however, oxygen-based 
jon beam plasmas can be used to etch diamond thin 
films [7.64]. A simple surface micromachining process 
begins with the deposition of a polysilicon sacrificial 
layer on a SisN¢-coated Si wafer. The polysilicon layer 
is seeded using diamond slurry, and a diamond film is 
‘deposited by HFCVD. Since photoresist is not resistant 
to Op plasmas, an Al masking film is deposited and pat- 
terned. The diamond films are then etched in the Oy ion 
beam plasma, and the structures are released by etch- 
ing the polysilicon with KOH. This process has been 
used to create lateral resonant structures, but a signif 
icant stress gradient in the films rendered the devices 
nonoperational 


Fig.7.6 SEM micrograph of the folded beam tuss of a diamond 
lateral resonator. The diamond film was deposited using a seeding- 
based hot filament CVD process. The micrograph illustrates the 
challenges currently facing diamond MEMS, namely, roughened 
surfaces and residual stress gradients 


In general, conventional HFCVD requires that the 
substrate be pretreated with a seeding layer prior to di- 
amond film growth. However, a method called biased 
‘enhanced nucleation (BEN) has been developed that en- 
ables the growth of diamond on unseeded Si surfaces. 
Wang et al. [7.65] have shown that if Si substrates are 
masked with patterned SiO> films, selective diamond 
growth will occur primarily on the exposed Si surfaces, 
and a slight HF etch is sufficient to remove the adventi- 
tious diamond from the SiO» mask. This group was able 
to use this method to fabricate diamond micromotor 
rotors and stators on Si surfaces. 

Diamond is a difficult but not impossible mater- 
ial to etch using RIE techniques. It is well-known 
that diamond will be etched in oxygen plasmas, but 
these plasmas are not generally well suited for device 
fabrication, because the etches tend to be isotropic. 
A recent development, however, suggests that RIE pro- 
cesses for diamond are close at hand. Wang etal. [7.65] 
describe a process to fabricate a vertically actuated, 
doubly clamped micromechanical diamond beam res- 
nator using RIE. The process outlined here addresses 
two key issues related to diamond surface micro- 
machining, namely, residual stress gradients in the 
diamond films and diamond patterning techniques. 
A microwave plasma CVD reactor was used to grow the 
diamond films on sacrificial $iO> layers pretreated with 
4 nanocrystalline diamond powder, resulting in a uni- 
form nucleation density at the diamond/SiO> interface. 
‘The diamond films were etched in a CFy/O} plasma us- 
ing Al as a hard mask. Reasonably straight sidewalls 
were created, with roughness attributable to the surface 
roughness of the faceted diamond film. An Au/Cr drive 
‘electrode beneath the sacrificial oxide remained covered 
throughout the diamond patterning steps and, thus, was 
undamaged during the diamond etching process. 

In conjunction with recent advances in RIE and 
micromachining techniques, work is being performed to 
develop diamond deposition processes specifically for 
MEMS applications. Diamond films grown using con- 
ventional techniques, especially processes that require 
pre-growth seeding, tend to have high residual stress gra- 
dients and roughened surface morphologies as aresult of 
the highly faceted, large grain polycrystalline films that 
are produced by these methods (see Fig. 7.6). The rough 
surface morphology degrades the patterning process, re- 
sulting in roughened sidewalls in etched structures and 
roughened surfaces of films deposited over these layers. 
Unlike polysilicon and SiC, a post-deposition polishing 
process is not technically feasible for diamond due to 
its extreme hardness. For the fabrication of multilayer 
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Figure 7-4, A five-pole, twelve-position rotary switch 


interval separates one connection from the next, 

importance, depending 
on the components that are connected with the 
switch. 


The shaft may be round, splined, or D-shaped in 
section. A knob is seldom supplied with a switch 
and must be chosen to match the shaft. Some 
shaft dimensions are metric, while others are 
measured ininches, with 1/4” diameter being the 
oldest standard. Some switches with a splined 
shaft are supplied with an adapter for a knob of 
D-shaped internal section; the adapter can be 
slipped onto the shaft in any of 12 or more posi- 
tions, to minimize the inconvenience of position- 
ing the body of the switch itself so that the knob 
is correctly oriented in relation to positions print- 
ed on the face of the panel. 


Miniature rotary switches may be as small as 0.5” 
diameter, and usually terminate in pins for 
through-hole mounting on aPC board. Miniature 
switches usually have lower current ratings than 
full-size switches. 


Rotary switches must be securely anchored to 
resistthe high turning forces thatcan be inflicted 


Variants 


upon them by users. Ina panel-mount design, a 

is tightened around thread on the bushing 
of the switch, Through-hole versions can be se- 
cured to the PC board with the shaft protruding 
loosely through a cutout in the panel. To mini- 
mize mechanical stress on the circuit board, the 
detents in a PC-board switch are usually weaker 
than in a full-size switch, and the knob is usually 
smaller, allowing less leverage. 


Rotary DIP 
Aconventional DIP switch is a linear array of min- 
iature SPST switches designed to fit a standard 
DIP (dual-inline package) layout of holes in a cir- 
cuit board. It is described in the switeh entry of 
this encyclopedia. A rotary DIP switch (also 
known as an encoded output rotary switch or a 
coded rotary switch) does not conform with a DIP 
layout, despite its name. It is approximately 0.4” 
‘square and usually has five pins, one of which can 
be considered the input or common pin while 
the other four can function as outputs. The pins 
are spaced at 0.1” pitch from one another. Pin 
function and layout are not standardized. 


Adial on top of the switch has 
(numbered 0 through 9) or 16 positions (0 
through 9 followed by letters A through F). One 
switch of each type is shown in Figure 7-5. 


Each position of the dial closes pairs of contacts 
le the component to create a unique binary- 
coded decimal pattern (in a 10-position switch) 
or binary-coded hexadecimal pattern (in the 16- 
position switch) on the four output pins. The pin 
states are shown in Figure 7-6.A rotary DIP switch 
is a relatively flimsy device, and is not designed 
for frequent or heavy use. Itis more likely to be a 
"set it and forget it” device whose state is estab- 
lished when itis installed in a circuit board. 


Because each position of the switch is identified 
with a unique binary pattern, this is an example 
of absolute encoding. By contrast, a typical reta- 
nal encoder uses relative encoding, as it 
merely generatesa series of undifferentiated pul- 
ses when the shaft is turned. 
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diamond devices, methods to reduce the surface rough- 
ness ofthe as-deposited films are highly desirable, Along 
these lines, Krauss etal. [7.66] reported the development 
of an ultrananocrystalline diamond film that exhibits 
a much smoother surface morphology than comparable 
diamond films grown using conventional methods. Un- 
like conventional CVD diamond films that are grown 


using a mixture of Hy and CHs, the ultrananocrystalline 
diamond films are grown from mixtures of Ar, Ho, and 
Cy oF Ar, Hp, and CH. Although the processes are stil 
under development, Krauss et al. [7.66] have demon- 
strated the viability of the ultrananacrystalline diamond 
films as conformal coatings on Si surfaces, as well as 
their utility in several micromachining processes. 


7.5 GaAs, InP, and Related IIl-V Materials 


Gallium Arsenide (GaAs), Indium Phosphide (InP), and 
related II-V compounds have favorable piezoelectric 
and optoclectric properties, high piezoresistive con- 
stants, and wide electronic bandgaps relative to Si, 
‘making them attractive for various sensor and opto- 
electronic applications. Like Si, significant research in 
bulk erystal growth has led to the development of GaAs 
and InP substrates, which are commercially available as 
high quality, single crystal wafers. Unlike compound 
semiconductors, such as SiC, IN-V materials can be 
deposited as ternary and quaternary alloys with lattice 
constants that closely match the binary compounds from 
Which they are derived (ie., Al,GajyAs and GaAs). 
thus permitting the fabrication of a wide variety of 
heterostructures that facilitate device performance 

‘Crystalline GaAs has a zine blend crystal structure 
with an electronic bandgap of 14<eV, enabling GaAs 
electronic devices to function at temperatures as high 
as 350°C [7.67]. High quality, single erystal wafers 
ae commercially available, as are well developed met- 
alorganic chemical vapor deposition (MOCVD) and 
‘molecular beam epitaxy (MBE) growth processes for 
epitaxial layers of GaAs and its alloys. GaAs does not 
outperform Si in terms of mechanical properties, how- 
ver, its stiffness and fracture toughness are still suitable 
for micromechanical devices. 

Micromachining of GaAs is relatively straightfor- 
ward, since many of its latice-matched ternary and 
quatemary alloys have sufficiently different chemical 
properties to allow their use as sacrificial layers [7.68]. 
For example, the most common temary alloy for GaAs 
is Al,GajyAs. For values of x less than or equal 
to 0.5, etchants containing mixtures of HF and HO 
will etch Al,Ga,,As without attacking GaAs, while 
ctchants containing NHjOH and H3O> attack GaAs 
isotropically, but do not etch Al,Gai,As. Such se- 
lectivity enables the micromachining of GaAs wafers 
using lattice-matched etch stops and sacrificial lay- 
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ers. Devices fabricated using these methods include 
comb drive lateral resonant structures [7.68], pressure 
sensors [7.69, 70), thermopile sensors [7.71], Fabry— 
Perot detectors [7.72], and cantilever-based sensors 
and actuators [7.73, 74]. In addition, nanoelectrome- 
chanical devices, such as suspended micromechanical 
resonators [7.75] and tethered membranes [7.76], have 
been fabricated using these techniques. An example of 
a nanoelectromechanical beam structure fabricated from 
GaAs is shown in Fig. 7.7. 

In addition to using epitaxial layers as etch stops, 
ion implantation methods can also be used to produce 
etch stops in GaAs layers. Miao et al. [7.77] describe 
process that uses electrochemical etching to selec- 
tively remove n-type GaAs layers. The process relies 
oon the creation of a highly resistive near surface GaAs 
layer on an n-type GaAs substrate by low dose nitrogen 
implantation in the MeV energy range. A pulsed electro- 
chemical etch method using a HaPtCls, HsPO,, HSOs 
platinum electrolytic solution at 40°C with 17 V, 100 ms 
pulses is sufficient to selectively remove n-type GaAs at 
about 3 m/min, Using this method, stress-free, tethered 
‘membranes could readily be fabricated from the high re- 
sistive GaAs layer. The high implant energies enable the 
fabrication of membranes several microns in thickness, 
Moreover, the authors demonstrated that if the GaAs 
‘wafer were etched in such a way as to create an undult- 
ing surface prior to ion implantation, corrugated mem- 
branes could be fabricated. These structures can sustain 
‘much higher deflection amplitudes than flat structures, 

Micromachining of InP closely resembles the tech- 
niques used for GaAs. Many of the properties of 
InP are similar to GaAs in terms of crystal structure, 
‘mechanical stiffness, and hardness. However. the op- 
tical properties of InP make it particularly attractive 
for micro-optomechanical devices to be used in the 
1.3 to 1.55 jum wavelength range [7.78]. Like GaAs, 
single crystal wafers of InP are readily available, and 
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Fig.7.7 SEM micrograph of a GaAs nanomechanical beam res- 
‘onator fabricated by epitaxial growth, electron-beam lithography, 
and selective etching (courtesy of M. Roukes, Caltech) 


termary and quatemary lattice-matched alloys, such 
aas InGaAs, InALAs, InGaAsP, and InGaAIAs, can be 
used as either etch stop and/or sacrificial layers, de- 


7.6 Ferroelectric Materials 


Piezoelectric materials play an important role in MEMS 
technology for sensing and mechanical actuation appli- 
cations. In a piezoelectric material, mechanical stress 
produces polarization, and, conversely, a voltage- 
induced polarization produces a mechanical stress, 
Many asymmetric materials, such as quartz, GaAs, 
and zine oxide (ZnO), exhibit some piezoelectric be- 
havior. Recent work in MEMS has focussed on the 
development of ferroelectric compounds, such as lead 
ireonate titanate, Pb(Zr,Ti_.)O3, or PZT for short, 
because such compounds have high piezoelectric con- 
stants that result in high mechanical transduction. 
It is relatively straightforward to fabricate a PZT 
structure on top of a thin freestanding structural 
layer (.e., cantilever, diaphragm). Such a capabil- 
ity enables the piezoelectric material to be used in 
sensor applications or actuator applications for which 
piezoelectric materials are particularly well suited. 
Like Si, PZT films can be pattemed using dry etch 


pending on the etch chemistry [7.68]. For instance, 
InP structural layers deposited on Ing syAlo7As 8a 
rifcial layers can be released using etchants containing 
CeHyOr, HyO2, and HzO. In addition, InP films and 
substrates can he etched in solutions containing HCL 
and HO using In s3Gay.17s films as etch stops. Us- 
ing InP-based micromachining techniques, muli-air gap 
filters [7.79], bridge structures [7.78], and torsional 
membranes [7.72] have been fabricated from InP and 
its related alloys. 

In addition to GaAs and InP, materials such as in- 
dium arsenide (InAs) can be micromachined into device 
structures. Despite a 7% lattice mismatch between InAs 
and (111) GaAs, high quality epitaxial layers can be 
grown on GaAs substrates, As described by Yamaguchi 
et al. [7.80], the surface Fermi level of InAs/GaAs 
structures is pinned in the conduction band, enabling 
the fabrication of very thin conductive membranes. In 
fact, the authors have successfully fabricated freestand- 
ing InAs structures that range in thickness from 30 to 
300m. The thin InAs films were grown directly on 
GaAs substrates by MBE and etched using a solution 
containing H,O, H30., and H.SOs. The structures, 
mainly doubly clamped cantilevers, were released by 
‘etching the GaAs substrate using a H>O/H»O2/NH)OH 
solution, 


techniques based on chlorine chemistries, such as 
CloICCly, as well as ion beam milling using inert gases 
like Ar. 

PZT has been successfully deposited in thin film 
form using co-sputtering, CVD, and sol-gel processing. 
Sol-gel processing is particularly attractive because the 
composition and homogeneity of the deposited mater- 
ial over large surface areas can be readily controlled. 
The sol-gel process outlined by Lee et al. [7.81] uses 
PZT solutions made from liquid precursors contain- 
ing Pb, Ti, Zr, and O. The solution is deposited by 
spin coating on a Si wafer that has been coated with 
4 PYTWSiO2 thin film multilayer. The process is exe- 
cuted to produce a PZT film in layers, with each layer 
consisting of a spin-coated layer that is dried at 110°C 
for Smin and then heat treated at 600°C for 20 min. 
After building up the PZT layer to the desired 
ness, the multilayer was heated at 600°C for up to 6hrs. 
Prior to this anneal, a PbO top layer was deposited on 
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the PZT surface, An Au/Cr electrode was then sputter- 
deposited on the surface of the piezoelectric stack. This 
process was used to fabricate a PZT-based force sensor. 
Xu etal. [7.82] describe a similar sol-gel process to pro- 
duce 12 m-thick, crack-free PZT films on Pt-coated Si 
wafers and 5 jim-thick films on insulating ZrO layers to 
produce micromachined MHz-range, two-dimensional 
transducer arrays for acoustic imaging 

Thick film printing techniques for PZT have been 
developed to produce thick films in excess of 100 um, 
Such thicknesses are desired for applications that re- 
Quire actuation forces that cannot be achieved with the 
‘much thinner sol-gel films. Beeby etal. [7.83] describe 


7.7 Polymer Materials 


Polyimides comprise an important class of durable poly- 
‘mers that are well suited for many of the techniques used 
in conventional MEMS processing. In general, poly- 
imides can be acquired in bulk, or deposited as thin 
films by spin coating. Polyimides can be patterned us- 
ing conventional dry etching techniques and processed 
at relatively high temperatures. These attributes make 
polyimides an attractive group of polymers for MEMS 
that require polymer structural and/or substrate lay- 
crs, such as microfabricated biomedical devices, for 
‘which inertness and flexibility are important parame- 
ters, 


7.7.1 Polyimide 


Shearwood et al, (7.84] explored the use of polyimide 
as a robust mechanical material for microfabricated 
audio membranes. The authors fabricated 7 jum-thick, 
‘8mm-diameter membranes on GaAs substrates by bulk 
‘micromachining the GaAs substrate using a NH3/H02 
solution. They realized 100% yield and, despite a low 
Young's modulus (~ 3 GPa), observed flat membranes, 
to within I nm after fabrication, 

Jiang etal. {7.85] capitalized on the strength and. 
flexibility of polyimide to fabricate a flexible sheer- 
stress sensor array based on Si sensors. The sensor array 
consisted of acollection of Siistands linked by two poly- 
imide layers. Each Si sensor island was 250% 250 um? 
in area and 80jum in thickness. Al was used as an 
electrical innerconnect layer. The two polyimide lay- 
ers served as highly flexible hinges, giving the sensor 
array the ability to be mounted on curved surfaces, The 
sensor array was successful in profiling the shear-stress 
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a thick film printing process whereby a PZT paste is 
made from a mixture of 95% PZT powder, 5% lead 
borosilicate powder, and an organic carrier. The paste 
‘was then printed through a stainless steel screen using 
a thick film printer. Printing was performed on an oxi- 
dized Si substrate that is capped with a Ptelectrode. After 
printing, the paste was dried and then fired at 850°C to 
950°C. Printing could be repeated to achieve the desired 
thickness. The top electrode consisted of an evaporated 
‘Al film, The authors found that it was possible to per- 
form plasma-based processing on the printed substrates, 
but that the porous nature of the printed PZT films made 
them unsuitable for wet chemical processing 


distribution along the leading edge of a rounded delta 
wing, 

The chemical and temperature durability of poly- 
imides enables theiruse asa sacrificial layer fora number 
of commonly used materials, such as evaporated or 
sputter-deposited metals. Memmi etal. {7.86] developed 
a fabrication process for capacitive micromechanical ul- 
transonic transducers using polyimide as a sacrificial 
layer. The authors showed that the polyimide could with- 
stand the conditions used to deposit silicon monoxide 
by evaporation and silicon nitride by PECVD at 400°C. 
Recent work by Bagolini et al. [7.87] has shown that 
polyimides can even be used as sacrificial layers for 
PECVD Sic. 

In the area of microfabricated biomedical devices, 
polyimide is receiving attention as a substrate material 
for implantable devices, owing to its potential bio- 
compatiblity and mechanical flexibility. Stieglit: [7.88] 
reported on the fabrication of multichannel micro- 
electrodes on polyimide substrates. Instead of using 
polyimide sheets as starting substrates, Si carrier wafers 
coated with a 5 jim-thick polyimide film were used. Pt 
‘microelectrodes were then fabricated on these substrates 
using conventional techniques. Thin polyimide layers 
‘were deposited between various metal layers to serve as 
insulating layers. A capping polyimide layer was then 
deposited on the top of the substrates, and the entire 
polyimide/metal structure was peeled off the Si carrier 
‘wafers. Backside processing was then performed on the 
freestanding polyimide structures to create devices that 
have exposed electrodes on both surfaces. In a later pa- 
per, Stieglit et al. [7.89] describe a variation of this 
process for neural prostheses. 
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7.7.2 SU-8 


SU-8 is a negative-tone, epoxy-like photoresist that is 
receiving much attention for its versatility in MEMS 
processing. Itis a high-aspect-ratio, UV-sensitive resist 
designed for applications requiring single-coat resists 
with thicknesses on the order of 500microns [7.90] 
‘SU-8 has favorable chemical properties that enable it 
to be used as a molding material for high-aspect-ratio 
electroplated structures (as an alternative to LIGA), and 
asa structural material for microfluidics [7.90]. In terms 
of mechanical properties, Lorenz et al. [7.91] reported 
that SU-8 has a modulus of elasticity of 4.02 GPa, which 
‘compares favorably with a commonly used polyamid 
G.4GPa). 

In addition to the aforementioned conventional uses, 
for SU-8, several interesting alternative uses are begin- 
ning to appear in the literature. Conradie et al. {7.92] 
have used SU-8 to trim the mass of silicon paddle os- 
cillators as a means to adjust the resonant frequency of 
the beams. The trimming process involves the pattern- 
ing of SU-8 posts on Si paddles. The process capitalizes 
on the relative chemical stability of the SU-8 resin, in 
conjunction with the relatively large masses that can be 
patterned using standard UV exposure processes. 

SU-8isalso of interest as abonding layer material for 
wafer bonding processes using patterned bonding layers. 
Pan et al. [7.93] compared several UV photo-definable 
polymeric materials and found that SU-8 exhibited the 
highest bonding strength (20.6MPa) for layer thick- 
nesses up to 100 jum, 


7.7.3 Parylene 


Parylene (poly-paraxylylene) is another emerging poly. 
meric MEMS material due in large part to its 


7.8 Future Trends 


‘The rapid expansion of MEMS in recent years is due 
in large part to the inclusion of new materials that have 
expanded the functionality of microfabricated devices 
beyond what is achievable in silicon, This trend will 
certainly continue as new application areas for micro- 
and nanofabricated devices are identified. Many of these 
applications will likely require both new materials and 
new processes to fabricate the micro- and nanomachined 
devices for these yet to be identified applications. Cur- 


biocompatibility. It is particularly attractive from the 
fabrication perspective, because it can be deposited by 
CVD at room temperature. Moreover, the deposition 
process is conformal, which enables parylene coatings 
to be applied to prefabricated structures, such as Si mi- 
croneedles [7.94], low stress silicon nitride membrane 
particle filters [7.95], and micromachined polyimide/Au 
optical scanners [7.96]. In the first two cases, the pary- 
Jene coating served to strengthen the microfabricated 
structures, while in the last case, it served to protect the 
structure from condensing water vapor. 

In addition to its function as a protective coat- 
ing, parylene can actually be micromachined into 
freestanding components. Noh et al. [7.97] demon- 
strated a method to create bulk micromachined parylene 
microcolumns for miniature gas chromatographs, The 
structure is fabricated using a micromolding technique 
by which Si molds are fabricated by DRIE and coated 
with parylene to form three sides of the microcol- 
umn, A second wafer is coated with parylene, and 
the two are bonded together via a fusion bonding pro- 
cess. After bonding, the structure is released from the 
Si mold by KOH etching. In a second example, Yao 
et al, [7.98] describe a dry release process for pary- 
lene surface micromachining. In this process, sputtered 
Si is used as a sacrificial layer onto which a thick 
sacrificial photoresist is deposited. Parylene is then 
deposited on the photoresist and patterned into the de- 
sired structural shape. The release procedure is a two 
step process. First, the photoresist is dissolved in ace- 
tone. This results in the parylene structure sticking 
to the sputiered Si. Next, a dry BrFs etch is per- 
formed, which dissolves the Si and releases the parylene 
structures. Parylene beams that were Imm long and 
4.Sjum thick were successfully fabricated using 
technique. 


rently, conventional micromachining techniques employ 
top-down approach that begins with either bulk sub- 
strates or thin films, Future MEMS and NEMS will likely 
Incorporate materials that are created using a bottom-up 
approach, A significant challenge facing device design 
and fabrication engineers alike will he how to marry 
top-down and bottom-up approaches to create devices 
and systems that cannot be made using either process 
alone. 
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8. MEMS/NEMS Devices and Applications 


Microelectromechanical Systems (MEMS) have 
played key roles in many important areas, 

for example transportation, communication, 
automated manufacturing, environmental 
‘monitoring, health care, defense systems, and 

a wide range of consumer products, MEMS 

are inherently small, thus offering attractive 
characteristics such as reduced size, weight, 

and power dissipation and improved speed 

and precision compared to thelr macroscopic 
counterparts, Integrated circuits (IQ) fabrication 
technology has been the primary enabling 
technology for MEMS besides a few special 
etching, bonding and assembly techniques. 
Microfabrication provides a powerful tool for batch 
processing and miniaturization of electromech= 
anical devices and systems into a dimensional 
scale, which is not achievable by conventional 
‘machining techniques. As IC fabrication technology 
continues to scale toward deep sub-micron 

and nano-meter feature sizes, a variety of 
nanoelectromechanical systems (NEMS) can be 
envisioned in the foreseeable future. Nano-scale 
‘mechanical devices and systems integrated with 
nanoelectronics will open a vast number of 
new exploratory research areas in science and 
engineering. NEMS will most likely serve as an 
enabling technology merging engineering with the 
life sciences in ways that are not currently feasible 
With the micro-scale tools and technologies, MEMS 
hhas been applied to a wide range of fields. Over 
hundreds of micro-devices have been developed 


Microelectromechanical systems, generally referred to 
as MEMS, has had a history of research and develop- 
‘ment spanning a few decades. Besides the traditional 
‘microfabricated sensors and actuators, the field covers 
‘micromechanical components and systems integrated or 
‘micro-assembled with electronics on the same Substrate 
oor package, achieving high performance functional sys: 
toms, These devices and systems have played key roles 
in many important areas, such as transportation, com- 
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for specific applications. It is thus difficult 
to provide an overview covering every aspect 

fof the topic. In this chapter, key aspects of 
MEMS technology and application impacts are 
illustrated through selecting a few demonstrative 
device examples, which consist of pressure 
‘sensors, inertial sensors, optical and wireless 
communication devices. Microstructure examples 
with dimensions on the order of sub-micron 
are presented with fabrication technologies for 
future NEMS applications. Although MEMS has 
experienced significant growth over the past 
decade, many challenges still remain. In broad 
terms, these challenges can be grouped into three 
general categories; (1) fabrication challenges, 

(2) packaging challenges, and (3) application 
challenges. Challenges in these areas will, in large 
measure, determine the commercial success of 

a particular MEMS device both in technical and 
economic terms. This chapter presents a brief 
discussion of some of these challenges as well as 
possible approaches to address them, 


‘munication, automated manufacturing, environmental 
‘monitoring, health care, defense systems, and a wide 
range of consumer products. MEMS are inherently 
small, thus offering such attractive characteristics as 
reduced size, weight, and power dissipation, as well 
as improved speed and precision compared to their 
‘macroscopic counterparts, The development of MEMS 
requires appropriate fabrication technologies that enable 
the definition of small geometries, precise dimension 
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Fig.8.1 SEM micrograph of a polysilicon microelectro- 
mechanical motor [8.1] 


control, design flexibility, interfacing with microelec- 
tronics, repeatability, reliability, high yield, and low cost. 
Integrated circuits (IC) fabrication technology meets all 
of the above criteria and has been the primary enabling 
fabrication technology for MEMS, besides a few special 
‘etching, bonding and assembly techniques. Microfabri- 
cation provides a powerful tool for batch processing and 
miniaturization of electromechanical devices and sys- 
tems into a dimensional scale, which is not achievable 
by conventional machining techniques. Most MEMS de- 
vices exhibit length or width ranging from micrometers 
toseveral hundreds of micrometers witha thickness from 
submicrometer up to tens of micrometers, depending 
upon the fabrication technique employed. A physical 
displacement of a sensor or an actuator is typically 
fon the same order of magnitude, Figure 8.1. shows 
an SEM micrograph of a microelectromechanical mo- 
tor developed in the late 1980s [8.1]. Polycrystalline 
silicon (polysilicon) surface micromachining technol- 
ogy was used to fabricate the micromotor, achieving 
a diameter of 150 jum and a minimum vertical feature 
size on the order of a micrometer. A probe tip is also 
shown in the micrograph for a size comparison, This 
device example, and similar others [8.2], demonstrated 
what MEMS technology could accomplish in microscale 


machining at the time and served as a strong te 
nology indicator for continued MEMS development. 
‘The field has expanded greatly in recent years along 
With rapid technology advances. Figure 8.2, for ex- 
ample, shows a photo of micro-gears fabricated in the 
mid-1990s using a five-level polysilicon surface micro- 
machining technology [8.3]. This device represents one 
of the most advanced surface micromachining fabrica- 
tion processes developed to date. One can imagine that 
4 wide range of sophisticated microelectromechanical 
devices and systems can be realized through appl 
such technology in the future. As IC fabrication te 
nology continues to scale toward deep submicron and 
nanometer feature sizes, a variety of nanoelectrome- 
chanical systems (NEMS) can be envisioned in the near 
future. Nanoscale mechanical devices and systems in- 
tegrated with nanoelectronics will open a vast number 
of new exploratory research areas in science and engi- 
neering, NEMS will most likely serve as an enabling 
technology. merging engineering with the life sciences 
in ways that are not currently feasible with microscale 
tools and technologies. 

This chapter will provide a general overview of 
MEMS and NEMS devices and their applications. 
MEMS technology has been applied to a wide range 
of fields. Over hundreds of micro-devices have been 
developed for specific applications. Therefore, itis dif- 
ficult to provide an overview that covers every aspect 
of the topic. Itis the authors’ intent to illustrate key as- 
pects of MEMS technology, and its impact on specific 
applications by selecting a few demonstrative device 
‘examples. For a wide-ranging discussion of nearly all 
types of micromachined sensors and actuators, books 
by Kovacs [8.4] and Senturia [8.5] are recommended. 


Fig. 8.2 SEM micrograph of polysilicon micro-gears [8.5] 
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Variants 


Figure 75. A rotary DIP switch, also known as an enco 
ded output rotary switch, may be used as a substitute for 
DIP switch in some applications. 


A.eal-coded rotary DIP makes a connection be- 
tween input and output pins wherever a binary 
1 would exist. In the complement-coded version, 
the output is inverted. The switch is primarily in- 
tended for use witha microcontroller, enabling 
only four binary input pins on the microcontrol- 
ler to sense up to sixteen different switch posi- 
tions, 


Asix-pin rotary DIP variantisavailable from some 
manufacturers, with two rows of three pins, the 
‘two center pins in each row being tied together 
internally, and serving as the pole of the switch. 


Rotary DiPs are available with a screw slot, small 
knurled knob, or larger knob. The screw-slot ver- 
sion minimizes the height of the component, 
which can be relevant where circuit boards will 
be stacked close together. A right-angle PC var- 
iant stands at 90 degrees to the circuit board, 
with pins occupying a narrower footprint. The 
switch on the left in Figure 7-5 is of this type. 


While most rotary DIPs are through-hole com- 
ponents, surface-mount versions are available. 


Most rotary DIPs are sealed to protect their in- 
ternal components during wave-soldering of ci 
cuit boards. 


conn 


power tion > rotary switch 
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Figure 7-6. Positive and negative states of the four output 
pins of a real-coded 16-position ratary DIP switch, assum: 

Ing that the common pin af the switch is connected with a 
positive supply voltage. A ten-position rotary DIP switch 
would use only the states from O through 9. In a 
complement-cocled switch, the positive and negative 
states would be reversed, 


Gray Code 
A Gray code (named after its originator, Frank 
Gray) isa system of absolute encoding of a switch 
output, using a series of nonsequential binary 
numbers that are chosen in such a way that each 
number differs by only one digit from the pre- 
ceding number. Such a series is useful because it 
eliminates the risk that when a switch turns, 
some bits in the output will change before oth- 
5, creating the risk of erroneous interpretation. 
‘A minority of rotary switches or rotational en- 
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8.1 MEMS Devices and Applications 


MEMS devices have played key roles in many areas 
of development, Microfabricated sensors, actuators, and, 
electronics are the most critical components in. im- 
plementing a complete system for a specific function. 
Microsensors and actuators can be fabricated by var- 
ious micromachining processing technologies. In this 
section, a number of selected MEMS devices are pre- 
sented to illustrate the basic device operating principles, 
as well as demonstrate key aspects of microfabrication 
technology and its application impact, 


8.1.1 Pressure Sensor 


Pressure sensors are one of the early devices realized 
by silicon micromachining technologies and have be- 
come successful commercial products. The devices have 
been widely used in various industrial and biomedical 
applications. The sensors can be based on piezoelee- 
tric, piezoresistive, capacitive, and resonant sensing 
‘mechanisms. Silicon bulk and surface micromachining 
techniques have been used for sensor batch fabri- 
cation, thus achieving size miniaturization and low 
cost. Two types of pressure sensors — piezoresistive 
and capacitive ~ are described here for illustration 
purposes. 


Piezoresistive Sensor 
‘The piezoresistive effect in silicon has been widely 
used for implementing pressure sensors. A. pressure- 
induced strain deforms the silicon band structure, thus 
changing the resistivity of the material. The piezoresis- 
tive effect is typically crystal-orientation dependent and 
is also affected by doping and temperature. A. practi- 
cal piezoresistive pressure sensor can be implemented 
by fabricating four sensing resistors along the edges of 
2 thin silicon diaphragm, which acts as a mechanical 
amplifier to increase the stress and strain at the sensor 
site. The four sensing elements are connected in a bridge 
configuration with push-pull signals to increase the sen- 
sitivity. The measurable pressure range for such a sensor 
can be from 107? to 10° tomr, depending on the design. 
An example of a piezoresistive pressure sensor is shown 
in Fig. 8.3. The device consists of a silicon diaphragm 
suspended over a reference vacuum cavity to form an 
absolute pressure sensor. An external pressure applied 
‘over the diaphragm introduces a stress on the sensing 
resistors, resulting in a resistance value change corre- 
sponding to the pressure. The fabrication sequence is 
outlined as follows. The piezoresistors are typically first 
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formed through a boron diffusion process, followed by 
a high temperature annealing step in order to achieve 
a resistance value on the order of a few kilo-ohms. The 
‘wafer is then passivated with a silicon dioxide layer, and 
contact windows are opened for metallization. At this 
point, the wafers patterned on the backside, followed by 
aatimed silicon wet etch to form the diaphragm, typically 
having a thickness around few tens of micrometers. The 
diaphragm can have a length of several hundreds of mi- 
crometers. A second silicon wafer is then bonded to the 
device wafer in a vacuum to form a reference vacuum. 
cavity, thus completing the fabrication process. The sec- 
‘ond wafer can also be further etched through to form an 
inlet port, implementing a gauge pressure sensor [8.6] 
‘The piezoresistive sensors are simple to fabricate and can 
be readily interfaced with electronic systems. However, 
the resistors are temperature dependent and consume 
DC power. Long-term characteristic drift and resistor 
thermal noise ultimately limit the sensor resolution, 


Capacitive Sensor 
Capacitive pressure sensors are attractive because they 
are virtually temperature independent and consume zero 
DC power. The devices do not exhibit initial turn-on drift 
and are stable over time. Furthermore, CMOS micro- 
electronic circuits can be readily interfaced with the 
sensors to provide advanced signal conditioning and 
processing, thus improving overall system performance. 
‘An example of a capacitive pressure sensor is shown in 
Fig. 8.4. The device consists of an edge-clamped sil- 
icon diaphragm suspended over a vacuum cavity. The 
diaphragm can be square or circular with a typical thick- 
ness of a few micrometers and a length or radius of 
a few hundred micrometers, respectively. The vacuum, 


‘Cross-sectional schematic of a piezoresistive pres- 
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Fig. 8.4, Cross-sectional schematic of a capacitive pressure 


cavity typically has a depth of a few micrometers, The 
diaphragm and substrate form a pressure dependent air- 
gap variable capacitor, An increased external pressure 
causes the diaphragm to deflect towards the substrate, 
resulting in an increase in the capacitance value. A sim- 
plified fabrication process can be outlined as follows. 
A silicon wafer is first patterned and etched to form 
the cavity. The wafer is then oxidized and bonded to 
1a second silicon wafer with a heavily doped boron layer, 
which defines the diaphragm thickness, at the surface. 
‘The bonding process can be performed in a vacuum to 
realize the vacuum cavity. Ifthe vacuum bonding is not 
performed at this stage, a low-pressure sealing process 
can be used to form the vacuum cavity after patterning 
the sensor diaphragm, provided that sealing channels 
are available. The silicon substrate above the boron 
layer is then removed through a wet etching process, 
followed by patterning to form the sensor diaphragm, 
which serves as the device top electrode. Contact pads 
are formed by metallization and patterning. This type of 
pressure sensor exhibits a nonlinear characteristic and 
a limited dynamic range. These phenomena, however, 
can be alleviated by applying an electrostatic-force- 
balanced feedback architecture. A common practice is 
to introduce another electrode above the sensing di- 
aphragm through wafer bonding [8.7], forming two 
capacitors in series, with the diaphragm being the middle 
electrode. The capacitors are interfaced with electronic 
circuits, that convert the sensor capacitance value to 
‘an output voltage corresponding to the diaphragm po- 
sition. This voltage is further processed to generate 
a feedback signal to the top electrode, thereby intro- 
ducing an electrostatic pull up force to maintain the 
deflectable diaphragm at its nominal position. This neg- 
ative feedback loop would substantially minimize the 
device nonlinearity and also extend the sensor dynamic 
range. 

‘A capacitive pressure sensor achieving an inherent 
linear characteristic response and a wide dynamic range 


Silicon wafer 


Fig. 8.5 Cross-sectional schematic of a touch-mode ea 
acitive pressure sensor 


can be implemented by employing a touch mode ar- 
chitecture [8.8]. Figure 8.5 shows the cross-sectional 
view of touch-mode pressure sensor. The device con- 
sists of an edge-clamped silicon diaphragm suspended 
over a vacuum cavity. The diaphragm deflects under an 
increasing extemal pressure and touches the substrate, 
causing a linear increase inthe sensor capacitance value 
beyond the touch point pressure. Figure 8.6 shows atyp- 
ical device characteristic curve. The touch point pressure 
can be designed by engineering the sensor geometric 
parameters, such as diaphragm size, thickness, cavity 
depth, etc., for various application requirements. The 
device can be fabricated using a process flow similar to 
the flow outlined for the basic capacitive pressure sensor. 
Figure 8.7 presents a photo of a fabricated touch-mode 
sensor employing a circular diaphragm with a diam- 
eter of 800 jim and a thickness of 5 jum suspended over 
2.5m vacuum cavity. The device achieves a touch 
point pressure of & psi and exhibits a linear capacitance 
range of 33pF at 1Opsi to 40pF at 32psi (absolute 
pressures) 

‘The above processes use bulk silicon materials 
for machining and are usually referred to as bulk 


Capacitance (pF) 


| 
| 
“Touch point pressure Pressure (pad) 


Fig. 8.6 Characteristic response of a touch-mode eapaci- 
tive pressure 
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Fig. 8.7 Photo of a touch-mode capacitive pressure sen- 
sor [8.12] 


micromachining. The same devices can also be fabri- 
cated using so-called surface micromachining. Surface 
micromachining technology is attractive for integrat- 
ing MEMS sensors with on-chip electronic circuits. 
As a result, advanced signal processing capabilities, 
such as data conversion, offset and noise cancella- 
tion, digital calibration, temperature compensation, etc., 
can be implemented adjacent to microsensors on the 
same substrate, providing a complete, high performance 
microsystem solution. The single chip approach also 
eliminates external wiring, which is critical for minimiz- 
ing noise pickup and enhancing system performance. 
Surface micromachining, simply stated, is a method 
of fabricating MEMS through depositing, patterning, 
and etching a sequence of thin films with thicknesses 
fon the order of a micrometer. Figure 8.8 illustrates 
a typical surface micromachining process flow [8.9] 
‘The process starts by depositing a layer of sacrificial 
‘material, stch as silicon dioxide, over a wafer, fol- 
owed by anchor formation. A structural layer, typically 
1 polysilicon film, is deposited and patterned. ‘The un- 
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Anchor Sacrificial layer 
[Structural layer 
Sa 
Fig. 8.8 Simplified fabrication sequence of surface micro- 
‘machining technology 


derlying sacrificial layer is then removed to release the 
suspended microstructure and complete the fabrication 
sequence. The processing materials and steps are com- 
patible with the standard integrated circuit process and, 
thus, can be readily incorporated as an add-on module 
to an IC process [8.9-I]. A similar surface micro- 
machining technology has been developed to produce 
‘monolithic pressure sensor systems [8.12]. Figure 8.9 
shows an SEM micrograph of an array of MEMS 
capacitive pressure sensors fabricated with BiCMOS 
electronics on the same substrate. Each sensor con- 
sists of a 0.8 um-thick circular polysilicon membrane 
with a diameter on the order of 20 1m suspended aver 
2.0.3 um-deep vacuum cavity. The devices operate us- 
ing the same principle as the sensor shown in Fig. 84, 
‘A close view of the sensor crass section is shown in 
Fig. 8.10, which shows the suspended membrane and 
underneath air gap. These sensors have demonstrated 
operations in pressure ranges up to 400bar with an 
accuracy of 1.5%. 


8.1.2 Inertial Sensor 


Micromachined inertial sensors consist of accelerom- 
eters and gyroscopes. These devices are one of the 
important types of silicon-based MEMS sensors that 
have been successfully commercialized, MEMS ac- 
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Fig. 8.9 SEM micrograph of polysilicon surface-microma- 
‘chined capacitive pressure sensors [8.12] 


208099 15.e uy 
Fig.8.10 SEM micrograph of a close-up view of 
1 polysilicon surface-micromachined capacitive pressure 
sensor [8.12] 


celerometers alone have the second largest sales volume 
after pressure sensors. Gyroscopes are expected to 
reach a comparable sales volume in the foreseeable fu- 
ture, Accelerometers have been used in a wide range 
of applications, including automotive application for 
safety systems, active suspension and stability con- 
trol, biomedical application for activity monitoring, and 
‘numerous consumer products, such as head-mount dis- 
plays, camcorders, three-dimensional mouse, etc. High 
sensitivity accelerometers are crucial for implementing 


self-contained navigation and guidance systems. A gy- 
roscope is another type of inertial sensor that measures 
rate or angle of rotation, The devices can be used along 
with accelerometers to provide heading information in 
‘an inertial navigation system. Gyroscopes are also useful 
in such applications as automotive ride stabilization and 
rollover detection, camcorder stabilization, virtual real- 
ity, etc. Inertial sensors fabricated by micromachining 
technology can achieve reduced size, weight, and cost, 
all which are critical for consumer applications. More 
importantly, these sensors can be integrated with micro- 
electronic circuits to achieve a functional microsystem 
with high performance. 


Accelerometer 
Anaccelerometer generally consists ofa proof mass sus- 
pended by compliant mechanical suspensions anchored 
to a fixed frame. An external acceleration displaces 
the support frame relative to the proof mass. The dis- 
placement can result in an internal stress change in 
the suspension, which can be detected by piezoresis- 
tive sensors as a measure of the external acceleration. 
‘The displacement can also be detected as a capacitance 
change in capacitive accelerometers. Capacitive sensors 
are attractive for various applications because they ex- 
hibit high sensitivity and low temperature dependence, 
turn-on drift, power dissipation, and noise. The sensors 
can also be readily integrated with CMOS electronics 
to perform advanced signal processing for high system 
performance, Capacitive accelerometers may be divided 
Into two categories: vertical and lateral sensors. Fig- 
ure 8.11 shows sensor structures for the two versions. 
Ina vertical device, the proof mass is suspended above 
the substrate electrode by a small gap typically on the 
order of a micrometer, forming a parallel-plate sense 
capacitance. The proof mass moves in the direction per- 
pendicular to the substrate (z-axis) upon a vertical input 
acceleration, thus changing the gap and the capacitance 
value. The lateral accelerometer consists of a number 
of movable fingers attached to the proof mass, forming 
a sense capacitance with an array of fixed parallel fin- 
gers. The sensor proof mass moves in a plane parallel 
to the substrate when subjected to a lateral input accel- 
eration, thus changing the overlap area of these fingers 
and, hence, the capacitance value. Figure 8.12 shows 
an SEM top view of a surface micromachined polysil- 
icon z-axis accelerometer [8.13]. The device consists of 
2400 jum>400 um proof mass with a thickness of 2 yum 
suspended above the substrate electrode by four folded 
beam suspensions with an air gap around 2 yum, thus 
achieving a sense capacitance of approximately 500 F. 
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‘The visible holes are used to ensure complete removal 4 cea ahemale 


of the sacrificial oxide underneath the proof mass at Dik 
the end of the fabrication process. The sensor can be Anchor| Suspension Proof mass) acceleration 
interfaced with a microelectronic charge amplifier, con- ] 


verting the capacitance value to an output voltage for 
further signal processing and analysis. Force feedback 
architecture can be applied to stabilize the proof mass 


position. The combs around the periphery of the proof 
‘mass can exert an electrostatic levitation force on the Substrate 

proof mass to achieve the position control, thus im- 

proving the system frequency response and linearity Substaeelestode 
performance [8.13] ) Lateral acsleometer schematic 


Surface micromachined accelerometers typically Anchors 
suffer from severe mechanical thermal vibration, com- 
‘monly referred to as Brownian motion [8.14], due tothe 
small proof mass, resulting in a high mechanical noise 
floor that ultimately limits the sensor resolution. Vacuum 
packaging can be employed to minimize this adverse ef- 
fect, but with penalty of increasing system complexity 
and cost. Accelerometers using large proof masses fab- 
ricated by bulk micromachining, or a combination of 
surface and bulk micromachining techniques are attra 
tive for eicumventing this problem. Figure 8.13 shows 
an SEM micrograph of an all-siicon z-axis aecelerom- 
eter fabricated through a single silicon wafer by using obsate 
4 combined surface and bulk micromachining process 
to obtain a large proof mass with dimensions of ap- 
proximately 2mmx I mm3x450 um [8.15]. The large 
‘mass suppresses the Brownian motion effec, achiev- 
ing high performance with a resolution on the order of 
several jg 

{A surface micromachined lateral accelerometer de- siemey 
veloped by Analog Devices Inc. is shown in Fig. 8.14. JM! Sees ure esoanes 
‘The sensor consists of a center proof mass supported by tether ryt 
folded beam suspensions with arrays of attached mov 
able fingers forming a sense capacitance with the fixed 
Parallel fingers. The device is fabricated using a 6um- 
thick polysilicon structural layer with a smal ar gap on 
the order of a micrometer to increase the sensor cap- 
acitance value, thus improving the device resolution 
Figure 8.15 shows a close-up view of the finger structure 
fora typical lateral accelerometer. Each movable finger 
forms differential capacitances with two adjacent fixed 
fingers. This sensing capacitance configuration is attrac- 


Lateral 
acceleration 
\Sense fingers 


Anchor 


tive for interfacing with differential electronic detection pitty seasseesseeass 
circuitsto suppress common-mode noise and other unde eSsseessesaegassaeadbagesses| 


sirable signal coupling. Monolithic accelerometers with 
a three-axis sensing capability integrated with on-chip 
electronic detection circuits have been realized using 
surfacing micromachining and CMOS microelectron- Fig-8.12 SEM micrograph of a polysilicon surface-micro- 
ics fabrication technologies [8.16]. Figure 8.16 shows machined z-axis accelerometer [8.13] 
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13, SEM micrograph of a MEMS z-axis accelerom- 
eter fabricated using a combined surface and bulk 
micromachining technology [8.15] 


«a photo of one of these microsystem chips, which has 
an area of 4mmx4mm. One vertical accelerometer 
and two lateral accelerometers are placed at the chip 
center with corresponding detection electronics along 
the periphery. A z-axis reference device, which is not 
movable, is used with the vertical sensor for electronic 
interfacing. The prototype system achieves a sensing res- 


14 SEM micrograph of a polysilicon surface-micromachined 
‘accelerometer (courtesy of Analog Devices Inc.) 


Fig. 8.15 SEM micrograph of a capacitive sensing finger 
structure 


olution on the order of 1 mG with a 100 Hz. bandwidth 
along each axis. The level of performance is adequate 
for automobile safety activation systems, vehicle sta- 
bility, active suspension control, and various consumer 
products. 


Gyroscope 
Most micromachined gyroscopes employ vibrating me- 
chanical elements to sense rotations, The sensors rely 
on the energy transfer between two vibration modes 
of a structure caused by Coriolis acceleration. Fig- 
ure 8.17 presents a schematic of a z-axis vibratory 
rate gyroscope. The device consists of an oscillat- 
ing mass electrostatically driven into resonance along 
the drive-mode axis using comb fingers. An angu- 
Jar rotation along the vertical axis (<-axis) introduces 
4 Coriolis acceleration, which results in a structure 
deflection along the sense-mode axis, shown in the 
figure, The deflection changes the differential sense 
capacitance value, which can be detected as a mx 
sure of input angular rotation. A z-axis vibratory rate 
gyroscope operating on this principle is fabricated us- 
ing surface micromachining technology and integrated 


sone aint enroute 


MEMSINEMS Devices and Applications 


61 MEMS Devices and Applications 


together with electronic detection circuits, as illus- 
trated in Fig. 8.18 [8.17]. The micromachined sensor 
is fabricated using polysilicon structural material with 
f thickness around 2jim and occupies an area of 
mmx 1mm. The sensor achieves a resolution of ap- 
proximately 1°/6/ Viz under a vacuum pressure around 
50mtor 

‘A dual-axis gyroscope based on a rotational disk 
at its resonance ean be used to sense angular ro- 
tation along two lateral axes (x-axis and_y-txis). 
Figure 8.19 shows a device schematic demonstrating 
the operating priniple. A rotor disk supported by four 
mechanical suspensions can be driven into angular es- 
mance slong the z-axis. An input angular rotation 
‘long the x-axis will generate a Coriolis accelera- 
tion, causing the disk to rotate along the y-axis and 
vice versa. This Coriolis acceleration-induced rotation 
will change the sensor capacitance values between the 
disk and the different sensing electrodes underneath, 
‘The capacitance change can he detected and pro- 
cessed by electronic interface circuits. Angularrotations 
‘long the two lateral axes can be measured simul- 
taneously using this device architecture. Figure §.20 
shows a photo of a dual-axis gyroscope fabricated 
using # 2jum-thick polysilicon surface micromachin- 
ing technology [8,18]. As shown in the figure, curved 
electrostatic drive combs are positioned along the cir. 
cumference of the rotor dick to drive it into resonance 
along the vertical axis, The gyroscope exhibits a low 
random walk of 1°//R under a vacuum pressure around 
G60mtore. With accelerometers and gyroscopes, each 
capable of three-axis sensing, a micromachine-based 
inertial measurement system providing a six-degree-of- 
freedom sensing capability can be realized. Figure 8.21 
Presents a photo of such a system containing a dual 
axis gyroscope, a z-axis gyroscope, and a three-axis 
accelerometer chip integrated with microelectronic cir 
cuitry. Due to the precision in device layout and 
fabrication, the system can measure angular rotation 
and acceleration without the need to align individual 


8.1.3 Optical MEMS 


Surface micromachining has served as a key enabling 
technology to realize microeletromechanical optical de- 
‘vices for various applications ranging from sophisticated 
visual information displays and fiber-optic telecom- 
‘munication to bar-code reading. Most of the existing 
optical systems are implemented using conventional 
optical components, which suffer from bulky size, high 
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16 Photo of monolithic thee-axis polysilicon surface- 
‘micromachined aecelerometer with integrated interface and control 
electronics [8.16] 


Structural anchor to substrate 


Interdigtated comb finger 
deflection sense capacitors 


Fig. 8.17 Schematic of a vibratory rate gyroscope 


cost, large power consumption, and poor efficiency 
and reliability issues. MEMS technology is promis- 
ing for producing miniaturized, reliable, inexpensive 
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Fig. 8.18 Photo of a monolithic poly 
wis vibratory gyroscope with integrated interface and control 
electronics [8.17] 


icon surface-micromachined 


Fig.8.20 Photo of a polysilicon surface-micromachined 
‘dual-axis gyroscope [8.18] 
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- - Fig 8.21¥ Photo ofa surface-micromachined inertial mea- 
Fig. 8.19 Schematic of a dual-axis gyroscope surement system with asix-degree sensing capability 
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‘optical components to revolutionize conventional op- 
tical systems [8.19]. In this section of the chapter, a few 
selected MEMS optical devices will be presented to 
illustrate their impact on the fields of visual display, pre~ 
cision optical platform, and data switching for optical 
communication. 


Visual Display 
‘An early MEMS device successfully used for various 
display applications is the Texas Instruments Digital 
Micromirror Device (DMD). The DMD technology 
can achieve higher performance in terms of resolution, 
brightness, contrast ratio, and convergence than the con- 
ventional cathode ray tube and is critical for digital high 
definition television applications, A DMD consists of 
a large array of small mirrors with a typical area of 
16 um 16 um, as illustrated in Fig. 8.22. A probe tip is 
shown in the figure for a size comparison. Figure 8.23 
showsan SEM micrograph of aclose-up view of a DMD 
pixel array [8.20]. Each mirror is capable of rotating by 
+10 degrees, corresponding to either the “on” or “off” 
position, due to an electrostatic actuation force. Light 
reflected from any on-mirrors passes through a projec- 
tion lens and creates images on a large screen. Light 
from the remaining off-mirrors is reflected away from 
the projection lens to an absorber. The amount of time 
during each video frame that a mirror remains in the 
on-state determines shades of gray, from black for zero 
on-time to white for a hundred percent on-time. Color 


.22 Photo of a digital micromirror device (DMD) 
array (courtesy of Texas Instruments) 
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Fig. 8.23 SEM micrograph of a close-up view of a DMD 
pixel array (8.20) 


can be added by a color wheel or a three-DMD chip 
setup. The three-DMD chips are used for projecting red, 
‘green, and blue colors. Each DMD pixel consists of 
‘a mirror connected by a mirror support posto an under- 
lying yoke. The yoke, in turn, is connected by torsion 
hhinges to the support posts, as shown in Fig. 8.24 [8.21]. 
‘The support post and hinges are hidden under the mir- 
ror to avoid light diffraction and, thus, improve contrast 
ratio and optical efficiency, There are two gaps on the 
order of a micrometer, one between the mirror, the un- 
derlying hinges and the address electrodes, and a second 
between the coplanar address electrodes, the hinges and, 
‘an underlying metal layer from the CMOS static random 
access memory (SRAM) structure. The yoke is tilted 
over the second gap by an electrostatic actuation force, 
thereby rotating the mirror plate. The SRAM determines 
which angle the mirror needs to be tilted by applying 
proper actuation voltages to the mirror and address elec- 
trodes. The DMD is fabricated using an aluminum-based 
surface micromachining technology. Three layers of alu- 
minum thin film are deposited and patterned to form 
the mirror and its suspension system. Polymer mater- 
ial is used as the sacrificial layer and is removed by 
a plasma etch at the end of the process to freely release 
the micromirror structure. The micromachining process 
is compatible with standard CMOS fabrication, allowing 
the DMD to be monolithically integrated with a mature 
CMOS address circuit technology, thus achieving high 
yield and low cost. Figure 8.25 shows an SEM micro- 
graph of a fabricated DMD pixel revealing its cross 
section after an ion milling. A close-up view of the 
yoke and hinge support under the mirror is shown in 
Fig. 8.26, 
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4 Detailed structure layout of a DMD pixel [8.21] 


Precision Optical Platform 
‘The growing optical communication and measurement 
industry requires low cost, high performance optoelec- 
tronic modules, such as laser-to-iber couplers, scanners, 
interferometers, etc. A precision alignment and the abil- 
ity to actuate optical components, such as mirrors, 
gratings, and lenses, with sufficient accuracy are critical 
for high performance optical applications. Conventional 
hybrid optical integration approaches, such as the sil- 

‘on optical bench, suffers from a limited alignment 
tolerance of +1 jim and also lacks component actuation 
capability [8.22.23]. As a result, only simple optical 
systems can be constructed with no more than a few 
components, thus severely limiting the performance, 
Micromachining, however, provides a critical enabling 
technology, allowing movable optical components to be 
fabricated on a silicon substrate, High-precision com- 
ponent movement can be achieved through electrostati 
actuation. By combining micromachined movable op- 


Fig. 8.25 SEM 
micrograph of 

a DMD piel 
after removing 
half of the mirror 
plate using ion 
milling ( 
tesy of Texas 
Instruments) 


Fig. 8.26 SEM micrograph of aclose view of a DMD yoke 
and binges [8.21] 


tical components with lasers, lenses, and fibers on the 
same substrate, an on-chip, complex, self-aligning optic- 
al system can be realized. Figure 8.27a shows an SEM 
micrograph of a surface micromachined, electrostatic- 
ally actuated microreflector for laser-to-fiber coupling 
and external cavity laser applications [8.24]. The device 
consists ofa polysilicon mirror plate hinged to a support 
beam. The mirror and the support, in turn, are hinged to 
a vibromotor-actuator slider. The micro-hinge technol- 
ogy [8.25] allows the joints to rotate out of the substrate 
plane to achieve large aspect ratios. Common-mode ac- 
twation of the sliders results in a translational motion, 
while differential slider motion produces an out-of-plane 
mirror rotation, These motions permit the microreflec- 
tor to redirect an optical beam in a desirable location. 
Each of the two slides is actuated with an integrated 
microvibromotor, shown in Fig.8.27b. The vibromo- 
tor consists of four electrostatic comb resonators with 
attached impact arms driving a slider through oblique 
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power > connection > rotary switch 
coders are available with Gray-coded outputs. 
Typically, a microcontroller must use a lookup 
tableto convert each binary outputto an angular 
switch position 


PC Board Rotary Switch 

Miniature switches with a conventional, non- 
encoded output are available for printed-circuit 
board mounting, sometimes requiring a screw- 
driver or hexwrenchtoselecta position. Asingle- 
pole eight-position switch of this type is shown 
in Figure 7-7. Its contacts are rated to carry 0.5A 
at 30VDC, but it is not designed to switch this 
current actively, 


Figure 77. This miniature switch is designed for insertion 
‘ona printed circult board. It can be used to make a setting 
before a device is shipped to the end user. 


Mechanical Encoder 

‘Amechanical encoder functions similarly to a ro- 
tary DIP switch but is intended for much heavier 
Use, Itoutputsa binary-coded-decimal value cor- 
responding with its shaft position, is typically the 
size of a miniature rotary switch, and is designed 


Variants 


for panel mounting, The Grayhill Series 51 allows 
12 positions, each generating a codeamong four 
terminals, The Bourns EAW provides 128 posi- 
tions, each generating acodeamong 8 terminals. 


Pushwheel and Thumbwheel 
Apushwheelswitch isa simple electromechanical 
device that enables an operator to provide a 
code number as input to data processing equip- 
ment, often in industrial process control, The 
decimal version contains a wheel on which num- 
bers are printed, usually in white on black, from 
O through 9, visible one ata time through a win- 
dow in the face of the switch. A button above the 
wheel, marked with a minus sign, rotatesit to the 
next lower number, while a button below the 
wheel, marked with a plus sign, rotates it to the 
next higher number. A connector at the rear of 
the unit includes a common (input) pin and four 
output pins with values 1, 2, 4, and 8. An addi 
tional set of pins with values 1,2,3,and 4s often 
provided, The states of the output pins sum to 
the value thats currently being displayed by the 
wheel. Often two, three, or four pushwheels 
(eachwithan independent set of connector pins) 
are combined in one unit, although individual 
pushwheels are available and can be stacked in 
arow. 


A thumbwheel switch operates like a pushwheel 
switch, except that it uses a thumbwheel instead 
of two buttons. Miniaturized thumbwheel 
switches are available for through-hole mount- 
ing on PC boards. 


Hexadecimal versions are also available, with 
numbers from 0 through 9 followed by letters A 
through F, although they are less common than 
decimal versions. 


Keylock 
Akeylockswitchisgenerallyatwo-position rotary 
switch that can be turned only after insertion of 
a key ina lock attached to the top of the shaft. 
This type of switch almost always has an OFF- 
(ON) configuration and is used to control power. 
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27 (a) SEM micrograph of asusface- 
electrostatically actuated microreflector; (b) SEM micro- 
graph ofa surface-micromachined vibromotor [8.24] 


impact. The two opposing impacters are used for each 
travel direction to balance the forces. The resonator is 
‘8 capacitively driven mass anchored to the substrate 
through a folded beam flexure. The flexure compliance 
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<dotermines the resonant frequency and travel range of the 
resonator, When the comb structures are driven at their 
resonant frequency (around 8 KHz). the slider exhibits 
a maximum velocity of over I mm/s. Characterization 
of the vibromotor also shows that a slider step resolu- 
tion of less than 0.3 pm can be achieved [8.26], making 
it attractive for precision alignment of various optical 
components. The prototype microreflector can obtain 
an angular travel range over 90 degrees and a transla- 
tional travel range of 60 jm. By using this device, beam 
steering, fiber coupling, and optical scanning have been 
demonstrated. 


Optical Data Switching 
High-speed communication infrastructures are highly 
desirable for transferring and processing real-time voice 
and video information. Optical fiber communication 
technology has been identified as the critical backbone 
to support such systems. A high performance optical 
data switching network, which routes various optical 
signals from sources to destinations, is one of the key 
building blocks for system implementation. At present, 
optical signal switching is performed by using hybrid 
optical-electronic-optical (O-E-O) switches. These de- 
vvices first convert incoming light from input fibers 10 
electrical signals and then route the electrical signals 
to the proper output ports afier signal analyses. At 
the output ports, the electrical signals are converted 
back to streams of photons or optical signals for fur- 
ther transmission over the fibers. The O-E-O switches 
are expensive to build, integrate, and maintain, Further- 
‘more, they consume a substantial amount of power and 
introduce additional latency. It is, therefore, highly de- 
sirable to develop an all-optical switching network in 
which optical signals can be routed without interme- 
diate conversion into electrical form, thus minimizing 
power dissipation and system delay. While a number of 
approaches are being considered for building all-optical 
switches, MEMS technology is attractive because it can 
provide arrays of tiny movable mirrors that can redi- 
rect incoming beams from input fibers to corresponding. 
output fibers. As described in the previous sections, 
these micromirrors can be batch fabricated using silicon 
‘micromachining technologies, achieving an integrated 
solution with the potential for low cost. A significant 
reduction in power dissipation is also expected. 

Figure 8.28 shows an architecture of a two-dimen- 
sional micromirror array forming a switching matrix 
with rows of input fibers and columns of output fibers 
(or vice versa). An optical beam from an input fiber 
can be directed to an output fiber by activating the cor- 
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18 Schematic of a two-dimensional micromirvor-based fiber 


‘optic switching matrix, 


responding reflecting micromirror, Switches with eight 
inputs and eight outputs can be readily implemented 
using this technique, which can be further extended 
to a 64x64 matrix, The micromirrors are moved be- 
tween two fixed stops by digital control, eliminating the 
need for precision motion control. Figure 8.29 presents 
an SEM micrograph of a simple 2x2 MEMS fiber 
optic switching network prototype for an illustration 
purpose [8.27]. The network includes a mirror chip 
passively integrated with a silicon submount, which 
contains optical fibers and ball lenses. The mirror chip 
consists of four surface-micromachined vertical torsion 


Vertical torsion misror devices Ball lenses (D = 300 um) 


lpia ters 


Fig. 8.29 SEM micrograph of a 2x2 MEMS fiber optic 
switching network [8.27] 


Scent 


mirrors, The four mirrors are arranged so that in the “re- 
flection” mode, the input beams are reflected by two 
45-degree vertical torsion mirrors and coupled with the 
output fibers located on the same side of the chip. In 
the “transmission” mode, the vertical torsion mirrors 
are rotated out of the optical paths, allowing the input 
beams to be coupled with the opposing output fibers. 
Figure 8.30 shows an SEM micrograph of a polysilicon 
vertical torsion mirror. The device consists of a mirror 
plate attached to a vertical supporting frame by torsion 
beams and a vertical back electrode plate. The mirror 
plate is approximately 200 jum wide, 160 yum long, and 
1.5 um thick. The mirror surface is coated with a thin 
layer of gold to improve the optical reflectivity. The 
back plate is used to electrostatically actuate the mir- 
ror plate, so that the mirror can be rotated out of the 
optical path in the “transmission” mode. Surface mi- 
cromachining with micro-hinge technology is used to 
realize the overall structure. The back electrode plate 
is integrated with a scratch drive actuator array [8.28] 
for self-assembly. The self-assembly approach is crti- 
cal when multiple vertical torsion mirrors are used to 
implement more advanced functions, 

‘A more sophisticated optical switching network with 
a large scaling potential can be implemented by us- 
ing a three-dimensional (3-D) switching architecture, 
as shown in Fig. 8.31, The network consists of arrays of 
‘owo-axis mirrors to steer optical beams from input fibers 
to output fibers. A precision analog closed-loop mirror 
position control is required to accurately direct a beam 
along two angles, so that one input fiber can be optically 


Fig.6.30 SEM micrograph of a polysi 
micromachined vertical torsion mirvor [8.27] 
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connected to any output fiber. The optical length depends 
little on which sets of fibers are connected, thus achiev- 
ing a more uniform switching characteristic, which is 
critical for implementing large scale networks. Two-axis, 
mirrors are the crucial components for implementing the 
3-D architecture. Figure 8.32 shows an SEM micrograph 
ofa surface micromachined two-axis beam-steering mir- 
ror positioned by using self-assembly technique [8.29]. 
‘The self-assembly is accomplished during the final re- 
lease step of the mirror processing sequence. Mechanical 
energy is stored in a special high-stress layer during the 
deposition, which is put on top of the four assembly 
arms. Immediately after the assembly arms are released, 
the tensile stress in this layer causes the arms to bend 
upward, pushing the mirror frame and lifting it above 
the silicon substrate. AUl mirrors used in the switching 
network can be fabricated simultaneously without any 
‘human intervention or external power supply 


Input/output fibers Bocusing optics Fiked mirror 


8.1.4 RF MEMS 


‘The increasing demand for wireless communication 
applications, such as cellular and cordless telephony, 
wireless data networks, two-way paging, global posi- 
tioning systems, etc., feeds a growing interest in building 
miniaturized wireless transceivers with multi-standard Fig. 8.31 Schematic ofa three-dimensional micromirror-based fiber 
capabilities. Such transceivers will greatly enhance optic switching matrix 

the convenience and accessibility of various wireless 
services independent of geographic location, Miniatur- 
izing current single-standard transceivers through a high 
level of integration is a critical step toward building 
transceivers that are compatible with multiple standards, 
Highly integrated transceivers will also result in reduced 
package complexity, power consumption, and cost. At 
present, most radio transceivers rely on a large number of 
discrete frequency-selection components, such as radio 
frequency (RF) and intermediate frequency (IF) band- 
pass filters, RF voltage-controlled oscillators (VCOs), 
quartz crystal oscillators, solid-state switches, ete., 10 
perform the necessary analog signal processing. Fig- 
lure 8.33 shows a schematic of a super-heterodyne radio 
architecture, in which discrete components are shade. 
‘These off-chip devices occupy the majority of the system 
area, thus severely hindering transceiver miniaturiza- 
tion. MEMS technology, however, offers a potential 
solution to integrate these discrete components onto sil- 
icon substrates with microelectronics, achieving a size 
reduction of a few orders of magnitude. It is, therefore, 
expected to become a technology that will ultimately en- Fig. 8.32 SEM micrograph of a surface micromachined two-axis, 
able the miniaturization of radio transceivers for future beam-steering micromirvor positioned using self-assembly tech- 
Wireless communications, ngue [8.29] 
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Fig. 8.33 Schematic of super-heterodyne radio architecture 
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MEMS Variable Capacitors 
Integrated high performance variable capacitors are 
critical for low noise VCOs, antenna tuning, tunable 
matching networks, ete, Capacitors with high quality 
factors (Q), large tuning range, and linear character 
istics are crucial for achieving system performance 
requirements. On-chip silicon PN junction and MOS 
based variable capacitors suffer from low quality factors 
(below 10 at 1GHz), limited tuning range, and poor 
linearity, and are, therefore, inadequate for building 
high performance transceivers. MEMS technol 

demonstrated monolithic variable capacitors, achieving 
stringent performance requirements. These devices typ. 
ically rely on an electrostatic actuation method to vary 
the air gap between a set of parallel plates [8,30-33] 
for vary the capacitance area between a set of con- 
ductors [8.34], or mechanically displace a dielectr 
layer in an air-gap capacitor [8.35]. Improved tuning 
ranges have been achieved with various device config 


trations, Figure 8.34 shows SEM micrographs of an 
aluminum micromachined variable capacitor fabricated 
on a silicon substrate [8.30]. The device consists of 
4 200 jum 200 jm aluminum plate with a thickness of 


Fig. 8.34 (a) SEM micrograph of a top view of an alu- 
‘minum surface-micromachined variable capacitor; (b) SEM 
micrograph of a cross-sectional view of the variable 
capacitor [8.30] 


Low-pass filter 
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1 jum suspended above the bottom electrode by an air 
sup of 154m. Aluminum is selected as the structural 
‘material due to its low resistivity, which is critical for 
achieving ahigh quality factor at high frequencies. ADC 
voltage applied across the top and bottom electrodes in- 
troduces an electrostatic pull-down force, which pulls 
the top plate towards the bottom electrode, thus changing 
the device capacitance value. The capacitors are fabri- 
cated using aluminum-hased surface micromachining 
technology. Sputtered aluminum is used for building the 
capacitor tap and bottom electrodes. Photoresist serves 
asthe sacrificial layer, which is then removed through 
an oxygen-based plasma dry etch to release the micro- 
structure. The processing technology requires a low 
thermal budget, allowing the variable capacitors to be 
fabricated on top of wafers with completed electronic 
circuits without degrading the performance of active de- 
vices. Figure 8.35 presents an SEM micrograph of four 
‘MEMS tunable capacitors connected in parallel. This 
device achieves nominal capacitance value of 2pF 
and a tuning range of 154% with 3V. A quality factor 
of 62 has been demonstrated at 1 GHz, which matches 
or exceeds that of discrete varactor diodes and is at 
least an order of magnitude Iarger than that of a typ- 
ical junction capacitor implemented in a standard IC 
process 

‘MEMS tunable capacitors, based on the varying cap- 
acitance area between a set of conductors, have been 
demonstrated. Figure 8.36 shows an SEM micrograph 
of such a device [8.34]. The capacitor is composed of 
surays of interdigitated electrodes, which can be elec- 
trostatically actuated to vary the electrode overlap area. 
A close-up view of the electrodes is shown in Fig. 8,37. 
‘The capacitor is fabricated using a silicon-on-insulator 
(SOI) substrate with atop silicon layer thickness of about 
204m to obtain a high-aspect rato for the electrodes, 
Which is critical for achieving a large capacitance den- 
sity and reduced tuning voltage. The silicon layer is 
etched to form the device structure, followed by the re- 
‘moval of the oxide underneath to release the capacitor. 
A thin aluminum layer is then sputtered over the eapaci- 
torto reduce the series resistive loss. The device exhibits 
quality factor of 34 at S00 MHz and can he tuned be- 
tween 2.48 pF and 5.19 pF with an actuation voltage 
under $V, corresponding to a tuning range of 100%. 
Figure 8.38 shows the Variation of electrode overlap 
under different tuning voltages. 

‘Tunable capacitors relying on a movable dielectric 
layer have been fabricated using MEMS technology. 
Figure 8,39 presents an SEM micrograph of a copper- 
based micromachined tunable capacitor [8.35]. The 
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Fig. 8.35 SEM micrograph of four MEMS aluminum variable 
acitors connected in parallel [8.30] 


device consists of an array of capper top electrodes sus- 
pended above a bottom copper plate with an air gap of 
approximately 1 jm. A thin nitride layer is deposited, 
patterned, and suspended between the two copper layers 
by lateral mechanical spring suspensions after sacrifi- 
cial release. A DC voltage applied across the copper 
layers introduces a lateral electrostatic pall-in force on 
the nitride, resulting in a movement that changes the 
overlapping area between each copper electrode and the 
bottom plate and, hence, the device capacitance, The 


Fig. 8.36 SEM micrograph of a silicon tunable capacitor 
using a comb drive actuator [8.34] 
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2 A en 
37 SEM micrograph of a close view of tunable 
‘capacitor comb fingers [8.34] 


Iniies 


Fig.8.38 Photos of comb fingers at different actuation yolt- 
ages [8.34] 


tunable capacitor achieves a quality factor of over 200 
at | GHz with 1 pF capacitance, due to the highly con- 
ductive copper layers, and a tuning range around 8% 
with 10, 


Micromachined Inductors 
Integrated inductors with high quality factors are as crit- 
ical as the tunable capacitors for high performance RF 
system implementation. They are the key components 


Fig.8.39 SEM micrograph of a copper surface-m 
machined tunable capacitor with a movable dielectric 
layer [8.35] 


for building low noise oscillators, low loss matching net- 
works, ete. Conventional on-chip spiral inductors suffer 
from limited quality factors of around 5 at 1 GHz, an or- 
der of magnitude lower than the required values from 
discrete counterparts. The poor performance is mainly 
due to substrate loss and metal resistive loss at high 
frequencies. Micromachining technology provides an at- 
tractive solution to minimizing these loss contributions, 
hence, enhancing the device quality factors, Figure 8.40 
shows an SEM micrograph of a 3-D coil inductor fabri- 
cated on a silicon substrate [8.36]. The device consists of 
four-tum 5 m-thick copper traces electroplated around 
an insulating Alumina core with a 650jmx 500 yum 
cross section. Compared to spiral inductors, this geome- 
tuy minimizes the coil area, which is in clase proximity to 
the substrate, and, hence, the eddy-current loss, result- 
ing in a maximized Q-factor and device self-resonant 
frequency. Copper is selected as the interconnect metal 
because of its low sheet resistance, critical for achieving 
a high Q-factor. The inductor achieves a 14nH induc- 
tance value with a quality factor of 16 at 1 GHz. A single- 
tu 3-D device exhibits a Q-factor of 30 at 1 GHz, 
which matches the performance of discrete counterparts. 
‘The high-Q3-D inductor and MEMS tunable capacitors, 
shown in Fig. 8,35, have been employed to implement 
a RF CMOS VCO achieving a low phase noise per- 
formance suitable for typical wireless communication 
applications, such as GMS cellular telephony [8.37] 
Other 3-D inductor structures, such as the levitated 
spiral inductors, have been demonstrated using micro- 
machining fabrication technology. Figure 8.41 shows 
an SEM micrograph of a levitated copper inductor, 
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Alumina core 


Cu trace 


8,40 SEM micrograph of a 3-D coil inductor fabri- 
cated on a silicon substrate [8.36] 


SO gap 
Fig. 8,41 SEM micrograph of a levitated spiral inductor 
fabricated on a glass substrate [8.38] 


which is suspended above the substrate by supporting 
posts [8.38]. The levitated geometry can minimize the 
substrate loss, thus achieving an improved quality fac 
tor. The inductor shown in the figure achieves a [4 nH 
inductance value with a Q-factor of 38 at 1.8GHz using 
4 glass substrate 

A self-assembled out-of-plane coil has been fabri 
cated using micromachining technology. The inductor 
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winding traces are made of reiractory metals with con 
trolled built-in stress such that the traces can curl out 
of the substrate surface upon release and interlock into 
each other to form coil windings. Figure 842 shows 
an SEM micrograph of a self-assembled out-of-plane 
coil inductor [8.39]. A close-up view of an interlock 
ing trace is shown in Fig.8.43. Copper is plated on 
the interlocked traces to form highly conductive wind 
ings at the end ofthe processing sequence. The inductor 
shown in Fig. 842 achieves a quality factor around 40 
at | GHz, 


Fig.8.42 SEM micrograph of a self-assembled out-of: 
plane coil inductor [8.39] 


100 um 


ig-8.43 SEM micrograph of an interlocking trace from 
a self-assembled out-of-plane oil inductor [8.39] 


203 


Telvued 


244 Part A 


Nanostructures, Micro/Manofabrication, and Micro/Nanodevices 


MEMS Switches 
‘The microelectromechanical switch is another poten- 
tially attractive miniaturized component enabled by 
micromachining technologies. These switches offer su- 
perior electrical performance in terms of insertion loss, 
isolation, linearity, etc, and are intended to replace off 
Chip solid state counterparts, which provide switching 
between the receiver and transmitter signal pats, They 
are also critical for building. phase shifters, tunable 
antennas, and fiters, The MEMS switches can be bro- 
ken into two categories: capacitive and metal-to-metal 
contact types. Figure 8.44 presenis a cross-sectional 
schematic of a RF MEMS capacitive switch. The de- 
vice consists of conductive membrane, typically made 
of aluminam or gold alloy, suspended above a coplanar 
electrode by an ar gap of a few micrometers. For RF or 
tmicrowave applications, actual metal-to-metal contacts 
not necessary rather, a step change inthe plate-to-plate 
capacitance realizes the switching function. A thin sil- 
icon nittidelayer withathicknesson the order of 1,000 A 
istypically deposited above the bottom electrode, When 
the switch isn the on-state, the membrane i high, e- 
sulting ina small plate-o-plate capacitance and, hence, 
a minimum high-frequency signal coupling (high isola- 
tion) between the two electrodes, Inthe offstate ith 
large enough applied DC voltage, the switch provides 
a lage capacitance due to the thin dielectric Iyer, thus 
cating a trong signal coupling (ow insertion loss), The 
capacitive switch consumes near zero power, whichisat- 
tractive for low power portable applications. Switching 
cycles numbering in the millions for this type of device 
have been demonstrated, Figure 8.45 shows a top view 
photo of a fabricated MEMS capacitive switch [8.40] 
Surface micromachining technology, using metal fr the 


Switch down 


Input ouput 


Fig. 8.44 Cross-sectional schematics of an RF MEMS cap- 
acitive switch 


‘Membrane | | Undereut access holes 


Fig. 8.45 Top view photo of a fabricated RF MEMS cap- 
acitive switch [8.40] 


electrodes and polymer as the sacrificial layer, is used 
to fabricate the device. The switch ean be actuated with 
a DC voltage on the order of 50 V and exhibits a low in- 
sertion loss of approximately — 0.28 dB at 35 GHz and 
high isolation of —35 dB at the same frequency 

Metal-to-metal contact switches are important for 
interfacing large bandwidth signals, including DC. This 
type of device typically consists of a cantilever beam, 
or clamped-clamped bridge with a metallic contact pad 
positioned at the beam tip or underneath the bridge cen- 
ter. Through an electrostatic actuation, a contact can be 
formed between the suspended contact pad and an under- 
lying electrode on the substrate [8.4143]. Figure 8.46 
shows a cross-sectional schematic of a metal-to-metal 
contact switch [8.43]. The top view of the fabricated 
device is presented in Fig. 8.47. The switch exhibits an 
actuation voltage of 30 V, a response time of 20), and 
the mechanical strength to withstand 10° actuations. An 
isolation greater than S0dB below 2GHz and insertion 
loss less than 0.2 dB from DC through 40 GHz have been 
demonstrated. 


MEMS Resonators 
Microelectromechanical resonators based on polysilicon 
comb-drive structures, suspended beams, and center- 
pivoted disk configurations have been demonstrated for 
performing analog signal processing [8.4448]. These 
micro-resonators can be excited into mechanical res 
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Upstate 


Down state 


46 Cross-sectional schematic of a metal-to-metal 


contact switch [8.45] 


[AT Top view photo of a fabricated metal-to-metal 
contact switch [8.43] 


nance through an electrostatic drive. The mechanical 
‘motion causes a change of device capacitance, resulting 
in an output electrical current when a proper DC bias 
voltage is used. The output current exhibits the same fre- 
quency as the mechanical resonance, thus achieving an 
electrical filtering function through the electro mechani- 
cal coupling. Micromachined polysilicon flexural-mode 
‘mechanical resonators have demonstrated a quality fac- 
tor greater than $0,000 in a SOqtorr vacuum [8.49], 
This level of performance is comparable to a typical 
quartz crystal ands, therefore, attractive for implement- 
ing monolithic low noise and low drift reference signal 
sources. Figure 8.48 shows an SEM micrograph of a sur- 
face micromachined comb-drive resonator integrated 
with CMOS sustaining electronics on the same substrate 
to form a monolithic high-Q MEMS resonator-based 
oscillator [8.44]. The oscillator achieves an operating 
frequency of 16.5KHz with a clean spectral purity. 
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Fig.8.48 SEM micrograph of a surface micromachined 
comb drive resonator integrated with CMOS sustaining 
electronics [8.44] 


A chip area of approximately 420 jum230 jum is con- 
sumed for fabricating the overall system, representing 
a size reduction by orders of magnitude compared 10 
conventional quartz crystal oscillators. 

Micromachined high-Q resonators can be coupled 
to implement low-loss frequency selection filters. Fig- 
ure 8.49 shows an SEM micrograph of a surface micro- 
machined polysilicon two-resonator, spring-coupled 
‘bandpass micromechanical filter (8.46). The filter con- 
sists of two silicon micromechanical clamped-clamped 
beam resonators, coupled mechanically by a soft spring, 
all suspended 0.1 um above the substrate, Polysilicon 
strip lines underlie the central regions of each resonator 
and serve as capacitive transducer electrodes positioned 


Spring coupler 


Fig. 8.49 SEM micrograph ofa polysilicon surface micro- 
‘machined two-resonator spring-coupled bandpass micro- 
‘mechanical filter [8.46] 
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to induce resonator vibration in a direction pespendicu- 
Jar tothe substrate, Under normal operation, the device 
is excited capacitively by a signal voltage applied to the 
input electrode. The output is taken at the other end of 
the structure, also by capacitive transduction, The filter 
achieves a center frequency of 7.81 MHz, abandwidth of 
(0.23%, and an insertion loss less than 2dB. The achieved 
performance is atractive for implementing filters in the 
low MHz range. 

‘To obtain a higher mechanical resonant frequency 
with low losses, a surface micromachined contour- 
mode disk resonator has been proposed, as shown in 
Fig, 8.50 [8.48]. The resonator consists ofa polysilicon 
disk suspended 5.000 A above the substrate witha single 
anchor at its center. Plated metal input electrodes sur- 
round the perimeter of the disk with a narrow separation 
of around 1,000A, which defines the capacitive, elec- 
tomechanical transducer of the device. To operate the 
device, a DC bias voltage is applied tothe structure with 
sn AC input signal applied to the electrodes, resulting in 
a time varying electrostatic force acting radially on the 
disk. When the input signal matches the device resonant 
frequency, the resulting electrostatic force is amplified 
by the Q factor of the resonator, resulting in the ex- 
pansion and contraction of the disk along its radius. 
This motion, in turn, produces a time varying output 
current at the same frequency, thus achieving the de- 
sirable filtering. The prototype resonator demonstrates 
an operating frequency of 1S6MHz. with a Q factor of 


8.2 NEMS Devices and Applications 


Unlike their microscale counterparts, nanoelectromech- 
nical systems (NEMS) are made of electromechanical 
devices that have critical structural dimensions on the 
submicron scale. These devices are attractive for ap- 
plications where structures of very small mass provide 
‘essential functionality, such as force sensors, chemical 
sensors, biological sensors, and ultrahigh frequency res- 
onators, to name a few. NEMS fabrication processes can 
be categorized according to the two approaches used 
to create the structures. Top-down approaches utilize 
submicron lithographic techniques to fabricate device 
structures from bulk material, either thin films or thick 
substrates. Bottom-up approaches involve the fabrica- 
tion of nanoscale devices in much the same way that 
nature constructs objects, by sequential assembly us- 
ing atomic and molecular building blocks, While many 


Fig. 8.50 SEM micrograph of a polysilicon surface-micro- 
‘machined contour-mode disk resonator [8.18] 


9,400 in vacuum. The increased resonant frequency is 
comparable to the first intermediate frequency used in 
atypical wireless transceiver design and is thus suitable 
for implementing IF bandpass filters. A higher operati 
frequency is needed in order to potentially replace the RF 
frequency selection filters with microelectromechanical 
resonators, 


contend that bottom-up approaches will eventually dom- 

ate the fabrication of NEMS, most of the functional 
NEMS devices are currently created utilizing top-down 
techniques that combine existing process technologies, 
such as submicron electron-beam lithography, conven- 
tional film growth, and chemical etching. Top-down 
approaches make integration with microscale packag- 
ing relatively straightforward since the only significant 
difference between the nanoscale and microscale pro- 
cessing steps is the method used to pattem the various 
features. 

In large measure, NEMS has followed a develop- 
‘mental path similar to that of MEMS in that both have 
leveraged existing processing techniques. For instance, 
the electron-beam lithographic techniques used in top- 
down NEMS fabrication are the same techniques that 
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Keylock switches are found in locations such as 
elevators, forfire-departmentaccess;in cash reg- 
isters; or on data-processing equipment where 
switching power on or offis reserved fora system 
administrator. 


Values 


full-size rotary switch may be rated from 0.54, 
at 30VDC to SAat 125VAC, depending on its pur- 
pose. A very few switches are rated 30A at 
125VAG; these are high-quality, durable, expen- 
sive items, 


A typical rotary DIP switch is rated 30mA at 
30VDC and has a carrying current rating (contin- 
uous current when no switching occurs) of no 
more than 100mA at SOVDC. 


How to Use it 


In addition to its traditional purpose as a mode 
or option selector, a rotary switch provides a 
user-friendly way to input data values. Three ten- 
position switches, for instance, can allow user in- 
put of a decimal number ranging from 000 to 
999, 


When used with a microcontroller, a rotary 
switch can havea resistorladder mounted around 
its contacts, like a multi-point voltage divider, so 
that each position of the rotor provides a unique 
potential ranging between the positive supply 
voltage and negative ground. This concept is il 
lustrated in Figure 7-8, where all the resistors 
have the same value. The voltage can be used as 
an input to the microcontroller, so long as the 
microcontroller shares a common ground with 
the switch, An analog-digital converter inside 
the microcontroller translates the voltage into a 
digital value. The advantage of this scheme is 
thatiitallows very rapid control by the user, while 
requiring only one pin on the microcontroller to 
sense as many as twelve input states. 


For a ladder consisting of 8 resistors, as shown, 
each resistor could have a value of 250. (The 
specifications for a particular microcontroller 


power> con n> rotary switch 


To 
‘microcontroller 
input 


Figure 7-8. A resistor ladder can be formed around the 
contacts of 2 rotary switch, with the pole of the switch 
connected fo a microcontroller that has an analog-digital 
converter builtin. The microcontroller converts the vot: 
‘age input to an internal digital value. Thus, one pin can 
‘sense as many as twelve input states. 


might require other values, To avoid ambiguous 
inputs, a nonshorting rotary switch should be 
used in this scheme. A pullup resistor of perhaps 
10K should be added to the microcontroller in- 
put, so that there is no risk of it “floating” when 
the switch rotor is moving from one contact to 
the next. The code that controls the microcon- 
troller can also include blanking interval during 
which the microcontroller is instructed to ignore 
the switch, 


Because the rotary switch is an electromechani- 
caldevice, ithas typical vulnerabilities to dirt and 
moisture, in addition to being bulkier, heavier, 
and more expensive than a rotational encod- 
er. Rotary switches have also been partially re- 
placed by pushbuttons wired to a microcontrol- 
ler. This option is found on devices ranging from 
digital alarm clocks to cellular phones. In addi- 
tion to being cheaper, the pushbutton alterna- 
tive is preferable where space on a control panel, 
and behind it, is limited, 
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have become standard in the fabrication of submicron 
ICs, Furthermore, the materials used in many of the first 
generation, top-down NEMS devices (Si, GaAs, SisNa, 
‘SiC) were first used in ICs and then in MEMS. Like the 
first MEMS devices, the first generation NEMS struc- 
‘ures consist of freestanding nanomechanical beams, 
paddle oscillators, and tethered plates made using sim- 
ple bulk and single layer surface “nano” machining 
processes, As an introduction to this new and excit- 
ing class of devices, the following section reviews the 
development of some of these first generation NEMS 
devices 

Like Si MEMS, Si NEMS capitalizes on well devel- 
‘oped processing techniques for Si and the availability 
of high quality substrates. Cleland etal. [8.50] reported 
a relatively simple process to fabricate nanomechanie- 
al clamped-clamped beams directly from single crystal 
(100) Si substrates. As illustrated in Fig. 8.51, the pro- 
ccess begins with the thermal oxidation of a Si substrate 
(Fig. 8.51). Large Ni contact pads were then fabricated 
using optical lithography and lift-off, A polymethyl 
‘methacrylate (PMMA) lift-off mold was then deposited 
and patterned, using electron-beam lithography, into the 


i 
[mn } 


shape of nanomechanical beams (Fig. 8.51b). Ni was 
then deposited and patterned by lifting off the PMMA 
(Fig. 851c). Next, the underlying oxide film was pat- 
temed by RIE using the Ni film as an etch mask. After 
oxide etching, nanomechanical beams were patterned 
by etching the Si substrate using RIE, as shown in 
Fig. 851d. Following Si RIE, the Ni etch mask was 
removed, and the sidewalls of the Si nanomechanical 
beams were lightly oxidized in order to protect them 
during the release step (Fig. 8.51e). After performing an 
anisotropic SiO etch to clear any oxide from the field. 
areas, the Si beams were released using an isotropic Si 
RIE step, as shown in Fig. 851f. After release, the pro 
tective SiO» film was removed by wet etching in HF 
(Fig. 8.51g). Using this process, the authors reported the 
successful fabrication of nanomechanical Si beams with 
micron-scale lengths (~ 84m) and submicron widths 
(330.nm) and heights (800 nm). 

‘The advent of silicon-on-insulator (SOI) substrates 
with high quality, submicron-thick silicon top layers 
enables the fabrication of nanomechanical Si beams 
with fewer processing steps than the aforementioned 
technique, since the buried oxide layer makes these de- 
vvice structures relatively easy to pattern and release. 
Additionally, the buried SiO> layer electrically iso- 
lates the beams from the substrate. Carr et al. [8.51] 
detail a process that uses SOI substrates to fabricate 
submicron clamped-clamped mechanical beams and 
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Fig. 8.51a-g Cross-sectional schematics of process to 
fabricate nanomechanical beams directly from a silicon 
substrate: (a) after thermal oxidation; (b) after PMMA coat- 
ing and electron beam lithography: () after Ni deposition 
and liftoff; () after anisotropic SiO and Si etching; (e)af- 
ter Ni etching, thermal oxidation, and anisotropic SiOz 
etching; (f) after release by isotropic Si etching: (g) after 
oxide removal 
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Fig.8.52a-e Cross-sectional schematics of a process 
to fabricate nanomechanical structures using silicon-on- 
insulator substrates: (a) starting SOI substrate; (b) after 
coating With PMMA and electron beam lithography; ()af- 
ter Al deposition and liftoff; (@) after anisotropic Si 
etching; (e) after release by SiO2 etching 
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suspended plates with submicron tethers. The process, 
presented in Fig. 8.52, begins with the deposition of 
PMMA on an SOI substrate, The SOI substrate has a top 
Si layer that is either SOmm or 200nm in thickness, 
‘The PMMA is patterned into metal lift-off mask by 
electron beam lithography (Fig. 8.52b). An aluminum 
film is then deposited and patterned by lift-off into a Si 
‘etch mask, as shown in Fig. 8.52c. The nanomechanic- 
al beams are then patterned by Si RIE and released by 
etching the underlying SiO in a buffered hydrofluoric 
acid solution, as shown in Fig. 8.52d and Fig, 852e, re- 
spectively. Using this process, nanomechanical beams 
that were 7 to 16m in length, 120 to 200nm in 
‘width, and 50 or 200nm in thickness were successfully 
fabricated. 

Fabrication of NEMS structures is not limited to 
Si. In fact, II-V compounds, such as gallium arsenide 
(GaAs), make particularly good NEMS materials from 
a fabrication perspective because thin epitaxial GaAs 
films can be grown on lattice-matched materials that 
can be used as sacrificial release layers. A collec- 
tion of clamped-clamped nanomechanical GaAs beams 
fabricated on lattice-matched sacrificial layers hav- 
ing micron-scale lengths and submicron widths and 
thicknesses is shown in Fig, 8.53. Tighe et al. [8.52] 
reported on the fabrication of GaAs plates suspended 
with nanomechanical tethers. The structures were made 
from single crystal GaAs films that were epitaxially 
‘grown on aluminum arsenide (AIAs) sacrificial Iay- 
ers, Ni eich masks were fabricated using electron beam 
lithography and lift-off, as described previously. The 
GaAs films were patterned into beams using a chem- 
ically assisted ion beam etching process and released 
using a highly selective AIAs etchant. In a second 
example, Tang et al. [8.53] capitalized on the ability 
to grow high quality GaAs layers on ternary com- 
pounds, such as Al,Ga,—,As, to fabricate complex 
GaAs-based structures, such as submicron clamped- 
clamped beams from GaAVAIGaAs quantum well 
heterostructures, As with the process described by Tighe 
et al. [8.52], this process exploits a lattice matched 
sacrificial layer, in this case AlyyGay2As, which can 
be selectively etched to release the heterostructure 
layers. 

Several unique approaches have been developed to 
actuate and sense the motion of NEMS devices. Elec- 
trostatic actuation can be used to actuate beams [8.54], 
tethered meshes [8.55], and paddle oscillators [8.56] 
Sekaric etal [8.57] have recently shown that low power 
lasers can be used to drive paddle oscillators into self- 
oscillation by induced thermal effects on the structures, 


Fig.8.53 SEM micrograph of a set of nanomechanic- 
al GaAs clamped-clamped beam resonators (courtesy of 
M. Roukes, Caltech) 


In these examples, an optical detection scheme based 
‘on the modulation of incident laser light by a vibrat- 
ing beam is used to detect the motion of the beams. 
Cleland etal, {8.50} describe a magnetomotive transduc- 
tion technique that capitalizes on a time-varying Lorentz 
force created by an alternating current in the presence 
ofa strong magnetic field. In this case, the nanomech- 
nical beam is positioned in the magnetic field so that 
an AC current passing through the beam is transverse 
to the field lines. The resulting Lorentz force causes 
the beam to oscillate, which creates an electromotive 
force along the beam that can be detected as a voltage. 
‘Thus, in this method, the excitation and detection are per- 
formed electrically, n all ofthe above-mentioned cases, 
the measurements were performed in vacuum, presum- 
ably to minimize the effects of squeeze-film damping, 
as well as mass loading due to adsorbates from the 
environment. 

For the most part, NEMS technology is still in the 
initial stage of development. Technological challenges 
related to fabrication and packaging will require inno- 
vative solutions before such devices make a significant 
‘commercial impact. Nevertheless, NEMS devices have 
already been used for precision measurements [8.58], 
‘enabling researchers to probe the properties of mat- 
ter (8.59, 60] on a nanoscopic level. Whether or not 
NEMS makes an impact in the commercial sector, they 
will undoubtedly prove to be useful platforms for a host 
of experiments and scientific discoveries in fields rang- 
ing from physics to biology. 
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8.3 Current Challenges and Future Trends 


‘Although the field of MEMS has experienced signifi- 
cant growth over the past decade, many challenges still 
remain. In broad terms, these challenges can be grouped 
into three general categories: (1) fabrication, (2) pack- 
aging, and (3) application. Challenges in these areas 
will, in large measure, determine the commercial suc- 
cess of a particular MEMS device, both in technical and 
economic terms. The following presents a brief discus- 
sion of some of these challenges, as well as possible 
approaches to address them. 

In terms of fabrication, MEMS is currently domi- 
nated by planar processing techniques, which find their 
roots in silicon IC fabrication. The planar approach and 
the strong dependence on silicon worked wellin the early 
years, since many of the processing tools and method- 
‘logies that are commonplace in IC fabrication could 
be directly utilized in the fabrication of MEMS devices. 
‘This approach lends itself to the integration of MEMS 
with silicon ICs. Therefore, it is still popular for vari- 
‘ous applications. However, modular process integration 
of micromachining with standard IC fabrication is not 
straightforward and represents a great challenge in terms 
of processing material compatibility, thermal budget re- 
quirements, etc, Furthermore, planar processing places 
significant geometric restrictions on device designs, es- 
pecially for complex mechanical components requiring 
high-aspect ratio three-dimensional geometries, which 
are certain to increase as the application areas for MEMS 
continue to grow. Along the same lines, new applica- 
tions will likely demand materials other than silicon that 
may not be compatible with the conventional micro- 
fabrication approach, posing a significant challenge if 
integration with silicon microelectronics is. required. 
Micro-assembly technique can become an attractive 
solution to alleviate these issues. Multifunctional micro- 
systems can be implemented by assembling various 
MEMS devices and electronic building blocks fabricated 
through disparate processing technologies. Microsystem 
‘ona common substrate will likely become the ultimate 
solution. Development of sophisticated modeling pro- 
grams for device design and performance will become 
increasingly important as fabrication processes and de- 
vvice designs become more complex. In terms of NEMS, 
the most significant challenge is Likely the integration 
fof nano- and microfabrication techniques into a uni- 
fied process, since NEMS devices are likely to consist 
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of both nanoscale and microscale structures. Integration 
will be particularly challenging for nanoscale devices 
fabricated using a bottom-up approach, since no ana- 
log is found in microfabrication. Nevertheless, hybrid 
systems consisting of nanoscale and microscale com- 
ponents will become increasingly common as the field 
continues to expand, 

Fabrication issues notwithstanding, packaging is and 
will continue to be a significant challenge to the imple- 
‘mentation of MEMS. MEMS is unlike IC packaging, 
which benefits from a high degree of standardization, 
MEMS devices inherently require interaction with the 
environment, and since each application has in some way 
‘ unique environment, standardization of packaging be- 
comes extremely difficult. This lack of standardization 
tends to drive up the costs associated with packaging, 
making MEMS less competitive with alternative ap- 
proaches. In addition, packaging tends to negate the 
effects of miniaturization based upon microfabrication, 
especially for MEMS devices requiring protection from 
certain environmental conditions, Moreover, packaging 
can cause performance degradation of MEMS devices, 
especially in situations where the environment exerts 
mechanical stresses on the package, which, in turn, 
results in a long-term device performance drift. To 
address many of these issues, wafer-level packaging 
schemes that are customized to the device of interest 
will likely become more common, In essence, packag- 
ing of MEMS will move away from the conventional 
IC methods, which utilize independently manufactured 
packages, toward custom packages, which are created 
specifically for the device as part of the hatch fabrication 
process, 

Without question, the advancement of MEMS will 
‘open many new potential application areas to the tech- 
nology. In most cases, MEMS will be one of several 
alternatives available for implementation. For cost- 
sensitive applications, the trade off between technical 
capabilities and cost will challenge those who desire to 
commercialize the technology. The biggest challenge to 
the field will be to identify application areas that are 
well suited for MEMS/NEMS technology and have no 
serious challengers. As MEMS technology moves away 
from the component level and towards microsystems so- 
lutions, it is likely that such application areas will come 
to the fore 
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9. Microfluidics and Their Applications 


Various microfluidic components and their 
characteristics, along with the demonstration 

of two recent achievements of lab-on-a-chip 
systems have been reviewed and discussed. 
Many microfluidic devices and components have 
been developed during the past few decades, as 
introduced earlier for various applications, The 
design and development of microfluidic devices 
still depend on the specific purposes of the devices 
(actuation or sensing) due to a wide variety of 
application areas, which encourages researchers 
to develop novel, purpose-specific microfluidic 
devices and systems. Microfluidics is the real 
‘multidisciplinary research field that requires 
basic knowledge in fluidies, micromachining, 
electromagnetics, materials, and chemistry for 
better applications, 

‘Among the various application areas of mi- 
crofluidics, one of the most important application 
ateas is the lab-on-a-chip system. Lab-on-a~chip 
is becoming a revolutionary tool for many dif= 
ferent applications in chemical and biological 
analyses due to its fascinating advantages (Fast 
and low cost) over conventional chemical or bi- 
ological laboratories. Furthermore, the simplicity 
of lab-on-a~chip systems will enable self-testing 
capability for patients or health consumers 
‘overcoming space limitation. 


Microfluidics covers the science of fluidic behaviors on 
the micro/nanoscales and the engineering of design, sim- 
ulation, and fabrication of the fluidic devices for the 
transport, delivery, and handling of fluids on the order of 
‘microliters or smaller Volumes. Itis the backbone of the 
BioMEMS (Biological or Biomedical Microelectrome- 
chanical Systems) and lab-on-a-chip concept, as most 
biological analyses involve fluid transport and reaction. 
Biological or chemical reactions on the micro/nanoscale 
are usually rapid since small amounts of samples and 
reagents are used, which offers a quick and low cost 
analysis. 

A fluidic volume of 1 nanoliter (1 nl) can be under- 
stood as the volume in a cube surrounded by 100 um in 
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cach direction, Itis much smaller than the size of a grain 
of table salt! Microfluidic devices and systems han- 
dle sample fluids in this range for various applications, 
including inkjet printing, blood analysis, biochemical 
detection, chemical synthesis, drug screening/delivery 
protein analysis, DNA sequencing, and so on. 
Microfluidic systems consist of microfluidic plat- 
forms or devices for fluidic sampling, control, 
‘monitoring, transport, mixing, reaction, incubation, and. 
analysis. To construct microfluidic systems, or lab- 
on-a-chips, microfluidic devices must be functionally 
integrated on a microfluidic platform using proper mi- 
cro/nano fabrication techniques. In this chapter, the 
basics of microfluidicdevices and their applications to 
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Velvued 


lab-on-a-chip are briefly reviewed and summarized. 
Basic materials and fabrication techniques for microflu- 
idic devices will be introducedfirst and various active 


9.1 Materials for Microfluidic Devices 


and passive microfluidic components will be described. 
‘Then, their applications to lab-on-a-chip, or biochemical 
analysis, will be discussed. 


and Micro/Nano Fabrication Techniques 


Various materials are being used for the fabrication of 
microfluidic devices and systems. Silicon is one of the 
most popular materials in micro/nano fabrication be- 
cause its micromachining has been well established over 
decades. In general, the advantages to using silicon as 
a substrate or structural material include good mech- 
nical properties, excellent chemical resistance, well 
characterized processing techniques, and the capability 
for integration of control/sensing circuitry as a semicon- 
ductor. Other materials such as glass, quartz, ceramics, 
metals, and polymers are also being used for substrates 
and structures in micro/nano fabrication, depending on 
the application. Among these materials, polymers or 
plastics have recently become one of the more promis- 
ing materials for lab-on-a-chip applications, due to their 
excellent material properties for biochemical fluids and 
their low cost manufacturability. Main issues in the fab- 
rication techniques of microfluidic devices and systems 
usually lie in forming microfluidic channels, key mi- 
cro/nano structures of lab-on-a-chip. In this section, 
the basic micro/nano fabrication techniques for silicon, 
glass, and polymers are described, 


9.1.1 Silicon 


Microfluidic channels on silicon substrates are usu- 
ally formed either by wet (chemical) etching or by dry 
(plasma) etching. Crystalline silicon has a preferential 


° 


g 


) 
Fig.9.ta~c Wet etching of silicon 
substrate for anisotropic and isotropic 
etching: (a) isowopic etching profile 
(b) anisotropic etching profile (long 
term), and (¢) anisotropic etching 
profil (short term) 


ce 


ctch direction, depending on which crystalline plane is 
exposed to an etchant, Eich rate is slowest in (111) 
crystalline direction ~ approximately 100:1 etch rate 
anisotropy compared with (100):(111) o (110):(111) 
Potassium hydroxide (KOH), tera-methyl ammonium 
hydroxide (TMAH), and ethylene diamine pyrocatechol 
(EDP) are commonly used silicon anisotropic etchants 
In most cases, silicon dioxide (Si02) or silicon nic 
tride (SisN,) is used as a masking material during 
the etching process. Anisotropic etchants and basic 
etching mechanisms are summarized by Ristic et al 
[9.1]. There is also an isotropic wet etching process 
available using a mixture of fuoric acid (HF), nitic 
acid (HNOs), and acetic acid (CHsCOOH), so-called 
“HINA”. HINA etches in all directions with almost the 
same etch rate regardless of crystalline directions, Fig- 
ure 9.1 illustrates wet anisotropic and isotropic etching 
profiles 

Reactive ion etching (RIE) is also one of the 
most commonly used dry etching processes to gen- 
crate microfluidic channels or deep trench structures 
on silicon substrate, In this dry etching technique, ra- 
dio frequency (RF) energy is used to excite ions in 
4 gas to an energetic state, The energized ions supply 
the necessary energy to generate physical and chem- 
ieal reactions on the exposed area of the substrate, 
Which stars the etching process, RIE can generate 
strong anisotropic, as well as isotropic profiles, de- 
pending on the gases used, the condition of plasma, 
and the applied power. Further information on reactive 
ion etching process, including deep reactive ion etch- 
ing (DRIE), on silicon substrate can be found in the 
literature [9.2—5]. 

‘Many microfluidic devices were realized using sil- 
ion as a substrate material, including microvalves and 
micropumps, which are covered in the next section 


9.1.2 Glass 


Glass substrate has been widely used for the fabrication 
‘of microfluidic systems and lab-on-a-chip due to its ex- 
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cellent optical transparency and ease of electro-osmotic 
flow (EOF). Chemical wet etching and thermal fusion 
bonding are the common fabrication techniques for glass 
substrate. Chemical wet etching and the bonding tech- 
nique have also been widely reported (9.6, 7]. Most 
commonly used etchants are hydrofluoric acid (HF), 
buffered hydrofluoric acid, and a mixture of hydroflu- 
orie acid, nitric acid, and deionized water (HF, HNOs, 
HO). Gold with an adhesion layer of chrome is most of- 
ten used as etch mask for wet etching of glass substrate. 
Since glass has no crystalline structure, only isotropic 
etch profiles are obtained as forming a hemispherical- 
shaped channel, Often the problems that stresses within 
the surface layers of the glass cause preferential etch- 
ing, and scratches created by polishing or handling errors 
cause spikes etched in the channels. Pre-etching is one 
‘method to release stress, which causes defects in chan- 
nels after etching. Another way to improve the channel 
etching process is to anneal the glass wafers before etch- 
ing. Annealing can be done nearly at glass transition 
temperature for at least a couple of hours. Figure 9.2 
shows two examples of poorly etched channels without 
the pre-etching and annealing steps compared with an 
etched channel without defects. Other fabrication tech- 
niques for glass substrate include photoimageable glass, 
as Dietrich et al. [9.8] reported. Anisotropy is intro- 
dduced in glass by making the glass photosensitive using 
lithiuny/aluminiumlsilicates composition 

One of the most successful examples of using glass 
a substrate material in lab-on-a-chip applications is 
the capillary electrophoresis (CE) chip, fabricated using 
the glass etching and fusion bonding technique, since 
the most advantageous property of glass is an excel- 
lent optical transparency that is required for the most 
lb-on-a-chip using optical detection including capillary 
electrophoresis microchips [9.6.7, 9] 


a) ) 


9.1.3 Polymer 


Among several substrates available for lab-on-a-chip, 
polymers, or plastics, have recently become one 
fof the most popular and promising substrates due 
to their low cost, ease-of-fabrication, and favor- 
able biochemical reliability and compatibility. Plastic 
substrates, such as polyimide, PMMA, PDMS, poly- 
ethylene or polycarbonate, offer a wide range of 
physical and chemical material parameters for the 
applications of lab-on-a-chip, generally at low cost 
using replication approaches. Polymers and plastics 
are promising materials in microfluidic and lab-on- 
a-chip applications because they can be used for 
‘mass production using casting, hot embossing, and 
injection molding techniques. This mass production 
capability allows the successful commercialization of 
lab-on-a-chip technology, including disposable lab- 
on-a-chip. While several fabrication methods have 
recently been developed, three fabrication techniques 
~ casting, hot embossing, and injection molding — 
fare major techniques of great interest. Figure 9.3 
shows schematic illustrations of these polymer micro- 
fabrication techniques. 

For polymer or plastic micro/nano fabrication, 
‘a mold master is essential for replication. Mold mas- 
ters are fabricated using photolithography, silicon/glass 
bulk etching, and metal electroplating, depending on the 
application, Figure 9.4 summarizes mold masters from 
different fabrication techniques. 

Photolithography, including UV-LIGA [9.10, 11] 
and LIGA [9.12], is used to fabricate mold masters for 
casting or soft lithography replication, while silicon- 
based and electroplated mold masters are used for hot 
embossing replication. For injection molding, electro- 
plated metallic mold masters are preferable. 


.2a=€ Isotropi 


lly etched microfluidic channels on glass substrate: (a) poorly etched channel with large under 


etching, (b) poorly etched channel with spikes, and (c) well etched channel without any defects 
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9.a—¢ Mold masters in polymer/plastc fabrication: (a) photoithography-based mold master, (b) silicon-based mold 


master, and (¢) mold master by electroplating 


Casting or soft lithography [9.13, 14] usually of- 
fers flexible access to microfluidic structures using 
mostly poly(dimethylsiloxane) (PDMS) as a cast- 
ing material. A mixture of the elastomer precur- 
sor and curing agent is poured over a master 
mold structure. After curing, the replicated elas- 
tomer is released from the mold master, having 
transferred a reverse structure of the mold master. 
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Patterns of a few nm can be achieved using this 
technique. 

While casting can be carried out in room tem- 
perature, hot embossing requires slightly higher 
temperature — up to glass transition temperature of the 
plastic substrate to be replicated. The hot embossing 
technique has heen developed by several research groups 
[9.15-17]. A mold master is placed in the chamber 
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What Can Go Wrong 


Vulnerable Contacts 

Most modern rotary switches are sealed, but 
some are not. Any switch with exposed contacts 
will be especially vulnerableto dirtand moisture, 
leading to unreliable connections. This was an 
issue in old-fashioned TV sets, where periodic 
contact cleaning of the channel selector switch 
was needed, 


Exposed contacts are also more vulnerable to 
side-effects from temperature cycling (when a 
device warms up and then cools down). 


Contact Overload 

The contacts on a cheap rotary switch are espe- 
cally vulnerable to arcing, as the user may turn 
the switch slowly, causing gradual engagement 
and disengagement of contacts instead of the 
snap-action that is characteristic of a well-made 
toggle switch. fa rotary switch may control sig- 
nificant currents or current surges, it must be ap- 
propriately rated, regardless of the extra ex- 
pense. For more information on arc suppression 
in switches, see "Arcing” (page 47). 


Misalignment 
Mostknobs for rotary switches consist of a point- 
er, orhave a white line engraved to provide clear 
visual indication of the position of the switch. If 
this does not align precisely with indications 
printed on the panel, confusion will result. For 
hand-built equipment, the switch can be in- 
stalled first, after which the control-panel indi- 
cations can be glued or riveted in place ona sep- 
arate piece of laminated card, plastic, or metal for 
precise alignment. if the switch is not secured 
tightly, its body may turn slightly underrepeated 
stress, leading to erroneous interpretation of the 
knob position. 


What Can Go W 


Misidentified Shorting Switch 
Ifa shorting switch is used where a nonshor 
switch was intended, the results can be discon- 
certing or even destructive, as one terminal will 
be briefly connected with the adjacent terminal 
while the switch is being turned. Multiple func- 
tions ofa circuit may be activated simultaneous- 
ly, and in a worst case scenario, adjacent termi- 
nals may be connected to opposite sides of the 
same power supply. 


User Abuse 

The turning force that must be applied to a full- 
size conventional rotary switch is significantly 
greater than the force that is applied to most 
other types of panel-mounted switches. This en- 
courages aggressive treatment, and the turning 
motionis especially likely to loosen anut holding 
the switch in place. The lighter action character- 
istic of miniature rotary switches does not nec- 
essarily solve this problem, as users who are ac- 
customed to older-style switches may still apply 
the same force anyway. 


Rotary switches should be mounted in expecta- 
tion of rough use. It is prudent to use Loc-Tite or 
a similar compound to prevent nuts from loos- 
ening, and a switch should not be mounted in a 
thin or flimsy panel. When using a miniature ro- 
tary switch that has through-hole mounting in a 
circuit board, the board must be sufficiently ro- 
bust and properly secured. 


Wrong Shaft, Wrong Knobs, Nuts 
That Get Lost, Too Big to Fit 

These problemsare identical to those that canbe 
encountered with a potentiometer, which are 
discussed in that entry in this encyclopedia. 


Chapter? 57 
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Table 9.1 Overview of the different polymer micro/nano fabrication techniques 


8-10 hs 


of a hot embossing system with the plastic substrate, 
then heated plates press both the plastic substrate and 
the mold master, as illustrated in Fig.9.3b. After a cer- 
tain amount of time (typically 5~20 minutes, depending 
on the plastic substrate, the plates are cooled down to 
release the replicated plastic substrate. Hot embossing 
offers mass production of polymer microstructures, as 
its cycle time is less than an hour, 

Injection molding is a technique to fabricate poly- 
‘mer microstructures at low castand high volumes [9.18] 
‘A micromachined mold master is placed in the molding 
block of the injection molding machine, as illustrated 
in Fig. 9.3¢. The plastic in granular form is melted and 
then injected into the cavity of a closed mold block, 
where the mold master is located. The molten plastic 
continues to flow into and fill the mold cavity un- 
Ail the plastic cools down to a highly viscous melt, 
and a cooled plastic partis ejected. In order to ensure 
‘good flow properties during the injection molding pro- 


9.2 Active Microfluidic Devices 


Microfluidics devices are essential for the develop- 
‘ment of lab-on-a-chip or jTAS (Micro-Total Analysis 
Systems). A number of different microfluidic devices 
have been developed with basic structures analogous 
to the macroscale fluidic devices. Such devices include 
microfluidic valves, microfluidic pumps, microfluidic 
mixers, etc. The devices listed above have been devel- 
‘oped both as active and passive devices. While passive 
‘microfluidic devices are generally easy to fabricate, they 
do not offer the same functional diversity that the ac- 
tive microfluidic devices provide. For example, passive 
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cess, thermoplastics with low or medium viscosity are 
desirable. So the filing of the mold cavity, and, sub- 
sequently, the microstructures depend on the viscosity 
of the plastic melt, injection speed, molding block tem- 
perature, and nozzle temperature of the injection unit. 
This technique allows very rapid replication and high 
volume mass production. Typical cycle time is several 
seconds for most applications. However, due to high 
shear force on the mold master inside of the mold 
cavity during injection molding, metallic mold mas- 
ters are highly recommended. Polymethylmethacrylate 
(PMMA), polyethylene (PE), polystyrene (PS), poly- 
carbonate (PC), and cyclic olefin copolymers (COC) are 
common polymeriplastic materials for both hot emboss- 
ing and injection mold replication, 

All of these polymeriplastic replication techniques 
are summarized in Table 9.1, Since each technique dif- 
fers from the others, fabrication techniques and materials 
have to be selected according to the application. 


ricrovalves based on surface tension effect [9.19] can 
‘operate a few times to hold the liquid, which is accept- 
able foradisposable format. Once the air-liquid interface 
passes over the valve mechanism, the operation char- 
acteristics of the valve will differ, due to the change 
of surface energy over the channel. Similarly, passive 
check valves [9.20-22] are dependent on the pressure 
of the fluid for operation. Since the active microvalves 
can be triggered on/off depending on an external sig- 
nal regardless of the fuid system status, there have 
been considerable research efforts to develop active mi- 
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crofluidic devices, However, the active devices usually 
require its expense as desired functional and fabrication 
complexity. 

This section reviews some of the active microflu- 
idie devices, such as microvalves, micropumps, and 
active microfluidic mixers, Passive counterparts of these 
microfluidic devices will he discussed in the next 
section, 


9.2.1 Microvalves 


Active microvalves have been an area of intense research 
over the past decade, and a number of novel design 
and actuation schemes have been developed. This makes 
the categorization of active microvalves a confusing en- 
terprise. Classification schemes for active microvalves 
include: 


1. Fluidics handled - liquid/gas/liquid and gas 

2. Materials used for the structure ~ silicon/poly- 
silicon/glass/polymer 

3. Actuation mechanisms — clectrostatic/pneumatic/ 
thermopneumatic, ete 

4. Physical actuating microstructures — membrane 
type, flap type, ball valve, ete 


All of the classification schemes listed above are 
valid, but the most commonly used method [9.23,24] is 
the classification based on the actuation mechanisms. 

In this section, the various microvalves are discussed 
in terms of their actuation mechanisms and their rele- 
vance to the valve mechanism, as well as fluid handled 
and special design criteria, 


Pneumatically/Thermopneumatically Actuated 

Microvalves 
Pneumatic actuation uses an external airline (or pneu- 
matic source) to actuate a flexible diaphragm. Pneumatic 
actuation offers such attractive features as high force, 
high displacement, and rapid response time. Figure 9.5 
illustrates a schematic concept of pneumatically actu- 
ated microvalves. Schomburg etal. [9.25] demonstrated 
pneumatically actuated microvalves, 

Peumatically actuated microvalves have also been 
{demonstrated using polymeric substrate. Hosokawaret a. 
[9.26] demonstrated a pneumatically actuated three-way 
microvalve system using a PDMS platform. The mi- 
crofluidic lines and the pneumatic lines are fabricated 
on separate layers. 

‘Thermopneumatic actuation is typically performed 
by heating a fluid (usually gas) in a confined cavity 
as illustrated in Fig.9.6. The increase in temperature 
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Orifice 
Fig.9.5 Schematic concept of pneumatically actuated mi- 
cerovalve 
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Fig. 9.6 Schematic concept of thermopneumatically actu- 
ated microvalve 


leads to a rise in pressure of the gas, and this pressure 
is used for deflecting a membrane for valve operation. 
‘Thermopneumatic actuation is an inherently slow tech- 
nique but offers very high forces when compared to other 
techniques [9.23]. Thermopneumatically actuated mi- 
cerovalves have been realized by many researchers using 
various substrates and diaphragm materials (9.27-29]. 


Electrostatically Actuated Microvalves 
Electrostatic actuation has been widely explored for 
4 number of applications, including pressure sensors, 
comb drives, active mirror arrays, etc. Electrostatically 
actuated devices typically have a fairly simple structure 
and are easy to fabricate. A numberof fabrication issues, 
such as stiction and release problems of membranes and 
valve flaps, need to be addressed for realizing practical 
electrostatic microvalves. Sato etal. (9.30] have devel- 
oped a novel membrane design in which the deflection 
“propagates” through the membrane, rather than de- 
forming it entirely. Figure 9.7 shows a schematic sketch 
of the actuation mechanism and valve design. The use 
‘of this “S-shaped” design allows them to have relatively 
large gaps across the two surfaces, as the electrostatic 
force must only be concentrated at the edges of the S- 
shape where the membrane is deflected. Robertson etal 
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Fig. 9.7a,b Electrostatically actuated microvalve with S- 
Shaped film element: propagation of bend in the film as 
{a) open and (b) closed (adapted from (9.30)). Reproduced 
by permission of IOP Publishing Limited 


[9.31] have developed an array of electrostatically actu- 
ated valves using a flap design (rather than a membrane) 
for sealing fluid flow. The demonstrated system is suit- 
able for very low pressure gas control systems such as 
the ones needed in a clean room environment. 

Wingaart et al. 9.33] have developed a high-stroke, 
high pressure electrostatic actuator for valve applica- 
tions. This reference provides a good overview of the 
theoretical design parameters used to design and analyze 
aan electrostatically actuated microvalve. 


Piezoelectrically Actuated Microvalve 
Piezoelectric actuation schemes offer a significant ad- 
‘vantage in terms of operating speed; they are typically 
the fastest actuation scheme at the expense of a reduced 
actuator stroke. Also, piezoelectric materials are more 
challenging to incorporate into fully integrated MEMS 
devices. Waranabe et al. [9.34] and Stehr et al. [9.35] 
demonstrated piezoelectric actuators for valve applica- 
tions. A film of piezoelectric material is deposited on the 
‘movable membrane, and upon application of an electric 
potential, a small deformation occurs in the piezo film 
that is transmitted to the valve membrane, 


Electromagnetically Actuated Microvalves 
Electromagnetic actuators are typically capable of de- 
livering high force and range of motion. A significant 
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advantage of electromagnetic microvalves is that they 
fre relatively insensitive to external interference. How- 
ever, electromagnetic actuators involve a fairly complex 
fabrication process. Usually, a soft electromagnetic ma- 
terial like Ni-Fe (nickel-iron permalloy) is used as 
4 membrane layer, and an extemal electromagnet is sed 
to actuate this layer. Sadler et al. [9.32] have devel- 
oped a microvalve using the electromagnetic actuation 
scheme shown in Fig. 9.8 

They have demonstrated a fully integrated magnetic 
actuator with magnetic interconnection vias to guide 
the magnetic flux. The valve seat design, also shown in 
Fig. 9.8, allows for very intimate contact hetween the Ni- 
Fe valve membrane and the valve seat, hence, achieving 
an ultralow leak rate when the valve is close. 

Jackson etal. [9.36] demonstrate an electromagnetic 
ricrovalve using “magnetic” PDMS as the membrane 
material, For this application, the POMS pre-polymer 
is loaded with soft magnetic particles and then cured 
to form the valve membrane. The PDMS membrane 
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Fig.9.8a,b Electromagnetically actuated microvalves: 
{a) schematic illustration and (b) photograph of the electro- 
‘magnetically actuated microvalve asa part of lab-on-a-chip 
(after (9.32)) 
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is then assembled over the valve body, and miniature 
clectromagnets are used to actuate the membrane, 


Other Microvaive Actuation Schemes 
Microvalves have most commonly been implemented 
with one oF the actuation schemes listed above. How- 
ever, these are not the only actuation schemes that are 
used for microvalves. Some others include the use of 
SMA (shape memory alloys) [9.37], electrochemical 
actuation [9.38], etc. SMA actuation schemes offer the 
advantage of generating very large forces when the SMA 
material is heated to its original state. Neagu et al. [9.38] 
present an electrochemically actuated microvalve. In 
their device, an electrolysis reaction is used to gen- 
erate oxygen in a confined chamber. This chamber is 
sealed by a deformable membrane that deflects due to 
increased pressure, The reported microvalve has rela- 
tively fast actuation time and can generate very high 
pressures. Yoshida et al. [9.39] present a novel approach 
to the microvalye design: a micro-electro-rheological 
valve (ER valve). An electro-rheological fluid is loaded 
Into the microchannel, and, depending on the strength 
of an applied electric field, the viscosity ofthe ER fluid 
changes considerably. A higher viscosity is achieved 
when an electric field is applied perpendicular to the 
flow direction. This increased viscosity leads to a drop 
in the flow rate, allowing the ER fluid to act asa valve. 
Of course, this technique is limited to fluids that can ex- 
hibit such properties; nevertheless, it provides @ novel 
idea to generate on-chip microvalves. 

‘The ideal characteristics for a microvalve are listed 
by Kovacs [9.24]. However, of all the microvalves 
listed above, none can satisfy all the criteria. Thus, 
microvalve design, fabrication, and utility are highly 
application-specific and most microvalves try to gener- 
ate the performance characteristics that are most useful 
for the intended application 


9.2.2 Micropumps 


(One of the most challenging tasks in developing a fully 
Integrated microfluidic system has been the development 
of efficient and reliable micropumps. In macroscale, 
number of pumping techniques exist such as peristaltic 
pumps, vacuum-driven pumps, venturi-effect pumps, 
etc. However, in microscale, most mechanical pumps 
rely on pressurizing the working fluid and forcing it to 
flow through the system, Practical vacuum pumps are not 
available in microscale. There are also some effects such 
aselectro-osmotic pumping, that are only possible on the 
microscale. Consequently, electrokinetic driving mech- 


anisms have also been widely studied for microfluidic 
pumping applications, 

In the previous section, various microvalves that are 
used for microfluidic control were discussed, They were 
presented based on the actuation schemes that they em- 
ploy. A similar classification can also be adopted for 
micropumps. However, rather than using the same clas- 
sification scheme, the micropumps are categorized based 
on the type of microvalve mechanism used as part of 
the pumping mechanism. Broadly, the mechanical mi- 
‘cropumps can be classified as check-valve controlled 
microvalves or diffuser pumps. Either mechanism can 
use various actuation schemes suchas electrostatic,elec- 
tromagnetic, piezoelectric, etc. Micropumps driven by 
direct electrical control form separate category and are 
discussed following the mechanical micropumps. 


Micropumps Using Check Valve Design 
Figure 9.9 shows a typical mechanical micropump with 
‘check valves. This pump consists of an inlet and an out- 
Jet check valve with a pumping chamber in between. 
‘A membrane is deflected upwards, and a low pressure 
zone is created in the pumping chamber. This forces 
the inlet check valve open, and fluid is sucked into the 
pumping chamber. As the membrane returns to its orig- 
inal state and continues to travel downwards, a positive 
pressure builds up, which seals th inlet valve while si- 
rmultaneously opening the outlet valve. The fluid is then 
ejected and the pump is ready for another cycle 

‘A number of other techniques have been used to 
realize mechanical micropumps with check valves and 
4 pumping chamber. Jeon etal. [9.40] present a micro- 
pump that uses PDMS flap valves to control the pumping 
mechanism, Koch et al. [9.41], Cao et al. [9-42], Park 
et al. [9.43], and Koch et al. [9.44] present piezoelectri- 
cally driven micropumps. Xu et al. [9:45] and Makino 


a) 
rn 
B ‘“ 
Inlet Outlet Fig. 9.9a,b Op- 
eration of 
i) smiropump us- 
=é ing check valve 
design: (a) check 
J valves are closed 
Inlet Outlet and (b) check 


valves are open 


sone aint ergot 


Microfluidics and Their Applications to Lab-on-a-Chip 


9.2 Active Microfluidic Devices 


et al, [9.46] present SMA driven micropumps. Chow 
et al, [9.47] present a novel rotary pump using a soft 
lithography approach. As explained in the active valve 
section, valves can be created on a PDMS layer using 
separate liquid and air layers. When a pressure is ap- 
plied to the air lines, the membranes deflect to seal the 
fluidic path. Chow et al. [9.47] have implemented a se~ 
ries of such valves in a loop. When they are deflected in 
a set sequence, the liquid within the ring is pumped by 
peristaltic motion. 

An interesting approach toward the development of 
a bidirectional micropump has been used by Zengerle 
etal. [9.48]. Their design has two flap valves atthe inlet 
and outlet of the micropump, which work in the forward 
‘mode at low actuation frequencies and in the reverse 
direction at higher frequencies. Zengerle et al. [9-48] 
attribute the change in pumping direction to the phase 
shift between the response of the valves and the pressure 
difference that drives the fluid. Carrozza et al. [9.49] 
use a different approach to generate the check valves, 
Rather than using the conventional membrane or flap 
type valves, they use ball valves by employing a stereo- 
lithographic approach, The developed pump is actuated 
using a piezoelectric actuation scheme. 


Diffuser Micropumps 
The use of nozzle-diffuser sections, or pumps with fixed 
valves, or pumps with dynamic valves has been exten- 
sively researched. The basic principle of these pumps is 
based on the idea that the geometrical structure used as 
an inlet valve has a preferential flow direction toward 
the pumping chamber, and the outlet valve structure 
has a preferential flow direction away from the pump- 
ing chamber. An illustrative example of this concept is 
shown in Fig. 9.10, As can be readily seen, these pumps 
are designed to work with liquids only. When the pump 
is in suction mode, the flow inthe inlet diffuser structure 
is primarily directed toward the pump, anda slight back- 
flow occurs from the outlet diffuser (acting asa nozzle) 
section, When the pump is in pressure mode, the outlet 
diffuser section allow most ofthe flow out of the pump, 
‘whereas the inlet diffuser section allows a slight back- 
flow. The net effect is that liquid pumping occurs from 
left to right. 

Diffuser micropumps are simple and valveless struc- 
tures that improve pumping reliability [9.50], but they 
cannot eliminate backflow problems. 

‘These micropumps can also be described as flow 
rectifiers, analogous to diodes in electrical systems. 
Forster etal. [9.51] have used the Tesla valve geom- 
ety, instead of the diffuser section, and the reference 
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presents a detailed discussion of the design parame- 
ters and operational characteristics of their fixed-valve 
‘micropumps. 


Electric/ Magnetic Field Driven Micropumps 
An electric field can be used to directly pump liquids in 
microchannels using such techniques as electro-omosis, 
(EO), electrohydrodynamic (EHD) pumping, magneto- 
hydrodynamic (MHD) pumping, etc. These pumping 
techniques rely on creating an attractive force for some 
of the ions in the liquid, and the remaining liquid is 
dragged along to form a bulk flow. 

‘When a liquid is introduced into a microchannel, 
‘a double-layer charge exists atthe interface of the liquid 
and the microchannel wall, The magnitude ofthis charge 
is governed by the zeta potential of the channel-liquid 
pair. Figure 9.1! shows a schematic view of the electro- 
‘osmotic transport phenomenon. 

As shown in Fig. 9.11, the channel wall is negatively 
charged, which attracts the positive ions in solution, 
‘When a strong electric field is applied along the length 
of the microchannel, the ions at the interface experience 
an attractive force toward the cathode. As the positive 
ions move toward the cathode, they exert a drag force on 
the bulk fluid, and net fluid transport occurs from the an- 
‘ode to the cathode. It is interesting to note that the flow 
profile of the liquid plug is significantly different from 
the pressure-driven flow. Unlike the parabolic flow pro- 
file of pressure-driven flow, electro-osmotic transport 
leads to an almost vertical flow profile. The electro- 
‘osmotic transport phenomenon is only effective across 
very narrow channels. 
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Fig.9.11 Schematic sketch explaining the principle of electro- 
‘osinotic fluid transport 


EHD can be broadly broken down into two sub- 
categories: injection type and induction type. In injection 
type EHD, a strong electric field (~ 100kV /em) is ap- 
plied across a dielectric liquid. This induces charge 
formation in the liquid, and these induced (or injected) 


charges are then acted upon by the electrical field 
for pumping. Induction type EHD relies on generat- 
ing a gradient/discontinuity in the conductivity and/or 
permitivity of the liquid. Fuhr et al, [9.52] explain var- 
ious techniques that can be used to generate gradients 
for non-injection type EHD pumping. 

MHD pumps rely on creating a Lorentz force on 
the liquid particles in the presence of an externally ap- 
plied electric field. MHD has been demonstrated using 
both DC [9.53] and AC [9.54] excitations. MHD, EHD, 
and electro-osmotic transport share one feature in com 
mon that makes them very appealing for microfluidic 
systems; namely, none requires microvalves to regulate 
the flow. This makes these pumping techniques very re- 
liable, as there is no concem of wear and tear of the 
microvalves, or any other moving parts of the microp- 
ump. However, it has been difficult to implement these 
actuation schemes on a complete microscale, owing to 
the high voltagesfelectromagnets, etc. requited for these 
actuation schemes, 


9.3 Smart Passive Microfluidic Devices 


Passive microfluidics is a powerful technique for the 
rapidly evolving discipline of BioMEMS. It is a fluid 
control topology in which the physical configuration 
of the microfabricated system primarily determines the 
functional characteristics of the device/system. Typi- 
cally, passive microfluidic devices do not require an 
extemal power source, and the control exerted by the de- 
vices is based, in part, on energy drawn from the working 
fluid, or based purely on surface effects, such as surface 
tension, selective hydrophobic/hydrophilic control, ete 
Most passive microfluidic devices exploit various phys- 
ical properties such as shape, contact angle, and flow 
characteristics to achieve the desired function. Passive 
microfluidic systems are usually easier to implement and 
allow for a simple microfluidic system with litte or no 
control circuitry. A further list of advantages and disad- 
vantages of passive microfluidic systems (or devices) is 
considered toward the end of this section, 

Passive microfluidic devices can be categorized 
based on: 


© Function ~ microvalves, micromixers, filters, reac- 
tors, ete 

(© Fluidic medium ~ gas or liquid 

© Application ~ biological, chemical, or other 

© Substrate material -silicon, glass, polysilicon, poly- 
mer, or others 


In this section, we will study various passive mi- 
crofluidic devices that are categorized based on their 
function. Passive microfluidic devices include, but are 
not limited to, microvalves, micromixers, filters, dis- 
pensers, ete. [9.24] 


9.3.1 Passive Microvalves 


Passive microvalves have been a subject of great inter- 
est ever since the inception of the lab-on-a-chip concept. 
Microvalves are a key component of any microfluidic 
system and are essential for fluidic sequencing opera- 
tions. Since most chemical and biochemical reactions 
require about five to six reaction steps, passive mi- 
crovalves with limited functionality are ideally sulted for 
such simple tasks. Passive microvalves can be broadly 
categorized as follows: 


©  Silicon/polysilicon or polymer-based check valves 
© Passive valves based on surface tension effects 
© | Hydrogel-based biomimetic valves 


Passive Check Valves 
‘Shoji etal. [9.23] provide an excellent review of check- 
type passive microvalves. Some of the valves, shown in 
Fig. 9.12, illustrate the various techniques that can be 
used to fabricate check valves. 
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Figure 9.12a shows a microvalve fabricated using 
silicon bulk etching techniques. A through hole (pyra- 
‘midal cavity) is etched through a silicon wafer that is 
sandwiched between two glass wafers, The normally 
closed valve is held in position by the spring effect of 
the silicon membrane. Upon applying pressure at the 
lower fluidic port, the membrane deflects upwards, al- 
lowing fluid flow through the check valve. The same 
‘working principle is employed by the microvalve shown 
in Fig.9.12b. However, instead of using a membrane 
supported on all sides, a cantilever structure is used 
for the flap. This reduces the burst pressure, i., the 
‘minimum pressure required to open the microvalve. 
Figure 9.12c shows that the membrane structure can 
also be realized using a polysilicon layer deposited 
(on a bulk-etched silicon wafer. Poly-silicon processes 
typically allow tighter control over dimensions and, 
consequently, offer more repeatable operating char- 
acteristics. Figure 9.12d shows the simplest type of 
check valve where the V-groove etched in a bulk sil- 
icon substrate acts as a check valve. However, the 
low contact area between the flaps of the microvalve 
leads to nontrivial leakage rates in the forward direc- 
tion. Figures 9.12e and f show check valve designs 
that are realized using polymer/metal films, in ad- 
dition to the traditional glass/silicon platform, This 
technique offers a significant advantage in terms of bio- 
compatibility characteristic and controllable operating 
characteristics. The surface properties of polymers can 
be easily tailored using a wide variety of techniques 
such as plasma treatment and surface adsorption [9.55]. 
Thus, in applications for which the biocompatibil- 
ity requirements are very stringent, it is preferable to 
have polymers as the uid contacting material. Fur- 
thermore, polymer properties such as stifness, cam also 
be controlled in some cases based on the composition 
andor processing conditions. Thus, it may be possible 
to fabricate microvalves with different burst pressures 
by using different processing conditions for the same 
polymer. 

In addition to the passive check valves reviewed 
by Shoji et al. [9.23], other designs include check 
valves using composite titanium/polyimide membranes 
{9.20,21], polymeric membranes such as Mylar or KAP- 
TON [9.56], or PDMS [9.40], and metallic membranes 
such as [9.22] 

Terray et al. (9.57] present an interesting approach 
to fabricating ultra-small passive valve structures. They 
have demonstrated a technique to polymerize colloidal 
particles into linear structures using an optical trap to 
form microscale particulate valves. 
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Fig. 9.12a-f Various types of passive microvalve designs: (a) mem- 
‘brane type with MESA structure: (b) cantilever or flap valve; (¢ poly. 
silicon membrane: (4) V-groove type: (e) titaniumypolyimide 
‘membrane; and (f) silicone float valve, Adapted from [9.23]. Re- 
produced by permissions of IOP Publishing Limited 


Passive Valves Based on Surface Tension Effects 
‘The passive valves listed in the previous section use 
the forced motion of the membrane or flap to control 
the flow of fluids, These valves are prone to such prob- 
lems as clogging and mechanical wear and tear, Passive 
valves based on surface tension effects, on the other 
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hand, have no moving parts and control the fluid mo- 
tion based on their physical structure and the surface 
property of the substrate. Figure 9.13 shows a schematic 
sketch of a passive microvalve on a hydrophobic sub- 
strate [9.19]. 

‘The Hagen-Poiscuille equation for laminar flow 
governs the pressure drops in microfluidic systems with 
laminar flow. Fora rectangular channel with a high width 
to height ratio, the pressure drop is governed by the 
equation 


(9.2) 


where L is the length of the microchannel, 1 is the 
dynamic viscosity of the Auid, Q is the flow rate, and 
w and hare the width and height of the microchannel, 
respectively. Varying L or Q can control the pressure 
drop for a given set of w and h. 

‘An abrupt change in the width of the channel 
‘causes a pressure drop at the point of restriction, For 
a hydrophobic channel material, an abrupt decrease in 
channel width causes a positive pressure drop: 


an=2neoe|(L+t)-(L+A)| 


2) 


Where 9) is the surface tension of the liquid, is the 
contact angle, and wy, fty and wa, fp are the width 
and height of the two sections before and during the 
restriction, respectively. Setting fas constant through 
the system, A P) can be varied by adjusting the ratio of 
wy and w2. Af et al. [9.19] have proposed and imple- 
mented a novel structurally programmable microfluidic 
system (PROMS) based on the passive microfluidic 


Presure (kPo) 
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Fig. 9.13 Structure of a passive microvalve based on sur- 
face tension effects (adapted from (9.19) 


approach. In short, the sPROMs system consists of 
a network of microchannels with passive valves of the 
type shown in the passive valve section. If the pres- 
sure drop of the passive valves is set to be significantly 
higher than the pressure drop of the microchannel net- 
work, then the position of the liquid inthe microchannel 
network can be controlled accurately. By applying se- 
‘quentially higher pressure pulses, the liquid is forced 
to move from one passive valve to another. Thus, the 
movement of the fluid within the microfluidic channels 
is “programmed” using the physical structure of the mi- 
crofluidic system, and this forms the basic idea behind 
sPROMs 

‘The abrupt transition from a wide channel to a nar- 
‘row channel can also be affected along the height of the 
microchannel. Furthermore, the passive valve geometry 
shown in Fig. 9.13 is not exclusive, Puntambekar etal 
[0.58] have demonstrated different geometries of passive 
valves, as shown in Fig.9.l4a. As shown in Fig.9.14b, 


Valve L 
45° taper 
geometry 

Valve? 
30° taper 
eometry 

Wiles thee 


Fig. 9.1% Analysis of dif- 
ferent geometries of passive 
valves. Afier (9.58, repro- 
duced by permission of The 
Royal Society of Chemistry 
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the various geometries ofthe passive valves in Fig. 9.14a 
can act as effective passive valves without having an 
abrupt transition. This is important in order to avoid the 
dead volume that is commonly encountered across an 
abrupt step junction. 

‘The use of surface tension to control the operation of 
passive valves is not limited to hydrophobic substrates, 
‘Madou et al, [9.59] demonstrate acapillarity-driven stop 
valve on a hydrophilic substrate. On a hydrophilic sub- 
strate, the fluid can easily “wick through’ in the narrow 
region. However, atthe abrupt transition toalarger chan- 
nel section, the surface tension effects will not allow the 
fluid to leave the narrow channel. Thus, inthis case, the 
fluid is held at the transition from the narrow capillary 
to the wide outlet channel. 

Another mechanism to implement passive valves 
is the use of hydrophobic patches on a normally hy- 
drophilic channel. Handique et al. [9.60] demonstrate 
the use of this technique to implement passive valves 
for a DNA analysis system. The fluid is sucked into the 
microfluidic channels via capillary suction force. The 
hydrophobic patch exerts a negative capillary pressure 
that stops the further flow of fluid. The use of hydropho- 
bic patches as passive valves is reported by Andersson 
etal. [9.61] 


Other Passive Microvalves 
‘A novel approach to realizing passive valves that are 
responsive to their surrounding environment is demon- 
strated by Low et al. [9.62] and Yi et al. [9.63]. Yu 
eta. [9.63] have developed customized polymer “cock- 
tails" that are polymerized in situ around prefabricated 
posts. The specialized polymer is selectively responsive 
to stimuli such as pH, temperature, electric fields, light, 
carbohydrates, and antigens. 

Another interesting approach in developing passive 
valves has been adopted by Faster et al. [9.51]. They 
have developed the so-called no moving part (NMP) 
valves, which are based on a physical configuration that 
allows a higher flow rate along a direction compared to 
the reverse direction 


9.3.2 Passive Micromixers 


‘The successful implementation of microfluidic systems 
for many lab-on-a-chip systems is partly owing to the 
significant reduction in volumes handled by such sys- 
tems, This reduction in volume is made possible by the 
use of microfabricated features and channel dimensions 
ranging from a few jim to several hundred jum. Despite 
the advantage offered by the micron-sized channels, one 
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of the significant challenges has been the implementa- 
tion of effective microfluidic mixers on the microscale. 
Mixing on a macroscale is a turbulent flow regime pro- 
cess. However, on the microscale, because of the low 
Reynolds numbers as a result of the small channel 
dimensions, most flow streams are laminar in nature, 
which does not allow for efficient mixing. On the other 
hhand, diffusion is an important factor in mixing because 
of the short diffusion lengths. 

There have been numerous attempts to realize micro- 
mixers using both active and passive techniques. Active 
micromixers rely on creating localized turbulence to 
enhance the mixing process, whereas passive micromix- 
cers usually enhance the diffusion process. The diffusion 
process can be modeled by the following equation: 


where r isthe mixing time, dis the distance, 
the diffusion coefficient. Equation (9.3) illustrates the 
<iffusion-dominated mixing at the microscale. Because 
of the small diffusion lengths (d), the mixing times can 
bbe made very short. Te simplest category of micromix- 
cs is illustrated in Fig.9.15. In these mixers, creating 
1 convoluted path increases the path length thatthe two 
fluids share, leading to higher diffusion and more com- 
plete mixing. However, these mixers only exhibit good 
‘mixing performance at low flow rates, in the range of 
afew l/min 

Mitchell et al. [9.64] have demonstrated three- 
dimensional micromixers that can achieve better 


Outlet 


utter 


Fig. 9.15 Diffusion-enhanced mixers based on long, 
voluted flow path 
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performance by alternately laminating the two fluid 
streams to be mixed. Beebe et al, [9.65] have created 
a chaotic mixer that has the convoluted channel along 
three dimensions. This micromixer works on the prin- 
ciple of forced advection resulting from repeated turns 
in three dimensions. Furthermore, at each turn, eddies 
are generated because of the difference in flow veloci- 
ties along the inner and outer radii, which enhances the 
mixing 

Stroock et al. [9.68] demonstrate a passive mi- 
ccromixer that uses chaotic mixing by superimposing 
a transverse flow component on the axial flow. Ridges 
are fabricated atthe bottom of microchannels. The flow 
resistance is lower along the ridges (peak/valley) and 
higher in the axial direction. This generates ahelical flow 
pattern that is superimposed on the laminar flow. The 
demonstrated mixer shows good mixing performance 
over a wide range of flow velocit 

Hong et al. [9.66] have demonstrated a passive 
rmicromixer based on the Koanda effect. Their design 
uses the effects of diffusion mixing at low flow veloci- 
ties; at high flow velocities, a convective component is 
added perpendicular to the flow direction, allowing for 
rapid mixing. This mixer shows excellent mixing per- 
formances across a wide range of flow rates because of 
the dual mixing effects. Figure 9.16 shows a schematic 
sketch ofthe mixer structure 

‘The mixer works on the principle of superimposing 
4 parabolic flow profile in a direction perpendicular to 


Fig. 9.16 Mixing unit design for the Coanda effect mixer. 
‘The actual mixer has mixing unit pairs in series (af- 
ter [9.66)) 


25 900.% 270 & 


f 


Fig. 9.17 Conceptual illustration of the H-Sensor. Adapted 
from [9.67] 


the flow direction. The parabolic profile creates a Taylor 
dispersion pattern across the cross section of the flow 
path, The dispersion is directly proportional to the flow 
velocity, and higher low rates generate more dispersion 
mixing, 

Brody etal. [9.67] have used the laminar flow charac- 
teristics in a microchannel to develop a diffusion-based 
extractor. When two fluid streams, where fluid 1 is 
loaded with particles of different diffusivity and fluid 2is 
diluent, are forced to flow together in a microchannel, 
they form two laminar streams with little mixing. If the 
length that the two streams are in contact is carefully ad- 
Jjusted, only particles with high diffusivity (usually small 
molecules) can diffuse across into the diluent stream, as 
shown in Fig. 9.17. The same idea can be extended to 
a T-ilter. Weig/ et al. [9.69] have demonstrated a rapid 
diffusion immunoassay using the T-flter 


9.3.3 Passive Microdispensers 


‘The principle of the structurally programmable mi- 
crofluidie systems (sPROMs) was introduced earlier in 
the passive valve section, One of the key components 
of the sPROMs system is the microdispenser, which is 
designed to accurately and repeatedly dispense fluidic 
volumes in the micro- to nanoliter range. This would al- 
low the dispensing of a controlled amount of the analyte 
into the system that could be used for further biochem- 
ical analysis. Figure 9.18 shows a schematic sketch of 
the microdispenser design [9.58] 

‘The microdispenser works on the principle of grad- 
uated volume measurement. The fluid fills up the exact 
fixed volume of the reservoir, and the second passive 
valve atthe other end of the microdispenser stops further 
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‘motion, When the reservoir is filled with fluid, the fluidic 
actuation is stopped, and, simultaneously, pneumatic ac- 
tation from the ar line causes a split in the fluid column 
at point A (Fig. 9.18). Thus, the accuracy of the reser- 
‘voir decides the accuracy of the dispensed volume. Since 
the device is manufactured using UV-LIGA lithography 
techniques, highly accurate and reproducible volumes 
ccan be defined. The precisely measured volume of fluid 
is expelled to the right from the reservoir. The expelled 
fluid then starts to fill up the measuring channel, When 
the fluid reaches point B (Fig. 9.18), the third microvalve 
holds the fluid column, 

Figure 9.19 shows an actual operation sequence of 
the microdispenser. Figure 9.19F shows that the dis- 


Fig. 9.18 Schematic sketch ofthe microdispenser, 
Adapted from [9.58], reproduced by permission 
of The Royal Society of Chemistry 


pensed volume is held by passive valve 3, and at this, 
stage, the length (and hence yolume) can be calculated 
using the on-chip scale. In experiments only, the region 
in the immediate vicinity of the scale was viewed us- 
ing a stereomicroscope for measuring the length of the 
fluid column, The microdispenser demonstrated above 
is reported to have dispensing variation of less than 1% 
between multiple dispensing cycles 


9.3.4 Microfluidic Multiplexer Integrated 
with Passive Microdispenser 


Alin et al. (9.19] have demonstrated the sPROMSs tech- 
nology to be an innovative method of controlling liquid 
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19a-f Microphotographs of microdispenser sequence: (a fabricated device; (b) lui at reservoir inet; () reservoir 
(A) reservoir filled: (e) split in liquid column due to pneumatic actuation; and (f) fluid ejected to measurement 
channel and locked in by passive valve. After [9.58], reproduced by permission of ‘The Royal Society of Chemistry 


> Springer Handgo a Nanotechnol 
6 resuremaeee 


e6ly ued 


268 Part | Nanostructures, MicrNanofabrication, and Micro/Nanodevices 


Fig. 9.20a,b Microfluidic multiplexer with integrated dispenser: (a) schematic sketch and (b) fabricated device filed with dye 
{alter (9.58)) 


Fig. 


movement in a programmed fashion in a microfluidic 
network. By integrating this technique with the mi- 
crodispensers, a more functionally useful microfluidic 
system can be realized. Figure 9,20a shows a schematic 
illustration of the microfluidic multiplexer with the inte- 
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9.21a-d Microphotographs showing operation of sequential 


‘multiplexer: (a) first level division; (b) second level division; () con- 
‘tinued multiplexing; and (d) end of sequential multiplexing sequence 
{attr [9.58)) 


grated dispenser, and Fig. 9.20b shows an actual device 
fabricated using rapid prototyping techniques [9.70] 

‘The operation of the microdispenser has been ex- 
plained earlier in this section, Briefly, the fluid is loaded 
in the fixed-volume metering reservoir via a syringe 
pump. The fluid is locked in the reservoir by the pas- 
sive valve at the outlet of the reservoir. When a higher 
pressure is applied via the air inlet line, the liquid col- 
‘umn is split and the fluid is dispensed into the graduating 
channel. 

‘The microfluidic multiplexer is designed to have 
programmed delivery sequence, as shown in Fig. 9.203, 
where the numbers on each branch of the multiplexer 
Indicates the filling sequence. This sequential filling is 
achieved by using different ratios of passive valves along 
the multiplexer section. For instance, at the first branch- 
ing point, the passive valve at the upper branch offers 
less resistance than the passive valve atthe beginning of 
the lower branch. Thus, the dispensed fluid will first fil 
the top branch. After filling the top branch, the liquid 
‘encounters another passive valve at the end of the top 
branch. The pressure needed to push beyond this valve 
is higher than the pressure needed to push liquid into 
the lower branch of the first split. The liquid will then 
fill the lower branch. This sequence of nonsymmetrical 
passive valves continues along all the branches of the 
multiplexer, as shown in Fig. 9.21 

‘The ability to sequentially divide and deliver liquid 
volumes was demonstrated for the first time using a pas- 
sive microfluidic system. This approach has the potential 
to deliver very simple microfluidic control systems that 
are capable of a number of sequential microfluidic 
manipulation steps required in a biochemical analysis 
system, 
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9.3.5 Passive Micropumps 


‘A passive system is defined inherently as one that 
does not require an external energy source. Thus, the 
term passive micropump might seem misnomer upon 
initial inspection. However, there have been some ef- 
forts dedicated to realizing a passive micropump that 
essentially does not draw energy from an external 
source, but stores the required actuation energy in 
some form and converts it to mechanical energy on 
demand, 


Passive Micropump Based on Osmotic Pressure 
Nagakura et al. [9.71] have demonstrated a meso- 
scale osmotic actuator that converts chemical energy 
to mechanical displacement. Osmosis is a well-known 
phenomenon by which liquid is transported across 
semipermeable membrane to achieve a uniform con- 
centration distribution across the membrane. If the 
‘membrane is flexible, such as the one used by Na- 
sgakura et al. [9.71], then the transfer of liquid would 
cause the membrane to deform and act as an actu- 
ator. The inherent drawback of using osmosis as an 
actuation mechanism is that it is a very slow pro- 
cess: Typical response times (on a macroscale) are on 
the onder of several hours. However, osmotic transport 
scales favorably to the microscale, and it is expected 
that these devices will have response times on the or- 
dr of several minutes, rather than hours. Based on this 
idea, Nagakura et al. (9.71 are developing a miniature 
insulin pump. Su et al. [9.72] have demonstrated 1 mi- 
ceroscale osmotic actuator that is capable of developing 
pressures as high as 35MPa. This is still a relatively 
unexplored realm in BioMEMS actuation, and it has 
200d potential for applications such as sustained drug 
delivery. 


Passive Pumping Based an Surface Tension 
Glenn et al. have demonstrated pumping action using 
the difference between the surface tension pressure at 
the inlet and outlet of a microfluidic channel. In the sim- 
plest case, a small drop of a fluid is placed at one end 
of a straight microchannel, and a much larger drop of 
fluid is placed at the opposite end of the micrachan- 
nel. The pressure within the small drop is significantly 
higher than the pressure within the large drop, due the 
difference in the surface tension effects across the two 
drops. Consequently, the liquid will flow from the small 
drop and add to the larger drop. The flow rate can be 
‘varied by changing various parameters such as the vol- 
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‘ume of the pumping drop, the surface free energy of the 
liquid, or the resistance of the microchannel, etc. This 
pumping scheme is very easy to realize and can be used 
for a wide variety of fluids. 


Evaporation-Based Continuous Micropump 
Effenhauser etal. [9.73] have demonstrated a continu- 
fous flow micropump based on a controlled evaporation 
approach, Their concept is based on the controlled evap- 
oration of a liquid through a membrane into a gas 
reservoir. The reservoir contains a suitable adsorption 
agent that draws out the liquid vapors and maintains 
a low vapor pressure conducive to further evapara- 
tion, If the liquid being pumped is replenished from 
a reservoir, capillary forces will ensure that the fuid 
is continuously pumped through the microchannels as it 
evaporates on the other end into the adsorption reservoir. 
‘Though the pump suffers from inherent disadvantages 
such as strong temperature dependence and operation 
only in suction mode, it offers a very simple technique 
for fluidic transport. 


9.3.6 Advantages and Disadvantages 
of the Passive Microfluidic Approach 


‘This chapter has covered a number of different 
passive microfluidic devices and systems. Passive 
microfluidic devices have only recently been a sub- 
ject of considerable research effort. One of the 
reasons for this interest is the long list of advan- 
tages that passive microfluidic devices offer. However, 
since most microfluidic devices are very application- 
specific (and even more so for passive microfluidic 
devices), the advantages are not to be considered 
universally applicable for all the devices/systems, 
Some of the advantages that are commonly found 


© avoid the need for an “active” control system; 

© usually very easy to fabricate; 

© the passive microfluidic systems with no moving 
parts are inherently more reliable because of the lack 
of mechanical wear and tear; 

© offer very repeatable performance once the un- 
derlying phenomena are well understood and 
characterized; 

© highly suited for BioMEMS applications ~can easily 
handle a limited number of microfluidic manipula 
tion sequences; 

© well suited for low cost, mass production approach; 
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© low cost offers the possibility of having disposable 
microfluidic systems for specific applications, such 
as working with blood; 

© can offer other interesting possibilities, such as 
biomimetic response. 


However, like all MEMS devices, passive microflu- 
idic devices or systems are not the solution to the 
microfluidic handling problem, Usually they are very 
application-specific ~ they cannot be reconfigured for 


another application easily. Other disadvantages are listed 
below: 


© suited for well understood, niche applications 
for which the fluidic sequencing steps are well 
decided, 

‘© strongly dependent on variances in the fabrication 
process, 

© usually not very suitable for a wide range of fluidic 
mediums. 


9.4 Lab-on-a-Chip for Biochemical Analysis 


Recent development in MEMS (microelectromechani- 
cal systems) has brought a new and revolutionary tool 
in biological or chemical applications: “lab-on-a-chip’ 
New terminology, such as micro total analysis systems 
tnd lab-on-a-chip, was introduced in the last decade, and 
several prototype systems have been reported, 

‘The idea of lab-on-a-chip is basically to reduce bio- 
logical or chemical laboratories to a microscale system, 
hand-held size or smaller. Lab-on-a-chip systems can be 
made out of silicon, glass, and polymeric materials, and 
the typical microfluidic channel dimensions are in the 
range of several tens to hundreds of ym. Liquid samples 
or reagents can be transported through the microchan- 
nels from reservoirs to reactors using electrokinetic, 
‘magnetic, or hydrodynamic pumping methods. Fluidic 
motions or biochemical reactions can also be moni- 
tored using various sensors, which are often used for 
biochemical detection of products. 

‘There are many advantages to using lab-on-a-chip 
over conventional chemical or biological laboratories. 
One of the important advantages lies in its low cost. 
Many reagents and chemicals used in biological and 
chemical reactions are expensive, so the prospect of us- 
ing very small amounts (in micro- to nanoliter range) 
of reagents and chemicals for an application is very 
appealing. Another advantage is that lab-on-a-chip re- 
quires very small amounts of reagents/chemicals (which 
enables rapid mixing and reaction) because biochemi- 
cal reaction is mainly involved in the diffusion of two 
chemical or biological reagents, and microscale fluidics 
reduces diffusion time as it increases reaction prob- 
abilities. In practical terms, reaction products can be 
produced in a matter of seconds/minutes, whereas lab- 
oratory scale can take hours, or even days. In addition, 
lab-on-a-chip systems minimize harmful by-products 
since their volume is so small, Complex reactions 


of many reagents could happen on lab-on-a-chip that 
hhave ultimate potential in DNA analysis, biochemi- 
cal warfare agent detection, biological cell/molecule 
sorting, blood analysis, drug screening/development, 
combinatorial chemistry, and protein analysis. In this 
section, two recent developments of microfluidic sys- 
tems for lab-on-a-chip applications will be introduced: 
(a) magnetic micro/nano bead-based biochemical detec- 
tion system and (b) disposable smart lab-on-a-chip for 
blood analysis 


9.4.1 Magnetic Micro/Nano Bead-Based 
Biochemical Detection System 


In the past few years, a large number of microfluidic 
prototype devices and systems have been developed, 
specifically for biochemical warfare detection systems 
and portable diagnostic applications. The BioMEMS 
team at the University of Cincinnati has been work- 
ing on the development of a remotely accessible 
generic microfluidic system for biochemical detec- 
tion and biomedical analysis, based on the concepts 
of surface-mountable microfluidic motherboards, sand- 
wich immunoassays, and electrochemical detection 
techniques [9.7475]. The limited goal of this work is 
to develop a generic MEMS-based microfluidic system 
and to apply the fluidic system to detect bio-molecules, 
such as specific proteins and/or antigens, in liquid sam- 
ples. Figure 9,22 illustrates the schematic diagram of 
‘a generic microfluidic system for biochemical detection 
using a magnetic bead approach for both sampling and 
manipulating the target bio-molecules [9.76, 77]. 

‘The analytical concept is based on sandwich im- 
munoassay and electrochemical detection [9.78], as 
illustrated in Fig. 9.23. Magnetic beads are used as both 
substrates of antibodies and carriers of target antigens. 
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Fig.9.22 Schematic diagram of 
1 generic microfluidic system for 
biochemical detection (after [9.75]) 
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Biofiter and immunosensor, 


Microvalves 


A simple concept of magnetic bead-based bio-sampling 
with electromagnet for the case of sandwich immunoas- 
say is shown in Fig. 9.24. 

Antibody-coated beads are introduced on the elec 
tromagnet and separated by applying magnetic fields. 
While holding the antibody-coated beads, antigens are 
injected into the channel, Only target antigens are im- 
‘mobilized and, thus, separated on the magnetic bead 
surface due to antibody/antigen reaction. Other antigens 
get washed out with the flow. Next, enzyme-labeled sec- 
‘ondary antibodies are introduced and incubated, along 
with the immobilized antigens. The chamber is then 
rinsed to remove all unbound secondary antibodies. Sub- 
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.23 Analytical concept based on sandwich im- 
‘munoassay and electrochemical detection. After [9.77], 
reproduced by permission of The Reyal Society of Chem- 
istry 
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Flow sensor 


into the channel, and the electrochemical detection is 
performed. Finally, the magnetic beads are released 10 
the waste chamber, and the bio-separator is ready for 
another immunoassay. Alkaline phosphatase (AP) and p- 
aminophenyl phosphate (PAPP) were chosen as enzyme 
and electrochemical substrate, respectively. Alkaline 
phosphatase makes PAPP turn into its electrochemical 
product, p-aminophenol (PAP). By applying potential, 
PAP gives electrons and tums into 4-quinoneimine 
(4QU), which is the oxidant form of PAP. 

For the successful immunoassay, the biofilter [9.76] 
and the immunosensor were fabricated separately 
and integrated together, The integrated biofilter and 
immunosensor were surface-mounted using a fluo- 
ropolymer bonding technique [9.79] on a microfluidic 
motherboard, which contains microchannels fabricated 
by glass etching and glass-to-glass direct bonding 
technique. Each inlet and outlet were connected to sam- 
ple reservoirs through custom-designed microvalves. 
Figure 9.25 shows the integrated microfluidic bio- 
chemical detection system for magnetic bead-based 
immunoassay, 

After a fluidic sequencing test, full immunoassays 
were performed in the integrated microfluidic system 
to prove magnetic bead-based biochemical detection 
and sampling function. Magnetic beads (Dynabeads® 
‘M-280, Dynal Biotech Inc.) coated with biotinylated 
sheep anti-mouse immunoglobulin G (IgG) were in- 
jected into the reaction chamber and separated on the 
surface of the biofilter by applying magnetic fields 
While holding the magnetic beads, antigen (mouse IG) 
‘was injected into the chamber and incubated, Then 
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Fig. 9.2a~g Conceptual illustration of bio-sampling and 
z a) Hlcstrochemisal SAMEROREASE —immuno-assay procedure: (a) injection of magnetic beads; 
> (b) separation and holding of beads: (c) flowing samples; 
Ss (4) immobilization of target antigen; (e) flowing labeled an- 
- tibody: (f) electrochemical detection; and (g) washing out 
magnetic beads and ready for another immunoassay (af- 
ter [9.77], reproduced by permission of The Royal Society 
of Chemistry) 


secondary antibody with label (rat anti-mouse IgG 
conjugated alkaline phosphatase) and electrochemical 
substrate (PAPP) to alkaline phosphatase was sequen- 
tially injected and incubated to ensure production of 
PAP. Electrochemical detection using an amperometric 
time-based detection method was performed during in- 
cubation. After detection, magnetic beads with all the 
reagents were washed away, and the system was ready 
for another immunoassay. This sequence was repeated 
for every new immunoassay. The flow rate was set to 
20ul/min in every step. After calibration of the elec- 
trochemical immunosensor, full immunoassays were 
performed following the sequence stated above or df. 
ferent antigen concentrations: 50, 75, 100, 250, and 
500 ng/ml. Concentration of primary antibody-coated 
magnetic beads and conjugated secondary antibody was 
1.02% 107 beads/ml and 0.7,1g/ml, respectively. Im- 
munoassay results for different antigen concentrations 
are shown in Fig. 9.26, 

Immunoreactant consumed during one immunoas- 
say was 10,11 (20 11/minx 305), and total assay time 
vas less than 20 min, including all incubation and de- 
tection steps 

‘The integrated microfluidic biochemical detection 
system has been successfully developed and fully tested 
for fast and low volume immunoassays using magnetic 
beads, which are used as both immobilization sur- 
faces and bio-molecule carriers. Magnetic bead-hased 
immunoassay, as a typical example of biochemical 
detection and analysis, has been performed om the in- 
tegrated microfluidic biochemical analysis system that 
includes a surface-mounted bioilter and immunosensor 
on a glass microfluidic motherboard. Protein sampling 
capability has been demonstrated by capturing target 
antigens 

‘The methodology and system can also be applied 
to generic bio-molecule detection and analysis systems 
by replacing the antibody/antigen with appropriate bio 
receptors/eagents, such as DNA fragments or oligonu- 
4,9 Ante cleotdes, for the application to DNA analysis and/or 

high throughput protein analysis, 
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Biofiter with 


‘Biomagnetic mano beads Lab-on-a-chip system 


Current (nA) 
o Cuenta) 


f Start washing reagent 


‘Blank signal restored 


yj Fig.9.25 Photograph of the fab- 
ricated lab-on-a-chip for magnetic 
bhead-based immunoassay 


Flow sensor 


9.26 Immunoassay results meas- 
ured by amperometric time-based 
detection method (after [9.77], repro- 
dduced by permission of The Royal 
Society of Chemistry) 


Antigen 
— 50 ng/ml 
= 35 ng/m 
= 1009/m1 

250 ng/ml 
— 500 p/m 


3 cy m7 


9.4.2 Disposable Smart Lab-on-a-Chip 
for Bload Analysis 


(One of several substrates available for bio-fluidic chips, 
plastics have recently become one of the most pop- 
ular and promising substrates due to their low cost, 
cease of fabrication, and favorable biochemical reliability 
and compatiblity, Plastic substrates, such as polyimide, 
PMMA, PDMS, polyethylene, or polycarbonate, offer 
‘a wide range of physical and chemical material parame- 
ters for the applications of bio-fluidic chips, generally at 
low cost using replication approaches. The disposable 
smart plastic biochip is composed of integrated mod- 
ules of plastic fuidic chips for fluid regulation, chemical 
and biological sensors, and electronic controllers. As 
‘a demonstration vehicle, the biochip has the specific 
goal of detecting and identifying three metabolic param- 
ters such as PO> (partial pressure of oxygen), lactate, 
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and glucose from a blood sample. The schematic con- 
cept of the cartridge-type disposable lab-on-a-chip for 
blood analysis is illustrated in Fig. 9.27. The dispos- 
able lab-on-a-chip cartridge has been fabricated using 
plastic micro-injection molding and plastic-to-plastic 
direct bonding techniques. The biochip cartridge con- 
sists of a fixed volume microdispenser based on the 
sPROMS (structurally programmable microfluidic sys- 
tem) technique [9.70], an air-bursting, on-chip pressure 
source [9.80], and electrochemical biosensors [9.81] 

‘A passive microfluidic dispenser measures exact 
amounts of sample to be analyzed, and then the air- 
bursting on-chip power source is detonated to push the 
graduated sample fluid from the dispenser reservoir. 
Upon air bursting, the graduated sample fluid travels 
through the microfluidic channel into sensing reservoirs, 
under which the biosensor array is located, as shown in 
Fig. 9.28. 
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Screen-printed 
conducive 


Schematic illustration of smart and disposable plastic lab- 


‘on-a-chip by Ain etal. 9.82] 


An array of disposable biosensors consisting of an 
‘oxygen sensor and a glucose sensor has been fabricated 
using screen-printing technology [9.81]. Measurements 
from the developed biosensor array can be done based 
‘on tiny amounts of sample (as low as 100ml). The glu- 
‘cose sensor is designed by adding two additional layers 
above the oxygen sensor (Fig. 9.29), which are glucose 
semipermeable membrane and glucose oxidase (GOD) 
layers. 

‘The principle of the oxygen sensor is based on am- 
perometric detection that when the oxygen diffusion 
profile from the sample to electrode surface is saturated, 


Jia 


which means a constant oxygen gradient distribution 
profile is generated, the current is proportional only 
to the oxygen concentration in the solution. A silicone 
layer is spin-coated and utilized as an oxygen semiper- 
‘meahle membrane because of its high permeability and 
low signal-to-noise ratio, Water molecules pass through 
the silicone membrane and reconstitute the gel-based 
electrolyte so the CI ions can move close to the anode 
to coalesce with Agt. The number of electrons in this 
reaction is counted by the measuring system, 

For the glucose sensor, the additional layers ~ glu- 
cose semipermeable membrane (polyurethane) and the 
immobilized GOD (in a polyacrylamide gel) — allow di- 
rect conversion of the oxygen sensor to a glucose sensor. 
‘The glucose molecules will pass through the semiper- 
meable layer and be oxidized immediately. The oxygen 
sensor will measure hydrogen peroxide, which is a by- 
product of glucose oxidation. The level of hydrogen 
peroxide is proportional to the glucose level in sample. 
‘The fubricated disposable plastic lab-on-a-chip cartridge 
was inserted into a hand-held type biochip analyzer for 
analysis of human blood sample, as shown in Fig. 9.30. 
‘The prototype biochip analyzer consists of biosensor 
detection circuitry, iming/sequence circuitry forthe ait- 
bursting, on-chip power source, and a display unit. The 
battery-operated biochip analyzer initiated the sensi 
sequence and displayed readings in one minute. Meas- 
ured glucose and PO> levels in human blood sample are 
also shown in Fig. 9.31 

‘The development of the disposable smart micro- 
fluidic-based biochips is of immediate relevance to 
several patient-monitoring systems, specifically for 
point-of-care health monitors. Since the developed 
biochip is a low cost, plastic-based system, we envi- 
sion a disposable application for monitoring clinically 
significant parameters such as PO2, glucose, lactate, 
hematocrit, and pH. These health indicators provide an 
‘early warning system for the detection of patient status, 
and can also serve as markers for disease and toxicity 
monitoring. 


Fig. 9.28 Upon air-bursting, sample fluid travels through the microchannel into biosensor detection chamber. Biosensor 
\was detached for clear miero-photographs. Dotted line indicates where biosensor is supposed tobe attached (after |9.82)) 
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9.29 Electrochemical and analytical principle of the 
developed disposable biosensor for partial oxygen concen- 
tration sensing (after, © 2002 IEEE [9.81]) 
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9,30 Hand-held type disposable smart lab-on-a-chip 
lyzer (after [9.82]) 


@) Peak current (0A) ©) Detection current (aA) 
25 100 400mg). 
2 + #0 30 mg/l. 
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Fig. 9.31a,b Measurement results from the biochip cartridge and analyzer 
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(a) PO; calibration curve and (b)glucose level 
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power > connection > rotational encoder 


rotational encoder 


Theterm rotationalencoder used to be reserved forhigh-quality components, often using 
optical methods to measure rotation with precision (more than 100 intervals in 360 de- 
grees). Cheaper, simpler, electromechanical devices were properly referred to as control 
shaftencoders. However, the term rotationalencoder is now applied to almost any device 
capable of converting rotational position to a digital output via opening and closing 
internal mechanical contacts; this is the sense in which the term is used here. Itis some- 
times distinguished from other types of encoder with the term mechanical rotary en- 
coder, Magnetic and optical rotary encoders do not contain mechanical switches, are 
classified as sensors by this encyclopedia, and will appear in Volume 3. They are found in 


a device such as an optical mouse. 


OTHER RELATED COMPONENTS 


«+ rotary switch (See Chapter 7) 


What It Does 


A rotational encoder has a knob that a user can 
tum to display a series of prompts on an LCD 
screen, or to adjust the input or output on a 
product such as a stereo receiver. The compo- 
nent is almost always connected to inputs on a 
microcontroller and is usually fitted with de- 
tents that provide tactile feedback suggesting 
many closely spaced positions. The encoder 
often allows the user to make a selection by 
pushing the knob in, which closes an internal 
momentary switch. Thus, this type of encoder 
functions as a pushbutton as well as a switch, 


A rotational encoder is an incremental or rela- 
tive device, meaning that it merely creates and 
breaks internal switch connections when rota~ 
tion occurs, without providing a unique code to 
identify each absolute rotational position. An 
absolute encoder is discussed in the rotary 
switch entry of this encyclopedia, 


No schematic symbol 
tional encoder. 


How It Works 


sto represent a rota~ 


‘Anencoder contains two pairs of contacts, which 
open and close out of phase with each other 
when the shaft rotates. In a clockwise direction, 
the A pair of contacts may be activated momen- 
tarily before the B pair; ina counter-clockwise di 
rection, the B pair may be activated before the A 
pair. (Some encoders reverse this phase differ- 
ence.) Thus if one contact from each pair is con- 
nected with two inputs of an appropriately pro- 
grammed microcontroller, and if the other con- 
tact of each pair is connected with negative 
ground, the microcontroller can deduce which 
way the knob is tuning by sensing which pair of 
contacts closes first. The microcontroller can 
then count the number of pulses from the con- 
tacts and interpret this to adjust an output or 
update a display. 
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that may reduce patient morbidity and mortal~ 

ity. Unlike other areas of nanotechnology, novel 10.2. Synthetic Approaches: “top-down” 

physical properties associated with nanoscale versus “bottom-up” Approaches 
dimensionality are not the raison d'etre of thera for Nanotherapeutic Device Components 285 
peutic nanotechnology, whereas the aggregation 10.2.1 Production of Nanoporous 

of multiple biochemical (or comparably pre~ Membranes by Microfabrication 


Methods: A top-down Approach... 285 
10.2.2 Synthesis of Polylamido) Amine 
(PAMAM) Dendrimers: 


cise) functions into controlled nanoarchitectures 
is, Multifunctionality is a hallmark of emerging 
nanotherapeutic devices, and multifunctional- 


A bottom-up Approach 286 
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‘multi-step work processes, with each func~ and bottom-up Distinctions 

tional component contributing to one or more EEA aed oaeem 

nanodevice subroutine such that, in aggregate, sande 387 

subroutines sum to a cogent work process. Can 

nonical nanotherapeute subroutines include 102 Technological an Biological ae 
: portunities 

tethering (targeting) to sites of disease, dis- b uheter eee e 


pensing measured doses of drug (or bioactive 
compound), detection of residual disease af- 
ter therapy and communication with an external 
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Nanotherapeutic Action 
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clinician/operator. Emerging nanotherapeutics 10.3.3 Triggering: Delimting 

thus blur the boundaries between medical de~ Navethepeutic Adon 

vices and traditional pharmaceuticals. Assembly in Space and Time 298 
of therapeutic nanodevices generally exploits el- 10.3.4 Sensing Modalities 502 
ther (bio)material self assembly properties or 10.3.3 Imaging Using Nanotherapeutic 
chemoselective bioconjugation techniques, or Contrast Agents 304, 


both. Given the complexity, composition, and the 
necessity for their tight chemical and structural 
definition inherent in the nature of nanothera- 
peutics, thelr cost of goods (COGs) might exceed 


10.4 Applications for Nanotherapeutic Devices 307 
10.4.1 Nanotherapeutic Devices 
in Oncology 307 


10.4.2 Cardiovascular Applications 
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need (cancer and cardiovascular disease), while 
application to other disease states well-served 
bby conventional therapy may await perfec~ 
tion of nanotherapeutic design and assembly 
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10.1 Definitions and Scope of Discussion 


Nanotechnology is field in rapid flux and development, 
as cursory examination of this volume shows, and defini- 
tion of its meets and bounds, as well as identification of 
sub-disciplines embraced by it, can be elusive. The word 
‘means many things to many people, and aspects of mul- 
tiple disciplines, from physics to information technology 
to biotechnology, legitimately fall into the intersection 
of the Venn diagram of disciplines that defines nano- 
technology. The breadth of the field allows almost any 
interested party to contribute to it, but the same am- 
biguity can render the field diffuse and amorphous. If 
nanotechnology embraces everything, what them is it? 
‘The ambiguity fuels cognitive dissonance that can re- 
sult in frustrating interactions between investigators and 
funders, authors and editors, and entrepreneurs and in- 


Common, 
efector 
domains 


C) 


Fig. 10.1a-¢ Antibodies resemble purpose-built devices with dis- 
tinct functional domains [10.1]. Native antibodies are composed of 
four polypeptide chains: wo heavy chains (He) and two light chains 
(Lc), joined by interchain disulide linkages (lines between Hc and 
Le moieties). Amino and carboxy termini of individual polypep- 
tide chains are indicated (by N and C). Antigen binding domains 
are responsible for specific antigen recognition, vary from antibody 
to antibody, and are indicated by the thicker lines. Common ettac- 
tor functions (Fe receptor binding, complement fixation, etc.) are 
deliited to domains of the antibodies that are constant from mol- 
ecule to molecule. (a) A native IgG antibody is monospecific but 
bivalent in its antigen binding capacity. (b) An engineered, bispe- 
cifie, bivalent antibody capable of recognizing to distinct antigens. 
(An engineered antibody fragment (single chain Fv or SCFv) that 
is monospecific and monovalent can recognize only one antigens 

determinant and is engineered to lack common effector functions. 
‘This constructis translated asa single, continuous polypeptide chain 
‘hence the name SCFv) because a peptide linker (indicated by the 
connecting line in the figure) is incorporated to connect the carboxy 
end of the He fragment and the amino end of the Le fragment 


ace 


vestors. Some consideration of the scope of the field 
therefore is useful 

To frame the discussion, we will define nanotech- 
nology as the discipline that aims to satisfy desired 
objectives using materials and devices whose valu- 
able properties are based on a specific nanometer-scale 
element of their structures. The field is unabashedly 
application-oriented, so its raison d’étre is fulfillment 
of tasks of interest; technical information is important 
primarily to the extent that it bears on device design, 
function, or application. 

‘The meaning of “therapeutic” is largely self 
explanatory and refers here to intervention in human 
disease processes (although many of the approaches dis- 
cussed are equally applicable to veterinary medicine). 
Our discussion will be confined primarily to therapeutics 
used in vivo, because such applications clearly benefit 
from the low invasiveness that ultra-small, but multipo- 
tent, nanotherapeutics potentially offer. It is debatable 
whether imaging, diagnostic, or sensing devices can be 
considered therapeutic in this context, though, as we 
will see, sensing/diagnostic functionalities are often in- 
cextricable elements of therapeutic nanodevices, and it 
is difficult to consider so-called smart nanotherapeutics 
without discussion of their sensing capabilities. 

Our definition of nanotechnology projects several 
corollaries. First, it embraces macroscale structures 
whose useful properties derive from their nanoscale 
aspects. Second, the modifier “specific” (as in, “spe- 
cific nanometer-scale elements") is intended to exclude 
materials whose utility derives solely from properties in- 
herent in being finely divided (high surface-to-volume 
ratios, for instance), or other bulk chemical and phy 
ical properties. We made the exclusion based on our 
assessment that therapeutic nanodevices are more in- 
triguing than nanomaterials per se (see below), though 
wwe will engage these attributes where they are germane 
to specific devices or therapeutic applications. Third, 
ur definition implies that limited nanotechnology has 
been available since the 1970s in the form of biotech- 
nology. Based on their nanoscale structures, individual 
biological macromolecules (such as proteins) often ex- 
hibit the coordinated, modular multifunctionality that is 
characteristic of purpose-built devices (Fig. 10.1), An 
analogous, but perhaps less persuasive, argument can 
be made that organic chemistry is an early form of 
nanotechnology. Compared to organic small molecules, 
protcin functional capabilities and properties are gen- 
‘erally more complex and extremely dependent on their 
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conformation in three-dimensional space at nanometer 
scale. The nanotechnology sobriquet, therefore, may 
be more appropriate to biotechnology than organic 
chemistry. 

Biological macromolecules rely on the deployment 
of specific chemical functionalities to specific relative 
distributions in space with nanometer (and greater) res- 
lution for their function, so the inclusion of molecular 
engineering aspects of biotechnology practice under the 
nanotechnology rubric is legitimate, despite the discom- 
fort it may cause traditionally trained engineers. As 
‘we will see, intervention in human disease often re- 
quires inclusion of biomolecules in therapeutic devices: 
frequently, no functional synthetic analogue of active 
proteins and nucleic acids is available. 

As described above, this chapter focuses primarily 
‘on nanoscale therapeutic devices as opposed to thera- 
peutic nanomaterials. Devices are integrated functional 
structures and not mixtures of materials. Devices exhibit 
desirable emergent properties inherent in their design: 
the properties emerge as the result of the spatial and/or 
temporal organization, and coordination and regulation 
of action of individual components, The organization of 
components in devices allows them to perform multi- 
step, cogent work processes that can’t be mimicked by 
simple admixtures of individual components, In fact, if 
device functions can be mimicked well by simple mix- 
tures of components, the labor involved in configuring 
and constructing a nanoscale device is not warranted. 
(Our device definition thus excludes nanomaterials used 
as drug formulation excipients (pharmacologically inert 
‘materials included in formulations that improve phar- 
‘macophore uptake, biodistribution, pharmacokinetic, 
handling, storage, or other properties), but embraces 
those same materials as integral components of drug 
delivery or other clinical devices, 


10.1.1 Design Issues 


‘The biotechnology industry historically has focused 
‘on production of individual soluble protein and nu- 
cleic acid molecules for pharmaceutical use, with only 
limited attention paid to functional supramolecular 
structures [10.2-7]. This bias toward free molecules 
flies in the face of the obvious importance of integrated 
supramolecular structures in biology and, to the casual 
observer, may seem an odd gap in attention and empha- 
sis on the part of practicing biotechnologists. The bias 
toward single molecule, protein therapeutics, however, 
follows from the fact that biotechnology is an indus- 
trial activity, governed by market considerations. OF the 
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‘myriad potential therapeutics that might be realized from 
biotechnology. single protein therapeutics are among the 
easiest to realize from both technical and regulatory per- 
spectives and so warrant extensive industrial attention, 
This is changing, however, and more complex entities 
{actual supramolecular therapeutic devices) have and 
‘will appear with increasing frequency in the twenty-first 
century. 

New top-down and bottom-up materials derived 
from micro/nanotechnology provide the opportunity 
to complement the traditional limits of biotechnol- 
ogy by providing scaffolds that can support higher 
level organization of multiple biomolecules to perform 
work activities they could not perform as free, soluble 
‘molecules. Such supramolecular structures have been 
called nanobiotechnological devices [10.8], nanobiolog- 
ical devices {10.2~7], or semi-synthetic nanodevices and 
figure prominently in therapeutic nanotechnology. 


Incorporation of / Interaction 

with Biomolecules 
In general, design of nanodevices is similar to design of 
other engineered structures, providing that the special 
properties of the materials (relating to their nanoscale as- 
pects suchas quantum, electrical, mechanical, biological 
properties, etc.) as well as their impact in therapy, are 
considered. Therapeutics can interact with patients on 
‘multiple levels, ranging from organismal to molecular, 
but itis reasonable to expect that most nanotherapeu- 
tics will interface with patients atthe nanoscale atleast 
to some extent [10.2-5, 9-14]. Typically, this means 
interaction between therapeutics and biological macro- 
molecules, supramolecular structures and organelles, 
Which, in tur, often dictates the incorporation of bio- 
logical macromolecules (and other biostructures) into 
nanodevices [10.2,5, 13-15], Incorporating biological 
structures into (nanobiological) devices presents spe- 
cial challenges that do not occur in other aspects of 
engineering practice. 

Unlike fully synthetic devices, semi-biological 

nanodevices must incorporate pre-fabricated biolog- 
ical components (or derivatives thereof), and therefore 
the intact nanodevices are seldom made entirely de novo. 
As a corollary, knowledge of properties of biological 
device components is often incomplete (as they were 
not made by human design), and therefore the range 
of activites inherent in any nanobiological device de- 
sign may be much less obvious and less well-defined 
than it is for fully synthetic devices. Further compli- 
cating the issue, the activities of biological molecules 
are often multifaceted (many genes and proteins exhibit 
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plieotropic activities), and the full range of function- 
ality of individual biological molecules in interactions 
with other biological systems (as in nanotherapeutics) 
is often not known, This makes design and prototyp- 
ing of biological nanodevices an empirically intensive, 
iterative process [10.3-5, 14] 

Biological macromolecules have properties, partic- 
ularly those relating to their stability, that can limit their 
use indevice contexts. In general, proteins, nucleic acids, 
lipids, and other biomolecules are more labile to physic- 
al insult than are synthetic materials. With the possible 
‘exceptions of topical agents or oral delivery and endoso- 
‘mal uptake of nanotherapeutics (both involving exposure 
to low pH), patients can tolerate conditions encoun- 
tered by nanobiological therapeutics in vivo, and device 
lability in the face of physical insult is generally a ma- 
jor consideration only in ex vivo settings (relating to 
storage, sterilization, ex vivo cell culture, etc.). Living 
‘organisms remodel themselves constantly in response 
to stress, development, pathology, and external stimuli 
For instance, epithelial tissues and blood components 
are constantly eliminated and regenerated, and bone and 
vasculature are continuously remodeled. The metabolic 
facilities responsible (circulating and tissue-bound pro- 
teases and other enzymes, various clearance organs, the 
immune system, etc.) can potentially process biologic- 
al components of nanobiological therapeutic devices as 
well as endogenous materials, leading to partial or com- 
plete degradation of nanotherapeutic structure, function, 
or both. Furthermore, the host immune and wound re- 


Table10.1 Some ideal characteristics of nanodevices. (A) Characteristics of all nanobiotogical devices (10. 
(B) Desirable characteristics of therapeutic platforms [10.2, 


sponses protect the host against pathogenic organism 
incursions by mechanisms that involve sequestering and 
degrading the pathogens. Nanobiological therapeutics 
are subject to the actions of these host defense systems 
and to normal remodeling processes. As we will dis- 
‘cuss, various strategies to stabilize biomolecules and 
structures in heterologous in vivo environments are ap- 
plicable to nanobiological therapeutics [10.3, 16-20] 

Conversely, instability of active biocomponents can of- 
fer a valuable and simple way to delimit the activity of 
nanotherapeutics containing biomolecules. 


Nanatherapeutic Design Paradigms 
Several early attempts to codify the canonical properties 
Of ideal nanobiological devices, and therapeutic nano- 
devices in particular, have been made [10.5, 13, 15,21] 
and are summarized in Table 10,1. In general, nano- 
biological devices contain biological components that 
retain their function in new (device) contexts. In other 
words, one must abstract enough of a functional bio- 
logical unit from its native context to allow it to perform 
the function for which it was selected. If one wishes, 
for example, to appropriate the specific antigen recogni- 
tion property of an antibody for a device function (say, 
in targeting, discussed later), it is not necessary to in- 
corporate the entire 150,000 atomic mass unit (AMU) 
antibody, the bulk of which is devoted to functions other 
than antigen recognition (see Fig. 10.1 [10.1)), but itis 
critical to incorporate the approximately 20,000 AMU 
of the antibody essential for specific antibody-antigen 


13-15}. 
13-15] 


Biological molecules must retain function. 


Device function is the result of the summed activities of device components. 
‘The relative organization of device components drives device function. 
Device functions can be unprecedented in the biological world. 


‘Therapeutics should be minimally invasive. 


‘Therapeutics should have the capacity to target sites of disease. 
‘Therapeutics should be able to sense disease states in order to: 


— report conditions atthe disease site to clinicians. 
— administer metered therapeutic interventions. 


‘Therapeutic functions should be segregated into standardized modules. 
Modules should be interchangeable to tune therapeutic function, 
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binding. Device function is the result of the summed 
and various activities of biological and synthetic device 
‘components, as well, though functional biological com- 
ponents generally exist in the context of higher order 
systems that support the organisms of which they are 
‘apart by the control the nanobiological device designer 
ccan exert on the relative organization of biological de- 
vice components allows biomolecules abstracted from 
their native context and incorporated in nanobiotech- 
nological devices to contribute to functions entirely 
different from those they performed in their organis- 
‘mal contexts. All of these features are illustrated in 
the bacmid, or Bac-to-Bac, system, a commercially 
available molecular cloning device ({10.22-24] and 
Fig. 10.2). This system configures prokaryotic genetic 
clements from multiple sources into a device for pro- 
ducing recombinant eukaryotic viruses, a function that 
is unprecedented in nature, The system is feasible be- 
cause of the modularity ofthe genetic elements involved 
and because of the strict control of the relative ar- 
rangement of genetic elements allowed by recombinant 
DNA technology. Analogous devices based on bacte- 
rial and eukaryotic regulatory elements to pre-program 
the micro- and nanoscale architectural properties and 
physiological behavior of living things are now being 
realized [10.2526] 

Bacmid provides an example of a nontherapeutic 
nanobiological device and illustrates some specific de- 
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Fig. 10.2 The bacmid molecular cloning system is 2 mo- 
lecular device designed to allow efficient production of 
recombinant insect viruses (baculovirus) in Escherichia 
coli [1022-24], Baculovinus is replicated in E. coli by 
the F plasmid origin of replication (F ori), and as such, 
is called a bacmid, The bacmid also includes an engineered 
transposable DNA element 7 (Tn7) attachment site iso- 
lated from the chromosome of an enteric bacteria (AW TA’). 
‘AwTn7 can receive Th7 elements transposed from other 
cellular locations. A donor plasmid (donor) is replicated 
by a temperature-sensitive plasmid pSC101 origin of repli 

cation (ts ori). The donor also incorporates an expression 
ceassette containing both the gene of interest for ultimate 
expression in insect cells and a selectable genetic marker 
‘operable in E, coli. The expression cassette is flanked by 
DNA sequences (attL and attR) that are recognized by the 
‘Ta7 transposition machinery. Tn7 transposition machinery 
resides elsewhere in the same E. coli cell. When donor 
plasmid is introduced into £, coli containing bacmid, Ta7 
‘transposition machinery causes the physical relocation of 
expression cassettes from donor plasmid to bacmid. Unre- 
acted donor plasmid is conveniently removed by elevating 
the incubation temperature, causing the ts PSC101 replicon 
{to cease to function, in turn, causing the donor to be lost. If 
selection for the genetic matkers within the expression cas 

sette is applied at this point, the only E. coli that survive are 
those containing recombinant baemid (ie., those that have 
received the gene for insect cell expression by transposition 
{rom the donor). Recombinant bacmid are conveniently iso- 
lated from £: colt and introduced into insect cell culture, 
‘where expression of the gene of interest occurs 


sign approaches for building functional devices with 
biocomponents. Hypothetical properties of nanoscale 
devices specifically for therapeutic purposes have been 
codified (Table 10.1) and bear examination [10.13, 15] 
In nanotherapeutic applications, devices should be 
noninvasive and target therapeutic payloads to sites of 
disease to maximize therapeutic benefit while mini- 
mizing undesired side effects. This of course implies 
the existence of therapeutic effector functions in these 
nanodevices, to give devices the ability to remediate 
2 physiologically undesirable condition. Beyond that, 
several attributes relate to sensing of biomolecules, cells, 
cor physical conditions (sensing disease itself, identi- 
fication of residual disease, and, potentially, targeting 
capacity, responding to intrinsic or externally supplied 
triggers for payload release). Other properties relate to 
communication between device subunits (for instance, 
between sensor and effector domains of the device) 
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Fig.10.3 A hypothetical, modular nanotherapeutic patterned after the dendrimer-based cluster agent for oncology of 
Baker [10.15]. As described in the text, each dendrimer subunit is grown from an initiator core (C), and the tunable 
surface groups of the dendrimers are represented by Z. Each dendrimer subunit has a specific, dedicated function in 
the device: the central dendrimer encapsulates small molecule therapeutics (E), whereas other functional components 
are segregated to other dendrimer components. These include biochemical targeting/tethering functions (Ta) therapeutic 
triggering functions to allow activation of prodrug portions of the device by an external operator (Tr), metal or other 
‘constituents for imaging (1), and sensing functions (S) to mediate intrinsically controlled activation/telease of therapeutic. 
This design constitutes a therapeutic platform [10.13, 15] because of its modular design. The depicted device is only one 
possible configuration of an almost infinite number of analogous therapeutics that can be tuned to fit particular therapeutic 


needs by interchanging functional modules 


or between the device and an external operator (ex- 
ternal triggering and data documentation capability). 
With appropriate design, device functions can be mod- 
ular [10.13, 15]. As discussed below, this approach 
allows construction of nanotherapeutic platforms (such 
tas the dendrimer-hased therapeutic of Fig. 10.3, den- 
drimer synthesis and assembly are discussed Later), as 


opposed to single one-off devices that are capable of 
only one therapeutic task. 

“The vision of nanoscale therapeutic platforms arose 
from collaboration between the National Cancer In- 
stitute (NCI) and the National Aeronautics and Space 
Agency (NASA). NASA is concerned with minimal 
mass therapeutics: therapeutics, along with almost 
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everything else used by astronauts, must be launched 
from Earth, NCI is interested in early detection of 
disease to improve prognosis. Since this requires screen- 
ing a population predominantly of healthy patients, the 
sereening mode must be minimally invasive. The consid- 
crations of both agencies might be met with ultra-small 
(micro- or nanoscale) multipotent therapeutic devices. 
Furthermore, the proposed therapeutic platforms should, 
not only remediate undesired physiological conditions 
but also have the capacity to recognize them and report 
them, Extensive capability for molecular recognition and 
communication with external clinicians/operators is in- 
tegral to the requirements of NASA and NCL These 
capacities would allow drugs or other therapeutic in- 
tetventions to be provided in a controlled fashion, to 
‘maximize benefit and minimize side effects, and is the 
essence of “smart” therapeutics (see the discussion of 
targeting and triggering below) 

‘Though substantial progress has been made in de- 
‘vice design and realization, no fully realized multipotent 
nanoscale therapeutic platform has yet been commer- 
ciulized, but the therapeutic platform paradigm, in which 
devices are modular, with functional tasks segregated 
into individual modules, has potential to be extremely 
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powerful. Classes of broadly similar devices could 
be tailored to specific disease states by interchanging 
‘modules (targeting modules, drugs dispensers, ete.) as 
appropriate to the disease state or therapeutic course. 
‘Thus, the hypothetical device represents a possible thera- 
peutic platform composed of functional modules that 
ccould be for use in particular indications or in specific 
individuals, 


10.1.2 Utility and Scope 
of Therapeutic Nanodevices 


‘Therapeutic nanotechnology will be useful, of course, 
when the underlying biology of the disease states in- 
volved is amenable to intervention at the nanoscale. As 
‘we will discuss, while several disease states and physio- 
logical conditions (cancer, vaccination, cardiovascular 
disease, etc.) are particularly accessible to nanoscale in- 
terventions, some nanotechnological approaches may be 
applicable more broadly. Much as was the case with the 
introduction of recombinant protein therapeutics over 
the last 20 years, nanotherapeutics may present regula- 
tory and pharmacoeconomic challenges related to their 
novelty and their cast of goods (COGS). 


Approaches for Nanotherapeutic Device Components 


Synthesis of nanomaterials is commonly thought of in 
terms of “top-down” or “bottom-up” processes. Top- 
down approaches begin with larger starting materials 
and, in a more or less controlled fashion (depending 
oon the technique), remove material until the desired 
structure is achieved, Most microfabrication techniques 
for inorganic materials (lithography and milling tech- 
niques, etc.) fit this description. In contrast, bottom-up 
approaches begin with smaller subunits that are assem- 
bled, again with varying levels of control, depending 
fon technique, into the final product, Key examples 
of materials made by bottom-up approaches include 
some inorganic structures. This includes “handmade” 
structures created by using direct atomic or molecu- 
lar placement by force microscopy (discussed below), 
structures built using various deposition or growth 
‘methods, as well as all polymerization methods of syn- 
thesis. Thus, almost all biologic macromolecules and 
‘most biogenic structures, including mineralized bio- 
‘materials, are made by bottom-up methods. To make 
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the distinction between top-down and bottom-up ap- 
proaches more concrete, we will consider an example of 
each, 


10.2.1 Production 
of Nanoporous Membranes 
by Microfabrication Methods: 
‘A top-down Approach 


Lithography can be summarized by three basic steps: 
1) Pattern Design (generation of masks), 2) Pattern 
Definition (exposure), and 3) Pattern Transfer (etch- 
ing/liftoff). Optical lithography uses masks to form 
patterns on resist/substrate surfaces to produce features. 
‘The technique's power lies in its reproducibility and its 
capacity to manufacture via highly parallel processes, 
‘The key limitation of photolithography lies in the fact 
that resolution of features is diffraction-limited by the 
‘wavelength of light used. To address this limitation, 
short-wave radiation (i.e., X-rays with wavelengths of 
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about Inm wavelength) can be generated by synchrotron 
or other sources (from X-ray tubes, discharge plasma, or 
laser plasma), controlled, and focused for use in X-ray 
lithographic techniques [10.27]. The process is identical 
‘conceptually to optical lithography but requires special 
masks and resists amenable to the high-frequency ra- 
diation used. Combinations of filters and mirrors can 
produce resolutions in feature size of less than 100 nm, 
with fabrication throughputs congruent with those of 
other optical lithography processes. Limited access to 
synchrotron sources in turn limits the wide application 
of the method, however. The relatively long wavelengths 
used in conventional photolithography are generally un- 
suitable for formation of nanoscale features unless some 
clever technical expedient, like the use of a sacrifi- 
cial layer (described below for generating nanoporous 
membranes) is employed. 

‘As we will discuss in consideration of applications 
of nanotherapeutic devices, there are numerous potential 
applications for tunable nanopore membranes (10.16~ 
18]. For certain applications, such as immunoisolation 
(see below), the distribution of pore sizes must be tight 
and nearly perfect. Until the late 1990s, this was: an 
unattainable objective. 


pt poly-Si 


SiO; 


‘ a 


Fig.10.4a-d Nanoporous silicon membranes are fabricated by 
‘top-down approach (10.16-18 (a) Pore exit holes are plasma- 
etched through pt silicon (dark brawn) and boronated silicon (gr). 
(b) Controlled depth silicon oxide (white) layer is grown on the 
structure. (c) A thick polysilicon layer (light brown) is deposited 
‘over the oxide, and pore exits are established by back-side plasma 
etch, () Pores are opened by removal of the sacrificial layer with 
hydrofluoric acid, The membranes themselves are macroscale ob- 
{ects that fit under the nanotechnology rubric because they derive 
their useful properties from controlled nanoscale architecture 


‘The key technical innovation facilitating the micro- 
fabrication of highly defined nanoporous membranes 
was an approach featuring a sacrificial oxide layer 
sandwiched between two structural layers that uli- 
mately is etched away to define the pore pathway 
and diameter [10.16-18]. The sacrificial layer (SiO>) 
is sandwiched hetween a silicon wafer and a polysil- 
icon layer: pore channel diameter is determined by 
the SiOp thickness. In the process (Fig. 10.4, the top 
of a silicon wafer is doped with boron to increase 
its mechanical robustness, and p+ silicon is overlaid. 
Pore exit holes are plasma etched through the p+ and 
doped material. In the pore dimension-determining step, 
SiO» is grown on the wafer by dry thermal oxidation, 
4 process allowing control of oxide layer thickness to 
within I nm. This oxide constitutes the critical sacrifi- 
cial layer. A thick polysilicon layer (again, boron-doped 
for mechanical strength) is then deposited over the ox- 
ide. Pore entry holes are etched by plasma etch, offset 
from the exit pores. Ultimately, the offset will require 
the diffusion pathway of the finished structure to pass 
through a “bottleneck” whose diameter is determined 
by the thickness of the sacrificial layer. The back- 
side of the wafer is anisotropically etched to expose 
the doped layer of the waler (now the bottom of the 
membrane structure). Pores are opened by removal of 
exposed sacrificial layer using concentrated hydrofluoric 
acid 


10.2.2 Synthesis of Poly(amido) Amine 
(PAMAM) Dendrimers: 
A bottom-up Approach 


PAMAM dendrimers are remarkably defined synthetic 
molecules made using polymer chemistry (Fig. 10.5). 
‘Their unique structural attribute is their fractal geom- 
etry, and their unique physical property is their high 
monodispersity. Clever use of orthogonal conjugation 
strategies in their synthesis drives their monodisper- 
sity (10.28-30]. 

Orthogonal conjugation involves the mutually ex- 
clusive reactivity of the chemical specificities present in 
the reaction: when the orthogonal reactants are present 
in a vessel, and the reaction is cartied at appropri- 
ate stoichiometry, only a monodisperse single product 
is formed. PAMAM dendrimers are among the most 
monodisperse synthetic materials available and, within 
limits, their sizes, surface chemistries, and shapes can 
be controlled at the synthetic level. To a greater or lesser 
extent, these desirable material properties of dendrimers 
are caused by an orthogonal synthetic strategy. 


sone aint errant 


Variants 


Asimplified schematicisshownin Figure8-1.The 
‘two buttons inside the dashed line represent the 
‘two pairs of contacts inside the encoder, while 
the chip is a microcontroller. The knob and shaft 
thatactivate the internal switches are not shown. 
The schematic assumes that when a contact 
closes, it pulls the chip input to a low state. A 
pullup resistor is added to each input of the chip 
to prevent the pins from “floating” when either 
pair of contacts is open. 


Figure 8-1. Simplified schematic shawing the typical set 
Lup for a rotational encoder. The pushbutions inside the 
dashed line represent the contacts inside the encoder. 
The chip is a microcontroller. 


Figure 8-2 givesa conceptual view of the outputs 
of an encoder that is turned clockwise (top) and 
then counter-clockwise (bottom). Some encod- 
ers may reverse this phase sequence. Red and 
black colors have been assigned to the pin states 
on the assumption that the terminals that are 
common to both pairs of contactsare connected 
with negative ground. Thus a "high" pulse in the 
graphical representation actually indicates that 
the encoder is grounding its output. 


Microcontrollers have become so ubiquitous, 
and rotational encoders are so cheap, they have 
displaced rotary switches in many applications 
where a low current is being switched. The com- 
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Figure 8-2. Hypothetical outputs from a rotational en 
coder, assuming that the common terminals of the con- 
fact pairs are connected to negative ground. A high pulse 
In the graphical representation therefore indicates that 
the contact pair is grounded. The number of detents rela 
tive to the number of pulses per rotation varias from one 
type of encader to anather. 


bination of a rotational encoder and a microcon- 
trolleris very versatile, allowing display and con- 
trol ofanalmostunlimited number of menusand 
options. 


Variants 


There are two types of rotational encoders con- 
taining mechanical contacts: absolute and rela- 
tive. An absolute encoder generates a code cor- 
responding with each specific rotational posi- 
tion. The code is usually a binary output among 
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Fig.10.5 PAMAM dendrimers are 
grown bottom-up using sequential or- 
thogonal synthetic steps [1028-30] 
Dendrimers ae grown from amine 
cores, in this case ammonia, by se- 
‘quent ation of methyl acrylate, 
followed by an independent reaction 
addition reaction involving ethy- 
lene diamine. Together, these two 
hal-teps constitute a full genera- 
tion of dendrimer growth, PAMAM 
dendrimers are classified by their gen- 
eration of growths being Gp, G1. Gy 


o 
= OW 
xin CHECHCOM 
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PAMAM dendrimers are usually built from an 
initiator core (an amine) in sequential shells, called 
generations (Le., Go, Gi, Gz, ete.). Each generation 
comprises two synthetic half-steps, each of which is 
self-limiting in that the reagents performing each ad- 
dition step are reactive only with the distinct chemical 
functionalities added to the growing dendrimer in the 
previous addition reaction. Reagent is added until the 
chemical functionalities from the previous step are fully 
consumed (Fig. 10.5). In the first synthetic half-step, 
‘methyl acrylate is added to the amine precusor, adding 
«a carboxy-terminated functionality to all amine branch 
points, Polymer intermediates terminating in such car- 
boxy functionalities are called “half-generation.” In the 
second half-step, the generation is completed. Ethylene 
diamine is added, resulting in a branched amine- 
terminated adduct for each carboxylate group of the 
half-generation precursor. In general, before proceeding 
to downstream synthetic operations, products of indi 
vvidual reactions are purified so that only functionalities 
incorporated into growing dendrimer are available for 
subsequent reactions. Under ideal conditions, only a sin- 
tle chemical structure can result from each generation 
of growth, and with adequate purification between ad- 
dition reactions; in the absence of limitations on the 
‘completeness of each reaction (such as steric limitations 
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‘etc,, as indicated in the figure 


which become manifest in dendrimers of generation 6 
and above), dendrimers of each generation are perfectly 
identical to each other. 


10.2.3 The Limits of top-down 
and bottom-up Distinctions 
with Respect to Nanomaterials 
and Nanodevices 


‘Some materials can be produced by altemate means, 
some of which are bottom-up, some of which are top- 
down approaches. For instance, carbon nanotubes can 
be synthesized in an arguably top-down approach from 
‘graphite sheets in an are oven or can be grown bottom- 
up, by a metal-catalyzed polymerization method [10.31]. 
Additionally, not all finished materials can be classified 
as either top-down or bottom-up: synthetic protocols 
can contain both steps. For instance, while proteins 
are synthesized from lower molecular weight amino 
acid precursors by chemically or biologically mediated 
polymerization (bottom-up), they are often made as pre- 
cursor molecules that are processed to a final product by 
chemical or enzymatic cleavage (top-down, see [10.32] 
for an overview). While the question of whether any 
ziven material is made top-down or bottom-up can be 
ambiguous, the synthetic provenance of multicompo- 
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nent nanodevices can be even more so. In analogy 
to biogenic materials, synthetic polymers are bottom- 
up materials per se, but fabrication of raw polymeric 
‘materials into final device architectures often involves 


top-down steps [10.33]. As we will see, therapeutic 
nanodevices frequently contain both synthetic and bi- 
ologic components, and strict top-down and bottom-up 
categorization of these devices is often not applicable. 


10.3 Technological and Biological Opportunities 


‘This section considers selected enablers for therapeutic 
nanodevices. Some are purely technological: nanomate- 
rial self-assembly properties, bioconjugation methods, 
engineered polymers for conditional release of therapeu- 
tics, external triggering strategies, and so forth. Others 
relate to disease-state tissue or cell-specific biology 
that can be exploited by nanotherapeutics, such as the 
‘emerging vascular address system and intrinsic trigger- 
ing approaches. In association with those applications, 
we will consider additional biological opportunities 
for nanoscale approaches specific to particular disease 
states. 


10.3.1 Assembly Approaches 


Assembly of components into devices is amenable to 
‘multiple approaches. In the case of devices comprising 
a single molecule or processed from a single crys- 
tal (some microfabricated structures, single polymers, 
or grafted polymeric structures) assembly may not be 
an issue. Integration of multiple, separately microfabri- 
cated components may sometimes be necessary (as in 
the immunoisolation capsule discussed below) and may 
sometimes drive the need for assembly, even for silicon 
devices. Furthermore, many therapeutic nanodevices 
contain multiple, chemically diverse components that 
must be assembled precisely to support their harmonious 
contribution to device function, 


One off” Nanostructures 
and Low Throughput Construction Methods 
Direct-write technologies can obiain high (nanome- 
ter scale) resolution. For instance, electron-beam 
(e-beam) lithography is a technique requiring no 
mask, and that can yield resolutions on the order of 
tens of nanometers, depending on the resist mater- 
ials used [10.34]. Resolution in e-beam lithography 
ultimately is limited by electron scattering in the re- 
sist and electron optics, and like most direct-write 
approaches, e-beam lithography is Timited in its through- 
put. Parallel approaches involving simultaneous writing 
with up to 1,000 shaped e-beams are under de- 


velopment [10.34] and may mitigate limitations in 
‘manufacturing rate 

Force microscopy approaches utilize an ultrafine 
cantilever tip (typically with point diameters of (nm or 
less, Fig. 10.6) in contact with, oF tapping, a surface oF 
aastage. The technique can heusedto image molecules, to 
analyze molecular biochemical properties (like ligand- 
receptor affinity [10.35), oF to manipulate materials at 
nanoscale. In the latter mode, force microscopy has been 
used to manipulate atoms to build individual nanostruc- 
tures since the mid-1980s. This has led to constriction 
of structures that are precise to atomic levels of reso- 
lution (Fig. 10.6) though the manufacturing throughput 
of “manual” placement of atoms by force microscopy is 
limited 

Dip-pen nanolithography (DPN) is @ force micro- 
scopy methodology that can achieve high resolution 
features (features of 100nm or less) in a single step. 
In DPY, the AFM tip is coated with molecules to be de- 
ployed on a surface, and the molecules are transferred 
from the AFM tp to the surface as the coated tip con- 
tact it. DPN also can be used to functionalize surfaces 
with two or more constitiens and is well suited for 
deployment of functional biomolecules on synthetic sur 
faces with nanoscale precision [10.36, 7]. DPN suffers 
the limitations of synthetic throughput typical of AFM 
construction strategies 

‘Much as multibeam strategies might improve 
throughput in e-beam lithography [10.34], multiple 
tandem probes may increase assembly throughput for 
construction methods that depend on force microscopy 
significantly, but probably not sufficiently 10 allow 
manufacture of bulk quantities of nanostructures, 3s 
will likely be needed for consumer nanotherapeu- 
tic devices. As standard of care evolves increasingly 
toward tailored courses of therapy [10.38] and individ- 
tal therapeutics become increasingly multicapable and 
powerful, however, relatively low throughput synthe- 
sisfassembly methods may become more desirable. For 
the moment, though, ideal manufacturing approaches for 
nanotherapeutic devices resemble either industrial poly- 
mer chemistry, occurring in bulk, in convenient buffer 
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10.6 (a) A schematic depiction of an atomic force mi- 
eroscope cantilever and tip interacting with materials on 
a surface. Tips typically have points of SOnm or less in 
diameter [10.31, 39]. (b) Schematic of multiplexed AFM 
tips performing multiple operations in parallel [10.31.39] 
(0) AFM image of a quantum corral, a structure built us- 
ing AFM manipulation of individual atoms (from the IBM 
Image Gallery) 


systems, or in massively parallel industrial microfab- 
rication approaches. In any case, therapy for a single 
patient may involve billions of billions of individual nan- 
therapeutic units, so each individual nanotherapeutic 
structure must require only minimal input from a human 
synthesis/manufacturing technician. 
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Self-Assembly of Nanostructures 
Self-assembly has been long recognized as a poten- 
tially critical labor-saving approach to construction 
of nanostructures [10.40], and many organic and in- 
organic materials have self-assembly properties. that 
can be exploited to build structures with controlled 
configurations. Self-assembly processes are driven by 
thermodynamic forces and generally result in struc- 
tures that are not covalently linked. Inra/intermolecular 
forces driving assembly can be electrostatic or hy- 
drophobic interactions, hydrogen bonds, and van der 
‘Waals interactions between and within subunits of the 
self-assembling structures and the assembly environ- 
‘ment, Thus, final configurations are limited by the ability 
to “tune” the properties of the subunits and control the 
assembly environment to generate particular structures. 


Self-Assembly of Carbon Nanostructures 
Carbon nanotubes (Fig. 10.7) spontaneously assemble 
into higher order [10.31] structures (nanoropes) as 
the result of hydrophobic interactions between indi- 
vidual tubes. Multi-wall carbon nanotubes (MWCNT) 
are well-known structures that can be viewed as seli- 
assembled, nested structures of nanotubes with tube 
diameters decreasing serially from the outermost to in- 
rnermost tubes. The striking resemblance that MWCNT 
have to macroscale bearings has been noted and ex- 
ploited [10.41]. MWCNT linear bearings can be actuated 
by application of mechanical force to the inner nano- 
tubes of the MWCNT assembly. Actuation causes the 
assembly to undergo a reversible telescoping motion. 
Interestingly, these linear MWCNT bearings exhibit es- 
sentially no wears the result of friction between bearing 
components. 

C4 fullerenes and single wall carbon nanotubes 
(SWCNT) also spontaneously assemble (Fig. 10.7) into 
higher order nanostructures called “peapods” [10.42] in 
which fullerene molecules are encapsulated in nano- 
tubes. The fullerenes of peapods modulate the local 
electronic properties of the SWCNTT in which they are 
encapsulated and may allow tuning of carbon nano- 
tube electrical properties. The potentially fine-level 
control of nanotube properties may prove useful in 
nanotube-containing electrical devices, particularly in 
cases wherein nanotubes are serving as molecular wires 
In this capacity, carbon nanotubes have heen incorpo- 
rated into FETS (field effect transistors, discussed below 
under sensing architectures [10.43] and other molecu- 
Jar electronic structures. Ultimately, these architectures 
‘may result in powerful, ultra-small computers to provide 
the intelligence of “smart.” indwelling nanotherapeutic 
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Fig. 10,7a-d (a) Shown to scale are two highly defined 
carbon nanostructures: a Cio fullerene and (10, 10) sin- 
gle wall carbon nanotube (SWCNT). (b) A self-assembled 
nanorope composed of carbon nanotubes that assemble by 
Virtue of hydrophobic interactions [10.31.29]. (e Schematic 
depiction of another self-assembled carbon nanostruc- 
ture (a peapod) consisting of the fullerenes and SWCNT 
of 7a, and wherein the fullerenes are encapsulated in the 
SWCNT [10.42]. Fullerene encapsulation in the peapods 
modulates local electronic properties of the SWCNT 
(4) A nanotube field effect transistor (FET) consisting of 
gold source and drain electrodes onan aluminumstage with 
‘carbon nanotube serving asthe FET channel [10.43] 


devices. In general, though, fullerenes, nanotubes carbon 
nnanoropes, nanotube bearings, and peapods have yet to 
find extensive biological application, in part because of 
their extreme hydrophobicity, presumably poor biocom- 
patibility, and high chemical stability [10.31,39]. But 
controlled derivatization of nanotubes may be possible 
through a number of approaches [10.31, 39} including 
controlled introduction of bond strain to render individ- 
ual carbons of the tubes selectively chemically reactive 
(so-called mechanosynthesis). Carbon nanotubes. and 
fullerenes, however, owe many oftheir remarkable prop- 
erties (chemical stability, mechanical robustness, some 
electrical properties) to the fact that all the valences of 
the constituent carbon atoms (except those at the ends of 


Nanotube 


‘nanotubes that are “open') are satisfied. Thus, to deriva- 
lize carbon nanostructures is to degrade them, a fact 
fone must consider when the design purposes that drove 
Incorporation of carbon structures into a therapeutic 
depends on the chemical perfection of the material. 
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Self-assembly of Materials 

Made by Traditional Polymer Chemistry 
In the realms of drug delivery and biomedical micro 
and nanodevices, the most familiar self-assembled struc- 
tures are micelles [10.4446]. These structures are 
formed from the association of block co-polymer sub- 
units (Fig. 10.8), each individual subunit containing 
hydrophobic and hydrophilic domains. Micelles spon- 
taneously form when the concentration of their subunits 
exceeds the critical micelle concentration (cmc) in 
a solvent in which one of the polymeric domains is 
immiscible (Fig. 10.8). The eme is determined by the 
immiscible polymeric domain and can be adjusted by 
control of the chemistry and length of the immiscible 
domain, as well as by control of solvent conditions, 
Micelles formed at low concentrations from low-cme 
polymers are stable at high dilution. Micelles formed 
from polymer monomers with high cmes can dissociate 
upon dilution, a phenomenon that might be exploited to 
control release of therapeutic cargos. If desired, micelles 
can be stabilized by covalent cross-linking to generate 
shell-stabilized structures [10.44~47] 

‘The size dispersity and other properties of micelles 
can be manipulated by control of solvent conditions, 
incorporation of excipients (to modulate polymer pack- 
ing properties), temperature, and agitation. From the 
standpoint of size, reasonably monodisperse prepara- 
tions (polydispersity of 1-5%) of nanoscale micellar 
structures can be prepared [10.44-47]. The immense 
versatility of industrial polymer chemistry allows mi- 
cellar structures to be tuned chemically to suit the task 
at hand. They can be modified for targeting or to sup- 
port higher order assembly properties. They can be 
‘made to imbibe therapeutic or other molecules for de- 
livery and caused to dissociate or disgorge themselves 
of payloads at desired times or bodily sites under the 
influence of local physical/chemical conditions. The 
tunability of these and other properties at the level of 
‘monomeric polymer subunits as well as the level of 
assembled higher order structures make micelles po- 
tentially powerful nanoscale drug delivery and imaging 
vehicles. 

Fractal materials, such as dendritic polymers, 
whose synthesis and structure were discussed previ- 
ously, exhibit packing properties that can be exploited 
to assemble higher order aggregate structures called 

tecto(dendrimers)” [10.48]. In fact, these self-assembly 
properties are being exploited in oncological nanoth- 
cerapeuties as Fig. 10.3 shows [10.15,49]. In principle, 
these self-assembling therapeutic complexes need not 
be pre-formed prior to administration. Individual fune- 
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tional modules of the therapeutic assembly might 
be administered sequentially, potentially to tailor 
therapies more precisely to individual patient re- 
sponses. 


Stoichiometric Control and Self-Assembly 
As the preceding examples demonstrate, self-assembly 
approaches sometimes do not feature precise control 
of subunit identity and stoichiometry in the assembled 
complexes. This can be a limitation when the stoichiom- 
etry and relative arrangement of differentiable individual 
subunits is critical to device function. Stoichiometry is 
less an issue when the self-assembling components are 
identical and functionally fungible, as in the synthetic, 
peptidyl anti-infective illustrated in Fig. 10.9 [10.5051] 

In the anti-infective architecture, individual peptide 
components are flat, circular molecules. The planar char- 
acter of the toroidal subunits is a consequence of the 
alternating chirality of alternating D-L amino acids (aas) 
in the primary sequence of the peptide rings. Alter- 
nating D and Laas is not possible in proteins made 
by ribosomal synthesis [10.32]. Ribosomes recognize 
nd incorporate into nascent polypeptides only L amino 
acids, and so, as the result of aa chirality and bond 
strain, peptides made by ribosomes cannot be made flat, 
closed toroids like those of the peptidyl anti-infectives 
Much as in a-helical domains of ribosomally synthe- 
sized proteins, however, the aa R-groups (which are of 
varying hydrophobic or hydrophilic chemical specifici- 
ties [10.32)) are arranged in the plane of the closed 
D, Lrrings extending out from the center of the rings. 
Hydrogen bonds between individual rings govern self- 
assembly of the toroids into rod-like stacks, while the 
R-groups dominate interactions between multiple stacks 
of toroids and other macromolecules and structures (see 
below), 

The planar toroidal subunits can be administered as 
‘monomers and self-assemble into multi-toroid rods at 
the desired site of action (in biological membranes) 
But the peptide toroids R-groups are chemically tuned 
so that the rod structures into which they sponta- 
neously assemble intercalate preferentially in specific 
lipid bilayers (i.e., in pathogen vs. host membranes) 
Moreover, the assembled rods may undergo an addi- 
tional level of self-assembly into multi-rod structures, 
spanning pathogen membranes (10.50, 51]. Whether as 
single rod or multiple rod assemblies, membrane in- 
tervalation by stacked toroids reduces the integrity of 
pathogen membranes selectively, and therefore partic- 
ular toroid species exhibit selective toxicity to specific 
pathogens. 
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Polymer and drug in organic solvent 


Polymer in water 
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Fig.10,8a-d Micellar drug delivery vehicles and their 
self-assembly from block copolymers [10.4446]. (a) Mor- 
phology of a micelle in aqueous butter. Hydrophobic and 
hydrophilic polymer blocks, copolymers containing the 
blocks, micelles generated from the block copolymers, 
and (hydrophobic) drugs for encapsulation inthe micelles 
ae indicated. (b) Micelle self-assembly and charging with 
‘drug occuring simultaneously when the deug-polymer for. 
mulation is transitioned from organic to aqueous solvent 
by dialysis, (¢) Pre-formed micelles can be passively im- 
bibed with drugs in organic solvent. Organic solvent is 
then removed by evaporation, resulting in compression of 
the (now) drug-hearing hydrophobic core of the micelle 
(d) Aa illustration of concentration-driven micelle forma- 
tion, At and above the eriical micelle concentration (cmc), 
block copolymer monomers assemble into micelles, rather 
than exist as fe block copolymer molecules. The arrow 
indicate the eme for this system 
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Fig. 10.9 A self-assembling peptide antibiotic nanostructure 10.50, 51, Peptide linkages and the a-carbons and their 
pendant R groups are indicated. The synthetic peptide tings are planar as the result of the alternating chirality (D or L) 
of their amino acid (aa) constituents. R groups of sas radiate out from the center of the toroid structure. Individ- 
ual toroids self-assemble (stack) as the result of hydrogen bonding interaction between amine and carboxy groups of 
the peptide backbones of adjacent toroids. The surface chemistry of multi-toroid stacks is tuned at the level of the 
aa sequence and, therefore, R group content of the symthetic peptide rings. The chemical properties of the stacked 
toroid surfaces allow them to intercalate into the membranes of pathogenic organisms with lethal consequences. 
‘The specific membrane preferences for intercalation of the compound are tuned by control of R group content of 


torroids 


‘These toroidal, synthetic antibiotics, and other 
nanoscale antimicrobials represent critically needed, 
novel antibacterial agents. Resistance to traditional, 
microbially derived antibiotics often is tied to detox- 
ifying functions associated with secondary metabolite 
synthesis; these detoxifying functions are essential for 
the viability of many antibiotic producing organisms 
(for instance, see [10.52). The genes encoding such 
detoxifying functions are rapidly disseminated to other 
‘microorganisms, accounting for the rapid evolution of 
drug resistant organisms that has bedeviled antimi- 
cerobial chemotherapy for the last 25 years. Synthetic 
nanoscale antibiotics, like the peptide toroids [10,50,51] 
and the N8N antimicrobial nanoemulsion [10.53], act 
by mechanisms entirely distinct from those of tradi- 
tional secondary metabolite antibiotics, and no native 
dotoxifying gene exists. Therefore, novel nanoscale an- 
timicrobials may not be subject to the unfortunately 
rapid rise in resistant organisms associated with most 
secondary metabolite antibiotics, though this remains to 
be seen. As bacterial infection continues to re-emerge 
as a major cause of morbidity and mortality in the 
developed world, consequence of increasing antibiotic- 
resistant pathogens, novel nanoscale antibiotics. will 
become more important, 
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Biomolecules in Therapeutic Nanodevices: 
Self-Assembly and Orthogonal Conjugation 
Biological macromolecules undergo self-assembly at 
‘multiple levels, and like all instances of such construc- 
tion, biological self-assembly processes are driven by 
thermodynamic forces, Some biomolecules undergo in- 
tramolecular self-assembly (as in protein folding from 
linear peptide sequences, Fig. 10.10). Higher order 
structures are, in tur, built by self-assembly of smaller 
self-assembled subunits (for instance, structures. as- 
semibled by hybridization of multiple oligonucleotides, 
enzyme complexes, fluid mosaic membranes, ribo- 

somes, organelles cells, issues, et). 

Proteins are nonrandom copolymers of 20 chem- 
ically distinct amino acid (aa) subunits [10.32]. The 
precise order of aas (i... via imeractions between aa 
side chains) drives the linear polypeptide chains to 
form specific secondary structures (the a helices and 
# sheet structures seen in Fig, 10.10). The secondary 
structures have their own preferences for association, 
which, in tum, leads to the formation of the tertiary 
and quartenary structures that constitute the folded pro- 
tein structures. In its entirety, this process produces 
consistent structures that derive their biological func- 
tions from strict control of the deployment of chemical 
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specificities (the aa side chains) in three-dimensional 
space. 

Biomolecules can be used to drive assembly of 
nanostructures, either as free molecules or conjugated 
to heterologous nanomaterials. For instance, three- 
dimensional nanostructures can be made by DNA 


Fig.10.10a,b Self-assembly and biological macromol- 
‘ecules (a) Linear peptide chains (with amino and carboxy 
fends, as well as sulthydral groups of eysteine residues in- 
dicated) undergoe a multistep folding process that involves 
the formation of secondary structures (a-helices, indicated 
hy heavy helical regions, and f-sheet regions, indicated by 
the heavy anti-parallel arrows) that themselves associate 
into a tertiary structure, Final conformation is stabilized 
hy the formation of intrachain disulfide linkages involving 
cysteine thiol groups. (b) A fluorescence transfer device 
that depends on self-assembly of biomolecules. The de- 
Vice is composed of donor (D) and acceptor (A) molecules 
brought into close proximity (within a few angstroms) 
by the base pair hybridization of complementary oligonu- 
cleotides. When the structure is assembled, acceptor and 
donor are energetically coupled, and fluorescence transfer 
‘ean occur [10.5457] 


hybridization [10.54~57]. Such DNA nanostructures ean 
‘exhibit tightly controlled topographies but limited in- 
tegrity in terms of geometry [10.57], due tothe flexibility 
of DNA strands, Oligonucleotides, antibodies and other 
specific biological affinity reagents can also be used to 
assemble nanostructures (Fig. 10.10, see also targeting 
and triggering discussions below). Often the domains 
of biomolecules responsible for assembly and recogni- 
tion are small, continuous, and discrete enough that they 
‘can be abstracted from their native context as modules 
and appended to other nanomaterials of interest to di- 
rect formation of controlled nanoscale architectures (for 
instance, see the SCF antibody fragement of Fig. 10.1) 

Several orthogonal bioconjugate approaches have 
arisen from the field of protein semisynthesis [10.20, 
58, 59]. These protein synthetic chemistries allow 
site-specific conjugation of polypeptides to heterolo- 
gous materials in bulk, as the result of conjugation 
between exclusively, mutually reactive electrophile- 
nucleophile pairs (analogous to dendrimer synthesis 
discussed above, see Table 10.2). They have been 
applied to the synthesis of multiple therapeutic nano- 
devices [10.2-5,7, 14, 58,59]. 

‘As described above, proteins are profoundly de- 
pendent on their three-dimensional shapes: chemical 
derivatization at critical aa sites can profoundly im- 
pact protein bioactivity. Because conjugation can be 
directed to pre-selected sites via orthogonal approaches, 
and since the sites of conjugation in the protein can be 
chosen because the proteins involved tolerate adducts 
at those positions, proteins coupled to nanomaterials 
by such orthogonal methodologies often retain their 


Springer Handbook o Nanotechnol 
Penge tnuchon © springer 200 


6 


Therapeutic Nanodevices | 10.3 Technological and Biological Opportunities 295 


Table10.2 Orthogonal conjugation chem- 
econ tense pret isties originally derived for protein 
o-R* semi-symthesis but applicable to conjugation 
0 ee of proteins to nanomaterials [10.20, 58,59] 
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biological activity. In contrast, protein bioactivity in as cytokines (and other protein hormones) elicit their 
conjugates generally is lost or profoundly impaired effects by interacting with a receptor, and a large 
‘when proteins are coupled to nanomaterials using fraction of their surface (20% or more) is involved 
promiscuous chemistries. For instance, proteins such in receptor binding, directly or indirectly. Promis- 
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uous chemistries (I-ethyl-3-(3-diamethylaminopropyl) 
carbodiimide or EDC, conjugation, see [10.60)) used 
to conjugate cytokines to nanoparticles tend to in- 
activate hIL-3 and other cytokines whereas the 
same protein/particle bioconjugates retain bioactivity 
if judiciously chosen orthogonal conjugation strate- 
gies are used (Lee & Parthasarathy, unpublished). 
Proteins for which only a small portion of their sur- 
faces contribute 10 the interesting portions of their 
biouctivities (irom the standpoint of the nanodevice 
designer), such as some enzymes or intact antibod- 
jes (Fig. 10.1) may be somewhat less sensitive to 
promiscuity of the bioconjugate strategy used [10.20, 
58, 59], but the benefits of orthogonal conjugation 
strategies can also apply to these protein bioconju- 
gates [10.20, 58,59]. The potential utility of orthogonal 
‘conjugation for incorporation of active biological struc- 
tures into semi-synthetic nanodevices is becoming 
more fully recognized and cannot be overestimated 
110.58, 59}, 


10.3.2 Target 
Delimiting Nanotherapeutic Action 
in Three-Dimensional Space 


Delivery of therapeutics to sites of action is akey strategy 
to enhance clinical benefit, particularly for drugs useful 
within only narrow windows of concentration because 
of their toxicity (i.e., drugs with narrow therapeutic 
windows). Diverse targeting approaches are available, 
ranging from methods exploiting differential extravasa- 
tion limits of vasculature of different tissues (see the 
discussion of oncology below), sizes, and surface chem- 
isty preferences for cellular uptake (see discussion of 
vaccines below); preferential partition of molecules and 
particles into specific tissues by virtue of their charges, 
sizes, surface chemistry, or extent of opsonization (see 
below); or the affinity of biological molecules decorat- 
ing the nanodevice for counter-receptors on the cells or 
tissues of interest. 


The Reticuloendothelial System 
and Clearance of Foreign Materials, 
Physical properties such as surface chemistry and par- 
ticle size can drive targeting of nanomaterials (and 
presumably nanodevices containing them) to some 
tissues. For instance, the pharmacokinetic (P,) and 
biodistribution (By) properties [10.32] of many drugs 
and nanomaterials are driven by their clearance in 
urine, which is in turn governed by the filtration pref 
erences of the kidney. Most molecules making transit 


into urine have masses of less than 25 to 50) kilodal- 
tons (kDa; 25-50 kDa particles corresponding loosely 
to effective diameters of about Snm or less) and are 
preferably positively charged: these parameters are 
routinely modulated to control clearance rates of ad- 
ministered drugs. Clearance of low molecular weight 
(nano)materials in urine can be suppressed by tun- 
ing their molecular weights and effective diameters, 
typically accomplished by chemical conjugation, to 
polymers such as poly(ethylene glycol) [10.19]. Poly- 
‘mer conjugation (pegylation) has been applied to many 
different materials and may provide some degree of 
charge shielding, Pegylation also increases effective mo- 
lecular weights of small materials above the kidney 
exclusion limit, diverting them from rapid clearance in 

Coating foreign particles with serum proteins (op- 
sonization [10.61] is the first step in the clearance 
of foreign materials. Opsonized particles are recog- 
nized and taken up by tissue dendritic cells (DCs) 
and specific clearance organs. These tissues (thymus, 
liver, and spleen, constituting the organs of the retic- 
uloendothelial system or RES) extract materials from 
circulation by both passive diffusion and active pro- 
cesses (receptor-mediated endocytosis). Charge-driven, 
recepior-mediated uptake of synthetic nanomaterials 
occurs in the RES and can result in partition of 
positively charged nanoparticles into the RES. For 
instance, PAMAM dendritic polymers exhibit high pos- 
itive charge densities related to the large number of 
primary amines on their surfaces [10.28-30]. In experi- 
‘mental animals, biodistribution of unmodified PAMAM 
dendrimers is limited nearly exclusively to RES or- 
gans [10.62]. This unfavorable biodistribution can be 
‘modulated by “capping” the dendrimers (i,c., derivatiz- 
ing the dendrimer to another chemical specificity, such 
as carboxy or hydroxyl functionalities [10.15,62)) 

Despite legitimate applications of targeting to the 
kidney and the RES (for instance in glomerular dis- 
ease [10.63)), intrinsic targeting to clearance sites is 
of interest primarily as a technical problem that im- 
pedes therapeutic delivery to other sites, In such cases, 
numerous targeting strategies are available, some of 
which depend on synthetic nanomaterial properties (for 
instance, see discussion of the enhanced permeability 
and retention or EPR effect in the context of oncology, 
below) to minimize uptake of nanotherapeutic devices 
by clearance systems and maximize delivery to desired 
sites. Targeting via biological affinity reagents decorat- 
ing the surfaces of therapeutic nanodevices may be the 
most direct approach, 


sone aint errant 


power > connection > rotational encoder 
four or more pins. Itis discussed under mechan- 
ical encoder in the rotary switch section of this 
encyclopedia. The variants listed here are all rel- 
ative encoders. 


Pulses and Detents 

Rotational encoders from different manufactur- 
ers may have as few as 4 or as many as 24 pulses 
per rotation (PPR), with 12 to 36 detents (or no 
detents at all, in a few models) The relationship 
between pulses and detents shown in Figure 8-2 
is typical but is far from being universal. The 
numberof detents may be equalto, greaterthan, 
or less than the number of pulses per rotation. 


Format 

Rotational encoders are generally panel- 
mounted or through-hole devices. In the latter 
category, most are horizontally mounted, with a 
minority being at 90 degrees to the board. 


Output 

In an encoder containing two switches, four 
switch-state combinations are possible: OFF- 
OFF, ON-OFF, OFF-ON, and ON-ON. This is known 
as a quadrature output. All of the rotational en- 
coders discussed here conform with that system. 


Rotational Resistance 

Rotational encoders vary widely in the resistance 
that they offer when the user turnsthe knob. This 
is largely a function of the detents, if they are in- 
cluded. Stil, all rotational encoders generally of- 
fer less rotational resistance than a rotary switch, 
and do not have the kind of heavy-duty knobs 
thatare typically used with rotary switches. Since 
an encoder creates only a stream of pulses 
without any absolute positional information, a 
knob with any kind of pointer on it is inappro- 
priate. 


Values 


Virtually all rotational encoders are designed to 
work with a low-voltage supply, 12VDC or less. 
Allof them are intended for low currents, reflect- 


ing their purpose to drive microcontroller inputs. 
‘Some sample rotational encoders are pictured in 
Figure 8-3. Atrear:nine pulses per rotation (PPR), 
36 detents, 10mA at 10VDC. Far left: 20PPR, 20 
detents, with switch. Farright:24PPR, nodetents, 
ImA at SVDC. Center (blue): 16PPR, no detents, 
ImA at SVDC. Front: 12PPR, 24 detents, 1mA at 
10VDC, requires Allen wrench or similar hexag- 
onal shaft to engage with the rotor. 


Figure 8-3, Rotational encaders with a variety of specif 
cations. See text for details. 


Contact Bounce 

Any mechanical switch will suffer some degree 
of contact bounce when its contacts close. Data- 
sheets for rotational encoders may include a 
specification for bounce duration ranging from 
around 2ms to 5ms, which is sometimes known, 
as the settling time. Naturally, a lower value is 
preferred. The microcontroller thatinterprets the 
positional information from the encoder can in- 
clude a debouncing routine that simply disre- 
gards any signals during the bounce period fol- 
lowing switch closure, 
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Nanotherapeutic Targeting 
Exploiting Biological Affinity Properties 

Tissue-specific delivery by biological affinity requires 
the presence of tissue-specific surface features, most 
commonly proteins or glycoproteins (tissue-specific 
antigens). Historically the search for tissue-specific anti- 
gens for drug targeting, whether associated with tumors 
or other cells, organs or tissues, has been arduous and not 
entirely gratifying. The primary problems are specificity 
(Gew antigens are uniquely present in any single tissue), 
availability (some tissues may not have their own unique 
antigenic signature or marker), and therapeutic extrava- 
sation or directed migration in tissue spaces (markers 
in tissue may not be accessible from vasculature). An 
exciting recent development in biochemical targeting is 
the discovery of a vascular address system [10.64-66] 
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10.11 (a) A. schematic of a filamentous phage par- 
le encapsulating DNA encoding a gene of interest (your 
favorite gene, or yfg) and presenting the corresponding pro- 
tein (your favorite protein or yfp) on its surface. The linkage 
between yfp and yfg provided by the phage allows simulta- 
‘neous affinity isolation and recovery of proteins of interest 
along with replicable genetic elements encoding them. 
‘When variant protein libraries are built by this method, they 
cean be sorted for their ability to bind receptors by aiity 
(b) A library of filamentous phage presenting random pep- 
tides is shown schematically. The library is injected into 
the vasculature of an animal (inthis ease, a mouse), where 
individual phage bind specific receptors present in the vas- 
culature of different tissues. The animals are sacrificed, and 
organs of interest are harvested. Phage particles bound to 
receptors of vasculature ofthe organ at hand can be eluted 
by any of several methods (low pH elution is schematically 
shown here). E.coli is infected with the eluted phage par- 
ticles and clonally propagated, allowing identification of 
the peptides encoded by the eluted phage, which mediated 
binding to the vascular receptors. Ultimately, this allows 
the identification of consensus peptide sequences that rec- 
ognize specific receptors on the vasculature of the organ 
or tissue involved. These receptors constitute the molecular 
addresses for these organs, and the peptides isolated from 
‘phage eluted from them are biological affinity reagents that 
can be used to direct nanotherapeutic devices to vascula- 
tur of particular organs. (Q) Specific recognition of vascular 
beds of two distinct tissues (A and B) via recognition of 
organ-specific vascular addresses (the Y and box-shaped 
receptors shown on vascular endothelium) by specifi pep- 
tides (the rriangle and the square) presented on the phage 
surface is depicted [10.64-66] 
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‘The vascular address system has been character- 
ized by administering a peptide phage display to library 
animals, resecting individual organs, and extracting 
phage from the vasculature of the isolated organs 
Fig. 10.11 [10.64-66}; see [10.67] for a discussion of 
display technology). Amazingly, phage isolated from 
different organs exhibited distinct consensus presented 
peptide sequences, indicating that the vasculature of 
individual organs presented unique cognate receptors, 
each bound by a different short (ten amino acids or 
fewer) consensus peptide sequence that had been affin- 
ity selected from the phage display library. Furthermore, 
the affinty-selected peptides have the capacity to tether 
nano- to microscale particles tothe site oftheir cognate 
receptors (as illustrated by the binding phage particles 
presenting the peptides to specific vascular locations) 
Site-specific drug delivery using the vascular address 
system has already been demonstrated [10.68.69]: it has 
further been used to target an apoptotic (cytocidal) agent 
to the prostate and to direct destruction of the organ in 
an animal model [10.68] 

Mapping of the vascular address system is cur- 
renlly underway [10.64] and holds the promise of 
specific delivery of therapeutic agents to vasculature 
of specific organs. It remains to be seen whether each 
‘organ has a single molecular marker constituting its 
address that is amenable to binding a single peptide 
sequence; organs may instead have unique constella- 
tions of antigenic markers. If so, specific targeting may 
be possible using multiple peptides, each peptide bind- 
ing its cognate receptor on target organ vasculature 
very weakly. Peptides used in such a multivalent tar- 
geting strategy would be chosen to reflect the unique 
constellation of address markers present in the tar- 
get tissue. Affinities of cognates for linear peptides 
are ofien very low [10.67], though their aggregate 
affinity may be substantially higher than that of any 
peptide-vascular address cognate alone. Under ideal 
conditions, the affinity of such a multipeptide, mul- 
ticognate complex should be the equivalent of the 
products of the affinities of each constituent peptide 
for its individual constituent cognate. Such multivalent 
interaction avidities can be extremely high (and the cor- 
responding effective afinity constants are also high) but 
seldom fully realize their theoretical maximums (Lee & 
Parthasarathy, unpublished: see [10.32] for a review of 
receptor biochemistry). 

Iishould be noted that most ofthe vascular addresses 
identified to date deliver materials to the organ vascula- 
ture: extravasation and access of organ tissue spaces by 
nanotherapeutics remains a separate issu. 


10.3.3 Triggerin, 
Delimiting Nanotherapeutic Action 
in Space and Time 


Controlled triggering of therapeutic action is the other 
side of the targeting coin. IF the site and time of nano- 
therapeutic delivery cannot be adequately controlled, the 
site of therapeutic action can be delimited by spatially- 
or temporally-specific triggering. The triggering event 
might drive release of active therapeutic froma reservoir, 
or chemical or physical processing of drug materials 
from an inert to an active form (inert administrations 
that are converted to active form at a specific time or 
place drugs which are activated by a chemical reac- 
tion occurring their sites of action are called prodrugs, 
Fig. 10.12). Three major triggering strategies are widely 
used: external stimuli, intrinsic triggering, and sec- 
ondary signaling (multicomponent systems). Triggering 
strategies require nanotherapeutic delivery devices to 
be sensitive to a controlled triggering event, or a spa- 
tiallyftemporally intrinsic triggering event mediated by 
the host. Obviously, the triggering event itself must be 
tolerable to the patient. 


Fig. 10.12 One possible configuration of a prodrug, in 
which carrieririgger and effector functions are separate 
functional domains of the therapeutic. The key feature 
of prodrugs is that they are therapeutically inert (as in- 
dicated by the colorless effector domain) until an activation 
event occurs (mediated here through the carrier/trigger do- 
‘main, with effector activation indicated by its change to 
1 star shape). Activation events can involve cleavage of 
inhibitory carrier/ttigger domains from effectors. Other ac- 
tivation strategies involve a chemical change or shift in 
conformation of the effector, mediated through the car- 
rierhrigger domain and in response to an environmental 
condition 
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Nanotherapeutic Triggering 

Using External Stimuli 
External stimuli are provided by an external nanodevice 
operator/clinician, usually in the form of a site-specific 
energy input, typically light, ultrasound, or magnetic or 
electrical fields. Organic polymeric structures are very 
amenable to interaction with these energy sources. For 
instance, micellar structures can be reversibly dissoci- 
ated with ultrasound, in which case they disgorge their 
contents or expose their internal spaces to the envi- 
ronment during ultrasound pulses (20 to 90 kilohertz 
range). The process has been used to control release of 
cytotoxin (doxorubicin) from micelles (Fig. 10.13), and 
short ultrasound transients might be used for pulsatile or 
intermittent exposure of patients to therapeutics [10.70]. 

Light is another popular external triggering modal- 
ity, Bioactive materials can be covalently associated 
to  nanoscale-delivery vehicle by photo-labile link- 
ages [10.15,71, 72], or micelles can be constructed 
so that their permeability is altered as the result of 
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exposure to light [10.72]. In the latter case, light in 
put can cause photopolymerization resulting in micelle 
compaction that drives release of therapeutic cargo or 
photo-oxidation, which causes loss of micellar integrity 
to release encapsulated materials. The ability of light to 
penetrate dense tissues is a clear limitation to this ap- 
proach. This concern can be accommodated by polymer 
systems responsive to wavelengths that penetrate tissue 
efficiently (usually in the red-infrared region of the spec- 
trum), or by use of systems such as fiber optics to deliver 
light to deep tissues [10.15,71, 721 

Externally applied magnetic fields can also be 
used to control nanotherapeutic activity. For instance, 
eddy currents induced by alternating magnetic fields 
can heat nanometallic particles and their immediate 
vicinity, an approach that has been successfully ap- 
plied to control the bioactivity of individual biological 
‘macromolecules [10.73]. Colloidal gold particles are co. 
valenily conjugated to biomolecules (nucleic acid, or 
NA, duplexes or proteins), and alternating magnetic 
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Fig. 10.13 Externally applied stimuli can trigger drug release: hydrophobic drug molecules are reversibly deployed 
from micelles in response to acoustic stimuli [10.70]. Intact pluoronic micelles maintain the hydrophobic cytotoxin 
doxorubicin ina hydrophobic environment (the core of the micelle as in Fig. 104). Doxorubicin fluorescence is quenched 
in aqueous environments, and hence changes in integrity of pluoronic micelles carrying doxorubicin can be monitored 
bby doxorubicin fluorescence, Here, an ultrasound pulse is applied to suspensions of such micelles or to doxorubicin in 
solution. Application of ultrasound triggers exposure of micelle-encapsulated doxorubicin to the aqueous solvent (i.e., 
drug release), as demonstrated by the reduction in fluorescence. After cessation of the acoustic pulse, doxorubicin is 
repackaged into the micelles, as evidenced by the increase in fluorescence after the ultrasound administration (Line a) 
Ultrasound has no impact on fluorescence of doxorubicin in solution, as expected (Line b) 
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fields are used to induce heating sufficient to cause dis- 
sociation of hybridized NA structures or denaturation 
of protein three-dimensional structures. Within certain 
parameters, the process is reversible and so allows 
the construction of semi-biological assembly or release 
switches. The modality has clear application to tempo- 
rally specific triggered release, but the current inability 
to direct magnetic fields to pre-selected tissue locations 
‘may limit its use for spatially specific triggering, 


Nanotherapeutic Triggering 
by Intrinsic Physiological Conditions 
Intrinsic triggering is a prodrug strategy that depends 
on the conditions at the desired site of action to trig- 
ger the activity of the nanotherapeutic. Much as the 
three-dimensional conformation of, and therefore the ac- 
tivity of, proteins can be controlled in external triggering 
strategies [10.73], proteins can be engineered to make 
their conformations sensitive to intrinsic conditions at 
their desired sites of activity (see [10.3] for a discussion 
of protein engineering for use in nanobiotechnologi- 
cal devices). For instance, noncovalent complexes of 
a diphtheria toxin (DT) protein variant and a bispecific 
antibody (Fig. 10.1) have been engineered for specific 
toxicity to cells that can take up the complexes [10.75] 
‘The bi-specific antibody recognizes both a cell-specific 
surface receptor as well as the DT in an inactive (non- 
toxic) configuration, Antibody binding to the receptor 
results in receptor-mediated endocytosis of the complex 
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in target cells. As a result of the lower pH of the endo- 
somal compartment (reaching pH 4-5 in endosomes, as 
opposed to the constant pH 7-8 in circulation) into which 
the bound complex is taken up, the DT variant protein 
undergoes a three-dimensional conformational shift to 
its toxic form, This conformation of DTis not recognized 
by the bispecific antibody, so the toxin dissociates from 
the complex and kills the cell. Hypoxia-triggered pro- 
drugs have also been developed that are activated either 
by chemical reduction or by enzymatic activities induced 
in hypoxic tissues. Extreme hypoxia [10.76] is a unique 
feature of neoplastic tissue, so these strategies have clear 
application in oncology. Clinical manipulation of the 
extent of tumor oxygenation is possible [10.77] and 
may also be possible in other tissues. If so, redox state- 
dependent triggering approaches may have applications 
beyond eancer (Fig. 10.1-4a), 

Enzyme-activated delivery (EAD [10.74], Fig10.14) 
is another prodrug-like triggering strategy in which the 
properties of a nanoscale drug-delivery vehicle are al- 
tered at the site of action by an enzymatic activity 
‘endogenous to that site. Most typically, this involves a li- 
posomal or micellar nanostructure from which designed 
pendent groups can be cleaved by metabolic enzymes 
(alkaline phosphatase, phospholipases, proteases, gly- 
cosidic enzymes, ete.) that are highly expressed at 
the site of therapy. Nanostructures are designed so 
that enzymatic cleavage of the pendent group causes 
4 conformational or electrostatic change in the poly- 
meric components of the delivery device, rendering 
the micellar structure fusogenic, leaky, or causing par- 
tial or complete dissociation of the structure [10.12] 
(Fig. 10.14c). This has the result of delivering or releas- 
ing therapeutic payloads at pre-selected sites, 


Fig. 10.14 Intrinsic conditions at desired sites of therspeu- 
tic action can tigger release of active drug molecules. 
Enzyme activated delivery (EAD) is an intrinsic wigger- 
ing strategy that depends on chemical cleavage of the 
carrieririgger to induce changes in the properties of the 
delivery vehicle to allow delivery of drug [10.74]. Here 
1 surface functionality is cleaved from a micellar drug de- 
livery vehicle, rendering the micelle fusogenic and allowing 
itto fuse withthe cell membrane. Asa result, the therapeu- 
tic payload of the micelle is delivered to the cytosol of 
target cells, Tuning of micellar surface functionalities and 
their linkages to the block copolymers constituting micelles 
theoretically can be used as target delivery to a variety of 
intracellular compartments 
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Fig.10.15a,b Secondary biochemical signals can trig- 
ager release of active therapeutics. (a) Antibody directed 
enzyme-prodrug. therapy (ADEPT) exploits enxyme- 
‘monoclonal antibody (mAB) bioconjugates to activate 
prodrugs [10.78]. Here, a mAB (like the native IgG of 
Fig. 10:1) is covalently liked to a catalyst (C in shombus, 
usually an enzyme). The binding specificity of the mono- 
clonal antibody causes the bioconjugate to bind toa desired 
target site (possibly by recognition of a vascular address, 
as shown in Fig. 10.11). The catalyst (enzyme) specificity 
of the bioconjugate is capable of triggering activation of 
a prodrug, much as in Fig. 10.12, ‘The corresponding pro- 
drug is then administered (represented as in Fig. 10.12) 
‘The enzyme localized at the desired target site of thera- 
peutic action then activates the prodrug (represented here 
by cleavage of eartiertrigger moiety and change in shape 
of the effector to a star, as in Fig. 10.12). (b) Another sec- 
ondary signaling triggering strategy [10.55]. Here, single 
stranded nucleic acid (SSNA) drives assembly of an acti- 
‘ating complex for a prodrug. A catalyst (indicated again 
by C) is conjugated to an oligonucleotide that hybridizes to 
a single stranded nucleic acid (SNA), A prodrug, contain- 
ing an effector domain (E) and a second oligonucleotide, in 
this ease homologous to a region of the same SSNA, and 
proximal to the site of hybridization of the frst oligonu- 
cleotide, is also administered. Catalyst specificity is tuned 
to correspond to linkage between the prodrug effector and 
oligonucleotide. The catalyst in the assembled structure is 
sufficiently close to the prodrug to cleave the linkage be- 
tween effector and oligonucleotide, releasing active drug 
(star), Potentially, prodrug and catalyst oligonucleotides 
might dissociate from the SSNA and the eycle could be 
repeated. Note the similarity to Fig. 10.10 


Nanotherapeutic Triggering 
Using Secondary Signaling 

Secondary signaling or multicomponent delivery sys- 
tems are more complex delivery strategies (Fig. 10.15). 
‘These systems can feature site-specific and systemic de- 
livery of one or more components. One class of such 
systems is the so-called ADEPTS devices (antibody 
directed enzyme-prodrug therapy, Fig. 10.15 [10.78)). 
ADEPTS systems feature affinity-based targeting of an 
enzymatic prodrug activator to a desired site, followed 
by systemic administration of a prodrug. ADEPTS is 
used primarily for oncology, and so the prodrug involved 
is generally one that can be activated to cytotoxicity. 
Since prodrug dosing must 

wating 
catalyst must not be present at locations where cyto- 
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toxicity would be deleterious. To address this issue, the 
nanotherapeutic designer can chose to engineer an ac- 
tivation mechanism that has no physiological analogue 
in the host. In addition, tuned, high lability of the ac- 
tive drug can potentially delimit the site and extent of 
cytotoxic effect mediated by ADEPTS systems. 
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makes no provision for delivery of drug and catalyst 
bioconjugates to the site of interest, nor for their tran- 
sit across biological membranes. The system is similar 
to the DNA hybridization-driven fluorescence transfer 
system of Fig. 10.10. 

‘Alternatively, secondary signaling systems can ex- 
ploit competitive displacement of therapeutics from 
1 cartier structure [10.79]. In this case, a non-covalent 
complex of engineered antibody and plasminogen ac- 
tivator (PA) is tethered to blood and fibrin clots by 
antibody affinity for fibrin, PA is released from the bound 
complex (to dissociate the clot) using bolus systemic ad- 
ministration of a nontoxic binding competitor for PA to 
the antibody complex. The strategy establishes a high 
local concentration of PA at clot sites, efficiently dis- 
solving clots and potentially minimizing systemic side 
effects, 


Layering Strategies for Fine Control 
of Nanotherapeutic Action 

It should be clear that many of these approaches may be 
broadly applicable to trigger events other than drug re- 
lease or to drive assembly or disassembly of therapeuti 
nanostructures in situ. It should also be clear that these 
approaches are often complementary, and that multiple 
approaches can be used in single nanotherapeutic de- 
vices (Fig, 10,3, Table 10.1 [10.11-13, 15,71, 78, 80), 
Layering targeting and triggering approaches tends to 
make devices more complex, but it also allows clini- 
cian/operators to intervene at multiple points in therapy 
potentially leading to finer control of the therapei 
process and better clinical outcomes, 


10.3.4 Sensing Modalities 


‘The need for “smart” therapy is a key theme of therapeu- 
ticnanotechnology and pharmacology as a whole. Drugs 
with narrow therapeutic windows should be delivered 
only to their desired site of action and be pharma- 


and microscale devices, we will consider primarily elec- 
trical and electrochemical sensor systems, particularly 
microfabricated (Field Effect Transistor or FET, and 
cantilever) and conducting polymer sensors. 


Sensor Systems 
Sensing is predominantly a higher-order device func- 
tionality, depending on multiple device components, 
though one could argue that some targeting/riggering 
strategies, particulary targeting by bioaffnity and in- 
trinsic triggering strategies, must a prior, incorporate at 
Jeast limited sensing capability. But biosensors, as they 
are typically considered, are multifunctional, multicom- 
ponent devices [10.81]. Usually a biosensor system is 
composed of signal transducer, sensor interface, biolog- 
ical detection (bioafinity) agent, and an associated assay 
methodology with each system component governed by 
inherent operational considerations. 

‘The transducer component determines the physi- 
cal size and portability ofthe biosensor system, Signal 
transducers are moieties that are sensitive to a physical- 
chemical change in their environment and that undergo 
some detectable change in chemistry, structure, or state 
as the result of analyte (the thing to be sensed) recogni- 
tion, Analytes for nanotherapeutic application could be 
biomolecules, like proteins, small molecules (organic 
or inorganic), ions (salts or hydrogen ions), or physical 
conditions (such as redox state, temperature). Interfaces 
are the sensor components that interact directly with the 
analyte. For sensor use in nanotherapeutic devices, im- 
mobilized or otherwise captured biological molecules 
(proteins, nucleic acids) often constitute the sensor 

terface. Whatever the chemical nature of the interface, it 
determines the selectivity, sensitivity, and stability of 
the sensing system and also is a dominant determi- 
nant of sensor operational limits, Assay methodology 
determines the need (or lack thereof) for analyte tracers, 
the number of analytical reagents, and the complexity 
and rapidity of the sensing process. Nanotherapeutics 
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fare of interest at least in part because they can be 
‘minimally invasive, low complexity, yet robust and ac- 
curate: convenient assay methods are therefore highly 
desirable. 


Cantilever Biosensors 
Micromechanical cantilevers (discussed above in con- 
junction with force microscopy, Fig. 10.6) transduce 
sensed events by mechanical means [10,82]. Both 
changes in the resonant frequency and deflection of 
cantilevers resulting from analyte binding or disso- 
ciation can be conveniently and sensitively detected 
‘These changes in cantilever state can be conve- 
niently detected by optical, capacitive, interferometry, or 
piezoresistivepiezoelectric methods, among others. Mi 
crofabricated cantilever dimensions range from micron 
to sub-micron range, with potential for further dimen- 
sional optimization (by carbon nanotubes appended to 
them, for instance {10.82} They are operationally ver- 
stile and can be used in ar, vacuum, or liquid, although 
they suffer some degradation in performance in liquid 
‘media, Like most micromachined structures, they can 
be batch fabricated and conveniently multiplexed, 

Cantilevers used in atomic force microscopy (AFM, 
see also discussion of one-off nanostructures above) 
approaches can be used to study individual biomolec- 
ular interactions [10.35.81]. In this approach, cantilever 
tips are derivatized with biomolecules (effectively, 
fone member of a receptor/counter-receptor pair), and 
the tip-bound biomolecule is allowed to bind its 
counter-receptor (itself bound on a surface). Under non- 
equilibrium conditions, (i.c., conditions that result in 
thermodynamically irreversible changes in analyte mo- 
lecular structures), the force required to disrupt single 
‘molecular interactions can be measured and related to 
classical biochemical parameters of receptor binding, 
‘The method has heen applied to interactions between 
hormones and their receptors, sugars and lectins, as well 
as hybridizing DNA strands 

Cantilever systems sensitively detect changes in 
‘mass at their surfaces: changes as small asa mass density 
of 0.67ng/em™? are theoretically detectable. This ean 
allow detection of binding of extremely small objects to 
the cantilever and has been applied to detection and enu- 
‘eration of prokaryotic and eukaryotic cells, as well as 
small numbers of macromolecules [10.82]. The incor- 
poration of biological receptors or affinity reagents on 
the cantilever surface can drive specific binding events 
for particular sensing tasks. Microcantilevers are also 
highly sensitive to temperature, detecting changes as low 
as 10-5 K; they can also detect small changes in pH. 
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Field Effect Transistor Biosensors 
Field effect transistor (FET) architectures are another 
sensing architecture that can be conveniently produced 
by micro-nanofabrication, FETS consist of a current 
source, a current drain, conductive path (sensing chan- 
nel) between them, and a sensing gate to which a bias 
can be applied. Analyte binding to the sensing channel 
induces a charge transfer resulting in a dipole between 
the surface and the underlying depletion region of the 
semiconductor: current that passes between the source 
and drain of a semiconductor FET is quite sensitive 
to the charge state and potential of the surface in the 
connecting channel region. Moving a standard silicon 
FET from depletion to strong inversion (i.e., shift 
ing the surface potential by >~ 0.5eV) requires less 
than ~ 10? C/cm? or ~ 6x10! charges/cm?, corre- 
sponding to transfer of 6.25% 10" e fem. With FETs of 
2,000 square micrometers, detection of biological ana- 
lytes in sub-nanomolar concentrations is easily feasible 
Specificity for binding of macromolecular analytes of 
interest can be provided by deployment of biological 
affinity reagents in the FET sensing channel, Submi- 
cron FETS are routinely manufactured; use of carbon 
nanotubes in FETS will offer still greater miniaturiza- 
tion {10.43,83] 

Carbon’ nanotubes also have excellent mechani- 
cal properties and chemical stability in addition to 
potentially tunable electrical properties, making them 
highly desirable electrode/nanoelectrical materials for 
any number of nanoelectrical applications [10.84] 
Biomolecules can be bound to carbon nanotubes, par- 
ticularly in FET and nanoelectrode applications. Most 
biomolecules bound to carbon nanotubes are not cova- 
lently hound (as discussed above) and do not exhibit 
direct electrical communication with the nanotube, 
though redox enzymes bound to nanotubes and other 
conductive nanomaterials may [10.84, 5]. Flavin ade- 
nine dinucleotide (FAD) and flavoenyzme glucose 
oxidase (Gox) both display quasi-reversble one electron 
transfer when absorbed onto unannealed carbon nano- 
tubes in glassy carbon electrodes. Gox so immobilized 
retains its substratespecific (glucose) oxidative activity, 
leading to applications in sensing circulating glucose 
for diabetes and, perhaps, to a strategy of harvesting 
electrical power from metabolic energy. 


Conducting Polymers 
and Sensor Biacompatibility 

Biocompatibility of most metallic structures (as might 

be used in the bioelectrical sensors described) is limited 

at best; metal structures rapidly foul with serum pro- 
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teins (i. e., become opsonized), undergo electrochemical 
degradation, or have other problematic properties. Poly- 
mer chemistry, however, has the capacity to tune 
composition to enhance biocompatibility properties and 
is commonly used to make synthetic surfaces more bio- 
logically tolerable. Electrically conductive polymers are 
potentially attractive in this context. 

Polymeric materials are available with intrinsic 
conductivities comparable to that of metals (up to 
1.5% 107 (2m)-!, which, by weight, is about twice 
that of copper [10.86)). Significant conductivity has 
been documented for a dozen or so polymers, includ- 
ing polyacetylene, polyparaphenylene, polypyrrole, and 
polyaniline, doped with various impurities. Careful con- 
trol of daping can tune electrical conductivity properties 
over several orders of magnitude [10.87] 

‘Conductive polymeric materials may be extremely 
well suited to biosensing applications. The polymeric 
materials themselves are often compatible with proteins 
and other biomolecules in solution. Furthermore, poly 
mers are amenable to very simple assembly of Sensor 
transducer-interface components by deposition of the 
polymer and trapped protein (sensor interface) directly 
ona metallic micro- ornanoelectrode surface [10.87.88]. 
Combined with a facile nanoelectrode array micro- 
fabrication method [10.89], simultaneous conducting 
polymer-interface protein deposition may offer an ex- 
tremely simple way to fabricate multiplexed sensor 

‘These electrochemical and electrophysical sensing 
modalities are of little use in and of themselves: they 
must communicate with either other device compo- 
nents (such as drug-dispensing effector components) or 
with external observers or operators. Sensor coupling in 
autonomously operating devices produced by microtab- 
ication can be done directly, and the coupling linkages 
incorporated into the fabrication protocol. Coupling with 
biological device components can also be direct, as when 
conductive materials are conjugated to biomolecules, 
and can directly modulate their activity (10.73) 

Sensor-device coupling can also be indirect, through 
electrochemically produced mediator molecules [10.85] 
Sensors might be independent of nanotherapeutics and 
report conditions at the site of therapeutic action to an 
extemal operator, who would use any one ofthe external 
triggering strategies discussed above to engage therapy 
when and where appropriate. Communication/sensor 
interrogation might be accomplished most crudely by 
direct electrical wiring of sensors to an external obser- 
vation station, Alternatively, ifthe event to be detected 
is transduced optically, as in colorimetric smart poly- 


mers that change optical properties in the presence of 
analyte [10.90], sensors might be interrogated by fiber 
optics. These modalities are most applicable to sensor 
arrays delivered to the site of interest by a catheter, The 
use of a catheter may be justified in some therapeutic 
applications, but it is an invasive procedure and is not 
optimal 

‘We have already seen multiple examples of prodrugs 
that are activated by cleavage of an inhibitory domain 
from the complex. One noninvasive approach to com- 
munication with external operators could exploit this 
phenomenon by detecting the cleaved fragment in bod- 
ily fluids. If the cleaved moiety cleared through urine, 
the extent of drug activation could be monitored non- 
invasively via urinalysis. There is no a priori need to 
connect the cleavage event to drug activation, For in- 
stance, an operator might administer a catalyst that 
cleaves a detectable material from a nanotherapeutic. 
If this secondary signaling moeity was independently 
targeted to the desired site of therapy, presence of the 
detectable cleaved product would provide information 
regarding the bodily location of the therapeutic nano- 
device. The cleaved product would not be detectable 
unless the therapeutic and secondary signaling moi- 
ety co-localized at a single site. Other sophisticated 
‘communication involves ultrasound or electro-magnetic 
radiation to carry information. Application of these 
sorts of modalities currently occurs in in vivo imaging 
approaches. 


10.3.5 Imaging Using Nanotherapeutic 
Contrast Agents 


Imaging is a minimally invasive procedure that al- 
lows visualization of organs and tissues following 
the administration of a detectable moiety (contrast 
agent). The contrast agent is then exposed to some 
condition that interacts with the contrast agent so 
as to produce an emission or response detectable to 
an external monitoring device. Nano-sized particles 
(5—100nm in diameter) have found application as 
contrast-enhancing agents for medical imaging modal- 
ities such as magnetic resonance imaging (MRI, our 
primary topic, reviewed in [10.91,92]). MRI currently 
provides cross-sectional and volumetric images with 
high spatial resolution (< 1 mm) and is potentially ap- 
plicable to many clinical purposes, though enhanced 
imaging capabilities are desirable. For instance, blood 
flow measurements of healthy and diseased arteries 
‘can be quantified better by the aid of improved con- 
trast agents that highlight blood flow at the vessel 
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wall. Similarly, some tissues (certain tumors) do not 
exhibit strong contrast within the MRI field and can- 
not be readily identified or characterized at present. 
I is of great interest, therefore, to develop nanoscale 
particles that provide enhanced contrast for many 
applications. 


Magnetic Resonance Imaging (MRI): the Basics 
Objects to he imaged are exposed to a strong magnetic 
field anda well-defined radiofrequency pulse. The exter- 
nal magnetic field (Bp) serves t loosely align protons 
either with (lower energy level) or against (high en- 
ergy level) the field, the difference between the two 
energy levels being proportional to By. Once the pro- 
tons are separated into these two populations, a short 
‘multi-wavelength burst (or pulse) of radio frequency 
energy is applied, Any particular proton will absorb 
only the frequency that matches its purticular energy 
(dhe Larmor frequency). This resonance absorption is 
followed by the excitation of protons from the low to 
high energy level and of equivalent protons. moving 
from high to low energy levels, Afier the radio fre- 
quency pulse, protons rapidly return to their original 
equilibrium energy levels. This process is called relax- 
ation and involves the release of absorbed energy. Once 
equilibrium is again established, another pulse can be 
applied 

Datais collected by positioning a receiver perpendic- 
ular tothe transmitter: relaxation energy release induces 
a detectable, quantifiable signal (.e., in amplitude, 
phase, and frequency) a the receiver coil. Since multiple 
protons in multiple chemical environments are involved, 
the signal at the receiver includes many frequencies, The 
received signal consists of multiple, superimposed sig- 
nals (called the free induction decay or FID) signal, 
resulting from the relaxation of multiple, chemically 
distinet protons. FID is converted from the time do- 
‘main to frequency domain (by Fourier transformation), 
within which individual proton types ean be identified 
erations ofthis procedure in two or three dimensions 
can create a high-resolution image of anatomical cross 
section of volume. 

Inwinsic factors affecting image quality include 
the proton density of the tissues, local blood flow, 
and two relaxation time constants [10.93]: longitu- 
dinal relaxation time (Tj) and wansverse relaxation 
time (72). Control of 7, and 7; relaxation effects are 
‘most critical for high-resolution MR images. T; relax- 
ation measures energy transfer from an excited proton 
to its environment, In tissues, protons of fats and 
cholesterol molecules (relatively movement-constrained 
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macromolecules) relax efficiently after a pulse and ex- 
hibita short 7; time. Waterin solutions (a small molecule 
tumbling relatively freely in solution) has a much longer 
1; time. T, relaxation measures the duration of co- 
hereney between resonating protons after a pulse, prior 
to their return to equilibrium. Tightly packed, solid 
tissues with closely interacting hydrogen nuclei relax 
‘more quickly than loosely structured liquids, so tis- 
sues such as skeletal muscle have a short 73s, while 
cerebrospinal fluid has a very long 7. Intrinsic factors 
‘are manipulated through extrinsic factors, such as the 
external magnetic field strength, the specific pulse se- 
quence, etc., allowing the collection of meaningful MR 
images, 


Nanoparticle Contrast Agents 

ignal intensity in tissue is influenced linearly by 
proton density, while changes in T, or Tz result in 
exponential changes in signal intensity. T, and Ts, 
therefore, are manipulated to enhance imaging by ad- 
ministration of exogenous contrast-enhancing agents. 
MRI contrast agents are divided into paramagnetic, fer- 
romagnetic, or superparamagnetic materials. Metal ion 
toxicity is an unfortunate consequence of physiologic 
administration of contrast agents but can be mitigated 
somewhat by complexation of the metals with organic 
molecules. 

Paramagnetic metals used for enhanced MRI con- 
trast (gadolinium, Gd, iron, Fe, chromium, Cr, and 
manganese, Mn) have permanent magnetic fields, 
though the magnetic moments of individual domains are 
unaligned [10.94]. Upon exposure to an external mag- 
netic field, individual domain moments become aligned, 
‘generating a strong local field (up to 10" gauss (10.95). 
Paramagnetic metal ions interact with water molecules, 
causing an enhanced relaxation of the water molecules 
vvia tumbling of the water-metal complex, dramatically 
decreasing the T; value for the water molecules and en- 
hhancing the proton signal [10.94]. Contrast enhancement 
by paramagnetics is thus due to the indirect effect the 
contrast agent has on water and its magnetic resonance 
properties. 

Ferromagnetic and superparamagnetic materials 
both contain iron (Fe) clusters. which generate mag- 
netic moments 10 to 1,000 times greater than do 
individual iron ions. Clusters greater than 30am in 
diameter are ferromagnetic, whereas smaller particles 
are superparamagnetic [10.93]. Ferromagnetic mater- 
ials maintain their magnetic moment after the external 
field is removed, but superparamagnetic materials lose 
their magnetic field afier the field is removed, as 
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do paramagnetics. Both ferromagnetic and superpara- Compared to larger cores, however, nanoparticles less 
magnetic substances minimize the proton signal by than 20mm in diameter exhibit considerably longer 
shortening 73 [10.96], resulting innegativecontrast(.e., blood half-life and improved 7; and T> relaxivity ef- 
darkening of the image [10.97). fects [10.107] 

‘As previously discussed, clearance of nanoparticles 

Nanobiotechnological Contrast Agent Design _via the RES is a eritical problem usually approached 
First generation contrast agents often contained asingle by surface modifications to mitigate nonspecific ad- 
metal ion/complex, whereas emerging agents incorpo- sorption of proteins to the biomaterial surface (ie., 
rate nanoscale metal clusters. crystals, or ageregates, the opsonization of synthetic materials). Neutral, hy- 
sometimes encapsulated within a synthetic or biopoly-  drophilic surfaces tend to adsorb less serum protein than 
mer matrix or shell [10.98-100]. These metal cluster hydrophobic or charged surfaces. Bisphosphonate and 
agents improve contrast effects and, hence, output _phosphorylcholine-derived thin film coatings have been 


MR images profoundly. Furthermore, surface chemical 
groups (irom the matrix or shell) can be derivatized to 
improve biocompatibility or allow targeting to a tissue 
or site of interest. 

‘Typically particles are prepared from colloidal sus- 
pension where metallic cores are thoroughly mixed 
with the matrix material before being aggregated out 
of solution with a non-solvent. Dextran (a polymer 
of 1,6-+D-glucose) is a typical matrix material used 
in commercial imaging reagents: Combidex is coated 
with 10,000 molecular weight dextran [10.99 101, 
102), Feridex has an incomplete, variable dextran 
coating [10.102], and Resovist is coated with earboxy- 
dextran [10.97]. Other polymeric materials are also used 
(oxidized starch [10.98, 100)), and matrix-less particles 
are also produced [10.103] 

Nanoparticle contrast agents must be purified under 
tightly controlled conditions (generally by centrifuga- 
tion or high pressure liquid chromatography [10. 104) 
tnd accurately characterized (for size dispersity by 
light scattering, chromatography, photon correlation, or 
electron microscopy [10.100, 104) to assure the repro- 
ducibility of imaging agent production lots. Elemental 
analysis, X-ray powder diffraction, and Méssbauer spec- 
troscopy have also been used to characterize metallic 
‘cores {10.103, 105} Tight definition ofthe finished par- 
ticles ensures accurate correlation between structural 
properties of imaged materials and prior in vitro and 
in vivo studies, allowing collection and interpretation 
of meaningful images. Metallic cores generally range 
from 4 to 201m in diameter [10.106], while coated par- 
ticles can be up to 1001nm or more in diameter [10.105] 


applied to nanoparticles to stabilize iron oxide particles 
against pH, opsonization, and aggregation {10.108} 
Such thin films do not fully eliminate protein adsorption, 
and dense layers or thick brushes of polysaccharides 
or hydrophilic polymers may more effectively avoid 
opsonization [10.1089] 

Other, as yet incompletely understood, biological 
factors influence the use of nanoparticles in vivo. For 
instance, a direct correlation between the circulating 
half-life of nanoparticles (ie., their Tas) and age of 
animals used has been reported [10.106]. The observed 
increase in T,2 may be correlated to age-related changes 
in phagocytic activity [10,106]. Local environments also 
influence particle stability: iron oxide particles are de- 
graded at a pH of 4.5 or less [10.100], a condition 
sometimes attained in some intracellular vesicles. 

First generation contrast agents were primarily 
blood-pool agents that moved freely through the entire 
vasculature. Targeting contrast-enhancing nanoparticles 
to sites of interest can reduce heavy metal toxicity 
associated with the commonly used agents by dimin- 
ishing the dose required to obtain an acceptable image. 
‘Contrast agent targeting can also provide enhanced di- 
agnostic information. For instance, nanoparticles that 
bind to molecular fibrin at a clot site on a vessel 
wall have been developed [10.10], potentially allowing 
differentiation between vulnerable and stable atherascle- 
rotic plaques. Similarly prognostically valuable data 
regarding disruptions of the blood-brain barrier (BBB) 
have been visualized with MRI as the result of deliv. 
ery of contrast-enhancing nanoparticles to the affected 
site [10.102]. 
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Sliding Noise 

Sliding noise is the opposite of contact bounce. 
When two contacts have madea connection and 
then rub across each other (as occurs inside a ro- 
tational encoder while the knobis being turned), 
the connection may suffer momentary lapses. 
Datasheets for rotational encoders generally do 
not supply ratings for this 


How to Use it 


Asnoted above, arotational encoder can only be 
used in conjunction with a microcontroller or 
similar device that is capable of interpreting the 
phase difference between the pairs of contacts, 
and is capable of counting the number of open- 
ing/closing events while the knob is being 
tured. (Some dedicated chips are designed for 
this specific purpose) 


Itcan be adapted to be driven bya stepper mo- 
tor, to provide feedback regarding the rotation 
of the motor shaft, and its output can also be in- 
terpreted to calculate angular acceleration. 


Programming the microcontroller is the most 
significant obstacle, Generally the program 
should follow a sequence suggested by this 
pseudocode: 


Check: 


+ Ifthe encoder contains a pushbutton switch, 
check it. If the pushbutton is being pressed, 
goto an appropriate subroutine, 


+ The status of contacts A. 
+ The status of contacts B, 
Compare their status with previously saved 


states for A and B. If the status has not changed, 
repeat from Check. 


Debounce: 


+ Recheck the contacts status rapidly and re- 
peatedly for 50ms, and count the states for 


po. rotational encoder 


contacts A and B. (The 50ms duration may 
be adjusted for different encoders, as an en- 
coder with a higher number of pulses per 
rotation will tend to create shorter pulses.) 

+ Comparethetotal numberof changedstates 
with unchanged states. 


If the changed states are in a small minority, 
probably the signal was erroneous, caused by 
bounce or sliding noise. Go back to Check and 
start over. 


Interpret: 
+ Deduce the rotational direction from these 
four possibilities: 
— Contacts A were open and have closed. 
— Contacts A were closed and have opened. 
— Contacts B were open and have closed. 


— Contacts B were closed and have opened. 
(The specific type of encoder will deter- 
mine how these transitions are interpret- 
ed.) 

+ Revise the variable storing the direction of 
rotation if necessary. 

+ Depending on the direction of rotation, in- 
crement or decrementa variable that counts 
pulses, 


+ Take action that is appropriate to the direc- 
tion of rotation and the cumulative number 
of pulses. 


+ Go back to Check again. 


What Can Go Wrong 


Switch Bounce 

In addition toa debouncing algorithm in the mi- 
crocontroller, a 0.1uF bypass capacitor can be 
used with each of the output terminals from the 
encoder, to help reduce the problem of switch 
bounce. 
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10.4 Applications for Nanotherapeutic Devices 


As discussed above, nanotherapeutic devices are novel, 
‘emerging therapeutics with properties not fully under- 
stood or predictable. Nanotherapeutics, therefore, must, 
be justifiable on at least two levels. As we have seen, 
the nature of the therapeutic task and the state of 
‘current nanoscale-materials technology make the incor- 
poration of biological macromolecules unavoidable for 
‘many nanotherapeutics, Proteins, for example, typically 
are substantially more expensive than small molecule 
therapeutics, and precise nanostructures containing pro- 
teins will be more costly still. Nanotherapeutics must 
justify their high COGs. Secondly, as new therapeu- 
tic modalities, nanotherapeutics may carry significantly 
larger risks than those associated with more conven- 
tional therapies. Expensive, novel moieties, such as 
nanobiotechnological therapeutic devices, are therefore 
most likely to be accepted for treatment of condi- 
tions that not only are accessible to intervention at 
the nanoscale but also for which existing therapeutic 
‘modalities have acknowledged shortcomings in patient 
morbidity or mortality. We have selected two disease 
states sufficiently grave and sufficiently unserved to 
‘warrant nanotherapy: cancer and cardiovascular disease. 
‘Modulation of immune responses and vaccination is our 
third application area, 


10.4.1 Nanotherapeutic Devices in Oncology 


‘The economic burden imposed by cancer is immense, 
‘measuring in the billions of dollars annually in the 
United States alone. Existing therapies such as sur- 
ical resection, radiotherapy, and chemotherapy have 
profoundly limited efficacy and frequently provide 
unfavorable outcomes as the result of catastrophic thera- 
peutic side effects. Additionally, the biology, chemistry, 
and physics of cancer, in general, and solid tumors in 
particular, provide therapeutic avenues accessible only 
bby nanoscale therapeutics. Oncology is thus an ideal 
arena for emerging nanotechnological therapies, 


Tumor Architecture and Properties 
‘Tumors as tissues are relatively chaotic structures ex- 
hibiting vast structural heterogeneity as a function of 
both time and space [10.9,77, 111, 112]. In healthy tis- 
sues, vasculature resembles a regular mesh in which the 
‘mean distance of tissue spaces to the nearest vessel is 
tightly controlled and highly uniform. On the other hand, 
the vasculature of tumors resembles a percolation net- 
work containing regions experiencing vastly different 
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levels of perfusion. Tumors of 1 mm? or larger typically 
contain measurably hypoxic domains, with pO2 values 
as much as two- to threefold lower than in normal tissue. 
High levels of hypoxia are characteristic of enhanced 
‘metastatic potential and tumor progression. Also due 
to insufficiency of perfusion, tumors frequently contain 
necrotic domains. 

The average torturosity of vascular flow paths in 
tumors is also much greater than in healthy tissue, and 
transient thrombotic events lead to enhanced resistance 
to flow and ongoing vascular remodeling. Aside from 
its plasticity, tumor vasculature itself is highly irregular, 
may be incompletely lined with endothelial cells, and 
often exhibits significantly higher extravasation limits 
(the highest molecular weight of materials that can leave 
the vasculature and diffuse into the interstitial spaces) 
than normal vasculature. Tumor tissue is also poorly 
drained by lymphatics, so extravasated materials tend to 
remain in situ in tumors and are not cleared efficiently. 

‘These biological phenomena all differentiate tumor 
tissue from normal tissue and can be exploited in therapy. 
Forinstance, the special vascular integrity and lymphatic 
drainage properties of tumors constitute the Enhanced 
Permeability and Retention effect (EPR) [10.11, 12, 
80, 113]. EPR presents an obvious opportunity for 
intervention with nanoscale therapeutics (Fig. 10.3). Ex- 
travasation limits for normal tissues are variable, but 
structures larger than a few nanometers in diameter do 
not leave circulation efficiently in most tissues, whereas 
tumor vasculature frequently allows egress of materials 
in the tens to hundreds of nanometer range. Further, 
nanomaterials, once extravasated, are not cleared by 
lymphatic drainage. EPR provides tumor targeting that 
does not depend on biological affinity reagents: tumor 
tissue provides preferential depot sites for extravasated 
drug delivery devices. Targeting to a desired site of ac- 
tion is highly desirable for cytotoxic therapeutics, and 
EPR provides the basis for a growing class of polymer 
therapeutics [10.1 1, 12,80, 113]. That said, EPR and tar- 
geting by biological affinity are not necessarily mutually 
exclusive. A number of antigens more or less specifically 
related to tumors are known (tumor associated antigens 
or TAAs), and as discussed above tumor-/organ-specific 
vascular addresses might be exploited for delivery of 
therapeutics [10.65,66]. For instance, various biological 
reagents that recognize TAAs (i.e., antibody to carci- 
noembryonic antigen, transferrin) have been conjugated 
to nanoscale contrast agents to enhance contrast agent 
localization to tumoral sites [10.104], 
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Fig. 10.16a~c Therapeutic nanodevices can be specifically 
delivered to tumors by virtue of their size [10.11, 12,80. 
113} (a) An illustration of the relatively low integrity of 
tumor vasculature, Therapeutic nanodevices (in this case, 
micelles carrying eytotoxins) cannot leave (ie, extravasate 
from) the vasculature of normal tissue, but the vasculature 
‘of tumors is sufficiently leaky to allow specific delivery 
to tumoral interstitial spaces. This is the basis of size- 
«dependent targeting to tumors by the enhanced permeability 
and retention, or EPR effect. (b) A polymer nanothera- 
peutic (PK1, {10.80} that exploits EPR effect to deliver 
4 cytotoxin (doxorubicin) to tumors. ‘The overall mass of 
the complex is tuned by control of the mass of the N- 
2-chydroxypropyl) methacrylimide backbone, so as to be 
above extravasation limits for normal tissues but below 
both tumor extravasation limits and the size limit for exere- 
tion through the kidney. A final feature of the device that 
favors delimiting doxorubicin cytotoxicity to tumoral sites 
is the fact thatthe device isa prodrug. The cytotoxicity of 
doxorubicin is severely curtailed when the doxorubicin is 
covalently linked tothe polymer therapeutic, though it man- 
ifests its full toxicity when itis released from the complex 
by cleavage of the labile (peptidic) linker. The labile linker 
‘contains a cleavage site recognized by a protease known 10 
be over-expressed in the target tumor type. Thus, the de- 
vice produces a depot of inactive doxorubicin in tumors 
that is activated preferentially to full toxicity by conditions 
prevalent in the tumor. (c) EPR can drive localization of 
appropriately sized therapeutics to tumoral sites [10.113] 
‘The polymer therapeutic SMANCS accumulates rapidly in 
murine tumors, whereas the NCS, the parent therapeutic 
(not engineered for EPR delivery), does not 


Tumor (EPR) Properties and Nanotherapeutics 
PK! (Fig. 10.16) is an early example of a growing and 
increasingly sophisticated class of polymer therapeu- 
tics [10.11, 12,80, 113]. It is a nanoscale molecular 
therapeutic device wherein the therapeutic moiety (dox- 
orubicin)is covalently linked tothe polymeric backbone. 
‘As we will see, each component of the polymer thera- 
peutic fulfils a discrete function, so the device rubric is 
warranted {10.6} 

PK. consists of a polymeric backbone (HPMA, hy- 
<droxyl polymethacrylamide) which, as discussed below, 
targets desired sites by virtue of its specific nanoscale 
size (by EPR effect) and a cytotoxin (doxorubicin), 
covalently linked together by a peptide. PKI exhibits 
multiple design features that allow it to preferentially 
deliver doxorubicin to tumors. The size of the complex 
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is tuned to be too large to extravasate in healthy tissue 
but still small enough for renal clearance. Effectively, 
tumors and the excretory system compete for PKI. This 
aspect of the relationship between therapeutic size and 
systemic tolerability is illustrated in Fig. 10,16. The ther- 
‘peutic device has to be sufficiently large to have limited 
access to healthy tissues but must have relatively unim- 
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paired access to tumors and the excretory system via the 
Kidneys. 

A second engineered feature of PK. relates to tumor- 
specific release of cytotoxin. Doxorubicin is toxic as 
4 free molecule but is nontoxic as a part of a polymer 
complex. In PK1, doxorubicin is linked covalently to the 
polymeric backbone by a peptide chosen specifically be- 
ccause it is the substrate for a highly expressed protease 
in the target tumor. Thus PKI deposits cytotoxin to tu- 
‘mors in an inactive form that is processed to an active 
form preferentially by tumoral metabolic activity. In all, 
the design features of PKI act to minimize systemic 
exposure to cytotoxin and augment tumoral exposure, 
thereby enhancing therapeutic benefit and diminishing 
undesired side effects. 

‘Therapeutics need not be covalently linked com- 
plexes to be delivered by EPR. In some cases, bioactives 
can be engineered to interact with blood constituents 
non-covalently so as to bring the apparent size of the 
complex into a range that allows preferential tumor de- 
position. This is the mechanism of delivery for the oldest 
EPR-exploiting therapeutic in clinical use, SMANCS 
(S-Methacryl-neocarzinostatin) [10.113]. Neocarzinos- 
tatin (NCS) is a small (12kDa, a few nm in diameter), 
cytotoxic protein that elicits its toxicity by generating in- 
tracellular superoxide radicals enzymatically, which in 
turn damage DNA. Unmodified NCS is cleared rapidly 
and exhibits dose-limiting bone-marrow toxicity. Both 
problems are mitigated by the site-specific conjuga- 
tion of two small (about 2kDa and less than I nm in 
length) styrene-comaleic acid polymer chains, resulting 
in SMANCS. The 7/2 of SMANCS is about ten-fold. 
higher than that of NCS, though SMANCS itself is too 
small to accumulate preferentially in tumors by EPR. 
‘This is mitigated by the fact that SMANCS (but not 
NCS) is efficiently bound by serum albumin. The re- 
sulting non-covalent complex is sufficiently large not to 
cextravasate into normal tissue, though it still partitions 
efficiently into many tumors. The EPR-driven parttion- 
ing of the non-covalent SMANCS-albumin complexes 
into tumors suggests that other non-covalent complexes 
(such as the multi-dendrimer device of Fig. 10.3, were it 
pre-assembled prior to administration) might also target 
to tumors via EPR. 
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Delivery of antitumor agents using EPR can be 
highly efficacious. As shown in Fig. 10.17, conjugation 
of therapeutics to produce controlled-size delivery com- 
plexes can enhance tumoral accumulation by multiple 
orders of magnitude relative to free therapeutics [10.11, 
12,80, 113] In effect, EPR targeting broadens the thers: 
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peutic window (the range of concentration between the 
lowest effective and highest tolerable dose), allowing 
more intensive therapy. Increased therapeutic intensity 
allowed by EPR strategies also produces significantly 
enhanced clinical outcomes [10.11, 12, 80, 113]. The 
benefits of EPR strategies seem to be general in that 
‘abroad range of materials can be targeted to tumors and 
almost any particulate material falling within the appro- 
priate size range will partition into tumor tissue via EPR, 
‘This includes not only linear and dendritic polymers 
bat also higher-order, self-assembled structures such as 
micelles or shell cross-linked structures and inorganic 
materials such as ferromagnetic particles. In addition to 
EPR tumor targeting, each of these structures has in- 
trinsic properties that might be exploited in therapeutic 
nnanodevices (see the discussion of imaging above). Tar- 
geted contrast agents may be particularly important for 
early tumor detection, 


10.4.2 Cardiovascular Applications 
of Nanotherapeutics 


‘The cardiovascular system is one of the most dynamic 
and vital systems of the body. In principle, every cell in 
the body is accessible to the bloodstream via the vascula- 
ture. If controlled navigation of, and extravasation from, 
the vasculature can be accomplished, therefore, the po- 
tential of nanotherapeutic devices is virtually unlimited. 
But as mentioned throughout this chapter, opsonization 
and immune clearance, as well as targeting and trig- 
gering of therapeutics, remain key issues to address in 
order to facilitate wide application of nanotherapeu- 
tic devices to cardiovascular disease. In this section 
we provide a brief overview of categories and exam- 
ples of nanotherapeutic devices used in blood-contacting 
applications, 


Cardiovascular Tissue Engineering 
A usable, immunologically compatible artery For coro- 
nary bypass is not always available, so synthetic or 
semi-synthetic artery substitutes are highly valuable. 
Tissue engineering approaches might mitigate the lack 
of acceptable homologous artery, as long as an ac- 
ceptable artery substitute can be produced, Current 
tissue engineering approaches involve synthesis of three- 
dimensional, porous scaffolds that allow adhesion, 
growth, and proliferation of seeded cells to generate 
a functional vessel. Cellular organization and growth in 
synthetic scaffolds are often chaotic and random, and 
sufficient blood supply is seldom achieved within the 
scaffold. These conditions often result in death of the 


seeded cells and compromise the integrity ofthe vascular 
prosthesis. 

Microfabrication techniques have allowed minia- 
turization of the tissue engineering scaffolds. These 
techniques allow the molecular-level control of cel- 
lular adhesion and propagation by control of surface 
topography, surface chemistry, and arrangement of 
morphogenic and proliferative signaling ligands and 
cytokines. Microfabrication schemes are being devel- 
oped for the elucidation of parameters necessary for 
cellular attachment and orientation on well-defined 
silicon- and polymer-based surfaces. One particularly 
powerful application of controlled cellular growth is 
for the development of artifical capillaries to remedi- 
ste vascular disease [10.114] (Moldovan, unpublished) 
Micro-machined silicon or polymer channels of the di- 
mensions of capillaries have shown promise as effective 
conduits to direct endothelial cells to form tubes through 
Which a uid (blood) could eventually flow. 

MEMS technology and nanoscale control of mo- 
lecular events and interactions has also been applied 
to the development of cardiovascular sensors. For in- 
stance, blood cell counters have successfully detected 
red and white blood cells and show promise for quick, 
reliable blood cell analysis [10.115]. Additionally, Force 
transducers have been developed to measure the con- 
uactile force of a single cardiac myocyte [10.116] 
Basic research into cellular function and response to 
stimuli such as these will eventually support more ef- 
ficacious and robust cardiovascular tissue engineering 
approaches. 


Nanoparticulate Carriers for Therapy 
and Imaging 

‘Two major cardiovascular applications of nanoparticles 
are targeted contrast agents for imaging (MRI, CT, 
X-ray, etc.) and targeted drug delivery vehicles to ad- 
dress vascular lesions (atherosclerotic plaques) and other 
vascular disease states. In either application, nanopar- 
ticle surfaces must be appropriately modified to avoid 
RES clearance and to drive interaction with the desired 
effector cells. Decades of research inthe area of molecu- 
Jarand cel biology have provided researchers with many 
tools to make the appropriate protein component selec- 
tion for nanotherapeutic contrast agents. For instance, 
knowing that the procoagulant protein tissue factor is 
expressed only at the surface of injured endothelial cells 
provides @ means to differentiate healthy from diseased 
vasculature. It also provides a method to target disease 
sites. Similar sorts of information regarding disease and 
normal vasculature at specific tissue sites can be © 
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ically important for targeting specialized vascular beds, 
such as that which occurs at the BBB. Several groups 
have begun efforts to develop nanoparticles that selee- 
tively pass across the BBB to deliver chemotherapeutic 
or other drugs to the brain (10.117, 118], and this may 
improve outcomes from stroke, 

With regard to MRI approaches, particles used for 
targeted contrast enhancement in specific tissues or 
vascular beds may be quite powerful for detection of un- 
stable atherosclerotic plaques and quantitative analysis 
of blood flow. For instance, nonspecific accumulation 
of nanoparticles within human atherosclerotic plaques 
thas been reported [10.1 19, 120] and may ultimately pro- 
vvide a way to distinguish vulnerable and stable plaques. 
Such data might be used to direct therapy, with the 
intent, as always, to improve therapeutic outcome. Fur- 
thermore, nanotherapeutic devices have been designed 
to include both contrast and drug delivery functions 
(Fig. 10.3). Single-platform, multifunctional particles 
for cardiovascular therapy represent a cutting edge in the 
cardiovascular field. These delivery vehicles are being 
designed and improved continual for longer circulation 
time, more efficient targeting [10.66, 121], degradability, 
and biocompatibility [10.122] 


10.4.3 Nanotherapeutics 
and Specific Host Immune Responses 


Immune responses directed to immunogens (molecules 
for structures capable of eliciting specific immune re- 
sponses, also called antigens) are a pervasive aspect, 
of the responses of vertebrates to exposure to foreign 
‘macromolecules, proteins, particles, and organisms (for 
overviews, see [10.1, 123, 1241). Undesired antibody re- 
sponses, in particular, are the single most important 
hurdle for clinical use of recombinant proteins. On 
the other hand, undesired cellular immune responses 
are key mediators of frequently devastating disorders 
for patients, whether the responses are directed to self 
(as in autoimmune disease) or to foreign antigens (as 
in transplant rejection). As we shall see, host immune 
responses to nanotherapeutic devices are a critical de- 
terminant of their efficacy. Any strategy (including 
the biotechnological strategies) that allows controlled 
‘manipulation of immune responses either to augment 
desirable responses, as in vaccines, or to mitigate dele- 
terious responses holds substantial potential benefit 


Basic Immunology 
Specific immune responses are directed to individual 
‘macromolecules or assemblages of them and can be cat- 
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egorized into cellular responses, mediated by cytotoxic 
‘Tlymphocytes (CTLs), and humeral responses, medi- 
ated by soluble proteins (found in blood serum and other 
biological fluids) secreted by B-cells (antibodies). Re- 
gardless of the effector (CTLs or antibodies), specific re- 
sponses are directed to individual molecular features of 
antigens called epitopes. The three types of epitopes are: 

cytotoxic T-cell (CTL) epitopes, helper T-cell epitopes, 
and B-cell epitopes. The first two types are peptides that 
‘must be presented on cell surfaces in the context of the 
class I (in the case of CTL epitopes for CTL responses) 
or class I (in the case of T-helper epitomes, involved 
in both antibody and CTL responses) major histocom- 
patibility complex (MHC) molecules. B-cell epitopes 
are a chemically and structurally heterogeneous group 
of epitopes and include synthetic molecules as well as, 
peptides. In addition to CTL and B-cell epitopes, which 
are recognized by immune effectors, T-helper epitopes 
are recognized by regulatory components of the im- 
‘une system (helper T-cells). Vibrant CTL and antibody 
responses require immunogens containing T-helper epi- 
topes along with either B-cell or CTL epitopes. 

While epitope-presenting MHC class I and class II 
complexes must be present on cell surfaces to tigger 
immune responses, the machinery for antigen process- 
ing and loading of MHC class I or class II proteins for 
antigen presentation reside in distinct membrane-bound 
‘compartments in the cell [10.1]. Forinstance, processing 
for class I presentation (to trigger CTL responses) occurs, 
through the cytosol, but charging of MHC class I com- 
plexes is accomplished in the endoplasmic reticulum, 
(On the other hand, processing for class II presentation 
(to augment antibody and CTL responses), as well as the 
loading of class II, occur in endosomal compartments. 
‘Although these are membrane bounded compartments in 
the cytosol, topographically the interiors of endosomal 
compartments are part of the extracellular environment 
and are not inside the cell at all 

In the case of both class I and class 11, the anti- 
«gen presenting complexes are moved to the cell surface 
after charging. The moving of molecules between dif- 
ferent cellular locations (called trafficking) is tightly 
regulated by and driven by specific cellular proteins, 
systems, and structures. Proper trafficking is essential 1o 
assure that all cellular components assume their correct, 
position in the cellular organization, which in this case, 
is to assure antigens are directed to the compartments 
that will (most often) produce most protective immune 
responses. These complex antigen processing and pre- 
sentation systems can be perturbed and exploited to offer 
novel opportunities in vaccine design, 
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Nanotherapeutic vaccines: effectors are produced ia th suhaequent response. The 

Eliciting Desired Host immune Responses process, while Gghtly regulated, is amenable to inter 

Both therapeutic and prophylactic vaccines are naturals vention using mantherapeutic vaccines, Nanoblological 

for nanobiological approaches, Therapeutics that mod- design stainges (discussed above) can take advantage 

alate immune responses (antibody, CTL responses, of of the numerous proteins and peptides now known 10 

Both), vaccines fypicaly produce desired immunity to mediate the trafficking of eared mateials to tpecfic 

disease or pathogens. sally they ae chemically well ste, In the device context, hess traficing moieties 

z dined, safe, and induce long term (preferably, mul- might assure delivery of antigens to the appropriate 

2 tiyem) protective immune responses [10.125], Recent cellular comparivnts to tigger desited class I~ or 
= developments ia inunimobiology have opened opporti- class I-nediated responses, 

5 nites for nanobiological vaccine design [10,126,127]. Vaccine polypeptides for instance, might be fused 

5 ot formulated with pathogen polypeptides that will de- 


Particulate Vaccines 
‘The immune system, through dendritic cells (DCs). other 
antigen presenting cells (APCs), and immune effectors, 
performs ongoing surveillance for non-self antigens us- 
ing the MHC antigen presentation system described 
above [10.1]. It has long been known that APCs sam- 
ple serum for antigens that they process and present 
using the MHC class II pathway for antibody produc- 
tion [10.1]. Research of the last few years has shown that 
DCs, macrophages, and other APCS also take up partic- 
ulate materials and process and present the constituent 
peptide epitopes via the MHC class I pathway to trigger 
specific CTL responses. Previous dogma held that only 
‘endogenous antigens (such as those produced in virally 
Infected cells) could be presented through the class I 
MHC pathway. Both soluble and particulate antigens can 
be presented via the class I pathway, but particulate anti- 
gens are orders of magnitude more potent than the same 
immunogens formulated in soluble form [10.125~128} 

APCs are not particularly fastidious regarding chem- 
ical composition of the particles they take up: latex 
beads [10.126, 128] as well as iron beads [10.126] 
have been used. Self-assembled nanoparticles made 
of lipidated epitope peptides also deliver orders of 
‘magnitude of better immunization than do soluble for- 
mulations of the same peptides [10.129]. The specific 
size for optimal CTL responses is not fully defined 
but clearly is in the nanometer to micrometer size 
range [10,125, 126, 128, 129]. One could imagine a sys- 
tematic exploration of optimum size and compositional 
preferences for uptake by APCs using such chemically 
and morphologically tunable polymeric nanomaterials 
as dendrimers and tectodendrimers, 


Nanobiological Design 
of Nanotherapeutic Vaccines 

As mentioned earlier, antigen trafficking determines 

Which specific MHC complex (class I or class Hl) epi- 

topes are presented on and, therefore, which immune 


liver them across epithelium from outside the host for 
use in mucosal vaccination [10.130]. Still other pep- 
tides are known to carry injected materials across the 
cell envelope into the cytosol [10.131]. Alternatively, 
vaccine entities taken up by receptor-mediated endo- 
cytosis (into endosomal vesicles, the traditional site of 
uptake for antigens destined for MHC class II presenta- 
tion) could be shuttled into the cytosol (and hence to the 
class I MHC pathway) by the incorporation of peptide 
domains of bacterial toxins that mediate endosomal es- 
cape to cytoplasm [10.132]. Potentially, nanobiological 
therapeutic design strategies (10.5, 13, 15] can combine 
knowledge of polymer chemistry, nanomaterials, chem- 
istry, cell, molecular, and immunobiology to generate 
highly effective nanotherapeutic vaccines. 


Nanotechnology 
and Modulation of Immune Responses 
On the other hand, protein immunogenicity represents 
a critical limitation to the therapeutic use of recom- 
binant proteins, particularly when specific antibody 
responses to the therapeutics are engendered [10.32] 
‘The consequences of antibody responses to proteins 
are variable, ranging from no effect to decidedly nega- 
tive consequences to the host. Antibodies can neutralize 
therapeutic bioactivity, rendering drug entities inactive 
in repeated rounds of therapy, distort drug Py and By 
properties, and, in the worst case, trigger autoimmune re- 
sponses with cross-reactive host antigens (host antigens 
that share some identity with the immunizing epitopes). 


Antibody Responses 
to Nanotherapeutic Devices 
Antibody responses to protein components are a ma- 
jor challenge for nanobiological therapeutic devices 
in vivo, We, and others [10.6, 14,21, 133-136], have 
demonstrated that protein components of bioconju- 
gates to diverse nanomaterials can not only retain their 
intrinsic immunogenicity but, worse, can render the 
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otherwise non-immunogenic synthetic nanomaterials to 
‘which they are linked capable of inducing antibody re- 
sponses [10.6,7, 14,21, 126, 133-135]. The mechanism 
of immunogenicity seems to be haptenization, a well- 
known phenomenon in immunology. Hapicnization 
‘occurs when antigens containing only B-cell epitopes 
are covalently linked to proteins containing T-helper 
epitopes, thereby creating hybrid antigens that are fully 
immunogenic with respect to antibody responses. The 
process is illustrated in Fig. 10.17. 

As a result of the chemically repetitive structure of 
‘many synthetic nanomaterials, the antibodies directed to 
them have interesting properties. Most notably, antibod- 
ies generated to nanostructures are often cross-reactive 
to other chemically similar nanostructures. For example, 
antibodies raised using haptenized fullerenes also recog- 
nize carbon nanotubes [10.133], and antibodies raised to 
haptenized generation 0 (Go) PAMAM dendrimers also 
recognize higher generation PAMAM dendrimers (Gy, 
Gp, Gs, ote. [10.14, 21, 133-136], Presumably, cross- 
reactivity results from the presence of common B-cell 
epitopes in the immunogen used and in structurally sim- 
ilar cross-reactive antigens. Thus, patients immunized 
with any therapeutic containing one haptenized nano- 
structure could potentially raise antibodies that would 
recognize any nanotherapeutic containing a material 
structurally similar to the haptenized nanomaterial 

This is a potentially serious problem, in light of the 
documented ability of antibody responses to interfere 
with therapy by neutralizing drug or distorting Py and 
By properties, As discussed before, molecular weights 
of serum antibodies are around 150,000 AMU with an 
effective diameter in excess of 10nm [10.1, 123, 124]. 
Many of the desirable properties of nanotherapeu- 
tics derive from their precisely controlled sizes, and 
size-dependent properties like EPR targeting could be 
jeopardized if the therapeutic to be delivered were non- 
covalently complexed with antibodies directed to its 
synthetic components. Due to long-term persistence of 
‘memory immune responses, expostre to haptenized nan- 
therapeutics could endanger patient responsiveness to 
structurally similar materials for the duration of their 
lives. Obviously, immunogenicity isa critical challenge 
to the nanobiological therapeutic paradigm that has yet 
to be satisfactorily addressed. 


Polymer Conjugation 
to Mitigate Immune Responses 

‘There are multiple approaches to mitigating im- 

munogenicity, some of which are applicable to 

nanobiotechnological therapeutic devices, Polymer con- 
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jugation, particularly conjugation of proteins to poly 
(ethylene glycol) (PEG, a flexible, biologically well- 
tolerated hydrophilic polymer) has been used to control 
immunogenicity of a broad class of proteins and syn- 
thetic molecules since the mid-1970s (10.19, 137] 
‘Typically, pegylation involves covalent linkage (of- 
ten by promiscuous conjugation chemistry) of variable 
‘numbers (usually two to six polymer molecules) of size- 
polydisperse (ustally 3,000 to 10,000 AMU) linear or 
branched PEG chains to the potential immunogen. This 
approach results in polydisperse bioconjugates, which 
flies in the face of the molecular level-structural preci- 
sion often considered essential for nanotechnology. Stil, 
pegylation may be useful in some limited nanobiological 
applications. 

The mechanism of molecule-specific immunosup- 
pression remains obscure, despite almost 30 years of 
research. The flexibility of the PEG strands allows them 
to wrap around the molecules they are conjugated to, per- 
hhaps delimiting access of immune effectors and immune 
processing machinery to the potential immunogens. 
Pegylated molecules exhibit dramatically enhanced ap- 
parent diameters and vastly enhanced solubility in 
aqueous buffer. Both of these phenomena result in sub- 
stantially diminished clearance of pegylated molecules 
by the RES and may account for the retention of in vivo 
bioactivity despite the apparent sterichindrance that may 
result from wrapping PEG moieties around their protein 
bioconjugate partners. Pegylation-related, bioconjugate- 
specific immunosuppressive phenomena cannot be fully 
accounted for by sterics, though. Immunological exper- 
iments in syngeneic mice show that the protein-specific 
immunosuppression associated with pegylated proteins 
is transmissible from one animal to another by surgically 
harvested splenocytes. This finding is more consistent 
‘with a mechanism of suppression involving immunolog- 
ically induced tolerance of foreign antigens as opposed 
to one caused by simple steric considerations [10.137]. 


Synthetic Nanoporous Membranes 
for Immunoisolation 
‘A second approach to avoiding immune responses to 
nanodevices or biocomponents is immunoisolation by 
encapsulation [10.16, 17]. In this strategy, potentially 
immunogenic structures (nanodevices, cells, macro- 
molecules) are sequestered from high molecular weight, 
large host immune effectors, and immunosurveillance, 
‘while small molecules, such as glucose and small pro- 
teins, diffuse freely (Fig. 10.18). While conceptually 
simple, immunoisolation is technically challenging in 
that the number of pores must be high to maximize 
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‘Specific immune effectors 


Small molecules, polypeptides 


Fig.10.18 Biological components can be protected from unfa- 
vVorable environments by encapsulation [10,16-18]. Shown is an 
immunoisolation capsule containing heterologous (immunogenic) 
cells producing insulin (a four helical bundle protein, see text). 
"The cells are protected from immune responses by membranes with 
101m pores that allow free diffusion of small molecules (oxygen, 
nutrients) into the capsule and small proteins (insulin, shown here not 
10 scale) out of it, However, immune effectors with diameters greater 
than pore size (immune cells like CTLs and APCs, antibodies, other 
effectors) don’t access the capsule interior, protecting the xenograft 
from immune rejection. The structure integrates both micro- and 
‘nanoscale components (including the nanoporous membranes of 
Fig. 10.4) into a macroscale construct 


flux, and the pores must be highly uniform in dimen- 

Because of the exquisite sensitivity of the immune 
system, immunoisolation must be nearly perfect if itis 
to work at all Particularly in the case of immunoisola- 
tion of cells for xenografts, if only a tiny fraction (as few 
as 1%) of the pores of an immunoisolation capsule are 
large enough to admit immune effectors (for instance, 
‘antibodies and complement components, exclusion of 
which requires pores of SOnm or less), or the viabil- 
ity of the graft will be compromised [10.16, 17, 138] 
‘Thus, the strategy requires fabrication of membranes 
with pores that have very tightly controlled dispersities 
in terms of their maximum diameters. Until recently, im- 


‘munoisolation for xenografts has failed for lack of such 
‘membranes, 

‘The technological innovations that made the synthe- 
sis of these high-quality nanoporous membranes were 
described above and in Fig. 10.4. The nanoporous mem- 
branes can be used to form immunoisolation capsules 
when either two such membranes are joined so that 
they bind an enclosed space or that a nanoporous mem- 
brane is used to enclose a compartment of some sort 
in a therapeutic structure. The enclosed spaces can be 
charges with functional nanodevices or, for that mat- 

ing cells. Such immunoisolation capsules charged 
with heterologous pancreatic islet cells have demon- 
strated immense promise for regulating normoglycemia 
in diabetic animal models [10.1618] 


Biogenic, Nanoporous, Immunoisolation 
Membranes 

‘The novel microfabrication strategy has made it possible 
to make these highly defined membranes in an industrial 
process, and they are applicable to numerous biomed- 
ical applications beyond immunoisolation (10.16, 17] 
Still the fabrication process is rigorous, and an alter- 
native biogenic method to derive selectively porous 
silicon capsules has been proposed [10.139, 140]. Di- 
atoms are encapsulated in biogenic amorphous silicon 
shells (called frustules), which the living cells secrete. 
Frustules must necessarily be porous to allow the cells 
to take on nutrients and excrete wastes, and the poros- 
ity, pore dimensions, and other micro- and nanoscale 
morphological frustule features are tightly controlled at 
genetic and physiological levels. Using techniques well 
known to microbiologists (manipulation of culture con- 
ditions), geneticists (mutagenesis), and cell biologists 
(optically driven cell sorting in flow systems), i is theo- 
retically possible to select and propagate diatoms whose 
frustule morphology, size, and pore characteristics fall 
within pre-selected limits [10.139, 140]. Frustules can 
be isolated intact from diatom cultures, so biogenic 
production of silicon membranes with porosity char- 
acteristics similar to the microfabricated membranes 
discussed above may be feasible, Though they have yet 
to be realized, immunoisolation capsules made from 
genetically/physiologically tuned frustules have been 
proposed [10.140]: one wonders what other biomin- 
eralized structures eventually might also be put to 
nanobiotechnological use. 
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10.5 Concluding Remarks: Barriers to Practice and Prospects 


‘The effort to produce nanoscale therapeutic devices 
is clearly highly interdisciplinary. As we have seen, 
it touches on numerous established disciplines, en- 
compassing elements of physiology, biotechnology. 
bioconjugate chemistry, electrical engineering, and ma- 
terials science, to name just a few of the fields involved. 
Obviously, this broad sweep of knowledge is difficult for 
any one investigator to master fully. The breadth of the 
effort constitutes just one of the major barriers to entry 
in the ficld, Other challenges include the raw complex- 
ity of biology, the fashion in which biologists hold and 
distribute information, and cultural differences between 
engineers and biological scientists, 


10.5.1 Comple: 


in Biology 


Biology is characterized by particularity: nuances of 
biological systems are often unique to the system at 
hand and highly idiosyncratic. This follows from the 
fact that biological systems are not purpose-built, as 
are designed devices (although they can give that ap- 
pearance, as seen in Fig. 10.1), but rather arose as the 
consequence of evolutionary processes. Evolution is 
a highly chaotic business, with the outcome of any 
given evolutionary process highly sensitive to initial 
conditions (populations of organisms subjected to se- 
lection, other organisms in the environment, biology 
of all organisms involved, resource availability, other 
environmental factors, ete.). Moreover, many of the 
variables affecting natural selection processes are non- 
static and change, as a function of time or space or 
both, while selection is exerted against a population 
of organisms, Conditions leading to one evolutionary 
adaptation or another are therefore seldom duplicated 
exactly, so that individual adaptive features are idiosyn- 
cratic, with elements relating not only to their biological 
functions but also to their evolutionary history. Indi- 
‘vidual systems and adaptive features thereof can be 
almost baroquely complex because the structures them- 
selves arose under unique conditions, under unique 
selective pressures, and from unique initial biological 
systems. The extent of the complexity of biological 
systems is apparent even in individual macromolee- 
ular constituents of biological systems and can be 
‘made clear by comparison of synthetic nanostructures 
to biological nanostructures with similar dimensional 
aspects. 

SWENT (single wall carbon nanotubes) have a min- 
imal diameter of about 1.3nm, and many proteins 
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likewise have diameters of few nms. SWCNTS are reg- 
ular and homogeneous polymeric structures composed 
entirely of carbon atoms (Fig. 10.6). Proteins, on the 
other hand, are not polymers of one repeating subunit, 
but rather are nonrandom copolymers of 20 chemically 
distinct amino acids (aas). The order of the aas drives 
specific folding events that produce three-<imensional 
structures that, in turn, present specific aas and their side 
chains at specific positions in space (Fig. 10.10). This 
control of aa position in space drives protein activity: 
small changes in aa sequence can perturb structure and 
function profoundly. Therefore, though they fall within 
the same broad size regime, proteins are structurally and 
functionally much more complex than SWCNTs. The 
extent of biological complexity can be glimpsed when 
‘one considers that individual living things are ordered 
aggregates of multiple macromolecules and supramolec- 
ular structures (potentially billions and billions of them), 
belonging to distinct chemical classes (lipids, proteins, 
nucleic acids, etc.), with each individual macromolecule 
being atleast as complex in structure and function as the 
protein of Fig. 10.10. The neatly irreducible complexity 
of biological systems is a central fact of practice in the 
biological sciences and drives the way biologists gather 
and disseminate information. It is the key informant of 
the culture of biologists. 


10.5.2 Dissemination 
of Biological Information 


Biologists typically consider themselves primarily as 
scientists, as opposed to being engineers or technology 
developers. The product biologists generate, then, is in- 
formation rather than devices or structures. Their interest 
in technological application of the knowledge they pro- 
duce is typically secondary to their desire to develop the 
information itself. Additionally, as we have just seen, 
biology is a ferociously complex discipline. 

AS a practical matter, biological data itself is often 
‘much more rich (and often more ambiguous) than data 
from harder scientific endeavors, The data can be so very 
rich that biologists must make choices as to what data is 
relevant to a given phenomena and, therefore, what data 
they will publish, With absolutely no intent to conceal 
or mislead, biologists are often driven to publish only 
‘small fraction of the data they gather. 

Since they see themselves primarily as scientists, 
biologists tend to publish data they believe to be of 
broad scientific significance. Typically, the chosen in- 
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formation does not include data that might be critical 
to technology development, frequently making the bio- 
logical literature an inadequate resource for engineers. 
‘The omitted information thus becomes lore. That is to 
say, the infomation is critical for the practice or develop- 
ment of a given technology but usually is not accessible 
to persons outside the field (as many nanotherapeutic 
device producers may be). This can be illustrated by re- 
cent experiences around phage display-mediated affinity 
‘maturation of four helical bundle proteins [10.14 1-143] 

Fourhelical bundle proteins are loosely related small, 
proteins consisting of four a helices arranged in a spe- 
cific configuration (see the dynamite stick representation 
of insulin that occurs in Fig. 10.18). They include in- 
sulin, growth hormone, most cytokines, and various 
other molecules involved in cell to cell signaling. They 
have a wide range of therapeutically valuable properties 
that might be made even more desirable if their poten- 
cies could be enhanced. There is thus significant interest 
in variant four-helical bundle proteins with improved 
biouctivities. 

Phage display [10.67] is a method that can be used to 
sort protein variant libraries for variants with enhanced 
affinity for a target receptor. This is usually accom- 
plished by iterative rounds of affinity selection on the 
receptor followed by propagation of selected phage. As 
rounds of selection and propagation proceed, the mean 
affinity of the selected variants for the receptor increases 
(so-called affinity maturation). A phage display method 
is depicted in Fig. 10.11 

‘Affinity maturation by phage display can be used 
to identify variant proteins from libraries that have en- 
hanced biological activities, providing that affinity for 
receptor is limiting in the overall activity of the parent 
protein [10.134]. Phage display affinity maturation has 
been successfully used to select some enhanced activity 
variants of four helical bundle proteins [10.144, 145] 
but is nor applicable to engineering increased ‘ctiv- 
ity for all four helical bundle proteins [10.134]. The 
reason for the inapplicability of display methods to 
‘engineer high-activity human growth hormone (hGH) 
variants became apparent in a recent publication from 
Genentech [10.142] 

In the case of hGH, the affinity of the parent mol- 
cule for receptor is in excess of that required to drive 
‘maximal biological responses [10.142]. This fact was 
inferred after a multiyear effort (beginning in the late 
1980s and culminating in 1999) to derive more ac- 
tive hGH proteins, involving literally thousands of hGH 
variants. Many of the variants did indeed exhibit en- 
hanced affinity for the hGH binding protein (receptor), 


but none exhibited significantly enhanced biological a 
tivity, Each data point (ie., the biological activity of 
each individual variant) essentially constituted a fail- 
ure of a technology to provide a desired result and 
was therefore seen, not unreasonably, as negative (and 
therefore uninteresting) data by the investigators. Con- 
sequently, the information was not broadly disseminated 
until a significant conclusion could be presented (i.e., 
that biological responses to hGH are not limited by 
ligand-receptor affinity). Thus, between the late 1980s 
and the 1999 publication, this information was known 
primarily and unambiguously only to the investigators 
involved, even though it would have been critical to any 
technologist planning to affinity mature hGH by phage 
display for enhanced activity [10.134] 


10.5.3 Cultural Differences 
Between Technolo; 
and Biologists 


Biology isthe realm of particularity, whereas more phys- 
ical sciences are realms within which general rules can 
be derived and broadly applied. The vast complexity 
of biology usually drives biologists to be highly spe- 
cialized, pethaps making career from the study of 
particular macromolecules (specific enzymes, growth 
factors, genetic elements, etc.) or biological systems. 
Biologists are, therefore, neither trained nor encouraged 
by funding agencies to see themselves as fungible, and 
frequently they are very reluctant to step away from 
their primary research focuses into new areas. Doing so 
is a major undertaking, and a substantial risk, for most 
biologists. 

Engineers, on the other hand, often see themselves 
as operating from first principles and are more (if not 
entirely) willing to step into new areas. After all, cross- 
ing disciplines is feasible for engineers working in the 
physical sciences, whereas itis much more difficult, not 
only for reasons of training but also because of the bio- 
logical realities discussed above, for biologists. Also by 
reason of their training and experience, engineers often 
vastly underestimate the complexity of biological sy 
tems and sometimes exhibit what biologists perceive as 
naiveté in their approach to biological systems. Unfor- 
tunately, or fortunately, depending on your perspective, 
therapeutic nanodevices require both biological and en- 
gincering expertise. An often bruising debate as to how 
best to prepare students for practice in this extremely 
challenging field is currently playing out in biomedi- 
cal engineering and other related academic departments 
across the country. 
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Rotational encoders are TTL-compatible. They 
are not generally designed to drive even a small 
‘output device, such as an LED. The contacts are 
extremely delicate and will be easily damaged by 
any attempt to switch a significant current. 
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‘The traditional approach for training biomedical en- 
ineers has been to train conventional engineers with 
4 smattering of biological knowledge. This “primarily 
engineers” model of biomedical engineering has been 
reasonably successful in multiple endeavors (orthope- 
dics, imaging technologies, etc.), but it seems unlikely 
in the extreme that it will suffice for robust practice 
in nanotherapeutic devices. As this chapter shows, the 
role of biology is pivotal to success in the field, and so- 
phisticated nanotherapeutics are virtually impossible to 
design without deep knowledge of the biology involved. 
‘A reasonable argument can be made that successful 
engineering of therapeutic nanostructures will demand 
intense focus on biology and a smattering of engincer- 
ing knowledge (a “primarily biologists” approach, as 
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opposed to the historically prevalent “primarily engi 
neers” training model). This view is often strongly and 
passionately resisted in colleges of engineering, which 
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but it is critically important: it will determine whether 
co not a ready cadre of researchers is prepared for a ca- 
reer in the area. If not, the field will progress much 
as it has, very slowly bringing the benefits of the re- 
search to patients. It seems apparent to us, and it also 
seems that experience to date shows, that a substan- 
tial biological component of training for the discipline 
is simply unavoidable if we are committed to real- 
izing the vast potential of nanotechnology in human 
therapy. 
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11. Scanning Probe Microscopy — 
Principle of Operation, Instrumentation, and Probes 


Since the introduction of the STM in 1981 and 
AFM in 1985, many variations of probe based 
‘microscopies, referred to as SPMs, have been 
developed. While the pure imaging capabilities of 
SPM techniques is dominated by the application of 
these methods at their early development stages, 
the physics of probe-sample Interactions and the 
quantitative analyses of tribological, electronic, 
‘magnetic, biological, and chemical surfaces have 
now become of increasing interest, Nanoscale 
science and technology are strongly driven by SPMs. 
which allow investigation and manipulation of 
surfaces down to the atomic scale. With growing 
understanding of the underlying interaction 
‘mechanisms, SPMs have found applications in 
many fields outside basic research fields. in 
addition, various derivatives of all these methods 
have been developed for special applications, 
some of them targeted far beyond microscopy. 

This chapter presents an overview of STM, 
and AFM and various probes (tips) used in 
these instruments, followed by details on AFM 
instrumentation and analyses. 


‘The Scanning Tunneling Microscope (STM) developed 
by Dr: Gerd Binnig and his colleagues in 1981 atthe IBM 
Zurich Research Laboratory, Rueschlikon, Switzerland, 
is the first instrument capable of directly obtaining 
thee-dimensional (3-D) images of solid surfaces with 
atomic resolution [11.1], Binnig and Rohrer received 
8 Nobel Prize in Physics in 1986 for their discovery. 
STMs can only be used to study surfaces which are 
electrically conductive to some degree. Based on their 
design of the STM, in 1985, Binnig et al. developed 
an Atomic Force Microscope (AFM) to measure ul- 
trasmall forces (less than 1 N) present between the 
AFM tip surface and the sample surface [11.2] (also 
see [11.3). AFMs can be used for measurement ofall 
engineering surfaces which may be either electrically 
conductive or insulating. The AFM has become a pop- 
ular surface profiler for topographic and normal force 
‘measurements on the micro to nanoscale [11.4]. AFMs 
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‘modified in order to measure both normal and lateral 
forces, are called Lateral Force Microscopes (LFMs) or 
Friction Force Microscopes (FFMs) [115-11]. FFMs 
have been further modified to measure lateral forces 
in two orthogonal directions [11.1216]. A number of 
researchers have continued to improve the AEM/FEM 
designs and used them to measure adhesion and 
friction of solid and liquid surfaces on micro- and 
nanoscales [11.4, 17-30]. AFMs have been used for 
scratching, wear, and measurement of elastc/plasticme- 
chanical properties (such as indentation hardness and the 
‘modulus of elasticity) [11 4,10,11,21,23,26-29,31-36] 
AFMs have been used for manipulation of individual 
atoms of Xenon [11.37], molecules [11.38], silicon sur- 
faces [11.39], and polymer surfaces [11.40], STMs have 
been used for formation of nanofeatures by localized 
heating or by inducing chemical reactions under the 
STM up [11.41-43] and nanomachining [11.44]. AFMs 
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Table 11.1 Comparison of Various Conventional Microscopes with SPMs 


“Market 1993 $100M 


have been used for nanofabrication [11.4,10,45-47] and 
nanomachining {11.48} 

STMs and AFMs are used at extreme magnifications 
ranging from 10° to 10° in x, y and z directions forimag- 
ing macro to atomic dimensions with high resolution 
information and for spectroscopy. These instruments 
can be used in any environment such as ambient 
sir (11.2,49], various gases [11.17], liquid [11.50-52], 
‘vacuum [ 1.1,53],at low temperatures (lower than about 
100K) [11.54-58] and high temperatures [11.59, 60] 
Imaging in liquid allows the study of live biological 
samples and it also eliminates water capillary forces 
present in ambient air present at the tip-sample in- 
terface, Low temperature (liquid helium temperatures) 
imaging is useful for the study of biological and organic 
materials and the study of low-temperature phenom 
‘ena such as superconductivity or charge-density waves. 
Low-temperature operation is also advantageous for 
high-sensitivity force mapping due to the reduction in 
thermal vibration. They also have been used to image 
liquids such as liquid crystals and lubricant molecules 
‘on graphite surfaces [11,6164]. While the pure imaging 
‘capabilities of SPM techniques dominated the applica- 
tion of these methods at their early development stages, 
the physics and chemistry of probe-sample interactions 
tnd the quantitative analyses of tribological, electronic, 
magnetic, biological, and chemical surfaces have now 
become of increasing interest. Nanoscale science and 
technology are strongly driven by SPMs which allow 
investigation and manipulation of surfaces down to 
the atomic scale, With growing understanding of the 
underlying interaction mechanisms, SPMs have found 
applications in many fields outside basic research fields 
Inaddition, various derivatives of all these methods have 


been developed for special applications, some of them 
targeting far beyond microscopy. 

‘Families of instruments based on STMs and AFMs, 
called Scanning Probe Microscopes (SPMs), have 
been developed for various applications of scien- 
tific and industrial interest. These include — STM, 
AFM, FFM (or LFM), scanning electrostatic force 
microscopy (SEFM) [11.65, 66], scanning force acous- 
tic microscopy (SFAM) (or atomic force acoustic 
microscopy (AFAM)) [11.21, 22, 36, 67-69], scan- 
ning magnetic microscopy (SMM) (or magnetic force 
microscopy (MEM)) [11.70-73], scanning near field op- 
tical microscopy (SNOM) [11.7477], scanning thermal 
microscopy (SThM) [11,78-80], scanning electrochem- 
ical microscopy (SEeM) [11.81], scanning Kelvin Probe 
microscopy (SKPM) [11.82-86], scanning chemical 
potential microscopy (SCPM) [11.79], scanning ion 
‘conductance microscopy (SICM) [11.87,88], and scan- 
ning capacitance microscopy (SCM) [11.82, 89-91] 
Families of instruments which measure forces (e.g., 
AFM, FFM, SEFM, SFAM, and SMM) are also re- 
ferred toas scanning force microscopy (SFM). Although 
these instruments offer atomic resolution and are ideal 
for basic research, they are used for cutting edge indus- 
trial applications which do not require atomic resolution. 
‘Commercial production of SPMs started with the STM 
in 1987 and the AFM in 1989 by Digital Instruments 
Inc, For comparisons of SPMs with other microscopes, 
see Table 11.1 (Veeco Instruments, Inc.). Numbers of 
these instruments are equally divided between the U.S., 
Japan and Europe, with the following industry/university 
and Government labs. splits: 50/50), 70/30, and 30/70, 
respectively. It is clear that research and industrial ap- 
plications of SPMs are rapidly expanding. 
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11,1 Scanning Tunneling Microscope 


‘The principle of electron tunneling was proposed by Fig.11.4 STM 

i : Constant Constant 

Giaever [11.92]. He envisioned that if a potential dif- eee res a ean be oper- 
ference is applied to two metals separated by a thin zee ated in either the 
insulating film, a current will flow because of the ability che Sean = San a constant-current 


‘or the constant- 
height mode. 
The images are 
‘of graphite in 


of electrons to penetrate a potential barrier. To be able 
to measure a tunneling current, the two metals must be |e 
spaced no more than 10mm apart. Binnig etal. (11.1] 

introduced vacuum tunneling combined with lateral 


scanning. The vacuum provides the ideal barrier for 
tunneling, The lateral scanning allows one to image sur- 
faces with exquisite resolution, lateral-less than I nm and 
vertical-less than 0.1 nm, sufficient to define the position 
of single atoms. The very high vertical resolution of the 
STM is obtained because the tunnel current varies expo- 
nentially with the distance between the two electrodes, 
that is, the metal tip and the scanned surface. Typically, 
tunneling current decreases by a factor of as the separa- 
tion is increased by 0.2 nm. Very high lateral resolution 
depends upon sharp tips. Binnig etal. overcame two key 
obstacles for damping external vibrations and for mov- 
ing the tunneling probe in close proximity to the sample. 
‘Their instrument is called the scanning tunneling micro- 
scope (STM). Today's STMSs can be used in the ambient 
environment for atomic-scale image of surfaces. Excel- 
lent reviews on this subject are presented by Hansma 
and Tersoff [11.93], Sarid and Elings [11.94], Durig 
etal. [11.95]; Frommer [11.96], Giintherodt and Wiesen 
danger [11.97], Wiesendanger and Giintherodt (11.98), 
Bonnell {11.99}, Marti and Amrein [11.100], Stroscio 
and Kaiser [11.101], and Giintherodt etal. (11.102. 
‘The principle of the STM is straightforward. A sharp 
metal tip (one electrode of the tunnel junction) is brought 
close enough (0.31 nm) to the surface tobe investigated 
(the second electrode) that, at a convenient operating 
voltage (10mV-I V), the tunneling current varies from 
(0.2to 10.nA which is measurable, The tip is scanned over 
a surface at a distance of 0.3—1 nm, while the tunneling 
current between it and the surface is measured, The STM 
can be operated in either the constant current mode or the 
constant height mode, Fig. 1.1. The lefi-hand column 
of Fig, 11.1 shows the basic constant current mode of 
operation. A feedback network changes the height ofthe 
tip < to keep the current constant. The displacement of 
the tip given by the voltage applied to the piezoelectric 
drives then yields a topographic map of the surface. 
‘Alternatively, in the constant height mode, a metal tip 
can be scanned across a surface at nearly constant height 
and constant voltage while the current is monitored, as 
shown in the right-hand column of Fig. 11.1. Inthis case, 


springer Handbook  Nanoteehnolo 
DP tnishan” © Spinger2000 


air [11.93] 


the feedback network responds only rapidly enough to 
keep the average current constant. A current mode is 
generally used for atomic-scale images. This mode is not 
practical for rough surfaces. A three-dimensional picture 
[c(a, y)] of a surface consists of multiple scans [2(1)] 
displayed laterally from each other in the y direction, 
It should be noted that if different atomic species are 
present in a sample, the different atomic species within 
a sample may produce different tunneling currents for 
a given bias voltage. Thus the height data may not be 
a direct representation of the topography of the surface 
of the sample. 


11.1.1 Binnig et al.'s Design 


Figure 11.2 shows a schematic of one of Binnig 
and Robrer’s designs for operation in ultrahigh vac- 
‘uum [11.1, 103]. The metal tip was fixed to rectangular 
piezodrives P,, Py, and P. made out of commer- 
cial piezoceramic material for scanning. The sample 
is mounted via either superconducting magnetic levi- 
tation ora two-stage spring system to achieve a stability 
of the gap width of about 0.02nm. The tunnel current 
Jr is a sensitive function of the gap width d that is 
Jro Vrexp(—Ap'/2d), where Vy is the bias voltage, 
(is the average barrier height (work function) and the 
constant A= 1.025 eV-/?A-!. With work function 
of a few eV, Jy changes by an order of magnitude for 
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Fig. 1.2 Principle of operation of the STM made by Binnig 
and Rohrer [11.103] 


every angstrom change of d. Ifthe current is kept con- 
stant to within, for example, 2%, then the gap d remains 
constant to within 1 pm. For operation in the constant 
current mode, the control unit CU applies a voltage V- 
tothe piezo P. such that Jy remains constant when scan- 
ning the tip with P, and P, over the surface, At constant 
work function @, V.(V,, V,) yields the roughness of the 
surface z(x,y) directly, as illustrated at a surface step 
at A, Smearing the step, 5 (lateral resolution) is on the 
order of (R)'/?, where 2 is the radius of the curvature of 
the tip. Thus, a lateral resolution of about 2 nm requires 
tip radi on the order of 101m. A 1-mm-diameter solid 
rod ground at one end at roughly 90° yields overall tip 
radi of only a few hundred nm, but with closest protru- 
sion of rather sharp microtips on the relatively dull end 
Yields lateral resolution of about 2nm, In-situ sharp- 
‘ening of the tips by gently touching the surface brings 
the resolution down tothe I-nm range; by applying high 
fields (on the order of 10% V/cm) during, for example, 
half an hour, resolutions considerably below 1 nm could 
be reached, Most experiments were done with tungsten 
Wires ether ground or etched toa radius typically in the 
range of 0.1—10 um, In some cases, in-situ processing 
of the tips was done for further reduction of tip radi. 


11.1.2 Commercial STMs 


‘There are a number of commercial STMs available on 
the market. Digital Instruments, Inc. located in Santa 
Barbara, CA introduced the first commercial STM, the 
Nanoscope I, in 1987. Ina recent Nanoscope IV STM for 
operation in ambient air, the sample is held in position 
while a piezoelectric crystal in the form of a cylindri- 
cal tube (referred to as PZT tube scanner) scans the 
sharp metallic probe over the surface in a raster pat- 
ter while sensing and outputting the tunneling current 


Fig. 11.3 
Principle of 
operation of 
a commercial 
STM, a sharp 
tip attached to 
a piezoelectric 
tube scanner 
is scanned on 
asample 


‘Sample 


to the control station (Fig. 11.3). The digital signal pro- 
cessor (DSP) calculates the desired separation of the tip 
from the sample by sensing the tunneling current flow- 
ing between the sample and the tip. The bias voltage 
applied between the sample and the tip encourages the 
tunneling current to flow. The DSP completes the digital 
feedback loop by outputting the desired voltage to the 
piezoelectric tube. The STM operates in both the “ 
stant height” and “constant current” modes depending 
on a parameter selection in the control panel. In the con- 
stant current mode, the feedback gains are set high, the 
tunneling tip closely tracks the sample surface, and the 
variation in the tip height required to maintain constant 
tunneling current is measured by the change in the volt- 
age applied to the piezo tube. In the constant height 
mode, the Feedback gains are set low, the tip remains at 
a nearly constant height as it sweeps over the sample 
surface, and the tunneling current is imaged 

Physically, the Nanoscope STM consists of three 
‘main parts: the head which houses the piezoelectric tube 
scanner for three dimensional motion of the tip and the 
preamplifier circuit (FET input amplifier) mounted on 
top of the head for the tunneling current, the base on 
which the sample is mounted, and the base support, 
which supports the base and head [11.4]. The base 
accommodates samples up to 10mm by 20mm and 
10mm in thickness. Scan sizes available for the STM 
are 0.7 um (for atomic resolution), 12 jum, 75 yum and 
125 pum square. 

‘The scanning head controls the three dimensional 
motion of the tip. The removable head consists of piezo 
tube scanner, about 12.7 mm in diameter, mounted into, 
an invar shell used to minimize vertical thermal drifts 
because of a good thermal match between the piezo tube 
and the Invar. The piezo tube has separate electrodes for 
X,Y and Z which are driven by separate drive circuits. 
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‘The electrode configuration (Fig. 11.3) provides x and 
y motions which are perpendicular to each other, min 
imizes horizontal and vertical coupling, and provides 
good sensitivity. The vertical motion of the tube is con- 
trolled by the Z electrode which is driven by the feedback 
loop. The x and y scanning motions are each controlled 
by two electrodes which are driven by voltages of the 
same magnitude, but opposite signs. These electrodes 
=Y, =X, +¥, and +X. Applying compli 
mentary voltages allows a short, stiff tube to provide 
‘a good scan range without large voltages. The motion of 
the tip due to external vibrations is proportional to the 
square of the ratio of vibration frequency to the resonant 
frequency of the tube, Therefore, to minimize the tip vi 
brations, the resonant frequencies of the tube are high at 
‘about 60 KHz in the vertical direction and about 40 kHz 
in the horizontal direction. The tip holder is a stain 
less steel tube with a 300 jm inner diameter for 250 jum 
diameter tips, mounted in ceramic in order to keep the 
mass on the end of the tube low. The tip is mounted ei 
theron the front edge of the tube (to keep mounting mass 
low and resonant frequency high) (Fig. 11.3) or the cen 
ter of the tube for large range scanners, namely 75 and 
125 jm (to preserve the symmetry of the scanning). This 
commercial STM accepts any tip with a 250 um diam- 
cter shalt. The piezotube requires X-Y calibration which 
is carried out by imaging an appropriate calibration stan 
dard, Cleaved graphite is used for the small-scan length 
head while two dimensional grids (a gold plated ruling) 
ccan be used for longer range heads. 

‘The Invar base holds the sample in position, supports 
the head, and provides coarse X-Y motion for the sam- 
ple. A spring-steel sample clip with two thumb screws 
holds the sample in place. An x-y translation stage built 
into the hase allows the sample to be repositioned under 
the tip. Three precision screws arranged in a triangular 
pattern support the head and provide coarse and fine ad. 
justment of the tip height. The base support consists of 
the base support ring and the motor housing. The stepper 
motor enclosed in the motor housing allows the tip to be 

yged and withdrawn from the surface automatically. 
‘Samples to be imaged with the STM must be con: 
ductive enough to allow a few nanoamperes of current 
to flow from the bias voltage source to the area to be 
scanned. In many cases, nonconductive samples can be 
coated witha thin layer of conductive material to facili: 
tate imaging. The bias voltage and the tunneling current 
depend on the sample. Usually they are set at a stan- 
dard value for engagement and fine tuned to enhance the 
quality of the image. The scan size depends on the sam: 
ple and the features of interest. A maximum scan rate 
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of 122 Hz can be used. The maximum scan rate is usu. 
ally related to the scan size. Scan rates above 10Hz are 
used for small scans (typically 60 Hz for atomic-scale 
imaging with a 0.7 um scanner). The scan rate should 
be lowered for la specially if the sample sur- 
faces are rough or contain large steps. Moving the tip 
quickly along the sample surface at high scan rates with 
large scan sizes will usually lead to a tip crash, Essen 
tially, the scan rate should be inversely proportional to 
the scan size (typically 2~4Hz for 1 um, 0.51 Hz for 
12 ym, and 0.2 Hz for 125 um scan sizes). Scan rate in 
length/time, is equal to scan length divided by the scan 
rate in Hz. For example, for 10jumx 10 jum scan size 
scanned at 0.5 Hz, the scan rate is 10 m/s, Typically, 
256x256 data formats are most commonly used. The 
lateral resolution at larger scans is approximately equal 
to scan length divided by 256. 
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Figure 114 shows an example of STM images of an 
evaporated Cp film on a gold-coated freshly-cleaved 
mica taken at room temperature and ambient pres- 
sure [11.104], Images with atomic resolution attwo scan 
sizes are obtained. Next we describe STM designs which 
are available for special applications. 


Electrochemical STM 
‘The electrochemical STM is used to perform and mon- 
itor the electrochemical reactions inside the STM. It 
includes a microscope base with an integral potentiostat, 
a short head with a 0.7 jum scan range and a differential 
preamp and the software required to operate the po- 
tentiostat and display the result of the electrochemical 
reaction, 


Standalone STM 
‘The stand alone STMs are available to scan large sam- 
ples which rest directly on the sample. From Digital 
instruments, itis available in 12 and 75 yum sean ranges. 
Itis similar to the standard STM except the sample base 
has been eliminated 


11.1.3 STM Probe Construction 


‘The STM probe should have a cantilever integrated 
with a sharp metal tip with a low aspect ratio (tip 
lengthtip shank) to minimize flexural vibrations. Ide- 
ally, the tip should be atomically sharp, but in practice 
‘most tip preparation methods produce a tip with a rather 
ragged profile that consists of several asperities with 
the one closest to the surface responsible for tun- 
neling. STM cantilevers with sharp tips are typically 
fabricated from metal wires of tungsten (W), platinum- 
iridium (Pt-In), or gold (Au) and sharpened by grinding, 
cutting with a wire cutter or razor blade, field emis- 
sion/evaporator, ion milling, fracture, or electrochemical 
polishingetching [11.105, 106]. The two most com- 
monly used tips are made from either a Pt-Ir (80/20) 
alloy or tungsten wire. Iridium is used to provide stiff- 
ness. The Pt-Ir tips are generally mechanically formed 
and are readily available, The tungsten tips are etched 
from tungsten wire with an electrochemical process, for 
example by using 1 molar KOH solution with a plat- 
inum electrode in a electrochemical cell at about 30 V 
In general, Pt-Ir tips provide better atomic resolution 
than tungsten tips, probably due to the lower reactivity 
of Pt, But tungsten tips are more uniformly shaped and 
‘may perform better on samples with steeply sloped fea- 
tures. The tungsten wire diameter used for the cantilever 
is typically 250 jm with the radius of curvature ranging 


Fig. 11.5 Schematic of a typ. 
sal tungsten cantilever with 

4 sharp tip produced by 

electrochemical etching 


— 


10pm 


from 20 to 100nm and a cone angle ranging from 10 to 
60° (Fig. 11.5). The wire can be bent in an L shape, ifso 
required, for use inthe instrument. For calculations of 
normal spring constant and natural frequency of round 
cantilevers, see Sarid and Elings [11.94] 

Forimaging of deep trenches, high-aspect-ratio,con- 
tolled geometry (CG) Pt-lr probes are commercially 
available (Fig. 11.6). These probes are electrochemically 
etched from Pt-Ir (80/20) wire and polished toa specific 
shape which is consistent from tip to tip. Probes have 
«full cone angle of approximately 15°, and a tip radius 
of less than 50m, For imaging of very deep trenches 
(> 0.25 jm) and nanofeatures, focused ion beam (FIB) 
milled CG probes with an extremely sharp tip (radius 
<Snm) are used. For electrochemistry, Pulr probes 
are coated with a nonconducting film (not shown in 
the figure). These probes are available from Materials 
Analytical Services, Raleigh, North Carolina, 

Pt alloy and W tips are very sharp and have high 
resolution, but are fragile and sometimes break when 
contacting a surface. Diamond tips have been used by 
Kaneko and Oguchi (11.107). The diamond tip made 
conductive by boron ion implantation is found to be 
chip resistant. 


Fig.11.6a,b 
Schematics of 
(a) CG Petr 
probe, and 

(b) CG Prir FIB 
milled probe 
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11.2. Atomic Force Microscope 


1,2 Atomic Force Microscope 


Like the STM, the AFM relies on a scanning technique 
to produce very high resolution, 3-D images of sample 
surfaces. The AFM measures ultrasmall forces (less than 
InN) present between the AFM tip surface and a sample 
surface. These small forces are measured by measuring 
the motion of a very flexible cantilever beam having an 
ultrasmall mass. While STMs require that the surface to 
bbe measured be electrically conductive, AFMs are ca- 
pable of investigating surfaces of both conductors and 
insulators on an atomic scale if suitable techniques for 
‘measurement of cantilever motion are used. In the oper- 
ation of a high resolution AFM, the sample is generally 
scanned instead of the tip as with the STM, because 
the AFM measures the relative displacement between 
the cantilever surface and reference surface and any 
cantilever movement would add vibrations. For mea- 
surements of large samples, AFMs are available where 
the tip is scanned and the sample is stationary. As long 
as the AFM is operated in the so-called contact mode, 
litle if any vibration is introduced. 

‘The AFM combines the principles of the STM and 
the stylus profiler (Fig. 11.7). In an AFM, the force be- 
tween the sample and tip is detected, rather than the 
tunneling current, to sense the proximity of the tip to 
the sample. The AFM can be used either in a static 
or dynamic mode. In the static mode, also referred to 
as repulsive mode or contact mode [11.2], a sharp tip 
at the end of a cantilever is brought in contact with 
a sample surface. During initial contact, the atoms at 
the end of the tip experience a very weak repulsive 
force due to electronic orbital overlap with the atoms 
in the sample surface. The force acting on the tip causes 
‘a cantilever deflection which is measured by tunnel- 


Constant For F ‘Sample 
Deflection | 
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Fig. 11.7 Principle of operation of the AFM. Sample 
‘mounted on a piezoelectric tube scanner is scanned against 
short tip and the cantilever deflection is measured, mostly, 
using a laser deflection technique. Force (contact mode) 
for force gradient (noncontact mode) is measured during 
scanning 
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ing, capacitive, or optical detectors. The deflection can 
be measured to within 0.02nm, so for typical can- 
tilever spring constant of 10N/m a force as low as 
0.2nN (corresponding normal pressure ~ 200 MPa for 
Na tip with radius of about SOnm against single- 
crystal silicon) can be detected. (To put these number 
in perspective, individual atoms and human hair are 
typically a fraction of a nanometer and about 75 um 
in diameter, respectively, and a drop of water and an 
eyelash have a mass of about 10N and 100nN, re- 
spectively.) In the dynamic mode of operation for the 
APM, also referred to as attractive force imaging or 
noncontact imaging mode, the tip is brought in close 
proximity (within a few nm) to, and not in contact with, 
the sample, The cantilever is deliberately vibrated ei- 
ther in amplitude modulation (AM) mode [11.65] or 
frequency modulation (FM) mode [11.65, 94, 108, 109]. 
‘Very weak van der Waals attractive forces are present 
at the tip-sample interface, Although in this technique, 
the normal pressure exerted at the interface is zero (de- 
sirable to avoid any surface deformation), itis slow, and 
is difficult to use, and is rarely used outside research 
environments. In the two modes, surface topography 
is measured by laterally scanning the sample under 
the tip while simultaneously measuring the separation- 
dependent force or force gradient (derivative) between 
the tip and the surface (Fig. 11.7). In the contact (static) 
‘mode, the interaction force between tip and sample is 
‘measured by measuring the cantilever deflection. In the 
noncontact (or dynamic) mode, the force gradient is 
obtained by vibrating the cantilever and measuring the 
shift of resonant frequency of the cantilever. To ob- 
tain topographic information, the interaction force is 
either recorded directly, or used as a control parameter 
for a feedback circuit that maintains the force or force 
derivative at a constant value. With an AFM operated 
in the contact mode, topographic images with a verti- 
cal resolution of less than 0.1:nm (as low as 0.01 nm) 
and a lateral resolution of about (0.2 nm have been ob- 
tained [11.3,50, 110-114]. With a0.01 nm displacement 
sensitivity, 10nN to I pN forces are measurable. These 
forces are comparable to the forces associated with 
chemical bonding, e-g., 0.1 uN for an ionic bond and 
1OpN for a hydrogen bond [11.2]. For further reading 
see [11.94-96, 100, 102, 115-119} 

Lateral forces being applied at the tip during 
scanning in the contact mode, affect roughness mea- 
surements [11.120]. To minimize the effects of friction 
and other lateral forces in the topography measurements, 
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in the contact-mode, and to measure the topography of 
soft surfaces, AFMS can be operated in the so called 
tapping mode or force modulation mode [11.32, 121] 

‘The STM is ideal for atomie-scale imaging, To ob- 
tain atomic resolution with the AFM, the spring constant 
of the cantilever should be weaker than the equiva- 
lent spring between atoms. For example, the vibration 
frequencies w of atoms bound in a molecule or in a crys- 
talline solid are typically 10!? Hz or higher. Combining 
this with the mass of the atoms m, on the order of 
10° kg, gives an interatomic spring constants k, given 
by o%m, on the order of 10N/m [11.115]. (For com- 
parison, the spring constant of a piece of household 
aluminum foil that is 4mm long and | mm wide is about 
N/m.) Therefore, a cantilever beam with a spring con- 
stant of about 1 N/m or lower is desirable. Tips have to 
be as sharp as possible. Tips with a radius ranging from 
5 to SOnm are commonly available. 

Atomic resolution cannot be achieved with these tips 
at the normal load in the nN range. Atomic structures 
at these loads have been obtained from lattice imag- 
ing or by imaging of the crystal periodicity. Reported 
data show cither perfectly ordered periodic atomic 
structures or defects on a larger lateral scale, but no 
well-defined, laterally resolved atomic-scale defects like 
those seen in images routinely obtained with a STM. In- 
teratomic forces with one or several atoms in contact 
are 20-40 or 50-100pN, respectively. Thus, atomic 
resolution with an AFM is only possible with a sharp 
tip on a flexible cantilever at a net repulsive force of 
1O0pN or lower [11.122]. Upon increasing the force 
from 10pN, Ohnesorge and Binnig [11.122] observed 
that monoatomic steplines were slowly wiped away and 
a perfectly ordered structure was left. This observa- 
tion explains why mostly defect-free atomic resolution 
has been observed with AFM. Note that for atomic- 
resolution measurements, the cantilever should not be 
too soft to avoid jumps. Further note that measurements 
in the noncontact imaging mode may be desirable for 
imaging with atomic resolution. 

‘The key component in an AFM is the sensor for 
‘measuring the force on the tip due to its interaction with 
the sample. A cantilever (witha sharp tip) with extremely 
low spring constant is required for high vertical and lat- 
eral resolutions at small forces (0.1 nN or lower) but at 
the same time a high resonant frequency is desirable 
(about 10 to 100kHz) in order to minimize the sensi- 
tivity to vibration noise from the building which is near 
100 Hz. This requires a spring with extremely low ver- 
tical spring constant (typically 0.05 to 1N/m) as well 
as low mass (on the order of Ing). Today, the most 


advanced AFM cantilevers are microfabricated from 
silicon or silicon nitride using photolithographic tech- 
niques. (For further details on cantilevers, see a later 
section). Typical lateral dimensions are on the order of 
100 jum, with the thicknesses on the order of I yum. The 
force on the tip due to its interaction with the sample 
is sensed by detecting the deflection of the compliant 
lever with @ known spring constant. This cantilever de- 
flection (displacement smaller than 0.1 nm) has been 
measured by detecting tunneling current similar to 
that used in the STM in the pioneering work of Binnig 
et al. [11.2] and later used by Giessibl et al. [11.56], 
by capacitance detection [11.123, 124], piezoresistive 
detection {11.125, 126], and by four optical techniques 
namely (1) by optical interferometry [11.5,6,127, 128] 
with the use of optical fibers [11.57, 129] (2) by optical 
polarization detection [11.72, 130], (3) by laser diode 
feedback [11.131] and (4) by optical (laser) beam de- 
flection [11.7, 8,53, [11, 112]. Schematies of the four 
more commonly used detection systems are shown in 
Fig. 1.8. The tunneling method originally used by Bin- 
nig et al. [11.2] in the first version of the AFM, uses 
a second tip to monitor the deflection of the cantilever 
with its force sensing tip. Tunneling is rather sensi- 
tive to contaminants and the interaction between the 
tunneling tip and the rear side of the cantilever can 
become comparable to the interaction between the tip 
and sample. Tunneling is rarely used and is mentioned 
first for historical purposes. Giessibl etal. [11.56] have 
used it for a low temperature AFM/STM design. In 
contrast to tunneling, other deflection sensors are far 
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HeNe- 
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Fig. 11,8 Schematics of the four more commonly used de- 
tection systems for measurement of cantilever deflection. 
In each set up, the sample mounted on piezoelectric body 


is shown on the right, the cantilever in the middle, and the 
corresponding deflection sensor on the left [11.118] 
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away from the cantilever at distances of microns to 
tens of mm. The optical techniques are believed to 
be more sensitive, reliable and easily implemented de- 
tection methods than others [11.94, 118]. The optical 
beam deflection method has the largest working dis- 
tance, is insensitive to distance changes and is capable 
of measuring angular changes (friction forces), there- 
fore, it is most commonly used in the commercial 
SPMs, 

Almost all SPMs use piezo translators to scan the 
sample, or alternatively, to sean the tip. An electric field 
applied across a piezoelectric material causes a change 
in the crystal structure, with expansion in some direc- 
tions and contraction in others. A net change in volume 
also occurs [11.132]. The first STM used a piezo tripod 
for scanning [11.1]. The piezo tripod is one way to gen- 
crate three-dimensional movement of a tip attached to 
its center. However, the tripod needs to be fairly large 
(~ 50mm) to get a suitable range. Its size and asym- 
‘metric shape makes it susceptible to thermal drift. The 
tube scanners are widely used in AFMSs [11.133]. These 
provide ample scanning range with a small size, Con- 
trol electronics systems for AFMs can use either analog 
or digital feedback. Digital feedback circuits are better 
suited for ultra low noise operation, 

Images from the AFMs need to be processed. An 
ideal AFM is a noise free device that images a sam- 
ple with perfect tips of known shape and has a perfectly 
linear scanning piezo. In reality, scanning devices are 
affected by distortions and these distortions must be cor- 
rected for. The distortions can be linear and nonlinear. 
Linear distortions mainly result from imperfections in 
the machining of the piezo translators causing cross talk 
between the Z-piezo to the X- and ¥-piezos, and vice 
versa. Nonlinear distortions mainly result because of the 
presence of a hysteresis loop in piezoelectric ceramics. 
‘These may also result if the scan frequency approaches 
the upper frequency limit of the X- and Y-drive am- 
plifiers or the upper frequency limit of the feedback 
loop (z-component). In addition, electronic noise may 
bbe present in the system. The noise is removed by digital 
filtering in real space [11.134] orin the spatial frequency 
domain (Fourier space) [11.135] 

Processed data consists of many tens of thousand 
of points per plane (or data set). The output of the first 
‘STM and AFM images were recorded on an X-Y chart 
recorder, with z-value plotted against the tip position 
in the fast scan direction, Chart recorders have slow 
response so computers are used to display the data, The 
data are displayed as a wire mesh display or gray scale 
display (with at least 64 shades of gray), 
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11.2.1 Binnig et al.'s Design 


In the first AFM design developed by Binnig etal. [11.2], 
AFM images were obtained by measurement of the force 
‘on a sharp tip created by the proximity to the surface 
of the sample mounted on a 3-D piezoelectric scanner. 
‘Tunneling current between STM tip and the backside of 
the cantilever beam with attached tip was measured to 
obtain the normal force. This force was kept at aconstant 
level with a feedback mechanism. The STM tip was 
also mounted on a piezoelectric element to maintain the 
tunneling current at a constant level 


11.2.2 Commercial AFM 


A review of early designs of AFMs is presented by 
Bhushan [11.4], There are a number of commercial 
AFMs available on the market. Major manufactur- 
ers of AFMs for use in an ambient environment are: 
Digital Instruments Inc., a subsidiary of Veeco In- 
struments, Inc., Santa Barbara, California; Topometrix 
Corp., a subsidiary of Veeco Instruments, Inc,, Santa 
Clara, California; other subsidiaries of Veeco Instru- 
‘ments Ine., Woodbury, New York; Molecular Imaging 
Corp., Phoenix, Arizona; Quesant Instrument Corp., 
‘Agoura Hills, California; Nanoscience Instruments Inc., 
Phoenix, Arizona; Seiko Instruments, Japan; and Olym- 
pus, Japan. AFM/STMs for use in UHV environments 
are manufactured by Omicron Vakuumphysik GMBH, 
‘Taunusstein, Germany. 

We describe here two commercial AFMs ~ small 
sample and large sample AFMs ~ for operation in 
the contact mode, produced by Digital Instruments, 
Inc., Santa Barbara, CA, with scanning lengths rang- 
ing from about 0.7 um (for atomic resolution) to about 
125 jam[11.9,111,114,136]. The original design ofthese 
AFMs comes from Meyer and Amer [11.53]. Basically 
the AFM scans the sample in a raster patter while 
outputting the cantilever deflection error signal to the 
control station. The cantilever deflection (or the force) 
is measured using laser deflection technique (Fig. 1.9) 
‘The DSP in the workstation controls the z position of 
the piezo based on the cantilever deflection error sig- 
nal. The AFM operates in both the “constant height” 
and “constant force” modes. The DSP always adjusts 
the height of the sample under the tip based on the can- 
tilever deflection error signal, but if the feedback gains 
are low the piezo remains at a nearly “constant height” 
and the cantilever deflection data is collected. With the 
high gains the piezo height changes to keep the can- 
tilever deflection nearly constant (therefore the force is 
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Fig. 11.9a,b Principles of operation of (a) a commercial small sam- 
ple AFM/FEM, and (b) a large sample AFM/EEM. 


constant) and the change in piezo height is collected by 
the system, 

To further describe the principle of operation of the 
commercial small sample AFM shown in Fig. 11.23, 
the sample, generally no larger than 10mm 10mm, 
is mounted on a PZT tube scanner which consists of 
separate electrodes to scan precisely the sample in the 


-x-y plane in a raster pattern and to move the sample 
in the vertical (2) direction. A sharp tip at the free end 
of a flexible cantilever is brought in contact with the 
sample, Features on the sample surface cause the can- 
tilever to deflect in the vertical and lateral directions 
as the sample moves under the tip. A laser beam from 
a diode laser (5 mW max peak output at 670 nm) is di- 
rected by a prism onto the back of a cantilever near 
its free end, tilted downward at about 10° with respect 
to the horizontal plane. The reflected beam from the 
vertex of the cantilever is directed through a mirror 
‘onto a quad photodetector (split photodetector with four 
quadrants) (commonly called position-sensitive detector 
or PSD, produced by Silicon Detector Corp., Camar- 
illo, California). The differential signal from the top and 
bottom photodiodes provides the AFM signal which is 
a sensitive measure of the cantilever vertical deflection. 
‘Topographic features of the sample cause the tip to de- 
flect in the vertical direction as the sample is scanned 
under the tip. This tip deflection will change the direc- 
tion of the reflected laser beam, changing the intensity 
difference between the top and bottom sets of photode- 
tectors (AFM signal). Inthe AFM operating mode called 
the height mode, for topographic imaging or for any 
‘other operation in which the applied normal force is to 
be kept a constant, a feedback circuit is used to modu- 
late the voltage applied to the PZT scanner to adjust the 
height of the PZT, so that the cantilever vertical deflec- 
tion (given by the intensity difference between the top 
and bottom detector) will remain constant during scan- 
ning. The PZT height variation is thus a direct measure 
of the surface roughness of the sample. 

Ina large sample AFM, both force sensors using op- 
tical deflection methods and scanning unit are mounted 
fn the microscope head (Fig. 11.9b). Because of v 
tions added by cantilever movement, lateral resolution 
of this design is somewhat poorer than the design in 
Fig. 11.9a in which the sample is scanned instead of 
the cantilever beam. The advantage of the large sample 
AFM is that large samples can be measured readily. 

‘Most AFMSs can be used for topography measure- 
‘ments in the so-called tapping mode (intermittent contact 
mode), also referred to as dynamic force microscopy. 
In the tapping mode, during scanning over the sur- 
face, the cantilever/tip assembly is sinusoidally vibrated 
by a piezo mounted above it, and the oscillating tip 
slightly taps the surface at the resonant frequency of the 
‘cantilever (70400 Hz) with a constant 20 100.nm) os~ 
cillating amplitude introduced in the vertical direction 
with a feedback loop keeping the average normal force 
constant (Fig. 11.10). The oscillating amplitude is kept 
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Fig. 11.10 Schematic of tapping mode used for surface 
roughness measurements 


large enough so that the tip does not get stuck to the sam- 
ple because of adhesive attractions. The tapping mode 
is used in topography measurements to minimize ef- 
fects of friction and other lateral forces to measure the 
topography of soft surfaces. 

‘Topographic measurements are made at any scan- 
ning angle. Ata first instance, scanning angle may not 
‘appear to be an important parameter, However, the frie- 
tion force between the tip and the sample will affect 
the topographic measurements in a parallel sean (scan- 
ning along the long axis of the cantilever). Therefore 
‘a perpendicular scan may be more desirable. Generall 
‘one picks a scanning angle which gives the same topo. 
‘graphic data in both directions; this angle may be slightly 
different than that for the perpendicular scan. 

For measurement of the friction force being applied 
at the tip surface during sliding, the left hand and right 
hhand sets of quadrants of the photodetector are used. In 
the so-called friction mode, the sample is scanned back 
and forth in a direction orthogonal to the long axis of 
the cantilever beam. A friction force between the sample 
and the tip will produce a twisting of the cantilever. As 
result, the laser beam will be reflected out of the plane 
defined by the incident beam and the beam reflected 
vertically from an untwisted cantilever. This produces 
‘an intensity difference of the laser beam received in the 
left hand and right hand sets of quadrants of the photode- 
tector. The intensity difference between the two sets of 
detectors (FFM signal) is directly related to the degree of 
twisting and hence to the magnitude ofthe friction force. 
This method provides three-dimensional maps of the 
friction force. One problem associated with this method 
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is that any misalignment between the laser beam and the 
photodetectoraxis would introduce error inthe measure- 
‘ment, However, by following the procedures developed 
by Ruan and Bhushan [11.136], in which the average 
FFM signal for the sample scanned in two opposite di- 
rections is subtracted from the friction profiles of each 
of the two scans, the misalignment effect is eliminated 
By following the friction force calibration procedures 
developed by Ruan and Bhushan [11.136], voltages cor- 
responding to friction forces can be converted to force 
units. The coefficient of friction is obtained from the 
slope of friction force data measured as a function of 
normal loads typically ranging from 10 to 1508N. This 
approach eliminates any contributions due to the adhe- 
sive forces [11.10] For calculation of the coefficient of 
fiction based on a single point measurement, friction 
force should be divided by the sum of applied normal 
load and intrinsic adhesive force, Furthermore, it should 
be pointed out that fora single asperity contact, the coef- 
ficient of friction is not independent of load, For further 
details, refer to a later section. 

The tip is scanned in such a way that its trajectory 
on the sample forms a triangular pattern (Fig. 11.11), 
Scanning speeds in the fast and slow scan directions 
depend on the scan area and scan frequency. Scan sizes 
ranging from less than I nm> I nm to 125 jum x 125 um 
and scan rates from less than 0.5 to 122Hz typically 
can be used. Higher scan rates are used for smaller scan 
lengths. For example, scan rates in the fast and slow 
scan directions for an area of 10ym> 10ym scanned 
at 0.5 Hz are 10 m/s and 20 nm/s, respectively. 

‘We now describe the construction of a small sam- 
ple AFM in more detail. It consists of three main parts: 
the optical head which senses the cantilever deflection, 
a PZT tube scanner which controls the scanning mo- 
tion of the sample mounted on its one end, and the base 


——— 
Fig.1.11 Schematic of triangular pattern trajectory of the 
"AFM tip as the sample is scanned in two dimensions. Dur- 


ing imaging, data are recorded only during scans along the 
solid sean lines 
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which supports the scanner and head and includes cir- 
cuits for the deflection signal (Fig. 11.12a). The AFM 
connects directly to a control system, The optical head 
consists of laser diode stage, photodiode stage preamp 
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Fig. t1-1za-d Schematics of a commercial AFM/FEM 
made by Digital Instruments Ine. (a) front view, (b) op- 
tical head, (c) base, and (d) cantilever substrate mounted on 
cantilever mount (not to scale) 


board, cantilever mount and its holding arm, and de- 
flection beam reflecting mirror (Fig. 11.12b). The laser 
diode stage is a tilt stage used to adjust the position 
of the laser beam relative to the cantilever. It consists 
of the laser diode, collimator, focusing lens, baseplate, 
and the X and ¥ laser diode positioners. The positioners 
are used to place the laser spot on the end of the can- 
tilever. The photodiode stage is an adjustable stage used 
to position the photodiode elements relative to the re- 
flected laser beam. It consists of the split photodiode, the 
base plate, and the photodiode positioners. The deflec- 
tion beam reflecting mirror is mounted on the upper left 
in the interior of the head which reflects the deflected 
beam toward the photodiode. The cantilever mount is 
14 metal (for operation in air) or glass (for operation in 
water) block which holds the cantilever firmly at the 
proper angle (Fig. 11.124). Next, the tube scanner con- 
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relay 


Properly known as an electromagnetic armature relay to distinguish it from a solid-state 
relay, However, the full term is very rarely used, It may also be described as an electro- 
‘mechanicalrelay, but the term relay is normally understood to mean a device that is not 


solid state. 


OTHER RELATED COMPONENTS 


+ solid state relay (Volume 2) 
«+ suiteh (See Chapter 6) 


What It Does 


A relay enables a signal or pulse of electricity to 
switch on (or switch off) a separate flow of elec- 
tricity. Often, a relay uses a low voltage or low 
current to control a higher voltage and/or higher, 
current. The low voltage/low current signal can 
be initiated by a relatively small, economical 
switch, and can be carried to the relay by rela- 
tively cheap, small-gauge wire, at which point 
the relay controls a larger current near to the 
load. In a car, for example, turning the ignition 
switch sends a signal to a relay positioned close 
to the starter motor. 


While solid-state switching devicesarefasterand 
more reliable, relays retain some advantages 
They can handle double-throw and/or multiple- 
pole switching and can be cheaper when high 
voltages or currents are involved. A comparison 
of their advantages relative to solid state re- 
lays and transistors is tabulated in the entry on 
bipolar transistor in Figure 28-15. 


‘Common schematic symbolsforsingle-throwre- 
lays are shown in Figure 9-1 and for double- 


throw relays in Figure 9-2. The appearance and 
orientation of the coil and contacts in the sym- 
bols may vary significantly, but the functionality 
remains the same, 


=! 
Figure 94. Commonly used schematic symbols for a 
SPST relay. The symbols are functionally identical 
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Figure 9-2. Commonly used schematic symbols for a 
‘SPDT relay. The symbols are functionally identical. 
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sists of an Invar cylinder holding a single tube made of 
piezoelectric crystal which provides the necessary three- 
dimensional motion to the sample. Mounted on top of 
the tube is a magnetic cap on which the steel sample 
puck is placed. The tube is rigidly held at one end with 
the sample mounted on the other end of the tube. The 
scanner also contains three fine-pitched screws which 
form the mount for the optical head. The optical head 
rests on the tips of the screws which are used to adjust. 
the position of the head relative to the sample. The scan- 
ner fits into the scanner support ring mounted on the 
base of the microscope (Fig. |1.12c). The stepper mo- 
tor is controlled manually with the switch on the upper 
surface of the base and automatically by the computer 
during the tip engage and tip-withdraw processes. 

‘The scan sizes available for these instruments are 
0.7 um, 124m and 125 1m. The scan rate must be de- 
creased as the scan size is increased. A maximum scan 
rate of 122Hz can be used. Scan rates of about 60 Hz 
should be used for small scan lengths (0.7 wm). Sean 
rates of 0.5 to 2.5 Hz should be used for large scans on 
samples with tall features. High scan rates help reduce 
drift, but they can only be used on flat samples with small 
scan sizes, Scan rate, or scanning speed in lengthvtime in 
the fast scan direction, is equal to twice the scan length 
times the scan rate in Hz, and in the slow direction, itis 
‘equal to scan length times the scan rate in Hz divided by 
‘number of data points in the transverse direction. For ex- 
ample, for 10 jum 10 jum scan size scanned at 0.5 Hz, 
the scan rates in the fast and slow scan directions are 
10 m/s and 20 nm/s, respectively. Normally 256 x 256 
data points are taken for each image. The lateral res- 
olution at larger scans is approximately equal to scan 
length divided by 256, The piezo tube requires x-y cal- 
ibration which is carried out by imaging an appropriate 
calibration standard, Cleaved graphite is used for small 
scan heads while two-dimensional grids (a gold plating 
ruling) can be used for longer range heads. 

Examples of AFM images of freshly-cleaved highly- 
oriented pyrolytic (HOP) graphite and mica surfaces are 
shown in Fig. 11.13 (11.50, 110, 114], Images with near 
‘atomic resolution are obtained. 

‘The force calibration mode is used to study inter- 
actions between the cantilever and the sample surface. 
In the force calibration mode, the X and ¥ voltages ap- 
plied to the piezo tube are held at zero and a sawtooth 
voltage is applied to the Z electrode of the piezo tube, 
Fig. || 14a, The force measurement starts with the sam- 
ple far away and the cantilever in its rest position, As 
2 result of the applied voltage, the sample is moved up 
‘and down relative to the stationary cantilever tip. As the 
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1.13a,b Typical AFM images of freshly-cleaved 
{a} highty-oriented pyrolytic graphite and (b) mica surfaces 
taken using a square pyramidal SisNq tip 
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Fig. 11.14 (a) Force calibration Z waveform, and (b) a typ 
{cal force-distance curve for a tip in contact wih a sample 
Contact occurs at point B tip breaks fee of adhesive forces 
a point Cas the samples moves away from the tip 
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piezo moves the sample up and down, the cantilever de- 
flection signal from the photodiode is monitored. The 
force-distance curve, a plot ofthe cantilever tip deflec- 
tion signal as a function of the voltage applied to the 
piezo tube, is obtained. Figure 1.14b shows a typical 
force-distance curve showing the various features ofthe 
curve. The arrow heads reveal the direction of piezo 
travel. As the piezo extends, it approaches the tip, which 
is at this point in free air and hence shows no deflec- 
tion. This is indicated by the fat portion ofthe curve. Ax 
the tip approaches the sample within a few nanometers 
(point A), an attractive force exists between the atoms 
of the tip surface and the atoms of the sample surface. 
‘The tip is pulled towards the sample and contact occurs 
at point B on the graph. From this point on, the tip is in 
‘contact with the surface and asthe piezo further extends, 
the tip gets further deflected. This is represented by the 
sloped portion of the curve. As the piezo retracts, the 
tip goes heyond the zero deflection (lat) line because of 
attractive forces (van der Waals forces and long range 
meniscus forces) into the adhesive regime. At point C in 
the graph, the tip snaps free of the adhesive forces, and is 
again in free air. The horizontal distance between point 
B and C along the retrace line gives the distance moved 
by the tip in the adhesive regime. This distance multi- 
plied by the stiffness of the cantilever gives the adhesive 
force. Incidentally, the horizontal shift between the load- 
ing and unloading curves results from the hysteresis in 
the PZT tube [11.4] 


Multimode Capabilities 
‘The multimode AFM can be used for topography mea- 
surements in the contact mode and tapping mode, 
described earlier, and for measurements of lateral fic- 
tion) force, electric force gradients and magnetic force 
gradients 

‘The multimode AFM, used with a grounded con- 
ducting tip, can measure electric field gradients by 
oscillating the tip near its resonant frequency. When 
the lever encounters a force gradient from the electric 
ficld, the effective spring constant of the cantilever is 
altered, changing its resonant frequency. Depending on 
Which side of the resonance curve is chosen, the oscil- 
lation amplitude of the cantilever increases or decreases 
due to the shift inthe resonant frequency. By recording 
the amplitude of the cantilever, an image revealing the 
strength of the electri field gradient is obtained. 

In the magnetic force microscope (MFM) used with 
«a magnetically-coated tip, static cantilever deflection is 
detected which occurs when a magnetic field exerts 
a force on the tip and the MFM images of magnetic 


‘materials can be produced, MFM sensitivity can be en- 
hanced by oscillating the cantilever near its resonant 
frequency. When the ip encounters a magnetic force 
gradient, the effective spring constant, and hence the 
resonant frequency, is shifted. By driving the cantilever 
above or below the resonant frequency, the oscillation 
amplitude varies as the resonance shifts. An image of 
magnetic field gradients is obtained by recording the 
oscillation amplitude as the tip is scanned over the 
sample. 

‘Topographic information is separated from the elec- 
tic field gradients and magnetic field images by using 
1 so-called lift mode. Measurements in lift mode are 
taken in two passes over each scan line. On the first pass, 
topographical information is recorded in the standard 
tapping mode where the oscillating cantilever lightly 
taps the surface. On the second pass, the tip is lifted 
to a user-selected separation (typically 20~200nm) be- 
tween the tip and local surface topography. By using 
the stored topographical data instead of the standard 
feedback, the separation remains constant without sens- 
ing the surface. At this height, cantilever amplitudes are 
sensitive to electric field force gradients or relatively 
weak but long-range magnetic forces without being 
Influenced by topographic features. Two-pass measure- 
‘ments are taken for every scan line, producing separate 
topographic and magnetic force images. 


Electrochemical AFM 
‘This option allows one to perform electrochemical re- 
actions on the AFM. It includes a potentiostat, a fluid 
cell with a transparent cantilever holder and electrodes, 
and the software required to operate the potentiostat and 
display the results of the electrachemieal reaction, 


11.2.3 AFM Probe Construction 


Various probes (cantilevers and tips) ate used for AFM 
studies. The cantilever stylus used in the AFM should 
meet the following criteria: (1) low normal spring con- 
stant (stiffness), 2) a high resonant frequency, (3) high 
quality factor of the cantilever Q. (4) high lateral spring 
constant (stiffness), (5) short cantilever length, (6) incor- 
poration of components (such as mirror) for deflection 
sensing, and (7) a sharp protruding tip [11,137]. In order 
to register a measurable deflection with small forces, 
the cantilever must flex with a relativly low force (on 
the onder of few nN) requiring vertical spring constants 
of 10 to 10°N/m for atomic resolution in the con- 
tact profiling mode. The data rate oF imaging rate in the 
AFM is limited by the mechanical resonant frequency 
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Table 11.2 Relevant properties of materials used for cantilevers 
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of the cantilever. To achieve a large imaging bandwidth, 
the AFM cantilever should have a resonant frequency 
jareater than about 10 kHz. (30-100 kHz is preferable) 
in order to make the cantilever the least sensitive part 
of the system. Fast imaging rates are not just a matter 
of convenience, since the effects of thermal drifts are 
‘more pronounced with slow-scanning speeds. The com- 
bined requirements of a low spring constant and a high 
resonant frequency is met by reducing the mass of the 
cantilever. The quality factor Q (=p /(c/m), where og 
is the resonant frequency of the damped oscillator and 
isthe damping constant and m is the mass of the oscilla 
tor) should have a high value for some applications. For 
example, resonance curve detection is a sensitive mod- 
ulation technique for measuring small force gradients 
in noncontact imaging. Increasing the Q increases the 
sensitivity of the measurements. Mechanical Q values 
of 100-1,000 are typical. In contact modes, the Q is of 
less importance, High lateral spring constant in the can- 
tilever is desirable to reduce the elfect of lateral forces 
in the AFM as frictional forces can cause appreciable 
lateral bending of the cantilever. Lateral bending results 
in error in the topography measurements. For friction 
‘measurements, cantilevers with less lateral rigidity is 
preferred. A sharp protruding tip must be formed at the 
end ofthe cantilever to provide a well defined interaction 
with sample over a small area, The tip radius should be 
‘much smaller than the radii of corrugations in the sample 
in order for these to be measured accurately. The lat- 
cral spring constant depends critically on the tip length. 
Additionally, the tip should be centered at the free end, 

In the past, cantilevers have been cut by hand from 
thin metal foils or formed from fine wires. Tips for these 
cantilevers were prepared by attaching diamond frag- 
‘ments to the ends of the cantilevers by hand, or in the 
case of wire cantilevers, electrochemically etching the 
wire to a sharp point, Several cantilever geometries for 
‘wire cantilevers have been used. The simplest geome- 
try is the L-shaped cantilever, usually made by bending 
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‘wire ata 90° angle. Other geometries include single-V 
and double-V geometries with a sharp tip attached at 
the apex of V, and double-X configuration with a sharp 
tip attached at the intersection [11.31, 138]. These can- 
tilevers can be constructed with high vertical spring 
constants. For example, double-cross cantilever with 
an effective spring constant of 250.N/m was used by 
Burnham and Colton [11.31 The small size and low 
‘mass needed in the AFM make hand fabrication of the 
cantilever a difficult process with poor reproducibility 
Conventional microfabrication techniques are ideal for 
constructing planar thin-film structures which have sub- 
micron lateral dimensions. The triangular (V-shaped) 
cantilevers have improved (higher) lateral spring con- 
stant in comparison to rectangular cantilevers. In terms 
of spring constants, the triangular cantilevers are ap- 
proximately equivalent to two rectangular cantilevers in 
parallel [11.137]. Although the macroscopic radius of 
 photolithographically patterned comer is seldom much 
less than about 50nm, microscopic asperities on the 
etched surface provide tips with nearatomic dimensions, 

Cantilevers have been used from a whole range 
of materials. Most commonly are cantilevers made of 
SisNa, Si, and diamond, Young's modulus and the den- 
sity are the material parameters which determine the 
resonant frequency, besides the geometry. Table 11.2 
shows the relevant properties and the speed of sound, 
indicative of the resonant frequency for a given shape, 
Hardiness is important to judge the durability of the can- 
tilevers, and is also listed in the table, Materials used for 
‘STM cantilevers are also included. 

Silicon nitride cantilevers are less expensive than 
those made of other materials. They are very rugged and 
‘well suited to imaging in almost all environments. They 
are especially compatible to organic and biological ma- 
terials, Microfabricated silicon nitride triangular beams 
‘with integrated square pyramidal tips made of plasma- 
enhanced chemical vapor deposition (PECVD) are most 
commonly used [11.137]. Four cantilevers wit different 
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sizes and spring constants on each cantilever substrate 
made of boron silicate glass (Pyrex), marketed by Digital 
Instruments, are shown in Figs. 11.15a and 11.16, Two 
pairs of the cantilevers on each substrate measure about 
115 and 193 j.m from the substrate to the apex of the ti 
angular cantilever with base widths of 122-and 205 um, 


20 mm — | 
Gold plated 
30 stainless steel cantilever 


1.15a~c Schematics of (a) triangular cantilever beam 
with square pyramidal tips made of PECVD SisNg,(b)reet- 
angular cantilever beams with square pyramidal tips made 
of etched single 


crystal silicon, and (¢) rectangular can 
tilever stainless steel beam with three-sided pyramidal 
natural diamond tip 


Fig.t1-16a-c SEM micrographs of a square-pyramidal 
PECVD Sig, tip (a), a square pyramidal etched single- 
crystal silicon tip (b), and a three-sided pyramidal natural 
diamond tip (€) 


respectively. Both cantilever legs, with the same thick: 
ness (0.6 1m) of all the cantilevers, are available with 
wide and narrow legs. Only one cantilever is selected 
and used from each substrate, Calculated spring constant 
and measured natural frequencies for each of the con- 
figurations are listed in Table 11.3. The most commonly 
used cantilever beam is the 115-jum long, wide-legged 
cantilever (vertical spring constant = 0,58 N/m). Can- 
tilevers with smaller spring constants should be used on 
softer samples. The pyramidal tips are highly symmet- 
Fic with its end having a radius of about 20-SOnm, The 
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Table 1.3 Measured vertical spring constants and natural 
frequencies of triangular (V-shaped) cantilevers made of 
PECVD SisN, (Data provided by Digital Instruments, Ine.) 


eS 


ne 


tip side walls have a slope of 35 deg and the length of 
the edges of the tip atthe cantilever base is about 4 jm. 

‘An alternative to silicon nitride cantilevers with in- 
tegrated tips are microfabricated single-crystal silicon 
cantilevers with integrated tips. Si tips are sharper than 
SisNg tips because they are directly formed by the 
anisotropic etch in single-crystal Si rather than using 
fan etch pit as a mask for deposited materials [11.139]. 
Etched single-crystal n-type silicon rectangular can- 
tilevers with square pyramidal tips with a lower radius 
of less than 10nm for contact and tapping mode 
(tapping-mode etched silicon probe or TESP) AFMs are 
commercially available from Digital Instruments and 
‘Nanosensors GmbH, Aidlingen, Germany, Figs. 11.15b 
and 11,16, Spring constants and resonant frequencies 
are also presented in the Fig. 11.15b. 

‘Commercial triangular Sis, cantilevers have a typ- 
ical width-thickness ratio of 10 to 30 which results in 
100 to 1000 times stiffer spring constants in the lateral 
direction compared to the normal direction. ‘There- 
fore these cantilevers are not well suited for torsion. 
For friction measurements, the torsional spring con- 
stant should be minimized in order to be sensitive to 
the lateral forces. Rather long cantilevers with small 
thickness and large tip length are most suitable, Rect- 
angular beams have lower torsional spring constants in 
‘comparison to the triangular (V-shaped) cantilevers. Ta- 
ble 11.4 lists the spring constants (with full length of 
the beam used) in three directions of the typical rectan- 
ular beams. We note that lateral and torsional spring 
constants are about two orders of magnitude larger 
than the normal spring constants, A cantilever beam re- 
quired for the tapping mode is quite stiff and may not 
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Table T1.t Vertical (K), lateral (k,), and torsional (kyr) spring con- 
stants of rectangular cantilevers made of $i (IBM) and PECVD 
SisNg (Veeco Instruments, Ine.) 


Length (L) (um) 
Oe ee a 
‘Thickness (/1) (um) 1 06 
(sr Sc) as 
a al an 
Baym aa 
yx /m) 120 16 


Note: k; = Ebh*/4L3,ky = Eb*H/40, kyr = GbI2/3LE, and 
‘on = [ke / (me + 0.24bKL p)1/2, where Eis Young's modulus, G 
is the modulus of rigidity [= /2(1+1), v is Poisson's ratio), 
‘is the mass density of the cantilever, and me is the concen- 
trated mass of the tip (~4ng) [11.94], For Si, £ = 130GPa, 
pg =2.300kg/m?, and v= 
(pg =3,100kg/m', and y= 03 


be sensitive enough for friction measurements. Meyer 
et al, [11.140] used a specially designed rectangular sil- 
icon cantilever with length= 200 jm, width= 21 yum, 

ickness=0.4 yum, tip length= 12.5 pm, and shear 
‘modulus =S0GPa, giving a normal spring constant of 
0.007 N/m and torsional spring constant of 0.72.N/m 
hich gives a lateral force sensitivity of 10 pN and an 
angle of resolution of 10-7 rad. With this particular ge- 
metry, sensitivity to lateral forces could be improved 
by about a factor of 100 compared with commercial 
‘Veshaped SisN, or rectangular Si or SixNq cantilevers 
used by Meyer and Amer [11.8] with torsional spring 
constant of ~ 100N/m, Ruan and Bhushan [11.136] 
and Bhushan and Ruan [11.9] used 115-jum long, wide- 
legged V-shaped cantilevers made of Si3Ny for friction 
‘measurements. 

Forscratching, wear, and indentation studies, single- 
crystal natural diamond tips ground to the shape of 
athree-sided pyramid with an apex angle of either 60° or 
‘80° whose points sharpened to aradius of about 100/nm 
are commonly used [11.4, 10] (Figs. 11,15 and 11.16), 
‘The tips are bonded with conductive epoxy to a gold- 
plated 304 stainless steel spring sheet (length = 20mm, 
‘width = 0.2mm, thickness = 20 to 60 jim) which acts 
as a cantilever. The free length of the spring is varied 
to change the beam stiffness. The normal spring con- 
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Fig. 11.17a,b Schematics of (a) HART SisN« probe, and 
(b) FIB milled SisNs probe 


stant of the beam ranges from about 5 to 600.N/m for 
a 20m thick beam. The tips are produced by R-DEC 
Co., Tsukuba, Japan, 

For imaging within trenches by an AFM, high aspect 
ratio tips are used, Examples of the two probes are shown 
in Fig. 11.17, The high-aspect ratio tip (Hart) probes are 
produced by starting with a conventional SisN¢ pyrami 
dal probe. Through a combination of focused ion beam 
(FIB) and high resolution scanning electron microscopy 
) techniques, a thin filament is grown at the apex of 
the pyramid. The probe filament is approximately I jum 
Jong and 0.1 um in diameter. It tapers to an extremely 
sharp point (radius better than the resolution of most 
SEMs). The long thin shape and sharp radius make it 

ging within “vias” of microstructures and 

0.25 um), Because of flexing of the probe. 
structures at the atomic level 
since the flexing of the probe can create image artifacts 
a FIB- milled probe is used 

which is relatively stiff yet allows for closely spaced to- 
pography. These probes start out as conventional SisNy 
pyramidal probes but the pyramid is FIB milled until 
a small cone shape is formed which has a high as- 
pect ratio with 0.2-0.3 im in length. The milled probes 
allow nanostructure resolution without sacrificing rigid. 


trenches ( 


itis unsuitable for ima 
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Fig. 11.18 SEM micrograph of a multi-walled carbon nano- 
tube (MWNT) tip physically attached on the single-crystal 
silicon, square-pyramidal ip (Courtesy Piezomax Tech- 


nologies, Inc.) 


ity. These types of probes are manufactured by various 
manufacturers including Materials Analytical Services, 
Raleigh, North Carolina. 

Carbon nanotube tips having small diameter and 
high aspect ratio are used for high resolution imag 

of surfaces and of deep trenches, in the tapping 
mode or noncontact mode, Single-walled carbon nano- 
tubes (SWNT) are microscopic graphitic cylinders that 
are 0.7 to 3nm in diameter and up to many microns 
in length. Larger structures called multi-walled carbon 
nanotubes (MWNT) consist of nested, concentrically 
arranged SWNT and have diameters ranging from 3 
to 50mm, MWNT carbon nanotube AFM tips are pro- 
duced by manual assembly [11.141], chemical vapor 
deposition (CVD) synthesis, and hybrid fabrication pro- 
cess [11.142]. Figure 11.18 shows TEM micrograph 
of a carbon nanotube tip, ProbeMax™, commercially 
produced by mechanical assembly by Piezomax Tech- 
nologies, Inc., Middleton, Wisconsin. For production of 
these tips, MWNT nanotubes are produced by carbon 
are. They are physically attached on the single-crystal 
silicon, square-pyramidal tipsin the SEM using a manip. 
ulator and the SEM stage to control the nanotubes and 
the tip independently. Once the nanotube is attached to 
the tip, it is usually too long to image with. It is short 
ened by using an AFM and applyi 
the tip and the sample. Nanotube tips are also com 
mercially produced by CVD synthesis by NanoDevices, 
Santa Barbara, California. 


voltage between 


11.2.4 Friction Measurement Methods 


Based on the work by Ruan and Bhushan (11.136), the 
two methods for friction measurements are now de- 
scribed in more detail. (Also see [11.8] A scanning 
angle is defined as the angle relative to the y-axis in 
Fig. 11.19, This is also the long axis of the cantilever. 
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‘A zero degree scanning angle corresponds to the sample 
scanning in the y direction, and a 90 degree scanning 
‘angle corresponds to the sample scanning perpendicular 
to this axis in the xy plane (along x axis). If the scan- 
ning direction is in both the y and —y directions, we call 
this “parallel scan”, Similarly, a “perpendicular scan” 
‘means the scanning direction is in the x and —x diree- 
tions. The sample traveling direction for each of these 
two methods is illustrated in Fig. 11.19b, 


a) 
oe 


® Sample traveling 
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Fig. 11.19 (a) Schematic defining the x- and -directions 
relative to the cantilever, and showing the sample waveling 
direction in two diferent measurement methods discussed 
in the text, (b) schematic of deformation of the tip and 
cantilever shown as a result of sliding in the x~ and y- 
directions, A twist is introduced to the cantilever if the 
scanning is in the x-direction ((b), lower part) [11.136] 
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In method 1 (using “height” mode with parallel 
scans) in addition to topographic imaging, it is also 
possible to measure friction force when the scanning 
direction of the sample is parallel to the y direction (par- 
allel scan). If there were no friction force between the tip 
and the moving sample, the topographic feature would. 
be the only factor which cause the cantilever to be de- 
flected vertically. However, friction force does exist on 
all contact surfaces where one object is moving rela- 
tive to another. The friction force between the sample 
and the tip will also cause a cantilever deflection, We 
assume that the normal force between the sample and 
the tip is Wo when the sample is stationary (Wp is typi- 
cally in the range of 10nN to 200nN), and the friction 
force between the sample and the tip is Wp as the sam- 
ple scans against the tip, The direction of friction force 
(Wp) is reversed as the scanning direction of the sample 
is reversed from positive (y) to negative (—y) directions 
(Why) = —Wa-y). 

‘When the vertical cantilever deflection is set atacon- 
stant level, it is the total force (normal force and friction 
force) applied to the cantilever that keeps the cantilever 
deflection at this level. Since the friction force is in op- 
posite directions as the traveling direction of the sample 
is reversed, the normal force will have to be adjusted 
accordingly when the sample reverses its traveling di- 
rection, so that the total deflection of the cantilever will 
remain the same, We can calculate the difference of the 
normal force between the two traveling directions for 
a given friction force Wy. First, by means of a constant 
deflection, the total moment applied to the cantilever 
is constant. If we take the reference point to be the 
point where the cantilever joins the cantilever holder 
(substrate), point P in Fig. 11.20, we have the following 
relationship: 


(Wy—AW))L+ Wye 


= (Wo + AW2)L — Wye (11.4) 

(AW, + AW2)L = 2WyE 1.2) 
Thus 

Wy = (AW +AWA)L/20), (11.3) 


where AW; and AW are the absolute value of the 
changes of normal force when the sample is traveling in 
—yand y directions, respectively, as shown in Fig. 11.20; 
Lis the length of the cantilever; ¢ is vertical distance be- 
tween the end of the tip and point P. The coefficient of 
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Fig. 1.20 (a) Schematic showing an addtional bending of 
the cantilever ~ due to friction force when the sample is 
scanned in the y- or ~y-diteetion (left). (b) This effect will 
bee canceled by adjusting the piezo height by a feedback 
citcuit right) [11.136] 


friction (j.) between the tip and the sample is then given 


aM. (comita as 


an a Wo 


In all circumstances, there are adhesive and in- 
teratomic attractive forces between the cantilever tip 
and the sample. The adhesive force can be due to 
water from the capillary condensation and other con- 
taminants present at the surface which form meniscus 
bridges [11.4, 143, 143] and the interatomic attractive 
force includes van der Waals attraction [11.18]. Ifthese 
forces (and indentation effect as well, which is usually 
small for rigid samples) can be neglected, the normal 
force Wo is then equal to the initial cantilever deflection 
‘Hy multiplied by the spring constant of the cantilever. 
(AW, + AW) an be measured by multiplying the same 
spring constant by the height difference ofthe piezo tube 
between the two traveling directions (y and —y direc- 
tions) of the sample. This height difference is denoted as 
(AH, +A 4b), shown schematically in Fig. 11.21. Thus, 
(214) can be rewritten as 


Wy _ ((AM+AHD) (L 
m(Se ye) 
Since the piezo tube vertical position is affected by the 
surface topographic profile ofthe sample in addition to 
the friction force being applied atthe tip this difference 
has to be taken point by point at the same location on 


PZT height H 


(AW AW) =KAH,+ AH) 


=> 


Hy (AH AH) 


€ 


‘Sliding Uinance’s 


Fig. 11,21 Schematic illustration ofthe height difference of 
the piezoelectric tube scanner as the sample is scanned in 
yand —y directions 


the sample surface as shown in Fig. 11.21, Subtraction 
of point by point measurements may introduce errors, 
particularly for rough samples. We will come back to 
this point later. In addition, precise measurement of L 
and £ (which should include the cantilever angle) are 
also required. 

If the adhesive forces between the tip and the sample 
aue large enough that it can not be neglected, one should 
include it in the calculation. However, there could be 
4 Jarge uncertainty in determining this force, thus an 
uncertainty in using (11.5). Analternative approach isto 
make the measurements at different normal loads and to 
use A (Hy) and A(A Hj + Hs) from the measurements 
in(11.5). Another comment on (11.5) s that, since only 
the ratio between (Al, +AH2) and H comes into this 
equation, the piezo tube vertical postion Hy and its 
position difference (Hy + AH) can be in the units of 
volts as longas the vertical traveling distance ofthe piezo 
tube and the voltage applied toit has a linear relationship. 
However. if there is a large nonlinearity between the 
piezo tube traveling distance and the applied voltage, 
this nonlinearity must be included in the calculation. 

It should also be pointed out that (11.4) and (11.5) 
are derived under the assumption that the friction Force 
Wy is the same for the two scanning directions of the 
sample. This isan approximation since the normal force 
is slightly different for the two scans and there may 
also be a directionality effect in friction, However, this 
difference is much smaller than Wo itself. We can ignore 
the second order correction, 

Method 2 (“aux” mode with perpendicular scan) 
to measure friction was suggested by Meyer and 
Amer [11.8]. The sample is scanned perpendicular to 
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the long axis of the cantilever beam (i.e., to scan along, 
the_x or —x direction in Fig. [1.19s) and the output of the 
horizontal two quadrants of the photodiode-detector is 
‘measured. In this arrangement, as the sample moves un- 
dlr the tip, the friction force will cause the cantilever to 
twist. Therefore the light intensity between the left and 
right (Land R in Fig. 11.19b, right) detectors will be dif- 
ferent. The differential signal between the left and right 
detectors is denoted as FFM signal [(L—R)/(L+R)]. 
This signal can be related to the degree of twisting, 
hence to the magnitude of friction force. Again, because 
of a possible error in determining normal force due to 
the presence of an adhesive force at the tip-sample in- 
terface, the slope of the friction data (FFM signal vs. 
normal load) needs to be taken for an accurate value of 
the coefficient of friction, 

While friction force contributes to the FFM signal, 
friction force may not be the only contributing factor in 
commercial FFM instruments (for example, NanoScope 
IV). One can notice this fact by simply engaging the 
cantilever tip with the sample. Before engaging, the left 
and right detectors can be balanced by adjusting the 
position of the detectors so that the intensity difference 
between these two detectors is zero (FFM signal is zero). 
Once the tip is engaged with the sample, this signal is 
no longer zero even if the sample is not moving in the 
xy plane with no friction force applied. This would be 
‘8 detrimental effect. It has to be understood and elimi- 
nated from the data acquisition before any quantitative 
‘measurement of friction force becomes possible. 

One of the fundamental reasons for this observa 
tion is the following. The detectors may not have been 
properly aligned with respect to the laser beam. To be 
precise, the vertical axis of the detector assembly (the 
line joining T-B in Fig. 11.22) is notin the plane defined 
by the incident laser beam and the beam reflected from 
aan untwisted cantilever (we call this plane the “beam 
plane”). When the cantilever vertical deflection changes 
due to a change of applied normal force (without hav- 
ing the sample scanned in the xy plane), the laser beam. 
‘will be reflected up and down and form a projected tra- 
jectory on the detector. (Note that this trajectory is in 
the defined beam plane.) If this trajectory is not coin- 
cident with the vertical axis of the detector, the laser 
beam will not evenly bisect the left and right quadrants 
of the detectors, even under the condition of no torsional 
‘motion of the cantilever, see Fig. 11.22. Thus when the 
laser beam is reflected up and down due a change of the 
normal force, the intensity difference between the left 
and right detectors will also change. In other words, the 
FEM signal will change as the normal force applied to 
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Vertical axis of | 
the photodetector 

Fig. 11.22 The trajectory of the laser beam on the photode- 
tectors in as the cantilever is vertically deflected (with no 
torsional motion) for a misaligned photodetector with re- 
spect to the laser beam, For a change of normal force 
(vertical deflection of the cantilever), the laser beam is 
projected at a different position on the detector. Due 10 
4a misalignment, the projected trajectory of the laser beam. 
‘on the detector is not parallel with the detector vertical axis, 
(the line joint T-B) [11.136] 


the tip is changed, even ifthe tip is not experiencing any 
friction force. This (FFM) signal is unrelated to friction 
force or to the actual twisting of the cantilever. We will 
call this part of FFM signal “FFMp", and the part which 
is tuly related to friction force “FFMz". 

‘The FFMp signal can be eliminated. One way of do- 
ing this is as follows. First the sample is scanned in both 
x and —x directions and the FEM signal for scans in 
each direction is recorded. Since friction force reverses 
its directions when the scanning direction is reversed. 
from x to —x direction, the FFMr signal will have op- 
posite signs as the scanning direction of the sample is 
reversed (FEMr(x) = —FFMr(—)). Hence the FFMr 
signal will be canceled out if we take the sum of the FFM 
signals for the two scans. The average value of the two 
scans will be related to FFMy due to the misalignment, 


FFM() + FFM(—1) = 2FFMp (11.6) 


‘This value can therefore be subtracted from the original 
FFM signals of each of these two scans to obtain the 
true FFM signal (FFMr). Or, alternately, by taking the 
difference of the two FFM signals, one directly gets the 
FFMy value 
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FEM() — FFM(—x) 


FMr(x) — FEMr(—x) 
= 2FFMy(1) (an.7) 


Ruan and Bhushan [11.136] have shown that the error 
signal (FFMp) can be very large compared to the friction 
signal FFMr, thus correction is required, 

Now we compare the two methods. The method 
of using “height” mode and parallel scan (method 1) 
is very simple to use. Technically, this method can 
provide 3-D friction profiles and the corresponding to- 
pographic profiles. However, there are some problems 
with this method. Under most circumstances, the piezo 
scanner displays a hysteresis when the traveling direc- 
tion of the sample is reversed. Therefore the measured 
surface topographic profiles will be shifted relative to 
each other along the y-axis for the two opposite (y 
and —y) scans. This would make it difficult to mea- 
sure the local height difference of the piezo tube for the 
two scans, However, the average height difference be- 
tween the two scans and hence the average friction can 
still be measured. The measurement of average friction 
‘can serve as an internal means of friction force cali- 
bration. Method 2 is a more desirable approach. The 
subtraction of FFM signal from FFM for the two scans 
does not introduce error to local friction force data. An 
ideal approach in using this method would be to add 
the average value of the two profiles in order to get the 
error component (FFM) and then subtract this compo- 
nent from either profiles to get true friction profiles in 
cither directions. By making measurements at various 
loads, we can get the average value of the coefficient 
of friction which then can be used to convert the fric- 
tion profile to the coefficient of friction profile. Thus 
any directionality and local variations in friction can be 
easily measured. In this method, since topography data 
are not affected by friction, accurate topography data 
‘can be measured simultaneously with friction data and 
a better localized relationship between the two can be 
established, 


11.2.5 Normal Force and Friction Force 
Calibrations of Cantilever Beams 


Based on Ruan and Bhushan [11.136], we now discuss 
normal force and friction force calibrations. In order 
to calculate the absolute value of normal and friction 
forces in Newtons using the measured AFM and FFMy 
voltage signals, it is necessary to first have an accurate 
value of the spring constant of the cantilever (k.). The 
spring constant can be calculated using the geometry 
and the physical properties of the cantilever mater- 


ial [11,8,94,137]. However, the properties of the PECVD 
SisN, (used in fabricating cantilevers) could be different 
from those of the bulk material. For example, by using 
an ultrasonic measurement, we found the Young's mod- 
ulus of the cantilever beam to be about 238 18 GPa 
which is less than that of bulk SisNg (310GPa). Fur- 
thermore the thickness of the beam is nonuniform and 
difficult to measure precisely. Since the stiffness of 
‘1 beam goes as the cube of thickness, minor errors in 
precise measurements of thickness can introduce sub- 
stantial stiffness errors, Thus one should experimentally 
measure the spring constant of the cantilever. Cle 
land etal. [11.145] measured the normal spring constant 
by measuring resonant frequencies of the beams, 

For normal spring constant measurement, Ruan and 
Bhushan [11.136] used a stainless steel spring sheet of 
known stiffness (width = 1.35mm, thickness = 15 um, 
free hanging length = 5.2mm). One end of the spring 
was attached to the sample holder and the other end 
was made to contaet with the cantilever tip during the 
measurement, see Fig. 11.23. They measured the piezo 
traveling distance for a given cantilever deflection. For 
‘rigid sample (such as diamond), the piezo traveling dis- 
tance Z, (measured from the point where the tip touches 
the sample) should equal the cantilever deflection. To 
keep the cantilever deflection at the same level using 
a flexible spring sheet, the new piezo traveling distance 
Zy would be different from Z;. The difference between 
Zy and Z; corresponds to the deflection of the spring 


a) |Sample traveling 
sistance 


2 


Flexible spring k, 
PET whe scanner 

Fig.11.23a,b Ilustrtion showing the deflection of can- 
tileveras tis pushed by (a) a rigid sample or by (b) a flexible 


spring sheet [11.136] 
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How It Works 


Arelay contains a coil, an armature, and at least 
one pair of contacts. Current flows through the 
coil, which functions as an electromagnet and 
generates a magnetic field. This pulls the arma- 
ture, which is often shaped asa pivoting bracket 
that closes (or opens) the contacts. These parts 
are visible in the simplified rendering of a DPST 
relay in Figure 9-3. For purposes of identification, 
the armature is colored green, while the coil is 
red and the contacts are orange. The two blue 
blocks are made of an insulating material, the 
one on the left supporting the contact strips, the 
‘one on the right pressing the contacts together 
when the armature pivots in response toa mag- 
netic field from the coil. Electrical connections to 
the contacts and the coil have been omitted for 
simplicity. 


Figure 9-3. This simplified rendering shows the primary 
parts of a DPST relay. See text for details. 


Various small relays, capable ofhandlinga variety 
of voltages and currents, are pictured in 
Figure 9-4, At top-left is a 12VDC automotive re- 
lay, which plugs into a suitable socket shown im- 
mediately below it. At top-rightis a 24VDC SPDT 


power > car 


jon > relay 


relay with exposed coil and contacts, making it 
suitable only for use in a very clean, dry environ- 
ment. Continuing downward, the four sealed re- 
lays in colored plastic cases are designed to 
switch currents of SA at 250VAC, 10A at 120VAC, 
0.6A at 125VAC, and 2A at 30VDC, respectively. 
The two blue relays have 12VDC coils, while the 
red and yellow relays have 5V coils, All are 
nonlatching, except for the yellow relay, which is 
alatching type with two coils. At bottom-left isa 
12VDC relay ina transparent case, ratedto switch 
up to SA at 240VAC or 30VDC. 


Figure 9-4, An assortment of small DC-powered relays. 
‘See text for details 


The configuration of a relay is specified using the 
same abbreviations that apply toa switeh. SP, DP, 
3P, and 4P indicate 1, 2, 3, or 4 poles (relays with 
more than 4 poles are rare). ST and DT indicate 
single-throw or double-throw switching. These 
abbreviations are usually concatenated, as in 
3PST or SPDT. In addition, the terminology Form 
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sheet. Ifthe spring constant of the spring sheet is k, the 
spring constant of the cantilever k, can be calculated by 


(Ze Zdks = Zske 
ke = k(Ze — 2/2 (ana) 


‘The spring constant of the spring sheet (k,) used in 
this study is calculated to be 1.S4N/m. For a wide- 
logged cantilever used in our study (length = 115 um, 
base width= 122ym, leg width= 21 jum, and thick- 
ness = 0.6 um), k, was measured to be 0.40N/minstead, 
of 0.58N/m reported by its manufacturer ~ Digital In- 
struments Inc. To relate photodiode detector output to 
the cantilever deflection in nm, they used the same rigid 
sample to push against the AFM tip. Since for a rigid 
sample the cantilever vertical deflection equals the sam- 
ple traveling distance measured from the point where 
the tip touches the sample, the photodiode output as the 
tip is pushed by the sample can be converted directly 
to cantilever deflection. For these measurements, they 
found the conversion factor to be 20nm/V. 

‘The normal force applied to the tip can be caleu- 
lated by multiplying the cantilever vertical deflection by 
the cantilever spring constant for samples which have 
very small adhesive force with the tip. If the adhesive 
force between the sample and the tip is large, it should 
be included in the normal force calculation. This is par- 
ticularly important in atomie-scale force measurement 
because in this region, the typical normal force that is 
‘measured is in the range of a few hundreds of nN to 
a few mN. The adhesive force could be comparable to 
the applied force 

‘The conversion of friction signal (from FFMr to fric- 
tion force) is not as straightforward. For example, one 
can calculate the degree of twisting for a given friction 
force using the geometry and the physical properties of 
the cantilever [11.53, 144]. One would need the infor- 
‘mation on the detectors such as the quantum efficiency 
of the detector, the laser power, the instrument's gain, 


etc. in order to be able convert the signal into the de- 
‘gree of twisting. Generally speaking, this procedure can 
not be accomplished without having some detailed in- 
formation about the instrument. This information is not 
usually provided by the manufactures. Even if this in- 
formation is readily available, error may still accur in 
using this approach because there will always be varia- 
tions as 4 result of the instrumental set up. For example, 
ithas been noticed that the measured FFMr signal could, 
be different for the same sample when different AFM 
microscopes of the same kind are used, The essence is 
that, one can not calibrate the instrument experimen- 
tally using this calculation, O'Shea et al. [11.144] did 
perform a calibration procedure in which the torsional 
signal was measured as the sample is displaced a known, 
distance laterally while ensuring that the tip does not 
slide over the surface. However, itis difficult to verify 
that tip sliding does not occur. 

Apparently, a new method of calibration is required. 
‘There is a more direct and simpler way of doing this. The 
first method described (method 1) to measure friction 
can directly provide an absolute value of the coefficient 
of friction. It can therefore be used just as an inter- 
nal means of calibration for the data obtained using 
method 2. Or for a polished sample which introduces 
least error in friction measurement using method 1, 
method 1 can be used to obtain calibration for fric- 
tion force for method 2. Then this calibration can be 
used for measurement on all samples using method 2, 
In method 1, the length of the cantilever required can 
be measured using an optical microscope; the length of 
the tip can be measured using a scanning electron mi- 
croscope. The relative angle between the cantilever and 
the horizontal sample surface can be measured directly, 
‘Thus the coefficient of friction can be measured with 
few unknown parameters. The friction force can then 
be calculated by multiplying the coefficient of friction 
by the normal load, The FFMr signal obtained using 
method 2 can then be converted into friction force. 
For their instrument, they found the conversion to be 
8.6nN/V. 


11.3 AFM Instrumentation and Analyses 


‘The performance of AFMs and the quality of AFM im- 
ages greaily depend on the instrument available and the 
probes (cantilever and tips) in use. This section describes 
the mechanics of cantilevers, instrumentation and analy 
sis of force detection systems for cantilever deflections, 
and scanning and control systems. 
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11.3.1 The Mechanics of Cantilevers 


stiffness and Resonances 
of Lumped Mass Systems 

Any one of the building blocks ofan AFM, be ithe body 

of the microscope itself or the force measuring can- 
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tilevers, are mechanical resonators. These resonances 
can be excited either by the surroundings or by the 
rapid movement of the tip or the sample. To avoid 
problems due to building or air induced oscillations, 
it is of paramount importance to optimize the design 
of AFMSs for high resonant frequencies, This usually 
means decreasing the size of the microscope [11.146] 
By using cube-like or sphere-like structures for the 
microscope, one can considerably increase the lowest 
eigenfrequency. The fundamental natural frequency, a, 
of any spring is given by 


(12.9) 


were ki the sping constant (stiffness) ia the normal 
direction and mar isthe effective mass. The spring con- 
stent kof a cantilever beam with unifori cro section 
(Fig. 11.24) is given by [11.147] 

3E 
Pau 
where E isthe Young's modulus of the mitetil, Lit 
the length of the beam and 7 isthe moment of inertia 
of the ross section. Fora rectangular erss section with 
a width (perpendicular to the deflection) and a height 
fh one obtains an expression for! 
bh 
7 
Combining (11.9), (1110) and (1.11) we getanexpres- 
Boston 


Eb 


OV men 


k (11.10) 


(a) 


(11,22) 


‘The effective mass can be calculated using Raleigh’s 
‘method, The general formula using Raleigh's method for 
the kinetic energy T of a bar is 


1 ; a: 
pol! Je (ae 
a) o\w 
a 
For the ease of a uniform beam with a constant cross 
section and length L one obtains for the deflection 
x [1— Gx/2L)-+6/2L)] Inserting 2m 
into (11.13) and solving the integral gives 


de (11.13) 


1 ; 
= 5ss(caaal)® 


Fig. 11,24 Atypical AFM cantilever with length L, width b, 
tnd height h. The height of the tip is £.'The material is char- 
acterized by Young’s modulus £, the shear modulus G and 
amass density p. Normal (F.), axial (F), and lateral (F) 
forces exist atthe end of the tip 


which gives 


mest (11.14) 


=" 


Substituting (11.14) into (11.12) and noting that 
m= pLbh, where p is the mass density, one obtains 
the following expression 


5B) 4 
MONTY 2) TE 


It is evident from (11.15), that one way to 
crease the natural frequency is to choose a material with 
a high ratio E/p; see Table 11.2 for typical values of 
VETP of various commonly used materials. Another 
Way to increase the lowest eigenfrequency is also evi- 
dent in (11.15). By optimizing the ratio h/L?, one ean 
increase the resonant frequency. However it does not 
help to make the length of the structure smaller than the 
width or height. Their roles will just be interchanged, 
Hence the optimum structure isa cube. This leads to the 
design rule, that long, thin structures like sheet metal 
should be avoided. For a given resonant frequency, the 
quality factor Q should be as low as possible. This means 
that an inelastic medium such as rubber should be in 
‘contact with the structure to convert kinetic energy into 
heat. 


(11.15) 


Stiffness and Resonances of Cantilevers 
Cantilevers are mechanical devices specially shaped to 
‘measure tiny forces. The analysis given in the previous 
section is applicable. However, to understand better the 
intricacies of force detection systems we will discuss the 
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example ofa cantilever beam with uniform cross section, 
Fig. 11.24. The bending of a beam due to a normal load 
‘on the beam is governed by the Euler equation [11.147] 


(11.16) 


where M is the bending moment acting on the beam 
cross section, (x) the moment of inertia of the cross 
section with respect to the neutral axis defined by 


tay= ff Para 17) 
Fora normal force F: acting athe tp 
M9 =(L-9) F. qe) 


since the moment mus vanish tthe endpoint ofthe can 

lover Integrating (1116) fora anal foe Fang 

alte lip and observing that E su constant for beams 
srk wa eons sete, oe as 

Amat 

= 557 (7) ( 

‘The slope ofthe of the beam is 


ar et) 


(11.20) 


From (11.19) and (11.20), at the end of the cantilever, 


intra fester by og 

Sspenion eID 
w=A(t)r aay 
(11.22) 


Now the stiffness in the normal 


F_ Eb(hy* 
(7) 
and a change in angular orientation of the end of can- 
tilever beam is 


sa 16 (2 
37a (7) 


Now we ask what will o first onler, happen if we 
apply a lateral force Fy to the end ofthe tip (Fig. 11.24). 
‘The cantilever will bend sideways and it will twist. The 
stifiness inthe lateral () direction, ky, eam be calculated 
with (11.23) by exchanging b and 


Eh (b\> 
4-2(4) 
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direction, k, 


(11.23) 


Aa 


(11.24) 


(11.25) 


‘Therefore the bending stiffness in lateral direction is 
larger than the stiffness for bending in the normal di- 
rection by (b//)?. The twisting or torsion on the other 
hand is more complicated to handle. For a wide, thin 
cantilever (b >> h) we obtain torsional stiffness along 
yaxis, kyr 


Goi 
br =r (11.26) 


where G is the modulus of rigidity (= £/2(1 + v), where 
the Poisson's ratio). The ratio of the torsional 
stiffness to the lateral bending stiffness is 


k, (ay 
iz): 


Ey 

‘where we assume v = 0.333. We see that thin, wide can- 
tileyers with long tips favor torsion while cantilevers 
with square cross sections and short tips favor bend- 
ing. Finally we calculate the ratio between the torsional 


stiffness and the normal bending stiffness, 


bas en 

(2) 
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M(Q=(L-NR+Ab 


(11.27) 


(11.28) 


(11.29) 


Integration of (11.16) now leads to 


a) Atom] 220) 


(11.31) 


Evaluating (11.30) and (11.31) at the end of the can- 
tilever, we get the deflection and the tilt 


(11.32) 
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From these equations, one gets 


I2ET Lz (L) 
281 gy 2) 


EI 
2B pees —2e)] (13.3) 


a 


‘A second class of interesting properties of can- 
tileversis their resonance behavior. For cantilever beams 


one can calculate the resonant frequencies [11,147,148] 
often fe (11.34) 
23LV ep 


with do = (0.596864...)or, 2 = (1.494175...), 
dy > (1+1/2)x. The subscript represents the or 
der of the frequency, e.g., fundamental, second mode, 
and the nth mode, 

A similar equation to (11.34) holds for cantilevers in 
rigid contact with the surface. Since there is an additional 
restriction on the movement of the cantilever, namely 
the location of its end point, the resonant frequency 
increases. Only the 2,'s terms change to [11.148] 


2 = (1.2498763...), 4 = (2.2499997 px, 
A (n+ l/r (11.35) 


‘The ratio of the fundamental resonant frequency in con- 
tact to the fundamental resonant frequency notin contact 
is 4.3851 

For the torsional mode we can calculate the resonant 
frequencies as 


(11.36) 


For cantilevers in rigid contct with the surface, we 
chain the expreston forthe Fundamental rsenant Be 
‘quency [11-148] 


(11.37) 
Vise] 


‘The amplitude of the thermally induced vibration 
ccan be calculated from the resonant frequency using 


pas 
Asin =y 


(11.38) 


where ky is Boltzmann's constant and Tis the absolute 
temperature, Since AFM cantilevers are resonant struc- 
tures, sometimes with rather high Q, the thermal noise 


is not evenly distributed as (11.38) suggests. The spec- 
tral noise density below the peak of the response curve 
is [11.148] 


[ar 


\ kouo (in m/ VF) , (21.39) 


where Q is the quality factor of the cantilever, described 
earlier, 


11.3.2 Instrumentation and Analyses 
of Detection Systems 
for Cantilever Deflections 


A summary of selected detection systems was provided 
in Fig. 11.8. Here we discuss in detail pros and cons of 
various systems. 


Optical Interferometer Detection Systems 
Soon after the first papers on the AFM [11.2] appeared, 
which used a tunneling sensor, an instrument based on an 
interferometer was published [11.149]. The sensitivity 
of the interferometer depends on the wavelength of the 
light employed in the apparatus. Figure 11.25 shows 
the principle of such an interferometeric design. The 

tht incident from the left is focused by a lens on the 
cantilever, The reflected light is collimated by the same 
Tens and interferes with the light reflected at the Mat. 
To separate the reflected light from the incident light 
4/4 plate converts the linear polarized incident light to 
circular polarization. The reflected light is made linear 
polarized again by the »,/4-plate, but with a polarization 
orthogonal to that of the incident light. The polarizing 


_ 
= ie 
yey U ! 


Fig. 11,25 Principle of an interferometric AFM. The light 
of the laser light source is polarized by the polarizing beam 
splitter and focused on the back of the cantilever. The light 
passes twice through a quarter wave plate and is hence 
‘orthogonally polarized to the incident light. The second arm 
of the interferometer is formed by the flat. The interference 
pattern is modulated by the oscillating cantilever 
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beam splitter then deflects the reflected ight tothe photo However, (11.43) shows thatthe measured amplitude is 
diode also a function of the path difference 8 inthe interfer 
meter Hence ths path difference 8 must be very stable 
Homodyne interferometer. To improve the signal to The best sensitivity is obtained when sin(46/a) ~ 0. 
noise rato ofthe interferometer the cantilever is driven 
by a piezo near its resonant frequency. The amplitude Heterodyne Interferometer. This influence is not 
A of the cantilever asa function of ving froqueady present in th beterodyoo detection scheme showa in 
ais 11.26, Light incident from the left witha frequency 
coi split ina reference path (upper path in Fig 11.26) 
Az(2) (12.40) anda measurement path. Light in the measurement path 
fs aifted in fequcacy to an = wt Aw ane focused on 
the cantilever, The eanleveroscilates at he frequency 
where Azo is the comtant drive amplitude and {2 2, ata the homodyne detection scheme. Tha reflected 
the resonant frequency of the cantilever, The resonant light A() is collimated by the same lens and interferes ? 
frequency of the cantilever ie given by the effective onthe photo diode withthe reference light Ay(0). The Ei 
potential fluctuating term of the intensity is given by 2 
= 
Puy 1 Ln ie 
m= (2) cue) 2A AMD =AcoAcosn tok awre p 


where U is the interaction potential between the tip and 
the sample. Equation (11.41) shows that an attractive 
potential decreases 29. The change in 2p in turn results 
in a change of the Az (see (11.40). The movement of 
the cantilever changes the path difference in the interfer- 
‘meter. The light reflected from the cantilever with the 
amplitude Ajo and the reference light with the ampli- 
tude A, interfere on the detector. The detected intensity 


4m. 
+ 


Q2Ag() A Ohr 


U(t) = [Ac +A,/(OF consists of two constant terms . 
and a fluctuating term xenon 2% sn] 
DACA = 
4x5 dwAc 
AcoAsosn [ore in (20 ] sino 
(12.42) 


Here «is the frequency of the light, 2. is the wavelength 


of the light, 3 is fiference in the interferometer, _|Lisht Beam [Sample 
oft ih ithe pee neon, a 
‘Az the instantaneous amplitude ofthe eantlver —, oe 
tiven according io (1140) and LD asa tincion ot | (Ati 7 7 
{Bk and U. The ime average of (1142) then becomes | == Z— == [iV 
ts fa eee |e ees 
(Ac) Ay (ole cceos[ sin(2o] eae al i ee 
Cue 
Prey 
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Fig. 11.26 Principle of a heterodyne interferometric AFM. Light 
with the frequency ay is split into a reference path (upper path) 
and a measurement path. The light in the measurement path is 
frequency shifted to « by an acousto-optical modulator (or an 
electro-optical modulator) The light reflected from the oscillating 
cantilever interferes with the reference beam on the detector 


(11.43) 


Here all small quantities have been omitted and functions 
‘with small arguments have been linearized. The ampli- 
tude of Az can be recovered with a lock-in technique. 
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Multiplying electronically the components oscillating at 


‘Aw and Aw+@ and rejecting any product except the 
one oscillating at 2 we obtain 


+00 [0-204 


‘ 


+e0s [lae-2)0+ (11.45) 


ni 
cos (a4 20914 2% 
) os tao-2a1+ 2] 
ns 
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0s (21) | 


At 
= TX cos (220) (11.46) 


Unlike in the homodyne detection scheme the re- 
covered signal is independent from the path difference 5 
of the interferometer. Furthermore a lock-in amplifier 
with the reference set sin(Aw!) can measure the path 
difference § independent of the cantilever oscillation, If 
necessary, a feedback circuit can keep 5 = 0. 


Fiber-optical Interferometer. ‘The fiber-optical inter- 
ferometer [11.129] is one of the simplest interferometers 
to build and use. Its principle is sketched in Fig. 11.27, 
The light of a laser is fed into an optical fiber. Laser 
diodes with integrated fiber pigtails are convenient light 
sources. The light is split in a fiber-optic beam splitier 
Into two fibers. One fiber is terminated by index match- 
ing oil to avoid any reflections back into the fiber. The 
tend of the other fiber is brought close to the cantilever 
in the AFM. The emerging light is partially reflected 
back into the fiber by the cantilever. Most of the light, 
however, is lost, This is not a big problem since only 
4% of the light is reflected at the end of the fiber, at the 
glass-air interface, The two reflected light waves inter- 
fere with each other. The product is guided back into 
the fiber coupler and again split into two parts. One half 
is analyzed by the photodiode. The other half is fed 
back into the laser. Communications grade laser diodes 
are sufficiently resistant against feedback to be operated 
in this environment. They have, however, a bad coher- 
cence length, which in this case does not matter, since 
the optical path difference is in any case no larger than 
‘Sum. Again the end of the fiber has to be positioned on 
1 piezo drive to set the distance between the fiber and 


the cantilever to 2.(n + 1/4) 
Fiber coupler Laser diode 
‘e 


{Open nd 
cz forepeatng pint 
Fig. 11.27 A typical seup fora fiberoptic interferometer 
readout 


adjustment 
Cantilever 


Nomarski-Interferometer. Another solution to mini- 
mize the optical path difference is to use the Nomarski 
interferometer[11.130]-Figure 11.28 shows a schematic 
of the microscope. The light ofa laser is focused on the 
cantilever by lens. A birefringent crystal (for instance 
calcite) between the cantilever and the lens with its op- 
tical axis 45° off the polarization direction of the light 
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splits the light beam into two paths, offset by a distance 
ven by the length of the crystal. Birefringent crystals, 
have varying indexes of refraction. In calcite, one crystal 
axis has a lower index than the other two. This means, 
that certain light rays will propagate at a different speed 
through the crystal than the others. By choosing a correct, 
polarization, one can select the ordinary ray, the extraor- 
dinary ray or one can get any distribution of the intensity 
‘amongst those two rays. A detailed description of bire- 


Table 11.5 Noise in Interferometers. F is the finesse of the cavity in the homodyn. 


fringence can be found in textbooks (e.g., [11.150]. 
A calcite crystal deflects the extraordinary ray at an an- 
le of 6° within the crystal. By choosing a suitable length 
of the calcite crystal, any separation can be Set 

The focus of one light ray is positioned near the 
free end of the cantilever while the other is placed close 
to the clamped end, Both arms of the interferometer 
pass through the same space, except for the distance 
between the calcite crystal and the lever. The closer the 
calcite crystal is placed to the lever, the less influence 
disturbances ike ir currents have 

Sarid [11.116] has given values for the sensitiv- 
ity of the different interferometeric detection systems, 
Table 11.5 presents a summary of his results 


Optical Lever 
‘The most common cantilever deflection detection sys- 
tem is the optical lever [11.53, 111]. This method, 
depicted in Fig. 11.29, employs the same technique as 
light beam deflection galvanometers. A fairly well colli 
‘mated light beam is reflected off a mirror and projected 
to. receiving target. Any change inthe angular position 
of the mirror will change the postion, where the light ray 
hits the target. Galvanometers use optical path lengths 
of several meters and scales projected to the target wall 
as a read-out help. 

For the AFM using the optical lever method  pho- 
todiode segmented into two (or four) closely spaced 
devices detects the orientation of the end of the can- 
tilever. litially, the light ray is set to ht the photodiodes 
in the middle of the two sub-diodes. Any deflection of 


uerferometer, P, the incident power, 


‘Ps is the power on the detector, is the sensitivity of the photodetector and RIN is the relative intensity noise of the 
laser. Py and Ps are the power in the reference and sample beam in the heterodyne interferometer. P is the power in 


the Nomarski interferometer, 50 


the phase difference between the reference and the probe beam in the Nomarski 


interferometer. B is the bandwidth, ¢ isthe electron charge, 2. is the wavelength of the laser, k the cantilever stiffness, «on 
is the resonant frequency of the cantilever, Q is the quality factor of the cantilever, Tis the temperature, and 87 is the 


variation of current 7 
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Fig. 11.29 The setup of optical lever detection microscope 


the cantilever will cause an imbalance of the number 
of photons reaching the two halves. Hence the electri- 
cal currents in the photodiodes will be unbalanced too, 
‘The difference signal is further amplified andi the input 
signal to the feedback loop. Unlike the interferometeric 
AFMs, where often a modulation technique is necessary 
to get a sufficient signal to noise ratio, most AFMs em- 
ploying the optical lever method are operated in a static 
mode. AFMs based on the optical lever method are uni- 
versally used. It is the simplest method for constructing 
aan optical readout and it can be confined in volumes 
smaller than Sem on the side. 

‘The optical lever detection system isa simple yet ele- 
gant way to detect normal and lateral force signals simul- 
taneously [11.7,8,53, 11]. It has the additional advan- 
tage that itis the fact that it is a remote detection system. 


Implementations. Light from a laser diode or from 
1a super luminescent diode is focused on the end of the 
cantilever. The reflected light is directed onto a quad- 
rant diode that measures the direction of the light beam. 
A Gaussian light beam far from its waist is character- 
ized by an opening angle f. The deflection of the light 
beam by the cantilever surface tilted by an angle a is 2a, 
‘The intensity on the detector then shifts to the side by 
the product of 2a and the separation between the detee- 
tor and the cantilever. The readout electronics calculates 
the difference of the photocurrents. The photocurrents 
in tum are proportional to the intensity incident on the 
diode. 

‘The output signal is hence proportional tothe change 
in intensity on the segments 


(11.47) 


For the sake of simplicity, we assume thatthe light beam 
is of uniform intensity with its cross section increasing 
proportional to the distance between the cantilever and 


the quadrant detector. The movement of the center of the 
light beam is then given by 

D 
“kT 
‘The photocurrent generated in a photodiode is propor- 
tional to the number of incoming photons hitting it. If 
the light beam contains a total number of No photons 
then the change in difference current becomes 


AUg—hL) = Al =const Az D No (11.49) 


‘Combining (11.48) and (11.49), one obtains that the dif- 
ference current AJ is independent of the separation of 
the quadrant detector and the cantilever. This relation 
is true, if the light spot is smaller than the quadrant 
detector. If it is greater, the difference current AT be- 
comes smaller with increasing distance. In reality the 
light beam has a Gaussian intensity profile. For small 
movements Axx (compared to the diameter ofthe light 
spot atthe quadrant detector), (1.49) sil holds, Larger 
movements Ax, however, will introduce a nonlinear re- 
sponse. Ifthe AFM is operated in a constant force mode, 
only small movements Ax of the light spot will occur. 
‘The feedback loop will cancel out all ther movements. 

‘The scanning of a sample with an AFM can 
twist the microfabricated cantilevers because of lateral 
forces [11.5,7,8] and affect the images [11.120]. When 
the tip is subjected to lateral forces, it will twist the can- 
tilever and the light beam reflected from the end of the 
cantilever will be deflected perpendicular to the ordi- 
nary deflection direction. For many investigations this 
influence of lateral forces is unwanted. The design of 
the triangular cantilevers stems from the desire, to min- 
imize the torsion effects. However, lateral forces open 
up new dimension in force measurements. They allow, 
for instance, a distinction of two materials because of 
the different friction coefficient, or the determination of 
adhesion energies. To measure lateral forces the original 
optical lever AFM has to he modified. The only modifi- 
cation compared with Fig. 1,29 is the use of a quadrant 
detector photodiode instead of a two-segment photodi- 
ode and the necessary readout electronics, see Fig 1.9 
The electronics calculates the following signals: 


Axa = (11.48) 


[upper ter + Zupper Right) 
= (Awer Lest + Hower Right] 
Uaterat Force = B [( Tupper Lett + Lower Let) 
— (Hupp tite + Hower Rig] 
(11.50) 
‘The calculation of the lateral force as a function of 
the deflection angle does not have a simple solution 
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for cross-sections other than circles, An approximate 
formula for the angle of twist for rectangular beams 
is (11.151) 


ML 


roe (11.51) 


where My = Fyl is the extemal twisting moment due to 
lateral force, Fy, and fa constant determined by the 
value of /b. For the equation to hold, thas to be larger 
than b. 

Inserting the values for a typical microfabricated 
cantilever with integrated tips 


6x10-7m 
h=10%m 
L=10m 
3.3x10-%m, 
G=5x10"Pa 
p=0333 (01.52) 
into (11.51) we obtain the relation 
Fy = 11x10! Nxe 1.53) 


‘Typical lateral forces are of order 10-"N, 


Sensitivity, The sensitivity of this setup has been 
calculated in various papers [1.116 18,152], Assum- 
ing a Gemsian boa the testing outpat signal az 
a fimcton of the defection angle is dispersion Vike, 
Equation (11.47) shows thatthe sensitivity ean be in- 
crated by inreatng to intensity of the light botin Juz 
tr by decreasing the divergence ofthe laser boar. The 
tpper bound ofthe intensity ofthe ight fa is given by 
sattration effects on te photodiode. If we decease the 
vergence of a laser beam we auoatticlly incase 
the beam waist. Ifthe beam waist hecomes larger than 
the width of the cantilever we stat to get dffacton, 
Diffraction sets lower bound onthe divergenos ange 
Hance cba can ealeulate the optimal bean waist we 
and the optimal divergence angle (11.148, 152] 

top 20.360, 

a = 0.89% (11.54) 


‘The optimal sensit 


ity of the optical lever then becomes 
b 
[mW /rad] = 1.8 fe [MW] (11.55) 
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‘The angular sensitivity optical lever can be measured 
by introducing a parallel plate into the beam. A tilt of 
the parallel plate results in a displacement of the beam, 
mimicking an angular deflection. 

Additional noise sources can be considered. Of little 
importance is the quantum mechanical uncertainty of the 
position [11.148, 152], which is, for typical cantilevers 
‘at room temperature 


05 fm, (11.56) 


\ Son 

where fis the Planck constant (— 6.626% 10- Js). At 
‘ery low temperatures and forhigh frequency cantilevers 
this could become the dominant noise source. A second 
noise source isthe shot noise of the light. The shot noise 
is related tothe particle number. We can calculate the 
number of photons incident on the detector 

nob « 10V1 
fo > Teaie ="**" oy 
where Fis the intensity ofthe light, x the measurement 
time, B= 1/r the bandwidth, and c the speed of light. 
‘The shot noise is proportional to the squire rot of the 
aumnber of particles. Equatng the shot noise signal with 
the signal resulting forthe defection ofthe cantilever 
one obtains 


(41.57) 


L [Bika 


Ataot = 885 TimW] 


[fm] (11.58) 


where w is the diameter of the focal spot. Typical AFM 
setups have a shot noise of 2pm. The thermal noise 
can be calculated from the equipartition principle. The 
amplitude at the resonant frequency is 


Acierm = pm (11.59) 


29 | 
Y EIN/m] oo 
A typical value is 16pm. Upon touching the surface, the 
cantilever increases its resonant frequency by a factor of 
4.39. This results in new thermal noise amplitude of 
2.pm for the cantilever in contact with the sample. 


Piezoresistive Detection 
Implementation. An alternative detection system 
which is not as widely used as the optical detec- 
tion schemes are piezoresistive cantilevers [11.125,126, 
132], These cantilevers are based on the fact that the re~ 
sistivity of certain materials, in particular of Si, changes 
with the applied stress. Figure 11.30 shows a typic- 
al implementation of a piezo-resistive cantilever. Four 
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Fig. 11.30 A typical setup for a piezoresistive readout 


resistances are integrated on the chip, forming a Wheat- 
stone bridge. Two of the resistors are in unstrained parts 
of the cantilever, the other two are measuring the bend- 
ing at the point of the maximal deflection, For instance 
when an AC voltage is applied between terminals a and 
‘© one can measure the detuning of the bridge between 
terminals b and d. With such a connection the output 
signal varies only due to bending, but not due to chang- 
ing of the ambient temperature and thus the coefficient 
of the piezoresistance, 


Sensitivity. The resistance change is [11.126] 


AR 


Ro 


m8 (11.60) 


where IT is the tensor element of the piezo-resistive 
coefficients, § the mechanical stress tensor element and 
Ro the equilibrium resistance. For a single resistor they 
separate the mechanical stress and the tensor element in 
longitudinal and transverse components 

AR 


Se = Mi + M8 
Thi +18, 


(11.61) 


‘The maximum value of the stress components are M7 
= 64.0%10-! m?/N and 1 = —71.4%10-! mt /N 
for a resistor oriented along the (110) direction in sili- 
con [11.126]. In the resistor arrangement of Fig. 11.30 
two of the resistors are subject tothe longitudinal piezo- 
resistive effect and two of them are subject to the 
transversal piezo-resistive effect. The sensitivity of that 
setup is about four times that of a single resistor, withthe 
advantage that temperature effects cancel to first order. 
‘The resistance change is then calculated as 


ak (21.62) 


: 4 
© ee 


Fig. 1.31 Three possible arrangements ofa capacitive read- 
‘out. The upper left shows the cross section through a parallel 
plate capacitor. The lower lef shows the geometry of sphere 
versus plane. The right side shows the more complicated, 
but linear capacitive readout 


where 17 = 67.7%10~!! m2/N is the averaged piezo- 
resistive coefficient. Plugging in typical values for the 
dimensions (Fig. 11.24) (= 100um, b= 10 qm, h 
1 yum) one obtains 
AR _4x10°5 
RN 


(11.63) 


‘The sensitivity can be tailored by optimizing the dimen- 
sions of the cantilever. 


Capacitance Detection 
‘The capacitance of an arrangement of conductors 
depends on the geometry. Generally speaking, the capac- 
itance increases for decreasing separations, Two parallel 
plates form a simple capacitor (see Fig. 11.31, upper 
left), with the capacitance 

een 


ca 


(11.64) 


where A is the area of the plates, assumed equal, and «is 
the separation, Alternatively one can consider a sphere 
versus an infinite plane (see Fig. 11 31, lower left). Here 
the capacitance is [11.116] 


pel (11.65) 
Sink ay 


where A is the radius of the sphere, and is defined by 


noes) +23) 


One has to keep in mind that capacitance of a parallel 
plate capacitor is a nonlinear function of the separation. 
Usinga voltage divider one can circumvent this problem. 


(11.66) 
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ction > relay 
A (meaning normally open), Form 8 (normally 
closed), and Form C (double-throw) may be used, 
preceded byanumberthatindicatesthenumber 
of poles. Thus “2 Form C” means a DPDT relay. 


Variants 


Latching 
There are two basic types of relay: latching and 
nonlatching. A nonlatching relay, also known as 
asingle side stable type, is the most common, and 
resembles a momentary switch or pushbutton 
in that its contacts spring back to their default 
state when power to the relayis interrupted. This 
can be importantin an application where the re- 
lay should return toa known state if power islost. 
By contrast, a latching relay has no default state. 
Latching relays almost always have double- 
throw contacts, which remain in either position 
without drawing power. The relay only requires 
a short pulse to change its status. In semicon- 
ductor terms, its behavior is similar to that of a 
flip-flop. 

Ina single-coil latching relay, the polarity of volt- 
age applied to the coil determines which pair of 
contacts will close. In a dual-coil latching relay, a 
moves the armature between each 
two states. 


Schematic symbols for a dual-coil latching relay 
are shown in Figure 9-5. Some symbol styles do 
not make it clear which switch position each coil 
induces. It may be necessary to read the manu- 
facturer’s datasheet or test the relay by applying 
its rated voltage to randomly selected terminal 
pairs while testing for continuity between other 
terminal pairs. 


Polarity 

There are three types of DC relay. In a neutral re- 
Jay, polarity of DC current through the coil is ir- 
relevant. The relay functions equally well either 
way. A polarized relay contains a diode in series 
with the coil to block current in one direction. A 
biased relay contains a permanent magnet near 
the armature, which boosts performance when 


Variants 


lod 
— 
he 


a 


Figure 9-5, Schematic symbols for a twa-coil latching re 
lay. The symbols are functionally identical 


current flows through the coil in one direction, 
but blocks a response when the current flows 
through the coil in the opposite direction. Man- 
ufacturers’ datasheets may not use this 
terminology, but will state whether the relay coil 
is sensitive to the polarity of a DC voltage. 


All relays can switch AC current, but only an AC 
relay is designed to use AC as its coil current. 


Pinout Variations 

The layout and function of relay pins or quick 
connects is not standardized among manufac- 
turers, Often the component will have some in- 
dication of pin functions printed anit, but should 
always be checked against the manufacturer's 
datasheet and/or tested for continuity with a 
meter. 


Figure 9-6 shows four sample pin configurations, 
adapted from a manufacturer's datasheet. These 
configurations are functionally quite different, 
although all of them happen to be for DPDT re- 
lays. In each schematic, the coil of the relay is 
shown as a rectangle, while the pins are circles, 
black indicating an energized state and white in- 
dicating a non-energized state. The bent lines 
show the possible connections between the 
poles and other contacts inside the relay. The 
contacts are shown as arrows. Thus, pole 4 can 
connect with either contact 3 or contact 5, while 
pole 9 can connect with either contact 8 or con- 
tact 10. 
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Fig. 11.32a,b Measuring the capacitance. The lft side 
shows alow pas filter, the right side, (b),showsa capaci 
divider. C (left) or C2 (right) are the capacitances under test 


Figure | 1 32a shows a low pass filter. The output voltage 
is given by 


(12.67) 


Here C is given by (11.64), «is the excitation frequency 
and is the imaginary unit. The approximate relation in 
the end is true when CR % 1. This is equivalent to the 
statement that C is fed by a current source, since R must 
be large in this setup. Plugging (11.64) into (11.67) and 
neglecting the phase information one obtains 
Ux 

Rea” 
\which is linear in the displacement x 

Figure 11.32b shows a capacitive divider. Again the 
output voltage Usu is 
Gy, 
Fer EEC 
If there isa stray capacitance C, then (11.69) is modified 


Vou = (11.68) 


Uo = Us (11.69) 


a 
“BAT O+C 
Provided C,+C1 < C2 one has asystem whichis linear 
in x. The driving voltage U’ has to be large (more than 
100 V) to have the output voltage in the range of 1 V. 
“The linearity ofthe readout depends on the capacitance 
1 ig. 11.33), 

Another idea is to keep the distance constant and to 
change the relative overlap ofthe plates (see Fig, 11.31, 
right side). The capacitance of the moving center plate 
versus the stationary outer plates becomes 


Vous =U: (11.70) 


c=c.4 2 


(11.71) 


Springer Handbook  Nanoteehnolo 
BPahushan “© Springer 008 


‘Normalized output voliage (arb, units) 


oo Reference 
bs Capacitor 
— 1F 

-04 oop 
06 — ioe 
tn 

08 — oape 


“Vs 06 07 Os 09 11a 


i213 1 15 
Normalized position (arb. units) 


Fig. 11.33 Linearity of the capacitance readout asa function 
of the reference capacitor 


where the variables are defined in Fig. 11,31. The stray 
capacitance comprises all effects, including the ca- 
pacitance of the fringe fields. When the length x is 
comparable to the width b of the plates one can safely 
assume that the stray capacitance is constant and inde- 
pendent of x, The main disadvantage of this setup is 
that it is not as easily incorporated in a microfabricated 
device as the others, 


Sensitivity. The capacitance itself is not a measure of 
the sensitivity, but its derivative is indicative of the sig- 
nals one can expect. Using the situation described in 
Fig. 11.31, upper left, and in (11.64) one obtains for the 
parallel plate capacitor 


dC eed 


z= (11.72) 


Assuming a plate area A of 20nm by 40qm and 
4 separation of Ijm one obtains a capacitance of 
3LEF (neglecting stray capacitance and the capsc- 
itance of the connection leads) and a dC/dx of 
3.1 10-8 F/m = 31 fF /jum, Hence it is of paramount 
importance to maximize the area between the two con- 
tacts and to minimize the distance x, The latter however 
is far from being trivial. One has to go to the limits of 
microfabrication to achieve a decent sensitivity. 

If the capacitance is measured by the circuit shown 
in Fig. 11.32 one obtains for the sensitivity 
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Woy __ de 
= Reel 
Using the same value for A as above, setting the refer- 
ence frequency to 100kHz, and selecting R= 1G, we 
get the relative change of the output voltage Uy 10 

Allog _ 22.5106 

a ez 
{A driving voltage of 45 V then translates toa sensitivity 
of ImV/A. A problem inthis setup isthe stray capac- 
itances. They are in parallel to the original capacitance 
and decrease the sensitivity considerably 

‘Alternatively one could build an oscillator with this 
capacitance and measure the frequency. RC-oscillators 
typically have an oscillation frequency of 

Lis 

RC” Reco 
Again the resistance R must be of the onder of 1G2, 
when stray capacitances C, are neglected. However C. is 
of the order of 1 pF. Therefore one gets R= 10MQ. 
Using these values the sensitivity becames 

Cav O.Hz 
Re+Gyx A 
‘The bad thing is thatthe stray capacitances have made 
the signal nonlinear again. The linearized setup in 
Fig. 11.31 has a sensitivity of 

aC _ ,£60b 

a 5 
Substituting typical values, b = 10 um, s = 1m one 
gets dC/dx = 1.8 10"! F/m, Itis noteworthy that the 
sensitivity remains constant for scaled devices. 


(11.73) 


(11.74) 


Frs & (11.75) 


fie ae (11.76) 


(7) 


Implementations. The readout of the capacitance can 
be done in different ways (11.123, 124]. All include 
an altemating current or voltage with frequencies in 
the 100kHz to the 100MHz range. One possibilty is 
to build a tuned circuit with the capacitance of the 
cantilever determining the frequency. The resonance 
frequency of a high quality Q tuned circuit is 


on = (LO)? (11.78) 


where L is the inductance of the circuit. The capaci- 
tance C includes not only the sensor capacitance but 
also the capacitance of the leads. The precision of a fre- 
‘quency measurement is mainly determined by the ratio 
of Land C 


o=(4)” i 


Here R symbolizes the losses in the circuit. The higher 
the quality the more precise the frequency measurement 
For instance a frequency of 100 MHz and a capacitance 
of I pF gives an inductance of 250 iH. The quality be- 
comes then 2.5 108, This value is an upper limit, since 
losses are usually too high 

Using a value of dC/dr—314F/um one gets 
AC/A=3.1aF/A. With a capacitance of I pF one gets 


Aw _1AC 
o 2" 


13.laF 
Aw = 100MHax 55 


155 Hz (11.80) 
‘This is the frequency shift for 1 A deflection. The cal- 
culation shows, that this is 1 measurable quantity. The 
quality also indicates that there is no physical reason 
why this scheme should not work. 


11.3.3 Combinations 
for 3-D-Force Measurements 


‘Three dimensional force measurements are essential if 
one wants to know all the details of the interaction be- 
tween the tip and the cantilever. The straightforward 
attempt to measure three forces is complicated, since 
force sensors such as interferometers or capacitive sen- 
sors need a minimal detection volume, which often is 
too large. The second problem is that the force-sensing 
tip has to be held by some means. This implies that one 
of the three Cartesian axes is stiffer than the others. 
However by the combination of different sensors one 
‘can achieve this goal, Straight cantilevers are employed 
for these measurements, because they can be handled an- 
alytically. The key observation is, that the optical lever 
‘method does not determine the position of the end of the 
cantilever, It measures the orientation, In the previous 
sections, one has always made use of the fact, that for 
a force along one of the orthogonal symmetry directions 
at the end of the cantilever (normal force, lateral force, 
force along the cantilever beam axis) there is a one to 
one correspondence of the tilt angle and the deflection. 
‘The problem is, hat the force along the cantilever beam 
axis and the normal force create a deflection in the same 
direction, Hence what is called the normal force compo- 
nent is actually a mixture of two forces. The deflection of 
the cantilever is the third quantity, which is not consid- 
‘ered in most of the AFMs. A fiber optic interferometer 
in parallel to the optical lever measures the deflection. 
‘Three measured quantities then allow the separation of 
the three orthonormal force directions, as is evident from 
(11.27) and (11.33) FL1.12-161. 
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Alternatively one can put the fast scanning direction 
along the axis of the cantilever. Forward and backward 
scans then exert opposite forces F,. If the piezo move- 
‘ment is linearized, both force components in AFM based 
‘on the optical lever detection can be determined. In this 
case, the normal force is simply the average ofthe forces 
in the forward and backward direction. The force, F,, 
is the difference of the forces measured in forward and 
backward direction, 


11.3.4 Scanning and Control Systems 


‘Almost all SPMs use piezo translators to scan the tip 
or the sample. Even the frst STM [11.1, 103] and some 
of the predecessor instruments [11.153, 154] used them, 
Other materials or setups for nano-positioning have been 
proposed, but were not successful [11.155, 156] 
Piezo Tubes 

A popular solution is tube scanners (Fig. 11.34). They 
are now widely used in SPMs due to their simplicity 
and their small size (11.133, 157]. The outer electrode is 
segmented in four equal sectors of 90 degrees. Opposite 
sectors are driven by signals of the same magnitude, 
but opposite sign. This gives, through bending, a two- 
dimensional movement on, approximately, sphere. The 
inner electrode is normally driven by the < signal. It is 
possible, however, to use only the outer electrodes for 
scanning and for the z-movement. The main drawback 
of applying the z-signalto the outer electrodes, that the 
applied voltage isthe sum of both the x- or y-movement 


= i 


electrode 


11,34 Schematic drawing of a piezoelectric tube sean- 
net, The piezo ceramic is molded into a tube form. The 
‘outer electrode is separated into four segments and con- 
nected to the scanning voltages. The <-voltage is applied 10 
the inner electrode 
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and the z-movement, Hence a larger scan size effectively 
reduces the available range for the z-control, 


Piezo Effect, 
‘An electric field applied across a piezoelectric material 
‘causes a change in the crystal structure, with expansion 
in some directions and contraction in others. Also, a net 
volume change occurs [11.132]. Many SPMs use the 
transverse piezo electric effect, where the applied elec- 
tric field E is perpendicular to the expansion/contraction 
direction, 


AL=L(E-n)dy = 


say (1.81) 


where ds) is the transverse piezoelectric constant, V is 
the applied voltage, r is the thickness of the piezo slab 
or the distance between the electrodes where the voltage 
is applied, L is the free length of the piezo slab, and m is, 
the direction of polarization. Piezo translators based on 
the transverse piezoelectric effect have a wide range of 
sensitivities, limited mainly by mechanical stability and 
breakdown voltage, 


Scan Range 
‘The calculation of the scanning range of a piezotube is, 
difficult [11.157-159]. The bending of the tube depends 
‘on the electric fields and the nonuniform strain induced, 
‘A finite element calculation where the piezo tube was 
divided into 218 identical elements was used [11.158] 
to calculate the deflection. On each node the mechan- 
ical stress, stiffness, strain and piezoelectric stress was 
calculated when a voltage was applied on one electrode. 
‘The results were found to be linear on the first iteration 
and higher-order corrections were very small even for 
large electrode voltages. It was found that to first order 
the x- and z-movement of the tube could be reasonably 
well approximated by assuming that the piezo tube is, 
‘a segment of a torus. Using this model one obtains 


av=(Vy- V9 Id 11.82) 


a: 


(11.83) 


(W+¥, 


‘where |dsi| is the coefficient of the transversal piezo- 
electric effect, L is tube's free length, 1 is tube’s wall 
thickness, d is tube’s diameter, V, is voltage on posi- 
tive outer electrode while V_ is voltage of the opposite 
quadrant negative electrode, and V. is voltage of the 
inner electrode. 

The cantilever or sample mounted on the piezotube 
has an additional lateral movement because the point of 
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rmeasurcient ir wot inthe end plane of the piceotubo, 
“The additional lateral displacement of the end ofthe tip 
is Csing ~ €g, where € i the tip length and g isthe 
deflection angle of the end surface. Assuming thatthe 
sample or cantilever ae always perpendicular othe end 
Of the walls ofthe tube and calculating with the torus 
model ace gets fox the ange 
L_2ae 

iat sae 
where 2 isthe radius of curvature the piezo tube. Using 
the result of (11.84) one obtains for the additional x- 
mmovcinent 


(11.84) 


Dave 
ra 

, tL 
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diwaa = Ce 


ca 


(11.85) 


and for the additional 
movement 


(11.86) 


Carr [11.158] assumed for his finite element calcula- 
tions that the top of the tube was completely free to 
move and, as a consequence, the top surface was dis- 
torted, leading to a deflection angle about half that of 
the geometrical model. Depending on the attachment 
of the sample or the cantilever this distortion may be 
smaller, leading to a deflection angle in-between that of 
the geometrical model and the one of the finite element 
calculation, 


Nonlinearities and Creep 
Piezo materials with a high conversion ratio, i.e. a large 
3, or small electrode separations, with large scanning 
ranges are hampered by substantial hysteresis result- 
ing in a deviation from linearity by more than 10%. 
‘The sensitivity of the piezo ceramic material (mechani- 
cal displacement divided by driving voltage) decreases 
with reduced scanning range, whereas the hysteresis is 
reduced. A careful selection of the material for the piezo 
scanners, the design of the scanners, and of the operating 
conditions is necessary to get optimum performance. 


Passive Linearization: Calculation. The analysis of 
images affected by piezo nonlinearities [11.160-163] 
shows that the dominant term is 


=AV+BV?, (11.87) 


where x is the excursion of the piezo, V the applied 
voltage and A and B two coeflicients describing the 
sensitivity of the material. Equation (11.87) holds for 
scanning from V=0 to large V. For the reverse direc- 
tion the equation becomes 


V—B(V —Vinas)® (21.88) 
where A and B are the coefficients forthe back scan and 
Vas i the applied voltage at the turning point. Both 
equations demonstrate thatthe tre x-travel is small at 
the beginning of the scan and becomes larger towards 
the end. Therefore images are stretched at the beginning 
and compressed atthe end 

Similar equations hold for the slow scan direction 
‘The coefficients, however, are different. The combined 
action causes a greatly distorted image. This distortion 
can be calculated, The data acquisition systems record 
the signal asa function of V. However the data is meas- 
ured asa function of x. Therefore we have to distribute 
the x-values evenly across the image this ean be done 
by inverting an approximation of (1.87). First we write 


v(1-4v) 


For B-< A we can approximate 


(11.89) 


(21.90) 


We now substitute (11.90) into the nonlinear term of 
(11.89). This gives 


(1.91) 
Hence an equation of the type 

Aye = (@~ BX/max) 

with I=a- (11.92) 


takes out the distortion of an image. a and fare depen- 
dent on the scan range, the scan speed and on the scan 
history and have to be determined with exactly the same 
settings as for the measurement. Xue is the maximal 
scanning range. The condition for w and i guarantees 
thatthe image is transformed onto itself. 

‘Similar equations as the empirical one shown above 
(11.92) can be derived by analyzing the movements of 
domain walls in piezo ceramics. 
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Passive Linearization: Measuring the Position. An al- 
ternative strategy is to measure the position of the piezo 
translators, Several possibilities exist. 


1. The interferometers described above can be used 
to measure the elongation of the piezo elongation 
The fiber optic interferometer is especially easy 
to implement. The coherence length of the laser 
only limits the measurement range. However the 
signal is of a periodic nature. Hence a direct use 
of the signal in a feedback circuit for the posi- 
tion is not possible. However as a measurement 
tool and, especially, as a calibration tool the inter- 
ferometer is without competition. The wavelength 
of the light, for instance in a HeNe laser, is so 
well defined that the precision of the other com- 
ponents determines the error of the calibration or 
measurement. 

‘The movement of the light spot on the quad- 

rant detector can be used to measure the position 

of a piezo [11.164]. The output current changes 
by 0.5.A/emx PW)/Ricm). Typical values (P= 

I mW, R=0.001cm) give 0.5A/em. The noise 

limit is typically 0.15 nmx y/A f(H2)/HOW jem). 

‘Again this means that the laser beam above would 

have a 0.L.nm noise limitation for a bandwidth of 

21Hz, The advantage of this method is that, in 
principle, one can linearize two axes with only one 
detector. 

3. A knife-edge blocking part of a light beam inci- 
dent on a photodiode can be used to measure the 
position of the piezo. This technique, commonly 
uused in optical shear force detection [11.75, 165], 
has a sensitivity of better than 0.1 nm, 

4. ‘The capacitive detection [11.166, 167] of the can- 
tilever deflection can be applied to the measurement 
of the piezo elongation. Equations (11.64) to (11.79) 
apply to the problem. This technique is used in some 
commercial instruments. The difficulties lie in the 
avoidance of fringe effects at the borders of the two 
plates. While conceptually simple, one needs the lat- 
est technology in surface preparation to get a decent 
linearity. The electronic circuits used for the readout 
are often proprietary. 

5. Linear Variable Differential Transformers (LVDT) 
are a convenient means to measure positions down 
to Inm, They can be used together with a solid state 
Joint setup, as often used for large scan range stages. 
Unlike the capacitive detection there are few difficul- 
ties in implementation. The sensors and the detection 
circuits LVDTs are available commercially. 
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6. A popular measurement technique is the use of stain 
‘gauges, They are especially sensitive when mounted 
fon a solid state joint where the curvature is maxi- 
mal. The resolution depends mainly on the induced 
curvature, A precision of 1 nm is attainable. The sig- 
nals are low ~ a Wheatstone bridge is needed for the 
readout, 


Active Linearization. Active linearization is done with 
feedback systems. Sensors need to be monotonic, Hence 
all the systems described above, with the exception of 
the interferometers are suitable. The most common salu- 
tions include the strain gauge approach, the capacitance 
‘measurement or the LVDT, which are all electronic so- 
lutions. Optical detection systems have the disadvantage 
that the intensity enters into the calibration, 


Alternative Scanning Systems 
‘The first STMs were based on piezo tripods [11.1]. The 
piezo tripod (Fig. 1.35) is an intuitive way to generate 
the three dimensional movement of a tip attached to its 
center. However, to geta suitable stability and scanning, 
range, the tripod needs to be fairly large (about 50 mm). 
‘Some instruments use piezo stacks instead of mono- 
lithic piezoactuators. They are arranged in the tripod 
arrangement. Piezo stacks are thin layers of piezoac- 
tive materials glued together to form a device with up 
to 200 um of actuation range. Preloading with a suitable 
‘metal casing reduces the nonlinearity. 

fone tries to construct a homebuilt scanning system, 
the use of linearized scanning tables is recommended. 
‘They are built around solid state joints and actuated by 
piezo stacks, The joints guarantee that the movement is, 
parallel with little deviation from the predefined scan- 
ning plane, Due to the construction it is easy to add 
‘measurement devices such as capacitive sensors, LVDTs 


Fig. 11.35 An alternative type of piezo scanners: the tripod 
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or strain gauges which are essential fora closed loop lin- 
cearization, Two-dimensional tables can be bought from 
several manufacturers. They have a linearity of better 
than 0.1% and a noise level of 10-* to 10-5 of the 
‘maximal scanning range, 


Control Systems 
Basics. The electronics and software play an important 
role in the optimal performance of an SPM. Control 
electronics and software are supplied with commercial 
PMs, Control electronic systems can use either ana- 
log or digital feedback. While digital feedback offers 
greater flexibility and the ease of configuration, ana- 
log feedback circuits might be better suited for ultralow 
noise operation, We will describe here the basic setups 
for AFMs. 

Figure 11.36 shows a block schematic of a typical 
AFM feedback loop. The signal from the force trans- 
ducer is fed into the feedback loop consisting mainly of 
a subtraction stage to get an error signal and an integra- 
tor. The gain of the integrator (high gain corresponds to 
short integration times) is set as high as possible without 
generating more than 1% overshoot. High gain mini- 
‘izes the error margin of the current and forces the tip to 
follow the contours of constant density of states as well 
as possible, This operating mode is known as Constant 
Force Mode. A high voltage amplifier amplifies the out- 
puts ofthe integrator. As AFMs using piezotubes usually 
require +150 V atthe output, the output ofthe integrator 
needs to be amplified by a high voltage amplifier, 

In order to scan the sample, additional voltages at 
high tension are required to drive the piezo. For ex- 
ample, with a tube scanner, four scanning voltages are 
required, namely +V,,—V,,+V) and —V). The x- and 
y-scanning voltages are generated in a scan generator 
(analog or computer controlled). Both voltages are in- 


z High voltage amplifier 
Integrator 
Error 
Readout | 7, Force 
electronics preset 
Distance sensor L__ Normal force 
Lateral force 


Fig. 11.36 Block schematic of the feedback control loop of an AFM. 


put to the two respective power amplifiers. Two inverting 
amplifiers generate the inpat voltages for the other two 
power amplifiers. The topography of the sample sur- 
face is determined by recording the input-voltage to the 
high voltage amplifier for the z-channel as a function of 
and y (Constant Force Mode). 

‘Another operating mode is the Variable Force Mode. 
‘The gain in the feedback loop is lowered and the scan- 
ning speed increased such that the force on the cantilever 
is no longer constant. Here the force is recorded as 
a function of x and y 


Force Spectroscopy. Four modes of spectroscopic imag- 
ing are in common use with force microscopes: measur- 
ing lateral forces, 3F/itc, @F/Ax spatially resolved, and 
measuring force versus distance curves. Lateral forces 
‘can be measured by detecting the deflection of a can- 
tilever in a direction orthogonal to the normal direction. 
‘The optical lever deflection method most easily does 
this. Lateral force measurements give indications of 
adhesion forces between the tip and the sample. 

F /z measurements probe the local elasticity of the 
sample surface. In many cases the measured quantity 
originates from a volume of a few cubic nanometers. 
‘The AF/i or local stiffness signal is proportional to 
‘Young's modulus, as far as one can define this quantity. 
Local stiffness is measured by vibrating the cantilever by 
a small amount in the z-direction. The expected signal 
for very stiff samples is zero: for very soft samples one 
gets, independent of the stiffness, also a constant signal. 
‘This signal is again zero for the optical lever deflection 
and equal to the driving amplitude for interferometeric 
‘measurements, The best sensitivity is obtained when the 
compliance of the cantilever matches the stifiness of the 
sample, 

‘A third spectroscopic quantity is the lateral stiffness. 
It is measured by applying a small modulation in the x- 
direction on the cantilever, The signal is again optimal 
when the lateral compliance of the cantilever matches 
the lateral stiffness of the sample. The lateral stiffness 
is, in tur, related to the shear modulus of the sample, 

Detailed information on the interaction of the tip 
and the sample can be gained by measuring force versus 
distance curves. It is necessary to have cantilevers with 
high enough compliance to avoid instabilities due to the 
attractive forces on the sample. 


Using the Control Electronics as a Two-Dimensional 
‘Measurement Tool. Usually the control electronics of 
an AFM is used to control the x- and y-piezo signals 
while several data acquisition channels record the po- 
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sition dependent signals. The control electronics can 
be used in another way: it can be viewed as a two- 
dimensional function generator. What is normally the 
x- and y-signal can be used to control two indepen- 
dent variables of an experiment. The contral logic of the 
AFM then ensures that the available parameter space 
is systematically probed at equally spaced points. An 
example is friction force curves measured along a line 
‘across a step on graphite. 

Figure 11.37 shows the connections. The z-piezo is 
connected as usual, like the x-piezo. However the y= 
‘output is used to command the desired input parameter. 
‘The offset ofthe y-channel determines the position of the 
tip on the sample surface, together with the x-channel, 


Some Imaging Processing Methods 
‘The visualization and interpretation of images from 
AFMs is intimately connected tothe processing ofthese 
images. An ideal AFM is a noise-free device that im- 
ages a sample with perfect tips of known shape and 
has perfect linear scanning piezos. In reality, AFMs 
are not that ideal. The scanning device in AFMs is af- 
fected by distortions. The distortions are both linear and 
nonlinear. Linear distortions mainly result from imper- 
fections inthe machining ofthe piezotranslators causing 
crosstalk from the Z-piezo to the X- and Y-piezos, and 
vice versa. Among the linear distortions, there are two 
kinds which are very important. First, scanning piezos 
invariably have different sensitivities along the diferent 
scan axes due to the variation ofthe piezo material and 
uneven sizes of the electrode areas. Second, the same 
reasons might cause the scanning axes not to be orthog- 
onal. Furthermore, the plane in which the piezoscanner 
‘moves for constant height < is hardly ever coincident 
with the sample plane, Hence, a linear ramp is added 
to the sample data. This ramp is especially bothersome 
‘when the height zis displayed as an intensity map. 

‘The nonlinear distortions are harder to deal with. 
‘They can affect AFM data fora variety of reasons. First, 
piezoelectric ceramics do have a hysteresis loop, much 
like ferromagnetic materials. The deviations of piezoce- 
ramic materials from linearity inerease with increasing 
amplitude of the driving voltage. The mechanical posi- 
tion for one voltage depends on the previously applied 
voltages to the piezo. Hence, to get the best positional 
accuracy, one should always approach a point on the 
sample from the same direction. Another type of non- 
linear distortion of the images occurs when the scan 
frequency approaches the upper frequency limit of the 
X- and Y-drive amplifiers or the upper frequency limit 
ofthe feedback loop (z-component). Ths distortion, due 
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Fig. 11.37 Wiring of an AFM to measue friction force curves along 


line 


to feedback loop, can only be minimized by reducing the 
scan frequency. On the other hand, there isa simple way 
to reduce distortions due to the X- and Y-piezo drive 
amplifiers. To keep the system as simple as possible, 
‘one normally uses a triangular waveform for driving the 
scanning piezos, However, triangular waves contain fre- 
quency components as multiples of the scan frequency. 
If the cutoff frequency of the X- and Y-drive electron- 
ies or of the feedback loop is too close to the scanning 
frequency (two or three times the scanning frequency), 
the triangular drive voltage is rounded off at the turn- 
ing points. This rounding error causes, first, a distortion 
of the scan linearity and, second, through phase lags, 
the projection of part of the backward scan onto the for- 
‘ward scan. This type of distortion can be minimized by 
carefully selecting the scanning frequency and by using 
driving voltages for the X-and Y-piezos with waveforms 
like trapezoidal waves, which are closer to a sine wave. 
‘The values measured for X, ¥, or Z piezos are affected 
by noise, The origin of this noise can be either elec- 
tronic, some disturbances, or a property of the sample 
surface due to adsorbates. In addition to this incoher- 
cent noise, interference with main and other equipment 
nearby might be present. Depending on the type of noise, 
fone can filter it in the real space or in Fourier space. 
‘The most important part of image processing is to vi- 
sualize the measured data. Typical AFM data sets can 
consist of many thousands to over a million points per 
plane, There may be more than one image plane present, 
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‘The AFM data represents a topography in various data 
spaces. 

Most commercial data acquisition systems use im- 
plicitly some kind of data processing. Since the original 
data is commonly subject to slopes on the surface, most 
programs use some kind of slope correction, The least 
disturbing way is to substrate a plane (x, y) = Ax+ 
By+C from the data, The coefficients are determined 
by fitting z(x, y) tothe data. Another operation is to sub- 
tract a second order function such as z(x,y) = Ax?-+ 
By? +Cry+ Dx-+Ey+F. Again, the parameters are 
determined with a fit, This function is appropriate for 
almost planar data, where the nonlinearity of the piezos 
caused such a distortion, 

In the image processing software from Digital In- 
struments, up to three operations are performed on the 
raw data, First, zero-order flatten is applied. The fatten 
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Variants 


Top-left: Polarized nonlatching relay inits resting 
condition, with no power applied. Top right: 
Single-coil latching relay showing energized 
contacts (black circles) when the coil is powered 
with the polarity indicated. If the polarity is re- 
versed, the relay flips to its opposite state. Some 
manufacturers indicate the option to reverse po- 
larity by placing a minus sign alongside a plus 
sign, and a plus sign alongside a minus sign. 
Bottom-leftand bottom-right: Polarized latching 
relays with two coils, with different pinouts. 
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Figure 9-6. Relay pinouts depicted in the style commonly 
ound in manufacturers’ datasheets, showing different re 
lay types. Top-let: Single coll nonlatching. Top-right: Sin 
Ble coil, latching. Bottom left: Two-col, latching. Bottom 
‘ight: Two-coll, latching, alternate pinouts, (Adapted from 
‘Panasonic datasheet ) 


In these diagrams, the relay is seen from above. 
‘Some datasheets show the relay seen from be- 
low, and some show both views. Some manufac- 
turers use slightly different symbols to indicate 
interior functions and features, When in doubt, 
use a meter for verification. 


Reed Relay 
A reed relay is the smallest type of electrome- 
chanical relay with applications primarily in test 
equipment and telecommunications. With a coll 
resistance ranging from 500 to 2000 ohms, these 
relays consume verylittle power. The design con- 


power > connection > relay 
sists of a reed switch with a coil wrapped around 
it, Figure 9-7 shows a simplified rendering. The 
two black contacts are enclosed in a glass or 
plastic envelope and magnetized in such a way 
that a magnetic field from the surrounding coil 
bends them together, creating a connection, 
When power to the coil is disconnected, the 
magnetic field collapses and the contacts spring 
apart. 


Figure 9.7. This simplifed rendering shows a reed relay, 
consisting of a magnetized reed switch inside a glass or 
plastic pos, activated by a coil wrapped around i. 


In Figure 9-8, two reed relays are shown, at top- 
left and center-right, At bottom-left, the type of 
relay on the right has been opened by a belt 
sander to reveal its copper coil and inside that, a 
capsule in which the relay contacts are visible. 


Surface-mount reed relays can be smaller than 
0.5” x 0.2" Through-hole versions are often 
around 0.7" x 0.3" with pins in two rows, though 
some are available in SIP packages. 


Reed relays have limited current switching ca- 
pacity and are not suitable to switch inductive 
loads. 


Small Signal Relay 
‘Assmall signal relay is also known as a low signal 
relay. This type may have a footprint as small as 
a reed relay but generally stands slightly taller, 
requires slightly more coil current, and is avail- 
able in versions that can switch slightly higher 
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12. Probes in Scanning Microscopies 


Scanning probe microscopy (SPM) provides 
nanometer-scale mapping of numerous sample 
properties in essentially any environment. This 
unique combination of high resolution and broad 
applicability has lead to the application of SPM to 
‘many areas of science and technology, especially 
those interested in the structure and properties of. 
‘materials at the nanometer scale, SPM images are 
generated through measurements of a tip-sample 
interaction. A well-characterized tip is the key 
element to data interpretation and is typically the 
limiting factor. 

Commercially available atomic force mi- 
croscopy (AFM) tips, integrated with force sensing 
cantilevers, are microfabricated from silicon and 
silicon nitride by lithographic and anisotropic 
etching techniques. The performance of these tips 
can be characterized by imaging nanometer-scale 
standards of known dimension, and the resolution 
is found to roughly correspond to the tip radius 
of curvature, the tip aspect ratio, and the sam- 
ple height. Although silicon and silicon nitride tips 
have a somewhat large radius of curvature, low 
aspect ratio, and limited lifetime due to wear, the 
Widespread use of AFM today is due in large part to 
the broad availability of these tips. In some spe- 
cial cases, small asperities on the tip can provide 
resolution much higher than the tip radius of cur 
vature for low-Z samples such as crystal surfaces 
and ordered protein arrays, 

Several strategies have been developed to 
improve AFM tip performance. Oxide sharpening 
improves tip sharpness and enhances tip 
asperities. For high-aspect-ratio samples such as 
integrated circuits, silicon AFM tips can be modified 
by focused ion beam (F18) milling. FIB tips reach 
three-degree cone angles over lengths of several 
‘microns and can be fabricated at arbitrary 


In scanning probe microscopy (SPM), an image is ere- 
ated by raster scanning a sharp probe tip over a sample 
‘and measuring some highly localized tip-sample interac- 
ton as a function of position. SPMs are based on several 
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angles. Other high resolution and high-aspect- 
ratio tips are produced by electron beam: 
deposition (E80) in which a carbon spike is 
deposited onto the tip apex from the background 
gases in an electron microscope, Finally, carbon 
nanotubes have been employed as AFM tips. 
‘Their nanometer-scale diameter, long length, 
hhigh stiffness, and elastic buckling properties 
make carbon nanotubes possibly the ultimate 
tip material for AFM. Nanotubes can be manually 
attached to silicon of silican nitride AFM tips or 
grown" onto tips by chemical vapor deposition 
((v0}, which should soon make them widely 
available. In scanning tunneling microscopy (STM), 
the electron tunneling signal decays exponentially 
with tip-sample separation, so that in principle 
only the last few atoms contribute to the signal. 
STM tips ate, therefore, not as sensitive to the 
nanoscale tip geometry and can be made by simple 
‘mechanical cutting or electrochemical etching of 
‘metal wires. In choosing tip materials, one prefers 
hard, stiff metals that will not oxidize or corrode 
in the imaging environment. 


interactions, the major types including scanning tuanel- 
ing microscopy (STM), which measures an electronic 
tunneling current; atomic foree microscopy (AFM), 
which measures force interactions; and near-field scan- 
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ning optical microscopy (NSOM), which measures 
local optical properties by exploiting near-field effects 
(Fig. 12.1). These methods allow the characterization 
of many properties (structural, mechanical, electronic, 
optical) on essentially any material (metals, semicon- 
ductors, insulators, biomolecules) and in essentially any 
environment (vacuum, liquid, or ambient air conditions). 
‘The unique combination of nanoscale resolution, previ- 
ously the domain of electron microscopy, and broad ap- 
plicability has led to the proliferation of SPM into virtu- 
ally all areas of nanometer-scale science and technology. 

Several enabling technologies have been developed 
for SPM, or borrowed from other techniques. Piezo- 
electric tube scanners allow accurate, sub-angstrom 
positioning ofthe tip or sample in three dimensions. Op- 
tical deflection systems and microfabricated cantilevers 
can detect forces in AFM down to the picoNewton range. 
Sensitive electronics can measure STM currents less 
than 1 picoamp. High transmission fiber optics and sen- 
sitive photodetectors can manipulate and detect small 
optical signals of NSOM, Environmental control has 
been developed to allow SPM imaging in UHV, cryo- 
genic temperatures, at elevated temperatures, and in 
fluids. Vibration and drift have been controlled such 
that a probe tip can be held over a single molecule 
for hours of observation. Microfabrication techniques 
have been developed for the mass production of probe 
tips, making SPMs commercially available and allowing 
the development of many new SPM modes and combi- 
nations with other characterization methods. However, 


12.1 Atomic Force Microscopy 


AFM js the most widely used form of SPM, since it re- 
quires neither an electrically conductive sample, as in 
STM, nor an optically transparent sample or substrate, 
1s in most NSOMs. Basic AFM modes measure the to- 
pography of a sample with the only requirement being 
that the sample is deposited on a flat surface and rigid 
enough to withstand imaging. Since AFM can measure 
‘variety of forces, including van der Waals forces, elec- 
trostatic forces, magnetic forces, adhesion forces and 
friction forces, specialized modes of AFM can charac- 
terize the electrical, mechanical, and chemical properties 
of a sample in addition to its topography. 


12.1.1 Principles of Operation 


In AFM, a probe tip is integrated with a microfabri- 
cated force-sensing cantilever. A variety of silicon and 
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Fig. 12.1 A schematic of the components of a scanning 
probe microscope and the three types of signals observed: 
STM senses electron tunneling currents, AFM measures 
forces, and NSOM measures near-field optical properties 
vin a sub-wavelength aperture 


of all this SPM development over the past 20 years, 
‘what has received the least attention is perhaps the mast 
Important aspect: the probe tip. 

Interactions measured in SPMs occur at the tip- 
sample interface, which can range in size from a single 
atom to tens of nanometers. The size, shape, surface 
chemistry, electronic and mechanical properties of the 
tip apex will directly influence the data signal and the 
interpretation of the image. Clearly, the better charac- 
terized the tip the more useful the image information. 
In this chapter, the fabrication and performance of AFM 
and STM probes will be described, 


silicon nitride cantilevers are commercially available 
with micron-scale dimensions, spring constants rang- 
ing from 0,01 to 100N/m, and resonant frequencies 
ranging from SkHz to over 300kHz. The cantilever 
deflection is detected by optical beam deflection, as 
illustrated in Fig. 12.2. A laser beam bounces off the 
back of the cantilever and is centered on a split pho- 
todiode. Cantilever deflections areproportional to the 
difference signal V4— Vj. Sub-angstrom deflections 
can be deflected and, therefore, forces down to tens 
‘of picoNewtons can be measured. A more recently de- 
veloped method of cantilever deflection measurement 
is through a piezoelectric layer on the cantilever that 
registers a voltage upon deflection [12.1 

‘A piezoelectric scanner rasters the sample under the 
tip while the forces are measured through deflections of 
the cantilever. To achieve more controlled imaging con- 
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Fig. 12.2 An illustration ofthe optical beam deflection sys- 
tem that detects cantilever motion in the AFM. The voltage 
signal Va — Vj is proportional to the deflection 


ditions, a feedback loop monitors the tip-sample force 
and adjusts the sample Z-position to hold the force con- 
stant. The topographic image of the sample is then taken 
from the sample Z-position data. The mode described is, 
called contact mode, in which the tip is deflected by the 
sample due to repulsive forces, or “contact”. It is gener- 
ally only used for fat samples that can withstand lateral 
forces during scanning. To minimize lateral forces and 
sample damage, two AC modes have been developed. 
In these, the cantilever is driven into AC oscillation 
near its resonant frequency (tens to hundreds of kHz) 
with amplitudes of 5 to tens of s. When the tip ap- 
proaches the sample, the oscillation is damped, and the 
reduced amplitude is the feedback signal, rather than 
the DC deflection, Again, topography is taken from the 
varying Z-position of the sample required to keep the 
tip oscillation amplitude constant, The two AC modes 
differ only in the nature of the interaction, In intermit- 
tent contact mode, also called tapping mode, the tip 
contacts the sample on each cycle, so the amplitude is 
reduced by ionic repulsion as in contact mode. In non- 
contact mode, long-range van der Waals forces reduce 
the amplitude by effectively shifting the spring con- 
stant experienced by the tip and changing its resonant 
frequency. 


12.1.2 Standard Probe Tips 


In early AFM work, cantilevers were made by hand 
from thin metal foils or small metal wires. Tips were 
created by gluing diamond fragments to the foil can- 
tilevers or electrochemically etching the wires toa sharp 
point, Since these methods were labor intensive and not 
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highly reproducible, they were not amenable to large- 
scale production. To address this problem, and the need 
for smaller cantilevers with higher resonant frequen- 
cies, batch fabrication techniques were developed (see 
Fig. 12.3). Building on existing methods to batch fabri- 
cate SigNy cantilevers, Albreche et al. [12.2] etched an 
array of small square openings in an SiO2 mask layer 
over a (100) silicon surface. The exposed square (100) 
regions were etched with KOH, an anisotropic etchant 
that terminates at the (111) planes, thus creating pyra- 
tidal etch pits in the silicon surface. The etch pit mask 
‘was then removed and another was applied to define the 
cantilever shapes with the pyramidal etch pits at the end, 
‘The Si wafer was then coated with a low stress SisNs 
layer by LPCVD. The Si3Ng fills the etch pit, using it as, 
‘a mold to create a pyramidal tip. The silicon was later 
removed by etching to free the cantilevers and tips. Fur- 
ther steps resulting in the attachment of the cantilever 
to a macroscopic piece of glass are not described here. 
‘The resulting pyramidal tips were highly symmetric and 
had a tip radius of less than 30nm, as determined by 
scanning electron microscopy (SEM). This procedure 
has likely not changed significantly, since commercially 
available SigNj tips are still specified to have a curvature 
radius of 30m, 

Wolter etal. [12.3] developed methods to batch fab- 
ricate single-crystal Si cantilevers with integrated tips. 
Microfabricated Si cantilevers were first prepared using 
previously described methods, and a small mask was 
formed at the end of the cantilever. The Si around the 
‘mask was etched by KOH, so that the mask was un- 
der cut. This resulted in a pyramidal silicon tip under 
the mask, which was then removed. Again, this partial 
description of the full procedure only describes tip fabri- 
cation. With some refinements the silicon tips were made 
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Fig. 12.3 A schematic overview of the fabrication of Si and 
Sis, tip fabrication as described in the text 
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in high yield with curvature radii of less than 10mm, Si 
tips are sharper than SisNy tips, because they are directly 
formed by the anisotropic etch in single-crystal Si, rather 
than using an etch pit as a mask for deposited material 
‘Commercially available silicon probes are made by sim- 
ilar refined techniques and provide a curvature typical 
radius of < 10m, 


12.1.3 Probe Tip Performance 


In atomic force microscopy the question of resolution 
can be a rather complicated issue. As an initial ap- 
proximation, resolution is often considered strictly in 
geometrical terms that assume rigid tip-sample contact. 
‘The topographical image of a feature is broadened oF 
narrowed by the size of the probe tip. so the resolu- 
tion is approximately the width of the tip. Therefore, the 
resolution of AFM with standard commercially avail- 
able tips is on the order of 5 to 10m, Bustamante and 
Keller (12.4] carried the geometrical model further by 
drawing an analogy to resolution in optical systems, 
Consider two sharp spikes separated by a distance d to 
be point objects imaged by AFM (see Fig. 12.4). As- 
sume the tip has a parabolic shape with an end radius R. 
‘The tip-broadened image of these spikes will appear 
as inverted parabolas. There will be a small depression 
between the images of depth Az. The two spikes are con- 
sidered “resolved” if Az is larger than the instrumental 
noise in the z direction, Defined in this manner, the res- 
olution d, the minimum separation at which the spikes 
are resolved, is 


d=2/TR QD (a2.a) 


where one must enter a minimal detectable depression 
for the instrument (Az) to determine the resolution. So 
for a silicon tip with radius Sm and a minimum de- 
tectable Az of 0.5nm, the resolution is about 4.5 nm. 
However, the above model assumes the spikes are of 
equal height, Bustamante and Keller [12.4] went on to 
point out that ifthe height of the spikes is not equal, the 
resolution will be affected. Assuming aheight difference 
of Ah, the resolution becomes: 


d VIR(VBe+ VEEFR) (22.2) 


For a pair of spikes with a 2nm height difference, the 
resolution drops to 7.2nm for a Sam tip and 0.5 am 
minimum detectable Az. While geometrical considera- 
tions are a good starting point for defining resolution, 
they ignore factors such as the possible compres: 
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Fig. 24 ‘The factors that determine AFM imaging resolu- 
tion in contact mode (1p) and noncontact mode (boom), 
adapted from (1241 


sion and deformation of the tip and sample, Vesenka 
cet al. [12.5] confirmed a similar geometrical resolution 
model by imaging monodisperse gold nanoparticles with 
tips characterized by transmission electron microscopy 
(TEND, 

Noncontact AFM contrast is generated by long- 
range interactions such as van der Waals forces, so 
resolution will not simply be determined by geometry 
because the tip and sample are not in rigid contact. Bus- 
tamante and Keller [12.4] have derived an expression for 
the resolution in noncontact AFM for an idealized, in- 
finitely thin “line” tip and a point particle as the sample 
(Fig, 12.4), Noncontact AFM is sensitive to the gradient 
of long-range forces, so the van der Waals force gradi- 
cent was calculated as a function of position for the tip 
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at height h above the surface. Ifthe resolution d is de- 
fined as the full width at half maximum of this curve, 
the resolution is: 


d=08h (12.3) 


‘This shows that even for an ideal geometry, the resolu- 
tion is fundamentally limited in noncontact mode by the 
tip-sample separation. Under UHV conditions, the tip- 
sample separation can be made very small, so atomic 
resolution is possible on flat, crystalline surfaces. Un- 
der ambient conditions, however, the separation must be 
larger to keep the tip from being trapped in the ambi- 
cent water layer on the surface. This larger separation can 
lead to a point where further improvements in tip sharp- 
ness do not improve resolution. It has been found that 
imaging Sum gold nanoparticles in noncontact mode 
‘with carbon nanotube tips of 2nm diameter leads to par- 
ticle widths of 12m, larger than the 7m width one 
‘would expect assuming rigid contact [12.8]. However, 
in tapping mode operation, the geometrical definition 
of resolution is relevant, since the tip and sample come 
into rigid contact. When imaging Sim gold particles 
‘with 2nm carbon nanotube tips in tapping mode, the 
expected 7m particle width is obtained [12.9], 

‘The above descriptions of AFM resolution can- 
not explain the sub-nanometer resolution achieved 
fon crystal surfaces [12.10] and ordered arrays of 
biomolecules [12.11] in contact mode with commer- 
cially available probe tips. Such tips have nominal radii 
of curvature ranging from 5nm to 30nm, an order of 
‘magnitude larger than the resolution achieved. A de- 
tailed model to explain the high resolution on ordered 
‘membrane proteins has been put forth by [12.6]. In this 
‘model, the larger part of the silicon nitride tip apex 
balances the tip-sample interaction through electrostatic 
forces, while a very small tip asperity interacts with the 
sample to provide contrast (see Fig. 12.5). This model 
is supported by measurements at varying salt concen- 
trations to vary the electrostatic interaction strength and 
the observation of defects in the ordered samples, How- 
ever, the existence of such asperities has never been 
confirmed by independent electron microscopy images 
of the tip. Another model, considered especially applica- 
ble to atomic resolution on crystal surfaces, assumes the 
tip is in contact with a region of the sample much larger 
than the resolution observed, and that force components, 
‘matching the periodicity of the sample are transmitted 
to the tip, resulting in an “averaged” image of the peri- 
dic lattice. Regardless of the mechanism, the structures 
determined are accurate and make this a highly valuable 
‘method for membrane proteins. However, this level of 
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Fig. 12.5 A tip model to explain the high resolution ob- 
{tained on ordered samples in contact mode, from [12.6] 


resolution should not be expected for most biological 
systems, 


12.1.4 Oxide-Sharpened Tips 


Both Si and SisN3 tips with increased aspect ratio and 
reduced tip radius can be fabricated through oxide sharp- 
ening of the tip. Iva pyramidal or cone-shaped silicon 
tip is thermally oxidized to SiOy at low temperature 
(< 1,050 °C), Si-Si0> stress formation reduces the ox- 
‘dation rate at regions of high curvature. The result is 
a sharper, higher-aspect-rtio cone of silicon at the high 
curvature tip apex inside the outer pyramidal layer of 
SiO> (see Fig. 12.6). Etching the SiO» layer with HF then 
leaves tips with aspect ratios up to 10:1 and radii down 
to Lnm[12.7], although 5~10nm isthe nominal specifi 
cation for most commercially available tips. This oxide 
sharpening technique can also be applied to SisNy tips 
by oxidizing the silicon etch pits that are used as molds 
‘As with tp fabrication, oxide sharpening is not quite as 
effective for SisNy. SisNy tips were reported to have an 


Fig. 12.6 Oxide sharpening of silicon tips. The left image 
shows a sharpened core of silicon in an outer layer of SiO», 
‘The right image isa higher magnification view of such atip 
after the SiO is removed. Adapted from [12.7], 
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Lom radius of curvature [12.12], while commercially 
available oxide-sharpened SixNy tips have a nominal 
radius of < 20am. 


12.1.5 FIB tips 


A.common AFM application in integrated circuit manu- 
facture and MEMS is to image structures with very steep 
sidewalls such as trenches. To accurately image these 
features, one must consider the micron-scale tip struc- 
ture, rather than the nanometer-scale structure of the tip 
apex. Since tip fabrication processes rely on anisotropic 
elchants, the cone half-angles of pyramidal tips are ap- 
proximately 20 degrees. Images of deep trenches taken 
with such tips display slanted sidewalls and may not 
reach the bottom of the trench due to the tip broadening 
effects. To image such samples more faithfully, high- 
aspect-ratio tips are fabricated by focused ion beam 
(FIB) machining a Si tip to produce a sharp spike at 
the tip apex. Commercially available FIB tips have half 
cone angles of < 3 degrees over lengths of several mi- 
crons, yielding aspect ratios of approximately 10:1, The 
radius of curvature at the tip end is similar to that of 
the tip before the FIB machining. Another consideration 
for high-aspect-ratio tips is the tip tilt. To ensure that 
the pyramidal tip is the lowest part ofthe tip-cantilever 
assembly, most AFM designs tilt the cantilever about 
15 degrees from parallel. Therefore, even an ideal “line 
tip” will not give an accurate image of high steep side- 
walls, but will produce an image that depends on the scan 
angle. Due to the versatility of the FIB machining, tips 
are available with the spikes at an angle to compensate 
for this effect 


12.1.6 EBD tips 


Another method of producing high-aspect-ratio tips for 
AFM is called electron beam deposition (EBD). First 
developed for STM tips [12.13, 14], EBD tips were in- 
troduced for AFM by focusing an SEM onto the apex 
of a pyramidal tip arranged so that it pointed along the 
electron beam axis (see Fig. 12.7). Carbon material was 
deposited by the dissociation of background gases in 
the SEM vacuum chamber. Schiffinann [12.15] system- 
atically studied the following parameters and how they 
affected EBD tip geometry: 


Deposition time: 0.5 to 8min 
Beam current 3-300pA, 
Beam energy 1-30keV 
Working distance: 848mm 


Fig. 12.7 A pyramidal tip before (lj 2-um-scale bar) and 
alter (Fight, I-ym-scale bar) electron beam deposition, 
adapted from [12.13] 


EBD tips were cylindrical with end radii of 20-40.nm, 
Iengths of | to 5 jim, and diameters of 100 to 200m. 
Like FIB tips, EBD tips were found to achieve improved 
imaging of steep features. By controlling the position 
of the focused beam, the tip geometry can be further 
controlled. Tips were fabricated with lengths over 5j.m 
and aspect ratios greater than 100:1, yet these were too 
fragile to use as a tip in AFM [12.13] 


12.1.7 Carbon Nanotube Tips 


Carbon nanotubes are microscopic graphitic cylinders 
that are nanometers in diameter, yet many microns in 
length. Single-walled carbon nanotubes (SWNT) con- 
sist of single sp? hybridized carbon sheets rolled into 
seamless tubes and have diameters ranging from 0.7 to 
3nm, 


Carbon Nanotube Structure 
Larger structures called multiwalled carbon nanotubes 
(MWNT) consist of nested, concentrically arranged 
SWNT and have diameters ranging from 310 SO nm. Fig- 
ure 12.8 shows a model of nanotube structure, as well as 
‘TEM images ofa SWNT anda MWNT. The small diam- 
eter and high aspect ratio of carbon nanotubes suggests 
their application as high resolution, high-aspect-ratio 
AFM probes. 


Carbon Nanotube Mechanical Properties 
Carbon nanotubes possess exceptional mechanical prop- 
erties that impact their use as probes, Their lateral st 

ness can be approximated from that ofa solid elastic rod: 
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hw = (12.4) 
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Figure 9-8. Three reed relays. one of which has had its 
packaging partially removed by a belt sander to reveal its 
‘copper coil and internal contacts. 


voltagesand currents, There are usually two rows 
of pins, spaced either 0.2” or 0.3” apart. The red 
and orange relays in Figure 9-4 are small signal 
relays. 


Automotive Relays 

An automotive relay is typically packaged in a 
cube-shaped black plastic case with quick- 
connect terminals at the bottom, typically plug- 
ged into a socket. Naturally they are designed to 
switch, and be switched by, a 12VDC supply. 


General Purpose/Industrial 

These relays cover a very wide range and are 
usually built without significant concern for size. 
They may be capable of switching high currents 
at high voltages. Typically they are designed to 
plug into a socket such as an octal base of the 
type that was once used for vacuum tubes. The 
base, in turn, terminates in solder tabs, screws, or 
quick connects and is designed to be screwed to 
a chassis. Itallows the relay to be unplugged and 
swapped without resoldering. 


Two industrial relays are shown in Figure 9-9. 
Both are DPDT type with 12VDC coils and rated 
to switch up to 10A at 240VAC. The one on the 
lefthas an octal base. An octal socket that fits an 


octal base is shown in Figure 9-10, 


Figure 9-9. Two relays powered by 12VDC, capable of 
switching up to 10A at 240VAC. 


Figure 920, An octal socket with screw terminals, de 
Signed to accept ely whan octal base 
Time Delay Relay 


Generally used to control industrial processes, a 
time delay relay switches an output on and off at 
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‘TEM images of a MWNT (left) and a SWNT (right), 
from [12.16] 


where the spring constant hig represen the restoring 
force per unit lateral displacement, is the radius, 1s 
the length, and ¥ isthe Young's modulus (also called 
the clastic modulus) of the material. For the small 
diameters and extreme aspect ratios of carbon nano- 
tube tips, the thermal vibrations ofthe probe ip t room 
temperature can bocome sufficient to degrade image res- 
olution. These thermal vibrations can be approximated 
by equating 4p 7 of thermal energy tothe enersy of an 
oscillating nanotube: 


1 dis 
shot = Shae (12.5) 


where ky is Boltzmann's constant, T'is the temperature, 
and a is the vibration amplitude. Substituting for hy 
from (12.4) yields: 


kg TP 
Sart 


‘The strong dependence on radius and length reveals that 
fone must carefully control the tip geometry at this size 
scale. Equation (12.6) implies that the stiffer the mater- 
ial, i., the higher its Young's modulus, the smaller the 
thermal vibrations and the longer and thinner a tip can 
be. The Young's moduli of carbon nanotubes have been 
determined by measurements of the thermal vibration 
amplitude by TEM [12.18, 19] and by directly measuring 
the forces required to deflect a pinned carbon nanotube 
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in an AFM [12.20]. These experiments revealed that 
the Young's modulus of carbon nanotubes is 1-2 TPa, 
in agreement with theoretical predictions [12.21]. This 
‘makes carbon nanotubes the stffest known material and, 
therefore, the best for fabricating thin, high-aspect-ratio 
tips. A more detailed and accurate derivation of the ther- 
‘mal vibration amplitudes was derived for the Young's 
‘modulus measurements [12.18, 19] 

Carbon nanotubes elastically buckle under large 
loads, rather than fracture or plastically deform like most 
‘materials. Nanotubes were first observed in the buckled 
state by transmission electron microscopy [12.17], as 
shown in Fig. 12.9. The first experimental evidence that 
nanotube buckling is elastic came from the application 
of nanotubes as probe tips [12.22], described in detail 
below. A more direct experimental observation of elastic 
buckling was obtained by deflecting nanotubes pinned 
to alow friction surface with an AFM tip [12,20]. Both 
reports found that the buckling force could be approxi- 
‘mated with the macroscopic Euler buckling formula for 
an elastic column: 


yr 
aE 

‘The buckling force puts another constraint on the tip 

length: If the nanotube is too long the buckling force 
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Fig. 12.9 TEM 
images and 

a model of 

a buckled nano- 
tube, adapted 
from [12.17] 
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will be too low for stable imaging. The elastic buckling 
property of carbon nanotubes has significant implica- 
tions for their use as AFM probes. If a large force is 
applied to the tip inadvertently, or if the tip encounters 
a large step in sample height, the nanotube can buckle 
to the side, then snap back without degraded imaging 
resolution when the force is removed, making these 
tips highly robust. No other tip material displays this 
buckling characteristic. 


Manually Assembled Nanotube Probes 
‘The first carbon nanotube AFM probes [12.22] were 
fabricated by techniques developed for assembling 
single-nanotube field emission tips [12.23]. This pro- 
cess, illustrated in Fig. 12.10, used purified MWNT 
‘material synthesized by the carbon arc procedure. The 
raw material, which must contain at least a few per- 
cent of long nanotubes (> 10m) by weight, purified 
by oxidation to approximately 1% of its original mass. 
A tom edge of the purified material was attached to 
‘a micromanipulator by carbon tape and viewed under 
a high power optical microscope, Individual nanotubes 
and nanotube bundles were visible as filaments under 
dark field illumination. A commercially available AFM 
tip was attached to another micromanipulator opposing 
the nanotube material. Glue was applied to the tip apex 
from high vacuum carbon tape supporting the nanotube 
‘material. Nanotubes were then manually attached to the 
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Fig. 12.10 A schematic drawing ofthe setup for manual assembly 


of carbon nanotube tips (rop) and optical microscopy images of the 
assembly process (the cantilever was drawn in for clarity) 


tip apex by micromanipulation, As assembled, MWNT 
tips were often too long for imaging due to thermal vibra- 
tions and low buckling forces described in Sect. 12.1.7. 
Nanotubes tips were shortened by applying 10 V pulses 
to the tip while it was near a sputtered niobium surface. 
‘This process etched ~ 100nm lengths of nanotube per 
pulse. 

‘The manually assembled MWNT tips demonstrated 
several important nanotube tip properties [12.27]. Firs, 
the high aspect ratio of the MWNT tips allowed the a 
rate imaging of trenches in silicon with steep sidewalls, 
similar to FIB and EBD tips. Second, elastic buck- 
ling was observed indirectly through force curves (see 
Fig. 12.11). Note that as the tip taps the sample, the am- 
plitude drops to zero and a DC deflection is observed, 
because the nanotube is unbuckled and is essentially 
rigid. As the tip moves closer, the force on the nanotube 
eventually exceeds the buckling force. The nanotube 
buckles, allowing the vibration amplitude to partially re- 
cover, and the deflection remains constant. Numeric tip 
trajectory simulations could only reproduce these force 
curves if elastic buckling was included in the nanotube 
response. Finally, the nanotube tips were highly robust. 
Even after “tip crashes” or hundreds of controlled buck- 
ling cycles, the tip retained its resolution and high aspect 
ratio. 
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Fig. 12.11 Nanotube tip buckling. Top diagrams correspond 
to labeled regions of the force curves. As the nanotube tip 
buckles, the deflection remains constant and the amplitude 
increases, from [12.16] 
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Manual assembly of carbon nanotube probe tips is 
straightforward, but has several limitations. Its labor in- 
tensive and not amenable to mass production, Although 
MWNT tips have been made commercially available by 
this method, they are about ten times more expensive 
than silicon probes, The manual assembly method has 
also been carried out in an SEM, rather than an op- 
tical microscope [12.24]. This eliminates the need for 
pulse-etching, since short nanotubes can be attached to 
the tip, and the “glue” can be applied by EBD. But this 
is still not the key to mass production, since nanotube 
tips are made individually. MWNT tips provided a mod- 
est improvement in resolution on biological samples, 
but typical MWNT radii are similar to that of silicon 
tips, so they cannot provide the ultimate resolution pos- 
sible with a SWNT tip. SWNT bundles can be attached 
to silicon probes by manual assembly. Pulse etching at 
times produces very high resolution tips that likely re- 
sult from exposing a small number of nanotubes from 
the bundle, but this is not reproducible [12.25]. Even 
if a sample could be prepared that consisted of indi- 
vidual SWNT for manual assembly, such nanotubes 
‘would not be easily visible by optical microscopy or 
SEM. 


(VD Nanotube Probe Synthesis 
‘The problems of manual assembly of nanotube probes 
discussed above can largely be solved by directly 
growing nanotubes onto AFM tips by metal-catalyzed 
chemical vapor deposition (CVD). The key features of 
the nanotube CVD process are illustrated in Fig. 12.12. 
Nanometer-scale metal catalyst particles are heated in 
gas mixture containing hydrocarbon or CO. The gas 
molecules dissociate on the metal surface, and car- 
bon is adsorbed into the catalyst particle. When this 
carbon precipitates, it nucleates a nanotube of similar 
diameter to the catalyst particle. Therefore, CVD al- 
lows control over nanotube size and structure, including 
the production of SWNT [12.26] with radii as low as 
3.5 Angstrom [12.27] 

Several key issues must be addressed to grow nano- 
tube AFM tips by CVD: (1) the alignment of the 
nanotubes at the tip, (2) the number of nanotubes that 
grow at the tip, and (3) the length of the nanotube tip, 
Lit al. [12.28] found that nanotubes grow perpendic- 
ular to a porous surface containing embedded catalyst 
‘This approach was exploited to fabricate nanotube tips 
by CVD [12.29] with the proper alignment, as illus- 
trated in Fig. 12.13. A flattened area of approximately 
1-5 jum? was created on Si tips by scanning in con- 
tact mode at high load (Ij) on a hard, synthetic 
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700-1000°C 


nanotube 
a nanometer-scale iron catalyst particle at high temperature to form 
‘a carbon nanotube, The inser in the upper tight is a TEM image 
showing a catalyst particle at the end of a nanotube, from [12.16] 


Fig. 2.2 CVD. synthesis. Ethylene reacts 


diamond surface. The tip was then anodized in HF to 
create 100 nm-diameter pores inthis flat surface [12.30] 
It is important to only anodize the last 20-40 um of 
the cantilever, which includes the tip, so that the rest 


—- 


Fig.12.13 Pore-growth CVD nanotube tip fabrication, The left 
‘panel, from top to bottom, shows the steps described in the text. 
"The upper right is an SEM image of such a tip with a small nano- 
tube protruding from the pores (scale bar is 1 ym)."The lower right is 
a TEM of a nanotube protruding from the pores (scale bar is 20.nm), 


from [12.16] 
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of the cantilever is stil reflective for use in the AFM 
‘This was achieved by anodizing the tip in a small drop 
of HF under the view of an optical microscope. Next, 
iron was electrochemically deposited into the pores to 
form catalyst particles [12.31]. Tips prepared in this 
way were heated in low concentrations of ethylene at 
800°C, which is known to favor the growth of thin 
nanotubes [12.26]. When imaged by SEM, nanotubes 
were found to grow perpendicular to the surface from 
the pores as desired (Fig. 12.13), TEM revealed thatthe 
nanotubes were thin, individual, multiwalled nanotubes 
with typical radit ranging from 3~Snm. If nanotubes 
did not grow in an acceptable orientation, the carbon 
could be removed by oxidation, and then CVD repeated 
nanotube tips. 

re-growth” CVD nanotube tips were typi- 
cally several microns in length ~ too long for imaging 
and were pulse-ctched to a usable length of < 500m. 
‘The tips exhibited elastic buckling behavior and were 
very robust in imaging. In addition, the thin, individ- 
ual nanotube tips enabled improved resolution [12.29] 
on isolated proteins. The pore-growth method demon- 
strated the potential of CVD to simplify the fabrication 
of nanotube tips, although there were stil limitations. In 
particular, the porous layer was difficult to prepare and 
rather fragile 

‘An alternative approach for CVD fabrication of 
nanotube tips involves direct growth of SWNTs on 
the surface of a pyramidal AFM tip [12.32 33] 
In this “surface-growth” approach, an alumina/iron! 
molybdenum-powdered catalyst known to produce 
SWNT [12.26] was dispersed in ethanol at 1 mg/mL. 
Silicon tips were dipped in this solution and allowed to 
dry, leaving a sparse layer of ~ 100m catalyst elus- 
ters on the tip. When CVD conditions were applied, 
single-walled nanotubes grew along the silicon tip sur- 
face. Ata pyramid edge, nanotubes can either bend to 
align with the edge, or protrude from the surface, If 
the energy required to bend the tube and follow the 
edge is less than the atractive nanotube-surface energy, 
then the nanotube will follow the pyramid edge to the 
apex. Therefore, nanotubes were effectively steered to- 
Ward the tip apex by the pyramid edges. At the apex, 
the nanotube protruded from the tip, since the energetic 
cost of bending around the sharp silicon tip was too 
high, The high aspect ratio at the oxide-sharpened sil- 
icon tip apex was critical for good nanotube alignment. 
‘A schematic of this approach is shown in Fig, 12.14. Ev- 
idence for this model came from SEM investigations that 
show that a very high yield of tips contains nanotubes 
only at the apex, with very few protruding elsewhere 


Fig. 12,16a~c Surface-growth nanotube tip fabrication, 
(a) Schematic represents the surface growth process in 
Which nanotubes growing on the pyramidal tip are guided 
to the tip apes. (b).(c) Images show (b) SEM (200-nm-seale 
har) and (c) TEM (20-nm-scale bar) images of a surface 
growth tp. from [12.16] 


from the pyramid. TEM analysis demonstrated that the 
tips typically consist of small SWNT bundles that are 
formed by nanotubes coming together from different 
‘edges of the pyramid to join at the apex, supporting 
the surface growth model described above (Fig. 12.14). 
‘The “surface growth” nanotube tips exhibit a high as- 
pect ratio and high resolution imaging, as well as elastic 
buckling. 

‘The surface growth method has been expanded to 
include wafer-scale production of nanotube tips with 
yields of over 90% [12.34], yet one obstacle remains 
io the mass production of nanotube probe tips, Nano- 
tubes protruding from the tip are several microns long, 
and since they are so thin, they must be etched to less 
than 100 1m, While the pulse-etching step is fairly repro- 
ducible, it must be carried out on nanotube tips ina serial 
fashion, so surface growth does not yet represent a true 
method of hatch nanotube tip fabrication 


Hybrid Nanotube Tip Fabrication: Pick-up Tips 
Another method of creating nanotube tips is something 
of a hybrid between assembly and CVD. The motiva- 
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tion was to create AFM probes that have an individual 
SWNT at the tip to achieve the ultimate imaging res- 
olution, In order to synthesize isolated SWNT, they 
‘must be nucleated at sites separated farther than their 
typical length. The alumina-supported catalyst contains 
a high density of catalyst particles per 100 nm cluster, 
so nanotube bundles cannot be avoided. To fabricate 
completely isolated nanotubes, isolated catalyst par- 
ticles were formed by dipping a silicon wafer in an 
isopropyl alcohol solution of Fe(NOs)3. This effec- 
tively left a submonolayer of iron on the wafer, so 
that when it was heated in a CVD furnace, the iron 
became mobile and aggregated to form isolated iron 
particles. During CVD conditions, these particles nucle- 
ated and grew SWNTs. By controlling the reaction time, 
the SWNT lengths were kept shorter than their typical 
separation, so that the nanotubes never had a chance to 
form bundles. AFM analysis of these samples revealed 
1-3nm-diameter SWNT and un-nucleated particles on 
the surface (Fig. 12.15). However, there were tall objects 
that were difficult to image at a density of about I per 
‘50 um?, SEM analysis at an oblique angle demonstrated 
that these were SWNTs that had grown perpendicular to 
the surface (Fig. 12.15). 

In the “pick-up tip” method, these isolated SWNT 
substrates were imaged by AFM with silicon tips in 
air [12.9]. When the tip encountered a vertical SWNT, 
the oscillation amplitude was damped, so the AFM 
pulled the sample away from the tip. This pulled 
the SWNT into contact with the tip along its length, 
so that it hecame attached to the tip. This assem- 
bly process happened automatically when imaging in 
tapping mode — no special tip manipulation was re- 
quired. When imaging a wafer with the density shown in 
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Fig. 12.15. Atomic force microscopy image (top) of a wafer 
‘with isolated nanotubes synthesized hy CVD. The SEM 
‘view provides evidence that some of these nanotubes are 
arranged vertically 


Fig. 12.15, one nanotube was attached per 8 yum x 8 um 
scan at 512x512 and 2Hz, so a nanotube tip could 
be made in about Smin, Since the as-formed SWNT 
tip continued to image, there was usually no evidence 
in the topographic image that a nanotube had been 
attached. However, the pick-up event was identified 
when the Z-voltage suddenly stepped to larger tip- 


Fig. 12.6 Pick-uptipassem- 
bly of nanotube probes. The 
top illustrates the nanotube 
pick-up process that occurs 
while imaging vertical nano- 
tubes in an APM, including 
trace of the Z-position dur- 
ing a pick-up event. The 
ower left TEM images show 
single nanotubes (diameters 
0.9nm and 2.8nm) on an 
APM tip fabricated by this 
‘method, adapted from [12.9] 
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Fig. 12.17 The process by which nanotube tips can be shortened in 
AFM force curves. The hysteresis in the deflection trace (bottom) 
reveals that ~ 17 nm were removed 


sample separation due to the effective increase in tip 
length. 

Individual SWNT tips must be quite shor, typically 
less than 50mm in length, for reasons outlined above. 
Pulse-etching, which removes 50-100 nm of nanotube 
length at time, lacked the necessary precision for short- 


12.2 Scanning Tunneling Microscopy 


Scanning tunneling microscopy (STM) was the original 
scanning probe microscopy and generally produces the 
highest resolution images, routinely achieving atomic 
resolution on flat, conductive surfaces, In STM, the 
probe tip consists of a sharpened metal wire that is 
held 0.3 to 1nm from the sample. A potential differ- 
ence of 0.1 V to LV between the tip and sample leads 
to tunneling currents on the order of 0.1 to 1nA. As 
in AFM, a piezo-scanner rasters the sample under the 
tip, and the Z-position is adjusted to hold the tunnel- 
ing current constant. The Z-position data represents the 
“topography” or in this case the surface, of constant 
electron density. As with other SPMs, the tip proper- 
ties and performance greatly depend on the experiment 
being carried out, Although it is nearly impossible to 
prepare a tip with a known atomic structure, a num- 
ber of factors are known to affect tip performance, and 
several preparation methods have been developed that 
produce good tips. 


ening pick-up tips, so the tips were shortened through 
force curves. A pick-up tip force curve is shown in 
Fig. 12.17. When the tip first interacted with the sample, 
the amplitude decreased to zero, and further approach 
generated a small deflection that ultimately saturated. 
However, this saturation was not due to buckling. Note 
that the amplitude did not recover, as in the buckling 
‘curves. This leveling was due to the nanotube sliding on 
the pyramidal tip, which was confirmed by the hysteresis 
inthe amplitude and deflection curves. Ite force curve 
‘was repeated, the tip showed no deflection or amplitude 
drop until further down, because the tip was essentially 
shorter. 

Pick-up SWNT tips achieve the highest resolution of 
all nanotube tips, since they are always individuals rather 
than bundles. In tapping mode. they produce images of 
Sm gold particles that have a fll width of ~ 7 nm, the 
‘expected geometrical resolution for a 2nm cylindrical 
probe [12.9]. Although the pick-up method is serial in 
nature, it may stil be the key to the mass production 
of nanotube tips. Note that the original nanotube tip 
Jength can be measured electronically from the size of 
the Z-piezo step. The shortening can be electronically 
controlled through the hysteresis in the force curves. 
‘Therefore, the entire procedure (including tip exchange) 
can be automated by computer, 


‘The nature of the sample being investigated and the 
scanning environment will affect the choice of the tip 
material and how the tip is fabricated. Factors to con- 
sider are mechanical properties — a hard material that 
will resist damage during tip-sample contact is desired. 
Chemical properties should also be considered ~ for- 
mation of oxides, or other insulating contaminants will 
affect tip performance. Tungsten is a common tip ma- 
terial because it is very hard and will resist damage, but 
its use is limited to ultrahigh vacuum (UHV) conditions, 
since itreadily oxidizes. For imaging under ambient con- 
ditions an inert tip material such as platinum or gold is 
preferred, Platinum is typically alloyed with iridium to 
increase its stiffness, 


12.2.1 Mechanically Cut STM Tips 


‘STM tips can be fabricated by simple mechanical pro- 
cedures such as grinding or cutting metal wires. Such 
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tips are not formed with highly reproducible shapes and 
hhave a large opening angle and a large radius of cur- 
vature in the range of 0.1 to jm (see Fig. 12.184). 
‘They are not useful for imaging samples with surface 
roughness above a few nanometers. However, on atom- 
ically flat samples, mechanically cut tips can achieve 
‘atomic resolution due to the nature of the tunneling 
signal, which drops exponentially with tip-sample sep- 
aration. Since mechanically cut tips contain many small 
asperities on the larger tip structure, atomic resolution 
is easily achieved as long as one atom of the tip is just 
«a few angstroms lower than all of the others. 


12.2.2 Electrochemically Etched STM Tips 


For samples with more than a few nanometers of sur- 
face roughness, the tip structure in the nanometer-size 
range becomes an issue. Electrochemical etching can 
provide tips with reproducible and desirable shapes and 
sizes (Fig. 12.18), although the exact atomic structure 
of the tip apex is still not well controlled. The param- 
ters of electrochemical etching depend greatly on the 
tip material and the desired tip shape. The following 
is an entirely general description. A fine metal wire 
(0.11 mm diameter) of the tip material is immersed in 
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Fig. 12.18 A mechanically cut STM tip (lft) and an electrochemic- 


ally etched STM tip (right), from [12.35] 


an appropriate electrochemical etchant solution, A volt 
age bins of 1-10V is applied between the tip and 
4 coumnterelectrode such that the tip is etched, Due to 
the enhanced etch rate atthe electrolyte-air interface. 
a neck is formed in the wire. This neck is eventually 
etched thin enough so that it cannot support the weight 
of the part ofthe wire suspended in the solution, and it 
breaks to form a sharp tip. The widely varying parame 
ters and methods will be not be covered in detail here. 
but many recipes are found in the literature for common 
tip materials [12,36-39] 
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13. Noncontact Atomic Force Microscopy 


‘The scanning probe microscopy (SPM) such as the 
STM and the NC-AFM is the basic technology for the 
nanotechnology and also for the future bottom-up 
process. In Sect.13.1, the principles of AFM such as 
operating modes and the frequency modulation 
method of the NC-AFM are fully explained. 
Then, in Sect. 13.2, applications of NC-AFM to 
semiconductors that make clear its potentials such 
a spatial resolution and functions are introduced. 
Next, in Sect. 13.3, applications of NC-AFM to 
insulators such as alkali halides, fluorides and 
transition metal oxides are introduced, At last, in 
Sect.13.4, applications of NC-AFM to molecules such 
as carboxylate (RCOO-) with R=H, CHs, C(CHs)s and 
CF, ate introduced. Thus, the NC-AFM can observe 
atoms and molecules on various kinds of surfaces 
such as semiconductor, insulator and metal oxide 
With atomicimotecular resolutions, These sections 
ate essential to understand the status of the art 
and the future possiblity of NC-AFM that is the 
second generation of atom/molecule technology. 


‘The scanning tunneling microscope (STM) is an atomic 
tool based on an electric method that measures the 
tunneling current between a conductive tip and a con- 
ductive surface. It can electrically observe individual 
atoms/molecules. It can characterize or analyze the 
electronic nature around surface atoms/molecules. In 
addition, it can manipulate individual atoms/molecules. 
Hence, the STM is the first generation of atonvmolecule 
technology. On the other hand, the atomic force mi- 
croscope (AFM) is 4 unique atomic tool based on 
a mechanical method that can deal with even the in- 
sulator surface. Since the invention of noncontactAFM 
(NC-AFM) in 1995, the NC-AFM and the NC-AFM- 
based method have rapidly developed into a powerful 
surface tool on atomic/molecular scales, because the 
NC-AFM has the following characteristics: (1) it has 
true atomic resolution, (2) it can measure atomic force 
(so-called atomic force spectroscopy), (3) it can observe 
even insulators, and (4) it ean measure mechanical re- 
sponses such as elastic deformation. Thus, the NC-AFM 
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is the second generation of atom/molecule technol- 
ogy. The scanning probe microscopy (SPM) such as 
the STM and the NC-AFM is the basic technology 
for nanotechnology and also for the future bottom-up 
process. 

In Sect, 13.1, principles of NC-AFM will be fully 
introduced. Then, in Sect. 13.2, applications to semi- 
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conductors will be presented. Next, in Sect, 13.3, 
applications to insulators will be described. And, in 
Sect. 13.4, applications to molecules will be intro- 


duced. These sections are essential to understanding 
the status of the art and the future possibility of the 
NC-AFM. 


13.1 Principles of Noncontact Atomic Force Microscope (NC-AFM) 


‘The atomic force microscope (AFM), invented by Bin- 
nig [13.1] and introduced in 1986 by Binnig, Quate, and 
Gerber (13.2, isan offspring of the scanning tunnel- 
ing microscope (STM) [13.3]. The STM is covered in 
books and review articles, eg, [134-9]. Early on in the 
development of STM it became evident that relatively 
strong forces act between a tip in clase proximity to 
a sample, It was found that these forces could be put to 
good use in the alomic force microscope (AFM). De- 
tailed information about the noncontact AFM can be 
found in {13.1012} 


13.1.1 Imaging Signal in AFM 


Figure 13.1 shows a sharp tip close to a sample. The 
potential energy between the tip and sample Vj, causes 
4.z component of the tip-sample force Fy = —AVs/3. 
Depending on the mode of operation, the AFM uses Fi, 
or some entity derived from F,, as the imaging signal. 

Unlike the tunneling current, which has a very strong 
distance dependence, Fi has long- and short-range con- 
tributions. We can classify the contributions by their 
range and strength. In vacuum, there ae van der Waals, 
electrostatic, and magnetic forces with long-range (up 
to 100 nm) and short-range chemical forces (fractions of 
anm) 

‘The van der Waals interaction is caused by fluctua- 
tions in the electric dipole moment of atoms and their 
‘mutual polarization. For a spherical tip with radius R 
next to a fat surface (zis the distance between the plane 


Tp 


connecting the centers of the surface atoms and the cen- 
ter of the closest tip atom), the van der Waals potential 
is given by [13.13] 


Au 


Yaw (a3.a) 


‘The “Hamaker constant”, Ay, depends on the type 
of materials (atomic polarizability and density) of the 
tip and sample and is on the order of 1eV for most 
solids [13.13] 

‘When the tip and sample are both conductive and 
have an electrostatic potential difference, U #0, elec- 
trostatic forces are important. For a spherical tip with 
radius R, the force is given by [13.14] 


reyRU? 


Fearne - (3.2) 


Chemical forces are more complicated, Empirical model 
potentials for chemical bonds are the Morse potential 
Gee eg. (13.13). 


ae) (13.3) 
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and the Lennard-Jones potential [13.13] 
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Schematic view 
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preset time intervals that can be programmed to 
repeat. The example in Figure 9-11 has a 12VDC 
coil and is rated to switch up at 10A at 240VAC. It 
has an octal base. 


Figure 9-11. The control switches on a time-delay relay, 
allowing separately configured “on” and “off” intervals. 


Contactor 

A contactor functions just like a relay but is de- 
signed to switch higher currents (up to thou- 
sands of amperes) at higher voltages (upto many 
kilovolts). It may range from being palm-sized to 
measuring more than one foot in diameter, and 
may be used to control heavy loads such as very 
large motors, banks of high-wattage lights, and 
heavy-duty power supplies. 


Values 


Datasheets usually specify maximum voltage 
and current for the contacts, and nominal volt- 
age and current for the coil, although in some 
cases the coil resistanceis stated instead of nom- 
inal coil current. The approximate current con- 
sumption can be estimated, if necessary, by us- 


power > connection > 
ing Ohm's Law. The minimum voltage that the 
relayneedsforactivationis sometimes described 
as the Must Operate By voltage, while the Must 
Release By voltage is the maximum coil voltage 
that the relay will ignore. Relays are rated on the 
assumption that the coil may remain energized 
for long periods, unless otherwise stated. 


While the contact rating may suggestthatarelay 
canswitcha large load, thisisnot necessarily true 
if the load has significant inductance. 


Reed relays 
Usually use a coil voltage of SVDC and have 
a contact rating of up to 0.25A at 100V. 
Through-hole (PCB) versions may have a coil 
voltage of SVDC, 6VDC, 12VDC, or 24VDC 
and in some cases claim to switch 0.5A to 1A. 
at up to 100V, although this rating is strictly 
fora noninductive load. 


‘Small signal/low signal relays 
Usually use coil voltage ranging from VDC 
to 24VDC, drawing about 20mA. Maximum, 
switching current for noninductive loads 
ranges from 1A to 3A. 


Industrial/general purpose relays 
A very wide range of possible values, with 
coil voltages ranging up to 48VDC or 125VAC 
to 250VAC. Contact rating is typically 5A to 
30A. 


Automotive relays 
Coil voltage of 12VDC, and contact rating 
often 5A at up to 24VDC. 


Timer relays 
Usually these specify a coil voltage of 12VDC, 
24VDC, 24VAC, 125VAC, or 230VAC. The 
timed interval can range from 0.1 seco 9999 
hours in some cases. Common values for 
contact ratings are SA up to 20A, with a volt- 
age of 125V to 250V, AC or DC. 
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1.1.2 Experimental Measurement and Noise 


Forces between the tip and sample are typically meas- 
ured by recording the deflection of a cantilever beam 
that has a tip mounted to its end (see Fig. 13.2). Today's 
microfabricated silicon cantilevers were Fist created by 
the Calvin F. Quate group [13.15-17] and Wolter etal 
at IBM [13.18], 

‘The cantilever is characterized by its spring con- 
stant k, eigenfrequency fy, and quality factor 

For a rectangular cantilever with dimensions wt, 
and L (see Fig. 13.2), the spring constant & is given 
by [13.6 


Eyw 
7 
where Ey is Young's modulus. The eigenfrequency fp 
is given by [13.6} 


(13.5) 


fi = 0.1023 ExT (13.6) 
where p is the mass density of the cantilever mater 
ial, The Q-factor depends on the damping mechanisms 
present inthe cantilever, For micromachined cantilevers 
operated in air, Q is typically a few hundred but can 
reach hundreds of thousands in vactum, 

In the first AFM, the deflection of the cantilever 
swas measured with an STM ~ the backside of the can- 
tilever was metalized, and a tunneling tip was brought 
close to it to measure the deflection [13.2]. Today's 
designs use optical (interferometer, beam-bounce) or 
electrical methods (piezoresistive, piezoelectric) for 
measuring the cantilever deflection, A discussion of 
the various techniques can be found in [13.19], de- 
scriptions of piezoresstve detection schemes are found 


[n0) 


1 


Ee L. 

: ites 
S82 Top eae se ey of sterogal 

Sisco Gate 


Springer Handbook  Nanotechnolo 
Ds tndshan © Spinger2000 


Spectral noise density of cantilever deflection (pmi/Hz!*) 
1.000, 


100 


ifcormer at f=f. 


iiss 
1 


on 


on i 100 


10.000 442 


13.3 Schematic view of 1/ f noise apparent in force detectors. 
Static AFMs operate in a frequency range from 0.01 Hz to a few 
hnundred Hz, while dynamic AFMs operate at frequencies around 
10kHz to a few hundred kHz, The noise of the cantilever deflection 
sensor is characterized by the 1/f comer frequency fe and the 
constant deflection noise density ny» for the frequency range where 
‘white noise is dominating 


in (13.17, 20], and piezoelectric methods are explained 
in (13.2124 

‘The quality ofthe cantilever deflection measurement 
can be expressed in a schematic plot of the deflection 
noise density versus frequency, as in Fig, 13.3. 

The noise density has.a 1/ f dependence for low fre 
quency and merges into a constant noise density (“white 
noise") above the “I/,f comer frequency” 


i 
2 
= 


13.1.3 Static AFM Operating Mode 


In the static mode of operation, the force translates into 
a deflection q’ = Fx/k of the cantilever, yielding im- 
ages as maps 2(x, y, Fy =const.). The noise level of 
the force measurement is then given by the cantilever’s 
spring constant k times the noise level of the deflec- 
tion measurement, In this respect, a small value for k 
increases force sensitivity. On the other hand, instabil- 
ities are more likely to occur with soft cantilevers (see 
Sect. 13.1.5). Because the deflection of the cantilever 
should be significantly larger than the deformation of 
the tip and sample, the cantilever should be much softer 
than the bonds between the bulk atoms in the tipand sam- 
ple, Inter-atomic force constants in solids are in a range 
from 10N/mto about 100N/m ~in biological samples, 
they can be as small as 0.1. N/m. Thus, typical values 
for k in the static mode are 0.01~5 N/m. 
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Fig.13.4 Plot of tunneling current J, and force Fi (ty 


Even though it has been demonstrated that atomic 
resolution is possible with static AFM, the method can 
only be applied in certain cases. The detrimental effects 
of 1/f noise can be limited by working at low temper- 
atures [13.25], where the coefficients of thermal expan- 
sion are very small, orby building the AFM of a material 
with a low thermal expansion coefficient [13.26]. The 
long-range attractive forces have to be cancelled by im- 
mersing the tip and sample in a liquid [13.26], or by 
partly compensating the attractive force by pulling at the 
cantilever after jump-to-contact has occurred [13.27] 
Jarvis et al. have cancelled the long-range attractive 
force with an electromagnetic force applied to the can- 
tilever [13.28], Even with these restrictions, static AFM 
does not produce atomic resolution on reactive surfaces 
like silicon, as the chemical bonding of the AFM tip and 
sample pose an unsurmountable problem [13.29, 30} 


13.1.4 Dynamic AFM Operating Mode 


In the dynamic operation modes, the cantilever is de- 
liberately vibrated, There are two basic methods of 
dynamic operation: amplitude modulation (AM) and 
frequency modulation (FM) operation. In AM-AFM 
[13.31], the actuators driven by a fixed amplitude Agee 
ata fixed frequency five, Where five is close to fo, 
‘When the tip approaches the sample, elastic and inelas- 
tic interactions cause a change in both the amplitude and 
the phase (relative to the driving signal) of the cantilever. 
‘These changes are used as the feedback signal, While 
the AM mode was initially used in a noncontact mode, it 


nN) (3) (aA) 


== Shoccrange force (Morse potential) 
== Long-range (vW) force 

=e Tosa force 

— Tunneling current 


e 0 


as a function of distance = between front atom and surface atom 


layer 


vas later implemented very successfully at a closer dis- 
tance range in ambient conditions involving repulsive 
tip-sample interaction. 

‘The change in amplitude in AM modedoes not occur 
instantaneously with a change in the tip-sample inter 
action, but on atime scale of rays ~20/ fo, and the 
AM mode is slow with high-O cantilevers. However, 
the use of high Q-factors reduces noise, Albrecit eta 
found a way to combine the benefits of high Q sand high 
speed by introducing the frequency modulation (FM) 
‘mode [13.32], where the change in the eigenfrequency 
settles on a time scale of try ~ L/ fi. 

Using the FM mode, the resolution was improved 
dramatically, and finally atomic resolution (13.33, 34] 
was obtained by reducing the tip-sample distance and 
working in vacuum. For atomic studies in vacuum, the 
FM mode (see Sect. 13.1.6) is now the preferred AFM 
technique. However, atomic resolution in vacuum can 
also be obtained with the AM mode, as demonstrated by 
Erlandsson et al. (13.35). 


13.1.5 The Four Additional Challenges 
Faced by AFM 


Some of the inherent AFM challenges are apparent by 
‘comparing the tunneling current and tip-sample force as 
4 function of distance (Fig. 13.4). 

‘The tunneling current is a monotonic function of 
the tip-sample distance and has a very sharp distance 
dependence. In contrast, the tip-sample force has long- 
and short-range components and is not monotonic. 


Jump-to-Contact and Other Instabilities 
If the tip is mounted on a soft cantilever, the initially 
attractive tip-sample forces can cause a sudden “jump- 
to-contact” when the tip approaches the sample. This 
instability occurs in the quasi-static mode if (13.36, 37] 


) =k 
Smp-to-contact can be avoided even fr sot cantilevers 
by oneilating ita a large enough amplitude A [13.38 


2 


max (— (3.7) 


KA > max (—Fi) (13.8) 
If hysteresis occurs in the Fi(z)-relation, the en- 
ergy A Ey, needs to be supplied to the cantilever for each 
oscillation cycle. If this energy loss is large compared 
to the intrinsic energy loss of the cantilever, amplitude 
control can become difficult. An additional approximate 
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criterion fork and A is then 
KA? AEO 
Tor 


13.9) 


Contribution of Long-Range Forces 
‘The force between tip and sample is composed of many 
contributions: electrostatic, magnetic, van der Waals, 
and chemical forces in vacuum. All of these force types 
except for the chemical forces have strong long-range 
‘components that conceal the atomic-Force components. 
For imaging by AFM with atomic resolution, it is de- 
sirable to filter out the long-range force contributions 
‘and only measure the force components that vary at the 
atomic scale. While there is no way to discriminate be- 
tween long- and short-range forces in static AFM, it is 
possible to enhance the short-range contributions in dy- 
namic AFM through the proper choice of the oscillation 
amplitude A of the cantilever. 


Noise in the Imaging Signal 

Measuring the cantilever deflection is subject to noise, 
especially at low frequencies (1/ f noise). Instatic AFM, 
this noise is particularly problematic because of the 
approximate 1/f dependence. In dynamic AFM, the 
low-frequency noise is easily discriminated when using 
a bandpass filter with a center frequency around fo. 


Non-monotonic imaging Signal 
The tip-sample force is not monotonic. In general, the 
force is attractive for large distances, and upon de- 
creasing the distance between tip and sample, the force 
turns repulsive (see Fig. 13.4). Stable feedback is only 
possible on a monotonic subbranch of the force curve. 
Frequency-modulation AFM (FM-AFM) helps to 
overcome challenges. The non-monotonic imaging sig- 
nal in AFM is a remaining complication for FM-AFM. 


13.1.6 Frequency-Modulation AFM (FM-AFM) 


In FM-AFM, a cantilever with eigenfrequency fy and 
spring constant & is subject to controlled. positive 
feedback such that it oscillates with constant ampli- 
tude A [13.32], as shown in Fig. 13.5. 


Experimental Setup 
‘The deflection signal is phase shifted, routed through 
an automatic gain control circuit and fed back to the 
actuator. The frequency f is a function of fo, its quality 
factor Q, and the phase shift between the mechanical 
excitation generated atthe actuator and the deflection of 
the cantilever. IF @ = 1/2, the loop oscillates at f = fo 
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Fig. 13.5 Block diagram of a frequency-modulation force 
sensor 


Three physical observables can be recorded: 
1) a change in resonance frequency, Af, 2) the control 
signal of the automatic gain control unit as a measure 
of the tip-sample energy dissipation and 3) an average 
tunneling current (for conducting cantilevers and tips) 


Applications 
FM-AFM was introduced by Albrecht and coworkers in 
‘magnetic force microscopy [13.32]. The noise level and 
imaging speed were enhanced significantly compared 
to amplitude modulation techniques. Achieving atomic 
resolution on the Si111)-(77) surface has been an im- 
portant step in the development of the STM [13.39], 
and in 1994, this surface was imaged by AFM with 
true atomic resolution for the first time [13.33] (see 
Fig. 13.6). 

The intial parameters that provided true atomic res- 
olution (see caption of Fig. 13.6) were found empirically. 
Surprisingly the amplitude necessary for obtaining good 


Fig. 13.6 First AFM image of the Si(111).(7 x7) surface. 
Parameters 
34am, Af 
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results was very large compared to atomic dimensions. It 
tumed out later tha the amplitudes had tobe that large in 
order to fulfill the stability criteria listed in Sect. 13.15, 
Cantlevers with k~2,000N/m can be operated with 
amplitudes inthe A-range (13.24) 


13.1.7 Relation Between Frequency Shift 
and Forces 


‘The cantilever (spring constant k, effective mass m*) is 
a macroscapic object and its motion can be described 
by classical mechanics. Figure 13.7 shows the deflee- 
tion g’ (0) of the tip of the cantilever: It oscillates with an 
amplitude A at a distance g(f) to a sample. 


Generic Calculation 
‘The Hamiltonian of the cantilever is: 


oa 
i 


+Visla) « (13.20) 


4) = Acos(20 fo (3.1) 
and the frequency is: 
fe 
f= a (13.12) 
Ifthe force gradient kyy = —AFg/i2 = #2V/ic* is con- 


stant during the oscillation cycle, the calculation of the 
frequency shift is trivial: 


(13.13) 


However, in classic FM-AFM, ky varies in orders of 
‘magnitude during one oscillation cycle, and a perturba- 
tion approach, as shown below, has to be employed for 
the calculation of the frequency shift. 


a(t) 


Fig. 13.7 Schematic view of an oscillating cantilever and 
definition of geometric terms 


Hamilton-Jacobi Method 
‘The first derivation of the frequency shift in FM-AFM 
was achieved in 1997 [13.38] using canonical perturba- 
tion theory [13.40]. The result of this calculation is: 
Fa) (3.14) 
ufo 

f Fuld +A+q'(o)q'(t) dt 

° 


‘The applicability of first-order perturbation theory isjus- 
tified, because in FM-AFM, E is typically in the range 
of several keVs, while V, is on the order of a few eVs. 
Diirig (13.41] has found a generalized algorithm that 
‘even allows the reconstruction of the tip-sample po- 
tential if not only the frequency shift, but the higher 
harmonics of the cantilever oscillation are known, 


‘A Descriptive Expression for Frequency Shifts 
a5 a Function of the TipSample Forces 

With integration by parts, the complicated expression 

(13.14) tansforms into a very simple expression that 

resembles (13.13) [13.42] 


Af A fe Qo dq. (13.15) 


“This expression is closely related to (1313: The con- 
stant ky is replaced by a weighted average, where 
the weight Function wy’, A) is a semicircle with ax 
dius A divided by the area of the semicircle .A2/2 (see 
Fig. 138). For A— 0, w(q/, A) isa representation of 
Dirac’s dela function and the trivial zero-amplitudere- 
salt of (13.13) is immediately recovered. The frequency 
shift results from a convolution between the tip-sample 
force gradient andthe weight function. This convolution 
can easily he reversed with linear transformation, and 
the tp-sample force can be recovered from the frequency 
shift versus distance curve [13.42]. 

‘The dependence ofthe frequency shift with ampi- 
tude confirms an empirical conjecture: Small amplitudes 
increase the sensitivity to shor-range forces! Adjusting 
the amplitude in FM-AFM resembles tuning an optical 
spectrometer toa passing wavelength, When short-range 
interactions are to be probed, the amplitude should be 
in the range of the short-range forces. While using 
amplitudesin the A-range has been elusive with conven- 
tional cantilevers, because of the instability problems 
described in Sect 13.15, cantilevers with a stiffness 
on the order of 1,000N/m like the ones introduced 
in 13.23] ae well suited for small-amplitude operation 
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13.1.8 Noise in Frequency-Modulation AFM 
~ Generic Calculation 


‘The vertical noise in FM-AFM is given by the ratio 
between the noise in the imaging signal and the slope of 
the imaging signal with respect to =: 


oar 


(13.16) 


Figure 13.9 shows a typical frequency shift versus dis- 
tance curve. Because the distance between the tip and 
sample is measured indirectly through the frequency 
shift, itis clearly evident from Fig. 13.9 that the noise 
in the frequency measurement 8A/ translates into ver- 
tical noise 5: and is given by the ratio between 3Af 
and the slope of the frequency shift curve A(z) (13.16). 
Low vertical noise is obtained for a low-noise frequency 
‘measurement and a steep slope of the frequency shift 

‘The frequency noise 8A is typically inversely pro- 
portional to the cantilever amplitude A [13.32.43]. The 
derivative of the frequency shift versus distance is con- 
stant for A <2, where >is the range ofthe tip-sample 
interaction and proportional to A! for A >> 3 [13.38]. 
‘Thus, minimal noise occurs if [13.44] 


optimal © 2. (13.27) 


for chemical forces, = 1A. However, for stability rea- 
sons (Sect. 13.1.5) extremely tf cantilevers are needed 
for small amplitude operation, The excellent noise per- 
formance of the stiff cantilever and small amplitude 
technique has been verified experimentally (13.241 


13.1.9 Conclusion 


Dynamic force microscopy, in particular frequency- 
‘modulation atomic force microscopy, has matured into 
a viable technique that allows true atomic resolution of 
conducting and insulating surfaces and spectroscopic 
‘measurements on individual atoms [13.10, 45]. Even 


13.2 Applications to Semiconductors 


For the first time, corer holes and adatoms on 
Si(111)7x7 surface have been observed at a very lo- 
cal area by Giessibl using the pure noncontact AFM 
in ultrahigh vacuum (UHV) [13.33]. It became the 
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true atomic resolution in lateral force microscopy is 
now possible [13.46]. Challenges remain in the chem- 
ical composition and structural arrangement of the AFM 
tip. 


a maging 
on a well-defined clean surface using noncontact AFM. 
‘Then, $i(111)7%7 [13.34,35, 45,47], InP 10) [13.48], 
and $i(100)2x1 [13.34] surfaces were successively 


13.9 Plot of frequency shift Af as a function of tip-sample 
‘The noise in the tip-sample distance measurement is 
given by the noise of the frequency measurement SAf divided by 
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resolved with true atomic resolution, Furthermore, ther- 
mally induced motion of atoms or atomic-scale point 
defects on InP(/10) surface have been observed at room 
temperature [13.48]. In this section, we will describe 
typical results of atomically resolved noncontact AFM 
imaging of semiconductor surfaces. 


13.2.1 Si(tn)7x7 Surface 


Figure 13.10 shows the atomic resolution images of the 
Si(L11)7x7 surface [13.49], Here, Fig. 13.103 (TYPED) 
‘was obtained using the Si tip without dangling, which is 
covered with an inert oxide layer. Fig. 13.10b (TYPE 11) 
‘was obiained using the Si tip with dangling bond on 
which the Si atoms were deposited, due to the mechan- 
ical soft contact between the tip and the Si surface. 
‘The variable frequency shift mode was used. We can 
see not only adatoms and corner holes, but also miss- 
ing adatoms described by the dimer-adatom-stacking 
fault (DAS) model. We can see that the image con- 
trast in Fig. 13.10b is clearly stronger than that in 
Fig. 13.10a. 

Interestingly, by using the Si tip with dangling bond, 
we observed contrast between inequivalent halves and 
between inequivalent adatoms of the 7%7 unit cell. 
Namely, as shown in Fig. 13.1a, the faulted halves 
surrounded with a soli line show brighter than the un- 
faulted halves surrounded with a broken line. Here, the 
positions of the faulted and unfaulted halves were de- 
‘cided from the step direction, From the cross-sectional 
profile along the long diagonal of the 7%7 unit cell 
in Fig. 13.11b, the heights of the comer adatoms are 
slightly higher than those ofthe adjacent center adatoms 
in the faulted and unfaulted halves ofthe unit cell. The 
measured corrugations are in the following decreasing 


and (b) with dangling bond. The 
unit cell indicated by whit lines in (a) and (b) 


order: 


Co-F > Ce-F > Co-U > Ce-U 


where CoeF and Ce-F indicate the comer and center 
adatoms in faulted halves, and Co-U) and Ce-U) indi- 
cate the comer and center adatoms in unfaulted halves, 
respectively. As averaging over several units, the cor 
rugation height differences are estimated to be 0.25 A, 
O.15A, and 0.05 A for Co-F, Ce-F, and Co-U, respec 
tively, referring to Ce-U. This tendency, that the heights 
of the comer adatoms are higher than those of the cen- 
ter adatoms, is consistent with the experimental results 
using a silicon tp [13.47], although they could not de- 
termine faulted and unfaulted halves of the unt ell in 
the measured AFM images. However, this tendency is 
completely contrary to the experimental results using 
a tungsten tip [13.35]. This difference may originate 
from the difference in the materials of the tip, which 
seems to affect the interaction between the tip and the 
reactive sample surface, Another possibility is thatthe 
tipisin contact with the surface during the small fraction 
of the oscillating cycle in their experiments (13.351 

We consider that contrast between inequivalent 
adatoms is not caused by tip artifacts for the following 
reasons: 1) Each adatom, comer hole and defect were 

early observed: 2) the apparent heights of adatoms are 
the same whether they are located adjacent to defects 
or not; 3) the same contrast in several images for the 
different tips has been observed. 

Itshould be noted thatthe corrugation amplitude of 
adatoms ~ 1.44 in Fig. 13.11b is higher than that of 
0.8-10A obtained with the STM, although the depth 
of comer holes obtained with noncontact AFM is al- 
most the same as that observed with STM. Besides, in 
noncontact mode AFM images, the corrugation ampli- 
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Fig. 13.10a~c Noncontact mode AFM images of Si(111) 77 reconstructed surface obtained using the Si tips (a) without 
san area is 99 Ax99.A (¢) The erass sectional profiles along long diagonal ofthe 77 
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tude of adatoms was frequently larger than the depth 
of the corner holes. The origin of such a large corruga- 
ton of adatoms may be due to the effect of the chemical 
interaction, but that is yet unclear, 

‘The atom positions, surface energies, dynamic prop- 
erties, and chemical reactivities on the Si(111)7*7 
reconstructed surface have been extensively investigated 
theoretically and experimentally. From these investi- 
gations, the possible origins of the contrast between 
inequivalent adatoms in AFM images are the follow- 
ing: the true atomic heights that correspond to the 
adatom core positions, the stiffness (spring constant) 
of inter-atomic bonding with the adatoms that corre- 
sponds to the frequencies of the surface mode, the 
amount of charge of adatom, and the chemical reactivity 
of adatoms, Table 13.1 summarizes the decreasing or- 
ders of the inequivalent adatoms for individual property. 
From Table 13.1, we can see that the calculated adatom 
heights and the stifitess of inter-atomie bonding cannot 
explain the AFM data, while the amount of charge of 
adatom and the chemical reactivity of adatoms can ex- 
plain our data. The contrast due to the amount of charge 
fof adatom means that the AFM image originated from 
the difference of the vdW, or the electrostatic physical 
interactions between the tip and the valence electrons at 
the adatoms. The contrast due to the chemical reactivity 
of adatoms means that the AFM image originated from 
the difference of covalent bonding chemical interaction 
between the atoms atthe tip apex and the dangling bond 
of adatoms. Thus, we can see there are two possible 
interactions that explain the strong contrast between in- 
equivalent adatoms of the 7X7 unit cell observed using 
the Si tip with dangling bond. 

A weak contrast image in Fig. 13.10a is due to vdW 
and/or electrostatic force interactions. On the other hand, 
strong contrast images in Figs. 13.10b and 13.11 are 
due to a covalent bonding formation between the AFM 
tip with Si atoms and Si adatoms, These results signify 
the capability of the noncontact mode AFM to image 


Fig. 13.11 (a) Noncontact 
mode AFM image with 

contrast of unequivalent 

audatoms and (b) a cross 

sectional profile indicated 
by white line. The halves 
of the 737 unit cell sur- 
rounded with solid line 

and broken line 
respond to faulted and 

unfaulted halves, respec- 
tively. The scan area is 

s9Ax80A, 


the variation in chemical reactivity of Si adatoms. In the 
future, by controlling an atomic species at the tip apex, 
the study of chemical reactivity on an atomic scale will 
be possible using the noncontact AFM, 


13.2.2 Si{100)2x1 and Si(100)2x1:H 
Monohydride Surfaces 


In order to investigate the imaging mechanism of the 
noncontact AFM, a comparative study between a reac- 
tive surface and an insensitive surface using the same 
tip is very useful. Si(100)2x 1:H monohydride surface 
is a Si(100)2X1 reconstructed surface that is termi- 
nated by a hydrogen atom, It does not reconstruct as 
metal is deposited on the semiconductor surface. The 
surface structure hardly changes. Thus, Si(100)2 x 1:H 
‘monohydride surface is one of most useful surfaces for 
a model system to investigate the imaging mechanism, 
experimentally and theoretically. Furthermore, whether 
the interaction between a very small atom such as hy- 


Table13.1 Comparison between the adatom heights observed in an AFM image and the variety of properties for 


inequivalent adatoms 


AFM image Co-F> Ce-F>Co-U> Ce-U = 
Calculated height Co-F> Co-U > Ce-P > Ce-U * 
Stiliness of interatomic bonding Cel > Co-U> Ce-F > Co-F * 
Amount of charge of adatom Co-F > Ce-F > Co-U> Co-U ° 
Calculated chemical reactivity Faulted > Unfaulted ° 
‘Experimental cheimical reactivity Co-F> Ce-F> Co-U> CU rol 
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Fig. 13.12 (a) Noncontact AFM image of a Si(001)2x 1 re- 
‘constructed surface, The scan area was 69%46 A. One 2x1 
unit ellis outlined with box. White rows are superimposed 
to show the bright spots arrangement, The distance between 
bright spots on dimer row is 3.20.1 A. Into white arc, 
the alternative bright spots are shown, (b) Cross-sectional 
profile indicated by a white dotted line 


drogen and a tip apex is observable with noncontact 
AFM is interesting Here, we show noncontact AFM im- 
ages measured on a Si(100)2x1 reconstructed surface 
with a dangling bond and a Si(100)2%I:H monohy- 
dre surface with a dangling bond that is terminated by 
a hydrogen atom [13.50]. 

Figure 13.12a shows the atomic resolution image of 
4 $i(100)2x1 reconstructed surface. The paired bright 
spots arranged like rows with a 2x1 symmetry was 
observed with clear contrast. Missing pairs of bright 
spots were observed, as indicated by atrows. Further, 
Dai of bright spots are shown by the white dashed arc 
and appear tobe the stabiliz-buckled asymmetric dimer 
structure. The distance between paired bright spots is 
B.2E01A 

Figure 13.13a shows the atomic resolution image 
of  $i(100)2 I:H monohydrde surface. Paired bright 
spots arranged like rows were observed. Missing paired 
bright spots, as well as those paired in rows and sin- 
ele bright spots were observed, as indicated by arovs. 
‘The distance between paired bright spots is 350.1 A. 
‘This distance is 0.2.A larger than that of a $i(100)2>% 1 
reconstructed surface. It was found thatthe distance be- 
tween bright spots increases in size du tothe hydrogen 
termination 

“The bright spots in Fig. 13,12 do not merely im- 
age the silicon atom ste, because the distance between 


Fig. 13.13 (a) Noncontact AFM image of Si((1)2% 1-H 
surface. The scan area was 69%46.A, One 2x1 unit cell is 
outlined with a box. White rows are superimposed to show 
the bright spots arrangement. The distance between bright 
spots on dimer row is 3.5-£0.1 A. (b) Cross-sectional pro- 
file indicated by a white dowted line 


bright spots forming the dimer strcture of Fig. 13.124 
(3.20.1 A) is larger than the distance between silicon 
atoms of every dimer structure model (2.9 Ais the max- 
imum distance between upper slicons on asymmetric 
dimer structures). This seems to be due to the contr- 
bution to imaging of the chemical bonding interaction 
between the dangling bond out of the silicon tip apex 
and the dangling bond onthe Si(100)2x | reconstructed 
surface. The chemical bonding interaction works with 
strong direction dependence between the dangling bond 
out of the silicon dimer stricture onthe Si(100)2x | 1e= 
constructed surface and the dangling bond out of the 
silicon tip apex, and the dimer structure is obtained with 
4 larger distance than between silcons on the surface. 
‘The bright spots of Fig. 13.13 seem to be located 
at hydrogen atom sites on a Si(100)2>1:H monohy- 
dre surface, because the distance between bright spots 
forming the dimer structures (3.5-£0.1 A) agrees ap- 
proximately with the distance between the hydrogen, 
ive. 3.52. Thus, noncontact AFM atomically resolves 
the individual hydrogen atoms on the topmost layer. On 
this surface, the dangling bond is terminated by a hydro- 
gen atom, and the hydrogen atom on the topmost layer 
does not have a chemical reactivity. Therefore. the in- 
teraction between the hydrogen atom on the top most 
layer and the silicon tip apex does not contribute to the 
chemical bonding interaction with strong direction de- 


Springer Handbook Nanotechnology 
"BBhushon @ Springer 2068 


& 


Noncontact Atomic Force Microscopy and its Related Topics | 13.2 Applications to Semiconductors 395 


pendence as in a silicon surface, and the bright spots of 
a noncontact AFM image correspond to the hydrogen 
‘atom sites on the topmost layer. 


13.2.3 Metal-Deposited Si Surface 


In this section, we will introduce the comparative study 
of force interaction between a Si tip and a metal de- 
Posited Si surface and between a metal adsorbed Si 
fip and a metal-deposited Si surface (13.51,52]. As for 
the metal-deposited Si surface, a Sil 11)V3x V3-Ag 
(hereafter referred to as V/3-Ag) surface was used. 

For the V3-Ag surface, the honeycomb-chained 
trimer HCT) model hasbeen accepted asthe appropriate 
‘model. As shown in Fig. 13.1 this structure contains Si 
trimer at the second layer, 0.75 A below the Ag trimer 
at the topmost layer. The topmost Ag atoms and the 
lower Si stoms form covalent bonds. The inter-atomic 
distances between the nearest neighbor Ag atoms form- 
ing Ag trimer and between lower Si stoms forming Si 
trimer are 3.43 A and 2.31 A, respectively. The apexes 
of Si trimers and Ag trimers face the [113] direction 
and the direction tilted a little to the [112] direction, 
respectively 

In Fig. 13.15, we show the noncontact AFM images 
measured using a normal Si tip atthe frequency shift of 
(a) —37 Hz, (b) —43 Hz, and (c) —51 Hz, respectively, 
‘These frequency shifts correspond to the tip-sample ds- 
tance of about 0-3. We defined the zero position of 
tip-sample distance, i.e. the contact point, where the 
vibration amplitude began to decrease. The thombus in- 
dicates the V3 3 unit cell. When the tip approached 
the surface, the contrast ofthe noncontact AFM images 
became strong and the pattem remarkably changed. That 
is, by moving the tip toward the sample surface, the 
hexagonal patter, the trefoil-like pattem composed of 
three dark ines, and the triangle pattern can be observed 
sequentially. In Fig. 13.15a, the distance between the 
bright spots is 3.90.2 A. In Fig. 13.15e, the distance 
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model forthe structure of the Si(111)/3x J3-Ag 
surface. Black closed citle, gray closed circle, open circle and 
closed circle with horizontal tine indicate Ag atom atthe topmost 
layer, Si atom at the second layer, Si stom atthe third layer, and Si 
‘aom atthe fourth layer, respectively. Rhombus indicates. 3x V3 
uit cell. Thick, large solid triangle indicates an Ag wimer, Thin, 
small, slid triangle indicates a Si trimer 


Fig. 13.15a-c Noncontact AFM im- 
‘ages obtained at the frequency shifts 
of (a) ~37Hz, (b) —43 Hz, and 
(0) ~S1Hz on a Si) V3x-v3- 
Ag surface. This distance dependence 
\was obtained withthe Sitip. Sean area 
is 38x34. A rhombus indicates 


3x JF unit cell 
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between the bright spots is 3.0:0.2 A, and the direc- 
tion ofthe apex of all triangles composed of three bright 
spots is [112] 

In Fig. 13.16, we show the noncontact AFM images 
measured by using an Ag adsorbed tp atthe frequency 
shift of (a) —4.4Hz, (b) —6.9Hz, and (c) —9.4Hz, 
respectively. The tip-sample distances Z are roughly es- 
timated tobe Z = 1.9.A.0.6A. and ~ 0A Gin noncontact 
region), respectively. When the tip approached the sur 
face, the pattern of the noncontact AFM images didn’t 
change, although the contrasts became clearer. A tian- 
gle patter can be observed. The distance between the 
bright spots is 3.5-£0.2 A. The direction of the apex 
of all triangles composed of three bright spots is tilted 
a little from the [TT2] direction. 

‘Thus, noncontact AFM images measured on 
a Si(111) V3x V3-Ag surface showed two types of dis- 
tance dependence of the image pattems, depending on 
the atom species on the tip apex. 

By using the normal Si tip with dangling bond, as 
in Fig. [3.15a, the measured distance between the bright 
spot of 3.90.2 A agrees with the distance of 3.84A 
between the center ofthe Ag trimer in the HCT model 
within the experimental error. Furthermore, the hexag 
onal pattem composed of six bright spots also agrees 
with the honeycomb structure of the Ag trimer in the 
HCT model. So the most appropriate site corresponding 
to the bright spots in Fig. 3.15a isthe ste of the center 
of the Ag trimers. In Fig. 13.15c, the measured distance 
of 3.0-£0.2 A between the bright spots forming the tri- 
angle patter does not agree with either the distance 
between the Si timer of 2.31 A or the distance between 
the Ag trimer of 343 A in the HCT model, while the di- 
rection of the apex of triangles composed of three bright 
spots agrees with the [11] direction ofthe apex ofthe Si 
trimer in the HCT model, So the most appropriate site 
corresponding to the bright spots in Fig. 13.15 is the 
intermediate site between Si atoms and Ag atoms. On 
the other hand, by using the Ag adsorbed tip. the meas- 
ured distance of 3.5-£0.2 A between the bright spots in 


Fig.13.16a-c Noncontact AFM im- 
ages obtained at the frequency shifts 
of (a) ~4.4Hz, (b) ~6.9H, and 
(0) —9.4 Hz on a Si(111)V3x JF-Ag, 
surface. This distance dependence 
was obained with the Ag adsorbed 
tip. Scan area is 38x34 


Fig. 13.16 agrees with the distance of 3.43 A between 
the nearest neighbor Ag atoms forming the Ag trimer at 
the topmost layer in the HCTT model within the exper- 
imental error. In adltion, the direction of the apex of 
the triangles composed of thee bright spots also agrees 
with the direction of the apex of the Ag trimer, i.e. 
tilted (TT2], in the HCT model. So the most appropriate 
site corresponding to the bright spots in Fig. 13.16 isthe 
site of individual Ag stoms forming the Ag timer atthe 
topmost layer. 

Ieshould be noted that by using the noncontact AFM 
with an Ag adsorbed tip the individual Ag atom on the 
Ag surface could be resolved in real space for the 
first ime, although it could not be resolved by using the 
noncontact AFM witha Si tip.So far, the V/3-Ag surface 
has been observed by the scanning tunneling microscope 
(STM) with atomic resolution, However, the STM can 
measure the local charge density of state near Fermi 
level onthe surface. From the is principle calculation, 
itwas proven thatthe unoccupied surface state is densely 
distributed around the center ofthe Agtrimer. Asaresalt, 
bright contrast is obtained atthe center of the Ag timer 
with the STM 

Finally, we consider the origin ofthe atomic resolu- 
tion imaging of the individual Ag atoms on the V3-Ag 
surface. Here, we discuss the difference of the force in- 
teractions between the Si and the Ag adsorbed tips. As 
shown in Fig. 13.17, by using the Si tip. there is the 
dangling bond out of the topmost Si atom om the Si tip 
apex. As a result, the force interaction is dominated by 
the physical bonding interaction such ax Coulomb force 
far from the surface and by chemical bonding interaction 
very close tothe surface. In other words, if the reat 
Si tip with dangling bond approaches the surface, atthe 
distance far from the surface, the Coulomb force acts 
between the electron localized at the dangling bond out 
of the topmost Si atom on the tip apex and the positive 
charge distributed around the center of the Ag trimer 
At the distance very close to the surface, the chemical 
bonding interaction wll occur due to the onset ofthe or 
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Relays are found in home appliances such as 
dishwashers, washing machines, refrigerators, 
air conditioners, photocopy machines, and other 
products wherea substantial load (such asamo- 
tor or compressor) has to be switched on and off 
bya control switch,a thermostat, oran electronic 
circuit. 


Figure 9-12 shows a common small-scale appli- 
cation in which a signal from a microcontroller (a 
few mA at SVDC) is applied to the base of a tran- 
sistor, which controls the relay. In this way, a logic 
output can switch 10A at 125VAC. Note the rec 
tifier diode wired in parallel with the relay coil 


Figure 912. A signal from a digital source such as a mi 
cracantraller can switch substantial voltage and current it 
itis applied to the base of a transistor that activates a re 
lay. 


Alatching relay is useful wherever a connection 
should persist when power is switched off or in- 
terrupted, or if power consumption must be 
minimized. Security devices are one common 
application. However, the circuit may require a 
“power reset’ function to restore known default 
settings of latched relays 


A circuit including every possible protection 
against voltage spikes is shown in Figure 9-13, 
includinga snubberto protecttherelay contacts, 
arectifier diode to suppress back-EMF generated 
by the relay coil, and another rectifier diode to 


How to Useit 


protect the relay from EMF generated bya motor 
when the relay switches it on and off. The snub- 
bercan be omitted if the motor drawsa relatively 
low current (below 5A) or ifthe relay is switching 
a noninductive load. The diode around the relay 
coil can be omitted if there are no semiconduc- 
tors or other components in the circuit that are 
vulnerable to voltage spikes. However, a spike 
can affect components in adjacent circuits that 
appear to be electrically isolated. A severe spike 
caneven be transmitted backinto 125VAC house 
wiring. For information on using a resistor- 
capacitor combination to form a snubber, see 
“Snubber” (page 108). 


svc 2avoe 


Figure 9:13. This hypothetical schematic shows three 
types of protection against voltage spikes induced by an 
Inductive load (a motor, in this instance) and the coil of 
the relay. 
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a) ») 


Adsorbed 
‘Agatom 


Dangling 
bond 


Fig. 13.17a,b Schematic illustration of (a) the Si atom with 
dangling bond and (b) the Ag adsorbed tip above the Si. 
cavalent bond on Si(L11)/¥x VE-Ag surface 


13.3 Applications to Insulators 


Insulators such as alkali halides, fluorides, and metal ox- 
ides are key materials in many applications, including 
optics, microelectronics, catalysis, and so on. Surface 
properties are important in these technologies, but they 
are usually poorly understood, This is due to their low 
conductivity, which makes it dificult to investigate them 
using electron- and ion-based measurement techniques 
such as low-energy electron diffraction, ion scatter- 
ing spectroscopy. and scanning tunneling microscopy 
(STM), Surface imaging by noncontact atomic force 
microscopy (NC-AFM) does not require the sample 
to exhibit high conductivity, because NC-AFM detects 
2 force between the tip on the cantilever and the surface 
of the sample. Since the first report of atomically re- 
solved NC-AFM on a Si(11) 77 surface [13.33] sev- 
eral groups have succeeded in obtaining “true” atomic 
resolution images of insulators, including defects, and 
ithas been shown that NC-AFM is a powerful new tool 
for the atomic-scale surface investigation of insulators. 
In this section, we will describe typical results of 
atomically resolved NC-AFM imaging of insulators 
such as alkali halides, fluorides, and metal oxides. For 
alkali halides and fluorides, we will focus on the contrast 
formation, which isthe most important issue for inte- 
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bital hybridization between the dangling bond out ofthe 
topmost Si atom on the Si tip apex and the Si-Ag cova 
lent bond on the surface. Hence, the individual Ag atoms 
will not be resolved, the image pattern will change de- 
pending on the tip-sample distance. On the other hand, 
as shown in Fig. 13.17b, by using an Ag adsorbed tip, 
the dangling bond localized out ofthe topmost Si stom 
on the Si tip apex s terminated by the adsorbed Ag atom 
‘As a resull, even at very close tip-sample distance, the 
force interaction is dominated by the physical bonding 
interaction such asthe vaW force interaction. Ifthe Ag 
adsorbed tip approaches the surface, the vaW force acts 
between the Ag atom on the tip apex and Ag or Si stom 
on the surface. Ag atoms at the topmost layer on the v3- 
‘Ag surface are located higher than the Si atoms atthe 
lower layer, Hence, the individual Ag atoms (or nearly 
true topography) will be resolved, andthe image pater 
will nochange even at very close tip-sample distance. It 
should be emphasized that there isa possibility to iden- 
tify or recognize stom species ona sample surface using 
the noncontact AFM if we can control an atomic species 
at the tip apex 


preting atomically resolved images ofbinary compounds 
fon the basis of experimental and theoretical results 
For the metal oxides, typical examples of atomically 
resolved imaging will be shown. Also, simultaneous 
imaging using STM and NC-AFM will be described, 
and the difference between the STM and NC-AFM im- 
ages will be demonstrated. Finally, we will describe the 
results obtained when we imaged an antiferromagnetic 
NiQ(001) surface with a ferromagnetic Fe-coated tip in 
order to explore the possibility of detecting short-range 
‘magnetic interaction using the NC-AFM. 


13.3.1 Alkali Halides, Fluorides, 
and Metal Oxides 


‘The surfaces of alkali halides were the first insulat- 
ing materials to be imaged by NC-AFM with true 
atomic resolution [13.53]. Up until now, there have 
been reports on atomically resolved images of (001) 
cleaved surfaces for single crystal NaF, RbBr, LiF, KI, 
NaCl [13.54], KBr [13.55], and thin films of NaC1(001) 
on Cu(111) [13.56]. In this seetion, we describe the con- 
trast formation of alkali halides surface on the basis of 
experimental and theoretical results 
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Alkali Hatides 
In experiments of alkali halides, the symmetry of the 
observed topographic images indicates that the protru- 
sions exhibit only one type of ions, either positively or 
negatively charged ions. This leads to the conclusion 
that the atomic contrast is dominantly caused by elec- 
trostatic interactions between a charged atom at the tip 
apex and the surface ions, i.e. the long-range forces be- 
tween the macroscopic tip and the sample such as van der 
Waals force is modulated by an alternating short-range 
electrostatic interaction of the surface ions. Theoreti- 
cal work employing the atomistic simulation technique 
has revealed the mechanism for contrast formation on 
an ionic surface [13.57]. A significant part of the con- 
trast is due to the displacement of ions in the force 
field, not only enhancing the atomic corrugations, but 
also contributing to the electrostatic potential by form- 
ing dipoles at the surface. The experimentally observed 
atomic corrugation height is determined by the inter- 
play of the long- and short-range forces. In the case 
of NaCl, it has been experimentally demonstrated that 
a more blunt tip produces a larger corrugation when the 
tip-sample distance is shorter [13.54]. This result shows 
that the increased long-range forces induced by a blunt 
tip allow for more stable imaging closer to the surface. 
The stronger electrostatic short-range interaction and 
the larger ion displacement produce a more pronounced 
atomic corrugation, 

‘At steps and kinks of an NaCl thin film on Cu(111), 
the amplitude of the atomic corrugations has been ob- 
served to increase by up toa factor of two, as large as that 
of atomically flat terraces [13.56]. This increase in the 
contrast is due to the low coordination of the step-edge 
tnd the kinked ions. The low coordination of the ions 
results in an enhancement of the electrostatic potential 
over the site and an increase inthe displacement induced 
by the interaction with the tip. These results demonstrate 
that the short-range interaction dominates the atomic 
contrast and leads to a considerable displacement of the 
surface ions from the ideal position, 

‘Theoretical study predicts that the image contrast 
depends on the chemical species of the tip apex. Ben- 
rnewitz et al, [13.56] have performed the calculations 
using an MgO tip terminated by oxygen, an Mg ion, and 
an OH. The magnitude of the atomic contrast for the 
Mg-terminated tip shows a slight increase in compari- 
son with an oxygen-terminated tip. The atomic contrast 
with the oxygen-terminated tip is dominated by the at- 
tractive electrostatic interaction between the oxygen on 
the tip apex and the Na ion, but the Mg-terminated 
tip attractively interacts with the Cl ion, Also, it has 


been demonstrated that the magnitude of the contrast 
for an OHLterminated tip is almost an order of mag- 
nitude less than for the oxygen- and Mg-terminated 
tips. 

In order to explore the imaging mechanism for the 
alkali halides, the heterogeneous surface of NaCl crys- 
tal containing (OCN)~ molecules as impurities has been 
observed by NC-AFM [13.58]. In this case, the atomic 
periodicity of the NaCl lattice isimaged, However, high- 
resolution investigations of impurities are limited by the 
convolution between the tip apex and the molecules at 
the surface. Bennewitz et al. [13.59] reported on the 
heterogeneous surfaces of alkali halide crystals. In this 
experiment, which was designed to observe the chem- 
ically nonhomogeneous alkali halide surface, a mixed 
crystal composing of 60% KCI and 40% KBr was used 
as the sample, In this crystal, which isa so-called solid 
solution, the Cl and Br ions are mixed randomly. The 
image of the cleaved KClo gBro,s(001) surface indicates 
that only one type of ion is imaged as protrusions as if 
it were a pure alkali halide crystal. However, there is 
1 significant difference in comparison with the surface 
of a pure crystal. The amplitude of atomic corrugation 
varies strongly between the positions of the ions im- 
aged as depressions. This variation in the corrugations 
corresponds to the constituents of the crystal, i-e., the 
Cl and Br ions, and it is concluded that the tip apex is 
negatively charged, Also, itis demonstrated that a com- 
parison between the distribution of the deep depressions 
and the composition of the mixed crystal assigns the 
deep depressions to Br ions. Although an evaluation of 
the effect of the surface buckling induced by a random 
distribution of anions is needed in order to understand 
the contrast mechanism, this result demonstrates that 
NC-AFM measurement exhibits chemical sensitivity on 
an atomic scale. For applications to alkali halide sur- 
faces, real space imaging with NC-AFM presents the 
possibility for chemical discrimination at the surface. 


Fluorides 
Fluorides are important materials for the progress of 
atomic-scale resolution NC-AFM imaging on insulators. 
‘There are reports in the literature of surface images for 
single crystal BaF», StF> [13.60], and CaF [13.61~63] 
Surfaces of fluorite-type crystals are prepared by cleav- 
ing along the (111) planes. Their structure is more 
complex than the structure of alkali halides with the 
NaCl structure. The complexity is of great interest 
for atomic-resolution imaging using an NC-AFM and 
also for theoretical predictions of the interpretation of 
atomic-scale contrast information, 
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‘The first atomically resolved images of a CaF2(111) 
surface have been obtained in topographic mode [13.62] 
in which the tip-sample distance is regulated by main- 
taining a constant frequency shift In this imaging mode, 
the surface ions mostly appear as spherical caps. Sim- 
ilar measurements have been performed on the (111) 
surfaces of StF and BaF, 

Barth etal. [13.64] have found that the CaF3(111) 
surface images obtained using the constant height mode, 
in which the frequency shift is recorded with a very 
low loop gain, can be categorized into two contrast pat- 
tems. In the frst, the ions appear as triangles, and in 
the other, they have the appearance of circles, similar to 
the contrast obtained in a topographic image. These dif- 
ferences are revealed by comparing the cross sections 
along the [121] direction. Theoretical studies demon- 
strated that these two different contrast patterns could 
bbe explained as a result of imaging with tips of different 
polarity [13.64-66]. When imaging with a positively 
charged (cation-terminated) tp, the triangular pattern 
appears. In this case, the contrast is dominated by the 
strong short-range electrastatic attraction between the 
positive tip and the negative F ions. The cross section 
long the [121] direction of the triangular image shows 
two maxima: one is larger peak over the F ions located 
in the topmost layer, and the other is a smaller peak at 
the position of the F ions in the third layer. The min- 
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ima appear at the position of the Ca ions in the second 
layer. When imaging with a negatively charged (anion- 
terminated) tip, the spherical image contrast appears, 
and the main periodicity is created by the Ca ions in the 
second layer between the topmost and the third F ion 
layers, In the cross section along the [121] direction, the 
large maxima correspond to the Ca sites, because of the 


Distance (am) 


Fig. 13.18 (a)-(c) CaFs(111) surface images obtained by using the 
constant height mode. From (a) to (c) the frequency shift was low- 
ered. The white lines represent the positions of the eross section. 
{4)-(f) The cross section extracted from the Fourier-fltered im- 
ages of (a)-(). The white and black arrows represent the scanning 
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strong attraction of the negative tip, and the minima ap- 
pear at the sites of maximum repulsion over the F ions 
in the first layer. At a position between two F ions, there 
are smaller maxima. This reflects the weaker repulsion 
‘ver the third layer F ion sites compared to the protrud- 
ing topmost Fon sites and a slower decay in the contrast. 
‘on one side of the Ca ions. These results demonstrate 
that the image contrast of a CaF(111) surface depends 
‘on the state of the tip apex. 

‘The triangular pattern obtained with a positively 
charged tip appears at relatively large tip-sample dis- 
tance, as shown in Fig. 13.18a, On the cross section 
along the [121] direction, experimental results and theo- 
retical studies both demonstrate the large peak and small 
shoulder characteristic for the triangular pattern image 
(Fig. 13.18d). When the tip approaches the surface more 
closely, the triangular pattern of the experimental im- 
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direction. The images and the cross sections are from [13.64] 


ages is more vivid (Fig. 13.18b), just as predicted in the 
theoretical works. On the cross section along the [121] 
direction, as the tip approaches, the amplitude of the 
shoulder increases until it is equal to that of the main 
peak, and this feature gives rise to the honeycomb pattern 
image, as shown Fig. 13.18c. These results demonstrate 
that there is a more complex process of image contrast 
formation. Also, from detailed theoretical analysis of 
the electrostatic potential [13.67], it is suggested that 
the change in displacement of the ions due to the prox- 
imity of the tip plays an important role in the formation 
of the image contrast. Such a drastic change in image 
contrast, depending on both the polarity of the termi- 
nated tip atom and the tip-sample distance, is inherent in 
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the uoride (111) surface, and this image contrast fea- 
ture cannot be seen on the (001) surface of alkali halides 
with a simple crystal structure 

‘These results have demonstrated that there is good 
agreement between experiment and theory. However, 
the results of careful experiments show another feature: 
‘The cross sections in the forward and backward scan 
directions do not yield identical results [13.64]. Also, 
it is shown that the structures of cross sections taken 
along the three equivalent [121] directions are different. 
It is thought that this can be attributed to the asymme- 
ty of the nano-cluster at the tip apex, which leads to 
different interactions in the equivalent directions. A bet- 
ter understanding of the asymmetric image contrast may 
require a more complicated modeling of the tip struc- 
ture, However, the most desirable solution would be the 
development of the suitable techniques for well-defined 
tip preparation. In fact, it should be mentioned that per- 
fect tips on an atomic scale can occasionally be obtained. 
‘These tips do yield identical results in forward and back- 
ward scanning, and cross sections in the three equivalent 
directions taken with this tip are almost identical [13,68]. 

‘The fluoride (111) surface is an excellent standard 
surface for calibrating tips on an atomic scale, The 
polarity of the tip-terminated atom can be determined 
from the image contrast pattern (spherical or triangu- 
lar pattern). The irregularities in the tip structure can 
be detected, since the surface structure is highly sym- 
metric, Therefore, once such a tip has been prepared, 
it can be used as a calibrated tip for imaging unknown 
surfaces. 

‘The states of the tip apex play an important role 
in interpreting NC-AFM images of alkali halide and 
fluoride surfaces. It is expected that the achievement of 
‘4 good correlation between experimental and theoretical 
studies will help advance surface imaging for insulators 
by NC-AFM. 


Metal Oxides 
Most of the metal oxides that have attracted strong in- 
terest for their technological importance are insulative. 
‘Therefore, in the case of atomically resolved imaging 
of metal oxide surfaces by STM, efforts to increase the 
conductivity of the sample are needed, for example, the 
introduction of defects of anions or cations, doping with 
other atoms, and surface observations during heating 
of the sample, However, in principle, NC-AFM pro- 
vides the possibility of observing nonconductive metal 
oxides without these efforts. In cases where the condue- 
tivity of the metal oxides is high enough for a tunneling 
current to flow, it should be noted that most of the sur- 


face images obtained by NC-AFM and STM are not 
identical 

‘Since the first report of atomically resolved im- 
ages on a TiOa(110) surface with oxygen point defects 
[13.69], they have also been reported on Ti03(100) 
[13.70- ‘SnO2(110) [13.73], NiO(OO1) [13.74, 75], 
‘SrTiO3(100) [13.76], and CeOo(111) [13.77] surfaces. 
Also, Barth et al. [13.78] have succeeded in obtain- 
ing atomically resolved NC-AFM images of a clean 
a-Al03(0001) surface, which is impossible to inves- 
tigate using STM. In this section, we describe typical 
results ofthe imaging of metal oxides by NC-AFM. 

‘The a-Al02(0001) surface exists in several ordered 
phases that can be reversibly transformed into each 
other by thermal treatments and oxygen exposure. It 
is known thatthe high temperature phase has a large 
(J31x J31) RE" unit cell. However the details of 
the atomic structure of this surface have not been re- 
vealed, and two models are proposed from the results 
of low-energy electron diffraction and X-ray diffrac: 
tion studies. Recently, Barth etal. [13.78] have directly 
observed this reconstructed c-Al,03(Q001) surface by 
NC-AFM. They confirmed thatthe dominant contrat 
of the low magnification image carresponds to a rhom- 
bic grid representing a unit cll of (V/3Tx V31)R-+9°, 
as shown in Fig. 13.194. Also, more details of atomic 
structures are determined from the higher magnification 
image (Fig. 13.19), which was taken at a reduced tp- 
sample distance. In this atomically resolved image, itis 
revealed that each side ofthe rhombus is intersected by 
10 atomic rows, and that a hexagonal serangement of 
atoms exists in the center of the rhombi (Fig. 13.19). 
“This feature agrees with the proposed surface structure 
that predicts order in the center of hexagonal surface 
domains and disorder at the domain boundaries, Their 
result is an excellent demonstration of the capabilites 
of the NC-AFM as a powerful tool for the atomic-scale 
surface investigation of insulators 

In addition, Barth et al. [13.78] have performed ob- 
servations of the AljO,(0001) surface when itis exposed 
to water and hydrogen, It is suggested thatthe region of 
atomic disorder has an extremely high reactivity. Such 
investigations of the surface structure of adsorbed insu- 
lator substrates can only be provided by NC-AFM. The 
NC-AFM imaging of metal growth on oxides [13.79] 
has also been reported. A description ofthe adsorbed 
molecular arrangement on a TiO surface can be found 
in the next section 

‘The atomic structure of SrTiO3(100)-(V3% V5) 
R26,6° surface, as well as that of Alz03(0001)- 
(V31x J31)R£9° can be determined on the basis of 
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Fig. 13.19 (a) Image of the high temperature, reconstructed clean a-Al;Os surface obtained by using the constant height 
mode, The rhombus represents the unit cell of the (V/3Tx /3T) R-+9° reconstructed surface. (b) Higher magnification 
image of (a). Imaging was performed at a reduced tip-sample distance. (e) Schematic representation of the indicating 
regions of hexagonal order in the center of reconstructed rhombi. (d) Superposition of the hexagonal domain with 
reconstruction rhombi found by NC-AFM imaging. Atoms in gray shaded regions are well-ordered, The images and the 


schematic representations are from [13.78] 


the results of NC-AFM imaging [13.76]. StTiO3 is one 
of the perovskite oxides and its (100) surface exhibits the 
‘many different kinds of reconstructed structures. In the 
case of the (V3 x 5) R26.6° reconstruction, the oxygen 
vacancy-Ti+-oxygen model (where the terminated sur- 
face is TiO and the observed spots are related to oxygen 
vacancies) was proposed from the results of STM imag- 
ing. As shown in Fig. 13.20, Kubo et al. [13.76] have 
performed measurements using both STM and NC-AFM 
‘and have found that the size of the bright spots, as ob- 
served by NC-AFM, is always smaller than that for 
STM measurement and that the dark spots, which are 
not observed by STM, are arranged along the [001] and 
[010) directions in the NC-AFM image. A theoretical 
simulation of the NC-AFM image using first-principles 
calculations shows that the bright and dark spots cor- 
respond to Sr and oxygen atoms, respectively. It has 
been proposed that the structural model of the recon- 
structed surface consists of an ordered Sr adatom located 


at the oxygen fourfold site on the TiO,-terminated layer 
(Fig. 13.20c), 

‘Because STM images are related to the spatial distri- 
bution of the wave functions near the Fermi level, atoms, 
‘which do not have a local density of states near the Fermi 
level, are generally invisible even on the conductive ma- 
terials. On the other hand, the NC-AFM image reflects 
the strength of the tip-sample interaction force originat- 
ing from chemical, electrostatic interactions, and so on. 
‘Therefore, even STM and NC-AFM images obtained 
using an identical tip and sample will generally differ. 

Simultaneous imaging of a Ti02(110) surface with 
STM and NC-AFM shows a typical result that differs 
in terms of the atoms that are visualized [13.72]. For 
simultaneous imaging, the tip-sample distance is con- 
trolled by keeping a constant frequency shift, and the 
tunneling current between the oscillating cantilever and 
the surface is measured. The two images show differ- 
ent atomic contrasts, i.e., the atomic corrugation of the 


Fig. 13.20 (a) STM and 
(6) NC-AFM images of 
4 SrTi03(100) surface. 
(0) A proposed model 
of the $#Ti0s(100)- 
(V3 V3) R26.6° surface 
reconstruction, The im- 
ages and the schematic 
representations are 
from [13.76] 
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STM image is in antiphase in the (11) and in phase 
in the (12) with respect to the NC-AFM image. In the 
(1x1), the STM image shows that the dangling bond 
states atthe tip apex overlap with the dangling bonds of 
the 3d states that are protruding from the Ti atom, while 
the NC-AFM primarily imaged the uppermost oxygen 
atom. The results of SrTiO3 and TiO> surface imag- 
ing show that the information obtained by STM and 
NC-AFM differ, and that the simultaneous imaging of 
‘a metal oxide surface enables the investigation of a more 
detailed surface structure. 


13.3.2 Atomically Resolved Imaging 
of a Ni0(001) Surface 


‘The transition metal oxides such as NiO, CoO, and FeO 
feature the simultaneous existence of an energy gap and 
‘unpaired electrons, which gives rise to magnetic prop- 
erties. Such magnetic insulators are widely used for the 
exchange biasing in spin valve devices. The NC-AFM 
enables the direct surface imaging of magnetic insula- 
tors onan atomic scale. The forces detected by NC-AFM 
originate from several kinds of interaction between the 
surface and the tip, including magnetic interactions in 
some cases. Theoretical studies predict that short-range 
‘magnetic interactions such as the exchange interaction 
should enable the NC-AFM to image magnetic moments 
on an atomic scale. In this section, we will describe an 
imaging of the antiferromagnetic Ni0(001) surface us- 
ing a ferromagnetic Fe-coated tip in order to explore 
the detection of the short-range magnetic interaction. 
Also, theoretical studies of the exchange force inter- 
action between a magnetic tip and a sample will be 
described. 


Theoretical Studies of the Exchange Force 
‘The NC-AFM measures various kinds of interaction 
between tip and sample such as van der Waals, and elec- 
trostatic and short-range chemical interactions. In the 
case of a magnetic tip and sample, the interaction de- 
tected by the NC-AFM includes the long-range magnetic 
dipole interaction and the short-range magnetic interac- 
tion. The short-range magnetic interaction between the 
atoms atthe tip apex and the sample surface is governed 
by a combination of the Coulomb interaction and the 
Pauli exclusion principle and may be included among 
the short-range chemical interactions. The magnetic in- 
teraction energy depends on the electron spin state of 
the atoms, and the energy difference in spin alignments 
(paralle! or anti-parallel) is referred to as the exchange 
interaction energy. Therefore, if the short-range mag- 


netic interaction can be detected, an atomically resolved 
NC-AFM image, in which the short-range interaction 
contributes tothe atomic protrusions, should reveal the 
local energy difference in the spin alignment 

Inthe past, extensive theoretical studies on the short- 
range magnetic interaction between a ferromagnetic tip 
and a ferromagnetic sample have been performed by 
simple calculation [13.80], a tight-binding approxima- 
tion [13.81], and first-principles calculations [13.82]. In 
the calculations performed by Nakamura etal. [13.82], 
thee-atomic-layer Fe(Q01) films, which are separated 
by a vacuum gap, are used as a model for the tip and 
sample. The exchange force (F)is defined asthe differ- 
fence of the forces (Fp, Fap) in each spin configuration 
(Parallel: P, anti-parallel: AP) ofthe tip and sample. The 
tip-sample distance dependency of the exchange Force 
demonstrates that the amplitude of the exchange force 
is on the order of 1019 N or above and is large enough 
to be detected by NC-AFM. Also, the site dependency 
of the exchange force indicates that the diserimsination 
of the exchange force enables the direct imaging of the 
magnetic moments on an atomic scale. Recently, the 
interaction between a spin-polarized H atom and 2 Ni 
atom on a NiQ(001) surface has been investigated theo- 
retically [13.83]. Foster and Shluger demonstrated that 
the difference in magnitude of the exchange interac- 
tion between opposite spin Ni ions in a NiO surface 
could be sufficient to be measured in a low temperature 
NC-AFM experiment. Also, in order to investigate the 
effect of surface relaxation, they calculated the interac- 
tion of different metal tips with the MgO surface used 
asa model system. The results indicated thatthe inter- 
action over the oxygen site is stronger than that over 
the Mg site, and it was pointed out thatthe tips should 
be coated in metas that interact weakly with the surface 
forthe detection ofthe exchange interaction between the 
atom atthe tip apex and the Ni atom on the NiO surface. 
However, we must take into account another possibility, 
that is, that a metal atom at the ferromagnetic tip apex 
‘may interact with a Ni atom on the second layer through 
4 magnetic interaction mediated by the electrons in an 
oxygen atom on the surface 


13.3.3 Atomically Resolved Imaging 
Using Noncoated and Fe-Coated 
Si Tips 


It is thought that the magnetic insulator NiO is one of 
the best candidates for detecting short-range magnetic 
interactions such as the exchange interaction, because 
fan experimental configuration of a ferromagnetic tip 
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and an antiferromagnetic sample minimizes the long- 
range magnetic dipole interaction that might hinder the 
detection of the short-range interaction. 

Below the Néel temperature of 525 K, NiO isamtifer- 
romagnetic and has a thombohedral structure contracted 
along the (111) axes. The direction of the spin on nickel 
atoms in the same (111} plane is parallel, a so-called fer- 
romagnetic sheet, The direction of spin in the adjacent 
(111} planes is anti-parallel. As a result, the spins at the 
‘Ni atoms on the (001) surface are arranged in a checker- 
board pattern, i.e., the spin alignment along the (111) 
direction is antiferromagnetic in order and that along the 
(1.10) direction is ferromagnetic in order. 

Figure 13,21a shows an atomically resolved image 
of a NiO(OOL) surface with a ferromagnetic Fe-coated 
tip [13.84]. The bright protrusions correspond to atoms 
spaced about 0.42nm apart, consistent with the ex- 
pected periodic arrangement of the NiO(001) surface. 
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Fig. 13.21 (a) Atomically resolved image obtained with an 
Fe-coated tip. (b) shows the cross sections of the middle 
part in (a) Their corrugations are about 30 pm 
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‘The comugation amplitude is typically 30 pm, which is 
comparable to the value previously reported [13.74.75], 
as shown in Fig. 13.21b. Also, because of the symme- 
try of the image, it was concluded that only one type 
of atom is visualized by NC-AFM, However, from this 
image, we think that itis difficult to distinguish which 
of the atoms are observed, oxygen or nickel. The theo- 
rotical works indicate that a metal tip interacts strongly 
‘with the oxygen atoms on the MgQ(O01) surface [13.83]. 
From this result, itis presumed that the bright protru- 
sions correspond to the oxygen atoms. However, itis 
still questionable which of the atoms are visible with 
a Fe-coated tip. 

If the short-range magnetic interaction is included in 
the interactions detected by NC-AFM, the corrugation 
amplitude of the atoms should depend on the direction 
of the spin at the atom-site, The results of a compari- 
son of the corrugation amplitudes ofthe same species of 
atoms with opposite spin can reveal the difference in the 
short-range magnetic interaction, because the nonmag- 
netic interactions peculiar to a particular atomic species 
should be identical. From the results of first-principles 
calculations [13.82], the contribution of the short-range 
‘magnetic interaction to the measured corrugation am- 
plitude is expected to be about a few percent of the 
{otal interaction. Discrimination of such small perturba- 
tions is therefore needed. In onder to reduce the noise, 
the corrugation amplitude was added on the basis of the 
periodicity of the NC-AFM image. In addition, the to 
sraphical asymmetty, which is the index characterizing 
the difference in atomic corrugation amplitude, has been 
defined [13.85]. The result shows thatthe value of the 
topographical asymmetry calculated from the image ob- 
tained with an Fe-coated Si tip depends on the direction 
of summing of the corrugation amplitude, and that the 
dependency corresponds to the antiferromagnetic spin 
ordering ofthe NiQ(0O1) surface. With a paramagnetic 
Si tip, no significant indication of a directional depen- 
dency of the topographical asymmetry can be seen, 
‘Therefore, itis believed that the results obtained using 
a Fe-coated tip support the conclusion that the depen- 
ddency of the topographical asymmetry originates in the 
short-range magnetic interaction. 

The measurements presented here demonstrate the 
possibility of imaging magnetic structures on an atomic 
scale by NC-AFM. However, the origin ofthe detected 
short-range magnetic interaction is under discussion, 
Therefore, further experiments such as the measure- 
‘ment of force-distance curves and a theoretical study 
of the interaction between the ferromagnetic tip and an 
antiferromagnetic sample are needed. 
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In the future, it is expected that electronic, chemical, 
and medical devices will be downsized to a nanoscale. 
To achieve this, visualizing and assembling individual 
molecular components is of fundamental importance. 
‘Topographic imaging of nonconductive materials is 
a challenge for atomic force microscopy (AFM). 
Nanometer-sized domains of surfactants terminated with 
different functional groups have been identified by lat- 
eral force microscopy (LFM) [13.88] and chemical 
force microscopy (CFM) [13.89] as extensions of AFM. 
Ata higher resolution, a periodic array of molecules, 
Langmuit~Blodgett films [13,90] for example, was rec- 
ognized by AFM. However, it remains difficult to 
visualize an isolated molecule, molecule vacancy, or the 
boundary of different periodic domains with a micro- 
scope with the tip in contact. 


13.4.1 Why Molecules and What Molecules? 


‘The access to individual molecules has not been a triv- 
ial task even for noncontact atomic force microscopy 
(NC-AFM). The force pulling the tip into the surface is 
less sensitive tothe gap width (r), especially when chem- 
ically stable molecules cover the surface. The attractive 
potential between two stable molecules is shallow and 
exhibits r~® decay 13.13] 

High-resolution topography of formate (HCOO~) 
[13.91] was first reported in 1997 as a molecu- 
lar adsorbate. The number of imaged molecules 
is now increasing because of the technological 
importance of molecular interfaces. To date, the fol- 
lowing studies on molecular topography have been 
published: Cay [13.86, 92], DNAs [13.87, 93], ade- 
nine and thymine [13.94], alkanethiols (13.94, 95], 


Fig.13.22 The constant 
frequency-shift topogra 
phy of domain boundaries 
‘ona Cy multilayered film 
deposited on a Si(111) 
surface based on [13.86]. 
Image size: 35% 35 nm? 
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Fig.13.23 The constant frequency-shift topography of 
DNA helix on a mica surface based on [13.87]. Image size: 
43x43 nm?, The image revealed features with a spacing of 
3.3m, consistent with the helix tum of B-DNA 


a perylene-derivative (PTCDA) [13.96], metal por 
phyrin (Cu-TBPP) [13.97], glycine sulfate [13.98], 
polypropylene 13.99], vinylidene fluoride [13.100], and 
a series of carboxylates (RCOO™) [13.101-107. Two 
of these are presented in Figs. 3.22 and 13.23 to demon- 
strate the current stage of achievement. The proceedings 
of the annual NC-AFM conference represent a conve- 
nient opportunity for us to update the list of molecules 
imaged, 


13.4.2 Mechanism of Molecular Imaging 


A systematic study on carboxylate (RCOO-) with 
R=H,CHs, C(CHs)s, C= CH, and CFs revealed that 
the van der Waals force is responsible for the molecule- 
dependent microscope topography despite its long-range 
(7) nature. Carboxylates adsorbed on the (110) sur- 
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Fig.13.26a,b ‘The carboxylates and TiO. 
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substrate (a) Top and side view ball model. Small shaded and large shaded balls 
represent Ti and O atoms in the substrate, Protons yielded in the diss 


jon reaction are not shown. (b) Atom geometry 


of formate, acetate, pivalate propiolate, and trifluoroscetate adsorbed on the TiO2(110) surface. The O-Ti distance and 
(©~C—O angle of the formate were determined in the quantitative analysis of photoelectron diffraction [13.102] 


face of rutile TiO have been extensively studied as 
‘a prototype of organic materials interfaced with an inor- 
ganic metal oxide [13.108]. A carboxylic acid molecule 
(RCOOH) dissociates on this surface to a carboxylate 
(RCOO™) and a proton (H*) at room temperature, as il 
lustrated in Fig. 13.24. The pair of negatively charged 
oxygen atoms in RCOO- coordinate two positively 
charged Ti atoms at the surface. The adsorbed carboxy 
lates create a long-range ordered monolayer. The lateral 
distances of the adsorbates in the ordered monolayer are 
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regulated at 0.65 and 0.59 nm along the [1TO] and (001] 
rections. By scanning a mixed monolayer containing 
different carboxylates. the microscope topography of the 
terminal groups can be quantitatively compared while 
minimizing tip-dependent artifacts 
Figure 13.25 presents the observed constant 
frequency-shift topography of four carboxylates termi- 
nated by different alkyl groups. On the formate-covered 
surface of panel (a) individual formates (R = H) were r- 
Solved as protrusions of a uniform brightness. The dark 


Fig.13.25a-d The con- 
stant frequency-shift 
topography of earboxy- 
late monolayers prepared 
fon the TiO,(110) sur- 
face based on (13.102, 
104, 106). Image size 
10x 10mm. (a) Pure 
formate monolayer: 

(b) formate-acetate mixed 
layer; (c)formate-pivalate 
mixed layer; (4) formate- 
propiolate mixed layer. 
Cross sections deter- 
mined on the fines are 
shown in the lower panel 
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holes represent unoccupied surface sites. The cross see- 
tion in the lower panel shows that the accuracy of the 
height measurement was 0.01 nm or better. Brighter par- 
ticles appearedin the image when the formate monolayer 
wwas exposed to acetic acid (CH3;COOH), as shown in 
panel (b). Some formates were exchanged with acetates 
(R=CHs) impinging from the gas phase [13.110] 
Because the number of brighter spots increased with 
exposure time to acetic acid, the brighter particle was 
assigned to the acetate [13.102]. Twenty-nine acetates 
and 188 formates were identified in the topography. An 
isolated acetate and its surrounding formates exhibited 
aan image height difference of 0.06nm. Pivalate is ter- 
minated by bulky R= C(CH3)3. Nine bright pivalates 
‘were surrounded by formates of ordinary brightness in 
the image of panel (c) [13.104]. The image height dif- 
ference of an isolated piyalate over the formates was 
0.11 nm. Propiolate with C=CH is a needle-like adsor- 
bate of single-atom diameter, That molecule exhibited 
in panel (d) a microscope topography 0.20nm higher 
than that of the formate [13.106] 

‘The image topography of formate, acetate, pivalate, 
and propiolate followed the order of the size of the alkyl 
groups. Their physical topography can be assumed on 
the C—C and C—H bond lengths in the correspond- 
ing RCOOH molecules in the gas phase [13.111] and 
is illustrated in Fig. 13.24. The top hydrogen atom of 
the formate is located 0.38 nm above the surface plane 
containing the Ti atom pair, while three equivalent hy- 
drogen atoms of the acetate are more elevated at 0.46nm. 
‘The uppermost H atoms in the pivalate are raised by 
0.58nm relative to the Ti plane. The H atom termi- 
nating the triple-bonded carbon chain in the propiolate 
is at 0.64nm. Figure 13.26 summarizes the observed 
image heights relative to the formate as a function of 
the physical height of the topmost H atoms given in 
the model. The straight line fitted the four observa- 
tions [13.104]. When the horizontal axis was scaled with 
other properties (molecular weight, the number of atoms 
in a molecule, or the number of electrons in valence 
states), the correlation became poor. 

On the other hand, if the tip apex traced the con- 
tour of a molecule composed of hard-sphere atoms, the 
image topography would reproduce the physical topog- 
raphy in a one-to-one ratio, as shown by the broken 
line in Fig. 13.26. However, the slope of the fitted line 
was 0.7. A slope of less than unity is interpreted with 
the long-range nature of the tip-molecule force. The ob- 
servable frequency shift reflects the sum of the forces 
between the tip apex and individual molecules. When 
the tip passes above a tall molecule embedded in short 


Microscope topography relative to formate (nm) 
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Fig. 13.26 The constant frequency-shift topography of the 
alkyl-substituted carboxylates as a function of their phys- 
ical topography given in the model of Fig. 13.3 based 
on [13.103] 


molecules, itis pulled up to compensate forthe increased 
force originating from the tall molecule. Forces between 
the lifted tip and the short molecules are reduced due to 
the increased tip-surface distance. Feedback regulation 
pushes down the probe to restore the last forces. 

‘This picture predicts that microscope topography is 
sensitive to the lateral distribution of the molecules, and 
that was in fact the case. Two-dimensionally clustered 
acetates exhibited enhanced image height over an iso- 
lated acetate [13.102]. The tip-molecule force, therefore, 
remained non-zero at distances over the lateral separa- 
tion of the carboxylates on this surface (0.59-0.65 nm). 
Chemical bond interactions cannot be important across 
such a wide tip-molecule gap, whereas atom-scale im- 
ages of Si(111)-(77) are interpreted with the fractional 
formation of tip-surface chemical bonds [13.24,45,49]. 
Instead, the attractive component of the van der Waals 
force is probable for the observed molecule-dependent 
topography. The absence of the tip-surface chemical 
bond is reasonable on the carboxylate-covered surface 
terminated with stable C—H bonds. 

‘The attractive component of the van der Waals 
force contains electrostatic terms caused by permanent- 
dipole/permanent-dipole coupling, permanent-dipole/in- 
duced-dipole coupling, and induced-dipole/induced- 
dipole coupling (dispersion force). The four carboxy- 
lates examined are equivalent in terms oftheir permanent 
electric dipole, because the alkyl groups are nonpolar. 
‘The image contrast of one carboxylate relative to another 
is thus ascribed to the dispersion force and/or the force 
created by the coupling between the permanent dipole 
fon the tip and the induced dipole on the molecule. If we 
further assume that the Si tip used exhibits the smallest 


sone aint errant 


What 


‘an 


jo Wrong 


What Can Go Wrong 


Wrong Pinouts 
The lack of standardization of relay pinouts can 
cause errors if one relay is replaced with another 
that appears to be the same, but isn't. In partic- 
ular, the pins that connect with normally-closed 
contacts may trade places with pins connected 
with normally-open contacts, in relays from dif- 
ferent manufacturers. 


outs are also confusing in that some data- 
sheets depict them from above, some from be- 
low, and some from both perspectives. 


Wrong Orientation 

‘Small relays of through-hole type usually have 
pins spaced in multiples of 0.1". This allows them 
to be inserted the wrong way around in a perfo- 
rated board, Almost all relays have an identifica- 
tion mark molded into one end or one corner of 
the plastic shell. Manufacturers do not standard- 
ize the position and meaning of these marks, but 
they are usually replicated in datasheets, When 
using a relay of a type that you have not used 
before, itis a sensible precaution to test it with a 
meter to verify the functions of its terminals be- 
fore installing it. 


Wrong Type 
A latching relay may have exactly the same ap- 
pearance as a nonlatching relay from the same 
manufacturer, and the same two pins may ener- 
gize the coil. However, in a latching relay, the 
contacts won't spring back to their non- 
energized position, causing functional errors 
that may be difficult to diagnose. The part num- 
bers printed on latching and nonlatching ver- 
sions of the same relay may differ by only one 
letter or numeral and should be checked care- 
fully. 


Wrong Polarity 


A relay with a DC-energized coil may require 
power to be applied with correct polarity and 
may malfunction otherwise. 


jon > relay 


AC and DC 

A relay coil designed to be powered by DC will 
not work from AC and vice-versa. The contact 
rating ofa relayislikely to be differentdepending 
whether itis switching AC or DC. 


Chatter 

This is the noise created by relay contacts when 
they make rapid intermittent connection. Chat- 
teris potentially damaging to relay contacts and 
should be avoided. It can also create electrical 
noise that interferes with other components. 
Likely correctible causes of chatter include insuf- 
ficient voltage or power fluctuations. 


Relay Coil Voltage Spike 
Arelay coilis an inductive device. Merely switch- 
ing a large relay on and off can create voltage 
spikes. To address this problem, a rectifier diode 
should be placed across the coil terminals with 
polarity opposing the energizing voltage. 


Arcing 
This problem is discussed in the switch entry of 
this encyclopedia. See "Arcing” (page 47). Note 
that because the contacts inside a reed relay are 
so tiny, they are especially susceptible to arcing 
and may actually melt and weld themselves to- 
gether if they are used to control excessive cur- 
rent or an inductive load. 


Magnetic Fields 
Relays generate magnetic fields during opera- 
tion and should not be placed near components 
that are susceptible, 


The reed switch inside a reed relay can be unex- 
pectedly activated by an external magneticfield. 

Thistype ofrelay may be enclosedinametal shell 
to providesome protection, Theadequacy of this 
protection should be verified by testing the relay 
under real-world conditions. 
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permanent dipole, the dispersion force remains domi- 
‘nant to create the NC-AFM topography dependent on 
the nonpolar groups of atoms. A numerical simulation 
‘on this assumption [13.106] successfully reproduced the 
propiolate topography of Fig. 13.25d. A calculation that 
does not include quantum chemical treatments 
pected to work, unless the tip approaches the surface too 
closely, or the molecule possesses a dangling bond. 

In addition to the contribution ofthe dispersion force, 
the permanent dipole moment of molecules may per- 
tur the microscope topography through electrostatic 
coupling with the tip. Its possible role was demon- 
strated by imaging a fluorine-substituted acetate. The 
strongly polarized CF bonds were expected to perturb 
the electrostatic field over the molecule. The constant 
frequency-shift topography of acetate (R = CHs) and 
trifluoroacetate (R= CF3) was indeed sensitive to the 
fluorine substitution. The acetate was observed 0.05 am 
higher than the trifluoroacetate [13.103], although the 
F atoms in the triluoroacetate, as well as the H atoms 
in the acetate were lifted by 0.46nm from the surface 
plane, as illustrated in Fig. 13.24. 


1B.4.3 Perspectives 


Experimental results summarized in this section prove 
the feasibility of NC-AFM in identifying individ- 
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ual molecules. A systematic study on the constant 
frequency-shift topography of carboxylates with R = H, 
CH, C(CHs)s, C=CH, and CF; has revealed the 
mechanism behind the high-resolution imaging of the 
chemically stable molecules. The dispersion force is 
primarily responsible for the molecule-dependent to- 
pography. The permanent dipole moment of the imaged 
molecule, if it exists, perturbs the topography through 
the electrostatic coupling with the tip. A tiny calculation 
containing empirical force fields works in simulating the 
microscope topography. 

‘These results make us optimistic about analyz- 
ing physical and chemical properties of nanoscale 
supramolecular assemblies constructed on a solid 
surface. If the accuracy of topographic measure- 
‘ment is developed by one more order of magnitude, 
which is not an unrealistic concept, it may be 
possible to identify structural isomers, chiral iso- 
‘mers, and conformational isomers of a molecule. 
Kelvin probe force microscopy (KPFM), an exten- 
sion of NC-AFM, provides a nanoscale analysis of 
molecular electronic properties [13.99, 100]. Force 
spectroscopy with chemically modified tips seems 
promising for the detection of a selected chemical 
force. Operation in a liquid atmosphere [13.112] is 
demanded to observe biochemical materials in the 
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14. Low Temperature Scanning Probe Microscopy 


This chapter is dedicated to scanning probe mi- 
croscopy, one of the most important techniques 
in nanotechnology. In general, scanning probe 
techniques allow the measurement of physical 
properties down to the nanometer scale. Some 
techniques, such as the scanning tunneling mi- 
croscope and the scanning force microscope even 
0 down to the atomic scale. The properties that 
are accessible are various. Most importantly, one 
‘an image the arrangement of atoms on conduct- 
ing surfaces by scanning tunneling microscopy 
and on insulating substrates by scanning force 
‘microscopy. But also the arrangement of elec- 
trons (scanning tunneling spectroscopy), the force 
interaction between different atoms (scanning 
force spectroscopy), magnetic domains (mag- 
netic force microscopy), the local capacitance 
(canning capacitance microscopy), the local tem~ 
perature (scanning thermo microscopy), and local 
light-induced excitations (scanning near-field 
microscopy) can be measured with high spatial 
resolution. In addition, some techniques even 
allow the manipulation of atomic configurations. 
Probably the most important advantage of 
the low-temperature operation of scanning probe 
techniques is that they lead to a significantly 
better signal-to-noise ratio than measuring at 
room temperature. This is why many researchers 
work below 100K. However, there are also physical 
reasons to use low-temperature equipment. 
For example, the manipulation of atoms or 
scanning tunneling spectroscopy with high 
energy resolution can only be realized at low 
temperatures, Moreover, some physical effects 
such as superconductivity or the Kondo effect 
are restricted to low temperatures. Here, we 
describe the design criteria of low-temperature 
scanning probe equipment and summarize some 
of the most spectacular results achieved since the 
invention of the method about 20 years ago. We 
first focus on the scanning tunneling microscope, 
giving examples of atomic manipulation and 
the analysis of electronic properties in different 
‘material arrangements, Afterwards, we describe 
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results obtained by scanning force microscopy, 
showing atomic-scale imaging on insulators, as 
well as force spectroscopy analysis. Finally, the 
‘magnetic force microscope, which images domain 
patterns in ferromagnets and vortex patterns in 
‘superconductor, is discussed. Although this list is 
far from complete, we feel thatit gives an adequate 
impression of the fascinating possibilities of 
Jow-temperature scanning probe instruments. 

In this chapter low temperatures are defined as 
lower than about 100K and are normally achieved 
by cooling with liquid nitrogen or liquid helium. 
Applications in which SPMs are operated close to 
0°C are not covered in this chapter. 
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More than two decades ago, the first design of an ex- 
perimental setup was presented where a sharp tip was 
systematically scanned over a sample surface in order 
to obiain local information on the tip-sample interac~ 
tion down to the atomic seale. This original instrument 
used the tunneling current between a conducting tip and 
conducting sample as a feedback signal and was named 
sanning tunneling microscope accordingly 14.1].Soon 
after this historic breakthrough, it became widely rec- 
ognized that virtually any type of tip-sample interaction 
can be used to obtain local information on the sample 
by applying the same general principle, provided that 
the selected interaction was reasonably short-ranged. 
Thus, a whole variety of new methods has been intro- 
duced, which are denoted collectively a scanning probe 
‘methods. An overview is given by Wiesendanger [14.2] 

‘The various methods, especially the above men- 
tioned scanning tunneling microscopy (STM) and 
scanning force microscopy (SFM) — which is of- 
ten further classified into subdiseiplines such as the 
topography-reflecting atomic force microscopy (AFM), 
the magnetic force microscopy (MFM), o the electro- 
static force microscopy (EFM) — have been established 
as standard methods for surface characterization on 
the nanometer scale, The reason is that they feature 
extremely high resolution (often down to the atomic 
scale for STM and AFM), despite a principally simple, 
compact, and comparatively inexpensive design, 

A side effect ofthe simple working principle andthe 
compact design of many scanning probe microscopes 
(SPMs) is that they can be adapted to different envi- 
ronments such as ai, all kins of gaseous atmospheres, 
liguids, or vacuum with reasonable effort. Another ad- 


vantage is their ability to work within a wide temperature 
range. A microscope operation at higher temperatures 
is chosen to study surface diffusion, surface reactivity, 
surface reconstructions that only manifest at elevated 
temperatures, high-temperature phase transitions, or to 
simulate conditions as they occur, e-g., in engines, cat- 
alytic converters, or reactors. Ultimately, the upper limit 
for the operation of an SPM is determined by the sta- 
bility of the sample, but thermal drift, which limits the 
ability to move the tip in a controlled manner over the 
sample, as well as the depolarization temperature of the 
piezoelectric positioning elements might further restrict 
successful measurements, 

On the other hand, low-temperature (LT) application 
of SPMsis much more widespread than operation at high 
temperatures. Essentially five reasons make researchers 
adapt their experimental setups to low-temperature com- 
patibility. These are: (1) the reduced thermal drift, 
(2) lower noise levels, (3) enhanced stability of tip and 
sample, (4) the reduction in piezo hysteresis/ereep, and 
(5) probably the most obvious, the fact that many phys- 
ical effects are restricted to low temperature, Reasons 
(1) to (4) only apply unconditionally if the whole mi- 
ceroscope body is kept at low temperature (typically in 
or attached to a bath cryostat, see Sect. 14.2). Setups in 
which only the sample is cooled may show consider- 
ably less favorable operating characteristics. As a result 
of (1) to (4), ultrahigh resolution and long-term stabil- 
ity can be achieved on a level that significantly exceeds 
what can be accomplished at room temperature even 
under the most favorable circumstances. Typical exam- 
ples for (5) are superconductivity [14.3] and the Kondo 
effect [14.4] 


14.1 Microscope Operation at Low Temperatures 


Nevertheless, before we devote ourselves to a small 
overview of experimental LTSPM work, we will take 
1 closer look at the specifies of microscope opera- 
tion at low temperatures, including a discussion of the 
corresponding instrumentation, 


4.1.1 Drift 


‘Thermal drift originates from thermally activated move- 
ments of the individual atoms, which are reflected 
by the thermal expansion coefficient. At room tem- 
perature, typical values for solids are on the onder 
of (1-50)x10-®K-!. If the temperature could be 


kept precisely constant, any thermal drift would van- 
ish, regardless of the absolute temperature of the 
system, The close coupling of the microscope to 
a large temperature bath that keeps a constant tem- 
perature ensures a significant reduction in thermal 
drift and allows for distortion-free, long-term mea- 
surements. Microscopes that are efficiently attached to 
sufficiently large bath cryostats, therefore, show a one- 
to two-order-of-magnitude increase in thermal stability 
‘compared with non-stabilized setups operated at room 
temperature, 

‘A second effect also helps suppress thermally in- 
duced drift of the probing tip relative to a specific 
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location on the sample surface. The thermal expansion 
coefficients are at liquid helium temperature two or more 
orders of magnitude smaller than at room temperature. 
Consequently, the thermal drift during low-temperature 
operation decreases accordingly. 

For some specific scanning probe methods, there 
‘may be additional ways a change in temperature can 
affect the quality of the data, In frequency-modulation 
SFM (FM-SEM), for example, the measurement prin- 
ciple relies on the accurate determination of the 
cigentrequency of the cantilever, which is determined 
by its spring constant and its effective mass. However, 
the spring constant changes with temperature due to 
both thermal expansion (i.e., the resulting change in 
the cantilever dimensions) and the variation of Young's 
‘modulus with temperature. Assuming drift rates of about 
2mK/min, as is typical for room temperature measure- 
‘ments, this effect might have a significant influence on 
the obtained data 


14.1.2 Noise 


‘The theoretically achievable resolution in SPMs often 
increases with decreasing temperature due to a decrease 
in thermally induced noise. An example is the thermal 
noise in SFMs, which is proportional to the square root 
of the temperature [14.5, 6]. Lowering the temperature 
from T = 300K to T = 10K thus results in a reduction 
of the thermal frequency noise of more than a factor of 
five. Graphite, e.g, has been imaged atomically resolved 
only at low temperatures due to its extremely low cor- 
rugation, which was below the room temperature noise 
level [14.7, 8] 

Another, even more striking, example is the spec~ 
troscopic resolution in scanning tunneling spectroscopy 
(STS). It depends linearly on the temperature [14.2] and 
is consequently reduced even more at LT than the ther- 
mal noise in AFM, This provides the opportunity to 
study structures or physical effects not accessible at 
room temperature such as spin and Landau levels in 
semiconductors [14.9] 


14.2 Instrumentation 


‘The two main design criteria for all yacuum-based sean- 
ning probe microscope systems are (1) to provide an 
cflicient decoupling of the microscope from the vac- 
‘uum system and other sources of external vibrations, 
and (2) to avoid most internal noise sources through 
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Finally, it might be worth mentioning that the en- 
hanced stiffness of most materials at low temperatures 
(increased Young's modulus) leads to areduced coupling 
to extemal noise. Even though this effect is considered 
small [14.6], it should not be ignored. 


14.1.3 Stability 


‘There are two major stability issues that considerably 
improve at low temperature. First, low temperatures 
close to the temperature of liquid helium inhibit most 
of the thermally activated diffusion processes. As a con- 
sequence, the sample surfaces show a significantly 
increased long-term stability, since defect motion or 
adatom diffusion is massively suppressed. Most strik- 
ingly, even single xenon atoms deposited on suitable 
substrates can be successfully imaged [14.10, 11], or 
even manipulated [14.12]. In the same way, the low 
temperatures also stabilize the atomic configuration 
at the tip end by preventing sudden jumps of the 
‘most loosely bound foremost tip atom(s). Second, the 
large cryostat that usually surrounds the microscope 
facts as an effective cryo pump. Thus samples can 
be kept clean for several weeks, which is a multi- 
ple of the corresponding time at room temperature 
(about 3-4), 


14.1.4 Piezo Relaxation and Hysteresis 


‘The last important benefit from low-temperature oper- 
ation of SPMs is that artifacts given by the response 
of the piezoelectric scanners are substantially reduced. 
After applying a voltage ramp to one electrode of 
a piezoelectric scanner, its immediate initial deflection, 
|p, is followed by a much slower relaxation, A/, with 
a logarithmic time dependence. This effect, known as 
piezo relaxation or “creep”, diminishes substantially at 
ow temperatures, typically by a factor of ten or more. 
‘As a consequence, piezo nonlinearities and piezo hys- 
teresis decrease accordingly. Additional information is 
aiven by Hug ct al. [14.13]. 


‘high mechanical rigidity of the microscope body it- 
self, In vacuum systems designed for low-temperature 
applications, a significant degree of complexity is added, 
since, on the one hand, close thermal contact of the SPM 
and cryogen is necessary to ensure the (approximately) 


as 
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drift-free conditions described above, while, on the other 
hhand, 2 good vibration isolation (both from the outside 
world, as well as from the boiling or flowing cryogen) 
has to be maintained. 

Plenty of microscope designs have been presented 
in the last ten to 15 years, predominantly in the field of 
‘STM. Due to the variety of the different approaches, we 
will, somewhat arbitrarily, give two examples on differ- 
cnt levels of complexity that might serve as illustrative 
model designs, 


14.2.1 A Simple Design 
for a Variable Temperature STM 


A simple design for a variable temperature STM system. 
is presented in Fig. 14.1 (Similar systems are also of- 


“Transfer acm. 


fered by Omicron (Germany) or Jeol (Japan)). It should 
give an impression of what the minimum requirements 
are, if samples are to be investigated successfully at 
low temperatures. It features a single ultrahigh vac- 
uum (UHY) chamber that houses the microscope in 
its center. The general idea to keep the setup sim- 
ple is that only the sample is cooled by means of 
a flow cryostat that ends in the small liquid nitro- 
gen (LN) reservoir. This reservoir is connected to the 
sample holder with copper braids. The role of the 
‘copper braids is to thermally attach the LN reser- 
voir to the sample located on the sample holder in 
an effective manner, while vibrations due to the flow 
‘of the cryogen should be blocked as much as pos: 
sible. In this way, a sample temperature of about 
100K is reached. Altematively, with liquid helium 


Linear motion <> 


Fig.14.1 One chamber UHV system with variable temperature STM based on a flow cryostat design. (Courtesy of RHK 
‘Technology, USA) 
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Environmental Hazards 
Dirt, oxidation, or moisture on relay contacts isa 


significant problem, Most relays are sealed and 
should remain sealed, 


Relays are susceptible to vibration, which can af- 
fect the contacts and can accelerate wear on 


What Can Go Wrong 


moving parts. Severe vibration can even damage 
a relay permanently. Solid-state relays (dis- 
cussed in Volume 2) should be used in harsh en- 
vironments, 
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operation, a base temperature of below 30K can be 
achieved, while a heater that is integrated into the 
sample stage enables high-temperature operation up to 
1,000K. 

A typical experiment would run as follows: First, the 
sample is brought into the system by placing it in the 
so-called load-lock. This small part of the chamber can 
be separated from the rest of the system by a valve, so 
that the main part of the system can remain under vac- 
‘uum at all times (i-e., even if the load-lock is opened for 
introducing the sample). After vacuum is re-established, 
the sample is transferred to the main chamber using the 
transfer arm, A linear motion feedthrough enables the 
storage of sample holders or, alternatively, specialized 
holders that carry replacement tips for the STM. Extend. 
ing the transfer arm further, the sample can be placed on 
the sample stage and subsequently cooled down to the 
desired temperature. The scan head, which carries the 
‘STM tip, is then lowered with the scan head manipula- 
tor onto the sample holder (see Fig. 14.2). The special 
design of the scan head (see [14.14] for details) allows 
not only a flexible positioning of the tip on any desired 
location on the sample surface, but also compensates to 
‘a certain degree for thermal drift that inevitably occurs 
in such a design due to temperature gradients. 

In fact, thermal drift is often much more prominent 
in LT-SPM designs, where only the sample is cooled, 


Fig. 14.2 Photograph of the STM located inside the system 
sketched in Fig. 14.1. After the scan head has been lowered 
fonto the sample holder, itis fully decoupled from the scan 
hhead manipulator and can be moved laterally using the 
three piezo legs it stands on. (Courtesy of RHK Technology, 
USA) 
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than in room temperature designs. Therefore, to fully 
benefit from the high stability conditions described in 
the introduction, it is mandatory to keep the whole mi- 
ceroscope at the exact same temperature. This is mostly 
realized by using bath cryostats, which add a certain 
degree of complexity 


14.2.2 A Low Temperature SFM 
Based on a Bath Cryostat 


‘As an example for an LT-SPM setup based on a bath 
cryostat, let us take a closer look at the LT-SFM 
system sketched in Fig. 14.3, which has been used 
to acquire the images on graphite, xenon, NiO, and 
InAs presented in Sect. 14.4. The force microscope is 
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14.3 Three-chamber UHV and bath cryostat system 
for scanning force microscopy, front view 
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Fig. 16.4a,b The scanning force microscope incorporated into the system presented in Fig. 14.3. (a) Section along plane 


of symmetry. (b) Photo from the front 


built into a UHV system that comprises three vacuum 
chambers: one for cantilever and sample preparation, 
which also serves as a transfer chamber, one for 
analysis purposes, and a main chamber that houses 
the microscope. A specially designed vertical trans- 
fer mechanism based on a double chain allows the 
lowering of the microscope into a UHV compatible 
bath cryostat attsched underneath the main chamber. 
To damp the system, it is mounted on a table car 
ried by pneumatic damping legs, which, in turn, stand 
on a separate foundation to decouple it from build. 
ing vibrations, The cryostat and dewar are separated 
from the rest of the UHV system by a bellow. In ad- 
dition, the dewar is surrounded by sand for acousti 
isolation, 

In this design, tip and sample are exchanged at room 
temperature in the main chamber. After the transfer 
into the cryostat, the SEM can be cooled by either Ii 
quid nitrogen or liquid helium, reaching temperatures 
down to 10K. An all-fiber interferometer as the de 
tection mechanism for the cantilever deflection ensures 
high resolution, while simultaneously allowing the con- 


struction of a comparatively small, rigid, and symmetric 
microscope 

Figure 144 highlights the layout of the SEM body 
itself, Along with the careful choice of materials, the 
symmetric design eliminates most of the problems with 
drift inside the microscope encountered when cooling 
or warming it up. The microscope body has an over- 
all cylindrical shape with a 13cm height and a 6cm 
diameter and exact mirror symmetry along the can- 
tilever axis, The main body is made of a single block 
of macor, a machinable glass ceramic, which ensures 
a rigid and stable design, For most of the metallic parts 
titanium was used, which has a temperature coefficient 
similar to macor. The controlled but stable accomplish- 
‘ment of movements, such as coarse approach and lateral 
positioning in other microscope designs, is a difficult 
task at low temperatures. The present design uses a spe 
cial type of piezo motor that moves a sapphire prism 
(sce the “fiber approach” and the “sample approach’ 
igns in Fig. 14.3). It is described in detail in [14.15] 
More information regarding this design is given 
in [14.16], 
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14.3 Scanning Tunneling Microscopy and Spectroscopy 


In this section, we review some of the most important 
results achieved by LTSTM. After summarizing the re- 
sults with emphasis on the necessity of LT equipment, 
wwe tum to details of the different experiments and the 
physical meaning of the obtained results, 

As described in Sect. 14.1, the LT equipment has 
basically three advantages for scanning tunneling mi- 
croscopy (STM) and spectroscopy (STS). First, the 
instruments are much more stable with respect to thermal 
drift and the coupling to external noise, allowing the es- 
tablishment of new functionalities of the instrument, In 
particular, the LTSTM has been used to move atoms on 
surface [1412], cut moleculesin pieces [14.17], reform 
bonds [14.18], and, consequently, establish new struc- 
tures on the nanometer scale, Also, the detection of light 
resulting from tunneling into a particular atom [14.19] 
nd the visualization of thermally induced atomic move- 
‘ments [14.20] partly require LT instrumentation. 

Second, the spectroscopic resolution in STS depends 
linearly on temperature and is, therefore, considerably 
reduced at LT. This provides the opportunity to study 
physical effects unaccessible at room temperature. Ob- 
‘vious examples are the resolution of spin and Landau 
levels in semiconductors [14.9], or the investigation of 
lifetime broadening effects of particular electronic states 
oon the naniometer scale [14.21]. More spectacular, elee- 
tronic wave functions have been imaged forthe first time 
in real space using an LTSTM [14.22], and vibrational 
levels giving rise to additional inelastic tunneling have 
been detected [14,23] and localized within particular 
molecules [14.24] 

Third and most obvious, many physical effects, in 
particular, effects guided by electronic correlations, are 
restricted to low temperature. Typical examples are su- 
perconductivity [14.3], the Kondo effect [14.4], and 
‘many of the electron phases found in semiconduc- 
tors [14,25]. Here, the LTSTM provides the possibility 
to study electronic effects on a local scale, and intensive 
‘work has been done in this field, the most elaborate with 
respect to high temperature superconductivity [14.26] 


14.3.1 Atomic Manipulation 


Although manipulation of surfaces on the atomic scale 
can be achieved at room temperature [14.27], only the 
use of LTSTMs allow the placement of individual atoms 
at desired atomic positions [14.28]. 

‘The usual technique to manipulate atoms is to in- 
crease the current above a certain atom, which reduces 
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the tip-atom distance, then to move the tip with the 
atom to a desired position, and finally to reduce the 
current again in order to decouple atom and tip. The 
first demonstration of this technique was performed by 
Eigler and Schweizer (1990), who used Xe atoms on 
a Ni(110) surface to write the three letters “IBM” (their 
employer) on the atomic scale (Fig. 14.5). Nowadays, 
many laboratories are able to move different kinds of 
atoms and molecules on different surfaces with high pre- 
cision. An example featuring CO molecules on Cu(110) 
is shown in Fig. 14.5b-g. Basic modes of controlled 
‘motion, pushing, pulling, and sliding of the molecules 
have been established that depend on the tunneling 
current, i-e., the distance and the particular molecule- 
substrate combination [14.29]. It is believed that the 
electric field between tip and molecule is the strongest 
force moving the molecules, but other mechanisms 
such as electromigration caused by the high current 
density [14.28] or modifications of the surface poten- 
tial due to the presence of the tip [14.30] have been 
put forth as important for some of the manipulation 
modes. 

Meanwhile, other types of manipulation on the 
atomic scale have been developed. Some of them re- 
quire inelastic tunneling into vibrational or rotational 
modes of molecules or atoms. They lead to con- 
trolled desorption [14.31], diffusion [14.32], pick-up of 
molecules by the tip [14.18], or rotation of individual 
entities [14.33, 34]. Also, dissociation of molecules by 
voltage pulses [14.17], conformational changes induced 
by dramatic change of tip-molecule distance [14.35], 
and association of pieces into larger molecules by re- 
ducing their lateral distance [14.18] have been shown, 
Fig. 14.5h-m shows the production of biphenyl from 
two iodobenzene molecules [14.36]. The iodine is 
abstracted by voltage pulses (Fig. 14.5i,j), then the io- 
dine is moved to the terrace by the pulling mode 
(Fig. 14.5k,D, and finally the two phenyl parts are slid 
along the step edge until they are close enough to react, 
(Fig. 14.5m). The chemical identification of the com- 
ponents is not deduced straightforwardly from STM 
images and partly requires detailed calculations of their 
apparent shape. 

Low temperatures are not always required in these 
experiments, but they increase the reproducibility be- 
cause of the higher stability of the instrument, as 
discussed in Sect. 14.1. Moreover, rotation or diffusion 
of entities could be excited at higher temperatures, mak- 
ing the intentionally produced configurations unstable. 
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Fig. 14.5 (a) STM image of single Xe atoms positioned on a Ni(110) surface in order to realize the letters IBM on 
the atomic scale (courtesy of Eigler, IBM); (b)-(f) STM images recorded after different positioning processes of CO 


molecules on a Cu(110) surface 


(e) final artwork greeting the new millennium on the atomic scale ((b)~() courtesy of 


Meyer, Berlin). (h)=(m) Synthesis of biphenyl from two iodobenzene molecules on Cu(111): Firs, iodine is abstracted 
from both molecules (i) j), then the iodine between the two phenyl groups is removed from the step (k), and finally one 
of the phenyls is slid along the Cu-step (1) until it reacts with the other phenyl (m); the line drawings symbolize the actual 
status of the molecules ((h)~(m) courtesy of Hla and Rieder, Ohio) 


14.3.2 Imaging Atomic Motion 


Since individual manipulation processes last seconds to 
minutes, they probably cannot be used to manufacture 
large and repetitive structures. A possibility to construct 
such structures is self-assembled growth. It partly relies 
fon the temperature dependence of different diffusion 
processes on the surface. A detailed knowledge of the 


diffusion parameters is required, which can be deduced 
from sequences of STM images measured at tempera- 
tures close to the onset of the process of interest [4.37] 
Since many diffusion processes set on at LT, LT are 
partly required [14.20]. Consecutive images of so-called 
HtBDC molecules on Cu(110) reconded at T = 194K 
are shown in Fig. 14,6a-c [14.38]. As indicated by the 
aurows, the postion ofthe molecules changes with time, 
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Fig. 14,6 (a)-(c) Consecutive STM images of hexa-tert- 
boutyl decacyclene molecules on Cu(I10) imaged at 
T = 194K; arrows indicate the direction of motion of the 
‘molecules between two images. (d) Arthenius plot of the 
hhopping rate ft determined from images like (a)=(Q) as 
function of inverse temperature (grey symbols) the brown 
symbols show the corresponding diffusion constant D; lines 
are fit results revealing an energy barrier of 570 meV for mo- 
lecular diffusion ((a)-(4) courtesy of M. Schuhnack and 
F Besenbacher, Aarhus). e) Arrhenius plot for D (crosses) 
and H (eiveles) on Cu(O01). The constant hopping rate of 
H below 65K indicates a non-thermal diffusion process, 
probably tunneling (courtesy of Ho, Irvine) 


implying diffusion, Diffusion parameters are obtained 
from Archenius plots of the determined hopping rate h 
as shown in Fig. 14.6d, Of course, one must make sure 
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that the diffusion process is not influenced by the pres- 
ence of the tip, since it is known from manipulation 
experiments thatthe presence of the tip can move a mol- 
ecule, However, particularly at low tunneling voltages 
these conditions can be fulfilled 

Besides the determination of diffusion param- 
eters, studies of the diffusion of individual molecules 
showed the importance of mutual interactions in dif- 
fusion, which can lead to concerted motion of several 
‘molecules [14.20], or, very interestingly, the influence 
of quantum tunneling [14.39]. The latter is deduced 
from the Arrhenius plot of hopping rates of Hand D 
fon Cu(O01), as shown in Fig. 14.6e, The hopping rate of 
H levels off at about 65 K, while the hopping rate of the 
heavier D atom goes down to nearly zero, as expected 
from thermally induced hopping. 

Other diffusion processes such as the movement of 
surface vacancies [14.40] or of bulk interstitials close to 
the surface [14.41], and the Brownian motion of vacancy 
islands [14.42] have also been displayed 


14.3.3 Detecting Light 
from Single Atoms and Molecules 


It had already been realized in 1988 that STM experi- 
‘ments are accompanied by light emission [14.43]. The 
fact that molecular resolution in the light intensity was 
achieved at LT (Fig. 14.7ab) [14.19] raised the hope of 
performing quasi-optical experiments on the molecular 
scale. Meanwhile, itis clear that the basic emission pro- 
cess observed on metals is the decay of a local plasmon 
induced in the area around the tip by inelastic tunneling 
processes [14.4445]. Thus, the molecular resolution is 
basically a change in the plasmon environment, largely 
sziven by the increased height of the tip with respect to 
the surface above the molecule [14.46]. However, the 
electron can, in principle, also decay via single-particle 
excitations. Indeed, signatures of single-particle levels 
are observed. Figure 14.7¢ shows light spectra measured 
at different tunneling voltage V above a nearly complete 
Na monolayer on Cu(111) [14.47]. The plasmon mode 
peak energy (arrow) is found, as usual, to be propor 
tional to V, but an additional peak that does not move 
‘with V appears at 1.6eV (p). Plotting the light inten- 
sity as a funetion of photon energy and V (Fig. 14.74) 
clearly shows that this additional peak is fixed in pho- 
ton energy and corresponds tothe separation of quantum 
‘well levels of the Na (Ey — Ey) 

Light has also been detected from semicondue- 
tors [14.48], including heterostructures [14.49]. There, 
the light is mostly caused by single-particle relaxation 
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Fig. 14.7 (a) STM image of Cao molecules on Au(110) im- 
aged at T = SOK. (b) STM-induced photon intensity mapof 
the same area; al photons from 1.5 eV to 2.8eV contribute 
to the image, tunneling voltage V = ~2.8 V ((a,(b) cour- 
tesy of Bemdt, Kiel) (c) STM-induced photon spectrum 
measured on 0.6 monolayer of Na on Cu(111) at different 
tunneling voltages as indicated. Besides the shifting plas- 
‘mon mode marked by an arrow an energetically constant 
part named p is recognizable. (4) Greyseale map of pho- 
ton intensity asa function of tunnelling voltage and photon 
energy measured on 2.0 monolayer Na on Cu(1I1). The 
‘energetically constant photons are identified with intersub- 
hand transitions of the Na quantum well, as marked by 
Ey — Ex. ((0),(d) courtesy of Hoffmann, Hamburg) 


of the injected electrons, allowing a very local source of 
electron injection. 


14.3.4 High Resolution Spectroscopy 


One of the most important modes of LTSTM is STS. It 
detects the differential conductivity di/dV as a fune- 
tion of the applied voltage V and the position (x, y) 
‘The di/dV-signal is basically proportional to the local 
density of states (LDOS) of the sample, the sum over 
squared single-particle wave functions Yj [14.2] 


= V, x, y) x LDOS(E, 

pW.) LDOSLE, x. 9) 
DMEF 
at 


where AZ is the energy resolution of the experiment, 
In simple terms, each state corresponds to a tunneling 
channel if itis located between the Fermi levels (Ep) 
of the tip and the sample. Thus, all states located in 
this energy interval contribute to 1, while d//aV(V) 
detects only the states at the energy E correspond- 
ing to V. The local intensity of each channel depends 
further on the LDOS of the state at the cortespond- 
ing surface position and its decay length into vacuum, 
For s-like tip states, Tersoff and Hamann have shown 
that itis simply proportional to the LDOS at the posi- 
tion of the tip [14.50]. Therefore, as long as the decay 
length is spatially constant, one measures the LDOS 
at the surface (14.1). Note that the contributing states 
are not only surface states, but also bulk states. How- 
ever, surface states usually dominate if present. Chen 
has shown that higher orbital tip states lead to the so- 
called derivation rule [14.51]: p.-type tip states de- 
tect d(LDOS)/de, d?-states detect &°(LDOS) /dz*, and 
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s0 on, As long as the decay into vacuum is exponential 
nd spatially constant, this leads only to an additional 
factor in dl/ dV. Thus, it is still the LDOS that is meas- 
ured (14.1). The requirement of a spatially constant 
decay is usually fulfilled on larger length scales, but 
not on the atomic scale [14.51]. There, states located 
close to the atoms show a stronger decay into vacuum 
than the less localized states in the interstitial region, 
‘This effect can lead to corrugations that are larger than 
the real LDOS corrugations [14.52] 

The voltage dependence of di/aV is sensitive 10 
changing decay length with V, which increases with V. 
‘Additionally, dl/dV(V)-curves might be influenced by 
possible structures in the DOS of the tip. which also 
contributes to the number of tunneling channels [14.53]. 
However, these structures can usually be identified, and 
only tips free of characteristic DOS structures are used 
for quantitative experiments. 

Importantly, the energy resolution A E is largely de~ 
termined by temperature. It is defined as the smallest 
energy distance of two 6-peaks in the LDOS that can still 
be resolved as two individual peaks in d//dV(V)-curves 
andis AE =3.3KT [14.2]. The temperature dependence 
is nicely demonstrated in Fig. 14.8, where the tunneling 
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14.8 Differential conductivity curve dl/dV(V) meas- 
tured on a Au surface by a Nb tip (symbols), Different 
femperstures are indicated; the lines are fits according to 
the superconducting gap of Nb folded with the temperature 
‘broadened Fermi distribution of the Au (courtesy of Pan, 
Houston) 
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‘gap of the superconductor Nb is measured at different 
temperatures [14.54]. The peaks at the rim of the gap get 
‘wider at temperatures well below the critical temperature 
of the superconductor (7 = 9.2 K), 


Lifetime Broadening 
Besides AE, intrinsic properties of the sample lead 
to a broadening of spectroscopic features. Basically, 
the finite lifetime of the electron or hole in the corre- 
sponding state broadens its energetic width. Any kind 
of interaction such as electron-electron interaction can 
be responsible. Lifetime broadening, has usually been 
‘measured by photoemission spectroscopy (PES), but 
it turned out that lifetimes of surface states on noble 
‘metal surfaces determined by STS (Fig. 14.9a,b) are up 
to a factor of three larger than the ones measured by 
PES [14.55], The reason is probably that defects broaden 
the PES spectrum. Defects are unavoidable in a spa- 
tially integrating technique such as PES, thus, STS has 
the advantage of choosing a particularly clean area for 
lifetime measurements. The STS results can be success- 
fully compared to theory, highlighting the dominating 
influence of intraband transitions for the surface state 
lifetime on Au(111) and Cu(111), at least close to the 
onset of the surface band [14.21] 

With respect to band electrons, the analysis of the 
width of the band onset in d//dV(V)-curves has the 
disadvantage of being restricted to the onset energy. An- 
other method circumvents this problem by measuring the 
decay of standing electron waves scattered from a step 
edge as a function of energy [14.56]. Figure 14.9c.d 
shows the resulting oscillating d//dV-signal measured 
for two different energies. To deduce the coherence 
length Lg, which isinversely proportional tothe lifetime 
rp, one has to consider that the finite A & in the experi- 
‘ment also leads to a decay of the standing wave away 
from the step edge. The dotted fit line using Lg = 00 
indicates this effect and, more importantly, shows a dis- 
crepancy with the measured curve. Only including 
a finite coherence length of 6.2 nm results in good agree- 
‘ment, which, in tum, determines Lo and thus ra, as 
displayed in Fig. 14.9. The found 1/£?-dependence of 
a points toa dominating influence of electron-electron 
interactions at higher energies in the surface band, 


Landau and Spin Levels 
Moreover, the increased energy resolution at LT allows 
the resolution of electronic states that are not resolv- 
able at RT. For example, Landau and spin quantization 
appearing in magnetic field B have been probed on 
InAs(110) [14.9,57]. The corresponding quantization 
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energies are given by Etanisu=heB/mo and 
Expin = gHB. Thus InAs is a good choice, since it ex- 
hibits a low effective mass meiz/me = 0.023 and a high 


Fig. 16.9 (a),(b) spatially averaged d//dV(V)-curves of 
Ag(LI1) and Cu(111): both surfaces exhibit a surface 
state with parabolic dispersion starting at ~65 meV and 
—430 meV, respectively. The lines are drawn to determine 
the energetic width of the onset of these surface bands 
((a),(b) courtesy of Bernat, Kiel); (e) d//AV-intensity as 
a function of position away from a step edge of Cu(111) 
measured atthe voltages (E ~ Ey), as indieated (points): the 
lines are fits assuming standing electron waves with a phase 
‘coherence length Lg as marked; () resulting phase coher- 
fence time as a function of energy for Ag(111) and Cu(11D). 
Inser shows the same data on a double logarithmic scale 
evidencing the E~®-dependence (line) ((¢),(A) courtesy of 
Brune, Lausanne) 


factor of 14 in the bulk conduction band, The values in 
metals are meyy/me ~ 1 and g ~2, resulting in energy 
splittings of only 1.25meV and 1.2meV at B= 10T. 
This is obviously lower than the typical lifetime broad- 
‘enings discussed in the previous section and also close 
to AE = L.L meV achievable at T=4K. 

Fortunately, the electron density in doped semicon- 
ductors is much lower, and thus the lifetime increases 
significantly. Figure 14.10a shows a set of spectroscopy 
curves obtained on InAs(110) in different magnetic 
fields [14.9]. Above Er, oscillations with increasing in- 
tensity and energy distance are observed, They show the 
separation expected from Landau quantization. In turn, 
they can be used to deduce mir from the peak separation 
(Fig. 14.10b). An increase of mse with increasing E has 
been found as expected from theory. Also, at high fields 
spin quantization is observed (Fig. 14.10). It is larger 
than expected from the bare ¢-factor due to contribu- 
tions from exchange enhancement [14.58]. A detailed 
discussion of the peaks revealed that they belong to the 
so-called tip-induced quantum dot resulting from the 
work function difference between tip and sample. 


Vibrational Levels 
As discussed with respect to light emission in STM, 
clastic tunneling processes contribute to the tunneli 
current. The coupling of electronic states to vibrational 
levels is one source of inelastic tunneling [14.23]. It 
provides additional channels contributing to d//dV(V) 
with final states at energies different from V. The final 
energy is simply shifted by the energy of the vibra- 
tional level. If only discrete vibrational energy levels 
couple to a smooth electronic DOS, one expects a peak 
in d?1/dV? at the vibrational energy. This situation ap- 
pears for molecules on noble metal surfaces. As usual, 
the isotope effect on the vibrational energy can be used 
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Fig. 1.10 (a) dl/ dV-curves of n-InAs(110) at different magnetic fields as indicated: Bxcust marks the bulk conduction 
band minimum; oscillations above Eycex are caused by Landau quantization; the double peaks at 8 = 6°T are caused 
by spin quantization. (b) Effective mass data deduced from the distance of adjacent Landau peaks AE according to 


AE = heB/met (open symbols); 


Hed symbols are data from planar tunnel junctions (Tsui), the solid line isa mean-sqare 


fit of the data and the dashed line is the expected effective mass of InAs according to kp-theory. (c) Magnification of 
1 d1/aV-curve at B = 6°T exhibiting spin splitting; the Gaussian curves marked by arrons are the fitted spin levels 


to verify the vibrational origin of the peak. First indi- 
cations of vibrational levels have been found for HO 
and D2O on TiO [14.59], and completely convine- 
ing work has been performed for CH and C:D2 on 
Cu(O01) [14.23] (Fig. 14.110). The technique can be 
used to identify individual molecules on the surface 
by their characteristic vibrational levels. In particular, 
surface reactions, as described in Fig. 14.5h-m, can be 
directly verified, Moreover, the orientation of complexes 
‘with respect to the surface can be determined to a certain 
extent, since the vibrational excitation depends on the 
position of the tunneling current within the molecule. 
Finally, the excitation of certain molecular levels can in- 
duce such corresponding motions as hopping [14.32], 
rotation [14.34] (Fig. 14.1 1b-e), or desorption [14.31], 
leading to additional possibilities for manipulation on 
the atomic scale. 


Kondo Resonance 
‘A rather intricate interaction effect is the Kondo effect. 
It results from a second order scattering process be- 
tween itinerate states and a localized state [14,60]. The 
two states exchange some degree of freedom back and 
forth, leading to a divergence of the scattering probabil- 
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ity at the Fermi level of the itinerate states. Due to the 
divergence, the effect strongly modifies sample proper- 
ties. For example, it leads to an unexpected increase in 
resistance with decreasing temperature for metals con- 
taining magnetic impurities [14.4]. Here, the exchanged 
degree of freedom isthe spin. A spectroscopic signature 
of the Kondo effect is a narrow peak in the DOS at the 
Fermi level disappearing above a characteristic tempera- 
ture (Kondo temperature). STS provides the opportunity 
to study this effect on the local scale (14.61, 62} 

Figure 14, 2a-d shows an example of Coclustersde- 
posited on a carbon nanotube [14.63]. While a small dip 
at the Fermi level, which is probably caused by curva- 
{ure influences on the -orbitals, is observed without Co 
(Fig, 14.12b) [14.64] strong peak is found around a Co 
cluster deposited ontop of the tube (Fig. 14.12a, sow). 
‘The peak is slightly shifted with respect to V=OmV 
duc to the so-called Fano resonance [14.65], which re- 
sults from interference of the tunneling processes into 
the localized Co-level and the itinerant nanotube levels 
The resonance disappears within a several nanometer 
distance from the cluster, as shown in Fig, 14.124. 

The Kondo effect has also been detected for 
different magnetic atoms deposited on noble metal sur- 
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Fig. 14.11 (a) d2//dV?-curves taken above a CH and 
4 CaD2 molecule on Cu(100); the peaks correspond to the 
CH, respectively, C-D stretch mode energy of the mol- 
cule. (b) Sketch of O» molecule on PA(111).() Tunnelling 
curtent above an O; molecule on Pi(111) during a voltage 
pulse of 0.15 V: the jump in current indicates rotation of 
the molecule. (4), (e) STM image of an O» molecule on 
P{(111) (V=0.05 V) prior and after rotation induced by 
a voltage pulse to 0.15 V ((a)-(e) courtesy of Ho, levine) 


faces [14.61,62]. There, it disappears at about I nm away 
from the magnetic impurity, and the effect of the Fano 
resonance is more pronounced, contributing to dips in 
di/ AV(V)-curves instead of peaks, 
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16.12 (a) STM image of a Co cluster on a single-wall 
carbon nanotube (SWNT). (b) di/dV-curves taken directly 
above the Co cluster (Co) and far away from the Co clus- 
ter (SWNT); the arrow marks the Kondo peak. () STM 
image of another Co cluster on a SWNT with symbols 
marking the positions where the d//dV-curves displayed 
in (d) are taken, (d) d/dV-curves taken at the positions 
marked in (¢) ((a)-(d) courtesy of Licher, Cambridge) 
(e) Lower part: SYM image of a quantum corral of el- 
liprc shape made fom Co atoms on Cu(111); one Co atom 
is placed in one of the foci of the ellipse. Upper part 
map of the strength of the Kondo signal inthe corral; note 
that there is also a Kondo signal in the focus, which is not 
covered by a Co atom ((e) courtesy of Eigler. Almaden) 
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Fig. 16.13 (a) Low voltage STM image of Cu(111), includ 
ing two defect atoms; the waves are electronic Bloch waves 
scattered at the defects. (b) Low voltage STM image of 
4 rectangular quantum corral made from single atoms on 
‘Cu(11) the pattem inside the corral isthe confined state 
of the corral close to Ey: ((a),(b) courtesy of Eigler, AF 
‘maden). (STM image of GaAs(110) around a Si donor 
V = ~25 V:the line scan along A shown in (4) exhibits an 
additional oscillation around the donor caused by a stand- 
ing Bloch wave; the grid like pattem corresponds to the 
stomic corrugation of the Bloch wave ((@),(d) courtesy 
of van Kempen, Nijmegen). (e)-(g) STM images of an 
InAs/ZnSe-core/shell-nanocluster at diferent V. The im- 
led constant-height mode, i.e. 
the images display the tunneling current at constant height 
above the surface; the hill in (e) corresponds tothe s-stae of 
the cluster, the ring in (f)to the degenerate p,-and p,-state 
and the hill in(g) to the p-state((e)~(g) courtesy of Milo, 
Jerusalem). (h) STM-image ofa short-cut carbon nanotube. 
(i) Colour plot of the «// dV intensity inside the short-cut 
nanotube as a function of position and tunneling voltage: 
four wavy patterns of different wavelength ate visible in 
the voltage range from ~0.1 100.15 V ((h),(i) courtesy of 
Dekker, Delft) 


‘age is measured in the $0 


A fascinating experiment has been performed by 
Manohavan et al. [14.66], who used manipulation to 
form an elliptic cage for the surfuce states of Cu(111) 
(Fig. 14.12e, bottom). This cage was constructed to have 
‘quantized level at Ep. Then, a cobalt atom was placed 
in one focus of the elliptic cage, producing a Kondo 
‘Surprisingly, the same resonance reappeared 
in the opposite focus, but not away from the focus 
(Fig. 14.12e, top). This shows amazingly that complex 
local effects such as the Kondo resonance can be guided 
to remote points 
Orbital scattering as a source of the Kondo resonance 
has also been found around a defect on Cr(001) [14.67]. 
Here, it is believed that itinerate sp-levels scatter at 
«localized d-level to produce the Kondo peak 


14.3.5 Imaging Electronic Wave Functions 


Since STS measures the sum of squared wave fune- 
tions (14.1), itis an obvious task to measure the local 
‘appearance of the most simple wave functions in solids, 
namely, the Bloch waves. 


Bloch Waves 
‘The atomically periodic part of the Bloch wave is al- 
‘ways measured if atomic resolution is achieved (inset 
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of Fig. 14.14a), However, the long-range, wavy part re- 
quires the presence of scatterers. The electron wave 
{impinges on the scatterer and gets reflected, leading to 
solf-interference. In other words, the phase ofthe Bloch 
‘wave gets fixed by the scatterer. 

Such self-interference patterns were frst found on 
Graphite(0001) [14.68] and later on noble metal sur- 
faces, where adsorhates or step edges scatter the surface 
states (Fig. 14.13a) [14.22]. Fourier transforms of the 
real-space images reveal the k-space distribution of the 
corresponding states [14.69], which may include addi- 
tional contributions besides the surface state [14.70] 
Using particular geometries as the so-called quantum 
corrals to form a cage for the electron wave, the scatter: 
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Fig. 14.14 (a) dl/dV-image of InAs(110) at V =SOmV. 
B =O; circular wave pattems corresponding to standing 
Bloch waves around each $ donor are visible; inset shows 
4 magnification revealing the atomically periodic part of 
the Bloch wave. (b) Same as (a), but at B= 6° the stripe 
structures are drift states (€) d//dV-image of 
system on Ins(110) induced by the deposition of Fe 
OT. (4) Same as (c) but at B = 6: note thatthe contrast in 
(a) is increased by a facto often with respect to (b)=(d) 


electron 


ing state can be rather complex (Fig. 14.13b). Anyway, 
it can usually be reproduced by simple calculations 
involving single-particle states (14.71 

Bloch waves in semiconductors scattered at charged 
dopants (Fig. 14.13¢,4) [14.72], Bloch states confined 
in semiconductor quantum dots (Fig. 14.13e~) [14.73], 
and Bloch waves confined in short-cut carbon nanotubes 
Fig. 14.13h,) [14.74, 75] have been visualized 


Drift states 
More complex wave functions result from interactions. 
A nice playground to study such interactions are doped 
semiconductors, The reduced electron density with re- 
spect to metals increases the importance of electron 
interactions with potential disorder and other electrons. 
Applying a magnetic field quenches the kinetic energy, 
further enhancing the importance of interactions. A dra- 
matic effect can be observed on InAs(110), where 3-D 
bulk states are displayed. While the usual scattering 
states around individual dopants are observed at B = OT 


(Fig. 14.14) [14.76], stripe structures are found in high 
magnetic field (Fig. [4.l4b) [14.77]. They run along 
equipotential lines of the disorder potential. This can be 
understood by recalling that the electron tries to move in 
cyclotron orbit, which is accelerated and decelerated 
in electrostatic potential, leading to drift motion along 
‘an equipotential line [14.78] 

‘The same effect has been found in 2-D electron 
tems (2-DES) of the same substrate, where the scattering 
states at B = OT are, however, found to be more com- 
plex (Fig. 14.14c) [14.79]. The reason is the tendency 
of a 2-DES to exhibit closed scattering paths [14.80] 
Consequently, the self-interference does not result from 
scattering at individual scatterers, but from complicated 
self-interference paths involving many scatterers. But 
drift states are also observed in the 2-DES at high 
magnetic fields (Fig. 14.14d) [14.81] 


Charge Density Waves 
Another interaction modifying the LDOS is the electron- 
phonon interaction. Phonons scatter electrons between 
different Fermi points. If the wave vectors connect- 
ing Fermi points exhibit a preferential orientation, 
4 so-called Peierls instability occurs [14,82]. The cor- 
responding phonon energy goes to zero, the atoms are 
slightly displaced with the periodicity ofthe correspond- 
ing wave vector, and a charge density wave (CDW) with 
the same periodicity appears. Essentially, the CDW in- 
‘creases the overlap of the electronic states with the 
phonon by phase fixing with respect to the atomic lattice. 
‘The Peierls transition naturally occurs in 1-D systems, 
where only two Fermi points are present, and, hence, 
preferential orientation is pathological. It can also oc- 
cur in 2-D systems if large areas of the Fermi line run in 
parallel. 

STS studies of CDWs are numerous (e.g., [14.83, 
84). Examples of a 1D CDW on a quasi 1-D- 
like bulk material and of a 2-D CDW are shown in 
Fig. [4.1 5a-d and Fig. 14.15e, respectively [14.85, 86] 
In contrast to usual scattering states where LDOS cor- 
rugations are only found close to the scatterer, the 
corrugations of CDWs are continous across the surface. 
Heating the substrate toward the transition temperature 
leads to a melting of the CDW lattice, as shown in 
Fig. 14.15f-h, 

‘CDWs have also been found on monolayers of ad- 
sorbates such as a monolayer of Pb on Ge( 111) [14.87] 
‘These authors performed a nice temperature-dependent 
study revealing that the CDW is nucleated by scatter- 
ing states around defects as one might expect [14.88] 
LD systems have also been prepared on surfaces show= 
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16.15 (a) STM image of the ab-plane of the organic quasi 1-D conductor TTF-TCNQ. T= 300K; while the TCNQ chains 

are conducting, the TTF chains are insulating. (b) Stick and ball model of the ab-plane of TTE-TCNQ. (¢) STM image taken at 
1K, the additional modulation due tothe Peiels-iransition is visible inthe profile along line A shown in (4): the open triangles 

‘mark the atomic periodicity and the filed riangles the expected CDW periodicity ((a)-(d) courtesy of Kageshima, Kanagawa). 


{6)-(h) Low voltage STM-images of the two-dimensional CDW-system I T-TaSz at 7 = 242 K ( 
‘A long-range, hexagonal modulation is visible besides the atomic spot 
the additional modulation obviously weakens with increasing T, but is still apparent in (f) and (g), as evidenced in the lower 
‘magnification images in the insets ((e}-(h) courtesy of Lieber, Cambridge) 


ing Peierls transitions [14.89,90]. Finally, the energy gap 
‘occurring at the transition has been studied by measuring, 
di/ AV(V)-curves [14.91] 


Superconductors 
‘An intriguing effect resulting from electron-phonon in- 
teraction is superconductivity. Here, the attractive part 
of the electron-phonon interaction leads to the cou- 
pling of electronic states with opposite wave vector 
and mostly opposite spin [14,92]. Since the result- 
ing Cooper pairs are bosons, they can condense at 
LT, forming a coherent many-particle phase, which 
ccan carry current without resistance, Interestingly, de- 
fect scattering does not influence the condensate if the 
coupling along the Fermi surface is homogeneous (s- 
‘wave superconductor). The reason is that the symmetry 
of the scattering of the two components of a Cooper 
pair effectively leads to a scattering from one Cooper 
pair state to another without affecting the condensate. 
This is different if the scatterer is magnetic, since the 
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different spin components of the pair are scattered dif- 
ferently, leading to an effective pair breaking visible as 
a single-particle excitation within the superconducting 
‘zap. On a local scale, the effect has frst been demon- 
strated by putting Mn, Gd, and Ag atoms on a Nb(110) 
surface [14.93]. While the nonmagnetic Ag does not 
modify the gap shown in Fig. 14.16a, it is modified 
in an asymmetric fashion close to Mn or Gd adsor- 
bates, as shown in Fig. 14.16b. The asymmetry of the 
additional intensity is caused by the breaking of the 
particle-hole symmetry due to the exchange interac- 
tion between the localized Mn state and the itinerate 
Nb states 

Another important local effect is caused by the rel- 
atively large coherence length of the condensate. At 
material interface, the condensate wave function can- 
not stop abruptly, but laps into the surrounding material 
(proximity effect). Consequently, a superconducting gap 
can be measured in areas of non-superconducting ma- 
terial, Several studies have shown this effect on the 


), 298 K(f), 349 K (g), 387 K (h). 
its periodicity is highlighted by big white dots in (e) 
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16.16 (a) d/dV-curve of Nb(110) at 7 =3.8K (symbols) in comparison with a BCS-fit ofthe superconducting gap 
of Nb ine). (b) Difference between the df/dV-curve taken directly above a Mn-atom on Nb(110) and the df/dV-curve 
taken above the clean Nb(110) (symbols) in comparison with a fit using the Bogulubov-de Gennes equations (line) 
((a),(b) courtesy of Eigler, Almaden). (c}-(e) di/dV-images of a vortex core in the type-II superconductor 2H-NbSe3 at 
OmY (d), 0.24mV (A), and 0.48 mv (e) ((c)-(e) courtesy of H.F. Hess). (f)~(h) Corresponding calculated LDOS images 
within the Eilenberger framework ((f)~(h) courtesy of Machida, Okayama). i) Overlap of an STM image at V = ~100mV 
(backround 2-D image) and a d/dV-image at V = OmV (overlapped 3-D image) of optimally doped BixStsCaCus0s. 
containing 0.6% Zn impurities. The STM image shows the atomic structure ofthe cleavage plane, while the d// AV-image 
shows a bound state within the superconducting gap, which is located around a single Zn impurity. Te fourfold symmetry 
ofthe bound state reflects the dike symmetry of the superconducting pairing function; (i) d// €V-curves taken at different 
Positions across the Zn impurity: the bound state close o 0 mV is visible close tothe Zn atom; (k) LDOS in the vortex core 
of slightly overdoped BizSr2CaCu2Ox+5, B= ST: the di/ dV-image taken at B = Tis integrated over V = 1-12 mV, 
and the corresponding d//dV-image at B = OTT is subtracted to highlight the LDOS induced by the magnetic field. The 
checkerboard pattem within the seven vortex cores exhibits a periodicity, which is fourfold with respect to the atomic 
lattice shown in (i and is thus assumed to be a CDW (i)=(k) courtesy of S. Davis, Comell and S. Uchids, Tokyo) 
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local scale using metals and doped semiconductors as 
surrounding materials [14.9495] 

‘While the classical type-t superconductors ar ideal 
diamagnets, the so-called type-II superconductors can 
contain magnetic fax. The flax forms vortices, each 
containing one flux quantum, These vortices are ac- 
companied by a disappearance of the superconducting 
gap and, therefore, can be probed by STS [14.96] 
LDOS maps measured inside the gap lead to bright 
features in the area of the vortex core. Importantly. 
the length scale of these features is different from the 
length scale of the magnetic flux due to the differ 
ence hetween London's penetration depth and coherence 
length, Thus, STS probes another property of the 
vortex than the usual magnetic imaging techniques 
(see Sect. 14.4.4). Surprisingly, frst measurements of 
the vortices on NoSe> revealed yortices shaped as 
fa sixfold star [14.97] (Fig. 14.16c). With increasing 
voltage inside the gap, the orientation of the star ro- 
tates by 30° (Fig. 14.16d.e). The shape of these stars 
could finally be reproduced by theory, assuming an 
anisotropic pairing of electrons in the superconduc- 
tor (Fig. 14.16f-h) [14.98]. Additionally, hound states 
inside the vortex core, which result from confine- 
‘ment by the surrounding superconducting material, are 
found [14.97]. Further experiments investigated the ar- 
rangement of the vortex lattice, including transitions 
between hexagonal and quadratic latices [14.9], the 
influence of pinning centers (14.100), and the vortex 
‘motion induced by current (14.101 

‘An important topic is still the understanding. of 
high temperature superconductivity (HTCS). An al- 
‘most accepted property of HTS is its d-wave pairing 
symmetry. In contrast to s-wave superconductors, scat 
tering can lead to pair breaking, since the Cooper 
pir density vanishes in certain directions. Indeed, 
Scattering states (bound states in the gap) around 
nonmagnetic Zn impurities have been observed in 
BiySrCaCuyOy,, (BSCCO) (Fig. 14.16ij) [14.26] 
They reveal a d-like symmetry, but not the one ex- 
pected from simple Cooper pair scattering. Other 
effects such as magnetic polarization in the environ- 
‘ment probably have to be taken into account (14.102) 
Moreover, it has been found that magnetic Ni im- 
purities exhibit a weaker scattering. structure than 
Zn impurities [14.103]. Thus, BSCCO shows exactly 
the opposite behavior of the Nb discussed above 
(Fig. 14.16a.5), An interesting topic is the importance 
of inhomogeneities in HTCS materials. Evidence for 
inhomogeneities has indeed been found in underdoped 
‘materials, where puddles ofthe superconducting phase 
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are shown to be embedded in non-superconducting 
areas [14.104] 

Of course, vortices have also been investigated in 
HITCS materials [14.105]. Bound states are found, but 
energies that are in disagreement with simple models, 
assuming a BCS-like d-wave superconductor [14.106, 
107]. Theory predicts, instead, that the bound states are 
‘magnetic-feld-induced spin-density waves stressing the 
competition between anti-ferromagnetic order and su- 
perconductivity in HTCS materials (14.108). Since the 
spin density wave is accompanied by a charge den- 
sity wave of half wavelength, it can be probed by 
STS [14.109]. Indeed, acheckerboard pattem ofthe right 
periodicity has heen found in and around vortex cores 
in BSCCO (Fig. 14.16k). It exceeds the width of an in- 
dividual vortex core, implying thatthe superconducting 
coherence length is different from the anti-ferromagnetic 


Complex Systems (Manganites) 
Complex phase diagrams are not restricted to HTCS 
‘materials (cuprates). They exist wth similar complexity 
for other doped oxides such as manganites. Only a few 
studies of these materials have been performed by STS, 
‘mainly showing the inhomogeneous evolution of metal- 

and insulating phases (14.110, 111]. Similarities to 
the granular case of an underdoped HTCS material are 
obvious. Since inhomogeneities seem to be crucial in 
‘many of these materials, a local method such as STS 
might continue to be important forthe understanding of 
their complex properties, 


14.3.6 Imaging Spin Polarization: 
Nanomagnetism 


Conventional STS couples to the LDOS, i-e., the charge 
distribution of the electronic states. Since electrons also 
have spin, itis desirable to also probe the spin distribu- 
tion of the states. This can be achieved if the tunneling 
tip is covered by a ferromagnetic material [14.112] 
‘The coating acts as a spin filter or, more precisely, the 
tunneling current depends on the relative angle a,j be- 
tween the spins of the tip and the sample according 10 
cos(«j). In ferromagnets, the spins mostly have one 
preferential orientation along the so-called easy axis, 
i.e.,a particular tip is not sensitive to spin orientations 
of the sample perpendicular to the spin orientation of 
the tip. Different tips have to be prepared to detect dif- 
ferent spin orientations of the sample. Moreover, the 
magnetic stray field of the tip can pertur the spin 
orientation of the sample, To avoid this, a technique 
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Fig. 16.17 (a)-(d) Spin-polarized STM images of 1.65 
monolayer of Fe deposited on a stepped W(110) surface 
measured at different B-fields, as indicated, Double layer 
and monolayer Fe stripes are formed on the W substrate 
only the double layer stripes exhibit magnetic contrast with 
an out-of-plane sensitive tip as used here. White and grey 
‘areas correspond to different domains. Note that more 
White areas appear with increasing field. (e) STM image of 
an antiferromagnetic Mn monolayer on W(110). (f) Spin- 
polarized STM-image of the same surface (in-plane tip) 
The insets in (e) and (f) show the calculated STM and 
spin-polarized STM images, respectively, and te stick and 
ball models symbolize the atomic and the magnetic unit cell 
((a)-(f) courtesy of M. Bode, Hamburg). (g)Spin-polarized 
STM image of a 6-nm-high Fe island on W(110) (in-plane 
tip). Four different areas are identified as four different do- 
‘mains with domain orientations as indi 

(h) Spin-potarized STM image of the central area ofan is- 
lands the siz ofthe are is indicated by the rectangle in (g) 
the measurement is performed with an out-of-plane sensi- 
tive tip showing that the magnetization turns out-of-plane 
inthe center ofthe island 


ed by the arrows. 


using anti-ferromagnetic Cras a tip coating material has 
been developed [14.113]. This avoids stray fields, but 
still provides a preferential spin orientation of the few 
‘atoms at the tip apex that dominate the tunneling current. 
Depending on the thickness of the Cr coating, spin ori- 
entations perpendicular or parallel to the sample surface 
are prepared, 

So far, the described technique has been used 
to image the evolution of magnetic domains with 
increasing B-field(Fig. 14.17a-d) [14.114], the anti 
ferromagnetic order of aMn monolayer on W(110) 
(Fig. 14.17e,f) [14.115], and the out-of-plane orienta. 
tion predicted for a magnetic vortex core as it exists in 
the center of a Fe island exhibiting four domains in the 
flux closure configuration (Fig. 14.17g,h) [14.116] 

Besides the obvious strong impact on nanomag- 
netism, the technique might also be used to investigate 
other electronic phases such as the proposed spin density 
wave around a HTCS vortex core, 
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14.4 Scanning Force Microscopy and Spectroscopy 


SESThe examples discussed in the previous section 
show the wide variety of physical questions that have 
been tackled with the help of LTSTM. Here, we turn 
to the other prominent scanning probe method that is 
applied at low temperatures, namely, SFM, which gives 
complementary information on sample properties on the 
atomic scale. 

‘The ability to sensitively detect forces with spa- 
tial resolution down to the atomic Scale is of great 
interest, since force is one of the most fundamental 
quantities in physics. Mechanical force probes usually 
consist of a cantilever with a tip at its free end that 
is brought close to the sample surface. The cantilever 
can be mounted parallel or perpendicular to the surface 
(general aspects of force probe designs are described in 
Chapt. 12), Basically, two methods exist to detect forces 
‘with cantilever-based probes ~ the static and the dynamic 
‘mode (see Chapt. 11). They can be used to generate a lat- 
erally resolved image (microscopy mode) or determine 
its distance dependence (spectroscopy mode). One can 
argue about the terminology, since spectroscopy is usu- 
ally related to energies and not to distance dependences. 
Nevertheless, we will use it throughout the text, because 
it avoids lenghty paraphrases and is established in this 
sense throughout the literature. 

Inthe static mode, a force that acts on the tip bends 
the cantilever. By measuring its deflection Az the tip- 
sample force Fi, can be directly calculated with Hooke's 
law: Fi, =e. Az, where ¢- denotes the spring constant 
of the cantilever, In the various dynamic modes, the 
cantilever is oscillated with amplitude A at or near its 
cigenfrequency fo, but in some applications also off 
resonance. At ambient pressures or in liquids, ampli- 
tude modulation (AM-SFM) is used to detect amplitude 
changes or the phase shift between driving force and can- 
tilever oscillation. In vacuum, the frequency shift A f of 
the cantilever due to a tip-sample interaction is m 
ured by frequency modulation technique (FM-SFM). 
‘The nomenclature is not standardized. Terms like tap- 
ping mode or intermittent contact mode are used instead 
of AM-SFM, and NC-AFM (noncontact atomic force 
‘microscopy) or DFM (dynamic force microscopy) in- 
stead of FM-SFM or FM-AFM. However, all these 
modes are dynamic, i.e. they involve an oscillating 
cantilever and can be used in the noncontact, as well 
as in the contact regime. Therefore, we believe that the 
best and most consistent way is to distinguish them by 
their different detection schemes. Converting the meas- 
‘ured quantity (amplitude, phase, or frequency shift) nto 
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physically meaningful quantity e.g. the tip-sample in- 
teraction force For the force gradient AF/3z, is not 
always straightforward and requires an analysis of the 
equation of motion of the oscillating tip (see Chaps. 15, 
By 

Whatever method is used, the resolution of 
4 cantlever-based force detection is fundamentally lim- 
ited by its intrinsic thermomechanical noise, If the 
cantilever is in thermal equilibrium at a temperature 7, 
the equiparttion theorem predicts a thermally induced 
root mean square (sms) motion of the cantilever in 
= direction of Zim =(kpT/con)'*, where ky is the 
Boltzmann constant and cq =¢.+ 3Fis/#. Note that 
usually dF,/dz >> ¢: in contact and dFi/dz <e. in 
noncontact, Evidently, this fundamentally limits the 
force resolution in the static mode, particularly if op- 
crated in noncontact. OF course, the same is true for the 
different dynamic modes, because the thermal energy 
kgT excites the eigenfrequency fy of the cantilever. 
‘Thermal noise is white noise, ie, its spectral density 
is flat. However, if the cantilever transfer function is 
taken into account, one can see that the thermal energy 
iainly excites fp, This explains the term “thermo” in 
thermomechanical noise, but what is the “mechanical” 
pan? 

‘A more detailed analysis reveals that the thermally 
induced cantilever motion is given by 


(14.2) 


where B is the measurement handwidth and Q is the 
quality factor ofthe cantilever. Analog expressions can 
be obtained for all quantities measured in dynamic 
modes, because the deflection noise translates, e-.. into 
frequency noise [14.5]. Note that fo and e- are corre- 
Jated with each other via 27 fy = (c./mten)!/?, where 
the effective mass mer depends on the geometry, den- 
sity, and elasticity of the material. The Q-factor of the 
cantilever is related to the external damping of the can- 
tileyer motion in a medium and on the intrinsic damping 
within the material, This is the “mechanical” part of the 
fundamental cantilever noise 

tis possible to operate a low temperature force 
croscope directly immersed in the cryogen {14.117,118] 
or in the cooling gas [14.119], whereby the cooling is 
simple and very effective. However, itis evident from 
(14.2) that the smallest fundamental noise is achievable 
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in vacuum, where the Q-factors are more than 100 times 
larger than in air, and at low temperatures 

‘The best force resolution up to now, which is bet- 
terthan 1x10!" N/Hz"/, has been achieved by Main 
etal. [14,120] in vacuum ata temperature below 300 mK. 
Due to the reduced thermal noise and the lower ther- 
mal drift, which results in a higher stability of the 
tip-sample gap and a betier signal-to-noise ratio, the 
highest resolution is possible at low temperatures in 
ultrahigh vacuum with FM-SFM, A vertical rms-noise 
below 2pm [14.121, 122] and a force resolution below 
1 aN [14.120] have been reported. 

Besides the reduced noise, the application of 
force detection at low temperatures is motivated by 
the increased stability and the possibilty to observe 
phenomena, which appear below a certain critical tem- 
perature T., as outlined at page 414, The experiments, 
Which have been performed at low temperatures up until 
now, were motivated by at least one ofthese reasons and 
can he roughly divided into four groups: (i) atomic-seale 
imaging, (ii) force spectroscopy, (iii) investigation of 
quantum phenomena by measuring electrostatic forces, 
and (iv) utilizing magnetic prohes to study ferromagnets, 
superconductors, and single spins. Inthe following, we 
describe some exemplary results. 


14.4.1 Atomic-Scale Imaging 


Ina simplified picture, the dimensions of the tip end 
and its distance to the surface limit the lateral resolution 
of force microscopy, since it is a near-field technique. 
Consequently, atomic resolution requires a stable single 
atom at the tip apex that has to be brought within a dis- 
tance of some tenths of a nanometer to an atomically flat 


A tstlaer 
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surface. Both conditions can be fulfilled by FM-AFM, 
and nowadays true atomic resolution is routinely ob- 
tained (see Chapt. 13), However, the above statement 
says nothing about the nature and the underlying pro- 
cesses of imaging with atomic resolution. Si(111)-(7%7) 
was the first surface on which true atomic resolu- 
tion was achieved [14.123], and several studies have 
been performed at low temperatures on this well-known 
material [14.124-126], First principle simulations per- 
formed on semiconductors withasilicon tip revealed that 
chemical interactions, i-e., «significant charge redistri- 
bution between the dangling bonds of tip and sample, 
dominate the stomic-scale contrast [14.127-129]. On V- 
IL semiconductors, it was found that only one atomic 
species, the group V atoms, is imaged as protrusions 
With a silicon tip [14.128, 129], Furthermore, these sim- 
ulations revealed thatthe sample, as well asthe tip atoms 
are noticeably displaced from their equilibrium position 
due to te interaction forces. At low temperatures, both 
aspects could be observed with silicon tips on indium 
arsenide [14.121, 130] 


Chemical Sensitivity of Force Microscopy 
‘The (110) surface of the III-V semiconductor in- 
dium arsenide exhibits both atomic species in the top 
layer (see Fig. 14.18a), Therefore, this sample is well 
suited to study the chemical sensitivity of force mi- 
croscopy [14.121]. In Fig, 14.186, the usually observed 
atomic-scale contrast on InAs(|10) is displayed. As pre- 
dicted, the arsenic atoms, which are shifted by 80 pm 
tahove the indium layer due to the (1x1) relaxation, 
are imaged as protrusions. While this general appear- 
tance was similar for most tips, two other distinctively 
different contrasts were also observed: a second protru- 
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Fig. 14.18a-d ‘The structure of InAs(110) as seen from top (a) and three FM-AFM images of this surface obtained with 
different tips at 14 K (b)=(4). In (b), only the arsenic atoms are imaged as protrusions, as predicted for a silicon tip. The 
two features in (c) and (d) corresponds to the zigzag arrangement of the indium and arsenic atoms. Since force microscopy 
is sensitive to short-range chemical forces, the appearance of the indium atoms can be associated with a chemically 
differen tip apex 
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sion (c) and sharp depression (d). The arrangement of 
these two features corresponds well to the zigzag con- 
figuraion of the indium and arsenic atoms along the 
{110}diestion, A sound explanation would be as fol 
lows: The contrast usually obtained with one feature per 
surface unit cell corresponds toa silicon-terminated tp, 
as predicted by simulations. A different atomic species 
tthe tip apes, however, can result in «very different 
charge redistribution, Since the atomic-scale contrast is 
due to a chemical interaction, the two other contrasts 
‘would then correspond to a tip that has been acci- 
dentally contaminated with sample material (arsenic or 
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16.19a,b Two FM-AFM images of the identical 
indium-site point defect (presumably an indium vacancy) 
recorded at 14K. If the tip is relatively far away, the theo- 
retically predicted inward relaxation of two arsenic atoms 
adjacent to an indium vacancy is visible (a). At a closer 
tip-sample distance (b), the two arsenic atoms are pulled 


farther toward the tip compared to the other arsenic atoms, 
since they have only two instead of three bonds 
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indium-terminated tip apex). Nevertheless, this expla- 
nation has not yet been verified by simulations for this 
material 


Tip-Induced Atomic Relaxation 
Schwarz et al. [14.121] were able to directly visualize 
the predicted tip-induced relaxation during atomic-scale 
imaging near a point defect. Figure 14.19 shows two 
FM-AFM images of the same point defect recorded 
with different constant frequency shifts on InAs(110), 
ice., the tip was closer to the surface in (b) compared 
to (a). The arsenic atoms are imaged as protrusions 
with the used silicon tip. From the symmetry of the 
defect, an indium-site defect can be inferred, since the 
distance-dependent contrast is consistent with what has 
to be expected for an indium vacancy. This expecta- 
tion is based on calculations performed for the similar 
II-V semiconductor GaP(110), where the two surface 
gallium atoms around a P-vacancy were found to relax 
downward [14.131]. This corresponds to the situation in 
Fig. 14.19, where the tip is relatively far away and an 
inward relaxation of the two arsenic atoms is observed. 
‘The considerably larger attractive force in Fig. 14.19, 
however, pulls the two arsenic atoms toward the tip, All 
other arsenic atoms are also pulled, but they are less dis- 
placed, because they have three bonds to the bulk, while 
the two arsenic atoms in the neighborhood of an indium 
‘vacancy have only two bonds. This direct experimental 
proof of the presence of tip-induced relaxations is also 
relevant for STM measurements, because the tip-sample 
distances are similar during atomic resolution imaging 
Moreover, the result demonstrates that FM-AFM can 
probe elastic properties on an atomic level 


Imaging of Weakly Interacting 
van der Waals Surfaces 
For weakly interacting van der Waals surfaces like the 
(0001) surface of graphite, much smaller atomic cor- 
rugation amplitudes are expected compared to strongly 
interacting surfaces such as semiconductors. In graphite, 
a layered material, the carbon atoms are covalently 
bonded and arranged in a honeycomb structure within 
the (0001) plane. Individual layers of (0001) planes 
(ABA... stacking) stick together only by weak van 
der Waals forces, Three distinctive sites exist on the sur- 
face: carbon atoms with (A-type) and without (B-type) 
a neighbor in the next graphite layer and the hollow 
site (H-site) in the hexagon center. Neither static con- 
tact force microscopy nor STM can resolve the three 
different sites. For both methods, the contrast is well 
understood and exhibits protrusions with a sixfold sym- 
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metry and a periodicity of 246 pm. In high resolution 
FM-AFM images acquired at low temperatures, a large 
‘maximum and two different minima have been resolved 
(see Fig. 14.20a). A simulation using the Lennard-Jones 
potential, in which the attractive part is given by the 
short-range interatomic van der Waals force, reproduced 
these three features very well. By comparison with the 
experimental data (cf. the solid and the dotted line in 
the section of Fig. 14.20a), the large maximum could 
be assigned to the hollow site, while the two different 
‘minima represent A- and B-type carbon atoms [14,132] 
Note that the image contrast is inverted with respect the 
arrangement of the atoms, i-e., the minima correspond to 
the position of the carbon atoms, The carbon-carbon dis- 
tance of only 142,pmis the smallest interatomic distance 
that has been resolved with FM-AFM so far. Moreover, 
the weak tip-sample interaction results in typical corru- 
gation amplitudes around 10 pm peak-to-peak, ie., just 
above the noise level [14.7 

While experiments on graphite basically gain ad- 
vantages from the increased stability and signal-to-noise 
ratio at low temperatures, solid xenon (melting temper- 
ature Ty = 161 K) can only be observed at sufficiently 
low temperatures [14.8]. In addition, xenon isa pure van 
der Waals crystal, and since itis an insulator, FM-AFM 


220 a0 20100 
Distance (pm) 


Fig. 14.203, FM-AFM images of graphite(000) (a) and 
Xe(111)(b}recorded.at22 K. On the right side, line sections 
taken from the experimental data (solid lines) are compared 
to simulations (dovted lines). A~ and B-type carbon atoms, 
as well as the hollow site (H-site) on graphite can be dis- 
tinguished, but are imaged with inverted contrast, i.e. the 
carbon sites are displayed as minima, Such an inversion 
‘does not occur on Xe( 111) 


is the only real space method available today that allows 
the study of solid xenon on the atomic scale. 

Allers et al. [14.8] adsorbed a well-ordered xenon 
filmoncold graphite(0001) (7-< 55 K) and subsequently 
studied itat 22 K by FM-AFM (see Fig. 14.20b).Thesix- 
fold symmetry and the distance between the protrusions 
correspond well with the nearest neighbor distance in 
the closed, packed (111) plane of bulk xenon, which 
crystallizes inthe face-centered cubic structure. A com- 
parison between experiment and simulation confirmed 
that the protrusions correspond to the position of the 
xenon atoms [14.133]. However, the simulated corruga- 
tion amplitudes do not fit as well as for graphite (see 
sections in Fig. 14.20b). A possible reason is that tip- 
induced relaxations, which were not considered in the 
simulations, are more important for this pure van der 
Waals erystal xenon than they are for graphite, because 
in-plane graphite exhibits strong covalent bonds. Never- 
theless, the results demonstrated that a weakly bonded 
van der Waals crystal could be imaged nondestructively 
on the atomic scale forthe first time. 


14.4.2. Force Spectroscopy 


‘A wealth of information about the nature of the tip- 
sample interaction can be obtained by measuring its 
distance dependence. This is usually done by record- 
ing the measured quantity (deflection, frequency shift, 
amplitude change, phase shift) and applying an appro- 
priate voltage ramp to the z-electrode of the scanner 
piezo, while the z-feedback is switched off. Accord- 
ing to (14.2), low temperatures and high Q-factors 
(vacuum) considerably increase the force resolution. In 
the static mode, long-range forces and contact forces 
‘can be examined, Force measurements at small tip- 
sample distances are inhibited by the jump-to-comtact 
phenomenon: If the force gradient 3Fj,/32 becomes 
larger than the spring constant ¢;, the cantilever can- 
not resist the attractive tip-sample forces and the tip 
snaps onto the surface. Sufficiently large spring con- 
stants prevent this effect, but reduce the force resolution. 
In the dynamic modes, the jump-to-contact can be 
avoided due to the additional restoring force (¢-A) at 
the lower turnaround point. The highest sensitivity can 
be achieved in vacuum by using the FM technique, i.e., 
by recording A f(c)-curves. An alternative FM spec- 
troscopy method, the recording of A f(A)-curves, has 
been suggested by Héischer et al, [14.134]. Note that 
if the amplitude is much larger than the characteris- 
tic decay length of the tip-sample force, the frequency 
shift cannot simply be converted into force gradients by 
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OTHER RELATED COMPONENTS 


+ potentiometer (See Chapter 11) 


What It Does 


A resistor is one of the most fundamental com- 
ponents in electronics. Its purpose is to impede 
alow of current and imposea voltage reduction. 
Itconsists of two wires or conductors attached at 
opposite ends or sides of a relatively poor elec- 
trical conductor, the resistance of which is meas- 
ured in ohms, universally represented by the 
Greek omega symbol, 0. 


Schematic symbols that represent a resistor are 
shown in Figure 10-1 (Left: The traditional sche- 
matic symbol. Right: The more recent European 
equivalent). The US symbol is still sometimes 
used in European schematics, and the European 
symbol is sometimes used in US schematics. Let- 
ters K or M indicate that the value shown for the 
resistor is in thousands of ohms or millions of 
‘ohms, respectively, Where these letters are used 
in Europe, and sometimes in the US, they are 
substituted for a decimal point. Thus, a 4.7K re- 
sistor may be identified as 4K7, a 3.3M resistor 
may be identified as 3M3, and so on. (The nu- 
mericvaluein Figure 10-1 was chosen arbitrarily.) 


47K 
WW 


“aKT 


Figure 10-1. Resistor symbols. The left one is more corm: 
‘mon in the United States, while the right one is widely 
used in Europe, The 4.7K value was chosen arbitrarily. 


power > moderation > resistor 


nS 


resistor 


mM 
WU 


Aresistoris commonly used for purposes suchas 


limiting the charging rate of a capacitor; pro- 
viding appropriate control voltage to semicon- 
ductors such as bipolar transistors; protecting 
LEDs or other semiconductors from excessive 
current; adjusting or limiting the frequency re- 
sponse in an audio circuit (in conjunction with 
other components); pulling up or pulling down 
the voltage at the input pin ofa digital logic chip; 
or controlling a voltage at a point in a circuit. In 
this last application, two resistors may be placed 
in series to create a voltage divider. 


A potentiometer may be used instead of a re- 
sistor where variable resistance is required. 


Sample resistors of various values are shown in 
Figure 10-2, From top to bottom, their power dis- 
sipation ratings are 3W, 1W, 1/2W, 1/4W, 1/4W, 
1/4W, and 1/8W. The accuracy (tolerance) of each 
resistor, from top to bottom, is plus-or-minus 5%, 
5%, 5%, 19%, 1%, 5%, and 196, The beige-colored 
body of a resistor is often an indication that its 
tolerance is 5%, while a blue-colored body often 
indicates a tolerance of 1% or 2%. The blue- 
bodied resistors and the dark brown re 
tain metal-oxide film elements, while the beige- 
bodied resistors and the green resistor contain 
carbon film. For more information on resistor val- 
ues, see the upcoming Values section. 
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using AF Af] fo (14.135). Several methods 
have been published to convert A f(z) data into the tip- 
sample potential Vjs(z) and tip-sample force F(z) (see, 
eg., [14.136, 137). 


Measurement of Interatomic Forces 
at Specific Atomic Sites 

FM force spectroscopy has been successfully used to 
‘measure and determine quantitatively the short-range 
chemical force between the foremost tip atom and spe- 
cific surface atoms [14.109, 138, 139]. Figure 14.21 
displays an example for the quantitative determination of 
the short-range force. Figure 14.21a shows two A f(c)- 
curves measured with a silicon tip above a comer hole 
and above an adatom. Their position is indicated by 
arrows in the inset, which displays the atomically re- 
solved Si(111)}-(7x7) surface. The two curves differ 
from each other only for small tip-sample distances, 
because the long-range forces do not contribute to the 
tomic-scale contrast. The low, thermally induced lat- 
cral drift and the high stability at low temperatures were 
required to precisely address the two specific sites. To 
extract the short-range force, the long-range van der 
‘Waals and/or electrostatic forces can be subtracted from 
the total force. The grey curve in Fig, 14.21} has been 
reconstructed from the A f(z)-curve recorded above an 
adatom and represents the total force. After removing 
the long-range contribution from the data, the much 
steeper black line is obtained, which corresponds to the 
short-range force between the adatom and the atom at 
the tip apex. The measured maximum attractive force 
(=2.1 nN) agrees well with first principle calculations 
(=2.25nN). 


Three-dimensional Force Field Spectroscopy 
Further progress with the FM technique has been made 
by Holscher et al. [14.140]. They acquired a complete 
3D force field on NiO(001) with atomic resolution (3-D 
Jorce field spectroscopy). In Fig. 14.22, the atomically 
resolved FM-AFM image of NiQ(O01) is shown to- 
gether with the used coordinate system and the tip to 
illustrate the measurement principle. NiO(001) crystal- 
lizes in the rock salt structure. The distance between 
the protrusions corresponds to the lattice constant of 
417 pm, i.e., only one type of atom (most likely the oxy- 
gen) is imaged as protrusion. In an area of I nm I nm, 
32x32 individual A fiz)-curves have been recorded 
at every (x, y) image point and converted into Fi(z)- 
curves. The A f(x, y.2) data set is thereby converted 
into the 3D force field F(x, y,2). Figure 14.22b, 
here a specific x-z-plane is displayed, demonstrates 
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Fig. 16.21a,b FM force spectroscopy on specific atomic 
sites at 7.2K. In (@), an FM-SFM image of ‘the 
Si(111}(7%7) surface is displayed together with two 
A/(2)-curves, which have been recorded atthe positions 
indicated by the arrows, i.e. above the cornethole (brown) 
and above an adatom (black). In (b), the total force above 
an adatom (brown line) has been recovered from the 

(<)-cuve, After subiaction of the long-range pat, the 
short-range force canbe determined (black line) (courtesy 
of HLA. Hugs ef. [14.138)) 


that atomic resolution is achieved. It represents a 2. 
cut Fg(x, y= const 2) along the [100}-direction (cor- 
responding to the shaded slice marked in Fig. 14.22a) 
Since a large number of curves have been recorded, 
Langkar et al, (14.139] could evaluate the whole data 
set by standard statistical means to extract the long- 
and short-range forces. A possible future application 
of 3-D force field spectroscopy could be to map the 
short-range forces of complex molecules with function- 
alized tips in order to locally resolve their chemical 
reactivity 
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Fig.1H.22a,b Principle of the 3D force filed spectroscopy 
method (a) and a 2D cut through the 3-D force fieldFs(x.y.<) 
recorded at 4K (b). At all 32532 image points ofthe 1 nm 1 nm 
large sean area on NiO(OO1), a A f(z)-curve has been recorded. The 
fobiained A f(x,y.) data set is then converted into the 3-D tip- 
sample force field F(x, v, 2). The shaded slice F(x. y 

in (a) corresponds t0 a cut along the (100}-direction and demon- 
strates that atomic resolution has heen obtained, because the distance 
‘etween the protrusions corresponds well tothe lattice constant of 
nickel oxide 


Noncontact Friction 
Another approach to achieve small tip-sample distances 
in combination with high force sensitivity is to use 
soft springs in a perpendicular configuration. The much 
higher cantilever stiffness along the cantilever axis pre- 
vents the jump-to-contact, but the lateral resolution is 
limited by the magnitude of the oscillation amplitude. 
However, with such a setup at low temperatures, Stipe 
etal. [14.141] measured the distance dependence of the 
very small force due to noncontact friction between tip 


and sample in vacuum. The effect was attributed to elec 
tric charges, which are moved parallel to the surface 
by the oscillating tip, Since the topography was not 
recorded in situ, the influence of contaminants or surface 
steps remained unknown, 


14.4.3 Electrostatic Force Microscopy 


Electrostatic forces are readily detectable by a force mi- 
croscope, because tip and sample can be regarded as 
two electrodes of a capacitor, If they are electrically 
‘connected via their back sides and have different work 
functions, electrons will flow between tip and sam- 
ple until their Fermi levels are equalized. As a result, 
an electric field and, consequently, an attractive elec- 
trostatic force exists between them at zero bias. This 


contact potential difference can be balanced by apply- 
ing an appropriate bias voltage. It has been demonstrated 
that individual doping atoms in semiconducting mater- 
ials can be detected by electrostatic interactions due 
to the local variation of the surface potential around 
them [14,142,143] 


Detection of Edge Channels 
in the Quantum Hall Regime 
{At ow temperatures, electrostatic force microscopy has 
been used 10 measure the electrostatic potential in the 
quantum Hall regime of a two-dimensional electron gas 
(DEG) buried in pitaially rown GaAs/AIGaAs het 
erostructures [14.144—147]. In the 2-DEG, electrons can 
move frely in the x-y-plane, but they eannot move in 
2-irection, Electrical transport properties of a 2-DEG 
are very different compared to normal meallic con- 
duction, Particularly, the Hall resistance Ry —h/ne? 
(ovhere represents Planck's constant, eis the electron 
charge, and n=1,2,...) is quantized in the quan- 
tum Hall regime, ine, at suficiently low tempertures 
(7-<4K) and high magneti fields (up to 207), Under 
these canltions, theoretical calculstions predict the ex- 
istence of edge channelsina Hall bar. A Hall baris strip 
conductor that i contacted in a specific way to allow 
longitudinal and transversal transport measurements in 
s perpendicular magnetic field. The curent isnot evenly 
Gistihated over the cross section ofthe ba, but passes 
mainly along rather thin paths close to the edges, This 
prediction has been verified by measuring profiles of 
the electrostatic potential across a Hal bar indifferent 
perpendicular external magnetic elds (14.144-146] 
Figure 14.23 shows the experimental setup used to 
observe these edge channels on top of a Hall bar with 
4 force microscope. The tip is positioned above the sur- 
face of a Hall bar under which the 2-DEG is buried 
The direction ofthe magnetic feld is oriented perpen- 
dicular to the 2-DEG. Note that although the 2-DEG is 
located several tens of nanometers below the surface, 
its influence on the electrostatic surface potential can be 
detected. In Fig, 14.23b, the results of scans perpendic- 
tar tothe Hall bar are ploted against the magnitude of 
the extemal magnetic fed. The value ofthe electrostatic 
potential is grey-coded in arbitrary units. In certain field 
ranges, he potential changes linearly across the Hall 
bar, while in other field ranges the potential drop is con- 
fined to the edges of the Hall bar. The predicted edge 
channels can explain this behavior. The periodicity of 
the phenomenon is related to the filling factor v, i.e. 
the number of Landau levels that are filled with elec- 
trons (se also Sect. 14.3.4). Is value depends on 1/8 
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Fig. 14,23a,b Configuration ofthe Hall bar within a low temperature (7'< 1 K) force microscope (a) and profiles (y-axis) 
at different magnetic field (x-axis) of the electrostatic potential across a 14-yum-wide Hall bar in the quantum Hall 
regime (b). The external magnetic field is oriented perpendicular to the 2-DEG. which is buried below the surface. Bright 
and dark regions reflect the characteristic changes of the electrostatic potential across the Hall bar at different magnetic 
fields and can be explained by the existence of the theoretically predicted edge channels (courtesy of E. Ahlswede; 


ef. 114.146), 


and is proportional to the electron concentration ne in 
the 2-DEG (v=n-h/eB, where h represents Planck's 
constant and e the electron charge). 


1.4 Magnetic Force Microscopy 


To detect magnetostatic tip-sample interactions with 
‘magnetic force microscopy (MFM), a ferromagnetic 
probe has tobe used. Such probes are readily prepared by 
evaporating a thin magnetic layer, e.g., 101nm iron, onto 
the tip. Due to the in-plane shape anisotropy of thin films, 
the magnetization of such tips lies predominantly along 
the tip axis, i.e., perpendicular to the surface. Since 
‘magnetostatic interactions are long-range, they can be 
separated from the topography by scanning in a certain 
constant height (typically around 20 nm) above the sur- 
face, where the z-component of the sample stray field 
is probed (see Fig. 14.24a). Therefore, MEM is always 
operated in noncontact. The signal from the cantilever 
is directly recorded while the z-feedback is switched 
off, MFM can be operated in the static mode or in the 
dynamic modes (AM-MFM at ambient pressures and 
FM-MFM in vacuum). A lateral resolution below 50 nm. 
ccan be routinely obtained. 


Observation af Domain Patterns 
MEM is widely used to visualize domain patterns of 
ferromagnetic materials. At low temperatures, Moloni 
et al. [14.148] observed the domain structure of 
‘magnetite below its Verwey transition temperature 
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(Ty = 122K), but most of the work concentrated on 
thin films of Lay,CayMn0s [14.149-151], Below Ty, 
the conductivity decreases by two orders of magnitude 
and a small structural distortion is observed. The do- 
‘main structure of this mixed valence manganite is of 
reat interest, because its resistivity strongly depends 
on the extemal magnetic field, i.e, it exhibits a large 
colossal magneto resistive effect. To investigate the field 
dependence of domain patterns in ambient conditions, 
electromagnets have to be used. They can cause se- 
vere thermal drift problems due to Joule-heating of the 
coils by large currents. Field on the order of 100 mT 
can be achieved. In contrast, much larger fields (more 
than 107) can be rather easily produced by imple- 
‘menting a superconducting magnet in low temperature 
setups. With such a design, Liebmann et al. [14.151] 
recorded the domain structure along the major hys- 
teresis loop of Lay7Cay3MnOy epitaxially grown on 
LaAIOs (see Fig. 14.24b-f). Te film geometry (thick- 
ness is 100m) favors an in-plane magnetization, but 
the lattice mismatch with the substrate induces an out- 
of: plane anisotropy. Thereby, an iregular pattern of strip 
domains appears in zero field, Ifthe external magnetic 
field is increased, the domains with anti-parallel ori- 
entation shrink and finally disappear in saturation (see 
Fig. 14.24b,0). The residual contrast in saturation (d) 
reflects topographic features. Ifthe field is decreased 
after saturation (see Fig. 14.24e,f), cylindrical domains 
first nucleate and then start to grow. At zer0 field, 
the maze-type domain pattern has been evolved again, 
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Fig. 14.2ha-f Principle of MFM operation (a) and field-dependent domain structure of a ferromagnetic thin film 
(b)-(f) recorded at 5.2K with FM-MEM. All images were recorded on the same 4j1mx4ym large sean area. The 
Lay 7Cag3MnOs/LaAlOs system exhibits substrate-induced out-of-plane anisotropy. Bright and dark areas are visi- 
ble and correspond to attractive and repulsive magnetostatic interactions, respectively. The series shows how the domain 


pattem evolves along the major hysteresis loop from, 


Such data sets can be used to analyze domain nucle- 
ation and the domain growth mode. Moreover, due to 
the negligible drift, domain structure and surface mor- 
phology can be directly compared, because every MFM 
can be used as a regular topography-imaging force 
microscope 


Detection of individual Vortices 
in Superconductors 

Numerous low temperature MFM experiments have 
been performed on superconductors [14.152-159] 
Some basic features of superconductors have heen men~ 
tioned already in Sect. 14.3.5. The main difference of 
STMISTS compared to MFM is the high sensitivity to 
the electronic properties ofthe surface. Therefore, care- 
ful sample preparation is a prerequisite. This is not so 
Important for MEM experiments, since the tip is scanned 
ata certain distance above the surface. 

Superconductors can be divided into two classes 
with respect to their behavior in an external magnetic 
field, For type-1 superconductors. any magnetic flux is 
cetirely excluded below their critical temperature T. 
(Meissner effect), while for type-II superconductors, 
cylindrical inclusions (vortices) of normal material ex- 
istin a superconducting matrix (vortex state). The radius 


., zer0 field to saturation at 600m and back to zero field 


of the vortex core, where the Cooper pair density de- 
creases to zero, is on the order of the coherence length & 
Since the superconducting gap vanishes in the core, they 
can be detected by STS (see Sect, 14.3.5). Addition- 
ally, each vortex contains one magnetic quantum flux 
© =h/2e (where h represents Planck's constant and 
e the electron charge), Circular supercurrents around 
the core screen the magnetic field associated with 
a vortex; their radius is given by the London penetra- 
tion depth 4 of the material. This magnetic field of 
the vortices can be detected by MFM. Investigations 
have been performed on the two most popular copper 
oxide high-T, superconductors, YBayCusOy [14.152, 
153, 155] and BigSrCaCuyOg [14.153 159], on the 
only elemental conventional type-II superconductor 
Nb [14.156, 157], and on the layered compound crystal 
NbSe2 [14.154, 156] 

‘Most often, vortices have been generated by cool- 
ing the sample from the normal state to below 7. in 
fan external magnetic field. After such a field cool- 
ing procedure, the most energetically favorable vortex 
arrangement is a regular triangular Abrikosov lattice. 
Volodin et al. [14.154] were able to observe such an 
Abrikosoy lattice on NbSe2. The intervortex distance d 
is related to the external field during B cool down 
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Fig. 16.25a,b Two 
yume jum FM-MEM im- 
‘ages of vortices in a niobium 
thin film after teld-cooling at 
OS nif (a) and 05m (b), 
respectively. Since the ex- 
temal magnetic field was 
parallel in (a) and antiparallel 
in (b) with respect to the tip 
* magnetization, the vortices 
. exhibit reversed contrast 
| Song pinning dominates 
the position ofthe vortices, 
* since they appear at identical 
locations in (a) and (b) and 
. are not arranged in a regular 
BP iritosov tate (courtesy 
of P Gritter ef. (14.157) 


via d= (4/3)"/4(b/B)"2, Another way to introduce 
vortices into a type-II superconductor is vortex pene- 
tration from the edge by applying a magnetic field at 
temperatures below 7:. According to the Bean model, 
a vortex density gradient exists under such conditions 
‘within the superconducting material. Piet al, [14.159] 
slowly increased the external magnetic field until the 
vortex front approaching from the edge reached the 
scanning area, 

If the vortex configuration is dominated by the 
pinning of vortices at randomly distributed structural 
defects, no Abrikosoy lattice emerges. The influence 
of pinning centers can be studied easily by MFM, 
because every MFM can be used to scan the to- 
pography in its AFM mode. This has been done 
for natural growth defects by Moser et al. [14.155] 
fon YBaxCu307 and for YBayCusO; and niobium 
thin films, respectively, by Valodin et al, [14.158] 
Roseman et al. [14.160] investigated the formation 
of vortices in the presence of an artificial structure 
fon niobium films, while Pi et al. [14.159] pro- 
duced columnar defects by heavy ion bombardment 
in a BigSrCaCu0s single crystal to study the strong 
pinning at these defects. 

Figure 14.25 demonstrates that MFM is sensitive 
to the polarity of vortices. In Fig. 14.25a, six vortices 
have been produced in a niobium film by field cooling 
in +0.5mT. External magnetic field and tip magnetiza- 
tion are parallel, and, therefore, the tip-vortex interaction 
is attractive (bright contrast). To remove the vortices, 
the niobium was heated above T; (~ 9K). Thereafter, 
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vortices of opposite polarity were produced by field 
cooling in —0.5 mT, which appear dark in Fig. 14.25b, 
‘The vortices are probably bound to strong pinning sites, 
because the vortex positions are identical in both im- 
ages of Fig. 14.25. By imaging the vortices at different 
scanning heights, Roseman et al. [14.157] tried to ex- 
tract values for the London penetration depth from the 
scan height dependence of their profiles. While good 
qualitative agreement with theoretical predictions has 
been found, the absolute values do not agree with 
published literature values. The disagreement was at- 
tributed to the convolution between tip and vortex stray 
field. Better values might be obtained with calibrated 
tips, 


‘Toward Single Spin Detection 
So far, only collective magnetic phenomena like ferro- 
‘magnetic domains have been observed via magnetostatic 
tip-sample interactions detected by MFM. However, 
‘magnetic ordering exists due to the exchange interac- 
tion between the electron spins of neighboring atoms 
in a solid. The most energetically favorable situation 
can be either ferromagnetic (parallel orientation) or 
anti-ferromagnetic (anti-parallel orientation) ordering, 
It has been predicted that the exchange force between 
an individual spin of a magnetically ordered sample 
and the spin of the foremost atom of a magnetic tip 
can be detected at sufficiently small tip-sample dis- 
tances [14.161, 162} 

The experimental realization, however, is very dif- 
ficult, because the exchange force is about a factor of 
ten weaker and of even shorter range than the chem- 
ical interactions that are responsible for the atomic-scale 
contrast. FM-AFM experiments with a ferromagnetic 
tip have been performed on the antiferromagnetic 
[Ni0(001) surface at room temperature [14.163] and with 
a considerable better signal-to-noise ratio at low tem- 
peratures [14.122]. Although it was possible to achieve 
atomic resolution, a periodic contrast that could be at- 
tvibuted to the anti-ferromagnetically ordered spins of 
the nickel atoms could not be observed 

Even more ambitious is the proposed detection of 
individual nuclear spins by magnetic resonance force 
microscopy (MRFM) using a magnetic tip [14.164, 165] 
‘The interest inthis technique is driven by the possibil 
ity of reaching subsurface true 3-D imaging with atomic 
resolution and chemical specificity. The idea of MREM 
is to combine aspects of force microscopy (atomic reso- 
lution capability) with nuclear magnetic resonance (3-D 
imaging and elemental selectivity). Low temperatures 
are required, because the forces are extremely small 
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Up until now, no individual spins have been detected 
by MRFM. However, electron spin resonance [14.166, 
167], nuclear magnetic resonance [14.168], and 
ferromagnetic resonance [14.169] experiments of 
spin ensembles have been performed with mi- 
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How It Works 


Figure 10-2. A range of typical resistors. See text for de 
tails, 


How It Works 


In the process of impeding the flow of current 
and reducing voltage, a resistor absorbs electri- 
cal energy, which it must dissipate as heat. In 
most modern electronic circuits, the heat di 
pation is typically a fraction of a watt, 


If Ris the resistance in ohms, | is the current flow- 
ing through the resistor in amperes, and V is the 
voltage drop imposed by the resistor (the differ- 
encein electrical potential between the twocon- 
tacts that are attached to it), Ohm's law states: 


ver/R 


power> moderation > resistor 


This is another way of saying that a resistor of 
10 will allow a current of 1 amp when the po- 
tential difference between the ends of the resi 
tor is 1 volt. 


If Wis the power in watts dissipated by the resi 
tor, in a DC circuit: 


W 


vel 


By substitution in Ohm's law, we can express 
watts in terms of current and resistance: 


Wer/R 


We can also express wattsin terms of voltageand 
resistance: 


Weer 


These alternates may be useful in situations 
where you do not knaw the voltage drop or the 
current, respectively. 


Approximately similar relationships exist when 
using alternating current, although the power 
will be a more complex function. 


Variants 


Axial resistors have two leads that emerge from 
opposite ends of a usually cylindrical body. Ra- 
dial resistors have parallel leads emerging from 
one side of the body and are unusual. 


Precision resistors are generally defined as having 
tolerance of no more than plus-or-minus 19%, 


General-purpose resistorsare less stable, and their 
value is less precise. 


Power resistors are generally defined as dis 
ing 1 or 2 watts or more, particularly in power 
supplies or power amplifiers. They are physically 
larger and may require heat sinks or fan cooling. 


Wire-wound resistorsare used where the compo- 
nent must withstand substantial heat. A wire- 
wound resistor often consists of an insulating 
tube or core that is flat or cylindrical, with multi 
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This chapter presents an introduction to the 
concept of the dynamic operational mode of the 
atomic force microscope (dynamic AFM). While 
the static, or contact mode AFM is a widespread 
technique to obtain nanometer resolution images 
on a wide variety of surfaces, true atomic 
resolution imaging is routinely observed only in 
the dynamic mode. We will explain the jump-to- 
contact phenomenon encountered in static AFM. 
and present the dynamic operational mode as 

a solution to overcome this effect. The dynamic 
force microscope is modeled as a harmonic 
oscillator to gain a basic understanding of the 
underlying physics in this mode, 

Dynamic AFM comprises a whole family of 
operational modes. A systematic overview of 
the different modes typically encountered in 
force microscopy is presented, and special care 
is taken to explain the distinct features of each 
‘mode. Two modes of operation dominate the 
application of dynamic AFM. First, the amplitude 
‘modulation mode (also called tapping mode) is 
shown to exhibit an instability, which separates 
the purely attractive force interaction regime 
from the attractive-repulsive regime. Second, 
the self-excitation mode is derived and its 
experimental realization is outlined. While the 
first is primarily used for imaging in air and 
liquid, the second dominates imaging in UHV 
(ultrahigh vacuum) for atomic resolution imaging. 
In particular, we explain the influence of different 
forces on spectroscopy curves obtained in dynamic 
force microscopy. A quantitative link between the 
‘measurement values and the interaction forces is 
established. 

Force microscopy in air suffers from small 
quality factors of the force sensor (j.e., the 
cantilever beam), which are shown to limit the 
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achievable resolution. Also, the above mentioned 
instability in amplitude modulation mode often 
hinders imaging of soft and fragile samples. 

A combination of the amplitude modulation 
with the self-excitation mode is shown to 
increase the quality, or Q-factor, and extend 
the regime of stable operation, making the 
so-called Q-control module a valuable tool. 
Apart from the advantages of dynamic force 
‘microscopy as a nondestructive, high-resolution 
imaging method, it can also be used to obtain 
information about energy dissipation phenomena 
at the nanometer scale. This measurement. 
channel can provide crucial information on 
electric and magnetic surface properties. Even 
atomic resolution imaging has been obtained 

in the dissipation mode. Therefore, in the last 
section, the quantitative relation between the 
experimental measurement values and the 
dissipated power is derived, 


sta ved 
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15.1 Motivatio: 


‘The direct measurement of the force interaction between 
two distinct molecules has been the motivation for sci- 
cenists for many years now. The fundamental forces 
responsible forthe solid state of matter can be directly in- 
vestigated, ultimately between defined single molecules. 
But it has not been until very recently that the chem- 
ical forces could be quantitatively measured for a single 
atomic bond [15.1]. How can we reliably measure forces 
that may be as small as one billionth of IN? How can 
wwe identify one single pair of atoms as the source of the 
force interaction? 

“The same mechanical principle that is used to mea- 
sure the gravitational force exerted by your body weight 
(e, with the scale in your bathroom) can be employed 
to measure the forces between single atoms. A spring 
with a defined elasticity is compressed by an arbitrary 
force (e.g. your weight). The compression Az of the 
spring (with spring constant k) is a direct measure of 
the force F exerted, which in the regime of elastic 
deformation obeys Hooke's law: 


FokAz 


(a5.a) 


‘The only difference with regard to your bathroom scale 
is the sensitivity of the measurement. Typically springs 
with a stiffness of 0.1 N/m to 10N/m are used, which 
will be deflected by 0.1 nm to 10nm upon application of 
tan interatomic force of some nN. Experimentally, a laser 
deflection technique is used to measure the movement 
of the spring, The spring is a bendable cantilever mi- 
crofabricated from silicon wafers. Ifa sufficiently sharp 
tip, usually directly attached to the cantilever, is ap- 
proached toward a surface within some nanometers, we 
‘can measure the interacting forces through changes in 
the deflected laser beam. This is a static measurement; 
hence it is called static AFM. Alternatively, the can- 
tilever can be excited to vibrate a its resonant frequency. 
Under the influence of tip-sample forces the resonant 
frequency (and consequently also amplitude and phase) 
of the cantilever will change and serve as measurement 
parameters, This is called the dynamic AFM. Due to 
the multitude of possible operational modes, expres- 
sions like noncontact mode, intermittent-contact mode, 
tapping mode, FM-mode, AM-mode, self-excitation, 
constant-excitation, or constant-amplitude mode AFM 
are found in the literature, which will be systematically 
categorized in the following paragraphs. 

In fact, the first AFMs were operated in the dynamic 
mode. In 1986, Binnig, Quate and Gerber presented 
the concept of the atomic force microscope [15.2]. The 
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deflection of the cantilever with the tip was measured 
with sub-angstrom precision by an additional scanning 
tunneling microscope (STM). While the cantilever was 
externally oscillated close to its resonant frequency, the 
amplitude and phase of the oscillation were measured. 
If the tip is approached toward the surface, the oscilla- 
tion parameters, amplitude and phase, are influenced by 
the tip-surface interaction, and can therefore, be used as 
feedback channels. A certain set-point, for example, the 
amplitude, is given, and the feedback loop will adjust 
the tip-sample distance such that the amplitude remains 
‘constant. The controller parameters recorded as afunc- 
tion of the lateral position of the tip with respect to the 
sample, and the scanned image essentially represents the 
surface topography. 

What then is the difference between the static and 
the dynamic mode of operation for the AFM? The static 
deflection AFM directly gives the interaction force be- 
tween tip and sample using (15.1). In the dynamic mode, 
Wwe find that the resonant frequency, amplitude, and 
phase of the oscillation change as a consequence of 
the interaction forces (and also dissipative processes, 
as discussed inthe last section). 

In order to get a hasic understanding of the underly- 
ing physics, itis instructive to considera very simplified 
case. Assume that the vibration amplitude is small com 
pared to the range of force interaction, Since van der 
Waals forces range over typical distances of 101m, the 
vibration amplitude should be less than I nm. Further- 
more, we require that the force gradient AF ./Ac does 
not vary significantly over one oscillation cycle 

We can view the AFM setup as a coupling of two 
springs (see Fig. 15.1). Whereas the cantilever is ep- 
resented by a spring with spring constant k, the force 
interaction between tip and surface can be modeled by 


Fig. 15.1 Model of the AFM 
tip while experiencing tip- 
sample forces. ‘The tip is, 
attached to a cantilever with 
spring constant &, and the 
{force interaction is modeled. 
by aspring with a stiffness ki 
‘equal to the force gradient. 
‘Note thatthe force interaction 
spring is not constant, but 
depends on the tip-sample 
distance = 
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‘a second spring. The derivative of the force with respect, 
to tip-sample distance is the force gradient and repre- 
sents the spring constant ky, of the interaction spring. 
This spring constant ky is constant only with respect 
to one oscillation cycle, but varies with the average tip- 
sample distance as the probe is approached to the sample. 
‘The two springs are coupled in series. Therefore, we can 
\write for the total spring constant of the AFM system: 


aR, 


Krona = + ie (15.2) 


From the simple harmonic oscillator (neglecting any 
damping effects) we find that the resonant frequency 1 
of the system is shifted by Aw from the free resonant 
frequency wy due to the force interaction: 


(15.3) 


Here m* represents the effective mass of the cantilever. 
A detailed analysis of how m* is related tothe geometry 
and total mass of the cantilever can be found in the 
literature [15.3]. In the approximation that Ac» is much 
smaller than co, we ean write: 

Ao. | af 

0 
Therefore, we find that the frequency shift of the can- 
tilever resonance is proportional to the force gradient of 
the tip-sample interaction. 

Although the above consideration is based on a very 
simplified model, it show qualitatively that in dynamic 
force microscopy we will find that the oscillation fre- 
quency depends on the force gradient, while static force 
microscopy measures the force itself. In principle, we 
can calculate the force curve from the force gradient 
and vice versa (neglecting a constant offset). It scems, 
therefore, thatthe two methods are equivalent, and our 
choice will depend on whether we can measure the beam 
deflection or the frequency shift with better precision at 
the cost of technical effort. 

However, we have neglected one important issue for 
the operation ofthe AFM thus fa: the mechanical stabil- 
ity of the measurement. In static AFM, the tip is slowly 
approached toward the surface. The force between the 
tip and the surface will always be counteracted by the 
restoring force of the cantilever. In Fig. 15.2, you can 
see a typical force-distance curve. Upon approach of 
the tip toward the sample, the negative attractive forces, 
representing, e., van der Waals or chemical interac- 
tion forces, increase until a maximum is reached. This 


(15.4) 
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=== Static mode 
Dynamic mode 


Probe-sample 
distance = 


2° oscillation amplitade 


Fig.15.2 Force-distance curve of a typical tip-sample in- 
teraction. In static mode AFM, the tip would follow the 
force curve until point B is reached. If the slope of the 
force curve becomes larger than the spring constant of the 
cantilever (dashed line), the tip will suddenly jump to po- 
sition C. Upon retraction, a different path will be followed 
along D and A again. In dynamic AFM, the cantilever scil- 
lates with amplitude A. Although the equilibrium position 
of the oscillation is far from the surface, the tip will experi- 
cence the maximum attractive force at point D during some 
parts ofthe oscillation cycle. However, the total force is al- 
‘ways pointing away from the surface, therefore, avoiding 
aan instability 


tumaround point is due to the onset of repulsive forces 
caused by coulomb repulsion, which will start to dom- 
inate upon further approach. The spring constant of the 
cantilever is represented by the slope of the straight line. 
‘The position of the z-transducer (typically a piezo el- 
ement), which moves the probe, is at the intersection 
of the line with the horizontal axis. The position of 
the tip, shifted from the probe's base due to the lever 
bending, can be found at the intersection of the can- 
tilever line with the force curve. Hence, the total force 
is zero, i-e., the cantilever is in its equilibrium position 
(note that the spring constant line here shows attractive 
forces, although in reality the forces are repulsive, i, 
pulling back the tip from the surface). As soon as the 
position A in Fig. 15.2 is reached, we find two pos 

ble intersection points, and upon further approach there 
are even three force equilibrium points. However, be- 
tween point A to B the tip is at a local energy minimum 
and, therefore, will still follow the force curve. But at 
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point B, when the adhesion force upon further approach 
‘would become larger than the spring restoring force, the 
tip will suddenly jump to point C. We can then probe 
the predominantly repulsive force interaction by further 
reducing the tip-sample distance. Then, while retract- 
ing the tip, we will pass point C, because the tip is still 
in a local energy minimum. At position D the tip will 
jump suddenly to point A again, since the restoring force 
now exceeds the adhesion. From Fig. 15.2 we can see 
that the sudden instability will happen at exactly the 
point where the slope of the adhesion force exceeds the 
slope of the spring constant. Therefore, if the negative 
force gradient of the tip-sample interaction will at any 
point exceed the spring constant, a mechanical instabil- 
ity occurs. Mathematically speaking, we demand that 
for a stable measurement: 


a. 


Se) > k forall points: (15.5) 


‘The phenomenon of mechanical instability is often re- 
ferred to as the “jump-to-contact”. 

Looking at Fig. 15.2, we realize that large parts of the 
force curve cannot be measured if the jump-to-contact 
phenomenon occurs. We will not be able to measure the 
point at which the attractive forces reach their maximum, 
representing the temporary chemical bonding of the tip 
and the surface atoms. Secondly, the sudden instability, 
the jump-to-contact, will often cause the tip to change 
the very last tip or surface atoms. A smooth, careful 
approach needed to measure the full force curve does 
not seem feasible. Our goal of measuring the chemical 
interaction forces of two single molecules may become 
impossible. 

‘There are several solutions to the jump-to-contact 
problem: On the one hand, we can simply choose a suf- 
ficiently stiff spring, so that (15.5) is fulfilled at all 
points of the force curve. On the other hand, we can 
resort to a trick to enhance the counteracting force of 
the cantilever: We can oscillate the cantilever with large 
amplitude, thereby making it virtually stiffer at the point 
of strong force interaction. 

Consider the first solution, which seems simpler at 
first glance. Chemical bonding forces extend over a dis- 
tance range of about 0.1 nm. Typical binding energies 
of a couple of eV will lead to adhesion forces on the or- 
der of some nN. Force gradients will, therefore, reach 
values of some 10N/m. A spring for stable force mea- 
surements will have to be as stiff as 100'N/m to ensure 
that no instability occurs (a safety factor of ten seems 
to be a minimum requirement, since usually one cannot 
be sure a priori that only one atom will dominate the in- 


teraction). In order to measure the nN interaction force, 
a static cantilever deflection of 0.01 nm has to be de- 
tected. With standard beam deflection AFM setups this 
becomes a challenging task. 

This problem was solved [15.4 5] using an in situ 
optical interferometer measuring the beam deflection 
at liquid nitrogen temperature in a UHV environment. 
In order to ensure that the force gradients are smaller 
than the lever spring constant (50N/m), the tips were 
fabricated to terminate in only three atoms, therefore, 
minimizing the total force interaction. The only tool 
known to be able to engineer SPM tips down to atomic 
dimensions is the field ion microscope (FIM). This 
rnique not only allows imaging of the tip apex with 
atomic precision, but also can be used to manipulate 
the tip atoms by field evaporation [15.6], as shown 
in Fig. 15.3. Atomic interaction forces were measured 
with sub-nanonewton precision, revealing force curves 
of only a few atoms interacting without mechanical h 
teresis. However, the technical effort to achieve this type 
of measurement is considerable, and most researchers 


today have resorted to the second solution. 


Fig. 15.3 Manipulation of the apex atoms of an AFM tip 
using field ion microscopy (FIM). Images are obtained at 
tip bias of 4.5KV. The last six atoms of the tip can be 
inspected in this example. Field evaporation to remove sin- 
gle atoms is performed by increasing the bias voltage for 
1 short time to 5.2kV. Each of the outer three atoms can 
be consecutively removed, eventually leaving a trimer tip 
apex 
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152 Motivation: Measurement of a Single Atomic Bond 


The alternative solution can be visualized in 
Fig. 15.2. The straight, dashed line now represents the 
force values of the oscillating cantilever, with ampli- 
tude A assuming Hooke’s law is valid, This is the tensile 
force of the cantilever spring pulling the tip away from 
the sample. The restoring force of the cantilever is at 
all points stronger than the adhesion force. For exam- 
ple, the total force at point D is still pointing away from 
the sample, although the spring has the same stiffness 
as before. Mathematically speaking, the measurement is 
stable as long as the cantilever spring force Fey =kA is 
larger than the attractive tip-sample force Fig [15.7]. In 
the static mode we would already experience an insta- 
bility at that point. However, in the dynamic mode, the 
spring is pre-loaded with a force stronger than the at- 
tractive tip-sample force. The equilibrium point of the 
oscillation is still faraway from the point of closest con- 
tact of the tip and surface atoms. The total force curve 
can be probed by varying the equilibrium point of the 
oscillation, i.e., by adjusting the z-piezo. 

The diagram also shows that the oscillation ampli- 
tude has to be quite large if fairly soft cantilevers are to 
be used. With lever spring constants of 10N/m, the am- 
plitude must be at least I nm to ensure forces of InN 
can be reliably measured. In practical applications, am- 
plitudes of 10—100nm are used to stay on the safe side. 
‘This means that the oscillation amplitude is much larger 
than the force interaction range. The above simplifica- 
tion, that the force gradient remains constant within one 
oscillation eycle, does not hold anymore. Measurement 
stability is gained at the cost of a simple quantitative 
analysis of the experiments. In fact, dynamic AFM was 
first used to obtain atomic resolution images of clean 
surfaces [15.8], and it took another six years [15.1] be- 
fore quantitative measurements of single bond forces 
were obtained 

‘The technical realization of dynamic mode AFMs 
is based on the same key components as a DC-AFM 
setup. The most common principle is the method of 
laser deflection sensing (see, e-g., Fig. 15.4). A laser 
bbeam is focused on the back side of a microfabri- 
cated cantilever. The reflected laser spot is detected with 
4 positional sensitive diode (PSD). This photodiode is 
sectioned into two parts that are read-out separately 
(usually even a four-quadrant diode is used to de- 
tect torsional movements of the cantilever for lateral 
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Fig. 15.4 Representation of an AFM setup with the laser 
bbeam deflection method, Cantilever and tip are micro- 


fabricated from silicon wafers. A laser beam is deflected 
from the back side of the cantilever and again focused 
fon a photosensitive diode, The diode is segmented into 
four quadrants, which allows the measurement of vertical 
and torsional bending of the cantilever (artwork from Jorg 
Heimel rendered with POV-Ray 3.0) 


friction measurements). With the cantilever at equilib- 
rium, the spot is adjusted such that the two sections 
show the same intensity. If the cantilever bends up or 
down, the spot moves, and the difference signal be- 
tween the upper and lower sections is a measure of the 
bending. 

In order to enhance sensitivity, several groups have 
adopted an interferometer system to measure the can- 
tilever deflection. A thorough comparison of different 
‘measurement methods with analysis of sensitivity and 
noise level is given by [15.3] 

‘The cantilever is mounted on a device that allows os- 
cillation of the beam. Often a piezo-element serves this, 
purpose. The reflected laser beam is analyzed for oscilla- 
tion amplitude, frequency, and phase difference between. 
excitation and vibration. Depending on the mode of op- 
eration, a feedback mechanism will adjust oscillation 
parameters and/or tip-sample distance during the scan- 
ning. The setup can be operated in air, UHV, and even in 
fluids. This allows measurement of a wide range of sur- 
face properties from atomic resolution imaging [15.8] 
up to studying biological processes in liquid [15.9, 10] 
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15.2 Harmonic Oscillator: A Model System for Dynamic AFM 


‘The oscillating cantilever has three degrees of freedom: 
the amplitude, the frequency, and the phase difference 
between excitation and oscillation. Let us consider the 
damped driven harmonic oscillator. The cantilever is 
mounted on a piezoelectric element that is oscillating 
with amplitude Ay at frequency a: 


a(t) = Ag costes) (15.6) 


We assume that the cantilever spring obeys Hooke’s law. 
Secondly, we introduce a friction force that is propor- 
tional to the speed of the cantilever motion, whereas 
a denotes the damping coefficient (Amontons's law). 
With Newton’s first law we find for the oscillating sys- 
tem the following equation of motion forthe position (0) 
of the cantilever tip (see also Fig. 15.1): 


met) 


ait) — 


)— kaa) (15.7) 


We define = k/m*, which turns out tobe the resonant 
frequency of the free (undamped, i.e. =0) oscilla 
ing beam. We further define the dimensionless quality 
factor Q=m*ay /a, antiproportional to the damping 
coefiicient. The quality factor describes the number of 
oscillation cycles, after which the damped oscillation 
amplitude decays to 1/e of the initial amplitude with 
no external excitation (Ay = 0) After some basic math, 
this results inthe following differential equation: 


20+ Feo +08 1) = Aga cos(en). (25.8) 
The solution is a linear combination of two 
regimes [15.11]. Starting from rest and switching on 
the piezo-excitation at =O the amplitude will increase 
fiom zero to the final magnitude and reach a steady 
state, where amplitude, phase, and frequency of the 
oscillation stay constant overtime. The steady-state so- 
lution z1(1) is reached after 2Q oscillation cycles and 
follows the external excitation with amplitude Ay and 
phase difference 


si() = Apcostor +9) (15.9) 


‘The oscillation amplitude in the transient regime during 
the first 20 cycles follows: 


22() = Ace™"2 sin(upt + ya) (15.10) 


We emphasize the important fact that the exponential 
term causes z9(1) to diminish exponentially with time 
constant r: 


20/on 


(15.21) 


In vacuum conditions, only the internal dissipation due 
to bending of the cantilever is present, and Q reaches 
values of 10,000 at typical resonant frequencies of 
100,000 Hz. This results in a relatively long transient 
regime of t= 30ms, which limits the possible op- 
cerational modes for dynamic AFM (detailed analysis 
by (15.11). Changes in the measured amplitude, which 
reflect a change of atomic forces, will have a time lag of 
30ms, which is very slow considering one wants to scan 
4 200%200 point image within a few minutes. In air, 
however, viscous damping due to air friction dominates 
and Q goes down to less than 1,000, resulting in a time 
constant below the millisecond level. This response time 
is fast enough to use the amplitude as a measurement 
parameter. 

If we evaluate the steady state solution z(t) in the 
differential equation, we find the following well-known 
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Fig. 15.5 Amplitude and phase versus excitation frequency 
‘curves for the damped harmonic oscillator with a quality 
factor of @=4 
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solution for amplitude and phase of the oscillation as 
1a function of the excitation frequency a 


Ao Aad (15.2) 
aap + QO? (wr) — a) 
oy 
e=aetan : 5.33) 
(3 (om =) 


Amplitude and phase diagrams are depicted in Fig. 15.5. 
‘As can be seen from (15.12), the amplitude will reach 
its maximum at a frequency different from wp, if Q 
has a finite value. The damping term of the harmonic 
‘oscillator causes the resonant frequency to shift from ay 
to wf: 


(15.24) 


‘The shift is negligible for Q-factors of 100 and above, 
which isthe case for most applications in vacuum or air. 
However, for measurements in liquids, Q can be smaller 
than 10 and w differs significantly from aj}. As we will 
discuss late, itis also possible to enhance Q by using 
aa special excitation method. 


15.3 Dynamic AFM Operational Modes 


While the quantitative interpretation of force curves in 
contact AFM is straightforward using (15.1), we ex- 
plained in the previous paragraphs that its application to 
assess short-range attractive interatomic forces is rather 
limited. The dynamic mode of operation seems to open 
aa viable direction toward achieving this task. However 
interpretation of the measurements generally appears to 
bbe more difficult. Different operational modes are em- 
ployed in dynamic AFM, and the following paragraphs 
are intended to distinguish these modes and categorize 
them in a systematic way. 

‘The oscillation trajectory of a dynamically driven 
cantilever is determined by three parameters: the am- 
plitude, the phase, and the frequency. Tip-sample 
interactions can influence ll three parameters, inthe fol- 
lowing, termed the intemal parameters. The oscillation is 
driven externally, with excitation amplitude Ay and exci- 
tation frequency 1», These variables will he referred to as, 
the external parameters. The external parameters are set 
by the experimentalist, whereas the internal parameters 
‘are measured and contain the crucial information about 
the force interaction. In scanning probe applications, 
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In the case that the excitation frequency is equal 
to the resonant frequency of the undamped cantilever, 
@)= wy, We find the useful relation: 


Ao =QAy forw=on (15.15) 


Since «; ~ ay for most cases, we find that (15.15) holds 
true for exciting the cantilever at its resonance. From 
a similar argument, the phase becomes approximately 
‘90 deg for the resonance case, We also see that in order to 
reach vibration amplitudes of some 10 nm, the excitation 
nly has to be as small as I pm for typical cantilevers 
‘operated in vacuum, 

So far, we have not considered an additional force 
term, describing the interaction between the probing 
tip and the sample. For typical, large vibration am- 
plitudes of 10-100nm no general solution for this 
analytical problem has been found yet. The cantilever 
tip will experience a whole range of force interae- 
tions during one single oscillation cycle, rather than 
‘one defined tip-sample force. Only in the special case 
of a self-excited cantilever oscillation has the prob- 
Jem been solved semi-analytically, as we will see 
later. 


it is common to control the probe-surface distance 2p 
in order to keep an internal parameter constant (i.e., 
the tunneling current in STM or the beam deflection in 
contact AFM), which represents a certain tip-sample in- 
teraction. In z-spectroscopy mode, the distance is varied 
in a certain range, and the change of the internal pa- 
rameters are measured as a fingerprint of the tip-sample 
interactions, 

In dynamic AFM the situation is rather complex. 
Any of the internal parameters can be used for feedback 
of the tip-sample distance zy. However, we already real- 
ized that, in general, the tip-sample forces could only be 
fully assessed by measuring all three parameters. This 
‘makes it difficult to obtain images where the distance <p 
is representative of the surface at one force set-point, 
Asolution to this problem is to establish additional feed- 
back loops, which keep the internal parameters constant 
by adjusting the external variables, 

In the simplest setup, the excitation frequency is 
set to predefined value, and the excitation ampli- 
tude remains constant by a feedback loop. This is 
called the AM mode (amplitude modulation), or tap- 
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ping mode (TM). As stated before, in principle, any 
Of the internal parameters can be used for feedback 
to the tip-sample distance - in AM mode the ampli- 
tude signal is used. A certain amplitude (smaller than 
the free oscillation amplitude) at a frequency close 
to the resonance of the cantilever is chosen, the tip 
is approached toward the surface under investigation, 
and the approach is stopped as soon as the set-point 
amplitude is reached. The oscillation-phase is usually 
recorded during the scan, however, the shift of the res- 
fonant frequency of the cantilever cannot be directly 
accessed, since this degree of freedom is blocked by 
the external excitation at a fixed frequency. It turns 
out that this mode is simple to operate from a tech- 
nical perspective, but quantitative information about the 
tip-sample interaction forces has so far not been reli- 
ably extracted from AM-mode AFM. Still, it is one of 
the most commonly used modes in dynamic AFM op- 
erated in air, and even in liquid. The strength of this 
mode is the qualitative imaging of a large variety of 
surfaces. 

It is interesting to discuss the AM mode in the ex- 
treme situation that the external excitation frequency is 
‘much lower than the resonant frequency [15.12,13]. This 
results in a quasi-static measurement, although a dy- 
namic oscillation force is applied, and, therefore, this 
‘mode can be viewed as a hybrid between static and dy- 
namic AFM. Unfortunately, it has the drawbacks of the 
static mode, namely, that stiff spring constants must be 
used and, therefore, the sensitivity of the deflection mea- 
surement must be very good, typically employing a high 
resolution interferometer. Still, it has the advantage of 
the static measurement in quantitative interpretation, 
since in the regime of small amplitudes (< 0.1 nm) a di- 
rect interpretation of the experiments is possible. In 
particular, the force gradient at tip-sample distance co 
is given by the change of the amplitude A and the phase 
angle ¢: 


(15.16) 


In effect, the modulated AFM, in contrast to the purely 
static AFM, can enhance sensitivity due to the use of 
lock-in techniques, which allows the measurement of 
the amplitude and phase of the ascillation signal with 
high precision, 

‘As stated before, the internal parameters can be fed 
back to the external excitation variables. One of the 
‘most useful applications in this direction is the self- 
excitation system. Here the resonant frequency of the 
cantilever is detected and selected again as the exci- 


tation frequency. In a typical setup, this is done with 
phase shift of 90 deg by feeding back the detector sig- 
nal to the excitation piezo, i-e., the cantilever is always 
excited in resonance. Influences of the tip-sample inter- 
action forces on the resonant Irequency do not change 
the two other parameters of the oscillation, i.e., ampli- 
tude and phase; only the oscillation frequency is shifted. 
‘Therefore, itis sufficient to measure the frequency shift 
between the free oscillation and the oscillation with tip- 
sample interaction. Since the phase remains at a fixed 
value, the oscillating system is much better defined than 
before, and the degrees of freedom for the oscillation 
are reduced. To even reduce the last degree of free- 
dom, the oscillation amplitude, another feedback loop 
can be established to keep the oscillation amplitude A 
constant by varying the excitation amplitude Ay. Now, 
all internal parameters have a fixed relation to the exter- 
nal excitation variables, the system is well-defined, and 
all parameters can be assessed during the measurement. 
As it turns out, this mode is the only dynamic mode 
in which a quantitative relation between tip-sample 
forces and the change of the resonant frequency can 
be established. 

In the following section we want to discuss the two 
‘most popular operational modes, tapping mode and self- 
excitation mode, in more detail 


15.3.1 Amplitude-Modulation! 
Tapping-Mode AFMs 


In tapping mode, or AM-AFM, the cantilever is excited 
externally at a constant frequency close to its resonance. 
Oscillation amplitude and phase during approach of 
tip and sample serve as the experimental observation 
channels. Figure 15.6 shows a diagram of a typical 
tapping-mode AFM setup. The oscillation amplitude 
and the phase (not shown in diagram) detected with the 
photodiode are analyzed with a lock-in amplifier. The 
amplitude is compared to the set-point, and the differ- 
ence or error signal is used to adjust the z-piez0, i.e., 
the probe-sample distance. The external modulation unit 
supplies the signal for the excitation piezo, and, at the 
same time, the oscillation signal serves as the reference 
for the lock-in amplifier. 

During one oscillation cycle with amplitudes of 
10-100nm, the tip-sample interaction will range over 
a wide distribution of forces, including attractive, as 
well as repulsive forces. We will, therefore, measure 
a convolution of the force-distance curve with the oscil- 
lation trajectory. This complicates the interpretation of 
AM-AFM measurements appreciably. 
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ple turns of resistive wire wrapped around it, The 
wire is usually a nickel-chromium alloy known as 
nichrome (sometimes written as Ni-chrome) and 
is dipped in a protecting coating. 


The heat created by current passing through re- 
sistive wire is a potential problem in electronic 
circuits where temperature must be limited. 
However, in household appliances such as hair 
dryers, toaster ovens, and fan heaters, a ni- 
chrome element is used specifically to generate 
heat. Wire-wound resistors are also used in 3D 
printers to melt plastic (or some other com- 
pound) that forms the solid output of the device. 
Thick film resistors are sometimes manufactured 
in a flat, square format. A sample is shown in 
Figure 10-3, rated to dissipate 10W from its flat 
surface. The resistance of this component is 1K. 


Figure 10-3. A thick-film resistor measuring about 1” 
‘square and 0.03" thick 


Surface-mount resistors generally consist of a re- 
sistive ink film printed on top of a tablet of alu- 
minum oxide ceramic compound, often approx- 
imately 6mm long, known as a 2512 form factor. 
Each surface-mount resistor has two nickel- 


Variants 


plated terminations coated in solder, which 
melts when the resistor is attached to the circuit 
board. The upper surface is coated, usually with 
black epoxy, to protect the resistive element. 


Resistor Array 

This is also known asa resistor network or resistor 
ladder, and consists of a chip containing multiple 
equal-valued resistors, 


A resistor array in a single-inline package (or SIP) 
may have three possible internal configurations: 
isolated, common bus, and dual terminator. 
These options are shown at top, center, and bot- 
tom, respectively, in Figure 10-4. The isolated 
variant is commonly available in SIPs with 6, 8, or 
10 pins, The common-bus and dual-terminator 
configurations generally have 8, 9, 10, or 11 pins. 


Intheisolated configuration, each resistoris elec- 
trically independent of the others and is ac- 
cessed viaits own pair ofpins. Ona common bus, 
cone end of each resistor shares a busaccessed by 
assingle pin, while the other ends of the resistors 
are accessed by their own separate pins. A dual- 
terminator configuration is more complex, con- 
sisting of pairs of resistors connected between 
ground and an internal bus, with the midpointof 
each resistor pair accessible via a separate pin. 
The resistor pairs this function as voltage dividers 
and are commonly used in emitter-coupled logic 
circuits that require termination with -2 volts. 


A dual-inline package (DIP) allows a similar range 
of internal configurations, as shown in 
Figure 10-5. At top, isolated resistors are com- 
monly available in DIPs with 4, 7, 8, 9, or 10 pins 
Atcenter, the common bus configuration is avail- 
able in DIPs with 8, 14, 16, 18, or 20 pins. At bot- 
tom, the dual-terminator configuration usually 
has 8, 14, 16, 18, or 20 pins. 


The external appearance of SIP and DIP resistor 
arrays is shown in Figure 10-6. From left to right, 
the packages contain seven 1200 resistors in 
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Fig. 15.6 Setup of a dynamic force microscope operated 
in the AM or tapping mode. A laser beam is deflected 
by the back side of the cantilever, and the deflection is 
detected by a split photodiode. The excitation frequency is 
chosen externally with a modulation unit, which drives the 
excitation piezo. A lock-in amplifier analyzes phase and 
amplitude of the cantilever oscillation. The amplitude is 
used as the feedback signal for the probe-sample distance 
control 


At the same time, the resonant frequency of the 
cantilever will change due to the appearing force gra- 
dents, as could already be seen in the simplified model 
from (15.4). If the cantilever is excited exactly at 
its resonant frequency before, it will be excited off- 
resonance after interaction forces are encountered. This, 
in turn, changes amplitude and phase (15.12, 15.13), 
‘which serve as the measurement signals. Consequently, 
a different amplitude will cause a change in the en- 
countered effective force. We can see already from 
this simple gedanken-experiment that the interpreta- 
tion of force curves will be highly complicated. In fact, 
there is no quantitative theory for AM-AFM available, 
which allows the experimentalist to unambiguously 
convert the experimental data to a force-distance rela- 
tionship. 

‘The qualitative behavior for amplitude versus zo- 
position curves is depicted in Fig. 15.7. At large 
distances, where the forces between tip and sample are 
negligible, the cantilever oscillates with its free oscil- 
lation amplitude. Upon approach of the probe toward 
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Fig. 15.7 Simplified model showing the oscillation am- 
plitude in tapping-mode AFM for various probe-sample 
distances 


the surface the interaction forces cause the amplitude 
to change, resulting typically in an amplitude getting 
smaller with continuously decreased tip-sample dis- 
tance. This is expected, since the force-distance curve 
‘will eventually reach the repulsive part and the tip is hin- 
dered from indenting further into the sample, resulting 
in smaller oscillation amplitudes, 

However, in order to gain some qualitative insight 
into the complex relationship between forces and oscil- 
lation parameters, we resort to numerical simulations. 
Anczykowski etal. [15.14, 15] have calculated the oscil- 
lation trajectory of the cantilever under the influence of 
a given force model. Van der Waals interactions were 
considered the only effective, attractive forces, and the 
{otal interaction resembled a Lennard-ones-type poten- 
tial. Mechanical relaxations ofthe tip and sample surface 
were treated in the limits of continuum theory with 
the numerical MYD/BHW [15.16, 17] approach, which 
allows the simulations to be compared to correspond- 
ing experiments. Figure 15.8 shows the force-distance 
curves for different tip radii underlying the dynamic 
AFM simulations. 

‘The cantilever trajectory was analyzed by solving 
the differential equation (15.7) extended by the force- 
distance relations from Fig. 15.8 using the numerical 
Verlet algorithm [15.18, 19]. The results of the simula- 
tion for the amplitude and phase of the tip oscillation 
aa function of z-position of the probe are presented in 
Fig. 15.9. One has to keep in mind that the z-position 
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15.8 Force curves and corresponding contact radius 
calculated with the MYD/BHW-model as a function of tip 
radius for a Si-Si contact. These force curves are used for 
the tapping-mode AFM simulations 


of the probe is not equivalent to the real tip-sample dis- 
tance at equilibrium position, since the cantilever might 
bend statically due to the interaction forces, The bebav- 
ior ofthe cantilever can be subdlivided into three different 
regimes. We distinguish the cases in which the beam is 
oscillated below its resonant frequency wp, exactly at 
#p, and above ay. In the following, we will refer t0 «9 
as the resonant frequency, although the correct resonant 
frequency is 0} if taking into account the finite Q-value. 
Clearly, Fig. 15.9 exhibits more features than were 
anticipated from the initial, simple arguments, Ampli- 
tude and phase seem to change rather abruptly at certain 
points when the 
amplitude or phase: 
force-distance curves from Fig. 15.8 in a simple, di- 
rect manner. Additionally, we find a hysteresis between 
approach and retraction, 


‘As an example, let us start by discussing the dis- 
continuous features in the AFM spectroscopy curves of 
the first case, where the excitation frequency is smaller 
than ey. Consider the oscillation amplitude as a function 
of excitation frequency in Fig. 15.5 in conjunction with 
a typical force curve, as depicted in Fig. 15.8. Upon 
approach of probe and sample, attractive forces will 
lower the effective resonant frequency of the oscillator. 
‘Therefore, the excitation frequency will now be closer 
to the resonant frequency, causing the vibration ampli- 
tude to increase. This, in turn, reduces the tip-sample 
distance, which again gives rise to a stronger attrac- 
tive force. The system becomes unstable until the point 
£0 = dypp is reached, where repulsive forces stop the self- 
enhancing instability. This can be clearly observed in 
Fig. 15.9. Large parts of the force-distance curve cannot 
be measured due to this instability. 

In the second case, where the excitation equals the 
free resonant frequency, only a small discontinuity is ob- 
served upon reduction of the z-position, Here, a shilt of 
the resonant frequency toward smaller values, induced 
by the attractive force interaction, will reduce the oscil- 
lation amplitude. The distance between tip and sample 
is, therefore, reduced as well, and the self-amplifying 
effect with the sudden instability does not accur as long 
as repulsive forces are not encountered. However, at 
closer tip-sample distances, repulsive forces will cause 
the resonant frequency to shift again toward higher val- 
ues, increasing the amplitude with decreasing tip-sample 
distance. Therefore, a self-enhiancing instability will also 
occur this case, but at the crossover from purely attrac- 
tive forces to the regime where repulsive forces occur. 
Correspondingly, a small kink in the amplitude curve 
ccan be observed in Fig. 15.9. An even clearer indication 
of this effect is manifested by the sudden change in the 
phase signal at dapp 

In the last case, with w > wn, the effect of ampli- 
tude reduction due to the resonant frequency shift is 
even larger. Again, we find no instability in the amp- 
Titude signal during approach in the attractive force 
regime, However, as soon as the repulsive force regime 
is reached, the instability occurs due to the induced pos- 
itive frequency shift. Consequently, a large jump in the 
phase curve from values smaller than 90deg to val- 
tues larger than 90 deg is observed. The small change 
in the amplitude curve is not resolved in the simulated 
ccurves in Fig. 15.9, however, it can be clearly seen in the 
experimental curves in Fig. 15.10, 

Figure 15.10 depicts the corresponding experimen- 
tal amplitude and phase curves. The measurements 
were performed in air with a Si cantilever approaching 
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a Si wafer, with a cantilever resonant frequency of 
299.95 kHz. Qualitatively, all prominent features of the 
simulated curves can also be found in the experimental 
ddata sets. Hence, the above model seems to capture the 
important factors necessary for an appropriate descrip- 
tion of the experimental situation, 

But what is the reason for this unexpected behav- 
ior? We have to turn to the numerical simulations again, 
‘where we have access to all physical parameters, in or- 
der to understand the underlying processes, The lower 
part of Fig. 15.9 also shows the interaction force be- 
tween the tip and the sample at the point of closest 
approach, i.e., the sample-sided tumaround point of 
the oscillation, We see that exactly at the points of 
the discontinuities the total interaction force changes 
from the net-attractive regime to the attractive-repulsive 
regime, also termed the intermittent contact regime. The 
term net-attractive is used to emphasize that the total 
force is attractive, despite the fact that some minor con- 
tributions might still originate from repulsive forces. 
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‘As soon as a minimum distance is reached, the tip 
also starts to experience repulsive forces, which com- 
pletely changes the oscillation behavior. In other words, 
the dynamic system switches between two oscillatory 
states. 

Directly related to this fact is the second phe- 
nomenon: the hysteresis effect. We find separate curves 
for the approach of the probe toward the surface and 
the retraction, This seems to be somewhat counter- 
intuitive, since the tip is constantly approaching and 
retracting from the surface, and the average values of 
amplitude and phase should be independent of the di- 
rection of the average tip-sample distance movement. 
Ahysteresis between approach and retraction within one 
oscillation due to dissipative processes should directly 
influence amplitude and phase. However, no diss 
tion models were included in the simulation. In this 
case, the hysteresis in Fig. 15.9 is due to the fact that 
the oscillation jumps into different modes, the sys- 
tem exhibits bistability. This effect is often observed 
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in oscillators under the influence of nonlinear forces 
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For the interpretation of these effects itis helpful to 
look at Fig. 15.11, which shows the behavior of the simu- 
lated tip vibration and force during one oscillation cycle 
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Fig. 15.Ma,b Simulation ofthe tapping-mode cantilever oscillation 
in the (a) netatractive and (b) the intemitent contact regime. The 
dashed line represents the excitation amplitude and the solid line is 
the oscillation amplitude 


over time, The data is recorded at the same z-position 
at a point where hysteresis is observed, while a) was 
taken during the approach and b) during the retraction. 
Excitation is in resonance, representing case 2, where 
the amplitude shows a small hysteresis. Also note that 
the amplitude is almost exactly the same in a) and b). 
We see that the oscillation at the same z-position ex- 
hibits two different modes: While in a) the experienced 
force is net-attractive, in b) the tip is exposed to at- 
tractive and repulsive interactions. Experimental and 
simulated data show that the change between the net- 
attractive and intermittent contact mode takes place at 
different z-positions (dypp and dea) for approach and re- 
traction. Between dypp ad dig the system is ina bistable 
mode. Depending on the history of the measurement, 
eg. whether the position diyp during the approach (oF 
deg during retraction) has been reached, the system 
flips to the other oscillation mode, While the ampli- 
tude might not be influenced strongly (ease 2) the phase 
is a clear indicator of the mode switch. On the other 
hand, if point dy is never reached during the approach, 
the system will stay inthe netattractive regime and no 
hysteresis is observed, ie, the system remains stable 
In conclusion, we find that although a qualitative in- 
terpretation of the interaction forces is possible, the AM- 
nor tapping-mode AFM is not suitable to gain direct 
quantitative knowledge of tip-sample force interactions. 
However, itis a very useful tool for imaging nanometer- 
sized structures in a wide variety of setups, in air or even 
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in liquid. We find that two distinct modes exist for the 
externally excited oscillation ~ the net-attractive and the 
intermittent contact mode ~ which describe what kind 
of forces the tip-sample interaction is governed by. The 
phase can be used as an indicator of which mode the 
system is running in, 

In particular, it can be easily seem that if the free 
resonant frequency of the cantilever is higher than the 
excitation frequency, the system cannot stay in the net- 
attractive regime due to a self-enhancing instability 
Since in many applications involving soft and deli- 
cate biological samples strong repulsive forces should 
be avoided, the tapping-mode AFM should be oper- 
ated at frequencies equal to or above the free resonant 
frequency [15.21]. Even then, statistical changes of tip- 
sample forces during the scan might induce a sudden 
jump into the intermittent contact mode, and the previ- 
‘ously explained hysteresis will tend to keep the system 
in this mode. Itis, therefore, of high importance to tune 
the oscillation parameters in such a way that the AFM 
stays in the net-attractive regime [15.22]. A concept that 
achieves this task is the Q-control system, which will be 
discussed in some detail in the forthcoming paragraphs. 

A last word concerning the overlap of simulation 
and experimental data: While the qualitative agreement 
down to the detailed shape of hysteresis and instabilities 
is rather striking, we still find some quantitative dis- 
cerepancies between the positions of the instabilities dayp 
and dye. This is probably due to the simplified force 
‘model, which only takes into account van der Waals 
and repulsive forces. Especially at ambient conditions, 
‘an omnipresent water meniscus between tip and sam- 
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15.12 Phase shift in tapping mode as a function of tip- 
sample distance 
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ple will give rise to much stronger attractive and also 
dissipative forces than considered in the model, A very 
interesting feature is that the simulated phase curves in 
the intermittent contact regime tend to have a steeper 
slope in the simulation than in the experiments (see also 
Fig. 15.12). We will later show that this effect is a fin- 
gerprint of an effect that had not been included in the 
above simulation at all: dissipative processes during the 
oscillation, giving rise to an additional loss of oscillation 
energy. 


15.3.2 Self-Excitation Modes 


Despite the wide range of technical applications of 
the AM or tapping mode of dynamic AFM, it has 
been found unsuitable for measurements in an environ- 
‘ment extremely useful for scientific research: vacuum 
or ultrahigh vacuum (UHV) with pressures reaching 
110~! mbar. The STM has already shown how much 
insight can be gained from some highly defined experi- 
‘ments under those conditions. Consider (15.11) from the 
hove section. The time constant r for the amplitude to 
adjust to a different tip-sample force scales with 1/0. 
In vacuum applications, Q of the cantilever is on the 
order of 10,000, which means that € isin the range of 
some 10ms. This is clearly too long for a scan of at 
least (100% 100) data points. The temperature-induced 
drift of the sample will render useful interpretation 
of images an impossible task. However, the resonant 
frequency of the system will react instantaneously to 
tip-sample forces. This has led Albrecht et al. [15.11] 0 
use a modified excitation scheme. 

The system is always oscillated at its resonant fre- 
quency. This is achieved by feeding back the oscillation 
signal from the cantilever into the excitation piezo- 
clement. Figure 15.13 pictures the method in a block 
diagram. The signal from the PSD is phase shifted by 
90 deg (and, therefore, always exciting in resonance) and 
used as the excitation signal of the cantilever. An addi- 
tional feedback loop adjusts the excitation amplitude in 
such a way that the oscillation amplitude remains con- 
stant. This ensures that the tip-sample distance is not 
influenced by changes in the oscillation amplitude. The 
only degree of freedom of the oscillation system that 
can react to the tip-sample forces is the change of the 
resonant frequency. This shift of the frequency is de- 
tected and used as the set-point signal for surface scans. 
Therefore, this mode is also called the FM (frequency 
modulated) mode. 

Let us take a look at the sensitivity of the dynamic 
AFM. If electronic noise, laser noise, and thermal drift 
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Fig.15.13 Dynamic AFM operated in the self-excitation mode, 
Where the oscillation signal is directly feedbacked to the excita- 
tion piezo. The detector signal is amplified with the variable gain G 
‘and phase shifted by phase @. ‘The frequency demodulator detects 
the frequency shift due to tip-sample interactions, which serves as 
the control signal for the probe-sample distance 


can be neglected, the main noise contribution will come 
from thermal excitation of the cantilever. A detailed 
analysis of a dynamic system yields for the minimum 
detectable force gradient the following relation [15.11] 


kg TBE 


ji. (15.17) 
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Here B is the bandwidth of the measurement, T' the 
temperature, and (<2,¢) is the mean-square amplitude 
of the oscillation. Please note that this sensitivity limit 
was deliberately calculated for the FM mode. A simi- 
lar analysis of the AM mode, however, yields virtually 
the same result [15.23]. We find that the minimum 
detectable force gradient, i.e., the measurement sen- 
sitivity, is inversely proportional to the square root of 
the Q-factor of the cantilever. This means that it should 
be possible to achieve very high-resolution imaging in 
vacuum conditions. In contrast, AM- or tapping-mode 
AFM cannot be usefully pursued with large Q. Only the 
FM mode makes it possible to take practical advantage 
of (15.17). 

‘A breakthrough in high-resolution AFM application 
was the atomic resolution imaging of the Si(111)-(77) 


surface reconstruction by Giessibl [15.8] under UHV 
conditions. Today, atomic resolution imaging has be- 
come a standard feature guaranteed by industrially 
produced dynamic AFM systems, While STM has al- 
ready proven to be an indispensable tool to gain detailed 
Insight into surface structures of conductors with atomic 
resolution, the dynamic AFM has opened up the avenue 
into investigating nonconductive surfaces with equal 
precision (for example, on aluminium oxide by Barth 
etal. (15.24). 

However, we are concerned with measuring atomic 
force potentials of a single pair of molecules. Clearly, 
FM-mode AFM will allow us to identify single atoms, 
and with sufficient care we will be able to ensure that 
only one atom from the tip contributes to the total force 
interaction. Can we, therefore, fill in the last bit of in- 
formation and find @ quantitative relation between the 
oscillation parameters and the force? 

Gotsmann et al. [15.25] investigated this relation by 
employing a numerical approach. During each oscilla- 
tion cycle the tip experiences a whole range of forces. For 
each step during the approach the differential equation 
for the whole oscillation loop (including also the feed- 
back system) was evaluated and the relation between 
force and frequency shift revealed. It was possible to de- 
termine the quantitative interaction forces of a metallic 
contact of nanometer dimensions. 

However, it was shown that there also exists an 
analytical relationship if some approximations are ac- 
cepted [15.7, 26,27]. Here, we will follow the route 
indicated by Dirig [15.27], although different alterna- 
tive ways have also proven successful. Consider the 
tip oscillation trajectory reaching over a large part 
of the force gradient curve in Fig. 15.2. We model 
the tip-sample interaction as a spring constant of 
stiffness kys(<) = OF/de|,,, a8 in Fig. 15.1. For small 
oscillation amplitudes, we already found that the fre- 
quency shift is proportional to the force gradient in 
(15.4). For large amplitudes, we can calculate an effec- 
tive force gradient kyr as a convolution of the force and 
the fraction of time the tip spends between the positions x 
and x+ dx 
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(15.18) 
In the approximation that the vibration amplitude is 
much larger than the range of the tip-sample forces, 
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the above equation can be simplified to: 
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‘This effective force gradient can now be used in (15.4), 
the relation between frequency shift and force gradient. 
We find: 
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If we separate the integral from other parameters, we 


can define: 
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‘This means we can define y(z), which is only dependent 
fon the shape of the force curve F(z) but independent 
of the external parameters of the oscillation, The func- 
tion )(2) isalso referred to as the “normalized frequency 
shift” [15.7], a very useful parameter, which allows us 
to compare measurements independent of resonant fre- 
quency, amplitude and spring constant of the cantilever. 

‘The dependence of the frequency shift on the vibra- 


‘A nice example is depicted in Fig. 15.14, where fre- 
quency shift curves for different amplitudes were found 
to coincide very well in the y(z) diagrams [15.28]. 

This relationship has been nicely exploited for 
the calibration of the vibration amplitude by Guggis- 
berg [15.29], which is a problem often encountered in 
dynamic AFM operation and worthwhile discussing. 
One approaches tip and sample and takes frequency 
shift curves versus distance, which show a reproducible 
shape. Then, the z-feedback is permanently turned off, 
and several curves with different amplitudes are taken. 
‘The amplitudes are typically chosen by adjusting the 
amplitude set-point in volts. One has to take care that 
drift in the z-direction is negligible. An analysis of the 
corresponding /(z)-curves will show the same curves 
(as in Fig. 15.14), but the curves will be shifted in the 
horizontal axis, These shifis correspond to the change in 
amplitude, allowing one to correlate the voltage values 


For the oft-encountered force contributions from 
electrostatic, van der Waals, and chemical binding forces 
the frequency shift has been calculated from the force 
Jaws. In the approximation that the tip radius R is larger 
than the tip-sample distance z, an electrostatic poten- 
tial V will yield a normalized frequency shift of (adapted 
from [15.30]}: 


tion amplitude is an especially useful relation, since this fi (15.22) 
parameter can be easily varied during one experiment. 
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For van der Waals forces with Hamaker constant H and 
with R larger than 2, we find accordingly: 


HR 


=r 


we) (15.23) 


Finally, short-range chemical forces represented by 
the well-known Morse potential (with the parameters 
binding energy Up, decay length 4, and equilibrium 
distance zequ) yield: 
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(15.24) 


‘These equations allow the experimentalist to directly 
interpret the spectroscopic measurements. For example, 
the contributions of the electrostatic and van der Waals 
forces can be easily distinguished by their slope in alog- 
Jog plot (for an example, see [15.30 

Altematively, if the force law is not known be- 
forehand, the experimentalist wants to analyze the 
experimental frequency-shift data curves and extract the 
force or energy potential curves. We, therefore, have 
to invert the integral in (15.21) to find the tip-sample 
interaction potential Vj, from the y(z)-curves [15.27] 
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Using this method, quantitative force curves were 
extracted from Af-spectroscopy measurements on dif- 
ferent, atomically resolved sites of the Si(111}-(7%7) 
reconstruction [15.1]. Comparison to theoretical MD 
simulations showed good quantitative agreement with 
theory and confirmed the assumption that force inter- 
actions were governed by a single atom atthe tip apex. 
Our initially formulated goal seems tobe achieved: With 
FM-AFM we have found a powerful method that allows 
us to measure the chemical bond formation af single 
molecules. The last uncertainty, the exact shape and 
identity of the tip apex atom, can possibly be resolved 
by employing the FIM technique to characterize the tip 
surface in combination with FM-AFM. 


(15.25) 


15.4 Q-Control 


We have already discussed the virtues of a high Q value 
for high sensitivity measurements: The minimum de- 
tectable force gradient was inversely proportional to the 


All the above equations are strictly valid only in 
the approximation that the oscillation amplitudes are 
much larger than the distance range of the encountered 
forces. For amplitudes of 10.nm and long-range forces 
like electrostatic interactions this approximation may 
not be valid. An iterative approach has been presented 
by Diirig [15.31 ] to overcome this problem, The interac- 
tion force is calculated from the frequency shift curves 
[gradient of (15.25)]. This force curve again is used to 
calculate the frequency shift withthe exact relation from 
(15.18). The difference between the experimental Af- 
curve and the reconstructed A,-curve can now be used 
to calculate a first-order correction term to the interac- 
tion force. This procedure can be iteratively followed 
until sufficient agreement is found. 

In this context itis worthwhile to point out a slightly 
different dynamic AFM method, While in the typical 
FM-AFM setup the oscillation amplitude is controlled to 
stay constant by a dedicated feedback circuit, one could 
simply keep the excitation amplitude constant (this has 
been termed CA=constant amplitude, as opposed to 
the CE=constant excitation mode). It is expected that 
this mode is more gentle to the surface, because any 
dissipative interaction will reduce the amplitude and 
therefore increase the tip-sample distance. The tip is 
prevented from deeply indenting the surface. This mode 
has been employed to image soft biological molecules 
like DNA or thiols in UHV [15.32]. However, quantita: 
tive interpretation of the obtained frequency spectra is 
more complicated, since the amplitude and tip-sample 
distance are altered during the measurement. Until now, 
we have always associated the self-excitation scheme 
with vacuum applications. Although itis difficult to op- 
erate the FM-AFM in constant amplitude mode in air, 
since large dissipative effects make it difficult to ensure 
4 constant amplitude, it is indeed possible to use the 
constant-excitation FM-AFM in air or even in liquid. 
Still only a few applications of FM-AFM under ambi- 
ent or liquid conditions have been reported so far. Infact, 
«low budget construction set (employing a tuning-fork 
force sensor) for a CE-mode dynamic AFM setup has 
been published on the Internet (http:/Avww:sxmd.uni- 
muensterde). 


square root of Q.In vacuum, @ mainly represents the in- 
ternal dissipation of the cantilever during oscillation, an 
internal damping factor. Little damping is obtained by 
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using high quality cantilevers, which are cut (or etched) 
from defect-free, single-crystal silicon waters. Under 
ambient or liquid conditions, the quality Factor is domin- 
ated by dissipative interactions between the cantilever 
and the surrounding medium, and Q values can be as 
low as 100 for air or even 5 in liquid. Still, we ask if 
it is somehow possible to compensate for the damp- 
ing effect by exciting the cantilever in a sophisticated 
way? 

It tums out that the shape of the resonance curves 
in Fig. 15.15 can be influenced toward higher (or lower) 
@ values by an amplitude feedback loop. In principle, 
there are several mechanisms to couple the amplitude 
signal back to the cantilever, by the photothermal ef- 
feet [15.33] or capacitive forces [15.34]. Figure 15.16 
shows a method in which the amplitude feedback is me- 
diated directly by the excitation piezo [15.35]. This has 


Amplitude (arb. units) 


06 


oa 


02 


-contrl off 

onan 

, a ee 
Phase eg) 


0 


Q-coatral on 
control ft a= 19.379 
0=499) 


0 


180 


2905 2600 0S 


ETS 
Frequency (kH2) 
Fig. 15.15 Amplitude and phase diagrams measured in air 
‘with a Si cantilever far away from the sample. The quality 
factor can be increased from 450 to 20,000 by using the 
Q-Control feedback method 
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15.16 Schematic diagram of operating a Q-Control feedback 
circuit with an externally driven dynamic AFM. The tapping mode 
setup is in effect extended by an additional feedback loop 


the advantage that no additional mechanical setups are 
necessary 

The working principle of the feedback loop can be 
understood by analyzing the equation of motion of the 
‘modified dynamic system: 

m*2(0) att) +h) — Fi 


= Fox cos(ast) + GeM*e() 


o+2(0) 


(15.26) 
‘This ansatz takes into account the feedback of the de- 
tector signal through a phase shifier, amplifier, and adder 
as an additional force, which is linked to the cantilever 
deflection 2() through the gain G und the phase shift e. 
‘Toa good approximation, we assume that the oscillation 
can he described by a harmonic trajectory. With a phase 
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Fig. 15.17 Enhancement of the contrast in the phase chan- 
nel due to Q-Control on a magnetic hard disk measured 
‘with a magnetic tip in tapping-mode AFM in air. Sean size 
‘5x Sym, phase range 10deg (www.nanoanalyties.com) 


466 Part B | Scanning Probe Microscopy 


st|aued 


shift of = 77/2 we find: 


(15.27) 


This means that the additional feedback force sig- 
nal Gez(1) is proportional to the velocity of the 
cantilever, just like the damping term in the equation 
of motion. We can define an effective damping con- 
stant cost, which combines the two terms: 


am E(t) + aeer8(0) + ke(0) — Fey +210) 


= Fox cos(ast) 


Equation (15.28) shows that the dampening of the oscil- 
lator can be enhanced or weakened by the choice of G, 
= -+2/2 of ¢=—m/2, respectively. The feedback 
loop, therefore, allows us to vary the effective quality 


ars, 


factor Qu =m /airot the complete dynamic system. 
Hence, we term this system Q-Control, Figure 15.15 
shows experimental data on the effect of Q-Control on 
the amplitude and phase as a function of the extemal 
excitation frequency [15.35]. While Q = 449, without 
(Q-Contrl the quality factor ofthe system operated in 
airs enhanced by a factor of more than 40 by applying 
the feedback loop. 

‘The effect of improved image contrast is demon- 
strated in Fig. 15.17. Here, a computer hard disk was 
analyzed with a magnetic tip in tapping mode, where the 
magnetic contrast is observed in the phase image. The 
upper part shows the recorded magnetic daa structures 
in standard mode, whereas inthe lower pat ofthe image 
(Q-Control feedback was activated, giving rise to an im- 
proved signal, ie., magnetic contrast. A more detailed 
analysis of measurements on a magnetic tape shows that 
the signal amplitude (upper diagrams in Fig. 15.18) i.e. 
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Fig.15.18 Signal-to-noise 
‘analysis with a magnetic tip 
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Figure 10-4. Multiple resistors can be embedded in 3 
single-iniine package (SIP) in a variety of formats. See 
text for additional details. 


isolated configuration; thirteen 1200 re 
bussed configuration; seven 5.6K re 
bussed configuration; and six 1K resistors in 
bussed configuration. 


Resistor arrays with isolated or common-bus 
configurations are a convenient way to reduce 
the component count in circuits where pullup, 
pulldown, or terminating resistors are required 
for multiple chips. The comman-bus configura- 
tion is also useful in conjunction with a 7- 


Figure 10-5. Multiple resistors can be obtained embed: 
ded in a dual-inine package (DIP). See text for adlitional 
details, 


segment LED display, where each segment 
mustbe terminated by series resistorandall the 


resistors share a common ground or common 
voltage source. 


Surface-mount chips are available containing a 
pair of resistors configured as single voltage di- 
vider. 


Chips containing multiple RC circuits (each 
consisting of a capacitor and a resistor in series) 
are available, although uncommon. A package 
containing a single RC circuit may be sold as. a 
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the image contrast, was increased by a factor of 12.4 
by the Q-Control feedback. The lower image shows 
a noise analysis of the signal, indicating an increase of 
the signal-to-noise ratio by a factor of 2.3 

Note that the diagrams represent measurements in 
air with an AFM operated in AM mode. Only then 
ccan we make a distinction between excitation and vi- 
bration frequency, since in the FM mode these two 
frequencies are equal by definition, Although the re- 
lation between sensitivity and Q-factor in (15.17) is the 
same for AM and FM mode, it must be critically in- 
vestigated to see whether the enhanced quality factor 
by Q-Control can be inserted in the equation for FM- 
mode AFM, In vacuum applications, @ is already very 
high, which makes it oblique to operate an additional 
Q-Contro! module. 

As stated before, we can also use Q-Control to en- 
hhance the dampening in the oscillating system. This 
‘would decrease the sensitivity of the system. But on the 
cther hand, the response time of the amplitude change is, 
decreased as well. For tapping-mode applications, where 
high speed scanning is the goal, Q-Control will be able 
to reduce the relaxation time [15.36]. 

A large quality factor Q does not only have the 
virtue of increasing the force sensitivity of the in- 
strument. It also has the advantage of increasing the 
parameter space of stable AFM operation in tapping- 
‘or AM-mode AFM. Consider the resonance curve of 
Fig. 15.5. When approaching the tip toward the surface 
there are two competing mechanisms: On the one hand, 
‘we bring the tip closer to the sample, which results in 
an increase in attractive forces (see Fig. 15.2). On the 
other hand, for the case w > cp, the resonant frequency 
of the cantilever is shifted toward smaller values due 
to the attractive forces, which causes the amplitude to 
become smaller, preventing a tip-sample contact. This 
is the desirable regime, where stable operation of the 
AFM is possible in the net-attractive regime, But as 
explained before, below a certain tip-sample separa- 
tion dyyp, the system switches suddenly into intermittent 
contact mode, where surface modifications are likely 
due to the onset of strong repulsive forces. The steeper 
the amplitude curve the larger the regime of stable, net- 
attractive AFM operation. Looking at Fig. 15.5 we find 
that the slope of the amplitude curve is governed by 
the quality factor Q. A high Q, therefore, facilitates 
stable operation of the AM-AFM in the net-attractive 
regime. 
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5.19 Imaging of a delicate organic surface with 
Q-Control. Sample was a Langmuir-Blodgett film (ethyl- 
2.3-dihydroxyoctadecanoate) on a mica substrate. The 
topographical image clearly shows that the highly sensi 
tive sample surface can only be imaged non-destructively 
with active Q-Control, whereas the periodic repulsive con- 
‘tact withthe probe in standard operation without Q-Control 
leads to a significant modification of destruction of the sur~ 
face structure. (Data courtesy of Lifeng Chi and coworkers, 
‘Westfilische Wilhelms-Universitit, Manster, Germany) 


An example can be found in Fig. 15.19. Here, a sur- 
face scan of an ultrathin organic film is acquired in 
tapping mode under ambient conditions. First, the in- 
ner square is scanned without the Q enhancement, and 
then a wider surface area was scanned with applied 
Q-Control. The high quality factor provides a larger pa- 
rameter space for operating the AFM in the net-attractive 
regime, allowing good resolution of the delicate organic 
surface structure. Without the Q-Control the surface 
structures are deformed and even destroyed due to 
the strong repulsive tip-sample interactions [15.37-39]. 
This also allowed imaging of DNA structures with- 
‘out predominantly depressing the soft material during 
imaging. It was then possible to observe a DNA diam- 
eter close to the theoretical value with the Q-Control 
feedback [15.40] 

In conclusion, we have shown that by applying an 
additional feedback circuit to the dynamic AFM system 
it is possible to influence the quality factor Q of the 
oscillator system. High-resolution, high-speed, or low- 
force scanning is then possible. 
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15.5 Dissipation Processes Measured with Dynamic AFM 


Dynamic AFM methods have proven their great po- 
tential for imaging surface structures at the nanoscale, 
and we have also discussed methods that allow the as- 
sessment of forces between distinct single molecules. 
However, there is another physical mechanism that can 
be analyzed with the dynamic mode and has been men- 
tioned in some previous paragraphs: energy dissipation, 
In Fig. 15.12, we have already shown an example, where 
the phase signal in tapping mode cannot be explained 
by conservative forces alone; dissipative processes must 
also play a role. In constant-amplitude FM mode, where 
the quantitative interpretation of experiments has proven 
to be less difficult, an intuitive distinction between 
conservative and dissipative tip-sample interaction is 
possible. While we have shown the correlation be- 
tween forces and frequency shifts of the oscillating 
system, we have neglected one experimental input chan- 
nel. The excitation amplitude, which is necessary to 
keep the oscillation amplitude constant, is a direct in- 
dication of the energy dissipated during one oscillation 
cycle. Diirig [15.41] has shown that in self-excitation 
mode (with an excitation-oscillation phase difference 
of 90deg), conservative and dissipative interactions can 
be strictly separated. Part of this energy is dissipated 
in the cantilever itself, another part is due to external 
viscous forces inthe surrounding medium. But more in- 
terestingly, some energy is dissipated at the tip-sample 
Jjunetion. This is the focus of the following paragraphs. 
In contrast to conservative forces acting at the tip- 
sample junction, which at least in vacuum can be 
understood in terms of van der Waals, electrostatic, 
and chemical interactions, the dissipative processes are 
poorly understood. Stowe et al. [15.42] have shown that 
if a voltage potential is applied between tip and sam- 
ple, charges are induced in the sample surface, which 
vill follow the tip motion (here the oscillation is parallel 
to the surface). Due to the finite resistance of the sam- 
ple material, energy will be dissipated during the charge 
movement. This effect has been exploited to image the 
doping level of semiconductors. Energy dissipation has 
also been observed in imaging magnetic materials. Liu 
et al. [15.43] found that energy dissipation due to mag- 
netic interactions was enhanced at the boundaries of 
magnetic domains, which was attributed to domain wall 
oscillations. But also in the absence of extemal elec- 
tromagnetic fields, energy dissipation was observed in 
close proximity of tip and sample, within I nm. Clearly, 
mechanical surface relaxations must give rise to energy 
losses. One could model the AFM tip as a small hammer, 


hitting the surface at high frequency, possibly result- 
ing in phonon excitations. From a contiuum mechanics 
point of view, we assume that the mechanical relaxation 
of the surface is not only governed by elastic responses, 
Viscoelastic effects of soft surfaces will also render a sig- 
nificant contribution to energy dissipation. The whole 
area of phase imaging in tapping mode is concemed 
with those effects [15.4447] 

In the atomistic view, the last tip atom can be envis- 
aged to change position while yielding to the tip-sample 
force field. A strictly reversible change of position would 
not resultina loss of energy. Still, it has been pointed out 
by Sasaki et al. [15.48] that a change in atom position 
would result in a change in the force interaction itself. 
Therefore, itis possible that the tip atom changes po- 
sition at different tip-surface distances during approach 
and retraction, effectively causing an atomic-scale hys- 
teresis to develop. In fact, Hoffmann etal. [15.13] have 
measured short-range energy dissipation for a tungsten 
tip on silicon in UHV. A theoretical model explaining 
this effect on the basis of a two-cnergy-state system 
was developed. However, a clear understanding of the 
underlying physical mechanism is still lacking, 

Nonetheless, the dissipation channel has been used 
to image surfaces with atomic resolution [15.49]. In- 
stead of feedbacking the distance on the frequency shift, 
the excitation amplitude in FM mode has been used 
as the control signal. The Si(111)-(7 x7) reconstruction 
was successfully imaged in this mode. The step edges 
of monoatomic NaCl islands on single-crystalline cop- 
per have also rendered atomic resolution contrast in the 
dissipation channel [15.50]. The dissipation processes 
discussed so far are mostly in the configuration in which 
the tip is oscillated perpendicular to the surface. Friction 
is usually referred to as the energy loss due to lateral 
movement of solid bodies in contact. It is interesting 
to note in this context that Israelachivili [15.51] has 
pointed out a quantitative relationship between lateral 
and vertical (with respect to the surface) dissipation. He 
states thatthe hysteresis in vertical force distance curves 
should equal the energy lossin lateral friction. An exper- 
mental confirmation ofthis conjecture at the molecular 
level is still missing, 

Physical interpretation of energy dissipation pro- 
‘cesses atthe atomic scale seems to be a daunting task at 
this point. Notwithstanding, we can find a quantitative 
relation between the energy loss per oscillation cycle 
and the experimental parameters in dynamic APM, as 
vill be shown in the following section. 
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In static AFM it was found that permanent changes 
of the sample surface by indentations can cause a hys- 
teresis between approach and retraction (e.g. (15.5) 
‘The area between the approach and retraction curves in 
a force-distance diagram represents the lost or dissipated 
energy caused by the irreversible change of the surface 
structure. In dynamic-mode AFM, the oscillation param- 
eters like amplitude, frequency, and phase must contain 
the information about the dissipated energy per cycle 
So far, We have resorted toa treatment of the equation of 
‘motion of the cantilever vibration in order to finda quan- 
ftaive comelation between forces and the experimental 
parameters. For the dissipation itis useful to treat the 
system from the energy conservation point of view. 

‘Assuming a dynamic system isin equilibrium, the 
average energy input must equal the average energy ot 
putor dissipation. Applying this rule toan AFM running 
ina dynamic mode means that the average power fed 
ito the cantilever oscillation by an external driver, de- 
noted A, must equal the average power dissipated by 
the motion ofthe cantilever beam Py and by tip-sample 
interaction Pip 


Pa = Pit Pip (15.29) 


‘he term Ap is what we are interested in, since it 
gives us a direct physical quantity to characterize the 
tipsample interaction, Therefore, we have fist to cal 
cilate and then measure the two other terms in (15.29) 
inorder to determine the power dissipated when the tip 
Periodically probes the sample surface. This requies an 
appropriate rheological model to describe the dynamic 
system. Although there are investigations in which the 
Complete flexural motion of the cantilever beam has 
been considered [15.52], a simplified model, compris- 
ing a spring and two dashpots (Fig. 15.20), represents 
4 good approximation in this case [15.53] 

“The spring, characterized by the constant k accond- 
ing to Hooke’s la, represents the only channel through 
‘which power Pi, can be delivered to the oscillating 
&p <(0 hy the extemal driver 20) Therefore, the in- 
stantaneous power fed into the dynamic system is equal 
to the force exerted by the driver times the velocity of 
the driver (the force that is necessary to move the base 
side ofthe dashpot can be neglected since this power s 
Girecly dissipated and, therefore, des not contribute to 
the power delivered tothe oscillating tip) 


Pat) = Fal at) = k 20) zal] 2a). (25.30) 


Assuming a sinusoidal steady state response and that the 
base of the cantilever is driven sinusoidally (see (15.6)) 
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Fig. 15.20 Rheological model applied to describe the dy- 
namic AFM system, comprising the oscillating cantilever 
‘and tp interacting with the sample surface. The movement 
of the cantilever base and the tip is denoted a 

respectively. The cantilever is characterized by the spring 
cconstant k and the damping constant a. In a fist approach, 
damping is broken into two pieces, a, and a. First, itrin- 
sic damping caused by the movement ofthe cantilever's tip 
relative to its base. Second, damping related to the move. 

‘ment of the cantilever body in a surrounding medium, e.. 

air damping 


‘with amplitude Ay and frequency w, the deflection from 
equilibrium of the end of the cantilever follows (15.9), 
where A and 0 < y <x are the oscillation amplitude and, 
phase shift, respectively. This allows us to calculate the 
average power input per oscillation cycle by integrating 
(15.30) over one period T= 22r/a 


kwAgAsing. (15.31) 


‘This contains the familiaresultthat the maximum power 
is delivered to an oscillator when the response is 90deg 
out of phase withthe drive 

The simplified rheological model, as itis depicted 
in Fig. 15.20, exhibits two major contributions to the 
damping term F). Both are related to the motion of 
the cantilever body and assumed to be well modeled 
by viscous damping with coefficients ay and a. The 
dominant damping mechanism in UHV conditions is in- 
trinsic damping caused by the deflection ofthe cantilever 
beam, i.e, the motion ofthe tip relative to the cantilever 
base, Therefore, the instantaneous power dissipated by 
such a mechanism is given by 


Pull 


Fou(ntt) 


fer 


241200] 
(15.32) 


Note that the absolute value has to be calculated, since 
all dissipated power is “lost” and, therefore, cannot be 
retumed to the dynamic system, 
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However, when running an AFM in ambient con 
ditions an additional damping mechanism has to be 
considered. Damping due to the motion of the cantilever 
body in the surrounding medium, e.g., air damping, is 
in most cases the dominant effect. The corresponding 
instantaneous power dissipation is given by 


Port) = |Fin(ne(| = ani) (15.33) 


In order to calculate the average power dissipation, 
(15.32) and (15.33) have to be integrated over one 
complete oscillation cycle. This yields 


sf 
Pu=z | Pot dr 
wat fon 


r 
roi =F f Prato at 
a 


(15.34) 


and 


(15.35) 


Considering the fact that commonly used cantilevers 
exhibit a quality factor of at least several hundreds (in 
UHV several tens of thousands), we can assume that 
the oscillation amplitude is significantly larger than the 
drive amplitude when the dynamic system is driven at 
or near its resonance frequency: A >> Ag. Therefore, 
(15.34) can be simplified in first order approximation 
to an expression similar to (15.35). Combining the two 
‘equations yields the total average power dissipated by 
the oscillating cantilever 


with a 


ay bon (15.36) 


where a denotes the overall effective damping constant. 

‘We can now solve (15.29) for the power dissipation 
localized to the small interaction volume of the probing 
tip with the sample surface, represented by the ques- 
tion mark in Fig. 15.20. Furthermore, by expressing the 
damping constant « in terms of experimentally accessi- 
ble quantities such as the spring constant k, the quality 


factor Q, and the natural resonant frequency op of the 


free oscillating cantilever, « wwe obtain: 
Pip = Pia — Po 
lke 


142 (oaduAsing #222). usan 
fnlig how te AFM 8 op cease 
rat 

teas day bag Ud poi 


AoGid) 


Aad) = 


(15.38) 


while Ay and Go are the amplitude and gain at large 
tip-sample distances, where the tip-sample interactions 
are negligible. 

‘Now let us consider the tapping-mode, or AM-AFM. 
In this case, the cantilever is driven at a fixed frequency 
and with constant drive amplitude, while the oscillation 
amplitude and phase shift may change when the probing 
tip interacts with the sample surface. Assuming that the 
oscillation frequency is chosen to be wy, (15.37) can be 
further simplified by again employing (15.15) for the 
free oscillation amplitude Ap. This yields 


con 
oO 
Equation (15.39) implies that if the oscillation ampli- 
tude A is kept constant by a feedback loop, like it 
is commonly done in tapping mode, simultaneously 
acquired phase data can be interpreted in terms of en- 
ergy dissipation [15.45, 47, 54, 55]. When analyzing 
such phase images [15.56-58], one has also to con- 
sider the fact that the phase may also change due 
to the transition from net-attractive (> 90°) to in- 
termittent contact (g < 90°) interaction between the 
tip and the sample [15.15, 35, 59, 60]. For example, 
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consider the phase shift in tapping mode as a fune- 
tion of -position, Fig. 15.12. If phase measurements 
are performed close to the point where the oscilla- 
tion switches from the net-attractive to the intermittent 
contact regime, a large contrast in the phase chan- 
nel is observed. However, this contrast is not due to 
dissipative processes. Only a variation of the phase 
signal within the intermittent contact regime will 
give information of the tip-sample dissipative pro- 
Anexample of adissipation measurementis depicted 
in Fig. 15.21. The surface of a polymer blend was im- 
aged in ar, simultaneously acquiring the topography and. 
dissipation, The dissipation on the softer polyurethane- 
‘matrix is significantly larger than on the embedded, 
‘mechanically stiffer polypropylene particles 


15.6 Conclusion 


Dynamic force microscopy is a powerful tool that is cap- 
able of imaging surfaces with atomic precision, It also 
allows us to look at surface dynamics, and it can operate 
in vacuum, air, even in liquid. However, the oscillating 
cantilever system introduces a level of complexity that 
disallows a straightforward interpretation of acquired 
images. An exception is the self-excitation mode, where 
tip-sample forces can be successfully extracted from 
spectroscopic experiments. However, not only conserva- 
tive forces can be investigated with dynamic AFM; en- 
crgy dissipation also influences the cantilever oscillation 
and can, therefore, serve as a new information channel, 
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Fig. 15.21 Topography and phase image in tapping-mode AFM of 
a polymer blend composed of polypropylene (PP) particles embed- 
ded in a polyurethane (PUR) matrix. The dissipation image shows 
a strong contrast between the harder PP (litle dissipation, dark) to 
the softer PUR (large dissipation, bright) surface 


Open questions still exist concerning the exact 
geometric and chemical identity of the probing tip. 
which significantly influences the imaging and spectro- 
scopic results, Using predefined tips like single-walled 
nanotubes of atomic resolution techniques like field 
ion microscopy to image the tip itself are pos 
ble approaches to addressing this issue. Furthermore, 
little is known ahout the dissipative processes at 
the scale where only a few atoms hetween tip and 
sample interact. It is also desirable to learn more 
about the interpretation of images acquired in tapping 
mode. 
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16. Molecular Recognition Force Microscopy 


Atomic force microscopy (AFM), developed in the 
late eighties to explore atomic details on hard 
‘material surfaces, has evolved to an imaging 
‘method capable of achieving fine structural details 
‘on biological samples. Its particular advantage in 
biology is that the measurements can be carried 
ut in aqueous and physiological environment, 
which opens the possibility to study the dynamics 
Of biological processes in vivo, The additional 
potential of the AFM to measure ultra-low forces 
at high lateral resolution has paved the way 
for measuring inter~ and intra-molecular forces 
of bio-molecules on the single molecule level. 
Molecular recognition studies using AFM open 
the possibility to detect specific ligand-receptor 
interaction forces and to observe molecular 
recognition of a single ligand-receptor pair. 
Applications include biotin~avidin, antibody— 
antigen, NTA nitrilotriacetate-hexahistidine 6, 
and cellular proteins, either isolated or in cell 
‘membranes. 

‘The general strategy 1s to bind ligands to 
AFM tips and receptors to probe surfaces (or vice 
Versa), respectively. In a force-distance cycle, 
the tip is first approached towards the surface 
whereupon a single receptor-ligand complex 
is formed, due to the specific ligand receptor 
recognition. During subsequent tip-surface 
retraction a temporarily increasing force is exerted 
to the ligand-receptor connection thus reducing 
its lifetime until the interaction bond breaks at 
a critical force (unbinding force). Such experiments 
allow for estimation of affinity, rate constants, and 
structural data of the binding pocket. Comparing 
them with values obtained from ensemble- 


‘Macromolecular interactions play a key role in cellular 
regulation and biological function. Molecular recagni- 
tion is one of the most important regulatory elements, 
as it is often the initiating step in reaction pathways and 
ccaseades. Since the immune system has evolved recogni 

tion molecules that are both highly specific and versatile, 
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average techniques and binding energies is of 
particular interest, The dependences of unbinding 
force on the rate of load increase exerted to 

the receptor-ligand bond reveal details of the 
‘molecular dynamics of the recognition process and 
energy landscapes, Similar experimental strategies 
were also used for studying intra-molecular force 
properties of polymers and unfolding-refolding 
kinetics of filamentous proteins, Recognition 
imaging, developed by combing dynamic force 
‘microscopy with force spectroscopy, allows for 
localization of receptor sites on surfaces with 
nanometer positional accuracy. 


antibody-antigen interaction is often used as a paradigm 
for molecular recognition. However, molecular recog- 
nition also plays fundamental roles in the regulation of 
gene expression, cellular metabolism, and drug design. 

Molecular recognition studies emphasize specific 
biological interactions between receptors and their cog- 
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nitive ligands. Despite a growing literature on the 
structure and function of receptor-ligand complexes, it 
is stil not possible to predict reaction kinetics or ener- 
gotics for any given complex formation, even when the 
structures are known. Additional insights, in particu- 
lar about the molecular dynamics within the complex 
during the association and dissociation process, are 
needed, The high-end strategy is to probe quantitatively 
the science that underlies a specific biological recog- 
nition in which the chemical structures can be defined 
at atomic resolution, and genetic or chemical means 
are available to vary the structure of the interacting 
partners. 

Receptor-ligand complexes are usually formed by 
a few tens of parallel weak interactions of contacting 
chemical groups in complementary determining regions 
supported by framework residues providing structurally 
conserved scaffolding. Both the complementary deter- 
mining regions and the framework have a considerable 
amount of plasticity and flexibility resulting in con- 
formational changes upon association and dissociation 
(induced fit). In addition to what is known about struc- 
ture, energies, and kinetic constants, information about 
conformational movements is required for the under- 
standing of the recognition process. It is likely that 
insight into the temporal and spatial action of the many 


16.1 Ligand Tip Chemistry 


In MRFM experiments, the binding of ligands on 
AFM tips to surface-bound receptors (or vice versa) 
is studied by applying a force to the receptor-ligand 
complex that reduces its lifetime until the ‘bond 
breaks at a measurable unbinding force. This re- 
‘quires «careful AFM tip sensor design, including 
tight attachment of the ligands to the tip surface. In 
the first pioneering demonstrations of single-molecule 
recognition force measurements [16.2.3]. strong phys- 

‘adsorption of bovine serum albumin (BSA) was 
used to directly coat the tip [16.3] on, alternatively, 
a glass bead glued to it [16.2]. This physisorbed 
Protein layer may then serve as a functional matrix 
for the biochemical modification with chemically ac- 
tive ligands (Fig. 16.1). In spite of the large number 
of probe molecules on the tip (108-104 ume), the 
low fraction of properly oriented molecules, or in- 
ternal blocks of most reactive sites (see Fig. 16.1) 
allowed the measurement of single receptor ligand 
unbinding forces. Nevertheless, parallel breakage of 


\weak interactions in particular the cooparativity of bond 
formation, is the key to understanding receptor-ligand 
recognition 

For this, experiments on the single-molecule level 
at time scales typical for receptor-ligand complex for- 
mation and dissociation appear to be required. The 
potential of the atomic force microscope (AFM) [16.1] 
to measure ultrlow forces at high lateral resolution 
has paved the way for single-molecule recognition 
force microscopy studies. The particular advantage of 
AFM in biology is that the measurements can be car- 
ried out in aqueous and physiological environments, 
Which opens the possibilty for studying biological pro- 
cesses in vivo. The methodology for investigating the 
molecular dynamics of receptor-ligand interactions de- 
scribed in this chapter, Molecular Recognition Force 
Microscopy (MFM) [16.24], was developed from 
scanning probe microscopy (SPM) [16.1]. A force is 
exerted on a receptor-ligand complex, and the dissoci- 
ation process is followed over time. Dynamic aspects 
of recognition are addressed in force spectroscopy (FS) 
‘experiments, in which distinet force-time profiles are ap- 
plied to give insight into the changes in conformations 
and states during receptor-ligand dissociation. It will be 
shown that MRFM is a versatile tool to explore kinetic 
and structural details of receptor-ligand recognition, 


multiple bonds was predominately observed with this 
configuration 

For measuring interactions between isolated 
receptor-ligand pairs, strictly defined conditions need to 
be fulfilled. Covalently coupling ligands to gold-coated 
tip surfaces via freely accessible SH-groups guarantees 
«sufficiently stable attachment, because these bonds are 
bout ten times stronger than typical ligand-receptor in- 
teractions [16.5]. This chemistry has been used to detect 
the forces between complementary DNA strands [16.6] 
and single nucleotides [16,7]. Self-assembled monolay- 
cers of dithio-bis(succinimidylundecanoate) were formed 
to enable covalent coupling of biomolecules. via 
amines [16.8], and were used to study the binding 
strength between cell adhesion proteoglycans [16.9] 
and between biotin-directed IgG antibodies and bi- 
otin [16.10]. A vectorial orientation of Fab molecules 
on gold tips was achieved by a firsthand site-directed 
chemical binding via their SH-groups [16.11], without 
the need of additional linkers. For this, antibodies were 
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istor 


Figure 10-6. Resistor arrays in DIP and SIP packages. 
‘See text for values. 


snubber to protect contacts in a switch or re- 
lay that switches a large inductive load, More in- 
formation on snubber circuits is in the capaci- 
tor entry of this encyclopedia; see ’Snubber” 
(page 108). 


Values 


1 kilohm, usually written as 1K, is 1,000. 1 meg- 
‘ohm, usually written as 1M or 1 meq, is 1,000K. 1 
gigaohmis 1,000megs,althoughtheunitis rarely 
used, Resistances of less than 19 are uncommon 
and are usually expressed as a decimal number 
followed by the O symbol. The term milliohms 
(thousandths of an ohm) is used in special appli- 
cations. Equivalent resistor values are shown in 
Figure 10-7. 


Aresistance value remains unchanged in DC and 
AC circuits, except where the AC reaches an ex- 
tremely high frequency. 


In common electronics applications, resistances 
usually range from 1002 to 10M. Power ratings 
may vary from 1/16 watt to 1000 watts, but usu- 
ally range from 1/8 watt to 1/2 watt in most elec- 
tronic circuits (less in surface-mount applica- 
tions). 


<= 


1 0.001 0.000001 
10 0.01 0.00001 
100 o1 0.0001 
4,000 a 0.001 
10,000 10 0.01 
100,000 i100 oa 
1,000,000 1,000 a 


Figure 10-7. Equivalent values in ohms, kilohms, and 
megohms. 


Tolerance 

The tolerance, or precision, of a resistor may 
range from plus-or-minus 0.001% up to plus-or- 
minus 20%, butis most commonly plus-or-minus 
19%, 2%, 5%, OF 10%. 


The traditional range of resistor values was es- 
tablished whena tolerance of 20% was the norm. 
The values were spaced to allow minimum risk of 
aresistorat one end of its tolerance rangehaving 
the same value as another resistor at the oppo- 
site end of its tolerance range. The values were 
rounded to 10, 15, 22, 33, 47, 68, and 100, as il- 
lustrated in Figure 10-8 where each blue dia- 
mond represents the possible range of actual 
values of a 20% resistor with a theoretical value 
shown by the white horizontal line at the center 
of the diamond. 


Resistor factors repeat themselves in multiples of 
10. Thus, for example, beginning with a resistor 
of 1000, subsequent increasing values will be 
150, 220, 330, 470, 680, and 1K, whereas the 
range of resistors beginning with 19 will be 1.5, 
2.2, 33,4,7, 6.8, and 100. 


Resistance multiplication factors are now ex- 
pressed as a list of preferred values by the Inter- 
national Electrotechnical Commission (IEC) in 
their 60063 standard. Intermediate factors have 
been added to the basic sequence to 
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Molecular Recognition Force Microscopy 


16.1 Ligand Tip Chemistry 


Fig. 16.1 Avidin-functionalized AFM tip. A dense layer of 
biotinylated BISA was adsorbed to the tip and subsequently 
saturated with avidin, The biotinylated agarose head oppos- 
ing the tip also contained a high surface density of reactive 
ies, which were, therefore, partly blocked with avidin to 
achieve single-molecule binding events (after [16.3]) 


digested with papain and subsequently purified to gen- 
crate Fab fragments with freely accessible SH-groups in 
the hinge region, 

Gold surfaces provide a unique and selective affin- 
ity for thiols, although the adhesion strength of the 
formed bond is weaker than that of other covalent 
bonds [16.5], Since all commercially available AFM 
tips are etched of silicon nitride or silicon oxide ma- 
terial, deposition of a gold layer onto the tip surface 
is required prior to using this chemistry. Therefore, 
designing a sensor with covalent attachments of the 
biomoleculesto the silicon surface may be more straight- 
forward, Amine-functionalization procedures, a strategy 
‘widely used in surface bio-chemistry, were applied using 
ethanolamine [16.4, 12] and various silanization meth- 
ods [16.13-15] as a first step in thoroughly developed 
surface anchoring protocols suitable for single molecule 
experiments. Since the amine density achieved in these 
procedures often determines the number of ligands on 
the tip that can specifically bind to the receptors on the 
surface, it has to be sufficiently low to guarantee single 
‘molecule detection [16.4, 12]. One molecule per tip apex 
(~5-20nm) corresponds to a macroscopic density of 
about 500 molecules per um?. A most striking example 
of a single ligand molecule tip was realized by gluing 
single nanotube to the cantilever, thus minimizing the 
contact between tip and surface with a chemically well- 
defined and extremely small tip apex [16.16]. The ligand 
‘molecule was reacted to an activated chemical site at the 
‘open end of the nanotube. 
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In anumber of laboratories, adistensible and flexible 
linker was used to space the ligand molecule from the 
tip surface (e.g. [16-4, 14) (Fig. 16.2). Ata given low 
‘number of spacer molecules per tip, the ligand can freely 
orient and diffuse within a certain yolume provided by 
the length of the tether to achieve unconstrained bind- 
ing to its receptor. The unbinding process occurs with 
litte torque, and the ligand molecule escapes the dan- 
ger of being squeezed between the tip and the surface 
It also opens the possibility of site-directed coupling 
for a defined orientation of the ligand relative to the re- 
ceptor at receptor-ligand unbinding. As a crosslinking 
element, poly(ethylene glycol) (PEG), a water soluble, 
nontoxic polymer with a wide range of applications 
in surface technology and clinical research, was often 
used [16.17]. PEG is known to prevent surface adsorp- 
tion of proteins and lipid structures and therefore appears 
ideally suited for this purpose, Gluteraldehyde [16.13] 
and DNA [16.6] were also successfully applied in recog- 
nition force studies. Crosslinker lengths, ideally arriving 
ata good compromise between high tip molecule mobil- 
ity and narrow lateral resolution of the target recognition 
site, varied from 2 to 100nm. 

For coupling to the tip surface and to the lig- 
ands, respectively, the crosslinker is mostly equipped 
‘with two different functional ends, e.g., an N-hydroxy- 


Fig. 16.2 Linkage of ligands to AFM tips. Ligands were 
covalently coupled to AFM tips via a heterobifunctional 
polyethylene glycol (PEG) derivative of Som length, 
Silicon tips were first functionalized with ethanolamine 
(NH)—C;H,OH-HC), ‘Then, the NHS_(N-hydroxy- 
suecinimide) end of the PEG linker was covalently bound 
to.amines on the tip surface before ligands were attached to 
the PDP (Pyridoyldithiopropionate) end via a free thiol or 
cysteine 


wt 
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succinimidyl (NHS) residue on the one end is reactive 
to amines on the tip and a 2-pyridyldithiopropiony! 
(PDP) [16.18] or a vinyl sulfon [16.19] residue on the 
other end, can be covalently bound to thiols of ligands 
(Fig. 162). This sulfur chemistry is highly advanta- 
gous, since itis very reactive and renders site-directed 
coupling possible. However, ree thiols are harly avail- 
able on native ligands and mus, therefore, be generated. 

Different strategies were used to achieve this 
goal. Lysins of protein-ligands were derived from the 
short heterobifunctional linker N-succinnimidyl-3-(S- 
acethylthiojpropionate (SATP) and subsequent depro- 
tection with NH3OH led to reactive SH groups [16.18] 
Since itis very delicate to react distinct Iysins with 
this method, the coupling to the crosslinker is of- 
ten not specifically site directed, Several protocols 
are commercially available (Pierce, Rockford, IL) to 
generate active antibody fragments with free cys- 
teines. Half-antibodies are produced by cleaving the 
two disulfides in the central region of the heavy 
chain using 2-mercaptoethylamine HCI [16.20] and 
Fab fragments are generated from digestion using 


papain [16,11], The most elegant methods are to mu- 
tate a cysteine into the primary sequence of proteins 
and to append a thiol to the end of synthesized 
DNA strands [16.6], because they allow for a de- 
fined, sequence-specific coupling of the ligand to the 
crosslinker. 

‘A nice alternative for a most common, strong but 
noncovalent site-directed anchor om the spacer has been 
introduced recently, The binding strength of the NTA 
(nitrilotriacetate) - Hiss (histidine 6) system, routinely 
used on chromatographic and biosensor matrices for the 
binding of recombinant proteins to which a Hisy tag 
is appended to the primary sequence, was found to be 
significantly larger than typical values of other ligand- 
receptor systems [16.21-23]. Therefore, a crosslinker 
containing an NTA residue is ideally suited for coupling 
a recombinant ligand carrying a Hisg in its sequence 
to the AFM tip. This general, site-directed, and ori- 
‘ented coupling strategy also allows rigid and fast control 
of the specificity of ligand-receptor recognition by us- 
ing Nit as a molecular switch of the NTA-His, 
bond 


16.2 Fixation of Receptors to Probe Surfaces 


For the recognition by ligands on the AFM tip, recep- 
tors should be tightly attached to probe surfaces. Loose 
receptor fixation could lead to a pulloff of the recep- 
tor from the surface by the ligand on the tip, which 
would consequently block ligand-receptor recognition 
and obscure the recognition force experiments, 

Freshly cleaved muscovite mica is a perfectly pure 
and atomically flat surface and, therefore, ideally suited 
for MREM studies, Moreover, the strong negative charge 
of mica accomplishes very tight electrostatic bind- 
ing of certain types of biomolecules. Some receptor 
proteins such as lysozyme [16.20] or avidin [16.24] 
strongly adhere to mica due to the strong. positive 
charge of these highly basic proteins at pH <8. In 
this case, it is safe to purely adsorh the receptors 
from the solution, since the unspecific attachment 
to the surface is sufficiently strong for recognition 
force experiments. Nucleic acids are firmly bound 
to mica via Zn, Ni?+, or Mg? bridges [16.25] 
Electrostatic interaction has also been used to adsorb 
the strongly acidic sarcoplasmic domain of the Ca?* 
release channel via Ca*-bridges to probe the cyto- 
plasmic surface [16.26]. Similarly, protein crystals and 
bacterial layers have been deposited onto mica in de- 


fined orientations with an appropriate choice of buffer 
conditions [16.27.28] 

In many cases, however, one cannot rely on elec- 
trostatic binding toward surfaces. Ideally, water-soluble 
receptors like globular antigenic proteins or extracellu- 
Jar protein chimeras ae then anchored covalently. When 
glass, silicon, or mica is used as the probe surface. 
exactly the same surface chemistry described for the 
silicon AFM tips applies (see above). The number of 
reactive SiOH groups of the relatively chemically in- 
fet mica can be optionally increased by water plasma 
treatment [16.29]. Frequently, crosslinkers were also 
used on probe surfaces to provide the receptors with 
‘motional freedom, too [16.4], Protein binding to photo- 
crosslinkers thereby enables rigid temporal control of 
the reaction [16,30] 

‘A. major limitation of the silicon chemistry is 
the impossibility of reaching a high surface density 
of functional sites (< 1,000/um?). By compari- 
son, a monolayer of streptavidin would consist of 
60,000 molecules per jum? and a phospholipid mono- 
layer would consist of 1.7% 10° molecules per jum? The 
latter density is also achieved by chemisorption of alka- 
nethiols to gold. Tightly bound, ordered, self-assembled 
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16.3 Single-Molecule Recognition Force Detection 


‘monolayers are formed on ultraflat gold surfaces and 
display excellent probes for AFM [16.10]. Alkanethi- 
ls can carry reactive groups at the free end that allow 
for covalent attachment of biomolecules [16.10, 31] 
(Fig. 16.3). 

‘A recently developed anchoring strategy to golduses 
dithio-phospholipids consisting of a propyldithio group 
at their hydrophobic end and either a phosphocholine 
head group (as host lipid) or a phosphethanolamine head 
group [16.32]. The latter head group is chemically re- 
active and was derived from a long chain biotin for the 
‘molecular recognition of streptavidin molecules in an 
initial study [16.32]. This phospholipid layer closely 
mimicks a cell surface and has been optimized by na- 
ture to afford little nonspecific adsorption. Additionally, 
itcan be spreads an insoluble monolayer at an air-water 
interface. Therehy, the ratio of functionalized thio-lipids 
in host thio-Lipids accurately defines the surface density 
of bio-reactive sites in the monolayer. Subsequent trans 
fer onto gold substrates leads to covalent and, therefore, 
tight attachment of the monolayer, and thus it is suited 
for recognition force studies. 

Immobilization of cells mainly depends on the type 
of cell, Cells with adherent growth are readily usable 
for MRFM, whereas cells that grow in solution with- 
‘out contact to a surface have to be adsorbed. Various 
protocols for a tight cell anchoring are available. The 
casiest way is to grow the cells directly on glass or 
‘ther surfaces in their cell culture medium [16.33]. Var- 
ious adhesive coatings like Cell-Tak [16.34], gelatin, and 
poly-lysin increase the strength of adhesion and/or dis- 
play appropriate surfaces to immobilize spherical cells. 
Other hydrophic surfaces like gold or carbon are suit- 
able matrices as well [16.35]. Covalent binding of cells 
to surfaces can be accomplished by using PEG crasslink- 
fers as the one described for the tip chemistry, since they 


100 nm 


Fig. 16.3 AFM image of hisRNAP molecules specifically 
‘ound to nickel-N'TA domains on a functionalized gold sur- 
face. Alkanethiols terminated with ethylene glycol groups 
to resist unspecific protein adsogption served as host ma- 
trices and were doped with 10% nickel-NTA alkenthiols 
‘The sample was prepared to achieve full monolayer cover- 
age. Ten individual hisRNAP molecules can be clearly seen 
bound to the surface. The more abundant, smaller, lower 
features are NTA islands with no bound molecules. The un- 
derlying morphology of the gold can also be distinguished 
(alter (16.31) 


react with free thiols on the cell surface [16.34]. Alterna- 
tively, PEG crosslinkers carrying a fatty acid penetrate 
into the interior of the cell membrane, which guarantees 
a sufficiently strong fixation without interference with 
‘membrane proteins [16,34]. 


16.3 Single-Molecule Recognition Force Detection 


Quantification of recognition forces goes back to en- 
semble techniques such as shear flow detachment 
‘measurements (SFD) [16.36] and the surface force ap- 
paratus (SFA) [16.37]. In SED, receptors are fixed to 
a surface to which beads or cells containing ligands 
attach via their specific bonds, A fluid shear stress is 
applied to the surface-bound particles by a flow of 
given velocity that disrupts the ligand-receptor-bonds 
at a critical foree. However, the unbinding force per 
single bond can only be estimated, because the calcu- 
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lation of the net force on the particle is complicated 
by the stress distribution and the number of bonds per 
particle is assumed from the geometry of the contact 

SFA directly measures the vertical forces between 
two macroscopic surfaces containing receptors and lig- 
ands, respectively, using a spring as a force prober and. 
interferometry for detection. Although SFA does not 
have a great sensitivity in measuring absolute forces and 
requires assumptions to be made for down-scaling to 
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Fig. 16. Experimental setup of the biomembrane force 
probe (BEP). The spring in the BEP isa pressurized mem- 
brane capsule. Its spring constant is set by the membrane 
tension, which is controlled by micropipette suction. The 
BFP tip, a glass microbead of !~2 um diameter, was chem- 
ically glued to the membrane. Operated on the stage of an 
inverted microscope, the BEP (on the lef) was Kept sta- 
tionary and the microbead test surface (on the right) was 
translated to/from contact with the BEP tip by precision 
Piezo control (alter [16.38)) 


single bonds, its z-resolution is highly accurate (better 
than 1 A) overlong range, Adhesion aa] compression. 
forces, as well as rapid transient effects can be followed 
in real time. 

‘The bio force probe (BFP) technique (for a recent 
paper see [16.38] (Fig. 16.4) uses soft membranes as 
the force transducer, rather than a mechanical spring, 
A single cell or giant vesicle is held by suction at the 
tip of a glass micropipette and its spring constants are 
adjusted by the aspiration pressure and can be varied 
over several orders of magnitude. Interaction forces 
with opposing cells, vesicles, or functionalized beads 
are obtained from the micromechanical analysis of the 
deformations of the membranes and/or via interference 
contrast microscopy. A force range from 0.1 pl to nN 
is accessible with high force sensitivity down to the 
single-bond level. 

In optical tweezers (OT) small particles are ma- 
nipulated by optical traps [16.39]. Three-dimensional 
light intensity gradients of a focused laser beam 
are used to pull or push the particles against an- 
other one. Particle displacements can be followed with 
nanometer resolution. Movements of single molecular 
motors [16.40] and force-extension profiles of single ex- 
tensible molecules such astitin [16.41] and DNA [16.42] 
were measured. Defined, force-controlled twisting of 
DNA using rotating, magnetically manipulated. par- 
ticles gave even further insights into DNA viscoelastic 
properties [16.43] 

‘The atomic force microscope (AFM) is the force 
measuring method with the smallest-sized force sen- 
sor and therefore achieves the highest lateral resolution. 


Radii of commercially available AFM tips va 
tween 2 and 50mm. In contrast, the sensing particles 
in SED, BFP, and OT are in the 1 to 10jum range, 
and the surfaces used in SFA exceed millimeter ex- 
tensions. The small apex of the AFM tip allows for 
the probing of single biomolecules. Originally designed 
to explore the topography of rigorous surfaces with 
atomic resolution [16.1] in area scans, the AFM was 
used in biology to image the secondary structures of nu- 
cleotides [16.25], as well as polar lipid head groups and 
subunits of proteins embedded in membranes in liquid 
environments [16.27, 28] 

‘The additional potential of the AFM to detect ul- 
tralow forces has been successfully applied to the 
detection of interaction forces of single receptor- 
ligand pairs [16.24]. These forces are measured in so 
called force-distance cycles using a ligand-carrying tip 
mounted to a cantilever and a probe surface with re- 
ceptors firmly attached. A force-distance cycle, where 
adistensible tether was used to couple ligands to tips and 
receptors to surfaces is shown in Fig. 16.5 (from [16.4)) 
Ata fixed lateral position the tip approaches the probe 
surface and is subsequently retracted, and the can- 
tilever deflection Ax is measured in dependence of the 
tip-surface separation Az, Cantilever deflections are de- 
tected by reflecting a laser beam off the back of the 
cantilever onto a split photodiode. Bending of the can- 
tilever causes a change in the position where the laser 
beam strikes the photodiode and, therefore, a change in 
the output voltage of the photodiode. 

‘The force F acting on the cantilever directly re- 
lates to the cantilever deflection Ax according to Hook’s 
law F'=kAx, where kis the cantilever spring constant. 
During tip-surface approach (trace, and line | to 5), the 
cantilever deflection remains zero far away from the sur- 
face (1 to 4), because there is no detectable tip-surface 
Interaction. Upon tip-surface contact (4), the cantilever 
bends upward (4 to 5), consistent with a repulsive force 
that increases linearly with = the harder the tip is pushed 
Into the surface. Subsequent tip-surface retraction (re- 
trace, 5 to 7) first leads to relaxation of the cantilever 
bending and the repulsive force drops hack down to 
zero (5104) 

‘When ligand-receptor binding has occurred, the 
cantilever bends downward upon retraction, reflect- 
ing an attractive force (retrace, 4 to 7) that increases 
with increasing tip-surface separation. Since the cog- 
nitive molecules were tethered to the surfaces via 
flexible and distensible crosslinkers, the shape of the 
attractive force-distance profile is, in contrast to the 
repulsive force-distance profile of the contact region 
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Fig. 16.5 Single-molecule recognition event de- 
tected with AFM. Raw data from a force-distance 
ceyele with 100 nm z-amplitude at 1 Hz sweep fre- 
{quency measured in PBS. Binding of the antibody 
‘on the tip to the antigen on the surface during ap- 
proach (trace points 1 to 5) physically connects 
tip to probe. This causes a distinct force signal of 
distinct shape (points 6 to 7) during tip retraction, 
reflecting extension of the distensible crosslinker 
‘antibody-antigen connection, The force increases 
until unbinding occurs at an unbinding force of 
268 pN (points 7 10 2). (After [16.4)) 


(4 to 7), nonlinear. Its shape is determined by the elas- 
tic properties ofthe flexible PEG crosslinker [16.17.44] 
and shows parabolic-like characteristics, which reflects 
the increase of the spring constant of the crosslinker 
during extension. The force attractive profile con- 
tains the features of a single-molecule recognition 
event 

‘The physical connection between the tip and surface 
sustains the increasing force until the ligand-receptor 
complex dissociates ata certain critical force (unbinding 
force, 7), and the cantilever finally jumps back to the 
resting position (7 to 2). The quantitative force measure 
of the unbinding force f of a single receptor-ligand 
pair is directly given by the force at the moment of 
unbinding (7), 

If the ligand on the tip does not form a specific 
bond with one of the receptors on the probe surface, 
the recognition event is missing and retrace looks like 
trace. Also, the specificity of the ligand-receptor bind- 
ing is usually demonstrated in block experiments. Free 
ligands are injected in solution so as to block receptor 
sites on the surfaces. Asa further consequence, recogni- 
tion signals completely disappear, because the receptor 
sites on the surface are blocked by the ligand of the so- 
lution and, thus, prevent recognition by the ligand on the 
tip. 

‘The force resolution of the AFM is limited by the 
thermal noise of the cantilever that is determined by 
its spring constant. According to the equipartition the- 
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orem, the cantilever has on average a thermal energy 
of O.5ky7, therefore, 0.5KAs? =05kyT, where ky 
is Boltzmann's constant and T' the absolute temper- 
ature, Since F =kAx, the force sensitivity is given 
by AF = (ly)! and is, therefore, better the softer 
the cantilever. The smallest force that can he detected 
‘with commercially available cantilevers is in the few 

jcoNewton range, For thinner levers with low spring 
constants, the force resolution decreases by an order 
of magnitude [16.45]. Due to their smaller mass, they 
have a higher resonance frequency (30-100kHz in 
liquid). When deflection is recorded at a typical band- 
‘width of 10kHz, only a fraction of the thermal noise is 
included and fast movements of the tip can stil be de- 
tected [16.45]. Am alternative route for improving the 
force resolution was found by electronically inereas- 
ing the apparent damping constant, which results in the 
reduction of thermal noise [16.46] 

Besides the detection of intermolecular forces be- 
tween receptors and ligands, the AFM also shows great 
potential in measuring intramolecular force profiles of 
single molecules. The molecule is clamped in between 
the tip and the probe surface and its visco-elastic prop- 
erties are studied in force-distance cycles. The detailed 
force extension profile of the recognition event shown 
in Fig. 16.5 contains, for example, the elastic features 
of the crosslinker (PEG in this particular case) [16.44] 
‘with which the ligand is tethered to the tip of the 
AFM. 
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Specific interactions underlying molecular recognition 
are a distinct class of highly complementary, non- 
covalent bonds between biological macromolecules 
‘composed typically of a few tens of weak interactions 
such as electrostatic, polar, van der Waals, hydrophobic, 
and hydrogen bonds. The energy of each single bond is 
{ust lightly higher than the thermal energy ky7-. Due to 
the power law dependence of each weak interaction po- 
tential and the directionality ofthe hydrogen bonds, the 
attractive forces between the receptors and their cogni- 
tive ligands are extremely short-range. Therefore, a close 
geometrical and chemical fit within the binding pocket 
1s prerequisite for molecular recognition. 

Conformational flexibility of at least one of the two 
binding partners is required for their structural adap- 
tation. The weak interaction bonds are believed to be 
formed in a spatially and temporarily correlated fash- 
jon, thus creating a strong and highly specific molecular 
interaction. Recognition binding sites are structurally 
and chemically unique and selective for distinct recep- 
tor/ligand combinations. The overall affinity or binding 
energy of a receptor-ligand bond of a few tens of kp? 
is typically sufficient to effect chemical or physical 
changes of the binding partners, which often initi- 
ate biochemical reaction cascades or cellular metabolic 
pathways 

‘The binding energy Ep, given by the free energy 
difference between the bound and the free state, is the 
common parameter to describe the strength of a bond 
and can be determined in ensemble average calorimetric 
experiments. Ey determines the ratio of bound com- 
plexes, [RL], to the product of free reactants, [R] [L], 
at equilibrium in solution and is related to the equilty 
rium dissociation constant Kp, the affinity parameter, 
according to Eya—log(Kp). At thermodynamic equi- 
librium, the number of complexes that form per unit 
of time, ky (R] [LI equals the number of complexes 
that dissociate per time unit, kyr [RL]. The empiri- 
cal kinetic rate constants, on-rate koy and off-rate Kor, 
are related to the equilibrium dissociation constant Ky 
through Ky = kosr/kon 

In order to get an estimate for the interaction 
forces f from binding energies Eg, the dimension of 
the binding pocket may be used as the characteristic 
length dimension 1; thus = Ep/l. Typical values of 
Ey =20kgT and [=0.5nm yields f~170pN as an 
order of magnitude feeling for the strength of a sin- 
gle receptor-ligand bond. Classical mechanics describes 
the force required to separate interacting molecules as 


the gradient in energy along the interaction potential 
‘The complexed molecules would, therefore, dissociate 
when force exceeds the steepest gradient in energy, How- 
ever, activation barriers, temperature, time scales, and 
the detailed characteristics of the energy landscape, all 
known tobe essential for the understanding of receptor- 
ligand dissociation, are not considered in this purely 
mechanical picture. 

Ligand-receptor binding is generally a reversible re- 
action. Viewed on the single-molecule level, the average 
lifetime of a ligand-receptor bond, x(0) is given by the 
inverse of the kinetic off-rate, kage, So 1(0) = kg. There- 
fore, ligands will dissociate from receptors without any 
force applied tothe bond at times larger than 1(0) (cov- 
ring a range from milliseconds to days for different 
receptor ligand combinations). In contrast, if molecules 
ae pulled faster than 1(0), the bond will resist and re- 
‘quire a force for detachment, The sizeof the unbinding 
force may vary over more than one order of magai- 
tude, and even exceed the adiabatic limit given by the 
steepest energy gradient of the interaction potential if 
bond breakage occurs faster than diffusive relaxation 
(nanosecond range for biomolecules in viscous aqueous 
medium) and friction effects become dominant [16.47] 
‘Therefore, unbinding forces do not resemble unitary val- 
ues, and the dynamics of the experiment defines the 
physics underlying the unbinding process 

‘At the millisecond to second time scale of AFM 
experiments, thermal impulses govern the unbinding 
process. In the thermal activation model, the lifetime 
of a complex in solution is described by Boltzmann 
ansatz, 1(0) = tose exp(Eo/kyT) [16.48], where tox is 
the inverse of the natural oscillation frequency and E 
the energy barrier for dissociation, Hence, due to the 
thermal energy there isa finite probability of overcom- 
ing the energy barrier Ey, which leads tothe separation 
ofthe receptor-ligand complex. The mean complex life- 
time in solution is, therefore, determined by the ratio of 
over the thermal energy. 

‘A force acting on a binding complex deforms 
the interaction energy landscape and lowers the ac- 
tivation energy barrier, very similar to the mode of 
operation of an enzyme (Fig. 16.6). Thus the in- 
put of thermal energy by forces acting in this time 
regime reduces the bond lifetime. The lifetime 1(/) 
of a bond loaded with a constant force f is given 
as 1(f) = tow Expl (Ey — ap f)/kuT] [16.48], xp ber 
ing interpreted as the distance of the energy barrier Ey 
from the energy minimum along the direction of the 
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16.6 Dissociation over a single sharp energy barrier, 
Under a constant force, the barrier is linearly decreased by 
the applied force F, giving rise to a characteristic length 
scale x that is interpreted as the distance of the energy 
barrier from the energy minimum along the projection of 
the force (after (16.50) 


applied force. In this model, the energy barrier de- 
creases linearly with the force applied. A detailed 
physical basis for Bell’s theory has been derived 
in [16.49], where the strength of weak non-covalent 
bonds was studied in liquid using Kramer's theory 
for reaction kinetics in liquids under the influence of 
force. 

‘The lifetime r(f) under constant force f com- 
pares to the lifetime at zero force, 1(0), according to 
Tf) = 10) exp(—xp f/kaT) [16.4] for a single sharp 
energy barrier for which a mono-exponential depen- 
dence is characteristic. Using AFM, receptor-ligand 
unbinding is commonly measured in force-distance cy- 
cles (cf. previous chapter), during which the applied 
force to the complex does not remain constant. Rather, 
it increases in a complex fashion at a nonlinear rate 
determined by the pulling velocity, the spring constant 
of the cantilever, and the force-distance profile of the 
complexed biomolecules. The main contribution of the 
thermal activation, however, comes from the part of 
the force curve, which is close to unbinding. There- 
fore, an effective force increase or loading rate r can 
be deduced from r = d f/ dr = pulling velocity times ef- 
fective spring constant at the end of the force curve 
just before unbinding occurs. The approximation of 
‘aconstant loading rate using force-distance cycles with 
‘AFM is sound with a properly defined effective loading 
rate [16.51] 
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The dependence of the unbinding force on a lin- 
car loading rate in the thermally activated regime 
was first derived in [16.49] and further described 
in [16:50]. Force-induced dissociation of receptor- 
ligand complexes using AFM or BFP can be regarded 
as an irreversible process, because the two bind- 
ing partners are further separated after dissociation 
has occurred. Therefore, rebinding and back-reactions 
are negligible. The unbinding process itself is of 
stochastic nature, and the likelihood of bond 
survival is expressed in the master equation as 
time-dependent probability (1) to be in the bound 
state under a linearly increasing force =r, thus 
ANG) = ~kos(rD NCO (16.50) 

Rewriting Bell's formula using 1) =k5!(f) 
relates the kinetic off-rate at a given force, 
Koa(f). 10 the offerate at zero force, kon (0): 
Koa) = Kou 0) exptl,f/kgT). The master’ equation 
combined with Bell's formula results in a spectrum 
of Gaussian-like distributions of unbinding forces (Kre- 
quency of occurrence versus force) parameterized by 
the loading rater [16.50]. Thus the maximum of each 
force distribution, //*(7). reflects the most probable 
force of unbinding for the respective loading rate r 
(f* isrelated tor through f* = fs loge(rkagt/ fs). where 
ihe slope is governed by fp, a force scale set by 
the ratio of the thermal energy kg7’ to the length 
scale xp, which marks the thermally averaged posi- 
tion of the energy barrier along the direction of the 
force [16.49.50]. Apparently, the unbinding force f* 
scales linearly with the logarithm of the loading rate 
For a single bartier, this would give rise to a sim- 
ple, linear dependence of the force versus log loading 
rate, In cases where more barriers are involved along 
the escape path, the curve will follow a sequence 
of linear regimes, each of which marks a particu- 
Jar barrier [16.38]. Hence, transition from one regime 
to the other is associated with an abrupt change of 
slope determined by the characteristic barrier length 
scale 

In force spectroscopy experiments, the dynamics 
of pulling on specific receptor-ligand bonds is varie, 
Which leads to detailed structural and kinetic infor 
imation of the bond breakage, as discussed above and 
shown in the following chapter on explicit examples 
Length scales of energy barviers are obtained from the 
slope ofthe spectroscopy plot (force versus loading rate) 
and their relative heights may be gained from the force 
shifts [16.38]. Extrapolation to zero forces yields the ki- 
netic offrate constant for the dissociation of the complex 
in solution [16.52] 
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16.5 Recognition Force Spectroscopy: 


From Isolated Molecules to Biological Membranes 


In the early pioneering AFM studies receptor-ligand 
bond strengths were only measured at one loading rate. 
‘Therefore, only a single point in the spectrum of forces, 
that depend on the dynamics of the experiment, was 
determined, Avidin-biotinis often regarded as the proto- 
type of receptor-ligand interaction due to its enormously 
high affinity (Kp = 10! M) and long bond lifetime 
(x(0) = 80days). Hence, it may not be too surprising 
that the first realizations of single-molecule recogni- 
tion force detections were made with biotin and its 
‘cognitive receptors, streptavidin [16.2], the suecinilated 
form of avidin, and avidin [16.3]. Unbinding forces of 
250-300 pN and 160 pN were found for streptavidin and 
avidin, respectively. It was also shown [16.53] that the 
forces vary with the spring constant of the cantilever 
using the same pulling velocity, which is consistent 
with the loading rate dependency of the unbinding Force 
discussed above. The recognition forces of various bi- 
oan analogs with avidin and streptavidin [16.53], as 
well as with site-directed streptavidin mutants [16.54] 
were related to their energies and found to be cor- 
related with the equilibrium binding enthalpy [16.53] 
and the enthalpic activation barrier [16.54] but inde- 
pendent of free energy parameters. It was suggested 
that internal energies of the bond breakage, rather than 
entropic changes were probed by the force measure- 
ments [16.54] 


16.5.1 Forces, Energies, and Kinetic Rates 


In first measurements of inter-and intramolecular forces 
of the DNA double helix [16.6], complementary single- 
strand DNA oligonucleotides ‘covalently attached to 
the AFM tip and the probe surface, respectively, were 
probed. The multimodal force distributions obtained 
(three distinct, separated force peaks) were associ- 
ated with interchain interactions of single pairs of 
12, 16, and 20 base sequence length. A long strain 
single-strand DNA with cohesive ends was sandwiched 
in between tip and substrate and its intramolecular 
force pattem revealed elastic properties comparable 
to polymeric molecules [16.6]. Single molecule in- 
teractions hetween all possible 16 combinations of 
the four bases were also studied [16.7] and yielded 
specific binding only when complemetary bases were 
present on the tip and the probe surface, indicating 
that AFM is capable of following Watson-Crick base 
Pairing 


Anibody-antigen interactions are of key impor- 
tance for the function of the immune system. Their 
affinities are known to vary over orders of magni- 
tudes. For single-molecule recognition AFM studies, 
the molecules were surface-coupled via flexible and 
distensible crosslinkers [16.4, 10, 13, 14] to. provide 
them with sufficient motional freedom, so that prob- 
lems of misorientation and steric hindrance that can 
obscure specific recognition are avoided. In [16.4, 12], 
the tips were functionalized with a low antibody den- 
sity, so that on the average only a single antibody 
on the tip end could access the antigens on the sur- 
face. Hence, isolated single molecular antibody-antigen 
‘complexes could be examined. It was observed that 
the interaction sites of the two Fab fragments of the 
antibody (the antibody consists of two antigen-active 
Fab-fragments and one Fe-portion) are able to bind 
simultaneously and independently with equal bind- 
ing probability. Single antibody-antigen binding events 
were also studied with tip-bound antigens [16.10] using 
an antibody biosensor probe surface [16.13] or single 
chain antibody-fragments attached to gold via freely ac- 
ccessible sulfhidryl groups [16.1.4]. In the later study, the 
unbinding forces of two mutant single-chain antibodies, 
varying by an order of magnitude in their affinity, were 
‘compared. The mutant of ten times lower affinity (con- 
sistent with 12% lower free energy due tothe logarithmic 
dependence of the affinity on free energy) showed 20% 
lower unbinding force 
‘All these studies describe detection of intermolecu- 
lar forces between single receptors and their cognitive 
igands. However, the AFM can also be used to char- 
acterize single-molecule intramolecular forces, e.2., 
interactions responsible for stabilizing the conforma- 
tions and tertiary structures of polymers and proteins, 
‘The force-extension profile (cf. also stretching of 
PEG in Fig. 16.5) of polysaccharide dextran revealed 
multiple elastic regimes dominated by entropic ef- 
fects, internal bond angle twistings, and conformational 
changes (16.55, 56]. The complex quantities of elastic 
and viscous force contributions upon stretching a sin- 
gle dextran molecule were resolved by resonant energy 
tracking using dynamic force spectroscopy [16.57] 
Titin, a fibrillose muscle protein, contains large number 
of repetitive IgG domains that shows a characteris- 
tic sawtooth patter in the force profile, reflecting 
their sequential unfolding (Fig. 16.7) [16.58]. Unfold- 
ing and refolding kinetics and energetics of proteins 
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Fig. 16.7 Force extension profile of a single titin 
‘molecule, The periodic sawtooth-like pattem 
reflects domain unfolding in the peptide chain 
consistent with its modular construction and 400) 
can be explained as a stepwise increase of the 
‘molecule’s length upon each unfolding event 
(after (16.58) 


were studied in pull-hold-elesse cycles [16.59] by 
carefully handling the molecule between tip and sur- 
face. These studies yield crucial information on the 
relation between structure and function of single 
molecules 

Besides the investigation of forces, single-molecule 
recognition force microscopy studies allow for the es- 
timation of association and dissociation rates [16.4, 
22,52, 60,61), energies [16.38]. and structural param- 
eters of the binding pocket [16.4, 12,15, 60,61]. For 
single molecule studies, quantification of the on-rate 
constant kay for the association of the ligand on the tip 
toa receptor on the surface requires determination ofthe 
Interaction time fos needed for half-maximal probability 
of binding. This value is obtained from an experiment 
in which the encounter duration of the ligand-coated 
tip on the receptor-containing surface is varied until 
4 range of the unbinding activity from zero to satu- 
ration is achieved [16,60], With the knowledge of the 
effective ligand concentration car on the tip available 
for receptor interaction, kon is given by kon = {yc 
The effective concentration cur is described by the 
effective volume Ver the tip-tethered ligand diffuses 
about the tip, which yields cgg-— Nj! Veg. where Ny 
is the Avogadro's number. Vay is essentially « half 
sphere with a radius of the effective tether length, and 
the Kinetic on-rate can, therefore, be calculated from 
fee = ig1Na2e/3r%, However, sce fog criealy de- 
pends om the tether length r, only order of magnitude 
estimates are gained [16.60] 

‘Additional information about the unbinding process 
ix contained in the unbinding force distributions, Not 
only the maximum f*, but also its intrinsic width « 
increases with increasing loading rate [16.22.38]. Ap- 
parently at slowerloading rates the systems adjust closer 
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to equilibrium, which leads to smaller values of both the 
force f* and its variation @. This is another indica- 
tion that dynamics is an important issue when studying 
recognition forces. An effective lifetime t(f) of the 
bond under an applied force f was estimated by the 
time the cantilever spends inthe force window spanned 
by the standard deviation « of the f distribution [16.4] 
The time the force increases from f*— to f*-+o 
is thus given by 1(f) ~20/df/dr [164]. In an ex- 
ample of the Ni?*-chelating ligand/receptor interaction 
nitrotrilacetate/hexa-histidin [16.22], the lifetime r(/) 
decreased with increasing pulling force f from 17 ms at 
150pN to 2.5ms at 194pN. The data were fited with 
Bell's formula, confirming the theoretically predicted 
exponential lifetime-force relation for the reduction af 
the lifetime x(f) by the applied force f and, thus 
yielding a lifetime at zero force, r= 15s. Direct mea- 
‘surements of lifetimes are only possible by using a force 
clamp, where a constant adjustable force is applied to 
the complex viaa feedback loop and the time duration of 
bond survival is detected, This configuration has been 
developed recently to study the force dependence of 
the unfolding probability ofthe filament muscle protein 
titin [16.62] 

Theory predicts (cf. previous chapter) that the un- 
binding force of specific and reversible ligand-receptor 
bonds is dependent on the rate of the increasing 
force [16.47,49, 63] during force-distance cycles. In- 
deed, in experiments unbinding forces were found to 
assume not a unitary value, but rather were dependent 
6on both the pulling velocity [16.52, 60] and the can- 
tilever spring constant [16.2]. The theoretical findings 
‘were confirmed by experimental studies and revealed 
1 logarithmic dependence of the unbinding force on 
the loading rate [16.15, 22, 38, 52, 60, 61], consistent 
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with the exponential lifetime-force relation described 
hove. On a half-logarithmic plot, a single linear slope 
is characteristic for a single energy barrier probed 
in the thermally activated regime [16.38]. The same 
relation was also found for unfolding forces of pro- 
teins [16.55]. The slope ofthe force spectroscopy curve 
contains the length scale of the energy barrier, which 
may be connected to the length dimension of the inter- 
action binding pocket [16.60)]. The kinetic off-rate kyr 
at zero force is gained from the extrapolation to zero 
force (16.52, 60]. Combining ko with Koy leads to 
4 value for the equilibrium dissociation constant Kp, 
seoveding 10 Kn = het/few 

‘A simple correlation hetween unbinding force and 
solution kinetics was found for nine different single- 
chain Fv fragments constructed from point mutations 
of three unrelated anti-fluorescein antibodies [16.61] 
‘These molecules provide a good model system because 
they are monovalent and follow a 1:1 binding model 
without allosteric effects, and the ligand (fluoerscein) 
is inert and rigid. For each mutant, the affinity Kp, the 
kinetic rate constants fog and kos, and the temperature 
dependence of kor yielding the activation bartier Ey, 
were determined in solution. In a series of single- 
molecule AFM recognition events, the loading rate (r) 
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Fig. 16.8 Loading rate dependence of the unbinding force 
dependence of two anti-fluoresceins. For both FITC-E2 wt 
and 4DS-Flu, a strictly mono-logarithmic dependence was 
found in the range accessed, indicating that only a single en- 
‘ergy bartier was probed. The same energy barrier dominates 
dissociation without forces applied, because extrapolation 
to zero force matches kinetic off-ates determined in solu- 
tion (indicated by arrow) (after [16.61)) 


dependence of the unbinding forces ( f) was measured. 
‘The maxima of the force distributions /* scaled linearly 
with logy. Therefore, unbinding was dictated by a sin- 
gle energy barrier along the reaction path (Fig. 16.8). 
Since the measured unbinding forces of all mutants 
precisely correlated with kor, the unbinding path fol- 
lowed and the transition state crossed cannot be too 
dissimilar in spontaneous and forced unbinding. Inter- 
estingly, the distance of the energy barrier along the 
unbinding pathway determined from the force spec- 
troscopy curve was found to be proportional to the 
barrier height and, thus, most likely includes elastic 
stretching of the antibody construct during the unbinding 
process. 


16.5.2 Complex Bonds 
and Energy Landscapes 


More complex force spectra were found from unbind- 
ing force measurements between complementary DNA 
strands of different lengths [16.15]. DNA duplexes with 
10, 20, and 30 base pairs, were investigated to reveal un= 
binding forces from 20 to SOpN of single duplexes, 
depending on the loading rate and sequence length. 
‘The unbinding force of the respective duplexes scaled 
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Fig.16.9 Dependence of the unbinding force between 
DNA single-strand duplexes on the retract velocity. 
Besides the mono-logarithmic behavior, the unbinding 
force scales with the length of the strands, increasing 
from the 10- to 20- to 30-base-pair duplexes (al- 
ter (16.15) 
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Figure 10-8. Graphical representation of standard resis: 
for values (white lines) established by the International 
Electratechnical Commission, showing the acceptable 
range of actual values (dark blue areas) assuming preci- 
sion of plus-or-minus 20%. The overlap, if any, between 
teach range and the next is shown in black 


accommodate better tolerances. A table 
showing resistor values for tolerances of plus-or- 
minus 20%, 10%, and 5% appears in Figure 10-9, 
Resistors with a tolerance of 5% have become 
increasingly common, 
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Figure 10-9. Standard values for resistors of different 
precisions. For resistors outside the range shown, values 
can be found by multiplying or dividing (repeatedly f nec: 
essary) by a factor of 10 


The IEC has established 3-digit preferred values 
for resistors with values accurate to plus-or- 
minus 0.5%. 

Because many capacitorsstill havea toleranceno 
better than 20%, their values also conform with 
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with the logarithm of the loading rate, however, each 
of them with a different slope (Fig. 16.9). The distance 
of the energy barrier along the separation path and the 
logarithm of the kinetic off-rate, both obtained from 
the force spectroscopy plot as parameters describing 
the energy landscape, were found to be proportional 
to the number of DNA complexes per duplex. This 
defined scaling leads to a model of fully cooperative 
bonds in a series for the unbinding of the base pairs in 
the duplex, described by one distinct length and time 
scale for each duplex length, where each single bond 
contributes a defined increment [16.15]. A tempera- 
ture study revealed that entropic contributions also play 
a role in the unbinding between complementary DNA. 
strands [16.64] 

Energy landscapes of receptor-ligand bonds in bi- 
ology can be rugged terrains with more than one 
prominent energy barrier. The inner barriers are unde- 
tectable in solution assays, but can become predominant 
for certain time scales in force-induced unbinding. 
‘Therefore, force spectroscopy appears to be a proper 
tool to discover hidden activation barriers and ex- 
plore the energy landscape in greater detail. In initial 
AFM studies [16.53, 54], it was concluded that the 
interaction strength of biotin-streptavidin is in the 
range of 200-300pN and the strength of biotin- 
avidin is somewhat lower (~ 150 pN). However, using 


BFP, the loading rate was varied over eight orders 
of magnitude (from 10- to 10*pN/s) and gained 
4 detailed picture of the force spectroscopy curve 
with forces increasing from 5 to 200pN (Fig. 16.10) 
{16.381 

Distinct linear regimes that demonstrate the ther 
1mally activated nature ofthe bond breakage are visible, 
abrupt changes in slope imply a number of sharp bar- 
riers along the dissociation pathway. Above 85pN, 
there is a common high strength regime for both 
biotin-streptavidin and biotin-avidin with a slope of 
{fp =34N, locating barvier deep inthe binding pocket 
at xp =0.12nm. Below 85 pN, the slopes for biotin- 
streptavidin and biotin-avidin are different. fy = 8p 
for biotn-stepavidin marks a barrier at xp ~0.5 nm, 
‘whereas the steeper slope fy = 13-14 pN between 38 
and 85 pN in the biotn-avidin spectrum indicates that 
its next barier is located at 0.3m. Below 11 pN, the 
biotinavidin spectrum exhibits a very low strength 
regime with a slope of fy —I.4pN that maps to 
xg =3nm, In addition to the map of barrier locations, 
the logarithmic intercepts found by extrapolation of 
each linear regime to zero force also yield estimates 
of the energy differences between the activation barriers 
Fig. 16.10) 

‘A meticulous picture ofthe biotin-avidin bond rup- 
ture process with amino acid resolution was obtained 
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Fig. 16.10a-c Unbinding force distributions and energy landscape of a complex molecular bond. (a) Force histograms of single 
biotin-streptavidin bonds recorded at different loading rates. Te shift in peak location and the increase in width with inereasing 
londing rate is clearly demonstrated. (b) Dynamic force spectra for biotin-streptavidin (cireles) and biotin-avidin (triangles). The 
slopes of the linear regimes mark distinct activation barriers along the direction of force. (c) Conceptual energy landscape traversed 
along a reaction coordinate under force under an angle # to the molecular coordinate. The external force f adds a mechanical 
potential that tilts the energy landscape and lowers the barriers The inner barter starts to dominate when the outer has fallen 
below it due to the applied force (after [16.38]) 
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with molecular dynamics simulation (MDS) [16.47,63] 
Although the time scales of MDS for AFM pulling 
experiments are orders of magnitudes faster, forces 
in laboratory speeds were approximated. By recon- 
structing the interaction potential, the experimentally 
found transition states were readily identified. Simula- 
tions of antibody-antigen unbinding, however, revealed 
a large heterogeneity of enforced unhinding pathways 
and a correspondingly large flexibility of the binding 
pocket region, which exhibited significant induced fit 
motions [16.65] 

‘The velocity dependence of rupture forces and 
adhesion probability of the receptor/ligand system 
P.selectin/P-sclectin glycoprotein ligand-1 (PSGL-1) 
and their relation to kinetic and thermodynamic pa- 
rameters obtained in ensemble average assays were 
analyzed in detail in [16.52]. The adhesive interactions 
of this system play a central immunogenic role in di- 
recting the PSGLT-L-containing leukocytes out of the 
blood stream and into sites of inflammation on cell lay- 
ers via P-selectin, The high molecular elasticity of the 
P-selectin/PSGL-1 complex was determined from the 
force extension profile gained in force-distance cycles 
and described by the freely jointed chain, a polymer 
‘model that yields the Contour length (overall maximum 
extension), the persistence length (effective segment di- 
mension), and the molecular spring constant. Rupture 
forces of single complex unbinding increased logarith- 
mically with the loading rate (spring constant times 
pulling velocity), as expected from theory, and yielded 
Koge = 0.025! and 1 = 0.25 nm. 

Another characteristic of the P-selectin/PSGL-| 
relevant to its biological function was found by inves- 
tigating the adhesion probability, defined as the ratio 
between the force-distance cycles showing an adhe- 
sion event and the total number of cycles, on the 
pulling velocity. Counterintuitively and in contrast to 
experiments with antibody-antigen [16.4], cell adhe- 
sion proteins [16.9] and cadherins [16.60], the adhesion 
probability increased with increasing velocities [16.52] 
Since the adhesion probability approaches 1.0 at fast 
velocities, P-selectin/PSGL-1 complex formation must 
occur as soon as the tip reaches the surface, thus re- 
flecting a fast kinetic on-rate, Upon the increase in 
force during pulling, the complexes only dissociate un- 
der a measurable force when pulled at fast velocities. 
No force will be detected at low velocities because 
the complex has already dissociated by the pure ther- 
mal energy and/or a force beneath the noise limit. 
A quantitative analysis revealed a fast kinetic off-rate of 
Kage = 1525-1, The fast kinetic rates and high chain- 


like elasticity of the PSGL-1 system guarantee a rapid 
exchange ofthe leukocytes on endothelial cell surfaces 
and therefore provide the basis of the physiological 
leukocyte roling process {16.52 

PSGL-1 recognition to another member of the se- 
lectin family, L-selectin, was studied using BFP [16.66 
‘The loading rate was varied over three orders of mag: 
nitude, thereby gaining rupture forces from a few to 
200pN. Plotted on a logarithmic scale of loading rates, 
the rupture forces reveal two prominent energy barriers 
along the unbinding pathway. Strengths above 75 pN 
arise from rapid detachment (< 0.013) impeded by 
an inner barrier that requires Ca?*, whereas strengths 
below 75pN occur under slow detachment (> 0.01) 
impeded by an outer barter, most likely constituted by 
an array of weak hydrogen bonds. It was speculated 
that a complex hierarchy of inner and outer barriers is 
significant in selectin-mediated function (16.66) 

Single molecule recognition was also used to invest 
gate the mechanism of the eadherin-mediated adhesion 
process of vascular endothelial cells. A monolayer of 
these cells constitutes the major barrier of the body 
that separates the blood compartment from the extra 
cellular space of tissues. Homophilic cadherin adhesion 
acting within the cell junctions allows fast dynamic cel 
lular remodeling to change the barrier properties of the 
cell layers. Recordings of force-distance cycles showed 
specific recognition events between fip- and surface- 
bound chimeric VE-cadherin dimers. Messuring. the 
binding activity in dependence of the free Ca°+ con- 
centration [16.60] revealed an apparent Kp of 1.15 mM 
with a Hill coefficient of my = 5.04, indicating high 
cooperativity and step dependency. tight be of ph 
iological relevance that a local drop of free Ca? in 
the narrow intercellar cleft weakens intercellalar ad- 
hesion and is, therefore, involved in facilitating cellular 
remodeling 

“The rather low tran-interaction force of a single 
bond between two cadherin strand dimers was found 
to be amplified by complexes of cumulative binding 
strength, visible as distinct force quanta in the adhe- 
sion force distributions. These associates were formed 
by time-controlled lateral and trans-oligomerizaton, 
suggesting. that cadherins from opposing cells as- 
sociate 10 form complexes and, thus, increase the 
intercellular binding strength. The rather low values 
for the kinetic rates and the adhesive binding activ. 
ity determined as described above, make cadherins 
ideal candidates for adhesion regulation by cytoskele- 
tal tethering, thereby setting the kinetic rate of lateral 
self-association [16.60]. 
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16.5.3 Live Cells and Membranes 


So far, there have been only a few attempts to apply 
recognition force microscopy to living cells. Recently, 
Lehenkar etal. [16.67] measured the binding forces be- 
‘tween integrin receptors in intact cells and Arg-Gly-Asp 
(RGD) amino acid sequence containing extracellular 
‘matrix protein ligands. Ligands, which had a higher pre- 
dicted affinity for the receptor, gave greater unbinding 
forces, and the amino acid sequence/pHAdivalent cation 
dependency of the receptor-ligand interaction examined 
by AFM was similar to the one observed under bulk 
‘measurement conditions using other techniques. In an- 
other study [16.68], the AFM was used to detect the 
adhesive strength between concavalin A (con A) cou- 
pled to an AEM tip and Con A receptors on the surface 
of NIH3T3 fibroblast cells. Crosslinking of receptors 
led to an increase in adhesion that could be attributed 
to enhanced cooperativity among adhesion complexes, 
‘which has been proposed as a physiological mechanism 
for modulating cell adhesion. 

‘The sidedness and accessability of protein epi- 
topes of the Na*/D-glucose co-transporter in intact 
brush border membrane vesicles was sensed with an 
AFM tip containing an antibody directed against an 
a sequence close to the glucose binding site [16.35] 
Orientations and conformations ofthe transporter mol- 


16.6 Recog! 


Besides studying ligand-receptor recognition processes, 
the identification and localization of receptor binding 
sites on bio-surfaces such as cells and membranes are 
of particular interest. For this, high resolution imaging 
‘must by combined with force detection, so that binding 
sites can be assigned to structures, 

A method for imaging functional groups using chem- 
ical force microscopy was developed in [16.72]. Both tip 
and surface were chemically modified, and the adhesive 
interactions between tip and surface directly correlated 
with friction images ofthe patterned sample surfaces. Si- 
‘multaneous information for topography and recognition 
forces on a jm-sized streptavidin pattern was obtained 
by lateral force mapping on a jum-sized streptavidin pat- 
tem with a biotinylated AFM tip. An approach-retract, 
cycle was performed in every pixel of the image, and the 
information for topography was gained from the contact 
region, whereas a recognition image was constructed 
from the recognition forces of the force curve [16.72]. 


‘ion Imaging 
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ecule were found to change during glucose binding and 
transmembrane transport, as evident from the observa- 
tion of three distinct states discernable in interaction 
strength and binding activity. Force spectroscopy exper- 
iments between leukocyte function-associated antigen-1 
(LFA-1) on the tip and intercellular adhesion molecule- 
1 (ICAM-1) expressed on cell surfaces [16.69] revealed. 
abilinearbehaviorin the force vs. log loading rate curve, 
‘marking a steep inner activation barrier and a wide outer 
activation barrier, Since addition of Mg”*, a co-factor 
that stabilizes the LFA-I/ICAM-1 interaction, elevated 
the unbinding force of the complex in the slow load- 
ing regime and EDTA suppressed the inner barrier, it 
wwas suggested that the equilibrium dissociation con- 
stant is regulated by the energetics of the outer barrier, 
‘whereas the inner barrier determines the ability to resist 
‘an external force. 

Forces about ten times higher (3 nN) were achieved 
‘when whole cells were used to modify the tip instead of 
single molecules, as shown in measurements of inter-cell 
force detections between trophoplasts and uterine pithe- 
lium cells [16.70]. In a similar configuration but with 
defined control of the interaction, de-adhesion forces 
at the resolution of individual cell adhesion molecules 
in cell membranes were detected and the expression of 
8 gene was quantitatively linked to the function of its 
product in cell adhesion [16.71] 


This method was also used to map functional receptors 
on living cells [16.73] and differentiate red blood cells, 
of different blood groups within a mixed population us- 
ing AFM tips conjugated with a blood group A specific 
lectin [16.74]. 

A first identification and localization of single- 
molecule antigenic sites was realized by laterally 
scanning an AFM tip containing antibodies in one di- 
mension across a surface containing a low density of 
antigens during recording force-distance cycles. The 
binding probability was determined in dependence of 
the lateral position, resulting in Gaussian-like pro- 
files [16.4, 12]. The position of the antigen could be 
determined from the position of the maximum, yield- 
ing a positional accuracy of 1.5nm. The width of the 
binding profile of 6nm reflects the dynamical reach 
of the antibody on the tip, provided by the crosslinker 
used for coupling the antibody to the tip, and can be 
considered the lateral resolution obtained by this tech- 
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nique [16.4], With a similar configuration, height and 
adhesion force images were simultaneously obtained 
with resolution approaching the single-molecule level 
as well [16.75]. 

‘The strategies of force mapping, however, lack high 
lateral resolution [16.72] and/or are much slower in data 
acquisition [16.4, 12,75] than topography imaging, since 
the frequency of the retract-approach cycles performed 
in every pixel is limited by hydrodynamic forces in the 
aqueous solution. In addition, obtaining the force im- 
tage requires the ligand to he disrupted from the receptor 
in each retract-approach cycle. For this, the <-amplitude 
of the retract-approach cycle must be at least 50mm 
tnd, therefore, the ligand on the tip is without access to 
the receptor on the surface for most of the experiment. 
‘The development of shorter cantilevers [16.45], how- 
ever, increases the speed for force mapping, because the 
hydrodynamic forces are significantly reduced and the 
resonance frequency is higher than that of commercially 
available cantilevers. The short cantilevers were also re- 


cently applied to follow the association and dissociation 
of individual chaperonin proteins GroES to GroEL. in 
real time using dynamic force microscopy topography 
imaging [16.76] 

‘An imaging method for the mapping of antigenic 
sites on surfaces was recently developed [16,20] by com 
bining molecular recognition force spectroscopy [16.4] 
with dynamic force microscopy (DFM) [16.25.77]. In 
DFM, the AFM tip is oscillated across a surface and 
the amplitude reduction arising from tip-surface inter- 
actions is held constant by a feedback loop that lifts or 
lowers the tip according to the detected amplitude sig- 
nal. Since the tip only intermittently contacts the surface, 
this technique provides very gentle tip-surface interac- 
tions, and the specific interaction of the antibody on the 
tip with the antigen on the surface can be used to lo- 
calize antigenic sites for recording recognition images. 
‘The principles of this method are described in detail 
below and in Fig. 16.11, A magnetically coated tip is 
oscillated by an alternating magnetic field at an ampli- 


Fig. 16.1la-e Topography and recognition image. (a) AFM tip-lysozyme interaction during topography imaging. The 
brown line indicates the height profile obtained from a single lysozyme molecule with the AFM using a bare tip. (b) AFM 
tip-lysozyme interaction during recognition imaging. Half-antibodies are bound to the AFM tip via a flexible tether 
(Gagged line) for the recognition of lysozyme on the surface. Imaging results ina height profile. as indicated (brown line) 
(€ Topography image. Single lysozyme molecules can be clearly resolved. Sometimes small lysozyme aggregates are 
observed. Image size was 500nm. False color bar for heights from 0 (dark) to S (bright) am. (@) Height profiles. Cross- 
sectional profiles of single lysozyme molecules obtained from the topography (black line) and the recognition (brown 
line) image. (e) Recognition image. The bright dots represent recognition profiles of single lysozyme molecules. Imaging 
was performed using an AFM tip carrying one half-antibody with access to the antigens on the surface. Conditions were 
exacily the same as in (¢) (After [16.20]) 
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16.7 Concluding Remarks 


tude of Sam while being scanned along the surface. 
Since the tether has a length of 8am, the antibody on 
the tip always has a chance of recognition when passing 
‘an antigenic site, which increases the binding probabil- 
ity enormously. Since the oscillation frequency is more 
than 100 times faster than typical frequencies in conven- 
tional force mapping, the data acquisition rate is much 
higher. 

Half-antibodies were used to provide a monovalent 
ligand on the tip. The antigen, lysozyme, was tightly 
adsorbed to mica in conditions that yielded a low sur- 
face coverage (for details see [16,20]). A topographic 
image of this preparation was first recorded in buffer 
using a bare AFM tip as a control (Fig. 16.1 1c). Single 
lysozyme molecules were clearly resolved (Fig. 16.1 le). 
A cross-sectional analysis (Fig. 16.1 1d, profile in black) 
reveals that the molecules appear 8 to 12am in diameter 
and2.010 2,5 nm inheight. Imaging with ahalf-antibody 
tethered to the tip in conditions identical to those used 
to obtain the topographical image gave strikingly differ- 
cent images (Fig, 16.1 1e). They differ significantly both 
in height and diameter compared to the topography im- 
age (Fig. 16.1 le). Cross-sectional analysis (Fig. 16.1 1d, 
trace in red) reveals aheight of 3.0 t0 3.5 nm and adiam- 
eter of 20 to 25 nm, Therefore, profiles obtained from 
the recognition image appear at least I nm higher and 
101nm broader than profiles from the topography image. 

‘The antibody-antigen recognition process during 
imaging is depicted in Fig.16.11b. Approaching the 
antigen in a lateral scan from the left, the antibody 
fon the tip binds to the antigen about 10mm before 
the tip end is above the antigenic site (Fig. 16.11b, 
left tip), due to the flexible tethering provided by the 
crosslinker. In the bound state, the z-oscillation of the 
cantilever is further reduced by the attractive force of 


16.7 Concluding Remarks 


Atomic force microscopy has evolved into the imag- 
ing method that yields the greatest structural details 
oon live, biological samples like proteins, nucleotides, 
‘membranes and cells in their native, aqueous environ- 
‘ment at ambient conditions, Due to its high lateral 
resolution and sensitive force detection capability, the 
exciting possibility of measuring inter- and intramolec- 
ular forces of biomolecules on the single-molecule 
level has become possible. The proof-of-principle stage 
of the pioneering experiments has already developed 
into a high-end analysis method for exploring ki- 
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the crosslinker-antibody-antigen connection, which is 
acting as a nonlinear spring. Since the AFM detects the 
=-projection of the force, the amount of the attractive 
force measured increases when the tip moves further 
to the right and reaches its maximum just above the 
position of the antigenic site (Fig. 16.11b, tip in mid- 
dle). At lateral distances comparable to the length of the 
antibody-crosslinker connection, the antibody on the tip 
dissociates from the antibody on the surface and the 
attractive force goes to zero. 

The diameter of cross-sectional profiles obtained 
from the recognition image (Fig, 16.1 1d, brown trace) 
corresponds to about twice the length of the crosslinker 
(6 nm) plus antibody (6nm). Increased heights detected 
in comparison to profiles of the topography image 
(Fig, 16.11d, black trace) reflect the amplitude reduction 
owing to antibody-antigen recognition, The maxima of 
the cross-sectional profiles of the recognition image, as 
shown in Fig. 16.1 1d (brown trace), indicate the posi- 
tion of the antigenic site. The accuracy of maximum 
determination, which in turn reflects the positional ac- 
curacy of determining the position of the antigenic site, 
was 3nm. The specific nature of the antibody-antigen 
interaction was tested by injecting free antibody into 
the liquid cell, so as to block the antigenic sites on the 
surface, and subsequent images showed a reduction in 
apparent height. 

With this methodology, topography and recognition 
images can be obiained at the same time and distinct 
receptor sites in the recognition image can be assigned 
to structures from the topography image. The described 
methodology [16.20] is applicable to any ligand and, 
therefore, it should prove possible to recognize many 
types of proteins or protein layers and carry out epitope 
‘mapping on a nanometer scale on membranes and cells. 


netic and structural details of interactions underlying 
protein folding and molecular recognition by taking 
the advantages of single molecule studies. The in- 
formation obtained from force spectroscopy includes 
physical parameters unachievable by other methods 
and opens new perspectives in exploring the regula- 
tion of the dynamics of biological processes such as 
‘molecular recognition. With ongoing instrumental de- 
velopments to increase sensitivity and speed, exciting 
new fields may also open up in drug and cell screening 
technologies, 
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the old original set of resistance values, although 
the units are expressed in farads or fractions of a 
farad. See the capacitors entry in this encyclo- 
pedia for additional information. 


Value Coding 
Through-hole axial resistors are traditionally 
printed with a sequence of three colored bands 
to express the value of the component, each of 
the first two bands representing a digit from 0 
through 9, while the third band indicates the 
decimal multiplier (the number of zeroes, from 0 
to.9, which should be appended to the digits). A 
fourth band of silver or gold indicates 10% or 5% 
tolerance respectively. No fourth band would in- 
dicate 20% tolerance, although this has become 
very rare. 


Many resistors now have five color bands, to en- 
able the representation of intermediate or frac- 
tional values. In this scheme, thefirst three bands 
have numeric values (using the same color sys- 
tem as before) while the fourth band is the mul- 
tiplier. A fifth band, at the opposite end of the 
resistor, indicates its tolerance. 


In Figure 10-10 the numeric or multiplier value of 
each color is shown as a “spectrum” at the top of 
the figure. The tolerance, or precision ofa resistor, 
expressed as a plus-or-minus percentage, is 
shown using silver, gold, and various colors, at 
the bottom of the figure. 


Two sample resistors are shown. The upper one 
has a value of 1K, indicated by the brown and 
black bands on the left (representing numeral 1 
followed by a numeral 0) and the third red band 
(indicating two additional zeroes). The gold band 
atright indicates. precision of 5%. The lower one 
has a value of 1.05K, indicated by the brown, 
black, and green bands on the left (representing 
numeral 1 followed by numeral 0 followed by a 
numeral 5) and the fourth band brown (indicat- 
ing one additional zero), The brown band at right 
indicates a precision of 1%. 


Figure 10-10. Color coding of through-hole resistors. See 
text fardetails 


Inextremely old equipment, resistors may be co- 
ded with the body-tip-dot scheme, in which the 
body color represents the initial digit, the end 
color represents the second digit, and a dot rep- 
resents the multiplier. The numeric identities of 
the colors is the same as in the current color 
scheme. 


In all modern schemes, the three or four bands 
that show the resistance value are spaced close 
together, while a larger gap separates them from 
the band that shows the tolerance. The resistor 
value should be read while holding the resistor 
so that the group of closely-spaced numeric 
bands is on the left. 


Confusingly, some resistors may be found where 
the first three bands define the value, using the 
old three-band convention; the fourth band in- 
dicates tolerance; and a fifth band at the oppo- 
site end of the component indicates reliability. 
However, this color scheme is uncommon. 


Other color-coding conventions may befoundin 
special applications, such as military equipment. 
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17. Micro/Nanotribology and Materials 


Characterization Studies 


Using Scanning Probe Microscopy 


A sharp AFMIFFM tip sliding on a surface simulates 
just one asperity contact. However, asperities 
come in all shapes and sizes. The effect of radius 
of a single asperity (ip) on the friction/adhesion 
performance can be studied using tips of 
different radii. AFMIFFM are used to study the 
Various tribological phenomena, which include 
surfacelroughness, adhesion, friction, scratching, 
wear, indentation, detection of material transfer, 
and boundary lubrication. 

Directionality in the friction is observed on 
both micro~ and macroscales and results from 
the surface roughness and surface preparation. 
Microscale friction is generally found to be smaller 
than the macrofriction, as there is less plowing 
contribution in microscale measurements. The 
‘mechanism of material removal on the microscale 
is studied. Evolution of wear has also been studied 
using AFM. Wear is found to be initiated at 
nanoscratches. For a sliding interface requiring 
near-zero friction and wear, contact stresses 
should be below the hardness of the softer 
‘material to minimize plastic deformation, and 
surfaces should be free of nanoscratches. Wear 
precursors can be detected at early stages of 
wear by using surface potential measurements, 
Detection of material transfer on a nanoscale is. 
possible with AFM. In situ surface characterization 
of local deformation of materials and thin coatings 
can be carried out using a tensile stage inside an 
AFM. 

Boundary lubrication studies can be conducted 
using AFM. Chemically bonded lubricant films 
and self-assembled monolayers are superior 
in friction and wear resistance. For chemically 
bonded lubricant films, the adsorption of water, 
the formation of meniscus and its change during 
sliding, viscosity, and surface properties play an 
important role on the friction, adhesion, and 
durability of these films. For SAMs, their friction 
‘mechanism is explained by a so-called “molecular 
spring” model. 
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‘The mechanisms and dynamics ofthe interactions oftwo 
contacting solids during relative motion ranging from 
atomic- to microscale need to be understood in order 
to develop a fundamental understanding of adhesion, 
friction, wear, indentation, and lubrication processes. At 
most solid-solid interfaces of technological relevance 
contact occurs at many asperities. Consequently, the 
importance of investigating single asperity contacts in 
studies of the fundamental micro/nanomechanical and 
micro/nanotribological properties of surfaces and inter- 
faces has long been recognized. The recent emergence 
and proliferation of proximal probes, including scanning 
probe microscopies (the scanning tunneling microscope 
tnd the atomic foree microscope), the surface force ap- 
paratus, and computational techniques for simulating 
tip-surface interactions and interfacial properties, have 
allowed systematic investigations of interfacial prob- 
Jems with high resolution, as well as ways and means of 
‘modifying and manipulating nanoscale structures. These 
advances have led to the appearance of the new field 
of micro/nanotribology, which pertains to experimental 
and theoretical investigations of interfacial processes on 
scales ranging from the atomic- and moleculas-to the mi- 
croscale, occurring during adhesion, friction, scratching, 
wear, indentation, and thin-film lubrication at sliding 
surfaces [17.1=12] 

Micro/nanotribological studies are needed to de- 
velop a fundamental understanding of interfacial 
phenomena on a small scale and study interfacial 


phenomena in micro/nanostructures used in mag- 
netic storage systems, micro/nanoelectromechanical 
systems (MEMS/NEMS), and other applications [17.3, 
7-9, 13, 14]. Friction and wear of lightly loaded 
micro/nanocomponents are highly dependent on the sur- 
face interactions (few atomic layers). These structures 
are generally lubricated with molecularly thin films 
Micro/nanotribological studies are also valuable in un- 
derstanding interfacial phenomena in macrostructures 
and provide a bridge between science and engineering. 
‘The surface force apparatus (SFA), the scanning tun 
neling microscopes (STM), atomic force and friction 
force microscopes (AFM and FFM) are widely used 
in micro/nanotribological studies. Typical operating pa- 
rameters are compared in Table 17.1. The SEA. was 
developed in 1968 and is commonly employed to study 
both static and dynamic properties of molecularly thin 
films sandwiched between two molecularly smooth sur- 
faces. The STM, developed in 1981, allows imaging of 
electrically conducting surfaces with atomic resolution 
and has been used for the imaging of clean surfaces, as 
well as of lubricant molecules. The introduction of the 
atomic force microscope in 1985 provided a method for 
‘measuring ultra-small forces between a probe tip and an 
‘engineering (electrically conducting or insulating) sur- 
face and has been used for topographical measurements 
of surfaces onthe nanoscale, as well s for adhesion and 
electrostatic force measurements. Subsequent modifi 
tions of the AFM led to the development of the friction 


Table 17.1 Comparison of typical operating parameters in SFA, STM, and AFM/FFM used for micro/nanotribological studies 


Radius of mating surface/tip ~10mm 5-100nm 5=100nm 
Radius of contact area 10-40 um NIA 0.05-0.51m 
‘Normal load 10-100mN NA <0.1nN—S00nN 
Sliding velocity 0.001100 m/s (0.02200 um/s (002-200 um/s 
(scan size ~ 1 nm (scan size ~ nm 
x1-nm to 125 um xInm to 125m 
125 yum; sean 125 um; sean 
rate < 1-122 Hz) rate < 1-122 Hz) 
‘Sample limitations ‘Typically atomically smooth, Electrically None 
‘optically transparent mica; conducting 
‘opaque ceramic, smooth samples 
surfaces can also be used 


* Can only be used for atomic-scale imaging 
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force microscope (FFM), designed for atomic-scale and 
‘microscale studies of friction. This instrument measures 
forces in the scanning direction, The AFM is alsoused in 
investigations of scratching, wear, indentation, detection 
of transfer of material, boundary lubrication, and fabri- 
cation and machining. Meanwhile, significant progress 
in understanding the fundamental nature of bonding and. 
interactions in materials, combined with advances in 
‘computer-based modeling and simulation methods, have 
allowed theoretical studies of complex interfacial phe- 
nomena with high resolution in space and time. Such 
simulations provide insights into atomic-scale energet- 
ies, structure, dynamics, thermodynamics, transport and 
theological aspects of tribological processes. 

‘The nature of interactions between two surfaces 
brought close together and those between two surfaces 
in contact as they are separated have been studied exper- 
imentally with the surface force apparatus. This has led 
to a basic understanding of the normal forces between 
surfaces and the way in which these are modified by the 
presence of a thin liquid or a polymer film. The fric- 
tional properties of such systems have been studied by 
‘moving the surfaces laterally, and such experiments have 
provided insights into the molecular-scale operation of 


17.1 Description of AFM/FFM and Va: 


‘An atomic force microscope (AFM) was developed by 
Binnig et al. in 1985. Itis capable of investigating sur- 
faces of scientific and engineering interest on an atomic 
scale [17.15, 16]. The AFM relies on a scanning tech- 
nique to produce very high resolution, 3-D images of 
sample surfaces, It measures ultrasmall forces (less than 
In) present between the AFM tip surface mounted on 
a flexible cantilever beam and a sample surface. These 
small forces are determined by measuring the motion 
of a very flexible cantilever beam with an ultra-small 
mass by a variety of measurement techniques includ- 
ing optical deflection, optical interference, capacitance, 
‘and tunneling current. The deflection can be measured 
to within 0.02nm, so for a typical cantilever spring 
constant of 10N/m, a force as low as 0.2nN can be 
detected. To put these numbers in perspective, individ- 
ual atoms and human hair are typically a fraction of 
a nanometer and about 75 1m in diameter, respectively, 
and a drop of water and an eyelash have a mass of 
about 10.N and 100nN, respectively. In the operation 
of high resolution AFM, the sample is generally scanned, 
rather than the tip, because any cantilever movement 
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‘contact 


Fig. 17.1 Schematics of an engineering interface and scanning probe 


microscope tip in contact with an engineering interface 


lubricants such as thin liquid or polymer films. Comple- 
‘mentary to these studies are those in which the AFM or 
FFM is used to provide a model asperity in contact with 
a solid or lubricated surface, Fig. 17.1. These experi- 
‘ments have demonstrated that the relationship between 
friction and surface roughness is not always simple or 
obvious. AFM studies have also revealed much about 
the nanoscale nature of intimate contact during wear 
and indentation. 

In this chapter, we present a review of significant as- 
pects of micro/nanotribological studies conducted using 
AFM/FEM, 


jus Measurement Techniques 


‘would add vibrations, AFMs are available for measure- 
‘ment of large samples where the tip is scanned and 
the sample is stationary. To obtain atomic resolution 
with the AFM, the spring constant of the cantilever 
should be weaker than the equivalent spring between 
atoms. A cantilever beam with a spring constant of 
about 1N/m or lower is desirable. For high lateral 
resolution, tips should be as sharp as possible. Tips 
with a radius ranging from 10-100nm are commonly 
available, 

A modification to AFM, providing a sensor to meas- 
urethe lateral force, led to the development of the friction 
force microscope (FFM), or the lateral foree micro- 
scope (LFM), designed for atomic-scale and microscale 
studies of friction [17.3-5, 7,8, 11, 17-25] and lubri- 
cation [17,26-30]. This instrument measures lateral or 
friction forces (in the plane of sample surface and in the 
scanning direction). By using a standard or a sharp dia- 
‘mond tip mounted on a stiff cantilever beam, AFM is 
also used in investigations of scratching and wear [17.6, 
9,11,22,31~33}, indentation (17.6.9, 11,22,34,35],and 
fabrication/machining [17.4 11,22) 
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Fig. 17.2a,b Schematics (a) of a commercial small sample atomic 
force “microscope/fiction force microscope (AFM/EFM) and 
(b) a large sample AFM/EEM. 


Surface roughness, including atomic-scale imaging, 
is routinely measured using the AFM, Fig. 17.2. Ad- 
hesion, friction, wear, and boundary lubrication at the 
interface between two solids with and without liquid 
films are studied using AFM and FFM, Nanomechan- 
ical properties are also measured using an AFM. In 


situ surface characterization of local deformation of 
‘materials and thin coatings has been carried out by imag 
ing the sample surfaces using an AFM during tensile 
deformation using a tensile stage. 


17.1.1 Surface Roughness 
and Friction Force Measurements 


Simultaneous measurements of surface roughness 
and friction force can be made with a commercial 
AFM/FEM, These instruments are available for the 
measurement of small samples and large samples. In 
44 small sample AFM, shown in Fig. 17.2a, the sample, 
generally no larger than 10 mmx 10mm, is mounted on 
PZT tube scanner that consists of separate electrodes 
to scan precisely the sample in the x-y plane in a raster 
pattern and move it in the vertical (2) direction. A sharp 
tip at the free end of a flexible cantilever is brought in 
contact with the sample. Normal and frictional forces 
being applied at the tip-sample interface are measured 
using a laser beam deflection technique. A laser beam 
from a diode laser is directed by a prism onto the back of 
a cantilever near its free end, which is tilted downward 
atabout 10° with respect to the horizontal plane. The re- 
flected beam from the vertex of the cantilever is directed 
through a mirror onto a quad photodetector (split pho- 
todetector with four quadrants). The differential signal 
from the top and bottom photodiodes provides the AFM 
signal, which is a sensitive measure of the cantilever 
vertical deflection. Topographic features of the sample 
cause the tip to deflect in the vertical direction as the 
sample is scanned under the tip. This tip deflection will 
change the direction of the reflected laser beam, chang- 
ing the intensity difference between the top and bottom 
sels of photodetectors (AFM signal). In the AFM op- 
‘erating mode, called the height mode, for topographic 
imaging, or for any other operation in which the ap- 
plied normal force is to be kept a constant, a feedback 
circuit is used to modulate the voltage applied to the 
PZT scanner to adjust the height of the PZT, so that 
the cantilever vertical deflection (given by the intensity 
difference between the top and bottom detector) will 
remain constant during scanning. The PZT height vari- 
ation is thus a direct measure of the surface roughness 
of the sample. 

Ina large sample AFM both force sensors using op- 
tical deflection method and scanning unit are mounted on 
the microscope head, Fig. 17.2b. Because of vibrations 
added by cantilever movement, lateral resolution of this 
design is somewhat poorer than the design in Fig. 17.2a 
in which the sample is scanned instead of cantilever 
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beam. The advantage of the large sample AFM is that 
large samples can be measured readily. 

Most AFMs can be used for topography measure- 
‘ments in the so-called tapping mode (intermittent contact, 
mode), also referred to as dynamic force microscopy. 
In the tapping mode, during scanning over the sur- 
face, the cantilever/ip assembly is sinusoidally vibrated 
by a piezo mounted above it, and the oscillating tip 
slightly taps the surface at the resonant frequency of the 
cantilever (70-400Hz) with a constant (20-100nm) 
oscillating amplitude introduced in the vertical diree- 
tion with a feedback loop keeping the average normal 
force constant, Fig. 17.3. The oscillating amplitude is 
kkept large enough so that the tip does not get stuck to 
the sample because of adhesive attractions. The tapping 
‘mode is used in topography measurements to minimize 
the effects of friction and other lateral forces and to 
‘measure topography of soft surfaces. 

For measurement of friction force being applied at 
the tip surface during sliding, left-hand and right-hand 
sets of quadrants of the photodetector are used. In the 
so-called friction mode, the sample is scanned back and 
forth in a direction orthogonal to the long axis of the 
cantilever beam. A friction force between the sample 
‘and the tip will produce a twisting of the cantilever. As 
a result, the laser beam will be reflected out of the plane 
defined by the incident beam and the beam reflected 
vertically from an untwisted cantilever. This produces 
‘an intensity difference of the laser beam received in 
the left-hand and right-hand sets of quadrants of the 
photodetector. The intensity difference between the two 
sets of detectors (FFM signal) is directly related to the 


17.3 Schematic of tapping mode used for surface to- 
pography measurements, 
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gree of twisting and, hence, to the magnitude of the 
friction force. One problem associated with this method 
is that any misalignment between the laser beam and the 
photodetectoraxis would introduce error inthe measure- 
‘ment, However, by following the procedures developed 
by Ruan and Bhushan [17.19], in which the average FFM 
signal for the sample scanned in two opposite directions 
is subtracted from the friction profiles of each of the 
two scans, the misalignment effect is eliminated. This 
‘method provides three-dimensional maps of triction 
force. By following the friction force calibration proce- 
dures developed by Ruan and Bhushan [17.19], voltages 
corresponding to friction forces can be converted to force 
units. The coefficient of friction is obtained from the 
slope of friction force data measured as a function of 
normal loads typically ranging from 10-1S0nN, This 
approach eliminates any contributions due to the adhe- 
sive forces [17.22]. For calculation of the coefficient of 
friction based on a single point measurement, friction 
force should be divided by the sum of applied nor- 
‘mal load and intrinsic adhesive force. Furthermore, it 
should be pointed out that for a single asperity con- 
tact, the coefficient of friction is not independent of 
load. This will be discussed in greater detail later in 
the chapter. 

Topographic measurements in the contact mode are 
typically made using a sharp, microfabricated square- 
pyramidal SisNg tip with a radius of 30-SOnm on 
2 triangular cantilever beam (Fig. 74a) with normal 
stiffness on the order of 0.5N/m at a normal load of 
about 10nN, and friction measurements are cartied out 
in the load range of 10-150nN. Topography measure- 
‘ments in the tapping mode utilize a stiff cantilever with 
high resonant frequency; typically, a square-pyramidal, 
etched, single-crystal silicon tip with a tip radius of 
5-10nm mounted on a stiff rectangular silicon can- 
tilever beam (Fig. 17.4a) with a normal stiffness on the 
order of S0NN/m is used. Carbon nanotube tips with 
small diameters (few nm) and high aspect ratios at- 
tached on the single-crystal silicon, square pyramidal 
tips are used for high resolution imaging of surfaces and 
deep trenches in the tapping mode or noncontact mode 
(Fig. 17.4b). Ta study the effect of the radius of a sin- 
ale asperity (tip) on adhesion and friction, microspheres 
of silica with radii ranging from about 415 ym are at- 
tached with epoxy at the ends of tips of SisNy cantilever 
‘beams. Optical micrographs of two of the microspheres 
‘mounted at the ends of triangular cantilever beams are 
shown in Fig. 17.4c. 

The tip is scanned in such a way that its trajec- 
tory on the sample forms a triangular pattern, Fig. 17.5 
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Fig. 17.5 Schematic of triangular pattern trajectory of the 
tip as the sample (or the tip) is scanned in two dimensions. 
During scanning, data are recorded only during scans along 
the solid scan lines 
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Fig.17.6 (a) SEM micrographs of a square-pyramidal 
PECVD SisNy tip with a triangular cantilever beam (top), 
1 square-pyramidal etched single-crystal silicon tip with 
s rectangular silicon cantilever beam (middle) and athree- 
sided pyramidal natural diamond tip with a square stainless 
steel cantilever beam (bottom) (b) SEM microgeaph of 
4 muliwalled carbon nanotube (MWNT) physically at- 
tached on the single-crystal silicon, square-pyramidal tip, 
and (c) optical micrographs of a consmercial SisNs tip and 
two moditied tips showing SiO: spheres mounted over the 
sharp tip and at the end of the triangular SisNg cantilever 
beams. (Radi ofthe tips are given in the figure) 


‘Scanning speeds in the fast and slow scan directions de- 
pend on the scan area and scan frequency. Scan sizes 
ranging from less than [nm I nm to 125 yum 125 yum 
and scan rates from less than 0.5 to 122Hz typi 
cally can be used. Higher scan rates are used for 
smaller scan lengths. For example, scan rates in the 
fast and slow scan directions for an area of 10 mx 
1Oum scanned at 0.5Hz are 10um/s and 20nm/s, 
respectively. 
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17.1.2 Adhesion Measurements 


Adhesive force measurements are performed in the 
so-called force calibration mode. In this mode, force- 
distance curves are obtained, for an example, see 
Fig. 17.6. The horizontal axis gives the distance te piezo 
(and hence the sample) travels, and the vertical axis gives 
the tip deflection. As the piezo extends it approaches the 
tip, which is at this point in free air and hence shows no 
deflection. This is indicated by the flat portion of the 
curve. As the tip approaches within afew nanometers of 
the sample (point A), an attractive foree exists between 
the atoms ofthe tip surface andthe atoms of the sample 
surface. The tip is pulled toward the sample and con- 
taet occurs at point B on the graph. From this point on, 
the tip is in contact with the surface, and as the piezo 
extends farther, the tip gets deflected farther. This is rep- 
resented by the sloped portion ofthe curve. As the piezo 
retracts, the tip goes heyond the zero deflection (fat) 
line, due to atrative forces (van der Waals forces and 
long-range meniscus forces) into the adhesive regime. 
Atpoint Cin the graph, the tip snaps free ofthe adhesive 
forces and is again in free air The horizontal distance 
between points B and C along the retrace line gives the 
distance the tip moved inthe adhesive regime. Ths dis- 
tance multiplied by the stiffness of the cantilever gives 
the adhesive force. Incidentally, the horizontal shift be- 
tween the loading and unloading curves results from the 
hysteresis in the PZT tube [17.436] 


17.1.3 Scratching, Wear 
and Fabrication/Machining 


For microscale scratching, microscale wear, nanofab- 
rication/nanomachining, and nanoindentation hardness 
‘measurements, an extremely hard tip is required. 
‘A three-sided pyramidal single-crystal natural diamond 
tip with an apex angle of 80° and a radius of about 
100 nm mounted on a stainless steel cantilever beam with 
normal stiffness of about 25N/m is used at relatively 
higher loads (1-150 uN), Fig. 17.4a. For scratching and 
‘wear studies, the sample is generally scanned in a di- 
rection orthogonal to the long axis of the cantilever 
beam (typically at a rate of 0.5Hz), so that friction 
can be measured during scratching and wear. The tip 
is mounted on the cantilever such that one of its edges is 
‘orthogonal tothe long axis of the beam. Therefore, wear 
during scanning along the beam axis is higher (about 
two to three times) than during scanning orthogonal 
to the beam axis. For wear studies, an area on the or- 
der of 2umx2 1m is scanned at various normal loads 
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Fig. 17.6 Typical force-distance curve for a contact be- 
tween SisNy tip and single-crystal silicon surface in 
‘measurements made in the ambient environment. Contact 
between the tip and silicon occurs at point B: tip breaks 
free of adhesive forces at point C as the sample moves 
away from the tip 


(ranging from 1 to 100UN) for a selected number of 
eyeles [17.4,22]. 

Scratching can also be performed at ramped loads 
and the coefficient of friction can be measured during 
scratching [17.33]. A linear increase in the normal load 
approximated by a large number of normal load inere- 
‘ments of small magnitude is applied using a software 
interface (lithography module in Nanoscope II) that al- 
lows the user to generate controlled movement ofthe tip 
‘with respect to the sample. The friction signal is tapped 
outof the AFM andis recorded ona computer, A scratch 
length on the order of 25 jm and a velocity on the order 
of 0.5 m/s are used and the number of loading steps is 
usually 50. 

Nanofabrication/nanomachining is conducted by 
seratching the sample surface with a diamond tip at 
specified locations and scratching angles. The nor- 
‘mal load used for scratching (writing) is on the order 
of 1-100j.N with a writing speed on the order of 
0.1-200jum/s [17.4,5, 11,22, 37] 


17.1.4 Surface Potential Measurements 


To detect wear precursors and study the early stages 
of localized wear, the multimode AFM can be used to 
‘measure the potential difference between the tip and the 
sample by applying a DC bias potential and an oscillat- 
ing (AC) potential to a conducting tip over a grounded. 
substrate in a Kelvin probe microscopy, or so-called 
“nano-Kelvin probe” technique [17.3810], 

‘Mapping of the surface potential is made in the so- 
called “lift mode” (Fig. 17.7). These measurements are 
‘made simultaneously with the topography scan in the 


503 


TLt|) Hed 


504 PaFEC | Nanotribology and Nanomech 


VLt|2 ued 


Fig. 17.7 Schematic of lift mode used to make surface po- 
tential measurement. The topography is collected in tapping 
‘mode in the primary scan, The cantilever piezo is de- 
activated. Using topography information of the primary 
scan, the camtilever is scanned across the surface at a con- 
stant height above the sample. An oscillating voltage at 
the resonant frequency is applied to the tip and a feed- 
back loop adjusts the DC bias of the tip to maintain the 
cantilever amplitude at zero. ‘The output of the feedback 
loop is recorded by the computer and hecomes the surface 
potential map (17.4] 


tapping mode using an electrically conducting (nickel- 
coated single-crystal silicon) tip. After each line of the 
topography scan is completed, the feedback loop con- 
trolling the vertical piezo is turned off, and the tip is lifted 
from the surface and traced over the same topography 
ata constant distance of 100mm. During the lift mode, 
a DC bias potential and an oscillating potential (3~7 V) 
is applied to the tip. The frequency of ascillation is cho- 
sen tobe equal to the resonant frequency ofthe cantilever 
(~ 80kHz). When a DC bias potential equal to the neg- 
ative value of surface potential of the sample (on the 
order of -+2 V) is applied to the tip, it does not vibrate. 
During scanning, a difference between the DC bias po- 
tential applied to the tip and the potential of the surface 
will create DC electric fields that interact with the oscil- 
lating charges (as a result of the AC potential), causing 
the cantilever to oscillate at its resonant frequency, as 
in tapping mode. However, a feedback loop is used to 
adjust the DC bias on the tip to exactly nullify the elec- 
tric field and, thus, the vibrations of the cantilever. The 
required bias voltage follows the localized potential of 
the surface. The surface potential was obtained by re- 
versing the sign of the bias potential provided by the 


electronics [17.39, 40]. Surface and subsurface changes 
of structure and/or chemistry can cause changes in the 
measured potential of a surface. Thus, the mapping of 
the surface potential after sliding can be used for de- 
tecting wear precursors and studying the early stages of 
localized wear. 


17.1.5 In Situ Characterization 
of Local Deformation Studies 


In situ characterization of local deformation of mater- 
ials can be carried out by performing tensile, bending, 
or compression experiments inside an AFM and by 
observing nanoscale changes during the deformation 
experiment [17.6]. In these experiments, small defor- 
mation stages are used to deform the samples inside an 
AFM. In tensile testing of the polymeric films carried 
out by Bobji and Bhushan (17-41, 42], a tensile stage 
was used (Fig. 17.8). The stage with a lef-right combi- 
nation lead screw (which helps to move the slider in the 
opposite direction) was used to stretch the sample and 
minimize the movement of the scanning area, which 
was kept close to the center of the tensile specimen. 
One end of the sample was mounted on the slider via 
4 force sensor to monitor the tensile load. The samples 
were stretched for various strains using a stepper mo- 
tor, and the same control area at different strains was 
imaged. In order to better locate the control area for 
imaging, a set of four markers was created a the comers 
of a 30ymx30jim square atthe center of the sample 
by scratching the sample with a sharp silicon tip. The 
scratching depth was controlled such that it did not affect 
cracking behavior of the coating. A minimum displace- 
ment of 1.6 jum could be obtained. This corresponded 
toa strain increment of 8x 10~°% for a sample length 
of 38mm, The maximum travel was about 100 mm. The 
resolution of the force sensor was 10 mN with a capa 
ity of 45N. During stretching, a stress-strain curve was 
obtained during the experiment to study any correlation 
between the degree of plastic strain and propensity of 
cracks. 


17.1.6 Nanoindentation Measurements 


For nanoindentation hardness measurements, the scan 
size is set to zero, and a normal load is then applied 
to make the indents using the diamond tip. During this 
procedure, the tip is continuously pressed against the 
sample surface for about two seconds at various inden- 
tation loads. The sample surface is scanned before and 
after the scratching, wear, or indentation to obtain the 
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Fig. 17.8 Schematic of the 
tensile stage to conduct 
in situ tensile testing of 
the polymeric films in 
AFM (17.42), 


Signal 
conditioner 


initial and final surface topographies at a low normal 
load of about 0.3).N using the same diamond tip. An 
area larger than the indentation region is scanned to ob- 
serve the indentation marks, Nanohardness is calculated 
by dividing the indentation load by the projected residual 
area of the indents [17.34]. 

Direct imaging of the indent allows one to quan- 
tify piling up of ductile material around the indenter. 
However, it becomes difficult to identify the bound- 
ary of the indentation mark with great accuracy. This 
‘makes the direct measurement of contact area some- 
what inaccurate. A technique with the dual capability 
of depth-sensing, as well as in situ imaging, which 
is most appropriate in nanomechanical property stud- 
ies, is used for accurate measurement of hardness 
with shallow depths [17.4, 35]. This indentation sys- 
tem is used to make load-displacement measurement 
and, subsequently, carry out in situ imaging of the 
indent, if required. The indentation system consists 
of a three-plate transducer with electrostatic actua- 
tion hardware used for direct application of normal 
load and a capacitive sensor used for measurement 
of vertical displacement. The AFM head is replaced 
with this transducer assembly while the specimen is 
‘mounted on the PZT scanner, which remains station- 
ary during indentation experiments. Indent area and, 
consequently, hardness value can be obtained from 
the load-displacement data. The Young's modulus of 
clasticity is obtained from the slope of the unloading 
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17.1.7 Localized Surface Elasticity 
and Viscoelasticity Mapping 


Indentation experiments provide a single-point measure~ 
‘ment of the Young’s modulus of elasticity calculated 
from the slope of the indentation curve during unload- 
ing. Localized surface elasticity maps can be obtained 
using dynamic force microscopy in which an os- 
cillating tip is scanned over the sample surface in 
contact under steady and oscillating load. Lower fre- 
quency operation mode in the kHz range such as force 
‘modulation microscopy [17.4345] and pulsed force mi- 
croscopy [17.46] are well suited for soft samples such 
as polymers. However, if the tip-sample contact stiff- 
ness becomes significantly higher than the cantilever 
stiffness, the sensitivity of these techniques strongly de- 
creases. In this case, sensitivity of the measurement of 
stiff materials can be improved by using high-frequency 
‘operation modes in the MHz. range such as acoustic (ul- 
trasonic) force microscopy [17.47]. We only describe 
here the force modulation technique 

In the force modulation technique, the oscillation is 
applied tothe cantilever substrate with a cantilever piezo 
(bimorph), Fig. 17.9a. For measurements, an etched sil- 
icon tip is first brought in contact with a sample under 
a static load of 50-300nN. In addition to the static 
load applied by the sample piezo, a small oscillating 
(modulating) load is applied by a bimorph, generally at 
a frequency (about 8kHz) far below that of the natu- 
ral resonance of the cantilever (70-400 kHz). When the 
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Fig. 17.9a,b Schematics (a) ofthe bimorph assembly and 
(b) of the motion of the cantilever and tip asa result of the 
‘oscillations of the bimorph for an infinitely stiff sample, an 
infinitely compliant sample, and an intermediate sample 
“The thin line epresents the cantilever a the tap cycle, and 
the thick line corresponds to the bottom of the cycle. The 
dashed line represents the position of the tip ifthe sample 
\was not present or was infinitely compliant. de, ds and dy ae 
the oscillating (AC) deflection amplitude of the cantilever, 
penetration depth, and oscillating (AC) amplitude of the 
bimorph, respectively (17.4 


tip is brought into contact with the sample, the surface 
resists the oscillations of the tip, and the cantilever de- 
flects. Under the same applied load, a stiff area on the 
sample would deform less than a soft one; .e., stiffer ar- 
eas cause greater deflection amplitudes of the cantilever, 
Fig. 17.9b. The variations in the deflection amplitudes 
provide a measure of the relative stiffness of the surface. 
Contact analyses can be used to obtain a quantitative 
measure of localized elasticity of soft surfaces [17.44]. 
‘The elasticity data are collected simultaneously with 
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Fig. 17.10 Schematic of tapping mode used to obtain height 
and phase data and definitions of tapping amplitude and 
set point, During scanning the cantilever is vibrated at its 
resonant frequency and the sample x-y-: piezo is adjusted 
by feedback control in the -direction to maintain aconstant 
set point. The computer records height and phase angle 
(which is a function of the viscoelastic properties of the 
‘sample materials) data 
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Values 


Itis common for through-hole carbon-film resis- 
tors to have a beige body color, while through- 
hole metal-film resistors often have a blue body 
color, However, in relatively rare instances, a blue 
body color may also indicate a fusible resistor 
(designed to burn out harmlessly like a fuse, if it 
is overloaded) while a white body may indicate 
a non-flammable resistor. Use caution when re- 
placing these special types. 


Some modern resistors may have their values 
printed on them numerically. Surface-mount re- 
sistors also have digits printed on them, but they 
are a code, not a direct representation of resist- 
ance. The last digit indicates the number of ze- 
roes in the resistor value, while the preceding 
two orthree numbers define the value itself, Let- 
ter R is used to indicate a decimal point. Thus a 
3R3 surface-mount resistor has a value of 3.30, 
while 330 would indicate 330, and 332 indicates 
3,300. A 2152 surface-mount resistor would 
havea value of 21,5009. 


Asurface-mountresistor with a single zero print- 
ed on it is a zero ohm component that has the 
same function as a jumper wire. It is used for 
convenience, asitis easily inserted by automated 
production-line equipment. It functions merely 
asa bridge between traces on the circuit board. 


When resistor values are printed on paper it 
schematics, poor reproduction may result in 
omission of decimal points or introduction of 
specks that look like decimal points. Europeans 
have addressed this issue by using the letter asa 
substitute for a decimal point so that a 5.6K re- 
sistor will be shown as 5K6, ora 3.3M resistor will 
be shown as 3M3. This practice is followed infre- 
quently in the United States. 


Stability 
This term describes the ability of a resistor to 
maintain an accurate value despite factors such 
astemperature, humidity, vibration, load cycling, 
current, and voltage. The temperature coeffi- 
cient ofa resistor (often referred toasT,,orT,, not 
to be confused with the time constant of a charg- 
ing capacitor) is expressed in parts per million 


ation > 


power> mod 


change in resistance for each degree centigrade 
deviation from room temperature (usually as- 
sumed to be 25 degrees Centigrade). T. may be 
a positive or a negative value, 


The voltage coefficient of resistance—often ex- 
pressed as V,—describes the change of a resi 
tor’s value that may occur as a function of 
changes in voltage. Thisis usually significant only 
where the resistive element is carbon-based. If 
V1 is the rated voltage of the resistor, R1 is its 
rated resistance at that voltage, V2 is 10% of the 
rated voltage, and R2 is the actual resistance at 
that voltage, the voltage coefficient, V,, is given 
by this formula: 


Ve = (100 * (R1 - R2)) / (R2 * (V1 - v2) 


Materials 
Resistors are formed froma variety of materials. 


Carbon composite. Particles of carbon are mixed 
with a binder, The density of the carbon deter- 
mines the end-to-end resistance, which typically 
ranges from 5 to 10M. The disadvantages of this 
system are low precision (a 10% tolerance is com- 
mon), relatively high voltage coefficient of re- 
sistance, and introduction of noise in sensitive 
circuits. However, carbon-composite resistors 
have low inductance and are relatively tolerant 
of overload conditions. 


Carbon film. A cheap and popular type, made by 
coating a ceramic substrate with a film of carbon 
compound. They are available in both thraugh- 
hole and surface-mount formats. The range of 
resistor values is comparable with carbon- 
composite types, but the precision is increased, 
typically to 5%, by cutting a spiral groove in the 
carbon-compound coating during the manufac- 
turing process. The carbon film suffers the same 
disadvantages of carbon composite resistors, 
but to a lesser extent. Carbon film resistors gen- 
erally should not be substituted for metal film 
resistors in applications where accuracy is im- 
portant. 


‘Metal film. A metallic film is deposited on a ce- 
ramic substrate, and has generally superior char- 
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the surface height data using a so-called negative lift 
‘mode technique. In this mode, each scan line of each to- 
pography image (obtained in tapping mode) is replaced 
‘with the tapping action disabled and the tip lowered into 
steady contact with the surface. 

Another form of dynamic force microscopy, phase 
contrast microscopy, is used to detect the contrast in 
viscoelastic (viscous energy dissipation) properties of 
the different materials across the surface [17.4852]. 
In this technique, both deflection amplitude and phase 
angle contrasts are measured, which are the measures 
of the relative stiffness and viscoelastic properties, re- 
spectively. Tapping mode is utilized. For tapping mode 
during scanning, the cantilever/tip assembly is sinu- 
soidally vibrated at its resonant frequency, and the 
sample X-Y-Z piezo is adjusted using feedback con- 
trol in the z-direction to maintain a constant set point. 
‘Asshown in Fig. 17.10, the cantilever/tip assembly is vi- 
brated at some amplitude, here referred to as the tapping 
amplitude, by a cantilever piczo before the tip engages 
the sample. The tip engages the sample at some set point, 
which may be thought of as the amplitude of the can- 
tilever as influenced by contact with the sample. A lower 
set point gives a reduced amplitude and closer mean tip- 
to-sample distance, This is also depicted in Fig. 17.10. 
‘The feedback signal to the z-direction sample piezo (10 
keep the set point constant) is a measure of topogra- 
phy. This height data is recorded on a computer. The 
extender electronics is used to measure the phase an- 
ale lag between the cantilever piezo drive signal and the 


17.2 Friction and Adhesion 
17.2.1 Atomic-Scale Friction 


‘To study friction mechanisms on an atomic scale, a well 
characterized, freshly cleaved surface of highly ori- 
ented pyrolytic graphite (HOPG) has been used by Mate 
et al. [17.17] and Ruan and Bhushan [17.20]. 

‘The atomic-scale friction force of HOPG exhibited 
the same periodicity as that of the corresponding to- 
pography (Fig. 17.l1a), but the peaks in friction and 
those in topography are displaced relative to each other 
(Fig. 17.11b). A Fourier expansion of the interatomic 
potential was used to calculate the conservative inter- 
atomic forces between atoms of the FEM tip and those 
of the graphite surface. Maxima in the interatomic forces 
in the normal and lateral directions do not occur at the 
same location, which explains the observed shift be- 
tween the peaks in the lateral force and those in the 
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cantilever response during sample engagement. As il- 
lustrated in Fig. 17.10, the phase angle lag is (at least 
partially) a function of the viscoelastic properties of the 
sample material. A range of tapping amplitudes and set 
points can be used for measurements. A commercially 
etched single-crystal silicon tip (DI TESP) used for tap- 
ping mode, with a radius of 5—10nm, a stiffness of 
20—100N/m, and a natural frequency of 350-400 kHz 
is normally used. Scanning is normally set to a rate of 
1 He along the fast axis, 


17.1.8 Boundary Lubrication Measurements 


To study nanoscale boundary lubrication, adhesive 
forces are measured in the force calibration mode, as 
previously described. The adhesive forces are also cal- 
culated from the horizontal intercept of friction versus 
normal load curves at a zero value of friction force. 
For friction measurements, the samples are typically 
scanned using an SisNy tip over an area of 2x2um at 
the normal load ranging from 5 to 130nN. The samples 
are generally scanned with a scan rate of 0.5 Hz resulting 
ina scanning speed of 2 m/s. Velocity effects on fric- 
tion are studied by changing the scan frequency from 0.1 
to 60 Hz while the scan size is maintained at 2x2 um, 
which allows the velocity to vary from 0.4 to 240 m/s. 
‘To study the durability properties, the friction force and. 
coefficient of friction are monitored during scanning at 
anormal load of 70 nN and ascanning speed of 0.8 um/s 
fora desired number of cycles [17.27, 28,30} 


corresponding topography. Furthermore, the observed 
Jocal variation in friction force were explained by varia- 
tion in the intrinsic lateral force between the sample and 
the FFM tip resulting from an atomic-scale stick-sip 
process [17.17, 20] 


17.2.2 Microscale Friction 


Local variations in the microscale friction of cleaved 
sraphite have been observed (Fig. 17.12). These arise 
from structural changes that occur during the cleaving 
process [17.21]. The cleaved HOPG surface is largely 
atomically smooth, but exhibits line-shaped regions in 
‘hich the coefficient of friction is more than an order of 
‘magnitude larger. Transmission electron micrascopy in- 
dicates that the line-shaped regions consist of graphite 
planes of different orientation, as well as of amorphous 
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carbon, Differences in friction have also been observed 
for multiphase ceramic materials [17.53]. Figure 17.13 
shows the surface roughness and friction force maps 
of AlsO3-TiC (70-30 wt‘). TiC grains have a Knoop 
hardness of about 2,800 kg/mm? Therefore, they do not 
polish as much and result in a slightly higher elevation 
(about 2~3nm higher than that of AlsO3 grains). TiC 
grains exhibit higher friction force than AlO3 grains. 
‘The coefficients of friction of TiC and AlzOs grains are 
(0.034 and 0.026, respectively, and the coefficient of fric- 
tion of AlsO3-TiC composite is 0.03. Local variation in 
friction force also arises from the scratches present on 
the Al2Os-TiC surface. Meyer et al. [17.54] also used 
FEM to measure structural variations of organic mono- 
and multilayer films. All of these measurements suggest 
that the FFM can be used for structural mapping of the 


Fig. 17.12 (a) Surface roughness and (b) friction force maps 
ata normal load of 42 nN of freshly cleaved HOPG surface 
against an SisNy FFM tip. Friction in the line-shaped re- 
_sion is over an order of magnitude larger than the smouth 
‘areas [17.20] 


1) Sting direction 


Fig. 17.11 (a) Gray-scale plots of surface topography and 
friction force maps of a I nm am area of freshly cleaved 
HOPG showing the atomic-scale variation of topography 
and friction and (b) schematic of superimposed topogra- 
phy and friction maps from (a); the symbols correspond to 
‘maxima. Note the spatial sift between the two plots [17.20] 
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Fig. 17.13 Gray-scale surface roughness (a = 0.80 am) and 
fiction force maps (mean=7.0nN, 6 =0.90nN) for 
Al2Os-TiC (70-30 wt") ata normal load of 138 nN [17.53] 


surfaces. FFM measurements can be used to map chem- 
ical variations, as indicated by the use of the FFM with 
‘8 modified probe tip to map the spatial arrangement of 
chemical functional groups in mixed organic monolayer 
films [17.55]. Here, sample regions that had stronger 
interactions with the functionalized probe tip exhibited 
larger friction, 

Local variations in the microscale friction of 
nominally rough, homogeneous surfaces can be sig- 
nificant and are seen to depend on the local surface 
slope, rather than the surface height distribution, 
Fig.17.14. This dependence was first reported by 
Bhushan and Ruan [17.18], Bhushan et al. (17. 
and Bhushan [17.37] and later discussed in more detail 
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Fig.17.14 Surface roughness map (o = 4.4nm); surface 
slope map taken in the sample sliding direction, the hor 
‘zontal axis, (mean = 0.023, 
‘map (mean = 6.2 nN, ¢ = 2.1 nN) for alubricated thin-film 
‘magnetic rigid disk for a normal load of 160 aN (17.2: 


in [17.56] and [17.57]. In order to show elegantly any 
correlation between local values of friction and surface 
roughness, surface roughness and friction force maps of 
a gold-coated ruling with somewhat rectangular grids 
and a silicon grid with square pits were oblained, see 
Fig. 17.15 [17.57]. Figures 17.14 and 17.15 show the 
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surface roughness map, the slopes of the roughness map 
taken along the sliding direction (surface slope map), 
and the friction force map for various samples. There 
is a strong correlation between the surface slopes and 
friction forces. For example, in Fig. 17.15, friction force 
is high locally at the edge of the grids and pits with 
4 positive slope and is low at the edges with a negative 
slope. 

We now examine the mechanism of microscale fric- 
tion, which may explain the resemblance between the 
slope of surface roughness maps and the corresponding 
friction force maps [17.4,5,18,20-22,56,57]. There are 
three dominant mechanisms of friction: adhesive, adhe- 
sive and roughness (ratchet), and plowing [17.10,57] 
First, we may assume these to be additive. The adhe- 
sive mechanism cannot explain the local variation in 
friction, Next, we consider the ratchet mechanism. We 
‘consider a small tip sliding over an asperity making an 
angle 9 with the horizontal plane, Fig. 17.16. The normal 
force W (normal to the general surface) applied by the 
tip to the sample surface is constant. The friction force F 
‘on the sample would be a constant for a smooth surface 
if the friction mechanism does not change, For a rough 
surface, as shown in Fig, 17.16, ifthe adhesive mechan- 
ism does not change during sliding, the local value of 
coetficient of friction remains constant, 


Ho = S/N. (ray 


Fig.17.15a,b Surface roughness map, surface slope map 
taken in the sample sliding direction (the horizontal axis), 
and friction force map for (a) a gold-coated ruling (with 
somewhat rectangular grids witha pitch of | jum and a rul- 
ing step height of about 70nm) at a normal load of 25 nN 
and (b) a silicon grid (with Sum square pits of 180-nm 
‘depth and a pitch of 10 um) [17.57] 
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17.16 Schematic illustration showing the effect of an 
aasperity (making an angle @ with the horizontal plane) on 
the surface in contact with the tip on local friction in the 
presence of adhesive friction mechanism. W and F are the 
‘normal and friction forces, respectively, and $ and N are 
the force components along and perpendicular to the local 
surface of the sample atthe contact point, respectively 


where $ is the local friction force and N is the local 
normal force. However, the friction and normal forces 
‘are measured with respect to global horizontal and nor- 
‘mal axes, respectively. The measured local coefficient 
of friction 2; in the ascending part is 


m= FW 
(ug + tan) / (1— peo tan8) ~ po tand , 
for small jo tan tara) 


indicating that in ascending part of the asperity one may 
simply add the friction force and the asperity slope toone 
another. Similarly, on the right-hand side (descending 
part) of the asperity, 


(uo — tan) / (1+ joo tan) ~ uo —tan 


for small jp tan 6 (17.3) 


For a symmetrical asperity, the average coefficient of 
friction experienced by the FFM tip traveling across the 
whole asperity is 


Have = (ei + #2) /2 


= H(t +08) /(1 nS?) 
~so( 1-8) « 

for small ig tan (17.4) 

aly, we consider the loving component of ison 

with psig nthe etn, wc 17103 

Mp ~tané (17.5) 
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Because we notice little damage of the sample surface in 
FEM measurements, the contribution by plowing is ex- 
pected to be small and the ratchet mechanism is believed 
to be the dominant mechanism for the local variations in 
the friction force map. With the tip sliding over the lead- 
ing (ascending) edge of an asperity, the surface slope 
is positive; it is negative during sliding over the tailing 
(descending) edge of an asperity. Thus, measured Iric- 
tion is high at the leading edge of asperities and low 
at the trailing edge. In addition to the slope effect, the 
collision of the tip when encountering an asperity with 
a positive slope produces additional torsion of the can- 
tilever beam, leading to higher measured friction force. 
‘When encountering an asperity with the same negative 
slope, however, there is no collision effect and hence no 
effect on torsion, This effect also contributes to the dif- 
ference in friction forces when the tip scans up and down 
‘on the same topography feature. The ratchet mechanism 
and the collision effects thus explain semiquantitatively 
the correlation between the slopes of the roughness 
‘maps and friction force maps observed in Figs. 17.14 
and 17.15. We note that in the ratchet mechanism, the 
FFM tip is assumed to be small compared to the size of 
asperities. This is valid since the typical radius of curva- 
ture of the tips is about 10-SO nm. The radii of curvature 
of samples, the asperities measured here (the asperities 
that produce most of the friction variation) are found to 
typically be about 100-200 nm, which is larger than that 
of the FFM tip [17.59]. It is important to note that the 
‘measured local values of friction and normal forces are 
‘measured with respect to global (and not local) horizon- 
tal and vertical axes, which are believed to be relevant 
in applications. 


17.2.3 Dire 


nality Effect on Microfriction 


During friction measurements, the friction force data 
from both the forward (trace) and backward (retrace) 
scans are useful in understanding the origins of the ob- 
served friction forces. Magnitudes of material-induced 
effects are independent of the scanning direction, 
whereas topography-induced effects are different be- 
tween forward and backward scanning directions. Since 
the sign of the friction force changes as the scanning 
direction is reversed (because of the reversal of torque 
applied to the end of the tip), addition of the friction 
force data of the forward and backward scan eliminates 
the material-induced effects, while topography-induced 
effects still remain. Subtraction of the data between 
forward and backward scans does not eliminate either 
effect, see Fig. 17.17 [17.57] 
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‘Owing to the reversal of the sign of the retrace (R) 
friction force with respect to the trace (T) data, the fric- 
tion force variations due to topography are in the same 
direction (peaks in trace correspond to peaks in retrace). 
However, the magnitudes of the peaks in trace and re- 
trace at a given location are different. An increase in 
the friction force experienced by the tip when scanning 
up a sharp change in topography is more than the de- 
crease in the friction force experienced when scanning 
down the same topography change, partly due to the 
collision effects discussed earlier. Asperities on engi- 
neering surfaces are asymmetrical, which also affect the 
‘magnitude of friction force in the two directions. In ad- 
dition, asymmetry in tip shape may have an effect on 
the directionality effect of friction. We will later note 
that the magnitude of surface slopes are virtually identi- 
cal. Therefore, the tip shape asymmetry should not have 
much effect. 

Figure 17.18 shows surface height and friction force 
data for gold ruler and a silicon grid in the trace and re- 


trace directions. Subtraction of two friction data yields 
residual peak, because of the differences in the magni- 
tudes of friction forces in the two directions. This effect 
is observed at all locations of significant changes in 
topography. 

In order to facilitate comparison of directionality ef- 
fect on friction, itis important to take into account the 
sign change of the surface slope and friction force in 
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Fig. 17.18 (a) Gray-scale images and two-dimensional pro- 
files of surface height and friction forces across a single 
ruling of the gold-coated ruling and (b) (see next page) two- 
dimensional profiles of surface height and friction forces 
across a silicon grid pit. Frition force data in trace (T) 
and retrace (R) directions and substrated foree data are 
presented 
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the trace and retrace directions. Figure 17.19 shows sur- 
face height, surface slope, and friction force data for 
the two samples in the trace and retrace directions. The 
correlation between surface slope and friction forces 
is clear. The third column in the figures shows retrace 
slope and friction data with an inverted sign (—retrace). 
‘Now we can compare truce data with —retrace data. It 
i clear that the friction experienced by the tip is de- 
pendent upon the scanning direction because of surface 
topography. In addition to the effect of topographical 
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changes discussed earlier, during surface-finishing pro- 
cesses, material can be transferred preferentially onto 
one side of the asperities, which also causes asymmetry 
and direction dependence, Reduction in local variations 
and in directionality of friction properties requires care- 
ful optimization of surface roughness distributions and 
of surface-finishing processes, 

‘The directionality as a result of surface asperities 
effect will also be manifested in macroscopic friction 
data, ie., the coefficient of friction may be different in 
‘one sliding direction than in the other direction. Asym- 
‘metrical shape of asperities accentuates this effect, The 
frictional directionality can also exist in materials with 
particles with a preferred orientation, The directional- 
ity effect in friction on a macroscale is observed in 
some magnetic tapes. In a macroscale test, a 12.7-mm. 
‘wide polymeric magnetic tape was wrapped over an alt- 
minum drum and slid in a reciprocating motion with 
a normal load of 0.5N and a sliding speed of about 
(60:mm/s [17.3]. The coefficient of friction as a fune- 
tion of sliding distance in either direction is shown in 
Fig. 17.20. We note that the coefficient of friction on 
‘a macroscale for this tape varies in different directions. 
Directionality in friction is sometimes observed on the 
macroscale; on the microscale this is the norm [17.4, 13]. 
‘Ontthe macroscale, the effect of surface asperities is nor- 
mally averaged out over a large number of contacting 
asperities. 


17.2. Velocity Dependence on Microfriction 


FM/EFM experiments are generally conducted at rel- 
ative velocities as high as a few tens of jum/s. To 
simulate applications, itis of interest to conduct fric- 
tion experiments at higher velocities. High velocities 
can be achieved by mounting either the sample or the 
cantilever beam on a shear wave transducer (ultrasonic 
transducer) to produce surface oscillations at MHz fre- 
quencies [17.24,25, 60]. The velocities on the order of 
few mm/s can thus be achieved. The effect of in-plane 
and out-of-plane sample vibration amplitude on the co- 
efficient of friction is shown in Fig. 17.21. Vibration 
of a sample at ultrasonic frequencies (> 20kHz) can 
substantially reduce the coefficient of friction, known 
as ultrasonic lubrication or sonolubrication. When the 
surface is vibrated in-plane, classical hydrodynamic 
lubrication develops hydrodynamic pressure, which sup- 
ports the tip and reduces friction, When the surface is 
vibrated out-of-plane, a li-off caused by the squeeze- 
film lubrication (a form of hydrodynamic lubrication), 
reduces friction, 
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17.19 (a) Gray-scale images of surface heights, surface slopes, and friction forees for scans across a gold-coated 
ruling, and (b) two-dimensional profiles of surface heights, surface slopes, and friction forces for scans across the silicon 
arid pit. Arrows indicate the tip sliding direction [17.57] 
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17.20 Coefficient of macroscale friction as a function 
of drum passes for a polymeric magnetic tape sliding over 
‘an aluminum drum in reciprocating mode in both diee- 
tions, Normal load =0.5 N over 12.7-mmm wide tape, sliding 
speed = 60 mm/s [17.37] 
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Fig.17.21a,b Reduction of coefficient of friction measured 
at a normal load of 100 nN and average tip separation as 
a function of surface amplitude on a single-crystal silicon 
subjected to (a) in-plane and (b) out-of-plane vibrations at 
about 1 MHz against a silicon nitride tip [17.24] 


17.2.5 Effect of Tip Radii and Humidity 
on Adhesion and Friction 


‘The tip radius and relative humidity affect adhesion and 
friction for dry and lubricated surfaces [17.23, 36] 


Experimental Observations 
Figure 17.22 shows the variation of single-point 
adhesive-force measurements as a function of tip ra- 
dius on a Si(100) sample for several humidities. The 
adhesive force data are also plotted as a function of rel- 
ative humidity for several tip radii, The general trend 
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at humidities up to the ambient is that a 50-nm radius 
SisNy tip exhibits a slightly lower adhesive force com- 
pared to the other microtips of larger radii; in the latter 
case, values are similar. Thus, for the microtips there is 
1no appreciable variation in adhesive force with tip ra- 
dius ata given humidity up to the ambient. The adhesive 
force increases as relative humidity increases for all tips 

Sources of adhesive force between a tip and a sam- 
ple surface are van der Waals attraction and meniscus 
formation [17.10,58]. Relative magnitudes of the forces 
from the two sources are dependent upon various fac- 
tors, including the distance between the tip and the 
sample surface, their surface roughness, their hydropho- 
bicity, and relative humidity [17.61]. For most rough 
surfaces, meniscus contribution dominates at moderate 
to high humidities, which arise from capillary conden- 
sation of water vapor from the environment. If enough 
liquid is present to form a meniscus bridge, the menis- 
cus force should increase with an increase in tip radius 
(proportional to tip radius for a spherical tip). In ad- 
dition, an increase in tip radius results in increased 
contact area leading to higher values of van der Waals 
forces. However, if nanoasperities on the tip and the 
sample are considered, then the number of contacting 
and near-contacting asperities forming meniscus bridges 
increases with an increase of humidity leading to an 
increase in meniscus forces. These explain the trends 
observed in Fig. 17.22. From the data, the tip radius has 
little effect on the adhesive forces at low humidities, 
bbut increases with tip radius at high humidity. Adhe- 
sive force also increases with an increase in humidity 
for all tips. This observation suggests that thickness of 
the liquid film at low humidities is insufficient to form 
continuous meniscus bridges to affect adhesive forces in 
the case of all tips. 

Figure 17.22 also shows the variation in coefficient 
of friction as a function of tip radius at a given humidity 
and as a function of relative humidity for a given tip ra- 
ddius for Si(100). It can be observed that for 0% RH, the 
coefficient of friction is about the same for the tip radii 
except for the largest tip, which shows a higher value. 
Atall other humidities, the trend consistently shows that 
the coefficient of friction increases with tip radius. An 
increase in friction with tip radius at low to moderate 
humidities arises from increased contact area (higher 
van der Waals forces) and higher values of shear forces 
required for larger contact area, At high humidities, sim- 
ilar to adhesive force data, an increase with tip radius 
‘occurs due to both contact area and meniscus effects. 
‘Although AFM/FFM measurements are able to measure 
the combined effect of the contribution of van der Waals 
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and meniscus forces toward friction force or adhesive 
force, it is difficult to measure their individual contri- 
butions separately. It can be seen that for all tips, the 
coefficient of friction increases with humidity to about 
ambient, beyond which it starts to decrease. The ini- 
tial increase in the coefficient of friction with humidity 
arises from the fact that the thickness of the water film 
increases with an increase in the humidity, which results 
in a larger number of nanoasperities forming meniscus 
bridges and leads to higher friction (larger shear force). 
‘The same trend is expected with the microtips beyond 
65% RH. This is attributed to the fact that at higher bu- 
midities, the adsorbed water film on the surface acts as 
‘lubricant between the two surfaces. Thus the interface 
is changed at higher humidities, resulting in lower shear 
strength and, hence, lower friction force and coefficient 
of friction. 


Adhesion and Friction Force Expressions 
for a Single-Asperity Contact 
We now obtain the expressions for the adhesive force 
and coefficient of friction for a single-asperity contact 
with a meniscus formed at the interface. For a spherical 
asperity of radius R in contact with a flat and smooth 
surface with the composite modulus of elasticity E* and 
with a concave meniscus, the attractive meniscus force 


Relative humidity (5) 


(adhesive force) Wai is given as [17.10.58] 


Wai = 27Ry, (cos +0802) (a7.6) 


For an elastic contact for both extrinsic (W) and in- 
trinsic (W,a) normal load, the friction force is given 
sen) 


where y is the surface tension of the liquid in air, 8 
and é ae the contact angles between the liquid and the 
two surfaces, W is the extemal load, and ris the average 
shear strength ofthe contacts, (Surface energy effects are 
not considered here.) Note that adhesive Force increases 
linearly withan increase in the tp radius, and the friction 
force increases withan increase in tip radius as R2/ and 
with normal load as (W + Wag), The experimental 
data in support of W2/? dependence on the friction force 
cean be found in various references (see, for example, 
[17.62]), The coefficient of friction jz, is obtained from 
(77a 
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acteristics to carbon-film resistors. During man- 
ufacture, a groove may be cut in the metal film 
to adjust the end-to-end resistance. This may 
cause theresistortohave higher inductancethan 
carbon-composite types, though it has lower 
noise. Tolerances of 5%,2%, and 1%areavailable. 
This type of resistor was originally more expen- 
sive than carbon-film equivalents, but the differ- 
ences now fractional. They are available in both 
through-hole and surface-mount formats. They 
are available in lower-wattage variants (1/8 watt 
is common). 


Thick-ilm resistors are spray-coated, whereas 
thin-film resistors are sputtered nichrome. Thin- 
films enjoy a flatter temperature coefficient and 
are typically used in environments that have a 
huge operational temperature range, such as 
satellites. 


Bulk metal foil. The type of foil used in metal film 
resistors is applied toa ceramic wafer and etched 
toachieve the desired overall resistance. Typical- 
ly these resistors have axial leads. They can be 
extremely accurate and stable, buthavea limited 
maximum resistance. 


Precision wire-wound. Formerly used in applica- 
tions requiring great accuracy, but now largely 
replaced by precision metal foil 


Power wire-wound. Generally used when 1 or 2 
watts or more power dissipation is required. Re- 
sistive wireis wrapped around a core thatiis often 
ceramic. This can cause the resistor to be referred 
to, inaccurately, as “ceramic.” The core may alter- 
natively be fiberglass or some other electrically 
insulating compound that actively sinks heat. 
The component is either dipped (typically in vit- 
reous enamel or cement) of is mounted in an 
aluminum shell that can be clamped to a heat 
sink. Italmost always has the ohm value printed 
ont in plain numerals (not codes). 


‘Two typical wire-wound resistors are shown in 
Figure 10-11. The upper resistor is rated at 12W 
and 1800 while the lower resistoris rated at 13W_ 
and 15K. 


E 


Figure 10-11, Two wire-wound resistors of greatly diffe 
Ing resistance but simular power dissipation capability. 


A larger wire-wound resistor is shown in 
Figure 10-12, rated for 25W and 100. 


Figure 10-12. A large wirewound resistor rated to dissi 
pate 25. 


In Figure 10-13, two resistors encapsulated in ce- 
ment coatings are shown with the coatings re- 
moved to expose the elements. At left is a 1.50 
5W resistor, which uses a wire-wound element. 
Atright is a very low-value 0.030 10W resistor. 
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In the plastic contact regime [17.58], the coefficient 
of friction y1p is obtained as 


fie 


Wim ais 


My 


where H, is the hardness of the softer material. Note that 
in the plastic contact regime, the coefficient of friction 
is independent of external load, adhesive contributions, 
and surface geometry. 

In comparison, for multiple-asperity contacts in the 
elastic contact regime, the total adhesive force Wag is the 
summation of adhesive forces at 1 individual contacts, 


War =o (War)s and 


G/B Waal 


(17.20) 


where 9 and Ry are the standard deviation of summit, 
heights and average summit radius, respectively. Note 
that the coefficient of friction depends upon the surface 
roughness. In the plastic contact regime, the expression 
for j1p in (17.9) does not change. 

‘The source of the adhesive force, in a wet contact, 
in the AFM experiments being performed in an ambient 
environment, includes mainly attractive meniscus force 
due to capillary condensation of water vapor from the 
environment. The meniscus force fora single contact in- 
creases with an increase in tip radius. A sharp AFM tip 
in contact with a smooth surface at low loads (on the or- 
dr of a few nN) for most materials can be simulated as 
asingle-asperity contact. At higher loads, for rough and. 
soft surfaces, multiple contacts would occur. Further- 
‘more, at low loads (aN range) for most materials, the 
local deformation would be primarily elastic. Assum- 
ing that shear strength of contacts does not change, the 
adhesive force for smooth and hard surfaces at low nor- 
‘mal load (on the order of few nN) (for a single-asperity 
ccontact in the elastic contact regime) would increase 
‘with an increase in tip radius, and the coefficient of 
friction would decrease with an increase in total nor- 
‘mal load as (W+ Waa)? and would increase with an 
increase of tip radius as R°!*, In this case, the Amon- 
tons law of friction, which states that the coefficient 
of friction is independent of normal load and is inde- 
pendent of apparent area of contact, does not hold. For 
a single-asperity plastic contact and multiple-asperity 
plastic contacts, neither the normal load nor tip radius 
come into play in the calculation of the coefficient of 
friction. In the case of multiple-asperity contacts, the 
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umber of contacts increase with an inerease of nor- 
‘mal load. Therefore, adhesive force increases with an 
increase in load. 

Inthe data presented earlier inthis section, the effect 
of tip radius and humidity on the adhesive forces and co- 
efficient of friction is investigated for experiments with 
Si(100) surface at loads inthe range of 10-100nN. The 
‘multiple-asperity elastic contact regime is relevant for 
this study. An increase in humidity generally results in 
an increase inthe number of meniscus bridges that would 
increase the adhesive force. As suggested earlier, that in- 
crease in humidity may also decrease the shear strength 
of contacts. A combination of an increase in adhesive 
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Fig.17.23 (a) Coefficient of friction as a function of nor- 
‘mal load and (b) corresponding wear depth as a function of 
normal loa for silicon, SiO coating, and natural diamond, 
Inflections in the curves for silicon and SiO correspond 
to the contact stresses equal to the hardnesses of these 
‘materials [17.63] 
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Table 17.2 Surface roughness (standard deviation of surface heights or a) and coefficients of friction on nano- and 


imacroscales of various samples in air 


0,006 on 


Graphite (HOPG) 0.09 
‘Natural diamond a 
Si.o0) os 


0.04 02 
007 os 


2 Tp rau of about $Onm inthe load range of 10-1805N (25-6.1GPs) and » scanning speed of 0S1uo/s and scan area of 
1mm fo HOPG and a seanning speed of 4s an ean area oft jum 1 jm for dao and Si(100) 
Ballas of Sm ata normal load of IN (0.6GP) and average sling sped of 0.8 mm/s 


force and a decrease in shear strength would affect the 
coefficient of friction, An increase in tip radius would in- 
crease the meniscus force (adhesive force). A substantial 
increase in the tip radius may also increase interatomic 
forces. These effects influence the coefficient of friction 
with an increase in the tip radius. 


17.2.6 Scale Dependence on Friction 


‘Table 17.2 shows the coefficient of friction measured for 
various materials on nano- and macroscales [17.19]. Itis 
clearly observed that friction values are scale-dependent. 
‘The values on the nano/microscale are much lower than 
those on the macroscale. There can be the following four, 
and possibly more, differences in the operating condi- 
tions responsible for these differences. First, the contact, 
stresses at AFM conditions, in spite of small tip radii, 
‘generally do not exceed the sample hardness that min- 
imizes plastic deformation, Average contact stresses in 
‘macrocontacts are generally lower than in AFM con- 
tacts, however, a large number of asperities come into 
contact that go through some plastic deformation. Sec- 
‘ond, when measured for the small contact areas and 
very low loads used in microscale studies, indentation 
hardness is higher than at the macroscale, as will be dis- 
‘cussed later {17.11 34,35]. Lack of plastic deformation 
and improved mechanical properties reduce the degree 


17.3 Scratching, Wear, Local Deformation, and Fabrication/Machi 


17.3.1 Nanoscale Wear 


Bhushan and Ruan [17.18] conducted nanoscale wear 
tests on polymeric magnetic tapes using conventional 
silicon nitride tips at two different loads of 10 and 


of wear and friction. Third, the small apparent area of 
contact reduces the number of particles trapped at the 
interface, and thus minimizes the third-body plowing 
contribution to the friction force [17.11]. As a fourth 
and final difference, we have seen in the previous sec- 
tion that coefficient of friction increases with an increase 
in the AFM tip radius. AFM data are taken with a sharp 
tip, whereas asperities coming in contact in macroscale 
tests range from nanoasperities to much larger asperities, 
which may be responsible for larger values of friction 
force on the macroscale. 

‘To demonstrate the load dependence on the coeffi- 
cient of friction, stiff cantilevers were used to conduct 
friction experiments at high loads, see Fig. 17.23 
[17.63]. Athigher loads (with contact stresses exceeding 
the hardness of the softer material), as anticipated, the 
coefficient of friction for microscale measurements 
‘creases toward values comparable to those obtained from 
macroscale measurements, and surface damage also in- 
creases. At high loads, plowing is a dominant contributor 
to the friction force. Based on these results, Amon- 
tons rule of friction, which states that the coefficient 
of friction is independent of apparent area and normal 
load, does not hold for microscale measurements. These 
findings also suggest that microcomponents sliding un- 
der lightly loaded conditions should experience ultralow 
friction and near-zero wear [17.11] 


100nN (Fig. 17.24). For a low normal load of 10aN, 
measurements were made twice. There was no dis- 
cemnible difference between consecutive measurements 
for this load. However, as the load was increased 
from 10nN to 100nN, topographical changes were ob- 
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Fig. 17.24 Surface roughness maps of a polymeric mag- 
netic tape atthe applied normal load of 10nN and 100 nN. 
Location of the change in surface topography as a result of 
nanowear is indicated by arrows [17.18] 


served during subsequent scanning at a normal load 
of 10nN; material was pushed in the sliding direction 
of the AFM tip relative to the sample. The material 
‘movement is believed to occur as a result of plastic de- 
formation of the tape surface. Thus, deformation and 
‘movement of the soft materials on a nanoscale can be 
observed. 


17.3.2 Microscale Scratching 


‘The AFM can be used to investigate how surface 
materials can be moved or removed on micro- to 
ranoscales, for example, in scratching and wear [17.4] 
(where these things are undesirable), and nanofab- 
Fication/nanomachining (where they are desirable) 
Figure 17.25a shows microscratches made on Si({11) 
at various loads and scanning velocity of 2jum/s af- 
ter 10 cycles [17.22], As expected, the scratch depth 
increases linearly with load. Such microseratching 
‘measurements can be used to study failure mechanisms 
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17.25a,b Surface plots of (a) Si(111) scratched for 
1eyclesat various loads anda scanning velocity of2jum/s 
Note that x and y’ axes are in jum and = axis is in nm, 
{(b) Si(100) seratched in one unidirectional scan cycle at 
anormal force of 80 q.N and different scanning velocities 


‘on the microscale and evaluate the mechanical integrity 
(scratch resistance) of ultrathin films at low loads. 

To study the effect of scanning velocity, unidiree- 
tional scratches, 5jim in length, were generated at 
scanning velocities ranging from 1-100 \m/s at var- 
ious normal loads ranging from 40~140 uN. There is 
no effect of scanning velocity obtained at a given nor- 
‘mal load. (For representative scratch profiles at 80 N, 
see Fig. 17.25) This may be because of a small ef- 
fect of frictional heating with the change in scanning 
velocity used here, Furthermore, for a small change in 
interface temperature, there isa large underlying volume 
to dissipate the heat generated during scratching. 

Scratching can be performed under ramped load- 
ing to determine the scratch resistance of materials and 
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Fig.17.26 (a) Applied normal load and friction signal measured during the microscratch experiment on Si(100) as 
a function of scratch distance, (b) friction data plotted in the form of coefficient of friction as a function of normal load, 


and (c) AFM surface height 


coatings. The coefficient of friction is measured dur- 
ing scratching, and the load at which the coefficient 
of friction increases rapidly is known as the “critical 
Toad”, which is a measure of scratch resistance. In ad- 
dition, post-scratch imaging can be performed in situ 
with the AFM in tapping mode to study failure mecha- 
nisms, Figure 17.26 shows data from a scratch test on 
‘Si(100) with a scratch length of 25 um and a scratching 
velocity of 0.5 jum/s. At the beginning of the scratch, 
the coefficient of friction is 0.04, which indicates a typ- 
ical value for silicon. At about 35 N (indicated by the 
arrow in the figure), there is a sharp increase in the co- 
efficient of friction, which indicates the critical load. 
Beyond the critical load, the coefficient of friction con- 


tinues to increase steadily. In the post-scratch image, 
wwe note that at the critical load, a clear groove starts to 
form, This implies that Si(100) was damaged by plow- 


ing at the critical load, associated with the plastic flow 
of the material. At and after the critical load, small and 
uniform debris is observed and the amount of debris 
increases with increasing normal load, Sundararajan 
and Bhushan [17.33] have also used this technique to 
‘measure the scratch resistance of diamond-like carbon 
coatings ranging in thickness from 3.5-20 nm, 


wage of scratch obiained in tapping mode [17.33] 


17.3.3 Microscale Wear 


By scanning the sample in two dimensions with the 
AFM, wear scars are generated on the surface. Fig- 
ure 17.27 shows the effect of normal load on wear 
depth. We note that wear depth is very small be- 
low 20]N of normal load [17.64, 65]. A normal load 
of 20,N corresponds to contact stresses comparable 


‘Wear depth (nm) 
ns 
100] 
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w 
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ig.17.27 Wear depth as a function of normal load for 
(100) after one cycle [17.65] 
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to the hardness of the silicon. Elastic deformation at 
loads below 20{N is primarily responsible for low 
‘wear [17.63], 

A typical wear mark, of the size 2umx2 ym, gen- 
erated at a normal load of 40 uN for one scan cycle 
and imaged using AFM with scan size of 4 yumx4 jum 
‘at 300nN load is shown in Fig. 17.28a [17.64]. The in- 
‘verted map of wear marks shown in Fig. 17,28b indicates 
the uniform material removal at the bottom of the wear 
‘mark, An AFM image of the wear mark shows small de- 
bris at the edges, swiped during AFM scanning. Thus, 
the debris is loose (notsticky) and can be removed during, 
the AFM scanning, 

Next, we examine the mechanism of material re~ 
‘moval on a microscale in AFM wear experiments [17.23, 
64, 65]. Figure 17.29 shows a secondary electron im- 
age of the wear mark and associated wear particles. 
‘The specimen used for the scanning electron micro- 
scope (SEM) was not scanned with the AFM after 
initial wear, in order to retain wear debris in the wear 


abo 


Fig. 17.28 (a) Typical gray-scale and (b) inverted AFM im- 
ages of wear mark created using a diamond tip at a normal 
load of 40 UN and one sean eycle on Si(100) surface 
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Fig. 17.29 Secondary electron image of wear mark and de 
bris for $i(100) produced at a normal load of 40 uN and 
‘one sean cycle 


region. Wear debris is clearly observed. In the SEM 
micrographs, the wear debris appear to be agglomer- 
ated because of high surface energy of the fine particles. 
Particles appear to be a mixture of rounded and so- 
called cutting type (Feather-like or ribbon-like material). 
Zhao and Bhushan [17.65] reported an increase in 
the number and size of cutting-type particles with the 
normal load. The presence of culting-type particles in- 
dicates that the material is removed primarily by plastic 
deformation, 

To better understand the material removal mech- 
anisms, transmission electron microscopy (TEM) has 
been used. The TEM micrograph of the wor region and 
associated diffraction pattern are shown in Fig. 17.30a,b, 
‘The bend contours are observed to pass through the 
‘wear mark in the micrograph, The bend contours around 
and inside the wear mark are indicative of a strain 
field, which, in the absence of applied stresses, can be 
interpreted as plastic deformation and/or elastic resid- 
ual stresses, Often, localized plastic deformation during 
loading would lead to residual stresses during unload- 
ing; therefore, bend contours reflect a mix of elastic 
and plastic strains. The wear debris is observed out- 
side the wear mark, The enlarged view of the wear 
debris in Fig. 17.30c shows that much of the debris 
is ribbon-like, indicating that material is removed by 
4 cutting process via plastic deformation, which is, 
consistent with the SEM observations. The diffraction 
pattern from inside the wear mark is similar to that of 
virgin silicon, showing no evidence of any phase trans- 
formation (amorphization) during wear. A selected area 
diffraction pattern of the wear debris shows some dif- 
fuse rings, which indicates the existence of amorphous 
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Fig. 17.30a-d Bright field TEM micrographs (lef) and diffraction 
patterns (right) of wear mark (a),(b) and wear debris (c),(d) in 
‘Si(100) produced at a normal load of 404.N and one scan cycle. 


Bend contours around and inside wear mark are observed 
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Fig. 17.31 (a) Bright field and (b) weak beam TEM micrographs of 
wear mark in Si(100) produced at a normal load of 80 jN and one 
scan cyele showing bend contours and dislocations [17.65] 


material in the wear debris, confirmed as silicon ox- 
ide products from chemical analysis. It is known that 
plastic deformation occurs by generation and propaga- 
tion of dislocations. No dislocation activity or cracking 
was observed at 40 uN. However, dislocation arrays 
could be observed at 804uN. Figure 17.31 shows the 
‘TEM micrographs of the worn region at 8OUN: for 
better observation of the wom surface, wear debris 
was moved out of the wear mark using AFM with 
a large area scan at 300nN after the wear test. The 
existence of dislocation arrays confirms that material 
removal occurs by plastic deformation. This corrobo- 
rates the observations made in scratch tests at ramped 
load in the previous section. It is concluded that the 
‘material on microscale at high loads is removed by plas- 
tic deformation with a small contribution from elastic 
fracture [17.65] 

‘To understand wear mechanisms, evolution of wear 
can be studied using AFM. Figure 17.32 shows evolu- 
tion of wear marks of a DLC-coated disk sample. The 
data illustrate how the microwear profile for a load of 
204N develops asa function ofthe number of scanning 
cycles [17.22]. Wear is not uniform, but is initiated at 
the nanoscratches. Surface defects (with high surface en- 
ergy) present at nanoscratches act as initiation sites for 
wear. Coating deposition also may not be uniform on 
and near nanoscratches, which may lead to coating de- 
lamination, Thus, seratch-free surfaces will be relatively 
resistant to wear. 

Wear precursors (precursors to measurable wear) 
can be studied by making surface potential measure- 
ments [17.38-40]. The contact potential difference, or 
simply surface potential between two surfaces, depends 
on a variety of parameters such as electronic work 
function, adsorption, and oxide layers. The surface po- 
tential map of an interface gives a measure of changes 
in the work function, which is sensitive to both physi- 
cal and chemical conditions of the surfaces, including 
structural and chemical changes. Before material isactu- 
ally removed in a wear process, the surface experiences 
stresses that result in surface and subsurface changes 
of structure and/or chemistry. These can cause changes 
in the measured potential of a surface. An AFM tip 
allows mapping of surface potential with nanoscale res- 
olution. Surface height and change in surface potential 
‘maps of a polished single-crystal aluminum (100) sam- 
ple abraded using a diamond tip at loads of 1 uN and 
9\N are shown in Fig. 17.33a, (Note that the sign of 
the change in surface potential is reversed here from 
that in [17.38], Its evident that both abraded regions 
show a lange potential contrast (~ 0.17 V) with respect 
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to the non-abraded area. The black region in the lower 
right-hand part of the topography scan shows a step 
that was created during the polishing phase, There is 
no potential contrast between the high region and the 
low region of the sample, indicating that the technique 
is independent of surface height, Figure 17.33b shows 
a close-up scan of the upper (low load) wear region 
in Fig. 17.33a, Notice that while there is no detectable 
change in the surface topography, there is, nonethe- 
less, a large change in the potential of the surface in 
the worn region. Indeed, the wear mark of Fig. 17.336 
‘might not have been visible at all in the topography map 
‘were it not for the noted absence of wear debris gen- 
erated nearby and then swept off during the low load 
scan, Thus, even in the case of zero wear (no mea- 


a). Surface height 


Fig. 17.33 (a) Surface height and change in surface potential maps of 
‘wear regions generated at 1 N (Jap) and 9 uN (hottom) ona single- 
17.32 Surface plots of diamond-like carbon-coated crystal aluminum sample showing bright contrast in the surface 
thin-film disk showing the wom region; the normal load potenti map onthe worn regions, (b) Close up of upper (low load) 
and numberof test cycles are indicated [17.22] ‘wear region [17.38] 
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Fig. 17.36 Topographical images of the MP 
‘ent strains [17.41] 


surable deformation of the surface using AFM), there 
can be a significant change in the surface potential in- 
side the wear mark, which is useful for the study of 
wear precursors. It is believed that the removal of the 
thin contaminant layer including the natural oxide layer 
gives rise to the initial change in surface potential. The 
structural changes, which precede generation of wear 
debris and/or measurable wear scars, occur under ul- 
tralow loads in the top few nanometers of the sample and 
are primarily responsible for the subsequent changes in 
surface potential. 


17.3.4 In Situ Characterization 
of Local Deformation 


In situ surface characterization of local deforma- 
tion of materials and thin films is carried out using 
a tensile stage inside an AFM. Failure mechanisms 


wagnetic tape at differ- 


of polymeric thin films were studied by Bobji and 
Bhushan [1741.42]. The specimens were strained at 
arate of 4x 105% per second, and AFM images were 
captured at different strains up to about 10% to monitor 
generation and propagation of cracks and deformation 
bands, 

Bobji and Bhushan (17.41,42] studied three mag- 
netic tapes with thickness ranging from 7 to 8.5m. 
One of these was with acicular-shaped metal particle 
(MP) coating, and the other two with metal-evaporated 
(ME) coating and with and without a thin diamond-like 
carbon (DIC) overcoat, both on a polymeric substrate 
and all with particulate back coating [17.13]. They also 
studied the polyethylene terephthalate (PET) substrate 
with 6 um thickness. They reported that cracking of the 
coatings started at about 1% strain for all apes, much 
before the substrate starts to yield at about 2% strain. 
Figure 17.34 shows the topographical images of the MP 
tape at different strains. At 0.83% strain, a crack can be 
seen originating at the marked point. As the tape is fur- 
ther stretched along the direction, as shown in Fig. 17.34, 
the crack propagates along the shorter boundary of the 
ellipsoidal particle, However, the general direction of 
the crack propagation remains perpendicular to the di- 
rection of the stretching. The length, width, and depth 
of the cracks increase with strain, and atthe same time, 
newer cracks keep on nucleating and propagating with 
reduced crack spacing. At 3.75% strain, another crack 
can be seen nucleating. This crack continues to grow 
parallel to the first. When the tape is unloaded alter 
stretching up to a strain of about 2%, i.e., within the 
elastic limit of the substrate, the cracks rejoin perfectly 
and itis impossible to determine the difference from the 
unstrained tape. 

Figure 17.35 shows topographical images of the 
three magnetic tapes and the PET substrate after being 
strained to 3.75%, which is well beyond the elastic Limit 
of the substrate. MP tape develops short and numerous 
cracks perpendicular to the direction of loading. In tapes 
With metallic coating, the cracks extend throughout the 
tape width. In ME tape with DLC coating, there isabulge 
inthe coating around the primary cracks that are initiated 
‘when the substrate is stil elastic, like crack A inthe fig- 
ure. The white band on the right-hand side of the figure is 
the bulge of another crack. The secondary cracks like B 
and C are generated at higher strains and are straighter 
compared to the primary cracks. In ME tape, which has 
CoO film on PET substrate, with a thickness ratio 
of 0.03, both with and without DLC coating, no differ- 
ence is observed in the rate of growih between primary 
and secondary cracks. The failure is cohesive with no 
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Fig.17.35 Comparison of erack morphologies at 3.75% 
strain in three magnetic tapes and PET substrate, Cracks B 
and C, nucleated at higher strains, are more linear than 
crack A [17.42] 


B Loading 


bulging ofthe coating, This scems to suggest thatthe 
DLE coating has residual stresses that lax when the 
canting rake, cating delamination, Sine the strece 
ave already relaxed, the secondary crack doesnot resul 
in delamimation. The presence oft resid stom i 
confirmed by the fct that a freestanding ME tape curs 
tp Gna eylindsial form with its axis perpendicular to 
thetape length) with a adi of curvature of about 6 mm; 
the ME tape without the DLC does not cul, The mag- 
netic coating side of PET substrac is much smoother 
ttsmaller scan lengths, However, 20 um scans it has 
t lot of bulging out, which appears az white spots in 
the figure. These spots change shape even While sean- 
tng the satopes Jn taping tae at ery low cock 
fons 

“The variation of average erack width and aver: 
age crock spacing wi sal ix ploted in Pig. 1736 
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within he elastic lint ofthe substrate. There i © defi 
tite change in the slope ofthe load- displacement curve 
ff ibe pita have cracka micleak, and the slope af 
ter that is closer to the slope of the elastic portion of 
the substrate, This would mean that most of the Toad 
is supporied by the subrate ance the contin fails By 
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in situ surfce characterization of unstretched and 
streiched fling has been wed fo metsure Polsan'sm> 
ti of polymeric thin films [17.66]. Uniaxial tension 
is applied by the tensile stage. Surface height profiles 
buined from the AFM images of unsteiched and 
siriched semplen reused to moni simulaneoualy 
the changes in displacements ofthe polymer ims in the 
longitudinal and lateral directions 


‘Suess MEupe Crk wih Crack pacing 
‘it 
06 35 


oa 


Fig.17.36 Variation of stress, crack width, and crack 
spacing with strain in three magnetic tapes and PET sub- 
strate [17.41] 
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Fig. 17.37 (a) Trim and (b) spiral pattems generated by 
scratching a Si(100) surface using a diamond tip at anormal 
load of 15 uN and writing speed of 0.5 yum/s 


17.3.5. Nanofabrication/Nanomachining 


‘An AFM can he used for nanofabrication/nanomachining 
by extending the microscale scratching operation [17.4, 
11,22,37], Figure 17.37 shows two examples of nanofab 
rication. The patterns were created on a single-crystal 
silicon (100) wafer by scratching the sample surface 
With a diamond tip at specified locations and scratching 
angles. Each line is scribed manually at a normal load 
of ISHN and a writing speed of 0.5 m/s. The separa- 
tion between Lines is about SOnm, and the variation in 
line width is due to the tip asymmetry. Nanofabrication 
parameters ~ normal load, scanning speed, and tip ze- 
metry ~ can be controlled precisely to control the depth 
and length of the devices. 

Nanofabrication using mechanical scratching has 
several advantages over other techniques. Better control 
over the applied normal load, scan size, and scanning 
speed can be used for nanofabrication of devices. Us- 
ing the technique, nanofabrication can be performed on 
any engineering surface. Use of chemical etching or 
reactions is not required, and this dry nanofabrication 
process can be used where use of chemicals and electric 
field is prohibited. One disadvantage of this technique ix 
the formation of debris during scratching. At light loads, 
{debris formation isnot a problem compared to high-load 
scratching. However, debris can be removed easily from 
the scan area at light loads during scanning. 


17.4 Indentation 


Mechanical properties such as hardness and Young's 
modulus of elasticity can be determined on micro- to 
picoscales using the AFM [17.18,22,31,34] and adepth- 
sensing indentation system used in conjunction with an 
AFM [17.35,67-69] 


17.4.1 Picoindentation 


Indentability on the scale of subnanometers of soft 
samples can be studied in the force calibration mode 
(Fig. 17.6) by monitoring the slope of cantilever deflec- 
tion as a function of sample traveling distance after the 


tip is engaged and the sample is pushed against the tp. 
For a rigid sample, cantilever deflection equals the sam- 
ple traveling distance, but the former quantity is smaller 
if the tip indents the sample. In an example of a poly- 
‘meric magnetic tape shown in Fig. 17.38, the line in the 
left portion of the figure is curved with a slope of less 
than 1 shortly after the sample touches the tip, which 
suggests that the tip has indented the sample [17.18] 
Later, the slope is equal to 1, suggesting that the tip no 
longer indents the sample. This observation indicates 
that the tape surface is soft locally (polymer-rich) but 
hard (as a result of magnetic particles) underneath. Since 
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Figure 10-13. Two Jow-value resistors with thelr cement 
coatings removed ta show the resistive elements. 


In Figure 10-14, the resistor at right has an ex- 
posed 309 element while the resistor at left is 
rated 10W and 6.50, enclosed in an anodized 
aluminum shell to promote heat dissipation. 


Figure 10-14, A 300 resistor (right) and 6.50 resistor 
(eft, 


In power resistors, heat dissipation becomes an 
important consideration. Ifother factors (suchas 
voltage) remain the same, a lower-value resistor 
will tend to pass more current than a higher- 
value resistor, and heat dissipation is proportion- 
al to the square of the current. Therefore power 
wire-wound resistors are more likely to be need- 


power> mo 


ed where low resistance values are required. 
Their coiled-wire format creates significant in- 
ductance, making them unsuitable to pass high 
frequencies or pulses. 


How to Use it 


Some of the most common applications fora re- 
sistor are listed here. 


In Series with LED 

To protect an LED from damage caused by ex- 
cessive current, a series resistor is chosen to allow 
a current that does not exceed the manufactur- 
e's specification. In the case of a single through 
hole LED (often referred to as an indicator), the 
forward currentis often limited to around 20mA, 
and the value of the resistor will depend on the 
voltage being used. (See Figure 10-15.) 


When using high-output LEDs (which may con- 
tain multiple elements ina single Smm or 10mm 
package), or LED arrays that are now being used 
for domestic lighting, the acceptable current 
may be much greater, and the LED unit may con- 
tain its own current-limiting electronics. A data- 
sheet should be consulted for details. 


SS 


o_O 


Figure 1041 
current that passes throug! 


A series resistor is necessary to limit the 
sn LED. 


Current Limiting with a Transistor 
In Figure 10-16, a transistor is switching or am- 
plifying current flowing from B to C. A resistor is 
Used to protect the base of the transistor from 
excessive current flowing from point A. Resistors 
are also commonly used to prevent excessive 
current from flowing between B and C. 
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17-4 Indentation 
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17.38 Tip deflection (normal load) as a function of 
the Z (separation distance) curve fora polymeric magnetic 
tape [17.18] 


the curves in extending and retracting modes are identi- 
cal, the indentation is elastic up to a maximum load of 
about 22 nN used in the measurements. 

Detection of transfer of material on a nanoscale is 
possible with the AFM. Indentation of Cgo-rich fullerene 
films with an AFM tip has been shown [17.70] to result 
in the transfer of fullerene molecules to the AFM tip, as 
indicated by discontinuities in the cantilever deflection 
‘as a function of sample traveling distance in subsequent 
indentation studies. 


17.4.2 Nanoscale Indentation 


‘The indentation hardness of surface films with an in- 
dentation depth as small as about 1 nm can be measured 
using an AFM [17.11,34,35]. Figure 17.39 shows the 
sray-scale plots of indentation marks made on Si(111) 
at normal loads of 60, 65, 70, and 100,N. Triangu- 
lar indents can be clearly observed with very shallow 
depths. Ata normal load of 60 WN, indents are observed 
and the depth of penetration is about Im, As the nor- 
‘mal load is increased, the indents become clearer and 
indentation depth increases. For the case of hardness 
‘measurements at shallow depths on the same order as 
variations in surface roughness, it is desirable to sub- 
tract the original (unindented) map from the indent map 
for accurate measurement of the indentation size and 
depth [17.22]. 

To make accurate measurements of hardness at 
shallow depths, a depth-sensing indentation system is 
used [17.35]. Figure 17.40 shows the load-displacement 
curves at different peak loads for Si(100). Load- 
ing/unloading curves often exhibit sharp discontinuities, 
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Fig. 17.39 Gray-seale plots of indentation marks on the 
(111) sample at various indentation loads. Loads, 


entation depths, and hardness values are listed in the 
figure 17.34] 
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particularly at high loads. Discontinuities, referred to as 
pop-ins, during the initial loading part of the curve mark 
a sharp transition from pure elastic loading to a plastic 
deformation of the specimen surface, thus correspond- 
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Fig. 17.40 Load-displacement curves at various peak loads 
for Si(100) [17.35] 


ing to an initial yield point. The sharp discontinuities 
in the unloading part of the curves are believed to be 
due to the formation of lateral cracks that form at the 
base of the median crack, which results inthe surface of 
the specimen being thrust upward. Load-displacement 
data at residual depths as low as about J nm can be ob- 
tained, and the indentation hardness of surface films has 
been measured for Si(100) [17.35.67-69]. The hard- 
ness of silicon on a nanoscale is found to be higher 
than on a microscale (Fig. 17-41), Microhardness has 
also been reported to be higher than on the millimeter 
scale by several investigators. The data reported to date 
show that hardness exhibits size effect. According to 
the strain gradient plasticity theory advanced by Fleck 
et al [17-71], large strain gradients inherent in small 
indentations lead to the accumulation of geometrically 
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necessary dislocations for strain compatibility reasons 
that cause enhanced hardening. In addition, the decrease 
in hardness with an increase in indentation depth can 
possibly be rationalized on the basis that as the vol- 
ume of deformed material increases, there is a higher 
probability of encountering material defects. 

Bhushan and Koinkar [17.31] have used AFM mea- 
surements to show that ion implantation of silicon 
surfaces increases their hardness and thus their wear re- 
sistance. Formation of surface alloy films with improved 
‘mechanical properties by ion implantation is of growing 
technological importance as a means of improving the 
‘mechanical properties of materials. Hardness of 20 nm- 
thick diamond-like carbon films has been measured by 
Kulkarni and Bhushan [17.69]. 

‘The creep and strain-rate effects (viscoelastic ef- 
fects) of ceramics can be studied using a depth-sensing 
indentation system. Bhushan et al. [17.35] and Kulka- 
‘ni and Bhushan [17.67-69] have reported that ceramics 
exhibit significant plasticity and creep on a nanoscale. 
Figure 17.42a shows the load-displacement curves for 
single-crystal silicon at various peak loads held at 180. 
‘To demonstrate the creep effects, the load-displacement 
curves for a 500 UN peak load held at O and 30 are also 
shown as an inset, Note that significant creep occurs 
at room temperature. Nanoindenter experiments con- 
ducted by Li et al. [17.72] exhibited significant creep 
only at high temperatures (greater than or equal to 
(0.25 times the melting point of silicon). The mechanism 
of dislocation glide plasticity is believed to dominate 
the indentation creep process on the macrascale, To 
study the strain-rate sensitivity of silicon, data at two 
different (constant) rates of loading are presented in 
Fig. 17.42b. Note that a change in the loading rate by 
a factor of about five results in a significant change in 
the load-displacement data. The viscoelastic effects ob- 
served here for silicon at ambient temperature could 
arise from size effects mentioned earlier. Most likely, 
creep and strain rate experiments are being conducted 
oon the hydrated films present on the silicon surface in 
ambient environment, and these films are expected to be 
viscoelastic, 


17.4.3 Localized Surface Elastici 
and Viscoelasticity Mapping 


‘The Young's modulus of elasticity is calculated from 
the slope of the indentation curve during unloading. 
However, these measurements provide a single-point 
‘measurement. By using the force modulation technique, 
itis possible to get localized elasticity maps of sofi and 
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compliant materials with penetration depths of less than 
100m, This technique has been successfully used for 
polymeric magnetic tapes, which consist of magnetic 
and nonmagnetic ceramic particles in a polymeric ma- 
trix. Elasticity maps of a tape can be used to identify 
relative distribution of hard magnetic and nonmagnetic 
ceramic particles on the tape surface, which hasan effect, 
on friction and stiction at the head-tape interface [17.13]. 

Figure 17.43 shows surface height and elasticity maps 
‘ona polymeric magnetic tape [17.44]. The elasticity im- 
age reveals sharp variations in surface elasticity due to 
the composite nature of the film. As can be clearly seen, 
regions of high elasticity do not always correspond to 
high or low topography. Based on a Hertzian elastic. 

contact analysis, the static indentation depth of these 
samples during the force modulation scan is estimated 
to be about 1nm. We conclude that the contrast seen 
is influenced most strongly by material properties in 
the top few nanometers, independent of the composite 
structure beneath the surface layer, 

By using phase contrast microscopy, it is possible 
to get phase contrast maps or the contrast in viscoelas- 
tie properties of near surface regions. This technique has 
been used successfully for polymeric films and magnetic 
{tapes that consist of ceramic particles in a polymeric ma- 
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17.62 (a) Creep behavior and (b)strain-rate sensitivity of Si(100) [17.35] 


sions, are seen in the topography image. In the phase 
angle images, the particles show up dark against the 
film background. A combination of high tapping ampli- 
tude and low set point was found to maximize contrast 
in phase images. This result may be explained by the de- 
‘tee to which the tips able to penetrate and thus deform 
the sample. A high tapping amplitude and low set point 
should maximize the force with which the tip strikes the 
sample. This should give more penetration. So the mater- 
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trix [17.51, 52]. Figure 17.44 shows topography, phase 
angle, and friction force images for polyethylene tereph- 
thalate (PET) film. Three particles, which show up as 
approximately circular, lightly shaded (high points) re- 


Fig. 17.43 Surface height and elasticity maps on a polymeric mag- 
netic tape (¢ = 6.72nm and P-V=31.Tany; @ and P-V refer to 
standard deviation of surface heights and peak-to-valley distance, 
sespectively). The gray scale onthe elasticity map is arbitrary [17.44] 


springer Handbook  Nanotechnolo 
DP tndshan © spinger2000 


530 


SLT|2 ued 


EC | Nanotrbology and Nanomechanics 


‘Topography 


2500S 
= 


on 30am 
Phase angle 


tapping ampiide = 10am 
Metpont = 40% (76mm) 


fiction force (race) 
am normal oad = 947 aN 


5.00, 


17.5 Boundary Lubrication 
17.5.1 Perfluoropolyether Lubricants 


‘The classical approach to lubrication uses freely sup- 
ported multimolecular layers of liquid lubricants [17.10, 
13,58, 73]. The liquid lubricants are sometimes chem- 
ically bonded to improve their wear resistance [17.10, 
13,58}. Partially chemically bonded, molecularly thick 
perfluoropolyether (PEPE) films are used for lubrication 
of magnetic storage media [17.13]. These are considered 
potential candidate lubricants for micro/nanoelectro- 
‘mechanical systems (MEMS/NEMS). Molecularly thick 
PFPEs are well suited because of the following proper- 
ties: low surface tension and low contact angle, which 
allow easy spreading on surfaces and provide hydropho- 
bic properties; chemical and thermal stability, which 
minimize degradation under use; low vapor pressure, 
which provides low out-gassing; high adhesion to sub- 
strate via organic functional bonds; and good lubricity, 
which reduces contact surface wear. 


Fig. 17.44 Tapping mode height and phase angle images 
acquired using a TESP tip ata tapping amplitude of 190.nm 
and a setpoint of 40% (74nm), and contact mode height 
snd friction force (trace) images using an MESP tip with 
4 normal load between 9 and 47nN for PET film with 
embedded ceramic particles [17.51] 


ial or viscoelastic contribution, as opposed to the surface 
force and adhesion hysteresis contributions, should be 
more dominant for this tapping condition. The phase 
angle image shown in Fig. 17.44 was acquired using 
tapping mode with a relatively high tapping amplitude 
of 190mm and a relatively low set point of 40% (of 
the tapping amplitude) to emphasize viscoelastic prop- 
erties. Very little correlation is found between the phase 
angle and friction force images, Friction force images 
‘were obiained using an etched single-crystal silicon tip 
(DI MESP) with a radius of 20-50nm, a stiffness of 
1-5 N/m, and a natural frequency of 60-70 kHz. A lack 
of correlation may be a further indication that something 
other than adhesion, which should correlate to friction 
force, causes the phase angle contrast; this may im- 
ply that viscoelastic properties may be dominant. These 
results also indicate that phase angle imaging yields 
information that cannot be obtained using other, more 
conventional AFM modes, 


For boundary lubrication studies, friction, adhe- 
sion, and durability experiments have been performed 
on virgin Si(100) surfaces and silicon surfaces lubri- 
cated with two PEPE lubricants ~ Z-15 (with —CF3 
nonpolar end groups) and Z-DOL (with OH polar 
end groups) [17.27,28, 30]. Z-DOL film was thermally 
bonded at 150°C for 30 minutes and an unbonded 
fraction was removed by a solvent (BW) [17.13]. The 
thicknesses of Z-15 and Z-DOL films were 2.8 1m and 
2.3m, respectively 

‘The adhesive forces of Si(100), Z-15, and Z-DOL, 
(BW) measured by force calibration plot and fric- 
tion force versus normal load plot are summarized in 
Fig. 17.45. The results measured by these two meth- 
ods are in good agreement. Figure 17.45 shows that the 
presence of mobile Z-15 lubricant film increases the ad- 
hesive force as compared to that of Si(100) by meniscus 
formation. The presence of solid phase Z-DOL (BW) 
film reduces the adhesive force as compared to that of 
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Si(100) because of the absence of mobile liquid. The 
schematic (bottom) in Fig. 17.45 shows relative size and 
sources of meniscus. It is well-known that the native 
oxide layer (SiOz) on the top of a Si(100) wafer ex- 
hibits hydrophilic properties, and some water molecules 
can be adsorbed on this surface. The condensed water 
will form meniscus as the tip approaches the sample 
surface. The larger adhesive force in Z-15 is not only 
caused by the Z-15 meniscus; the nonpolarized 2-15 li 
uid does not have good wettability and strong bonding 
With $i(100) In the ambient environment, the condensed 
‘water molecules from the environment will permeate 
through the liquid Z-15 lubricant film and compete with 
the lubricant molecules present on the substrate. The 
interaction of the liquid lubricant with the substrate is 
‘weakened, and a boundary layer ofthe liquid lubricant 
forms puddles [17.27.28]. This de-wetting allows water 
‘molecules to be adsorhed on the Si(100) surface as ag- 
_regates along with Z-15 molecules. And both of them 
can form meniscus while the tip approaches the surface. 

‘Thus, the de-wetting of liquid Z-15 film results in higher 
adhesive force and poorer lubrication performance. In 
addition, asthe Z-15 film is prety soft compared to the 
solid $i(100) surface, and penetration ofthe tip in the 
film occurs while pushing the tip dawn. This leads the 
large area ofthe tip involved to form the meniscus at the 
tip-liquid (mixture of Z-15 and water) interface. Itshould 
also be noted that Z-15 has a higher viscosity compared 
to water and, therefore, Z-15 film provides higher resis- 
tance to motion and coeflicient of friction. In the case of 
Z-DOL (BW) film, both ofthe active groups of Z-DOL 
‘molecules are mostly bonded on Si(100) substrate. Thus, 
the Z-DOL (BW) film has low free surface energy and 
cannot be displaced readily by water molecules or read- 
ily adsorb water molecules. Therefore, the use of Z-DOL 
(BW) can reduce the adhesive force. 

‘To study the velocity effect on friction and adhesion, 
the variation of friction force, adhesive force, and coef 
ficient of friction of Si(100), Z-15 and Z-DOL (BW) as 
function of velocity are summarized in Fig. 17.46, Itin- 
dicates that for silicon wafer the friction force decreases 
logarithmically with increasing velocity. For Z-15, the 
friction force decreases with increasing velocity up to 
10 jum/s, after which it remains almost constant. The 
velocity has very small effect on the friction force of 
Z-DOL (BW): It reduced slightly only at very high ve- 
locity. Figure 17.46 also indicates that the adhesive force 
of Si(100) increases when the velocity is higher than 
10 um/s. The adhesive force of Z-15 is reduced dra- 
matically with a velocity increase up to 20 jum/s, after 
which itis reduced slightly. And the adhesive force of 
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Fig. 17.45 Summary of the adhesive forces of $i(100) and Z-15 
and Z-DOL (BW) films measured by force calibration plots and 
friction force versus normal load plots in ambient air, The schematic 
(bottom) showing the effect of meniscus formed between the AFM. 
tip and surface sample on the adhesive and friction forces [17.30] 


Z-DOL (BW) also decreases at high velocity. Inthe test- 
ing range of velocity, only the coefficient of friction of 
'Si(100) decreases with velocity. but the coefficients of 
friction of Z-15 and Z-DOL (BW) almost remain con- 
stant. This implies that the friction mechanisms of Z-15 
and Z-DOL (BW) do not change with the variation of 
velocity 

‘The mechanisms of the effect of velocity on the ad- 
hesion and friction are explained based on schematics 
shown in Fig, 17.46 (right). For Si(100), tribochemical 
reaction plays a major role. Although at high velocity 
the meniscus is broken and does not have enough time 
to rebuild, the contact stresses and high velocity lead to 
tribochemical reactions of Si(100) wafer (which has na~ 
tive oxide (SiOs)) and a SisN, tip with water molecules 
and form Si(OH)s. The Si(OH), is removed and con- 
tinuously replenished during sliding. The Si(OH), layer 
between the tip and Si(100) surface is known tobe of low 
shear strength and causes a decrease in friction force and 
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coefficient of friction [17.10,58]. The chemical bonds of 
Si—OH between the tip and Si(100) surface induce large 
adhesive force. ForZ.-15 film, at high velocity the menis- 
cus formed by condensed water and Z-15 molecules is 
broken and does not have enough time to rebuild. There- 
fore, the adhesive force and, consequently, friction force 
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Fig. 17.46 The influence of velocity on the frition force, 
adhesive force, and coefficient of friction of $i(100) and 
Z-15 and Z-DOL (BW) films at 700, in ambient air. The 
schematic (right) shows the change of surface composi- 
tion (by tribochemical reaction) and formation of meniscus 
hile increasing the velocity [17.30] 


are reduced. The friction mechanism for Z-15 film stil 
is shearing the same viscous liquid even at high velocity 
range, thus, the coefficient of friction of Z-15 does not 
change with velocity. For Z-DOL (BW) film, the surface 
can adsorb few water molecules in ambient condition, 
andathigh velocity these molecules are displaced, which 
causes a slight decrease in friction and adhesive forces 
Koinkar and Bhushan {17.27,28] have suggested that in 
the case of samples with mobile films such as condensed 
water and Z-15 films, alignment of liquid molecules 
(shear thinning) is responsible for the drop in frition 
force with an increase in scanning velocity. This could 
be another reason for the decrease in friction force for 
Si(100) and 2-15 film with velocity in this study: 

‘To study the relative humidity effect on friction and 
adhesion, the variations of friction force, adhesive force, 
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Fig. 17.47 The influence of relative humidity (RH) on the 
friction force, adhesive force, and coefficient of friction of 
'Si(100) and Z-15 and Z-DOL (BW) films at 70.nN, 2 m/s, 
and in 22°C air. Schematic (right) shows the change of 
‘meniscus while increasing the relative humidity. In this fig- 
lure, the thermally treated $i(100) represents the Si(100) 
‘wafer that was baked at 150°C for 1 hour in an oven (in oF 
der to remove the adsorbed water) just before it was placed 
in the 0% RH chamber [17.30] 


and coefficient of friction of Si(100), 2-15, and Z-DOL. 
(BW) as a function of relative humidity are shown in 
Fig. 17.47. It shows that for Si(100) and Z-15 film, the 
friction force increases with a relative humidity increase 
of up to 45%, and then slightly decreases with a fur- 
ther increase in the relative humidity. Z-DOL (BW) has 
8 smaller friction force than Si(100) and Z-15 in the 
‘whole testing range, And its friction force shows a rel- 
ative apparent increase when the relative humidity is 
higher than 45%. For Si(100), Z-15, and Z-DOL (BW), 
their adhesive forces increase with relative humidity 
and their coefficients of friction increase with relative 
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humidity up to 45%, after which they decrease with 
further increasing of the relative humidity. tis also ob- 
served that the humidity effect on Si(100) really depends 
con the history of the Si(100) sample. As the surface 
of Si(100) wafer readily adsorbs water in air, without 
any pre-treatment the Si(100) used in our study almost 
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reaches to its saturate stage of adsorbed water and is 
responsible for less effect during increasing relative hu- 
midity. However, once the Si(100) wafer was thermally 
treated by baking at 150°C for 1 hour, a bigger effect 
was observed. 
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Fig. 17.48 The influence of temperature on the friction 
force, adhesive force, and coefficient of friction of Si(100) 
and Z-15 and Z-DOL (BW) films at 70nN, at 2yum/s, and 
in RH 40-50% air. The schematic (right) shows that at 
high temperature desorption of water decreases the adhe- 
sive forces. And the reduced viscosity of Z-15 leads to the 
decrease of the coefficient of friction. High temperature 
facilitates orientation of molecules in Z-DOL (BW) film, 
hich results in lower coefficient of friction [17.30] 


‘The schematic in Fig. 17.47 (right) shows that 
Si(100), because its high free surface energy, can adsorb 
‘more water molecules with increasing relative humidity. 
As discussed earlier, for Z-15 film in the humid environ- 
‘ment, the condensed water from the humid environment 
competes with the lubricant film present on the sam- 
ple surface, interaction of the liquid lubricant film with 
the silicon substrate is weakened, and a boundary layer 
of the liquid lubricant forms puddles, This dewetting 
allows water molecules to be adsorbed on the Si(100) 
substrate mixed with Z-15 molecules [17.27,28], Obvi- 
ously, more water molecules can be adsorbed on Z-15 
surface while increasing relative humidity. The more ad- 
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sorbed water molecules in the case of Si(100), along with, 
lubricant molecules in Z-15 film case, form bigger wa- 
ter meniscus which leads to an increase of friction force, 
adhesive force, and coefficient of friction of Si(100) and 
Z-15 with humidity, But at a very high humidity of 
70%, large quantities of adsorbed water can form a wa- 
ter layer that separates the tip and sample surface and act, 
asakind of lubricant, which causes a decrease in the fric- 
tion force and coefficient of friction. For Z-DOL (BW) 
film, because of its hydrophobic surface properties, wa- 
ter molecules can be adsorhed at a humidity higher than 
45% and causes an increase in the adhesive and friction 
forces 

To study the temperature effect on friction and ad- 
hesion, the variations of friction force, adhesive force, 
and coefficient of friction of Si(100), Z-15, and Z-DOL. 
(BW) as a function of temperature are summarized 
in Fig. 17.48, It shows that the increasing temperature 
causes a decrease in friction force, adhesive force, and 
coefficient of friction of Si(100), Z-15, and Z-DOL. 
(BW). The schematic (right) in Fig. 17.48 indicates that 
at high temperature, desorption of water leads to the de- 
crease of friction force, adhesive forces, and coefficient 
of friction forall ofthe samples. For Z 15 film, the reduc- 
tion of viscosity at high temperature also contributes to 
the decrease of friction force and coefficient of friction. 
In the case of Z-DOL (BW) film, molecules are more 
casily oriented at high temperature, which may be partly 
responsible for the low friction force and coefficient of 
friction. 

To study the durability of lubricant films at the 
nanoscale, the friction of $i(100), Z-15, and Z-DOL. 
(BW) as a function of the number of scanning cycles is, 
shown in Fig. 17.49. As observed earlier, friction force 
and coefficient of friction of Z-15 is higher than that of 
‘Si(100) with the lowest values for Z-DOL (BW). Dur- 
ing cycling, friction force and coefficient of friction of 
'Si(100) show a slight decrease during the initial few cy- 
cles then remain constant. This is related to the removal 
of the top adsorbed layer. In the ease of Z-15 film, the 
friction force and coefficient of friction show an increase 
during the initial few cycles, and then approach higher 
and stable values. This is believed to be caused by the 
attachment of the Z-15 molecules to the tip. The mo- 
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lecular interaction between these attached molecules to 
the tip and molecules on the film surface is responsible 
for an increase in friction. But after several scans, this 
‘molecular interaction reaches the equilibrium, and af- 
ter tha, friction force and coefficient of friction remain 
constant. In the case of Z-DOL (BW) film, the friction 
force and coefficient of friction start out low and remain 


Fig. 17.49 Friction force and coeflicient of friction versus number 
of sliding eyeles for $i(100) and Z-15 and Z-DOL (BW) films at 
TOnN, 0.8 um/s, and in ambient air. Schematic (bottom) shows that 
some liquid Z-15 molecules can be attached o the tip. ‘The molecular 
interaction between the attached molecules to the tip with the Z-15 
‘molecules in the film results in an increase of the friction force with 
‘multiple scanning [17.30] 
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low during the entire test for 100 cycles, suggesting that 
Z-DOL (BW) molecules do not get attached or displaced 
as readily as Z-15 molecules. 

As abrief summary, the influence of velocity, relative 
humidity, and temperature on the friction force of mobile 
2-15 film is presented in Fig. 17.50. The changing trends 
are also addressed in this figure. 
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Fig. 17.50 Schematic shows the change of friction force 
of molecularly thick Z-15 films with log velocity, relative 
humidity, and temperature. The changing trends are also 
‘addressed in this figure [17.30] 


17.5.2 Self-Assembled Monolayers 


For lubrication of MEMS/NEMS, another effective ap- 
proach involves the deposition of organized and dense 
molecular layers of long-chain molecules. Two com 
mon methods to produce monolayers and thin films 
are the Langmuir-Blodgett (L-B) deposition and self- 
assembled monolayers (SAMs) by chemical grafting of 
molecules. L-B films are physically bonded to the sub- 
strate by weak van der Waals attraction, while SAMs are 
chemically bonded via covalent bonds to the substrate. 
Because of the choice of chain length and terminal link- 
ing group that SAMs offer, they hold great promise for 
boundary lubrication of MEMS/NEMS. A number of 
studies have been conducted to study tribological prop- 
erties of various SAMs [17.26, 29, 74-76]. It has been 
reported that SAMs with high-compliance long carbon 
chains exhibit low friction; chain compliance is desirable 
for low friction. Based on [17.29]. the friction mecha- 
nism of SAMs is explained by a so-called “molecular 
spring” model (Fig. 17.51). According to this model, 
the chemically adsorbed self-assembled molecules on 
a substrate are just like assembled molecular springs an- 
chored to the substrate. An asperity sliding on the surface 
‘of SAMs is like a tip sliding on the top of “molecu- 
lar springs or brush”, The molecular spring assembly 
has compliant features and can experience orientation 
and compression under load. The orientation of the mo- 
lecular springs or brush under normal load reduces the 
shearing force at the interface, which, in turn, reduces 
the friction force. 

‘The SAMs with high-compliance long carbon chains 
also exhibit the best wear resistance [17.29.75]. In wear 
experiments, the wear depth as a function of normal 
oad curves shows critical normal loads (Fig. 17.52). 
Below the critical normal load SAMs undergo orien- 


Fig. 17.51 Molecular spring model of SAMs. In this figure, 
‘a <a2, which is caused by the further orientation under 
the normal load applied by an asperity tip [17.29] 
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Figure 10-16. A resistor is typically necessary to protect 
the base of a transistor from excessive current. 


Pullup and Pulldown Resistors 
When a mechanical switch or pushbutton is at- 
tached to the input of a logic chip or microcon- 
troller, a pullup or pulldown resistor is used, ap- 
plying positive voltage or grounding the pin, re- 
spectively, to prevent it from “floating” in an in- 
determinate state when the switch is open. In 
Figure 10-17, the upper schematic shows a pull- 
down resistor, whereas the lower schematic 
shows a pullup resistor. A common value for ei- 
ther of them is 10K. When the pushbutton is 
pressed, its direct connection to positive voltage 
‘orto ground easily overwhelms the effect of the 
resistor. The choice of pullup or pulldown resistor 
may depend on the type of chip being used, 


Audio Tone Control 

A resistor-capacitor combination can limit the 
high-frequency in a simple audio tone-control 
circuit, as shown in Figure 10-18. Beneath asignal 
travelling from A toB, a resistors placed in series 
with a capacitor that passes high frequencies to 
ground, This is known as a low-pass filter. 


RC Network 

A resistor will adjust the charge/discharge time 
when placed in series with a capacitor, as in 
Figure 10-19. When the switch closes, the resistor 
limits the rate at which the capacitor will charge 
itselffrom the power supply. Because a capacitor 
has an ideally infinite resistance to DC current, 
the voltage measured at point A will rise until it 


How to Use it 


Logic Chip 


Figure 10-17. A pulldown resistor (top) or pullup resistor 
(bottom) prevents an input pin on a logic chip or micro: 

controller from “floating” in an indeterminate state when 
the button is nat being pressed. 


Qe sO): 


Figure 10-18. This configuration may be used to remove 
high frequencies from an audi signal. It is known as a 
low-pass filter because low frequencies are passed from A 
108, 
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Fig. 17.52 Illustration of the wear mechanism of SAMs 
‘with increasing normal load [17.75] 


tation, at the critical load SAMs wear away from the 
substrate due to weak interface bond strengths, while 
above the critical normal load severe wear takes place 
‘on the substrate. 


17.5.3 Liquid Film Thickness Measurements 


Liquid film thickness measurement of thin lubricant 
films (on the order of 10nm or thicker) with nanometer 
lateral resolution can be made with the AFM [17.459] 
‘The lubricant thickness is obtained by measuring the 
force on the tip as it approaches, contacts, and pushes 
through the liquid film and ultimately contacts the sub- 
strate. The distance between the sharp snap-in (owing 
to the formation of a liquid meniscus between the film 
and the tip) atthe liquid surface and the hard repulsion 
a the substrate surface is a measure of the liquid film 
thickness. 

Lubricant film thickness mapping of ultrathin films 
(on the order of 21m) can be obtained using friction 
force microscopy [17.27] and adhesive force map- 
ping [17.36] Figure 17.53 shows gray-scale plots of the 
surface topography and friction force obtained simul- 
taneously for unbonded Demnum-type PEPE lubricant 
film on silicon. The friction force plot shows well 
distinguished low and high friction regions roughly 


17.53 Gray-scale plots of the surface topography 
and friction force obtained simultaneously for unbonded 
Demnum-type perfluoropolyether lubricant film on sili- 
con [17.27] 


which cannot be identified by surface topography alone, 
Figure 17.54 shows the gray-scale plots of the adhesive 
force distribution for silicon samples coated uniformly 
and nonuniformly with Z-DOL type PEPE lubricant. It 
can be clearly seen that a region exists that has an ad- 
hesive force distinctly different from the other region 
for the nonuniformly coated sample. This implies that 
the liquid film thickness is nonuniform, giving rise 10 
difference in the meniscus forces. 
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corresponding to high and low regions in surface topog- 
raphy (thick and thin lubricant regions). A uniformly 
lubricated sample does not show such a variation in 
the friction. Friction force imaging can thus be used to 
‘measure the lubricant uniformity on the sample surface, 


Fig. 17.54 Grayscale plots of the adhesive force distribution of 
4 uniformly coated, 3.5-nm thick unbonded Z-DOL film on sili- 
ccon and 3-10 10-nm thick unbonded Z-DOL film on silicon that was 
deliberately coated nonuniformly by vibrating the sample during the 
coating process [17.36] 
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17.6 Closure 


At most solid-solid interfaces of technological rel- 
evance, contact occurs at many asperities. A sharp 
AFM/FEM tip sliding on a surface simulates just one 
such contact. However, asperities come in all shapes 
and sizes. The effect of radius of a single asperity 
(tip) on the frictiow/adhesion performance can be stud- 
ied using tips of different radii. AFM/FFM are used 
to study various tribological phenomena, including sur- 
face roughness, adhesion, friction, scratching, wear, 
indentation, detection of material transfer, and bound- 
ary lubrication, Measurement of atomic-scale friction of 
a freshly cleaved, highly oriented pyrolytic graphite ex- 
hibits the same periodicity as that of the corresponding 
topography. However, the peaks in friction and those in 
the corresponding topography are displaced relative to 
fone another, Variations in atomic-scale friction and the 
observed displacement can be explained by the variation 
in interatomic forces in the normal and lateral direc- 
tions, Local variations in microscale friction occur and 
are found to correspond to the local slopes, suggesting 
that a ratchet mechanism and collision effects are re- 
sponsible for this variation. Directionality inthe friction 
observed on both micro- and macroscales, result- 
ing from the surface roughness and surface preparation. 
Anisotropy in surface roughness accentuates this effect. 
Microscale friction is generally found to be smaller than 
the macrofriction, as there is less plowing contribution in 
microscale measurements, Microscale friction is load- 
dependent, and friction values increase with an increase 
inthe normal load, approaching the macrofriction at con- 
tact stresses higher than the hardness of the softer ma- 
terial. The tip radius also affects adhesion and friction, 
Mechanism of material removal on the microscale 
studied, Wear rate for single-crystal silicon is neg- 
ligible below 20) and is much higher and remains 
approximately constant at higher loads. Elastic defor- 
mation at low loads is responsible for negligible wear. 
Most of the wear debris is loose, SEM and TEM studies 
of the wear region suggest that the material on the mi- 
croscale is removed by plastic deformation with a small 
contribution from elastic fracture; this observation cor- 
roborates the scratch data. Evolution of wear has also 
been studied using AFM. Wear is found to be initiated 
at nanoscratches. For a sliding interface requiring near- 
zero friction and wear, contact stresses should be below 
the hardness of the softer material to minimize plastic de- 
formation, and surfaces should be free of nanoscratches. 
Furthermore, wear precursors can be detected at early 
stages of wear by using surface potential measurements, 


It is found that even in the case of zero wear (no measur- 
able deformation of the surface using AFM), there can 
be a significant change in the surface potential inside the 
‘wear mark, which is useful for study of wear precursors. 
Detection of material transfer on a nanoscale is possible 
with AFM. 

In situ surface characterization of local deformation, 
of materials and thin coatings can be carried out using 
‘tensile stage inside an AFM, An AFM can also be used 
for nanofabrication/nanomachining. 

By using the force modulation technique, localized 
surface elasticity maps of composite materials with pen- 
cetrating depths of less than 100 nm can be obtained. Its 
possible using phase contrast microscopy to get phase 
contrast maps or the contrast in viscoelastic properties 
of near surface regions. Scratching and indentation on 
nanoscales are powerful ways to screen for adhesion and 
resistance to deformation of ultrathin films, Modified 
AFM can be used to obtain load-displacement curves 
and for measurement of nanoindentation hardness and 
‘Young's modulus of elasticity, with depth of indentation 
as lowas | nm, Hardness of ceramics on the nanoscale is 
found to be higher than that on the microscale. Ceramics 
exhibit significant plasticity and creep on a nanoscale, 

Boundary lubrication studies and measurement of 
lubricant-film thickness with a lateral resolution on 
‘a nanoscale can be conducted using AFM. Chemically 
bonded lubricant films and self-assembled monolayers 
are superior in friction and wear resistance, For chem- 
ically bonded lubricant films, the adsorption of water, 
the formation of meniscus, and its change during slid- 
ing, viscosity, and surface properties play an important 
role on the friction, adhesion, and durability of these 
films, For SAMs, their friction mechanism is explained 
by aso-called “molecular spring” model. The films with 
high-compliance long carbon chains exhibit low friction 
and wear. 

Investigations of wear, scratching, and indentation 
on the nanoscale using the AFM can provide insights 
Into failure mechanisms of materials. Coefficients of 
friction, wear rates, and mechanical properties such 
as hardness have been found to be different on the 
nanoscale than on the macroscale; generally, coefficients 
of friction and wear rates on micro- and nanoscales 
are smaller, whereas hardness is greater. Therefore, mi- 
cro/nanotribological studies may help define the regimes 
for ultralow friction and near-zero wear. These studies 
also provide insight into the atomic origins of adhesion, 
friction, wear, and lubrication mechanisms, 


Springer Handbook w Nanotechnol 
Penge thuchon: © Sprnger 2004 


6 


é 


MicroiNanatribology 


References 


References 
171 LL Singer, H.M. Pollock: Fundamentals ofFriction: 17.20 J. Ruan, B. Bhushan: Atomic-scale and micrascale 
Macroscopic and Microscopic Processes, Nato Sci fiction’ of graphite and diamond using friction 
Ser. &, Vol.220 (Kluwer, Dordrecht 1992) force microscopy, J. Appl. Phys. 76 (1994) 5022- 
17.2 BLN. Petsson, E, Tosatti: Physics of Sliding Frie~ 5035 
tion, Nato Sci. Ser. E, Vol.311 (Kluwer, Dordrecht 17.21 J, Ruan, B. Bhushan: Frictional behavior of highly 
1996) Oriented pyrolytic graphite, J. Appl. Phys. 76 1994) 
17.3 B. Bhushan: Micro/Nanotribology and Its Applica- ‘anr-ai20 
tions, Nato Sc. Ser. E, Vol.330 (Kluwer, Dordrecht 17.22 8. Bhushan, V.N. Kainkar, J. Ruan: Microtribology 
1997) ‘of magnetic media, Proc. inst. Mech. Eng., Part 
17.4 B. Bhushan: Handbook of Micro/Nanotribology, 4. Eng. Tibol. 208 (1994) 17-29 
2nd edn. (CRC, Boca Raton 1999) 17.23 _B. Bhushan, S. Sundararajan: Microinanascale fric~ 
17.5 _B. Bhushan: Nanoscale tribophysics and tribome- lan and wear mechanisms of thin films using 
‘chanics, Wear 225-229 (1999) 465-492 atomic force and friction force microscopy, Acta 
17.6 _B. Bhushan: Wear and mechanical characterisation Mater. 46 (1998) 3793-3808 
‘an micro to picoscales using AFM, Int. Mat. Rev. 17.24 V, Scherer, W. Arnold, B. Bhushan: Active friction 
‘44 (1999) 105-17 control using ultrasonic vibration. In: Tribology Is= 
17.7 B. Bhushan: Modern Tribology Handbook, Vol.1: Sues and Opportunities in MEMS, ed. by B. Bhushan 
Principles of Tribology (CRC, Boca Raton 2001) (Kluwer, Dardrecht 1998) pp, W63-We9 
17,8 B. Bhushan: Fundamentals of tribology and 17.25 V. Scherer, W.Atnold, 8. Bhushan: Lateral force mi~ 
bridging the gap between the macro and ‘crascopy using acoustic friction force micrascopy, 
‘micro/nanoscales, NATO Sci. Ser. E, Vol.10 (Kluwer, Surf. Interface Anal. 27 (1999) 578-587 
Dordrecht 2001) 17.26 B. Bhushan, A.V. kulkarni, V.N. Koinkar, 
17.9 B. Bhushan: Nana- to microscale wear and mech- M. Boehm, L. Odoni, C. Martelet, M. Belin: Micro 
anical characterization studies using scanning tribological characterization of self-assembled and 
probe microscopy, Wear 251 (2001) n05~1123 Langmuir-Blodgett monolayers by atomic and 
17.10 _B. Bhushan: Intraductian to Tribology (Wiley, New fiction force microscopy, Langmuir W (1995) 3189- 
York 2002) 3198 
47.11 B. Bhushan, JN. Israclachili, U. Landman: Nano- 17.27 V..N, Koinkar, B. Bhushan: Micrainanoscale studies 
‘uibology: Friction, wear and lubrication at the ‘of boundary layers of liquid lubricants for magnetic 
‘atomic scale, Nature 374 (1995) 607-616 disks, 1. Appl. Phys. 79 (1996) 8071~B075 
17.12. HJ. Guntherodt, D. Anselmetti, E. Meyer: Forces in 17.28 V.N. Koinkar, B. Bhushan: Micratribological stud~ 
‘Scanning Probe Methods, Nato Sc. Ser. E, Vol.286 les of unlubricated and lubricated surfaces using 
(Kluwer, Dordrecht 1995) atomic forcelfrction farce microscopy, J. Vac. Sc. 
17.13. B. Bhushan: Tribology and Mechanics of Magnetic Technol. A. 6 (1996) 2378-2391 
Storage Devices, 2nd edn. (Springer, New York 17.29 B. Bhushan, H. Liu: Nanotribological properties 
1996) ‘and mechanisms of alkylthial and bipheny! thiol 
17.14 B. Bhushan: Tribology fssues and Opportunities in self-assembled manolayers studied by AFM, Phys. 
MEMS (Kluwer, Dordrecht 1998) Rev. B 63 (2001) 245412~1-245412-11 
1715 G. Binnig, C.F. Quate, Ch. Gerber: Atomic force 17.30 H. Lu, B. Bhushan: Nanotribological character- 
microscopy, Phys. Rev. Lett. 56 (1986) 930-933 ization of molecularly-thick lubricant films for 
47.16 G. Binnig, Ch. Gerber, E. Stoll, T.R. Albrecht, applications to MEMSINEMS by AFM, Ultrami- 
GF. Quate: Atomic resolution with atamic force ‘croscopy 97 (2003) 321-340 
microscope, Europhys. Lett.3(1987)1281~1286 17.31 _B. Bhushan, V.N. Koinkar: Tribological studies of 
17.17 CM, Mate, G.M. McClelland, R. Eslandsson, S. Chi- sillcan for magnetic recording applications, J. Appl 
lang: Atamic-scale friction of a tungsten’ tip on Phys. 75 (1994) 5741-8746 
‘a graphite surface, Phys. Rev. Lett. 59 (1987) 19h2- 17.32 _V.N. Kainkar, B. Bhushan: Micratribolagical prop- 
1945 erties of hard amorphous carbon protective 
17.18 B. Bhushan, J. Ruan: Atomic-scale friction meas~ ‘coatings for thin film magnetic disks and heads, 
urements using friction force microscopy: part Il — Proc. inst. Mech. Eng. Part: J. Eng. Tribol. 2M (1997) 
application to magnetic media, ASME J, Tribal. 116 365-372 
(1994) 389-396 17.33. S. Sundararajan, B. Shushan: Development of 
17.19 J. Ruan, B. Bhushan: Atomic-scale friction meas 2 continuous micrascratch technique in an atomic 


urements using friction farce micrascopy: part | ~ 
general principles and new measurement tech- 
niques, ASME J. Tibal. 16 (1994) 378-388 


Springer Handbook  Nanoteehnolo 
BPahushan © Springer008 


force microscope and its application to study 
scratch resistance of ultra-thin hard amarphaus 
‘carbon coatings, 1. Mater. Res. 16 (2001) 758% 


539 


z 
a 
te 


40 


ata ued 


Part ¢ 


Nanotriboto 


and Nanomechanics 


17.34 


17.35 


17.36 


a73at 


17.38 


17.39 


17.40 


asa 


aan 


1743 


a4 


174s 


17.46 


aat 


17.48 


®. Bhushan, V.N. Kainkar: Nanaindentation hard 
‘ness measurements using atomic force microscopy, 
‘Appl. Phys. Lett. 64 (1994) 1653-1655 

8. Bhushan, A.V. Kulkarni, W. Bonin, J.T. Wyrobek: 
Nanolpicoindentation measurement using a cap- 
acitance transducer system in atomic force mi- 
croscopy, Philos. Mag. 74 (1996) 1171128 

B. Bhushan, C. Dandavate: Thin-film friction and 
adhesion studies using atomic force microscopy, 
J. Appl. Phys. 87 (2000) 1201-1210, 

B, Bhushan: Microinanotribalogy and its applica 
tions to magnetic storage devices and MEMS, Tribal. 
Int. 28 (1995) 85-95 

D. DeVecchio, B. Bhushan: Use of a nanoscale 
Kelvin probe for detecting wear precursors, Rev. 
Sc. Instrum. 69 (1998) 3618-3624 

B. Bhushan, A.V. Galdade: Measurements and 
analysis of surface potential change during wear of 
single crystal silicon (100) at ultralow loads using 
kelvin prabe microscopy, Appl. Sur. Sci 157 (2000) 
33-301 

B. Bhushan, A.V. Goldade: Kelvin probe mi- 
croscapy measurements of surface potential 
change under wear at low loads, Wear 264 (2000) 
104-7 

M.S, Babji, B. Bhushan: Atomic force micrascopic 
study of the micro-cracking of magnetic thin films 
lunder tension, Scripta Mater. 4 (2061) 37-42 

M.S. Bobji, B. Bhushan: In-situ microscopic surface 
characterization studies of polymeric thin films 
during tensile deformation using atomic force mi- 
croscapy, J. Mater. Res. 16 (2001) 844~B55 

P. Maivald, H.J. Butt, $.8.C. Gould, C.B. Prater, 
B. Drake, J.A. Gurley, V.8. Elings, P.K. Hansma: 
Using force modulation to image surface elasticities 
with the atomic force microscape, Nanotechnol. 2 
(1991) 103-108 

D. DeVecchio, 8. Bhushan: Localized surface 
elasticity measurements using an atomic force mi 
croscape, Rev. Sci. Instrum. 68 (1997) 4498-4505 
V. Scherer, B. Bhushan, U. Rabe, W. Amold: Lo- 
(al elasticity and lubrication measurements using 
atomic force and friction farce microscapy at ul- 
trasonic frequencies, IEEE Trans. Mag. 33 (1997) 
4077-4079 

HU. Krotil,T. Stifter, H. Waschipky, K. Weishaupt, 
5. Hild, 0. Mart: Pulse force made: A new method 
‘or the investigation of surface properties, Surf. 
Interface Anal. 27 (1999) 336-340 

5. Amelio, A.V. Goldade, U. Rabe, V. Scherer, 
B. Bhushan, W. Arnold: Measurements of elas 
tic properties of ultra-thin diamond-like carbon 
coatings using atomic force acoustic microscopy, 
Thin Soltd Films 392 (2003) 75-84 

B. Anczykowski, D. Kruger, K.L. Babcock, H. Fuchs: 
Basic properties of dynamic force microscopy with 
‘the scanning force microscope in experiment and 
simulation, Ultramicroscopy 66 (1996) 251-259 


arg 


17.50 


arst 


47.52 


17.53 


17.54 


17.55 


17.56 


ast 


17.58 


17.59 


17.60 


are 


17.62 


J. Tamaya, R. Garcia: Deformation, cantact time, 
‘and phase contrast In tapping mode scan- 
‘ning force microscopy, Longmulr 12 (1996) 4430~ 
40035, 

R. Garcia, J. Tamayo, M. Calloja, F. Gar- 
ia: Phase contrast in tapping-mode scanning 
force microscopy, Appl. Phys. A 66 (1998) 309- 
2 

W.W. Scott, 8. Bhushan: Use of phase Imaging in 
‘atomic force microscopy for measurement of vis~ 
‘oelastic contrast in polymer nanocomposites and 
‘molecularly-thick lubricant films, Ultramicroscopy 
97 (2003) 151-169 

8. Bhushan, J. Qi: Phase contrast imaging of 
nanacompasites and molecularly- thick lubricant 
films in magnetic media, Nanotechnol. 14 (2003) 
886-895 

V.N. Koinkar, B. Bhushan: Microtribological studies 
(of Al0;-TIC polycrystalline and single-crystal Mn 
In fervite and SiC head slider materials, Wear 202 
(0996) no-122 

E. Moyer, R. Overney, R. Luthi, D. Brodbeck, 
L Howald, 1, Frommer, H.1. Guntherodt, 0. Wolter, 
M. Fujinira T. Takano, Y. Gotoh: Friction force mi- 
croscopy of mixed Langmuir-Bladgett films, Thin 
Solid Films 220 (1992) 132-137 

C.D. Frisbie, LF. Rozsnyal, A. Noy, M.S. Wrighton, 
CM. Lieber: Functional group imaging by chem- 
Teal force microscopy, Science 265 (1994) 2071 
207% 

V.N. Koinkar, 8. Bhushan: Effect of scan size and 
surface roughness on microscale friction measure 
‘ments, J. Appl. Phys. 81 (1997) 2472-2479 

S. Sundararajan, B. Bhushan: Topography-induced 
Contributions t9 friction forces measured using 
{an atamic forceffriction force microscope, J. Appl 
Phys. 88 (2000) 4925-4831 

8, Bhushan: Principles and Applications of Tibal- 
‘ogy (Wiley, Weve York 1999) 

B. Bhushan, G.S. Blackman: Atomic force mi- 
‘croscopy of magnetic rigid disks and sliders and its 
applications to tribology, ASME J. Tibol. 13 (1991) 
452-458 

M, Reinstaedtler, U. Rabe, V. Scherer, U. Hart- 
‘mann, A. Goldade, 8. Bhushan, W. Amald: On the 
‘nanascale measurement of friction using atami 
force microscope cantilever torsional resonances, 
Appl. Phys. Lett. 82 (2003) 2604-2606 

T.Stifter, 0. Marti, 8. Bhushan: Theoretical investi~ 
gation ofthe distance dependence of capillary and 
van der Waals forces in scanning probe microscopy, 
Phys. Rev. 8 62 (2000) 13667-13673 

U.D. Schwarz, 0. Zwoerner, P. Koester, R. Wiesen- 
danger: Friction force spectrascopy in the low- 
load regime with well-defined tips. In: Micro? 
Nanotribology and Its Applications, ed. by 
8. Bhushan (Kluwer, Dordrecht 1997) pp.233- 
Be 


Springer Handbook o Nanotechnol 
Penge tnuchn © Springer 2004 


6 


8 


MicroiNanatribology 


References 


17.63 


17.64 


17.65 


17.66 


17.67 


17.68 


17.69 


B. Bhushan, A. V. Kulkarni: Effect of normal load on 
microscale friction measurements, Thin Solid Films 
278 (1996) 49-56; Errata: 293 333 

V.N. Koinkar, B. Bhushan: Scanning and trans~ 
mission electron micrascopies of ‘single-crystal 
silicon micrawornimachined using atomic force 
microscopy, J. Mater. Res. 12 (1997) 3219-3224 

X Zhao, B. Bhushan: Material removal mechan- 
Ism of single-crystal silicon on nanoscale and at 
ultralow loads, Wear 223 (1998) 66-78 

B. Bhushan, P.S. Makashi, T. Ma: A new technique 
to measure Poisson's ratia of ultrathin polymeric 
‘Alms using atomic farce microscapy, REV. Sci. In~ 
strumen. 74 (2003) 1043-1047 

{.V. Kulkarni, B. Bhushan: Nanoscale mechanic- 
al property measurements using modified atomic 
force microscopy, Thin Solid Films 290-291 (1996) 
206-210 

1.V. Kulkarni, B. Bhushan: Nano/picoindentation 
measurements on single-crystal aluminum using 
modified atomic force microscapy, Mater. Lett. 29 
(0996) 221-227 

A.V. Kulkarni, 8. Bhushan: Nanoindentation 
measurement ‘of amorphous carbon coatings, 
4. Mater. Res. 12 (1997) 2707-2714 


springer Handbook  Nanoteehnolo 
BPahushan “© Springer 008 


17.70 


inn 


wn 


173 


ant 


1175 


17.16 


J. Ruan, 8. Bhushan: Nanaindentation studies 
of fullerene films using atomic force microscopy, 
4. Mater. Res. 8 (1993) 3019-3022 

NA. Fleck, G.M. Muller, M. F. Ashby, J.W. Hutchin= 
son: Strain gradient plasticity: Theory and. ex- 
periment, Acta Metall. Mater. 42 (1994) 475~ 
har 

W.B. Ui, J.L. Henshall, R.M. Hooper, K.E, Easter- 
ling: The mechanism of indentation creep, Acta 
Metall. Mater. 39 (1991) 3099-3110 

FP. Bowden, D. Tabor: The Friction and Lubrication 
of Solids, Vol.1 (Clarendan, Oxford 1950) 

H. Liu, B. Bhushan: Investigation of the adhesion, 
fiction, and wear properties of biphenyl thiol self= 
assembled monolayers by atomic force microscopy, 
J. Vac. Sci. Technol. A19 (2003) 1234-1240 

H. Llu, B. Bhushan: Investigation of nanotribolog- 
ical properties of self-assembled monolayers with 
alkyl and biphenyl spacer chains, Ultramicrascopy 
‘91 (2002) 185-202 

B. Bhushan: Self-assembled monolayers for con- 
‘rolling hydrophobicity and/or friction and wear. 
In: Modern Tribology Handbook, Vol.2: Mater- 
jas, Coatings, and Industrial Applications, ed. ty 
B. Bhushan (CRC, Bocs Raton 200!) pp. 909-929 


sw 


21 Hed 


su 


Springer Handbook o Nanotechnol 
"Bahushon @ Springer 2068 


6 


é 


18. Surface Forces and Nanorheology 


In this chapter, we describe the static and dynamic 
normal forces that occur between surfaces in 
vacuum or liquids and the different modes of 
friction that can be observed between (i) bare 
surfaces in contact (dry or interfacial friction), 
(ii) surfaces separated by a thin liquid film 
(lubricated friction), and (li) surfaces coated with 
‘organic monolayers (boundary friction), 

Experimental methods suitable for measuring 
normal surface forces, adhesion and friction 
(lateral or shear) forces of different magnitude at 
the molecular level are described. We explain the 
molecular origin of van der Waals, electrostatic, 
solvation and polymer mediated interactions, and 
basic models for the contact mechanics of adhesive 
and nonadhesive elastically deforming bodies. 
‘The effects of interaction forces, molecular shape, 
surface structure and roughness on adhesion and 
friction are discussed. 

Simple models for the contributions of the 
adhesion force and external load to interfacial 
friction are illustrated with experimental data 
‘on both unlubricated and lubricated systems, 
as measured with the surface forces apparatus. 
We discuss rate-dependent adhesion (adhesion 
hysteresis) and how this is related to friction. Some 
‘examples of the transition from wearless friction 
to friction with wear are shown. 

Lubrication in different lubricant thickness 
regimes is described together with explanations of 
nanorheological concepts. The occurrence of and 
transitions between smooth and stick-slip sliding 
in various types of dry (unlubricated and solid 
boundary lubricated) and liquid lubricated systems 
are discussed based on recent experimental results 
and models for stick-slip involving memory 
distance and dilatency. 
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e 18.1 Introduction: Types of Surface Forces 


In this chapter, we discuss the most important types of 
surface forces and the relevant equations for the force 
and friction laws. Several different attractive and repul- 
sive forces operate between surfaces and particles. Some 
forces occur in vacuum, for example, attractive van 
der Waals and repulsive hard-core interactions. Other 
types of forces can arise only when the interacting sur- 
faces are separated by another condensed phase, which 
is usually a liquid. The most common types of sur- 
face forces and their main characteristics are listed in 
Table 18.1 

In vacuum, the two main long-range interactions are 
the attractive van der Waals and electrostatic (Coulomb) 
forces. At smaller surface separations (corresponding to 
‘molecular contact at surface Separations of D ~ 0.2 nm), 
additional attractive interactions can be found such as co- 
valent or metallic bonding forces. These attractive forces 
are stabilized by the hard-core repulsion. Together they 
determine the surface and interfacial energies of planar 
surfaces, as well as the strengths of materials and adhe- 
sive junctions. Adhesion forces are often strong enough 
to elastically or plastically deform bodies or particles 
when they come into contact. 

In vapors (e.g., atmospheric air containing water and 
organic molecules), solid surfaces in or close to con- 
tact will generally have a surface layer of chemisorbed 
or physisorbed molecules, or a capillary condensed li- 
quid bridge between them. A surface layer usually 
causes the adhesion to decrease, but in the case of 
capillary condensation, the additional Laplace pressure 
for attractive “capillary” force may make the adhe- 
sion between the surfaces stronger than in inert gas or 

‘When totally immersed in a liguid, the force be- 
thween particles or surfaces is completely modified from 
that in vacuum or air (vapor). The van der Waals at- 
traction is generally reduced, but other forces can now 
arise that can qualitatively change both the range and 


‘even the sign of the interaction. The attractive force in 
such a system can be either stronger or weaker than in 
the absence of the intervening liquid. For example, the 
overall attraction can be stronger in the case of two hy- 
drophobic surfaces separated by water, but weaker for 
two hydrophilic surfaces. Depending on the different 
forces that may be operating simultaneously in solution, 
the overall force law is not generally monotonically at- 
tractive even at long range; it can be repulsive, or the 
force can change sign at some finite surface separation. 
In such cases, the potential energy minimum, which de- 
termines the adhesion force or energy, accurs not at true 
molecular contact between the surfaces, but at some 
small distance farther out, 

‘The forces between surfaces in a liquid medium can 
be particularly complex at short range, i.e., at surface 
separations below a few nanometers or 4—10 molecular 
diameters. This is partly because with increasing con- 
finement, a liquid ceases to behave as a structureless 
continuum with bulk properties; instead, the size and 
shape of its molecules begin to determine the overall 
Interaction. In addition, the surfaces themselves can no 
longer be treated as inert and structureless walls (i.e 
mathematically flat) and their physical and chemical 
properties atthe atomic scale must now be taken into a 
‘count. The force laws will then depend on whether the 
surfaces are amorphous or crystalline (and whether the 
lattices of crystalline surfaces are matched or not), rough 
or smooth, rigid or soft (fluid-like), and hydrophobic or 
hydrophilic 

Itisalso important to distinguish between static (i.e, 
equilibrium) interactions and dynamic (i-e., nonequilib- 
ium) forces such as viscous and friction forces. For 
‘example, certain liquid films confined between two con- 
tacting surfaces may take a surprisingly long time to 
‘equilibrate, as may the surfaces themselves, so that 
the short-range and adhesion forces appear to be time- 
dependent, resulting in “aging” effects 
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Table 18.1 Types of surface forces in vacuum ys. in liquid (colloidal forces) 


classes or alterna 


Electrostatic 


on correlation 


Quantum 
mechanical 


Solvation 
Hydrophobic 


Specific 
binding 


van der Waals 
Electrostatic 


Quantum 
‘mechanical 


Solvation 


Entropic 


Non- 
equilibrium 


Attractive forces 
Debye induced dipole force (v & s) 
London dispersion force (v & 5) 
Casimir force (v & 8) 

Tonic bond (v) 

Coulombic force (y & 5) 

Hydrogen bond (v) 
(Charge-exchange interaction (v & s) 
‘Acid-base interaction (s) 
*Harpooning” interaction (v) 

van der Waals force of 

polarizable ions (s) 

‘Covalent bond (v) 

‘Metallic bond (v) 

Exchange interaction (y) 
Oscillatory force (8) 

Depletion force (s) 

Attractive hydration force (3) 


“Lock-and-key" or 
complementary binding (v & s) 
Receptor-ligand interaction (s) 
Antibody-antigen interaction (s) 
Repulsive forces 

‘van der Waals disjoining pressure (s) 


Coulombic force (v & s) 


Hard-core or steric repulsion (v) 
Born repulsion (v) 


Oscillatory solvation force (3) 
‘Structural force (s) 
Hydration force (s) 

‘Osmotic repulsion (5) 
Double-layer force (s) 
‘Thermal fluctuation force (s) 
Steric polymer repulsion (s) 
Undulation force (s) 
Protrusion force (3) 
Dynamic interactions 
Hydrodynamic forces (s) 
Viscous forces (s) 

Friction forces (v & s) 
Lubrication forces (s) 


Ubiquitous, occurs both in vacuum and in liquids 


‘Strong, long-range, arises in polar solvents; 
requires surface charging or charge-separation 
‘mechanism 


Requires mobile charges on surfaces in 
a polar solvent 

Strong, short-range, responsible for contact bind- 
ing of crystalline surfaces 


Mainly entropic in origin, the oscillatory force 
alternates between attraction and repulsion 
Strong, apparently long-range; origin not yet un- 
derstood 

Subtle combination of different non-covalent 
forces giving rise to highly specific binding; main 
recognition mechanism of biological systems 


Arises only between dissimilar bodies interacting 
ina medium 

Arises only for certain constrained surface charge 
distributions 

Short-range, stabilizing attractive covalent and 
ionic binding forces, effectively determine molecu- 
lar size and shape 

Monotonically repulsive forces, believed to arise 
when solvent molecules bind strongly to surfaces 


Due to confinement of molecular or ionic species; 
requires mechanism that keeps trapped species 
between the surfaces. 


Energy-dissipating forces occurring during relative 
motion of surfaces or bodies 


Note: (v) applies only to interactions in vacuum, (s) applies only to interactions in solution (or to surfaces 
separated by a liquid), and (v & s) applies to interactions occurring both in vacuum and in solution 
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18.2 Methods Used to Study Surface Forces 


18.2.1 Force Laws 


The full force law F(D) between two surfaces, i.e. 
the force F as a function of surface separation D, 
can be measured in a number of ways [18.2-6]. The 
simplest is to move the base of a spring by a known 
amount, A Dp, Figure 18.1 illustrates this method when 
applied to the interaction of two magnets. However, 
the method is applicable also at the microscopic or 
molecular level, and it forms the basis of all direct 
force-measuring apparatuses such as the surface Forces 

"A; [18.3, 7)) and the atomic force micro- 


Repulsion ke, 


a Attraction 


DivanceD 


Fig.18.1 Schematic attractive force law between two 
macroscopic objects such as two magnets, or between two 
microscopic objects such as the van der Waals force be- 
tween a metal tip and a surface. On lowering the base 
supporting the spring, the latter will expand or contract 
such that at any equilibrium separation D the attractive 
force balances the elastic spring restoring force Ifthe gra- 
dient of the attractive foree dF/dD exceeds the gradient 
‘of the spring’s restoring force (defined by the spring con- 
stant k,), the upper surface will jump from A into contact 
at A’(A for “advancing” On separating the surfaces by 
raising the base, the two surfaces will jump apart from R to 
R’ (R for “receding”. The distance RR’ multiplied by k, 
‘gives the adhesion force, i.e. the value of Fat the point R 
(after [18.1] with permission) 


scope (AFM; [18.8-10). If there is a detectable force 
between the surfaces, this will cause the force-measuring 
spring to deflect by AD,, while the surface separation 
changes by AD, These three displacements are related 
by 


AD, =ADo~AD (18.1) 


‘The difference in force, AF. between the initial and final 
separations is given by 


AF=KAD,, (18.2) 


where k, is the spring constant. The equations above 
provide the basis for measurements of the force differ- 
ence between any two surface separations. For example, 
if a force-measuring apparatus with a known k, can 
measure D (and thus AD), ADp,and AD, the force dif- 
ference AF can be measured between a large initial or 
reference separation D, where the force is zero (F = 0), 
and another separation D — A.D. By working one's way 
in increasing increments of AD = A Dp — AD,, the full 
force law F(D) can be constructed over any desired 
distance regime. 

In order to measure an equilibrium Force law, itis, 
‘essential to establish that the two surfaces have stopped 
moving before the displacements are measured. When 
displacements are measured while two surfaces are still 
in relative motion, one also measures a viscous or fric- 
tional contribution to the total force. Such dynamic 
force measurements have enabled the viscosities of li 
‘quids near surfaces and in thin films to be accurately 
determined [18.1 1-13}. 

In practice, itis difficult to measure the forces be- 
tween two perfectly lat surfaces, because of the stringent 
requirement of perfect alignment for making reliable 
‘measurements at distances of a few tenths of a nanome- 
ter. Ibis far easier to measure the forces between curved 
surfaces, e.g., two spheres, a sphere and a flat surface, 
or two crossed cylinders. Furthermore, the force F(D) 
‘measured between two curved surfaces can be directly 
related to the energy per unit area E(D) between two 
flat surfaces at the same separation, D, by the so-called 
Derjaguin approximation [18.14] 


(18.3) 


where Ris the radius of the sphere (fora sphere and a flat 
surface) or the radii of the cylinders (for two crossed 
cylinders). 


sone aint enroute 


0 Use it 


is close to the supply voltage. This is often re- 
ferred toasan RC (resistor-capacitor) networkand 
is discussed in greater detail in the capacitor 
section of this encyclopedia. 


é 


Figure 10-19. In an RC (resistor-capacitor) network, are 
sistor limits the rate of increase in potential ofthe capaci 
for, measured at A, when the switch is closed. 


Voltage ler 

‘Two resistors may be used to create a voltage di- 
vider (see Figure 10-20). If Viq is the supply volt- 
age, the output voltage, Vou, Measured at point 
A, is found by the formula: 


Vout = Vin * (R2 / (RI + R2)) 


In reality, the actual value of Voy is likely to be 
affected by how heavily the output is loaded. 


If the output nade has a high impedance, such 
as the input to a logic chip or comparator, it will 
be more susceptible to electrical noise, and 
lower-value resistors may be needed in the volt- 
age divider to maintaina higher currentflow and 
maintain stability in the attached device. 


Resistors in Series 
Ifresistors in series have values R1, R2,R3...the 


total resistance, R, is found by summing the in- 
dividual resistances: 


ation > 


power> made 


Ri 


Figure 10-20. In a DC circuit, a pair of resistors may be 
placed in series to function as a voltage divider. The vot: 
‘age measured at A will be lower than the supply voltage, 
but above ground potential, 


R 


R1+R2+R3... 


The current through each of the resistors will be 
the same, whereas the voltage across each of 
them will vary proportionately with its resist- 
ance. If the supply voltage across the series of 
resistors is VS, and the total of all the resistor val- 
tues is RT, and the resistance of one resistor is R1, 
the voltage across that resistor, V1, will be given 
by the formula: 


Vi = VS * (Ri / RT) 


Resistors in Parallel 

Where two or more resistors (R1, R2, R3...) are 
wired in parallel, their total resistance, R, is found 
from the formula: 


AR = ( 1/RL) + ( 1/R2) + 1/R3). 


Suppose that R1, R2, R3.. .all have the same in- 
dividual resistance, represented by Rl, and the 
number of resistors is N. Their total resistance, RT, 
when wired in parallel, will be: 


T= REN 


26 Encyclopedia of Electronic Components Volume 1 
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18.2.2 Adhesion Forces 


‘The most direct way to measure the adhesion of two 
solid surfaces (such as two spheres or a sphere on a flat) 
is to suspend one of them on a spring and measure 
the adhesion or “pull-off” force needed to separate the 
two bodies from its deflection, If ky is the stiffness of 
the force-measuring spring and AD the distance the 
two surfaces jump apart when they separate, then the 
adhesion force F, is given by 


Fo= Fin =k AD, (18.4) 


where we note that in liquids, the maximum or mini- 
‘mum in the force may accur at some nonzero surface 
separation (see Fig. 18.7). From F, and a known surface 
geometry, and assuming that the surfaces were every- 
‘where in molecular contact, one may also calculate the 
surface or interfacial energy y. For an elastically de- 
formable sphere of radius R on a lat surface, or for two 
crossed cylinders of radius R, we have [18.3, 15] 


f (18.5) 
YER 
while for two spheres of radii Ry and Ro 
1,2) 18s 
RE (20.6) 


where y is in units of Jm~? (see Sect. 18.5.2). 
18.2.3 The SFA and AFM 


In atypical force-measuring experiment, atleast two of 
the above displacement parameters - ADp, AD, and 
AD, ~ are directly or indirectly measured, and from 
these the third displacement and the resulting force law 
F(D) are deduced using (18.1) and (18.2) together with 
8 measured value of k,. For example, in SFA exper- 
iments, A Dp is changed by expanding or contracting 
4 piezoelectric crystal by a known amount or by mov- 
ing the hase of the spring with sensitive motor-driven 
mechanical stages. The resulting change in surface 
separation A.D is measured optically, and the spring de- 
flection AD, can then be obtained according to (18.1). 
In AFMexperiments, A Do and AD, are measured using 
‘a combination of piezoelectric, optical, capacitance or 
‘magnetic techniques, from which the change in surface 
separation AD is deduced. Once a force law is estab- 
lished, the geometry of the two surfaces (eg., their radii) 
‘must also be known before the results can be compared 
with theory or with other experiments. 
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The SFA (Fig. 18.2) is used for measurements of ad- 
hesion and force laws between two curved molecularly 
smooth surfaces immersed in liquids or controlled va- 
pors 18.3.7, 16]. The surface separation is measured 
by multiple beam interferometry with an accuracy of 
-£0.1 nm, From the shape of the interference fringes one 
also obtains the radius of the surfaces, R, and any surface 
deformation that arises during an interaction [18.1719] 
‘The resolution in the lateral direction is about 1 jum. The 
surface separation can be independently controlled to 
‘within 0.1:nm, and the force sensitivity is about 10-® N, 
For a typical surface radius of R= lem, y values ean 
be measured to an accuracy of about 10"? ml m~ 

Several different materials have been used to 
form the surfaces in the SFA, including mica [18.20, 
21}, silica [18.22], sapphire [18.23], and polymer 
sheets [18.24]. These materials can also be used as 
supporting substrates in experiments on the forces 
between adsorbed or chemically bound polymer lay- 
ers [18.13,25~30], surfactant and lipid monolayers and 
bilayers [18.31—34], and metal and metal oxide lay- 
ers [18.35-42]. The range of liquids and vapors that can 
be used is almost endless, and have thus far included 
aqueous solutions, organic liquids and solvents, poly- 
‘mer melts, various petroleum oils and lubricant liquids, 
and liquid crystals. 

Friction attachments for the SFA [1843-47] allow 
for the two surfaces to be sheared laterally past each 
other at varying sliding speeds or oscillating frequencies, 
‘while simultaneously measuring both the transverse 
(frictional or shear) force and the normal force (load) 
between them. The ranges of friction forces and slid- 
ing speeds that can be studied with such methods are 
currently 10~7—10-! Nand 10 !8—10-? ms, respec- 
tively [18.48]. The externally applied load, L, can be 
varied continuously, and both positive and negative 
loads can be applied. The distance between the sur- 
faces, D, their true molecular contact area, their elastic 
(or viscoelastic or elastohydrodynamic) deformation, 
and their lateral motion can all be monitored simul- 
taneously by recording the moving interference fringe 
patter. 

In the atomic force microscope (Fig. 18.3), the 
force is measured by monitoring the deflection of 
soft cantilever supporting a sub-microscopic tip 
(R= 10-200 nm) asthisis interacting with flat, macro- 
scopic surface [18,8,49,50}. The measurements can be 
done in a vapor or liquid. The normal (bending) spring 
stiffness of the cantilever ean be as small as 0.01 Nm~!, 
allowing measurements of normal forces as small as 
2 N), which corresponds to the bond strength 
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A surface forces apparatus (SEA) where the intermolecular forces between two macroscopic, cylindrical surfaces 
radius R can he directly measured as a function of surface separation over a large distance regime from tenths of 


‘a nanometer to micrometers. Local or transient surface deformations can be detected optically. Various attachments for 
‘moving one surface laterally with respect to the other have been developed for friction measurements in different regimes 
of sliding velocity and sliding distance (after 18.16] with permission) 


of single molecules [18.51,52]. Distances can be in- 
ferred with an accuracy of about | nm, and changes in 
distance can be measured to about 0.1 nm, Since the con- 
tact area is small, different interaction regimes can be 
resolved on samples with a heterogeneous composition 
‘on lateral scales of about ten nanometers. Height differ- 
‘ences and the roughness of the sample can be measured 
directly from the cantilever deflection or, alternatively, 
by using a feedback system to raise or lower the sample 
so that the deflection (the normal force) is kept constant 
during a scan over the area of interest. Weak interaction 
forces and larger (microscopic) interaction areas can be 
investigated by replacing the tip witha micrometer-sized 
sphere to form a “colloidal probe” [18.9] 


‘The atomic force microscope can also be used for 
friction measurements (lateral force microscopy, LFM) 
by monitoring the torsion of the cantilever as the sample 
is scanned in the direction perpendicular to the long axis 
of the cantilever [18.10, 50,3, 4. Typically, the stiff 
ness of the cantilever to lateral bending is much larger 
than to bending in the normal direction and to torsion, 
‘so that these signals are decoupled and height and fric- 
tion can be detected simultaneously. The torsional spring 
constant can be as low as 0.1Nm~', giving a lateral 
(friction) force sensitivity of 10! N. 

Rapid technical developments have facilitated the 
calibrations of the normal [18.55,56] and lateral spring 
‘constants [18.54.57], as well as in situ measurements of 
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the macroscopic tip radius [18.58]. Cantilevers of dif- 
ferent shapes with a large range of spring constants, tip 
radii, and surface treatments (inorganic or organic coal- 
ings) are commercially available. The flat surface, and 
also the particle in the colloidal probe technique, can be 
any material of interest. However, remaining difficulties, 
with this technique are that the distance between the tip 
and the substrate, D, and the deformations of the tip and 
sample are not directly measurable. Another important 
difference between the AFM/LFM and SFA techniques 
is the different size of the contact area, and the related 
observation that even when a cantilever with a very low 
spring constant is used in the AFM, the pressure in the 
contact zone is typically much higher than in the SFA. 
Hydrodynamic effects in liquids also affect the mea- 
surements of normal forces differently on certain time 
scales [18.59-61]. 


18.2.4 Some Other Force-Measuring 
Techniques 


A large number of other techniques are available for 
the measurements of the normal forces between solid or 
fluid surfaces (see [18.5,62]). The techniques discussed 
in this section are not used for lateral (friction) force 
‘measurements, but are commonly used to study normal 
forces, particularly in biological systems. 

Micropipette aspiration is used to measure the forces 
between cells or vesicles, or between a cell or vesicle 
and another surface [18.63-65]. The cell or vesicle is 
held by suction atthe tip ofa glass micropipette and de- 
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Fig. 18.3 Schematic drawing of an 
atomic force microscope (AFM) tip 
supported on a triangular cantilever 
interacting with an arbitrary solid sur- 
face. The normal force and topology 
are measured by monitoring the cali- 
brated deflection ofthe cantilever as 
the tip is moved across the surface by 
means of a piezoelectric wansducer 

Various designs have been developed 
that move either the sample or the ean. 
tilever during the sean, Friction frees 
‘can be measured from the torsion of 
the cantilever when the scanning isin 
the direction perpendicular to its long 
ans (after [18.62] with pemmission) 


forms elastically in response to the net interactions with 
another surface and to the applied suction. The shape of 
the deformed surface (cell membrane) is measured and, 
used to deduce the force between the surfaces and the 
‘membrane tension [18.64]. The membrane tension, and 
thus the stiffness of the cell or vesicle, is regulated by 
applying different hydrostatic pressures. Forces can be 
‘measured in the range of 0.1 pN to 1 nN, and the distance 
resolution isa few nanometers. The interactions between 
a colloidal particle and another surface can be studied 
by attaching the particle to the cell membrane [18.66]. 

In the osmotic stress technique, pressures are meas- 
ured between colloidal particles in aqueous solution, 
membranes or bilayers, or other ordered colloidal 
structures (viruses, DNA). The separation between the 
particle surfaces and the magnitude of membrane un- 
dulations are measured by X-ray or neutron scattering 
techniques. This is combined with a measurement of the 
‘osmotic pressure of the solution [18.67-70]. The tech- 
nique has been used to measure repulsive forces, such as 
DLVO interactions, steric forces, and hydration forces 
[18.71]. The sensitivity in pressure is 0.1 mN m~®, and 
distances can be resolved to 0.1 nm. 

‘The optical tweezers technique is based on the trap- 
ping of dielectric particles at the center of a focused 
laser beam by restoring forces arising from radiation 
pressure and light intensity gradients [18.72,73]. The 
forces experienced by particles as they are moved to- 
ward or away from one another can be measured with 
sensitivity in the pN range, Small biological molecules 
are typically attached to a larger bead of a material 
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with suitable refractive properties. Recent develop- 
‘ment allows determinations of position with nanometer 
resolution [18.74], which makes this technique use- 
ful for studying the forces during extension of single 
molecules. 

In total internal reflection microscopy (TIRMD, the 
potential energy between a micrometer-sized colloidal 
particle and flat surface in aqueous solution is deduced 
from the average equilibrium height ofthe particle above 
the surface, measured from the intensity of scattered 
light. The average height (D ~ 10-100 nm) results from 
abalance of gravitational force, radiation pressure from 
a laser beam focused at the particle from below, and 
intermolecular forces [18.75]. The technique is partic- 
ularly suitable for measuring weak forces (sensitivity 
ca. 10-"'N), but is more difficult to use for systems 


with strong interactions. A related technique is reflec- 
tion interference contrast microscopy (RICM), where 
optical interference is used to also monitor changes 
in the shape of the approaching colloidal particle or 
vesicle [18.76] 

‘An estimate of bond strengths can be obtained from 
the hydrodynamic shear force exerted by fluid on par- 
ticles or cells attached to a substrate (18,77, 78]. At 
2 critical force, the bonds are broken and the particle 
or cell will be detached and move with the velocity of 
the fluid. This method requires knowledge ofthe contact 
area and the flow velocity profile of the fluid. Further- 
more, a uniform stress distribution inthe contact area is 
generally assumed. At low bond density, this technique 
can be used to determine the strength of single bonds 
(ip). 


18.3 Normal Forces Between Dry (Unlubricated) Surfaces 


18.3.1 Van der Waals Forces in Vacuum 
and Inert Vapors 


Forces between macroscopic bodies (such as colloidal 
particles) across vacuum arise from interactions between 
the constituent atoms or molecules of each body across 
the gap separating them. These intermolecular interac- 
tions are electromagnetic forces between permanent or 
induced dipoles (van der Waals forces), and between 
ions (electrostatic forces). In this section, we describe 
the van der Waals forces, which occur between all atoms 
and molecules and between all macroscopic bodies (see 
[183p. 

‘The interaction between two permanent dipoles with 
a fixed relative orientation can be attractive or re- 
pulsive. For the specific case of two freely rotating 
permanent dipoles in a liquid or vapor (orientational or 
Keesom interaction), and for a permanent dipole and 
aan induced dipole in an atom or polar or nonpolar 
molecule (induction or Debye interaction), the inter- 
action is on average always attractive. The third type 
of van der Waals interaction, the fluctuation or Lon- 
don dispersion interaction, arises from instantaneous 
polarization of one nonpolar or polar molecule due to 
fluctuations in the charge distribution of a neighboring 
nonpolar or polar molecule (Fig. 18.4a). Correlation be- 
tween these fluctuating induced dipole moments gives 
‘an attraction that is present between any two molecules 
for surfaces across vacuum, At very small separa- 
tions, the interaction will ultimately be repulsive as 


the electron clouds of atoms and molecules begin to 
overlap. The total interaction is thus a combination 
of a short-range repulsion and a relatively long-range 
attraction, 

Except for in highly polar materials such as water, 
London dispersion interactions give the largest con- 
tribution (70—100 %) to the van der Waals attraction. 
‘The interaction energy of the van der Waals force be- 
toween atoms or molecules depends on the separation r 


E(D)= (18.7) 


where the constant Cysw depends on the dipole mo- 
ments and polarizabilities of the molecules. At large 
separations (> 101m), the London interaction is we 
ened by a randomizing effect caused by the rapid 
fluctuations. That is, the induced temporary dipole mo- 
ment of one molecule may have changed during the 
time needed for the transmission of the electromag- 
netic wave (photon) generated by its fluctuating charge 
density to another molecule and the return of the pho- 
ton generated by the induced fluctuation in this second 
molecule. This phenomenon is called retardation and 
causes the interaction energy to decay as *~? at large 
separations [18.79] 

Dispersion interactions are to a first approximation 
additive, and their contribution tothe interaction energy 
between two macroscopic bodies (such as colloidal par- 
ticles) across vacuum can be found by summing the 
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pair-wise interactions [18.80]. The interaction is gen- 
erally described in terms of the Hamaker constant, An 
Another approach isto treat the interacting bodies and an 
intervening medium as continuous phases and determine 
the strength of the interaction from bulk dielectric prop- 
erties of the materials (18.81, 82]. Unlike the pair-wise 


summation, this method takes into account the screening 
of the interactions hetween molecules inside the bodies 
by the molecules closer to the surfaces and the effects 
of the intervening medium, For the interaction between 
‘material 1 and material 3 across material 2, the non- 
retarded Hamaker constant given by the Lifshitz theory 


Table 18.2 Van der Waals interaction energy and force between macroscopic bodies of different geometries 
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‘A negative force (Au positive) implies attraction, a positive force means repulsion (Ai negative) 


(atter (18.62) with permission) 
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is approximately [18.3]: 
+ Atiio0 


) (2) 


Au,ioa = An, 


Where the first term (v =0) represents the permanent 
dipole and dipole-induced dipole interactions and the 
second (v>0) the London (dispersion) interaction 
4 and n, are the static dielectric constants and re- 
fractive indexes of the materials, respectively. ve is 
the frequency of the lowest electron transition (around 
3x10!%5~!), Either one of the materials 1, 2, or 3 in 
(18.8) can be vacuum or air (¢ =n = 1). An is typically 
1010-9 (the higher values are found for met- 
als) for interactions between solids and liquids across 

‘The interaction energy between two macroscopic 
bodies is dependent on the geometry and is always at- 
tractive between two bodies of the same material [Aq 
positive, see (18.8)). The van der Waals interaction 
energy and force laws (F = —dE(D)/dD) for some 
common geometries are given in Table 18.2. Because of 
the retardation effect, the equations in Table 18.2 will 
lead to an overestimation ofthe dispersion force at large 
separations. Its, however, apparent thatthe interaction 
‘energy between macroscopic bodies decays more slowly 
with separation (i.e, has a longer range) than between 
two molecules. 

For inert nonpolar surfaces, ex, consisting of hy- 
drocarbons or van der Waals Solids and liquids, the 
Lifshitztheory hasbeen found to apply even at molecular 
contact, where it can be used to predict the surface en- 
ergies (surface tensions) of such solids and liquids. For 
example, for hydrocarbon surfaces, Ay = 5x 10-2") 
Inserting this value into the equation for two fat sur- 
faces (Table 18.2) and using a “cut-off” distance of 
Dy ~0.16Snm as an effective separation when the 
surfaces are in contact [18.3], we obiain for the sur- 
face energy y (which is defined as half the interaction 
energy) 


(18.9) 


a value that is typical for hydrocarbon solids and li- 
aids [1883] 

IF the adhesion force is measured between a spher- 
ical surfsce of radius R= em and a fat surface 
tsing an SFA, we expect the adhesion force to be 


(sce Table 182) = AgR/(6D}) = Arky ~3.0mN, 
Using a spring constant of f= 100N m~', such an 
adhesive force will cause the two surfces to jump 
apart by AD= F/k, = 30 um, which can be accurately 
measured, (For elastic bodies that deform in adhesive 
Contact, R changes during the interaction and the meas- 
ured adhesion force is 25% lower, see Sect. 185.2) 
Surface energies of solids can thus be drecly meas- 
red with the SFA and, in principle, with the AFMLif the 
contact geometry can be quantified. The measured val- 
tes are in good agreement with calculated values based 
on the known surface energies y ofthe materials, and 
for nonpolar low-energy solids they are well accounted 
for by the Lifshitz theory [18.3 


18.3.2 Charge Exchange Interactions 


Electrostatic interactions are present between ions 
(Coulomb interactions), between ions and permanent 
dipoles, and between ions and nonpolar molecules in 
which a charge induces a dipole moment. The interac- 
tion energy between ions orbetween a charge and. fixed 
permanent dipole can be attractive or repulsive. For an 
induced dipole or a freely rotating permanent dipole in 
vacuum or air, the interaction energy with a charge is 
always attractive 

‘Spontaneous charge transfer may occur between two 
dissimilar materials in contact [18.84].The phenomenon 
is especially prominent in contacts between a metal, 
for example, mercury, and a material with low conduc- 
tivity, but is also observed, for example, between two 
different polymer layers. During separation, rolling or 
sliding of one body over the other, the surfaces experi- 
‘ence both charge transition from one surface to the other 
and charge transfer (conductance) along each surface 
(Fig. 18.4b). The latter process is typically slower, and, 
as a result, charges remain on the surfaces as they are 
separated in vacuum or dry nitrogen gas. The charging 
gives rise ta strong adhesion with adhesion energies of 
‘over 1,000 mJ m~®, similar to fracture or cohesion ener- 
gies of the solid bodies themselves [18.84, 85]. Upon 
separating the surfaces farther apart, a strong, long- 
range electrostatic attraction is observed. The charging 
‘can be decreased through discharges across the gap be: 
tween the surfaces (which requires a high charging) or 
through conducting in the solids. It has heen suggested 
that charge exchange interactions are particularly impor- 
tant in rolling friction between dry surfaces (which can 
simplistcally be thought of as an adhesion-separation 
process), where the distance dependence of forces act- 
ing normally to the surfaces plays a larger role than 
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in sliding friction. Recent experiments on the sliding tacts, grain boundary diffusion and diffusion through the 

friction between metal-insulator surfaces indicate that crystal lattice become more important, The grain bound- 

Stick-slip would be accompanied by charge transfer aries will eventually migrate, so that larger particles 

events [18.86] are formed (coarsening). Mass can also be transferred 
Photo-induced charge transfer, or harpooning, in- through evaporation and condensation, and through vis- 

volves the transfer of an electron between an atom in cous and plastic flow. In liquid-phase sintering, the 

4 molecular beam or at a solid surface (typically al- materials can melt, which increases the mass trans- 

kali or transition metal) to an atom or molecule in port. Amorphous materials like polymers and glasses a 

2 gas (ypcally halides) to form a negatively charged do not have rel grain boundaries and sinter by viscous 5 

molecular ion in a highly excited vibrational state. flow [18.88] 2 

This transfer process can occur at atomic distances Some of these mechanisms (surface diffusion and 5 

of 0.5-0.7 nm, which is far from molecular contact, —evaporation-condensation) reduce the surface area and iu 


‘The formed molecular ion is attracted to the sur- 
face and chemisorhs onto it. Photo-induced charge 
transfer processes also occur in the photosynthesis in 
green plants and in photoelectrochemical cells (so- 
lr cells) at the junction between two semiconductors 
for between a semiconductor and an electrolyte solu- 
tion [18.87] 


18.3.3 Sintering and Cold Welding 


‘When macroscopic particles in a powder or in a suspen- 
sion come into molecular contact, they can bond together 
to form a network or solid body with very different den- 
sity and shear strength compared to the powder (a typical 
example is porcelain). The rate of bonding is dependent 
oon the surface energy (causing a stress at the edge of the 
contact) and the atomic mobility (diffusion rate) of the 
contacting materials. To increase the diffusion rate, ob- 
jects formed from powders are heated to about one-half 
Of the melting temperature of the components in a pro- 
cess called sintering, which can be done in different 
‘atmospheres or in aliquid. 

In the sintering process, the surface energy of the 
system is lowered due to the reduction of total sur- 
face area (Fig. [8.4c). In metal and ceramic systems, 
the most important mechanism is solid-state diffu- 
sion, initially surface diffusion. As the surface area 
decreases and the grain boundaries increase at the con- 


» a 


increase the grain size (coarsening) without densifica- 
tion, in contrast to bulk transport mechanisms like grain 
boundary diffusion and plastic and viscous flow. As the 
‘material becomes denser, elongated pores collapse 10 
form smaller, spherical pores with a lower surface en- 
ergy. Models for sintering typically consider the size and 
growth rate of the grain boundary (the “neck”) formed. 
between two spherical particles. Ata high stage of densi- 
fication, the sintering stress c at the curved neck between 
two particles is given by [18.88] 


(1.20) 


where ss is the solid-solid grain boundary energy, 
sy is the solid-vapor surface energy, G is the grain 
size, and rp is the radius of the pore. 

A related phenomenon is cold welding, which is 
the spontaneous formation of strong junctions between 
clean (unoxidized) metal surfaces with a mutual solu- 
bility when they are brought in contact with or without 
aan applied pressure. The plastic deformations accom- 
panying the formation and breaking of such contacts on 
molecular scale during motion of one surface normally 
(see Fig. 18. 10¢,d) or laterally (shearing) with respect 10 
the other have been studied both experimentally [18.89] 
and theoretically [18.90-95]. The breaking of a cold 
welded contact is generally associated with damage or 
deformation of the surface structure, 


Fig. 18.4a-c Schematic representa- 
Surface tion of (a) van der Waals interaction 
(dipole-induced dipole interaction), 
(b) charge exchange, which acts to in- 
crease adhesion and friction forces, 
and (c sintering between two surfaces 
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18.4 Normal Forces Between Surfaces in Liquids 


18.4.1 Van der Waals Forces in Liquids 


The dispersion interaction in a medium will be 
nificantly lower than in vacuum, since the attractive 
Interaction between two solute molecules in a medium 
(solvent) involves displacement and reorientation of the 
nearest-neighbor solvent molecules. Even though the 
surrounding medium may change the dipole moment 
and polarizability from that in vacuum, the interaction 
between two identical molecules remains attractive in 
a binary mixture. The extension of the interactions to 
the case of two macroscopic bodies is the same as de- 
scribed in Sect. 18.3.1. Typically, the Hamaker constants 
for interactions in a medium are an order of magnitude 
ower than in vacuum, Between macroscopic surfaces in 
liquids, van der Waals forces become important at dis- 
tances below 1015nm and may at these distances start 
to dominate interactions of different origin that have 
been observed at larger separations, 

Figure 18.5 shows the measured van der Waals forces 
between two crossed cylindrical mica surfaces in water 
and various salt solutions. Good agreement is obtained 
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Fig.18.5 Attractive van der Waals force F between two 
‘curved mica surfaces of radius R Lem measured in 
water and various aqueous electrolyte solutions. The elec- 
trostatic interaction has been subtracted from the total 
measured force. The measured non-fetarded Hamaker con- 
stant is Ay =2.2% 10 J, Retardation effects are apparent 
at distances larger than $ nm, as expected theoretically. (Af~ 
ter [18.3]. Copyright 1991, with permission from Elsevier 
Science) 


between experiment and theory. At larger surface sepa- 
rations, above about Snm, the measured forces fall off 
more rapidly than as D~?, This retardation effect (see 
Sect. 18.3.1) is also predicted by Lifshitz theory and is 
due to the time needed for propagation of the induced 
dipole moments over large distances, 

From Fig. 18.5, we may conclude that at separations 
above about 2 nm, or 8 molecular diameters of water, the 
continuum Lifshitz theory is valid. This would mean that 
water films as thin as 2 nm may be expected to have bulk- 
like properties, at least as far as their interaction forces 
are concerned. Similar results have been obtained with 
other liquids, where in general continuum properties 
tare manifested, both as regards their interactions and 
other properties such as viscosity, at a film thickness 
larger than 5 or 10 molecular diameters. In the absence 
of a solvent (in vacuum), the agreement of measured 
van der Waals forces with the continuum Lifshitz theory 
is generally good at all separations down to molecular 
contact (D = Do). 

Van der Waals interactions in a system of three or 
more different materials (see (18.8) can be attractive 
or repulsive, depending on their dielectric properties. 
Numerous experimental studies show the attractive van 
der Waals forces in various systems [18.3], and also 
repulsive van der Waals forces have been measured di- 
rectly [18.96]. A practical consequence of the repulsive 
interaction obtained across a medium with intermedi- 
ate dielectric properties is that the van der Waals forces 
will give rise to preferential, nonspecific adsorption of 
molecules with an intermediate dielectric constant. This 
is commonly seen as adsorption of vapors or solutes 
to a solid surface. It is also possible to diminish the 
attractive interaction between dispersed colloidal par- 
ticles by adsorption of a thin layer of material with 
dielectric properties close to those of the surrounding 
‘medium (matching of refractive index), or by adsorp- 
tion of a polymer that gives a steric repulsive force that 
keeps the particles separated at a distance where the 
magnitude of the van der Waals attraction is negligible. 
‘Thermal motion will then keep the particles dispersed. 


18.4.2 Electrostatic 
and lon Correlation Forces 


Most surfaces in contact with a highly polar liquid (such 
as water) acquire a surface charge, either by dissoci- 
ation of ions from the surface into the solution or by 
preferential adsorption of certain ions from the solution. 
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‘The surface charge is balanced by a layer of oppositely 
charged ions (counterions) in the solution at some small 
distance from the surface (see [18.3)). In dilute solu- 
tion, this distance is the Debye length, «~', which is 
purely a property of the electrolyte solurion. The Debye 
length falls with increasing ionic strength (i-e., with the 
‘molar concentration M; and valency z)) of the ions in 
solution: 


we 


eeokeT 


(18.11) 


where ¢ is the lecronic charge. For example for 
Trl electrolytes at 25°C, a? —0.304am/ Tir. 
where M, is given in M (moldm73). «~! is thus ca. 
1Onm in a 1 mM NaCl solution and 0.3nm ina 1M so- 
lution. In totally pure water at pH7, where M, = 10-7 M, 
x! is 960.1nm, or about I yum. The Debye length also. 
folies the surlace charge dently oof a susface to 
the electrostatic surface potential yo via the Grahame 
equation, which for I:1 electrolytes can be expressed 


@ = \/BenokpT sinh (evo/2keT) Mia - (18.22) 


Since the Debye length is a measure of the thickness 
of the diffuse atmosphere of counterions near a charged 
surface, it also determines the range of the electro- 
static “double-layer” interaction between two charged 
surfaces. The electrostatic double-layer interaction is an 
entropic effect that arises upon decreasing the thickness 
of the liquid film containing the dissolved ions, Because 
of the attractive force between the dissolved ions and 
‘opposite charges on the surfaces, the ions stay between 
the surfaces, but an osmotic repulsion arises as their 
concentration increases. The long-range electrostatic in- 
teraction energy at large separations (weak overlap) 
between two similarly charged molecules or surfaces 
is typically repulsive and is roughly an exponentially 
decaying function of D: 


E(D) = +Cese“*? (19.23) 


‘where Czs is a constant that depends on the geometry of 
the interacting surfaces, on their surface charge density, 
and the solution conditions (Table 18.3). We see that 
the Debye length is the decay length of the interaction 
energy between two surfaces (and of the mean poten- 
tial away from one surface). Ces can be determined by 
solving the so-called Poisson-Boltzmann equation or 
by using other theories [18.97,98]. The equations in Ta- 
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ble 18.3 are expressed in terms of a constant, Z, defined. 


(18.14) 


which depends only on the properties of the surfaces. 

The above approximate expressions are accurate 
only for surface separations larger than about one Debye 
length, At smaller separations one must use numerical 
solutions of the Poisson-Boltzmann equation to obtain 
the exact interaction potential, for which there are no 
simple expressions, In the limit of small D, it can be 
shown that the interaction energy depends on whether 
the surfaces remain at constant potential yi (as assumed 
in the above equations) or at constant charge o (when the 
repulsion exceeds that predicted by the above equations) 
or somewhere between these limits, In the “constant 
charge limit” the total number of counterions in the com- 
pressed film does not change as D is decreased, whereas 
at constant potential, the concentration of counterions is 
constant.The limiting pressure (or force per unit area) at 
constant charge is the osmotic pressure of the confined 


F = kT xion number density 
2okgT/(zeD), for D&« 


(18.15) 


‘That is, as D0 the double-layer pressure at con- 
stant surface charge becomes infinitely repulsive and 
independent of the salt concentration (at constant poten- 
tial the force instead becomes a constant at small D). 
However, at small separations, the van der Waals at- 
traction (which goes as D~? between two spheres or 
as D~ between two planar surfaces, see Table 18.2) 
‘wins out over the double-layer repulsion, unless some 
other short-range interaction becomes dominant (see 
Sect. 18.4.4). This the theoretical prediction that forms. 
the basis of the so-called Derjaguin-Landau-Verwey~ 
Overbeek (DLVO) theory [18.97, 99], illustrated in 
Fig. 18.6 

Because of the different distance dependence of 
the van der Waals and electrostatic interactions, the 
total force law, as described by the DLVO theory, 
can show several minima and maxima. Typically, the 
depth of the outer (secondary) minimum is a few kyT, 
enough to cause reversible flocculation of particles 
from an aqueous dispersion. If the force barrier be- 
tween the secondary and primary minimum is lowered, 
for example, by increasing the electrolyte concentra- 
tion, particles can be imeversibly coagulated in the 
primary minimum. In practice, other forces (described. 
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Table 


Electrical “double-layer” interaction energy E(D) and force (F 


~dE/dD) between macroscopic bodies 
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‘The interaction energy and force for bodies of diferent geometries is hased on the Poisson-Boltzmann equation (a continuum, mean-field 
theory). Equation (18.14) gives the interaction constant Z (in tems of surface potential. Yo) fr the interaction between similarly charged 
(Gonized) surfaces in aqueous solutions of monovalent elecrolye, Itcan also be expressed in terms ofthe surface charge density 2 by applying 
the Grahame equation (18.12) (afte [1862] with permission) 


in the following sections) often appear at very small 
separations, so that the full force law between two sur- 
faces or colloidal particles in solution can be more 
complex than might be expected from the DLVO 
theory. 


‘There are situations when the double-layer inter 
action can be attractive at short range even between 
surfaces of similar charge, especially in systems with 
ccharge regulation due to'dissociation of chargeable 
groups on the surfaces [18,100]; ion condensa- 
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If each resistor has an equal resistance and also 
has an equal individual rating in watts (repre- 
sented by Wi), the total wattage (WT) that they 
can handle when wired in parallel to share the 
power will be: 


WT = WL +N 


Therefore, if an application requires high- 
wattage resistors, multiple lower-wattage, 
higher-value resistors may be substituted if they 
are wired in parallel—and may even be cheaper 
than a single high-wattage wire-wound resistor, 
For example, if a SW, 500 resistor is specified, 10 
resistors can be substituted, each rated at 0.5W 
and 5000. Bear in mind that if they are tightly 
bundled, this will interfere with heat dissipation. 


What Can Go Wrong 


Heat 

Resistors are probably the most robust of all elec- 
tronic components, with high reliability and a 
long life, It is difficult to damage a resistor by 
overheating it with a soldering iron, 


The wattage rating of a resistor does not neces- 
sarily mean that it should be used to dissipate 
that amount of power on a constant basis. Small 
resistors (1/4 watt or less) can overheat just as 
easily as big ones. Generally speaking, itis safe 
practice not to exceed 75% of a resistor’s power 
rating ona constant basis. 


Overheatingis predictably more of a problem for 
power resistors, where provision must be made 
for heat dissipation. Issues such as component 
crowding should be considered when deciding 
how big a heat sink to use and how much venti- 
lation, Some power resistors may function relia~ 
bly at temperatures as high as 250 degrees Cen- 
tigrade, but components near them are likely to 
be less tolerant and plastic enclosures may soft- 
enor melt. 


Noise 
The electrical noise introduced by a resistor ina 
circuit will vary according to the composition of 


What Can Go W 


ong 


the resistor, but for any given component, it will 
be proportional to voltage and current. Low- 
noise circuits (such as those at the input stage of 
a high-gain amplifier) should use low-wattage 
resistors at a low voltage where possible. 


Inductance 

The coiled wire of a wire-wound resistor will be 
significantly inductive at low frequencies. This is 
known as parasitic inductance. It will also have a 
resonant frequency. This type of resistor is un- 
suitable for applications where frequency ex- 
ceeds SOKHz. 


Inaccuracy 
When using resistors with 10% tolerance, impre- 
cise values may cause greater problems in some 
applications than in others. in a voltage divider, 
for instance, if one resistor happens to be at the 
high end of its tolerance range while the other 
happens to be at the low end, the voltage ob- 
tained at the intersection of the resistors will vary 
from its expected value. Using the schematic 
shown in Figure 10-20, if 1 is rated for 1Kand R2 
is rated for 5K, and the power supply is rated at 
12VDC, the voltage at point A should be: 


vei2* ((5/ (5+ 1)) = 10 


However, if R1 has an actual value of 1.1Kand R2 
has an actual value of 4.5K, the actual voltage 
obtained at point A will be: 


Vs 12+ (4.5 / (4.5 + 1.1)) = 9.6 


If the resistors are at opposite ends of their re- 
spective tolerance ranges, so that R1 has an ac- 
tual value of 9000 while the lower resistorhas an 
actual value of 5.5K, the actual voltage obtained 
will be: 


v= 12* (5.5 / (5.5 + 0.9)) = 10.3 


The situation becomes worse if the two resistors 
are chosen to be of equal value, to provide half 
of the supply voltage (6 volts, in this example) at 
theirintersection.Iftwo 5Kresistorsareused, and 
theupper one isactually 4.5K whilethelowerone 
is 5.5K, the actual voltage will be: 
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Fig.18.6 Schematic plots of the DLVO interaction po- 
tential energy E between two flat, charged surfaces (of, 
according 10 the Derjaguin approximation, (18.3), the 
force F between two curved surfaces) asa function of the 
surface separation normalized by the Debye length, «~! 
‘The van der Waals attraction (inverse power-law depen- 
dence on D) together with the repulsive electrostatic 
“double-layer” force (roughly exponential) at different sur- 
face charge «(or potenial, see (18.12)) determine the 
net interaction potential in aqueous electrolyte solution 
(after [18.62] with permission) 


tion [18.101], which may lower the effective surface 
charge density in systems containing di-and trivalent 
counterions; or ion correlation, which is an addi- 
tional van der Waals-like attraction due to mobile 
and therefore highly polarizable counterions located at 
the surface [18.102]. The ion correlation (or charge 
fluctuation) force becomes significant at separations 
below 4nm and increases with the surface charge 
density « and the valency z of the counterions, Com- 
puter simulations have shown that at high charge 
density and monovalent counterions, the ion correlation 
force can reduce the effective double-layer repulsion 
by 10-15%. With divalent counterions, the ion cor- 
relation force was found to exceed the double-layer 
repulsion and the total force then became attractive 
at a separation below 2nm even in dilute electrolyte 
solution [18.103]. Experimentally, such short-range at- 
tractive forces have been found in charged bilayer 
systems [18.104 105] 
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18.4.3 Solvation and Structural Forces 


When a liquid is confined within a restricted space, 
for example, a very thin film between two surfaces, it 
ceases to behave as a structureless continuum, At small 
surface separations (below about 10 molecular diam- 
eters), the van der Waals force between two surfaces 
for even two solute molecules in a liquid (solvent) is 
no longer a smoothly varying attraction, Instead, there 
arises an additional “solvation” force that generally os- 
cillates between attraction and repulsion with distance, 
with a periodicity equal to some mean dimension « of 
the liquid molecules [18.106]. Figure 18.7a shows the 
force law between two smooth mica surfaces across the 
hydrocarbon liquid tetradecane, whose inert, chain-like 
molecules have a width of o ~ 0.4m, 

‘The short-range oscillatory force law is related to the 
“density distribution function” and “potential of mean 
force” characteristic of intermolecular interactions in 
liquids. These forces arise from the confining effects two 
surfaces have on liquid molecules, forcing them to order 
into quasi-discrete layers, Such layers are energetically 
or entropically favored and correspond to the minima in 
the free energy, whereas fractional layers are disfavored 
(energy maxima). This effect is quite general and arises 
in all simple liquids when they are confined between 
two smooth, rigid surfaces, both flat and curved. Oscil~ 
latory forces do not require any attractive liquid-liquid 
or liquid-wall interaction, only two hard walls confin- 
ing molecules whose shape is not too irregular and that 
are free to exchange with molecules in a bulk liquid 
reservoir. In the absence of any attractive pressure be- 
tween the molecules, the bulk liquid density could be 
‘maintained by an external hydrostatic pressure — in real 
liquids attractive yan der Waals forces play the role of 
such an external pressure, 

Oscillatory forces are now well understood theo- 
retically, at least for simple liquids, and a number of 
theoretical studies and computer simulations of vari- 
ous confined liquids (including water) that interact via 
some form of Lennard-Jones potential have invariably 
led to an oscillatory solvation force at surface separa- 
tions below a few molecular diameters [18.107-114]. In 
a first approximation, the oscillatory force law may be 
described by an exponentially decaying cosine function 
of the form 


E Eycos(2xD/o)e"?!" , (18.16) 


where both theory and experiments show that the oscil- 
latory period and the characteristic decay length of the 
envelope are clase to @. 
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18.7 (a) Solid curve: Forces measured between two mica surfaces across saturated linear chain alkanes such as 
ntetradecane and n-hexadecane [18.115, 116]. The 0.4:nm periodicity ofthe oscillations indicates thatthe molecules are 
preferentially oriented parallel to the surfaces, as shown schematically in the upper insert. The theoretical continuum van 
‘der Waals attraction is shown as a dorted curve, Dashed curve: Smooth, non-oscllatory force law exhibited by irregularly 
shaped alkanes (such as 2-methyloctadecane) that cannot order into well-defined layers (lower insert) (18.116, 117] 
Similar non-oscillatory forces are also observed between “rough” surfaces, even when these interact across a saturated 
linear chain liquid. This is because the irregularly shaped surfaces (rather than the liquid) now prevent the liquid 
molecules from ordering in the gap. (b) Forces measured between charged mica surfaces in KCI solutions of varying 
‘concentrations [18,20]. In dilute solutions (10~* and 10~* M), the measured forces are excellently described by the DLVO 
theory, based on exact solutions to the nonlinear Poisson-Boltzmann equation forthe electrostatic forces and the Lifshitz 
theory for the van der Waals forces (using a Hamaker constant of Ay = 2.2% 102). At higher concentrations, as more 
hydrated K* cations adsor’ onto the negatively charged surfaces, an additional hydration force appears superimposed on 
the DLVO interaction at distances below 3~4nm. This force has both an oscillatory and a monotonic component. Insert 

Short-range hydration forces hetween mica surfaces shown as pressure versus distance. The lower and upper curves show 
surfaces 40% and 95% saturated with K* ions. At larger separations, the forces are in good agreement with the DLVO 
theory. (After [18.3]. Copyright 1991, with permission from Elsevier Science) 


‘Once the solvation zones of the two surfaces overlap, 
the mean liquid density in the gap is no longer the same 
as in the bulk liquid. Since the van der Waals interaction 
depends on the optical properties ofthe liquid, which in 
tum depends on the density, the van der Waals and the 
oscillatory solvation forces are not strictly additive. It is 
‘more correct to think of the solvation force as she van 
der Waals force at small separations with the molecular 
properties and density variations of the medium taken 
into account. Itis also important to appreciate that solva- 
tion forces do not arise simply because liquid molecules 
tend to structure into semi-ordered layers at surfaces, 
‘They arise because of the disruption or change of this 
ordering during the approach of a second surface. The 
two effects are related; the greater the tendency toward 


structuring at an isolated surface the greater the solva- 
tion force between two such surfaces, but there is a real 
distinction between the two phenomena that should be 
borne in mind. 

Oscillatory forces lead to different adhesion val- 
ues depending on the energy minimum from which two 
surfaces are being separated. For an interaction energy 
described by (18.16), “quantized” adhesion energies will 
be Ep at D=0 (primary minimum), Eo/e at D=o, 
Fy/e? at D=2a, ete. Ey can be thought of as a de- 
pletion force (see Sect. 18.4.5) that is approximately 
given by the osmotic limit Ey ~ —kyT/a*, which can 
‘exceed the contribution to the adhesion energy in contact 
from the van der Waals forces (at Dp ~ 0.15-0.20nm, 
as discussed in Sect. 18.3.1, keeping in mind that the 
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Lifshitz theory fails to describe the force law at interme- 
diate distances). Such multivalued adhesion forces have 
been observed in a number of systems, including the 
interactions of fibers 

Measurements of oscillatory forces between differ- 
cent surfaces across both aqueous and nonaqueous liquids 
have revealed their richness of properties [18.118-121], 
for example, their great sensitivity to the shape and 
rigidity of the solvent molecules, to the presence of 
other components, and to the structure of the confin- 
ing surfaces (see Sects. 18.5.3 and 18.9). In particular, 
the oscillations can be smeared out if the molecules 
are irregularly shaped (e.g., branched) and therefore un- 
able to pack into ordered layers, or when the interacting 
surfaces are rough or fluid-like (see Sect. 18.4.6). 

It is easy to understand how oscillatory forces arise 
between two flat, plane parallel surfaces. Between two 
curved surfaces, e..,two spheres, one might imagine the 
‘molecular ordering and oscillatory forces to be smeared 
out in the same way that they are smeared out between 
two randomly rough surfaces (see Sect, 18.5.3); how- 
ever, this is not the case. Ordering can occur so long 
as the curvature or roughness is itself regular or uni- 
form, i.e., not random. This is due to the Derjaguin 
approximation (18.3). If the energy between two flat 
surfaces is given by a decaying oscillatory function 
(for example, a cosine function as in (18.16)), then 
the force (and energy) between two curved surfaces 
will also be an oscillatory function of distance with 
some phase shift. Likewise, two surfaces with regularly 
curved regions will also retain their oscillatory force 
profile, albeit modified, as long as the corrugations are 
truly regular, i.e., periodic, On the other hand, surface 
roughness, even on the nanometer scale, can smear out 
oscillations if the roughness is random and the confined 
‘molecules are smaller than the size of the surface asper- 
ities [18.122, 123]. If an organic liquid contains small 
amounts of water, the expected oscillatory force can 
be replaced by a strongly attractive capillary force (see 
Sect. 18.5.1). 


18.4.4 Hydration and Hydrophobic Forces 


‘The forces occurring in water and electrolyte solutions 
‘are more complex than those occurring in nonpolar lig- 
uids. According to continuum theories, the attractive van 
der Waals force is always expected to win over the repul- 
sive electrostatic “double-layer” force at small surface 
separations (Fig. 18.6). However, certain surfaces (usu- 
ally oxide or hydroxide surfaces such as clays or silica) 
swell spontaneously or repel each other in aqueous so- 
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lution, even at high salt concentrations. Yet in all these 
systems one would expect the surfaces or particles to 
remain in strong adhesive contact or coagulate ina pri- 
‘mary minimum if the only forces operating were DLVO 
forces. 

There are many other aqueous systems in which 
the DLVO theory fails and where there is an additional 
short-range force that is not oscillatory but monotonic, 
Between hydrophilic surfaces this force is exponentially 
repulsive and is commonly referred to asthe hydration, 
or structural, force. The origin and nature ofthis force 
has long been controversial, especially in the colloidal 
and biological literature. Repulsive hydration forces are 
believed to arise from strongly hydrogen-bonding sur- 
face groups, such as hydrated ions or hydroxyl (~OH) 
groups, which modify the hydrogen-bonding network 
of liquid water adjacent to them. Because this net- 
‘work is quite extensive in range [18.124], the resulting 
interaction force is also of relatively long range. 

Repulsive hydration forces were first extensively 
studied between clay surfaces [18.125]. More recently, 
they have been measured in detail between mica and sil- 
ica surfaces [18.20-22], where they have been found 
to decay exponentially with decay lengths of about 
nm. Their effective range is about 3 to Sm, which is 
about twice the range of the oscillatory solvation force 
in water. Empirically, the hydration repulsion between 
two hydrophilic surfaces appears to follow the simple 
equation 


E= Eye, (18.17) 
where 49 ~ 0.6-I.Lnm for 1:1 electrolytes and Eq = 
330ml m~ depending on the hydration (hydrophilic- 
ity) of the surfaces, higher Ey values generally being 
associated with lower Ao values. 

The interactions between molecularly smooth mica 
surfaces in dilute electrolyte solutions obey the DLVO 
theory (Fig. 18.7b). However, at higher salt concen- 
trations, specific to each electrolyte, hydrated cations 
bind to the negatively charged surfaces and give rise 
to a repulsive hydration force [18.20,21]. This is be- 
lieved to be due to the energy needed to dehydrate 
the bound cations, which presumably retain some of 
their water of hydration on binding. This conclu- 
sion was arrived at after noting that the strength and 
range of the hydration forces increase with the known 
hydration numbers of the electrolyte cations in the or- 
der: Mg"* > Ca?* > Lit ~ Nat > K+ > Cs*. Similar 
trends are observed with other negatively charged col- 
loidal surfaces, 
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While the hydration force between two mica surfaces 
is overall repulsive below a distance of 4m, it is not 
always monotonic below about 1.Snm but exhibits oscil- 
lations of mean periodicity of 0.25++0.03 nm, roughly 
equal to the diameter of the water molecule. This is 
shown inthe insertin Fig. 18.7b, where we may note that 
the first three minima at D = 0, 0.28, and 0.56nm occur 
at negative energies, a result that rationalizes observa- 
tions on certain colloidal systems. For example, clay 
platelets such as montmorillonite often repel each other 
increasingly strongly as they come closer together, but 
they are also known to stack into stable aggregates with 
water interlayers of typical thickness 0.25 and 0.55 nm 
between them [18,126,127], suggestive of aturnabout in 
the force law from a monotonic repulsion to discretized 
attraction, In chemistry we would refer to such struc- 
tures as stable hydrates of fixed stoichiometry, whereas 
in physics we may think of them as experiencing an 
oscillatory force. 

Both surface force and clay swelling experiments 
have shown that hydration forces can be modified or 
“regulated” by exchanging ions of different hydration on 
surfaces, an effect that has important practical applica- 
tions in controlling the stability of colloidal dispersions, 
It has long been known that colloidal particles can he 
precipitated (coagulated or flocculated) by increasing 
the electrolyte concentration, an effect that was tra- 
ditionally attributed to the reduced screening of the 
electrostatic double-layer repulsion between the par- 
ticles due to the reduced Debye length. However, there 
are many examples where colloids are stabilized at high 
salt concentrations, not t low concentrations. This effect 
is now recognized as being due to the increased hy- 
dration repulsion experienced by certain surfaces when 
they bind highly hydrated ions at higher salt concentra- 
tions, Hydration regulation of adhesion and interparticle 
forces is an important practical method for controlling 
various processes such as clay swelling [18.126, 127], 
ceramic processing and theology [18.128, 129], mater- 
ial fracture [18.128], and colloidal particle and bubble 
coalescence [18.130] 

‘Water appears to be unique in having a solvation 
(hydration) force that exhibits both a monotonic and 
an oscillatory component. Between hydrophilic surfaces 
the monotonic component is repulsive (Fig. 18.7b), but 
between hydrophobic surfaces it is attractive and the 
final adhesion is much greater than expected from the 
Lifshitz theory. 

‘A hydrophobic surface is one that is inert to water in 
the sense that it cannot bind to water molecules via ionic 
or hydrogen bonds. Hydrocarbons and fluorocarbons are 


hydrophobic, as is air, and the strongly attractive hy- 
drophobic force has many important manifestations and 
consequences such asthe low solubility or miscibility of 
water and oil molecules, micellization, protein folding, 
strong adhesion and rapid coagulation of hydrophobic 
surfaces, non-wetting of water on hydrophobic surfaces, 
and hydrophobic particle attachment to rising air bubbles 
(dhe basic principle of froth flotation) 

Inrecent years thee has been a steady accumulation 
of experimental data on the force laws between various 
hydrophobic surfaces in aqueous solution [18, 131-143] 
‘These studies have found that the hydrophobic force 
Jaw between two macroscopic surfaces is of surprisingly 
Jong range, decaying exponentially with a characteris- 
tic decay length of 1 to 2m in the separation range of 
0 to 10nm, and then more gradually further out. The 
hydrophobic force can be far stronger than the van der 
Waals attraction, especially between hydrocarbon sur- 
faces in water, for which the Hamaker constant is quite 
small. The magnitude of the hydrophobic attraction 
has heen found to decrease with the decreasing hy- 
drophobicity (increasing hydrophilicity) of lecithin lipid 
bilayer surfaces [18.31] and silanated surfaces [18.139], 
whereas examples of the opposite trend have been 
shown for some Langmuit-Blodgett-deposited mono- 
layers [18.144] 

Fortwo surfaces in water the purely hydrophobic in- 
teraction energy (ignoring DLVO and oscillatory forces) 
in the range of 0 to 10mm is given by 


E= 


(18.18) 


where typically 4 2nm, and y = 10-50mJ m-2 
“The higher value corresponds to the interfacial energy 
ofa pure hydrocarbon-water interface 

‘Ata separation below 10 nm, the hydrophobic force 
appears to be insensitive or only weakly sensitive to 
changes in the type and concentration of electrolyte ions 
in the solution, The absence of a “screening” effect by 
ions attests to the non-clectrastatic origin of this inter 
action. In contrast, some experiments have shown that 
at separations greater than 10m, the struction does de- 
pend on the intervening electrolyte, and that in dilute 
solutions oF solutions containing divalent ions, it can 
continue to exceed the van der Waals attraction out t0 
separations of 80m [18.136, 145] 

‘The long-range nature of the hydrophobic inter: 
action has a number of important consequences. It 
accounts for the rapid coagulation of hydrophobic par- 
ticlesin water and may also account forthe rapid Folding 
of proteins. It also explains the ease with which water 
films rupture on hydrophobic surfaces. In this ease, the 
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van der Waals force across the water film is repulsive 
and therefore favors wetting, but this is more than offset 
by the attractive hydrophobic interaction acting between 
the two hydrophobie phases across water. Hydrophobic 
forces are increasingly being implicated in the adhe- 
sion and fusion of biological membranes and cells. Its 
known that both osmotic and electric field stresses en- 
hance membrane fasion, an effect that may be due tothe 
concomitant increase in the hydrophobic area exposed 
between two adjacent surfaces. 

From the previous discussion we can infer that hy- 
dration and hydrophobic forces are not of « simple 
nature. These interactions are probably the most im- 
portant, yet the least understood of all the forces in 
Aqueous solutions. The unusual properties of water and 
the nature of the surfaces (including their homogene- 
ity and stability) appear to be equally important, Some 
Particle surfaces can have their hydration forces regu- 
lated, for example, by ion exchange. Others appear to 
be intrinsically hydrophilic (eg, silica) and cannot be 
cougulated by changing the ionic condition, but can be 
rendered hydrophobic by chemically modifying their 
surface groups. For example, on heating silica to above 
600°C, two adjacent surface silanol (~OH) groups re- 
lease a water molecule and form a hydrophobic siloxane 
(-0-) group, whence the repulsive hydration force 
changes into an attractive hydrophobic force. 

How do these exponentially decaying repulsive or 
attractive forces arise? Theoretical work and computer 
simulations [18.109 111,146, 147] suggest that the sol 
vation forees in water should be purely oscillatory, 
whereas other theoretical studies [18,|48-153] suggest 
monotonically exponential repulsion oratraction, pos- 
sibly superimposed on an oscillatory force. The latter 
is consistent with experimental findings, as shown in 
the inset to Fig. 18.7b, where it appears that the os- 
cillatory force is simply additive with the monotonic 
hydration and DLO forces, suggesting that these arise 
from essentially different mechanisms 

It is probable that the short-range hydration 
force between all smooth, rigid, oF crystalline sur- 
faces (eg., mineral surfaces such as mica) has an 
oscillatory component, This may or may not be 
superimposed on a monotonic force duc to image inter. 
actions [18,150] and/or structural or hydrogen bonding 
interactions [18,148,149] 

Like the repulsive hydration force, the origin of the 
hydrophobic force is still unknown, Lazare al (18.1521 
catried out a Monte Carlo simulation of the interac- 
tion between two hydrophobic surfaces across water 
at separations below 1.Snm. They obtained a decay- 
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ing oscillatory force superimposed on a monotonically 
attractive curve, In more recent work [18.154, 155], it 
hhas been suggested that hydrophobic surfaces generate 
‘a depleted region of water around them, and that a long- 
range attractive force due to depletion arises between 
two such surfaces, 

Itis questionable whether the hydration orhydropho- 
bie force should be viewed as an ordinary type of 
solvation or structural force that i reflecting the packing 
of water molecules. The energy (or entropy) associ- 
ated with the hydrogen bonding network, which extends 
fever a much larger region of space than the molecular 
correlations, is probably at the root of the long-range 
interactions of water. The situation in water appears to 
be governed by much more than the molecular packing 
effects that dominate the interactions in simpler liquids. 


18.4.5 Polymer-Mediated Forces 


Polymers or macromolecules are chain-like molecules 
consisting of many identical segments (monomers or re- 
peating units) held together by covalent bonds. The size 
of a polymer coil in solution or in the melt is deter- 
‘mined by a balance between van der Waals attraction 
(and hydrogen bonding, if present) between polymer 
segments, and the entropy of mixing, which causes the 
polymer coil to expand. In polymer melts above the 
lass transition temperature, and at certain conditions 
in solution, the attraction between polymer segments is 
exactly balanced by the entropy effect. The polymer so- 
lution will then behave virtually ideally, and the density 
distribution of segments in the coil is Gaussian. This 
is called the theta (@) condition, and it occurs at the 
theta or Flory temperature for a particular combination 
of polymer and solvent or solvent mixture, At lower 
temperatures (in a poor or bad solvent), the polymer 
polymer interactions dominate over the entropic, and 
the coil will shrink or precipitate. At higher tempera- 
tures (good solvent conditions), the polymer coil will be 
expanded 

High molecular weight polymers form large coils, 
which significantly affect the properties of a solution 
even when the total mass of polymer is very low. The ra- 
dius of the polymer coil is proportional to the segment 
length, a, and the number of segments, n. Attheta condi- 
tions, the hydrodynamic radius of the polymer coil (the 
root-mean-square separation of the ends of one poly- 
‘mer chain) is theoretically given by Ru=an'/?, and 
the unperturbed radius of gyration (the average root- 
‘mean-square distance of a segment from the center of 
‘mass of the molecule) is Ry = a (/6)!/2, Ina good sol- 
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vent the perturbed size ofthe polymer coil, the Flory 
radius Re, is proportional to °° 

Polymers interact with surfaces mainly through van 
der Waals and electrostatic interactions, The physisorp- 
tion of polymers containing only one type of segment is 
reversible and highly dynamic, but the rate of exchange 
of adsorbed chains with free chains in the solution is 
low, since the polymer remains bound to the surface as 
long as one segment along the chain is adsorbed. The 
adsorption energy per segment is on the order of kyT’. 
In a good solvent, the conformation of a polymer on 
1 surface is very different from the coil conformation 
in bulk solution. Polymers adsorb in “trains”, separated 
by “loops” extending into solution and dangling “tails” 
(the ends of the chain). Compared to adsorption at lower 
temperatures, good solvent conditions favor more of the 
polymer chain being in the solvent, where itcan attain its 
optimum conformation. As a result, the extension of the 
polymer is longer, even though the total amount of ad- 
sorbed polymer is lower. In a good solvent, the polymer 
chains can also be effectively repelled from a surface, if 
the loss in conformational entropy close to the surface 
is not compensated for by a gain in enthalpy from ad- 
sorption of segments. In this case, there will be a layer 
of solution (thickness = Rg) close to the surfaces that is 
depleted of polymer. 

‘The interaction forces between two surfaces across 
a polymer solution will depend on whether the polymer 
is adsorbing onto the surfaces or is repelled from them, 
and also on whether the interaction occurs at “true” oF 
“restricted” thermodynamic equilibrium. At true or full 
‘equilibrium, the polymer between the surfaces can equi- 
librate (exchange) with polymer in the bulk solution at all 
surface separations. Some theories [18.156, 157| predict 
that at full equilibrium, the polymer chains would move 
from the confined gap into the bulk solution where they 
could attain entropically more favorable conformations, 
and that a monotonic attraction at all distances would 
result from bridging and depletion interactions (which 
will be discussed below). Other theories suggest that the 
interaction at small separations would be ultimately re- 
pulsive, since some polymer chains would remain in the 
gap due to their attractive interactions with many sites on 
the surface (enthalpic) ~ more sites would be available 
tothe remaining polymer chains if some others desorbed 
and diffused out from the gap [18.64, 158, 159] 

Atrestricted equilibrium, the polymer is kinetically 
trapped, and the adsorbed amount is thus constant as the 
surfaces are brought toward each other, but the chains 
can still rearrange on the surfaces and in the gap. Exper- 
mentally, the true equilibrium situation is very difficult 


to attain, and most experiments are done at restricted 
equilibrium conditions. Even the equilibration of con- 
formations assumed in theoretical models for restricted 
equilibrium conditions can be so slow that this condition 
is difficult to reach. 

In systems of adsorbing polymer, bridging of chains 
from one surface to the other can give rise to a long- 
range attraction, since the bridging chains would gain 
conformational entropy if the surfaces were closer to- 
gether. In poor solvents, both bridging and intersegment 
interactions contribute to an attraction [18.26]. How- 
ever, regardless of solvent and equilibrium conditions, 
«strong repulsion due to the osmotic interactions is seen 
as small surface separations in systems of adsorbing 
polymers at restricted equilibrium. 

In systems containing high concentrations of 
non-adsorbing polymer, the difference in solute con- 
centration in the bulk and between the surfaces at 
separations smaller than the approximate polymer coil 
diameter (2R,. i-e., when the polymerhas been squeezed 
cout from the gap between the surfaces) may give rise 
to an attractive asmotic force (“depletion attraction”) 
[18.160-164]. In addition, ifthe polymer coils become 
initially compressed as the surfaces approach each other, 
this can give rise to a repulsion (“depletion stabiliza- 
tion") at large separations [18.163]. For a system of 
two cylindrical surfaces or radius, the maximum 
depletion force, Fjep, is expected to occur when the 
surfaces are in contact and is given by multiplying the 
depletion (osmotic) pressure, Pigp = pkyT. by the con- 
tact area 212, where r is given by the chord theorem: 
7 = QR R,)Ry ~ IRR, [18.3] 


Fagp/R=—20eRypkeT , (18.19) 
\where pis the number density of the polymer in the bulk 
solution, 

If a part of the polymer (typically an end group) 
is different from the rest of the chain, this part may 
preferentially adsorb to the surface. End-adsorbed poly- 
mer is attached to the surface at only one point, and 
the extension of the chain is dependent on the grafting 
density, ie. the average distance, s, between adsorbed 
end groups on the surface (Fig. 18.8). One distinguishes 
between different regions of increasing overlap of the 
chains (stretching) called pancake, mushroom, and brush 
regimes [18.165] In the mushroom regime, where the 
coverage is sufficiently low so that there is no overlap 
between neighboring chains, the thickness of the ad- 
sorbed layer is proportional to n!/*(ie.,to Ry) at theta 
conditions and to n'/5 in a good solvent 


sone aint errant 


Surface Forces and Nanorheology of Molecularly Thin Films | 18.4 Normal Forces Between Surfaces in Liquids 563, 


2) Fonsfans FN) 1) Force/Matis F/(nNin) 
10", 10", 
\ rm 
ie te amy 
7 + 
10 rm 
ry 
a 
y= 140.000 a 
= 
2 
1 1 = 
ot fo. ot 
a a 
we * oe 
° cy 7 soo 31050 Fo 


Distance D (asm) Distance D (am) 


Fig. 18.8a,b Experimentally determined forces in systems of two interacting polymer brushes: (a) Polystyrene brush 
layers grafted via an adsorbing chain-end group onto mica surfaces in toluene (a good solvent for polystyrene). Left 
curve: MW = 26,000 g/mol, Re= I2nm. Right curve: MW = 140,000 g/mol, Rr =32nm, Both force curves were 
reversible on approach and separation. The solid curves are theoretical its using the Alexander-de Gennes theory with the 
following measured parameters: spacing between attachments sites: s= 8.5 nm, brush thickness: L = 22.5nm and 65 nm, 
respectively. (Adapted from [18.171]. (b) Polyethylene oxide layers physisorbed onto mica from 150 yg/ml solution 
in aqueous 0.1M_KNOs (a good solvent for polyethylene oxide). Main figure: Equilibrium forces at full coverage 
after ~ 16h adsorption time. Left curve: MW = 160,000 g/mol, Ry =32nm. Right curve: MW = 1,100,000 g/mol 
‘Rg = 86nm. Note the hysteresis (ireversibility) on approach and separation for this physisorbed layer, in contrast to the 
absence of hysteresis with grafted chains in case (a). The solid curves are based on a modified form of the Alexander 
dde Gennes theory. inser in (b): Evolution of the forces with the time allowed for the higher MW polymer to adsorb from 
solution. Note the gradual reduction in the attractive bridging component. (Adapted from [18.172-174]. After [18.3] 
Copyright 1991, with permission from Elsevier Science) 
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Several models [18.165~170] have been developed 
for the extension and interactions between two brushes 
(strongly stretched grafted chains). They are based on 
a balance between osmotic pressure within the brush 
layers (uncompressed and compressed) and elastic en- 
ergy of the chains and differ mainly in the assumptions 
of the segment density profile, which can be a step 
function or parabolic. At high coverage (in the brush 
regime).where the chains will avoid overlapping each 
other, the thickness of the layer is proportional ton 
Experimental work on both monodisperse [18.27,28, 
171, 175] and polydisperse [18.30] systems at different 
solvent conditions has confirmed the expected range and 


Springer Handbook  Nanoteehnolo 
BPahushan © Springer 2008 


‘magnitude of the repulsive interactions resulting from 
compression of densely packed grafted layers. 


18.4.6 Thermal Fluctuation Forces 


If a surface is not rigid but very soft or even fluid-like, 
this can act to smear out any oscillatory solvation force. 
‘This is because the thermal fluctuations of such inter- 
faces make them dynamically “rough” at any instant, 
even though they may be perfectly smooth on a time av- 
erage. The types of surfaces that fall into this category 
are fluid-like amphiphilic surfaces of micelles, bilayers, 
emulsions, soap films, etc., but also solid colloidal par- 
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ticle surfaces that are coated with surfactant monolayers, reflect some unique or characteristic property of water. 
1s occurs in lubricating oils, paints, toners, etc However, tis now known that these repulsive forces also 

‘These thermal fluctuation forces (also called en- exist in other liquids. Moreover, they appear to become 
tropic or steric forces) are usually short-range and stronger with increasing temperature, which is unlikely 
repulsive and are very effective at stabilizing the at- if the force would originate from molecular ordering 
tractive van der Waals forces at some small but finite effects at surfaces. Recent experiments, theory, and com- 
separation. This can reduce the adhesion energy or force puter simulations [18.176-178] have shown that these 
by up to three orders of magnitude. It is mainly for this repulsive forces have an entropic origin arising from 
reason that fluid-like micelles and bilayers, biological the osmotic repulsion between exposed thermally mo- 
membranes, emulsion droplets, or gas bubbles adhere to bile surface groups once these overlap in liquid. These 
each other only very weakly. phenomena include undulating and peristaltic forces be- 


Because of their short range it was, and still is, 
‘commonly believed that these forces arise from water or- 
dering or “structuring” effects at surfaces, and that they 


18.5 Adhesion and Capillary Forces 
18.5.1 Capillary Forces 


When considering the adhesion of two solid surfaces 
or particles in air or in a liquid, it is easy to overlook 
or underestimate the important role of capillary forces, 
i.e., forces arising from the Laplace pressure of curved 
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Fig.18.9a-c Adhesion and capillary forces: (a) a non-deforming 
sphere on a rigid, flat surface in an inert atmosphere and (b) in 
1 vapor that can “capillary condense” around the contact zone. At 
equilibrium, the concave radius, r, of the liquid meniscus is given 
by the Kelvin equation. For a concave meniscus to form, the contact 
angle @ has to be less than 90°. Inthe case of hydrophobic surfaces 
surrounded by water, a vapor cavity can form between the surfaces. 
As long as the surfaces are perfectly smooth, the contribution of the 
meniscus to the adhesion force is independent of r. (After [18.1] 
with permission.) (c) Elastically deformable sphere on a rigid flat 
surface in the absence (Hertz) and presence (JKR) of adhesion 
[(a) and (¢) after (18.3). Copyright 1991, with permission trom 
Elsevier Science] 


tween membranes or bilayers, and, on the molecular 
scale, protrusion and head group overlap forces where 
the interactions also are influenced by hydration forces. 


‘menisci formed by condensation of a liquid between and 
around two adhering surfaces (Fig. 18.9). 

‘The adhesion force between a non-deformable 
spherical particle of radius R and a flat surface in an 
inert atmosphere (Fig. 18.9a) is 


An Rysy (18.20) 


But in an atmosphere containing a condensable vapor, 
the expression above is replaced by 


(18.21) 


4x R(ny cos@-+ SL). 


where the first term is due to the Laplace pressure of the 
meniscus and the second is due to the direct adhesion 
of the two contacting solids within the liquid. Note that 
the above equation does not contain the radius of eur- 
ature, r, of the liquid meniscus (see Fig. 18.96). This 
is because for smaller r the Laplace pressure yy 
creases, but the area over which it acts decreases by the 
same amount, so the two effects cancel out. Experiments 
with inert liquids, such as hydrocarbons, condensing be- 
tween two mica surfaces indicate that (18.21) is valid for 
values of ras small as 12 nm, corresponding to vapor 
pressures a low as 40% of saturation [18,121,179, 180] 
Capillary condensation also occurs in binary liquid sys- 
tems, e.g, when water dissolved in hydrocarbon liquids 
condense around two contacting hydrophilic surfaces 
or when a vapor cavity forms in water around two hy- 
draphobic surfaces. In the case of water condensing from 
vapor or from oil, it also appears that the bulk value 
of yry is applicable for meniscus radii as small as 2am. 
The capillary condensation of liquids, especially 
water, from vapor can have additional effects on the 
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}0a-d Experimental and computer simulation data on contact mechanies for ideal Hertz and JKR contacts, (a) Measured 
profiles of surfaces in nonadhesive contact (eireles) compared with Hertz profiles (continuous curves). The system was mica 
surfaces in a concentrated KCI solution in which they do not adhere. When not in contact, the surface shape is accurately described 
by a sphere of radius & = 1.5Sem (inset). The applied loads were 0.01, 0.02, 0.05, and 0.21N. The last profile was measured 
in a different region of the surfaces where the local radius of curvature was 1.4Sem. The Hertz profiles correspond to central 
displacements of 5 = 66.5, 124. 173, and 441 nm. The dashed line shows the shape of the undeformed sphere corresponding 10 
the curve ata load of 0.05 N; it fits the experimental points at larger distances (not shown). (b) Surface profiles measured with 
adhesive contact (mica surfaces adhering in dry nitrogen gas) at applied loads of — 0.005, 0.01, and 0.12N. The continuous 
lines are JKR profiles obtained by adjusting the central displacement in each case to get the best fit to points at larger distances. 
‘The values are 5 = —4.2, 75.6, and 256nm. Note that the scales of this figure exaggerate the apparent angle atthe junction of 
the surfaces. This angle, which is insensitive to load, is only about 0.25°. () and (d) Molecular dynamics simulation illustrating 
the formation of a connective neck between an Ni tip (topmost eight layers) and an Au substrate. The figures show the atomic 
configuration in a slice through the system at indentation (c) and during separation (d). Note the erystalline structure of the neck. 
Distances are given in units of x and ¢, where x = 1 and : = I correspond to 6.12 nm. [(a) and (b) after [18,181]. Copyright 1987, 
with permission from Elsevier Science. (c) and (d) after [18.91], with kind permission from Kluwer Academic Publishers] 


physical state of the contact zone. For example, if the 
surfaces contain ions, these will diffuse and build up 
Within the liquid bridge, thereby changing the chemical 
composition of the contact zone, as well as influencing 
the adhesion, In the case of surfaces covered with sur- 
factant or polymer molecules (amphiphilic surfaces), the 


Springer Handbook  Nanotechnolo 
BPahushan © Springer 2008 


‘molecules can overturn on exposure to humid air, so that 
the surface nonpolar groups become replaced by polar 
‘groups, which renders the surfaces hydrophilic. When 
two such surfaces come into contact, water will con- 
dense around the contact zone and the adhesion force 
will also be affected ~ generally increasing well above 
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the value expected for inert hydrophobic surfaces. It is 
apparent that the adhesion in vapor or a solyent is of- 
ten largely determined by capillary forces arising from 
the condensation of liquid that may be present only in 
very small quantities, e.g., 10~20 % of saturation in the 
vapor, or 20 ppm in the solvent. 


18.5.2 Adhesion Mechanics 


‘Two bodies in contact deform as a result of surface 
forces and/or applied normal forces. For the sim- 
plest case of two interacting elastic spheres (a model 
that is easily extended to an elastic sphere interact- 
ing with an undeformable surface (or vice versa)) and 
in the absence of attractive surface forces, the vert- 
cal central displacement (compression) was derived by 
Hertz [18.182] In this model, the displacement and the 
contact area are equal to zero when no external force 
(load) is applied, ic. at the points of contact and of 
separation. 

Insystems where attractive surface forces are present 
between the surfaces, the deformations are more com- 
plicated. Modern theories of the adhesion mechanics of 
two contacting solid surfaces are based on the Johnson 
Kendall-Roberts CIKR) theory [18.15, 183], or on 
the Derjaguin-Muller~Toporov (DMT) theory [18.184 
186]. The JKR theory is applicable to easily deformable, 
large bodies with high surface energy, whereas the DMT 
theory better describes very small and hard bodies with 
low surface energy [18.187] 

In the JKR theory, two spheres of radii Ry and Ro, 
bulk clastic modulus K and surface energy y will flatten 
due to attractive surface forces when in contact at no 
external load. The contact area will increase under an 
extemal load or normal force F, such that at mechanical 
equilibrium the radius of the contact area, r. is given 


by 


(8.22) 
Where R= Ry Re/(Rj +R) In the absence of surface 
energy, y, equation (18.22) is reduced tothe expression 
for the radius of the contact area in the Hertz model 
Another important result of the JKR theory gives the 
adhesion force or “pull-off" force: 


Ky 


R 


Ry (18.23) 


where the surface energy, ys, is defined as W=2ys, 
where W is the reversible work of adhesion, Note that 
according to the JKR theory a finite elastic modu- 


lus, K, while having an effect on the load-area curve, 
has no effect on the adhesion force, an interesting and 
unexpected result that has nevertheless been verified 
experimentally (18.15, 181,188, 189] 

Equation (18.22) and (18.23) provide the frame- 
work for analyzing results of adhesion measurements 
of contacting solids, known as contact mechanics 
18.183, 190], and for studying the effects of surface 
conditions and time on adhesion energy hysteresis (see 
Sect. 18.5.4, 


18.5.3 Effects of Surface Structure, 
Roughness, and Lattice Mismatch 


In a contact between two rough surfaces, the real area 
of contact varies with the applied load in a different 
manner than between smooth surfaces [18.191 192]. For 
«Hertzian contact, ithasbeen shown thatthe contactarea 
for rough surfaces increases approximately linearly with 
the applied normal force (load), F instead of as F2/* 
for smooth surfaces. In systems with attractive surface 
forces, there isa competition between this attraction and 
repulsive forces arising from compression of high asper- 
ities. As a result, the adhesion in such systems can be 
very low. especially if the surfaces are not easily de- 
formed [18.193-195]. The opposite is possible for soft 
(viscoelastic) surfaces where the real (molecular) con- 
tact area might be larger than for two perfectly smooth 
surfaces. 

‘Adhesion forces may also vary depending on 
the commensurability of the crystallographic lat- 
tices of the interacting surfaces. MeGuigean and 
Israelachvii [18.196] measured the adhesion between 
two mica surfaces as a function of the orientation (twist 
angle) of their surface latices. The forces were meas- 
ured in air, water, and an aqueous sat solution where 
oscillatory structural forces were present. In humid air, 
the adhesion was found to be relatively independent of 
the twist angle @ due tothe adsorption of a 0.4-nm-thick 
amorphous layer of organics and water atthe interface. In 
contrast, in water, sharp adhesion peaks (energy minima) 
occurred at = 0°, 460°, +£120° and 180°, correspond- 
ing to the “coincidence” angles of the surface lattices 
(Fig. 18.11). As litle as -E1° away from these peaks, 
the energy decreased by 50%. In aqueous KCI solu: 
tion, due to potassium ion adsorption the water between 
the surfaces becomes ordered, resulting in an osclla- 
tory force profile where the adhesive minima occur at 
discrete separations of about 0.25:nm, corresponding to 
integral numbers of water layers. The whole interaction 
potential was now found to depend on the orientation of 
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What Can Go Wrong 


V=12* (5.5 / (4.5 + 5.5)) = 6.6 


Whether this variation is significant will depend 
on the particular circuit in which the voltage di- 
vider is being used. 


Common through-hole resistors may occasion- 
ally turn out to have values that are outside their 
specified tolerance range, as a result of poor 
manufacturing processes. Checking each resis- 
tor with a meter before placing it in a circuit 
should be a standard procedure, 


When measuring the voltage drop introduced by 
a resistor in an active circuit, the meter has its 
own internal resistance that will take a propor- 
tion of the current. This is known as meter load- 
ing and will result in an artificially low reading for 


> moderation > 


power 


the potential difference between the ends of a 
resistor. This problem becomes significant only 
when dealing with resistors that have a high val- 
ue (such as 1M), comparable with the internal 
resistance of the meter (likely tobe 10M ormore). 


Wrong Values 
When resistors are sorted into small bins by the 
user, errors may be made, and different values 
may bemixed together. Thisis another reason for 
checking the values of components before using 
them. Identification errors may be nontrivial and 
easily overlooked: the visible difference between 
aT megohm resistor and a 1000 resistor is just 
one thin color band. 
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18.11 Adhesion energy fortwo mica surfaces in contact 
in water (in the primary minimum of an oscillatory force 
curve) as a function of the mismatch angle @ about = 0° 
and 180° between the mica surface lattices. (After [18.197] 
with permission) 


the surface latices, and the effect extended at least four 
‘molecular layers, 

It has also been appreciated that the structure of 
the confining surfaces is just as important as the 
nature of the liquid for determining the solvation 
forces [18.90, 122, 123, 198-202]. Between two surfaces 
that are completely fat but “unstructured”, the liquid 
molecules will order into layers, but there will be no 
lateral ordering within the layers. In other words, there 
‘will be positional ordering normal but not parallel to the 
surfaces. Ifthe surfaces have a crystalline (periodic) lat- 
tice, this may induce ordering parallel to the surfaces, 
as well, and the oscillatory force then also depends on 
the structure of the surface lattices. Further, ifthe two 
lattices have different dimensions (“mismatched” or “in- 
commensurate” lattices), or if the lattices are similar but 
are not in register relative to each other, the oscillatory 
force law is further modified [18.196,203] and the tri- 
ological properties of the film are also influenced, as 
discussed in Sect. 18.9 [18.203, 204] 
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As shown by the experiments, these effects can alter 
the magnitude of the adhesive minima found at a given 
separation within the last one ortwo nanometers of athin 
film by a factor of two. The force barriers (maxima) may 
also depend on orientation. This could be even more im- 
portant than the effects on the minima. A high barrier 
could prevent two surfaces from coming closer together 
into a much deeper adhesive well. Thus the maxima can 
effectively contribute to determining not only the final 
separation of two surfaces, but also their final adhesion, 
‘Such considerations should be particularly important for 
determining the thickness and strength of intergranular 
spaces in ceramics, the adhesion forces between col- 
loidal particles in concentrated electrolyte solution, and 
the forces between two surfaces in a crack containing 
capillary condensed water. 

For surfaces that are randomly rough, oscillatory 
forces become smoothed out and disappear altogether, 
to be replaced by a purely monotonic solvation force 
[18.116, 122, 123]. This occurs even if the liquid 
molecules themselves are perfectly capable of ordering 
into layers. The situation of symmetric liquid molecules 
confined between rough surfaces is therefore not unlike 
that of asymmetric molecules between smooth surfaces 
(ce Sect. 18.4.3 and Fig. 18.7a). To summarize, forthere 
to be an oscillatory solvation force, the liquid molecules 
must be able to be correlated over a reasonably long 
range. This requires that both the liquid molecules and 
the surfaces have a high degree of order or symmetry, IF 
either is missing, so will the oscillations. A roughness 
of only a few tenths of a nanometers often sufficient to 
climinate any oscillatory component of the force law 


18.5.4 Nonequilibrium 
and Rate-Dependent Interactions: 
Adhesion Hysteresis 


Under ideal conditions the adhesion energy is a well- 
defined thermodynamic quantity. Its normally denoted 
by £ or W (the work of adhesion) or y (the surface ten- 
sion, where W = 2y) and gives the reversible work done 
‘on bringing two surfaces together or the work needed to 
separate two surfaces from contact. Under ideal, equi- 
librium conditions these two quantities are the same, 
but under most realistic conditions they are not: The 
work needed to separate two surfaces is always greater 
than that originally gained by bringing them together, 
‘An understanding of the molecular mechanisms under- 
lying this phenomenon is essential for understanding 
‘many adhesion phenomena, energy dissipation during 
loading-unloading cycles, contact angle hysteresis, and 
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Fig. 18.12 (a) Schematic representation of interpenetrating chains. (b) and (¢): JKR plots (contact radius ras a function of applied 
load L) showing small adhesion hysteresis for uncrosslinked polystyrene and larger adhesion hysteresis after chain scission at the 
surfaces after 18 h irradiation with ultraviolet ight in an oxygen atmosphere. The adhesion hysteresis continues to increase with the 
irradiation time. (d) Rate-dependent adhesion of CTAB surfactant monolayers. The solid curves [18.205] are fits to experimental 
data on CTAB adhesion after different contact times [18.206] using an approximate analytical solution for a JKR model, including 
crack tp dissipation. Due tothe limited range of validity ofthe approximation, the its rely onthe low effective adhesion energy part 
of the experimental data only. From the fits one can determine the thermodynamic adhesion energy, the characteristic dissipation 
velocity, and the intrinsic dissipation exponent of the model. {(a) after [18.207]. Copyright 1993 American Chemical Society 
(b) and (c) after {18.208}. Copyright 2002 American Association for the Advancement of Science, (d) after [18.205]. Copyright 


2000 American Chemical Society) 


the molecular mechanisms associated with many fric- 
tional processes. 

It is wrong to think that hysteresis arises because 
of some imperfection in the system such as rough or 
chemically heterogeneous surfaces, or because the sup- 
porting material is viscoelastic. Adhesion hysteresis 
‘can arise even between perfectly smooth and chem- 
ically homogenous surfaces supported by perfectly 
clastic materials, It can be responsible for such phe- 
nomena as rolling friction and elastoplastic adhesive 
contacts (18.190, 209-212] during loading-unloading 
and adhesion-decohesion cycles 


Adhesion hysteresis may be thought of as being due 
to mechanical effects such as instabilities, or chemical 
effects such as interdiffusion, interdigitation, molecu- 
lar reorientations and exchange processes occurring at 
an interface after contact, as illustrated in Fig. 18.12. 
Such processes induce roughness and chemical het- 
cerogeneity even though initially (and after separation 
and re-equilibration) both surfaces are perfectly smooth 
and chemically homogencous. In general, if the energy 
change, or work done, on separating two surfaces from 
adhesive contact is not fully recoverable on bringing 
the two surfaces hack into contact again, the adhesion 
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hysteresis may be expressed as 


We > Wa 
Receding Advancing 


aw (18.24) 


We — Wa) > 0 


where We and Wa are the adhesion or surface energies 
for receding (separating) and advancing (approaching) 
two solid surfaces, respectively. 

Hysteresis effects are also commonly observed in 
wetting/dewetting phenomena [18.213]. For example, 
‘when a liquid spreads and then retracts from a surface 
the advancing contact angle #4 is generally larger than 
the receding angle @g. Since the contact angle, 6, is 
related to the liquid-vapor surface tension, yt, and the 
solid-liquid adhesion energy, W, by the Dupré equation, 


(+e0s8)y. = (18.25) 


18.6 Introduction: Different Modes of Friction and the 


of Continuum Models 


‘Most frictional processes occur with the sliding surfaces 
becoming damaged in one form or another [18.209]. 
‘This may be referred to as “normal” friction. In the 
case of brittle materials, the damaged surfaces slide 
past each other while separated by relatively large, 
micron-sized wear particles, With more ductile sur- 
faces, the damage remains localized to nanometer-sized, 
plastically deformed asperities. Some features of the 


Fig.18.13 Stibeck curve: an empirical curve giving the 
trend generally observed in the friction forces or friction 
coefficients asa function of sliding velocity, the bulk viscos- 
ity of the lubricating fluid, and the applied load. The three 
fiction/lubrication regimes are known as the boundary lu- 
brication regime (see Sect. 18.7), the intermediate or mixed 
lubrication regime (Sect. 18.8.2), and thick film orelastohy- 
ddrodynamic (EHD) lubrication regime (Sect. 18 8.1). The 
film thicknesses believed to correspond to each of these 
regimes are also shown, For tick films, the “friction” force 
is purely viscous, e.g., Couette flow at low shear rates, 
tbat may become complicated at higher shear rates where 
EHD deformations of surfaces ean oceur during sliding 
(After [18.1] with permission) 
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wwe see that wetting hysteresis or contact angle hys- 
teresis (Bx > 6x) actually implies adhesion hysteresis, 
Wa > Wa, as given by (18.24). 

Energy dissipating processes such as adhesion and 
contact angle hysteresis arise because of practical con- 
straints of the finite rime of measurements and the finite 
elasticity of materials. This prevents many loading— 
unloading or approach-separation cycles from being 
thermodynamically reversible, even though if carried 
out infinitely slowly they would be, By thermodynam- 
ically irreversible one simply means that one cannot 
g0 through the approach-separation cycle via a con- 
tinuous series of equilibrium states, because some of 
these are connected via spontaneous — and therefore 
thermodynamically irreversible — instabilities or transi- 
tions where energy is liberated and therefore “lost” via 
heat or phonon release [18.214]. This is an area of much 
‘current interest and activity, especially regarding the fun- 
damental molecular origins of adhesion and friction in 
polymer and surfactant systems, and the relationships 
between them [18.190, 205,206, 208,210, 215-218} 


imits 


friction between damaged surfaces will be described in 
Sect. 18.7.4. 

‘There are also situations in which sliding can oc- 
cur between two perfectly smooth, undamaged surfaces. 
This may be referred to as “interfacial” sliding or 
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Table 18.4 The three main tribological regimes characterizing the changing properties of liquids subjected to an increasing 
confinement between two solid surfaces" 


Bulk Bulk (continuum) properties: Bulk (continuum) properties: 

Thick films ‘ Bulk liquid density ‘« Newtonian viscosity 
(© 10molecular ¢ No long-range order «Fast relaxation times 
diameters, >> Rg for ‘© No glass temperature 
polymers) ‘¢ No yield point 

«¢ Low or zero loads  Elastohydrodynamic 

High shear rates lubrication 

Intermediate Modified fluid properties Modified theological 
mixed include: properties include: 

« Iniermediately thick ‘¢ Modified positional and Non-Newtonian flow 
films (4—-10molecular orientational order" # Glassy states: 
diameters, ~ Ry for» Medium to long-range ‘¢ Long relaxation times, 
polymers) molecular correlations ¢ Mixed lubrication 

Low loads or pressure Highly entangled states 

Boundary Onset of non-fluidlike Onset of tribological 
properties: properties: 


© Molecularly thin films 
(<4 molecular 


‘© Liquid-like to solid-like 
phase transitions 


‘© No flow until yield point or 
critical shear stress reached 


diameters) ‘© Appearance of new: ‘ Solid-like film behavior 
High loads or pressure liquid-crystalline states characterized by defect 
Low shear rates « Epitaxially induced long- diffusion, dislocation 
Smooth surfaces or range ordering, motion, shear melting 
asperities ‘¢ Boundary lubrication 


Based on work by Granick [18.219], Hu and Granick [18.220], and others [18.38, 207,221] on the dynamic 

‘properties of short chain molecules such as alkanes and polymer melts confined hetween surfaces 

Confinement can lead to an increased or decreased order in afilm, depending both on the surface lattice 
structure and the geometry of the confining cavity 

"In each regime both the static and dynamic properties change. The static properties include the film density, 
the density distribution function, the potential of mean force, and various positional and orientational order 
parameters 

© Dynamic properties include viscosity, viscoelastic constants, and tribological yield points such as the friction 
ccoelficient and critical shear stress 


“boundary” friction and is the focus of the following tively [18.44,47, 219, 223]. The quantitative 


sections. The term “boundary lubrication” is more com- 
‘monly used to denote the friction of surfaces that contain 
a thin protective lubricating layer such as a surfactant 
‘monolayer, but here we shall use the term more broadly 
to include any molecularly thin solid, liquid, surfactant, 
or polymer film, 

Experiments have shown that as a liquid film be- 
comes progressively thinner, its physical properties 
change, at first quantitatively and then qualita- 


‘changes are manifested by an increased viscosity, non- 
Newtonian flow behavior, and the replacement of normal 
melting by a glass transition, but the film remains rec- 
‘ognizable as a liquid (Fig. 18.13). In tribology, this 
regime is commonly known as the “mixed lubrication” 
regime, where the rheological properties of a film are 
intermediate between the bulk and boundary properties. 
One may also refer to it as the “intermediate” regime 
(Table 18.4). 
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For even thinner films, the changes in behavior are 
‘more dramatic, resulting in a qualitative change in prop- 
erties. Thus first-order phase transitions can now occur 
to solid or liquid-crystalline phases [18.46,201,207,221 
224-227], whose properties can no longer be character- 
ized even qualitatively in terms of bulk or continuum 


liquid properties such as viscosity. These films now ex- 
hibit yield points (characteristic of fracture in solids) 
and their molecular diffusion and relaxation times can 
be ten orders of magnitude longer than in the bulk liquid 
for even in films that are just slightly thicker. The three 
friction regimes are summarized in Table 18.4, 


18.7 Relationship Between Adhesion and Friction 
Between Dry (Unlubricated and Solid Boundary Lubricated) Surfaces 


18.7.1 Amontons' Law and Devi 
from It Due to Adhesion: 
The Cobblestone Model 


Early theories and mechanisms for the dependence of 
friction on the applied normal force or load, L, were 
developed by da Vinci, Amontons, Coulomb and Eu- 
Jer {18.228}. For the macroscopic objects investigated, 
the friction was found to be directly proportional to the 
load, with no dependence on the contact area. This is 
described by the so-called Amontons’ law: 


Paul, (18.26) 


where F is the shear or friction force and jis a constant 
defined as the coefficient of friction. This friction law 
hhas a broad range of applicability and is still the principal 
‘means of quantitatively describing the friction between 
surfaces. However, particularly in the case of adhering 
surfaces, Amontons’ law does not adequately describe 
the friction behavior with load, because of the finite 
friction force measured at zero and even negative applied 
loads. 

When a lateral force, or shear stress, is applied to 
‘two surfaces in adhesive contact. the surfaces initially 
remain “pinned” to each other until some critical shear 
force is reached. At this point, the surfaces begin to 
slide past each other either smoothly or in jerks. The 
frictional force needed to initiate sliding from rest is 
known as the static friction force, denoted by F,, while 
the force needed to maintain smooth sliding is referred to 
as the kinetic or dynamic friction force, denoted by F,..In 
general, F, > Fy. Two sliding surfaces may also move 
in regular jerks, known as stick-slip sliding, which is 
discussed in more detail in Sect. 18.8.3, Such friction 
forces cannot be described by models used for thick 
films that are viscous (see Sect. 18.8.1) and, therefore, 
shear as soon as the smallest shear force is applied, 
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Experimentally, it has been found that during both 
smooth and stick-slip sliding the local geometry of the 
contact zone remains largely unchanged from the static 
geometry. In an adhesive contact, the contact area as 
a function of load is thus generally well described by the 
JKR equation, (18.22). The friction force between two 
‘molecularly smooth surfaces sliding in adhesive contact, 
isnotsimply proportional tothe applied load, Las might 
be expected from Amontons’ law. There is an additional 
adhesion contribution that is proportional to the area of 
contact, A. Thus. in general, the interfacial friction force 
of dry, unlubricated surfaces sliding smoothly past each 
other in adhesive contact is given by 


FoR=SAtpl, (18.27) 


where S. is the “critical shear stress” (assumed to be 
constant), A =r? is the contact area of radius r given 
by (18.22), and 1 is the coefficient of friction. For low 
Toads we have: 

P 


- ; 2s 
a8 (Letoney + [anthony }} : 
(329 


whereas for high loads (or high 12), (18.27) reduces to 
Amontons’ law: F =. Depending on whether the 
fiction force in (18.27) is dominated by the frst or 
second term, one may refer to the friction as adhesion- 
controlled of load-controlled, respectively. 

The following friction model, first proposed by 
Tabor [18.229] and developed further by Sucliffe 
et al, [18.230], MeClelland [18.231], and Homola 
et al. [18.45], has been quite successful at explaining 
the interfacial and boundary friction of two solid erys- 
talline surfaces sliding past each other in the absence of 
‘wear. The surfaces may be unlubricated, or they may be 
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separated by a monolayer or more of some boundary l= 
bricant or liquid molecules. In this model, the values of 
the critical shear stress S., and coefficient of friction 1, 
of (18.27) ae calculated in terms of the energy needed to 
overcome the attractive intermolecular forces and com- 
pressive externally applied load as one surface is raised 
and then slid across the molecular-sized asperities ofthe 
other. 

‘This model (variously referred to as the interlocking 
‘asperity model, Coulomb friction, or the cobblestone 
‘model) is similar to pushing a cart over a road of cob- 
blestones where the cartwheels (which represent the 
molecules of the upper surface or film) must be made to 
roll over the cobblestones (representing the molecules 
of the lower surface) before the cart can move. In the 
case of the car, the downward force of gravity replaces 
the attractive intermolecular forces between two mater- 
ial surfaces. When at rest, the cartwheels find grooves 
between the cobblestones where they sit in potential 
‘energy minima, and so the cart is at some stable mechan- 
ical equilibrium. A certain lateral force (the “push”) is 
required to raise the cartwheels against the force of grav- 
ity in order to initiate motion. Motion will continue as 
Jong as the cart is pushed, and rapidly stops once itis no 
longer pushed. Energy is dissipated by the liberation of 
heat (phonons, acoustic waves, ete.) every time a wheel 
hits the next cobblestone. The cobblestone model is not 
unlike the Coulomb and interlocking asperity models of 
friction [18.228] except that it is being applied at the 
molecular level and for a situation where the external 
load is augmented by attractive intermolecular forces. 

‘There are thus two contributions to the force pulling 
two surfaces together: the externally applied load or 
pressure, and the (internal) attractive intermolecular 
forces that determine the adhesion between the two sur- 
faces. Each of these contributions affects the friction 
force in a different way, which we will discuss in more 
detail below. 


18.7.2 Adhesion Force 
and Load Contribution 
to Interfacial Friction 


Adhesion Force Contribution 
Consider the case of two surfaces sliding past each 
other, as shown in Fig. 18.14. When the two surfaces 
are initially in adhesive contact, the surface molecules 
will adjust themselves to fit snugly together [18.233], 
in an analogous manner to the self-positioning of the 
cartwheels on the cobblestone road. A small tangential 
force applied to one surface will therefore not result in 


L Upper layer (n +1) 


Fig. 18.14 Schematic illustration of how one molecularly 
smooth surface moves over another when a lateral force F 
is applied (the “cobblestone model”). As the upper surface 
moves laterally by some fraction of the lattice dimension 
Ao, it must also move up by some fraction of an atomic 
for molecular dimension A.D before it can slide across the 
lower surface. On impact, some fraction ¢ of the kinetic 
‘energy is “transmitted” to the lower surface, the rest being 
“reflected” back to the colliding molecule (upper surface). 
(After [18.232] with permission) 


the sliding of that surface relative to the other. The at- 
tractive van der Waals forces between the surfaces must 
first be overcome by having the surfaces separate by 
‘asmall amount. To initiate motion, et the separation be- 
toween the two surfaces increase by a small amount AD, 
while the lateral distance moved is Ae. These two val- 
ues will be related via the geometry of the two surface 
lattices. The energy put into the system by the force F 
acting over a lateral distance Aa is, 


Input energy: Fx Aa (18.29) 


‘This energy may be equated with the change in inter- 
facial or surface energy associated with separating the 
surfaces by AD, i-e., from the equilibrium separation 
D= Dy to D= (Dy + AD). Since yo D~? fortwo flat 
surfaces, the energy cost may be approximated by: 


Surface energy change xare: 
2yA[1—D}/(Dy+ AD? ~47A(AD/D0). 

(a8.30) 
where y is the surface energy. A the contact area, and 
Dp the surface separation st equilibrium. During steady 
state sliding (kinetic friction), not all of this energy wil 
be “lost” or absorbed by the ltice every time the surface 
molecules move by one lattice spacing: Some fraction 
willbe reflected during each impact of the “cartwheel” 
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‘molecules [18.231]. Assuming that a fraction ¢ of the 
above surface energy is “lost” every time the surfaces 
‘move across the characteristic length Ac (Fig. 18.14), 
‘we obtain after equating (18.29) and (18.30) 
F_4yeAD 
Doo 
For a typical hydrocarbon or a van der Waals sur- 
face, y ~25mJm~2, Other typical values would 
be: AD~0.05nm, Dy ~0.2nm, Av ~0.1nm, and 
£5:0.1-0.5. Using the above parameters, (18.31) pre- 
dicts Se (2.5-12.5)x 10" Nar? for van der Waals 
surfaces. This range of values compares very well with 
typical experimental values of 2x 10” N m~ for hydro- 
carbon or mica surfaces sliding in air (see Fig. 18.16) 
for separated by one molecular layer of cyclohex- 
ane [18.45] 

The above model suggests that all interfaces, 
whether dry or lubricated, dilate just before they shear 
or slip. This is a small but important effect: The di- 
lation provides the crucial extra space needed for the 
‘molecules to slide across each other or low. This dilation 
hhas been computed by Thompson and Robbins [18.201] 
and Zaloj et al. [18.234] and measured by Dhinojwala 
et al. [18.235] 

This model may be extended, at least semi- 
‘quantitatively, to lubricated sliding, where a thin liquid 
film is present between the surfaces, With an increase 
in the number of liquid layers between the surfaces, 
Dp increases while AD decteases, hence the lower the 
friction force. This is precisely what is observed, but 
‘with more than one liquid layer between two surfaces 
the situation becomes too complex to analyze analyti- 
cally (actually, even with one or no interfacial layers, the 
calculation of the fraction of energy dissipated per mo- 
lecular collision ¢ is not a simple matter). Furthermore, 
even in systems as simple as linear alkanes, interdigi- 
tation and interdiffusion have been found to contribute 
strongly to the properties of the system [18.114 236] 
Sophisticated modeling based on computer simula- 
tions is now required, as described in the following 
section, 


Ss 


(18.31) 


Relation Between Boundary Friction 
and Adhesion Energy Hysteresis 
While the above equations suggest that there is a direct, 
correlation between friction and adhesion, this is not the 
case. The correlation is really between friction and ad- 
hesion hysteresis, described in Sect. 18.5.4. In the case 
of friction, this sublle point is hidden in the factor e, 
which is a measure of the amount of energy absorbed 
(dissipated, transferred, or “Iost") by the lower surface 
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when it is impacted by a molecule from the upper sur- 
face. If © = 0, all the energy is reflected, and there will 
be no kinetic friction force nor any adhesion hysteresis, 
but the absolute magnitude of the adhesion force or en- 
ergy will remain finite and unchanged. This is illustrated 
in Figs, 18.17 and 18.19, 

The following simple model shows how adhesion 
hysteresis and friction may be quantitatively related, Let 
Ay = yr—ya be the adhesion energy hysteresis per unit 
area, as measured during a typical loading-unloading 
cycle (see Figs. 18.178 and 18.19¢,d). Now consider 
the same two surfaces sliding past each other and as- 
sume that frictional energy dissipation occurs through 
the same mechanism as adhesion energy dissipation, and 
that both occur over the same characteristic molecular 
length scale ¢. Thus, when the two surfaces (of contact, 
area A=ar*) move a distance 6, equating the Iric- 
tional energy (F xo) to the dissipated adhesion energy 
(Ax Ay), we obtain 


AxAy 


Friction forces P= mw. 
18.22) 

or Critical shear stress: §; = F/A = Ay/o. 
iue.3) 


which is the desired expression and has been found 
to give order of magnitude agreement between meas- 
ured friction forces and adhesion energy hysteresis 
[18.207]. If we equate (18.33) with (18.31), since 
4A.D/(DoAo) ~ 1/a, we obtain the intuitive relation 


Ay 
y 


e (18.34) 


External Load Contribution 

to Interfacial Friction 
‘When thee sno interfaial adhesion, Sis zero. Thus, in 
the absence of any adhesive forces between twosurfuces, 
the only “attractive” force that needs to be overcome 
for sliding 1o occur is the extemally applied load or 
pressure 

For a preliminary discussion of this question, itis 
instructive to compare the magnitudes of the externally 
applied pressure to the intemal van det Waals pres- 
sure between two smooth surfaces. The intemal van der 
‘Waals pressure between two flat surfaces is given (see 
Table 18.2)by P= Ay/6xD3 = 1 GPa (10* aim), using 
atypical Hamaker constantof Ay = 10"? J, and assum- 
ing Dp ~ 2 nm for the equilibrium interatomic spacing. 
This implies that we should not expect the externally 
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applied load to affect the interfacial friction force F, 
as defined by (18.27), until the externally applied pres- 
sure L/A begins to exceed ~ 100 MPa (10° atm). Thisis 
in agreement with experimental data [18.237] where the 
effect of load became dominant at pressures in excess of 
10° atm, 

For a more general semiquantitative analysis, again 
consider the cobblestone model used to derive (18.31), 
but now include an additional contribution to the surface 
energy change of (18.30) due to the work done against 
the external load or pressure, LAD = Pe AAD (this is 
equivalent to the work done against gravity in the case 
of a cart being pushed over cobblestones). Thus: 


4yeAD . PotD — 
Doo * aa : 
which gives the more general relation 
= FIAR=C1+CrPen. (08.36) 


where Pe =L/A and Cy and Cy are constants char- 
acteristic of the surfaces and sliding conditions. The 
constant C, = 4yeAD/(DyAo) depends on the mu- 
tual adhesion of the two surfaces, while both Cy and 
C1 =eAD/Ac depend on the topography or atomic 
bumpiness of the surface groups (Fig. 18.14), The 


Friction force 


smoother the surface groups the smaller the ratio 
AD/Aer and hence the lower the value of C2, In ad- 
dition, both Cy and C2 depend on « (the fraction of 
energy dissipated per collision), which depends on the 
relative masses of the shearing molecules, the sliding 
velocity, the temperature, and the characteristic molecu- 
lar relaxation processes of the surfaces. This is by far 
the most difficult parameter to compute, and yet it is 
the most important since it represents the energy trans- 
fer mechanism in any friction process, and since «can 
vary between | and 0, it determines whether a particular 
friction force will be large or close to zero. Molecular 
simulations offer the best way to understand and pre- 
dict the magnitude of ¢, but the complex multi-body 
nature of the problem makes simple conclusions diff- 
cult to draw [18,239-241]. Some of the basic physics of 
the energy transfer and dissipation of the molecular col- 
lisions can be drawn from simplified models such as 
1-D three-body system [18.214] 

Finally, the above equation may also be expressed in 
terms of the friction force F: 

F=SA=C\AtQL (18.37) 


Equations similar to (18.36) and (18.37) were previ- 
ously derived by Derjaguin [18.242,243] and by Briscoe 
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Fig. 18.15 Friction as a function of load for smooth surfaces. At low loads, the friction is dominated by the C,A term 
of (18.37). The adhesion contribution (JKR curve) is most prominent near zero load where the Hertzian and Amontons 

contributions tothe friction are minimal. As the load increases, the adhesion contribution becomes smaller as the JKR and 
Hertz curves converge. In this range of loads, the linear CL. contribution surpasses the area contribution to the friction, 

At much higher loads the explicit load dependence of the friction dominates the interactions, and the observed behavior 
approaches Amontons” law. It is interesting to note that for smooth surfaces the pressure over the contact area does not 
increase as rapidly as the load, This is because as the load is increased, the surfaces deform to increase the surface area 
and thus moderate the contact pressure. (After [18.238] with permission of Kluwer Academie Publishers) 
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and Evans [18.244], where the constants Cy and C2 
‘were interpreted somewhat differently than in this 
model. 

In the absence of any attractive interfacial force, 
we have C, 0, and the second term in (18.36) and 
(18.37) should dominate (Fig. 18.15). Such situations 
typically arise when surfaces repel each other across the 
Iubricating liquid film. In such cases, the total frictional 
force should be low and should increase linearly with 
the external load according to 


PoOL (28.38) 
‘An example of such lubricated sliding occurs when 
two mica surfaces slide in water or in salt solution 
(see Fig. 18.20), where the short-range “hydration” 
forces between the surfaces are repulsive. Thus, forsid- 
ing in 0.5 M KCI it was found that Cp = 0.015 [18.245] 
“Another case where repulsive surfaces eliminate the ad- 
hesive contrition to friction is for polymer chains 
attached to surfaces at one end and swollen by a good 
solvent [18.175]. For ths class of systems, C2 < 0.001 
for a finite range of polymer layer compressions (nor- 
smal loads, L). The low frition between the surfaces in 
this regime is attributed to the entropic repulsion be- 
tween the opposing brush layers with a minimum of 
entanglement between the two layers. However, with 
higher normal loads, the brush layers become com- 
pressed and begin to entangle, which results in higher 
friction (see [18.246]). 

Its important to note that (18.38) has exactly the 
same form as Amontons’ Law 


Paul, (18.39) 


Where isthe coefficient of friction 

At the molecular level a thermodynamic analog of 
the Coulomb or cobblestone models (see Sect. 18.7.1) 
based on the “contact value theorem” [18.3, 238, 245] 
can explain why F oc L also holds atthe microscopic or 
‘molecular level. In this analysis we consider the surface 
‘molecular groups as being momentarily compressed and 
ddecompressed as the surfaces move along. Under irre- 
versible conditions, which always occur when a cycle is 
completed in finite amount of time, the energy “lost” 
in the compression-decompression cycle is dissipated 
a heat. For two non-adhering surfaces, the stabilizing 
pressure P) acting locally between any two elemental 
contact points i ofthe surfaces may be expressed by the 
contact value theorem [18.3] 


P= pikaT =hnT/V, (28.40) 
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16 Friction force F and contact area A vs. load L for 
‘two mica surfaces sliding in adhesive contact in dry air. The 
contact area is well described by the JKR theory, (18.22), 
even during sliding, and the fiction force i found to be di 
seetly proportional o this area, (18.28). The vertical dashed 
line and arrow show the transition from interfacial to normal 
{tition with the onset of wear (lower curve). Sliding veloc- 
ity is0.2 ums. (After [18.45] with permission, copyright 
1989 American Society of Mechanical Engineers) 


where p) = V,! is the local number density (per unit 


volume) or activity of the interacting entities, be they 
‘molecules, atoms, ions or the electron clouds of atoms. 
‘This equation is essentially the osmotic or entropic pres- 
sure of a gas of confined molecules. As one surface 
moves across the other, local regions become com- 
pressed and decompressed by a volume AVj, The work 
done per cycle can be written as eP)AV), where © 
(€ < 1) isthe fraction of energy per cycle “lost” as heat, 
as defined earlier. The energy balance shows that for 
each compression-decompression cycle, the dissipated 
energy is related to the friction force by 


Finn =ePAVi, (18.41) 


‘where 1 is the lateral distance moved per cycle, which 
can be the distance between asperities or the distance be- 
‘tween surface lattice sites. The pressure at each contact, 
junction can be expressed in terms of the local normal 
oad L, and local area of contact A; as P; = L,/A, 

‘The volume change over a cycle can thus be expressed 
as AV)=Ajzi, where z is the vertical distance of 
confinement. Inserting these into (18.41), we get 


Fseliai/u), (18.42) 
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Fig.18.17 (a) Contact radius r versus extemally applied load 
for loading and unloading of two hydrophilic silica surfaces 
exposed t0 dry and humid atmaspheres. Note that while the ad- 
hesion is higher in humid air, the hysteresis in the adhesion is 
higher in dry air. (b) Effect of velocity on the static friction 
force F, for hydrophobic (heat-treated electron beam evaporated) 
silica in dry and humid air. The effects of humidity, load, and 
sliding velocity on the friction forces, as well as the stick-slip 
friction of the hydrophobic surfaces, are qualitatively consistent 
with a “friction” phase diagram representation as in Fig. 18.28, 
(After [18.41]. Copyright 1994, with permission from Elsevier 
Science) 


which is independent of the local contact area Aj. The 
total friction force is thus 


YARD ies) 
(e/a) Lisa. (18.43) 


where it is assumed that on average the lo 
L; and P, are independent of the local 
‘Therefore, the friction coefficient is a function only of 
the average surface topography and the sliding velocity, 
but is independent of the local (real) or macroscopic 
(apparent) contact areas 

‘While this analysis explains non-adhering surfaces, 
there is still an additional explicit contact area contribu- 
tion forthe case of adhering surfaces, as in (18.37). The 
distinction between the two cases arises because the ini- 
tial assumption of the contact value theorem, (18.40), 
is incomplete for adhering systems. A more appropriate 
starting equation would reflect the full intermolecular 
interaction potential, including the attractive interac- 
tions, in addition to the purely repulsive contributions 
of (18.40), much as the van der Waals equation of state 
modifies the ideal gas law 


18.7.3 Examples of Experimentally 
Observed Friction of Dry Surfaces 


Numerous model systems have been studied with 
4 surface forces apparatus (SFA) modified for frition 
experiments (see Sect. 18.2.3). The apparatus allows for 
control of load (normal force) and sliding speed, and si- 
multaneous measurement of surface separation, surface 
shape, true (molecular) area of contact between smooth 
surfaces, and friction forces. A variety of both unlubri- 
cated and solid and liquid lubricated surfaces have been 
studied both as smooth single-asperity contacts and alter 
they have been roughened by shear-induced damage. 

Figure 18.16 shows the contact area, A, and friction 
force, F, both plotted against the applied load, L, in an 
‘experiment in which two molecularly smooth surfaces of 
mica in adhesive contact were slid past each other in an 
atmosphere of dry nitrogen gas. Thisis an example of the 
Jow load, adhesion controlled limit, which is excellently 
described by (18.28). In a number of different experi- 
ments, S- was measured to be 2.5107 Nm? and to 
be independent ofthe sliding velocity [18.45,247]. Note 
that there isa fiction force even at negative loads, where 
the surfaces are still sliding in adhesive contac. 

Figure 18.17 shows the correlation between adhe- 
sion hysteresis and friction for two surfaces consisting 
of silica films deposited on mica substrates [18.41] 
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Also known as a variable resistor; may be substituted for a rheostat. 


OTHER RELATED COMPONENTS 


+ rotational encoder (see Chapter 2) 
«+ resistor (see Chapter 10) 


What It Does 


When a voltage is applied across a potentiome- 
ter, it can deliver a variable fraction of that volt- 
age. Itis often used to adjust sensitivity, balance, 
input, or output, especially in audio equipment 
and sensors such as motion detectors. 


Apotentiometer can also be used to insert vari- 
ableresistance in a circuit, in which caseitshould 
really be referred to as a variable resistor, al- 
though most people will stil call it a potentiom- 
eter. 


It can be used to adjust the power supplied toa 
circuit, in which case it is properly known as a 
rheostat, although this term Is becoming obso- 
lete. Massive rheostats were once used for pur- 
poses such as dimming theatrical lighting, but 
solid-state components have taken their place in 
‘most high-wattage applications, 


A full-size, classic-style potentiometer is shown 
in Figure 11-1. 


‘Schematic symbols for a potentiometer and oth- 
er associated components are shown in 
Figure 11-2, with American versions on the left 
and European versions on the right in each case. 
The symbols for a potentiometer are at the top. 
The correct symbols for a variable resistor or 
rheostat are shown at center, although a poten- 
tiometer symbol may often be used instead. A 


Figure 114. A generic or classic-style potentiometer, ap- 
proximately one inch in diameter. 


preset variable resistor is shown at the bottom, 
often referred to asa trimmer or Trimpot. In these 
‘examples, each has an arbitrary rated resistance 
of 4,700. Note the European substitution of K 
fora decimal point. 
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18 Sliding of mica surfaces, each coated with a2.5- 
‘m-thick monolayer of calcium stearate surfactant, in the 
absence of damage (obeying JKR type boundary friction) 
‘and in the presence of damage (obeying Amontons’ type 
‘normal friction). Note that both for this system and for the 
bare mica in Figs. 18.16 and 18.20, the friction force obeys 
‘Amontons’ law with a friction coefficient of jx 0.3 after 
‘damage occurs. At much higher applied loads, the undam- 
aged surfaces also follow Amontons” type sliding, but for 
‘different reason: The dependence on adhesion becomes 
smaller. Lower line: Interfacial sliding with a monolayer 
of water between the mica surfaces, shown for compari- 
son. (After [18.247]. Copyright 1990, with permission from 
Elsevier Science) 


‘The friction between undamaged hydrophobic silica sur- 
faces showed stick-slip both at dry conditions and at 
100% relative humidity. Similar to the mica surfaces in 
Figs. 18.16, 18.18, and 18.20, the friction of damaged 
silica surfaces obeyed Amontons’ law with a friction 
coefficient of 0.25 both at dry conditions and at 55% 
relative humidity. 

‘The high friction force of unlubricated sliding can 
often be reduced by treating the solid surface with 
a boundary layer of some other solid material that ex- 
hibits lower friction such as a surfactant monolayer, or 
by ensuring that during sliding, a thin liquid film re- 
mains between the surfaces (as will be discussed in 
Sect. 18.8). The effectiveness of a solid boundary lubri- 
cant layer on reducing the forces of friction is illustrated 
in Fig. 18.18. Comparing this with the friction of the un- 
Iubricated/untreated surfaces (Fig. 18.16) shows that the 
critical shear stress has been reduced by a factor of about 
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ten: from 2.5 107 to 3.5 10®Nm-?. At much higher 
applied loads or pressures, the friction force is propor- 
tional tothe loa, rather than the area of contact {18.2971 
as expected from (18.27) 

Yamada and Israclachvii [18.248] studied the ad- 
hesion and friction of fluorocarbon surfaces (surfactant 
coated boundary lubricant layers) which were compared 
to those of hydrocarbon surfaces, They concluded that 
well-ordered fluorocarbon surfaces have a high friction, 
in spite of their lower adhesion energy (in agreement 
‘with previous findings). The low friction coefficient of 
PTFE (Teflon) must, therefore, be due to some effect 
other than a low adhesion. For example, te softness of 
PTFE, which allows material to flow at the interface, 
‘which thus behaves like a fluid lubricant. On a related 
issue, Luengo et al. {18.249} found that Cay surfaces 
also exhibited low adhesion but high friction. In both 
cases the high fiction appears to arise from the bulky 
surface groups ~ fliorocarbon compared to hytrocar- 
bon groups in the former, large fullerene spheres inthe 
latter Apparently, the fact that Cap molecules rotate in 
their lattice does not make them a good lubricant: The 
molecules of the opposing surface must sil climb over 
them in order to side, and this requires energy that is in- 
dependent of whether the surface molecules are fixed ot 
freely rotating. Larger particles such as ~ 25 nm-sized 
nanoparticles (also known as “inorganic fullerenes") do 
appear to produce low friction by behaving like molecu 
Jar ball bearings, but the potential of this promising new 
class of sold lubricant has stil to be explored [18.250] 

Figure 18.19 illustrates the relationship between 
adhesion hysteresis and friction for surfactant-conted 
surfaces under different conditions. This effect, how- 
ever, is much more general and has been shown to hold 
for other surfaces as well [18.41,232, 251] 

Direct comparisons between absolute adhesion en- 
exgies and friction forces show litle coreation, In some 
cases, higher adhesion energies for the same system 
lnder different conditions correspond with lower fri 
tion forces. Fr example, for hydrophilic silica surfaces 
(Fig. 18.17) it was found that with increasing relative 
humidity the adhesion energy increases, but the adhe- 
sion energy hysteresis measured ina loading-unloading 
cycle decreases, as does the friction force [18-11] 
For hydrophobic silica surfaces under dry conditions, 
the friction at load L=5.5mN was = 75mN. For 
the same sample, the adhesion energy hysteresis was 
Ay = 10mJ m~2, with a contact area of A~ 10-* m? 
at the same load. Assuming a value forthe characteristic 
distance « on the order of one latice spacing. c ~ I nm, 
and inserting these values into (18.32) the friction force 
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is predicted to be F ~ 100mN for the kinetic friction 
force, which is close to the measured value of 75 mN. Al- 
temnatively, we may conclude that the dissipation factor 
is e=0.75, ie., that almost all the energy is dissipated 
as heat at each molecular collision, 

‘A liquid lubricant film (Sect. 18.8.3) is usually much 
more effective at lowering the friction of two sur- 
faces than a solid boundary lubricant layer. However, 
to successfully use a liquid lubricant, it must “wet” the 
surfaces, that is, it should have a high affinity for the 
surfaces, so that not all the liquid molecules become 
squeezed out when the surfaces come close together, 


‘even under a large compressive load. Another important 
requirement is that the liquid film remains a liquid under 
tribological conditions, i-e., that it does not epitaxially 
solidify between the surfaces, 

Effective lubrication usually requires that the lubri- 
ccant be injected between the surfaces, but in some cases 
the liquid can be made to condense from the vapor. This 
is illustrated in Fig. 18.20 for two untreated mica sur- 
faces sliding with a thin layer of water between them. 
A monomolecular film of water (of thickness (0.25 nm 
per surface) has reduced 5: from its value for dry sur- 
faces (Fig. 18.16) by a factor of more than 30, which 
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Fig.18.198-d Top: Friction traces for two flu-like calcium alkylbenzene sulfonate monolayer-coated surfaces at 25°C 
showing that the friction foree is much higher between dry monolayers (a) than between monolayers whose fluidity has 
been enhanced by hydrocarbon penetration from vapor (b). Bottom: Contact radius vs. load (r* vs. L) data measured for 
the same two surfaces as above and fited to the JKR equation (18.22), shown by the solid curves. For dry monolayers 
(€ the adhesion energy on unloading (yy = 40 mJ m-2) is greater than that on loading (y = 28 mJ m2), indicative of an 
auhesion energy hysteresis of Ay = j%x— yx = 12m m-*, For monolayers exposed to saturated decane vapor (d) their 
adhesion hysteresis is zero (ya = yx), and both the loading and unloading data are well fitted by the thermodynamic 
value ofthe surface energy of fluid hydrocarbon chains, y = 24 ml m-,(Afler [18.207] with permission. Copyright 1993 
American Chemical Society) 
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10 Two mica surfaces siding past each other while 
immersed in a 0.01M KCI salt solution (nonadhesive 
conditions). The water film is molecularly thin, 0.25 to 
(Sam thick, and the interfacial friction force is very 
low: $. 5% 108 Nan-2, c= 003 (before damage occurs) 
Alter the surfaces have become damaged, the friction eo- 
efficient is ea. 0.3. (After {18.247], Copyright 1990, with 
permission from Elsevier Science) 


‘may be compared with the factor of ten attained with 
the boundary lubricant layer (of thickness 2.5nm per 
surface) in Fig. 18.18. Water appears to have unusual lu- 
bricating properties and usually gives wearless friction 
‘with no stick-slip. 

‘The effectiveness of a water film only 0.25 nm thick 
to lower the friction force by more than an order of mag- 
nitude is attributed to the “hydrophilicity” of the mica 
surface (mica is “wetted” by water) and to the exis 
tence of a strongly repulsive short-range hydration force 
between such surfaces in aqueous solutions, which ef- 
fectively removes the adhesion-controlled contribution 
to the friction force [18.245]. It is also interesting that 
.0.25-nm-thick water film between two mica surfaces 
is sufficient to bring the coefficient of friction down to 
(0.01-0.02, a value that corresponds to the unusually low 
friction of ice. Clearly, a single monolayer of water can 
be a very good Iubricant ~ much better than most other 
‘monomolecular liquid films ~ for reasons that will be 
discussed in Sect. 18.9, 

Dry polymer layers (Fig. 18.21) typically show 
a high inital static friction (“stiction’) as sliding com- 
‘mences from rest in adhesive contact. The development 
of the friction force after a change in sliding direction, 
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4 gradual transition from stick-slip to smooth sliding, 
ig shown in Fig. 18.21, A correlation between adhe- 
sion hysteresis and friction similar to the one observed 
for silica surfaces in Fig. 18.17 can be seen for dry 
polymer layers below their glass transition temperature. 
‘As shown in Fig. 18,12b.c, the adhesion hysteresis for 
polystyrene surfaces can be increased by irradiation to 
induce scission of chains, and it has been found that 
the steady state friction force (kinetic friction) shows 
aa similar increase with irradiation time [18,208] 

Figure 18.22 shows an example of a computer simu- 
lation of the sliding of two unlubricated silicon surfaces 
(modeled as a tip sliding over a planar surface) [18.91]. 
‘The sliding proceeds through a series of stick-slip 
events, and information on the friction force and the 
local order of the initially crystalline surfaces can be ob- 
tained, Similar studies for cold welding systems [18.91] 
have demonstrated the occurrence of shear or friction 
damage within the sliding surface (tip) as the lowest 
layer of it adheres to the bottom surface. 


18.7.4 Transition from Interfacial 
to Normal Friction with Wear 


Frictional damage can have many causes such as adhe- 
sive tearing at high loads or overheating at high sliding 
speeds. Once damage occurs, there is a transition from 
“interfacial” to “normal” or load-controlled friction as 
the surfaces become forced apart by the torn-out as- 


a) Friction force b) Friction force 


Tate Tie 


Fig.18.21a,b Typical friction traces showing how the friction force 
varies with the sliding time for two symmetric, glassy polymer 
films at dry conditions. Qualitative features that are common to both 
polystyrene and polyvinyl benzyl chloride: (a) Decaying stck-slip 
motion is observed until smooth sliding i attained ifthe motion con- 
tinues for a sufficiently long distance. (b) Smooth sliding observed 
at sufficiently high speeds. Similar observations have been made by 
Berthoud et al. [18.252] in measurements on polymethyl methacry. 
late, (After [18.208] with permission. Copyright 2002 Ameri 
Association forthe Advancement of Science) 
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Fig. 18.22a,b Computer simulation of the sliding of two contacting 
Si surfaces (a tip and a flat surface). Shown are particle trajectories, 
ima constant-orce simulation, F, exten = ~2-15% 10-*N, viewed 
along the (101) direction just before (a) and ater (b) a stick-slip 
event for a large, initally ordered, dynamic tip. (After (18.91] with 
permission of Kluwer Academic Publishers) 


perities (wear particles). For low loads, the friction 
changes from obeying F = S.A to obeying Amontons’ 
law, F =, as shown in Figs. 18.16 and 18.18, and 
sliding now proceeds smoothly with the surfaces sepa- 
rated by a 10~100 nm forest of wear debris (inthis case, 
mica flakes). The wear particles keep the surfaces apart 
over an area that is much greater than their size, so that 
even one submicroscopic particle or asperity can cause 
a significant reduction in the area of contact and, there- 
fore, in the frietion [18.247]. For this type of fritional 
sliding, one can no longer talk of the molecular contact 
area of the two surfaces, although the macroscopic or 
“apparent” area i stil a useful parameter. 

‘One remarkable feature ofthe transition from inter- 
facial to normal friction of brittle surfaces is that while 


18.8 Liquid Lubricated Surfaces 


18.8.1 Viscous Forces and Friction of Thick 
Films: Continuum Regime 


Experimentally, itis usually difficult to unambiguously 
establish which type of sliding mode is occurring, but 
an empirical criterion, based on the Stribeck curve 
(Fig. 18.13), is often used as an indicator. This curve 
shows how the friction force or the coefficient of fric- 
tions expected to vary with sliding speed, depending on 
Which type of friction regime is operating. For thick li- 
‘quid lubricant films whose behavior can be described by 


the strength of interfacial friction, as reflected in the val- 
ues of Sc, is very dependent on the type of surface and 
on the liquid film between the surfaces, this is not the 
case once the transition to normal friction has occurred. 
At the onset of damage, the material properties of the 
underlying substrates control the friction. In Figs. 18.16, 
18.18, and 18.20 the friction for the damaged surfaces 
is that of any damaged mica-mica system, 1 = 0.3, in- 
dependent ofthe initial surface coatings or liquid flms 
between the surfaces. A similar friction coefficient was 
found for damaged silica surfaces [18.41] 

In order to practically modify the frictional behavior 
of such britle materials, itis important to use coatings 
that will both alter the interfacial tribological character 
and remain intact and protect the surfaces from dam- 
age during sliding. Berman et al. [18.253] found that 
the friction of a strongly bound actadecyl phosphonic 
acid monolayer on alumina surfaces was higher than for 
untreated, undamaged a-alumina surfaces, but the bare 
surfaces easily became damaged upon sliding, result 
inan ultimately higher friction system with greater wear 
rates than the more robust monolayer-coated surfaces. 

Clearly, the mechanism and factors that determine 
normal friction are quite different from those that gov- 
em interfacial friction (Seets.18.7.1-18.7.2).Thiseffect 
is not general and may only apply to brittle mater- 
ials. For example, the friction of ductile surfaces is 
totally different and involves the continuous plastic de- 
formation of contacting surface asperties during sliding, 
rather than the rolling of two surfaces on hard wear 
particles [18.209]. Furthermore, in the case of ductile 
surfaces, water and other surface-active components do 
have an effect on the friction coefficients under “normal” 
sliding conditions. 


bulk (continuum) properties, the friction forces are es- 
sentially the hydrodynamic or viscous drag forces. For 
‘example, for two plane parallel surfaces of area A sep- 
arated by a distance D and moving laterally relative 
to each other with velocity », if the imtervening liquid 
is Newtonian, i.e., if its viscosity 7 is independent of 
the shear rate, the frictional force experienced by the 
surfaces is given by 


nav 


ro (18.44) 
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where the shear rate is defined by 
yet (aus) 
At higher shear rates, two additional effets often 
come into play. First certain properties of liquids may 
change at high values. In particular, the effective 
viscosity may become non-Newionin, one form given 
by 


(18.48) 


where n = 0 (ie., jest = constant) for Newtonian fluids, 
1 > O for shear thickening (dilatent) fluids, andn <0 for 
shear thinning (pseudoplastic) fluids (the latter become 
less viscous, i-e., low more easily, with increasing shear 
tate). An additional effect on 1 can arise from the higher 
local stresses (pressures) experienced by the liquid film 
fas 7 increases. Since the viscosity is generally also sen- 
sitive to the pressure (usually increasing with P), this 
effect also acts to increase nes and thus the friction force. 

A second effect that occurs at high shear rates is 
surface deformation, arising from the large hydrody- 
‘namic forces acting on the sliding surfaces. For example, 
Fig. 18.23 shows how two surfaces deform elastically 
‘when the sliding speed increases to a high value, These 
deformations alter the hydrodynamic friction forces, and 
this type of friction is often referred to as elastohydro- 
dynamic lubrication (EHD or EHL), as mentioned in 
Table 18.4, 

How thin can a liquid film be before its dynamic, 
eg,, viscous flow, behavior ceases to be described by 
bulk properties and continuum models? Concerning the 
static properties, we have already seen in Sect. 18.4.3 


ma 
> a 
= 


Fig. 18.23 Top: Stationary surfaces (one more deformable 
and one rigid) separated by a thick liquid film. Bottom: Elas- 
tohydrodynamic deformation of the upper surface during 
sliding. (After [18.1] with permission) 
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that films composed of simple liquids display continuum, 
behavior down to thicknesses of 4—10 molecular diam- 
eters. Similar effects have been found to apply to the 
dynamic properties, such as the viscosity, of simple li- 
quids in thin films. Concerning viscosity measurements, 
‘a number of dynamic techniques were recently devel- 
oped [18.11~13, 43, 254, 255] for directly measuring 
the viscosity as a function of film thickness and shear 
rate across very thin liquid films between two surfaces, 
By comparing the results with theoretical predictions 
of fluid flow in thin films, one can determine the ef- 
fective positions of the shear planes and the onset of 
non-Newtonian behavior in very thin films. 

The results show that for simple liquids, including 
linear chain molecules such as alkanes, the viscosity in 
thin films is the same, within 10%, as the bulk even. 
for films as thin as 10 molecular diameters (or segment 
widths) [18.1 1~13,254,255]. This implies that the shear 
plane is effectively located within one molecular diam- 
eter of the solid-liquid interface, and these conclusions 
‘were found to remain valid even at the highest shear rates 
studied (of ~ 2x 105 s~!). With water between two mica 
or silica surfaces (18.22, 254-256] this has been found 
to be the case (to within -£10%) down to surface sepa- 
rations as small as 2nm, implying that the shear planes 
‘must also be within a few tenths of a nanometer of the 
solid-liquid interfaces. These results appear to be inde- 
pendent of the existence of electrostatic “double-layer” 
or “hydration” forces. For the case of the simple liquid 
toluene confined between surfaces with adsorbed layers 
of Can molecules, this type of viscosity measurement 
has shown that the traditional no-slip assumption for 
flow at a solid interface does not always hold [18.257], 
‘The Cop layer at the mica-toluene interface results in 
‘a “full slip” boundary, which dramatically lowers the 
viscous drag or effective viscosity for regular Couette or 
Poiseuille flow. 

With polymeric liquids (polymer melts) such as 
polydimethylsiloxanes (PDMS) and polybutadienes 
(PBD), or with polystyrene (PS) adsorbed onto surfaces 
from solution, the far-field viscosity is again equal to the 
bulk value, but with the non-slip plane (hydrodynamic 
layer thickness) being located at D = 1-2, away from 
each surface [18.11.47], or at D = L or less for poly- 
‘mer brush layers of thickness L per surface [18.13,258], 
In contrast, the same technique was used to show that 
for non-adsorbing polymers in solution, there is actu- 
ally a depletion layer of nearly pure solvent that exists at, 
the surfaces that affects the confined solution flow prop- 
erties [18.256]. These effects are observed from near 
contact to surface separations in excess of 200 nm, 
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Further experiments with surfaces closer than a few 
molecular diameters (D <2-4:nm for simple liquids, or 
D <2-AR, for polymer fluids) indicate that large de~ 
viations occur for thinner films, described below. One 
important conclusion from these studies is, therefore, 
that the dynamic properties of simple liquids, including 
Water, near an isolated surface are similar to those of the 
bulk liquid already within the first layer of molecules 
adjacent to the surface, only changing when another 
surface approaches the first. In other words, the viscos- 
ity and position of the shear plane near a surface are not 
simply a property of that surface, but of how far that 
surface is from another surface. The reason for this is 
because when two surfaces are close together, the con- 
straining effects on the liquid molecules between them 


are much more severe than when there is only one sur- 
face, Another obvious consequence of the above is that 
one should not make measurements on a single, isolated 
solid-liquid interface and then draw conclusions about 
the state of the liquid or its interactions in a thin film 
between two surfaces. 


18.8.2 Friction 
of Intermediate Thickness Films 


For liquid films in the thickness range between 
4 and 10 molecular diameters, the properties can be sig~ 
nificantly different from those of bulk films. Still, the 
fluids remain recognizable as fluids; in other words, 
they do not undergo a phase transition into a solid 
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.2had Typical rheological behavior of liquid films in the mixed lubrication regime. (a) Increase in effective 
viscosity of dodecane film between two mica surfaces with decreasing film thickness. At distances larger than 4~S nm, 
the effective viscosity nea approaches the bulk value mux. and does not depend on the shear rate 7. (After [18.219] 
Copyright 1991 American Association for the Advancement of Science.) (b) Non-Newtonian variation of neq with shear 
rate of & 2.7-nm-thick dodecane film at a net normal pressure of 0.12 MPa and at 28°C. The effective viscosity decays 
as a power law, as in (18.46). In this example, n =0 at the lowest j and changes to n= 2/3 and —1 at higher 7 
For films of bulk thickness, dodecane is a low viscosity Newtonian fluid (1 =0). (€) Proposed general friction map of 
effective viscosity nett (arbitrary units) as function of effective shear rate j (arbitrary units) on logarithmic scales. Three 
‘main classes of behavior emerge: (i) Thick films: elastohydrodynamic sliding. At L = 0, approximating bulk conditions, 
nat is independent of shear rate except when shear thinning might occur at sufficiently large 7. (i) Boundary layer films, 
intermediate regime, A Newtonian regime is again observed [net = constant, n =0 in (18.46)] at low loads and low 
shear rates, but nar is much higher than the bulk value. As the shear rate increases beyond Faia, the effective viscosity 
starts to drop with a power-law dependence on the shear rate [see panel (b)], with in the range —1/2 to ~1 most 
commonly observed. As the shear rate j7 increases still more, beyond jjass, a second Newtonian plateau is encountered. 
(iii) Boundary layer films, high load. The ye continues to grow with load and to be Newtonian provided that the shear rate 
is sufficiently low. Transition to sliding at high velocity is discontinuous (1 < —1) and usually of the stick-slip variety 
(4) Proposed friction map of friction force asa function of sliding velocity in various tribological regimes. With inereasing 
load, Newtonian flow in the elastohydrodynamic (EHD) regimes erosses into the boundary regime of lubrication. Note 
that even EHD lubrication changes, atthe highest velocities, to limiting shear stress response. At the highest loads (L) 
and smallest film thickness (D), te friction force goes through a maximum (the static friction, F,), followed by a regime 
‘here the friction coefficient (j.) is roughly constant with increasing velocity (meaning that the kinetic friction, Fi, is 
roughly constant), Non-Newtonian shear thinning is observed at somewhat smaller load and larger film thickness; the 
friction foree passes through a maximum atthe point where De = 1. De, the Deborah number, isthe point at which the 
applied shear rate exceeds the natural relaxation time of the boundary layer film. The velocity axis ftom 10~"° to 10!” 
(arbitrary units) indicates a large span. (Panels (b)=(d) after [18.259]. Copyright 1996, with permission from Elsevier 
Science) 


oF liquid-crystalline phase, This regime has recently Such dynamic first-order transitions, however, may de- 
been studied by Granick et al. [18.44, 219, 220, 222, pend on the shear rate 
223], who used a friction attachment [18.43, 44] to A generalized friction map (Fig. 18.24e,d) has been 


the SFA where a sinusoidal input signal to a piezo- 
electric device makes the two surfaces slide back 
and forth laterally past each other at small ampli- 
tudes. This method provides information on the real 
and imaginary parts (elastic and dissipative compo- 
nents, respectively) of the shear modulus of thin 
films at different shear rates and film thickness, 
Granick [18.219] and Hu et al. [18.223] found that 
films of simple liquids become non-Newtonian in the 
2.5-Snm regime (about 10 molecular diameters, see 
Fig. 18.24). Polymer melts become non-Newtonian at 
‘much larger film thicknesses, depending on their mo- 
lecular weight [18.47] 

Klein and Kumacheva [18.46,226,260] studied the 
interaction forces and friction of small quasi-spherical 
liquid molecules such as cyclohexane between molecu- 
larly smooth mica surfaces. They concluded that surface 
epitaxial effects can cause the liquid film to already so- 
lidify at 6molecular diameters, resulting in a sudden 
(discontinuous) jump to high friction at low shear rates. 
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proposed by Luengo et al. [18.259] that illustrates 
the changes in ye from bulk Newtonian behavior 
(x =0, nour = nytt) through the transition regime where 
reaches a minimum of —1 with decreasing shear rate 10 
the solid-like creep regime at very low j/ where n returns 
to0. A number of results from experimental, theoretical, 
and computer simulation work have shown values of 1 
from —1/2 to —1 for this transition regime for a variety 
of systems and assumptions [18.219,220,239,261-267]. 

‘The intermediate regime appears to extend over 
a narrow range of film thickness, from about 
4 to 10molecular diameters or polymer radii of gy- 
ration. Thinner films begin to adopt “boundary” or 
“interfacial” friction properties (described below, see 
also Table 18.5). Note that the intermediate regime is 
actually a very narrow one when defined in terms of 
film thickness, for example, varying from about D = 2 
to 4nm for hexadecane films [18,219]. 

A fluid’s effective viscosity yer in the intermediate 
regime is usually higher than in the bulk, but jit usu- 
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Fig. 18.25 Transition from smooth sliding to “inverted” stick-slip 
‘and toa second smooth sliding regime with increasing driving veloc- 
ity during shear of two adsorbed surfactant monolayers in aqueous 
solution at a load of L = 4.5mN and 7 = 20°C. The smooth slid- 
ing (open circles) to inverted stick-slip (squares) transition occurs 
at uy ~0.3 m/s. Prior to the transition, the kinetic stress levels 
off at after a logarithmic dependence on velocity. The quasi-smooth 
regime persists up to the Wansition at v. At high driving veloci- 
ties (filled circles), a new transition to a smooth sliding regime is 
observed between 14 and 17 puns. (After [18.268] with permission) 
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Fig.18.26a-d Idealized schematic illustration of molecular rear- 
rangements occurring in a molecularly thin film of spherical oF 
simple chain molecules between two solid surfaces during shear. 
Depending on the system, a number of different molecular config 
urations within the film are possible during slipping and sliding, 
shown here as stages (Q): total disorder as the whole film melts; 
(Cl: partial disorder; and (c"): order persists even during sliding 
With slip occurring at a single slip plane either within the film or 
at the walls. A dilation is predicted in the direction normal to the 
surfaces, (After [18.224] with permission) 


ally deereases with increasing sliding velocity, v (known 
as shear thinning). When two surfaces slide in the in- 
termediate regime, the motion tends to thicken the film 
(Gilatancy). This sends the system into the bulk EHL 
regime where, as indicated by (18.44), the friction force 
now increases with velocity. This initial decrease, fol- 
lowed by an increase, in the frictional forces of many 
lubricant systems is the basis for the empirical Stribeck 
curve of Fig, 18.13. Inthe transition from bulk to bound- 
ary behavior there is first a quantitative change in the 
material properties (viscosity and elasticity), which can 
be continuous, to discontinuous qualitative changes that 
result in yield stresses and non-liquidlike behavior. 

‘The rest of this section is devoted to friction in the 
boundary regime, Boundary friction may be thought of 
as applying to the case where a lubricant film is present, 
but where this film is of molecular dimensions ~ a few 
molecular layers or less 


18.8.3 Boundary Lubrication 
of Molecularly Thin Films: 
Nanorheology 


When a liquid is confined between two surfaces or 
within any narrow space whose dimensions are less than 
4to 10 molecular diameters, both the static (equilibrium) 
and dynamic properties of the liquid, such as its com- 
pressibility and viscosity, can no longer be described 
‘even qualitatively in terms of the bulk properties. The 
molecules confined within such molecularly thin films 
become ordered into layers (“out-of-plane” ordering), 
and within each layer they can also have lateral order 
“in-plane” ordering). Such films may be thought of 
as behaving more like a liquid crystal or a solid than 
aliquid, 

‘As described in Sect. 18.4.3, the measured normal 
forces between two solid surfaces across molecularly 
thin films exhibit exponentially decaying oscillations, 
varying between attraction and repulsion with a period- 
icity equal to some molecular dimension of the solvent 
molecules. Thus most liquid films can sustain a finite 
normal stress, and the adhesion force between two sur- 
faces across such films is “quantized”. depending on the 
thickness (or number of liquid layers) between the sur- 
faces. The structuring of molecules in thin films and 
the oscillatory forces it gives rise to are now reasonably 
well understood, both experimentally and theoretically, 
at least for simple liquids. 

‘Work has also recently been done on the dynamic, 
eg., viscous or shear, forces associated with molecu. 
larly thin films. Both experiments [18.38, 46, 203,221, 
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226,227, 269,270] and theory [18.200,201,261,271] in- 
dicate that even when two surfaces are in steady state 
sliding they still prefer to remain in one of their stable 
potential energy minima, i.e., a sheared film of liquid 
‘can retain its basic layered structure. Thus even during 
‘motion the film does not become totally liquid-like. In- 
deed, if there is some “in-plane” ordering within a film, 
it will exhibit a yield-point before it begins to flow. Such 
films can therefore sustain a finite shear stress, in addi- 
ton toa finite normal stress. The value of the yield stress 
depends on the number of layers comprising the film and. 
represents another “quantized” property of molecularly 
thin films [18.200]. 

‘The dynamic properties of a liquid film undergo- 
ing shear are very complex. Depending on whether the 
film is more liquid-like or solid-like, the motion will be 
smooth or of the stick-slip type. During sliding, transi- 
tions can occur between 1 layers and (1 — 1) or (n+ 1) 
layers (see Fig. 18.27) The details of the motion depend 
critically on the externally applied load, the tempera- 
ture, the sliding velocity, the twist angle between the 
two surface lattices, and the sliding direction relative to 
the lattices. 


Smooth and Stick~Slip Sliding 
Recent advances in friction-measuring techniques have 
enabled the interfacial friction of molecularly thin 
films to be measured with great accuracy. Some of 
these advances have involved the surface forces ap- 
paratus technique [18.38, 45, 47, 221, 247, 269, 270], 
while others have involved the atomic force mi- 
ceroscope [18.10, 53, 231, 272]. In addition, computer 
simulations [18.90,200,201,271,273,274] have become 
sufficiently sophisticated to enable fairly complex tri- 
bological systems to be studied. All these advances are 
necessary if one is to probe such subtle effects as smooth 
or stick-slip friction, transient and memory effects, and 
ultralow friction mechanisms at the molecular level. 
‘The theoretical models presented in this section will 
beconcemed with a situation commonly observed exper- 
mentally: Stick-slip occurs between a static state with 
high friction and a low-friction kinetic state, and a tran- 
sition from this sliding regime to smooth sliding can be 
induced by an increase in velocity. Experimental data 
‘on various systems showing this behavior are shown in 
Figs. 18.27, 18.30b, and 18.314. Recent studies on ad- 
hesive systems have revealed the possibility of other 
dynamic responses such as “inverted” stick-slip be- 
tween two kinetic states of higher and lower friction and 
‘with a transition from smooth sliding to stick-slip with 
increasing velocity, as shown in Fig. 18.25 [18.268], 
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Fig.18.27 Measured change in friction during interlayer transitions 
of the silicone liquid octamethyleyclotetrasiloxane (OMCTS), an in- 
ert liquid whose quasispherical molecules have a diameter of .8.am. 
In this system, the shear stress S, = F/A was found to be constant 
as long as the number of layers, 1, remained constant. Qualita- 
tively similar results have been obtained with other quasi-spherical 
‘molecules such as cyclohexane [18.269], The shear stresses are only 
‘weakly dependent on the sliding velocity v. However, for sliding ve- 
locities above some critical value, vp, the stick-slip disappears and 
sliding proceeds smoothly at the kinetic Value. (After [18.221] with 
permission) 
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Fig. 18.28 Schematic friction phase diagram representing 
the trends observed in the boundary friction of a vari- 
ety of different surfactant monolayers. The characteristic 
bell-shaped curve also correlates with the adhesion en- 
ergy hysteresis of the monolayers. The arrows indicate 
the direction in which the whole curve is dragged when 
the load, velocity, ete. is increased. (Afier [18.232] with 
permission) 
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Fig.18.29a-c Different dynamic phase states of boundary mono- 
layers during adhesive contact and/or frictional sliding. Solid-like 
(a) and liquid-like monolayers (c) exhibit low adhesion hysteresis, 
and friction. Increasing the temperature generally shifts a system 
from the left to the right. Changing the load, sliding velocity, oF 
other experimental conditions can also change the dynamic phase 
state of surface layers, as shown in Fig. 18.28. (After [18.232] with 
permission) 


With the added insights provided by computer sim- 
ulations, a number of distinct molecular processes have 
been identified during smooth and stick-slip sliding in 
model systems for the more familiar static-to-kinetic 
stick-slip and transition from stick-slip to smooth slid- 
ing. These are shown schematically in Fig. 18.26 for 
the case of spherical liquid molecules between two 
solid crystalline surfaces. The following regimes may 
be identified 

Surfaces at rest (Fig. 18.26a): Even with no exter- 
nally applied load, solvent-surface epitaxial interactions 
can cause the liquid molecules in the film to attain 
1 solid-like state, Thus at rest the surfaces are stuck 
to each other through the film. 

Sticking regime (frozen, solid-like film) (Fig, 18.26b): 
A progressively increasing lateral shear stress is applied, 
‘The solid-like film responds elastically with a small lt- 
eral displacement and a small increase or “dilatancy” in 
film thickness (less than a lattice spacing or molecular 
dimension, «). In this regime the film retains its frozen, 
solid-like state: All the strains are elastic and reversible, 
and the surfaces remain effectively stuck to each other. 
However, slow ereep may occur over long time periods, 

Slipping and sliding regimes (molten, liguidelike 
film) (Fig. 18.26c.'e"): When the applied shear stress 
or force has reached a certain critical value, the statie 
friction force, F,, the film suddenly melts (known as 
“shear melting") or rearranges to allow for wall-sip or 
slip within the film to occur at which point the two sur- 


faces begin to slip rapidly past each other. Ifthe applied 
stress is kept at a high value, the upper surface will 
continue to slide indefinitely. 

Refreesing regime (resolidification of film) (Fig. 
18.26d): In many practical cases, the rapid slip of the 
upper surface relieves some of the applied force, which 
‘eventually falls below another critical value, the kinetic 
friction force Fi, at which point the film resolidifies 
and the whole stick-slip cycle is repeated. On the other 
hand, ifthe sip rate is smaller than the rate at which the 
external stress is applied, the surfaces will continue to 
slide smoothly in the kinetic state and there will be no 
more stick-slip. The critical velocity at which stick-slip 
disappears is discussed in more detail in Sect. 18.8.3. 

Experiments with linear chain (alkane) molecules 
show that the film thickness remains quantized during 
sliding, so that the structure of such films is probably 
‘more like that of anematic liquid crystal where the liquid 
molecules have become shear aligned in some direction, 
enabling shear motion to occur while retaining some 
order within the film. Experiments on the friction of two 
molecularly smooth mica surfaces separated by three 
molecular layers ofthe liquid OMCTS (Fig. 18.27) show 
how the friction increases to higher values in a quantized 
way when the numberof layers falls from = 3 ton 
and then ton = 1 

‘Computer simulations forsimple spherical molecules 
[18.201] further indicate that during the slip the film 
thickness is roughly 15% higher than at rest (i.e. the 
film density falls), and that the order parameter within 
the film drops from 0.85 to about 0.25. Such dilatancy 
has been investigated both experimentally [18.235] and 
in further computer simulations [18.234]. The changes 
in thickness and in order parameter are consistent with 
4 disorganized state for the whole film during the 
slip [18.271], as illustrated schematically in Fig. 18.26c. 
At this stage, we can only speculate on other possible 
configurations of molecules in the slipping and slid- 
ing regimes. This probably depends on the shapes of the 
molecules (e.g., whether spherical orlinear or branched), 
‘on the atomic structure of the surfaces, on the sliding 
velocity, etc. [18.275]. Figure 18.26¢,c'.e" shows three 
possible sliding modes wherein the shearing film either 
totally melts, or where the molecules retain their layered 
structure and where slip occurs between two or more 
layers. Other sliding modes, for example, involving the 
‘movement of dislocations or disclinations are also possi- 
ble, and it is unlikely that one single mechanism applies 
inal cases, 

Both friction and adhesion hysteresis. vary non- 
linearly with temperature, often peaking at some 
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Figure 11-2. American (left) and European (right) sym 
bols for a potentiometer, arheostat. and a trimmer poten: 
tometer. reading from top to bottom. The 47K value was 
chosen arbitrary 


How It Works 


A potentiometer has three terminals. The outer 
pair connect with the opposite ends of an inter- 
nal resistive element, such as a strip of conduc~ 
tive plastic, sometimes known as the track. The 
third center terminal connects internally with a 
contact known as the wiper (or rarely, the pick- 
off), which touches the strip and can be moved 
from one end of it to the other by turning a shaft 
or screw, or by moving a slider. 


If an electrical potential is applied between op- 
posite ends of the resistive element, the voltage 
“picked off” by the wiper will vary as it moves. In 
this mode, the potentiometer works asa re: 
voltage divider. For example, ina potentiometer 
with a linear taper (see "Variants? coming up), if 
you attach the negative side of a 12V battery to 
the right-hand endterminaland the positive side 
tothe left-hand end terminal, you willfind an 8V 


> moderation 


patention 


potential at the center terminal when the poten- 
tiometer has rotated clockwise through one- 
third of its range. In Figure 11-3, the base of the 
shaft (shown in black) is attached to an arm 
(shown in green) that moves a wiper (orange) 
along a resistive element (brown). The voltages 
shown assume that the resistive element has a 
linear taper and will vary slightly depending on 
wire resistance and other factors. 


Because a potentiometer imposes a voltage re- 
duction, it also reduces current flowing through 
it, and therefore creates waste heat which must 
be dissipated. In an application such as an audio 
circuit, small currents and low voltages generate 
negligible heat. If a potentiometer is used for 
heavier applications, it must be appropriately 
rated to handle the wattage and must be vented 
to allow heat to disperse. 


To use a potentiometer as a variable resistor or 
rheostat, one of its end terminals may be tied to 
the center terminal. Ifthe unused end terminal is 
left unconnected, this raises the risk of picking 
Up stray voltages or “noise” in sensitive circuits 
In Figure 11-4, a potentiometer is shown adjust- 
ing a series resistance for an LED for demonstra- 
tion purposes. More typically, a trimmer would 
be used in this kind of application, since a user is 
unlikely to need to reset it. 


Vari 


ints 


ear and Log Taper 

If the resistive element in a potentiometer is of 
constant width and thickness, the electrical po- 
tential at the wiper will change in ratio with the 
rotation of the wiper and shaft (or with move- 
ment of a slider). This type of potentiometer is 
said to have a linear taper even though its ele- 
ment does not actually taper. 


For audio applications, because human hearing 
responds nonlinearly to sound pressure, a po- 
tentiometer that has a linear taper may seem to 
havea very slowactionat one end ofits scaleand 
an abrupt effect at the other. This problem used 
to be solved with a non-uniform or tapered re- 
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0 (a) “Phase transitions” 
Where a thin liquid film altemately freezes and melts as 
it shears, shown here for 22 spherical molecules confined 
between two solid crystalline surfaces. In contrast to the 
‘elocity-dependent friction model, the intrinsic friction 
force is assumed to change abruptly (at the transitions), 
rather than smooth or continuously. The resulting stick 
slip is also different, for example, the peaks are sharper and 
the stick-slip disappears above some critical velocity 1. 
Note that while the slip displacement is here shown to be 
only two lattice spacings, in most practical situations itis 
‘much larger, and that freezing and melting transitions at 
surfaces or in thin films may not be the same as freezing 
or melting transitions between the bulk solid and liquid 
phases. (b) Exact reproduction of a chart-ecorder trace of 
the friction force for hexadecane between two untreated 
‘mica surfaces at increasing sliding velocity v, plotted as 
a function of time. In general, with increasing sliding 
speed, the stick-slip spikes increase in frequency and de- 
crease in magnitude. As the critical sliding velocity ve is 
approached, the spikes become erratic, eventually disap- 
pearing altogether at v = u.. Athigher sliding velocities the 
sliding continues smoothly i the kinetic state. Such friction 
traces are fairly typical for simple liquid lubricants and dry 
‘boundary lubricant systems (see Fig. 18.31) and may be re- 
{erred to asthe “conventional” type of static-Kinetc friction 
(in contrast to Fig. 18.25). Experimental conditions: con- 
tact area A= 4% 10? m?, load L = 10mN, film thickness 
D=04-08nm, v=0.08-04ums-!, ve 0.3 ums 
atmosphere: dry Nz gas, T= 18°C. {(a) and (b) af 
ter [18.276] with permission. Copyright 1993 American 
Chemical Society (Q) Frietion response of a thin squalane 
(@ branched hydrocarbon) film at different loads and a con- 
stant sliding velocity v = 0.08 ums~t, slightly above the 
critical velocity for this system at low loads. Initally with 
increasing load, the stck-slip amplitude and the mean frie- 
tion force decrease with sliding time or sliding distance. 
However, at high loads or pressures, the mean friction force 
increases with time, and the stck-slip takes on a more sym- 
‘metrical, sinusoidal shape. At all loads investigated, the 
stick-slip component gradually decayed as the friction pro- 
ceeded towards smooth sliding. (Gourdon and fsraelachvili, 
‘unpublished data) 


particular temperature, Tp The temperature dependence 
of these forces can, therefore, be represented on a fric- 
tion phase diagram such as the one shown in Fig, 18,28. 
Experiments have shown that To, and the whole bell- 
shaped curve, are shifted along the temperature-axis (as 
well as in the vertical direction) in a systematic way 
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when the load, sliding velocity, etc., are varied, These 
shifts also appear to be highly correlated with one an- 
other, for example, an increase in temperature producing 
effects that are similar to decreasing the sliding speed 
or load, 

Such effects are also commonly observed in other 
energy dissipating phenomena such as polymer vis- 
coelasticity [18.277], and it is likely that a similar 
physical mechanism is at the heart all of such phenom 
cena. A possible molecular process underlying the energy 
dissipation of chain molecules during boundary layer 
sliding is illustrated in Fig. 18.29, which shows the three 
‘main dynamic phase states of boundary monolayers, 

In contrast to the characteristic relaxation time as- 
sociated with fluid lubricants, it has been established 
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Fig. 18.31 (a) Exact reproduction of chart-recorder trace for the 


friction of closely packed surfactant monolayers (L-a-<dimirystoyl- 
phosphatidy-cthanolamine, DMPE) on mica (dry boundary fiction) 
showing qualitatively similar behavior to that obtained with aliquid 
hhexadecane film (Fig. 18.30b). In this case, L = 0, ve 0.1 ums, 
atmosphere: dry No gas, 7 =25°C. (b) Sliding typical of liquid-like 
monolayers, here shown for ealeium alkylbenzene sulfonate in dry 
No gas at T=25°C and L=0. (After [18.207] with permission. 
Copyright 1993 American Chemical Society) 


that for unlubricated (dry, solid, rough) surfaces, there 
is a characteristic memory distance that must be ex- 
ceeded before the system looses all memory of its 
initial state (original surface topography). The un- 
derlying mechanism for a characteristic distance was 
first used to successfully explain rock mechanics and 
earthquake faults [18.278] and, more recently, the 
tribological behavior of unlubricated surfaces of ce- 
ramies, paper and elastomeric polymers [18.252, 279} 
Recent experiments [18.275, 280, 281] suggest that 
fluid lubricants composed of complex branched-chained 
or polymer molecules may also have characteris- 
tic distances (in addition to characteristic relaxation 
times) associated with their tribological behavior ~ 
the characteristic distance being the total sliding 
distance that must be exceeded before the system 
reaches its. steady-state tribological conditions (see 
Sect. 188.3) 


‘Abrupt vs. Continuous Transitions 

Between Smooth and Stick-Slip Sliding 
‘An understanding of stick-slip is of great practical im- 
portance in tribology [18.282], since these spikes are 
the major cause of damage and wear of moving parts, 
Stick-slip motion isa very common phenomenon and is 
also the cause of sound generation (the sound of a violin 
string, a squeaking door, or the chatter of machinery), 
sensory perception (taste texture and feel), earthquakes, 
granular flow, nonuniform fluid flow such asthe spurting 
flow of polymeric liquids, ete. Inthe previous section, the 
stick-slip motion arising from freezing-melting transi- 
tions in thin interfacial films was described, There are 
other mechanisms that can give rise to stick-slip fric- 
tion, which will now be considered. However, before 
proceeding with this, itis important to clarify exactly 
‘what one is measuring during a friction experiment. 

‘Most tribological systems and experiments can be 
described in terms of an equivalent mechanical circuit 
with certain characteristics. The friction force Fo, which 
is generated atthe surfaces, is generally measured as F at 
some other place inthe setup. The mechanical coupling 
between the two may be described in terms of a simple 
clastic stiffness or compliance, K, or as more complex 
nonelastic coefficients, depending on the system. The 
distinction between F and Fy is important because in 
almost all practical cases, the applied, measured, or de- 
tected force, F. isnot the same asthe “real” or“intrinsic” 
friction force, Fy, generated atthe surfaces. F and Fy are 
coupled in a way that depends on the mechani 
struction of the system, for example, the axle of a car 
‘hee! that connects itto the engine. This coupling can be 
modeled as an elastic spring of stiffness K’ and mass m. 
This isthe simplest type of mechanical coupling and is 
also the same as in SEA and AFM type experiments. 
More complicated real systems can be reduced to a sys- 
tem of springs and dashpots, as described by Peachey 
etal, [18.283] and Luengo et al. [18.47]. 

We naw consider four different models of stick-slip 
friction, where the mechanical couplings are assumed 
to be of the simple elastic spring type. The first three 
mechanisms may be considered traditional or classical 
mechanisms or models [18,282], the fourth is essentially 
the same as the freezing-melting phase-transition model 
described in Sect. 18.8.3, 


Rough Surfaces or Surface Topology Model. Rapid 
slips can accur whenever an asperity on one surface 
goes over the top of an asperity on the other surface. 
‘The extent of the slip will depend on asperity heights 
and slopes, on the speed of sliding, and on the elastic 
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compliance of the surfaces and the moving stage. As 
in all cases of stick-slip motion, the driving velocity v 
‘may be constant, but the resulting motion at the surfaces 
1 will display large slips. This type of stick-slip has 
been described by Rubinowicz [18,282]. It will not be 
‘of much concer here since it is essentially a noise-type 
fluctuation, resulting from surface imperfections rather 
than from the intrinsic interaction between two surfaces. 
‘Actually, at the atomic level, the regular atomic-scale 
corrugations of surfaces can lead to periodic stick-slip 
‘motion of the type shown here. This is what is sometimes 
‘measured by AFM tips (18.10, 2724, 


Distance-Dependent or Creep Model. Another theory 
of stick-slip, observed in solid-on-solid sliding, is one 
that involves a characteristic distance, but also a char- 
acteristic time, 1, this being the characteristic time 
required for two asperities to increase their adhesion 
strength after coming into contact. Originally proposed 
by Rabinowicz (18.282, 284], this model suggests that 
two rough macroscopic surfaces adhere through their 
microscopic asperities of characteristic length. During 
shearing, each surface must fist creep this distance (the 
size of the contacting junctions) after which the sur- 
faces continue to slide, but with a lower (kinetic) friction 
force than the original (static) value. The reason for the 
decrease in the friction force is that even though, on av- 
cerage, new asperity junctions should form as rapidly as 
the old ones break, the time-dependent adhesion and 
friction of the new ones will be lower than the old 

The friction force, therefore, remains high during 
the creep stage of the slip. But once the surfaces have 
‘moved the characteristic distance, the friction rapidly 
drops to the kinetic value. For any system where the 
kinetic friction is less than the static force (or one that 
has a negative slope over some part of its Fy versus 19 
curve) will exhibit regular stick-slip sliding motion for 
certain values of K, m, and driving velocity, v 

This type of friction has been observed in a variety 
of dry (unlubricated) systems such as paper-on- 
paper [18,285,286] and steel-on- steel [18.284, 287,288] 
‘This model is also used extensively in geologic systems 
to analyze rock-on-rock sliding [18.289, 290]. While 
originally described for adhering macroscopic asperity 
junctions, the distance-dependent model may also ap- 
ply to molecularly smooth surfaces. For example, for 
polymer lubricant films, the characteristic length would 
now be the chain-chain entanglement length, which 
could be much larger in a confined geometry than in 
the bulk. 
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Velocity-Dependent Friction Model. In contrast to 
the two friction models mentioned above, which ap- 
ply mainly to unlubricated, solid-on-solid contacts, the 
stick-slip of surfaces with thin liquid films between 
them is better described by other mechanisms. The 
velocity-dependent friction model is the mast studied 
‘mechanism of stick-slip and, until recently, was con- 
sidered to be the only cause of intrinsic stick-slip, If 
a friction force decreases with increasing sliding ve- 
locity, as occurs with boundary films exhibiting shear 
thinning, the force (F,) needed to initiate motion will be 
higher than the force (F.) needed to maintain motion, 

‘A decreasing intrinsic friction force Fy with sliding 
velocity 1p results in the siding surface or stage moving 
in a periodic fashion, where during each cycle rapid 
acceleration is followed by rapid deceleration. So long 
as the drive continues to move at a fixed velocity v, 
the surfaces will continue to move in a periodic fashion 
punctuated by abrupt stops and starts whose frequency 
and amplitude depend not only on the function Fou), 
but also on the stiffness K’and mass m of the moving 
stage, and on the starting conditions at = 0 

More precisely, the motion of the sliding surface 
or stage can be determined by solving the following 
differential equation: 


Fo P)= Fy (x0 0K 
or m+ (soa) K ~ Fy 


(18.47) 


where Fy = Fo(xo, vo.) isthe intrinsic or “real fiction 
force atthe shearing surfaces, F isthe force onthe spring 
(the exterally applied or measured force), and (Fy — F) 
is the force on the stage. To fully solve (18.47), one 
‘must also know the intial (staring) conditions at = 0, 
and the driving or steady-state conditions at finite 1 
Commonly, the driving condition is: x =0 fort <0 and 
=u for £> 0, where v= constant. In other systems, 
the appropriate driving condition may be F = constant, 
Various, mainly phenomenological, forms for 

Fo = Fa(ap, vp, 1) havebeen proposed to explain various 
inds of stick-slip phenomena, These models gener- 
ally assume a particular functional form for the friction 
as a function of velocity only, Fy = Fy(w), and they 
‘may also contain a number of mechanically coupled el- 
ements comprising the stage [18.291,292]. One version 
isa two-state model characterized by two friction forces, 
F, and Fy, which is a simplified version of the phase 
transitions model described below. More complicated 
versions can have a rich F-v spectrum, as proposed 
by Persson [18.293]. Unless the experimental data is 
very detailed and extensive, these models cannot gener- 
ally distinguish between different types of mechanisms, 
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Neither do they address the basic question of the origin 
of the friction force, since this is assumed to begin with. 

Experimental data has been used to calculate the 
friction force as a function of velocity within an in- 
dividual stick-slip cycle [18.294], For a macroscopic 
granular material confined between solid surfaces, the 
data shows a velocity-weakening friction force during 
the first half of the slip. However, the data also shows 
hysteresis loop in the friction-velocity plot, with a dif- 
ferent behavior in the deceleration half ofthe slip phase, 
Similar results were observed for a 1—2 nm liquid lubri- 
cant film between mica surfaces [18.275]. These results 
indicate that a purely velocity-dependent friction law is 
insufficient to describe such systems, and an additional 
element such as the stare of the confined material must, 
be considered. 


Phase Transitions Model. In recent molecular dynam- 
:s computer simulations it has been found that thin 
interfacial films undergo first-order phase transitions 
between solid-like and liquid-like states during slid- 
ing [18.201, 273]. It has been suggested that this is 
responsible for the observed stick-slip behavior of 
simple isotropic liquids between two solid crystalline 
surfaces. With this interpretation, stick-slip is seen to 
arise because of the abrupt change in the flow properties 
ofa film at a transition [18. 261], rather than the 
gradual or continuous change, as occurs in the previous 
‘example, Other computer simulations indicate that itis 
the stick-slip that induces a disorder (“shear-melting”) 
in the film, not the other way around [18.295] 

‘An interpretation of the well-known phenomenon of 
decreasing coefficient of friction with increasing sliding 
yelocity has been proposed by Thompson and Rob- 
bins [18.201] based on their computer simulation. This 
postulates that it is not the friction that changes with 
sliding speed v, but rather the time various parts of 
the system spend in the sticking and sliding modes. In 
other words, at any instant during stiding, the friction at 
any local region is always F, or Fi, corresponding to 
the “static” or “kinetic” values. The measured frictional 
force, however, is the sum of all these discrete values 
averaged over the whole contact area. Since as v in- 
creases each local region spends more time in the sliding 
regime (Fi) and less in the sticking regime (F,), the 
overall friction coefficient falls. One may note that this 
interpretation reverses the traditional way that stick-slip 
has been explained, Rather than invoking a decreasing 
friction with velocity to explain stick-slip, it is now 
the more fundamental stick-slip phenomenon that is 
producing the apparent decrease in the friction force 


with increasing sliding velocity. This approach has been 
studied analytically by Carlson and Barista [18.296], 
with a comprehensive rate- and state- dependent friction 
force law. This model includes an analytic description 
of the freezing-melting transitions of a film, results 
in friction force that is a function of sliding veloc- 
ity in a natural way. This model predicts a full range of 
stick-slip behavior observed experimentally 

‘An example of the rate-and state-dependent model is 
observed when shearing thin films of OMCTS between 
mica surfaces [18,297,298]. In this case, the static fic- 
tion between the surfaces is dependent on the time that 
the surfaces are at rest with respect to each other, while 
the intrinsic kinetic friction i,o is relatively constant 
over the range of velocities. At slow driving velocities, 
the system responds with sick-slip sliding with the sur- 
faces reaching maximum static friction before each slip 
‘event, and the amplitude ofthe stck-slip, F, — F,,isrel- 
atively constant. As the driving velocity increases, the 
static ffiction decreases as the time at relative rest be- 
comes shorter with respect to the characteristic time of 
the lubricant film. As the static friction decreases with in- 
creasing drive velocity, it eventually equals the intrinsic 
Kinetic friction Fo, which defines the critical veloc- 
ity uy, above which the surfaces slide smoothly without 
the jerky stick-slip motion, 

‘The above classifications of stick-slip are not ex- 
clusive, and molecular mechanisms of rea systems may 
exhibit aspects of different models simultaneously. They 
do, however, provide a convenient clasification of exist- 
ing models and indicate which experimental parameters 
should be varied to test the different models. 


Critical Velocity for Stick-Slip. For any given set of con- 
ditions, stick-slip disappears above some critical sliding 
velocity u, above which the motion continues smoothly 
in the liquid-like or kinetic state. The critical velocity 
is well described by two simple equations. Both are 
based on the phase transition model, and both include 
some parameter associated with the inertia of the mea- 
suring instrument. The first equation is based on both 
experiments and simple theoretical modeling [18.276]: 


A 
lead (18.48) 
where ty is the characteristic nucleation time or freez- 
ing time of the film. For example, inserting the following 
typically measured values for a ~ I-nm-thick hexa- 
decane film between mica: (F,— Fi) *5mN, spring 
constant A~500Nm™', and nucleation time [18.276] 
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t 55, we obtain v= 0.4jums~!, which is close to 
typically measured values (Fig. 18.30b). 

‘The second equation is based on computer simula- 
tions [18.273] 


[ra 
of 22 


1 0.1y (18.49) 
where ois a molecular dimension and m is the mass 
of the stage. Again, inserting typical experimental val- 
tues into this equation, viz., m~20g, 6 ~0.Snm, and 
(A, — Fi) 5 mN as before, we obtain ve ~ 0.3 ums“! 
Which is also close to measured values. 

Stick-slip also disappears above some critical em- 
perature Tc, which is not the same as the melting 
temperature of the bulk fluid, Certain correlations have 
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‘The above scenario is already quite complicated, and 
yet this is the situation for the simplest type of exper- 
imental system. The factors that appear to determine 
the critical velocity x, depend on the type of liquid be- 
tween the surfaces (as well as on the surface lattice 
structure). Small spherical molecules such as cyclo- 
hexane and OMCTS have been found to have very 
high ue, which indicates that these molecules can re- 
arrange relatively quickly in thin films. Chain molecules 
and especially branched chain molecules have been 
found to have much lower ve, which is to be expected, 
and such liquids tend to slide smoothly or with erratic 
stick-slip [18.275], rather than in a stick-slip fashion 
(see Table 18.5). With highly asymmetric molecules, 
such as multiply branched isoparaffins and polymer 
‘melts, no regular spikes or stick-slip behavior occurs 
at any speed, since these molecules can never order 
themselves sufficiently to solidify. Examples of such 
liquids are some perfluoropolyethers and polydimethy|- 
siloxanes (PDMS). 

Recent computer simulations [18.274, 304, 305] of 
the structure, interaction forces, and tribological behav- 
ior of chain molecules hetween two shearing surfaces 
indicate that both linear and singly or doubly branched 
chain molecules order between two flat surfaces by 
aligning into discrete layers parallel to the surfaces. 
However, in the case of the weakly branched molecules, 
the expected oscillatory forces do not appear because of 
complex cancellation of entropic and enthalpic contri- 
butions to the interaction free energy, which results in 
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been found between 1: and 7; and between various other 
tribological parameters that appear to be consistent with 
the principle of time-temperature superposition (see 
Scct.18.8.3), similar to that occurring in viscoelastic 
polymer ids [18.277, 299,300] 

Recent work on the coupling between the mechani- 
cal resonances of the sliding system and molecular-scale 
relaxations |18.234, 301-303] has resulted in a better 
understanding of a phenomenon previously noted in var- 
ious engineering applications: the vibrating of one of 
the sliding surfaces perpendicularly tothe sliding direc- 
tion can lead to a significant reduction of the friction 
At certain oscillation amplitudes and a frequency higher 
than the molecular-scale relaxation frequency, stick-slip 
friction can be eliminated and replaced by an ultralow 
kinetic friction state. 


‘a monotonically smooth interaction, exhibiting a weak 
energy minimum rather than the oscillatory force profile 
that is characteristic of linear molecules. During slid- 
ing, however, these molecules can be induced to further 
align, which can result in a transition from smooth to 
stick~slip sliding. 

Table 18.5 shows the trends observed with some 
organic and polymeric liquid between smooth mica sur- 
faces. Also listed are the bulk viscosities of the liquids. 
From the data of Table 18.5 it appears that there is a 
rect correlation between the shapes of molecules and 
their coefficient of friction or effectiveness as lubricants 
{at least at low shear rates). Small spherical or chain 
molecules have high friction with stick-slip, because 
they can pack into ordered solid-like layers. In contrast, 
longer chained and irregularly shaped molecules remain 
in an entangled, disordered, fluid-like state even in very 
thin films, and these give low friction and smoother slid- 
ing. tis probably for this reason that irregularly shaped 
branched chain molecules are usually better lubricants, 
Itis interesting to note that the friction coefficient gen- 
erally decreases as the bulk viscosity of the liquids 
increases. This unexpected trend occurs because the 
factors that are conducive to low friction are gener- 
ally conducive to high viscosity, Thus molecules with 
side groups such as branched alkanes and polymer melts 
usually have higher bulk viscosities than their linear ho- 
‘mologues for obvious reasons. However, in thin films the 
linear molecules have higher shear stresses, because of 
their ability to become ordered. The only exception tothe 
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Table 18.5 Effect of mo- 


Short. Typeof Friction Bulk liquid nae 
range friction coefficient. —_ viscosity (cP) [ATR 
oe range forces on tribological 

propertios? 

Organic (water-free) 

Cyclohexane Oscillatory Quantized >> 1 06 

stick-slip 

comers? Oscillatory Quantized >> 1 23 

stick-slip 

Octane Oscillatory Quantized 1.5 05 

stick-slip 

Tetradecane Oscillatory stick-slip 1.0 23 
‘<> smooth +> smooth 

ctadecane Oscillatory stick-sip, 0.3 35 

(branched) ‘<> smooth <> smooth 

pps! Oscillatory Smooth 04 50 

(M=3,700gmol-!, smooth 

melt) 

Ppp? Smooth Smooth 0.03 800 

(Mf =3,500 gmol—!, 

branched) 

Water 

Water (KCl solution) Smooth Smooth 0.01-0.03 10 


4 For molecularly thin liquid films between two shearing mica surfaces at 20°C 
® OMCTS: Octamethylcyclotetrasiloxane, PDMS: Polydimethylsiloxane, 
PBD: Polybutadiene 


above correlations is water, which has been found to ex- 
hibit both low viscosity and low friction (see Fig. 18.20, 
and Sect. 18.7.3). In addition, the presence of water can 


Fig. 18.32ac Schematic view of interfacial film composed 
‘of spherical molecules under a compressive pressure be- 
tween two solid crystalline surfaces. (a) Ifthe two surface 
lattices are free to move in the -y-z directions, s0 as to 
attain the lowest energy state, they could equilibrate at val- 
ues of x, y, and z, which induce the trapped molecules 
to become “epitaxially” ordered into a “solid-like™ film. 
(b) Similar view of trapped! molecules between two solid 
surfaces that are not free to adjust their positions, for ex- 
ample, as occurs in capillary pores or in britle cracks 
(@ Similar to (a), but with chain molecules replacing the 
spherical molecules in the gap. These may not be able to 
‘order as easily as do spherical molecules even if x,y, and : 
‘can adjust, resulting in a situation that is more akin to (b) 
(After [18.276] with permission. Copyright 1993 American 
‘Chemical Society) 


drastically lower the friction and eliminate the stick 
slip of hydrocarbon liquids when the sliding surfaces 
are hydrophilic. 
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33a-f Schematic representation of the film under 
shear. (a) The lubricant molecules are just confined, but not 
crignted in any particular direction. Because of the need to 
shear, the film dilates(b)"The molecules disentangle (c) and 
set ofiented in a certain direction related to the shear di- 
rection (d). (2) Slowly evolving domains grow inside the 
contact region, These macroscopic domains are respon- 
sible forthe long relaxation times. (f) At the steady-state 
4 continuous gradient of confinement time and molecular 
‘order is established inthe contact region, which is different 
for molecules adsorbed on the upper and lower surfaces 
‘Molecules entering into the contact are not oriented or or- 
dered. The required sliding distance to modify their state 
defines a characteristic distance. Molecules leaving the con- 
tact region need some (short) characteristic ime to regain 
their bulk, unconfined configuration. (After [18.281] with 
permission. Copyright 2000 American Chemical Society) 


Ifan “effective” viscosity, yes, were to be calculated 
for the liquids of Table 18.5, the values would be many 
orders of magnitude higher than those of the bulk li- 
quids. This can be demonstrated by the following simple 
calculation based on the usual equation for Couette flow 
(see (18.44): 


nes = FD/Aw, (18.50) 


where Fi, is the kinetic friction force, D is the film 
thickness, A the contact area, and v the sliding velocity 
Using typical values for experiments with hexade- 
cane 18.2761: Fi, 3x 10-9 me 
and u=Lyms~!, one gets nr 2,000Nsm-*, or 
20,000Poise, which is ~ 10® times higher than’ the 
bulk viscosity, mu, of the liquid. It is instructive to 
consider that this very high effective viscosity never- 
theless still produces a low friction force or friction 
coefiicient 4. of about 0.25. It is interesting to spec- 
ulate that if a Lom film were to exhibit bulk viscous 
‘behavior, the friction coefficient under the same sliding 
conditions would be as low as 0.000001. While such 
2 Tow value has never been reported for any tribolog- 
ical system, one may consider it a theoretical lower 
limit that could conceivably be attained under certain 
experimental conditions. 

Various studies [18.44, 219, 220, 222] have shown 
that confinement and load generally increase the ef- 
fective viscosity and/or relaxation times of molecules, 
suggestive of an increased glassiness or solid-like behav 
jor (Figs. 18.32 and 18.33). This is in marked contrast 
to studies of liquids in small confining capillaries where 
the opposite effects have been observed [18.306, 307] 
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‘The reason for this is probably because the two modes 
of confinement are different. In the former case (con- 
finement of molecules between two structured solid 
surfaces), there is generally little opposition to any 
lateral or vertical displacement of the two surface lat- 
tices relative to each other. This means that the two 
lattices can shift in the x-y-c plane (Fig. 18.32a) to 
accommodate the trapped molecules in the mast crys- 
tallographically commensurate or epitaxial way, which 
would favor an ordered, solid-like state. In contrast, 
the walls of capillaries are rigid and cannot easily 
‘move or adjust to accommodate the confined molecules 
(Fig. 18.32b), which will therefore be forced into a more 
disordered, liquid-like state (unless the capillary wall 
geometry and lattice are exactly commensurate with 
the liquid molecules, as occurs in certain zeolites 
[18307D. 

Experiments have demonstrated the effects of 
surface lattice mismatch on the friction between sur- 
faces [18.203, 204, 308]. Similar to the effects of lattice 
‘mismatch on adhesion (Fig. 18.11), the static friction of 
‘a confined liquid film is maximum when the lattices of 
the confining surfaces are aligned. For OMCTS con- 
fined between mica surfaces [18.204] the static friction 
‘was found to vary by more than a factor of 4, while 
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for bare mica surfaces the variation was by a factor of 
3.5 [18.308]. In contrast to the sharp variations in ad- 
hesion energy over small twist angles, the variations in 
friction as a function of twist angle were much more 
broad both in magnitude and angular spread. Similar 
variations in friction as a function of twist or misfit an- 
gles have also been observed in computer simulations 
[18.309} 

Robbins et al. [18.274] computed the friction forces 
of two clean crystalline surfaces as a function of the an- 
gle between their surface lattices. They found that forall 
non-zero angles (finite “twist” angles) the friction forces 
fell to zero due to incommensurability effects. They fur- 
ther found that submonolayer amounts of organic or 
other impurities trapped between two incommensurate 
surfaces can generate a finite friction force. They, there- 
fore, concluded that any finite friction force measured 
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Figure 11-3. Inside a potentiometer. See text for details 


sistive element, More recently, a combination of 
resistive elements has been used as a cheaper 
option. Such a potentiometer is said to have an 
audio taper or a log taper (since the resistance 


Variants 


Figure 11-4. A potentiometer can be used to adjust a ser 
Jes resistance, as shown in this schematic. Tying the wiper 
to one of the end terminals reduces the risk of picking up 
electrical noise. 


may vary as a logarithm of the angle of rotation). 
A reverse audio taper or antilog taper varies in 
the opposite direction, but this type has become 
very uncommon. 


Classic-style Potentiometer 

This consists of a sealed circular can, usually be- 
‘tween 0.5” and 1” in diameter, containing a re- 
sistive strip thatis shapedasa segmentofa circle. 
A typical example is shown in Figure 11-1, al- 
though miniaturized versions have become 
more common. Ashaft mounted on thecanturns 
the internal wiper that presses against the strip. 
For panel-mount applications, a threaded bush- 
ing at the base of the shaft is inserted through a 
hole in the front panel of the electronics enclo- 
sure, and a nut is tightened on the bushing to 
hold the potentiometer in place. Often there is 
also a small offset index pin that, when paired 
with a corresponding front panel hole, will keep 
the pot from spinning freely. 


Many modern potentiometers are miniaturized, 
and may be packaged in a box-shaped plastic 
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19. Scanning Probe Studies of Nanoscale Adhesion 
Between Solids in the Presence of Liquids 
and Monolayer Films 


Adhesion between solids is a ubiquitous phe- 
nomenon whose importance is magnified at the 
‘micrometer and nanometer scales, where the 
surface-to-volume ratio diverges as we approach 
the single atom. 

Numerous techniques for measuring adhesion 
at the atomic scale have been developed. Yet sig- 
nificant limitations exist. Instrumental improve 
‘ments and reliable quantification are still needed. 

Recent studies have highlighted the unique 
and important effect of liquid capillaries, 
particularly water, at the nanometer scale. 

The results demonstrate that macroscopic 
considerations of classic meniscus theory must 
be, at the very least, corrected to take into 
account new scaling and geometric relationships 
unique to the nanometer scale. More generally, 

a molecular-scale description of wetting and 
capillary condensation as it applies to nanometer 
scale interfaces is clearly desirable, but remains 
an important challenge. 

‘The measurement of adhesion between 
self-assembled monolayers has proven to be 
a reliable means for probing the influence of 
surface chemistry and local environment on 
adhesion. To date, however, few systems have 
been investigated quantitatively in detail. The 
‘molecular origins of adhesion down to the single 
bond level remain to be fully investigated. The 
‘most recent studies illustrate that although new 
information about adhesion in these systems has 
been revealed, further enhancements of current 
techniques, as well as the development of new 
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‘methodologies, coupled with accurate theoretical 
modeling, are required to adequately tackle these 
complex measurements. 


19.1 The Importance of Adhesion at the Nanoscale 


‘The mutual attraction and bonding of two surfaces, 
which can occur with or without an intervening medium, 
isa commonly observed phenomenon with far-reaching 
‘manifestations and applications in society. The ad- 
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herence between a raindrop and a window pane, the 
climbing ofa geckoup a vine, the sticking of multiple ad- 
hesive note pads to a professor's wall, the force required 
to separate hook-and-eye (Velero™) strips, the building 
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of a sand castle, and the book page turned by a wetted 
finger are all examples in which adhesion is important. 
‘Within the complexity of these examples and others lies 
‘acentral theme: The mechanical forces between a pair of 
‘materials can be fundamentally affected not just by the 
macroscopic or microscopic structure of the surfaces, 
but also by the interatomic and intermolecular forces 
between them. 

‘Adhesion and intermolecular forces have been stud- 
ied for many years dating back to ancient times [19.1], 
tnd active research continues today of topics as broad 
as insect and reptile locomotion [19.2], interactions 
between cells in the body [19.3], and the design of 
self-healing composites [19.4], to name a few. While 
adhesion is clearly of interest for a wide range of macro- 
scopic applications, its importance becomes dominant 
at the micrometer and nanometer scales. This is primar- 
ily due to the dramatic increase in the surface-to-volume 
ratio of materials at these scales, an effect that renders 
friction and interfacial wear critical phenomena [19.5] 
For example, the dominating effect of adhesion at this 
scale has affected the development of microelectrome- 
chanical systems (MEMS), in which interfacial forces 
can prevent devices from functioning properly, since the 
small flexible parts often emerge from the fabrication 
line stuck together. Studies of adhesion in MEMS are 
ongoing, and commercially deployed MEMS devices 
rely upon sophisticated surface treatments to reduce and 
control adhesion [19.6-8]. 

Detailed control of adhesion at the molecular level 
will be essential for the proposed design of the smaller 
nanoelectromechanical systems (NEMS). Much has 
been written about the possibilities for nanoscale ma- 
chines, sensors, and actuators, ete. It is crucial to 
understand that a molecule is all surface, and, therefore, 


molecular and nanoscale devices cannot be properly 
designed, implemented, or characterized unless an un- 
derstanding of atomic-scale adhesion is thoroughly 
presented, particularly if these devices are to involve 
any moving parts that will come into and out of con- 
tuct with each other, Studying adhesion at the nanoscale 
is important for other reasons. The protruding asper- 
ities in most MEMS materials often have nanoscale 
dimensions, and, therefore, a complete understanding 
of adhesion in MEMS requires the investigation of the 
adhesive properties of the individual nanoscale asper- 
ities. In addition, the experimental study of adhesion 
at the nanoscale is required for the development of de- 
tailed atomic-scale models of adhesion, Such progress 
requires close collaboration between experiment and 
theory. 

‘There has been significant progress in the experi- 
mental study of adhesion at the nanometer scale using 
scanning probe methods, but numerous challenges ex- 
ist. A discussion of solid-solid adhesion without an 
intervening medium is provided in part B and C of 
this book. This chapter focuses on haw adhesion is af- 
fected by the ubiquitous presence of water, and how 
it can be controlled through the application of self- 
assembled monolayer (SAM) coatings, again in the 
presence of a liquid medium. In addition, we discuss 
specific instrumental challenges that are inherent to ad- 
hesion measurements. We do not delve into the realm 
of atomie-scale modeling of adhesion, nor do we dis- 
cuss the role of more complex coatings such as polymer 
brushes and blends, Rather, we will focus on critically 
‘evaluating the relevant experimental techniques and crit- 
ically reviewing recent results from studies of water and 
SAM films, which are perhaps the two most commonly 
‘encountered media in nanoscale adhesion applications. 


19.2 Techniques for Measuring Adhesion 


“The experimental study of adhesion at the nanoscale has 
experienced two renaisances in this century. The frst 
oceurred with the development of the surface forces 
apparatus (SFA) (19.9, 10], and the second with the 
later development of the AFM [19.11] and other related 
scanning force techniques. 

SFA experiments have contributed profoundly toour 
understanding of adhesion, The SFA consists of a pair 
of atomically smooth surfaces, usually mica sheets, 
mounted on crossed cylinders that ean be pressed to- 
gether to form a controlled circular contac. The applied 


load, normal displacement, surface separation, contact 
area, and shear force (if applied) can all be controlled 
and/or measured [19.9, 12-14]. The SFA can be oper- 
ated in ir, a controlled environment, or under liquid 
conditions. The surfaces are often treated to attach 
molecules whose behavior under confinement can be 
studied. Alternately, the behavior of « confined fluid 
layer can be observed. The surface separation can be 
measured and controlled in the Angstrom (A) regime. 
‘The lateral resolution is limited to the range of sev- 
eral tens of micrometers. However, the true contact 
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enclosure rather than a circular can, Their power 
ratings are likely to be lower, but their principle 


of operation is unchanged. Two variants are 
shown in Figure 11-5. 
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Figure 11-5. Two modern miniaturized potentiometers. At 
left: 5K. At right: 10K. Both are rated to dissipate up to 
50mW. 


‘The three terminals on the outside of a potenti- 
‘ometer may be solder lugs, screw terminals, or 
's for direct mounting on a circuit board, The 
pins may be straight or angled at 90 degrees. 


The resistive element may use carbon film, plas- 
tic, cermet (a ceramic-metal mixture), orre 
wire wound aroundan insulator. Carbon-film po- 
tentiometers are generally the cheapest, where- 
‘as wire-wound potentiometers are generally the 
most expensive. 


Wire-wound potentiometers may handle more 
power than the other variants, but as the wiper 
makes a transition from one tum of the internal 
wire element to the next, the output will tend to 
change in discrete steps instead of varying more 
smoothly. 


In a potentiometer with detents, typically a 
spring-loaded lever in contact with notched in- 
ternal wheel causes the shaft to turn in discrete 
steps that create a stepped output even if the 
resistive element is continuous. 


power > maderation > patentiometer 


The shaft may be made of metal or plastic, with 
its length and width varying from one compo- 
nent to another. A control knob can be fitted to 
the end of the shaft. Some control knobs are 
push-on, others have a set screw to secure them, 
Shafts may be splined and split, or round and 
smooth, orround witha flat surface that matches 
the shape of a socket in a control knob and re- 
duces the risk of a knob becoming loose and 
turning freely. Some shafts have a slotted tip to 
enable screwdriver adjustment. 


Some shaft options for full-size potentiometers 
are shown in Figure 11-6. 


Figure 11-6. Three shaft options for potentiometers. 


Multiple-Turn Potentiometer 

To achieve greater precision, a track inside a po- 
tentiometer may be manufactured in the form of 
ahelix, allowing the wiper to make multiple turns 
‘on its journey fram one end of the track to the 
other. Such multiple-turn potentiometers typi- 
callyallow3,5,0r 10turnsto move the wiperfrom 
end to end. Other multiple-turn potentiometers 
may use a screw thread that advances a wiper 
along a linear or circular track. The latter is com- 
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area between the interfaces can be directly measured, 
which is a key advantage since it allows an adhesive 
force to be converted to a force (or energy) per unit 
area (or per molecule), thus separating geometrical con- 
tributions to adhesion from chemical contributions. In 
this chapter, we will refer to relevant results in the 
context of the scanning probe experiments. AS a very 
brief summary, some of the most important results 
pertaining to adhesion include: the observation of cap- 
illary effects on adhesion [19.15, 16], the presence of 
hysteresis in adhesion due to pressure-induced restruc- 
turing of the interface [19.17], and numerous studies 
of how interfacial chemistry (hydrophilicity, surface 
charge, specific chemical groups, etc.) affect adhesive 
forces (19.1, 18,19] 

‘AFM instrumentation is described in part B of this 
book. Key ways in which the AFM differs from the SFA 
are: (1) the lateral contact size is nm, not jum, due to the 
fact thatthe tip is usually < 100nm in radius, and the 
contact area at low applied loads will be a fraction of 
this radius [19.20 (2) the force resolution is as good as 
10~"N orbette, as opposed to ~ 10° N with the SFA; 
G) the contact area is not directly observable, although 
it may be derived through other means; (4) the actual 
separation between the tip and sample are not directly 
observable, which is a key disadvantage; (5) the relative 
separation between the sample and the cantilever (not 
the tip) is controlled inthe 0.1 nm range or better; (6) the 
‘measurement bandwidth is typically in the kHz. regime, 
but can extend into the MHz regime depending on the 
data acquisition technique; (7) the operating environ- 
‘ment includes ultrahigh vacuum (UHV) and cryogenic 
to elevated temperatures; (8) there is virtually no limit 
to the range of materials that can be probed by the 
AFM; and (9) half ofthe interface (the tip) is essentially 
unknown or uncontrolled, whereas with the SFA, both 
surfaces are well-defined, which is another key challenge 
for AFM that has yet to be consistently addressed. 

‘The general setup of the AFM is as follows. A small 
sharp tip (with a radius typically between 10~100nm) 
is attached to the end of a compliant cantilever (see 
Fig. 19.1). The tip is brought into close proximity with 
sample surface ina fashion thats identical to STM tip 
sample approach mechanisms. Forces acting between 
the AFM tip and the sample will result in deflections of 
the cantilever Fig. 19.2), The cantilever bends vertically 
(.e.. toward the sample) in response to attractive and/or 
repulsive forces acting on the tip. The deflection of the 
cantilever from its equilibrium position is proportional 
to the normal load applied to the tip by the cantilever. 
Lateral forces result in a twisting of the cantilever from 
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Fig. 19.1 Diagram of the AFM setup for the optical beam deflection 
‘method. The tip is in contact with a sample surface. A laser beam 
is focused on the back of the cantilever and reflects into a four- 
‘quadrant photodetector. Normal forces deflect the cantilever up or 
down, lateral forces twist the cantilever left and right. These deflec- 
tions are simultaneously and independently measured by monitoring 
the deflection of the reflected laser beam 


its equilibrium position. These measurements can be 
performed ina variety of environments: ambient air, con- 
trolled atmosphere, liquids [19.21], or UHV [19.2224]. 

‘The simplest way (perhaps deceptively so) to mea- 
sure adhesion with the AFM is through so-called 
force-displacement plots (also referred to in the litera~ 
ture as force curves and force-distance curves or plots) 
‘A force-displacement plot displays the vertical can- 
tilever bending (ie., the cantilever deflection, which can 
be calibrated to give the tip-sample interaction force) vs. 
lever-sample displacement. This displacement is meas- 
ured between the sample and the rigidly held back end 
of the cantilever (as opposed to the front end with the 
tip, which will bend in response to interaction forces) 
‘This displacement is altered by varying the vertical po- 
sition of the piezo tube, which, depending on the type 
of AFM, displaces the tip or the sample in the direction 
normal to the sample. Referring to Fig. 19.2a, the stages 
of acquisition of the force curve are as follows: (a) The 
lever and sample are initially far apart and no forces act. 
(b) As the lever is brought close to the sample, the tip 
senses attractive forces that cause the tip end of the lever 
to bend downward, thus signifying a negative (attrac~ 
tive) force. These forces may be of electrostatic, van der 
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Fig. 19.2 (a) A “force-displacement” curve displays the vertical cantilever deflection vs. lever-sample displacement. This, 
displacement is measured between the sample and the rigidly held back end of the cantilever (as opposed tothe front end 
\ith the tip that will bend in response to interaction forces). (b) The tue tip-sample interaction as a function of tip-sample 
separation () Tip-sample interaction energy, lever stain eneygy. and total energy asa function of tip-sample separation 


Waals, or other origin. (c) At this point, the attractive 
force gradient (slope) of the tip-sample interaction force 
exceeds the spring constant k of the lever, and this in- 
stability causes the tip to snap into contact (d) with the 
sample. The lever-sample displacement can continue to 
be reduced and eventually crosses the force axis (e), 
which corresponds to zero externally applied load. As 
this tip isin repulsive contact with the sample, the front 
end of the lever is pushed further and further upward, 
and the force corresponds to the externally applied load. 
(f) The displacement direction is reversed at a point cho- 
sen by the user. As the lever-sample distance is reduced, 
the force becomes negative. Adhesion hetween the tip 
and sample maintains the contact, although there is now 


4 net negative (tensile) load, Eventually the tip passes 
through the point of maximum adhesion (g), which is not 
distinguishable on this plot (see Fig. 19.2b). Finally, an 
unstable point is reached at which the cantilever stiffness 
‘exceeds the force gradient ofthe tip-sample interaction, 
and the tip snaps out of contact with the sample (h— 
1). The resulting force relaxation is usually called the 
pull-off force. Note that the forces and distances are not 
drawn to scale, and, in particular, the attractive part of 
the interaction is exaggerated beyond that which often 
occurs for inert, neutral surfaces. 

‘The force-displacement curve can be measured at 
a single point, or a series of measurements can be car- 
ried out over an area of interest. The so-called adhesion 
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‘mapping techniques allow for spatially resolved adhe- 
sion measurements to be correlated with other sample 
properties such as friction, chemical termination, and 
other types of material heterogeneity. 

In order to properly derive adhesion measurements 
from the AFM, itis critical to understand the nature of 
the mechanical instability of both the snap-in and pull- 
off processes. The fundamental point to comprehend is 
that the pull-off force is not the adhesive bond strength. 
In other words, itis not a direct measure of the actual 
adhesive forces that were acting between the tip and 
sample in the absence of applied load. This important 
point is ofien overlooked or misunderstood, and so we 
discuss it here in some detail 

‘A cartoon of the interaction force (Fi) between the 
tip and sample is sketched (not to any particular scale) as 
2 function ofthe true tip-sample separation in Fig. 19.2b. 
Superimposed on this is the force-distance relation of 
the cantilever: a straight line with slope k (N/m), the 
cantilever stiffness (diagonal dashed lines). Points of in- 
stability are shown as gray dots, labels, and arrows, as 
‘opposed to stable points, shown as black dots, labels, and 
arrows, Snap-in occurs when the attractive force gradient 
dF,/ dz just exceeds k, in other words, when the dashed 
line is tangent to the tip-sample force curve, as shown 
for point c. This instability is a direct consequence of 
Newton's 2! law and is explained further below. Simi- 
larly, the pull-off occurs during retraction when k finally 
just exceeds dF,/dc, as shown for point h, where once 
again, the diagonal line is just tangent to the tip-sample 
force curve. By definition, since kis finite, this point can- 
not correspond to the point of maximum attractive force 
(or adhesive force), g. Thus, the force at which pull-off 
‘occurs is nor precisely equal to the true adhesion force, 
‘The significance of this deviation is discussed below. 

This can also be illustrated from an energetic 
perspective. In Fig.19.2c, we show separately the 
tip-sample interaction energy, Ey, as a function of 
tip-sample separation (top), followed by the quadratic 
elastic strain energy, Eieye, of the cantilever (middle) 
and the sum, Eyal. of the two (bottom). As the lever- 
sample displacement is varied, the elastic energy curve 
is shified to the appropriate position, which, for this 
example, is represented on the tip-sample separation 
axis. Far away from the sample, the system resides in 
deep minimum, points « and b (not shown), As the tip- 
sample separation is reduced, this minimum becomes 
‘more and more shallow (evolving along the dashed ar- 
row). At the snap-in point c, the minimum is eliminated, 
since the attractive energy of the tip-sample interaction 
has overwhelmed the energy minimum of the cantilever. 
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This explains why the instability is described by the line 
of slope & being tangent to the tip-sample force curve, as 
shown in Fig. 19.2b. The system now rapidly finds the 
new minimum by following the gray arrow to point d, 
where a mechanical contact between the tip and sample 
is now formed. 

Note that once the contact is formed, the tip and 
sample elastically deform, and so, strictly speaking, the 
tip-sample potential will be distinct from the potential 
shown before contact occurs. For simplicity, we have 
left out this change and instead have drawn the potential 
as a single-valued function, However, such changes in 
the energy landscape should be considered in a complete 
description of the problem [19.25] 

Nevertheless, it will also hold true that upon retract- 
ing the tip from the surface, the stable minimum seen 
ate, f, and then g becomes more shallow, and eventu- 
ally disappears as tis overwhelmed by the strain energy 
of the cantilever. Again, an inflection point is created 


when 
Eas 
= (19.2) 
in other words, when again 
Ue og (9.3) 
de 


This second instability occurs at point h, the pull-off 
point. The system then follows the gray arrow to point i, 
whereby the tip is now out of contact with the simple. 
Ifthe spring is sufficiently compliant (low &), oF the 
potential sufficiently stiff (large d/dz shortly past the 
‘minimum at g), then the pull-off force does neatly cor- 
respond to the attractive force minimum Fig. In other 
words, point # would occur very close to point g. But 
if the cantilever is somewhat stif, or if the potential is 
rather compliant (which may be the case for organic, 
polymeric, biological, or liquid systems), then the pull- 
off force may differ Substantially from Fg. For such 
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cases, this distinction between pull-off force and true 
adhesion is important, and the limitations imposed by 
the AFM’s intrinsic instabilities become apparent. Of 
course, if a cantilever is used whose stiffness exceeds 
the attractive force gradient at all points, one will avoid 
the instabilities. But since it is the deflection of the can- 
tilever that is used to sense the force, one would have to 
trade force sensitivity for stability, which is usually an 
unsuitable compromise. 

‘When a compliant spring or holder is used to ma- 
nipulate a probe, as is the case for AFM, the technique 
is generally referred to as being “load-controlled”, since 
the load can be prescribed, but the actual displacement 
of the probe with respect to the sample cannot (as illus- 
trated by the jump in displacement that occurs during 
snap-in or pull-of) 

In contrast, “displacement-controlled” techniques 
avoid this instability by effectively eliminating the com- 
pliance of the spring or holder. This has been carried out 
for decades in the mechanical testing community, and 
over the past 10 years, displacement-controlled scanning 
probe, have been developed. This is accomplished by 
displacing the tip by applying force to the tip itself. Peth- 
ica etal.[19.26,27] use a magnetic coating on the tip and 
external coils to apply forces to the tip. They refer to the 
instrument asa “force-controlled microscope”. Houston 
etal. [19.28,29] control the force electrostatically and re- 
ferto the instrument as an “interfacial force microscope” 
(IFM). Lieber et al, use a variation on Pethica’s method, 
whereby a magnetic coil is used to apply a force to the 
cantilever [19.30], and adapted it to work in solution. 

‘An example of an adhesion measurement with the 
IFM is shown in [19.31]. which shows that the instru- 
ment is able to measure the entire interaction force curve 
without instabilities. Thus, this provides a direct mea- 
surement of the minimum interaction force (as well as 
forces at all other tip-sample separations) and is a more 


19.3 Cal 


Whether the forces are to be measured with load- 
controlled or displacement-controlled techniques, mea- 
surements cannot be compared between laboratories 
unless the forces are properly calibrated. Unfortunately, 
this can be a rather involved task, and adoption of stan- 
dards has yet to become widespread and robust. Here 
wwe provide a summary of the pertinent issues with ref- 
erences to other work for further reading: these issues 
are also discussed in part B and C of this book. 


reliable measure of adhesion. The disadvantage with 
these techniques is primarily one of inconvenience: The 
probes require extra manufacturing steps and control 
electronics. However, given the importance of adhesion 
in nanoscale science and technology, the extra informa- 
tion gained makes these techniques clearly worth the 
effort 

Pall-offinstabilitiescan occureven ina displacement- 
controlled experiment, In this case, the instability is 

|. whereby the adhesive force 
gradient competes with the stiffness of the contact it 
self [19.32, 33]. Adhesive materials with low stiffness, 
such as polymers, may show this behavior 

Finally, the pulloff force may show a time depen- 
dence that arises from intrinsic viscoelasticity ofthe tip 
or sumple materials [19.34], or kinetic effects due toad- 
sorption or reaction of materials atthe interface [19.35] 
‘These regimes remain relatively unexplored, but cer- 
tainly, to compare adhesion measurements between lbs, 
the velocity of approach and retraction, as well as the 
time in contact ought to be reported for any published 
experimental results. 

"A quantitative and reliable examination of adhe- 
sion, therefore, requires careful consideration of the 
mechanics of the contact and the cantilever. For an 
‘AFM experiment in which instabilities occur, one can 
conclude that the pulloff force is a good measure of 
adhesion only if 


1. the materials are fully elastic with little or no vis- 

ccoelastic character, 

the interface is chemically stable, 

the cantilever stiffness is sufficiently low compared 

with the adhesive force gradient, and 

4, the contact stiffness is sufficiently high compared 
with the adhesive force gradient. Otherwise, a more 
thorough investigation is required. 


ration of Forces, Displacements, and Tips 


19.3.1 Force Calibration 


Commercially available AFM cantilevers often come in 
‘wo forms: V-shaped and rectangular. Silicon and silicon 
nitride are the typical materials, and reflective coatings 
are often applied to enhance the reflectivity of the laser 
beam. The normal force constant of a monolithic rect- 
angular cantilever beam is well-defined [19.36], but it 
relies on knowledge of all lever dimensions and its mod- 
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19.3 Calibration of Forces, Displacements, and Tips 


ulus. For a rectangular beam of length L, width w, 
thickness ¢, Young’s modulus £, the stiffness k is given 
by 


Ew 
as 


(29.4) 


‘The cubic dependence on thickness is particularly prob- 
lematic since in microfabrication processes ¢ is usually 
determined by an etching process that is not precisely 
controlled, and is, therefore, difficult and cumbersome 
to measure experimentally. Variations in E can also oc- 
cur depending on the type of cantilever, particularly 
for silicon nitride cantilevers, although the dependence 
on E is clearly not as critical. If a bulk value for E 
is used, the thickness can be determined by measur- 
ing the resonance frequency of the cantilever [19.37]. 
However, this method only works for uncoated mono- 
lithic cantilevers, since the metal coatings applied to 
enhance reflectivity, or for other purposes, will also 
alter substantially the spring constant [19.38]. In ad- 
dition, formulae for V-shaped levers are substantially 
‘more complicated. Uncoated, single-crystal silicon can- 
tilevers are perhaps the only ones for which the force 
constant can be reliably determined by using (19.4) and 
the resonance frequency [19.39]. Otherwise, an experi- 
‘mental, preferably in situ calibration method is strongly 
encouraged, 

Experimental methods o calibrate the force constant 
of AFM cantilevers have been discussed exten- 
sively [19.37, 40-S0]. It has been shown repeatedly 
that the manufacturer's quoted spring constants can 
be in error by large factors and should simply not 
be used in any quantitative research effort. We will 
rnot delve into the details of these calibration meth- 
‘ods, but we do make note of one particularly recent 
method proposed by Sader et al. [19.51] that appears 
to be reliable and simple to carry out for rectangular 
levers. It relies on measuring the resonance frequency 
and the quality factor of the cantilever in air. Use of 
the hydrodynamic function relates the damping of air 
to the quality factor, and the dependence of E and 1 
is eliminated from the resulting formula for the force 
constant, 


19.3.2 Probe Tip Characterization 


Aproblem of quite a different nature is that the geometry 
of the contact formed between the AFM tip and sample 
surface is not defined if the tip shape and composition 
is not known, This issue is of crucial importance since 
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one is trying to understand the properties of an interface, 
and the tip is half of that interface. 

The adhesion force between the tip and sample is 
‘a meaningless quantity in the absence of any knowledge 
of the tip shape [19.20]. The only use for such measure- 
‘ments is in cases where the same tip is used to compare 
different samples or different conditions, and verifica- 
tion by cyclic repetition of the experiments is carried 
‘out to ensure that the tip itself did not change during the 
experiment. 

There are several in situ methods to characterize 
the tip shape. A topographic AFM image is actually 
a convolution of the tip and sample geometry [19.52] 
Separation of the tip and sample contributions. by 
contact imaging of known, or at least sharp, sam- 
ple features allows determination of the tip shape to 
significant extent [19.53-64]. Ex-situ tip imaging 
by transmission electron microscopy has also been 
performed [19.61, 65]. Some of these measurements 
have revealed that a majority of microfabricated can- 
tilevers possess double tips and other unsuitable tip 
structures {19.56, 60), 64]. This convincingly demon- 
strates that tip characterization is absolutely necessary 
for useful nanotribological measurements with AFM, 
Thin film coatings applied to microfabricated levers 
can provide robust, smooth, and even conductive coat- 
ings [19.65-67]. Further work in this direction would be 
useful so as to provide a wider array of dependable tip 
structures and materials. 

In addition to the shape of the tip, its chemical 
composition is equally important, but is also challeng- 
ing to determine or control. Xiao et al. have shown 
that the AFM tip is readily chemically modified when 
scanned in contact with various materials [19.68], even 
tips that have been coated with self-assembled monolay- 
ers in order to control their chemistry. They recommend 
“running in” the tip with a standard sample to give 
reproducible results. The stresses that take place in 
a nano-contact can be very large [19.5], and so mod- 
ification of both the chemistry and structure of the tip is 
important to consider. 

One class of experiments for which the tip shape and 
chemistry is not as critical is when a molecule or nano- 
structure is tethered to the end of the tip and specific 
interactions are probed [19.69-73]. Another alternative 
‘method isto use colloid probes {19.74.75}, whereby col- 
loidal particles are attached to the cantilever on top of (or 
in place of) the tip. This method requires a unique cali- 
bration procedure [19.76], but provides particles whose 
structure and chemistry can be measured and perhaps 
controlled prior to attachment to the lever. 
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19.3.3 Displacement Calibration 


Proper signal and spatial calibration also. requires 
knowing the sensitivity of the piezoelectric scanning 
‘elements. This can involve complications due to instru: 
mental drift [19.77] and inherent piezoelectric effects, 
namely nonlinearity, hysteresis, creep, and variations 


19.4 The Effect of Liquid Capillaries 


‘The adsorption of water and other liquids onto surfaces, 
and their subsequent behavior at interfaces, continue to 
be a vibrant area of research. The importance of liquid- 
solid interface behavior is massive, encompassing topics 
as broad as paints, textiles, lubricants, geology, and 
environmental chemistry, and covering all comers of 
biology. 


19.4.1 Theoretical Background 


‘The ability to measure forces at the nanoscale using 
scanning probe microscopy has generated much inter- 
est in these fields. For any force measurement carried 
out in ambient laboratory conditions, one must consider 
the possibility ofa capillary neck forming between the 
tip and sample. The study of such necks may, in mm, 
provide insight into the behavior of the liquid, which 
is discussed in other chapters in this book. In order to 
provide background for these emerging areas, we con- 
sider here the fundamental mechanical and chemical 
aspects of adhesion in the presence of a liquid menis- 
cus. By way of introduction, Israelachvili [19.17] and 
de Gennes [19.87] provide rigorous coverage ofthe te- 
minology, physics, and chemistry of liquid films and 
their wetting properties 

‘Water readily adsorbs at many surfaces. At a crack 
or sharp comer it can condense to form a meniscus if its 
contact angle is small enough. The small gap between 
an AFM tip and a surface is therefore, an ideal occasion 
for such condensation. Early on, it was realized that 
liquid condensation plays a significant role in tip-sample 
interactions [19.88, 89] 

The classic theory of capillary condensation starts 
by considering the thermodynamics of capillary forma- 
tion. The general geometry of the capillary is shown in 
Fig. 19.3, adapted from [19.86], with hydrophobic sur- 
faces sketched on the left half (ry > 0) and hydrophilic 
surfaces on the right half (ry <0). The tip is idealized as 
sphere of radius R. The water contact angles with the 


of sensitivity with applied voltage [19.78-82]. Cau- 
tion must be exercised when determining and relying 
upon these parameters. Techniques such as laser inter- 
ferometry [19.83], scanning sloped samples [19.45.78], 
scanning known surface step heights [19.84], or the 
use of pre-calibrated piezoelectrics [19.85] can facilitate 
piezo calibration. 


on Adhesion 


sample and tip respectively are ® and 6. D represents 
the separation of the tip and sample, The angle ¢ is re- 
ferred to as the “filling angle”. The pressure difference, 
or Laplace pressure, across a curved interface is given 
by the Young-Laplace equation [19.17, 86] 


spar(Let), 
whch on 


(19.5) 


Pp re! 

atin = yy (+= (19.6) 
Po AR 

where po is the saturation pressure of the liquid, V is 

the molar volume of the liquid, Tis the temperature, 

and R the molar gas constant, The ratio p/po simply 

corresponds to the relative vapor pressure of the liquid, 


Fig. 19.3 The AFM tip considered as a sphere at a dis- 
tance D from the sample. The liquid film in between may 
form a concave (right) or convex (left) shaped meniscus in 
the plane shown (adapted afier [19.86)) 
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which in the case of water is just the relative humidity 
(RH). This is often rewritten in terms of the Kelvin 
radius ry 


(19.7) 


‘The Kelvin radius varies logarithmically with the par- 
tial pressure of the liquid and is by definition less than 
zero (negative values correspond to convex curvature). 
For water at 20°C, pV/RT =0.54am, A graph of 7 
\s. p/po is shown in Fig. 19.4. OF particular note is 
the fact that starting from p/p = 0.35 and higher, we 
find |r,| <2nm. The application of this classic theory 
to capillaries with such small curvature radi is certainly 
question tobe considered carefully, and we will address 
it below. 

A simple equation for the maximum attractive cap- 
illary force F. between the tip and sample that is 
commonly used is: 


cs 


ry cos 8 (19.8) 


‘This equation is calculated by considering the Laplace 
pressure only. The adhesion force is predicted to be in- 
dependent of RH. Notice that an immediate problem 
arises, which is that it predicts a finite force even at 
0% RH, where there can be no capillary formation. 
Derivations of (19.8) are presented in several other pub- 
lications [19.17,86,90,91]. Significantly, this equation 
and its use with AFM experiments contain several as- 
sumptions, many of which may not be valid for an AFM 
experiment: 


1. |ri| < R, which is equivalent to saying ¢ is small, 
2 In| «In 
3 = 


4. D< ini. \ral 

5. the tip is shaped like a perfect sphere, 

6. the effect of solid-solid adhesion is negligible with 

respect to the meniscus force, 

the meniscus cross sections are perfect, circular ares, 

the force from the Laplace pressure dominates the 

force due to the resolved surface tension of the 

9. the surface tension y is independent of the meniscus 

10, the meniscus volume remains constant as the tip is 
retracted, 

11, the maximum force of attraction is equal to the pull- 
off force, 

12, the tip and sample are perfectly rigid. 
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Fig. 19.4 The Kelvin radius of water at 20°C plotted as 
a function of the relative humidity 


Assumption 1 may not be true, since the tip radius 
‘may indeed be small and comparable to the meniscus 
curvature radii. Assumption 2 may not be true since the 
small tip geometry may lead the two meniscus curvature 
radii to be similar. Assumption 3 is by no means true if 
the tip and sample are made of different materials. As- 
sumption 4 may not be true since both the separation 
of the tip and sample, as well as the radii ry and r2 
‘may be in the nanometer range. Assumption 5 may be 
slightly or grossly in error and is a particularly dubi- 
cous assumption in the absence of tip characterization, In 
addition, for large menisci, the capillary will grow be- 
‘yond the end of the tip and start climbing up its shank, 
‘hich may be pyramidal or conical in shape. Assump- 
tion 6 may also be inaccurate if van der Waals or other 
adhesive forces are significant (this is discussed further 
inthe next section). Assumption 7 is not correct [19.90], 
and the regimes where itis a reasonable approximation 
require close scrutiny. Assumption 8 will be inaccurate 
at high relative vapor pressures [19.1791]. The nature 
of assumptions | to 8 and corrections to the theory to 
account for their violation are presented in the work of 
Orr and Scriven [19.90]. This theory remains within the 
bounds ofthe classical picture of capillary formation, 
‘Assumption 9 concerns an important scientific ques- 
tion that has not been fully resolved and represents the 
possible violation of the classical framework of mo- 
lecular effects at the nanoscale. SFA measurements by 
Israelachvili have indicated that for cyclohexane and 
other inert organic liquids, y remains nearly equal tits 
‘macroscopic value even for Kelvin radii that, remark- 
ably, correspond to one or two molecular diameters 
However, for water, the adhesion force comes to within 
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10% of the bulk prediction only when p/po > 0.9. which 
corresponds to a Kelvin radius greater than ~ Sm in 
magnitude [19.16]. This deviation from macroscopic 
thermodynamic predictions alone calls the use of (19.8) 
into serious question for AFM measurements. Rather, 
the exploration of this deviation at the molecular scale 
presents a unique opportunity for scanning probe mea- 
surements 

‘Assumptions 10 and 11 are not assumptions of (19.8) 
itself, but rather are assumptions that are often used when 
applying (19.8) to AFM measurements. Equation (19.8) 
simply gives the maximum force of attraction between 
the tip and sample. As discussed above, an AFM does 
‘not measure this quantity. Rather, it measures the force 
at which an instability occurs. If capillary has formed 
between the tip and sample, then the force as a func- 
tion of distance can be calculated. Calculating this force 
requires making one of two assumptions: Either the 
volume of the capillary is conserved (.e., the rate of 
displacement is large with respect to the adsorption or 
desorption kinetics of the liquid), or the Kelvin radius 
is conserved (ie, the rate of displacement is slow with 
respect to the adsorption or desorption kinetics of the 
liquid, and so the capillary remains in equilibrium). 
‘The constant volume assumption 10 has been used in 
every paper we have reviewed. Israelachwvli, however, 
pointed out the difference between these two approaches 
in his book [19.17] and left the solution of the problem 
as an exercise to the reader! As with the problem of 
scale-dependent surface tension mentioned above, the 
kinetics of capillary formation and dissolution isa rel- 
atively unexplored problem and is therefore worthy of 
further investigation. A recent study of the humidity de- 
pendence of friction as a function of sliding speed is an 
‘example where this issue is raised [19.92] 

‘Once an assumption about how the meniscus 
‘changes with displacement has been made, one stil 
needs to consider the nature ofthe instability in order to 
relate the AFM pull-off measurement to the capillary’s 
properties. Asstated above and shown in Fig. 19.2, low 
lever stiffness k ora strongly varying adhesive force will 
lead to apull-off force that is nearly equal tothe adhesive 
force, and so assumption 11 would be valid. However, 
if k is sufficiently large, or the capillary stiffness suffi- 
ciently weak, this assumption will fail. AS we shall see 
below, experimental efforts to investigate this point, and 
theoretical work to predict it, have yet to be carried out. 

Finally, assumption 12, if violated, requires a sub- 
stantially more complex analysis. The question has 
been addressed independently by Maugis [19.93] and 
Fogden and White [19.94]. Both papers provide a nondi- 


mensional parameter that allows one to determine the 
severity of the effect. In the limit of small tips, stiff ma- 
terials, large (in magnitude) Kelvin radii, and low surface 
tensions, the effect of elastic deformation is negligi- 
ble. However, for relatively compliant materials, large 
tips, and small Kelvin radii, the meniscus can apprecia- 
bly deform the contact in the immediate vicinity of the 
meniscus. This can substantially alter the mechanics of 
adhesion, as well as significantly affect the stresses. The 
dependence on the Kelvin radius is particularly critical. 

This effect may be of particular concern with soft mater- 
ials like polymers or biological specimens. According to 
‘Maugis, the problem is analogous to the adhesive contact 
problem for solids, discussed by Johnson et al. [19.95] 
and studied further in many papers since [19.25,6,97] 


19.4.2 Experimental and Theoretical 
Studies of Capillary Format 
with Scanning Probes 


‘There have been several experimental and theoretical 
investigations of how pull-off forces are affected by li- 
‘quid capillaries, These studies have mostly focused on 
the effect of relative humidity. We do not present an ex- 
hhaustive review here, but rather summarize a few key 
results that highlight the important trends observed and 
the outstanding questions that remain, 

Early on, it was realized that water capillary forma- 
tion occurred readily if at least one of the two surfaces 
in contact was hydrophilic. Higher adhesion will lead to 
higher contact forces and therefore larger elastic contact 
areas, and this can degrade the lateral spatial resolu- 
tion of the AFM, as observed by Thundat etal. [19.98] 
Furthermore, several observations have confirmed the 
‘expected result that capillary formation was readily pre- 
vented for hydrophobic surfaces. For example, Binggeli 
and Mate [19.88,99] showed that tungsten tips in contact 
with clean silicon wafers with a hydrophilic native ox- 
ide exhibited strong adhesion and long pull-off lengths, 
whereas surfaces treated with a hydrophobic perflu- 
oropolyether (such as Z-dol) showed pull-off forces 
reduced by a factor of 2 to 3. These results were con- 
firmed by Bhushan and Sundararajan [19.100] who 
investigated the pull-off force between silicon nitride 
tips and Si(100) with and without Z-dol coatings for 
4 range of relative humidities. As another example, 
MoO; films, likely hydrophilic, showed a sixfold 
crease in pull-off force measured with silicon tips from 
0 t0 50% RH [19.101] 

While these examples illustrate some basic trends, 
the need for more finely resolved measurements as 
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Fig. 19.6 Scanning po- 
larization for microscopy 
image of water struc- 
tures on the muscovite 
mica surface. A degree 
of polygonal shape to the 
boundaries is seen. The 
signal represents two dis- 
tinct phases of water that 
are present as a molecu- 
lar film below 459% RH 
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Pull-off force between a silicon nitride tip and 
the muscovite mica surface as a function of RH. Two sets 
of data are shown: increasing (grey civeles) and decreasing 
(brown circles) humidity (after (19.35)) 


4 function of humidity has been addressed only quite 
recently. For example, Xi etal, measured adhesion be- 
tween a silicon nitride tip and (hydrophilic) muscovite 
mica in ~5% RH increments, ‘The result is shown 
in Fig. 19.5, There are three identifiable regions: con- 
stant adhesion at low RH (< 20), increasing adhesion, 
and then decreasing adhesion, Some hysteresis is seen 
between experiments conducted with increasing and de- 
creasing RH, but the overall trend is preserved, Xtal 
correlated their measurements with detiled studies of 
the growth of molecular water films onthe mica surface, 
which they could image directly using scanning po- 
larization force microscopy (Fig. 19.6). They proposed 


(alter 19.35) 


lar water film, as seen directly in their dramatic images, 
is an extremely convincing case where the classical as- 
sumptions of (19.8) must be modified to account for the 
‘molecular structure of the water film. 

Further considerations of the limitations to the (19.8) 
were measured, discussed, and modeled in a detailed 
paper by Xiao and Qian [19.91]. Adhesion measure- 
‘ments, collected in large numbers for good statistics, 
‘were carried out with the same silicon nitride tip on two 
different surfaces: hydrophilic SiOz and a hydrophobic 
layer of n-octadecyltrimethoxysilane (OTE) on SiOn. 
Contact angle measurements to confirm the assertion of 
hydrophilicity were not presented, however, the OTE 
surface was confirmed to be hydrophobic with a wa- 
ter contact angle of 108%. The results are shown in 
Fig. 19.7. The hydrophobic surface shows no depen- 
dence on RH, whereas the hydrophilic bare SiO surface 


that below 20%, capillary condensation does not occur, Adhesion force (nN) 
and, indeed, they saw no evidence of a water film at 4 4 
these low humidities. Above 20% RH, a strongly bound, TS ons. 
‘molecular water layer was formed on the bare mica sur- gy 
face (Fig. 19.6). In the presence of the tip, a capillary 
‘meniscus condensed. Above 40% RH, the pull-off force 
decreased. Recognizing one of the limitations of (19.8), 40 
‘Xu et al. attribute this to the violation of assumption 5, 
listed above. They argue that for a pyramidal AFM tip, 4, 
rr, and r become comparable in magnitude (and remain ~ 
‘opposite in sign) once the capillary reaches the shank of 
the tip, leading to anear cancellation of the Laplace pres- 
0 2» 4 © 80 fo 


sure given in (19.5). This argument is certainly plausible, 
although a rigorous proof is not provided, and the other 
limitations of (19.8) are not discussed in relation to this 
issue. Nevertheless, the correlation between the onset, 
of adhesion increase and the formation of the molecu- 
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Fig. 19.7 Pull-off force as a function of RH for adhesion 
between a silicon nitride ip and SiO» (brown circles) and 
(OTE/SiO> (grey circles) samples (after [19.91)) 
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Fig. 19.8 Contributions to the adhesion force as a function 
of humidity: a) resolved surface tension force: b) Laplace 
pressure force; c) total capillary force (Laplace + surface 
tension); d) van der Waals foree: e) total adhesion force. 
(After [19.91)) 


shows three regimes similar to the result of Xu et al 
constant pull-off force (>~ 30% RE), increasing pull 
off force (30%-70% RH), and then decreasing pull-off 
force. Xiao and Qian discuss the limitations of (19.8) 
in substantial detail. In particular, they consider the vi- 
lation of assumptions 1 through 8 listed above, This 
includes a treatment of van der Waals adhesion, taking 
into consideration the effect of electrostatic screening of 
this force by the water itself, Equations for this more gen- 
‘eral case are presented, With all these aspects taken into 


account, they are only able to fit the model to their data 
‘qualitatively (Fig. 19.8). At low RH (< 10%), the van 
der Waals force dominates and the adhesion is initially 
constant. At intermediate values, the Laplace pressure 
contribution increases and then begins to saturate, The 
contribution from the resolved surface tension becomes 
significant at high RH (above ~ 80%), and the contribu- 
tion from the Laplace pressure begins to drop strongly 
around this same point. Qualitatively, this reproduces 
their results (and the aforementioned ones) by produc- 
ing regimes of constant, increasing, and then decreasing 
adhesion. However, the humidities at which the transi- 
tions occur, and the relative changes in adhesion, do not 
match the data. Somewhat better agreement at high RH 
(> 70%) is found by considering alternate (blunt) tip 
shapes. Nevertheless, the most significant discrepancy 
occurs for low RH, where the extent of the constant ad- 
hesion force is underestimated by the classical theory. 
‘The authors attribute this to the failure of the classical 
continuum theory to properly describe the properties of 
a molecular-scale meniscus. Another interesting point 
of this study is that at low RH, the adhesion is very sim- 
ilar for both samples, a fact that the authors attribute to 
the dominance of the van der Waals force for both sam- 
ples (which is largely determined by the substrate and 
not affected significantly by the OTE film). 

Slightly more recently, He et al. have studied capil- 
lary forces for a variety of tip-sample pairs [19.102] 
Hydrophilic tips (silicon and silicon nitride with no 
surface treatment) and hydrophobic tips (coated with n- 
octadecyltricholorsilane) were used. The hydrophobic 
character of the tip was asserted based on a water con- 
tact angle measurement of 105.5°, presumably taken on 
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Fig.19.9 (a) Pull-of force vs, RH measured between a hydrophilic tip and a flat silicon sample. Circles: measured when 
increasing RH. Triangles: measured when decreasing RH. (b) Pulloff force vs. RH measured between a sharp SEM tip 
‘coated with OTS and a flat silicon sample. The pull-off force is independent of humidity. (After [19.102]) 
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power > maderation > potentiometer 


parable with a trimmer where multiple turns of 
ascrewdriver are used to rotatea worm gear that 
rotates a wiper between opposite ends of a cir- 
cular track. 


Ganged Potentiometer 
Two (or rarely, more) potentiometers can be 
stacked or combined so that their resistive ele- 
ments and wipers share the same shaft but can 
use different voltages or have different taper. 
Each resistance-wiper assembly is known as a 
cup, and the potentiometers are said to be 
ganged. 


Flat ganged potentiometers combine two resis- 
tive elements in one enclosure. Some dual 
ganged potentiometers are concentric, meaning 
that the pots are controlled separately by two 
shafts, one inside the other. Suitable concentric 
knobs must be used. You are unlikely to find 
these potentiometers sold as components in 
ited quantities. 


Switched Potentiometer 

In this variant, when the shaft is turned clockwise 
from an initial position that is fully counter- 
clockwise, it flips an internal switch connected to 
external terminals. This can be used to power-up 
associated components (for example, an audio 
amplifier). Alternatively, a switch inside a poten- 
tiometer may be configured sothatit is activated 
by pulling or pushing the shaft. 


Slider Potentiometer 

Also known as a slide potentiometer. This uses a 
straight resistive strip and a wiper that is moved 
to and fro linearly by a tab or lug fitted with a 
plastic knob or finger-arip. Sliders are still found 
on some audio equipment. The principle of op- 
eration, and the number of terminals, are identi- 
caltotheclassic-style potentiometer. Sliders typ- 
ically have solder tabs or PC pins. In Figure 11-7, 
the large one is about 3.5” long, designed for 
mounting behind a panel that has a slot to allow 
the sliding lug to poke through. Threaded holes 
at either end will accept screws to fix the slider 
behind the panel, Aremovable plasticfinger-grip 


Variants 


old separately, in a variety of styles) has been 
pushed into place, Solder tabs underneath the 
slider are hidden in this photo. The smaller slider 
is designed for through-hole mounting on a cir- 
cuit board, 


Figure 117, Slider potentiometers. 


Trimmer Potentiometer 

Often referred to as Trimpots, this is actually a 
proprietary brand name of Bourns. They are usu- 
ally mounted directly on circuit boards to allow 
fine adjustment or trimming during manufac- 
turing and testing to compensate for variations 
in other components. Trimmers may be single- 
tur or multi-turn, the latter containing a worm 
gear that engages with another gear to which 
the wiper is attached. Trimmers always have lin- 
ear taper. They may be designed for screwdriver 
adjustment or may have a small knurled shaft, a 
thumb wheel, ora knob. They are not usually ac- 
cessible by the end user of the equipment, and 
their setting may be sealed or fixed when the 
equipment is assembled, In Figure 11-8, the 
beige Spectrol trimmer is a single-turn design, 
whereas the blue trimmer is multi-turn, A worm 
gear inside the package, beneath the screw 
head, engages with an interior gear wheel that 
rotates the wiper. 


In Figure 11-9, a 2K trimmer potentiometer has a 
knurled dial attached to allow easy finger adjust- 
ment, although the dial also contains a slot for a 
flat-blade screwdriver. 
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different region of the cantilever chip. Solvent-cleaned 
silicon samples and calcium fluoride films were used 
fas hydrophilic substrates. As with the measurements 
of Xigo and Qian, contact angle measurements for the 
hydrophilic samples and tips were not presented. Re- 
sults for hydrophobic and hydrophilic tips are shown in 
Fig. 19.9 

‘These results, which were carried out independently 
and without knowledge of Xiao and Qian's work, show 
impressive agreement, This is particularly interesting 
gziven that here the tip was varied from hydrophilic 
to hydrophobic (while the sample stayed hydrophilic), 
‘whereas in Xiao and Qian’s work, the tip presumably 
remained hydrophilic and the sample was varied from 
hydrophilic to hydrophobic. For the hydrophobic tip, the 
pull-off force remains constant, indicating once again 
that capillary formation was suppressed. However, for 
the hydrophilic tip, three regimes of adhesion are found, 
(Fig. 19.9). Similar results are found when a hydrophilic 
glass microsphere is used as a tip. The authors refer 
to these three regimes as the van der Waals regime, the 
‘mixed van der Waals~capillary regime, and the capillary 
regime. In agreement with Xiao and Qian's assessment, 
the authors propose that at low RH (<~ 35% in this, 
case), the formation of the water meniscus is suppressed 
and the adhesion is dominated by solid-solid (presum- 
ably van der Waals) interactions. They propose, based 
fon the work of de Gennes on the theory of spread- 
ing [19.87], that 2 minimum precursor film thickness is 
required to form the meniscus, The authors also present 
‘a calculation of the adhesion force when assumptions 
Vand 2 are relaxed, 

Note that the results discussed above consistently 
indicate that only one hydrophilic surface is required to 


Pulloff force 
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19.10 Figure illustrating the distinct regimes of the 
pull-ff force as a function of RH. Regimes A, B, and C 
are referred to as the van der Waals regime, mixed van der 
‘Waals-capillary regime, and capillary regime, respectively. 
(Ater [19.102)) 
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form the water film, This means that should meniscus 
formation be undesirable in a nanoscale application (as 
is the case for MEMS), then hydrophobic treatment of 
both contacting surfaces is likely required 

Practical guidance for discerning the dependence of 
capillary and van der Waals force is provided by Stifter 
et al [19.86], who have produced a detailed theoretical 
‘model of the meniscus as a function of contact angles, 
tip size relative humidity, separation, and surface ten- 
sion (to represent liquids other than water). An example 
is shown in Fig, 19.11. The model relaxes assumptions 


R= 09 
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Diam 
Fig. 19.11 Top: geometric shape of the meniscus fora range 
fof RH values. Bottom: the meniscus force between the tip 
and the surface due to the Laplace pressure. The dashed 
Jine represents a cantilever with force constant 1 N/m. This 
relatively stiff value is stil less stiff than the capillary force 
ccurve and suggests that the pull-off force would be very 
close to the true adhesion force. OF course, summation of 
the van der Waals and other contributions are necessary 10 
‘make a full comparison of this sort (Afier [19.86]) 
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| through 4 and 6, These studies show regimes where 
cither van der Waals force or Laplace pressure forces 
dominate and provide guidance for actual values of the 
tip geometry and contact angles that minimize the cap- 
illary forces. It is not clear how much of an effect the 
resolved surface tension would have, as that is not in- 
cluded in this particular calculation. Another practical 
result is that for most of the plots of force vs. displace- 
‘ment, the “stiffness” (gradient) of the curve rarely drops 
below 1N/m, This indicates that, within the assump- 
tions of this paper, using cantilevers with force constants 
of 0.11N/m will give pull-off forces that are reason- 
ably accurate measurements of the adhesion force. This 
is consistent with the results of He et al., who found 
no dependence of their measurements when using can- 
tilevers whose nominal force constants ranged from 
0.032-0.5N/m, 


19.4.3 Future Directions 


‘The results and modeling so far indicate the possibility 
of two trends. Hydrophobic surfaces will exhibit little 
dependence of adhesion on RH, whereas if one sur- 
face is hydrophilic, three regimes of behavior occur: 
constant solid-solid adhesion at low RH, increasing ad- 
hesion at intermediate RH, and decreasing adhesion at 


19.5 Self-Assembled Monolayers 


When thinking about adhesion and the related phe- 
nomenon of friction, it is important to realize that the 
interfaces of real surfaces in contact are rarely atomically 
smooth, Surfaces that appear smooth on the macroscopic 
scale, upon closer inspection are found to consist of 
nanometer-scaled asperities (typically on the order of 
10 nanometers) whose intentional or accidental interac- 
tions ultimately control adhesion, friction, and wear at 
contacts [19.6, 7, 103-105]. The size of these asperi- 
ties becomes particularly important when one considers 
that the true contact area between interfaces for the load 
distribution is localized through these asperity-asperity 
interactions in wich extremely high pressures can be 
produced, sharply increasing local stress fields that can 
‘cause materials to yield and shear as they encounter each 
other during sliding and intermittent contact. In addi- 
tion to load distribution at nanoscale asperity-asperity 
contacts, their size will influence surface wetting and 
adhesion due to capillary forces localized at the con- 
tacts [19.7, 104, 105]. The structure of applied lubricant 


the highest RH. Some insight into the physical mecha- 
nisms behind these regimes has been presented, but it 
‘would be desirable to pursue further work in this area. 

Perhaps most critically needed is an atomic-scale 
picture of the menisci and water films present under 
low partial pressures. This could address the question 
of why adhesion is initially independent of RH, and 
when the meniscus itself would start to form, Further 
theoretical developments that address the assumptions 
laid out above would help to clarify the picture. It is 
also important to extend these studies beyond simply 
the case of water, as the properties of other liquids are 
also of great interest and could be compared to previous 
‘experiments with the SFA and other tools, 

Studies that clarify the kinetics of meniscus for- 
mation are also needed. There should be a noticeable 
transition in behavior once the rate of displacement 
becomes comparable to the appropriate kinetic rates, 
and this could provide valuable information about these 
kinetic processes at the nanometer scale. 

Finally, as mentioned before, there continues to 
be a gap in reproducibility and comparability between 
laboratories that will only be bridged when standard 
techniques for tip characterization and force and dis- 
placement calibration are addressed, Efforts that take 
these considerations into account are worthy of support. 


films at such asperities will be highly dependent upon 
asperity curvature, and defects in lubricant film struc- 
ture may form more readily here than on atomically flat 
surfaces. 


19.5.1 Adhesion at SAM Interfaces 


‘The minimization of adhesion at such asperity-asperity 
contacts is a critical issue in MEMS devices [19.6,7, 
104, 105}, In fact, the intentional introduction of surface 
roughness (on the order of 10m RMS) can be employed 
to lead to reduced stiction during post-processing fea- 
ture release. These same asperities, however, must later 
resist wear during controlled or accidental contact during 
device operation. Thus, the specific details of adhesion 
and energy dissipation at such asperity-asperity contacts 
are required for the rational design of such systems, 

‘To function as a protective lubricant layer in such 
systems, self-assembled monolayers (SAMs) of alkyl- 
silane and fluorosilane compounds with chain lengths 
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ranging from Co to Cis have been useful inthe redue- 
tion of friction and adhesion in MEMS [19,7 104-106) 
Such direct applications of SAMs as lubricant films, 
combined with the ease of sample preparation and the 
ability to generate model surfaces with well-defined 
film chemistry and structure, have made nanotribo- 
logical and adhesion studies of SAMs a rich area of 
research [19.5]. Many of these nanotribological studies 
have used AFM to examine either SAMS of alkylsilane 
films on atomically smooth Si wafers, lass, ormica sur- 
faces. Alternatively, many researchers have examined 
alkanethiol films on atomically smooth Au(I11) sur- 
faces. Using this approach, many molecular level details, 
such as the influence of film chemistry and molecular 
organization on friction, and the adhesion and wear of 
SAMs, can be obtained. Developing a clear understand- 
ing of the details of adhesion at SAM-modified surfaces 
allows for the complex links between surface chemistry, 
adhesion, and friction to be understood at the molecu- 
lar level. In this section, we overview AFM studies of 
adhesion on SAM-modified surfaces. 


19.5.2 Chemical Force Microscopy: 
General Methodology 


In onder to probe adhesion between chemically mod- 
iffed surfaces using AFM, the probe tips and sample 
surfaces are typically modified via self-assembly of 
‘monolayers using organosilanes on such surfaces as 
‘mica, glass, or oxidized Si or SisNj (the latter two being 
the typical materials of which AFM tips are made), or 
formed from thiols on Au-coated AFM tips and surfaces, 
(Fig. 19.12) [19.107, 108]. While this has been shown to 
be a facile method for the modification of AFM tips for 
chemical force measurements, it should be noted that the 
details of the packing densities of the monolayers formed 
oon the AFM tips are generally not known. This lack of 
detail regarding molecular overlayers on AFM probe 
tips can be a problem that requires careful consideration 
‘when using such chemically modified tips for the quan- 
titative determination of adhesion forces and molecular 
interactions, as the number density of species in the tip 
sample contact is related to the measured adhesion. 
Details of the environment in which the adhesion 
‘measurements are carried out are also an important con- 
sideration. Under ambient environmental lab conditions, 
surfaces are contaminated with organic compounds from 
the air, as well as with a layer of condensed water vapor, 
which varies with humidity. The condensed water layer 
can form a contact meniscus between the tip and sample, 
introducing a capillary force into the measured adhe- 
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S10, 
Fig. 19.12 The modification of AFM tips for chemical force mi- 
croscopy is frequently carried out by chemical functionalization by 
alkylsilane monolayers on the oxidized surfaces of Si- or SisN- 
based tips, oF by alkylthio! monolayers assembled on Au-coated 
(~ 50 nm) AFM tips. The Au tips also typically have a Cr binding 
layer (~ Sm) placed on before Au coating 


“8, X==CH,, NH, COOH, -CO 


sion [19.109]. The presence of this capillary force can 
overwhelm the details of the adhesion from the SAM- 
terminated surfaces to be probed. To eliminate capillary 
forces, many studies are performed under liquid environ- 
‘ments or ultrahigh vacuum. Under liquids, the nature of 
the solvent will of course impact the measured adhesion 
fora given pair of interacting surfaces, as solvent exclu- 
sion plays an important role. Also, in the case of water, 
the pH and ionic strength of the water environment can 
influence the measured adhesion in the presence of any 
surface-bound charges, 

In quantifying adhesion energies from AFM mea- 
surements, the contact mechanics model developed by 
Johnson, Kendall, and Roberts (JKR model) [19.20,95] 
is often employed in the analysis of the adhesion data 
acquired by force-distance spectroscopy, whereby the 
‘number of interacting species (and consequently the av- 
erage “unit” interaction force or energy) can be derived 
from the estimated contact area and the average mo- 
lecular packing density. Using the JKR model, the force 
of adhesion (AFM pull-off force) is related to the work 
of adhesion, Waa, and the reduced radius, R, of the 
tip-surface contact: 


Fay = 57 RWasts (19.9) 
‘The work of adhesion is a combination of the tip- 
surface ()4,), tip-solvent (yj) and surface-solvent (yi) 
interfacial energies (Wain = Yu + ¥— Yio) and for tip- 
surface combinations that have the same chemical 
composition, the surface energy may be estimated di- 
rectly from the adhesion measurement as Wauy. The 
effective contact radius at separation, r,, from the JKR. 
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model is given as: 
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Table19.1 List of various intersctions evaluated by atomic force 
microscopy adhesion measurements 


=Cib/ Cs {19.110-119 

—CHs/-CONH: 9.118), 

—cH/-on 19.118) 

=CFy/-CHy 09.113) 

-2t-0 

Sen 
CONH/-CONH: [19.118] 

NH/-NHs [19.116-118, 123), 

—NH)/—COOH 119.118) 

esisyaoies | egy | 


-NHl,/—SO3H. 


<SH/-SH 


9.119) 


ues of the surface and/or tip materials (Au, Si, mica, 
SisNs, SiO») are often employed in these calculations, 
‘Moreover, as mentioned above, if the molecular pack- 
ing densities of the monolayers being evaluated are not 
known (as is the case with a typical AFM tip), then 
estimations must be used, For contact areas at pull-oft 
approaching 1 nm?, ifthe error in packing density is as 
muchas I molecule per nm?, this can lead to an error as 
hhigh as 25% for a typical alkanethiol, or more in the re- 
ported per molecule adhesion force. Such details should 
be taken into consideration when describing quantitative 
‘measurements. 

‘An alternative approach to the measure of adhesive 
interactions based on Poisson statistics has been pro- 
moted by Beebe et al. for the statistical evaluation of 
single bond forces without a priori knowledge of the 
tip-surface contact details involved [19.119, 121, 122] 
‘A principal limitation of this approach, however, is that 
completely homogeneous chemical systems assumed, 
i.e., that there is only one type of discrete interaction 
present that gives rise to the observed adhesion. Unfor- 
tunately, for many solution phase systems a number of 
different interactions are typically operative, including 
‘energetic exchange with and reorganization of solvent 
‘molecules, depending on the solution conditions. These 
issues have never been thoroughly addressed in any 
‘molecular-level measurement of adhesion, 


19.5.3 Adhesion at SAM-Modified Surfaces 
in Liquids 


‘A number of researchers have used AFM to probe in- 
terfacial adhesion for a variety of different chemical 
‘systems. Most notably, Lieber et al. promoted the use of 
chemically modified substrates and AFM tips to study 
selective molecular interactions [19.73, 107, 110, 114, 
117, 124]. A number of other researchers have adopted 
a similar methodology, leading to the measurement of 
adhesion forces and interfacial energies for the inter- 
actions of a variety of molecular functional groups in 
various environments, although to date few specific 
types of interactions have been thoroughly investigated 
(Table 19.1) [19.30, 107, 110-115, 120, 122, 125-129] 
‘As described above, measurements in air suffer from 
difficulties of water vapor, thus, the adhesion of many 
‘SAM-terminated surfaces have been evaluated under liq- 
uids, and it is these systems that we shall focus on here. 
‘The value of the adhesion is of course modified de- 
pending on the solvent, For example, the interaction of 
methyl-terminated interfaces is much stronger in wa- 
ter than in nonpolar solvents, in agreement with the 
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general concept that upon separation the generation of 
hydrophobic interfaces in a polar solvent is highly ener- 
zgetically unfavorable, The impact of solvent on adhesion 
ccan be addressed basically as a variation on the Hamaker 
constant, 

When ionizable end groups are studied in water, the 
details of the adhesion measurements and results become 
‘more complicated, as the chemical nature of the surfaces 
‘are now dependent on the pH and ionic strength of the 
solution. In these circumstances, multiple interactions, 
including ionic, van der Waals and double-layer forces, 
come into play simultaneously. Under these conditions, 
the general form for the IKR adhesion force may be 
‘modified to include the following additional forces: 


3 


rafetiig AE outa, 080 


3 


where the second term now includes the attractive van 
der Waals component and the third term is the repulsive 
double layer. 

Several groups have utilized the ability of AFM 
to function as a local probe of ionicity and to cary 
‘out local force titration measurements on several fune- 
tional groups, including —COOH [19.30, 114-118, 
122], “NHp [19.116-118, 123], ~SOsH [19.123] and 
—PO3H» [19.116, 130] (see Table 19.1). The force- 
distance curves can give a general sense of the local 
chemical state based on whether the approach curve is, 
attractive or repulsive. In force titrations, the adhesion 
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is measured as a function of pH, and the change in force Fi8-19.13a,b Adhesion vs. pH. for 1I-thioundecyl-I-phosphonic 
is dependent upon the equilrum mixture of charged acid in buffer ilustating the impact of pH and ionic strength, 
species within the tip-samples contact at the time of (@) 10~'M and (b) 10~' M on the measured adhesion. The peaks 
Ieasurement. Peaks in the adhesion force vs. pH al- in adhesion provide local messures of the surface pK (adapted 


low for the determination of the local pK values for the 
ionized species, which are shown to be dependent on 
ionic strength. A force titration of a diprotic acid (11- 
thioundecyl-1-phosphonic acid) is shown in Fig. 19.13. 
Shifts in the pK values from those measured in free solu- 
tion have been ascribed to a variety of factors, including 
buildup of excess surface charge and solvation effects 
of the surface-bound ionic species. The localization of 
ccharge and change migration are effects that have yet to 
be fully explored in these systems, however. 


19.5.4 Impact of Intra~ and Inter-Chain 
Interactions on Adhesion 


Several studies of the effects of chain length on friction 
and adhesion have found that, in general, adhesion de- 
creases with increasing chain length, due to increased 
stability from lateral chain-chain van der Waals inter- 
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actions within the film, which increases the overall film 
stiffness. The increased stiffness of the films acts to 
reduce the effective contact area that develops under 
‘compression, consequently reducing adhesion and fric- 
tion [19.126,127,131]. Inky! chain-based monolayers, 
the end-group orientation, however, is also dependent 
‘on chain length. This results in an “odd-even” effect on 
the measured adhesion/friction of the monolayer. With 
—CHs-terminated films, the methyl group orientation 
differs for odd and even length molecules. This im: 
pacts the orientation of the methyl group net dipole 
and, hence, the local surface free energy [19.73]. In 
circumstances where interchain hydrogen bonding can 
occur, additional film stability can be introduced, also 
yielding an odd-even effect, as observed by Houston 
et al. (19.111, 125] 
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Studies by AFM of alkanethiol films on Au sur- 
faces have shown that, depending upon the tip size, 
under varying loads, the tip can readily penetrate the 
SAM film, displacing the thiol layer from the tip-sample 
contact [19.132~134]. Upon reduction of the force, the 
tip again moves out of the SAM film and the sur- 
face structure is retumed to its original condition. Of 
key importance in such studies is the mechanism by 
which the film is displaced. Recently, this has been 
modeled by Harrison using molecular dynamics simula- 
tions [19.135]. These studies have clearly demonstrated 
that in the initial stages of film compression and penetra- 
tion by an asperity, gauche defects within the typically 
all-trans configurations of molecules in the SAM layers 
appear and propagate. The introduction of such defects 
is the catalyst for the weakening of the chain-chain lat- 
ral interactions that help stabilize and maintain film 
integrity. Asthisis lost, the asperity can rapidly penetrate 
the film, and alkanethiol displacement can occur either 
via chain collapse or bond scission from the surface. 
Salmeron etal. demonstrated that the prevalence of mo- 
lecular displacement versus film compression depends 
heavily onthe AFM tip size, with sharp tips readily pene- 
trating and displacing surface-bound thiols, while large 
tips spread the load over more molecules and induce 
‘compression over displacement (Fig. 19.14) 

‘The inherent stability of the film structure has also 
been confirmed by sum-frequency generation spectro- 


‘Terminal 
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Fig.19.14 Schematic illustrating the compression of a mode! lubri- 
ceant layer under an AMF tip. At low pressures, the gauche defects 
cean form at the tip-sample junction, but the molecules remain in 
place. Depending on tip size and load, displacement (for sharp 
tips) or trapping of monolayer molecules (for blunt tips) can occur 
{adapted after [19.5)) 


scopic studies that have indicated that without the 
presence of lateral chain-chain interactions, gauche de- 
fects appear within the chain structure that reduce overall 
order and lateral interactions within films [19.136]. The 
ability to form these defects through poor film order will 
consequently increase adhesion, friction, and wear of 
the film. This same spectroscopic study further demon- 
strated that the appearance of gauche defects can be 
induced by controlling the local environment, ie., with 
the presence of water, causing chains to collapse back 
upon themselves. 

‘As molecular structure in SAMs moves away 
from ideally organized layers, chain-chain inter- 
actions between the contacting surfaces can also 
result in entanglements. A recent study of the 
adhesive interactions of Au(111) surfaces modi- 
fied with dialkylsulfides [CH (CH), ~S—(CHs)oCH: 

=9, 11,13, 15, 17] with varying chain arm lengths 
probed the combined effect of chain length, solvent, 
and inter-surface chain entanglement on friction and 
adhesion using simultaneously modified surfaces and 
AFM tips [19.137]. This study found that chain-chain 
interpenetration produced the reverse dependence on 
chain length on the measured adhesion mentioned above. 
‘This work points to the need to examine the nature 
of inter-surface chain entanglements in nanoscaled sys- 
tems, Such entanglements should be more prevalent in 
asperity-asperity contacts where ideal film structure will 
not be feasible, 


19.5.5 Adhesion at the Single-Bond Level 


‘The ability to resolve the discrete components of in- 
teractions is highly desirable. There have been few 
reports of the direct observation of discrete force com 
ponents observed with the separation of an AFM tip 
from a surface. Beebe et al., have utilized a sta- 
tistical method (as described above) for the direct 
determination of single-bond forces fora variety of inter- 
actions [19.119, 121, 122] including biological systems 
such as biotin-avidin [19.138, 139]. The first report of 
quantized force measurements was described by Hoh 
et al, which lead to the estimation of single hydrogen 
bonding forces from studies of glass surfaces in wae 
ter to be on the order of 10pN [19.140]. The use of 
AFM forthe study ofthe energetics of true single chem- 
ical bond cleavage has also received litle attention, One 
previous report described discrete covalent bond scis- 
sion using AFM. In that case, it was proposed that the 
{jumps in the observed pull-off curves were due to se- 
quential scission of chemical bonds contained in alarge, 
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19.15 Pull-off force distribution for Au atom abstrac- 
tion in ethanol. The 100pN peaks in the distribution 
represent quantized numbers of Au atoms being abstracted 
from the sample surface (adapted after (19.129) 


tulifunctional, polymeric species as it progressively 
detached from the substrate [19.1] However, theiden- 
tification ofthe relevant chemical nds involved ateach 
stage was largely based on the known (gas phase) bond 
strengths of the potentially active functional groupssuch 
that solvation effect onthe bond energies were ignored 

‘simplification that profoundly affects the estimated 
energetics, as energetic exchange with the solvent mist 
be included, More recently, the measurement of di- 
crete bond scission was reported by Frisbie etal. for 
‘Authiol complexes (Fg, 195). Here the details of Au 
atom abstraction were reported with a quantized value of 
100pN (estimated at~ 10I/mol, based on an assumed 
bond rupture length of 1A) [19.129]. These studies have 
demonstrated the feasibility of probing local single bond 
energetics and have suggested some general requite- 
tents for the measurement of adhesion quantization in 
SAM layer, including the need for a significant nega- 
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tive tip-surface interfacial energy coupled with minimal 
solvent surface tension [19.129, 142] 


19.5.6 Future 


rections 


Extending AFM adhesion measurements to reactive sys- 
tems in which chemical bonds can form between the tip 
and surface affords an expansion of chemical reaction 
dynamics to solution-based chemistries, whereby the 
energetic details of single reaction events, previously 
only accessible for gas phase scattering experiments, 
may be obtained. Studies of such complex heteroge- 
neous systems will open the door to the evaluation of 
the energetic pathways of solution-based chemistries 
for any system in which the appropriate functionaliza- 
tion of surfaces can be exploited. Adhesion has already 
been demonstrated as a reasonable local probe of sur- 
face reaction kinetics, whereby the local changes in the 
chemical forces may be followed as a function of time 
during surface chemical reactions [19.143, 14]. In ad- 
dition to advances in measurements of reactive systems 
by AFM, complete insight into the operative molecu- 
lar mechanisms can only he gained when combined 
with detailed theory that takes into account not only 
the specific types of interactions present between the 
surfaces, but also the requisite energetic exchange with 
local solvent molecules. Advances in computer tech- 
nologies and in computational theory have made this 
realistic [19.128] 

To advance the area of adhesion measurements at 
the molecular level, energetic barriers for specific inter- 
actions also need to be evaluated, with attention given to 
the nature of the molecular interactions being probed, 
including the details of energetic exchange with the 
solvent surrounding the interacting molecules. Stud- 
ies by AFM of molecular interactions within sharply 
confined geometries (i-e., ~ 1 nm? contact area) pro- 
‘vide an opportunity to evaluate such contributions with 
molecular detail. Here again, Lieber et al, have been 
advancing the approach of chemically functionalizing 
carbon nanotubes to reduce both the type and number 
of specific interacting species [19.73]. This approach 
may hold some promise for probing well-defined, spe- 
cific chemical interactions and/or reactions, as long 
as the nanotubes can be sufficiently stabilized against 
buckling [19.135, 145, 146} 

In addition to the modification of probe geometries 
to improve localization of interactions for adhesion mea- 
surements, one of the principle difficulties in performing 
AFM measurements of adhesion at SAM surfaces is the 
unavoidable snap to contact. This makes the details of 
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the long-range interaction potential almost completely 
inaccessible. To address this issue, Lieber et al. have 
developed a modified AFM system in which the can- 
tilever is magnetized, providing an additional feedback 
mechanism to aid in avoiding snap-in [19.30]. When 


19.6 Concluding Remarks 


‘Scanning probes are powerful tools for determining the 
fundamental molecular basis of adhesion. Continuum 
‘models of adhesion and capillary condensations are use- 
ful, but careful attention must be paid to their limits and 
assumptions. Further progress in these areas requires de- 
tailed analysis of the structure and chemistry of both the 
tip and sample, as well as their environment (solvent, 
bbumidity, ete.) 


used, this approach provides a smooth approach and re- 
tract curve. Similarly, the capacitive coupling feedback 
mechanism of the interfacial force microscope (IFM) 
also affords measurements of this transition without 
snap-in [19.125]. 


‘The ability to determine the effects of molecular- 
scale water menisci or single bond energetics are 
truly spectacular accomplishments that continue to 
inspire researchers worldwide to pursue these mea- 
surements. With attention paid to previous liter- 
ature and consideration of issues raised in this 
chapter, many more discoveries are sure to be 
made. 
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Figure 11-8. Like mast trimmers, these are designed for 
through-hole mounting on a circuit board. 


Figure 1-9. A trimmer potentiometer with a knurled dial 
{0 facilitate finger adjustment. 


How to Use it 


The classic-style potentiometer was once used 
universally to control volume, bass, and trebleon 
audio equipment but has been replaced increas- 
ingly by digital input devices such as tactile 
switches (see "Tactile Switch” (page 34)) or re- 
tational encoders (see Chapter 8), which are 
more reliable and may be cheaper, especially 
when assembly costs are considered. 


power > maderation > potentiometer 


Potentiometersare widely usedinlamp dimmers 
and on cooking stoves (see Figure 11-10). In 
these applications, a solid-state switching device 
such asa triae (described in Volume 2) does the 
actual workof moderating the powertothelamp 
or the stove by interrupting it very rapidly. The 
potentiometer adjusts the duty cycle of the pow- 
er interruptions. This system wastes farless pow- 
er than ifthe potentiometer controlled the light- 
ing or heating element directly as a rheostat. 
Since less power is involved, the potentiometer 
can be small and cheap, and will not generate 
significant heat. 


Figure 11-10. Typical usage of a potentiometer in conjunc- 
tion with a diac, triac, and capacitor fo control the bright- 
ness of an incandescent bulb, using an AC power supply. 
Diacs and triacs are discussed in Volume 2. 


Because true logarithmic potentiometers have 
become decreasingly common, a linear potent 
‘ometer in conjunction with a fixed resistor can 
be used as a substitute, to control audio input. 
See Figure 11-11. 
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20. Friction and Wear on the Atomic Scale 


Friction is an old subject of research: the empirical 
da Vinci-Amontons laws are comman knowledge. 
Macroscopic experiments systematically performed 
by the school of Bowden and Tabor have revealed 
that macroscopic friction can be related to the 
collective action of small asperities. During the 
last 15 years, experiments performed with the 
atomic force microscope gave new insight into the 
physics of single asperities sliding over surfaces. 
This development, together with complementary 
experiments by means of surface force apparatus 
and quartz microbalance, established the new 
field of nanotribology. At the same time, increasing 
computing power allowed for the simulation of 
the processes in sliding contacts consisting of 
several hundred atoms. It became clear that 
atomic processes cannot be neglected in the 
interpretation of nanotribology experiments. 
Experiments on even well-defined surfaces 
directly revealed atomic structures in friction 
forces. This chapter will describe friction force 
‘microscopy experiments that reveal, more or 
less directly, atomic processes in the sliding 
contact. 

‘We will begin by introducing friction force 
‘microscopy, including the calibration of cantilever 
force sensors and special aspects of the ultra-high 
vacuum environment. The empirical Tomlinson 
model largely describes atomic stick-slip results 
and |s therefore presented in detail. We review 
experimental results regarding atomic friction. 
‘These include thermal activation, velocity 
dependence, as well as temperature dependence. 
‘The geometry of the contact plays a crucial role in 
the interpretation of experimental results, as we 
will demonstrate, for example, for the calculation 
of the lateral contact stiffness. The onset of wear 
‘on atomic scale has recently come into the scope 
of experimental studies and is described here. 
{In order to compare the respective results, we 
present molecular dynamics simulations that are 
directly related to atomic friction experiments. We 
close the chapter with a discussion of dissipation 
‘measurements performed in noncontact force 
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microscopy, which may become an important 


complementary tool for the study of mechanical 
dissipation in nanoscopic devices. 
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20.1 Friction Force Microscopy in Ultra-High Vacuum 


The friction force microscope (FFM, also called lat- 
eral force microscope, LFM) exploits the interaction of, 
1a sharp tip sliding on a surface to quantify dissipative 
processes down to the atomic scale (Fig. 20.1) 


20.1.1 Friction Force Microscopy 


‘The relative motion of tip and surface is realized by 
a scanner formed by piezoelectric elements. which 
moves the surface perpendicularly tothe tip witha cer 
tain periodicity. The scanner can be also extended of 
retracted in order to vary the normal force, Fx. which 
is applied on the surface. This force is responsible for 
the defection of the cantilever that supports the tip. If 
the normal force Fy inereases while scanning duc to 
the local slope of the surface, the scanner is retracted 
by a feedback loop. On the other hand, if Fy decreases, 
the surface is brought closer tothe tip by extending the 
scanner. In such way, the surface topography can be de- 
termined line by lin from the vertical displacement of 
the scanner. An accurate contro of such vertical move- 
rent is made possible by alight beam, which is reflected 
from the ear of the lever into a photodetector. When the 
bending of the cantilever changes, the light spot on the 
detector moves up or down and causes a variation ofthe 
photocurrent that corresponds to the normal force Fx to 
be controlled. 

Usually the relative sliding of tip and surface is 
also accompanied by friction. A lateral force, Fi, with 
the opposite direction of the scan velocity, v, hinders 
the motion of the tip. This force provokes the torsion 
of the cantilever, and it can be observed with the to- 
ography if the photodetector can reveal not only the 
normal deflection but also the lateral movement of the 
lever while scanning. In practice this is realized by 
four-quadrants photodetectors, as shown in Fig. 20.1 
We should notice that friction forces also cause the 
lateral bending of the cantilever, but this effect is negli 
gible ifthe thickness of the lever is much less than the 
width 

‘The FFM was first used by Mate et al. in 1987 
to reveal friction with atomic features [20.1], ie. just 
one year after Binnig, Quate, and Gerber introdiced 
the atomic force microscope [20.2] In their experiment, 
Mate used « tungsten wire and a slighty different tech: 
nique to detect lateral forces (non-fiber interferometry). 
‘The optical beam deflection was introduced later by 
‘Marti et al., and Meyer et al. (20.3, 4]. Other meth- 
ods to measure the forces between tip and surface are 


Fig. 20.1 Schematic diagram of a heam-deflection friction 
force microscope 


given by capacitance detection [20.5], dual fiber in- 
terferometry [20.6], and piezolevers [20.7]. In the first 
method, two plates close to the cantilever reveal capac- 
itance while scanning. The second technique uses two 
optical fibers to detect the cantilever deflection along 
two orthogonal directions angled 45° with respect to 
the surface normal. Finally, in the third method, can- 
tilevers with two Wheatstone bridges at their base reveal 
normal and lateral forces, which are respectively pro- 
portional to the sum and the difference of both bridge 
signals 


20.1.2 Force Calibration 


‘The force calibration is relatively simple if rectangu- 
lar cantilevers are used. Due to possible discrepancies 
with the geometric values provided by manufactur- 
cers, one should use optical and electron microscopes 
to determine the width, thickness, and length of can- 
tilever, w, 1, 1, the tip height, /, and the position 
‘of the tip with respect to the cantilever. The thick- 
ness of the cantilever can also be determined from 
the resonance frequency of the lever, fy, using the 
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relation [20.8] 


(20.2) 


In (20.1) p is the density of the cantilever and E is its 
Young's modulus. The normal spring constant, ex, and 
the lateral spring constant, 1, of the lever are given by 


Ew Gut (203) 
N= GE = aaP 
where G is the shear modulus, Figure 20.2 shows some 


SEM images of rectangular silicon cantilevers used 
for FFM. In the case of silicon, p = 2.33x 10° kg/m? 


E=1.69x 10! N/m? and G = 0.5% 10!!'N/m?. Thus, 
for the cantilever in Fig.20.2, ex=1.9N/m and 
= 675N/m. 


‘The next step in force calibration consists of meas- 
uring the sensitivity of the photodetector, S. (nm/V). 
For beam-deflection FFMs, the sensitivity S. can be 
determined by force vs. distance curves measured on 
hhard surfaces (e-g., AlsO3), where elastic deformations 
are negligible and the vertical movement of the scanner 
equals the deflection of the cantilever. A typical rela- 
tion between the difference of the vertical signals on 
the four-quadrant detector, Vx, and the distance from 
the surface, z, is sketched in Fig. 20.3. When the tip is 
approached, no signal is revealed until the tip jumps 
into contact, Further extension or retraction of 
the scanner results in an elastic behavior until the tip 


jumps again out of contact at a distance 2» > 2). The 
slope of the elastic part of the curve gives the required 
sensitivity, 8. 


‘The normal and lateral forces are related to the 
voltage Vx, and the difference between the horizontal 
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Fig. 20.3 Sketch of atyp- 
sl force ys. distance 


Ve 


(20.3) 


in which its assumed that the light beam is positioned 
above the probing tp. 

“The normal spring constant cx can also be calibrated 
with alternative methods. Cleveland et al. (20.10) at 
tached tungsten spheres to the tip, which changes the 
resonance frequency fo according tothe formula 


fi (20.4) 


Try Mem 
M is the mass of the added object, and m* is an ef- 
fective mass of the cantilever, which depends on its 
geometry [20.10]. The spring constant can be extrap- 
lated from the frequency shifts corresponding to the 
different masses attached. 

As an alternative, Hutter et al. observed that the 
spring constant cy can be related to the area of the power 
spectrum of the thermal fluctuations of the cantilever, 
P [20.11]. The correct relation is ey = 4ky7/3P. where 
ky = 1.38% 1077 J/K is the Boltzmann's constant and 
TT is the temperature [20.12]. 


Fig. 20.2 SEM images of a rectan- 
gular cantilever. The relevant dimen- 
sions are / = 4445 pm, w= 43 um, 
1=4.54m, b= 14.75 um. Note that 
‘his given by the sum of the tip height 
and half of the cantilever thickness. 
(After [20.9]) 
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Cantilevers with different shape require finite ele- 
‘ment analysis, although in few cases analytical formulas 
can be derived. For V-shaped cantilevers, Newmeister 
et al. found the following approximation for the lateral 


spring constant ¢1, [20.13] 


Er 
= 30a (20.5) 
w | Leos _3sin2a 

«(goo aeet 7 ) 


where the geometrical quantities L, w, a, d, 1, and h 
are defined in Fig. 20.4. The expression for the normal 
constant is more complex and can be found in the cited 
reference. 

Surfaces with well-defined profiles provide an al- 
temnative in situ calibration of lateral forces [20.14] 
We present a slightly modified version of the 
method [20.15]. Figure 20.5 shows a commercial grat- 
ing formed by alternated faces with opposite inclinations 
‘with respect to the scan direction. When the tip slides on 


Fig. 20.5 Silicon 
grating formed 
by alternated 
faces angled 
455° (courtesy 


Silicon-MDT 
Lid., POB 
50, 103305, 


Moscow, Russia) 


A 


the inclined planes, the normal force, Fy, and the lateral 

force, Fi, with respect to the surface, are different from 

the two components F, and Fj, which are separated by 
the photodiode (see Fig. 20.6). 

If the linear relation FL= Fy holds (see 

5), the component Fi can be expressed in terms 


(20.6) 


Fig. 20.4 Geometry of a V-shaped cantilever. (After 


(20.13) 


‘The component F is Kept constant by the feedback 
loop. The sum and the difference of F on the wo planes 
(1) and (2) are given by 

2u (1-+tan* a) 
Tare 

2(1+ 42) tand 


— en 
Tne 


(20.7) 


‘The values of F, and F_ (in volts) can be measured 
by scanning the profile back and forth (Fig. 20.6b). If 
Fy and Fare recorded with different values of Fi, 
fone can determine the conversion ratio between volts 
and nanonewtons as well as the coefficient of friction, 4. 


Fig.20.6 
(a) Forces act- 
ing on a FEM 
tip sliding on 
the grating 

in Fig. 20.5; 

(b) Friction oops 
sequired on the 


two faces 
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An accurate analysis ofthe errors in lateral force cal- 
ibration was given by Schwarz et al., who revealed the 
important role of the cantilever's oscillations induced 
by the feedback loop and of the so-called pull-off force 
(Sect. 20.5) in friction measurements, aside from the ge- 
‘ometrical setting of cantilevers and laser beams [20.16], 

For some applications, an adequate estimation of 
the radius of curvature of the tip, R, is impor- 
tant (Sect.20.5.2). This quantity can be evaluated 
with a scanning electron microscope. Otherwise, 
well-defined structures as step sites [20.17, 18] or 
whiskers [20.19] can be imaged. The image of these 
hhigh-aspect ratio structures is a convolution with the tip 
structure. A deconvolution algorithm that allows for the 
extraction of the probing tip’s radius of curvature was 
suggested by Villarrubia [20.21] 


20.1.3 The Ultra-high Vacuum Environment 


Atomic friction studies require well-defined surfaces and 
~ whenever possible ~ tips. For the surfaces, the es- 
tablished methods of surface science can be employed 
working in ultra-high vacuum (UHV). Ionic crystals 
suchas NaCI have become standard materials for friction 
force microscopy on atomic scale. Atomically clean and 
flat surfaces can be prepared by cleavage in UHV. The 
crystal has tobe heated to about 150°C for I hinorderto 
remove charging after the cleavage process, Metal sur- 
faces can be cleaned and flattened by cycles of sputtering 
with argon ions and annealing. Even surfaces prepared 
in air or liquids like self-assembled molecular monolay- 
crs can be transferred into the vacuum and studied after 
careful heating procedures, which remove water layers. 

Tip preparation in UHV is a more difficult subject. 
‘Most force sensors for friction studies have silicon ni- 
tide or pure silicon tips. Tips can he cleaned and oxide 
layers removed by sputtering with argon ions. But the 
sharpness of the tip is normally reduced by sputtering. 
‘As an altemative, tips can be etched in fluoric acid di- 
rectly before transfer to the UHV. The significance of tip 
preparation is limited by the fact that the chemical and 
‘geometrical structure of the tip can undergo significant 
changes when sliding over the surface. 

‘The implementation of the friction force microscope 
into UHV requires some additional efforts. First of all, 
only materials with a low vapor pressure can be used, 
thereby excluding most plastics and lubricants. Beam- 
deflection type force microscopes employ either a light 
source in the vacuum chamber or an optical fiber guid- 
ing the light into the chamber. The positioning of the 
light beam onto the cantilever and of the reflected beam 
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conto the position-sensitive detector is performed by 
motorized mirrors [20.20] or by moving light source 
or detector (20.22). Furthermore, a motorized sample 
approach has to be realized. 

‘The quality force sensor's electrical signal can seri- 
ously deteriorate on the way out ofthe vacuum chamber, 
‘Low noise and high bandwidth can be preserved by im- 
plementing a pre-amplifier into the vacuum. Again the 
choice of materials for print and devices is limited by 
the condition of low vapor pressure. Stronger heating 
of the electrical circuitry in vacuum, therefore, must be 
considered. 


20.1.4 A Typical Microscope in UHV 

‘A typical AFM for UHV application is shown in 
Fig. 20.7. The housing (1) contains the light source and 
a set of lenses that focus the light onto the cantilever, 
Alternatively, the light can be guided via an optical 
fiber into the vacuum. By using light emitting diodes 
with low coherency you avoid disturbing interference 
effects often found in instruments equipped with lasers 
as light source. A plane mirror fixed on the spheri- 
cal rotor of a first stepping motor (2) can be rotated 


Fig. 20.7 Schematic view of the UHV-AVM realized at the 
University of Basel. (After [20.20}) 
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around a vertical and horizontal axis to guide the light 
beam onto the rear of the cantilever, mounted on a re- 
movable carrier plate (3). The light is reflected off the 
cantilever toward a second motorized mirror (4) that 
guides the beam to the center of the quadrant photo- 
diode (5), where the light is then converted into four 
photo-currents. Four pre-amplifiers in close vicinity 
to the photodiode allow low-noise measurements with 
3 MHz bandwidth. 

‘The two motors with spherical rotors, used to realign 
the light path after exchange of the cantilever, work as 
inertial stepping motors: the sphere is resting on three 
piezoelectric legs that can be moved by a small amount 
tangentially to the sphere, Each step of the motor consists 
of a slow forward motion of two legs followed by an 
abrupt jump backwards. During the slow forward motion 
the sphere follows the legs due to friction, whereas it 
cannot follow the sudden jump due to its inertia. A series 
of such tiny steps rotates the sphere macroscopically. 


20,2 The Tomlinson Model 


In Sect.20.3, we will show that the FFM can re- 
veal friction forces down to the atomic scale, which 
are characterized by a typical sawtooth pattern. This 
phenomenon can be seen as a consequence of a stick- 
slip mechanism, first discussed by Tomlinson in 
1929 [20.23] 


20.2.1 One-dimensional Tomlinson Model 


In the Tomlinson model the motion of the tip is influ- 
enced by both the interaction with the atomic lattice of 
the surface and the elastic deformations ofthe cantilever. 
‘The shape of the tip-surface potential, Vir), depends on 
several factors, such as the chemical composition of the 
‘materials in contact and the atomic arrangement at the 
tipend. Forthe sake of simplicity, we will start the analy- 
sis in the one-dimensional case considering a sinusoidal 
profile with the periodicity of the atomic lattice, a, and 
‘peak-to-peak amplitude By. In Sect. 20.5, we will show 
how the elasticity of the cantilever and of the contact area, 
are described in a unique framework by introducing an 
effective lateral spring constant, ke. If the cantilever 
moves with a constant velocity u along the x direction, 
the total energy of the system is 


Fe og IE 


L 5 
Eql8.1) cos E+ Skarlur — x)? . (20.8) 


‘The sample, also on an exchangeable carrier plate, 
is mounted on the end of a tube scanner (6), which can 
move the sample in three dimensions aver several mi- 
crometers. The whole scanning head (7) is the slider 
of a third inertial stepping motor for coarse position- 
ing of the sample. It rests with its flat and polished 
bottom on three supports. Two of them are symmet- 
rically placed piezoelectric legs (8), whereas the third 
central support is passive. The slider (7) can be trans- 
lated in two dimensions and rotated about a vertical 
axis by several millimeters (rotation is achieved by an- 
tiparallel operation of the two legs). The slider is held 
down by two magnets, close to the active supports, 
and its travel is limited by two fixed posts (9) that 
also serve as cable attachments, The whole platform 
is suspended by four springs. A ring of radial copper 
lamellae (10), floating between aring of permanent mag- 
nets(11) on the base flange, acts as efficient eddy current 
damping. 


Figure 20.8 shows the energy profile Eio¢(x, 1) attwo 
different instants. When 1 =0 the tip is localized in the 
absolute minimum of E.,. This minimum increases with 
time due to the cantilever motion, until the tip position 
becomes unstable when 1 =1* 

‘Atagiven time r the position of the tip can be deter- 
‘mined by equating to zero the first derivative of Eioe(x, 1) 
with respect tox: 
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(20.9) 


‘The critical position x* corresponding to 1 =1* is de- 
termined by equating to zero the second derivative 


“Sees 


Fig. 20.8 Energy profile experienced by the FFM tip (black 
circle) att =0 (dotted line) and 1 =1* (continuous line) 
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Figure 111 In this circuit, 100K linear patentiometer is 
used in conjunction with a 22K resistor ta create an ap 
proximately logarithmic volume control for an audio sys 
tem with input coming from a mono jack socket a left. 


A potentiometer may be used to match a sensor 
or analog input device to an analog-digital con- 
verter, or it can calibrate a device such as a tem- 
perature of motion sensor. 


What Can Go Wrong 


Wear and Tear 

Since classic-style potentiometers are electro- 
mechanical devices, their performance will de- 
teriorate as one part rubs against another. The 
long open slot ofa slider potentiometer makes it 
especially vulnerable to contamination with dirt, 
water, or grease. Contact-cleaner solvent, 
lubricant-carrying sprays, or pressurized “duster” 
gas may be squirted into a potentiometer to try 
to extend its life. Carbon-film potentiometers are 
the least durable and in audio applications will 
eventually create a “scratchy” sound when they 
are turned, as the resistive element deteriorates. 


If the wiper deteriorates to the point where itno 
longer makes electrical contact with the track, 
and if the potentiometer is being used as a vari- 
able resistor, two failure modes are possible, 
shown in Figure 11-12. Clearly the right-hand 
schematic is a better outcome. This is an argu- 
ment for always tying the wiper to the “unused” 
end of the track. 


If you are designing a circuit board that will go 
through a production process, temperature var- 
ns during wave soldering, and subsequent 


What Can Go Wrong 


than Zero 


Figure 11-12. Ifthe wiper of a potentiometer breaks (indi 
cated by the loose arrow head) as a result of wear and 
tear, and the potentiometer is being used as a variable re 
sistor the voltage from it will drap to zero (top schematic) 
unless the wiper has been tied fo one end of the track 
(bottom schematic) 


washing to remove flux residues, create hostile 
conditions for potentiometers, especially sliders 
where the internal parts are easily contaminated. 
It will be safer to hand-mount potentiometers 
after the automated process. 


Knobs that Don't Fit 

Control knobs are almost always sold separately 
from potentiometers. Make sure the shaft of the 
potentiometer (which may be round, round- 
with-flat, or knurled) matches the knob of your 
choice. Note that some shaft diameters are ex- 
pressed in inches, while others are metric. 


Nuts that Get Lost 

For panel-mounted potentiometers, a nut that 
fits the thread on the bushing is almost always 
included with the potentiometer; an additional 
nut and lock washer may also be supplied. Be- 
cause there is no standardization of threads on 
potentiometers, if you lose a nut, you may have 
some difficulty finding an exact replacement. 
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# Ei(,0)/8x2, which gives 


i 1 
arcos(-1), f  (ao.o 
fos a) Y= Tae y 


‘The coefficient y compares the strength of interac- 
tion between tip and surface with the stiffness of the 
system. When ¢ =s* the tip suddenly jumps into the 
‘next minimum of the potential profile. The lateral force 
P* =keg(vt—x"), which induces the jump, can be 
evaluated from (20.9) and (20.10): 


ker 


(20.11) 


‘Thus the stick-slip is observed only if y> 1, i.e. when 
the system isnot too stiff or the tip-surface interaction is 
strong enough, Figure 20.9 shows the lateral force Fi as 
«a function of the cantilever position, X. When the can- 
tilever is moved rightwand, the lower part of the curve 
in Fig. 20.9 is obtained. If, ata certain point, the can- 
tilever's direction of motion is suddenly inverted, the 
force has the profile in the upper part of the curve. The 
sea ofthe jrictian loop obtained by scanning back and 
forth gives the total energy dissipated. 


20.2.2 Two-dimensional Tomlinson Model 


Into dimensions, the nergy fou ye gen by 
fey np 
Eeatr.0 =U +r 
where r = (x, y) and v is arbitrarily oriented on the sur- 
fete tht). gre 10 shows he al 
tomy comsponting ta pets potential of te om 
Ba og 288 yo 2AY 
£8 (con beos222) 


(20.22) 


ve, 


a) 
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Fig. 20.9 Friction loop obtained by scanning back and 
forth in the 1-D Tomlinson model. The effective spring 
constant ky is the slope of the sticking part of the loop (it 
ye) 
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‘The equilibrium condition becomes 
VE ele, 1) = VU(r) +heae— 0) =0. (20.24) 


‘The stability of the equilibrium can be discussed intro- 
ducing the Hessian matrix 


(20.15) 


‘When both eigenvalues Ay,2 of the Hessian are posi- 
tive, the position of the tip is stable. Figure 20.11 shows 
such regions for a potential of the form (20.13). The 
tip follows the cantilever adiabatically as long as it re- 
‘mains in the (-++)-region. When the tip is dragged to 
the border of the region, it suddenly jumps into the next 
(4+)-region. A comparison between a theoretical Irie- 
tion map deduced from the 2-D Tomlinson model and 
‘an experimental map acquired by UHV-FFM is given in 
the next section, 


20.2.3 Friction Between 
Atomically Flat Surfaces 


So far we have implicitly assumed that the tip is ter- 
minated by only one atom. It is also instructive to 
consider the case of a periodic surface sliding on another 
periodic surface. In the Frenkel-Kontorova—Tomlinson 
(ERT) model, the atoms of one surface are harmon- 
ically coupled with their nearest neighbors, We will 
restrict ourselves to the case of quadratic symmetries, 
‘with lattice constants a) and a» for the upper and lower 
surface, respectively (Fig. 20.12). In such context the 
role of commensurability is essential. It is well known 
that any real number < can be represented as continued, 


Fig. 20.10 Enet 
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landscape experienced by the FFM tip 
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Fig. 20.11 Regions on the tip plane labeled according 10 
the signs of the eigenvalues of the Hessian matrix. (Alter 
(20.24) 


fraction: 


Not (20.16) 


N+ 


‘The sequence that converges most slowly is abtsined 
when all Nj = 1, which corresponds tothe golden mean 
2=(V3—1)/2 In |-D Weiss and Elmer predicted that 
friction should decrease with decreasing commensu- 
rabiliy, the minimum of friction being reached when 
a /ay = = [20.26]. 

1n2-D Gyalog and Thomas studied the case a =a: 
with a misalignment between the two lattices given by 
an angle ¢ [20.25]. When the sliding direction changes, 
friction also varies froma minimum Value corresponding 


Fig. 20.2 The 
FAT model 
in 2D. (After 
(2025) 

10 

09 

Can aa ee eat eT 


Fig. 20.13 Friction as a function of the sliding angle y in 
the 2-D FKT model, (After (20.251) 


to the sliding angle p= 6/2 to a maximum value, which 
is reached when y = 6/2+2/4 (Fig. 20.13). The mis- 
fit angle 8 is related with commensurability. Since the 
misfit angles giving rise to commensurate structure form 
1a dense subset, the dependence of friction on @ should 
be discontinuous. The numerical simulations performed 
by Gyalog are in agreement with this conclusion. 


20.3 Friction Experiments on Atomic Scale 


Figure 20.14 shows the first friction map observed by 
Mate on atomic scale, The periodicity of the lateral 
force is the same as of the atomic lattice of graphite. 
‘The series of friction loops in Fig, 20.15 reveals the 
stick-slip effect discussed in the previous section, The 
applied loads are in the range of tens of IN. Accord- 
ing to the continuum models discussed in Sect, 20.5 
these values correspond to contact diameters of 100m. 
A possible explanation for the atomic features observed 
at such high loads is that graphite flakes might have 


been detached from the surface and adhered on the 
tip [20.27]. Another explanation is that the contact 
between tip and surface consisted of few nm-scale asper- 
ities and the corrugation was not entirely averaged out 
while sliding. The load dependence of friction found by 
Mate is rather linear, with a small friction coefficient 
4 =0.01 (Fig. 20.16). 

‘The UHV environment reduces the influence of con- 
taminants on the surface and leads to more precise 
and reproducible results. Meyer et al. [20.28] obtained 
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1 series of interesting results on ionic crystals using 
the UHV-FFM apparatus described in Sect. 20.1.4. In 
Fig. 20.17 a friction map recorded on KBr(100) is com- 
pared with a theoretical map, which was obtained with =100 /— Lee 
the 2-D-Tomlinson model. The periodicity a = 0.47 nm 
corresponds to the spacing between equally charged 


=50 


£07] ued 


oo 50 100 180200, 
> Sample positon (A) 


Fig.20.15a~c Friction loops on graphite acquired with (a) Fy = 
7.5 WN, (b) 24yN and (€) 75 WN. (After [20.1]) 

+ Sample position (A) 

200 400 600 800 1,000 1,2001,400 


ions, No individual defects were observed. One pos: 
sible reason is that the contact realized by the FFM tip is 
always formed by many atoms, which superimpose and 
average their effects. Molecular dynamics (MD) calcu: 
lations (Sect. 20.7) show that even a single-atom contact 
‘may cause rather large stresses in the sample, which 
lead to the motion of defects far away from the contact 
area, Ina picturesque frame, we can say that “defects be- 
have like dolphins that swim away in front of an ocean 
cruiser” [20.28] 

Liithi et al. [20.29] detected atomic-seale friction 
even on the reconstructed Si(111)7 x7 surface. But un- 
coated Si-tips and tips coated with Pt, Au, Ag, Cr, PUC 
damaged the sample irreversibly, and the observation 
of atomic features was achieved only after coating the 
tips with polytetrafluoroethylene (PTFE), which has lu 
00 bricant properties and does not react with the dangling 

00 50 100° 150200 bonds of Si(111)7x7 (Fig. 20.18), 
EEE) Recently friction could be resolved on atomic scale 
Fig. 20.16 Lond dependence of friction on graphite. (After even on metallic surfaces in UHV [20.30]. In Fig. 20,193 
20.1) a reproducible stick-slip process on Cu(111) is shown, 


Friction = 0.012 Load 
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Fig. 20.17 (a) Measured and (b) theoretical friction map on 
KBr(100). (After [20.31)) 


Sliding on the (100) surface of copper produced irregular 
patterns, although atomic features were recognized even 
in this case (Fig. 20.19b), Molecular dynamics suggests 
that wear should occur more easily on the Cu(100) sur- 
face than on the closed packed Cu(11 1) (Sect. 20.7). This 
conclusion was achieved by adopting copper tips in com- 
puter simulations. The assumption that the FFM tip used 
in the experiments was covered by copper is supported 
by current measurements performed at the same time. 
‘Atomic stick-slip on diamond was observed by Ger- 
‘mann et al. with an apposite diamond tip prepared by 
chemical vapor deposition [20.32] and, a few years later, 
by van der Oetelaar et al. [20.33] with standard silicon 
tips. The values of friction have huge discrepancies cor- 


Fig.20.18 (a) Topography and (b) friction image of 
Si(111)7x7 measured with a PTFE coated Si-tip. (After 
[20.29)) 


Fig.20.19a,b Friction images of (a) Cu(I11) and 
(b) Cu(100), Frame size: 3nm. (After [20.34)) 


responding to the presence or absence of hydrogen on 
the surface 

Fujisawa et al. [20.35] measured friction on mica 
and on MoS2 with a 2-D-FFM apparatus, which could 
also reveal forces perpendicular to the scan direction. 
‘The features in Fig, 20,20 correspond to a zig-zag walk 
of the tip, which is predicted by the 2-D-Tomlinson 
‘model [20.36], The 2-D stick-slip on NaF was detected 
With normal forces below 14aN, whereas loads up to 
10 uN could be applied on layered materials. The con- 
tact hetween tip and NaF was thus formed by one or afew 
atoms. The zig-zag walk on mica was also observed by 
Kawakatsu etal. using an original 2-D-FFM with two 
laser beams and two quadrant photodetectors [20.37] 
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7 Fig. 20.20 (a) Friction force on MoS> acquired by scanning 
ae he along the cantilever and (b) across the cantilever. c) Motion 
\\ \/ of the tip on the sample. (After [20.35]) 


Fig. 20.21 Fric~ 
ton images 
of a thiolipid 
‘monolayer on 
a mica surface, 
(After [20.38)) 
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Fig. 20.22 Sequence of topography images of Cy islands 


‘on NaC(100). (After [20.39)) 
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20.3.1 Anisotropy of Friction 


‘The importance of the misfit angle in the reciprocal 
sliding of two flat surfaces was first observed experi- 
mentally by Hirano et al. in the contact of two mica 
sheets [20.41]. Friction increased when the two surfaces 
formed commensurate structures, in agreement with the 
discussion in Sect. 20.2.3. In more recent measurements 
with a monocrystalline tungsten tip on Si(001), Hirano 
ct al, observed superlubricity in the incommensurate 
cease [20.42] 

Overney et al. [20.43] studied the effects of friction 
anisotropy on a bilayer lipid film. In such case different 
‘molecular alignments resulted in significant variation of 
friction. Other measurements of friction anisotropy on 
stearic acid single crystals were reported by Takano and 
Fujihira (20.441. 

Liley etal [20.38] observed flower-shaped islands of 
a lipid monolayer on mica, which consisted of domains 
with different molecular orientation (Fig. 20.21). The 
angular dependence of friction reflects the tlt direction 
of the alkyl chains of the monolayer, which was revealed 
by other techniques. 

Liithi tal. (20.39] used the FFM tip to move Coo 
islands, which slided on sodium chloride in UHV with- 
ut disruption (Fig. 20.22). In this experiment friction 
was found to be independent of the sliding direction, 
This was not the case in other experiments performed 
by Sheehan and Lieber, who observed that the misfit 
angle is relevant when MoOs islands are dragged on 
the MoS» surface [20.45]. In these experiments, siding 
‘was possible only along low index directions. The weak 
orientation dependence found by Liithi et al. [20.39] is 
probably due to the large mismatch of Cay on NaCl 


6 200 400 
Cantilever support displacement (am) 


Fig. 20.23 Friction force experienced as a carbon nano- 
tube is rotated into (left trace) and out of (right trace) 
commensurate contact. (After [20.40)) 


‘A recent example of friction anisotropy is related 
to carbon nanotubes. Falvo et al. [20.40] manipulated 
nanotubes on graphite using a FFM tip (Fig. 20.23). 
‘A dramatic increase of the lateral force was found in 
the directions corresponding to commensurate contact. 
‘At the same time, the nanotube motion changed from 
sliding/rotating to stick-rol 


20.4 Thermal Effects on Atomic Friction 


Although the Tomlinson model gives a good interpre- 
tation of the hasic mechanism of the atomic stick-slip 
discussed in Sect.20.2, it cannot explain some minor 
features observed in the atomic friction. For example, 
Fig. 20.24 shows a friction loop acquired on NaC\(100). 
‘The peaks in the sawtooth profile have different heights, 
which is in contrast to the result in Fig. 20.9. Another 
effect is observed if the scan velocity v is varied: the 
‘mean friction force increases with the logarithm of v 
(Fig. 20.25). This effect cannot be interpreted within 
the mechanical approach in Sect. 20.2 without further 
assumptions, 


20.4.1 The Tomlinson Model 
at Finite Temperature 


Let us focus again on the energy profile discussed in 
Sect. 20.2.1, For sake of simplicity, we will assume that 
y > I Ata given time 1 <*, the tip jump is prevented 
by the energy barrier AE = EUinas. 1) — E(tmias ty 
Where Snax corresponds tothe first maximum observed 
inthe energy profile and xan is the actual position of the 
tip (Fig, 20.26). The quantity AE decreases with time 
or, equivalently, with the frictional force Fi until it van- 
ishes when = F* (Fig. 20.27). Close to the critical 
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tom) Fig. 20.27 Energy bar- 
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Fig. 20.24 Friction loop on NaCI( 100), (Alter [20.46}) 


FON) to the critical value cor- 
responds to the linear 
os approximation (20.17) 
g 
03 . a 
y 
2 
a sae PS 
oa 


where fi is a characteristic frequency of the system. 
ool The ptiysical meaning of this frequency is discussed 
TP 3 4 S67 in Sect. 20.4.2. We should note that the probability of 
vlamis) a reverse jump is neglected, since in this case the energy 

20.25 Mean friction force vs. scanning velocity on barrier to overcome is much higher than AE. If time is 
NaCi(100) at Fy =O-4daN (+) and Fy=O0.65nN (x). replaced by the corresponding lateral force, the master 


(Afier (20.461) equation becomes 
ap(Fi) AEA) ( 
vexp(— SA Ai 
point he eegy baie an be writen sppoximaely — “gR-=—A(—AE (Ge) MAD 
bd (20.19) 
AE=iMF-Fi), (20.17) Atthis point, we substitute 
- dh, _ dh, ax 
where F is close tothe critical value F* = Eo/a. ae her (20.20) 


At finite temperature 7, the lateral force required to 


induce a jump is lower than F. "To estimate the most %4se the approximation (20.17) The maximum prob- 


probable value of FL at this point, we first consider the _*Pility transition condition d° p(F)/dF*=Othen yields 
probability p that the tip does nor jump. The proba- fa 
bility p changes with time t according 10 the master Fu(0) = F*— (20.23) 
equation on 
apo, Aa) fokaT ae 
SPO _— fyexp(-22O) pin (20.18) 
af o( mer Ro (20.28) Teat 
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‘Thus the lateral force depends logarithmically on the 
sliding velocity as observed experimentally. But the ap- 
proximation (20.17) does not hold when the tip jump 
jccurs very close to the critical point x =.x*, which 
is the case at high velocities. In this instance, the fac- 
tor (dF, /di)~! in (20.19) is small and, consequently 
the probability p(*) does not change significantly until 
it suddenly approaches 1 when tr. Thus friction 
is constant at high velocities, in agreement with the 
classical Coulomb's law of friction [20.28] 

Sang et al. [20.48] observed that the energy bar- 
rier close tothe critical point is better approximated by 
relation like 


AE=h(F*-F)? (20.23) 


‘The same analysis performed using the approximation 
(20.23) instead of (20.17) leads to the expression [20.49] 


MEH AY? 


pe =n tnt (20.28) 
where the eiical velocity is now 
22 fol (20.25) 


Tera 

The velocity u, discriminates between two dif- 
ferent regimes. If v< ve the second logarithm in 
(20.24) can be neglected, which leads to the logarithmic 
dependence 


(20.26) 


In the opposite case, v >> ve, the term on the left in 
(20.23) is negligible and 


Pin) 


Fw 


(20.27) 


In such a case, the lateral force Fi, tends to F*, as 
expected 


20.4.2 Velocity Dependence of Friction 


‘The velocity dependence of friction was studied by 
FFM only recently. Zwirner et al. observed that friction 
between silicon tips and diamond, graphite or amor- 
phous carbon is constant with scan velocities of few 
um/s [20.50]. Friction decreased when w is reduced 
below Ijum/s. In their experiment on lipid films on 
mica (Sect. 20.3.1), Gourdon et al. [20.47] explored 
a range of velocities from 0.01 to 50jm/s and found 
4 critical velocity 1, = 3.5 m/s, which discriminates 


LEM signal (arb. units) 
300, 


0 2 + 6 


ry To 
Velocity uml) 
Fig. 20.28 Velocity dependence of friction on mica and on 
lipid films with different orientation (arms 4 and 5) and in 
a fluid phase. (Alter [20.47)) 


between an increasing friction and a constant friction 
regime (Fig. 20.28). Although these results were not 
explained with thermal activation, we argue that the 
previous theoretical discussion gives the correct in- 
terpretaive key. A clear observation of a logarithmic 
dependence of friction on the micrometer scale was 
reported by Bouhacina etal. who studied friction on 
triethoxysilane molecules and polymers grafted on sil 
ica with sliding velocity up to v= 300 ,um/s [20.51] 
‘The result was explained with a thermally sctivated 
Eyring model, which does not differ significantly 
from the model discussed in the previous subsec- 
tion [20,52,53] 

“The first measurements on the atomic scale were 
performed by Bennewit et al. on copper and sodium 
chloride {20,30, 461; in both cases a logarithmic de- 
pendence of friction was revealed up to v <I ym/s 
(Fig. 20.25) imagreement with (20.21), Higher values of 
velocities were not explored, due tothe limited range of 
the scan frequencies applicable by FFM on atomic scale. 
‘The same limitation does not allow a clear distinction 
between (20.21) and (20.26) inthe interpretation of the 
experimental rests. 

‘At this point we would like to discuss the physical 
meaning of the characteristic frequency fo. With lat 
tice constants @ ofa few angstroms and effective spring 
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a 


Fig. 20.29a,b Torsional modes of cantilever oscillations 
(a) when the tip is free and (b) when the tip is in contact 
‘with a surface. (After (20.54)) 
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Fig. 20.31 Temperature 


FefaN) dependence of fric- 
tion on r-hexadecane 

* mI and octamethyleyclo- 

9 oMCTs tetrasiloxane. (Alter 
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constants kyr of about 1 N/m, which is typical in FEM 
experiments, (20.25) gives values of few hundreds of 
KHz for fy. This is the characteristic range in which 
the torsional eigenfrequencies of the cantilevers are lo- 
cated in both contact and noncontact modes (Fig. 20.29). 
Future work might clarify whether or not jy has to be 
identified with these frequencies. 

To conclude this paragraph, we should emphasize 
that the increase of friction with increasing velocity is 
ultimately related to the materials and the environment in 
‘which the measurements are realized. In humid environ- 
ment, Riedo et al, observed that the surface wettability 
has an important role [20.55]. Friction decreases with 
increasing velocity on hydrophilic surfaces, and the rate 
fof such decrease depends drastically on humidity. On 
partially hydrophobic surfaces, a logarithmic increase is, 
found again (Fig. 20.30). These results were interpreted 
considering the thermally activated nucleation of water 
bridges between tip and sample asperities, as discussed 
in the cited reference. 


20.4.3 Temperature Dependence of Friction 


‘Thus far we have used thermal activation to explain the 
velocity dependence of friction. The same mechanism 
also predicts that friction should change with tempera- 
ture. Master equation (20,18) shows that the probability 
of a tip jump is reduced at low temperatures T until it 
vanishes when T = 0. Within this limit case, thermal sc- 


Fig. 20.30a,b Friction vs, sliding velocity (a) on hydro- 
phobic surfaces and (b) on hydrophilic surfaces (After 
(20.55) 


ous 


woz) ued 


646 Part ¢ 


Nanotriboto 


s'0z|) Hed 


tivation is excluded, and the lateral force Fi, is equal 
to F*, independently of the scanning velocity v. 

To our knowledge stick-slip processes at low tem- 
peratures have not been reported. A significant increase 
Of the mean friction with decreasing temperature was 
recently measured by He et al. [20.56] by FFM 


(Fig. 20.31). Neglecting the logarithmic contributions 
(20.21) and (20.26) predict (F* — Fi.) ~T and (F* — 
F,) ~ T28 respectively forthe temperature dependence 
of friction. Although He et al. applied a linear fit to their 
data, the range of 30 K they considered is again not large 
‘enough to prove that a 72)? fit would be preferable. 


20.5 Geometry Effects in Nanocontacts 


Friction is ultimately related to the real shape of 
the contact between the sliding surfaces. On macro- 
scopic scale the contact between two bodies is studied 
within continuum mechanics, which are all based on 
the elasticity theory developed by Hertz in 19th cen- 
tury. Various FFM experiments showed that continuum 
mechanics is still valid down to contact areas a few 
nanometers in size. Only when contact is reduced to 
few atoms does the continuum frame hecome unsuit- 
able, and other approaches like molecular dynamics are 
necessary. This section will deal with continuum me- 
chanics theory; molecular dynamics will be discussed 
in Sect. 20.7. 


20.5.1 Continuum Mechanics 
of Single Asperities 


‘The lateral force Fi, between two surfaces in reciprocal 
motion depends on the size ofthe real area of contact, A, 
Which can be a few orders of magnitude smaller than the 
apparent area of contact. The simplest assumption is that 
friction is proportional to A; the proportionality factor 
is called shear strength o [20.57 

FL=0A (20.28) 

In case of plastic deformation, the asperities are 
compressed until the pressure, p, equals a certain 
yield value, p*. The resulting contact area is. thus 
‘A= Fy/p", and the well-known Amontons’ law is ob- 
tained: Fi, = LF. where (= o/p* is the coefficient 
of friction. The samme idea can be extended to contacts 
formed by many asperities, and it leads again to the 
Amontons’ law. The simplicity ofthis analysis explains 
‘Why most of the friction processes were related to plastic 
deformation fora long time. Such mechanism, however, 
should provake a quick disruption of the surfaces, which 
is not observed in practice. 

Elastic deformation can be easily studied in the case 
of a sphere of radius & pressed against a lat surface, In 


such case the contact area is 


(20.23) 


where K = 3E*/4 and E* is an effective Young's mod- 
ulus, related to the Young's moduli, E; and £2, and the 
Poisson's numbers, v and v2, of sphere and plane, by 
the following relation [20.58]: 


(20.30) 


Fa te 

‘The result A x Fa isin contrast withthe Amon- 
tons" law. Buta ipeartclation between FL and Fiycanbe 
ehafoed fo cantacs Farmed by several aspera in par 
ticular eases, For example, te arca of contact between 
a lt utace andl wat of axpeiics with an exponeatial 
height distribution and the same radins of curvature R 
depends linearly onthe normal force Fy, [20.9], The 
sane ecocludion bales approticietty even fora Gan 
sian height distribution. But the hypothesis thatthe adi 
ofeurvatureae the same forall asperiiess nt ealisic 
‘A general model as rcenly proposed by Pereson, who 
derived analytically the proportionality between contact 
dea and loa fora large variety of elastoplastic contacts 
formed by surfaces with abiary roughness [20.60] 
‘The iscurton in not srghtforwur and goes beyond 
the purposes of this section. 

Pusher effects are Obscrved if adesive forces be- 
ween the agpertion we taken info necotat. Ifthe 
range of action of these forces smaller than the 
slant deformation, (20.29)isexended othe Johnson 
Kendall-Roberts (JKR) relation 


RvB 
AUR) = (= 
(Fy) 3) 

28 


x(:sanye imran) 


(20.31) 


where y is the surface tension of sphere and 
plane [20.61]. The real contact area at zero load is 
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30 Wrong 


A Shaft that Isn't Long Enough 
When choosing a shaft length, if in doubt, buy a 
potentiometer with a long shaft that you can cut 
to the desired length. 


Sliders with No Finger Grip 
Slider potentiometers are often sold without a 
knob or plastic finger-grip, which must be or- 
dered separately and may be available in differ- 
ent styles. The finger-grip usually push-fits onto 
the metal or plastic tab or lug that moves the 
slider to and fro. 


Too Big to Fit 
Check the manufacturer's datasheet if you need 
to know the physical size of the potentiometer. 
Photographs may be misleading, asa traditional- 
style potentiometer that is 0.5" in diameter looks 
much thesameasonethatis 1" in diameter. High- 
wattage potentiometers will be more costly and 
physically large (2 to 3 inches in diameter). See 
Figure 11-13, 


Overheating 
Be sure to leave sufficient air space around a 
high-wattage potentiometer. Carefully calculate 
the maximum voltage drop and current that you 
may be using, and choose a component that is 
appropriately rated. Note that if you use the po- 
tentiometer as a rheostat, it will have to handle 
more current when its wiper moves to reduce its 
resistance. For example, if 12VDC are applied 
througha 10-ohm rheostat toa component that 
hasa resistance of 20 ohms, current in the circuit 
will vary from 0.4 amps to 0.6 amps depending 
on the position of the rheostat. At its maximum 
setting, the rheostat will impose a 4V voltage 
drop and will therefore dissipate 1.6 watts from 
the full length ofits resistive element. Ifthe rheo- 
stat is reset to impose only a 4-ohm resistance, 
the voltage drop that it imposes will be 2V, the 
current in the circuit will be 0.5 amps, and the 
rheostat will therefore dissipate 1 watt from 
4/l0ths of the length of its resistive element. A 


ali 


power > moder potentiometer 
wire-wound potentiometer will be better able to 
handle high dissipation from a short segment of 
its element than other types of rheostat. Add a 
fixed resistor in series with arheostatif necessary 
to impose a limit on the current. 


Figure 11-13. The large potentiometer is approximately 3° 
in diameter. rated at § ahms, and able to handle mare 
than 4 amps. The small potentiometer is 5/8” diameter, 
rated at 2K and 1/4 watt. with pins designed for through: 

hole insertion in a circuit board, and a grooved shaft that 
accepts a push-an knob. Despite the disparity in size, the 
principle of operation and the basic features are identical 


When using a trimmer potentiometer, limit the 
current through the wiper to 100mA as an abso- 
lute maximum value. 


The Wrong Taper 

When buying a potentiometer, remember to 
check the specification to find out whether it has 
linear or audio/log taper. If necessary, attach a 
meter, with the potentiometer set to its center 
position, to verify which kind of taper you have, 
While holding the meter probes in place, rotate 
the potentiometer shaft to determine which way 
an audio/log taper is oriented, 
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finite and the sphere can be detached only by pulling it 
away with a certain force. This is also true in the oppo- 
site case, in which the range of action of adhesive forces 
is larger than the elastic deformation. In such a case, the 
relation between contact area and load has the simple 
form 
28 

A(Fy) = (3) (Fy Fo)? , (20.32) 
where Fog is the negative load required to break the 
contact. The Hertz-plus-offset relation (20.32) can be 
derived from the Derjaguin-Muller-Toporov (DMT) 
model [20.63]. To discriminate between the JKR or 
DMT models Tabor introduced a nondimensional pa- 
rameter 


(20.33) 


‘where 2p is the equilibrium distance in contact. The JKR 
‘model can be applied if @ > 5; the DMT model holds 
when @ <0.1 [20.64]. For intermediate values of &, 
the Maugis-Dugdale model [20,65] could reasonably 
explain experimental results (Sect. 20.5.3). 


20.5.2 Load Dependence of Friction 


‘The FFM tip represents a single asperity sliding on 
a surface. The previous discussion suggests a nonlinear 
dependence of friction onthe applied load, provided that 
continuum mechanics is applicable. Schwarz et al. ob- 
served the Hertz-plus-offset relation (20.32) on graphite, 
diamond, amorphous carbon and Cjy in argon atmo- 
sphere (Fig. 20.32). In their measurements they used 
well-defined spherical tips with radii of curvature of 
tens of nanometers, obtained by contaminating silicon 
tips with amorphous carbon in a transmission electron 
‘microscope. In order to compare the tribological behav- 
ior of different materials, Schwarz etal. suggested the 
Introduction of an effective coefficient of friction, C, 
Which is independent of the tip curvature [20.62]. 
‘Meyer eta, Carpick etal and Polaccye eta. per- 
formed friction measurements in UHV in agreement 
with JKR theory [20.17, 66,67]. In these experiments 
different materials were considered, i.e. ionic exys- 
tals, mica and metals. In order to correlate lateral and 
normal forces with improved statistics, Meyer etal. ap- 
plied an original 2-D-histogram technique (Fig. 20.33) 
Carpick et al. extended the JKR relation (20.32) to in- 
clude nonspherical tips. In the case of axisymmetric tip 
profilez cc (n> 1), it can be proven analytically that 
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Fig. 20.32a-d Friction vs. load curve on amorphous carbon in at- 
gon atmosphere. Curves (a)-(4) refer to tips with different radii of 
curvature. (After [20.62)) 


the increase of friction becomes less pronounced with 
increasing n (Fig. 20.34) 


20.5.3 Estimation of the Contact Area 


In contrast to other tribological instruments, such as the 

surface force apparatus [20.68], the contact area cannot 

be directly measured by FFM. Indirect methods are pro- 

vvided by contact stiffness measurements. The contact 

between the FFM tip and the sample can be modeled 

by a series of two springs (Fig. 20.35). The effective 
wr of the series is given by 


(20.34) 


aniact 18 the normal stiffness of the contact, This 
{quantity is related to the radius of the contact area a, by 
the simple relation 


2aE* (20.35) 
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Fig. 20.33 (a) Friction force map on 
NaCi(100). The load is decreased from 140 
to OnN (jump-off point) during imaging 
(b) 2-D-hystogram of (a). (After [20.17)) 


a) ») 
creasing normal load FrG0nN) 


Steps 


Friction foree map Fe(1300N) 


a) Friction (nN) Fig. 20.35 Sketch 
. ‘Heyer of normal and lat- 
3 a Tes eral stiffness of 
et the contact be- 
B anes contact tween tip and 
a surface. (After 
a 20.70) 


Hever heontact 


where E* is the effective Young's modulus previously 
introduced [20.69]. Typical values of Kiguace ate order 


t) eal of magnitude larger than ex, however, and a practical 
a 2-2 application of (20.34) is not possible. 
a8 Carpick ct al. suggested an altemative method inde- 
0 E—# pendently [20.70,71]. According to various models, the 
cy =——<4-t — farerat contact stiffness of the contact between a sphere 
and a flat surface is [20.72] 
ey) Koa = 8G" , (20.36) 
I) here the effective shear stress G'* is defined by 
200 1 
am (20.37) 
100 G 2 
(G1, Gz are the shear moduli of sphere and plane). The 
07 IS” =—« contact between the FFM tip and the sample can be 


Load (aN) modeled again by a series of springs (Fig. 20.35). The 


effective constant ki of the series is given by 
Fig. 20.34a,b Friction vs. load curves (a) for a spherical tip and 


(b) for a blunted tip. The solid curves are determined withthe JKR 


(20.38) 
theory. (After 20.66) 
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‘where cis the lateral spring constant of the cantilever 
and Kg iS the lateral stiffness of the contact. As 
suggested by Lantz, (20.38) includes also the lateral 
stiffness of the tip, kip, which can be comparable to the 
lateral spring constant. The effective spring constant ki, 
is simply given by the slope dF. / dx ofthe friction loops 
(Sect. 20.2.1). Once Kogice 18 determined, the contact 
radius a is easily estimated by (20.36). 

‘The lateral stiffness method was applied to contacts, 
between silicon nitride and muscovite mica in air and 
between NbSe> and graphite in UH. Both the spring 
constant ki and the lateral force F dependence on the 


20.6 Wear on the Atomic Scale 


If the normal force Fy applied with the FFM exceeds 
‘critical value, which depends on the tip shape and on 
the material under investigation, the surface topography 
ispermanently modified. In some cases wear is exploited 
to create patterns with well-defined shape. Here we will 
focus on the mechanisms acting on the nanometer scale, 
‘where recent experiments have proven the unique ca- 
pability of the FFM in both scratching and imaging 
surfaces down to the atomic scale. 


20.6.1 Abrasive Wear on the Atomic Scale 
In the case of ionic crystals, Liithi et al. ob- 


served the appearance of wear at very low loads, 
ie.Fy = 3a [20.31], Atomically resolved images of 


the damage produced by scratching the FFM tip areas 
‘on potassium bromide were obtained very recently by 
Gnecco eta. {20.75}. In Fig. 20.36 a small mound grown 
up at the end of a groove on KBr(100) is shown under 


4 groove scratched 256 times with a normal force F, 
21nN. Frame sizes: (a) 39mm, (b) 25m, 
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load Fy were explained within the same models (JKR 
and Maugis-Dugdale, respectively), which confirms that 
fiction is proportional tothe contact area in the applied 
range of loads (up to Fy = 40nN in both experiments) 

Enachescu etal. estimated the contact area by meas- 
uring the contact conductance on diamond as a function 
of the applied load (20.73, 74]. Their experimental data 
were fitted with the DMT model, which was also used 
to.explain the dependence of friction vs. load. Since the 
contact conductance i proportional tothe contact area, 
the validity of the hypothesis (20.28) was confirmed 
again. 


different magnifications, The groove was created a few 
minutes before imaging by repeated scanning with the 
normal force Fy =21nN. The image shows a lateral 
force map acquired with a load of about 1 nN; no atomic 
features were observed in the corresponding topography 
signal. Figure 20,36a,b shows that the debris extracted 
from the groove recrystallized with the same atomic ar- 
rangement of the undamaged surface, which suggests 
that the wear process occurred like an epitaxial growth 
assisted by the microscope tip. 

Although it is not straightforward to understand how 
‘wears initiated and how the tip transports the debris, im- 
portant indications are given by the profile of the lateral 
force Fi, recorded while scratching. Figure 20.37 shows 
some friction loops acquired when the tip was scanned 
laterally on 5S nm? areas, The mean lateral force mul- 
tiplied by the scanned length gives the total energy 
dissipated in the process. The result ofthe tip movement 
are the pits in Fig. 20.38a. Thanks to the pseudo-atomic 


Fig. 20.37 Friction loops 
IV acquired while scratch- 
ing the KBr surface on 
‘51m Jong lines with dif- 
ferent loads Fy =5.7 10 
22.8nN. (After [20.75)) 
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Fig. 20.38 (a) Lateral force images of the pits produced 
with Fy = 5.7 o22.8nN, Frame size: 150 nm; (b) Detailed 
image of the fourth pit from the top with psuedo-atomic 
resolution. Frame size: 20 nm 


resolution obtained by FFM (Fig. 20.38b), the number 
of removed atoms could be determined from the lateral 
force images, which allowed estimating that 70% of the 
dissipated energy went into wear-less friction [20.75]. 
Figures 20,37 and 20.38 clearly show that the damage 
increases with increasing load. On the other hand, chang 
ing the scan velocity v between 25 and 100 nm/s did not 
produce any significant variation in the wear process. 

‘A different kind of wear was observed on layered 
materials. Kopta et al. [20.76] could remove layers 
from a muscovite mica surface by scratching with the 
normal force Fy =230nN (Fig. 20.394). Fourier fil- 
tered images acquired on very small areas revealed the 
different periodicities of the underlying layers, which 
reflect the complex structure of the muscovite mica 
(Fig. 20,39b,). 


20.6.2 Wear Contribution to Friction 


In Fig,20.40 the mean lateral force detected while 
scratching the KBr(100) surface with a fixed load 
Fy= Ila is shown. A rather continuous increase 
of “riction” with the number of scratches Nis ob- 
served, which can be approximated with the following 
‘exponential law: 


Fs Foe WN + Fe(1— eM) (20,39) 


Equation (20.39) is easily interpreted assuming that 
friction is proportional to the contact area A(N), and 
that time evolution of AV) ean be described by 

dA _Aw—-A(N) 

Ww NM 
‘Ace being the limit area in which the applied load can 
be balanced without scratching. 


(20.40) 


Fig. 20.39 (a) Topography image of an area scratched on 
muscovite mica with Fy = 230nN; (b),(c) Fourier filtered 
images of different regions. (After [20.76]) 


To interpret their experiment on mica, Kopta et al 
assumed that wear is initiated by atomic defects. When 
the defects accumulate beyond a critical concentra- 
tion, they grow to form the scars shown in Fig. 20.39. 
Such process was once again related to thermal acti- 
vation, The number of defects created in the contact 
area A(Fy) is 


AE 
Noe Fix) = testo (Fx) foexp. (-3) . 


(20.41) 


0 5 2 5 + 5 

[Number of scratches (x 10°) 
Fig. 20.40 Mean value of the lateral force during re- 
peated scratching with Fy =11aN on a SO0nm line. 
(After [20.75)) 
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‘where fs is the residence time of the tip, ng isthe surface 
density of atoms, and fi is the attempt frequency to 
overcome the energy barrier AF to break a Si-O bond, 
which depends on the applied load. When the defect 
density reaches a critical value, a hole is nucleated. The 
friction force during the creation of a hole could also be 
estimated with thermal activation by Kapta et al., who 
derived the formula 


FL = ol Fy Fa)" + yFQ exp (Bo) 
(20.42) 


‘The first orm on the right gives the wearless dependence 
of friction in the Hertz-plus-offset model (Sect. 20.5.1); 
the second term is the contribution of the defect produe- 
tion. The agreement between (20.42) and the experiment 
ccan be observed in Fig. 20.41 


Friction force (a) 


30 w 0 w 
“Total load (am) 


Fig. 20.61 Friction vs. load curve during the creation of 
hole in the muscovite mica. (After (20.76)) 


20.7 Molecular Dynamics Simulations of Atomic Friction and Wear 


‘Section 20.5 has introduced how small sliding contacts, 
ccan be modeled by continuum mechanics. This model- 
ing has several limitations. The first, most obvious, is 
that continuum mechanics cannot account for atomic- 
scale processes like atomic stick-slip. While this limit 
ccan be overcome by semiclassical descriptions like the 
‘Tomlinson model, a definite limit is the determination 
of contact stiffness for contacts with a radius of a few 
nanometers. Interpretation of experimental results with 
the methods introduced in Sect, 20.5.3 regularly yields 
contact radii of atomic or even smaller size, in clear con- 
tradiction to the minimal contact size given by adhesion 
forces. Such macroscopic quantities as shear modulus or 
pressure fail to describe the mechanical behavior of these 
contacts. A microscopic modeling including the atomic 
structure of the contact is therefore required. This is 
usually done by a molecular dynamies (MD) simulation 
of the contact. In such simulations, the sliding contact, 
is set up by boundaries of fixed atoms in relative mo- 
tion and the atoms of the contact, which are allowed to 
relax their positions according to interactions between 
each pair of atoms. The methods of computer simula- 
tions in tribology are discussed elsewhere in this book. 
In Sect. 20.7.1 we will discuss such simulations, which 
ccan be directly compared to experimental results show 
ing atomic friction processes, The major outcome of the 
simulations beyond the inclusion of the atomic structure 
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is the importance of displacement of atoms for a cor- 
rect prediction of forces. In the following Sect. 20.7.2, 
‘we will present simulation studies including wear of tip 
or surface. 


20.7.1 Molecular Dynamics Simulation 
of Friction Processes 


‘The first experiments that exhibited atomic friction 
features were performed on layered materials, often 
‘graphite, A theoretical study of forces between an atom- 
ically sharp diamond tip and the graphite surface has 
been reported by Tang et al. [20.77]. The authors found 
a significant distance dependence of forces, in which 
the strongest contrast appeared at different distances for 
normal and lateral forces due to the strong displace- 
ment of surface atoms, The order of magnitude found 
in this study was one nanonewton, much less than in 
‘most experimental reports, which indicated that in such 
experiments a contact area of far larger dimension was 
realized. Tang et al, already determined that the distance 
dependence of forces could even change the symmetry 
appearance of the observed lateral forces. The exper- 
imental situation has also been studied in numerical 
simulations using simplified one-atom potential for the 
tip-surface interaction but including the spring potential 
of the probing force sensor [20.36]. The motivation for 
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these studies was the observation of a hexagonal pattern 
in the friction force, while the surface atoms of graphite 
are ordered in a honeycomb structure. The simulations 
revealed how the jump path of the tip under lateral force 
is dependent on the force constant of the probing force 
Surfaces of ionic crystals have become model sys- 
tems for studies in atomic friction, Atomic stick-slip 
behavior has been observed by several groups with alat- 
eral force modulation of the order of InN. Pioneering 
work in atomistic simulation of sliding contacts has been 
done by Landman et al.. The first ionic system studied 
was a CaF> tip sliding over a CaF3(111) surface [20.78] 
In MD calculation with controlled temperature, the tip 
was first approached toward the surface up to the point 
at which an attractive normal force of —3nN acted on 
the tip. Then the tip was laterally moved, and the lat- 
eral force determined. An oscillation with the atomic 
periodicity of the surface and with an amplitude de- 
‘creasing from 8 nN was found, Inspection of the atomic 
positions revealed a wear process by shear cleavage of 
the tip. Such transfer of atoms between tip and surface 
plays a crucial role in atomic friction studies as was 
shown by Shluger et al. [20.79]. These authors sim- 
ulated 2 MgO tip scanning laterally over a LiF(100) 
surface. Initially an irregular oscillation of the system's 
‘energy is found together with transfer of atoms between 
surface and tip. After a while, the tip apex structure 
is changed by adsorption of Li and F ions in such 
‘a way that nondestructive sliding with perfectly reg- 
ular oscillation of the energy with the periodicity of 
the surface could be observed. The authors called this 
effect self-lubrication and speculate that generally a dy- 
namic self-organization of the surface material on the 
tip might promote the observation of periodic forces. In 
alesscostly approach of a molecular mechanics study, in 
which the forces are calculated for each fixed tip-sample 
configuration, Tang et al. produced lateral and normal 
force maps for a diamond tip over a NaCI(100) surface 
including such defects as vacancies and a step [20.80] 
In accordance with the studies mentioned before, they 
found that significant atomic force contrast can be ex- 
pected for tip-sample distances below 0.35 am, while 
distances below 0.15 nm result in destructive forces. For 
the idealized conditions of scanning at constant height 
in this regime, the authors predict that even atomic-sized 
defects could be imaged. Experimentally, these condi- 
tions cannot be stabilized in static modes, which so far 
have been used in lateral force measurements. But dy: 
namic modes of force microscopy have proven ator 
resolution of defects when entering the distance regime 


between 0.2 and 0.4nm [20.81]. Recent experimental 
progress in atomic friction studies of surfaces of ionic 
crystals include the velocity dependence of lateral forces 
and atomic-scale wear processes. Such phenomena are 
not yet accessible by MD studies: the experimentally 
realized scanning time scale is too far from the atomic 
relaxation time scales that govern MD simulations, Fur- 
thermore, the number of freely transferable atoms that 
can be included in a simulation is simply limited by 
meaningful calculation time 

Landman et al. also simulated a system of high 
reactivity, namely a silicon tip sliding over a silicon 
surface [20.82]. A clear stick-slip variation of the lat- 
eral force was observed for this situation, Strong atom 
displacements created an interstitial atom under the 
influence of the tip, which was annealed as the tip 
moved on. Permanent damage was predicted, how- 
ever, in the case that the tip enters the repulsive force 
regime. Although the simulated Si(111) surface is ex- 
perimentally not accessible, it should be mentioned 
that on the Si(111)7x7 reconstructed surface the tip 
had to be passivated by a Teflon layer before nonde- 
structive contact-mode measurements became possible 
(Sect. 20.3). It is worth noting that the simulations for 
the Cu(111) surface revealed a linear relation between 
‘contact area and mean lateral force, similar to classical 
macroscopic laws. 

For metallic sliding over metallic surfaces, wear 
processes are predicted by several MD studies, which 
vill be discussed in the following section. For a (111)- 
terminated copper tip over the Cu( 111) surface, however, 
Sorensen et al. found that nondestructive sliding is pos- 
sible while the lateral force exhibits the sawtooth-like 
shape characteristic of atomic stick-slip (Fig. 20.42) 
In contrast, a Cu(100) surface would be disordered 
by a sliding contact (Fig. 20.43). This difference be- 
tween the (100) and (111) plane as welll as the 
absolute lateral forces has been confirmed experimen- 
tally (Sect. 20.3). 


20.7.2 Molecular Dynamics Simulations 
of Abrasive Wear 


‘The long time scales characteristic of the wear pro- 
cesses and the large amount of material involved make 
any attempt to simulate these mechanisms on a com 
puter a tremendous challenge. Despite these premises, 
MD can provide useful insight on the mechanism of re- 
moval and deposition of single atoms operated by the 
FFM tip, which is a kind of information not directly 
observable in the experiments. Complex processes like 
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Fig. 20.44a-f 
‘Snapshot of a Cu(100) 
neck during shearing 
starting from the con- 
figuration (a) The upper 
substrate has been dis- 
placed 4.2A between 
subsequent pictures. (AF 


Fgeton fore (nN) 


bo Ost 


20.42 Lateral force aeting on a Cu(111) tip in match- 
ing contact with a Cu(111) substrate as a function of the 
sliding distance at different loads. (After [20.83)) 


a) 


20,43a-d Snapshot of a Cu(100) tip on a Cu(100) 
substrate during sliding. (a) Starting configuration; 
(b}-(d) snapshots afer 2, 4, and 6 slips. (After [20.83)) 


abrasive wear and nanolithography can be investigated 
only within approximate classical mechanics. 

‘The observation made by Livshits and Shluger that 
the FEM tip undergoes a process of self-Iubrication when 
scanning ionic surfaces (Sect. 20.7.1) proves that fric- 
tion and wear are strictly related phenomena. In their 
MD simulations on copper, Sorensen et al. considered 
not only ordered (111) and (100) terminated tips but 
even amorphous structures obtained by “heating” the 
tip at high temperatures [20.83]. The lateral motion of 
the neck thus formed revealed a stick-slip behavior due 
to combined sliding and stretching, and also ruptures, 
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accompanied by deposition of debris on the surface 
(Fig. 20.44). 

“To our knowledge, only a few examples of abrasive 
‘wear simulations on the atomic scale have been reported, 
Buldwn and Ciraci, for instance, studied nanoindenta- 
tion and sliding of a sharp Ni(111) tip on Cu(110) and 
of a blunt Ni(001) tip on Cu(100) [20.84]. In the case 
of the sharp tip quasiperiodic variations of the lateral 
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force were observed, due to stick-slip involving phase- 
transition, One layer of the asperity was deformed to 
match the substrate during the first slip and then two 
asperity layers merged into one through structural tran- 
sition during the second slip. In the case of the blunt tip, 
the stick-slip was less regular, 

Different results have been reported in which the 
tip is harder than the underlying sample. Komanduri 
et al. considered an infinitely hard Ni indenter scratch- 
ing single crystal aluminum at extremely low depths 
(Fig. 20.45) [20.85], Inthis case alinearrelation between 
friction and load was found, with a high coefficient 
of friction jz = 0.6, independent of the scratch depth. 
Nanolithography simulations were recently performed 
by Fang et al. (20.86), who investigated the role of the 
displacement of the FFM tip along the direction of slow 
motion between ascan line and the next one. They found 
‘certain correlation with FFM experiments on silicon 
films coated with aluminum. 


Fig. 20.45 MD simulation of a scratch realized with an 
infinitely hard tool. (After {20.85]) 


20.8 Energy Dissipation in Noncontact Atomic Force Microscopy 


Historically, the measurement of energy dissipation in- 
duced by tip-sample interaction has been the domain 
of friction-force microscopy, where the sharp AFM-tip 
is sliding in gentle contact over a sample. The origins 
of dissipation in friction are related to phonon excita- 
tion, electronic excitation, and irreversible changes of 
the surface. In a typical stick-slip experiment, the en- 
‘ergy dissipated in a single atomic slip event is of the 
order of 1 eV. 

But the lateral resolution of force microscopy in the 
contact mode is limited by a minimum contact area con- 
taining several atoms due to adhesion between tip and 
sample, 

‘This problem has been overcome in noncontaet dy- 
namic force microscopy. In the dynamic mode, the 
tip is oscillating with a constant amplitude A of typi- 
cally 1—20nm at the eigenfrequency f of the cantilever, 
which shifts by A f due to interaction forces between tip 
and sample. This technique has been described in detail 
in Part B of this book. 

Dissipation also occurs in noncontact mode of force 
microscopy, where the atomic structure of tip and 
sample are reliably preserved. In this dynamic mode, 
the damping of the cantilever oscillation can be de- 
duced from the excitation amplitude Ag required 
to maintain the constant tip oscillation amplitude on 


Compared to friction force microscopy, the inter- 
pretation of noncontact-AFM (nc-AFM) experiments is 
complicated due to the perpendicular oscillation of the 
tip, typically with an amplitude that is large compared 
to the minimum tip-sample separation. Another prob- 
Jem is to relate the measured damping of the cantilever 
to the different origins of dissipation. 

In all dynamic force microscopy measurements 
‘1 power dissipation Pp caused by internal friction of the 
freely oscillating cantilever is observed, which is pro- 
portional to the eigenfrequency «and to the square of 
the amplitude A and inverse proportional to the known 
Q-value of the cantilever. When the tip-sample dis- 
tance is reduced, the tip interacts with the sample and 
therefore an additional damping of the oscillation is 
encountered. This extra dissipation P,, caused by tip 
sample interaction can be calculated from the excitation 
signal Aege [20.87] 

‘The observed energy losses per oscillation cycle 
(100 meV) [20.88] are roughly similar to the 1 eV en- 
ergy loss in the contact slip-process. When estimating 
the contact area in the contact-mode to a few atoms, 
the energy dissipation per atom that can be associated 
with a bond being broken and reformed is also around 
100mev. 

‘The idea to relate additional damping of the tip 
oscillation to dissipative tip-sample interaction has 
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recently attracted much attention [20.89]. The ori- 
zzin of this additional dissipation are manifold: one 
‘may distinguish between apparent energy dissipation 
(for example from an inharmonic cantilever-motion, 
artifacts from the phase-controller, or slow fluctu- 
ations round the steady-state solution [20.89, 90)), 
velocity dependent dissipation (for example electric- 
and magnetic-field mediated Joule dissipation [20.91, 
92) and hysteresis-related dissipation (due to atomic 
instabilities (20.93, 94] or hysteresis due to adhe- 
sion [20.95)) 

By recording Af and Aqe simultaneously dur- 
ing a typical AFM-experiment, forces and dissipation 
can be measured. Many experiments show true atomic 
contrast in topography (controlled by A f) and in the 
dissipation-signal Avxe [20.96}; however, the origin of 
the atomic energy dissipation process is still not com- 
pletely resolved. 

To prove that the observed atom 
the damping is indeed due to atomi 
sipation and not an artefact of the distance feedback, 
Loppacher et al. {20.88] carried out an nc-AFM ex- 
periment on Si(111)-77 at constant height, ie. with 
stopped distance feedback. Frequency-shift and dissi- 
pation exhibit an atomic-scale contrast, demonstrating 
sa true atomic-scale variation of force and dissipation 

A strong atomie-scale dissipation contrast at step 
edges has been demonstrated ina few experiments (NaC 
fon Cu [20.81]; or measurements on KBr [20.97]). In 
Fig. 20.46 ultrathin NaCl islands grown on Cu(111) 
are shown. As it is shown in Fig.20.46a, the island 


nm 


20.46 (a) Topography and (b) Asc images of a NaCl 
island on Cu(111). The tip changes after 1/4 of the scan, 
thereby changing the contrast in the topography and en- 
hhaneing the contrast in Ag. After 2/3 of the scan, 
the contrast from the lower part of the image is repro- 
duced, indicating that the tip change was reversible. (After 
posi) 
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edges have a higher contrast compared to the NaCl- 
terrace and show an atomically resolved corrugation, 
‘The strongly enhanced contrast of the step edges and 
kink sites could be attributed to a slower decay of the 
electric field and to easier relaxation of theses positions 
of the ions at these locations. The dissipation image 
shown in Fig. 20.46b was recorded simultaneously. To 
establish a direct spatial correspondence between the ex- 
citation and the topography-signal, the match between 
topography and Aege on many images has been studied 
Sometimes topography and Aee are in phase, some- 
times they are shifted a litle bit, and sometimes Aexe is 
at a minimum when topography is at a maximum, The 
local contrast formation thus depends strongly on the 
atomic tip structure. In fact, the strong dependence of the 
dissipation contrast on the atomic state of the tip apex is 
impressively confirmed by the tip change observed in the 
experimental images shown in Fig.20.6b. The dissipa- 
tion contrast is seriously enhanced, while the topography 
contrast remains nearly unchanged. Clearly, the dis- 
sipation depends strongly on the state of the tip and 
exhibits more short-range character than the frequency 
shift 

More directly related to friction measurements 
‘where the tip is sliding in contact over the sample, are 
nc-AFM experiments, where the tip is oscillating paral- 
lel to the surface. Stowe etal. [20.98] oriented cantilever 
beams with in-plane tips perpendicular to the surface, 
so that the tip motion was approximately parallel to the 
surface. The noncontact damping of the lever was used 
to measure localized electrical Joule dissipation. They 
‘were able to image the dopant density for n- and p-type 
silicon samples with 150nm spatial resolution. An U2 
dependence on the tip-sample voltage for the dissips- 
tion was found, as proposed by Denk and Poh! [20.91] 
for elecri-field Joule-dissipation 

Stipe et al. [20,99] measured the noncontact fric- 
tion between a Au(1I1)-surface and a gold-coated tip 
‘with the same setup. They observed the same U2 depen- 
dence of the Bias-voltage and a distance dependence 
that follows a power law I/d", where n is between 
1.3 and 3 [20.99, 100), Even when the external Bias- 
voltage is zero, a substantial electri-field is present. The 
presence of inhomogeneous tip-sample electric fields 
is difficult to avoid, even under the best experimental 
conditions. Although this dissipation is electrical in ori- 
fin, the detailed mechanism is not totally clear. ‘The 
‘most straightforward mechanism is to assume that in- 
homogeneous fields emanating from the tip and the 
sample induce surface charges in the nearhy metallic 
sample, When the tip moves, currents are induced, caus- 
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ing Ohmic dissipation [20.91, 98], But in metals with 
good electrical conductivity, Ohmic dissipation is insuf- 
ficient to account for the observed effect [20.101]. Thus 
the tip-sample electric field must have an additional ef- 
fect, such as driving the motion of adsorbates and surface 
defects. 

‘When exciting the torsional oscillation of commer- 
cial, rectangular AFM cantilevers, the tip is oscillating 
approximately parallel to the surface. In this mode, lat- 
eral forces acting on the tip at step edges and near 
impurities could be measured quantitatively [20.54]. An 
enhanced energy-dissipation was observed at the im- 
purities as well. When the tip is further approached 
toward the sample, contact formation transforms the 
nearly free torsional oscillation of the cantilever into 
1 different mode with the tip-sample contact acting as 
a hinge. When this contact is formed, a rapid increase 
of the power required to maintain a constant tip oscilla- 
tion amplitude and a positive frequency shift are found. 
‘The onset of the simultaneously recorded damping and 
positive frequency shift are sharp and essentially co- 
incide. It is assumed that these changes indicate the 
formation of a tip-sample contact. Two recent stud- 


20.9 Conclusion 


Over the last 15 years, two instrumental develop- 
‘ments have stimulated scientific activities in the field 
of nanotribology. On the one hand, the invention and 
development of friction force microscopy allows us to 
quantitatively study friction of a single asperity. As we 
have discussed in this chapter, atomic processes are ob- 
served by forces on the order of I nN, i.e. forces related 
to single chemical bonds. On the other hand, the enor- 
‘mous increase of achievable computing power provides 
the basis for molecular dynamics simulations of systems 
containing several hundred atoms. Therewithin, the de- 
velopment of the atomic structure in a sliding contact 
can be analyzed and forces predicted, 

‘The most prominent observation of atomic fric- 
tion is a stick-slip behavior with the periodicity of 
the surface atomic lattice. Semiclassical models can 
explain the experimental findings including the veloc- 
ity dependence, which is a consequence of thermal 
activation of slip events. Classical continuum mechan- 
jes can also describe the load dependence of friction 
in contacts with an extension of several ten nanome- 
ters. But when trying to apply continuum mechanics 


ies [20.102, 103] report on the use of the torsional 

genmode for measuring the elastic properties of the 
tip-sample contact, where the ip is in contact withthe 
sample and the shear stifiness depends on the normal 
load. 

Kawagishi etal. (20.104] scanned with lateral am- 
plitudes in the order of 10pm to 31m; their imaging 
technique gave contrast between graphite terraces, sil- 
icon and silicon dioxide, graphite and mica, Torsional 
selfexcitation showed nanometric features of self- 
assembled monolayer islands due to different lateral 
dissipation. 

Recently Giessibl et al, [20.105] established true 
atomic resolution of both conservative and dissipa- 
tive forces by lateral force microscopy. The interaction 
between a single-tip atom oscillated parallel to an 
Si(111)-77 surface is measured. A dissipation energy 
of up to 4eV per oscillation cycle is found, which is ex- 
plained by a plucking action of one atom on to the other 
as described by Tomlinson in 1929 [20.23] 

‘A detailed review of dissipation phenomena in 
noncentact force microscopy has been given by 
Hug [20.106] 


to contacts formed at just ten atoms, obviously wrong 
numbers result, such as, for example, for the contact ra- 
dius. Only a comparison with atomistic simulations can 
provide a full meaningful picture of the physical param- 
eters of such sliding contacts, These simulations predict 
a close connection between wear and friction, in partic- 
ular a transfer of atoms between surface and tip, which 
in some case can even lower friction in a process of 
self-lubrication. 

First experiments have succeeded in studying the 
onset of wear with atomic resolution. The research 
in microscopic wear processes will certainly grow in 
importance as nanostructures are produced and their 
‘mechanical properties exploited, Simulation of such pro- 
‘cesses involving transfer of thousands of atoms will 
become feasible with further increase of computing 
power. Another perspective of nanotribology is the ex- 
pansion of atomic friction experiments toward surfaces 
witha well-defined roughness. In general, the problem of 
bridging the gap between single asperity experiments on 
well-defined surfaces and macroscopic friction should 
be approached, both experimentally and in modeling. 


sone aint errant 


power > moderation > capacitor 


capacitor 


Quite often referred to as a cap. Formerly known (primarily in the United Kingdom) as a 


condenser, but that term has become obsolete. 


OTHER RELATED COMPONENTS 


«+ variable capacitor (See Chapter 15) 
«+ battery (See Chapter 2) 


What It Does 


A capacitor connected across a DC power source 
will accumulate a charge, which then persists af- 
ter the source is disconnected. In this way, the 
capacitor stores (and can then discharge) energy 
@ a small rechargeable battery. The charge/ 
discharge rateis extremely fast butcan be limited 
by a series resistor, which enables the capacitor 
to be used as a timing component in many elec- 
tronic circuits. 


A.capacitor can also be used to block DC current 
while it passes pulses, or electrical “noise,” or al- 
ternating current, or audio signals, or other wave 
forms. This capability enables it to smooth the 
output voltage provided by power supplies; to 
remove spikes from signals that would otherwise 
tend to cause spurious triggering of components 
in digital circuits; to adjust the frequency re- 
sponse of an audio circuit; or to couple separate 
components or circuit elements that must be 
protected from transmission of DC current. 


Schematic symbols for capacitors are shown in 
Figure 12-1. At top-left is a nonpolarized capaci- 
tor, while the other two indicate that a polarized 
capacitor must be used, and must be oriented as 
shown. The variant at the bottom is most com- 
monly used in Europe, Confusingly, the nonpo- 
larized symbol may also be used to identify a po- 


larized capacitor, ifa + sign is added. The polar- 
ized symbols are sometimes printed without + 
signs, but the symbols stil indicate that polarity 
must be observed. 


4b He 
4h 


Figure 12-1. Schematic symbols for polarized and nonpo 
Jarized capacitors. See text for detail 


How It Works 


In its simplest form, a capacitor consists of two 
plates, each with a lead attached to it for con- 
nection with a DC power source. The plates are 
separated byathin, insulating layerknownas the 
dielectric, which is usually a solid or a paste but 
may be liquid, gel, gaseous, or vacuum. 
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21. Nanoscale Mechanical Properties — 
Measuring Techniques and Applications 


The first part of this chapter describes local 


21.1 Local Mechanical Spectroscopy 


[Eicioe Donna eel eutiots Ba Bm 2 
Of mechanical properties. It includes detalled Bes a 
state-of-the-art presentation and in-depth 21.1.2 Example One! Local Mechanical 
analysis of experimental techniques, results, and Sema at tahoe iui 
interpretations. 21.13 Example Two: Lacal Mechanical 

‘tera short introduction, the second part spectroscopy of Ni 665 
describes local mechanical spectroscopy using 
Coupled Atomic Force Microscopy and ultrasound. 2/2 Static Methods ~ 

Mesoscopic Samples 667 


This technique allows us to map quickly not 
only spatial distribution of the elasticity but 
anelastic properties as well. At one point in the 
sample, semi-quantitative measurements can be 
‘made as a function of the temperature. On the 
nanometer scale, results have close simllitudes to 


21.2.1 Carbon Nanotubes ~ 
Introduction to Basic Morphologies 
and Production Methods. 667 
2.2.2 Measurements 
of the Mechanical Properties 


of Carbon Nanotubes by SPM 668 
bulk measurements and interpretable differences, 21.2.3 Microtubules 
Local elasticity and damping were measured and Their Elastic Properties 673 
during phase transition of polymer samples and : 

213. Scanning Nanoindentatio 


shape-memory alloys. 


is ‘An Application to Bone Tissue. 674 

The third part describes the “nano-Swis 7 
cheese” method ofmeasuringtecasteproperies 2.31 Sanning Nanoindentation...... 67% g 
of such tubular nanometer siz objects as carbon ao ED At lSABAGY on 678 a 
hanotubes and microtubules, Its probably the nas een 3 
ony experiment in which properties of sngle-wall Fue eichanical oper 
nanotube ropes were measured asa function a dene uamelze Using SN ors 
of the rope diameter. We extended this idea to 213.4 Conclusion 681 
biological object, microtubules, and sucestuly 
solved major experimental difficulties. We not 21.4 Conclusions and Perspectives. 682 
only measured the temperature dependency of References 682 


‘microtubule modulus in pseudo-physiological 
conditions but also estimated shear modulus using 
the same microtubule with several lengths of 
suspended segments, 

The fourth section demonstrates the scanning 
nanoindentation technique as applied to human 
bone tissue. This instrument allows performing 
topography scans and indentation tests using the 
identical tip. The available surface scan allows 
a high positioning precision of the indenter tip on 
the structure of interest. For very inhomogeneous 
samples, such as bone tissue, this tool provides 
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4a probe to detect local variations of the mechanical 
properties. The indentation test supplies quantita~ 
tive parameters like elastic modulus and hardness 
(on the submicron level, Local mechanical proper- 
tes of compact and trabecular bone lamellae were 
tested under both dry and pseudo-physiological 
conditions. 

Finally, last part is given to a discussion of 
future prospects and conclusions. 
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Experiments measuring the mechanical properties at 
nanoscale are key to understanding mesoscopic mater- 
ials and inhomogeneous materials 

‘The most prominent technique for such local mea- 
surements implements an Atomic Force Microscopy in 
static mode to obtain force-distance curves (F-d). Ide- 
ally this provides the force applied to the tip and the 
tip-sample distance allowing the local reduced Young's 
modulus to be determined. In practice, however, these 
values are not measured directly. Instead, the applied 
force is offset by adhesive and capillary forces. Fur- 
thermore, the tip-sample distance must be obtained by 
subtraction of the sample (Z-piezo) displacement and 
the deflection of the cantilever, neither of which are cal- 
brated on most commercial instruments, Usually only 
the voltage applied to nonlinear and hysteretic Z-piezo 
tnd the uncalibrated cantilever deflection is available. 
‘These available data must be tediously calibrated and 
converted to real displacements and forces. The calibra- 
tion procedure given by Radmacher [21.1] works well 
but only when applied to very compliant materials such 
as biological or polymer samples. An additional diffi- 
culty is that since one end of the cantilever is fixed, 
neither the orientation of the tip nor its position on the 
sample surface remains constant during f-d curve ac- 
quisition. Movement of the tip on the sample surface, 
therefore occurs not only vertically but also along the 
cantilever axis. As a result, applied contact mechan- 
ies may not be valid. Finally, uncertainty about the 
exact tip shape and radius complicate the procedure 
even further, Instrumental challenges are so significant 
that applying static AFM to obtain absolute values of 


the elastic modulus using commercial instruments is 
difficult at best, especially on stiff surfaces. And this, 
of course, is the motivation for developing of other 
techniques. 

‘Although absolute values of mechanical properties 
are difficult to measure, relative measurements of maps 
(images of physical properties) are still very interesting. 
Using acoustic vibrations of the AFM sample surface 
fone can access local elastic and anelastic properties. 
‘The first part of this chapter describes these techniques 
and applications. 

Studies of mesoscopic specimens are even more 
challenging: itis difficult and time consuming to locate 
1a sample, specially properly positioned. In the second 
part of the chapter, we used ‘nano Swiss cheese’ tech- 
nique to get insight into the axial and shear modulus of 
several species of carbon nanotubes. The method was 
further extended to biological microtubules, where The 
‘experiment was performed in liquid and as a function of 
the temperature. 

Reliable mechanical measurements can be obtained 
by combining the best of two worlds, AFM and 
nanoindenter. Classical nanoindenters use optical tip 
positioning, which are inadequate in the nanoworld. 
Scanning nanoindenter uses the same diamond tip for 
imaging (with microNewton forces) and measuring. 
Its application to human bones in liquid and 37°C is 
described in the third part ofthis chapter. 

‘One should underline the importance of AFM linear- 
ity and stability for such experiments: only good designs 
‘may limit frustration and experiment time of courageous 
PhD students, and lot of improvements are still lacking, 


21.1 Local Mechanical Spectroscopy by Contact AFM 


Mechanical properties of solids (elasticity, anelasticity, 
plasticity) are generally measured on macroscopic sam- 
ples. But many phenomena in materials science require 
‘measurements of mechanical properties at the surface 
of a material or at the interfaces between thin layers 
deposited on a surface. High spatial resolution is also 
important, for example in the cases of multiphased ma- 
terials or composite materials, phase transitions, lattice 
softening in shape-memory alloys, precipitation in light 
alloys, and glass transition of amorphous materials. 

In the case of multiphased materials, such as nano- 
materials, composites, alloys, or polymer blends, the 
location of the dissipative mechanism in one phase must 


be determined either through modeling or by separately 
studying each phase, when possible, without changing 
its behavior. The latter is only possible ina limited num- 
ber of cases due to the interactions between the different 
phases within a material. To give an example, the global 
behavior of a composite is mostly driven by the stress 
transfer properties between the reinforcement and the 
matrix, which are controlled by the local mechanical 
properties in the interface region and in particular the 
dynamics of the structural defects in this area. Itis obvi- 
ously impossible to prepare a sample only composed 
of interface regions. Therefore a method for locally 
studying the dynamics of the structural defects will thus 
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provide important steps in the understanding and the 
improvement of such materials. 

Different techniques based on Scanning Probe Mi- 
ceroscopies (SPM) have been developed to probe the 
elastic and anelastic properties of surfaces, interfaces, 
or phases of inhomogeneous materials at the micro- 
meter and the nanometer scales. Scanning Acoustic 
Microscopy (SAM). first developped in the mid-1970s, 
allows one to study the materials properties a the micro- 
meter scale. 

Among the different ways explored to study local 
‘mechanical properties of materials, several groups have 
recently used techniques based on Scanning Force Mi- 
croscopy (SFM) [21.2], For most of these, the focus has 
been placed on “elasticity,” using the so-called Force 
Modulation Mode (FMM) at low frequencies [21.3] 
Force modulation mode generally uses a large ampli- 
tude (greater than 10mm), low frequency (some kHz) 
vibration of the sample underneath the SEM tip. The 
component of the tip motion atthe excitation frequency 
and the tip mean position are simultaneously recorded, 
ving several images of the sample surface. In particu- 
lar, the in-phase and out-of-phase components of force 
‘modulation mode at room temperatures have been inter- 
preted in terms of stiffness (“elasticity”) and damping 
C viscoelasticity”) [21.4, 5]. But, it has been recently 
shown by Mazeran et al, [21.6] that the contrast of 
force modulation mode is dominated by friction prop- 
erties, giving only little information on the elasticity 
Consequently, some care has to be taken in the in- 
terpretation of these low-frequency studies. A way to 
suppress the influence of friction on the contrast is to 
use smaller amplitudes (some A) at higher frequen- 
cies [21.7]. Scanning Local-Acceleration Microscopy 
(SLAM) implements this idea [21.8]: SLAM is a modi- 
fication of contact-mode scanning force microscopy. Its 
principle is to vibrate the sample at a frequency just 
above the resonance of the tip-sample system. In this 
cease, the inertia of the tip prevents it from completely 
following the imposed high frequency displacement, in- 
ducing nonnegligible forces and giving rise to clastic 
deformation of the sample. Contact stiffness is ob- 
tained from the measure of the residual displacement 
of the tip. Mapping the contact stiffness at different 
temperatures with SLAM [21.9] has allowed local me- 
chanical spectroscopy. Some other techniques also use 
high frequencies but with different approaches to im- 
age elasticity at room temperature [21.7, 10, 11], Each 
of these high-frequency techniques is capable of map- 
ping properties such as stifiness or adhesion at constant 
temperature with a very high lateral resolution. 
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21.1.1 The Variable-Temperature SLAM 
(T-sLam) 


‘The technique described here combines the lateral res- 
olution of scanning force microscopy with the physical 
information available from temperature ramps. It is 
the variable-temperature SLAM (T-SLAM) [21.12, 13]. 
‘Ramping the temperature of the sample during a SLAM 
‘measurement and acquiring both the amplitude and the 
phase ofthe tip’s motion allows one to obtain local mech- 
anical spectroscopy data. A simple model enables the 
interpretation of the measurement in terms of material 
properties. 

TSLAM is based on SLAM [21.8, 14]. using a vari- 
able temperature sample holder [21.9, 15]. An ultrasonic 
transducer is placed beneath the sample in a commer- 
cial scanning force microscope (Fig. 21.1) and excited 
by means of a function generator. The ultrasound is 


‘Frequency and phase reference 


Function 
senerator 
7 SEM 
SEM | poxiton 
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Fig. 21.1 Schematic diagram of SLAM. Ultrasounds gen- 
crated with a transducer connected to a function generator 
and placed beneath the sample, The motion ofthe scanning 
force microscope tip is detected optically. The detection sig- 
nal is fed t0 a lock-in amplifier, which extracts amplitude 
‘and phase relative to the ransducer’s motion, The tempera- 
ture is controlled with a small resistive heater and measured 
‘with a thermocouple. ‘The rest of the microscope head, 10 
Which the tip, the laser and the photodiode are attached, is 
not represented in this diagram 
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transmitted through the sample, forcing periodic o- 
cal deformation of the sample's surface underneath the 
tip. The motion of the scanning force microscopy tip 
is detected optically by laser beam deflection from 
the backside of the cantilever. The detection signal 
is then fed to a lock-in amplifier, which extracts the 
tip’s amplitude (related to elasticity) and phase (related 
to viscoelasticity) relative to the transducer's motion. 
‘The transducer’s typical frequency is 825 kHz. This in- 
stallation can operate in two ways, either by mapping 
the amplitude and phase of the signal as a function 
of position at fixed temperature or by recording the 
amplitude and phase as a function of temperature at 
“fixed” location, The first method is known as "SLAM 
imaging,” where the output signal of the lock-in is 
fed into an auxiliary data acquisition channel of the 
microscope. An extra computer is used to store lo- 
cal mechanical spectroscopy data as a function of the 
temperature at a fixed location and to control tem- 
perature. The heat is produced with a small resistive 
heater below the transducer, and the temperature is 
‘measured with a thermocouple. The sample must be 
prepared with a sufficiently low surface roughness in 
order to avoid artifacts in the measurements due to 
the sample’s topography. Due to the geometry of the 
contact, SLAM measures only a small volume near 
the surface. Viewing SLAM as a very fast indenta- 
tion measurement, the probed volume is approximately 
a half-sphere with a radius of 10a, where a is the 
contact radius between tip and sample [21.16]. The 
typical value of a is some nm, So even if the sample 
is a thick film, T-SLAM gives access to the near- 
surface mechanical properties that may differ from 
bulk. 

‘The mechanical properties of the deformed region 
are obtained from the measure of the residual displace- 
‘ment of the tip. The tip vibration amplitude dy is related 
tothe contact stiffness, proportional to the dynamic elas- 
tic modulus, while the phase lag g between the tip 
motion and the surface motions is related to the in- 
ternal friction (energy dissipation inside the deformed 
volume). Mapping dj and y at different temperatures 
with T-SLAM allows the study of the homogeneity 
of mechanical relaxations or of phase transitions. By 
recording dj and y as a function of temperature at 
a fixed location, local mechanical spectroscopy can be 
performed. 

‘When used just above the first resonance of the 
tip-sample system, the SLAM system can be de- 
scribed and analyzed using a point mass rheological 
‘model [21.9, 12], which allows one to obtain the equa- 


tion relating the damping (loss factor n') tothe measured 
parameters 
ate 
af 


here wis the measurement frequency, ke is a parame- 
ter related to the elastic modulus ofthe AFM cantilever 
and k. to the elastic modulus of the sample, <j is the 
transducer vibration amplitude, and m = ke/«? is the 
equivalent point mass of the tip, where a is the free 
resonant frequency of the cantilever. 

The principal limitation of (21.1) comes from the 
‘model assumption that the cantilever is a point mass re- 
stricted to vertical displacements. Due to the possible 
lateral displacements of the tip [21.6] or the existence 
of other vibrational modes of the cantilever, which are 
not described by the point mass model, (21.1) is only 
reliable for the measurement ofthe damping just above 
the first resonance of the tip-sample system, In order 
to obtain a quantitative measurement of this quantity in 
a larger frequency spectrum, itis necessary to develop 
‘Amore realistic model of the cantilever imteracting with 
the sample surface such as, for example, the model pre- 
sented by Dupas etal. [21.17], in which the cantilever 
is modeled as a beam, 


(21a) 


21.1.2 Example One: Local Mechanical 
Spectroscopy of Polymers 


Figure 21.2 shows local mechanical spectra (21.13, 18] 
obtained in bulk technical PVC (including plasticizer 
and pigments and taken off-the-shelf) as a func- 
tion of temperature (Fig.212a) and a Differential 
Scanning Calorimetry (DSC) measurement of the 
same sample (Fig.21.2b). The mechanical measure- 
ment (Fig.21.2a) displays the amplitude of vibration 
of the SLAM tip (thin line) and its phase lag (thick 
Jine) as a function of temperature. Four temperature do- 
‘mains can be identified. At lower temperatures (1), the 
first domain shows a phase lag peak associated with 
1a decrease of amplitude. The second temperature (2) 
domain corresponds to a zone where the vibration am- 
plitude increases, without any variation in the phase lag. 
‘The third temperature domain (3) is characterized by 
a large phase lag peak and a significant decrease of 
vibration amplitude. The last temperature domain (4) 
shows a slow increase in the phase lag without variation 
of the vibration amplitude. 

‘The calorimetry curves (b) display the heat flow as 
1 function of temperature for the same material but at 
a larger size scale. For clarity, the same temperature do- 
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Fig.21.2 (a) Local mechanical spectroscopy spectra as 
4 function of temperature ofa technical PVC: The vibea- 
tion amplitude is displayed as a thin Fine andthe phase lag 
as a thick line, Four temperature domains can be dist 
guished: From left to sight, a small “vibration amplitude 
decrease is associated with a frst “phase lag” peak (1), 
in the next domain, “vibration amplitude” increases (2), 
then a large decrease of “vibration amplitude” is assoc 
ated with a large “phase lag” peak (3) and finally “phase 
lag” increases slovily (4), (b) DSC measurements of the 
same sample. For claity, the temperature domains ob- 
servedon Fig. 21 Sahave heen reported. The graph displays 
the first (dashed line) and the second (solid line) heating, 
‘The glass transition can easily be recognized around 340 K 
(labeled A), slightly below the temperature range of do- 
‘main 3, An irreversible endothermic relaxation takes place 
inthe same temperature range (only visible onthe frst run) 
‘A reversible endothermic event occurs around 380K 


‘mains have been reported on the graph, The dashed line 
displays the first heating, where both reversible and ir- 
reversible events are present; the solid line shows the 
second heating, where only reversible events are still 
present. On the solid line, an endothermic event (labeled 
‘A)can be observed near the border between temperature 
domains 2 and 3. An irreversible endothermic relaxation 
is superimposed with (A) on the first heating. A re- 
vversible endothermic peak is observed around 380K, in 
domain 4. The endothermic event (A) has the character- 
istics of a glass transition: the specific heat goes from 
fone value to another without a peak [21.19]. The glass 
transition temperature of this PVC is, therefore, approx- 
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imately 340K, The irreversible relaxation occurring in 
the same temperature range is certainly associated with 
physical aging or structural relaxation, The reversible 
peak at higher temperature is associated with the melting 
of the small crystalline volume fraction. 

These local mechanical spectroscopy results are in 
‘good qualitative agreement with macroscopic global 
‘measurements [21.13, 18]. They yield the same infor- 
‘mation as the macroscopic global measurements, but 
from a much smaller volume, and allow as a conse- 
quence the location of the different mechanisms. Both 
‘measurements (local and global) show a peak in phase 
for the primary and secondary relaxations, connected 
with a large decrease of the stiffness for the primary 
relaxation and a much smaller one for the secondary 
relaxation. Plasticity induces an increase of the phase 
lag in both cases. The temperatures observed for the 
relaxation related to the glass transition compare well 
with the calorimetric data, Based on all these examples, 
there is no doubt that the amplitude and phase lag of 
TSLAM are functions of the stiffness and damping. In 
this regard, T-SLAM provides an extension of the global 
‘method, allowing location of dissipative phenomena and 
study of the spatial homogeneity of phase transitions or 
of relaxations, This will bring new insight into the field 
of inhomogeneous or composite materials. In addition, 
‘T-SLAM measures only asmall volume near the surface. 
So even if the sample is a thick film, SLAM gives ac- 
cess to the near-surface mechanical properties, which 
may differ from bulk properties. This will bring inter- 
esting perspectives to the still debated field of surface 
dynamics. 


21.1.3. Example Two: Local Mechanical 
Spectroscopy of NiTi 


Near-stoichiometric NiTi alloys exhibit a martensitic 
phase transformation between a low-temperature mon- 
clinic phase, called martensite, and a high temperature 
cubic phase with B2 structure, called austenite (1). This 
transformation is responsible for the shape memory and 
pseudo-elastic effects in deformed NiTi alloys. Upon 
transformation to the martensitic phase, an intermedi- 
ate rhombohedral (R) phase can be formed [21.20, 21] 
Although Batailland [21.21] tends to demonstrate that 
the R phase is finely dispersed inside the material, 
a controversy remains over the spatial scale at which 
the decomposition of the transformation occurs. An- 
other puzzling question concerns the transformation 
itself. Optical microscopy observation suggests that the 
transformation occurs very suddenly inside an austen- 
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ite grain, This has led to the concept of “military 
transformation,” The width of the globally measured 
transformation would then be a sum of different nar- 
row contributions coming from different places inside 
the sample. This image is, however, not universally 
accepted. 

‘A measurement inside one single grain of a poly- 
crystal would be a way to address these questions. Both 
the spatial scale of the R phase distribution and the “mil- 
itary” character of the transformation will have an effect, 
fon the result of such a measurement. This is the reason 
for which local mechanical spectroscopy measurements 
of the martensitic phase transition of NiTi by T-SLAM 
have been performed [21,12,22]. They are presented in 
Fig. 21.3. The global transformation behavior of NiTi is 
defined by calorimetry spectra (Fig.21.3b, temperature 
scanning rate 10 K/min). 

‘The vibration amplitude (“elasticity”) and the phase 
Jag (“internal friction”) are shown in the top and bottom 
curves, respectively. The presented data is incomplete 
due to experimental limitations. A phase lag peak can be 
observed upon heating at approximately 370K, associ- 
ated with a change in the vibration amplitude level. This 
event can be correlated with the phase transformation 
from martensite to austenite observed by calorimetry 
(Fig. 21.3b). Upon cooling, no event is observed around 
370 K: the vibration amplitude is stable and the phase lag 
curve does not exhibit any peak. But, an intense phase 
lag peak can be observed upon cooling near 330K. as- 
sociated with a restoration of the vibration amplitude 
level characteristic of the martensite. This event corre- 
lates with the phase transformation from austenite to 
‘martensite observed by calorimetry. A change in the vi- 
bration amplitude spectrum is correlated with each event 
fon the phase lag spectrum, Two main features should 
be noted. First, the transformation peaks observed with 
the SLAM method are narrower than those observed 


Fig.21.3 (a)-(b) Comparison of the focal mechanical 
spectroscopy measurements af NiTi with calorimetric ex- 
periment. (a) Both the reverse and direct transformation 
ae associated with a phase lag peak and a modulus vari- 
ation, (b) Calorimetric measurement of the same sample. 
(0-(€) Zoom on the reverse (e) and direct (A) ransfor- 
‘mations temperature ranges. ‘The peak (AL) may exhibit 
a shoulder on the low temperature side (A2). The direct 
transformation is characterized by a recovery of the origi- 
nal vibration amplitude and a complex phase lag spectrum, 
formed of two main maxima, noted Rand M. Peaksa,bele 
area substructure of the M peak 


with the (global) calorimetry measurement. Second, the 
measured temperatures for the local peak are located 
on the high temperature side of the peaks measured by 
calorimetry. Details of the two transformation peaks are 
displayed in Figs, 21.3c and 21.3d, The reverse trans- 
formation (Fig. 21 3c) is characterized by a change in 
the vibration amplitude level and a phase lag peak. This 
peak (A1) may have a shoulder on the low temperature 
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The plates in most capacitors are made from thin 
metal film or metallized plastic film. To minimize 
the size of the component, thefilm may be rolled 
up to form a compact cylindrical package, or 
multiple flat sections may be interleaved. 


Electrons from the power source will migrate on- 
to the plate attached to the negative side of the 
source, and will tend to repel electrons from the 
other plate. This may be thought of as creating 
electron holes in the other plate or as attracting 
positive charges, as shown in Figure 12-2, When 
the capacitor is disconnected from the power 
source, the opposite charges on its plates will 
persist in equilibrium as a result of their mutual 
attraction, although the voltage will gradually 
dissipate asaresult of leakage, eitherthrough the 
dielectric or via other pathways. 


Dielectric 


Figure 12-2. Because the plates of a capacitor are electri 
cally conductive, they will become populated with pasitive 
‘and negative charges when connected with a DC power 
source. As opposite charges attract each other. they will 
tend to congregate on either side of the dielectric, which 
Js an insulating layer. The battery symbol is shown here 
‘colored for clarity 


When a resistor is placed across the leads of a 
charged capacitor, the capacitor will discharge 


power> moderation 


itself through the resistor at a rate li 
resistance. Conversely, if a capacitor 


ited by the 
charged 
through aresistor, theresistor willlimitthe charg- 
ing rate. 


A resistor in series with a capacitor is known as 
an RC network (Resistor-Capacitor network). In 
Figure 12-3, an RC circuit is shown with a SPDT 
switch that charges or discharges the capacitor 
via a series resistor. The voltage at point A in- 
creases nonlinearly (relative to the negative side 
ofthe power supply) while the capacitoris charg- 
ing, and decreases nonlinearly while the capa 
torisdischarging, as suggested by the graphs. At 
any moment, the time that the capacitor takes to 
acquire 63% of the difference betweenits current 
charge and the voltage being supplied to it is 
known as the time constant for the circuit. See 
"The Time Constant” (page 105) foradditional in- 
formation. 


When a capacitoris connected across an AC volt- 
age source, each surge of electrons to one plate 
induces an equal and opposite positive surge to 
the other plate, and when polarity of the power 
supply reverses, the charges on the plates switch 
places, These surges may make it seem that the 
capacitor is conducting AC current, even though 
the dielectric that separates the plates is an in- 
sulator. See Figure 12-4. Often a capacitor is sai 
to “pass” AC, even though this is not really hap- 
pening. For convenience, and because the con- 
cept is widely established, this encyclopedia 
refers to capacitors as “passing” AC. 


Depending on the size of the capacitor, it will 
block some AC frequencies while passing others. 
Generally speaking, a smaller capacitor will pass 
high frequencies relatively efficiently, as each | 
tle surge of current fills each plate. However, the 
situation is complicated by the inductive reac- 
tance (which creates the effective series resist- 
ance) of a capacitor, as discussed below. See “Al- 
temating Current and Capacitive Reactance” 
(page 106). 
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side (A2). A small decrease of the vibration amplitude 
‘may precede this increase, But, the magnitude of this 
softening and the very low intensity of peak A2 are 
too small to exclude experimental artifacts. The direct 
transformation (Fig.21.3d) displays a recovery of the 
original vibration amplitude and a complicated phase 
lag maximum. 

‘The correlation of the transition temperatures 
‘measured by calorimetry and the local mechanical spec- 
trascopy lead to the conclusion that the peaks observed 
in phase lag and the change in vibration amplitude 
originate from the martensitic phase transition. At the 
scale ofthe observation, the martensite transforms into 
austenite around 370K (AI peak) and the austenite 
transforms into martensite close to 332K (M peak), 
with the formation of the rhombohedral R phase at 
337K (R peak). The peaks A2 and e could be linked 
to the presence of two different types of martensite 
as already observed elsewhere [21.20, 21]. It is strik- 
ing to note that all the events observed in macroscopic 
experiments seem to be reproducible atthe scale of ob- 
servation, namely less than 10® wm? In particular this 
‘would confirm that the R phase precipitates are very 
finely distributed in the austenite matrix as observed by 
Bataillard [21-21]. Otherwise the R peak could not be 
observed reproducibly using such a technique. The lo- 


cal measurement differs from global ones in at least 
‘two aspects: first, the width of the transformation tem- 
perature range is smaller; second, the M peak exhibits 
a substructure. 

Global internal friction measurements on these ma- 
terials have given spectra with peaks having a similar 
breadth as the calorimetry peaks [21.23], whereas the 
peaks measured locally are narrower. This is easy 
to understand if the martensitic transformation accurs 
inhomogeneously inside the sample. Grains tend to 
transform at different temperatures depending on their 
stress state. As the local measurement has suflicient spa- 
tial resolution to probe a single grain inside the material, 
it is logical that the transformation occurs over a nar- 
rower temperature range than in a global experiment 
probing a large number of grains. 

‘The substructure in the M peak could have three 
origins: (i) the technique is sensitive to the mechanical 
relaxation inside newly formed plates, such as stress re- 
laxation by twin motion; (ii) the probed volume contains 
several martensite plates that grow one by one, each with, 
its own, distinct “elementary” peak (a, b,etc.); (ii) the 
analyzed region of the sample surface changes due to 
thermal drifts, therefore probing the transformation of 
several growing martensite plates, leading to multiple 
“elementary” peaks. 


21.2 Static Methods - Mesoscopic Samples 


21.2.1 Carbon Nanotubes 
Introduction to Basic Morphologies 
and Production Methods 


Carbon nanotubes (CNTs) are the newest form of car- 
bon, found in 1991 by fijima [21.24]. Because of their 
remarkable properties, this discovery has opened whole 
new fields of study in physics, chemistry, and material 
science, They possess a unique combination of small size 
(diameters ranging from ~ 1 to S0nm with lengths up to 
~ 10pm), low density (similar to that of graphite), high 
stiffness, high strength, and a broad range of electronic 
properties from metallic to p- and n-doped semicon- 
ducting. Their potential field of application is immense 
and includes reinforcing elements in high strength com- 
posites, electron sources in field emission displays and 
small X-ray sources, ultra-sharp and resistant AFM tips 
with high aspect ratios, gas sensors, and components 
of future, nanoscale electronics. In addition, they rep- 
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resent a widely used system for studying fundamental 
physical phenomena on the mesoscopic scale, Follow- 
ing advances in manufacturing and processing they are 
likely to be integral to many devices we use in our 
everyday life 

From the structural point of view, carbon nanotubes 
can be thought of as rolled up single sheets of graphite, 
graphene. They can be divided in two distinct groups. 
‘The first, multiwalled carbon nanotubes (MWNT), ex- 
hibit a Russian doll-like structure of nested, concentric 
tubes, Fig. 21 4a and b, They were also the first CNT to 
be discovered experimentally. The interlayer spacing can 
range from 0.342 to 0.375 nm, depending on the diam- 
ter and number of shells comprising the tube [21.2 
For comparison, the interlayer spacing in graphite is 
0.335nm, suggesting relatively weak interaction be- 
tween individual shells, This fact has been corroborated 
by studies of mechanical and electronic properties of 
CNTs. 
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Fig. 21.4a-d TEM images and schematic drawings of 
cross sections for different morphologies of carbon nano- 
tubes. (a) and (b) Multivatled carbon nanotubes, consisting 
of concentric, nested tubes (MWANT), (2) and (A) ropes of 
single-walled earbon nanotubes, consisting of single cat- 
bon nanotubes bundled up in ropes and held together by 
van der Waals interaction 


‘The second type of carbon nanotubes is in the ba- 
sic form of a rolled-up graphitic sheet: a single-walled 
CNT (SWNT). During the production, their diameter 
distribution is relatively narrow so they often bundle in 
the form of crystalline “ropes” [21.26], Fig. 21 4c and d, 
in which the single tubes are held together by van der 
Waals interaction, 

‘There are several distinct classes of production meth- 
ods. The earliest is based on the cooling of carbon 
plasma, When voltage is applied between two graphitic 
electrodes in an inert atmosphere, they gradually evap- 
orate and form plasma. On cooling, soot containing 
‘multiwalled nanotubes is formed [21.24]. If the anode 
is filled with catalysts such as, for example, cobalt of 
iron particles, SWNT ropes form. Another way of pro- 
ducing CNTs from carbon plasma is by laser ablation 
of a graphitic target [21.26]. It is considered that, in 
general, these methods produce CNTs of higher quality 
albeit in very small quantities and without the possibility 
of scale-up to industrial production. Other methods are 
based on chemical vapor deposition (CVD), a catalytic 
decomposition of various hydrocarbons, e.g. methane 
or acetylene mixed with nitrogen or hydrogen in the 
presence of catalysts [21.27]. This method offers the 
possibility of controlling the growth of nanotubes by 
patterning the catalyst [21.28] and is therefore more suit- 
able for producing nanoscale structures with integrated 
CNTs. This method is also capable of producing CNTs 
in industrial quantities. Their main disadvantage is the 


higher concentration of defects, which as a consequence 
diminish their mechanical properties. 


21.2.2 Measurements of the Mechanical 
Properties of Carbon Nanotubes 
by SPM 


Mechanical measurements on CNTs performed with the 
AFM have confirmed theoretical expectations [21.29] of 
their superior mechanical properties. They involve mea- 
surements of deformations under controlled forces by 
bending immobilized carbon nanotubes either inthe Iat- 
eral [21.30] or normal direction [21.31] and also tensile 
stretching of CNT fixed on their two ends to. AFM tips 
observed in an electron microscope [21.22] 

It is not obvious that continuum mechanics and its 
‘concepts ike Young's, shear moduli, and tensile strength 
should work on the nanoscale. In order to apply them, 
cone should also define the “thickness” ofthe nanotubes 
walls, a graphene sheet, in the frame of the continuous 
beam approximation. Most scientists working in this 
field are using the value 0.34 nm, close to the interlayer 
separation in graphite as the thickness of a nanotube. 
When comparing different results, however, one has to 
bear in mind that to convert relatively precise force— 
displacement measurements into macroscopic quantities 
like Young’s or shear modulus, one has to introduce var- 
ious geometrical factors, including diameter and length. 
Even a small imprecision in their determination is very 
unforgiving because the diameter d enters into equations 
for beam deformation as d' and length ! as J, leading 
to large uncertainty in final results 

‘The first quantitative measurement of the Young's 
modulus of carbon nanotubes was reported by Wong 
ct al. [21.30] in which they laterally bent MWNTs and 
SiC nanorods (similar in dimensions to MWNTs) de- 
posited on flat surfaces. MWNTs were first randomly 
dispersed on a flat surface of MoS> single crystals that 
were used because of their low friction coefficient and 
‘exceedingly flat surface. Friction between the tubes and 
substrate was further reduced by performing the mea- 
surements in water. Tubes were then pinned on one 
side to this substrate by a deposition of an array of 
square pads through a shadow mask, Fig. 21,Sa-e. AFM 
was used to locate and characterize the dimensions of 
protruding tubes. The beam was deformed laterally by 
the AFM tip, until at a certain deformation the tip 
would pass over the tube, allowing the tube to snap 
back to its relaxed position, During measurements, the 
force-distance curves were acquired at different posi- 
tions along the chosen beam, Fig.21.Sd-e, Maximum 
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Fig. 21.5a-e Schematic of the experiment performed by 
Wong et al. [21.30] (a) nanotubes were dispersed on a sub- 
strate and pinned down by a deposition of SiO pads 
(b) Optical micrograph showing the pads (light) and MoS 
substrate (dark). The scale bar is 8 jum long. (c) AFM image 
of a SiC nanorod protruding from the pad. ‘The scale bar 
is $00 nm long. The same experimental setup was used for 
elastically deforming MWNTTs. (d) The tip shown as a trie 
angle moves inthe direction of the arrow. The lateral force 
is indicated by the trace atthe bottom. Before the tip con- 
taets the beam, the lateral force remains constant and equal 
to the friction foree. During the bending a linear increase 
in the lateral force with deflection is measured. After the 
tip has passed over the beam the lateral force drops to its 
initial value and the beam snaps back to its equilibrium po- 
sition. (e) Schematic ofa pinned beam witha free end. The 
‘beam of length Lis subjected toa point load P at x =a and 
friction foree (abstracted with permission from [21.30] 
© American Association for the Advancement of Science) 


deflection of the nanobeam can be controlled to a cer- 
tain degree by the applied normal load, and in this way 
tube breaking can be avoided or achieved in a controlled 
‘manner. The applied lateral load P in terms of lateral 
displacement y at the position « along the beam is given 
by the equation: 


yf 
ray =ser yet (x-a-08), 


(21.2) 


where £ is the Young's modulus of the beam, I the 
Second moment ofthe cross section, equal to 2/64 for 
asolidcylinderofdiameterdand f the unknown friction 
force, presumably small due to the experimental design 
‘The lateral force, Fig. 21, 6a, is own only up toa factor 
of proportionality because the AFM levr's lateral force 
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Fig.21.6 (a) A series of lateral force distance curves acquired by 
Wong etal (21,30] for different positions along a MWNT. (b) The 
lateral spring constant as a function of position on the beam, The 
curve is a fit to (21.3) (abstracted with permission from [21.30] 


© American Association for the Advancement of Science) 


constant wasn't calibrated for these measurements. This 
uncertainty and the effect of friction were eliminated by 
calculating the nanobeam lateral force constant: 


ap and 
a at (21.3) 


shown in Fig, 21.6b, 

‘The mean value for the Young’s modulus of MWNTs 
was E=1.3£0.6TPa, similar to that of diamond 
(E = 1.2'TPa). For larger deformations, discontinuities 
in bending curves were also observed, attributed to 
clastic buckling of nanotubes [21.33] 

In another series of experiments, Salvetar et al 
‘measured the Young's modulus of isolated SWNTs and 
SWNT ropes [21,31], MWNTs produced using differ- 
ent methods [21.34], and the shear modulus of SWNT 
ropes [21.35]. The experimental setup that enabled them 
to perform measurements on such a wide range of CNT 
‘morphologies involved measuring the vertical deflection 
of nanotubes bridging holes in a porous membrane. 

In their measurement method, they suspended CNTs 
in ethanol and deposited them on the surface of a well- 
polished alumina AlsO; ultrafiltration membrane. Tubes 
adhered to the surface due to the van der Waals in- 
teraction occasionally spanning holes, Fig. 21.7a. After 
4 suitable nanotube had been found, a series of AFM 
images was taken under different loads, in which ev- 
ery image would thus correspond to the surface (and 
the tbe) under a given normal load. Extracted lines- 
ccans across the tube revealed the vertical deformation, 
Fig.21.7b, For the range of applied normal loads, the 

jelection of a thin, long nanotube at the midpoint 6 as 
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Fig. 21.7 (a) An AFM image of a CNT lying on a porous 
lumina [21.35] filter. (b) Measured dependence of vertical 
deflection on the applied nominal force. The inset shows 
«comparison between linescans taken an the tube and over 
aoe [21.34] (abstracted with permission (a) from [21.35] 
© 1999 American Physical Society, (b) from [21.34] 
© 1999 Wiley ) 


a function ofthe normal force F canbe ited using the 
Clamped beam formula [21.36 
=f ous) 
TET 
where Lathe suspended length, 

"The fied line does not pass rough the origin be- 
cause the force acting on lhe nanotube isnot equal to 
the nominal force alone; it contains a constant term 
arising from the atractive force betwen the AFM tip 
and the tube, The tube's deflection should also con. 
tain term comespanding tothe interaction between the 


tube and the substrate, but this is generally regarded as 
negligible. 

This variable load imaging technique is advanta- 
geous for obtaining quantitative information as one is 
assured that the AFM tip isin the desired location when 
deforming the tube, Equation (214) is valid only if the 
tubes adhere wel tothe substrate, confirmed by the fact 
thatthe images reveal no displacement ofthe pars of 
the tube in contact with the membrane 

Using this technique, Young's modulus of TPa was 
found for SWNT. Values forthe MWNTs show a strong 
dependence on the amount of disorder inthe graphitic 
layers: an average value of £ = 870GPa was found for 
the are-discharge grown tubes, while the catalytically 
grown MWNTs, known to include a high concentra: 
tion of deffects, can have a Young's modulus as low as 
126Pa 

For the deflection of SWNT ropes, an additonal term 
in the bending formula has to be taken into account be- 
cause of the influence of shearing between the tubes 
comprising the rope. Single CNTs are held together 
in the tube only by weak, van der Waals interactions. 
Ropes, therefore, behave as an assembly of individual 
tubes rather than asa thick beam. The deflection can 
bee modeled as a sum of deflections due to bending and 
shearing (21.36) 

5 = Spending + Sstearing 

FLS FL FLA 
Ton +704 = Wikanl 
where fis a shape factor, equal to 10/9 for a 
G the shear modulus and A the area of the beam's cross 
section. Ejeasiag is the effective, bending modulus, equal 
to Young's modulus inthe case in which the influence 
of shearing can be neglected (for thin, long ropes) 

‘The Young's and the shear modulus can thus be ex- 
trapolated by measuring the Eiauing of an ensemble of 
ropes with different diameter to length ratios: for thin 
ropes one obiains the value of the Young's modulus, 
while for the thick ones, the Enendiag approaches the 
value of G on the order of 10GP (see Fig. 21.8) 

Walters etal. pinned ropes of single-wall nanotubes 
beneath metal pads on an oxidized silicon surface, then 
released them by wet etching, Fig.21.9. The SWNT 
rope was deflected in the lateral direction using an AFM 
tip, Fig. 21.9. As the suspended length ison the order 
of um, the SWNT rope can be modeled as an elastic 
string stretched between the pads. Upon deformation all 
of the strain goes into stretching. In the simple case af 
a tube Iying perpendicular tothe trench and the AFM tip 
deforming the tbe inthe middle, the force F exerted on 
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Fig. 21.8 Values of the shear modulus for 12 SWNT ropes 
of different diameters. The measured Ejesung Of thin ropes 
corresponds to £, while for thick ropes one obtains the 
value of shear modulus G (abstracted with permission 
from [21.35] © 1999 American Physical Society) 


the tube by the AFM tip is 


aor daacan es tee. 
= 2 sind = 27 


where T is the tension in the string, Lo its equilibrium 
length, & the spring constant and « the lateral deflec- 
tion in the middle. Using this setup, they deformed 
SNWT ropes to the maximal strain of 5.80.9 % and 
determined a lower bound of 45:7 GPa on the tensile 
strength, assuming a value of 1.2 TPa for the Young's 
modulus, 

Kim et al. used a setup in which the SWNT rope 
‘was embedded in metallic electrodes deposited on a sil- 
icon substrate coated with poly(methylmethacrylate) 
(PMMA). In their experiment the tube can also be 
modeled as an elastic string. Using an AFM tip, they 
vertically deformed the rope and obtained an estimate of 
E=04 TPa for the Young's modulus of an SWNT rope. 

Finally, the first direct measurements of the elas- 
tic properties of CNTs that haven't relied on the 
beam or stretching string setup involved deforming 
MWNTs [21.38] and SWNT ropes [21.32] under axial 
strain, This was achieved by identifying and attach- 
ing opposite ends of MWNTs or SWNT ropes to two 
‘AFM tips, all inside a SEM. The AFM tips were inte- 
ssrated with different cantilevers, one rigid with a spring 
constant above 20N/m and the other compliant with 
spring constant of 0.1 N/m, Fig. 21.10. The rigid lever 


sn by the expression: 


(22.6) 
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AFM tp displacement (8) 
Fig.21.9 (a) SEM image of a SWNT rope suspended over 
trench in silicon before and (b) after being deformed past 
its elastic limit. (e) Lateral force on a single-wall nanotube 
rope asa function of AFM tip displacement (abstracted with 
permission from [21.37] © American Institute of Physics) 


‘was then driven using a linear piezomotor. On the other 
end, the compliant lever bent under the applied tensile 
load. The deflection of the compliant cantilever ~ cor: 
responding to the force applied on the nanotube ~ and 
the strain of the nanotube were simultaneously meas- 
ured. The force F is calculated as F = kal where kis the 
spring constant of the flexible AFM lever and d its dis- 
placement in the vertical direction. The strain of the 
nanotube is 8L/L, Fig.21.11. From the stress-strain 
curves obtained in this fashion, Fig.21.11b, Young's 
‘moduli ranging from 270-950 GPa were found. Exam: 
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Fig.21.10 (a) A SEM image of a MWNT mounted be- 
tween two opposing AFM tips. (b) A close-up of the region 
indicated by a rectangle in (a) (abstracted with permis- 
sion from [21.38] © 1999 American Association for the 
‘Advancement of Science) 


nations of the same broken tubes inside a TEM revealed 
that nanotubes break with the “sword in sheath” mechan- 
ism, where only the outer layer appears to have carried 
the load. After it breaks, pullout of inner shells fol- 
lows. An average bending strength of 14GPa and axial 
strengths up to 63 GPa were found 

Firm attachment of nanotubes to AFM tips was 
ensured by a deposition of carbonaceous material in- 
duced by the electron beam concentrated in the contact 
area [21.40]. 

All these measurements of the elastic properties of 
carbon nanotubes are summarized in Table 21.1 

Before comparing them, it should be noted that 
the absolute values of these mechanical constants have 
relatively large uncertainties because of the huge in- 
fluence of the precision of determining tube diameters 
and lengths on the final result. Also, the cited values 
represent mean values of results obtained on several 
tubes, with the exceptions of the lowest value given for 
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Fig. 21.11 (a) The principle of the experiment performed 
by Yi et al. As the rigid cantilever is driven upward, the 
lower, compliant cantilever bends by the amount and the 
nanotube is stretched by 6. As a result, the nanotube is 
strained by 82./ under the action of force F = kd, where 
‘cis the elastic constant of the lower AFM lever, (b) Plot of 
stress vs. strain curves fr different individual MWNTTs (ab- 
stracted with permission from [21.38] © 1999 American 
Association for the Advancement of Science) 


catalytically grown MWNTS by Salvetat et al, [21.31], 
a single value for an individual SWNT rope from Kim 
etal. [21.39], and the lowest and highest values from Yu 
etal. [21.38]. One also has to bear in mind that concepts 


Table 21.1 Summary of the mechanical properties of carbon nanotubes measured using SPM methods 
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like Young's and shear moduli and tensile strength were 
introduced for describing macroscopic and continuous 
structures, Their application for describing mesoscopic 
objects like nanotubes, therefore, has its limitations. 

‘The methods presented above are all in their nature 
“single-molecule” methods, in the sense that they meas- 
ure properties of individual objects. A result of a single 
experiment, therefore, represents properties of a partic- 
ular object and differs from case to case because of, for 
example, defects coming from production and puri 
tion, or for more prosaic reasons such as experimental 
errors. In order to perform comparisons, therefore, it 
‘more practical to deal with values averaged for multiple 
tubes. The average values for the Young's modulus of 
high quality tubes are, within the experimental error, all 
on the order of 1 TPa, close to that of diamond (1.2 TPa), 
‘while the tensile strength can be 30 times higher than that 
of steel (1.9 GPa). Catalytically grown MWNTs with the 
‘Young's modulus that can be as low as 126GPa are 
definitely disappointing and show that the production 
‘method plays an important role in the quality of carbon 
nanotubes from the point of view of their mechanical 
properties. 

Future improvements in large scale production and 
processing are therefore necessary before applying them 
as the ultimate reinforcement fiber. Even so, the progress 
in measuring the mechanical properties of CNTs will 
continue to be closely related to, and often motivate, the 
progress in nanoscale manipulation in general, 


21.2.3 Microtubules 
and Their Elastic Prope 


Microtubules are a vital biological nanostructure, simi- 
Jar in dimension and shape to carbon nanotubes. In fact, 
the first name given to carbon nanotubes by their discov- 
crer Iijima was “microtubules of graphitic carbon.” From 
the structural point of view, they are much more com- 
plicated, as is common for biological structures. They 
self-assemble in buffers maintained at the physiological 
temperature of 37°C out of protein subunits, e and p- 
tubulin, each having a molecular weight of 40 kDa. 
‘These protein subunits are hound laterally into protofila- 
‘ments, which in turn are arranged in a shape of a hallow 
cylinder with an external diameter of 25nm and an 
internal diameter of 1Snm. Microtubules are a remark- 
able material: inside living cells, their length incessantly 
fluctuates; they can even completely disassemble and 
consume energy in the form of GTP, 

Together with actin and intermediate filaments, 
‘microtubules constitute the cellular cytoskeleton. In ad- 
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dition, they perform various unique vital functions: they 
act as tracks along which molecular motors move, they 
help pull apart chromosomes during cell division and 
form bundles that propel sperm and some bacteria. All 
these roles are determined by their structure and mech- 
anical properties. Yet, after more than a decade, there is 
still a large discrepancy in the values of their Young's 
‘modulus reported in the literature. Several methods 
have been applied, such as bending or buckling micro- 
tubules using optical tweezers [21.42], hydrodynamic 
flow [21.43], thermally induced vibrations or shape 
fluctuations [2144], buckling in vesicles [21.45], or 
squashing with an AFM tip [21.46]. These methods 
yielded results ranging from 1 MPa [21.46] to several 
GPa [21.421 

Since microtubules are geometrically similar to 
nanotubes, Kis et al. [21.41] used the suspended tube 
configuration, Microtubules were deposited on porous 
‘membranes, and AFM images were acquired under dif- 
ferent nominal normal loads. All the measurements were 
performed in liquid and at controlled temperatures, in 
order to prevent the degradation of proteins, so the sub- 
strate had to be functionalized in order to ensure good 
adhesion between the tubes and the support. They used 
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Fig. 21.2 (a) A pseudo 3-D rendering of a single micro- 
tubule suspended over four different-sized holes in PMMA, 
(b) From the variation of the Enening With Varying length, 
the shear and the Young's modulus have been determined 
for the microtubule displayed in (a) (abtracted with permis- 
sion from [21.41] © 2002 American Physical Society) 
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silicon with a layer of PMMA as a support. Slits were 
prepared in PMMA using electron-beam lithography, 
providing the possibilty to measure the elastic response 
of individual microtubules lying over four different- 
sized holes ranging from 80-200 nm across and 400 nm 
deep, Fig. 21.12. 

Clearly the results are dependent on the hole diam- 
eter, which could only result from a shear component 
Within the microtubules, Simplifying (21.5), the defor- 
mation of microtubules can be modeled as 

11, 0D +z 

Encoiing a £ G 


(un 


where and Dig represent the external and internal 
MT's diameter. From the plot of 1/Enending Vs. the 
(D+ Dix) /L? the shear modulus can be calculated 
from the slope of the fit, and the inverse Young's 
modulus will be equal to the intercept on the y-axis. 
In this way the shear modulus of G = 1.40.3GPa 
and a lower limit of £=150MPa were simultane- 


ously obtained from a measurement on an individual 
microtubule 

This anisotropy comes from the fact that micro- 
tubules are built of monomers that are strongly bound in 
the longitudinal direction, along single protofilaments. 
‘The link between neighboring protofilaments is much 
weaker. Microtubules, therefore, have to be considered 
as anisotropic beams, having an Ependiag that depends 
on the scale on which they are deformed [21 41 This is 
inall respects analogous tothe situation in SWNT ropes 
that are buil of stiff individual SWNT, held together in 
bundles by a weak van der Waals interaction, This con- 
clusion may explain the large diserepancy in the value 
of Young's moduli reported inthe literature over the past 
ten years using inadequate modeling 

‘As in the case of carbon nanotubes, measuring the 
mechanical properties of microtubules can provide valu- 
able insight into their structure and provide deeper 
understanding about the Functioning of these remarkable 
structures 
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In the following section we discuss nanoindentation as 
1 tool to determine nanomechanical properties. This 
‘method was developed in the early 1980s evolving from 
traditional Vicker hardness testing devices. The latter is 
based on the concept that a pyramidal tip is loaded into 
‘amaterial applying a known force. Afterthe test, the size 
of the remaining imprint is measured under an optical 
microscope. The ratio of the employed force and the im- 
print area after load removal was defined as hardness 
that represents a mean pressure the material can resist. 
Unfortunately this mechanical parameter is a complex 
combination of elastic and postyield properties and can’t 
be easily explained on the level of continuum mechan- 
ies. This point raised important concerns for determining 
elastic constants such as the Young modulus from an in- 
dentation test. Further improvements on the transducer 
sensitivity were necessary to provide continuous acqui- 
sition of the employed load and the resulting indentation 
depth. Nanoindentation represents the state of the art 
of this development allowing mechanical tests on the 
nanometer scale. 


21.3.1 Scanning Nanoindentation 


Based on this continuous force-displacement data, an 
clastic modulus of volumes in the submicron regime 
ccan be quantified. To investigate features down to the 


micrometer regime, classical nanoindentation tools are 
‘combined with an optical microscope for positioning 
the indenter tip on the region of interest. But to de- 
feat the limits of optical resolution, indentation and 
scanning probe microscopy were combined using the 
same tip to allow nanoscale control of the indenting 
tip position [21.47]. This instrument allows for scan- 
ning the material topography in an AFM mode and 
performing nanoindentation tests employing the same 
tip. The mechanical tests are restricted to the scanned 
area (100 \umx 100 jum maximum) where the indenter 
can be positioned with a precision of better than 100 nm. 
‘The surface roughness can be measured, which is help- 
ful for choosing the area to be indented, Furthermore 
the available in situ scan of the indented region can 
provide information about the piling-up or sink-in be- 
havior of the material. Kulkarni and Bhushan [21.48.49] 
introduced this device and demonstrated that measure- 
ments on aluminum and silicon were similar to results 
of non-scanning indentation systems. 


21.3.2 Application 
of Scanning Nanoindentation 


‘The development of the scanning nanoindentation 
(SN) technique has led 10 a variety of studies, pri- 
marily characterizing thin layers. Applications range 
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from the mechanical characterization of corrosion-free 
film apposition on single-crystalline iron [21.50] to 
indentation and microscratch tests on Fe-N/Ti-N multi- 
layers [21.51]. One author included nanoindentation to 
discuss two different electrochemical deposition tech- 
niques of thin Ni-P layers on pure Ni [21.52]. Rar 
et al. [21.53] reported studies on the growth of thin 
gold layer on native oxides of silicium while other 
investigations focussed on wear-resistant TiB2(N) coat- 
ings [21.54] 

Studies of heterogeneous materials clearly demon- 
strate the advantage of the available surface scanning, 
‘Matkow and Bull [21.55] investigated the elastic/plastic 
behaviour of carbon-nitride films deposited on silicon 
‘Therefore they determined the load-on and load-off 
hharcness, the latter being accessible by scanning the re- 
‘maining indent impression. Shima et al. [21.56] studied 
silicon oxynitride films on pure silicon and demonstrated 
hardness as a function of the employed deposition tem- 
perature. Gken et al. [21.57] used the high positioning 
precision to characterize individual lamellae of a TiAl 
alloy that consists of a two-phase structure and also 
to study the mechanical properties of nanometer-size 
precipitates of nickel-based super-alloy [21.58]. Per- 
forming in situ electrochemical treatments of iron single 
cexystals, Seo etal. [21.59] used SN to study the variation 
of the remaining imprint shape with time. 

In the field of biomechanics, work was done on 
bone tissue in wild-type and gene-mutated zebrafish, 
‘The characterization of the residual indentations in AFM 
‘mode supported the statement that gene mutation can 
change bone brittleness [21.60]. Other investigations fo- 
cussed on the demineralising effects of soft drinks on 
tooth enamel by studying changes of elastic properties 
and surface topography [21.61]. Habelite et al. [21.62] 
and Marshall et al. [21.63] characterized the junction 
between human tooth enamel and the mechanically 
different dentin. 

Hengsberger et al. [21.64] took advantage of the 
‘nanometer positioning capability ofthe SN to investigate 
the elastic and plastic properties of individual human 
bone lamellae. Related work is presented in greater detail 
below to demonstrate the use and benefits of the SN 
technique at this example. 


21.3.3 Example: Study of Mechanical 
Properties of Bone Lamellae Using SN 


Before we discuss nanomechanical properties of bone 
lamellae, itis useful to know the structure on the macro- 
scopic level. Figure 21.13 presents the hierarchy of 
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Fig.21.13 Hierarchy of the human femoral neck (from left t0 the 
right) the far left figure shows a cut through a frontal plane of the 
‘femoral neck. The outer shell is constituted of compact bone while 
the inside is made of the spongier trabecular bone. The left pair of 
images shows the trabecular structure (fop) and a transverse cut of 
the compact shell that shows vascular canals (bottom). 

‘The right pair of images shows packets of trabecular bone lamellae 
(op) and a single osteon (bottom), a vascular canal surrounded 
by concentric lamellae, Packets of trabecular bone lamellae and 
‘osteons represent a structural unit (BSU). Note the alternation of 
bright (thick) and dark (ohin) lamellae 

‘The figure far right shows three bone lamellae, structures that are 
similar for trabecular and compact bone. The bone mattix within the 
lamellae are mainly constituted of collagen fibers and hydroxyapatite 
crystals 


human bone tissue at the example of the femoral neck, 
‘The outer shell is constituted of cortical bone while the 
porous trabecular bone structure gives inner support. On. 
the next lower level, both bone types show structural 
units (BSU, after [21.65]) constituted of some tens of 
lamellae, For compact bone the lamellae have a concen- 
tric organization while for trabecularbone these lamellae 
are parallel, The nomenclature “BSU" was motivated by 
its underlying cellular process. The formation of such an 
individual structural unit occurs within a single cellu- 
lar process. The optical contrast shows two alternating 
types of lamellae, thin lamellae that appear dark, and 
thick lamellae that appear bright, These bone lamellae 
show widths ranging from 1 to 3yum for thin and 2 to 
4m for thick lamellae [21.64]. On the next lower level 
the bone matrix is constituted of a complex collagen and 
‘mineral structure, Its still not entirely understood what 
type of variations in the collagen/mineral meshwork are 
responsible for the lamellar structure. 

‘The mechanical properties on these different levels 
of bone hierarchy are increasingly well understood. But, 
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litle is known about how the macroscopic mechanical 
properties of the whole bonerelateto its nanomechanical 
properties. The possibility that factors such as frac- 
ture risk might be better understood with an analysis 
of small bone volumes motivates the application of 
nanoindentation inthis field 

Asset of nanoindentation studies is available (mainly 
employing the device combined with an optical micro- 
scope) that presents the intrinsic mechanical properties 
of bone tissue. Among recent work, differences were 
reported between donors, anatomical sites, BSU, and 
thin and thick lamellae 21.64, 66-69], Due to technical 
constraints of this sensitive nanomechanical device, 
the majority of these studies present dehydrated or 
dried tissue properties measured at ambient tempera- 
ture [21.70-73]. But, removal of the water content may 
lead to anisotropic shrinking of the matrix that creates 
microcracks and alters the mechanical properties of the 
bone constituents, For an accurate characterization of 
the in vivo properties, the nanomechanical tests should 
therefore be done under physiological conditions. 

‘There have been a few attempts to characterize the in 
vivo bone properties [21.66,68, 74]. This was achieved 
by studying fresh bone samples that are kept moist with 
a thin layer of liquid (ess than a hundred microns) on the 
surface or with subsurface water irrigation, But, local 
evaporation of the thin liquid layer may have led to 
indents on areas that were partially dried during the test. 
One possible solution to such local drying might be to 
conduct measurements in which the indentation tip and 
tissue sample are both fully immersed in a liquid cell 
and simultaneously heated to body temperature 

Practical limitations on temperature stability and in- 
accuracy in contact force detection due to liquid on the 
surface make such measurements extraordinarily diff- 
cult, however. For statistically powerful studies it seems 
unavoidable to dry the samples. 

The objective of this study was to use SN to deter- 
mine the effect of drying on the stiffness of single bone 
lamellae. The goal was to determine a conversion factor 
that allows dry tissue properties to be recalculated into 
their in vivo properties. 

For this purpose, we measured the identical set of 
lamellae selected from human trabecular and compact 
bone at first under physiological and then under dry 
conditions. 


Experimental Setup and Technical Features: 
Figure 21.14 demonstrates an optical picture and 
a sketch of the combined AFM and nanoindenter de- 
vice (Hysitron Inc. Minneapolis, MN). The transducer 


consists of  three-plate capacitor on whose central 
plate a Berkovich (three-sided pyramid) diamond tip is 
mounted. The transducer provides a contact force feed- 
back between the tip and the sample surface. The sample 
is mounted on piezoelectric scanner that allows moving 
in the.x,y and 2-directions. During x,y-surface scanning, 
the piezoelectric scanner keeps this feedback signal con- 
stant by correcting the z-height. The movement of the 
piezoelectric scanner, therefore, describes the negative 
surface of constant contact force, commonly called an 
AFM-scan, For the liquid cell tests, the sample was glued 
ina plexiglass cup for the addition of a several millimeter 
high liquid layer. A commercially available liquid cell 
tip (Hysitron Inc. Minneapolis, MN) was used, which 
contains an additional shaft of approximately 300 jum 
diameter and 5 mm length to protect the transducer from 
the fluid, A small layer of latex was placed between 
the sample holder and the magnetic stick of the piezo- 
electric scanner to protect the latter from liquid, The 
additional shaft of the indenter tip and the latex layer 


Fig. 21.14 Optical picture (1op) and sketch (bottom) of the 
scanning nanoindentation device for measurements under 
physiological conditions. For this purpose the sample was 
installed in a plexighass cup for addition of liquid. The 
‘entire instrument was heated in a custom-made thermal 
‘chamber 
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Figure 12-3, An RC (Resistor-Capacitar) network with a 
switch fo control charge and discharge of a capacitor. At 
top, the curve gives an approximate idea of the charging 
behavior of the capacitor. At bottom, the curve illustrates 
its discharging behavior. 


Variants 


Format 

The three most common packages for capacitors 
are cylindrical, disc, and rectangular tablet. 
cylindrical capacitor may have axialleads (awire 


attached to each end) or radial leads (both wires 
emerging from one end). Radial capacitors are 


Variants 


> + 

¢ > 
Figure 12-4. In the left diagram, a source of alternating 
current charges the upper plate of a capacitor positively 
and the lower plate negatively. This process entails a flow 
tf conventional current shown by the arrows. A moment 
later, when the AC current flow reverses, the flow alsa re~ 


verses, creating the impression that the capacitor ‘pass- 
es" AC current. 


more widely used as they allow easy inser 
intoa circuitboard, The capacitors usually pack- 
aged ina small aluminum can, closed atone end, 
capped with an insulating disc at the other end, 
and wrapped in a thin layer of insulating plastic. 
Some samples are shown in Figure 12-5 and 
Figure 12-6. 


Figure 12-5. Cylindrical capacitors with radial feads. All 
are electrolytic, 
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represent elastic components that increased the machine 
compliance (Cy) = 7 nm/mN instead of 3 nm/mN). This 
variable corrects the deformation of all the machine 
components while indentation data are recorded and 
ccan be determined from the tip shape calibration curve 
(Hysitron, Minneapolis). The nanoindentation device 
‘was installed in a custom-made thermal chamber to al- 
low sample heating to 37°C. Note that the increased 
temperature and humidity also changed the value of the 
electrostatic force constant (EFC). The latter corrects 
the force due to the springs that support the central plate 
fon which the indenter tip is mounted. The EFC can be 
calibrated doing out-of-contact indents and varying this 
vvalue until a zero-line in the force-displacement curve 
is measured, 

Based on an image acquired in AFM mode, the 
indentation area can be selected with a high spatial 
resolution (<(0.1 um). Figure 21.15 shows the force~ 
displacement data of a typical nanoindentation curve. In 
the first step, the tip is pressed into the material, result- 
ing in indistinguishable elastic and plastic deformation, 
‘Then the tip is held at maximum force resulting in creep 
of the material under the tip. In a third step, unloading is 
done that leads to elastic recovery of the material. Typic- 
ally each indent requires between 15 seconds to several 
‘minutes, representing a compromise between a desired 
quasistatic strain rate and the thermal drift of the instru- 
‘ment (possibly below 0.1 nm/second). This device is 
load-controlled, and linearly increasing and decreasing 
loading protocols were therefore applied. The loading 


Load (uN) Sma) 


0 200 400 00 #00 

Depth (am) 
Fig. 21.15 Force-displacement curve obtained during 
a nanoindentation test that consists of three parts (see text), 
Hardness is determined at maximum load. The elastic in- 
entation modulus is calculated with the slope at the point 
of initial unloading S(isus) 
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rate corresponds to 
ap 
aT 

‘with Py as the maximum load and T as the (un}loading 

time. 

‘The elastic constants of the sample were determined 
using the unloading part (step 3) of the nanoindentation 
curve, Based on the analytical work by Sneddon (21.75], 
Oliver and Pharr [21.76] derived the following equation 
for an indenter of revolution pressed into an isotropic 
elastic material: 


(21.8) 


Exs/AeMaan) 
(21.9) 


Shas 


Mw 


Pharr etal. [21.77] showed that this equation is a good 
approximation for a Berkovich indenter tip. P repre- 
sents the applied load, $ (lings) is the derivative of the 
unloading curve at the point of initial unloading fhnsx 

‘This variable is determined by fitting typically 40% to 
95% of the unloading curve to avoid the influence of 
viscoelastic effects at initial unloading when a singular- 
ity in the strain rate occurs. Ac(/) is the contact area 
over which the material and the indenter are in instanta- 
neous contact, The latter function has to be calibrated by 
performing indents with increasing depth in a standard 
‘material, typically fused silica. The laterhasa known re- 
duced modulus of £, = 69.9 GPa that allows calibration 
of the contact area Ac (I) using the measured contact 
stiffness $ (ft) and (21.9). The reduced modulus £, com- 
bines the deformation of the material and the diamond 


tip as follows [21.78} 


(21.20) 


(21.11) 


that can be calculated with the reduced modulus and the 
elastic properties of the diamond indenter tip 1yip = 0.07 
and Ejip = 1,140 GPa. This variable combines with 


(21.22) 


the local Young's modulus Eypecinen and Poisson ra- 
tio Vspecimen OF the specimen, 
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It is important to note that this theory assumes an 
isotropic material. For an anisotropic material the in- 
dentation modulus represents some average of the elastic 
properties in all directions. The latter strongly depends 
‘on the geometry of the indenter. For indents with a blunt 
indenter (such as Berkovich with an opening angle of 
143°) nonnegligible deformations will occur inthe plane 
perpendicular tothe loading direction. In this context itis 
useful to present an approximation ofthe volume ganged 
by the indentation test 

‘The stress field generated by the indentation pro- 
cess is heterogeneous and leads to plastic deformation 
and damage in the vicinity of the tip. Using Hertz’s 
theory [21.78], the spatial dependence of the stress 
components during indentation can be estimated by 
considering the elastic contact of a spherical indenter 
with a semi-infinite half space. In the direction of load- 
ing (<-axis), the stress component below the indenter 
decreases according to 


S-(1+5), 
Po = 
where pp indicates the maximum pressure below the 
indenter anda the contact radius. 

Ina horizontal plane atthe surface (¢ =0), the radial 
and circumferential components of the stress field next 
to the contact area obey 


(21.13) 


On __ om _(A—2w)a 
mm 
where @ and r are the cylindrical coordinates of the 
periphery of the indenter and v is the Poisson ra- 
tio. For v=03 the stress field components reach 
their 10%-boundary defined by ¢..=—O.1py and 
yy = —909 = 0.1 po at a depth of z= 3a or in lateral 
direction at r © 2/4/3a, For a Berkovich tip, the ratio 
between maximum indentation depth and contact radius 
is approximately @ = 3h. The mechanical properties 
measured by nanoindentation, therefore, correspond to 
asemi-ellipsoidal volume extending to about nine times 
the employed indentation depth = Opa) in the 
vertical direction (z) and about seven times this same 
depth 2r = 4//3a = Thus) in the radial direction (r). 

‘The load-on hardness is determined with 
P (nsx) 
FoCinasd 
as the ratio of the maximum load and the (“on oad”) con- 
tact area at maximum load, This is different from Vicker 
hardness in which the contact area is characterized by 
the remaining imprint after load removal. Differences 


(21.14) 


(21.15) 


between nanoindentation and Vicker, therefore 
for materials with nonnegligible elastic recovery. After 
unloading, such materials may expose an imprint smaller 
than the area of contact at maximum load, Since the SN 
tool can be used to image the remaining imprint after 
unloading, hardness values using both definitions may 
thus be compared, 

For fused silica the literature provides a hardness 
range between 8.3 to 9.5 GPa while an intercomparison 
of SN-users showed an average of 8.96 GPa (Surface, 
Hickelhoven). Conveniently, the hardness value also 
represents a possibility to check the area function of 
the tip based on the reduced modulus of the calibration 
material. 


Tests of Bone Tissue 

Under Pseudo-physiological Conditions 
Samples containing trabecular and compact bone lamel- 
Jae were dissected from the medial part of the femoral 
neck of an 86-year-old female. Afier embedding in 
PMMA, the samples were polished with successive 
grades of carbide paper and finished with 0.05 jm 
alumina solution. Polishing represents an important 
preparation step since the here-employed theory as- 
sumes an infinitely flat surface. The mean surface 
roughness of the indented area should, therefore, be far 
below the employed indentation depth. Unfortunately no 
objective criteria that determines the maximum allow- 
able surface roughness as a function of the indentation 
depth has been formulated so fa. 

Thin and thick lamellae of trabecular and compact 
bone were first characterized under physiological con- 
ditions, ie. fully wet and at 37°C. Then the specimens 
were dried for 24h at 50°C and identical tests were 
carried out again but under dry conditions. 

In both cases 16 indentation tests were performed to 
‘maximum depths of 100 nm and 500m, Each test con- 
sisted of 105 loading, 10 holding, and 10 unloading, 
‘The maximum allowable thermal drift was set 0.1 nm/s. 
To avoid proximity effects of neighbouring indents, an 
adjacent testing area in the identical lamellae was chosen 
after changing the testing conditions 

‘The tests under fully wet conditions at body tem- 
perature were found to be very sensitive with respect 
to thermal stability. The nanoindentation device was 
heated for several days to reach stable thermal conditions 
of the instrument components before the sample could 
be installed, The electrostatic force constant (EFC) was 
checked daily before beginning data acquisition. The 
approach of the indenter tip in the liquid environment 
was performed employing a contact force of 7 uN. This 
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Fig. 21.16 Surface topography of a trabecular bone struc- 
‘ural unit that shows the lamellar structure, Thick (bright) 
lamellae correspond to the tops in the topography. Note, 
the two holes are not remaining indents but are ellipsoidal 
lacunae that embed bone cells 


value is offset by approximately 1 iN per mm of water 
penetration, however, due to Archimedes force acting on 
the fluid cell tip. Such additional effects as water surface 
tension may also have a repulsive force on the tip. 
AFM-scans as in Fig. 21.16, which shows the topo- 
‘raphy of trabecular bone lamellae under dry conditions, 
allowed the two lamella types to be identified. Thick 
lamellae correspond to the tops (bright contrast) and 
thin lamellae to the valleys (dark contrast) where the 
surface relief results from preferential polishing, 


Indentation Modulus 
‘Trabecular bone showed under wet conditions a mean 
indentation modulus of 12.5-+4.0GPa when the data 
of both lamella types and indentation depths were com- 
bined. Under dry conditions the results showed a mean 
of 19.6£2,6 GPa, an increase of 57%. Lamellae of com- 
pact bone increased their mean stiffness by 76.5% from 
14,9-£4.5 GPa to 26.44 3.8GPa. 

‘These determined conversion factors between dried 
and fully wet tissue properties should be compared with 
other studies. Rho [21.74] has reported an increase of 
indentation modulus of bovine compact bone by 15.8%. 
ur study demonstrates a change of +76.5% for human 
compact bone. This high discrepancy may be attributed 
to different preparation and testing protocols. Rho tested 
the bone samples at ambient temperature while kept 
moist by a thin film of deionized water. In our study 
the tissue properties were determined under fully wet 
conditions and at body temperature, Furthermore, Rho 
dried for 14days at ambient temperature while in our 
study the drying process occurred during 24h at 50°C. 
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‘These points may explain the different relative change 
of mechanical properties we detected 

Figure 21.17 presents the indentation moduli (com- 
bining both depths) normalized with respect to their 
inital wet values under physiological conditions. Itisin- 
teresting that the increase of this elastic parameter after 
drying was significantly (p< 0,00001) higher for thin 
than for thick lamellae. The relative change of stiffness 
due to drying was +44% for thick lamellae and +1096 
for thin lamellae of compact bone. For trabecular bone 
the corresponding values were +37% and +78%e for 
thick and thin lamellae respectively 

‘Table 21.2 shows the results for both indentation 
depths. The differences are likely related tothe yolume 
sampled during the indentation,  semi-llipsoid fol- 
lowing the approximations of (21.13) and (21.14) with 
0.7 jum diameter and 0.9 yum height for 100m indents 
(and 3.5j1mx4.5 jim for 500nm indents). Given the 
typical lamellae dimensions of 1-4 jum, the shallow in 
dentation measurements, therefore, represent properties 
of single lamellae whereas the deeper indents include 
neighboring lamellae. Iti also worth noting that thin 
lamellae showed a greater effect of drying when only 
the shallow indents were considered. 

“This important result should be discussed in the 
frame of published models that address the phenomenon 
of bone lamellation. Mavorti {21.79] proposed that bone 
lamellae are the result of sltemating changes of the 
collagen fiber density. According to his SEM-results 
the density of collagen is higher in thin lamellae than 
in thick lamellae. Collagen fibers are long chains of 
proteins and contain adsorption sites for polar water 


Ratio of ind modulus to WET 


ompast 
am Trabecular 


Thick lellae 


Thin lamellae 
Fig. 21.17 Relative increase of indentation modulus for 
compact and trabecular bone lamellae after drying. The re- 
sults are normalized with respect to their initial value under 
‘wet conditions, Note that thin lamellae are more affected 
by drying for both types of bone 
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Table 21.2 Absolute and relative changes of the indentation modulus with respect to the initial values under wet conditions. 
Note the greater increase for the thin lamellae after drying. Indents to 100 nm depth represent properties of single lamellae 
while 500nm indents are also influenced by neighboring lamellae 
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molecules. A higher density of the collagen fibers in the 
thinner lamellae results in a higher water binding ca- 
pacity that may explain the higher relative influence of 
drying. 

Giraud-Guille [21,80], on the other hand, proposed 
a nested-are structure for bone lamellae with smooth 
orientation changes hetween adjacent collagen fibers. 
‘According to this model indents on thick lamellae load 
into the longitudinal direction ofthe fibers, whereas the 
load is perpendicular to the long axis for thin lamellae. 
Removal of the liquid phase leads to packaging of the 
collagen fibers, an effect that is intuitively anisotropic 
‘and that may explain why the effect of drying was dif- 
ferent for both lamella types. In addition, drying leads 
to microfracture initiation within thick lamellae [21.6], 
possibly explaining the diminished effect of drying on 
these structure. 


Fig. 21.18 SEM-scan of bone lamellae adjacent to the spot 
‘characterized by nanoindentation, This SEM-scan gives 
support for the bone lamellation model that is based on 
1a smooth orientation change of collagen fibers [21.80] 


C 

® 

@ 
‘Thick lamellae ‘Thin lamellae 


Fig. 21.19 Bone lamellstion model proposed by this study. 
‘This model represents a combination of a smooth orients- 
tion change and density variations of the collagen fibers. 
[Note also the spots where the indentations were done. For 
thin lamellae a greaterchange of mechanical properties was 
detected after drying 


Figure 21.18 presents a SEM-image from a bone 
sample used in this study. This scan confirms the nested- 
are structure Giraud-Guille observed with TEM. 

Our results are, therefore, in agreement with both 
the Marotti and the Giraud-Guille models. This implies 
4 model that combines smooth orientation changes of 
the collagen fibers with density changes. Such an ar- 
chitecture is sketched in Fig. 21.19. Note also the spots 
‘where the indentations were done, 


Hardness 

‘Compact bone revealed a mean hardness of 0.46GPa 
under wet conditions that increased by 74% to 0.80GPa. 
after drying. Due to drying trabecular bone lamellae 
showed a mean hardness change of 76% from 0.41 up 
to 0.72GPa, 
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Fig. 21.20 Indentation modulus and 
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For compact bone the effect of drying was again 
significantly (p= 0.0006) greater for thin lamellae 
(4108%) than for thick lamellae (444%). Similar re- 
sults were found for trabecular bone lamellae with 
8-+90% increase for thin and a +56% increase for thick 
lamellae. 

‘The results for hardness, therefore, appear to 
similar trends as the indentation modulus. This mo- 
tivates us to discuss a further point, the correlation 
between indentation modulus and hardness. These 
‘mechanical parameters show an empirically proven re- 
lationship [21.81] that may change as a result of drying. 
For this purpose we related the data of the indentation 
‘modulus of Hengsberger et al. [21.644] with the corre- 
sponding unpublished hardness results. The correlation 
between hardness and indentation modulus is similar 
under wet (A? = 0.61) and under dry (? = 0.67) con- 
ditions (Fig. 21.20). The slopes of the linear regression, 
however, show close but significantly different values 
(p <0.0001) for the wet and dry samples. Hardness 
sand indentation modulus show a similar but significantly 
different relative shift as a result of drying, 


21.3.4 Conclusion 


‘Modern scanning nanoindentation has clearly solved 
two problems: indentationsin the nanometer scale can be 
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performed with high force and displacement resolution, 
and nanometer lateral control of the indentation posi- 
tion allows the characterization of small structures of 
heterogeneous materials. Interfaces in composites, local 
density or composition variations of chemical products, 
or biological structures can then be investigated using 
the SN tool 

Based on recent theoretical progress [21.82], the 
nanoindentation technique can also be used to char- 
acterize anisotropic materials by indenting in different 
directions. Other parameters can alsobe determined, For 
instance, creep behavior is accessible when the indenta- 
tion load is held constant at a maximum load. Hysteresis 
of the force-displacement curve represents the energy 
dissipated during an indentation providing information 
about post-elastic behavior of a sample. Such dynamical 
variables as viscoelastic properties are also accessible by 
including sinusoidal oscillations of different frequencies 
to the loading history. 

Future interests of the nanotechnology community 
may direct the work towards tests on lower levels of 
structural organization like the molecular or atomic 
level. This would require strong improvements of the 
transducer sensitivity and of the indenter tip machining. 
‘New concepts to reduce the thermal drifting properties 
‘would also be necessary for the next generation of this, 
device. 
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21.4 Conclusions and Perspectives 


We have demonstrated that AFM is an ideal tool for 
investigating variations in local properties of bulk ma- 
terials, like bone, and also for performing physical mea- 
surements on individual nanometer scale objects suchas, 
for example, carbon nanotubes and protein polymers. In 
the latter case, the technique provides previously inac- 
cessible quantities in living matter such as, for instance, 
the shear modulus. It should be emphasized that shear is 
‘omnipresent since biostructures are “composite” mater- 
ials, with strong anisotropic interactions between their 
constituents. In the case of proteins, we have explored 
the mechanical properties as a function of temperature, 
as well. Interactions can vary remarkably even over 
a range of a few tens of degrees, providing deeper in- 
sight in the functioning of these structures. One task, 
which seems very difficult for the time being, is the fre- 
quency dependent response of nano and biostructures. 
In the latter case itis limited to a few kilohertz, mainly 
because of the surrounding liquid, but for a meaningful 
analysis one requires several decades in frequency. 
Regarding the scanning probe tips themselves, im- 
provements are necessary to provide better resolution, 
longer lifetimes, and easy functionalization for sens- 
ing different chemical environments. This might be 
achieved by carbon nanotube tips (Fig. 21.21), which 
have a Young's modulus of 1 TPa, a very well-defined 
and sharp tip structure, and pentagon “defects” at the 
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Fig. 21.21 SEM picture of an AFM tip with attached multi- 
\wall Carbon nanotube 


apex providing a site for functionalization. It is gener- 
ally agreed upon by the scanning probe community that 
carbon nanotubes will open new avenues for the study 
of living matter, 

Finally the development of the photonic force micro- 
scope in Heidelberg has allowed imaging of bio-struc- 
tures with unprecedented three-dimensional resolution, 
even including features that are otherwise inaccessible 
to AFM tips. In the future, this instrument will certainly 
provide radical new insight in biological functioning 
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Figure 12-6. Cylindrical capacitors with radial leads (top 
and bottom) and axial leads (center) Allare electrolytic. 


A disc capacitor (sometimes referred to as a but- 
ton capacitor) is usually encased in an insulating 
ceramiccompound, and has radial leads. Modern 
small-value ceramic capacitors are more likely to 
bedippedin epoxy, orto be square tablets. Some 
samples are shown in Figure 12-7. 
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Figure 12-7. Generic ceramic capacitors. Lett’ rated for 
pF at SOV, Center: IpF at SOV. Right: JuF at SOV. 


power> moderation > capacitor 


surface-mount capacitor is square or rectangu- 
lar, usually a few millimeters in each dimension, 
with two conductive pads or contacts at oppo- 
site ends. Itappearsalmost identical to a surface- 
mount resistor. Larger-value capacitors are ine 


tably bigger but can still be designed for surface- 
mount applications. See Figure 12-8. 


Figure 12-8, Most surface-mount capacitors are as tiny 
as other surface-mount components, but this 4.700.F 
electrivic (at 10V) has a base approximately 08" 
‘square, A solder tab is visible af the centr ofthe nearest 
edge 

Many capacitors are nonpolarized, meaning that 
they are insensitive to polarity. However, elec- 
trolytic and tantalum capacitors must be con- 
nected “the right way around’ to any DC voltage 
source, foneleadis longerthan the other, it must 
be the “more positive” lead. A mark or band at 
‘one end of the capacitor indicates the “more 
negative” end. Tantalum capacitors are likely to 
indicate the positive lead by using a+ signon the 
body of the component. 


‘An arrow printed on the side of a capacitor usu- 
ally points to the "more negative" terminal. In an 
aluminum can with axial leads, the lead at one 
end will have an insulating disc around it while 
the other lead will be integral with the rounded 
end of thecan, Thewireat the insulated end must 
be “more positive" than the wireatthe otherend, 
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22. Nanomechanical Properties of Solid Surfaces 
and Thin Films 


instrumentation forthe testing of mechanical 721” Instrumentation bane 
properties on the submicron scale has developed Pr Mllereseopyy . 688 
tnormously in recent years Ths has enabled Reece nos hy 
the mechanical behavior of surfaces, thin flms, 2213 Adaptations of Nanoindentation... 690 
and coatings to be studied with unprecedented Br cenolinen tan) neoiaaes eat 
accuracy. In this chapter, the various techniques aus bulge Tess 6a 
avalable for studying nanomechanical properties 2216 Acoustie Methods 692 
ate reviewed with particular emphasis on 22.1.7 Imaging Methods 693, 
hanoindentation. The standard methods for 

analyzing the raw data obtained using these 72-2 ‘Data Analysis... ar 
techniques are described, along with the main 50:8 Indenveinn HE MGGe PE 


sources of error, These include residual stresses, 


Materials. 694 
environmental effects, elastic anisotropy, and 55 ees oo 

substrate effects. The methods that have been. 22.24 Indenter Geometry 696 

eveloped for extracting thin-film mechanical D5 anaigaing Loading glscemient 

properties from the often convoluted mix of Gunes 696 

film and substrate properties measured by 22.2.6 Modifications to the Analysis... 699 
nanoindentation are discussed. Interpreting the 52.27 Alternative Methods of Analysis... 700 

data Is frequently difficult, as residual stresses 22.2.8 Measuring Contact Stiffness 701 

can modify the contact geometry and, hence, 22:2.9 Measuring Viscoelastcity 702 

invalidate the standard analysis routines. Work >» 5 odes of peformation 0 

hardening in the deformed region can also Hodes of beformadiens we 

result in variations in mechanical behavior 52.3.2 Variations with Depth. 704 

with indentation depth. A further unavoidable 233.3 Anlntionis Mater oh 
complication stems from the ratio of film to 223.4 Fracture and Delamination 704 

substrate mechanical properties and the depth of 223.5 Phase Transformations. 705 = 
indentation in comparison to film thickness. Even 3 = 
very shallow indentations may be influenced by 2-4 Thin Films and Multilayers ar a 
sbetate properties the fm shard and vty 24 Thin Flim. a — 
elastic but the substrate Is compliant. Under these ie ye LI 
circumstances nonstandard methods of analysis «22.5. Developing Areas. m1 

‘must be used. For multilayered systems many eterences oa 


different mechanisms affect the nanomechanical 
behavior, including Orowan strengthening, Hall~ 
Petch behavior, image force effects, coherency and 
thermal stresses, and composition modulation. 
The application of nanoindentation to the 
study of phase transformations in semiconductors, 
fracture in brittle materials, and mechanical 
properties in biological materials are described. 
Recent developments such as the testing of 
viscoelasticity using nanoindentation methods are 
likely to be particularly important in future studies 
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of polymers and biological materials. The 
Importance of using a range of complementary 
‘methods such as electron microscopy, in situ 
AFM imaging, acoustic monitoring, and electrical 
contact measurements is emphasized. These are 
especially important on the nanoscale because so 
‘many different physical and chemical processes 
can affect the measured mechanical properties. 
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‘When two bodies come into contact their surfaces ex- 
perience the first and usually largest mechanical loads. 
Hence, characterizing and understanding the mechan- 
ical properties of surfaces is of paramount importance 
in a wide range of engineering applications. Obvious 
examples of where surface mechanical properties are 
important are in wear-resistant coatings on reciprocating 
surfaces and hard coatings for machine tool bits. This 
chapter details the current methods for measuring the 
‘mechanical properties of surfaces and highlights some 
of the key experimental results that have been obtained. 

‘The experimental technique thats highlighted in this 
chapter is nanoindentation, This is for the simple reason 


22.1 Instrumentation 


‘The instruments used to examine nanomechanical prop- 
crties of surfaces and thin films can be split into those 
based on point probes and those complimentary methods 
that can be used separately or in conjunction with point 
probes. The complimentary methods include a wide va- 
riety of techniques ranging from optical tests such as 
micro-Raman spectroscopy to high-energy diffraction 
studies using X-rays, neutrons, or electrons to mechan- 
ical tests such as bulge or blister testing, 

Point-probe methods have developed from two 
historically different methodologies, namely, 
ning probe microscopy [22.1] and microindentation 
[22.2]. The two converge at a length scale between 
10-1,000.nm, Point-probe mechanical tests inthis range 
are often referred to as nanoindentation, 


22.1.1 AFM and Scanning Probe Microscopy 
Atomic force microscopy (AFM) and other scanning 
probe microscopies are covered in detail elsewhere in 
this volume, but it is worth briefly highlighting the 
main features in order to demonstrate the similarities 
to nanoindentation, There are now a myriad of differ- 
cent variants on the basic scanning probe microscope. 
All use piezoelectric stacks to move either a probe tip 
or the sample with subnanometer precision inthe lateral 
and vertical planes. The probe itself can be as simple as 
‘tungsten wire electrochemically polished to give a sin- 
¢gle atom at the tip, or as complex as an AFM tip that is 
bio-active with, for instance, antigens attached. A range 
of scanning probes have been developed with the inten- 
tion of measuring specific physical properties such as 
‘magnetism and heat capacity 


thatit is now recognized as the preferred method fortest- 
ing thin film and surface mechanical properties. Despite 
this recognition, there are still many pitfalls for the un- 
wary researcher when performing nanoindentation test. 
‘The commercial instruments that are currently available 
all have attractive, user-friendly software, which makes 
the performance and analysis of nanoindentation tests 
easy. Hidden within the software, however, are a myriad 
of assumptions regarding the tests that are being per- 
formed and the material that is being examined. Unless 
the researcher is aware of these, there is a real danger 
that the results obtained will say more about the analysis 
routines than they do about the material being tested, 


‘To measure mechanical properties with an AFM, the 
standard configuration is a hard probe tip (such as sili- 
con nitride or diamond) mounted on a cantilever (see 
Fig.22.1). The elastic deflection of the cantilever is 
monitored either directly or via a feedback mechanism 


Fig. 22.1 Diagram of a commercial AFM. The AFM tip 
js mounted on a compliant cantilever, and a laser light is 
reflected off the back of the cantilever onto a position- 
sensitive detector (4-quadrant detector). Any movements 
‘of the cantilever beam cause a deflection of the laser light 
that the detector senses. The sample is moved using piezo- 
electric stack, and forees are calculated from the cantilevers 
stiffness and the measured deflection 
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to measure the forces acting on the probe. In general, 
the forces experienced by the probe tip split into at- 
tractive or repulsive forces. As the tip approaches the 
surface, it experiences intermolecular forces that are at- 
tractive, although they can be repulsive under certain 
circumstances [22.3]. Once in contact with the surface 
the tip usually experiences a combination of attractive 
intermolecular forces and repulsive elastic forces. Two 
schools of thought exist regarding the attractive Forces 
when the tip is in contact with the surface. The first 
is often referred to as the DMT or Bradley model 
It holds that attractive forces only act outside the re- 
sion of contact [224-7]. The second theory, usually 
called the JKR model, assumes that all the forces ex- 
perienced by the tip, whether attractive or repulsive, 
actin the region of contact [22.8]. Most real nanoscale 
contacts lie somewhere between these two theoretical 
extremes 


22.1.2 Nanoindentation 


‘The fundamental difference between AFM and nanoin- 
dentation is that during a nanoindentation experiment 
‘an external load is applied to the indenter tip. This load 
cenables the tip to be pushed into the sample, creat- 
ing nanoscale impression on the surface, otherwise 
referred to as a nanoindentation or nanoindent. 
Conventional indentation or microindentation tests 
involve pushing a hard tip of known geometry into the 
sample surface using a fixed peak load. The area of 
indentation that is created is then measured, and the 
‘mechanical properties of the sample, in particular its 
hhardness, is calculated from the peak load and the in- 
dentation area. Various types of indentation testing are 
used in measuring hardness, including Rockwell, Vick- 
crs, and Knoop tests. The geometries and definitions of 
hardness used in these tests are shown by Fig. 22.2. 
When indentations are performed on the nanoscale 
there is a basic problem in measuring the size of 
the indents. Standard optical techniques cannot eas- 
ily be used to image anything smaller than micron, 
while electron microscopy is simply impractical due 
to the time involved in finding and imaging small 
indents. To overcome these difficulties, nanoindenta- 
tion methods have been developed that continuously 
record the load, displacement, time, and contact stff- 
ness throughout the indentation process. This type of 
continuously recording indentation testing was origi- 
nally developed in the former Soviet Union [22.9-13] 
fas an extension of microindentation tests. It was ap- 
plied to nanoscale indentation testing in the early 
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Fig. 22.2 (a) The standard Rockwell hardness test involves pushing 
ball into the sample with a minor load, recording the depth, di, then 
applying a major load and recording the depth, d, then returning 
to the lower load and recording the depth, ds. Using the depths 
the hardness is calculated. (b) Vickers hardness testing uses a four- 
sided pyramid pushed into the sample with a known load. The area 
of the resulting indentation is measured optically and the hardness 
calculated as the load is divided by area. (c) Knoop indentation uses 
the same definition of hardness as the Vickers tes, load divided by 
area, but the indenter geometry has one long diagonal and one short 
diagonal 


1980s [22.14, 15], hence, giving rise to the field of 
snanoindentation testing. 

In general, nanoindentation instruments include 
a loading system that may be electrostatic, electro 
‘magnetic, or mechanical, along with displacement 
measuring system that may be capacitive or optical 
‘Schematics of several commercial nanoindentation in- 
struments are shown in Fig, 22.34-c. 

Among the many advantages of nanoindentation 
over conventional microindentation testing is the ability 
to measure the elastic, as well as the plastic properties 
of the test sample. The elastic modulus is obtained from 
the contact stiffness () using the following equation that 
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Fig.22.3a-c Schematics of three commercial nanoinden- 
tation devices made by (a) MTS Nanoinstruments, Oak 
Ridge, Tennessee, (b) Hysitron Ine., Minneapolis, Min- 
nesota, (€) Micro Materials Limited, Wrexham, UK. 
Instruments (a) and (c) use electromagnetic loading, while 
(b) uses electrostatic loads, 


appears to be valid for all elastic contacts [22.16, 17} 


EVR. (22a) 
vr 

A is the contact area and EF; is the reduced modulus of 

the tip and sample as given by: 


= (22.2) 


where E,, vy and £,, v5 are the elastic modulus and 
Poissons ratio of the tip and sample, respectively. 


22.1.3 Adaptations of Nanoindentation 


Several adaptations to the basic nanoindentation setup 
have been used to obtain additional information about 
the processes that occur during nanoindentation testing, 
for example, in situ measurements of acoustic emis- 
sions and contact resistance. Environmental control has 
also been used to examine the effects of temperature 
and surface chemistry on the mechanical behavior of 
nanocontacts, In general, it is fair to say that the more 
information that can be obtained and the greater the 
control over the experimental parameters the easier it 
will be to understand the nanoindentation results. Load- 
displacement curves provide a lot of information, but 
they are only part of the story. 

During nanoindentation testing discontinuities are 
frequently seen in the load-displacement curve. These 
are often called “pop-ins” or “pop-outs”, depending 
fon their direction. These sudden changes in the in- 
denter displacement, at a constant load (see Fig. 22.4), 
can be caused by a wide range of events, includ- 
ing fracture, delamination, dislocation multiplication, 
or nucleation and phase transformations. To help dis- 
tinguish between the various sources of discontinuities, 
acoustic transducers have been placed either in con- 
tact with the sample or immediately behind the indenter 
tip. For example, the results of nanoindentation tests 
that monitor acoustic emissions have shown that the 
phase transformations seen in silicon during nanoin- 
dentation are not the sudden events that they would 
appear to be from the load-displacement curve. There 
is no acoustic emission associated with the pop-out 
seen in the unloading curve of silicon [22.18]. An 
acoustic emission would be expected iff there were 
a very rapid phase transformation causing a sudden 
change in volume. Fracture and delamination of films, 
however, give very strong acoustic signals [22.19], 
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but the exact form of the signal appears to be more 
closely related to the sample geometry than to the 
event [22.20] 

Additional information about the nature of the 
deformed region under the nanoindentation can be ob- 
tained by performing in situ measurements of contact, 
resistance. The basic setup for this type of testing is 
shown in Fig.22.5. An electrically conductive tip is 
needed to study contact resistance. Consequently, a con- 
ventional diamond tip is of limited use. Elastic, hard, and 
‘metallically conductive materials such as vanadium car- 
bide can be used as substitutes for diamond [22.21.22 
or a thin conductive film (e.g., Ag) can be deposited on 
the diamond's surface (such film iseasily transferred to 
the indented surface so great care must be taken if mul- 
tiple indents are performed). Measurements of contact, 
resistance have been most useful for examining phase 
transformations in semiconductors [22.21, 22] and the 
dielectric breakdown of oxide films under mechanical 
loading [22 

One factor that is all too frequently neglected during 
nanoindentation testing is the effect of the experimental 
environment, Two obvious ways in which the envi- 
ronment can affect the results of nanoindentation tests 
are increases in temperature, which give elevated creep 
rates, and condensation of water vapor, which modifies 
the tip-sample interactions. Both of these environmen- 
tal effects have been shown to significantly affect the 
‘measured mechanical properties and the modes of de- 
formation that occur during nanoindentation [22.2427]. 
Other environmental effects, for instance, those due to 
photoplasticity or hydrogen ion absorption, are also 
possible, but they are generally less troublesome than 
temperature fluctuations and variations in atmospheric 
humidity. 
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22.1. Complimentary Techniques 


‘Nanoindentation testing is probably the most important 
technique for characterizing the mechanical properties 
of thin films and surfaces, but there are many alternative 
or additional techniques that can be used. One of the 
‘most important alternative methods for measuring the 
‘mechanical properties of thin films uses bulge or blister 
testing [22.28]. Bulge tests are performed on thin films 
‘mounted on supporting substrates. A small area of the 
substrate is removed to give a window of unsupported 
film. A pressure is then applied to one side of the win- 
dow causing it to bulge, By measuring the height of the 
bulge, the stress-strain curve and the residual stress are 
obtained. The basic configuration for bulge testing is 
shown in Fig. 22.6. 


22.1.5 Bulge Tests 


‘The original bulge tests used circular windows be- 
cause they are easier to analyze mathematically, but 
‘now square and rectangular windows have become com 
mon [22.29]. These geometries tend 0 be easier to 
fabricate. Unfortunately, there are several sources of er- 
rors in bulge testing that can potentially lead to large 
errors in the measured mechanical properties. These er- 
rors at onetime led to the belief that multilayer films can 
show a “super modulus” effect, where the elastic modu- 
lusof the multilayeris several times that oFits constituent 


sample geometry 
(viewed ffom below) 


‘Ohmic contact) 


22.5 Schematic of the basic setup for making contact 
resistance measurements during nanoindentation testing 
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22.6 Schematic of the basic setup for bulge testing, 
‘The sample is prepared so that it isa thin membrane, and 
then a pressure is applied to the back of the membrane 10 
‘make it bulge upwards. The height ofthe bulge is measured 
using an interferometer 
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layers [22.30]. It is now accepted that any enhancement 
to the elastic modulus in multilayer films is small, on the 
order of 15% [22.31]. The main sources of error stem 
from compressive stresses in the film (tensile stress is 
not a problem), small variations in the dimensions of the 
window, and uncertainty in the exact height of the bulge. 
Despite these difficulties, one advantage of bulge test- 
ing over nanoindentation testing is that the stress state 
is biaxial, so that only properties in the plane of the 
film are measured. In contrast, nanoindentation testing 
measures a combination of in-plane and out-of-plane 
properties. 


22.1.6 Acoustic Methods 


Acoustic and ultrasonic techniques have been used for 
‘many years to study the elastic properties of materials. 
Essentially, these techniques take advantage of the fact 
that the velocity of sound in a material is dependent on 
the inter-atomic or inter-molecular forces in the material. 
‘These, of course, are directly related to the material's 
elastic constants. In fact, any nonlinearity of inter-atomic 
forces enables slight variations in acoustic signals to be 
used as a measure of residual stress. 

‘An acoustic method ideally suited to studying sur- 
faces is scanning acoustic microscopy (SAM) [22.32] 
‘There are also several other techniques that have been 
used to study surface films and multilayers, but we will 
first consider SAM in detail. In a SAM, a lens made of 
sapphire is used to bring acoustic waves to focus via 
‘a coupling fluid on the surface. A small piezoelectric 
transducer at the top of the lens generates the acous- 
tic signal. The same transducer can be used to detect, 
the signal when the SAM is used in reflection mode, 
‘The use of a transducer as both generator and detec- 
tor, a common imaging mode, necessitates the use of 
a pulsed rather than a continuous acoustic signal. Con- 
tinuous waves can be used if phase changes are used 
to build up the image. The transducer lens generates 
two types of acoustic waves in the material: longitu- 
dinal and shear. The ability of a solid to sustain both 
types of wave (liquids can only sustain longitudinal 
waves) gives rise toa third type of acoustic wave called 
Rayleigh, or surface, wave. These waves are generated 
as a result of superposition of the shear and longitudi- 
nal waves with a common phase velocity. The stresses 
and displacements associated with a Rayleigh wave are 
only of significance to a depth of ~ 0.6 Rayleigh wave- 
lengths below the solid surface, Hence, using SAM to 
examine Rayleigh waves in a material is a rue surface 
characterization technique, 


Using a SAM in reflection mode gives an image 
where the contrast is directly related to the Rayleigh 
wave velocity, which is in tum a function of the ma- 
terial’s elastic constants. The resolution of the image 
depends on the frequency of the transducer used, i.e., 
for a 2GHz signal a resolution better than 1 yim is 
achievable. The contrast in the image results from the 
interference of two different waves in the coupling fluid. 
Rayleigh waves that are excited in the surface “leak” 
into the coupling fluid and interfere with the acoustic 
signal that is directly reflected back from the surface. 
It is usually assumed that the properties of the cou- 
pling fluid are well characterized. The interference of 
the two waves gives a characteristic V{z) curve, as il- 
lustrated by Fig. 22.7, where zis the separation between 
the lens and the surface, Analyzing the periodicity of the 
Vz) curves provides information on the Rayleigh wave 
velocity. As with other acoustic waves, the Rayleigh vel- 
ocity is related to the elastic constants of the material. 
When using the SAM for a material's characterization, 
the lens is usually held in a fixed position on the surface. 
By using a lens designed specifically to give a line- 
focus beam, rather than the standard spherical lens, it 
is possible to use SAM to look at anisotropy in the 
wave velocity [22.33] and hence in elastic properties by 
producing waves with a specific direction. 

‘One advantage of using SAM in conjunction with 
nanoindentation to characterize a surface is that the 
measurements oblained with the two methods have 
a slightly different dependence on the test material's 
elastic properties, £, and v, (the elastic modulus and 
Poisson's ratio). As a result, itis possible to use SAM 
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Fig. 22.7 A typical Viz) curve obtained with a SAM when 
testing fused silica 
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and nanoindentation combined to find both E, and v, 
as illustrated by Fig. 22.8 [22.34]. This is not possible 
‘when using only one of the techniques alone. 
In addition to measuring surface properties, SAM §0) 
hhas been used to study thin films on a surface. How- 
ever, the Rayleigh wave velocity can be dependent on 75 
‘complex mix of the film and substrate properties. Other 
acoustic methods have been utilized to study freestand- 
ing films. A freestanding film can be regarded as « plate, 
and, therefore, it is possible to excite Lamb waves in ® 
the film. Using a pulsed laser to generate the waves gy) 
and a heterodyne interferometer to detect the arrival of 
55 
50 
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the Lamb wave, it is possible to measure the flexural 
‘modulus of the film [22.35]. This has been successfully 
demonstrated for multilayer films with a total thick- 
ness < 10m. In the plate configuration, due to the 
nonlinearity of elastic properties, itis also possible to 
‘measure stress. This has been demonstrated forhorizon- Fig.22.8 Because SAM and nanoindentation have different depen- 
tally polarized shear waves in plates [22.36], but thin dencies on Young's modulus, £, and Poissons ratio, v. it is possible 
plates require very high frequency transducers or laser {0 use the two techniques in combination to find £ and v [22.34]. 
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22.1.7 Imaging Methods 


‘When measuring the mechanical properties of a surface 
or thin film using nanoindentation, itis not always easy 
to visualize what is happening. In many instances there 
isa risk that the mechanical data can be completely mis- 
interpreted if the geometry of the testis not as expected. 
‘To expedite the correct interpretation of the mechanical 
data, itis generally worthwhile to use optical, electron, 
‘or atomic force microscopy to image the nanoinden- 
tations. Obviously, optical techniques are only of use 
for larger indentations, but they will often reveal the 
presence of median or lateral cracks [22.37]. Electron 
‘microscopy and AFM, however, can be used to examine 
ceven the smallest nanoindentations. The principle prob- 
lem with these microscopy techniques is the difficulty 
in finding the nanoindentations. It is usually necessary 
to make large, “marker” indentations in the vicinity of 
the nanoindentations to be examined in order to find 
them [22.38], 

It is possible to see features such as extrusions with 
2 scanning electron microscope (SEM) [22.39], as well 
as pile-up and sink-in around the nanoindents, though 
AFM jis generally better for this. Transmission elec- 
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tron microscopy (TEM) is useful for examining what 
has happened subsurface, for instance, the indentation 
induced dislocations in a metal [22.40] or the phases 
present under a nanoindent in silicon [22.21]. However, 
‘with TEM there is the added difficulty of sample prepa- 
ration and the associated risk of observing artifacts 
Recently, there has been considerable interest in the 
use of focused ion beams to cut cross sections through 
nanoindents [22.41]. When used in conjunction with 
SEM or TEM this provides an excellent means to see 
‘hat has happened in the subsurface region. 

One other technique that has proved to be useful 
in studying nanoindents is micro-Raman spectroscopy. 
This involves using a microscope to focus a laser on 
the sample surface. The same microscope is also used 
to collect the scattered laser light, which is then fed 
into a spectroscope. The Raman peaks in the spectrum 
provide information on the bonding present in a material, 
‘while small shifts in the wave numberof the peaks can be 
used asa measure of strain, Micro-Raman has proven to 
be particularly useful for examining the phases present 
around nanoindentations in silicon [22.42] 
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22.2 Data Analysis 


‘The analysis of nanoindentation data is far from simple, 
‘This is mostly due to the lack of effective models that are 
able to combine elastic and plastic deformation under 
a contact. However, provided certain precautions are 
taken, the models for perfectly elastic deformation and 
ideal plastic materials can he used in the analysis of 
nnanoindentation data. For this reason, itis worth briefly 
reviewing the models for perfect contacts. 


22.2.1 Elastic Contacts 


‘The theoretical modeling of elastic contacts can be 
traced back many years, at least to the late nine- 
teenth century and the work of Hertz (1882) [22.43] 
and Boussinesg (1885) [22.44]. These models, which 
are still widely used today, consider two axisymmetric 
curved surfaces in contact over an elliptical region (see 
Fig. 22.9). The contact region is taken to be small in 
comparison to the radius of curvature of the contacting 
surfaces, which are treated as elastic half-spaces. For an 
clastic sphere, radius R, in contact with a flat, elastic 
half-space, the contact region will be circular and the 
Hertz model gives the following relationships: 


» [PR 
= (22.3) 


\aE 


(22.4) 
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where a is the radius of the contact region, E; is given 
by (22.2), 8 is the displacement of the sphere into the 
surface, P is the applied load and Py is the maximum 
pressure under the contact (in this case at the center of 
the contact) 

‘The work of Hertz and Boussinesg was extended 
by Love [22.45, 46] and later by Sneddon [22.47], who 
plified the analysis using Hankel transforms, Love 
showed how Boussinesq's model could be used for 
a flat-ended cylinder and a conical indenter, while Sned- 
don produced a generalized relationship for any rigid 
axisymmetric punch pushed into an elastic half-space. 
‘Sneddon applied bis new analysis to punches of various 
shapes and derived the following relationships between 
the applied load, P, and displacement, 6, into the elastic 
half-space for, respectively. a flat-ended cylinder, a cone 
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(22.6) 
(22.1) 


(22.8) 


where js and v are the shear modulus and Poisson's ratio 
of the elastic half-space, respectively. 

‘The key point to note about (22.6), (22.7), and (22.8) 
is that they all have the same basic form, namely: 


P=as", (22.9) 


where «and m are constants for each geometry. 

Equation (22.9) and the relationships developed by 
Hertz and his successors, (22.3-22.8), form the foun- 
dation for much of the current nanoindentation data 
analysis routines. 


22.2.2 Indentation of Ideal Plastic Materials 


Plastic deformation during indentation testing is not 
easy to model. However, the indentation response of 
ideal plastic metals was considered by Tabor in his clas- 
sic text, “The Hardness of Metals” [22.48]. An ideal 
plastic material (or more accurately an ideal elastic- 
plastic material) has a linear stress-strain curve until 
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it reaches its clastic Himit and then yields plastically at 
yield stress,¥o, that remains constant even after defor- 
‘mation has commenced. Ina 2-D problem, the yielding 
occurs because the Huber-Mises [22.49] criterion has 
been reached. In other words, the maximum shear stress 
acting onthe material is around 1.15Yo/2. 

First, we consider @ 2-D flat punch pushed into an 
ideal plastic material. By using the method of slip lines 
itis found thatthe mean pressure, Py, across the end of 
the punch is related to the yield stress by: 


Py = 3% (22.20) 


If the Tresca criterion (22.50) is used, then Py is 
closer to 2.6%. In general, for both 2-D and three- 
dimensional punches pushed into ideal plastic materials, 
full plasticity across the entire contact region can be ex- 
pected when Py =2.6 to 3.0¥. However, significant 
deviations from this range can he seen if, fr instance, 
the material undergoes work-hardening during indenta- 
tion, or the material is a ceramic, or there is friction 
between the indenter and the surface 

‘The apparently straightforward relationship between 
‘Pq, and Yo makes the mean pressure a very useful quan- 
tity to measure. Infact, Py is very similar tothe Vickers 
hardness, Hy, of a materia: 


H 


0.927 Pm (22.21) 


During nanoindentation testing it is the convention 
to take the mean pressure as the nanohardness. Thus, 
the “nanohardness”, H, is defined as the peak load, P, 
applied during a nanoindentation divided by the pro- 
jected area, A, of the nanoindentation in the plane of the 
surface, hence’ 


H= (22.22) 


=: 
22.2.3 Adhesive Contacts 


During microindentation testing and even most nanoin- 
dentation testing the effects of intermolecular and 
surface forces can be neglected. Very small nanoinden- 
tations, however, can be influenced by the effects of 
intermolecular forces between the sample and the tip. 
‘These adhesive effects are most readily seen when test- 
ing soft polymers, but there is some evidence that forces 
between the tip and sample may be important in even 
relatively strong materials [22.51, 52] 

Contact adhesion is usually described by either the 
JKR or DMT model, as discussed earlier in this chap- 
ter. Both the models consider totally elastic spherical 
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segion of contact 


Fig. 22.10 The contact geometry for the DMT and JKR models for 
adhesive contact. Both models are based on the Hertzian model. In 
the DMT, model van der Waals forces outside the region of contact 
{introduce an additional load in the Hertz model, But for the JKR 


‘model, iis assumed that tensile, as well as compressive stresses can 
bbe sustained within the region of contact 


contacts under the influence of attractive surface forces, 
‘The JKR model considers the surface forces in terms of 
the associated surface energy, whereas the DMT model 
considers the effects of adding van der Waals forces to 
the Hertzian contact model. The differences between the 
two models are illustrated by Fig. 22.10. 

For nanoindentation tests conducted in air the con- 
densation of water vapor at the tip-sample interface 
usually determines the size of the adhesive force acting 
during unloading. The effects of water vapor on a single 
nanoasperity contact have been studied using force- 
controlled AFM techniques [22.53] and, more recently, 
nanoindentation methods [22.26 Unsurprisingly, it has 
also been found that water vapor can affect the deforma- 
tion of surfaces during nanoindentation testing [22.27 

In addition to water vapor, other surface adsorbates 
can cause dramatic changes in the nanoscale mechan- 
ical behavior. For instance, oxygen on a clean metal 
surface can cause an increase in the apparent strength 
of the metal [22.54]. These effects are likely to be 
related to, firstly, changes in the surface and intermol- 
ecular forces acting between the tip and the sample 
and, secondly, changes in the mechanical stability of 
surface nanoasperities and ledges. Adsorbates can help 
stabilize atomic-scale variations in surface morphology, 
thereby making defect generation at the surface more 
difficult. 
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22.2.4 Indenter Geometry 


All of the indenter geometries considered up to this 
point have been axisymmetric, largely because they are 
easier to deal with theoretically. Unfortunately, fabri- 
cating axisymmetric nanoindentation tips is extremely 
difficult, because shaping a hard tip on the scale ofa few 
nanometers is virtually impossible, Despite these prob- 
lems, there has been considerable effort put into the use 
of spherical nanoindentation tips (22.55). This clearly 
demonstrates that the spherical geometry can be useful 
at larger indentation depths. 

Because of the problems associated with creating 
axisymmetric nanoindentation tips, pyramidal indenter 
geometries have now become standard during nanoin- 
entation testing. The most common geometries are the 
three-sided Berkovich pyramid and cube-cormer (see 
Fig. 22.11). The Berkovich pyramid is based on the four- 
sided Vickers pyramid, the opposite sides of which make 
aan 136° angle, For both the Vickers and Berkovich pyra- 
mids the cross-sectional area of the pyramid’s base, A, 
is related to the pyramid’s height, D. by 


A=USD? (22.13) 


‘The cube-comer geometry is now widely used for 
‘making very small nanoindentations, because it is much 
sharper than the Berkovich pyramid, This makes easier 
to initiate plastic deformation at very Tight loads, but 
great care should be taken when using the cube-corner 
geometry. Sharp cube-comers can wear down quickly 
and become blunt, hence the cross-sectional area as 
1 function of depth can change over the course of sev- 
eral indentations. There is also a potential problem with 
the standard analysis routines [22.56], which were de- 
veloped for much blunter geometries and are based on 
the elastic contact models outlined earlier. The elastic 
contact models all assume the displacement into the 


erkovich pyramid 


Comer of a cube 


Fig. 22.11 The ideal geometry forthe three-sided Berkovic 
pyramid and cube comer tips 


surface is small compared to the tip radius. For the 
‘cube-corner geometry this is probably only the case for 
nanoindentations that are no more than a few nanometers 
deep. 


22.2.5 Analyzing Load/Displacement Curves 


‘The load/displacement curves obtained during nanoin- 
dentation testing are deceptively simple. Most new- 
comers to the area will see the curves as being somewhat 
akin to the stress/strain curves obtained during tensile 
testing. There is also a real temptation just to use the 
values of hardness, H and elastic modulus, £, obtained 
from standard analysis software packages as the “true” 
values. This may be the case in many instances, but 
for very shallow nanoindents and tests on thin films the 
geometry of the contact can differ significantly from 
the geometry assumed in the analysis routines. Con- 
sequently, experimentalists should think very carefully 
about the test itself before concluding that the values of 
H and E are correct, 

‘The basic shape of a load/displacement curve can re- 
veal a great deal about the type of material being tested. 
Figure 22.12 shows some examples of ideal curves for 
‘materials with different elastic moduli and yield stresses. 
Discontinuities in the load/displacement curve can also 
provide information on such processes as fracture, dis- 
location nucleation, and phase transformations. Initially, 


Load Load 
High Low H 
High & High E 

Displacement Displacement 

Load Load 
High Low # 
Low E Low E 
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Fig. 22.12 Examples of load/displacement curves for ide- 
alized materials with a range of hardness and elastic 
properties 
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power > moderation > capacitor 
A capacitorarray contains two or more capacitors 
that are isolated from each other internally and 
accessed by external contacts. They are sold in 
surface-mount format and also in through-hole 
chips of DIP (dual-inline package) or SIP (single- 
inline package) format. The internal components 
maybe connected in one of three configurations: 
isolated, common-bus, or dual-ended common 
bus. Technically the isolated configuration 
should be referred to as a capacitor array, but in 
practice, all three configurations are usually re- 
ferred to as capacitor networks, See Figure 12-9 
and Figure 12-10. 


Figure 12-9. A capacitor network most often consists of a 
single-iniine package (SIP) chip containing multiple ca: 
ppacitors in one of three configurations shawn here. Top: 
Isolated. Center: Common bus. Battorn: Dual-ended cam: 
‘mon bus. Individual capacitor values ranging from 
Q001pF to O.pF are common. 


Capacitor networks can reduce the component 
countin circuits where digital logic chips require 
bypass capacitors, They are comparable in con- 
cept to resistor arrays, 


Variants 


Figure 12-10. A capacitor array in through-hole, SIP for: 
mat. 


Chips containing RC circuits (multiple resistor- 
capacitor pairs) are available, although uncom- 
mon. 


Principal Types 
Electrolytic capacitors are relatively cheap, com- 
pact, and available in large values, These at- 
tributes have made them a popular choice in 
consumer electronics, especially for power sup- 
plies. The capacitive capability of an electrolytic 
is refreshed by periodic application of voltage. A 
moist paste inside the capacitor is intended to 
improve the dielectric performance when volt- 
ageis applied, but can dry out during a period of 
years. Ifan electrolyticis stored for 10 years or so, 
it may allow a short circuit between its leads 
when power is applied to it. The capa 
Figure 12-5 and Figure 12-6 are all electrolytic. 
The capacitor in Figure 12-11 is at the high end 
of the scale. 


A bipolarelectrolytic is a single package contain- 
ing two electrolytic capacitors in series, end-to- 
end, with opposed polarities, so that the combi- 
nation can be used where the voltage of a signal 
fluctuates above and below OVDC. See 
Figure 12-12and Figure 12-13, This type of com- 
ponent is likely to have “BP” (bipolar) or “NP” 
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though, we will consider ideal situations such as those 
illustrated by Fig. 22.12. 

‘The loading section of the load/displacement curve 
approximates a parabola [22.60] whose width depends 
‘on a combination of the material's elastic and plas- 
tic properties. The unloading curve, however, has been 
shown to follow a more general relationship [22.56] of 
the form: 


P=a(5—5)", 


(22.14) 


‘where 8 is the total displacement and 8 isthe intercept 
of the unloading curve with the displacement axis shown 
in Fig. 22.13. 

Equation (22.14) is essentially the same as (22.9) 
but with the origin displaced. Since (22.9) is obtained 
by considering purely elastic deformation, it follows that 
the unloading curve is exhibiting purely elastic behavior. 
Since the shape ofthe unloading curve is determined by 


a) Load P 


Londag 
Using 


Loading 
Unloading 


Rangeofd._/” Displacement 3 
Fig. 22.13a,b Analysis of the load/displacement curve 
ives the contact stiffness, S, and the contact depth, 5. 
‘These can then be used to find the hardness, #, and 
elastic, or Young's modulus, E. (a) The first method of 
analysis [22.5759] assumed the unloading curve could 
be approximated by a flat punch on an elastic half-space. 
(b) A more refined analysis [22.56] uses a paraboloid on an 
elastic half-space 
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the elastic recovery of the indented region, it is not en- 
tirely surprising that its shape resembles that found for 
purely elastic deformation. What is fortuitous is that the 
clastic analysis used for an elastic half-space seems to be 
valid fora surface where there is a plastically formed in- 
<dentation crater present under the contact. However, the 
validity ofthis analysis may only hold when the crater is 
relatively shallow and the geometry of the surface does 
not differ significantly from that of a flat, elastic half- 
space. For nanoindentations with a Berkovich pyramid, 
this is generally the case. 

Before Oliver and Pharr [22.56] proposed their now 
standard method for analyzing nanoindentation data, the 
analysis had been based on the observation that the 
initial part of the unloading curve is almost linear. A lin- 
car unloading curve, equivalent to m = 1 in (22.14), is 
expected when a flat punch is used on an elastic half- 
space. The flat punch approximation for the unloading 
curve was used in [22.57-59] to analyze nanoindenta- 
tion data. When Oliver and Pharr looked at a range of 
‘materials they found m was typically larger than 1, and 
that m = 1.5, or a paraboloid, was a better approxima- 
tion than a flat punch. Oliver and Pharr used (22.1) and 
(22.12) to obtain the values for a material's elastic mod- 
ulus and hardness. Equation (22.1) relates the contact 
stiffness during the initial part of the unloading curve 
(see Fig. 22.13) to the reduced elastic modulus and the 
contact area at the peak load. Equation (22.12) gives the 
hhardness.as the peak load divided by the contact area, Itis 
immediately obvious that the key to measuring the mech- 
anical properties of a material is knowing the contact 
area at the peak load. This is the single most important 
factor in analyzing nanoindentation data. Most mistakes 
in the analysis come from incorrect assumptions about 
the contact area. 

To find the contact area, a function relating the con 
tact area, Ac, to the contact depth, 5, is needed. For 
a perfect Berkovich pyramid this would be the same as 
(22.13). But since making a perfect nanoindenter tip is 
impossible, an expanded equation is used: 


(22.15) 


Ac (8e) =24558+ 


= 
where C; are calibration constants of the tip. 

‘There is a crucial step in the analysis before Ac can 
be calculated, namely, finding 5. The contact depth is 
not the same as the indentation depth, because the sur- 
face around the indentation will be elastically deflected 
during loading, as illustrated by Fig. 22.14. Sneddon's 
analysis [22.47] provides a way to calculate the de- 
flection of the surface at the edge of an axisymmetric 
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Surface under load 


Fig. 22.14 Profile of surface under load and unloaded show- 
ing how 3, compares to 8, and Byux 


contact. Subtracting the deflection from the total inden- 
tation depth at peak load gives the contact depth. For 
1 paraboloid, as used by Oliver and Pharr [22.56] in 
their analysis, the elastic deflection at the edge of the 
contact is given by 


4 ? ears? (22.16) 
Nats SS 
where Ss the contact stifiness and P the peak Toad. The 


constant ¢ is 0.75 for a paraboloid, but ranges between 
0.72 (conic indenter) and 1 (at punch). Figure 22.15 
shows how the contact depth depends on the value of & 
‘The contact depth at the peak load is, therefore: 


B= 5-8, (22.17) 


Using the load/displacement data from the unload- 
ing curve and (22.1), (22.2), (22.12), (22.14-22.17), the 
hardness and reduced elastic modulus for the test sam- 
ple can be calculated. To find the elastic modulus of the 
sample, Ey, it is also necessary to know Poisson's ra- 
tio, », for the sample, as well as the elastic modulus, E:, 
and Poisson’s ratio, 1, of the indenter tip. For diamond 
these are 1,141 GPa and 0.07, respectively. 

‘There also remains the issue of calibrating the tip 
shape, or finding the values for C) in (22.15). Know- 
ing the exact expansion of Ac(6.) is vital if the values 
for E, and H are to be accurate. Several methods for 
calibrating the tip shape have been used, including im- 
aging the tip with an electron microscope, measuring 


Load P 


Fig. 22.15 Load- 
displacement 
‘curve showing, 
how 4, varies 
with © 


the size of nanoindentations using SEM or TEM of neg- 
ative replicas, and using scanning probes to examine 
either the tip itself or the nanoindentations made with 
the tip. There are strengths and weaknesses to each of 
these methods. In general, however, the accuracy and 
usefulness of the methods depends largely on how 
tient and rigorous the experimentalist isin performing 
the calibration. 

Because of the experimental difficulties and time in- 
volved in calibrating the tip shape by these methods, 
Oliver and Pharr (22.56) developed a method for cali- 
bration based on standard specimens. With a standard 
specimen that is mechanically isotropic and has a known 
E and H that does not vary with indentation depth, 
it should be possible to perform nanoindentations to 
arange of depths, and then use the analysis routines in 
reverse to deduce the tip area function, A(8,). In other 
words, if you perform a nanoindentation test, you can 
find the contact stiffness, S, at the peak load, P, and 
the contact depth, 6, from the unloading curve. Then 
if you know E a priori, (22.1) can be used to calcu- 
late the contact area, A, and, hence, you have a value 
for A ata depth 3. Repeating this procedure for arange 
of depths will give a numerical version of the function 
‘Ac(ic). Then, itis simply a case of fitting (22.15) tothe 
numerical data, If the hardness, 1, is known and not 
a function of depth, and the calibration specimen was 
fully plastic during testing, then essentially the same 
approach could be used but based on (22.12). Situa- 
tions where a constant HT is used to calibrate the tip are 
extremely rare. 

In addition to the tip shape function, the machine 
compliance must be calibrated. Basic Newtonian mech- 
nics tells us that forthe tip to be pushed into a surface 
the tip must be pushing off of another body. During 
nanoindentation testing the other body is the machine 
frame. As a result, during a nanoindentation test it is 
not just the sample, but the machine frame that is being 
loaded. Consequently, a very small elastic deformation 
of the machine frame contributes to the total stiffness 
obtained from the unloading curve. The machine frame 
is usually very stiff, > 10 N/m, so the effect is only 
important at relatively large loads. 

‘To calibrate the machine frame stifiness oF com- 
pliance, large nanoindentations are made in a soft 
material such as aluminum with a known, isotropic elas- 
tic modulus. For very deep nanoindentations made with 
a Berkavich pyramid, the contact area, Ao(B,), can be 
reasonably approximated to 24.582, thus (22.1) can be 
used to find the expected contact stiffness for the ma- 
terial. Any difference between the expected value of S 
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and the value measured from the unloading curve will 
bbe due to the compliance of the machine frame, Per- 
forming a number of deep nanoindentations enables an 
accurate value for the machine frame compliance to be 
obtained. 

Currently, because of its ready availability and pre~ 
dictable mechanical properties, the most popular cali 
bration material is fused silica (E = 72GPa, v= 0.17), 
though aluminum is still used occasionally. 


22.2.6 Modifications to the Analysis 


Since the development of the analysis routines in the 
early 1990s, it has become apparent that the standard 
analysis of nanoindentation data is not applicable in all 
situations, usually because errors occur in the calculated 
contact depth or contact area. Pharr et al. {22.61-644] 
have used finite element modeling (FEM) to help un- 
derstand and overcome the limitations of the standard 
analysis. Two important sources of errors have been 
identified in this way. The first is residual stress at the 
sample surface. The second is the change in the shape 
of nanoindents afer elastic recovery. 

‘The effect of residual stresses at a surface on the in- 
dentation properties has been the subject of debate for 
‘many years [22.65-67]. The perceived effect was that 
compressive stresses increased hardness, while tensile 
stresses decreased hardness. Using FEM it is possible 
to model a pointed nanoindenter being pushed into 
a model material that is in residual tension or compres- 
sion. An FEM model of nanoindentation into aluminum 
alloy 8009 [22.61] has confirmed earlier experimental 
observations [22.68] indicating that the contact area cal- 
culated from the unloading curve is incorrect if there 
are residual stresses. In the FEM model of an aluminum 
alloy the mechanical behavior of the material is mod- 
led using a stress-strain curve, which resembles that of 
an elastic-perfectly-plastic metal with a flow stress of 
425.6MPa, Yielding starts at 353.1 MPa and includes 
a small amount of work hardening. The FEM model 
‘was used to find the contact area directly and using the 
simulated unloading curve in conjunction with Oliver 
and Pharr’s method, The results asa function of residual 
stress are illustrated in Fig.22.16, Note that the differ- 
ences between the two measured contact areas lead to 
miscalculations of E and H. 

Errors in the calculated contact area stem from incor- 
rect assumptions about the pile-up and sink-in atthe edge 
of the contact, as illustrated by Fig. 22.17. The Oliver 
and Pharr analysis assumes the geometry of the sample 
surface is the same as that given by Sneddon [22.47] in 
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Fig. 22.16 When a surface is in a state of stress there is 
significant difference between the contact area caleu- 
lated using the Oliver and Pharr method and the actual 
contact area [22.61]. For an aluminum alloy this ean lead 
to significant errors in the calculated hardness and elastic 
‘modulus 


his analytical model for the indentation of elastic sur- 
faces. Clearly, for materials where there is significant 
plastic deformation, itis possible that there will be large 
deviations from the surface geometry found using Sned- 
don's elastic model, In reality, the error in the contact 
area depends on how much the geometry of the test sam- 
ple surface differs from that of the calibration material 
(ypically fused silica). It is possible that a test sam- 
ple, even without a residual stress, will have a different 
surface geometry and, hence, contact area at a given 
depth, when compared to the calibration material. This 
is often seen for thin films on a substrate (e.g., Tsui 
et al. (22.69, 70)). Residual stresses increase the likeli- 
hood that the contact area calculated using Oliver and 
Pharr's method will be incorrect. 


iG: 
Residual 


Sneddon's 
srface 
profile 
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Fig. 22.17 Pile-up and sink-in are affected by residual 
stresses, and, hence, errors are introduced into standard 
Oliver and Pharr analysis, 
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‘The issue of sink-in and pile-up is always a fac- 
tor in nanoindentation testing. However, there is still 
no effective way to deal with these phenomena other 
than reverting to imaging of the indentations to iden- 
tify the true contact area. Even this is difficult, as the 
edge of an indentation is not easy to identify using 
AFM or electron micrascopy. One approach that has 
been used [22.71] with some success is measuring the 
ratio E2/H, rather than E, and Hf separately. Because 
E, is proportional to 1//A and H is proportional to 
1/A, £2/H should be independent of A and, hence, 
unaffected by pile-up or sink-in, While this does not 
provide quantitative values for mechanical properties, it 
does provide a way to identify any variations in mechan- 
ical properties with indentation depth or between similar 
samples with different residual stresses 

Another source of error in the Oliver and Pharr 
analysis is due to incorrect assumptions about the 
nanoindentation geometry after unloading [22.63]. Once 
again, this is due to differences between the test sample 
and the calibration material. The exact shape of an un- 
loaded nanoindentation on a material exhibiting elastic 
recovery is not simply an impression of the tip shape; 
rather, there is some elastic recovery of the nanoinden- 
tation sides giving them a slightly convex shape (see 
Fig. 22.18), The shape actually depends on Poisson's ra- 
tio, so the standard Oliver and Pharr analysis will only 
be valid for a material where » = 0.17, the value for 
fused silica, assuming it is used for the calibration 

‘To deal with the variations in the recovered nanoin- 
dentation shape, it has been suggested [22.63] that 
4 modified nanoindenter geometry with a slightly con- 
‘cave side be used in the analysis (see Fig. 22.18). This 


Fig. 22.18 (a) Hay etal. (22.63] found from experiments 
and FEM simulations that the actual shape of an indentation 
alter unloading is not as expected. (b) They introduced a y 
term to correc for this effect. This assumes the indenter has 
slightly concave sides 
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Fig.22.19 For a real Betkovich tip the y corrected 
area [22.63] is les ata given depth than the area calculated 
ting the Oliver and Pharr method 


requires a modification to (22.1): 


(22.18) 


where y is a correction term dependent on the tip 
geometry. For a Berkovich pyramid the best value is: 


F+0.ss83073 01 (sh=22) 
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where & = 70.32°. For a cube comer the correction can 
be even larger and y is given by: 
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22.2.7 Alternative Methods of Analysis 
Allof the preceding discussion on the analysis of nanoin- 


dentation curves has focused on the unloading curve, 
virally ignoring the loading curve data. This is for the 


sone aint ergot 


Nanomechanical Properties of Solid Surfaces and Thin Films 


22.2 Data Analysis 


simple reason that the unloading curve can in many cases 
be regarded as purely elastic, whereas the shape of the 
loading curve is determined by a complex mix of elastic 
sand plastic properties. 

It is clear that there is substantially more data in the 
loading curve if it can be extracted. Page et al. [22.60, 
72] have explored the possibility of curve fitting to the 
loading data using a combination of elastic and plastic 
properties. By a combination of analysis and empirical 
fitting to experimental data, it was suggested that the 
loading curve is of the following form: 


fH fe 
raa(ofEeald 


(22,21) 


where and are determined experimentally to be 
0.930 and 0.194, respectively. For homogenous sam- 
ples this equation gives a linear relationship between 
P and 62. Coatings, thin film systems, and samples that 
sirain-harden can give significant deviations from lin- 
earity, Analysis of the loading curve has yet to gain 
popularity as a standard method for examining nanoin- 
entation data, but it should certainly be regarded as 
4 prime area for further investigation. 

Another alternative method of analysis is based on 
the work involved in making an indentation. In essence, 
the nanoindentation curve isa plot of force against dis- 
tance indicating integration under the loading curve will 
give the total work of indentation, or the sum of the 
clastic strain energy and the plastic work of indenta- 
tion, Integrating under the unloading curve should give 
only the elastic strain energy. Thus, the work involved in 
both elastic and plastic deformation during nanoinden- 
tation can be found. Cheng and Cheng [22.73] combined 
‘measurements of the work of indentation with a dimen- 
sional analysis that deals with the effects of sealing in 
8 material that work-hardens to estimate H/E,. They 
subsequently evaluated H and £ using the Oliver and 
Pharr approach to find the contact area. 


22.2.8 Measuring Contact Stiffness 


‘As discussed earlier, itis possible to add a small AC 
load on top of the DC load used during nanoindenta- 
tion testing, providing a way to measure the contact 
stifiness throughout the entire loading and unloading 
cycle (22.74, 75]. The AC load is typically at a fre- 
quency of ~ 60 Hz and creates a dynamic system, with 
the sample acting as a spring with stiffness S (the con- 
{ct stiffness), and the nanoindentation system acting as 
aaseries of springs and dampers. Figure 22.20 illustrates 
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Fig. 22.20 
‘A-small AC load 
ccan be added to 
the DC load. This 
‘enables the con- 
tact stiffness, 5, 
to be calculated 
throughout the 
indentation cycle 


‘Small, sinusoidal 
SCC toad 


Displacement 5 


how the small AC load is added to the DC load. Fig- 
ure 22.21 shows how the resulting dynamic system can 
be modeled, An analysis of the dynamic system gives the 
following relationships for $ based on the amplitude of 
the AC displacement oscillation and the phase difference 
between the AC load and displacement signals: 


[(s-! +e) 1+ K,—mee] +0202, 


(22.22) 
(22.23) 


‘where C; is the load frame compliance (the reciprocal of 
the load frame stiffness), K, is the stiffness of the support 
springs (typically in the region of 50-100N/m), D is, 
the damping coefficient, P,, is the magnitude of the load 
oscillation, 5(w) is the magnitude of the displacement 
oscillation, «is the oscillation frequency, m is the mass 
of the indenter, and y is the phase angle between the 
force and the displacement, 

In order to find S using either (22.22) or (22.23), 
it is necessary to calibrate the dynamic response of the 
system when the tip is not in contact with a sample 
(S~! =0). This calibration combined with the standard 
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Fig. 22.21 The dynamic model used in the analysis of the 
AC response of a nanoindentation device 
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DC calibrations will provide the values for all ofthe con- 
stants in the two equations. All that needs tobe measured 
in order to obtain $ is either 5(«) or x, both of which 
are measured by the lock-in amplifier used to generate 
the AC signal. Since the S obtained is the same as the $ 
in (22.1, it follows that the Oliver and Pharr analysis 
can be applied to obtain E; and H throughout the entire 
nanoindentation cycle. 

‘The dynamic analysis detailed here was developed 
for the MTS Nanoindenter™ (Oakridge, Tennessee), 
but a similar analysis has been applied to other com: 
‘mercial instruments such as the Hysitron Triboscope™ 
(Minneapolis, Minnesota) [22.76]. For all instruments, 
an AC oscillation is used in addition to the DC voltage, 
and a dynamic model is used to analyze the response. 


22.2.9 Measuring Viscoelasticity 


Using an AC oscillation in addition to the DC load 
introduces the possibility of measuring viscoelastic 
properties during nanoindentation testing. This. has 
recently been the subject of considerable interest with re- 
searchers looking at the loss modulus, storage modulus, 
and loss tangent of various polymeric materials [22 
77). Recording the displacement response to the AC 
force oscillation enables the complex modulus (includ- 
ing the loss and storage modulus) to be found. If the 
‘modulus is complex, it is clear from (22.1) thatthe stiff- 
ness also becomes complex. In fact, the stiffness will 
have two components: 5’, the component in phase with 
the AC force and S”, the component out of phase with 
the AC force 

‘The dynamic model illustrated in Fig.22.21 is no 
longer appropriate for this situation, as the contact on 


22.3 Modes of Deformat 


As described earlier, the analysis of nanoindentation data 
is based firmly on the results of elastic continuum mech- 
anics. In reality, this idealized, purely elastic situation 
rarely occurs. For very shallow contacts on metals with 
thin surface films such as oxides, carbon layers, or or- 
ganic layers [22.78, 79] the contact can initially be very 
similar to that modeled by Hertz and, later, Sneddon. 
It is very important to realize that this in itself does 
‘not constitute proof that the contact is purely elastic, 
because in many cases a small number of defects are 
present. These may be preexisting defects that move in 
the strain-field generated beneath the contact. Alterna- 
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x 
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Fig. 22.22 The simplified dynamic model used when the 
sample is viscoelastic. It is assumed that the load frame 
‘compliance is negligible 


the test sample also includes a damping term, shown 
in Fig. 22.22. Equations (22.22) and (22.23) must also 
be revised. Neglecting the load frame compliance, Cr, 
which in most real situations is negligible, (22.22) and 
(22.23) when the sample damping, D,, is included be- 
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tan () (22.25) 


tively, defects can be generated either when the contact is 
first made or during the initial loading [22.52, 80]. When 
defects such as short lengths of dislocation are present 
the curves may still appear to be elastic even though 
elastic processes like dislocation glide and cros 
taking place. 


22.3.1 Defect Nucleation 


Nucleation of defects during nanoindentation testing has 
been the subject of many experimental [22.81.82] and 
theoretical studies [22.8384]. This is probably because 
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nanoindentation is seen as a way to deform a small, 
defect-free volume of material to its elastic limit and 
beyond in a highly controlled geometry. There are, un- 
fortunately, problems in comparing experimental results 
‘with theoretical predictions, largely because the kinetic 
processes involved in defect nucleation are difficult to 
‘model. Simulations conducted at 0K do not permit ki- 
netic processes, and molecular dynamics simulations are 
too fast (nanoseconds or picoseconds). Real nanoinden- 
tation experiments take place at © 293K and last for 
seconds or even minutes. 

Kinetic effects appear in many forms, for instance, 
during the initial contact between the indenter tip and the 
surface when defects can be generated by the combined 
action of the impact velocity and surface forces [22.51]. 
‘A second example of a kinetic effect occurs during hold 
cycles at large loads when what appears to be an elastic 
contact can suddenly exhibit a large discontinuity in 
the displacement data [22.80]. Figure 22.23 shows how 
these kinetic effects can affect the nanoindentation data 
sand the apparent yield point load, 

During the initial formation of a contact, the defor- 
‘mation of surface asperities [22.51] and ledges [22.85] 
can create either point defects or short lengths of 
dislocation line. During the subsequent loading, the 
defects can help in the nucleation and multiplica- 
tion of dislocations. The large strains present in the 
region surrounding the contact, coupled with the ex- 
istence of defects generated on contact, can result 
in the extremely rapid multiplication of dislocations 
and, hence, pronounced discontinuities in the load- 
displacement curve. It is important to realize that the 
discontinuities are due to the rapid multiplication of dis- 
locations, which may or may not occur at the same 
time that the first dislocation is nucleated. Disloca- 
tions may have been present for some time with the 
discontinuity only occurring when the existing defects 
are configured appropriately, as a Frank-Read source, 
for instance. Even under large strains, the time taken 
for a dislocation source to form from preexisting de- 
fects may be long. It is, therefore, not surprising that 
large discontinuities can be seen during hold cycles or 
unloading. 

‘The generation of defects at the surface and the 
initiation of yielding is a complex process that is ex- 
tremely dependent on surface asperities and surface 
forces. These, in turn, are closely related to the surface 
‘chemistry. ILis not only the magnitude of surface forces, 
but also their range in comparison to the height of surface 
asperities that determines whether defects are generated 
‘on contact. Small changes in the surface chemistry or 
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Fig. 22.23a,b Load-displacement curves for W(100) showing how 
changes in the impact velocity can cause a transition from perfectly 
elastic behavior to yielding during unloading 


ving Zo 
(Unloading 


the velocity of the indenter tip when it frst contacts the 
surface, can cause a transition from a situation in which 
dofects are generated on contact to one where the contact 
is purely elastic [22.52] 

When the generation of defects during the initial 
contact is avoided and the deformed region under the 
contact is truly defect free, then the yielding of the 
sample should occur at the yield stress of a perfect 
crystal lattice. The load at which plastic deformation 
commences under these circumstances becomes very 
reproducible [22.86]. Unfortunately, nanoindenter tips 
oon the near-atomie scale are not perfectly smooth or axi- 
symmetric. As a result, accurately measuring the yield 
stress is very difficult. In fact, a slight rotation in the 
plane of the surface of either the sample or the tip can 
give a substantial change in the observed yield point 
Toad. Coating the surface ina cushioning self-assembled 
monolayer [22.87] can alleviate some of these varia- 
tions, but it also introduces a large uncertainty in the 
contact area, Surface oxide layers, which may be sev- 
eral nanometers thick, have also been found to enhance 
the elastic behavior seen for very shallow nanoinden- 
tations on metallic surfaces [22.78]. Removal of the 
oxide has been shown to alleviate the initial elastic 
response. 

‘While nanoindentation testing is ideal for examining 
the mechanical properties of defect-free volumes and 
looking at the generation of defects in perfect crystal 
lattices, it should be clear from the preceding discus- 
sion that great care must be taken in examining how 
the surface properties and the loading rate affect the re- 
sults, particularly when comparisons are being made to 
theoretical models for defect generation. 
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22.3.2 Variations with Depth 


Ideal elastic-plastic behavior, as described by Ta- 
bor [22.48], can be seen during indentation testing, 
provided the sample has been work-hardened so that 
the flow stress is a constant. However, its often the case 
that the mechanical properties appear to change as the 
load (or depth) is increased. This apparent change can be 
a result of several processes, including work-hardening 
during the test. This is a particularly important effect for 
soft metals like copper. These metals usually have a high 
hardness at shallow depths, but it decreases asymptot- 
ically with increasing indentation depth to a hardness 
vvalue that may be less than half that observed at shallow 
depths. This type of behavior is due to the increasing 
density of geometrically necessary dislocations at shal- 
low depths [22.88]. Hence the effects of work-hardening 
are most pronounced at shallow depths. For hard mater- 
ials the effect is less obvious. 

‘Work-hardening is one of the factors that contribute 
to the so-called indentation size effect (ISE), whereby 
at shallow indentation depths the material appears to be 
harder. The ISE has been widely observed during mi- 
croindentation testing, with at least part of the effect 
appearing to result from the increased difficulty in op- 
tically measuring the area of an indentation when it is 
small, During nanoindentation testing the ISE can also 
be observed, but itis often due to the tip area function, 
Ac(Sc), being incorrectly calibrated. However, there are 
physical reasons other than work-hardening for expect- 
ing an increase in mechanical strength in small volumes. 
As described in the previous section, small volumes 
of crystalline materials can have either no defects or 
only a small number of defects present, making plastic 
yielding more difficult. Also, because of dislocation line 
tension, the shear stress required to make a dislocation 
bow out increases as the radius of the bow decreases. 
‘Thus, the shear stress needed to make a dislocation bow 
out in a small volume is greater than it is in a large 
volume. These physical reasons for small volumes ap- 
pearing stronger than large volumes are particularly 
Important in thin film systems, as will be discussed 
later. Note, however, that these physical reasons for in- 
‘creased hardness do not apply for an amorphous material 
such as fused silica, which partially explains its value as 
a calibration material 


22.3.3 Anisotropic Materials 


‘The analysis methods detailed earlier were concerned 
primarily with the interpretation of data from nanoinden- 


tations in isotropic materials where the elastic modulus 
is assumed to be cither independent of direction or 
4 polycrystalline average of a material's elastic con- 
stants. Many crystalline materials exhibit considerable 
anisotropy in their elastic constants, hence, these an- 
alysis techniques may not always he appropriate. The 
theoretical problem of a rigid indenter pressed into an 
elastic, anisotropic half-space has been considered by 
Viassak and Nix [22.89]. Their aim was to identify the 
feasibility of interpreting data from a depth-sensing 
indentation apparatus for samples with elastic con- 
stants. that are anisotropic. Nanoindentation experi- 
ments [22.90] have shown the validity of the elastic 
analysis for crystalline zine, copper, and beta-brass. The 
observed indentation modulus for zinc, as predicted, 
varied by as much as a factor of 2 between different 
orientations. The variations in the observed hardness 
values for the same materials were smaller, with 3 max- 
imum variation with orientation of 20% detected in 
ine. While these variations are clearly detectable with 
nanoindentation techniques, the variations are small in 
comparison to the actual anisotropy ofthe test material's 
clastic properties. This is because the indentation modu- 
lusis.a weighted average ofthe stiffness in all directions. 

At this time the effects of anisotropy on the hardness 
‘measured using nanoindentation have not been fully ex- 
plored. For materials with many active slip planes itis 
likely thatthe small anisotropy observed by Viassak and 
‘Nix is correct once plastic flow has been initiated, It is 
possible, however, that for defect-free crystalline speci- 
mens with a limited number of active slip planes that 
very shallow nanoindentations may show a much larger 
anisotropy in the observed hardness and inital yield 
point load. 


22.3.4 Fracture and Delamination 


Indentation testing has been widely used to study frac- 
ture in brittle materials [22.91], but the lower loads and 
smaller deformation regions of nanoindentation tests 
make it harder to initiate cracks and, hence, less useful 
as a way to evaluate fracture toughness. To overcome 
these problems the cube comer geometry, which gener- 
ates larger shear stresses than the Berkovich pyramid, 
has been used with nanoindentation testing to study 
fracture [22.92]. These studies have had mixed success, 
because the cube comer geometry blunts very quickly 
when used on hard materials. In many cases, brittle 
‘materials are very hard, 

Depth sensing indentation is better suited to study- 
ing delamination of thin films. Recent work extends the 
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research conducted by Marshall et al. [22.93, 94], who 
examined the deformation of residually stressed films 
by indentation, A schematic of their analysis is given 
by Fig. 22.24. Their indentations were several microns 
deep, but the basic analysis s valid for nanoindentations 
‘The analysis has been extended to multilayers (22.95], 
‘which is important since it enables a quantitative assess- 
‘ment of adhesion energy when an additional stressed 
film has been deposited on top of the film and substrate 
of interest. The additional film limits the plastic defor- 
‘mation of the film of interest and also applies extra stress 
that aids in the delamination. After indentation, the area 
of the delaminated film is measured optically or with 
an AFM to assess the extent of the delamination. This 
‘measurement, coupled with the load-displacement data, 
enables quantitative assessment of the adhesion energy 
to be made for metals [22.96] and polymers [22.97]. 


a) 


») 


Fig. 22,2ha~e To model delamination Kriese etal, [22.95] 
adapted the model developed by Marshall and Evans 
[22.93]. The model considers a segment of removed 
stressed film that is allowed to expand and then indented, 
thereby expanding it further. Replacing the segment in 
its original position requires an additional stress, and the 
segment bulges upwards 
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22.3.5 Phase Transformations 


‘The pressure applied to the surface of a material during 
indentation testing can be very high. Equation (22.10) in- 
dicates that the pressure during plastic yielding is about 
three times the yield stress, For many materials, high 
hydrostatic pressures can cause phase transformations, 
and provided the transformation pressure is less than the 
pressure required to cause plastic yielding, itis possible 
during indentation testing to induce a phase transforma- 
tion. This was first reported for silicon [22.98], but it 
hhas also been speculated [22.99] that many other ma- 
terials may show the same effects, Most studies still 
focus on silicon because of its enormous technological 
importance, although there is some evidence that ger- 
‘manium also undergoes a phase transformation during 
the nanoindentation testing (22. 100] 

Recent results [22.21,22,41, 101, 102] indicate that 
there are actually multiple phase transformations during 
the nanoindentation of silicon. TEM of nanoindenta- 


600 am 


Fig. 22.25a,b Bright-field and dark-field TEM of (a) small and 


{(b) large nanindentations in 
‘phase BC-8 is seen in the center, but for large nanoindents BC- 
confined to the edge of the indent, while the center is amorphous 


Insmall nanoindents the metastable 
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Relative intensity 
140,008) 
‘Raman spectra for 10% 1,600 nm nanoindents 
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Fig. 22.26 Micro-Raman generally shows the BC-8 and R-8 Si 
phases that are at the edge of the nanoindents, hut the amorphous 
phase in the center is not easy to detect, as it is often subsurface and 


the Raman peak is broad 
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Fig. 22.27 Nanoindentation curves for deep indents on Si show 
‘discontinuity during unloading and simultaneously a large drop 


in contact resistance 


tions in diamond cubic silicon have shown the presence 
of amorphous-Si and the body-centered cubic BC-8 
phase (see Fig. 22.25), Micro-Raman spectroscopy has 
indicated the presence of a further phase, the rhomb- 
hedral R-8 (see Fig. 22.26). For many nanoindentations 
on silicon there is a characteristic discontinuity in the 
unloading curve (see Fig. 22.27), which seems to cor- 
relate with a phase transformation, The exact sequence 
in which the phases form is still highly controversial 
with some [22.42], suggesting thatthe sequence during 
loading and unloading is: 


Increasing load > 
Diamond cubic Si—> f-Sn Si 


= Decreasing load 
BC-8 Siand R-8 Si — f-Sn Si 


Other groups [22.21,22] suggest that the above sequence 
is only valid for shallow nanoindentations that do not 
exhibit an unloading discontinuity. For large nanoin- 
dentations that show an unloading discontinuity, they 
suggest the sequence will be: 


Increasing load > 
Diamond cubic Si f-Sn Si 


Decreasing load 
a-Si — BC-8 Si and R-8 Si — f-Sn Si 


‘The disagreement is over the origin of the unload- 
ing discontinuity. Mann et al. [22.21] suggest itis due 
to the formation of amorphous silicon, while Gogotsi 
ct al, [22.42] believe it is the f-Sn Si to BC-8 or R-8 
transformation, Mann et al, argue that the high contact 
resistance before the discontinuity and the low contact 
resistance afterwards rule out the discontinuity being 
the metallic A-Sn Si transforming to the more resistive 
BC-8 or R-8. The counterargument is that amorphous Si 
is only seen with micro-Raman spectroscopy when the 
unloading is very rapid of there is a large nanoindenta~ 
tion with no unloading discontinuity. The importance of 
unloading rate and cracking in determining the phases 
present are further complications, The controversy will 
remain until in situ characterization ofthe phases present 
is undertaken, 
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Variants 


Figure 12-11. This 13,000uF electrolytic capacitor is larg~ 
fer than would be required in most everyday applications 


(nonpolarized) printed on its shell. It may be used 
in audio circuits where polarized capacitors are 
normally unsuitable, and is likely to be cheaper 
than non-electrolytic alternatives. However, it 
suffers from the same weaknesses as all electro- 
lytics. 

Tantalum capacitors are compact but relatively 
expensive, and can be vulnerable to voltage 
spikes. They are sensitive to application of the 
wrong polarity. Typically they are epoxy-dipped 
rather than mounted inside a small aluminum 
can ike electrolytics, and consequently the elec- 
trolyte may be less likely to evaporate and dry 
out. In Figure 12-14, two tantalum capacitors 
(rated 330pF at 6.3V, left, and 100pF at 20V, right) 
are shown abovea polyester film capacitor (rated 


power > moderation > capacitor 


HOOK 


Figure 12.12. Schematic view of the internal configura 
tion of a bipolar electrolytic capacitor, alsa knawn as non 

polarized electrolytic capacitor. It consists of two electro 
Iytics in series, with opposing polarities. 


Figure 1213. Bipolar electrolytic capacitors. The larger 
size of the one at top-left ’= a consequence of its higher 
voltage rating. "BP" on the other two capacitors is an ac 
ronym for “bipolar.” meaning that they have no polarity, 
even though one lead may be shorter than the other. 


‘10pF at 100V). Surface-mount tantalum capaci- 
tors are decreasing in popularity as large-value 
ceramic capacitors are becoming available, with 
smaller dimensions and lower equivalent series 
resistance. 


Plastic-film capacitors are discussed in the fol- 
lowing section. 


Single layer ceramic capacitorsare often used for 
bypass, and are suitable for high-frequency or 
audio applications. Their value is not very stable 
with temperature, although the "NPO" variants 
are more stable. Multilayer ceramic capacitors 
are more compact than single-layer ceramic, and 
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22.4 Thin Films and Multilayers 


In almost all real applications, surfaces are coated with 
thin films. These may be intentionally added such as 
hard carbide coatings on a tool bit, or they may sim- 
ply be native films such as an oxide layer. It is also 
likely that there will be adsorbed films of water and 
organic contaminants that can range from a single mol- 
cule in thickness up to several nanometers. All ofthese 
films, whether native or intentionally placed on the sur- 
face, will affect the surface’s mechanical behavior on the 
nanoscale. Adsorbates can have a significant impact on 
the surface forces [22.3] and, hence, the geometry and 
stability of asperity contacts, Oxide films can have dra- 
‘matically different mechanical properties to the bulk and 
will also modify the surface forces. Some of the effects 
of native films have been detailed in the earlier sections 
on dislocation nucleation and adhesive contacts 

‘The importance of thin films in enhancing the 
mechanical behavior of surfaces is illustrated by 
the abundance of publications on thin film me- 
chanical properties (see for instance Nix 
Cammarata [22.31] or Was and Foecke 
the following sections, the mechanical properties of 
films intentionally deposited on the surface will be 
discussed. 


22.4.1 Thin Films 


Measuring the mechanical properties of a single thin 
surface film has always been difficult. Any measure- 
‘ment performed on the whole sample will inevitably be 
dominated by the bulk substrate. Nanoindentation, since 
it looks at the mechanical properties of a very small re- 
xgion close to the surface, offers a possible solution to the 
problem of measuring thin film mechanical properties. 
However, there are certain inherent problems in using 
‘nanoindentation testing to examine the properties of thin 
films. The problems stem in part from the presence of 
aan interface between the film and substrate. The qual- 
ity of the interface can be affected by many variables, 
resulting in a range of effects on the apparent elastic 
and plastic properties of the film. In particular, when 
the deformation region around the indent approaches 
the interface, the indentation curve may exhibit features 
ddue to the thin film, the bulk, the interface, or a com- 
bination of all three. As a direct consequence of these 
complications, models for thin-film behavior must at- 
tempt to take into account not only the properties of 
the film and substrate, but also the interface between 
them. 
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If, initially, the effect of the interface is neglected, it 
is possible to divide thin-coated systems into a number of 
categories that depend on the values of E (elastic modu- 
lus) and ¥ (the yield stress) of the film and substrate. 
‘These categories are typically (22.104, 105] 


1. coatings with high E and high Y, substrates with 
high E and high ¥; 

2. coatings with high and high Y, substrates with 
high or low E and low ¥; 

3. coatings with high or low E and low Y, substrates 
with high E and high ¥; 

4, coatings with high or low E and low Y, substrates 
with high or low E and low ¥ 


‘The reasons for splitting thin film systems into these 
different categories have been amply demonstrated ex- 
perimentally by Whitehead and Page [22.104, 105] and 
theoretically by Fabes etal. (22.106]. Essentially, hard, 
elastic materials (high £ and ¥) will possess smaller 
plastic zones than soft, inelastic (low E and ¥) mater- 
ils. Thus, when different combinations of materials are 
used as film and substrate, the overall plastic zone will 
differ significantly. In some cases, the plasticity is con- 
fined to the film, and in other cases, itis in both the film 
and substrate, as shown by Fig. 22.28. If the standard 
nanoindentation analysis routines are to be used, itis es- 
sential that the plastic zone and the elastic strain field are 


Fig.22.28a-d Variations inthe plastic zone for indents on films and 
substrates of diferent properties. (a) Film and substrate have high 
E and ¥, (b) film has a igh E and ¥. substrate has high or low 
and low ¥, (¢) film has a high or low £ and a low Y, and substrate 
has a high E and Y. (@) film has a high or low & and a low ¥, and 
substrate has a high or low £ and alow Y 


er 


wez|j ued 


708 Part 


Nanotriboto 


w7z|2ued 


both confined to the film and do not reach the substrate, 
(Clearly this is difficult to achieve unless extremely shal- 
ow nanoindentations are used. There is an often quoted 
10% rule, that says nanoindents in a film must have 
a depth of less than 10% of the film’s thickness if only 
the film properties are to be measured. This has no real 

alidity [22.107]. There are film/substrate combinations 
for which 10% is very conservative, while for other com- 
binations even 5% may be too deep. The effect of the 
substrate for different combinations of film and substrate 
properties has been studied using FEM [22.108], which 
has shown that the maximum nanoindentation depth to 
measure film only properties decreases in moving from 
soft on hard to hard on soft combinations. Fora very soft 
film on a hard substrate, nanoindentations of 50% of the 
film thickness are alright, but this drops to < 10% for 
‘hard film on a soft substrate. For a very strong film on 
a soft substrate, the surface film behaves like an elastic 
‘membrane or a bending plate. 

‘Theoretical analysis of thin-film mechanical behav- 
ior is difficult, One theoretical approach that has been 
adopted uses the volumes of plastically deformed ma- 
terial in the film and substrate to predict the overall 
hardness of the system. However, it should be noted 
that this method is only really appropriate fr soft coat- 
ings and indentation depths below the thickness of the 
coating (see cases c and d of Fig. 22.28), otherwise the 
behavior will be closer to that detailed later and shown 
by Fig 22.29. 

‘The technique of combining the mechanical prop- 
erties of the film and substrate to evaluate the overall 
hardness of the system is generally referred to as 
the rule of mixtures. It stems from work by Burnet 
et al [22.1091 11] and Sargent [22.112], who derived 
4 weighted average to relate the “composite” hard- 
ness (H) to the volumes of plastically deformed material 
in the film (V) and substrate (V,) and their respective 


Fig. 2.29a,b ‘Two different modes of deformation during nanoin- 
dlentaion of filns. In (a) materials move upwards and ouwards, 
while in (b) the film acts like a membrane and the substrate deforms 


values of hardness, Hy and H,. Thus, 


HVe+HVe 
Vio 


(22.26) 


where Vana is Vict Vs 

Equation (22.26) was further developed by Burneat 
and Page [22.109] to take into account the indenta- 
tion size effect. They replaced H, with KS¢~*, where 
K and n are experimentally determined constants de- 
pendent on the indenter and sample, and 6, isthe contact 
depth. This expression is derived direetly from Meyer's 
Jaw for spherical indentations, which gives the elation- 
ship P= Ka" between load, P, and the indentation 
dimension, d, Burnett and Page also employed a further 
refinement to enable the theory to fit experimental re- 
sults from a specific sample, ion-implanted silicon. This 
particular modification essentially took into account the 
different sizes of the plastic zones in the two materials 
by multiplying H, by a dimensionless factor (Vs / Vat 
While this seems to be a sensible approach, it is mostly 
‘empirical, and the physical justification for using this 
particular factor is not entirely clear. Later, Burnett and 
Rickerby (22.110, 111] took this idea further and tried to 
generalize the equations to take into account all of the 
possible scenarios. Thus, the following equations were 
suggested 


He (23) Ver Hey 


— wean 

Ver HD) Ve 

aoe (22.28) 
To 


‘The first of these, (22.27), deals with the case of 
soft film on a hard substrate, and the second, (22.28), 
with a hard film on a soft substrate, The © term ex- 
presses the variation of the total plastic zone from the 
ideal hemispherical shape. This was taken still further 
by Bull and Rickerby [22.113], who derived an approxi- 
mation for & based on the film and substrate zone radii 
being related to their respective hardness and elastic 
moduli [22.114, 115]. Hence: 


2 


(Ep) ExHo! (22.29) 
Where J is determined empirically, Ey and Hr and 
E, and H, are the elastic modulus and hardness of the 
film and substrate, respectively 

Experimental data [22.116] indicate that the effect 
of the substrate on the elastic modulus of the film can 
be quite different than the effect on hardness, due to 
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22.4 Thin Films and Multilayers 


the zones of the elastic and plastic strain fields being 
different sizes. 

Chechechin etal [22.117] have recently studied the 
behavior of Al2Os films of various thicknesses on dif- 
ferent substrates. Their results indicate that many of 
the models correctly predict the transition between the 
properties of the film and those of the substrate, but 
do not always fit the observed hardness against depth 
curves. This group have also studied the pop-in be- 
havior of AlzOs films [22.118] and have attempted to 
‘model the range of loads and depths at which they oc- 
cur via a Weibull-type distribution, as utilized in fracture 
analysis 

A point raised by Burnett and Rickerby should be 
emphasized, They state that there are two very distinct 
‘modes of deformation during nanoindentation testing, 
‘The first, referred to as Tahor's [22.48] model for low 
Y/E materials, involves the buildup of material at the 
side of the indenter through movement of material at 
slip lines. The second, for materials with large ¥/E does 
not result in surface pile-up. The displaced material is 
then accommodated by radial displacements [22.115] 
‘The point is that a thin, strong, and well-bonded surface 
film can cause a substrate that would normally deform 
by Tahor's method to behave more like a material with 
high ¥/E (see Fig. 22,29), It should be noted that this 
only applies as long as the film does not fal 

In recent theoretical and experimental studies the 
importance of material pile-up and sink-in has been 
investigated extensively. As discussed in an earlier sec 
tion, pile-up can be increased by residual compressive 
stresses, but even in the absence of residual stresses 
pile-up can introduce a significant error in the calcu- 
lated contact area. This is most pronounced in materials 
that do not work-harden 22.62]. For these materials 
using the Oliver and Pharr method fails to account for 
the pile-up and results in a large error in the values for 
E and H. For thin films Tsui et al. have used a fo- 
cused ion beam to section through Knoop indentations 
in both soft films on hard substrates [22.69] and hard 
films on soft substrates [22.70]. The soft films, as ex- 
pected, exhibit pile-up, while the hard film acts more 
like a membrane and the indentation exhibits sink-in 
‘with most of the plasticity in the substrate. Thus, there 
are three clearly identifiable factors affecting the pile-up 
and sink-in around nanoindents during testing of thin 
films 


1. Residual stresses, 
2. Degree of work-hardening 
3. Ratio of film and substrate mechanical properties, 
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‘The bonding or adhesion between the film and sub- 
strate could also be added to this list. And it should not 
be forgotten that the depth of the nanoindentation rela- 
tive to the film thickness also affects pile-up. For a very 
deep nanoindentation into thin, soft film on a hard sub 
strate pile-up is reduced, due to the combined constraints 
oon the film of the tip and substrate [22.119]. Due to all 
of these complications, using nanoindentation to study 
thin film mechanical properties is fraught with danger, 
Many unprepared rescarchers have misguidedly taken 
the values of E and H obtained during nanoindentation 
testing to be absolute values only to find out later that 
the values contain significant errors. 

Many of the problems associated with nanoinden- 
tation testing are related to incorrectly calculating the 
contact area, A. The Joslin and Oliver method [22.71] 
isone way that A can be removed from the calculations, 
‘This approach has been used with some success to look 
at strained epitaxial IY/VI semiconductor films [22.120], 
but there is evidence that the lattice mismatch in these 
films can cause dramatic changes in the mechanical 
properties of the films [22.121]. This may be due 
to image forces and the film/substrate interface act- 
ing as a barrier to dislocation motion. Recently it has 
been shown that using films and substrates with known 
matching clastic moduli, it is possible to use the as- 
sumption of constant elastic modulus with depth to 
evaluate H [22.122], In effect, this is using (22.1) to 
evaluate A from the contact stiffness data, and then sub- 
stituting the value for A into (22.12). The value of E 
is measured independently, for instance, using acoustic 
techniques. 


22.4.2 Multilayers 


Multilayered materials with individual layers that are 
‘a micron or less in thickness, sometimes referred to as 
superlattices, can exhibit substantial enhancements in 
hardness or strength. This should be distinguished from 
the super modulus effect discussed earlier, which has 
been shown to be largely an artifact. The enhancements 
in hardness can be as much as 100% when compared 
to the value expected from the rule of mixtures, which 
is essentially a weighted average of the hardness for 
the constituents of the two layers [22.123]. Table 22.1 
shows how the properties of isostructural multilayers 
can show a substantial increase in hardness over that 
for fully interdiffused layers. The table also shows how 
there can be a substantial enhancement in hardness for 
non-isostructural multilayers compared to the values for 
the same materials when they are homogeneous. 


709 


wee|ued 


mo Part c 


w7z|2 ued 


Nanotribology and Nanomechanics 


Table 22.1 Results for some experimental studies of multilayer hardness 


M: 
and multilayer 
repeat length 

sostructural Cun 24 

Knoop hardness (22.124] at L6nm 

Non-isostructural Mo/NbN33GPa 

Nanoindentation at2nm 

[22.121 

WINDN, 296Pa 
at3nm 


‘There are many factors that contribute to enhanced 
hardness in multilayers. These can be summarized 
as [22.103]: 

Hall-Petch behavior 

rowan strengthening 

Image effects 

Coherency and thermal stresses 

‘Composition modulation 


weeee 


Hall-Petch behavior is related to dislocations piling- 
up at grain boundaries. (Note that pile-up is used to 
describe two distinct effects: One is material building 
up atthe side of an indentation, the other is an accumu- 
lation of dislocations on a slip-plane.) The dislocation 
pile-up at grain boundaries impedes the motion of dis- 
locations, For materials with a fine grain structure there 
are many grain boundaries, and, hence, dislocations find 
it hard to move. In polycrystalline multilayers, itis of- 
ten the case that the size of the grains within a layer 
scales with the layer thickness so that reducing the layer 
thickness reduces the grain size. Thus, the Hall-Petch 
relationship (below) should be applicable to polycrys- 
talline multilayer films with the grain size, d,, replaced 
by the layer thickness, 


¥=Yo+kurd;">, (22,30) 


where Y is the enhanced yield stress, Yo is the yield 
stress for a single crystal, and kup is a constant, 

‘There is an ongoing argument about whether Hall- 
Peich behavior really takes place in nanostructured 
multilayers. The basic model assumes many disloca- 
tions are present in the pile-up, but such large dislocation 
pile-ups are not seen in small grains [22.126] and are 
unlikely to be present in multilayers. As a direct conse- 
‘quence, studies have found a range of values, between 


imum hardness 


Reference 
hardness valu: 


284 295-524 
(interdiffused) 
NbN 17GPa 12-33GPa 
Mo- 2.7GPa 
Wo- 7GPa 
(individual layer 23-29 GPa 
materials) 


0 and —I, for the exponent in (22.30), rather than the 
—0.5 predicted for Hall-Petch behavior. 

Orowan strengthening is due to dislocations in 
layered materials being effectively pinned at the inter- 
faces. As a result, the dislocations are forced to bow out 
along the layers. In narrow films, dislocations are pinned 
at both the top and bottom interfaces of a layer and bow 
‘out parallel to the plane of the interface [22.127, 128} 
Forcing a dislocation to bow out in a layered material 
requires an increase in the applied shear stress heyond 
that required to bow out a dislocation in a homogeneous 
sample, This additional shear stress would be expected 
to increase as the film thickness is reduced, 

Image effects were suggested by Koeller [22.129] 
as a possible source of enhanced yield stress in mul- 
tilayered materials. If two metals, A and B, are used 
to make a laminate and one of them, A, has a high 
dislocation line energy, but the other, B, has a low dis- 
location line energy, then there will be an increased 
resistance to dislocation motion due to image forces. 
However, ifthe individual layers are thick enough that 
there may be a dislocation source present within the 
layer, then dislocations could pile-up at the interface. 
‘This will create a local stress concentration point and 
the enhancement to the strength will be very limited. If 
the layers are thin enough that there will be no disloca- 
tion source present, the enhanced mechanical strength 
may be substantial. In Kochler's model only nearest 
neighbor layers were taken to contribute to the image 
forces. However, this was extended to include more 
layers [22.130] without substantial changes in the re- 
sults. The consequence on image effects of reducing the 
thickness of the individual layers in a multilayer is that 
it prevents dislocation sources from being active within 
the layer. 
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For many multilayer systems there is an increase in 
strength as the bilayer repeat length is reduced, but there 
isofien critical repeat length (e.g.,31nm for the W/NbN 
‘multilayer of Table 22.1) below which the strength falls. 
‘One explanation for the fall in strength involves the ef- 
fects of coherency and thermal stresses on dislocation 
energy. Unlike image effects where the energy of dis- 
locations are a maximum or minimum in the center of 
layers, the energy maxima and minima are at the inter- 
faces for coherency stresses, Combining the effects of 
varying moduli and coherency stresses shows that the 
dependence of strength on layer thickness has a peak 
near the repeat period where coherency strains begin 
decreasing [22.131] 

Another source of deviations in behavior at very 
small repeat periods is the imperfect nature of inter- 
faces. With the exception of atomically perfect epitaxial 
films, interfaces are generally not atomically flat and 


22.5 Developing Areas 


Over the past 20 to 30 years, the driving force for study- 
ing nanomechanical behavior of surfaces and thin films 
hhas been largely, though not exclusively, the microelee- 
tronics industry. The importance of electronics to the 
‘modern world is only likely to grow in the foreseeable 
future, but other technological areas may overtake mi- 
croelectronics asthe driving force for research, including 
the broad fields of biomaterials and nanotechnology. In 
several places in this chapter, a number of developing 
‘areas have been mentioned, These include nanoscale 
‘measurements of viscoelasticity and the study of envi- 
ronmental effects (temperature and surface chemistry) 
‘on nanomechanical properties, Both of these topics will 
be vital in the study of biological systems and, as a re- 
sult, will be increasingly important from a research point 
of view. 

Wee still have a relatively rudimentary understanding 
of the nanomechanies of complex biological systems 
such as bone cells (osteoblasts and osteoclasts) and skin 
cells (fibroblasts), or even, for that matter, simpler bio- 
logical structures such as dental enamel. For example, 
Fig, 22.30 shows how the mechanical properties of den- 
tal enamel can vary within a single tooth [22.134]. But 
thisis still arelatively large-scale measure of mechanical 
behavior. The prismatic structure of enamel means that 
there are variations in mechanical properties on a range 
of scales from millimeters down to nanometers, 

In terms of data analysis, there remains much to be 
done, If an analysis method can be developed that deals 
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there is some interdiffusion. For the Cu/Ni film of 
Table 22.1, the effects of interdiffusion on hardness 
‘were examined [22.124] by annealing the multilayers, 
‘The results were in agreement with a model by 
Krzanowski (22.132) that predicted the variations in 
hardiness would be proportional to the amplitude of the 
composition modulation. 

It is interesting to note that the explanations for 
enhanced mechanical properties in multilayered ma- 
terials are all based on dislocation mechanisms. So it 
‘would seem natural to assume that multilayered ma- 
terials that do not contain dislocations will show no 
enhanced hardness over their rule of mixtures values, 
‘This has been verified by studies on amorphous metal 
‘multilayers [22.133], which shows that the hardness of 
the multilayers, firstly, lies between that ofthe two indi- 
‘vidual materials and, secondly, has almost no variation 
‘with repeat period. 


with the problems of pile-up and sink-in, the utility of 
nanoindentation testing will be greatly enhanced. 
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Fig. 22.30 Variations in £ and H across human dental enamel. The 
sample is an upper 2nd molar cut in cross section from the lingual 10 
the buccal side. Nanoindentations are performed across the surface 


to examine how the mechanical properties vary 
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Pe 
Figure 12-14. Two tantalum capacitors are shown above a 
polyester film capacitor. The polarity of the tantalum ca 
ppacitors /s indicated by the plus signs adjacent to the 
longer lead. in each case. The polyester capacitor is nan- 
polarized. 


consequently are becoming increasingly popu- 
lar. Three multilayer ceramic capacitors are 
shown in Figure 12-15, Atbottom-right, even the 
largest (rated at 47pF at 16V) is only 0.2" square. 


Figure 12-15. Multilayer ceramic capacitors are extremely 
compact, and are nonpolarized. Top: LOOOpF (Le. InF) at 
100V. Bottom left: uF at 25V. Bottom right: 47uF at 16V. 


Variants 


Dielectrics 

The dielectric used in a capacitor most often con- 
sists ofan electrolytic layer, aceramiccompound, 
a plastic film (polycarbonate, polypropylene, or 
polystyrene), or paper. 


An electrolytic layer in an electrolytic capacitor 
traditionally consists of paper soaked in an elec- 
trolyte. Itis interleaved with a thin film of alumi: 
num on which is deposited a layer of aluminum 
oxide. The layers are rolled up to create a cylin- 
drical component. The functioning dielectric is 
created when voltage is applied. 


Polyester 


isthe most common type of plasticfilm, 
with the highest dielectric constant, ena- 
bling highest capacitance per unit volume. 
Widely used in DC applications, but the rol- 
led layers create parasitic inductance, Often 
used in decoupling, coupling, and bypass, 
but not so suitable for situations requiring 
stability and low leakage. May not be si 
able for high current. 


Polycarbonate 
Thermally very stable, often specified for fil- 
ters and timing circuits that require a fixed 
frequency. An excellent type of capacitor, 
‘compatible for mil-specapplications, but ex- 
pensive. 


Mylar, Polyester, and other plastic-film types are 
often used in audio circuits, where their voltage 
limitation (typically less than 100VDC) is not a 
problem, and their nonpolarized attribute is an 
advantage. 


Polypropylene 
Vulnerable to heat (a maximum of 85 de- 
grees Centigrade is common), and less ther- 
mally stable than polycarbonate. A very low 
power dissipation factor allows it to handle 
higher power at higher frequencies. Avail- 
able with tolerances down to 19%, These ca- 
pacitors are a popular choice in crossover 
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23. Atomistic Computer Simulations of Nanotribology 


Molecular dynamics (MD) and related simulation 
techniques are powerful tools for improving our 
understanding of nanotribology. In simulations, 
‘materials properties and boundary conditions can 
be varied at will, and the resulting changes in 
both macroscopic variables and the dynamics of 
individual atoms can be observed, This allows 
one to study systematically the effects of many 
different factors on friction and wear at the 
nano-scale, Some examples that are considered 
in this chapter are (i) the symmetry of contacting. 
surfaces (disordered vs. crystalline and with or 
without common periods), (i) surface elasticity, 
(ti) surface curvature or topology, (iv) interfacial 
adhesion, and (v) lubricant andior contaminant 
‘molecules present at the interface, Results from 
simulations and experiments on isolated nano- 
scale contacts often contradict our experience from 
‘macroscopic systems. Kinetic friction coefficients 
‘an be orders of magnitude smaller than those 
observed in macroscopic experiments, Detailed 
calculations even suggest that there should be 
no static friction between most pairs of clean, 
chemically passivated surfaces unless the load is 
Jarge enough to produce wear. Simulations that 
test a series of possible mechanisms for static 
friction are described. Geometrical interlocking can 
produce static friction in contacts containing only 
a few atoms, such as an atomic force microscope 


One of the main barriers to the design of nanode- 
vices with moving parts is our limited understanding 
of nanotribology; friction, lubrication and wear at the 
nanometer scale. New experimental methods such as the 
atomic force microscope (AFM) [23.1,2],quartz-crystal 
‘microbalance (QCM) [23.3], and surface forces appa- 
rus (SFA) [23.4,5] have revolutionalized our ability 
to measure friction in systems with atomic scale di- 
‘mensions. However, the results are often qualitatively 
different than in macroscopic systems. For example, 
solids may slide more easily than fluids [23.3,6] and 
fluids may behave like solids [23.4, 7]. These results 
have also revealed that there are gaps in our under- 
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tip. Larger contacts only exhibit static friction 
when there is wear, of when the surfaces are 
Separated by a glassy contaminant layer that locks 
them together. Most surfaces are coated by such 
films and they are shown to yield friction forces 
that agree with both nanoscale and macroscopic 
experiments, 


standing of the molecular underpinnings of macroscopic 
tribology. There is a growing recognition that the be- 
havior of nanometer-thick interfacial layers is crucial to 
tribology in systems of all scales, which has led toa fruit- 
ful convergence of researchers from many disciplines. 
Understanding friction is an interesting and chal- 
lenging scientific task, owing to the many factors that 
come into play: elastic and plastic properties of the two 
solids in relative sliding motion, surface roughness in 
‘multi-asperity contacts and tip geometry in single asper- 
ity contacts, geometric correlation between the solids in 
amicrocontact, the amount of lubricant between the two 
solids, the physical nature of the lubricants, chemical 
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properties und reactions, adhesion, thermal fluctuations 
tnd aging, heat conductivity, etc. 

‘Computer simulations have played an increasingly 
important role in improving our understanding of ti- 
bological phenomena. Unlike experiments, they allow 
us to perfectly control the geometry, the chemical com- 
position, the sliding conditions, etc. and thus make it 
possible to explore the effect of each variable on friction, 
lubrication, and wear. Moreover, theorists have no other 
general approach to analyze processes like friction and 
‘wear. There is no known principle like minimization of 
free energy that determines the steady state of nonequi- 
librium systems. Even if there were, simulations would 
be needed to address the complex systems of interest, 
Just as in many equilibrium problems, 

‘Two different types of friction are commonly de- 
fined. Static friction, F,, is the lateral force that must 
be applied to initiate sliding of one object over an- 
other, while kinetic friction, Fj, is the lateral force that 
‘must be applied to maintain sliding. At the macroscopic 
scale both forces usually obey Amontons’s laws, which 
state that friction is proportional to the load pushing the 
surfaces together and is independent of area. However, 
there are obvious exceptions, such as tape, where friction 
‘occurs at zero load. 

Despite significant experimental, theoretical, and 
computational efforts, no consensus has yet been 
reached on the relevant atomistic origins of friction 
between two solid bodies. Strictly speaking, static fric- 


23.1 Molecular Dynamics 


‘The simulations described in this chapter all use an 
approach called classical molecular dynamics (MD), 
which is described extensively in a number of review 
articles and books [23.12, 13]. The basic outline of the 
method is straightforward. One begins by defining the 
interaction potentials. These produce forces on the in- 
dividual particles whose dynamics will be followed, 
typically atoms or molecules. Next, the geometry and 
boundary conditions are specified, and initial coordi- 
nates and velocities are given to each particle. Then, the 
‘equations of motion for the particles are integrated nu- 
rmerically, stepping forward in time by discrete steps of 
size Ar. Quantities such as forces, velocities, work, heat 
flow, and correlation functions are calculated as a fune- 
tion of time to determine their steady-state values and 
dynamic fluctuations. The relation between changes in 
these quantities and the motion of individual molecules 
is also explored, 


tion is not a force but a threshold. Its presence implies 
that the objects have locked together into a local en- 
ergy minimum that must be overcome by the external 
force. This threshold force is observed between all the 
objects around us, yet its molecular origins have re- 
‘mained baffling. How does almost every pair of surfaces 
‘manage to lock together, and why does the friction usu- 
ally obey Amontons’s laws? Why does Fi, not vanish 
linearly at small sliding velocities as it would if sliding 
occurred adiabatically? Different mechanisms have been 
suggested, such as geometric interlocking, elastic insta- 
bilities, interlocking mediated by so-called third bodies, 
plastic deformation, and crack propagation, to name 
a few. All these mechanisms may well be applicable, 
although each one under different circumstances, 

In the following, we present a selected overview of 
the major results from the growing simulation litera- 
ture, The emphasis is on providing a coherent picture 
of the key issues in the field, rather than a histor- 
ical or a complete review. A much more detailed 
review of tribological computer simulations, including 
the sliding of adsorbed layers on surfaces, stick-slip 
motion, tribochemistry, cutting, high-velocity friction 
between metals, etc. has been given recently by Robbins 
‘etal, [23.8], and a review of the theoretical foundations 
of nanotribological issues is given in Miser etal, [23.9] 
Reviews emphasizing the importance of surface chem- 
istry and the role of self-assembled monolayers have 
been provided by Harrison et al. [23.10.11] 


When designing a simulation, care must be taken 
to choose interaction potentials and ensembles that cap- 
ture the essential physics that is to be addressed. The 
potentials may be as simple as ideal spring constants 
for studies of general phenomena, or as complex as 
‘electronic density-functional calculations in quantitative 
simulations. The ensemble can also be tailored to the 
problem of interest, Solving Newton's equations yields 
44 constant energy and volume, or microcanonical, en- 
semble. By adding terms in the equation of motion that 
simulate heat baths or pistons, simulations can be done 
sat constant temperature, pressure, lateral force, or veloc- 
ity. Constant chemical potential can also be maintained 
by adding or removing particles using Monte Carlo 
methods or explicit particle baths, 

‘The amount of computational effort typically grows 
linearly with both the number of particles, Nand the 
numberof time-steps, M. The prefactor increases rapidly 


Springer Handbook o Nanotechnol 
Penge tnuchon © springer 2004 


6 


[Atomistic Computer Simulations of Nanotribology 


23. Molecular Dynamics 


with the complexity of the interactions, and substantial 
ingenuity is required to achieve linear scaling with N 
for long-range interactions or density-functional ap- 
proaches. Complex interactions also lead toa wide range 
of characteristic frequencies such as fast bond-stretching 
and slow bond-bending modes. Unfortunately, the time 
step Ar must be small compared to the period of the 
slowest mode (55%). This means that many time steps 
are needed before one obtains information about the 
slow modes. 

‘The maximum feasible simulation size has increased 
continuously with advances in computer technology, but 
remains relatively limited. The product of NV times M in 
the largest simulations described below is about 10/2 
Accubic region of 10° atoms would have a sie of about 
‘50mm, Such linear dimensions allow reasonable mod- 
els of an atomic force microscope tip, the boundary 
lubricant in a surface force apparatus, or an individual 
asperity contact on a rough surface. However, 10° time 
steps is only about 10s, which is much shorter than ex- 
perimental measurement times. This requires intelligent 
choices inthe problems that are attacked and how results 
are extrapolated to experiments, Italso limits sliding ve- 
locities to relatively high values, typically meters per 
second or above. 

Arnumber of efforts are underway to increase the ac- 
cessible time scale, but the problem remains unsolved. 
Current algorithms attempt to follow the deterministic 
equations of motion, usualy with the Verlet or predictor- 
corrector algorithms [23.12]. One alternative approach 
is to make stochastic steps. This would be & nonequi- 
librium generalization of the Monte Carlo approach 
that is commonly used in equilibrium systems. The 
difficulty is that there is no general principle for deter- 
‘mining the appropriate probability distribution of steps 
ina nonequilibrium system, 

In the following subsection, we describe some of 
the potentials that are commonly used and the situations 
where they are appropriate, The next two subseetions 
describe methods for maintaining constant temperature 
and constant load. The section concludes with discus- 
sions of the challenges associated with the wide range 
of relevant time and length scales, and common pitfalls 
in simulations 


23.1.1 Model Potentials 


A.wide range of potentials has been employed in studies 
of tribology. Many of the studies described in the next 
section use simple ideal springs and sine-wave poten- 
tials. The Lennard-Jones potential gives a more realistic 
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representation of typical interatomic interactions and is, 
also commonly used in studies of general behavior. In 
order to model specific materials, more detail must be 
built into the potential. Simulations of metals frequently. 
use the embedded atom method, while studies of hy- 
drocarbons use potentials that include bond-stretching, 
bending, torsional forces, and even chemical reactivity. 
Inthis section, we givea brief definition of the most com- 
‘monly used models. The reader may consult the original 
literature for more detail. 

‘The Lennard-Jones (LI) potential is a two-body po- 
tential that is commonly used for interactions between 
atoms or molecules with closed electron shells. It is ap- 
plied not only to the interaction between noble gases, 
but also to the interaction between different segments 
‘on polymers. In the latter case, one LJ particle may re~ 
flect a single atom on the chain (explicit atom model), 
a CH, segment (united atom model), or even a Kuhn's 
segment consisting of several CHp units (coarse-grained 
‘model). United atom models [23.14] have been shown 
by Paul et al, [23.15] to successfully reproduce explicit 
atom results for polymer melts, Significant progress has 
been made recently to map back from the coarse-grained 
models to more detailed models [23.16, 17] 

The 12-6 LI potential has the form 


wal} 


where ry is the distance between particles i and j,¢ is 
the LI interaction energy, and o is the LI diameter, The 
exponents 12 and 6 used above are very common, but 
other values may be chosen depending on the system of 
interest. Many ofthe simulation results discussed in sub- 
sequent sections are expressed in units derived frome, 
and a characteristic mass ofthe particles. For example, 
the standard LI time unit is defined as #1 = /ma7/e 
and would typically correspond to a few picoseconds. 
Acconvenient time step is Ar = 0.0051. for a LI liquid 
or solid at external pressures and temperatures that are 
not too large. 

Most realistic atomic potentials cannot be expressed 
as two-body potentials. For example, bond angle poten- 
tials in a polymer are effectively three-body interactions 
and torsional potentials correspond to four-body interac- 
tions. Classical models of these interactions [23.18, 19] 
assume that a polymer is chemically inert and inter- 
actions between different molecules are modeled by 
two-body potentials. In the most sophisticated models, 
bond-stretching, bending, and torsional energies depend 
oon the position of neighboring molecules and bonds 
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are allowed to rearrange [23.20, 1]. Such generalized 
‘model potentials are needed to model friction-induced 
chemical interactions. 

For the interaction between metals, a different ap- 
proach has proven fruitful, The embedded atom method 
(EAM) developed by Daw et al. [23.22] includes a con- 
tribution in the potential energy associated with the cost 
of “embedding” an atom in the local electron density p; 
produced by surrounding atoms, The total potential 
energy U is approximated by 


V=DLAM+LY dry). 


T fet 


(23.2) 


where F) is the embedding energy, whose functional 
form depends on the particular metal. The pair poten- 
tial @y(r) is a doubly sereened short-range potential 
reflecting core-core repulsion. The computational costof 
the EAM is not substantially greater than pair potential 
calculations, because the density pis approximated by 
a sum of independent atomic densities. When compared 
to simple two-body potentials such as Lennard-Jones or 
Morse potentials, the EAM has been particularly suc- 
cessful in reproducing experimental vacancy formation 
‘energies and surface energies. eventhough the potential 
parameters were only adjusted to reproduce bulk prop- 
erties, This feature makes the EAM an important tool 
in tribological applications, where surfaces and defects 
play a major role 


23.1.2 Maintaining Constant Temperature 


An important issue for tribological simulations is tem- 
perature regulation. The work done when two walls 
slide past each other is ultimately converted into random 
thermal motion. The temperature of the system would 
increase indefinitely if there was no way for this heat to 
flow out of the system. In an experiment, heat lows away 
from the sliding interface into the surrounding solid. In 
simulations, the effect of the surrounding solid must be 
mimicked by coupling the particles to a heat bath, 

‘Techniques for maintaining constant temperature T 
in equilibrium systems are well developed. Equiparti- 
tion guarantees that the average kinetic energy of each 
particle along each Cartesian coordinate is ky 7/2, where 
ig is Boltzmann's constant. To thermostat the system, 
the equations of motion are modified, so that the aver- 
age kinetic energy stays at this equilibrium value. This 
approach assumes that Tis not too small compared to 
the Debye temperature, so that quantum statistics are not 
important. The applicability of classical MD decreases 
at lower T. 


‘One class of approaches removes or adds kinetic 
‘energy to the system by multiplying the velocities of 
all particles by the same global factor. In the simplest 
version, velocity rescaling, the factor is chosen to keep 
the kinetic energy exactly constant at each time step. 
However. in a true constant temperature ensemble there 
are fluctuations in the kinetic energy. Improvements such 
asthe Berendsen and Nosé-Hoover methods [23.23] add 
equations of motion that gradually scale the velocities to 
maintain the correct average kinetic energy over a longer 
time scale. 

‘Another approach isto couple each atom to its own 
local thermostat [23.24,25]. The exchange of enerey 
with the outside world is modeled by a Langevin equa- 
tion that includes a damping coefficient y and a random 
force f(t) on each atom i. The equations of motion for 
the a component ofthe position xi. become: 


Pie a dia 
my + fil), (023.3) 
dr Wie an a a 
where U isthe total potential energy and m, isthe mass 
athe atom, To praduce the appropriate temperature, the 
forces must be completely random, have e20 mean, and 
have a second moment given by 


(Sfialt)") = 2kyTm,y/ At 


‘The damping coefficient y must be large enough that 
energy can be removed from the atoms without substan- 
tial temperature increases. However, it should be small 
enough that the trajectories of individual particles are 
not perturbed too strongly. 

‘The first issue in nonequilibrium simulations is 
what temperature means. Near equilibrium hydrody- 
namic theories define a local temperature in terms of the 
‘equilibrium equipartition formula and the kinetic energy 
relative to the local rest frame [23.26]. In d dimensions, 
the definition is 


f 
mom [: 
where the sum is overall N patcles and (ots) is 
the mcan velocity ma region around a As Tg as 
the ehange in mean velocity with positon fs suf 
thon slow, (0G) is well-defined and this definition 
of erperatre ison slid theoretical round 

When the mean velocity ference between neigh- 
boving molecules bosomes comparble tothe random 
thermal velocls, temperate nt well-defined. An 
important conseguener is that ferent sirtegies for 


defining and controlling temperature give very differ- 
ent structural order and shear forces [2327-29]. In 
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23. Molecular Dynamics 


addition, the distribution of velocities may become non- 
Gaussian, and different directions, a, may have different 
effective temperatures. Care should be taken in drawing 
conclusions from simulations in this extreme regime. 
Fortunately, the above condition typically implies that 
the velocities of neighboring atoms differ by some- 
thing approaching 10% of the speed of sound. This 
is generally higher than any experimental velocity and 
‘would certainly lead to heat buildup and melting at the 
interface. 

In order to mimic experiments, the thermostat is of- 
ten applied only to those atoms that are at the outer 
boundary of the simulation cell, This models the flow 
of heat into surrounding material that is not included 
explicitly in the simulation, The resulting temperature 
profile is peaked at the shearing interface (e.g., Bowden 
et al, [23.30], Khare et al. [23.31]). In some cases the 
temperature rise may lead to undesirable changes in the 
structure and dynamics, even at the lowest velocity, that 
can be treated in the available simulation time. In this 
case, a weak thermostat applied throughout the system 
‘may maintain the correct temperature and yield the dy- 
namics that would be observed in longer simulations 
at lower velocities. The safest course is to couple the 
thermostat only to those velocity components that are 
perpendicular to the mean flow. 

‘There may be a marginal advantage 10 local 
Langevin methods in nonequilibrium simulations, be- 
‘cause they remove heat only from atoms that are too hot. 
Global methods like Nosé-Hoover remove heat every- 
where. This can leave high temperatures in the region 
‘where heat is generated, while other regions are at an 
artificially low temperature. 


23.1.3 Imposing Load and Shear 


‘The magnitude of the friction that is measured in an ex- 
periment or simulation may be strongly influenced hy 
the way in which the normal load and tangential mo- 
tion are imposed [23.32]. Experiments almost always 
impose a constant normal load. The mechanical sys- 
tem applying shear can usually be described as a spring 
attached to a stage moving at controlled velocity. The 
effective spring constant includes the compliance of all 
elements of the loading device, including the material 
con cither side of the interface, Very compliant springs 
apply a nearly constant force, while very stiff springs 
apply a nearly constant velocity. 

In simulations, itis easiest to treat the boundary of 
the system as rigid and to translate atoms in this region 
at a constant height and tangential velocity. However, 
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this does not allow atoms to move around or up and 
‘over atoms on the opposing surface. Even the atomic- 
scale roughness of a crystalline surface can lead to order 
of magnitude variations in normal and tangential force 
with lateral position when sliding is imposed in this 
‘way [23.33]. The difference between constant separation 
and pressure simulations of thin films can be arbitrarily 
large, since they produce different power law relations 
between viscosity and sliding velocity [23.34] 

One way of minimizing the difference between con- 
stant separation and pressure ensembles is to include 
a large portion of the elastic solids that bound the inter- 
face. This extra compliance allows the surfaces to slide 
ata more uniform normal and lateral force. However, the 
extra atoms greatly increase the computational effort. 

To simulate the usual experimental ensemble more 
directly, one can add equations of motion that describe 
the position of the boundary [23.3436], much as equa- 
tions are added to maintain constant temperature. The 
boundary is given an effective mass that moves in re- 
sponse to the net force from interactions with mobile 
atoms and from the external pressure and lateral spring. 
‘The mass of the wall should be large enough that its dy- 
namics are slower than those of individual atoms, but not 
too much slower or the response time will be long com- 
pared to the simulation time, The spring constant should 
also be chosen to produce an appropriate response time 
and ensemble, 


23.1.4 The Time-Scale 
and Length-Scale Gaps 


‘One important motivation of tribological computer sim- 
ulations is to find the relevant atomistic processes that 
occur in a single, well-defined sliding contact such as 
in the SFA or in the AFM, While it has become com- 
putationally feasible to study atomistically the core of 
a nanometer-scale AFM contact, the sliding speeds, v, 
employed in the simulations are still about ten decades 
larger than in experiments, The use of clever new algo- 
rithms such as kinetic Monte Carlo might prove fruitful 
to overcome this time-scale gap in a brute-force way. 
However, such an approach is not necessarily required 
in order to make  meaninglul comparison between ex- 
periment and simulation. Instead, one can try to find out 
‘what the relevant time scales are and what parameters 
define them, e.g., by studying a phenomenological de- 
scription of an embedded system under shear, In such 
aan analysis, Porto et al, (23.37] found that the motion 
of the top plate/tip is not sensitive to the characteristic 
atomic frequencies @mjc — as long as there is a rea- 
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sonable time-scale separation between gic and the 
characteristic frequency of the tip Qip. The experi- 
mentally relevant time scale ip is given by YT, 
where K is a restoring spring constant (defined by the 
tip's elasticity and/or the tip-substrate interactions) and 
-M is the tip’s inertia, eventually including the can- 
tilever's mass. The experimental value of M will be 
about 20 decades larger than in the simulation, so values 
of the relevant parameter 12 end up being similar 
in simulation and experiment. However, there is contro- 
very over whether the tip can be treated as a mass point, 
or whether long-range elastic deformations inthe tip are 
important [23.35], (23.38, Chap. 9.9] 

‘Another way to overcome the gap in time scales is 
to alter interaction strengths, temperature, or other vari- 
ables in order to accelerate the processes of interest. One 
such exampleis the cold welding study of Miiser [23.40], 
where two dissimilar solids were placed on top of each 
other in vacuum. It would have been by no means desir- 
able to base the calculations on interfacial interactions 
that correspond to typical experimental values, because 
the resulting time scales would be too long. By increas- 
ing the magnitude of the mixing energy, one drives the 
mixing process toward the same ground state on simu- 
lation time scales. This simple trick makes it possible 
to indirectly bridge several orders of magnitude in time 
scale between experiment and simulation. 

Some open issues appear to require the explicit treat- 
‘ment of many different length scales. For example, the 
distribution of contacts and total contact area depend 
fon both atomic-scale interactions at the surface and 
long-range elastic deformation of the bounding solid. Of 
particular interest is whether different contacting asperi- 
ties can move independently, or whether those within an 
elastic coherence length fe move in lock-step. Estimates 
of le range from the size of a single asperity [23.41] 
to many times the linear dimension of most objects 
of interest [23.42]. The correct value is of great im- 
portance to the question of whether clean, corrugated 
(macroscopic) surfaces have the potential to show elas- 
tic pinning and, hence, wearless friction. In order to 
address such issues, it will be necessary to do simula- 
tions that incorporate both atomistic and finite element 
methods (e.g., Abraham et al. [23.43)) 


23.1.5 A Summary of Possible Traps 


‘There are many possible traps that may render a well- 
done simulation useless or applicable only to highly 
idealized situations. In some aspects more care has to 
be taken than in equilibrium simulations, in other as- 


pects one gets away with less care. We hope that this 
section helps to create some sensitivity as to what 
gredients” are relevant. For example, if we calculate 
the static friction force between two solids separated by 
boundary lubricant ina MD simulation, the results will 
be fairly insensitive to the thermostat and to whether or 
not the thermostat is applied to the boundary lubricant. 
One should also avoid moves in which a “stuck” atom 
magically disappears from the contact through a grand 
canonical-type Monte Carlo move. The results depend 
‘more strongly on the thermostat if the lubricant is thick 
and the heating effects are of interest. In such a case, 
only the outermost atoms in the confining solids should 
be thermostated. 

‘The typical situation in experiment is constant 
load, not constant separation. In some cases, there is 
something like a correspondence between these two 
“ensembles”, but often there ae qualitative differences 
between them, in particular, when strongly irreversible 
processes take place such as the production of wear par- 
ticles [23.40]. Contacting experimental surfaces are also 
likely to have different geometry and chemistry ~ or at 
least different crystallographic orientations. However, 
most simulations consider the artificial case of contact 
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Fig. 23.1 Kinetic friction force #, divided by load L as 
‘function of spring constant k for commensurate and in- 
commensurate walls lubricated by a quarter monolayer of 
LJ atoms. A schematic of the simulation is shown as well. 
‘The data shown was produced at a normal pressure of 
(0.4GPa and a velocity of about 1 m/s. (After (23.39) 
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23.2 Friction Mechanisms at the Atomic Scale 


between identical, aligned crystals. This is the simplest 
example of a commensurate system, where the two 
surfaces share a common spatial period. As discussed 
below, the tribological behavior of commensurate sys- 
tems is dramatically different than the more realistic case 
of incommensurate surfaces ~ even in the presence of 
a few layers of lubricant. One example of this is shown 
in Fig, 23.1 [23.39]. 


Another issue is the curvature of the surfaces. Real 
contacts typically take place between two curved sur- 
faces or a curved and a flat surface. The pressure profiles, 
differ from those in “flat” contacts, and that discrepancy 
canbe relevant in certain circumstances. If we want toin- 
corporate curvature effects, care should be taken that the 
resulting pressure profiles resemble a realistic profile, as 
‘was done by Wenning et al, [23.44]. 


23.2 Friction Mechanisms at the Atomic Scale 


‘As noted in the introduction, static friction implies that 
the contacting surfaces have locked into a local free en- 
ergy minimum. There have been many suggestions for 
hhow this can happen between nearly every pair of sur- 
faces, whether macroscopic or nanoscale. The purpose 
ofthis section isto review some ofthese mechanisms and 
discuss their relevance to nanotribological experiments, 

One obvious way that surfaces can interlock is 
through plastic deformation that brings the surfaces into 
conformity. A classic example is called plowing fric- 
tion [23.30] In this ease a sharp feature on one surface 
penetrates into the opposing surface, causing perma- 
nent plastic deformation. The static friction represents 
the force needed to plow a groove through the surface. 
This type of motion has been observed in simulations 
[23.8,9,45].and experiments (Sect. 20.6.1) using AFM 
probes with hard tips Because it leads to rapid wear, it 
is only desirable when one wants to remove material by 
abrasion or cutting. 

“Many nanotribological studies show friction without 
‘measurable wear, and this is the desirable mode of oper- 
ation in most applications. Fortis reason, the following 
subsections focus on mechanisms that lock surfaces 
together without plastic deformation, We begin by dis- 
cussing contact between rigid surfaces (Sect.23.2.1), 
and then explore the ability of elastic deformations 
at the atomic scale (Sect.23.2.2) or between contacts 
(Gect, 23.2.3) to lock surfaces together. We then de- 
scribe one of the simulations that shows how unlikely 
these mechanisms are to yield static friction without 
‘wear unless the contact contains only a few tens of 
stoms (Sect.23.2.4). The final two subsections con- 
sider the role of contaminants or “third bodies” that 
are present in the contacts between nearly all surfaces. 
First, changes in the behavior of lubricants with film 
thickness are discussed. Then molecularly thin films are 
shown to produce static and kinetic friction that is consis- 
tent with both nanoscale experiments and macroscopic 
observations. 
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23.2.1 Geometric Interlocking 


Early theories of friction were based on the purely 
geometric argument that friction is caused by the 
interlocking of impenetrable and rigid surface asperi- 
ties [23.30.46]. The idea (Fig. 23.2) is that the top solid 
‘ust be lifted up a typical slope, tana, determined by 
roughness on the bottom surface. If there is no micro- 
scopic friction between the surfaces, then the minimum, 
force to initiate sliding is 


Fam (23.6) 


with jr, = tana This result satisfies Amontons’s laws 
with aconstant coefficient of friction .,= F,/L = tana. 
In 1737, Bélidor obtained a typical experimental value 
of 1, 0.35 by modeling rough surfaces as spherical 
asperities arranged to form commensurate crystalline 
walls [23.46]. However, asperities on real surfaces 
do not match as well as envisioned in these mod- 
els or as sketched in Fig. 23.2, In most cases the 
average force vanishes because for every asperity 
for atom going up a ramp, there is another going 
down, 

The sum of forces between crystalline surfaces is 
considered explicitly in the next subsection, and shown 


ye 


Fig. 23.2 Sketch of two surfaces with interlocking asper~ 
ities. The top surface experiences a normal load L and 
a lateral force F, which attempts to pull the top surface up 
the slope tan. The bottom wall is fixed 
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to vanish except in the unusual case where the surfaces 
have the same periodicity. In the ease were one oF both 
surfaces are random, simple analytic arguments show 
that jy will fall as .£~4H"/? when the linear size £ of 
the contact goes to infinity [23.47], provided that the 
surface roughnesses are small and the solids are com 
pletely rigid. Here, diy is the dimension of the contact 
and the pressure normal to the interface is assumed to 
be kept constant, This result is in contradiction with one 
of Amontons's laws, namely, the independence of F, 
on the area of contact A, Nevertheless, the linear re- 
lation between F, and L at fixed A is maintained if 
‘one assumes that the surfaces are not completely im- 
penetrahle but repel via an energy penalty that increases 
exponentially fast with increasing overlap of the two 
solids [23.47]. The resulting theoretical prediction that 
F, oc L/VA between rigid, flat, disordered walls also 
holds reasonably well for more general interactions 
between the solids, as tested explicitly by atomistic 
‘computer simulations. 

Most real surfaces are rough and disordered. The 
minimal model that includes the effect of rough- 
ness consists of a single asperity contact, for instance 
the curved tip of an AFM [23.2] on a flat sub- 
strate, The tip is usually assumed to be disordered. 
Moreover, the contact mechanics of a nanoscale tip 
and a substrate in vacuum can best be described 
by the so-called Derjaguin-Milller-Toporov (DMT) 
limit [23.48], DMT is similar to Hertzian contact me- 
chanics, but it includes an additional adhesive off-set 
load Lay that is incorporated into the effective load 
Ler =L-+Lyin. The area of contact is then given 
by Acc 122," Substituting. this proportionality. into 
the relation F; cc Leir/V/A discussed above, Wenning 
et al, [23.44] found 


Robe (23.7) 


‘This relationship is indeed observed experimentally in 
ultrahigh vacuum (UHV) [23.49,50],as well asin atom- 
istic computer simulations [23.44]. OF course, when the 
contacts are commensurate, we can expect the effec- 
tive friction coeficient ey = F,/Lyi tobe independent 
of Leg, while for amorphous systems and in particular 
incommensurate systems, jn decreases with increas- 
ing Log. The scaling with loadin Fig. 23.3 confirms this 
expectation 

‘As noted above, the discussion thus far only deals 
with atomic/geometric interlocking. From Fig. 23.2 and 
the discussion above, one ean understand hov this in- 
terlocking leads to static friction, which isthe threshold 
force to initiate sliding. However, kinetic friction Fy(v) 


may nevertheless vanish in the limit of zero sliding vel- 
city u, since in principle the energy that is gained 
when the system slides “downhill” can be stored and 
used later to make the slider go “uphill” again. Such 
a process would require that we can drive the sys- 
tem adiabatically. In the following, we will discuss 
atomistic processes (instabilities) that make it impos- 
sible to drive the system adiabatically. The presence 
of instabilities automatically leads to finite kinetic 
and static friction even in the absence of geometric 
interlocking. 


23.2.2 Elastic Instabill 


In principle, elastic deflections of atoms can be large 
enough to prevent the interfacial forces from averaging 
to zero. Two simple ball and spring models are use- 
ful in illustrating how such motion can affect static 
and kinetic friction in principle as well as in under- 
standing the results of detailed simulations or laboratory 
experiments. Both models consider two clean, fat, crys- 
talline surfaces in direct contact (Fig, 23.4a).’The bottom 
solid is assumed to be rigid, so that it can be treated 
as a fixed periodic substrate potential acting on the 
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Fig. 23.3 Static friction force F, vs. normal load L for 
4 commensurate tip, an incommensurate tip, and an amor- 
phous tip. In all three cases, the radius of curvature 
was Re=70A and contacts were nonadhesive, Straight 
lines are fits according to Fcc L? with the results 
f-=0.97:0.005 (commensurate) and. # = 0.634001 
(amorphous). [After [23.43] plus new data from L, Wenning 
(open diamonds} 
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Fig. 23.6 (a) ‘Two ideal, flat crystals making contact at 
the plane indicated by the dashed line. ‘The nearest- 
neighbor spacings in the bottom and top walls are a 
and b, respectively. The Prandtl~Tomlinson mode! (b) and 
FFrenkel-Kontorova model () replace the bottom surface by 
1 periodic potential. The former model keeps elastic forces 
between atoms on the top surface and the center of mass of 
the top wall, and the latter includes springs of stiffness & 
‘between neighbors in the top wall (After [23.56]) 


top solid. In order to make the problem analytically 
tractable, only the bottom layer of atoms from the top 
solid is retained, and the interactions within the top 
wall are simplified. In the Prandtl—Tomlinson model 
(Fig. 23.4b), the atoms are coupled to the center of mass 
of the top wall by springs of stiffness k, and coupling be- 
tween neighboring atoms is ignored [23.51-53]. In the 
Frenkel-Kontorova model (Fig.23.4c), the atoms are 
coupled to nearest-neighbors by springs, and the cou- 
pling to the atoms above is ignored [23.54, 55]. Due to 
their simplicity, these models arise in a number of dif- 
ferent problems and a great deal is known about their 
properties. 

Many features of the Prandtl-Tomlinson and 
Frenkel-Kontorova models can be understood from their 
L-D versions. One important parameter isthe ratio 7 be- 
tween the lattice constants of the two surfaces 9 = b/a. 
‘The other is the strength of the periodic potential from 
the substrate relative to the spring stiffness k that rep- 
resents interactions within the top solid. Ifthe substrate 
potential has a single Fourier component, then the peri- 
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odie force can be written as 
flay ~fisin(2) (23.8) 


‘The relative strength of the potential and springs 
can be characterized by the dimensionless constant 
pe2efi/ka 

Inthe limit of infinitely strong springs (A> 0), both 
models represent rigid solids. The atoms ofthe top wall 
dre confiued to latce tes 9? = eal, where the 
Integer I labels eoccomtve atoms and eat fepresetts 
2 rigid translation ofthe entre wall. The total lateral or 
fiction force i given by summing 23.) 

¥ Qn 

fi Yan[Fo+s00] . (23.9) 

a 
where Nis the number of atoms in the top 
wall, In the special case of equal lattice constants 
()=/a= 1, the forces on all atoms add in phase 
and F=—NfjsinQnxcy4/a). The maximum of this 
restraining force gives the state fition Fy = Ni 

'As wold above, fie caso of equal lattice constaité 
is antficial and for real surfaces 9 is most Hkely to be 
an irrational number. Such surfaces are called incom- 
Iensurate, while surfaces with a rational value of 1 
are commensurate. When 7 is irrational, aloms on the 
top surface sample all phases of the periodic force with 
taal probability and the net force (23.9) vanishes ex- 
actly. When isa rational number, it can be expressed 
2s p/a, where p and q are integers with no common fac- 
tors In this case, atoms only sample q different phases. 
The net force from (23.9) sill vanishes, because the 
foes ix pine sion wave and tbe pmser me ool 
spaced. However, the stalic friction is finite ifthe po- 
tential has higher harmonics. A Fourier component with 
wave vector q2t/a and magnitude f, contributes fy 
to Fi, Studies of surface potentials [23.57] show that 
‘drops exponentially with increasing g and thus imply 
ahat F; will only be significant for small q 

‘Ache springs become weaker, te top wall deforms 
more easily into configuration that lowers the potential 
energy. The Pranctl-Tomlinson model is the simplest 
case 10 consider, because each atom can be treated 25 
an independent oscillator within the upper surface. The 
equations of motion for the position x, of the J" 
can be witen a 


vii fi sin) esr) (23.10) 


where i the atomic mass and x? is the position ofthe 
lattice site, Here y is a phenomenological damping co- 
efficient, like that in a Langevin thermostat, that allows 
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work done on the atom to be dissipated as heat. It repre- 
sents the coupling to extemal degrees of freedom such 
as lattice vibrations in the solids. 

In any steady state of the system, the total friction 
can be determined either from the sum of the forces 
exerted by the springs on the top wall, or from the sum 
of the periodic potentials acting on the atoms (23.9). If 
the time average of these forces differed, there would 
be a net force on the atoms and a steady acceleration. 
‘The static friction is related to the force in metastable 
states of the system where &j = ¥ = 0. This requires that 
spring and substrate forces cancel for each I, 


-i) 


As shown graphically in Fig.23.Sa, there is only one 
solution for weak interfacial potentials and stiff solids 
(2. < 1). Inthis limit, the behavior is essentially the same 
as for infinitely rigid solids. There is static friction for 
= |, but not for incommensurate cases. Even though 
incommensurate potentials displace atoms from lattice 
sites, there are exactly as many displaced to the right as 
to the left, and the force sums to zero. 

‘Anew type of behavior sets in when 2 exceeds unity. 
‘The interfacial potential is now strong enough compared 
to the springs that multiple metastable states are pos- 
sible. These states must satisfy both (23.11) and the 
condition that the second derivative of the potential en- 
ergy is positive: 1 + 4.cos (2x.x)/a) > 0. The number of 
‘metastable solutions increases as } increases. As illus- 
trated in Fig, 23.5b, once an atomis ina given metastable 
minimum it is trapped there until the center of mass 
moves far enough away that the second derivative of 
the potential vanishes and the minimum becomes un- 
stable, The atom then pops forward very rapidly to the 
nearest remaining metastable state. Such motion, where 
a system is stuck for a long time and then suddenly 
jumps forward by an atomic spacing, is called atomic- 
scale stick-slip motion. During the pops, atoms reach 
large velocities and hence dissipate a large amount of 
‘energy into the lattice vibrations, This makes it possible 
to have a finite kinetic friction that does not vanish lin- 
early with sliding velocity even when the surfaces are 
incommensurate [23.8,9] 

‘A similar analysis can be done for the 1-D Frenkel 
Kontorova model [23.55,58,59]. The main difference is 
that the static friction and ground state depend strongly 
on n. For any given irrational value of n, there isa thresh- 
old potential strength 2:. For weaker potentials, the 
static friction vanishes. For stronger potentials, elastic 
‘metastability produces a finite static friction, The transi- 


Kura ean) 


Fig.23.5a,b Graphical solution for metastability of an 
atom in the Prandtl—‘Tomlinson model for (a) 4 = 0.5 and 
(b) 4 =3. The straight dashed lines show the force from the 
spring, k(x; ~?), at dfferent.x?, and the curved lines show 
the periodic substrate potential. For i <1. there isa single 
intersection of the dashed lines wit the substrate potential 
for each value of x and thus a single metastable state. For 
2&1, there are multiple interseetions with the substrate 
Potential. Dorted portions of the potential curve indicate 
unstable maxima, and solid regions indicate metastable so- 
lutions. Fast pops wih concurrent energy dissipation cannot 
be avoided for 2 > 1 even when the slider moves slowly. 
(After [23.56)) 


tion to the onset of static friction was termed a breaking 
of analyticity by Aubry [23.59] and is often called the 
Aubry transition. The metastable states for 4 > Ae take 
the form of locally commensurate regions that are sepa- 
rated by domain walls where the two crystals are out of 
phase. Within the locally commensurate regions the ra- 
tio of the periods is a rational number p/q that is close 
to n, The range of 1 where locking occurs grows with 
increasing potential strength (2) until it spans all val- 
ues, At this point there is an infinite number of 
‘metastable ground states that form a fascinating 
staircase” as 1) varies [23.55,59] 

Although elastic instabilities can, in principle, in- 
duce finite static friction at the atomic scale, this 
appears to be rare. There have been a significant num- 
ber of computer simulations showing that the wearless 
static friction between crystalline surfaces is extremely 
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networks for loudspeaker combinations, 
and are used in switching power supplies. 
They tend to be physically larger than other 
capacitors using film dielectric. 


Values 


Farads 

The electrical storage capacity of a capacitor Is 
measured in farads, universally represented by 
the letter FA capacitor that can be charged with 
apotential difference between its plates of 1 volt, 
ina time of 1 second, during which it draws 1 
‘amp, has a capacitance of 1 farad. 


Because the farad is a large unit, capacitors in 
electronic circuits almost always have fractional 
values: microfarads (uF), nanofarads (nF), and pi- 
cofarads (pF). The Greek letter 41 (mu) should be 
used in the pF abbreviation, but a lowercase let- 
teruis often substituted. Thus, for example, 10uF 
means the same as 10UF. 


1F = 1,000,000pF, and 1)1F = 1,000,000pF. There- 
fore, 1 farad is equivalent to 1 trillion picofarads 
—a very wide range of possible values. See 
Figure 12-16 and Figure 12-17 for charts showing 
equivalent values in different units. 


1 0.001 0.000001 
10 oon 0.00001 
100 oa 0.0001 
1,000 a 0.001 
10,000 10 0.01 
100,000 100 oa 
1,000,000 1,000 1 


Figure 12:16. Equivalent values for picofards, nanofarads, 
and micratarad. The nF unit is used primarily in Europe. 


power > moderation > e: 


1 0,000001 
40 0.00001 
100 0,001 
1,000 0,001 
10,000 0.01 
100,000 ot 
1,000,000 1 


Figure 12-17. Equivalent values for microfarads and far- 
fads, Because the farad is such a large unit, electronic ci 
cuits almost always use fractional values. 


The nF unit is more common in Europe than in 
the United States. A InF capacitance is often ex- 
pressed in the US as 0.001 yF or 1,000pF. Similarly, 
a 10nF capacitance is almost always expressed as 
a 0.01pF, and a 0.1nF capacitance is more likely 
to be expressed as 100pF. 


European schematics may use value-symbols as 
a substitute for decimal points. For example, a 
4.7pF capacitor may be shown as 4p7, a 6.8nF 
capacitor may be shown as 6n8, and a 3.3F ca- 
pacitor may be shown as 313. 


Commonly Used Values 
The traditional range of capacitor values was es- 
tablished on the same basis as the traditional 
range of resistor values, by assuming an accuracy 
of plus-or-minus 20% and choosing factors that 
would minimize the possible overlap between 
adjacent tolerance ranges. The factors 1.0, 1.5, 
2.2, 33, 47, 68, and 10 satisfy this requirement. 
See Chapter 10 fora more detailed explanation, 
including a graphical representation of values 
and overlaps in Figure 10-8. While many resistors 
are now manufactured with high precision, 20% 
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simall, except in the artificial case of identical and 
perfectly aligned walls [23.8, 10]. Studies of iron on 
iron [23.60], a blunt pyramidal diamond tip on a metal 
surface [23.61], a blunt pyramidal copper tip on incom- 
‘mensurate copper substrates [23.62], interlayer siding 
in multwalled carbon nanotubes [23.63], and Lennard- 
Jonesium on Lennard-Jonesium [23.40] all confirm the 
simple prediction that lateral forces cancel out. These 
simulations have in common thatthe solids were treated 
truly three-dimensionally and that the atoms (interacting 
via microscopic interaction potentials) were allowed to 
relax, thus making long-range elastic deformations pos- 
sible, Significant lateral forces were only observed in 
combination with strongly irreversible processes such 
as production of wear debris, plastic deformation, ma- 
terial mixing, or cold welding and not due to geometric 
interlocking or elastic instabilities alone. 


23.2.3 Role of Dimensionality and Disorder 


‘The previous section considered whether local atomic 
displacements could lead to static friction. Long-range 
deformations between individual contacts could also al 
low surfaces to lock together [23.41.42] Although we 
are concemed withthe friction between two 3-D solid 
bodies, itis instructive to analyze the role of dimension- 
ality in determining the effect of disorder. To do this, let 
us consider a day-dimensional elastic solid, for exam- 
ple. generalization of the elastic Frenkel Kontorova 
chain to higher dimensions. We may safely assume the 
free elastic solid to be mechanically stable, meaning 
thatthe tensor of the elastic constants is positive defi 
nite. The dimension of the interface between the slider 
and disordered substrate is denoted by dix 

In such a situation, there will be a competition be- 
tween the random substrat-slider interactions and the 
clastic coupling within the solids. An important question 
to ask is how the interactions change when we change 
the scale ofthe system, for example, how strong are the 
random and the elastic interactions on a length scale 2.£ 
if we know their respective strengths on a scale £. Here 
<£ gives the linear dimension of the solids in all direc- 
tions, that isto say, parallel and normal tothe interface 
{As discussed above, the random forces between sub- 
strate and slider add incoherently and thus their sum 
scales as the square root of the interface area ~ £4/?, 
‘The elastic forces, on the other hand, scale as £407. 
A linear chain can be more easly compressed if we re 
place one spring with two springs coupled in series. In 
two dimensions, springs are not only coupled in series 
but also in parallel, so that the elastic coupling remains 
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invariant to a “block transformation”. Each additional 
dimension strengthens the effect of “parallel” coupling. 

In the thermodynamic limit .£ > 00, the effect of 
disorder will always dominate the elastic interactions or 
vvice versa, except in the special case where 


tbl? og ps2 


(23.22) 


For limsoo £40! /.£4-? 3 1, the random inter- 
actions will dominate, and hence pinning via elastic 
instabilities cannot be avoided. This disorder-induced 
elastic pinning is similar tothe pinning of compliant, or- 
dered systems, as discussed above within the context of 
the Prandtl~Tomlinson and the Frenkel-Kontorovamod- 
els. For limy-ro0 £4"? /.£40-? <1, the long-range 
elastic forces dominate the long-range random forces, 
‘The slider’s motion can only be opposed by elastic in- 
stabilities if the elastic coupling is sufficiently weak 
at finite in order to make local pinning possible, 
again akin to the case of 2 > 1 in the Prandtl-Tomlinson 
model. 

The so-called marginal dimension, in which both 
contributions scale with the same exponent, diy /2 
day; 2, occurs in the important case of 3-D solid bod- 
ies ‘with 2-D surfaces. In the marginal dimension, the 
friction force can stay finite, however, detailed analy- 
sis [23.42, 64] shows the friction force per unit area, 
and hence the friction coefficient, to be exponentially 
small. Even for objects with a dimensionality dae less 
than their marginal dimension dar =2+dix/? (see 
(23.12), friction forces may tum out to be small, One 
example is an experimental quartz crystal microbalance 
study [23.65] of solid and liquid krypton films on disor- 
dered gold surfaces for which the pinning forces were 
undetectably small. For adsorbed layers, which satisfy 
doy; = diy, the marginal dimension would be days = 4 


23.2.4 Elastic Instabilities vs. Wear 
in Atomistic Models 


‘As mentioned in Sect. 23.2.2, there is no published com- 
puter simulation study known to us in which the solids 
‘were treated truly atomistically in three dimensions and 
‘where the interfacial interactions lead to elastic pinning 
according to Prandtl~Tomilinson or Frenkel-Kontorova. 
In this context, we want to discuss exemplarily com- 
puter simulations of a copper tip on copper by Sorensen 
etal. [23.62]. We consider their study tobe rather genetic 
and also well-done from a technical point of view for 
a variety of reasons: The effects of commensurability 
and finite contact area were examined in detail, the sim- 
ulations were done at constant normal load instead of 


3.2.2, 
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constant separation, the interaction potentials were re- 
alistic, and initial and boundary conditions were chosen 
such thatthe tip had the possibility to deform. Snapshots 
of one of ther sliding simulations are shown in Fig. 23.6, 
Note that one must keep in mind thatthe simulation only 
addresses the tribological properties in UHV. 

Flat, clean tips with (111) or (100) surfaces were 
brought into contact with corresponding crystalline sub- 
strates [23.62]. The two exterior layers of tip and surface 
‘were treated as rigid units, and the dynamics of the re- 
maining mobile layers was followed. Interatomic forces 
and energies were calculated using semi-empirical po- 
tentials derived from effective medium theory [23.66] 
At finite temperatures, the outer mobile layers of both 
tip and surface were coupled to a Langevin thermostat, 
‘Zero temperature simulations gave similar results 

In the commensurate Cu(I11) case, Sprensen etal 
[23.62] observed atomic-scale stick-slip motion of the 
tip like that described above for the Tomlinson model, 
‘The trajectory was of zigzag form, which could be re- 
lated to jumps of the tip’s surface between fec and 
hep positions. Detailed analysis of the slips showed 
that they occurred via a dislocation mechanism, Dislo- 
cations were nucleated at the comer of the interface, 
and then moved rapidly through the contact region, 


Fig. 23.6 Snapshots showing the evolution of a Cu(100) tip on 
‘8 Cu(L00) substrate during sliding to the left. (After [23.62)) 


‘Adhesion led to a large static friction at zero load: 
‘The static friction per unit area, or critical yield stress, 
dropped from 3.0GPa to 2.3GPa as increased from 
0 to 300K. The kinetic triction increased linearly 
with load with a surprisingly small differential friction 
coefficient fix = F,/AL. ~ 0.03. Inthe load regime in- 
vestigated, fi, was independent of temperature and load. 
No velocity dependence was detectable up to sliding 
velocities of » = S'm/s. Athigher velocities, the friction 
decreased, Even though the interactions between the sur- 
faces are identical to those within the surfaces, no wear 
was observed. This was attributed to the fact that (111) 
surfaces are the preferred slip planes in fee metals, 

‘Adhesive wear was observed between a commen- 
surate (100) tip and substrate (Fig. 23.6), Sliding in the 
(O11) direction at either constant height oF constant load 
Jed to inter-plane sliding between (111) planes inside the 
tip. As shown in Fig.23.6, this plastic deformation led 
to wear ofthe tip, which left a tral of atoms in its wake. 
‘The total energy was an increasing function of sliding 
distance due to the extra surface area. The constant evo 
lution of the tip kept the motion from being periodic, 
but the sawtoothed variation of force with displacement 
that is characteristi of atomic-scale stick-slip was still 
observed 

Sorensen etal. [23.62] also examined the effect of 
incommensurability. An incommensurate Cu(111) sys- 
tem was obtained by rotating the tip by 16.1° about the 
axis perpendicular to the substrate, For a small tip (5S 
atoms), they observed an Aubry transition from smooth 
sliding with no static friction at low loads to atomic- 
scale stick-slip motion at larger loads. Further increases 
in load led to sliding within the tip and plastic defor- 
mation, Finite systems are never truly incommensurate, 
and pinning was found to occur at the corners of the 
contact, suggesting it was a finite-size effect. Larger tips 
(1919) slid without static friction at all loads. Simi- 
lar behavior was observed for incommensurate Cu(100) 
systems. 

‘These results confirm the conclusions of Hirano 
ct al. [23.60] that even bare metal surfaces of the same 
material will not exhibit static friction f the surfaces are 
incommensurate. They also indicate that contact areas as 
small asa few hundred atoms are large enough to exhibit 
this effect. Similar results were obtained for Lennard 
Jonesium [23.6, 40,67]: The interbulk interactions be- 
tween unlike atoms (each solid is initially composed of 
cone Lennard-Jones species) have to be distinc larger 
than the intrabulk interactions between identical atoms 
in order to induce elastic instability. However, as soon 
as the interactions between unlike atoms are larger than 
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those between like atoms, there is a mixing instability 
leading to a cold welded junction. 

Lancon {23.69] reported that there is the possibility 
for elastic instabilities under carefully designed condi- 
tions between two incommensurate gold surfaces. The 
importance of the interfacial interactions with respect 
to the intrabulk interactions was increased through the 
application of a pressure normal to the interface, At 
4.GPa, an elastic Aubry transition was observed concur- 
rently with finite static friction. The normal pressures 
employed in those simulations were well above the yield 
strength of gold. However, plastic flow at the contact’s 
circumference could be avoided by the use of flat sur- 
faces that filled out the whole simulation cell parallel 
to the interface. Additional examples of elastic instabil- 
ities may be found for very compliant solids, but the 
‘majority of simple solids will not pin elastically on an 
atomic scale. Note, however, that cold welding may still 
‘occur on long time scales due to diffusion. On such time 
scales, the interface geometry may rearrange to produce 
locally commensurate regions that lower the interfacial 
free energy and allow geometrical pinning. 


23.2.5 Hydrodynamic Lubrication 
and Its Confinement-Induced 
Breakdown 


So far, we have been concermed with dry fiction, How- 
ever, most surfaces are covered by dirt and/or lubricants 
Hydrodynamics and elasto-hydrodynamics have been 
very successful in describing lubrication by micron- 
thick films [23.70]. These continuum theories begin to 
break down as atomic structure becomes important. Ex- 
periments and simulations reveal asequence of dramatic 
changes in the static and dynamic properties of fluid 
films as their thickness decreases from microns down to 
‘molecular scales. These changes have important impli- 
cations for the function of boundary lubricants and the 
origins of static friction. 

Let us consider two fat, lubricated walls separated 
by a distance d and sliding with a relative parallel 
velocity v. Let us further assume that the Tubricant's 
viscosity jin the center of the contact equals that of 
the bulk fluid phase. The shear stress must be uniform 
in steady state, because any imbalance would lead to 
accelerations. Since the velocity gradient times the vis- 
cosity 1 gives the stress inthe fluid, the kinetic friction 
per unit area is 

ye 


R= 
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where we introduce the so-called slip length 4, It rep- 
resents the distance into the wall at which the velocity 
gradient would extrapolate to zero; see Fig.23.7F for 
a graphical illustration of 4. The calculation of slip 
length from velocity profiles has some ambiguity, and 
wwe refer to work by Bocquet et al, [23.71] for the least 
ambiguous resolution to the definition of the slip length 
known tous. 

Macroscopic experiments are generally well- 
described by a “no-slip” boundary condition (BC), 
where 4 =0 and the tangential component of the fluid 
velocity equals that of the solid at the surface. The one 
‘prominent exception is contact-line motion, where an in- 
terface between two fluids moves along a solid surface. 
‘This motion would require an infinite force in hydrody- 
namic theory, unless slip occurred near the contact line. 

As decreases, any deviation from 4 =0 becomes 
‘more evident in (23.13). Studies of confined films show 
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Fig.23.7a-f Panels (a)~(c) show density asa function of postion z 
relative toto walls whose atomsate centered 6.4, Values 
of ey ae indicated. Solid lines are for equal wall and fuid densities 
(p=0.8lo-3), and dotted lines are for py =252p. Squares in 
panels (d)-(f) show the average velocity in each layer as a function 
Cf z and solid and dorted lines ae fits through these values for low 
and high density walls, respectively. For this data, the walls were 
‘moved in opposite directions at speed U = 1o/ns. The dashed line 
in (e) represents the flow expected from hydrodynamics with a no- 
slip BC (4 = 0), As shown in (f), the slope (dashed line) far from 
the walls is used to define 4. (From [23.8] after [23.68]) 
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that slip may occur (> 0) or layers may stick onto the 
solid (S <0) [23.68, 71-73]. These deviations from the 
no-slip BC have been correlated with structural changes 
in the fluid near the walls, The first observation was that 
layering occurs in planes parallel to the walls. It is in- 
duced by the sharp cutoff in fluid density at the wall and 
the pair correlation function g(r) between fluid atoms. 
An initial Quid layer forms at the preferred wall-fluid 
spacing. Additional fluid molecules tend to lie in a see- 
ond layer, atthe preferred fluid-fluid spacing. This layer 
induces a third, and so on. Layering can alter the BC 
and the viscosity of the confined fluid. As suggested 
by the contrasting behavior of commensurate and in- 
commensurate solids, the BC depends sensitively on the 
degree to which the walls imprint their in-plane density 
‘modulations into the lubricant 

Some of the trends that are observed in the degree 
and extent of layering are illustrated in Fig. 23.7 [23.68, 
72]. The fluid density is plotted as a function of the dis- 
tance between walls for a model that is also considered in 
almost all of the other studies of flow BCs described 
below. The uid consists of spherical molecules inter- 
acting through a Lennard-Jones potential (23.1) with 
characteristic energy and length scales € and o. They are 
confined by crystalline walls containing discrete atoms. 
In this case, the walls were planar (001) surfaces of 
aan fee crystal. Wall and fluid atoms also interact with 
a Lennard-Jones potential, but with a different binding 
energy €yt 

‘The net adsorption potential from the walls can be 
increased by raising eys, or by increasing the density of 
the walls py. so that more wall atoms altract the fluid. 
Figure 23.7 shows that both increases lead to increases 
in the height of the first density peak. The height also 
increases with the pressure in the fluid [23.73], since 
that forces atoms into steeper regions of the adsorp- 
tion potential. The height of subsequent density peaks 
decreases smoothly with distance from the wall, and 
only four or five well-defined layers are seen near each 
wall in Fig.23.7, The rate at which the density os- 
cillations decay is determined by the decay length of 
structure inthe bulk pair-correlation function of the fluid. 
Since all panels of Fig. 23.7 have the same conditions 
in the bulk, the decay rate is the same. The adsorp- 
tion potential only determines the initial height of the 
peaks, 

‘As mentioned above, solid surfaces also induce den- 
sity modulations within the plane of the layers [23.7] 
‘These modulations can be quantified by the 2-D static 
structure factor at the shortest reciprocal lattice vec- 
tor Q of the substrate [23.35,68]. When normalized by 


the number of atoms in the layer, N}, this becomes an 
intensive variable that would correspond to the Debye 
Waller factor in a crystal. The maximum possible value, 
S(Q)/N; = |, corresponds to fixing all atoms exactly at 
crystalline lattice sites. In strongly ordered case such 
3S py = pin Fig, 23.7e, the small oscillations about lat- 
ticesites inthe first layer only decrease $()/N} 100.71 

This is well above the value of 0.6 that is typical of bulk 
3-D solids at their melting point [23.74] and indicates 
that the first layer has crystallized onto the wall, The val- 
ues of $(Q)/N/ in the second and third layers are 0.31 
and 0.07, respectively, and atoms in these layers exhibit 
typical fuid diffusion, 

There is some correlation between the factors that 
produce strong layering and those that produce strong in- 
plane modulations. For example, chain molecules have 
several conficting length scales that tend to frustrate 
both layering and in-plane order (23.36, 75, 76]. How- 
‘ever, the dependence of in-plane order on the density 
of substrate atoms is more complicated than for layer- 
ing. When py =p, the fluid atoms can naturally sit on 
the sites of a commensurate Iatice, and S(Q) is large. 
When the substrate density py is increased by a factor 
of 2.52, the fluid atoms no longer fit easly into the cor- 
rugation potential. The degree of induced in-plane order 
drops sharply, although the layering becomes stronger 
(Fig. 23.7)-Sulficientl strong adsorption potentials may 
‘eventually lead to crystalline order in te frst layers and 
stronger layering. However, this may actually increase 
slip. 

Thompson etal [23.68] found that all oftheir results 
for § collapsed onto a universal curve when plotted 
against the structure factor S(Q)/Nj. When one or more 
layerscrystallized onto the wall, the same collapse could 
be applied as long as the effective wall position was 
shified by a layer and the Q for the outer wall layer 
was used. The success ofthis collapse at small S(Q)/Nj 
‘can be understood from a perturbation theory [23.6,77] 
developed to quantitatively explain the kinetic friction 
on adsorbed monolayers [23.3] 

‘One of the surprising features of Fig. 23.7 is that the 
viscosity remains the same even in regions near the wall 
where there is pronounced layering. Any change in vis- 
cosity would produce a change in the velocity gradient, 
since the stress is constant. However, the flow profiles 
in panel (d) remain linear throughout the cell, The pro- 
file for the dense walls in panel (f) is linear up to the 
last layer, which has crystallized onto the wall. From 
Fig. 23.7 it is apparent that local density variations by 
at Ieasta factor of seven can be accommodated without 
«viscosity change. 
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Birsanis etal. [23.78] examined the change in vis- 
cosity with film thickness. They found that results for 
film thicknesses > dr could be fit using the bulk vis- 
cosity forthe average density. However, as h decreased 
below 4o, the viscosity diverged much more rapidly 
than any model based on bulk viscosity could explain, 
‘These observations were consistent with surface force 
apparatus (SFA) experiments on nanometer thick films 
of a wide variety of small molecules [23.4.5]. Layer- 
ing in molecularly thin films gave rise to oscillations 
in the energy, normal force, and effective viscosity as 
the film thickness decreased. Most films of one to three 
‘molecular layers exhibited yield stress characteristic 
of soli-like behavior, eventhough the molecules form 
4 simple Newtonian fluid in the bulk. Deviations from 
the no-slip condition might cause 1g to differ from the 
bulk viscosity by an order of magnitude. However, they 
could not explain the observed changes of jg by more 
than five orders of magnitude, or the even more dramatic 
changes by 10 to 12 orders of magnitude inthe charac- 
teristic viscoelastic relaxation time determined from the 
shar rate dependence of usr (23.51 

More recent experimental and theoretical studies 
confirm that most fluids exhibit a glass transition when 
confined to channels less than 3 to 10 molecular diam- 
eters [23.33.79]. Thompson etal. [23.34.36] considered 
changes in flow with film thickness ina wide range of 
‘model systems. As in experiment, they found dramatic 
divergences in the viscosity and relaxation time that 
suggested confinement induced a glass transition, Later 
work by Baljon etal 23.33, 80] indicates that the same 
lass transition is produced by changes in thickness. 
Pressure, or temperature, In particular, the shear-rate- 
dependent viscoelastic response of systems ofall sizes, 
pressures, and temperatures can be collapsed onto the 
Same universal curve above the lass transition [23.33] 


23.2.6 Submonolayer Films 


Physisorbed molecules such as short hydrocarbon chains 
can be expected to sit on any surface exposed to 
atmospheric conditions. Even in ultrahigh vacuum, spe- 
cial surface treatments are needed to remove strongly 
physisorbed species from surfaces. Given the generic 
observation of glassy behavior in thin films, Robbins 
et al. [23.81] suggested that these submonolayer con- 
taminants could provide a general explanation for the 
universal observation of static friction, Subsequent sim- 
ulations have confirmed that physisorbed molecules 
qualitatively alter tribological behavior. For example, 
they lead to static friction between two incommensu- 
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rate walls [23.6782] or two disordered walls [23.47] 
that would slide without friction if they were clean, 
‘The theoretical explanation of this effect can be un- 
derstood from a simple analytical model considered by 
Miser et al. [23.47]. In order to make two surfaces pin, 
nonvanishing fraction of the density modulations must 
share the same period and lock into phase. This hap- 
pens automatically for commensurate surfaces, but not 
for incommensurate surfaces unless they are unrealis- 
tically compliant. However, a submonolayer of atoms 
for molecules that does not form strong covalent bonds 
‘with the confining solids can simultaneously lock to the 
density modulations of two incommensurate walls and 
hence give rise to a finite friction coefficient 

‘Simulation results forthe friction due to physisorbed 
layers are consistent with a large number of experimen- 
tal observations. While Amontons’s laws state that the 
friction is independent of the macroscopic area, it is 
‘well established that the friction is proportional to the 
real area of molecular contact Ave! (23.30.83, 84]. Ex- 
periments where both the friction and molecular area 
can be measured [23.4, 85-89] show thatthe local shear 
stress r, needed to initiate sliding rises linearly with the 
normal pressure P: 


n=m+aP (23.14) 


‘This gives a macroscopic friction force F, = t0Areal+ 
141, where the total load is just L = PAyeu. This friction 
law is actually more general than Amontons’s laws, re- 
ducing to itt large loads and small areas, but explaining 
why the friction between adhesive surfaces (like tape) 
does not vanish at zer0 load. 

For a wide range of parameters [23.82, 90], the 
friction calculated for physisorbed monolayers fol- 
lows (23.14) up to the gigapascal pressures that are 
present in real contacts. Moreover, the results are 
remarkably insensitive to parameters that are not con- 
trolled in experiments such as the crystallographic 
orientation of the solids, the thickness of the adsorbed 
layer, and the direction of sliding. The only excep- 
tions occur for the unlikely case of commensurate 
walls [23.90, 91], as discussed further below. Subse- 
quent studies of kinetic friction [23.39,92] explain both 
the close relation between experimental values of static 
friction and the slow variation with velocity. In particu- 
lar, the logarithmic rate dependence seen in r for many 
systems [23.83] can be explained through thermally 
activated hopping of physisorhed molecules [23.92] 

‘Miiser et al. 23.47] have constructed a simple an- 
alytical theory that captures many of the results and 
conclusions from the above simulations. At the pres- 
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sures of interest, the atoms act like hard spheres. In 
order to slide, the bounding surfaces must lilt up over 
these spheres against the normal pressure. The situation 
is analogous to the simple cartoon in Fig. 23.2, but with 
stomic-scale ramps, and the required stress increases lin- 
early with pressure forthe same reason. The offset, r, 
is related to adhesive interactions between the two sur- 
faces that increase the effective load [23.90]. Unlike the 
‘original model of geometrical interlocking, the atomic- 
scale ramps rearrange during sliding. The dissipation 
during these rearrangements is responsible for kinetic 
friction [23.47,92], which, as we now discuss, is very 
different for commensurate and incommensurate walls 

‘The characteristic motion of individual boundary 
lubricant atoms depends on the relative displacement 
for commensurate walls, because the distribution of 
metastable states depends on the relative alignment of 
the two walls [23.90,92]. For example, no “pops” of 
the lubricant atoms are observed when the two com- 
mensurate solids are aligned directly above each other. 
This behavior isin contrast with that for incommensu- 
rate surfaces for which the distribution of metastable 
states does not change as the slider is translated with 
respect to the substrate, Stressing the analogy to the 
Prandtl—Tomlinson model, static and kinetic friction are 


23.3 Stick-Slip Dynamics 


‘The dynamics of sliding systems can be very com: 
plex and depend on many factors, including the types 
of metastable states in the system, the times needed to 
transform between states, and the mechanical properties 
of the device that imposes the stress. At high rates or 
stresses, systems usually slide smoothly. At low rates, 
the motion often becomes intermittent, with the system 
alternately sticking and slipping forward [23.30.32]. Ev- 
eryday examples of such stick-slip motion include the 
squeak of hinges and the music of violins, 

‘The alternation between stuck and sliding states of 
the system reflects changes in the way energy is stored. 
While the system is stuck, elastic energy is pumped 
into the system by the driving device. When the system 
slips, this elastic energy is released into kinetic energy 
and eventually dissipated as heat. The system then sticks 
once more, begins to store elastic energy, and the process 
continues. Both elastic and kinetic energy can be stored 
in all the mechanical elements that drive the system, 
‘The whole coupled assembly must be included in any 
analysis of the dynamics, 


related for incommensurate, boundary-lubricated solids, 
while they are not necessarily related for commensu- 
rate, boundary-lubricated solids. Indeed, commensurate, 
boundary-lubricated surfaces exhibit a dramatic de- 
‘crease in friction at the transition from stick-slip motion 
to smooth sliding, while this dramatic decrease is absent 
for incommensurate, boundary-lubricated walls [23.39] 

It has been noted recently, that dimensionality not 
only plays an important role for elastic objects, but also 
for boundary lubricants [23.39]. It was predicted that 
kinetic friction would be Stokes-like (i.e., vanish lin- 
early with velocity) between incommensurate surfaces, 
if it were possible to confine lubricant particles into 
trenches of (sub)nanometer depth and width, so that the 
motion of the lubricant embedded between the surfaces 
becomes I-D. At the same time, however, static friction 
would remain finite. 

‘The above results suggest that adsorbed molecules 
and other “third-bodies” may prove key to understanding 
macroscopic friction measurements. It will be interest- 
ing to extend these studies to more realistic molecular 
potentials and to rough surfaces. To date, realistic poten- 
tials have only been used for “between-sarbed" particles 
between commensurate surfaces. This work is reviewed 
elsewhere [23.8, 10, 11] 


‘The simplest type of intermittent motion is the 
atomic-scale stick-slip that occurs in the multistable 
regime (2 > 1) of the Prandtl~Tomlinson model. En- 
ergy is stored in the springs while atoms are trapped in 
4 metastable state, and converted to kinetic energy as 
they pop to the next metastable state. This phenomenon 
is quite general and has been observed in many sim- 
ulations of wearless friction [23.8, 10], as well as in 
the motion of atomic force microscope tips [23.1.2]. In 
these cases, motion involves a simple ratcheting over 
the surface potential through a regular series of hops be- 
tween neighboring metastable states. The slip distance 
is determined entirely by the periodicity of the surface 
potential 

Many examples of stick-slip involve a rather differ- 
cent type of motion that can lead to intermittency and 
chaos [23.93-97]. Instead of jumping between neigh- 
boring metastable states, the system slips for very long 
distances before sticking. For example, Gee et al. [23.4] 
and Yoshizawa etal, [23.98] observed slip distances of 
‘many microns in their studies of confined films with the 
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SFA, This distance is much larger than any eharacteris- 
tic periodicity inthe potential and varied with velocity, 
Toad, and the mass and stiffness ofthe SFA. The fact that 
the SFA does not stick after moving by a lattice constant 
indicates that sliding has changed the state of the sys- 
tem in some manner, so that it can continue sliding even 
al forces less than the yield stress 

One simple property that depends on past history 
is the amount of stored kinetic energy. This can carry 
a system over potential energy barriers even when the 
sess is below the yield stress. The simplest example is 
the underdamped Prandtl~Tomlinson model, which has 
been thoroughly studied in the mathematically equiva- 
lent case of an underdamped Josephson junction [23.99] 
One finds a hysteretic response function, where static 
and moving steady-states coexist over a range of Forces 
between Fin and the static friction F,. There is a min- 
imum stable steady-state velocity vgiy corresponding 
to Fyiq. At lower velocities, the only steady state is 
linearly unstable because 4/aF <0 ~ pulling harder 
slows the system [23.30, 32]. If the top wall of the 
‘Tomlinson model is pulled at an average velocity less 
than vain by a sufficiently compliant system, it will 
exhibit large-scale stick-slip motion. 

Experimental systems typically have many other in- 
ternal degrees of freedom that may depend on past 
history. Macroscopic models normally assume that 
a single unspecified state variable is relevant and add 
ddynamical rules for this variable to ereate a phenomeno- 
logical rate-stale model [23.94, 100]. This approach 
has captured experimental behavior from a wide range 
of systems, including surface force apparatus experi- 
‘ments [23.38, 101], paper sliding on paper [23.93], and 
earthquakes [23.102]. However, in most cases, there is 
‘no microscopic model for the state variable and its time 
dependence. 

One set of systems where microscopic pictures for 
the state variable have heen considered are confined 
films in SEA experiments. Confined films have struc- 
tural degrees of freedom that can change during sliding, 
and this provides an alternative mechanism for stick-slip 
‘motion [23.35]. Some of these structural changes are 
illustrated in Fig. 23.8, which shows stick-slip motion 
of a two-layer film of simple spherical molecules. The 
bounding walls were held together by a constant normal 
Jad. A lateral force was applied tothe top wall through 
a spring k attached to a stage that moved with fixed ve- 
locity v in the x direction. The equilibrium configuration 
of the film at v= 0 is acommensurate crystal that resists 
shear. Thus at small times, the center of mass ofthe top 
‘wall remains pinned at X = 0, The force grows linearly 
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Fig. 23.8a-d Time dependence of (a) force per unit area f, 
{(b) lateral position ofthe top wall X,(c) wall spacing h, and 
{@) degree of crystallinity $(G,}/S(0) as a function of time 
during stick-slip motion of walls confining two layers of 
spherical molecules. (After (23.35) 


with time, F = kv, as the stage advances ahead of the 
wall. When F exceeds F,, the wall slips forward. The 
force drops rapidly because the slip velocity X is much 
greater than v, When the force drops sufficiently, the 
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izes, the wall stops, and the force begins 
to rise once more. 

‘One structural change that occurs during each slip 
event is dilation by about 10% (Fig. 23.8¢). Dhinojwala 
ct al, [23.103] have recently confirmed that dilation 
cccurs during slip in SFA experiments, The increased 
Volume makes it easier for atoms to slide past each 
other and is part of the reason the sliding friction is 
lower than F,. The system may be able to keep slid- 
ing in this dilated state as long as it takes more time 
for the volume to contract than for the wall to advance 
by a lattice constant. Dilation of this type plays a cru- 
cial role in the yield, flow, and stick-slip dynamics of 
granular media (23.104-106]. In some simulations, the 
dilation is localized ata single plane ~ either a wal/film 
interface or a plane within the film (23,33, 107]. In 
some cases, there is also in-plane ordering of the 
film to enable it to slide more easily over the wall. 
‘This ordering remains after sliding stops and provides 
«a mechanism for the long-term memory seen in some 
experiments [23.4,98, 108] 

‘The degree of crystallinity throughout the film may 
also change during sliding. Deviations from an ideal 
crystalline structure can be quantified by the Debye~ 
Waller factor $(G1)/ S(O) (Fig, 23.8d), where Gy is one 
of the shortest reciprocal lattice vectors and S(0) =. 
is the total number of atoms in the film, When the 
system is stuck, 5(G1)/S(O) has a large value that is 


23.4 Conclusions 


‘The discussion of computer simulations in this chapter 
aimed to build a general atomistic understanding of ti- 
ological processes rather than to elucidate a specific 
sliding system. The advantage of studying simplified 
models, as opposed to chemically realistic systems, is 
that system properties can be varied at will. This al- 
ows the role of adhesion, surface curvature, contaminant 
layers and other factors to be isolated and explored. 
For example, to explore the effects of adhesion one 
can compare results from a simulation that includes 
the long-range attractive interactions between atoms 
with those from a simulation where all attractive in- 
teractions between surfaces are eliminated, leaving all 
other parameters unchanged. Care should be taken to 
avoid simplifications that are known to yield atypical re- 
sults, In particular, the use of commensurate, perfectly 
aligned, crystalline surfaces has been shown to produce 
‘qualitatively different results, even in the presence of 


characteristic of a 3-D crystal. During each slip event, 
5(G1)/S(0) drops dramatically. The minimum values 
are characteristic of simple fluids that would show a no- 
slip boundary condition (Sect. 23.2.5). The atoms also 
exhibit rapid diffusion that is characteristic of a fluid. 
‘The periodic melting and freezing transitions that oc- 
cur during stick-slip are induced by shear, not by the 
negligible changes in temperature. Shear-melting tran- 
sitions at constant temperature have been observed in 
both theoretical and experimental studies of bulk col- 
loidal systems [23.29, 109]. While the above simulations 
of confined films used a fixed number of particles, 
Lupowski eta. [23.110] found equivalent results at fixed 
‘chemical potential 

Very similar behavior has been observed in sim- 
ulations of sand [23.104], chain molecules [23.33], 
incommensurate or amorphous walls [23.35]. and 
minimal models with single molecules between sur- 
faces [23.95-97]. These systems transform between 
glassy and fluid states during stick-slip motion. As in 
‘equilibrium, the structural differences between glass 
and fluid states are small. However, there are strong 
‘changes in the self-diffusion and other dynamic proper- 
ties when the film goes from the static glassy to sliding 
fluid state, Buldum and Ciraci [23.111] found stick-slip 
motion due to periodic structural transformations in the 
bottom layers of a pyramidal Ni(111) tip sliding on an 
incommensurate Cu( 110) surface. 


4 lubricating film! Surface curvature must also be in- 
‘cluded in a way that properly models stress distributions 
from the bounding solids 

‘One central question is how contacting surfaces lock 
together to produce a static friction force. This is particu- 
larly perplexing in the context of many nanotribological 
systems where friction occurs without significant plas- 
tic deformation or wear. Many theories for wearless 
solid friction assume that surfaces deform elastically 
to conform to each other, and that atoms advance in 
a series of elastic instabilities during sliding. However, 
the simulations discussed above show that simple solids 
should hardly ever show elastic instabilities on an atomic 
scale without concurrent plastic flow or material transfer. 
Despite extensive efforts to design an atomistic s} 
tem whose static friction mechanism is entirely elastic, 
no such model could be found as long as the ingre- 
dients were: three-dimensional incommensurate solids, 
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flat or smoothly curved contacts, and two-body inter- 
actions between all atoms, Under these conditions the 
relative lateral motion is only opposed by a viscous- 
like force that goes to zero for small sliding velocities. 
When interfacial interactions are increased in an at- 
tempt to produce elastic instabilities, plastic flaw is also 
observed 

Wearless friction between clean solid surfaces is 
only found in simulations of very small contacts, The 
geometric interlocking in such contacts is particularly 
relevant to AFM experiments. When only a few atoms 
on the tip make contact, the potential from the substrate 
does not average to zero. Static friction can then accur 
‘without elastic instabilities within the tip. The Prandt!~ 
‘Tomlinson model can be applied to these systems with 
the cantilever stiffness replacing the internal stiffness of 
the material inthe tip. As the diameter of the contact in- 
creases, due to blunting of the tip or increased load, the 
friction coefficient produced by geometric interlocking 
decreases. Inthe specific case of non-adhesive contacts, 
the friction between an amorphous tip and a clean crys 
talline substrate scales as F x L2/? and j1 vanishes as 
3 Thus geometric interlocking is not expected to 
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yield significant friction when the contact area contains 
‘more than ~ 10° atoms, 
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problems will require extensions in the time available 
to simulations, Examples include cold-welding through 
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power > maderation 


> capacitor 


tolerance is still common for electrolytic capaci- 
tors. Other types of capacitors are available with 
an accuracy of 10% or 5%, but are more expen- 
sive, 


While large-value capacitors are likely to have 
their actual value printed on them, smaller ca- 
pacitors are identified by a variety of different 
codes. These codes are not standardized among 
manufacturers, and exist in various colors and 
abbreviations, A multimeter that can measure 
capacitance isa quicker, easier, and more reliable 
method of determining the value of a compo- 
nent than trying to interpret the codes. 


In addition to capacitance, a large capacitor is 
ly to have its working voltage printed on it. 
Exceeding this value increases the risk of dam- 
aging the dielectric. In the case of electrolytic ca- 
pacitors, a voltage that is much lower than the 
rated value should also be avoided, because 
these capacitors require an electrical potential to 
maintain their performance. 


In common electronics applications, values larg- 
erthan 4,700pF orsmaller than 10pF are unusual. 


Electrolytics are available at a moderate price in 
a wider range of values than other commonly 
used capacitors. They range from 1pF to 4,700pF 
and sometimes beyond. Working voltages typi- 
cally range from 6.3VDC to 100VDC, but can be 
as high as 450VDC. 


Tantalum capacitors are usually unavailable in 
sizes above 150uF or for voltages above 35VDC. 


Single-layer ceramic capacitors have small val- 
es ranging from 0.01 pF to 0.22yF, with working 
voltages usually not exceeding SOVDC, although 
very small-value capacitors may be rated much 
higher for special applications, Poor tolerances 
of +80% to -20% are common. 


‘Some variants of multi-layer ceramic capacitors 
are capable of storing up to 47yF, although 10pF 
is a more common upper limit. They are seldom. 
rated above 100VDC. Some are accurate to plus- 
orminus 5%. 


Dielectric Constant 

If Ais the area of each plate in a capacitor (meas- 
ured in square centimeters), and T is the thick- 
ness of the dielectric (measured in centimeters), 
and K is the dielectric constant of the capacitor, 
the capacitance, C (measured in farads) will be 
obtained from the formula: 


c= (8.0885 * K * A) / T 


Thedielectricconstantofairis 1. Otherdielectrics 
have different standard values. Polyethylene, for 
instance, has a constant of approximately 2.3. 
Thus a capacitor of 1 square centimeter plate 
area and polyethylene dielectric 0.01 centime- 
ters thick would have a capacitance of about 
20pF. A tantalum capacitor of equal plate area 
and dielectric thickness would have capacitance 
closer to 100pF, since the dielectric constant of 
tantalum oxide is much higher than that of poly- 
ethylene, 


The Time Constant 

When a capacitor is charged in series through a 
resistor (itis used in an RCnetwork), andit begins 
with no charge on its plates, the time constant is 
the time, in seconds, required to charge the ca- 
pacitor to 63% of the supply voltage, After an 
additional, identical interval of time, the capaci- 
tor will acquire 63% of the remaining difference 
between itself and the power supply. In theory 
the capacitor gets closer and closer to a full 
charge, but never quite reaches 100%. However, 
ive time constantsare sufficientfor the capacitor 
to reach 99%, which is regarded as close enough 
to being fully charged forall practical purposes. 


Refer to Figure 12-3 fora schematic of an RC net- 
work. 


The time constant isa simple function of the re- 
sistance and the capacitance. If Ris the value of 
the resistor (in ohms), and C is the value of the 
capacitor (in farads), the time constant, TC, will 
be obtained by the formula 


To=R*C 
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24. Mechanics of Biological Nanotechnology 


One of the most compelling areas to be touched 
by nanotechnology is biological science. Indeed, 
we will argue that there is a fascinating interplay 
between these two subjects, with biology as a key 
beneficiary of advances in nanotechnology as 

a result of a new generation of single molecule 
experiments that complement traditional assays 
involving statistical assemblages of molecules. 
This interplay runs in both directions, with 
nanotechnology continually receiving inspiration 
from biology itself. The goal of this chapter is to 
highlight some representative examples of the 
exchange between biology and nanotechnology 
and to illustrate the role of nanomechanics in 
this field and how mechanical models have 
arisen in response to the emergence of this 
new field. Primary attention will be given to 
the particular example of the processes that 
attend the life cycle of bacterial viruses. Viruses 
feature many of the key lessons of biological 
nanotechnology, including self assembly, as 
evidenced in the spontaneous formation of the 
protein shell (capsid) within which the viral 
genome is packaged, and a motor-mediated 
biological process, namely, the packaging of DNA 
in this capsid by a molecular motor that pushes 
the DNA into the capsid, We argue that these 
processes In viruses are a compelling real-world 
example of nature's nanotechnology and reveal 
the nanomechanical challenges that will continue 
to be confronted at the nanotechnology-biology 
interface. 


Nanotechnology is the seat of a broad variety of in- 
terdisciplinary activity with applications as diverse as 
optoelectronics, microfluidies, and medicine. However, 
cone of the richest interdisciplinary areas only now be- 
inning to be harvested is the interface between the 
biological sciences and nanotechnology. The aim of the 
present chapter is threefold. First, we wish to illustrate 
the synergy that exists between biological nanotech- 
nology (e-g., molecular motors, transmembrane pumps, 
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etc.) and biologically inspired nanotechnology (e.g., 
synthetic proteins, artificial viruses aimed at deliver- 
ing drugs, biofunctionalized cantilevers, etc.). Secondly, 
through a series of order-of-magnitude estimates and 
fan associated examination of the units for describ- 
ing spatial dimensions, temporal processes, forces at 
the nanoscale, and the energy budget in nanoscale 
systems, we aim to build an intuitive sense of the 
workings of nanotechnology in the biological set- 
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ting. Finally, through several specific case studies, 
we hope to illustrate some of the challenges faced 
in modeling the mechanical processes of biological 


nanotechnology and show how such challenges have 
been met thus far and how they might be met in the 
future. 


24.1 Science at the Biology—-Nanotechnology Interface 


24.1.1 Biological Nanotechnology 


‘Though the innovations leading to the adoption of the 
expression “nanotechnology” are indeed impressive, the 
perspective of this chapter is that one need only look in- 
‘ward to the way that our muscles move, to how we digest 
and synthesize molecules of dazzling complexity, to the 
‘way in which we think the thoughts that permit us to fill 
the shelves of libraries with scientific journals to real- 
ize that the greatest nanotechnology of all is that which 
is revealed in the living world. That is, one of the cen- 
tral thrusts is the idea that the microscopic workings of 
life offer an inspiring vision of nanotechnology. Clearly, 
the diversity of the examples of “nanotechnology” seen 
in the living world can (and do) fill the pages of learned 
texts. A guided tour of the machinery of the cell can be 
found in Alberts et al. [24.1], while a vision of the cell 
as an assemblage of “protein machines” has been ar- 
gued for by Alberts [24.2]. The ambition of the present 
section is to provide several cursory examples of the 
nanotechnological marvels that power the living realm. 


24.1.2 Self-Assembly 
as Biological Nanotechnology 


One of the most intriguing nanotechnological tricks 
of the living world is the central role played by self 
assembly in such systems. Whether we consider the 
spontaneous assembly of viruses, either in test tubes 
or in the interior of an infected cell, or the fusion of one 
‘membrane-bound region to another through vesicle fu- 
sion, spontaneous formation of functional “materials” is 
1a key part of the biological repertoire. To be more con- 
crete, we note that self-assembly in biological systems 
takes place in a number of different guises. First, the 
self-assembly of linear assemblies is a key part of the 
cytoskeletal assembly process with G-actin associating 
to form actin filaments and, similarly, tubulin monomers 
joining to form microtubules. This is also the process 
that is used by certain bacteria such as Listeria for lo- 
comotion, Both of these examples are described more 
fully in [24.3]. This same type of process is taken to the 
next level of sophistication in simple viruses such as to- 


bacco mosaic virus that involve not only the assembly 
of protein monomers, but also the genetic message in 
the form of long RNA molecules. A second broad class 
of self-assembly processes is associated with the forma- 
tion of containers such as liposomes or viral capsids. 
In the case of liposomes, lipid molecules such as phos- 
phatidylcholine spontaneously organize in a way that 
sequesters the hydrophobic tails from the surrounding 
water. Similarly, protein subunits spontaneously assem- 
ble to form viral capsids [24.4]. These structures play 
4 Variety of roles in the biological realm, from serving 
as containers for different macromolecules to provid- 
ing for concentration gradients of small ions that are 
maintained and utilized by molecular motors such as 
ATPsynthase [24.1] 

Beyond the simplistic description of self-assembly 
advanced above, a second key feature of biological self- 
assembly must also be considered, In particular, a variety 
of self-assembly processes in the biological realm are 
templated (or coded). As is well-known, proteins are 
a hugely versatile class of molecules all based upon 
the same fundamental building blocks. Interestingly, the 
enormous diversity of protein action is founded upon 
20 distinct amino acid building blocks, and the template 
for assembling a given protein is carried in the form of 
messenger RNA, which is then read and used as the basis 
for protein synthesis by the ribosome. One of the most 
exciting developments in modern nanotechnology is the 
attempt to exploit templated self-assembly processes for 
the purposes of creating new materials. An example in 
the context of protein-based materials can be found in 
the article of van Hest and Tirrell [24.5], where the 
‘machinery of the cell has been tricked into incorporating 
artificial amino acids into synthetic proteins 


24.1.3 Molecular Motors 
as Biological Nanotechnology 


One ofthe hallmarks of life is change and motion. At the 
cellular level, such motion is effected through a dizzying 
Variety of mechanisms, most of which when viewed at 
the molecular level are seen to be the result ofthe action 
of molecular motors [24.3]. For example, muscle con- 
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traction reflects the coherent action of huge numbers of 
‘myosin motor molecules as they march along actin fls- 
‘ments, Similarly the motion of certain bacteria can be 
traced to the rotation ofa rotary motor embedded in the 
cell wall, which is attached to filaments known as fla- 
gella [24.6]. In a similar vein, just as our modern society 
is replete with examples of systems aimed at allowing 
for communication and transport between widely sepa- 
rated geographic locations, so, 100, has the living world 
had to answer these same challenges, As will be shown 
in the section of this chapter aimed at making estimates 
of various scales and processes in nanotechnology. one 
of the key mechanisms for communication and trans- 
port is diffusion. That is, a chemical concentration at 
cone place can make its presence known ata distance x 
with a characteristic time, taimusive ¥ 1° /2D, where Dis 
the diffusion constant, However, as wll be shown later in 
the chapter, there are many cellular processes that cannot 
‘wait as long as fuitusin- AS a result, a host of molecular 
‘motors and an associated transport system (the elements 
of the cytoskeleton) permit active transport. For exam- 
ple, kinesin is a motor molecule that transports material 
slong long, relatively rigid polymeric assemblies known 
‘as microtubules [24.1] 

Even more incredible are rotary machines like 
those associated with ATPsynthase and bacterial flag- 
ella, ATPsynthase is a membrane-embedded machine 
that rotates and, in so doing, synthesizes new ATP 
‘molecules (adenosine triphosphate, energy currency of 
the cell) [24.1,7-9]. Similarly, the bacterial flagellar 
‘motor rotates with the result that the attached bacte- 
rial flagellum rotates and thereby induces motion of the 
cell (24.3, 6). The exquisite details of the construction 
of these devices are themselves breathtaking. The rotary 
‘motors in bacteria are constructed from several compo- 
nents that are much like a rotor and stator and perform 
periodic motions by deriving energy from the flow of 
protons across a membrane [24.6]. These rotary motors 
are very powerful, as evidenced by F,-ATPsynthase, 
Which can generate a torgue Targe enough to rotate 
molecule of actin 100 times its own length (24.10). fa 
auldtion, bacterial motors have another layer of sophis- 
tication in that stimuli from the external environment, 
which are sensed by the bacteria through the pores on 
its membrane, can change the direction of rotation of 
the motor in 1 process known as chemotaxis [24.3]. 
Feedback and signal transmission are implemented in 
engineering devices by means of complex circuitry, 
‘whereas in the living world these functions are often ac- 
complished by means of chemistry and conformational 
changes in large molecules. 
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All of these molecular machines involve a rich 
imerplay between chemistry, thermodynamics, and 
mechanics. From a structural perspective, most mo- 
lecular motors are proteins with different subunits 
performing different functions [24.11]. Often there is 
some region within the motor where chemical energy is 
derived from the hydrolysis of adenosine triphosphate 
(ATP), This chemical energy is then converted to mech- 
anical energy through a conformational change in the 
protein, These examples serve to call the reader's atten- 
tion to the importance and variety of motor molecules 
found throughout the living world and which almost 
any sensible definition of nanotechnology would have 
to include as particulary sophisticated examples. 


24.1.6 Molecular Channels and Pumps 
as Biological Nanotechnology 


From a structural perspective, one of the most intrigu- 
ing features of cellular systems is their division into 
a number of separate membrane-bound compartments, 
We have already touched upon this compartmentaliza- 
tion inthe context of self-assembly, and note that the role 
‘of membranes and the proteins bound within them is de- 
scribed clearly in Alberts etal. [24.1]. The presence of 
such compartments, often marked by large concentration 
sradients with respect tothe surrounding medium, hints 
at another nanotechnological wonder of the living world, 
namely, the presence of a wide range of transmembrane 
channels that mediate the exchange of material between 
these different compartments. Certain passive versions 
of these channels are gated by various mechanisms such 
as the arrival of signaling molecules or tension in the 
‘membrane within which they are found [24.12-14] 
(Once the channel isin the open state, ions pass through 
passively, by diffusion. Active versions of ion channels 
that transfer ions such as Na* and Ca are similarly 
critical for the functioning of a cell, both in the ease of 
unicellular and multicellular organisms. For example, 
in the case of Na* ions, typical concentrations within 
the cell can be as much as a factor of 1020 less than 
those inthe extracellular milieu. Such concentration gra- 
dlients imply the need for sophisticated active “devices” 
which can do work against such gradients. One of the 
‘most remarkable of machines ofthis type is the Na*-K* 
pump [24.1]. This machine is powered by hydrolysis of 
ATP (ie, the consumption of ATP fuel), andit can pump 
ions up a potential gradient. In particular, this pump hy- 
drolyzes ATP and pumps Na* ions out ofthe cell against 
a very steep concentration gradient while pumping K* 
ions in again against a steep gradient. 
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‘The point of this brief discussion has been to illus- 
trate the first of several perspectives that we will bring 
to bear on the question of the biology-nanotechnology 
interface. Thus far, we have noted that nature is replete 
with examples of macromolecules and macromolecu- 
lar assemblies that perform nanotechnological tasks and 
in this capacity serve as examples of biological nano- 
technology. Next, we wish to examine the ways in 
which biological phenomena can inspire nanotechnol- 
ogy itself. 


24.1.5 Biologically Inspired 
Nanotechnology 


As noted in the beginning of this chapter, biological 
systems are nanotechnologically relevant for several rea- 
sons. First, as shown above, the living world is full of 
examples of nanotechnological devices. However, a sec- 
ond key point is that nanotechnology has been driven 
and inspired by the example of biological systems and 
the need (for example, in medicine) to influence bio- 
logical systems at the scale of a single cell. In addition, 
preliminary steps have been taken to harness the nano- 
technology of biological systems and use it to perform 
useful functions, 

One compelling example of a proof-of-principle, 
biologically inspired device emerged from work aimed 


Fig. 26.1 Schematic of the experiment in which bacteriorhodopsin 
(op of figure) and ATPsynthase (right of figure) are artificially re- 
constituted in a liposome, and they act in unison to produce ATP 
molecules 


at exploring the function of ATPsynthase, the rotary 
device already described shove. Fluorescently labelled 
filamentous proteins from the cytoskeleton, known as 
actin, were attached to the putative rotary component 
of the F; subunit. The point of this exercise is that 
such filaments are observable using light microscopy. 
Iwas then observed that the long actin filament rotated 
like a propeller when the ATPsynthase performed ATP 
hydrolysis [24.15]. 

‘A second example, also involving ATPsynthase, 
is suggested by a set of beautiful experiments done 
by Racker and others [24.16 17]. The idea is illus- 
trated schematically in Fig. 24.1, Two different protein 
machines are “reconstituted” in an artificial membrane- 
bound region known as a liposome. One ofthese devices 
is known as bacteriorhodopsin and has the capacity to 
pump hydrogen ions when it is exposed to light. Since 
both the bacteriorhodopsin and ATPsymthase are em- 
bedded in the same membrane, the ATPsynthase can 
then exploit the light-induced proton gradient perform 
ATP symthesis. Again, these experiments were under- 
taken not for ther role as possible devices, but rather to 
probe the nature of various molecular machines. Nev- 
ertheless, we view them asa provocative demonstration 
of both the manipulation and use of such machines in 
amtficial environments. As such, they provide an inspir- 
ing vision of the possibilities for biologically inspired 
nanotechnology. 

‘Another fascinating example of biologically inspired 
nanotechnology is that of biofunctionalized cantilevers 
(see Fig. 24.2), Atypical example is provided by the ex- 
periments of Wi etal. [24.18], who have demonstrated 
the use of a biofunctionalized cantilever as a scheme 
for detecting small concentrations of biologically inter- 
esting molecules such as prostrate-specific antigen and 
single-stranded DNA. One surface of the cantilever is 
coated with an antibody, and then itis placed in environ- 
‘ments containing different concentrations of the antigen. 
‘The key ideas from a mechanical perspective are: i) the 
difference in surface energy between the top and bottom 
surfaces ofthe cantilever induces spontaneous bending 
and ii) the binding of molecules of interest to target 
molecules initially present on the surface leads to sur- 
face energy differences and bending that can be detected 
by optical means. In this way the concentration of the 
molecules of interest can be measured. The specificity 
and sensitivity of the method makes it viable for use in 
the laboratory, as well as for commercial purposes. We 
return to this example in our discussion of the modeling 
challenges posed by problems at the interface between 
biology and nanotechnology. 
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24.1 Science at the Biology-Nanatechnology interface 


24.2 Schematic of the use of biofunctionalized can- 
tilevers as a tool for detecting molecules of biological 
interest (igure courtesy of Arun Majumdar, Berkeley) 


24.1.6 Nanotechnology and Single Molecule 
Assays in Biology 


‘One of the key refrains of the nanotechnological era 
is Feynman's quip that “there is plenty of room at the 
bottom" [24.19]. The benefits of miniaturization are ev 

ident at every turn in applications ranging from our 
cars to our computers. Associated with the develop. 

ment of the inspiring new techniques made possible 
bby nanotechnology has been the emergence of a host 
of scientific opportunities. One of the arenas to bene. 

fit from these new techniques is biology. As scientists 
and engineers have taken the plunge to the nanotech- 
nological “bottom” foreseen by Feynman, opportunities 
hhave constantly arisen to manipulate biological systems 
in ways that were heretofore unimagined, culminating 
ina new era of single molecule biology. Single molecule 
experiments have, in fact, presented us with a view of 
Feynman’s “room at the bottom” as being filled with 
very complicated machines whose functioning makes 
life possible. 

Single molecule assays complement statistical/col- 
lective studies involving a large number of molecular 
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actors by revealing the prominent role of fluctuations at 
the sub-cellular scale. For example,  photospectrom- 
ter measures the optical response of a huge collection 
of molecules, whereas optical tweezers pull on a single 
molecule of DNA and enable us to follow the changes in 
conformation or the breakage of bonds. In fact, experi- 
‘mental methods are so advanced that itis now possible 
to manipulate a single molecule even as we watch it 
fon a screen as it jiggles around in different confor- 
‘mations. In what follows, we give several examples of 
how nanotechnology has reached out to help create sin- 
gle molecule biology and in the process has led to the 
advent of new quantitative opportunities to investigate 
biologi 


I systems, 


Atomic-Force Microscopy 
ne ofthe tools that has revolutionized nanotechnology. 
in general, and single molecule biology, in particu 
lar, is the atomic-force microscope. The AFM has 
helped create the field of single molecule force spec 
troscopy [24.20]. We note that mechanics has a long 
tradition of using force-extension data (much like the 
electrical engineer uses current-voltage data) to probe 
the inner workings of various materials. It is. now 
possible toapply forces of known magnitude ona macro- 
molecule and study how it deforms under the for. 
‘This furnishes structural information and provides in- 
sights into the energy landscape the molecule needs to 
navigate as it undergoes force-induced conformational 
changes. The energy of deformation associated with 
such molecules is primarily determined by weak forces 
such as hydrogen bonds, van der Waals contacts, and 
hydration effects. On a more philosophical note, these 
experiments force us to think in terms of forces and 
not energy, complementing the traditional views held in 
‘molecular biology, and they can lead to many new in 
sights about the relation between structure and function 
in proteins, polynucleotides, and other macromolecular 
entities 

The AFM has been used in a wide variety of sin- 
ale molecule experiments on many of the key classes 
fof molecules found in the living world, including nu- 
cleic acids, proteins, and carbohydrates. One fascinating 
example is the use of atomic force microscapy to ex- 
amine the mechanical properties of the muscle protein 
titin [24.21]. The experiment is illustrated schemati- 
cally in Fig. 24.3, which shows that there is a series of 
force-extension signatures (increasing force and exten 
sion followed by a precipitous load drop) that correspond 
tothe unbinding ofthe individual domains that make up 
this protein 
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Fig. 24.3 Schematic illustrating the way that the AFM has 
been hamessed as « nanotechnological analogue of the In- 
sron machine for the measurement of the force-extension 
properties of single molecules. Four snapshots in the life 
history of a globular protein subject to loading are shown, as 
well as the measured force-extension curve. Each sawtooth 
ccortesponds 10 the unfolding of a single protein domain. 
(Figure adapted from [24.22]) 


Optical Tweezers 
Another instrument that has been used with great success 
inthe realm of biophysics for the purposes of performing 
‘nanomechanical measurements on macromolecules and 
their assemblies is the optical tweezer [24.23,24]. While 
the AFM is relatively stiff and applies large forces (on 
the order of 101,000 pN), optical tweezers are com- 
pliant and can measure smaller forces (on the order of 
0.1-10pN). Some of the most interesting experiments 
performed with optical tweezers concern the functioning 
of molecular motors, which by themselvesare marvels of 
nanotechnology. For example, Svoboda et al. [24.25] at- 
tached kinesin to an optically trapped bead and observed 
its movement along a microtubule. An example of the 
type of data to emerge from such experiments is shown 
in Fig. 24.4, One of the conclusions to emerge from such 
‘experiments is that kinesin can exert forces on the or- 
der of S~7pN before it stalls. Such experiments also 
permit an examination of the effect of changing the con- 
‘centration of ATP on the functioning of kinesin [24.26] 
‘Similar experiments have been performed on RNA poly- 
merase as it advances along DNA to deduce not only 
the stall force, but also its velocity as a function of the 
constraining force [24,27]. Such measurements provide 
‘a mechano-chemical basis of biological function and go 
«a long way in revealing connections between chemical 
kinetics and mechanical processes at the molecular level. 


‘As noted in the abstract, one of the most fascinating 
‘examples ofthe biology-nanotechnology interface is that 
of bacterial viruses, known as bacteriophages. The life 
cycle of a large class of bacteriophages is characterized 
by self-assembly processes that lead to the formation of 
the protein shell ofthe virus followed by active packag- 
ing of the viral DNA within this shell by a motor. The 
structure of this so-called “viral portal motor” has re- 
cently been solved using X-ray crystallography [24.28] 
In a recent experiment, Smith et al. used optical tweez- 
ers to study the characteristics of the DNA packaging 
process of the $-29 bacteriophage [24.29]. One of the 
conclusions ofthis experiment is that the motor has to act, 
against an increasing resistive force as more and more of 
the DNA is packed inside the capsid. From a quantitative 
perspective, this experiment yields the force and the rate 
of packing as a function of the fraction of the genome 
packed. Itis also important to note that bacteriophages 
are not only an obscure subject of quiet enquiry, but are 
also the basis of a huge range of cloning products (see, 
for example, the lambda ZAP vectors of Stratagene) 
used for doing experiments with recombinant DNA, and 
more generally, viruses are being explored as the basis 
of gene therapy. 

‘Our discussion thus far has been aimed at provid- 
ing a rough overview of the vast landscape that sits at 
the interface between biology and nanotechnology. It is 
hoped that the few representative case studies set forth 
above suffice to illustrate our basic thesis, namely, that 
biological nanotechnology represents nanotechnology at 
its best. 


24.1.7 The Challenge of Modeling 
the Bio-Nano Interface 


As highlighted in the previous two subsections, there 
have been huge advances at the interface between nano- 
technology and biology. We have argued that there are 
two distinct representations of the interface between 
biology and nanotechnology, and each has its own as- 
sociated set of modeling challenges. The argument of 
the present discussion is that another key part of the 
Infrastructure that must attend these developments is 
that associated with the modeling of these systems. 
One of the intriguing ways in which modeling at the 
biology-nanotechnology interface is assuming greater 
importance is that with increasing regularity, experi- 
mental data on biological systems is of a quantitative 
character. As a result, the models that are put forth to 
greet these experiments must similarly be of a quantita- 
tive character [24.30], 
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As an example of the type of modeling challenges 
that must be faced in contemplating the types of prob- 
ems described above, we return to the example of 
biofunctionalized cantilevers as a problem in nanomech- 
anics [24.18,31]. The basic physics behind the use of 
biofunctionalized cantilevers as sensors is a competition 
between elastic bending energy and the surface free en- 
ergy difference between the upper and lower faces of the 
cantilever. The face with the lower free energy per unit 
area tends to increase its area by bending the cantilever. 
‘The amount of bending, on the other hand, is limited by 
the elastic energy cost. The utility of this device derives 
from the fact that the difference in the surface free en- 
ergy is affected by specific binding of target molecules 
to probe molecules that are initially deposited on one 
side of the cantilever. 

To provide a quantitative model of the biofunction- 
alized cantilever, we construct an energy functional that 
takes into account the elastic energy of beam bending 
and the surface energy. Both contributions to the total 
energy can be written as functionals of u(x), the deflec- 
tion of the cantilever. Note that in the case in which the 
two surfaces have the same free energy per unit area, 
Yop = Yiown: the equilibrium configuration corresponds 
to u(x) =0. The case of interest here is that in which the 
two surfaces have different energies. 

We recall that the energy associated with beam 
bending is of the form [24.32] 


2 fweoy ax, 


where E is Young's modulus, L is the length of the beam, 
and J = wr?/12 is the areal moment of inertia; rand w 
are the beam thickness and width. The main approxi- 
‘mation we have made in writing (24.1) is that the cross 
section of the beam remains unchanged by the bending 
process. The surface contribution to the total energy is 
associated with the changes of the areas of the upper 
and lower surfaces by virtue of the beam deforming. In 
particular, we have 
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Fig.24.% Schematic illustrating the use of optical tweezers to meas- 
lure the speed of the molecular motor kinesin in its journey along 


‘a microtubule 


‘where the terms in parentheses are the arc lengths along 
the top and bottom surface of the beam, respectively. 
‘The physical content of this functional is the idea that 
if wu" > 0 (concave upward) then the upper surface area 
will shrink while the lower surface area will increase. 
‘Neglecting uninteresting constant terms, the total energy 
functional is 


tw ‘ 
ey (de 
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(24.3) 


Our goal is to find the displacement profile u(x) that 
yields the minimum value for the total energy. The 
{general mathematical framework for effecting this mini- 
mization is the calculus of variations. For the functional 
in 243), a more direct route to the result can be ob- 
tained by completing the square. Namely, we note that 
the Ein involves aterm quadratic in u"(x) and a second 
term that is linear in the same function. As a result, the 
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total energy can be rewritten in the form 
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where we have introduced Ay = yaowu — Yop, and we 
neglect an uninteresting constant term, Clearly the u(x) 
that minimizes the energy is one for which the integrand 
vanishes everywhere, or 
coy WAY, 

weyt+ Sat =0 
At this point, we are left with a standard differential 
‘equation whose solution, given the boundary conditions 
(0) =O and u’(0) = 0, is 


(24.5) 


(24.6) 


‘The physical meaning of this solution is hinted at by 
observing that if yuowa > Yop then the beam curves 
downward with the result that the area of the lower 
surface is reduced. 

‘Measurements of Wu et al. [24.31] indicate an up- 
ward cantilever deflection when single stranded DNA 
(ssDNA), up to 20 nucleotides in length, hybridizes 
‘ith complementary strands of ssDNA, which were de- 
posited initially so as to functionalize the beam. This 
effect might be attributed to the difference in elastic 
properties of ssDNA and its double stranded counter- 
part, Namely, under physiological conditions, ssDNA 
has a persistence length equal to two nucleotides, while 
AsDNA is much stiffer (due to hydrogen bonding and 
base stacking interactions between the two strands) and 
has a persistence length of 150 nucleotides. Therefore, 
deposition of the flexible ssDNA molecules initially 
leads to bending of the cantilever downward due to 


‘entropic repulsion between the ssDNA chains. After hy- 
bridization, rigid dsDNA strands are formed, there is no 
longer any entropy to be gained by increasing the area 
of the top surface, and the beam bends back upwards. 
Remarkably, We et al. demonstrate that their biofune- 
tionalized cantilever is sensitive to ssDNA differing in 
length by a single nucleotide! 

To gain further insight into the physics of the 
biofunctionalized cantilever, it is instructive to ex- 
amine some quantitative aspects of the experiment 
using (24.6). Namely, Wir et al. find a deflection of 
u(L) = 12nm when a 20-nucleotide strand of ssDNA 
hybridizes with a 20-nucleotide-long complementary 
target. Using the quoted numbers for the cantilever, 
E=180GPa, L=200um, 1=0.5 pm, w=20m, 
leads to Ay = 4.5 £1/jum?, From this result we can es- 
timate the change in surface free energy due to beam 
bending, 


AB ut wLAY (24.7) 


We find A E,u:¢=—18 pJ, which, given the quoted areal 
chain density of 6x 10'7em™, leads to a decrease in 
free energy of 75 pNam, or 18kg7,, per chain. This is 
comparable to the entropy of a 20nt ssDNA, which is 
on the order of 10kn, lending support to the idea that 
‘entropic repulsion between ssDNA strands is implicated 
in cantilever bending, 

While this example gives a feel for the way in 
which quantitative models have been put forth to re- 
spond to biologically inspired nanotechnologies, the 
remainder of the chapter will emphasize attempts to 
construct nanomechanical models of biological nano- 
technology itself. We turn first to a discussion of the 
various scales that arise in thinking about the biology: 
nanotechnology interface and then conclude with several 
modeling examples. 


24,2 Scales at the Bio-Nano Interface 


Every scientific discipline has a preferred set of units that 
Tends itself to building intuition concerning the system 
athand. For example, an astronomer thinks of distances 
between stars in light years, not kilometers. Though 
most of us have an intuitive sense of the meaning of 
a kilometer, by the time we add more than six zeros, all 
intuition is lost. At terrestrial scales, we talk of distances 
between cities in terms of the flying time or the driving 
time between them and usually not in terms of hundreds 


of miles. Similar choices must be faced in the biologic- 
al setting. For example, a biologist might characterize 
the complexity of an organism by the size (in kilo base- 
pairs) of the genome and not by the organism's physical 
size, The aim of the present section is to highlight some 
of the key scales and units that reveal themselves at 
the interface between biology and nanotechnology. In- 
deed, we go further and assert that as yet we are still in 
the process of searching for the most suitable units to 
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Values 


Ifwe multiply the R value by 1,000 while dividing 
the C value by 1,000, the time constant remains 
the same, and we can use the more convenient 
values ofkilohms forthe resistance and pF forthe 
capacitance. In other words, the formula tells us 
that a 1K resistor in series with a 1,000HF capac- 
itor has a time constant of 1 second. 


The formula suggests that if the value of R di- 
minishes to zero, the capacitor will charge in- 
stantly, In reality, the charging time will be rapid 
butfinite, limited by factors such as the electrical 
resistance of the materials used. 


Multiple Capacitors 
When two or more capacitors are wired in paral- 
lel, their total capacitance is the sum of their sep- 
arate capacitances. When two or more capacitors 
arewiredin series, the relationship between their 
total capacitance © and their individual capaci- 
tances (C1, C2, C3...) is 


1 / C= (A/ca) + (1/c2) + (4/03). . 


The formula to calculate the total capacitance of 
capacitors connectedin series resemblestheone 
used to calculate the total resistance of resistors 
connected in parallel, See Chapter 10. 


Alternating Current and Capacitive 
Reactance 
The apparent resistance of a capacitor to AC is 
properly known as capacitive reactance. In the 
following formula, capacitive reactance (Xc, in 
ohms) is derived as a function of capacitance (C, 
in farads) and AC frequency (f, measured in 
hertz): 

Xe=1/ (Q*a*f*C) 
The formula shows that when frequency be- 
comes zero, capacitive reactance becomes infin- 
ite; in other words, a capacitor has theoretically 
infinite resistance when DC current tries to flow 
through it. In reality, a dielectric has a finite re- 
sistance, and thus always allows some leakage. 


The formula also shows that capacitive reactance 
diminishes when the size of the capacitor increa- 


> moderation > c: 


power pacitar 


ses and/or the frequency being applied to iti 
creases. From thisitappears thatan AC signal will 
be attenuated less at higher frequencies, espe- 
cially if we use a small capacitor. However, a real- 
world capacitor also exhibits some degree of in- 
ductive reactance. This value will depend on its 
configuration (cylindrical vs. multiple flat plates), 
its physical length, the materials from which itis 
fabricated, the lengths of its leads, and other fac- 
tors. Inductive reactance tends to increase with 
frequency, and since capacitive reactance tends 
to decrease with frequency, at some point the 
curves for the two functions intersect. This point 
represents the capacitor's self-resonant frequen- 
cy, which is often referredto simply asits resonant 
frequency. See Figure 12-18. 


Resonant Frequency 


Effective Series Resistance (log scale) 


Frequency (log scale) 


Figure 12-18. As an AC current applied to a capacitor in 
creases in frequency, the capacitive reactance of the com- 
ponent decreases, while ts inductive reactance increases. 
The resonant frequency of the capacitor is found where 
the two functions intersect 


Equivalent Series Resistance 
A theoretically ideal capacitor would be purely 
reactive, withoutany resistance. In reality, capac- 
itors are notideal, and they have equivalentseries 
resistance, or ESR. This is defined as the r 


106 


Encyclopedia of Electronic Components Volume 


Mechanics of Biological Nanotechnology 


24.2 Scales at the Blo-Nano Interface 


characterize the biology-nanotechnology interface. Al- 
though our attempt to determine such units and scales 
might involve seemingly complicated interconversions, 
such as measuring distances in terms of time (via diffu- 
sion), or measuring concentrations in terms of distances, 
‘we hold that the approximate numerical characterization 
of the scales of interest is of crucial importance to the 
endeavor of considering nanomechanics at the biology- 
nanotechnology interface. In particular, the right choice 
‘of units can assist us in building intuition about these sys- 
tems, Our goal in this section is to emphasize the scales 
in length, time, force, energy, and power that are rele- 
vvant in contemplating the nanomechanics of biological 
systems, 


24.2.1 Spatial Scales and Structures 


We begin with a discussion of the length scales that 
arise in contemplating nanomechanics at the biology- 
nanotechnology interface. In this case, the prefix nano 
leads justifiably to a consideration of the nanometer as 
‘one possible choice as the fundamental unit of length. 
However, to prepare ourselves for the question of how 
best to describe the dimensions of the spatial structures 
of interest here, it is important to consider the hierar- 
chy of length scales that arise in the nano-bio arena. 
‘After examining this hierarchy of structures, we re- 
formulate these length scales in terms of the volumes 
of these structures measured in units of the volume of 
atypical bacterial cell, and conclude the present section 
with a discussion of the way that chemical concentra- 
tions can also be interpreted as determining a length 
scale, 

As noted above, a first step in developing intuition 
concerning the spatial scales found at the biology- 
nanotechnology interface is through reference to the 
hierarchy of scales and structures that arise inthis arena, 
‘The shortest distance in this hierarchy of scales that will 
interest us is that associated with the size of individ- 
ual atoms. We recall that the size of a hydrogen atom 
is roughly 0.1nm, The scale characterizing the link- 
age between atoms is that of typical bond lengths that 
range from roughly 0.1-0.3nm. A step further in this 
hierarchy brings us to the basic building blocks of the 
biological world such as amino acids, nucleotides, indi- 
vvidual sugars, lipid molecules, etc. typical length scale 
that characterizes these building blocks is the nanometer 
itself. For example, we have already made reference to 
the importance of lipid-bilayer membranes in bounding 
different regions of the cell. Phosphatidylcholine is one 
of the molecular building blocks of many such mem- 
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branes. It has a polar head group and a hydrocarbon tail 
‘with an overall dimension of 2-3nm. Similarly, the di- 
‘mensions of single amino acids and nucleotides are on 
the order of I nm as well, 

As is well-known, individual nucleotides are as- 
sembled to form nucleic acids such as DNA, amino 
acids are assembled to form proteins, stigars combine 
to form polysaccharides, and lipids self-assemble to 
form membranes. One way of estimating the size of 
the resulting molecules is by taking the scale of the 
individual units and scaling up with the number of 
stich units. The various molecular actors of relevance 
to the present discussion can also be characterized by 
a length, scale known as the persistence length, which 
ives a rough description of the length over which the 
‘molecule behaves as a stiff rod. For example, the per- 
sistence length of DNA is ~ 50nm, while that of the 
cytoskeletal filaments is in the range of 15 um for actin 
and 6mm for microtubules [24.11]. We note that in 
our later discussions of viruses as a profound example 
of biological nanotechnology, the ratio of the persis- 
tence length of DNA to the size of the viral capsid 
(the container within which the DNA is packaged) will 
serve as a measure of the energetic cost of packing the 
DNA within the capsid and will signal the need for 
‘molecular motors to take active part in the packaging 
process. 

The next scale above that of the various macromo- 
lecularbuilding blocks are assemblies of such molecules 
in the form of various molecular machines which are 
some of the most compelling examples of nature's nano- 
technology. The ability to begin formulating mechanistic 
‘models of such machines is founded upon key advances 
in both X-ray crystallography and cryo-electron mi- 
croscopy 24.33, 34]. Examples of such machines and 
their associated dimensions include: the machine re- 
sponsible for making the message carried by DNA 
readable by the protein synthesis machinery, namely, 
RNA polymerase (= 1Snm) [24.35], the machine that 
produces ATP, the energy currency of the cell, namely, 
ATPsynthase (+ 10nm) [24.9], and the machine that 
carries out protein synthesis, namely, the ribosome 
(© 25nm) [24.36]. A second class of assemblies of 
particular relevance to the present article are viruses, 
representative examples of which include lambda phage 
(© 27am), tobacco mosaic virus (~ 250 nm in length) 
and the HIV virus ( 110=125 nm) [24.37]. 

From the standpoint of cellular function, the next 
level of structural organization is associated with the 
various organelles within the cell, structures such as 
the cell nucleus (3-10 jm), the mitochondria that serve 
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a the power plant ofthe cell (= 1,000 nm), the Golgi 
apparatus wherein modifications are made to newly 
synthesized macromolecular components (~ 1,000nm), 
and so on [24.1]. These organelles should be thought of 
a factories in which many molecular motors ofthe type 
described earlier do their job simultaneously. At larger 
scales yet, and constituting a higher level of overall or- 
ganization, life as nanotechnology is revealed as cells 
themselves, the fundamental unit of life that is self- 
replicating and self-sustaining. We will make special 
reference to one particular bacterial cell, namely, E.coli 
with typical dimensions of 1 jum. This should he con- 
trasted with atypical eucaryotic cell suchas yeast, which 
has linear dimensions roughly a factor of 10 larger than 
the E, coli cll 

We note that the various biological structures de- 
scribed above should be seen with reference to the sorts 
of man-made structures to which they are interfaced. For 
example, earlier in the chapter we mentioned the impor- 
tance of optical tweezers as a means of communicating 
forces to macromolecules and their assemblies. Typical 
dimensions forthe optical beads used in optical tweezers 
ae on the scale of 500=1,000.nm. We note that though 
such dimensions are characteristic of organelles, they 
are much larger than the individual molecules they are 
used to study. A second way in which individual macro- 
molecules are communicated with is through small tips 
such as those found on an AFM. In this case, the size of 
the tip can be understood through reference to its radius 
of curvature, which is typically ofthe order of 5Onm. 

‘Our discussion thus far has centered on the use of 
a single characteristic length to describe the spatial ex- 
tent of biological structures. In our quest to develop 
intuition about the typical spatial scales found at the 
biology-nanotechnology interface we note that a sec- 
cond way to evaluate such scales is through reference to 
the typical volumes of the various structures of interest. 
[As noted in the introduction to this section, we claim 
that a key way to develop intuition is by making sure to 
use appropriate and revealing units. For the present pur- 
Poses, we argue that one useful unit of volume is that 
of an E.coli bacterium, which if idealized as a cylinder 
With diameter 1 jum and height 22m, has a volume of 
~1.5x 10? nm}, In particular, we will measure the sizes 
of the various entities described above in terms of how 
many of them can fit intoa single . coli bacterium. Our 
‘estimates of the comparative sizes of various structures 
of interest are given in Table 24.1. Note that we do not 
claim that this is literally how many of each ofthese enti- 
ties are found in an E, col bacterium, but rather we seek 
to give an impression of the relative volumes of some 


Table 26.1 Sizes of entities in comparison to the size of 
E.coli 


‘Amino acid 1 5.0%:0? 
Nucleotide 1 S010" 
‘Monosaechatide 1 5.0%10? 
Phosphatidy 23 20x10" 
choline 

Proteins 30x10? 
Ribosome 10x08 
Mitochondria 34 
4 phage 5,000 


of the different structures that arise when contemplating 
biological nanotechnology. 

‘The idea of counting the number of molecules that 
fit into a given volume is actually quite standard, This 
is exactly what chemists do when they invoke the no- 
tion of concentration: measuring the strength of an acid 
or base using pH amounts to expressing the concentra- 
tion of H* ions in solution, Similarly, when we refer 
to the molarity of a given solution, itis a statement of 
how many copies of a given molecule will be found 
per liter of solution. These ideas are pertinent for our 
examination of the scales that arise in contemplating 
biological nanotechnology. As an example, we consider 
the action of molecular pumps such as that which main- 
tains the concentration gradient in Ca°* ions between 
the cellular interior and the extracellular medium. Note 
that this is described in detail in chapter 12 of Alberts 
etal. [24.1]. The Ca” pump is responsible for insuring 
thatthe intercellular concentration of Ca’ ions is 10 
smaller than that in the cellular exterior. One explana- 
tion for this low a concentration of Ca”* in the cell is 
the role played by these ions in signaling other activi- 
ties. The low concentration might serve as a scheme for 
increasing the signal-to-noise ratio. The reported intra- 
cellular concentration of such ions is roughly 10-7 mM. 
Itis interesting to ask how many Ca** ions this corres- 
ponds to in a eucaryotic cell. The volume of a eucaryotic 
cell measuring 20j1m in diameter is about 4x 10-2 
liters, which translates into ~ 250 Ca?* ions in the ey- 
toplasm. For the case of E. coli, which has a volume 
approximately 1,000 smaller, this concentration would 
correspond to one ion for every four eells. This num 
ber gives us far greater insight than the standard molar 
(M = mol/liter) method of expressing concentrations, 
In a similar vein, we argue that distances between in- 
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dividual ions/molecules in solution are perhaps a better 
‘way of thinking about pH and molarity when using them 
in the context of biological nanosystems. To this end, 
Fig. 24.5 shows a plot of pH and molarity versus aver- 
age distance d in nm between individual ions/molecules. 
‘Note that, in addition, we have also translated these con- 
centrations into number of copies per E. coli cell and 
the time for an ion to diffuse over the average separation 
distance, For the time estimate we make use of the typ- 
ical diffusion constant for small ions in water at 25 °C, 
D=2,000 um? /s. 


a) 
800, 


vy 
0 rT Ty it 
mM 


Fig. 26.5 (a) Representations of pH in terms of average 
distance between ions (d in nm), the number of ions per 
‘one E, col cell volume (V), and the typical time for an ion 
to diffuse over a distance equal to their average separation 
(rin 10025), (b) Concentration unit millimolar (mM) rep- 
resented in terms of d (am), N (millions of molecules), and 
1(0n8) 
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We have seen that the world of biological nanotech- 
nology utilizes length scales that span a rather wide 
range, from fractions of a nanometer to tens of microns, 
This provides a challenge to modeling, whereby meth- 
‘ods with atomic-scale resolution need to be combined in 
consistent and seamless way with coarse-grained con- 
tinuum descriptions to provide a complete picture. An 
example of such modeling will be provided in later see- 
tions when we take up the mechanical aspect of the viral 
life cycle. 


24.2.2 Temporal Scales and Processes 


We have seen that a study of spatial scales is a first 
step in our quest to understand the units that are suited 
to characterizing the biology-nanotechnology interface. 
‘We note that our understanding of spatial structures both, 
in the living world, as well as those used in intriguing 
‘man-made technologies such as microelectronics have 
been built around important advances such as electron 
microscopy, X-ray crystallography, nuclear magnetic 
resonance, ete. that have revolutionized structural biol- 
ogy and materials science alike. On the other hand, 
cone of the key challenges that remain in really appre- 
ciating the structure-properties paradigm, which is as 
central to biology as it is to materials science, is the 
need to acknowledge the dynamical evolution of these 
structures, 

We note that just as there is a hierarchy of spatial 
scales that are important to consider in describing bio- 
logical nanotechnology, so too is there a hierarchy of 
temporal processes that also demand a careful consider- 
ation of relevant units. An impressive representation of 
the temporal hierarchy that must be faced in contemplat- 
ing biological systems is given by Chan and Dill [24.38] 
in their Fig. 5. They organize their temporal hierarchy 
according to factors of 1,000, starting atthe femtosecond, 
time scale and ending with time scales representative of 
the cell cycle itself. One of the elementary dynamic- 
al processes undergone by all of the molecular actors of 
the living worldis thermal vibration. Vibrations of atoms 
‘occur at the time scales of 10~!5 to 1012s, As will be 
noted later, from a modeling perspective, this depress- 
ing fact manifests itself in the necessity of using time 
steps ofthe same order when integrating the equations of 
motion describing molecular dynamics, The reason that 
this is unfortunate is that almost everything of dynam. 
ical interest accurs at time scales much longer than the 
femtosecond time scale characteristic of molecular jig- 
ling, thus making molecular dynamics investigations 
computationally very expensive 
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We follow Chan and Dill [24.38] in examining how 
successive thousandfold increases in our temporal res- 
olution smears out features such as vibrational motion 
and brings into focus more interesting processes char- 
acteristic of macromolecular function. Indeed, the side 
chains of amino acids rotate with a characteristic period 
on the order of 10" s, Another thousandfold inerease in 
time scale begins to bring key biological processes such 
as polymerization into view. Just as a length scale on the 
order of 10-100nm is peshaps most characteristic of 
the length scales of biological nanotechnology, the time 
scale that is most relevant for considering the processes 
associated with biological nanotechnology is something 
between amicrosecond and amillisecond. To drive home 
this point, we reconsider the machines described in the 
previous section from the length scale perspective, but 
now with an eye toward how fast they perform their func- 
tion, Several othe molecular machines considered in the 
previous section mediate polymerization reactions. For 
example, RNA polymerase produces messenger RNA 
molecules by the repeated addition of nucleotides to 
«chain of ever increasing length. Such messenger RNA 
molecules serve in turn as the template for synthesis 
of new proteins by the ribosome, which reads the mes- 
sage contained in the RNA and adds individual amino 
acids onto the protein, From the temporal perspective of 
the present section, it is of interest to examine the rate 
at which new monomers are added to these polymers ~ 
roughly 10 pers in the case of RNA polymerase [24.39] 
and 2 per s in the case of the ribosome in eucaryotic 
cells [24.1] (bacterial ribosomes are 10 times faster). 
Once proteins are synthesized, in order to assume their 
full cellular responsibilities, they must fold into their 
native state, a process that occurs on time scales on the 
order ofa millisecond. 

Inaddition to translational machines like RNA poly- 
merase and the ribosome, there are a hast of intriguing 
rotary machines such as ATP synthase and the flag- 
ellar rotary motor. The Bagellar motor, which is the 


‘means of locomotion for several bacteria, rotates at about 
100rpm [24.6]. ATP synthase makes use of a proton gra- 
dient across a lipid bilayer to provide rotation ata rate of 
roughly 6,000 rpm [24.41], approaching that of turbojet 
engines. 

‘Thus far, our discussion has emphasized the rate of 
1 variety of active processes of importance to biological 
nanotechnology. It is of interest to contrast these scales 
with those pertaining to diffusion. We note that in many 
Instances in the biological setting the time scale of in- 
terest is that determined by the time it takes for diffusive 
communication of two spatially separated regions. In 
particular, as noted earlier in the chapter, the operative 
time scale is given by faituiye = x2/2D. where D is the 
diffusion constant and x is the distance over which the 
diffusion has taken place. 

To get a sense for all of the time scales described in 
this section, Table 24.2 presents a variety of results con- 
sidered above in tabular form, but now with all times 
‘measured in units of the time it takes for ATPsynthase 
to make one rotation (~ 10 ms). Our reason for adopting 
ATPsynthase rotation as defining a unit of time is that 
it exhibits motions associated with one of the most im- 
portant of life's processes, namely, the synthesis of new 
ATP molecules. In addition, our later discussion of units 
associated with both energy and power will once again 
appeal to the central role played by ATP in biological 
nanotechnology. 


24.2.3 Force and Energy Scales: 
The Interplay of Determini 
and Thermal Forces 


Another set of scales of great relevance and impor- 
tance to the nano-bio interface concerns the nature of 
the forces that act in this setting. Thus far, we have ex- 
amined the spatial extent and the cycle time of a variety 
of examples of biological nanotechnology. As a next 
step in our examination of scales, we consider the forces 


Table 24.2 Time scales of various events in biological nanotechnology measured in units of the average time taken for ATPsynthase 
to make a single rotation 


Ce re ree ies) [Re 
1 frequency of amino acid addition) ~ eukaryotic ribosome 

1 frequency of monomer akltion)— RNA polymerase 
‘Time berwcen motion reset of Ecol 

‘inesin step 

Ditfsion time for protein (on) o cross an E. coll 
Vibrational period of nanocantiever 


(24) 
_ (24.39) 
w (24.6) 
1 (2426) 
0.5 (0.02) 24.11) 
10-—10"5 (24.40) 
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and energies associated with these structures. Two out- 
standing sources for developing a feel for the relevant 
numbers are the books of Wrigglesworth [24.42] and 
Smit 24.43], Perhaps the most compelling feature when 
thinking about forces at these scales isthe interplay be- 
tween deterministic and thermal forces. To substantiate 
this claim, we note that at room temperature the fun- 
damental energetic quantity is ky’ ~ 4.1 pNam. The 
reason this number is of interest to the current endeavor 
is the realization that many of the molecular motors that 
have thus far been investigated act with forces on the 
piconewton scale over distances of nanometers. 

‘The fact that the piconewton is the relevant unit of 
force can be gleaned from a simple estimate. Namely, 
consider a typical skeletal muscle in the human arm, 
‘The cross-sectional size of the muscle is of order 
3m, The muscle consists of cylindrical rods of protein 
called myofibrils, which are roughly 2m in diameter, 
while the myofibrils themselves are made of strands 
of actin and myosin filaments, which total some 60.nm 
in diameter [24.1]. This gives 10'2 myosin filaments 
per cross-sectional area of the muscle. As each myosin 
filament over the length of a single sarcomere (the con- 
tractile unit of myofibrils, some 2.5 um long) contains 
some 300 myosin heads, lting a 30 kg load corresponds 
to. force of | pN per myosin head. This is certainly an 
underestimate, since not all myosin heads are attached 
to the actin filament at the same time. Since our esti- 
‘mate leaves out many details, we might wonder how it 
compares to the measured forces exerted by molecular 
‘motors. Sophisticated experiments with optical tweezers 
have revealed that actin-myosin motors stall ata force of 
around SpN [24.44]; RNA polymerase stalls at a force 
of about 20pN [24.39]; the portal motor of the 4-29 
bacteriophage exerts forces up to SO pN [24.29]. 

‘As noted earlier, RNA polymerase is a molecular 
‘motor that moves along DNA while transcribing genes 
into messenger RNA. The DNA itself is an elastic ob- 
ject that is deformed by forces exerted on it by various 
proteins. At forces less than 0.1 pN its response is that 
of an entropic spring with a stretch modulus of 0.1 pN, 
while at forces exceeding 10 pN its stretch modulus is 
determined by hydrogen bonding of the base pairs and is 
roughly 1,000 pN [24.45]. All the above mentioned data 
reinforces the argument that piconewton is the relevant 
unit of force in the nanomechanical world ofthe cel. 

‘The concept of “stress” is closely related to that of 
force. Stress is a continuum mechanical concept of force 
per unit area, and it has been used with great success in 
solid and fluid mechanics. We extend the idea of stress 
tothe nanomechanical level to see what numbers we ar- 
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rive at. From the data above we can deduce that a single 
myosin fiber sustains a stress of about 10~? pN/nm?, 
which is the same as 10- MPa, Migratory animal cells 
stich as fibroblasts, which are responsible for scaveng- 
ing and destroying undesirable products in tissues, can 
generate a maximum stress on their substrate on the or- 
derof 3.0% 10"? MPa [24.46]. DNA can sustain stresses 
in the excess of 20pN/nm?, or 20MPa, at which point 
an interesting structural transition accompanied by an 
overall increase of its contour length is observed [24.45] 
Engineering materials such as steel and aluminium, on 
the other hand, can sustain stresses of about 100 MPa. 
‘This goes to show that nanotechnology in the context of 
biological systems is built from rather soft materials 

It is of interest to translate our intuition concern- 
ing piconewton forces into corresponding energetic 
terms. The kinesin motor advances 8m in each step 
against forces as high as 5 pN [24.25]. This translates 
to a work done on the order of 40pNnm. A myosin 
‘motor suffers displacements of about 15inm with forces 
in the piconewton range. ATP hydrolysis (to ADP) re- 
leases energy (at pH 7 and room temperature) of about 
50pNam [24.1]. When a titin molecule is pulled, it 
unfolds under forces of 30-300 pN, causing discrete 
expansions of 10-301nm [24.22], implying energies in 
the range of 300-9,000 pN nm. Experimental data pro- 
‘vides a compelling argument in favor of thinking of the 
pNnm as a unit of energy for nanomechanics. However, 
the observation that ky T = 4.1 pNinm at room tempera- 
ture gives important insight, since it reveals that thermal 
forces and entropic effects play a competing role in 
biological nanomechanics. This provides nature with 
unique design challenges, whereby molecular motors 
that can perform useful work must do so in the presence 
of strong thermal fluctuations for the normal functioning 
of the cell. Operation of motors in such a noisy environ- 
‘ment is governed by laws that are probabilistic in nature 
‘This is manifest in single molecule experiments that ob- 
serve motors stalling and sometimes reversing direction, 

Energy conversion is crucial to any developmen- 
tal or evolutionary process. The steam engine powered 
the industrial revolution. However, long before thinking 
beings with man-made machines founded the indus- 
trial revolution, power generation had already become 
a central part of lifes nanotechnology. Indeed, the de- 
velopment of ATP-synthase is one of the comerstones 
forthe evolution of higher life-forms. An inevitable con- 
comitant of evolution is the necessity for faster and more 
efficient operations. The industrial revolution led to the 
emergence of bigger and faster modes of transport; bio- 
logical evolution led to the emergence of complex and 
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intelligent organisms. Invariably, a machine or an or- _power-to-weight (P/W) ratio. For example, the myosin 
ganism is limited in its abilities by the speed at which motor has a P/W ratio of 2x 10*W/kg. the bacterial 
itcan convert one form of energy (usually chemical) to flagellar motor stands at 100 W /kg, an internal combus- 
other forms of energy (usually mechanical). This is why _ tion engine is at about 300 W /kg, and a turbojet engine 
a study of their “power plants” becomes important. _ stands at 3,000 W/kg [24.47]. These figures tell us that 

Power plants (or engines) are usually characterized linear motors like myosin and kinesin are extremely 
by their force-velocity curves and compared using their powerful machines. 
24.3 Modeling at the Nano-Bio Interface 
We have already provided a number of different views characterizing those features of a system that can be 
of the biology-nanotechnology interface, all of which thought of as averages over the underlying microscopic 
reveal the insights that can emerge from model building. — fluctuations. By way of contrast, atomistic models reveal 
Indeed, one of the key thrusts of this entire chapter isthe details that a continuum model will never eapture, 
the view that as the type of data that emerges concerning and in particular, they shed light on the specificity ofthe 
biological systems becomes increasingly quantitative it problem at hand. 
‘must be responded to with models that are also quanti- The perspective adopted here is that continuum mod- 
tative [24.30]. The plan of this section is to show how els and atomistic models each reveal important features 
atomistic and continuum analyses each offer insights of a given problem. For example, in contemplating the 
into problems of nanotechnological significance, butun- competition between fracture and plasticity at crack 
der some circumstances, both are found wanting and it _ tips, a continuum analysis provides critical insights into 
is only through a synthesis of both types of models that the nature of the elastic fields surrounding a defect 
certain problems will surender. The plan of this section such as a crack. These fields adopt a fundamental and 
is to examine the advantages and difficulties associated universal form at large scales with all detailed mater- 
with adopting both atomistic and continuum perspec- ial features buried in simple material parameters. By 
tives and then to hint at the benefits of seeking mixed way of contrast, the precise details of the dissipative 
representations. processes occurring at a crack tip (in particular, the 
competition between bond breaking with the creation 
24.3.1 Tension Between Universality of new free surface and dislocation nucleation) require 
and Specificity detailed atomic-level descriptions of the energetics of 
bond stretching and breaking. In the biological setting, 
One of the key insights conceming model building similar remarks can be made. In certain instances, the 
in nanomechanics, whether we are talking about the description of biological polymers as random coils suf- 
nanoscale tribological questions pertinent to magnetic _fices and yields insights into features such as the mean 
recording or the operations of molecular motors, is that size of the polymer chain as a function of its length. 
such questions live in the no-man’s-land between tradi- On the other hand, if our objective is mechanistic un- 
tional continuum analysis at one extreme and all-atom derstanding of processes such as how phosphorylation 
approaches such as molecular dynamics on the other. of a particular protein induces conformational change, 
Indeed, there is much discussion about the breakdown this is an intrinsically atomic-level question. The lan- 
of continuum mechanics in modeling the mechanics guage we invoke to describe this dichotomy is the use 
of systems at the nanoscale. This dichotomy between of the terms universality and specificity, where, as de- 
continuum theories, which treat matter as continuously scribed above, insights of a universal character refer to 
distributed, and atomic-level models, which explicitly those features of systems that are generic, while speci- 
acknowledge the graininess of matter, can be restated ficity refers to the features of systems that depend upon 
in a different (and perhaps more enlightening) way. In precise details such as whether or not a particular mol- 
particular, itis possible to see atomistic and continuum —ecule is bound at a particular site. This fundamental 


theories as offering complementary views of the same 
underlying physics. Continuum models are suitable for 


tension between atomistic and continuum perspectives 
is elaborated in Phillips etal. [24.48] 
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24.3.2 Atomic-Level Analysis 
of Biological Systems 


As already described in the introduction, one of the in- 
triguing roles of nanotechnology in the biological setting 
is thatithas brought the Instron technology of traditional 
solid mechanics to the nanoscale and has permitted the 
investigation of the force-extension characteristics of 
nanoscale systems (macromolecules and their assem- 
bles, in particular). As noted earlier, mechanical force 
spectroscopy [24.20] is emerging as a profound tool 
for exploring the connection between structure, force, 
and chemistry, in much the same way that conventional 
stress-strain tests provided insights into the connection 
between structure and properties of conventional mater- 
ials, Figure 24.3 givesone uch example inthe case of the 
‘muscle protein tin, Similar insights have been obtained 
through systematic examination of the force-extension 
properties of DNA [24.49]. 

‘The objective of this section is to call the reader's 
attention to the types of modeling that can be done 
from an all-atom perspective. What exactly is meant 
by a model in this setting? We begin by noting that 
for the purposes of the general discussion given here, 
the same basic ideas are present whether one is model- 
ing tribological processes such as the sliding of adjacent 
surfaces, oF attempting to examine the operation ofa pro- 
tein machine such as ATPsynthase. The set of degrees 
of freedom considered by the atomic-scale modeler is 
the full set of atomic positions (Rj, Ro, Ry). which 
‘we also refer to as (Ri}. For most purposes, one pro- 
ceeds through reference to a classical potential energy 
function, Eyq({Ri}). which isa rule that assigns an en- 
ergy for every configuration (Rj). While it would be 
‘most appealing to be able to perform a fall quantum me- 
chanical analysis, such calculations are computationally 
prohibitive. Given the potential energy, the forces on 
each and every atom can be computed where, for exam- 
ple, the force in the ath Cartesian direction on the ith 
atom is given by 


Fay (24.8) 


For those interested in finding the energy minimizers, 
such forces can be used in conjunction with methods 
such as the conjugate gradient method or the Newton— 
Raphson method. Alternatively, many questions. are 
of a dynamic character, and in these cases, Newton's 
equations of motion are integrated, thus permitting an 
investigation of the temporal evolution of the system 
of interest, We note that we have neglected to discuss 
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sublleties of how one maintains the system at constant 
temperature, and we leave such subtleties to the curious 
reader, who can learn more about them in Frenkel and 
Smit [24.50] 

To give a lavor of where such calculations can lead 
wwe note that the same force-extension characteristics 
already shown in Fig. 24.3 have been computed in a mo- 
lecular dynamics simulation [24.51]. One of the insights 
to emerge from these calculations was the particular dy- 
namical pathway, namely, the breaking of a particular 
collection of hydrogen bonds during the rupture process 
of each of the immunoglobulin domains. We further 
note that in the case of titin there has been an especially 
pleasing synergy between the atomic-scale calculations 
and the corresponding force-extension measurements, 
In particular, in response to the suggestion that it was 
1 particular set of hydrogen bonds that were impugned 
in the rupture process, mutated versions of the titin pro- 
tein were created in which the number of such hydrogen 
bonds was changed with the result that the rupture force 
‘was changed according to expectation [24.52]. This can 
be seen as a primitive example of the ultimate goal of 
tailoring new materials (both biological and otherwise) 
through appropriate computer modeling, 


24.3.3 Continuum Analysis 
of Biological Systems 


‘We have already noted that there are many appealing fea- 
tures to strictly continuum analyses of material systems, 
In particular, models based upon continuum mechan- 
is result in a mathematical formulation that permits us 
to uncork the traditional tools associated with partial 
differential equations and functional analysis. In keep- 
ing with our argument that it is the role of models to 
serve our intuition, the ability to write down continuum 
models raises the possibility of obtaining analytic so- 
lutions to problems of interest, an eventuality that is 
nearly impossible once the all-atom framework has been 
adopted. 


Macromolecules as Elastic Rods 
Whether we contemplate the information carrying nu- 
cleic acids, the workhorse proteins, or energy storing 
sugars, ultimately, the molecular business of the living 
world is dominated by Iong chain molecules. For the 
‘model builder, such molecules suggest two complemen- 
tary perspectives, each of which contains a part of the 
whole truth, On the one hand, polymer physicists have 
gained huge insights [24.53] by thinking of long chain 
‘molecules as random walks. Stated simply, the key virtue 
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of the random-walk description of long chain molecules 
is that it reflects the overwhelming importance of en- 
tropy in governing the geometric conformations that 
can be adopted by macromolecules. The other side of 
the same coin considers long chain molecules as elas- 
tic rods with a stiffness that governs their propensity for 
bending. We will take up this perspective in great detail 
in the final section of this chapter when we consider the 
energetics of DNA packaging in viruses. 

For our present purposes, we examine one case study 
in eating macromolecules as elastic rods. The exam- 
ple of interest here is chosen in part because it reflects 
another fascinating aspect of biological nanotechnol- 
ogy, namely, regulation and control. It is well-known 
that genes are switched on and off as they are needed. 
‘These topics are described beautifully in the work 
of Prashne [24.54]. The basic idea can be elucidated 
through the example of a particular set of genes in E, 
coli: the lac operon, There are a set of enzymes ex- 
ploited by this bacterial cell when it needs to digest the 
sugar lactose, The gene that codes for these enzymes is 
only turned on when lactose is present and certain other 
sugars are absent. The nanotechnological solution to the 
problem of regulating this gene has been solved by na- 
ture through the presence of a molecule known as the 
lae repressor, which binds onto the DNA in the region 
of this [ac gene and prevents the gene from being ex- 
pressed. More specifically, the lac repressor binds onto 
two different regions of the DNA molecule simultane- 
ously, forming a loop in the intervening region, and thus 
rendering that region inoperative for transcription. 

‘We have belabored the difficulties that attend the all- 
atom simulation of most problems of nanotechnological 
Interest ~ system sizes are too small and simulated times 


are too short. On the other hand, clearly it is of great 
interest to probe the atomic-level dynamics of the way 
that molecules such as Jac repressor interact with DNA 
and thereby serve as gene regulators. A compromise 
position adopted by Balueff et al. [24.55] was to use 
elasticity theory to model the structure and energetics 
of DNA, which then served effectively as a boundary 
condition for their all-atom calculation of the properties 
of the lac repressor/DNA complex, The simulation cell is 
shown in Fig. 24.6, which also shows the looped region 
of DNA that serves as a boundary condition for the 
atomic-level model of the complex. 


Membranes as Elastic Media 
One way to classify biological structures is along the 
lines of their dimensionality. In the previous discus- 
sion, we examined the sense in which many of the key 
macromolecules of the living world can be thought of 
as one-dimensional rods. The next level in this dimen- 
sional hierarchy is to consider the various membranes 
that compartmentalize the cell and which can be exam- 
ined from the perspective of two-dimensional elasticity. 
Just as there are a huge number of modeling questions 
to be posed concerning the structure and function of 
Jong chain molecules such as nucleic acids and proteins, 
there is a similar list of questions that attend the pres- 
‘ence of a host of different membranes throughout the 
cell. To name a few, we first remind the reader that such 
‘membranes are full of various proteins that serve in a va- 
riety of different capacities, some of which depend upon 
the mechanical state of the membrane itself. In a dif- 
ferent vein, there has been great interest in examining 
the factors that give rise to the equilibrium shapes of 
cells [24.56, 57]. In both instances, the logic associated 


virtue of an elastic treatment of the looped region of the DNA [24.48] 
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\with building models of these phenomena centers on the 
construction of an elastic Hamiltonian that captures the 
cenergetics of deformations expressed in terms of surface 
area, curvature, and variations in thickness. Also, just as 
there has been great progress in measuring the proper- 
ties of single proteins and nucleic acids, there has been 
considerable progress in examining the force response 
(of membranes as well [24.58] 


‘The prospect of bringing the tools of traditional 
continuum theory to bear on problems af biological sig- 
nificance is indeed a daunting one. As noted eatlier, 10 
‘our way of thinking one of the biggest challenges posed 
by biological problems is the dependence of these sys- 
tems on detailed molecular structures and dynamics ~ 
‘what we have earlier characterized as “specificity”, one 
of the hallmarks of biological action, 


24.4 Nature's Nanotechnology Revealed: Viruses as a Case Study 


‘Over the course of this chapter, we have presented dif- 
ferent facets of the relationship between biology and 
nanotechnology and the modeling challenges they en- 
compass. For example, we have noted that two key 
aspects of nature's nanotechnologies are the exploita- 
tion of self-assembly processes for the construction of 
‘molecular machines and the role of active processes me- 
diated by molecular motors. We have also argued for the 
synergistic role of nanotechnology in producing new 
‘methods for the experimental analysis of biological sys- 
tems with examples ranging from new molecular dyes to 
the use of optical tweezers. Finally, we have described 
some of the modeling challenges posed by contemplat- 
ing the biology-nanotechnology interface and the sorts 
of coarse-grained models that have arisen to meet these 
challenges. In this final section, we present a discus- 
sion of viruses as a case study at the confluence of these 
different themes. 

‘Though the importance of viruses from a health per- 
spective are well-known even tothe casual observer, they 
are similarly important both from the technological per- 
spective (as will be explained below) and asa compelling 
and profound example of nature’s nanotechnology par 
excellence. To appreciate the sense in which viruses 
serve as a compelling example of biological nanotech- 
nology, we begin by reviewing the nature of the viral 
life cycle with special reference to the case of bacterial 
‘viruses (ic, viruses that infect bacteria), known as bac- 
teriophages. For concreteness, we consider the life cycle 
of a bacteriophage such as the famed lambda phage that 
infects E. coli. The life cycle of such viruses is shown 
schematically in Fig. 24.7. Upon an encounter with the 
E.coli host, the virus attaches to a receptor (protein) em- 
bedded in the bacterial membrane and ejects its DNA 
into the host cell, leaving an empty capsid as refuse 
from the process. As an aside, it is worth noting that ex- 
periments such as the famed Hershey-Chase experiment 
used tagged DNA and tagged proteins on viruses to set- 
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tle the question of whether proteins or nucleic acids are 
the carriers of genetic information. The outcome of these 
experiments was the conclusion that DNA is the genetic 
‘material. For the purposes of the present discussion, the 
other interesting outcome of the Hershey~Chase experi- 
‘ment is that it provides insights into the mechanistic 
process associated with delivery of the viral genome, 


Fig. 24.7 Schematic representation of the viral life eycle illustrating 
the various nanotechnological actions in this cycle. During the infec- 
tion stage, the viral genome is delivered to the victimized bacterial 
cell, During the process labeled DNA replication and protein syn- 
thesis, the machinery of the host cell is enlisted to produce renegade 
DNA and proteins to be used in the assembly of new viral particles. 
‘The capsid assembly process involves the attachment ofthe various 
protein building blocks that make up the capsid. DNA packing refers 
to the active packaging of DNA into the newly formed capsids by 
a molecular motor. Finally, once the assembly process is complete, 
the infectious phage particles are released from the vietimized cell 
to repeat their infectious act elsewhere 
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‘Once the viral genome has been delivered to the 
host cell (we now oversimplify), the replication machin- 
ery of E, coli is hijacked to do the virus’ bidding. In 
particular, the genes coded for in the viral DNA are ex- 
pressed, and the proteins needed to make copies of the 
phage particle (ie., the ingredients for an eventual self- 
assembly process) are created. Interestingly, part of the 
gene products associated with this process are the com- 
ponents of the molecular motor, which is responsible for 
packaging the replicated viral DNA into the new protein 
‘capsids that will eventually become the next generation 
of viruses. Indeed, once assembled, this motor takes the 
replicated viral DNA and packs it into the viral cap- 
sid, Recall our insistence that another of the important 
themes presented by biological examples of nanotech- 
nology is the huge role played by active processes that 
reflect mechanochemical coupling. Once the packag- 
ing process is completed, and the remaining parts of the 
self-assembly process have been effected (such as the at- 
tachment of the viral sheath and legs whereby the phage 
attaches to host cells), enzymes are released that break- 
down the cell wall of the infected cell with the ultimate 
result that what started as a single bacteriophage has in 
less than an hour become on the order of 100 new phage 
particles ready to infect new cells, 

‘As noted above, a second sense in which viruses are 
deserving of case study status in the current chapter is the 
role viruses such as lambda phage play in biotechnology 
itself. For example, from the standpoint of both cloning 
and the construction of genomic libraries, the use of 
viruses is commonplace. From a more speculative per- 
spective, viruses are also drawing increasing attention 
from the standpoint of gene therapy (as a way of deliv- 
ering DNA to specific locations) and, more generally, as 
small-scale containers. To substantiate these assertions, 
wwe briefly consider the construction of genomic libraries 
and the role played by viruses in these manipulations. 
We pose the following question: Given that the length of 
the human genome is on the order of 10° base pairs, how 
ccan one organize and store all of this genetic information 
for the purposes of experiments such as the sequencing 
of the human genome? One answer to this challenge is 
the use of bacteriophage to deliver phage DNA to E. coli 
cells, but with the subtlety that the delivered DNA frag- 
‘ments have ligated within them fragments of the human 
genome whose lengths are on the order of 10 kb (Kt 
kilo base-pairs). The particulars of this procedure in- 
volve first cutting the DNA into fragments of roughly 
10kb in length using a class of enzymes known as re- 
striction enzymes. The result of this operation is that the 
original genome is now separated into a random collee- 


tion of fragments, These fragments are then mixed with 
the original lambda phage DNA that has also been cut 
at a single site such that the genomic fragments and the 
lambda fragments are complementary. Using a second 
enzyme known as ligase, the genomic DNA is joined 
to the original lambda phage fragments so that the re- 
sulting DNA resembles the original lambda DNA, but 
now with a 10kb fragment inserted in the middle. These 
cloned lambda DNA molecules are then packaged into 
the lambda phage using a packaging reaction (see the 
website wwwstratagene.com for an example of these 
products). The resulting lambda phage, now fully packed 
with cloned DNA, are used to infect E. coli cells, and 
the cloned DNA, once in the hacterial cel, circularizes 
into a DNA fragment known as a plasmid, The plas- 
mid is then passed from one generation of E. coli to the 
next. This is the so-called prophage pathway in which, 
unlike the lytic pathway shown in Fig. 24.7, the bacte- 
riophage is latent and does not destroy the cell [24.1] 
Note that different £, coli cells are infected with viruses 
containing different cloned fragments, As a result, the 
collection of all such E. coli cells constitute a library of 
the original enomic DNA. 

We round out our introductory discussion on viruses 
with a discussion of the compelling recent experiments 
that have been performed to investigate the problem 
of viral packing and, similarly, how ideas like those 
described in this chapter can be used to model these 
processes. Smith et al. [24.29] used optical tweezers 
to measure the force applied by the packaging motor 
of the ¢-29 bacteriophage during the DNA packaging 
process. In particular, they measured the force and rate 
of packaging as a function of the amount of DNA packed 
Into the viral head with the result that as more DNA 
is packed, the resistive force due to the packed DNA 
Increases, and the packing rate is reduced, 

‘As noted above, the viral problem is interesting not 
only because it exemplifies many of the features of 
biological nanotechnology introduced throughout this 
chapter, but also illustrates the way in which model 
building has arisen in response to experimental insights, 
‘The various competing energiesthat are implicated in the 
DNA packing process have been described by Riemer 
and Bloomfield [24.59]. The energetics of viral pack- 
ing is characterized by a number of different factors, 
Including: i) the entropic-spring effect that causes the 
DNA in solution to adopt a more spread out config- 
uration than that in the viral capsid, ii) the energetics 
of elastic bending, which results from inducing curva- 
ture in the DNA on a scale that is considerably smaller 
than the persistence length of & =: 50 nm, and iti) those 
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that you would have to place in series with an 
ideal version of the capacitor, so that the combi- 
nation would behave like the real version of the 
capacitor on its own. 


If X_ is the reactance of the capacitor, then its Q 
factor (which means its quality factor) is given by 
the simple formula: 


Q= K / ESR 


Thus, the quality factor is higher if the ESR is rel- 
atively low. However, the reactance of the capac- 
itor will vary significantly with frequency, and 
this simple formulais only anapproximate guide. 


The Q-factor for capacitors should not be con- 
fused with the Q-factor for inductors, which is 
calculated quite differently 


How to Use it 


The figures illustrate some simplified schematics 
for common applications. 


Bypass Capacitor 
In Figure 12-19, a low-value capacitor (often 
0.1pF) is placed near the power input pin of a 
sensitive digital chip to divert high-frequency 
spikes or noise to negative ground. This bypass 
capacitor may also be described as a decoupling 
capacitor. 


Figure 12-19. A typass capacitor (typically 0.1pF) config: 
red to protect an integrated circuit logic chip from volt: 
‘age spikes and naise in the pawer supply. 


How to Use it 


Coupling Capacitor 

In Figure 12-20, a 1pF coupling capacitor trans- 
mits a pulse from one section of a circuit to an- 
other, while blocking the DC voltage. Some re- 
shaping of the waveform may occur. 


Pulse Input 
Ovolts 


vo 


Ground 


Pulse Output 


volts 


Figure 12-20. A coupling capacitor (typically around JyuF) 
preserves DC isolation of ane section of a circuit from an- 
‘ther, while allowing a pulse to be transmitted, 


High-Pass Filter 
In Figure 12-21, a 0.1pF capacitor blocks the low- 
frequency component of a complex waveform 
and transmits only the higher frequency that was 
superimposed on the low frequency. 


Low-Pass Filter 

In Figure 12-22, a 0.1pF decoupling capacitor di- 
verts the higher frequency component of acom- 
plex waveform tonegative ground, allowing only 
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factors related to the presence of charge both on the 
DNA itself and in the surrounding solution, As shown 
by Riemer and Bloomfield [24.59], the entropic contri- 
bution is smaller by a factor of 10 or more relative to 
the bending energies and those mediated by the charges 
on the DNA and the surrounding solution, and hence 
swe make no further reference to it. As a result, just like 
in earlier work [24.60,61], we examine the interplay of 
clastic and interaction forces, though we neglect surface 
terms originating from DNA-capsid and DNA-solvent 
interactions 

‘We note thatthe viral packing process involves DNA. 
segments with lengths on the order of 10 jim and takes 
place on the time scale of minutes. As a result, from 
modeling perspective, i is clear that such problems are 
clearly out of reach of conventional molecular dynamics 
‘Asa result, we exploit a continuum description of the 
DNA packing process with the proviso that such models 
will ultimately need to be refined to account for the 
sequence dependence of the elasticity of DNA. 

‘A mathematical description of the energetics of 
viral packing must account for two competing factors, 
namely, the energy cost to bend the DNA and place it 
in the capsid and the repulsive interaction between ad- 
jacent DNA segments that are too close together, The 
structural picture of the packaged DNA is inspired by 
experiments that indicate that the DNA is packed in con- 
centric rings from large radit inwards [24.62-64]. The 
bending energy cost of accumulating hoops within the 
capsid is given by 


aD a 


where N(R) isthe number of hoops that ae packed at 
the radius R; [24.59]. The basic ide ofthis expression 
is that we are adding up the elastic energy on a hoop 
by hoop basis, with each hoop penalized by the usual 
energy cost to bend an elastic beam into a circular ar 
The presence of N(R) reflects the fact that because of 
the shape ofthe capsid, as the radius gets smaller the 
DNA can pack higher up into the capsid, thus increasing 
the numberof allowed hoops. Tor make analytic progress 
withthe expression fr the stored elastic energy given 
above, we conver it into an integral ofthe form 


NR) 


Ey (24.9) 
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‘The summation Y°, has been replaced by an integral 
Jf" AR’ /(/3d,/2), where the integration bounds are 
is inner and outer radii ofthe inner spool and /¥d,/2 
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is the horizontal spacing between adjacent strands of the 
DNA. The geometrical factor «/3/2 owes its presence to 
the hexagonal packing of the DNA strands. 8 is the ra- 
dius of the innermost stack of hoops, Ry is the radius 
of the capsid, N(R’) is the number of hoops at radius R’, 
di, isthe spacing between adjacent hoops, and &p is the 
persistence length of DNA. We note that this expres- 
sion is a manifestation of the first term in the energy 
functional in (24.3), used earlier in the context of the 
biofunctionalized cantilever and now specialized to the 
‘geometry ofa partially filled capsid, Just as the energy 
functional inthe cantilever context reflected a competi- 
tion between different contributions to the total energy 
(Gn that case, elastic bending energy and surface terms), 
the DNA packing problem reflects a similar competition, 
this time between the elastic bending and the interactions 
between nearby DNA segments by virtue of the charge 
along the DNA. In particular, the interaction energy be- 
tween the DNA hoops packed in the viral capsid scales 
‘with the length and is given by 


1 = FyL(c* + eds) exp(—d/e) (24.11) 
where ¢ and Fy are constants fora given solvent and L is 
the length of the packed DNA. This form of the inter- 
action energy was shown to be very robust for a variety 
of solvents containing monovalent and divalent cations 
in a series of experiments by Raw et al. [24.65, 66] and 
Parsegian etal. [24.67]. The forces arising from thiskind 
of an energy are purely repulsive in character. Interest- 
ingly, in this setting, rather than using temperature as 
‘control parameter, it is much more common to change 
the circumstances in such experiments by tuning concen- 
trations of various chemical constituents. In particular, 
‘when trivalent or tetravalent cations are present in solu- 
tion there is an effective attractive interaction between 
DNA segments, In that case, the forces are repulsive 
only when d, is smaller than a certain critical separa- 
tion do (and attractive otherwise) and the form of the 
interaction energy changes to 


= Fine +eayern(S=4) asa 


Once both the elastic and interaction contributions 
to the energy have been reckoned, we are in a position 
to compute the total energy. If we recognize that the 
length L of the packed DNA is given by 

Rea 


2nR'N(R VAR’, 


(24.23) 
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then the total energy for the packed DNA, in terms of L 
and d,, is given by 


A aR’ (eas) 
1 te 
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‘The spacing at a given length L is determined by 
requiring that the packed DNA be in a minimum en- 
ergy configuration, which is equivalent to asking that 
aE/ad, = 0. Hence, for a given geometry and length 
packed, one obtains d, and thereby calculates the en- 
ergy. Thus the energy is known as a function of the 
length packed, and to compute the force as a function 
of length of DNA packed one need only differentiate 
this energy with respect to the length packed. The result 
of this procedure is an expression for the force of the 


form 
4 
ys 


This is a generic expression valid for a capsid of any 
shape. The effect of the geometry is captured in the vari- 
ation of das a function of the length packed, as well 
as through the inner packing radius R. The resulting 
force-packing curves are shown in Fig. 4.8. In partic- 
ular, this figure shows the packing force as a function 
of a fraction of the genome packed for a number of dif- 
ferent solutions, with the different curves revealing the 
large role played by positive counterions in dictating the 
overall energetics of these processes, 

(On the basis of calculations like those given above, 
Kindt et al. (24.61] estimate that the pressure inside 
the capsid of the phage is on the order of 35 atmos- 
pheres. A crude estimate by Smith et al, (24.29] gives 
a figure close to 60 atmospheres. These numbers are in- 
triguing in their own right, bat more importantly they 
demonstrate the promise that proteins and other bio- 
logical materials hold as candidates for engineering 
materials. To further explore the structural integrity of 
viruses in their role as pressurized protein shells, we 
now tur to an examination of the rupture stress of viral 
capsids. 

‘Throughout this chapter, one of our main arguments 
has been the idea that whether it is our ambition to model 
conventional materials or their biological counterparts, 
modeling at the nanoscale implies challenges that can 
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not be met either by purely continuum ideas or by tra- 
ditional all-stom thinking. Indeed, one set of powerful 
‘methods is built around the attempt to borraw those fea- 
tures of continuum and atomistic thinking that are most 
robust, while rejecting those that are inapplicable at the 
atomic scale. As an example of this type of thinking, 
we examine another question drawn from the viruses- 
as-nanotechnology setting. In particular, since viruses 
have been considered a means of transporting material 
other than the genetic material of the virus itself, itis 
of interest to consider the maximum internal pressure 
viral capsids can sustain without rupture, as this will de- 
termine how much material can be safely packaged. To 
that end, we use continuum mechanics to estimate the 
stresses within the capsid walls, These stresses are then 
mapped onto atomic-level forces by appealing to the de- 
tails of the protein structure of the monomers making up 
the capsid and a knowledge of the forces that link them. 
By relating the continuum and atomistic calculations, 
we then determine the maximum sustainable internal 
pressure, 

We imagine the capsid to be a hollow sphere loaded 
by a pressure p; from inside and a pressure py from 
outside. The inner and outer radii are R; and Ro, re- 
spectively. As a representative example, bacteriophage 


Force (pN) 


w 


To 
Percent packs! 
Fig. 24,8 Force as a function of the percent packed for 
a cylindrical capsid under purely repulsive solvent con- 
ditions. The dimensions of the eapsid and the length of 
genome packed were chosen to represent the 29 phage: 
Rou =210A, 2 = 540 A, and L = 6.6 1m, Curve (@) shows 
the experimental results of Smith etal. [24.29], while the- 
‘retical curves (a), (b), and (d) are given by (24.15), with 
Fi = 10%:58,000, 40%55,000, and 100%, 000 pN/nm?, 
respectively 
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GA is characterized geometrically by R= 123 A and 
Ry = 145 A. Evaluation of a number of different capsid 
types suggests that treating capsids as though they have 
4 mean thickness of roughly 15 A suffices forthe level 
of modeling being considered here. For the purposes 
of computing the internal stresses within the capsid, 
\ve begin with a statement of equilibrium from con- 
tinaum mechanics tht quires that at every point inthe 
capsid 


Vax 


(24.26) 


where o is the stress tensor comprising three nor- 
‘mal stresses and three shear stresses. For a problem 
with spherical symmetry, like that considered here, the 
stresses reduce to a radial stress o and a circumfer- 
ential stress gy. Solution of the equilibrium equations 
results in stresses of the form [24.32] 


c c 
Ftd, or=—sz+D 


on (24.27) 


By using the owners conditions ag|,—a, =—pi and 
. the constants C and D can be deter- 
mined withthe result 


(24.28) 
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‘The stress oy is our primary concem, since it acts so as 
to tear the sphere apart. By looking at the expressions 
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We note that elasticity theory in and of itself is unable 
to comment on of, since this is effectively a mater- 
ial parameter that characterizes the contacts between the 
various protein monomers that make up the capsid. As 
a result, we first examine how the rupture strength de- 
pends upon capsid dimensions in abstract terms and then 
turn to a concrete estimate of a2 itself from several 
complementary perspectives. If (24.20) is rewritten us- 
ing pi= po-+ Ap and Ro = Ri+ AR, and, further, itis 
realized that for typical capsid dimensions AR/R, <1, 
itcan be shown by rearranging (24.20) and by consider- 
ing the case in which of is much larger than py, the 
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‘maximum sustainable internal pressure is given by 


ax _ 207 AR 


= (24.21) 


where pi is really the quantity of interest, namely, the 
‘maximum sustainable internal pressure. 

To make concrete progress to the point where we 
can actually estimate the rupture stress in atm, we need, 
to consider capsids for which the structure is known and 
for which, at least approximately, the bonds between 
the monomers making up the capsid are understood, We 
note that in the language of fracture mechanics, what we 
seek is a cohesive surface model that provides a measure 
of the energy of interaction between two surfaces as 
function of their separation [24,68]. There are a number 
of different ways to go about estimating the effective 
interaction between the monomers making up the capsid, 
‘one of which is by appealing to atomic-level calculations 
like those made by Reddy etal. [24,69]. The Viper web- 
site has systematized such information for a number of 
capsids, and one of the avenues we take to estimate a 
isto appeal directly to their calculations. To that end, we 
assume that the energy of interaction per unit area as 
a function of separation x hetween adjacent monomers 
‘making up the capsid ean be written in the form 


soul 3(5)-4()] 


‘The motivation for this functional form is the idea that 
the energy of interaction hetween adjacent monomeric 
units making up the capsid is the result of van der 
Waals contacts, and hence our cohesive surface law 
hs inherited the properties of the underlying atomic 
force fields. To proceed to an estimate of of it- 
self, we must determine the parameters in the cohesive 
‘model described above. To that end, we note that Reddy 
et al, [24.69] have computed the association energies 
of various inequivalent contacts throughout a number 
of different icosahedral capsids. Their calculations re- 
sult in a roughly constant value of  —45.cal/mole A? 
as the association energy, which in the language of our 
cobesive potential results in Vp ~ 12.5 pN/A. This may 
be seen by noting that the association energy is given by 
E(x) =—Vo/4. 

Once we have fixed x*, which amounts to choosing 
particular value forthe equilibrium separation between 
two monomers, the material parameter a?™* is obtained 
by evaluating #£(x)/@r ata value of x corresponding to 
the point of inflection (@” E(x)/x = 0) in the cohesive 
surface function. For the cohesive surface function used 
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above, this results in a maximum stress of the form 


ux _ 7/°X18 Vo 
= ee (26.23) 
With of?" in hand, the maximum sustainable pressure 
is obtained from (24.21), and the results are shown in 
Fig. 24.9. These estimates suggest that the pressures 
within capsids as a result of packed DNA while large, 
are still smaller than our estimated rupture stresses, 
To more completely examine this question we have 
undertaken finite element elasticity calculations to ex- 
amine the stresses in capsids exhibiting irregularities 
in both shape and thickness. In addition, further atom- 
istic analysis of af is needed with special reference 
to its dependence on distance between protein units. It 
‘would also be of interest to examine mutant versions of 
the monomeric units making up the capsid to see the 


implications of such mutations for of 


24.5 Concluding Remarks 


One of the most compelling areas to be touched by nano- 
technology is biological science. Indeed, we have argued 
that there is a fascinating interplay between these two 
subjects, with biology as a key beneficiary of advances 
in nanotechnology as a result of a new generation of sin- 
gle molecule experiments that complement traditional 
assays involving statistical assemblages of molecules, 
‘This interplay runs in both directions with nanotech- 
nology continually receiving inspiration from biology 
itself. The goal of this chapter has been to highlight 
some representative examples of the interplay between 
biology and nanotechnology and to illustrate the role of 
rnanomechanics in this field and how mechanical mod- 
cls have arisen in response to the emergence of this new 
field, Primary attention has been given to the particular 
example of the processes that attend the lifecycle of bac- 
terial viruses. Viruses feature many of the key lessons of 
biological nanotechnology, including self-assembly, as 
evidenced in the spontaneous formation of the protein 
shell (capsid) within which the viral genome is pack- 
aged and a motor-mediated biological process, namely, 
the packaging of DNA in this capsid by a molecular 
‘motor that pushes the DNA into the capsid. We argue 
that these processes in viruses are a compelling real- 
world example of nature’s nanotechnology and reveal 


3035 «40 a5 0 3s 


Outer radius a) 
Fig. 24,9 Rupture pressure as a function of capsid radius 
for x* = 3A (upper curve)and.x* =4A lower curve). The 
width ofthe capsid walls was set to AR = 1.Snm, while 
Vo = 180 cal/molA? 


the nanomechanical challenges that will continue to be 
confronted at the nanotechnology-biology interface. 

‘Though this chapter represents something of a de- 
parture from the rest of the chapters in this volume, it 
advances the view that biological nanotechnology serves 
as an inspiring vision of what nanotechnology can offer 
and reflects the authors’ views that biologically inspired 
nanotechnology will play an ever increasing role as 
Feynman's view that “there is plenty of room at the bot- 
tom” continues to play out. Moreover, developing simple 
models of nature's nanotechnology can provide impor- 
tant insights into viable strategies for making machines 
at the nanoscale. 

‘We have argued that the advance of single molecule 
technology presents both scientific and technological 
possibilities. Both classes of questions imply signif- 
icant modeling demands, just as earlier advances in 
other settings, such as in materials for microelectronics 
applications, did. We claim that these modeling chal- 
lenges are perhaps more acute as a result of the vicious 
chemical and structural nonhomogeneity of biological 
systems. As a result, we see an ever increasing role 
for modeling methods that aim to keep atomic-level 
specificity where needed, while rejecting such resolution 
elsewhere. 
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25. Mechanical Properties of Nanostructures 


Knowledge of the mechanical properties of 
‘nanostructures is necessary for designing realistic 
MEMSINEMS devices. Microelectromechanical 
systems (MEMS) refer to microscopic devices that 
hhave a characteristic length of less than 1mm 
but more than 1pm and combine electrical and 
‘mechanical components. Nanoelectromechanical 
systems (NEMS) refer to nanoscopic devices 
that have a characteristic length of less than 
‘ym and combine electrical and mechanical 
components, 

Elastic and inelastic properties are needed 
to predict deformation from an applied load in 
the elastic and inelastic regimes, respectively, 
The strength property is needed to predict the 
allowable operating limit. Some of the properties 
of interest are hardness, elastic modulus, bending 
strength, fracture toughness, and fatigue strength. 

Structural integrity is of paramount impor- 
tance in all devices. Load applied during the use 
of devices can result in component failure. Cracks 
‘an develop and propagate under tensile stresses, 
leading to failure. Atomic force microscopy and 
nanoindenters can be used satisfactorily to evalu- 
ate the mechanical properties of microinanoscale 
structures for use in MEMSINEMS. 

The most commonly used materials are 
single-crystal silicon and silicon-based materials, 
€.£., SiO and polysilicon films deposited by 
low-pressure chemical vapor deposition, An 
early study showed silicon to be a mechanically 
resilient material in addition to its favorable 
electronic properties. Single-crystal SiC deposited 
on large-area silicon substrates Is used for high 
temperature micra/nanosensors and actuators, 
Amorphous alloys can be formed on both 
‘metal and silicon substrates by sputtering and 
plating techniques, providing more flexibility in 
surface-integration. Electroless deposited Ni-P 
amorphous thin films have been used to construct 
‘microdevices, especialy using the so-called LIGA 
techniques. Micro/nanodevices need conductors 
to provide power, as well as electricallmagnetic 
signals to make them functional. Electroplated 
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gold films have found wide applications in 
electronic devices because of their ability to make 
thin films and process simply, Use of SIC, Ni-P, and 
Au films, together with silicon and silicon-based 
materials, opens up new design opportunities for 
MEMSINEMS devices. 

This chapter presents a review of mechanical 
property measurements on the nanoscale of 
various materials of interest and stress and 
deformation analyses of nanostructures. 
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Microelectromechanical systems (MEMS) refer to mi- 
‘croscopie devices that have a characteristic length of less, 
than Imm but more than 1 jum and combine electrical 
and mechanical components, Nanoelectromechanical 
systems (NEMS) refer to nanoscopic devices that have 
a characteristic length of less than 1 jum and combine 
electrical and mechanical components. To put the di- 
mensions in perspective, individual atoms are typically 
fraction of « nanometer in diameter, DNA molecules are 
about 2.5nm wide, biological cells are in the range of 
thousands of nm in diameter, and human hair is about 
75 yum in diameter, The mass of a micromachined sili- 
con structure can be as low as InN, and NEMS can be 
bait with a mass as low as 10-™"N with crass sections 
of about 10mm, In comparison, the mass of a drop of 
Water is about 10 uN and the mass of an eyelash is about 
100AN. The acronym MEMS originated in the United 
States. The term commonly used in Europe and Japan 
is microinanodevices, which is used in a much broader 
sense. MEMS/NEMS terms are also now used in a broad 
sense. A micro/nanosystem, a term commonly used in 
Europe, is referred to as an intelligent miniaturized sys- 
tem comprising sensing, processing, and/or actuating 
functions. 

‘A wide variety of MEMS, including Si-based de- 
vices, chemical and biological sensors and actuators 
and miniature non-silicon structures (e.g., devices made 
from plastics or ceramics) have been fabricated with 
dimensions in the range of a couple to a few thou 
sand microns (see e-g., [25.1-9]). A variety of NEMS 
have also been produced [25.1015]. Two of the largest 
“killer industrial applications of MEMS are aecelerom- 
eters (about 85 million units in 2002) and digital 
micromirror devices (about $400 million in revenues 
in 2002). BIOMEMS and BIONEMS are increasingly 
used in commercial applications. The largest applica- 
tions of BIOMEMS include silicon-based disposable 
blood pressure sensor chips for blood pressure moni- 
toring (about 20 million units in 2002) and a variety of 
biosensors, 

Structural integrity is of paramount importance in 
all devices, Load applied during the use of devices 
can result in component failure. Cracks can develop 
tnd propagate under tensile stresses, leading to fail- 
ture [25.16, 17]. Friction/stiction and wear limit the 
lifetimes and compromise the performance and relia- 
bility of the devices involving relative motion [25.418] 
Most MEMS/NEMS applications demand extreme reli- 
ability. Stress and deformation analyses are carried out 
for an optimal design. MEMS/NEMS designers require 
mechanical properties on the nanoscale, Mechanical 


properties include elastic, inelastic (plastic, fracture, or 
viscoelastic), and strength. Elastic and inelastic proper- 
ties are needed to predict deformation from an applied 
load in the elastic and inelastic regimes, respectively. 
‘The strength property is needed to predict the allow- 
ale operating limit, Some of the properties of interest 
are hardness, elastic modulus, bending strength (frac- 
ture stress), fracture toughness, and fatigue strength, 
Micro/nanostructures have some surface topography 
and local scratches dependent upon the manufactur- 
ing process. Surface roughness and local scratches may 
compromise the reliability of the devices and their effect 
needs to be studied. 

Most mechanical properties are size-dependent 
[25.11, 16, 17]. Several researchers have measured me- 
chanical properties of silicon and silicon-based milli- 
to microscale structures using tensile tests and bending 
tests [25.19-28], resonant structure tests for measure- 
ment of elastic properties [25.29], fracture toughness 
tests [25.20,22, 30-34], and fatigue tests [25.32, 35,36] 
Most recently, a few researchers have measured me- 
chanical properties of nanoscale structures using atomic 
force microscopy (AFM) [25.37, 38] and nanoindenta- 
tion [25.39, 40]. For stress and deformation analyses of 
simple geometries and boundary condition, analytical 
models can be used. For analysis of complex geome- 
tries, numerical models are needed, The conventional 
finite element method (FEM) can be used down to 
4 few tens of nanometers, although its applicability is 
questionable at the nanoscale. FEM has been used for 
simulation and prediction of residual stresses and strains 
induced in MEMS devices during fabrication [25.41], to 
perform fault analysis in order to study MEMS faulty 
behavior [25.42], to compute mechanical strain result- 
ing from the doping of silicon [25.43], and to analyze 
micromechanical experimental data [25,22, 44,45] and 
nanomechanical experimental data [25.38]. FEM anal- 
ysis of nanostructures has been carried out to analyze 
the effect of types of surface roughness and scratches on 
stresses in nanostructures [25.46,47] 

‘The most commonly used materials for MEMS/ 
NEMS are single-crystal silicon and silicon-based ma- 
terials (e.g., SiO» and polysilicon films deposited by 
low pressure chemical vapor deposition (LPCVD) pro- 
cess) [25.11]. An early study showed silicon to be 
a mechanically resilient material in addition to its 
favorable electronic properties [25.48]. Single-crystal 
3C-SiC (cubic or f-SiC) films deposited by atmo- 
spheric pressure chemical vapor deposition (APCVD) 
process on large-area silicon substrates are produced for 
high-temperature micro/nanosensor and actuator appli- 
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cations [2549-51], Amorphous alloys can be formed 
fon both metal and silicon substrates by sputtering and 
plating techniques, providing more flexibility in surface- 
integration. Electroless deposited Ni-P amorphous thin 
films have been used to construct microdevices, espe- 
cially using the so-called LIGA techniques [25.11,40] 
Micro/nanodevices need conductors to provide power, 
as well as electrical/magnetic signals to make them 
functional. Electroplated gold films have found wide ap- 


plications in electronic devices, because of their ability 
to make thin films and process simplicity [25.40]. Use of 
SiC, Ni-P, and Au films together with silicon and silicon- 
based materials open up new design opportunities for 
MEMS/NEMS devices. 

This chapter presents a review of mechanical prop- 
erty measurements on the nanoscale of various materials, 
of interest, and stress and deformation analyses of nano- 
structures, 


25.1 Experimental Techniques for Measurement 
of Mechanical Properties of Nanostructures 


25.1.1 Indentation and Scratch Tests 
Using Micro!Nanoindenters 


‘A nanoindenter is commonly used to measure hard- 
ness, elastic modulus, and fracture toughness and to 
perform micro/nanoscratch studies to get a measure of 
scratch/wear resistance of materials [25.11, 52] 


Hardness and Elastic Modulus 
‘Thenanoindenter monitors and records the dynamic load 
and displacement of the three-sided pyramidal diamond 
(Berkovich) indenter during indentation with a force res- 
olution of about 75 nN and displacement resolution of 
about 0.1 nm, Hardness and elastic modulus are caleu- 
lated from the load-<isplacement data [25.11]. The peak 
indentation load depends on the mechanical properties 
of the specimen; a harder material requires higher load 
for a reasonable indentation depth, 


Fracture Toughness 
‘The indentation technique for fracture toughness meas- 
‘urement on the microscale is based on the measurement 
of the lengths of median-radial cracks produced by in- 
dentation. A Vickers indenter (a four-sided diamond 
pyramid) is used in a microhardness test. A load on the 
order of O.5N is typically used in making the Vickers 
indentations. The indentation impressions are examined 
using an optical microscope with Nomarski interfer- 
cence contrast to measure the length of median-radial 
cracks, c. The fracture toughness (Kic) is calculated by 
the following relation [25.531 


sees(6)"( 


‘where a is an empirical constant depending on the ge- 
ometry of the indenter, H and E are hardness and elastic 


(25.1) 
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‘moduli, and P is the peak indentation load. For Vickers 
indenters, « has been empirically found based on experi- 
‘mental data and is equal to 0.016 [25.11]. Both £ and H 
values are obtained from the nanoindentation data, The 
crack length is measured from the center of the indent 
to the end of the crack using an optical microscope. For 
cone indent, all crack lengths are measured. The crack 
length ¢ is obtained from the average values of several 
indents, 


Scratch Resistance 
In micro/nanoscratch studies, a conical diamond inden- 
ter with a tip radius of about | jum and an included angle 
of 60° is drawn over the sample surface, and the load 
is ramped up until substantial damage occurs [25.11] 
‘The coefficient of friction is monitored during scratch- 
ing. In order to obtain scratch depths during scratching, 
the surface profile of the sample surface is first obtained 
by translating the sample at a low load of about 0.2 mN, 
which is insufficient to damage a hard sample surface. 
‘The 500-jum-long scratches are made by translating the 
sample while ramping the loads on the conical tip over 
different loads depending on the material hardness. The 
actual depth during scratching is obtained by subtract- 
ing the initial profile from the scratch depth measured 
during scratching. In order to measure the scratch depth 
after the scratch, the scratched surface is profiled ata low 
load of 0.2 mN and is subtracted from the actual surface 
profile before scratching. 


25.1.2 Bending Tests of Nanostructures 
Using an AFM 


Quasi-static bending tests of fixed nanobeam arrays are 
carried out using an AFM [25.37,38,54]. A three-sided 
pyramidal diamond tip (with a radius of about 200 nm) 
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Fig. 25.1 Schematic showing the details of a nanoscale 
bending test. The AFM tip is brought to the center of the 
rnanoheam and the piezo is extended over a known distance. 
By measuring the tip displacement, a load-dlisplacement 
‘curve of the nanobeam can be obtained [25.38] 


‘mounted on a rectangular stainless steel cantilever is 
used for the bending tests, The beam stiffness is selected 
based on the desired load range. The stiffness of the 
cantilever beams for application of normal load up to 
100 uN is about 150-200 N/m. 

‘The wafer with nanobeam array is fixed onto a flat 
sample chuck using double-stick tape [25.38]. For the 
bending test, the tip is brought over the nanobeam array 
with the help of the sample stage of the AFM and a built- 
inhigh magnification optical microscope (Fig. 25.1). For 
the fine positioning of the tip over a chosen beam, the 
array is scanned in contact mode at a contact load of 
about 2-4 N, which results in negligible damage to 
the sample, After scanning, the tip is located at one end 
of a chosen beam. To position the tip at the center of 
the beam span, the tip is moved to the other end of the 
beam by giving the X-piezo an offset voltage. The value 
of this offset is determined after several such attempts 
have been made in order to minimize effects of piezo 
drift, Half of this offset is then applied to the X-piezo 
after the tip is positioned at one end of the beam, which 


usually results in the tip being moved to the center of 
the span, Once the tip is positioned over the center of 
the beam span, the tip is held stationary without scan- 
ning, and the Z-piezo is extended by a known distance, 
typically about 2.5 um, at a rate of 10nm/s, as shown 
in Fig. 25.1. During this time, the vertical deflection sig- 
nal (Vag), which is proportional to the deflection of 
the cantilever (Dip), is monitored. The displacement of 
the piezo is equal to the sum of the displacements of 
the cantilever and nanobeam. Hence, the displacement 
of the nanobeam (Dyean) under the point of load can be 
determined as 


heat = Dyiexo ~ Dip (25.2) 


The load (Fieam) on the nanobeam is the same as the 
Joad on the tip/cantilever (Fp) and is given by 


Foca = Fup = Duin Xk, (25.3) 


where fis the stiffness ofthe tip/cantilever, In this man- 
ner, a load displacement curve for each nanobeam can 
be obtained. 

‘The photodetector sensitivity of the cantilever needs 
tobe calibrated to obtain Dyp in nm. For ths ealibration, 
the tip is pushed against a smooth diamond sample by 
moving the Z-piezo over a known distance. For the hard 
diamond material, the actual deflection ofthe tip can be 
assumed to be the same as the Z-piezo travel (Dpiczo) 
and the photodetector sensitivity (S) for the cantilever 
setup is determined as 


S=Dyiexo/ Var nm/V (25.4) 


In the measurements, Dip is given as dV rau 5. 

‘Since a sharp tip would result in an undesirable large 
local indentation, Sundararajan and Bhushan [25.38] 
used a wom (blunt) diamond tip. Indentation exper- 
iments using this tip on a silicon substrate yielded 
a residual depth of less than 81m at a maximum load 
of 120,N, which is negligible compared to displace- 
ments of the beams (several hundred nm). Hence, we 
‘can assume that negligible local indentation or damage 
is created during the bending process of the beams, and 
thatthe displacement calculated from (25.2) is entirely 
that of the beam structure 


Elastic Modulus and Bending Strength 
Elastic modulus and bending strength (fracture stress) 
of the beams can he estimated by equations based on the 
assumption that the beams follow linear elastic theory 
of an isotropic material. This is probably valid since the 
beams have high length-to-width (€/w) and length-to- 
thickness (e/r) ratios and also since the length direction 
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Figure 12-21. A small capacitor (typically O.1yF) can be 
used to create a high-pass filter. passing high frequencies 
while Blocking low frequencies. 


the lower frequency to be preserved. A lower- 
value capacitor (such as 0.001 pF) will bleed away 
high-frequency noise from an AM radio source 
without affecting audio frequencies. 


Smoothing Capacitor 

In Figure 12-23, a 100pF capacitor charges and 
discharges to smooth an AC signal after a diode 
has removed the negative portion. 


Snubber 

In Figure 12-24, an RC network (inside a white 
dashed line) is known asa snubber when used to 
protect a switch from the problem of arcing (pro- 
nounced “arking”)—that is, a sustained spark 
that can quickly erode the switch contacts, Arc- 
ing may occurin switches, pushbuttons, orrelays 
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Figure 12-22. A small capacitor (typically O.1uF) in this 
configuration routes high frequencies to negative ground, 
filtering them out of an analog signal. 


Ovolts 


that control an inductive load, such as a large 
motor. This problem can become significant at 
high DC currents (10A or more) or relatively high 
AC or DC voltages (100V or more). 


When the switch is opened, the magnetic field 
that has been sustained by the inductive load 
collapses, causing a surge of current, or forward 
EMF. The capacitor in the snubber absorbs this 
surge, thus protecting the switch contacts. When 
the switch is closed again, the capacitor dis- 
charges itself, but the resistor limits the outrush 
of current—again, protecting the switch. 


A snubber placed around the switch in a DC ci 
cuit could typically use a 0.1F capacitor (poly- 
propylene or polyester) rated for 125VAC/ 
200VDC, and a 100-ohm carbon resistorrated 0.5, 
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is along the principal stress direction during the test, For 
a fixed elastic beam loaded at the center of the span, the 
clastic modulus is expressed as 


B 


e=am (25.5) 


where é is the beam length, J is the area moment of 
inertia for the beam cross section, and m is the slope 
of the load-displacement curve during bending [25.55]. 
‘The area moment of inertia for a beam with a trapezoidal 
cross section is calculated from the following equation: 


wh +4 ng + 03 
SoCm +H) 


where w) and w are the upper and lower widths, re- 
spectively, and is the thickness of the beam. According 
to linear elastic theory, for a centrally loaded beam, the 
‘moment diagram is shown in Fig.25.2. The maximum 
‘moments are generated at the ends (negative moment) 
and under the loading point (positive moment), as shown 
in Fig. 25.2. The bending stresses generated in the beam 
are proportional to the moments and are compressive 
or tensile about the neutral axis (line of zero stress) 
‘The maximum tensile stress (op, which is the bending 
strength o fracture stress) is produced on the top surface 
at both the ends and is given by [25.55] 


Fowler 
ear 
where Faug isthe applied load at failure and ey isthe 
distance of the top surface from the neutral plane ofthe 
beam eross section and is given by [25.55] 

si +2un) 
Sn Fa) 


(25.6) 


(25.7) 


(25.8) 


Although the moment value at the center of the beam 
isthe same ast the ends, the tensile stresses at the center 
(generated on the bottom surface) are less than those 
‘generated at the ends, as per (25.7), because the distance 
from the neutral axis to the bottom surfaceis less than e 
This is because of the trapezoidal cross section of the 
beam, which results in the neutral axis being closer to 
the bottom surface than the top (Fig. 25.2), 

In the preceding analysis, the beams were assumed 
to have fixed ends. However, in the nanobeams used by 
‘Sundararajan and Bhushan [25.38], the underside of the 
‘beams was pinned over some distance on either side of 
the span. Hence, a finite element model of the beams was 
created to see ifthe difference in the boundary conditions 
affected the stresses and displacements of the beams. It 
‘was found thatthe difference inthe stresses was less than 
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Fig. 25.2 A schematic 
ofthe bending moments 
+ generatedin the beam dur- 
= ing a quasi-static bending 

=——| experiment with the load 
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19%. This indicates that the boundary conditions near the 
ends of the actual beams are not that different from that 
of the fixed ends, Therefore, the bending strength values 
can be calculated from (25.1). 


Fracture Toughness 
Fracture toughness is another important parameter for 
brittle materials such as silicon. In the case of the 
nanobeam arrays, these are not best suited for fracture 
toughness measurements, because they do not possess 
regions of uniform stress during bending. Sundarara- 
Jan and Bhushan [25.38] developed a methodology, and 
its steps are outlined schematically in Fig. 25.3a. First, 
crack of known geometry is introduced in the region of 
‘maximum tensile bending stress, ie., on the top surface 
near the ends of the beam. This is achieved by generating 
a scratch at high normal load across the width (11) of 
the beam using a sharp diamond tip (radius < 100mm) 
A typical scratch thus generated is shown in Fig. 25.3b, 
By bending the beam as shown, a stress concentration 
will be formed under the seratch. This will lead to fail- 
ure of the beam under the scratch once a critical load 
(fracture load) is attained, ‘The fracture load and rele- 
‘vant dimensions of the scratch are input into the FEM 
‘model, which is used to generate the fracture stress plots 
Figure 25.3c shows an FEM simulation of one such ex- 
periment, which reveals that the maximum stress does 
‘occur under the scratch. 

If we assume that the seratch tip acts as a erack tip, 
a bending stress will tend to open the crack in Mode 1 
In this case, the stress field around the crack tip can 
be described by the stress intensity parameter Ky (for 
Mode I) for linear elastic materials [25.56]. In particular, 
the stresses corresponding to the bending stresses are 
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Fig. 25.3 (a) Schematic of technique to generate a defect (crack) of known dimensions in onder to estimate fracture 
toughness. A diamond tp is used to generate scratch across the width of the beam. When the beam is loaded as shown, 
1 stress concentration is formed at the bottom of the scratch. The fracture load is then used to evaluate the stresses 
using FEM. (b) AFM 3-D image and 2-D profile of a typical scratch, (e) Finite element model results verifying thatthe 
‘maximum bending stress occurs atthe bottom of the scratch [25.38] 


described by 


(25.9) 


for every point p(r,6) around the crack tip, as shown 
in Fig. 25.4. If we substitute the fracture stress (a7) to 
the left hand side of (25.9), then the Ky value can be 
substituted with its critical value, which is the fracture 
toughness Kic. Now, the fracture stress can be deter- 
mined for the point (r = 0, 6 = 0), i-e., ight under the 
crack tip as explained above. However, we cannot sub- 
stitute r= 0 in (25.9). The alternative is to substitute 
a value for r, which is as close to zero as possible. 
For silicon, a reasonable number is the distance be- 
thween neighboring atoms in the (111) plane, the plane 
along which silicon exhibits the lowest fracture energy. 
‘This value was calculated from silicon unit cell dimen- 
sions of 0.5431 nm [25.57] to be 0.4nm (half of the 
face diagonal). This assumes that Si displays no plas- 


0 
Fig. 25.6 Schematic crack ip and | fe Mtl) 


coordinate systems used in (259) 
to describe a sess field around the 
crackctipin terms of the stess intensity 
parameter, Ki [25.38] 


Crack 


tic zone around the crack tip, which is reasonable since 
in tension, silicon is not known to display much plas- 
tic deformation at room temperature. Sundararajan and 
Bhushan [25.38] used values r =0.4-1.6nm (i.e., dis- 
tances up to four times the distance between the nearest 
neighboring atoms) to estimate the fracture toughness 
for both Si and SiO» according to the following equation: 


Kc =orvTar (25.10) 


r=04-1.6nm 


Fatigue Strength 
In addition to the properties mentioned so far that can 
be evaluated from quasi-static bending tests, the fatigue 
properties of nanostructures are also of interest. This 
is especially true for MEMS/NEMS involving vibrating 
structures such as oscillators and comb drives [25.58] 
and hinges in digital micromirror devices [25.59]. To 
study the fatigue properties of the nanobeams, Sun- 
davarajan and Bhushan [25.38] applied monotonic 
cyclic stresses using an AFM, Fig. 25.5a. Similar to the 
bending test, the diamond tip is first positioned at the 
center of the beam span. In order to ensure that the tip 
is always in contact with the beam (as opposed to im- 
pacting it), the piezo is first extended by a distance Dy, 
Which ensures & minimum stress on the beam. After this 
extension, a cyclic displacement of amplitude, D2, is 
applied continuously until failure of the beam occurs. 
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Piczo extension 
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Failure 
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‘Time (s) 
25.5 (a) Schematic showing the details of the tech- 
nique to study fatigue behavior of the nanobeams. The 
diamond tip is located atthe middle ofthe span, anda cyclic 
lond at 4.2 H2 is applied to the beam by forcing the piezo 
to move in the pattem shown. An extension is made every 
300 to compensate for the piezo drift to ensure thatthe 
ond on the beam is kept fairly constant (b) Data from a fa- 
tigue experiment on a nanobeam until failure. The normal 
load is computed from the raw vertical deflection signal 
‘The compensations for piezo drift keep the load fairly 
constant [25.38] 
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‘This results in the application of a cyclic load to the 
beam. The maximum frequency of the cyclic load that 
could be attained using the AFM by Sundararajan and 
Bhushan [25.38] was 4.2 Hz. The vertical deflection sig- 
nal of the tip is monitored throughout the experiment. 
‘The signal follows the pattern of the piezo input up to 
failure, which indicated by a sudden drop in the signal 
During initial runs, piezo drift was observed that caused 
the piezo to gradually move away from the beam (i.e. 10 
retract), resulting ina continuous decrease in the applied 
normal load. In order to compensate for this, the piezo is 
given a finite extension of 75nm every 3005, as shown 
in Fig. 25.5a. This results in keeping the applied loads 
fairly constant. The normal load variation (calculated 
from the vertical deflection signal) from a fatigue testis 
shown in Fig.25.5b, The eyelic stress amplitudes (corre- 
sponding to D2) and fatigue lives are recorded for every 
sample tested. Values for Dy are set such that minimum 
stress levels are about 20% of the bending strengths. 


25.1.3 Bending Tests 
Using a Nanoindenter 


Quasi-static bending tests of micro/nanostructures are 
also carried out using a nanoindenter (25.39, 40]. The 
advantage of the nanoindenter is that loads up to about 
500 mN, higher than that in AFM (up to about 100 LN), 
can be used for structures requiring high loads for ex- 
periments. To avoid the indenter tip pushing into the 
specimen, a blunt tip is used in the bending and fatigue 
tests. Li et al. [25.40] used a diamond conical indenter 
with a radius of | um and an included angle of 60°. The 
load position used was at the center of the span for the 
bridge beams and 10\um off from the free end of the 
cantilever beams. An optical microscope with a magni- 
fication of 1,500x or an in situ AFM is used to locate 
the loading position. Then the specimen is moved under 
the indenter location with a resolution of about 200nm. 
in the longitudinal direction and less than 100 nm in the 
lateral direction, 

Using the analysis presented earlier, elastic modulus 
and bending strength of the beams can be obtained from. 
the load-displacement curves [25.40]. For fatigue tests, 
an oscillating load is applied and contact stiffness is 
‘measured during the tests. A significant drop in the con- 
tact stiffness during the test is a measure of the number 
of cycles to failure [25.39] 
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25.2 Experimental Results and Discussion 


25.2.1 Indentation and Scratch Tests 
of Various Materials 
Using Micro!Nanoindenters 


‘Studies have been conducted on five different materials: 
undoped single-crystal Si(100), undoped polysilicon 
film, SiO film, SiC film, electroless deposited Ni- 
115 wt% P amorphous film, and electroplated Au 
film [25.40, 50, 51]. A 3-m thick polysilicon film 
was deposited by a low pressure chemical vapor de- 
position (LPCVD) process on a Si(100) substrate. The 
|-yum thick SiO> film was deposited by a plasma en- 
hanced chemical vapor deposition (PECVD) process on 
a Si(111) substrate. A 3-yum thick 3C-SiC film was epi- 
taxially grown using an atmospheric pressure chemical 
vapor deposition (APCVD) process on a Si(100) sub- 
strate. A 12-yum thick Ni-P film was electroless plated 
ona 0.8-mm-thick Al-4.5wi% Mg alloy substrate. 
A 3-jum-thick Au film was electroplated on a Si(100) 
substrate. 


Hardness and Elastic Modulus 
Hardness and elastic modulus measurements are made 
using a nanoindenter [25.40]. The hardness and elastic 
modulus values of various materials at a peak inden- 
tation depth of SOnm are summarized in Fig. 25.6 and 
‘Table 25.1. The SiC film exhibits the highest hardness of 
about 25 GPa and an elastic modulus of about 395 GPa 
among the samples examined, followed by the undoped 
‘Si(100), undoped polysilicon film, SiO» film, Ni-P film, 
and Au film. The hardness and elastic modulus data of 


Table 25.1 Hardness, elastic modulus, fracture toughness, and erit- 
ical load results of the bulk single-crystal Si(100) and thin films of 
undoped polysilicon, Si 


2, Si 


"Ni-P, and Au 
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the undoped Si(100) and undoped polysilicon film are 
‘comparable. For the metal alloy films, the Ni-P film ex- 
hibits higher hardness and elastic modulus than the Au 
film, 


Elastic modulus (GPa) 
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: 
é 
; rom 


Fig. 25.6 Bar chart summarizing the hardness, elastic mod- 
tulus, fracture toughness, and critical load (from scratch 
tests) results of the bulk undoped single-crystal Si(100) 
snd thin films of undoped polysilicon, S102, SiC, Ni-P, and 
‘Au [25.40] 
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Fracture Toughness 
‘The optical images of Vickers indentations made using 
1 microindenter at a normal load of 0.51 held for 15s 
on the undoped Si(100), undoped polysilicon film, and 
SiC film are shown in Fig.25.7 [25.51]. The SiC film 
exhibits the smallest indentation mark, followed by the 
undoped polysilicon film and undoped Si(100). These 
Vickers indentation depths are smaller than one-third of 
the film thickness. Thus, the influence of the substrate 
fon the fracture toughness of the films can be ignored. 
In addition to the indentation marks, radial cracks are 
observed emanating from the indentation corners. The 
SIC film shows the longest radial crack length, followed 
by the undoped Si(100) and undoped polysilicon film. 
The radial cracks for the undoped Si(100) are straight, 
‘whereas those for the SiC and undoped polysilicon film 
are not straight but go in a zigzag manner. The fracture 
toughness (Kc) is calculated using (25.1) 

‘The fracture toughness values of all samples are 
summarized in Fig. 25.6 and Table 25.1. The SiO» film 
used inthis study is about I jum thick, which isnot thick 
enough for a fracture toughness measurement. The frac- 
ture toughness values of bulk silica are listed instead for 
a reference. The Ni-P and Au films exhibit very high 
fracture toughness values that cannot be measured by 
indentation methods. For other samples, the undoped 
polysilicon film has the highest value, followed by the 
undoped $i(100), SiC film, and SiO film. For the un- 
doped polysilicon film, the grain boundaries ean stop 
the radial eracks and change the propagation directions 
of the radial cracks, making the propagation of these 
cracks more difficult. Values of fracture toughness for 
the undoped Si(100) and SiC film are comparable. Since 
the undoped Si(100) and SiC film are single crystal. no 
sain boundaries are present to stop the radial eracks and 
change the propagation directions of the radial cracks, 
This is why the SiC film shows a lower fracture tough- 
ness value than the bulk polycrystal SiC materials of 
3.6MPam!”? [25.60], 


Scratch Resistance 
‘The scratch resistance of various materials has been 
studied using a nanoindenter by Li et al. [25.40]. Fig- 
ure 25.8 compares the coefficient of friction and scratch 
depth profiles as a function of increasing normal load 
‘and optical images of three regions over scratches: at 
the beginning of the scratch (indicated by A on the fric- 
tion profile), at the point of initiation of damage at which 
the coefficient of friction increases to a high value or in- 
creases abruptly (indicated by B on the friction profile), 
and towards the end of the scratch (indicated by C on the 
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Fig.25.7 Optical images of Vickers indentations made at 2 nor- 
‘mal load of 0.5N held for 15 on the undoped Si(100), undoped 


polysilicon film, and SiC film [25.51] 


friction profile) for all samples. Note that the ramp loads 
forthe Ni-P and Au range are from 0.205 mN, whereas 
the ramp loads for other samples are from 0.2 to 20mN. 
All samples exhibit a continuous increase in the coef- 
ficient of friction with increasing normal load from the 
beginning of the scratch. The continuous increase in the 
coefficient of friction during scratching is attributed to 
the increasing plowing of the sample by the tip with 
increasing normal load, as shown in the SEM images 
in Fig.25.8. The abrupt increase in the coefficient of 
friction is associated with catastrophic failure, as well 
as significant plowing of the tip into the sample. Be- 
fore the critical load, the coefficient of friction of the 
undoped polysilicon, SiC, and SiO> films increased at 
a slower rate and was smoother than that of the other 
samples, The undoped $i(100) exhibits some bursts in 
the friction profiles before the critical load. At the criti- 
cal load, the SiC and undoped polysilicon films exhibit 
4 small increase in the coefficient of friction, whereas 
the undoped Si(100) and undoped polysilicon film ex- 
hibit a sudden increase in the coefficient of friction. The 
Ni-P and Au films show a continuous increase in the 
coefficient of friction, indicating the behavior of a duc- 
tile metal. The bursts in the friction profile might result 
from the plastic deformation and material pile-up infront 
of the scratch tip. The Au film exhibits a higher co- 
efficient of friction than the Ni-P film, because it has 
Tower hardness and elastic modulus values than the Ni-P 
film. 

‘The SEM images show that below the critical loads 
the undoped Si(100) and undoped polysilicon film were 
damaged by plowing, associated with the plastic flow 
of the material and formation of debris on the sides of 
the scratch, For the SiC and SiO films, in region A, 
a plowing scratch track was found without any debris, 
‘on the side of the scratch, which is probably responsi- 
ble for the smoother curve and slower increase in the 
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25.2 Experimental Results and Discussion 


Fig. 25.8 Coefficient of friction and seratch depth profiles 
asa function of increasing normal load and optical im- 
ages of three regions over scratches: at the beginning of 
the seratch (indicated by A on the friction profile) at the 
point of initiation of damage at which the coefficient of 
friction increases to a high value or increases abruptly (in- 
dicated by B on the friction profile), and towards the end 
ofthe scratch (indicated by C on the frietion profile) for all 
samples [25.40] 


coefficient of friction before the critical load. After the 
critical load, For the SiO» film, delamination of the film 
from the substrate occurred, followed by cracking along 
the scratch track. For the SiC film, only several small 
debris particles were found without any cracks on the 
side of the scratch, which is responsible for the small in- 
crease in the coefficient of friction at the critical load. 
For the undoped Si(100), cracks were found on the side 
of the scratch right from the critical load and up, which 
is probably responsible for the big bursts in the friction 
profile. For the undoped polysilicon film, no cracks were 
found on the side of the scratch at the critical load. This 
‘might result from grain boundaries, which can stop the 
propagation of cracks. At the end of the scratch, some 
Of the surface material was torn away and cracks were 
found on the side of the scratch in the undoped Si(100). 
‘A couple of small cracks were found in the undoped 
polysilicon and SiO> films. No crack was found in the 
SiC film, Even at the end of the scratch, less debris was 
found in the SiC film. A curly chip was found at the end 
of the scratch in both Ni-P and Au films. This is a typi- 
cal characteristic of ductile metal alloys. The Ni-P and 
‘Au films were damaged by plowing right from the be- 
‘ginning of the scratch with material pile-up at the side 
of the scratch. 

‘The scratch depth profiles obtained during and after 
the scratch on all samples with respect to initial profil, 
after the cylindrical curvature is removed, are plotted in 
Fig, 25.8. Reduction in scratch depth is observed after 
scratching as opposed to during scratching. This redue- 
tion in scratch depth is attributed to an elastic recovery 
afier removal of the normal load. The scratch depth ai- 
ter scratching indicates the final depth, which reflects 
the extent of permanent damage and plowing of the tip 
into the sample surface and is probably more relevant 
for visualizing the damage that can occur in real appli 
cations. For the undoped Si(100), undoped polysilicon 
film, and SiO» film, there is a large scatter in the scratch 
depth data after the critical loads, which is associated 
‘with the generation of cracks, material removal, and de- 
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bris. The scratch depth profile is smooth for the SiC film, 
It is noted that the SiC film exhibits the lowest scratch 
depth among the samples examined. The scratch depths 
of the undoped Si(100), undoped polysilicon film, and 
SiO» film are comparable. The Ni-P and Au films ex- 
hibit much larger scratch depths than other samples. The 
seratch depth of the Ni-P film is smaller than that of the 
‘Au film. 

‘The critical loads estimated from friction profiles for 
all samples are compared in Fig. 25.6 and Table 25.1 
‘The SiC film exhibits the highest critical load of about 
14mN, as compared to other samples. The undoped 
‘Si(100) and undoped polysilicon film show compara- 
ble critical load of about 11 mN, whereas the SiO» film 
shows a low critical load of about 9.5mN. The Ni-P 
and Au films were damaged by plowing right from the 
beginning of the scratch. 


25.2.2 Bending Tests of Nanobeams 
Using an AFM 


Bending tests have been performed on Si and SiOz 
nanobeam arrays [25.38, 54]. The single-crystal silicon 
bridge nanobeams were fabricated by bulk microma- 
chining incorporating enhanced-field anodization using 
an AFM [25.37]. The Si nanobeams are oriented along 
the [110] direction in the (001) plane. Subsequent ther- 
‘mal oxidation of the beams results in the formation 
of SiO) beams, The cross section of the nanobeams 
is trapezoidal owing to the anisotropic wet etching pro- 
cess. SEM micrographs of Si and SiO» nanobeam arrays 
and a schematic of the shape of a typical nanobeam are 
shown in Fig. 25.9. The actual widths and thicknesses 
of nanobeams were measured using an AFM in tapping 
‘mode prior to tests using a standard Si tapping mode tip 
(tip radius < 10 nm), Surface roughness measurements 
of the nanobeam surfaces in tapping mode yielded a 
of 0.7£0.2nm and peak-to-valley (P-V) distance of 
44 1.2nm for Si and ag of 0.80.31nm and a P-V dis- 
tance of 3.10.8nm for SiO». Prior to testing, the Si 
nanobeams were cleaned by immersing them in a “pi- 
ranha etch” solution (3: 1 solution by volume of 98% 
sulphuric acid and 30% hydrogen peroxide) for 600 to 
remove any organic contaminants, 


Bending Strength 
Figure 25.10 shows typical load-displacement curves for 
Si and SiO» beams that were bent to failure [25.38,54]. 
‘The upper width (w) of the beams is indicated in the 
figure. Also indicated are the elastic modulus values ob- 
tained from the slope of the load-displacement curve 
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Fig.25.9 (a) SEM micrographs of nanobeam arrays, and (b) a schematic of the shape of a typical nanobeam. The trapezoidal 
cross section is due to the anisotropic wet etching during the fabrication [25.54] 


(25.5), All the beams tested showed linear elastic be- 
havior followed by abrupt failure, which is suggestive 
of brittle fracture. Figure 25.11 shaws the scatter in the 
values of elastic modulus obtained for both Si and SiO 
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Fig. 25.10 Typical load-displacement curves of silicon and SiOs 
nanobeams. The curves are linear until sudden failure, indicative of 
brittle fracture ofthe beams, The elastic modulus (E) values caleu- 
lated from the curves are shown. The dimensions of the Si beam were 
wy = 295 nm, w2 = 484nm,and ¢ = 255 nm, while those of the SiOs 
‘beam were w; = 250 nm, w3 = 560m, and = 425 nm (25.54) 
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Fig.25.M Elastic modulus values measured for Si and SiO. The 
average values are shown, These are comparable to bulk vals, 
Which demonstrates that elastic modulus shows no specimen size 
dependence [25.38] 


along with the average values (+ standard deviation). 
‘The scatter in the values may be due to differences in 
the orientation of the beams with respect to the trench 
and the loading point being a little off center with respect 
to the beam span, The average values are a little higher 
than the bulk values (169 GPa for Sif110] and 73 GPa 
for SiO2 in Table 25.2). However, the values of E ob- 
tained from (25.5) have an error of about 20% due to the 
uncertainties in beam dimensions and spring constant 
of the tip/cantilever (which affects the measured load). 
Hence the elastic modulus values on the nanoscale can 
be considered comparable to bulk values. 

Most of the beams when loaded quasi-statically at 
the center of the span broke at the ends, as shown 
in Fig. 25.12a, which is consistent with the fact that 
maximum tensile stresses occur on the top surfaces 
near the ends, (See FEM stress distribution results in 
Fig. 25.12b,) Figure 25.13 shows the values of bend- 
ing strength obtained for different beams. There appears 
to be no trend in bending strength with the upper 
‘width (w;) of the beams. The large scatter is expected 
for the strength of brittle materials, since they are de- 
pendent on preexisting flaw population in the material 
and, hence, ate statistical in nature. The Weibull dis- 
tribution, a statistical analysis, can be used to describe 
the scatter in the bending strength values. The means 
of the Weibull distributions were found to be 17.9GPa 
and 7.6GPa for Si and SiO, respectively. Previously 
reported numbers of strengths range from | to 6GPa 
for silicon [25.19, 20, 22-25, 27, 45, 61,62] and about 
1GPa for SiO> [25.34] microscale specimens. This 
clearly indicates that bending strength shows a spec- 
men size dependence, Strength of brittle materials is 
dependent on preexisting flaws in the material. Since 
for nanoscale specimens the volume is smaller than for 
micro- and macroscale specimens, the flaw population 
will be smaller as well, resulting in higher values of 
strength, 
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Table 25.2 Summary of measured parameters from quasi-static bending tests 


rer 
a SEIS ae 1642 
+ Si(110), [25.63] > (25.64) [25.19,20,22-25,45,61,62] 


s SiO: 


15GPa 


Fig. 25.12 (a) SEM micrographs of nanobeams that failed 
during quasi-static bending experiments. The beams failed 
at or near the ends, which is the location of maximum 
tensile bending stress [25.54], and (b) bending stress disti- 
bation for silicon nanobeam, indicating that the maximum 
tensile stresses occur on the top surfaces near the fixed 
ends 


Fracture Toughness 
Estimates of fracture toughness calculated using (25.10) 
for Si and SiO; are shown in Fig.25.14 [25.38] 
‘The results show that the Kic estimate for Si is 
shout 1-2MPa /, whereas for SiOr the estimate 
is about 0.5-0.9MPa Ji. These values are compara- 
ble to values reported by others on larger specimens 
for Si [25.30-33] and SiOz [25.34]. The high val- 
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Fig. 25.13 Bending strength values obtained from bending experi- 
‘ments. Average values are indicated. These values are much higher 
than values reported for microscale specimens, indicating that bend- 
ing strength shows a specimen size effect [25.38] 


20 
1s 
10 

os 


00 
00 0s To 1s 20 


Distance from note tip r(am) 


Fig. 25.14 Fracture toughness (Xie) values for increasing values 
‘of r corresponding to distance between neighboring atoms in (111) 
planes of silicon (0.4m). Hence r values between 0.4 and 1.6nm 
are chosen. The Kic values thus estimated are comparable to values 
reported by others for both $i and SiOx [25.38] 


ues obiained for Si could be due to the fact that the 
scratches, despite being quite sharp, still have a finite 
radius of about 100mm. The bulk value for silicon is 
about 0.9 MPa ym (Table 25.2) Fracture toughness is 
considered a material property und is believed to be in- 
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dependent of specimen size. The values obtained in this 
study, given its limitations, appear to show that fracture 
toughness is comparable, if not a litle higher on the 
nanoscale, 


Fatigue Strength 
Fatigue strength measurements of Si nanobeams have 
been carried out by Sundararajan and Bhushan (25.38] 
using an AFM and Li and Bhushan [25.39] using 
‘a nanoindenter, Various stress levels were applied to 
nanobeams by Sundararajan and Bhushan [25.38]. The 
‘minimum stress was 3.5 GPa for Si beams and 2.2 GPa 
for SiOx beams. The frequency of applied load was 
4.2Hz. In general, the fatigue life decreased with 
increasing mean stress as well as increasing stress am- 
plitude. When the stress amplitude was less than 15% 
of the bending strength, the fatigue life was greater than 
30,000 cycles for both Si-and SiO2, However, the mean 
stress had to be less than 30% of the bending strength 
for a life of greater than 30,000 for $i, whereas even 
at a mean stress of 43% of the bending strength, SiO 
beams showed a life greater than 30,000, During fa- 
tigue, the beams broke under the loading point or at the 
ends when loaded at the center of the span. This was 
different from the quasi-static bending tests, where the 
beams broke at the ends almost every time, This could 
bbe due to the fact that the stress levels under the load 
and at the ends are not that different and fatig 
propagation could occur at either location. Figure 25.15 
shows a nanoscale S-N curve with bending stress (S) 
as a function of fatigue in cycles (V) with an apparent 
endurance life at lower stress. This study clearly demon- 
strates that fatigue properties of nanoscale specimens 
can be studied, 
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Fig.25.15 Fatigue test data showing applied bending stress as 
4 function of numberof cycles. A single load-unload sequence is 
considered 1 cycle. The bending strength datapoints are, therefore, 
associated with + cycle, since failure oecurs upon loading [25.38] 


SEM Observations of Fracture Surfaces 
Figure 25.16 shows SEM images of the fracture sur- 
faces of nanobeams broken during quasi-static bending 
as well as fatigue [25.38]. In the quasi-static cases, the 
maximum tensile stresses occur on the top surface, so 
it is reasonable to assume that fracture initiated at or 


cycles 
SOPs 
GPs 


Fig. 25.16a,b SEM micrographs of fracture surfaces of sil- 
n and SiO beams subjected to (a) quasi-static bending 
and (b) fatigue [25.38] 
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Figure 12-23. A capacitor of 100uF or more smooths the 
upper haf of an AC signal that has passed through a di 
‘ode. The capacitor charges during each positive pulse and 
discharges to “il the gaps” between them, 


watt or higher. Prepackaged snubbers contain- 
ing appropriate capacitor-resistor pairs are avail- 
able from some parts suppliers, primarily for in- 
dustrial use. 


In an AC circuit, a snubber can be placed around 
the inductive load itself, Although a diode is 
often used this way in a DC circuit, it cannot be 
used with AC. 


Although solid-state switching devices such asa 
solid state relay contain no mechanical con- 
tacts, they may still be damaged by substantial 
pulses of back-EMF, and can be protected by a 
snubber where they are controlling inductive 
loads that take 10A or more at 100V or mare. 


What Can Go 


Figure 12-24. An RC network (outlined with a white dasts 
ed line) pratects 2 switch that controls a high inductive 
load. Used in this way, the RC network is known as a snub 
ber. 


Capacitor as a Battery Substitute 
‘A capacitor may be substituted for a battery for 
some applications, although it has a lower ener- 
gy density and will be more expensive to manu- 
facture. A capacitor charges and discharges 
much more rapidly than a battery because no 
chemical reactions are involved, but a battery 
sustains its voltage much more successfully dur- 
ing the discharge cycle. 


Capacitors that can store a very large amount of 
energy are often referred to as supercapacitors. 


What Can Go Wrong 


Common problems associated with capacitors 
are age-related deterioration (especially in elec- 
trolytics), inductive reactance (especially in cy- 
lindrical formats), nonlinear response, resistivity, 
excessive current leakage, and dielectric memo- 
ry. Some of these problems are discussed below. 
Amanufacturer’s datasheet should be consulted 
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25.2 Experimental Results and Discussion 


near the top surface and propagated downward. The 
fracture surfaces of the beams suggest a cleavage type 
of fracture. Silicon beam surfaces show various ledges 
or facets, which is typical for crystalline brittle mater- 
ils. Silicon usually fractures slong the (111) plane, 
due to this plane having the lowest surface energy to 
overcome by a propagating crack. However, failure has 
also been known to occur along the (110) planes in mi- 
croscale specimens, despite the higher energy required 
compared to the (111) planes [25.45]. The plane nor- 
‘mal to the beam direction in these samples is the (110) 
plane, while (111) planes will be oriented at 35° from 
the (110) plane. The presence of facets and irregulari- 
ties on the silicon surface in Fig. 25.16a suggest that it 
is a combination of these two types of fractures that has 
occurred. Since the stress levels are very high for these 
specimens, itis reasonable to assume that crack propa- 
gating forces will be high enough to result in (110) type 
failures, 

In contrast, the silicon fracture surfaces under fa- 

tigue, shown in Fig. 25.16, appear very smooth without 
facets or irregularities. This is suggestive of low energy 
fracture, ie., of (111) type fracture. We do not see evi- 
dence of fatigue crack propagation in the form of steps 
or striations on the fracture surface. We believe that for 
the stress levels applied in these fatigue experiments, 
failure in silicon occurred via cleavage associated with 
tic fatigue” type of failures. 
SiO» shows very smooth fracture surfaces for both 
quasi-static bending and fatigue. This i in contrast to the 
hhackled surface one might expect for the brittle failure 
of an amorphous material on the macroscale, However, 
in larger scale fracture surfaces for such materials, the 
region near the crack initiation usually appears smooth 
‘oF mirror-like. Since the fracture surface here isso small 
and very near the crack initiation site, it is not unreason- 
able to See such a smooth surface for $102 on this scale. 
‘There appears to be no difference between the fracture 
surfaces obtained by quasi-static bending and fatigue for 
SiOa, 


Summary of Mechanical Properties 
Measured Using Quasi-Static Bending Tests 
Table 25.2 summarizes the various properties meas- 
ured via quasi-static bending in this study [25.38]. Also 
shown are bulk values of the parameters, along with 
values reported on larger scale specimens by other re- 
searchers. Elastic modulus and fracture toughness values 
appear to be comparable to bulk values and show no de- 
pendence on specimen size, However. bending strength 
shows a clear specimen size dependence with nanoscale 
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numbers being twice as large as numbers reported for 
larger-scale specimens, 


25.2.3 Bending Tests of Microbeams 
Using a Nanoindenter 


Bending tests have been performed on Ni-P and Au mi- 
crobeams [25.40]. The Ni-P cantilever microbeams were 
fabricated by focused ion beam machining technique. 
‘The dimensions were 10x 12x50jm', Notches with 
‘a depth of 3 yum and a tip radius of 0.25 um were intro- 
duced in the microbeams to facilitate failure at a lower 
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Fig.25.17 SEM mictographs of the new and broken beams, load- 
displacement curve, and FEM stress contour for the notched Ni-P 


cantilever microbeam [25.40] 
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Fig. 25.18 SEM micrographs of the new and deformed beams, load- 
displacement curve, and FEM stress contour for the Au bridge 
mierobeam [25.40] 


load in the bending tests. The Au bridge microbeams 
were fabricated by electroplating technique. 

Figure 25.17 shows the SEM images, load displace- 
‘ment curve, and FEM stress contour for the notched Ni-P 
cantilever microbeam that was bent to failure [25.40] 
‘The distance between the loading position and the fixed 
‘end is 40 jum. The 3-yum-deep notch is 10 um from the 
fixed end. The notched beam showed linear behavior 
followed by abrupt failure. The FEM stress contour 
shows that there is higher stress concentration at the 
notch tip. The maximum tensile stress a at the notch 
tip can be analyzed using Griffith fracture theory as 


(25.11) 


where op is the average applied tensile stress on the 
beam, cis the crack length, and p isthe crack tip radius. 
‘Therefore, clastie-plastic deformation will first accurlo- 
cally at the end of the notch tip, followed by abrupt 
fracture failure after the a, reaches the ultimate tensile 
strength of Ni-P, even though the rest of the beam is 
still in the elastic regime. The SEM image of the frac- 
ture surface shows that the fracture started right from the 
notch tip with plastic deformation characteristic. This in- 
dicates that although local plastic deformation occurred 
atthe notch tip area, the whole beam failed catastroph- 
ically, The present study shows that FEM simulation 
ccan predict well the stress concentration and helps in 
understanding the failure mechanism of the notched 
beams, 

Figure 25.18 shows the SEM images, load- 
displacement curve and FEM stress contour for the 
‘Au bridge microbeam that was deformed by the in- 
denter [25.40]. The recession gap between the beam 
and substrate is about 7 um, which is not large enough 
to break the beam at the load applied. From the load- 
displacement curve, we note that the beam experienced 
elastic-plastic deformation, The FEM stress contour 
shows that the maximum tensile stress is located atthe 
fixed ends, whereas the minimum compressive stress 
is located around the center of the beam. The SEM 
image shows that the beam has been permanently de- 
formed. No crack was found on the beam surface, The 
present study shows a possibility fer mechanically form 
ing the Au film into the shape as needed. This may help 
in designing/fabricating functionally complex smart mi- 
cro/nanodevices that need conductors for power supply 
and inpavoutput signals. 


25.3 Finite Element Analysis of Nanostructures 


with Roughness and Scratches 


Micro/nanostructures have some surface topography 
and local scratches dependent upon the manufactur- 
ing process. Surface roughness and local scratches may 
compromise the reliability of the devices and their effect 
needs to be studied, Finite element modeling is used to 
perform parametric analysis to study the effect of sur- 
face roughness and scratches in different well-defined 
forms on tensile stresses that are responsible for crack 


propagation [25.46,47]. The analysis has been carried 
ut on trapezoidal beams supported at the bottom whose 
data (on Si and SiO> nanobeams) have been presented 
earlier, 

‘The finite element analysis has been carried out using 
the static analysis of ANSYS 5.7, which calculates the 
deflections and stresses produced by the applied loading. 
‘The type of element selected for the present study was 


Springer Handbook w Nanotechnol 
Penge Snuchn © sprnger 2004 


6 


8 


Mechanical Properties of Nanostructures 


the SOLID95, which allows the use of different shapes 
‘without much loss of accuracy, This element is 3-D with 
20 nodes, each node having three degrees of freedom 
that imply translation in the x, y, and z directions. Each 
nanobeam cross section is divided into six elements 
along the width and the thickness and 40 elements along, 
the length. SOLID95 has plasticity, creep, stress stiffen- 


Fig.25.19 (a) Plots showing the geometries of modeled 
roughness ~ semicircular and grooved asperities along 
the nanobeam length with defined geometrical parameters. 
(6) (See on next page.) Schematic showing semicircular as- 
pesities and scratches in the wansverse direction followed 
by the illustration of the mesh created on the beam with 
fine mesh near the asperities and scratches. Also shown are 
the semicircular asperities and scratches at diferent pitch 
values 
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ing, large deflection, and large strain capabilities. The 
large displacement analysis is used for large loads, ‘The 
‘mesh is kept finer near the asperities and the scratches 
in order to take into account variation in the bending 
stresses, The beam materials studied are made of single- 
crystal silicon (110) and SiO» films whose data have 
been presented earlier. Based on bending experiments 
presented earlier, the beam materials can be assumed 
to be linearly elastic isotropic materials. Young's mod- 
ulus of elasticity () and Poisson's ratio (v) for Si 
and SiO) are 169GPa [25.63] and 0.28 [25.57], and 
73GPa [25.64] and 0.17 [25.64], respectively. A sam- 
ple nanobeam of silicon was chosen for performing 
‘most of the analysis, as silicon is the most widely used 
MEMS/NEMS material. The cross section of the fabri- 
cated beams used in the experiment is trapezoidal and 
supported at the bottom, Fig, 25.9. The following dimen- 
sions ate used: wy = 200 nm, w2 =370nm, f= 255 nm, 
and ¢ = 6 um. In the boundary conditions, the displace- 
‘ments are constrained in all directions on the bottom 
surface for 1 um from each end. A point load applied 
at the center of the beam is simulated with the load be- 
ing applied at three closely located central nodes on the 
‘beam used, It has been observed from the experimen- 
tal results that the Si nanobeam breaks at around 80 LN, 
‘Therefore, in this analysis, a nominal load of 70 uN is 
selected. At this load, deformations are large and a large 
displacement option is used. 

To study the effect of surface roughness and 
scratches on the maximum bending stresses the fol- 
owing cases were studied, First, the semicircular and 
‘grooved asperities in the longitudinal direction with de- 
fined geometrical parameters are analyzed, Fig. 25.193, 
Next, semicircular asperities and scratches placed along 
the transverse direction at a distance ¢ from the end 
and separated by pitch p from each other are analyzed, 
Fig. 25.19b. Lastly, the beam material is assumed to be 
either purely elastic, elastic-plastic, or elastic-perfectly 
plastic. In the following section, we begin with the stress 
distribution in smooth nanobeams followed by the effect 
of surface roughness in the longitudinal and transverse 
directions and scratches in the transverse direction 


25.3.1 Stress Distribution 
in a Smooth Nanobeam 


Figure 25.20 shows the stress and vertical displace- 
‘ment contours for a nanobeam supported at the bottom 
and loaded at the center (25.46, 47]. As expected, the 
maximum tensile stress occurs at the ends, while the 
‘maximum compressive stress occurs under the load at 
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25.20 Bending stress contours, vertical displace- 
‘ment contours, and bending stress contours after loading 
‘rapezoidal Sinanobeam (w;=200nm, w>=370nm, 
1=255nm, €=6 yum, £= 169GPa, v=0.28) at T0uN 
load [25.47], 


the center. Stress contours obtained at a section of the 
beam from the front and side are also shown. In the beam 
cross section, the stresses remain constant at a given ver- 
tical distance from one side to another and change with 
‘a change in vertical location. This can be explained by 
the fact that the hending moment is constant at a partic- 
ular cross section, so the stress is only dependent on the 
distance from the neutral axis. However, in cross sec- 
tion A-A the high tensile and compressive stresses are 
localized near the end of the beam at top and bottom, re- 
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spectively, whereas the lower values are spread out away 
from the ends. High value of tensile stresses occurs near 
the ends because of high bending moment. 


25.3.2 Effect of Roughness 
in the Longitudinal Direction 


‘The roughness in the form of semicircular and grooved 
asperities in the longitudinal direction on the maximum, 
bending stresses are analyzed [25.47]. The radius R 
and depth L are kept fixed at 25am, while the num- 
ber of asperities is varied and their effect is observed 
fon the maximum bending stresses, Figure 25.21 shows 
the variation of maximum bending stresses as a fune- 
tion of asperity shape and the number of asperities. 
‘The maximum bending stresses increase as the asper- 
ity number increases for both semicircular and grooved 
asperities. This can be attributed to the fact that as 
the asperity number increases, the moment of iner- 
tia decreases for that cross section. Also, the distance 
from the neutral axis increases because the neutral 
axis shifts downwards, Both these factors lead to the 
increase in the maximum bending stresses, and this 
effect is more pronounced in the case of semicircular 
asperity as it exhibits a higher value of maximum bend- 
ing stress than that in grooved asperity. Figure 25.21 
shows the stress contours obtained at a section of the 
beam from the front side for both cases when we have 
a single semicircular asperity and when four adjacent 
semicircular asperities are present. Trends are simi- 
lar to those observed earlier for a smooth nanobeam 
(Fig, 25.20). 


25.3.3 Effect of Roughness in the 
Transverse Direction and Scratches 


We analyze semicircular asperities when placed along 
the transverse direction followed by the effect of 
seratches on the maximum bending stresses in varying 
numbers and pitch [25.47]. In the analysis of semicir- 
cular transverse asperities, three cases were considered, 
which included a single asperity and asperities through- 
‘out the nanobeam surface separated by pitch equal to 
50nm and 100mm. In all of these cases, ¢ value was 
kept equal to Onm, Figure 25.22 shows that the value of 
‘maximum tensile stress is 42 GPa, which is much larger 
than the maximum tensile stress value with no asperity 
of 16GPa, or when the semicircular asperity is present 
in the longitudinal direction. It is also observed that the 
‘maximum tensile stress does not vary with the number 
of asperities or the pitch, while the maximum compres- 
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Fig 25.21 Effect of longitudinal semicircular and grooved 
asperities in different numbers on _maximum bending 
stresses after loading wapezoidal Si nanobeams (1 = 
200nm, w2=370nm, 1 =255 nm, ¢=6 im, E = 169 GPa, 
¥=0.28, load = 70 uN). Bending stress contours obtained 
in the beam with semicircular single asperity and four 
adjacent asperities of & = 25 nm [25.47] 


Fig. 25.22 Eifect of transverse semicircular asperities lo- 
‘cated at different pitch values on the maximum bending 
stresses after loading trapezoidal Si nanobeams (1; 

200nm, w:=370nm, 2 =255 nm, ¢=6 ym, E= 169 GPa, 
v= 0.28, load = 70 .N). Bending stress contours obtained 
in the beam with semicircular single asperity and. semi- 
circular asperities throughout the nanobeam surface at 
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sive stress does increase dramatically for the asperities 
present throughout the beam surface from its value when 
aa single asperity is present, Maximum tensile stress oc- 
ccurs at the ends, and an increase in p does not add any 
asperities at the ends, whereas asperities are added in the 
central region where compressive stresses are maximum. 
‘The semicircular asperities present at the center cause 
the local perturbation in the stress distribution at the cen- 
ter of the asperity where load is being applied, leading 
toa high value of maximum compressive stress [25.65]. 
Figure 25,22 also shows the stress contours obtained at 
‘a section of the beam from the front and side for both 
cases when there is a single semicircular asperity and 
‘when asperities are present throughout the heam surface 
at a pitch equal to 50mm, Trends are similar to those 
observed earlier for a smooth nanobeam (Fig. 25.20). 

In the study pertaining to scratches, the number of 
seratches are varied along with the variation in the pitch. 
Furthermore, the load is applied atthe center of the beam. 
and at the center of the scratch near the end, as forall the 
cases. In all of these, ¢ value was kept equal to 50mm 
and L value was equal to 100am with f value being 
201m, Figure 25.23 shows that the value of maximum 
tensile stress remains almost the same with the num- 
ber of scratches for both types of loading — that is, when 
load is applied at the center of the beam and at the center 
of the scratch near the end, This is because the maxi- 
‘mum tensile stress occurs at the beam ends no matter 
‘where the load gets applied. But the presence of scratch 
does increase the maximum tensile stress compared to 
its value for a smooth nanobeam, although the number 
of scratches no longer matter as the maximum tensile 
stress occurring at the nanobeam end is unaffected by 
the presence of more scratches beyond the first scratch 
in the direction toward the center. The value of the ten- 
sile stress is much lower when the load is applied at 
the center of scratch, and it can be explained as fol- 
lows. The negative bending moment at the end near the 
‘applied load decreases with load offset after two-thirds 
of the length of the beam [25.66]. Since this negative 
bending moment is responsible for tensile stresses, their 
behavior with the load offset is the same as the negative 


Fig. 25.23 Effect of number of scratches along with the 
variation in the pitch on the maximum bending stresses 
after loading trapezoidal Si nanobeams (1; =200 nm, 3 = 
370nm, 1=25Snm, ¢ = 6pm, E= 169GPa, v= 0.28, 
load =70 LN). Also shown is the effect of load when ap- 
plied at the center of the beam and at the center of the 
seratch near the end [25.47] 
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bending moment. Also, the value of maximum com- 
pressive stress when load is applied at the center of the 
nanobeam remains almost the same as the center geom- 
etry is unchanged due to the number of scratches and, 
hence, the maximum compressive stress occurring be- 
low the load at the center is same. On the other hand, 
when the load is applied at the center of the scratch 
wwe observe that the maximum compressive stress in- 
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creases dramatically because the local perturbation in 
the stress distribution at the center of the scratch where 
load is being applied leads to a high value of maximum 
‘compressive stress [25.65]. It increases further with the 
number of scratches and then levels off. This can be at- 
tributed to the fact that when there is another scratch 
present close to the scratch near the end, the stress con- 
centration is more, as the effect of local perturbation in 
the stress distribution is more significant. However, this 
effect is insignificant when more than two scratches are 
present. 

‘Now we address the effect of pitch on the maximum 
compressive stress when the load is applied at the center 
ofthe scratch near the end. When the pitchis up toa value 
of 200nm the maximum compressive stress increases 
with the number of scratches, as discussed earlier, On 
the other hand, when the pitch value goes beyond 225 nm 
this effect is reversed. This is because the presence of 
another scratch no longer affects the local perturbation 
in the stress distribution at the scratch near the end. 
Instead, more scratches at a fair distance distribute the 
‘maximum compressive stress at the scratch near the end 
and the stress starts going down. Such observations of 
‘maximum bending stresses can help in identifying the 
‘number of asperities and scratches allowed separated by 
aan optimum distance from each other. 


25.3.4 Effect on Stresses and Displacements 
for Materials That Are Elastic, 
Elastic-Plastic, 
or Elastic-Perfectly Plastic 


This section deals with the beam modeled as elastic, 
elastic-plastic, and elastic-perfectly plastic to observe 
the variation in the stresses and displacements from 
an elastic model used so far [25.47]. Figure 25.24 
shows the typical stress-strain curves forthe three types 
of deformation regimes and their corresponding load- 
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Fig. 25.2% Schematic representation of stress-strain curves 
and load-displacement curves for material when itiselastic, 
‘elastic-plastic, or elastie-perfectly plastic for a Sinanobeam 
(u 370nm, ¢ 
169GPa, tangent modulus in plastic range 
0.28) [25.47] 


displacement curves obtained from the model of an Si 

nanobeam that are found to exhibit the same trends, 
Table 25.3 shows the comparison of maximum 

von Mises stress and maximum displacements for 
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25.4 Closure 


both smooth nanobeam and nanobeam with a defined 
roughness, which is single semicircular longitudinal 
asperity of R value equal to 2Snm for the three 
different models. It is observed that the maximum 
value of stress is obtained at a given load for elas- 


25.4 Closure 


Mechanical properties of nanostructures are neces- 
sary in designing realistic MEMS/NEMS devices. 
‘Most mechanical properties are scale-dependent. Mi 
‘cro/nanomechanical properties, hardness, elastic modu- 
lus, and scratch resistance of bulk materials of undoped 
single-crystal silicon (Si) and thin films of undoped 
polysilicon, SiO, SiC, Ni-P, and Au are presented. Itis 
found that the SiC film exhibits higher hardness, elas- 
tic modulus, and scratch resistance as compared to other 
‘materials, 

Bending tests have been performed on the Si and 
SiO, nanobeams and Ni-P and Au microbeams using 
an AFM and a depth-sensing nanoindenter, respec- 
tively. The bending tests were used to evaluate elastic 
‘modulus, bending strength (fracture stress), fracture 
toughness (Kj), and fatigue strength of the beam 
‘materials. The Si and SiO» nanobeams exhibited elas- 
tic linear response with sudden brittle fracture, The 
notched Ni-P beam showed linear deformation behavior 
followed by abrupt failure. The Au beam showed elastic- 
plastic deformation behavior. Elastic modulus values of 
182-11 GPa for Si(110) and 8543 GPa for SiO» were 
obtained, which are comparable to bulk values. Bend- 
ing strength values of 1833 GPa for Si and 7.62GPa 
for SiO» were obtained, which are twice as large as val- 
ues reported on larger scale specimens. This indicates 
that bending strength shows a specimen size depen- 
dence. Fracture toughness value estimates obtained were 
1.67£0.4 MPa /’m for Si and 0.60+0.2 MPa im for 
SiO>, which are also comparable to values obtained 
fon larger specimens. At stress amplitudes less than 
15% of their bending strength and at mean stresses of 
less than 30% of the bending strength, Si and SiO> 
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tic material, whereas the displacement is maximum 
for elastic-perfectly plastic material. Also, the pattern 
that the maximum bending stress value increases for 
a rough nanobeam still holds true in the other models as 
well 


displayed an apparent endurance life of greater than 
30,000 cycles. SEM observations of the fracture sur- 
faces revealed a cleavage type of fracture for both 
‘materials when subjected to bending, as well as fa- 
tigue. The AFM and nanoindenters used in this study 
can be satisfactorily used to evaluate the mechani- 
cal properties of micro/nanoscale structures for use in 
‘MEMS/NEMS, 

FEM simulations are used to predict the stress and 
deformation in nanostructures. The FEM has been used 
to analyze the effect ofthe type of surface roughness and 
scratches on stresses and deformation of nanostructures, 
We find that roughness affects the maximum bending 
stresses. The maximum bending stresses increase as 
the asperity number increases for both semicircular and 
grooved asperities in the longitudinal direction, When 
the semicircular asperity is present in the transverse di- 
rection the maximum tensile stress is much larger than 
the maximum tensile stress value with no asperity or 
when the semicircular asperity is present in the lon- 
situdinal direction. This observation suggests that the 
asperity in the transverse direction is more detrimental, 
‘The presence of scratches increases the maximum ten- 
sile stress, The maximum tensile stress remains almost 
the same with the number of scratches for two types of 
loading, that is, when load is applied at the center of 
the beam or at the center of the scratch near the end, 
although the value of the tensile stress is much lower 
‘when the load is applied at the center of the scratch, This 
‘means that the load applied at the ends is less damaging, 
‘This analysis shows that FEM simulations can be useful 
to designers to develop the most suitable geometry for 
nanostructures. 
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What 


-an Go Wrong 


carefully in conjunction with the notes regarding 
compositions in the preceding Variants section 
before making a commitment to a particular 
type of capacitor. 


Wrong Polarity 
A polarized capacitor may offer virtually no re- 
sistance if itis connected the wrong way around 
to a DC power source. A very high current can 
result, damaging the capacitor and probably 
other components in the circuit. Failing to ob- 
serve the polarity of a tantalum capacitor can 
have destructive or even explosive conse- 
quences, depending on the amperage. 


Voltage Overload 

Ifthe DC working voltage ofa capacitor is excee- 
ded, thereisa risk of breaking down the dielectric 
andallowinga spark, or arc, that will form a short 
circuit. Note that the DC rating of a capacitor 
does not mean that it can be used safely with an 
equivalent AC voltage. The maximum AC voltage 
should be no greater than approximately 0.7 
times the DC rated voltage. If a DC-rated capac- 
itoris used directly across an AC powerline, itwill 
create an effective short circuit. 


lFcapacitors are connected in series or in parallel, 
ideally the voltage rating for each capacitor 
should be the same, and certainly no less than 
the supply voltage. 


Tantalum capacitors are easily damaged by cur- 
rent spikes that exceed their maximum working 
voltage, and are unsuitable for high-frequency 
coupling because of their inductance. 


Leakage 
Charge leakage is a problem especially associ- 
ated with electrolytic capacitors, which are not 
suitable for storing a charge over a significant in- 
terval. Polypropalene or palystyrene film capac- 
itors are a better choice, 


Dielectric Memory 
Also known as dielectric absorption, this is a phe- 
homenon in which a capacitor’s electrolyte dis- 


> moderation > c 


power 


plays some percentage of its former voltage after 
the capacitor has been discharged and then dis 
connected from the circuit. Single-layer ceramic 
capacitors especially tend to suffer from this 
problem, 


Specific Electrolytic Issues 
Electrolytic capacitors have high inductive reac- 
tance, are not manufactured to close tolerances, 
and deteriorate significantly with age. While oth- 
er components may be stockpiled and used over 
aperiod of years, thisis nota sensible policy with 
electrolytics 


The “capacitor plague” affecting many of these 
capacitors manufactured from 1999 onward pro- 
vided a salutary lesson regarding their potential 
weaknesses. Faulty composition of the dielectric 
allowed it to deteriorate, liberating hydrogen 
gas, which eventually caused the aluminum 
shells ofthe capacitors to bulge and burst. Circuit 
boards from major manufacturers were affected, 
Because the problem took two years to become 
apparent, literally millions of boards with faulty 
capacitors had been sold before the fault was di- 
agnosed and eventually corrected. 


Unfortunately electrolytics cannot be easily re- 
placed with other types of capacitors in applica~ 
tions such as power supplies, because substi- 
tutes will be considerably larger and more ex- 
pensive. 


Heat 

The equivalent series resistance (ESR) of a large 
capacitor inevitably means that it must dissipate 
some power as heat during use. Ripple current 
can also create heat. Capacitor performance will 
changeas the temperature increases, Acommon 
maximum component temperature for electro- 
lytic capacitors is 85 degrees Centigrade. 


Vibration 

In a high-vibration environment, electro} 
should be protected by clamping them mechan- 
ically in place, using a capacitor clamp, also 
known asa c-clamp. 
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26, Nanotribology of Ultrathin 
and Hard Amorphous Carbon Films 


Diamond material and its smooth coatings are used 
for very low wear and relatively low friction. Major 
limitations of the true diamond coatings are that 
they need to be deposited at high temperatures, 
can only be deposited on selected substrates, and 
require surface finishing. Hard amorphous carbon, 
commonly known as diamond-like carbon ot DLC 
coatings, exhibit mechanical, thermal, and optical 
properties close to that of diamond, These can be 
deposited with a large range of thicknesses by 
sing a variety of deposition processes on a variety 
of substrates at or near room temperature, The 
coatings reproduce substrate topography, avoiding 
the need of post-finishing. Friction and wear 
properties of some DLC coatings can be very 
attractive for tribological applications. The largest. 
industrial application of these coatings is in 
‘magnetic storage devices. 

‘The prevailing atomic artangement in the DLC 
coatings is amorphous or quasi-amorphous with 
small diamond, graphite, and other unidentifiable 
micro- or nanocrystallites. Most DLC coatings, 
except those produced by filtered cathodic arc, 
contain from a few to about 50 at% hydrogen. 
Sometimes hydrogen is deliberately incorporated 
in the sputtered and ion plated coatings to tailor 
their properties, 

EELS and Raman spectroscopies can be suc~ 
cessfully used for chemical characterization of 
amorphous carbon coatings. The prevailing atomic 
arrangement in the DLC coatings is amorphous 
or quasi-amorphous with small diamond (sp), 
graphite (sp!) and other unidentifiable micro- or 
nanocrystallites. Most DLC coatings except those 
produced by filtered cathodic arc contain from 
a few to about 50 at% hydrogen. Sometimes hydro- 
gen is deliberately incorporated in the sputtered 
and ion plated coatings to tailor their properties. 

‘Amorphous carbon coatings deposited by 
various techniques exhibit different mechanical 
and tribological properties, The nanoindenter can 
be successfully used for measurement of hardness, 
elastic modulus, fracture toughness, and fatigue 
life, Microscratch and microwear experiments can 
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be performed using either a nanoindenter or an 
AFM. Thin coatings deposited by filtered cathodic 
arc, ion beam, and ECR-CVD hold a promise for 
tribological applications. Coatings as thin as 
5 nm or even thinner provide wear protection. 
Microscratch, mictowear, and accelerated wear 
testing, if simulated properly, can be successfully, 
used to screen coating candidates for industrial 
applications. In the examples shown in this 
chapter, trends observed in the microscratch, 
microwear, and accelerated macrofriction wear 
tests are similar to that found in functional tests. 
In this chapter, the state-of-the-art of recent 
developments in the chemical, mechanical, 
and tribological characterization of ultrathin 
amorphous carbon coatings is presented. 
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Part D | Molecularly Thick Films for Lubrication 


Carbon exists in both crystalline and amorphous forms 
and exhibits both metallic and nonmetallic character- 
istics [26.1-3]. Crystalline carbon includes graphite, 
diamond, and a family of fullerenes, Fig.26.1. The 
graphite ‘and diamond are infinite periodic network 
solids with a planar structure, whereas the fullerenes are 
a molecular form of pure carbon with a finite network 
with a nonplanar structure. Graphite has a hexago- 
nal, layered structure with weak interlayer bonding 
forces and exhibits excellent lubrication properties. The 
graphite crystal may be visualized as infinite parallel 
layers of hexagons stacked 0.34 nm apart with a 0.1415- 
1m interatomic distance between the carbon atoms in 
the basal plane, The atoms lying in the basal planes are 
trigonally coordinated and closely packed with strong 
@ (covalent) bonds to its three carbon neighbors us- 
ing the hybrid sp? orbitals. The fourth electron lies in 
ap, orbital lying normal to the « bonding plane and 
forms a weak 2 bond by overlapping side to side with 


a) b) OC atom 


0.3Sam 


Fig.26.1a-c ‘The structure of three known forms of crystalline car- 
‘bon (a) hexagonal structure of graphite, (b) modified face-centered 
cubic (fee) structure, wo interpenetrating fee lattices displaced by 
‘one-quarter of the cube diagonal, of diamond (each atom is bonded 
1 four others that form the comers of the pyramidal structure called 
tetrahedron), and (c) the structure of the two most common forms of 
fullerenes-soccer ball Cyo and rugby ball C>p molecules, 


4 p, orbital of an adjacent atom to which carbon is 
attached by a bond. The layers (basal planes) them- 
selves are relatively far apart and the forces that bond 
them are weak van der Waals forces. These layers can 
align themselves parallel tothe direction of the relative 
motion and slide over one another with relative ease, 
thus providing low friction, Strong interatomic bonding 
and packing in each layer is thought to help reduce wear. 
‘The operating environment has a significant influence on 
lubrication, i.e., low friction and low wear, properties 
of graphite. It lubricates better in a humid environment 
than a dry one, resulting from adsorption of water vapor 
and other gases from the environment, which further 
weakens the interlayer bonding forces and results in 
‘easy shear and transfer of the crystallite platelets to the 
mating surface. Thus, transfer plays an important role 
in controlling friction and wear. Graphite oxidizes at 
high operating temperatures and can be used up to about 
430°C. 

‘One of the fullerene molecules is Cgq, commonly 
known as Buckyball. Since the Cy molecules are very 
stable and do not require additional atoms to satisfy 
chemical bonding requirements, they are expected to 
have low adhesion to the mating surface and low surface 
energy. Since Cy) molecules with a perfect spherical 
symmetry are weakly bonded to other molecules, Cy 
clusters get detached readily, similar to other layered 
lattice structures, and either get transferred to the mat- 
ing surface by mechanical compaction, or are present 
as loose wear particles that may rol like tiny ball bear- 
ings in a sliding contact, resulting in low friction and 
wear. The wear particles are expected to be harder 
than as-deposited Cy molecules, because of their phase 
transformation at high asperity contact pressures present 
ina sliding interface. The low surface energy, spherical 
shape of Cy molecules, weak intermolecular bond- 
ing, and high load bearing capacity offer potential for 
various mechanical and tribological applications, The 
sublimed Cy coatings and fullerene particles as an ad- 
ditive to mineral oils and greases have been reported 
to be good solid lubricants comparable to graphite and 
MoS2 [26.1-6} 

Diamond crystallizes in the modified face centered 
cubic (fee) structure with an interactomic distance of 
0.154:nm, The diamond cubic lattice consists of two in- 
terpenetrating fee lattices displaced by one-quarter of 
the cube diagonal. Each carbon atom is tetrahedrally co- 
ordinated, making strong @ (covalent) bonds to its four 
carbon neighbors using the hybrid sp* atomic orbitals, 
which accounts for its highest hardness (80-104 GPa) 
and thermal conductivity (900-2, 100 W /mK, on the o- 
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der of five times that of copper) of any known solid, 
and a high electrical resistivity, optical transmission, 
and a large optical band gap. It is relatively chem- 
ically inert, and it exhibits poor adhesion with other 
solids with consequent low friction and wear. Its high 
thermal conductivity allows dissipation of frictional 
heat during sliding and protects the interface, and the 
dangling carbon bonds on the surface react with the 
environment to form hydrocarbons that act as good lu- 
brication films, These are some of the reasons for low 
friction and wear of the diamond, Diamond and its 
coatings find many industrial applications: tribological 
applications (low friction and wear), optical applica- 
tions (exceptional optical transmission, high abrasion 
resistance), and thermal management or heat sink appli- 
cations (high thermal conductivity). The diamond can 
be used to high temperatures, and it starts to graphi- 
tize at about 1,000°C in ambient air and at about 
1,400°C in vacuum, Diamond is an attractive ma- 
terial for cutting tools, as an abrasive for grinding 
‘wheels and lapping compounds, and other extreme wear 
applications, 

‘The natural diamond, particularly in large sizes, 
is very expensive and its coatings, a low cost alter- 
native, are attractive. The true diamond coatings are 


Fig. 26.2 Schematic of a magnetic rigid: 
thin-film rigid disk and a metal evaporated (ME) tape 
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deposited by chemical vapor deposition (CVD) pro- 
cesses at high substrate temperatures (on the order of 
800°C). They adhere best on a silicon substrate and 
require an interlayer for other substrates. A major road- 
block to the widespread use of true diamond films in 
tribological, optical, and thermal management applica- 
tions isthe surface roughness. Growth of the diamond 
phase on a non-diamond substrate is initiated by nu- 
cleation either at randomly seeded sites or at thermally 
favored sites, due to statistical thermal fluctuation at 
the substrate surface. Based on growth temperature nd 
pressure conditions favored erystal orientations dom- 
inate the competitive growth process. As a result, the 
grown films are polycrystalline in nature with relatively 
large grain size (> 1 um) and terminate in very rough 
surfaces with RMS roughnesses ranging from a few 
tenths of a micron to tens of microns. Techniques for 
polishing these films have been developed. It has been 
reported that the laser polished films exhibit friction 
and wear properties almost comparable to that of bull: 
Polished diamond [26.7.3] 

Amorphous carbon has no long-range order, and the 
short-range order of carbon atoms can have one or more 
of three bonding configurations: — sp? (diamond), sp? 
(graphite), or sp! (with two electrons forming strong 
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Fig. 26.3a-c Schematics of (a) a capacitive-type silicon accelerometer for automotive sensory applications, (b) digital 
micrometer devices for high-projection displays, and (c) polysilicon rotary microactuator for magnetic disk drives 


bonds, and the remaining two electrons left in oF- 
thogonal p, and p_ orbitals to form weak = bonds). 
Short-range order controls the properties of amorphous 
materials and coatings, Hard amorphous carbon (a-C) 
coatings, commonly known as diamond-like carbon or 
DLC (implying high hardness) coatings, are a class of 
‘coatings that are mostly metastable amorphous mater- 
ials, but include a micro- or nanocrystalline phase. The 
coatings are random networks of covalently bonded car- 
bon in hybridized tetragonal (sp?) and trigonal (sp?) 


local coordination with some of the bonds terminated 
by hydrogen. These coatings have been successfully de- 
posited by a variety of vacuum deposition techniques on 
variety of substrates at ornear room temperature, These 
coatings generally reproduce substrate topography and 
do not require any post-finishing. However, these coat- 
ings mostly adhere best on silicon substrates. The best 
adhesion is obtained on substrates that form carbides, 
eg., Si, Fe, and Ti. Based on depth profile analyses us- 
ing Auger and XPS of DLC coatings deposited onsilicon 
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substrates thas been reported that a substantial amount 
of silicon carbide (on the onder of S~10nm in thickness) 
is present atthe carbon-silicon interface for the coatings 
with good adhesion and high hardness (e.., [26.9], For 
ood adhesion of DLC coatings to other substrates, in 

i interlayer of silicon is required except for 
cathodic are deposited coatings. 

‘There is significant interest in DLC coatings hecause 
of their unique combination of desirable properties. 
‘These properties include high hardness and wear re- 
sistance, chemical inertness to both acids and alkalis, 
lack of magnetic response, and an optical band gap 
ranging from zero to a few eV. depending upon the de- 
position conditions, These are used in a wide range of 
applications, including tribological, optical, electronic, 
and biomedical applications [26.1, 10, 11]. The high 
hardness, good friction and wear properties, versatil- 
ity in deposition and substrates, and no requirements of 
post-finishing make them very atractive for tribological 
applications. Two primary examples include overcoats 
for magnetic media (thin-film disks and ME tapes) and 
MR type magnetic heads for magnetic storage devices, 
Fig. 26. [26.12-20] and the emerging field of micro- 
clectromechanical systems, Fig.26.3 [26,21-24]. The 
largest industrial application of the family of amor- 
phous earbon coatings, typically deposited by DC/RF 


‘magnetron sputtering, plasma-enhanced chemical vapor 
deposition, orion beam deposition techniques, is in mag- 
netic storage devices. These are employed to protect 
against wear and corrosion, magnetic coatings on thin- 
film rigid disks and metal evaporated tapes, and the thin- 
film head structure of a read/write disk head (Fig. 26.2). 
‘To maintain low physical spacing between the magnetic 
clement of a read/write head and the magnetic layer of 
a media, thicknesses ranging from 3 to 10nm are em- 
ployed. Mechanical properties affect friction wear and 
therefore need to be optimized. In 1998, Gillette intro- 
duced Mach 3 razor blades with ultrathin DLC coatings, 
‘which has the potential of becoming a very large indus- 
trial application. DLC coatings are also used in other 
commercial applications such as glass windows of su- 
permarket laser barcode scanners and sunglasses. These 
coatings are actively pursued in microelectromechanical 
systems (MEMS) components [26.23]. 

In this chapter, a state-of-the-art review of recent 
developments in the chemical, mechanical, and tribo- 
logical characterization of ultrathin amorphous carbon 
coatings is presented. An overview of the most com- 
monly used deposition techniques is presented, and 
followed by typical chemical and mechanical charac- 
terization data and typical tribological data both from 
coupon level testing and functional testing. 


26.1 Description of Commonly Used Deposition Techniques 


‘The first hard amorphous carbon coatings were de- 
posited by a beam of carbon ions produced in an argon 
plasma on room-temperature substrates, as reported by 
Aisenberg and Chabot [26,25]. Subsequent confirmation 
by Spencer et al. [26.26] led to the explosive growth 
of this field. Following the first work, several alterna- 
tive techniques have been developed. The amorphous 
carbon coatings have been prepared by a variety of 
deposition techniques and precursors, including evap- 
oration, DC, RF or ion beam sputtering, RF or DC 
plasma-enhanced chemical vapor deposition (PECVD), 
electron cyclotron resonance chemical vapor deposition 
(ECR-CVD), direct ion beam deposition, palsed laser 
‘vaporization and vacuum arc, from a variety of earbon- 
bearing solids or gascous source materials [26.1, 27] 
Coatings with both graphitic and diamond-like proper- 
ties have been produced. Evaporation and ion plating 
techniques have heen used to produce coatings with 
graphitic properties (low hardness, high electrical con- 
ductivity, very low friction, ete.), and all techniques 
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have been used to produce coatings with diamond-like 
properties 

‘The structure and properties of a coating are de- 
pendent upon the deposition technique and parameters. 
High-energy surface bombardment has been used to pro- 
duce harder and denser coatings. It is reported that 
sprisp? fractions are in the decreasing order for ca- 
thodic are deposition, pulsed laser vaporization, direct 
ion beam deposition, plasma-enhanced chemical vapor 
deposition, ion beam sputtering, and DC/RF sputter- 
ing [26.12,28,29]_A common feature to these techniques 
is that the deposition is energetic, i-e., carbon species 
arrive with an energy significantly greater than that 
represented by the substrate temperature, The resul- 
tant coatings are amorphous in structure, with hydrogen 
content up to 50%, and display a high degree of sp? 
character. From the results of previous investigations, it 
hhas been proposed that deposition of sp?-bonded car- 
bon requires that the depositing species have kinetic 
energies on the order of 100eV or higher, well above 
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Table 26.1 Summary of the most commonly used deposition techniques and the kinetic energy of depositing species and 


deposition rates 


Deposition Process 


technique 


Kinetic 
energy 
) 


Depo 
rate 
(am/s) 


Filtered Energetic carbon ions produced by 

cathodic ‘a vacuum arc discharge between a graphite 100-2,500O.1-1 

are (FCA) cathode and grounded anode 

Direction Carbon ions produced from methane gas in 

beam (IB) anion source and accelerated toward 50-500 O11 
1 substrate 

Plasma- Hydrocarbon species, produced by plasma 

enhanced decomposition of hydrocarbon gases 

chemical _(.g,, acetylene), are accelerated toward 1-30 110 

vapor a DC-biased substrate 

deposition 

(PECVD) 

Electron Hydrocarbon ions, produced by plasma 

cyclotron decomposition of ethylene gas in the 

resonance presence ofa plasma in electron cyclotron 1-50 1-10 

plasma resonance condition, are accelerated 

chemical toward a RF-biased substrate 

vapor 

deposition 

(ECR-CVD) 

DORE ‘Sputtering of graphite target by argon 1-10 110 

sputtering ion plasma 


those obtained in thermal processes like evaporation 
(0-0.1 eV). The species must then be quenched into the 
metastable configuration via rapid energy removal. Ex- 
cess energy, such as that provided by substrate heating, 
is detrimental tothe achievement of high sp? fraction. 
In general, a high fraction of the sp°-bonded carbon 
atoms in an amorphous network results in a higher 
hardness [26.29-36]. The mechanical and tribological 
properties of a carbon coating depend on the sp"/sp*~ 
‘bonded carbon ratio, the amount of hydrogen in the 
coating, and adhesion of the coating to the substrate, 
Which are influenced by the precursor material, Kinetic 
‘energy of the carbon species prior to deposition, depo- 
sition rate substrate temperature, substrate biasing, and 
the substrate itself (26.29, 33, 35, 37-46]. The kinetic 
‘energies and deposition rates involved in selected depo- 


sition processes used in the deposition of DLC coatings 
are compared in Table 26.1 [26.1,28]. 

In the studies by Gupta and Blushun (26.12, 
47), Li and Bhushan (2648, 49], and Sundararajan 
and Bhushan [26.50], DLC coatings ranging typically 
in thickness from 35nm to 20nm were deposited 
‘on single-crystal silicon, magnetic Ni-Zn ferrite, and 
AlO;-TC substrates (surface roughness. ~ 1-3nm 
RMS) by filtered cathodic are (FCA) deposition, (di- 
rect) ion beam deposition (IBD), electron cyclotron 
resonance chemical vapor deposition (ECR-CVD), 
plasma-enhanced chemical vapor deposition (PECVD), 
and DC/RF planar, magnetron sputtering (SP) deposi- 
tion techniques [26.51]. In this chapter, we will limit the 
presentation of data of coatings deposited by FCA, IBD, 
ECR-CVD, and SP deposition techniques. 
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Misleading Nomenclature 
Rarely, in the United States, the term “mF” may 
be used as a probable alternative to pF. This can 
be a source of confusion and risk because mF is 
properly (but very rarely) used to mean “millifar- 
ads The term should always be avoided. 


What Can Go Wrong 


Chapter 12 
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cyclotron resonance chemical vapor deposition (ECR-CVD), (d) DC planar magnetron sputtering, and (e) plasma- 
enhanced chemical vapor deposition (PECVD) 
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26.1.1 Filtered Cathodic Arc Deposition 
Technique 


In the filtered cathodic are deposition of carbon coat- 
ing (26.29, 52-59], a vacuum are plasma source is used 
to form carbon film. In the FCA technique used by 
Bhushan et al. (e-g., [26.12]), energetic carbon ions are 
produced by a vacuum arc discharge between a pla- 
nar graphite cathode and grounded anode, Fig. 26.4 
‘The cathode is a 6-mm-diameter high-density graphite 
disk mounted on a water-cooled copper block. The arc 
is driven at an are current of 200A, arc duration of 
Sms, and are repetition rate of I Hz. The plasma beam 
is guided by @ magnetic field that transports current 
between the electrodes to form tiny, rapidly moving 
spots on the cathode surface. The source is coupled 
to a 90° bent magnetic filter to remove the macropar- 
ticles produced concurrently with the plasma in the 
cathode spots. The ion current density at the substrate 
is in the range of 10-50 mA/cm?, The base pressure is 
less than 10-4 Pa, Compared with electron beam evap- 
oration with auxiliary discharge, much higher plasma 
density is achieved with the aid of powerful arc dis- 
charge. In this process, the cathodic material suffers 
‘a complicated transition from the solid phase to an ex- 
panding, nonequilibrium plasma via liquid and dense, 
equilibrium non-ideal plasma phases [26.58]. The car- 
bon ions in the vacuum are plasma have a direct kinetic 
energy of 20-30eV. The high voltage pulses are ap- 
plied to the substrate mounted on a water-cooled sample 
holder, and ions are accelerated through the sheath and 
arrive at the substrate with an additional energy given 
by the potential difference between the plasma and the 
substrate. The substrate holder is pulse biased to a neg- 
ative voltage up to ~2kV with a pulse duration of | us. 
‘The negative biasing of —2kV corresponds to 2 keV ki- 
netic energy of the carbon ions. The use of a pulse bias 
instead of a DC bias has advantages of applying a much 
higher voltage and building a surface potential on a non- 
‘conducting film. The energy of the ions is varied during 
the deposition, For the first 10% of the deposition the 
substrates are pulsed biased to —2 keV with a pulse duty 
cycle of 25%, i.e, for 25% of the time the energy is 
2keV, for the remaining 75% it is 20eV, which is the 

natural” energy of carbon ions in a vacuum discharge. 
For the last 90% of the deposition the pulsed bias volt- 
age is reduced to ~200cV with a pulse bias duty cycle 
of 25%, i.e., the energy is 200eV for 25% and 20eV 
for 75% of the deposition. The high energy at the be- 
ginning leads to a good intermixing and adhesion of the 
films, whereas the lower energy at the later stage leads 


to hard films, Under the conditions described, the de- 
position rate at the substrate is about 0.1 nm/s, which 
is slow. Compared with most gaseous plasma, the e- 
thodic are plasma is nearly fully ionized, and the ionized 
‘carbon atoms have high kinetic energy of carbon ions 
which help achieving a high fraction of sp-bonded car- 
bon ions, which in turn result in a high hardness and 
higher interfacial adhesion. Cuomo et al. (26.42] have 
reported that hased on electron energy loss spectroscopy 
(EELS) analysis, the sp'-bonded carbon fraction of ca- 
thodic are coating is 83% compared to 38% for the ion 
beam sputtered carbon. These coatings are reported to 
be nonhydrogenated, 

This technique does not require an adhesion under- 
layer for non-silicon substrates. However, adhesion of 
the DLC coatings on the electrically insulating substrate 
is poor, as negative pulse biasing forms an electrical 
sheath that accelerates depositing ions to the substrate 
and enhances the adhesion ofthe coating to the substrate 
with associated ion implantation. It is difficult to build 
potential on an insulating substrate, and lack of biasing 
results in poor adhesion 


26.1.2 lon Beam Deposition Techni 


In the direct ion beam deposition of carbon coat- 
ing [26.60-64], as used by Bhushan etal. (e.g, [26.12]), 
the carbon coating is deposited from an accelerated car- 
bon ion beam. The sample is pre-cleaned by ion etching. 

For the case of non-silicon substrates, a 2~3-nm-thick 
amorphous silicon adhesion layer is deposited by ion 
beam sputtering using an ion beam of a mixture of 
‘methane and argon at 200 V. For the carbon deposition, 
the chamber is pumped to about 10~ Pa, and methane 
gas is fed through the cylindrical ion source and is ion- 
ized by energetic electrons produced by a hot-wire fila- 
ment, Fig. 26.4b, Ionized species then pass through a grid 
with bias voltage of about 50 eV, where they gain a high 
acceleration energy and reach a hot-wire filament, emit- 
ting thermionic electrons that neutralize the incoming 
ions. The discharging of ions is important when insulat- 
ing ceramics are used as substrates. The species are then 
deposited on a water-cooled substrate. Operating con- 
ditions are adjusted to give an ion beam with an accel- 
eration energy of about 200 eV and a current density of 
about 1 mA/cm?. At this operating condition, the depo- 
sition rate is about 0.1 nm/s, which is slow. Incidentally, 
tough and soft coatings are deposited at a high acceler- 
ation energy of about 400 eV and at a deposition rate of 
about I nm/s. The ion beam deposited carbon coatings 
are reported to be hydrogenated (30-40 at‘ hydrogen). 
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26.1.3 Electron Cyclotron Resonance 
Chemical Vapor Deposition 
Technique 


ECR plasma’s lack of electrodes and ability to cre- 
ate high densities of charged and excited species at 
low pressures (< 10-4 Torr) make it an attractive pro- 
cessing discharge in the coating depositions [26.65]. 
In the ECR-CVD deposition process of carbon coat- 
ing described by Sucuki and Okada [26.66] and used 
by Li and Bhushan [2648,49] and Sundararajan and 
Bhushan [26.50], microwave power is generated by 
8 magnetron operating in continuous mode at a fre- 
quency of 2.45 GHz, Fig. 26.4c. The plasma chamber 
functions as a microwave cavity resonator. The mag- 
netic coils arranged around the plasma chamber generate 
& magnetic field of 875G, necessary for electron cy- 
clotron resonance condition. The substrate is placed on 
a stage that is connected capacitively to a 13,56MHz 
RF generator. The process gas is introduced into the 
plasma chamber and the hydrocarbon ions generated are 
accelerated by a negative self-bias voltage, which is gen- 
crated by applying RF power to the substrate. Both the 
substrate stage and plasma chamber are water-cooled. 
‘The process gas used is 100% ethylene and its low rate 
is held constant at 100 sccm. The microwave power is 
100-900 W. The RF power is 30-120 W. The pressure 
during deposition is kept close to the optimum value 
of 5.5% 10™ Torr. Before the deposition, the substrates 
are cleaned using Ar ions generated in the ECR plasma 
chamber. 


26.1.4 Sputtering Deposition Technique 


In DC planar magnetron sputtered carbon coat- 
ing (26.13, 33, 37, 40, 67-71], the carbon coating is 
deposited by the sputtering of graphite target with Ar 
ion plasma. In the glow discharge, positive ions from the 
plasma strike the target with sufficient energy to dislodge 
the atoms by momentum transfer, which are intercepted 
by the substrate, First, an about $-nm-thick amorphous 
silicon adhesion layer is deposited by sputtering if the 
deposition is to be carried out on a non-silicon surface. 
In the process used by Bhushan et al. (e-2., (26.12), 


springer Handbook a Nanoteehnolo 
Di tndshan © Spinger2000 


the coating is deposited by the sputtering of a graphite 
target with Arion plasma at 300 W power for a 200-mm- 
diameter target and pressure of about 0.5 Pa (6mTorr), 
Fig. 26.4d. Plasma is generated by applying a DC po- 
tential between the substrate and a target. Bhushan 
et al. [26.35] reported that sputtered carbon coating 
contains about 35 at% hydrogen. Hydrogen comes from 
the hydrocarbon contaminants present in the deposition 
chamber. To produce hydrogenated carbon coating with 
a larger concentration of hydrogen, deposition is carried 
out in Ar and hydrogen plasma, 


26.1.5 Plasma-Enhanced Chemical 
Vapor Deposition Technique 


In the RF-PECVD deposition of carbon coating, as 
used by Bhushan et al. (e.g., (26.121), carbon coat- 
ing is deposited by adsorption of most free radicals 
of hydrocarbon to the substrate and chemical bond- 
ing to other atoms on the surface, The hydrocarbon 
species are produced by the RF plasma decomposi- 
tion of hydrocarbon precusors such as acetylene (C2H2), 
Fig. 26-4e [26.27, 69, 72-75]. Instead of requiring ther- 
‘mal energy in thermal CVD, the energetic electrons in 
the plasma (at pressures ranging from 1 to 5x 10? Pa, 
typically less than 10a) can activate almost any reac- 
tion among the gases in the glow discharge at relatively 
low substrate temperatures ranging from 100 to 600°C 
(typically less than 300°C). To deposit the coating on 
non-silicon substrates, an about 4-nm-thick amorphous 
silicon adhesion layer, used to improve adhesion, is first 
deposited under similar conditions from a gas mixture 
of 1% silane in argon [26.76]. In the process used by 
Bhushan and coworkers [26.12], the plasma is sustained 
in a parallel-plate geometry by a capacitive discharge 
at 13.56MH, at a surface power density on the order 
of 100 mW /em?. The deposition is performed at a flow 
rate on the order of 6sccm and a pressure on the or- 
der of 4Pa (30 mTorr) on a cathode-mounted substrate 
‘maintained at a substrate temperature of 180°C. The 
cathode bias is held fixed at about —120 V with an exter- 
nal DC power supply attached to the substrate (powered 
electrode). The carbon coatings deposited by PECVD 
usually contain hydrogen up to 50% [26.35.77 


Commonly Used Deposition Techniques 799 


roz|aued 


4400 Part D | Molecularly Thick Films for Lubrication 


woz|aued 


26.2 Chemical Characterization and Effect of Deposition Conditions 
on Chemical Characteristics and Physical Properties 


“The chemical structure and properties of amorphous car- 
bom coatings area function of deposition conditions. Is 
important to understand the relationship ofthe chemical 
structure of amorphous carbon coatings to the prop- 
erties in order to define useful deposition parameters 
Amorphous carbon films are metastable phases formed 
when carbon particles are condensed on a substrate. 
“The prevailing atomic arrangement inthe DLC coatings 
is amorphous or quasiamorphous with small diamond 
(sp), graphite (sp?), and other unidentifiable micro- 
or nanocrystallites. The coating is dependent upon the 
deposition process and its conditions contain varying 
amounts of sp3/sp? ratio and hydrogen. The sp*/sp* ra- 
tin of DLC coatings ranges typically from 50" to close 
to 100% with an increase in hardness with the sp*/sp? 
ratio. Most DLC coatings except those produced by fil 
tered cathodic are, contain from a few to about 50 ate 
hydrogen, Sometimes hydrogen and nitrogen are de- 
liberately added to produce hydrogenated (a-C:H) and 
nitrogenated amorphous carbon (a-C:N) coat 
spectively. Hydrogen helps to stabilize sp* sites (most of 
the carbon atoms attached to hydrogen havea tetrahedral 
structure); therefore, the sp'/sp* rato for hydrogenated 
carbon is higher [26.30]. Optimum sp'/sp? in a random 
covalent network composed of sp? and sp? carbon sites 
(Ny? and Nyy) and hydrogen is [26.30] 

Ngo _ 6Xn—1 

Ne 7 B= 13Rn 
Where Xi is the atom fraction of hydrogen. The hy- 
drogenated carbon has a larger optical band gap, higher 
electrical resistivity (semiconductor), anda lower optical 
absorption or high optical transmission. The hydro- 
genated coatings have a lower density, probably because 
of the reduction of cross-linking due to hydrogen incor- 
poration, However, hardness decreases with an increase 
of the hydrogen, even though the proportion of sp* sites 
increases (that is, asthe local bonding environment be- 
comes more diamond-like) [26.78, 79]. Itis speculated 
that the high hydrogen content introduces frequent ter- 
minations in the otherwise strong 3-D network, and 
hydrogen increases the soft polymeric component of 
the structure more than it enhances the cross-linking sp? 
fraction 

‘A number of investigations have been performed 
to identify the microstructure of amorphous carbon 
films using a variety of techniques such as Raman 
spectroscopy, EELS, nuclear magnetic resonance, op- 


(26.1) 


tical measurements, transmission electron microscopy, 
and X-ray photoelectron spectroscopy [26.33]. The 
structure of diamond-like amorphous carbon is amor- 
phous or quasi-amorphous with small graphitic (sp?) 
and tetrahedrally coordinated (sp) and other uniden- 
tifiable nanocrystallites (typically on the order of 
couple nm, randomly oriented) [26.33, 80,81]. These 
studies indicate that the chemical structure and phys- 
ical properties of the coatings are quite variable, 
depending on the deposition techniques and film 
growth conditions. It is clear that both sp? and sp'- 
bonded atomic sites are incorporated in diamond-like 
amorphous carbon coatings and that the physical and 
chemical properties of the coatings depend strongly 
on their chemical bonding and microstructure. Sys- 
tematic studies have been conducted to carry out 
‘chemical characterization and investigate how the phys- 
ical and chemical properties of amorphous carbon 
coatings vary as a function of deposition parameters 
(eg. [26.33,35, 40]). EELS and Raman spectroscopy 
are commonly used to characterize the chemical bond- 
ing and microstructure. Hydrogen concentration of the 
coatings is obtained by means of forward recoil spec- 
trometry (FRS). A variety of physical properties of 
the coatings relevant to tribological performance are 
measured 

‘To present the typical data obtained for characteri- 
zation of typical amorphous carbon coatings and their 
relationships to physical properties, we present data 
on several sputtered coatings, RF-PECVD amorphous 
carbon and microwave-PECVD (MPECVD) diamond 
‘coatings [26.33, 35,40]. The sputtered coatings were DC 
‘magnetron sputtered at a chamber pressure of 10 mTorr 
under sputtering power densities of 0.1 and 2.1 W/em? 
ina pure Arplasma, labeled as W1 and W2, respectively. 
‘They were prepared at a power density of 2.1 W/cm? 
with various hydrogen fractions of 0.5, 1, 3, 5, 7 and 
10% of Ar/H, the gas mixtures labeled as HI, H2, H3, 
H4, HS, and H6, respectively. 


26.2.1 EELS and Raman Spectroscopy 


EELS and Raman spectra of four sputtered (W1, W2, 
HI, and H3) and one PECVD carbon samples were ob- 
tained, Figure 26.5 shows the EELS spectra of these 
‘carbon coatings. EELS spectra for bulk diamond and 
polycrystalline graphite in an energy range up to S0cV 
are also shown in Fig, 26.5. One prominent peak is seen 
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fat 35 eV in diamond, while two peaks are seen at 27 eV 
and 6.5 eV in graphite, which are called (x +0) and (zr) 
peaks, respectively. These peaks are produced by the 
energy loss of transmitted electrons to the plasmon os- 
cillation ofthe valence electrons. The +0 peak in each 
coating is positioned at a lower energy region than that 
of graphite. The 2 peaks in the W series and PECVD. 
samples are also seen at a lower energy region than that 
of the graphite. However, the 2 peaks in the H-series 
‘are comparable to or higher than that of graphite (see 
Table 26.2). The plasmon oscillation frequency is pro- 
portional to the square root ofthe corresponding electron 
density to a first approximation. Therefore, the samples 
in the H-series most likely have a higher density of 2 
electrons than the other samples. 

“Amorphous carhon coatings contain (mainly) a mix- 
ture of sp?- and sp*-bonds, even though there is some 
evidence for the presence of sp-bonds as well [26.82]. 
‘The PECVD coatings and the H-series coatings in this, 
study have nearly the same mass density, as seen in 
Table 26.4, to be presented later, but the former have 
‘a lower concentration of hydrogen (18.14%) than the H- 
series (35-39%), as seen in Table 26.3, to be presented. 
later. The relatively low energy position of 2 peaks of 
PECVD coatings, compared to those of the H-series, 
indicates that the PECVD coatings contain @ higher 
fraction of sp?-bonds than the sputtered hydrogenated 
carbon coatings (H-series). 


a) b) 
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Fig.26.5 (a) Low energy, and (b) high energy EELS of DLC 
coatings produced by DC magnetron sputtering and RE-PECVD 
techniques. Data for bulk diamond and polycrystalline graphite are 
included for comparison [26.35] 


Figure 26.5b shows the EELS spectra associated 
with the inner-shell (K-shell) ionization. Again, the 
spectra for diamond and polycrystalline graphite are 
included for comparison. Sharp peaks are observed at 


Table26.2 Experimental results from EELS and Raman spectroscopy [26.35] 
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Table 26.3 Experimental results of FRS analysis [26.35] 


‘Spattereda-C coating 


Table 26.4 Experimental results of physical properties [26.35] 
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285.5 eV and 292.5 eV in graphite, while no peak is seen 
at 285.5eV in diamond. The general features of the K- 
shell EELS spectra for the sputtered and PECVD carbon 
samples resemble those of graphite, but with the higher 
‘energy features smeared. The observation of the peak 
‘at 285.5 eV in the sputtered and PECVD coatings also 
indicates the presence of sp?-bonded atomic sites in 
the coatings. All these spectra peak at 292.5eV, simi- 
lar to the spectra of graphite, but the peak in graphite is 
sharper. 

Raman spectra from samples W1, W2, Hl, and 
PECVD are shown in Fig. 26,6, Raman spectra could 
not be observed in specimens H2 and H3 due to high 
flourescence signals. The Raman spectra of single crys- 
tal diamond and polycrstalline graphite are also shown 
for comparison in Fig. 26,6. The results of the spectral 
fits are summarized in Table 26.2. We will focus on the 
‘G-band position, which has been shown to be related to 
the fraction of sp°-bonded sites. Increasing the power 


density in the amorphous carbon coatings (W1 and W2) 
results in higher G-band frequency, implying a smaller 
fraction of sp°-bonding in W? than in WI. This is con- 
sistent with higher density of WI. HI and PEVCD have 
still lower G-band positions than W1, implying an even 
higher fraction of sp’-bonding, which is presumably 
‘caused by the incorporation of H atoms into the lattice. 

‘The high hardness of H3 might be attributed to efficient 
sp' cross-linking of small, sp*-ordered domains. 

‘The Raman spectrum of a MPECVD diamond coat- 
ing is shown in Fig.26.6, The diamond Raman peak 
is at 1,333em~! with a line width of 7.9em~!. There 
isa small broad peak around 1.525 em™!, which is at- 
tributed to a small amount of -C:H. This impurity peak 
is not intense enough to fit to separate G- and D-bands. 
‘The diamond peak frequency is very close to that of 
natural diamond (1,332.5 em~', e.g. Fig. 26.6), indicat- 
ing thatthe coating is not under stress [26.83]. The large 
line width compared to that of natural diamond (2em~!) 
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26.6 Raman spectra of DLC coatings produced by DC magnetron sputtering and RF-PECVD techniques and 


a diamond film produced by MPECVD technique. Data for bulk diamond and microcrystalline graphite are included for 


‘comparison [26.35] 
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indicates that the microcrystallites likely have a high 
concentration of defects [26.84] 


26.2.2 Hydrogen Concentrations 


FRS analysis of six sputtered (W2, H2, H3, H4, HS, and 
H6) coatings, one PECVD coating, and one diamond 
coating was performed, Figure 26.7 shows an overlay 
of the spectra from the six sputtered samples. Similar 
spectra were obtained from the PECVD and the diamond 
films. Table 26.3 shows the H and C fractions, as well 
a the amount of impurities (Ar and O) in the films in 
atomic %. Mast apparent is the large fraction of H in 
the sputtered films. Regardless of how much Ha isin the 
Ar sputtering gas, the H content ofthe coatings is about 
the same, ~ 35 at%. Interestingly, there is still ~ 10% H 
present in the coating sputtered in pure Ar (W2). It is 
Interesting to note that Ar is present only in coatings 
grown under low (< 1%) H content in the Ar cartier 
gas. The presence of O in the coatings. combined with 
the fact that the coatings were prepared approximately 
nine months before the FRS analysis, eaused suspicion 
that they had absorbed water vapor, and that this may be 
the cause for the H peak in specimen W2. 

All samples were annealed for 24h at 250°C in 
a flowing He fumace and then reanalyzed. Surpris- 
ingly, the H content of all coatings measured increased 
slightly, even though the O content decreased, and W2 
still had a substantial amount of H. This slight increase 
in H concentration is not understood. However, since 
H concentration did not decrease with the oxygen as 
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Fig. 26.7 FRS spectra of six DLC coatings produced by 
DC magnetron sputtering [26.35] 


a result of annealing, it suggests that high H concentra- 
tion is not due to adsorbed water vapor. The PECVD film 
hhas more H (~ 18%) than the sputtered films initially, 
but after annealing it has the same fraction as specimen 
W2, the film sputtered in pure Ar. The diamond film has 
the smallest amounts of hydrogen, as seen in Table 26.3, 


26.2.3 Physical Properties 


Physical properties of the four sputtered (W1, W2, Hl, 
and H3) coatings, one PECVD coating, one diamond 
coating, and bulk diamond and graphite are presented 
in Table 26.4, The hydrogenated carbon and the dia- 
mond coatings have very high resistivity compared to 
unhydrogenated carbon coatings. It appears that un- 
hydrogenated carbon coatings have a higher density 
than the hydrogenated carbon coatings, although both 
groups are less dense than graphite. The density de- 
pends on the deposition technique and the deposition 
parameters, It appears that unhydrogenated sputtered 
coatings deposited at low power exhibit the highest den- 
sity. Nanohardness of hydrogenated carbon is somewhat 
lower than that of the unhydrogenated carbon coatings. 
PECVD coatings are significantly harder than sputtered 
coatings. The nanohardness and modulus of elasticity 
of the diamond coatings are very high compared to that 
of DLC coatings, even though the hydrogen content is 
similar. The compressive residual stresses of the PECVD 
‘coatings are substantially higher than those of sputtered 
coatings, which is consistent with the hardness results. 
Figure 26,8a shows the effect of hydrogen in the 
plasma on the residual stresses and the nanohardness 
for sputtered coatings W2 and H1 to H6. The coatings 
made with Hy flow between 0.5 and 1.0% delaminate 
very quickly, even when only a few tens of nm thick. In 
pure Ar and at Hp flows greater than 1%, the coatings 
appear to be more adhesive. The tendency of some coat- 
ings to delaminate can be caused by intrinsic stress in 
the coating, which is measured by substrate bending. All 
of the coatings in the figure are in compressive stress. 
‘The maximum stress occurs between 0 and 1% Hp flow, 
but the stress cannot he quantified in this range because 
the coatings instantly delaminate upon exposure to ait. 
At higher hydrogen concentrations the stress gradually 
diminishes. A generally decreasing trend is observed 
in the hardness of the coatings as hydrogen content in- 
creased. The hardness decreases slightly, going from 0% 
Hy to 0.5% Hp, and then decreases sharply. These re- 
sults are probably lower than the true values because of 
local delamination around the indentation point. This is 
especially likely for the 0.5% and 1.0% coatings where 
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delamination is visually apparent, but may also be true to 
lesser extent for the other coatings, Such an adjustment 
‘would bring the hardness profile into closer correlation 
with the stress profile. Weissmantel et al. [26.68] and 
Scharff ot al. [26.85] observed a downturn in hardness 
for high bias and low pressure of hydrocarbon gas in ion 
plated carbon coating, and, therefore, presumably low 
hydrogen content in support of the above contention, 

Figure 26.8b shows the effect of sputtering power 
(with no hydrogen added in the plasma) on the resid- 
ual stresses and nanohardness for various sputtered 
coatings. As the power decreases, compressive stress 
does not seem to change while nanohardness slowly in- 
creases. The rate of change becomes more rapid at very 
Tow power levels. 

‘The addition of Hy during sputtering of carbon 
ccoatings increases H concentration in the coating. Hy- 
drogen causes the character of the C-C bonds to shift 
from sp? to sp’, and the rising number of C-H bonds, 
which ultimately relieves stress and produces a softer 
“polymer-like” material. Low power deposition, like the 
presence of hydrogen, appears to stabilize the formation 
of sp’ C-C bonds, increasing hardness. These coatings 
have relieved stress and led to better adhesion. An in- 
crease in temperature during deposition at high power 
density results in graphitization of the coating material, 
responsible for a decrease in hardness with an increase 
in power density. Unfortunately, low power also means 
impractically low deposition rates 


26.2.4 Summary 


Based on the FELS and Raman data, all DLC coatings 
hhave both sp? and sp° bondings. The sp*/sp? bonding 
ratio depends on the deposition techniques and param- 
eters. The DLC coatings deposited by sputtering and 
PECVD contain significant concentrations of hydrogen, 
‘while the diamond coating contains only small amounts 
of hydrogen impurity, Sputtered coatings with no de- 
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2 fanction of sputeting power over a 75-mmdiameter target with 
no hydrogen added inthe plasma [2640] 


liberate addition of hydrogen in the plasma contain a sig- 
nificant amount of hydrogen, Regardless of how much 
hydrogen is in the Ar sputtering gas, the hydrogen con- 
tent of the coatings increases initially with no further 

Hydrogen flow and sputtering power density affect 
the mechanical properties of these coatings, Maximum 
‘compressive residual stress and hardness occur between 
and 1% hydrogen flow, resulting in rapid delamination, 
Low sputtering power moderately increases hardness 
while relieving residual stress, 


26.3 Micromechanical and Tribological Characterizations 
of Coatings Deposited by Various Techniques 


26.3.1 Micromechanical Characterization 


Common mechanical characterizations include meas- 
urement of hardness and elastic modulus, fracture 
toughness, fatigue life, and scratch and wear testing. 
‘Nanoindentation and atomic force microscopy (AFM) 
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are used for mechanical characterization of ultrathin 
films, 

Hardness and elastic modulus are calculated from 
the load displacement data obtained by nanoinden- 
tation at loads ranging typically from 0.2 t 10mN 
using a commercially available nanoindenter [26.23,86]. 
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This instrument monitors and records the dynamic load tigue behavior of coatings is studied by monitoring the 
and displacement of the three-sided pyramidal diamond — change in contact stiffness, which is sensitive to damage 
(Berkovich) indenter during indentation. For the frac- formation. 
ture toughness measurement of ultrathin films ranging 
from 100nm toa few jim, ananoindentation-hased tech- Hardness and Elastic Modulus 
nique is used in which through-thickness cracking in For materials that undergo plastic deformation, high 
the coating is detected from a discontinuity observed in hardness and elastic modulus are generally needed for 
the load-displacement curve and energy released dur- low friction and wear, whereas for brittle materials, high 
ing the cracking is obtained from the curve [26.87-89]. fracture toughness is needed 26.2, 3,21]. DLC coat- 
Based on the energy released, fracture mechanics anal- ings used for many applications are hard and britle, and 
ysis is then used to calculate fracture toughness. An values of hardness and fracture toughness need to be 
indenter with a cube-comer tip geometry is preferred optimized, 
because the through-thickness cracking of hard films Representative Ioad-displacement plots of inden- 
‘can be accomplished at lower loads. In fatigue mea- tations made at 0.2mN peak indentation load on 
surement, a conical diamond indenter having a tip  100-nm-thick DLC coatings deposited by the four de- 
radius of about one micron is used and load cycles position techniques on single-crystal silicon substrate 
of a sinusoidal shape are applied [26.90, 91]. The fa- are compared in Fig.26.9. The indentation depths at 

the peak load range from about 18 to 26nm, smaller 

than that of the coating thickness. Many of the coatings 

exhibit discontinuity or pop-in marks in the loading 

Coal N) ele) curve, which indicate a sudden penetration of the tip 
FCA 1 into the sample. A nonuniform penetration of the tip 

02 into a thin coating possibly results from formation of 
cracks in the coating, formation of cracks atthe coating 

substrate interface, or debonding or delamination of the 

o ‘coating from the substrate, 

‘The hardness and elastic modulus values at a peak 

2 load of 0.2mN on the various coatings and single- 

o crystal silicon substrate are summarized in Table 26.5 
7 and Fig. 26.10 [26.47,49, 89,90]. Typical values for the 
a peak and residual indentation depths ranged from 18 to 
26nm and 6 to 12nm, respectively. The FCA coatings 

exhibit the highest hardness of 24 GPa and elastic mod- 

a ulus of 280GPa of various coatings, followed by the 

ECR-CVD, IB, and SP coatings. Hardness and elastic 

modulus have been known to vary over a wide range 

FA with sp'-to-sp? bonding ratio, which depends on the 
0 a0 204) Kinetic energy of the carbon species and amount of 

si(100) Displacement (am) hydrogen [26.6, 30,447, 92,93]. The high hardness and 

02 elastic modulus of the FCA coatings are attributed to 

the high kinetic energy of carbon species involved in the 
FCA deposition [26.12,47]. Anders et al, [26.57] also 
o4 reported a high hardness, measured by nanoindentation, 
of about 45 GPa for cathodic are carbon coatings. They 
observed a change in hardness from 25 to 45 GPa with 


30 
Displacement (aim) 


Fig. 26.9 Load versus displacement plots for various 100-nm-thick 


orphous carbon coatings on single-crystal silicon substrate and 


‘bare substrate 


pulsed bias voltage and bias duty cycle. The high hard- 
ness of cathodic arc carbon was attributed to the high 
percentage (more than 50%) of sp? bonding. Savvides 
and Bell [26.94] reported an increase in hardness from 
12to 30 GPa and an elastic modulus from 62 to 213 GPa 
with an increase of sp?-to-sp? bonding ratio, from 3 106, 


et | 


Nanotribalogy of Amorphous Carbon Films | 26.3 Micromechanical and Tribological Characterizations 807 


for a C:H coating deposited by low-energy ion-assisted 


unbalanced magnetron sputtering of a graphite target in Hardness (GP) Fata ile («104 
an Ar-Hy mixture 0 
Bhushan etal [26.35] reported hardnesses of about 59 A 


15 and 35GPa and elastic moduli of about 140 and 
200GPa, measured by nanoindentation, for aCH 49 
coatings deposited by DC magnetron sputtering and 
RF-plasmaenhanced chemical vapor deposition tech- 0 
niques, respectively. The high hardness of RF-PECVD 
a-C:H coatings is attributed to a higher concentration 
of sp° bonding than in a sputtered hydrogenated a-C:H_ 300, 
coating. Hydrogen is believed to play a crucial role in 
the bonding configuration of carbon atoms by help- 
ing to stabilize tetrahedra-coordination (sp> bonding) la 
of carbon species. Jansen et al. [26.78] suggested that 
the incorporation of hydrogen efficiently passivates the 
dangling bonds and saturates the graphitic bonding to 
some extent. However, a large concentration of hydra- 
gen in the plasma in sputter deposition is undesirable. Fracture toughness (MPa m!®) 
Cho et al. [26.33] and Rubin etal. [26.40] observed that 154 
hardness decreased from 15 to 3 GPa with increased hy- 
drogen content. Bhushan and Doemer [26.95] reported 
a hardness of about 10-20GPa and an elastic mod- 
ulus of about 170GPa, measured by nanoindentation, 
for 100-nm-thick DC-magnetron sputtered a-C:H on the 
silicon substrate 

Residual stresses measured using a well-known cur- 
vvature measurement technique are also presented in 
Table 26.5, The DLC coatings are under significant 
compressive internal stresses. Very high compressive 
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Fig. 26.10 Bar charts summarizing the data of various coatings and 
single-crystal silicon substrate. Hardness, elastic modulus, and frac- 
ture toughness were measured on 100-nm-thick coatings, and fatigue 
life and critical load during scratch were measured on 20-nm-thick 


stresses in FCA coatings are believed to be partly re- 
sponsible for their high hardness. However, high stresses 
result in coating delamination and buckling. For this rea- 
son, the coatings that are thicker than about 1 yum have 
a tendency to delaminate from the substrates 


Fracture Toughness 
Representative load-displacement curves of indentations 
fon the 400-nm-thick cathodic are carbon coating on 
silicon at various peak loads are shown in Fig. 26.11. 
Steps are found in all curves, as shown by arrows in 
Fig.26.l1a, In the 30mN SEM micrograph, in addi- 
tion to several radial cracks, ring-like through-thickness 
cracking is observed with small lips of material over- 
hhanging the edge of indentation. The step at about 23 mN 
in the loading curves of indentations made at 30 and 
100 mN peak indentation loads results from the ring- 
like through-thickness cracking. The step at 175 mN in 
the loading curve of the indentation made at 200mN 
peak indentation load is caused by spalling and second. 
ring-like through-thickness cracking. 
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Based on Li et al. [26.87], the fracture process pro- 
aresses in three stages: (1) ring-like through-thickness 
cracks form around the indenter by high stresses. in 
the contact area, (2) delamination and buckling occur 
around contact area at the coating/substrate interface 
by high lateral pressure, (3) second ring-like through- 
thickness eracks and spalling are generated by high 
bending stesses at the edges of the buckled coating, 
see Fig.26.12a. In the first stag, if the coating un- 
der the indenter is separated from the bulk coating via 
the first ring-like through-thickness cracking, a comre- 
sponding step will be present in the loading curve. If 
discontinuous cracks form and the coating under the in- 
enter is not separated from the remaining coating, no 
step appears in the loading curve, because the coating 
still supports the indenter and the indenter cannot sud- 
denly advance into the material. In the second stage, 
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Fig.26.1 (a) Loalisplacement curves of indentations made at 
530, 100, and 200 mN peak indentation loads using the cube comer 


indent 


te, and (b) the SEM micrographs of indentations on the 400- 


m-thick cathodic are carbon coating on silicon. Arrows indicate 
steps during loading portion of the load-displacement curve [26.87] 


for the coating used in the present study, the advances 
of the indenter during the radial cracking, delamina- 
tion, and buckling are not big enough to form steps 
in the loading curve, because the coating around the 
indenter still supports the indenter, but generate dis- 
continuities that change the slope of the loading curve 
with increasing indentation loads. Inthe third stage, the 
stress concentration at the end of the interfacial crack 
cannot be relaxed by the propagation of the interfa- 
cial crack. With an increase in indentation depth, the 
height of the bulged coating increases. When the height 
reaches a critical value, the bending stresses caused by 
the bulged coating around the indenter will result in the 


0 ‘Displacement (am) 


Fig.26.12 (a) Schematic of various stages in nanoin- 
dentation fracture for the coatings/substrate system, and 
(b) schematic of a load-displacement curve showing a step 
during the loading cycle and associated energy release 


second ring-like through-thickness crack formation and 
spalling at the edge of the buckled coating, as shown in 
Fig. 26.12a, which leads to a step in the loading curve. 
This is a single event and results in the separation of 
the part of the coating around the indenter from the bulk 
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Table 26.5 Hardness, elastic modulus, fracture toughness, fatigue life, critical load during seratch, coefficient of friction during 
accelerated wear testing and residual stresses of vi 


DLC coatings on single-crystal silicon substrate 


SE 


8 


‘Si(100) Ww 220 075 = 06 Oss 002 


substrate 

* Measured on 100-nm-thick coatings. 
Measured on 20-nm-thick coatings 

* Measured on 400-nm-thick coatings 


“4 Ne was obtained at a mean load of 10 uN and load amplitude of 8 uN 


costing via cracking through coatings. The step in the 
loading curve results totally from the coating cracking 
‘and not from the interfacial cracking or the substrate 
cracking. 

‘The area under the load-displacement curve is the 
work performed by the indenter during elastic-plastic 
deformation of the coating/substrate system. The strain 
cenergy release in the first/second ring-like cracking and 
spalling can be calculated from the corresponding steps 
in the loading curve. Fig. 26.12b shows a modeled load- 
displacement curve. OACD is the loading curve and 
DE is the unloading curve. The first ring-like through- 
thickness crack should be considered. It should be 
emphasized that the edge of the buckled coating is far 
from the indenter and, therefore, it does not matter if 
the indentation depth exceeds the coating thickness, or 
iff deformation of the substrate occurs around the inden- 
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ter when we measure fracture toughness of the coating 
from the released energy during the second ring-like 
through: thickness cracking (spalling). Suppose that the 
second ring-like through-thickness cracking occurs at 
AC. Now, let us consider the loading curve OAC. If the 
second ring-like through-thickness erack does not oc- 
cur, itcan be understood that OA will be extended to OB 
to reach the same displacement as OC. This means that 
the crack formation changes the loading curve OAB into 
OAC. For point B, the elastic-plastic energy stored in the 
coating/substrate system should be OBE. For point, the 
elastic-plastic energy stored inthe coating/sulbstrate sys- 
tem should be OACF. Therefore, the energy difference 
before and after the erack generation isthe area of ABC, 
i.e. this energy stored in ABC will be released as strain 
energy to create the ring-like through-thickness crack. 
According tothe theoretical analysis by Li etal. [26.87], 
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the fracture toughness of thin films can be written as 


where Eis the elastic modulus, vis the Poisson's ratio, 
Ci isthe cack length inthe coating plan, 1 is the 
coating thickness, and U isthe strain energy clifference 
before and after cracking 
Using 26.) the fracture toughness ofthe coatings 
iscalelated. The loading curve is extrapolated along the 
tangential direction of the loading curve from the star- 
ing point ofthe step up to each the same displacements 
the step. The area hetween the extrapolated line and the 
step isthe estimated strain energy difference before and 
after cracking. Cp is measured from SEM micrographs 
or AFM images of indentations. The second ring-like 
crack is where the spalling occurs, For example, forthe 
400-nm-thick cathodic ar carbon coating data presented 
in Fig.26.11, U of 7-1 Nm is assessed from the steps 
in Fig. 26 1a atthe peak indentation loads of 200m. 
For Cx of 7.0m from Fig, 26.11b, E = 300GPameas- 
ured using n minoindenter and an assumed value of 
(0.5 for v fracture toughness values are calculated 8s 
10.9MPa /mr (26.87, 88], The fracture toughness and 
related data for various 100-nm-thick DLC coatings are 
presented in Fig. 26.10 and Table 265, 


(26.2) 


Nanofatigue 
Delayed fracture resulting from extended service is 
called fatigue [26.96]. Fatigue fracturing progresses 
through a material via changes within the material at 
the tip of a crack, where there is a high stress inten- 
sity. There are several situations: eyclic fatigue, stress 
corrosion, and static fatigue. Cyclic fatigue results from 
cyclic loading of machine components. In a low-flying 
slider ina magnetic head-disk interface, isolated asperity 


0) 


Fig. 26.13 Schematic of a fatigue test on a coating/substrate system 
using the continuous stiffness measurement technique 


contacts occur during use and the fatigue failure occurs 
in the multilayered thin-film structure of the magnetic 
disk [26.13], In many MEMS components, impact oc- 
curs and the failure mode is cyclic fatigue. Asperity 
contacts can be simulated using a sharp diamond tip in 
an oscillating contact with the component. 

Figure 26.13 shows the schematic ofa fatigue test on 
4 coating/substrate system using a continuous stiffness 
measurement (CSM) technique. Load cycles are applied 
to the coating, resulting in acyclic stress. P is the cyclic 
Toad, Peas isthe mean losd, Py isthe oscillation load 
amplitude, and w is the oscillation frequency. The fol- 
Jowing results can be obtained: (1) endurance limit i.e. 
the maximum load elow which there is no coating fail- 
ure fora preset number of cycles; (2) number of cycles 
at which the coating failure occurs; and (3) changes in 
contact stifiness measured by using the unloading slope 
of each cycle, which can be used to monitor the prop- 
agation of the interfacial cracks during cyclic fatigue 
process. 

Figure 26, 14a shows the contact stiffness as a func- 
tion of the number of cycles for 20-nm-thick FCA 
coatings cyclically deformed by various oscillation load 
amplitudes with a mean load of J0¥N at a frequency 
of 45 Hz, At44.N load amplitude, no change in contact 
stiffness was found for all coatings. This indicates that 
4uN load amplitude is not high enough to damage the 
coatings. At 64N load amplitude, an abrupt decrease 
in contact stiffness was found at a certain number of 
cycles for each coating, indicating that fatigue damage 
had occurred. With increasing load amplitude, the num- 
ber of cycles to failure, Ny, decreases for all coatings. 
Load amplitude versus Ny, a so-called S-N curve isplot- 
ted in Fig.26.14b. The critical load amplitude, below 
which no fatigue damage occurs (an endurance limit), 
was identified for each coating. This critical load ampli- 
tude, together with mean load, are of critical importance 
to the design of head-<disk interfaces or MEMS/NEMS 
device interfaces 

‘To compare the fatigue lives of different coatings 
studied, the contact stiffness as a function of the num 
ber of cycles for 20-nm-thick FCA, IB, ECR-CVD and 
SP coatings cyclically deformed by an oscillation load 
amplitude of 8.N with a mean load of 10 uN ata fre- 
quency of 45 Hz is shown in Fig. 26.l4c. FCA coating 
has the longest Nr, followed by ECR-CVD, IB, and SP 
coatings. In addition, after the Nj, the contact stiffness 
of the FCA coating shows a slower decrease than the 
other coatings. This indicates that after the Ny, the FCA 
ccoating had less damage than the others. The fatigue 
behavior of FCA and ECR-CVD coatings of differ- 
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ig. 26.14 (a) Contact stiffness as a function ofthe number of cycles for 20-nm-thick FCA costings cyclically deformed 


by various oscillation load amplitudes with a mean load of 10}.N at a frequency of 45 Hz; (b) plot of load amplitude 
versus N¢; () contact stiffness as a function of the numberof cycles for four diferent 20-nm-thick coatings with a mean 
load of 10 uN and load amplitude of 8 uN ata frequency of 45 Hz; and (d) contact stiffness as a function of the number 
of cycles fortwo coatings of different thicknesses ata mean load of 10 ,N and load amplitude of 8 UN at a frequency of 


45H 
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ent thicknesses is compared in Fig.26.14d. For both 
‘coatings, Nr decreases with decreasing coating thick- 
ness. At 10nm, FCA and ECR-CVD have almost the 
same fatigue life. At Snm, ECR-CVD coating shows 
a slightly longer fatigue life than FCA coating. This 
indicates that even for nanometer-thick DLC coatings 
their microstructure and residual stresses are not uni- 
form across the thickness direction, Thinner coatings 
are more influenced by interfacial stresses than thicker 
coating. 

Figure 26.15a shows the high magnification SEM 
images of 20-nm-thick FCA coatings before, at, and 
after Ny. In the SEM images, the net-like structure is 
the gold film coated on the DLC coating, which should 
be ignored in analyzing the indentation fatigue dam- 
age. Before the Nj, no delamination or buckling was 
found except the residual indentation mark at magni- 
fications up to 1,200,000x using SEM. This suggests 
that only plastic deformation occurred before the Nr. At 
the Nj. the coating around the indenter bulged upwards, 
indicating delamination and buckling, Therefore, it is 


20am FCA, 
a Iebefore N; Stage 2, at Ny 


ee vm) 


Stage 3, after N; 


Stage 1 
Indeatation induced 
compression. 


Sage 3 Stage 2 
Delamination 


and buckling 


RRing-likeerack 


Fig. 26.15 (a) High magnification SEM images of coating 
before, at and after Nand (b) schematic of various stages 
in the indentation fatigue damage for a coating/substate 
system [26.90] 


believed thatthe decrease in contact stiffness at the Ny 
results from the delamination and buckling of the coat 
ing from the substrate. After the Nr, the buckled coating 
was broken down around the edge of the buckled area, 
forming a ring-like crack. The remaining coating over. 
hung a the edge ofthe buckled area. Its noted thatthe 
indentation size increases with the increasing. number 
of eycles. Ths indicates that deformation, delamination 
and buckling, and ring-like crack formation occurred 
over a period 

‘The schematic in Fig.26.15b shows various stages 
in the indentation fatigue damage fora coating/substrate 
system, Based on this study, three stages in the 
indentation fatigue damage appear 10 exist: (1) 
indentation-induced compression; 2) delamination and 

(3) ring-like crack formation at the edge of 

the buckied coating. The deposition process often in- 
duces residual stresses in coatings. The model shown in 
Fig. 26.15 considers a coating with the uniform biaxial 
residual compression o. In the frst stage, indentation 
induces elastic/plastic deformation, exerting an outward 
acting pressure on the coating around the indenter. In- 
terfacal defects lke voids and impurities act as original 
cracks. These cracks propagate and ink up as the inden- 
tation compressive stress increases, AC this stage, the 
coating, which is under the indenter and above the inter- 
facial crack (with a crack length of 2a), still maintains 
a soli contact with the substrate; the substrate sil fully 
supports the coating. Therefore, this interfacial crack 
does not lead to an abrupt decrease in contact stiffness, 
but gives rise toa slight decrease in contact stifiness, as 
shown in Fig. 26.14. The coating above the interfacial 
cracks treated asa rigidly clamped disk. We assume that 
the crack radius, a, is large compared with the coating 
thickness. Since the coating thickness ranges from 5 to 
20m, this assumption is easly satisfied inthis study 
(radius of the delaminated and buckled area, shown in 
Fig. 26.15a, ison the order of 100m), The compressive 
stress caused by indentation is given as [26.97] 

& Ev. 
C9" Ba * 
where» and £ are the Poisson's ratio and elastic 
‘modulus of the coating. Vi isthe indentation volume, 
1 is the coating thickness, and a is the crack rads. 
With an increasing number of cycles, the indentation 
volume Vj increases. Therefore, the indentation com: 
pressive stress o; increases accordingly. In the second 
stage, buckling occurs during the unloading segment 
of the fatigue testing cycle when the sum of inden- 
tation compressive stress ay and the residual stress 2, 


(26.3) 
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exceed the critical buckling stress ay for the delaminated 
circular section as given by [26.98] 


mores (3) 


where the constant j- equals 42.67 fora circular clamped. 
plate with a constrained center point and 14.68 when 
the center is unconstrained, The buckled coating acts as 
cantilever. In this case, the indenter indents a cantilever 
rather than a coating/substrate system. This ultrathin 
coating cantilever has much less contact stiffness than 
the coating/substrate system. Therefore, the contact stff- 
ness shows an abrupt decrease at the Ny. In the third 
stage, with an increasing number of cycles, the delam- 
inated and buckled size increases, resulting in a further 
decrease in contact stiffness since the cantilever beam 
length increases. On the other hand, ahigh bending stress 
facts at the edge of the buckled coating. The larger the 
buckled size, the higher the bending stress. The cycli- 
cally bending stress causes fatigue damage at the end 
of the buckled coating, forming a ring-like crack. The 
coating under the indenter is separated from the bulk 
costing (caused by the ring-like crack at the edge of 
the buckled coating) and the substrate (caused by the 
delamination and buckling in the second stage). There- 
fore, the coating under the indenter is not constrained, 
but is free to move with the indenter during fatigue 
testing. At this point, the sharp nature of the inden- 
ter is lost, because the coating under the indenter gets 
stuck on the indenter. The indentation fatigue experi- 
‘ment results in the contact of a relative huge blunt tip 
‘with the substrate, This results in « low contact stiffness 
value, 

Compressive residual stresses result in delamina- 
tion and buckling. A coating with a higher adhesion 
strength and a less compressive residual stress is re- 
quired fora higher fatigue life. Interfacial defects should 
be avoided in the coating deposition process. We know 
that the ring-like crack formation occurs in the coat- 
ing. Formation of fatigue cracks in the coating depends 
upon the hardness and fracture toughness, Cracks are 
‘more difficult to form and propagate in the coating with 
higher strength and fracture toughness, 

It is now accepted that long fatigue life in a coat- 
ing/substrate almost always involves “living with crack”, 
that the threshold or limit condition is associated with 
the non-propagation of exiting cracks or defects, even 
though these cracks may be undetectable [26.96]. For 
all coatings studied, at 4.N, contact stiffness does not 
‘change much. This indicates that delamination and buck- 
ling did not occur within the number of cycles tested 


(26.4) 
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in this study. This is probably because the indentation- 
induced compressive stress was not high enough to allow 
the cracks to propagate and link up under the indenter, 
or the sum of indentation compressive stress o; and the 
residual stress a did not exceed the critical buckling 
stress ay, 

Figure 26, 0 and Table 26.5 summarize the hardness, 
elastic modulus, fracture toughness, and fatigue life of 
all coatings studied. A good correlation exists between 
fatigue life and other mechanical properties. Higher me- 
chanical properties result in a longer fatigue life. The 
mechanical properties of DLC coatings are controlled 
by the sp?-to-sp? ratio, The sp?-bonded carbon exhibits 
the outstanding properties of diamond [26.51]. A higher 
deposition kinetic energy will result in a larger fraction 
of sp'-bonded carbon in an amorphous network. Thus, 
the higher kinetic energy for the FCA could be responsi- 
ble for its better carbon structure and higher mechanical 
properties [26.48-50,99], Higher adhesion strength be- 
tween the FCA coating and substrate makes the FCA 
coating more difficult to delaminate from the substrate, 


26.3.2 Microscratch and Microwear Studies 


For microscratch studies, a conical diamond indenter 
(eg., having a tip radius of about one micron and 
included angle of 60°) is drawn over the sample sur- 
face, and the load is ramped up (typically from 2mN 
to 25mN) until substantial damage occurs. The co- 
efficient of friction is monitored during scratching, 
Scratch-induced damage of coating, specifically frac- 
ture or delamination, can be monitored by in situ riction 
force measurements and by optical and SEM imaging 
of the scratches after tests. A gradual increase in fric- 
tion is associated with plowing, and an abrupt increase 
in friction is associated with fracture or catastrophic 
failure [26.100]. The load, corresponding to the abrupt 
increase in friction or an increase in friction above 
a certain value (typically 2x the initial value), provides 
a measure of scratch resistance or adhesive strength of, 
coating and is called “critical load". The depth of 
scratches with increasing scratch length or normal load 
is measured using an AFM, typically with an area of 
10x 10 um [26.48, 49, 101] 

The microscratch and microwear studies are also 
conducted using an AFM [26.23, 50, 99, 102, 103] 
‘A square pyramidal diamond tip (tip radius ~ 100m) 
ora three-sided pyramidal diamond (Berkovich) tip with 
fn apex angle of 60° and a tip radius of about 100 nm 
‘mounted on a platinum-coated, rectangular stainless 
steel cantilever of stiffness of about 40 N/m is scanned 
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ate scratch and wear marks, During the scratch test, 
the normal load is either kept constant or increased 
(typically from 0 to 100 AN) until damage occurs. To- 
pography images of the scratch are obtained in situ with 
the AFM at a low load. By scanning the sample during 
scratching, wear experiments can be conducted. Wear at 
«constant load is monitored as a function of the num- 
ber of cycles. Normal loads ranging from 10-80 uN are 
typically used. 


Microscratch 
Scratch tests conducted with a sharp diamond tip sim- 
ulate a sharp asperity contact. In a scratch test, the 
cracking or delamination of a hard coating is signaled by 
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Fig. 26.16a,b 
orthogonal to the long axis of the cantilever to gener- a sudden increase inthe coefficient of friction [26.23] 


‘The load associated with this event is called the “critical 
Toad” 

Wu [26,104], Bhushan et al. [26.70], Gupta and 
Bhushan (26.12.47), and Li and Bhushan (26.48,49,101] 
have used a nanoindenter to perform microscratch stud- 
ies (mechanical durability) of various carbon coatings. 
The coefficient of friction profiles as a function of in- 
creasing normal load and AFM surface height maps 
of regions over scratches at the respective critical 
loads (indicated by the arrows in the friction pro- 
files and AFM images) made on the various coatings 
of different thicknesses and single-crystal silicon sub- 
strate using a conical tip are compared in Figs. 26.16 
and 26.17. Bhushan and Koinkar (26.102), Koinkar and 
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Fig. 26.t6a-d Coellicient of friction profiles as a function of normal load and corresponding AFM surface height maps of regions 
lover scratches at the respective critical loads (indicated by the arrows in the friction profiles and AFM images) for coatings of 
different thicknesses deposited by various deposition techniques: (a) FCA, (b) IB, (e) ECR-CVD, (@) SP 
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variable capacitor 


Formerly known (primarily in the United Kingdom) as a variable condenser. The term is 


now obsolete, 
OTHER RELATED COMPONENTS 


«+ eapatiter (See Chapter 12) 


What It Does 


variable capacitor allows adjustment of capac- 
itance in much the same way that a potentiom- 
eter allows adjustment of resistance. 


Large variable capacitors were developed pri- 
marily to tune radio receivers, inwhich they were 
known as tuning capacitors. Cheaper, simpler, 
and more reliable substitutes gradually dis- 
placed them, beginning in the 1970s. Today, they 
are still used in semiconductor fabrication, in RF 
plastic welding equipment, in surgical and den- 
tal tools, and in ham radio equipment. 


‘Small trimmer capacitors are widely availableand 
are mostly used to adjust high-frequency cir- 
cuits. Many of them look almost indistinguisha- 
ble from trimmer potentiometers. 


The schematic symbols commonly used to rep- 
resenta variable capacitor and a trimmer capac- 
itor are shown in Figure 13-1. 


Avvaractoris a form of diode with variable capac- 
itance, controlled by reverse voltage. See "Var- 
actor Diode" (page 225) for this component, 


How It Works 


The traditional form of variable capacitor con- 
sists of two rigid semicircular plates separated by 
an air gap of 1mm to 2mm. To create more ca- 


Figure 13-1. Typical schematic symbols far variable ca 
ppacitor (left) and trimmer capacitor (right) 


pacitance, additional interleaved plates are add- 
ed to form a stack. One set of plates is known as 
the rotor, and is mounted on a shaft that can be 
tured, usually by an externally accessible knob. 
The other set of plates, known as the stator, is 
mounted on the frame of the unit with ceramic 
insulators. When the sets of plates completely 
overlap, the capacitance between them is maxi- 
mized. As the rotor is turned, the sets of plates 
gradually disengage, and the capacitance dimin- 
ishes to near zero, See Figure 13-2. 


The air gaps between the sets of plates are the 
dielectric. Air has a dielectric constant of approx- 
imately 1, which does not vary significantly with 
temperature. 


The most common shape of plate is a semicircle, 
which providesa linear relationship between ca- 
pacitance and the angle of rotation. Other 
shapes have been used to create a nonlinear re- 
sponse, 
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At and after the critical loads, debris (chips) or buckling 
was observed on the sides of scratches. Delamination 
cor buckling can be observed around or after the critical 
loads, which suggests that the damage starts from de 
lamination and buckling. For the 3.5- and S-nm-thick 
FCA coatings, before the critical loads small debris is 
observed on the sides of scratches. This suggests that 
the thinner FCA coatings are not so durable. It is ob. 
vvious that for a given deposition method, the critical 
loads increase with increasing coating thickness. This 
indicates that the critical load is determined not only by 
the adhesion strength to the substrate, but also by the 
coating thickness, We note that the debris generated on 
the thicker coatings is larger than that generated on the 
thinner coatings. For a thicker coating, it is more diffi 
cult to be broken: the broken coating chips (debris) for 
a thicker coating are larger than those for the thinner 
coatings. The difference in the residual stresses of the 
coatings of different thicknesses could also affect the 
size of debris. The AFM image shows that the silicon 
substrate was damaged by plowing, associated with the 
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26.18a~c Coelficient of friction profiles during scratch as a function of normal load and corresponding AFM surface 
Hit maps for (a) FCA, (b) ECR-CVD, and (¢) SP coatings [26.99] 


plastic flow of materials. At and after the critical load, 
small and uniform debris is observed and the amount of 
debris increases with increasing normal load. 
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{g-26.19 Coeflicient of friction profiles during scratch as, 
a function of normal load and corresponding AFM surface 
height maps for Si(100) [26.99] 
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‘of friction profiles from (a) nanoindenter and (b) AFM tests 
for various coatings of different thicknesses and Si(100) 
substrate 


Since at the critical load, the damage mechanism 
appears to be the onset of plowing, higher hardness 
and fracture toughness of a coating will therefore re- 
sult ina higher load required for deformation and hence 
aa higher critical load, Figure 26.21 shows critical loads 
of the various coatings, obtained with AFM tests, as 
a function of the coating hardness and fracture tough- 
ness ({rom Table 26.5). It can be seen that, in general, 
higher coating hardness and fracture toughness result in 
aa higher critical load. The only exceptions are the FCA 
‘coatings at S- and 3,5-nm coating thickness, which show 
the lowest eritical loads despite their high hardness and 
fracture toughness. The brittleness of the thinner FCA 
coatings may be one reason for their low critical loads, 
‘The mechanical properties of coatings that are less than 
nm thick are unknown. The FCA process may re- 


Fig.26.21a,b Measured critical loads estimated from the 
coefficient of friction profiles from AFM tests asa function 
‘of (a) coating hardness and (b) fracture toughness. Coating 
hardiness and fracture toughness values were obtained using 
a nanoindenter on 100-nm-thick coatings (Table 26.5) 


sult in coatings with low hardness at such low thickness 
due to differences in coating stoichiometry and structure 
compared to the costings of higher thickness. Also, at 
these thicknesses stresses at the coating-substrate inter- 
face may affect adhesion and load-carrying capacity of 
the coatings. 

Based on the experimental results, a schematic of 
scratch damage mechanisms of the DLC coatings used 
in this study is shown in Fig. 26.22, Below the critical 
load. ifa coating has a good combination of strength and 
fracture toughness, plowing associated with the plastic 
flow of materials is responsible for the damage of coating 
(Fig. 26.22a). Whereas if a coating has a lower fracture 
toughness, cracking could occur during plowing, asso- 
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Fig. 26.22a-d Schematic of scratch damage mechanisms 
‘of the DLC coatings: (a) plowing associated with the plastic 
flow of materials (b) plowing associated with the formation 
of small debris, (2) delamination and buckling atthe ext 
cal load, and (4) breakdown via through coating thickness 
cracking at and after the critical load [26.48] 


ciated with the formation of small debris (Fig. 26.22b). 
‘When normal load increases up to the critical load, de- 
lamination or buckling will occurat the coating/substrate 
interface (Fig. 26.22c). A further increase in normal load 
will result in the breakdown of coating via through 
coating thickness cracking, as shown in Fig. 26.224. 
‘Therefore, adhesion strength plays a crucial role in the 
determination of critical load. If a coating has stronger 
adhesive strength with the substrate, the coating is more 
difficult to delaminate, which will result in a higher 
critical load. The interfacial and residual stresses of 
a coating could greatly affect the delamination and 
buckling [26.1]. The coating with higher interfacial and 
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residual stresses is more easily delaminated and buck- 
led, which will result in a low critical load. It has been 
reported earlier that the FCA coatings have higher resid- 
ual stresses than the other coatings [26.47]. Interfacial 
stresses play a more important role when a coating gets, 
thinner. A large mismatch in elastic modulus between 
the FCA coatings and the silicon substrate may cause 
large interfacial stresses. This may be why the thinner 
FCA coatings show relatively low critical loads com- 
pared with the thicker FCA coatings, even though the 
FCA coatings have a higher hardness and elastic modu- 
lus, The brittleness of the thinner FCA coatings may be 
another reason for the lower critical loads. The strength 
and fracture toughness ofa coating also affect the critical 
load. Higher strength and fracture toughness will make 
the coating more difficult to be broken after delamina- 
tion and buckling. The high scratch resistance/adhesion 
of FCA coatings is attributed to an atomic intermixing 
at the coating-substrate interface because of high ki- 
netic energy (2 keV) plasma formed during the cathodic 
are deposition process [26.57]. The atomic intermix- 
ing at the interface provides a graded compositional 
transition between the coating and the substrate ma- 
terials. In all other coatings used in this study, the 
kinetic energy of the plasma was insufficient for atomic 
intermixing. 

Gupta and Bhushan (26.12, 47] and Li and 
Blushan [26.48,49] measured scratch resistance of DLC 
coatings deposited on AlpOs-TiC, Ni-Zn ferrite, and 
single-crystal silicon substrates. For good adhesion of 
DLC coating to other substrates, in most cases, an in- 
terlayer of silicon is required except for cathodic are 
deposited coatings. The best adhesion with cathodic arc 
carbon coating is obtained on electrically conducting 
substrates such as AlsO3-TiC and silicon, as compared, 
to Ni-Zn ferrite 


Microwear 
Microwear studies can be conducted using an 
AFM [26,23], For microwear studies, a three-sided pyra- 
‘midal single-crystal natural diamond tip with an apex 
angle of about 80° and a tip radius of about 100.nm is, 
used at relatively high loads of 1-150 .N. The diamond 
tip is mounted on a stainless steel cantilever beam with 
‘anormal stiffness of about 30N/m. The sample is gen- 
erally scanned in a direction orthogonal to the long axis, 
of the cantilever beam (typically at arate of 0.5 Hz). The 
tip is mounted on the beam such that one of its edges is 
‘orthogonal to the beam axis. In wear studies, typically 
an area of 2 yumx2,4um is scanned for « selected number 
of cycles, 
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Microwear studies of various types of DLC coat- 
ings have been conducted [26.50, 102,103]. Fig. 26.23a 
shows a wear mark on uncoated Si(100). Wear occurs 
uniformly and material is removed layer by layer via 
plowing from the first cycle, resulting inthe constant 
friction force seen during the wear (Fig. 26.24a). Fig- 
ure 26.23b shows AFM images of the wear marks on 
all 101nm coatings. It is seen that coatings wear nonuni- 
formly. Coating failure is sudden and accompanied by 
a sudden rise in the friction force (Fig.26.24b). Fig- 
ure 26.24 shows the wear depth of Si(100) substrate 
and various DLC coatings at two different loads, FCA 
and ECR-CVD, 20-nm-thick coatings show excellent 
\wear resistance up to 80 ).N, the load that is required 
for the IB 20nm coating to fail, In these tests, “failure” 
of a coating results when the wear depth exceeds the 


Fig. 26.23a,b AFM images of wear marks on (a) bare S100), and (b) all 10-nm-thick DLC coatings [26.50] 


quoted coating thickness. The SP 20nm coating fails 
at the much lower load of 35 LN. At 60 uN, the coat- 
ing hardly provides any protection, Moving on to the 
10nm coatings, ECR-CVD coating requires about 45 
cycles at 60).N to fail as compared to IB and FCA, 
which fail at 45).N. The FCA coating exhibits slight 
roughening in the wear track after the first few cycles, 
which leads to an increase in the friction force. The 
SP coating continues to exhibit poor resistance, fail- 
ing at 20,N. For the 5nm coatings, the load required 
to fail the coatings continues to decrease. But IB and 
ECR-CVD still provide adequate protection as com- 
pared to bare Si(100) in that order, failing at 35 uN 
compared to FCA at 25)1N and SP at 204N. Almost 
all the 20, 10, and Snm coatings provide better wear 
resistance than bare silicon. At 3.5mm, FCA coating 
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Fig. 26.2ha,b Wear data of (a) bare Si(100) and (b) all DLC coatings. Coating thickness is constant along each row in (b). Both 
‘wear depth and coefficient of friction during wear fora given eycle are plotted [26.50] 
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provides no wear resistance, failing almost instantly at 
204N. The IB and ECR-CVD coating show good wear 
resistance at 20\.N compared to bare Si(100). But IB 
lasts only about 10 eyeles and ECR-CVD about 3 cycles 
at 25 qN. 

‘The wear tests highlight the differences in the coat- 
ings more vividly than the scratch tests. At higher 
thicknesses (10 and 20nm), the ECR-CVD and FCA 
coatings appear to show the best wear resistance. This 
is probably due to higher hardness of the coatings 
(see Table 26.5). At Snm, IB coating appears to be 
the best. FCA coatings show poorer wear resistance 
with decreasing coating thickness. This suggests that 
the trends in hardness seen in Table 26.5 no longer 
hold at low thicknesses, SP coatings showed consis- 
tently poor wear resistance at all thicknesses. The IB 
3.51nm coating does provide reasonable wear protection 
at low loads. 


26.3.3 Macroscale Tribological 
Characterization 


So far, data on mechanical characterization and micro- 
scratch and microwear studies using a nanoindenter and 
an AFM have been presented. Mechanical properties 
affect wibological performance of the coatings, and mi- 
‘crowear studies simulate a single asperity contact, which 
helps in developing a fundamental understanding of 


the wear process, These studies are useful in screen- 
ing various candidates, as well as understanding the 
relationships between deposition conditions and prop- 
erties of various samples. As a next step, macroscale 
friction and wear tests need to be conducted to measure 
tribological performance of the coatings. 

Macroscale accelerated friction and wear tests to 
screen a large number of candidates and functional tests 
on selected candidates have been conducted. An acceler- 
ated testis designed to accelerate the wear process such 
that it does not change the failure mechanism. The ac- 
celerated friction and wear tests are generally conducted 
using a ball-on-flattribometer under reciprocating mo- 
tion [26.70]. Typically a diamond tip with a 20 um tip 
radius or a sapphire ball with a 3 mm diameter and sur- 
face finish of about 2nm RMS is slid against the coated 
substrates at selected loads, Coefficient of friction is 
monitored during the tests 

Functional tests are conducted using an actual ma- 
cchine under close-to-actual operating conditions for 
which coatings are developed, Generally, the tests are 
accelerated somewhat to fail the interface in a short 
time, 


Accelerated Friction and Wear Tests 
Liand Bhushan [26.48] conducted accelerated friction 
and wear tests on DLC coatings deposited by various 
deposition techniques using a ball-on-flat tribometer. 


200.0 


Fig. 26.25 Optical micrographs of wear tracks and debris formed on the various coatings of different thicknesses and 
silicon substrate when slid against a sapphire ball after sliding distance of Sm, The end of the wear track is on the 


right-hand side of the image 
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Fig. 26.26 Wear damage index har chart of the vatious 
coatings of different thicknesses and Si(100) substrate 
‘based on optical examination of the wear tracks and debris 


‘Average values of coeflicient of friction are presented 
in Table 26.5. The optical micrographs of wear tracks 
‘and debris formed on all samples when slid against a sap- 
phire ball after a sliding distance of 5 m are presented in 
Fig, 26.25. The normal load used for the 20- and 10-nm- 
thick coatings is 200mN, and the normal load used for 
the 5- and 3,5-nm-thick coatings and silicon substrate is, 
150mN, 

Among the 20-nm-thick coatings, the SP coating ex- 
hibits a higher coefficient of friction of about 0.3 than 
the other coatings, which have comparable values of 
coefficient of friction of about 0.2. The optical micro- 
‘eraphs show that the SP coating has a larger wear track 
and more debris than the IB coatings. No wear track 
and debris were found on the 20-nm-thick FCA and 
ECR-CVD coatings. The optical micrographs of 10-nm- 
thick coatings show that the SP coating was severely 
damaged, showing a large wear track with scratches 
and lots of debris, The FCA and ECR-CVD coatings 
show smaller wear tracks and less debris than the IB 
coatings. 

For the 5-nm-thick coatings, the wear tracks and 
debris of the IB and ECR-CVD eoatings are comparable. 
‘The bad wear resistance of the S-nm-thick FCA coating 
is in good agreement with the low scratch critical load, 
‘which may be due to the higher interfacial and residual 
stresses as well as brittleness of the coating, 
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AL3.5nm, all coatings exhibit wear: The FCA coat- 
ing provides no wear resistance, failing instantly like 
the silicon substrate, Large block-like debris is observed 
(on the sides of the wear track of the FCA coating. This, 
indicates that large region delamination and buckling 
occurred during sliding, resulting in large block-like 
debris. This block-like debris, in turn, scratched the coat- 
ing, making the coating damage even more severe. The 
IB and ECR-CVD coatings are able to provide some 
protection against wear at 3.5 nm, 

In order to better evaluate the wear resistance of 
various coatings, based on the optical examination of 
the wear tracks and debris after tests, the wear dam- 
age index bar chart of the various coatings of different 
thicknesses and an uncoated silicon substrate is pre- 
sented in Fig. 26.26. Among the 20- and 10-nm-thick 
coatings, the SP coatings show the worst damage, fol- 
lowed by FCA/ECR-CVD. At Snm, the FCA and SP 
coatings show the worst damage, followed by IB and 
ECR-CVD coatings, All 3.5-nm-thick coatings show the 
same heavy damage as the uncoated silicon substrate, 

‘The wear damage mechanisms of thick and thin 
DLC coatings studied are believed to be as illustrated 
in Fig. 26.27. At the early stages of sliding, deforma- 
tion zone and Hertzian and wear fatigue cracks formed 
beneath the surface extend within the coating on subse- 
quent sliding [26.1], Formation of fatigue cracks depend 
con the hardness and subsequent cycles. These are con- 
trolled by the sp*-to-sp* ratio. For thicker coating, the 
cracks generally do not penetrate the coating. For a thin- 
ner coating, the cracks easily propagate down to the 
interface with the aid of the interfacial stresses and get 
diverted along the interface just enough to cause lo- 
cal delamination of the coating. When this happens, the 
coating experiences excessive plowing. Atthis point, the 
coating fails catastrophically, resulting in a sudden rise 


Fig. 26.27 Schematic of wear damage mechanisms of thick and thin 


DLC coatings [26.48] 
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in the coefficient of friction. All 3,5-nm-thick coatings 
failed much quicker than the thicker coatings. It appears 
that these thin coatings have very low load-carrying 
capacity and, therefore, the substrate undergoes defor- 
mation almost immediately. This generates stresses at 
the interface that weaken the coating adhesion and lead 
to delamination of the coating. Another reason may be 
that the thickness is insufficient to produce a coating 
comprised of the DLC structure. Instead, the bulk may 
be made up of a matrix characteristic of the interface 
region here atomic mixing occurs with the substrate 
and/or any interlayer used. This would also result in 
poor wear resistance and silicon-like behavior of the 
‘coating, especially in the case of FCA coatings, which 
show the worst performance at 3.5nm. In contrast to 
the other coatings, all SP coatings show the worst wear 
performance at any thickness (Fig. 26.25). This may be 
due to their poor mechanical properties, such as lower 
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Fig. 26.28 Coefficient of friction as a function of relative 
humidity and water vapor partial pressure of RE-plasma 
deposited amorphous carbon coating and bulk graphitic 
carbon coating sliding against a steel ball 


hardness and scratch resistance, compared to the other 
‘coatings. 

‘Comparison of Figs. 26.20 and 26.26 shows a very 
good correlation between the wear damage and scratch 
critical loads. Less wear damage corresponds to higher 
scratch critical load. Based on the data, thicker coat- 
ings do show better scratch and wear resistance than 
thinner coatings. This is probably due to better load- 
carrying capacity of the thick coatings compared to the 
thinner ones. Fora given coating thickness, higher hard- 
ness and fracture toughness and better adhesion strength 
are believed to be responsible for the superior wear 
performance. 


Effect of Environment 
Friction and wear performance of amorphous carbon 
coatings are found to be strongly dependent on the wa- 
ter vapor content and partial gas pressure in the test 
environment. The friction data for an amorphous car- 
bon film on the silicon substrate sliding against steel 
are presented as a function of the partial pressure of 
water vapor in Fig. 26.28 (26.1, 13,69, 105, 106]. Fric- 
tion increases dramatically above a relative humidity 
of about 40%. At high relative humidity, condensed 
water vapor forms meniscus bridges at the contact- 
ing asperities, and the menisci result in an intrinsic 
attractive force that is responsible for an increase in fric- 
tion, For completeness, the data for the coefficient of 
friction of bulk graphitic carbon are also presented in 
Fig. 26.28, Note that friction decreases with an increase 
in the relative humidity [26.107]. Graphitic carbon has 
a layered lattice crystal structure. Graphite absorbs po- 
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Fig.26.29 Coefficient of ftiction as a function of slid- 
ing distance for a ceramic slider against a magnetic disk 
coated with 20-nm-thick DC magnetron sputtered DLC 
coating, measured at a speed of 0.06m/s and 10 load 
‘The environment is altemated between oxygen and nitrogen 
gases 26.108] 
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lar gases (H20, O2, COs, NH, et.) at the edges of 
the crystallites, which weakens the interlayer bonding 
forces facilitating interlayer stip and results in lower 
friction [26.1] 

To better study the effect of environment for car- 
bon coated magnetic disks, a number of tests have 
been conducted in controlled environments, Marchon 
et al, [26.108] conducted tests in alternating environ- 
‘ments of oxygen and nitrogen gases, Fig. 26,29. The 
coefficient of friction increases as soon as oxygen 
is added to the test environment, whereas in a ni- 
trogen environment the coefficient of friction reduces 
slightly. Tribochemical oxidation of the DLC coating 
in the oxidizing environment is responsible for an in- 
crease in the coefficient of friction, implying wear. 
Dugger et al. [26.109], Strom et al. [26.110], Bhushan 
and Ruan [26.111], and Bhushan et al. [26.71] con- 
ducted tests with DLC coated magnetic disks (with 
about 2-nm-thick perfluoropolyether lubricant film) in 
contact with Al,Os-TiC sliders, in different zascous en- 
vironments including a high vacuum of 2x 10-7 Torr, 
Fig. 26,30. The wear lives are shortest in high vac- 
‘uum and longest in most atmospheres of nitrogen and 
argon with the following order (from best to worst) 
argon or nitrogen, Ar-+H20, ambient, Ar-+O2, and 
‘Ar+H20, vacuum. From this sequence of wear per- 
formance, we can see that having oxygen and water in 


Coefficient of fistion 
o7s 


Ar+HL0 
os 


Ambient 


jo 
025 


007 ar T 10 iho 

‘Sliding distance (kim) 
Fig. 26.30 Dursbility measured by sliding a AlOs-NC 
‘magnetic slider against a magnetic disk coated with 
20-nm-thick DC sputtered amorphous carbon coating 
‘and 2-nm-thick perfluoropolyether film, measured at 
a speed of 0.75m/s and 10g load. Vacuum refers 10 
2x10? Torr [26.71] 
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‘an operating environment worsens wear performance of 
the coatings, but having nothing in it (vacuum) is the 
‘worst of all. Indeed, failure mechanisms differ in var- 
ious environments. In high vacuum, intimate contact 
between disk and slider surfaces results in significant 
‘wear. In ambient air, Ar-+O3, and Ar+H20, tribo- 
chemical oxidation of the carbon overcoat is responsible 
for interface failure. For experiments performed in 
pure argon and nitrogen, mechanical shearing of the 
asperities cause the formation of debris, which is re- 
sponsible for the formation of scratch marks on the 
carbon surface as could be observed with an optical 
microscope [26.71] 


Functional Tests 
Magnetic thin-film heads made with AlpOs-TiC sub- 
strate are used in magnetic storage applications [26.13] 
‘A multilayered thin-film pole-tip structure present on the 
head surface wears more rapidly than the much harder 
‘AlOs-TiC suistrate. Pole-tp recession (PTR) isa seri- 
‘ous concern in magnetic storage [26.15-19, 112]. Two of 
the diamond-like carbon coatings superior in mechani- 
cal properties — ion beam and cathodic are carbon ~ were 
deposited on the air bearing surfaces of AlyOs-TiC head 
sliders [26.15]. The functional tests were conducted by 
running a metal-particle (MP) tape in a computer tape 
drive, Average PTR asa function of sliding distance data 
are presented in Fig. 26.31. We note that PTR increases 
forthe uncoated head, whereas forthe coated heads there 
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Fig.26.31a,b Pole tip recession as a function of sliding distance 
‘measured with an AFM for (a) uncoated and 20-nm-thick ion beam 
carbon coated, and (b) uncoated and 20-nm-thickeathodie are carbon 
coated AlsOs-TiC heads run against MP tapes [26.15] 
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Fig. 26.32 Quantified XPS data for various DLC coatings $i(100) 
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Fig. 26.33 (a) XPS spectra for FCA and SP coatings of Sam 
and 20nm coating thicknesses on Si(100) substrate, and (b) AES 
spectra for FCA and SP coatings at Snm thickness on Si(100) 
substrate [26.50] 


is a slight increase in PTR in early sliding followed by 
little change, Thus, coatings provide protection. 

Micromechanical and accelerated and functional tri- 
ological data presented here clearly suggest that there 
isa good correlation between the scratch resistance and 
wear resistance measured using accelerated tests and 
functional tests. Thus, scratch tests can be successfully 
used to screen coatings for wear applications. 


26.3.4 Coating Continuity Analysis 


Ultrathin coatings less than 10nm may not uniformly 
coat the sample surface. In other words, coating may be 
discontinuous and deposited in the form of islands on the 
microscale. A possible reason for poor wear protection 
and the nonuniform failure of the coatings may be due 
to poor coverage of the thin coatings on the substrate. 
Coating continuity can be studied by using surface an- 
alytical techniques such as Auger and/or XPS analyses. 
Any discontinuity with coating thickness less than the 
sampling depth of the instrument will detect locally the 
substrate species [26.49, 50, 102 

‘The results of XPS analysis on various coatings 
deposited on Si(100) substrates, over a 13mm? re- 
gion (single point measurement with spot diameter of 
1,300 um) are shown in Fig. 26.32. The sampling depth 
is about 2-3nm. The poor SP coatings show much 
Jess carbon content (< 75% atomic concentration) as 
does the poor Snm and 3.S1im FCA coatings (< 60%) 
compared to the IB and ECR-CVD coatings. Silicon is 
detected in all Snm coatings. From the data it is hard 
to say if the Si is from the substrate or from exposed 
regions due to coating discontinuity. Based on the sam- 
pling depth any Si detected in 3.5nm coatings would 
likely be from the substrate. The other interesting obser- 
vation is that all poor coatings (all SP and FCA § and 
3.5nm) show almost twice the oxygen content than that 
of the other coatings. Any oxygen present may be due 
to leaks in the deposition chamber and is present in the 
form of silicon oxides. 

‘AES measurements averaged over a scan area of 
900 jum? were conducted on FCA and SP 5 nm coatings 
at six different regions on each sample. Very litte silicon 
was detected on this scale, and the detected peaks were 
characteristic of oxides, The oxygen levels were compa- 
rable to that seen for the good coatings by XPS, These 
contrast the XPS measurements at a larger scale, sug- 
gesting that the coating possesses discontinuities only 
at isolated areas and that the Snm coatings are gener- 
ally continuous on the microscale. Figure 26.33 shows 
representative XPS and AES spectra of selected samples. 
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Variants 


Figure 13-2. In this simpiitied view of a variable capacitor. 
the brown plates constitute the rotor, attached to a cen- 
tral shaft, while the blue plates are the stator. The colors 
hhave no electrical significance and are added merely for 
Clarity. The area of overlap between rator and stator de~ 
termines the capacitance. 


Reduction gears may be used to enable fine tun- 
ing ofa variable capacitor, which means multiple 
tums of a knob can produce very small adjust- 
ments of the capacitor. At the peak of variable 
capacitor design, units were manufactured with 
high mechanical precision and included anti- 
backlash gears. These consisted of pair of equal- 
sized gears mounted flat against each other 
a spring between them that attempted to turn 
the gears in opposite directions from each other. 
The pair of gears meshed with a single pinion, 
eliminating the looseness, or backlash, that nor- 
mally exists when gear teeth interlock. A vintage 
capacitor with a spring creating anti-backlash 
gearing (circled) is shown in Figure 13-3. Thisisa 
two-gang capacitor—it is divided into two sec- 
tions, one rated 0 to 35pF, the other rated 0 to 
160pF. 


power> moderation > variabl 


capacitor 


Figure 13-3. A “traditional style" variable capacitor of the 
type designed to tune radio frequencies. The spring. ci 
cled, enables ant-backlash gearing. 


Variants 


The traditional variable capacitor, with exposed, 
air-spaced, rigid, rotating vanes, is becoming 
hard to find. Small, modem variable capacitors 
are entirely enclosed, and their plates, or vanes, 
le. Some capacitors use a pair of con- 
centric cylinders instead of plates or vanes, with 
an external thumb screw that moves one cyli 
der up or down to adjust its overlap with the 
other. The overlap determines the capacitance. 


Trimmer capacitors are available witha variety of 
dielectrics such as mica, thin slices of ceramic, or 
plastic. 
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27. Self-Assembled Monolayers for Controlling 
Adhesion, Friction and Wear 


Reliability of micro- and nanodevices, as well 
‘as magnetic storage devices require the use 

of lubricant films for the protection of sliding 
surfaces. To minimize high adhesion, friction, and 
because of small clearances in the devices, these 
films should be molecularly thick. Liquid films of 
low surface tension or certain hydrophobic solid 
films can be used. Ordered molecular assemblies 
with high hydrophobicity can be engineered using 
‘chemical grafting of various polymer molecules 
with suitable functional head groups, spacer 
‘chains and nonpolar surface terminal groups. 

The classical approach to lubrication uses 
multi-molecular layers of liquid lubricants. 
Boundary lubricant films are formed by either 
physisorption, chemisorption, or chemical 
Teaction, The physiosorbed films can be either 
monomolecularly or polymolecularly thick. The 
chemisorbed films are monomolecular, but 
stolchiometric films formed by chemical reaction 
‘an be multilayered. A good boundary lubricant 
should have a high degree of interaction between 
its molecules and the sliding surface. As a general 
rule, liquids are good lubricants when they are 
polar and thus able to grip on solid surfaces (or be 
adsorbed). 

In this chapter, we focus on self-assembled 
monolayers (SAMs) for high hydrophobicity and/or 
low adhesion, friction, and wear. SAMs are 
produced by various organic precursors, We first. 
present a primer to organic chemistry followed by 
an overview on suitable substrates, head groups, 
spacet chains, and end groups in the molecular 
chains and an overview of tribological properties 
of SAMs. The adhesion, friction, and wear 


Reliability of micro/nanodevices, also commonly re- 
ferred to as micro/nanoelectromechanical systems 
(MEMS/NEMS), as well as magnetic storage devices 
(which include magnetic rigid disk drives, flexible disk 
drives, and tape drives) require the use of molecularly 
thick films for protection of sliding surfaces [27.1-8]. 
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properties of SAMs, having alkyl and biphenyl 
‘spacer chains with different surface terminal and 
hhead groups, are surveyed. The friction data are 
explained using a molecular spring model in 
which the local stiffness and intermolecular force 
govern its frictional performance. Based on the 
nanotribological studies of SAM films by AFM, they 
exhibit attractive hydrophobic and tribological 
properties. 


‘A solid or liquid film is generally necessary for ac- 
ceptable tribological properties of sliding interfaces. 
However, a small quantity of high surface tension li- 
quid present between smooth surfaces can substantially 
increase the adhesion, friction, and wear as a result of 
formation of menisci or adhesive bridges [27.9, 10]. It 
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becomes a major concer in micro/nanoscale devices 
operating at ultralow loads, asthe liquid mediated ad- 
hesive force may be on the same order as the external 
load. 

‘The source of the liquid film can be either precxist- 
ing film of liquid and/or capillary condensates of water 
vapor from the environment. I the liquid wets the sur- 
face (0 <0 < 90°, where @ isthe contact angle between 
the liquid-vapor interface and the liquid-solid interface 
fora liquid droplet sitting ona sold surface, Fig. 27.14), 
the liquid surface is thereby constrained to lie parallel 
to the surface [27.11], and the complete liquid surface 
must therefore be concave in shape, Fig.27.1b. Sur- 
face tension results in a pressure difference across any 
meniscus surface, referred to as capillary pressure or 
Laplace pressure, and is negative for a concave menis- 
cus (27.9, 10}, The negative Laplace pressure results in 
an intrinsic attractive (adhesive) force, which depends on 
the interface roughness (local geometry of interacting 
asperites and number of asperitcs), the surface ten- 
sion, and the contact angle. During sliding, frictional 
effects need to be overcome, not only because of ex- 
ternal load, but also because of intrinsic adhesive force. 


Air 


a) 


Fig. 27.1 (a) Schematic ofa sessile-drop on a solid surface 
and the definition of contact angle, and (b) formation of 
meniscus bridges as a result of liquid present at an interface, 
‘The direct measurement of contact angle is most widely 
made from sessile-drops. The angle is generally measured 
by aligning a tangent with the drop profile atthe point of 
‘contact with the solid surface using a telescope equipped 
with a goniometer eyepiece 


“Measured value of high static friction force contributed 
largely by liquid mediated adhesion (meniscus contri- 
bution) is generally referred to as “stiction”. Basically, 
there are three ways to minimize the effect of liquid- 
mediated adhesion: increase in surface roughness, use 
of hydrophobic (watet-fearing) rather than hydrophilic 
(water-loving) surfaces, and the use of a liquid with low 
surface tension (27.9, 10,12, 13] 

‘As an example, bulk silicon and polysilicon films 
used in the construction of microfnanodevices can 
be dipped in hydrofluoric (HF) to make them hy- 
drophobic (e.g, Maboudian [27.14]; Scherge and 
Schaefer (27.15). In HF etching of silicon, hydrogen 
passivates the silicon surface by saturating the dangling 
bonds, and it results in a hydrogen-terminated silicon 
surface that is responsible for less adsorption of water. 
However, after exposure of the treated surface to the en- 
vironment, it reoxidizes, which can adsorb water, and 
thus the surface again becomes hydrophilic. 

‘The surfaces can also be treated or coated with a li- 
quid with relatively low surface tension or a certain 
solid film to make them hydrophobic and/or to control 
adhesion, friction, and wear. The liguid lubricant film 
should be thin (about half of the composite roughness 
of the interface) to minimize liquid-mediated adhesion 
contribution [27.9, 10, 12, 13]. Thus, for ultra-smooth 
surfaces with RMS roughness on the order of a few 
nm, molecularly thick liquid films are required for li- 
quid lubrication. The classical approach to lubrication 
uses freely supported multi-molecular layers of liquid 
lubricants [27.2, 4, 9, 10, 16-19]. Boundary lubricant 
films are formed by either physisorption, chemisorp- 
tion, or chemical reaction. The physiosorbed films can 
be either monomolecularly or polymolecularly thick. 
‘The chemisorbed films are monomolecular, but stoi- 
chiometric films formed by chemical reaction can be 
multilayered, In general, stability and durability of sur- 
face films decrease in the following order: chemically 
reacted films, chemisorbed films, and physisorbed films. 
‘A good boundary lubricant should have a high degree 
of interaction between its molecules and the sliding sur- 
face. As a general rule, liquids are good lubricants when 
they are polar and thus able to grip on solid surfaces 
(or be adsorbed). Polar lubricants contain reactive fune- 
tional end groups. Boundary lubrication properties are 
also dependent on the molecular conformation and lu- 
bricant spreading. It should be noted that the liquid 
films with a thickness on the order of a few nm, may 
be discontinuous and may deposit in an island form of 
nonuniform thickness with a lateral resolution on the 
nanometerscale. 
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Solid films are also commonly used for controlling 
hydrophobicity and/or adhesion, friction, and wear. Hy- 
ddrophobic films have nonpolar surface terminal groups 
(to be described later) that repel water. These films have 
low surface energy (15~30dyn/em) and high contact 
angle (@ > 90°), which minimize wetting (e.g., Zis- 
‘man (27.20); Schrader and Loeb (27.21; Neumann and 
Spelt (27.22). It should be noted that these films do not 
totally eliminate wetting. Multi-molecularly thick (few 
tenths of a nm) films of conventional solid-lubricants 
have been studied. Hansma et al. [27.23] reported the 
deposition of multi-molecularly thick, highly-oriented 
PTFE films from the melt or vapor phase or from 
solution by a mechanical deposition technique by drag- 
ging the polymer at controlled temperature, pressure, 
and speed against a smooth glass substrate. Scandella 
et al [27.24] reported that the coefficient of nanoscale 
friction of MoS2 platelets on mica, obtained by exfolia- 
tion of lithium intercalated MoS> in water, was a factor 
of 1.4 less than that of mica itself. However, MoS 
is reactive to water and its friction and wear proper- 
ties degrade with an increase in humidity [27.9, 10] 
‘Amorphous diamond-like carbon (DLC) coatings can 
be produced with extremely high hardness and are com- 
mercially used as wear-resistant coatings [27.25, 26] 
‘Their largest application is in magnetic storage de- 
vices [27.2]. Doping of the DLC matrix with elements 
like hydrogen, nitrogen, oxygen, silicon, and fluorine 
influences their hydrophobicity and tribological prop- 
enties [27.25, 27,28]. Nitrogen and oxygen reduce the 
contact angle (or increase the surface energy), due to the 
strong polarity that is formed when these elements are 
bonded to carbon. On the other hand, silicon and fluo- 
rine inerease the contact angle ranging from 70-100° 
(or reduce the surface energy to 20-40 dyn/cm), making 
them hydrophobic [27.29, 30]. Nanocomposite coat- 
ings with a diamond-like carbon (a-C:H) network and 
glass-like a-Si:O network are generally deposited using 
aplasma-enhanced chemical vapor deposition (PECVD) 
technique in which plasma is formed from a siloxane 
precursor using a hot filament. For a fluorinated DLC, 
CF; is added as the fluorocarbon source to an acety 
lene plasma. In addition, fluorination of DLC can be 
achieved by the post-deposition treatment of DLC coat- 
ings in a CF, plasma, Silicon- and fluorine-containing 
DLC coatings mainly reduce their polarity due to the 
loss of sp?-bonded carbon (polarization potential of 
the involved x electrons) and dangling bonds of the 
DLC network. As silicon and fluorine are unable to 
form double bonds, they force carbon into a sp" bond- 
ing state [27.30]. Friction and wear properties of both 
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silicon-containing and fluorinated DLC coatings have 
‘been reported to he superior to that of conventional DLC 
coatings [27.31,32]. However, DLC coatings require line 
of sight deposition process, which prevents deposition 
fon complex geometries. Furthermore, it has been re- 
ported that some self-assembled monolayers (SAMs) 
are superior to DLC coatings in hydrophobicity and 
tribological performance [27.33]. 

Organized and dense molecular-scale layers of, 
preferably, long-chain organic molecules are known 
to be superior lubricants on both macro- and 
cro/manoscales as compared with freely supported 
‘multi-molecular layers [27.4, 34-38]. Common tech- 
niques to produce molecular-scale organized layers are 
Langmuir~Blodgett (LB) deposition and chemical graf- 
ing of organic molecules to realize SAMs (27.39, 40) In 
the LB technique, organic molecules from suitable am- 
phiphilic molecules are first organized at the air-water 
interface and then physisorbed on a solid surface to form 
‘mono- or multi-molecular layers [27.41]. In the case of 
SAMSs, the functional groups of molecules chemisor’ 
6a solid surface, which results inthe spontaneous for- 
mation of robust. highly ordered, oriented, and dense 
‘monolayers [27.40]. In both cases, the organic molecules 
used have well distinguished amphiphilic properties (hy- 
drophilic functional head and a hydrophobic aliphatic 
tail) so that an adsorption of such molecules on an ac- 
tive inorganic substrate leads to their firm attachment 
to the surface. Direct organization of SAMs on the 
solid surfaces allows coating in the tight areas such 
as the bearing and journal surfaces in an assembled 
bearing. The weak adhesion of classical LB films to 
the substrate surface restricts their lifetimes during slid- 
ing, whereas certain SAMs can be very durable [27.34] 
‘As a result, SAMs are of great interest in tribological 
applications. 

Much of the research in the application of SAMs 
has been carried out for the so-called soft lithographic 
technique 27.42, 43]. This is & non-photolithographic 
technique. Photolithography is based on a projection- 
printing system used for projection of an image from 
a mask to a thin-film photoresist and its resolu- 
tion is limited by optical diffraction limits. In the 
soft lithography, an elastomeric stamp or mold is 
used to generate micropatterns of SAMs either by 
contact printing (known as microcontact printing or 
UCP [27.44)), by embossing (imprinting) [27.45], or 
by replica molding [27.46], which circumvents the 
diffraction limits of photolithography. The stamps are 
generally cast from photolithographically generated 
patterned masters, and the stamp material is gener- 
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ally polydimethylsiloxane (PDMS). In CP, the ink 
is a SAM precursor to produce nm-thick resists with 
lines thinner than 100nm. Although soft lithography 
requires little capital investment, it is doubtful that 
it would ever replace well established photolithogra- 
phy. However, 1CP and embossing techniques may 
be used to produce microdevices that are a substan- 
tially cheaper and more flexible choice of material for 
construction than conventional photolithography (e.2., 
SAMs and non-SAM entities for CP and elastomers 
for embossing). 

Other applications for SAMs are in the areas of 
bio/chemical and optical sensors, for use as drug- 
delivery vehicles and in the construction of electronic 
components [27.39, 47]. Bio/chemical sensors require 
the use of highly sensitive organic layers with tai- 
lored biological properties that can be incorporated into 
electronic, optical, or electrochemical devices. Self- 
assembled microscopic vesicles are being developed 


27.1 A Primer to Orga! 


All organic compounds contain the carbon (C) atom. 
Carbon, in combination with hydrogen, oxygen, nitro- 
gen, and sulfur results in a large number of organic 
compounds, The atomic number of carbon is six, and 
its electron structure is 1s? 2s? 2p2, Two stable isotopes 
of carbon, 7C and !3C, exist. With four electrons in its 
cuter shel, carbon forms four covalent bonds with each 
bond resulting from two atoms sharing a pair of elec- 
trons. The number of electron pairs that two atoms share 
determines whether or not the bond is single or multiple 
Ina single bond, only one pair of electrons is shared by 
the atomis, Carbon can also form multiple honds by shar- 
ing two or three pairs of electrons between the atoms, For 
example, the double bond formed by sharing two elec- 
tron pairs is stronger than a single bond, and tis shorter 
than a single bond. An organic compound is classified 
as saturated ifit contains only the single bond and as un- 
saturated ifthe molecules possess one or more multiple 
carbon-carbon bond 


Chemistry 


27.1.1 Electronegativity/Polarity 


‘When two different kinds of atoms share a pair of elee- 
trons a bond is formed in which electrons are shared 
unequally, one atom assumes a partial positive charge 
and the other a negative charge with respect to each 


to ferry potentially Lifesaving drugs to cancer patients. 
By getting organic, metal, and phosphonate molecules 
(complexes of phosphorous and oxygen atoms) to as- 
semble themselves into conductive materials, these can 
be produced as self-made sandwiches for use as elec- 
tronic components, The application of interest here is an 
application requiring hydrophobicity and/or low friction 
and wear. 

‘An overview of molecularly thick layers of liquid 
lubricants and conventional solid lubricant can be found 
in various references [27.2,4,9, 10,18, 19,25]. In this 
chapter, we focus on SAMs for high hydrophobic- 
ity and/or, low adhesion, friction, and wear. SAMs 
are produced by various organic precursors. We first 
present a primer to organic chemistry followed by an 
overview on suitable substrates, spacer chains, and end 
groups in the molecular chains, an overview of tri- 
bological properties of SAMs, and some concluding 
remarks, 


other. This difference in charge occurs because the two 
‘atoms exert unequal attraction forthe pair of shared elec- 
trons, The attractive force that an atom of an element has 
for shared electrons in a molecule or polyatomic ion is 
known as its electronegativity. Elements differ in their 
celectronegativities. A scale of relative electronegatives, 
in which the most electronegative element, fluorine, 
is assigned a value of 4.0, was developed by Linus 
Pauling. The relative electronegativities of the elements 
in the periodic table can be found in most undergraduate 
chemistry textbooks (e.g., Hein et al. [27.48)). Rela 
tive electronegativity of the nonmetals is high compared 
to that of metals, Relative electronegativity of selected 
elements of interest with high values is presented in 
‘Table 27.1 

‘The polarity of a bond is determined by the differ- 
cence in electronegativity values of the atoms forming the 
bond, Ifthe electronegativities are the same, the bond is 
nonpolar and the electrons are shared equally. In this type 
of bond, there is no separation of positive and negative 
charge between atoms. Ifthe atoms have greatly differ- 
cent electronegativities, the bond is very polar. A dipole 
is a molecule that is electrically asymmetrical, causing 
it to be oppositely charged at two points. As an exam- 
ple, both hydrogen and chlorine need one electron to 
form stable electron configurations, They share a pair of 


Springer Handbook wNapotechnaio 
Penge Snuchn © Springer 2004 


6 


Self-Assembled Monolayers | 271 A Primer to Organic Chemistry 835 


7 
Z 
x 
a 
7 


mE tengzon 


electrons in hydrogen chloride, HCl. Chlorine is more 
clectronegative and, therefore, has a greater attraction 
for the shared electrons than hydrogen. As a result, the 
pair of electrons is displaced toward the chlorine atom, 
siving it a partial negative charge and leaving the hy- 
drogen atom with a partial positive charge, Fig. 27.2. 
However, the entire molecule, HCI, is electrically neu- 
tral. The hydrogen atom with a partial positive charge 
(exposed proton on one end) can be easily atracted to the 
negative charge of other molecules, and this is respon- 
sible for the polarity of the molecule. A partial charge 
is usually indicated by 6, and the electronic structure of 
HClis given as: 

Be 

HCl 
Similar to the HCI molecule, HF is polar, and both be- 
have asa small dipole. On the other hand, methane 


27.2 Schematic representation of the formation of 
‘apolar HCI molecule 
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(CH), carbon tetrachloride (CCl,), and carbon dioxide 
(CO2) are nonpolar. In CH, and CCl, the four C—H 
and C—CI polar bonds are identical, and because these 
bonds emanate from the center to the comers ofa tetra- 
hedron in the molecule, the effect of their polarities 
cancels out one another. COz (O=C=0) is nonpo- 
lr, because carbon-oxygen dipoles cancel each other 
by acting in opposite directions. Symmetric molecules 
are generally nonpolar. Water (H-O—H) is a polar 
molecule. If the atoms in water were linear as in 
CO», two O-H dipoles would cancel each other, and 
the molecule would be nonpolar. However, water has 
a bent structure with an angle of 105° between the two 
bonds, which is responsible for the water being a polar 
molecule 


27.1.2 Classification and Structure 
of Organic Compounds 


Tables 27.2-27.6 present selected organic compounds 
‘grouped into classes. 


Hydrocarbons 
Hydrocarbons are compounds that are composed en- 
tirely of carbon and hydrogen atoms bonded to each 
other by covalent bonds. Saturated hydrocarbons (alka- 
nes) contain single bonds. Unsaturated hydrocarbons 
that contain a carbon-carbon double bond are called 
alkenes, and ones with a triple bond are called alkynes. 
Unsaturated hydrocarbons that contain an aromatic 
ring, eg., benzene ring, are called aromatic hydrocar- 
bons 


Soturated Hydrocarbons: Alkanes. The alkanes, also 
‘known as paraffins, are saturated hydrocarbons, straight- 
or branched-chain hydrocarbons with only single co- 
valent bonds between the carbon atoms. The general 
‘molecular formula for alkanes is CyH242, where 1 is 
the number of carbon atoms in the molecule, Each car- 
bon atom is connected to four other atoms by four single 
covalent bonds. These bonds are separated by angles 
of 109.5° (the angle by lines drawn from the center of 
a regular tetrahedron to its corners). Alkane molecules 
contain only carbon-carbon and carbon-hydrogen bonds, 
which are symmetrically directed toward the comers of 
a tetrahedron. Therefore, alkane molecules are essen- 
tially nonpolar. 

Common alkyl groups have the general for- 
mula CyHoo41 (one hydrogen atom less than the 
corresponding alkane). The missing H stom may 
be detached from any carbon in the alkane. The 
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Table 27.2 Names and 


‘Nam ormula 
formulas of selected hydro- 
Saturated hydrocarbons anon 
Straightchain alkanes CaHlany2 
e.g., methane, CHy 
ethane (CoHy or CH3CH3 
Alkyl groups CyHaagt 
eg. methyl, CH; 
ethyl =CHCHs 
Unsaturated hydrocarbons 
Alkenes (CH2)q 
a ‘eg., ethene, (CoH, or CH>=CH> 
3 Mone 3H or CHsCH=CH 
zy Alkynes 
a eg. acetylene HC=CH 
‘Aromatic hydrocarbons 5 
| 
i ee 
ee No Se" 
eg, benzene io 
aN Ny 
it 
aT Table 27.3 Names and for- 
rulas of selected alcohols, 
‘Alcohols R-OH ethers, phenols, and thiols 
eg. methanol, cH.OH 
ethanol CHsCH:OH 
Ethers R-O-R’ 
eg. dimethyl ether, CHy-0-CHy 
dliothy ether CHyCH;-O-CH;CHs 
on 
Phenols. (CeHsOH or 
Thiols -sH 
eg, methanethiol casi 


‘The letters R- and R’ represent an alkyl group. The R- groups in ethers ean be 
the same or different and can be alkyl or aromatic (At) groups. 


name of the group is formed from the name Unsaturated Hydrocarbons. Unsaturated hydrocarbons 
‘of the corresponding alkane by replacing -ane consistofthree families of compounds that contain fewer 
with -yl ending. Some examples are shown in hydrogen atoms than the alkane with the corresponding 


Table 27.2. 


number of carbon atoms and contain multiple bonds 
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Values 

A large traditional capacitor can be adjusted 
down to a near-zero value; its maximum will be 
no greater than 500pf, limited by mechanical 
factors, (See Chapter 12 for an explanation of ca- 
pacitance units.) 


Amaximum value for a trimmer capat sel- 
dom greater than 150pF. Trimmers may have 
their values printed on them or may be color- 
coded, but there is no universal set of codes. 
Brown, for example, may indicate either a maxi- 
mum value around 2pF or 40pF, depending on 
the manufacturer. Check datasheets for details. 


The upper limit of a trimmer's rated capacitance 
is usually no less than the rated value, but can 
often be 50% higher. 


Formats 

All trimmer capacitors are designed for mount- 
ing on circuit boards. Many are surface-mount, 
with a minority being through-hole. Surface- 
mount units may be 4mm x 4mm or smaller. 
Through-hole are typically Smm x 5mm orlarger. 
Superficially, trimmer capacitors resemble 
single-turn trimmer potentiometers witha screw 
head in the center of a square package. A 
through-hole example is shown in Figure 13-4. 


[BERS 000° SRee 
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Figure 13-4, A trimmer capacitor rated 1.5pF to Z0pF. 
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How to Use it 


How to Use it 


A variable capacitor is often used to tune an LC 
circuit, so called because a coil (with reactance 
customarily represented by letter L) is wired in 
parallel with a variable capacitor (represented by 
letter C). The schematic in Figure 13-5 shows an 
imaginary circuit toillustrate the principle. When 
the switch is flipped upward, it causes a large 
fixed-value capacitor to be charged from a DC 
power source. When the switch is flipped down, 
the capacitor tries to pass current through the 
‘coil—but the coil’s reactance blocks the current. 
and converts the energy into a magnetic field. 
Afterthe capacitordischarges, the magneticfield 
collapses and converts its energy back into elec- 
tricity. This flows back to the capacitor, but with 
inverted polarity, The cycle now repeats with 
current flowing in the opposite direction. A low- 
current LED across the circuit would flash as the 
voltage oscillates, until the energy is exhausted, 


Figure 13-5. in this imaginary circuit, the capacitor is 
charged through the double-pole switch in its upper pos 
tion. When the switch is turned, the capacitor forms an LC 
(inductance-capacitance) circuit with the col, and reso: 
rates at a frequency determined by their values. In reality, 
extremely high values would be needed to obtain a visible 
result from the LED, 


Because the oscillation resembles watersloshing 
from side to side in a tank, an LC circuit is some- 
times referred to as a tank circuit. 
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between carbon atoms. These include alkenes (with 
carbon-carbon double bonds), alkynes (with carbon- 
carbon triple bonds), and aromatic compounds (with 
benzene rings that are arranged in a six-member ring 
‘with one hydrogen atom bonded to each carbon atom 
sand three carbon-carbon double bonds), Some examples 
are shown in Table 27.2, 


Alcohols, Ethers, Phenols, and Thiols 
Organic molecules with certain functional groups are 
synthesized for desirable properties. Alcohols, ethers, 
and phenols are derived from the structure of water 
by replacing the hydrogen atoms of water with alkyl 
groups (R) or aromatic (Ar) rings. For example, phe- 
nol is a class of compounds that have a hydroxy group 
attached to an aromatic ring (benzene ring). Organic 
‘compounds that contain the SH group are analogs of 
alcohols and are known as thiols. Some examples are 
shown in Table 27.3. 


Aldehydes and Ketones 
Both aldehydes and ketones contain the carbonyl group, 
C=O, a carbon-oxygen double bond. Aldehydes have 


at least one hydrogen atom bonded to the carbonyl 
‘group, whereas ketones have only an alkyl or aromatic 
‘group bonded to the carbonyl group. The general for- 
‘mula for the saturated homologous series of aldehydes 
and ketones is CyH2,0. Some examples are shown in 
Table 27.4. 


Carboxyl Acids and Esters 
‘The functional group of the carboxylic acids 
is known as a carboxyl group, represented as 
=COOH. Carboxylic acids can be either aliphatic 
(RCOOH) or aromatic (ArCOOH). The carboxylic 
acids with even numbers of carbon atoms, n, rang- 
ing from 4 to about 20 are called fatty acids (e.g 
n= 10,12, 14, 16 and 18 are called capric acid, lau- 
ric acid, myristic acid, palmitic acid, and stearic acid, 
respectively), 

Esters are alcohol derivates of carboxylic acids. 
‘Their general formula is RCOOR’, where R may be 
hydrogen, alkyl group, or aromatic group, and R’ may 
be an alkyl group or aromatic group but not a hydro- 
gen, Esters are found in fats and oils. Some examples 
are shown in Table 27.5, 


‘Table27.4 Names and for 


Nain Hones ‘mulas of selected aldehydes 
5 eae 
eyes RCHOw® 
abo 
actiow 9 
ey 
action cu 
fnulshy oral ocantalcyde ——_CHSCHO 
fies nore 
my 
none 9 
sales 
ArCOAr or I 
tly 
seuiiters cxscocmscrs 


or methyl-ethyl ketone 


‘The letters R and R’ represent alkyl groups, and Ar represents an aromatic group. 
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Table 27.5 Names and for- 
mmulas of selected carboxylic 
acids and esters 


Carboxylic acid* RCOOH or i 
R—C—on 
ACOOHor 
Ar—C—on 
eg. methanoic acid omic acid), HCOOH 
ethanoic acid (acetic acid), (CH3COOH 
octadecanoic acid (stearic acid) (CH3(CH2)gCOOH 
° 
ser RcooR'er yl op 
“eid slob 
2. methyl propanoate CHsCH,COOCH, 


* The letter R represents an alkyl group and Ar represents an aromatic group. 
© The letter R represents hydrogen, an alkyl group, or an aromatic group and 
R’ represents an alkyl group or aromatic group 


Table 27.6 Names and for- 
mulas of selected organic 
nitrogen compounds (amides 
‘and amines) 


eg, methanamide (formamide), HCONH: 
cethanamide (acetamide) (CH3CONH> 
Amines RNE2 orgy” 
H 
RoNH 
RN 
eg. methylamine, CH3NHy 
ethylamine (CH3CH)NH> 


‘The letter R represents an alkyl group or aromatic group. 


Amides and Amines 
Amides and amines are organic compounds containing 
nitrogen, Amides are nitrogen derivates of carboxylic 
acids. The carbon atom of a carbonyl group is bonded 
directly toa nitrogen atom of a —NH2, —NHR, or -NRo 
‘group. The characteristic structure of amide is RCONH>. 

‘An amine isa substituted ammonia molecule that has 
‘a general structure of RNHa, R2NH, or R3N, where R is 
an alkyl or aromatic group. Some examples are shown 
in Table 27.6. 


27.1.3 Polar and Nonpolar Groups 


‘Table 27.7 summarizes polar and nonpolar groups com- 
monly used in the construction of hydrophobic and 
hydrophilic molecules. Table 27.8 lists the relative po- 
larity of selected polar groups [27.49]. Thiol, silane, car- 
boxylic acid, and alcohol (hydroxyl) groups are the most 
‘commonly used polar anchor groups for their attachment 
to surfaces, Methyl and trifluoromethyl are commonly 
used end groups for hydrophobic film surfaces. 
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27.2 Self-Assembled Monolayers: Substrates, Head Groups, 


Spacer Chains, and End Groups 


SAMs are formed as a result of spontaneous, self- 
organization of functionalized organic molecules onto 
the surfaces of appropriate substrates into stable, well- 
defined structures, Fig. 27.3. The final structure is close 
to or at thermodynamic equilibrium, and as a result, it 
tends to form spontaneously and rejects defects. SAMs 
consist of three building groups: a head group that binds 


Table 27.7 Some examples of polar (hydrophilic) and non- 
polar (hydrophobic) groups 


Polar 
Alcohol (hydroxyl) OH 
Cory acid —coon 
‘Aled =coH 
Ketone i 
nollie 
Ecr =coo- 
Carbon Nexo 
Ze 
ee RO-R 
aie Nit 
Amide 7 
los, 
on 
Pol 
“hia =si 
"Techies sich 
Nonpelar 
Mati ci 
“Tiara =c 
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strongly to a substrate, a surface terminal (tail) group 
that constitutes the outer surface ofthe film, and a spacer 
chain (backbone chain) that connects the head and sur- 
face terminal groups. The SAMS are named based on the 
surface terminal group followed by spacer chain and the 
head group (or type of compound formed at the surface). 
Fora SAM to control hydrophobicity, adhesion, friction, 
and wear, it should be strongly adherent to the substrate, 
and the surface terminal group of the organic molecu- 


‘Table27.8 Organic groups listed in the increasing order of 
polarity 


‘Alkanes 
‘Alkenes 

‘Aromatic hydrocarbons 

Ethers 

Trichlorosilanes 

Aldehydes, ketones, esters, carbonyls 
Thiots 

‘Amines 

‘Alcohols, phenols 

Amides 

Carboxylic acids 


wizia ved 


Surface terminal roo 
Spacer chain 


+ os 


Chemical bond 
atthe surface 


Sabstrate 
single chain 


AULT 


Self-assembly molecules 


Fig.27.3 Schematic of a self-assembled monolayer on 
a surface and the associated forces 
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Jar chain should be nonpolar. For strong attachment of 
the organic molecules to the substrate, the head group 
of the molecular chain should contain a polar end group 
resulting inthe exothermic process (energies on the or- 
der of tens of keal/mol), i.e, it results in an apparent 
pinning of the head group to a specific site on the sur- 
face through a chemical bond. Furthermore, molecular 
structure and any crosslinking would have a signfi- 
cant effect on thei friction and wear performance. The 
substrate surface should have a high surface energy (hy- 
Aropolic) so that there will be a strong tendency for 
molecules to adsorb on the surface. The surface should 
be highly functional with polar groups and dangling 
bonds (generally unpaired electrons) so that they can 
react with organic molecules and provide a strong bond. 
Because of the exothermic head group-substrate inter- 
actions, molecules try to occupy every available binding 
site on the surface, and during this process they gener- 
ally push together molecules that have already adsorbed. 
‘The process results in the formation of crystalline mo- 
lecular assemblies. The interactions between molecular 
chains are van der Waals or electrostatic-type with ener- 
gies on the order ofa few (< 10) keal/mol, exothermic. 
‘The molecular chains in SAMs are not perpendicular 
to the surface; the tit angle depends on the anchor 
‘group, as well as on the substrate and the spacer group. 
For example, the tlt angle for alkanethiolate on Au is 
typically about 30~35° angle with respect to substrate 
normal. 

SAMSs are usually produced by immersing a sub- 
strate in solution containing precursor (ligand) that is 
reactive to the substrate surface, or by exposing the sub 
strate to vapor ofthe reactive chemical species [27.39] 
Table 27.9 lists selected systems that have been used 


for formation of SAMs [27.43]. The spacer chain of 
SAM is mostly an alkyl chain (—CaH2» +1), or made of 
a derivatized alkyl group. By attaching different termi- 
nal groups at the surface, the film surface can be made 
to attract or repel water. The commonly used surface 
terminal group of a hydrophobic film with low surface 
‘energy, in the case of a single alkyl chain, is a nonpolar 
methyl (~CHs) or trifluoromethyl (—CF3) group. For 
hydrophilic film, the commonly used surface terminal 
groups are alcohol (~OH) or carboxylic acid (COOH) 
groups. Surface active head groups most commonly used 
are thiol (~SH), silane (e.g. trichlorosilane or ~SiCls), 
and carboxyl (COOH) groups. The substrates most 
‘commonly used are gold, silver, platinum, copper, hy- 
droxylated (activated) surfaces of Si02 on Si, AlzO3 on 
Al, glass, and hydrogen-terminated single-crystal silicon 
(H-Si). Hydroxylation of oxide surfaces is important to 
make them hydrophilic. Thermally grown silica can be 
activated through a sulfochromic treatment. The sample 
is dipped in a solution consisting of 100mL of con- 
centrated HzSOs, SmL of water, and 2. of potassium 


Fig. 27.4 Schematic showing the hydroxylation process oe- 
curring on a silica surface through a sulfochromic treatment 


Table 27.9 Selected substrates and precursors that have commonly been used for formation of SAMs 


RSH (thiol) 
ISH (thiol) 
SSR’ (disulfide) 
SR’ (sulfide) 


2, lass 
Si/Si-H 

Metal oxides 

(e.g, Al2Os, SnO2, Ti02) 


RCOOH (carboxy!) 
RCOOH (carboxy!) 


RSiCh (trichlorosilane) 


Si-O-Si (Siloxane) 
R-Si 


RCOO—... MO, 


R represents alkane (CyH2,42) and Ar represents aromatic hydrocarbon, It consists of various surface active 


‘head groups and mostly with methyl terminal group 
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bichromate for 3-15 min [27.34]. The sample is then 
rinsed with flowing pure water. This results in a sur- 
face with silanol groups (~Si—OH) that is hydrophilic, 
Fig. 27.4. Bulk silicon, polysilicon film, or SiO) filmsur- 
faces can also be treated to produce activated hydrophilic 
silica surface by immersion in about three parts H>SOy 
and one part HO at temperatures ranging from ambi- 
ent to 80°C. For organic molecules to pack together and 
provide a better ordering, a substrate for given molecules 
should be selected such that the cross-sectional diam- 
eter ofthe spacer chains of the molecule is equal to or 
smaller than the distance between the anchor groups at- 
tached tothe substrate. As an example, epitaxial Au film 
oon glass, mica, or single-crystal silicon, produced by e- 
‘beam evaporation, is commonly used because it can be 
deposited on smooth surfaces as a film that is atomi- 
cally flat and defect free, For the case of alkanethiolate 
film, the advantage of Au substrate over SiO substrate 
is that it results in better ordering, because the cross- 
sectional diameter of the alkane molecule is slightly 
smaller than the distance between sulfur atoms attached 
to the Au substrate (~0.$3nm). The thickness of the 
film can be controlled by varying the length of the hy- 
drocarbon chain, and the surface properties of the film 
cean be modified by the terminal group. 

Some of the SAMs have been widely reported 
SAMs of long-chain fatty acids, CaH2 {COOH 
or (CH3)(CH2),COOH (n= 10,12, 14 or 16), on 
glass or alumina have been used in films stud- 
ies since the 1950s [27.16,20]. Probably the most 
studied SAMs to date are n-alkanethiolate mono- 
layers CH3(CHo),S~, prepared from adsorption of 
alkanethiol —(CH2),SH solution onto an Au film (n- 
alkyl and n-alkane are used interchangeably) (27.35~ 
37,43] and n-alkylsiloxane monolayers produced by 


27,3 Tribological Properties of SAMs 


‘The basis for molecular design and tailoring of SAMs 
must start from a complete knowledge of the in- 
terrelationships between the molecular structure and 
tribological properties of SAMs, as well as a deep 
understanding of the adhesion, friction, and wear 
mechanisms of SAMs at the molecular level. Friction 
and wear properties of SAMs have been studied on 
‘miacro- and nanoscales. Macroscale tests are conducted 
using a so-called pin-on-disk tibotester apparatus in 
which a ball specimen slides against a lubricated 
flat specimen [27.9, 10]. Nanoscale tests are con- 
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Fig.27.5 Schematics of a methyl-terminated, 
‘oxane monolayer on Si/SiOz 


alkylsil- 


adsorption of n-alkyltrichlorosilane —(CH2),SiCls s0- 
lution onto hydroxylated Si/SiO2 substrate [27.50] 
with siloxane (Si-O-Si) binding, Fig.27.5. Jung 
et al, [27.51] have produced organosulfur -mono- 
layers ~ decanethiol (CH3)(CHa)9SH, and didecyl 
CH3(CH2))~S—(CH2)oCHs on Au films. Geyer 
etal. [27.52], Bhushan and Liu (27.35), Liu etal. [27.36] 
and Lit and Bhushan [27.37] have produced monolayers 
of 1,1/-biphenyl-4-thiol (BPT) on Au surface, where the 
spacer chain of the film consists of two phenyl rings with 
hydrogen end group. Bhushan and Liu [27.35] and Liu 
and Bhushan [27.37] have also reported monolayers of 
4.4'-dihydroxybiphenyl on Si surface. 


ducted using an atomic force/ftiction force microscope 
(AFM/FEM) [27.4,9, 10]. In the AFM/FFM.experi- 
‘ments, a shatp tip of radius ranging from about 5~50 nm. 
slides against a SAM specimen. A SisNq tip is com- 
monly used for friction studies and a natural diamond 
tip is commonly used for scratch, wear, and indentation 
studies. 

In early studies, the effect of chain length of the car- 
bon atoms of fatty acid monolayers on the coefficient 
of friction and wear on the macroscale was studied by 
Bowden and Tabor [27.16] and Zisman [27.20]. Zisman 
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reported that for the monolayers deposited on a glass 
surface sliding against a stainless steel surface, there 
is a steady decrease in friction with increasing chain 
length. At a significantly long chain length, the co- 
efficient of friction reaches a lower limit, Fig.27.6. 
He further reported that monolayers having chain 
length below 12 carbon atoms behave as liquids (poor 
durability), those with chain length of 12-15 carbon 
atoms behave like a plastic solid (medium durabil- 
ity), whereas those with chain lengths above 15 carbon 
aloms behave like a crystalline solid (high durabil- 
ity). Investigations by Ruhe et al. [27.53] indicated 
that the lifetime of the alkylsilane monolayer coat- 
ing on a silicon surface increases greatly with an 
increase in the chain length of the alkyl substituent. 
DePalma and Tillman (27.54) showed that a mono- 
layer of n-octadecyltrichlorosilane (n-CisHs7SiCls, 
OTS) is an effective lubricant on silicon, fol- 
lowed by n-undecyltrichlorosilane (n-Cy H23SiCls, 
UTS) and (tridecafluoro-1,1,2,2-tetrahydrooet-1-yl) 
trichlorosilane (n-CgF\3CHyCH)SiCh, FTS). Ando 
et al. [27.55] suggested that y-(N.N-dioctadecyl- 
suceinylamino) propyltriethoxysilane monolayer is 
1a candidate lubricant. The film exhibited a low co- 
efficient of kinetic friction of 0.1, without stick-slip. 
However, tests in all these investigations were carried 
ut using a pin-on-disk tibotester under relatively large 
‘normal loads up to 0.15N. Thus, the relevance of these 
tests is questionable for micro/nanodevice application, 
With the development of AFM techniques, 
searchers have successfully characterized the nanotribo- 
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Fig. 27.6 Effect of chain length (or molecular weight) on 

coefficient of macroscale friction of stainless ste! sliding 

‘on glass lubricated with a monolayer of fatty acid and con- 

tact angle of methyl iodide on condensed monolayers of 

fatty acid on glass (27.20) 


logical properties of self-assembled monolayers [27.1 
434-38]. Suidies by Bhushan etal. [27.34] showed that 
Cis alkylsiloxane films exhibit the lowest coefficient of 
friction and can withstand a much higher normal load 
during siding compared to LB films, soft Au films, and 
hard SiO> coatings, 

McDermott et al. [27.56] studied the effect of 
length of alkyl chains on the frictional properties of 
rethyL-terminated n-alkylhiolate CHs(CH),S— films 
chemisorbed on Au(111) using an AFM. They reported 
thatthe longer chain monolayers exhibit a markedly 
lower friction and a reduced propensity to wear than 
shorter chain monolayers, Fig.27.7. These results are 
in good agreement with the macroscale results by Zis- 
‘man [27.20]. They also conducted infrared reflection 
spectroscopy to measure the bandwidth ofthe methylene 
stretching mode (v (CH2)). which exhibits a qualitative 
correlation withthe packing density of the chains. They 
found that the chain structures of monolayers prepared 
with longer chain lengths are more ordered and more 
densely packed in comparison to those of monolayers 
prepared with shorter chain lengths. They further re- 
Dorted thatthe ability of the longer chain monolayers to 
retain molecular scale orderduring shear leads toa lower 
observed friction, Monolayers with a chain length of 
more than 12 carbon atoms, preferably 18 oF more, are 
desirable for tribological applications. (Incidentally, the 
‘monolayer with 18 earbon atoms, octadecanethiol films, 
are commonly studied.) 
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Fig.27.7 Etfect of chain length of methyl-terminated, 

alkanethiolate over Au film AuS(CHs),CHs on the coef 
ficient of microscale friction and peak bandwidth at half 
maximum (Av,/2) for the bandwidth of the methylene 
stretching mode [0 (CH3)] [27-56] 
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Xiao et al, [27.57] and Lio et al. [27.58] also stud- 
ied the effect of the length of the alkyl chains on the 
frictional properties of n-alkanethiolate films on gold 
and n-alkylsilane films on mica. Friction was found 
to be particularly high with short chains of less than 
eight carbon atoms. Thiols and silanes exhibit a sim- 
ilar friction force for the same nm when n > 11; while 
for n < 11, silanes exhibit higher friction, larger than 
that for thiols by a factor of about 3 for n =6. The 
increase in friction was attributed to the large mum- 
ber of dissipative modes in the less ordered chains that 
occurs when going from a thiol to a silane anchor or 
when decreasing n. Longer chains (x > 11), stabilized 
by van der Waals attraction, form more compact and 
rigid layers and act as better lubricants. Schonherr and 
Vaneso [27.59] also correlated the magnitude of fric- 
tion with the order of the alkane chains. The disorder 
of the short-chain hydrocarbon disulfides SAMs was 
found to result ina significant increase in the magnitude 
of friction 

Fluorinated carbon (fluorocarbon) molecules are 
commonly used for lubrication (27.2, 9, 10]. Kim 
et al, [27.60, 61] studied the influence of methyl-, iso- 
propyl-, and trifluoromethyl-terminated alkanethiols on 
the friction properties of SAMs. They reported a fac- 
tor of three increases in the friction in going from 
the methyl-terminated SAM to the trfluoromethyl- 
terminated SAM. They suggested that fluorinated 
‘monolayers exhibit higher frictional properties due to 
tighter packing at the interface, which arises from the 
larger van der Waals radii of the fluorine atoms. Sub- 
sequent steric and rotational factors between adjacent 
terminal groups give rise to long-range multi-molecular 
interactions in the plane of the —CF; groups. When 
these energetic barriers are overcome in the film struc- 
ture, more energy is imparted to the film during 
sliding and results in higher friction for the fluorinated 
films. 

Tsukruk et al. [27.62] and Lee et al. (27.63] studied 
the nanotribological properties of Cyo-terminated alkyl- 
trichlorosilanes and alkanedisulfides self-assembled 
‘monolayers, Both of their studies observed that the fric- 
tional forces of the Cy-terminated films are higher than 
those on normal methyl-terminated SAMs. However, 
Tsukruk et al. {27.62] reported that the Cao-terminated 
alkyltrichlorosilanes SAMs exhibit high wear resistance. 
Tsukruk and Bliznyuk [27.64] also studied the adhe 
sion and friction between a Si sample and SisNa tip, 
in which both surfaces were modified by ~CHs, NH, 
and —SO3H terminated silane-based SAMs. Various 
polymer molecules for the backbone were used. They 
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reported that a very broad maximum adhesive force 
in the pH range of from 4 to 8 with a minimum ad- 
hesion at pH > 9 and pH <3 were observed for all 
of the studied mating surfaces. This observation can 
be understood by considering a balance of electro- 
static and van der Waals interaction between composite 
surfaces with multiple isoelectric points. The friction co- 
eflicient of NH2/NHp and SO3H/SO3H mating SAMs 
is very high in aqueous solutions. Cappings of NHz 
‘modified surfaces (3-aminopropyltriethoxysilane) with 
rigid and soft polymer layers resulted in a signifi- 
cant reduction in adhesion to a level lower than that 
of untreated surfaces [27.65]. Fujihira et al. [27.66] 
studied the influence of surface terminal groups of 
SAMs and functional tip on adhesive force. It was 
found that the adhesive forces measured in air in- 
crease in the order of CH3/CH3, CHs/COOH, and 
COOH/COOH. 

Bhushan and Liv [27.35], Liu et al. [27.36], and 
Liu and Bhushan (27.37, 38] have studied the influ- 
ence of spacer chains, surface terminal groups, and head, 
groups on adhesion, friction, and wear properties of 
SAMs. They have explained the friction mechanisms 
using a molecular spring model in which local stiff- 
ness and the intermolecular forces govern the friction 
properties. They studied the influence of relative humid- 
ity, temperature, and velocity on adhesion and friction, 
‘They also investigated the wear mechanisms of SAMs 
by a continuous microscratch APM technique. 

To date, the nanotribological properties of alkyl- 
trichlorosilanes, alkanethiols, and biphenyl thiol SAMs 
have been widely studied. In this chapter, we review, 
in some detail, the nanotribological properties of five 
kinds of SAMs, having alkyl and biphenyl spacer chains 
‘with different surface terminal groups (—CHs, ~COOH, 
and —OH), and head groups (—SH and —OH), which 
hhave been investigated by AFM at various operat- 
ing conditions, Fig. 27.8 [27.35-38]. Hexadecane thiol 
(HDT), 1.1’-biphenyl-4-thiol (BPT) and crosslinked 
BPT (BPTC), and 16-mercaptohexadecanoic acid thiol 
(MHA) were deposited on Au(111) substrates. A 4,4'~ 
dihydroxybiphenyl (DHEp) film was deposited on 
a hydrogenated Si(111) substrate. Figure 27.8 shows 
that HDT and MHA have the same head groups and 
spacers, but different surface terminal groups: their sur- 
face terminals are ~CHs and —COOH, respectively. 
BPT and DHBp have the same spacers, but the head 
and surface terminal groups of DHBp are —OH instead. 
of SH and ~CH in BPT. Crosslinked BPTC was pro- 
duced by irradiation of BPT monolayers with low energy 
electrons. 
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Fig. 27.8 Schematics ofthe structures of HDT, BPT, MHA, 


27.3.1 Surface Roughness 
and Friction Images of SAMs Films 


Surface height and friction force images of SAMs were 
recorded simultaneously on an area of | yum> 1 jm by 
an AFM, Fig. 27.9 [27.35]. The topography of Au(111) 
film and SAMs deposited on Au(111) substrates ap- 


pear to be granular. A good correlation between the 
surface height and the corresponding friction force im- 
ages was observed. It was noticed that the friction 
force changed with surface height in the same direc- 
tion (upwards and downwards) in both trace and retrace 
friction profiles of the friction loop. Thus, the change 
in friction force corresponds to transitions in surface 
slope [27.4, 35, 36, 67]. Figure 27.9 also indicates that 
the topography and friction images of Si(111) and 
DHBp/Si(111) are very similar; they exhibit feature- 
less surfaces and their friction force images do not show 
any abrupt changes. 

For further analysis presented later in this chapter, 
the roughness, thickness, tilt angles, and spacer chain 
lengths of Si(111), Au(111),and various SAMsare listed 
in Table 27.10 [27.35]. The roughness values of BPT and 
MHA are very close to that of Au(111). But the rough- 
ness of BPTCis lower than that of Au(111) and BPT; this 
is caused by electron irradiation. Table 27.10 indicates 
that the roughness values of HDT and DHBp are much 
higher than their substrate roughness of Au(111) and 
Si(111), respectively. Thisis caused by local aggregation 
of organic compounds on the substrates during SAMs 
deposition. Table 27.10 also indicates that the thickness 
of biphenyl thiol SAMs is generally thinner than the 
alkylthiol, which is responsible for shorter spacer chain 
in biphenyl thiol 


27.3.2 Adhesion, Fri 
of Adhesion 


‘The average values and standard deviation of the ad- 
hesive force and coefficients of friction measured by 
contact mode AFM are presented in Fig. 27.10 [27.35] 
Based on the data, the adhesive force and coefficient 
of friction of SAMs are less than their corresponding 
substrates. Among various films, HDT exhibits the low- 
cest Values. The ranking of adhesive forces F, is in the 
following order: Fy.ay > Fusi > Fepipp © Fasia > 
Fyavr > Feaetc > Fispr. And the ranking of the co- 
efficients of friction j1 is in the following order: jes\ > 
Hau > Mpaip > Baprc > Herr Asta > Hpr. The 
ranking of various SAMSs for adhesive force and coef- 
ficient of friction is similar. It suggests that alkylthiol 
and biphenyl SAMs can be used as effective molecu- 
lar lubricants for micro/nanodevices fabricated from 
silicon, 

In micro/nano scale contact, liquid capillary conden- 
sation is one of the factors that influence adhesion and 
friction, In the case of a sphere in contact with a flat 
surface, the attractive Laplace force caused by water 
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Fig.27.9 AFM gray-scale surface height and friction force images of Au(111), Si(L11), and various SAMs [27.35] 
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Table 27.10 The R, rough- 
ness, thickness, tlt angles, 
‘and spacer chain lengths of 
SAMs 


ro 
0x9 


4 Nfeasured by an AFM with tym pm scan size using Sis ip under33N normal load. 
2 The thickness and tlt angles of BPT, BPTC, and DB are eported by Gever etal [27.52] 
“The thickness anit angles of HDT and MHA are reported by Ulm (27-40. 

° The spacer chain lengths of alkylthiols were caculatedby the method reported by Miuract al. 
{27.68}, The spacer chain lengths of Biphenyl thiols were calculated by the data reported by 


Ratajecak-Starz eal, [27.69] 
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Fig. 27.10 Adhesive forces and coefficients of friction of 
Au(111), Si(111), and various SAMs [27.35] 


capillary is: 


Fi =2aRyrlcos # +056), 7.) 


where R is the radius of the sphere, yy is the surface 
tension of the liquid against air, @, and @ are the contact, 
angles between liquid and flat and spherical surfaces, 
respectively [27.9, 10]. In an AFM adhesive study, the 


tip-flat sample contact is just like a sphere in contact 
with a flat surface and the liquid is water. Since a single 
tip was used in the adhesion measurements, cos can 
be treated as a constant. Therefore, 


Fi = 2x Ry( +0086) — 27 Rya( — cos) 
=2Ryy(l +e0sh)-C, (27.2) 
where C isa constant 
Based onthe following Young-Dupre equation, work 
of adhesion W, (the work required to pull apart the 
unit area of the solid-liquid interface) can be written 
as [27.70] 


Wa =ma(l +0861) 73) 


It indicates that W, is determined by the contact angle 
of SAMS, i.e., is influenced by the surface chemistry 
properties (polarization and hydrophobicity) of SAMSs. 
By substituting (27.3) into (27.2), Fi, can be expressed 


Fi. =20RW,-C (27.4) 


When the influence on the adhesive force of other fac- 
tors, stich as van der Waals force, is very small, then 
adhesive force F,* Fi. Thus the adhesive force F, 
should be proportional to work of adhesion W,, 

Contact angle is a measure of the wettability of 
a solid by a liquid and determines the W, value, The 
value of the contact angle changes with time. If the 
droplet expands, the contact angle is referred to as the 
advancing contact angle, The contact angles of distilled 
water on Si(I11), Au(111), and SAMs were meas- 
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In reality, unrealistically large values would be 
required to make the circuit function as de- 
scribed. This can be deduced from the following 
formula, where f is the frequency in Hz, L is in- 
ductance in Henrys, and Cis capacitance in Far- 
ads: 


f 


1/Q@n*vL*e)) 


Fora frequency of 1Hz, a massive coll opposite a 
very large capacitor of at least 0.1F would be 
needed. 


However, an LC circuit is well-suited to very high 
frequencies (up to 1,000MHz) by using a very 
small coil and variable capacitor. The schematic 
in Figure 13-6 shows a high-impedance ear- 
phone anda diode (right) substituted forthe LED 
and the resistor in the imaginary circuit, while a 
variable capacitor takes the place of the fixed ca- 
pacitor. With the addition of an antenna at the 
top and a ground wire at the bottom, this LC ci 
cuit is now capable of receiving a radio signal, 
using the signal itself as the source of power. The 
resonant frequency of the circuit is tuned by the 
variable capacitor. The impedance peaks at the 
resonant frequency, causing other frequences to 
be rejected by passing them to ground. With 
suitable refinement and amplification, the basic 
principle of an LC circuit is used in AM radios and 
transmitters. 


Because variable capacitors are so limited in size, 
they are unsuitable for most timing circuits. 


mer capacitors are typically found in high- 
power transmitters, cable-TV transponders, cel- 
lular base stations, and similar industrial appli- 
cations. 


They can be used to fine-tune the resonant fre- 
quency of an oscillator circuit, as shown in 
Figure 13-7. 


> moderation > variable capac 


power 


Earphone 


Figure 13-6. The principle of an LC circuit is used here in 
a basic circuit that can tune in to a radio station and cre 

‘te barely audible sound through the earphone at right 

using only the broadeast signal for power. The variable ca- 

pacitor adjusts the frequency of the circuit to resonate 
with the carrier wave ofthe radio signal. 


€ feedback 


output 


Figure 13-7. A trimmer capacitor in series with a crystal 
fine-tunes the frequency af this basic circuit using an op- 
amp, 


In addition to tuning a circuit frequency, a trim- 
mer capacitor can be used to compensate for 
changes in capacitance or inductance ina circuit 
that are caused by the relocation of wires or re- 
routing of traces during the development pro- 
cess, Readjusting a trimmer is easier than swap- 
ping fixed-value capacitors. A trimmer may also 
be used to compensate for capacitance in a cir- 
cuit that gradually drifts with age. 
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ured using a contact angle goniometer [27.35]. After 
dropping water on the sample surfaces, the dynamic 
advancing contact angle (DACA) was measured with 
fa frequency of 60 for spontaneous spreading for at 
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Fig. 27.1 (a) Variation of dynamic advancing contact angle 
(DACA) with time, (b) the state advancing contact angle 
(SACA), and (2) work of adhesion of Au(L, Si(111), 
and various SAMs. lof the points in this figure represent 
the mean value of six measurements. The uncertainty as 
sociated with the average contact angle is within 2°. The 
insert schematic in (a) shows the contact angle ofthe water 
droplet on the sample surface [27.35] 


Springer Handbook  Nanotechnolo 
BPahushan © Springer 008 


least 420s. The DACA as a function of time data is 
given in Fig. 27.1 1a, It indicates that there is a linear 
relationship between DACA and rest time. As stated 
by many authors, the static advancing contact angle 
(ACA) (at = 0) should be used for surface charac- 
terization [27.71-73]. This SACA can be obtained by 
simple extrapolation of the data in Fig.27.1 1a to t= 
‘The SACA of Si(111), Au(I11), and SAMs is sum- 
‘marized in Fig. 27.1 1b, For water, yy = 72.6 ml /m? at 
22°C, and by using (27.3), the W, data are obtained 
and presented in Fig. 27.1 lc, The Ws can be ranked in 
the following onder: Wa.si(117.0) > Wa-pup(98.8) * 
Wasmia(101.8) = Wa.an(971)_> Wawer(86.8). > 
Waxprc(82.1) > Waspr(61.4). Excluding W,.ax, this 
order exactly matches the order of adhesion force in 
Fig.27.10. The relationship between F, and Wa is 
summarized in Fig. 27.12 [27.35]. It indicates that the 
adhesive force F, (nN) increases with work of adhe- 
sion W, (ml /m?) by the following linear relationship: 


"= 0.57, —22 (27.5) 


‘These experimental results agree well with the mod- 
cling prediction presented earlier in (27.4). It proves 
that on the nanoscale at ambient condition the adhe- 
sive force of SAMs is mainly influenced by the water 
capillary force, Comparing the results of Figure 27.12 
with Figure 27.8, itis found that MHA and DHBp, which 
have polar surface terminal groups (~COOH and —OH), 
lead to larger W, and eventually larger adhesive forces. 
‘Though both HDT and BPT do not have polar surface 
‘groups, the surface terminal of HDT has a symmetrical 
structure, which causes a smaller electrostatic attractive 


“Adhesive farce (aN) 
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Fig. 27.12 Relationship between the adhesive forces and 
‘work of adhesion of different specimen [27.35] 
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force and yields smaller adhesive force than BPT. It is 
believed that the easy attachment of Au on the tip should 
be one of the reasons that cause the large adhesive force, 
which do not fit the linear relationship described by 
75). 


27.3.3 Stiffness, Molecular Spring Model, 
and Micropatterned SAMs 


Next, the friction mechanisms of SAMSs are examined. 
Monte Carlo simulation of the mechanical relaxation of 
CHy(CH2),5SH self-assembled monolayer performed 
by Siepman and McDonald (21.74] indicated that SAMs 
‘compress and respond nearly elastically to microin- 
dentation of an AFM tip under a critical normal load. 
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Displacement (am) 
Fig. 27.13 (a) Slopes of cantilever deflection versus piezo 
displacement measured by force distance calibration mode 
AFM, and (b) normal load versus displacement curves of 
‘Au(111), Si(111), and various SAMs 


Compression can lead to major changes in the mean mo- 
lecular tilt (.e., orientation), but the original structure is 
recovered as the normal load is removed 

To study the difference in the stiffness of various 
films, the stiffness properties were measured by an AFM 
in force-distance calibration mode, as well as in force 
modulation mode [27.4, 37]. Figure 27.134 shows the 
slope of cantilever deflection versus piezo movement 
obtained in the force-distance calibration mode. For an 
infinite hard material, since the surface can not be com- 
pressed, the cantilever deflection should equal the piezo 
movement distance, which means the slope of the can- 
tilever deflection versus piezo movement equals 1. For 
a soft material, the surface can be compressed, caus- 
ing a reduced cantilever deflection, and the slopes are 
smaller than 1. In this study the cantilever has been 
initially calibrated to slope = 1 against a clean, rigid 
Si(1L1) surface. Figure 27.13a indicates that the slopes 
of allof the SAMsare less than 1, which suggests that all 
of the SAMs canbe compressed by a SisNj tip during the 
loading process. The slope value of SAMs can be ranked 
in the following order: Spxtp > Sarr > Sata * Supe: 
This order reflects the influence of molecular structure 
con the compression properties of SAMs. Since BPT and 
DHBp have rigid benzene structure, they are more dif- 
ficult to compress than HDT and MHA. Figure 27.13b 
shows the variation ofthe displacement with normal load 
during indentation mode. It also clearly indicates that 
SAMs can be compressed. At a given normal load, long 
carbon chain structure SAMs such as HDT and MHA 
are easy to compress compared to rigid benzene-ring 
structure SAMs such as BPT and DHBp. Gareia-Parajo 
etal. [27.75] have also reported the compression and re- 
Jaxation of octadecyltrichlorosilane (OTS) film in their 
loading and unloading tests 

In order to explain the frictional difference of SAMs, 
based on the friction and stiffness measurements by 
AFM and the Monte Carlo simulation, a molecular 
spring model is presented in Fig. 27.14. It is believed 
that the self-assembled molecules on a substrate are 
just like assembled molecular springs anchored to the 
substrates [27.35]. A SisNg tip sliding on the surface 
of SAMs is like a tip sliding on the top of “molecu- 
lar springs or brush”. The molecular spring assembly 
has compliant features and can experience compression 
and orientation under normal load. The orientation of 
the “molecular springs or brush” reduces the shearing 
force at the interface, which, in turn, reduces the fric- 
tion force. The possibility of orientation is determined 
by the spring constant of a single molecule (local sti 
ness), as well as the interaction between the neighboring 
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27.4% Molecular spring model of SAMs. In this fig- 
lure, a; <a, which is caused by the orientation under 
the normal load applied by an AFM tip. The orientation 
ff the molecular springs reduces the shearing force at the 
interface, which, in tur, reduces the friction force, The mo- 
lecular spring constant, as wells the inter-molecular forces 
ean determine the magnitude of the coefficients of frition 
of SAMSs. In this figure, the size of the tip and molecular 
springs are not drawn exactly to scale [27.35] 


‘molecules, which can be reflected by packing density or 
packing energy. It should be noted that the orientation 
can lead to conformational defects along the molecular 
chains, which lead to energy dissipation. In the study of 
BPT by AFM, it was found that after the first several 
scans, the friction force is significantly reduced, but the 
surface height does not show any apparent change. This 
suggests that the molecular orientation can be facilitated 
by initial sliding and is reversible [27.38] 

Based on the stiffness measurement results presented 
in Fig.27.13 and the view of molecular structures in 
Fig. 27.14, biphenyl is a more rigid structure due to the 
contribution of two rigid benzene rings. Therefore, the 
spring constant of BPT is larger than that of HDT. The 
hydrogen (H*) in a biphenyl chain has an electrostatic 
attractive force with the x electrons in the neighboring 
benzene ring. Thus, the intermolecular force between 
biphenyl chains is stronger than that for alkyl chains. 
‘The larger spring constant of BPT and stronger inter- 
molecular force require a larger external force to allow 
it to orient, thus causing higher coefficient of friction. 
For MHA and DHBp, their basic chain structures are 
very close to HDT and BPT, respectively. But their 
surface terminals are different. The polar COOH and 
OH external functional groups in MHA and DHBp in- 
crease the adhesive force, thus leading to higher friction 
force than HDT and BPT, respectively. The crosslink- 
ing of BPT leads to a larger packing energy for BPTC. 
‘Therefore, it requires a larger external force to allow 
BPTC orientation, ie. the coefficient of BPTC is higher 
than BPT. 
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Fig.27.15 (a) AFM gray-scale surface height and stifiness 
mages, and (b) AFM gray-scale surface height and fiction 
force images of micropatterned BDCS [27.37] 
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‘An elegant way to demonstrate the influence of mo- 
lecular stiffness on friction isto investigate SAMs with 
different structures on the same wafer. For this pur- 
pose, a micropattemed SAM was prepared. First, the 
biphenyldimethylchlorosilane (BDCS) was deposited 
on silicon by the typical self-assembly method [27.37] 
‘Then the film was partially crosslinked using mask tech- 
nigue by low energy electron irradiation. Finally, the 
‘micropattemed BDCS films were realized that had the 
as-deposited and crosslinked coatings on the same wafer. 
‘The local stiffness properties of these micropattemned 
samples were investigated by force modulation AFM 
technique [27.76]. The variation in the deflection ampli- 
tude provides a measure of the relative local stiffness 
of the surface. Surface height, stiffness, and friction 
{mages ofthe micropatterned biphenyldimethyIchlorosi- 
lane (BDCS) specimen are obtained and presented in 
Fig.27.15 [27.37]. The circular areas correspond to 
the as-deposited film, and the remaining area to the 
crosslinked film, Figure 27.1Sa indicates that crosslink- 
ing caused by the low energy electron irradiation leads 
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to about a O.Snm decrease of the surface height of 
BDCS films. The corresponding stiffness images in- 
dicate that the crosslinked area has a higher stiffness 
than the as-deposited area. Figure 27. 5b indicates that 
the as-deposited area (higher surface height area) has 
lower friction force. Obviously, the data ofthe micropat- 
termed sample prove that the local stiffness of SAMS has 
an influence on their friction performance. Higher stiff- 
ness leads to larger friction force. These results provide 
1 strong proof of the suggested molecular spring model. 

In summary, it has been found that SAMs exhibit 
compliance and can experience compression and ori- 
entation under normal load. The orientation of SAMs 
reduces the shear stress at the interface; therefore SAMs 
can serve as good lubricants. The molecular spring con- 
stant (Local stiffness), as well asthe intermolecular forces 
‘can influence the magnitude of the coefficients of friction 
of SAMs, 


27.3.4 Influence of Humidity, 
Temperature, and Velocity 
on Adhesion and Friction 


‘The influence of relative humidity on adhesion and 
friction was studied in an environmentally controlled 
chamber at 22°C [27.35]. The results are presented in 
Fig. 27.16. Itshows that for S111), Au(111), DHBp and 
MHA, the adhesive and friction forces increase with rel- 
ative humidity, For BPT and BPTC, the adhesive force 
only slightly increases with relative humidity when the 
relative humidity is higher than 40%, but it is very in- 
teresting that their friction decreases inthe same range. 
For HDT, inthe testing range, the adhesive and friction 
force are not sensitive to changes in relative humidity. 

It has already been shown that the adhesive force 
is linearly related to the W, value of the surfaces in 
Fig.27.12. DHBp and MHA have polar surface termi- 
nals and larger W, value. This must therefore lead to 
the larger adhesive forces in higher relative humidity, 
Which, in turn, increase the friction force. In compari- 
son, HDT has a nonpolar ~CHs surface terminal and 
a very small W, value, Thus, the adhesive force and 
friction force of HDT are not sensitive to the change of 
humidity. The W, values of BPT and BPTC are between 
Si(111) and HDT (see Fig. 27.1 1c); therefore their adhe- 
sive forces show a slight increase when RH > 40%. The 
fact that BPT and BPTC show lower friction force when 
RH > 40% suggests that a thin adsorhed water layer can 
act as a lubricant [27.35, 37]. The reason why the ad- 
sorbed water layer acts as a lubricant may be related to 
the thickness ofthe absorbed layer. 
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Fig. 27.16a,b The influence of relative humidity on the 
(a) adhesive force and (b) friction forces at 200nN of 
Si(111), Au(111), and yarious SAMs [27.35] 


Results ofthe influence of temperature on adhesion 
and friction of Si(111) and two selected typical SAMs 
= HDT and BPT ~ are presented in Fig.27.17 [27.37] 
‘The friction data are presented at various normal loads. 
In ll cases, the normal load does not change the gen- 
feral trends. The data show that for Si(I11), once the 
temperature is higher than 75°C, the adhesive force de- 
creases with temperature, The friction force of silicon 
decreases slightly with temperature from room temper- 
ature to 100°C; once the temperature is higher than 
100°C, the friction force shows an apparent decrease. It 
is believed that desorption of the adsorbed water layer 
on Si(111) and the reduction of surface tension of wa- 
ter at high temperature are responsible for the decrease 
in adhesion and friction [27.77]. For HDT, in the testing 
range (22°C—125°C) its adhesion and friction show 
very slight change with temperature. For BPT, its ad- 
hesive force initially increases with temperature from 
22°C—75°C, but when the temperature is higher than 
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Fig.27.17a,b ‘The influence of temperature on (a) adhesive forces und (b) friction forces of Si(111), HDT, 
sand BPT [27.37] 


Table27.11 Melting point of 
typical organic compounds 
Similar to HDT and BPT 
SAMs 
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Fig. 27.18 ‘The influence of velocity on friction forees of Si(111) and SAMs [27.37] 


75°C, the adhesive force remains steady within the ex- 
perimental error. The variations in the friction force with 
temperature for BPT exhibit the maximum value, and the 
corresponding critical temperature is related to the nor- 
mal load. The reason why BPT shows maximum friction 
force is believed to be caused by the melting of film at 


high temperature. When the temperature is below the 
‘melting point, an increase of temperature leads to the 
softening of SAM, which increases the real contact area 
and, consequently, the friction force. Once the temper- 
ature is higher than the melting point, the lubrication 
regime is changed from boundary lubrication in a solid 
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‘SAM(to liquid lubrication in the melted SAM, and there- 
fore the friction force is decreased. To date, the melting 
points of HDT and BPT SAMs are unknown, But from 
the literature [27.77], the melting points of typical linear 
carbon chain and benzene ring compounds are presented. 
in Table 27.11. It is found that the reported melting of 
the benzene ring compounds is somewhat close to the 
frictional transition temperature of BPT measured by 
AFM. For HDT, their very compliant carbon chain can 
serve as an excellent lubricant even in solid state (i.e., at 
for near room temperature), so clear temperature effect 
is not observed as in the case of HDT. 

Figure 27.18 shows the influence of velocity on the 
friction force of SAMS at different normal loads [27.37]. 
In all cases, normal load does not change the general 
trends. It is shown that for a silicon wafer, cleaned by 
Piranha solution just before the friction test, the fric- 
tion force decreases linearly with increasing velocity 
But for Si(L11) without cleaning just before the AFM 
test, the friction force decreases anly at high velocity. 
It is believed that this difference is caused by the ad- 
sorbed water and/or contamination on the surface during 
storuge. Figure 27.18 also indicates that the velocity 
effects of SAMs depend on the molecular structures 
of SAMs, For SAMs that have compliant long carbon 
spacer chains, such as HDT and MHA, the friction force 
increases at high velocity, while for SAMs that have 
rigid biphenyl chains, such as BPT, BPTC, and DHBp. 
the friction force changes in the opposite way. The mech- 
‘anisms responsible forthe variation of the friction forces 
of SAMs with velocity are believed to be related to the 
viscoelastic properties of SAMS, 


27.3.5 Wear and Scratch Resistance of SAMs 


Wear resistance was studied on an area of 1 umx 
1jum using a diamond tip in an AFM. The varia- 
tion of wear depth with normal loads is presented in 
Fig. 27.19 [27.35]. It clearly shows that in the whole 
testing range, DHBp on Si(I11) exhibits much better 
‘wear resistance compared to Si(11), Au(111),and other 
SAMs that were deposited on the Au(I11) substrate 
For the SAMs deposited on Au(111), HDT exhibits the 
best wear resistance. For all of the tested SAMSs, in the 
‘wear depth as a function of normal load curves, there 
appears a critical normal load, which is marked by ar- 
rows in Fig.27.19, When the normal load is smaller 
than the critical normal load, the monolayer only shows 
slight height change in the scan areas. When the normal 
load is higher than the critical value. the height change 
of SAMs increase dramatically. Relocation and accu- 
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mulation of BPT molecules have been observed during 
the initial several scans, which lead to the formation of 
a larger terrace. Wear studies of a single BPT terrace in- 
dicate that the wear life of BPT increases exponentially 
with terrace size [27.3637] 

‘Scratch resistances of Si(111), Au(111), and SAMs 
‘were studied by a continuous AFM microscratch tech- 
nique. Figure 27.20a shows coefficient of friction 
profiles as a function of increasing normal load and 
corresponding tapping mode AFM surface height im- 
ages of the scratches captured on Si(1 11), Au(111), and 
‘SAMs [27.37]. Figure 27.20 indicates that there is an 
abrupt increase in the coefficients of friction for all of 
the tested samples. The normal load associated with this, 
event is termed the critical load (indicated by the arrows. 
labeled “A”), At the initial stages of the scratch, all the 
samples exhibit a low coefficient of friction, indicating 
that the friction force is dominated by the shear com- 
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Fig.27.20 (a) Coefficient of friction profiles during scratch 
as a function of normal load and corresponding AFM 
surface height images, and (b) cvtical loads estimated 
from the coefficient of frition profile and AFM images 
for Au(111), HDT/Au(L1), BPT/Au(LI1), Si(LI1), and 
DHBpISi(111) [27.37] 


ponent. This is in agreement with analysis of the AFM 
images, which shows negligible damage on the surfaces 
prior to the critical load, At the critical load, a clear 
groove is formed, accompanied by the formation of ma- 
terial pileup atthe sides of the scratch. This suggests that 
the initial damage that occurs at the critical load is due 
to ploughing associated with plastic deformation, which 
causes a sharp rise in the coefficient of friction, Beyond 
the critical load, debris can be seen in addition to ma- 
terial pile-up at the sides of the scratch. Figure 27.20b 
summarizes the critical loads forthe various samples ob- 
tained in this study. Itclearly indicates that all SAMs can 
increase the critical load of the corresponding substrate. 
DHBp, which is deposited on Si(111), shows superior 
scratch resistance in all of the tested samples. 

“Mechanisms responsible for a sudden drop in the de- 
crease in surface height with an increase in load during 
wear and scratch tests need to be understood, Barrena 
et al [27-78] observed that the height of self-assembled 
alkylsilanes decrease in discrete amounts with normal 
load. This step-like behavior is due to the discrete 
molecular tilts, which are dictated by the geometrical 
requirements of the close packing of molecules. Only 
certain angles are allowed due to the zigzag arrangement 
of the carbon atoms. The relative height of the mono- 
layer under pressure can be calculated by the following 
equation: 


( 


(27.6) 
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Tablez7-2 Calculated [1+(#)*] " and measured (#) selaive heights of HDT and MIA self-assembled monolay- 


ers [27.35] 


Se a aE 
* Measured values are the mean values of thee tests 
2 These measured values correspond to the normal loads of 0.50 uN, 1.57 wN, 2.53 nN, and 4.03 yN, respectively. 


where L is the total length of the molecule, h is the 
height of the SAMs in the tilt configuration (mono- 
layer thickness), a is the distance between alternate 
carbon atoms in the molecule, d is the separation of 
the molecules, and 1 is the step number. For HDT and 
MHA, only the head groups are different in their work 
and this study. The spacer carbon chains in alkane- 
thiol and alkylsilane are exactly the same. So the same 
a (0.25nm) and d (0.47 nm) values are used in the 
calculation for HDT and MHA. The calculated and 
‘measured relative heights of HDT and MHA are listed 
in Table 27.12. When the normal loads are smaller 
than the critical values in Fig.27.19, the measured 
relative height values of HDT and MHA are very 
close to the calculated values. This means that HDT 
and MHA underwent step tilting below critical normal 
Toads. 


Table27.13 Calculated Lo and measured residual film 
thickness for SAMs under critical load 


‘HDT 024 025 
cr 039 


ere 033 038 
ee 
Dip - os 


* Calculated by the equation of h = beostan + Lo (27.68) 
* Measured by AFM using diamond tip under ei) normal 
Toad, Allof the dat are the mean values of thre tests 


Springer Handbook  Nanoteehnolo 
BPahushan “© Springer 2008 


‘The residual SAMs thickness after wear under crit- 
ical normal load was measured by profiling the worn 
film using AFM. The results are listed in Table 27.13, 
For an alkanethiol monolayer, the relationship between 
the monolayer thickness jt and intercept length Lo can 
be expressed as (see Fig. 27.21): 


h=beos(uyn+Lo. (ar 


where b is the length of the projection of the C—C bond 
conto the main chain axis (b = 0.127 nm for alkanethiol), 
nm is the chain length defined by CHs(CH3),SH. and 
is the tilt angle [27.68]. For BPT and BPTC, based on 
the same principle and using the bond lengths reported 
in reference [27.69], the Lo values are also calculated, 
‘Table 27,13. Itindicates that the measured residual thick- 
ness values of SAMs under critical load are very clase to 
the calculated intercept length Lo values, It means that 
under the critical normal load, the SisNy tip approaches 
the interface and SAMs wear severely away from the 
substrate. This is due to the interface chemical adsorp- 
tion bond strength (HS—Au and Si—O) being generally 
smaller than the other chemical bond strengths in SAMs 


Fig. 27.21 Illustration of the 
relationship between the 
components of the equation 
h=beosta)n-+ Ly 2735] 
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Table 27.14 Bond strengths of the chemical bonds in 
SAMs [27.35] 


‘Thiol on Au S-Au 184 (2754) 
Hydrotylon Si O-si 2427 (27.79) 
HDT HCH 4648 
HCH 4207 
CHC 425948 
+C\H)“SH 2862463 
MHA 0=00 322404 
H-OCOCHs Aa5248 
HO-OCH:C(CHs) 1937479 
CallsCHs—COOH 280 
Ber CHs-CHs 3760421 
HC=CH 73388 
CqHy—SH 361.928 
DHBp GolHs-OH. 361.988 


" Most ofthe data are cite from [27.77], except where 
indicated. For MIA and DH. the bonds that are 
‘common as in HDT and DHBp are not repeated 


spacer chains (see Table 27.14). Based on this discus- 
sion, itis believed that the reason why DHBp has the best 
wear resistance is due to the rigid biphenyl ring struc- 
ture (compared to linear carbon chain in alkylthiol), the 
hard Si(111) substrate (compared to Au(111) substrate), 
and the strong interface Si-O bond strength (compared 
to the weak S~Au bond strength in the other SAMs, see 
Table 27.14). 


27.4 Closure 


Exposure of devices to humid environments results in 
condensates of water vapor from the environment, Con- 
densed water, or a preexisting film of liquid, forms 
concave meniscus bridges between the mating surfaces. 
‘The negative Laplace pressure present in the meniscus 
results in an adhesive force that depends on the inter- 
face roughness, surface tension, and contact angle. The 
adhesive force can be significant in an interface with 
ultra-smooth surfaces, and it can be on the same or- 
der as the external load if the latter is small, such as in 
micro/nanodevices. Surfaces with high hydrophobicity 
‘can be produced by surface treatment, In many appli- 
cations, hydrophobic films are expected to provide low 
adhesion, friction, and wear. To minimize high adhe- 
sion, friction, and/or because of small clearances in 


‘Decrease of surface height (am) 
1 


‘Normal load (uN) 


Fig. 27.22 Illustration of the wear mechanisms of SAMs 
with increasing normal load [27.37] 


‘According to the wear and scratch results reported 
here and the above discussion, the transition of the 
‘wear mechanisms of SAMs with increasing normal load 
is illustrated in Fig. 27.22. Below the critical normal 
load, SAMs undergo step orientation, atthe critical load 
‘SAMs wear away from the substrate due to the weak in- 
terface bond strengths, while above the critical normal 
load severe wear takes place on the substrate, In order 
to improve wear resistance, the interface bond must be 
‘enhanced; a rigid spacer chain and a hard substrate are 
also preferred, 


micro/nanodevices, these films should be molecularly 
thick. Liquid films of low surface tension or certain hy- 
drophobic solid films can be used. Ordered molecular 
assemblies with high hydrophobicity can be engineered 
using chemical grafting of various polymer molecules 
with suitable functional head groups and nonpolar sur- 
face terminal groups. 

‘The adhesion, friction, and wear properties of SAMs, 
having alkyl and biphenyl spacer chains with different 
surface terminal groups (~CH3, ~COOH, and —OH) 
and head groups (SH and —OH), studied using an 
AFM, are reported in this chapter. It is found that the ad- 
hesive force varies linearly with the W, value of SAMs, 
which indicates that capillary condensation of water 
plays an important role to the adhesion of SAMs on 
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power > maderation > variable capacitor 


What Can Go Wrong 


Failure to Ground Trimmer 
Capacitor While Adjusting 
Although trimmer capacitors are not polarized, 
the manufacturer may mark one terminal with a 
plus sign and/or the other with a minus sign. If 
the capacitor is adjusted while its negative ter- 
minal is floating or ungrounded, a metal screw- 
driver blade will create erroneous readings. Al- 
ways ground the appropriate side of a trimmer 
capacitor before fine-tuning it, and preferably 
use a plastic-bladed screwdriver. 


Application of Overcoat Material or 
“Lock Pain 
Overcoat material isa rubbery adhesive that may 
be spread aver assembled components to im- 


What Can Go Wrong 


munize them against moisture or vibration. Lock 
paint is a dab of paint that prevents a screw ad- 
just ment from turning after it has been set. Most 
manufacturers advise against applying these 
materials to a trimmer capacitor, because if pen- 
etration occurs, the capacitor can fail. 


Lack of Shielding 

Variable capacitors should be shielded during 
Use, to protect them from external capacitive ef- 
fects. Merely holding one's hand close to a vari- 
able capacitor will change its value. 


Chapter13 17 


Self-Assembbled Monolayers | References 


nanoscale at ambient conditions. It has been found that 
HDT exhibits the smallest adhesive force and friction 
force, because of low W, of —CH3 surface terminal 
‘groups, and high-compliance long carbon spacer chain. 
‘The friction data are explained using a molecular spring 
‘model, in which the local stiffness and intermolecu- 
lar force governs its frictional performance. The results 
of the stiffness and friction characterization of the mi- 
cropatterned sample with different structures support 
this model. The influence of relative humidity on adhe- 
sion and friction of SAMs is dominated by the thickness 
of the adsorbed water layer. At higher humidity, water 
ccan either increase friction through increased adhesion 
bby meniscus effect in the contact zone or reduce friction 
through an enhanced water-lubricating effect. In the case 
of Si(111), the desorption of the adsorbed water layer 
and reduction of surface tension of water with increas- 
ing temperature reduce the adhesive force and friction 
force. The increase of temperature does not show an 
‘apparent influence on HDT, but strongly influences the 
adhesion and friction properties of BPT, which are be- 
lieved to be related to its melting. The effect of velocity 
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fon friction properties of SAMs depends on their mo- 
lecular structures. For alkylthiol SAMs, their friction 
is increased by increasing velocity, while for biphenyl 
‘SAMs it changes in the opposite way. The mechanism 
responsible for the variation of the friction forces of 
‘SAMs with velocity is believed to be related to their vis- 
ccoelastic properties. Wear and continuous microscratch 
tests show that among the SAMs on Au(111), HDT ex- 
hibits the best wear resistance. DHBp on Si(111), due to 
its rigid biphenyl spacer chains, strong interface bonds, 
and hard substrate, has the best wear resistance among, 
all of the tested samples. For all of the SAMs, the wear 
depth as a function of normal load curves shows criti- 
cal normal loads, Below the critical normal load SAMs 
undergo step orientation, at the critical load SAMs wear 
away from the substrate due to the weak interface bond 
strengths, while above the critical normal load severe 
‘wear take place on the substrate. 

Based on the nanotribological studies of SAM 
films by AFM, they exhibit attractive hydrophobic and 
tribological properties. SAM films should find many tri- 
bological applications, including in micro/nanodevices. 
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28. Nanoscale Boundary Lubrication Studies 


Boundary films are formed by physisorption, 
chemisorption, and chemical reaction. With 
physisorption, no exchange of electrons takes 
place between the molecules of the adsorbate 
and those of the adsorbant. The physisorption 
process typically involves van der Waals forces, 
which are relatively weak. In chemisorption, 
there is an actual sharing of electrons or electron 
interchange between the chemisorbed species 
and the solid surface. The solid surfaces bond 
Very strongly to the adsorption species through 
covalent bonds. Chemically reacted films are 
formed by the chemical reaction of a solid surface 
With the environment, The physisorbed film can be 
either monomolecularly or polymolecularly thick. 
‘The chemisorbed films are monomolecular, but 
stoichiometric films formed by chemical reaction 
can have a large film thickness. In general, the 
stability and durability of surface films decrease 
in the following order: chemically reacted films, 
chemisorbed films, and physisorbed films. A good 
boundary lubricant should have a high degree 
of interaction between its molecules and the 
sliding surface. As a general rule, liquids are good 
lubricants when they are polar and, thus, able to 


Boundary films are formed by physisorption, chemisorp- 
tion, and chemical reaction. With physisorption, no 
exchange of electrons takes place between the molecules 
of the adsorbate and those of the adsorbant. The 
physisorption process typically involves van der Waals 
forces, which are relatively weak. In chemisorption, 
there is an actual sharing of electrons or electron in- 
terchange between the chemisorbed species and the 
solid surface. The solid surfaces bond very strongly 
to the adsorption species through covalent bonds. 
Chemically reacted films are formed by the chem- 
ical reaction of a solid surface with the environment. 
‘The physisorhed film can be either monomolecularly 
cor polymolecularly thick. The chemisorbed films are 
monomolecular, but stoichiometric films formed by 
chemical reaction can have a large film thickness. In 
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arip solid surfaces (or be adsorbed). In this 
chapter, we focus on PFPEs. We first introduce 
details of the commonly used PFPE lubricants; then 
present a summary of nanadeformation, molecular 
conformation, and lubricant spreading studies; 
followed by an overview of nanotribological 
properties of polar and nonpolar PFPEs studied 
by atomic force microscopy (AFM) and some 
concluding remarks, 


general, the stability and durability of surface films 
decrease in the following order: chemically reacted 
films, chemisorbed films, and physisorbed films. A zood 
boundary lubricant should have a high degree of inter- 
action between its molecules and the sliding surface 
‘As a general rule, liquids are good lubricants when 
they are polar and, thus, able to grip solid surfaces 
(or be adsorbed). Polar lubricants contain reactive 
functional groups with low ionization potential, or 
groups having high polarizability [28.13]. Boundary 
lubrication properties of lubricants are also dependent 
‘upon the molecular conformation and lubricant spread- 
ing [284-7] 

Self-assembled monolayers (SAMs), Langmuir 
Blodgett (LB) films, and perfluoropolyether (PFPE) 
films can be used as boundary lubricants [28.2, 3,810] 
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Part D 


Molecularly Thick Films for Lubrication 


PFPE films are commonly used for lubrication of mag- 
netic rigid disks and metal evaporated magnetic tapes 
to reduce friction and wear of a head-medium inter- 
face [28.10]. PEPEs are well suited for this application 
because of the following properties: low surface ten- 
sion and low contact angle, which allow easy spreading 
on surfaces and provide a hydrophobic property; chem- 
ical and thermal stability, which minimizes degradation 
under use; low vapor pressure, which provides low out- 
gassing; high adhesion to substrate via organofunctional 
bonds; and good lubricity, which reduces the interfa- 
cial friction and wear [28.10-12]. While the structure 
of the lubricants employed at the head-medium inter- 
face has not changed substantially over the past decade, 
the thickness of the PFPE film used to lubricate the disk 
has steadily decreased from multilayer thicknesses to 
the sub-monolayer thickness regime [28.11, 13]. Mo- 
lecularly thick PEPE films are also being considered 
for lubrication purposes of the evolving microelec- 
tromechanical systems (MEMS) industry [28.14]. tis 
well-known that the properties of molecularly thick i- 


28.1 Lubricants Details 


Properties of two commonly used PFPE lubricants (2-15 
and Z-DOL) are reviewed here. Their molecular struc- 
tures are shown schematically in Fig, 28.1. Z-15 has 
nonpolar ~CF) end groups, whereas Z-DOL is a polar 
lubricant with hydroxyl (OH) end groups. Their typ- 
ical properties are summarized in Table 28.1. It shows 
that Z-15 and Z-DOL almost have the same density and 
surface tension. But Z-15 has larger molecular weight 
and higher viscosity. Both have low surface tension, low 
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Fig. 28.1 Schematics of the molecular structures of Z- 
15 and Z-DOL. In this figure the m/n value, shown in 
‘Table 28.1, equals 2/3 


quid films confined to solid surfaces can be dramatically 
different from those of the corresponding bulk liquid. 
In order to efficiently develop lubrication systems that 
‘meet the requirements of the advanced rigid disk drive 
and MEMS industries, the impact of thinning the PEPE 
lubricants on the resulting of nanotribology should be 
fully understood [28.15, 16]. It is also important to 
understand Iubricant-substrate interfacial interactions 
and the influence of the operating environment on 
the nanotribological performance of molecularly thick 
PFPEs, 

An overview of nanotribological properties of SAMs 
and LB films can be found in many references such 
as [28.17]. In this chapter, we focus on PFPEs. We 
first introduce details of the commonly used PEPE 
lubricants; then present a summary of nanodeforma- 
tion, molecular conformation, and lubricant spreading 
studies; followed by an overview of nanotribological 
properties of polar and nonpolar PEPEs studied by 
atomic force microscopy (AFM) and some concluding 
remarks, 


vapor pressure, low evaporation weight loss, and good 
oxidative stability [28.10, 12]. Generally, single-c 
Si(100) wafer with anative oxide layer wasused asa sub- 
strate for deposition of molecularly thick lubricant films 


Fig. 28.2 Schematic of Z-DOL molecules that are chem- 
ically bonded on $i(100) substrate surface (which has native 
‘oxide) after thermal treatment at 150°C for 30 min 
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Table 28.1 Typi 


properties of Z-15 and Z-DOL. (data from Montefluous S.p.A., Milan, Italy) 


Formula €F=0-(CF)-CFi-O),— | HO~CHy~CF)-0-(CFy=CF:-0)4— 
(CF:-0),-CFy* (CP:-0),—CF:-CHt;-O8F 

Molecular weight (Daltons) 9100 2,000 

Density(ASTA D891) 20°C 

(g/cm!) 1st 181 

Kinematic vscosiy 

(ASTM D445) (8) 

a'c 18 ss 

awe 0 M 

wc 2 z 

‘Viscosity index (ASTM D2270) 320 = 

Surice tension (ASTM D1331) 

(aynjem) 20°C 4 ey 

Vapor pressure om) 

20°C 1.6x10-% 2x109 

100°C 17x 10-8 6x10 

Pour point (ASTM D972) 

"e =) = 

Evaporation lg lows 

(asta D972) 

149°C, 228 07 = 

Onidatve wabity (0) es 20 

‘Specific heat (cal/g*C) 

aC oar 2 

+ mjn~ 2/3 


for nanotribological characterization, Z-15 and Z-DOL, 
films can be deposited directly on the Si(100) wafer by 
dip coating technique. The clean silicon wafer is ver- 
tically submerged into a dilute solution of lubricant in 
hydrocarbon solvent (HT-70) for a certain time. The 
silicon wafers are vertically pulled up from the solution 
with a motorized stage at a constant speed for deposition 
of desired thicknesses of Z-15 and Z-DOL lubricants. 
‘The lubricant film thickness obtained in dip coating is 
4 function of the concentration and pulling-up speed, 
among other factors. The Z-DOL film is bonded to the 
silicon substrate by heating the as-deposited Z-DOL 
samples in an oven at 150°C for about 30s, The native 
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oxide layer of Si(100) wafer reacts with the ~OH groups 
of the lubricants during thermal treatment [28.1821]. 
Subsequently, fluorocarbon solvent (FC-72) washing 
of the thermal treated specimen removes loosely ab- 
sorbed species, leaving chemically bonded phase on 
the substrate, The chemical bonding between Z-DOL 
‘molecules and silicon substrate is illustrated in Fig. 28.2, 
‘The bonded and washed Z-DOL film is referred to as Z- 
DOL(BW) in this chapter. The as-deposited Z-15 and 
Z-DOL films are mobile phase lubricants (i,e., liquid- 
like lubricant), whereas the Z-DOL(BW) films are fully 
bonded soft solid phase (i-e., solid-like) lubricants, This 
will be further discussed in the next section, 
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28.2 Nanodeformation, Molecular Conformation, 


and Lubricant Spreading 


Nanodeformation behavior of Z-DOL lubricants was 
studied using an AFM by Blackman etal. [28,22,23]. Be- 
fore bringing a tungsten tip into contact with a molecular 
overlayer, it was brought into contact with a bare clean- 
silicon surface, Fig. 28.3. As the sample approaches 
the tip, the force initially is zero, but at point A the 
force suddenly becomes attractive (top curve), which 
increases until at point B, where the sample and tip 
come into intimate contact and the force becomes re- 
pulsive, As the sample is retracted, a pull-off force of 
5x 10-*N (point D) is required to overcome adhesion 
between the tungsten tip and the silicon surface. When 
an AFM tip is brought into contact with an unbonded 
Z-DOL film, a sudden jump into adhesive contact is 
also observed. A much larger pull-off force is required 
to overcome the adhesion, The adhesion is initiated 
by the formation of a lubricant meniscus surround- 
ing the tip. This suggests that the unbonded Z-DOL 
lubricant shows liquid-like behavior. However, when 
the tip was brought into contact with a lubricant film, 
which was firmly bonded to the surface, the liquid- 
like behavior disappears. The initial attractive force 
(point A) is no longer sudden, as with the liquid film, 
but, rather, gradually increases as the tip penetrates the 
film. 

‘According to Blackman et al. (28.22, 23], if the 
substrate and tip were infinitely hard with no compli- 
ance and/or deformation in the tip and sample supports, 
the line for B to C would be vertical with an infi- 
nite slope, The tangent to the force-distance curve at 
a given point is referred to as the stiffness at that 
point and was determined by fitting a least-squares 
line through the nearby data points. For silicon, the 
deformation is reversible (elastic), since the retract- 
ing (outgoing) portion of the curve (C to D) follows 
the extending (ingoing) portion (B to C). For bonded 
lubricant film, at the point where slope of the force 
changes gradually from attractive to repulsive, the stff- 
ness changes gradually, indicating compression of the 
molecular film. As the load is increased, the slope of 
the repulsive force eventually approaches that of the 
bare surface, The bonded film was found to respond 
elastically up to the highest loads of SiN that could 
be applied. Thus, bonded lubricant behaves as a soft 
polymer solid. 

Figure 28.4 illustrates two extremes for the confor- 
mation on a surface of a linear liquid polymer without 
any reactive end groups and at submonolayer cover- 


ages [28.4,6], At one extreme, the molecules lie flat on 
the surface, reaching no more than their chain diameter § 
above the surface. This would be the case if a strong at- 
tractive interaction exists between the molecules and 
the solid, On the other extreme, when a weak attrac- 
tion exists between polymer segments and the solid, 
the molecules adopt conformation close to that of the 
molecules in the bulk, with the microscopic thick- 
ness equal to about the radius of gyration Ry. Mare 
and Novomy [28.6] used AFM to study conformation 
of 0.5~1.3nmthick Z-15 molecules on clean Si(100) 
surfaces. They found that the thickness measured by 
AFM is thicker than that measured by ellipsometry with 
the offset ranging from 3—Snm. They found that the 
offset was the same for very thin submonolayer cover- 
ages. If the coverage is submonolayer and inadequate 
to make a liquid film, the relevant thickness is then 
the height (ic) of the molecules extended above the 
solid surface, The offset should be equal to Zhe, assum- 
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Fig. 28.3 Wire deflection (normal load) asa function of tip- 

sample separation distance curves comparing the behavior 

‘of clean Si(100) surface toa surface lubricated with free and 

uunbonded PFPE lubricant, and a surface where the PFPE 

lubricant film was thermally bonded to the surface [28.22] 


Springer Handbook w Napotechnaio 
Penge Snuchon © Springer 2004 


6 


é 


Nanoscale Boundary Lubrication Studies 


28.2 Nanadeformation 


ing that the molecules extend the same height above 
both the tip and silicon surfaces. They therefore con- 
cluded that the molecules do not extend more than 
1.5-2.5 nm above a solidor liquid surface, much smaller 
than the radius of gyration of the lubricants ranging 
between 3.2 and 7.3m, and to the approximate cross- 
sectional diameter of 0.60.7 nm for the linear polymer 
chain, Consequently, the height that the molecules ex- 
tend above the surface is considerably less than the 
diameter of gyration of the molecules and only a few 
‘molecular diameters in height, implying that the ph- 
ysisorbed molecules ona solid surface have an extended, 
flat conformation. They also determined the disjoining 
pressure of these liquid films from AFM measurements 
of the distance needed to break the liquid meniscus 
that forms etween the solid surface and the AFM tip, 
(Also see [28.7].) For a monolayer thickness of about 
0.7 nm, the disjoining pressure is about 5 MPa, indi- 
cating strong attractive interaction between the liquid 
‘molecules and the solid surface. The disjoining pressure 
decreases with increasing film thickness in a manner 
consistent with a strong attractive van der Waals in- 
teraction between the liquid molecules and the solid 
surface. 

Rheological characterization shows thatthe flow ac~ 
tivation energy of PFPE lubricants is weakly dependent 
fon chain length and is strongly dependent on the fune- 
tional end groups [28.25]. PFPE lubricant films that 
contain polar end groups have lower mobility than those 
\with nonpolarend groups of similar chain length [28,26] 
‘The mobility of PEPE also depends on the surface 
chemical properties of the substrate. The spreading of 
Z-DOL on amorphous carbon surface has been stud- 
ied as a function of hydrogen or nitrogen content in the 
carbon film, using scanning microellipsometry [28.24], 
‘The diffusion coefficient data presented in Fig, 28.5 is 
thickness-dependent, It shows that the surface mobility 
of Z-DOL increased as the hydrogen content increased, 
but decreased as nitrogen content increased. The en- 
hancement of Z-DOL surface mobility by hydrogenation 
‘may be understood from the fact that the interactions be- 
tween Z-DOL molecules and the carbon surface can be 
significantly weakened, due to a reduction ofthe number 
of high-energy binding sites on the carbon surface, The 
stronger interactions between the Z-DOL molecules and 
carbon surface, as nitrogen content in the carbon coat- 
ing increases, leads to the lowering of Z-DOL surface 
‘mobility. 
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Fig. 28.4 Schematic representation of two extreme liquid confor- 
‘mations atthe surface of the solid for low and high molecular weights 
at low surface coverage. § is the cross-sectional diameter of the li- 
uid chain, and R, is the radius of gyration of the molecules in the 
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Fig. 28.5 Diffusion coefficient D() as a function of lubricant film 
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Molecularly thick films may be sheared at very high 
shear rates, on the order of 10*—10° s~! during sliding, 
such as during magnetic disk drive operation, During 
such shear, lubricant stability is critical to the protection 
of the interface. For proper lubricant selection, viscosity 


28.3 Boundary Lubrication Studies 


With the development of AFM techniques, studies 
have been carried out to investigate the nanotribolog- 
ical performance of PFPEs. Mate [28.29, 30], O'Shea 
et al. [28.31, 32], Bhushan et al. [28.15.33], Koinkar 
and Bhushan (28.20, 34], Bhushan and Sundarara- 
Jan {28.35}, Bhushan and Dandavate [28,36], and Liu 
‘and Bhushan [28,21] used an AFM to provide insight 
into how PEPE lubricants function at the molecular 
level. Mate 28,29, 30] conducted friction experiments 
on bonded and unbonded Z-DOL and found that the 
coefficient of friction of the unbonded Z-DOL is 
about two times larger than the bonded Z-DOL (also 
see [28.31, 32)). Koinkar and Bhushan (28.20, 34] and 
Liu and Bhushan [28.21 studied the friction and wear 
performance of a Si(100) sample lubricated with Z-15, 
Z-DOL, and Z-DOL(BW) lubricants. They found that 
using Z-DOL(BW) could significantly improve the ad- 
hesion, friction, and wear performance of Si(100). They 
also discussed the lubrication mechanisms on the mo- 
lecular level. Bhushan and Sundararajan [28.35] and 
Bhushan and Dandavate [28.36] studied the effect of tip 
radius and relative humidity on the adhesion and friction 
properties of Si(100) coated with Z-DOL(BW). 

In this section, we review, in some detail, the ad- 
hesion, friction, and wear properties of two kinds of 
typical PEPE lubricants of Z-15 and Z-DOL at vari- 
ous operating conditions (rest time, velocity, relative 
humidity, temperature, and tip radius). The experiments 
were carried out using a commercial AFM system with 
pyramidal SisNy and diamond tips. An environmen- 
tally controlled chamber and a thermal stage were used 
to perform relative humidity and temperature effect 
studies. 


28.3.1 Friction and Adhesion 


To investigate the friction properties of Z-15 and 
Z-DOL(BW) films on Si(100), the friction force versus 
normal load curves were measured by making friction 
measurements at increasing normal loads [28.21]. The 
representative results of Si( 00), Z-15, and Z-DOL(BW) 


at high shear rates and associated shear thinning need 
to be understood. Viscosity measurements of eight dif- 
ferent types of PFPE films show that all eight lubricants 
display Newtonian behavior and their viscosity remains 
constant at a shear rate up to 107 s~! [28.27.28]. 


are shown in Fig. 28,6, An approximately linear response 
of all three samples is observed in the load range of 

1301N. The friction force of solid-like Z-DOL(BW) 
is consistently smaller than that for Si(100), but the fic- 
tion force of liquid-like Z-15 lubricant is higher than 
that of Si(100) Sundararajan and Bhushan (28.37 have 
studied the static friction force of silicon micromotors 
lubricated with Z-DOL by AFM. They also found that 
liquid-like lubricants of Z-DOL significantly increase 
the static friction force, whereas solid-like Z-DOL{BW) 
coating can dramatically reduce the static friction force. 
This is in good agreement with the results of Liu and 
Bhushan [28.21]. In Fig. 28.6, the nonzero value of the 
friction force signal at zero external load is due to the 
adhesive forces. Is well-known that the following rela- 
tionship exists between the friction force F and external 


Friction force (aN) 
2 


2yumjs,22/C, RHA -55% 


51 (100), w= 007 


Z-DOLIBW), w= O04 


Ey T0130 
‘Normal load (nN) 


100 


=seenol 


Fig. 28.6 Friction force versus normal load curves 
for Si(100), 2.8-nm-thick Z-15 film, and 2.3-nm-thick 
Z-DOL(BW) film at 2,um/s, and in ambient air sliding 
against a SisNy tip. Based on these curves, coefficient 
of friction j. and adhesion force of W, can be caleu- 
lated [28.21] 
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normal load W [28.2.3] 
F=W(W+W,) (28.1) 


‘where /1is the coefficient of friction and W, is the ad- 
hresive force. Based on this equation and the data in 
Fig. 28.6, we ean calculate the j and W, values. The co- 
efficients of friction of Si(100), Z-15, and Z-DOL. are 
0.07, 0.09, and 0.04, respectively. Based on (28.1), the 
adhesive force values are obtained from the horizontal 
intercepts ofthe friction force versus normal load curves 
atazero value of friction force. Adhesive force values of 
Si(100),2-15, and Z-DOL are 52nN, 91 aN, and 34 nN, 
respectively. 

‘The adhesive forces of these samples were also 
‘measured using a force calibration plot (FCP) technique. 
In this technique, the tip is brought into contact with the 
sample and the maximum force, needed to pull the tip 
and sample apart, is measured as the adhesive force. 
Figure 28.7 shows the typical FCP curves of Si(100), 
Z15, and Z-DOL{BW) [28.21]. As the ip approaches 
the sample within a few nanometers (A), an attractive 
force exists between the tip and the sample surfaces. 
The tip is pulled toward the sample, and contact oc- 
ceurs at point B on the graph. The adsorption of water 
‘molecules and/or presence of liquid lubricant molecules 
con the sample surface can also accelerate this so-called 
“snap-in, due to the formation of meniscus of the water 
and/or liquid lubricant around the tip. From this point 
on, the tip isin contact with surface, and as the piezo 
extends further, the cantilever is further deflected. This 
is represented by the slope portion of the curve. As the 
piezo retracts, at point C the tip goes beyond the zero 
deflection (flat) line, because of the attractive forces, 
ino the adhesive force regime. At point D, the tip snaps 
free of the adhesive forces and is again in free air. The 
adhesive force (pull-off force) is determined by multi 
plying the cantilever spring constant (0.58N/m) by the 
horizontal distance between points C and D, which cor- 
responds to the maximum cantilever deflection toward 
the samples before the tip is disengaged. Incidentally, 
the horizontal shift between the loading and unloading 
ccurves results from the hysteresis of the PZT tube. 

The adhesive forces of Si(100), Z-15, and 
Z-DOL(BW) measured by FCP and friction force versus 
normal load plot are summarized in Fig. 28.8 [28.21] 
‘The results measured by these two methods are in 
good agreement. Figure 28,8 shows that the presence 
fof mobile Z-15 lubricant film increases the adhesive 
force as compared to that of Si(100). In contrast, the 
presence of solid phase Z-DOL(BW) film reduces the 
adhesive force as compared to that of Si(100). This re- 
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Fig.28.7 ‘Typical force calibration plots of Si(100), 2.8- 
‘nm-thick Z-15 film, and 2.3-nm-thiek Z-DOL{BW) film in 
ambient air. The adhesive forces can be calculated from 
the horizontal distance between points C and D, and the 
cantilever spring constant of 0.58'N/m [28.21] 


sult is in good agreement with the results of Blackman 
et al. [28.22] and Bhushan and Ruan [28.38]. Sources of 
adhesive forces between the tip and the sample surfaces 
are van der Waals attraction and long-range meniscus 
force [28.2, 3, 16]. Relative magnitudes of the forces 
from the two sources are dependent on various factors, 
including the distance between the tip and the sample 
surface, their surface roughness, their hydrophobicity, 
and relative humidity (28.39). For most surfaces with 
some roughness, meniscus contribution dominates at 
‘moderate to high humidities. 
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Summary of the adhesive forces of Si(100), 2.8- 
m-thick Z-15 film, and 2.3-nm-thick Z-DOL(BW) film 
‘measured by force calibration plots and friction force versus 
normal load plots in ambient air. The schematic (bottom) 
shows the effect of meniscus formed between the AFM 
tip and the sample surface on the adhesive and friction 
forces [28.21] 


‘The schematic (bottom) in Fig. 28.8 shows relative 
size and sources of meniscus, The native oxide layer 
(SiO>) on the top of Si(100) wafer exhibits hydrophilic 
properties, and some water molecules can be adsorbed 
‘on this surface. The condensed water will form meniscus 
as the tip approaches the sample surface. In the case of 
a sphere (such as a single-asperity AFM tip) in contact 
with a flat surface, the attractive Laplace force (F.) 
caused by capillary is: 


FL =2aRy(cos #s +6056), (28.2) 


where R is the radius of the sphere, yt. is the sur- 
face tension of the liquid against air, @, and @2 are 
the contact angles between liquid and flat and spher- 
ical surfaces, respectively [28.2, 3,40]. As the surface 
tension value of Z-15 (24dyn/em) is smaller than that 
of water (72 dyn/cm), the larger adhesive force in Z-15 


cannot only be caused by the Z-15 meniscus. The non- 
polarized Z-15 liquid does not have complete coverage 
and strong bonding with Si(100). In the ambient envi- 
ronment, the condensed water molecules will permeate 
through the liquid Z-15 lubricant film and compete with 
the lubricant molecules present on the substrate, The 
interaction of the liquid lubricant with the substrate is 
weakened, and a boundary layer of the liquid lubricant 
forms puddles [28.20,34]. This dewetting allows water 
‘molecules to be adsorbed on the Si(100) surface as ag- 
sgregates along with Z-15 molecules. And both of them 
can form meniscus while the tip approaches the surface. 
In addition, as the Z-15 film is pretty soft compared to 
the solid Si(100) surface, penetration of the tip in the 
film occurs while pushing the tip down. This leads to 
4 large area of the tip involved to form the meniscus 
at the tip-liquid (water aggregates along with Z-15) in- 
terface. These two factors of the liquid-like Z-15 film 
result in higher adhesive force. It should also be noted 
that Z-15 has a higher viscosity compared to that of 
water. Therefore, Z-15 film provides higher resistance 
to sliding motion and results in a larger coefficient of 
friction. In the case of Z-DOL(BW) film, both of the ac- 
tive groups of Z-DOL molecules are strongly bonded on 
Si(100) substrate through the thermal and washing treat- 
‘ment. Thus, the Z-DOL(BW) film has relatively low free 
surface energy and cannot be displaced readily by wa- 
ter molecules or readily adsorb water molecules. Thus, 
the use of Z-DOL(BW) can reduce the adhesive force. 
We further note that the bonded Z-DOL molecules can 
be orientated under stress (behaves as soft polymer 
solid), which facilitates sliding and reduces coefficient 
of friction, 
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Fig. 28.9 Gray-scale plots of the surface topography 
and friction force obtained simultaneously for unbonded 

«m-thick Demnum-type PEPE lubricant film on sil- 
icon [28.20] 
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10 Gray-scale plots of the adhesive force distribu- 
tion of a uniformly coated, 3.5-nm-thick unbonded Z-DOL, 
film on silicon and 3- to 10-nm-thick unbonded Z-DOL, 
film on silicon that was deliberately coated nonuniformly 
by vibrating the sample during the coating process [28.36] 


‘These studies suggest that if the lubricant films exist 
as liquid-like, such as Z-15 films, they easily form menis- 
cus (by themselves and the adsorbed water molecules), 
and thus have higher adhesive force and higher friction 
force. Whereas if the lubricant film exists in solid-like 
phase, such as Z-DOL(BW) films, they are hydrophobic 
‘with low adhesion and friction. 

In order to study the uniformity of lubricant film 
and its influence on friction and adhesion, friction 
force mapping and adhesive force mapping of PFPE 
have been carried out by Koinkar and Bhushan [28.34] 
and Bhushan and Dandavate [28.36], respectively. 
Figure 28.9 shows gray-scale plots of surface topogra- 
phy and friction force images obtained simultaneously 
for unbonded Demnum-type PEPE lubricant film on 
silicon [28.34]. The friction force plot shows well dis- 
tinguished low and high friction regions corresponding 
roughly to high and low surface height regions in the 
topography image (thick and thin lubricant regions) 
A uniformly lubricated sample does not show such 
a variation in friction. Figure 28.10) shows the gray-scale 
plots of the adhesive force distribution for silicon sam- 
ples coated uniformly and nonuniformly with Z-DOL 
lubricant. It can be clearly seen that there exists a re- 
zion that has an adhesive force distinctly different from 
the other region for the nonuniformly coated sample. 
‘This implies thatthe liquid film thickness is nonuniform, 
ssiving rise to a difference in the meniscus forces. 


28.3.2 Rest Time Effect 


It is well-known that in the computer rigid disk drive, 
the stiction force increases rapidly with an increase in 
rest time between the head and magnetic medium disk 
[28.10, 11]. Considering that the stiction and friction are 


Fig. 28.1 (a) Rest time effect on friction force, adhesive 
force, and coefficient of ition of Si(100).(b) (see next 
‘page) Summary of the rest time effect on ftietion force, 
auhesive force, and coefficient of friction of Si(100), 2.8- 
‘m-thick 2-15 film, and 2.3-nm-thick Z-DOL(BW) film. 
Allof the measurements were caried ut at TON, 2 u/s, 
‘and in ambient air [28.21] 
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Fig. 28.12 (a) Schematic of a single asperity in contact with 
smooth flat surface inthe presence of a cantinuous liquid 
film when is large. (b) Results ofthe single asperity model. 
Effect of viscosity ofthe liquid, radius of the asperity, and 
film thickness is studied with respect tothe time-dependent 


meniscus force [28.41] 
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two of the major issues that lead to the failure of com- 
puter rigid disk drives and MEMS, itis very important to 
find out if the rest time effect also exists on the nanoscale, 
First, the rest time effect on the friction force, adhesive 
force, and coefficient of Si(100) sliding against SisNy 
tip was studied, Fig. 28.11a [28.21]. It was found that 
the friction and adhesive forces logarithmically increase 
up to certain equilibrium time after which they remain 
constant. Figure 28.11a also shows that the rest time 
does not affect the coefficient of friction. These results 
suggest that the rest time can result in growth of the 
‘meniscus, which causes a higher adhesive force, and in 
turn, a higher friction force. But in the whole testing 
range the friction mechanisms do not change with the 
rest time. Similar studies were also performed on Z-15 
and Z-DOL(BW) films. The results are summarized in 
Fig. 28.1 1b [28.21]. Ibis seen that similar time effect has 
been observed on Z-15 film, but not on Z-DOL(BW) 
film, 

AFM tip in contact with a flat sample surface is 
generally believed to represent a single asperity con- 
tact, Therefore, a SisN, tip in contact with Si(100) or 
Z-15/Si( 100) can be modeled as a sphere in contact with 
a flat surface covered by a layer of liquid (adsorbed wa- 
ter and/or liquid lubricant), Fig. 28.12a. Meniscus forms 
around the contacting asperity and grows with time until 
equilibrium occurs [28.41]. The meniscus force, which 
is the product of meniscus pressure and meniscus area, 
depends on the flow of liquid phase toward the contact 
zone. The flow of the liquid toward the contact zone 
is governed by the capillary pressure P., which draws 
ligaid into the meniscus, and the disjoining pressure IT, 
‘which tends to draw the liquid away from the meniscus, 
Based on the Young and Laplace equation, the capillary 
pressure, P., is 


Po=2Ky (28.3) 


Where 2. is the mean meniscus curvature (= Ki + K2, 
where K and A are the curvatures of the meniscus in 
the contact plane and perpendicular tothe contact plane) 
and y is the surface tension of the liquid. Mate and 
Novomy [28.6] have shown that the disjoining pressure 
decreases rapidly with increasing liguid film thickness in 
‘8 manner consistent with a strong van der Waals attrac- 
tion. The disjoining pressure, 17, for these liquid films 
can be expressed as 

__A 

ta 


‘where A is the Hamaker constant and fis the liquid film 
thickness. The driving forces that cause the lubricant 


(28.4) 
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flow that results in an increase in the meniscus force are 
the disjoining pressure gradient, due to a gradient in film 
thickness, and capillary pressure gradient, due to curved. 
liquid-air interface. The driving pressure, P, can then be 
written as: 

P 


Ky (20.5) 


Based on these three basic relationships, the following 
differential equation has been derived by Chilamakuri 
and Bhushan [28.41], which can describe the meniscus 
at time # 


a dry 
2nxp ( D+=2 —hy) — 


schiby (1+e0s8) Axo 

3) D+a—hy 3nh 

‘where 7s the viscosity of the liquid and a is given as 

Rew 

(1 — cosh) “oT Sy 

‘The differential equation (28.4) was solved numerically 

using Newton's iteration method. The meniscus force at 

any time r less than the equilibrium time is proportional 

to the meniscus area and meniscus pressure (2K), and 
itis given by 


Jat) =2ak1+0050)( 2) (EL) 
i e (28.8) 


wer (ro) th val fr a th ealtrium ime 
0-0] 


2 ral 
(26.9) 


‘This modeling work (at the microscale) showed that the 
meniscus force initially increases logarithmically with 
the rest time up to a certain equilibrium time after which 
it remains constant. Equilibrium time decreases with an 
increase in liquid film thickness, a decrease in viscosity, 
and a decrease in the tip radius, Fig. 28.12b. This early 
numerical modeling work and the data at the nanoscale 
in Fig. 28.1 1a are in good agreement. 


(28.6) 


(28.7) 


ithy(1-+c0s0) 


[6sodeg 


28.3.3 Velocity Effect 


‘To investigate the velocity effect on friction and adhe- 
sion, the friction force versus normal load relationships 
of Si(100), Z-15,andZ-DOL(BW) at different velocities 
‘were measured, Fig. 28.13 [28.21]. Based on these data, 
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Fig. 28.13 Friction forces versus normal load data of Si(100), 2.8 
m-thick 2-15 film, and 2.3-nm-thiek Z-DOL(BW) film at various 
velocities in ambient air [28.21] 


the adhesive fone an eoeffitent of ction valus can 
be calculated by (28.1). The variation of friction force, 
sdhesive fore, and coefcient of fiction of Si(100), 
Z-15,andZ-DOL(BW)asafunctionof velocity re sum: 
marized in Fig. 28.14 indeates tht for silicon wafer, 
the fieton force dacreareslogaitamically with ncrear 
ing velocity. or Z-15, the friction force decreases with 
increasing velocity upto 1Ojun/s, after which itemains 
tlmostcooatnt, The velocity basa much smaller effect 
onthe fiction fore of Z-DOL(BW), it reduced slightly 
only at very high velocity. Figure 28.14 also indicates 
that the adhesive force of Si(1O0) is increased when the 
velocity is higher than 10 m/s. The adhesive force of 
2-15 seduced dramatically witha velocity increase up 
to 20,umys, after which itis reduced sigh. And the 
adhesive force of Z-DOL(BW) also decreases at high 
telociy In the testing range of velocity, only the co- 
‘ficient of friction of $i(100) decreases with velocity, 
but the coeticients of friction of 2-15 and Z-DOL(BW) 
almost remain constant. This implies tat the fttion 
mechanisms of Z-15 and Z-DOLIBW) do not change 
th the variation o velocity. 

"The mechanismsof the elect of velocity nthe adbe- 
sion aod fiston are eaplained mand onthe echcnats 
shown in Fig 2814 (igh), For Si(10),tibochemical 
reaction plays a major rol. Although at high velocity 
fhe mentour is broken tl does ot hve qaoug fan 
to rebuild the contact stresses and high velocity lead 
to tribochemieal reactions of Si100) wafer and SisNy 
tp, which have native oxide (S102) layers with water 
tmokeules, The following reactions oct 


SiO; +2H20 = Si(OH), (28.10) 
SisNj + 16H20 = 38i(OH),+4NHJOH. (28.11) 


‘The Si(OH), is removed and continuously replenished 
during sliding. The Si(OH), layer between the tip and 
Si(100) surface is known to be of low shear strength 
and causes a decrease in friction force and coefficient of 
friction inthe lateral direction [28.4246]. The chemical 
bonds of Si—OH between the tip and Si(100) surface in- 
duce large adhesive force in the normal direction. For 
Z-15 film, at high velocity the meniscus formed by con- 
densed water and Z-15 molecules is broken and does 
not have enough time to rebuild. Therefore, the adhe- 
sive force and, consequently, friction force is reduced. 
For Z-DOL(BW) film, the surface can adsorb few wa- 
ter molecules in ambient condition, and at high velocity 
these molecules are displaced, which is responsible for 
a slight decrease in friction force and adhesive force. 
Even at high velocity range, the friction mechanisms for 
Z-15 and Z-DOL(BW) films still are shearing of the vis- 
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Fig. 28.14 The influence of velocity on the friction force, 
adhesive force, and coefficient of frietion of $i(100), 2.8- 
fam-thick 2-15 film, and 2.3-nm-thick Z-DOL(BW) film 
at 7OnN, in ambient ais. The schematic (right) shows the 
change of surface composition (by wibochemical reaction) 
‘and change of meniscus with increasing velocity [28.21] 
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40 Si(OH), 


(100) 


Zs 


Z-DOLIBW) 


Trcreasing veloc 


cous liquid and molecular orientation, respectively. Thus 
the coelficients of friction of Z-15 and Z-DOL(BW) do 
not change with velocity 

Koinkar and Bhushan [28.20,34] have suggested 
that in the ease of samples with mobile films, such as 
condensed water and Z-15 films, alignment of liquid 
‘molecules (shear thinning) is responsible forthe drop in 
friction force with an increase in scanning velocity. This 
could be another reason for the decrease in friction force 
with velocity for Si(100) and 2-15 film inthis stud. 


28.3.4 Relative Humidity 
and Temperature Effect 


‘The influence of relative humidity on friction and ad- 
hesion was studied in an environmentally controlled 
chamber. The friction force was measured by making 
‘measurements at increasing relative humidity, the re~ 
sults are presented in Fig. 28.15 [28.21]. It shows that 
for Si(100) and Z-15 film, the friction force increases 
with a relative humidity increase up to RH 45%, and 
then it shows a slight decrease with a further increase 
in relative humidity. Z-DOL(BW) has a smaller fric- 
tion force than Si(100) and Z-15 in the whole testing 
range. And its friction force shows a relatively appar- 
cent increase when the relative humidity is higher than 
RH 45%. For Si(100), Z-15, and Z-DOL(BW), adhesive 
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forces increase with relative humidity, And their coef- 
ficients of friction increase with a relative humidity up 
to RH 45%, after which they decrease with a further in- 
‘crease of the relative humidity. Itis also observed that the 
humidity effect on Si(100) really depends on the history 
of the Si(100) sample. As the surface of Si(100) wafer 


Fig. 28.15 The influence of relative humidity (RH) on 
the friction force, adhesive force, and coelicient of f 
tion of Si(100), 2.8-nm-thick Z-15 film, and 2,3-nm-thick 
Z-DOL(BW) film at T0nN, 2jum/s, and in 22°C air 
Schematic (right) shows the change of meniscus with in- 
creasing relative humidity. In this figure, the thermally 
treated Si(100) represents the Si(100) wafer that was baked 
at 150°C for hour in an oven (in order to remove the 
adsorbed water) just before it was placed in the 0" RH 
‘chamber [28.21] 


readily adsorbs water in air, without any pre-treatment 
the Si(100) used in our study almost reaches its saturate 
stage of adsorbing water and is responsible for less ef- 
fect during increasing relative humidity. However, once 
the Si(100) wafer was thermally treated by baking at 
150°C for 1 hour, a bigger effect was observed. 

‘The schematic (right) in Fig.28.15 shows that be- 
ccause its high free surface energy Si(100) can adsorb 
‘more water molecules with increasing relative humidity. 
As discussed earlier, for Z-15 film in a humid environ- 
‘ment, condensed water competes with the lubricant film 
present on the sample surface. Obviously, more water 
‘molecules can also be adsorbed on a Z-15 surface with 
increasing relative humidity. The more adsorbed water 
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‘molecules in the case of $i(100), along with lubricant 
‘molecules in Z-15 film, form a bigger water meniscus, 
which leads to an increase of friction force, adhesive 
force, and coefficient of irition of $i(100) and Z-15 with 
humidity. But at very high humidity of RH 70%, large 
quantities of adsorbed water can form a continuous water 
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Fig. 28.16 The influence of temperature on the friction 
force, adhesive force, and coefficient of friction of Si(100), 
28-nm-thick Z-15 film, and 2.3-nm-thick Z-DOL(BW) 
film at 70nN, at 2jum/s, and in RH 40-50% air. The 
schematic (right) shows that at high temperature, desorp- 
tion of water decreases the adhesive forces, And the reduced 
viscosity of Z-15 leads to the decrease of coelficient of fric- 
tion, High temperature facilitates orientation of molecules 
in Z-DOL(BW) film, which results in lower coeflicient of 
friction [28.21] 


layer that separates the tip and sample surface, and acts 
asakind of lubricant, which causes a decrease inthe fric- 
tion force and coefiicient of friction. For Z-DOL(BW) 
film, because ofits hydrophobic surface properties, wa- 
ter molecules can only be adsorbed at high humidity 
(© RH 45%), which causes an increase in the adhesive 
force and friction force. 

The effect of temperature on friction and adhesion 
.was studied using a thermal stage attached to the AFM. 
The friction force was measured at increasing temper- 
ature from 22-125°C. The results are presented in 
Fig.28.16 [28.21]. It shows that the increasing tem- 
perature causes a decrease of friction force, adhesive 
force, and coefficient of friction of Si(100), Z-15, and 
Z-DOL(BW). The schematic (right) in Fig. 28.16 indi- 
cates that at high temperature, desorption of water leads 
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tothe decrease of friction force, adhesive force, and coef 
ficient of friction forall of the samples. Besides that, the 
reduction of surface tension of water also contributes to 
the decrease of friction and adhesion. For Z-15 film, the 
reduction of viscosity at high temperature has an addi- 
tional contribution to the decrease of friction. In the case 
of Z-DOL(BW) film, molecules are more easily oriented 
at high temperature, which may also be responsible for 
the low friction. 

Using a surface force apparatus, Yoshizawa and 
Israelachvili (28.47, 48] have shown that a change in 
the velocity or temperature induces phase transformation 
(From crystalline solid-like to amorphous, then to liquid- 
like) in surfactant monolayers, which are responsible for 
the observed changes in the friction force. Stick-slip is 
observed in a low velocity regime of a few jum/s, and 
adhesion and friction first increase followed by a de- 
crease in the temperature range of 050°C. Stick-slip 
at low velocity and adhesion and friction curves peaking 
at some particular temperature (observed in their study), 
have not been observed in the AFM study. It suggests 
that the phase transformation may not happen in this 
study, because PFPEs generally have very good thermal 
stability [28.10.12] 

‘Asabrief summary, the influence of velocity, relative 
humidity, and temperature on the friction force of Z-15 
film is presented in Fig. 28.17. The changing trends are 
also addressed in this figure. 


28.3.5 Tip Radius Effect 


‘The tip radius and relative humidity affect adhesion 
and friction for dry and lubricated surfaces [28.35, 36] 
Figure 28.18a shows the variation of single point ad- 
hesive force measurements as a function of tip radius 
on a Si(100) sample for several humidities. The ad- 
hesive force data are also plotted as a function of 
relative humidity for various tip radii, Figure 28.18a 
Indicates thatthe tip radius has litte effect on the adhe- 
sive forces at low humidities, but the adhesive force 
increases with tip radius at high humidity. Adhesive 
force also increases with an inerease in humidity for 
all tips. The trend in adhesive forces as a function of 
tip radii and relative humidity, in Fig. 28.18a, can be 
explained by the presence of meniscus forces, which 
arise from capillary condensation of water vapor from 
the environment, If enough liquid is present to form 
1a meniscus bridge, the meniscus force should increase 
with an increase in tip radius based on (28.2). This ob- 
servation suggests that thickness of the liquid film at low 
humidities is insufficient to form continuous meniscus 
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Fig. 28.17 Schematic shows the change of friction force 
of molecularly thick Z-15 films with log velocity, relative 
humidity, and temperature [28.21] 


bridges and to affect adhesive forces in the case of all 
tips. 

Figure 28.18a also shows the variation in coefficient 
of friction as a function of tip radius at a given humid- 

and as a function of relative humidity fora given tip 
radius on the Si(100) sample. It can be observed that 
for RH 0%, the coefficient of friction is about the same 
for the tip radii except for the largest tip, which shows 


sone aint ets 


__power > moderation > inductor 


inductor 


The tem inductor is used here to describe a coil that has the purpose of creating self- 
inductanceinan electronic circuit, often while passing alternating currentin combination 
with resistors and/or capacitors. A choke is a form of inductor. By comparison, the elec- 
tromagnet entry in this encyclopedia describes a coil containing a center component 
of ferromagnetic material that does not move relative to the coil, and has the purpose 
of attracting or repelling other parts that respond to a magnetic field. A coil containing 
a center component of ferromagnetic material that moves as a result of current passing 
through the coil is considered to be a solenoid in this encyclopedia, even though that 


term is sometimes more broadly applied. 


OTHER RELATED COMPONENTS 


+ solenoid (See Chapter 21) 
sctromagnet (See Chapter 20) 


What It Does 


Aninductorisa coil thatinduces a magneticfield 
in itself or in a core as a result of current passing 
through the coil. It may be used in circuits to 
block or reshape AC current or a range of AC fre- 
quencies, and in this role can “tune” a simple ra- 
dio receiver of various types of oscillators, It can 
also protect sensitive equipment from destruc 
tive voltage spikes. 


The schematic symbol for an inductor includes a 
coil that can be drawn in two basic styles, shown 
at the top and at the bottom of Figure 14-1. The 
style at the bottom has become more common. 
In each vertical section of the diagram, the func- 
tionality of the symbols is identical. 


(One or two parallel lines alongside the coil indi 
cate that it is wound around a solid core of ma- 
terial that can be magnetized, while one or two 


dotted lines indicate that it is wound around a 
core containing metal particles, such as iron fil- 
ings. Where no coreis shown, this indicates an air 
core. 


Figure 144. The coi! symbol for an inductor may be 
drawn in two styles which are functionally identical, 
Line(s) beside the coil indicate a solid core. Dotted fine(s) 
Indicate a core containing metal particles. 
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Fig. 28.18a,b Adhesive force and coefficient of friction as a function of tip rad 
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of relative humidity at several tip radi on (a) Si{100) and (b) 0.5-nm Z-DOL(BW) films [28.35] 
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‘a higher value. At all other humidities, the trend con- 
sistently shows that the coefficient of friction increases 
with tip radius. An increase in friction with tip radius at 
ow to moderate humidities arises from increased con- 
tact area (i.e., higher van der Waals forces) and higher 


Fig. 28.19 Friction force and coefficient of fr 
sus number of sliding cycles for Si(100), 2.8-nm-th 
ZS film, and 2.3-nmthick Z-DOL(BW) film at 700N, 
0.8 4um/s, and in ambient air, Schematic (bottem) shows 
that some liguid Z-15 molecules can be attached on 
the Up. The molecular interaction between the attached 
‘molecules on the tip with the Z-I5 molecules in the film 
results in an increase of the friction force with multiple 
scanning [28.21] 


values of shear forces required for a larger contact area 
Athigh humidities, similar to adhesive force data, an in- 
‘ease with tip radius occurs due to of both contact area 
and meniscus effects, It can be seen that forall tips, the 
coelficient of friction increases with humidity to about 
RH 45%, beyond which it starts to decrease. This is at- 
tributed tothe fact that at higher humidities, the adsorbed 
‘ater film on the surface acts as a lubricant between the 
two surfaces [28.21]. Thus the interface is changed at 
higher humidities, resulting in lower shear strength and, 
hence, lower friction force and coefficient of friction. 
Figure 28.18b shows adhesive forces as a function 
of tip radius and relative humidity on Si(100) coated 
With 0.5-nm-thick Z-DOL(BW) film. Adhesive forces 
forall the tips with the Z-DOL(BW) lubricated sample 
are much lower than those experienced on unlubricated 
Si(100), shown in Fig.28.18a, The data also show that 
‘even at 2 monolayer thickness of the lubricant there is 
very litle variation in adhesive forces with tip radius 
ata given humidity. For a given tip radius, the varia- 
tion in adhesive forces with relative humidity indicates 
that these forces slightly inerease from RH 0% to RH 
45%, but remain more or less the same witha further in- 
crease in humidity. This is seen even with the largest tp, 
‘hich indicates thatthe lubricant isindeed hydrophobic: 
there is some meniscus formation at humidities higher 
than RH 0%, but the formation is very minimal and 
does not increase appreciably even up to RH 65%. Fig- 
ure 28. 18b also shows coefficient of friction for various 
tips at different humidities for the Z-DOL(BW) lubri- 
cated sample. Again, all the values obtained with the 
lubricated sample are much lower than the values ob- 
tained on unlubricated Si(100), shown in Fig.28.18a. 
‘The coefficient of friction increases with tip radius for 
all humidities, as was seen on unlubricated Si(100), duc 
to an inerease in the contact area. Similar to the adhe- 
sive forces, there is an increase in friction from RH 0% 
to RH 45%, due to a contribution from an increased 
number of menisci bridges. But thereafter there is very 
litle additional water film forming, due tothe hydropho- 
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bicity of the Z-DOL(BW) layer, and, consequentially, 
the coefficient of friction does not change appreciably, 
ceven with the largest tip. These findings show that even 
a monolayer of Z-DOL(BW) offers good hydrophobic 
performance of the surface. 


28.3.6 Wear Study 


‘To study the durability of lubricant films at the nano- 
scale, the friction of Si(100), Z-15, and Z-DOL(BW) as 
1 function of the number of scanning cycles was meas- 
ured, Fig. 28.19 [28.21]. As observed earlier, friction 
force and coefficient of friction of Z-15 is higher than 
that of Si(100), and Z-DOL(BW) has the lowest values. 
During cycling, friction force and coefficient of fric- 
tion of Si(100) show a slight variation during the initial 
few cycles then remain constant, This is related to the 
removal of the top adsorbed layer. In the case of Z-15 
film, the friction force and coefficient of friction show an 
increase during the initial few cycles and then approach 
higher and stable values. This is believed to be caused by 
the attachment of the Z-15 molecules onto the tip. The 
‘molecular interaction between these attached molecules 
to the tip and molecules on the film surface is responsi- 
ble foran increase in the friction. Butafier several scans, 
this molecular interaction reaches the equilibrium, and 
after that, friction force and coefficient of friction remain 
constant. In the case of Z-DOL(BW) film, the friction 
force and coefficient of friction start out low and remain 
low during the entire test for 100 cycles. It suggests that 
‘Z-DOL(BW) molecules do not get attached or displaced 
as readily as Z-15. 


Wear depth (am) 
15, 
Si(106) 


10 ZS 
Z-DOLIBW) 


0 0 2% 30 4 5 6 70 
‘Normal load (,N) 


Fig. 28.20 Wear depth as a function of normal load using 
4 diamond tip for Si(100), 2.9-nm-thick Z-15 film, and 
2.3-nm-thick Z-DOL{BW) after one eyele [28.20] 
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Fig. 28.21 Wear profiles for Si(100), 2.9-nm-thick Z-15 
film, and 2.3-nm-thick Z-DOL(BW) film after wear studies 
using a diamond tip. Normal force used and wear depths 
are listed in the figure (28.20) 


Koinkar and Bhushan [28.20, 34] conducted wear 
studies using a diamond tip at high loads. Figure 28.20 
shows the plots of wear depth as a function of nor- 
‘mal force, and Fig.28.21 shows the wear profiles of 
the worn samples at 40 |N normal load. The 2.3-nm- 
thick Z-DOL(BW) lubricated sample exhibits better 
\wearresistance than unlubricated and 2.9-nm-thick Z- 

lubricated silicon samples. Wear resistance of a Z-15 lu- 
bricated sample is little better than that of unlubricated 
sample, The Z-15 lubricated sample shows debris in- 
side the wear track. Since the Z-15 is a liquid lubricant, 
debris generated is held by the lubricant and they be- 
come sticky. The debris moves inside the wear track 
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Fig. 28.22 Friction force as a function of number of 
cycles using a SisNg tip at a normal load of 300N for 
Z-DOL(BW) and Z-DOL(BUW) films with different film 
thicknesses [28.34] 


0 Ea =” 


and does damage, Fig. 28.20. These results suggest that 
using Z-DOL(BW) can improve the wear resistance of 
substrate, 


28.4 Closure 


Nanodeformation study has shown that fully bonded 
Z-DOL lubricants behave as soft polymer solids, while 
the unbonded lubricants behave liquid-like. AFM studies 
have shown that the physisorbed nonpolar molecules on 
«solid surface have an extended, fat conformation. The 
spreading property of PEPE is strongly dependent on the 
‘molecular end groups and substrate chemistry. 

Using solid-like Z-DOL(BW) film can reduce the 
friction and adhesion of Si( 100), while using liquid-like 
lubricant of Z-15 shows a negative effect. Si(100) and 
Z-15 film show apparent time effect. The friction and 
adhesion forces increase as a result of growth of menis- 
cus up to an equilibrium time, after which they remain 
constant. Using Z-DOL(BW) film can prevent time ef- 
fects, High velocity leads to the rupture of meniscus and 
prevents its reformation, which leads to a decrease of 
friction and adhesive forces of Z-15 and Z-DOL(BW). 
‘The influence of relative humidity on the friction and ad- 


To study the effect of the degree of chem- 
ical bonding, the durability tests were conducted 
‘on both fully bonded and partially bonded Z-DOL, 
films. Durability results for Z-DOL(BW) and Z-DOL 
bonded and unwashed (Z-DOL(BUW), a partially 
bonded film that contains both bonded and mo- 
bile phase lubricants) with different film thi 
nesses are shown in Fig.28.22 [28.34]. ‘Thicker 
films, such as Z-DOL(BUW), with a thickness of 
4.0nm (bonded/mobile = 2.3nm/1.71nm) exhibit be- 
havior similar to 23-nmvthick Z-DOL(BW) film. 
Figure 28.22 also indicates that Z-DOL(BW) and 
Z-DOL(BUW) films with a thinner film thickness 
exhibit a higher friction value. Comparing 1.0-nm- 
thick Z-DOL{BW) with 3.0-nm-thick Z-DOL(BUW) 
(bonded/mobile = 1.0nm/2.0nm), the Z-DOL(BUW) 
film exhibits a lower and stable friction value. This is 
because the mobile phase on a surface acts as a source 
‘of lubricant replenishment. A similar conclusion has 
also been reported by Rude etal. [28.19], Bhushan and 
Zhao {28.13}, and Eapen etal [28.49]. All of them in- 
dicate that using partially bonded Z-DOL. films can dra- 
matically reduce the friction and improve the wear life. 


hesion is dominated by the amount of the adsorbed water 
molecules. Increasing humidity can either increase fric- 
tion through increased adhesion by water meniscus, or 
reduce friction through an enhanced water-lubricating 
effect. Increasing temperature leads to desorption of wa- 
ter layer, decrease of water surface tension, decrease 
of viscosity, and easier orientation of the Z-DOL(BW) 
molecules. These changes cause a decrease of friction 
force and adhesion at high temperature. During cy\ 
tests, the molecular interaction between the attached 
Z-15 molecules to the tip and the Z-15 molecules on 
the film surface causes the initial rise of friction. Wear 
tests show that Z-DOL(BW) can improve the wear re- 
sistance of silicon. Partially bonded PFPE film appears 
to be more durable than fully bonded films, 

‘These results suggest that partially/fully bonded 
films are good lubricants for devices operating in dif- 
ferent environments and under varying conditions. 
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29. Kinetics and Energetics in Nanolubrication 


Lubrication, one of human kind's oldest engi- 
neering disciplines, in the 19th century gained 
from Reynolds' classical hydrodynamic description 
a theoretical base unmatched by most of the theo- 
ries developed in tribology to date. In the 20th cen- 
tury, however, increasing demands on lubricants 
shifted the attention from bulk film to ultrathin 
film lubrication, Finite size limitations imposed 
constraints on the lubrication process that were 
not considered in bulk phenomenological treat- 
‘ments introduced by Reynolds. At this point, as is 
‘common in many engineering applications, em- 
piricism took over, Functional relationships derived 
from the classical theories were tweaked to ac- 
commadate the new situation of reduced scales by 
introducing “effective” or “apparent” properties. 

With the inception of nanorheological tools 
of complementary nature in the later decades 
of the 20th century (e.g., the surface forces 
apparatus and scanning force microscopy), 
tribology entered the realm of nanoscience. 
‘Through an increasing confidence in experimental 
findings on the nanoscale, kinetic and energetic 
theories incorporated interfacial and molecular 
constraints. 

‘The very fundamentals have been challenged 
in recent years. Researchers have realized that 
bulk perceptions, such as "solid" and “liquid” 
ate defied on the nanoscale. The reduction 
in dimensionality of the nanoscale imposes 
constraints that bring into question the use 
of classical statistical mechanics of decoupled 
events. The diffusive description of lubrication is 
failing in a system that is thermodynamically not 
Well-equilibrated. 

The challenge any nanotechnological endeavor 
encounters is the development of a theoretical 


What is inaccessible today may become accessible 
tomorrow as has happened by the invention of the mi- 
ceroscope. ... Coherent assumptions on what is still 
invisible may increase our understanding of the visi- 
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framework based on an appropriate statistics, In 
tribology this is met with spectral descriptions 
of the dynamic sliding process. Statistical 
kemels are being developed for probability 
density functions to explain anomalous transport 
processes that involve long-range spatial or 
temporal correlations. With such theoretical 
developments founded in nanotheological 
experiments, a more realistic foundation will be 
laid to describe the behavior of lubricants in the 
confined geometries of the nanometer length 
scale. 


ble, ... Strong reasons have come to support a growing 
probability, and it can finally be said the certainty, in 
favor of the hypothesis of the atomists. Jean Baptiste 
Perrin ~ Nobel Lecture, December 11, 1926) 


883 


6z|a ued 


884 Part D 


Molecularly Thick Films for Lubrication 


ezjaed 


Since technology is driving lubricant films to molecu- 
lar thickness, kinetic friction and its dependence on 
the sliding parameters — especially the sliding veloc- 
ity — have become of great interest. The complexity 
of the frictional resistance in lubricated sliding is il- 
lustrated in Fig.29.1 with a Srribeck Curve, Various 
regimes of lubrication can be identified in the Stribeck 
curve. They express to what degree the hydrodynamic 
pressure is involved in the lubrication process. In the 
ultra-low speed regime, called the boundary lubrica- 
tion regime, no hydrodynamic pressure is built up in the 
lubricant. Consequently the load is carried by contact, 
asperities coated with adsorhed lubricant molecules. If 
the speed is raised, a hydrodynamic pressure builds that 
leads to a mixed lubrication, in which the load is car- 
ried by both asperities and hydrodynamic pressure. At 
even higher speeds, elastic contributions of the solid sur- 
faces have to be considered paired with hydrodynamic 
pressure effects (elastohydrodynamic lubrication), un- 
til only hydrodynamic lubrication matters. Hence, the 
Stribeck curve combines various aspects of lubrication, 
‘The curve cannot be discussed without considering the 
lubricant thickness and the different models of asperity 
contact sliding. 

In one of the first comprehensive physical models, 
of “dry” friction, Bowden and Tabor introduced a plas- 
tic asperity model, in which the material's yield stress 
and adhesive properties play an important role [29.1] 
Considering this model, which depends on surface 
energies and mechanical yield properties paired with 
all the properties that come along with a surface ad- 


Tos) 


Fig. 29.1 Sibeck Curve (schematic) relates the fluid lu- 
bricant thickness, 4, and the friction coelficient 1 to the 
Gumbel Number Ng =nwP~: i.e. the product of the 
liquid bulk viscosity, », the sliding speed (or more pre- 
cisely the shaft frequency), «, and the inverse of the 
normal pressure, P. BL: Boundary Lubrication, ML: Mixed 
Lubrication, EHL: Elastohydrodynamic Lubrication, HL: 
Hydrodynamic Lubrication 


sorbent lubricant, one can hardly grasp the difficulty 
level involved in describing the frictional kinetics in 
lubrication, 

Past and current engineering challenges in lubrica- 
tion have been met with great and complex empiricism. 
‘The theoretical modeling of lubrication junctions gen- 
erally involved only bulk property considerations with 
inadequately known adsorption mechanisms. The com- 
plexity of today's lubricants, most of them, stich as 
motor oil, a product of empirical design over many 
years, increased exponentially, making it very difficult 
to meet future challenges. The problem of empiricism 
is that conventional laws and perceptions are unchal- 
lenged. Effective quantities are invented (e.g., effective 
viscosity), exponential fiting parameters are introduced 
(e.g., Kohlrausch relaxation parameter), and terminolo- 
gies such as solid and liguid are taken as granted. 
Progress based on empiricism is only incremental and 
rarely revolutionary. 

‘One of the reasons for empiricism is a lack of access 
toa system with fewer and better controlled parameters. 
In lubrication sliding that challenge has been addressed 
ver the last two decades with the inception of the sur- 
face forces apparatus (SFA) by Tabor et al. [29.2] and 
scanning force microscopy (SFM) by Binnig etal. [29.3] 
‘These two instrumental methods allow lubrication stud- 
jes where roughness effects can be neglected, surface 
‘energies controlled, and wear from wearless friction dis- 
tinguished. Lubricant properties can be studied at nearly 
‘mathematically described boundaries, atomistic friction 
events can be recorded, and fundamental models that 
hhave been considered to be mere Gedanken Experi- 
ments, such as the Tomlinson model of friction, can be 
verified. In the wake of these nanoscopic tools, excit- 
ing new theoretical lubrication and friction models have 
appeared, 

‘This chapter considers these recent experimental and 
theoretical developments with a particular focus on slid- 
ing speed and real or apparent changes in the lubricant 
‘material properties. We will discuss kinetics and energet- 
ies in the “simplified” world of nanolubrication, in which 
our conventional perception is challenged. After a brief 
review of some of the classical lubrication concepts (hy- 
drodynamic lubrication and boundary lubrication), we 
will tum our attention to a thermal activation model of 
friction, functional behavior of lubricated friction with 
velocity, and models based on small non-conforming 
contacts. We will critically discuss the limitation of 
the underlying Gaussian statistics, itroduce fractal dy- 
namics in lubrication, and will end our discussion with 
metastable lubricant systems. 
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Kinetics and Energetics in Nanolubrication 


29.1 Background: From Bulk to Molecular Lubrication 


29.1.1 Hydrodynamic Lubrication 
and Relaxation 


In the classical theories of tribology by da Vinci, Amon- 
ton, and Coulomb, not much attention was given to the 
dependence of kinetic friction on the sliding velocity. 
‘This clearly changed in the 19th century during the first 
industrial revolution, at which time lubricants became 
increasingly important, for instance, in ball and jour- 
nal bearings. It was Petrov [29.4], Tower [29.5], and 
Reynolds [29.6] who established that the liquid vis- 
cous shear properties determine the frictional kinetics, 
Reynolds [29.6] combined the pressure-gradient deter- 
‘mined Poisseuille flow with the bearing surface induced 
Coweite flow assuming, based on Petrov's law [29.4], 
a no-slip condition at the interface between lubricant 
and solid. This led to the widely used linear relationship 
between friction and velocity. Reynolds’ hydrodynamic 
theory of lubrication can be applied to steady state slid- 
ing at constant relative velocity and to transient decay 
sliding (sliding is stopped from an initial velocity v 
and a corresponding shear stress 10), which leads to the 
classical Debye exponential relaxation behavior, i.e. 


(32) on sy 
neo(T)s maz (29.2) 


Dis the lubricant thickness, A the area of the slider, 
and 1) the viscosity of the fluid. We will later see that 
this classical exponential relaxation behavior, obtained 
in a thermodynamically well-mixed three dimensional 
‘medium, is distorted when the liquid film thickness is 
reduced to molecular dimensions. 


29.1.2 Boundary Lubrication 


Reynolds hydrodynamic description of lubrication was 
found to work well for thick lubricant films but to 
break down for thinner films. One manifestation is that 
for films on the order of ten molecular diameters, the 
stress in the film does not allow the tension to re- 
turn to zero. It was also found that the motion in the 
steady state sliding regime was disrupted, exhibiting 
8 stick-slip-like slider motion [29.7)). Consequently, 
this non-Newtonian behavior was treated with a mod- 
ified viscosity parameter (effective viscosity), which 
‘was composed of the pressure, temperature, and rate 
of shear, 

‘The term Boundary Lubrication is used to describe 
fa lubricant that is reduced in thickness to molecu- 
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lar dimension and effectively reduces friction between 
two opposing solid surfaces. Hardy et al. [29.8] rec- 
ognized that molecular properties such as molecular 
weight and molecular arrangement, are governing the 
frictional force. This confined concept of lubrication, 
often visualized by two highly ordered opposing films 
‘with shear taking place somewhere in between the two 
layers, contains many of the rate dependent manifes- 
tations of frictional sliding: e.g., stick-slip, ultra-low 
friction, transitions from high to low friction, phase tran- 
sitions, dissipation due to dislocations (e.g., gauche and 
cis-transformations), and memory effects. 

Boundary lubrication was found to be in many 
respects unique [29.9]. In macroscopic experiments, 
which involved rough surfaces, friction-velocity plots 
resembled logarithmic functions at moderate speeds. No 
static stiction force peaks were observed in boundary 
lubricants close to zero speed. On the contrary, retrac- 
tive slips could be observed upon halting, constituting 
stati friction coefficient exceeded by the dynamic fric- 
tion coefficient [29.9]. These unique manifestations of 
boundary lubrication were discussed in terms of a lubri- 
cated asperity-junction mechanism, which associated 
“an increase inthe coefficient of friction with a decrease 
in the adsorptive coverage of the rubbing surfaces by 
the lubricant substance” [29.9]. It was argued that in the 
course of the sliding process of a macroscopic slider, 
‘more adsorbed lubricant is expected to exist within the 
interfacial area than outside the contact zone. This would 
lead upon halting to relaxation process ofthe elastic re- 
straints on the slider, causing the slider to a retractively 
slip. 


29.1.3 


k Slip and Collective Phenomena 


Based on numerous friction experiments at the initia- 
tion of sliding with rough macroscopic contact, it was 
argued that the distinction between static and kinetic 
friction is not categorical but rather a manifestation of 
the apparatus [29.9]. This was a widely held opinion 
prior to Briscoe’s et al. 29.10] molecularly smooth 
‘monolayer SFA experiments of aliphatic carboxylic 
acids and their soaps. Briscoe found that the charac- 
ter of sliding motion (continuous vs. discontinuous), 
depends not only on the apparatus but also on the prop- 
erties (chemistry) of the monolayer. As in the rough 
boundary layer experiments discussed above, Briscoe's 
‘molecularly smooth monolayer experiments exhibited 
logarithmic-like friction-velocity behaviors, 
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Fig.29.2 (a) SFM friction measurements at a speed 
1 m/s: Cooperative molecular response of polyethylene 
‘co-propylene to frictional shear forees as a function of the 
applied load. P; (corresponds to the thickness of the poly- 
mer film) represents the critical activation load at which 
collective sliding is energetically more favorable than lo- 
cal plastic yielding. Adapted from [29.11]. (b) Sketch of 
the degree of disentanglement in the vicinity to the solid 
substrate surface 


It was Israelachvii etal. [29.7] who, based on SFA. 
experiments and computer simulations, provided a mo- 
lecular picture of the stick-slip behavior caused by the 
lubricant material, The major achievement of this work 
was to draw our attention to the molecular structure of 
the lubricant, which is often different from the bulk and 
unstable during the sliding motion. It was recognized 
that bulk rheology failed to describe the lubrication pro- 
cess. Finally addressed in the Israelachvili study were 
in-plane structuring of simple liquids caused by com- 
pression forces and “freezing-melting” transitions due 
to shear, 

‘The simple concept of a freezing-melting transition 
is based on a common perception of the two distinctive 


parts of a stick-slip occurrence: the solid (Hookian)-like 
sticking part and the liquid (Newtonian)-like slipping 
part. But a deformation of solid can be both, co- 
ordinated or uncoordinated, and thus can exhibit both 
solid-like and liguid-like behavior. For instance, most 
of the plastic yielding processes are uncoordinated, On 
the other hand, slipping within a solid, along a crys- 
tal plane in a thermally activated strain-release process 
for instance, is a highly coordinated molecular pro- 
cess [29.12] 

Similar arguments can be made for a liquid. For 
‘example, stick-slip behaviors were observed in more 
complex fluidic systems by Reiter et al. [29.13], who 
‘compared a molecularly “wet” lubricant film with a 
“dry” self-assembled monolayer lubricant. They con- 
cluded that sliding in liquid films is the result of 
slippage along an interface. In other words, the de- 
gree of molecular cooperation determined the frictional 
resistance. 

‘The concept of local-versus-cooperative yield to 
shear is briefly illustrated here with a frictional-load 
study of a molecularly entangled polymer melt obtained 
ina SFM study of Buenwiaje etal. [29.11]. Each of the 
curves presented in Fig. 29.2a represents a polymer film 
of polyethylene co-propylene of distinctly different de- 
gree of entanglement. Films of thickness above 230 nm 
exhibit the strongest entanglement strength. Films of 
20nm thickness or thinner are fully disentangled. The 
reason for the film thickness-dependent entanglement 
strength is given by the substrate distance-dependent 
shear strength during the spin coating process of the 
thin films. For entangled films SFM friction studies ex- 
hibit a critical applied load (identified by P,, and the 
thickness r) that separates two friction regimes: One 
identified by « high friction coefficient and the other by 
a low friction coefficient. At loads below P, the friction 
coefficients are high, indicating plastic yielding during 
sliding. In these plastic regimes of sliding, molecular 
cooperation is low, leading to high local shear stresses 
compensated by local yielding of the material. Above the 
critical load, the friction coefficient drops, independent 
of the film thickness, to a low value of 3.0, correspond 
ing to the value obtained from the fully disentangled 
film, Note that the polymer molecules in the 20-nm- 
thick film experience high substrate tangential stresses 
during the spin coating process. Hence the disentan- 
gled polymer molecules can be considered to be aligned 
preferentially along the substrate surface as sketched in 
Fig. 29.2b. This leads to a decrease of the structural en- 
tropy the closer the material is to the solid substrate 
surface. Considering the matching friction coefficient 
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A selection of inductors designed for through- 
hole mounting is shown in Figure 14-2. 


Figure 14-2. Four inductors designed for thraugh-hole in 
sertion into printed circu boards. 


How It Works 


Direct current passing through an electrical con- 
ductor, such as a wire, creates a magnetic field 
around the conductor. In Figure 14-3, conven- 
tional current (Flowing from positive to negative) 
is passing through a straight wire from left to, 
right, as indicated by the red/blue arrow. The re- 
sulting magnetic field is indicated by the green 
arrows. if the wire is now bent into a curve, as 
shown in Figure 14-4, the magnetic field exerts 
an aggregate force downward through the 
curve. This magnetic force is conventionally said 
to flow from south to north, 


IF direct current could be induced to circulate 
through an unbroken circle of wire, the resulting 
magnetic field could exert a force through the 
circle as shown in Figure 14-5, assuming clock- 
wise circulation of conventional current as sug- 
gested by the red/blue arrows. 


Conversely, ifa magnet was pushed through the 
center of the circle, it would induce a pulse of 
electric current in the circle, Thus, electricity 
passing through a wire can induce a magnetic 
field around the wire, and conversely, a magnet 
moving neara wire can induce an electriccurrent 


power 


maderation > inductor 


Figure 14-3, Conventional current passing through a wire 
{rom left ta right (as indicated by the red/blue arrow) in 
duces a magnetic field around the wire (shown by the 
green arrows), 


South 


North 


Figure 14-4, ifthe wie is bent into a curve, the magnetic 
fields can create a net force shown by the large green ar- 


in the wire, This principle is used in an electrical 
generator, and also in a transformer, where al- 
temating current in the primary coil induces a 
fluctuating magnetic field in the core, and the 
field in the core is turned back into alternating 
current in the secondary coil. 


Note that a static or unchanging magnetic field 
will not induce a flow of electricity. 
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29.2 Thermal Activation Model of Lubricated Friction 


of 0.3 above P; for thicker films, we can assume that 
‘any entangled film above a critical load exhibits a sim- 
ilar molecular collective response toward shear as the 


20nm film during spin coating. The critical load and 
its related pressure represent a barrier that has to be 
overcome before a collective phenomenon is activated, 


29.2 Thermal Activation Model of Lubricated Friction 


With the discussion of shear in entangled polymer sys- 
tems we have introduced structural entropy as one of 
the key players that affect frictional resistance in Iubri- 
canis, We found that the structural entropy was affected 
by the load ofthe slider, which introduces an activation 
barrier in the form of a critical pressure. The terminol- 
ogy used here resembles the one of the Eyring theory of 
‘molecular liquid transport [29.14] 

Eyring discussed a pure liguid at rest in terms 
of a thermal activation model. The individual liquid 
‘molecules experience a “cage-like" harrier that hinders 
molecular free motion, because ofthe close packing in 
liquids. To escape from the cage an activation barrier 
needs to be surmounted. In Eyring’s model, two pro- 
cesses are considered in order to overcome the potential 
barrier: () shear stresses and (i) thermal fluctuations. 
‘The potential barrier in the thermal activation model 
is depicted in Fig. 29.3 indicating the barrier modifica- 
tion by the applied pressure force P, and shear stress r. 
Briscoe etal. [29.10] picked up on this idea to interpret 
the frictional behavior observed on molecularly smooth 
‘monolayer systems. Starting fom the overall harrier 
height £ = Q + P22 — rp that is repeatedly overcome 
during a discontinuous sliding motion, using a Boltz- 
‘mann distribution to determine the average time for 
single molecular barrier-hopping, and assuming a regu- 


Fig. 29.3 Potential barrier in a lubricant based on Eyring’s 
thermodynamic “cage-model.” ‘The normal pressure P and 
the shear stress r are modifying the butrier height Q. 
‘Modified from [29.10] 


springer Handbook  Nanoteehnolo 
BPahushan “© Springer 008 


arses of barvies nd high test (r/47> 
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ship was derived [29.10] 
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w+aP; 


atconstant Pw, (29.36) 


remtelny; n= Z(O+PQ-ATInw) 5 
kt 

=4, stconstan PT (29.30 
“ ) 


‘Thus Eyring’s model predicts a linear relationship of 
friction (the product of the shear strength and the active 
process area) in pressure and temperature and a loga- 
rithmic relationship in velocity. 

Eyring's model has been verified in lubrication ex- 
periments of solid (soap-like) lubricants by Briscoe 
and liquid lubricants by He et al. [29.15] within 
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Fig. 29.4 (a) Logarithmic Fy(x)-plots. Fro) 
ewin(afpm/s}): © “dey” contact (18% relative bum 
With Fy = 16.4nN and a =0.91 aN, & OMCTS lubricated 
with Fy =11.30N and a = 3.4nN, and m n-hexadecane 
(v-CigHsu) lubricated with Fy =7.1 nN and «= 2.50N. 
‘The measurements were obtained with rectangular SFM 
‘cantilevers (0.4-0.8N/m) at 100nN load and 21°C, both 
feedback-controlled. (b) Stress activation length, @/A 
(A area of contact) for OMCTS, n-bexadecane and dry 
‘contact. The inser provides a linear relationship between 
friction and temperature at velocity of 1 pm and a noe- 
mal load of 100nN. Adapted from [29.15] 


thee logarithmic decades of velocities. While Briscoe 
etal. [29.10] employed a SFA that confines and pressur- 
izes the film over several square microns, He eta. used 
a SFM system in which the contact is on the order ofthe 
Jubricant molecular dimension. 

He ot al, determined the degree of interfacial struc- 
turing and its effect on lubrication of n-hexadecane 
and octamethyleyclotetrasloxane (OMCTS). For spher- 

ly shaped OMCTS molecules, only an interfacial 
“monolayer” was found; in contrast, a 2-nm-thick en- 
tropically cooled layer was detected for n-hexadecane 
inthe boundary regime to an ultra-smooth silicon wafer. 
SFM measurements of the two lubricants (with simi- 
lar chemical affinity to silicon) identified the molecular 
shape of n-hexadecane responsible for augmented in- 
terfacial structuring. Consequently, interfacial liquid 
structuring was found to reduce lubricated friction, 
Fig.29.4, Again as reasoned above, these results can 
be discussed in terms of a collective phenomenon, 
i.e, in terms of increased molecular coordination in 
n-hexadecane versus OMCTS, 
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29,3 Functional Behavior of Lubricated Friction 


Friction-rate experiments are well suited to evaluate 
the rheological nature of interfacial liquids. In classical 
theories, such as the Reynolds’ hydrodynamic theory 
discussed above, drag forces in lubricated sliding aver 
thick liquid films were found to depend linearly on the 
rate of sliding and on the viscosity of the bulk fluid. 
In high-pressure lubrication, described by the elastohy- 
drodynamic lubrication theary [29.16, 17), it was found 
that the linear relationship between friction and velocity 
can be retained by adjusting the (apparent) viscosity 


by introducing an apparent viscosity term. Qualita- 
tively, the same linear relationship has been observed 
for highly confined simple liquids between ultrasmooth 
mica surfaces such as alkanes [29.18]. Note that the 
lubricated contact area in SEA experiments is on the 
micron-scale. It significantly exceeds the size of the con- 
fined molecules. For small and unbranched molecules, 
such as simple alkanes, it is possible that the confined 
material undergoes pressure-induced phase recon- 
struction, which leads to material properties that deviate 
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29.3, Functional Behavior of Lubricated Friction 


significantly from the bulk. Larger and more complex 
(branched) molecules are less likely to exhibit pressure- 
induced phase reconstruction due to internal constraints 
and poor mixing within the contact area. This was shown 
by Drummond etal. 29.19] in SFA shear experiments 
‘They found that the linear friction-velocity dependence 
does not apply for branched hydrocarbon lubricants, 
‘Also Drummond discussed “molecular lubrication” in 
terms of a logarithmic friction-velocity relationship, 
hich is in accordance with the above-discussed ther- 
‘mal activation model, the solid lubricant SFA study by 
Briscoe etal. [29.10], and the liquid lubricant SFM study 
by He et al. [29.15] 

Common to the three studies by Briscoe, He, and 
Drummond is that they operate on a single material 
phase that is disrupted or relaxed over a very specific 
lateral length scale. In the Eyring model, the length 
scale is deduced by assuming a regular series of bar- 
riers, separated by a virtual jump distance. The distance 
is embedded in vp, the characteristic velocity, which is 
the product ofthe jump distance and the Frequency of the 
process. Briscoe et al. [29.10] used the lattice constant 
of the highly oriented monolayers as the virtual jump 
distance. It was assumed that the process frequency was 
related to the vibrational frequency of the molecules 
(10! 5-1, neglecting sliding velocity, temperature, and 
pressure effects. He et al. [29.15] assumed a jump dis- 
tance of 0.2nm and considered frequencies between 
perfectly structured alkane layer (10"" Hz) and the bulk 
fluid (10!°—10"° Hy, estimated from infrared absorption 
data for typical covalent bonds). With these assumptions 
He determined total “jump-energies" of 4-8 x 102” J 
Briscoe and He pointed out that a friction-velocity study 
alone provides only a qualitative measure of the mi- 
croscopic origin of friction. Additional measurements 
have to be conducted that quantitatively address jump 
distances and frequencies. 

The issue of the jump distance has heen addressed. 
by Overney et al. (29.20] in a SFM study on a highly 
ordered lubricant model system. This study avoided 
two levels of difficulties Briscoe et al. [29.10] and He 
et al. [29.15] encountered: (a) large contact areas of 
SFA studies, and (b) complex rheology with unknown 
structure parameters as in liquid lubricant studies. It 
involved contact dimensions on the order of Inm?, 
and the crystalline form a bilayer model-lipid-lubricant 
‘with in-plane lattice spacings of 0.6 and 1.1mm. The 
study mainly focused on the effect of the depth of the 
corrugation potential (barrier height) on the static and 
dynamic friction force, This is illustrated in Fig. 29.5 
in the form of stick-slip amplitude plotted as a func~ 
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Fig. 29.5 SFM molecular stick-slip measurements ofa bilayer lipid 
system (5-(4'-N,N-dihexadecylamino)henzylidene barbituric acid) 
{a) High amplitude frictional stick-slip behavior is observed for scans 
perpendicular to molecular rows as imaged in (¢) Fy, static friction, 
is assigned to the maximum force occurrence. The average value 
corresponds to the dynamic friction value, Fiy,. determined on large- 
scale micrometer scans. (b) A 30° out of row direction scan leads 
to decreased frictional stick-slip behavior due to smaller molecular 
corrugations. (c) 12x 12am? SFM lateral force image of a highly 
structured lipid bilayer. Two crystalline domains witha boundary are 
imaged. The anisotropic row-like structure is responsible for diree- 
tional dependent friction forces. The molecular corrugation between 
the rows is larger than the molecular corrugation in between a single 
row. (a) and (b) are adapted from [29.20] and (c) from [29.21] 


tion of the drag direction (i.e, sliding with respect to 
the anisotropic row-like film structure). Relevant to our 
discussion about jump distance in lubrication events is 
Ovemey’s discussion about the sliding speed and its ef- 
fect on the slip distance, They demonstrated that within 
sliding speeds of 36 nm/s to 100 nm/s, the jump distance 
corresponded to the lattice spacing, At higher velocities, 
however, they could observe jumps over multiples of 
lattice distances and found the jump length distribution 
to become increasingly stochastic. They proposed mo- 
lecular (or atomistic) friction as a white-noise driven 
system, which oheys a Gaussian fluctuation-dissipation 
relation, Hence, based on this finding one should con- 
sider discussing kinetic friction in terms of a statistical 
fluctuation model and understand the jump distance as 
statistical quantity. 
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29.4 Thermodynamical Models Based 


on Small and Nonconforming Contacts 


‘The SFM approach simulates a single asperity contact, 
with a very high compliance, provided by a microfab- 
ricated and etched ultra-sharp tip and a typically soft 
cantilever spring. From a realistic, tribological perspec- 
tive, the SFM approach is targeted toward the study of 
the intrinsic lubricant properties of a thin film in close 
vicinity tothe solid substrate. The small contact area on 
the order of the lubricant's molecular dimension allows 
discussing SFM results in terms of a thermodynamic 
‘equilibrium, The area is insufficient in reorganizing the 
Iubricant molecules coherently, to cause an apparent 
‘material phase-transition, or to generate a metastable 
situation as observed in SFA experiments (see be- 
low). SFM is therefore not appropriate to reflect on 
tribological issues involving large area confinement 
effects 

In our prior molecular discussion of friction above, 
wwe introduced for solid and liquid lubrication a thermal 
activation model, the Eyring model, which employed 
1 regular series of potential barriers. Note that the 
concept applies for a solid lubricant of an inherent, 
highly ordered structure (e.g., [29.10], but also for a li- 
‘quid system in which the series of potentials is built 
up and overcome in the course of the shear process 
(eg. (29.15). 

Gneceo et al, [29.22] showed in a ultrahigh vacuum 
study on sodium chloride that the concept of the Eyring 
model also applies for dry SFM friction studies. Thus 
a molecular theory of lubricated friction involving a mo- 
lecular contact could he derived from a very simplistic 
‘model of an apparent sinusoidal-corrugated surface over 
which a cantilever tip is palled. In a first attempt one 
‘could assume that the corresponding wave length of the 
shear process corresponds to the apparent lattice spacing 
of the corrugated surface. With such a simple attempt it 
is, however, assumed that there is no noise, such as ther- 
mal noise, existing in the system, and thus the driven 
tip leaves the total potential well when the barrier van- 
‘shes at the instability point. In the presence of noise, 
the transition to sliding can be expected to occur before 
the top of the barrier is reached. Such barrier-hopping 
fluctuations have been theoretically discussed by Sang 
etal. [29.23] and Dudko etal. [29.241 

‘The relationship between thermal fluctuations 
and velocity must be handled thoughtfully. Sang 
et al, [29.23] pointed out that in previous considera- 
tions of thermal fluctuations by Heslor et al. [29.25] 
the fluctuations were proportionally related tothe veloc- 


ity, which led to a friction force that is logarithmically 
dependent on the velocity, In Heslot's linear creep 
‘model, the barrier height is proportional tothe frictional 
force. Sang argued that if one considered an absorb- 
ing boundary condition (i.e., an elastic deformation of 
the overall potential which is accomplished by shifting 
the x-axis) the barrier height becomes proportional to 
2 3/2-power law in the friction force. Sang’s extended 
linear creep model resembles a ramped creep model and 
leads analytically to a logarithmic distorted dynamic 
friction-versus-velocity relationships i.e, 


F=Fe-AF inv'|22 


(29.4) 


In (29.4) vt represents a dimensionless velocity, 
AF & 7", and F. is an experimentally determined 
constant (by plotting F versus 72/? for a fixed ratio 
T/w = 1K/(nm/sec)) that contains the ertical position 
of the cantilever support. The same relationship of fric- 
tion with velocity was also derived for the maximum 
spring force by Dudko et al. [29.24]. AF and v* in 
(29.4) were derived as follows by Sang: 


(29.53) 


ar (gary (oa) vss) 


ay 1+Qp 


In (29.5a,b) u is the velocity of the cantilever stage, 
B is the microscopic friction coefficient or dissipation 
(damping) factor, ey is the frequency of the small oscil- 
lations of the tip in the minima of the periodic potential, 
2 is the lattice constant, Uy is the surface barrier potential 
height, M and & represent the mass and the spring con- 
stant of the cantilever, respectively, and 2:72, represents 
the ratio of wy with the intrinsic cantilever resonance 
frequency a, 

Sang’s and Dudko's model was experimentally con- 
firmed by Sills and Overney [29.26] on an unstructured 
amorphous surface of atactic polystyrene, Fig. 29.6. 
‘Dudko determined that the typically used weak spring 
constants in SEM measurements are responsible for 
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29.5 imitation of the Gaussian Statistics ~ The Fractal Space 
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Fig. 29.6 Collapse of SFM friction data obtained on at 
actic polystyrene using the ramped ereep scaling model. 
"The regression parameters from the linear fit dashed line) 
are ~2.158% 10? N¥? 5/m and 40.186% 10-7 nN~*?/K, 
(42 =0.9124). Lower inset: the constant F; is determined 
from the intercept of the friction force F versus 72 for 
a fixed ratio T/v= 1K /(am/s): F.=44.5 aN, (Adapted 

from Sills and Overney (29.26)) 


the more pronounced logarithmic behavior of friction 
in velocity as found by Gnecco et al. [29.22] and He 
et a. [29.15]. The ramped creep model is also supported 
bby numerical solutions of the Langevin equation. 


‘The Langevin equation combines the equation of 
‘motion (including the sinusoidal potential and perfect, 
cantilever oscillator in the total potential energy £) with, 
the thermal noise in the form of the random force, £(?), 
E(t) 
oe 


k >a (28 
where Ete, = (R=? Uy (2 
6. = 5 (RO) — 8)? Up (>) 


ME+ MBit 


Eu) (29.6) 


Equation (29.6) was solved numerically by both Sang 
et al, [29.23] and Dudko et al. [29.24] independently, 
assuming a Gaussian fluctuation-dissipation relation, 
(G(NE()) = 2MAKy TOA’) to express the random 
force, Sang confirmed the ramped creep model, and 
Dudko showed that a force reconstruction approach 
from the density of states (accumulated from the corre- 
sponding Fokker~Planck equation) is equivalent to the 
Langevin equation, From the dynamic spectral analy- 
sis, it could be concluded that the locked states (states 
‘within the potential wells) contribute mostly to the po- 
tential component of the friction force that dominates 
at low driving velocities, and sliding states contribute 
to viscous friction dominating at high driving veloci- 
ties [29.24] 

It should be noted that all of the above results 
considered an overdamped SFM system with respect 
to the driven spring (i.e., 62> 4M), and an under- 
damped system with respect to the periodic potential 
(i.e, 6? <4(Ma)*). This aspect will be further ad- 
dressed below in our discussion of metastable lubricant 
systems in large conforming contacts. 


29.5 Limitation of the Gaussian Statistics - The Fractal Space 


‘The spectral description of dynamic processes in- 
volving probability density functions has recently 
been the focus of numerous theoretical papers that 
treat various statistical kemels [29.27-30]. Dudko's 
et al [29.24] Fokker-Planck discussion of kinetic fric- 
tion and Luedke's et al. [29.27] Lévy flight model of 
slip diffusion of adsorbed nanoclusters are two exam- 
ples in which statistical methods are applied to describe 
diffusive properties relevant to the kinetics in tribology. 
Currently most models used to describe tribologi 
cal processes assume Gaussian statistics (e.g, [29.23], 
and [29.24)). One of the limitations of a Gaussian statis- 
tics is that there are no correlations between statistical 
incidences. In other words, the Gaussian dynamic sys- 
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tem is without memory. This is important to remember 
as the Eyring model discussed above, with its equally 
spaced potential barriers, used a Gaussian statistics. 
Simple “inert” lubricants, such as short chain alka- 
nes embedded between silicon wavers, are described 
satisfactorily with such a statistics; however, confined 
complex liquids are not, including branched molecules, 
polymers, and generally chemically interactive and 
entropically confined systems (e.g., perfluropolyether 
lubricants as discussed below). 

Confined complex liquids, for instance, easily 
exhibit strongly interacting glass-like behavior. The 
dynamic and stress relaxation behaviors in glasses, fre- 
quently discussed only as a low interacting system with 
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Molecularly Thick Films for Lubrication 


Arrhenius laws (Gaussian statistics), are often distorted 
from processes described by independently occurring 
microscopic processes. For instance, deviations from the 
Debye exponential relaxation as introduced in (29.1) 
are expressed in the form of an extended exponential 
Kohlrausch relaxation function over time 1; i.e., 


Fo= =| =e"; o<bet 
X= Xo) 

(29.7) 
were X isthe property that is relaxed, The exponent b, 
the Kohirauseh exponent, can theoretically be deter 
inloed if one atsurce tat the prose occas in txie, 
reprerenfing a wellctermined microscopic erg lh 
Comelates the various degrees of feedom [29 31) This 
prune ie banetved fram magacte spin models mach 
as the Fring spin model [29.32], The idea is that a given 
molecular motion is dependent on the availabilty of 
other degree of freed of mobile neighboxing struc 
furl un, Fina relasaion ime, tn, re gran 
ohvained with increasing spin lovel (ergodic limit). 

"As, mentioned above, ihe models by" Dudko 
et al, [29.24] and Sang et al. [29.23] assumed Gaussian 
Statistic. To illustrate hove a diffusion process ean de- 
‘ate from Gatsfan satincs, we introduce a cimpliied 


version of the Langevin equation, i.e., 


nit sit) (29.8) 


with the coordinate x, the dissipation (or dampening) 
parameter and the random acceleration ¢(1). Assuming 
Gaussian statistics, the mean squared displacement is, 


(2c) =24070 


where D = nkT defines the diffusion constant [29.33)). 
twas already realized a the time of Smoluchovski at the 
beginning of the 20th century that a diffusive descrip- 
tion of adynamic process demands thermodynamically 
well-equilibrated or mixed system. Especially in a con- 
fined tribological system that involves a third medium 
(z..a lubricant, itcan be expected thatthe Markovian 
nature of the underlying stochastic process could be dis- 
turbed. Consequently, for a monolayer lubricant that is 
chemically interacting, a nonlinear relationship of the 
mean squared displacement in time can he expected. 
Manifestations of anomalous transport are long-range 
spatial or temporal correlations. Two extreme limits can 
be distinguished: (a) processes with strong temporal re- 
lations (“fractal time”) [29.29], and (b) systems that 
exhibit long jumps ("Lévy fights”) [29.30] 


2dr, (29.9) 


29.6 Fractal Mobility in Reactive Lubrication 


‘The importance of the underlying kinetics is illustrated 
by ultra-thin wetting lubricants. The spreading of “com 
pletely wetting” polymer liquids on solid surfaces has 
revealed unexpected spatial and temporal features when 
examined at the molecular level. The spreading profile is 
typically characterized by the appearance of a precursor 
film of monomolecular thickness extending over macro- 
scopic distances and, in many cases, a terracing (also on 
the order of molecular dimensions) ofthe fluid remain- 
ing in the reservoir [29.34]. These spatial features have 
been shown to be consistent with a oiseuille-like flow in 
which the disjoining pressure gradients with film thick- 
ness drive the spreading process [29.35]. The temporal 
evolution of the spreading profile in this film thickness 
regime is, however, found to universally scale as !/? 
even at short times [29.34]. That the spreading dynam- 

are reflective ofa diffusive transport mechanism and 
not of a pressure driven “liquid” flow suggests that in- 
terfacial confinement substantially alters the mobility of 
molecularly thin polymer fluids [29.36] 


‘The molecular mobility is of fundamental impor- 
tance for monolayer lubrication purposes, such as in 
magnetic storage devices. It has, for instance, been 
shown that for low surface energy hydroxyl-terminated 
perfluoropolyether (PFPE-OH) films, the lubricant ex- 
hibits spatially terraced flow profiles indicative of film 
layering [29.35] and spreading dynamics that are diffu- 
sive in nature [29.37, 38]. In magnetic storage devices 
the hydroxylated chain ends of molecularly thin PFPE- 
OH films interact with the solid surface, an amorphous 
carbon surface, via the formation of hydrogen-bonds 
with the polar, carbon-oxygen functionalities located on 
the carbon surface, The bonding of the PFPE-OH poly- 
mer to carbon is predicated on the ability of the PEPE 
backbone to deliver spatially the hydroxyl end-group to 
within a sufficiently close distance to the surface ac- 
tive sites. Kinetic measurements probing the bonding 
of the PEPE-OH polymer to the carbon reveal two dis- 
tinctive kinetic behaviors, as illustrated in Fig. 29.7 at 
two representative temperatures: 50°C and 90°C for the 
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Fig. 29.7 Representative kinetic data for the bonding of 
PFPE-OH (tradename: Fomblin ZDOL) to amorphous car- 
bon at T=S0°C and T=90°C, Solid lines represent 
fits using a rate coetficient of the form, k() = kot with 
@=05 for T= 50°C and a = 1.0 for T =90°C 


‘two temperature regimes helow 56°C and above 85°C. 
Below 56°C the kinetics are described with a time- 
dependent (fractal time dependent) rate coetficient of 
the form 


K(f) = kot"? (29.10) 
and at temperatures above 85°C with the form 
K(Q) = hor? (29.11) 


‘The initial bonding rate constants, ky 
as the temperature rase abave 50°C. 

‘The bonding kinetics in the low-temperature regime 
is characteristic of a diffusion-limited reaction occurring 
from a glass-like state of the molecularly thin PFPE-OH 
film [29.39]. The mobility of the PEPE chain in the 
alass-like state is limited by the propagation of holes 
or packets of free Volume, which facilitate configura- 
tional rearrangements of the chain. The onset of changes 
in the bonding kinetics at nominally T> 56° signifies 
‘a fundamental change in the mobility of the molecu- 
larly thin PFPE-OH film. Specifically, the transition in 
the fractal time dependence suggests that delivery of 
the hydroxyl moiety to the surface is no longer lim- 
ited by hole diffusion, and the increase in the initial 
rate constant indicates an enhancement in the backbone 
flexibility. These results are consistent with a transi- 
tion in the film from a glass-like to a liquid-like state 
in which the enhanced PFPE-OH segmental mobility 


increased abruptly 
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Fig.29.8a,b Shear-modulated SFM experiments per- 
formed on 10.7 0.5 A Fomblin Zdol film: (a) phase shift 
response between disturbance and response, and (b) contact, 
stifiness response vs. temperature 


results from rotations about the ether oxygen linkages 
in the chain that become increasingly facile, The time 
dependence observed in the high-temperature rate co- 
efficients, k() = kot!” is characteristic of a process 
bccurting from a confined liguid-like state in which the 
activation energy increases asthe extent ofthe reaction 

The impact of this transition in the molecular mo- 
bility on tibology can be illustrated with sinusoidally 
‘modulated shear force experiments [29.40, 41] In brief, 
4 molecularly thin (10.7-20.5 A) PEPE-OH film is sub- 
jected to a local shear stress by means of a sinusoidal 
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force applied laterally to a SEM probe (at constant load) 
where the modulation amplitude is initially set below 
that required to initiate sliding between the tip and the 
sample, The amplitude and phase-shift responses are 
measures of the contact stiffness and the effective vis- 
cous dampening, respectively. From Fig. 29.8 it can be 
inferred that the SFM-measured nanorheological prop- 
erties of the PEPE-OH film exhibit the changes discussed 
above in the molecular mobility. Thus kinetic and rheo- 


logical data suggest that the thermal transition observed 
is due to the formation of a two-dimensional (2-D) 
glass, The “glass transition” results from the preferen- 
tial “freezing out” of the out-of-plane torsional motions 
of the energetically confined PFPE backbone, The 
confinement-induced solidification in the molecularly 
thin precursor film will significantly impact the lubri- 
cation properties and challenge thermodynamic, well- 
‘equilibrated models of lubrication as introduced above. 


29.7 Metastable Lubricant Systems in Large Conforming Contacts 


It is important to note that in an experiment of ther- 
mal activation, the critical time of the experiment 
feyp decides the system response with its finite re- 
Taxation time fias- If fexp > fn the system behaves 
in an ergodic manner, and thermodynamic laws apply 
for interpreting lubrication results. On the contrary, if 
fexp <tmax the thermal evolution cannot be described 
by classical statistical thermodynamics. A metastable 
configuration is generated, The experimental time de- 
pends strongly on the contact area, the parameter that 
most differs between SFA and SFM measurements. SEA 
experiments involve large micron-scale contacts while 
SFM measurements are conducted with contacts on the 
nanoscale 

Because of the large contact area, SFA experi- 
ments are very susceptible to generating unequilibrated 
metastable lubricant configurations. The SFA study by 
Yoshizawa et al. [29.42], in which distinctively different 
‘dynamic states of friction were introduced, could be in- 
terpreted as such, To date there are three velocity regimes 
used to describe the dynamic state of friction forasystem 
that is “underdamped” [29.43], In an underdamped sys- 
tem, realized by a stiff spring compared to the friction 
constant, the characteristic slip time is comparable oF 
smaller than the response time of the mechanical system, 
One distinguishes three velocity regimes, as depicted in 
Fig. 29.9. The three regimes distinguish themselves by 
a single discriminator, ys, a material, pressure and tem- 
perature dependent critical velocity. The regimes are 
described as 


1. highly regular with high amplitude stick-slip for 
iran 

intermittent stochastic stick-slip for v < v, and 

smooth low friction sliding for v > v. 


Various models haye been suggested to de- 
scribe the different dynamic states, including melting 


Friction 


Time 


Fig. 29.9 Dynamic states of friction for an underdamped 
spring system 


freezing transition [29.44], chain adsorption on sub- 
strates [29.45], and embedded particle [29.43]. Until 
the embedded particle model by Rozman was intro- 
duced, the SFA approach seemed to be the tool of 
choice to investigate metastable lubricant configura- 
tions. Rozman's single particle model alerts us, however, 
to drawing unambiguous conclusions on the dynamical 
structure of a molecular system embedded between two 
plates and driven by an underdamped system. In Roz- 
‘man’s simple theoretical model, sketched in Fig. 29.10, 
a single particle is embedded between two corrugated 


lnw= "awacawa) 
Taree Merlot expe prise eet na te 


\wave potential driven at constant force, F and velocity 
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surfaces (rwo-wave potential). The top plate is pulled 
at constant velocity by a linear spring, and the plate 
‘motion is monitored. Interestingly, the plate exhibits ex- 
actly the same dynamic state of frictional motion as 
introduced above with the three regimes, which were at- 
tributed to a rate-dependent configurational change of 
the lubricant. 


29.8 Conclusion 


Starting from a classical tribological Master Curve, 
the Stribeck curve, with its complex description of 
lubrication for thin lubricants, we launched a discus- 
sion of molecular lubrication pulling together disparate 
approaches to studying friction. We found that phe- 
nomenological descriptions of lubrication, such as the 
Reynolds’ theory, were kept alive for ultra-thin lubri- 
cants by “adjusting” material properties, such as the 
viscosity. This is a common engineering approach to 
introduce “effective” or “apparent” properties, if tested 
‘models fail to describe new situations. 

In the case of molecular lubrication, significant 
progress has been made in the last ten years, Two in- 
strumental techniques have in particular contributed to 
this progress: the SFA and the SFM. The contributions of 
these two techniques have been complementary. While 
the SFA has tested lubricants under pressure constraints 
with large contacts in respect to the size of the trapped 
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Finally it shall be noted that the slip relaxation 
pattern depends condition under which the stick-slip 
‘motion is being studied. In an overdamped system, i.e., 
system in which the spring constant is weak compared 
to the friction constant, Rocman et sl. [29.46] found that 
‘one can control the experimentally observed relaxation 
pattern of the slip by controlling the spring constant, 


‘molecules, the SFM has probed the degree of collective 
‘mobility with disturbances in the size of the molecules 
themselves. 

One feature common to interpreting lubrication 
results, and which was discussed here in detail, 
is the problem of finding the appropriate under- 
lying statistics to describe the lubrication process. 
Most of the current molecular models that have 
been used to describe molecular friction and lubri- 
cation assumed a Gaussian statistics. Only recently 
has it been recognized important to consider statistics 
that embrace long-range spatial or temporal corre- 
lations. In the near future, it can be expected that 
the next leap in an improved fundamental under- 
standing of kinetics and energetics in nanolubrication 
will come from interpretations that are challenging 
the Markovian nature of the underlying stochastic 
process, 
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power > maderation > inductor 


Figure 14-5. Hypothetically, i conventional current flows 
around a circular conductor (as suggested by the red/ 
blue arrows). it wil create a magnetic field that can create 
2 force as shown by the green arrow. 


DC Through a Coil 

If the wire is formed into a helix (a series of ap- 
proximate circles) as shown in Figure 14-6, and if 
DC current is passed through the wire, the ag- 
gregate of the magnetic fields can create a force 
in the direction of the green arrow in each ex- 
ample, depending whether the wire is wound 
clockwise or counter-clockwise, and depending 
onthedirection ofthe current. Thehelixisusually 
referred to as a coil or a winding. 


In actuality, a magnetic field is not open-ended, 
and its lines of force are completed by circling 
around outside the inductor, to completea mag- 
netic circuit. This completion of the field can be 
demonstrated by the traditional high-school ex- 
periment of positioning a compass or scattering 
iron filings on a sheet of paper above a magnet. 
A simplified depiction of lines of force complet- 
ing a magnetic circuit is shown in Figure 14-7, 


Figure 14-6. When DC current flows through a coil, it cre 
ates magnetic fields that wil exert a force whose direction 
{depends on the direction of the current and on whether 
the calls wound clockwise ar counterclockwise. The force 
Js shown by the green arrow in each case. 


where a coil is inducing the magnetic field. Note 
that throughout this encyclopedia, the color 


green is used to indicate the presence of mag- 
netic force. 


The completion ofa magneticfield isnot relevant 
to the primary function of the inductor. In fact 
the external part of the magnetic field is mostly 
a source of trouble in electronics applications, 
since it can interact with other components, and 
may necessitate the use of magnetic shielding, 
In addition, the field is weakened by completing 
itself through air, as air presents much greater 
reluctance (the magnetic equivalent of resist- 
ance) than the core of an electromagnet. 


The polarity of a magnetic field created by a coil 
can be demonstrated by moving a small perma- 
nent magnet toward the coil, as shown in 
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30. Nanotechnology for Data Storage Applications 


This chapter considers atomic force microscopy 
(AFM) as an enabling technology for data 
storage applications, considering already existing 
technologies such as hard disk drives (HDD), 
optical disk drives (ODD) and Flash Memories that 
currently dominate the nonvolatile data storage 
market, together with future devices based on 
‘magnetoresistive and phase change effects. 

The issue at hand is the question of whether 
the novel AFM-based storage, dubbed "Probe 
Storage", can offer a competing approach to the 
Currently available technologies by playing the 
role of a disruptive technology. Probe Storage will 
be contrasted to HDD and ODD who are purely 
‘mechanical, as they are based on a rotating 
disk that uses Just a single probe to address 
billions of bits of data, and nonvolatile RAM 
that has no moving parts yet requires billions 

of interconnects. In particular, capacity, areal 
density, transfer rate, form factor and cost of 
various data storage devices will be discussed and 
the unique opportunity offered by Probe Storage 
in employing massive parallelism will be outlined. 
It will be shown that Probe Storage bridges the 
gap between HDD, ODD and other nonvolatile RAM, 
drawing from the strength of each one of these 
and adding a significant attribute neither of these 


‘This chapter will differ from the other chapters in 
this handbook in that it addresses the important is- 
sue of whether a given scientific effort is mature 
enough to evolve into a commercially viable technology. 
Specifically, we consider scanning probe microscopy 
(SPM), consisting of scanning tunneling microscopy 
(STM) [30.1-3] and atomic force microscopy (AFM) 
‘with all their variants, as a means for storing and re- 
trieving nanoscale bits of data to and from a substrate, 
Indeed, many studies have already been published in 
which researchers demonstrated the feasibility of using 
SPM techniques that hold promise for realistic appli- 
cations [30.4]. However, in approaching a topic from 
2 practical point of view, that is, whether it has the 
ingredients that will spawn a commercial product, it 
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has; namely, the possibilty of addressing a very 
large number of nanoscale bits of data in paral~ 
lel. This chapter differs from the other chapters in 
this book in that it addresses the important Issue 
of whether a given scientific effort, namely, Probe 
Storage, is mature enough to evolve into a com= 
‘mercially viable technology. The answer seems 

to indicate that there indeed is @ huge niche in 
the data storage arena that such a technology is 
uniquely qualified to fill, which is large enough to 
justify 2 major investment in research and devel- 
opment. Indeed, as other chapters indicate, such 
an effort is developing at a rapid pace, with hopes 
of having a viable product within a few years. 


is imperative to obtain a clear view of the status of 
competing technologies. The commercially available 
technologies that will concern us here entail two classes 
of devices, one consisting of hard disk drives (HDD) 
and optical disk drives (ODD), and the other consisting 
of Non-Volatile Random Access Memories (NVRAM) 
based on charge trapping (Flash Memory) that currently. 
dominate the data storage market. The latter may soon be 
supplemented by magnetoresistive RAM (MRAM) and. 
phase change RAM (PC-RAM). For brevity, we will 
refer to the first class as HDD and the one as NVRAM. 
It is commonly thought that nanotechnology is 
a breakthrough technology that is a quantum leap be- 
yond existing technologies in its capabilities. In reality, 
however, nanotechnology is in many cases just a limiting 
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case tothe already commercially available technologies. 
‘The latter may progress at such a high rate thatthe dis- 
tinction between what is considered “conventional” and 
“nano” becomes blurred. A case in point is data stor- 
age in which distances and times are already specified 
by nanometers and nanoseconds. For example, the head 
of an HDD in a PC's hard disk fies across the storage 
medium (platter) ata speed of 10:m/s (~ 22 miles perh) 
ata height of ~ 10mm, reading and writing bits of data 
on a nanosecond time scale. Also, both giant magneto- 
resistance (GMR) devices that read magnetic data in an 
HDD and transistors belonging to NVRAM devices use 
nanoscale structures, one employing spintronic effects 
snd the other tunneling junctions between pairs of tran- 
sistors, where quantum laws of physics have to be used 
to describe their operation, 

The issue at hand is, therefore, whether novel nano 
technologies can offera competing approach to currently 
available technologies by playing the role of a “dis- 
ruptive technology". This term has been coined in the 
high-tech industry to describe a situation where, figu- 
ratively speaking, a discovery developed in a basement 
‘can lead to a development of a new device that has 
the potential of becoming a commercial alternative to 
a commonly used one. Such a disruption of the success 
of a commercially established technology by a product 
developed by a new start-up, for example, has been wit- 
nessed more and more frequently in recent years. One 
would even venture to assume that the support com- 
panies give to research groups at universities can be 
attributed to their concern about a possible disruption of 
their own technology 

‘The important issue here is the question of what 
nanotechnology can offer to an already mature field 
such as data storage, As will be discussed later, HDD 
and NVRAM are worlds apart in technology. HDD is 
purely mechanical, as itis based on a rotating disk that 
uses just a single probe (head) to address billion of bits 
of data. NVRAM, on the other hand, has no moving 
parts yet requires billions of probes, i.e. interconnects, 
positioned at the intersection of horizontal and vertical 
interconnects with one probe for every bit of data, An- 
other distinction between HDD and NVRAM is the time 
it takes to access a random bit of data. For an HDD the 
random access time is 10ms (75ms for ODD), while 
for NVRAM itis less than one ys. Clearly, NVRAM 
beats HDD (and ODD) in the random access arena, if 
that is the criteria for performance. On the other hand, 
the rate at which an HDD can read data sequentially is 
rather impressive, The current performance of an HDD 
stands at 436Mb/s and 22Mb/s for ODD, compar- 


able to what NVRAM can offer, being of the order of 
1OMByie/s. Another playing field in the battle between 
HDD and NVRAM performance concerns capacity and 
areal density of bits of data, Here, capacity measures 
the total number of bytes of data, while areal density 
measures the number of bits per square inch, The first 
addresses the ever growing need for storing larger and 
larger amounts of data, say, for high-definition TV appli- 
cations, while the latter is related to what is commonly 
called the form factor, namely, the physical size ofa stor- 
age device. The form factor is intimately connected to 
portability, as more and more hand-held devices have 
restrictions on the physical size of each of its compo- 
nents, Note also that a major consideration in comparing 
HDD and NVRAM is cost, a topic that will be addressed 
later. 

‘As discussed before, both HDD and ODD use just 
aasingle probe that addresses all the bits of data on a plat- 
tet where data is stored. NVRAM, on the other hand, has 
to resort to a grid of interconnects that contacts each bit 
of information individually. Such a grid, in which each 
bitis imerfaced with one “word line” and one “bit line”, 
occupies expensive real estate across a storage device, 
and, even more importantly, it requires that the intercon- 
nects be on the order of the bits of data they address. 
As long as these bits have dimensions on the order of, 
say, I jum, one is able to use conventional lithography 
for the fabrication of the interconnects. However, when 
the bits of data shrink to, say, 25nm in size, intercon- 
neets are no longer a viable option due to lithographic 
limitations. HDD and ODD, in contrast, require no in- 
terconnects, so this limitation on the size of bits is not 
concern, However, there are many other problems that 
arise as one tries to push the size of the stored bits to 
nanoscale dimensions, as will be discussed later. 

By now we have touched on the heart of the chal- 
lenge that nanotechnology-based storage faces if tis to 
‘compete with HDD and NVRAM in both performance 
and cost, Practically, one should restate this issue and ask 
4 more modest question, namely, what niche nanotech- 
nology will fll in consumer data-storage applications. 
To address this question, one notes that nanotechnol- 
ogy is concerned with the ability to miniaturize and 
characterize nanometer-sized structures, For data stor- 
sage, the question is how to address nanoscale data bits 
rapidly without having to resort to the use of too many 
interconnects, 

‘A possible solution to this challenge emerged from 
brilliant idea developed at IBM and Stanford laborator- 
ies, as part of their scanning probe microscopy research 
[305-9] 
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A conventional AFM employs a single cantilever 
‘with a sharp tip at its end to raster scan a sample and 
its minute deflections, due to protrusion on the surface, 
generate a map of the surface topography. Under ideal 
conditions one can even obtain atomically resolved im- 
ages, The IBM-Stanford group demonstrated that it is 
possible to employ a large number of such cantilevers 
and operate them in parallel. Such an operation pro- 
vides a faster means of obtaining images of different 
parts ofa sample simultaneously. These cantilever arrays. 
are often referred to as types of microelectromechan- 
ical systems (MEMS), or if they are small enough, 
nanoelectromechanical systems (NEMS). 

One can view this breakthrough concept as an en- 
bling technology for data storage applications in that it 
bridges the gap between HDD and NVRAM technolo- 
ies, drawing from the strength of each. To appreciate 
this concept, consider a medium whose area is sectioned 
into. thousand squares, each containing one million bits 
of data, Each square is addressed by its own intercon- 


nect whose width can now be as wide as a thousand 
bits of data, Consider now a square structure consist- 
ing of one thousand cantilevers whose tips are aligned 
such that each one addresses its own square. Such an 
arrangement, known as probe storage, and dubbed “mil- 
lipede” by IBM, has some attributes belonging to an 
HDD, some attributes belonging to NVRAM, and po- 
tentially one significant attribute neither of these has: the 
possibility of addressing nanoscale bits of data. While 
random access is faster than that of a HDD, it is slower 
than that of NVRAM, 

In this chapter, we will address the issues mentioned 
in the introduction with an emphasis on a comparison 
between existing and future development of conven- 
tional technologies and nanotechnologies, We will not 
address more futuristic approaches such as DNA and 
molecular electronics for data storage applications — 
fascinating topics on their own merit, yet deemed 
too far in the future for our more “technologica 
approach, 


30.1 Current Status of Commercial Data Storage Devices 


Before describing the current status of commercial 
storage devices, it is worthwhile to reiterate defin- 
itions and cover some new key features associated with 
HDD [30.10]. A schematic of hard disk drive, shown in 
Fig. 30.1, is configured imto sectors, each having radial 
tracks; there are typically 58,000 tracks per in. for HDD 
and 34,000 tracks per in. for ODD, 562 kbits per in. for 
HDD, and 100kbits per in. for ODD. In 1993, a HDD 
head was flying above the storage media at a typical 
height of 100.nm, which dropped to 10.nm in 2002, and 
is expected to drop to 4 nm in 2004. 


Hard Disk Drives and Optical Disk Drives 
‘The time it takes the read-write head to get to a random 
bit along a track is called latency, while the time it takes 
thehead to get toarandom sector is called seek time. The 
time to get to any random bit is called access time. From 
1990 to 2002 this time decreased linearly from 20 ms to 
Sms, and is expected to decrease to 4ms by 2004 

‘Transfer time isthe time it takes to transfer a given 
‘numberof bits fom the hard drive to a given destination 
in a computer. The total number of bits per unit area, 
usually given in bpsi (bits per square inch), is called 
areal density. The total number of bytes in'a storage 
device is called capacity. 

‘The physical size of a storage device and its price 
are paramount factors in its commercial viability. Disk 
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drives are usually divided into magnetic and optical, 
although a combination of both is currently advanced 
by several companies and research groups around the 
‘world. A magnetic hard drive (HDD) has a higher cap- 
avity, lower cost. and higher performance than an optical 
hard drive (ODD), but its disk is not removable. The 
ODD, on the other hand, has a removable disk that can 
be mass produced by parallel replication (stamping), 
‘making it cheaper for large-scale distribution. Also, an 
ODD is configured to operate in such a way that the 
head reads data sequentially, while HDD is optimized 
for random access operation. Note that units of bits are 
usually denoted by a lower case “b” and used for areal 
density and transfer rate, while units of bytes are usually 
denoted by an upper case “B” and used for capacity. 
‘Annote in passing: Areas are, oddly enough, expressed 
in square inches, and the holy grail for areal density is 
denoted by 1 thpsi (one terabit per square inch). 

Now, a crucial question when assessing the visbil- 
ity of a promised technology concerns the demand for 
the commercial product in question. Figure 30.2 esti- 
‘mates that a grand total of 2.12 million terabytes of 
information were produced in 1999 [30.11]. The break- 
down is 83 terabytes for optical, 240 terabytes for paper, 
427,000 terabytes for film, and 1.6 million terabytes for 
‘magnetic data storage. PC disk drives take the first place 
in demand: 700,000 terabytes of data! 
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Fig.30.1 A schematic diagram of a hard disk drive illustrating the 
concepts of cylinder, wack, and sector 
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Fig. 30.3a,b Storage drive industry shipments in [30,10}. (a) Cate- 
‘gorized by value and (b) units shipped 
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Fig. 30.4 Disk drive manufacturers and merchant component sup- 
pliers [30.12]. The number of disk drive manufacturers decreased 
from 62 in 1985 to.a mere 7 by 2002 
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Fig. 30.2 World production of data in 1999 estimates, 


‘To appreciate the economic impact of the HDD stor- 
age drive industry (NVRAM will be discussed later), 
consider Fig. 30.3, which is current to 2002 [30.10]. 
Here, one observes that the industry shipped 528 mil- 
lion units with a value of $ 35.5 billion, 58% of the value 
consisting of HDD and 27% of ODD, while the num- 
bers shipped are almost evenly divided between HDD, 
ODD, and floppies. Based on Fig, 30.3, one would think 
that such a huge market would involve a large number 
of companies competing with each other in price and 
performance. 

However, as shown in Fig. 30.4, the cut-throat com- 
petition among various companies gave rise to the 
disappearance of many of them and mergers between 
the others (30.12]. Note that the number of disk drive 
‘manufacturers dropped from 62 in 1985 to only seven 
in 2002, while merchant components suppliers dropped 
from 28 to eight during that period! Forexample, Maxtor 
sand Quantum merged, IBM sold its disk drive division to 
Hitachi, and Fujitsu exited desktop HDD altogether. In 
2002, Seagate shipped 1.959,000 terabytes of storage, 
10.2 million enterprise drives, 1.2 million 15,000spm 
drives, and 44.8 million personal storage devices. And 
they expect that there will be migration to smaller form 
factors and increased areal density in all segments of the 
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int sn mailing 
‘A projection of HDD areal density ona logarithmic 100.000.04 
scale is shown in Fig. 30.5 [30,13]. Whereas in 1990 the — 
wal density was only 1 gigabit per sq. in. it reached —+—+—} i 
100 gigabits per square inch in 2002 and is projected to. 10,0000 
reach | Tops in 2006. One wonders whether it will take : 
nanotechnology to get to $0 Tops in 2017, asthe figure t 
ek ieliecacereian te | 
ditional applications, areal density has grown faster than 
consumption, moving toa single platter society in PC's t 
thatensblessmallerform factors Innon-taiionalmar~ oy 
kets, now applications drive capacity growth, especially 


with video content” [30.12] = i 
Table 30.1 [30.10] presents several key param- i aa 


eters characterizing HDD and ODD that should serve 100 = = 
as a reality check for the potential viability of any = 

nanotechnology approach that aims to act as a =f tt 

ruptive technology. Thus any new concept should be 109 > 
judged against this current status of HDD and ODD. ea geen i ore 


and, as described later, NVRAM. Note that in contrast 
to these impressive parameters associated with HDD Fig-30.5 Projected areal density for hard disk drives [30.13] 
and ODD, seek time is limited to 10ms and 75ms, 

respectively. 

‘A comparison of the perceived limits to HDD storage, the conventional limit is clearly the spot size of 
and ODD performance are presented in Table 30.2 the focused laser beam. However, near-field methods are 
[30.10], For magnetic disk drives, the limit to areal dens- currently being developed to circumvent this limit. As 
ity is the superparamagnetic effect in which too small _faras speed goes, switching times for magnetic domains 
a magnetic domain can be thermally excited into an op- is around 1 ns, while for laser-induced thermal effects it 
posite direction, losing the reliability of the stored data. is ten times slower. 

‘Ways and means for approaching this limit and main- ‘The current and projected relationship between 
taining reliability will be discussed later, For optical data areal density and data rate for several technologies are 


‘Table30.1. A comparison of the parameters of HDD and ODD. 
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Table 30,2 Perceived technical limits for hard disk drive technology [30.10] 
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shown in Fig. 30.6 [30.5]. These technologies consist of 
CD-ROM, magneto-optical, magnetic disks, magnetic 
tape, SIL, holography, and thermo-mechanical AFM. 
According to this projection, magnetic disks are in the 
forefront of technology and are expected to have the 
same areal density as that of the probe storage concept, 
yet have a much faster data rate, The latter technology, 
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30.6 Projected areal density vs. data rate for several 
technologies 


as predicted in this figure, will grow from a data rate of 
‘only 1 Mb/s to more than 10 Mb/s, accompanied by an 
increase in areal density from 10 gigabits per sq. in. to 
hundreds of gigabits per sq. in. More about the probe 
storage concept will be discussed later. 


30.1.1 Non-Volatile Random Access Memory 


Demand for Flash Memory has been growing rapidly 
over the last few years, driven by the rapid expansion 
of several markets, including mobile communications 
and portable media devices (notably cameras and MP3 
players). Flash Memory is by now the fastest grow- 
ing segment of the memory market. Figure 30.7 [30.14] 
shows the total value of the Flash Memory market year 
by year. It can be seen that the market is increasing by 
nearly a factor of ten every five years and up to 100% 
every year. The market is projected to reach § 23 billion 
by 2003, up from $2.5 billion in 1998. The reasons for 
this dramatic growth are depicted in Fig. 30.8 [30.14], 
which shows the demand by industry sector and the 
growth in these areas. By far the biggest driver of de- 
mand for Flash Memory is consumer electronics and, 
in particular, cellular phones, which account for nearly 
half the market and are growing at a compounded annual 
growth rate of 120%. 


Flash Memory 

Flash Memory, the most common non-volatile, pro- 
grammable memory device, uses rows and columns of 
interconnects that address each data cell. At the inter- 
section of these are two transistors, which comprise the 
Flash Memory cell, as shown in Fig. 30.9. Each cell is 
addressed by a network of interconnects, where the com 
‘mon connection to the transistor gates is called the word 
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Fig. 30.7 Total value of the flash memory market, 1998 
‘2003. The market has been growing rapidly over the last few 
years, and is now the fastest growing sector of the memory 
market 


line and the common connection tothe drains called the 
bit ine. Every cell in the memory array can be accessed 
by activating a unique combination ofthese lines, Here, 
the floating gateis linked toa word line viaa second gate 
that serves as a control gate, The floating gate potential 
is altered by Fowler-Nordheim tunneling of electrons, 
an effect that takes place when the applied bias needed 
for switching is larger than the work function of the rel- 
evant electrode. The electrons arrive from the column, 
or bit line, and enter the floating gate from which they 
drain tothe ground, A cell sensor monitors the flow of 
electrons through the gate, A value of 1 isassigned when 
the current is greater than a given threshold value, and 0 
ifitis below that value. Approximately 30,000 electrons 
ae stored inthe gate o make a1 and 5,000 for a0. The 
‘memory of the device derives from the very long storage 
time (tens of years) ofthe tunneling electrons inthe gate 
capacitor. For the data to have a lifetime often years, the 
electrons can leak at arate of no more than five a day. 
Flash memory can only be rewritten a limited number of 
times (108-*), as electrons get permanently trapped in 
the gate over time, impairing device efficiency. Memory 
devices using this technology are SmartMedia, Com- 
pctFlash cards, and Memory Sticks, for example, that 
read and write memory in 256- or $12-byte increments, 
enhancing their speed of operation, A Flash Memory 
device, in contrast to a hard disk drive, is noiseless, has 
‘no moving pars, is lighter and smaller, and, above all, 
has access times orders of magnitude faster than HDD. 
‘SmartMedia cards, which serve as solid-state floppy disk 
cards, were originally developed by Toshiba, They are 
currently available in a capacity of 128 Mbytes and 
higher and measure roughly 45 mm337mm> 1 mm. In 
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comparison to a HDD, however, SmartMedia cards are 
‘much more expensive. Note that a single storage cell oc- 
cupies roughly 0.1 jum, a size limited by the complexity 
of its physical structure and width of the addressing 
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Fig. 30.9 Schematics diagram of a typical Flash Memory 
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Magnetoresistive Random-Access Memory 
Figure 30,10 [30.15] isa schematic diagram of a mag- 
netoresistive random-access memory (MRAM) that acts 
as a non-volatile storage device. As with Flash Memory, 
there are word lines and bit lines at the intersection of 
which is acell witha switchable property. Whereas with 
Flash Memory the electric potential of storage cell is 
modified by electron tunneling, here itis the magnetic 
‘domain orientation that is switched by the current flow 
ing through the electrodes. Passage of electrons through 
the magnetic domain of the cell depends on the state 
of polarization of the spins of the injected electrodes, 
much the same as the operation of giant magnetoresist- 
ance elements used to read data in a hard disk drive. 
In contrast to HDD and Flash Memory, MRAM is still 
ina stage of development and, as such, is not yet com- 
mercially available. One ofits main attributes is its high 
speed of programming, which is faster than that of Flash 
Memory. The main challenges confronting MRAM tech- 
nology are: (i the size ofthe cell is still too large, (i the 
power consumption required during the write mode is 
still too high, and (ii) there are manufacturing diff- 
culties associated with high temperature steps that may 
‘damage the magnetic layers. 


0" State 
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Fig, 30.10 A diagram of a MRAM cell 


‘To exemplify the status of this technology, note that 
Motorola demonstrated a 1-Mbit MRAM test chip us- 
ing a 0.6-um process, yielding a cell size of 7.2 yum? 
Projections are that using a 0.18-jim process will shrink 
the cell size to about 0.7 1m?, and thus be competi- 
tive with Flash Memory. Also, Sony demonstrated an 
MRAM test chip using a 0.35-jum process that yielded 
aacell size of 5.8 um”. Other companies like IBM, which 
is partnering with Infineon, are also active in MRAM 
research. 


Phase-Change Random-Access Memory 
Phase-change random-aceess memory is a technology 
that uses a chalcogenide as the data storage material in 
the memory cell. The mediumis similarto the switchable 
material used in rewritable CDs. It is being pioneered 
by Ovonyx, in association with Intel. A schematic dia- 
gram of an Ovonyx Unified Memory (OUM) is shown in 
Fig. 30.11 [30.16]. The OUM is an example of a phase- 
‘change random-access memory that operates much as 
the Flash Memory and MRAM, as far asthe electrodes 
are concerned, except that the memory bitcell consists of 
a chalcogenide material that undergoes a phase change. 
Upon passing current from the word line to the bitline, 
the chalcogenide, a GeTeSb alloy, changes its phase 
reversibly between amorphous and crystalline states, de- 
pending on the temperature itis heated to and the rate of 
‘cooling. This change in phase is accompanied by a sev- 
eral orders of magnitude change in conductivity, which 
makes it possible to obtain a high reading signal-to-noise 
ratio, Similar to Flash Memory and MRAM, the OUM 
requires a protective shield from the environment for re- 
liable operation over along period. We shall come back 
to this issue later. 


Fig. 30.11 A cross section of an OUM cell 
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Figure 14:7. A magnetic field in realty s nat open-ended, 
and each line of force traveling through a rod-shaped 
magnet or electromagnet is completed outside of the 
‘magnet. The completion of magnetic fields has been 
(omitted from other diagrams here for clarity. 


Figure 14-8, If the magnet has opposite polarity 
to the coil, it will tend to be repelled, as like poles 
repel. ifithas the same polarity, it will tend to be 
attracted, because opposite poles attract. This 
principle may be used in solenoids. 
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Figure 14-8. A permanent magnet (left) will either be 
drawn toward a DC-energized cail or repelled from st, de 
pending on the polarity ofthe two magnetic fields 


power > maderation > inductor 


Magnetic Core 
The inductive power of a coil will be enhanced, 
and the saturation point will be reduced, by us- 
ing a magnetic core. The term “magnetic” in this 
context does not mean that the core is a perma- 
nent magnet;it means that the core can be mag- 
netized briefly by a transient pulse of electricity 
through the surrounding coll 


A core enhances the effectiveness ofan inductor 
because it has a lower reluctance than that of air. 
In other words, magnetic flux will flow much 
more readily through the core than through air. 


Roughly speaking, the permeability ofa magnetic 
circuit is the opposite of reluctance; itis a meas- 
ure ofhoweasilyamagneticfieldcan be induced, 
and is usually expressed relative to the permea- 
bility of air, which is approximately 1. The per- 
meability of different core types is discussed in 
the following “Values” section. 


The core of the coll contains magnetic domains 
that behave as tiny magnets, with north and 
south poles. in the absence of a polarizing mag- 
netic field, the domains are randomly aligned. As 
‘a magnetic field is introduced around them and 
grows stronger, the domains align themselves 
with it, increasing the total magnetic force. When 
the domains are almostall uniformly aligned, the 
core approaches magnetic saturation and ceases 
adding to thenet magneticfield. Atthis pointthe 
current in the inductor is said to be continuous. 


When power to the coil is disconnected, the do- 
mains revert partially to their previous random 
orientation. Thus the core remains a weak per- 
manent magnet. This effect is known as hystere- 
sis, while the weak residual field is known as re- 
‘manent magnetism. 


EMF and Back-EMF 

When DC current is connected through an in- 
ductor, the creation of a magnetic field takes a 
brief but measurable period of time. The field in- 
duces an EMF (electro-motive force) in the wire. 
Since this force opposes the supplied current, it 
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‘We have by now summarized the two mainstream com- 
‘mercial data storage devices, HDD and NVRAM, and 
the two near-term candidates for future commercial 
success, the MRAM and PC-RAM devices. As stated 
before, the technology utilized by these devices should 
be used as a measure against which novel nanotechnol- 
‘ogy approaches are judged, Note that even ifa promising 
novel nanotechnology-based device comes into being, 
it will take time to bring it into maturity, and during 
that period, the state-of-the-art of HDD, Flash Mem- 
ory, MRAM, and PC-RAM will steadily improve. One 
could state that we have here « competition on the “run” 
that will be decided based on the following four cri- 
teria: (i) capacity, (i) cell size, which translates to areal 
density or form factor, (ii) access time, and (iv) price, 
where each technology is looking for its own business 
niche. 

Nanotechnology offers two unique opportunities to 
solve the problem of how to miniaturize storage devices. 
‘The first opportunity entails the use of a variety of chem- 
ical and physical processes to fabricate memory media 
capable of supporting nanoscale features that have re- 
versible properties, be it magnetic, electric, or phase 
change, Such media should satisfy the first and second 
criteria, namely, a large data storage capacity and a small 
form factor. The second opportunity derives from the 
ability of scanning probe microscopy, the champion of 
nanotechnology, to characterize and modify structures 
down to atomic dimensions. Here, the use of a large 
umber of probes operating in parallel should satisfy 
the third criterion, namely, fast access times. Also, be- 
cause the fabrication of multiple cantilevers lends itself 
rather readily to mass production using currently ayail- 
able photolithographic processes, it should satisfy the 
fourth criterion: low cost. 

In the next section, we describe how probe storage 
ccan be realized as a data storage technology that may 
find a commercially viable niche, It will be useful to 
divide this section into three parts, each one describing 
different aspects of what is known as probe storage. The 
first part, titled “Motors”, will deal with the question of 
hhow one can access a large number of nanoscale memory 
cells using parallel and sequential processes. The second 
part, denoted by “Heads”, will describe methods for 
reading and writing each individual memory cell using 
different SPM techniques. The third part, called “Media 
and Experimental Results”, will describe the properties 
of different media applicable to data storage that have 
cr can be used for probe storage. 
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30.2.1 Motors 


This section considers two possible geometric config- 
urations of data storage devices that operate in parallel, 
‘One consists of a rotating cylinder and an array of can- 
tilevers positioned in an axial direction, as shown in 
Fig. 30.12, and the other is a 2-D, all- MEMS configur- 
ation, as shown in Fig. 30.13 [30.17]. Very little work 
hhas been done in the first, “mixed” configuration, and 
‘we will, therefore, present only a short survey of this, 
‘work. Most of the section will be dedicated to the all- 
MEMS configuration, on which massive work has been 
proposed, tested, and published. 


Gylinder 
A cylindrical ROM media for optical data storage is 
currently being explored as an alternative to DVD de- 
vices, using an adhesive tape film as the recordable 
‘medium [30.18]. The purpose ofthe study isto find out 
\whetherthis geometry will esultina smaller form factor 


Com storage device 


Fig. 30.12 A schematic diagram of a comb storage device 


2-D cantilever aay chip) 


Fig. 30.13 A schematic diagram of a MEMS storage device 
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and reduced vibrations relative toa commercial DVD. 
‘These authors find that this geometry offers a larger 
\wrting area than that of a disk. For example, consider 
a disk with inner and outer radii of r and R, respec- 
tively, and a cylinder withthe same radius and a height 
off. For equal areas, the height ofthe cylinder is given 
?) /2R. Therefore, for r= 2.5mm and 
5 mm, one obtains h =7.3 mm, Asaresult,acylin- 
der with R= hi = 1S mim offers mote than twice the area 
of adisk. Such a device presents an interesting opportu- 
nity tha the authors are currently pursuing, Figure 30.12 
isan arts’s concept of a possible geometry where alin- 
ear array of 32 cantilevers with their tips is mounted 
along the axis of a rotating cylinder. This array, which 
resembles comb, is mounted on a piezoelectric actuator 
that can move the minute array very fast across a dis- 
tance that equals the gap between adjacent cantilever 
tips. Let the eylinder circumference be divided into 32 
sectors, each containing data bits arranged as circular 
tracks within each sector. As the eylinder rotates, each 
of the 32 tips reads independently a single trick. Using 
the piezoelectric actuator, one can now move all the 
tips such that they read the next 32 tracks, Consider the 
particular geometry presented in Fig, 30.12, where the 
diameter of the cylinder is I mm, its length 3mm, the 
distance between tips 100m, and a cylinder rotation 
rate of 10,020 pm, 

‘A cnude assessment of the possible performance of 
such adeviceindicates promising values forthe capacity 
latency, access time, and transfer rate [30.19]. 

Note that while the rotational rates of these devices 
ae expected to be similar to those of a HDD, one can 
conceive of MEMS-derived motors increasing the rota- 
tion rate, For example, a micro-engine with a diameter 
of 64 um driven electrostaticaly at 300,000 rpm has re- 
cently been investigated [30.20]. The purpose here was 
to study the out-of-plane displicement and tilts about 
the rotating hub, Optical methods have been developed 
to characterize the operation of this device, together 
with a model that takes into account the various pa- 
rameters relating to its operation, One wonders whether 
a combination of this MEMS technology with a disk 
or cylindrical recordable medium is a viable option for 
reducing latency and decreasing access time for data 
storage applications. 


Probe Storage 
‘The next section provides a detailed description of 
a probe storage device, so here we will only outline 
briefly the main principles of its operation [30.8,9, 21~ 
26). Consider a typical schematic of a MEMS-based 


storage presented in Fig. 30.13, [30.17] where the can- 
tilevers are laid out on a “sled” in both the x and 
y directions. The sled is translated, typically by electro- 
Static actuators, over the medium surface. This means 
that, unlike in conventional hard disks, the sectors are 
laid out adjacent to each other. 

‘There are two possible architectures to this arrange- 
ment, one in which the media is moved relative to the 
tips and one in which the media is fixed and the tips 
are moved. The moving-tips model is very space inef- 
ficient, allowing only about 1% of the media area to be 
used for data storage, and, therefore, making it unvi- 
able in comparison to other storage technologies, In this 
configuration, the media is suspended by springs over 
the tips with actuators that control their positioning. In 
contrast, however, a typical design for 4 moving media 
‘model could have 10,000 tips in a 1 cm? area with a bit 
size of SOnm?. This geometry allows 30-50% of the 
area of the media to be utilized. Allowing for overheads 
such as error correction, this gives a storage capacity of 
4Gb/cm? 

‘The disadvantage of this scheme is the greater mass 
that needs to be moved, resulting in large seek times. 
‘There is a settling time associated with each movement 
of the system, as the springs cause the sled to oscillate 
around its final position before coming to rest. 

‘As shown in Fig. 30.14, the media is divided into 
‘MN rectangular regions, each of which is accessible 
only by a single tip. The major advantage of this is 
that the data can be “striped” across multiple regions, 
dramatically increasing read times, as one seek operation 
is sufficient to read many bits, 

‘The notation to address each bit is of the form 
(x, yp), where x and y are the horizontal and ver- 
tical coordinates of the bit within a rectangular region 
accessible by tip. A tip track is the data for which (x, tip) 
is the same, i,e., a vertical column within a rectangu- 
Jar region. By analogy with hard disk architecture, all 
data with identical x form a cylinder, accessible without 
moving the sled in the x direction. Cylinders are divided 
into tracks, which are accessible by the currently ac- 
tive tips, as not all tips can be active simultaneously for 
power considerations. 

‘As mentioned, a benefit of this architecture is that 
data tracks are striped across tip tracks. This is depicted 
in Fig. 30.14 [30.23], where each data sector is mapped 
across several tip tracks, Sectors 1 and 2 can be read 
in parallel by activating tips 1-4 and moving them 
vertically downwards, 

Simulated device performance for a prototype sled 
with parameters given in Table 30.3 is shown in Ta- 
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Table 30.3 A table of probe storage operating parameters 


Sled mobility in andy 100m 
Bit cell width (area) 50mm (0.0025 um) 
‘Number of tips 6400 
Simultaneously active tips 1,280, 

“Tip sector lengths SO bits (8 bytes) 
Serve overhead 10 bits pe tip sector 
Device capacity (per sled) 2.1GByte 

Sled acceleration 148mn/ 

Per-ip data rate -400kbit/s 

Settling time constants 1 

Sled resonant frequency 2208 

Spring factor 8% 


ble 30.4. Note that an important breakthrough in MEMS 
technology has recently been reported in which over one 
million cantilevers per sq. cm have been fabricated by 
anisotropic etching of silicon [30.27]. The cantilevers, 
which had tips at their end, measured a few micrometers 
in length, had spring constants of a few N/m, reson- 
ance frequencies around 10MHz, and Q factors of 5 
in air. Significantly, the resonance frequencies within 
the same row deviated only by 0.01%. Cantilevers as 
short as 100nm and as thin as 201m were also fabri- 
cated, demonstrating the latitude that this technology 
offers. Also reported was the fabrication of a large 
number of cantilevers operating at frequencies up to 
1GHz with Q factors up to 8,000 [30.28]. These re- 
sults will no doubt play a pivotal role in MEMS-related 
data storage technology for which mass. parallelism 
combined with superfast sensors offer an important 
advantage. 


Table 30.4 Probe storage projected performance 


Average service ime 149s (025) 
Maximum service time 451 ms 
Average sec time 1.271ms (025) 
Maximum sec time 1.66ms 
Average « sek time 1.24ms (021) 
Maximum x seek time 1.66ms 
Average y ye time 0.90ms (0.31) 
Maximum y sec time 1.62ms 
Settling time o72ms 
“Average er request turmaround ime 0.20ms (0.20) 
‘Maximum per request tumaround time 1.34ms 
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Fig. 30.14 A schematic diagram ofa probe storage data organization 


Table 30.4 [30.22] takes into account the physical 
performance of the device, including the acceleration 
of the actuators, setting time, etc. One observes that 
the results of the model compare favorably to current 
hard disk technology, having access times that are ap- 
proximately six times faster. Note that recent results by 
the IBM group imply a potential bit areal densities of 
400 Gbpsi [30.29]. 


30.2.2 Sensors 


‘As stated before, the key problem associated with 
densely packed nanoscale data bits is how to address 
them, realizing that no interconnects of this small size 
exist. Clearly, the only known method is to utilize 
MEMS technology where sharp tips are used to read, 
write, and rewrite the data bits. Although such a tech- 
nology is attractive, one has to realize that the number 
of physical phenomena available for effecting such an 
interaction is quite limited, 

‘There are, in principle, three modes for interfacing, 
cr sensing nanoscale data bits. Inthe first mode, denoted 
as contact mode, a sharp tip is constantly in contact with, 
the medium on which the bits are written. Here, the apex 
of the tip has to be comparable in size to that of the bit, 
‘The second mode involves such a tip in close proximity 
to the bit without actually touching it. The third mode, 
dubbed the noncontact mode, is a combination of the 
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other two modes. Here, the tip vibrates in close prox- 
imity to the media in such a way that on each cycle it 
touches or taps its surface for a short period. This mode 
is referred to as the tapping mode [30.30], which turns 
out to have several advantages relative to the other two 
modes. In either mode one can use an electric current 
within the tip to heat up a data bit, inject a current into 
it, or impose an electric field across it 

For the noncontact mode, one can use field emission 
from a sharp tip that is positioned several nanometers 
away from a sample, or use a tunneling current when 
the tip is within a fraction of a nanometer away from 
the sample. The current can then be used to heat a data 
bit and probe its conductivity as a means for data stor- 
age and retrieval. Yet both of these are accompanied 
with electronic noise when operating in ambient, thus 
requiring vacuum for a more steady operation, Note that 
1 tunneling current is so sensitive to a tip-sample gap 
that a change of 0.1mm in gap size will change the 
tunneling current by one order of magnitude. One can, 
therefore, rule out such a technique, as its restrictions 
fon media flatness are too strenuous. In spite of some 
inherent difficulties, field emission maintained its posi- 
tion as a viable technology for data storage applications. 
A schematic diagram of the operation of a device based 
‘nn this technology is shown in Fig. 30,15 [30.31]. 

Here, a multiplicity of stationary tips is positioned 
in close proximity to a conducting medium, such as 
a chalcogenide, and controlled current emission for 
each tip is used to transform its phase reversibly from 
crystalline to amorphous. Either the tips or the media 
are raster scanned across each other such that, as with 
the probe storage device, one can address a large num- 
ber of data bits. Both tips and media are placed under 
a mild vacuum that has to be maintained at all times. 


Fig. 30.15 A schematic diagram of fekd-emission tips 


Although writing bits may be utilized efficiently, read- 
ing them back, namely, measuring their conductivity 
is a nontrivial task that requires further investigation. 
‘Along these lines, one may employ a MEMS-based ap- 
proach and use conducting tips that are in direct contact 
with a conducting medium. 

‘A different approach to locally heating a sample 
that does not require direct tip-sample contact, vacuum 
conditions, or conducting media, is to have a heating 
element embedded inside each tip. In spite of the fact that 
each tiphasa complex structure, as shown in Fig. 30.16b, 
it was found possible to fabricate a 64x64 2-D array 
that raster scans a polymer medium. Heating a data bit 
and pressing a sharp tip into it generates a nanoscale 
pit that is estimated to persist for years. Sensing the 
pit for readout is accomplished by monitoring the heat 
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Fig. 30.16 (a) A schematic diagram of a cantilever with 
a heating and heatsensing tip. Indentations are inscribed 
into a polymeric medium by means of a heated tip. The bits 
ae read by sensing the increased heat loss in an indentation 
‘due to the greater surface area in contact. (b) Details of the 
tip structure 
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dissipation of the heated tip as a function of the media 
topography. When the tip is across a smooth surface, it 
is exposed mostly to air. When the tip is sunk into a pit, 
it is surrounded partially by the polymer material. Thus, 
the difference in heat conductivity between these two 
cases serves as a measure of the state of the polymer, 
whether it is smooth or dimpled. A key difficulty with 
this technology has been the erase mechanism, which is 
currently being addressed [30.29]. 

In the noncontact mode, the tip is vibrated at a dis- 
tance such thatthe tip never touches the surface directly. 
However, the tip senses the surface of the sample indi- 
rectly through force gradients that modify the resonance 
frequency of the cantilever. This mode can be useful in 
‘magnetic recording if one attaches a small magnet to the 
tip and uses it to both modify and sense magnetic do- 
mains. This mode, however, is slow, as the tip has to 
vibrate many times during the sensing of a single data 
bit and, therefore, can be ruled out as a candidate for 
data storage. 

We shall now consider the tapping mode that has, 
three main advantages to the contact mode. First, the tip- 
sample contact time is reduced by almost two orders of 
‘magnitude, thus minimizing tip-media wear. The second 
advantage is that it touches the media in a much gentler 
‘way and, therefore, does not twist or bend. The third ad- 
‘vantage is thatthe tip jumps between points of contacts, 
‘which constitute the data bits, so it is less prone to crash 
due to media roughness. If one uses the tapping mode 
with a conducting tip and taps on a conducting substrate, 
it is possible to follow the motion of the vibrating can- 
tilever by monitoring the time the tip makes contact with 
the sample. This method makes it easy to control a feed- 
back system that keeps the motion of the cantilever under 
ccontrol, provided the contact is good enough. The prob- 
Jem one encounters using this mode, however, is that 
such an operation is usually chaotic and, therefore, diffi 
cultto control. Ifone were to overcome this problem, this 
‘mode would be fast enough relative to the noncontact 
‘mode to be considered a viable method for data storage. 

We will now consider the theory and experimental 
results of the tapping mode by first treating it as a graz- 
ing impact oscillator (GIO) for which one can obtain 
closed-form expressions connecting all of its parame- 
ters [30.32]. The GIO consists of cantilever driven 
at a constant frequency and an amplitude by an exter- 
nal force, The vibrating cantilever is then brought into 
close proximity to the surface of a sample until its tip 
starts impacting the surface. At this point the ampli- 
tude of vibration of the GIO changes, together with the 
relative phase between the driver and the tip. Let the 
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amplitude of vibration of the driver be denoted by a 
and the spring constant and quality factor of the can- 
tilever be denoted by kp and Q, respectively. On impact, 
the GIO acquires amplitudes of vibration A and effec- 
tive spring constant kei, establishing a new value for the 
input power and phase: 


Ve(-ky +s 
= (Gita) oa 
[aa 

(30.1¢) 


Equation (30.1) shows the relationship among the var- 
ious parameters governing the operation of the GIO in 
closed form, making it possible to model the effect that 
impacting has on the tapping cantilever. Figure 30.17a 
shows that on bringing the vibrating cantilever closer to 
the surface, its amplitude of vibration decreases and its 
effective spring constant increases. Figure 30.17b shows 
the phase of the vibrating cantilever as a function of the 
amplitude of vibration. Figure 30.17c and d depict the 
input power as a function of the amplitude of vibration of 
the cantilever and of its phase, respectively. The double- 
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Fig. 30.17 Calculated tapping behavior. Modeling of the relation- 
ships among the amplitude A, effective spring constant keg, input 
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valued functions express the fact that one can operate 
either below or above the original resonance frequency 
of the cantilever. 

‘This simplified model of a tapping mode neglects 
‘many effects such as indentation ofthe surface on impact 
and adhesion and other interface tip-sample forces. For 
our purpose, however, we will neglect these effects and 
explore the feasibility of using the tapping mode for 
data storage applications. The idea here is to have the tip 
jump from one pixel, or bit of stored data on the surface 
‘ofa sample to another pixel without touching the surface 
in between. And while briefly touching the surfuce, the 
tip, which is conducting, will inject a pulse of current 
into the pixel and modify its conductivity [30.33]. Upon 
returning to the same pixel, the tip could monitor the 
conductivity of that particular pixel 

Considering the fact that the tapping mode involves 
‘adriven, damped oscillator, its apparent that the motion 
of the cantilever traces a chaotic trajectory, necessitating 
fan averaging process. For most imaging or nanofab- 
ication purposes, such an averaging, combined with 
‘an appropriate image processing procedure, can indeed 
yield images with nanometer resolution, For data storage 
applications, however, itis desirable to have non-chaotic, 
reproducible interactions for every single tap because 
one could not afford an averaging procedure, 

‘There are two key issues regarding the requirement 
that each tap produce a controlled interaction. The first 
concerns the identification of conditions under which 
(i) chaotic motion of the cantilever is minimized and 
Gi) good tip-sample contact is established. The second 
issue concerns the means by which one can abserve these 
individual interactions, The difficulty in measuring tip- 
sample interactions during an individual tap stems from 
the fact that most of the time the tip is far away from 
the sample, and only during a small fraction of a eycle 
does it actually sense the presence of the sample. Also, 
it is the nature of the tapping mode of operation that the 
tip approaches the sample at « relatively small velocity, 
which is the reason why it acts as a grazing impact 
oscillator in the first place. One can choose the electrical 
contact between tip and sample as the measuring tool for 
the reproducibility of the interaction for individual taps. 
‘This choice is clearly compatible with storage modalities 
in which current injection into storage media gives rise 
to writing and reading of phase-change data, 

‘The use of all-metal cantilevers tapping on a gold 
substrate was recently demonstrated, whereby carefully 
chosen parameters enable the generation and observa- 
tion of individual current pulses [30.34]. These pulses 
were generated by applying a short bias pulse during 


the tip-sumple contact time. Each current pulse, last- 
ing up to 20s, could produce a current of ~ 104A. 
in a nm? region yielding a current density of 1049 A/m? 
‘This density is large enough to be applicable for phase- 
change. The cantilever was fabricated from a rectangular 
Pilr wire whose length, width, and thickness were 
1,200 um, 100 um, and 501m, respectively. One side 
of the cantilever was attached to a driving bimorph, and 
the other side etched to produce a tip whose apex radius 
was estimated to be 70nm, The spring constant, res- 
onance frequency, amplitude of vibration, and quality 
factor of the cantilever were 300N/m, 13 kHz, 100nm, 
and 100, respectively. The all-metal cantilever ensured 
good conductivity and could withstand a large number of 
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Fig. 30.18 (a) A typical current pulse train (solid line) ob- 
tained with pulsed Voltage bias in phase withthe cantlever's 
lowest postion and the associated cantilever motion (dot- 
ted line), (b) wo current pulses (sald line), bias voltage 
pulses (dashed line) and cantilever motion (dotted line) 
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tapping impacts without degrading and had a shiny sur- 
face that acted as a good mirror forthe optical deflection 
technique. 

‘The experimental results yielded long tains of 
individually injected current pulses. Figure 30.18 (lef- 
hand side) shows 14 non-averaged experimental current 
pulses (solid line) and their associated cantilever mo- 
tion (dashed line) with a background of instrumental 
noise [30.34]. The current pulses demonstrate the repro- 
ducibility of the conductance established during each 
tap. Figure 30.18 [30.34] (right-hand side) shows two 
averaged current pulses (solid ine) with their input bias 
pulses (dashed line) and the associated cantilever mo- 
tion (dotted Iine). Note thatthe tip-sample contact time 
is revealed by the duration of the current pulse, which 
is shorter than the duration of the applied bias pulse 
Here, the amplitude of the bias pulse was 10mV. its 
duration was 40s, and the timing of its application 
relative to the motion of the cantilever was provided 
by the output of the atomic force microscope photodi- 
ode, The current pulses, with a magnitude of 0.5 mA, 
are much larger than the tunneling current occurring 
While the tip is within a fraction of a nanometer from 
the surface. Also, the displacement current, due to the 
‘motion of the cantilever and the time varying nature of 
the applied bias, is expected to be much smaller than 
the observed current pulses. The contact conductance 
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Fig.30.19 An J-V curve taken with an individual ramped 
input voltage pulse demonstrating an ohmic contact. Insert: 
‘The current pulse (solid line), ramped input bias voltage 
(dashed line), and cantilever motion (dotted line) 
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is shown in Fig, 30.19, where a linear relation between 
voltage and current implies a good ohmic contact. These 
results demonstrate that it is possible to minimize the 
chaotic behavior of a tapping cantilever and obtain re- 
producible conductance on each individual tap, The next 
step is to use the tapping mode in conjunction with cur- 
rent injection to write and read data bits on conducting 
media, 


30.2.3 Media and Experimental Results 


This section summarizes several typical experimen- 
tal results using different data storage media, electric 
charging, electric domain orientation, magnetic domain 
orientation, chemical modification, and phase change in 
chalcogenides and organic films. 


Electric Charging 
Quate’s group at Stanford has studied charge tapping 
in silicon nitrde/slicon dioxidesilcon system using 
a scanning capacitance microscope [30.6]. The charge 
trapping in this system has been used for many years 
fornon-volatilesemiconductor memory. Using chemical 
‘vapor deposition, 500 A of silicon nitride was deposited 
onto silicon wafer witha 50 A oxide coating. By selec- 
tively storing charge into the substrate, they were able to 
write bits as small as 0.02 um?. Using this method, they 
were able to write the founding document ofthe Swiss 
Confederation onto a 120ym? area, corresponding to 
256 kilobits of information that yields a data density of 
10Gbpsi 


electric Domains 
Hidaka etal have demonstrated the possibilty of ultra 
high density charge storage in a ferroelectric film, 
PhiZzr1.TigOs [30.35]. They show that a change inthe 
topography of the film can be introduced by domain re 
orientation induced by the application of a 10 pulse 
‘with a duration of 100 is. This is due to the piczo- 
electric effect caused by domain stractures. Data bits as 
small as 40/nm were written this way. This result implies 
a data density of approximately 300 Gbpsi, suggesting 
that this medium is a good candidate for high-density 
data storage. 


Thin Oxide Films 
IBM Research in Switzerland has demonstrated repro- 
ducible switching in thin oxide perovskite films [30.36]. 
By constructing metal-insulator-metal capacitor-like de- 
vices, with SrZr0s as the insulator, they were able to 
observe an order of magnitude increase in the leakage 
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current of the device at a threshold voltage of —0.5V 
This process is perfectly reversible, and the leakage 
current can be restored to its initial state upon appli- 
cation of a positive voltage. The switching occurs very 
rapidly, taking less than 100 ns to change from one con- 
ductivity state to another. Interestingly, the magnitude 
of the transition depends on the voltage applied, sug- 
gesting the possibility of storing multiple bits in one 
pixel. 


Magnetic Domains 
‘Sun et al. have demonstrated a novel way to overcome 
the limitations of media currently used for magnetic 
data storage [30.37]. By reducing iron and platinum- 
containing compounds, they demonstrated the formation 
of large-scale self-ordered arrays of magnetic particles. 
Initial studies suggest that an assembly of magnetic par- 
ticles as small as 4nm can support stable magnetization 
transitions at room temperature. By using the particles in 
these arrays as bits, the possibilty of terabit-per-square- 
inch magnetic data storage could be realized. 

Figure 30.20 shows transmission electron mi- 
croscopy of these arrays that indicate a remarkable 
uniformity of particle size and large-scale periodicity. 
‘The figure also shows assemblies of these particles de- 
posited onto a silicon oxide substrate under varying 
experimental conditions, 


Chemical Modification 
We have discussed the fact that the tapping mode is 
considerably less damaging to the tip and sample, as 
the tip spends less time contacting the sample and 
does not drag across it while raster scanning. For this 


Ta ‘sO a 


Fig. 30.20 (a) TEM micrograph of a 3-D assembly of 6-nm as- 
synthesized FesoPtsp particles deposited froma hexane octane (v/v 
1/1) dispersion onto a SiO-coated copper grid. (b) TEM micro- 
graph of a 3-D assembly of a 6-nm Fes)Ptsp sample after replacing 
oleic acid oley! amine with hexanoie acid/hexylamine, (e) HRSEM 
image of a ~ 180-nm-thick, 4-nm Fs,Ptys nanocrystal assembly 
annealed at 560°C for 30min under 1 atm of Nz gas. (d) High- 
resolution TEM image of 4-nm FesoPtyy nanocrystals annealed at 
‘560°C for 30min on a SiO-coated copper grid reference 


purpose, diamond-coated cantilevers have been found 
useful for experiments in which wear is a problem. 
For sample oxidation purposes, the tip is first oscillated 
away from the sample with peak-to-peak amplitude of 
10-15 nm, and then a feedback system reduces the am 
plitude to 7-10nm by pressing the tip further into the 
sample. A 50 ms-long pulse with a 10~12V magnitude 
is then applied to oxidize a thin Ti film. It was found 
that this technique produces much finer structures. Fig- 
ure 30,21 [30.38] is a tapping mode AFM image of four 
dots created in such a way, The dots inthis image have 
a diameter of less than 10nm and a height of 3.5nm 
above the surrounding Ti surface with a center separa- 
tion of 20nm, Around the dots there is what appears 
to be a lower ring of material with a channel in be- 
tween, This experiment demonstrates that one can use 
the tapping mode to write fine pixels, albeit not to erase 
them, 
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Fig. 30.21a,b Experimental results of local chemical modi- 
fication using AFM tip: (a) 20-nm dots written on Ti film, 
(b) cross section of written bit 
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Phase Change in Chalcogenides 
Chalcogenides, the active material in rewritable CDs, 
hhave the advantage of being a well-characterized and un- 
derstood bistable phase change material that has already 
hhad successful commercial data storage applications, 
i.e, CDRWs. Currently, NVRAM using chalcogenides 
as the active material is being pursued by an alliance of 
‘Ovonyx and Intel. Chaleogenides are materials that have 
an easily reversible stable change between amorphous 
and crystalline phases. To switch from the crystalline to 
the amorphous phase, the material is heated sufficiently, 
so that the material subsequently cools rapidly into the 
amorphous phase. The reverse change is achieved by 
heating the material above the glass transition tempera- 
ture, so that it recrystallizes upon cooling. For commer- 
cial CDRWs, writing isdone by means of laser light heat- 
ing and reading is done by measuring the difference inre- 
flectivity of the laser light from each of these two phases, 

Scanning probe microscopy can be used to switch 
the phase of a chalcogenide material by the applica- 
tion of a pulse of current that heats the material as 
it passes through it [30.39]. The state of the material 


Programming pulse width. SO ns 


Programming current: 1 and 1.7 mA. 


[Ate 

Log numberof programming cycles 
Fig. 30.22a-c Experimental results of phase change us- 
ing interconnects, (a) Crystalline area, (b) amorphous area, 
{€) stability of bits over 1,012 rewrites (Ovonyx) 
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can be read typically by measuring the resistance of 
the sample, Figure 30.22 shows the two different states, 
amorphous and crystalline ofthe chalcogenides. The re- 
versibility ofthis transition is remarkable, and has been 
shown to be stable over 10" repeated read-write cycles. 
Gotoh et al. demonstrated this effect using conducting 
AFM tips, where a transition from the high resistance 
amorphous state to the lower resistance crystalline state 
‘was observed both the in topography and the conduc- 
tivity of the sample. The change from amorphous to 
crystalline phases was confirmed by X-ray diffraction 
Figure 30.23a and a’ show a conductance AFM image 
and.a profile ofthe surface after the application of vary- 
ing voltage pulses. The topography of the substrate is 
shown in Fig. 30.23b, Figure 30.23¢ and c° show the 
equivalent conductance AFM images after the substrate 
hasbeen scanned ata negative voltage, erasing the lower 
power marks on the substrate. 

‘These materials have heen further characterized by 
Gidon etal, [30.26], who showed thatthe resistivity of 
the film in its amorphous phase was 100 S2em~!, while 
that of the crystalline state was 0.1 Sem~!. They also 
show that data bit requires 2 200 ns pulse with a power 
of 50 uW, which translates toa total energy of 10 p. 


Phase Change in Organics 
Organics have proved importantin a variety of electronic 
and optoelectronic applications such as light-emitting 
diodes, thin-film displays, transistors, photovoltaics, and 


(nA) 
100 


73 
vo 
Fig. 30.23 Experimental results of phase change using an 
AFM tp (a), (a) conducting AFM images after applying 
100as pulses tothe substrate, (b) topography AFM image 
ofthe substrate, (e),(¢) conducting AFM images showing 
erasure after scanning the substrate with an applied bias 
of ~1V, (d) J-V curves of untreated (dotted) and treated 
(colid) regions 
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lasers. There are several advantages to organics for eco- 
nomic and manufacturing reasons, and a large body of 
research already exists inthis field, As such, there is sig- 
nificant interest and motivation in finding data storage 
applications based on organic technology. 

‘There has been much research recently into organic 
materials and systems capable of reversible switching 
and thus capable of being exploited for data storage ap- 
plications. There are two broad categories of organies 
data storage; one where the active material (which can 
be homogenous or heterogeneous) has inherent bistabil- 
ity, and one where the bistability is a property of the 
device structure. 

‘There are many different materials that have been in- 
vestigated for data storage. The fundamental property is 
that it should have two states (electronic, morphological, 
or some other easily measured physical characteristic) 
that the material can exist in, and it should be stable 
indefinitely in either state. Furthermore, the material 
should be able to be easily and reversibly switched be- 
tween these states, and this should be reproducible over 
many millions of cycles for it to be useful as a data 
storage medium. 

Several groups have been working on reversible 
transitions in organic complexes suitable for switching 
by scanning probe techniques. Many complexes have 
been demonstrated to exhibit reversible switching, 2. 
3-nitrobenzal malonitrile (NBMN) and 1,4-phenylene- 
diamine (pDA) [30.40], tetrathiofulvane (TTF) and 
‘mcnitrobenzylidene propanedinitrile (m-NBP) [30.41], 
and many other variants. 

Li et al. [3041] have studied organic films con- 
sisting of tetathiofulvane (TTF), an electron donor, 
and m-nitrobenzylidene propanedinitrile (m-NBP), an 
electron acceptor. This complex demonstrates electrical 
bistability, which can be writen and read by scanning 
tunneling microscopy. 

‘The nature of the measurement means that itis diffi 
cult to ascertain whether this is due to solely conductive 
changes in the sample, or whether topographic modi- 
fications might also contribute. By applying pulses of 
ms duration, bits of 1.2mm diameter could be writ 
ten. This implies an areal density of ~ 10'* bits/in® 
This change was characterized electrically, and the re- 
sistance was measured as changing from 108 © to 103 © 
with a threshold switching voltage of 3.1 V. The pro- 
posed switching mechanism is charge transfer between 
the two film constituents. This change was stable over 
time and is reversible. This change is reversible, but only 
by heating for prolonged periods, making it unsuitable 
for applications as of yet 


Gao et.al, have demonstrated stable, local, reversible 
nanoscale switching [30.40] using a charge transfer 
complex of 3-nitrobenzal malonitrile (NBMN) and 
1.4-phenylenediamine (pDA). A 200-nm-thick film of 
this complex was deposited onto highly ordered pyrolitic 
graphite. Macroscopic electrical measurements demon- 
strate the bistability and switching of the material, Fig- 
ure 30.24a shows the current-voltage characteristics of 
the sample in these two conductivity states. Initially, the 
‘material is in alow conductivity state, but upon reaching 
certain threshold voltage, in this case 3.2 V, the mater- 
ial abruptly changes to a conductive state. The transition 
time is very abrupt, 80ns, as shown in Fig. 30.24b. 
‘Of further interest for data storage applications 
that, having demonstrated reversible switching in macro- 
scopic films, Gao et al. also showed that it was possible 
toswitch these materials on the nanoscale using an STM 
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Fig. 30.24a,b Experimental results of bulk conductivity 
changes of organic films. (a) I-V curves of a 200-nm- 
thick film showing the two conductivity states. Switching 
voltage is 3.2 V. (b) Change in conductivity against time, 
showing a transition time of SO ns 
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is referred to as back-EIMF. It lasts only so long as 
the field is increasing tots full strength. After the 
field reaches a steady state, current flows 
through the coil normally 


Thistransient resistive effects caused by the self- 
inductance of the coil, and is oppasite to the be- 
havior of a capacitor, which encourages an initial 
inrush of direct current until itis fully charged, at 
which point it blocks subsequent current flow. 


When high-frequency alternating current at- 
‘tempts to flow through an inductor, if each pulse 
is too brief to overcome the back-EMF, the coil 
will block the current. A coil canthus be designed 
to block some frequencies but not others, 


Even a simple electrical circuit that does not con- 
tain a coil will still have some self-inductance, 
simply because the circuit consists of wires, and 
evenastraightlength of wire inducesamagnetic 
field when the power is switched on, However, 
these inductive effects are so small, they can 
generally be ignored in practical applications. 


The transient electrical resistance to alternating 
current caused by either an inductor or a capac 
itor is known as reactance, although it occurs un- 
der opposite electrical conditions, as the coil im- 
pedes an initial pulse of DC current and then 
gradually allows it to pass, while a capacitor al- 
lows an initial pulse of DC current and then im- 
pedes it. 


When a flow of DC current through a coil is 
switched off, the magnetic field that was created 
by the coil collapses and releases its stored en- 
ergy. This can cause a pulse of forward EMF, and 
like back-EMEF, itcan interfere with other compo- 
nents in a circuit. Devices such as motors and 
large relays that contain substantial coils can cre- 
ate problematic spikes of back-EMF and forward- 
EMF. The forward-EMF that occurs when power 
to the coilis interrupted is typically dealt with by 
putting a diode in parallel with the coil, allowing 
current to circulate through it. This is known as 
clamping the voltage transient. A  diode- 


How it Works 


capacitor combination known asa snubberisalso 
commonly used. For a schematic and additional 
n on this topic, see "Snubber” (page 


‘A schematic to demonstrate EMF and back-EMF 
is shownin Figure 14-9. The coil canbea 100-foot 
spool of 26-gauge (or smaller) hookup wire, or 
magnet wire. It will function more effectively ifa 
piece ofiron or steel, suchas half-inch galvanized 
pipe, is inserted through its center. When the 
button is pressed, current is briefly impeded by 
the back-EMF created by the coil, and is diverted 
through D1, making it flash briefly. Then the coil’s 
reactance diminishes, allowing the current to 
flow through the coil and bypass the LED. When 
the pushbutton is released, the coil's magnetic 
field collapses, and the consequent forward-EMF 
circulates through D2, causing it to flash briefly. 
Note that the polarity of back-EMF and forward- 
EMF are opposite, which is why the LEDs in the 
circuit are oriented with opposite polarities. 


The 2200 resistor should be rated at 1/4 watt 
minimum, and the button should not be held 
down for long, as the electrical resistance of the 
Coil is relatively low. The LEDs ideally should be 
rated for a minimal forward current of no more 
than SmA. 


Electrical and Magnetic Polarity 
Various mnemonics and images have been cre- 
ated to assist in memorizing the polarity or di- 
rection of the magnetic field that will be created 
by a flow of electricity. The right-hand rule sug- 
gests that if the fingers of the right hand are 
curled around a coil in the same direction in 
which the turns of the coil were wound, an 
conventional DC current also flows in this direc- 
tion, the extended thumb will pointin the direc- 
tion of the principal force that can be created by 
the magnetic field. 


By convention, the magnetic field is oriented 
from south to north, which can be remembered 
since the north end of the magnetic field will be 
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to apply pulses, i-e., to write bits, and also to measure 


conductivity i.e, to read bits. Boe ge 
Figure 30.25a shows the local nanoscale film mor- yee ee ayer 
phology of the sample, Figure 30.25b and c show 
pattems written on a sample by application of voltage py awe 
pulses from the STM tip. Figure 30.25d demonstrates) Cureat(A) 


the erasure of a single bit from the pattern by appli- 
cation of a reverse-biased voltage pulse. Similar to the 
work of Li et al., the entire substrate could be erased 
by prolonged heating. Of much greater interest is the 
demonstration of individual bit erasure, achieved by ap- 
plying reverse voltage pulses. The erasure is incomplete 
unless the pulse is reverse-biased, indicating that it is the 
combined effect of heating and electric field that erases 
the bits 
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Fig.30.26a-c Experimental results of conductivity 


changes of organic device structures: (a) the structure of 
the bistable device, (b) 1—V characteristics. Voltage was 
scanned in steps of 0.1 V from 010 5 V. Curves and b rep. 
resent the /-V characteristics ofthe first and second bias 
scan, respectively. Curve is the /-V eurve of the third bias 
scan after the application of a reverse voltage pulse (~3 V) 
(6) Typical current responses of the device being written, 
read, erased, read over time 


Fig. 30.25a-f STM of the NBMN-pDA film on HOPG, 
{a) 6nm? image showing the crystalline order of the film; 
{b) 3x3 array of bits (4 V, Ls); (e)an“A" pattern (3.5 V, 
2us); (d), (e) (f) STM images after erasing marks with 
reverse-biased pulses (4.5 V, SOs). Distance between 
neighboring marks is 1.7 nm 
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Several proposed mechanisms were investigated as, 
the possible origin of this switching, including confor- 
‘mational switching and charge transfer. These could be 
discounted for reasons, including the stability and time 
scale of the switching. A more plausible hypothesis 
is a local phase transition from crystalline insulating 
regions to amorphous conducting regions. TEM and 
diffraction studies of the samples agree with this hy- 
pothesis. It should be pointed out that an alternative 
interpretation has been suggested by Zhao et al. [30.42] 
‘The conductivity change could be due mainly toachange 
in the topography of the sample, reducing the tip-sample 
distance and, therefore, the tunneling distance, mani- 
fested as an apparent change in conductivity. 

‘Ma et al, have developed a simple device struc- 
ture that exhibits electrical bistability [30.43]. This 
device has a fairly simple structure consisting of alter- 
nating layers of aluminum and an organic compound, 
2-amino-4,5-imidazoledicarbonitrile (AIDCN), as de- 
picted in Fig. 30.26a, Several alternative organics (Alq3 
and MEH-PPV) and metals (copper, silver, and gold) 
have been tried with varying degrees of success, 

Figure 30.26b shows the current-voltage bistabil- 
ity of a device with structure AVAIDCN (50am)/Al 
(2OnmyAIDCN (50nmyAL. A first run shows an ini- 


30.3 Conclusion 


Nanotechnology is perceived as a branch of science that 
deals with structures whose dimensions are measured 
in nanometers. Clearly, new phenomena become appar- 
ent when the number of atoms at the interface of such 
structure becomes comparable to the number of atoms 
in its Volume. As a result, nanotechnology evolved into 
‘anew kind of science that deals with the physics of small 
things. However, the sulfix -technology here implies 
afar more reaching aspect than justa scientific curiosity; 
this branch of science should also be of some use. This 
poses a dilemma for researchers whose main interest is 
in understanding new phenomena, rather than in find- 
ing a use for them, Consider scanning probe microcopy, 
which is celebrating its twentieth birthday now with un- 
countable contributions to the science of measurement 
of surfaces and near-surface phenomena. Despite all the 
contributions scanning probe microscopy has made, it 
has always served as a tool for investigations, rather 
than as a practical device that can become a commer- 
cial commodity. And yet this is exactly what this chapter 
deals with. The challenge of converting scanning probe 


tially low current, followed by an abrupt and dramatic 
increase in the current of four orders of magnitude at 
2 V. Subsequent repeated voltage runs (b) show that this 
transition is stable, being orders of magnitude higher 
than the initial measurement. The devices proved to be 
stable in this state over periods ranging from days to 
weeks. 

OF further interest is that the device proved to be 
‘erasable by purely electrical means, the application of 
1 -0.5V pulse bringing the device back to its original 
state. This is denoted by c in Fig. 30.26b, Further- 
more, the devices showed excellent stability over time, 
with over one million read-write-erase cycles being per- 
formed on the devices with excellent repeatability, as 
depicted in Fig. 30.26c. The origin of this bistability is 
unclear. It is clear that the central electrode is critical 
to the observed effect, as the bistability is only ob- 
served when the central electrode thickness is above 
aathreshold value, 10nm. Organics with high dielectric 
‘constants and low conductivity are believed to be im- 
portant for device performance. The exact mechanism, 
however, is as yet unclear. Preliminary results on novel 
materials [30-44] have suggested the possibility of an 
all-organic variation of this concept, with an AFM tip 
switching between bistable states of the system. 


microscopy from a research tool into a probe storage 
device is daunting indeed and will require new ideas to 
make it happen. The danger associated with this chal- 
lenge is that novel ideas developed by research groups 
are sometimes too immature to be measured against 
any existing technology, in general, and against data 
storage, in particular. One has to keep pursuing re- 
search opportunities whose outcomes are unknown and 
whose applications are unexpected with the hope that 
they will bring about good science and hopefully useful 
applications, 

However, based on the technical breakthroughs de- 
Iineated in this and the following chapter and judging 
from the history of data storage evolution, it seems 
plausible that probe storage will serve as a disrup- 
tive technology that replaces data storage devices in 
1 particular market niche, These new devices should be 
non-volatile, have terabyte capacity with microsecond 
access times with gigabyte transfer rates, all for a cost 
that is highly competitive with current commercially 
available data storage devices. 
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31. The “Millipede 


The “millipede" concept presented here is 
a new approach for storing data at high speed 
and ultrahigh density. The interesting part is 
that millipede stores digital information in 

a completely different way from magnetic hard 
disks, optical disks, and transistor-based memory 
chips. The ultimate locality is provided by a tip, 
and high data rates are a result of massive 
parallel operation of such tips. As storage medium, 
polymer films are being considered, although 
the use of other media, in particular, magnetic 
‘materials, has not been ruled out. The current 
effort is focused on demonstrating the millipede 
concept with areal densities of up to 0.5~1Tb/in? 
and parallel operation of very large 2-D (up to 
66464) AFM cantilever arrays with integrated 
tips and writelread/erase functionality. The 
fabrication and integration of such a large number 
‘of mechanical devices (cantilever beams) will lead 
to what we envision as the VLSI age of micro- and 
nanomechanics. 

In this chapter, the millipede concept for a 
MEMS-based storage device is described in detail, 
{In particular, various aspects pertaining to AFM 
thermomechanical read/write/erase functions, 
2-D array fabrication and characteristics, xiylz 
‘microscanner design, polymer media properties, 
read channel modeling, servo control and 


In the twenty-first century, the nanometer will probably 
play a role similar to the one played by the micrometer 
in the twentieth century. The nanometer scale will pre- 
sumably also pervade the field of data storage, although 
there is so far no obvious way in conventional mag- 
netic, optical, or transistor-based storage to achieve the 
nanometer scale in all three dimensions. After decades 
of spectacular progress, those mature technologies have 
entered the homestretch; imposing physical limitations 
oom before them. 

One promising method involves the use of pat- 
terned magnetic media for which the ideal write/read 
concept still needs to be demonstrated. The biggest 
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synchronization, as well as modulation coding 
techniques suitable for probe-based data-storage 
devices are discussed. 


challenge, however, is to pattern the magnetic disk in 
a cost-effective way. If such approaches are successful, 
the basis for large-capacity storage in the twenty-first 
century might still be magnetism, 

Other proposals call for totally different media 
and techniques such 3s local probes, near-field optics, 
‘magnetic super-resolution or holographic methods, In 
general, when an existing technology is about to reach 
its limits in the course of its evolution and alternatives are 
emerging in parallel, two things usually happen: First, 
the existing and well-established technology is explored 
further and every effort is made to push its limits to the 
‘utmost in order to get the maximum return on the consid- 
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erable investments made. Then, when all possibilities for 
improvement have been exhausted, the technology may 
still survive for certain niche applications, but the emerg- 
ing technology will take over, opening new perspectives 
and new directions. 

In many fields today we are witnessing the transi- 
tion of structures from the micrometer to the nanometer 
scale, a dimension that nature has long been using to 
build the finest devices with a high degree of local fune- 
tionality. Many of the techniques we use today are not 
suitable for the nanometer age: some will require minor 
or major modifications, others will be partially or en- 
tirely replaced. It is certainly difficult to predict which 
techniques will fall into which category. In key infor- 
mation technology areas, such as nano-electronics and 
data storage, it is not yet obvious which technologies 
and materials will be used in the future. 

In any case, for an emerging technology to be seri- 
ously considered as a candidate to replace an existing 
technology that is approaching its inherent limits, it must 
provide long-term perspective. For instance, the silicon 
microelectronics and storage industries are huge and 
have exacted correspondingly enormous investments, 
which makes them long-term oriented by nature. The 
consequence for storage is that any novel technology 
with higher areal storage density than today's magnetic 
recording [31.1,2] should have long-term potential for 
further scaling, preferably down to the nanometer or 
even atomic scale. 

‘The only available tool known today that is sim- 
ple and yet provides this very long-term perspective is 
the nanometer-sharp tip. The simple tip is a very re- 
liable tool that concentrates on one functionality: the 
ultimate local confinement of interaction. Techniques 
that use nanometer-sharp tips for imaging and inves 
tigating the structure of materials down to the atomic 
scale, such as the atomic force microscope (AFM) and 
the scanning tunneling microscope (STM) [31.3.4], are 
suitable for the development of ultrahigh-density storage 
devices. 

In the early 1990s, Mamin and Rugar at the IBM Al- 
‘maden Research Center pioneered the capability of using 
aan AFM tip for writing and readback of topographic fea- 
tures for data storage. In one of their schemes [31.5] 
writing and reading were demonstrated with a single 
AFM tip in contact with a rotating polycarbonate sub- 
strate, The writing was performed thermomechanically 
by heating the tip. In this way, storage densities of up to 
30Gb/in” were achieved, constituting a significant ad- 
vance over the densities of that time, Later refinements 
included increasing readback speeds to attain a data 


rate of 10 Mb/s [31.6] and the implementation of track 
servoing [31.7] 

When using single tipsin AFM or STM operation for 
storage, one has to deal with their fundamental data-rate 
limitations. At present, the mechanical resonant frequen- 
cies ofthe AFM cantilevers limit the data rates of asingle 
cantilever to a few Mbis for AFM data storage [31.8,9] 
‘The feedback speed and low tunneling currents limit 
STM-based storage approaches to even lower data rates 

Currently a single AFM operates at best on the 
microsecond time scale Conventional magnetic stor- 
age, however, operates at best on the nanosecond time 
scale, making it clear that AFM data rates have to 
be improved by at least three orders of magnitude 
to be competitive with current and future magnetic 
recording, One solution for substantially increasing the 
data rates achievable by tip-based storage devices is 
to employ micro-electro-mechanical system (MEMS) 
arrays of cantilevers operating in parallel, with each 
cantilever performing write/read/erase operations in-an 
Individual storage field. It is our conviction that very 
large-scale integrated (VLSI) micro/nanomechanics will 
greatly complement future micro- and nanoelectron- 
ies (integrated or hybrid) and may generate hitherto 
inconceivable applications of VLSI-MEMS. 

Various efforts are under way to develop MEMS- 
based storage devices. For example, a MEMS-actuated 
‘magnetic-probe-based storage device capable of storing 
2.GB of data on 2cm! of die area and whose fabrication 
is compatible with a standard integrated circuit manu- 
facturing process is described by Carley et al. [31.10] 
Intheir device, a magnetic storage medium is positioned 
in the v/y plane, and writing is achieved magnetically 
by using an array of probe tips, each tip being actu- 
ated in the z-direction, Another concept is the atomic 
resolution storage described by Gibson et al. [31.11], 
who employ electron field emitters to change the state of 
«aphase-change medium in abit-wise fashion from poly- 
crystalline to amorphous or vice versa. Reading is done 
with lower currents by detecting either back-scattered 
electrons or changes in the semiconductor properties in 
the media, 

‘The “millipede” concept presented here is a new 
approach for storing data at high speed and ultrahigh 
density. The interesting part is that millipede stores 
digital information in a completely different way from 
magnetic hard disks, optical disks, and transistor-based 
memory chips. The ultimate locality is provided by 
‘tip, and high data rates are a result of massive paral- 
Jel operation of such tips. As storage medium, polymer 
films are being considered, although the use of other 
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31a The Millipede Concept 


‘media, in particular, magnetic materials, has not been 
ruled out. Our current effort is focused on demonstrat- 
ing the millipede concept with areal densities of up to 
0.5-1Tb/in* and parallel operation of very large 2-D 
(up to 64x64) AFM cantilever arrays with integrated 
tips and write/read/erase functionality. The fabrication 
and integration of such a large number of mechanical 
devices (cantilever beams) will lead to what we envision 
as the VLSI age of micro- and nanomechanics, 


31.1 The Millipede Concept 


A2-D APM cantilever array storage technique (31.13- 
15], internally called the millipede, is illustrated in 
Fig. 31.1. Information is stored as sequences of indenta- 
tions and no indentations written on nanometer-thick 
polymer films using the array of AFM cantilevers. 
‘The presence and absence of indentations will also 
be referred to as logical marks. Each cantilever per- 
forms write/read/erase operations over an individual 
storage field with an area on the order of 100% 100 jum’. 
Write/read operations depend on a mechanical paral- 
lel x/y scanning of either the entire cantilever array 
chip or the storage medium, The tip-medium contact, 
is maintained and controlled globally, i.e., not on an 
individual cantilever basis, by using a feedback con- 
trol in the z-direction for the entire chip, which greatly 
simplifies the system. This basic concept of the entire 
chip approach/leveling has been tested and demonstrated 
for the first time by parallel imaging with a $x5 array 
chip (31.16, 17]. These parallel imaging results have 
shown that all 25 cantilever tips have approached the 
substrate within less than 1 jum of z-actuation, which in- 
dicates that overall chip tip-apex height control to within 
'500nm is feasible. The stringent requirement for tip- 
‘apex uniformity over the entire chip is determined by 
the uniform force required to reduce tip and medium 
‘wear due to large force variations resulting from large 
tip-height nonuniformities [31.7]. Moreover, as the en- 
tire array is tracked without individual lateral cantilever 
positioning, thermal expansion of the array chip has to 
bbe small or well controlled. Thermal expansion consid- 
erations are a strong argument for a 2-D instead of a 1-D 
array arrangement, 

Efficient parallel operations of large 2-D arrays can 
be achieved by a row/columa time-multiplexed address- 
ing scheme similar to that implemented in DRAMs. In 
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In this chapter, the millipede concept for a MEMS- 
based storage device is described in detail. In particular, 
various aspects pertaining to AFM thermomechanical 
read/write/erase functions, 2-D array fabrication and 
characteristics, x/y/z microscanner design, polymer me- 
ddia properties, read channel modeling, servo control 
and synchronization, as well as modulation coding tech- 
niques suitable for probe-hased data-storage devices are 
discussed, 


the case of the millipede, the multiplexing scheme is, 
used to address the array column by column with full 
parallel write/read operation within one column [31.18]. 
In particular, readback signal samples are obtained by 
applying an electrical read pulse to the cantilevers in 
column of the array, low-pass filtering the cantilever 
response signals, and finally sampling the filter out- 
put signals. This process is repeated sequentially until 
all columns of the array have been addressed, and 
then restarted from the first column. The time between 
two pulses applied to the cantilevers of the same col- 
umn corresponds to the time it takes for a cantilever 
to move from one logical mark position to the next, 
‘An alternative approach is to access all or a subset 
of the cantilevers simultaneously without resorting to 
the row/column multiplexing scheme. Clearly, the lat- 
ter scheme yields higher data rates, whereas the former 
leads to lower implementation complexity of the channel 
electronics. 


‘Malkiplex driver 


Fig. 31.1 The millipede concept (alter [31.12)) 
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31.2 Thermomechanical AFM Data Storage 


In recent years, AFM thermomechanical recording in 
polymer storage media has undergone extensive modifi- 
cations mainly with respect to the integration of sensors 
and heaters designed to enhance simplicity and to in- 
crease data rate and storage density. Thermomechanical 
‘writing in polycarbonate films and optical readback was 
first investigated and demonstrated by Mamin and Ru- 
gar (1992). Using heater cantilevers, thermomechanical 
recording at 30Gb/in* storage density and data rates 
of a few MbJs for reading and 100kb/s for writing 
have been demonstrated [31.5,6, 19], Although the stor- 
tage density of 30Gb/in* obtained originally was not 
overwhelming, the results were encouraging enough to 
consider using polymer films to achieve density im- 
provements. The current millipede storage approach is 
based on a new thermomechanical write/read process in 
rnanometer-thick polymer films 

‘Thermomechanical writing is achieved by applying 
a local force through the cantilever/tip to the polymer 
layerand simultaneously softening the polymer layer by 
local heating. Initially, the heat transfer from the tip to 
the polymer through the small contact area is very poor, 
but it improves as the contact area increases. This means 
that the tip must be heated to a relatively high tempera- 
ture of about 400 °C to initiate softening. Once softening 
has been initiated, the tip is pressed into the polymer, 
tnd hence the indentation size is increased, Rough es- 
timates [31.20,21] indicate that at the beginning of the 
writing process only about 0.2% of the heating power 
is used in the very small contact zone (10-40nm?) to 
soften the polymer locally, whereas about 80% is lost 
through the cantilever legs to the chip body and about 


sep Scan direction 
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medium layer 


Fig. 31.2 New storage medium used for writing small bits. A thin, 
\writable PMMA layer is deposited on a Si substrate separated by 
‘cross-linked film of epoxy photoresist (after (31.15) 


20% is radiated from the heater platform through the 
air gap to the mediunvsubstrate. After softening has 
started and the contact area has increased, the heating 
power available for generating the indentations increases 
atleast ten times to reach 2% or more of the total heating 
power. 

With this highly nonlinear heat-transfer mechanism 
itis very difficult to achieve small tip penetration and 
hence small bit sizes, as well as to control and re- 
produce the thermomechanical writing process, This 
situation can be improved if the thermal conductiv- 
ity of the substrate is increased and if the depth of 
tip penetration is limited. We have explored the use 
of very thin polymer layers deposited on Si substrates 
to improve these characteristics [31.22, 23]. as illus- 
trated in Fig. 31.2, The hard Si substrate prevents the 
tip from penetrating farther than the film thickness, 
and it enables more rapid transport of heat away from 
the heated region, as Si is a much better conductor 
of heat than the polymer. Using coated Si substrates 
witha 50-nm film of polymethylmethacrylate (PMMA), 
we have achieved indentation sizes of between 10 and 
‘50:nm, However, increased tip wear has occurred, prob- 
ably caused by contact between the Si tip and the Si 
substrate during writing. Therefore, a 70-nm layer of 
crosslinked photoresist (SU-8) was introduced between 
the Si substrate and the PMMA film to act asa softer pen- 
cetration stop that avoids tip wear, but remains thermally 
stable, 


a) 


PEEL watee 


Fig. 31.3ac Series of 40-nm indentations formed ina uni- 
form array with (a) 120-nm pitch and (b) variable pitch 
(© 40 nm), resulting in areal densities of up to 4000 Gb fin? 
Images obtained with a thermal readback technique. 
(Q) Ultrachigh-density bit writing with areal densities ap- 
proaching 1'Tb/in?, ‘The scale is the same for all three 
images (from [31.15] © 2002 IEEE) 
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Using this layered storage medium, indentations 
40nm in diameter have been written as shown 
in Fig.313. These experiments were performed 
using a I-pm-thick, 70-m-long, two-legged Si can- 
tilever [31.19]. The cantilever legs are made highly 
conducting by high-dose ion implantation, whereas the 
heater region remains low-doped, Electrical pulses 2 1s 
in duration were applied to the cantilever with a period 
of 50 jis. Figure 31 3a demonstrates that 40-nm bits ean 
be written with 120-nm pitch or, as shown in Fig. 31.3b, 
very close to each other without merging, implying a po- 
tential areal density of 400 Gb/in?. Figure 31.3e shows 
recent results from a single-lever experiment, where 
indentations are spaced as closely as 25nm apart, re- 
sulting in areal densities of up to 1 Tb/in?, although 
with a somewhat degraded write/read quality. 

Imaging and reading are performed by a new thermo- 
‘mechanical sensing concept [31.24], To read the written 
information, the heater cantilever originally used for 
writing is given the additional function of a thermal 
readhack sensor by exploiting its temperature-dependent 
resistance. In general, the resistance increases non- 
linearly with heating power/temperature from room 
temperature to a peak value at 500-700°C. The peak 
temperature is determined by the doping concentration 
of the heater platform, which ranges from 1x10" to 
2x 10!8at/em’, Above the peak temperature, the resis- 
tance drops as the number of intrinsic carriers increases 
due to thermal excitation [31.25]. For sensing, the re- 
sistor is operated at about 350°C, a temperature that 
is not high enough to soften the polymer as in the 
case of writing. The principle of thermal sensing is 
based on the fact that the thermal conductance be- 
tween the heater platform and the storage substrate 
changes according to the distance between them, The 
‘medium between the heater platform and the storage 
substrate, in our case air, transports heat from the can- 
tilever to the substrate, When the distance between 
cantilever and storage substrate is reduced as the tip 
‘moves into an indentation, the heat transport through 
the air becomes more efficient. As a result, the evo- 
lution of the heater temperature differs in response 
to a pulse applied to the cantilever. In particular, the 
‘maximum value achieved by the heater temperature 
is higher in the absence of an indentation, As the 
value of the variable resistance depends on the tem- 
perature of the cantilever, the maximum value achieved 
by the resistance will be lower as the tip moves into 
an indentation. Therefore, during the read process, 
the cantilever resistance reaches different values de- 
pending on whether the tip moves into an indentation 
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Fig.31.% Principle of AFM thermal sensing. The tip of the heater 
cantilever is continuously heated by a de power supply while the 
cantilever is being scanned and the heater resistivity measured 


(alter 31.15) 

(logical bit “1") or over a region without an inden- 
tation (logical bit “O"). Figure 31.4 illustrates this 
concept. 


Under typical operating conditions, the sensitivity 
of thermomechanical sensing is even greater than that 
of piezoresistive-strain sensing, which is not surprising 
because thermal effects in semiconductors are stronger 
than strain effects. The good sensitivity is demon- 
strated by the images of the 40-nm-sized indentations 
in Fig. 31.3, which were obtained using the described 
thermal-sensing technique. 

‘The thermomechanical cantilever sensor, which 
transforms temperature into an electrical signal that car- 
ries information, is the electrical equivalent, to a first 
degree of approximation, ofa variable resistance. A de- 
tection circuit must, therefore, sense a voltage that 
depends on the value of the cantilever resistance to 
decide whether a “I” or a “0” is written. The rel- 
ative variation of thermal resistance is on the order 
of 10-5/am, Hence a written “1” typically produces 
a relative change of the cantilever thermal resistance 
AR®/R® of about 10-* to 5x 10™*. Note that the rl- 
ative change of the cantilever electrical resistance is of 
the same order of magnitude, Thus, one ofthe most crt- 
ical issues in detecting the presence ar absence of an 
indentation is the high resolution required to extract the 
signal that contains the information about the logical 
bit being “1” or “0”, The signal carrying the informa- 
tion can be regarded as a small signal superimposed 
fon a very large offset signal. The large offset prob- 
lem can be mitigated by subtracting a suitable reference 
signal [31.12,26,27]. 
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31.3 Array Design, Technology, and Fabrication 


Encouraged by the results of the 5x5 cantilever ar- 
ray (31.16, 17], a 32%32 array chip was designed and 
fabricated [31.18]. With the findings from the fabrica- 
tion and operation of the 5x5 array and the very dense 
thermomechanical writing/reading in thin polymers with 
single cantilevers, some important changes of the chip 
functionality and fabrication processes were made. The 
major differences are (1) surface micromachining to 
form cantilevers at the wafer surface, (2) all-silicon can- 


5 Layout and cross section of one cantilever cell (af- 


ter (31.28) 


Fig. 31.6 Photograph of fabricated chip (14x7 mm?). The 32x32 
cantilever array is located at the center with bond pads distributed 


‘on either side (from [31.28] © 1999 IEEE) 


tilevers, (3) thermal instead of piezoresistive sensing, 
and (4) irst- and second-level wiring with an insulating 
layer for a multiplexed row/column-addressing scheme. 

‘As the heater platform functions as a read/write ele- 
‘ment and no individual cantilever actuation is required, 
the basic array cantilever cell becomes a simple two- 
terminal device addressed by a multiplexed x/y wiring, 
as shown in Fig. 31.5. The cell area and x/y cantilever 
pitch are 9292 um, which results in a total array size 
ofless than 33 mm? forthe 1,024 cantilevers. The can- 
tilevers are fabricated entirely of silicon for good thermal 
and mechanical stability, They consist of a heater plat- 
form with the tip on top, legs acting as soft mechanical 
springs, and electrical connections tothe heater. They are 
highly doped to minimize interconnect resistance and to 
replace the metal wiring on the cantilever in order to 
climinate electromigration and parasitic z-actuation of 
the cantilever due toa bimorph effect. The resistive ratio 
between the heater and the silicon interconnect sections 
should be as high as possible; currently the resistance of 
the highly doped interconnections is ~ 400 and that 
of the heater platform is 5k (at 3 V reading bias). 

‘The cantilever mass has to be minimized to obtain 
soft, high-resonant-frequency cantilevers. Soft canti- 
levers are required for a low loading force in order to 
eliminate or reduce tip and medium wear, whereas ahigh 
resonant frequency allows high-speed scanning. In ad- 
dition, sufficiently wide cantilever legs are required for 
4 small thermal time constant, which is partly deter- 
‘mined by cooling via the cantilever legs [31.19]. These 
design considerations led to an array cantilever with 
50-yum-long, 10-yum-wide and 0.5-tum-thick legs, and a 
5-yum-wide, 10-yum-long and 0.5-yum-thick heater plat- 
form. Such a cantilever has a stiffness of ~ 1 N/m and 
a resonant frequency of ~ 200kHz. The heater time 
constant is a few microseconds, which should allow 
multiplexing rate of up to 100kHz. 

‘The tip height should be as small as possible be- 
‘cause the heater platform sensitivity depends strongly 
on the platform-to-medium distance. This contradicts 
the requirement ofa large gap between the chip surface 
and the storage medium to ensure that only the tips, and 
not the chip surface, make contact withthe medium. In- 
stead of making the tips longer, we purposely bent the 
cantilevers a few micrometers out of the chip plane by 
depositing a stress-controlled plasma-enhanced chem- 
ical vapor deposition (PECVD) silicon-nitride layer at 
the base of the cantilever (see Fig. 31.5). This bending 
as well asthe tip height must be well controlled in order 
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Figure 14-9. A test circuit to demonstrate the EMF and 
back-EMF created when DC current starts and stops 
passing through a coil. See text for details 


the negative end of the coil (north and negative 
both beginning with letter N). This mnemonic 


only works if conventional (positive) current 
flows through a coil that is wound clockwise. 


Another model is the “corkscrew rule” in which 
we imagine conventional DC current flowing 
from the handle of a corkscrew, down through 
its metal section, toward the pointed end. If the 
corkscrew is turned clockwise, in the same direc- 
tionas the electricity, the corkscrew will sink into 
the cork in the same as the direction as the re- 
sulting magnetic force. 


Variants 


Variants include core materials, core shapes, ter- 
mination style (for through-hole mounting in 


wer > maderation > inductor 


perforated board, or for surface-mount), and ex- 
temal finish (some inductors are dipped in insu- 
lating material, while others allow their copper 
magnet wire to be exposed). 


In addition there are two functional variants: 
variable inductors and ferrite beads, Their sche- 
matic symbols are shown in Figure 14-10. 
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Figure 14-10. Schematic symbols for 2 ferrite bead (far 
thest right) and variable inductors (all other symbols, 
which are functionally identical). 


Magnetic Cores 
‘A magnetic core may be made from solid iron, 
plates of ron or steel separated by thin insulating 
material, powdered iron mixed with a binder, or 
a ferrite compound derived from nickel, zinc, 
manganese, or a combination. An iron core has 
at least 1,000 times the permeability of air, while 
some ferrites are 10,000 times as permeable. 


One major disadvantage of a magnetic core is 
hysteresis, which in this context refers to the ten- 
dency of the core to retain some magnetic 
“memory” as a cycle of alternating current 
changes from positive to negative. This residual 
magnetism must be overcome by the next posi- 
tive pulse of AC. The tendency of the core to re- 
tain magnetic polarity is known as its retentivity. 
Iron cores are especially retentive. 


Another disadvantage of some magneticcoresis 
that they may host eddy currents induced by the 
magnetic field of the coil. These electrical cur- 
rents tendto circulate through the core, reducing 
efficiency by generating waste heat, especially if 
coil currents are high. Forming a core from iron 
or steel plates, separated by thin layers of insu- 
lation, will inhibit these currents, Powdered iron 
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to maintain an equal loading force for all cantilevers of 

Cantilevers are released from the crystalline Si sub- 
strate by surface micromachining using either plasma 
‘or wet chemical etching to form a cavity underneath the 
cantilever. Compared to a bulk-micromachined through- 
wafer cantilever-release process, as was done for our 
5x5 array [31.16, 17 the surface micromachining tech- 
nique allows an even higher array density and yields 
better mechanical chip stability and heat sinking. As 
mentioned above, the entire array is tracked without 
individual lateral cantilever positioning, therefore ther- 
‘mal expansion of the array chip has to be small or 
‘well controlled. For a 3x3-mmr silicon array area and 
10-nm tip-position accuracy, the temperature difference 
between array chip and medium substrate has to be con- 
trolled to about 1 °C. Thisis ensured by four temperature 
sensors in the comers of the array and heater elements 
con each side of the array. 

‘The photograph in Fig. 31,6 shows a fabricated chip 
with the 32x32 array located in the center (33mm?) 
and the electrical wiring interconnecting the array with 
the bonding pads at the chip periphery. Figure 31.7 
shows the 32%32 array section of the chip with the 
independent approach/heat sensors in the four comers 
and the heaters on each side of the array, as well as 
zoomed scanning electron micrographs (SEMs) of an 
array section, a single cantilever, and a tip apex. The 
tip height is 1.7m and the apex radius is smaller 


31.4 Array Characterization 


‘The array’s independent cantilevers, which are located 
in the four corners of the array and used for approaching 
and leveling the chip and storage medium, serve to ini- 
tially characterize the interconnected array cantilevers. 
Additional cantilever test structures are distributed over 
the wafer; they are equivalent to but independent of the 
array cantilevers, Figure 31.8 shows an 1/V curve of 
such a cantilever; note the nonlinearity of the resistance. 
In the low-power part of the curve, the resistance in- 
creases as a function of heating power, whereas in the 
high-power regime, it decreases 

In the low-power, low-temperature regime, silicon 
‘mobility is affected by phonon scattering, which depends 
on temperature, whereas at higher power, the intrinsic 
temperature of the semiconductor is reached, which re- 
sults ina resistivity drop owing to the increasing number 
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Fig.31.7 SEM images ofthe cantilever array section with approach- 
ing and thermal sensors in the comers, array and single cantilever 
details, and tip apex (© 2000 Intemational Business Machines 
Corporation; after [31.18)) 


than 201m, which is achieved by oxidation sharpen- 
ing [31.29]. The cantilevers are connected to the column 
and row address lines using integrated Schottky diodes 
in series with the cantilevers. The diode is operated in 
reverse bias (high resistance) if the cantilever is not 
addressed, thereby greatly reducing cross talk between 
cantilevers. More details about the array fabrication are 
sven in (31.28, 30] 


of carriers [31.25]. Depending on the heater platform 
doping concentration of 1x10" to 2x 10!8at/em’, our 
calculations estimate a resistance maximum ata temper- 
ature of 500 10 700°C, respectively. 

The cantilevers within the array are electrically iso- 
lated from one another by integrated Schottky diodes. 
‘As every parasitic path in the array tothe cantilever ad- 
dressed contains a reverse-biased diode, the eross talk 
current is drastically reduced, as shown in Fig. 31.9. 
‘Thus, the current response of an addressed cantilever in 
an array isnearly independent ofthe size of the array, as 
demonstrated by the 1/V curves in Fig. 31.9. Hence, the 
power applied to address a cantilever is not shunted by 
other cantilevers, and the reading sensitivity is not de- 
araded ~ not even for very large arrays (3232), The 
introduction of the electrical isolation using integrated 
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Fig. 31.8 1/V curve of one cantilever. ‘The curve is non- 
linear owing to the heating of the platform as the power 
tnd temperature are increased. For doping concentrations 
between 1x 10!7 and 2% 10! at/em’, the maximum tem- 
perature varies between 500 and 700°C (afte (31.30) 
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we Bending um) 


Glow 405 404 410-12 a 
ending (um) 


Lever in a 5S array! 


Tee ina 32502 array 
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Fig. 31.9 Comparison of the 1/V curve of an independent 
cantilever (solid blackline) with the current response when 
addressing @ cantilever in a 5x5 (solid! brown line) or 
1 32x32 (dashed line) array with a Schottky diode seri- 
ally connected to the cantilever. Little change is observed 
in the 1/V curve between the different cases. Inset: sketch 
of the direct path (bold line) and a parasitic path (shin line) 
in a cantilever-diode array. ln the parasitic path there is al- 
\ways one diode in reverse bias that reduces the parasitic 
‘current (after (31.30) 


‘Schottky diodes turned out to be crucial for the success- 
ful operation of interconnected cantilever arrays with 
‘a simple time-maultiplexed addressing scheme. 

‘The tip-apex height uniformity within an array is 
very important because it determines the force of each 
cantilever while in contact with the medium and hence 
influences write/read performance, as well as medium 
and tip wear. Wear investigations suggest that a tip-apex 
height uniformity across the chip of less than 500 nm 


Fig. 31.10 Tip-apex height uniformity across one cantilever 
row of the aay with individual contributions from the 
tip height and cantilever bending. (© 2000 Intemational 
Business Machines Corporation; after [31.18}) 
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is required [31.7], with the exact number depending on 
the spring constant of the cantilever. In the case of the 
millipede, the tip-apex height is determined by the tip 
height and the cantilever bending. Figure 31.10 shows 


31.5 xlylz Medium Microscanner 


A key issue for the millipede concept is the need for 
a low-cost, miniaturized scanner with x/y/z motion cap- 
abilities and a lateral scanning range on the order of 
100 um. Multiple-probe systems arranged as 1-D or 2-D 
arrays [31.18] must also be able to control, by means of 
tilt capabilities, the parallelism between the probe array 
and the sample [31.18, 32] 

We have developed a microscanner with these prop- 
erties based on electromagnetic actuation. It consists of 
‘a mobile platform supported by springs and containing 
integrated planar coils positioned aver a set of minia- 
ture permanent magnets [31.33], A suitable arrangement 
of the coils and magnets allows us, by electrically ad- 
dressing the various coils, to apply magnetically induced 
forces to the platform and drive it in the x, y, z, and tilt 
directions. Our first silicon/copper-based version of this 
device has proved the validity of the concept [31.34], and 
variations of it have since been used elsewhere [31.35]. 
However, the undamped copper spring system gave rise 
to excessive cross talk and ringing when driven in an 
‘open loop, and its layout limited the compactness of the 
overall device. 

We investigate a modified microscanner that uses 
flexible rubber posts as a spring system and a copper- 
epoxy-based mobile platform, Fig. 31.11, The platform 
is made of a thick, epoxy-based SU-8 resist [31.36], 
in which the copper coils are embedded. The posts are 
‘made of polydimethylsiloxane (PDMS, Sylgard 184 sil- 
icon elastomer, Dow Corning, Midland, MI) and are 
fastened at the corners of the platform and at the ground 
plate, providing an optimally compact device by shar- 
ing the space below the platform with the magnets, The 
shape of the posts allows their lateral and longitudinal 
stiffness to be adjusted, and the dissipative rubber-like 
properties of PDMS provide damping to avoid platform 
ringing and to suppress nonlinearities. 

Figure 31.12 shows the layout ofthe platform, which 
is scaled laterally, so that the long segments of the 
“racetrack” coils used for in-plane actuation coincide 
with commercially available 24mm? SmCo magnets. 
‘The thickness of the device is determined by that of the 
‘magnets (1 mm), the clearance between magnet and plat- 
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the tip-apex height uniformity of one row of the ar- 
ray (32tips) due to tip height and cantilever bending. 
It demonstrates that our uniformity is on the order of 
100.nm, thus meeting the requirements. 


form (500 jim), and the thickness of the platform itself, 
which is 250j1m and determined mainly by the aspect 
ratio achievable in SU-8 resist during the exposure of 
the coil plating mold, The resulting device volume is, 
approximately 15 x 15> .6mm* 


Mobile plate with 
integrated coils 


Fig. 31.11 Microscanner concept using a mobile platform and flex- 


ible posts (after [31.31)) 


Fig. 31.12 Arrangement of the coils, the interconnects, and 

the permanent magnets, as well 3s the various motions ad- 

dressed by the corresponding coils (from [31.15] © 2002 
EE) 
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‘The SmCo magnets produce a measured magnetic 
field intensity of ~ 0.14 at the mid-thickness of the 
coils. The effective coil length is 320mm, yielding an 
expected force F,.y of 45 4uN per mA of drive current. 

‘The principal design issue of the spring system is 
the ratio of its stiffmesses for in-plane and out-of-plane 
motion, Whereas for many scanning probe applications 
the required z-axis range need not be much larger than 
1a few microns, it is necessary to ensure that the z-axis 
retraction of the platform due to the shortening of the 
posts as they take on an S-shape at large in-plane de- 
flections can be compensated for at acceptable <-coil 
current levels. Various PDMS post shapes have been 
investigated o optimize and trade off the various require- 
ments, Satisfactory performance was found for simple 
(O-shapes [31.31] 

‘The fabrication of the scanner, Fig. 31.13, starts on 
a silicon wafer with a seed layer and a lithographically 
patterned 200-jum-thick SU-8 layer, in which copper is 
electroplated to form the coils (Fig. 31.13a). The coils 


Patiemed SU-8 


180/20), 30 wens 
Plated Cu (200 um) 


©) _|Novolac resist (309m) Plated Cu (20p) 


Fig.31.13a-d Cross section of the platform fabrication 
process. (a) Coils are electroplated through an SU-8 re 
sist mask, which is retained as the body of the platform; 
(b) an insulator layer is deposited: (c) interconnects are 
electroplated; (d) the platform is released from the silicon 
substrate (after [31.31]) 


typically have 20tums, with a pitch of 100 jum and 
a spacing of 20 jm. Special care was taken in the resist 
processing and platform design to achieve the necessary 
aspect ratio and to overcome adhesion and stress prob- 
lems of SU-8. A second SU-8 layer, which serves as an 
insulator, is patterned with via holes, and another seed 
layer is then deposited (Fig. 31.13b). Next, an intercon- 
rect level is formed using a Novolac-type resist mask 
and a second copper-electroplating step (Fig. 31.13c). 
After sipping the resist, the silicon wafer is dissolved 
by a sequence of wet and dry etching, and the ex- 
posed seed layers are sputtered away to prevent shorts 
(Fig.31.13¢), 

‘The motion of the scanner was characterized us- 
ing a microvision strobe technique [31.37]. The results 
presented below are based on O-type PDMS ports, Fre- 
‘quency response curves for in-plane motion (Fig. 31.14) 
show broad peaks (characteristic of a large degree of 
damping) at frequency values that are consistent with 
expectations based on the measured mass of the plat- 
form (0.253 mg). The amplitude response (Fig. 31.15) 
displays the excellent linearity of the spring system for 
displacement amplitudes up to 80 pm (160-yim displace- 
‘ment range). Based on these near-DC (10 Hz) responses 
(~1.4,m/mA) and a measured circuit resistance of 
1.9, the power necessary for a 50-yum displacement 
amplitude is approximately equal to 2.5 mW. 

‘Owing to limitations of the measurement tech- 
nique, it was not possible to measure out-of-plane 
displacements greater than 0.5 jum. However, the small- 


Displacement amplitude (ab, units) 
100, 


ww Too” 20050000 
Frequency (Hz) 
Fig. 31.1% Frequency response for in-plane x- and y-axis 
motion. The mechanical quality factors measured are be- 
tween 3.3 and 4.6 (after [31.15]) 
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Displacement amplitude (mm) 


2 Y driven 
2 X driven 


ole 
10 Ey Too 75 
rive curent amplitude (mA) 
Fig. 31.15 In-plane displacement amplitude response for an 
ac drive current at 10 Hz (off resonance) (after (31.15)) 


amplitude response for z-motion when all four corner 
coils are driven in-phase also displays good linearity 
ver the range that can be measured (Fig. 31.16), 

‘The electromagnetic scanner performs reliably and 
as predicted in terms of the scan range, device volume, 


‘OSLO aS aO 
rive curent amplitude (mA) 
Fig. 31.16 Out-of-plane amplitude response for an ac drive 
current at 3Hz. The drive current is the total for all four 
comer coils, which are driven in phase (after (31.31)) 


and power requirements, achieving overall displacement 
ranges of 100 um with approximately 3 mW of power. 
‘The potential access time in the 100-jum storage field is, 
on the order of a few milliseconds, By being potentially 
cheap to manufacture, the integrated scanner presents 
a good alternative actuation system for many scanning 
probe applications, 


31.6 First Write/Read Results with the 32x32 Array Chip 


We have built prototype that includes all the ba- 
sic building blocks of the millipede concept (see 
Fig.31.1) [31.38]. A 3x3-mm? silicon substrate is 
spin-coated with the SU-8/PMMA polymer medium, as 
described in Sect. 31.3. This storage medium is attached 
to the x/y/z microscanner and approaching device. The 
‘magnetic z-approaching actuators bring the medium into 
contact with the tips ofthe array chip. The z-distance be- 
tween the medium and the millipede chip is controlled 
by the approaching sensors in the comers of the array 
‘The signals from these cantilevers are used to determine 
the forces on the z-actuators and, hence, the forces of the 
cantilever while it i in contact with the medium. This 
sensing/actuation feedback loop continues to operate 
during x/y scanning of the medium. The PC-controlled 
‘write/read scheme addresses the 32 cantilevers of one 
row in parallel. Writing is performed by connecting the 
addressed row for 201s to a high negative voltage and 
simultaneously applying data inputs "0" or “I” to the 
32 column lines. The data input is a high positive volt- 
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age for a1" and ground for a “0”. This row-enabling 
and column-addressing scheme supplies a heater current 
to all cantilevers, but only those cantilevers with high 
positive voltage generate an indentation ("I"). Those 
‘grounded are not hot enough to form an indentation and 
thus write a “O", When the scan stage has moved to the 
next logical mark position, the process is repeated, and 
this is continued until the line scan is finished. In the read 
process, the selected row line is connected to a moder- 
ate negative voltage, and the column lines are grounded 
‘via a protection resistor of about 10k, which keeps the 
cantilevers warm, During scanning, the voltages across 
the resistors are measured, Depending on the topogra- 
phy of the recording surface, the degree of cooling of 
each cantilever varies, thus changing the resistance and. 
voltage across the series resistor and allowing written 
data to be read back. 

‘The results of writing and reading in this fashion 
can be seen in Fig. 31.17, which shows 1,024 images 
corresponding to the 1,024 storage fields and associ- 
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ated cantilevers. Of the 1,024 levers, 834 were able to 
write and read data back, i.e., a success rate of more 
than 80%. The sequence is as follows. First, a bit pat- 
tern is written simultaneously by each of the levers 
in row 1, then read back simultaneously, followed by 
row 2, etc. through row 32. The data sent to the levers 
is different, each lever writing its own row and col- 
umn number in the array. The bit pattern consists of 
64x 64 bits, where odd-numbered bits are always set to 
0. In this case, the area used is 6.5%6.5 um”. The read- 
back image is a grey-scale bit map of 128 x 128 pixels. 
‘The distance between levers is 92,um, so the images 
in Fig. 31.17 are also 92jum apart, The areal density 
of the written information shown in Fig.31.17 cor 
responds to 15~30Gb/in?, depending on the coding 
scheme adopted. More recently, an areal density of 
150-200Gb/in*, at an array yield of about 60%, has 
been demonstrated. 


31.7 Polymer Medium 


‘The polymer storage medium plays a crucial role in 
rillipede-like thermomechanical storage systems. The 
thin-film multilayer structure with PMMA as active 
layer (see Fig. 31.2) is not the only possible choice, con- 
sidering the almost unlimited range of polymer materials 
available. The ideal medium should be easily deformable 
for writing, yet indentations should be stable against tip 
wear and thermal degradation. Finally, one would also 
like to be able to erase and rewrite data repeatedly. In or- 


Fig. 31.17 (a) 1,024 images, 
each one obained from 
‘cantilever of the 2-D ar- 
ray, (b) Enlarged view of 
typical images from (a). The 
numbers in the images indi 
cate the row and column of 
each lever (from [31.38)) 


‘Those levers that did not read back failed for one 
of four reasons: (i) a defective chip connector rendered 
an entire column unusable, (i) point defect occurred, 
meaning that a single lever or tip was broken, (ii) there 
‘was a nonuniformity of the tip contact due to tiplever 
variability or storage substrate bowing due to mounting, 
(iv) there were thermal drifts. The latter two reasons 
were the most likely and major failure sources. At 
present, there is clearly a tradeoff between the num- 
ber of working levers and the density, which will most 
likely be resolved by a better substrate/chip mounting 
technique and lower thermal drifts. 

‘The writing and readback rates achieved with this 
system are 1kb/s per lever, thus, the total data rate 
is about 32kb/s. This rate is limited by the rate at 
which data can be transferred over the PC ISA bus, 
not by a fundamental time limitation of the read/write 
process. 


der to be able to address all important aspects properly, 
some understanding of the basic physical mechanism of 
thermomechanical writing and erasing is required, 


31.7.1 Writing Mechanism 
In a gedanken experiment we visualize writing of an 
indentation as the motion of a rigid body (the tip) ina vis- 


‘cous medium (the polymer melt). Let us initially assume 
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that the polymer, i-e., PMMA, behaves like a simple li 
quid after it has been heated above the glass-transition 
temperature in a small volume around the tip. As viscous 
drag forces must not exceed the loading force applied 
to the tip during indentation, we can estimate an upper 
bound for the viscasity ¢ of the polymer melt using 
Stokes's equation: 


F =6xtov (1) 


{In actual indentation formation, the tip loading force 
is on the order of F =SOnN and the radius of cur- 
vvature at the apex of the tip is typically ¢=20nm. 
Assuming a depth of the indentation of, say, = 50nm_ 
and a heat pulse of rj =10ps duration, the mean 
velocity during indentation formation is on the order 
of v=h/t,=Smm/s. Note that thermal relaxation 
times are on the order of microseconds [31.20,21] and, 
hence, the heating time can be equated to the time it 
takes to form an indentation, With these parameters 
wwe obtain ¢ <25Pas, whereas typical values for the 
shear viscosity of PMMA are at least seven orders of 
‘magnitude larger even at temperatures well above the 
‘glass-transition point [31.39]. 

‘This apparent contradiction can be resolved by con- 
sidering that polymer properties are strongly dependent 
‘on the time scale of observation, At time scales on the 
order of I ms and below, entanglement motion is in ef- 
fect frozenin and the PMMA molecules forma relatively 
static network. Deformation of the PMMA now proceeds 
by means of uncorrelated deformations of short molecu- 
lar segments, rather than by a flow mechanism involving 
the coordinated motion of entire molecular chains, The 
price one has to pay is that elastic stress builds up in the 
‘molecular network as a result of the deformation (the 
polymer is in a so-called rubbery state). On the other 
hhand, corresponding relaxation times are orders of mag- 
nitude smaller, giving rise to an effective viscosity at 
millipede time scales on the order of 10Pas [31.39], 
as required by our simple argument (see (31.1)). Note 
that, unlike normal viscosity, this high-frequency vis- 
cosity is basically independent of the detailed molecular 
structure of the PMMA, i.e., chain length, tacticty, poly- 
dispersity, etc. In fact, we can even expect that similar 
high-frequency viscous properties can be found in alarge 
class of other polymer materials, which makes thermo- 
‘mechanical writing a rather robust process in terms of 
‘material selection, 

We have argued above that elastic stress builds up in 
the polymer film during the formation of an indentation, 
creating a corresponding reaction force on the tip on the 
order of F, ~ 21Go?, where G denotes the elastic shear 
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‘modulus ofthe polymer (31.40). An important property 
for millipede operation is that the shear modulus drops 
by several orders of magnitude in the glass-transition 
regime, i.e., for PMMA from ~ 1GPa below @y 10 
~05-1MPa above 6, where @, denotes the glass- 
transition temperature [31.39]. The bulk modulus, on 
the other hand, retain its low-temperature value of sev- 
eral GPa, Hence, inthis elastic regime, formation of an 
indentation above ©, constitutes a volume-preserving 
deformation. For proper indentation formation, the tip 
load must be balanced between the extremes ofthe elas- 
tic reaction force F; for temperatures below and above 
@,. i-e.. F< 2.54N for PMMA to prevent indenta- 
tion of the polymer in the cold state and F >> 2.5 nN 
to overcome the elastic reaction force in the hot state 
Unlike the deformation of a simple liquid, the indenta- 
tion represents a metastable state of the entre deformed 
volume, which is under elastic tension, Recovery of the 
unstressed initial state is prevented by rapid quenching 
of the indentation below the glass temperature with the 
tip in place. As a result, the deformation is frozen in be- 
cause below ©, motion of molecular-chain segments is, 
in effect, inhibited (see Fig. 31.18). 

This mechanism also allows indentations to be 
erased locally ~ it suffices to heat the deformed vol- 
ume locally above ©, whercupon the indented volume 
reverts to its unstressed flat state driven by internal elas- 
tic stress. In addition, erasing is promoted by surface 
tension forces, which give rise to a restoring surface 
pressure on the order of y(x/o)2h ~ 25MPa, where 
y ~ 0.02 N/m denotes the polymer-air surface tension. 

One question immediately arises from these specu- 
lations: If the polymer behavior can be determined from 
the macroscopic characteristics of the shear modulus 
5 function of time, temperature, and pressure, can the 
time-temperature superposition principle also be applied 
in this case? The time-temperature superposition prin- 
ciple is a powerful concept of polymer physics [31.41] 
It basically states that the time seale and the temper- 
ature are interdependent variables that determine the 
polymer behavior such as the shear modulus. A simple 
transformation can be used to translate time-dependent 
into temperature-dependent data and vice versa. Itis not 
clear, however, whether this principle can be applied 
in our case, i.e, under such extreme conditions (high 
pressures, short time scales, and nanometer-sized vol- 
lumes, which are clearly below the radius of gyration of 
individual polymer molecules) 

To test this, we varied the heating time, the heating 
temperature, and the loading force in indentation-writing 
experiments on a standard PMMA sample. The results 
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Fig. 31.18a-c Viscoelastic model of indentation writing 
(a) The hot tip heats a small volume of polymer material 
to more than @,. The shear modulus of the polymer drops 
‘drastically from GPa to MPa, which in tur allows the tip 
to indent the polymer. In response, elastic stress (repre- 
sented as compression springs) builds up in the polymer 
In addition, viscous forces (represented a pistons) associ- 
ated with the relaxation time for the local deformation of 
molecular segments limit the indentation speed. (b) At the 
‘end of the writing process, the temperature is quenched on 
microsecond time scale to room temperature: The stressed 
configuration of the polymer is frozen-in (represented by 
the locked pistons). () The final indentation corresponds to 
metastable configuration. The original unstressed flat state 
‘of the polymer ean be recovered by heating the indentation 
Volume to more than ©, which unlocks the compressed 
springs (after (31.15) 


are summarized in Fig.31.19, The minimum heater 
temperature at which the formation of an indentation 
starts fora given heating-pulse length and loading force 


Cantilever heater temperature (°C) 


2 3aN load 
2 30nN load 
‘4. 902N load 


0 
108 1 0 70 
Fig. 31.19 Indentation-writing threshold measurements. 
‘The load was controlled by pushing the cantilever/tip into 
the sample with a controlled displacement and a known 
spring constant of the cantilever, When a certain threshold 
is reached, the indentations become visible in subsequent 
imaging scans (see also Fig, 31.21). The solid lines are 
guides to the eye. Curves of similar shape would be ex- 
pected from the time-temperature superposition principle 
(after [31.15)) 


was determined. This so-called threshold temperature 
is plotted against the heating-pulse length. A careful 
calibration of the heater temperature has to be done 
to allow a comparison of the data, The heater tem- 
perature was determined by assuming proportionality 
between temperature and electrical power dissipated in 
the heater resistorat the end of the heating pulse when the 
tip has reached its maximum temperature. An absolute 
temperature scale is established using two well-defined 
reference points. One is room temperature, correspond 
ing to zero electrical power, The other is provided by 
the point of turnover from positive to negative differ- 
ential resistance (see Fig.31.8), which corresponds to 
heater temperature of approximately 550°C. The gen- 
‘eral shape of the measured threshold temperature versus 
heating time curves indeed shows the characteristics of 
time-temperature superposition. In particular, the curves 
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are identical up to a load-dependent shift with respect, 
to the time axis. Moreover, we observe that the time 
it takes to form an indentation at constant heater tem- 
perature is inversely proportional to the tip load. This 
property is exactly what one would expect if inter- 
nal friction (owing to the high-frequency viscosity) is 
the rate-limiting step in forming an indentation (see 
GL.D). 

‘The time it takes to heat the indentation volume of 
polymer material higher than the glass-transition tem- 
perature is another potentially rate-limiting step. Here, 
the spreading resistance of the heat flow in the polymer 
and the thermal contact resistance are the most critical 
parameters. Simulations suggest [31.20, 21] that equi- 
libration of temperature in the polymer occurs within 
less than 1s. Very litle is known, however, about 
the thermal coupling efficiency across the tip-polymer 
interface. We have several indications thatthe heat trans- 
fer between tip and sample plays crucial role, one 
of them being the asymptotic heater temperature for 
Jong writing times, which according to the graph in 
Fig, 31.19 is approximately 200°C. The exact tempera- 
ture of the polymer is unknown, However, the polymer 
temperature should approach the glass-transition tem- 
perature (around 120°C for PMMA) asymptotically. 
Hence, the temperature drop between heater and poly- 
‘mer medium is substantial, Part of the temperature 
difference is due to a temperature drop along the tip, 
‘which according to heat-flow simulations [31.20.21] is, 
expected to be on the order of 30°C at most. Therefore, 
a significant temperature gradient must exist in the tip- 
polymer contact zone. Further experiments on the heat 
transfer from tip to surface are needed to clarify this 
point. 

We also find that the heat transfer for a nonspherical 
tip is anisotropic. As shown in Fig. 31.20, in the case of 
‘4 pyramid-shaped tip, the indentation not only exhibits 
sharp edges, but also the region around the indentation, 
where polymer material is piled up, is anisotropic. The 
pile-up characteristics will be discussed in detail below. 
AL this point we take it as an indication of the relevance 
of the heat transfer to the measurements, 

One of the most striking conclusions of our 
model of the indentation-writing process is that it 
should in principle work for most polymer mater- 
ils. The general behavior of the mechanical properties 
fas a function of temperature and frequency is sim- 
ilar for all polymers [31.41]. The glass-transition 
temperature ©, would then be one of the main 
parameters that determines the threshold writing 
temperature. 
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Fig.31.20a,b Topographic image of individual indenta- 
tions, (a) "The region around the actual indentations clearly 
shows the threefold symmetry of the tip, here a three-sided 
pyramid, (b) The indentations themselves exhibit sharp 
edges, as can be seen from the inverted 3-D image. Image 
size is 2x2 um? (from [31.15] © 2002 IEEE) 


A verification of this was found experimentally by 
comparing various polymer films. The samples were pre- 
pared in the same way as the PMMA samples discussed 
above [31.18]: by spin-casting thin films (10-30nm) 
onto a silicon wafer with a photo-resist buffer. Then, 
threshold measurements were done by applying heat 
pulses with increasing current (or temperature) tothe tip 
‘hile the load and the heating time were held constant 
(load about 10nN and heating time 10 1s). Examples 
of stich measurements are shown in Fig. 31.21, where 
the increasing size and depth of indentations can be 
seen for different heater temperatures. A threshold can 
be defined based on such data and compared with the 
slass-transition temperature of these materials. The re- 
sults show a clear correlation between the threshold 
heater temperature and the glass-transition temperature 
(see Fig. 31.22) 

With our simple viscoelastic model of writing we 
are able to formulate a set of requirements that potential 
candidate materials for millipede data storage have to 
fulfill. Fist, the material should ideally exhibit a well- 
defined glass-transition point with a large drop of the 
shear modulus at @.. Second, a rather high value of Oy 
(on the onder of 150°C) is preferred to facilitate thermal 
read back ofthe data without destroying the information, 
We have investigated a number of materials to explore 
the ©, parameter space, The fact that all polymer types 
tested are suitable for forming small indentations leaves 
us free to choose which polymer type to optimize in 
terms of the technical requirements for a device such as 
lifetime of indentations, polymer endurance of the read 
and write process, power consumption, ete. These are 
subjects of ongoing research, 
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Fig. 31.21 Written indentations for different polymer materials. The heating pulse length was 10s, the load about 10 nN. The grey 
scale is the same for all images. The heater temperatures for the indentation on the left-hand side are 445, 400, 365, and 275°C 
for the polymers Polysulfone, PMMA Il (anionically polymerized PMMA, M = 26k), PMMA I (Polymer Standard Service, 
Germany, M ~ 500k), and Polystyrene, respectively. The temperature increase between events on the horizontal axis is 14, 22, 
20, and 9°C, respectively (from [31.15] © 2002 IEEE) 
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Fig. 31.22 ‘The heater temperature threshold for writing in- 
dentations with the same parameters as in Fig. 31.21 is 
plotted against the glass-transition temperature for these 
polymers, including poly-a-methyl-styrene (after (31.15]) 


31.7.2 Erasing Mechanism 
It is worthwhile to look at the detailed shapes of the 


written indentations. The polymer material around an 
Indentation appears piled up as can be seen, for exam- 


ple, in Fig.31.20. This is not only material that was 
pushed aside during indentation formation as a result of 
volume conservation. Rather, the flash heating by the 
tip and subsequent rapid cooling result in an increase of 
the specific volume of the polymer. This phenomenon, 
that the specific volume of a polymer can be increased 
bby rapidly cooling a sample through the glass transi- 
tion [31.41], is well-known, Oursystemallows.a cooling 
time on the order of microseconds, which is much faster 
than the highest rates that can be achieved with stan- 
dard polymer-analysis tools. However, a quantitative 
measurement of the specific volume change cannot be 
‘easily performed with our type of experiments. On the 
‘other hand, the pile-up effect serves as a convenient 
threshold thermometer. The outer perimeter ofthe pile- 
‘ups surrounding the indentations corresponds to the ©, 
isotherm, and the temperature in the enclosed area has 
certainly reached values greater than @, during the in- 
entation process. Based on our viscoelastic model, one 
‘would thus conclude that previously written indentations 
that overlap with the piled up region of a subsequently 
written indentation should be erased. 

‘That this pile-up effect actually works against the 
formation of an indentation can clearly be seen in the 
line scans of a series of indentations written in Poly- 
‘sulfone (Fig. 31.23), Here, the heating of the tip was 
accompanied by a rather high normal force. The force 
was high enough to create a small indentation, even if 
the tip was too cold to modify the polymer (Fig. 31.23) 
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inhibits eddy currents because the particleshave 
ited contact. Ferrites are nonconductive, and 
are therefore immune to eddy currents. They are 
widely used. 


Hysteresis and eddy currents both incur energy 
losses with each AC cycle. Therefore, the losses 
increase linearly as the AC frequency increases. 
Consequently, inductor cores that suffer either of 
these problems are not well-suited to high fre- 
quencies, 


Nonmagnetic Cores 
The problems associated with magnetic cores 
may be avoided by winding the coil around a 
nonmagnetic core that may be hollow, ceramic, 
ot plastic. A hollow core is referred to as an air 
core, The permeability of ceramic and plastic 
cores is close to that of air. 


An inductor with a nonmagnetic core will be im- 
mune to eddy currents and retentivity, but will 
have to be significantly larger than a magnetic- 
cored coil with comparable inductance. In the 
case of a very primitive radio receiver, such as a 
crystal set, the air-cored coil that selects a radio 
frequency may be several inches in diameter. A 
basic circuit diagram for a crystal set (so-called 
because it uses a diode containing a germanium 
crystal) is shown in Figure 14-11. Theantenna, at 
top, receives signals broadcast from radio sta- 
tions. The coil can be tapped (as indicated by the 
black dots) as a simple way to select different in- 
ductance values, blocking all but a narrow range 
of frequencies. The T-shaped white component 
atrightisahigh-impedance earphone. Thediode 
blocks the lower half of the alternating current in 
a radio signal, and since the signal is amplitude- 
modulated, the earphone responds to variations 
in intensity in the signal and reproduces the 
sound encoded in it. 


Variants 


Figure 14-11. An early and basic application for an induc: 
for is to select radio-station frequencies. as in this sche 
‘matic fr a crystal set. See text for details. 


Variable Inductors 

Avvariable inductor, also known as an adjustable 
inductor, is relatively uncommon but can be fab- 
ricated by using a magnetic core that penetrates 
the center of the inductor onan adjustable screw 
thread. The inductance of the assembly will in- 
crease as a larger proportion of the magnetic 
core penetrates into the open center of the coil 
A photograph of a variable inductor is at 
Figure 14-12. 


Figure 14-12. A variable inductor. Its inductance is adjus 
fed via a screw thread that varies the insertion of the core 
In the col. In this component the care is turned by insert 
ing a hex wrench, as shown. It is rated fram OO09uH to 
2yH. 
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‘Then, with increasing tip heating, the indentations ini- 
tially fill up in the piled up region (Fig. 31.23b) before 
they finally become deeper (Fig. 31.23c) 

‘The pile-up phenomenon turns out to be particularly 
beneficial for data-storage applications. The following 
example demonstrates the effect. If we look at the se- 
quence of images in Fig.31.24, taken on a standard 
PMMA sample, we find that the piled up regions can 
overlap each other without disturbing the indentations. 
However, if the piled up region of an individual writ- 
ing event extends over the indented area of a previously 
written “1” the depth of the corresponding indentation 
decreases markedly (Fig. 31.244). This can be used for 
erasing written data. On the other hand, if the pitch 
between two successive indentations is decreased even 
further, this erasing process will no longer work. Instead, 
broader indentation is formed, as shown in Fig. 31.24e. 
Hence, to exclude mutual interference, the minimum 
pitch between successive indentations, which we de- 
note by minimum-indentation pitch (BPyxjg), must be 
larger than the radius of the piled up area around an 
indentation, 

In the example shown in Fig. 31.24, the temperature 
chosen was so high that the ring around the indentations 
‘was very large, whereas the depth of the indentation 
‘was limited by the stop layer underneath the PMMA 
‘material, Clearly, the temperature was too high here to 
form small indentations, the minimum pitch of which 
is around 250 nm, However, by carefully optimizing all 
parameters it is possible to achieve areal densities of up 
to 1 Tb/in®, as demonstrated in Fig. 31 3c, 

‘The new erasing scheme based on this volume 
cffect switches from writing to erasing merely by de- 
creasing the pitch of writing indentations. This can 
be done in a very controlled fashion, as shown in 
Fig. 31.25, where individual lines or predefined sub- 
areas are erased. Hence, this new erasing scheme can 
bbe made to work in a way that is controlled on the 
scale of individual indentations. Compared with earlier 
slobal erasing schemes [31.23], this simplifies erasing 
significantly, 


31.7.3 Overwri 


ing Mechanism 


Overwriting data on some part of the storage medium 
ccan be achieved by first erasing the entire area and then 
‘writing the desired data on the erased surface. Although 
this process works well, itis time-consuming and dis 

pates a significant amount of power. Ina millipede-based 
storage device, where data rate and power consumption 
are at a premium, such a two-step overwriting mech- 
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Fig.31.23 Section through a series of indentations similar to 
Fig, 31,21. Here, a load of about 200 nN was applied before a heat- 
ing pulse of 10-y1 length was fired. The temperature of the heater at 
the end of the pulse has been increased from 430 to 610°C in steps 
of about 10.6°C. (a) The load was sufficient to form a plastic inden- 
tation even if the polymer was not heated enough to come near the 
lass transition. (b) With increasing heater temperature, the poly- 
‘mer swells. This eliminates the indentation, thus erasing previously 
‘written “cold” marks. (c) As this process continues, the thermome- 
chanical formation of indentations begins to dominate until, finally, 
‘normal thermomechanical indentation writing oceurs (aftr [31.15)) 


) 
) 


d) 


oo} 
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O) 


05 0.0 os TO 
Fig.31.24a~e Indentations in a PMMA film at several distances. 
‘The depth of the indentations is ~ 15m, roughly the same as 
the thickness of the PMMA layer. The indentations on the left- 
hhand side were written first, then a second series of indentations 
‘was made with decreasing distance from the frst series going from 
{a) to (e) (after [31.15)) 
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and constant pitch in the horizontal direction (Slow scan axis) was prepared. (b) Then two of the lines were erased by 
the pitch inthe vertical direction by a factor of three, showing that the erasing scheme works for individual lines. One 


anism may be impractical, Instead, a one-step, direct, 
‘overwriting process similar to those applied in mag- 
netic hard-disk drives and rewritable optical drives is 
desired, 

‘As discussed above, switching from writing to eras- 
ing may be achieved by decreasing the pitch of writing. 
It has been found experimentally that erasing can be 
performed effectively by halving the pitch of writ- 
ing successive indentations, which is denoted as BP, 
provided the condition BP~ BPniq is satisfied. This 
suggests that the basic distance unit for combined write- 
‘erase operations should be BP/2. Written indentations 
are spaced n units apart, where n > 2. Let us recall that 
the presence of an indentation corresponds to a logical 
bit “I” and the absence of an indentation to a logical 
bit “O". Logical bits are then stored in the medium at 
the points of a regular lattice with minimum distance 
between points equal to BP/2 in the on-track direc- 


tion, with successive “I”s separated by at least one “0” 
This condition is necessary in onder to avoid mutual 


interference between successive “ 


's Tis also the ba- 


sis for an important category of codes known as (d, k) 


cean also erase entre fields of indentations without destroying indentations atthe edges of the fields. This is demonstrated in (c) 
‘where a field has been erased from an indentation field similar to the one shown in (a). The distance between the lines is 70:nm 
(rom [31.15] © 2002 IEEE) 


codes, which are described in Sect. 31.9.3. Coding can 
thus be used to enable direct data overwriting in an 
‘elegant way. Direct overwriting requires the simultane- 


‘ous realization of two conditions: If previously writt 
“1's exist where “0s are to be written, then these “Is 
have to be erased. On the other hand, if “O"s exist 
where “I"s are to be written, then these “I”s have to 
be written, Writing an indentation is performed thermo- 
mechanically as described above. Erasing an existing 
indentation is done by writing another indentation next 
to it, at a distance of BP/2 units. However, as this op- 
eration creates a new indentation shifted by BP/2 with 
respect to the one erased, the erasing process must be 
performed repeatedly until the newly created indenta- 
tion lies at a position corresponding to a “I” in the new 
data pattern. The basic principle of erasing is ilustrated 
in Fig. 31.26a and b. The figures show how the four 
bit strings 001, 010, 100, and 101 are modified into the 
string 010. Figure 31.27 depicts the results of a rewriting 
experiment; the top track shows a prestored sequence, 
Which is to be overwritten by another sequence, shown 
‘on the bottom track for comparison. The result of direct 


Fig. 31.26,b Bit strings 
{a) 001 and 010, and (b) 100 
‘and 101, overwritten 10 010 
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overwriting of the prestored sequence is shown on the 
‘middle track. 

Comparison with the sequence on the bottom track, 
which is written on a clean surface, illustrates the ef- 
fectiveness of the proposed procedure. Although the 
‘write/read quality of overwritten data is somewhat in- 
ferior to that of data written on a clean storage surface, 
detection of the newly written sequence is not affected. 
However, repeated overwriting may further degrade the 
quality of stored data. As the extent and rate of degra- 
dation are important characteristics of a storage system, 
this remains an area of ongoing investigation, 


31,8 Read Channel Model 


Let us now consider the readback channel for a single 
cantilever that is scanning a storage field where bits 
are written as indentations or absence of indentations in 
the storage medium, As discussed above, a cantilever 
is modeled as a variable resistor that depends on the 
temperature at the cantilever tip. The model of the read 
channel, used forthe design and analysis ofthe detection 
system, is illustrated in Fig. 31.28 [31.12,26,27} 

To evaluate the evolution of the temperature of 
a heated cantilever during the read process, we resort 
to a simple RC-equivalent thermal circuit, illustrated 
in Fig.31.29, where (1+) and C* denote the 
thermal resistance and capacitance, respectively. The 
parameter 1, = AR" (x)/R° indicates the relative 
variation of thermal resistance that results from the 
sinall change in ait-gap width between the cantilever 
and the storage medium, The subscript x indicates the 
distance in the direction of scanning from the initial 
point, Therefore, the parameter 1, will assume the 
largest absolute value when the tip of the cantilever 
is located at the center of an indentation, The heating 
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power that is dissipated in the cantilever heater region is, 
expressed as 


va 


Pt, A. N= 
REC 


(31.2) 


where Vo(s) is the voltage across the cantilever, (1, x) 
is the cantilever temperature, and R°[@(¢,x)] is the 
temperature-dependent cantilever resistance, 


Fig. 31.29 RC-equivalent thermal model ofthe heat trans- 
{er process (after [31.12]) 


Reference LE apes 
signal vr 
= 
= Bue 
=A = ‘Threshold 
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Fig. 31.28 Block diagram of the detection circuit 
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Fig. 31.27 Experimental result of overwriting a bit sequence 
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|As the heat-transfer process depends on the value 
of thermal resistance and on the read pulse waveform, 
the cantilever temperature @(¢, x) depends on time 1 
and distance x, However, because the time it takes for 
the cantilever to move from the center of one logical 
mark to the next is greater than the duration of a read 
pulse, we assume that @)(, x) does not vary significantly 
fas a function of « while a read pulse is being applied, 
and that it decays to the ambient temperature Oy be- 
fore the next pulse is applied. Therefore, the evolution 
of the cantilever temperature in response to a pulse ap- 
plied at time f= xo/v at a certain distance xp from 
the initial point of scanning and for a certain constant 
velocity w of the scanner obeys a differential equation 
expressed as 


O'x0) + 10(, x0) —@o] 


1 
THI RCF 
1 ve 
CP ReCwl 

where 6/(1, x0) denotes the derivative of (r, x9) with 
respect to time 

With reference to the block diagram of the read 
channel illustrated in Fig.31.28, the source generates 
the read pulse Vp() applied to the cantilever. Clearly 
because of the virtual ground at the operational am- 
plifier input, the voltage Ve(t) across the cantilever 
Variable resistance is equal to Vp(). Furthermore, the 
active low-pass RC detector filter, where Rie and Cipe 
denote the resistance and capacitance of the low-pass 
filter, respectively. is realized using an ideal operational 
amplifier that exhibits infinite input impedance, ero out- 
pputimpedance, and infinite frequency -independent gain 
‘Therefore the readback signal V,(t, x) obtained atthe 
low-pass filter output in response to the applied voltage 
Vols) = Arect (t— Ty)/], where 


(31.3) 


1 if0srst aa 


0 otherwise 


and A denotes the pulse amplitude, obeys the differential 
equation 


(a1.5) 


‘As the voltage at the output of the low-pass 
filter depends on the value of the variable resis- 


tance R*@(r, xo)), the readback signal is determined 
by solving jointly the differential equations (31.3) 
and (31.5), with initial conditions €(%p,x9) = @g and 
Va (to, x0) =O. For example, a comparison between ex- 
perimental and synthetic readback signals is shown in 
Figs. 31.30 and 31.31 for a time constant of the low- 
pass filter np = 1.18 qs and two values of the duration 
of the applied rectangular pulse, For a given cantilever 
design the function R¢(@) is determined experimen- 
tally. Finally, the parameters R° and C° used in the 
simple readhack channel model are obtained via simu- 
lated annealing, where the cost function is given by the 
‘mean-square error between experimental and synthetic 
signals at the low-pass filter outpat 

‘Assuming that ideal control of the scanner is per- 
formed such that the time of application of a read pulse 
‘corresponds either to the cantilever located at the cen- 
ter of an indentation for detecting a “I” bit, or away 
from an indentation for detecting a “0” bit, two possi- 
ble responses are obtained at the output of the low-pass 
filter as solutions of (31,3) and (31.5), which we denote 
as Vo.1(t, x0) and V,o(t, x9), respectively. By sampling 
the readback signal at the instant t= fg-+, simple 
threshold detection may in principle be applied to detect 
1 written bit, where the value of the threshold is given 
by 


1 
Vin = 5 [Malti t0) +¥o.0(t 10] (18) 


‘As mentioned in Sect. 31.2, one ofthe most critical 
issues in detecting the presence or absence of an inden- 
tation isthe high resolution required to extract the small 
signal Vo.1(f,.10) — Vp.olt, 9) that contains the infor- 
mation about the bit being “I” or “0” superimposed on 
the offset signal V,o(, xo). As illustrated in Fig, 31.28, 
this problem can be solved by subtracting a suitable ef 
‘erence signal V,,,ef(t, xo) from the readback signal. The 
readback signal is thus given by 


Volt, x0) = Volt x0) — Voret(t, 20) + (31.7) 


and the threshold is set at Vm = $[Vo.1(t.%0) ~ 
Vaolts,%0)}. A VLSI implementation ofthe detection 
scheme analyzed here is presented in [31.42] 

[Now consider read pulses of duration that are 
periodically applied at instants fy =n, where 1/T de- 
notes the symbol rate. Assuming that the response of 
the previous pulse has vanished as a new palse is ap- 
plied and that the temperature of the cantilever has 
‘approached the ambient temperature,ic. V(t 4) =O 
and @(%,,%,) =p, then the analysis presented above 
still hold. In particular, the readback signal samples ob- 
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) experimental readack signal (V) 
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Fig. 31.30 (a) Experimental and (b) synthetic readback sig- 
nal for ¢ = 10.25 us (after (31.12) 


tained in response to N pulses applied to the cantilever 
for detecting a sequence of N binary written symbols 
re expressed as 

Sli) = Volta. 3n), 
0... N— 


fy =a +t, 


(31.8) 


where Vo(t, xq) is given by (31.7) for pulses applied 
at time fy and at distance sy —=nTv,n=0,....N—I 
from the initial point of scanning. Note that the func- 
tions Vo(t,%4) and Voser(t-%x) in (31.7) are ideally 

sn by the solution of the differential equations 
G13) and (318) for my = AR*Cuy)/R° and =O, 
respectively. 

‘The readback signal (31.7) at the output of the low- 
pass filter is observed in the presence of additive noise 
‘Therefore, the readback signal for the detection of the 
nth binary symbol is given by 


PUlsse) = Sts) + WUE) (31.9) 
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Fig. 31.31 (a) Experimental and (b) synthetic reauback sig- 
nal for t = 15.25 us (after (31.12) 


where w(1) denotes the noise signal. The components 
of the noise signal that must be taken into account 
are thermal noise (Johnson’s noise) from the sensor, 
which reaches a temperature of about ©; = 350°C dur- 
ing the read process, as well as from front-end analog 
circuitry. However, note that besides thermal noise, 
medium-related noise also affects the overall system 
performance, 

Based on the above analysis, the response to a pulse 
applied to the cantilever at a distance x from some 
initial point can be calculated given the parameter 
ny = AR (x)/R®. Recall that the value of ny is pro- 
portional to the distance of the cantilever from the 
storage medium at the current location of the tip, There- 
fore, during tip displacement due to scanner motion, 
ng is modulated from the topographical features of 
the storage surface such as written indentations, rings, 
and dust particles. This indicates that the modeling 
of the readback signal is a two-step process. 
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a) Experimental data 


OOO1TIT1O1000101010010111 000100 


b) Synthetic model 


OOO1TIT1O1000101 010010111 000100 


Fig. 31.32a,b Comparison between (a) the readback signal obtained 
experimentally along a data track and (b) the readback signal 
‘obtained by the synthetic model (after [31.12)) 


‘a model for the storage surface topography is developed, 
which directlyand then the above procedure is used to 
calculate the readback signal samples in response to 
pulses applied at selected points in the particular storage 

In the absence of any imperfections during the man- 
uufacturing and the writing process, the storage surface 
would consist of completely flat regions interrupted by 
uniformly shaped indentations, possibly surrounded by 
polymer rings. A 1-D cross section of an indentation 
along the scanning direction is modeled by a function 
with one main lobe and two side lobes, ane on each 
side of the main lobe, the magnitude and the extent of 
which can be varied independently. The side lobes are of 
opposite sign than the main lobe and simulate the poly- 
‘mer rings around written indentations. By varying their 
‘magnitude and extent while keeping the total extent of 
the pulse fixed, one can simulate indentations/rings of 
varying width and asymmetric ring formation, phenom- 
cena that are caused by different recording conditions. In 
practice, however, no polymer surface is entirely flat and 
indentation shapes are far from uniform, The deviation 
of indentations from uniformity is simulated by scaling 
the amplitude of each pulse shape by a random num- 
ber drawn from a Gaussian distribution with unit mean 


and adjustable variance, The surface roughness is in turn 
simulated by adding white Gaussian noise to the height 
of every point in the area of interest. Note that surface 
roughness is a medium-related effect and manifests it- 
self in the readback signal as a noise process, which is, 
however, of a very different nature than thermal noise. 
‘The advantage of the adopted two-step model is that 
it naturally decouples these unrelated noise sources, as 
well as the write and the read processes. 

Figure 31.32 illustrates the experimental and syn- 
thetic readback signals obtained along a data track. 
‘The waveforms shown in Fig, 31.32 have been obtained 
by applying pulses at the oversampling rate of q/T, 
where q denotes the oversampling factor. For a more 
detailed comparison between model and actual signals, 
Figs, 31.33 and 31.34 illustrate 3-D views of isolated 
indentations from experimental and synthetic readback 


Fig. 31.33 Three-dlimensional view of an isolated indenta- 
tion obtained experimentally 


oa 


Fig. 31.34 Three-dimensional view of an isolated indenta- 
tion obtained by the synthetic model 
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signals, respectively. The dark regions in the center 
cof both figures correspond to the indentation centers, 
whereas dark regions around them are due to rings. 


31.9 System Aspects 


In this section, we describe various aspects of a storage 
system based on our millipede concept. Each cantilever 
ccan write data to and read data from a dedicated area of 
the polymer surface, called a storage field. As mentioned 
above, in each storage field the presence (absence) of 
aan indentation corresponds to a logical “1” (°0"). All 
indentations are nominally of equal depth and size. The 
logical marks are placed at a fixed horizontal distance 
from each other along a data track. We refer to this 
distance, measured from one logical mark center to the 
next, as the bit pitch (BP). The vertical (cross-track) 
distance between logical mark centers, the track pitch 
(TP), is also fixed. To read and write data the polymer 
‘medium is moved under the (stationary) cantilever array 
at a constant velocity 

A robust way to achieve synchronization and servo 
control in an x/y-netuated large 2-D array is by re- 
serving a small number of storage fields exclusively 
for timing recovery and servo-control purposes, as il- 
lustrated in Fig. 31.35, Because of the large number of 
levers in the mullipede, this solution is advantageous in 
terms of averhead compared with the alternative of tim- 
ing and servo information being embedded in all data 
fields. 


Fig. 31.35 Layout of data and servo/timing fields. Dark 
boxes represent dedicated servoltiming fields, white boxes 
represent data fields 
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Note also the irregular height of the surrounding sur- 
face, which is attributed to the roughness of the storage 
medium. 


31.9.1. PES Generation for the Servo Loop 


With logical marks as densely spaced as in the milli 
pede, accurate track following becomes a critical issue, 
‘Track following means controlling the position of each 
tip such that the tip is always positioned over the cen- 
ter of a desired track during reading. During writing, 
the tip position should be such that the written marks 
are aligned in a predefined way. In electromechanical 
systems, track following is performed in a servo loop, 
which is driven by an appropriate error signal called 
position-error signal (PES). Ideally, its magnitude isadi- 
rect estimate of the vertical (cross-track) distance of the 
tip from the closest track centerline, and its polarity 
indicates the direction ofthis offset. 

Several approaches exist to generate a PES for AFM- 
based storage devices [31.9]. However, based on the 
results reported, none of these methods can achieve 
the track-following accuracy required for the millipede 
system. The quality of the PES directly affects the sta- 
bility and robustness of the associated tracking servo 
loop [31.43] 

‘We describe a method for generating a uniquely de- 
codable PES for the millipede system (31.12, 27]. The 
‘method is based on the concept of bursts that are ver- 
tically displaced with respect to each other, arranged 
in such a way as to produce two signals in quadrature, 
‘which can be combined to provide a robust PES. This 
concept is borrowed from magnetic recording [31.43] 
However, servo marks, as opposed to magnetic tran- 
sitions, are placed in bursts labeled A and B for the 
in-phase signal and C and D for the quadrature signal 
‘The centers of servo marks in burst B are vertically offset 
from mark centers in burst A by d’ units of length. This 
amount of vertical spacing is related to the diameter of 
the written marks. The same principle applies to marks 
in the quadrature bursts C and D, with the additional 
condition that mark centers in burst C are offset by d’/2 
units from mark centers in A in the eross-track direc- 
tion. The latter condition is required in onder to generate 
‘quadrature signal. The configuration of servo bursts is 
illustrated in Fig. 31.36 for acase where TP = 34/2. Al- 
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Fig. 31.36 Servo burst configuration (after [31.12)) 


though each burst typically consists of many marks to 
enable averaging of the corresponding readout signals, 
only two marks per burst are shown here to simplify 
the presentation. The solid horizontal lines depict track 
centerlines, and circles represent written marks, which 
are modeled here as perfect conical indentations on the 
polymer storage surface, 

‘To illustrate the principle of PES generation, let us 
assume that marks in all bursts are spaced BP units 
apart in the longitudinal direction, and that sampling oc- 
curs exactly at mark centers, so that timing is perfect. 
‘The assumption of perfect timing is made only for the 
purpose of illustration. In actual operation, sampling is 
performed with the aid of a timing recovery loop, as 
described in Sect. 31.9.2, Referring to Fig. 31.36, let us 
further assume that the cantilever/ip is located on the 
line labeled “0” and moves vertically toward line “3” 
in a line crossing the centers of the left-most marks in 
burst A (shown as a brown dashed line). The tip moves 
from the edge of the top mark toward its center, then 
toward its bottom edge, then to a blank space, again to 
‘a mark, and so on, The readout signal magnitude de- 
‘creases linearly with the distance from the mark center 
and reaches 4 constant, background level value at a dis- 


Fig. 31.37 Ideal position-error signal (after [31.12)) 


tance greater than the mark radius from the mark center, 
according to the adopted (conical mark) model. To syn 
thesize the in-phase signal, the readout signal is also 
captured as the tip (conceptually) moves in a vertical 
line crossing the mark centers of burst B (brown dashed 
line in Fig, 31.36). The in-phase signal is then formed 
as the difference A—B, where A and B stand for the 
measured signal amplitudes in bursts A and B, resp. 
tively. This signal is represented by the line labeled * 
in Fig. 31.37. It has zero-crossings at integer multiples 
of d’, which do not generally correspond to track centers 
because we set TP = 3d'/2 in this example. Therefore, 
the signal is not a valid PES in itself, This is why the 
‘quadrature (Q) signal becomes necessary in this ease. 
‘The Q-signal is generated from the servo readback sig- 
nals of bursts C and D as C — D and is also shown in 
Fig. 31.37 (Q-curve), Note that it exhibits zero-crossings 
at points where the I-signal has local extrema. 

A certain combination of the two signals (I and Q), 
shown as solid lines in Fig, 31.37, has zero-crossings 
at all track center locations and ‘constant (absolute) 
slope, which qualifies it as a valid PES, However, 
this PES exhibits zero-crossings at all integer multi- 
ples of d/2. For our example of TP=3d/2, three 
such zero-crossings exist in an area of width equal 
to TP around any track centerline. This fact, how- 
fever, does not hamper unique position decoding. At 
‘even-numbered tracks, it is the zero of the in-phase 
signal that indicates the track center, The zeros of the 
quadrature signal, in turn, can be uniquely mapped into 
4 position estimate by examining the polarity of the in- 
phase signal at the corresponding positions, This holds 
for any value of the combined PES within an area 
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of width equal to TP around each current track cen- 
terline. The signals exchange roles for odd-numbered 
tracks. The current track number, which is known 
a priori from the seek operation, is used to determine 
the mode of operation for the position demodulation 
procedure. 

‘The principle of PES generation based on servo 
‘marks has heen verified experimentally. For this pur- 
pose, A. B, C, and D bursts were written by an AFM 
cantilever/tip on an appropriate polymer medium con- 
sisting of a polymer coating on a silicon substrate. The 
bit pitch was set to 42 nm, and the track pitch was taken 
tobe approximately equal to d’, the crass-track distance 
between A (C) and B (D) bursts. An image created by 
reading the writen pattern with the same cantilever is 
shown in Fig. 31.38, Shaded areas indicate indentations. 
‘The readout signal from the cantilever was also used for 
servo demodulation, as described above, The resulting 
in-phase and quadrature signals are shown in Fig. 31.39 
‘The track centerlines are indicated by vertical dotted 
lines inthe graph 

It can be observed that the zero-crossings of the 
in-phase signal are closely aligned with the track cen- 
terlines, as well as with the minima and maxima of the 
quadrature signal, as required for unique position decod- 
ing across all possible cross-rack positions, atleast in 
cases where TP 41d’. Moreover, the PES slope is nearly 
linear along a eross-track width of one track pitch around 
cach track center, as TP ~ d’ inthis case, although devi- 
ations from the ideal signal shape exis. These deviations 
‘occur mainly because writen indentations do not have 
perfect conical shapes, and also because of medium 
noise due to the roughness of the recording medium. 
Nevertheless, the experimentally generated error sig- 
nals indicate that the proposed concept is valid and 
promising. Specifically the results indicate that servo 
self-writing is feasible, that servo demodulation is al- 
‘most identical to data readout and can be performed 
by any cantilever without special provisions, and that 
the PES generated closely approximates the desirable 
features described ahove 


31.9.2 Timing Recovery 


Similar to obtaining servo information based on 
using dedicated servo fields, we employ separate 
dedicated clock fields for recovery of timing informa- 
tion [31.12,26,27]. The concept is to have continuous 
access to a pilot signal for synchronization after initial 
phase acquisition and gain estimation, The recovered 
clock is then distributed to all remaining storage fields 
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31.38 Experimental A, B,C, and D servo bursts (BP = 42 nm) 
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31,39 Demodulated in-phase (solid line) and quadrature 


(dashed line) PES based on the servo burst of Fig. 31.38 (af- 


ter 


31.12)) 


to allow reliable detection of random data, Initial phase 
acquisition is obtained by a robust correlation algorithm, 
gain estimation is based on averaging of the readhack 
signal obtained from a predefined stored pattern, and 
tracking of the optimum sampling phase is achieved by 
second-order digital loop. 

At the beginning of the read process, several signal 
parameters have to be estimated prior to data detection, 
Besides the clock phase and frequency, itis necessary to 
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estimate the gain of the overall read channel. To solve 
the problem of initial estimation of signal parameters 
prior to data detection, the sequence written in the clock 
field consists of a preamble, followed by a pattern of all 
1"s for tracking the optimum sampling phase during 

the detection of random data. The transition between 
the preamble and the pattern of all “I's must be de- 
tected reliably, as it indicates the start of data records 
to the remaining storage fields. Assuming that the ini- 
tial frequency offset is within a small, predetermined 
range, usually 1,000 parts-per-million (PPM), we distin- 
guish the tasks needed for timing recovery as follows: 
(j) acquisition of the optimum sampling phase; (ii) esti- 
‘mation of the overall channel gain needed for threshold 
detection; (ii) detection of the transition between the 
preamble and the pattern ofall “Is; and (iv) tracking of 
the optimum sampling phase 

‘At the beginning of the acquisition process, an es- 
timate of the optimum sampling phase is obtained by 
resorting to a correlation method. We rely on the know|- 
edge of the preamble and of an ideal reference-channel 
impulse response, which closely resembles the actual 
impulse response (see Sect. 31.9). The channel output 
samples obtained at the oversampling rate g/T are first 
processed by removing the de-offset, then averaging is 
performed to reduce the noise level, and finally the re- 
sulting sequence is correlated with the reference impulse 
response to determine the phase estimate. 

ier determining the estimate of the optimum sam- 
pling phase, an estimate of the overall channel gain 
is obtained by averaging the amplitude of the chan- 
nel output samples at the optimum sampling instants. 
‘The gain estimate is obtained from an initial segment 
of the preamble corresponding to an “all 1” binary 
pattern, As mentioned above, it is necessary that the 
end of the preamble is indicated by a “sync” pattern, 
which marks the transition between acquisition mode 
and tracking mode, Detection of the sync pattern is also 
based on a robust correlation method. After the syne 
pattern, an “all 1” pattern, as in the case of robust phase 
acquisition and gain estimation, is employed for track- 
ing. The “all 1” pattern corresponds to regularly spaced 
indentations, which convey reliable timing information. 

‘Tracking of the optimum sampling phase is achieved 
by the second-order loop configuration shown in 
Fig. 31.40, Assuming data detection is performed at 
instants that correspond to integer multiples of the over- 
sampling factor q, the deviation of the sampling phase 
from the optimum sampling phase is estimated as 


Mtn = Hbsng 1) — Msg) (31.0) 


Readback 
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Fig. 31.40 Second-order loop for wacking the optimum 
sampling phase (after [31.12)) 


This estimate of the phase deviation is input to 
a second-order loop filter, which provides an output 
given by 


ATy = ty +0 ATy, (31.11) 


where the discrete-time integrator is recursively updated 


Mngt = ty + BAT (31.12) 


‘The loop-filter output then determines the control 
signal for a voltage-controlled oscillator (VCO), 

Note that a similar concept for timing recovery can 
also be applied if no separate clock field is available. In 
this case, the timing information is extracted from the 
random user data on each storage field 


31.9.3 Considerations on Capacity 
and Data Rate 


‘The ultimate locality provided by nanometer-sharp tips 
represents the pathway to the high areal densities 
that will be needed in the foreseeable future. The in- 
trinsic nonlinear interactions between closely spaced 
indentations, however, may limit the minimum dis- 
tance between successive indentations and, hence, the 
areal density. The storage capacity of a millipede-based 
storage device can be further increased by applying 
modulation or constrained codes [31.12]. 

With modulation coding, a desired constraint is im- 
posed on the data-input sequence, so that the encoded 
data stream satisfies certain properties in the time or 
frequency domain. These codes are very important in 
digital recording devices and have become ubiquitous 
in all data-storage applications. The particular class 
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Ferrite Beads 

A ferrite bead inverts the design of a typical in- 
ductor by running a wire through a hole in the 
center of the bead, instead of coiling the wire 
around the core. Two ferrite beads are shown in 
Figure 14-13, Attop, the bead is divided into two 
sections, each mounted in one-half of a plastic 
clam shell, which can be closed around a wire. At 
bottom, the bead must be threaded onto a wire. 
The purpose is either to limit radio-frequency ra- 
diation from a wire by absorbing it into the bead 
(where itis transformed into heat), or to protect 
a wire from external sources of radio-frequency 
radiation. Computer cabling to external devices; 
lamp dimmers;and some types of motors can be 
sources of radio frequency. 


Figure 14-13. Two examples of ferrite beads. They can in 
hibit radio-frequency radiation fram a wire, or protect the 
wire fram interference. 


Toroidal Cores 

The magnetic circuit created by a rod-shaped 
core must be completed by the lines of force 
traveling back around from one end of therod to 
the other, through the surrounding air. Since air 
has low permeability, this is a major source of in- 


efficiency. By comparison, a torus (a geometrical 
shape resembling a donut) completes the entire 
magnetic circuit inside its core. This significantly 
increases its efficiency, Also, because its field is 
better contained, a toroidal inductor needs little 
or no shielding to protect other components 
from stray magnetic effects. 


Two through-hole toroidal inductors are shown 
in Figure 14-2, Bottom left: Rated at 345 pH. Bot- 
tom right: Rated at 15H. The one at bottom-left 
has pins beneath it for insertion into a printed 
circuit board. 


Surface-mount inductors often are toroidal to 
maximize the efficiency of a component that has 
to function on a very small scale. Examples are 
shown in Figure 14-14, Figure 14-15, and 
Figure 14-16, 


Figure 14.14, In a typical foraidal inductor, the coil is 
wrapped around a magnetic core shaped as a torus. This 
surface-mount component (viewed from the bottom. at 

and from the top, at right) is at the low end of the 
range of component sizes. It's rated at 750nH, 


Figure 14-15. A medium-sized surface-mount toroidal in 
ductor (viewed from the bottom, a left, and from the top, 
at right). Its rated at 25uH, 
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BIN Areal density versus 
Curve 1: d =0; curve 2: d = 1; and curve 3: 


indentation spacing, 
=2 


of codes that imposes restrictions on the number of 
consecutive “Is and “0"s in the encoded data se- 
quence, generally known as run-length-limited (RL) 
(d,) codes [31.4], can be used to facilitate over- 
‘writing and also increase the effective areal density of 
a millipede-based storage device. The code parameters 
and k are nonnegative integers with k > d, where d 
and & indicate the minimum and maximum number of 
“O's between two successive “I”s, respectively. In the 
past, the precoded (RL) (d, &) codes were mainly used 
for spreading the magnetic transitions further apart via 
the d-constraint, thereby minimizing intersymbol inter- 
ference and nonlinear distortion, and for preventing loss 
of clock synchronization via the k-constraint. In optic- 
al recording, precoded RLL codes are primarily used 
for increasing the shortest pit length in order to improve 
the reliability of bit detection, as well as for limiting 
the number of identical symbols, so that useful timing 
information can be extracted from the readback signal 
For the millipede application, where dedicated clock 
fields are used, the k-constraint does not really play an 
important role and, therefore, can, in principle, be set 
to infinity, thereby facilitating the code design process, 
Ina precoderless RLL code design, where the presence 
or absence of an indentation represents a “I” or “0”, 
respectively, the d-constraint is instrumental in limit- 
ing the interference between successive indentations, 
as well as in increasing the effective areal density of 
the storage device. In particular, the quantity (d+ 1)R, 
where R denotes the rate of the (d, ) code, is a di 
rect measure of the increase in linear recording density 
Clearly, the packing density can be made larger by in- 
creasing d. On the other hand, large values of d lead to 
codes with very low rate, which implies high recording 
symbol rates, thus rendering these codes impractical for 
storage systems that are limited by the clock speed. The 
choice of d =I and k > 6 guarantees the existence of 
a code with rate R= 2/3. Use of (d= 1, k > 6) mod- 
ulation coding reduces the bit distance by half while 
‘maintaining the pitch between “I”s constant, thereby 
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Fig. 31.42 User data rate versus number of active can- 
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Table 31.1 Areal density and storage eapacity (after [31.12] with permission © 2003 IEEE) 
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increasing the linear density by a factor of 4/3, Sim- 
ilarly, the choice of d=2 and k> 6 guarantees the 
existence of a code with rate R= 1/2, Use of ( 
> 6) modulation coding reduces the bit distance to 
1 third while maintaining the pitch between 
stant, thereby increasing the linear density by a factor of 
3/2. Figure 31.41 shows the areal density as a function of 
the indentation spacing for an uncoded system, as well 
as for systems coded with (d = 1, k > 6) and (d =2 
> 6), where coding is applied only in the on-track 
direction, 

‘Table 31.1 shows the achievable areal densities 
and storage capacities for a 32x32 cantilever ar- 
ray with 1,024 storage fields, each having an area 
of 100% 100jum2, resulting in a total storage area of 


31.10 Conclusions 


A very large 2-D array of AFM probes has been operated 
for the first time in a multiplexed/parallel fashion, and 
write/read/erase operations in a thin polymer medium 
have been successfully demonstrated at densities of or 
significantly higher than those achieved with current 
magnetic storage systems. 

"The millipede has the potential to achieve ultrahigh 
storage areal densities on the order of 1 Th/in? or higher. 
‘The high areal storage density, small form factor, and low 
power consumption render the millipede concept a very 
attractive candidate as a future storage technology for 
mobile applications, as it offers several Gigabytes of 
capacity at data rates of several Megabytes per sec- 
ond, Dedicated servo and timing fields allow reliable 
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ity, including long-term stability of written indentations, 
tip and medium wear, limits of data rates, array and can- 
tilever size, as well as trade-offs between data rate and 
power consumption. 


31.1 _E, Grochowski, R.F. Hoyt: Future trends in hard 
disk drives, IEEE Trans. Magn. 32 (1996) 1850-1854 

31.2 DLA. Thompson, 1.5. Best: The future of magnetic 
data storage technology, IBM J. Res. Dev. 4 (2000) 
3-32 

31.3. G. Binnig, H. Rohrer, C. Gerber, E. Welbel: 77 re 
construction on Sit) resolved in real space, Phys. 
Rev. Lett. 50 (1983) 120-123, 

31.4 6. Binnig, C.F. Quate, C. Gerber: Atomic force mi 
croscope, Phys. Rev. Lett. $6 (1986) 930-933 

31.5 HJ, Mamin, D. Rugar: Thermomechanical writing 
with an atomic force micrascape tip, Appl. Phys. 
Lett. 61 (1992) 1003-1005 

31.6 RP. Ried, H.J. Mamin, B.D. Terris, L.S. Fan, 
DL Rugar:' 6-Mitz 2-Nim piezoresistive atomic 


force-microscope cantilevers with incisive tips, 
4. Microelectromech. Syst. 6 (1997) 294-302 

31.7 B.D. Tervs, S.A. Rishton, HJ. Mamin, R.P. Ried, 
1D. Rugar: ‘Atomic force micrascope-based data 
storage: Track servo and wear study, Apa. Phys. 
166 (1998) Sa09~s813 

31.8 HJ, Mamin, B.D. Terris, L.S. Fan, S. Hoen, 
A.C Barrett, D. Rugar: High-density data storage 
sing proximal probe techniques, IBM J. Res, Dev. 
39 (1995) 681-699 

31.9. H.J, Mamin, RP. Ried, B.D. Terris, D. Rugar: High 
density data storage based on the atomic force 

‘microscope, Proc. IEEE 87 (1999) 1014-1027 

LR, Carley, J.A. Bain, G.K. Feder, D.W. Greve, 

LF. Guillou, M.5.C. Lu, T. Mukherjee, S. San- 


31.0 


Springer Handbook o Nanotechnol 
Penge tnuchon © springer 2004 


6 


é 


illipede” ~ A Nanotechnology-Based AFM Data-Storage System 


wu 


3142 


3143 


3144 


3145 


3146 


3147 


3148 


31.19 


31.20 


121 


thanam, LAbelmana, $. Min: Single-chip comput 
‘ers with micraelectromechanical_systems-based 
magnetic memory, 1. Appl. Phys. 87 (2000) 6680~ 
6685 

6. Gibson, T.1. Kamins, M.S. Keshner, S.L. Neber- 
huls, GM. Perlov, CC. Yang: Ultra-high density 
storage device, (1996) US Patent 5,557,596 

E. Eleftheriou, T. Antonakopaulas, G.K. Binnig, 
G. Cherubini, M. Despont, A. Dholakia, U. DUrig, 
M.A. Lantz, H. Pozidis, H.E. Rothulzen, P. Vet- 
tiger: millipede ~ A MEMS-based scanning-probe 
ddata-storage system, IEEE Trans. Magn. 39 (2003) 
938-945 

GLK. Binnig, H. Rohrer, P. Vettiger: Mass-storage 
applications of local prabe arrays, (1998) US Patent 
5,835,477 

P. Vettiger, J. Brugger, M. Despont, U. Drechsler, 
U. Dirig, W. Haberle, M. Lutwyche, H. Rothuizen, 
R. Stutz, R. Widmer, G. Binnig: Utrahigh den- 
sity, high-data-rate NEMS-based AFM data storage 
system, J. Microelectran. Eng. 46 (1998) 1-17 

P. Vettiger, G. Cross, M. Despont, U. Drechsler, 
U. DUrig, 8. Gotsmann, W. Haberle, M.A. Lantz, 
HE, Rothuizen, R. Stutz, G.K. Binnig: The "mi 
lipede” ~ Nanotechnology entering data storage, 
IEEE Trans. Nanotechnol. 1 (2002) 39-55 

M. Lutwyche, C. Andreoli, G. Binnig, J. Brugger, 
U. Drechsler, W. Haberle, H. Rohrer, H. Rothuizen, 
P, Vettiger: Microfabrication and parallel aperation 
fof 5®5 2D AFM cantilever array for data storage 
‘and Imaging, Proc. IEEE ith Int. Workshop MENS, 
Heidelberg 1998 (IEEE, Piscataway 1998) 8-1 

M. Lutwyche, C. Andreoli, G. Binnig, J. Brugger, 
U. Drechsler, W. Haberle, H. Rohrer, H. Rothuizen, 
P. Vettiger, G. Yaralioglu, C. Quate: 5%5 2D AFM 
cantilever arrays: A fist’ step towards a terabit 
storage device, Sens. Actuators A 73 (1999) 89-94 
P. Vettiger, M. Despont, U. Drechsler, U. Dirig, 
W. Haberle, M.l. Lutwyche, H.£. Rothuizen, 
R. Stutz, R. Widmer, G.K. Binnig: The “millipede” 
= More than one thousand tips for future AFM data 
storage, IBM J. Res. Dev. Mls (2000) 323-240 

B.W. Chu, HJ. Mamin, 8.0. Terris, D. Ruger, 
XE, Goodson, T.W. Kenny: Micromachined heaters 
with T-ps thermal time constants for AFM thermo 
mechanical data storage, Proc. IEEE Transducers, 
Chicago 1997 (IEEE, Piscataway 1997) 1085-1088 
W.P. King, 1.6. Santiago, T.W. Kenny, K.E. Good- 
son: Modelling and prediction of sub-micrometer 
heat transfer during thermomechanical data stor~ 
‘age, 1999 Micraelectramechanical Systems (MEMS). 
Prac, ASME Intl. Mechanical Engineering Congress 
{and Exposition, ed. by A.P. Lee, L Lin, F.K. Forster, 
Y.C. Young, K. Goodson, R., Keyntan (ASME, New 
York 1998) 583-588 

W.P. king, T.W. Kenny, KE. Goodson, G.L.W. Cross, 
M. Despont, U, Ourig, H. Rothuizen, G. Binnig, 
P. Vettiger: Design of atomic force microscope can- 


springer Handbook  Nanotechnolo 
BPahushan “© Springera008 


31.22 


31.23 


31.24 


31.25 


31.26 


31.27 


31.28 


31.29 


31.30 


3131 


3132 


tllevers for combined thermomechanical writing 
land thermal reading in array operation, J. Micro- 
telectramech. Syst. 1 (2002) 765-774 

G.K. Binnig, M. Despont, W. Haberle, P. Vettiger: 
Method of forming ultrasmall structures and ap- 
paratus therefore, (March 1999) US Patent Office, 
Application No. 147865 

G. Binnig, M. Despont, U. Drechsler, W. Haberle, 
M. Lutwyche, P. Vettiger, #.J. Mamin, B.W. Chui, 
T.W. Kenny: Ultra high-tensity AFM data storage 
with erase capability, Appl. Phys. Lett. 74 (1999) 
1329-1331 

G.K. Binnig, J. Brugger, W. Haberle, P. Vettiger: 
Investigation and/or manipulation device, (March 
1999) US Patent Office, Application No. 167867 

S.M. Sze: Physics of Semiconductors Devices (Wiley, 
New York 1981) 

G. Cherubini, T. Antanakopaulos, P. Bachtolé, 
GLK. Binnig, M. Despont, U. Drechsler, A. Oho- 
lakia, U. Durig, E. Eleftheriou, 8. Gotsmann, 
W. Haberie, M.A. Lantz, T. Loeliger, H. Pozidis, 
HE, Rothuizen, R. Stutz, P. Vettiger: The milli- 
pede, a very dense, highly parallel scanning-probe 
data-storage system, ESSCIRC ~ Proceedings 28th 
European Solid-State Circuits Conference, ed. 
by A. Baschirotto, P. Malcovati (Univ. Bologna, 
Bologna 2002) 121-125 

E. Eleftheriau, T. Antonakopaulos, 6.X. Binnig, 
G. Cherubini, M. Despont, A. Dholakia, U. OUrig, 
M.A. Lantz, H. Pazigis, H. E, Rthulzen, P. Vettiger: 
“millipede": A MEMS-based scanning-probe data- 
storage system, Digest of the Asia-Pacific Magnetic 
Recording Conference 2002, APMRC "02 (IEEE, Pis~ 
‘ataway 2002) CE=2-1~(E2~2 

M. Despont, 1. Brugger, U. Orechsler, U. Oirig, 
W. Haberle, M. Lutwyche, H. Rothuizen, R. Stutz, 
R. Widmer, G. Binnig, H. Rohrer, P. Vettiger: VSI- 
NEMS chip ‘for AFM data storage, Technical Digest 
1th IEEE Int. Micra Electro Mechanical Systems 
anf. "MEMS "99° (IEEE, Piscataway 1999) 564-569 
1.5. Ravi, R.B. Marcus: Oxidation sharpening of 
silican tips, J. Vac. Sci. Technol. B 9 (1991) 2733-2737 
M. Despont, J. Brugger, U. Drechsler, U. Dirig, 
W. Haberle, M. Lutwyche, H. Rothuizen, R. Stutz, 
R. Widmer, G. Binnig, H. Rohrer, P. Vettiger: VISI- 
NEMS chip for parallel AFM data storage, Sens. 
Actuators & 80 (2000) 100-107 

H. Rothuizen, M. Despont, U. Drechsler, G. Genolet, 
W. Haberle, M. Lutwyche, R. Stutz, P. Vettiger: Com= 
pact copperlepoxy-based micromachined electro 
magnetic scanner for scanning probe applications, 
Technical Digest, 15th IEEE Int. Conf. on Micro 
Electro Mechanical Systems “MEMS 2002" (IEEE, is 
cataway 2002) 582-585 

S.C. Minne, G. Yaralioglu, S.R. Manalis, J.D. Adams, 
| Atalar, C.F. Quate: Automated parallel high- 
speed atomic force microscopy, Appl. Phys. Lett. 
72 (1998) 2340-2342 


References 949 


Tepawed 


950. Parte 


Industrial Applications and Microdevice Reliability 


Tejaued 


31.33 


31.34 


31.35 


31.36 


3137 


M. Lutwyche, U. Drechsler, W. Haberle, R. Wid- 
‘mer, H. Rothuizen, P. Vettiger, J. Thaysen: Planar 
‘micromagnetic xiylz scanner’ with five degrees 
of freedom. In: Magnetic Materials, Processes, 
‘and Devices: Applications to Storage ‘and Micro~ 
‘mechanical Systems (MEMS), Vol.98-20, ed. by 
LL Romankiw, S. Krongelb, C.H. Aln (Electrochem 
ical Society, Pennington 1999) pp. 423-433 

H. Rothulzen, U. Drechsler, G. Genolet, W. HSberle, 
M. Lutwyche, R. Stutz, R. Widmer, P. Vettiger: 
Fabrication of a micromachined magnetic xlyl2 
scanner for parallel scanning prabe applications, 
Microelectron. Eng. $3 (2000) 509-512 

Ji-3, Choi, H. Park, K.¥. Kim, J.U. Jeon: Electro~ 
‘magnetic micro x-y stage for probe-based data 
starage, J. Semicond. Technol. Sci. 1 (2001) a4~ 
93 

H. Lorenz, M. Despont, N. Fahrni,J. Brugger, P. Vet- 
tiger, P. Renaud: High-aspect-ratio, ultrathick, 
nnegative-tone near-UV photoresist and its appli 
cations for MEMS, Sens. Actuatars A 64 (1998) 33~ 
9 

C.Q. Davis, D. Freeman: Using a ight microscope to 
‘measure mations with nanometer accuracy, Opt. 
Eng. 37 (1998) 1299-1304, 


31.38 


31.39 


31.40 


3161 


312 


31.03 


31.44 


M.1. Lutwyche, M. Despont, U. Drechsler, U. OUrig, 
W. Haberle, H. Rathuizen, R. Stutz, R. Widmer, 
G.K. Binnig, P. Vettiger: Highly parallel data stor- 
‘age system based on scanning probe arrays, App. 
Phys. Lett. 77 (2000) 3299-3301, 

XK. Fuchs, C Friedrich, J. Weese: Viscoelastic proper 
ties of narrow-distribution poly(methy! metacry- 
lates), Macromolecules 29 (1996) 5893-5901 

U. Dirig, 8. Gotsman: This estimate is based on 
’ Muid dynamic deformation madel of a thin film, 
private communication 

J.D. Ferry: Viscoelastic Properties of Polymers, 3rd 
edition (Willey, New York 1980) 

T. Loeliger, P. Bachtold, G.K. Binnig, G. Cheru~ 
bini, U. Dirig, E.Eleftheriou, P. Vettiger, M. Uster, 
H. llckel: CMOS sensor array with cell-Ievel analog~ 
to-digital conversion for lacal prabe data storage, 
ESSCIRC - Proceedings 28th European Solid-State 
Gircults Conference, ed. by A. Baschirotto, P. Mal- 
<ovati (Univ. Bologna, Bologna 2002) 623-626 

AA.H. Sacks: Pasitian signal generation in magnetic 
disk drives. Ph.D. Thesis (Carnegie Mellon Univer 
sity, Pittsburgh 1995) 

K.A'S, Immink: Coding Techniques for Digital 
Recorders (Prentice Hall, Hemel 1991) 


Springer Handbook o Nanotechnol 
Penge nuchon © spn 2004 


6 


é 


32. Microactuators for Dual-Stage Servo Systems 


This chapter discusses the design and fabrication 
of electrostatic MEMS microactuators and the 
design of dual-stage servo systems in disk 
drives. It introduces fundamental requirements of 
disk drive servo systems, along with challenges 
posed by storage densities increases. It describes 
three potential dual-stage configurations and 
focuses on actuated slider assemblies using 
electrostatic MEMS microactuators. The authors 
discuss major electrostatic actuator design issues, 
such as linear versus rotary motion, electrostatic 
array configuration, and differential operation. 
Capacitive and piezoresistive elements may be used 
to sense relative slider position, while integrated 
gimbals and structural isolation may prove useful 
in improving performance. A detailed design 
example based on a translational, micromolded 
actuator illustrates several of these concepts and 
is accompanied by theoretical and experimental 
results. 

The chapter continues to discuss MEMS 
‘microactuator fabrication. It describes several 
processes for obtaining appropriate electrostatic 
devices including micromolding, deep-reactive 
ion etching, and electroplating. The primary goal 
of these processes is to obtain very high-aspect 
ratio structures, which improve both actuation 
force and structural robustness. Other fabrication 
issues, such as electrical interconnect formation, 
material selection, and processing cost, are also 
considered. Actuated slider fabrication is compared 
to that of actuated suspension and actuated head 
assemblies; this includes instrumentation of 
a suspension with strain sensors to aid in vibration 
detection, 

The section on controller design reviews 
dual-stage servo control design architectures and 
‘methodologies. The considerations for controller 
design of MEMS microactuator dual-stage servo 
systems are discussed. The details of control 
designs using a decoupled 5150 design method 
and the robust multivariable design method of 
u-synthesis are also presented. In the decoupled 
design, a self-tuning control algorithm has been 
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developed to compensate for the variations in 
the microactuator's resonance mode. In the 
ucsynthesis design, robust controllers can be 
synthesized by using additive and parametric 
uncertainties to characterize the un-modeled 
dynamics of the VCM and the variations in the 
microactuator's resonance mode. Finally, the 
chapter also introduces a dual-stage short-span 
seek control scheme based on decoupled feed 
forward reference trajectories generations. 
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‘This chapter discusses the design and fabrication of 
electrostatic MEMS microactuators, and the design of 
dual-stage servo systems, in disk drives. The focus of 
the chapter is an actuated slider assembly using an 
electrostatic MEMS microactuator, We discuss major 
design issues, including linear versus rotary actuation, 
electrostatic array configuration, and integrated sensing 
‘capability. We describe several fabrication processes for 
obtaining the necessary devices, such as micromolding, 
deep-reactive ion etching, and electroplating. Dual-stage 
servocontrol design architectures and methodologies are 
then reviewed . We present in detail track-following con- 
troller designs based on a sensitivity function decoupling 
single-input-single-output design methodology and the 
robust u-synthesis design methodology. Finally, we in- 
troduce a 2-DOF short span seek control design using 
«a dual-stage actuator. 

Since the first hard disk drive (HDD) was invented 
in the 1950s by IBM, disk drives’ storage density has 
been following Moore's law, doubling roughly every 
18months. The current storage density is 10 million 
times larger than that of the first HDD [32,1], Historic- 
ally, increases in storage density have heen achieved by 
almost equal increases in track density, the number of 
tracks encircling the disk, and bit density, the number of 
bits in each track. However, because of superparamag- 
netism limitations, future areal storage density increases 
in HDDs are predicted to be achieved mainly through an 
increase in track density [32.2]. 

Research in the HDD industry is now targeting an 
areal density of one terabit per square inch. For a pre- 
dicted bit aspect ratio of 4: 1, this translates to a linear 
bit density of 2M bits per inch (BPI) and a radial track 
density of 500 K tracks per inch (TPI), which in turn im- 
plies a track width of 50mm. A simple rule of thumb 
for servo design in HDDs is that three times the statisti- 
cal standard deviation of the position error between the 
head and the center of the data track should be less than 
1/10 of the track width. Thus, to achieve such a storage 


density, nanometer-level precision of the servo system 
will be required. 

‘A disk drive stores data as magnetic patterns, form- 
ing bits, on one or more disks. The polarity of each bit 
is detected (read) or set (written) by an electromagnetic 
device known as the read/write head. The job of a disk 
drive's servo system is to position the read/write head 
over the bits to be read or written as they spin by on the 
disk. Ina conventional disk drive, this is done by sweep- 
Ing over the disk or disks a long arm consisting of a voice 
coil motor (VCM), an E-block, suspensions, and sliders, 
as shown in Figs, 32.1 and 32.2. A read/write head is 
fabricated on the edge of each slider (one for each disk 
surface). Each slider is supported by a suspension and 
flys over the surface of a disk on an air-bearing. The 
VCM actuates the suspensions and sliders about a pivot 
in the center of the E-block. We describe this operation 
in more detail in the following section 

‘The key to increasing HDD servo precision is to in- 
‘crease servo control bandwidth. However, the bandwidth 
of a traditional single-stage servo system as shown in 
Fig. 32.2is limited by the multiple mechanical resonance 
modes of the pivot. the E-block, and the suspension be- 
tween the VCM and the head. Nonlinear friction of 
the pivot bearing also limits achievable servo preci- 
sion, Dual-stage actuation, with a second stage actuator 
placed between the VCM and the head, has been pro- 
posed as a solution that would increase servo bandwidth 
and precision, 

‘Several different secondary actuation forces and.con- 
figurations have been proposed, each having strengths 
and weaknesses given the requirements of HDDs. The 
dual-stage configurations can be categorized into three 
groups: actuated suspension, actuated slider, and ac- 
twated head. Within these, actuation forces include 
piezoelectric, electrostatic, and electromagnetic. In this 
chapter, we discuss design, fabrication and control of an 
electrostatic MEMS microactuator (MA) for actuated 
slider dual-stage positioning, 


32.1 Design of the Electrostatic Microactuator 


‘The servo system of a hard disk drive is the mechatronic 
device that locates and reads data on the disk. In essence, 
itis large arm that sweeps across the surface ofthe disk. 
At the end of the arm is the read-write head, containing 
the magnetic reading and writing elements that transfer 
information to and from the disk. 


32.1.1 Disk Drive Structural Requirements 


‘This read-write head is contained in a box-like structure 
known as a slider. The slider has a contoured lower 
surface that acts as an air bearing between the head 
and the disk, The high-velocity airflow generated by 
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the spinning disk pushes up on the air-bearing surface, 
‘maintaining the slider and read-write head at a constant 
distance from the disk, despite unevenness of the disk, 
permitting reliable data reading and writing, 

‘The arm over an HDD's disk has three primary 
stages: the voice-coil motor (VCM), the E-block, and 
the suspension. In a conventional disk drive, the VCM 
performs all positioning of the head, swinging it back 
and forth across the disk. The E-block lies between the 
CM and the suspension and contains the pivot point, 
‘The suspension projects from the E-block over the disk 
asa thin flexible structure, generally narrowing to a point 
‘at the location of the slider. 

For a disk drive servo to operate effectively, it must 
‘maintain the read-write head at a precise height above 
the disk surface and within a narrow range between 
the disk tracks arranged in concentric circles around 
the disk. It must also be able to seek from one track 
fon the disk to another, Information about the track that 
the head is following is encoded in sectors radiating 
from center of the disk, allowing the head to identify 
its position and distance from the center of the track. 
‘To maintain a correct flying height, the suspension must, 
be designed with an appropriate stiffness in the vertical 
direction to balance an ait-bearing force corresponding 
to the slider design in use in the drive. Meanwhile, the 
suspension must be flexible to roll and pitch atthe slider 
location to permit adaptation to unevenness of the disk 
surface. This is accomplished using a gimbal structure. 
‘The suspension as a whole, however, should not bend or 
twist during the operation, as this would misdirect the 
head away from the track itis following, 

As data densities in HDDs inerease and track widths 
diminish, single-stage, conventional servo systems be- 
come less able to position the head precisely. Because the 
\VCM/E-block/suspension assembly is large and massive 
‘84 unit, the speed at which the head can be controlled is 
limited. Furthermore, the assembly tends to have a low 
natural frequency, which can accentuate vibration in the 
disk drive and cause off-track errors. At track densities 
in the future approaching one Terabit per square inch, 
the vibration induced in a disk drive by airflow alone is 
enough to force the head off-track. 

A solution to these problems is to complement 
the VCM with a smaller, secondary actuator to form 
‘a dual-stage servo system. The VCM continues to pro- 
vvide rough positioning, while the second stage actuator 
does fine positioning and damps out vibration and other 
disturbances. The smaller second stage actuator can 
typically be designed to have a much higher natural 
frequency and less susceptibility to vibration than the 
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Fig. 32.1 A schematic diagram of an HDD 


Pivot 
Suspension 


Head 
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Fig. 32.2 VCM actuator in an HDD 


VCM. Any actuator used in a dual-stage system should 
be inexpensive to build, require little power to operate, 
and preserve the stiffness properties described above 
necessary to preserve the flying height. 


32.1.2 Dual-Stage Servo Configurations 


In the past six years, much research work has been ded- 
icated to the exploration of suitable secondary actuators 
for constructing dual-stage servo systems for HDDs. 
‘These dual-stage configurations can be categorized into 
three groups: “actuated suspension,” “actuated slider,” 
and “actuated head,” 


Actuated Suspension 
In this approach, the suspension is redesigned to accom- 
‘modate an active component, typically a piezoelectric 
‘material. This piezoelectric material stretches or flexes 
the suspension to position the slider and magnetic head. 
Piezoelectric material is an active actuation element 
that produces a large actuation force but small actua- 
tion stroke. In the “actuated-suspension” configuration, 
therefore, the piezoelectric actuators are usually im- 
plemented in a leverage mechanism that can convert 
small actuation displacements into large head displace- 
‘ments. Typically thisis done by placing the piezoelectric 
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actuators away from the magnetic head (between the 
E-block and suspension) so that they can have a long 
leverage arm to gain mechanical amplification and pro- 
duce a sufficient magnetic-head motion. The advantage 
of this approach is that the suspension can be fab- 
ricated by a conventional suspension-making process, 
and its dual-stage servo configuration is effective in 
attaining low frequency runout attenuation in the posi- 
tioning servo loop. The major drawback of this approach 
is that the system is still susceptible to instabilities 
due to the excitation of suspension resonance modes. 
‘Thus, track-per-inch (TPI) servo performance can be 
increased but remains limited when compared to the 
alternative approaches. The actuated suspension ap- 
proach, nonetheless is expected to be the first deployed 
in commercial HDDs [32.3,4] 


Actuated Slider 
In this approach, a microactuator is placed between the 
slider and gimbal to position the slider/magnetic heads. 
‘The resulting servo bandwidth can be higher than the 
previous approach because the secondary actuation by- 
passes the mechanical resonances of the suspension. 
‘This approach uses existing sliders and microactuators 
that can be batch fabricated, and thus could be cost 
effective. However, the size and mass of the micro- 
actuator are significant relative to those of current sliders 
and may interfere with the slider flying stability. Cur- 
rent suspensions, therefore, need to be redesigned to 
adopt this secondary actuator. Suitable driving forces 
in this approach include electrostatic, electromagnetic, 
and piezoelectric [32.5-8]. To further reduce the assem- 
bly task of placing the microactuator in between gimbal 
structure and slider, some researchers have proposed 
‘microactuators that are either integrated with the gimbal 
structure [32.6] or the slider [32.9] 


Actuated Head 
In this approach, the slider is redesigned so that the 
‘microactuators can be placed inside the slider block and 
actuate the magnetic heads with respect to the rest of 
the slider body. As these microactuators are very small, 
they only slightly increase the slider weight and are 
thus capable of working with the current suspension as- 
sembly. Researchers have successfully demonstrated the 
integrated fabrication process for fabricating the elec- 
trostatic microactuators and magnetic heads within one 
piece of ceramic block (slider). The embedded electro- 
static microactuator has its resonance close to 30kHz 
and was able to position the magnetic heads relative to 
the rest of the slider body by 0.5 um (32.10, 11]. Full- 


fledged integration of slider, acwator, and read/write 
head remains a challenge 

In this chapter, we focus on actuated slider con- 
figurations, as they involve a great deal of interesting 
microscale engineering. In particular, we will dis- 
cuss electrostatic actuation, probably the most common 
method of implementing microactuation in micro- 
electromechanical devices. Any such microactuator will 
exhibit certain features: 


© a fixed base, which attaches to the suspension, 

© movable platform, upon which the slider rests, 

© springs between the base and platform, flexible in 
the direction of desired motion, and stiff in all other 
directions, and 

‘© an electrostatic actuation array that generates the 
force used to move the platform and slider. 


Microactuators must also include a wiring scheme for 
transferring signals to and from the slider and often in- 
‘corporate a structure for sensing the motion of the slider 
relative to the suspension, Electrostatic microactuators 
to be discussed in this chapter include HexSil and DRIE 
fabricated actuators from the University of California, 
Berkeley, and electroplating-formed actuators by IBM 
and the University of Tokyo. 

Electromagnetic or piezoelectric force are alterna 
tives to electrostatic actuation in the actuated-slider 
configuration, Electromagnetic microactuators use fer- 
romagnetic films to produce force perpendicular to an 
applied electric field. This type of actuation has po- 
tentially low voltage requirements but requires special 
fabrication techniques to integrate the magnetic compo- 
nents into the assembly. A microactuator of this type for 
hard disk drives is under development at Seagate, with 
results as yet unpublished, Piezoelectric microactuators 
use a piezoelectric material, which expands or contracts 
in response to applied voltage, to move the slider. These 
actuators have simple fabrication, the patterning a piece 
of piezoelectric material to sit between the suspension 
and slider, butts difficult to obtain an adequate range of 
motion. A short stroke from the piezoelectric piece must 
be leveraged into a much larger motion at the read/write 
head. A piezoelectric microactuator has been produced 
by TDK corporation with a0.5 jum stroke length at 10 V, 
with a 10V bias [32.12] 


32.1.3 Electrostatic Microactuators: 
Comb-Drives vs. Parallel-Plates 


Electrostatic microactuators have been studied as the 
secondary actuators in HDDs for their relative ease 
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of fabrication, particularly in the configurations of 
“actuated slider” and “actuated head,” since the struc- 
tural material needs only to be conductive rather than 
ferromagnetic or piezoelectric. Electrostatic force is 
‘generated by applying a voltage difference between the 
‘moving shuttle and a fixed stator element. Depending on 
the designated motion for the shuttle, electrostatic actu- 
tors are often categorized into two groups: comb-drives 
and parallel-plates, as illustrated in Fig. 32.3, 

‘The magnitude of the electrostatic force generated 
equals the rate of change of energy that is retained within 
the finger-like structure and varied by shuttle motion. 
‘Therefore, the electrostatic force for comb-drive actua- 
tors, in which the designated shuttle motion moves along, 
the x-direction, as shown in Fig. 32.3, equals 
aE 
we 
‘where ¢ is the permittivity of air isthe overlap between 
two adjacent plates, fis plate thickness, and d is the gap 
between two parallel plates. Similarly, the electrostatic 
force for parallel-plates actuators 

ae 


Wi 


Feomb, (32.1) 


exh 


Fara an (32.2) 


Where xis the Finger overlap. 

{As indicated in (32.1) and (32.2), the electrostatic 
force for comib-driyes actuators does not depend on the 
displacement of the moving shuttle and thus allows 
a long stroke while maintaining a constant electro- 
static force, The electrostatic force for parallel-plates 
actuators, in contrast, is a nonlinear function of its 
shuttle motion (cc 1/d®), and the maximum stroke is 
limited by the nominal gap between shuttle and stator. 
A longer stroke is achieved with a larger gap, at the 
expense of lower electrostatic force, For applications 
that require small stroke but large force output, parallel- 
plates actuators are preferred since the output force 
from parallel-plates can be x/d times larger than the 
force from comb-drives, The following equation (32.3) 
is easily derived from (32.1) and (32.2) 

Frat _ 5 
Foon 4 323) 

A simplified second-order differential equation is 
often utilized to describe the dynamic response of an 
electrostatic microactuator 


mi) +b) + Ky xl) = FIV-XO] (32.4) 


‘where mis the mass ofthe moving shuttle, bis the damp- 
ing coefficient of the microactuator, Ky is the spring 
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Fig. 32.3 Electrostatic microactuators. Comb-drives versus parallel- 
plates 


constant of the mechanical spring that connects the mov- 
ing shuttle to an anchor point, and F is the electrostatic 
force that can be obtained from (32.1) and (32.2), 


Differential Drives 
Because electrostatic force is always attractive, elec- 
trostatic microactuators need other features to actively 
control the direction of shuttle motion in servo applica- 
tions, as opposed to relying on the restoring force from 
a mechanical spring. For this reason, the differential- 
drives approach, as shown in Fig.32.4, is frequently 
adopted in electrostatic microactuator designs. Based 
oon the differential-drive configuration, the simplified 
second-order differential equation (32.4) is rewritten 
m¥()+ bE ()+KayX(0) = FLVbias + Var SoU) 1— 
FUVbias— Vacs tot (01 5 

(32.5) 

‘where 4p is the nominal position of the moving shuttle. If 
the differential drive is operated atthe bias voltage (Vaiss) 
‘with a small perturbation voltage (Vij), the nonlinear 
force input in (32.5) can be linearized with a first-order 


‘w/o isolation 
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Fig. 32.4 Differential parallel-plates actuators and electrical-iso- 
lation features 
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approximation. 


mE (0) + BED) + (Kay Ke)(8) = Ry Va 
ar 


We 


ar 
2 le 
Here K. represents a softening electrostatic spring con- 
stant, and Ky represents the voltage-to-force gain, The 
electrostatic spring constant acts as a negative spring 
during the electrostatic microactuator operation, and its 
value varies with the bias voltage (Vii). When the 
electrostatic spring constant Kg exceeds the spring con- 
stant Ky, from the mechanical spring, the microsctuator 
becomes unstable; this is often described as pull-in in- 
stability. As shown in (32.5) and (32.6), the differential 
configuration cancels the even order harmonies in volt- 
age and thus linearizes the voltage-force relation to 
some extent. Furthermore, in parallel-plates actuators, 
the differential configuration reduces the nonlinearity in 
actuation voltage as well as in shuttle displacement. 


(32.6) 


Electrical Isolation 
Because electrostatic actuation requires multiple volt- 
age levels for actuation force and position sensing (as 
discussed in the following section), electrical isolation is 
another challenge for designing an electrostatic micro- 
actuator. Generally speaking, when multiple voltage 
levels are needed in MEMS devices, electrical isola- 
tion is achieved by breaking up the parts that need to 
be on different voltage level and anchoring them sepa- 
rately to a nonconductive substrate. This approach has 
many drawbacks, not only because it requires a sub- 
strate in a device but also because structures have to be 
mechanically separated to be electrically isolated, The 
electrical isolation problem is far more severe in parallel- 
plates microactuators than comb-drive microactuators 
since parallel-plates actuation generally requires differ- 
ent voltage levels for stator fingers pulling in opposite 
directions, 

Figure 32.4 shows an example of how an electrical- 
isolation feature can be utilized to increase the actuation 
force output in a differential parallel-plates. micro- 
actuator design. As shown in the figure, without the 
proper electrical isolation, drive-clectrodes with differ- 
ent voltage potentials have to be placed in separate 
groups and result in the same voltage difference be- 
tween drive-electrodes and shuttle on both sides of each 
shuttle finger [32.5,6]. Since electrostatic forces are 
always attractive, gaps on two sides of the interlaced 
structure cannot be made equal, otherwise the forces on 


two sides of a shuttle finger will be equal and the shut- 
tUe’s movement direction will be uncontrollable, With 
such electrical-isolation features as the “isolation plug,” 
shown on the left in Fig.32.4, gaps of the interlaced 
structure can be the same width, since different voltages 
ccan be applied on the two sides of the shuttle fingers. As 
shown in Fig. 32.4, the design with integrated electrical- 
isolation features is more compact than without isalation 
features. Consequently, more finger structures can fit in 
the same amount of space, and the actuation voltage ean 
be reduced. 


32.1. Position Sensing 


“Most proposed HDD dual-stage servo controllers utilize 
‘only the position of the magnetic head relative to the 
center of data track, known in the industry as the posi- 
tion error signal, or PES, for closed-loop track following 
control. These systems have a single-input-multi-output 
(SIMO) control architecture. In some instances, how- 
ever, itis also possible to measure the relative position 
error signal (RPES) of the magnetic head relative to 
the VCM. In this case, the control architecture is multi- 
input-multi-output (MIMO). As shown in [32.13], RPES 
‘can be used in a MIMO controller to damp out the sec- 
ond stage actuator’s resonance mode and enhance the 
‘overall robustness of the servo system. 

Capacitive position sensing and piezoresistive pos- 
ition sensing are two popular sensing mechanisms 
among electrostatic microactuator designs. Each of these 
sensing mechanisms is discussed in more detail in the 
following sections, 


Capacitive Position Sensing 
‘Capacitive position sensing is based on shuttle move- 
ment causing a capacitance change between the moving 
shuttle and fixed stators. By measuring the change 
in capacitance, it is possible to determine the shuttle 
location relative to the fixed stator. The output volt- 
age (Vo) for both differential drives in Fig. 325 equals 
25C/C,Ng. The capacitance change due to shuttle move- 
ment (dC/dx) can be derived and the output voltage 
(Vp) for the comb-drives and parallel-plates can be 
formulated as a function of shutle displacement 


Ves 


(32.7) 


Springer Handbook w Nanotechnol 
Penge tnuchn © springer 2004 


6 


moderation > inductor 


Figure 1416. A larger-sized surface-mount toroidal in: 
ductor (viewed from the bottom, at let, and from the top, 
at right). It's ated at 38,4, 


A chart showing some types of inductor cores, 
their commonly available inductances, and their 
maximum frequencies is shown in Figure 14-17. 


Gyrator 
A gyrator is a small network, sometimes encap- 
sulated in a silicon chip, using resistors, a semi- 
conductor, anda capacitor to simulate some but 
not all of the behavior of a coll-based inductor. 
The semiconductor may be a transistor or a ca- 
pacitor, depending on the specific circuit. A sam- 
ple schematic is shown in Figure 14-18, Because 
no magnetic effects are induced, the gyrator is 
completely free from the problems of saturation 
and hysteresis, which affect coils with cores, and 
also produces no back-EME. It imply attenuates 
a signal initially, and then gradually lowers its re- 
actance, thus imitating this aspect of an inductor. 


A gyrator may be used where a coil may be un- 
acceptably large (as na cellular phone) or where 
signal quality is of paramount importance—for 
‘example, in a graphic equalizer or other audio 
components that perform signal processing at 
input stages, such as preamplifiers. 
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Figure 14.17. Some commonly used inductor cores and 
their characteristics. Adapted from “Producing wound 
components” by RClarkesumey acuk 
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Here we introduce two basic capacitance sensing 
circuits suitable for high-resolution position sens- 
ing [32.14]. The concept of the “synchronous schem 
as shown in Fig.32.6 I, is to reduce the impedance of 
sense capacitors as well as the offset and 1/f noises 
from op-amps by applying modulation techniques on 
the sense voltage (V,). The Ry: resistor on the feed- 
back loop sets the DC voltage level at the input nodes 
of the “charge integrator.” The effect of the presence 
of parasitic capacitance (C,) is nullified by the virtual 
‘ground condition from the op-amps. The major draw- 
back of the synchronous scheme is that the DC-setting 
resistor (Ric) has to be large to ensure the proper gain 
for the capacitance sensing [32.14], which introduces 
excessive thermal noise into the sensing circuit. In addi- 
tion, a large resistor usually consumes a large die space 
in implementation, 

‘A. switched-capacitance scheme, as shown in 
Fig.32.6 Il, is one altemative that avoids the use of 
DC-setting resistor. The capacitance sensing period is, 
Fig. 32.5 Capacitive position sensing. Comb-drives versus broken into two phases: reset phase and sense phase. 
parallel-plates motion During the reset phase, input/output nodes of capacitors 


Ditferential comb-drives 


ft 


where sy i8 the nominal overlap for interlaced fingers 
Bnd yp isthe nominal gap between overlapped fingers, 
a dhown in Fig 325 

AAs indicated by (32.7), the voltage output for 
the comb-drves sensing structure, Vaya near with 
shut displacement. On the other hand, the sensing 
configuration at makes use of pall plates motion 
has better sensitivity for detecting shutle motion since 
ui usually salle than 2p. Although the nonincarity 
in peralleh plates sensing cin be linemized by the dif 
ferential drive configuration t some extent, ina design 
stamp of4 pm gap with | jms tro, the ine mode 
shown in (32.7) still produces 6% deviation from the 
oaliber aol 

‘Amnoog elecioittie microactustors that tse cap 
acitive position sensing, the capacitance variation due 
to shuttle motion (4C/ dx) is typically at the level of 
100 jm. In order to obtain 10mm position sensing 
resolution, the capacitance sensing circuit mast he able 
to detect capacitance variation of IF in the presence 
of parasitic capacitance and offse/miamatchow fom 
op-amps, which can easily esult in an output voltage 
orders of magnitude larger than the output voltage from oniee ae ines aon 
the designated capacitance variation, In most capacitive Seme Pte oy Sonam 
position sensing, the limiting factor for the sensing res- stig period (URS) 
Dlution isnot the thermal noise but the sensing circuits Fig. 32.6 Capacitive position sensing circuits. Synchronous scheme 
design ‘ort sviicbedcapacitmce scheme 
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and input voltage to op-amps are set to ground or ref- 
erence level to ensure proper DC voltage for the charge 
integrator. During the sense phase, sense voltage +V, 
is applied to the sense capacitors, and the amount of 
charge proportional to the mismatch in the sense cap- 
acitors is integrated on the capacitor C, thus producing 
‘an output voltage proportional to the capacitance mis- 
‘match from the sense capacitors. This approach replaces 
the large DC-setting resistor by capacitors and switches 
and results in a much smaller die compared to the syn- 
chronous scheme. Furthermore, the switching technique 
allows more design flexibility for system integration and 
performance improvement because of the ability to al- 
locate separate phases for various operations, The major 
drawback of this design is that it draws noise into sens- 
ing circuits from switches and sampling capacitor Cy, 
However, these noises ean be compensated by dividing 
the sense phase into 2 ~ 3 sub-sense phases [32.14], at 
the expense of a complicated circuit design. 


Piezoresistive Sensing 
Piezoresistive films have been widely used as strain- 
sensitive components in a variety of MEMS devices, 
including pressure sensors and vibration sensors. Gener- 
ally speaking, piezoresistive sensing techniques require 
less complicated sensing circuits and perform better in 
a severe environment than other sensing techniques, 
When a piezoresistive film is subjected to stress, the 
film resistivity and dimensions change. The fractional 
change of resistance is proportional tothe deformation of 
the piezoresistive film. For a small change of resistance, 
this relation can be expressed as, 

AR 

= 
where R is resistance of the piezoresistive film, K is its 
gage factor and ¢ is strain, In microactuator designs, the 
piezoresistive film is usually applied to the spring struc- 
ture that connects the maving shuttle to an anchor point. 
When the shuttle moves, it stretches the spring as well as 
the piezoresistive film, consequently, the piezoresistive 
film produces a deformation signal proportional to the 
shuttle displacements. As a result, piezoresistive sensing 
is easier to implement than capacitive position sensing, 
but the sensing resolution is usually less accurate due 
to higher thermal noises introduced by the resistance of 
the piezoresistive film. 

‘Another application of piezoresistive sensing, aside 
from measuring relative slider position, is to detect vi- 
bration in the suspension itself. The idea is to sense 
airflow-induced vibration of the suspension and feed that 


€ (32.8) 


Information forward to an actuated slider to damp out 
motion at the head. Piezoresistors used for this purpose 
ccan be made from metal or semiconductor materials, at- 
ranged as a strip or series of strips oriented along the 
direction of vibration strain. It is important that these 
sensors observe all vibration modes that contribute to 
off-track error, so a number of optimization schemes 
for locating the sensors have been developed [32.15] 
One method is to maximize the minimum eigenvalue 
of the observability matrix of the sensor or sensors. 
‘This ensures that all relevant modes are observed. An- 
other method is to minimize a linear quadratic gaussian 
control problem over potential sensor locations [32.16] 
This serves to determine an optimal placement from the 
perspective of a linear controller. 


32.1.5 Electrostatic Microactuator Designs 
for Disk Drives 


‘Various electrostatic microactuators have been designed 
for secondary actuation in HDDs, To incorporate an 
electrostatic microactuator into a HDD without altering 
‘much of current suspension configuration, many design 
constrains are imposed. In this section, we will first dis 
‘cuss some design issues and then present one specific 
design example. 


Translational Microactuators 
versus Rotary Microactuators 

Depending on the motion of the magnetic head actu- 

ated, microactuator designs are categorized into two 

groups: translational actuators and rotary actuators, Ei- 

ther type can be implemented by comb-crives [32.8, 17] 

or parallel-plates [32.5,6, 18] actuation. 

‘When employing a translational microactuator in 
1a dual-stage HDD servo, previous research [32.13] has 
shown that a force coupling between the suspension 
and the translational microactuator exists, consisting of 
transmitted actuation force from the VCM and suspen- 
sion vibration induced by windage. The force coupling 
from the VCM not only complicates the dual-stage servo 
controller but also imposes a design constraint ona trans- 
lational microactuator design, in that the translational 
‘microactuator has to provide a large force output to coun- 
terbalance the coupling force. When the VCM makes 
1 large movement, as in seeking a new data track, the 
microactuator may be overpowered, One solution is to 
pull the actuator to one side and lock it momentarily 
in place. Even then, the use of the two actuation-stages 
must be carefully coordinated to moderate the influ- 
ence of the VCM on the microuctuator. On the other 
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hhand, the linear springs in the translational microactuator 
can also aid in damping out motion of the suspen- 
sion. The portion of suspension vibration induced by 
\windage mostly consists of high frequency excitation, so 
the resulting magnetic head's position error can be pas- 
sively attenuated by low resonant frequency translational 
‘microactuators. 

Generally speaking, rotary actuators are more dif- 
ficult to design/analyze than translational actuators 
because of their nonuniform gap between shuttle and 
stator. Still, their different operating properties have both 
strengths and weaknesses. Unlike a translational actu- 
ator, no obvious force coupling is transmitted from the 
suspension to a rotary actuator, as the microactuator is 
nearly always attached to the end of suspension at the 
‘microactuator’s center of rotation, which acts as a pivot 
point. With no mechanical coupling, the dual-stage servo 
system using a rotary microactuator does not suffer from 
the force coupling between VCM and microactuator 
seen in translational designs. However, the rotary micro- 
‘actuator has to compensate for the magnetic head's 
position error induced by suspension vibration with- 
out any passive attenuation of the vibration. Overall, 
‘rotary acuator is likely to behave better than a trans- 
lational microactuator during track seeking and worse 
during track following 


Gimballed Microactuator Design 
Proper flying height and orientation of a slider and 
read-write head over a hard disk is maintained by 
the interaction of the suspension, the air bearing of 
the slider, and a gimbal structure. The gimbal struc- 
ture is located at the tip of the suspension and holds 
the slider/microactuator in its center coupon. The dy- 
namie characteristic requirements of gimbal structures 
are that they be flexible in pitch and roll motion but 
stiff in in-plane and out-of-plane bending motion. To 
‘meet all these requirements using only one piece of 
‘metal isa highly challenging task. For this reason, most 
commercially available suspension/gimbal designs con- 
sist of two to four pieces of steel, each with different 
thickness. 

‘The goal of @ gimballed microactuator design is 
to seamlessly integrate an actuator and gimbal into 
4 one-piece structure, as shown in Fig. 32.7. to simplify 
both suspension design and HDD assembly. A full in- 
tegrated suspension that includes suspension, gimbal, 
and microactuators in one part has also been pro- 
posed [32.19]. The dimple structure, existing in most 
current gimbal structures, is excluded from the gim- 
balled microactuator design and electrical interconnects 
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Fig. 32.7 Schematics of translational mictoactuator versus rotary 


‘microactuator. Courtesy from Lilae Muller 


are in situ fabricated on the gimballed microactuator, 
replacing the flexible cable in current HDD suspension 
assembly, 

“The dimple structure in current suspension assem- 
blies provides out-of-plane stiffness while preserving the 
necessary torsional compliance in the gimbal structure 
Without a dimple structure in the suspension assembly, 
the gimbal itself must provide high out-of-plane bending 
stifiness. Otherwise it would unbalance the suspension 
pre-load, which is an overbend of the suspension that 
balances the upward air-bearing force on the suspen- 
sion during operation. The electrical interconnects are 
implemented to transmit data between magnetic heads, 
located at the center coupon of the gimbal structure, anc 
IC circuits located at the end of the suspension. ‘The 
in situ fabricated electrical interconnects are inevitably 
passed through torsion bars of the gimbal and thus set 
a design constraint for the minimum width of torsional 
bars. Furthermore, both the gimbal structure and miero- 
actuator should be the same thickness to simplify the 
MEMS fabrication process. 

“To summarize the design constrains discussed above, 
the integrated gimbal structure has to meet perfor 
‘mance requirements with a single, uniform piece of 
‘material that would previously have been achieved by 
two to four metal pieces with different thicknesses, 
while the minimum width of any torsion bars that 
may be used pre-determined, To solve this problem, 
Muller (32.6) proposed a T-shaped structure (a beam 
structure with overhang surface sheet) for the torsion 
bars, and Chen [32.19] proposed “double-flexured” tor- 
sion bars. Additionally, many suspension manufacturers 
have developed new gimbal structures for their sus- 
pensions designed specifically for use with MEMS 
‘microactuators, moving the gimbal location back to the 
suspension from the microactuator. 
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Fig.32.8 Pico-slider mounted on 2 translational mieroactuator 
Courtesy from Horsely 1998 


An Electrostatic Microactuator Design Example 

Figure 32.8 shows a translational microactuator design 
suitable for the HDD dual-stage actuation by Horsley 
in 1998 [32.5]. The translational electrostatic micro- 
actuator dimensions are 2.2mm>x2.0mmx0.045mm 
and weight 67g. The dimensions of the pico-slider 
on the top are 1.2mm>1,0mmx0.3mm and weight 
L.6mg. This microactuator design does not include 
“electrical-isolation” features, and thus the electrical iso- 
lation and electrical-interconnects were fabricated on 
a separate substrate and subsequently bonded to the 
microactuator. This microactuator uses parallel-plates 
for actuation force but does not have dedicated position 
sensing structures due to fabrication process limitations, 
Table 32.1 summarizes key parameters of this micro- 
actuator design. 


Based on these parameters, the characteristics of this 
electrostatic microactuator can be estimated by the linear 
differential equation shown in (32.6) 

Figure 32.9 shows the schematics of a circuit de- 
sign by Wongkomer in 1998 [32.14], in which actuation 
driving voltage and capacitive position sensing were im- 
plemented for the electrostatic microactuator designed 
by Horsley. As mentioned before, the electrostatic 
microactuator design doesn’t have dedicated structure 
for a position sensing: as a consequence, the input 
nodes for actuation and output nodes for capacitive 
position sensing have to share the same electrodes. Ca- 
pacitors C. and C.o, shown in Fig. 32.9, are carefully 
designed to shield the high voltage presented in ac- 
tuation circuit from sensing circuit, which is mostly 
low voltage, and thus enable driving/sensing circuit 
integration. 

‘The driving circuit, shown in the left in Fig. 32.9, 
demonstrates how to generate the bias voltage (Vis, 
440,V) and drive voltage (Vie, —40-+40V) from 
0-5V CMOS compatible circuits. The switches at the 
output of the charge pumps were synchronized with the 
switching period gs. During the sense phases gy and 
dsw2, therefore, the switches are left open and thus no 
voltage fluctuation is seen by the sensing circuits. This 
arrangement was utilized to reduce feedthrough from 
the driving circuit to position sensing circuit. 

‘The design target for the capacitive position sens- 
ing circuit was to achieve position sensing resolution 
of 10mm, and this goal was approached by two main 
techniques implemented in the circuit: differential sens- 
ing and Correlated-Double-Sampling (CDS), The main 


Table 32.1 Parameters of the electrostatic microactuator design by Horsley 1998 [32.5] 


‘Nominal gop 
‘Structure thickness 

Rotor mass 

ac/dc 

Actuation voltage, bias voltage 

Actuation voltage, maimum diving volige 
Voltage-o-force gui 

“Mechanical spring constant Ky 

Electrostatic spring constant Ke 

Damping coefficient b 

Voltage-o-position DC gain 

‘Resonance frequency, te 


10m 
45) 
Hug 
68 jum 
40V 
ov 
S0aN/V 
29N/m 
9.6N/m 
‘1.03 10-4N/on/s) 
0.05 jm/V 
‘S50 He 


E:—-P-S-e-eo 


|= Design value, C= Calculation, M=Measurement,l=Infered from measurements 
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Postion sensing circuit 


‘Wongkomet 1998 


benefits of the differential sensing scheme are reduced 
noise coupling and feedthrough, elimination of even- 
order harmonics, and improvement of dynamic range 
bby doubling the output swing. To adapt this differential 
sensing scheme in a differential parallel-plates electro- 
static microactuator, a bias voltage (Vas) Was applied 
to the stator and the drive voltage (Va) was applied to 
the shuttle. The CDS technique, a modified capacitance 
sensing technique based on the switched-capacitance 
scheme, was implemented along with the differential 
sensing scheme to compensate for sensing noises includ- 
ing 1/f, KTIC, switch charge injection and offset from 
‘op-amps [32.1]. The concepts of CDS can be briefly de- 
scribed as follows: the sense period is broken into three 
phases: one reset phase, és, and two sense phases, 331 
and dso. During the das sense phase. the voltages for 
capacitors and input nodes to op-amps are set to the ref- 
erence level of the DC-voltage setting for the charge 
integrator, same as forthe switched-capacitance scheme 
discussed in Sect. 32.1.4. During the dsx1 sense phase, 
sensing voltage —V, is applied tothe shuttle and results 
ina voltage difference, a(—V,) + Veqwrs across the samn- 
pling capacitor C,, where ais the transfer function from 
sense voltage to the output voltage atthe pre-amplifie, 
shown as Gain in the plot, and Vayu is the voltage at the 
‘output node of pre-amplifier resulting from noise, leak- 
age charge, and offset of op-amps. Lastly, during the 
‘sxe Sense phase, the sensing voltage is switched from 
=V, to V, and the switch next to Cy is switched open, 
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32.9 A simplified schematic including driving and sensing circuits for the electrostatic microactuator. Courtesy from 


‘This results in a voltage output et Vz) + Ver atthe out- 
put node of the pre-amplifier and a voltage, 2a(V,), at 
the input node of the buffer. As a consequence, the volt- 
age resulting from sensing error (Veror), which appears 
at the output node of pre-amplifier, disappears from the 
voltage-input node to the buffer. Switches utilized in 


Drive voltage/postion sending voltage (dB) 


aol 
10° 10 


i 


‘Frequency (Hz) 


Fig. 32.10 Open-loop and closed-loop frequency response of the 
prototype microactuator with a pico-slider. The capacitive position 
‘measurement (solid line) is compared to the measurements from 


LDV (dashed line). Courtesy from Wongkomet, 
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the circuit and their correspondent timing are shown in from the different position sensing devices appears 
Fig. 32.9, Be aware that for presentation simplicity com- in the high frequency region of the plot and has 
ponents in the pre-amplifier and buifer are not shown in been identified as the feedthrough from the capaci- 
detail in Fig, 32.9. tance sensing circuit. The effect from feedthrough was 

‘The frequency response, both open-loop and negligible at low frequency region but becomes signif- 
closed-loop with a PD controller, of the electrostatic icant and results in a deviation in magnitude for the 
‘microactuator measured by acapacitive position sensing transfer function of —80dB ~ —90¢B after 2kHz, The 
circuit is shown in Fig, 32.10. The position measure: feedthrough presented in the capacitance sensing cir- 
ments from an LDV are also shown in the same plot cuits limited the position sensing resolution to the level 
for comparison, The deviation between measurements of 10mm, 

32.2 Fabrication 
While there are several approaches to building electro- 32.2.2 Electrostatic Microactuator 
static microactuators suitable for hard disk drives, they Fabrication Example 
all exhibit certain common features from a fabrication 
standpoint. Section 32.1.5 described the design and operation of 
4 translational electrostatic microactuator. This section 
32.2.1 Basic Requirements ‘examines the fabrication process by which that micro- 
actuator was built [32.5]. The process is a variation on 
As we discussed earlier, nearly all electrostatic micro- a micro-molding process known as HexSil [32.20]. In 
actuators rely on a system of interlaced fingers or plates a micro-molding process, a mold wafer defines the struc- 
to provide actuation force. As a result, a method for ture of the microactuator and may be reused many times 
producing arrays of these fingers or plates with narrow — like dies in macro-scale molding; in the HexSil version 
gaps between them is usually the central concem in de- of the procedure, the mechanical parts of the micro- 
veloping a fabrication process. The resulting structure actuator are formed inthe mold by polysilicon, A second 
‘must then be strong enough to support both the slider on waler is used to create metallized, patterned target dies. 
the microactuator and the microactuator on the suspen- Upon extraction from the mold, the HexSil structure is 
sion, particularly when loaded by the air-bearing that bonded to this target substrate, which is patterned to 
supports the slider above the hard drive's spinning disk. determine which sections of the HexSil structure are 
In addition, the design and fabrication process must in- electrically connected. 
‘clude a way to perform electrical interconnection on the Naturally, the mold wafer is the first item to be pro- 
ricroactuator. This involves transferring signals to and cessed and is quite simple. It is a negative image of the 
from the actuator and slider and isolating the parts of the desired structure, etched down into the wafer’s surface, 
rmicroactuator requiring different voltage levels. as shown in Fig. 32.1 1a, A deep but very straight etch is 

Meanwhile, the microfabrication process is sub- critical for successful fabrication and subsequent oper- 
{ect to certain basic constraints. The materials used ation ofthe devices. Ifthe trench is too badly bowed or is 
in fabrication must either be thermally and chemically undercut, the finished devices will he stuck in the mold 
‘compatible with any processing stops that take place af- and difficult to release. On the other hand, tall device 
ter their deposition or mustsomehow be protected during will have a larger electrostatic array area, will generate 
steps that would damage them. This often constrains the more force, and be better able to support a slider while 
choice of materials, deposition techniques, and process- in a disk drive. 
ing order for microdevices. Another concern is that the Fabrication of the HexSil structure forms the ma- 
surface ofthe structure be planar within photoresistspin- jority ofthe processing sequence Fig. 32.1 1b-g. HexSil 
ning capabilities and lithography depth-of-focus limits fabrication begins by coating the surface of the mold 
if patterning is to be performed. This can be a major wafer with a Sacrificial silicon oxide. This layer, de- 
challenge for disk drive microactuators, which are large posited by low-pressure chemical vapor deposition 


in size and feature high-aspect ratio trenches compared 
to other MEMS devices. 


(LPCVD), must coat all surfaces of the mold, so that 
removal of the oxide at the end of the process will 
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Fig. 32.11 Fabrication example 1: HexSil 


leave the device completely free of the mold. This 
microactuator uses a 3 to 4yum thick oxide layer to 
censure clearance between the polysilicon structure and 
the trench walls during release. The mold is then re- 
filled completely with LPCVD polysilicon, which will 
form the desired mechanical structure. Polysilicon is 
chosen for its conductivity and good conformality in re- 
filling trenches. This also leaves a planar surface ready 
for photolithography to cover bonding locations. After 
the lithography step, the polysilicon deposited on top of 
‘wafer is removed, except where the bonding points were 
defined. 

‘The structure is then prepared for bonding by form- 
ing a soldering surface. First a chrome/copper seed layer 
is evaporated on the surface of the wafer. The chrome 
promotes copper adhesion to the silicon, while the cop- 
per forms the starting point for electroplating. The seed 
layer is covered with photoresist, which is cleared only 
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in the locations where contacts are desired. There, elec- 
troplating will produce a metal film, forming soldering 
points for the device to the target substrate that will form 
its base. In this case, copper is used as the plating mater- 
ial, thanks to its high conductivity and solderability. The 
device is released from the mold by ion milling away 
the thin seed layer, then dissolving the oxide lining with 
ahydroflouric (HF) acid wet etch. The free standing por- 
tion of the microactuator is thus ready for bonding to the 
target. The mold, meanwhile, may be used again after 
simple cleaning step. 

‘The target substrate may be prepared in several way’, 
‘The target shown above consists simply of indium solder 
‘bumps and interconnects on a patterned seed layer: thisis 
known as a “plating bus” arrangement. The seed layer is, 
used for the same reasons as on the HexSil structure, but 
in this case the seed layer is patterned immediately, with, 
the unwanted portions removed by sputter etching. This 
provides isolation where desired without having to etch 
the seed layer after the indium is in place. Photoresist is 
spun again and patterned to uncover the remaining seed 
layer. A layer of indium is then electroplated everywhere 
the seed layer is visible. Indium acts as the solder when 
the two parts of the microactuator are pressed together, 
forming a cold weld to the copper at 200-300 MPa as 
shown in Fig. 32.11h, that was found suitable for hard 
disk requirements. 


32.2.3 Electrostatic Microactuator 
Example Two 


‘The high-aspect ratio microactuator described in this 
section is in development at the University of Cal- 
ifornia, Berkeley, and demonstrates another way 10 
create the features required of an actuated slider. The 
microactuator is translational, with parallel-plates actu- 
ation, and includes two of the design options described. 
previously: integrated isolation plugs, as described in 
Sect. 32.1.3, and a capacative sensing array, as described 
in Sect. 32.1.4. A picture of the basic design is shown in 
Fig, 32.12; a central shuttle holding the slider is sup- 
ported by four folded-flexure springs and driven by 
parallel-plates arrays. 


Basic Process: Silicon-on-Insulator 

Successful processing of the design is centered around 
the ability to etch very straight, narrow trenches using 
deep reactive ion etching (DRIE). DRIE is a special 
plasma etching sequence that uses polymerization of 
the sidewalls of a trench to keep the walls straight 
even at extreme aspect ratios. Deep, narrow trenches 
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Fig, 32.12 Translational high-aspect ratio microactuator 


make possible a microactuator with both closely packed 
electrostatic arrays and good mechanical strength. Con- 
ventional surface micromaching is used to produce the 
‘majority of the electrical interconnects 

‘The basic fabrication process uses a silicon-on- 
Insulator (SOD wafer to control DRIE trench depth. SOL 
wafers are very useful in microfabrication as they pro- 
Vide a layer of single-crystal silicon (the device layer) 
separated from the bulk of the wafer (the handle layer) 
by a thin layer of buried silicon oxide. This gives a very 
well controlled thickness to finished device but is very 
expensive. The microactuators described here are fab- 
ricated from an SOI wafer with a 100 um device layer. 
‘A variation on the processing sequence and layout elim: 
Inates the need for SOI wafers and will be discussed in 
the following section. 

‘The first stage of fabrication is creation of deep iso- 
lation trenches (see Fig. 32.13a-c). This procedure has 
been adapted to MEMS from integrated circuit pro- 
cessing for isolating thick MEMS structures [32.21] 
‘The isolation pattern is formed by photolithography and 
etched by DRIE down tothe buried oxide. With trenches 
‘only 2m wide, this corresponds to an aspect ratio of 
‘50: 1. The wafer surface and trenches are then coated 
with LPCVD silicon nitride, which acts as the electrical 
insulator. The tench is then refilled in its entirety with 
LPCVD polysilicon, which is a more conformal mater- 
ial better fills the trench than silicon nitride would alone; 
polysilicon also has much lower residual stresses than 
silicon nitride. The refill leaves a layer of polysilicon 
‘on the surface of the substrate, which must be etched 
or polished back to the silicon nitride. After etch-back, 
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Fig. 32.13 Basie silicon-on-insulator fabrication process 


a second layer of LPCVD nitride completes isolation 
between regions. 

Next, electrical interconnects are formed, as shown, 
in Fig. 32,13d-f, Contact holes to the substrate are de- 
fined by photolithography and etched by reactive ion 
‘etching of the silicon nitride, Metal lines may then be 
patterned directly by photolithography or formed by lift- 
off. In a lift-off process, photoresist is deposited and 
patterned before the metal, The metal is then deposited 
vertically, so that the sidewalls of the resist are uncov- 
ered, Dissolving the resist allows the metal on top to 
float away, leaving behind the interconnect pattern. In 
the figures shown here, the interconnects are formed by 
‘evaporated aluminum, eliminating the need for electro- 
plating and a seed layer, The ability to isolate portions 
of the substrate is useful for simplifying the intercon- 
nect layout, as one interconnect can cross another by 
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passing underneath it through an isolated portion of the 
substrate, 

Finally, structural lithography is performed and 
second etch by DRIE is done, as shown in Fig. 32.13g. 
‘These trenches will define the shape of the micro- 
actuator, and are larger, 4 1m wide, to allow sufficient 
rotor travel. After this etch step, the device layer on 
the SOI buried oxide consists of fully defined micro- 
‘actuators, When the buried oxide is removed by wet 
etching, the microactuator is released from the substrate 
Fig. 32.13h and, after removal ofthe photoresist that pro- 
tected the device surface from HF during release, ready 
for operation. Thanks to the high-aspect ratios of DRIE 
‘and the efficient integrated isolation scheme. the micro- 
‘actuator can theoretically be operated with a DC bias 
voltage of 15 V on the rotor, and a dynamic stator volt- 
ages below 5 V. In practice, higher voltages are required 
due to the spreading of trench walls aver the course of 
DRIE. A picture of the electrostatic structure, with the 
rotor fingers on the left and the stator fingers on the right, 
divided down the center by isolation trenches, is shown 
in Fig. 32.14, 


Variation: Anisotropic Backside Release 
Analternative fabrication approach is to build the micro- 
actuator from a regular silicon wafer (~ 550 jum thick), 
but then, since the microactuator shouldn't be more than 
100 jm thick to fit in a HDD, etch away the backside of 
the wafer to obtain devices of that size. The main rea- 
son for using a silicon-only wafer is to reduce the need 
for expensive SOI wafers, which cost approximately ten 
times as much as single-material wafers. Another bene- 
fit isthe elimination of the need for etch holes to reach 


the buried oxide layer, which increase vulnerability of 
‘microactuators to particle or moisture contamination. 
However, the thickness of the devices cannot be con- 


32.1% Electrostatic driving array of microactuator from 
SO 
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trolled as accurately as with the SOI process, and the 
processing sequence is more complicated. 

Control of backside etching is difficult, making it 
hard to obtain devices with uniform thickness across 
fa wafer. A proposed solution is to use an anisotropic 
wet etchant during the backside etch step. Anisotropic 
ctchants work very slowly on certain crystal planes of 
a single-crystal silicon wafer; a coating on trench side- 
walls can protect fast-etching planes when the etchant 
reaches the trenches from the back, causing slow-etching, 
crystal planes to begin coming together slowing the etch, 
‘The result isa nearly self-stopping etch with a V-shaped 
profile that prevents overetching even in the presence of 
nonuniformities in etch rate and trench depth across the 
‘wafer. The most common anisotropic etchants are potas- 
sium hydroxide (KOH) and tetramethyl ammonium 
hydroxide (TMAH). This release process is referred to 
here as an anisotropic backside release (ABR), 

‘The key to good release by this method is to achieve 
excellent protection of the top of the wafer and the deep 
trenches from the etchant, and this neccessitates changes 
in the process flow from that for an SOL wafer, Without 
2 good protective film, the interconnects on the sur- 
face of the wafer could be destroyed, or the fast-etching 
planes might be attacked along the trench sidewalls. OF 
the etchants mentioned above, TMAH is preferred, due 
to high selectivity to both silicon oxide and nitride and, 
especially, thermally grown oxide, which can be used as 
protective films. However, growing thermal oxide and/or 
depositing high-quality nitride are high temperature pro- 
cesses not compatible with most metals, so the structural 
trenches must be etched and oxidized before forming the 
electrical interconnects. As shown in Fig. 32.15c-d, the 
isolation trenches are formed as before, but the struc- 
tural trenches are patterned and etched in the very next 
step. A thermal oxide is then grown in the trenches to 
produce the protective oxide layer Fig. 32.15e. 

‘To do lithography for the interconnects at this point, 
then, the surface of the wafer must be planarized. This 
is done by refilling the trenches with spin-on-glass. The 
spin-on-glass plugs the trenches nearly to the top and 
can be sacrificed along with the thermal oxide at the 
end of the process. Extra glass on the wafer surface can 
be removed by a quick HF dip or chemical mechanic- 
al polishing. The resulting surface is uneven, as shown 
in Fig. 32.15, but a thick photoresist layer can be ap- 
plied over the trenches evenly enough to accomplish 
contact and metal patterning lithographies. After metal- 
lization much the same as for the SOL wafer Fig. 32.15g, 
a final coating of etch resistant material is required to 
protect the metal during backside release, as shown in 
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Fig. 32.15 Deep trench fabrication process adapted for 
backside release 


Fig. 32.15h-j. After ABR, the backside of the device 
will be shaped by crystal planes, but the thickness of 
the device at the edge of DRIE features will be fixed. 
While a combination of silicon oxide and silicon nitride 
has been effective over a “metallization” of undoped 
polysilicon, an effective combination of true metal in- 
terconnects and protective films has yet to be found and 
is an ongoing area of research for improving the ABR. 
process sequence. 

‘A prototype microactuator with integrated gimbal 
fabricated using ABR is shown in Fig. 32.16. This pro- 
totype was operated with a 30V DC bias and £8 V AC 
driving voltage for +1 jum displacement, while a larger 
version (shown in Fig. 32.12) was operated at 15 V bias 


Escort = 
Fig. 32.16 Microactuator with integrated gimbal fabricated 
by ABR 


and +3 V driving, This layout and fabrication concept is 
currently being adjusted to fita MEMS-ready suspension 
for more advanced testing. 


32.2. Other Fabrication Processes 


Where the DRIE-based process described above “digs” 
the microactuator out of a wafer, a procedure developed 
by IBM “grows” a microactuator with high-aspect ratio 
trenches on top of a wafer [32.22]. 


IBM Electroplated Microactuator 
‘The microactuator is fabricated by a clever sequence of 
electroplating steps and sacrificial depositions. An ox- 
ide sacrificial film is first patterned then covered with 
‘a metal seed layer. When later removed, the sacrfi- 
cial will have left a gap between the microactuator and 
substrate portions of the microactuator needed to move 
freely. A polymer, 40 jum thick, is spun onto the wafer 
and patterned with a reverse image of the main struc- 
tural layer. Trenches are etched down to the sacrificial 
layer by plasma etching then refilled by electroplating, 
much like micro-molding. Another sacrificial polymer, 
photoresist this time, separates the top of the fixed por- 
tions of the structure from the platform upon which the 
slider will sit, while conveniently planarizing the sur- 
face for further lithography. The platform is created by 
‘two more electroplating steps on top of the parts of the 
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Values 


Figure 14-18. A possible schematic for a coil substitute 
known as a gyratar, which may be used where a conven: 
tional col would be unacceptably bulky. 


Agyrator does impose some limits on circuit de- 
sign. While neither side of a real inductor needs 
to be at ground potential, a gyrator does require 
aground connection. However, the performance 
advantages of gyrators are significant, as they 
can emulate high inductance without parasitic 
effects, can be more accurately calibrated (lead- 
ing to more predictable performance), and do 
not create magnetic fields that can interfere with 
other components. 


Values 


Calculating Inductance 

The magnetic inductance of a coil is measured 
with a unit known as the Henry, named after Jo- 
seph Henry, a pioneer in electromagnetism. It is 
defined by imagining a coil in which current is 
fluctuating, causing the creation of EMF. If the 
rate of fluctuation is 1 amp per second and the 
induced EMF is 1 volt, the inductance of the coil 
is 1 Henry. 


The letter L is commonly used to represent in- 
ductance. To derive a useful formula, L will be 
expressed in microhenrys. IfD is the diameter of 
a coil, N is the number of turns of wire, and W is 


nductor 


the width of coil (when the windings are viewed 
from the side, as shown in Figure 14-19), the pre- 
cise relationship of the variables is complex but 
can be reduced to an approximate formula: 


L = approx (02 * Nt) / 18 * D) + (40 * WH 


NeNumber of turns of wire 


D=Diameter 
of coll 


Width of coll 


Figure 14-19. Dimensions of a coil, referenced by a for: 
‘mula to calculate its approximate inductance. See text for 
details 


From this, itis clear that inductance tends to in- 
crease with coil diameter, and also increases 
(more significantly) with the square of the num- 
ber of turns. If the number of turns remains con- 
stant, inductance will be higher for a coil that is 
short and fat than for a coil that is narrow and 
long. 


Because the Henry is a large unit, inductors in 
electronics circuits typically have their inductan- 
ces measured in millihenrys (mH), microhenrys 
(UH), and nanohenrys (nH), where 1H=1,000mH, 
1 mH = 1,000nH, and 1H = 1,000 nH. This rela- 
tionship is shown in Figure 14-20. 


Calculating Reactance 
The reactance of an inductor (thats, its dynamic 
resistance to alternating current) varies with the 
frequency of the current. Iffis the AC frequency 
(inHertz), and Lis the inductance (in Henrys), the 
reactance, X, in ohms, is given by the formula: 


Mereneeee 


From this equation, it’s apparent that as the fre- 
quency tends toward zero (DC current), or if the 
inductance tends toward zero (a short piece of 
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structure that will move freely. Removal of the sacrifi- 
cial layers (photoresist, polymer, and oxide) releases the 
microactuator for use. 

‘This process has been used to produce both rotary 
and linear microactuators and is comparatively advanced 
from a commercial standpoint. The resulting devices are 
thinner than those described in the previous example, but 
2 similar aspect ratio (20: 1) can be achieved. This pro- 
cedure also has the benefits of being a low temperature 
process, which helps decrease processing cost and is 
‘compatible with the thin film magnetic head manufac- 
turing process. Moreover, it includes an upper structure 
that covers the fingers, which improves device reliability 
by shielding the fingers from particles. 

Additional fabrication details and dynamic testing 
results for the IBM design may be found in refer- 
ences [32.22] and [32.23]. Certain control results are 
described in Sect. 32.3.2. 


Electroplated Microactuators with Fine Gaps 
Finally, fabrication processes developed at the Univer- 
sity of Tokyo demonstrate additional techniques for 
obtaining very small gaps between electrostatic fin- 
gers [32.24]. Similar to the IBM process, electrostatic 
fingers are electroplated, in this case by nickel, within 
polymer pattern, The gap between closely spaced fin- 
gers, however, is then formed by a sacrificial metal. 
Photoresist is used to cover the fingers except forthe sur- 
faces wherea small gapis desired; these are electroplated 
with sacrificial copper, making narrow, well-defined 
zaps possible, in perhaps the most reliable of the pro- 
cesses described here. Continuing with a second nickel 
electroplating step creates the interlaced fingers, which 
willalso support the slider; the wafer is polished down to 
level the structure. Finally the copper, photoresist, anc 
seed layer are etched away, leaving the free standing 
structure. 

In another version of process, photoresist alone sep- 
rates the stator and rotor fingers. In this case, a thin 
layer of photoresist is left where small gaps are desired, 
instead of growing a layer of copper. This method is 
dependent on excellent alignment but can eliminate the 
need for polishing after the second electroplating step. 


32.2.5 Suspension-Level Fabrication 
Processes 


‘The long, highly integrated fabrication processes re- 
quired by actuated slider microactuators contrast greatly 
with the fabrication of actuated suspension micro- 
actuators. 
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PZT Actuated Suspensions 
In most cases, actuated suspensions use piezoelectric 
(PZT) drivers cut or etched as single, homogeneous 
pieces and attached to the steel suspension. Neverthe- 
less, microfabrication techniques can still be useful 
in suspension processing. For example, some recent 
suspensions have used thin film PZT deposited on 
fa substrate by sputtering or spinning-on of a sol-gel 
for incorporation in a suspension, This is intended to 
produce a higher quality PZT films and begins to in- 
troduce MEMS-style processing techniques even into 
suspension-scale manufacturing [32.25,26] 


Integrated Silicon Suspension 
‘Another area where silicon processing has been sug- 
gested for use on a suspension is the gimbal region, or 
even the entire suspension, as described in [32.19]. An 
integrated silicon suspension would incorporate aspects 
of both actuated suspension and actuated slider fabrica- 
tion, Force is provided by four piezes of bulk PZT cut 
down to size, asin other actuated suspensions, but the 
zest ofthe suspension is fabricated from single-crystal 
silicon by bulk micromachining. 

The fabrication process for the integrated suspension 
is the precursor to the ABR pracess used to fabricate the 
‘microactuator in Sect. 32.2.3. Layers of LPCVD silicon 
nitride and polysilicon are deposited on a bare silicon 
‘wafers. The polysilicon is doped by ion implantation 
and covered with a second layer of nitride, The outline 
of the suspension and any spaces within it are then litho- 
‘graphically patterned. After a reactive-ion nitride etch 
to reach the substrate, trenches are etched by DRIE. 
‘The trenches are then plugged with spin-on-polymer for 
further lithography. First, the top layer of polysilicon 
is patterned into piezoresisistve strips for sensing vi- 
bration. Second, a layer of photoresist is patterned for 
copper liftoff, to create metal interconnects. Las, the 
planarizing polymer is removed, and the entire surface 
is coated with silicon nitride. This final coating protects 
the top surface during an anisotropic backside wet etch, 
in this case by potassium hydroxide, 


Instrumented Suspensions 
Finally, microfabrication techniques may be useful for 
installing sensors on conventional steel suspensions. The 
concept is to deposit a dielectric and a piezoresistive 
‘material on the stainless steel sheet that will be formed 
into the central piece of the suspension and then to pat- 
tem piezoresistive layer directly by photolithography 
and etching to form strain gages. A second lithography 
‘may be used to add metal lines back to the E-block, Vi- 


967 


veelaued 


968 Parte 


Industrial Applications and Microdevice Reliability 


evelaued 


bration sensors on the suspension are very desirable for 
controlling slider position, and the use of thin-film de- 
position and photolithography permits the sensors to be 
located at the points most effective for detecting vibra- 
tion, An example of a sensor formed by this method is 
shown in Fig. 32.17, 


32.2.6 Actuated Head Fabrication 


Several interesting fabrication processes have been pro- 
posed for another approach to creating a dual-stage disk 
drive servo: the actuated head. In an actuated head, 
the actuator is built into the slider and moves just the 
readhvrite head. This could potentially eliminate many 
‘of the mechanical limits of actuated suspensions or ac- 
tuated sliders. Actuation techniques are typically similar 
to those of actuated sliders, with the key complication 
‘being the need to integrate an actuator fabrication pro- 
‘cess with a slider fabrication process. We discuss ways 
in which this might be done below. 

‘One fabrication approach to actuating a read/write 
head is to enclose an electrostatic driving array inside 
alder. The slide is built on glass or silicon substrate, 
‘beginning with the air-bearing surface (ABS), followed 
by a microactuator, and then surrounded by the remain- 
der of the slider. The ABS is formed by silicon oxide 
deposited over aluminum and tapered photoresist lay- 
cers that give it a contoured shape. The majority of the 
ABS is then covered with photoresist, while a black in 
the center is plated with nickel and etched to form the 
electrostatic actuator. The electrostatic microactuator, in 
tum, is covered while the remainder of the slider body 
is electroplated, The slider may then be bonded toa sus- 
pension and the ABS surface released from the substrate 
by etching away the original aluminum and photoresist 
surface [32.9] 

‘The sacrificial metal technique described in 
Sect. 32.24 is another possibility for building an elec- 
trostatie array onto a slider. It can be used to form 
small array with very narrow gaps, and the process is 
‘compatible with slider and head materials [32.27] 


32.3 Servo Control Design 


‘The third actuated-head process makes use of an 
SOI wafer and silicon based materials. For this struc- 
ture, a 20 jum device layer is coated with silicon nitride. 
‘The nitride is patterned with contact holes for connec 
tions to the substrate and used as insulation over the 
rest of the device. A layer of molybdenum is sput- 
ter deposited to perform interconnections to both the 
hhead and the electrostatic array. This array is formed 
by DRIE to the buried oxide, using a lithographically 
patterned hard mask of tetraethylorthosilicate. The re- 
sult is a simple, tiny, actuator that must be bonded 
to the edge of a slider after release from the SOL 
wafer [32.28]. 


of MEMS Microactuator Dual-Stage Servo Systems 


The objective of disk drive servo control is to move 
the read/write head to the desired track as quickly as 
possible, referred to as track seek control, and, once on- 
track, position the head on the center of the track as 
precisely as possible, referred to as track-following con- 


trol, so that data can be read/written quickly and reliably. 
‘The implementation of the servo controller relies on the 
position error signal (PES), which is obtained by read- 
ing the position information encoded on the disk's data 
tracks. 
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32.3.1 Introduction 
to Disk Drive Servo Control 


‘The position error is also called track mis-registration 
(TMR) in the disk drive industry. Major TMR sources 
in the track-following mode include spindle runout, 
disk fluttering, bias force, extemal vibration/shock dis- 
turbance, arm and suspension vibrations due to air 
turbulence, PES noise, written-in repeatable runout, and, 
residual vibration due to seck/settling [32.29]. These 
sources can be categorized as runout, r, input distur- 
bance, d, and measurement noise, n, by the locations 
they are injected into the control system, as shown in 
Fig. 32.18. In Fig. 32.18, Gp(s) and Gc(s) represent 
the disk drive actuator and the controller, respectively; 
rr and p represent track runout and head position, re- 
spectively. 
From Fig. 32.18, the PES can be written as 


PES = S(s)r + S(s)Gp(s)d —Sis)n (32.9) 


where S() isthe closed loop sensitivity function defined 
by 

so) = 2.0) 

1+Ge(s)G p(s) 

‘The higher the bandwidth of the contol system, the 
higher the attenuation of the sensitivity function St) 
teow the bandwidth Thus, one of the most effective 
‘methods reduce PES and Increase serv precision i 
te increaze the contol syne beni 

“raional disk drive servo systems ulize a single 
vice coil motor (VCM) to move the head. Multiple 
firucural resonate inode of the E-block ara and 
the suspension located between the pivot and the head 
inpene a major Imation en the eeievable contrel 
bandidih. A dual-siage servo system using a MEMS 
actualedsider microactuator can achieve high band- 
‘width boots te microncnatorsleated between tho 
Suspension and the slider, ths by-pasing the pivot 
E-block am, and suspension resonance modes. 


Fig. 32.18 Disk drive servo control 
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One basic task of dual-stage servo control design 
is to increase control bandwidth using the second stage 
actuator. Many design methodologies have been devel- 
‘oped to accomplish this objective. In this section, we first 
review major dual-stage servo control design method- 
ologies, and then we discuss design considerations for 
controller design of a MEMS microactuator dual-stage 
servo system. As design examples, the details of track- 
following control designs using a sensitivity function 
decoupling design method and the jt-synthesis design 
method are presented in Sect.32.3.3, In Sect. 32.3.4, 
we introduce a short-span seek control scheme using 
‘a dual-stage actuator based on decoupled feed forward 
reference trajectories generations. 


32.3.2 Overview of Dual-Stage Servo 
Control Design Methodolo, 


‘Various control design architectures and methodologies 
have been developed for dual-stage servo control design. 
‘They can be largely classified into two categories: those 
based on decoupled or sequential single-input-single- 
output (SISO) designs, and those based on modern 
optimal design methodologies, suchas LQG, LOG/LTR, 
‘Ho., and y.-synthesis, in which the dual-stage controllers 
are obtained simultaneously. 

Two constraints must be considered in dual-stage 
servo control design. First, the contribution from each 
‘actuator must be properly allocated. Usually the first 
stage actuator, or the coarse actuator, has a large moving, 
range but a low bandwidth while the second stage actu- 
ator, or the fine actuator, has a high bandwidth but small 
‘moving range. Second, the destructive effect, in which 
the two actuators fight each other by moving in opposite 
directions, must be avoided 


Classical S1S0 Design Methodologies 
Several architectures and design methodologies have 
been proposed to transform the dual-stage control de- 
sign problem into decoupled or sequential multiple 
SISO compensators design problems, for example, 
master-slave design, decoupled design [32.30], PQ 
‘method [32.31], and direct parallel design [32.32] 
igures 32,19 to 32.22 shows the block diagrams of 
dual-stage controller designs using these methods. In 
these figures, Gy and G2 represent the coarse actuator 
(VCM) and fine actuator (microactuator) respectively: 
x1 is the position of the coarse actuator; x; is the posi- 
tion of the fine actuator relative to the coarse actuator; 
Xp is the total position output; r is the reference input 
(funout), and PES is the position error, =r — Xp 
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Fig. 32.19 Master-slave design structure 
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Fig. 32.22 Parallel control design structure 


Master-slave Design. In a traditional master-slave 
structure, the absolute position error is fed to the fine 
actuator, and output of the fine actuator is fed to the 
coarse actuator, as shown in Fig. 32.19. The position 
error will be compensated by the high bandwidth fine 
actuator, The coarse actuator will follow the fine actuator 
to prevent its saturation, 


Decoupled Design. Figure 32.20 shows the decoupled 
design structure [32.30], which is similar to the master- 
slave structure, A summation of the fine actuator output 
and the position of the coarse actuator, is fed the coarse 
actuator, A very nice feature of this structure is that 
the control system is decoupled into two independent 
control loops, and the total sensitivity function is the 


product of the sensitivity functions of each of the con- 
trol loops [32.13]. Thus the two compensators C and 
Cz can be designed independently. Decoupled design 
is also referred to as decoupled master-slave design, or 
sensitivity function decoupling design. In Sect. 32.3.3, 
we will discuss details ofa track-following controller for 
MEMS microactuator dual-stage servo system designed 
using this method, 

Both the master-slave and the decoupled designs use 
the relative position of the fine actuator, xy. If relative 
position sensor is unavailable, x; can be estimated using 
‘a model of the fine actuator. 


PQ Design Method. The PQ method is another innova- 
tive design technique for control design of dual-input, 
single-output system [32.31]. A block diagram ofa dual- 
stage control design using this method is shown in 
Fig. 32.21 

In PQ design, P is defined by 


(32.11) 


and a dual-stage controller can be designed in two steps. 
‘The first involves the design of an auxiliary compen- 
sator Q for plant P, which is defined by 


a 
io 
Q is designed to parameterize the relative contribution 
of the coarse and fine actuators. The OdB. crossover 
frequency and phase margin of the open loop trans- 
fer function PQ are the design parameters inthe desiga 
of O. Atirequencies below the 0 dB crossover frequency 
of PO, the output is dominated by the coarse actuator, 
while at frequencies above the 0 dB crossover frequency, 
the output is dominated by the fine actuator. At the 0 dB 
crossover frequency, the contributions from the two actu- 
ators are equal. A large phase margin of PQ will ensure 
that the two actuators will not fight each other when 
their outputs are close in magnitude, thus avoiding any 
destructive effects 

‘The second step in the PQ design methodology is 
to design a compensator Co for SISO plant PQ such 
thatthe bandwidth (crossover frequency), gain margin, 
phase margin, and error rejection requirements of the 
overall control system are satisfied. 


Q (32.12) 


Direct Parallel Design. It is also possible to design 
the dual-stage controller directly using a parallel struc- 
ture, as shown in Fig. 32.22, by imposing some design 
constraints and by sequential loop closing [32.32] 
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‘The two constraints for parallel design in terms of 
the PES open loop transfer functions are [32.32] 
CUS)G(s) + C2(8)G2s) + C2(s)G2{s) , (32.13) 
at high frequencies and 
[C19)G(s) + Cx(8)G269)| > |C2(3)Gas)| 
(32,14) 
at low frequencies. The first constraint implies that open 
loop frequency response of the dual-stage control sys- 
tem at high frequencies approximately equals that of 
the fine actuator control loop. Thus the compensator 
‘C2(s) can be first designed independently as a SISO de- 
sign problem to satisfy the bandwidth, gain margin, and 
phase margin requirements of the dual-stage control sys- 
tem. The second constraint ensures that the fine actuator 
will not be saturated. Compensator Cy(s) can then be 
designed for the SISO plant model with the fine actu- 
ator control loop closed, such that the low frequency 
constraint and overall stability requirement are satisfied. 
‘This model is defined by 
Gus) 
FIG 
A dual-stage controller for a MEMS dual-stage ac- 
tuator servo system has been designed using this method 
and implemented at IBM. An open loop gain crossover 
frequency of 2.39kHz with gain margin 5.6dB and 
phase margin 33° was obtained. In experimental testing, 
a 1-0 TMR of 0.024 um has been achieved [32.32] 


Gs) (32.15) 


Modern MIMO Design Methodologies 
Since the dual-stage actuator servo system is a MIMO 
system, it is natural to utilize modem MIMO opti- 
‘mal design methodologies, such as LQG, LOG/LTR, 
Ho, and yesynthesis, to design the dual-stage con- 
troller. Usually MIMO optimal designs are based on 
the parallel structure shown in Fig.32.22, augmented 
‘with noise/disturbances models and other weighting 
functions to specify the control design performance 
objectives. 

Linear quadratic Gaussian (LQG) control combines 
a Kalman filter and optimal state feedback control 
‘based on the separation principle. However, the Kalman 
filter weakens the desirable robustness properties of 
the optimal state feedback control. Linear quadratic 
Gaussian/loop-transfer recovery (LOQGILTR) control re- 
covers robustness by a Kalman filter redesign process 
Examples of dual-stage control designs using LQG and 
LOQGILTR have been reported in [32.33-35] 

‘The LQG design methodology minimizes the Hz 
norm of the control system, while the Hae design 
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methodology minimizes the Ha, norm of the control 
system. -synthesis design methodology is based on the 
‘Hey design and accounts for plant model uncertainties 
during the controller synthesis process with guaran- 
teed robustness. Examples of dual-stage contral designs 
based on the Ha. and p-synthesis design methodolo- 
gies have been reported in [32.33, 36, 37]. A control 
design using y-synthesis for the MEMS microactuator 
ddual-stage servo system will be presented in Sect, 32.3.3 
Other advanced control theories also have been ap- 
plied to dual-stage servo contral designs, such as sliding 
‘mode control [32.38] and neural networks [32.39] 


32.3.3 Track-Following Controller Design 
for a MEMS Microactuator 
Dual-Stage Servo System 


MEMS microactuators for dual-stage servo application 
are usually designed to have a single flexure reso- 
nance mode between 1-2 kHz [32.8,40]. This resonance 
mode is usually very lightly damped and can have 
a £15% variations due to the differences in the fabrica- 
tion processes. Since the uncertain resonance frequency 
is relatively low and close to the open loop gain crossover 
frequency of the control system, robustness to these 
‘variations must be considered in the controller design, 


Controller Design Considerations for MEMS 
Microactuator Dual-stage Servo System 
Capacitive sensing can be utilized in MEMS micro- 
actuators to measure the position of the microactuator 
relative to the VM actuator [32.14 40]. However, this 
requires additional sensing electronics and wires to and 
from the head gimbal assembly (HGA), which result in 
additional fabrication and assembly costs. Thus, whether 
fr not a relative position sensor will be used in MEMS 
dual-stage servo systems is still an open question. Ifthe 
microactuator's resonance mode is lightly damped, it 
is susceptible to airflow turbulence and external distur- 
bances. The relative position signal can be utilized to 
damp the microactuator’s resonance mode. Dual-stage 
control can be classified as MIMO or SIMO designs 
according to the availability of the relative position 

signal 

Given the fact that the inertia of the MEMS micro- 
actuator is very small compared to that of the VM, the 
effect of the motion of the microactuator on the VCM ean 
be neglected, By feeding the control input of the VCM 
to the input of the microactuator with a proper gain, we 
can cancel the coupling effect of the VCM on the micro- 
actuator [32.13]. Thus the dual-stage control model can 
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be decoupled as the sum of the outputs of the VCM 
and the microactuator, as shown in Fig. 32.23, in which 
Gy, Gyyare the VCM and microactuator models respec- 
tively, and 1p is the absolute position of the read/write 
head, which equals the absolute position of the VCM, 
“ty, and the position of the microactuator relative to the 
VCM, RPES. 


Decoupled Track-Following Control Design 
and Self-Tuning Control 

Figure 32.24 shows a block diagram used for decou- 

pled control design ofa MEMS microactuator dual-stage 

servo systems [32.13] 


Sensitivity Function Decoupling Design Methodology. 
‘The part enclosed in the dashed box on the upper-right 
comer is the dual-stage plant model shown in Fig. 32. 
In the figure, Gy and Gyy are the VCM and micro- 
actuator models, respectively; xp isthe absolute position 
of the read/write head: x is the absolute position of the 


: = t 
2 ; {eons 


32.23 Dual-stage control plant 


Fig. 32.26 Decoupled dual-stage control design block dia- 


Fig. 32.25 The sensitivity block diagram 


VCM actuator; and RPES is the position of the micro- 
actuator relative to the VCM; r represents the track 
runout, and PES is the position error signal of the head 
relative to the data track, 

‘The decoupling control approach, originally intro- 
duced in [32.30], utilizes the PES and RPES signals to 
generate the position error of the VCM relative to the 
data track center, labeled as VPES, 


VPES 


PES +RPES =r—x (32.16) 
and this signal is fed to the VM loop compensator. 

As shown in the block diagram, three compensators 
need to be designed: the VM loop compensator Ky: 
the microactuator PES loop compensator Kg; and the 
microaetuator RPES minor loop compensator Kya = 
Kun/ Kas is used to damp the microactuator's flexure 
resonance mode and place the closed loop poles of the 
microactuator RPES loop at appropriate locations. The 
damped microactuator closed loop transfer function Gn. 
showin in the lower middle dashed box, is defined by 


Gu 
a 2am 
8 Kast Gm Kee ! ’ 
‘The total dus-stage open loop transfer function fom 
toxe, Gris 
Gr= Ky Gy-+Ky Get Ku Ga ky Gy. (32:8) 
It canbe shown that he block diagram in Fig. 32.24 
is equivalent to te sensitivity block diagram shown in 
Fig. 32.25, and the total closed loop sensitivity function 
from rto PES equals the product ofthe VCM and micro- 
setustor loop sensitivities, Sy and Sy, respectively 


1 
se VS. (32.19) 
where 
Sy2_—) __, §zat 
TER Gy TF Kn Ge 


‘Thus the dual-stage servo control design can be decou- 
pled into two independent designs: the VCM loop and 
the microactuator loop designs. The VCM loop sen- 
sitivity can be designed using traditional single-stage 
servo design methodologies, The microactuator loop 
sensitivity is designed to expand the bandwidth and 
increase the attenuation of low frequency runout and 
disturbances. 
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Closed Loop Sensitivity Design by Pole Placement. For 
atypical sampled second order system with the discrete 
time transfer function 


-1 
ay at Ba 
ole) ) 

Aolq') 
where q~! is one step delay operator; By (4° 
the plant zero polynomial, and Ay (q!) = 1-taig7!-+ 
4nq~? is the plant pole polynomial, The closed loop 
sensitivity function can be designed by pole placement, 
solving the following Diophantine equation [32.41 


A )=ale)s(r) 
sab (a!) R(e), 2.20 


where Ac (g7!) isthe desired closed loop characteristic 
polynomial, The closed loop sensitivity function, Gs, is 


os (4 fo (92.23 
and the discrete time controller C (q~!) is 
cfr ated bs 


‘Ac (q7!) ean be chosen such that the required band- 
‘width and system response are satisfied. Usually it is 
‘more intuitive to describe it with its continuous time 
equivalent parameters: the damping rato, ¢, and the nat- 
ural frequency, «. The damping ratio is directly related 
to the phase margin of the open loop transfer function 
For a typical design, it can be chosen to be equal to 
or greater than one, in order to ensure adequate phase 
‘margin, «is related to the control system's bandwidth, 
‘which is limited by sampling frequency and time delay, 
or the high frequency structural dynamics ofthe system, 


Dual-Stage Sensitivity Function Design. The com- 
pensators in the dual-stage servo system depicted in 
Fig, 32.24 can be designed by a two-step design pracess, 
as illustrated in Fig. 32.26. 

First, the VCM loop compensator Ky is designed 
to attain a desired VCM closed loop sensitivity Sy, as 
shown in the top part of Fig. 32.26, Its bandwidth, ave 
in Fig. 32.26, is generally limited by the E-block and 
suspension resonance modes. The design of this com- 
pensator can be accomplished using conventional SISO 
frequency shaping techniques. 

‘The second step of the design process involves the 
design of the microactuator loop compensators to attain 
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(a) 


4a) 


04a) 


xo Ohm Ove Oe 


Fig. 32.26 Illustration of dual-stage sensitivity Sy design 


auditional attenuation Sot, shown in the middle part of 
Fig. 32.26. This step is itself accomplished in two steps. 
Firs, the minor RPES loop compensator, Kx /Kes, is 
determined in order to damp the microactuator reso- 
nance mode and place the poles of Gx. or equivalently 
‘yin in Fig. 32.26, at desired locations. The compen- 
sator can be obtained by solving a Diophantine equation 
by pole placement as discussed in the previous sub- 
section. The poles of Gg will become the zeros of the 
‘microactuator loop sensitivity function, Sy. 

Finally, the PES loop compensator Ky is designed 
to place the poles, or equivalently. axtc in Fig. 32.26, 
of the microactuator loop closed loop sensitivity Sy. 
‘onic is limited by the PES sampling frequency and 
computational time delay [32.42] 

The total dual-stage sensitivity is shown in the bot- 
tom part of Fig. 32.26. For a given anc, the additional 
attenuation As, provided by the microactuator loop, will 
be determined by wnyg. In our proposed procedure, the 
initial value of exe can be chosen to be the same as yc. 
Iti then adjusted so the desired attenuation and phase 
‘margin requirements of the overall dual-stage system are 
satisfied. Decreasing oyyg increases the low frequency 
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attenuation of the closed loop sensitivity function Sp but 
also generally reduces the phase margin af open loop 
transfer function Gr. 

For SIMO design when the RPES is not available, 
the microactuator model can be used as an open loop 
observer to estimate the RPES. The combination of the 
‘open loop observer and the minor loop compensator is 
equivalent to a notch filter, 


Seyf-Tuning Control to Compensate Variations in the 
Microactuator's Resonance Mode, An adaptive control 
Scheme ean be combined with the decoupled discrete 
time pole placement design methodology described 
above to compensate variations in the microactuntor's 
resonance mode by tuning the miroactuator RPES inner 
loop compensator 

'A block diagram for the microactuator inner loop 
self-tuning control is shown in Fig. 32.27. The param- 
cter adaptation algorithm (PAA) isa direct self-tuning 
algorithm, based on the microactuator inner loop pole 
placement design 

‘Consider the microactuator open loop transfer func- 
tion in (32.21). Since the microactuators resonance 
rode is lightly damped, the zero ofthe microactuators 
diserete time transfer function i very clase to I (za ~ 1. 
‘Thus it is possible to factor out the “known” term 
(U-+2.g7!) from the Diophantine equation (32.22). The 
resulting RPES minor-loop closed loop dynamics is 
sven by 


Ac(a-t) 908) = a7'bo (14504 
» [Kes (a7) ant) + Ker (47) v0] 


‘where uy is the control input to the microactuator: y de- 
notes the position of the microactuator relative to the 


Fig. 32.27 Self-tuning control of the microactuator 


VCM, ie. y 
s(x 
Ry 


the regressor vector, $(K) and filtered regressor vec- 
tor, de(h), 


RPES, Defining: 


boKes(q7!) =so+sig7!, (32.25) 


) =token (y-!)=ntne, 


(32.26) 


(8) = [te urna (k = 1) vO) =D] 
Ae (a7!) ott) =(1420971) 00. 


(32.27) 
(32.28) 


and the controller parameter yeetor = [sp s1 ro nil", 
the closed loop RPES dynamics (32.25) can be rewriten 

yk) = OT betk— 1) (32.29) 
From (32.29), the controller parameter vector esti- 
mate (4) = [5o(k) $4(8) 7o(K) 71 (8)? can be updated 
using a standard recursive least square algorithm 
(RLS) [32.41] 


au 


Gk —1) + Pongrtkre"(h) . (32.30) 
°K) = yk) — 8k Dok D), (32.31) 
n= [ren 
Puk— Nok DaFik » 
—S— |. 
TOP = DAK 
(32.32) 
‘The control law is 
8(5.47!) unt 
= Siu) —R (keg!) ye), (32.33) 
with 
S(ka So(k) +81 (Kg (32.34) 
R(kg ) =o +Aie (32.35) 


and uy4(k) being the output of the microactuator fixed 
outer loop compensator Kyq, unt(k) being the control 
input to the microactuator. 


Dual-Stage Track-Following Control Design 
Using .-Synthesis 

‘The structured singular value, 1, sa measure of how big 

4 perturbation to a system needs to be to make the s} 


ey | 
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tem unstable, By incorporating a fictitious uncertainty 
block, robust performance in terms of the Hx. norm of 
the closed loop transfer function can be related to the 
value of j..4-synthesis is a robust optimal controller de- 
sign technique that attempts to minimize js through an 
iterative process [32.43]. 


Design Methodology. For controller design using 
uesynthesis, the model uncertainties are represented 
using linear fractional transformations (LFT). Distur- 
hances and outputs are weighted to characterize the 
real plant environment and the performance require- 
‘ments. A block diagram used for dual-stage j.-synthesis 
controller design is shown in Fig. 32.28 

In the block diagram, two model uncertainties, 
44 and 59, are considered. 5 is an additive uncertainty 
used to describe the VCM unmodeled dynamics. 5 ep- 
resents the parametric uncertainty inthe stiffness of the 
‘microactuator. 

Disturbance signals accounted for in the model in- 
clude the track runout r, input disturbances to the VCM 
ddycyt-input disturbances tothe microactuator dita, PES 
sensor noise n pes. and the RPES sensor noise ngpes. 
‘These disturbance signals are generated by passing nor- 
malized signals 7, Zycor. dyan. TPES. and TAPES through 
weighting functions W,, Wayem, Wastas Waees, and 
Wanpes. respectively, which can be either constants or 
frequency shaping filters. These weights are selected 
by the designer so that disturbances are modeled with 
sufficient fidelity 

‘The output signals in the synthesis model are head 
position error signal, PES, the microactuator relative po- 
sition signal, RPES, the VCM control input wryca4, and 


the microactuator contol input uy.a. These signals are 
multiplied by scaling factors, Woes. Waves, Wavens 
and W,xta. respectively. to produce the weighted per- 
formance signals PES, RPES. TW, THR: The scaling 
factors are selected to characterize the performance 
requirements. 

Given a set of input and output weights and plant 
uncertainties ifthe synthesized controller achieves 

usp. (2.36) 
the closed loop transfer function, T, from the normalized 
disturbances 


a= [Fan dia 77ES TRPES| (32.37) 
to the weighted performance signals 

z= [PES RPES moar mmr] (32.38) 
‘will have infinity norm 

IT. =8+ (32.39) 
for perturbations 

Hi =[]21° (22.40) 

0m 


The interpretation of Hx, as the RMS gain of the 
sinusoidal signals to help understand the design is as 
follows. Assume that each element Z; of the disturbance 
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diagram 


Fig. 32.28 yesymthesis design block 
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input vector in (32.37) is a sinusoid of the form 


To = D, sin(oyt + wi) (32.42) 
such that 
Yrs! (32.42) 


= 


‘Then the steady state response of output in (32.38) will 
also be a sinusoid of the form 


E70) 


E,sin(oyt +61). (32.43) 


and 


ese, 


under the perturbations defined in (32.40), 


(32.44) 


Weighting Functions for \.-Synthesis Design. Perfor- 
‘mance weights are chosen based on limits that the error 
signals should not exceed. The limit on the PES is based 
on a rule of thumb commonly used in the disk drive in- 
dustry which states that the position error of the head 
should not exceed 1/10 of a track width during track 
following. RPES is limited by the stroke limit of the 
microactuator. Thus, 
10 L 

Tackewian) YRPES 


Wes = ‘Sroke limit 


(32.45) 
Weights on control inputs are based on the control input 
saturations. 


1 L 
Woma 


We 
bs Tow” 

(52.46) 
Where (iy)nux and (v9q)mus are the maximum drive eur- 
rent of the VCM and the maximum drive voltage of the 
ricroaetuator respectively. 

‘The weights for PES noise, npps, and the dis- 
turbance to the VCM, waves, were determined by 
extrapolating the PES decomposition results presented 
in [32.29]. The weight of the RPES sensing noise, 
‘nRPES-is assumed to be 8nm [32.14]. The disturbance 
weight, way, is assumed to be 0.1 V in the desigo. 

‘The munout weighting function is a low pass fil 
ter that captures the combined effects of track runout, 
mechanical vibrations, and bias force disturbance to 
PES, 


max 


2x 10-8(s+ 2 10) 


W, : 
(62 x 1000) 


(32.47) 


‘The combination of WpEs and W, determines the closed 
loop sensitivity function from r to PES, (3), of the dual- 
stage system, If the designed control system achieves 
sapeak jx value of ff, we have 


[Wesson], <8 (52.48) 


If f=, the magnitude of bode plot of S(s) lies below 
that of 1/Wppes W: 

For SIMO design, the controller to be synthesized 
has only one input. Inthe synthesis model, RPES is not 
fed to the controller K, and RPES noise Myes and its 
weights Wyapes are not used. 


Design and Simulation Results 
Figure 32.29 shows the Bode plots of the open loop 
transfer functions from r to xpp and the closed loop 
sensitivity functions of the two designs, respectively. 
Sampling frequency was chosen to be 20kHz in both 
designs 

For the decoupled MIMO design, the gain crossover 
frequency, gain margin, phase margin of the open loop 
system are 2,201 Hz, 9.1 dB, and 48.8°, respectively. For 
the decoupled SIMO design, they are 2,381 Hz, 8.7 dB, 
and 30.6%, respectively. 

For ji-synthesis MIMO design, the gain crossover 
frequency, gain margin, phase margin of the open loop 
system are 2,050Hz, 9.5dB, 66.0°, respectively. For 
h-synthesis SIMO design, they are 2,223 Hz, 2.94B, 
32.0", respectively. 

‘The above controller designs have not been im- 
plemented on a MEMS microactuator dual-stage servo 
system, Controllers designed using both methods have 
been tested on a PZT actuated suspension dual-stage 
servo system, however, validating their effective- 
ness [32.44]. 

Figure 32.30 shows the simulation of control param- 
eters adaptation for the self-tuning controller, when the 
real microactuator resonance frequency is 1.2 times its 
nominal value. The controller parameters converge to 
their desired values. Similar responses were obtained 
when the real resonance frequency is 0.8 times the 
nominal value 


32.3.4 Dual-Stage Seek Control Design 


Because the inertia of a microactuator is much smaller 
than that of the VCM, it can produce a larger 
acceleration and move faster than the VCM. The mo- 
tion range of a microactuator is usually limited to 
a few micrometers, however. Thus the performance 
improvement in seek control made possible by using 
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moderation > inductor 


A 0.001 0.000001 
10 0.01 0.00001 
100 o4 0.0001 
1,000 4 0.001 
10,000 10 0.01 
100,000 100 oa 
4,000,000 1,000 1 


Figure 14-20. Inductance is typically measured in nano: 
hhenrys (nk). microhenrys (pH). and milinenrys (mH). 
Equivalent values in these units are shown here 


straight wire), the reactance will tend toward 
zero. Conversely, the inductor will impede cur- 


rent increasingly as the frequency and/or the in- 
ductance increases. 


Calculating Reluctance 

The letter Sis often used to represent reluctance, 
while Greek letter customarily represents per- 
meability (not to be confused with the use of 
asa multiplication factor of 1/1,000,000, as in pF, 
meaning “microfarad’). If A is the area of cross- 
section of the magnetic circuitand Lisits length: 


S=L/pra 


Datasheet Terminology 

A typical manufacturer's datasheet should in- 
clude an inductance index for an inductor, ex- 
pressed in uH per 100 turns of wire (assuming the 
wire isin a single layer) for inductors with a pow- 
dered iron core, and mH per 1,000 turns of wire 
for inductors with ferrite cores. 


The DCR is the DC resistance of an inductor, de- 
rived purely from the wire diameter and its 
length. 


The SAF is the self-resonant frequency. An induc- 
tor should be chosen so that AC current passing 
through it will never get close to that frequency. 


ISAT (or |.) is the saturation current, which re- 
sults in a magnetic core losing its function as a 
result of magnetic saturation. When this occurs, 
inductance drops and the charge current rate in- 
creases drastically. 


Sel 


Because the inductance of a coil conducting DC 
current is proportional to the current, the calcu- 
lations to derive the total inductance of coils in 
series or in parallel are identical to the calcula- 
tions used for resistors. 


In series, all the coils inevitably pass the same 
current, and the total inductance is therefore 
found by summing the individual inductances. 
When coils are wired in parallel, the current dis- 
tributes itself according to the inductances; 
therefore, if L1 is the reluctance of the first coil, 
L2isthe reluctance of the second coil, and so on, 
the total reluctance L of the network is found 
from the formula: 


Leafs alas afla, . 


This is shown in Figure 14-21. In reality, differ- 
ences between the coils (such as their electrical 
resistance), and magnetic interaction between 
the coils, will complicate this simple relationship. 


Time Constant 

Just as the time constant of a capacitor defines 
the rate at which it accumulates voltage when 
poweris applied through a resistor, the time con- 
stant of an inductor defines the rate at which it 
gradually allows amperage to pass through it, 
‘overcoming the EMF generated by the coil. In 
both cases, the time constant is the number of 
seconds that the component requires to acquire 
approximately 63% of the difference between its 
current value and its maximum value. In the case 
of an inductor, suppose we assume zero internal 
resistance in the power source, zero resistancein 
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Fig. 32.29 (a) Open loop Bode plot of the decoupled design; (b) open loop Bode plot of the j-synthesis design; (c) closed loop 


sensitivity Bode plot of the decoupled design; (d) closed loop sensitivity Bode plot ofthe p-synthesis design 


dual-stage actuation will mainly be in short distance 
seeks. 

‘Two degree-of-freedom (DOF) position control 
hhas been a very popular control technique in short 
distance seeks. A 2-DOF control technique utiliz- 
ing decoupled feed forward reference trajectories has 
been developed for short span seek control using 
a PZT actuated suspension dual-stage servo sys- 
tem [32.45]. The same technique can also be applied to 
seek control of MEMS microactuator dual-stage servo 
system, 
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Figure 32.31 shows a block diagram for dual-staze 
short span seek control design using this method. In 
the figure, x4 and af are the desired seck trajecto- 
ries of the VCM and the microactuator respectively 
Kp and Ky are Zero Phase Error Tracking Feed For- 
‘ward Controllers (ZPETFEC) generated using with the 
VCM model Gy and the damped microactuator model 
Gp [32.46]. 

‘To minimize the residual vibration after seek opera- 
tion, minimum jerk seek trajectories were applied to both 
the VCM and the microactuator. These can be generated 
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Fig. 32.30 Control parameters adaptation response 


by [32.47] 


do 


hae 

in) 
(32.49) 

d(t)'+e(a)'] esr 


tT 
(32.50) 


where dy is the distance of the head from the target 
track; T is the time when the head reaches the target 
track if dual-stage actuator is used, while Ty is the time 
when the head reaches the target track if only VCM is 


32.4 Conclusions and Outlook 


In order to increase hard disk drive storage density, 
high bandwidth dual-stage servo systems are necessary 
to suppress disturbances and increase servo precision. 
‘Various prototype MEMS microactuators have been de- 
signed and fabricated to provide a dual-stage actuation 
system. The most common approach for these proto- 


Fig. 32.31 Dual-stage seek control design 
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Fig. 32.32 Dual-stage short span seek response 


used. Ty and 7’ can be chosen based on the control force 
saturation and seek performance requirements 

Figure 32.32 shows the 1 jum seek responses of the 
dual-stage actuator for the MIMO design. Overshoot was 
eliminated, and no obvious residual vibrations occured. 
‘The seek time using the dual-stage actuator is about 
(0.25 ms, compared to a seek time of about 0.7 ms if only 
the VCM is used, 


types is to use electrastatic driving arrays produced by 
MEMS fabrication methods, 

MEMS microactuators provide a potentially high 
performance and low cost solution for achieving the 
servo requirements for extremely high HDD storage 
density. Simulations and experiments show that many 
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MEMS microactustor features, such as integrated sil- 
icon gimbals and capacitive relative position sensing 
arrays, can meet important requirements for operation 
of HDDs, The use of structural electrical-isolation in the 
‘microactuator design could considerably reduce micro- 
actuator driving voltages, while processes that avoid the 
use of silicon-on-insulator wafers or high-temperature 
processing steps could reduce manufacturing costs, High 
bandwidth dual-stage track-following controllers have 
been designed using both a decoupled SISO design 
‘method and robust p-synthesis design method, among 
others. In addition, short-span seeking control using a 
2-DOF control structure with decoupled feed forward 
trajectory generation can greatly reduce the short span 
seek time. 

Research remains to be done in the areas of system 
integration, reliability, and performance enhancement 
for this technology to be utilized in commercial prod- 
ucts, Cost and reliability are probably the mostimportant 
obstacles to commercial implementation of actuated 
slider dual-stage servo systems at this time. Streamlining 
of microactuator fabrication processes or development 
‘of a process compatible with that of the slider and head 
fabrication could reduce manufacturing costs, which 
fare not quite yet economical. Meanwhile, dynamic 
behavior and feliability of the microactuator under 
disturbances from airflow, head-disk interaction, and 
particle presence are being experimentally studied by 
industry 

Further in the future, to achieve nanometer servo 
precision, third-generation dual-stage servo systems will 
have to employ an actuated head approach, Research in 
this area has just started, with the key problem being how 
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to combine microactuator fabrication with read/write 
head fabrication, Another area of research is the use 
of MEMS technology to incorporate additional sen- 
sors, such as accelerometers and strain gauge vibration 
sensors, to suppress the TMR due to airflow and ex- 
ternal disturbances excited structural vibrations, New 
robust, adaptive MIMO control architectures and algo- 
rithms must be developed for such a multisensing and 
multiactuation servo system. 

Besides the application of MEMS microactuators 
in dual-stage servo control of traditional rotating me- 
dia magnetic HDDs, recent advances in MEMS and 
nanotechnology have made possible the development 
of anew class of miniaturized ultra-high density storage 
devices that use probe arrays for recording and read- 
ing data, This new architecture abandons the traditional 
rotating media and flying slider paradigm in favor of par- 
allel x-y scanning of entire probe arrays over a storage 
‘medium. The probe arrays and/or the media are moved 
with electrostatic or electromagnetic microactuators that 
generate ‘-y in-plane relative motion, as well as =. 
axis out-of-plane relative motion, One example of thi 
new generation of storage devices is IBM’s “millipede, 
‘which utilizes atomic force microscopy (AFM) record- 
ing technology [32.48]. Data is recorded on a polymer 
media by tiny depressions melted by a thermomechan- 
ical process by the AFM tips. 400 Gb/in. bit patterns 
have been demonstrated using thermal probes. 

By any of the paths above, MEMS and nano- 
technology will hecome a basic enabling technology for 
the development of future data storage devices, offering 
the capabilites of small size, low power consumption, 
ultrashigh densities, low cost, and high performance. 
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33. Micro/Nanotribology of MEMS/NEMS Materials 
and Devices 


‘The field of MEMSINEMS has expanded considerably 
over the last decade. The length scale and large 
surface-to-volume ratio of the devices result in 
very high retarding forces such as adhesion and 
friction that seriously undermine the performance 
and reliability of the devices. These tribological 
phenomena need to be studied and understood at 
the micro- to nanoscales. In addition, materials 
for MEMSINEMS must exhibit good microscale 
tribological properties. There is a need to develop 
lubricants and identify lubrication methods 
that are suitable for MEMSINEMS. Using AFM- 
based techniques, researchers have conducted 
‘micro{nanotribological studies of materials and 
lubricants for use in MEMSINEMS. In addition, 
‘component level testing has also been carried 
out to aid in better understanding the observed 
tribological phenomena in MEMSINEMS, 

Macroscale and microscale tribological studies 
of silicon and polysilican films have been per- 
formed. The effects of doping and oxide films 
and environment on the tribological properties of 
these popular MEMSINEMS materials have also been 
studied. SiC film is found to be a good tribological 
‘material for use in high-temperature MEMSINEMS 
devices. Hexadecane thiol self-assembled mono- 
layers and bonded perfluoropolyether !ubricants 
appear to be well suited for lubrication of microde- 
Vices under a range of environmental conditions. 
DLC coatings can also be used for low friction 
and wear. Surface roughness measurements of 
‘micromachined polysilicon surfaces have been 
made using an AFM. The roughness distribution 
‘on surfaces is strongly dependent on the fabri- 
cation process. Roughness should be optimized 
for low adhesion, friction, and wear. Adhesion 
and friction of microstructures can be measured 
using novel apparatuses. Adhesion and friction 
‘measurements on silicon-on-silicon confirm AFM 
‘measurements that hexadecane thiol and bonded 
perfluoropolyether films exhibit superior adhesion 
and friction properties. Static friction force mea 
surements of micromotors have been performed 
Using an AFM. The forces are found to vary 
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considerably with humidity, A bonded layer of per- 
fluoropolyether lubricant is found to satisfactorily 
reduce the friction forces in the micromotor. 

AFMIFFM-based techniques can be satisfactorily 
Used to study and evaluate micro/nanoscale tribo- 
logical phenomena related to MEMSINEMS devices. 

This chapter presents a review of macro- and 
‘micto/nanoscale tribological studies of materials 
and lubrication studies for MEMSINEMS and 
component-level studies of stiction phenomena 
in MEMSINEMS devices. 
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Microelectromechanical systems (MEMS) refer to 
microscopic devices that have a characteristic length 
of less than Imm but more than 1 jim and combine 
electrical and mechanical components. Nanoelectrome- 
chanical systems (NEMS) refer to nanoscopic devices 
that have a characteristic length of less than I yum 
and combine electrical and mechanical components. 
In mesoscale devices, if the functional components 
are on the micro- or nanoscale, they may be referred 
to as MEMS or NEMS, respectively. To put the di- 
mensions and masses in perspective, see Fig. 33.1 and 
‘Table 33.1. Theacronym MEMS originated in the United 
States. The term commonly used in Europe and Japan 
is micro/nanodevices, which is used in a much broader 
sense, MEMS/NEMS terms are also now used in a broad 


MEMS ~ characteristic length 
ethan Im, 
larger than Tym 


NEMS —less than 1000nm 


sense. A micro/nanosystem, a term commonly used in 
Europe, is referred to as an intelligent miniaturized sys- 
tem comprising sensing, processing, and/or actuating 
funetions, 

Fabrication techniques include top-down methods, 
in which one builds down from the large to the small, 
and the bottom-up methods, in which one builds up 
from the small to the large, Top-down methods include 
micro/nanomachining methods and methods based on 
lithography, as well as nonlithographic miniaturization 
for MEMS and NEMS fabrication, In the bottom- 
up methods, also referred to as nanochemistry, the 
devices and systems are assembled from their elemen- 
tal constituents for NEMS fabrication, much like the 
Way nature uses proteins and other macromolecules to 
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Fig. 3.1 Dimensions of MEMS and NEMS in perspective. An example of molecular dynamic simulations of carbon- 
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Table 33.1 Dimensions and masses in perspective 


<1,0000m | 


‘ypically fraction of nm in diameter 


construct complex biological systems. The bottom-up 
approach has the potential to go far beyond the limits of 
top-down technology by producing nanoscale features 
through synthesis and subsequent assembly. Further- 
‘more, the bottom-up approach offers the potential to 
produce structures with enhanced and/or completely 
new functions. It allows the combination of mater- 
ils with distinct chemical composition, structure, and 
‘morphology. 

MEMS and emerging NEMS are expected to have 
8 major impact on our lives, comparable to that of 
semiconductor technology, information technology, or 
cellular and molecular biology [33.4,5]. MEMS/NEMS 
are used in mechanical, information/communication, 
chemical, and biological applications. The MEMS in- 
dustry in 2000 was worth about $15 billion and, with 


33.1 Introduction to MEMS 


‘The advances in silicon photolithographic process tech- 
nology beginning in the 1960s led to the development of 
‘MEMS in the early 1980s, More recently, lithographic 
processes have been developed to process nonsilicon 
‘materials. The lithographic processes are being comple- 
‘mented with non-lithographic processes for fabrication 
‘of components or devices made from plastics or ceram- 
ies. Using these fabrication processes, researchers have 
fabricated a wide variety of miniaturized devices, includ- 
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2 projected 10-20% annual growth rate, is expected 
to be more than $100 billion by the end of this 
decade [33.6]. Growth of Si MEMS may slow down 
and non-silicon MEMS may pick up during this decade, 
The NEMS industry is expected to expand in this 
decade, mostly in biomedical applications, as well as 
in nanoelectronics or molecular electronics. The NEMS 
industry was worth about $100 million in 2002 and inte- 
arated NEMS are expected to be more than $25 billion 
by the end of this decade. Due to the enabling nature 
of these systems, and because ofthe significant impact 
they can have on both commercial and defense applica- 
tions, industry, as well as the federal government have 
taken a special interest in seeing growth nurtured inthis 
field. Micro- and nanosystems are the next logical step 
in the “silicon revolution.” 


ing Si-based devices, chemical and biological sensors 
and actuators, and miniature non-silicon structures (e.g., 
devices made from plastics or ceramics) with dimen- 
sions in the range of a couple to a few thousand microns 
(see eg., (33.7-15]). MEMS for mechanical applica 
tions include acceleration, pressure, flow, gas sensors, 
linear and rotary actuators, and other microstructures 
for microcomponents such as electric motors, gear 
trains, gas turbine engines, nozzles, fluid pumps, fluid 
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valves, switches, grippers, and tweezers. MEMS for 
‘chemical applications include chemical sensors and vari- 
‘ous analytical instruments. Microoptoclectromechanical 
systems, or MOEMS, include micromisror arrays and 
fiber optic connectors. BIOMEMS include biochips. 
Radio frequency MEMS or RF-MEMS include indue- 
tors, capacitors, and antennas. High-aspect-ratio MEMS 
(HARMEMS) have also been introduced. 

‘The fabrication techniques for MEMS devices in- 
clude lithographic and non-lithographic techniques. The 
lithographic techniques fall into three basic categories: 
bulk’ micromachining, surface micromachining, and 
LIGA (a German acronym for Lithographie Galvanofor- 
mung Abformung), a German term for lithography, 
electroforming, and plastic molding. The first two ap- 
proaches, bulk and surface micromachining, use planar 
photolithographic fabrication processes developed for 
semiconductor devices in producing two-dimensional 
(2-D) structures [33.10, 15-17]. The various steps in- 
volved in these two fabrication processes are shown 
schematically in Fig. 33,2. Bulk micromachining em- 
ploys anisotropic etching to remove sections through 
the thickness of a single-crystal silicon wafer, typically 
250) to 500 um thick. Bulk micromachining is a proven 
high-volume production process and is routinely used 
to fabricate microstructures. such as accelerometers, 
pressure sensors, and flow sensors. In surface microma- 
chining, structural and sacrificial films are altematively 
deposited, patterned and etched to produce a free- 
standing structure. These films are typically made 
of low-pressure chemical vapor deposition (LPCVD) 
polysilicon film with 2 to 20pm thickness, Surface 
micromachining is used to produce sensors, actuators, 
and complex microdevices such as micromirror arrays, 
motors, gears, and grippers. 

‘The LIGA process is based on the combined use 
of X-ray lithography, electroforming, and molding pro- 
cesses. The steps involved in the LIGA process are 
shown schematically in Fig. 33.3, LIGA is used to pro- 
duce high-aspect-ratio MEMS (HARMEMS) devices 
that are up to | mm in height and only a few microns in 
width or length [33.18], The LIGA process yields very 
sturdy 3-D structures due to their increased thickness, 
One of the limitations of silicon microfabrication pro- 
cesses originally used for fabrication of MEMS devices 
is the lack of suitable materials that can be processed. 
With LIGA, a variety of non-silicon materials such 
tas metals, ceramics, and polymers can be processed. 
Nonlithographic micromachining processes, primarily 
in Europe and Japan, are also being used for fabrica- 
tion of millimeter-scale devices using direct material 
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Fig. 33.2 Schematics of process steps involved in bulk 
micromachining and surface micromachining fabrication 
‘of MEMS 


Silicon 


microcutting or micromechanical machining (such as 
microturning, micromilling, and microdrilling), or re- 
moval by energy beams (such as microspark erosion, 
focused ion beam, laser ablation, and laser polymeriza- 
tion) [33.1920], Hybrid technologies, including LIGA 
and high-precision micromachining techniques, have 
been used to produce miniaturized motors, gears, act 
tors, and connectors [33.21-24]. These millimeter-scale 
devices may find more immediate applications. 
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How to Use it 


ub 


Total Inductance = L1. +L +L3 


41/Total Inductance = 
Yi + Yl. + 4/13 


Figure 14-21. Calculating the total inductance of induc 
tors in parallel (top) and series (bottom). 


the coil windings, and an initial current of zero. If 
Lis the inductance of the coil and Ris the value 
of the series resistor, then the time constant—TC 
given in seconds by the formula 


C=L Y/R 


Therefore a coil of 10 millihenrys (0.01 Henry) in 
series with a 100-ohm resistor will pass 63% of 
the full current in 0.0001 seconds, or 1/10 of a 
millisecond; it will take an equal additional 
amount of time for the current to rise by another 
63% of the remaining difference between its 
charge and the maximum amperage of the cir- 
cuit. In theory, the reactance of a coil can never 
diminish to zero, but in practice, five time con- 
stants are considered adequate to allow maxi- 
mum current flow. 


How to Use it 


Because the inductance of an inductor peaks as 
currentincreases,andthen gradually diminishes, 


power > moderation > inductor 
an inductor can be used to block or attenuate 
high frequencies. A circuit that does this is often 
referred to asa low-pass filter. The schematicand 
a graph suggesting its performance are shown 
in Figure 14-22. A basic application could be the 
crossover network in a loudspeaker system, 
where high-frequency signals are blocked from 
a low-frequency driver and are diverted to a 
high-frequency driver. 
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Figure 14-22. By using the ability of an inductor to black 
2 range of frequencies, a low-pass filter blocks higher fre 
‘quencies. 


If the location of the inductor is shifted so that it 
shunts the signal away from the output, the re- 
sults are reversed, and the circuit becomes a 
high-pass filter. The schematic and a graph sug- 
gesting its performance are shown in 
Figure 14-23, 

Note that capacitors may also be used to create 
frequency filters, but because their function is 
roughly inverse to that of inductors, the place- 
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LIGA 


Resist 
structure 
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33.3 Schematic of process steps involved in LIGA 
fabrication of MEMS. 


A microfabrication technique, so-called “soft lith- 
ography,” is a nonlithographic technique [33.25.26] in 
which an elastomeric stamp or mold is used to generate 
micropattems by replica molding [33.27], embossing 
(imprinting) [33.28], or by contact printing (known 
as microcontact printing or wCP) [33.29]. Replica 
‘molding is commonly used for mass-produced, dispos- 
able plastic microcomponents, for example, microflu- 
idic chips, generally made of poly(dimethylsiloxane) 
(PDMS) and polymethyl methacrylate (PMMA). The 
clustomeric stamps are generally cast from photolith- 
graphically generated micropatterned masters. This 
technique is substantially cheaper and more flexible in 
choice of materials for construction than conventional 
photolithography. 

To assemble microsystems, microrobots are used. 
Microrobotics include building blocks such as steering 
links, microgrippers, conveyor system, and locomotive 
robots [33.13] 

A variety of MEMS devices have been produced and 
some are commercially used [33.8, 10-12, 14,15]. A va- 
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riety of sensors are used in industrial, consumer, defense, 
and biomedical applications. Various microstructures or 
microcomponents are used in micro-instruments and 
other industrial applications such as micromirror ar- 
rays. Two of the largest “killer” industrial applications 
are accelerometers (about 85 million units in 2002) 
and digital micromisror devices (about $400 million 
in sales in 2001). Integrated capacitive-type, silicon 
accelerometers have been used in airbag deployment 
in automobiles since 1991 [33.30,31]. Accelerometer 
technology was about a billion-dollar-a-year industry in 
2001 dominated by Analog Devices, followed by Mo- 
torola and Bosch. Commercial digital light processing 
(DLP) equipments, using digital micromirror devices 
(DMD), were launched in 1996 by Texas Instruments 
for digital projection displays in portable and home 
theater projectors, as well as table top and projection 
‘TVs [33.32-34], More than 1.5 million projectors were 
sold before 2002. Other major industrial applications in- 
clude pressure sensors, inkjet printer heads and optical 
switches, Silicon-based piezoresistive pressure sensors 
for manifold absolute pressure sensing for engines were 
Jaunched in 1991 by NovaSensor, and their annual sales 
‘were about 25 million units in 2002. Capacitive pressure 
sensors for tire pressure measurements were launched 
by Motorola, Annual sales of inkjet printer heads with 
microscale functional components were about 400 mil- 
lion units in 2002. Other applications of MEMS devices 
include chemical sensors, gas sensors, infrared detec- 
tors and focal plane arrays for earth observation, space 
science, and missile defense applications, pico-satellites 
for space applications, and many hydraulic, pneumatic, 
and other consumer products. MEMS devices are also 
being pursued in magnetic storage systems [33.35], 
where they are being developed for super-compact and 
ultrahigh-recording-density magnetic disk drives. Sev- 
cral integrated head/suspension microdevices have been 
fabricated for contact recording applications [33.36,37] 
High-bandwidth servo-controlled microactuators have 
been fabricated for ultrahigh-track-density applications 
that serve as the fine-position control element of 
a two-stage, course/fine servo system, coupled with 
‘a conventional actuator [33.3840]. 

BIOMEMS are used increasingly in commercial and 
defense applications (e,g., (33.8,41-44]). Applications 
of BIOMEMS include biofluidic chips (microfluidic 
chips or bioflips or simply biochips) for chemical and 
biochemical analyses (biosensors) in medical diagnos- 
tics (eg, DNA, RNA, proteins, cells, ood pressure and, 
assays, and toxin identification) and implantable phar- 
‘maceutical drug delivery. The biosensors, also referred, 
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to as lab-on-a-chip, integrate sample handling, separa- 
tion, detection, and data analysis onto one platform. 
Biosensors are designed to either detect a single or class 
of (bio)chemicals or system-level analytical capabilities 
for a broad range of (bio)chemical species known as 
‘micro total analysis systems (jw TAS). The chips rely on 
microfluidics and involve manipulation of tiny amounts 
of fluids in microchannels using microvalves. The chips 
consist of several basic components, including microflu- 
die channels and reservoirs, microvalves, micropumps, 
flow sensors, and biosensors. The test fluid is injected 
into the chip generally using an external pump or a sy- 
ringe for analyses. Some chips have been designed with 
tn integrated electrostatically actuated diaphragm-type 
micropump. Micropumps both with and without valves 
are used. The sample, which can have volume measured 
in nanoliters, flows through microfluidic channels via an 
electric potential and capillary action using microvalves 
(having various designs, including membrane type) for 
various analyses. The fluid is preprocessed and then an- 
alyzed using a biosensor. For a review on micropumps 
and microvalves, see [33.11,45,46]. Silicon-based dis- 
posable blood-pressure sensor chips were introduced in 
the early 1990s by NovaSensor for blood pressure mon- 
itoring (about 20 million units in 2002). A blood sugar 
monitor, referred to as GlucoWateh, was introduced in 
2002. It automatically checks blood sugar every 10min 
by detecting glucose through the skin, without having 
to draw blood. If glucose is out of the acceptable range, 


33.2 Introduction to NEMS 


NEMS ste produced by nanomachining ina typ- 

top-down approach (fom large to small) and 
bottom-up approach (from small to large) largely re- 
lying on nanochemistry [3348-53], The top-down 
approach relies on fabrication methods, including ad- 
vanced integrted-circut (IC) lithographic methods 
“electron-beam lithography and STM writing. by 
removing material slom by atom. The bottom-up ap- 
proach includes chemical syathesis, the spontaneous 
“Self-assembly” of molecular chsters (molecular self 
assembly) from simple agents in solution, or biological 
molecules (eg, DNA) as building blocks to produce 
3-D nanostructures, quantum dots (nanocrystals) of a 
bitrary diameter (about 10~10° atoms), molecular hear 
epitaxy (MBE) and organometallic vapor phase epitaxy 
(OMVPE) to create specialized crystals one atomic oF 


it sounds an alarm so the diabetic can address the prob- 
Jem quickly. A variety of biosensors, many using plastic 
substrates, are manufactured by various companies, in- 
cluding ACLARA, Agilent Technologies, Calipertech, 
and LSTAT. 

‘Afterthe tragedy of Sept. 11,2001, concern over bio- 
logical and chemical warfare has led tothe development 
of handheld units with bio- and chemical sensors for de- 
tection of biological germs, chemical or nerve agents, 
and mustard agents, and chemical precursors to pro- 
tect subways, airports, water supply, and population at 
large [33.47] 

‘Other BIOMEMS applications include minimal in- 
vasive surgery, including endoscopic surgery. laser 
angioplasty, and microscopic surgery. Implantable ar- 
tificial organs can also be produced, 

Micro-instruments and micromanipulators are used 
to move, position, probe, pattern, and characterize 
nanoscale objects and nanoscale features. Miniatur- 
ized analytical equipment include gas chromatography 
and mass. spectrometry. Other instruments include 
micro-STM, where STM stands for scanning tunneling 
microscope, 

Insome cases, MEMS devices are used primarily for 
their miniature size, While in others, as in the case of air 
bags, they are used because of their low-cost manufic- 
turing techniques, since semiconductor-processing costs 
have reduced drastically over the last decade, allowing 
the use of MEMS in many fields 


molecular layer ata time, and manipulation of individ- 
ual atoms by anatomic force microscope or atom optics. 
‘The self-assembly must be encoded. That is, one must 
be abl to precisely assemble one object next to another 
to form adesigned patter. A variety of nonequilibrium 
plasma chemistry techniques are also used to produce 
layered nanocomposites, nanotubes, and nanoparticles. 
“The NEMS field, in addition to fabrication of nanosys- 
tems, has provided the impetus to develop experimental 
and computation tools. 

Examples of NEMS include nanocomponents,nano- 
devices, nanosystems, and nanomaterials such 3s 
microcunilevers with integrated. sharp nanotips for 
STM and atomic force microscopy (AFM), AFM array 
(millipede) for data storage, AFM tips for nanolithog- 
raphy, dip-pen nanolithography for printing molecules, 
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biological (DNA) motors, molecular gears, molecu- 
larly thick films (e.g., in giant magnetoresistive or 
GMR heads, and magnetic media), nanoparticles (e.g., 
‘nanomagnetic particles in magnetic media), nanowires, 
carbon nanotubes, quantum wires (QWRs), quantum 
boxes (QBs), and quantum transistors. BIONEMS 
include nanobiosensors — a microarray of silicon 
nanowires, roughly a few nm in size, to selectively 
bind and detect even a single biological molecule such 
as DNA or protein by using nanoelectronics to detect 
the slight electrical charge caused by such binding, or 
‘a microarray of carbon nanotubes to electrically detect, 
glucose, implantable drug-delivery devices ~e-g.,micro/ 
‘nanoparticles with drug molecules encapsulated in fune- 
tionized shells for a site-specific targeting applications 


and silicon capsule with a nanoporous membrane filled. 
with drugs for long-term delivery ~ , nanodevices for 
sequencing single molecules of DNA in the Human 
Genome Project, cellular growth using carbon nanotubes 
for spinal cord repair, nanotubes for nanostructured ma- 
terials for various applications such as spinal fusion 
devices, organ growth, and growth of artificial tissues 
using nanofibers. 

Nanoelectronics can be used to build computer 
memory using individual molecules or nanotubes 10 
store bits of information, molecular switches, molecu- 
lar or nanotube transistors, nanotube flat-panel displays, 
nanotube integrated circuits, fast logic gates, switches, 
rnanoscopic lasers, and nanotubes as electrodes in fuel 
cells 


33.3 Tribological Issues in MEMS/NEMS 


‘Tribological issues are important in MEMS/NEMS re- 
quiring intended and/or unintended relative motion. In 
MEMS/NEMS, various forces associated with the de- 
vice scale down with size, When the length of the 
‘machine decreases from Imm to 1 yim, the area de- 
creases hy a factor of a million and the volume decreases 
by a factor of a billion. As a result, surface forces 
such as adhesion, friction, meniscus forces, viscous drag 
forces, and surface tension that are proportional to area 
become a thousand times larger than the forces propor- 
tional to the volume such as inertial and electromagnetic 
forces. In addition to the consequence of a large surface- 
to-volume ratio, since MEMS/NEMS are designed for 
small tolerances, physical contact becomes more likely, 
‘which makes them particularly vulnerable to adhesion 
between adjacent components, Since the start-up forces 
‘and torques involved in MEMS/NEMS operation avail- 
able to overcome retarding forces are small the increase 
in resistive forces such as adhesion and friction become 
serious tribological concern that limits the life and re- 
liability of MEMS/NEMS [33.10]. A large lateral force 
required to initiate relative motion between two surfaces, 
large static friction, is referred to as “stiction,” which has 
been studied extensively in tribology of magnetic storage 
systems [33.35,54,55]. A large normal force required to 
separate two surfaces is also referred to asstiction. Adhe- 
sion, friction/stiction (static friction), wear, and surface 
contamination affect MEMS/NEMS performance and 
in some cases, can even prevent devices from working, 
‘Some examples of devices that experience tribological 
problems follow. 
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Figure 33.4a shows examples of several microcompo- 
nents that can encounter the aforementioned tribological 
problems. The polysilicon electrostatic micromotor has 
12 stators and a four-pole rotor and is produced by sur- 
face micromachining. The rotor diameter is 120 um and 
the air gap between the rotor and stator is yum [33.56] 
It is capable of continuous rotation up to speeds of 
100,000 RPM. The intermittent contact at the rotor- 
stator interface and physical contact at the rotor-hub 
flange interface result in wear issues, and high stiction 
between the contacting surfaces limits the repeatability 
of operation, or may even prevent the operation alto- 
gether. Next, a bulk micromachined silicon stator/rotor 
pair is shown with bladed rotor and nozzle guide vanes 
oon the stator with dimensions less than a mm [33.57] 
‘These are being developed for high-temperature micro- 
gas turbine generators with an operating speed up to 
1 million RPM. Erosion of blades and vanes and wear 
of bearings used in the turbine generators are some of 
the concers. Next, is an SEM micrograph of a surface 
‘micromachined polysilicon six-gear chain from Sandia 
National Lab. (For more examples of previous versions, 
see [33.58, 59],) As an example of non-silicon com- 
ponents, a milligear system produced using the LIGA 
process for a DC brushless permanent magnet mil- 
limotor (diameter= 1.9 mm, length = 5.5mm) with an 
integrated milligear box [33.21-23] is also shown, The 
ears are made of metal (electroplated Ni-Fe), but can 
also be made from injected polymer materials (e.g. 
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Fig. 33.a,b Examples of MEMS devices and components 
that experience tribological problems: (a) several micro- 
component and (b) a polysilicon, multiple microgear speed 
reduction unit 


Polyoxy-methylene, or POM) using the LIGA process. 
Even though the torque transmitted at the gear teeth is 
small, on the order of a fraction of a nNm, because of 
small dimensions of gear teeth, the bending stresses are 
large where the teeth mesh, Tooth breakage and wear at 
the contact of gear teeth are concerns. Next, in a micro- 
machined flow modulator, several micromachined flow 
channels are integrated in series with electrostatically 
actuated microvalves [33.60]. The flow channels lead to 
‘acentral gas outlet hole drilled in the glass substrate, Gas 
centers the device through a bulk micromachined gas 

let hole inthe silicon cap. After passing through an open 
microvalve, the gas flows parallel to the glass substrate 
through flow channels and exits the device through an 
outlet. The normally open valve structure consists of 
a freestanding double-end-clamped beam, which is po- 
sitioned beneath the gas inlet orifice. When deflected 
electrostatically upwards, the beam seals against the in- 
let orifice, and the valve is closed. In these microvalves 
used for flow control, the mating valve surfaces should 
be smooth enough to seal while maintaining a minimum 
roughness to ensure low adhesion (33.54.55, 61]. High 
adhesion (stiction) is a major issue. 

Figure 33.4b shows a polysilicon, multiple micro- 
gear speed reduction unit and its components after 
laboratory wear tests conducted in air [33.62]. These 
units have been developed for an electrostatically driven 
microactuator (microengine) developed at Sandia Na- 
tional Lab for operation in the kHz frequency range. 
Wear of various components is clearly observed in the 
figure, Humidity was shown to be a strong factor in 
the wear of rubbing surfaces. In order to improve the 
wear characteristics of rubbing surfaces, 20-nm-thick 
tungsten (W) coating using chemical vapor deposition 
(CVD) technique was used [33.63]. Tungsten-coated 
microengines tested for reliability showed improved 
wear characteristics with longer lifetimes than polysil- 
icon microengines. 

‘Commercially available MEMS devices also exhibit 
tribological problems. Figure 33.5 shows an integrated 
capacitive-type silicon accelerometer fabricated using 
surface micromachining by Analog Devices, a couple 
of mm in dimension, which is used for the deploy- 
ment of airbags in automotives and more recently for 
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Fig. 33.5 Examples of commercial use MEMS devices that experience tribological problems 


the consumer electronics market [33.30,64, 65]. These 
accelerometers are now being developed for many other 
applications such as vehicle stability, rollover control, 
and gyro sensor applications. The central suspended 
beam mass (about 0.7 yg) is supported on the four 
corners by spring structures. The central beam has inter- 
digitated, cantilevered electrode fingers (about 125 yum 
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Jong and 3j.m thick) on all four sides that alternate 
‘with those of the stationary electrode fingers, as shown, 
with about a 1.3 yum gap. Lateral motion of the cen- 
tral beam causes a change in the capacitance between 
these electrodes, which is used to measure the acceler- 
ation, Here stiction between the adjacent electrodes, as 
well as stiction of the beam structure with the under- 
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lying substrate are detrimental to the operation of the 
sensor [33.30, 64]. Wear during unintended contacts of 
these polysilicon fingers is also a problem. A molec- 
ularly thick diphenyl siloxane lubricant film with high 
resistance to temperature and oxidation, applied by a va- 
por deposition process is used on the electrodes to reduce 
stiction and wear. 

Figure 33.5 also shows two digital micromirror de- 
vice (DMD) pixels used in digital ight processing (DLP) 
technology for digital projection displays in portable 
and home theater projectors, as well as table-top and 
projection TVs [33.32-34]. The entire array (chip set) 
consists ofa large number of rotatable aluminum micro- 
‘mirrors (digital light switches) that are fabricated on top 
of a CMOS static random access memory integrated cir- 
cuit. The surface micromachined array consists of half 
of a million to more than two million of these indepen- 
dently controlled, reflective micromirrors (mirror size 
on the order of 14 yum square and 15 1m pitch) that flip 
backward and forward at a frequency on the order of 
5.000 times per s. For the binary operation, a micromir- 
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Fig. 33.68, Schematics of (a) a MEMS-based biofluidic 


(b) (see next page) a NEMS-based submicroscopic drug-delivery device, 


search-and-destray diseased blood cells 


rorfyoke structure mounted on torsional hinges is rotated 
£10? (with respect to the horizontal plane) as a result of, 
electrostatic attraction between the micromirror struc- 
ture and the underlying memory cell and is limited by 
a mechanical stop. Contact between cantilevered spring 
tips at the end of the yoke (four present on each yoke) 
with the underlying stationary landing sites is required 
for true digital (binary) operation. Stiction and wear dur- 
ing a contact between aluminum alloy spring tips and 
landing sites, hinge memory (metal creep at high opet- 
ating temperatures), hinge fatigue, shock and vibration 
failure, and sensitivity to particles in the chip package 
and operating environment are some of the important 
issues affecting the reliable operation of a micromirror 
device [33.66-68]. Perfluorodecanoic acid (PFDA) self- 
assembled monolayers are used on the tip and landing 
sites to reduce stiction and wear. The spring tip is em- 
ployed in order to use the spring stored energy to pop 
up the tip during pull-off. A lifetime estimate of over 
100,000 operating hours with no degradation in image 
quality is the norm, 
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A third MEMS device, shown in Fig.33.5, is an 
lectrostatically driven rotary microactuator for a mag- 
netic disk drive surface-micromachined by multilayer 
electroplating method [33.40]. This high-bandwidth 
servo-controlled microactuator, located between a slider 
and asuspension, is being developed for ultrahigh-track- 
density applications, which serves as the fine-position 
and high-bandwidth control element of a two-stage, 
coarse/fine servo system when coupled with a conven. 
tional actuator [33.3840]. A slider is placed on top of 
the central block of a microactuator, which gives r0- 
tational motion to the slider. The bottom of the silicon 
substrate is attached to the suspension. The radial flexure 
‘beams in the central block give the rotational freedom of 
‘motion to the suspended mass (slider), and the electro- 
static actuator drives the suspended mass. Actuation is 
accomplished via imterdigitaed, cantilevered electrode 
fingers, which are ateratingly attached to the central 
body of the moving part and to the stationary substrate 
to form pairs. A voltage applied across these electrodes 
results in an electrostatic force, which rotates the central 
block. The inter-electrode gap width is about 2 um. Any 
unintended contacts between the moving and stationary 
clectroplated-nickel electrodes may result in wear and 
stiction. 

‘An example of disposable plastic lab-on-a-chip 
using microfluidics and BIOMEMS technologies is 
shown in Fig,33.6a [33.69]. This biofluidic chip inte- 
grates multiple fluidic components on a microfluidic 
‘motherboard that can be worn like a wristwatch, It 
enables the unobstructive assessment of a human's 
‘medical condition through continuous blood sampling. 
It can be used for the analysis of a number of dif- 
ferent compounds, including lactate, glucose, carbon 
dioxide, and oxygen levels in the blood and for the 
detection of infectious diseases. The test fuid is in- 
jected imo the microchannels using a micropump, 
and the flow is regulated using microvalves. A mag- 
netic bead approach is used for identification of target 
biomolecules based on sandwich immunoassay and 
electrochemical detection, Adhesion in micropumps 
and microvalves involving moving parts and adhesion 
of fluid in microchannels are some of the tribologic- 
al issues. In both active and passive microvalves, the 
‘main wear mechanism appears to be erosion, corro- 
sion, and fatigue. As the magnetic bead particulates 
are pumped through the microfluidic system, they could 
erode the valve material, Also, several different reagents 
are used to perform the necessary analyses. The inter- 
action of these reagents with the valve material could 
cause corrosive wear. Finally, because the valves are 
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Fig. 33.6b 


continuously being activated, fatigue failure becomes 

Stiction/friction and wear clearly limit the life- 
times and compromise the performance and reliability 
of microdevices, Figure 33.7 summarizes tribological 
problems encountered in some of the MEMS devices 
and components just discussed. In addition, tribological 
issues are present in the processes used for fabrication of 
MEMS/NEMS. For example, in surface micromachin- 
ing, the suspended structures can sometimes collapse 
and permanently adhere to the underlying substrate due 
to meniscus effects during the final rinse and dry pro- 
ccess, as shown in Fig. 33.7 [33.70]. Adhesion is caused 
by water molecules adsorbed on the adhering surfaces 
and/or because of formation of adhesive bonds by silica 
residues that remain on the surfaces after the water has 
evaporated. This so called release stiction is overcome 
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‘Tribological issues during device operation, 


by using dry release methods (e.g., COs critical point 
drying or sublimation methods [33.71)) 


33.3.2 NEMS 


Figure 33,8 shows an AFM-based nanoscale data stor- 
age system for ultrahigh density magnetic recording that 
experiences tribological problems [33.72]. The system 
uses arrays of several thousand silicon microcantilevers 
(’millipede”) for thermomechanical recording and play- 
back on an about 40-nm-thick polymer (PMMA) 
medium with a harder Si substrate. The cantilevers are 
integrated with integrated tip heaters that have tips of 
nanoscale dimensions, Thermomechanical recording is 
«a combination of applying a local force to the polymer 
layer, and softening it by local heating. The tip heated 
to about 400°C is brought in contact with the poly: 
‘mer for recording. Imaging and reading are done using 
the heater cantilever, originally used for recording, as 
aathermal read-back sensorby exploiting its temperature- 
dependent resistance. The principle of thermal sensing is 
based on the fact that the thermal conductivity between 
the heater and the storage substrate changes according 
to the spacing between them. When the spacing be- 
toween the heater and sample is reduced as the tip moves 
into a bit, the heater's temperature and hence its resis- 
tance will decrease. Thus, changes in temperature of 
the continuously heated resistor are monitored while the 


Digital miccomizror device 


[Bi Sscrificial material 


Fig. 33.7 Summary of tribological issues in MEMS device operation and fabrication via surface micromachining 


cantilever is scanned over data bits, providing a means 
‘of detecting the bits. Erasing for subsequent rewriting 
is carried out by thermal reflow of the storage ficld 
by heating the medium to 150°C for a few seconds. 
‘The smoothness of the reflown medium allows multi 
ple rewriting of the same storage field, Bit sizes ranging 
between 10 and SOnm have been achieved by using 
32x32 (1024) array write/read chip (3mm33 mm). It 
has been reported that tip wear occurs through the con- 
tact between tip and Si substrate during writing, Tip 
wear is considered a major factor in device reliability. 
Figure 33.6b shows two examples of BIONEMS 
[33.7374]. The figure shows a conceptual model of 
4 submicroscopic drug delivery device with the ability 
tolocalizein the areas of need. Its silicon capsule with 
‘nanoporous membrane filed with drugs for long-term 
delivery. Ituses a nanomembrane with pores as small as 
6nm that are used as flux regulators for the long-term 
release of drugs. The nanomembrane also protects ther- 
peutic substances from attack by the body's immune 
system. The figure also shows a conceptual model of an 
intravascular drug delivery device ~ micro/nanoparticle 
used for search-and-destroy disease cells. With the lat- 
eral dimensions of | jim or less, the particle is smaller 
than any blood cells. These particles can be injected 
into the blood stream and travel freely through the cir- 
cculatory system. In order to direct these drug-delivery 
micro/nanopartiles to cancer sites, their external sur- 
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faces are chemically modified to carry molecules that 
have lock-and-key binding specificity with molecules 
that support a growing cancer mass. As soon as the 
particles dock on the cells, a compound is released 
that forms a pore on the membrane of the cells, which 
leads to cell death and ultimately to that of the cancer 
‘mass that was nourished by the blood vessel. Adhe- 
sion between micro/nanodevices and disease cells is 
required, 


33.3.3 Tribological Needs 


‘The MEMS/NEMS need to be designed to perform 
expected functions typically in the ms to ps range. 
Expected life of the devices for high speed contacts 
can vary from a few hundred thousand to many bil- 
lions of cycles, e.g., over a hundred billion cycles 
for DMDs, which puts serious requirements on mater- 
ils [33.10,62,75~78]. Most mechanical properties are 
known to be scale-dependent [33,79]. The properties of 
nanoscale structures need to be measured [33.80]. Trib- 
ology is an important factor affecting the performance 
and reliability of MEMS/NEMS [33.10,49, 81]. There 
isa need for developing a fundamental understanding of 
adhesion, friction/stiction, wear, and the roles of surface 
contamination and environment [33.10]. MEMS/NEMS 
‘materials need to exhibit good mechanical and tribolog- 
ical properties on the micro/nanoscale. There is a need 
to develop lubricants and identify lubrication methods 
that are suitable for MEMS/NEMS. Component-level 
studies are required to provide a better understanding of 
the tribological phenomena occurring in MEMS/NEMS. 
‘The emergence of micro/nanotribology and atomic 
force microscopy-based techniques has provided re- 


33.4 Tribological Studies of Si 


Materials of most interest for planar fabrication pro- 
cesses using silicon as the structural material are 
undoped and boron-doped (p*-type) single-crystal sil- 
icon for bulk micromachining and phosphorus (n-type) 
doped and undoped LPCVD polysilicon films for 
surface micromachining. Silicon-based devices lack 
high-temperature capabilities with respect to both 
‘mechanical and electrical properties. Researchers have 
been pursuing SiC as a material for high-temperature 
‘microsensor and microactuator applications, for some 
time [33.83, 84]. SiC is a likely candidate for such 
applications, since it has long been used in high tem- 
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Fig.33.8 Example of a NEMS device - AFM-hased nanoscale data 
Storage system with 32532 tp aay ~ that experiences tribological 
problems [33.72] 


searchers with a viable approach to address these 
problems [33.49, 82]. This chapter presents a review 
fof macro- and micro/nanascale tribological studies of 
‘materials and lubrication studies for MEMS/NEMS 
and component-level studies of stiction phenomena in 
‘MEMS/NEMS devices. 


‘on and Related Materials 


perature electronics, high frequency and high power 
devices. SiC can also be desirable for high-frequency 
‘micromechanical resonators, in the GHz range, because 
of its high modulus of elasticity and, consequently, high 
resonant frequency. Table 33.2 compares selected bulk 
properties of SiC and Si(100). Researchers have found 
ow cost techniques of producing single-crystal 3C-SiC 
(cubic or B-SiC) films via epitaxial growth on large- 
area silicon substrates for bulk micromachining [33.85] 
and polycrystalline 3C-SiC films on polysilicon and 
silicon dioxide layers for surface micromachining of 
SiC [33.86] 
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Table 33.2 Selected bulk properties* of 3C (f- or cubic) SiC and $i(100) 


pesic 


“Sido, 2,330 


3.210 235-265 
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* Unless stated otherwise, data shown were obtained from [33.87] 
* Obtained from (33.88) 


‘As will be shown, bare silicon exhibits inadequate 
tribological performance and needs to be coated with 
1 solid and/or liquid overcoat or surface treated (e.2., 
‘oxidation and ion implantation, commonly used in semi- 
conductor manufacturing), which exhibit lower friction 
and wear, SiC films exhibit good tribological perfor- 
mance. Both macroscale and microscale tribological 
properties of virgin and treated/coated silicon, polysil- 
icon films, and SiC are presented next, 


33.4.1 Tribological Properties of Silicon 
and the Effect of lon Implantation 


Friction and wear of single-crystalline and polycrys- 
talline silicon samples, as well as the effect of ion 
implantation with various doses of C+, B+, NS, and 
‘Ar? ion species at 200 keV energy to improve their fric- 
tion and wear properties have been studied [33.8991], 
‘The coefficient of macroscale friction and wear factor 
of virgin single-crystal silicon and C+-implanted sil- 
icon samples as a function of ion dose are presented 
in Fig, 33.9 [33.89]. The macroscale friction and wear 
tests were conducted using a ball-on-flat tribometer. 
Each data bar represents the average value of four to 
six measurements. The coefficient of friction and wear 
factor for bare silicon are very high and decrease dras- 
tically with ion dose. Silicon samples bombarded above 
the ion dose of 10!7 C+ em-? exhibit extremely low 
values of coefficients of friction (typically 0.08 to 0.06 
in air) and wear factor (reduced by as much as four or- 
ders of magnitude). Gupra et al. [33.89] reported that 
a decrease in coefficient of friction and wear factor of 
silicon as a result of C* ion bombardment occurred 
‘because of formation of silicon carbide, rather than 
amorphization of silicon. Gupra et al. [33.90] also re- 
ported an improvement in friction and wear with B* ion 
implantation. 
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Fig. 33.9 Influence of ion doses on the coeflicient a fric- 
tion and wear factor on C* ion bombarded single-crystal 
and polycrystalline silicon slid against an alumina ball 
V correspon to virgin single-crystal silicon, while Sand P 
‘denote tests that correspond to doped single- and polycrys- 
talline silicon, respectively [33.89] 
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Figure 14-23. Here the inductor diverts low frequencies 
away from the output, allowing high frequencies to pass 
through. 


ment ofa capacitorina circuit would be opposite 
to the placement of the inductor. Examples of 
filter circuits using capacitors are found in the 
entry for that component in this encyclopedia. 


An inductor can be combined witha capacitor to 
form a bandpass filter, as shown in Figure 14-24. 
In this configuration, the inductor blacks the 
high frequencies while the capacitor blocks the 
low frequencies, allowing only a limited band of 
frequencies to get through. 


(Once again if the location of the components is 
shifted to shunt the signal away from the output, 
the results are reversed, as shown in 
Figure 14-25. Thisis known asa notch filter. 


The performance of these filters will depend on 
the component values, and in most applications, 
additional components will be necessary. So- 
phisticated filter circuits are outside the scope of 
this encyclopedia. 


Figure 14-24. If the values of a capacitor and an inductor 
are correctly chosen, and the components are placed in 
Series, the inductor blocks high frequencies while the ca 
ppacitor blocks low frequencies creating a bandpass filter, 
‘mn which only 3 narrow band of frequencies can get 
through. 

Inductors are of great importance in DC-DCcon- 
verters and AC-DC power supplies where volt- 
age changes are enabled by rapid switching. See 
the relevant entries of this encyclopedia for ad- 
ditional details. 


Generally, as electronic equipment has become 
increasingly miniaturized, the unavoidable bulk 
of inductors has limited their appli 
ever they may still be used to tune oscillators, to 
block sudden spikes in power supplies, and to 
protect equipment from sudden voltage spikes 
(they are used, for example, in surge suppressors 
for computing equipment) 
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Table 33.3 Surface roughness and micro- and macroscale coefficients of friction of selected samples 
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* Versus SisNs tp tip ras of $0 am in the lad range of 10-150. (256.1 GPa) ata scanning speed of Sim/scovera scan 
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Microscale friction measurements were performed 
using an atomic force/friction force microscope 
(AFM/FFM) [33.49]. Table 33.3 shows values of surface 
roughness and coefficients of macroscale and microscale 
friction for virgin and doped silicon. There is a de- 
crease in coefficients of microscale and macroscale 
friction values as a result of ion implantation, When 
‘measured for small contact areas and very low loads 
used in microscale studies, the indentation hardness 
and elastic modulus are higher than at the macroscale. 
This, added to the effect of the small apparent area 
of contact reducing the number of trapped particles 
fon the interface, results in less plowing contribution 
and lower friction in the case of microscale friction 
‘measurements, Results of microscale wear resistance 
studies of ion-implanted silicon samples studied us- 
ing a diamond tip in an AFM [33.92] are shown in 
Fig. 33.10a, b. For tests conducted at various loads on 
Si(111) and C*-implanted Si(111), itis noted that wear 
resistance of an implanted sample is slightly poorer 
than that of virgin silicon up to about 80 HN. Above 
SON, the wear resistance of implanted Si improves. 
‘As one continues to run tests at 40)N for a larger 
‘umber of cycles, the implanted sample exhibits higher 
‘wear resistance than the unimplanted sample. Dam- 
age from the implantation in the top layer results in 
poorer wear resistance. However, the implanted zone 
at the subsurface is more wear resistant than the virgin 
silicon, 

Hardness values of virgin and C+-implanted Si(111) 
at various indentation depths (normal loads) are pre- 
sented in Fig. 33,10c [33.92]. The hardness at a small 
indentation depth of 2.5nm is 16.6GPa and drops 


Fig. 33.10a-c Wear depth as a function of (a) load (af- 
ter one cycle), and (b) cycles (normal load =40mN) for 
Si(111) and C*-implanted Si(111). (| Nanohardness and 
‘normal load as a function of indentation depth for virgin 
and C*-implanted Si(111) [33.92] 
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to a value of 11.7GPa at a depth of 7nm and 
1a normal load of 100 uN. Higher hardness values ob- 
tained in low-load indentation may arise from the 
observed pressure-induced phase transformation during 
the nanoindentation (33.93, 94]. An additional increase 
in the hardness at an even lower indentation depth 
of 2.5nm reported here may arise from the contri- 
bation of complex chemical films (not from native 
oxide films) present on the silicon surface. At small 
volumes there is a lower probability of encounter- 
ing material defects (dislocations, etc.). Furthermore, 
according to the strain gradient plasticity theory ad- 
vanced by Fleck et al. [33.95], large strain gradients 
inherent in small indentations lead to the accumula- 
tion of geometrically necessary dislocations that cause 
enhanced hardening, These are some of the plausible 
explanations for an increase in hardness at smaller vol- 
umes. If the silicon material were to be used at very 
light loads such as in microsystems, the high hardness 
of surface films would protect the surface until it is 

From Fig.33.10c, hardness values of C*-implanted 
Si(111) at a normal load of 50 UN is 20.0GPa with an 
indentation depth of about 2nm, which is comparable 
to the hardness value of 19.5GPa at 70\N, whereas 
‘measured hardness value for virgin silicon at an inden- 
tation depth of about 7nm (normal load of 100 uN) is 
only about 11.7 GPa, Thus, ion implantation with C* 
results in an increase in hardness in silicon, Note that 
the surface layer of the implanted zone is much harder 
compared to the subsurface and may be brittle, lead- 
ing to higher wear on the surface. The subsurface of the 
implanted zone is harder than the virgin silicon, result- 
ing in higher wear resistance, which is also observed 
in the results of the macrascale tests conducted at high 
Toads. 


33.4.2 Effect of Oxide Films 
on Tribological Properties of Silicon 


Macroscale friction and wear experiments have been 
performed using a magnetic disk drive with bare, 
oxidized, and implanted pins sliding against amorphous- 
carbon coated magnetic disks lubricated with a thin layer 
of perfluoropolyether lubricant [33.96-99]. Representa- 
tive profiles of the variation of the coefficient of friction 
with a number of sliding cycles for AlxOs-TiC slider 
and bare and dry-oxidized silicon pins are shown in 
Fig. 33.11. For bare Si(111), after an initial increase, 
the coefficient of friction drops to a steady state value 
of 0.1 following the increase, as seen in Fig. 33.11 
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Fig. 33.11 Coeflicient of friction asa function of number of 
sliding revolutions in ambient ai fr Si(111) pin in ambient 
air and dry nitrogen and dry-oxidized silicon pin in ambient 
air [33.96] 


‘The rise in the coefficient of friction for the Si(111) 
pin is associated with the transfer of amorphous car- 
bon from the disk to the pin and the oxidation-enhanced 
fracture of pin material followed by tribochemical oxi- 
dation of the transfer film, while the drop is associated 
with the formation of a transfer coating on the pin, as 
shown in Fig. 33.12, Dry-oxidized Si(111) exhibits ex- 
cellent characteristics, and no significant increase was 
observed over 50,000 cycles (Fig. 33.11). This behav- 
ior has been attributed to the chemical passivity of the 
oxide and lack of transfer of DLC from the disk to 
the pin, The behavior of PECVD-oxide (data are not 
presented here) was comparable to that of dry oxide, 
but for the wet oxide there was some variation in the 
coefficient of friction (0.26 to 0.4). The difference be- 
tween dry and wet oxide was attributed to increased 
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porosity of the wet oxide [33.96]. Since tribochemical 
oxidation was determined to be a significant factor, ex- 
periments were conducted in dry nitrogen [33.97, 98] 
‘The variation of the coefficient of friction for a silicon 
pin sliding against a thin-film disk in dry nitrogen is 
shown in Fig, 33.11. Itis seen that in a dry nitrogen en. 
vironment, the coefficient of friction of Si(111) sliding 
against a disk decreased from an initial value of about 
0.2 to 0.05 with continued sliding. Based on SEM and 
chemical analysis, this behavior has been attributed to 
the formation of a smooth amorphous-carbon/lubricant 
transfer patch and suppression of oxidation in a dry 
nitrogen environment. Based on macroscale tests us- 
ing disk drives, it was found that the friction and wear 
performance of bare silicon is not adequate. With dry 
oxidized or PECVD SiO-coated silicon, no significant 
friction increase or interfacial degradation was observed 
in ambient air. 

Table 33.4 and Fig. 33.13 show surface roughness, 
microscale friction and scratch data, and nanoinden- 
tation hardness for various silicon samples [33.92] 
Scratch experiments were performed using a diamond 
tip in an AFM, Results on polysilicon samples are 
also shown for comparison. Coeflicients of micro. 
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ig. 33.12 Scanning electron micrographs of Si(111) af- 
ter sliding against a magnetic disk in a rigid disk drive 
in ambient air for 6,000 cycles and in dry nitrogen after 
15,000 cycles 
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scale friction values for all the samples are about 
the same, These samples could be scratched at 10 uN 
load. Scratch depth increased with normal load. Crys 
talline orientation of silicon has little influence on 


Table 33.4 RMS, microfriction, microscratching/microwear, and nanoindentation hardness data for various virgin, coated, and 
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Fig. 33.13 Scratch depth as a function of normal load alter 
10 cycles for various silicon samples: virgin, treated, and 
coated [33.92] 


scratch resistance, because natural oxidation of silicon 
in ambient masks the expected effect of crystallo- 
graphic orientation. PECVD-oxide samples showed 
the best scratch resistance, followed by dry-oxidized, 
\wet-oxidized, and ion-implanted samples. fon implan- 
tation with C* does not appear to improve scratch 
resistance. 

‘Wear data on the silicon samples are also presented 
in Table 33.1 [33.92]. PECVD-oxide samples showed 
superior wear resistance followed by dry-oxidized, wet- 
oxidized, and ion-implanted samples. This agrees with 
the trends seen in scratch resistance, In PECVD, ion 
bombardment during deposition improves the coating 
properties such as suppression of columnar growth, 
freedom from pinhole, decrease in crystalline size, 
and increase in density, hardness, and substrate-coating 
adhesion. These effects may help in improving the mech- 
nical integrity of the sample surface. Coatings and 
treatments improved nanohardness of silicon, Note that 
dry-oxidized and PECVD films are harder than wet- 
oxidized films, as these films may be porous. High 
hardness of oxidized films may be responsible for meas- 
ured high seratch/wear resistance. 


33.4.3 Tribological Properties 
of Polysilicon Films and SiC Film 


‘Studies have also been conducted on undoped polysil- 
icon film, heavily doped (n*-type) polysilicon film, 
heavily doped (p*-type) single-crystal Si(100), and 
3C-SiC (cubic or f-SiC) film [33.10, 100, 101]. The 
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Fig. 33.16 (a) Seratch depths for 10 cycles as a function of 
normal load and (b) wear depths as a function of normal 
load and as a function of number of cycles for various 
samples [33.10] 


polysilicon films studied here are different from the ones 
discussed previously. 

Table 33.5 presents a summary of the wibological 
studies conducted on polysilicon and SiC films. Val- 
ues for single-crystal silicon are shown for comparison. 
Polishing of the as-deposited polysilicon and SiC films 
drastically affects the roughness, as the values reduce 
by two orders of magnitude. $i(100) appears to be 
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Table 33.5 Summary of micro/nanotribological properties of the sample materials 


doped Sit 100) oo 


2 168 


ats eae be 0.02 
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‘SiC film (polished) 6 
TEL ig NN GSTER eGR 
® Measured using AFM/FFM over a sean sizeof 10 um 10 yum 


* Obiained using 3-mm-diameter sapphire ballin a reciprocating mode at anormal load of 10mN and average sliding speed of I min/s 


after 1m sling distance 


4 Measured using AFM ata normal load of 40, for 10 cycle, sean length of Sym 
® Measured using APM at normal oul of 40) for 1 cycle, wear area of 2am 2 jum 


“Measured using nanoindente at peak indentation depth of 20am, 


® Measured sing microindenter with Vickers indenter at normal loud of 0.58 


the smoothest followed by polished undoped potysil- 
icon and SiC films, which have comparable roughness. 
The doped polysilicon film shows higher roughness 
than the undoped sample, which is attributed to the 
doping process. Polished SiC film shows the lowest 
friction followed by polished and undoped polysili 
con film, which strongly supports the candidacy of SiC 
films for use in MEMS/NEMS devices. Macroscale 
friction measurements indicate that SiC film exhibits 
cone of the lowest friction values as compared to the 
other samples. The doped polysilicon sample shows 
low friction on the macroseale as compared to the un- 
doped polysilicon sample, possibly due to the doping 
effect. 

Figure 33.14a shows a plot of scratch depth vs. nor- 
‘mal load for various samples [33.10, 100], Seratch depth 
increases with increasing normal load. Figure 33.15 
shows AFM 3-D maps and averaged 2-D profiles of the 
scratch marks on the various samples. It is observed that 
scratch depth increases almost linearly with the normal 
load. Si(100) and the doped and undoped polysilicon 
films show similar seratch resistance. It is clear from 
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the data that the SiC film is much more scratch resis- 
tant than the other samples, Figure 33.14b shows results 
from microscale wear tests on the various films. For all 
the materials, the wear depth increases almost linearly 
with increasing number of cycles. This suggests that the 
‘material is removed layer by layer in all the materials. 
Here also SiC film exhibits lower wear depths than the 
other samples. Doped polysilicon film wears less than 
the undoped film. Higher fracture toughness and hard- 
ness of SiC compared to Si(100) are responsible for its 
lower wear. Also the higher thermal conductivity of SiC 
(see Table 33.2) compared to the other materials leads 
to lower interface temperatures, which generally results 
in less degradation of the surface [33.35,54,55]. Doping 
of the polysilicon does not affect the scratch/wear re- 
sistance and hardness much. The measurements made 
fon the doped sample are affected by the presence 
of grain boundaries, These studies indicate that SiC 
film exhibits desirable tribological properties for use 
in MEMS devices. Recently, researchers have fabri- 
cated SiC micromotors and have reported satisfactory 
operation at high temperatures [33.102] 
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Fig. 33.15 AFM3-D mapsand averaged 2-D profiles of scratch marks on various samples [33.10] 
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33.5 Lubrication Studies for MEMS/NEMS z 

a 
Several studies of liquid perfluoropolyether (PFPE) lu- m 
bricant films, self-assembled monolayers (SAMs), and jg Adhesive force (N) a 
hard diamond-like carbon (DLC) coatings have been Ei Fore Spaeaas ak s 
cared ut for the purpose of minimizing adhesion, | _aaton io ss 


fiction, and wear [33.49,66,99, 103-108], Many varia- 
tions of these films are hydrophobic (low surface tension 
and high contact angle) and have low shear strength, 
‘hich provide low adhesion, friction, and wear. Relevant 
details are presented here 


33.5.1 Perfluoropolyether Lubricants 


‘The classical approach to lubrication uses freely sup- 
ported multimolecular layers of liquid lubricants [33.49, 
54,55]. The liquid lubricants are sometimes chemically 
bonded to improve their wear resistance. Partially chem- 
ically bonded, molecularly thick perfluoropolyether 
(PFPE) lubricants are widely used for lubrication of 
‘magnetic storage media [33.35] and are suitable for 
MEMS/NEMS devices. 

Adhesion, friction, and durability experiments have 
bbeen performed on virgin Si(100) surfaces and silicon 
surfaces lubricated with two commonly used PEPE lu- 
bricants ~ Z-15 (with -CF; nonpolar end groups) and 
Z-DOL (with “OH polar end groups) (33.49, 103, 105, 
106]. Z-DOL film was thermally bonded at 150°C 


x force plot 


25 


Si(100) 


2AS 


Z-DOL (BW) 


Si(100) 


for 30min and an unbonded fraction was removed 
by a solvent (BW) [33.35]. The thicknesses of Z-15 
and Z-DOL (BW) films were 28nm and 2.3nm, re- 
spectively. Nanoscale measurements were made using 


Fig. 33.16 Summary of the adhesive forces of Si(100) and Z-15 and 
Z-DOL (BW) films measured by force calibration plots and friction 
force versus normal load plots in ambient air The schematic (bottom) 
showing the effect of meniscus, formed between the AFM tip and 


é 


an AFM, The adhesive forces of Si(100), Z-15 and 
Z-DOL (BW) measured by force calibration plot and 
friction force versus normal load plot are summarized 
in Fig. 33.16, The results measured by these two meth- 
ods are in good agreement. Figure 33.16 shows that the 
presence of mobile Z-15 lubricant film increases the ad- 
hesive force compared to that of Si(100) by meniscus 
formation [33.54, 55, 109]. The presence of solid phase 
Z-DOL (BW) film reduces the adhesive force compared 
to thatof Si(100) due tothe absence of mobile liquid. The 
schematic (bottom) in Fig. 33.16 shows the relative size 
and sources of meniscus. ILis well-known that the native 
‘oxide layer (SiO2) on the top of Si(100) wafer exhibits 
hydrophilic properties, and some water molecules can 
bbe adsorbed on this surface. The condensed water will 
form meniscus as the tip approaches the sample surface. 
‘The larger adhesive force in Z-15 is not only caused 
by the Z-15 meniscus. The nonpolarized Z-15 liquid 
does not have good wettability and strong bonding with 
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the surface sample, on the adhesive and friction forces [33.103] 


‘Si(100). In the ambient environment, the condensed wa- 
ter molecules from the environment permeate through 
the liquid Z-15 lubricant film and compete with the 
lubricant molecules presented on the substrate. The in- 
teraction of the liquid lubricant with the substrate is 
weakened, and a boundary layer of the liquid lubricant 
forms puddles (33.105, 106]. This dewetting allows wa- 
ter molecules to be adsorbed on the Si(100) surface as 
aggregates, along with Z-15 molecules. And both of 
them can form meniscus while the tip approaches the 
surface. Thus, the dewetting of liquid Z-15 film re- 
sults in higher adhesive force and poorer lubrication 
performance. In addition, as the Z-15 film is pretty soft 
compared to the solid Si(100) surface, penetration of 
the tip in the film occurs while pushing the tip down- 
wards, This leads to the large area of the tip involved 
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to form the meniscus at the tip-liquid (mixture of Z-15 
tnd water) interface. It should also be noted that Z-15 
has a higher viscosity compared to water, and therefore, 
Z-15 film provides higher resistance to motion and coef- 
ficient of friction. In the case of Z-DOL (BW) film, the 
active groups of Z-DOL molecules are mostly bonded 
fon Si(100) substrate, thus the Z-DOL (BW) film has 
low free surface energy and cannot be displaced readily 
by water molecules, or readily adsorb water molecules. 
‘Thus, the use of Z-DOL (BW) can reduce the adhesive 
force. 

‘To study the relative humidity effect on friction and 
adhesion, the variations of friction force, adhesive force, 
and coefficient of friction of Si(100), Z-15, and Z-DOL 
(BW) as a function of relative humidity are shown in 
Fig. 33.17. It shows that for Si(100) and Z-15 film, the 
friction force increases with a relative humidity increase 
of up to 45% and then slightly decreases with a further 
increase in relative humidity. Z-DOL (BW) has a smaller 
friction force than Si(100) and Z-15 in the whole testing 
range. And its friction force shows a relative apparent 
increase when the relative humidity is higher than 45%, 
For $i(100), Z-15,andZ-DOL (BW), the adhesive forces 
increase with relative humidity, And their coefficients of 
friction increase witha relative humidity up to 45%, after 
which they decrease with a further increase in relative 
bbumidity. It is also observed that the humidity effect 
on Si(100) really depends on the history of the Si(100) 
sample. As the surface of Si(100) wafer readily adsorbs 
water in air, without any pre-treatment the Si(100) used 
in our study almost reaches its saturated stage of ad- 
sorbed water and is responsible for less effect during 
increasing relative humidity. However, once the Si(100) 
wafer was thermally treated by baking at 150°C for 1h, 
abigger effect was observed. 

‘The schematic (right) in Fig.33.17 shows that 
Si(100), because its high free-surface energy, can ad- 
sorb more water molecules with increasing relative 
humidity. As discussed earlier, for the Z-15 film in 
the humid environment, the condensed water from the 
humid environment competes with the lubricant film 
present on the sample surface, and interaction of the 
liquid lubricant film with the silicon substrate is weak- 
ened, and a boundary layer of the liquid lubricant 
forms puddles. This dewetting allows water molecules 
to be adsorbed on the Si(100) substrate mixed with 
Z-15 molecules (33.105, 106]. Obviously, more water 
molecules can be adsorbed on Z-15 surface while in- 
creasing relative humidity. The more adsorbed water 
molecules in the case of Si(100), along with lubricant 
molecules in Z-15 film case, form bigger water menis- 


cus, which leads to an increase in friction force, adhesive 
force, and coefficient of friction of Si(100) and Z-15 with 
humidity. But at a very high humidity of 70%, large 
quantities of adsorbed water can form a continuous wa- 
ter layer that separates the tip and sample surface and 
acts as a kind of lubricant, which causes a decrease in 
the friction force and coefficient of friction, For Z-DOL, 
(BW) film, because of its hydrophobic surface prop- 
ceties, water molecules can be adsorbed at a humidity 
higher than 454% and cause an increase in the adhesive 
and friction forces, 

To study the durability of lubricant films at the 
nanoscale, the friction of Si(100), 2-15, and Z-DOL 
(BW) asa function of the number of seanning cycles are 
shown in Fig. 33.18, As observed earlier, friction force 
and coefficient of friction of Z-15 is higher than that of 
Si(100) with the lowest values for Z-DOL (BW). Dur- 
ing cycling, friction force and coefficient of friction of 
Si(100) show a slight decrease during the initial few 
cycles, then remain constant, This is related to the re- 
moval of the top adsorbed layer. In the case of Z-15 
film, the friction force and coefficient of friction show 
fan increase during the initial few cycles and then ap- 
proach higher and stable values. This is believed to be 
caused by the attachment of the Z-15 molecules onto the 
tip. The molecular interaction between these attached 
molecules and molecules on the film surface is respon- 
sible for an increase in friction, But after several scans, 
this molecular interaction reaches the equilibrium, and 
after that, friction force and coefficient of friction re- 
main constant. In the case of Z-DOL (BW) film, the 
friction force and coefficient of friction start out low and 
remain low during the entire test for 100 cycles, sug- 
gesting that Z-DOL (BW) molecules do not get attached 
or displaced as readily as Z-15, 


33.5.2 Self-Assembled Monolayers (SAMs) 


‘A preferred method of lubrication of MEMS/NEMS is, 
by the deposition of organized and dense molecular- 
scale layers of long-chain molecules, as they have been 
shown to be superior lubricants [33.54,55, 104, 107, 108, 
110, 111]. Two common methods of producing mono- 
layers are the Langmuir~Blodgett (L-B) deposition and 
self-assembled monolayers (SAMs) by chemical graft- 
ing of molecules. L-B films are physically bonded to the 
substrate by weak van der Waals forces, while SAMs 
are bonded covalently to the substrate and provide high 
durability. 

SAMS can be formed spontaneously by the immer- 
sion of an appropriate substrate into a solution of an 
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Fig. 33.18 Friction force and coefficient of friction versus number 
of sliding cyeles for $i(100) and Z-15 and Z-DOL. (BW) films at 
TOoN, 0.44um/s, and in ambient air. Schematic (bottom) shows 
that some liquid Z-15 molecules can be attached onto the tip. The 
‘molecular interaction between the attached molecules with the Z-1S 
‘molecules in the film results in an increase of the friction force with 


‘multi-scanning [33.103] 


active surfactant in an organic solvent. SAMSs offer the 
flexibility and advantage of molecular tailoring to ob- 
tain a variety of different tribological and mechanical 
properties. For example, researchers have shown that by 
changing the head groups, tail groups, chain lengths, 
or types of bonds within a chain, varying degrees of 
friction, adhesion and/or compliance can be obtained 
(e.x,, (33.107, 108)). These studies indicate that the ba- 
sis for molecular design and tailoring of SAMs must 
include complete understanding of the interrelation- 
ships between the molecular structure and tribological 
properties of SAMS, as well as a deep understanding 
of the friction and wear mechanisms of SAMs at the 
molecular level 

Bhushan and Liu (33.107] and Liu and Bhushan 
[33.108] studied nanotribological properties of four dif- 
ferent kinds of alkylthiol and biphenyl thiol monolayers 
With different surface terminals, spacer chains, and head 
groups using AFM/FFM techniques. These monolayers, 
along with «schematic oftheir structures and substrates, 
are listed in Fig. 33.19. Surface roughness, adhesion, and 
microscale friction studies were carried out using an 
AFM/FFM, The average values and standard deviation 
of the adhesive force and coefficient of microscale fric- 
tion for the various SAMS are summarized in Fig. 33.20. 
It shows that SAMs can reduce the adhesive and fric- 
tion forces. Alkylthiol and biphenyl thiol SAMs can be 
usedas effective molecular lubricants for MEMS/NEMS 
fabricated from silicon. In order to explain the frictional 
differences in SAMs, a molecular spring model is pre- 
sented in Fig. 33.21. It is suggested that the chemically 
adsorbed self-assembled molecules on a substrate are 
just like assembled molecular springs anchored to the 
substrate. An AFM tip sliding on the surface of a SAM 
is like a tip sliding on the top of “molecular springs or 
brush.” The molecular assembly has compliant features 
and can experience orientation and compression under 
load. The orientation of the molecular springs under 
normal load reduces the shearing force atthe interface, 
Which, in turn, reduces the friction force. The possbil- 
ity of orientation is determined by the spring constant 
of a single molecule (local stiffness) as well asthe in- 
teraction between the neighboring molecules, which is 
reflected by the packing density or packing energy. Itis 
noted that HDT exhibits the lowest adhesive and friction 
forces. Based on local stiffness measurements [33.108] 
and the view of molecular structures, biphenyl is a more 
rigid structure due to the contribution by two benzene 
rings. Therefore, the spring constant of BPT is larger 
than that of HDT, A more compliant film (HDT) ex- 
hibits lower friction force than a rigid film (BPT/BPTC). 
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What Can Go Wrong 


Input Output 


power > moderation > inductor 
porated in integrated circuit chips. However, in 
small devices such as cellular phones, it is more 
common to use a coil substitute such as a gyra- 
tor, as described previously. 


What Can Go Wrong 


Be 


260 
8 Output 
3 at different 
3 40 frequencies 
(assuming 
constant 
2 ‘80dB input) 


10 100 4K 10K 100K 
Frequency (log scale) 


Figure 14-25. Here the capacitor and inductor black al 
frequencies except a narrow band. which they divert from 
the output. The result isa notch filter 


Core Choices 

Air-cored inductors have relatively low induc- 
tance, because of their low permeability. How- 
ever, they can be operated at very high frequen- 
cies up to the gigahertz range, and can tolerate 
higher peak currents. 


Inductors with an iron core suffer increasing 
powerlosses due to hysteresis and eddy currents 
as the AC frequency passing through the induc- 
tor increases. Consequently, iron-cored induc- 
torsare not suitable for frequencies much above 
10KHz. 


Miniaturization 

A low-value inductor can be formed by etching 
aspiral ontoa circuit board, in applicationswhere 
size must be minimized. They may also be incor- 


Real-World Defects 

The theoretically ideal inductorhas no resistance 
or capacitance and suffers no energy losses. In 
reality, an inductor possesses both resistance 
and capacitance, also creates electrical noise, 
and may pickupelectricalnoise.Ittendsto create 
stray magnetic fields, and generally is more trou- 
blesome to deal with than its two cousins, the 
resistor and the capacitor. 


Parasitic capacitance occurs between adjacent 
tums of wire, This capacitance becomes more 
significant at higher frequencies, leading ulti- 
mately toa situation where the coil becomes self 
resonant. 


The workarounds for these problems involve coil 
geometries and choices of core material that go. 
beyond the scope of this encyclopedia. 


Agyratorshould be considered asa possible sub- 
stitute where inductors are troublesome or ex- 
cessively expensive. 


Saturation 

Inductance increases as the current passing 
through a coil increases, but ifa magnetic core is 
Used, its contribution to inductance will stop 
abruptly when the core becomes magnetically 
saturated. In other words, when all of the ran- 
domly distributed magnetic domains in the core 
have been induced to align themselves with the 
pervasive magnetic field, the core cannot be- 
come more highly magnetized, and ceases to 
contribute to the inductance. Note that as a core 
approaches saturation levels, its hysteresis in- 
creases because reversing its magnetization re- 
quires greater energy. Antidotes to saturation 
would include a larger core, a lower current, a 
smaller number of turns in the coil, and using a 
core with lower permeability (such as ait) 
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Fig. 33.19 Structure of SAMs studied using AFM/FFM 
techniques 


Crosslinking of chains in BPTC resulted in higher coef- 
ficient of friction, It should be noted that the orientation 
ccan lead to conformational defects along the molecular 
chains that lead to energy dissipation. 

‘The influence of relative humidity on adhesion and 
friction was studied in an environmentally controlled 
chamber. The results are given in Fig.33.22, which 
show that for Si(111), Au(L11), and DHBp, the adhesive 
and frictional forces increase with relative humidity, For 
BPT and BPTC (cross-linked BPT), the adhesive forces 
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Fig. 33.20 Adhesive force and coelficient of friction values 
{or the various SAMs studied 


Sabstrate 


Fig. 33.21 Molecular spring model of SAMs, In this figure, 
a <2, which is caused by the further orientation under 
the normal load applied by an asperity tip (33.107) 


slightly increase with relative humidity when the relative 
is higher than 40%, but itis very interesting that 
their coefficients of friction decrease slightly in the same 
range. For HDT, over the testing range, the adhesive and. 
friction force do not seem to he sensitive to the change in 
relative humidity, The influence of relative humidity on 
adhesive and frictional forces can be mainly understood 
by comparing their surface terminal polarization prop- 
erties and work of adhesion, Meniscus forces are related 
linearly to the works of adhesion of a surface, which in 
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Fig. 33.22 The influence of relative humidity on the ad- 
hesive and friction forces at 200aN of various SAMs 
studied [33.107] 


the case of SAMs, is dependent on the surface termi- 
nals. Polar surface terminals such as DHBp on Si(111) 
result in higher work of adhesion and hence higher ad- 
hesive forces. Larger adhesive forces result in higher 
friction forces. Nonpolar surface terminals (HDT) have 
very small work of adhesion and hence low adhesive and 
friction forces. In higher humidity, water capillary con- 
densation can either increase friction through increased 
adhesion in the contact zone, or reduce friction through 
an enhanced water-lubricating effect, 

Figure 33.23 shows results of microscale wear tests, 
on SAMs using a diamond tip in an AFM. DHBp on 
Si(111) shows the best wear resistance. For the SAMs 
deposited on gold substrate, HDT exhibits the best 
‘wear resistance. Scratch tests corroborated the wear re- 
sults. The wear resistance of SAMs is influenced by 
the interfacial bond strength, the molecular structure of 
the spacers, and the substrate hardness. Based on the 
wear data, the SAMS with high-compliance long, car- 


Ty 2» 3 % 


‘Norma load (AN) 


Fig. 33.23 Wear depth as a function of normal load for 
various SAMs [33.107] 


bon chains, in addition to low friction, exhibit the best 
‘wear resistance [33.107, 108]. In wear experiments, the 
‘wear depth as a function of normal load curves shows 
critical normal load (Fig. 33.23). Below the critical nor- 
‘mal load, SAMs undergo orientation. At the critical load, 
‘SAMs wear away from the substrate due to weak interfa- 
cial bond strength, while above the critical normal load, 
severe wear takes place on the substrate, Fig. 33.24. 
‘According to these results, itis suggested that a dual 
SAM witha compliant layer on a stiff layer, deposited on 
hydrogenated silicon, may have optimized tribological 
performance for MEMS/NEMS applications. 


33.5.3 Hard Diamond-like Carbon (DLO) 
Coatings 


Hard amorphous carbon (a-C), commonly known 
as DLC (implying high hardness), coatings are de- 
posited by a variety of deposition techniques including 
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Fig. 33.26 Illustration of the wear mechanism of SAMs 
‘with increasing normal load [33.108] 


33.6 Component-Level Studies 


33.6.1 Surface Roughness Studies 
of Micromotor Components 


Most of the friction forces resisting motion in the 
‘micromotor are concentrated near the rotor-hub inter- 
face, where continuous physical contact occurs. Surface 
roughness of the surfaces usually has a strong influence 
(on the friction characteristics on the micro/nanoscale. 
‘A catalog of roughness measurements on various com- 
ponents of a MEMS device does not exist in the 


Table 33.6 Surface roughness parameters and microscale coefficient of friction for various micromotor component surfaces 


‘measured using an AFM. Mean and -+1¢ values are given 


Rooriopside 21-406 san 
Rotorundersde 14424 en 
Statortopsde 19-41 246421 


* Measured from a tapping mode AFM sean of size S yim Syim using a standard Sitip scanning at Sjim/s ina diretion orthogonal to the 


long axis of the cantilever 


® Measured using an AFM in contact mode tS ymiS um scan size using » standard SisN, ip scanning at 10 m/s in direction parallel 


to the long axis of the cantilever 
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filtered cathodic are, ion beam, electron cyclotron 
resonance chemical vapor deposition (ECR-CVD), 
plasma-enhanced chemical vapor deposition (PECVD), 
and sputtering [33.83, 99]. These coatings are used in 
a wide range of applications, including tribological, op- 
tical, electronic, and biomedical applications. Ultrathin 
coatings (3.5 to 101m thick) are employed to protect 
against wear and corrosion in magnetic storage applica- 
tions (thin-film rigid disks, metal evaporated tapes) and. 
thin-film read/write head (Gillette Mach 3 razor blades, 
glass windows, and sunglasses). The coatings exhibit 
low friction, high hardness and wear resistance, chem- 
ical inertness to both acids and alkalis, lack of magnetic 
response, and optical band gap ranging from zero 10 
a few eV, depending on the deposition technique and its 
conditions. Selected data on DLC coatings relevant for 
MEMS/NEMS applications are presented in a following, 
section on adhesion measurements, 


literature. Using an AFM, measurements on various 
component surfaces was made for the first time by 
Sundararajan and Bhushan [33.112]. 

‘Table 33.6 shows various surface roughness pa- 
rameters obtained from 5x5 jim scans of the various 
component surfaces of several unlubricated micromo- 
tors using the AFM in tapping mode, A surface with 
2 Gaussian height distribution should have a skewness 
of zero and kurtosis of three. Although the rotor and 
stator top surfaces exhibit comparable roughness pa- 
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rameters, the underside of the rotors exhibits lower RMS 
roughness and peak-to-valley distance values. More im- 
portantly, the rotor underside shows negative skewness 
and lower kurtosis than the topsides both of which 
are conducive to high real area of contact and hence 
high friction [33.54, 55]. The rotor underside also ex. 
hibits higher coefficient of microscale friction than the 
rotor topside and stator, as shown in Table 33.6. Fig 
ure 33.25 shows representative surface height maps of 
the various surfaces of a micromotor measured using 
the AFM in tapping mode. The rotor underside ex- 


Rotor underside 


‘am, P=V=95 nt = nm, P-V=100 nm 


kK 
f) sam 
Fig. 33.25 Representative AFM surface height images obtained in 
‘tapping mode (5 jum jum scan size) of various component surfaces 
‘of a micromotor, RMS roughness and peak-to-valley (P-V) values of 
the surfaces are given. The underside ofthe rotor exhibits drastically 
different tapography from the topside [33.112] 


hibits varying topography from the outer edge to the 
middle and inner edge. At the outer edges, the topog- 
raphy shows smaller circular asperities, similar to the 
topside. The middle and inner regions show deep pits 
with fine edges that may have been created by the 
etchants used for etching the sacrificial layer. Itis known 
that etching can affect the surface roughness of sur- 
faces in surface micromachining. The residence time 
of the etchant near the inner region is high, respon- 
sible for larger pits. Figure 33.26 shows roughness of 
the surface directly beneath the rotors (the base polysil- 
‘on layer). There appears to be a difference in the 
roughness between the portion of this surface that was 
initially underneath the rotor (region B) during fabri- 
cation and the portion that was away from the rotor 
and hence always exposed (region A). The former re- 
gion shows lower roughness than the latter region. This 
Suggests that the surfaces at the rotor-hub interface that 
come into contact at the end of the fabrication process 
exhibit large real areas of contact that result in high 
friction, 


o 30 
0=25 nm, P-V= 184 nm 8.50m,P-V=59 om 
Fig. 33.26 Surface height images of polysilicon regions di- 
rectly below the rotor. Region A is away from the rotor, 
while region B was initially covered by the roto prior tothe 
release etch of the rotor. During this step slight movement 
of the rotor caused region B to be exposed [33.112] 
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33.6.2 Adhesion Measurements 


Surface force apparatus (SFA) and AFMs are used to 
measure adhesion between two surfaces on micro- to 
nanoscales. In the SFA, the adhesion of liquid films 
sandwiched between two curved and smooth surfaces 
is measured. In an AFM, as discussed earlier, adhesion 
between a sharp tip and the surface of interest is meas- 
ured, To measure adhesion between two beams in the 
‘mesoscopic length scale, a cantilever beam array (CBA) 
technique is used [33.113, 115-117]. The technique uti- 
lizes an array of micromachined polysilicon beams (for 
‘Si MEMS applications) anchored to the substrate at one 
tend and with different lengths parallel to the surface. It 
relies on the peeling and detachment of cantilever beams. 
Change in free energy, or reversible work done to sep- 
arate unit areas of two surfaces from contact is called 
work of adhesion. To measure the work of adhesion, 
electrostatic actuation is used to bring all beams in con- 
tact with the substrate, Fig. 33.27 (33.113, 117]. Once 
the actuation force is removed, the beams begin to peel 
themselves off the substrate, which can he observed with 
‘an optical interference microscope. For beams shorter 
than a characteristic length, the so-called detachment 
length, their stiffness is sufficient to completely free 
them from the substrate underneath. Beams larger than 
the detachment length remain adhered. The beams at the 
transition region start to detach and remain attached to 
the substrate just at the tips. For this ease, by equating 
the elastic energy stored within the beam and the beam- 


33.27 SEM micrograph of a m 


cromachined array of 
polysilicon cantilever beams of increasing length. The mi- 
‘rograph shows the onset of pinning for beams longer than 
34 um [33.113] 
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substrate interfacial energy, the work of adhesion, Wat, 
ccan be calculated by the following equation [33.1 17] 


(33) 


where E is the Young's modulus of the beam, d is 
the spacing hetween the undeflected beam and the sub- 
strate, ris the beam thickness, and fy is the detachment 
length. The technique has been used to screen methods 
for adhesion reduction in polysilicon microstructures. 
‘Tomeasure adhesion, friction, and wear between two 
microcomponents, a microtriboapparatus has been used. 
Figure 33.28 shows a schematic of a microtriboappara- 
tus capable of adopting MEMS components [33.114]. 
In this apparatus, an upper specimen mounted on a soft 
cantilever beam comes in contact with a lower specimen 
mounted on a lower specimen holder. The appara- 
tus consists of two piezos (x- and z-piezos), and four 
fiber optic sensors (1- and <-displacement sensors, and 
x- and z-force sensors). For adhesion and friction stud 
ies, ¢- and x-piezos are used to bring the upper and lower 
specimens in contact and to apply a relative motion in the 
lateral direction, respectively. The .x-and <-displacement 
sensors are used to measure the lateral position of the 


Cantilever bolder 
Cantilever 


Upper specimen 
Lower specimen 
Lower specimen holder 


piezo 


2 


-xisplacement sensor 


33.28 Schematic of the microtriboapparatus, including spe- 
ly designed cantilever (with two perpendicular mirrors attached 
‘on the end), lower specimen holder, two piezos (x- and z-piezos), 
and four fiber optic sensors (x and z-displacement sensors and = 
and z-force sensors) [33.114] 
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ower specimen and vertical position of the upper speci- 
‘men, respectively. The x-and z-force sensors are used to 
measure friction force and normal load/adhesive force 
between these two specimens, respectively, by monitor- 
ing the deflection of the cantilever, 

‘As most of the MEMS/NEMS devices are fab- 
ricated from silicon, the study of silicon-on-silicon 
contacts is important. This contact was simulated by 
a flat single-crystal Si(100) waler (phosphorus doped) 
specimen sliding against a single crystal Si(100) ball 
(1mm in diameter, 5% 10'7 atoms/cm? boron doped) 
mounted on a stainless steel cantilever [33.114, 118] 
Both of them have a native oxide layer on their surfaces, 
‘The other materials studied were 10-nm-thick DLC de- 
posited by filtered cathodic arc deposition on Si(100), 
2.3-nm-thick chemically bonded PEPE (Z-DOL, BW) 
on Si(100), and hexadecane thiol (HDT) monolayer 
fon evaporated Au(111) film to investigate their anti- 
adhesion performance. 

It is well-known that in the computer rigid disk 
drives, the adhesive force increases rapidly with an 
increase in rest time between @ magnetic head and 
‘a magnetic disk [33.35]. Considering that adhesion 
and friction are the major issues that lead to the fail- 
ture of MEMS/NEMS devices, the rest time effect on 
microscale on Si(100), DLC, PEPE, and HDT was stud- 
ied, and the results are summarized in Fig. 33.29a. It 
is found that the adhesive force of Si(100) increases 
logarithmically with the rest time to a certain equilib- 
rium time (1 = 1,005), after which it remains constant 
Figure 33.294 also shows that the adhesive force of 
DLC, PFPE, and HDT does not change with rest time. 
Single-asperity contact modeling of the dependence of 
‘meniscus force on the rest time has been carried out by 
Chilamakuri and Bhushan (33.119), and the modeling 
results (Fig. 33.29b) verify experimental observations. 
Due to the presence of thin film adsorhed water on 
Si(100), meniscus forms around the contacting asperi- 
ties and grows with time until equilibrium occurs, which 
causes the rest time effect on its adhesive force. The ad- 
hesive forces of DLC, PFPE, and HDT do not change 
with rest time, which suggests that either water meniscus 
is not present on their surfaces, or it does not increase 
with time. 

‘The measured adhesive forces of Si(100), DLC, 
PEPE, and HDT at rest time of 1s are summarized 
in Fig. 33.30, It shows that the presence of solid films 
of DLC, PEPE, and HDT greatly reduces the adhesive 
force of Si(100), whereas HDT film has the lowest ad- 
hesive force. Itis well-known that the native oxide layer 
(SiO2) on the top of Si(100) wafer exhibits hydrophilic 


2c, RH SOG 
Si(10) 


i= 025Pas 


Ww ie wo i i 

Rest time(s) 
Fig. 33.29 (a) The influence of rest time on the adhesive 
force of Si(100), DLC, chemically bonded PFPE, and HDT, 
and (b) single asperity contact modeling results of the rest 
time effect on the meniscus force for an aspesity of R in 
‘contact with a flat surface witha water-ilm thickness of hg 
and absolute viscosity of yo [33.119] 


properties, and water molecules produced by capillary 
condensation of water vapor from the environment can 
be adsorbed easily on this surface. The condensed water 
will form meniscus as the upper specimen approaches 
the lower specimen surface. The meniscus force isa ma- 
{jor contributor to the adhesive force. In the case of DLC, 
PEPE, and HDT, the films are found to be hydrophobic 
based on contact angle measurements, and the amount 
of condensed water vapor is low compared to that on 
Si(100), It should be noted that the measured adhesive 
force is generally higher than that measured in AFM, 
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Fig. 33.30 Adhesive forces of Si(100), DLC, chemically 
bonded PFPE, and HDT at ambient conditions and 
schematic showing the relative size of water meniscus 
‘on different specimens 


because the larger radius of the Si(100) ball compared 
to that of an AFM tip induces larger meniscus and van 
der Waals forces, 

To investigate the velocity effect on friction, the 
friction force as a function of velocity was measured 
and is summarized in Fig. 33.314. It indicates that for 
‘Si(100) the friction force initially decreases with in- 
creasing velocity until equilibrium occurs. Figure 33,314 
also indicates that the velocity almost has no effect on 
the friction properties of DLC, PEPE, and HDT. This 
implies that the friction mechanisms of DLC, PFPE, 
and HDT do not change with the variation in velocity 
For Si(100), at high velocity, the meniscus is broken 
and does not have enough time to rebuild. In addition, 
it is believed that tribochemical reaction plays an im- 
portant role. The high velocity leads to tribochemical 
reactions of Si(100), which has native oxide SiOo, with 
‘water molecules to form a Si(OH), film. This film is 
removed and continuously replenished during sliding. 
‘The Si(OH), layer at the sliding surface is known to 
be of low shear strength, The breaking of the water 
‘meniscus and the formation of a Si(OH)s layer result in 
‘decrease in friction force of Si(100). For DLC, PEPE, 
and HDT, surfaces exhibit hydrophobic properties and 
can only adsorb a few water molecules in ambient con- 
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ditions. The above mentioned meniscus breaking and 
tribochemical reaction mechanisms do not exist for these 
films, Therefore, their friction force does not change 
with velocity, 

‘The influence of relative humidity was studied in an 
environmentally controlled chamber. The adhesive and 
friction forces were measured at increasing relative hu- 
midity, and the results are summarized in Fig. 33.31b, 
‘The figure shows that for Si(100), the adhesive force in- 
creases with relative humidity, but the adhesive forces 
of DLC and PFPE only show slight increases when hu- 
midity is higher than 45%, while the adhesive force of 
HDT does not change with humidity. Figure 33.31b also 
shows that for Si(100), the friction force increases with 
relative humidity increase up to 45%, and then itshows 
a slight decrease with a further increase in the relative 
humidity. For PFPE, there is an increase in the friction 
force when humidity is higher than 45%. In the whole 
testing range, relative humidity does not have any ap- 
parent influence on the friction properties of DLC and 
HDT. In the case of Si(100), the initial increase of rel- 
ative humidity up to 45% causes more adsorbed water 
‘molecules nd forms bigger water meniscus, which leads 
to an increase of friction force. But at a very high hu- 
midity of 65%, large quantities of adsorbed water can 
form a continuous water layer that separates the tip and 
sample surfaces and acts as a kind of lubricant, which 
‘causes a decrease in the friction force. For PFPE, dewet- 
ting of lubricant film at humidity larger than 45% results 
in an increase in the adhesive and friction forces. DLC 
and HDT surfaces show hydrophobic properties, and in- 
creasing relative humidity does not play much of a role 
in their friction forces. 

‘The influence of temperature was studied using 
‘a heated stage. The adhesive force and friction force 
‘were measured at increasing temperatures from 22°C 
to 125°C. The results are presented in Fig, 33.31. It 
shows that once the temperature is higher than 50°C, 
increasing temperature causes a significant decrease in 
adhesive and friction forces of Si(100) and a slight de- 
crease in the cases of DLC and PFPE, But the adhesion 
and friction forces of HDT do not show any apparent 
change with test temperature. At high temperature, des- 
option of water, and reduction of surface tension of 
‘water lead to the decrease of adhesive and friction forces 
of Si(100), DLC, and PEPE, However, in the case of 
HDT film, as only a few water molecules are adsorbed 
oon the surface, the above mentioned mechanisms do 
not play a big role. Therefore, the adhesive and friction 
forces of HDT do not show any apparent change with 
temperature. Figure 33.31 shows that in the whole ve- 
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Fig. 33.31a~c The influence of (a) sliding velocity on the friction forces, (b) relative humidity on the adhesive and friction forces, 
and (¢) temperature on the adhesive and friction forces of $i(100), DLC, chemically bonded PFPE, and HDT 


locity, relative humidity, and temperature test range, the 
adhesive forces and friction forces of DLC, PFPE, and 
HDT are always smaller than that of Si(100), whereas 
HDT has the smallest value. 

‘To summarize, several methods can be used to re- 
duce adhesion in microstructures. MEMS surfaces can 
be coated with hydrophobic coatings such as PFPEs, 
SAMS, and passivated DLC coatings. It should be noted 
that other methods to reduce adhesion include the forma- 
tion of dimples on the contact surfaces to reduce contact, 
area [33.10,54,55, 116, 117]. Furthermore, an increase 
in hydrophobicity of the solid surfaces (high contact 
angle approaching 180°) can be achieved by using sur- 
faces with suitable roughness, in addition to lowering 
their surface energy [33.120, 121], The hydrophobicity 
of surfaces is dependent on a subtle interplay between 
surface chemistry and mesoscopic topography. The self- 
cleaning mechanism, or so-called “Lotus-effect”, 
closely related to the ultra-hydrophobic properties of 
these biological surfaces, which usually show micro- 
sculptures in specific dimensions, 


33.6.3 Static Friction Force (Stiction) 
Measurements in MEMS 


In MEMS devices involving parts in relative motion to 
each other, such as micromotors, large friction forces 
become the limiting factor to their successful opera- 
tion and reliability. It is generally known that most 
micromotors cannot be rotated as manufactured and 
require some form of lubrication. It is therefore crit 
ical to determine the friction forces present in such 
MEMS devices. To measure in situ the static friction 
of a rotor-bearing interface in a micromotor, Tai and 
‘Muller (33.122] measured the starting torque (voltage) 
and pausing position for different starting positions un- 
der constant-hias voltage. A friction-torgue model was 
used to obtain the coefficient of static friction. To mea- 
sure the in situ kinetic friction of the turbine and gear 
structures, Gabriel et al, [33.123] used a laser-based 
measurement system to monitor the steady-state spins 
and decelerations. Lin et al. [33.124] designed and fab- 
ricated a polysilicon microstructure to in situ measure 
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the static friction of various films. The microstructure 
consisted of a shuttle suspended above the underlying 
electrode by a folded beam suspension. A known nor- 
‘mal force was applied, and lateral force was measured 
to obtain the coetflicient of static friction, Beerschwinger 
ct al. developed a cantilever-deflection rig to measure 
friction of LIGA-processed micromotors (33.125, 126]. 
Table 33.7 presents static friction coefficients of vari- 
‘ous MEMS devices evaluated by various researchers. 
‘Most of these techniques employ indirect methods to 
determine the friction forces, or involve fabrication of 
complex structures, 

A novel technique to measure the static friction 
force (stiction) encountered in surface micromachined 
polysilicon micromotors using an AFM has been 
developed by Sundararajan and Bhushan [33.1 12].Con- 
tinuous physical contact occurs during rotor movement 
(rotation) in the micromotors between the rotor and 
lower hub flange. In addition, contact occurs at other 
locations between the rotor and the hub surfaces and 
between the rotor and the stator, Friction forces will 
be present at these contact regions during motor oper- 
ation, Although the actual distribution of these forces 
is not known, they can be expected to be concentrated 
near the hub, where there is continuous contact. If we, 
therefore, represent the static friction force of the micro- 
motor as a single force F, acting at point P, (as shown in 
Fig. 33.32a), then the magnitude of the frictional torque 
about the center of the motor (O) that must be overcome 
before rotor movement can be initiated is: 


T= Fo (33.2) 


where / is the distance OP), which is assumed to be 
the average distance from the center at which the frie- 
tion force F, occurs. Now consider an AFM tip moving 
against a rotor arm in a direction perpendicular to the 
Jong axis ofthe cantilever beam (the rotor arm edge clos- 


_A- 


Fig. 33.32 (a) Schematic of the technique used to measure the force, 
£F,, required to initiate rotor movement using an AFM/FEM. (b) AS 
the tip is pushed against the rotor, the lateral deflection experienced 
by the rotor due tothe twisting ofthe tip prior to rotor movement is 
a measure of static friction force, F,, of the rotors, (c) Schematic of 
lateral deflection expected from the above mentioned experiment. 
“The peak Vj is related tothe state of the rotor [33.112], 


est to the tip is parallel to the long axis of the cantilever 
beam), as shown in Fig. 33.32a, When the tip encoun- 
ters the rotor at point P2, the tip will twist, generating 
a lateral force between the tip and the rotor (event A in 
Fig. 33.32b). This reaction force will generate a torque 
about the center of the motor. Since the tip is trying to 
‘move farther in the direction shown, the tip will continue 
to twist to a maximum value at which the lateral force 
between the tip and the rotor becomes high enough such 
that the resultant torque J; about the center of the motor 
equals the static friction torque T,. At this point, the ro- 


Table 33.7 Published data on coefficient of static friction measurements of MEMS devices and structures 
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Fig. 33.33 Stati frition force values 
‘of unlubricated motors and motors 


[Normalized static friction force 
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lubricated using PEPE lubricants, Litres age FE 
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Which motor movement was recorded 5 
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prior to measurements [33,112] 
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tor will begin to rotate, and the twist of the cantilever 
decreases sharply (event B in Fig. 33.32b). The twist of 
the cantilever is measured in the AFM as a change inthe 
lateral deflection signal (in volts), which is the under- 
lying concept of friction force microscopy (FFM), The 
change in the lateral deflection signal corresponding to 
the above mentioned events as the tip approaches the ro- 
tor is shown schematically in Fig. 33.32h. The value of 
the peak Vris a measure of the force exerted on the rotor 
by the tip just before the static friction torque is matched 
and the rotor begins to rotate. 

Using this technique, the viability of PEPE lubricants 
for micromotors has been investigated and the effect 
of humidity on the friction forces of unlubricated and 
lubricated devices was studied as well, Figure 33.33 
shows static friction forces normalized over the weight 
of the rotor of unlubricated and lubricated micromotors 
as a function of rest time and relative humidity. Rest 
time here is defined asthe time elapsed between the frst 
experiment conducted on a given motor (solid symbol at 
time zero) and subsequent experiments (open symbols) 
Each open symbol data point is an average of six meas- 
urements. It can be seen that for the unlubricated motor 
and the motor lubricated with a bonded layer of Z-DOL 
(BW), the static friction force is highest for the frst 
experiment and then drops to an almost constant level 
In the case of the motor with an as-is mobile layer of 
Z-DOL, the values remain very high up to 10 days after 
lubrication. In all cases, there is negligible difference in 
the static friction force at 0% and 45% RH. At 70% RH, 
the unlubricated motor exhibits a substantial increase in 
the static friction force, while the motor with bonded Z- 
DOL shows no increase in static friction force due to the 
hydrophobicity of the lubricant layer. The motor with 
an as-is mobile layer of the lubricant shows consistently 
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high values of static friction force that vary little with 
humidity. 


33.6.4. Mechanisms Associated 
with Observed Stiction Phenomena 
in Micromotors 


Figure 33.34 summarizes static friction force data for 
two motors, MI and M2, along with schematics of the 
‘meniscus effects for the unlubricated and lubricated sur- 
faces. Capillary condensation of water vapor from the 
environment results in the formation of meniscus bridges 
between contacting and near-contacting asperities of two 
surfaces in close proximity to each other, as shown in 
Fig. 33.34. For unlubricated surfaces, more menisci are 
formed at higher humidity, resulting in a higher friction 
force between the surfaces. The formation of meniscus 
bridges is supported by the fact that the static friction 
force for unlubricated motors increases at high humidity 
(Fig. 33.34). Solid bridging may occur near the rotor-hub 
Interface due to silica residues after the first etching pro- 
‘cess. In addition, the drying process after the final etch 
can result in liquid bridging formed by the drying liquid 
due to meniscus force at these areas [33.54,55,1 13,116] 
‘The initial static friction force therefore will be quite 
high, as evidenced by the solid data points in Fig. 33.34. 
Once the first movement of the rotor permanently breaks 
these solid and liquid bridges, the static friction force of, 
the motors will drop (as seen in Fig. 33.34) to a value 
dictated predominantly by the adhesive energies of ro- 
tor and hub surfaces, the real area of contact between 
these surfaces and meniscus forces due to water vapor 
in the air, at which point, the effect of lubricant films 
can be observed. Lubrication with a mobile layer, even 
a thin one, results in very high static friction forces 
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RF Problems 
Radio frequencies (RF) introduce various prob- 
lems affecting the efficiency of inductors. The 
skin effect is the tendency of high-frequency AC 
current to flow primarily on the surface of a 
strand of wire. The proximity effect refers to the 
tendency of the magnetic fields caused by adja- 
cent wires to introduce eddy currents in the c 


What Can Go Wrong 


Both of these effects increase the effective re- 
sistance of the coil. Various coil geometries have 
been developed to minimize these effects, but 
are outside the scope of this encyclopedia. The 
fundamental lesson is that coils specifically de- 
signed for RF are the only ones that should be 
used with RF. 
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jg. 33.34 Summary of effectof liquid and solid lubricants 
fon static friction force of micromotors. Despite the hy- 
drophobicity ofthe lubricant used (Z-DOL),a mobile liquid 
lubricant (Z-DOL as is) leads to very high static friction 
foree due to increased meniscus forces, whereas a solid- 
like lubricant (bonded Z-DOL, BW) appears to provide 
some amount of reduction in static friction force 


due to meniscus effects of the lubricant liquid itself at 
and near the contact regions. It should be noted that 
‘8 motor submerged in a liquid lubricant would result in 
a fully flooded lubrication regime. In this case, there is 
‘no meniscus contribution and only the viscous contribu- 
tion to the friction forces would be relevant. However, 
submerging the device in a lubricant may not be a prac- 
tical method, A solid-like hydrophobic lubricant layer 
(such as bonded Z-DOL) results in favorable friction 
characteristics of the motor, The hydrophobic nature of 
the lubricant inhibits meniscus formation between the 
contact surfaces and maintains low friction even at high 
humidity (Fig. 33.34). This suggests that solid-like hy- 
drophobic lubricants are idea! for lubrication of MEMS, 
while mobile lubricants result in increased values of 
static friction force, 
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‘To be able to accurately design structures and make 
reliability predictions, in any field it is necessary 
first to know the mechanical properties of the 
‘materials that make up the structural components. 
In the fields of microelectromechanical systems 
(MEMS) and nanoelectromechanical systems 
(NEMS), the devices are necessarily very small. 
‘The processing techniques and microstructures 
of the materials in these devices may differ 
significantly from bulk structures. Also, the 
surface-area-to-volume ratio in these structures 
is much higher than in bulk samples, and so the 
surface properties become much more important. 
{In short, it cannot be assumed that mechanical 
properties measured using bulk specimens will 
apply to the same materials when used in MEMS 
and NEMS, This chapter will review the techniques 
that have been used to determine the mechanical 
properties of micromachined structures, especially 
residual stress, strength, and Young's modulus. 
‘The experimental measurements that have been 


34. Mechanical Properties 
of Micromachined Structures 
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of Films on Substrates, 1023 
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performed will then be summarized, in particular 
the values obtained for polycrystalline silicon 
(polysilicon). 


34.1 Measuring Mechanical Properties of Films on Substrates 


In order to determine accurately the mechanical prop- 
erties of very small structures, it is necessary to test 
specimens made from the same materials, processed 
in the same way, and of the same approximate size. 
Not surprisingly it is often difficult to handle speci- 
‘mens this small. One solution is to test the properties 
of films remaining on substrates. Micro- and nanoma- 
chined structures are typically fabricated from films that 
are initially deposited onto a substrate, are subsequently 
patterned and etched into the appropriate shapes, and 
then finally released from the substrate, If the testing is 
performed on the continuous film, before patterning and 
release, the substrate can be used as an effective “han- 
dle" for the specimen (in this case, the film). Of course 
since the films are adhered to the substrate, the types of 
tests possible are severely limited. 


springer Handbook  Nanotechnolo 
BPahushan © Springer 2008 


36.1.1 Residual Stress Measurements 


‘One common measurement easily performed on films 
attached to substrates is residual film stress. The curva- 
ture of the substrate is measured before and after film 
deposition. Curvature can be measured in a number of 
ways. The most common technique is to scan a laser 
across the surface (or scan the substrate beneath the 
laser) and detect the angle of the reflected signal. Al- 
tematively, profilometry, optical interferometry, or even. 
atomic force microscopy can be used. As expected, tools 
that map a surface or perform multiple linear scans can 
«give more accurate readings than tools that measure only 
asingle scan 

‘Assuming that the film is thin compared to the sub- 
strate, the average residual stress inthe film, oj, is given 
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by the Stoney equation, 


E 1 

v(m 
where the subscripts f and s refer to the film and sub- 
strate, respectively; is thickness, F is Young's modulus, 
v is Poisson's ratio, and R is radius of curvature be- 
fore (Ry) and after (R2) film deposition [34.2]. For the 
typical (100)-oriented silicon substrate, E/(1 — v) (also 
known asthe biaxial modulus) is equal to 180.5 GPa, in- 
dependent of in-plane rotation [34.3]. This investigation 
‘can be performed on the as-deposited film or afier any 
subsequent annealing step, provided no changes occur 
to the substrate 

This measurement will reveal the average resid- 
ual stress of the film. Typically, however, the residual 
stresses of deposited films will vary through the film 
thickness. One way to detect this, using substrate cur- 
vature techniques, isto etch away a fraction of the film 
and repeat the curvature measurement. This can be it- 
crated any number of times to obtain a residual stress 
profile forthe film [34.4]. Alternatively, tools have been 
designed to measure the substrate curvature during the 
deposition process itself, to obtain information on how 
the stresses evolve [34.5] 

‘An additional feature of some of these tools is the 
ability to heat the substrates while performing the stress 
measurement. An example of the results obtained in 
such an experiment is shown in Fig. 34.1 [34.1], for an 
aluminum film on a silicon substrate. The slope of the 
heating curve gives the difference in thermal expansion 
between the film and the substrate. When the heating 
‘curve changes slope and becomes nearly horizontal, the 
yield strength of the film has been reached. 


(34a) 


34.1.2 Mechanical Measurements 
Using Nanoindentation 


Aside from residual stress, it is difficult to measure 
‘mechanical properties of films adhered to substrates 
‘without the measurement being affected by the presence 
of the substrate, Recent developments in nanoindenta- 
tion equipment have allowed this technique to be used 


Biaxial stress (MPa) 
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Fig. 34.1 Typical results for residual stress as a function 
of temperature for an aluminum film on a silicon sub- 
strate [34.1]. The stresses were determined by measuring 
the curvature of the substrate before and after film deposi- 
tion, using the reflected signal of a laser scanned across the 
substrate surface 


in some cases. With specially designed tools, inden- 
tation can be performed using very low loads, If the 
films being investigated are thick and rigid enough, 
‘measurements can be made that are not influenced by 
the presence of the substrate. OF course, this can be 
verified by depositing the same film onto different sub- 
strates. By continuously monitoring the displacement as 
well as the load during indentation, a variety of proper- 
tics can be measured, including hardness and Young's 
modulus [34.6]. This area is covered in more detail in 
a separate chapter. 

For brittle materials, cracks can be generated by in- 
dentation, and strength information can be gathered. But 
the exact stress fields created during the indentation pro- 
cess are not exactly known, and, therefore, quantitative 
values for strength are difficult to determine. Anisotropic 
etching of single crystal silicon has been done to create 
30-jm-tall structures that were then indented to examine 
fracture toughness [34.7], however this is not possible 
with most materials 


34.2 Micromachined Structures for Measuring Mechanical Properties 


Certainly the most direct way to measure the me- 
chanical properties of small structures is to fabricate 
structures that would be conducive to such tests. Fabri- 
cation techniques are sufficiently advanced that virtually 


any design can be realized, at least in two dimensions. 
‘Two basic types of devices are used for mechani- 
cal property testing: “passive” structures and “active” 
structures, 
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34.2.1 Passive Structures 


‘As mentioned previously, the main difficulty in testing 
very small specimens isin handling. One way to circum- 
vent this problem is by using passive structures. These 
structures are designed to act as soon as they are released. 
from the substrate and to provide whatever information 
they are designed to supply without further manipula- 
tion, For all of these passive structures, the forces acting 
‘on them come from the structural materials’ own inter- 
nal residual stresses, For devices on the micron scale or 
smaller, gravitational forces can be neglected, and there- 
fore internal stresses are the only source of actuation 
force. 


Stress Measurements 
Since the internal residual stresses act upon the passive 
devices when they are released, it is natural to design 
‘a device that can be used to measure residual stresses. 
One such device, a rotating microstrain gauge, is shown 
in Fig. 34.2. There are many different microstrain gauge 
designs, but all operate under the same principle, In 
Fig. 34.2, the large pads, labeled A, will remain an- 
cored to the substrate when the rest of the device is 
released. Upon release, the device will expand or con- 
tract in order to relieve its internal residual stresses. 
‘A structure under tension will contract, and a struc- 
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ture under compression will expand. For the structure 
in Fig. 34.2, a compressive stress will cause the legs 10 
lengthen, Since the two opposing legs are not attached 
to the central beam at the same point but are offset, they 
will cause the central beam to rotate when they expand. 
‘The device in Fig. 34.2 contains two independent gauges 
that point to one another. At the ends of the two central 
beams are two parts of 4 Vernier scale. By observing this 
scale, one can measure the rotation of the beams. 

If the connections between the legs and the central 
beams were simple pin connections, the strain, ¢, of 
the legs (the fraction of expansion or contraction) could 
be determined simply by the measured rotation and the 
geometry of the device, namely 


yeumndattes 


2Leoatrat Leg Gs 


‘where dieam is the lateral deflection of the end of one 
central beam, doiisei is the distance between the con- 
nections of the opposing legs, Lema! iS the length of 
the central beam (measured to the center point between 
the leg connections), and Ligy is the length of the leg. 
But since the entire device was fabricated from a single 
polysilicon film, this cannot be the case; there must be 
some bending occurring at the connections. As a result, 
to get an accurate determination of the strain relieved 
upon release, finite element analysis (FEA) of the struc- 


Fig. 34.2 
{a) Microstrain 
gauge Fabricated 
from polysil 
con. (b) shows 
a close-up of 
the Vernier scale 
before release, 
‘and (¢) shows the 
same area after 
release 
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ture must be performed. This is a common situation for 
microdevices. FEA is a powerful tool in determining the 
displacements and stresses of nonideal geometries. One 
drawback is that Young's modulus of the material must 
be known in orderto do the FEA as well as to convert the 
‘measured strain into a stress value. But Young's moduli 
for many micromachined materials are known or can be 
‘measured using other techniques. 

Other devices, besides rotating strain gauges, are 
designed to measure residual stresses. One of the most 
simple is a doubly clamped beam, a long, narrow beam 
‘of constant width and thickness that is anchored to the 
substrate at both ends. If the beam contains a tensile 
stress, it will remain straight. But if the beam contains 
a compressive stress, it will buckle if its length ex- 
ceeds acritical value, lg, according to the Euler buckling 
criterion [34.8], 


: 
ee) 


(34.3) 


Fig. 34.3a,b Schematic (a) top view and (b) side view of 
Guckel ring structures [34.8]. The dashed lines in (a) indi- 
cate the anchors 


‘A schematic of this design is shown in Fig. 34.3 [34.8] 
A tensile stress in the outer ring will cause it to con- 
tract. This will lead to a compressive stress in the central 
beam, even though the material was originally tensile be- 
fore release, The amount of compression in the central 
beam can be determined analytically from the geome- 
ty of the device and the residual strain of the material 
Again, by changing the length of the central beam, the 
Joy will be determined, and then the residual strain can 
be deduced. 


Stress Gradient Measurements 
For structures fabricated from thin deposited films, the 
stress gradient can be just as important asthe stress itself. 
Figure 34.4 shows a portion of a silicon microactuator. 
‘The device is designed to be completely planar; however, 
stress gradients in the film cause the structures to bend. 
‘This figure illustrates the importance of characterizing 
and controlling stress gradients, and it also demonstrates 
that the easiest structure for measuring stress gradients is 
‘a simple cantilever beam. By measuring the end deflec- 
tion 6, of a cantilever beam of length /, and thickness ¢, 
the stress gradient, do/dr is determined by [34.9] 

do 

a 

‘The magnitude of the end deflection can be meas- 
ured by microscopy, optical interferometry, or any other 
technique. 

“Another useful structure for measuring stress gradi- 
cents is a spiral. For this structure, the end of the spiral not 
anchored to the substrate will move out-of-plane. Also 


(34.4) 


Fig. 34.l6 Scanning electron micrograph (SEM) of a por- 
tion of a silicon microactuator. Residual stress gradients in 
the silicon cause the structure to bend 
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the diameter of the spiral will contract, and the free end 
of the spiral will rotate when released [34.10] 


Strength and Fracture Toughness 

Measurements 
As mentioned above, if doubly clamped beam contains 
tensile stress, it will remain taut when released because 
it cannot relieve any of its stress by contracting. This 
tensile stress can be thought of asa tensile load being ap- 
plied at the ends of the beam. If this tensile load exceeds 
the tensile strength of the material, the beam will break. 
Since the tensile stress can be measured, as discussed 
in the Sect, 34.2.1, this technique can be used to gather 
information on the strength of materials. Figure 34.5 
shows two different beam designs that have been used 
to measure strength. The device shown in Fig. 34.5a was 
fabricated from a tensile polysilicon film [34.11]. Dif- 
ferent beams were designed with varying lengths of the 
‘wider regions (marked /; in the figure). In this manner, 
the load applied to the narrow center beam was varied, 
even though the entire film contained a uniform resid- 
ual tensile stress. For [1 greater than a critical value, the 
narrow center beam fractured, giving a measurement for 
the tensile strength of polysilicon. 

‘The design shown in Fig. 34.5b was fabricated from 
tensile SiN, film [34.12]. Asseen inthe figure, stress 
concentration was designed into the beam, to ensure 
the fracture strength would be exceeded. In this case, 
a notch was etched into one side of the beam. Since 
the stress concentration is not symmetric with regard 
to the beam axis, this results in a large bending mo- 


a) 220-1200 pm fe=20ym 


Fig. 34.5a,b Schematic designs of doubly clamped beams 
with stress concentrations for measuring strength. (a) was 
fabricated from polysilicon [34.11], and (b) was fabricated 
from SiN, [34.12] 
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‘ment at that position, and the test measures the bend. 
strength of the material. Again, like the beams shown 
in Fig. 34.5a, the geometry of various beams fabricated 
from the same film were varied, to vary the maximum 
stress seen at the notch. By seeing which beams fracture 
at the stress concentration after release, the strength can 
be determined, 

Through a similar technique but by using an atom- 
ically sharp pre-crack instead of a stress concentration, 
the fracture toughness of a material can be determined. 
‘Sharp pre-cracks can be introduced into micromachined 
structures before release by placing a Vickers indent on 
the substrate, near the device; the radial crack formed 
by the indent will propagate into the overlying strue- 
ture [34.14]. Accordingly, the beam with a sharp pre- 
crack, shown in Fig. 34.6, was fabricated using polysili- 
con [34.13]. Due to the stochastic nature of indentation, 
the initial pre-crack length will vary from beam to beam, 
Because of this, even though the geometry of the beams 
remains identical, the stress intensity, K, atthe pre-crack 
tip will vary. Upon release, only those pre-cracks whose 
K exceeds the fracture toughness of the material, Kic, 
will propagate, and in this way upper and lower bounds 
for Kje for the material can be determined, 

For all of the beams discussed in this section, finite 
clement analysis is required to determine the stress con- 
centrations and stress intensities. Even though approx- 
imate analytical solutions may exist for these designs, 
the actual fabricated structure will not have idealized ge- 
ometries. For example, corners will never be perfectly 
sharp, and cracks will never be perfectly straight. This 


6 (a) SEM of a 500 um long polysilicon beam with 
a Vickers indent placed near its center; (b) higher magnifica- 
tion SEM of the area near the indent showing the pre-crack 
traveling from the substrate into the beam [34.13] 
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reinforces the idea that FEA is a pawerful tool in deter- 
mining mechanical properties of very small structures. 


34.2.2 Active Structures 


As discussed above, itis very convenient to design strue- 
tures that act upon release to provide information on the 
‘mechanical properties ofthe structural materials, This is 
‘not always possible, however. For example, those pas- 
sive devices just discussed rely on residual stresses to 
create the changes (rotation or fracture) that occur upon 
release, but many materials do not contain high resid- 
ual stresses as deposited, or the processing scheme of 
the device precludes the generation of residual stresses. 
Also, some mechanical properties, such as fatigue re- 
sistance, require motion in order to be studied. Active 
devices are therefore used. These are acted upon by 
a force (the source of this force can be integrated into 
the device itself or can be external to the device) in or- 
der to create a change, and by the response to the force, 
the mechanical properties are studied, 


Young's Modulus Measurements 
Young's modulus, £,isamaterial property critical toany 
structural device design. It describes the elastic response 
of a material and relates stress, and strain, e, by 


o=Ee (34.5) 


In bulk samples, £ is often measured by loading a speci- 
‘men in tension and measuring displacement as a function 
of stress for a given length. While this is considerably 
more difficult for small structures, such as those fabyi- 
cated from thin deposited films, it can be achieved with 
careful experimental techniques. Figure 34.7 shows the 
schematic of one such measurement system [34.15]. The 


Fig. 34.7 Schematic of a measurement system for tensile 
loading of micromachined specimens [34.15] 


fringe detectorsiin the figure detect the reflected laser sig- 
nal from two gold lines deposited onto the polysilicon 
specimen, which act as gage markers. In this manner, the 
strain in the specimen during loading can be monitored. 
Besides gold lines, Vickers indents placed in a nickel 
specimen can also serve as gage markers [34.16], or 
a speckle interferometry technique [34,17] can be used 
to determine strain in the specimen, Once the stress- 
versus-strain behavior is measured, the slope of the curve 
is equal to E. 

In addition to the tensile test, Young's modulus can 
be determined by other measures of stress-strain behav- 
ior. As seen in Fig. 34.8, a cantilever beam can be bent 
by pushing on the free end with a nanoindenter [34.18] 
‘The nanoindenter can monitor the force applied and 
the displacement, and simple beam theory can con- 
vert the displacement into strain to obtain , A similar 
technique, shown schematically in Fig. 34.9 [34.19], 
volves pulling downward on a cantilever beam by means 
of an electrostatic force, An electrode is fabricated into 
the substrate beneath the cantilever beam, and a voltage 
is applied between the beam and the botiom electrode. 
‘The force acting on the beam is equal to the electrostatic 
force corrected to include the effects of fringing fields 
acting on the sides of the beam, namely 

»1 ) 


2 v ) (eile 
2 Ag +20), w 
(34.6) 


where F(x) is the electrostatic force atx, en isthe di- 
electric constant of air, g is the gap between the beam 
and the bottom electrode, 2(4) is the out-of-plane de- 
flection of the beam, w is the beam width, and V is the 
applied voltage [34.19]. In this work, the deflection of 
the beam as a function of position is measured using 
optical interferometry. These measurements combine to 
give stress-strain behavior for the cantilever beam. An 
extension ofthis technique uses doubly clamped beams 
instead of cantilever beams. In this case, the deflection 
of the beam ata given electrostatic force depends on the 
residual stress in the material as well as Young's modu- 
lus. This method can also be used, therefore, to measure 
residual stresses in doubly clamped beams. 

‘Another device possible to fabricate from a thin 
film and also possible to use for investigating stress- 
strain behavior is @ suspended membrane, seen in 
Fig. 34.10 [34.20]. As shown in the schematic figure, 
the membrane is exposed ton elevated pressure on one 
side, causing it to bulge in the opposite direction. The 
deflection of the membrane is measured by optical or 
other techniques and related to the strain in the mem 
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Fig. 34.8 Schematic of a nanoindenter loading mechanism 
pushing on the end of a cantilever beam [34.18] 


\Rete 


34.9 Schematic of a cantilever beam bending test us- 
ing an electrostatic voltage to pull the beam toward the 
substrate [34.19] 


Pressure (p) 


34.10 Schematic cross section of a microfabricated 
‘membrane [34.20] 


brane. These membranes can be fabricated in any shape, 
typically square or circular, Both analytical solutions 
and finite clement analyses have been done to relate 
the deflection to the strain, Like the doubly clamped 
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beams, both Young's modulus and residual stress play. 
a role in the deflected shape. Both of these mechanical 
properties can therefore be determined by the pressure- 
vversus-deflection performance of the membrane. 

Another measurement besides stress-strain behay- 
ior that can reveal Young's modulus of a material is 
the determination of the natural resonance frequency. 
For a cantilever, the resonance frequency, fy, for free 
undamped vibration is given by 


nd (S)" an 


where p, /, and 1 are density, length, and thickness of 
the cantilever; 2, is the eigenvalue, where i is an in- 
teger that describes the resonance mode number; for 
the first mode 2. = 1.875 [34.22]. By measuring f; and 
knowing the geometry and density, therefore, E can be 
determined. The cantilever can be vibrated by a number 
of techniques, including a laser, loudspeaker, or piez0- 
electric shaker. The frequency that produces the highest 
amplitude of vibration isthe resonance frequency. 

‘A micromachined device that uses an electrostatic 
comb drive and an AC signal to generate the vibration of 
the structure is known as a lateral resonator [34.23]. One 
example is shown in Fig. 34.1 [34.21], When a voltage 
is applied across either set of interdigitated comb fin- 
gers shown in Fig. 34.11, an electrostatic attraction will 
be generated due to the increase in capacitance as the 
overlap between the comb fingers increases. The force, 
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Fig. 34.11 SEM of a polysilicon lateral resonator [34.21] 
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Fig. 34.12 (a) SEM of a device for measuring bend strength of polysilicon beams; (b) image of a test in process; (c) higher 


F, generated by the comb drive is given by 


(34.8) 


where C is capacitance, x is distance traveled by one 
comb-drive toward the other, » is the number of pairs of 
‘comb fingers in one drive, « is the permittivity of the uid 
between the fingers, / is the height of the fingers, ¢ is 
the gap spacing between the fingers, and V is the applied 
voltage [34.23]. When an AC voltage at the resonance 
frequency is applied acrosseither of the two comb drives, 
the central portion of the device will vibrate. In fact, 
since force depends on the square of the voltage for 
electrostatic actuation, for a time, 1, dependent drive 
voltage, up (1), of 


up (0) = Vet vasin(an), 4.9) 
Where Vi is the DC bias and vy is the AC drive ampli- 
tude, the time dependent portion ofthe force will scale 
with 

2oVpvg cos(at) + wv sin(2oot) (34.10) 


[34.23]. Therefore, if an AC drive signal is used with 
‘no DC bias, at resonance, the frequency of the AC drive 
signal will be one half the resonance frequency. For this 
device, the resonance frequency, f;, will be 


be 
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and M is the mass of the portion of the device that 
vibrates. The spring constant is given by 


1a 


(34.11) 


keys = 24/9 (34.22) 
hw 
a (34.13) 


‘magnification view of one beam shortly before breaking [34.24] 


where J is the moment of inertia of the beams, and 
Lh, and w are the length, thickness, and width of the 
beams. By combining these equations and measuring fj, 
therefore, E can be determined. 

‘One distinct advantage of the lateral resonator 
technique and the electrostatically pulled cantilever 
technique for measuring Young's modulus is that they 
require no external loading sources. Portions of the de- 
vices are electrically contacted, and a voltage is applied. 
For the pure tension tests, such as shown in Fig. 34.7, the 
specimen must be attached to a loading system, which 
forthe very small specimens discussed here, can be ex- 
tremely difficult, and any misaligament or eccentricity 
in the test could lead to unreliable results. But the ad- 
vantage of the externally loaded technique is that there 
are no limitations on the type of materials that can be 
tested, Conductivity is not a requirement, nor is any 
compatibility with electrical actuation. 


Strength and Fracture Toughness 

Measurements 
AAs one might expect, any of the techniques discussed 
in the previous section that strain specimens in order 
to measure Young's modulus can also be used to mea- 
sure fracture strength, Simply, the load is increased until 
the specimen breaks. As long as either the load or the 
strain is measured at fracture, and the geometry of the 
specimen is known, the maximum stress required for 
fracture, og, can be determined, either through analyt- 

analysis or FEA. Depending on the geometry of the 
test, ocr: Will represent the tensile or bend strength of 
the materia 

If the available force is limited, or if it is desired 
to have a localized fracture site, stress concentrations 
can be added to the specimens. These are typically 
notches micromachined into the edges of specimens. 
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Focused ion beams have also been used to carve stress 
concentrations into fracture specimens. 

All of the extemal loading schemes, such as those 
shown in Figs, 34.7 and 34.8, have been used to mea- 
sure fracture strength. Also, the electrostatically loaded 
doubly clamped beams can be pulled until they fracture. 
In this case, there is one complication. The electrostatic 
force is inversely proportional to the distance between 
the electrodes, and at a certain voltage, called the “pull- 
in voltage,” the attraction between the beam and the 
substrate will become so great that the beam will imme- 
diately be pulled into contact with the bottom electrode. 
‘As long as the fracture takes place before the pull-in 
voltage is reached, the experiment will give valid results. 

Other loading techniques have been used to gener- 
ate fracture of microspecimens. Figure 34.12 [34.24] 
shows one device designed to be pushed by the end of 
‘a micromanipulated needle, The long beams that extend 
from the sides of the central shuttle come into contact, 
‘with anchored posts, and, at a critical degree of bend- 
ing, the beams will break off. Since the applied force 
cannot be measured in this technique, the experiment 
is optically monitored continuously during the test, and 
the image of the beams just before fracture is analyzed 
to determine a 

Another loading scheme that has been demonstrated 
for micromachined specimens utilizes scratch drive ac- 
tuators to load the specimens [34.25]. These types of 
actuators work like inchworms, traveling across a sub- 
strate in discrete advances as an electrostatic force is, 
repeatedly applied between the actuator and the sub- 
strate. The stepping motion can be made in the nm scale, 
depending on the frequency of the applied voltage, and. 
so it can be an acceptable approximation to continu- 
fous loading. One advantage of this scheme is that very 
large forces can be generated by relatively small devices. 
‘The exact forces generated cannot be measured, so like 
the technique that used micromanipulated pushing, the 
test is continuously observed to determine the strain at 
fracture. Another advantage of this technique is that, 
like the lateral resonator and the electrically pulled can- 
tilever, the loading takes place on-chip, and, therefore, 
the difficulties associated with attaching and aligning an 
external loading source are eliminated, 

‘Another on-chip actuator used to load microspeci- 
‘mens is shown in Fig. 34.13, along with three different 
‘microspecimens [34.14]. Devices have been fabricated 
with each of the three microspecimens integrated with 
the same electrostatic comb-drive actuator. In all three 
cases, when a DC voltage is applied to the actuator, it 
‘moves downward, as oriented in Fig. 34.13. This pulls, 
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down on the left end of each of the three microspeci- 
‘mens, which are anchored on the right. The actuator 
contains 1,486 pairs of comb fingers. The maximum 
voltage that can be applied is limited by the breakdown 


Fig. 34.13 (a) SEM of a micromachined device for con- 
ducting strength tests; the device consists of a large comb 
drive electrostatic actuator integrated with a microspeci- 
‘men; (b)-(d) SEMSs of various microspecimens for testing 
bend strength, tensile strength, and fracture toughness, 
respectively [34.14] 
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voltage of the medium in which the test takes place. In 
air, that limits the voltage to less than 200 V. As a result, 
given a finger height of 4 um and a gap of 2 yum, and us- 
ing (34.8), the maximum force generated by this actuator 
is limited to about ImN. Standard optical phowolitho- 
graphy has a minimum feature size of about 2 um. As 
result, the electrostatic actuator cannot generate suffi- 
cient force to perform a standard tensile test on MEMS. 
structural materials such as polysilicon. The microspec- 
mens shown in Fig. 34.13 are therefore designed such 
that the stress is amplified. 

‘The specimen shown in Fig. 34.13b is designed to 
measure bend strength. It contains a micromachined 
notch with a root radius of 1 um. When the actuator 
pulls downward on the left end of this specimen, the 
notch serve asa stress concentration, and when the stress 
at the notch root exceeds xe, the specimen fractures. 
‘The specimen in Fig. 34.13c is designed to test tensile 
strength, When the left end of this specimen is pulled 
downward, a tensile stress is generated in the upper thin 
horizontal beam near the right end of the specimen, 
As the actuator continues to move downward, the ten- 
sile stress in this beam will exceed the tensile strength, 
causing fracture, Finally, the specimen in Fig. 34.13d is 
similar to that in Fig. 34.13b, except that the notch is re- 
placed by a sharp pre-crack that was produced by the 
Vickers indent placed on the substrate near the speci- 
men. When this specimen is loaded, a stress intensity, 
K, is genorated at the crack tip. When the stress inten- 
sity exceeds a critical value, Kc, the crack propagates. 
Kj is also referred to as the fracture toughness, 

‘The force generated by the electrostatic actuator can 
be calculated using (34.8). But (34.8) assumes a per- 
fectly planar, two-dimensional device. In fact, when 
actuated, the electric fields extend out of the plane of the 


device, and so (34.8) is just an approximation. Instead, 
like many of the techniques discussed in this section, 
the test is continuously monitored, and the actuator dis- 
placement at the time of fracture is recorded. Then FEA 
is used to determine the magnitude of the stress or stress 
intensity seen by the specimen at the point of fracture. 


Fatigue Measurements 
_Aboenefit ofthe electrostatic actuator shown in Fig. 34.13 
is that, besides monotonic loading, it can generate cyclic 
loading. This allows the fatigue resistance of materials 
to be studied. Simply by using an AC signal instead of 
DC voliage, the device can be driven at its resonant 
frequency. The amplitude of the resonance depends on 
the magnitude of the AC signal. This amplitude can 
be increased until the specimen breaks; this will inves- 
tigate the low-eycle fatigue resistance. Otherwise the 
amplitude of resonance can be left constant at a level 
below that is required for fast fracture, and the device 
will resonate indefinitely until the specimen breaks; this 
will investigate high-cycle fatigue. It should be noted 
that the resonance frequency of such a device is about 
10 kHz. Therefore, itis possible to stress specimen over 
10° cycles in less than aday. In addition to simple cyclic 
loading, if DC bias is added to the AC signal, a mean 
stress can be superimposed on the cyclic load. In this 
way, nonsymmetrc cyclic loading (either witha large 
tensile stress alternating witha small compressive stress, 
or vice versa) can be studied 

‘Another device that can be used to investigate 
fatigue resistance in MEMS materials is shown in 
Fig. 34.14 [34.26]. In this ease, a large mass is attached 
to the end ofa notched cantilever beam. The mass con- 
tains two comb drives on opposite ends. When an AC 
signal is applied to one comb drive, the device will res- 


Fig. 34.14 SEM of a device 
for investigating fatigue: 
the image on the right is 
‘higher magnification view 
of the notch near the base 
fof the moving part of the 
structure [34.26] (a) mass, 
>) comb drive actuator, 
«) capacitive displacement 
sensor) 
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conate, cyclically loading the notch, The comb drive on 
the opposite side is used as a capacitive displacement 
sensor. This device contains many fewer comb fingers 
than the device shown in Fig. 34.13, Asa result, itcanap- 
ply cyclic loads by exploiting the resonance frequency of 
the device but cannot supply sufficient force to achieve 
‘monotonic loading. 

Fatigue loading has also been studied using the same 
external loading techniques shown in Fig. 34.7. In this 
case, the frequency of the cyclic load is considerably 
lower, since the resonance frequency of the device is not 
being utilized. This leads to longer high-cycle testing 
times. Since the force is essentially unlimited, how- 
ever, this technique allows a variety of frequencies to be 
studied to determine their effect on the fatigue behavior. 


Friction Measurements 
Friction is another property that has been studied in 
‘micromachined structures. To study friction, of course, 
two surfaces must be brought into contact with each 
other. This is usually avoided at all costs for these 
devices because of the risk of stiction. (Stiction is 
the term used when two surfaces that come into con- 
tact adhere so strongly that they cannot be separated.) 
Even so, a few devices have been designed to inves- 
tigate friction. One of these is shown schematically in 
Fig.34.15 [34.27]. It consists of a movable structure 
with a comb drive on one end and a cantilever beam 


Fig.34.16 Schematic cross section and top-view optical micro- 
‘graph of a hinged-cantilever test structure for measuring friction 


in micromachined devices [34.28] 


oon the other. Beneath the cantilever, on the substrate, 
is planar electrode. The device is moved to one side 
using the comb drive. Then a voltage is applied be- 
tween the cantilever beam and the substrate electrode. 
‘The voltage on the comb drive is then released. The 
device would normally return to its original position, 
to relax the deflection in the truss suspensions, but the 
friction between the cantilever and the substrate elec- 
trode holds it in place. The voltage to the substrate 
electrode is slowly decreased until the device starts to 
slide. Knowing the electrostatic force generated by the 
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Fig. 


15a,b Schematic drawings of a device used to study friction. (a) shows top and side views of the device in its 


‘original position, and (b) shows views of the device after it has been displaced using the comb drive and clamped using 


the substrate electrode [34.27] 
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substrate electrode and the stiffness of the truss sus- 
pensions, the static friction can be determined, For this 
device, bumps were fabricated on the bottoms of the can- 
tilever beams. This limited the surface area that came 
into contact with the substrate and so lowered the risk 
of stiction. 

“Another device designed to study friction is shown 
in Fig. 34.16 [34.28], This technique uses a hinged can- 
tilever. The portion near the free end acts as the friction 
test structure, and the portion near the anchored end acts 


as the driver. The friction test structure is attracted to the 
substrate by means of electrostatic actuation, and when 
1 second electrostatic actuator pulls down the driver, 
the friction test structure slips forward by a length pro- 
portional to the forces involved, including the frictional 
force. This distance, however, has a maximum of 30.nm, 
so all measurements must be exceedingly accurate in 
order to investigate a range of forces. This test struc- 
ture can be used to determine the friction coefficients 
for surfaces with and without lubricating coatings, 


34.3 Measurements of Mechanical Properties 


All of the techniques discussed in Sects. 34.1 and 34.2 
have been used to measure the mechanical properties 
of MEMS and NEMS materials. As a general rule, the 
results from the various techniques have agreed well 
with each other, and the argument becomes which of the 
‘measurement techniques is easiest and most reliable to 
perform. Its crucial to keep in mind, however, that cer- 
tain properties, such as strength, are process dependent, 
and so the results taken at one laboratory will not nec- 
essarily match those taken from another. This will be 
discussed in more detail in Sect. 34.3.1 


34.3.1 Mechanical Properties of Polysilicon 


In current MEMS technology, the most widely used 
structural material is polysilicon deposited by low- 
pressure chemical vapor deposition (LPCVD). One 
reason for the prevalence of polysilicon isthe large body 
of processing knowledge for this material that has been 
developed by the integrated circuit community. Another 
reason, of course, is that polysilicon possesses a number 
of qualities beneficial for MEMS devices, particularly 
its high strength and Young's modulus. As a natural re- 
sult, most of the mechanical properties investigations on 
MEMS materials have focused on polysilicon. 


Residual Stresses in Polysilicon 
‘The residual stresses of LPCVD polysilicon have been 
thoroughly characterized using both the wafer curvature 
technique, discussed in Sect. 34.1.1, and the microstrain 
‘gauges, discussed in Sect. 34.2.1. The results from both 
techniques give consistent values. Figure 34.17 sum- 
‘marizes the residual stress measurements as a function 
of deposition temperature taken from five different in- 
vestigations at five different laboratories [34.29], All 
five sets of data show the same trend. The stresses 


‘change from compressive at the lowest deposition tem- 
peratures to tensile at intermediate temperatures and 
back to compressive at the highest temperatures, The 
exact transition temperatures vary somewhat among 
the different investigations, probably due to differences 
in the deposition conditions: the silane or dichlorosi- 
lane pressure, the gas flow rate, the geometry of the 
deposition system, and the temperature uniformity. 
But in each data set the transitions are easily dis- 
cernible, The origin of these residual stress changes 
lies with the microstructure of the LPCVD polysilicon 
films, 

As with all deposited films, the microstructure of 
LPCVD polysilicon films is dependent on the deposi- 
tion conditions. In general, the films are amorphous at 


‘Residual stress (MPa) 


Tensile 


Compressive 


600 650 200 


Deposition temperature (°C) 
Fig. 34.17 Results forresidual stress of LPCVD polysilicon 
films taken from five different investigations [34.29]. The 
data from each investigation are connected by a line 
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the lowest growth temperatures (lower than ~ 570°C), 
display fine (~0.1 jum diameter) grains at intermedi- 
ate temperatures (~ 570°C to ~ 610°C), and contain 
columnar (110)-textured grains with a thin fine-grained 
nucleation layer at the substrate interface at higher 
temperatures (~ 610°C to ~ 700°C) [34.29]. The fine- 
‘grained microstructure results from the homogeneous 
fhucleation and growth of silicon grains within an as- 
deposited amorphous silicon film. In this regime, the 
deposition rate is just slightly faster than the crystal- 
lization rate, The as-deposited films will be crystalline 
near the substrate interface and amorphous at the free 
surface. (The amorphous fraction can be quickly crys- 
tallized by annealing above 610°C.) The columnar 
microstructure seen at the higher growth temperatures 
results from the formation of crystalline silicon films 
as deposited, with growth being fastest in the (110) 
directions. 

‘The origin of the tensile stress in the fine-grained 
polysilicon arises from the volume decrease that accom- 
panies the crystallization of the as-deposited amorphous 
‘material, The origins of the compressive stresses in the 
amorphous and columnar films are less well understood. 
‘One proposed explanation for compressive stress gener- 
ation during thin film growth postulates that an increase 
in the surface chemical potential is caused by the depo- 
sition of atoms from the vapor; the increase in surface 
chemical potential induces atoms to flow into newly 
formed grain boundaries, creating a compressive stress 
in the film [34.30] 

‘Stress gradients are also typical of LPCVD polysil- 
icon films. The partially amorphous films contain large 
stress gradients since they are essentially bilayers of 
compressive amorphous silicon on top of tensile fine- 
grained polysilicon, The fully crystalline films also 
exhibit stress gradients, The columnar compressive films 
are most highly stressed at the film-substrate interface, 
‘with the compressive stresses decreasing as the film 
thickness increases; the fine-grained films are less tensile 
at the film-substrate interface, with the tensile stresses 
increasing as the film thickness increases [34.29]. Both 
stress gradients are associated with microstructural vari- 
ations, For the columnar films, the initial nucleation 
layer corresponds to a very high compressive stress, 
which decreases as the columnar morphology develops. 
For the fine-grained films, the region near the film- 
substrate interface has a slightly smaller average grain 
size, due to heterogeneous nucleation at the interface. 
This region displays a slightly lower tensile stress than 
the rest of the film, since the increased grain boundary 
‘area reduces the local density. 
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Young's Modulus of Polysiticon 
‘The Young's modulus of polysilicon films has been 
measured using all the techniques discussed in 
Sect. 34.2.2. A good review of the experimental results 
taken from bulge testing, tensile testing, beam bending, 
and lateral resonators are contained in [34.31]. All of 
the reported results are in reasonable agreement, varying 
from 130 to 175GPa, though many values are reported 
with a relatively high experimental scatter. The main 
origin ofthe error in these results is the uncertainties in- 
volving the geometries of the small specimens used to 
:make the measurements. For example, from (34.13), the 
‘Young's modulus determined by the lateral resonators 
depends on the cube of the tether beam width, typi- 
cally about 2 jum, In general, the beam width and other 
dimensions can be measured with scanning electron mi- 
croscopy to within about 0.1 jum; however, the width 
of the beams is not perfectly constant along the entire 
length or even through the thickness. These uncertainties 
in geometry lead to uncertainties in modulus. 

In addition, the various experimental measurements 
lie close to the Voigt and Reuss bounds for Young's 
‘modulus calculated using the elastic stiffnesses and com- 
pliances for single crystal silicon [34.31]. This strongly 
implies that Young's modulus of micro- and nanoma- 
chined polysilicon structures will be the same as for 
bulk samples made from polysilicon. This is not unex- 
pected, since Young's modulus is a material property. 
It is related to the interatomic interactions and should 
have no dependence on the geometry of the sample. It 
should be noted that polysilicon can display a preferred 
crystallographic orientation depending on the deposi- 
tion conditions, and that this could affect the Young's 
‘modulus of the material, since the Young's modulus of 
silicon isnot isotropic. But the anisotropy is fairly small 
for the cubic silicon 

A more recent investigation that utilized elec- 
trostatically actuated cantilevers and interferometric 
deflection detection yielded a Young's modulus of 
164GPa [34.19]. They found the grains in their polysil- 
icon films to be randomly oriented and calculated the 
‘Voigt and Reuss bounds to be 163.4~164.4 GPa, This 
appears to be a very reliable value for randomly oriented 
polysilicon. 


Fracture Toughness and Strength of Polysilicon 
Using the device shown in Fig. 34.13a and the spec~ 
imen shown in Fig.34.13d, the fracture toughness, 
Ki, of polysilicon has been shown to be 1.0 
0.1MPam!/? [34.32]. Several different polysilicon 
microstructures were tested, including fine-grained, 
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columnar, and multilayered. Amorphous silicon was 
also investigated. All of the microstructures displayed 
the same Ki. This indicates that, ike Young's modulus, 
fracture toughness is a material property, independent 
of the material microstructure or the geometry of the 
sample 

A tensile test, such as shown in Fig.34.7 but 
using sample with indentation-induced sharp pre- 
cracks, reveals a Kic of O.86MPam!/? [34.33] 
‘The passive, residual stress loaded beams with 
sharp pre-cracks, shown in Fig.34.6, gave a Kjc of 
0.81 MPam!/? [34.13] 

Given that Ki. is a material property for polysilicon, 
measured fracture strength, oc. is telated to Kye by 


(34.14) 


je = €r(7a)"/? | 


where a is the crack-initiating flaw size, and c is a con- 
stant of order unity. The value for ¢ will depend on 
the exact size, shape, and orientation of the flaw; for 
a semicircular flaw, ¢ is equal to 0.71 [34.34]. There- 
fore, any differences in the reported fracture strength of, 
polysilicon will be the result of changes in a. 

"A good review of the experimental results available 
in the literature for polysilicon strength is contained 
in [34.35]. The tensile strength data vary from about 
0.5 to 5 GPa. Like many brittle materials, the measured 
strength of polysilicon is found to obey Weibull statis- 
tics. This implies that the polysilicon samples contain 
a random distribution of flaws of various sizes, and that 
the failure of any particular specimen will occur at the 
largest law that experiences the highest stress, One con- 
sequence of this behavior is that, since larger specimens 
have a greater probability of containing larger flaws, 
they will exhibit decreased strengths. More specifically, 
it was found that the most important geometrical param- 
eter is the surface area of the sidewalls of a polysilicon 
specimen [34.35]. The sidewalls, as opposed to the top 
and bottom surfaces, are those surfaces created by etch- 
ing the polysilicon film. This is not surprising since 
LPCVD polysilicon films contain essentially no flaws 
within the bulk, and the top and bottom surfaces are 
typically very smooth, 

‘AS a result, the etching techniques used to create 
the structures will have a strong impact on the fracture 
strength of the material. For single-crystal silicon speci- 
‘mens it was found that the choice of etchant could change 
the observed tensile strength by a factor of two [34.36] 
In addition, the bend strength of amorphous silicon was 
‘measured to be twice that of polysilicon for specimens 
processed identically [34.32]. It was found that the reac- 
tiveion etching used to fabricate the specimens produced 


much rougher sidewalls on the polysilicon than on the 
amorphous silicon, 


Fatigue of Polysilicon 
Fatigue failure involves fracture afier a number of load 
cycles, when each individual load is not sufficient by 

elf to generate catastrophic cracking in the mater- 
ial. For ductile materials, such as metals, fatigue occurs 
due to accumulated damage at the site of maximum 
stress and involves local plasticity. As a brittle material, 
polysilicon would not be expected to be susceptible to 
cyclic fatigue. But fatigue has been observed for polysili- 
con tensile samples [34.33], polysilicon bend specimens 
with notches [34.26, 37], and polysilicon bend speci- 
‘mens with sharp cracks [34.38]. The exact origins ofthe 
fatigue behavior are still subject to debate. But some as- 
pects of the experimental data are thatthe fatigue lifetime 
does not depend on the loading frequency [34.33], the 
fatigue behavior is affected by the ambient [34.13, 38], 
and the fatigue depends on the ratio of compressive to 
tensile stresses seen in the load cycle [34.13] 


Friction of Polysilicon 
‘The friction of polysilicon structures has been meas- 
ured using the techniques described in Sect. 34.2.2 
‘The measured coefficient of friction was found to vary 
from 4.9 [34.27] to 7.8 [34.28]. 


34.3.2 Mechanical Properties 
of Other Materials 


As discussed above, of all the materials used for MEMS 
and NEMS, polysilicon has generated the most interest 
as well as the most research in mechanical properties 
‘characterization. But measurements have been taken 
fon other materials, and these are summarized in this 
section, 

‘As discussed in Sect. 34.2.2, one advantage of the 
extemally loaded tension test, as shown in Fig. 347, 
is that essentially any material can be tested us- 
ing this technique. As such, tensile strengths have 
been measured to be 0.6 to 1.9GPa for SiOx [34.39] 
and 0.7 to 1.1GPa for titanium [34.40]. The yield 
strength for electrodeposited nickel was found to 
vary from 370 to 900MPa, depending on an- 
nealing temperature [34.16]. In addition, the yield 
strength was strongly affected by the current den- 
sity during the electrodeposition process. Both the 
annealing and current density effects were correlated 
to changes in the microstructure of the material. 
Young’s moduli were determined to be 100GPa for 
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AC-AC transformer 


OTHER RELATED COMPONENTS 


+ AG-DC power supply (See Chapter 16) 
+ EDC converter (See Chapter 17) 
+ DACinverter (See Chapter 16) 


What It Does 


A transformer requires an input of alternating 
current (AC). It transforms the input voltage to 
one or more output voltages that can be higher 
or lower. 


Transformers range in size from tiny impedance- 
matching units in audio equipment such as mi- 
crophones, to multi-ton behemoths that supply 
high voltage through the national power grids. 
Almostall electronic equipment that is designed 
to be powered by municipal ACin homes or busi- 
nesses requires the inclusion of a transformer. 


Two small power transformers are shown in 
Figure 15-1, Theoneattherearisratedto provide 
36VAC at 0.8A when connected with a source of 
125VAC. At front, the miniature transformer is a 
Radio Shack product designed to provide ap- 
proximately 12VAC at 300mA, although its volt- 
age will be more than 16VAC when itis not pass- 
ing current through a load. 


Transformer schematic symbols are shown in 
Figure 15-2. The different coil styles at left and 
right are functionally identical. Top: A transform- 
er with a magnetic core—a core that can be 
magnetized, Bottom: A transformer with an air 
core, (This type of transformer is rare, as it tends 
to belless efficient) The input for the transformer 
is almost always assumed to be on the left, 
through the primary coil, while the output is on 


power > conversion > ac-ac transformer 


nS 


4 


Figure 1541. Two small power transformers. The one at 
the rear measures approximately 1" x 2" 2° and is rated 
fo provide 36VAC at O.8A. The term “sec” an the smaller 
unit isan abbreviation for “secondary. referring to the rat- 
ing forts secancary winding. 


the right, through the secondary coil. Often the 
‘two coils will show differing numbers of turns to 
indicate whether the transformer is delivering a 
reduced voltage (in which case there will be few- 
er turns in the secondary coil) or an increased 
voltage (in which case there will be fewer turns 
in the primary coil) 
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titanium [34.40] and 215GPa for electrodeposited 
nickel [34.16] 

‘The technique of bending cantilever beams, shown 
in Fig.34.8, can also be performed on a variety of 
‘materials, The yield strength and Young's modulus of 
old were found to be 260MPa and 57GPa, respec- 
tively, using this method [34.18]. Another technique 
that can be used with a number of materials is the 
‘membrane deflection method, shown in Fig. 34.10. 
A polyimide membrane gave a residual stress of 32 MPa, 
a Young's modulus of 3.0GPa, and an ultimate strain 
of about four percent [34.20], Membranes were also 
fabricated from polycrystalline SiC films with two 
different grain structures [34.41]. The film with (110)- 
texture columnar grains had a residual stress of 434 MPa 
and a Young's modulus of $49GPa. The film with 
equiaxed (110)- and (111)-textured grains had a resid- 
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ual stress of 446MPa and a Young's modulus of 
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mined to be 426GPa [34.42]. The device shown in 
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rium and used to measure a bend strength of 1.5GPa 
for unannealed Ge and 2.2 GPa for annealed Ge [34.43] 
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35. Thermo- and Electromechanics 
of Thin-Film Microstructures 


Applications using thin-film micromechanical 
structures for actuation and sensing require the 
coupling of energy between various physical do- 
‘mains. This chapter focuses on two important 
couplings: thermomechanics and electromechan- 
ics. thermomechanical phenomena is considered 
in Sect. 35.1 where we describe broad aspects of 
the deformation characteristics and stress states 
that arise when dealing with a large class of 
thin-film microstructures. These include the origin 
of stresses in multiplayer films and their quali- 
tative evolution through processing and release 
from the substrate. A basic framework is de- 
scribed for the analysis of the thermo mechanics 
of multiplayer films, emphasizing linear response, 
Issues of geometric and material no linearity are 
then taken up, and equal emphasis is put on 
the generality of the analysis approach and spe~ 
cific applications. As much as possible, we show 
comparisons between theoretical predictions and 
companion experimental results. 

‘A common use of electro mechanics in 
‘microsystems involves the application of an 
electric potential between two electrodes where 
one is fixed and the other is connected to 
a deformable elastic structure, The electric 
potential produces an electric field and an 
associated electrostatic force that deforms the 
structure, and in turn alters the electrostatic force, 
resulting in fully-coupled nonlinear behavior. At 
some point an instability can occur where the 
deformable structure snaps into contact with 
the fixed electrode. This phenomena, called 
pull-in is often used for switching applications. in 
Sect.35.2 we describe the basic electromechanical 
phenomena using a parallel-plate electrostatic 
actuator as a reference. We discuss many 
important phenomena including pull~in, external 
forcing, stabilization, time response, the effects of 
dielectric charging, and breakdown of gases in 
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small gaps. We address these phenomena for 
a wide range of micro mechanical structures 
including cantilevered beams and plates, torsion 
ally suspended plates, and zipper actuators with 
curved electrodes. 
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a) 


“surficial film 


Microsystems rely heavily on thin-film technology: the 
deposition, patterning, etching, and so on, of multiple 
film layers to yield micromechanical structures. We do 
not discuss fabrication techniques here but instead re- 
fer the interested reader to many excellent references 
that describe the fabrication of micromechanical struc- 
tures by means of thin-film technology [35.1,2] and, 
in particular, surface micromachining [35.3]. Regard- 
less of the fabrication process flow, the end result is 
a thin-film microstructure that is connected to a sub- 
strate through one or more sacrificial film layers, which 
‘must be released to render it freestanding and thus use- 
ful. Figure 35.la illustrates a simple, yet typical in 
terms of the microstructure and the materials involved, 
cease: acantilevered beam made of polycrystalline silicon 
(polysilicon) anchored to a silicon substrate and encased 
in an SiO> sacrificial layer. Also shown is a metal elec- 
trode used for electrostatic actuation of the cantilever 
after release. This is the state of affairs after the thin- 
film fabrication steps; we refer to it as the as-processed 
but unreleased condition. To render the beam freestand- 
ing, although anchored to the substrate at one end, the 
sacrificial material must be removed (Fig. 35.1b). For 
SiOs, this is usually accomplished by etching in an HF 
solution, followed by drying. The latter step is important 
because during wet etching, strong (at the microscale) 
capillary forces can pull the beam into contact with the 
substrate. If the microstructure is too compliant, adhe- 
sive forces between the microstructure and the substrate 
can pin the beam to the substrate, rendering it use- 
less. This phenomena is often referred to as stiction, 
and many recent references describe the phenomena, its 
impact regarding reliability, and practical ways to over- 
come it (35.4,5]. For our purposes, we assume that the 
microstructure can be successfully released so that it 
is free from the substrate where desired and anchored 
where desired. 

High stresses can develop in the film layers during 
processing, and these can vary significantly from layer 
to layer and even within a single layer. When the sac- 
rificial layers are removed, the stresses redistribute, but 


b) 
Polysicon beam 


Metal electrode 
\____ Silicon substrate 


Fig.35.ta,b Schematic of thin-film microstructures (a) attached 0 
asubstrate layer, and (b) freestanding after release from the substrate 
by etching of the sacrificial film 


at the expense of deformation. This can be detrimental 
in applications in which planarity is essential, or it can 
be used advantageously for actuation purposes. Indeed 
‘many applications are based on the use of thermally in- 
duced bending of bilayer beams and plates that arises due 
to the difference in thermal expansion coefficients be- 
tween the film layers. An example is shown in Fig, 35.2 
where a micromirroris suspended above the substrate by 
2.0-um-thick gold/polysilicon bilayer beams that posi- 
tion the mirror (or any desired device) and can then 
be electrostatically actuated to contral the position of 
the micromisror. Upon release, microstructures are typ- 
ically used for actuation and/or sensing functions. This 
requires the coupling of the mechanical behavior of 
the microstructure with various energy domains. These 
couplings include, among others, thermomechanics, 
electromechanies, electrothermomechanics, and magne- 
tomechanies. The most common, and perhaps the most 
easily realizable, is electromechanics, specifically the 
coupling of electrostatics and mechanics, This coupling 
has been successfully demonstrated by many appli 
tions as both sensors and actuators, 

‘This chapter focuses on the behavior of thin-film 
microstructures under the action of thermomechanical 
and electromechanical loadings. Section 35.1 is de- 
voted to the development of stresses and deformation 
in multilayer thin-film microstructures when subjected 
to thermomechanical loading. It focuses heavily on 
linear thermoelastic behavior but describes important 
issues regarding geometric and material nonlinearity. 
Section 35.2 is devoted to the electromechanics of 
microstructures, emphasizing general approaches to 
modeling and then focusing on the behavior of typ- 


Fig. 35.2 Scanning electron microscope image of a micro- 
‘mirror (300 jum square) supported above the substrate by 
gold/polysilican bilayer beams that can be individually 
actuated electrostatically to control the position of the 


Springer Handbook o Nanotechnol 
Penge Snuchon © Springer 2004 


6 


é 


Therma- and Electromechanics af Thin-Film Microstructures 


ical classes of electromechanical microstructures. The 
treatment is certainly not exhaustive, but we hope it is 
detailed enough to provide the interested reader with an 


entry-level understanding of the basic phenomena and 
some guidance regarding where to turn to obtain more 
in-depth information. 


35.1 Thermomechanics of Multilayer Thin-Film Microstructures 


In this section we describe aspects of the deformation 
characteristics and stress states in multilayer thin-film 
microstructures. Deformation and stress states will be 
considered for microstructures that are both attached to 
‘a substrate and freestanding after release from the sub- 
strate, In the modeling formalism that we will describe, 
the substrate simply serves as another ayer. We will refer 
to microstructures as beams and/or plates, depending on 
the relevant dimensions. At times we will use the terms 
loosely, but we will describe the difference of their de- 
formation characteristics in detail. The remainder of this, 
section will be organized as follows: Section 35.1.1 pro- 
vvides an overview of the basic phenomena including the 
origin of stresses in multilayer films and their qualitative 
evolution through processing and then release from the 
substrate, Section 35.1.2 oullines a general framework 
for the analysis of the thermomechanical behavior of 
‘multilayer thin films, emphasizing linear response. Is- 
sues of geometric and material nonlinearity are then 
briefly taken up in Sects. 35.1.3 and 35.1.4, respec- 
tively. Section 35.1.5 touches on a number of related 
‘and important issues that were not covered in the other 
sections, 

‘The objectives of this section are to describe the ther- 
‘momechanical phenomena that arise when dealing with 
aalarge class of thin-film microstructures. A basic frame- 
‘work is described for analysis, and equal emphasis is put 
con the generality of the approach and specific applic 
tions. When possible, we show comparisons between 
theoretical predictions and companion experimental re- 
sults. To this end, a specific material and geometric 
system must be chosen, and we use a gold/polysilicon 
multilayer for most of these cases. We note, though, 
that the phenomena discussed are not restricted to the 
gold/polysilicon system but arise in many multilayer 
film systems, 


35.1.1 Basic Phenomena 


During the multiple thin-film deposition and etching pro- 
cesses, many complicated mechanisms occur that result 
in straining of the film layers, and these generally differ 
from layer to layer. The requirement that the film lay- 
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cers maintain coherency at the interfaces between them 
‘means that these strains cannot occur freely, and thus 
they are constrained. This constraint leads to stresses 
in the layers and curvature of the multilayer film sys- 
tem; both can have significant practical implications. 
‘The mechanisms that lead to internal stresses include 
chemical reactions, lattice mismatch, and grain growth, 
among others, and are often called intrinsic stresses (see, 
for example [35.6]). The details of intrinsic stress devel- 
‘opment in thin films have been the subject of extensive 
study for both scientific and technological reasons, but 
they are beyond the scope of our study. In addition, 
stresses may arise due to thermal expansion mismatch 
between layers when subjected to a temperature change. 
Such stresses are often called extrinsic stresses. Now, 
in the unreleased configuration of Fig. 35.la, a compli- 
cated stress distribution exists as a result of the intrinsic 
stresses. The release process to yield the configura- 
tion of Fig. 35.1b obviously alters the stress distribution 
as well as the state of deformation, In order to gain 
physical insight, the remainder of this section discusses 
rather qualitatively the nature of the stress states in the 
unreleased and released configurations. In subsequent 
sections details are given regarding analysis of these 
thermomechanical phenomena. 


Transformation Strains, Misfit Strains, 
and Thin-Film Stresses 

‘The important concepts here are most easily described 
in terms of a bilayer film system in which both lay- 
cers are isotropic, Furthermore, they are easier to grasp 
in the context of a specific example, of which many 
‘would suffice. Once this understanding is in place, the 
generalization of the concepts to multilayer film sys- 
tems follows naturally. To begin, we define a couple of 
terms. A sransformation strain e* is a strain that occurs 
in a solid, but with no accompanying stress. It is thus an 
inelastic strain, In the literature a number of other terms 
are used to describe this concept including stress-free 
strain and eigenstrain. It can result, for example, from 
thermal expansion, a crystallographic phase transforma- 
tion, or a variety of sources. When thermal expansion 
is the source, e° can be specified as e" =a where 
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@ is the thermal expansion coefficient of the material 
and T is the temperature change from a reference (usu- 
ally stress-free) configuration. In general e* and «are 
second-order tensors. Stresses and deformation develop 
in bilayer film/substrate systems when, due to exter- 
nal or internal sources, each layer wants to undergo 
a different transformation strain, but the requirement of 
bonding of the films atthe interface constrains each film 
to some degree. The source of the stress and deforma- 
tion is then the difference in the transformation strains 
between the layers, .e., Ae =e} —} where ef and e} 
are the transformation Strains of the two layers. For ex 
ample, ifa bilayer is subjected to a uniform temperature 
change T, then As = (aj ax) T = AaT where a and 
‘a2 are the thermal expansion coefficients ofthe two lay: 
ers. Ae =e} —6} is termed the misfit strain. Its role as 
the direct source of deformation is obvious and clear 
for two-layer systems. The concept of misfit strain is 
not as direct for mulilayer systems, and so we sim- 
ply characterize the behavior in terms ofthe individual 
transformation strains of each layer. 

It is important to understand the character of the 
stress distribution and deformation. To make the ideas 
concrete, consider the bilayer film system with planar 
dimensions (normal tothe film thickness direction) that 
far exceed the total thickness. The two layers, denoted 
by 1 and 2, are perfectly bonded along the interface 
and have different isotropic thermal expansion coetfi- 
cients and elastic moduli. The bilayers initially at, and 
each layer is stress free. Now assume the bilayer is sub- 
{ected to a uniform temperature change T,, which would 
lead to equibiaxial («" =, =«%,, yf, =0) transfor- 
mation strains cf =a, and e =a97 inthe two layers 
if they were not bonded. Because they are bonded, 
though, this results in the development of equibiaxial 
stresses (6 = 04, = 0yy. xy =0)in the layers, a change 
of length in the planar directions (in-plane straining) and 
bending of the bilayer (curvature). This can be under- 
stood by the following thought experiment, which is 
often used in the calculation of film stresses. We will 
only use it, though, to explain the basics ofthe resulting 
deformation and will eave the actual calculations tothe 
next section. 

‘Consider the bilayer system shown schematically in 
Fig. 35.3a. The film layers are stress free and perfectly 
bonded. Our discussion will be in the context of bi- 
axial transformation strains and stresses, but the ideas 
can be immediately applied to situations of uniaxial 
stress/strain behavior or plane stress or strain situations. 
We are interested in obtaining the deformation and stress 
state when the bilayer is subject to a uniform temperature 


a) 


b) a 


) =z a 


Fig. 35.3 Illustration showing the development of stresses 
and deformation in a bilayer film/substrate system. 


change 7. Since the films ae stress freein Fig. 35 3a, one 
can the bonds that connect the two layers and separate 
the films (Fig. 35.36) without generating any stresses or 
deforming either layer. Now we Fig. 35.30) subject the 
layers to-a uniform temperature change T; each layer 
will undergo its stres-fee biaxial strain, ef — ay 7 and 
2} =a97 (for simplicity, Fig. 35.3 illustrates the dfor- 
mation forthe ease where ¢3 =0, 7 <0, and ay > 0, but 
the ideas are the same for more general situations), Now 
the interfaces, which were originally in perfect registry, 
are no longer. To bring them into resstry, uniform 
stress must be applied to the film (Fig. 35.34) by means 
of the application of forces along the film edge. At this 
stage the film is subjected tothe uniform biaxial stress 
= Mej where M) isthe biaxial modulus of the film 
(see Sect 35.1.2) the substrate is tl stress fre, 02 =0, 
and the layers rein perfect registry. They can then be re- 
connected (imagine reataching the original bonds that 
were cut in Fig.35.3b), without generating addtional 
stresses or deforming the layers (Fig. 35.3e). The sess 
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state in Fig. 35.3e is the same as that in Fig. 35.34, the 
only difference is that the films are now bonded. Now, 
to recover the solution for the bilayer subjected to a uni- 
form temperature change T, we only have to remove 
the edge forces, This can be accomplished by apply- 
ing forces of equal magnitude but opposite sign to the 
edges (Fig. 35.31), The solution is then obtained as the 
superposition of the problems in Fig. 35.3e, which is 
trivial, and Fig. 35.3f, which is difficult in general. In- 
stead of now trying to solve the problem in Fig. 35.3f, 
‘we will simply describe the character of the resulting 
deformation and stress state, Two aspects are impor- 
tant: the behavior near the free edge where the stress 
in Fig. 35.3Fis applied, and the behavior far away from 
the free edge. One can appeal to St. Venant’s princi- 
ple to simplify the latter, but more involved analysis is 
required for the former (see for example [35.7)). 

Ata distance of ten or so film thicknesses away from 
the edges, the solution to the problemin Fig. 35.3fcan be 
decomposed, as shown in Fig. 35.4. The uniform force 
distribution on the edges of the film (Fig.35.4a) can 
be replaced by a concentrated force acting at the mid- 
dle z-coordinate of the film thickness (Fig. 35.4b). The 
solution to this problem can then be obtained by the su- 
perposition of the two problems in Fig. 35.4c and 35.4, 
the loadings of which are statically equivalent to that 


a) o, 0 


yr —? 


Fig. 35.4 Decomposition ofthe edge-loading problem into 
the superposition of a force and moment applied to the 
‘multilayer. Away from the edge, the foree gives rise 10 
uniform straining, and the moment gives tise to bending 
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in Fig. 35.4b, That in Fig. 35.4e is a concentrated force 
applied at the as-yet-unknown neutral surface of the 
bilayer; it will lead to a uniform in-plane (x-y plane) 
straining of the bilayer. That in Fig. 35.4d is a moment 
of magnitude Pd, where d is the distance between the 
coordinates of the middle of the film and the neu- 
tral surface of the bilayer; it will lead to bending of 
the bilayer. If there were also a film on the bottom of 
the substrate so that the layered film was symmetric in 
‘material properties and geometry (film thicknesses) in 
the z-direction, then no moment would result, and the 
layered system would not bend but would only strain 
in-plane. 

It is probably obvious that very near the edge, the 
stress state is quite complicated. In fact, in the context 
of linear elasticity, a stress singularity generally exists 
at the intersection of the free edge and the interface be- 
tween the two layers. This singular stress state is similar 
to that which exists at a crack tip, but the strength of the 
singularity differs depending on the mismatch in elastic 
constants of the materials [35.8, 9]. The region within 
which this stress state exists depends on the film thick- 
ness, and for very thin films it is often so small that itis 
insignificant. It has recently been shown, however, that 
in some cases it can be appreciable and in fact can be the 
primary source of failure [35.10]. As described in de- 
tail by Hui et al. [35.7 aside from the singular stresses, 
the stress state near the edges contains highly localized 
shear and normal stress (perpendicular to the interface) 
‘components. By St. Venant's principle these stress com- 
ponents decay aver a rather short distance from the edge, 
but they can play a significant role in the durability of 
the film/substrate system as they can lead to delamina- 
tion of the interface or cracking into one of the layers. 
‘The character of these stress components at the interface 
is shown qualitatively in Fig. 35.5. Note that in order to 
satisfy equilibrium, the normal stress (often called the 
peel stress) changes sign from tensile to compressive. 
Furthermore, since these stress components are highly 
localized at the edge, in the interior of the system the in- 
terface is free of normal or shear stresses. In this chapter 
‘we will not further consider these localized stresses but 
instead will concern ourselves with the stresses away 
from the edges and the companion deformation, 

Our discussion has been based on the assumption 
that transformation strains are constant throughout the 
cross section of each film. In microsystems applications, 
though, films will often have transformation strains that 
vary through the thickness. This will lead to bending of 
the film afier it is released from the substrate. Trans- 
formation strains that vary through the thickness, i.e. 
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‘Shear stress 


Distance from free edge 


‘Normal stress 


Fig. 35.5 Character of the normal and shear stress distr- 
bution atthe film/Substrate interface near the free edge 


can be easily accommodated in the description 
of Fig. 35.3. It is altered in that now in Fig. 35.3¢ an 
in-plane strain results, the magnitude of which is given 
by the through-thickness average of e*(:), but in addi- 
tion, the film bends with constant curvature. Then, both 
a force (uniform stress) and moment (linearly varying 
stress) must be applied in Fig. 35,3d to flatten the film 
and lengthen it so that itis again in perfect registry with 
the substrate and can then be rebonded [35.11] 

‘This description provides the starting point for un- 
derstanding the effects of wansformation strains on 
stresses and deformation in a multilayer thin-film sys- 
tem, It is an accurate picture of the state of affairs before 
release of a film from the substrate to yield a freestand- 
ing microstructure. In the next sections we will discuss 
the changes in the deformation that occur upon release 
as the constraint of the substrate is removed. 


Single-Layer Beams 
To keep things simple, in this and the following sec- 
tion we focus on beams, which have one nonzero 
normal stress component, that along the beam axis. In 
subsequent sections we will discuss the limitations of 
approximating such structures as beams and proceed 
with a more appropriate development in terms of plates. 
Consider the beam shown in Fig. 35.1. For simplicity 
wwe assume that the sacrificial material is much thinner 
than the substrate, has the same elastic moduli as the 
substrate, and so before release is mechanically equiva- 
Tent to the substrate. In this way we can describe the 
stress distribution before release as that of a two-layer 
beam. To make the discussion more tangible, consider 


1 specific but realistic case of a polysilicon beam on 
assilicon substrate. The top layer of thickness 1.5 jum is 
the polysilicon film, and the bottom layer of thickness 
‘500 jim is the silicon substrate (including the very thin 
sacrificial layer that will be removed). Assume that the 
polysilicon film has an intrinsic mean stress S and a lin- 
car stress gradient f (we can easily consider a nonlinear 
stress gradient, but the simple linear gradient suffices to 
demonstrate the concepts involved). This intrinsic stress 
is interpreted as the stress state in the film if it were 
fee, i.e., a transformation stress. It could be expressed 
in terms of a wansformation strain e%(z), but since ref- 
erence is ofien made to thin-film stresses we will carry 
ut this and the following example using this transfor- 
mation stress rather than a transformation strain. We 
consider three cases to isolate the effects of the mean 
stress and the stress gradient: (a) §= —10MPa, 6 =0, 
(b) S=0, 6 =0.8MPa/ym, and (c) S=—10MPs, 
B= 0.8MPa/tm. In all cases, the intrinsic stress in the 
substrate is zero, 

In Table 35.1 we give calculated results using a sim- 
ple beam theory (to be discussed in the following 
sections) for the three scenarios. Case (a) § = —10 MPa, 
B =Oresultsina slight contraction and anegative curva: 
ture (bent downward) of the film/substrate system prior 
to release, The compressive stress in the polysilicon 
beam is uniform but slightly lower than the value of S. 
‘The stress induced in the substrate is small and varies 
linearly through its thickness. It changes sign through 
the substrate, a necessary requirement to satisfy equi- 
librium, After release the stress is zero throughout the 
beam. To relax the stress, the beam extends (the mid- 
plane strain e” is positive), but because f =0 it does 
not bend. Case (b) S=OMPa, 6 =0.8MPa/jum re- 
sults in a slight positive curvature (bent upward) but 
no extension or contraction of the film/substrate sys- 
tem prior to release. The mean compressive stress in 
the polysilicon beam is zero, and the gradient of the 
stress distribution through the film is decreased from the 
value of 8. The stress induced in the substrate is again 
small and varies linearly through its thickness, chang- 
ing sign. Afterrelease the stress is again zero throughout 
the beam. The beam does not extend or contract since 
0, but it bends, assuming a curvature « = 6/E where 
E is Young's modulus of polysilicon (see Sect. 35.1.2 
for details regarding this result). Careful examination of 
‘Table 35.1 shows that the strain, curvature, and stress 
for case (c) S = —10MPa, f= 0.8MPa/jim can be ob- 
tained as the superposition of the results of cases (a) 
and (b). Specifically, after release the beam extends and 
bends. 
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Table 35.1 Stresses, curvature, and strains in a filnvsubstrate system consisting of a 1.5-um-thick polysilicon film and a 500-pm- 
thick silicon film. The elastic moduli ofthe film and the substrate are assumed equal, and the film has an intrinsic mean stress and 
stress gradient. The sign convention for curvature is that (—) indicates bending downward and (++) indicates bending upward 


9.96 


20x07 0 


‘These results illustrate the behavior of beams be- 
fore and after release when they contain a mean stress 
and/or a linear stress gradient, The results also suggest 
natural means to attempt to measure the mean stress and 
the gradient, Test structures that are sensitive to length 
changes of beams after release can be used to character- 
ize mean stress, For example, fracture of arrays of beams 
of varying width upon release can be used to estimate 
tensile stress, and fixed-fixed beams that buckle can be 
used to estimate compressive stress, The stress gradient 
in a beam can be determined by measuring its curva- 
ture after release. A survey of test structures suitable for 
these purposes can be found in [35.12]. 


Bilayer Beams 
While stresses in single-layer microstructures are 
important for many applications, multilayer film micro- 
structures abound in microsystems technology, and the 
development of stresses and deformation in them is 
also important. In order to convey the basic ideas, 
‘we consider an example of a two-layer beam fixed to 
1 substrate in the same manner as that in the previous 
section, Specifically we consider the layered structure 
shown in the inset of Fig.35.6: a polysilicon beam 
of thickness 1.Sjum attached to a silicon substrate of 
thickness 500m, covered with a gold film of thick- 
ness (1.5 4m, Photos of actual beams of this form are 
shown in Fig.35.7 where the length of the longest 
beam shown is 600 jim, and the beams are 50 um wide. 
‘Again we assume that the sacrificial material is very 
thin and has the same elastic moduli as the substrate, 
and so before release it is mechanically equivalent to 
the substrate, We assume that the polysilicon film has 
an intrinsic mean stress Sand a linear stress. gradi- 
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ent fas in the previous example, and that the gold 
film has an intrinsic mean stress but no stress gradi- 
ent, We consider the reasonably typical stress states: 
= —10MPa and f = 0.8 MPa/jm in the polysilicon 
beam and §=50MPa in the gold film. The resulting 
curvature and stress distribution before and after release 
are shown in Fig. 35.6. They show that before release the 
stresses in the polysilicon and gold layer are nearly uni- 
form, compared to the range of stresses throughout the 
layers. The multilayer experiences a positive curvature; 
recall that the system consisting of just the polysilicon 
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EEE SELES. 
‘Position through the thickness (jm) 
Fig.35.6 Stress distribution through the thickness for a bi- 
layer film consisting of a O.S-jum-thick gold film on 
4 1.S.um-thick polysilicon film subjected to an internal 
stresses and stress gradients. Sttess distributions are shown 
before and after release from a $00-1m-thick silicon 
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Fig.35.7 Scanning electron microscope image of gold/ 
polysilicon bilayer cantilever beams as released from the 
substrate. All beams have a 0.5-jum-thick gold film, but the 
beams on the lef have a 1.5-yum-thiek polysilicon film, and 
those on the right a 3.5-yum-thick polysilicon layer 


film and the substrate experienced a negative curvature 
of about the same magnitude. Thus the tensile stress in 
the gold is significant enough to drive the curvature from 
negative (bending down) to positive (bending up) 

After release from the substrate, the gold/polysilicon 
beam contracts and bends substantially to a curvature of 
about 300 m~!. This should be compared with S m~! for 
the polysilicon beam with a stress gradient. For a beam 
300 jum long cantilevered from one end as shown in 
Fig. 35.6, thisamounts toatip deflection of about 13 um. 
‘The stress states in both the gold and polysilicon are 
significantly altered upon release, Perhaps most signfi- 
cantly large stress gradients exist through the thickness 
of each layer. Stating at the top of the gold film, the 
tensile stress increases through the gold thickness. Due 
to the discontinuity in elastic modulus and the residual 
stress and stress gradients, there is a jump inthe stress 
of about 77 MPa at the gold/polysilicon interface. The 
stress is compressive at the top of the polysilicon film 
layer and increases linearly through the thickness ofthe 
polysilicon film, taking on its maximum tensile value at 
the bottom of the two-layer beam. In summary, the re- 
lease process results in a reduction of the stress in the 
gold, an increase of the stress in the polysilicon, stress 
gradients in both layers, a small contraction, and a large 
curvature change 

‘These examples are meant to convey the basic phe- 
nomena and give a feel for the magnitudes of the 


quantities involved, The actual numerical results are 
based on calculations performed using a relatively sim- 
ple multilayer beam theory and are reasonable estimates. 
Details regarding the analysis will be given in the fol- 
lowing section, including a discussion of the suitability 
of the simple beam theory. 


35.1.2 A General Framework 
for the Thermomechanics 
of Multilayer Films 


Numerous studies have elucidated the basic thermo- 
mechanical response of multilayer material systems 
when subjected to temperature changes or other sources 
of transformation strains between the layers. These 
have come in the context of many technological ap- 
plications, the most common being structural composite 
‘materials [35.13, 14] and thin film/substrate systems for 
microelectronics [35.15-22], which are directly appli- 
ccable to the analysis of multilayer films, 


The General Multilayer Film 
When a layered film is subjected to transformation 
strains, two aspects of deformation play a. primary 
role: straining of the midplane and bending. When 
the transverse deflections due to bending are of prime 
Importance, as is often the case, one way to broadly char- 
acterize the deformation response, especially for plates 
with relatively large in-plane dimensions as compared 
to their thickness, is in terms of the average curvature 
developed as a function of the transformation strains. 
Formally the curvature is a second-rank tensor, and for 
the type of layered film problems considered here it 
can be wholly described by the two principal curvature 
components, e.g, in the x- and y- directions, «y and ky. 
‘The curvature is a pointwise quantity, meaning it varies 
from point to point over the in-plane dimensions of the 
plate. In terms of the average curvature variation as 
4 function of misfit strain, three deformation regimes 
have been identified [35.16~19,22,23]. The first regime 
is a linear relation between the average curvature and 
temperature change where k, = ky. i-e.,the average cur- 
vature is spherically symmetric (when the materials are 
isotropic). This symmetric deformation would not exist 
if the material properties were anisotropic. This defor- 
‘mation regime is characterized by both small transverse 
displacements and rotations, and so conventional thin- 
plate theory adequately describes the deformation. It is 
the subject of the analysis inthis section. The second and 
third regimes, which arise due to geometric nonlinearity, 
will be taken up in Section 35.1.3 
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Figure 15-2. Alternate symbols for a transformer with a 
ferromagnetic core (tap) and air core (bottom). The di 
fering cail symbols at left and right are functionally identi 
cal 


How It Works 


A simplified view of a transformer is shown in 
Figure 15-3. Alternating current flowing through 
the primary winding (orange) induces magnetic 
flux in a laminated core formed from multiple 
steel plates. The changing fluxinduces currentin 
the secondary winding (green), which provides 
the output from the transformer. (In reality, the 
windings usually consist of thousands of turns of 
thin magnet wire, also known as enameled wire; 
and various different core configurations are 
used.) 


The process is known as mutual induction. If a 
load is applied across the secondary winding, it 
will draw current from the primary winding, even 
though there is no electrical connection be- 
tween them. 


Inan ideal, lossless transformer, the ratio of turns 
between the two windings determines whether 
the output voltage is higher, lower, or the same 
as the input voltage. If V, and V, are the voltages 
actoss the primary and secondary windings re- 
spectively and Np and N,arethenumber of turns 
of wire in the primary and secondary windings, 
their relationship is given by this formula: 


Vp / Vs = Np / Ns 


power > conversion > ac-ac transformer 


Input: Primary 


Wy 


Output: 
Secondary Winding 


Figure 15-3. Three basic parts of a transformer. shown in 
simplified form. 


simple rule to remember is that fewer turns = 
lower voltage while more turns =higher voltage. 


A step-up transformer has a higher voltage at its 
output than at its input, while a step-down trans- 
former has a higher voltage at its input than at its 
output, See Figure 15-4. 


In an ideal, lossless transformer, the power input 
would be equal to the power output. If Vj, and 
Vouare the input and outputvoltages, and |,,and 
lout are the input and output currents, their rela- 
tionship is given by this formula 


Vin * Tay 


Vout * Tout 


Therefore, ifthe transformerdoubles the voltage, 
it allows only half as much current to be drawn 
from the secondary winding; and if the voltage 
is cut in half, the available current will double. 


Transformers are not 100% efficient, but they can 
be more than 98% efficient, and relationships 
between voltage, current, and the number of 
tums in the windings are reasonably realistic. 


When the transformer is not loaded, the primary 
winding behaves like a simple inductor with re- 
actance that inhibits the flow of current. There- 
fore a power transformer will consume relatively 


136 Encyclopedia of Electronic Components Volume 1 


Thermo and Electromechanics of Thin-Film Microstructures | 35.1 hermomechanles 


Fig.35.8 Multilayer film system with a definition of the 
parameters involved in the analysis, 


Figure 35.8 shows a schematic of the geometry con- 
sidered in this study; a multilayer film microstructure 
‘with lateral dimensions that far exceed the total thick- 
ness. AS such we ignore the effects of the free edges 
and focus on a representative point in the layered film 
that lies at least a distance of a few film thicknesses 
from the edge. The layers are numbered 1,2,... ,N 
where 1 is the top layer and N is the bottom layer. 
Each layer has a thickness ¢) (7 = 1 N), and the to- 
tal thickness of the microstructure is r. Each ofthe film 
layers consists of an isotropic material with « Young's 
‘modulus E;, Poisson's ratio, vj,and may undergo atrans- 
formation strain ¢F(2), which may vary with position z 
through the film thickness. The source of «/(z) may 
be arbitrary, and the effect of multiple sources can be 
considered as the sum of the individual ones. A com- 
‘mon source, and one that we will focus on, is thermal 
expansion upon a uniform temperature change. In this 
case ef (2) AT where aj is the thermal expan- 
sion coefficient and T is the temperature change from 
reference state. In addition, each layer may contain an 
internal stress 6 (2), which also may vary with position z 
through the thickness. For simplicity we focus our re- 
sults on isotropic layers, but the framework is applicable 
to anisotropic behavior of each layer. As a result of the 
difference in stress-free strains and/or internal stresses 
between each layer, stresses are developed in the lay- 
ers and the structure deforms; our intent is to compute 
these 


Analysis 
‘The analysis presented here is somewhat standard in 
the treatment of laminated composite plates but has 
not been often used in the analysis of multilayer thin 
film problems for microelectronics and/or microelec- 
tromechanical systems. Detailed accounts of parts of 
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Fig.35.9 Kinematics of the deformation of the thin-film multilayer 


the theory can be found in texts on composite materials 
(see for example [35.24,25]), and so only a brief account 
is presented here 

‘The displacements w and v at any point z through the 
thickness of the laminate are assumed to be described 
by the classical Kirchoff hypothesis. As illustrated in 
Fig. 35.9, the Kirchoff hypothesis states that after loads 
are applied to the layered film, the line aa’ which is 
initially straight and normal to the geometric midplane 
remains straight, normal to the deformed geometric mid- 
plane, and its length is unchanged. In other words, the 
normal does not deform but only translates and rotates. 
‘Asa consequence of this assumption, the displacements 
of any point in the layered film are given by: 


au? 


ae 


w=u", (35.1) 


where u", v, and w! are the displacements of the ge- 
‘ometric midplane at z = 0, Note that in addition to this, 
explicit dependence of the displacements on z, they are 
‘generally functions of x and y 

‘The nonzero normal and shear strains are then: 


(35.22) 


co in matrix form: 


tera fe} eet. (25.20) 
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In (35.3), {2} is the midplane strain and («) is the 
midplane curvature, As with the displacements, {e°) 
and (4) are generally functions of x and y: 

‘The stress-strain relations fr each layer are 


ate) Ow 
ae) | = 22 Orv 
au) Os Jy 


or in compact form: 


lol {2}, [t-te] +e), « 


(35.40) 


where k= 1+ N denotes the layer number. Equa- 
tion (35.4) is writen in a global coordinate system for the 
layered structure, (x, , 2). As such, [0], are the (gen- 
erally anisotropic) clastic stifiness coefficients of the 
4h layer in the global coordinate system. They are ob- 
tained by transformation (see [35.24,25], for example) 
of the stiffnesses, [Q],. from a natural coordinate sys- 
tem (x1, x2,.%3). For orthotropic materials the nonzero 
components of |] for each layer are, 


where Ey, and Gy ate the orthotropic Young's mod- 
tli, Poisson's ratios, and the shear modulus, respectively. 
of the layer, in the local coordinate system. Note that 
Q12 = On. and so the equality of these expressions in 
(G5.5a) shows the reciprocal relationshipbetween E, and 
1uzonly three of the four are independent. For isotropic 
materials [0] = (0). and the nonzero components for 
each layer are 


(35.50) 


In (35.4) {4 (2)}y is the residual internal stress in the 
layer and may be an arbitrary function of z i.e. a stress 
gradient may exist within each layer; (e} is the total 
strain, {e"), is the inelastic transformation strain, and 
the term in rectangular brackets is the elastic strain 
‘The stresses and strains are all defined in the (x. y.2) 
coordinate system, Substituting (35.2) into (35.4) yields 
the stress distribution through the thickness: 


toh =(O), [fe] +20-[e hs] 


+(4@), (5.6) 


For the layered film system we define a resultant 
force {N} and moment {4} per unit length as 


uM e 


Ny bes f loco a 
Ny 


(35.7) 


For example, Ny is the force in the x-direction per unit 
length in the y-direction, (N) and (M} have units of 
[F/LI, [F -L/LI, respectively. 

Substituting (35.6) into (35.7) and breaking the in- 
tegrals through the thickness into sums of integrals over 
‘each layer yields: 


(M 


tafe} +1810er— [ne] +[y7} 
tn =taife} +1 er—{ae}+far] . 
(5.8) 
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(wy = f (2), (e).ede 


(35.9) 


Inthe terminology of laminated composite materials, 
{A}, [B], and [D] are the extensional, coupling, and 
bending constants and are functions of the elastic moduli 
of each layer and the arrangement ofthe layers through 
the thickness. [A], [B], and [D] have units of [F/L], 
LF], and [F - L], respectively. Physically, [A] describes 
the connection between in-plane forces and straining 
of the midplane, [D] describes the conection between 
moments and curvature, and [B] connects moments to: 
midplane stun and forces to curvature. If both the ge- 
fometry and material properties, including «* (c) and 
4 (2), of the layered film system are symmetric about 
0, then [B] = [0] and there is no coupling between 
in-plane straining and bending. Note that [A]. [2]. and 
[D] are 3x3 matrices, as are [@].,, while all other terms 
43%1 column yectors ofthe for of (35.3) and (35.4), 
Equation (35.8) can be written in compact form as 


(yy | [rar 21] | fe") 

(nf Lert} | ta 
_f 69 fn 
{ia} «tae 
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(35.10) 


Equation (35.10) is most easily implemented in. ma- 
trix form as a 6x6 system of equations that hold at 
each (x, y) coordinate. These are the constitutive equa- 
tions for the layered film, incorporating the Kirchoft 
hypothesis and the strain-displacement relations. In or- 
der to completely describe the response of a layered 
film due to external or internal loads, (35.10) must be 
supplemented with the stress equilibrium equations and 
appropriate boundary conditions. In general the solution 
of these equations fora specified multilayer film geom- 
etry and loading is a complex undertaking and recourse 
is often taken to numerical methods such as the finite el- 
ement method (FEM). Altematively, the equations can 
be formulated using an energy approach that will be ad- 
vvantageous when we consider geometric nonlinearity in 
Section 35.13. 

Fortunately, using this formulation we can solve 
‘number of important problems simply using (35.10) 
For example, if there are no externally applied loads 


then {N} =(M) = (0) and (35.10) can be inverted to 
yield 
ie va 
te [is | 


af] TY YY asa) 
way tur 

Recall that all terms on the right-hand side are fune- 
tions of the elastic moduli, the known transformation 
strains and stresses, andthe geometrical arrangement of 
the layers. Once the midplane strain and curvature are 
computed using (35.11), the stress distribution in each 
layer can be computed using (35.6). 


Special Cases 
Here we apply (35.11) to yield some simple, yet im- 
portant, results, Before doing so, it is useful to explicitly 
express the form of the transformation stress distribution 
{4 (z)],. To this end we restrict {& (<)}, to bea linearly 
‘varying function through each layer. This can be written 


{6}, =(Sh-(Bie 


) + sa) 


where (S}, is the average stress in layer k and 1B), 
is the stress gradient as shown in Fig. 35,10. For this 
form of the stress, (N*} and (M"} can be expressed 
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Fig. 35.10 Schematic showing a linear stress distribution 
characterized by a mean stress Sand linear through- 
thickness stress gradient 


(35.13) 


Furthermore, itis useful to specify the form of (e* (:)) 
when its source is thermal expansion during a uniform 
temperature change T from a reference temperature, In 
this case: 


(ef @h= 


For this form of the stress-free strain, (N*} and {M") 
‘can be expressed as: 


(35.14) 


12 
N' f Deus 
an 
w 
=arY[T}loh cas 
ra 


Mw f (O), (oh Te de 


y 
APY (Oly ten(d-s)- 5.25) 
Tt 

In all of the examples described in this section 
we will consider only cases in which all. layers 
have elastic constants, thermal expansion properties, 
and misfit strains that are isotropic. As a result, 
Aig = A26 = Big = Brg = Dig = Dry = 0. The rami- 
ficaions of this are that the ‘midplane shear strains 


yf, =0 and the twist curvatures kyy = 0. In addition, 
the midplane strains and curvatures are equibiaxial ic. 
=e =e! and x, =x, =x. So in the remainder of 
this section this equibiaxial deformation state is under- 
stood, and we refer to it simply by e" and x. While this 
is the case in the examples presented in this section, it 
is not the case when material anisotropy exists, the film 
is pattemed in lines instead of as a blanket, or large de- 
flections occur which result in geometric nonlinearity 
“These issues will be discussed briefly in later sections, 


Single-Loyer Plate, Consider a single-layer film with 
aan internal biaxial mean stress § = Sj, = Szo and stress 
gradient = Bi = fzx that is subjected to a uniform 
temperature change T. This scenario models the defor- 
mation of a film after release from a substrate when 
subjected to a temperature change where before release 
the film had an internal stress S, and stress gradient f. 
In this case, after significant manipulation (35.11), with 
(35.12) and (35.13), yields: 


(35.16) 


(35.47) 


- is the biaxial modulus. As previously 
discussed, after release there is straining due to § and 
#* =a, and the plate bends with a biaxial curvature x. 
‘The result of (35.16), and especially the simplification 
that results for beams (simply obtained by setting v 

0 and interpreting x and ¢” as the uniaxial curvature 
and midplane strain in the direction of the beam length) 
is commonly used in conjunction with measurements 
of the curvature after release to determine the stress 
gradient ina film, 


Bilayer Plate. Another simple yet practically important 
special case is that of two isotropic layers of thick- 
nesses f) and f2, subject only to a uniform temperature 
change T-In this case, (35.11), with (35.12) and (35.13), 
yields: 


4 [_eumh (1438+ 3h? +mi2) 
az [1+ mh 343n+i)] 
Ty Bim (2+ Shp) Fm 


(35.19) 
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where h=B, m=He, and My= pS (here 


k=1,2 conesponds to layers 1 and 2) and Aa= 
2a 
TL often ctivestent wo, fie & nonutineanal 
curvature & 
ra 
a 35.20) 
6AuT ‘ » 
Equation (35.18) can then be writen ax 
ham (14h 
sceuull (5.2 


~ [yam Qe aha 

‘Two limiting values of (35.21) are of interest. The first 

is the case where there is no elustic mismatch between 

the layers, i e.,m = I In this ease (35.21) simplifies t: 
b 


ne 25.22 
(+hy ‘ i 


‘The others the shin-film limit where 1) < f. Expanding 
(G5.18) in powers of hand retaining only the lowest order 
term recovers Staney’s [35.26] well-known result: 


Aa 


Jam 


cy 


=hm (35.23) 


In the thin film limit, (35.19) reduces to e° = a7. 
Figure 35.11 shows the normalized curvature & as 

‘a function of the layer thickness ratio h for various ratios 

of the biaxial moduli, m. The curves from top to bottom 


are for m = 10, 0.66, and 0.1. m = 10 and 0.1 represent 
‘stiff film on a compliant substrate and a compliant film 
on a stiff substrate, respectively. m = 0.65 represents 


1a gold film on a polysilicon substrate. The solid curves 
are the exact results from (35.21) and the dashed curves 
are the Stoney’s result for the thin-film limit, (35.23). In 
the latter case, & varies linearly with h, with slope m. The 
results in Fig. 35.10 show how the range of applicability 
of Stoney’s result depends on both ft and m; the range 
decreases for increasing fh and decreasing m. For most 
‘microstructure applications where the layer thicknesses 
are comparable (It > 0.1), Stoney’s result is not accurate 
unless the film is much more compliant than the sub- 
strate, Thus physically, Stoney's result is accurate when 
the substrate stiffness controls the deformation, either 
because it is much thicker or has much higher elastic 
‘moduli than the film, Over the years many papers have 
discussed corrections to Stoney’s result to increase the 
region of validity in terms of layer thicknesses and mod- 
ulus mismatch. We emphasize, though, that (35.18) is, 
valid for arbitrary layer thicknesses and modulus mis- 
‘match and is quite simple to use itself. We refer the 
reader interested in more details to (35.7, 18,22] 
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Fig. 35.11 Normalized curvature & as funtion of the film thick- 
ness ratio hh =1;/f2 for three values of the biaxial modulus ratio, 
m= M,/Mz. From rop to bottom, the curves are for m = 10, 0.65 
(gold/polysilicon), and 0.1. The solid lines are the exact solution, 
(35.21) and the dashed lines are Stoney's result in the thin-film 
5.23) 


Equally important from a technological viewpoint is 
the equibiaxial stress distribution through the thickness 
24(2) =ay(z) = a(2) obtained from (35.6): 


o(2)e = Mi (0 +2" aT). (5.24) 


where k= 1,2 denotes the layer. In (35.24), and e? 
are obtained from (35.18) and (35.19), respectively, and 
‘Mg and a are the values for the Ath layer. In the thin- 
film limit the equibiaxial stress varies so litle through 
the film thickness that it can be taken as constant, ie. 
x =ay =a. This is the reason one often refers to the 
stress in a thin-film by a single number. In the thin film 
limit, the substrate (layer 2) thermal expansion domi- 
nates the deformation process, and so the film strains 
by an amount Aw, and the biaxial stress in the film is 
0) = M,AaT, or in terms of the curvature: 


My 


o=—x (35.25) 


Note that, as written, the thermoelastic properties of the 
film do not enter (35.25). We will discuss the practical 
ramifications of this shorly. 

Figure 35.12 shows the stress distribution through 
the thickness of both layers for a negative unit tem- 
perature change, (35.24), as a function of = 1/2 for 
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Fig. 35.12 Biaxial stress per unit temperature change, (35.24), for 


‘agold/polysilicon bilayer (n 
‘a function ofthe polysilicon thickness h = 


0.67) for a0.5-jn-thick gold film as 
/12. Biaxial stresses are 


shown at four locations: the interface on the gold and polysilicon 
sides (dashed lines), and the surfaces of the gold and polysilicon 
(solid lines) 


0.5 ym, representative of a gold film 
on a silicon substrate. Equation (35.24) shows, and we 
have previously discussed, that the biaxial stress varies 
linearly through each material, Thus we can completely 
specify the stress distribution by plotting itt four points: 
the top of material 1, the interface in material 1, the 
interface in material 2, and the bottom of material 2. 
Referring to Fig. 35.8, these positions are z=zo, 1, 
and z2. Because of the perfect bonding between the two 
films, the total strain must be continuous across the inter- 
face. The elastic moduli are different for the two films, 
though, and so the stresses will be discontinuous at the 
interface. Hence we interpre as « position just 
above, or just below, the interface, and use My and ay 
in (35.24) as appropriate. As h— 0 the stresses at the 
top and at the interface in the film (ayer 1) converge 
and take on a maximum value given by o = M,AaT. 
‘The stress in the substrate vanishes in this limit. As the 
substrate thickness increases (increasing /) the stress in 
the film decreases with the maximum value occurring at 
the interface. The stress in the substrate increases at the 
interface but decreases on the bottom surface. In gen- 
eral this results in a stress distribution in the substrate 
that is compressive on the bottom surface and tensile at 
the interface. Depending on /h, the stresses in the film 
are either tensile throughout or tensile on the interface 


and compressive on the surface. The difference in stress 
between the interface and the surface is a measure of 
the stress gradient in each layer; it increases with in- 
creasing h, For different values of m, the behavior with 
varying / is similar to that in Fig. 35.12, with the stress 
in the film increasing with increasing m. 

Equation (35.25) is the theoretical basis of what is 
pethaps the most common technique to measure thin- 
film stresses ~ the wafer curvature method [35.6]. It 
involves measuring the curvature of a thick (compared 
to the film thickness) wafer with and without a film, 
and then using the curvature difference between the two 
in (35.25) to determine the film stress. It is particularly 
convenient because the film stress is obtained from the 
measured curvature regardless of the source of the stress 
and the thermoelastic moduli ofthe film. tis necessary, 
though, to know accurately the thickness of the film and 
substrate, as well asthe elastic properties (biaxial mod- 
ulus, E/(1—)) of the substrate. An appealing feature 
of the method is that the elastic properties of the film, 
typically difficult to measure themselves, do not need to 
be known, This is because the much thicker substrate 
controls the deformation response 


Three-Layer Symmetric Plate, Considerable simplifica- 
tion also results for the technologically important case 
of a thin-film multilayer subject to a uniform temper- 
ature change T that consists of three layers, but the 
top and bottom layer are identical in terms of thickness 
(=) and material properties (Ms = Mj,c =ay).In 
this ease, from (35.9) [8] = [0], and thus the plate does 
not bend, i-e.,« = 0. Equation (35.11), with (35.12) and 
(35.13), then yields: 


Quynh +03) T 


35.26 
2mh+1 f J 


In the thin-film limit h — 0, ¢° =anT. 

‘The equibiaxial stress distribution is such that it does 
not vary through the thickness within each layer, i.e., 
a(z)3 =o(2)) =o1, and 72. From (35.6) with 
= 0 and ¢ from (35.26) 


_ Mia 

= Tahal 
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In the thin-film limit, the stresses of (35.27) reduce to 
Mi Aa and a2 =—2M\hAa?. 

Figure 35.13 shows the uniform biaxial stress in each 
‘material fora negative unit temperature change as a func- 
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tion of hl =11/12 for m =0.65, and 1) =0.5 um, again 
representative of a gold film on a silicon substrate, As 
hi 0, the stresses in the films (layers 1 and 3) are 
given by 0) = M, AaT and that in the substrate (layer 2) 
approaches zero, The stress in the films is tensile and de- 
creases with increasing / while that in the substrate is, 
compressive, increasing in magnitude with increasing h 


Beams, Our analysis thus far has focused on multilayer 
plates where both in-plane dimensions far exceed the 
thickness and where the transformation strains, and thas 
the stresses, are equibiaxial. When one in-plane dimen- 
sion, say x, is much larger than the other, the structure 
is often referred to as a beam. In the classical treat- 
‘ment of the flexure of beams, itis assumed that only one 
‘nonzero normal stress component exists, 7. This greatly 
simplifies the analysis for homogeneous beams, but the 
situation is not as straightforward for multilayers with 
biaxial transformation strains, From the results in the 
previous section, one can obtain results fora beam theory 
by simply setting 1 = v2 =0 in the formulae devel- 
‘oped for biaxial stresses, but these results should be used 
‘with caution as the transverse component of the moment 
that results from the equibiaxial transformation strains 
cannot be neglected as shown by three-<dimensional fi- 
nite element calculations [35.27,28]. Swanson [35.29] 
describes how to apply the results from a multilayer 
plate theory to beams and specifically focuses on the 
effect of the beam width, giving easily usable results 
for narrow and wide beams. The main results are an ef- 
fective structural stifiness (E/ er that can be used to 
replace EJ (E is Young's modulus and / is the cross- 
sectional moment of inertia) in existing beam theory 
results, such as those that will be presented in Sect. 35.2 
for electromechanics analysis. Insight into the behavior 
can be seen in the results in Table 35.2, which show 
‘measurements (using interferometry as described by 
Dunn et al. (35,30]) and predictions based on (35.18) 
for plates and the simplified version for beams ob- 
tained by setting vy =v = 0, Inall calculations both the 
gold and polysilicon are modeled as linear thermoelas- 
tic with isotropic material properties. Input parameters 
to the finite element calculations are E> = 163GPa, 
0.22, Ey =78GPa, vy = 0.42 [35.31]. The ther- 
mal expansion coefficients of the materials were 
assumed to vary linearly with temperature, and values 
at 100(24)°C used are a2 = 3.1(2.6)x10~° /°C, and 
14,6(14.2) x 10-8 /°C [35.31]. Although some un- 
certainty exists in the values of these material properties 
for the gold and polysilicon films, we think they are 
sufficiently accurate for the purpose of modeling the ob- 
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Fig.35.13 Biaxial stress per unit temperature change for a gold/ 
polysilicon/gold (m = Mj /Mz = 0.65) three-layer film system. The 
calculations, (35.27), are for a 0.5-jum-thick gold film as a function 
of the polysilicon thickness ft = 1 /f. Biaxial stresses are shown in 
the gold (fop curve) and polysilicon (bottom curve) 


served phenomena. Young's modulus and Poisson's ratio 
of the polysilicon are in line with many measurements 
over many MUMPS runs [35.32] and agree adequately 
with bulk polycrystal averages of single-crystal elastic 
constants, Good agreement exists between the predic- 
tions using plate theory and the measurements, while 
predictions based on beam theory are significantly less 
accurate, demonstrating the need to use plate, rather than 
beam, theory. 


Patterned Films. In microsystems applications, ad- 
ditional design freedom can be obtained by using 
‘multilayer films with patterned, rather than blanketed, 


Table35.2 Predicted and measured curvature per unit 
negative temperature change for gold/polysilicon mi- 
crostructures as a function of the polysilicon thickness, In 
all cases the gold thickness is 0.5 um. The microstructures 
are 300 jm long and 50 jum wide and cantilevered from one 
end 
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films. In general one can use the finite element method 
‘ith multilayer plate elements to model the deformation 
and stresses in & multilayer with arbitrary patterned lay- 
ers, A useful practical example is a beam of width w 
that is covered with a film in the pattern of a stripe of 
Width w) as shown in Fig. 35.14. A simple modifica- 
tion of (35.18) yields the curvature along the length of 
the patterned beam as a function ofthe nondimensional 
linewidth, ¢ = w/w 


6AaT 


pated hem (35.28) 


m 


+h 
"\ Ty ahem Gah) ee 


Predictions from (35.28), normalized as» = Xpanrni/T 
are shown in Fig. 35.14 for m=0.65 (the zold/poly 

silicon bilayer) along with predictions from detailed 
finite element calculations and measurements over the 
‘entire range of ¢ = w /w [35.33]. Equation (35,28) ac- 
curately describes the effect of linewidth on curvature 
development and can be used to design bilayer beams, 


Deflections. Thus far our discussion of deformation 
has been cast in terms of curvature. An important 
‘quantity for many applications where control of the 
deformation is important is the deflection of the mul- 
tilayer. Formally this can be obtained by integrating 
the curvature-cisplacement relationship and applying 


= aia (orPC) 
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Fig. 35.14 Curvature per unit temperature change asa fune- 
tion of the ratio of gold to polysilicon film width w/w 
for gold (0.5 jim thicky/polysilicon (1.5 um thick) strip- 
pattemed beams. Grey cireles are finite element simulation 
results the solid line isthe analytical result of (35.28), and 
the brown circles are measurements 


the relevant boundary conditions. For example, assum- 
ing constant curvature, the tip deflection w(x = L) for 
‘cantilever beam of length L, is 


(35.29) 


35.1.3 Nonlinear Geometry 


In the previous section we noted that in general the 
deformation of a layered film microstructure subjected 
to transformation strains consists of three regimes but 
focused on the firs, linear regime. Here we focus on 
the second and third regimes. To illustrate, consider 
the seemingly simple case of a plate with total thick- 
ness much less than the in-plane dimensions, composed 
of two isotropic layers with different material proper- 
ties (elastic moduli and thermal expansion coefficients) 
subjected to a temperature change. Although we use 
a temperature change to demonstrate, the results hold 
for any type of transformation strains, In terms of the 
average curvature variation as a function of temperature 
cchange, three deformation regimes have been identi- 
fied as illustrated in Fig. 35.15 [35.16-19, 22, 23]. The 
first regime, 1, consists of a linear relation between 
the average curvature and temperature change where 
y, be. the average curvature is spherically sym- 
metric. This deformation regime is characterized by 
both small transverse displacements and rotations, and 
so conventional thin-plate theory adequately describes 
the deformation. In Sect. 35.1.2 we outlined the anal- 
ysis in this regime. The second regime, Il, consists of 
‘a nonlinear relation between the average curvature and 
temperature, but again x, =x. The behavior is due to 
geometric nonlinearity that results when the deflections 
become excessively large relative to the plate thick- 
ness, and they contribute significantly to the in-plane 
strains. It has been shown [35.15-19, 22, 23] that in 
these two regimes the symmetric deformation modes 
are stable. The second regime ends at the point when 
the deformation response bifurcates from a spherical 
to ellipsoidal deformation, i-e., « xy. At this point, 
the beginning of regime II, it becomes energetically 
favorable for the plate to assume the ellipsoidal shape 
because to retain the spherical deformation under an 
increasing temperature change requires increased mid- 
plane straining. After the bifurcation, the curvature in 
‘one direction increases while that perpendicular to it 
decreases; the plate tends toward a state of cylindrical 
‘curvature. This observation helps to explain the ener- 
getic argument, as unlimited cylindrical curvature can 
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be obtained with no midplane straining, while spherical 
curvature cannot, This discussion has been cast in the 
context of linear material behavior. Additional deforma- 
tion regimes result if material nonlinearity is present, for 
example, yielding [35.18] 


Analysis 
‘The understanding described above derives from a num- 
ber of studies with different technological motivations, 
primarily structural laminated composites and thin films 
for microelectronics. Most of these studies are analyt- 
ical [35.15-19,22, 23, 34] and build upon the original 
work of Hyer (35.13, 14]. To illustrate the computational 
approach in a reasonably simple setting, here we con- 
sider a two-layer plate with layer thicknesses fy and ty 
Each layer i isotropic and characterized by the Young's 
‘modulus £), Poisson's ratio vj, and thermal expansion 
coefficient (i = 1, 2). We consider a square plate with 
side length L; a similar analysis can be carried out for 
circular [35.22] or other plate shapes. The plate is sub- 
ject toa uniform temperature change, In other words, 
the stress-free strains {e"], are due to thermal expansion 
as given by (35.14), 

In onder to compute the deformed shape when the 
plate is subject to a temperature change we use the 
approach of Hyer [35.14] as applied by Masters and 
Salamon [35.16]. The basic idea is to assume an admis- 
sible displacement field w(x, )) in terms of unknown 
parameters (d;) that are suitably chosen to be consis- 
tent with observed deformation modes. Values of the 
parameters dj are then determined via a Ritz proce- 
dure so as to minimize the total potential energy of the 
system. Different choices of the assumed displacement 
field have been considered, and details of the proce- 
dures are given in the above references. Such analyses 
are sufficient to qualitatively, and in many cases quanti- 
tatively, explain the three regimes of deformation shown 
in Fig. 35.15. In fact, quite simple closed-form expres- 
sions result for special cases that provide illuminating 
descriptions of observed phenomena (see for exam- 
pile [35.22)).A disadvantage ofthe analytical approaches 
is that for simplicity a displacement field consistent 
with a spatially constant curvature deformation mode 
is usually chosen. Additionally, these formulations are 
useful for only simple plate shapes. While this may 
be adequate for the structures demonstrated here, it 
is not for more complex in-plane shapes, of either or 
both layers, that arise in microsystems applications, In 
this more general case the best approach is probably 
to use the finite element method for the approximate 
analysis. 
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Fig. 35.15 General characteristics of the average curvature-versus- 
temperature change of a two-layer plate microstructure showing 
the three deformation regimes. The interferograms in the inset 
show measured displacement contours for gold/polysilicon plates 
in Regimes I and IIL 


To proceed, we assume the transverse midplane 
displacement is of the form: 


w(x, y) = dix? +ahy? (35.30) 


dy and dy are immediately recognized as one-half the 
curvature in the x- and y-directions, and the deformation 
is seen to be a constant curvature mode. The midplane 
displacements u° and v? are assumed to be described by 
third order polynomials in and y, also with unknown 
‘constant coefficients d—dy to be determined: 
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‘The strains at any point through the thickness are 
then computed using the standard kinematic relations 
for thin plates, 5.2), and the stresses are computed 
from the stains using the conventional linear thermo- 
clastic constitutive relations for each layer, (35.6) with 
et], = (aly P. The fist term in (35.32) is recognized 
asthe conventional small deformation, and the second 
term arises from the large transverse deflections w, 
Which result in straining ofthe midplane, This is shown 
schematically in Fig. 35.16 forthe strain component e2: 
similar results are obtained for ¢° andy, 

‘The potential energy density of each layer is com- 
puted from the stress and strain in each layer, and the 
total potential energy ofthe plate is then computed by 
integrating it over the volume ofthe plate. Ths yields an 
expression forthe potential energy of the plate in terms 
of the unknown coefficients 


yp Lp ap 


ff [toronacacay 


-ip-tpip 


ud, 


(35.33) 


where the superscript T denotes the transpose of the 
331 column vector. The coefficients dare determined 
by application of the principle of minimum potential 
energy: 


aud) 
a 


(35.34) 


‘This yields eight equations for the eight unknown dj 
and thus solutions for the deformation response of 
Fig. 35.15. Complete details regarding this analysis can 
be found elsewhere [35.14, 16; here we present only 


Fig. 35.16 Illustration of the development of midplane 
strain due to bending when nonlinear geometry effects arise 


the pertinent results in what we hope is an accessible 
form, When the displacements are small, the solution of 
(35.34) and (35.35) recovers (35.18) and (35.19). 

In the nonlinear but symmetric deformation 
regime Il, the relationship between both the curvature 
and midplane strain, and the thermal expansion mis- 
match is too complex to present here. This is also the 
‘case in the nonlinear regime IIL after bifurcation, An 
Important difference between the linear and nonlinear 
response, though, is that the nonlinear response depends 
on the plate size. The critical curvature at which bifur- 
cation occurs, though, can be obtained explicitly and is 
given by: 


be [sea ‘Aun ¥ M06 Poe — Bas 
St Avian ye 
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(35.35) 


fora square plate of side length r, where Ajj, By), and Dy 
are the composite moduli of (35.8). In the simplified case 
where there is no elastic mismatch between the layers 
and the elastic, response can be expressed in terms of 
the Young's modulus £ and Poisson’s ratio v, (35.35) 
reduces to: 


(35.36) 


where = 11 +12. These results have also been obtained 
by Finor and Suresh (35.18; similar results exist for 
ateireuar plate (35.22, 30] 

‘The analysis just discussed is made tractable by as- 
suming a displacement field consistent with a constant 
curvature. Inthe nonlinear case, this assumption is ques- 
tionable. While the assumed displacement ficld used 
in the Ritz procedure could be modified to incorporate 
the dependence of curvature on position, perhaps the 
simplest approach to tackle these more general prob- 
lems is to use the finite element method to solve the 
geometrically nonlinear equations over an arbitrary spa- 
tial domain, This is also the most viable approach for 
‘more complicated in-plane geometries, including pat 
tered films. Complete detsils regarding the use of the 
finite element method to cary out such calculations 
ean be found in Dunn et al. [35.30]. Here we will 
simply show the result of some of these calculations. 
“The input parameters used are the same as those given 
in Sect. 35.1.2. 


Deformation Behavior 
In order to illustrate the nature of the deformation 
phenomena in the nonlinear regimes, Fig. 35.17 shows 
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Figure 15-4, The ratio of input voltage to output voltage is 
equal to the ratio of primary turns to secondary turns in 
the transformer windings, assuming @ transformer of 
100% efficiency. 


little electricity if itis left plugged in to an elec- 
trical outlet without any load connected to its 
output side, The power that it does consume will 
be wasted as heat. 


The Core 

The ferromagnetic core is often described as be- 
ing made of iron, but in reality is more often fab- 
ricated from high permeability silicon steel, To 
reduce losses caused by eddy currents, the core 
is usually laminated—assembled from a stack of 
plates separated from each other by thin layers 
of varnish or a similar insulator. Eddy currents 
tend to be constrained within the thickness of 
each plate. 


Becausea DC voltage would cause magnetic sat- 
uration of the core, all transformers must operate 


How It Works 


with alternating current or pulses of current, The 
windings and geometry of a transformer are op- 
timized for the frequency range, voltage, and 
current at which it is designed to operate. Devi- 
ating significantly from these values can damage 
the transformer. 


Taps 
A tap on a transformer is a connection part-way 
through the primary or (more often) the secon- 
dary coil. On the primary side, applying an input 
between the start of a coil and a tap part-way 
through the coil will reduce the number of turns 
to which the voltage is applied, therefore in- 
creasing the ratio of output turns to input turns, 
and increasing the output voltage. On the sec- 
ondary side, taking an output between the start, 
of a coil and a tap part-way through the coil will 
reduce the number of turns from which the volt- 
age is taken, therefore decreasing the ratio of 
‘output turns to input turns, and decreasing the 
output voltage. This can be summarized: 


+ A tap on the primary side can increase out- 
put voltage. 


+ A tap on the secondary side can provide a 
decreased output voltage. 


Ininternational poweradapters,a choice ofinput 
voltages may be allowed by using a double- 
throw switch to select either the whale primary 
winding, ora tapped subsection of the winding. 
See Figure 15-5. Modem electronics equipment 
often does not require a voltage adapter, be- 
cause a voltage regulator or DC-DC convert- 
er inside the equipment will tolerate a wide 
range of input voltages while providing a rela- 
tively constant output voltage. 


A transformer’s secondary winding is often tap- 
ped to provide a choice of output voltages. In 
fact, most power transformers have at least two 
‘outputs, since the cost of adding taps to the sec- 
‘ondary winding is relatively small. As an 
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contour plots of measured (using an interferometric 
‘microscope as described by Dunn etal. [35.30] and pre- 
dicted displacement fields w(x, y) for square plates of 
four plate sizes that have been cooled from about 10°C 
‘where they are flat to room temperature. Due tothe ther- 
‘mal expansion mismatch between the polysilicon and 
old, the L= 150 jum samples deform in a spherically 
symmetric manner; contours of constant transverse dis- 
placement w(x. y) are nearly circles. This isals the case 
as the size increases to L = 200 and 250 qm, although 
the displacements increase as the plate size increases. At 
1 = 300m, though, the transverse displacement con- 
tours are not circular but elliptical, indicating that the 
deformation is no longer spherically symmetric, Thus 
‘when subjected tothe same temperature change, bth the 
‘magnitude and deformation mode depend on the plate 
size, As the in-plane dimension of the plate increases 
‘ith the thickness held constant, the deformation mode 
changes from one of spherical symmetry to one more 
like cylindrical symmetry. 

‘A-complete picture ofthe deformation as a function 
of plate size and temperature change could be ob- 
tained by acquiring full-field displacements like those in 
Fig. 35.17 as a function of temperature. Buta reasonable 
picture of the deformation behavior can be obtained in 
‘much simpler form by considering the average curvature 
in the x- and y-directions as a function of tempera- 
ture, This is shown in Fig. 35.18, in which the average 
curvature in the x- and y-directions is plotted as a func- 
tion of the magnitude of the temperature change during 
cooling. The temperature change is actually negative ac- 
cording to our convention, but its magnitude is ploted 
for convenience, The average curvatures are determined 
from the measured and computed w(x, y) by averaging 
—8u(x, 0)/Ax* and xy = —3°w(0, ¥)/2s* along 
the paths y=0 and x = 0, respectively [35.30]. The x- 
and y-directions are taken to be aligned with the princi- 
pal curvatures after bifurcation, The use of the average 
curvature as a measure oF the plate deformation seems 
appropriate if the curvature is, or is close to, spatially 
uniform. This aspect will not be taken up in detail, but 
wwe refer the interested reader to [35.22,30] for details. It 
is apparent from both the measurements and predictions 
that in regime I, the curvature-temperature response is 


35.18 Average measured (lop) and predicted (bottom) 
curvature as a function of temperature change upon cool- 
ing from 100°C to room temperature. The curves from 
top to bottom are for the L = 150, 200, 250, and 300 jun. 
structures, respectively 
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Fig. 35.17a,b Contour plots ofthe (a) measured, and (b) predicted 

9) at room temperature following 
cooling from 100°C for the four gold/polysilicon square plates 
1 = 150, 200, 250, and 300 um from left to right. Each contour 
band represents a displacement of 0.23, 0.35, 0.45, and 0.6 1m for 


transverse displacements w( 


the L = 150, 200, 250, and 300 um plates, respectively 
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independent of plate size and shape. In regime I though, 
there isa strong dependence on plate size, and this is also 
the case in regime III. The major discrepancy between 
the measurements and predictions is the sharpness of the 
bifurcation for the L = 300 jum plate; it is quite sharp 
in the predictions but much more gradual in the meas- 
urements. To understand this we note that the source 
of the bifurcation is an imperfection of some sort that 
breaks the ideal symmetry, and in general itis difficult 
to accurately model the detailed imperfection, 

Figure 35.19 demonstrates the connection between 
the thermomechanical loading (the temperature change), 
the geometry (plate size, L.), and the boundaries between 
the three deformation regimes for gold/polysilicon plate 
microstructures. Specifically, it shows the temperature 
change necessary to initiate nonlinear effects (the tran- 
sition between regions I and 11), and bifurcation (the 
transition between regions I and I) as a function 
of polysilicon thickness when the gold film thickness 
is kept constant at 0.5m. Despite the fact that the 
constant curvature approximation becomes questionable 
for larger plate sizes, (35.35) is a good approximation 
fas seen by the agreement with the finite element cal- 
culations, at least for the elastic mismatch and plate 
sizes considered here. In fact, although not shown, the 
simplified result of (35.36) for no elastic mismatch is 
in reasonable agreement with the finite element and 


“Temperature change (°C) 
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Fig. 35.19 Temperature change required for the initiation 
of nonlinear geometry eects (doted lines) and critical 
temperature change for bifurcation (sod ine) as afune- 
tion of square plate size and the thickness of polysilicon 
for the gold/polysilicon microstructures, Lines in each set 
from lef to right represent 15 um, 3.5m, 5m, and 
8.5 umthick polysilicon, respectively. Grey circles are finite 
clement calculations, and the brown cirleisa measurement 


the complete analytical results. The measurement for 
L = 304m is accurately described by both the ana- 
lytical and finite element results. 

In the analytical treatments discussed previously, it 
is assumed that the curvature is spatially uniform. The 
power of finite element calculations is that this require- 
‘ment is relaxed and the spatial variation of the curvature 
can be studied theoretically. Full-field interferometry 
measurements allow one to study this experimentally 
as well. Briefly we discuss the resulting behavior for 
gold/polysilicon plate microstructures but refer the in- 
terested reader to [35.22, 30] for more details, In the 
linear regime, measurements and predictions both show 
that curvature is essentially uniform across the plate, In 
the nonlinear regime, though, the curvature varies ap- 
preciably with position, increasing by about a factor of 
two from the center to the periphery of the plate. The 
spatial nonuniformity of the curvature increases as the 
plate size increases. The spatial variation of the curvature 
raises concern regarding the suitableness of an analysis 
based on constant curvature. As mentioned previously, 
such an analysis may be adequate to describe the general 
deformation behavior but not for finer details, 


35.1. Nonlinear Material Behavior 


So far we have discussed in some detail the linear ther- 
moelastic response of multilayer films and to a lesser 
degree, the effects of geometric nonlinearity. An addi- 
tional complication is material nonlinearity. It can arise 
in numerous forms including plasticity, creep, stress re- 
Jaxation, and evolution of the material microstructure 
(densification, grain growth, defect annihilation, etc.) 
during thermomechanical loading. In this section we 
briefly discuss nonlinear material behavior of multilayer 
films, focusing on the phenomena most relevant for the 
realization of reliable devices. The discussion in this sec- 
tion is concerned primarily with multilayer films where 
‘one of the films is a metal 


Nonlinear Material Behavior 
During Initial Thermal Cycles 
As deposited, the material microstructure of a metal film 
is generally not stable. As the film is heated, microstruc- 
tural evolution leads to the development of internal 
stress, which then can lead to changes in the curvature 
of the multilayer film. The general behavior is common 
to films made of many different metals, such as alu- 
minum, copper, nickel, and gold. It has been studied 
extensively in the context of microelectronics applica 
tions (see for example [35.6,35,36]) where the substrate 
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Fig. 35.20 Curvature versus temperature for gold (0.5-yum- 
thick)/polysilicon (1.S-yum-thick) 300jmx50 jum beam 
‘microstructures. The solid lines are tests with six cycles 
ftom room temperature to 200°C with the maximum tem- 
perature in each successive eycle increasing by 20°C. The 
dashed lines are tests with two cycles: the first from room 
temperature to 200°C and then back to 30°C, and the 
second to 275°C and then back to 30°C 


is much thicker than the film and the thin-film limit 
results, which simplifies the interpretation ofthe results 

Figure 35.20 shows the general behavior of the cur- 
vature vs. temperature for a bilayer film consisting of 
2 0.5m gold film that was evaporated onto a 1.5 um 
polysilicon film, During the initial heating the defor- 
‘mation is thermoelastic, characterized by a decrease in 
curvature with a constant de/ 7, until the temperature 
reaches about 70°C (the theoretical thermoelastic slope 
from (35.18)is shown on the figure). Between 70°C and 
100°C, the curvature decreases at a much lower rate; in 
fact the curve flatens, ie. dx/d ~ 0. Interestingly, 
between room temperature and 100°C, the curvature 
changes from positive to negative, our convention being 
that a positive curvature means a beam with the gold on 
top is curved upward. The strong departure ofthe curva- 
ture from the thermoelastic behavior results because the 
‘microstructure of the evaporated film is not stable inthe 
as-deposited condition. The temperature increase during 
the frst cycle promotes microstructural changes in the 
film, These result in tensile straining ofthe film, which 
competes with the thermoelastic deformation (see for 
example [35.6,36]). Upon cooling from 100°C. the re- 
sponse is again thermoelastic, this time throughout the 
entire cooling process. Although it does not occur here, 
ifthe temperature change is large enough, yielding ofthe 
‘metal film can occur upon cooling, The curvature upon 
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retum to room temperature is greater than that initially 
at room temperature. It is important to understand this 
behavior because many post-fabrication and packaging 
processes expose a microstructure to elevated tempera- 
ture excursions. During these, the film is susceptible to 
this nonlinear deformation, In the tests in Fig. 35.20, 
the material has not been taken to a temperature high 
enough to stabilize fully the gold microstructure in the 
first cycle. As a result, subsequent cycles going to suc~ 
cessively higher temperatures appear to have the effect 
of continuing to stabilize the microstructure. The re- 
sponse during the second cycle is similar to the first 
‘with the exception that the temperature change required 
to initiate nonlinear behavior is increased. Indeed, over 
the range of temperature cycles studied, each subsequent 
ceyele is similar, exhibiting thermoelastic response upon 
heating until a point where nonlinear x-T behavior com- 
‘mences. The cooling process is again thermoelastic with 
the subsequent room temperature curvature increasing 
‘with each cycle. Also shown in Fig. 35.20 isa result for 
a second test on a nominally identical microstructure 
‘with only two eyeles: the first from room temperature to 
200°C and back to 30°C, and the second to 275 °C and 
back to 30°C. The results of the first eyele to 200°C 
neatly envelope the results ofthe set of tests with cycles 
up to 200°C. This shows that although there is a path 
dependence of the deformation behavior, itis controlled 
by the maximum temperature reached during cycling, 
independent of how many increments are carried out 
to reach that temperature. The second cycle to 275°C 
shows the same behavior observed in all cycles, The 
results in Fig. 35.20 have been obtained at a constant 
heating/cooling rate. In terms of the stabilization of the 
‘material microstructure that results in nonlinear mater- 
ial behavior, the rate, along with the time held at the 
elevated temperature, plays a significant role, 

Figure 35.20 suggests that a simple description ofthe 
evolution of curvature with temperature can be obtained 
‘with parameters as shown in Fig. 35.21: the as-released 
curvature x; (and associated temperature, 7;), a critical 
temperature at which inelastic mechanisms are acti- 
vated, Te (and the associated curvature, x.y), the slope 
of the inelastic x-T’ behavior (assuming simple linear 
behavior) for T> Tx, &, and the thermoelastic slope 
n= de/dT. The as-released curvature is determined 
primarily by the intrinsic stress development upon film 
deposition, cooling to room temperature, and release, 
‘These also influence 7... The parameter & is physically 
related to the curvature per unit temperature change due 
to inelastic mechanism(s) activated beyond Toy. The sit- 
uation in Fig. 35.20 is much simplified in that & =0. 
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Fig. 35.21 Schematic diagram showing the parameters in 
the simple model that describes the curvature-versus- 
temperature behavior of the bilayer beam during thermal 
cycling after release 


With knowledge of these parameters, one can compute 
the curvature following a defined thermal loading his- 
tory. The qualitative behavior in Fig. 35.21 also results 
fora substrate with patterned lines (Sect. 35.1.2), and the 
same formalism can be used with k,, n, and § depend- 
ing on linewidth [35.33]. For example, (35.28) gives the 
dependence of 7 on linewidth. 


Plasticity 
Plasticity in thin-film multilayers has been studied in 
depth for thin metal films on thick substrates (see, for 
example [35.6,37, 38), but little work has been directed 
toward freestanding multilayers. This is probably be- 
‘cause, at least when subject to thermal loading, the 
stresses are typically smaller in freestanding multilayer 
films than in systems with thin films on thick substrates 
(see Fig. 35.12). Many interesting open issues exist with 
regard to the general issue of plasticity in microstrue- 
tures including the understanding of size effects and 
strain gradient effects (see for example [35.39, 40)). 


Creep and Stress Relaxation 
For many microsystems applications, it is important 
to control accurately the deformation of thin-film 
microstructures over a significant period of time in or- 
der to meet performance and reliability requirements. 


This is especially important for microstructures sub- 
jected to thermal loading and/or operated at elevated 
temperatures. When one or more of the layers con- 
sists of a metal or polymer film, creep and stress 
relaxation in the film can significantly influence de- 
formation and compromise device performance, and 
so their effects must be carefully considered. For ex- 
ample, Miller et al. [35.41] designed and fabricated 
microrelay switch arrays for RF communications ap- 
plications using prestressed gold/polysilicon bimaterial 
beams as electrostatically actuatable switches. They ob- 
served a change in the switch shape and position over 
time and attributed it to stress relaxation in the gold 
Vickers-Kirby et al. [35.42] report that creep in gold 
and nickel cantilever beams leads to voltage drops in 
micromachined tunneling accelerometers over time. 
Creep and stress relaxation phenomena have been 
investigated in some detail for thin film on thick sub- 
strate systems, motivated primarily by microelectronics 
applications (see for example (35.11,35,43-46)). These 
studies have focused on measuring, understanding, and 
modeling the stress-versus-temperature behavior that 
occurs when a metal ilm-substrate system isheated from 
room temperature, then cooled back to room tempera- 
ture, over one or a few cycles. The stress-temperature 
curves in the experimental works are typically obtained 
using the wafer curvature method that is now widely 
used to measure stress in thin films. During atypical test 
thermoelastic and inelastic mechanisms contribute to 
produce a complex nonlinear stress-temperature curve 
like that in Fig.35.20. In most of these studies, the 
stress-lemperature response is studied using wafer cur- 
vature measurements at a fixed heating or cooling rate 
so that rate dependent and independent phenomena are 
coupled in the response. Stress relaxation during an 
isothermal hold has been studied by [35.35,413,45,47], 
among others. These studies all show that significant 
stress relaxation can occur over periods of only a few 
hours at modest temperatures of only about 100°C 
for many metal thin-film systems. Due to the thin- 
film/thick-substrate system, the stress in the metal films 
is quite high, on the order of hundreds of MPa. Mod- 
els incorporating power law creep of the metal film 
were successfully able to describe the observed response 
qualitatively and, to a large degree, quantitatively. The 
latter, however, sometimes required modification of the 
power-law exponent. Shem and Suresh [35.35] showed 
experimentally that a thin passivation layer on a metal 
film on thick silicon substrates can significantly reduce 
creep and stress relaxation, Thouless et al. [35.45] also 
studied the effect of a thin passivation layer on the stress 
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relaxation of thin films with a focus on the deformation 
‘mechanisms. Their experimental results suggest that the 
presence of a passivation layer on the surface of a film 
ccan have a substantial effect on relaxation rates likely by 
suppressing mechanisms associated with diffusion and 
dislocation motion, 


Thermomechanical Fatigue 
It is also important to understand the development of 
damage and its effect on deformation during cyclic 
thermomechanical loading. To date, only very limited 
attention has been directed toward this issue. Zhang and 
Dunn [35.33] showed that if gold/polysilicon mulilay- 
ers were cycled (Fig. 35.20) to an elevated temperature 
and then cooled to room temperature, they followed 
the thermoelastic path on subsequent cycling to a tem- 
perature below the maximum reached during the initial 
thermal cycle. Presumably over this range of tempera- 
tureand time, the gold microstructure has been stabilized 
by the first eycle, and the polysilicon microstructure is 
not changing. This was confirmed for only a few, per- 
haps ten, cycles. Gallet al. [35.48] have shown that 
for thousands of cycles, though, a gradual shift of the 
thermoelastic curve downward is observed, possibly due 
to creep and stress relaxation in the gold, though the 
thermoelastic slope is maintained. 


35.2 Electromechanics of Thin-Film 


Electromechanics, the coupling of electrostatics and 
mechanics, is perhaps the most common of the energy 
couplings used in microsystems technology for sensing 
‘and actuation. In this section we summarize the contem- 
porary application of electromechanics, the analysis of 
fundamental electromechanics problems, and the practi- 
cl issues that arise in the design of an electromechanical 
micrasystem, 


35.2.1 Applications of Electromechanics 


Our reference to electromechanics will be limited to 
the coupling of electrostatics and the mechanics of con- 
strained elastic media such as a cantilever beam. In this 
case, the electrical energy is transformed into strain en- 
ergy of the elastic media but with typically negligible 
energy dissipated due to material damping. An alterna- 
tive application of electromechanics is the coupling of 
electrostatics with rigid body mechanics. In this case the 
‘mechanical structure is not constrained by a compliant 
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35.1.5 Other Issues 


‘There are a number of additional issues regarding the 
thermomechanical behavior of thin-film microstructures 
that warrant discussion. Due to space limitations, how- 
ever, we will only mention them and refer the reader to 
appropriate references, 

In addition to the deformation itself, the stiffness 
characteristics of a microstructure, such as for example 
a beam or plate, can depend significantly on the stress 
in the beam. Senturia [35.49] describes the phenomena 
and discusses implications for microstructure design, 
This includes tensile stresses that tend to stiffen beams 
and plates as well as compressive stresses that can lead 
to buckling. 

‘An important strategy has emerged to characterize 
the effects of processing on the residual stress state and 
thermomechanical behavior of films: the use of on-chip 
test structures to extract material properties including 
film stresses. Many test structures, both passive and se- 
tive, have been developed to measure residual stresses 
(tensile and compressive), stress gradients, elastic mod- 
uli, strength, toughness, thermal expansion, and many 
others, Nice surveys of many test structures are given by 
Masters et al. [35.12] and de Boer et al. [35.50] where 
further references to more extensive details can be found. 


Microstructures 


support to the substrate but by a kinematic constraint, 
which isa pin joint between multiple structural layers or 
anchor between the substrate and a structural element, 
‘An cxample of these rigid body constraints is the anchor 
in the electrostatic micromotors. In this case, the elec- 
trostatic energy is dissipated by friction (Coulomb type 
friction between structural elements and pin joints, other 
structural elements, and/or the substrate) and is stored 
in the kinetic energy of the rigid body. In this case, the 
energy stored as strain energy in the structural element 
is by design negligible. In both electromechanics cases, 
the energy is dissipated by viscous forces under dy- 
‘namic conditions. Finally the coupling of electrostatics 
and mechanics can more broadly; consider the coupling 
of electrostatics and fluids or electro-thermo-mechanics. 

Microsystems have enabled many different commer- 
cial applications of electromechanics. These applica- 
tions have included pressure sensors, accelerometers, 
gyros, resonators, micropumps, optical mirrors, optic~ 
al shutters/VOAs, and DC and RF switches. In these 
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examples, electrostatic forces are produced between 
a stationary electrode and a movable electrode, which 
is often the proof mass for an accelerometer or the 
diaphragm for a pump. The electrostatic forces are im- 
parted by a voltage difference between the movable and 
stationary electrode. The electromechanics is typically 
implemented in two ways, with the first characterized by 
4 stable, analog behavior, and the second characterized 
by an unstable, digital behavior. The stable behavior is 
implemented as a self-test capability for accelerometers 
such that a specific, stable displacement is produced with 
the application of the voltage. The unstable behavior is 
implemented with a switch so that when the instabil- 
ity point (snap-in or pull-in) is reached, the switch will 
instantaneously close. 

Electrostatic actuation has been used for switches 
and microrelays [35.5 1-53], accelerometers [35.54.55], 
micropumps [35.56, 57], and micromirror [35.58-65] 
‘The specific case of switches and relays involves multi- 
ple regions of electromechanical behavior and represents 
‘one of the richer electromechanics design problems. The 
general behavior is shown in Fig. 35.22. The first region 
is the stable actuation region. In this region, the switch 
is actuated to an instability point in the voltage displace- 
‘ment curve called the pull-in or snap-in voltage. Up to 
the instability, the displacement increases monotonically 
until the pull-in voltage is reached. At the pull-in volt- 
age, the switch instantaneously closes the gap because 
of the instability and establishes contact with the sub- 
strate. In the case of the switch, this means the closure 
of a contact. The electromechanics problem continues 
with a new set of boundary conditions in the next re- 
gion because the switch is now “simply” constrained 
at the contact and fixed at its anchors to the substrate. 
In Fig. 35.22, the switches tip displacement is shown, 
which is the reason the displacement is unchanged as 
the voltage increases. Region 2 is then characterized 


Region | 


Fig. 35.22 
Characteristic 
celectromechan- 
ical hysteresis, 
‘curve showing 
pall-in, con- 

tact, and release 
voltages 


by a constant displacement for increasing voltage. The 
shape of the beam continues to change as the voltage is 
increased to the point that the electrodes could short if 
necessary precautions are not taken. 

Ifthe frst consideration of the switch design is pull 
in voltage, the second consideration of the switch design 
is the development of contact force, which is directly re- 
lated to the contact resistance. The electromechanical 
analysis is continued beyond the pull-in voltage once 
contact is established to develop an increasing contact 
force. The electrostatic force is distributed between the 
anchor and the contacts, assuming other portions of the 
switch are not in contact. The electrostatic force in- 
‘creases as the square of the voltage difference, so the 
force acting on the contact will increase in proportion to 
this. Of course other physical limitations must be con- 
sidered such as gas breakdown or a secondary pull-in 
that cause shorting between electrodes. The contact ar- 
eas of the switch that are not the contacts should be 
minimized, so this does not detract from the contact 
force. 

‘A third design consideration i the overdrive capabil- 
ity, defined as the maximum voltage the switch control 
electrodes can support before they touch and short. In 
some cases, the electrodes may be isolated from each 
other by a thin dielectric film, whose implications will 
be discussed in a later section, As suggested in the later 
section, the insulation material can be patterned to re- 
duce the contacting area between the electrodes and the 
insulating material, in order to reduce charge accumu- 
lation. With the patterned isolation, the switch could be 
driven by such a large voltage to short the uninsulated 
regions, This failure mode could be evaluated by the 
same electromechanies analysis. 

‘A fourth design issue would be the switch’s release 
voltage, which is the voltage when the contact force 
reaches zero and the switch opens. This is shown as 
the beginning of region 3, where the deformation is re- 
duced as the voltage is decreased. The release voltage is 
lower than the pull-in voltage because the electrostatic 
forces are much greater for the reduced gap than com 
pared to the larger gap just before the pull-in instability. 
A fifth design consideration isthe switch’s self-actuation 
voltage, which is that which occurs across open con- 
tact and unintentionally causes the switch to close, By 
design, the switch’s self-actuation voltage should be 
maximized in the electromechanical analysis. A final 
design issue is the determination of breakdown limits 
across the switch's control electrodes. This is not lim- 
ited to the voltage supported across the equilibrium gap 
of the control electrodes and needs to be considered for 
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different cases. The breakdown will be described by the 
Paschen curve or by vacuum breakdown proportional to 
the gap. 


35.2.2 Electromechanics Analysis 


‘An electromechanics analysis requires modeling of the 
structural domain, the electrostatic domain, and the 
coupling between the electrostatic fields and the struc- 
tural elements. It has been approached at three levels of 
complexity. The simplest approach is the development 
of lumped parameter models, which have provided the 
basic understanding of instability, the impact of non- 
linear springs, and the pull-in voltage-gap relationship. 
‘The lumped parameter model is comprised of the par- 
allel plate capacitor and a spring (linear or nonlinear). 
‘One plate is constrained in space, by a substrate for ex- 
ample. The second plate is elastically constrained to one 
degree-of-freedom, typically, of motion, which is usu- 
ally closing the “ait” gap. The spring element represents 
the effective spring stiffness K of the structural element 
that could be a beam, a plate, a membrane. The paral- 
lel plate capacitor represents the electrostatic coupling 
between the fixed and moving elements. 

Increasing in complexity, the second level of analysis 
considers continuum structural elements with a dis- 
tributed electrostatic load. For example, the solution 
for an isotropic homogeneous beam would satisfy the 
Euler-Bernoulli beam equation: 


(35.37) 


where £ is Young's modulus, / is the structure's mo- 
‘ment of inertia, w(x) is the transverse deflection of the 
beam, x is the coordinate along the length of the beam, 
and q(x) represents the distributed electrostatic load. 
For a multilayer film, an effective E/ can be used, as 
mentioned in Sect, 35.1.2. The third level of analysis 
is to model the fully coupled problem as continuum 
solids. The approach has used different implementa- 
tions of finite difference (FD), finite element (FE), and 
boundary clement (BE). A typical example would be 
to implement a finite element code to solve the con- 
tinuum mechanics problem and a boundary element 
code to solve the electrostatics problem. Another im- 
plementation would use finite element methods to solve 
both the mechanics and the electrostatics problems. In 
ceach case, a similar algorithm is followed for developing 
self-consistent solution to the coupled electromechan- 
ies analysis, 
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The coupled electromechanics problem can be de- 
seribed simply as a pair of conductors, where one 
conductor has a fixed constraint and the second con- 
ductor is attached to an elastic structure, such as a beam, 
2 plate, a membrane, or an elastic substrate. The con- 
ductors support a voltage difference between them that 
causes charge to be induced on the surface of the con- 
ductors. This charge produces an electrostatic force that 
attracts the two conductors together. As the elastically 
supported conductor deforms toward the fixed con- 
ductor, the charge redistributes and modifies the field, 
thereby the force distribution. The process continues 
until a redistribution of charge is no longer necessary 
to maintain equilibrium, The typical algorithm begins 
by calculating the displacements of the undeformed 
geometry, which is updated before proceeding to the 
electrostatic analysis. In the electrostatic analysis, the 
surface charge density distribution is calculated and 
then used to calculate the electrostatic forces. The elec- 
trostatic force distribution is the important parameter 
because it is passed to the mechanical analysis as the 
loading condition on the conductors in the undeformed 
state to deform the structure until a state of equilibrium 
is reached. 


Electromechanical Systems Energy Balance 
‘A general analytical methodology can be applied to 
‘many different structures including parallel plate actua- 
tors with linear or nonlinear springs and plates supported 
by torsional suspensions [35.66]. They consider a single 
input system with charge control or voltage control. To 
begin, a gencralized actuator is considered that consists 
of two conductors. One conductor is fixed. The second 
conductor is constrained by an elastic support. 

In the charge controlled actuator, the total energy 
for the generalized actuator is written in terms of the 
‘mechanical energy as a function of the generalized co- 
ordinate x and of the electrical energy stored in the 
capacitance of the actuator. The total energy is: 


Ur (x, Q) =U (+ (35.38) 


2eH) 
where Ur is the total energy, Uy is the mechanical 
energy, and the electrical energy is determined by the 
charge Q. and the capacitance C(y). The first derivative 
of the total energy with respect to the generalized coor- 
dinate set equal to zero determines the equilibrium. The 
second derivative of the total energy with respect to the 
generalized coordinate set equal to zero determines the 
stability. The first and second derivatives are determined 
and then combined to determine what is referred to as 


1063 


Usela ved 


4064 Part E | industrial Applications and Microdevice Rl 


z'sela ued 


the charge-controlled pull-in equation: 
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In the voltage controlled case, the total co-energy for 
the generalized actuator is used because the capacitor is 
nonlinear, and the actuator is voltage controlled. The 
‘co-energy is written in terms of the capacitance between 
the generalized conductors, the vollage across the con- 
ductors, and the mechanical energy. The total co-cnergy 
L 2 
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‘The relationship between energy and co-energy isshown 
in Fig. 35.23. 

Ina similar process to the charge-controlled system, 
the voltage-controlled pull-in equation is determined by 
the first derivative of the total co-energy with respect 
to the generalized coordinate and by the second deriva- 
tive of the total co-energy with respect to the generalized 
‘coordinate, The equations for the firstand second deriva- 
tive are combined to determine the voltage-controlled 
pull-in equation 
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“The pullin voltage Vor is 
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(35.43) 


‘The application of this approach, to either the voltage 
controlled or the charge-controlled case involves 
determining the mechanical energy and the capacitance. 
From the mechanical energy and the capacitance, the 
pull-in parameters and voltage are determined. 


Lagrangian Approach to Electromechanics 
Liand Aluru [35.67] and Aluru and White [35.68] have 
proposed a Lagrangian approach for both the elec- 
trostatic analysis and the mechanical analysis. Their 
algorithm begins by calculating the structural displace- 
ments for the undeformed geometry. They proceed tothe 
electrostatic analysis to calculate the charge distribution 
on the conductors in the undeformed state. The charge 
distribution is used to calculate the electrostatic forces 
on the undeformed geometry until the system reaches 
equilibrium. The first advantage of their approach is that 
the algorithm does not require the structural geometry 
to be updated. A second advantage is the elimination 
of the integration error, wich occurs because flat pan- 
els are used in other approaches to approximate curved 
surfaces. The overall algorithm is shortened because the 
interpolation functions do not have to be updated as the 
structure shape changes. 


35.2.3 Electromechanics ~ 
Parallel-Plate Capacitor 


‘The classic element for understanding electromechan- 
ies is the simple parallel-plate capacitor model with 
one plate fixed and the second, moveable, plate, sus- 
pended by a spring. This basic electromechanics element 
is shown in Fig. 35.24. The capacitor is described by an 
area, A; an initial gap, go; anda dielectric constant of e in 
the air gap (where ¢ is the product of the relative diclec- 
tic of the media filling the gap, #,, and the permittivity 
of free space, e9 = F/m). The moveable 
plate is shown suspended by the spring, with spring con- 
stant K and a single degree-of-freedom represented by 
the coordinate z. In this case, the equilibrium position 
is represented by having no charge on the plates (i.e. 
no electrostatic force) and no displacement of the spring 
Ge. no spring force). It should be noted that as the 
spring length grows by increasing z, the gap decreases. 
‘The behavior of this simple model is described in detail 
in many sources including [35.49,66]. 
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35.24 Lumped parameter parallel plate capacitor elec 
tomechanical model 


‘The parallel plate capacitor can be analyzed with 
cithera voltage source or a current source. With voltage 
source, the charge on the capacitor plates is 
o=4y, (5.44) 
8 
Where Q is the charge on the capacitor plates, ¢ is the 
dielectric constant in the gap, A is the capacitor plate 
area, gis the instantaneous gap between plates, and V is 
the voltage across the plates 
‘The electrostatic force on the capacitor plates is de- 
termined by the dielectric constant, the capacitor plate 
sea, the instantaneous gap, and the voltage across the 
capacitor: 


soe (35.45) 
a 
‘The electrostatic force scales asthe voltage squared and 
inversely diminishes as the instantaneous gap squared, 
Thisis the force that acts on the movable plate; hence the 
spring stretches (or is relaxed if the voltage is lowered) 
‘The amount of stretch inthe spring is 


(35.46) 
‘The instantaneous gap is 
«AV 
8=8-2=9- TET (35.47) 


Electromechanics ~ 
Parallel Plate Capacitor with External Forcing 
Nemirovsky et al. [35.66] examined the case of con- 
stant applied force acting on the suspended capacitor 
plate of a parallel-plate electrostatic actuator. This situ- 
ation represents a force-balanced system, in which the 
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electrostatic force is used to balance a pressure load act- 
ing on a membrane or an inertial load (e.g. acceleration 
induced) on a suspended proof mass. With an applied 
‘mechanical force, the mechanical energy is: 


(35.48) 


where Fox is the externally applied force, The solution 
to the pull-in equation is 


(35.49) 


applied force is zero. Equation (35.49) reduces to the 
familiar result of ¢ = Zaax/3. The pall-in voltage is 


1p 


Ve 


(35.50) 


Electromechanics ~ 
Parallel Plate Stabilization 

‘An important practical consideration is the stabiliza- 
tion of the parallel plate electrostatic actuator. Seeger 
etal, [35.69] and Nemirovsky etal. [35.66] showed that 
the addition of a series capacitance (feedback capaci- 
tance) stabilizes the actuator such that it does not pull-in 
to the substrate. The series capacitance and the variable 
actuator capacitance combine to form a voltage divider 
that provides passive control of the voltage across the ac- 
tuator, In this case, Nemirovsky et al. [35.66] identified 
three regimes, defined in terms of 8, which is the ratio 
of the initial actuator capacitance to the series capaci- 
tance (Nemirovsky et al. [35.66] had defined the series 
capacitance in terms of a dielectric layer on one eapac- 
itor plate). The first regime is defined for 0. <5 <0.5, 
‘when the series capacitance is less than half the nominal 
actuator capacitance. In this case, the actuator is stable 
so the pull-in effect is eliminated. The second regime is 
defined by 5 > 0.5 and the pull-in occurs between 1/3 
of the gap and the full distance of the gap. In the third 
regime 5% 1, which means the series capacitance is 
‘much greater than the nominal capacitance. The pull-in 
parameter is given by 


=4(1 1) 
w=5(1+5)> 


(35.51) 
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which reduces to fot = aat/3 when the series capaci 
tance is eliminated, The pullin voltage is 

ny? 
+5) ] 

Electromechanics — 

Extending the Range of Motion 
Hleciroectanical ystems ve two obvious character 
isties nonlinearity and instability I one desires digital 
operation or fest switching times, the inherent elec- 
tromechanical instability i a significant benefit. On the 
other hand if analog contol is desired, the contol is 
faced with both the nonlinearity andthe instability. In 
both cases, the range of motion of the electromech- 
anical device is limited. The range of motion to the 
instability wa extended bythe addition ofa series cap- 
cit; but dis did wot adress the linearity, Tohipasht 
et al. [35.59] addressed the linearity of electrostat- 
ically sctusted maimors in an optical sean. Thel?s 
was a two degreo-offredom seanser, x the inctoased 
Tinearity was necessary to improve the crosstalk be- 
tween the two differnt scanner modes, The soamner 
in question ix = sua ple. suspended by torsion 
beams within frame that is itself suspended by an- 
eater pair of torsion beams, The plate und frame are 
suspended above the subsite, which has four staion- 
ary electrodes defined in the four quadrants of the 
plate as shown in Fig. 3525, To scluate the mor 
with increased Uneasy, a bias vollnge Vim Was ap- 


(35.52) 


plied between each electrode and the plate. Independent 
differential control voltages are superimposed on the 
bias voltage supplied between each electrode and the 
plate. The driving voltages are described by two inde- 
pendent differential voltages such that Vgiry = (Vy + 
Vy)/2s Vara = (— Ve + Vo)/2, Vaitrs = (—Va-+ Vo) /2 
and Vain = (Vi +—V))/2. A second approach taken to 
improve the linearity was to consider the shape of the 
mirror, because of the geometric relationship that deter- 
‘mines the net electrostatic torque. They considered such 
simple geometries as square, diamond (square rotated 
by 45), and a circular plate, as shown in Fig. 35.26, but 
more complex shapes could be considered. The square 
plate is presumed to have worse linearity because as 
the plate rotates the comers deflect toward the control 
electrodes, which increases the applied torque and fur- 
ther distorts the shape of the mirror. This suggested the 
removal of the comers could contribute to increased 
linearity and reduced distortion of the mirror surface. 
‘They found the circular plates reduced the distortion by 
50% over the rectangular and diamond shaped plates, 
which is significant for the optical performance. The 
authors defined distortion as the normalized angle devi- 
ation from the ideal value. It is normalized relative to 
the maximum scan angle. Nadal-Guardia et al. (35.70] 
have described extending the range of travel by using 
current drive methods instead of voltage drive. 


35.2.4 Electromechanics 
of Beams and Plates 


‘The basic understanding of electromechanics and pall- 
in phenomena has been developed around the simple 
parallel plate capacitor model developed above. Many 
MEMS designers innately understand that the electro- 
static force is proportional to the square of the voltage, 
is inversely proportional to the square of the gap, and 


KO 


Torsion suspension 


Fig. 35.25 ‘Two degree-of-freedom torsional electromech- 
tanical actuator with a rectangular plate and a stationary 
‘electrode divided into four sections 


Fig.35.26 Altemate two degree-of-freedom torsional, 
electwomechanical actuators with diamond and circular 
plates 


Springer Handbook w Nanatechnlogy 
Penge gnucon © springer 20d © 


Variants 


Aasvac 


Figure 15-5. An international power adapter can provide 
2 fixed output voltage by using a double-throw switch to 
‘apply 230VAC voltage across a transformer's primary 
winding, or 115VAC fo a tapped micpaint of the primary 
winding. 


alternative to tapped outputs, two or more sep- 
arate secondary windings may be used, allowing 
the outputs to be electrically isolated from each 
other. See Figure 15-6. 


+ Salk 


elie: 


Figure 15-6. Multiple output voltages may be obtained 
from a transformer by tapping inta the secondary winding 
(top) or using two or more separate secondary windings 
(bottom), in which case the outputs will be electrically iso- 
lated from each other. 


If the winding on the primary side of a trans- 
former is coiled in the same direction as the 


winding on the secondary side, the output volt- 
age will be 180 degrees out of phase with the 


power> conversion > ac-ac transformer 
input voltage. n schematics, adotis often placed 
atone end ofatransformer coil to indicate where 
the coil begins. if the dots on the primary and 
secondary sides are at the same ends of the coils, 
there will be a 180 degree phase difference be- 
‘tween input and output. For many applications 
(especially where the output from a power trans- 
former is going to be converted to DO), this is 
immaterial. 


Ifthere isa center tap on the secondary winding, 
and it will be referenced as ground, the voltages 
relative to it, at opposite ends of the secondary 
winding, will be out of phase. See Figure 15-7. 


Variants 


Core Shapes 

The shell core is a closed rectangle, as shown in 
Figure 15-3. This is the most efficient but most 
costly to manufacture. A C-shaped core is anoth- 
er option (three sides of the rectangle) and an E- 
I coreis popular, consisting ofa stack of E-shaped 
plates with two coils wound around the top and 
bottom legs of the E, or wound concentrically 
around the centerleg of the E. Anadditional tack 
ofstraight platesis added to closethe gapsin the 
Eand forma magnetic circuit. 


In Figure 15-8 the small transformer from 
Figure 15-1 has been sliced open witha band saw 
and a belt sander to reveal a cross-section of its 
windings. This clearly shows that its primary and 
secondary windings are concentric. It also re- 
veals the configuration of its core, which is in the 
E-l format. In Figure 15-9, the E-I configuration is 
highlighted to show it more clearly. 


Power Transformer 
Typically designed to be bolted onto a chassis or 
secured inside the case or cabinet housing a 
piece of electrical equipment with solder tabs or 
connectors allowing wires to connect the trans- 
former to the power cord, on one side, and ac 
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that the plate will pull in after displacing 1/3 of the gap. 
While this is good to first order, it is not adequate for 
the electromechanical design of other structures such 
as cantilevered beams/plates, beamvplates with multi- 
ple supports, plates with torsional supports, and other 
structures, 

OBrien et al. (35.71] and Choi and Lovell [35.72] 
hhave studied the electromechanics of cantilever beams 
by presenting two improved models for the cantilever 
beam electrostatic actuators. In both cases, the cantilever 
‘beam is a homogeneous material anchored to the sub- 
strate at one end and otherwise freely suspended along 
its length, which is supported above a stationary elec- 
trode. The new models are compared to the parallel plate 
capacitance model and a simple extension of the parallel 
plate model to a cantilever beam. The cantilever beam 
‘model uses a simple cantilever of width, W, length, L, 
thickness, 7. and initial air gap of Zo. The parallel plate 
capacitance model is based on a capacitance determined 
by the length and width of the beam. The beam deflection 
‘was represented by the displacement function of a beam 
with a force applied at the beam tip. The beam spring 
constant was determined by the ratio of the force at the 
beam tip to the displacement at the beam tip (maximum 
displacement). The capacitance was determined by in- 
tograting the parallel plate capacitance for a differential 
length element along the length of the beam, where the 
beam gap is defined by the initial gap in the mechanical 
displacement function. This showed the beam tip dis- 
placed 45% of the initial gap before pull-in occurred. In 
this case the pull-in voltage can be expressed as a fune- 
tion of the beam's Young's modulus E, cross-sectional 
‘moment of inertia /, length Land width W, the initial 
‘gap Zo, and the dielectric constant in the air gap as 


(Volts) 


(35.53) 


In the first improved model, the cantilever beam is 
defined by the same characteristics, but the electrostatic 
force acting along the length of the beam is replaced 
by an equivalent bending moment M applied at the 
beam tip, The beam displacement was determined for 
uniform, homogeneous beam with a bending moment 
applied at its end. The beams spring constant was de- 
termined by the ratio of the force at the beam tip and 
the displacement at the beam tip. The capacitance was 
determined by integrating the parallel plate capacitance 
for a differential length element along the length of the 
beam, where the beam gap is defined by the initial gap 
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in the mechanical displacement function, This model 
showed the beam tip displacement was approximately 
46% of the initial gap before pull-in occurred. In this, 


case the pullin voltage is 
3 [TSETZ EP, 
v= B/E oar aE (ol) 


2= 35) SroLsW molt 


(35.54) 


In the second improved model, the cantilever beam 
‘was defined by a rigid beam, whose anchor was replaced 
by a simple hinge and continuum elasticity replaced by 
an equivalent spring at the beam’s free end, Three new 
variables were introduced to describe the behavior in 
terms of radial coordinates centered at the hinge. The 
two radial coordinates describe the beginning of the elec- 
tode at ry and the end of the beam/electrode at r1. The 
angle 8 was introduced to describe the angular displace- 
‘ment of the beam. In this model, the tip of the beam 
displaced 44% of the initial gap before pulling into the 
substrate, The pull-in voltage is estimated by (35.95) or 
(35.56) where 7p andr) have been replaced by 0 and L. 


TEP Z 


in (Se) 
(05.55) 
TIET3Z3 ET3Z3 
sey fies [= vous) 
SLE) 35m aot 
(05.56) 


As expected, the dependence on parameters, such as 
‘Young’s modulus, beam thickness, beam length, initial 
air gap, and the air gap dielectric constant is the same for 
all cases presented. The difference in the three models 
is the coefficient of the pull-in voltage function and the 
tip deflection at pull-in. The coefficients of the pull-in 
voltage predictions are 0.5479, 0.471 and 0.4548, re~ 
spectively. The beam tip deflected 45%, 44%, and 46% 
of the initial gap before pull-in occurred. This isin con- 
trast to the parallel plate model that predicts the plate 
deflection will be 33% of the initial gap before pull-in, 
By comparison to experimental test results, the models 
presented in (35.54) and (35.56) were more accurate at 
predicting the pull-in voltage for cantilever beams, The 
parallel plate electromechanics model had greater er- 
ror and under-predicted the pull-in voltage. The model 
represented by (35.53) over-predicted the pull-in volt- 
age with greater error than either of (35.54) or (35.55). 
‘The beam models predicted more accurately for wider 
beams, which means they are better applied to beams 
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with dimensions representative ofa parallel plate model 
used as a basis ofthe capacitance estimate. In all three 
cases, the beam models presented in (35.53)-(35.55) 
predicted poorly the pull-in voltage for narrow beams, 
‘which are dominated bythe effects of nonuniform fing- 
ing fields and not the uniform parallel plate fields. The 
typical application ofthe parallel plate capacitor model 
is to geometries with a width W and length L that 
are much greater than the capacitor gap Zp (W > Zo, 
L > Zo; where greater than a factor of 10 is @ common 
rule of thumb), In Fig. 35.27. two capacitors are shown 
such that in one case the plate dimensions are much 
greater than the gap, and in the second case the plate 
dimensions are much smaller than the gap. When the 
plate dimensions are much larger than the gap the uni- 
form fields in the gap dominate the capacitive coupling. 
A small contribution to the capacitive coupling comes 
from the fringing fields atthe edge of the plate (or the 
perimeter ofthe plate in three dimensions). As shown in 
Fig. 35.6, the fringing fields could depend on the thick- 
ness of the plate. When the plate dimensions are of the 
same order asthe gap the fringing fields may dominate 
or be ofthe same order as the contribution ofthe uni- 
form field in the gap. This isthe nature of the narrow 
cantilever beams that were not predicted well by a paral- 
lel platecapacitor model. correction can be introduced 
to the parallel plate model to approximate the contriba- 
tion of the fringing fields. This approximation is often 
referred to asthe Love approximation 


Segmented Control 
of Electromechanical Membrane Deformation 
Wang and Hadaegh [35.62] describe the electrostatic 
actuation of a deformable membrane mirror with seg 
‘mented electrodes on the substrate, The membrane 
‘mirror, inthis case silicon nitride with a conductive film, 
‘was suspended above the substrate containing the seg- 
‘mented electrode, The segmented electrodes are defined 
along angular and radial pattern. A specified voltage can 
be applied between the membrane and each electrode 
segment to develop a specific deformation for the mir- 


‘Uniform field dominated ringing field 
dominated 


Fig. 35.27 Cross-sections of wide and narrow electrodes 
showing uniform electric fields in the gap and fringing 
fields atthe edges (perimeter) 


ror. This increases the complexity of the control system 
but also the flexibility of controlling the shape of the mir- 
ror surface. The optical properties could be optimized 
by individual characterization of membranes or by feed- 
back from the optical output. This basic concept was 
also applied by Zhang and Dunn [35.73] who were able 
to linearize the voltage-deflection relationship by tailor- 
ing the shape of the electrodes and the beam structure 
used to support them, 


35.2.5 Electromechanics of Torsional Plates 


‘The plate suspended by a torsional suspension instead 
of bending is the final configuration to be consid- 
ered in terms of electromechanics. The electrostatic 
torsional plate has many applications, such as optical 
mirrors [35.58,63] and acelerometers [35.55]. The plate 
will define the optical surface ofthe mirror, the moveable 
plate of a varactor, or the proof mass of an accelerom- 
eter. It will be conductive or have a conductive film so 
that it can couple electrostatically to a stationary plate 
on the substrate. The moveable plate will be suspended 
by a torsional suspension such that the bending modes 
are suppressed and the primary kinematic mode is rota- 
tion of the plate. The variable capacitive coupling isused 
in two ways. First, it is used for actuation by applying 
4 voltage between the moveable plate and a stationary 
plate. Second, itis used for sensing or use of the variable 
‘capacitance. Both actuation function and the variable 
capacitance function can be present in a device, The 
key elements of interest are the voltage-displacement 
function and the pull-in voltage. 


Small Angular Deflection Approximation 
Degani et al. [35.74], Xiao et al. [35.75], and. Ne- 
mirovsky et al. [35.66] have considered the torsional 
electrostatic actuator from an analytical perspective with 
comparison to experimental results and other model- 
ing results. The effective torsional spring constant is 
determined from the torque-twist angle relationship, 
where the torque is the electrostatic torque. The elec- 
trostatic torque is developed for both small and large 
angle cases, The pull-in angle and pull-in voltage are de- 
termined from the pull-in equations for voltage control 
(35.42, 43) and charge control (35.39, 40). Their method 
isan improved approach for modeling torsional electro- 
static actuators over approximations involving parallel 
plate models and effective spring constants as they have 
shown by comparison to experimental measurements, 
The torsional plate considered is suspended by a tor 
sional suspension, whose axis of rotation defines a gap 
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of d.Itisassumed the plates extend into the page (z-axis) 
bya depth b and have a total length a. The torsional plate 
electrostatic actuator is shown in Fig.35.28. The solu- 
tion assumes the tilted plates are semi-infinite, ignoring 
the effects of fringing fields hence their corrections, 
and are tilted by angles that satisfy the small angle 
approximation (tana ~ sina * a and cosa 1). The 
capacitance is: 


fob 1 (1 
c= 5(-5)- (35.57) 


73 


where dinar = d/a and © = a/ernss 
‘The capacitance function and the linear relationship 

for the elastic restoring force (Fy = K a) are used to 
develop the electrostatic and mechanical energy func- 
tion to substitute in the pull-in equations. For voltage 
controlled actuation, the pull-in parameter is developed 
from (35.42) to yield: 

S0n—4 

d- 6ny 
Equation (35.58) is solved numerically to show the 
vvoltage-controlled pull-in angle is @px ~ 0.44. The pull- 
inangleis substituted in (35.43) to determine the voltage 
controlled pull-in voltage 


vn=(2 s27Ked)* 
i eb 


—3In(1 — pr) =0 (35.58) 


(35.59) 


‘The charge-controlled pull-in parameter relationship is 
determined by substituting the electrostatic energy and 
mechanical energy functions in the charge-controlled 
pall-in parameter (35.39). This provides the nonlinear 
relationship for the charge controlled pull-in angle: 
nd On) - 
Tene 
a. ee 
Tem nen 
‘The charge-controlled pull-in angle is given by @p1 ~ 
0.71, The pull-in angle is used in the charge-controlled 


0 (35.60) 


‘Torsion plate 


Fig. 35.28 Cross-section of a torsional actuator with a uni- 
form cross section into the page showing the angular 
degree-of-freedom, a plate length, a; and intial gap, d 
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pull-in equation (35.40) to determine the pull-in charge 
relationship: 


Opt = (1.798K eoberqax)!/? (35.61) 


Large Angular Deflection and Plate Geometry 
Nemirovsky and Bochobza-Degani [35.66] have ex- 
tended the work to the case of large angle deflections, 
‘which included using the trigonometric relationship in 
the capacitance function and a nonlinear relationship 
for the mechanical spring constant. These nonlinear re- 
lationships were used in the voltage-controlled pall-in 
equation. In addition, their methodology was extended 
to planar plates with different shapes (Fig. 35.29). They 
specifically considered triangular plates (the apex of the 
triangle is near the axis of rotation), a reversed triangular 
plate (the triangle apex is atthe distal end of the plate), 
a square plate (with the rotational axis on the edge of 
the plate), and a circular plate (with the axis of rota- 
tion passing through a point on the perimeter and the 
‘opposite point on the perimeter defining the most distal 
point of the plate). Only simple geometries were con- 
sidered, and their methodology can be applied to other 
‘more general geometry. The rectangular plate torsional, 
electrostatic actuator will provide the lowest actuation 
voltage relative toa fixed plate length. The reversed tri- 
angular plate has proved beneficial with regard to pixe! 
area in mirror application and has been able to provide 
a higher torque fora specitic plate length. 


35.2.6 Leveraged Bending 


As discussed, when the actuation electrode spans the en- 
tire length of the actuator, the stable controllable travel 
distance of the actuator plate is severely limited due to 
the pull-in instability. One can get around the problem of 


== 


Rectangular Reserve Triangular Circular 
triangular 


Fig. 35.29 Rectangular, wiangular, reverse triangular, and 
circular plates are shown suspended by torsion beams for 
pplication to electromechanical mirrors or other actuators 
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pull-in by applying an electrostatic force to only part of 
the structure and using the rest ofthe structure as a lever 
to move the structure through a larger range of motion. 
‘This concept, referred toas leveraged bending [35.76], is 
shown schematically in Fig, 35.30 for a cantilever beam. 
‘The key idea is that the portions of the beam above the 
electrodes do not deflect far enough to violate the pull-in 
limit, The concept can be applied to other microstruc- 
ture shapes and support conditions, but for fixed-fixed 
beams, the effect can be diminished by tensile residual 
stresses [35.76] 


35.2.7 Electromechanics of Zipper Actuators 


‘The design requirements for electromechanical actua- 
tors usually require minimizing the actuation voltage 
but maximizing the largest displacement. With the par- 
allel plate actuator, be ita plate, beam, or torsional plate, 
the pull-in voltage is reduced by minimizing the air gap, 
but this limits the maximum displacement. Actuators 
with a zippering behavior have been implemented to 
achieve greater deflections fora lower actuation voltage. 
In one example (see (35.77, 78]), a plate is suspended 
by a torsional suspension, A long slender electrode 
extends from the plate and terminates with plate-like 
area. This electrode is supported above the fixed sub- 
strate electrode by a largely uniform gap. A voltage 
is applied between the substrate electrode and the ex- 
tended electrode, such that the plate-like area is first 
pulled into the substrate. As the actuation voltage is in- 
creased, the long-slender electrode continues to collapse 
against the substrate electrode until a desired maxi- 
‘mum deflection is achieved or until the drive voltage 
becomes impractical. This is the so-called zippering 
effect, which has been described for a motion perpen- 
dicular to the substrate. This uniform gap scenario is 
not the best suited for minimizing the pull-in voltage, 
so other configurations such as the curved electrode 
actuator have been proposed and applied to such de- 
vices as a switch and optical shutters as described by Jin 
ct al. [35.79] 


Fig. 35.30 Illustration of the concept of leveraged bending 
to increase the range of stable motion 


Legtenberg etal. (35.80, 81] have described the ba- 
sic operating features of the curved-electrade actuator. 
‘These actuators will provide large deflections in the 
plane of the substrate. The curved electrode actuator 
is composed of a stationary electrode and a compliant, 
moving electrode. The stationary electrode has a shape 
described by the function s(x) shown in (35.62) and 
Fig. 35.31, which is written in terms of the maximum 
gap between electrodes Snax, the length of the elec- 
trode L, the distance along the length ofthe electrode x, 
and the polynomial order of the curve 7 


(4) 
mado ne ais wl tn 
Hel oat rd i es ed 
et al. [35.81]. Three other issues that must be consid- 


s(x (35.62) 
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der n =2 should be specified. For polynomial curves 
‘with n > 2, stable continuous deflection along the curved 
electrode can be implemented with the maximum deflee- 
tion occurring at lower voltages for polynomial orders 
just above two. If an approximate linear range of oper- 
ation is desired (ie. the tip deflection versus voltage is 
approximately linear), the higher order curves (1 > 2) 
are desired. Legtenberg etal [35.81] analyzed the curved 
electrode problem by application of analytical energy 
‘methods, specifically the Rayleigh-Ritz method and of 
three-dimensional self-consistent electromechanical nu- 
‘merical simulations using CoSolve-EM in MEMCAD_ 
(now integrated into CoventorWare). From an energy 
perspective, the total potential energy Ur is determined 
in terms of the mechanical energy associated with the 
strain energy of bending and the electrostatic energy 
stored in the electric field. For the curved electrode of 
Fig. 35.31, the total potential energy is: 


Ur=Um+UE 
tf (4 
5fe( o) a 
2 a 


eghV? 


(a) — 0) 


dx (35.63) 


where L is the beam length, £ is the beam’s Young's 
‘modulus, / is the beam’s cross-sectional moment of in- 
ertia, is the thickness of the beam, V is the voltage 
applied between the beam and electrode, d is the initial 
gap at the start of the electrode, ev is the permittivity 
Of free space, and w(2) is the beam’s deflection curve. 
‘The next step in the solution of this problem is to de- 
termine an admissible trial function that satisfies the 
beam boundary conditions and can adequately approx- 
imate the solution. In this case the deflection curve for 
uniformly loaded cantilever beam is chosen as the trial 
function: 


oe) =e (61? 4b + efx), (35.64) 


where c is a constant to be determined for specific 

‘The approach of Nemirovsky et al. [35.66] can be 
taken by substituting the potential energy functions in 
the voltage-controlled pull-in equations. The simultane- 
fous solution of the pull-in equations will result in the 
pull-in voltage and an implicit equation in terms of the 
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Fig. 35.31 Curved electrode shape curve shown as a function of 


order of the curve n 


constant ¢ at pullin, The pull-in voltage relationship is 
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‘The implicit equation to determine the coefficient of the 
beam deformation function is 
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—_—__ (35.65) 
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DeReus [35.82] designed the curved electrode actu- 
ator to convert the curvilinear motion into translational 
‘motion atthe tip of the moving electrode. The transfor- 
‘mation is accomplished by a folded spring that connects 
the electrode to the body that will be translating. A solid 
‘model of this actuator design is shown in Fig. 35.32 
A pullin analysis was performed with the results be- 
fore pull-in and after pull-in presented in Fig. 35.33, 
This shows that a 60 jm translation was accomplished 
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Fig. 35.32 Solid model of a curved electrode actuator with 
«folded suspension showing the curved electrode 8 and the 


fctuator beam length L 
Alter pullin 


——s as 


(ates | lene cae 


Fig. 35.33 Results of electromechanical pull-in analysis 
showing curved electrode actuator before and after pull-in 
has occurred 
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Fig. 35.34 Beam tip deformation as a function of electrode 
potential and 5 for a suspension with a single fold 


with this particular design, which has a twofold flexure 
and could have application as a optical shutter or VOA. 
In Fig. 35.34, electrode tip displacement is shown as 
a function of electrode voltage and electrode curve 8 for 
‘a onefold flexure design. The displacement as a function 
of electrode potential and curve 8 is shown for a twofold 
flexure in Fig. 35.35, 


‘Beam tp deflection (um) 
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Fig.35.35 Beam tip deformation as a function of elec- 
twode potential and 5 for a suspension with a doubly folded 
suspension 


35.2.8 Electromechanics for Test Structures 


Electromechanics test structures are an important con- 
tributor to the development of microsystems products 
as they are used to extract information about material 
properties of thin films for specific process parameters. 
‘They are also used to monitor the material property 
variation during the fabrication process. In this case, 
they are distributed around the wafer on specific test 
die or they may be included in the dicing streets of 
‘more mature processes. These distributed test structures 
‘enable the manufacturer to track the variation in mater- 
ial properties with its associated within-wafer variation, 
wafer-to-wafer variation, and lot-to-lot variation. An- 
other application of test structures is to characterize the 
impact of the first level packaging on the performance 
of the product. With all the critical information being 
extracted from the test structures, it is important for 
the information to be easy to interpret. Test structures 
have been developed that involve electrical, optical, and 
‘mechanical interrogation of the structure, but these are 
not easily instituted at all levels of characterization, The 
purely electrical test structures offer simple evaluation at 
the wafer, die, and package level so manufacturers often 
prefer them. The most common electrical test structures 
used for extracting information on mechanical proper- 
ties involve electromechanics, of course. This section 
has provided a basis for interpreting and modeling the 
behavior of specific test structures, such as a homoge- 
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neous cantilever beam, and can be extended to other 
structures, 

Osterberg and Senturia (35.83] describe in detail 
the application of electromechanics to the extraction of 
‘mechanical properties for microsystems design. They 
labeled their test structures as M-TEST for mechanical 
test structure, Their test structures comprised arrays of 
cantilever beams, fixed-fixed beams, and clamped, circu- 
lar plates of various lengths, widths, or diameters. With 
these test structures, they demonstrated the extraction of 
important mechanical properties such as Young's mod- 
ulus, plate modulus, and the residual film stress. Why 
choose an electromechanics test structure unless for the 
breadth and ease of application? An additional reason 
is the inherent instability that has been described as the 
pull-in of an electromechanical structure. The pull-in 
voltage is very distinct and can be measured in terms of 
a single parameter, the pull-in voltage. Given a control 
range of pull-in voltages for different structural layers 
in the manufacturing process, the pull-in parameter can 
be used as a simple control parameter, 

Osterberg and Senturia [35.83] describe the method- 
ology for extracting the mechanical properties. Their 
methodology includes the measurement of plan-view 
dimensions (i e., width and length), out-of-plane curva- 
ture, pull-in voltage, film thickness, and air gap. With 
these measured parameters, the mechanical properties 
ccan be extracted. Their extraction methodology includes 
general closed form expressions for pull-in voltage that 
depend on the material properties and geometry of a ho- 
‘mogeneous, isotropic material 


35.2.9 Electromechanical Dynamics: 
Switching Time 


‘Switching time is an important factor in the design of 
such electromechanical devices as electrical or optical 
switches, The switching time analysis requires consid- 
cration of the dynamic equations representing the device 
and the electrical source. Castaneret al. [35.84-86] have 
considered the optimization of the speed-energy prod- 
uct. In this case, a parallel plate electrostatic actuator is 
described by an equivalent mechanical circuit that in- 
cludes the mass m, the damping b, and the spring k, and 
‘variable gap g. The variable gap depends on the initial 
‘Zap go and the displacement of the moving electrode x, 
such that = go —x. In the parallel plate, variable gap 
‘model the damping is described by squeeze film damp- 
ing. (Other electrostatic actuators that move parallel to 
the substrate with variable gaps defined by groups of 
‘moving and stationary fingers. In these cases, the damp- 
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ing model will need to include squeeze film damping and 
shear flow damping (Couette or Stokes Flow models). 
‘The electrical source is modeled as a voltage source and 
‘a source series resistance. A schematic of the model is 
shown in Fig. 35.36. 

‘The equivalent electrical circuit of the parallel plate 
electrostatic actuator is modeled by (35.67), where V, is, 
the source voltage, V is the voltage across the variable 
capacitance, R is the series source resistance, and Q is, 
the charge on the capacitor plates 


yw _v_ ao 
Set (35.67) 
‘The equivalent mechanical circuit is described by 
PX dX a 
mn 40 SX pax = 235.69 
are art 2CoGo : : 


Equation (35.68) includes the sum of the inertial force, 
the damping force, the spring force, and the electrostatic 
force, Equation (35.68) is written in terms of the mass of 
the moving capacitor plate, m; the damping coefficient 
ddue to squeeze film damping, b; the elastic constant of 
the spring by which the capacitor plate is suspended, k; 
the charge on the capacitor plate, Q; the initial gap, Go; 
and the initial capacitance, Cy. The initial capacitance 
is written in terms of the area of the capacitor A, the 
dielectric constant of the capacitor air gap «, and the 
initial gap 

eA 
“Gr 

‘The dynamics of the parallel plate electrostatic actu- 
ation were divided into four events. The first occurrence 
is a short charging time for the capacitor. The sec- 
fond phase is the acceleration phase, which defines 
the rapidly increasing velocity of the mass, but the 


fan (35.69) 


Fig. 35.36 Lumped parameter model of the parallel plate 
electromechanical actuator including damping and series 
resistance for dynamic analysis 
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position is still close to the initial equilibrium pos- 
ition. The third phase is the damping phase, defined 
by the velocity reaching a maximum, then decreasing 
due to the increased damping, and then finally inereas- 
ing due to the increasing electrostatic forces as the 
gap closes. The fourth and final phase is the pull-in 
phase, characterized by a rapidly increasing velocity. 
Hung and Senturia [35.76] have described generating 
efficient dynamical models from a minimal set of fi- 
nite element simulations. Pons-Nin et al. [35.87] have 
described the behavior of pull-in voltage and pull- 
in time for electromechanical actuators with current 
drives. 


35.2.10 Electromechanics Issues: 
Dielectric Charging 


Electrostatic actuators are operated in three different 
regimes depending on the application. Inthe first regime, 
the electrostatic actuator is operated over the voltage 
range that does not include the pull-in voltage. In this 
case, the actuated element does not contact the opposing 
substrate, Inthe second regime, the electrostatic actua~ 
tor is operated through a voltage range that does include 
the pull-in voltage (Vax 2 Ver. In this ease, the desired 
response is to establish contact with or without some 
overdrive to achieve greater contact force or other re- 
sponse parameter. In the third regime, the electrostatic 
actuator is operated through a voltage range beyond 
the pull-in voltage. This is characteristic of electrostatic 
zipper actuators. In this case, the operating voltage is 
programmed to quickly establish pull-in, thereby con- 
tact, then the actuator operates in a range above the 
pull-in voltage (Vor < Vsc)-In all three regimes, dielec- 
tric isolation layers are considered to prevent shorting 
between actuation electrodes. For the first and second 
case, the use of the insulating material isa preventative 
measure to protect against electrode shorting during an 
unintentional overdrive of the actuator. It is preventa- 
tive hecause the actuation electrodes are not intended to 
touch, In the third case, the gap separating the moving 
and stationary actuation electrodes is reduced to zer0 So 
that an insulating layer is required, The insulating layer 
may be patterned or unpatterned. 

"The third regime defines the touch mode electro- 
static actuators. Cabuz et al. [35.88] have described 
many of the failure modes that can be observed with 
the touch mode electrostatic actuators and that should 
be addressed during the design of the actuator and 
process. The observations and failure modes included: 
1) a significant difference between the experimental 


actuation voltage (DC) and the theoretical actuation volt- 
age, 2) a closed state electrostatic pressure lower than 
predicted, 3) an actuation voltage that increases with 
each subsequent cycle until electrical breakdown oc- 
curs, 4) actuator vibration observed between an open 
and aclosed state, 5) actual release voltage is higher than 
theoretical, but the electrostatic forces should be much 
higher in the closed state such that the release voltage 
is always lower than the pull-in voltage, 6) the actuator 
remains closed temporarily after shorting, 7) permanent 
stiction will occur when in the closed state for a long 
period of time, 8) permanent stiction occurs after many 
actuation cycles. 

Wibbeler et al. [35.89] have analyzed this problem 
in terms of one of the contributing factors, the accu- 
mulation and storage of localized charge in dielectrics. 
‘The common dielectrics in microsystems devices are 
SiO2 and SisNj, which show low mobility for surface 
charges and provide trap sites for positive or nega- 
tive charge within their volume and at interfaces. Kubo 
et al. [35.90] showed this charge can be produced by 
the fabrication process by contact electrification, and 
by gas discharge in the air gap (the case focused! on 
that by Wibbeler et al. [35:89)), and static electrifi 
tion during handling (ESD). The contact electrification 
created electrical charge through the mechanical contact 
of two materials with different work functions and the 
separation of the two materials, 

‘To understand the impact ofthe accumulated charge. 
Wibbler etal. [35.89] considered the impact of stored 
surface charge on the electrostatic force acting on a sim- 
ple parallel plate capacitor. In Fig. 35.37, a simple 
capacitor is considered with a dielectric (ea) filling part 
of the air gap (c). The dielectric has a surface charge 
of a(x, y). The capacitor plates carry charge shown 
as a1 and a2, which are provided by the battery, of 
voltage V, connected across the capacitor plates. The 
thicknesses of the dielectric and air gap are dy and d, 
respectively. The force was estimated from the applied 
voltage and from the offset voltage due to the accumu- 
lated surface charge. The force acting on the capacitor 
plate as a function of the applied voltage, V; the offset 


Fig. 35.37 Parallel plate capacitor with dielectric and para- 
sitic charges 
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voltage, V,; and the capacitance, C, is: 


acy Ve P gg 
4 


(35.70) 


‘The offset voltage is shown in (35.71) as a function of 
the surface charge: the thickness of the dielectric, dy; 
the dielectric constant, sy; or the dielectric’s contri- 
bution to the total capacitance, Cy. The capacitance 
of the dielectric layer, per unit area, being defined as 
Ca= Fulda, 


dj __ 60.9) 
a (x, y) G 


Y 
or Ca 


(35.71) 


Electromechanical Pull-In 
with Dielectric Charging 

‘Nemirovsky etal. [35.66] and Chan etal. [35.91] studied 

the effect of residual charge atthe interface of a dielectric 

and the air in the capacitor gap. With the dielectric in the 

capacitor gap and the residual charge, the total energy 

for the actuator is: 


TC@+oy 
_ CCH a 
Te 


2 


ms (35.72) 
In (35.72), Ores is the residual charge, C(2) is the air 
gap capacitance, and Cy is the dielectric capacitance. 
From the total energy, the pull-in parameter and pull- 
in equations (35.42) and (35.43) can he solved for the 
pull-in parameter got and pull-in voltage Vor 


x(+4): 


Vor = | ®Xtams (1 
In (35.73), fpr is the ratio z/<max and 3 is the ratio 
Fatmax/24. Equation (35.74) shows that the dielectric 
layer will increase the pull-in voltage and the residual 
charge will lower the pull-in voltage. It can be seen 
that the residual charge does not impact the normalized 
pull-in coordinate shown in (35.73) 

‘Test structures were fabricated to verify the shift pre- 
dicted by (35.70) that would result with a dielectric in the 
air gap. Test structures with a dielectric did show a shift 
in the voltage-deflection curve, whereas a shift was not 
observed when a dielectric was not present. A shift of 
25 V was observed. Following electrostatic discharge 
events, the offset voltages of 210 V and 145V were 


svt (35.73) 


(35.74) 
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observed during different phases of a charge-discharge 
cycle. This demonstrates the significant bias the accu- 
‘mulated surface charge can create. As a result, Wibbler 
et al. [35.89] did not recommend trying the fix short- 
ing by adding dielectric films over the electrodes. They 
did recommend estimating the influence of accumulated 
charge on the response of the device being designed. 
Instead of complete dielectric film coverage of an elec- 
trode, they recommended patterning the dielectric such 
that it was limited to the edges of the electrodes or pat- 
terned at locations that will touch first. By patterning 
small areas of insulation, the surface area available to 
store charge is smaller and the distance to the elec- 
trode is shorter for more timely dissipation of stored 
charge. 

Cabuz et al. [35.88] identified the effects of humid- 
ity, DC or AC driving voltage, and SAM coatings on 
the performance of electromechanical actuators. With 
a DC operating voltage, the devices operated as ex- 
pected below 359% RH except in dry air or dry No. In 
the dry environment the actuator would temporarily re- 
main closed, would remain closed after high fields are 
applied, or would remain closed after a high number of 
cycles. When operated above 35% RH, the DC vollage 
‘was higher than expected, the closed state electrostatic 
pressure was lower, the actuator did not release when ex- 
pected, the actuator vibrated, and the voltage increased 
with subsequent cycles. When an AC actuation voltage 
is used the actuators operated up to 55% RH. At higher 
RH, the actuation voltage increased, The dry condition 
operation was improved with AC driving compared to 
DC operation, AC voltage control is recommended for 
climinating RC effects but cannot overcome the effects 
of humidity. To avoid the effects of humidity, two SAM 
coatings (octadecyltrichlorosilane (OTS) and perfluoro- 
decyltrichlorosilane (PFTS)) were tried to influence the 
hydration of the surfaces. The OTS eliminated the effects 
observed for uncoated samples up to a 95% RH level for 
both DC and AC voltages. The PTFS improved oper- 
ation up to 95% RH for AC voltages and 70% RH for 
DC control voltages. The residual in-use stiction was de- 
termined to be associated with accumulated and trapped 
charge on the surfaces or at interfaces, 


35.2.11 Electromechanics Issues: 
Gas Discharge 


As described in previous sections, the electromechanical 
actuation of a microstructure is performed by applying 
voltage across two plates. The two plates can be defined 
by two conductors (e.g. Al to Al), by semiconductors 
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(e.g. polysilicon), or by a combination of a conductor 
and a semiconductor (eg. Al and polysilicon). When 
these two plates (or other similarly described structures) 
are fabricated in proximity with each other, they are 
usually fabricated with an “air” gap less than 10pm 
With the electrostatic actuators, small gap is desirable 
to minimize the voltage required for actuation. 

“The presence of small gaps in microsystems de- 
vices has prompted the further investigation of electrical 
breakdown in air and other ambient conditions at small 
zaps (ie. less than 50 jum), Slade and Taylor [35:92] 
have demonstrated that breakdown in small gaps is de- 
fined by three regimes: less than 4m, 4to 6 um, and 
greater than 6 um. In the fist case, the breakdown event 
follows the behavior fora vacuum breakdown process 
at a larger gap. In the last case, the breakdown follows 
the behavior of Paschen's law for breakdown in air. The 
middle ease of gaps between 4 and 6 jim, the breakdown 
process is in a transition from following the vactuim 
breakdown process to following the Paschen curve. In 
this case, the breakdown voltage is lower than predicted 
in either case, which indicates significant contributions 
from factors in both cases. The deviation from Paschen's 
curve was observed by Torres and Dharivval [35.93] for 
gaps less than 4 yum. 

“The goal of this section is to describe some basic 
breakdown principles that can be used to determine 
whether or not a particular design will break down 
during an actuation event. Different processes will be 
considered for different gap regimes so that breakdown 
estimates ean be made. 

‘The vacuum breakdoven region is characterized by 
a breakdown voltage that is a function of the gap 
separating the two electrodes. This contrasts with the 
breakdown behavior that follows the Paschen curve, 
which shows electrode gap-pressure product depen- 
dence. The breakdown voltage in vacuum is 


Ve = Kyl (35.75) 


Equation (35.75) shows the breakdown voltage Vg is 
proportional to the gap fg where the proportionality con- 
stant is Ky =97V/jum for data from many sources as 
indicated by Slade and Taylor [35.92]. The breakdown 
data for vacuum was determined for electrode gaps 
between 35 and 200m, For electrode gaps between 
0.2 and 40 jum in air, the proportionality constant was 
between 65 and 110V/jum, 

‘The electric field at the surface of the electrode 
is a critical parameter for determining breakdown 
in vacuum, This is estimated by the ratio of the 
voltage between the electrodes V and the gap be- 


tween the electrodes fg with a modification factors fy 
Bz is a geometrical enhancement factor that cap- 
tures the field enhancement due to the macroscopic 
geometry: 


E,=faVite 


‘The geometrical enhancement factor can be determined 
by performing finite element analysis to determine the 
macroscopic electric field asa function of the electrode 
gap for the electrode geometry under consideration. 
‘The geometric enhancement factor is determined from 
the ratio of the macroscopic electric field E,, from fi- 
nite element simulations, tothe electric field estimated 
by V/tz [35.92.94]. The estimated electric field, V/ty, 
ccan be used as a reasonable approximation when the 
electrode gap is much smaller than that radius of eur- 
vature of the cathode electrode. If this is not the case, 
the geometric enhancement factor needs to be estimated 
from numerical analysis such a finite element or bound- 
ary element methods. The geometric enhancement factor 
is shown, by Slade and Taylor [35.92], to be between 
1.01 and 1.57 for gaps ranging from 0.2 to 40 jm, re- 
spectively, for the geometry of a needle cathode and 
a plate anode. 

‘A second enhancement factor is attributed to the 
microscopic field enhancement due tothe surface rough- 
ness of the electrodes. The electric field containing the 
effects of the geometric enhancement and the micro- 
scopic enhancement is 


E=BmnBgV/tg 


In (35.77) fi is the microscopic enhancement factor 
‘The total enhancement factor is py, which can have 
a range of 100 to 250 for polished electrodes [35.95] 

Following th estimate ofthe electric field atthe sur- 
face ofthe electrodes, the current density forthe field 
emission of electrons is calculated. This current den- 
sity jr is described by the Fovler-Nordheim equation, 
which depends on the electric field, the work func- 
tion ofthe electrode material and the dimensionless 
parameters of r(y) and v(y), where y is parameter de- 
fined as 3.7910" VE/@. Typically 9) isone.v() is 
given by 0.956 1.06y*. The Fowler-Nordheim equa- 
tion is presented in (35.78) with jer in A/m?, Ein V/m, 
and in eV 


(35.76) 


(35.77) 


(35.78) 
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Figure 157, A dot indicates the start of each winding. 
Where primary and secondary windings are in the same 
direction, the voltage output will be 180 degrees out of 
phase with the input. Where the dots indicate windings in 
‘opposite directions, the voltage output wil have the same 
phase as the input. Where a center tap on the secondary 
winding serves as a common ground, the voltages at op: 
posite ends of the secondary winding will be opposite fo 
each other in phase. 


cuit board, on the other side. Smaller power 
transformers such as the one in Figure 15-1 have 


“through-hole” design with pins allowing them 
to be inserted directly onto circuit boards. 


Plug-in Transformer 
Usually sealed in a plastic housing that can be 
plugged directly into a wall power outlet. They 
are visually identical to ACadapters buthave an 
‘AC output instead of a DC output. 


Variants 


Figure 15-8. The small transformer from the first figure in 
this entry is shown sliced open to reveal its internal config: 
uration. 


Figure 15-9, The “El” shaped plates that form the core of 
the transformer are outlined to show their edges. 


Isolation Transformer 

‘Also known as a J:1 transformer because it has a 
1:1 ratio between primary and secondary wind- 
ings, so that the output voltage will be the same 
as the input voltage. When electrical equipment 
is plugged into the isolation transformer, it is 
separated from the electrical ground of AC pow- 
er wiring. This reduces risk when working on 
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Equation (35.78) can be rewritten with E substituted 
from (35.77) and the current density replaced by an 
emission current Je and the area Ac of a micropro- 
jection where the emission occurs. Equation (35.78) is 
shown rewritten in (35.79), such that the slope from 
the Fowler-Nordheim plot will provide the field en- 
hhancement factor as shown in (35.80) where m is 
the slope. The Fowler-Nordheim plot is the plot of 
1./V? versus 1/V. which is constructed by measuring 
the voltage across the electrode gap and measur- 
ing le 


ia ( 54x 10° Agf ) 


oor 
1 (6.83% 10991009) 1 
ae. 
(35.79) 

2.303m 
B= (35.80) 
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For gaps larger than 6 jm, the electrical breakdown 
as a function of gap does follow the Paschen curve for 
air and does not follow the vacuum breakdown curve 
for these larger gaps. The electrode gap is now larger 
than the mean free path of the air molecules so it is 
expected that emitted electrons will collide with the 
air molecules in the gap. For these larger electrode 
zaps, it is assumed the electrical breakdown will fol- 
low the Townsend electron avalanche theory. A similar 
process is followed to estimate the breakdown, First, 
the electric field at the surface of the cathode elec- 
trode is estimated including the enhancement factors for 
‘geometry and surface microstructure. Anestimate of the 
total field enhancement factor is required for this. The 
electric field is substituted into the Fowler-Nordheim 
equation (35.78) to estimate the field emission current. 
In this case, the emitted electrons will interact with 
the background gas molecules causing an avalanche 
in the current. The current avalanche process is de- 
scribed by (35.79) and (35.80), where fy isthe electrode 
zap, o is the first Townsend coefficient, and y is the 
second Townsend coefficient, The first Townsend coef- 
ficient represents the number of electrons produced per 
unit distance along the direction of the electric field. 
‘The second Townsend coefficient is the number of elee- 
trons generated by secondary processes per each primary 
avalanche. Breakdown will occur when the denominator 
of the expression for current approaches zero: 7 exp(atfg) 
‘approaches unity. 
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In the transition region, the breakdown voltage can 
be lower than predicted by the Paschen curve or vac- 
uum breakdown. It is suggested that in this regime, 
the partial electron avalanche process enhances the vac- 
uum breakdown process to lead to a lower breakdown 
voltage [35.92]. 

The choice of materials is another consideration 
for the design of an electrostatic microactuator. As 
‘mentioned, the electrode pairs could comprise the fol- 
lowing combinations: conductor-conductor, conductor- 
semiconductor, or semiconductor-semiconductor. In 
Torres and Dhariwal [35.93], the breakdown voltage 
‘was measured for electrode pairs comprised of nickel, 
brass, or aluminum. A significant difference was not 
observed between the breakdown voltages of the dif- 
ferent conductors or for the size of the electrode. At 
larger gaps, the breakdown voltage was different for 
different electrode shapes (cylindrical versus spherical) 
but this can be explained by the relative difference 
jn the geometric enhancement factor for the electric 
field for the different electrodes. Ono et al. [35.96] 
‘made a comparison between electrode combinations 
‘where both a semiconductor (silicon) and a silicon~ 
‘metal combination were used. In the case of a silicon 
electrode with a metal electrode, the breakdown volt- 
age deviated from the Paschen curve at approximately 
Gum. It was lower than the breakdown voltage pre- 
dicted by the Paschen curve and trailed off with an 
approximate linear dependence on the electrode gap. 
With the silicon as one electrode, Au/Cr or Pt/Cr 
was used as the second electrode but little difference 
‘was found for the different metals. With the silicon- 
silicon electrode combination, the breakdown voliage 
followed the Paschen curve for air. For similar gaps, 
the breakdown voltage was significantly higher for 
the silicon-silicon electrodes than for the silicon-metal 
clectrode. This was true for a thin silicon film over 
aCr/Pt/Cr electrode. 

Another option for reducing the electric breakdown 
in the air gap is to introduce an insulating material over 
the electrode. But Wibbeler et al. [35.89] have demon- 
strated this does not solve the problem of breakdown by 
itself and can lead to parasitic charging of the insulator, 
‘An electric breakdown will produce a large current, as 
described previously, that is destructive to the electrodes 
without insulation. The dielectric limits the current so 
that the electrical breakdown event is not so destruc- 
tive. Wibbeleret al. [35.89] demonstrated through highly 
chaotic behavior in the voltage-displacement response 
of an electrostatic actuator. It is reasoned that the lo- 
cal field strength at the electrode reached a magnitude 
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to cause an avalanche of free electrons and ions, as de- 
scribed here. These free charges travel the length of 
the air gap, but they are stopped and neutralized at 
the dielectric surface. This reduces the local electric 
field at the location of the surface charge so that the 


force on the cantilever is reduced and the process re- 
peats itself, Throughout this process, a large amount 
‘of charge can be introduced onto the dielectric surface, 
which will typically have a very long dissipation time 
‘constant. 


35.3 Summary and Mention of Topics not Covered 


‘This chapter has focused on the thermomechanics and 
electromechanics of thin-film microstructures. Empha- 
sis has been placed on the basic physical phenomena, 
approaches to analyze the phenomena, and the presen- 
tation of accessible results for special cases of practical 
importance in a variety of applications, We have not dis- 
cussed many other energy domain couplings that play 
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36. High Volume Manufacturing and Field Stability 
of MEMS Products 


Low volume MEMSINEMS production is practical 
When an attractive concept is implemented with 
business, manufacturing, packaging, and test 
support. Moving beyond this to high volume 
production adds requirements on design, process 
control, quality, product stability, market size, 
‘market maturity, capital investment, and business 
systems. In a broad sense, this chapter uses 

a case study approach: It describes and compares 
the silicon-based MEMS accelerometers, pressure 
sensors, image projection systems, and gyroscopes 
that are In high volume production. Although 
they serve several markets, these businesses 
have common characteristics. For example, the 
‘manufacturing lines use automated semiconductor 
equipment and standard material sets to make 
consistent products in large quantities, Standard, 
well controlled processes are sometimes modified 
for a MEMS product. However, novel processes 
that cannot run with standard equipment and 
‘material sets are avolded when possible. This 
reliance on semiconductor tools, as well as the 
organizational practices required to manufacture 
lean, particle-free products partially explains 
Why the MEMS market leaders are integrated circuit 
‘manufacturers. There are other factors. MEMS and. 
NEMS are enabling technologies, so it can take 
several years for high volume applications to 
develop. Indeed, market size is usually a strong 
function of price. This becomes a vicious circle, 
because low price requires low cost ~ a result that, 
is normally achieved only after a product is in 
high volume production. During the early years, IC 
companies reduced cost and financial risk by using 
existing facilities for low volume MEMS production. 
As a result, product architectures are partially 
determined by capabilities developed for previous 
products, This chapter includes a discussion 

of MEMS product architecture with particular 
attention to the impact of electronic integration, 
packaging, and surfaces, Packaging and testing 
are critical, because they are significant factors in 
MEMS product cost. These devices have extremely 
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hhigh surfaceivolume ratios, so performance 
and stability may depend on the control of 
surface characteristics after packaging. Looking 
into the future, the competitive advantage of 

IC suppliers will decrease as small companies 
learn to integrate MEMSINEMS devices on CMOS 
foundry wafers. Packaging challenges still 
remain, because most MEMSINEMS products must 
interact with the environment without degrading 
stability or reliability. Generic packaging solutions 
are unlikely. However, packaging subcontractors 
recognize that MEMSINEMS is a growth opportunity. 
They will spread the overhead burden of high- 
capital-cost-facilities by developing flexible 
processes in order to package several types of 
‘moderate volume integrated MEMS/NEMS products 
on the same equipment. 
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Solid-state pressure sensors were first reported in the 
1960s and commercialized by a number of start-up com- 
panies in the 1970s. By 1983, aScientfic American cover 
story [36.1] described pressure sensors, accelerometers, 
tnd ink-jet print heads and featured a gas chromato- 
graph that combined an injection valve, a detector, and 
‘a chromatographic column on a silicon wafer. The future 
of the budding micromechanical device industry looked 
bright, but commercial reality has seriously lagged the 
rosy market projections. The reason was simple: Market 
forecasters failed to recognize the difference between 
lab prototypes and high volume production of stable 
products. Many companies have demonstrated that small 
‘quantities can be produced for niche markets. However, 
routine high volume production of reliable packaged 
devices is much more challenging, It requires the 
production prototype skills plus the manufacturing dis- 
ciplines that are critical to long-term stable production, 
Successful companies understand and apply these 
lessons. Indeed, over a hundred million MEMS pressure 
sensor, accelerometer, gyro, gas flow, and optical pro- 
Jection devices are shipped to customers annually. There 
is no universally accepted definition of MEMS. This 
chapter focuses on silicon-based products with movable 
‘micromechanical elements. Itexcludes disk drive heads, 
ink-jet print heads, hearing aids, microscale plastic, cer- 


‘ack side port for barometric 
‘or differential pressure 


Fig. 36.1 Cross section of  piezoresistive silicon sensor after itis 
bonded to a silicon or glass substrate. When pressure is applied, 
the thin silicon diaphragm deforms. This causes changes in four 
implanted resistors that form a Wheatstone bridge. The resistors are 
located and oriented to cause resistance to increase in two resistors 
‘and decrease in the other two 


amic, quartz and metal components, and test strips for 
in vitro diagnostics that are sometimes included within 
the definition of MEMS. Many MEMS products do 
not integrate support electronics with the MEMS elem- 
ent on the chip even though they are produced with 
IC equipment, materials, and processes. However, in- 
tegrated MEMS products are becoming ubiquitous. By 
2002 Analog Devices had shipped over a hundred mil- 
Jion surface micromachined MEMS accelerometers with 
Integrated electronics to customers, 

‘The literature related to high volume production 
of MEMS products is quite uneven, Some suppliers 
have published detailed process and design descriptions, 
while others limit disclosures to market-focused publi- 
cations. The two major suppliers of integrated MEMS 
products have discussed their designs and processes in 
detail. Core et al. [36.2], Kuehne! et al. [36.3], Chau 
et al, [36.4], and Sulouff [36.5] describe the Analog 
Devices {MEMS accelerometers and gyros. Mignardi 
et al. [36.6] give an in-depth review of the Texas Instru- 
ments DLP (Digital Light Processing) products. 

MEMS devices are components in larger systems, 
so every MEMS product must define its system in- 
terface in a way that adds value from the perspective 
of the system designer. Some MEMS pressure sen- 
sor products are simply Wheatstone bridge elements 
in a circuit (Fig. 36.1). The image projection systems 
that use the Texas Instruments Digital Light Processing 
Technology™ could never be designed in this manner, 
because up to 1.3 million mirrors are driven on each chip 
(Fig. 36.2). Such a system would be impractical unless 
electronics are integrated with the MEMS mirrors on 
the chip. Air bag sensors also illustrate how integration 
adds value. Non-MEMS ball-and-spring air bag sensors 
were often used in the early 1990s. Upon impact, a ball 
would be released and detected as it passed through the 
sensor tube. Unfortunately, these binary sensors could 
not always distinguish a frontal collision from the jolt 
of a pothole ora side collision, Therefore, multiple ball- 
and-spring sensors were placed at different locations in 
a vehicle and wired together in order to reliably identify 
accidents that should result in air bag deployment. High 
cost limited the use ofthese distributed systems. Analog 
Devices changed the air bag market when it introduced 
the ADXLSO in 1993 (Fig. 36.3). The ADXLSO inte- 
grated electronics and an accelerometer on one chip to 
provide an analog output of deceleration versus time 
when an impact event occurred. This allowed auto- 
mobile manufacturers to design air bag modules that 
‘compared the ADXLS0 output to the known signature 
of a frontal collision. The result was greater reliability 
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Fig. 36.2 Digital Light Processing technology™ is based on Digital Micromirror Device (DMD) chips that address and 


drive 


‘sea of mirrors.” The DMD is the key element in small computer-based projection systems. Each of the 14 or 


17 jm mirrors represents one pixel. The diagram on the left represents light reflecting from a mirror to the system lens, 
‘The illustration on the right is an exploded view of a small region of mirrors in a packaged DMD. (Courtesy of Digital 


Light Processing™, Texas Instruments, Inc.) 


and lower cost, which led to the installation of air bags 
in almost every new automobile. 

This chapter will not recite detailed descriptions 
of particular commercial products, Instead, brief de- 
scriptions will be used to illustrate basic principles and 
concepts. Part of the chapter is organized according to 
MEMS: specific issues like wafer singulation. This is 
usefull because some designs and unit processes are 


well suited for lab scale or low volume production, 
but impractical in a high volume manufacturing envi- 
ronment, Complete reliance on such an organization 
‘would be artificial, because partitioning omits the great 
est challenge ~ combining these individual topics into 
‘a manufacturing flow that routinely produces products 
that meet cost, performance, and reliability expects 
tions. The importance of process integration cannot be 


36.3a,b Three generations of integrated accelerometers designed for single-axis air bag applications. (a) Die size is 


reduced by a factor of two about every four years. (b) Package technology also evolved to meet size, cost, and automated 
handling requirements. The ADXLSO was packaged in TO-100 seam-sealed metal headers. ADXI.76 cerpaes (bottom 
left) are being replaced by the ADXL78 in 5 mmxSmm LCC packages (bortom right). (Courtesy of Micromachined 


Products Division, Analog Devices, Inc.) 
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overemphasized, because changes in one step almost 
always affect other steps. Solutions may involve de- 
sign modifications, so design-for-manufacturability is an 


36.1 Manufacturing Strategy 


MEMS manufacturing is based on existing IC technol- 
ogy. However, there are only a few examples of routine 
MEMS and IC production intermixed on the same equip- 
ment (or of MEMS devices with electronics integrated 
on the chip). Even when a MEMS process step is nom- 
inally the same as a standard IC process, the specific 
conditions or end point or some quality such as film 
stress will differ. Technologists from Analog Devices 
and Motorola have discussed these thin film issues in 
depth [36.7-10] 

Manufacturers prefer to use dry etch processes 
when possible in order to achieve better control of fea- 
tures, minimize waste disposal, and utilize automated 
equipment developed for the IC industry. However, 
anisotropic wet etching provides unique value in the 
production of some MEMS products like pressure, mass 
flow, and yaw rate sensors [36.11]. 

Although MEMS production economics is closely 
tied to the semiconductor model, useful lessons can be 
drawn from many industries. Some of the key character- 
istics that affect success are as follows: 


36.1.1 Volume 


‘Semiconductor economics is rooted in the principle that 
expensive processes are cost-effective when many de- 
vices are made simultaneously. Obviously, 1 MEMS 
product that is sold in low quantities loses this critical 
advantage. MEMS components are “disruptive tech- 
nologies” ~ they are the key element in higher-level 
products that were previously impractical. It can take 
several years to develop a higher-level product and build 
its customer base. Therefore, itis prudent to include an 
incubation phase in the business plan for a novel MEMS 
device. Low sales volume during this phase causes high 
unit costs ~ hatch process cost benefits are achieved only 
after the market develops. 

Start-up companies often do not understand the im- 
plications of design-for-volume, It is a major challenge 
to transfer products made on lab tools to manufactur- 
ing equipment. The challenge is sufficient to justify the 
use of manufacturing people and equipment for product 
development, 


Important topic. Manufacturing and business skills are 
included to the extent that they apply to stable production 
of reliable MEMS products 


Realistic price-volume estimates are also essential to 
«1 good business plan. The highest volume MEMS prod- 
ucts (accelerometers and pressure sensors) all represent 
41 small part of the total system cost, even though the 
functions they provide are absolutely critical to system 
performance. 

Market-pull business models that respond to the 
needs ofa specific large application ina particularindus- 
try are usually more successful than technology-driven 
models that seek applications for new devices. Given 
this reality, it is prudent to thoroughly understand the 
target industry and its quirks. Biotech, wireless, im- 
age projection, optical communications, and consumer 
markets offer tremendous growth potential. However, 
the past and present growth in high volume MEMS 
products have been driven primarily by the automo- 
tive industry, with pressure sensors also benefiting from 
‘medical applications. Sulouff [36.12], Weinberg [36.13], 
Marek et al. (36.14], Eddy et al. [36.15], and Verma 
cet al. [36.16] discuss automotive applications and the 
challenges a successful supplier must master. 


36.1.2 Standardiz; 


Mature industries develop standards in response to 
‘equipment vendors, material suppliers, and customer 
interface requirements. The MEMS industry is frag- 
mented, so even after 30 years it is not mature. 
Deviations from semiconductor industry standards are 
inevitable because MEMS products impose unique re- 
quirements on wafer processing, packaging, handling, 
and testing. For example, KOH wet etching raises mo- 
bile ion concems. Gold used in some optical products is 
incompatible with CMOS. Any deviation from standard 
process and material sets is serious, because the price- 
volume relationship is a steep curve in high volume 
applications, 


36.1.3 Production Faci 


‘The semiconductor industry is divided into front-end 
(wafer fabrication) and back-end (product assembly 
sand test) operations. IC design rules are based on pre- 
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Variants 


“live” equipment, as there will be negligible elec- 
trical potential between itself and ground. Con- 
sequently, touching a grounded object while al- 
so touching a live wire in the equipment should 
not result in potentially lethal current passing 
through the body. 


Autotransformer 

This variant uses only one coil that is tapped to 
provide output voltage. Mutual induction occurs 
between the sections of the coil, An autotrans- 
former entails a common connection between 
its inputand output, unlike a two-coil transform- 
et, which allows the output to be electrically iso- 
lated from the input. See Figure 15-10. Auto- 
transformers are often used for impedance 
matching in audio circuits, and to provide output 
voltages that differ only slightly from input vol- 
tages. 


Output 


Common Ground 


Figure 15-10. An autotransformer contains only ane coil 
and core. A reduced output voltage can be obtained by 
tapping into the coll. & comman cannection prevents the 
‘output from being electrically isolated from the input. 


Variable Transformer 

A variable transformer, also known as a variac, 
resembles a wire-wound potentiometer. Only 
‘one winding is used. A wiper can be turned to 
contact the winding at any point, and serves as 
a movable tap. Like an autotransformer, a vari- 
able transformer entails a common connection 
between input and output. 


power > conversion > ac-ac transformer 


Audio Transformer 

Whena signals transmitted between two stages 
of a circuit that have different impedance, the 
signal may be partially reflected or attenuated, 
(Impedance is measured in ohms but is different 
from DC electrical resistance because it takesinto 
account reactance and capacitance. It therefore 
varies with frequency.) 


A device of low input impedance will try to draw 
significant current from a source, and if the 
source has high output impedance, its voltage 
will drop significantly as a result. Generally, the 
input impedance of a device should be at least 
10 times the output impedance of the device 
that is trying to drive it, Passive components (re- 
sistors, and/or capacitors, and/or coils) can be 
used for impedance matching, but in some sit 
uations a small transformer is preferable. 


IfN, and, are the number of turns of wire in the 
transformer primary and secondary windings, 
and Zy is the impedance of a device (such as an 
audio amplifier) driving the transformer on its 
primary side, and Z, is the impedance of a device 
(such asa loudspeaker) receiving power from the 
secondary side: 


Ny Ns = (Zp / 2s) 
Suppose that an audio amplifier with rated out- 
put impedance of 6400 is driving a loudspeaker 
with 89 impedance. A matching transformer 


would be chosen with a ratio of primary turns to 
secondary turns give by: 


¥(640/8) = ¥80 = approximately 9:1 


The two transformers in Figure 15-11 are 
through-hole components designed for tele- 
communications purposes, but are capable of 
passing audio frequencies and can be used for 
impedance matching in applications such as a 
preamplifier. 
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36.2 Robust Manufacturing 


{qualified fab, assembly, and test capabilities at specific 
sites, Consider how cach of these functions matches the 
needs of MEMS production: 


1. An IC product mightbe produced at an internal wafer 
fab, or designed to runon a standard foundry process. 
In contrast, production challenges and “know-how” 
have caused MEMS suppliers to retain wafer fab 
production within their internal facilities. High vol- 
ume production in MEMS foundries was limited to 
pressure sensors. However, Motorola is now out- 
sourcing accelerometer production. This suggests 
that the MEMS industry will follow the IC model, 
with foundry services becoming more substantial in 
the future. 
IC suppliers have shifted assembly operations to sub- 
contractor facilities located in Southeast Asia. Some 
MEMS suppliers have followed this model. It is 
common to assemble low volume products in North 
America, Europe, or Japan. However, semiconduc~ 
tor assembly and package technology are evolving 
rapidly and are driven by subcontractors based in 
Southeast Asia, MEMS companies that do not uti- 
lize these resources pay a significant cost penalty. 
Obviously, the break point at which offshore assem- 
bly is attractive differs from one product to the next. 
Products that have unique assembly requirements 
and support high market prices may never reach this 
point. 
3. IC testing is often carried out at the assembly sub- 
contractor site. MEMS package and testing comprise 
a substantial portion of the total product cost, so 
a high volume manufacturing strategy should con- 
sider Southeast Asia packaging and testing. This 


36.2 Robust Manufacturing 


Stable production requires a manufacturing flow that is 
well controlled when measured against the product per- 
formance specifications. This has several implications, 


36.2.1 Design for Manufacturability 


Low maintenance products and processes must be de- 
signed to run on standard equipment. The semiconductor 
industry has invested billions of dollars to develop 
equipment that is automated, maintainable, reliable, 
and capable of supporting well controlled processes. 
Processes that are implemented on custom-designed 
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is complicated by the fact that MEMS testing re- 
quires unique stimuli that are not in the standard IC 
portfolio. 


36.1.4 Quality 


‘The goal in lab and low volume production environments 
is to make functioning devices. As quantities increase, 
other factors become more important: lot-o-lot repeata- 
bility, yield, device performance that meets well-defined. 
specifications, process stability to ensure predictable on- 
time delivery, documentation and procedures that enable 
traceability and corrective actions when problems arise, 
etc. Methodologies that promote stable, high-quality 
‘manufacturing practices have been established in several 
industries. These standard procedures such as 1$09000, 
(Q9000, and cGMP overlap to a large extent. QS9000 
‘was developed to help automotive suppliers implement 
effective, well controlled processes to produce reliable 
products. It has several unique features, so itis used as 
the model in this chapter. 


36.1.5 Environmental Shield 


IC wafers are completely passivated before packaging 
in order to meet product stability and reliability require- 
‘ments. Aside from ink-jet print heads, the active regions 
of all MEMS devices currently in high volume produe- 
tion replicate this hermetic barrier in some manner, This 
passivation requirement is noteworthy because it has 
been a primary limitation on the growth of the MEMS 
industry. For example, it limits electrochemical sensors 
to benign or “throw-away” applications. 


equipment put this experience base aside and invariably 
have a long leaning curve. 


Equipment 
Microstructure release illustrates this issue and how 
it changes over time. Virtually all semiconductor 
processes operate in vacuum or at atmospheric pres- 
sure. In a brief, unpublished 1992 study related to 
ADXLS0 development, the author demonstrated the use 
of supercritical CO; mixtures for microstructure re- 
lease and particle cleaning. Unfortunately, supercritical 
processes were incompatible with the industry infra- 
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structure, because they require pressures in excess of 
7.38MPa (72.8atm; 1,070 psi). Implementation would 
have required process and equipment development, so 
1 release process that ran on existing equipment was 
selected, 

Supercritical equipment designed for MEMS release 
was introduced a few years later. However, maintenance 
and cycle time concerns, as well as single wafer capabil- 
ities limited its adoption to university and low volume 
‘manufacturing 

‘The intrinsic limitations of non-standard equipment 
have caused high volume MEMS suppliers to avoid su- 
percritical processes. However supercritical equipment 
will continue to evolve and become competitive, par- 
ticularly in applications where the design requirements 
‘make alternative processes unusable. 


Materials 
Process control can be no better than the materials used 
in the process. SAM (self-assembled monolayer) coat- 
ings illustrate this limitation. These materials suppress 
stiction following aqueous release of microstructures 
by treating the wafers in a SAM solution before dry- 
ing. Although straightforward in principle, high volume 
‘manufacturers have not (yet) adopted SAM processes 
(Sect. 36.2.3 reviews the processes that are used com- 
mercially). There are several reasons for this reticence. 
Classical SAM materials are chlorosilanes that have at 
least one organic substituent. Organosilanes have been 
used to treat the surface of inorganic materials for many 
years. Applications include coupling agents on the sur- 
face of fillers and reinforcing agents in polymers, as 
well as agglomeration control of particles. The chlorine 
sites hydrolyze when dissolved in solutions that con- 
tain a small amount of water. The resulting hydroxyl 
groups react with the microstructure surface oxide to 
produce a chemically bonded layer that reduces stic- 
tion due to the low surface energy and hydrophobic 
nature of the organic-rich surface. The concerns that 
cause manufacturers to use alternative stiction solutions 
include: 


High variability due to the SAM chemical reactivity 

Particles are common by-products of the reactivity 

Many SAM process flows require organic baths. This, 

raises health, safety, and waste disposal concerns 

4. Possibility of chloride corrosion on aluminum inter- 
connects 


‘Maboudian etal. [36.17], Srinivasan etal. [36.18], 
Kim et al, [36.19], and Pamidighantam et al. [36.20] 
describe the use of SAM solutions to suppress stiction. 


‘There is also ongoing research focused on solving the 
‘manufacturing concerns [36.2125] 

‘Note that stiction also arises in packaged MEMS 
products. This yield and reliability problem is discussed 
in Sect. 36.3.1 


36.2.2 Process Flow and Its Interaction 
with Product Architecture 


MEMS products have structures and functions that do 
not exist in standard IC devices, so it is unrealistic to 
‘expect that every fab, assembly, and test step will re- 
apply a previously qualified IC process. The challenge 
is to maximize utilization of available IC technology 
within the constraints of the product function and cost 
requirements, This leads to fundamental choices in prod- 
uct architecture, product design, and process flow, as 
discussed below. 


Integration of MEMS and Circuits 
‘The integration of MEMS and electronics onto one chip 
has proven difficult. It adds Tittle value in some MEMS 
products. However, as noted earlier, integration is essen- 
tial to products based on the Texas Instruments (TI) DLP 
(Digital Light Processing™). The third (and largest) 
category consists of applications where integrated and 
non- integrated products compete for market share, Pres- 
sure sensors and accelerometers are examples of this 
group. 


Image Projection. The frst projectors based on the DLP 
technology were shipped in 1996. DLP chips are pro- 
duced on CMOS wafers in a mature TI process. The 
circuitry addresses and drives aluminum mirror arrays 
that function as on-off pixels ~ 1.3 million mirrors in the 
latest SXGA products (Fig. 36.2). Mignardi et al. [36.6] 
describe the DMD (Digital Mirror Device) fabrication 
process and illustrate some of the factors that must be 
considered when manufacturing flows are changed. The 
‘manufacturing flow patterns three aluminum depositions 
over SRAM cells that are positioned with 14 or 17 yum 
center-to-center spacing (Figs. 36.4 and 36.5). The first 
of these metal films form electrostatic drive electrodes 
and landing pads. The yoke and hinge layer has spring 
tips that land on the first metal layer when mirrors are ro- 
tated (Fig. 36.6). Mirrors are mechanically connected to 
the yokes through center pedestals. Sacrificial organic 
films separate the metal layers. These organics, along 
‘with a protective organic cover film, remain on the device 
until after the wafer is sawn and the chips are mounted 
in a ceramic package. They are removed by dry etching. 
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36.4 DMD pixel array with tilted and non-tlted 


irtors. (Courtesy of Digital Light Processing™, Texas 
Instruments, Inc.) 


Fig. 36.5 Ion milled section of DMD pixel showing one 
‘mirtor on ts center support and its relation tothe underlying 
layers. Note the close mirror spacing. (Courtesy of Digital 
Light Processing™, Texas Instruments, Inc.) 


Following surface passivation, inspection, and testing, 
‘an optical glass sub-assembly is hermetically sealed to 
the ceramic package (Fig. 36.7). At this point, the device 
is ready for burn-in and final test ~ a significant task be- 
cause each mirror is actuated on chips with as many as 
13 million mirrors 

In operation, a (nominal) 26 V electrode bias gener- 
ates an electrostatic force that causes the mirror/yoke 
assembly to rotate either plus or minus 10 degrees 
around the hinge. Over one million DMD devices had 
been shipped by 2002 [36.26] 
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Fig.36.6 DMD yoke and hinge layet. The spring tip touches landing 
pads when the drive electrode tilts the misror. Elastic energy stored 
in the deformed spring is part of the restoring force that overcomes 
stiction when the drive electrode voltage is removed. (Courtesy of 


Digital Light Processing™, Texas Instruments, Ine.) 


Unlike the pressure sensors and accelerometers dis- 
cussed below, TI had no choice but to integrate. It would 
be difficult, if not impossible, to devise a cost-effective 
‘multi-chip solution to control and drive a matrix of aver 
‘a milion mirrors, Successful integration of circuits and 
‘mirrors was only one step in the commercialization pro- 
cess, To remain competitive against lower cost LCD 
products, TI continues to develop their package and test 
technologies, because package and test comprise ma: 
jorpart ofthe total product cost. Thisis discussed further 
in Sect.36.2.8, 


Pressure Sensors. Early (1970s-era) bulk microma 
chined piezoresistive pressure sensors from Honeywell, 
ICT (ter Foxboro-ICT), and Kulite were not integrated 
However, in the 1980s, Motorola commercialized the 


840.600 
SVGA 


1004768 
XGA 


1280 « 1024 
SXGA 


ight Processing!™, Texas Instruments, Inc) 


36.7 DMD products in hermetic packages. (Courtesy of Digital 
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Fig. 36.8 Pressure sensor surface mount packages. (Cour- 
tesy of Semiconductor Products Sector, Motorola, Inc:) 


first of its MPX5100 series piczoresistive pressure 
sensor products. These prodlucts had bipolar signal con- 
ditioning electronics and temperature compensation on 
the sensor chip. Current MPX products are offered in 
various plastic packages (Figs. 36.8 and 36.9) with 
maximum pressure ranges between 10 and 300kPa 
(1.45-44 psi). Medical and tire pressure products are 
also available. 

Integrated Motorola piezoresistive pressure sensor 
products are cited here for illustrative purposes, but ca- 
pacitive and piezoresistive silicon pressure sensors are 
available from many companies. Capacitive designs are 
less temperature sensitive and require less power than 
piezoresistive designs. However, die size tends to be 
larger. The fabrication process and interface electronics 
are also more involved. Piezoresistive products (sensor 


RIV die bond] P2 


Fig.36.9 Cross section of a typical gauge or differential pressure 
sensor, The silicon pressure sensor chip is bonded to a silicon 
substrate. This bonded unit is mounted in a pre-molded plastic 
package and protected from the ambient environment by silicone 
gel. (Courtesy of Semiconductor Produets Sector, Motorola, Inc.) 


plus signal processing) are less expensive, smaller, easier 
to manufacture and suitable for most applications. They 
rely on the fact that the resistance of silicon changes 
in response to strain, This effect is very temperature 
sensitive, However, configuring four piezoresistors as 
a Wheatstone bridge, judicious selection of the doping 
level and junction depth and the use of a temperature 
compensating resistor network minimizes temperature 

Piezoresistive pressure sensors (Fig. 36.1) require 
double-sided polished wafers and front-to-back align- 
‘ment, The piezoresistors are implanted into the front side 
of (100) wafers and precisely located with respect to the 
‘edges of thin diaphragms, The diaphragms are produced 
by anisotropically wet etching cavities into the hack sur- 
face of the wafers. KOH etch solutions are usually used 
to avoid the safety, toxicity, and waste disposal concerns 
that arise when large quantities of organic etchants like 
EDP (Ethylenediamine-pyrocatechol-water) are used. 
Front-to-hack side wafer alignment is critical in order 
to achieve precise resistor location with respect to the 
cavity edges. Alignment to the wafer crystal axis is 
also important, because the slow-etching (111) planes 
determine the cavity wall, and thus the location of the di- 
phragm edges. The piezoresistors are commonly placed 
near these edges to maximize the signal (the effect of 
pressure on diaphragm stress is greatest at the edges). 
‘An etch stop is sometimes used at additional cost be- 
‘cause diaphragm thickness variations also have a large 
effect on sensitivity. 

Control of mount stress is critical to achieving pre- 
dictable performance, After wafer fab, some suppliers 
hermetically bond pressure-sensor wafers to a backup 
silicon wafer using glass frit, Others anodically bond 
them to a borosilicate glass wafer that has a thermal 
‘expansion coefficient close to silicon (Pyrex 7740 and 
Schott 8330 are two glasses used for this purpose). 
Absolute pressure sensors are produced when this bond- 
ing step is done in vacuum, As shown in Fig, 36.1 
and Fig. 36.9, differential pressure and gauge pressure 
products incorporate through holes in the backup waters. 
‘These ports allow fluid pressure to be applied through 
the cavities to the back side of the diaphragms, 

‘After wafer singulation, the chips are mounted and 
sealed in cavity packages. Soft die attach materials, 
ofien silicone-based, are used to decouple the sensor 
from package and substrate stresses. In some products, 
the sensor chip is directly mounted to a substrate with 
a soft die attach without the intermediate backup wafer. 
Many package variations of MEMS pressure sensors are 
available, as summarized in Sect. 36.2.8 
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‘The MEMS pressure sensor market is believed 


to exceed a hundred milion pressure sensors anna- | Camplin Eat air reoon eee 
ally [36.27]. Automotive applications like manifold _———— 
absolute pressure (MAP) sensors and a wide range of _—— 
za and liquid pressure sensors form the largest market =a 
segment. Health care and medical uses such as dispos- 
ale blood pressure transducers and sensors to messure Owe any 

; peteyerd le 
pressure in angioplasty catheters, infusion pumps, and 
intrauterine products are the second largest market. In-' Hm #4P* ls! 
dustrial products such as process control pressure and 
differential pressure transmitters, household appliance, Ove of many 
fnd aeronautical products are also significant. Maudie SEs linger sets 
ot al. [36.28] review the performance ind reliability is-  Qverage top] —=—=—=— || ———— 
sues related to appliance applications like household ——— 


‘washing machines, 
Fig.36.10 Block diagram of the MEMS element in an ADXLT8 
Accelerometers, Most MEMS accelerometer designs single-axis accelerometer. The detailed design applies design-for- 
apply some variant of Newton's Law, F=ma, to sense manufacturability principles to ensure close control of critical 
the response of a proof mass. Many sensing principles, dimensions and residue-free removal of the sacrificial layer. (Cour- 
including piezoresistive, capacitive, piezoelectric, and _tesy of Micromachined Products Division, Analog Devices, Inc.) 


resonant, have been examined [36.29]. Figure 36.10 
has a conceptual view of the capacitive design used in 
Analog Devices ADXL accelerometers 

SensorNor was an early pioneer in silicon ac 
celerometer manufacturing. Their product had a mass 
bonded to the end of a silicon piezoresistive element 
in an oil-filled package. However, the first MEMS 
accelerometer product to achieve large-scale market ac- 
ceptance was the integrated ADXLSO air bag sensor 
from Analog Devices. When it was fully qualified in 
1993, the ADXLSO was the first integrated surface- 
‘micromachined MEMS device of any type in production 
‘The MEMS element in the ADXLSO was part of a closed 
loop differential capacitance circuit, but was designed 
to allow routine self-testing after the air bag mod- 
ule was installed in vehicles. This self-test capability 
ceased concerns related to the adoption of a new tech- 
nology in a critical safety application, The analog 
output feature also allowed the industry to design sin- 
le point sensors ~ a significant system cost savings, 
Core etal. [36.2] and Sulouff [36.5] describe the ADXL 
‘wafer fabrication process. In essence, circuits are fab- 
ricated with a well-established BiCMOS process. The 
sensor polysilicon is deposited afier these high temper- 
ature steps, followed by the lower temperature metal 
and passivation processes. The in situ doped polysilicon 
is connected to the circuit through N+ doped runners, 
Following wafer fabrication, thin film resistors ae laser 
trimmed in an automated trim system to meet the spe- 
cific end user's requirements. After wafer singulation 
(Sect. 36.2.5), the chips are assembled in hermetic cav- 


Springer Handbook » Nanoteehnolo 
® tndshan™ © Spinger2000 


ity packages and sereened in an automated test system 
to ensure compliance to the performance specification 
(Sect. 36.2.8), 

Front air bag sensors have an output of 2 V ata full 
scale acceleration that is specified by the user (typically 
435~50g). Satellite air bag sensors are located in door 

illars and near the front of the automobile and typi- 
cally have higher ranges (250 g). Regardless of range, 
all air bag sensors must meet stringent cross-axis spec- 
ifications, i.e., a front air bag sensor must not react 10 
aside collision or to potholes in the road. This cross-axis, 
requirement also applies to products that are designed 
to sense in two axes (Fig. 36.11). 

Progressive reductions in chip and package sizes 
(Fig.36.3) led to cost reductions and penetration 
into new markets, One example is the ADXL202 
(Fig. 36.11). This two-axis, low-g accelerometer has 
a full scale of 2g in each axis, It is widely used 
in industrial, consumer, and automotive applications. 
Production of integrated MEMS accelerometers at 
Analog Devices has grown rapidly in recent years 
(several million devices per month by 2001). It is 
worth noting that these products are developed using 
‘an organizational philosophy that emphasizes design- 
for-manufactursbility. For example, development is 
conducted on production equipment and directly in- 
volves production personnel, This may appear to be 
expensive and unwieldy, however, itensures that product, 
designs remain within the bounds of practical man- 


woejaued 


092 


zoe |a ued 


Part E 


Industrial Applications and Microdevice Reliability 


Fig. 36.11 Three two-axis accelerometers. Top left: ADXL276 was 
the first two-axis air bag accelerometer, The ADXL278 family (bot- 
tom right) is replacing it. Top right: 2-g ADXL202, The ADXL202 


‘and ADXL278 are packaged in the LCC shown in Fig. 36.3. (Cour- 
tesy of Micromachined Produets Division, Analog Devices, Inc.) 


uufacturing. It also minimizes the difficulties that are 
normally encountered when new products are trans- 
ferred to production, 

Prior to the introduction of the ADXLSO, most of 
the MEMS air bag candidates were nonintegrated, bulk- 
micromachined piezoresistive sensors [36.3]. However, 
Motorola and Basch soon followed with an integrate-in- 
the-package strategy. Denso, Delphi, and VTT Hamlin 
are also active in some market sectors. The Motorola 
and Bosch products are nonintegrated capacitive MEMS 
products that are hermetically sealed at the wafer level 
(Sect. 36.2.4), By interconnecting a separate circuit chip 
tnd a sealed accelerometer chip in one package, they 
are able to use low cost CMOS for signal processing 
and near-standard plastic packaging (Sect. 36.2.8) 

In contrast to the ADXL sensors, Motorola's MMA, 
air bag products measure acceleration normal to the 
plane of the chip (c-axis). These differential capacitance 
sensors are formed from three layers of polysilicon, The 
middle layer is a “proof mass” that is suspended with 
ligaments and is free to move in response to an accelerat- 
ing force, Ranges and outputs are similar to the ADXL 
products. Recent Motorola expansions add x-axis air 
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Fig. 36.12 Two-chip accelerometer in 16 lead plastic SOIC 
package. (Courtesy of Semiconductor Produets Sector, Mo- 
torola, Ine.) 


bag products and a new line of low: 
(Fig. 36.12) 

‘The Bosch x-axis sensor has interdi 
that are patterned in a thick (11 jum) polysilicon film 
that is deposited in an epi reactor. Tight control of stress 
and stress gradients in these films is essential in order 
to meet sensor performance requirements [36.30, 31] 
After patterning, the polysilicon is dry etched using 
fluorine-based chemistry [36.32] to form the differen- 
tial capacitance sensor. An HF vapor process is used to 
remove the sacrificial oxide and release the microstruc- 
tures. These thick structures have working capacitances 
near 1 pF [36.33]. Laermer et al. [36.34] explain how 
Bosch applies deep silicon etch processing to several 
production and experimental inertial sensors, Better 
known as the “Bosch etch,” this deep reactive ion etch- 
ing technique has pioneered the field of high-aspect-ratio 
silicon-based MEMS. 


The Future of Integration. The high growth rate of 
integrated MEMS products demonstrates the value of 
integration in MEMS applications. To date, integration 
has been limited to large semiconductor companies that 
have in-house signal processing expertise and the will- 
Ingness to invest substantial resources over a number 
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of years. Each company identified a large volume mar- 
kket that could support a profitable integrated product. 
This “large semiconductor company” barrier-to-entry 
for integrated MEMS products will diminish in the fu- 
ture due to new SOL wafer technology (Sect. 36.2.4), 
new flip-chip equipment, and the development of low 
temperature MEMS processes. With these capabilities, 
MEMS-only companies will be able to integrate micro- 
structures on circuit wafers that are preprocessed in 
(CMOS foundries. To be successful, they will also have 
to develop cost-effective manufacturing and quality ex- 
pertise (Sect. 36.2.9). 


Risk 
High risk is normal in research programs. However, 
the tremendous financial investments required to man- 
facture new products make the risk of falure m key 
consideration, This section discusses how the percep- 
tion of manufacturing risk changes with time and is 
influenced by available knowledge and expertise. 

Every development program makes fundamental 
produc architecture decisions. These decisions can lead 
Competing companies down different paths. For ex- 
mpl, Analog Devices pursued chiplevel integration, 
While Bosch and Motorola chose package-level inte- 
tration. Why did these companies choose different 
Paths? The answer is related to available resources, 
ost, time-to-market, and technical maturity. Analog 
Devices chose to integrate because ofits expertise in 
process innovation and signal processing. This path did 
have risks. When the ADXLS0 was designed, the fa- 
tigue life of polysilicon MEMS devices was unknown, 
‘Therefore, a closed loop circuit architecture was cho- 
sen in order 1o keep the proof miss motion under 
100A. Polysiicon actually has excellent fatigue life 
Once this was established, Analog changed their ADXL 
products to an open loop architecture that can detect 
capacitance changes as low as 202F (1072! F). Most. 
Companies do not have the expertise to work in this 
regime, but the decision to integrate on one chip al- 
Towed Analog to make full use ofits signal processing 
knowledge. 

The two-chip Motorola and Bosch designs allow 
the circuit chip to be fabricated on any IC process. 
This product concept also removed the concern that 
integrating MEMS and circuits omto one chip might 
reduce overall product yield, However, it does require 
higher output signals from the MEMS chip in order 
to overcome parasitics that arise in the bond wines 
between the circuit and sensor chips. This require- 
ment led Motorola toward large-area z-axis design, 
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while Bosch utilized its deep-etch process capability 
To minimize cost and ensure reliability, both compa- 
nies seal the sensors with glass at the wafer level 
Sensor and circuit chips are then molded together in 
fone plastic package. Each company built on exper- 
tise that it already had in order to minimize risk and 
cost. Motorola had in-house manufacturing expertise in 
wwafer-level glass frit sealing of pressure sensors that 
are subsequently molded in plastic packages. Bosch 
had deep-etch process capability and the world’s largest 
hybrid manufacturing plant, so screen printing and 
glass sealing were well-established. These considera- 
tions plus the concern that MEMS yield loss would 
undermine product yield contributed to their two-chip 
decision, 

Semiconductor companies continually drive down 
cost and serve evolving markets by shrinking prod- 
uct size. Analog Devices believes that this long-term 
roadmap requires an integrated product. They chose to 
deal with one-chip risks, rather than package uncer- 
tainties, ADXLSO chips had been capped and molded 
in plastic long before the first qualified products were 
shipped in 1993 [36.35]. However, production-worthy 
capping equipment did not exist at that time. The ef- 
fects of plastic package stress on yield and long-term 
device parametrics were also uncertain, By introducing 
the initial product in TO-100 hermetic metal packages, 
the risks associated with custom equipment and package 
stress were removed. 


Reusable Engineering and Facilities 
to Achieve Economies of Scale 

‘The IC industry produces many products on each process 
flow. Foundries and packaging subcontractors routinely 
apply this “economy-of-scale” principle. Only basic 
items like mask sets and bond pad diagrams are changed. 
‘The MEMS industry has been less successful in this 
area, although techniques like wafer-Level laser trim and 
blowing poly fuses allow accelerometer suppliers to of- 
fer “specialty” products without losing the advantages 
of high volume production. 

If only a few devices are produced in a capital- 
intensive facility, unit costs are high. This issue is 
particularly critical during the first years of product life 
‘when sales volume is normally low. One solution is 
to build the market by manufacturing the new product 
in an existing facility. The two-axis low-g ADXL202 
(Fig. 36.11) was built using a new mask set with an 
existing air bag sensor process. Many ADXL202 con- 
sumer, industrial, and automotive applications are too 
small to justify the capital investment risk required to 
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develop and produce a two-axis accelerometer, but use 
of an existing design and manufacturing base removed 
this constraint 


Market Dynamics Drive New Product 

Opportunities 
In the 1980s, low cost and high reliability allowed 
MEMS pressure sensors to penetrate automotive appli- 
cations like the measurement of manifold vacuum (MAP 
sensors). Once a technology is accepted, new opportuni- 
ties usually develop. For example, tire pressure monitors 
with RF communication capability are now available in 
some car models. In the future, this type of monitor 
will be a safety feature expected by all consumers. In- 
deed, wireless communication capabilities will also be 
common MEMS product requirement, 

This example illustrates the fact that MEMS prod- 
ucts are merely system components. They must support 
seamless integration into the larger system. MEMS op- 
portunities in automobile safety systems will be affected 
by both communication protocols and interconnect tech- 
nology (copper, fiber optic, and wireless). The growth 
spurt of the 1990s started with front-air-hag crash sen- 
sors located in the center module of automobiles. It 
has evolved to include satellite crash sensors behind 
bumpers, side-impact sensors in the B pillar (the ver- 
tical post between doors), impact sensors inside doors, 
rollover sensors, and vehicle dynamic control sensors to 
improve ride and handling. Each of these applications 
has unique characteristics that can favor one technology 
over another. For example, side-impact sensing systems 
‘must activate the air bags faster than front-impact sys- 
tems. This response time characteristic can favor the 
use of pressure sensors that monitor air pressure inside 
door cavities ~ a good solution as long as the cavity 
remains sealed. An alternative is to place an accelerom- 


‘ter in the B pillar. These thin structural members have 
very litte space, so z-axis accelerometers are sometimes 
‘easier to implement, Delphi and Motorola products have 
this characteristic. Amalog’s small x-axis accelerometers 
also meet this space requirement. 


Gyros ~ New Products Produced 
with Preexisting Manufacturing Capabilities 
Gyroscopes are transducers for rotational motion. They 
have a wide range of uses in platform stabilization and 
robotics, as well as automotive applications (dead reck- 
ning backup for GPS navigation systems when satellite 
communication links are lost, skid control systems, and 
rollover detection). Unfortunately, the non-MEMS and 
resonant quartz gyros used in military and aerospace 
applications are rather expensive for many high volume 
applications. BEI Systron Donner tailored their high per- 
formance quartz gyro to meet automotive needs and has 
shipped several million gyros. Other lower cost gyro 
and angular rate products, like the Murata vibrating ce- 
ramic bimorph products, are used in cameras. However, 
as a group, these low cost products do not meet the 

performance required for many applications. 

‘Analog Devices and Bosch reapplied their ac- 
celerometer capabilities to develop and manufacture 
low cost gyroscopes. Geen et al. [36.36] describe the 
Analog Devices product, Funk et al. [36.37] and Lutz 
et al. [36.38] describe the Bosch product. These three 
publications reference previous work and discuss the 
challenges of producing gyros that meet performance, 
reliability, and cost targets 

‘The Analog Devices ADXRS150 gyro (Fig. 36.13) 
illustrates the technology. It has a resonant microstruc- 
ture that is integrated with two electronic systems on one 
chip. One of the electronic systems drives the MEMS 
resonator. When the ADXRS150 is rotated, Coriolis ac- 


Fig. 36.13 (a) ADXRS150 gyro with integrated electronics in 7 m7 mm BGA package. (b) ADXRS150 chip. () MEMS portion 


of the ADXRS150 chip. (Courtesy of Micromachined Products Division, Analog Devices, Inc.) 
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celeration is generated in direction thats perpendicular 
to the vibration axis ofthe resonator. This motion is de- 
tected by the second accelerometer system. Full scale is 
rated at 150 dep/s, although it can sustain overioads up 
to 10,000 deg/s. Integration of electronics on the chip. 
Iicrostricture modeling, and predictable manufactur: 
ing were essential to success, because the full-scale 
Coriolis motion is only about 1A. The combination of 
differential capacitance detection, area averaging, and 
correlation techniques allow this motion to be resolved 
from thermal noise dewn to about 0.00016 A [36.36] 

Resonant gyros are not nev. Hoviever, a6 noted 
hove, their igh cost restriets them to specialty appli 
tions. Many ate non-MEMS, or ullize the piezoelectric 
properties of quartz, so chip-level integration is not 
an option, Most require expensive vacuum packaging 
to achieve high mechanical Q at resonance. Unforti- 
nutely, vacuum packaging also makes them susceptible 
to mechanical damage. Viscous damping in gas-filled 
devices like the ADXRS150 suppresses the destructive 
impact events that oceur in vacuum-packaged MEMS 
products during shipping and handling and in-use condi- 
tions. Equally important are ADXRS150 design features 
that allow the measurement to reject mechanical shock, 
vibration, and other environmental noise sources. AS 
2 resull, underthe-hood locaton is practical in auto- 
‘motive applications, an unmaiched characteristic that 
significantly reduces system cost. 

‘Analog Devices and Bosch both needed several years 
to develop their gyro products, Use of existing ac- 
celerometr infrastructure during the protolype an early 
production phases significantly reduced development 
Costs and manufacturing risks. Early ADXRS150 gyros 
were sold as engineering grade products in socketable 
side braze packages. This allowed the development 
team and customers to understand the design and pro- 
cess parametrcs tha affect performance, reliability, and 
yield. Side braze packages are unacceptable in high 
‘olume applications, 0 the ADXRS50 is sold in a her 
metic, ceramic, surface mount package 


36.2.3 Microstructure Release 


Release stiction occurs when microstructures stick to- 
gether after the sacrificial material is removed in a wet 
etch. It can cause considerable yield loss and must be 
considered in devices like capacitive pressure sensors 
and accelerometers that have closely spaced, mechani- 
cally compliant microstructures, Piezoresistive pressure 
sensors are not susceptible to release stiction, because 
these sensing diaphragms are not near other surfaces. 
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Release stiction is most frequently observed in sil- 
icon MEMS devices that use a sacrificial oxide, The 
oxide is removed by etching in wet HEF, rinsed in defon- 
ized water, and then dried. Water promotes growth of 
a hydrophilic surface oxide. It also has a high surface 
tension. To minimize energy, the high surface tension 
in the shrinking water droplets causes the microstruc- 
tures to be pulled together. When they touch, clean 
oxide surfaces stick, thus destroying device function- 
ality. Maboudian et al, (36.17| review release stiction 
‘mechanisms, as well as the solutions that have been 
reported in the literature. 

‘Some manufacturers co not publicly discuss thei fab 
process. Those that do avoid release stiction by using gas 
phase processes to remove the sacrificial material. Texas 
Instruments uses photoresist, rather than silicon dioxide 
as the sacrificial material in their DMD manufacturing 
process. Two photoresist layers are under the aluminum 
mirrors. The wafer is also covered with a third organic 
layer to provide mechanical damage protection and al- 
low for particle cleaning after the wafer is singulated into 
individual devices. By removing these organics in a dry 
etch process, the stiction problems that characterize wet 
etch processes are avoided. 

Analog Devices avoids release stiction by dividing 
its accelerometer process flow into several steps, each 
of which is well controlled with standard manufacturing 
equipment. After the microstructure is formed, a few 
small channels are etched in the sacrificial oxide and 
filled with photoresist. These photoresist pedestals hold 
the microstructures in place when the remaining sacrifi- 
cial oxide is etched, rinsed, and dried. The pedestals 
are then removed in a dry etch process. Core et al. 
[36.39] and Sulouff [36.5] describe this technique in 
‘more detail 

Bosch avoids release stiction by holding accelerom- 
eter wafers above an HF solution, HF vapors from the 
solution react with the sacrificial oxide, converting it to 
gaseous SiF, and water. The wafers are heated to pre- 
vent water from condensing, This process is noted in 
Offenberg et al. (36.40). Anguita etal. [36.41] describe 
a similar process 


36.2.4 Wafer Bonding 


‘To date, the growth of MEMS wafer bonding has been 
driven by three factors: 


© Scaling microstructures by bonding wafers together 
addresses two sources of yield loss in MEMS man- 
ufacturing: wafer singulation and particles, 
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© Wafer-level mounting can be a cost-effective way 
to control stress in products that are sensitive to 
variations in mount stress. 

© Fabrication of 3-D microstructures from elements 
that are formed on multiple wafers. 


Piezoresistive pressure sensor wafers have been anod- 
ically bonded to borosilicate glass wafers for about 
5 years. The earliest products were manufactured us- 
ing little more than a hot plate and a high-voltage 
power supply. The era of custom built manual equip- 
ment has passed, because both Electronic Visions and 
Karl Suss now offer automated production-worthy tools 
for anodic, glas frit, organic, and silicon-silicon wafer 
bonding. Schmidt [36.42] reviews. wafer-wafer bond- 
ing processes, while Mirza [36.43.44] addresses MEMS 
‘water-level bonding applications and equipment. 


Anodic Bonding 
Anodic bonding is commonly used to seal glass wafers 
to the back side of bulk micromachined pressure sen- 
sor wafers. The process requires that a silicon wafer be 
placed in intimate contact with a glass wafer that con- 
tains a mobile ion at elevated temperature. An applied 
electric field causes mobile ions (usually sodium) in the 
glass to move away from the silicon interface toward the 
cathode at the other side of the glass. Bound negative 
charges remain in the glass near the silicon interface. 
‘These charges produce an electric field that pulls the 
wafers together and drives oxygen across the interface to 
anodically oxidize the silicon surface. Hermetic seals are 
routinely produced between flat wafers when particles 
are rigorously excluded, Pracess conditions depend on 
the glass composition and thickness, but $00~ 1,000 V 
at 400°C with 10min cycle times is typical. Borosili- 
cate glasses with thermal expansion coefficients close to 
silicon are used to minimize stress. Anodic bonding pro- 
motes surface conformation so hermetic glass-silicon 
seals can be formed with surface grooves as deep as 
50m [36.45]. This process has been demonstrated to 
‘work with many material combinations [36.46] 


Glass Frit Bonding 
Glass frit bonding reapplies techniques and materials 
developed for hybrid processes and cerdip sealing. It 
is offen used to seal pressure sensor wafers to silicon 
substrate wafers. A second common application is to 
glass-frit seal bulk-micromachined silicon cap wafers 
over the microstructures in accelerometer wafers. In this 
process, fine glass powder is dispersed in an organic 
binder to form a paste. This paste is screen printed or 


stenciled in the desired pattern on a wafer. The wafer is 
then passed through a furnace (typically 430-500°C). 
‘This causes the organics to burn off and the individual 
glass particles to coalesce into the desired patter, 

‘The water bonding process starts with a wafer pre- 
pared as described in the preceding paragraph. This 
wafer is aligned to a second wafer, where they are held 
in intimate contact and heated until the glass softens. Li- 
quid glass readily wets the surface of the adjacent wafer 
when at least trace amounts of oxygen are present. The 
liquid-wetting mechanism produces hermetic seals even 
when the wafer surfaces are relatively rough. However, 
seal widths less than 100 jum are difficult to achieve. Fix- 
tures that maintain wafer alignment through the bonding 
process are also required. Low-melting lead oxide and 
boron oxide glasses are commonly used in processes that 
typically run at 450°C, Glass wet-out occurs quickly, but 
process cycle times are limited by the cooling rate (rapid 
cooling can cause stress gradients and cracking in the 
glass if proper design practices are not followed). Glass 
frit bonding to semiconductor wafers requires a good 
understanding of glass composition effects and process 
conditions [36.47] 


Silicon-Silicon Wafer Bonding 
Silicon-silicon bonding has been demonstrated in many 
IC and MEMS applications over the last 30 years. These 
processes bring highly polished wafers into intimate 
contact and are often promoted by a thin hydrophil 
oxide that is left on the surfaces by the aqueous clean- 
ing process. Clean, well polished wafers will bond at 
room temperature, However, heating (800-1,200°C) 
increases bond strength by an order of magnitude. A fun- 
damental difference between MEMS silicon-silicon 
bonding and either anodic or glass frit bonding is that 

is used to produce complex microstructures that can- 
not be made in one wafer. In contrast, most anodic and 
glass frit bonding applications address assembly and 
packaging issues, 

Recent silicon-silicon advances have solved techni- 
cal factors like stress control that had limited MEMS 
applications. For example, Analog Devices balances the 
stresses at oxide interfaces and the handle wafer to pro- 
duce flat, three- and four-layer SOI wafers [36.48, 49] 
‘The thickness of each layer is precisely controlled us- 
ing grinding and CMP (chemical-mechanical polishing). 
Intermediate layers can be pattemed, electrically iso- 
lated, electrically interconnected and locally etched to 
produce single-crystal silicon microstructures that are 
hundreds of microns thick on CMOS compatible wafers. 
With this new capability, several organizations are fab- 
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Figure 15-11. Through-hole transformers. See text for de- 
tails. 


InFigure 15-12, thetransformersare designed for 
audio coupling. The one on the right has impe- 
dances of 500 ohms (primary) and 8 ohms (sec- 
ondary). On the left is a fully encapsulated line 
matching transformer with a 1:1 turns ratio. 


Figure 15-12. Through-hole transformers, See text for de 
tails. 


Split-Bobbin Transformer 
This variant has primary and secondary coils 


mounted side by side to minimize capacitive 
coupling. 


Surface-Mount Transformer 

May be less than 0.2” square and Is used for im- 
pedance matching, line coupling, and filtering, 
Two surface-mount transformers are shown in 
Figure 15-13. 


Figure 15-13. Two surface-mount transformers, each 
‘measuring less than 0.2" square, typically used in com- 
‘munications equiament and suited for frequencies higher 
than 5 MHz, 


Values 


When selecting a power transformer, its power 
handling capability is the value of primary inter- 
est. It is properly expressed by the term VA, de- 
rived from “volts times amps.” VA should not be 
confused with watts because wattsare measured 
instantaneously in a DC circuit, whereas in an AC 
circuit, voltage and current are fluctuating con- 
stantly. VA is actually the apparent power, taking 
reactance into account. 


The relationship between VA and watts will vary 
depending onthe device under consideration. In 
a worst-case scenario: 


W = 0.65 VA (approximately) 


Inother words, theaveraged power youcan draw 
from a transformer should be no less than two- 
thirds of its VA value. 


Transformer specifications often include input 
voltage, output voltage, and weight of the com- 
ponent, all of which are self-explanatory. Cou- 
pling transformers may also specify input and 
output impedances, 
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36.14 Array of steerable mirrors designed for fiber op- 
tic network switching applications. ‘The gimbal-mounted 
‘mirrors in this experimental product are electrostatically 
driven, Closed loop control based on capacitive sense elec: 
twodes ensures that the proper angle is maintained. High and 
low voltage circuits are integrated with mirrors on one chip. 
(Courtesy of Micromachined Products Division, Analog 
Devices, Inc.) 


ricating MEMS devices for biotech, automotive, and 
communications applications. One example is the ar- 
ray of gimbal-mounted mirrors shown in Figs. 36.14 
and 36,15. These mirrors can be tilted in any axis to 
steer light between fibers in optical fiber bundles. The 


36.15 View of the deep etched trenche: 
nections, and electrodes under a mirror of the SO MEM: 
device illustrated in Fig. 36.14. (Courtesy of Microma- 
chined Products Division, Analog Devices, Inc.) 
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mirrors are driven by electrostatic force applied from 
electrodes that are patterned under the mirrors. Capaci- 
tance measurements based on a second set of electrodes 
are also part of a closed loop control system that main- 
tains position control, Integration of high voltage drive 
electronics, low voltage control electronics, and MEMS 
mirrors would be impractical without this SOI capability 
and related MEMS processes. 


36.2.5 Wafer Singulation 


‘The cooling water and the particles generated in a stan- 
dard IC diamond saw will destroy MEMS wafers unless 
some form of protection is used. Manufacturers solve 
this problem in several ways. Bosch and Motorola bulk 
micromachine cap wafers that are glass frit bonded to 
surface micromachined wafers. The caps protect the 
microstructures from water, particles, and mechanic- 
al damage so the wafers can be sawn with standard 
equipment. 

‘The optical function of DMD chips required Texas 
Instruments to find a different solution for DMD wafers, 
Originally, they used a partial saw process on wafers 
that were protected with an organic film. This allowed 
wwafer-level testing, but caused particle contamination 
and die loss when wafers were broken along the partial 
saw cuts. They now use a standard saw process, but 
do it before the mirrors are released. The wafers have 
the protective organic film over the mirrors, so normal 
cleaning processes are used, The singulated chips are 


a) Say MEMS Holeimsaw tape, Saw 
sree) ligne with MEMS. frame 


Pe 


b) 
== —===_=s 
) Saw streets, 


Fig. 36.16a-c Analog Devices “upside-down saw process 
flow. (a) Saw tape is mounted on a saw frame. Holes are 
punched in the tape to match the microstructures on the 
‘wafer. The wafer is mounted-upside down on the saw tape 
and aligned so that the microstructures are in the holes 
(6) A second layer of tape is placed over the first layer 
to form watertight pockets, (c) Wafer is aligned and sawn 
using standard equipment (adapted from (36.50) 
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mounted in ceramic packages before the organic layers 
are dry etched, This flow eliminates a primary source 
of particle contamination and problems associated with 
handling partially sawn wafers [36.6] 

‘Analog Devices singulates uncapped MEMS wafers 
using an upside-down saw process and standard equip- 
‘ment and fixtures that are slightly modified (Fig. 36.16) 
(Roberts et al, (36.50]). A major attraction is that it al- 
lows wafer-level test and trim, so only chips that meet 
the product specification are assembled. It also avoids 
the added cost and yield loss associated with wafer cap- 
ping. Although originally developed for accelerometers, 
this technology was extended to gyro wafers and to 
‘wafers that contain optical mirror arrays (see Figs. 36.13 
and 36.14). 


36.2.6 Particles 


Particles cause yield loss in every product that has 
closely spaced movable microstructures. They also 
cause large area defects in anodic and silicon-silicon 
wafer bonded processes. Commercial MEMS suppliers 
use several solutions: 


1. Cap the MEMS wafers before they leave the wafer 

fab clean area. Bosch and Motorola use this approach 
to produce accelerometer products (Fig. 36.12). It 
solves the wafer saw dilemma faced by most MEMS, 
suppliers and allows the use of plastic packaging. 
Disadvantages include yield loss due to cap mis- 
alignment and stress, as well as the cost of the added 
capping steps. Hermeticity testing is also difficult 
because capped devices require sensitivity levels 
beyond the capabilities of standard analytical test 
equipment, 
Capping protects MEMS from particle contamina- 
tion during assembly, but does not prevent wafer fab 
contamination, A greater concern is that glass-frit 
seal processes and equipment do not usually meet 
fab cleanliness standards. Once capped, inspection 
is essentially impossible. 

2, Analog Devices and Texas Instruments assemble 
their MEMS products in clean rooms. This option 
increases capital costs. TI invested in environmen- 
tal and process control, rather than develop optical 
quality capping for the DMD. Analog Devices had 
solved the wafer saw dilemma, so environmental and 
process control was the low risk path for particle 
contra 


Particle control is central to high yield and reliability. 
‘The first control level is to minimize particle contami- 


nation through proper handling procedures, equipment 
‘maintenance, environment controls, and process design. 
‘The DMD protective organic film illustrates how pro- 
cess design can be used to control particles. This film 
allows the wafer to be cleaned after wafer saw and die 
attach. 

Even with the best of controls, some particle con- 
tamination occurs in every clean room. Electrical tests 
in the automated wafer- and package-level test pro- 
grams are designed to detect particles in Analog Devices 
products, Texas Instruments also finds particles in 
DMD products by driving each mirror in an array 
to ensure proper operation. Such screens are good 
but imperfect. Attempts have been made to replace 
visual inspection with automated particle inspection 
based on pattern recognition software. To date, how- 
ever, machine vision systems have not been able to 
match the human eye and mind aided by a high quality 
microscope, 


36.2.7 Electrostatic Discharge 
and Static Charges 


Susceptibility to electrostatic discharges (ESD) led 
semiconductor manufacturers to make ESD avoid- 
ance a central criterion in equipment and fixture 
design, as well as handling procedures. Control of 
ESD events on the manufacturing floor is only the 
first step. Analog Devices and Texas Instruments in- 
corporate ESD protective circuitry into their MEMS 
products as a standard practice to avoid failures in 
their customer assembly lines, as well as in the final 
system, 

‘Most MEMS products use electrostatic force to 
actuate or control suspended microstructures. This de- 
sign characteristic introduces performance parasitics 
and failure mechanisms that are not encountered in nor- 
mal IC devices. For example, charges that build up on 
1 dielectric surface can deflect unshielded microstruc- 
tures, even when they are several millimeters apart. 
Such effects are insidious, because closed loop control 
systems do not always correct for electrostatic-induced 

Section 36.3.1 discusses surface treatments designed 
tosuppress stiction caused by surface forces. These treat- 
ments often produce a dielectric surface. Ifthe dielectric 
properties of the treatment and the device design cause 
the surface to hold a charge, that anti-stiction coat- 
ing may actually promote electrostatic stiction! Thus, 
any “solution” must be critically evaluated in order to 
identify and remove undesirable side effects. 
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36.2.8 Package and Test 


IC packages are environmental (mechanical, chemical, 
electromagnetic, optical) barriers that protect the chips 
from surrounding media. Only power and electrical 
signals and inertial forces pass unimpeded, so most 
MEMS sensors and actuators require that this barrier 
be selectively penetrated. Package and test functions 
are unique to each company's design and MEMS prod- 
uct type. Standard semiconductor packaging equipment 
and processes are modified when possible, However, 
even the line of demarcation that separates wafer fab 
from packaging is unique to each product. 

High volume MEMS testing is even more challeng- 
ing than MEMS packaging. In essence, the task is to 
‘measure and trim the response of products mounted in 
non-standard packages to calibrated stimuli overa range 
of temperatures. Automated IC test equipment does not 
have the calibrated pressure, acceleration, or optical test 
functionality required for this task. Maudie etal. [36.51] 
detail the test system elements that are required to 
support volume production of MEMS products. 


Pressure Sensors 
Pressure sensors are extremely susceptible to stress, 
so dic-atiach stress yariations broaden performance 
distributions. The uniformity produced by wafer-level 
bonding is a primary reason why these processes are 
used to make the first-level package in many pressure 
sensor products. Soft silicone and fluorosilicone rubber 
products are often used to attach the sensor chip to the 
package to maximize isolation from mechanical stresses 
transmitted through the mount 

Most semiconductor products are assembled in plas- 
tic packages. The automated plastic presses transfer 
viscous epoxy compounds into multi-cavity molds at 
175 °C and pressures near 6,900 kPa (1,000 psi). The hot 
liquid plastic creates high shear stress as it flows around 
devices in the mold cavities. Further stresses develop as 
the plastic hardens and cools. Even if this technology 
‘were adapted to create pressure ports in packages, the 
‘mold stresses would substantially affect pressure sensor 
performance. 

Pre-molded plastic packages avoid the stress prob- 
Jem and incorporate pressure ports (Figs. 36.8 and 36.9), 
Polyphenylene sulfide (a high temperature thermoplas- 
tic) and medical-grade polysulfone are commonly used 
to make pre-molded pressure sensor packages. 

‘The liquid or gas that is being measured can cause 
corrosion of interconnects and chip metallurgy, as well 
8 parasitic leakage paths in the sensor. For that reason, 
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a barrier such as silicone or fluorosilicone gel is often 
applied over the sensor. The soft gel transmits pres- 
sure with high fidelity over a wide temperature range 
and passivates the chip against many types of chem- 
ical attack. Parylene is also used for this purpose. This 
‘vapor-deposited organic coating is much stiffer than the 
gels, so thickness is typically controlled near Lum. 

Petrovie etal. [36.52] tested the ability of fluorosili- 
cone gels and several Parylene C thicknesses to protect 
powered pressure sensors against automotive and white 
goods benchmark liquids. One purpose of their study 
‘was to propose and demonstrate a formal media com- 
patibility test protocol for pressure sensors similar to the 
IC industry standard tests. They found that the lifetime 
of sensors coated with both gel and parylene was con- 
siderably longer than sensors coated with either gel or 
parylene alone. Petrovic [36.53] later summarized the 
advantages and limitations of gels, parylene, and other 
techniques. 

Figure 36.8 has examples of commercial plastic 
packaged pressure sensors. Pressure calibration equip- 
‘ment and software must be custom designed and built 
for these products. However, most pressure products are 
dimensioned to match IC packages in order to maximize 
compatibility with standard IC test handlers. 

‘The harsh environment of some under-the-hood ap- 
plications has been used to justify the high cost of 
‘metal cavity packages. For example, Bosch introduced 
a piezoresistive MAP sensor with signal condition- 
ing that was hermetically sealed in an evacuated TOS 
header [36.54]. In-package trim was based on planar 
thyristors that were zapped as needed to bring the sensor 
within spec. The design avoided chip metallurgy corro- 
sion and surface electrical parasitics by using the back 
surface of the silicon diaphragm as the fluid interface. 

Much more expensive packaging is used in the 
pressure and differential pressure transmitters that are 
designed for industrial process control. These prod- 
ucts seal the sensor in silicone oil behind thin metal 
diaphragms. Such products can measure pressure dif- 
ferences of 20kPa superimposed on a pressure of 
20,000 kPa (3,000 psi) over wide temperature ranges 
with high accuracy and stability. Soft die attach mater- 
{als decouple the sensor from thermal stresses that arise 
‘when they are mounted in metal housings. Note, how- 
ever, that silicone die attach materials cannot be used if 
the transmitter is filled with silicone oil, Fluorosilicones 
are one alternative. Piezoresistive sensors have been 
used in pressure and differential pressure transmitters 
since the 1980s. Fung et al. [36.55] describe a relatively 
new version. This product uses a piezoresistive polysil- 
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icon sensor to measure both absolute and differential 
pressure on the same chip, See Chau et al. [36.56] for 
early work on a multirange version of this technology, 


Image Projection 
‘The Texas Instruments DMD poses unusual challenges 
because the package lid must be an optical quality glass 
With anti-reflection coatings to improve optical perfor- 
mance and reduce heat load. The glass lid has opaque 
borders around the image area to minimize stray light 
effects and create a sharp edge on the projected image. It 
is fused to Kovar frames to produce lid sub-assemblies. 
‘The package base is a multilayer alumina substrate with 
co-fired tungsten to provide the electrical interconnects. 
‘The package sidewalls are formed by brazing a Kovar 
seal ring to the substrate. Heat dissipation through this 
substrate isa significant consideration because the ser- 
vice life of DMD mirror hinges (Fig. 36.6) is largely 
determined by operating temperature [36.57]. Exce 
sive high temperature creep results in “hinge memory 
and would cause a gradual drift in mirror orientation. 

‘The DMD chips are die attached in the package cav- 
ity before the mirrors are released. A dry etch process 
is used to remove the organic sacrificial layers. The die 
are then passivated and tested, Getter strips are attached 
on the inside surface of the glass at the sides to con- 
trol vapor composition in the package cavity before the 
lid is aligned and seam sealed to the package seal ring. 
Image quality requirements place stringent requirements 
onhandling, alignment, and spacing tolerances. Thermal 
stresses also arise when dissimilar materials are joined in 
high temperature processes to produce the final hermetic 
package. The DMD packages (Fig. 36.7) and the related 
processes are discussed further in O'Connor [36.58], 
Mignardi etal. [36.6], Bang eta. [36.59], and Poradish 
et al. [36.60], 

DMD mirror release does not occur until after die 
attach, This has advantages with respect to wafer saw 
and particle suppression, but it sacrifices the economic 
attraction of wafer-level testing. There is no commer- 
cial test system capable of combining CMOS electrical 
testing with 100% testing of optical mirrors. Therefore, 
custom electro-optic test system was built around an 
1-y-# translation stage with a CCD camera, light source, 
control hardware and software, and test programs [36.6] 
A characteristic of the papers published by the DMD 
group is their effective use ofthis test system to examine 
problems and statistically validate the solutions. 

‘Assembly of the DMD on the projector electron- 
ies board requires alignment with the system optics, in 
addition to electrical connections. Initially, the DMD 


was held with a plastic clamp and electrically connected 
through elastomer pads that had alternating layers of 
conductive and nonconductive material, This allowed 
easy replacement ifs DMD was damaged during assem- 
bly: However, the impedance of this connector system 
\was too high for new, higher speed products. Electrical 
intermittents were also observed. Therefore, it was re- 
placed [36.61] by a grid of e-shaped springs (cLGA™, 
Intercon Systems, Inc., Harrisburg, PA) 

‘The DMD has about 40% of the business and en- 
tertainment image projection market [36,62]. Products 
based on liquid crystal technology serve the balance 
of the market. Market share is largely driven by price, 
so considerable effort has been placed on reducing 
the cost of DMD package and board-level assembly. 
‘Mig! [36.61] reports on the assembly benefits achieved 
by replacing the epoxied heat sink with a mechanic- 
ally attached heat sink, Jacobs et al [36.62] describes 
the effort to replace the seam sealed window mount 
with a lower cost epoxy-bonded design. In theory, such 
4 bond is not hermetic. However, the team realized that 
proper material selection, design, analysis, and use of 
moisture getters would produce a low humidity package 
through the product life. This change was not released 
to production. If itis implemented, success will require 
that adhesive bond integrity also be maintained, because 
the adhesive joint sustains thermal expansion and mech- 
anical clamp stress cycling each time the projector is 
used. 


Accelerometers and Gyros 
‘The Bosch and Motorola capping processes are a first- 
level package that is applied at the end of wafer fab. 
After capping, the wafers can be sawn using standard 
‘equipment and do not require clean room assembly con- 
ditions. In principle, capped devices are compatible with 
standard plastic packaging. However, molding stresses 
can be a serious problem. To minimize stress, capped 
sensor chips are mounted on lead frames with a soft 
elastomer and often coated with a silicone gel to isolate 
the sensors from the package stress. Motorola products 
are calibrated by burning EPROMS after molding, Their 
early airbag accelerometers were molded in DIP and SIP 
packages for assembly on through-hole circuit boards. 
‘The shift to smaller surface mount SOIC packages re- 
duces the quantity of plastic, so package stresses are 
reduced, To maintain compatibility with standard tool- 
ing in small thin plastic packages, either the cap or the 
MEMS wafers must be backlapped. 

‘Analog Devices uses a near-standard saw process 
(Sect. 36.2.5 and Fig. 36.16), so capping is not required 
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if hermetic cavity packages are used. Such packages 
are standard, but more expensive than molded plastic. 
‘A major attraction of cavity packages is that they elim- 
inate plastic package stress (see page 1099), because 
the only mechanical connection between the chip and 
the package is through the die attach and bond wires. 
‘As a result, ADXL accelerometers and ADXRS gyro 
products are fully tested and trimmed on automated 
systems before the wafers are sawn. A lot-tracking sys- 
tem transfers this data to automated die attach systems. 
‘These systems are programmed to pick only chips that 
‘meet performance specifications from the wafer saw film 
frames. Thus, reject die are not assembled into packages. 
‘After packaging, devices are tested to ensure confor- 
‘mance to specification, However, package-level trim is 
not required, because the assembly process and cavity 
packages do not appreciably shift device paramettics. 

‘The evolution of ADXL cavity packages is illus- 
trated in Fig. 36,3. Initial products were packaged in 
‘TO-100 metal packages. This seam-sealed package is 
useful for development purposes. However, it is expen- 
sive and incompatible with the automated equipment 
used to assemble electronic circuit boards. Therefore, 
the early air bag sensors were soon switched to cerdips. 
Cerdips are made from low cost, molded, ceramic bases 
that have glass seal surfaces. The high process tempera- 
ture requires use of a silver-glass die attach product. The 
full assembly flow includes two or three furnace passes 
near 450°C to produce hermetic cavity packages, 

IC products have been packaged in cerdips for 
decades, but through-hole circuit boards are seldom used 
today. A simple change in lead forming allows cerdips to 
be fully compatible with standard surface mount boards 
(cerpacs”), so cerdips and cerpacs are assembled on the 
same equipment. Most of the ADXL products shipped 
in the late 1990s were packaged in cerpacs. However, 
small LCCs have become the package of choice for one- 
and two-axis accelerometers. The LCC (Leadless Chip 
Carrier) uses solder-sealed ceramic bases and metal lids. 
Organic die attach materials are practical, because the 
furnace gas is nitrogen, rather than air, and temperatures 
are about a hundred degrees lower than cerpac furnace 
temperatures. ADXRS gyros are assembled in a solder- 
sealed 7mmx7mm ceramic ball grid array package 
(Fig. 36.13). 

‘The fundamental message of this section is that IC 
package technology - both plastic and hermetic ~ is 
evolving very rapidly. Cost-competitive suppliers must 
remain cognizant of these trends in order to use them 
to best advantage. MEMS products that are packaged 
in a way that is not compatible with standard IC equip- 
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‘ment and interfacing standards bear a significant cost 
premium. High package cost seriously limits market size 
because the price-volume curve is steep for most prod- 
ucts. The package size trend is also critical to new market 
penetration. In summary, customer interface and new ap- 
plication requirements will continue to drive down both 
the cost and the size of most MEMS products. 

The ADXL and ADXRS automated testers and 
handlers measure multiaxial linear and rotational ac- 
celeration. Analog Devices has a division that designs 
and manufactures automated test systems (many of 
the corporation's IC products have unique test require- 
‘ments), so it avoided some of the problems associated 
with the procurement of custom-automated test equip- 
‘ment, MEMS suppliers have relied on custom-designed 
test equipment, but this situation is gradually chang- 
ing. For example, Multitest GmbH now makes handlers 
‘with integrated shakers that are specifically designed for 
accelerometer testing, 


36.2.9 Quality Systems 


Quality systems are an intrinsic part of stable MEMS 
production. Management must drive a systemic ap- 
proach to quality and set continuous improvement as 
a high priority goal 

Several quality systems define continuous improve- 
‘ment methodologies. In general, they formalize the 
process used to minimize defects and variations in 
products and in the processes used to manufacture 
them. Automotive supply companies must implement 
duality systems that meet QS-9000 [36.63] before prod- 
uct volume ramps up and continue them through the 
product life cycle. Four elements that are worthy of 
note: 


1. Failure Mode Effect Analysis (FMEA). Early in the 
development phase, a team with representatives from 
several disciplines reviews the design (or process) 
in order to identify possible causes of failure, Each 
potential failure mode is given three numerical rank- 
ings. One ranking represents the likelihood of an 
occurrence, while the others rank the severity of that 
result and detectivity. These numerical scores are 
combined for each potential failure mode in order 
to identify the issues that merit the most attention 
before they become problems, FMEA spreadsheets 
are periodically updated as the product or process 
moves into production, More targeted versions are 
used in products or processes that are in stable 
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Process Control. Every significant process must 

have a “short loop” monitor to ensure stability 

‘This measurement is tracked and statistically an- 

alyzed with respect to the control limits to identify 

changes before the process strays beyond the control 
limits, 

3. Review Boards. Every change, unusual occurrence, 
‘and proposed solution is assessed by boards that 
meet on a regular basis to ensure that it does not put 
product quality at risk. Affected production mater- 
ial is put aside until the appropriate board approves 
its release, This may appear to be expensive and bu- 
reaucratic, However, the cost of a scraped wafer lot 

insignificant when compared to the cost of a field 
replacement program. 

4. Procedures and Specifications. Each step must be 
fully specified and identified in the process flow, 

along with the appropriate metrics for each lot. The 
compilation of this data in a retrievable form is 
‘an essential part of every continuous improvement 
program. By combining these product and process 
databases with lot tracking software, Pareto charts 
linking yield loss and test failures to process vari- 
ations can be identified and eliminated. Experience 
thas shown that unexpected second-order effects are 
present in every production line ~ but data-driven de- 
cisions on indirect effects cannot be made on small 
test populations 


Implementation of a continuous improvement pro- 
gram requires well-informed failure analysis teams, 
methodologies, and programs. Such analyses start with 
gathering facts and making relatively simple tests. Often 
this is sufficient. However, MEMS products are sus- 
ceptible to uncommon failure modes, so. Walraven 
et al. [36.64] gathered examples of more powerful ana- 
lytical techniques and showed how they are applied to 
MEMS devices. 

Each supplier uses the information and insights 
gathered from product performance, as well as con- 
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‘Some topics discussed in Sect. 36.2 like particles and 
ESD are equally relevant to long-term stability. Most 
microstructure products have elements that are in close 
proximity, so stability is also affected by surface char- 
acteristics and mechanical shock. 


trol and yield data at different points in the process 
flow to refine their operations. Douglass [36.65], for 
‘example, outlined the yield loss and failure mechanisms 
observed in early Texas Instruments DMD products. 
Concems like hinge memory, hinge fatigue, particles, 
stiction, and environmental robustness were each ad. 
dressed and mitigated by focused teams. For example, 
Mignardi et al. [36.6] describe the partial wafer saw 
process used in the original DMD manufacturing flow 
process. Breaking these delicate wafers into individ- 
ual product chips generated particles that caused yield 
Joss and were potential sources of field failures. A new 
flow based on a standard full saw process eliminates 
this particle source. The result was an increase in 
both yield and reliability. Hinge fatigue characteriza- 
tion showed that bulk metal fatigue models do not 
properly describe thin film behavior. The hinge mem- 
ory effort required an understanding of how thin film 
metal creep is affected by alloy composition and the 
environment [36.57]. Stiction control involves surface 
passivation, spring design, mirror dynamics, and mois- 
ture level [36.26,65]. These publications give an insight 
into the quantities of data and the time required to bring 
robust products to market. They also illustrate how data- 
based evaluations can uncover unexpected effects like 
the acceleration of hinge ereep by adsorbed moisture 
(36.26) 

‘The second continuous improvement example ap- 
plies to MEMS integration. High yield loss is perceived 
to be a serious risk when electronics and MEMS are in- 
tegrated on one chip. Indeed, the intial yields on the 
Analog Devices integrated MEMS accelerometers were 
not impressive. However, it increased each year due 0 
the work of many mission-oriented teams. Yield has 
reached defect density limited levels because the teams 
eliminated all significant failure mechanisms. 

Coincident with the annual yield increases were 
reductions in customer failure rates. Failure rates in 
‘Analog's accelerometer products are in the low single 
digit ppm range. Quality does pay. 


36.3.1 Surface Passivation 


Early, 1970s-era piezoresistive pressure sensors were 
not passivated. Like early ICs, these wafers only 
had oxide over the piezoresistors. Performance was 


eet | 


High Volume Manufacturing and Field Stability of MEMS Products 


36.3 Stable Field Performance 


inconsistent and drifted over time, because surface in- 
teractions with moisture and other atmospheric gases 
created a variety of shunts, parasities, and charging 


Electrical Surface Passivation 
‘The introduction of silicon nitride passivation and con- 
ductive field plates led to stable products that were 
hitherto unobtainable. The ability to achieve measure- 
‘ment stability was absolutely critical to growth of the 
MEMS pressure sensor industry. 

Aside from pressure sensors, few MEMS products 
are passivated. Indeed, standard plasma nitride processes 
are usually impractical, because they produce dielectric 
ccoatings that support static charges. Such charges can 
cause electrical drift, or be the source of electrostatic 
forces that cause stiction. 

‘There have been published reports attributing insta- 
bility to the lack of passivation on microstructures. For 
example, Analog Devices implemented a special pro- 
cess in ADXLS0 accelerometers before the product was 
released in order to suppress high temperature electrical 
drift [36.66]. This was not a moisture effect, because it 
‘occurred in dry nitrogen packages. Later ADXL designs 
climinated the root cause. 

Scientists at Lucent Technologies [36.67] observed 
anodic oxidation in polysilicon electrodes used to 
clectrostatically drive mirrors in optical cross-connect 
products. If allowed to occur, this corrosion mechanism 
‘would cause the mirror position to drift and the prod- 
uct to eventually fail. The study concluded that, within 
the limits of the test, maintaining low moisture in these 
optical packages eliminates anodic oxidation, 

‘The preceding paragraphs suggest that lack of 
MEMS passivation can affect long-term product stabil- 
ity. This issue is very design-related and can be driven 
by factors other than humidity. Even when low package 
humidity is determined to be adequate, design reviews 
should consider how normal manufacturing variations, 
‘outgassing and diffusion over the product life affect the 
‘moisture level in the gas adjacent to the microstructures. 


Mechanical - Stiction and Wear 
In-use stiction is difficult to prediet and may not be- 
come an issue until manufacturing volumes increase, or 
‘when endusers handle the part in ways that are not antic- 
pated [36.68]. The resulting product liability and field 
replacement programs carry substantial financial costs 
and have caused MEMS suppliers to withdraw from the 
‘market, End users have little tolerance for failure. Since 
in-use stiction isa failure mechanism in MEMS devices, 
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‘a company that solves this problem creates an effective 
‘market barrier against competitors. 

The scale of this problem varies between product 
areas. For example, the Texas Instruments DMD has 
‘moving mirrors that are designed to touch down on asub- 
strate and later release, This product must address both. 
stiction and wear. In contrast, the accelerometer prod- 
ucts from Analog Devices, Bosch, and Motorola have 
proof masses that are suspended on compliant springs. 
By design, an automobile collision only displaces the 
proof mass by a few percent of the gap that separates it 
from adjacent surfaces, It is difficult to generate a shock 
wave in an air bag module that is sufficient to cause 
these proof masses to contact adjacent surfaces (ac~ 
celeration levels of several thousand g are required). 
However, handling of the discrete packaged parts during 
test, shipment, and module assembly frequently cause 
shock events that bring MEMS surfaces into contact. 
For example, Li et al. [36.69] used both math model- 
ing and tests to show that dropping a packaged MEMS 
accelerometer from the height of a table top generates 
several tens of thousands of g in the device when it 
lands on the floor. Thus, noncontacting MEMS prod- 
ucts must be designed to withstand at least transient 
stiction 


Design. When shock, vibration, or functional opera- 
tion causes MEMS elements to touch, the mounting 
springs are designed to pull them apart (Fig. 36.10). High 
stifiness springs are desirable to suppress stiction, but 
low stiffness springs increase measurement sensitivity 
and signal-to-noise ratio, Thus stiction is a fundamen- 
tal MEMS design constraint that often limits product 
performance. Each manufacturer has proprietary design 
practices to address this performance versus reliabil- 
ity trade-off. In general, designers suppress stiction by 
minimizing the sources and applying supplementary 
techniques to ensure recovery when contact occurs: 


1. Thorough analysis and testing to move harmful 
resonances beyond the range where they might be ex- 
cited, Note that MEMS component-level analysis is 
insufficient ~thisis a system issue based on the pack- 
aged part as it is handled through manufacturing, 
system assembly, and end use 

2. Surface modification (discussed in the next section). 

3. Minimizing contact area by integrating bumps and 

‘stoppers” into the design [36.70] 

4, Elimination of dielectric surfaces that may accu- 
mulate surface charges and result in electrostatic 
attraction. 
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5. Release of DMD mirrors from the touchdown posi- 
tion is assisted by pulsing the reset voltage to excite 
‘a mirror resonant frequency (36.65, 71] 

6. Use of gas-filled packages to reduce contact velocity, 
as discussed later in this chapter, 

7. ESD-protected designs that prevent voltage tran- 
sients that may cause electrostatic attraction, 


‘The only product in significant production that con- 
tains MEMS elements that are designed to touch is the 
‘Texas Instruments DMD. The proprietary aluminum al- 
loy springs used in the mirror contact points touch and 
release millions of times during the product life, Con- 
siderable development was required to overcome metal 
creep that occurred in early designs 


Surface Modification. In addition to the touchdown 
springs, early DMD die were treated with perfluorode- 
canoic acid vapor hefore the glass lid was sealed onto 
the package, This treatment [36.72] created a low en- 
ergy monolayer coating that suppressed initial stiction. 
However, improvements were required to achieve longer 
‘wear life, higher production rates, and lower contamina- 
tion levels. A new process [36.73] places capsules inside 
DMD packages. After cleaning, the packages are imme- 
diately sealed. An oven bake releases anti-stiction vapor 
from the capsules to create a monolayer organic coat- 
ing on surfaces inside these sealed packages. Excess 
anti-stiction material in the capsules maintains a low 
vapor pressure in the package cavities throughout the 
product life. Therefore, wear damage at the mirror con- 
tact springs is continuously repaired to prevent stiction 
failures before they occur, 

Maintaining a low level of organic vapor inside 
the DMD reapplies a concept used with other organics 
to prevent corrosion of electronic metallurgy and con- 
tact fretting of separable connectors (see, for example, 
[36.74,75)). These treatments have been shown to add 
years to the useful life of electronic systems that are in 
‘enclosures but also exposed to aggressive environments. 

Stiction can be minimized by design and process 
spin-offs ~ stiff springs, control of contact area, etch 
residues, etc. Some suppliers design within these lim- 
its; others seek to modify the MEMS surfaces. The 
requirements of any surface modification technology are 
{quite substantial. In addition to normal manufacturing 
requirements (stable, scalable process and materials), 
the process must be conformal and must uniformly treat 
all areas, including microstructure bottom and side sur- 
faces. Ifa conductive material is used, it must somehow 
be patterned in order to avoid electrical shorting. Ifa di- 


electric surface is formed, it must be extremely thin 
because thick dielectrics support surface charges. Such 
charges cause performance shifts and induce electro- 
static stiction, 

Since devices with movable microstructures are par 
ticularly susceptible to stiction, most suppliers who 
develop production-worthy surface modification pro- 
‘cesses consider this information a trade secret. Analog 
Devices chose to patent portions of its technology. The 
following paragraphs give an overview of the published 
Analog Devices surface treatment technologies. Mar- 
tin [36.66] describes the evolution of these technologies 
from 1992 to 1999. Further information is contained in 
‘Martin etal. [36.76] and Martin [36.77]. 

‘The earliest of the published Analog surface treat- 
ment technologies was implemented afier stiction was 
observed during automated testing and module assem 
bly of air bag sensors that were packaged in cerdips, 
Cerdip assembly typically includes at least two furnace 
processes in air at 440-500°C, so they seldom con- 
tain organic materials. The high temperature furnace ait 
thermo-oxidizes adsorbed materials and removes them 
from the MEMS surface. The resulting surfaces are 
extremely clean. Unfortunately, clean inorganics have 
high surface energies. Therefore, adjacent microstruc- 
tures readily stick together if shock and vibration during 
handling cause them to touch, Cerdips (and the sur- 
face mount cerpacs) have very low moisture levels (Mil 
specs allow up to 5,000 ppm moisture, but < 100 ppm 
moisture is common in a well controlled manufacturing 
line). Deliberately raising the moisture level was found 
to be a potential solution because, within limits, mois- 
ture adsorption reduces surface energy. However, the 
solution adopted by Analog Devices in the mid-1990s 
was the anti-stction agent (ASA) process. This process 
involved dispensing a controlled amount of a pure silox- 
ane liquid (AS) into each package immediately before 
sealing. ASA selection was based on thermo-oxidative 
stability, low volatility, purty, and the requirement that 
itbe a liquid atthe dispensing temperature. As packages 
heat in the furnace, adsorbed material on the microstruc- 
tures is removed, leaving chemically active, high energy 
surfaces. Further heating volatilizes the ASA. Before 
escaping into the furnace, the ASA vapor surrounds 
the reactive MEMS surfaces and chemically bonds to 
them, The result is infusion of organic groups into the 
native oxide surface, Organic-rich surfaces are unreac- 
tive and have low surface energy. Thus the treatment is 
self-limiting after the first vapor molecules react. Ob- 
viously, ASA volatilization must be complete before 
the glass sofiens and seals the package cavity. Some 
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ASA degrades in this process. However, silicone thermo- 
oxidation simply adds a few angstroms of silicon oxide 
to the native oxide, so the ASA process, by design, is 
non-contaminating, 

Although variations and refinements of the ASA 
process were developed, this technology required that 
each individual package be treated. Automated dis- 
pense equipment made ASA acceptable when product 
volumes were moderate. However, as production ap- 
proached several million per month, it became evident 
that a wafer-level anti-stiction process was desirable. 

Assessment of candidate processes and materials led 
to. vapor treatment based on a custom-synthesized solid 
polymeric siloxane. This polymer is volatilized in a stan- 
dard CVD furnace that teats up to a hundred wafers at 
atime. Repeatability is extraordinary because thickness 
variation within a furnace run, or from run to run, is only 
‘about one angstrom, 


Package Environment Effects. The viscosity and den- 
sity of the gas that contacts MEMS resonators limit 
the device Q, so resonant devices are often designed 
to operate in vacuum, Unfortunately, this makes them 
susceptible to handling damage. Viscous fill gases re- 
duce destructive excursions of high-Q microstructures 
‘when they are mechanically shocked. They also provide 
squeeze film damping to cushion the contact event as 
surfaces approach each other. None of the high volume 
‘MEMS products on the market are evacuated. Presum- 
ably, this is due to the high cost of vacuum packaging 
and the susceptibility to handling damage. 

Many investigators believe that suppression of in- 
use stiction requires low humidity in the package. This 
view is not surprising because most MEMS research 
groups have observed stiction caused by aqueous surface 
tension during microstructure release. However, in-use 
stiction and wear tet results published by several inves- 
tigators lead to a different conclusion [36.76, 78-83]. In 
general, they find high stiction in both dry and moist 
environments. However, stiction is substantially sup- 
pressed at intermediate humidity levels (approximately 
15—40 % relative humidity at room temperature). This 
is equivalent to a moisture level of 3,000—10,000 ppm. 
Note that the limits cited by different authors vary con- 
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siderably due to the use of different materials and test 
conditions. Stiction at low humidity is probably caused 
by high surface energy on inorganic oxides that do not 
have adsorbed surface films. The low stiction and wear 
rates observed at intermediate humidity are attributed to 
the passivating and lubricating effects of adsorbed wa- 
ter. Capillary forces caused by the high surface tension 
‘of water become dominant at high humidity. 


36.3.2 System Interface 


MEMS products are mounted in systems that have much 
‘greater mass than the device itself. For this reason, itis 
difficult to transmit a mechanical shock wave to a MEMS 
sensor that is sufficient to cause failure after it is in- 
stalled in a module. However, failures are possible when 
the devices are handled during module assembly, Im- 
proper functional response is also possible if the module 
‘mount system has a mechanical resonance that ampli- 
fies or reduces mechanical transmission under different 
conditions. This is a particular concem in automotive 
safety applications because every automobile platform 
has a different mechanical signature, Proper module 
‘mount design is required to ensure that the impact sig- 
nal from an automobile crash is properly transmitted to 
air bag modules. 

‘Suppliers of large IC die closely examine board-level 
stresses in order to minimize solder joint fatigue. Such 
stresses are more serious in MEMS products because the 
device, as well as the package are susceptible to mount- 
ing conditions. Furthermore, customer processes impose 
these stresses, so a supplier may have little information 
with respect to their origin or existence. One solution 
is to define and qualify a product-specific mount sys- 
tem, as Texas Instruments has done with the DMD. The 
ideal, however, is to devise products that are compatible 
with standard board footprint and assembly processes. 
This challenge became more difficult with the shift from 
through-hole to surface mount technology, because the 
mechanical isolation provided by the package pins is 
no longer present. Small package size, in-package, and 
\within-chip isolation techniques, as well as thorough 
package-board stress analysis are used to address this 
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0 Use it 


How to Use it 


For most electronic circuits, a power transformer 
will be followed by a rectifier to convert AC to DC, 
and capacitors to smooth fluctuations in the 
supply. Using a prepackaged power supply or 
‘ACadapterthatalready containsall thenecessary 
components will be more time-effective and 
probably more cost-effective than building a 
power supply from the ground up. See Chap- 
ter 16. 


What Can Go Wrong 
Reversal of Input and Output 


Suppose a transformer is designed to provide an 
output voltage of 10 volts from domestic AC 
power of 115 volts. Ifthe wrong side of the trans- 
formeris connected with 115VAC by mistake, the 
output will now be more than 1,000 volts—easily 
enough to cause death, quite apart from de- 
stroying components that are connected with it. 
Reversing the transformer in this way may also 
destroy it. Extreme caution is advisable when 
making connections with power transformers. A 
meter should be used to check output voltage, 
All devices containing transformers should be 
fused on the live side and grounded. 


Shock Hazard from Common 
Ground 

When working on equipment that uses an auto- 
transformer, the chassis will be connected 
through the transformer to one side of 115VAC 
power. So long as a plug is used that prevents 
reversed polarity, the chassis should be “neutral.” 
However, if an inappropriate power cord is used, 
orifthe power outlet has been wired incorrectly, 
the chassis can become live. For protection, be- 
fore working on any device that uses 115VAC 
power with an autotransformer, plug the device 
into an isolation transformer, and plug the isola- 
tion transformer into the wall outlet. 


power > conversion > ac-ac transformer 


Accidental DC Input 
If DC current is applied to the input side of a 
transformer, the relatively low resistance of the 
primary coil will allow high current that can de- 
stroy the component. Transformers should only 
be used with alternating current. 


Overload 

IF transformer is overloaded, heat will be gen- 
erated that may be sufficient to destroy the thin 
layers of insulation between coil windings. Con- 
sequently, input voltage can appear unexpect- 
edly on the output side, Transformers with a tor- 
idal (circular) core are especially hazardous in 
this respect, as their primary and secondary 
windings usually overlap. 


Some (notall) power transformers contain ather- 
mal fuse that melts when it exceeds a tempera- 
ture threshold. f the fuse is destroyed, the trans- 
former must be discarded. 


The consequences of moderate overloading may 
not be obvious, and can be cumulative over time. 
Ventilation or heat sinkage should be taken into 
account when designing equipment around a 
power transformer, 


Incorrect AC Frequency 
Single-phase AC power in the United States fluc- 
tuates at 60Hz, but Great Britain and some other 
countries use AC power at 50Hz. Many power 
transformers are rated to be compatible with ei- 
ther frequency, but ifa transformer is specifically 
designed for 60Hz, it may eventually fail by over- 
heating ifit is used with a 50Hz supply. (A SOH2 
transformer can be used safely with 60Hz AC.) 
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37. MEMS Packaging and Thermal Issues in Reliability 


‘The potential of MEMSINEMS technologies has been 
Viewed as a comparable or even bigger revolution 
than that of microelectronics. These scientific 
and engineering advancements in MEMSINEMS 
could bring applications to reality previously 
unthinkable, from space systems, environmental 
instruments, to dally life appliances. As presented 
in previous chapters, the development of core 
MEMSINEMS processes has already demonstrated 
a lot of commercial applications as well as 
future potentials with elaborated functionalities. 
However, a low cost and reliable package for 
the protection of these MEMSINEMS products is 
still a very difficult task. Without addressing the 
packaging and reliability Issues, no commercial 
products can be sold on the market. Packaging 
design and modeling, packaging material 
selection, packaging process integration, and 
packaging cost are main issues to be considered 
When developing a new MEMS packaging process. 
{In this chapter, we will present the fundamentals 
of MEMSINEMS packaging technology, including 
packaging processes, hermetic and vacuum 
encapsulations, thermal issues, packaging 
reliability, and future packaging trends. The future 
development of MEMS packaging will rely on the 
success of the implementation of several unique 


37.1 MEMS Packaging 


MEMS are miniaturized systems in a size of micro- 
‘moter to millimeter that may have mechanical, chemical, 
oor biomedical features integrated with IC circuitry 
for sensor or actuator applications [37.2]. For ex- 
ample, pressure [37.3], temperature, flow [37.4], 
accelerometers [37.5], gyroscopes [37.6], and chemical 
sensors [37.7] can be fabricated by MEMS technolo- 
ties for sensing applications. Fluidic valves [37.8] 
pumps [37.9], and inkjet printer heads are examples 
of actuation devices for medical, environmental, of- 
fice, and industrial applications. Silicon is typically used 
as the primary substrate material for MEMS fabrica- 
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echniques, such as packaging design kits for 
system and circult designer, low cost and high 
yield wafer level, chip~scale packaging techniques, 
effective testing techniques at the wafer-level 

to reduce overall testing costs; and reliable 
fabrication of an interposer [371] with vertical 
through-interconnects for device integrations, 


tion because it ean provide unique electrical, thermal, 
and mechanical properties however also can be easily 
micromachined in a form of batch-processing and be 
incorporated with a microelectronic circuits by using 
‘most of the conventional semiconductor manufacturing 
processes and tools. As a result, smaller size, lighter 
‘weight, lesser power consumption and cheaper fabrica- 
tion cost become the advantages of MEMS devices as 
compared with the existing macroscale systems with 
similar functionalities. With the advances of MEMS 
fabrication technology in the past decades, the MEMS 
‘market at the component-level is currently in excess of 
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$5 billion and is driving the end-product markets of 
large than $ 100 billion [37.10] 

Nevertheless, the road to the commercialization of 
MEMS doesn't look as promising as expected. Many 
industial companies took the advantages of MEMS 
technology of high production volumes and high added 
value created by product integrations, Therefore, cost- 
efficiency hecomes the major factor driving MEMS 
toward commercialization, Several MEMS devices have 
been developed for and applied in automotive indus- 
try and information technology, and they dominate 
the MEMS market due to high production volumes. 
Most of custom-designed MEMS products are still very 
diverse, aiming for different applications, and their 
initial costs in small-to-medium-scale production are 
still much higher than market-acceptable levels. Con- 
sequently, high packaging and testing costs have slowed 
the commercialization of MEMS, Furthermore, based on 
the past experience of IC industry the cost of packaging 
processes is about 30%, and sometimes can be more than 
70%, of the total production expenses. MEMS packag- 
ing process is expected to be even more castly because 
of the challenging and stringent packaging issues with 
regard to the additional MEMS components, in addi- 
tion tothe microelectronic circuitry, ina typical MEMS 
product [37.11] 


37.1.1 MEMS Packaging Fundamentals 


‘The functions of conventional IC packaging are to 
protect, power, and cool the microelectronic chips 
for components and provide electrical and mechanical 
connection between the microelectronic part and the 
outside world. With the increase of the needs of high 
performance and multifunctional consumer electronic 
products, IC packaging processes have incorporated 
‘more complex designs and advanced fabrication tech- 
nologies, such as Cu interconnects [37.12], flip-chip 
bonding [37.13], ball grid array [37.1.4], wafer-level chip 
scale packaging [37-15], and 3-D packaging [37.16], 
ctc., in order to satisfy the need for high VO density, 
large die area, and high clock frequency. In addition 
to the requirements of electrical interconnects, MEMS 
‘components may need to interface outside environment 
(for example, fluidic interconnectors [37.17}), some 
other components may need to be hermetically sealed 
in vacuum (for example, accelerometers [37.5]). There- 
fore, MEMS packaging processes have to provide more 
functionalities including better mechanical protection, 
thermal management, hermetic sealing, and complex 
electricity and signal distribution, 


Ithas been suggested that MEMS packaging should 
be incorporated in the device fabrication stage as part 
‘of the micromachining process. Although this approach 
solves the need for some specific devices, it does not 
solve the packaging need for general microsystems. 
Many MEMS devices are now fabricated by various 
foundry services [37.18, 19], and there is a tremen- 
ddous need fora uniform packaging process. Figure 37.1 
shows a typical MEMS device being encapsulated by 
4 packaging cap. The most fragile part of this de- 
vice is the suspended mechanical sensor, which is 
4 freestanding mechanical, mass-spring microstructure. 
‘This mechanical part must be protected during the 
packaging and handling process. Moreover, vacuum en 
‘capsulation may be required for these microstructures in 
applications such as resonant accelerometers (37.5] or 
gyroscopes [37.6,20]. A “packaging cap" with properly 
designed micro cavity is to be fabricated to encap- 
sulate and protect the fragile MEMS structure as the 
first-level MEMS post-packaging process. The wafer 
ccan be diced afterward, and the well-established pack- 
aging technology in IC industry can follow and finish 
the final packaging step. Unlike the packaging require- 
ments for ICs, however, the common MEMS packaging 
requirement is hermetic seal and sometimes vacuum 
fencapsulations, Hermetic seal is important to ensure 
that no moisture or contaminant can enter the package 


(Cross-sectional view 


Silicon or ghee abatate 
_MEMS device 


— 


Bonding Arca 


Fig.37.1 A typical MEMS packaging illustration in which 
a MEMS structure is encapsulated and protected by the 
packaging eap 
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art MEMS Packaging 


and affect the functionality of microstructures. This in- 
creases the difficulty of common IC packaging processes 
tremendously. Although most single function MEMS 
chips can employ typical IC packaging techniques, such 
as die-attached processes, wiring interconnects, molded 
plastic, ceramic, and metal for packaging [37.21], with 
the increase of complexity MEMS devices, more ad- 
vanced packaging techniques, especially wafer-level 
packaging, are required forthe integration of mult-chips 
for multifunctional applications. 

Before the state-of-the-art MEMS packaging pro- 
cesses are discussed, several primary micro-fabrication 
processes for packaging applications are described. 
‘These processes may include Flip-Chip (FC) technique, 
Ball Grid Arrays (BGA), through-wafer etching, and 
plating. Other silicon-based processes, such as thin-film 
deposition, wet and dry chemical etching, lithography, 
liftoff, and wiring bonding processes can be found in 
‘many textbooks [37.22] 


Flip-Chip Technique (FC) 
This technique is commonly used in the assembly pro- 
cess hetween chip with microelectronics anda package 
substrate [37.13]. The microelectronic chip is “lipped 
joined” with the packaging substrate, and metal solder 
thumps are used as both the bonding agents and electrical 
paths between bond pas on the microelectronic chip and 
‘metal pads on the package substrate. Because the ver- 
tical bonding space can be very small as controlled by 
the heights of the solder bumps, and the lateral distribu- 
tions of bond pads can be on the whole chip instead of 
boeing only on the edge, this technique ean provide high 
density InpuvOutput (W/O) connections, In the FC tech- 
nique, solder bumps are generally fabricated by means 
of electroplating. Before the bumping process, multiple 
‘metal layers, such as TAW-Cu, Cr-Cu, C-Ni, TaN/TWNi 
have to be deposited as a seed layer for electroplating 
and as a barrier to prevent the diffusion of solder into its 
underneath electrical interconnect. 


Ball Grid Arrays (BGA) 

‘This technology is very similar to the FC technique. 
‘An area array of solder balls on a single chip module 
for multi-chip module are used in the packaging pro- 
cess as electrical, thermal, and mechanical connects to 
join the module with the next level package, usually 
2 printed circuit board [37.14]. The major difference be- 
tween a typical BGA and FC is the size of solder bump. 
In BGA chip, the bumps are in the order of 750 jum in 
diameter which is ten times larger than those commonly 
used in FC. 
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Through-Wafer Etching 
This is chemical etching process to make through- 
‘wafer channels on a silicon substrate forthe fabrication 
of vertical through-wafer interconnects. The chemical 
etching process can be either wet or dry. Anisotropic or 
isotropic etching solutions can be used in the wet etch- 
ing process. The dry etch process is based on plasma 
and ion-assisted chemical reactions that can be either 
isotropic or anisotropic. In order to create high density 
and high aspect ratio through-wafer vias, Deep Reac- 
tive Ion Etching (DRIE) is typically used. Two popular 
DRIE approaches, Bosch and Cyro, are well described 
in literature [37.23] 


Electroplating 
Electroplating is another common micro-fabrication 
process. It can be conducted for the deposition of an 
adherent metallic layer onto a conductive or nonconduc- 
tive substrate. The process on a conductive substrate is 
called electrolytic plating, which utilizes a seed layer as, 
the anode to transfer metal ions onto the cathode surface 
when a DC currents passed through the plating solution, 
‘The plating process without applying electrical current 
is called electroless plating, which can happen in both 
conducive and nonconductive surfaces. Electroless plat- 
ing process requires a layer of noble metal such as Pd, 
PL, or Ru on the substrate as the catalysis to trigger the 
self-decomposition reaction in the plating solution. The 
electroplating processes are very important for electrical 
interconnect and solder bump fabrications for packag- 
ing applications because of low process temperature and 
cost. 

‘These processes are generally developed for provid- 
ing electrical and thermal paths for various 1C/MEMS 
packaging approaches. 


37.1.2 Contemporary MEMS Packaging 
Approaches 


Several MEMS packaging issues and approaches be- 
fore 1985 were discussed in [37.24], and researchers 
have been working on MEMS packaging approaches 
continuously. For example, Senturia and Smith [37.25] 
discussed the packaging and partitioning issues for 
microsystems, Smith and Collins (37.26] used epoxy 
to bond glass and silicon for chemical sensors. Several 
MCM methods have been proposed. Butler etal. [37.27] 
proposed adapting multi-chip module foundries using 
chip-on-flex (COF) process. Schuenemann et al. [37.28] 
introduced a 3-D stackable packaging concept for the 
‘Top-Bottom Ball Grid Array (TB-BGA) that includes 
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electric, Auidic, optic, and communication interfaces. _a2-j1m-thick polysilicon microcap. But experimental re- 
Lee et al. [37.29] and Ok et al. [37.10] presented sults show substantial leakage after a period of SOdays. 
a direct-chip-attach MEMS packaging using through- Clheng et al. [37.44] developed a vacuum packaging 
waferelectrical interconnects. askarand Blythe[37.30] technology using localized aluminum/slicon-to-glass 
developed multi-chip modules (MCM) type packag- bonding. In 2002, Chiao and Lin [37.45] demonstrated 
ing process by using epoxy. Reichl [37.31] discussed vacuum packaging of microresonators by rapid thermal 
different materials for bonding and interconnection. processing. These recent and ongoing research efforts 
Grisel et al. [37.32] designed a special process to indicate the strong need for a versatile MEMS post- 
package micro-chemical sensors, Special processes packaging process 
have also been developed for MEMS packaging, such 
as packaging for microelectrodes [37.33], packag- Bonding Processes 
ing for biomedical systems [37.34], and packaging for MEMS Packaging Applications 
for space systems [37.35]. These specially designed, Previously, slicon-bonding technologies have been used 
deyice-oriented packaging methods are meant for indi» in many MEMS fabrication and packaging applica- 
vidual systems. There is no reliable method yet that tions, including epoxy bonding, eutectic bonding, anodic 
would qualify as a versatile post-packaging process bonding, fusion bonding, and solder bonding. For ex- 
for MEMS with the rigorous process requirements ample, such devices as pressure sensors, micro-pumps, 
of low temperature, hermetic sealing and long-term biomedical sensors or chemical sensors require me- 
stability chanical interconnectors to be bonded on the substrate 
‘An integrated process by using surface-micro- (see for example [37.7.17,46)). Glass has been com- 
machined microshells has previously been devel- monly used as the bonding material by anodie bonding 
oped [37.36]. This process applies the concepts of at a temperature of about 300~ 450°C (see for ex- 
sacrificial layer and LPCVD sealing to achieve wafer- ample [37.47, 48)). Klaassen et al. [37.49] and Hsu 
level post-packaging. Similar processes have been etal. [37-50] have demonstrated different types of silicon 
demonstrated. For example, Guckel et al. (37.37] and fusion bonding and Si-SiO> bonding processes at very 
Sniegowski et al. [37.38] developed a reactive seal- high temperatures of over 1,000°C. Ko et al. [37.24], 
ry ing method to seal vibratory micromachined beams, Tiensu et al. [37.51], Lee et al. [37.52] and Cohn 
a Ikeda et al. (37.39] adopted epitaxial silicon to seal et al. [37.43] have used eutectic bonding for dif- 
= microstructures. Mastrangelo etal. [37-40] used silicon ferent applications. All of these bonding techniques 
a ile to seal mechanical beams aslight sources Sith have dffent mechaniums tat determine the individ 
Py 


et al. [37-41] accomplished a new fabrication technol- 
ogy by embedding microstructures and CMOS circuitry. 
Al of these methods have integrated the MEMS pro- 
cess together with the post-packaging such that no extra 
bonding is required, These schemes are highly process 
dependent, however, and not suitable for prefabricated 
circuitry 

Recently several new efforts for MEMS post- 
packaging processes have been reported. Butler 
et al. [37.27] demonstrated an advanced MCM pack- 
aging scheme. It adopts the high density interconnect 
(HDD process consisting of embedding bare die into pre- 
milled substrates. Because the MEMS structures have to 
be released after the packaging process, itis undesirable 
for general microsystems. Van der Groen et al. [37.42] 
reported a transfer technique for CMOS circuits based 
on epoxy bonding. This process overcomes the surface 
roughness problem, but epoxy is not a good material for 
hermetic sealing. In 1996, Cohn et al. [37.43] demon- 
strated a wafer-to-wafer to-wafer vacuum packaging 
process by using Silicon-Gold eutectic bonding with 


ual bonding characteristics and process parameters, This 
section discusses the details of these processes, 


Fusion Bonding for MEMS Packaging 
Silicon fusion bonding isan important fabrication tech- 
nique of the SOI (Silicon On Insulator). The bonding 
is based on Si-O, Si-N, or Si-Si strong covalent 
bond. But very high bonding temperature (higher than 
1,000°C) and flat bonding surfaces (less than 6nm) 
are the two basic requirements for strong, uniform, and 
hermetic bonding. Although hydrophilic surface treat- 
ment can lower the bonding temperature, an annealing 
step higher than 800°C is still needed to remove pos- 
sible bubble formation at the bonding interface. Bower 
et al. [37.53] proposed that low temperature SisNy fu- 
sion bonding could be achieved atthe temperature under 
300°C. Takagi et al. [37.54] proposed that silicon fu- 
sion bonding could be made at room temperature by 
using Ar* beam treatment on the wafer surface, and 
the bond strength is comparable to the conventional fu- 
sion bonding. In summary, fusion bonding has been 
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Anodic Bonding for MEMS Packaging 
Applications 

‘The invention of anodic bonding dates back to 1969 
when Wallis and Pomerantz [37.55] found that glass and 
‘metal can be bonded together at about 200 ~ 400°C be- 
low the melting point of glass with the aid of a high 
electrical field. This technology has been widely used 
for protecting on-board electronics in biosensors (see 
for example [37.56-58]) and sealing cavities in pres- 
sure sensors (see for example (37.59). Many reports 
have also discussed the possibility of lowering the bond- 
ing temperature by different mechanisms [37.60 61] 
Anodic bonding forms Si-O or Si-Si covalent bond 
and is one of the strongest chemical bonds available for 
silicon-based systems. The bonding process can be ac- 
complished on a hot plate with a temperature between 
180°C and 500°C in atmosphere or vacuum environ- 
‘ment. When a static electrical field is built within the 
Pyrex glass (7740 from Dow Coming) and silicon, the 
electrostatic force can pall two surfaces close fora strong 
bond. In order to create high electrical field, a flat bond- 
ing surface with less than 50 nm roughness is required, In 
addition, the electrical field required for bonding is larger 
than 3x 10° V/cm [37.24]. Such a high electrical field is 
generated by a power supply of 200 to 1,000 V, which 
‘may cause damages on integrated circuits. Hanneborg 
etal [37.62] have successfully bonded silicon with other 
thin solid films, such as silicon dioxide, nitride, and 
polysilicon, together with an intermediate glass layer 
using anodic bonding technique. In practice, electro- 
static bonding has become widely accepted in MEMS 
fabrications and packaging applications. Unfortunately, 
the possible contamination due to excessive alkali metal 
in the glass; possible damage to microelectronics due to 
the high electrical field; and the requirement of flat sur- 
face for bonding limit the application of anodic bonding 
to MEMS post-packaging applications [37.63] 


Epoxy Bonding (Adhesive Bonding) 
Four major components comprise epoxy : epoxy resin, 
filler ~ like silver slake, solvent or reactive epoxy dilu- 
ent, and addltives like hardener and catalyst [37.6465] 
‘The bonding mechanism of epoxy is very complicated 
and depends on the type of epoxy. In general, the main 
source of bonding strength is the van der Waals force. 
Because epoxy is a soft polymer material and its cur- 
ing temperature for bonding is only around 150°C, 
low residual stress and process temperature are the ma- 
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jor advantages of epoxy bonding. But the properties of 
‘epoxy can be easily changed with environmental humid- 
ity and temperature so the bonding strength decays aver 
time. In addition, epoxy bonding has low moisture resis~ 
tance and, due to its additives, is a dirty process. These 
disadvantages have made epoxy unfavorable for the spe- 
cial MEMS packaging need for hermetic or vacuum 
sealing. 


Eutectic Bonding 
In many binary systems, a eutectic point corresponds to 
the alloy composition with the lowest melting temper- 
ature, If the environmental temperature is kept higher 
than the eutectic point, two contacted surfaces contain- 
ing two elements with the eutectic composition can 
form liquid phase alloy. The solidification of the eu- 
tectic alloy forms “eutectic bonding” at a temperature 
lower than the melting temperature of either element in 
the alloy. Eutectic bonding can be a strong bond. For 
example, in the case of AwSi alloy system, eutectic 
temperature is only 363°C when the composition is at 
the atomic ratio of 81.4% Au to 18.6% Si and bonding 
strength is higher than 5.5 GPa [37.66]. Because otheral- 
loy systems may have lower eutectic temperatures than 
AVSi system, they present great potential for MEMS 
packaging applications. In addition to Aw/Si, AUGe/Si, 
‘Au/SnSi, and Aw/Ge/Si systems have been applied for 
MEMS packaging 


Solder Bonding 
Solder bonding has been widely applied in microelec- 
tronic packaging [37.67]. Both low bonding temperature 
and high bonding strength are good characteristics for 
packaging. Furthermore, there are a variety of choices 
of solder material for specific applications. Singh 
et al. [37.68] have successfully applied solder bump 
bonding in the integration of electronic components and 
‘mechanical devices for MEMS fabrication [37.69]. In 
this case, indium metal was used for bonding two sep- 
arated silicon surfaces together by applying 350MPa 
pressure and the bonding strength was as strong as 
JOMPa, Glass frits can also be treated as a solder 
‘material and have been extensively used for vacuum en- 
capsulation in MEMS industry. Glass frits are ceramic 
‘materials that can provide strong bonding strength with 
silicon with good hermeticity. Its bonding temperature 
is lower than 400°C and is suitable for electronic com- 
ponents. But a bonding area more than 200 um wide 
is required to achieve good results, which may become 
a drawhack because area is the measure of manufac- 
turing cost in IC industry. Nevertheless, glass frit is the 
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Table 37.1 Summary of bonding mechanisms 


Fusion bonding very high highly sensitive 
Anodic bonding, | medium ‘highly sensitive 
Epory bonding low tow 

Integrated process “high ‘veda 

Low Temp. bonding low highly sensitive 
Eutectic bonding ‘medium low 

Brazing very high tow 


‘most popular bonding process used in the current MEMS 
products. 


Localized Heating and Bonding 
Low bonding temperature and short process time are 
desirable process parameters in MEMS packaging 
fabrication to provide less thermal budget and high 
throughput. Most chemical bonding reactions, however, 
require a minimum and sufficient thermal energy to 
overcome the reaction energy barrier, or activation en- 
ergy, to start the reaction and to form a strong bond, 
Asa result, high bonding temperature generally results 
in shorter processing time to reach the same bond- 
ing quality at a lower bonding temperature [37.70] 
‘The common limitations for the above techniques are 
their individual bonding characteristics and temperature 
requirements, In general, MEMS packaging requires 
1 good bonding for hermetic sealing while the process- 
ing temperature must be kept low at the wafer-level 
to have less thermal effects on the existing devices, 
For example, a MEMS device may have prefabricated 
circuitry, biomaterial, or other temperature-sensitive ma- 
terials such as organic polymer, magnetic metal alloy, 
or pizeo-ceramic. Since the packaging step comes af- 
ter the MEMS device fabrication processes, bonding 
temperature should be kept low to avoid high tem- 
perature effects on the system. Possible temperature 
effects include residual stress due to the mismatch 


37.2 Herme' 


Hermetic packaging is desirable for MEMS packag- 
ing requirements in most cases because it provides 
1a moisture free environment to avoid charge separation 
in capacitive devices, corrosion in metallization, or elec- 
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of thermal expansion coefficient of bonding mater- 
ils and substrates, electrical contact failure due to 
atom inter-diffusion at the interface, and contamina- 
tion due to the outgas or evaporation of materials. In 
addition to the control of bonding temperature, Other 
factors to consider are the magnitude of applied force 
to create intimate contact for bonding and atmospherics 
environment control. Based on the heat transfer sim- 
ulation study [37-71, it is possible to confine high 
temperature area in a small region by localized heating 
without heating the whole substrate. Assembly steps can 
therefore always be processed alter device fabrication 
without having detrimental effects. As such, localized 
heating and bonding technique is introduced and im- 
plemented for the fabrication of MEMS packaging for 
post-processing approaches (37.70,72] 

Table 37.1 summarizes these MEMS packaging 
technologies and their limitations, including the lo- 
calized heating and bonding approach. The localized 
heating approach introduces several new opportuni- 
ties. First, better and faster temperature control can be 
achieved. Second, higher temperature can be applied 
to improve the bonding quality. Third, new bonding 
‘mechanisms that require high temperature such as braz- 
ing [37.73] may now be explored in MEMS applications. 
As such, it has potential applications for a widerange of 
MEMS devices and is expected to advance the field of 
MEMS packaging. 


and Vacuum Packaging and Applications 


trolytic conduction in order to prolong the lifetime of 
the electronic circuitry. In several device applications, 
vacuum encapsulation is necessary but can be costly. 
‘Many surface micromachined resonant devices need 


AC-DC power supply 


power > conversion > ac-dc power supply 


Also knownas an ACadapter. When packaged as a palm-sized plastic package that plugs 
directly into a power outlet, itis occasionally known colloquially as a wall-wart. 


OTHER RELATED COMPONENTS 


+ transformer (See Chapt 
+ DEDC converter (See 
+ DCACinverter (See Chapter 18) 


What It Does 


An AC-DC power supply converts alternating cur- 
rent (AQ into the direct current (DQ) that most 
electronicdevices require, usually ata lower volt- 
age. Thus, despite its name, a power supply ac- 
tually requires an external supply of power to 
operate. 


Larger products, such as computers or stereo 
equipment, generally have a power supply con- 
tained within the device, enabling it to plug di- 
rectly into a wall outlet. Smaller battery-powered 
devices, suchas cellular phones or media players, 
generally use an external power supply in the 
form of a small plastic pod or box that plugs into 
wall outlet and delivers DC via a wire terminat- 
ing in a miniature connector. The external type 
of power supply is often, but not always, referred 
to as an AC adapter. 


Although an AC-DC power supply is nota single 
component, it is often sold as a preassembled 
modular unit from component suppliers. 


Variants 


The two primary variants are a linear regulated 
power supply and switching power supply. 


Linear Regulated Power Supply 


A linear regulated power supply converts AC to 
DC in three stages: 


1, A power transformer reduces the AC input 
to lower-voltage AC. 
2. A rectifier converts the AC to unsmoothed 


DC. Rectifiers are discussed in the entry on 
diodes in this encyclopedia. 


3. A voltage regulator, in conjunction with 
one or more capacitors, controls the DC 
voltage, smooths it, and removes transients. 
The regulator is properly known as a linear 
voltage regulator because it contains one or 
more transistors, which are functioning in 
linear mode—that is, responding linearly to 
fluctuationsin base current, atless than their 
saturation level. The linear voltage regulator 
Gives the linear regulated power supply its 
name. 


simplified schematic ofa linear regulated pow- 
er supply is shown in Figure 16-1 


This type of power supply may be described as 
transformer-based, since its first stage consists of 
atransformerto drop the AC inputvoltagebefore 
itis rectified. 
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37.2 Hermetic and Vacuum Packaging and Applications 


vacuum to improve the performance including comb- 
shape j-resonators and ring-type jt-gyroscopes that have 
very large surface-to-volume ratios and vibrate in a very 
tight space [37.20, 39]. Two major approaches of MEMS 
hermetic and vacuum packaging have been demon- 
strated: (1) the integrated encapsulation approach and 
(Q) the post-process packaging approach, Both are dis- 
cussed in this section. Vacuum encapsulation by means 
of localized heating and bonding is discussed separately 
as another example for issues related to hermetic and 
‘vacuum packaging. 


37.2.1 Integrated Micromachining Processes 


Several MEMS hermetic and vacuum packaging pro- 
cesses have een demonstrated before based on the 
integrated micromachining processes. An integrated 
‘vacuum sealing process by LPCVD is presented here 
a the illustration example. This integrated process 
can encapsulate comb-shape microresonators [37-74] 
in vacuum at the wafer level. Figure 37.2 illustrates 
the cross-sectional view of the manufacturing process. 
First, standard surface-micromachining process [37.75] 
is conducted by using four masks to define the first 
polysilicon layer, anchors to the substrate, dimples and, 
the second polysilicon layer as shown in Fig. 37.28 
‘The process so far is similar to the MCNC MUMPs 
process [37.19], and comb-shape microstructures are 
fabricated at the end of these steps. In the standard 
surface micromachining process, the sacrificial layer 
(oxide) is etched away to release the microstructures. 
In the MEMS post-packaging process, a thick PSG 
(phosphorus-doped glass) of 7 um is deposited to cover 
the microstructure and patterned by using 5:1 BHF 
(buffered HF) to define the microshell area as shown 
in Fig.37.2b, A thin PSG layer of I jum is then de- 
posited and defined to form etch channels as illustrated 
in Fig. 37.2c. The microshell material, low-stres sil- 
icon nitride, is now deposited with a thickness of 
1m, Eich holes are defined and opened on the sil- 
icon nitride layer by using a plasma etcher. Silicon 
dioxide inside the packaging shell is now etched away 
by concentrated HF, and the wafer is dried using the 
supercritical CO» drying process [37.76]. Afier these 
steps, Fig.37.2d applies. A 2-wm-thick LPCVD low- 
sess nitride is now deposited at a deposition pressure 
cof 300mtorr to seal the shell in the vacuum condi- 
tion. Finally, the contact pads are opened as shown 
in Fig. 37.2e. Figure 37.3 is the SEM (Scanning Elec- 
tron Microscope) microphoto of a finished device with 
protected microshell on top. The total packaging area 
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Fig. 37.2 An integrated vacuum encapsulation process us~ 
ing LPCVD nitride sealing to package micro-mechanical 
resonators [37.71] 


(nicroshell) is about 400x400 pum2. A contact pad is 
shown with the covering nitride layer removed. The 
shape of the microresonator, with beams of 150-yum- 
long and 2-yum-wide is reflected on the surface of the 
microshell due to the integrated packaging process. 
The total height of the nitride shell is 12 yum, as seen 
standing above the substrate. Spectrum measurement of 
the comb resonator inside the packaging reveals that 
vacuum level of about 200mtorr has been accom- 
plished [37.77] 

Although the above vacuum sealing process suceess- 
fully achieves MEMS hermetic and vacuum packaging, 
ithas several drawbacks. First, several high temperature 
steps were used after the standard surface-micro- 
‘machining process. As such, no circuitry (such as those 
shown in Fig. 37.1) or temperature-sensitive materials 
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Fig.37.3 SEM microphoto showing a vacuum pack- 
aged MEMS mechanical comb-shape resonator by an 


the integrated LPCVD sealing process as depicted in 
Fig. 372 [37-71] 


will survive due to the global heating effect. Sec- 
ond, this post-packaging process is very specific and 
process dependent, MEMS companies or researchers 
have to adopt this post-packaging process with their 
own device manufacturing process. It can't be con- 
ducted in the multiuser MEMS process such as the 
MCNC MUMP%. Third, the thickness of the microshell 
is limited by the thin film deposition step that gener- 
ally is in the range of a few micrometers. Wether the 
thin microshell can survive the high-pressure plastic 
molding process afterward in some device packaging 
design is a big concern, Finally, although integrated 
encapsulation can achieve low pressure by wafer- 
level fabrication and provide lower manufacturing cost, 
it does not provide the controllability of the cavity 
pressure, 


Fabricated 
MEMS chip 


Fig.37.4 The schematic diagram of industrial post-packaging 
(DIPS) using a ceramic holder to be covered by a sealing lid 


37.2.2 Post-Packaging Processes 


‘The second approach is defined as post-packaging pro- 
cess. The packaging process starts when the device 
fabrication processes are completed, so this approach 
has high flexibility for various microsystems. For exam- 
ple, Fig. 37.4 shows a common industrial post-hermetic 
packaging called Dual-in-line packaging (DIP) [37.78, 
79]. A die is placed inside a ceramic holder covered 
by a sealing lid. Solder or ceramic joining is generally 
used for assembling lid and holder under a pressure- 
controlled environment. High cost is the major drawback 
of this method because of expensive ceramic holder and 
low fabrication throughput. Another example of post- 
packaging method is based on wafer bonding techniques 
combined with a microshell encapsulation. Devices are 
sealed by stacking another micromachined silicon or 
glass substrate as illustrated in Fig. 37.1. Integrated 
microsystems and protection shells are fabricated on dif- 
ferent wafers, either silicon or glass, at the same time. 
After the two substrates are assembled together using 
silicon fusion, anodic, or low temperature solder bond- 
ing to achieve the final encapsulation, these micro-shells 
will provide mechanical support, thermal path, or elec- 
trical contact for the MEMS devices. Low packaging 
ccost can be expected due to water-level processing. 

‘The related packaging issues are discussed by 
using a specific example of hermetic and vacuum 
post-packaging by rapid thermal processing (RTP) 
that provides the advantages of wafer-level process- 
ing and low thermal budget. Figure 37.5 shows the 
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Fig.37.5 The schematic diagram of the RTP (Rapid 
Themal Processing) aluminum-to-nitride bonding set- 
up 1575] 
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schematic illustration of the RTP MEMS vacuum pack- 
aging process. Comb-shape microresonators are chosen 
as the vacuum packaging examples in this chapter, 
and a standard surface-micromachining process is used 
to fabricate these microresonators [37.19]. One major 
addition to a regular microstructure is that an inte- 
arated sealing ring using silicon nitride as the topmost 
layer is incorporated in the manufacturing process for 
the purpose of aluminum-to-nitride bonding [37.45]. 
‘A glass cap wafer is deposited and patterned with 
4-yum-thick aluminum sealing-rings with width rang- 
ing from 100 to 250jm and bonding area ranging 
from 450450 to 1,000%1,000)um?, Before the vac- 
‘uum packaging process, both the device and cap wafers 
are baked in vacuum at 300°C for over four hours 
to dry water and gas species adhere at the surface. 
Afterward, the device and cap wafers are flip-chip as- 
sembled immediately and loaded into a quartz chamber 
‘and put into a RTP chamber. The base vacuum esti- 
‘mated at 10 mtorr inside the quartz chamber is achieved 
by using a mechanical pump. After heating for 10 
seconds at 750°C, the aluminum-to-nitride bond is 
formed. Figure 37.6 shows the measured spectrum of 
‘a vacuum-packaged, double-folded beam comb-drive 
resonator by using a micro-stroboscope [37.80]. The 
central resonant frequency is about 18,625 Hz. and the 
quality factor is extracted as 1,800+200 correspond- 
ing to a pressure level about 200mtorr inside the 
package [37.81] 
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Fig.37.6 Spectrum measurement results of a vacuum 
encapsulated comb-shape resonator by using the RTP 
aluminum-to-nitride bonding method [37.45] 
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This type of post-packaging process at wafer level 
hhas become the favorite approach to fabricate a her- 
‘metic encapsulation because it can provide lower cost 
and more process flexibility. But the packaging process 
relies on “good” bonding techniques. A strong and reli- 
able bonding between two substrates should be provided, 
and this procedure should be compatible with the other 
microsystem fabrication processes. 


37.2.3 Localized Heating and Bonding 


‘The approach of MEMS post-packaging by localized 
heating and bonding is proposed to address the prob- 
lems of global heating effects. In this chapter, resistive 
‘icro-heaters are used as the examples to provide local- 
ized heating, although several other means of localized 
heating have been demonstrated recently, including laser 
welding [37.82], inductive heating [37.83], and ultra- 
sonic bonding [37.84]. The principle of localized heating 
is to achieve high temperature for bonding while main- 
taining low temperature globally at the wafer level. 
Resistive heating by using micro-heaters on top of de- 
vice substrate is applied to form strong bond with silicon 
or glass cap. According to the results of a 2-D heat con- 
duction finite element analysis as shown in Fig. 37.7, 
the steady-state heating region of a 5--um-wide polysil- 
icon micro-heater capped with a Pyrex glass substrate 
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Fig.37.7 The schematic diagram of 2- 
‘model, geometry and boundary conditions 
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weaved 


can be confined locally as long as the bottom of the sil- 
icon substrate is constrained to the ambient temperature. 
‘The physics of localized heating behind this design can 
‘be understood by solving the governing heat conduction 
‘equations of the device structure without a cap [37.81] 
AS long as the width of micro-heater and the thickness 
of silicon substrate are much smaller than the die size 
and a good heat sink is placed underneath the silicon 
substrate, the heating can be confined locally. The tem- 
perature of silicon substrate can be kept low or close to 
room temperature, Several localized resistive heating 
and bonding techniques have been successfully de- 
veloped for packaging applications including localized 
silicon-to-glass fusion bonding, gold-to-silicon eutectic 
bonding, and localized solder bonding. Several solder 
materials have been successfully tested, including PSG, 
indium, and aluminum alloy [37.85]. 
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‘The vacuum packaging example presented in this 
chapters based on localized sluminum/slicon-to-glass 
solder bonding technique. Built-in folded-beam comb 
drive p-resonators are used to monitor the pressure of 
the package. Figure 37.8 shows the fabrication process 
of the package and resonators. Thermal oxide (2 im) 
and LPCVD SiN, (3.000) are first deposited on a sil 
icon substrate for electrical insulation followed by the 
deposition of 3,000 A LPCVD polysilicon. This polysil- 
icon is used as both the ground plane and the electrical 
interconnect to the p-resonators as shown in Fig. 37a, 
Figure 37.8b shows a 2 yum LPCVD SiO» layer that is 
deposited and patterned as a sacrificial layer forthe fab- 
rieation of polysilicon j-resonators sing a standard sur 
face micromachining process. A 2-jim-thick phosphorus 
doped polysilicon is used for both the strctural layer 
fof microresonators and the on-chip micro-heaters. This 
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‘h The schematic process flow of vacuum encapsulation using localized aluminunvsilicon-to-glass bond- 


ing, (a) electrical ground plane and device interconnects fabrication (b) a 2um LPCVD SiO sactficial layer 
‘deposition for the fabrication of polysilicon y-resonator (c) a 2jum-thick phosphorus doped polysilicon deposi- 
tion and patterning for both the structural layer of micro resonators and the on-chip microheaters (4) a LPCVD 
SisNg (7S0AYSiO2 (1,000 AYSisN, (750A) sandwich layer deposition and patterning on top of the microheater for 
the electrical isolation (e) an aluminum (2.5 jm) and polysilicon (5,000 A) bonding materials are deposition and pattern- 
ing. (f) a thick AZ9245 photoresist deposition and patterning for the protection of aluminumsilcon-to-glass bonding 
layers (g) 20 minutes sacrificial release in concentrated HF (h) vacuum encapsulation with 0.2 MPa contact pressure and 


3.4 W input power under a 2S mtorr vacuum environment 
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layer is formed over the sacrificial oxide in two steps to 
achieve auniform doping profile. Lower input power and 
better process compatibility are two major advantages 
in using the on-chip micro-heater in the glass package. 
‘The resonators are separated from the heater by a short 
distance, 30 um, to effectively prevent their exposure to 
the high heater temperature as shown in Fig. 37.8e. This 
concludes the fabrication of p-resonators. 

In order to prevent the current supplied to the 
‘micro-heater from leaking into the aluminum sol- 
der during bonding, a LPCVD SisNy (750 AVSiO2 
(4,000 AV/Si3N¢ (750A) sandwich layer is grown and 
ppatierned on top of the micro-heater as shown in 
Fig. 37.8d. Figure 37.8e and f show that aluminum 


Fig.37.9 The SEM microphoto of encapsulated micro- 
resonators after the glass cap is forcefully broken 
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Fig.37.10 The transmission spectrum of a glass- 


‘encapsulated j-resonator after 120 minute pump downtime 
in vacuum environment (Q = 9,600) 
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(2.5j1m) and polysilicon (5,000.A) bonding materials 
are deposited and patterned, The sacrificial release is the 
final step to form freestanding resonators. Figure 37.8 
shows a thick AZ 9245 photoresist is applied to cover 
aluminum/silicon-to-glass bonding system to ensure that 
the system withstands the attack from concentrated hy- 
rofluoric acid, After 20minutes sacrificial release in 
concentrated HF, the system as shown in Fig. 37.8g is 
ready for vacuum packaging. A Pyrex glass cap with 
10-yum deep recess s then placed on top with an applied 
pressure of ~0.2MPa under a 2Smtorr vacuum, and 
the heater is warmed using 3.4 watt input power (exact 
amount depends on the design of the micro-heaters) for 
10 minutes to complete the vacuum packaging process 
as shown in Fig. 37.8h. 

‘To evaluate the integrity ofthe resonators packaged 
using localized aluminum/silicon-to-glass solder bond- 
ing, the glass capi forcefully broken and removed from 
the substrate. No damage is found on the j-resonator 
and a part ofthe micra-heater is stripped away as shown 
in Fig. 37.9, demonstrating that a strong and uniform 
bond can be achieved without detrimental effects on 
the encapsulated device. Figure 37.10 shows a vacuum 
encapsulated unannealed j-resonator (~ $7kHz) after 
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Fig. 37.11 Measured Q factor vs. pressure of unpackaged j-reson- 
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120 minutes of wait time. The measured Q-factor af- 
ter packaging is 9.600, Based on the measurement of 
Q vs. pressure of a high Q unpackaged -resonator as 
shown in Fig. 37.11 itis demonstrated that the pressure 
inside the packaging is comparable to the vacuum level 
of packaging chamber, 

‘The post-process packaging using localized heating 
and bonding technique includes four basic components: 
(1) an electrical and thermal insulation layer such as sili- 
con dioxide or silicon nitride should be used forlocalized 
heating, (2) resistive micro-heaters will be fabricated 
to provide the heating source for localized bonding, 
(3) materials, including metal and polysilicon that ean 
provide good bonding and hermeticity with silicon or 
glass substrates are considered as the bonding materials, 
and (4) a good heat sink under the device substrate for 
localized heating is provided during the bonding exper- 
iments. MEMS devices will be fabricated on the device 
chip and hermetically sealed in the cavity formed by 
the device chip, resistive micro-heaters, and protection 
cap. The pracess can be either die level or wafer level. 
‘The schematic design of wafer-level packaging process 
is shown in Fig, 37.12. The resistive micro-heaters are 
parallel to each other and connected in order to ensure 
that identical current density is applied for individual 
packages at the same time. These heaters can he fabri- 


Fig. 37.12 Illustration of wafer-level vacuum packaging in 
the wafer level using localized heating and bonding tech- 
nique 


cated either on the chip or protection cap and can be built 
ina larger wafer for current inputs. The interconnections 
for these packaging cavities can be built in the dicing 
area, so no extra space is required for the packaging 
process. 


37.3 Thermal Issues and Packaging Reliability 


37.3.1 Thermal Issues in Packaging 


‘The two key thermal issues related to MEMS packaging 
are: 1) heat dissipation from actuators and integrated 
circuitry components and 2) thermal stress generated 
during the packaging process. These two topics are 
discussed separately. 


Heat Dissipation Issues 
In IC, heat dissipation is a serious problem when the 
size of transistor continues to shrink and the density of 
transistor on a chip continue to increase with the ad- 
vance of IC fabrication technology. The trend of power 
packing into smaller packages has created increasing 
thermal management challenges [37.86]. Since the elec- 
trical characteristics of transistors change with working 
temperature, inefficient power dissipation could raise 
the working temperature and affect device performance. 
Present MEMS devices don’ tneed high power, high per- 
formance microprocessors so power dissipation is not 
1 problem. Nevertheless, some functional components 


in packaged MEMS are very sensitive to temperature 
variation, such as biomaterials or laser diodes. Several 
MEMS chemical sensors and other applications such 
as micro PCR chamber for DNA replication actually 
require elevated temperature for operation and micro- 
thermal platforms are built for these devices. Thermal 
‘management to maintain working temperature on these 
cchips for stable operation is still an essential issue for 
packaging considerations. The geometrical complexity 
of MEMS resulting from packing various functional 
‘components in the tight space increases the difficulty 
of the thermal management, As the MEMS packaging 
integration process becomes more complex, the fabri- 
cation constraint in the packaging process will have 
great impact on the heterogeneous integration process 
in the front-end MEMS and IC processes. For example, 
low temperature requirement at the packaging process 
generally limits the possible choices of materials in the 
back-end process. In general, conventional IC packag- 
ing employs a heat sink attached to the chip to remove 
hheat. The heat sink is generally made of a copper or 
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stainless steel bar with an array of fin structures on one 
side for better natural or forced heat convection to dissi- 
pate heat into the environment. In addition to heat sinks, 
thermal vias, heat pipe cooling, immersion cooling, and 
thermoelectric cooling can also be used for effective heat 
removal. Because most MEMS packages still follow the 
typical IC packaging architecture, one promising ther- 
‘mal management method, heat pipe, is discussed for 
possible MEMS packaging applications. 

A heat pipe isa sealed slender tube containing a wick 
structure and a working fluid, typically water in elec- 
tronics cooling. It is composed of three sections, the 
evaporator section at one end, condenser section at the 
other end, and adiabatic section in the middle. In the 
‘evaporator section, heat is absorbed by the working fluid 
vvia phase transformation from liquid to vapor. In the 
section of condenser, heat dissipates into the outside en- 
vironment, Thus the fluid goes back to liquid phase. 
‘Vapor phase is at a high pressure and temperature state 
that forces the vapor to flow into the condenser section at 
‘lower temperature. Once the vapor condenses and gives 
up its latent heat, the condensed fluid is pumped back to 
the evaporator section by the capillary force developed 
in the wick structure. Therefore the middle adiabatic 
section contains two phases, the vapor phase in the core 
region and the liquid phase in the wick, flowing opposite 
to each other with no significant heat transfer between 
the fluid and the surrounding medium. Silicon has good 
thermal conductivity (1.41 W/em/°C) and is easily 
‘micro-machined to fabricate the heat pipe. The imple- 
‘mentation of the silicon micro heat pipe in IC and MEM 
packaging has therefore great potential and several ap- 
proaches have been proposed on this topic [37.87-89] 


Packaging Induced Thermal Stresses 
‘Thermal based bonding processes have been used in 
MEMS packaging applications for many years, as intro- 
duced previously in this chapter. Thermal management is 
extremely important during the bonding process in order 
to avoid fracture in the substrate or MEMS device itself. 
Extremely high temperatures or rapid cooling conditions 
cean cause damage and should be carefully evaluated both 
analytically and experimentally. There are many ways 
to provide heating energy including electrical resis- 
tive heating, oven heating or induction heating [37.83] 
‘These bonding processes may be put into two categories 
‘The first is localized bonding in which the heat is directly 
applied only to the adhesive material used to bond the 
package to the MEMS device. The second category is 
zlobal heating where the entire system (MEMS device, 
adhesive, and packaging material) is heated to produce 
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bonding of the materials. The latter is the common ap- 
proach for all MEMS packaging processes. This section 
focuses therefore on the thermal stress effects during the 
heating and cooling procedures in MEMS packaging 
‘The RTP aluminum-to-glass bonding process is used 
as the specific example for the discussion of thermal 
stresses [37.90]. The bonding process heats the pack- 
aging system to 750°C for 10 seconds, and then cools 
it back to room temperature. To simulate this process, 
an ANSYS program [37.91] is established to examine 
the shear stress due to CTE (Coefficient of Thermal Ex- 
pansion) variations in the bonding system as the result 
of temperature changes. The shear stress was recorded 
from the ANSYS analysis on the aluminum/Pyrex glass 
interface and the aluminunvsilicon interface. 

‘Two different models were analyzed. The first was 
the quartz-aluminum-siticon bonding system, and the 
second was the Pyrex glass-aluminum-silicon bonding 
system [37.92]. The results of the ANSYS analysis were 
then analyzed and compared with experimental observa- 
tions. Figure 37.15 shows the ANSYS results fora Pyrex 
lass bonding system: the width ofthe aluminum solder 
is 100 pmand the maximum residual stress is be 60 MPa 
in glass slightly lower than the fracture strength of Pyrex 
lass at 70MPa, It was discovered that increasing the 
aluminum width leads to lower residual stresses. This 
likely occurred hecause the length of the Pyrex glass, 
quartz, and silicon remains constant. As a result, it will 
always want to contract the same amount with a con- 

fant temperature change independent of the aluminum 
‘width, When increasing the aluminum width, however, 
the stress isnot in such a concentrated area and therefore 
decreases. For example, the maximum residual stress an- 


Pyrex 


100 jum under the RTP silicon-aluminum-glass bonding system 


37.13 Residual Stress (GPa) for an aluminum solder width of 
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alyzed from ANSYS in the Pyrex glass bonding systems 
is 74.5 Gpa, 58 Gpa, and 60 GPa for aluminum widths of 
30, 50, and 100 um, respectively [37.92], Pyrex glass has 
a documented strength of around 69 GPa [37.93]. Frac- 
ture should always occur with an aluminum width of 
30 um or less, according to the ANSYS analysis. Frac- 
ture may occur sporadically at widths of 50 or 100 jum, 
depending on the amount and magnitude of the flaws 
in the Pyrex glass. Experiments were done on the Pyrex 
glass bonding systems with a width of 100 jum, The sam- 
ples were heated to 750°C and then cooled by taking 
them out of the oven. In all four experimental cases, 
small cracks were observed in Pyrex glass as shown in 
Fig, 37.14, These cracks may have occurred consistently 
for several reasons. First, it may be a result of handling 
of the Pyrex glass before bonding. The Pyrex glass sam- 
ples were kept in containers with each other, which may 
have resulted in abrasive contact and possibly caused 
flaws in the materials, These flaws can cause a reduced 
strength from the 69 GPa and therefore the predictions 
from the ANSYS analysis could be correct. Second, the 
observation is made that the cracks are small, only oc- 
curring tens of microns away from the aluminum and not 
propagating completely through the Pyrex glass. These 
cracks could be caused by the high stress applied, but the 
crack has not reached a critical size and therefore has not 
propagated completely through the Pyrex glass. There- 
fore, the strength remains at the theoretical strength of 
69GPa, and the Pyrex glass is only partially cracked. 
Experimental analysis done by Chaio and Lin [37.90] 
shows that fracture was not observed when using alu- 
minum widths greater than 150 ym, This is consistent 
with the resulis of the ANSYS analysis which show that 
as the width of the aluminum is increased, the residual 
stress decreases. 

‘The quartz. bonding system ANSYS stress predic- 
tions are conducted, and the maximum stress predicted 
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Fig. 37.14 
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in the analysis is 207GPa, 117 GPa, and 100GPa, for 
aluminum widths of 30pm, SOjm, and 100 jm, re- 
spectively. All three of these stresses are much larger 
than the theoretical strength of Quartz at 48 GPa, and 
therefore fracture should always occur. Quartz has 
4 much larger coefficient of thermal expansion (CTE) 
than silicon, which is why this was predicted. Ex- 
perimentally, a quartz substrate was tested for the 
silicon-aluminum-quartz bonding test and the result is 
shown in Fig.37.15.Cracks happen all over the place 
and cause serious damages on the quartz wafer. These 
cracks could be the failure mechanism of the hermetic 
package. Pyrex glass is therefore identified as a better 
bonding substrate than quartz 

‘The thermal stresses generated in the packaging pro- 
cess in quartz are much larger than the stresses in Pyrex 
glass because of the difference between the CTE in the 
two systems. Quartz has a low CTE (0.54% 10-6 K-!) 
compared to the aluminum CTE (23x 10~® K~') and 
silicon CTE (3.5 x 10~® K~"). On the other hand Pyrex 
glass has a much closer CTE (3.2 10-6 K~!) to silicon 
and aluminum, resulting in smaller stresses. The practi- 
ccal implications of the ANSYS results and the preceding 
information are that materials must be chosen carefully 
when carrying out bonding. Material should not be used 
with a much higher or lower CTE than silicon to ensure 
fracture will not occur, This finding is a valuable com- 
ponent of this particular packaging system and should 
benefit the other packaging processes involving bonding 
MEMS packaging because it supports the prediction that 
Pyrex glass is an excellent material to use when bonding 
with silicon in MEMS packaging, as long as sufficiently 
wide adhesive material is used 
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37.3.2 Packaging Reliability 


‘The thermal stress induced by the CTE mismatch is one 
of the main factors that affect the packaging reliability. 
Asamatterof fact, the formation of the stress can happen. 
not only during packaging process but also during the op- 
eration of devices. In particular, during device operation, 
the package will go through various temperature cycles 
because of environment change. Such temperature vari- 
ation causes the expansion of packaging materials when 
they are constrained by the packaged assembly. As a re- 
sult of such thermal mismatch, significant stresses are 
induced in the package and finally cause the device to 
fail, In addition to thermal mismatch, corrosion creep, 
fracture fatigue, crack initiation and propagation, and 
delamination of thin films are all possible factors to 
‘cause failure of packaged devices [37.94]. These failure 
‘mechanisms could e prevented or deferred under proper 
packaging designs, For instance, the thermally induced 
strain inside the packaging material is generally below 
the tolerance of the material and can’t cause immediate 
catastrophic damage. But cyclic loading can generate 
and accumulate stresses, eventually causing failure. Sev- 
cral common designs in IC packaging have been used to 
prolong the lifetime of devices. Forexample, the strain in 
solder interconnects of BGA or flip-chip packaging can 
beeffectively reduced by introducing a polymer underfil 
‘material between the chip and the substrate to distribute 
thermal stress induced by CTE mismatch [37.95]. The 
strain can further be reduced if excellent thermal paths 
are built around interconnects to diminish the thermal 
stress originated from the temperature gradient between 
ambient and operation temperatures, Delamination phe- 
‘nomenon is another source to cause reliability problems, 
and it happens in the interface of adjacent material lay- 
ers, In MEMS, components made of dissimilar materials 
are commonly bonded together to provide specific fune- 
tions, Delamination can result in electrical or mechanical 
failures of devices in the package such as mechanical- 
ly cracking through the electrical via wall to make an 
electrical open because of the propagation of the delam- 
ination of metal line from the dielectric layer or over 
heating of the die because of the delamination of die 
from its underneath to make an opening on the heat dis- 
sipation path. Because the stress and thermal loading, 
the geometry, and the material properties are complex 
jin MEMS, the development of the packaging designs 
to increase the reliability is very important and requires 
‘more extensive investigations. 

Reliability testing is required before a new device 
ccan be delivered to the market. The test results can pro- 
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vvide the information for the following improvement of 
packaging design and fabrication, How to analyze the 
failure data, called the “reliability metrology”, is thus 
very important in the packaging industry. The analysis, 
method is to use the mathematical tools of probability 
and statistical distributions to evaluate data to under- 
stand the patterns and identify the sources of failure. For 
example, a failure density function is defined as the time 
derivative of the cumulative failure function 


(7.2) 


(37.2) 


‘The cumulative failure function, F(), is the fraction of 
4 group of original devices that has failed at time +. 
‘The Weibull distribution function is one of the analytic 
‘mathematic models commonly used in the packaging 
reliability evaluation to represent the failure density 
function [37.21] 


G)'=[-G)']- 


where and 2 are the Weibull parameters. The param- 
eters fi, called a shape factor, measures how the failure 
frequency is distributed around the average lifetime. The 
parameter 2 is called the lifetime parameter and in- 
dicates the time at which 63.2% of the devices faile. 
By integrating both sides of the equation (37.3). Fl) 


of [- (5) G74) 


Using the Weibull distribution function with the two 
parameters extrapolated by experimental data, one can 
estimate the number of failures at any time during the 
test. Moreover, by knowing the meaning and values of 
the parameters, one can compare two sets of test data, 
For example, the 4 with greater number means this set 
of samples has longer lifetime. Because all of the math- 
ematical models are statistical approximations based on 
the real experimental data, more testing samples can 
provide more accurate estimation. 


fo 


Fa) 


37.3.3 Long-Term and Accelerated MEMS 
Packaging Tests 


‘The reliability of MEMS packages is best characterized 
by means of long-term tests with statistical data analy- 
ses, But itis very difficult and time-consuming to obtain 
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these experimental data so accelerated tests that put 
samples in extreme environment for accelerated failure 
are commonly used to predict the lifetime of the de- 
vices. Unfortunately, few research publications deal with 
these two issues. In this section, two MEMS packaging 
examples that aim to address these two tests we discuss. 

Figure 37.16 shows long-term measurements of the 
factor of vacuum packaged \-resonators using local- 
ized aluminum/silicon-to-glass bonding [37.81] vacuum 
encapsulation process is described in details as shown in 
Fig. 37.8. Itis found that the vacuum package by means 
of localized heating and bonding provides stable vacuum 
environments for the j-resonator and a quality factor of 
9,600 has been achieved with no degradation for at least 
one year. Since the performance of high  \1-resonator 
is very sensitive to environmental pressure as shown in 
Fig. 37.11, any leakage can be easily detected. The fact 
that this high Q value can hold for one year indicates the 
packaging process is well performed and both aluminum 
and Pyrex glass are suitable materials for vacuum pack- 
aging applications. According to a previous study of 
hermeticity in different materials, metal has lower per- 
‘meability to moisture than other materials such as glass, 
epoxy, and silicon. With a width of 1 jum, metal can ef- 
fectively block moisture for more than ten years [37.21] 
In this vacuum package system, the bonding width is 
30m so it can sufliciently block the diffusion process 
of moisture. On the other hand, the diffusion effects of 
air molecules into these tiny cavities have not been stud- 
ied extensively, and the design guidelines for vacuum 
encapsulations are not clearly defined. Further investi- 
gations will be needed in this area, and the example 
presented here serves as a good starting point. 

(On the other hand, accelerated testing puts a large 
amount of samples in harsh environments, such as 
elevated temperature, elevated pressure, and 100% 


0 factor 


Fig. 37.16 Long-term measurement of encapsulated 1-resonators. 
[No degradation of @ factors is found after 56 weeks 


humidity, to accelerate the corrosion process. The statis- 
tical failure data are gathered and analyzed to predict the 
lifetime of packages under normal usage environment. 
As a result, the long-term reliability of the package can 
be predicted without going through the true long-term 
tests. Unfortunately, accelerated tests have not been ad- 
dressed in MEMS research papers. Although the MEMS 
industry must have done some extensive reliability tests, 
they do not publish their results, probably due to liability 
concerns. Among the very limited publications, this sec- 
tion uses as the illustration example a specific MEMS 
packaging system that has gone through accelerated 
tests [37.45] 

‘The MEMS package is accomplished by means of 
RTP (Rapid Thermal Processing) bonding as described 
previously in this chapter. The goal of the accelerated 
testis to examine the failure rate at the bonding inter- 
face. The accelerated tests start by putting the packaged 
samples into the autoclave chamber filled with high tem- 
perature and pressurized steam at 130°C, 2.7 atm, and 
100% relative humidity for accelerated testing. The pres- 
surized steam can penetrate small cracks if any defect 
exists at the bonding interface [37.96]. Elevated tem- 
perature and humid environment speed up the corrosion 
process. A package is considered a failure if water is con- 
densed or diffused into the package. Statistical failure 
data are gathered every 24h under optical examination 
for a period of 864, during which time new failure is 
seldom observed, Because of the robustness of the sam- 
ples, it is difficult to conduct the tests to the point at 
which all the packages may fail. The cumulative failure 
function is recorded, and it is found that most failures 
occur in the first 96) and such high early failure rate re- 
flects the yielding issue of the bonding process. Weibull 
and Lognormal models are compared to predict the life- 
time of the packages, and it is found that Lognormal 
‘model better describes the statistical data. Figure 37.17 
shows the inverse standard normal distribution function 
vs. In(time) and the Maximum Likelihood Estimator 
(MLE) is then used to predict the mean, standard devi- 
ation, and the MTTF (mean time to failure). Table 37.2 
shows the MLE calculation results of MTTF. The wide 
interval of confidence level comes from the fact that 
only a small number of samples failed at the end of 
the test. It is also observed that packages with larger 
bonding width and smaller bonding areas have larger 
MTTF values. The lower bound of the MTTF provides 
the worst-case scenario. For example, only 4 our of 31 
samples failed when tests stopped in the case of ring 
‘width of 200 um and sealing area of 450%-450 jum*. The 
MTTF predicts, in the worst-case scenario, that there 
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Figure 16-1. A basic linear regulated power supply. 


Because the rectifier ina power supply generally 
passes each pulse of AC through a pair of silicon 
diodes, it will impose a voltage drop of about 
1.2V at peak current. A smoothing capacitor will 
drop the voltage by about 3V sit removes ripple 
from the current, whereas a voltage regulator 
typically requires a difference of at least 2V be- 
‘tween its input and its output. Bearing in mind 
also that the AC input voltage may fluctuate be- 
low its rated level, the output from the power 
transformer should be at least 8VAC higher than 
the ultimate desired DC output. This excess pow- 
er will be dissipated as heat. 


The basic principle of the linear regulated power 
supply originated in the early days of electronic 
devices such as radio receivers. A transistorized 
version of this type of power supply remained in 
widespread use through the 1990s, Switching 
power supplies then became an increasingly at- 
tractive optionas the cost of semiconductorsand 
theirassembly decreased, and high-voltagetran- 
sistors became available, allowing the circuit to 
run directly from rectified line voltage with no 
step-down power transformer required. 


Some external AC adapters are still transformer- 
based, but are becoming a minority, easily iden- 
tified by their relatively greater bulk and weight. 
‘An example is shown in Figure 16-2. 


Figure 16-3 shows the handful of components 
insidea cheap, relatively old AC adapter. The out- 


sr> conversion > ac-de power supply 


Figure 16-2. A simple transformer-based power supply 
can be encapsulated in a plastic shell, eady to plug into a 
power outlet. However, today this format more typically 
Contains 2 switching power supply, which is usually light 
er smaller, and cheaper 


put from a power transformer is connected di- 
rectly to four diodes (the small black cylinders), 
which are wired as a full-wave rectifier. A single 
electrolytic capacitor provides some smoothing, 
but because there is no voltage regulator, the 
output will vary widely depending on the load. 
This type of AC adapter is not suitable for pow- 
ering any sensitive electronic equipment. 


Switching Power Supply 

Also known as a switched-mode power supply, an 
SMPS, or switcher, it converts AC to DC in two 
stages. 


1. A rectifier changes the AC input to un- 
smoothed DC, withouta power transformer. 

2. ADC-DC converter switches the DC on and 
off at a very high frequency using pulse- 
width modulation to reduce its average ef- 
fective voltage. Often the converter will be 
the flyback type, containing a transformer, 
but the high-frequency switching allows the 
transformer to be much smaller than the 
power transformer required in a linear 
regulated power supply. See the DC-DCcon- 
verter entry in this encyclopedia for an ex- 
planation of the working principles. 
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Fig. 37.17 Life data fited by Lognor- 
‘mal distribution. A is the coefficient 


‘of determination 
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Table 37.2 ‘The Maximum Likelihood Estimation for Mean Time To Failure (MITTF) 


* UB the upper hound, an LB isthe lower ou ofthe 05 condense interval, espesinely, The MITE LB times AP isthe wort case 


[MTF use in jungle condition, 


is 90% chance a package will fail in 0.57 years in the 
autoclave environment, 

It is widely accepted that the acceleration factor 
(AF) for autoclave tests follows the Arthenius equa- 
tion [37.21] and can be modeled as: 


(RH AEM) st 


AF= RET SET ccd 


(37.5) 


where RH is relative humidity (85%, RH = 85), k the 
Boltzmann constant and T the absolute temperature 
‘The recommended value for, an empirical constant, is 
3.0 [37.97], and A E,, the activation energy, is 0.9 eV for 
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plastic dip package and 0.997 eV for anodically bonded. 
slass-to-silicon package [37.58]. If AE, =0.9 is used 
to estimate the AF for the accelerated testing condition 
as compared with the jungle condition (35 °C, 1 atm and 
95% RH), AF is about 3,000, and the worst-case lifetime 
values in jungle condition are also listed in Table 37.2. 
‘The high values of estimated MTTF in jungle condition 
could be a result of overestimation of AF because plastic 
dip package may have smaller AFs than those of glass 
packages. Nevertheless, these data and analyses provide 
important guidelines in the area of accelerated tests for 
MEMS packages. 
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37.4 Future Trends and Summary 


In the past, the development of MEMS packaging is 
mainly originated from IC packaging advancement be- 
cause existing packaging techniques can significantly 
reduce the development cost of MEMS. It is expected 
that the situation will be changed very soon, hoew- 
ever, in a way the MEMS packaging approaches will 
assist the IC packaging development, Recent advances 
in IC packaging aim to provide high VO density and 
more chip integration capability for the needs of high 
speed and high data communication rate. In order to 
satisfy those requirements, several packaging concepts 
and techniques are developed, including 3-D packaging, 
wafer-level packaging, BGA, and fip-chip technique 
Although all of the concepts and methods can provide 
sapackage with more I/O density, flexibility in chip inte- 
sation, and lower manufacturing cost for IC fabrication, 
they are still insufficient for providing solutions for the 
future applications because of the increase of complexity 
and requirements of MEMS packaging. On the contrary, 
With the progress of MEMS fabrication technologies, 
several key processes such as DRIE (Deep Reactive 
Ton Etching), wafer bonding, and thick photoresist pro- 
cesses [37.98] have been utilized for IC packaging 
fabrication. Technologies developed in MEMS fabrica- 
tion can therefore also assist the development of new IC 
packaging approaches. 

In order to address the future needs of process inte- 
gration, adaptive multi-chip module (MCM) [37.28] or 
3-D packaging combined with vertical through substrate 
interconnects [37.10,99] are promising approaches for 
the development of future MEMS packaging processes. 
Based on low temperature flip-chip solder bonding 
technique, these packaging methods ean provide more 
flexibility in device fabrication and packaging. Devices 
can be fabricated before they are integrated to form mi- 
crosystems to dramatically reduce the packaging cost. 
Vertical through substrate interconnects can have higher 
VO density, smaller resistance, parasitic capacitance, 
snd mutual inductance. Although this approach pro. 
Vides many possible advantages, technical challenges 
exist, For instance, metal is commonly used as the fil 
material inside the vertical vias as electrical imtercon- 


neets, and it may introduce large thermal mismatch with 
respect to silicon substrate and generate huge thermal 
stress to cause packaging reliability problems. More- 
over, it will be an interesting engineering challenge to 
fill the materials into those high aspect ratio vias, 

‘The future development of MEMS packaging de- 
pends on the successful implementation of unique 
techniques as described in the following: 


1, Development of mechanical, thermal, and electri- 
cal models for packaging designs and fabrication 
processes; 

2. Wafer-level, chip-scale packaging with low packag- 
ing cost and high yield; 

3. Effective testing techniques at the wafer level to 
reduce the testing costs; 

4, Device integrations by vertical through-intercon- 
ects as an interposer [37.1] to avoid thermal 
mismatch problems. 


Inaddition to these approaches and challenges, many 
cther possibilities have not been listed but also re- 
quire dedicated investigations. For example, several key 
nanotechnologies have been introduced in the previous 
‘chapters, but the packaging solutions for the NEMS de- 
vices have not been addressed. Because itis feasible 
to use MEMS as the platform for NEMS fabrication, 
all of the packaging issues discussed in the chapter 
can be directly applied to NEMS devices. On the other 
hand, nanotechnology may introduce new opportunities 
for MEMS/NEMS packaging applications by providing 
superior electrical, mechanical, and thermal proper- 
ties [37.100-103], For example, earbon nanotubes have 
very high thermal conductivity [37.102] and may be 
suitable to increase the thermal cooling effects for better 
IC/MEMS/NEMS packaging applications. 

In summary, MEMS packaging issues have been 
Introduced in the areas of fabrication, application, re- 
liability, and future development. Packaging design and 
‘modeling, packaging material selection, packaging pro- 
cess integration, and packaging cost are the main issues 
to be considered when developing a new MEMS pack- 
aging process. 
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38. Social and Ethical Implications 
of Nanotechnology 


Nanotechnology will have very broad applications 
across all fields of engineering, so it will be 

an amplifier of the social effects of other 
technologies. There is an especially great potential 
for it to combine with three other powerful trends 
= biotechnology, information technology, and 
cognitive science ~ based on the material unity 
of nature at the nanoscale and on technology 
integration from that scale, Technological 
convergence highlights such existing issues as 
the treatment of the disabled, communication 
breakdowns, economic stagnation, and threats 
to national security. Nanotechnology itself may 
possibly raise distinctive ethical and social issues 
in the future, but much of the public discussion to 
this point has been misdirected and misinformed, 
lacking a firm social scientific basis. Thus it will be 
important to integrate social and ethical studies 
into nanotechnology developments from their very 
beginning. 

Social scientific and economic research can 
help manufacturers and governments make the 
right decisions when deploying a new technology, 
‘maximizing its benefit for human beings. In 
addition, technically competent research on the 
societal implications of nanotechnology will help 
give policymakers and the general public a realistic 
picture free of unreasonable hopes or fears, The 
costs of premature or excessive regulation would 
be extremely high, harming the very people it 
Wwas intended to protect, and failure to develop 
beneficial nanotechnology applications would be 
unethical. 

‘The significance of nanotechnology depends 
largely on how its development relates to 


‘Science and engineering have only begun to explore the 
potential for discovery and creativity at the nanoscale, 
but already some intemperate voices call for government 
regulation or outright banning of nanotechnology [38.1~ 
4], Such action would be extremely premature, because 
‘we have just started on a very long road of research that 
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‘The views expressed in this essay do not necessarily re- 
present the views of the National Science Foundation 
or the United States 


wider trends going on in the world such as the 
impending population declines of most advanced 
industrial nations, the apparent diminishing 
retums to increased medical research and health 
care investment, and the threatened deceleration 
of progress in microelectronics, Well established 
social-scientific explanations for unethical 
behavior ~ such as learning, strain, control, and 
Subculture theories ~ could help us understand 
possible future cases in nanotechnology industries. 
Ethics and social implications are largely matters 
of social perception, and the public conception 
of nanotechnology is stil in the early stages 

of developing. Social science can now begin to 
examine its unfolding impacts in all sectors of 
the economy, in most spheres of life, and both 
short-term and long-term time scales. 


‘we must traverse before we will know what is technically 
practical, what real-world applications nanotechnology 
‘might actually have, and what the appropriate societal 
responses would be to any hazards that might be directly 
or indirectly related to these applications. Some writers 
in the popular press seem to treat nanotechnology as 
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«a new kind of Frankenstein's Monster, but it is worth 
remembering that biological science is still not able to 
create such @ monster, nearly two centuries after Mary 
Shelly imagined one, 

‘A good starting point for consideration of social and 
ethical issues is a formal definition of the topic, but un- 
fortunately a somewhat different definition has lodged 
in the public mind from that employed by professionals 
working in the field. For example, Merriam-Webster's 
Collegiate Dictionary defines nanotechnology as: “the 
art of manipulating materials on an atomic or molecu- 
lar scale especially to build microscopic devices (as 
robots).” Similarly, the online reference About.com de- 
fines it thus: “The development and use of devices that 
have a size of only a few nanometres.” Later, we will 
examine public conceptions more closely, but itis worth 
noting here that these definitions focus on rabot-like de- 
vices constructed at the nanoscale and ignore the topics 
of most chapters in this volume. 

‘A more authoritative if long-winded definition of 
nanotechnology has been provided by the U.S. Govern- 
ment’s National Nanotechnology Initiative: “Research 
and technology development at the stomic, molecu- 
lar or macromolecular levels, in the length scale of 
approximately 1-100 nm range, to provide a fundamen- 
tal understanding of phenomena and materials at the 
nanoscale and to create and use structures, devices and 
systems that have novel properties and functions because 
of their small and/or intermediate size. The novel and 
differentiating properties and functions are developed at 
critical length scale of matter typically under 100.nm, 
Nanotechnology research and development includes ma- 
nipulation under control of the nanoscale structures 
and their integration into larger material components, 
systems and architectures.” 

‘While this definition includes the word “devices,” it 
also covers materials, structures, and systems. Signifi- 


cantly, it envisions that many nanotechnology advances 
will be integrated into “larger material components, 5 
tems and architectures,” which means that we would 
need to understand the social and ethical implications of 
the larger-scale systems of which nanoscale structures 
are only components, 

‘There is good reason to believe that engineering at 
the nanoscale will have very broad applications across all 
fields of technology and most fields of science [38.57] 
‘Therefore, it will be an enabler or amplifier of the effects 
of other technologies. This means that it is foolish to 
ask, “Is nanotechnology harmful?” Nanotechnology is 
not one thing, either ethical or unethical. Rather, itis 
‘a myriad of different things ~ many nanotechnologies ~ 
‘each of which has a range of potential uses and misuses 
in conjunction with other technologies and applied to 
different goals. 

This line of reasoning could lead some people to 
conclude that we did not need to worry at all about the 
social and ethical implications of nanotechnology, be- 
cause they will be subsumed by the implications of larger 
systems, Others might conclude that it is far too early 
in the history of nanoscale engineering to consider so- 
cictal implications, because we cannot study the impact 
of a technology that does not yet exist. 

However, the very fact that some writers are urg- 
ing regulation or banning of nanotechnology suggests 
that the debate about its value to humanity has begun, 
and we need to bring the best possible thinking and 
formation to that debate [38.8-10]. In addition, a few 
relatively simple but significant applications have begun 
to appear, so in those cases at least an impact can be 
observed. Social scientists, natural scientists, philoso- 
phers, und engineers have indeed begun considering the 
future of nanotechnology, so we can draw upon the 
very first serious intellectual efforts in this important 
field, 


38.1 Applications and Societal Impacts 


In the year 2000, the National Science and Tech- 
nology Council sponsored a major workshop at the 
National Science Foundation, which led to a pub- 
lished report, Societal Implications of Nanoscience 
and Nanotechnology [38.11]. Sixty-four representa 
tives of academic science, government laboratories, 
and corporate research listed a large number of po- 
tential nanotechnology applications, a few of which 
hhad already entered production, but many of which 


could be expected only after decades of research. 
Following are diverse examples of possible applica- 
tions suggested by workshop participants concerning 
a variety of sectors of the economy and spheres of 
lite 


© More efficient components for the semiconductor 
industry such as integrated circuits containing tran- 
sistors constructed from carbon nanotubes. 


power > conversion> 


supply 


Figure 16-3. A relatively old, cheap AC adapter contains 
only the most rudimentary set of components, and does 
not supply the kind of properly regulated DC power re- 
{quired by electronic equipment. 


Asimplified schematic of a switching power sup- 
ply is shown in Figure 16-4, 


The interior of a relatively early switching power 
supply designed to deliver 12VDC at up to 4A is 
shownin Figure 16-5. This supply generated con- 
siderable waste heat, necessitating well-spaced 
components and a ventilated enclosure. 


The type of small switching power supply that is 
now almost universally used to power laptop 
computers is shown in Figure 16-6. Note the 
smaller enclosure and the higher component 
count than in the older power supply shown in 
Figure 16-5, The modern unit also delivers con- 
siderably more power, and generates less waste 
heat, Although this example is rated at 5A, the 


Variants 


Pulse 
Wieth 
Modulator 


Voltage 
reference 
source 


Figure 16-4. Greatly simplified schematic showing the 
principal components af a switching power supply. Nate 
the absence of a LISVAC power transformer. The trans 
former that is inserted subsequently in the circuit func 
tions in canjunction with the high switching trequency, 
Which allows it to be very much smaller. cheaper, and 
lighter 


transformer (hidden under the yellow wrapper 
atthe center of the unit) issmallerthan the power 
transformer that would have been found in an 
old-style AC adapter delivering just 500A. 


The modern power supply is completely sealed, 
where earlier versions required ventilation. On 
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© Nanostructured catalysts for the chemical industry 
and for more effective converters to handle pollution 
from automobile exhausts and other combustion, 

© Lighter and stronger nanomaterials in bulk quanti- 
ties to enable safer and more efficient transportation 
vehicles, including automobiles, aireraft, and train 
systems, 

© Improved pharmaceuticals with features such as pro- 
grammed delivery to desired targets like tumors and 
the ability to employ substances that are not soluble 
in water as medications, 

© Cost-effective and reliable filters for water decon- 
tamination, desalination, containment of industrial 
pollutants, and air purification 

© More efficient solar energy conversion, thereby 
reducing current reliance on oil and offering an 
alternative to nuclear power for future electricity 
needs, 

© Efficient fuel cells and hydrogen storage systems, 
leading to nonpolluting automobiles, trucks, and 
buses. 

© More durable composite materials, such as 
nanoparticle-reinforced polymers, designed for opti- 
‘mal performance in specific uses with reduced waste 
and greatly increased lifetime. 

© Molecularly engineered biodegradable fertilizers 
and insecticides designed for precision agriculture 
with efficient delivery to where they are needed and 
prevention of unwanted side effects, 

© Revolutionary launch vehicles with high mass- 
ratios, nonpolluting but powerful engines, and low 
electric power needs in order to finally realize the 
promise of space exploration. 

Nanoscale components in sensor systems that can 

quickly detect and identify pollutants and disease 
organisms, as well as chemical or biological war- 
fare agents to allow quick and appropriate medical 
treatment or security responses. 

© Coatings that would give ordinary materials extraor- 
dinary properties like self-cleaning window glass 
and heat-reflecting exterior architectural surfaces, 


Knowledgeable scientists and engineers reported 
that these and many other similar applications were 
plausible benefits of nanotechnology research, but they 
recognized that progress has costs. For example, the 
creation of a new industry often results in the de- 
cline or complete destruction of an older industry, as in 
the proverbial case of buggy-whip manufacturers who 
‘were rendered obsolete by the automobile, The poten- 
tial benefit from a new technology must be calculated 
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in a sophisticated manner, taking into account the full 
life-cycle costs [38.12]. For example, an electric car 
may reduce some forms of pollution while increasing 
others such as the release of lead or other dangerous 
substances into the environment during the manufacture 
of the electric battery and the disposal of it when the car 
is eventually junked, 

Many ethical issues of fairness will arise within 
nanotechnology industries themselves, For example, it 
will be important to invest in appropriate safeguards 
for workers engaged in hazardous production processes, 
In general, scientific discoveries cannot be patented, 
‘whereas new products and production methods can, so 
there will be serious issues of intellectual property pro- 
tection in nanoscience, a nontraditional field where the 
legal line between discovery and invention has not yet 
been clearly drawn. Often, it will be necessary to bring 
together information and expertise from several different 
sources in order to create an economically profitable ap- 
plication, drawing upon govemment-funded university 
research projects, as well as several specialized indus- 
trial corporations, which will require improved models 
of collaboration across organizations. 

As the Societal Implications report observed, the 
‘general public has a significant stake in the National 
Nanotechnology Initiative (NNI) that must be managed 
both directly through public participation and indirectly 
through the involvement of social scientists 

It is important to include a wide range of inter- 

ests, values, and perspectives in the overall decision 

process that charts the future development of nano- 
technology. Involvement of members of the public 
or their representatives has the added benefit of re- 
specting their interests and enlisting their support, 

‘The inclusion of social scientists and humanis- 
fic scholars, such as philosophers of ethics, in the 
social process of setting visions for nanotechnol- 
ogy is an important step for the NNI. As scientists 
or dedicated scholars in their own right, they can 
respect the professional integrity of nanoscientists 
and nanotechnologists, while contributing a fresh 
perspective. Given appropriate support, they could 
inform themselves deeply enough about a particular 
nanotechnology to have a well-grounded evaluation, 

At the same time, they are professionally trained 

representatives of the public interest and capable of 

functioning as communicators between nanotech- 
nologists and the public er government officials 

‘Their input may help maximize the societal bene- 

fits of the technology while reducing the possibility 

of debilitating public controversies [38.11] 
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Social and Ethical implication 


Social scientific and economic research can help 
manufacturers and the government make the right de- 
cisions when deploying a new technology, maximizing 
its benefit for human beings. In addition, technically 
‘competent research on the societal implications of nano- 
technology will help give policymakers and the general 
publica realistic picture free from unreasonable hopes or 
fears. As the report notes, the National Nanotechnology 
Initiatives just now commencing, so “there is arare op- 
portunity to integrate the societal studies and dialogues 
from the very beginning and to include societal studies 
as a core part of the NNI investment strategy” [38.11 

‘The workshop developed a number of recammenda- 
tions for government, academia, and industry suggesting 
how the social and ethical implications of nanotechnol- 
ogy could best be addressed [38.11], Here are some 
of the most important principles in education, social 
science, and ethics 


‘© Nanoscale concepts should be introduced into sci- 
cence and engineering education at all levels, thereby 
«ziving the widest possible range of students a funda- 
‘mental understanding of the field while intellectually 
linking nanotechnology to many other fields. 

© The training of nanotechnologists should include so- 
cietal implications and ethical sensitivity, so their 
future work will be guided by principles that will 
maximize human benefit 

© A suificient number and variety of social and 
‘economic scientists should receive effective multi- 
disciplinary training, so they will be well prepared 
to work in the nanotechnology area. 

© Formal measurement methods, such as social and 
economic indicators, should be developed and con- 
sistently employed to chart the actual widespread 
changes in industry, education, and public welfare 
as they occur. 

© Government agencies, private foundations, and 
industry should support a wide range of high- 
‘quality, theory-based social and economic research 
studies on nanotechnology, examining both the 
decision processes that shape the emerging tech- 
nology and itsspecific societal impacts once it is, 
deployed, 


© A knowledge base and institutional infrastructure 
must be created to evaluate the probable future in- 
tellectual and societal impacts of nanoscience and 
nanotechnology over the short, medium, and long 
term. 

© Government and the private sector should establish 
effective channels for informing the public promptly 
bout new concepts, projects, potential applications, 
and ethical issues as they emerge. 

© There should be formal organizations and mech- 
anisms to ensure participation by diverse societal 
institutions and the general public in setting priori- 
ties for research and development and in providing 
timely input to decision makers, 

© Government and industry should develop man- 
agement plans and policies that can effectively 
incorporate all relevant information and legitimate 
stakeholder interests to ensure that we can respond 
flexibly to social, ethical, egal, and economic impli- 
cations as they appear, 


Iwill ake time and effort to implement these recom- 
mendations, but some progress has already been made. 
‘The National Science Foundation has recently funded 
Rosalyn Berne at the University of Virginia to study the 
developing ethics of nanotechnology through a narra- 
tive analysis of discourse from engineers and scientists 
in the field, and a team headed by Michael Gorman at 
the same institution was funded to explore the poten- 
tial for multidisciplinary research on social and ethical 
dimensions of nanotechnology. The Environmental Pro- 
tection Agency, which has supported several research 
projects on how nanotechnology might remedy conven- 
tional forms of pollution, has funded Darrell Velegol 
and Kristen Fichthorn at Pennsylvania State University 
to study “Green Engineering of Dispersed Nanoparti- 
cles,” exploring how valuable nanoparticles might be 
produced without the use of polluting additives. In its 
review of the National Nanotechnology Initiative, the 
National Research Council has recommended the de- 
velopment of “a new funding strategy to ensure that 
the societal implications of nanoscale science and tech- 
nology become an integral and vital component of the 
NNI" [38.13] 
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38.2 Technological Convergence 


In the year following the Societal Implications work- 
shop, NSF and the U.S. Department of Commerce staged 
fan even larger meeting to examine the potential for 
nanotechnology to combine with three other powerful 
scientific and engineering trends: biotechnology, infor- 
‘mation technology, and cognitive science ~ four “NBIC” 
fields. The resulting report, Comerging Technologies 
for Improving Human Performance [38.14], examined 
‘benefits of technological convergence that would specif- 
ically enhance the ability of humans to satisfy their needs 
and achieve their legitimate goals. 

Convergence of diverse NBIC technologies will be 
based on the material unity of nature at the nanoscale 
and on technology integration from that scale. This 
i the scale at which much future biotechnology and 
the hardware for information technology will operate, 
and it is the scale from which fundamental research 
fon the human nervous system will take place. Key 
transforming tools, including research instruments and 
production methods, will arise in the conjunction of 
previously separated fields of science. Drawing upon 
advances in mathematics and computation, it will be 
possible to model phenomena from the nanoscale to 
the cosmic scale as complex, coupled, hierarchical sys- 
tems, 

‘The Converging Technologies scientists, engineers, 
and policymakers sketched six general areas in whic! 
the human benefits and social issues are likely to result: 


Overall potential of converging technologies 
Expanding human cognition and communication 
Improving human health and physical capabilities 
Enhancing group and societal outcomes 

fational security 
Unifying science and education 


Numerous valuable applications were sketched in 
greater or lesser detail that could reasonably be expected. 
to result from a decade or two of vigorous research 
and development, including the following ideas that de- 
pend on partnerships between nanotechnology and one 
‘oF more of the other NBIC fields: 


© Comfortable, wearable sensors and computers will 
‘enhance every person's awareness of his orher health 
condition, the environment, chemical pollutants, po- 
tential hazards, and information of interest about 
local businesses, natural resources, and the like 

© The human body will be more durable, healthier, 
more energetic, easier to repair, and more resistant 
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to many kinds of stress, biological threats, and aging 
process 

© Machines and structures of all kinds, from homes 
to aircraft, will be constructed of materials that have 
exactly the desired properties, including the ability to 
adapt to changing situations, high energy efficiency, 
and environmental friendliness. 

© A combination of technologies and treatments will 
compensate for many physical and mental disabil- 
ities and will eradicate altogether some handicaps 
that have plagued the lives of millions of people. 

© National security will be greatly strengthened by 
lightweight, information-rich war fighting systems, 
capable uninhabited combat vehicles, adaptable 
smart materials, invulnerable data networks, supe~ 
rior intelligence-gathering systems, and effective 
measures against biological, chemical, radiological, 
and nuclear attacks, 

© The ability to control the genetics of humans, an- 
imals, and agricultural plants will greatly benefit 
human welfare; widespread consensus about ethical, 
legal, and moral issues will be builtin the process. 

© Agriculture and the food industry will greatly in- 
crease yields and reduce spoilage through networks 
of cheap, smart sensors that constantly monitor the 
condition and needs of plants, animals, and farm 
products, 

© Transportation will be safe, cheap, and fast due to 
ubiquitous real-time information systems, extremely 
high-efficiency vehicle designs, and the use of syn- 
thetic materials and machines fabricated from the 
nanoscale for optimum performance, 

© The work of scientists will be revolutionized by 
importing approaches pioneered in other sciences, 
for example, genetic research employing principles 
from natural language processing and cultural re- 
search employing principles from genetics 

© Formal education will be transformed by a unified 
but diverse curriculum based on a comprehensive, 
hierarchical intellectual paradigm for understand- 
ing the architecture of the physical world from the 
nanoscale through the cosmic scale. 


Several of these application areas depend upon the 
development of nanoscale components for sensor, com- 
putation, and communication networks. Others involve 
asynergy between inorganic nanoscale engineering and 
organic chemistry or biology. Others extrapolate that 

be possible to build large-scale structures that 
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are engineered at the nanoscale to enhance the quali- 
ties of architecture, transportation vehicles, or even the 
buman body, Fundamental to all of the application ar- 
eas is a conceptual revolution that unifies science and 
provides humanity with a comprehensive view of nature 
and technology. 

Contributors to the report showed how nanoscale 
science and engineering were essential for progress in 
biology, information science, and cognitive science. The 
result of NBIC convergence will be the strengthen- 
ing of science and the empowerment of humanity, as 
wwe will find solutions to many of humanity's problems 
in health, natural resources, environment, security, and 
‘even communication with fellow human beings, Often, 
the technologies based in the sister sciences will raise 
ethical issues. In such cases, nanotechnology may be- 
come implicated in controversies without being central 
to them. The correct policy response would then be to 
ignore the superficial nanotechnology aspects and focus 
directly on the core problem that lies in a different fild. 
Converging Technologies contributors examined how 
technological convergence highlighted such existing is- 
sues as the treatment of the disabled, communication 
breakdowns, economic stagnation, and threats to ma- 
tional security. 

For greater clarity, we can consider here the very spe- 
cific example of the proliferation of nuclear weapons, 
Nuclear physics and atomic technology were specif- 
ically not included in the constellation of NBIC 
converging technologies considered by the workshop, 
so the following discussion supplements its findings. As 
scientists already understood in the early 1940s, there 
are fundamentally two ways that a rogue nation can 
build up its own supply of weapons-grade nuclear ma- 
terials. One is breeding plutonium in a nuclear reactor 
fueled by uranium, transmuting the common uranium 
isotope of atomic weight 238. But this is hard to con- 
ceal from other nations, especially if reactors are open 
to international inspection. The other way is separa- 
tion of the relatively rare uranium isotope “SU, which, 
like plutonium, is suitable for use in weapons. The 
original separation method was gas diffusion, but then 
the centrifuge method was developed, and other ap- 
proaches are possible such as laser or electromagnetic 
separation, 

In the gas diffusion method, a chemical contain 
ing uranium (uranium hexaflouride) is passed through 
a porous barrier such as a ceramic wall that has tiny 
holes in it. Molecules containing 25U travel through 
the barrier slightly faster than molecules containing 
28U_ This isa very inefficient process, because the iso- 


topes are very similar to each other, so many passes 
through a barrier are required to enrich the proportion 
of 25U sufficiently for use in a nuclear weapon, The 
other approach uses centrifuges, rapidly spinning ro- 
tors containing the uranium hexaflouride to separate the 
two isotopes on the basis of their slight difference in 
‘mass, Both approaches are very difficult and costly, how: 
ever. Conceivably, nanotechnology could slightly reduce 
the difficulty, by producing porous barriers with exactly 
the optimum sized holes and by providing lighter and 
stronger centrifuge rotors that could operate at higher 
speeds. 

‘Therefore, without a more careful analysis some- 
one might leap to the conclusion that nanotechnology 
is a danger because it facilitates proliferation of nu- 
clear weapons. This ignores several crucial facts. First, 
the world already faces a very severe crisis of nu- 
clear proliferation without nanotechnology. Second, 
the fundamental requirement for production of nuclear 
‘weapons is the availability of uranium, so the most log- 
ical preventive would be international monitoring and 
control over its mining and distribution, Third, there are 
many other technical requirements for production and 
delivery of nuclear weapons, and it is the whole collec- 
tion of them that presents a threat, not any one alone. 
Fourth, nanotechnology is inherently nonnuclear, be- 
ccause nuclear reactions occur at a smaller scale than the 
nanoscale, so its connections to proliferation of nuclear 
‘weapons will always be highly indirect if they exist at 
all. Finally, the fundamental problem is not nuclear pro- 
liferation, but weapons of mass destruction in general, 
and nanotechnology has a major role to play in the de- 
fense against chemical and biological warfare agents in 
sensor systems that can detect them before they have 
‘caused harm, 

Perhaps a very few nano products will need to be 
“controlled substances,” analogous to narcotics, insecti- 
cides, asbestos, and antibiotics [38.15]. Conceivably, 
porous barriers with exactly the right pore size for ura- 
nium isotope separation would be controlled in some 
way. Some products could be produced and used under 
strict regulations, whereas a few others might be banned 
altogether. Most would not require restrictions of any 
kind, 

‘Such decisions would need to be based on the careful 
analysis of facts related to the specific issue at hand. For 
‘example, it may be that no improvements in gas diffu. 
sion separation are possible through nanotechnology, or 
they are so slight as to be negligible. Perhaps technologi- 
cal developments in laser or electromagnetic separation, 
completely unrelated to nanotechnology, may render 
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both the gas diffusion and centrifuge methods obso- 
lete. Therefore, the mere fact that we can imagine a way 
in which nanotechnology might possibly encourage the 
proliferation of nuclear weapons is far too weak a jus- 
tification for international regulation. We would need 
to go beyond vague fears to precise analysis based on 
rigorous scientific research to distinguish real dangers 
from imaginary ones and design appropriate safeguards 
in those rare cases when they are necessary. 

‘The costs of excessive regulation would be ex- 
tremely high, harming the very human beings it was 
intended to protect. Porous barriers precisely designed 
at the nanoscale are among the high benefit applications 
‘we can anticipate early in the history of nanotechnol- 
ogy. They would have a wide range of applications, from 
‘water purification and desalination to separation of valu- 
able substances in biotechnology production processes. 


38.3 Major Socio-technical Trends 


‘The significance of nanotechnology depends not only 
fon its own accomplishments and on convergence with 
other technologies, but also on how these purely tech- 
nical developments relate to wider trends going on 
in the world [38.16, 17]. At present, many of these 
frends are confused and are the subject of great 
controversy in the social science and public policy 
arenas, It is always hazardous to extrapolate trends 
from any particular moment in history, but the present 
time appears so chaotic that the events of a sin- 
gle day might send humanity down a very different 
road. 

‘A few years ago, there was a broad consensus that 
the rapid growth in the number of people on the planet, 
the so-called population explosion, was the dominant 
quantitative trend that needed to be factored into any 
projections [38.18]. But by the mid-1980s, it became 
obvious that population growth had been replaced by 
the threat of population decline in most advanced indus- 
trial nations, with the possible exception of the United 
States [38.19, 20], Even before collapsing fertility be- 
tins to reduce the number of people in the affected 
nations, their average age and pension costs increase, 
social dynamism and creativity decrease, and govern- 
‘ments become gridlocked trying to deal with ultimately 
insoluble problems of funding demanded services. This, 
is one of the explicit reasons why the United States has 
begun to discount the influence of its European allies 
and Japan [38.21,22] 
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Similarly, new high-performance materials with great 
strength but low weight will have a myriad of appli- 
cations throughout the civilian sectors of the economy. 
Among the products that would benefit millions of ordi- 
nary people are light but indestructible eyeglass frames, 
safety helmets, and hand tools. 

‘Nanotechnology has the potential to increase the ef- 
fectiveness of biotechnology, information technology, 
and technologies based on cognitive science through 
NBIC convergence. Therefore, it could become entan- 
sled in ethical issues that already involve those other 
technologies such as the conflict ever genetically modi- 
fied foods, the dispute over information privacy, and the 
debate over treatment of mental illness, These are not 
fundamentally nanotechnology issues, however, and it 
will be important to keep a proper perspective on their 
real nature, 


Although nanotechnology has little obvious direct 
connection with fertility, there are two potentially coun- 
terbalancing, indirect connections. Rapid progress in 
nanotechnology could revitalize economic expansion 
and technical creativity, thereby to some extent off- 
setting the negative consequences of fertility collapse. 
However, the aversion to change that marks soci- 
ties having a high proportion of elderly citizens may 
dampen the intellectual inquisitiveness and investment 
risk-taking required to develop nanotechnology and 
technological convergence. 

Arrelated trend is the constant improvement in health 
resulting from progress in medical science and the eco- 
nomic growth needed to fund increasingly costly health 
care. Continued progress in health is by no means 
assured, however. During the nineteenth century, Amer- 
ican health may actually have declined significantly for 
a number of decades, despite economic growth [38.23]. 
We tend to attribute the undeniable improvement in 
health over the twentieth century to medical progress, 
but health education and public sanitation may have been 
‘more important [38.24]. The U.S, Centers for Disease 
Control argue that substantial improvements in health 
and longevity could be achieved by lifestyle changes, no- 
‘ably, exercising more, reducing the fats in our diet, and 
avoiding smoking [38.25,26], The introduction of antibi- 
otics helped increase longevity, and modern cardiology 
saves the lives of many people who might otherwise die 
prematurely of heart attacks, but the progress against 
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cancer, AIDS, and most aging-rlated illnesses has been 
agonizingly slow, On balance, economists find that the 
increasing investments in heath care are paying off, but 
not necessarily in all areas, or with very great bene- 
fit [38.27-29}, 

‘There are Several reasons to be pessimistic about the 
future benefits of medicine, unless there are very major 
scientific breakthroughs. We have yet to find a cure for 
any chronic viral infections, of which AIDS is merely the 
most publicized example. Bacteria are rapidly evolving 
resistance to antibiotics, yet the rate of development of 
new prescription medicines is declining. 

‘The average white American male born in 1900 
could expect 10 live 48 years, but in 2000 this life ex- 
pectancy had increased io 74 years. For white females, 
the average life expectancy increased from 51 to 80. 
Projecting these figures forward at the same rate of in- 
crease suggests that life expectancy in 2100 might be 
114 for males and 125 for females. However, using more 
realistic assumptions, the U.S. Census Bureau has pro- 
{jected that life expectancy for Americans born in the 
year 2100 might be only around 88 for males and 92 
for females [38.30], This does represent progress, but at 
a steeply declining rate, and it depends upon continued 
economic growth, 

Perhaps the most economically significant technical 
trend of recent years has been Moore's Lav, Gor- 
don Moore's observation that the density of transistors 
on the most advanced microchip doubles about every 
18 months, The rapid improvement of computer and 
communications hardware has been fundamental to the 
implementation of new software applications, network- 
ing, and information technology in general. These, in 
tum, have been responsible for much economic growth. 
However, the semiconductor industry is approaching 
physical limits in the traditional methods of making in- 
tegrated circuits, including computer chips, so Moore's 
Law will stall without breakthroughs in nanoscale tech- 
nologies such as molecular logic gates and carbon 
nanotube transistors [38.3133] 

‘Arguably, several of the great thrusts of twentieth- 
century technology have already stalled, Except forthe 
improved capacity of scientific instruments to collect 
and process astronomical data, the space program has 
hardly advanced since the mid-1970s. Civilian aviation 
and ground transportation have improved only in rel- 
atively minor design details since the 1950s. Despite 


great efforts, little progress has been made in control- 
ling nuclear fusion for power generation. Nuclear fission 
power generation has largely been halted by public con- 
troversies, and no technological breakthroughs in safe 
operation of reactors or disposal of radioactive wastes 
have assuaged the public's concerns. The social sciences 
seem no better able to define good public policies than 
they were decades ago. Outside of nanotechnology it- 
self, the two main areas where rapid progress obviously 
continues are information technology and genetic engi- 
neering. Convergence with nanotechnology is essential 
for further progress in both of these areas. 

What would happen to the world economy if tech- 
nological progress slowed or even halted? First, the 
advanced industrial nations would lose the advantage 
they currently hold over developing countries, For ex- 
ample, the American semiconductor industry would 
probably collapse if it lost its technological superiority, 
because nations with lower wage rates could produce 
the same things more cheaply. Technological products, 
from computer chips to pharmaceuticals, would become 
commodities, manufactured wherever it was cheapest to 
do so, With their heavy pension burdens and costly so- 
cial services, governments of advanced nations would 
face fiscal crises of unprecedented magnitude. Indeed, 
the economies of these nations could fall rapidly downto 
the average of all nations, unleashing social discontent 
that could lead to unpredictable violence. 

‘At the same time, some developing nations would 
advance economically, which would mean increased net 
world industrial production with concomitant increase in 
environmental pollution and resource depletion. Without 
technological progress to solve these problems, the aver- 
age human welfare could decline, rather than remaining 
stable, In order to improve human welfare, technolog- 
ical progress must continue, Perhaps the best way to 
achieve that is through nanoscience and nanotechnol- 
ogy in convergence with the other NBIC fields, gaini 
understanding and control at the physical scale that is 
the basis for most science and technology. 

Iis impossible to predict how rapidly the conditions 
in the richest nations would deteriorate, or whether hu- 
manity could navigate through these crises to achieve 
a stable world. But clearly a halt in technological 
progress would be a shock to the world economy, global 
political institutions, and human welfare ~ which it 
would be wise to avoid, 
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Ethical questions related to nanotechnology are not lim- 
ited to the ways people might use it to harm others 
intentionally, but also include obligations to avoid po- 
tentially harmful unintended consequences [38.34]. An 
example of the former might be a weapon and of the 
latter, a kind of environmental pollution. In either case, 
the harm might be morally justified, as when a nation 
employs a weapon to defend against attack, or when lim- 
ited pollution of the environment is offset by substantial 
benefits to humanity. Other ethical questions concern 
harm to the owners of nanotechnology, for example, if 
a competing company violates a nanotech patent, of if 
‘a government bans a nano-related product without care- 
ful examination of scientific evidence about its value. 
News reporters or popular writers who spread false 
information about nanotechnology may also be acting 
unethically, whether they are willfully lying or merely 
failing to be professionally diligent in checking their 
facts, 

It is important to recognize that there are sins of 
‘omission as well as commission, To fail to develop 
1a beneficial nanotechnology application could also be 
unethical. Imagine, for instance, that a laboratory had 
discovered how nanotechnology could enable a much 
‘more effective form of chemotherapy to cure cancer re- 
ligbly and cheaply, but the company owning the patents 
prevented it from being developed, because its less ef- 
fective traditional chemotherapy products were more 
profitable. This could be considered just as unethical 
as doing aggressive harm, 

For over a century, social scientists have been study 
ing the origins of ethical behavior — or its opposite, 
‘unethical behavior ~ in fields like the social psychology 
of groups, the sociology of deviance, and criminology. 
Although it is impossible to predict when a particular 
person will commit a specific ethical or unethical act, 
‘we can identify with good confidence the general factors 
that steer human behavior in one direction or another. 
‘An individual's behavior is determined by a complex of 
factors, few of which can be measured accurately, and 
chance seems to play a significant role in human affairs. 
‘Thus, the findings of social science tend to be statistical 
cr conditional in nature. This does not render them use- 
less, because one can develop rational laws, government 
policies, and investment strategies based on probabilities 
rather than certainties, 

‘The theoretical and empirical scientific literature on 
the topic is vast, including literally thousands of publi- 
cations dating back to the 1840s, expressing the views of 
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countless schools of thought, often employing idiosyn- 
cratic terminology. For present purposes, we must distill 
that huge and incoherent intellectual heritage down to its 
‘most meaningful essentials. A good start is the follow- 
ing set of four themes, each of which can be expressed 
as-a theory about why people might violate an ethical 
rule 


1. Leaming ~ A person violates a rule because the 
person has learned it is rewarding to do so. 

2. Strain — A person violates a rule because the per- 
son is frustrated in the attempt to fulfill one of the 
expectations of society. 

3. Control A person violates a rule because the person 
lacks stable social bonds that might prevent it, 

4, Subculture ~ A person violates a rule because the 
person belongs to a group or network of other people 
‘who encourage violation, 


‘When each of these ideas first appeared in the social- 
scientific literature, the theory's proponents tended to 
present it as the complete explanation for deviant be- 
havior, but now we understand that each of these four 
hhas merit and the correct explanation is usually a mixture 
of two or more. We will illustrate each of the theories 
with hypothetical illustrations, because actual examples 
‘may not exist yet, 

Learning Theory is sometimes interpreted in eco- 
nomic or “rational choice” terms, as meaning that 
fa person will do whatever he or she perceives it is 
profitable to do. But human life is not spent entirely in 
‘a marketplace where one can compare prices and shop 
for a good deal, Rather, there are many quite different 
contexts in which people make decisions. Regardless 
‘of whether options can be quantified in dollars, people 
tend to rely upon their own past experiences in selecting 
between familiar courses of action [38.35-37] 

If the managers of an industrial corporation have 
learned they can achieve higher profits by ignoring regu- 
lations against polluting the environment, and they have 
not suffered heavy fines from the government for do- 
ing so, they will be more likely to pollute in the future. 
‘Therefore, a corporation guilty of polluting with conven- 
tional technologies is apt to continue with this history 
of pollution when it adopts new nanotechnologies. This, 
suggests that one way to reduce the likelihood that in- 
dustrial companies will pollute when they adopt new 
nanotechnologies is to enact and enforce strong regula- 
tions against pollution in general, to make them learn to 
avoid polluting. 
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In Strain Theory, a person violates a norm because 
he or she is frustrated in the attempt to achieve one of 
the values endorsed by society [38.38, 39]. This idea 
has been used to explain why many members of poor 
communities or groups that have been subject to dis- 
crimination turn to crime to gain wealth and status, but 
it can also explain why a major corporation might be- 
gin to engage in dubious accounting practices when its 
growth in real business stalls. The central idea is that 
an individual or group becomes committed to a partic- 
ular kind of success that society encourages ~ whether 
itis wealth, political power, widespread fame, or honor 
within a particular sector of society ~ then experiences 
frustration in attaining success, which motivates ethical 
violations, 

‘Conceivably, a nanotechnology corporation could be 
affected by strain if it has committed itself to a new and 
untested line of products that turns out to be less ef- 
fective, more harmful, or more costly than originally 
‘estimated. The corporation has committed not only its 
‘money and effort, but also its public prestige to success, 
but success may elude it It may then unethically adver- 
tise its products as more effective than they really are, 
conceal knowledge of their danger to human health or 
the environment, and cook its financial records to de- 
ceive investors, Of course, many ordinary companies 
have done this in the past, and, ironically, they some- 
times solve their problems before the public becomes 
aware of them, thereby becoming ethical and successful 
again (e.g., [38.40)) 

‘When Merton proposed the most influential version 
of Strain Theory in 1938, he identified three modes 
of adaptation to three increasing levels of strain. If 
a person was unable to achieve society's values by 
following conventional norms, frustration might drive 
him or her to violate the norms in pursuit of the value, 
what Merton called innovation. If this did not work, 
he or she might substitute both new values and new 
norms for those of society, in what he called rebellion. 
But if this failed as well, the person might abandon 
values, as well as norms and fall into a demoral- 
ized state of inaction called retreasism. Retreatism is 
inconsequential, and successful rebellion tends to radi- 
calize society, but innovation (in Merton's sense of the 
term) can promote scientific and technical progress. 
In other work, Merton [38.41.42] was one of the 
founders of the sociology of science and technology, 
but he never followed through on the implications of 
Strain Theory for science, and his distinctive concept 
of innovation was chiefly used to explain criminal be- 
havior by poor people who violated the law in order to 


the get the values (i.e., money) endorsed by capitalist 
society. 

‘There are many examples in the history of science 
in which Strain Theory can be used to explain scientific 
and technological innovations that tured out to be ben- 
ficial, rather than unethical, and others where the result 
was a mixture of benefit and harm that presumably could 
hhave been managed to emphasize the benefit. In the sev- 
centeenth century, England led the world in scientific 
progress, perhaps in a nationalistic reaction to its inferi- 
rity in population and other resources relative to France 
and Spain [38.43]. In the late nineteenth and early twen- 
tieth centuries, Germany lacked access to as abundant 
1 supply of natural resources as had the great colonial 
powers, Britain and France. This inferiority may have 
stimulated many advances in German chemistry such 
as Adolf Bayer's synthesis of indigo dye and the nitro- 
gen fixation method developed by Fritz Haber and Karl 
Bosch, which allowed Germany to continue producing 
explosives for World War after it had lost access to for- 
‘eign sources of nitrates. When the Treaty of Versailles 
concluding World War I limited German long-range ar- 
tillery, the Germans developed the V-2 rocket largely to 
get around this restriction, thereby ushering in the age 
of space flight [38.44, 45]. 

In Control Theory, « person violates norms because 
he or she lacks stable social bonds that might prevent 
it [38.46-48]. This is a very successful scientific expla- 
nation of many common crimes, such as ordinary theft, 
and many kinds of criminals tend to lack stable friend- 
ships or family relationships that might restrain their 
deviant behavior, Control Theory might seem irrelevant 
to nanotechnology ethics because no isolated individ- 
ual is in a position to make major decisions about new 
applications. The theory perfectly fits the Hollywood 
Image of Dr. Frankenstein living like a hermit in a re- 
mote castle, where he is free to conduct any ghastly 
experiment he wishes, but no real scientist lives like 
this. 

However, a variant of Control Theory explains that 
4 community or organization can suffer from a partial 
but pervasive form of isolation, called social disorgani- 
zation, in which communication channels are poor and 
many people deviate to a moderate degree because they 
are somewhat detached from each other. In a socially 
disorganized research laboratory studying the proper- 
ties of a new nanostructured material, the quality of the 
science could suffer, pieces of information could fail to 
get to scientists who need them, and management would 
get incorrect impressions about the material's properties. 
‘This could lead to a chain reaction of unethical behav- 
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ior in which no one individual was primarily to blame. 
For instance, the result could be a corporate decision 
to put into production a new kind of aircraft com- 
ponent that was subject to unpredictable catastrophic 
failure, causing crashes and loss of life. In a case such 
as this, the unethical behavior is scattered in many small 
pieces, committed by many individuals, any time one 
fof them presents a dubious observation as a scientific 
fact. The best way to reassert the truth-oriented pro- 
fessional norms of science would be to rebuild good 
channels of communication and cooperation, reattach- 
ing the researchers to each other and to the scientific 
community. 

Subculture Theory is similar to Control Theory, but 
‘operates on the level of groups rather than individuals. 
‘A person violates a rule because he or she belongs to 
fa subculture that rejects the rule and even encourages 
violation of it [38.49,50]. A subculture is a group or 
network having a set of norms, roles, and values that 
differ from those of the surrounding culture, At the 
extreme, it can have a radical ideology or dogma, but 
practically every social group is a subculture to at least 
avery mild extent. Social psychologist Janis [38.51] has 
shown that even very powerful groups can become de- 
vviant subcultures, if they isolate themselves from the 
‘wider community, as the Nixon White House did during 
the Watergate episode, 

Even if a research laboratory is functioning prop- 
erly, the organization of which it is a part can make 
harmful decisions ifthe top management is a subculture 
pricticing what Janis calls “groupthink,” the refusal to 
accept information that conflicts with the group's beliefs 
and commitments, Sometimes this may result in harm 
to others, for instance, if a new nanotechnology-enabled 
treatment for cancer were put into production before 
safe methods for administering it to patients in hospital 
settings were worked out. Or the harm could fall on the 
organization itself, for example, if semiconductor com- 
pany decided to invest its future in molecular logic gates 
‘without fully assessing the potential of carbon nano- 


38.5 Public Opinion 


Ethics and social implications are largely matters of 
social perception, and the public conception of nano- 
technology is still in the early stages of developing. 
Nanoscale science and engineering are evolving from 
conventional work in materials science, physics, chem- 
istry, and related fields, as the gradual emergence of new 
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tube transistors instead. In that case, we might say the 
company deserves what it gets, but there isthe ethical 
issue of its responsibility to stockholders and employ- 
ee, including tothe scientists in the research laboratory 
‘who were ready to do the studies needed for a correct 
decision, 

[As the example of Strain Theory illustrates, some- 
times strain has positive consequences, rather than 
negative ones. Similarly, Learning Theory explains why 
an individual or organization might develop habits of 
ethical innovation, and both Control Theory and Sub- 
culture Theory could show that a person or group may 
innovate best when somewhat detached from conven- 
tional thinking. Thus, the issue is not one of avoiding 
these four factors, but of finding the right levels of 
them to encourage healthy innovation without unleash- 
ing serious unethical behavior. This is the fundamental 
trade-off in any free society: How to liberate human 
creativity while restraining greed, immorality, and inhu- 
sanity 

Strain Theory has been used to explain the 
emergence of collective behavior and social move- 
‘ments [38.52] including reform movements such as the 
environmental movement or crusades to establish pro- 
fessional codes of ethics. Concern about the social and 
ethical implications of nanotechnology can, therefore, 
energize the development of appropriate institutions ta 
‘manage it wisely. Learning Theory suggests that a re- 
‘warding market for beneficial nanotechnology’ products 
could teach scientists, engineers, and managers to invest 
their energy in projects that would serve the needs of 
humanity. Both Control Theory and Subculture Theory 
sess the importance of strong networks of communi- 
cation in restraining unethical behavior. Convergence 
of nanotechnology with the other NBIC fields would 
support healthy communication by unifying science, 
providing a universal technical language for interaction 
across fields, and creating a network of collaborative re~ 
lationships across sciences, institutions, and sectors of 
society. 


methodologies permits many Kinds of observation and 
experimentation with inorganic structures having atleast 
‘one dimension less than about 100 nm, This progress in 
real nanotechnology is solidly based in existing scien- 
tific knowledge, even as it achieves new discoveries and 
inventions, 
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At the same time, something quite different has been 
emerging that also calls itself nanotechnology: a s0- 
cial movement based on metaphors, approximations, and 
hopes. Tolles [38.53] calls it an “irrational vision.” In so- 
cial science, popularenthusiasm fora loosely defined set 
of unreasonable hopes is often called a mania [38.54], 
0 I will call this movement nanomania. 

‘The key momentin the emergence of nanomania, but 
notof nanoscience and nanotechnology themselves, was 
the 1986 publication of Engines of Creation by Drexler, 
This is a popular book, inspirational rather than tech- 
nical, filled with verbal metaphors about what might 
possibly be accomplished if nanoscale assemblers could 
be created, rather like industrial robot arms and assembly 
lines. The plausibility of Drexler's argument, such as it 
is, comes from his constant reminder that biological sys- 
tems include “machines” that assemble themselves and 
‘manufacture or manipulate other nanoscale structures: 
proteins, RNA, and DNA. 

In a rambling discourse that reminds us that 
Leonardo da Vinci could not have predicted the de- 
tails of late twentieth century technology, Drexler asserts 
that some time in the future it will be possible to build 
nanoscale assemblers that are able to make anything 
that can be designed. At this point he has outstripped 
his biological analogy, because the “nanomachines” of 
biology cannot do this; they can make only those spe- 
cific things that evolution has programmed them to 
make [38.55]. Drexler says that suitably programmed 
assemblers will be able to make copies of themselves, 
as living organisms do, 

‘The specific image he offers is of tiny robot arms 
grabbing atoms from the surrounding raw material 
and putting them together in the correct configura- 
tions. These imaginary assemblers can make anything, 
he suggests, so they can quickly replace all the fac- 
tories and construction companies on Earth, giving 
humankind perfect abundance of anything we might 
want, The book then scans quickly through other dreams 
of science fiction, including artificial intelligence, cheap 
space flight, near immortality, and the danger to hu- 
man life of uncontrolled self-replicating intelligent 
machines. 

In some ways the book is laudable, inspiring non- 
technical readers with many conceivable applications 
of nanotechnology, some of which might actually turn 
out to be practical in the long run, discussing. their 
social implications, and offering potential solutions 
to problems that might arise. The problem is that 
many people have come to the unfounded conclusion 
that Drexler's self-replicating universal assemblers are 


not only theoretically possible, but likely to be ere- 
ated in the near future. This is the fundamental error 
of nanomania, and it has called forth a reaction in 
the form of a nanephobia ~ the fear that all kinds 
of horrible evils will soon emerge from nanotech- 
nology 

‘At the 2000 Societal Implications workshop, 
Drexler's assemblers were debunked by several partici- 
pants, including Nobel prize-winner Smalley 
of fullerenes and a pioneer of carbon nanotubes. Smalley 
bserves that technical details of chemistry and a correct 
understanding of the properties of atoms and molecules 
are largely absent from nanomania [38.56], In partic- 
ular, the universal nanoscale assemblers envisioned by 
Drexler are physically impossible: “Because the fingers 
of a manipulator arm must themselves be made out of 
atoms, they have a certain ireducible size. There just is- 
n't enough room in the nanometer-size reaction region 
to accommodate all the fingers of all the manipulators 
necessary to have complete control ofthe chemistry: 
Manipulator fingers on the hypothetical self-replicating 
nanabot are not only too fat; they are also too sticky: the 
atoms of the manipulator hands will adhere tothe atom 
that is being moved. So it will often be impossible to re- 
lease this miniscule building block in precisely the right 
spot” [38.57] 

‘The difficulty of developing reasonable public poli- 
cies about nanotechnology when popular thinking is 
dominated by fanciful notions is illustrated by Chen’s 
paper, “The Ethics of Nanotechnology”, distributed on- 
line both by the Markkula Center for Applied Ethics 
at Santa Clara University and by BioScience Produc- 
tions, Inc., which describes itself as “a non-partisan 
organization whose goal is the promotion of public liter- 
acy in the biosciences”, Following Drexler’s approach, 
Chen takes assumes that nanotechnology means the ere- 
ation of molecular machines, “which could be used 
as molecular assemblers and disassemblers to build, 
repair, or tear down any physical or biological object- 
s° [38.58]. Recognizing that such “nanites” may not 
be practical in the near future, Chen nonetheless sug- 
gests that we consider taking three possible actions 


1, Nanotechnology R&D should be banned 
2. A nongovernmental regulatory or advisory commis- 
sion should be set up 
3. Adopt design guidelines 
~ Nanomachines should only be specialized, not 
‘general purpose 
— Nanomachines should not be self-replicating 
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Figure 16-5. The interior of an early switching power sup: 
ply 

the downside, the plastic case of the switching 
supply requires a metal liner (removed for this 
photograph) to contain high-frequency electro- 
magnetic radiation. 


Unregulated Power Supply 
Typically this consists of a transformer and recti- 
fying diodes with little or no smoothing or volt- 
age control of the output. 


Adjustable Power Supply 
This is usually a linear power supply incorporat- 
ing an adjustable voltage regulator. This type 
of supply has laboratory applications and is 
found as a benchtop item to power electronics 
design projects during their development. 


Figure 16-6. The interior of the type of switching power 
supply that powers a laptop computer. 


Voltage Multiplier 
Devices such as photocopiers and laser printers, 
televisions, cathode-ray tubes, and microwave 
ovens require voltages significantly higher than 
those supplied by domestic AC power outlets. A 
voltage multiplier usually contains a step-up 
transformer followed by DC conversion compo- 
nents, but detailed consideration is outside the 
scope of this encyclopedia. 


Formats 


‘An open frame power supply consists of compo- 
nents on a circuit board, usually mounted on a 
metal chassis, with no enclosure or fan cooling. 


A covered power supply is enclosed in a protec- 
tive perforated metal box with a cooling fan 
needed. Power supplies sold for desktop com- 
puters are usually in this format. 
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38.5 Public Opinion 


— Nanomachines should not be made to use an 
‘abundant natural compound as fuel 

— Nanomachines should be tagged so they can be 
tracked 


‘Chen notes that the first choice would undesirably 
prevent beneficial applications of molecular machines, 
‘but might not prevent “rogue researchers” from devel- 
oping nanites anyway. However, readers of his article 
who are unfamiliar with real nanotechnology may not 
realize that most research in the ficld has nothing to do. 
‘with these hypothetical nanites. It would take consider- 
able wisdom to figure out how a regulatory commission 
‘might be set up, empowered, and managed effectively 
in such a way that it could ensure nanotechnology will 
be used for human henefit without stifling worthwhile 
innovations. The design guidelines flow from Chen's as- 
sumptions about what nanotechnology is, but any formal 
regulations embodying them could have serious nega- 
tive unintended consequences, given that they start with 
a flawed definition of nanomachines. 

Chen's rule that nanomachines be “specialized, not 
general purpose” may mean little, because a fully 
“general purpose” machine is as mythical as a “univer- 
sal solvent” or “perpetual motion machine.” However, 
a regulatory commission could do great harm by adopt- 
ing poorly conceived definitions of nanomachine and 
general purpose. Suppose a very useful new abrasive 
‘were developed consisting of nanoparticles that changed 
shape, perhaps in response to temperature or force fluc- 
‘uations, in some complex way that helped them do their 
intended job. Webster's Il New Riverside University Die- 
tionary defines machine thus: “a system, usually of rigid 
bodies, constructed and connected to change, transmit, 
and direct applied forces in a predetermined way to ac- 
ccomplish a particular objective, as performance.” By this 
definition, the nanoscale abrasive particles would be ma- 
chines. If they could be used to shape a wide range of 
industrial materials, they could be called general pur- 
pose, Yet this abrasive could be no more dangerous to 
humanity than ordinary sandpaper, 

Strictly speaking, no entities on Earth are “self- 
replicating.” Living organisms cannot replicate them- 
selves without the help afforded them by the particular 
environment in which they dwell. All life is part of 
‘an ecology. Any regulation prohibiting self-replication 
‘would have to define very clearly what self-replication 
‘meant in the context of particular environments. Today. 
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factory robots build parts of robots, but nobody worries 
bout the ethical implications, perhaps because anybody 
can see that the manufacture process is entirely under 
the control of human beings. Because nanites are imagi- 
nary, and only vaguely defined, there are no facts to give 
nontechnical people comparable confidence. 

Chen's rule against nanomachines that use “an abun- 
dant natural compound as fuel" presumably would 
prevent a nanite from rampaging uncontrolled inthe nat- 
ural environment. But this could outlaw the development 
of non-replicating nanoscale devices that can function 
only in very restricted laboratory or industrial systems, 
because mast chemicals used in motors or batteries are 
abundant natural compounds. 

‘Requiring that all nanoscale machines be “tagged so 
that they can be tracked" is reminiscent of the British 
Red Flag Act of 1865, which required that each horseless 
carriage be preceded by someone on foot waving a red 
flag. In the context of Chen's recommendations, racked 
‘would seem to mean located, not merely identified once 
found. This could add an extremely heavy technical bur- 
den such as radioactive tagging, addition of a distinctive 
adulterating chemical, or even complex design features 
above the nanoscale to allow the nanomachine to be de- 
tected by microwave radio locators, IFthe machines are 
incapable of escaping into the natural environment, this 
burden would be not only ill-advised but ludicrous. 

Has nanomania distorted the reception real nano- 
technology is receiving? A survey done in 1999 found 
that the American business community was rather un- 
aware of nanotechnology, only 2% saying they knew 
‘hat it was and a further 2% reporting they had heard of 
it, but did not know what it was [38,59]. Two years later, 
a Web-based survey sponsored by the National Geo- 
graphic Society found that science-attentive members 
of the general public are very enthusiastic about nano- 
technology, anda rather larze numberof ideas about its 
benefits have already entered popular culture [38.60] 
Statistical analysis of responses from 3,909 people re- 
vealed that they associate nanotechnology with other 
science-based technology, but do not connect it with 
pseudoscience. Significantly, when 598people wrote 
paragraphs about nanotechnology, not a single respon- 
dent expressed concer about hypothetical dangers from 
self-reproducing nanites. Future surveys can examine 
the deepening popular awareness of nanotechnology, as 
the field itself progresses, and assess any public concems 
that develop. 
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38.6 A Research Agenda 


Sociologist Ezkowit: [38.61] has noted that the social 
sciences can play three different but mutually supportive 
roles in the development of nanotechnology: 


1, Analyzing and contributing to the improvement of 
the processes of scientific discoveries that increas- 

ly involve organizational issues where the social 

sciences have a long-term research and knowledge 
base. 

2. Analyzing the effects of nanotechnology, whether 
positive or negative, expected or unintended, hy- 
pathetically and proactively and as they occur in 
real-time. 

3. Evaluation of public and private programs to pro- 
mote nanoscience and nanotechnology. 


‘There are several ways social scientists can study the 
nanotechnology innovation process as it occurs (38.11, 
62]. Cultural anthropologists and participant observa- 
tion sociologists can enter nanoscience research teams, 
ethnographically documenting the behavior of the re- 
searchers over time as they frame their scientific 
problems, seek solutions, and labor collectively to un- 
derstand the meaning of research results [38.63]. Fruitful 
sites for research on the innovation process include 
academe, industry, goverment laboratories, federal 
agencies, and professional societies. 

Historical methods for collecting and analyzing writ- 
ten documents are also useful, even in cases where 
the documents are only days or weeks old, rather than 
the decades-old materials employed by most profes- 
sional historians. Formal interviews, content analysis 
of communications such as e-mail messages, and ques- 
tionnaires can provide more systematic kinds of data. 

‘Application of a scientific idea to a technical prob- 
Jem, a technology transfer, and the introduction of 
products into the marketplace can be tracked through 
economic statistics on research and development invest- 
‘ments, patent applications, and advertisements for new 
products and services. Some geographic areas, strata of 
society, and kinds of individuals and institutions expe- 
rience technological change earlier than others, notably, 
the first adopters who try out an innovation hefore in- 
fluencing other people to try it as well (38.64, 65] 
Start-up companies are in a sense early adopters, even 
though they are also innovators, and thus they may be 
aan especially fruitful if logistically difficult field for 
research, 

‘There is a long tradition of systematic research 
on scientific publication, tracking the introduction of 


new concepts, charting the changing pattems of cita- 
tion in scientific literature, and measuring the bulk of 
publications in different areas [38.66]. The progress of 
nanotechnology in modem culture could also be studied 
by tracking the introduction of new topics and courses in 
school and university curricula, mentions of nanoscale 
phenomena in the popular press, and the proliferation 
of both commercial and noncommercial Websites ded- 
icated to nanotechnology. Professional societies and 
centreprencurs are already creating series of new fo- 
ums, symposia, journals, and job fairs oriented toward 
nanoscience and nanotechnology. 

‘Nanotechnology may have significant impacts in all 
sectors of the economy, in most spheres of life, and on 
both short-term and long-term time scales, The intended 
consequences of any particular innovation can be deter- 
‘mined simply by interviewing its investors or promoters 
and by inspecting their publications about it. Unintended 
consequences are much harder to study, because they 
require not only extensive research on the impacts on 
diverse areas of society, but also good scientific intu- 
ition about where to look for them. Consequences have 
consequences, in a continuing cascade, so the second- 
order consequences will also have to be studied [38.67] 
Ultimately, this would require an extensive, vigorous in- 
terdisciplinary scientific community that is dedicated to 
research on social and technological change in general 

‘Technology is an elaborate system, embedded in 
the even more elaborate system that is global society. 
‘Through feedback among complex social subsystems, 
major phenomena can produce chaotic and unpre- 
dictable effects. Nanotechnology will have substantial 
impacts on many aspects of society in often different 
ways, so predictions of its influence will be difficult 
to make and evaluate scientifically. This means that re- 
searchers will have to invest considerable sophistication 
and effort in their work. 

‘The social and ethical implications of nanotechnol- 
ogy are the results not merely of what the technology 
itself does, but also of how people react to it. Therefore, 
it will be important to understand the social acceptance, 
resistance, or rejection of nanotechnology at different 
times and in different places and human contexts. In- 
terviews, focus groups, and questionnaire surveys can 
‘measure emotional, cognitive, and psychosocial param- 
ters [38.68]. The combined methodologies of political 
science, sociology, and socio-legal studies will be re- 
‘quired to chart the process of regulatory review and 
Approval, court decisions that actively permit or prohibit 
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the use of the technology, mobilization of political sup- 
port and opposition, and the activities of relevant social 
‘movements, 

Ultimately, the test of the various nanotechnologies 
will be their benefit for human beings, as measured 
by economic growth, improved health and longevity, 
environmental protection, strengthened security, social 
vitality, and enhanced human capabilities. Convergence 
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Figure 16-7. Comparison of attributes of linear regulated 
power supplies and switching power supplies. (Adapted 
from Acopian Technical Company.) 


Electrical Noise 
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Peak Inrush 

‘A switching power supply allows an initial inrush 
or surge of current as its capacitors accumulate 
their charge. This can affect other components 
in the circuit, and requires fusing that tolerates 
brief but large deviations from normal power 
‘consumption. 


Chapter16 147 


‘About the Authars 57 


Marcie R, Black 


Maseachusetts Ineiute ‘Marcie Black recently received ber Ph.D. fom Prof, Dresselhaus's research group at 
of Technology MIT studying the optical properties of nanowires. In particular, she ientited the 
Department of Electrical Engineering and dominant apical abwogption mechanism in the IR of hismath nanovyires as an indirect 
Computer Science Interband wansiion thal is enhanced over hull bistuth, Currently she is studying 


Cambridge, MA, USA 
marele@atum. mit edu 
Fipfveb mitedalmrbiwwlpra. htm 


‘organic oplo-electonics with an emphasis on photovoltaics, 


Jean-Marc Broto 


University Toulouse ‘ean: Mare Brot is Profesor a the Universite Toulouse Il France He sa specialist, 
{iboraate National des champs ‘in electronic transport and magnetization properties unde high magnetic elds and 
MagnciquesPulads NCHP) Conte tothe scovery of the Glant Magactorenstance fn 98K 


Toulouse, France 
Droto@insa-tse-fe 
‘tpi. insa-tse.1 


Robert W. Carpick 


University of Wisconsin-Madison| ‘Robert Carpick has a PhD. in Physics (1997) from the University of 
Department of Engineering Physics California a Berkeley. He has been an Assistant Professor a the 
pete i University of Wisconsin-Madison since 2000, He caries oat research 
NE call and publishes inthe areas of nanctibology. nanomechanics, 


‘nanostructured materials, and scanning probe development. He serves 
‘om th editorial board of Review of Setentifi Lastruments in 2012 be 
received a Faculty Farly Career Development award from the U.S. 
[National Science Foundation, 


carp rabert hit 


Tsung-Lin Chen 


Hava hin Tang Ue Tang-Lin Chen eached He BS and MA degen neha 
BM bessrinent ngonceing trom he National Tsing- Ho Uns aan 190) 
IE) cr fiecnania engineering sau ood apectnely. He recived PRD. dope ir mechani 
SS shin cha ae nginceing trom University of Califor at Berkey USA in 201, He 
ungiingamaal.nctn.eda is currently an aesistant professor in National Chiao Tung University in 
Taian His researc interests nce MEMS devices design ad 
MEMS fabrication process development 


Yu-Ting cheng 
National Chiao Tung University YucTing Cheng received his Ph.D. degree in Electrical Engineering atthe University 
Department of Michigan, Ann Arbor, in 2000. ARer his graduation, he worked for IBM Watson 
of lectanics Engineering Research Center, Yorktown Heights as a research sal member. He i a member of 
Insitute of Electronics IEEE. 1OP, and Phi Tau Phi. Currently he i Assistant Professor athe National Chino 


Hsinchu, Taiwan 


Ne an atiuil Tung University, Taiwan. His research interests include the development of novel 


‘materials and fabrication technologies for MEMS/NEMS applications and 
‘microsystems integration, 


Giovanni Cherubini 3 
g 
1M Zrich esearch boat De Giovanni Chenin ese PD. depce im elsvcalenginsring omic 
Sage Tectoles Unser of Caria San Dio. nko snd one IBM Research im ORT His 
tach oan ices ice giro es PnunonadGan vorns ee Hes Ee 
Sieuncsomom SerebitR pe EEE Tenecaron Commas anne Get 


Editor forthe IEEE Journal on Selected Areas in Communications issues on access 
technologies (199) and on multiuser detection techniques 2001-2002). He is 
co-author of the hook Algorithms for Communications Systems and their 
Applications 


‘158 About the Authors 


stoynqynuoy 


Jin-Woo choi 


Toulsiana state Universi 
Department of Eecreal. 


and Computer Engineering 
Baton Rouge, LA, Sh 


choi@ece-bu.edu 


Shawn J. Cunningham 


“in-Woo Choi received his B.S, and M.S. degree in Electrical 


Engineering from Seoul National University im Korea in 1994 and 1996, 

respectively, He received his PhD. degree in Electrical Engincering 

from the University of Cincinnati in 2000, Now he is an Assistant 

m Professor at Lousiana State University, Baton Rouge, Louisiana. His 
ccurteat research activites include magnetic particle separators, 
microfluidic systems for biochemical detection, micro total analysis 
systems (TAS), bicelectronics, and BioMEMS components and 


a rom 


Colorada Springs, CO, USA 


Sp eI ocredo ering Design center ch end pened pet 
Ee 


Michel Despont 


‘Shawn Cunningham is working onthe development of RF MEMS 

th wiSpry, In. His interests include 
‘alerals characterization, reliability, and Design for MEMS. 
‘Manufacturability. Prior to jining wispy, Shawn pursued MEMS 
research and product development at Coventor. Ford Microelectronics, 
fan the University of Utah's Center for Engineering Design ad in 
collaboration withthe Univeristy of Colorado, 


TBM Zurich Research Laboratory 
ieeo-MManamechanics 
Adschikon, Suitzerand 
‘bptgbeurich.tbm-com 


Gene Dresselhaus 


‘Michel Despont received his Ph.D. in physice from the University of Neuchitel, 
‘Switzerland, in 1096, After postdoctoral fellowship at IBM's Zarich Research 
Laboratory he was visting scientist atthe Seiko Instrument Research Laboratory in 
Japan in 1997, His current research t IBM focuses on the development of miceo- and 
‘nanomechanical devices and of processes to fica so-called system-on-chip. 


Massachusetts Inatitute 
‘of Technalogy 

Francis Bitter Magnet Laboratory 
Cambridge, MA, USA 
geneqamm.mitedy 

Ftitweb. rit edulfomllme) 


Mildred $, Dresselhaus, 


‘Gene Dresselhaus received his Ph.D. in physics from the University of California in 
055, He was faulty memher a the University f Chicago, and sesistant professor 
at Cornell before joining MIT Lincoln Laboratory in 1960 asa stat member. In 1976 
bhe assumed his erent postion atthe MIT Francis Biter Magnet Laboratory. His area 
‘of interest isthe electronic structure of nanomaterials and he has co-authored with 
MS. Dresselhaus several books on fullerenes, nanowires, and nanotubes. 


Waseachusetts Inatitute 
of Technology 

Department 

of Electrical Engineeting 

Snd Computer Scence 

and Department of Physics 

fambrigge, MA, USA 
milieg@mgm.nit.edu 

hp: eees;mit, edulfacultyline. 
htm! 


Martin L. Dunn 


Mildred Dresselhaus received her Ph.D. in physics from the Univesity 

{fof Chicago in 1958, She joined the MIT faculty in 1967. She hus bees 
fctve in research across broad areas of solid sate physics, especially in 
‘arbon science, Her present research activities focts on eathon 
‘nanotubes, bismuth nanowire, low dimensional thermoclcticty and 
‘novel Forme of cachon. She isthe recipient ofthe National Medal of 
‘Science and 17 honorary degrees 


University of Colorado at Boulder ‘Martin L. Dunn received the Ph.D. in Mechanical Engineering from the 
Department of Mechanical Engineering Unversity of Washington and was a postdoctoral appointee at Sania 


Boulder, CO, USA 


mmartin.dunn@colorado edu 


[National Laboratories, His research focuses onthe micromechanical 
bbchaviorof materials and structures, He hats published over 75 articles 
‘in archival journals, and his research has been sponsored by NSF. DOE, 
NIST, DARPA. AFOSR, and Sandia National Laboratories 


‘About the Authars 


rs T. Durig 


TBM Zurich Research Laboratory 
Hera Nanamechanice 
Auschtkon, Switzefand 
Grg@zunch.ibm-com 


Evangelos Eleftheriou 


(Urs Darig received a Ph.D, degree from the Swiss Federal Institute of Technology 
Zurich, in 1984. He joined IBM as a post-doc working on near-field optical 
ticroscopy. He ix Reseach Staff Member since 19N6: He worked inthe field of 
‘canning tannelling and dynamic force microscopy. In 1997, be joined the Micra! 
[Nanomechanics grogp focusing on polymer material issues and thermal modelling. 


IBM Zurich Research Laboratory 
Storage Technclogies 
‘usenvon, Switzerand 


ele@zurieh.ibm.com 


Lifes 


Mauro Fer 


He received a PhD. in Electrical Engineering from Carleton University, Ottawa, 
Canada in 1985, and joined IBM Research in 1986, His research focuses on signal 
processing and coding for recording und transmission systems. His current research 
Interests include nanotechnology in particular probe-storage techniques 

Dr. Eleltheriou was elected IEEE Fellow in 2002, 


‘Ohio tate University 
Biomedical Engineering Center 
(Columbus, OH, US 

Ferrari 5@osedu 
hitp:fomew.bme-ohio~ state-edul 
mewebsome. faculty htm 


‘Mauro Feral isthe Edgar Hendrickson Profesor of Biomedical 
Engoceing ofthe Obi Sate Univerny, A mechanical engineer by 
traning, be als lds appoinments in nerd Medicine Mechanical 
Engnecing and Materia Science, Professor era ix globally 
recgnied gure im biomedical nanotechnology and micro ad 
‘anofabrication, His caren itrexts are appliition of novel 
{ahrcaion ectnologies to inovaive dug delivery devices for 
treatment of caniovscular disease palaive cae ond oncology 


Emmanuel Flahaut 


‘Université Paul Sabatier 
‘GaIAT (Centre Interuntversialre 
{de Recherche et e'ingenierie 


‘Emmanuel Flahaat obtained bis Ph.D in Materials Science in Toulouse 
‘working on CCVD synthesis of carbon nanotubes (CNTs) and dense 


des Matériaux) 
Toulouse, France 


fahaut@ehimfe.ups-tse tt 
bltpienahaut.nano fee. 


Las Fores 


-based composites including CNTs. He spent then more than 
fone year as a post-doctoral researcher in Malcolm Green's Group in 
Oxford to work mainly on the filling of CNT. He is now a permanent 
(CNRS researcher atthe University of Tooloase 


‘Sse Federal institute 
ar Technology (eA) 
institate of Physee 

cof Complex Matter 
usanne, Stzeriand 
laszlo foro@ept ch 
htpsinanotubes.epf.ch 


Profesor Lissld Fors working onthe synthesis, physical properties and 
plan of rcv nvopicbocs el mene ee wel 
‘mechanical ropertics of carbon nanctues, carbon onions, bvlogial tala systems 
Transport and electron spin resonance studies of molecular materia 

ni metals, nganic superconddctors, cuprates, mangansles 
lerenes upto high pressure. Tunneling spectncopy sn cuprae in fllrene 
‘iperconductos. Optical properties of strongly correlated sy tems nd Hirai, 


TaM Almaden Research Center 
Department of sence 

fang Tecnology 

San ose, Ch USA 
‘rormer@Aimaden.ibm.com 


Following « Ph. in Organometallic Chemisry from Caltech, Dr. Jane Frommer bas 
been involved in & diverse set of research areas, including elecironiclly conducting 
polymers and scanning probe micrescopy. Her preseat APM lab at IBM collaborates 
‘with a wide variety of laboratories involved in materials esearch, including 
lidhograpy. chromatography. and storage. Common tall these stuies is Frommes's 
interest inthe properties and structure of molecules in confined geometries. 


159 


s1oynqin}U0) 


1160 About the Authors 


suoyng}syu03_ 


Harald Fuchs 


Universit MUnster 
Physialisches Instat 

Munster, Gemany 
fuchshbunt-musnster. de 
hitp:woruni-muenster.defPhysibi 
Pifuchs 


‘des Saarlandes with Prof. H. Prof Gleiter (nano 
Systems). 19841985, Post doc with IBM Research Lab, 
‘Zarich inthe group of G. Binnig and H. Rober, 1985-1993 Project 
manager ‘Ulyathin Organic Films’ with BASF AG. Ludwigshafen, 
‘Germany. Since 1993 he is full Professor and Director atthe Physical 
Institute of the University of Munster, 2000: Cofounder and Scientific 
Director ofthe Center for Nanotechnology (CeNTech) 


Franz J, Giessibl 


si 


Universitit Augsburg ‘Dr. Giessibl is working in atomic force microscopy and seanning 
Lehrstubl for Experimentalphysk V tunnelling microscopy in ultrahigh vacuum at room temperature and 
Augsburg, Germany low temperatures, He i Steering Committee Member ofthe 


franz. glessib@physik.uni-auesburg.de 
hitgswon-phystkuni-augsburg. del 
expat 


International Conference on Noncontact Atomic Force Microscopy. He 
received the R&:D 100 Award Chicago 1994, the German Nanoscience 
‘Award 2000, and the Rudolf Kaiser Price in 2001, 


Enrico Gneceo 


id Gremaud 


University of Basel Enrico Gnecco studied physics in Genoa, where he received his PRD for work on the 
Department of Physis ‘mechanism of growth of nanostructured carbon films, He ix mow assistant at the 
Base, Switzerland University of Buse, where his research activities focus on fiction force microscopy 


Fnvco Greccogunibas.ch Uaesaty of Basel 
hitpsimonet physikunbas.chigneccoy tl eleswlar machinery. 


‘Swi Federal insutute 
afTechnotogy (EPP) 
Institute of Dhyses 

of Complex Matter 
Tusanne, switzerland 
premaud@eptch 


Dr, Gérard Gremaud isa physicist and senior lecturer atthe Ecole Polytechnique 
Fédérale de Lausanne (EPFL). He is active inthe research fells of dislocation 
dynamic, acoustic and alomic Force microscopy and grantlar physic. He Is also 
responsible for th teaching of metrology and practical works tothe physics students, 


Jason H. Hafner 


Rice Universiy “sson Hafner earned his PhD. in physics fom Rice University ia 1998 
Bepartment of Physics PBN He en eld an NIM poxdoctorlfellnahip wt Harvard University 

Bistronomy ‘working on aanote probes for bighresoltion bologiea ane force 
Howson Usk [ Tricroseopy. [a 2001 Ke ttumned to Rice as an assistant professor where 
tat iis groups pursuing various Hiophysial applications ef scanned probe 


microscopy and nanomatenals. Dr Hafner received a Beckman Young 
Investigator award in 2002, 


Stefan Hengsberger 


University of Applied Science ‘Stefan Hengaberger received his diploma in physics from the Univesity 
a a of Saarbricken in 1997, He sated asa research seientist at Praunoter/ 
Fribourg, Suitzerian ‘Miami (Florida) where he worked uni mai 199. In uly 1998 he 

stefan hengsberger@ett.ch joined the sis federal mttute of Technology (EPFL) where he eared 

‘peta areat-hambue.de his PAD in biomechanics in spring 2002. He stayed for another year t 
EPFLs «postdoc in biomechanics and physics util summer 2003 
Since October 2003 he i Professor of Piysies tthe University of 
Applied Science in Fribours, Switzerland 


‘About the Authars 


Peter Hinterdorfer 


Johannes Kepler Univesity of Linz 
Institute for Biophysics 
tine, Austria 
peter hinterdorer@jku.at 

my ttpliat2 bphys uniting ac atbioph 
Slathiperhipe-ntm 


Roberto Horowitz 


Peter Hinterdorfer earned a Dr. tech, trom the University of Linz, Austria, Insitute for 
Biophysics in 1992, He was a postdoctoral fellow atthe University of Virgina 
Department of Molecular Physiology and Biological Physics (199211993) Since then 
he fat the University of Linz, Insstte for Biophysics, where he holds a position as 
Associate Profesor His current and ongoing researc inclides single molecule force 
spectroscopy and high resolution topography and recognition imaging of biological 
simples. 


University of California at Berkeley 
Department 

ff Mechanical Engineering 

Berkeley, CA, USA 
horowit@me.berkeley.edu 

Fp meberkety.edu!~Rorowite 


Hirotaka Hosoi 


‘Roberto Horowitz joined the Deparment of Mechanical Engineering atthe University 
ff California at Berkeley in 1942, where he i currently a Profervr. Dr Horowite 
teaches and conducts research inthe areas of adaptive, leaming, nonlinear and optimal 
‘onizo,wih applications to Micro-Electromechanical Systems (MEMS), computer 
tisk fil systems, mabotics, mechatronics and intelligent vehicle and highway systems 
(VES) 


Japan Science and Technology 
Corporation 

Sappora, lapan 
hovoldiapporajt-plazajp 


Jacob N. Israelachvili 


‘Hiotaka Hosoi received the D.E, degree in electronic enginnering from 
Hokkaido University in 1999, Since 2002 he is at Innovation Plat 
Hokkaido. Japan Science and Technology Corporation QST). His main, 
research focus isin high-resolution magnetic imaging of magnetic 
‘malerials surfaces using a scanning force microscope. His curent 
research interests includes magnetism on metal-onide surfaces. 


University of california 


‘Jacob Isaelachvili cared his Ph.D. 1971 at the Cavendish Laboratory 


Department of Chemical Engineesing and University of Cambridge, UK. He held various positions tthe 


Natarlats Department 
Santa Barbara, Cy USA 
Pe iacab@eng 


‘cultylisraelachui 


Ghassan E. Jabbour 


erng.uesb.edu 
Hp: lina chemengr- ues. edulpeoplel 


Department of Applied Mathematics at the Australian National 
University (1974-1986), including those of Professional Fellow and 
Heal of Department In 1986 he joined the faculty at University of 
California, Santa Barbara as Professor in the Department of Chemical 
Engineering and Materials Department In 1988 he was elected a Fellow 
ofthe Royal Society of Londan. and in 1991 he was awarded the Alpha 
(Ci Sigma Award for Chemical Engineering Reseach by the AICHE. 
He was elected asa Foreign associate of the US National Academy of 
Engineering in 1996, 


Univesity of Arizona 
OptialSeences Center 
‘eson, fz, USA 
sei@optic.arizona.edu 


Harold Kahn 


‘Ghassan E.Jabhour isthe head ofthe research group Organie Optoelectronic 
“Materials and Devices atthe Optical Sciences Center working on organic and hybrid 
‘materials and their applications to light emitting dvices, solar cells, mesmory storage 
‘solid state lighting, and olher areas. Professor Jebbour is a SPLE Fellow, Track Chait 
ff the Nanotechnolozy Program foe SPIE, and Associate Editor ofthe Journal of the 
Society for Information Display (ISID). He has over 200 publications invited talks 

and conference proceedings 


(ate Western Reserve University 
Department of Materials Science 
and Engineering 

{evetand, O4, USA 
Yahndewrwcau 


Harold Kan is Researcher Associate Profesor of Materials Science and Engineering 
at Case Western Reserve University, Cleveland, Ohio. His research is focused om 
MEMS device processing and testing particularly wafer level mechanical esting and 
shape-memory actuated microfluidic. He received «B.S. in metallrgical engineering 
from Lafayette College and a PhD. in clectronic materials from he Massachusetts, 
Institute of Technology 


61 


si0ynqiN}U0) 


‘162 About the Authors 


sioyngynu0) 


Fedral Institute 
af'Technotogy (EPR) 
Institute of Physics 

of Complex Matter 

Lausanne, Switzerland 
Sndres@igahpse.epich 
ftipstiwora-andtrasks.name 


Jané Kondev 


“Anuris Kis isa PRD, staden of Prof Lasrlé Fors atthe Swiss Federal 
Institute of Technology (EPFL) where be works together with Andrze} 
Kalk His main subject is the measurement ofthe mechanical 
ropertics of nanoscale objects, ncloing carbon nanotubes and 
Inicrotubules withthe aim of understanding the interplay between their 
‘nanoscale structure and mechanical properties, 


randels University 
Prystes Department 
Waltham, MA, USA 
Kondevesbrandels.edu 


Andrzej J. Kul 


Professor Kondev graduated with a PRD from Cornell University and 
ddd postdoctoral work at Brown University and Princeton Unversity 
before joining the faculty at Brandeis University. He ia recipient ofthe 


Mantes (CAREER award from the National Science Foundation and is « Cotrell 


Scholar ofthe Research Corporation. 


‘ie Federal inttute 
afTechnotogy (EPFL) 
Institute of Physics 

of Complex Matter 
Tusanne, switzerland 
andiae) Aullk@epfch 


(Christophe Laurent 


"Anurse) Kulik isthe Head ofthe Biostrctures and Nanomechanies Laboratory of the 
‘Swiss Federal Institute of Technology (EPFL) in Lausanne, Switzerland. His research 
‘ncentrtes om quantitative nanoscale materials properties: mnotribalogy. scanning 

probe microscopy, contact mechanics, nanbindentation, near-field ultrasonics, optical 
fyeezers, nanolithography, and nanomanipulation, 


Université Paul Sabatier 
CORA (Contre interuniversitaire 
fe Recherche et inganiene 
fes Matériau 

Toulouse, France 
laurentcimie-ups-tsetr 
hipilinn. 2g net! 


Stephen C. Lee 


Dr. Ch. Laurent is Professor of Materials Chemistry at University Paul Sabatier and is 
the head of the Nanocomposites and Carbon Nanotahes group of CIRIMAT. His 
esearch include inthe sythesis, characterization and mechanical properties of 
‘eramic-matrix nanocomposites. and since 1994, carbon nanotubes (synthesis of 
Single-and double-walled CNTs, formation mechanisms, characterization, localized 
row, hydrogen storage, ceramic-matrix composite) 


Ohio state University 

Biomedical Engineering Center 
Columbus, OM, USA 
Leeqbme-ohio-state.eau 
htip:limedicine.osu.edulmebiochern) 


Yunfeng i 


Stephen C. Lee isa pioneer in the field of semi-hiological nanodevicee 
(sanobiolopical devices) having published the frst monograph devoted 
to the topic in 1998, His interests ate im enabling technologies fr the 
Incorporation of functional proteins and nucleic acs nto nanodevies, 
Particularly for application in oncology and cardiovascular disease. He 
Is currently Associate Professor of Cellular and Molecular 
Biochemistry, Chemical Engineering and Biomedical Engineering at 
the Ohio State University 


University of California at Berkeley YYanfeng Li received the B.S, and MLS, degrees from Beijing University 


Department 
Sf Hechanical Engineering 
Berkeley, A, Usk 

AL vunteng@me.Berkeley cau 


of Acronautis and Astronautics, Beijing, Cina, in 1992 and 1995, 
respectively, He is currently working towards the Ph.D. degree im the 
‘Department of Mechanical Engineering. University of California, 
Berkeley. CA, USA. His research interests include motion contro 
vibration conirol, control of MEMS devices, and mechatronics 


‘About the Authars 


Liwei Lin 


Univesity of California at Berkeley 


Mechanical Engineering Department 
Berkeley, CA, USA 
Intingome berkeley eau 
tp: ma.berkele.edultacutytinsine. 
fe 

Yu-Ming Lin 


Lisi Lin received his PhD. from the University of California, Betkeey, in 1993, He 
‘was an Associate Professor inthe Insitute of Applied Mechanics, National Taiwan 
University. Twa (1994-19) and an Ait Profesor in Machi 

incering Department, University af Michigan (1996-1090). He joined 
UE Bere 11099 and leno ad Associ Profesor at Mostar Enginceing 
Department end Co-Director at Berkeley Sensor and Actuator Cente 


Massachusetts Institute 
of Technology 

Department of Electrical Engineering and 
Computer Science 

Gmbngge, Ma USA 
yming@imgm.mitedu 


Huiwen tiv 


Lin Yu-Ming performed experimental and theoretical studies on Bi-based nanowires 
for next-generation thermoelectric materials. The electronic transport properties of 
these systems are studied 1 investigate quantum size effects. He recetved the 
“Masterworks Award of the Deparment of EECS, MIT (2000) and the Gold Medal, 
MIS Graduate Student Award (2002) 


‘ho State University 
Nanotribotogy Laboratory 
forinfarmation storage 
fang MEMSINEMS 
Glumbus, OF, Usk 

‘iu 4o2@osu.edu 


Adrian B. Mann 


‘Dr. Huiwen Livi the associate director ofthe Nanotnbology 
[Laboratory for Information Stare and MEMS/NEMS at The Ohio 
State University. His research interest are stady of mechanical, 
‘eibological, and physical properties of advanced materials and MEMS/ 
NEMS devices on micro/nano scale, He obtained an Alexander von 
‘Humbold fellowship and the Japanese Seence and Technology Agency 
Fellowship in 1997 and 1998, respectively 


utgers University 
Department of Ceramics 
and Materials Engineering 
Piscataway, Nu, Uk 
abmann@teutgers.edu 


othmar Marti 


Dr Mann's research focuses on the nanomechanics of materials and the 
fabrication of nanostractured materials, His research is predominantly 
fon biomedical materials, but als inches ceramics, polymers nd 
fla, He is currently an Assistant Professor at Rlgers University, 
New Jersey. Prior to this he was a lecturer atthe University of 
“Manchester, England and a Fulbright scholar at The Johns Hopkins 
University. Maryland. 


University of Ulm 
Department of xperimental Physics 
Um, Germany 

(thar. Marti@physik.uni-uim.de 
tp: lservex physi. uni-ulm.delmart 


Jack Martin 


Profevor Odhmar Mart is Head of the Department of Experimental Physics at the 
University of Ulm, His main research topics ae polymers, scanning force microscopy. 
friction, near-field optics, and the optics of nanoparticles, Studie: diploma fom ETH 
Zitch, De se. nat. ETH Zach, Habilitation Unversity Konstanz. He worked at IBM 
Research Zurich, Switzerland, University of Caiforia, USA, ETH Zurich, 
Switzerland and University of Konstanz, Germany. 


‘Analog Devices, Inc 
Micromachined Products oivision 
Cambridge, ma, USK 

Jack marting@analog.com 


Tack Marin hay been a technologist and manager in dhe design, development and 
‘manufacture of industriel MEMS products for 25 years His accomplishments inckade 
‘development of wafer fab and packaging processes that are used by Analog Devices ta 
produce iMEMS integrated accelerometers and gyroscopes. He has a Ph.D. in 
“Materials Science, a BS and MS in Chemical Engineering, and isa Licensed 
Professional Enginece 


163 


sioynqiN}U0) 


1164 About the Authors 


sioyngynu0) 


Brendan McCarthy 


University of Arizona Brendan Me Carthy is a postdoctoral researcher in the Optical Sciences 
Optical Sclences Center Center, University of Anzona. He received his PhD in 20, fom, 
Tucson, AZ, USA Trinity College. University of Dublin ireland. His thesis topic was the 
bmccarthy@optics.arizona.edu charaterisaion of composite materials based on carbon nanotubes and 


‘conjugated polymers, using optical and vibrational spectroscopy. 
Scanning tuanelling microscopy. and transmission electron microscopy: 


Mehran Mehregany 


Case Wester Reserve University ‘Mehran Mebregany is curenly the Chairman of the Electrical 
Department of Electrical Engineering and Engineering and Computer Science Department at Case and the 
hb Computer Science Goodrich Professor of Engineering Innovation. His research interests 
> Bea ‘include: silicon and silican carbide micro/nano systems technology 
fet Anping ‘including MEMS/NEMS): micromachining and microfabrication 


eect technologies; materials and modeling issues related to MEMS/NEMS, 


and (in some cases) integrated circuits technologies; and MEMS, 


pe 
Emst Meyer 

University of fase he Mayer is pofoarof poy wibe Unive af iso He interee ia 
inttute of Dye {eso cel donc es ncromcoyy Wh toe wo action Hee al 
Bhs, Stet tte ne fk ef enn based upon momen nd mgt sin mice 
Est erer@unibasch cson wis fore micamopy.Aetrded fm the Swi Pay Soc, hee 


hgimonetunibas.chcl-inpeople!Seefer ofthe Swiss and American Pica Soe the Era Bou of 
mey Tribology Letters, and co-editor of books on alamic force microscopy. 


Mare Monthioux 


Toulouse, France stapler aso 
rmanthiougezmes.f¢ ih B. Smith and Prof D. 


UR A-aon Rs “Mare Monthious has been working on carbon materials fr more than 20 years, He is 
Centre d'laboration des Matériaux et involved in research on carbon nanotubes since 1998, discovered the ability of 
tudes Stucturates (CEMES) single-wall nanotubes in being filled by foreign molecules the same year. associated 


Luza from University of Pennsylvania. He is currently 
Director of Research atthe French National Centr for Scieniic Research and 
Baropedn Associate Editor of CARBON Journ 


Markus Morgenstern 


University of Hamburg Marks Morgenstern camed his Ph.D. from he Insite of Interface 
insite of hppteg ysis BCE Reseach and Vacuum Physics ofthe Forscngsentrm ich, 
Mamburg, Germany =p) Germany in 196. Alte one yur of reacarch tthe Univer of Pats 
morgen. un-hambug de Vil he joined the Group of Prof Dr. R. Wiesendanger in 1997 ax 
{eigenen santnctence ef. Senior Scientia In 20 be completed his Habitation athe University 
fof Hamburg wit the subject Scanning taneling speceescopy on 
semiconductor systems and nanosructures, 
seizo Morita 
Osaka Univerty Prof, Seo Morita work inthe stom force microscopy (APM), He 
Departmen of Eecronic Engineering has dnconeedewo-diensionl fiction wit latice periodic td 
occ toa {wo-dimensioal sold phase of densely contact-eleeried ceca on 
Simritegeteengosaka-u.2cjp Sid. thin fms uner ambient conditions, He has achieved app 
BN weostwoorezse-engosata-u.scle! —Gectiminatin and conrl of slomic fore and om with semi 


solution, and also atom manipulation based on a mechanical method 
‘using the aoncentact AFM apparatus 


‘About the Authars 165 


Koichi Mukasa 
Hokkaido University 'K. Mukasa isa Professor of electronics at Hokkaido Univenty, Sapporo, Japan In 
Nanoelectronics Laboratory 1980 he joined Alps Electric Co,Ltd, where he workes om the magnetic thin im heads 
Sapporo Japan tnd materials, In 1987 he moved to the university. His research interests include 


mukasa(@nano.eng.hokudal.ac je 
7 lvawnnano.eng Roki a 


spin-polarized STM, exchange force microscopy, magnetic farce microscopy. Mott 
spin detectors, nanostructure concerning electron spin and molecularbiclogical 
‘iaerals and devices, 


Martin H. Miiser 


University of Western Ontario Prof, Martin Maser received his Ph.D. (1995) and habitation (2002) from the 
Department of Appied Mathematics University of Mainz, Geemany. He was a post doctoral researcher at Columbia 
London, Ontario, Canada University (1996/07) as Peodor Lynen fellow and at Johns Hopkins University (1998) 


simuset@uwo.ca Y 


I aint He joined the faculty of the University of Western Ontario (U.W0.) in 2002. His 


SRL research interests are statistical physics with emphasis om computational materials 
science, tibology. and quantum solids 


Kenn Oldham 
Univesity of California at Berkeley ‘Kenn Oldham isa graduate student in Mechanical Bnginecring atthe 
Department University of California at Berkeley, pursuing M.S. and Ph.D. through 
of Mechanical Engineering [National Science Foundation Graduate Pellowsbip, He recived his B.S, 


Berkeley, CA, USA 


Fires from Carnegie Mellon University. Pitsburgh, PA. He is eureally 


researching microdevices for harddisk drives. Research interests 
Jnchude MEMS design for control and reliability, optimal and robust 
‘ntrol, and miterals for microdevies, 


Hiroshi Onishi 
Kanagawa Academy ‘De. Onishi Hiroshi isan experimental chemist atthe Kanagawa 

of Scence and Technology ‘Academy of Science and Technology interested in molecule-seale 
Surface Chemistry Laboratory reaction kinetics at interfaces. He likes o observe molecules moving 


Kanagowa, apa nd reacting over mata oxide srfcesby ime lpoe imaging wilh 
nine ap. p . clon tocomned 


TiGHetISP.OT IP shiprothome, Scans probe microscopes. Domestic societies encouraged him with 
aioe Apo tenon ‘wards to further develop his research towards nano-scale chemistry 


René M. Overney 


University of Washington ‘René Overney received his Ph.D. in Physies atthe University of Bavel in 1992, After 
Department of Chemical Engineering his postdoctoral years in Japan and at Exxon, CR, Annandale (NJ) be jones the 
Seattle, WA, USA University of Washington in 1996, His research interests are in mesowcale sciences 


‘overney@u.Mashington.edu 


FoeeeN@U ashing ug) thing nanoshesogial inzpetations of process tat areas diverse a= 


lubecation, membrane anspor, or quantum yield in optoelectronic devices. 


Alain Peigney 
‘Université Paul Sabatier (Ceramic Engineer and Doctor in Physical-Chemistry— Associate Professor of 
CGRIMAT (Centre Intr-unverstaire de “Materials Chemistry atthe Paul Sabatier University ~ Researches inthe synthesis, 


Recherches et ongénierie sintering and microstructural characterization of ceramics and ceramic matrix 
‘des Matriaue) ~ UMR CNRS 508 


ae eae ‘hanocompesites, and from 194 on the sythesis on single-and double-valled carbon 
Te Ee ican ‘inotubes and preparation of nanocomposites containing earhon aanotubes, 
hepiinen. Og net! 


Sioa quntio) 


Oliver Preiffer 
Univesity of Basel (liver Peifer is PAD student atthe University of Basel, The main topic 
Institute of Physics of his work is the energy dissipation of oscillating cantilevers in 

Base, Switzerland + non-contact AFM, Related to this research field isthe examination of 


tives Pifer@stud.unibas.ch ‘damping of torsional oscillations of cantilevers when approaching the 


sample 


1165 About the Authors 


stoynqynu0y 


Rab Phillips 


California inatiute af Technology ‘Rob Phillips is Professor of Mechanical Engineering and Applied 


Mechanical Engineering, 
and Applied Physics 
Pasadena, USA 
philips@aerocaltech.edu 
7 fr 


philips tnd 


Haralampos Poridis 


won spgroup.caltech.edulpeopll 


Physics at CALTECH, Pasadena, Phillipe’ work ams to examine 
‘anomechanies of both crystalline solids and biological molecules and 
thete acemblies. Receat efforts have been aimed at investigating 
‘mechanics of DNA packing in vinises, the tension-indaced gating of in 
‘channels an the mechanical response of bie-unctonalzed cantilevers 


ashant K. Purohit 


TBN Zurich Research Laboratory 
Storage Technologies 
Ruschlikon, Switzerand 


hapebzurich.ibm.com 


‘He received the PhD. in electrical engineering from Drexel University Philadelphia, 
A, in 1998, After working with Philips Research, Eindhoven, the Netherlands, on 
signal processing and coding for optical storage technologies, with focus en DVD and 
Blue-ay-Disc, Dr. Poridis joined I8M Research in 2001. His research focuses on 
receiver design for alternative storage technologies, particularly scanning probe 
‘microscopy-based technics 


California inatiute of Tecnology 
Mechanical Engineering, 
Fasadena, Gh USA 
prashsot(@caitech.edu 

Ftp: tiwor-spgroupcaltech.edul 


“prashant! 


Oded Rabin 


Paro Prashant i currently a Postdoctoral Scholar in Applied Mechanics nthe 
Mechanical Engincering depariment at Caltech The overall heme ol hi research ito 
develop systematic melds to uerand the pliysce operate te nanomctet 
scales His research falls broly ita two categories. Tie fl concerns the subject of 
‘oarse-graining methods fr erytline sls and the second mchinics problems in 
biology His group hopes to crend he coarse-graining methods in solide the arena 
bloga! macromolccls 


Wassachusetts naitute 
‘of Technalogy 
Department of Chemistry 
Cambridge, MA, USA 
‘oded@mgm.mitedu 


Francisco M. Raymo 


‘Oded Rabin isa PhD, candidate in Prof. Mildred S, Dresselhaus” group 
‘working on the thermoelectric properties of bismuth-antimony nanowire 
systems, and on electrochemistry: based nanowire symlbesis methods, 

fe cared a BLA. degree in Chemistry from the Technion —Israch 
Institte of Technology, Haifa, Ise! and an M.A. degree in Chemistry 
from the Weizmann Institute of Science, Rehovot. Ise. 


University of Miami 
Department of Chemistry 
Coral Gables, FL, Usk 
fraymo@miamiledu 


FiRayina hi 


Manitra Razafinimanana 


Htp:tiwor-as.amledulehemisty! 


Universit Paul Sabatier 
Centre de Physique des Plasmas 
ft leurs Applieations (CPPAT). 
Toulouse, France 
fazafinimanana @cpat.ups-tse.f¢ 
htpslepatups-tise fe 


‘Manitra Razafinimanana was born in Analalava, Madagascar, on June 26, 1951. He 
received the Sn cycle degree, und Doctoratd'Eiat és Seiences Physiques degree from 
the Université Paul Sabatier, Toulouse, France, in 1982 and 1986 respectively. Since 


2000, he was held the postion of Professor. He has worked on plasma diagnostics, 
are-electode interaction, transport coefficients and thermodynamical propetics 
calculation 


About the Authors 167 


Mark 0. Robbins 


Jofns Hopkine Univers ‘Mark Robbins sa Professor inthe Deparment of Physix and Astronomy of the 
Begarment of se Jolin Hopkins University, Hi research focuses on non-equlibetim processes ke 

and Asvonomy friction, ahesion spreading, Suid invasion, and abearinduced phase transitions, A 
Eatumare, MO, usa common gol fo undersand the atomic ergs of acroscopre Hekate is 3 


r@ihuveds s . i 
Pe a su adblont b flo be Ans yl ot aw Ss ne is 


John A. Rogers 


University of noi Ton A. Rogers earned the PhD. degsce i physical chemistry from MLL 
Department of Materials Seence and 7. in 1998, Uni 2002, he was at Bell Labs serving Bis as Member of 
Engineering J Technical Staff and subsequenly as research Director John is currently 
Urbane, I US Founder Professor of Engineering t University of lino at Urbana 
foren@utucedu (Champaign: His research interests include methods foe micro! 
pli mseuue-eduacltyt 

Rogers nim ‘nanoabrication, plastic and molecular electronics, photonics 

Mark Ruegsegger 

Ohio State Unversity “Mark Ruegseguee received his PAD in omedical engineering at Case 

Biomedical Engineering Center Westem Reserve Unvienty and is curently an Assistant Professor of 


Columbus, Of US 


Cea IR Biomedical Engineering a! The Ohio State University His research 


focus isthe development of superparamagnetic particle tt can rget 
specific cell or tissue types in particular atherosclerotic plaque. Other 
projects include biomimetic surface coatings on biomaterials and 
‘hiracterization of biomolecular flow in nanochannels 


Marina Ruths 
‘bo Akademi University “Marina Raths received er Ph.D. rom the University of California, Sata Barbara in 
Sesaiment of Pysea hemisty 1906 followed by poxtdactoral research at the University of lino at 


Urbana-Champaign, a the Nsx-Planck Instat for Polymer Research, an at Abo 
‘Akademi Univer: Her cutenreseurch includes adhesion, fiction and 
‘aporbeology of surat. polymer, and guid crystal ystems. Sh ecived an 
IASLA-Fulbight grant 1901 and an Alexander von Hotbot fellows in 1998 


snruthsepabo. 


Dror Sarid 


University of arizona 
(Optial Sciences Center 

Tcson, AZ, USk 
sarid@optics.arizona.edu 

Rip: fa-optesarzona.edulspm 


‘Dror Sarid is Professor of Optical Sciences and Director ofthe Optical Data Storage 
Center. He is conducting research in scanning tunneling microcopy, atomic force 
‘microscopy and related systems and in particular probe sorage, nano-optics and 
‘nuno-technology. He published three books and more than 150 papers, mostly on 
optics and nanotechnology related topics 


Akira Sasahara 


Xanagawa Academy 
of Science and Technology 

Surface Chemistry Laboratory 
Nanagawa, Japan 

pe@net aspen 

Fp: momesp.0¢jpfonshiprorhame, 
en 


‘Dr. Sasahara Akira i interested in local structures formed on solid 
surfaces. Hit current research focuses on elucidation of chemical nd 
physial properties of nano-scale sctures on metal oxide surfaces and 
{heir elect on chemictl reaction 


stoyngyyu0) 


168 About the Authors 


sioynginu0) 


André Schiemeisen 


University of Minster 
Innate bf Physics 

PTF vines, Germany 
Schire@iuni-muenster.de 


htip:liwon andre-sehirmelsen.de 


Alexander Schwarz 


‘De. Andeé Schirmeisen is curently working with his rescarch group om 
sanoseale mechanical phenomena at Minster Univer. Fir ta 
Combine eld on microscopy with force microscopy to ivetgate 
Stomically defined nanocontact He spent several years sm Canada at 
MeGill University tocar his PAD degree i physics. Before he worked 
asa strategic husinss consultant and is abways interested in commecting 
‘anscience research with business applications 


University of Hamburg 
Institute of Applied Physics 

Hamburg, Germany 
aschware@physnel.uni-hamburg.de 
fip:iiwera-nanascience.degroup. 11 


Udo D. Schware 


‘Dr Alexander Schwarz belongs tothe scientific staf ofthe Centr of Microstructure 
Research at the Institute of Applied Physics atthe University of Hamburg. Germany. 
The group has 10 years since 1993) experience im scientific esearch inthe field of 
force microscopy and spectroscopy a cryogenic temperatures in ltahigh vaca and 
high magnetic elds. He is Senior Scientist and works on Magnetic Force 
Micrascopy (MPM) at low temperatures 


Yale university ( 
Department 

of Nechanical Engineering 

Hew Haven, cr, USA o 
uo. schware@yale-edu 

http:iwor eng.yale.edul 

nanomechanical 


Phitippe Serp 


Udo D, Sehware received his PhD, from the University of Basel in 1993 already wing 
scanning force microscopy. Subsequently he moved to the University of Hamburg 
‘where be specialised on low-lemperatue scanning force microscopy and 
nanotsibology. After spending a year at the Lawrence Berkeley National Laboratory 
he accepted a postion as Associate Professor of Mechanical Engineering at Yale 
University in 2002. 


cole Nationale Supérieure dIngénieurs 
fn ts chimiques 

ft Technalogiques 

Lioratare de Catalyse, 

Chimie Fine et Polymers 

Toulouse, France 

Philippe Serp@ensiacet.tr 

tipo -ensiacet fe 


Bryan R. Smith 


Piilippe Seep is associate profesor inthe LCCFP at ENSIACET. Afer 
receiving is PAD from Pal Sahai University, Toulose, in 1994 
‘where he worked onthe peparaion of supported catalyst he moved ta 
Universidade da Pon to cary ut postdoctoral research on calaytc 
(CVD to prepare carton irs. Hi current research intrest ince 
{CVD preparation of nanostractred materials and cata 


‘Oho State University 


Tiryan Smith isa Ph.D. candidate in biomedical engineering at The 


Biomedical Engineering Center Obi State University, specializing inthe microfabrication and 


Columbus, OF, USA 


byan@bme.chio-state.edu 


Anisoara Socoliue 


bioconjugation of micro- and nanoparticles for proteomics as Well x 
Imaging and drug delivery in breast cancer and atherosclerosis, 


University of Basel 
Institute of Physics 

Base, Switzerland 
ASocoliuc@unibas.ch 
hip:iimonet physthunibas.chgued 
uv! 


“Anisoara Socolive studied physics in ls, Romania. She is now PhD student at the 
University of Basel The main topic of her work is the sly of Wear processes on the 
‘nanometer seal by Fiction force microscopy: 


‘About the Authars 


Yasuhiro Sugawara 


(Osaka University Yasuhiro Sugawara received bis Ph.D. in 1988 from Tohoku University and is 
Department of Applied Physes Professor inthe Department of Applied Physics ofthe Graduate Stool af 
Sua, fapan Engineering t Osaka University since 2002. His research foeuses on the further 


Sugawaradap.eng osaka-u.acip 


ddevelopmeat of scanning probe microscopes and their applications, especially the 
‘oncomlact atomic force microscope forthe observation of solid surfaces athe atomic 
‘nd molecular level His aim is alo 1 develop new nanomaterials and napodevices by 
‘manipulation of single atoms and molecules using the atomic force microscope. 


George W. Tyndall 


TaM Almaden Researeh Center ‘Dr. George Tyndall's current research focuses on the friction and 
Sconce and Technology adhesion in boundary lubricants especially as it pertains tothe tibology 
San ose, CA, USi ff the magnetic recording head-disk interface in hard-disk drive 
‘yndallew@netecape.net Spatcotcee 
Peter Vettiger 
TBM Zurich Research Laboratory Tn 1963 Peter Vettiger joined IBM Research (Ruscliton). He 
a Manager Micro-INanomechamies established and headed microfnanoscale fabrication activities for 
‘ uschilkon, Switzerland Superconducting, electronic and opto-clectronie devices, Together with 
Poi@zurich.ibm.com GK. Binnig, he initiated Millipede probe-storage activities in 1995. His 
a reseurch interests are micro/nanomechanical devices and systems for 


che-torage and biological applications, He ean IEEE Fellow and 
FeseWved a Doctor nots caus irom the Universty of Basel, 


Switzerland, 
Darrin J. Young 

‘ase Western Reserve University ‘Darrin J. Young received his BS, MS, and PhD degrees frm the EECS Department at 
Electrical Engineering University of California at Berkeley in 1991, 1993, and 1999, respectively, He 

and Computer Seience pioneered RF MEMS high- tunable passive devices for wireless communications 


oveland, O4, USA 
‘ly@bpo.cwruedu 
hupsmame.crru.eau/~diy 


He joined the EECS Department at Case Westem Reserve University as an assistant 
professor in 1999, His min research interests include MEMS device design and 


Fabrication, 
Babak Ziale 

University of Minnesota ‘De Babak Ziae is an assistant professor in the Electrical and Computer Engineering 
Department of Electrical Department ofthe University of Minnesota His research interests are located a the 
ang Computer Engineering boundaries berween engineering and biology. He collaborates with physicians and 


Minneapolis, MN, USK 
zlale@ece.Uron.edu 


biologists ofall kinds and his Ib is actively involved in the design and fabrication of 
biomedical mic and nandelectromechanical systems. 


Christian A. Zorman 


‘ase Western Reserve Universty 
Department of Electrical Engineering 
an Computer Science 

Glveland, 04, Us 

‘apo. coru‘edu 
hip:timems.cwru.edul 


‘Christian A. Zonman received w BS, cum laude in physics and a B.A, 
‘cum lade in economics from The Ohio State University in 1988. He 
eceived MS. and Ph.D. degrees in physics from Cave Western Reserve 
University (CWRU) in 1991 and 1994, respectively: Dr. Zorman served 
in several esearch capacities at CWRU between 1994 and 2002, before 
being appointed an Associate Professor in 2002. His research inierests 
Jvolve materials and processes for MEMS, 


169 


Sioynqin}U0) 


170 About the Authors 


Philippe K. Zysset 


stoyngysnuoy 


Technleche Universitat Wien 
Institut fur Lelehtbau 

ud Fugzeughau (IL) 
‘Wien, austia 
phillppe.ryset@epn.ch 
Ftp. tuwien-acatl 


Philippe Zysset graduated in physics in 1987 and obtained a Ph.D. im 
biomechanics in 1094 at Ecole Polytechnique Fédérale de Lausanne 
(EPFL) in Lausanne, Switzerland, He completed his postdoctoral 
{ruining atthe Ontopaedic Research Laboratories of the University of 
Michigan and retumed to EPFL as un assistant professor in 1997, is 
‘curent research interests ure in bone biomechanics. 


Detailed Contents 


List of Tables 
ist of Abbreviations 


1 Introduction to Nanotechnology 
1.1 Background and Definition of Nanotechnology 
1.2 Why Nano? 
1.3 Lessons from Nature 
1.4 Applications in Different Fields 
1.5 Reliability Issues of MEMSINEMS 
1.6 Organization of the Handbook 
References 


Part A Nanostructures, Micro/Nanofabrication, 
and Micro/Nanodevices 


2. Nanomaterials Synthesis and Applications: 

Molecule-Based Devices 

2.1 Chemical Approaches to Nanostructured Materials 
2.1.1 From Molecular Building Blocks to Nanostructures 
2.1.2 Nanoscaled Biomolecules: Nucleic Acids and Proteins 
2.1.3 Chemical Synthesis of Artificial Nanostructures 
2.1.4 From Structural Control to Designed Properties 

and Functions 

2.2 Molecular Switches and Logic Gates 
2.2.1 From Macroscopic to Molecular Switches 
2.2.2 Digital Processing and Molecular Logic Gates 
2.2.3 Molecular AND, NOT, and OR Gates 
2.2.4 Combinational Logic at the Molecular Level 
2.2.5 Intermolecular Communication 

2.3. Solid State Devices 
2.3.1 From Functional Solutions to Electroactive 

and Photoactive Solids 

2.3.2 Langmuir-Blodgett Films 
2.3.3 Self-Assembled Monolayers 
2.3.4 Nanogaps and Nanowires 

2.4 Conclusions and Outlook 

References 


3. Introduction to Carbon Nanotubes. 
3.1 Structure of Carbon Nanotubes 
3.1.1 Single-Wall Nanotubes 
3.1.2 Multiwall Nanotubes 


Springer Handbook « Nanotechnology 


Os ontchan" © Springer 2004 


wxIk 
2O0KIIE 


“quo) pajterad| 


wm 


“qo payleraa 


Detailed Contents 


3.2 


33 


3h 


35 


3.6 


Synthesis of Carbon Nanotubes 
3.2.1. Solid Carbon Source-Based Production Techniques 
for Carbon Nanotubes 


3.2.2 Gaseous Carbon Source-Based Production Techniques 


for Carbon Nanotubes 
3.2.3 Miscellaneous Techniques 

3.2.4 Synthesis of Aligned Carbon Nanotubes 
Growth Mechanisms of Carbon Nanotubes 

3.3.1 Catalyst-Free Growth 

3.3.2 Catalytically Activated Growth 

Properties of Carbon Nanotubes 

3.4.1 Variability of Carbon Nanotube Properties 
3.4.2 General Properties 

3.4.3, SWNT Adsorption Properties 

3.4.4 Transport Properties 

3.4.5 Mechanical Properties 

3.4.6 Reactivity 

Carbon Nanotube-Based Nano-Objects 

3.5.1 Hetero-Nanotubes 

3.5.2 Hybrid Carbon Nanotubes 

3.5.3. Functionalized Nanotubes 

Applications of Carbon Nanotubes 

3.6.1 Current Applications 

3.6.2 Expected Applications Related to Adsorption 


References 


Nanowires 


4a 


42 


43 


4th 


Synthesis 

4.1.1 Template-Assisted Synthesis 

4.1.2 VLS Method for Nanowire Synthesis, 

4.1.3 Other Synthesis Methods 

4.1.4 Hierarchical Arrangement and Superstructures 
of Nanowires 

Characterization and Physical Properties of Nanowires 

4.2.1 Structural Characterization 

4.2.2 Transport Properties 

| Properties 


Applications 

4.3.1 Electrical Applications 

4.3.2 Thermoelectric Applications 

4.3.3 Optical Applications 

4.3.4 Chemical and Biochemical Sensing Devices 
4.3.5 Magnetic Applications 

Concluding Remarks 


References 


45 


45 


52 
57 
58 
59 
59 
60 
63 
63 
63 
63 
65 
67 
67 
68 
68 
68 
7 
B 
3 
76 
86 


99 
100 
100 
105 
107 


108 
110 
110 
115 
126 
131 
131 
133 
134 
137 
137 
138 
138 


sone aint errant 


Detailed Contents 173 


5 Introduction to Micro/Nanofabrication 17 2 
5.1 Basic Microfabrication Techniques 18 & 
5.1.1 Lithography 18 z 
5.1.2 Thin Film Deposition and Doping 19 
5.1.3 Etching and Substrate Removal 153 gs 
5.1.4 Substrate Bonding 157 Ba 
5.2. MEMS Fabrication Techniques 159 
5.2.1. Bulk Micromachining 159 
5.2.2 Surface Micromachining 163 
5.2.3 High-Aspect-Ratio Micromachining 166 
5.3. Nanofabrication Techniques 170 
5.3.1 E-Beam and Nano-Imprint Fabrication im 
5.3.2 Epitaxy and Strain Engineering 17 
5.3.3 Scanned Probe Techniques 173 
5.3.4 Self-Assembly and Template Manufacturing 176 
References 180 


6 Stamping Techniques for Micro and Nanofabrication: 


Methods and Applications 185 
6.1 High Resolution Stamps 186 
6.2  Microcontact Printing 187 
6.3 Nanotransfer Printing 190 
6.4 Applications 193 

6.4.1. Unconventional Electronic Systems 193 

6.1.2 Lasers and Waveguide Structures 198 
6.5 Conclusions 200 
References 200 


7 Materials Aspects of Micro- and Nanoelectromechanical Systems. 203 


7.1. Silicon 203 
7.1.1. Single Crystal Silicon 204 
7.1.2 Polysilicon 205 
7.1.3 Porous Silicon 208 
7.1.4 Silicon Dioxide 208 
7.1.5 Silicon Nitride 209 

7.2. Germanium-Based Materials 210 
7.2.1 Polycrystalline Ge 210 
7.2.2 Polycrystalline SiGe 210 

7.3) Metals 211 

7.4 Harsh Environment Semiconductors 212 
7.4.1 Silicon Carbide 212 
7.4.2 Diamond 215 

7.5. GaAs, InP, and Related ilI-V Materials 27 

7.6 Ferroelectric Materials 218 

7.7 Polymer Materials 219 
7.7.1 Polyimide 219 
7.7.2 SU-8 220 


Springer Handbook  Nanoteehnolo 
Di tndshan™ © Spinger2000 


‘74 Detailed Contents 


“quo payleraa 


7.1.3 Parylene 
7.8 Future Trends 
References 


8 MEMS/NEMS Devices and Applications 
8.1 MEMS Devices and Applications 
8.1.1 Pressure Sensor 
8.1.2 Inertial Sensor 
8.1.3 Optical MEMS 
8.1.4 RF MEMS 
8.2 NEMS Devices and Applications 
8.3 Current Challenges and Future Trends 
References 


9 Microfluidics and Their Applications to Lab-on-a~Chip 
9.1 Materials for Microfluidic Devices 
and Micro/Nano Fabrication Techniques 
9.1.1 Silicon 
9.1.2 Glass 
9.1.3 Polymer 
9.2 Active Microfluidic Devices 
9.2.1 Microvalves 
9.2.2 Micropumps 
9.3 Smart Passive Microfluidic Devices 
9.3.1 Passive Microvalves 
9.3.2 Passive Micromixers 
9.3.3. Passive Microdispensers 
9.3.4 Microfluidic Multiplexer Integrated 
with Passive Microdispenser 
9.3.5. Passive Micropumps 
9.3.6 Advantages and Disadvantages 
of the Passive Microfluidic Approach 
9.4 Lab-on-a-Chip for Biochemical Analysis 
9.4.1. Magnetic Micro/Nano Bead-Based Biochemical Detection 
System 
9.l.2 Disposable Smart Lab-on-a-Chip for Blood Analysis 
References 


10 Therapeutic Nanodevices 
10.1 Definitions and Scope of Discussion 
10.1.1 Design Issues 
10.1.2 Utility and Scope of Therapeutic Nanodevices 
10.2 Synthetic Approaches: "top-down" versus "bottom-up" 
Approaches for Nanotherapeutic Device Components 
10.2.1 Production of Nanoporous Membranes 
by Microfabrication Methods: A top-down Approach 


220 
220 
221 


225 
227 
227 
229 
233 
239 
206 
249 
250 


253 


254 
25h 
254 
255 
257 
258 
260 
262 
262 
265 
266 


267 
269 


269 
270 


270 
2713 
276 


279 
280 
281 
285 


285 


285 


sone aint errant 


Detailed Contents 175 


10.2.2 Synthesis of Poly(amido) Amine (PAMAM) Dendrimers: 2 
‘A bottom-up Approach 286 & 
10.2.3 The Limits of top-down and bottom-up Distinctions = 
with Respect to Nanomaterials and Nanodevices 287 & 
10.3 Technological and Biological Opportuni 288 e 
10.3.1 Assembly Approaches 288 B 
10.3.2 Targeting: Delimiting Nanotherapeutic Action 
in Three-Dimensional Space 296 
10.3.3 Triggering: Delimiting Nanotherapeutic Action 
in Space and Time 298 
10.3.4 Sensing Modalities 302 
10.3.5 Imaging Using Nanotherapeutic Contrast Agents 304 
10.4 Applications for Nanotherapeutic Devices 307 
10.4.1. Nanotherapeutic Devices in Oncology 307 
10.4.2 Cardiovascular Applications of Nanotherapeutics 310 
10.4.3 Nanotherapeutics and Specific Host Immune Responses .... 312 
10.5 Concluding Remarks: Barriers to Practice and Prospects 315 
10.5.1 Complexity in Biology 315 
10.5.2 Dissemination of Biological information 315 
10.5.3 Cultural Differences Between Technologists and Biologists .. 316 
References 317 
Part B Scanning Probe Microscopy 
11 Scanning Probe Microscopy ~ Principle of Operation, 
Instrumentation, and Probes 325 
11,1 Scanning Tunneling Microscope 327 
11.1.1 Binnig et al.'s Design 327 
11.1.2 Commercial STMs 328 
11.1.3. STM Probe Construction 330 
11,2 Atomic Force Microscope 331 
11.2.1. Binnig et al.'s Design 333 
11.2.2 Commercial AFM 333 
11.2.3 AFM Probe Construction 338 
11.2.4 Friction Measurement Methods 342 
11.2.5 Normal Force and Friction Force Calibrations 
of Cantilever Beams 346 
11.3 AFM Instrumentation and Analyses 347 
11.3.1 The Mechanics of Cantilevers 347 
11.3.2 Instrumentation and Analyses of Detection Systems 
for Cantilever Deflections 350 
11.3.3 Combinations for 3-D-Force Measurements 358 
11.3.4 Scanning and Control Systems 359 
References 364 


Springer Handbook  Nanotechnolo 
DP andshan © spinger2000 


178 Detailed Contents 


“quo payleraa 


12 


13 


cy 


Probes in Scanning Microscopies 
12.1 Atomic Force Microscopy 
12.1.1 Principles of Operation 
12.1.2 Standard Probe Tips 
12.1.3 Probe Tip Performance 
12.1.4 Oxide-Sharpened Tips 
12.1.5 FIB tips 
12.1.6 EBD tips 
12.1.7 Carbon Nanotube Tips 
12.2 Scanning Tunneling Microscopy 
12.2.1 Mechanically Cut STM Tips. 
12.2.2 Electrochemically Etched STM Tips: 
References 


Noncontact Atomic Force Microscopy and Its Related Topics 
13.1 Principles of Noncontact Atomic Force Microscope (NC-AFM) 
13.1.1 Imaging Signal in AFM 
13.1.2 Experimental Measurement and Noise 
13.1.3 Static AFM Operating Mode 
13.1.4 Dynamic AFM Operating Mode 
13.1.5 The Four Additional Challenges Faced by AFM 
13.1.6 Frequency-Modulation AFM (FM-AFM) 
13.1.7 Relation Between Frequency Shift and Forces 


13.1.8 Noise in Frequency-Modulation AFM ~ Generic Calculation 


13.1.9 Conclusion 
13.2 Applications to Semiconductors 
13.2.1 Si(im)7*7 Surface 
13.2.2 Si(too)2x1 and Si(100)2x1:H Monohydride Surfaces 
13.2.3. Metal-Deposited Si Surface 
13.3 Applications to Insulators 
13.3.1 Alkali Halides, Fluorides, and Metal Oxides 
13.3.2 Atomically Resolved Imaging of a Ni(001) Surface 
13.3.3 Atomically Resolved Imaging Using Noncoated 
and Fe-Coated Si Tips 
13.4 Applications to Molecules 
13.4.1 Why Molecules and What Molecules? 
13.4.2 Mechanism of Molecular Imaging 
13.4.3 Perspectives 
References 


Low Temperature Scanning Probe Microscopy 
14.1 Microscope Operation at Low Temperatures 

14.1.1 Drift 

14.1.2 Noise 

14.1.3 Stability 

14.1.4 Piezo Relaxation and Hysteresis 
14.2. Instrumentation 


371 
372 
372 
373 
374 
375 
376 
376 
376 
382 
382 
383 
383 


385 
386 
386 
387 
387 
388 
388 
389 
390 
391 
301 
391 
392 
393 
395 
397 
397 
402 


402 
404 
404 
404 
407 
407 


413 
rst 
sty 
415 
415 
sty 
435 


sone aint etna 


power > conversion > de-de converter 


DC-DC converter 


Often referred toasa switching regulator, and sometimes asa switcher, notto be confused 


with a switching power supply. 
OTHER RELATED COMPONENTS 


+ AC-DC power supply (See Chapter 16) 
+ voltage regulator (See Chapter 19) 
+ DC-ACinverter (See Chapter 18) 


What It Does 


ADC-DC converter, often referred to simply as a 
converter, receives a DC voltage as its input and 
converts it to a regulated DC voltage as its out- 
put. The output voltage may be higher or lower 
than the input voltage, may be user-adjustable 
by adding an external resistor, and may be com- 
pletely electrically isolated from the input, de- 
pending on the type of converter that is used. 
The overall efficiency is not greatly affected by 
the difference between input and output volt- 
age, and can exceed 90%, minimizing waste heat 
and enabling the unit to be extremely compact. 


ADC-DC converter is an integrated circuit pack- 
age that includes a high-speed switching device 
(almostalways,a MOSFET) in conjunction withan 
oscillator circuit, an inductor, and a diode. By 
comparison, a linear regulators usually based 
around bipolar transistors. Its input must always 
be ata higher voltage than its output, and its ef- 
ficiency will be inversely proportional with the 
voltage drop that it imposes. See the voltage 
regulator entry in this encyclopedia for addi- 
tional information. 


There is no single symbol to represent a DC-DC 
converter. Some simplified schematics showing 
the principles of operation of commonly used 
converters are referenced under the following 
Variants section. 


ADC-DC converter is also typically found in the 
output stage of a switching AC-DC power sup- 
ply. 


How It Works 


An internal oscillator controls a MOSFET semi- 
conductor that switches the DC input on and off 
ata high frequency, usually from SOkHzto 1MHz. 
Output voltage is adjusted by varying the duty 
cycle of the oscillator—the length of each “on” 
pulse relative to each “off” interval. This is known 
as pulse-width modulation, or PWM. The duty cy- 
cle is controlled by sampling the output of the 
converterand using a comparator to subtractthe 
output voltage from a reference voltage, to es- 
tablish an error value. This is passed to another 
comparator, which subtracts the error voltage 
from an oscillator ramp signal. if the error increa- 
ses, the oscillator signal is more heavily clipped, 
thus changing the effective ratio of on/off pulse 
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lengths. A simplified schematic of the PWM cir- 
cuit is shown in Figure 17-1, which omits other 
components for clarity. The system of subtract- 
ing an error voltage from a ramp oscillator volt- 
age to obtain a pulse-width modulated signal is 
illustrated in Figure 17-2. 


Ramp 
oscillator 


Pulse-Width Modulator Circuit 
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Figure 174. The heart of a DO-DC converter is a MOSFET 
switch, which operates at a high frequency with pulse: 
width modulation used to create an adjustable DC output. 
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Figure 17-2. To achieve pulse-width modulation, an error- 
level voltage is established by comparing the output from 
the converter with a reference voltage. The error level 
shawn as an orange line is then subtracted from the out 
put from 2 ramp oscillator. The pulse width varies accord: 
nly. 
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The key to the efficiency of a DC-DC converter is 
an inductor, which stores energy in its magneti 
field during "on" pulse and releases it in the di 
charge phase. Thus, the inductor is used as a 
temporary reservoir and minimizes the ripple 
current. All converter variants use a coil for this 
purpose, although its placement varies in rela- 
tionto thediode and capacitor that complete the 
basic circuit. 


Variants 


Four basic switching circuits are used in DC-DC 
converters and are defined in the coming sec- 
tions, with a formula to determine the ratio be- 
tween input voltage (Vj,) and output voltage 
(Veu) in each case. In these formulae, variable D 
is the duty cycle in the pulse train generated 
through an internal MOSFET switch. The duty cy- 
cle is the fraction of the total on-off cycle that is 
occupied by each “on” pulse. In other words, if 
Ton is the duration of an “on” pulse and Toy is the 
“off” tim 


D= Ton / (Ton + Tort) 


Buck Converter 

See Figure 17-3. The output voltages lower than 
the input voltage. The input and output share a 
common ground. For this circuit: 


Vout = Vin * D 
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Figure 17-3. Basic topology of a buck-type DC-DC con 
verter 
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power > conversion > de-de converter 


Boost Converter 

See Figure 17-4, The output voltage is greater 
than the input voltage. The input and output 
share a common ground. For this circuit: 


Vout = Vin / (1-D) 


PWM 
Feedback 


Output 


‘Common Ground 


Figure 17-4. Basic topology of a boost-type DC-DC con: 
verter. 


Flyback Converter with Inductor 
‘Commonly known as a buck-boost converter. See 
Figure 17-5. The output voltage can be less than 


or greater than the input voltage. The input and 
output share a common ground. For this circuit: 


Vout = Vin * (D / (1-D)) 


Figure 17-5. Basic topology of a fiyback-type DC-DC con: 
verter. 


Variants 


Flyback Converter with 
Transformer 

See Figure 17-6. The output voltage can be less 
than or greater than the input voltage. The input 
and output are isolated from one another. For 
this circui 


Vout = Vin * (D / (1-0) 


PWM 
Feedback 


Output 


MOSFET | F 
‘switch 


Figure 17-6. Basic topology ofa tlyback-type DC-DC con 
verter. (Buck, boost, and flyback topologies adapted from 
‘Maxim Integrated Products.) 


Using a transformer in the converter allows mul- 
tiple outputs with different voltages, supplied 
through multiple transformer windings. 


Formats 

A converter may be packaged in a flat rectangu- 
lar box that requires no additional heat sink and 
has pins for through-hole insertion into a PC 
board. Sizes usually range up to to 2” x 2" Power 
handling can range from 5 to 30 watts. Convert- 
ers of this type are shown in Figure 17-7. (Top: 
Input range of 9 to 18VDC, fixed output of SVDC 
at 3A completely isolated from the input. Typical 
efficiency of approximately 80%. The case is 
made of copper, providing good heat dissipation 
with electrical shielding, Center: Input range of 9 
to 18VDC, fixed output of SVDC at S00mA com- 
pletely isolated from the input. Typical efficiency 
of approximately 75%. The manufacturer claims 
that external capacitors are only needed in criti- 
cal applications. Bottom: SIP format, fixed input 
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Values 


of 12VDC, fixed output of SVDC at 600mA com- 
pletely isolated from the input. Typical efficiency 
of approximately 75%. Requires external capac- 
itors for ripple rejection.) 


Figure 177. A selection of sealed DC-DC converters. 


Lower-power converters are also available as 
surface-mount devices. 


Some adjustable-outputconverters are supplied 
as multiple surface-mounted components pre- 
installed on a mini-board that has pins for 
through-hole insertion ina printed circuit board. 
Their high efficiency enables them to handle a 
lot of power for their size. In Figure 17-8, the con- 
verter accepts a 4.5 to 14VDC input range and 
hasanadjustable output of 0.6 to6VDC. Itisrated 
ata surprising 10A or SOW and is more than 90% 
efficient. However, it draws 80mA in a no-load 
state, causing it to become quite hot. A thermal 
cutout orautomaticshutdown may be used ifthe 
converter will nat be driving a consistent load, 


fc-de con 


Figure 17-8. An adjustable DC-DC converter rated for 1A 
or SOW. The outout voltage is determined by adding an 
external resistor or tnmmer potentiometer. External 
“smoothing capacitors are required, as shown in the com: 
ponent's datasheet 


The miniboard in Figure 17-9 accepts an input 
voltage from 7 to 36VDC and has an adjustable 
output ranging from 2.5 to 12,.6VDC, at up to 6A. 
It is non-isolated (has a common negative bus) 
and claims to be more than 95% efficient at full 
load. 


The miniboard in Figure 17-10 accepts an input 
voltage from 4,5 to 14VDC and has an adjustable 
output ranging from 0.6 to 6VDC at up to 20A. It 
isnon-isolated (hasa common negative bus) and 
claims to be more than 90% efficient at full load. 


Values 


Relevant values include: 


Nominal Input Voltage and 
Frequency 

‘Awide range of input voltages is often accepta- 
ble, as the PWM can vary accordingly. Converters 


152 _ Encyclopedia of Electronic Components Volume 1 
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254 

read 

= channel 939 

<time 908 

readback 

“rates 932 

— signal 940, 941 

readout 

electronics 354 

= signal 944 

receptor binding 295 
receptor-ligand 


bond 482 
interaction 484,545, 
—unbinding 483, 

—unbinding force 476 
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conversion > de-de converter 


Figure 17-9. Anather adjustable DC-DC converter. The 
‘output vattage is determined by adding an external resis 
for or trimmer potentiometer. External smoothing capac 
tors are required, as shown in the companent's datasheet. 


Figure 1710. Another adjustable DC-DC converter. The 
output valtage 1s determined by adding an external resis: 
tor or trimmer potentiometer. External smoothing capaci 
tors are required, as shawn in the component's datasheet. 


often allow equipment to be usable internation- 
ally, on any voltage ranging from 100VAC to 
250VAC, at a fequency of S0Hz or 60Hz, without 
any adaptation. 


Output Voltage 

As previously noted, many converters allow the 
‘output voltage to be adjusted by adding an ex- 
ternal resistor or potentiometer. Alternatively, 
there may be multiple fixed output voltages, ac- 
cessible via different pins on the package. They 
may also provide a positive voltage and equally 
opposite negative voltage relative to a ground 
pin. 


Input Current and Output Current 
Because input voltage and output voltage are 
likely to be different, the current alone is not a 
reliable guide to power handling. 


Adatasheet should specify input current with no 
load (open circuit on the output side). This cur- 
rent will have to be entirely dissipated as heat. 


Load Regulation 

This is usually expressed as a percentage and 
suggests the extent to which output voltagemay 
be pulled down when the load on a DC-DC con- 
verter increases. If Vj is the measured output 
voltage with no load, and Viyax is the measured 
‘output voltage with the maximum rated load: 


Load regulation = 100 * (pit ~ Vnax)/Vnax 


However, note that some converters are de- 
signed with the expectation that they will never 
beused withzero load acrossthe output.Inthese 
cases, Vi will be the voltage at minimum rated 
load. 


Efficiency 
This is a measure of how much input current 
must be dissipated as heat. A converter with a 
12-volt input, drawing a maximum 300mA input 
current, will consume 3.6 watts (3,600mW). Ifitis 
80% efficient, it will have to dissipate roughly 
20% of its power as heat, or 720mW. 
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0 Use it 


Ripple and Noise 
Sometimes abbreviated R/N, this may be meas- 
ured in mV or asa percentage. Check the speci- 
fication carefully to determine whether the 
ripple-and-noise values require use of external 
smoothing capacitors, Often, this is the case. 


Isolated or Non-Isolated 

This crucial piece of information is often found 
near the top of a datasheet, not in the detailed 
specifications. 


How to Use it 


Because a converter creates electrical noise, it 
should be prevented from affecting other com- 
ponents by adding substantial bypass capaci- 
tors as close as possible to its input and output 
For mast converters, external capacitors are 
mandatory, and their effective series resistance 
(ESR) should be as low as possible (see the ca- 
pacitor entry in this encyclopedia for an explan- 
ation of ESR). Tantalum capacitors are preferable 
to electrolytics for this reason, and are also more 
durable. Some manufacturers recommend plac- 
ing a tantalum capacitor in parallel with an elec- 
trolytic. A small ceramic capacitor, typically 0.1 pF, 
is often recommended in an addition to larger- 
value capacitors on the output side. 


The voltage rating of each capacitor should be 
twicethe voltage at the pointin the circuit where 
it is used. The capacitance value will usually be 
higher for higher-current converters. Values of 
100uF are common, but for high amperage, a 
value may be as high as 1,000pF. 


While datasheets are often inadequate for some 
types of components, datasheets for DC-DC 
converters usually include detailed instructions 
regarding bypass capacitors. Following these in- 
structions is essential, In the relatively rare in- 
stances that a datasheet makes no mention of 
bypass capacitors for a converter, this does not 
necessarily mean that the capacitors are unnec- 
essary. The manufacturer may assume that they 
will be used as a matter of course. 


ic-de conve 


power > co 


Converters are used in a very wide range of de- 
vices, supplying power ranging from a few milli 
‘amps to tens of amps. At the lower end of the 
scale, devices such as cellular telephones, 
portable computers, and tablets contain sub- 
Circuits that require different voltages, some of 
which may be higher than the voltage of a single 
battery or battery pack that powers the device, 
A converter can satisfy this requirement. Because 
a converter can be designed to maintain a fixed 
‘output in response to a range of input voltages, 
it can also compensate for the gradual decline in 
voltage that occurs during battery usage. 


A boost-type converter can be used to double 
the voltage from a single 1.5V battery in an LED 
flashlight where 3 volts are required to power the 
LED. Similarly, a boost-type converter can pro- 
vide the necessary voltage to run acold-cathode 
fluorescent tube that provides backlighting in an 
LCD computer display. 


On a circuit board that is primarily populated 
with 5VDC components and is fed by a single 
5VDC power supply, a converter can be used to 
supply 12VDC for one special purpose, such as 
an analog-digital converter or a serial data con- 
nection. 


If electromechanical relays or other inductive 
loads share a common ground with compo- 
nents suchas logic chips or microcontrollers, it 
may be difficult to protect the sensitive compo- 
nents from voltage spikes. A A flyback converter 
with a transformer separating the output from 
the input canallow the “noisy” section of the ci 
cuit to be segregated, so long as the converter 
itself does not introduce noise. Since the elec- 
tromagnetic interference (EMI) introduced by 
converters varies widely from one model to an- 
other, specifications should be checked carefully 


Very low-power components can pick up EMI 
from the wires or traces leading into and out of 
a converter. Inthis type of circuit, adequate noise 
suppression may be impossible, and a converter 
may not be appropriate, 
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PREFACE vii 


We live in a world powered by light, but much of the understanding of light was developed around the time of 
the French Revolution. Before the 1950s, optics technology was viewed as well established and there was little 
expectation of growth either in scientific understanding or in technological exploitation. The end of the Second 
World War brought about huge growth in scientific exploration, and the field of optics benefited from that 
growth. The key event was the discovery of methods for producing a source of coherent radiation, with the key 
milestone being the demonstration of the first laser by Ted Maiman in 1960. Other lasers, nonlinear optical 
phenomena, and technologies such as holography and optical signal processing, followed in the early 1960s. In 
the 1970s the foundations of fiber optical communications were laid, with the development of low-loss glass 
fibers and sources that operated in the wavelength region of low loss. The 1980s saw the most significant 
technological accomplishment: the development of efficient optical systems and resulting useful d Now, 
some forty years after the demonstration of the first coherent light source, we find that optics has become the 
enabling technology in areas such as: 


information technology and telecommunications; 
health care and the life science 
sensing, lighting, and energy; 
manufacturing; 

national defense; 
manufacturing of precision optical components and systems; and 
optics research and education, 


We find ourselves depending on CDs for data storage, on digital cameras and printers to produce our family 
photographs, on high speed internet connections based on optical fibers, on optical based DNA sequencing 
systems; our physicians are making use of new therapies and diagnostic techniques founded on optics. 

To contribute to such a wide range of applications requires a truly multidisciplinary effort drawing together 
knowledge spanning many of the traditional academic boundaries. To exploit the accomplishments of the past 
forty years and to enable a revolution in world fiber-optic communications, new modalities in the practice of 
medicine, a more effective national defense, exploration of the frontiers of science, and much more, a resource 
to provide access to the foundations of this field is needed. The purpose of this Encyclopedia is to provide a 
resource for introducing optical fundamentals and technologies to the general technical audience for whom 
optics is a key capability in exploring their field of interest. 

Some 25 internationally recognized scientists and engineers served as editors. They helped in selecting the 
topical coverage and choosing the over 260 authors who prepared the individual articles. The authors form an 
international group who are expert in their discipline and come from every part of the technological 
community spanning academia, government and industry. The editors and authors of this Encyclopedia hope 
that the reader finds in these pages the information needed to provide guidance in exploring and utilizing 
optics. 

As Editor-in-Chief I would like to thank all of the topical editors, authors and the staff of Elsevier for each of 
their contributions. Special thanks should go Dr Martin Ruck of Elsevier who provided not only 
organizational skills but also technological knowledge which allowed all of the numerous loose ends to be tied. 


B D Guenther 
Editor-in-Chief 
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Introduction 


‘The breakthrough of optical amplification, combined 
with the techniques of wavelength division mul 
plexing (WDM) and dispersion management, ha 
made it possible to exploit a sizeable fraction of the 
optical fiber bandwidth (several terahertz). Systems 
based on 10 Gbit/s per channel bit-rate and showing 
capacities of several terabit/s, with transmission 
capabilities of hundreds or even thousands of 
kilometers, have reached the commercial area. 

While greater capacities and spectral efficiencies 
are likely to be reached with current technologies, 
there is potential economic interest in reducing 
the number of wavelength channels by increasing 
the channel rate (e.g., 40 Gbit/s). However, such 
fourfold increase in the channel bit-rate clearly results 
in a significant increase in propagation impairments, 
stemming from the combined effects of noise 
accumulation, fiber dispersion, fiber nonlinearities, 
and inter-channel interactions and contributing to 
two main forms of signal degradation. The first one is 
related to the amplitude domain; power levels of 
marks and spaces can suffer from random deviations 
arising from interaction between signal and amplified 
spontaneous emission (ASE) noise or with signals 
from other channels through cross-phase modulation 
(XPM) from distortions induced by chromatic 
dispersion. The second type of signal degradations 
occurs in the time domain; time position of pulses can 
also suffer from random deviations arising from 
interactions between signal and ASE noise through 
fiber dispersion. Preservation of high power contrast 
between ‘1’ and ‘0’, and of both amplitude fluctu- 
ations and timing jitter below some acceptable levels, 
are mandatory for high transmission quality, evalu- 
ated through bit-error-rate (BER) measurements or 


estimated by Q-factors. Moreover, in future optical 
networks, it appears mandatory to ensure similar but 
high optical signal quality at the output of whatever 
nodes in the networks, as to enable successful 
transmission of the data over arbitrary distance. 

Among possible solutions to overcome such sys- 
tems limitations is the implementation of Optical 
Signal Regeneration, either in-line for long-haul 
transmission applications or at the output of network 
nodes. Such Signal Regeneration performs, or should 
be able to perform, three basic signal-processing 
functions that are Re-amplifying, Re-shaping, and 
Re-timing, hence the generic acronym “3R’ (Figure 1). 
When Re-timing is absent, one usually refers to 
the regenerator as ‘2R’ device, which has only 
re-amplifying and re-shaping capabilities. Thus, full 
3R regeneration with retiming capability requires 
clock extraction. 

Given system impairments after some transmission 
distance, two solutions remain for extending the 
actual reach of an optical transmission system or the 
scalability of an optical network. The first consists in 
segmenting the system into independent trunks, with 
full electronic repeater/transceivers at interfaces (we 
shall refer to this as “opto-electronic regeneration’ or 
O/E Regeneration forthwith). The second solution, 
ie., all-optical Regeneration, is not the optical 
version of the first which would have higher 
bandwidth capability but still performs the same 
signal-restoring functions with far reduced complex- 
ity. At this point, it should be noted that Optical 3R 
techniques are not necessarily void of any electronic 
functions (e.g., when using electronic clock recovery 
and O/E modulation), but the main feature is that 
these electronic functions are narrowband (as 
opposed to broadband in the case of electronic 
regeneration). 

Some key issues have to be considered when 
comparing such Signal Regeneration approaches. 
‘The first is that today’s and future optical trans- 
mission systems or/and networks are WDM networks. 
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Figure 1 Principle of 3F regeneration, as applied to NRZ signals. (a) Re-Amplilying; (b) Re-Shaping; (c) Re-Timing. NB: Such eye 


siagrams can be either optical or electrical eye diagrams. 


Under this condition, the WDM compatibility — 
or the fact that any Regeneration solution can 
simultaneously process several WDM channels — 
represents a key advantage. The maturity of the 
technology ~ either purely optical or opto-electronic 
= also plays an important role in the potential 
(pre-)development of such solutions. But the main 
parameter that will decide the actual technology 
{and also technique) relies on the tradeoff between 
actual performance of the regeneration solutions 
and their costs (device and implementation), 
depending on the targeted applications (long-haul 
system, medium haul transport, wide area optical 
network, ete, 

In this article, we review the current alternatives 
for all-optical Signal Regeneration, considering 
both theoretical and experimental performance and 
practical implementation issues. Key advantages and 
possible drawbacks of each solutions are discussed, to 
sketch the picture in this field. However, first we 
must focus on some generalities about Signal Regen- 
eration and the way to define (and qualify) such 
regenerator performance. In a second part, we will 
detail the currently-investigated optical solutions for 
Signal Regeneration with a specific highlight for 
semiconductor-based solutions using either semicon- 
ductor optical amplifiers (SOA) technology or newly- 
developed saturable absorbers. Optical Regeneration 
techniques based on synchronous modulation will 
also be discussed in a third section, The conclusion 


will summarize the key features of each solution, 
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Figure 2 Generic structure of Signal 2R/3R Regenerator based 
fon Decision Element (28) and Decision Element and Clock 
Recovery (3R). 


so as to underline the demanding challenge optical 
components are facing in this application. 


Generalities on Signal Regeneration 


Principles 


In the general case, Signal Regeneration is performed 
using a decision clement exhibiting a nonlinear 
transfer function. Provided with a threshold level 
and when associated with an amplifier, such an 
element then performs the actual Re-shaping of the 
incoming data (either in the electrical or optical 
domain) and completes a 2R Signal Regenerator. 
Figure 2 shows the generic structure of such a Signal 
Regenerator in the general case as applied to non 
return to zero (NRZ) data. A clock recovery block 
can be added (dotted lines) to provide the decision 
element with time reference and hence perform the 
third R (Re-timing) of full Signal 3R Regeneration. 
At this point, it should be mentioned that the decision 
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clement can operate cither on electrical signals 
(standard electrical DFF) provided that optical + 
electrical and electrical + optical signal conversion 
stages are added or directed onto optical signals using 
the different techniques described below. The clock 
signal can be of an electrical nature, as for electrical 
decision element in O/E. regenerator ~ or either an 
electrical or a purely optical signal in all-optical 
regenerators. 

Prior to reviewing and describing the various 
current technology alternatives for such Optical 
Signal Regeneration, the issue of the actual charac- 
terization of regenerator performance needs to be 
explained and clarified. As previously mentioned, the 
core clement of any Signal Regenerator is the decision 
element showing a nonlinear transfer function that 
can be of varying steepness. As will be seen in 
Figure 3, the actual regenerative performance of the 
regenerator will indeed depend upon the degree of 
nonlinearity of the decision element transfer function. 

Figure 3 shows the principle of operation of a 
regenerator incorporating a decision element with 
two steepnesses of the nonlinear transfer function. In 
any case, the ‘I’ and ‘0’ symbols amplitude prob- 
ability densities (PD) are squeezed after passing 
through the decision element. However, depending 
upon the addition of a clock reference for triggering 
the decision element, the symbol arrival time PD 
will be also squeezed (clocked decision =3R 
regeneration) or enlarged (no clock reference = 2R 
regeneration) resulting in conversion of amplitude 
fluctuations to time position fluctuations. 

As for system performance — expressed through 
BER — regenerative capabilities of any regenerator 
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simultaneously depend upon both the output ampli- 
tude and arrival time PD of the ‘I’ and ‘0” symbols. In 
the unusual case of 2R regeneration (no clocked 
decision), a tradeoff has then to be derived, consider- 
ing both the reduction of amplitude PD and the 
enlarged arrival time PD induced by the regenerator, 
to ensure sufficient signal improvement, In 
Figure 3a, we consider a step function for the transfer 
function of the decision element. In this case, 
amplitude PD are squeezed to Dirac PD after the 
decision element, and depending upon addition or not 
of a clock reference, arrival time PD is reduced (3R) 
or dramatically enlarged (2R). In Figure 3b, the 
decision clement exhibits a moderately nonlinear 
transfer function. This results in an asymmetric and 
less-pronounced squeezing of the amplitude PD 
compared to the previous case, but in turn results in 
a significantly less enlarged arrival time PD when 
no clock reference is added (2R regeneration). 
Comparison of these two decision element of 
different nonlinear transfer function indicates that 
for 3R regeneration applications, the more nonlinear 
the transfer function of the decision element the better 
performance, the ideal case being the step function, 
In the case of 2R regeneration applications, a tradeoff 
between the actual reduction of the amplitude PD and 
enlargement of timing PD is to be derived and clearly 
depends upon the actual shape of the nonlinear 
transfer function of the decision element. 


Qualification of Signal Regenerator Performance 


To further illustrate the impact of the actual shape of 
the nonlinear transfer function of the decision 
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Figure 3 Signal Regeneration process using Nontinear Gates. (a) Step transfer function (= Electronic DFF); (b) ‘moderately’ 
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element in 3R application, the theoretical evolution 
of BER with number of concatenated regenerators 
have been plotted for regenerators having different 
nonlinear responses. Figure 4 shows the numerically 
calculated evolution of the BER of a 10 Gbit/s NRZ 
signal with fixed optical signal-to-noise ratio (OSNR) 
at the input of the 3R regenerator, as a function of the 
cascaded regenerator incorporating nonlinear gates 
with nonlinear transfer function of different depths. 
From Figure 4, can be seen different behaviors 
depending on the nonlinear function shape. As 
previously stated, the best regeneration performance 
is obtained with an ideal step function (case a), 
which is actually the case for O/E regenerator using 
electronic decision flip-flop (DFF). In that case, BER 
linearly increase (i.e., more errors) in the cascade. 
Conversely, when nonlinearity is reduced (cases (b) 
and (c)), both BER and noise accumulate, until the 
concatenation of nonlinear functions reach some 
steady-state pattern, from which BER linearly 
increases. Coneatenation of nonlinear devices thus 
magnifies shape differences in their nonlinear 
response, and hence their regenerative capabilities. 

Moreover, as can be seen in Figure 4, all curves 
standing for different regeneration efficiencies pass 
through a common point defined after the first device. 
This clearly indicates that it is not possible to qualify 
the regenerative capability of any regenerator when 
considering the output signal after only one regen- 
erator. Indeed, the BER is the same for either a 3R 
regenerator or a mere amplifi 
a single clement. This originates from the initial 
overlap between noise distributions associated with 
marks and spaces, that cannot be suppressed but only 
minimized by a single decision element through 
threshold adjustment. 


if only measured after 


As a general result, the actual characterization of 
the regenerative performance of any regenerator 
should in fine be conducted considering a cascade of 
regenerators, In practice this can easily be done with 
the experimental implementation of the regenerator 
under study in a recirculating loop. Moreover, such 
an investigation tool will also enable access to the 
regenerator performance with respect to the trans- 
mission capabilities of the regenerated signal, which 
should not be overlooked. 

Let us now consider the physical implementation of 
such all-optical Signal Regenerators, along with the 
key features offered by the different alternatives. 


All-Optical 2R/3R Regeneration Using 
Optical Nonlinear Gates 


Prior to describing the different solutions for all- 
optical in-line Optical Signal Regeneration, it should 
be mentioned that since the polarization states of the 
optical data signals cannot be preserved during 
propagation, it is required that the regenerator 
exhibits an extremely low polarization sensitivity. 
This clearly translates to a careful optimization of all 
the different optical components making up the 
2R/3R regenerator. It should be noted that this also 
applies to the O/E solutions but is of limited impact, 
since only the photodiode has to be polarization 
insensitive. 

Figure 5 illustrates the generic principle of oper- 
ation of an all-optical 3R Regenerator using optical 
nonlinear gates. Contrary to what occurs in O/E, 
regenerator where the extracted clock signal drives 
the electrical decision element, the incoming and 
distorted optical data signal triggers the nonlinear 
gate, hence generating a switching window which is 
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Figure § Principle of operation of an all-Optical Signal 3R, 
Regenerator using nonlinear gates. 


applied to a newly generated optical clock signal so as 
to reproduce the initial data stream on the new 
optical carrier. 

In the case of 2R Optical Signal Regeneration, a 
continuous wave (CW) signal is substituted for the 
synchronized optical clock pulses. As previously 
mentioned, the actual regeneration performance of 
the 2R/3R devices will mainly depend upon the 
nonlinearity of the transfer function of the decision 
clement but in 3R applications the quality of the 
optical clock pulses has also to be considered. In the 
following, we describe current solutions to explain 
the two main building blocks of all-optical Signal 
Regenerators: the decision element (ie., nonlinear 
gate) and the clock recovery (CR) elements. 


Optical Decision Element 


In the physical domain, optical decision elements 
with ideal step response — as for electrical DFF ~ do 
not exist. Different nonlinear optical transfer func- 
tions, approaching more or less the ideal case, can be 
realized in various media such as fiber, SOA, electro- 
absorption modulators (EAM), and lasers. 
as described below, the actual response (hence the 
regenerative properties of the device) of such optical 
gates directly depends upon the incoming signal 
instantaneous power. Under these conditions, it 
appears essential to add an adaptation stage so as to 
reduce intensity fluctuations (as caused by propa- 
gation or crossing routing/switching node) and 
provide the decision element with fixed power 
conditions. In practice, this results in the addition of 
a control circuitry (either optical or electrical) in the 
Re-amplification block, whose complexity directly 
depends on actual system environment (ultra-fast 
power equalization for packet-switching applications 
and compensation of slow power fluctuations in 
transmission applications). 

As previously described the decision gate performs 
Re-shaping (and Re-timing when clock pulses are 
added) of the incoming distorted optical signal, and 
represent the regenerator’s core element. Ideally, it 
should also act as a transmitter with characte: 
ensuring the actual propagation of the regenerated 
data stream. In that respect, the chirp possibly 


induced by the optical decision gate onto the 
regenerated signal — and the initial quality of the 
optical clock pulses in 3R applications — should 
be carefully considered (ideally by means of 
loop transmission) as to adequately match line 
transmission requirements. 

Different solutions for the actual realization of the 
optical decision element have been proposed and 
extensively investigated using, for example, cross 
gain modulation in semiconductor optical amplifier 
(SOA) devices but the most promising and flexible 
devices probably are interferometers, for which, 
descriptions of the generic principle of operation 
follows. Consider a CW signal (probe) at Az 
wavelength injected into an optical interferometer, 
in which one arm incorporates a nonlinear medium 
in which an input signal carried by A, wavelength 
(command) is, in turn, injected. Such a signal, 
at A, wavelength, induces a phase shift through 
cross-phase modulation (XPM) in this arm of the 
interferometer, the amount depending upon power 
level Pj,,41- In turn, such phase modulation (PM) 
induces amplitude modulation (AM) on the signal at 
Ay wavelength when recombined at the output of 
the interferometer and translates the information 
carried by wavelength A; onto Az. Under these 
conditions, such optical gates clearly act as wave- 
length converters (it should be mentioned that 
Wavelength Conversion is not necessarily equivalent 
to Regeneration; ie., a linear transfer function 
performs suitable Wavelength Conversion but by 
no means Signal Regeneration). 

Optical interferometers can be classified accor- 
ding to the nature of the nonlinearity exploited to 
achieve a a phase shift. In the case of fiber-based 
devices, such as the nonlinear optical loop mirror 
(NOLM), the phase shift is induced through the Kerr 
effect in an optical fiber. The key advantage of fiber- 
based devices such as NOLM lies in the near- 
instantaneous (fs) response of the Kerr nonlinearity, 
making them very attractive for ultra-high bit-rate 
operation (2160 Gbit/s). Polarization-insensit 
NOLMs have been realized, although with the same 
drawbacks concerning integrability. With recent 
developments in highly nonlinear (HNL) fibers, 
however, the required NOLM fiber length could be 
significantly reduced, hence dramatically reducing 
environmental instability. 

A second type of device is the integrated SOA- 
based Mach-Zehnder interferometers (MZI). In 
MZIs, the phase shift is due to the effect of photo- 
induced carrier depletion in the gain saturation 
regime of one of the SOAs. The control and probe 
can be launched in counter- or co-directional ways. In 
the first case, no optical filter is required at the output 
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of the device for rejecting the signal at A, wavelength 
but operation of the MZI is limited by its speed. At 
this point, one should mention that the photo- 
induced modulation effects in SOAs are intrinsically 
limited in speed by the gain recovery time, which is a 
function of the carrier lifetime and the injection 
current, An approach referred to as differential 
operation mode (DOM) and illustrated on Figure 6, 
which takes advantage of the MZI’s interferometric 
properties, makes it possible to artificially increase 
the operation speed of such ‘slow’ devices up to 
40 Ghitis. 

As discussed earlier, the nonlinear response isa key 
parameter for regeneration efficiency. Combining two 
interferometers is a straightforward means to 
improve the nonlinearity of the decision element 
transfer function, and hence regeneration efficiency. 
This approach was validated at 40 Gbit/s using a 
cascade of two SOA-MZI, (see Figure 7 (left)). Such a 
scheme offers the advantage of restoring data polarity 
and wavelength, hence making the regenerator 
inherently transparent. Finally, the second conversion 
stage can be used as an adaptation interface to the 
transmission link achieved through chirp tuning in 
this second device. 

Such an Optical 3R Regenerator was upgraded to 
40 Gbit/s, using DOM in both SOA-MZIs with 
validation in a 40 Gbit/s loop RZ transmission. The 
40 Gbit/s eye diagram monitored at the regenerator 
output after 1, 10, and 100 circulations are shown in 
Figure 7 (right) and remain unaltered by distance. 
With this all-optical regenerator structure, the 
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Figure 6 Schematic and principle of operation of SOA-MZI in 
differential mode. 


minimum OSNR tolerated by the regenerator 
(1B sensitivity penalty at 10-° BER) was found 
to be as low as 25 dB/0.1 nm, Such results clearly 
illustrate the high performance of this SOA-based 
regenerator structure for 40 Gbit/s optical data 
signals. 

Such a complex mode of operation for addressing 
40 Git/s bit-rates will probably be discarded when we 
consider the recent demonstration of standard-mode 
wavelength conversion at 40 Gbit/s, which uses a 
newly-designed active-passive SOA-MZI incorpo- 
rating evanescent-coupling SOAs. The device 
architecture is flexible in the number of SOAs, thus 
enabling easier operation optimization and reduced 
power consumption, leading to simplified architec- 
tures and operation for 40 Gbit/s optical 3R 
regeneration. 

Based on the same concept of wavelength conver 
sion for Optical 3R Regeneration, it should be noted 
many devices have been proposed and experimentally 
validated as wavelength converters at rates up to 
84 Gbit/s, but with cascadability issues still to be 
demonstrated to assess their actual regenerative 
properties, 


Optical Clock Recovery (CR) 


Next to the decision, the CR is a second key function 
in 3R regenerators. One possible approach for CR 
uses electronics while another only uses optics. The 
former goes with OE conversion by means of a 
photodiode and subsequent EO conversion through a 
modulator, This conversion becomes more complex 
and power-hungry as the data-rate increases. It is 
clear that the maturity of electronics gives a current 
advantage to this approach, But considering the pros 
and cons of electronic CR for cost-effective 
implementation, the all-optical approach seems 
more promising, since full regenerator integration is 
potentially possible with reduced power consump- 
tion. In this view, we shall focus here on the optical 
approach and more specifically on the self-pulsating 
effect in three-scctions distributed feedback (DFB) 
lasers or more recently in distributed Bragg reflector 


tag 


Figure 7 Optimized structure of a 40 Gbit/s SOA-ased 3A regenerator. 40 Gbit's eye diagram evolution: (a) B-to-B; (b) 1 lap; 


(6) 10 laps; (@) 100 laps. 
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(DBR) lasers, Recent experimental results illustrate 
the potentials of such devices for high bit rates (up to 
160 Gbit/s), broad dynamic range, broad frequency 
tuning, polarization insensitivity, and relatively 
short locking times (1 ns). This last feature makes 
these devices good candidates for operation in 
asynchronous-packet regimes. 


Optical Regeneration by Saturable Absorbers 


We next consider saturable absorbers (SA) as non- 
linear elements for optical regeneration. Figure 8 
(left) shows a typical SA transfer function and 
illustrates the principle of operation. When illumi- 
nated with an optical signal with peak power below 
some threshold (P,,), the photonic absorption of 
the SA is high and the device is opaque to the signal 
(low transmittance). Above P,y, the SA transmit- 
tance rapidly increases and asymptotically saturates 
to transparency (passive loss being overlooked). 
Such a nonlinear transfer function only applies to 
2R optical regeneration. 

Different technologies for implementing SAs are 
available, but the most promising approach uses 
semiconductors. In this case, SA relies upon the 
control of carrier dynamics through the material's 
recombination centers, Parameters such as on-off 
contrast (ratio of transmittance at high and low 
incident powers), recovery time (I/e) and saturation 
energy, are key to device optimization. In the fol- 
lowing, we consider a newly-developed ion-irradiated 
MQW-based device incorporated in a micro-cavity 
and shown on Figure 8 (right). The device operates as 
a reflection-mode vertical cavity, providing both a 
high on/off extinction ratio by canceling reflection at 
low intensity and a low saturation energy of 2 pJ. It is 
also intrinsically polarization-insensitive. Heavy ion- 
irradiation of the SA ensures recovery times (at Ie) 
shorter than 5 ps (hence compatible with bit-rate 
above 40 Gbit/s), while maintaining a dynamic 
contrast in excess of 2.5 dB at 40 GHz repetition rate. 
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Figure 8 


The regenerative properties of SA make it possible 
to reduce cumulated amplified spontaneous emission 
(ASE) in the ‘0° bits, resulting in a higher contrast 
hetween mark and space, hence increasing, system 
performance. Yet SAs do not suppress intensity noise 
in the marks, which makes the regenerator incom- 
plete. A solution for this noise suppression is optical 
filtering with nonlinear (soliton) pulses. The principle 
is as follows. In absence of chirp, the soliton temporal 
width scales in the same way as the reciprocal of its 
spectral width (Fourier-transform limit) times. its 
intensity (fundamental soliton relation). Thus, an 
increase in pulse intensity corresponds to both time 
narrowing and spectral broadening. Conversely, a 
decrease in pulse intensity corresponds to time 
broadening and spectral narrowing. Thus, the filter 
causes higher loss when intensity i 
lower loss when intensity decreasi 
thus acts as an automatic power control (APC) in 
feed-forward mode, which causes power stabilization. 
The resulting 2R regenerator (composed by the SA 
and the optical filter) is fully passive, which is of high 
interest for submarine systems where the power 
consumption must be minimal, but it does not include 
any control in the time domain (no Re-timing). 

System demonstrations of such passive SA-hased 
Optical Regeneration have been reported with 
a 20Gbit/s single-channel loop experiment. 
Implementation of the SA-based 2R Regenerator 
with 160 km-loop periodicity made it possible to 
double the error-free distance (Q = 15.6 dB or 10°” 
BER) of a 20 Gbit/s RZ signal. So as to extend the 
capability of passive 2R regeneration to 40 Gbit/s 
systems, an improved configuration was derived from 
numerical optimization and experimentally demon- 
strated in a 40 Gbit/s WDM-like, dispersion-managed 
loop transmission, showing more than a fourfold 
increase in the WDM transmission distance at 10~* 
BER (1650 km without the SA-based regenerator and 
7600 km when implementing the 2R regenerator 
with 240 km periodicity). 
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Such a result illustrates the potential high interest 
of such passive optical 2R regeneration in long-haul 
transmission (typically in noise-limited systems) since 
the implementation of SA increases the system’s 
robustness to OSNR degradation without any extra 
power consumption, Reducing both saturation 
energy and insertion loss along with increasing 
dynamic contrast represent key future device 
improvements. Regeneration of WDM signals from 
the same device, such as one SA chip with 
multiple fibers implemented between Mux/DMux 
stages, should also be thoroughly investigated. 
In this respect, SA wavelength selectivity in quantum 
dots could possibly be advantageously exploited. 


Synchronous Modulation Technique 


All-optical 3R regeneration can be also achieved 
through in-line synchronous modulation (SM) 
associated with narrowband filtering (NF). Figure 9 
shows the basic layout of such an Optical 3R 
Regenerator. It is composed of an optical filter 
followed by an Intensity and Phase Modulator 
(IM/PM) driven by a recovered clock. Periodic 
insertion of SM-based modulators along the trans- 
mission link provides efficient jitter reduction and 
asymptotically controls ASE noise level, resulting in 
virtually unlimited transmission distances. Re-shaping 
and Re-timing provided by IM/PM intrinsically 
requires nonlinear (soliton) propagation in the trunk 
fiber following the SM block. Therefore, one can refer 
to the approach as distributed optical regeneration. 
This contrasts with lumped regeneration, where 3R is 
completed within the regenerator (see above with 
Optical Regeneration using nonlinear gates), and is 
independent of line transmission characteristics. 
However, when using a new approach referred to 
“black box’ optical regeneration (BBOR), itis possible 


to make the SM regeneration function and trans- 
mission work independently in such a way that any 
type of RZ signals (soliton or non-soliton) can be 
transmitted through the system. The BBOR technique 
includes an adaptation stage for incoming RZ. pulses 
in the SM-based regenerator, which ensures high 
regeneration efficiency regardless of RZ. signal format 
(linear RZ, DM-soliton, C-RZ, etc.). This is achieved 
using a local and periodic soliton conversion of RZ 
pulses by means of launching an adequate power into 
some length of fiber with anomalous dispersion. 
The actual experimental demonstration of the BBOR 
approach and its superiority over the ‘classical’ 
SM-based scheme for DM transmission was experi- 
mentally investigated in 40 Gbit/s DM loop trans- 
mission. Under these conditions, one can then 
independently exploit dispersion management (DM) 
techniques for increasing spectral efficiency in 
long-haul transmission, while ensuring high trans- 
mission quality through BBOR. 

One of the key properties of the SM-based all 
optical Regeneration technique relies on its WDM 
compatibility. The first (Figure 10, left) and straight- 
forward solution to apply Signal Regeneration to 
WDM channels amounts to allocating a regenerator 
toeach WDM channel. The second consists in sharing 
a single modulator, thus processing the WDM 


channels at once in serial fashion. This approach 
requires WDM synchronicity, meaning that all bits 
be synchronous with the modulation, that can be 
achieved either by use of appropriate time-delay lines 
located within a DMux/Mux apparatus (Figure 10, 
upper right), or by making the WDM channels 
inherently time-coincident at specific regenerator 
locations (Figure 10, bottom right). Clearly, the serial 
regeneration scheme is far simpler and cost-effective 
than the parallel version; however, optimized 
re-synchronization schemes still remain to be 


3R Regenerator 


Signal 


Lbs 


KIN 


wn 


AA WAN WAU) 


Solitons. 
(nonlinear RZ pulses) 


ASE noise 
& timing jitter 


Regeneration 
‘SM + propagation 


UN 


JM 


Figure 9 Basic layout of the all-optical Regenerator by Synchronous Modulation and Narrowband Fitering and ilustration of the 
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What Can Go Wrong 


Electrical Noise in Output 
Electrolytic capacitors may be inadequate to 
smooth the high frequencies used. Multilayer ce- 
ramic capacitors or tantalum capacitors may be 
necessary. Check the manufacturer's datasheet 
for minimum and maximum values. Also check 
the datasheet for advice regarding placement of 
capacitors on the input side as well as across the, 
output. 


Excess Heat with No Load 

Some converters generate substantial heat while 
they are powered without a load. The manufac- 
turer's datasheet may not discuss this potential 
problem very prominently or in any detail. Check 
the input rating, usually expressed in mA, speci- 
fied fora no-load condition. All ofthis current will 


What Can Go Wrong 


have to be dissipated as heat, and the very small 
size of many converters can result in high local- 
ized temperatures, especially since many of them 
allow no provision for a heat sink. 


Inaccurate Voltage Output with 
Low Load 

Some converters are designed to operate with at 
least 10% of full rated load across their output at 
all times. Below this threshold, output voltage 
can be grossly inaccurate. Read datasheets care- 
fully forstatements suchas this: "Lower than 10% 
loading will result in an increase in output volt- 
age, which may rise to typically double the speci- 
fied output voltage if the output load falls to less 
than 5%.’ Always use a meter to verify the output 
voltage from a converter at a variety of different 
loads, and perform this test before installing the 
converter in a circuit. 
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Figure 10 Basic implementation schemas for WDM all-Optical Regeneration. (a) parallel asynchronous; (b) serial re-synchronized, 
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developed for realistic applications. Experimental 
demonstration of this concept was assessed by means 
of a 4x40 Gbit/s dispersion-managed transmission 
over 10.000 km (BER < 5.10~*) in which a single 
modulator was used for the simultaneous regener- 
ation of the 4 WDM channels. 

Considering next all-optical regeneration schemes 
with ultra-high speed potential, a compact and loss- 
free 40 Ghit/s Synchronous Modulator, based on 
optically-controlled SOA-MZI, was proposed and 
loop-demonstrated at 40 Gbit/s with an error-free 
transmission distance in excess of 10 000 km. More- 
over, potential ultra-high operation of this improved 
BBOR scheme was recently experimentally demon- 
strated by means of a 80 GHz clock conversion with 
appropriate characteristics through the SOA-MZI. 
One should finally mention all fiber-based devices 
such as NOLM and NALM for addressing ultra-high 
speed SM-based Optical Regeneration, although no 
successful experimental demonstrations have been 
reported so far in this field. 


Conclusion 


Insummary, optical solutions for Signal Regeneration 
present many key advantages. These are the only 
advantages to date to possibly ensure WDM compat- 
ibility of the regeneration function (mostly 2R 
related). Such optical devices clearly exhibits the 
best 2R regeneration performance (wrt to O/E 
solutions) as a result of the moderately nonlinear 
transfer function (which in turn can be considered as 
a drawback in 3R applications), but the optimum 
configuration is still to be clearly derived and 
identified depending upon the system application. 
Optics also allow to foresee and possibly target 
ultrafast applications above 40G, for signal regen 
ation if needed. Among the current drawbacks, one 


should mention the relative lack of wavelength/ 
formats flexibility of these solutions (compared to 
OFE solutions). It is complex or difficult to restore the 
input wavelength or address any C-band wavelength 
at the output of the device or to successfully 
regenerate modulation formats other than RZ. 
In that respect, investigations should be conducted 
to derive new optical solutions capable of processing 
more advanced modulation formats at 40G. Finally, 


the fact that the nonlinear transfer function of the 
optical is in general triggered by the input signal 
instantaneous power also turns out to be a drawback 
since it requires control circuitry. The issue of cost 
(footprint, power consumption, etc.) of these solu- 
tions, compared to O/E ones, is still open. In this 
respect, purely optical solutions incorporating all- 
optical clock recovery, the performance of which is 
still to be technically assessed, are of high interest for 
reducing costs. Complete integration of an all-optical 
2RIGR regenerator or such parallel regenerators onto 
a single semiconductor chip should also contribute to 
make all-optical solutions cost-attractive even though 
acceptable performance of such fully integrated 
devices is still to be demonstrated. 

From today’s status concerning the two alternative 
approaches for in-line regeneration (O/E or all- 
optical), it is safe to say that the choice between 
either solution will be primarily dictated by both 
engineering and economical considerations. It will 
result from a tradeoff between overall system 
performance, system complexity and reliability, 
availability, time-to-market, and rapid returns from 
the technology investment. 


See also 


Interferometry: Overview. Optical Amplifiers: Semi- 
conductor Optical Amplifiers. Optical Communication 
‘Systems: Wavelength Division Multiplexing, 
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In the development of the theory of diffraction, the 
diffraction field is due to a surface integral, the Fresnel 
integral, but no restrictions are imposed on the choice 
of the surface over which the integration must be 
performed. This fact leads to a very useful pro- 
perty called Babinet’s principle, first stated by 
Jacques Babinet (1794-1872) in 1837 for scalar 
waves. We will discuss only the scalar Babinet’s 
principle; discussion of the rigorous vector formu- 
lation can be found in a number of books on 
electromagnetic theory. 

To introduce Babinet’s principle, we label a plane, 
separating the source, S, and observation point, P, 
as. If no obstructions are present, a surface 
integration over © yields the light distribution at P. 
If we place an opaque obstruction in this plane with 
a clear aperture, ¥1, then the field at P is given by 
integrating over only 34; contributions from ¥, 
outside of X1, are zero since the obstruction is 


opaque, 

‘We may define an aperture, 2, as complementary 
to ®, if the obstruction is constructed by replacing the 
transparent regions of ¥, ie., 3, by opaque surfaces 
and the opaque regions of © by clear apertures. 
Figure 1 shows two complementary obstructions, 
where the shaded region indicates an opaque surface 

The surface integral over ¥ generates the field, E, 
in the absence of any obstruction. If obstruction , is 
present then the diffraction field is E1, obtained 
by integrating over ¥1. According to Babinet’s 
principle, the diffraction field due to obstruction ¥5, 
must be 


=E-E 


We will look at examples of the application of 
the principle for both Fraunhofer and Fresnel 
diffraction. 


Fraunhofer Diffraction 


The electric field due to Fraunhofer diffraction is 
given by 
7 


Ep tags 04) = 
te ty) = 


[Jesse torre ae ay 


where a is the amplitude of the incident plane wave 
and Ro is the distance from the obstruction to the 
observation point. We have defined the spatial 
frequencies, w. and wy by the equations 


dat 2am 


oy = kL w= kM 


Ry Ry 


This surface integral is an approximation of the 
Hygens—Fresnel integral and can be identified as a 
Fourier transform of the aperture transmission 
function, fix, y) in two dimensions. For our discus- 
sion we will consider only one dimension and ignore 
the parameters in front of the integral. 

Assume that a(x) is the amplitude transmission of 
an aperture in an obstruction, h(x) is the amplitude 
transmission function of the complementary obstruc~ 
tion and g is the amplitude of the wave when no 


y Bp 


Figure 1 An aperture %, shown by the unshaded region and its, 
complement X. Reproduced with permission from Guenthor R. 
(1990) Modem Optics. Now York: Wiley. Copyright © 1990 Jahn 
Wiley & Sons. 
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obstruction is present. The Fourier transforms of the 
one-dimensional amplitude transmission functions 
of the two apertures are equal to the Fraunhofer 
diffraction patterns that will be generated by the two 
apertures 


a= | atxje** de 
B= | bone dv 


With no aperture present, the far field amplitude is 


Gwy=e] oo de 
Babinet’s principle states that 
Bx) = G — Aww) 


must be the Fraunhofer diffraction field of the 
complementary aperture. We may rewrite this 
equation for the diffraction field as 


Bik) = Ga(k) + A(k)e'™ ie) 


The first term on the right of the Fraunhofer 
diffraction field for the complementary obstruction 
[1] is located at the origin of the observation plane 
and is proportional to the amplitude of the unob- 
structed wave. The second term in the equation for 
the Fraunhofer diffraction pattern [1] is identical to 
the Fraunhofer diffraction pattern of the original 
aperture, except for a constant phase. Thus the 
Fraunhofer diffraction from the two complementary 
apertures are equal, except for a constant phase and 
the bias term at the origin. Physically this means that 
the diffraction intensity distributions of complemen- 
tary apertures will be identical but their brightness 
will differ! 


Fresnel Diffraction 


We can calculate the Fresnel diffraction from an 
opaque disk by applying Babinet's principle to the 
diffraction pattern calculated for a circular aperture. 

We assume that a circular aperture of radius a is 
illuminated by a point source a distance Z’ from the 
aperture. We observe the transmitted wave at the 
point P, located a distance Z from the aperture 
(see Figure 2). 

‘The Fresnel diffraction integral is 


ia un 
XD 


xf f fone Slee dedy (21 


= 


Figure 2. Geometry for the analysis of Fresnel diffraction of a 
circular aperture, Reproduced with permission from Guenther FL 
(1990) Maden Optics. New York: Wiley. Copyright © 1990 John 
Wiley & Sons. 


where the distance between the source and obser- 
vation point is 


1 =x t—y 1 
D=Z+Z4—-——_,—,—— - 
cE 5) ry 


and the coordinates of the stationary point are 


42x, 


 _ ZintZy, 
“gee 


x= Wr 
The parameters of the integral are simplified by the 
geometry selected for Figure 2, Both the observation 
point and source are located on the axis of symmetry 
of the aperture which lies along the z-axis of a 
cylindrical coordinate system thus 
0 and 


xy =Yo= D=Z4Z 


The approximation for the distance from the source 
and observation point to the aperture yields 


where 1? 2. The cylindrical coordinate 


version of [2] is then 


<u ft 
° 


We assume that the transmission function of the 
aperture is a constant, /(r,6)=1, to make the 
integral as simple as possible. After performing 
the integration over the angle ¢, [3] can be 


Be= 


Qe be 
f, fire rdrdd [31 
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rewritten as 


inion gf 
¢ (5) 4) 


Performing the integration of [4], results in the 
Fresnel diffraction amplitude 


& ikopy 


insted 
5 J Is] 


The intensity of the diffraction field is 


na 
Ins =20(1 = emt) 


a? 
= Aly sin? 6 
asin (61 


[6] predicts a sinusoidal variation in intensity as the 
observation point moves toward the aperture. 

Babinet’s principle can now be used to evaluate 
Fresnel diffraction by an opaque disk, the same size as 
the circular aperture, i.e., of radius a. The field for the 
disk is obtained by subtracting the field, diffracted by 
a circular aperture, from the field of an unobstructed 
spherical wave, Ep: 


71 


The intensity is 

Tra = Ip 
The result of the application of Babinet’s principle is 
the conclusion that, at the center of the geometrical 
shadow cast by the disk, there is a bright spot with the 
same intensity as would exist if no disk were present. 
This is Poisson’s spot. The intensity of this spot is 


independent of the choice of the observation point 
along the z-axis. 


See also 


Diffraction: Fraunhofer Diffraction; Fresnel Diffraction. 
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Introduction 


Instabilities in laser emission, notably in the form of 
spontaneous coherent pulsations, have been 
observed almost since the first demonstration of 
laser action. Indeed, the first laser operated in 1960 
by Maiman produced noisy spiked output even 
under conditions of quasi-steady excitation and 
provided the early impetus for studies of such 
effects. Subsequent theoretical efforts towards 
understanding these phenomena occurred up to the 
1980s at a modest level, due in part to the wide 
scope of alternative areas of fertile investigation 
provided by lasers during this period. However, 
since the 1990s, there has been a major resurgence 


of interest in this area. This has been due to 
profound mathematical discoveries over this period 
which have revolutionized our understanding of 
classical dynamical systems. It is now clear that 
many systems containing some form of nonlinearity 
are dynamically unstable and even chaotic and that 
such behavior is deterministic. Further, the discovery 
that chaos evolves through particular routes with 
well-defined scenarios and that such routes are 
universal, has stimulated experimentalists to search 
for physical systems that exhibit these properties 
These phenomena have now been observed in areas 
as diverse as fluid flow, chemical reactions, popu- 
lation ecology, and superconductor devices. The 
laser, perhaps the most recent newcomer to the 
field, is a paradigm for such investigation, owing 
to its simplicity both in construction and in the 
mathematics that describe it, and already a wide 
range of these phenomena have been observed. 
Along with a proliferation of new observations, 
many of the instabilities known to occur in these 
systems are now being reinterpreted in lieu of our 


new insight in this area. From this, fascinating 
new concepts of control and synchronization 
of chaos have emerged and spawned new fields of 
applications, not least in secure communication. In 
this article we introduce the general principles of 
dynamical instabilities, chaos, and control in lasers. 
For in-depth study, the reader is referred to texts 
and review articles cited in the Further Reading 
section at the end of this article. 


Laser Physics 


Our conventional understanding of laser physics is 
concerned with how cooperative order evolves from 
randomness. This transition is explained by first 
considering the ensemble of lasing atoms in thermal 
equilibrium. Every atom executes a small motion, 
giving rise to an oscillating electric dipole, described 
by linear dynamics. For larger motions, the atomic 
dipoles interfere with each other's motion and 
beyond a particular threshold, the motion becomes 
‘co-operative’ or ordered over a long range. The role 
of the electromagnetic field in the laser cavity in 
ordering the induced atomic dipoles, is collectively 
described as giving rise to a macroscopic polarization, 
the magnitude of which depends on the number of 
dipoles (excited atoms). The dynamical interplay 
between the cavity field amplitude (E) as one variable 
and the atomic material variables of polarization (P) 
and population (D) of excited atoms, all of which are 
in general complex quantities, provide a full descrip- 
tion of lasing action. For the simplest laser, a single 
mode two-level system with a homogeneously broa- 
dened gain lasing at resonance, these reduce to just 
three real variables, the Maxwell—Bloch equations: 


E=~«E+ xP 1) 
P=y,ED-— y,P (21 
D= yy(A+ 1) ~ yD ~ yAEP BI 
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where wis the cavity decay rate, y, is the decay rate of 
atomic polarization, yy, is the decay rate of popu- 
lation inversion, and A the pumping parameter. 

Described in this way the laser acts as a single 
oscillator in much the same way as a mechanical 
nonlinear oscillator, where laser output represents 
damping of the oscillator and excitation of the atomsis 
the driving mechanism to sustain lasing (oscillation). 
For ordered or coherent emission, it is necessary for 
one or both of the material variables (which are 
responsible for further lasing emission) to respond 
sufficiently fast to ensure a phase correlation with the 
existing cavity field. This is readily obtained in many 
typical lasers with output mirrors of relatively high 
reflectivity, since the field amplitude within the laser 
cavity will then vary slowly compared to the fast 
material variables which may then be considered 
through their equilibrium values. This situation, 
commonly referred to as adiabatic elimination of fast 
variables, reduces the dynamics of lasing action to that 
of one (or two) variables, the field (and population), all 
others being forced to adapt constantly to the slowly 
varying field variable, Our familiar understanding of 
DC laser action presupposes such conditions to hold. 
However when, for example, the level of excitation of 
the atoms is increased to beyond a certain value, i.e., 
the second laser threshold, all three dynamical 
variables may have to be considered, which satisfies 
the minimum requirement of three degrees of freedom 
(variables) for a system to display chaos. So this simple 
laser is capable of chaotic motion, for which the 
emission is aperiodic in time and has a broadband 
spectrum. Prediction of such behavior was initially 
made by Haken in 1975 through establishing the 
mathematical equivalence of the Maxwell~Bloch 
equations to those derived earlier by Lorentz describ- 
ing chaotic motion in fluids. 


Nonlinear Dynamics and Chaos 
in Lasers 


In general there is no general analytical approach for 
solving nonlinear systems such as the Maxwell— 
Bloch equations. Instead solutions are obtained by 
numerical means and analyzed through geometric 
methods originally developed by Poincaré as early as 
1892. This involves the study of topological struc- 
tures of the dynamical trajectories in phase space of 
the variables describing the system. If an initial 
condition of a dissipative nonlinear dynamical 
system, such as a laser, is allowed to evolve for a 
long time, the system, after all the transients have died 
out, will eventually approach a restricted region of 
the phase space called an attractor. A dynamical 


system can have more than one attractor, in which 
case different initial conditions lead to different types 
of long-time behavior. The simplest attractor in phase 
space isa fixed point which is a solution with just one 
set of values for its dynamical variables; the nonlinear 
system is attracted towards this point and stays there, 
giving a DC solution, For other control conditions the 
system may end up making a periodic motion; the 
attractor of this motion is called a limit cycle. 
However, when the operating conditions exceed a 
certain critical value, the periodic motion of the 
system breaks down into a more complex dynamical 
trajectory, which never repeats. This motion rep- 
resents a third kind of attractor in phase space called a 
chaotic or strange attractor. 

Figure 1 shows a sequence of trajectories of the 
Lorentz equations in the phase space of (x, y, z) on 
increasing the value of one of the control parameters; 
this corresponds to (E, P, D) in the Maxwell—Block 
equations on increasing the laser pump. For a control 
setting near zero, all trajectories approach stable 
equilibrium at the origin, the topological structure of 
the basin of attraction being hyperbolic about zero 
(Figure 1a). For the laser equations, this corresponds 
to operation below lasing threshold for which the 
magnitude of the control parameter (laser gain) is 
insufficient to produce lasing. As the control para- 
meter is increased, the basin lifts at its zero point to 
create an unstable fixed point here but with now two 
additional fixed points located in the newly formed 
troughs on either side of the zero point, which is now 
a saddle point. This is illustrated in Figure 1b where 
the system eventually settles to one or other of the 
two new and symmetrical fixed points, depending on 
the initial conditions. This corresponds to DC or 
constant lasing as defined by the parameter values of 
one of other of these points which are indistinguish- 
able. Pictorially, think of a conventional saddle shape 
comprising a hyperbolic and inverted hyperbolic 
form in mutually perpendicular planes and connected 
tangentially at the origin, With the curve of the 
inverted hyperbola turned up at its extremity and 
filling in the volume with similar profiles which allow 
the two hyperbolic curves to merge into a topological 
volume, one sees that a ball placed at the origin is 
constrained to move most readily down either side of 
the inverted hyperbolas into one or other of the 
troughs formed by this volume. For the Lorentz 
system, chaotic behavior occurs at larger values of 
the control parameter when all three fixed points 
become saddles. Since none of the equilibrium points 
are now attracting, the behavior of the system cannot 
be a steady motion. Although perhaps difficult to 
visualize topologically, it is then possible to find a 
region in this surface enclosing all three points and 
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Figure 1 Trajectories in the three-dimensional phase space of the Lorentz atractor on increasing one of the control parameters. 
(Reproduced with permission trom Thompson JMIT and Stewart HB (1987) Nonlinear Dynamics and Chaos. New York: John Wiley.) 


large enough so that no trajectories leave the region. 
Thus, all initial conditions outside the region evolve 
into the region and remain inside from then on. A 
corresponding chaotic trajectory is shown in 
Figure Ic. A’ point outwardly spirals from the 
proximity of one of the new saddle points until the 
motion brings it under the influence of the symme- 
trically placed saddle, the trajectory then being 
towards the center of this region from where outward 
spiraling again occurs. The spiraling out and swite! 
ing 0% 

intersects. In this case, arbitrarily close ini 
conditions lead to trajectories, which, after a suffi- 


+r continues forever though the trajectory never 


ciently long time, diverge widely. Since a truly exact 
assignment of the initial condition is never possible, 


even numerically, a solution comprising several such 
trajectories therefore evolves and, as a consequence, 
long-term predictability is impossible. This is in 
marked contrast to that of the fixed point and limit 
cycle attractors, which settle down to the same 
solutions, A recording of one of these variables in 
time, say for a laser the ontput signal amplitude (in 
practice recorded as signal intensity, proportional to 
the square of the field amplitude), then gives 
oscillatory emission of increasing intensity with 
sudden discontinuities (resulting from flipping from 
one saddle to the other in Figure 1c) as expected. 
‘While the Lorentz/Haken model is attractive for 
its relative simplicity, many practical lasers cannot 
be reduced to this description, Nevertheless, the 
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Figure 2 Lorentz-type chaos in the NH laser (emitting at 81 um optically pumped by a NO laser. 


underlying topology of the trajectory of solutions in 
phase space for these systems is often found to be 
relatively simple and quite similar, as for three-level 
models descriptive of optically pumped lasers. An 
experimental example of such behavior for a single 
mode far infared molecular laser is shown in Figure 2. 
In other lasers, for which there is adiabatic elimin- 
ation of one or other of the fast variables, chaotic 
behavior is precluded if, as a consequence, the 
number of variables of the system is reduced to less 
than three, Indeed this is the case for many practical 
laser systems. For these systems the addition of an 
independent external control parameter to the 
system, such as cavity length or loss modulation, 
have been extensively used as a means to provide the 
extra degrees of freedom, Examples include gas lasers 
with saturable absorbers, solid state lasers with loss 


modulation, and semiconductor lasers with external 
cavities, to name but a few. In contrast, for multi- 
mode rather than single mode lasers, intrinsic 
modulation of inversion (or photon flux) by multi- 
mode parametric interaction ensures the additional 
degrees of freedom. Furthermore, when the field is 
detuned from gain center, the dynamical variables E, 
P, D are complex, providing five equations for single 
mode systems, which is more than sufficient to yield 
deterministic chaos for suitable parameter values. 
Also, of significance is the remarkably low threshold 
found for the generation of instabilities and chaos in 
single-mode laser systems in which the gain is 
inhomogencously broadened, an example being the 
familiar He-Ne laser. 

Erratic and aperiodic temporal behavior of any of 
the system’s variables implies a corresponding con- 
tinuous spectrum for its Fourier transform, which is 
thus a further signature of chaotic motion, Time 
series, power spectra, and routes to chaos collectively 
provide evidence of deterministic behavior. Of the 
wide range of possible routes to chaos, three have 
emerged as particularly common and are frequently 
observed in lasers. These are period doubling, 
intermittency, and two-frequency scenarios. In the 
first, a solution, which is initially stable is found to 


oscillate, the period of which successively doubles at 
distinct values of the control parameter. This con- 
tinues until the number of fixed points becomes 
infinite at a finite parameter value, where the 
variation in time of the solution becomes irregular, 
For the intermittency route, a signal that behaves 
regularly in time becomes interrupted by statistically 
distributed periods of irregular motion, the average 
number of which increases with the external control 
parameter until the condition becomes chaotic. The 
two-frequency route is more readily identified with 
early concepts of turbulence, considered to be the 
limit of an infinite sequence of instabilities (Hopf 
bifurcation) evolving from an initial stable solution 
each of which creates a new basic frequency. It is now 
known that only two or three instabilities (frequen- 
cies) are sufficient for the subsequent generation of 
chaotic motion. 


Applications of Chaos in Lasers 


Ithas been accepted as axiomatic since the discovery 
of chaos that chaotic motion is in general 
neither predictable nor controllable. It is unpredict- 
able because a small disturbance will produce 
exponentially growing perturbation of the motion. 
Itis uncontrollable because small disturbances lead to 
other forms of chaotic motion and not to any other 
stable and predictable alternative, It is, however, this 
very sensitivity to small perturbations that has been 
more recently used to stabilize and control chaos, 
essentially using chaos to control itself. Among the 
many methods proposed in the late 1980s, a feedback 
control approach was proposed by Ott, Grebogi, and 
Yorke (OGY) in which tiny feedback was used to 
stabilize unstable periodic orbits or fixed points of 
chaotic attractors, This control strategy can he best 
understood by a schematic of the OGY control 
algorithm for stabilizing a saddle point P*, as shown 
in Figure 3. Curved trajectories follow a stable 
(unstable) manifold towards (away from) the 
saddle point. Without perturbation of a parameter, 
the starting state, s,, would evolve to the state s, 
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Figure 3° The OGY control strategy for stablzing an orbit in a 
‘chaotic attractor. 


The effect of changing a parameter of the system is 
depicted as shifting states near P* along the solid 
black arrows, whereas the combination of the 
unperturbed trajectory and the effect of the pertur- 
bation is to bring the state to a point, s3, on the stable 
manifold. Once on the stable manifold, the trajectory 
naturally tends towards the desired point. This 
algorithm has been successfully applied in numerous 
experimental systems without a priori modeling of 
these systems, examples being in cardiology, elec- 
tronics, and lasers. Based on the concept of feedback 
control, various other approaches have been devel- 
oped where emphasis has been given to algorithms 
which are more readily implemented in practical 
systems, in particular that utilizing occasional pro- 
portional feedback (OPF). These pioneering studies 
have since inspired prolific activities, both in theory 
and experiment, of control of chaos across many 
disciplines, opening up possibilities of utilizing chaos 
in many diverse systems. In optics, Roy et al. first 
demonstrated dynamical control of an autonomously 
chaotic and high-dimensional laser system on micro- 
second time-scales. The laser, a diode pumped soli 
state Nd:YAIG system with an intracavity KTP 
doubling crystal, exhibited chaotic behavior from 
coupling of the longitudinal modes through nonlinear 
sum-frequency generation. To control the system, the 
total laser output was sampled within a window of 
selected offset and width. A signal proportional the 
deviation of the sampled intensity from the center 
of the window was generated and applied to 
perturb the driving current of the diode laser. The 
sampling frequency is related to the relaxation 
oscillation frequency of the system, This control 
signal repeatedly attempts to bring the system 
closer to a periodic unstable orbit that is embedded 


in the chaotic attractor, resulting in a realization of 
the periodic orbit. By adjusting the frequency of the 
feedback signal they observed the basic (relaxation 
oscillation) and many higher-order periodic wave- 
forms of the laser intensity. In a subsequent experi- 
ment, Gills et al. showed that an unstable steady state 
of this laser could also be stabilized by the OPF 
control technique and tracked with excellent stability 
to higher output power with increase of the pump 
excitation. 

Another area to receive considerable attention in 
the last few years is that of synchronization of chaos. 
It may be expected that chaotic systems will defy 
synchronization because two such identical systems 
started at nearly the same initial conditions have 
dynamical trajectories that quickly becomes uncorre- 
lated. However, it has now been widely demonstrated 
that when these systems are linked, their chaotic 
trajectories converge to be the same and remain in 
step with each other. Further, such synchronization is 
found to be structurally stable and does not require 
the systems to be precisely identical. Not surprisingly, 
these findings have attracted interest from the 
telecommunication community; the natural masking 
of information by chaotic fluctuations offering a 
means to a certain degree of security. In this new 
approach, a chaotic carrier of information can be 
considered as a generalization of the more traditional 
sinusoidal carrier, In communication systems that use 
chaotic waveforms, information can be recovered 
from the carrier using a receiver synchronized, or 
tuned, to the dynamics of the transmitter. Optical 
systems are particularly attractive since they display 
fast dynamics, offering the possibility of communi- 
cation at bandwidths of a hundred megahertz or 
higher. Van Wiggeren and Roy first demonstrated 
data transmission rates of 10 Mbites per second using 
erbium-doped fiber ring lasers. These lasers are 
particularly well-suited for communication purposes 
since their lasing wavelength is close to the minimum- 
loss wavelength in optical fiber. Figure 3 shows a 
schematic of this system. The tiny message, in order 
of one thousandth of the carrier intensity, is decoded 
in the transmitter. The receiver tends to synchronize 
its behavior to the chaotic part of the transmitted 
wave (but not the message). Subtracting the wave- 
form created in the receiver from the transmitted 
signal recovers the tiny message. In principle, it is 
possible to communicate information at ultrahigh 
data rate with the use of this scheme because the 
chaotic dynamics in the ring laser has a very large 
spectral width, In a later experiment they showed that 
a receiver can recover information at 126 Mbits/sec 
from the chaotic carrier (Figure 4). 
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Figure 4 Schematic of communication with chaotic erbium-doped fiber amplifiers (EDFAs). Injecting a message into the transmitter 
laser folds the data into the chaotic frequency fluctuations. The receiver reverses this process, thareby recovering a high-fidelity copy of 
the message. (Reproduced with permission trom Gauthier DJ (1998) Chaos has come again. Nature 279: 1156-1157.) 
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Introduction 


A significant challenge facing experimentalists in the 
physical and biological sciences is the detection and 
identification of single molecules. The ability to 
perform such sensitive and selective measurements 
is extremely valuable in applications such as DNA 
analysis, immunoassays, environmental monitoring, 
and forensics, where small sample volumes and 
low analyte concentrations are the norm. More 
generally, most experimental observations of physi 
cal systems provide a measurement of ensemble 
averages, and yield information only 
properties. In contrast, single molecule measure. 
ments permit observation of the interactions 
and behavior of a heterogeneous population in 
real time. 

Over the past few years a number of techniques 
with sufficient sensitivity have been developed to 
detect single molecules. Scanning probe microscopies 


‘al Dynamics 


(most notably scanning tunneling microscopy and 
atomic force microscopy) have been used to great 
effect in the analysis of surface bound species, but for 
the detection of single molecules in liquids, optical 
methods incorporating the measurement of absorp- 
tion or emission processes, have proved most 
successful 


The Absorption-Emission Cycle 


The key concept underlying most 
approaches to single molecule detection is that a 
single molecule can be cycled repeatedly between its 
ground state and an excited electronic state to yield 
multiple photons. The process can be understood by 
reference to Figure 1. Fluorescence emission in the 
condensed phase can be described using a four-step 
cycle. Excitation from a ground electronic state to 
an excited state is followed by rapid (internal) 
vibrational relaxation. Subsequently, radiative decay 
to the ground state is observed as fluorescence 
emission and is governed by the excited state 
lifetime. The final stage is internal relaxation back 
to the original ground state. Under saturating 
illumination, the rate-limiting step for this cycle is 
governed by the fluorescence lifetime (71), which is 
typically of the order of a few nanoseconds. If a 
single molecule diffuses through an illuminated zone 
(c.g., the focus of a laser beam) it may reside in that 
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Figure 1 Schematiclustration of the molecular absorption emission eycle and timescales for the component processes. Campating 
processes that may reduce the ultimate phaton yield are also shown, 


region for several milliseconds. The rapid photon 
absorption-emission cycle may therefore be repeated 
many times during the residence period, resulting in 
a burst of fluorescence photons as the molecule 
transits the beam. The burst size is limited 
theoretically by the ratio of the beam transit time 
(7) and the fluorescence lifetime: 
Nonotoas = iit) 
mi 
For typical values of 7, (Sms) and 7 (S.ns) up to 
fone million photons may be emitted by the single 
molecule. In practice, photobleaching and photo- 
degradation processes limit this yield to about 
10° photons, Furthermore, advances in optical 
collection and detection technologies enable regis- 
tration of about 1-5% of all photons emitted. This 
results in a fluorescence burst signature of up to a 
few thousand photons or photoelectrons. 
Successful single molecule detection (SMD) 
depends critically on the optimization of the fluor- 
escence burst size and the reduction of background 
interference from the bulk solvent and impurities. 
Specifically a molecule is well suited for SMD if it is 
efficiently excited by an optical source (ie., possesses 
a large molecular absorption cross-section at the 
wavelength of interest), has a high fluorescence 
quantum efficiency (favoring radiative deactivation 


of the excited state}, has a short fluorescence lifetime, 
and is exceptionally photostable. 

Ionic dyes are often well suited to SMD as 
fluorescence quantum efficiencies can be close to 
unity and fluorescence lifetimes below 10 nano- 
seconds. For example, xanthene dyes such as Rhod- 
amine 6G and tetramethyl-rhodamine isothiocyanate 
are commonly used in SMD studies. However, other 
highly fluorescent dyes such as fluorescein are 
unsuitable for such applications due to unacceptably 
high photodegradation rate coefficients. Further- 
more, some solvent systems may enhance nonradia- 
tive processes, such as intersystem crossing, and yield 
significant reduction in the photon output. Structures 
of three common dyes suitable for SMD are shown in 
Figure 2. 


Signal vs Background 


The primary challenge in SMD is to ensure sufficient 
reduction in background levels to enable diserimi- 
nation between signal and noise. Asan example, in a 
InM aqueous dye solution each solute molecule 
occupies a volume of approximately 1 fL. However, 
this same volume also contains in excess of 10'” 
solvent molecules. Despite the relatively small scat- 
tering cross-section for an individual water molecule 
(~10-** em? at 488 nm), the cumulative scattering 
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Figure 2 Structures of common dye molecules suitable for 
SMD in solution: (a) 9,6-diamino-92-carboxypheny))-chloride 
(chodamine 110); (b) 9-(2-(ethaxycarbonyl)pheny!)-3,6-bs (ethy/- 
amino}-2,7-dimethyl chloride (rhodamine 6G); (c) 8(2-carboxy- 
'sothiocyanatopheny!)-3,6-bis(dimethylamino)-inner salt (tetra 
‘methylthodamine-S-(and-6)-isothiocyanate) 


signal from the solvent may swamp the desired 
fluorescence signal. The principal method of reducing 
the solvent background is to minimize the optical 
detection volume: the signal from a single molecule is 
independent of probe volume dimensions, but the 
background scales proportionally with the size of the 
detection region. Although there are several experi- 
mental approaches to SMD in solution, several 
factors hold common: 


1, Tiny detection volumes (10~'*-10-"8 L) are used 
to reduce background signals. 

2. A low analyte concentration combined with the 
small observation volume, ensures that less than 
one analyte molecule is present in the probe 
volume on average. 

3. High-efficiency photon collection (optics) and 
detection maximize the proportion of the iso- 
tropic fluorescence burst that is registered. 

4, Background reduction methods are employed to 
improve signal-to-noise ratios. These includ 
optical rejection of Raman and Rayleigh scatter, 
time-gated discrimination between prompt scatter 
and delayed emission, and photobleaching of the 
solvent immediately before detection. 


‘The minute volumes within which single molecules 
are detected can be generated in a variety of ways. 
Picoliter volumes can be defined by mutually ortho- 
gonal excitation and detection optics focused in a 
flowing stream. Much smaller, femtoliter probe 
volumes are generated using confocal microscopes. 
At this level, background emission is significantly 
reduced and high signal-to-noise ratios can be 
achieved. Confocal detection techniques are versatile 
and have been widely adopted for SMD in freely 
diffusing systems. Consequently, confocal methods 
will be discussed in detail in this article. The other 
general approach to performing SMD in solution 
involves the physical restriction of single molecules 
within defined volumes. Of particular note are 
techniques where single molecules are confined 
within a stream of levitated microdroplets. Droplet 
volumes are typically less than 1 fL. and imaging of 
the entire microdroplet enables single molecule 
fluorescence to be contrasted against droplet ‘blanks’ 
with good signal-to-noise. Furthermore, since mole- 
cules are confined within discrete volumes, the 
technique can be utilized for high-efficiency molecu- 
lar counting applications. More recently, spatial 
confinement of molecules in capillaries and micro- 
fabricated channels (with submicron dimensions) has 
heen used to create probe volumes between 1 fL and 
1pL, and immobilized molecules on surfaces have 
been individually probed using wide-field microscopy 
with epi-illumination or evanescent wave excitation. 


Single Molecule Detection using 
Confocal Microscopy 


As previously stated, the confocal fluorescence 
microscope is an adaptable and versatile tool for 
SMD. In its simplest form, a confocal microscope is 
one in which a point light source, a point focus in the 
object plane, and a pinhole detector are all confocal 
with each other. This optical superposition generates 
superior imaging properties and permits definition of 
ultra-small probe volumes. The concepts behind a 
basic confocal microscope and its use in SMD are 
schematically illustrated in Figure 3. Coherent light 
(typically from a laser and tuned to an optical 
transition of the molecule under investigation) 
behaves as a point light source and is focused into a 
sample chamber using a high-numerical aperture 
objective lens. As a single molecule traverses the 
laser beam it is continuously cycled between the 
ground and an excited electronic state, emitting a 
burst of fluorescence photons. Fluorescence 
emission is isotropic (spontaneous emission), so 
photons are emitted in all directions (477 steradians). 
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Figure 3 Principle of confocal detection. A canfocal pinhole only 
selects light that emanates from the focal region. Dashed lines 
Indicate paths of light sampled above and below the focal plane 
that are rejected by the pinhole. The solid ray derives from the 
focal point, and is transmitted through the pinhole to a detector. 


Consequently, the high numerical aperture is used to 
collect as large a fraction of photons emitted from the 
focal plane as possible. Designing the objective to be 
used with an immersion medium, such as oil, 
glycerin, or water, can dramatically increase the 
objective numerical aperture, and thus the number 
of collected photons. Light collected by the objective 
is then transmitted towards a dichroic beam splitter. 
In the example shown, fluorescence photons (of lower 
energy) are reflected towards the confocal detector 
pinhole, whereas scattered radiation (of higher 
energy) is transmitted through the dichroic towards 
the light source, Creation of a precise optical probe 
volume is effected through the definition of the 
confocal pinhole. The detector is positioned such 
that only photons that pass through the pinhole are 
detected. Consequently, light emanating from the 
focal plane in the sample is transmitted through the 
pinhole and detected, whereas light not deriving from 
the focal plane is rejected by the aperture, and 
therefore not detected (Figure 3). 

To ensure that the maximum number of photons 
are detected by the system, high efficiency detectors 
must be used. Photomultiplier tubes (the most 
common detectors for light-sensing applications) are 
robust and versatile but have poor detection efficien- 
cies (approximately 5% of all photons that fall on the 
photocathode yield an electrical signal). Conse- 
quently, the most useful detectors for SMD (or low 
light level) applications are single photon-counting 


avalanche photodiodes (SPADs). A SPAD is essen- 
tially a p-n junction reverse biased above the 
breakdown voltage, that sustains an avalanche 
current when triggered by a photon-generated cartier, 
Detection efficiencies for typical SPADs are normally 
between 60-70% and are thus ideal for SMD in 
solution, An approximation of the overall detection 
efficiency of a confocal system for SMD can be made 
using eqn [2], which incorporates an estimation of 
photon losses at all stages of the collection/detection 
process, Typical transmission efficiencies for each step 
are also shown, 


overall objetive dichroic additional’ detector 
detection ~ collection X transmission x optical x efficiency 
cficiency efficiency coefficient ‘losses 
006 028 09 os 0s 
1 


Optical Probe Volumes 


The precise nature of the probe volume is determined 
by the image of the pinhole in the sample and the 
spherical aberration of the microscope objective. 
Routinely, confocal probe volumes are approximated 
as resembling a cylinder with a radius defined by the 
diffraction-limited waist of a Gaussian beam. This 
approximation is useful when the incident beam is 
narrow or not tightly focused. However, when the 
radius of the incident beam is large, the correspond- 
ing diffraction limited focus is narrowed, and the 
probe volume more closely resembles a pair of 
truncated cones, Figure 4a illustrates the dependence 
of the curvature of the Ie” intensity contour on the 
collimated beam radius. 

Consequently, it is clear that a simple cylindrical 
approximation for the probe volume breaks down for 
wide, tightly focused beams. Ifa broad incident beam 
(diameter >1.5 mm) is used, a large noncylindrical 
contribution to the probe volume is anticipated and a 
more appropriate model is required. An alternative 
and more accurate model for the confocal probe 
volume considers the Gaussian profile of the focused 
beam. The Ie intensity contour radius of a Gaussian 
waveform with wavelength A, at some distance < from 
the beam waist radius w, is given by eqn [3]: 


) BI 
Gl 


In this case, the probe volume V is given by the 
volume of rotation of to(z) around the z-axis between 
Zand —Z’. The volume of rotation can therefore be 


w(z) = wy} + ( = 
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Figure 4 (a) 1/e* Gaussian intensity contours plotted for 2 series of laser beam radii (A= 488nm, f= 1.6mm, n= 1.52). 
(0) Cylindrical and curved components of the Gaussian probe volume. The curved contribution is more significant for larger beam radi 


and correspondingly ight beam waists, 


simply defined according to, 
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Solution of eqn [4] yields 


V = 2awiZ' + Is] 


The Gaussian volume expression contains two terms, 
The first term, 2mw3Z’, corresponds to a central 
cylindrical volume; the second term has a more 
complex form that describes the extra curved volume 
(Figure 4b). The diffraction-limited beam waist radius 
twp can be defined in terms of the focusing objective 
focal length f, the refractive index 7, and the 
collimated beam radius R according to 


ua 
aR 19) 

Substitution in eqn [5] yields, 
7 


The volume is now expressed in terms of identifiable 
experimental variables and constants. Once again, 
the first term may he correlated with the cylindrical 
contribution to the volume, and the second term is the 


additional volume due to the curved contour. It is 
clear from Figure 4a that, for a given focal length, the 
noncylindrical contribution to the probe volume 
increases with incident beam diameter, when the 
diffraction limited focus is correspondingly sharp and 
narrow. Furthermore, it can also be seen that the 
second term in eqn [7] is inversely proportional to f?, 
and thus the extent to which the probe volume is 
underestimated by the cylindrical approximation 
increases with decreasing focal length. This fact is 
significant when performing confocal measurements, 
since high numerical aperture objectives with short 
focal lengths are typical. Some realistic experimental 
parameters give an indication of typical dimensions 
for the probe volume in confocal SMD systems. For 
example, if A= 488 nm, f = 1.6mm, Z!= 1.0 am 
and n= 1,52, a minimum optical probe volume of 
1.1 fL is achievable with a collimated beam diameter 
of 1.1 mm. 


Intensity Fluctuations: Photon 
Burst Statistics 


When sampling a small volume within a system that 
may freely exchange particles with a large surround- 
ing analyte bath, a Poisson distribution of particles is 
predicted. A Poisson distribution is a discrete series 
that is defined by a single parameter x equating to the 
mean and variance of the distribution: 


wet 


Pon = x)= 
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Common Poisson processes include radioactive 
disintegration, random walks and Brownian motion. 
Although particle number fluctuations in the exci- 
tation volume are Poissonian in nature, the corres- 
ponding fluorescence intensity modulation induces a 
stronger correlation between photon counts. For a 
single molecular species the model is described by two 
parameters: an intrinsic molecular brightness and the 
average occupancy of the observation volume. A 
super-Poissonian distribution has a width or variance 
that is greater than its mean; in a Poisson distribution 
the mean value and the variance are equal. The 
fractional deviation Q is defined as the scaled 
difference between the variance and the expectation 
value of the photon counts, and gives a measure of the 
broadening of the photon counting histogram (PCH). 
Qis directly proportional to the molecular brightness 
factor e and the shape factor y of the optical point 
spread function. (is constant for a given experimen- 
tal geometry) 
— (An*)—(n) _ i 
wy - 


Q 191 
A pure Poisson distribution has Q = 0; for super- 
Poissonian statistics Q >0. Deviation from the 
Poisson function is maximized at low number density 
and high molecular brightness. 

In a typical SMD experiment raw data are 
generally collected with a multichannel scalar and 
photons are registered in binned intervals. Figure 5 


illustrates typical photon burst scans demonstrating 
the detection of single molecules (R-phycoerythrin) in 
solution, Fluorescence photon bursts, due to single 
molecule events, are clearly distinguished above a low 
background baseline (top panel) of less than 5 counts 
per channel in the raw data, It is noticeable that 
bursts vary in both height and size. This is in part due 
to the range of possible molecular trajectories 
through the probe volume, photobleaching kinetics, 
and the nonuniform illumination intensity in the 
probe region. In addition, it can be seen that the burst 
frequency decreases as bulk solution concentration is 
reduced. This effect is expected since the properties of 
any given single-molecule event are determined by 
molecular parameters alone (e.g., photophysical and 
diffusion constants) and concentration merely con- 
trols the frequency/number of events. 

Although many fluorescence bursts are clearly 
distinguishable from the background, it is necessary 
to set a count threshold for peak discrimination in 
order to correctly identify fluorescence bursts above 
the background. A photocount distribution can be 
used as the starting point for determining an 
appropriate threshold for a given data set. The 
overlap between signal and background photocount 
distributions affects the efficiency of molecular detec- 
tion, Figure 6 shows typical signal and background 
photocount probability distributions, with a 
threshold set at approximately 2 photocounts per 
channel. The probability of spurious (or false) 


“0 
be Bank 
20 
10 
| ada dala ahd haere 
‘0250500 750.1000 1250 1500 1750 2000 2250 2500 2750 S000 
“0 
a Ta PE: 
= 20 
° 10 
0 
‘0 250.500 750 1000 1250 1500 170 2000 2260 2500 2750 2000 
“0 
a 500 pM ALPE 
20 
10 
0 


‘9 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 
Time (ms) 


Figure § Photon burst scans originating from 1 nM and 500 pM F-phycoerythrin buffered solutions. Sample is contained within a 
50 um square fused silica capillary. Laser illumination = 5 uW, channel width= 1ms. The top panel shows a similar burst scan 
originating from a deionized water sample measured under identical conditions. 
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Figure 6 Simulated fluorescence and background photacount, 
probabilty distrbutions. The vertical dashed line at 2 counts 
fopresents an arbitrarily defined threshold value for peak 
determination. 


detection resulting from statistical fluctuations in the 
background can be quantified by the area under 
the ‘background’ curve at photocount values above 
the threshold. Similarly, the probability that ‘true? 
single molecule events are neglected can be estimated 
by the area under the ‘fluorescence’ curve at photo- 
count values below the threshold. Choice of a high 
threshold value will ensure a negligible probability 
of calling a false positive, but will also exclude a 
number of true single molecule events that lie 
below the threshold value. Conversely, a low 
threshold value will generate an unacceptably 
high number of false positives. Consequently, 
choice of an appropriate threshold is key in 
efficient SMD. 

Since the background shot noise is expected to 
exhibit Poisson statistics, the early part of the 
photocount distribution (ie., the portion that is 
dominated by low, background counts) can be 
modeled with a Poisson distribution, to set a 
statistical limit for the threshold. Photon counting 
events above this threshold can be defined as photon 
bursts associated with the presence of single mole- 
cules. In an analogy with Gaussian systems the 
selected peak discrimination threshold can be 
defined as three standard deviations from the mean 
count rate: 


Meheesbold = H+ BVH fo} 


Adoption of a threshold that lies 3. standard 
deviations above the mean yields a confidence limit 
that is typically greater than 99%. Figure 7 
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Figure 7 A photon counting histogram generated from a 16 
second photon burst scan originating from a 10 ygiml. solution of, 
1000 nm fluorescent microbeads. The dotted curve shows aleast- 
squares ft of early channels to a Poisson distribution, and the 
dashed vertical line marks the peak threshold (defined as 
p+ 8/u= 447 counts), 


illustrates a sample photocount distribution, a 
least-squares fit to an appropriate Poisson distri- 
bution, and the calculated threshold that results, 
Once the threshold has been calculated, its value is 
subtracted from all channel counts and a peak search 
utility used to identify burst peaks in the resulting 
data set. 


Data Filtering 


As stated, the primary challenge in detecting single 
molecules in solution is not the maximization of the 
detected signal, but the maximization of the signal-to- 
noise ratio (or the reduction of background inter- 
ferences). Improving the signal-to-noise ratio in such 
experiments is important, as background levels can 
often be extremely high. 

Several approaches have been used to smooth SMD 
data with a view to improving signal-to-noise ratios. 
However, the efficacy of these methods is highly 
dependent on the quality of the raw data obtained in 
experiment. As examples, three common methods are 
briefly discussed. The first method involves the use of 
a weighted quadratic sum (WQS) smoothing filter. 
The WQS function creates a weighted sum of 
adjacent terms according to 
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The range of summation m is the same order as the 
burst width, and the weighting factors w, are chosen 
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Figure 8 Effect of various smoothing fiters on a 750 ms photon burst scan originating fram a 1 nM R-phycoerythrin buffered solution. 


Raw data are shown in the top panel 


to best discriminate between single-molecule signals 
and random background fluctuations. This method 
proves most useful for noisy systems, in which the 
raw signal is weak. There is a practical drawback, in 
that peak positions are shifted by the smoothing 
function, and subsequent burst analysis is therefore 
hampered. 

Another popular smoothing filter is the Le: 
filtering algorithm, The Lee filter preferentially 
smoothes background photon shot noise and is 
defined according to 


iy + (my — J 
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where the running mean (m) and running variance 
(o}) are defined by 
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for a filter (2m-+1) channels wide, Here, my is the 
number of detected photons stored in a channel k, % 
is a constant filter parameter, and N is the total 
number of data points. 


A final smoothing technique worth mentioning is 
the Savitsky-Golay smoothing filter. This filter uses 
a least-squares method to fit an underlying 
polynomial function (typically a quadratic or 
quartic function) within a moving window. This 
approach works well for smooth line profiles of a 
similar width to the filter window and tends to 
preserve features such as peak height, width and 
position, which may be lost by simple adjacent 
averaging techniques. Figure 8 shows the effects of 
using each approach to improve signal-to-noise for 
raw burst data. 


Photon Burst Statistics 


A valuable quantitative analysis method for analysis 
of fluorescence bursts utilizes the analysis of Poisson 
statistics. Burst interval distributions are predicted to 
follow a Poissonian model, in which peak separation 
frequencies adopt an exponential form, The prob- 
ability of a single molecule (or particle) event 
occurring after an interval At is given by eqn [15]: 

N(At) = Aexp(—B0) (15) 
where A is a proportionality constant and B is a 
characteristic frequency at which single molecule 
events occur, The recurrence time 7, can then be 
simply defined as 
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Figure 9 Burst interval distribution analysis of photon burst 

scans. Data originate from 1 um fluorescent beads. moving 

through 150 um wide microchannels at ow rates of 200 nL min! 

(circles) and 1000 nLmin-' (squares). Least squares fits to a 

single exponential function are shown by the solid ines. 


Equation [6] simply states that longer intervals 
between photon bursts are less probable than shorter 
intervals. Furthermore, the recurrence time reflects a 
combination of factors that control mobility, probe 


volume occupancy, or other parameters in the single 
molecule regime. Consequently, it is expected that 7. 
should be inversely proportional to concentration, 


flow rate or solvent viscosity in a range of systems. 
Figure 9 shows an example of frequency N(A¢) versus 
time plots for two identical particle systems moving 
at different velocities through the probe volume. A 
least-squares fit to a single exponential function yields 
values of 72 =91 ms for a volumetric flow rate of 
200 nL/min and 1, =58ms for a volumetric flow 
rate of 1000 nL/min, 


Temporal Fluctuations: 
Autocorrelation Analysis 


Autocorrelation analysis is an extremely sensitive 
method for detecting the presence of fluorescence 


bursts in single molecule experiments. This approach 
essentially measures the average of a fluctuating 
signal as opposed to the mean spectral intensity. As 
previously discussed, the number of molecules con- 
tained within a probe volume at any given time is 
governed by Poisson statistics. Consequently, the root 
mean square fluctuation can be defined according to 
eqn [17], 
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where N is the number of molecules. It is observed 
that the relative fluctuation diminishes as the number 
of particles measured is increased. Hence, it is 
important to minimize the number of molecules 
present in the probe volume. It should be noted, 
however, that if there are too few molecules in the 
solution there will be long dark periods were no single 
molecule bursts are observed. If the probe volume is 
bathed in radiation of constant intensity, fluctuation 
of the resulting fluorescence signal can simply be 
defined as deviations from the temporal signal 
average: 
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Here, t is defined as the total measurement time, F(t) 
is the fluorescence signal at time ¢, and (Fit)) is the 
temporal signal average. Fluctuations in the fluor- 
escence intensity, 6F(N)(6F(t) = F(t) ~ (Fn), with 
time t, about an equilibrium value (F), can be 
statistically investigated by calculating the normal- 
ized autocorrelation function, G(7), where 
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In dedicated fluorescence correlation spectroscopy 
experiments, the autocorrelation curve is usually 
generated in real time in a high-speed digital 
correlator. Post data acquisition calculation is also 
possible using the following expression 
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Here g(t) is the total number of counts during the time 
interval (t,t +A0, g(¢+ 7) is the number of counts 
detected in an interval of At at a later time ¢+ 7, and 
Nis the total number of time intervals in the dataset. 
In a diffusion controlled system with a single 
fluorescent molecule that is irradiated with a three 
dimensional Gaussian intensity profile, the autocor- 
relation curve is governed by the mean probe volume 
occupancy N and the characteristic diffusion time 
(zp). The laser beam waist radius w and the probe 
depth 2z describe the Gaussian profile: 


G=14-4(14+ 2) ‘((2V2) at 


The diffusion time is a characteristic molecular 
residence time in the probe volume and inversely 


DC-AC inverter 


power > conversion > de-ac inverter 


‘A power inverter must not be confused with a logic inverter, which functions as a digital 
‘component in logic circuits to invert the state of a low-voltage DC input from high to low 
or low to high. Logic inverters are discussed in Volume 2. 


OTHER RELATED COMPONENTS 


+ ADC power supply (See Chapter 16) 
+ DE-DE converter (See Chapter 7) 


What It Does 


How It Works 


A power inverter is included here as counter- 
point to a power supply or AC adapter, since it 
has the opposite function. The inverter receives 
an input of direct current (typically 12VDC from a 
car battery) and delivers an output of alternating 
current (AC) in the range 110VAC-120VAC or 
220VAC-240VAC, suitable to power many low- 
wattage appliances and devices. The interior of 
a low-cost inverter is shown in Figure 18-1. 


Figure 18-1. The interior components in a 175-watt Inver 
ter 


The first stage of an inverter typically raises a 
12VDC input to a higher DC voltage via an inter- 
nal DC-DC converter, then uses a switching cir- 
cuitto create an approximation of the sinusoidal 
profile that is characteristic of AC voltage. 


Digital switching components naturally tend to 
create square waves, whose simple appearance 
conceals the presence of higher frequencies, or 
harmonics, that are ignored by some devices (es- 
pecially those that convert electricity into heat) 
but can be troublesome in consumer electronics 
equipment. A primary objective of inverter 
design is to adapt or combine square waves to 
emulate a classic AC sine wave with reasonable 
fidelity. Generally speaking, the more accurately 
an inverter emulates a sine wave, the more ex- 
pensive it tends to be. 


The most primitive inverter would create a plain 
square wave such as that shown in red in 
Figure 18-2, superimposed on a comparable sine 
wave (in green). Note that alternating current 
rated at 115 volts actually peaks at around 163 
volts because the number 115istheapproximate 
root mean square (RMS) of all the voltage values 
during a single positive cycle. In other words, 
the voltage is sampled x times during a cycle, an 
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Figure 10 Autocorrelation analysis of photon burst scans of 

11m fluorescent beads moving through 150 um wide micro- 

channels at flow rates of 500 nL min~ (stars) and 1000 nL min 

(circles). Solid lines represent fits to the data according to 

eqn (23) 


related to the translational diffusion coefficient for the 
molecule: 


D (22) 
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In a flowing system, the autocorrelation function 
depends on the average flow time through the probe 
volume jy: A theoretical fit to the function can be 
described according to 


Ga=1+pa osof( 7s ya} 
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where N is the mean probe volume occupancy; the 
flow velocity v can then be extracted from the 
characteristic flow time according to 


1231 
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Itshould be noted that in the case that directed flow is 
negligible or defined to be zero, the autocorrelation 
function simplifies to eqn [21]. 

Figure 10 illustrates experimentally determined 
autocorrelation curves for two identical particle 
systems moving at different velocities through the 
probe volume. As particle flow velocity is 


increased, the width of the autocorrelation curves 
is seen to narrow as a result of the reduced 
residence time in the probe volume. A plot of the 
reciprocal of the full width half maximum of the 
autocorrelation curve as a function of volumetric 
flow rate is linear, and provides a simple way of 
calculating particle/molecule velocities within flow- 
ing systems. 


Applications 


The 
chapter have been used to perform SMD in a 
variety of chemically and biologically relevant 
systems, and indeed there is a large body of 
work describing the motion, conformational 
dynamics and interactions of individual molecules 
{see Further Reading). A primary application area 
has been in the field of DNA analysis, where SMD 
methods have been used in DNA fragment sizing, 
single-molecule DNA sequencing, high-throughput 
DNA screening, single-molecule immunoassays, 
and DNA sequence analysis. SMD methods have 
also proved highly useful in studying protein 
structure, protein folding, protein-molecule inter- 
actions, and enzyme activity. 

More generally, SMD methods may prove to be 
highly important as a diagnostic tool in systems 
where an abundance of similar molecules masks 
the presence of distinct molecular anomalies that 
are markers in the early stages of disease or 


basic tools and methods outlined in this 


Microscopy: 


onfocal Microscopy. 
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Introduction 


Flash photolysis was developed as a technique to 
study short-lived intermediates in photoinduced 
reactions by George Porter (later Lord Porter of 
Luddenham) and Ronald Norrish in 1949, drawing 
on Porter’s wartime experience with radar tech- 
niques. Such was the impact of this development 
that it earned the Nobel prize jointly for Porter, 
Norrish, and Eigen in 1967. In this article we will 
describe the application of flash photolysis to opaque, 
scattering samples, detailing how light propagation in 
such samples can be treated theoretically, and will 
discuss methods by which the data obtained from 
diffuse reflectance flash photolysis experiments may 
be analyzed. 

The technique of flash photolysis was originally 
based on using an intense flash of light (the photolysis 
flash) from a xenon tube to excite the sample, 
followed a certain time delay later by a spectroscopic 
flash of lower intensity from a second flash tube, the 
light from the latter being detected using a photo- 
graphic plate. The photolysis flash is of sufficient 
intensity to produce a large population of interme 
ates (radicals, ions, excited states, isomers) in the 
sample, which then absorb light from the spectro- 
scopic flash depending on the concentration of 
intermediates according to the Beer-Lambert law: 


A=ed a 
where A is the sample absorbance, © the molar 
absorption coefficient, ¢ the concentration and | the 
pathlength. The absorbance is related to the incident 
and transmitted intensities as 


A= logiolo/I Ry 


With Iy the incident and I the transmitted intensities, 
there is therefore an exponential fall-off of intensity 
with pathlength for a homogeneous absorber. Hence, 
by monitoring the evolution of the absorption 
spectra, the changes in concentration of the photo- 
produced intermediates and hence the kinetics of the 
processes in which they are involved are elucidated. 
Flash photolysis has evolved subsequently to make 
use of laser sources and sophisticated electronic 
detection apparatus to push the limits of time 


jiffuse-Reflectance Laser Flash Photolysis 


resolution to the femtosecond regime. Indeed, 
recently the Nobel prize for chemistry was awarded 
to Ahmed Zewail for his work with ultrafast pump- 
probe techniques. However, in its conventional 
geometry, flash photolysis is limited to transparent 
samples, since it is necessary to he able to probe the 
excited species by monitoring the absorption spectra. 
Many biological systems and industrially import- 
ant samples are opaque or highly scattering, and 
hence the attenuation of light through the sample is 
no longer described by the Beer-Lambert law. In 
1981, Frank Wilkinson and Rudolph Kessler had 
the idea of using diffusely reflected light to 
interrogate the changes in concentration within a 
scattering sample subjected to a_ high-intensity 
excitation pulse, When photons enter a sample, 
they may be absorbed or scattered. Those which are 
scattered may re-emerge from the irradiated surface 
as diffusely reflected light. The intensity of diffusely 
reflected light emerging from the surface at a 
particular wavelength is a unique function of the 
ratio of scattering to absorption. The more scatter- 
ing events occurring before absorption, the more 
likely the photon is to escape from the sample as 
diffusely reflected light. Hence the probability of 
escape decreases as the absorption probability 
increases, and the diffusely reflected light is deficient 
in those wavelengths where the absorption is 
strongest, ie., the ratio of the incident to absorbed 
light intensity at a given wavelength is related to the 
absorption of the sample at that wavelength, 


Kubelka-Munk Theory of Reflectance 


The theory which describes the relationship between 
incident and scattered light intensity, absorption and 
scatter, and concentration which is widely applied in 
this context, is the Kubelka-Munk theory of 
reflectance. The theory was originally developed to 
describe the reflectance characteristics of paint films 
but it works quite well for many samples containing a 
homogeneous distribution of scatterers and absor- 
bers. The limiting assumption in this theory is that the 
scatterers from which the scattering layer is com- 
posed are very much smaller than the total layer 
thickness. Additionally, the layer should be optically 
thick such that all of the light entering the layer 
should be cither absorbed or reflected, with a 
negligible fraction transmitted. 

For a layer of thickness X diffusely irradiated with 
monochromatic light, the diagram shown in Figure 1 
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Figure 1 Schematic of counterpropagating fluxes in a difusely 
iradiated scattering meium, 


can be constructed, with J the incident flux and J the 
diffusely reflected flux, and i and j the fluxes traveling 
upwards and downwards through an infinitesimally 
small thickness element dx. Two further parameters 
may he defined which are characteristic of the 
medium. 


K The absorption coefficient. Expresses the attenu- 
ation of light due to absorption per unit thickness. 
S The scattering coefficient. Expresses the attenu- 
ation of light due to scattering per unit thick 


Both of these parameters can be thought of as 
arising due to the particle (or chromophore) acting 
as a sphere of characteristic size, which casts a 
shadow either due to the prevention of on-axis 
transmission or due to absorption. The scattering or 
absorption coefficient then depends on the effective 
size of this sphere, and the number density of 
spheres in the medium. In each case, the probability 
P of a photon being transmitted through a particular 
thickness X of a medium is related exponentially to 
the absorption or scattering coefficient: 


P= exp(-KX) BI 


P = exp(-SX) 41 


The scattering coefficient 5 depends on the refractive 
index difference between the particle and the 
dispersion medium. The scattering coefficient is 
also dependent upon the particle size, and shows 
an inverse correlation, i.c., the scattering coefficient 
increases as the particle size decreases. This effect is 
a function of the size of the particle relative to the 
wavelength of light impinging on it, with the 
scattering coefficient increasing as the wavelength 


decreases. However, this change with wavelength is 
small provided the particle size is large relative to 
the wavelength of the light. 

The effect of the material in the element dx on the 
counterpropagating fluxes i and j depends on the 
absorption and scattering coefficients. Both i and j 
will be attenuated by both absorption and scattering: 


by =i, — iS + Kde 15] 


jy = hy ~ iS + Kode {61 


Both i and j are reinforced by backscattering from the 
other flux: 


in =i, + j,Sdx 7 


fra itiSde [8] 


The net effect of this in the attenuation of the flux 
propagating into the sample (i) and the flux back- 
scattered from the sample (j) can be expressed as the 
following differential equations: 


di = (S+ Kid — j,Sdx 91 


dj= (8 + Kyjidx + iS (10) 


Fora sample of infinite thickness, the 
be solved to give an analytical solution for the 
observed reflectance of the sample in terms of the 
absorption and scattering coefficients: 


-quations can 
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where Ro is the reflectance from a sample of such 
thickness that an increase in sample thickness has no 
effect on the observed reflectance. The absorption 
coefficient K is dependent upon the concentration of 
absorbers in the sample through 


K=26c (12) 
with © the naperian absorption coefficient, ¢ the 
concentration of absorbers and the factor 2 which is 
the geometrical factor for an isotropic scatterer. For 
multiple absorbers, K is simply the linear sum of 
absorption coefficients and concentrations. Hence for 
a diffusely scattering medium, an expression analo- 
gous to the Beer-Lambert law can be derived to relate 
concentration to a physically measurable parameter, 
in this case the sample reflectance. The ratio KIS is 
usually referred to as the Kubelka~Munk remission 


function, and is the parameter usually quoted in this 
context. It is important to note that the relationship 
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with concentration is only valid for a homogeneous 
distribution of absorbers within a sample, 


Transient Concentration Profiles 


As has been discussed in the previous section, a light 
flux propagating through a scattering medium is 
attenuated by both scattering and absorption events, 
whilst in a nonturbid medium attenuation is by 
absorption only. Hence even in a sample with a 
low concentration of absorbers, the light flux is 
rapidly attenuated as it penetrates into the sample by 
scattering events. This leads to a significant flux 
gradient through the sample, resulting in a reduction 
in the concentration of photo-induced species as 
penetration depth into the sample increases. There 
are three distinet concentration profiles which may be 
identified within a scattering sample which are 
dependent on the scattering and absorption coeffi- 
cients. These concentration profiles are interrogated 
by a beam of analyzing light, and hence an under- 
standing of the effect of these differing profiles on the 
diffusely reflected intensity is vital in interpreting 
transient absorption data. The transient depth pro- 
files are illustrated in Figure 2, 


Kubelka-Munk Plug 


This occurs when the photolysis flash, i. laser fluence 
is high and the absorption coefficient is low at the laser 
wavelength. If we assume a simple photophysical 
model involving simply the ground state Sp, the first 
excited singlet state S; and first excited triplet state Ts, 
and we assume that either the quantum yield of triplet 
state production is high or the Sj lifetime is very much 
shorter than the laser pulse allowing re-population of 
the ground state, then it is possible at high enough 
fluence to completely convert all of the Sy states to Ts 
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Figure 2 Transient concentration profies folowing pulsed laser 
excitation of a scattering and absorbing sample. 


states within the sample, Provided the fluence is high 
enough, this complete conversion will penetrate some 
way into the sample (Figure 2). Under circumstances 
where the Ty state absorbs strongly at some wave- 
length other than the photolysis wavelength, probing 
at this wavelength will result in the probe beam being 
attenuated significantly within a short distance of the 
surface of the sample, and thus will only interrogate 
regions where there is a homogeneous excited state 
concentration. Under these circumstances the reflec- 
tance of the sample as a function of the concentration 
of excited states is described by the Kubelka~Munk 
equation, and the change in remission function can be 
used to probe the change in excited state 
concentration. 


Exponential Fall-Off of Concentration 


This occurs when the laser fluence is low and the 
absorption coefficient at the laser wavelength high. 
Again considering the simple photophysical model, 
most of the laser flux will be absorbed by the ground 
state in the first few layers of sample, and little will 
penetrate deeply into the sample. In the limiting case 
this results in an exponential fall-off of transient 
concentration with penetration depth into the sample 
(Figure 2), Here the distribution of absorhers is not 
random and the limiting Kubelka~Munk equation is 
no longer applicable since the mean absorption 
coefficient varies with sample penetration depth, Lin 
and Kan solved eqs [9] and [10] with the absorption 
coefficient K varying exponentially with penetration 
depth and showed that the series solution converges 
for changes in reflectance of less than 10% such that 
the reflectance change is a linear function of the 
number of absorbing species. 


Intermediate Case 


Between the two extremes described above is a case 
where significant transient conversion takes place at 
the front surface, but with little penetration into the 
sample, This can occur, for example, with high 
laser fluences and large ground state absorption 
coefficients at the laser wavelength. Under these 
circumstances, illustrated in Figure 2, the analyzing 
light interrogates not only the transient concentration 
profile, but also a significant amount of the analyzing 
light may penetrate through the transient layer into 
the unconverted sample behind, if the transient 
absorption at the analyzing wavelength is low. This 
creates a more complex problem for analysis since 
effectively the sample is irradiated from both front 
and back faces, with consequent effects on the 
diffusely reflected intensity. It is possible to numeri- 
cally model the reflectance change as a function of 
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transient concentration under these circumstances 
but a precise knowledge of the absorption and 
scattering coefficients is required. Under most cir- 
cumstances, this case is avoided and diffuse reflec- 
tance flash photolysis experiments are arranged such 
that one of the two limiting cases above, generally the 
exponential fall-off (usually achieved by attenuation 
of the laser beam), prevails in a particular 
experiment. 


Sample Geometry 


In the case of conventional nanosecond laser flash 
photolysis, it is generally the case that right-angled 
geometry is employed for the photolysis and probe 
beams (Figure 3a). This geometry has a number of 
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Detect 
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Figure 3. Sample goometries for (a) conventional and (b,c) 
diffuse reflectance flash photolysis. —, photolysis beam 
—, analyzing beam. 


advantages over alternatives. The photolysis beam 
and analyzing beam are spatially well separated, such 
that the analyzing beam intensity is largely unaffected 
by scattered photolysis light. Also, the Muorescence 
generated by the sample will be emitted in all 
directions, whilst the analyzing beam is usually 
collimated allowing spatial separation of fluorescence 
and analyzing light; sometimes an iris is used to aid 
this spatial discrimination, This geometry is appro- 
priate for quite large beam diameters and fluences; 
where smaller beams are used collinear geometry may 
be more appropriate in order to achieve long 
interaction pathlengths, 

In the case of nanosecond diffuse reflectance flash 
photolysis, the geometry required is quite different 
(Figure 3b,c). Here, the photolysis beam and analyz- 
ing beam must be incident on the same sample 
surface, and the diffusely reflected analyzing light is 
collected from the same surface. The geometry is 
often as shown in Figure 3b, where the analyzing light 
is incident almost perpendicularly on the sample 
surface, with the photolysis beam incident at an angle 
such that the specular reflection of the photolysis 
beam passes between detector and analyzing beam 
{not shown). Alternatively, the geometry shown in 
Figure 3c may be employed, where diffusely reflected 
light is detected emerging perpendicular to the sample 
surface. In both cases, the geometry is chosen such 
that specular (mirror) reflection of either exciting or 
analyzing light from the sample is not detected, since 
specular reflection is light which has not penetrated 
the sample and therefore contains no information 
regarding the concentrations of species. present. 
A requirement, as in conventional flash photolysis, 
is that the analyzing beam probes only those areas 
which are excited by the photolysis beam, requiring 
the latter to be larger than the former, The nature 
of the scattering described previously means that 
the required geometry does not give spatial 
discrimination at the detector between photolysis 
and analyzing light, and fluorescence. This is since 
both analyzing and photolysis light undergo scatter- 
ing and absorption processes (although with wave- 
length-dependent absorption and _ scattering 
coefficients) and emerge with the same spatial 
profiles, Fluorescence, principally that stimulated by 
the photolysis beam since this is of greatest intensity, 
originates from within the sample but again under- 
goes absorption and scattering and emerges with the 
same spatial distribution as the exciting light. In 
diffuse reflectance flash photolysis, separation of the 
analyzing light from the excitation or fluorescence 
must be achieved using spectral (filters and/or 
monochromators) or temporal, rather than spatial 
discrimination. Time-gated charge coupled devices 
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(CCD) or photodiode array detectors can he effec- 
tively used in nanosecond laser flash photolysis to 
exclude excitation light and fluorescence, since these 
occur on time-scales usually much shorter than the 
transient absorption of species of interest. The usual 
analyzing light source used in nanosecond diffuse 
reflectance flash photolysis is a xenon are lamp, due 
to its good spectral coverage and high intensity. High 
probe intensity is particularly important in diffuse 
reflectance flash photolysis since the scattered inten- 
sities are often low, and the scattered light emerges in 
a large solid angle, only part of which can be 
effectively collected and detected. Also, high inte 
sities allow for the light from the analyzing source to 
dominate over fluorescence if the latter is relatively 
weak. 

In femtosecond diffuse reflectance laser flash 
photolysis, sample geometry considerations are also 
important. Such experiments are performed using the 
pump-probe technique, with the probe often being a 
femtosecond white-light continuum. The sample 
geometry employed is illustrated in Figure 4, 

Here the pump and probe are almost colinear, and 
are incident on the same sample area; again, the 
requirement is for the pumped area to be larger than 
the probed area. Diffusely reflected light is then 
collected and analyzed, time resolution being 
achieved by varying the delay between pump and 
probe beams, It should be noted that the temporal 
resolution is worse than in conventional pump-probe 
techniques. In conventional femtosecond flash pho- 
tolysis, the time resolution is generally limited by the 
widths of pump and probe pulses; in diffuse 
reflectance mode, the pulses undergo numerous 
refractions, reflections, and diffractions such that 
the pulse is temporally broadened during its transit 
through the material. The extent of this broadening is 
a sensitive function of the optical properties of the 
individual sample. 


Detect 


Figure 4 Sample geometry for femtosecond difuse reflectance 
flash photolysis. —». photolysis beam; —+, analyzing beam, 


Kinetic Analysis 


Kinetic analysis, and of course time-resolved spectro- 
scopic analysis, require a quantitative treatment of 
the concentration changes within a sample following 
an excitation pulse as a function of time. When 
studying transient absorption phenomena in opaque 
samples, it is usual to define the reflectance change in 
terms of the sample reflectance before and after 
excitation, such that in spectrally resolved data a 
transient difference spectrum rather than an absolute 
reflectance spectrum of the transient species. is 
obtained. The latter can, however, be reconstructed 
from a knowledge of the absorption coefficients and 
concentration of the species involved. It is possible to 
define the reflectance change as 


Mh oy 
do Ry 


(3) 


where Ry and R, represent the intensity of probe 
light diffusely reflected from the sample before 
excitation and at a time ¢ after excitation, respect- 
ively. Frequently reflectance change is expressed as 
“% absorption’, which is defined in eqn [14]. 


Py = ok 
% absorption = 100 X (: #) 14} 


These parameters are often used as being pro- 
portional to transient concentration, subject to 
satisfying the criteria for an exponential fall-off of 
transient concentration with penetration depth as 
discussed previously, and are used to replace transient 
concentration in kinetic equations used in data 
analysis. 

It is generally the case that the samples studied 
using diffuse reflectance laser flash photolysis have 
either some degree of heterogeneity, for example 
paper, microcrystalline cellulose, silica gel or 
alumina, or have well-defined porous structures 
such as zeolites. Molecules adsorbed to these supports 
may be present on the surface, within micro- or 
mesopores, or intimately included within the struc- 
ture. Hence each molecule may experience its own 
unique environment, and this will obviously influence 
its observed photophysics. It is therefore the case that 
in these systems, even very simple photo-induced 
reactions such as unimolecular _photoisomeri- 
zations do not follow first-order kinetics; rather, a 


distribution of rates is observed which reflect the 
differing environments experienced by the molecules, 
and hence the molecules act as probes of this 
heterogeneity. 
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There are a number of approaches to kinetic 
analysis in opaque, often heterogeneous systems, as 
described below. 


Rate Constant Distributions 


Here the sample heterogeneity is treated as producing 
a series of micro-environments, and the reaction 
studied will have its own unique rate constant in each 
of these environments. The width of the observed rate 
constant distribution therefore describes the number 
of these possible environments, with the distribution 
amplitude at any particular rate constant, reflecting 
the probability of the molecule existing in the 
corresponding environment. 

Exponential series lifetime distribution analysis is 
the simplest approach to distributed lifetime analysis. 
This analysis has the inherent advantage that there 
are no presuppositions regarding the kinetic model 
describing the data. Rather, a large number of 
exponentials with fixed rate constants and with 
amplitudes as adjustable parameters are applied to 
the data, and a least-squares procedure used to 
optimize the amplitude of each exponential. Gener- 
ally there is a relationship between the rate constants, 
they being equally spaced on either a linear or 
logarithmic scale. Physically this can be interpreted 
asa large number of first-order or pseudo-first-order 
{in the case of bimolecular reactions) rates arising 
from the sample heterogeneity. Hence the rate 
constant distribution emerges naturally from the 
fitting procedure, with no preimposed constraints. 
Since there are a large number of adjustable 
parameters, these models are applied most success- 
fully to data with good signal-to-noise. 

Alternative approaches involve imposing a distribu- 
tion shape onto a set of exponentials, and optimizing 
this distribution to the data. This approach has the 
advantage that by assuming a rate constant distri- 
bution, the relative amplitudes of the exponentials are 
fixed and hence the number of fitting parameters 
greatly reduced. One of the more successful models 
applied in this context is that developed by Albery 
et al. In the development of their model itis assumed 
that, for the reaction in question, the free energy of 
activation, AG*, is distributed normally around a 
mean value AG according to eqn [15]: 


AG* = AG* - yxRT (15) 
with y being the width of the distribution for 00 = 
= 00, This assumed normal distribution of the 
free energy of activation leads to a log-normal 
distribution of the decay rate constants distributed 
around some average rate constant k. The dispersion 


in the first-order rate constant is then 
In(k) = In(k) + yx (6 


The equation used to describe the data is given as: 
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with ¢ and cq being concentration at time ¢ = ¢ and 
1=0 relative to the excitation flash, respectively. 
Where reflectance change is proportional to transient 
concentration, reflectances can be used directly in 
place of concentrations. This equation can be solved 
by making the following substitutions: 


ies expt 


Bat = 02 


[18] 


= [at exo( ttn) expt fea) texp(ka™) a 
[19] 


Hence here there are only two fitting parameters, 
namely the width of the distribution y and the 
distribution center, &. Note that for y= 0, eqn [17] 
reduces to a single exponential function. 

‘A further model which constrains the rate constant 
distribution, which has been successfully applied to 
describe the rates of photo-induced processes on silica 
gel surfaces, is a Lévy stable distribution of rate 
constants, described as: 


Pika.) 


LP sac ag 
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where a is the characteristic power law exponent 
(0 < @= 2) and yis the distribution width (y > 0). 
Special cases of the Lévy stable distribution occur for 
a=1 and a=2, where the distribution shape 
becomes Lorentzian and Gaussian, respectively. The 
Lévy distribution gives an increasing weighting to the 
tails of the distribution as the distribution width 


decreases, and can be described as a random walk 
consisting of long jumps followed by several short 
walks. It has been shown that this type of foraging 
behavior is more efficient at seeking out randomly 
distributed targets than a simple random walk. 
The Lévy stable distribution has three adjustable 
parameters which allows greater flexibility in the 
distribution of rate constants than does the Gaussian 
model, but still constrains the distribution to be 
symmetrical about some mean value. 
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Physical Models 


A number of these have been applied to very specific 
data sets, where parameters of the systems are 
accurately known. These include random walk 
models in zeolites, and time-dependent fractal- 
dimensional rate constants to describe kinetics on 
silica gel surfaces. The advantage of these methods 
over rate constant distributions is that since they are 
hased on the physical description of the system, they 
yield physically meaningful parameters such as 
diffusion coefficients from analysis of kinetic data. 
However, for many systems the parameters are 
known in insufficient detail for accurate models to 
be developed. 


Examples 


An example of bimolecular quenching data is shown 
in Figure 5. Here, anthracene at a concentration of 
1 umol g~' is co-adsorbed to silica gel from aceto- 
nitrile solution together with azulene at a concen- 
tration of 0.8 mol g-!. Laser excitation at 355 nm 
from an Nd:YAG laser produces the excited triplet 
state of the anthracene, which undergoes energy 
transfer to the co-adsorbed azulene molecule as a 
result of the rapid diffusion of the latter 

‘The data shown in Figure 5 are recorded monitor- 
ing at 420 nm, and the laser energy (approximately 
5 mJ per pulse) is such that an exponential fall-off of 
transient concentration with penetration depth is 
expected such that reflectance change is proportional 
to transient concentration (see section on Transient 
Concentration Profiles above). The data are shown on 
a logarithmic time axis for clarity. The fitted line is 
obtained by applying the model of Albery et al. 
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Figure 5 Transient absorption decay for anthracene 
(1 mal g"*) co-adsorbed with azulene (0.8 umal g) to sca 
gel monitored at 420.nm. Fitted using the model of Albery ofa. 
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Figure 6 Transiont absorption decay for the naphthalene 
(1 mol g™) radical cation monitored at 680.nm on silica gel 
Fited using a Lévy stable distribution 


(see section on Rate Constant Distributions 
above) with fitting parameters k = 1.01x 104s"! 
and y= 0.73. 


Where ion-electron recombination is concerned, 
the Albery model often fails to adequately describe 
the data obtained since it does not allow sufficient 
small rate constants relative to the value of k, given 
the constraints of the Gaussian distribution. The Lévy 
stable distribution is ideal in this application since it 
allows greater flexibility in the shape of the 
distribution. 

Figure 6 shows example data for naphthalene 
adsorbed to silica gel (1 pmol g~'). The laser pulse 
energy at 266 nm (approximately 40 mJ per pulse) is 
such that photo-ionization of the naphthalene occurs 
producing the radical cation. The subsequent decay 
of the radical cation via ion—electron recombination 
can be monitored at 680 nm. Note that decay is 
observed on a time-scale of several thousand seconds. 
The fitted line is according to a Lévy stable 
distribution with parameters k = 8.2 x 10°* 
0.5 and 7 (see section on Rate 
Distributions above). This model allows the shape 
of the distribution to deviate from a Gaussian, and 
can be more successful than the model of Albery etal. 
in modeling the complex kinetics which arise on 
surfaces such as silica gel. Note that where the model 
of Albery et al. can successfully model the data, the 
data can also be described by a Lévy stable 
distribution with a= 


List of Units and Nomenclature 


A Sample absorbance 
Concentration 

I Incident flux 

J Diffusely reflected flux 
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Rate constant 

Mean rate constant 

Absorption coefficient (absorption per 
unit thickness) fem] 

1 Pathlength [cm] 

P Probability of transmission of a photon 
through a sample of defined thickness 


pe 


Ro Reflectance of an infinitely thick sample 

s Scattering coefficient (scattering per unit 
thickness) fem” !] 

t Time 

x Thickness of sample layer [em] 

@ Characteristic Lévy power law exponent 

y ‘Width of rate constant distribution 

AG* Free energy of activation [kJ mol” *] 

AG* Mean free energy of activation [kJ mol” *] 

e Molar decadic or naperian absorption 
coefficient 

See also 


Chemical Applications of Lasers: Pump and Probe 
Studies of Femtosecond Kinetics. Optical Materials: 
Measurement of Optical Properties of Solids. Scattering 
Scattering from Surfaces and Thin Films; Scattering 
Theory. 
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Introduction 


Laser manipulation is a method for manipulating 
single particles with a size of less than a few tens of 
microns in which optical pressure of a focused laser 


beam is used to trap and control the particles without 
any mechanical contact. As infrared lasers, as a 
trapping light source, have become more user- 
friendly, even operators who are not familiar with 
lasers and microscopes can perform laser manipu- 
lation. Those laser manipulators already on sale have 
attracted significant attention as a new tool. It is 
especially interesting to combine this method with 
nanotechnology and biotechnology, which have 
progressed rapidly during the 1990s. In this article, 


CHEMICAL APPLICATIONS OF LASERS / Laser Manipulation in Polymer Science 39 


the principle and method of laser manipulation is 
described and then its applications and possibilities in 
nanotechnology and biotechnology are summarized. 


Principle and Method 


When light is reflected or refracted at the interface 
between two media with different refractive indices, 
the momentum of photons is changed, which leads to 
the generation of photon force as a reaction to the 
momentum change. For example, when a laser beam 
is reflected by a mirror, the momentum of photons is 
changed by Ap (Figure 1a). As a result, a photon 
force, Fyhors acts on the mirror to deflect it vertically 
away from the reflected beam. In refraction, the 
momentum of photons is also changed, so that the 
photon force acts on the interface, as shown in 
Figure 1b. Thus light does not only give its energy to 
materials via absorption but also applies a mechan- 
ical force to them. However, when we are exposed to 
light, such as from a halogen lamp, we are never 
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Figure 1 Optical pressure originating trom the momentum 
‘change of photons. 
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aware of the photon force because its magnitude is 
less than an order of pN. However, the photon force 
of the pN order acquired from a focused laser beam is 
sufficient to manipulate nm—pm-sized particles in 
solution, under an optical microscope. 


Principle of Laser Trapping 


If the size of a particle is larger than the wavelength of 
a trapping laser beam (um-sized particles), the 
principle of single-beam gradient force optical trap- 
ping can be explained in terms of geometrical optics. 
When a tightly focused laser beam is irradiated onto a 
transparent dielectric particle, an incident laser beam 
is refracted at the interface between the particle and 
medium, as represented by Figure 2a, The propa- 
gation direction of the beam is changed, ic., the 
momentum of the photon is changed, and conse- 
quently, a photon force is generated. As the laser 
beam leaves the particle and enters the surrounding 
medium, this refraction causes a photon force to be 
exerted again on that interface. Summing up the force 
contributions of all rays, if the refractive index of the 
particle is higher than that of the medium, a resultant 
force exerted on the particle is directed toward the 
focal point as an attractive force. However, reflection 
at the surface of the particle is negligible if that 
particle is transparent and the refractive index ratio of 
the particle to medium is close to unity. Therefore, the 
incident beam is reflected at two surfaces by a small 
amount, and as a result, the particle is directed 
slightly to the propagation direction of the incident 
light. Where the particle absorbs the incident beam, 
the photon force is also generated to push it in the 
propagation direction. The negligible effects of the 


Figure 2 Principle of single-beam gradient force optical trapping explained by ray optics. 


Variants 


RMS value can be derived by squaring each sam- 
ple, adding all the samples, dividing by x, and 
thentaking the square rootof the result. The RMS 
value is important as a means to calculate actual 
power delivered because it can be multiplied by 
the current to obtain an approximate value in 
watts. 
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Figure 18-2. Comparison of an AC voltage sine wave 
(green) and a square wave of the same frequency (red). 
both delivering 2 roughly similar amount of power. 


Variants 


Asa first step toward a better approximation of 
asine wave, gaps of zero voltage can be inserted 
between square-wave pulses. This “gapped” 
square wave is shown in Figure 18-3, 


Time 


Figure 18-3. Introducing pauses or gaps of zero voltage 
between square-wave pulses can produce slightly im: 
proved resemblance to a sine wave, 


power > conversion > de 


further improvement can be achieved ifan ad- 
ditional, shorter pulse of higher voltage isadded 
to each primary pulse, as shown in Figure 18-4. 
Outputs of this kind are referred to as modified 
sine wave, although they are actually square 
waves modified to emulatea sine wave. Their in- 
accuracy is expressed as total harmonic distor- 
tion (THD). Some authorities estimate that the 
THD of gapped square-wave output is around 
25%, whereas the addition of shorter square 
waves reduces this to around 6.5%. Thisisa topic 
on which few people agree, but there isno doubt 
that a “stacked” sequence of square waves pro- 
vides a closer emulation of a sine wave. 
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Figure 18-4. A secondary stream af narrower square 
wave pulses can improve the fidelity of an inverter's out: 
put. 


Atruesinewave inverter typically uses pulse-width 
modulation (PWM) to achieve THD of less than 
1%. It generates a stream of pulses much higher 
in frequency than that of the AC output, and 
varies their widths in such a way that their aver- 
aged voltage closely approximates the voltage 
variations in a sine wave. A simplified represen- 
tation of this principle is shown in Figure 18-5. 


Values 


‘Smallinverters are typically rated to deliver upto 
100 watts and may be fitted with a 12VDC plug 
for insertion in a vehicle's cigarette lighter. Since 
a cheap inverter may be only 80% efficient, 100, 
watts at 135VAC will entail drawing as much as 
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reflection and absorption occur in trapping experi- 
ment of transparent particles, such as polymer 
particles, silica microspheres, etc. However, particles 
with high reflectance and absorption coefficients such 
as metallic particles, exert a more dominant force at 
the surface where absorption and reflection occurs. 
This force is a repulsive force away from the focal 
point; consequently, metallic microparticles cannot 
be optically trapped. 

If a dielectric particle is much smaller than the 
wavelength of a trapping light (nm-sized), it can be 
regarded as a point dipole (Rayleigh approximation) 
and the photon force (F,ha:) acted on it is given by 

Fphot = Fysad + Focar i) 
Here, Fye.a and F..., are called the gradient force and 
scattering force, respectively. The scattering force is 
caused by the scattering of light, and it pushes the 
particle toward the direction of light propagation. On 
the other hand, the gradient force is generated when a 
particle is placed in a heterogeneous electric field of 
light. If the dielectric constant of the particle is higher 
than that of the surrounding medium, the gradient 
force acts on the particle to push it toward the higher 
intensity region of the beam. In the case of laser 
trapping of dielectric nanoparticles, the magnitude of 
gradient force is much larger than the scattering force. 
Consequently, the particle is trapped at the focal 


point of the trapping laser beam, where the beam 
intensity (clectric field intensity) is maximum. The 
photon force can be expressed as follows: 
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where, Eis electric field of the light, Vis volume of the 
particle, and e,, and eq, are dielectric constants of the 
particle and medium. In trapping nanoparticles that 
absorb the laser beam, such as gold nanoparticles, the 
complex dielectric constant and attenuation of 
the electric field in the particle need to be taken into 
consideration. Although the forces due to light 
absorption and scattering are both propelling the 
particle toward the direction of light propagation, the 
magnitude of gradient force is much larger than 
these forces. This is in contrast to the mm-sized 
metallic particle, which cannot be optically trapped. 


Laser Manipulation System 


An example of a laser micromanipulation system, 
with a pulsed laser to induce photoreactions, is shown 
in Figure 3. A linearly polarized laser beam from a 
CW Nd**:YAG laser is modulated to the circularly 
polarized light by a A/4 plate and then split into 
horizontally and vertically polarized beams by a 


(GW-NCLYAG laser 


CCD camera 


i Pas (1) 


4/4 plate 


(Q-switched Nd:YAG laser 


PBS: Polarizing beamsplitter PC 
(GM: Galvano mirrors 

DW: Dichroic mitror 

Lt, L2: Lens 


Figure 3A block diagram of a dual beam laser manipulation-reaction system. 
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polarizing beamsplitter (PBS1). Both laser beams are 
combined by another (PBS2), introduced coaxially 
into an optical microscope, and then focused onto a 
sample through a microscope objective. The focal 
spots of both beams in the sample solution can be 
scanned independently by two sets of compute 
controlled galvano mirrors. Even if the beams are 
spatially overlapping, interference does not take place 
because of their orthogonal polarization relation. 
Pulsed lasers, such as a Q-switched Nd**:YAG 
laser, are used to induce photoreactions, such as 
photopolymerization, photothermal reaction, laser 
ablation, ete 


Laser Manipulation and Patterning 
of Nanoparticles 


Laser manipulation techniques enable us to capture 
and mobilize fine particles in solution. Most studies 
using this technique have been conducted on pm- 
sized objects such as polymer particles, microcrystals, 
living cells, etc. Because it is difficult to identify 
individual nanoparticles with an optical microscope, 
laser manipulation techniques have rarely been 
applied to nanotechnology and nanoscience. How- 
ever, the laser trapping technique can be a powerful 
tool for manipulation of nanoparticles in solution 
where individual particles can be observed. This is 
achieved by detection of fluorescence emission from 
labeled dyes or scattered light. Now, even single 
molecule fluorescence spectroscopy has been 
achieved by the use of a highly sensitive photo- 
detector, and a single metallic nanoparticle can be 
examined by detecting the light scattered from it. 
‘There have been several reports on the application of 
laser manipulation techniques for patterning of 
nm-sized particles. Here, fixation methods of nano- 
particles, using the laser manipulation technique and 
local photoreactions, are introduced. 


Patterning of Polymer Nanoparticles 


Patterning of individual polymer nanoparticles onto a 
substrate can be achieved by using local photopoly- 
merization, The following example shows the 
strength of this method. Polystyrene nanoparticles 
of 220 nm with fluorescent dye were dispersed in 
ethylene glycol solution containing polymerizable 
vinyl monomer (acrylamide, 31 wt%), crosslinker 
(N,N-methylenebisacrylamide, 2.2 wt%), and rad- 
ical photoinitiator (Irgacure2959, Ciba Specialty 
Chemicals, 1.1 wt%). When the sample was irra- 
diated by blue light from a high-pressure mercury 
lamp, green fluorescence from dye molecules within 
each nanoparticle was observed. A nanoparticle that 


entered the region, irradiated by a near-infrared laser 
beam (1064 nm), was trapped at the focal point, and 
moved onto the surface of the glass substrate by 
handling the 3D stage of the microscope. An 
additional fixation laser beam (355 nm, 0.03 w], 
pulse duration ~6 ns, repetition rate ~5 Hz) was 
then focused to the same point for ~ 10s, which led 
to the generation of acrylamide gel around the 
trapped nanoparticle. By repeating the procedure, 
patterning of single polymer nanoparticles on a glass 
substrate was achieved, and a fluorescence image of 
single nanoparticles as a letter ‘H’, is shown in 
Figure 4. A magnified atomic force microscope 
(AFM) image of one of the fixed nanoparticles is 
also shown, which confirms that only one polymer 
nanoparticle was contained in the polymerized gel. 
Maltiple polymer nanoparticles can also be gath- 
ered, patterned, and fixed on a glass substrate by 
scanning both trapping and fixation laser beams with 
the use of two pairs of galvano mirrors. The optical 
transmission and fluorescence images of the ‘H 
patterned nanoparticles on a glass substrate are 
shown in Figure 5a and b, respectively. The letter 
“H’ consists of three straight lines of patterned and 
fixed nanoparticles. The trapping laser beam 
(180 mW) was scanned at 30 Hz along each line 
with a length of ~10 um on a glass substrate for 
300s, Nanoparticles were gathered and patterned 
along the locus of the focal point on the substrate. 
Then the fixation laser beam (0.097 J) was scanned 
for another 35s. As a result, the straight lines of 


Figure 4 (a) A fluorescence image of spatially pattemed 
individual polymer nanoparticles as the letter ‘Hin distiled water. 
(0) A magnified AFM image of one of the produced acrylamide 
gels containing only one polymer nanoparticle on a glass 
Substrate in the air 
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(a) 


Figure § Optical transmission (a) and fluorescence (b) images of patterned and fixed polymer nanoparticles onthe glass substrate, as 


the lattar‘H' 


patterned nanoparticles were fixed in generated 
acrylamide gel on the substrate. Combining several 
simple fixed patterns, a more complex arrangement 
can be created with use of the present manipulation 
and fixation techniques, 


Fixation of Individual Gold Nanoparticles 


Manipulation and fixation of single metallic nano- 
particles in solution has been achieved by means of 
photo-induced transient melting of nanoparticles, As 
an example, the following method describes this 
technique. Gold nanoparticles (diameter ~80 nm) 
were dispersed in ethylene glycol. In order to identify 
a single gold nanoparticle, extinction of light from the 
halogen lamp of the optical microscope by the 
particle was utilized. Thus, the trapped particle was 
observed as a black spot in transmission image. The 
optically trapped single gold nanoparticle was then 
transferred to a precise position on the surface of glass 
substrate in the sample solution. The focused 355 nm 
pulse was additionally irradiated onto the pressed 
nanoparticle, which led to a transient temperature 
elevation of the gold nanoparticle to enable its 
fixation. It was confirmed by AFM observation that, 
at suitable laser fluence (32-64 mJ cm“), a gold 
nanoparticle was fixed on the glass substrate without 
fragmentation, Repeating the same manipulation and 
fixation procedure, single gold nanoparticles could be 
patterned on a glass substrate. Figure 6 shows an 
AFM image of successive spatial patterning of single 
80 nm gold particles. 

‘The significance of the laser manipulation-fixation 
technique is that we can trap, manipulate, and fix 
single and/or many nanoparticles in solution at room 
temperature, We have already demonstrated assem- 
bling entangled polymer chains of 10-20 nm mean 
radius by laser trapping, and formation of a single 
pm-sized particle. Thus, these various kinds of 
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Figure 6 An AFM image of fixed and patterned gold 
nanoparticles, as the lettr 


nanoscopic materials can be well manipulated using 
these techniques and it is believed that the present 
nanomanipulation-fixation method will be useful for 
future nanoscience and nanotechnology. 


Application to Biotechnology 


Recent progress in biotechnology, using single cell 
manipulation by laser and microscope, has been 
attracting significant attention, In conventional 
methods, cell manipulation has been performed by 
mechanical manipulation using microneedles and 
micropipettes. However, laser manipulation can be 
applied as microtweezers. In comparison with the 
former, this form of laser manipulation has the 
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Figure 7 An experimental setup of dua-beam lasor manipulation 


advantage of no contact with cells and can perform 
some complex and characteristic movement, for 
example, rotation, separation, accumulation, etc. 
Furthermore, by combining it with a microcutter 
using laser ablation, cell fusion and extraction/injec- 
tion of organs from/into the cells can be achieved. In 
this section, single-cell manipulation achieved by 
using the laser manipulation, is introduced. 


Noncontact Rotation of Cells Using Dual Beam 
Laser Manipulation 


As a special feature of laser-cell manipulation, it is 
noticeable that multiple laser tweezers can be 
operated independently without any contact. Here, 
noncontact rotation of the fission yeast, Schizosac- 
charomyces pombe (h”), demonstrates this method. 
The yeast has the shape of an ellipse of length 8 and 
3 um for major and minor axes, and is shown set on a 
dual-beam laser manipulation system in Figure 7. 
One trapping beam A was focused at the end of the 
cell to anchor it, and another beam, B, was at the 
other end and scanned circularly around beam A by 
controlling the Galvano mirrors. The rotation of the 
yeast cell was realized at a frequency of less than 
2 Hz, as shown in Figure 8, Such a cell manipulation 
is impossible by mechanical manipulation and 
indicates the superior performance of laser 
manipulation. 


Transfer of Cells in Microchannel 


A flow cytometry to physically separate and identify 
specific types of cells from heterogeneous populations 
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Figure 8 Rotation of fission yeast cells using dual-beam laser 
‘manipulation. The bars are 10 ym. 


by fluorescence, which is called fluorescence-acti- 
vated cell sorter (FACS), has attracted significant 
attention as an important technique in biotechnology. 
In the separation process, charged single droplets 
containing single, fluorescence labeled cells are 
selected by passing them between two high-voltage 
deflection plates. Since it is a sequential process, 
which does not use microscopy, flexible and 
high-purity cell separation is limited. To overcome 
this problem, a selective cell separation system, 
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combining the laser trapping with the microchannel, 
is used. The method using microscopy is useful and 
flexible, because cells are not simply detected by 
fluorescence but also identified by their shape, size, 
surface morphology, absorption, etc. However, cell 
sorting under a microscope is not processed efficiently 
by laser trapping. A more effective method is 
described by the following. 

‘The microchannel was prepared with laser micro- 
fabrication and photopolymerization, whose top 
view is shown in Figure 9a, and was then set on the 
microscope stage. Three syringes were equipped with 
homemade pumps A, B, and C, and connected with a 
microchip. There were two wing-like chambers in the 
microchip, that were connected with pumps A and 
C. Between chambers, there was a microchannel 
100 um wide, which joined these chambers and 
crossed a long microchannel connected with the 
pump B, thus forming a drain. Thickness of these 
chambers was 100 um. By controlling these pumps, 
the left and right chambers were filled by the culture 
medium including the yeast cells and the neat culture 
medium, respectively, as shown in Figure 9b. 

Individual cells were transferred from left to right 
chambers by using a single laser beam and handling 
an electrically movable microscope stage. The trap- 
ping laser irradiated a yeast cell in the left chamber 
and the trapped cell was transferred to the right 
chamber. A representative demonstration is given in 
Figure 9c. The position of the trapped yeast cell was 
controlled by the microscope stage with the velocity 
of 20 m/s. The single yeast cells were successfully 
transferred from left to right chambers at the rate of 
26s, By combining laser trapping with the micro- 
channel, single separation of cells was achieved under 
a microscope. 


Collection and Alignment of Cells 


When cell sorting using laser trapping is applied to 
biotechnology, the time to transfer cells should be 
short compared to the above-mentioned times. One 
method is to transfer multiple cells simultaneously by 
developing dual-beam laser manipulation, which is 
shown schematically in Figure 10, One trapping 
beam A was scanned on a line given as an arrow in 
Figure 10a at a rate faster than motions of cells. 


Figure 9 (a) A microchip fabricated by laser polymerization 
technique and (b) its schematic representation corresponding to 
dashed area in the microchip. (c) Cell transfer in micrachip using 
laser trapping. The bars are 100 um. A trapping laser beam is 
fixed at the center of each piture, by which a particle is trapped 
and transferred from left to ight chambers. The position of each 
picture is shown in (0). 
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(a) (Linear scanning of trapping beam A 
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(c) Transfer using microscope stage 


Figure 10 A schematic illustration of efficient collection and transfer af calls based by dual-beam laser manipulation. 
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Figure 11. Collection and alignment of fission yeast calls using 
‘dual-beam laser manipulation. 


The other trapping beam B was used to move 
individual cells to the line sequentially (Figure 10b). 
Finally, by moving the microscope stage, many 
particles trapped at the scanning line can be 
transferred to another chamber (Figure 10c). 

‘An example is shown in Figure 11, The trapping 
beam A was scanned on a line with the rate of 15 Hz 
whose length was 30 ym. The trapping beam B was 
used to trap a yeast cell and move it to the line, which 
was controlled by a computer mouse pointer. The 
cells stored on the line were successfully isolated and 
with this method three cells can be collected within 
15 s, Furthermore, the cells could be transferred with 


the velocity of 20 mls by driving the microscope 
stage. By improving the presented cell-sorting system, 
it is expected to realize flexible and high-purity cell 
separation. 


List of Units and Nomenclature 


Laser fluence (light energy 
density per pulse) 


[mJ em 


Time-Resolved Fluorescence: 
Polymer Science. 


Measurements. in 


Further Reading 


Ashkin A, Daiedzic MJ, Bjorkholm JE and Chu S (1986) 
Observation of a single-beam gradient force optical 
trap for dielectric particles. Optical Letters 11 
288-290. 

Ashkin A, Dziedzic MJ and Yamane T (1987) Optical 
trapping and manipulation of single cells using infrared 
laser beams. Nature 330: 769-771, 

Berns WM, Aist J, Edwards J, et af. (1981) Laser 
‘microsurgery in cell and developmental biology. Science 
213: 505-513. 

Hoifmann F (1996) Laser microbeams for the manipulation 
of plant cells and subcellular structures. Plant Science 
V3 1-1. 

Hosokawa Y, Masuhara H, Matsumoto Y and Sato $ 
(2002) Dual-beam laser micromanipulation for sorting 


46 CHEMICAL APPLICATIONS OF LASERS / Nonlinear Spectroscopies 


biological cells and its device application. Proceedings of 
SPIE 4622: 138-142, 

Ito S, Yoshikawa H and Masuhara H (2001) Optical 
patterning and photochemical fixation of polymer 
nanoparticles on glass substrates. Applied Physics 
Letters 78: 2566-2568. 

Ito S, Yoshikawa H_ and Masuhara H (2002) Laser 
manipulation and fixation of single gold nanoparticles 
in solution at room temperature. Applied Physics Letters 
80: 482-484, 

Kamentsky AL, Melamed RM and Derman H (1965) 
Spectrophotometer: new instrument for ultrarapid cell 
analysis. Science 150: 630-631 

Kim BH, Kogi © and Kitamura N (1999) Single-micro 
particle measurements: laser trapping-absorption 
microscopy under solution-flow conditions. Analytical 
Chemistry 71: 4338-4343, 


Nonlinear Spectroscopies 


S$ R Meech, University of East Anglia, Norwich, UK 


© 2005, Esavier Lt. Al Rights Reserved 


Introduction 


Chemistry is concerned with the induction and 
observation of changes in matter, where the changes 
are to be understood at the molecular level. 
Spectroscopy is the principal experimental tool for 
connecting the macroscopic world of matter with 
the microscopic world of the molecule, and is, 
therefore, of central importance in chemistry. Since 
its invention, the laser has greatly expanded the 
capabilities of the spectroscopist. In linear spec- 
troscopy, the monochromaticity, coherence, high 
intensity, and high degree of polarization of laser 
radiation are ideally suited to high-resolution 
spectroscopic investigations of even the weakest 
transitions. The same properties allowed, for the 
first time, the investigation of the nonlinear optical 
response of a medium to intense radiation. Shortly 
after the foundations of nonlinear optics were laid, 
it became apparent that these nonlinear optical 
signals could be exploited in molecular spec- 
troscopy, and since then a considerable number of 
nonlinear optical spectroscopies have been devel- 
oped. This short article is not a comprehensive 
review of all these methods. Rather, it is a discussion 
clopment of the 
subject, and indicates some current directions in this 
increasingly diverse area. 


of some of the key areas in the de 
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Nonlinear Optics for Spectroscopy 


The foundations of nonlinear optics are described in 
detail elsewhere in the encyclopedia, and in some of 
the texts listed in the Further Reading section at 
the end of this article. The starting point is usually the 
nonlinearity in the polarization, P,, induced in the 
sample when the applied electric field, E, is large: 


P, 


[Xe +4 EE + LAME EEL ] ) 


where ep is the vacuum permittivity, x" is the nth 
order nonlinear susceptibility, the indices represent 
directions in space, and the implied summation over 
repeated indices convention is used. The signal field, 
resulting from the nonlinear polarization, is calcu- 
lated by substituting it as the source polarization in 
Maxwell’s equations and converting the resulting 
field to the observable, which is the optical intensity. 

The nonlinear polarization itself arises from the 
anharmonic motion of electrons under the influence 
of the oscillating electric field of the radiation. Thus, 
there is a microscopic analog of eqn [1] for the 
induced molecular dipole moment, 44: 


= leod, + 60° Biddy +60° Yynidjdudy +] (21 
in which a is the polarizability, 8 the first molecular 
hyperpolarizability, y the second, etc. The power 
series is expressed in terms of the displacement field d 
rather than E to account for local field effects. This 
somewhat complicates the relationship between the 
molecular hyperpolarizabilities, for example, yj and 
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the corresponding macroscopic susceptibility, x/2), 
but it is nevertheless generally true that a molecule 
exhibiting a high value of y,; will also yield a large 
third-order nonlinear polarization. This relationship 
between the macroscopic and microscopic para 
meters is the basis for an area of chemistry which 
has influenced nonlinear optics (rather than the 
inverse). The synthesis of molecules which have 
giant molecular hyperpolarizabilities has been an 
active area, because of their potential applications in 
lasers and electro-optics technology. Such molecules 
commonly exhibit a number of properties, including 
an extended linear a electron conjugation and a 
large dipole moment, which changes between the 
ground and excited electronic states. These properties 
are in accord with the predictions of theory and 
of quantum chemical calculations of molecular 
hyperpolarizabilities. 

Nonlinear optical spectroscopy in the frequency 
domain is carried out by measuring the nonlinear 
signal intensity as a function of the frequency (or 
frequencies) of the incident radiation. Spectroscopic 
information is accessible because the molecular 
hyperpolarizability, and therefore the nonlinear 
susceptibility, exhibits resonances: the signal is 
enhanced when one or more of the incident or 
generated frequencies are resonant with the frequency 
of a molecular transition. The rich array of nonlinear 
optical spectroscopies arises in part from the fact that 
with more input fields there are more accessible 
resonances than is the case with linear spectroscop 
As an example we consider the third-order suscep 
bility, x,1)£,EvE), in the practically important case of 
two incident fields at the same frequency, «, and a 
third at w:. The difference between the two frequen- 
cies is close to the frequency of a Raman active 
vibrational mode, ©,, (Figure 1). The resulting 
susceptibility can be calculated to have the form: 


fy 24 + 4,04, —9) 


Nap, s,s(ai ath + afkart) 
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in which the a® are elements of the Raman 
susceptibility tensor, I’ is the homogeneous linewidth 
of the Raman transition, Ap,, a population difference, 
and N the number density. A diagram illustrating this 
process is shown in Figure 1, where the signal field is 
at the anti-Stokes Raman frequency (20, — ws). The 
spectroscopic method which employs this scheme is 
called coherent anti-Stokes Raman. spectroscopy 
(CARS) and is one of the most widely applied 
nonlinear optical spectroscopies (see below). Clearly, 
from eqn [3] we can see that the signal will be 


Cy 


9. 


Figure 1 An ilustration of the resonance enhancement of the 
CARS signal, aig = 20) — ay when wy — 8p = Dr 


enhanced when the difference frequency is resonant 
with the Raman transition frequency. 

With essentially the same experimental geometry 
there will also be nonlinear signals generated at both 
the Stokes frequency (2) ~ o,) and at the lower of 
the incident frequencies, w). These signals have 
distinct phase matching conditions (see below), so 
they can easily be discriminated from one another, 
both spatially and energetically. Additional resonance 
enhancements are possible if either of the individual 
frequencies is resonant with an electronic transition 
of the molecule, in which case information on Raman 
active modes in the excited state is also accessible. 

It is worthwhile noting here that there is an 
equivalent representation of the nth order nonlinear 
susceptibility tensor x'"arjg : @4,....0,) as a time 
domain response function, R'"(7,....7,). While it is 
possible to freely transform between them, the 
frequency domain representation is the more com- 
monly used. However, the response function 
approach is increasingly applied in time domain 
nonlinear optical spectroscopy when optical pulses 
shorter than the homogencous relaxation time are 
used. In that case, the time ordering of the incident 
fields, as well as their frequencies, is of importance in 
defining an experiment. 

An important property of many nonlinear optical 
spectroscopies is the directional nature of the signal, 
illustrated in Figure 2. The directional nonlinear 
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Figure 2 Experimental geometries and corresponding phase 
‘matching dlagrams for (a) CARS (b) DFWM (c) RIKES. Note that 
only the RIKES geometry is fully phase matched, 


signal arises from the coherent oscillation of induced 
dipoles in the sample. Constructive interference can 
lead to a large enhancement of the signal strength, For 
this to occur the individual induced dipole moments 
must oscillate in phase — the signal must be phase 
matched. This requires the incident and the generated 
frequencies to travel in the sample with the same 
phase velocity, kuJo= clr where ny is the index of 
refraction and k,, is the wave propagation constant at 
frequency w. For the simplest case of second- 
harmonic generation (SHG), in which the incident 
field oscillates at w and the generated field at 20, 
phase matching requires 2k, =p, The phase- 
matching condition for the most efficient generation 
of the second harmonic is when the phase mismatch, 

a ~ kay = 0, but this is not generally fulfilled 
due to the dispersion of the medium, 71, < 1124. In the 
case of SHG, a coherence length L can be defined as 
the distance traveled before the two waves are 180° 
out of phase, L = |n/AkI. For cases in which the input 
frequencies also have different directions, as is often 
the case when laser beams at two frequencies are 
combined (e.g, CARS), the phase-matching con- 
dition must be expressed as a vectorial relationship, 
ence, for CARS, Ak = kas — 2k, + ky = 0, where 
ks is the wavevector of the signal at the anti-Stokes 
frequency (Figure 2). Thus for known input wave- 
vectors one can easily calculate the expected direction 


of the output signal, k,. This is illustrated for a 
number of important cases in Figure 2, 


Nonlinear Optical Spectroscopy 
in Chemistry 


As already noted, there is a vast array of nonlinear 
optical spectroscopies, so it is clear some means of 
classification will be required. For coarse graining the 
order of the nonlinear process is very helpful, and that 
is the scheme we will follow here. 


‘Second-Order Spectroscopies 


Inspection of eqn [1] shows that in gases, isotropic 
liquids, and solids where the symmetry point group 
contains a center of inversion, x”) is necessarily zero. 
This is required to satisfy the symmetry requirement 
that polarization must change sign when the direction 
of the field is inverted, yet for a quadratic, or any even 
order dependence on the field strength, it must remain 
positive. Thus second-order nonlinearities might not 
appear very promising for spectroscopy. However, 
there are two cases in which second-order nonlinear 
optical phenomena are of very great significance in 
molecular spectroscopy, harmonic generation and the 
spectroscopy of interfaces. 


Harmonic conversion 
Almost every laser spectroscopist will have made use 
of second-harmonic or sum frequency generation for 
frequency conversion of laser radiation. Insertion of 
an oscillating field of frequency « into eqn [1] yields a 
second-order polarization oscillating of 2w. If two 
different frequencies are input, the second-order 
polarization oscillates at their sum and difference 
frequencies. In either case, the second-order polariz- 
ation acts as a source for the second-harmonic (or 
sum, or difference frequency) emission, provided x7) 
is nonzero. The latter can be arranged by selecting a 
noncentrosymmetric medium for the interaction, the 
growth of such media being an important arca of 
materials science, Optically robust and transparent 
materials with large values of x! are available for the 
generation of wavelengths shorter than 200 nm to 
longer than S wm. Since such media are birefringent 
by design, a judicious choice of angle and orientation 
of the crystal with respect to the input beams allows a 
degree of control over the refractive indices experi- 
enced by each beam. Under the correct phase 
matching conditions 1, ~ 14, and very long inter- 
action lengths result, so the efficiency of signal 
generation is high. 

Higher-order harmonic generation in gases is an 
area of growing importance for spectroscopy in the 
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deep UV and X-ray region, The generation of such 
short wavelengths depends on the ability of amplified 
ultrafast solid state lasers to generate extremely high 
instantaneous intensities. The mechanism is some- 


what different to the one outlined above. The intense 
pulse is injected into a capillary containing an 
appropriate gas. The high electric field of the laser 
causes ionization of atoms. The electrons generated 
begin to oscillate in the applied laser field. The driven 
recombination of the electrons with the atoms results 
in the generation of the high harmonic emission. 
Although the mechanism differs from the SHG case, 
questions of phase matching are still important. By 
containing the gas in a corrugated waveguide phase 
matching is achieved, considerably enhancing the 
intensity of the high harmonic. Photon energies of 
hundreds of electronvolts are possible using this 
technique. The generation of such high energies is 
not yet routine, but a number of potential appli- 
cations are already apparent. A powerful coherent 
source of X-ray and vacuum UV pulses will certainly 
aid surface analysis techniques such as UV photo- 
emission and X-ray photoelectron spectroscopy. 
Much excitement is currently being generated by 
the possibility of using intense ultrashort X-ray 
pulses to record structural dynamics on an ultrafast 
timescale. 


Surface second-order spectroscopy 

At an interface inversion symmetry is absent by 
definition, so the second-order nonlinear suscept 
bility is finite. If the two bulk phase media are 
themselves isotropic, then even a weak second-order 
signal necessarily arises from the interface. This 
surface-specific all-optical signal is unique, because 
it can be used to probe the interface between two 
condensed phases. This represents a great advantage 
over every other form of surface spectroscopy. In 
linear optical spectroscopy, the signal due to species 
at the interface are usually swamped by contributions 
from the bulk phase. Other surface-specific signals do 
exist, but they rely on the scattering of heavy particles 
(clectrons, atoms) and so can only be applied to the 
solid vacuum interface. For this reason the techniques 
of surface SHG and SFG are widely applied in 
interface spectroscopy. 

‘The most widely used method is sum frequency 
generation (SFG) between temporally overlapped 
tuneable infrared and fixed frequency visible lasers, 
to yield a sum frequency signal in the visible region of 
the spectrum. The principle of the method is shown in 
Figure 3. The surface nonlinear susceptibility exhibits 
resonances at vibrational frequencies, which are 
detected as enhancements in the visible SFG intensity. 
Although the signal is weak, it is directional and 


Figure 3 The experimental geometry for SFG, and an 
ilustration of the resonance enhancament Of tag = aan + toe at 
a Raman and IR allowed vibcational transition, 


background free, so relatively easily measured by 
photon counting techniques, Thus, SFG is used to 
measure the vibrational spectra of essentially any 
optically accessible interface. There are, however, 
some limitations on the method. The surface must 
exhibit a degree of order ~ if the distribution of 
adsorbate orientation is isotropic the signal again 
becomes zeto by symmetry. Second, a significant 
enhancement at the vibrational frequency requires the 
transition to be both IR and Raman allowed, as 
suggested by the energy level diagram (Figure 3). 
‘The SHG signal can also be measured as a function 
of the frequency of the incident laser, to recover the 
electronic spectrum of the interface. This method has 
heen used, particularly in the study of semiconductor 
surfaces, but generally the electronic spectra of 
adsorbates contain less information than their 
vibrational spectra. However, by measuring the 
SHG intensity as a function of time, information on 
adsorbate kinetics is obtained, provided some 
assumptions connecting the surface susceptibility to 
the molecular hyperpolarizability are made. Finally, 
using similar assumptions, it is possible to extract the 
orientational distribution of the adsorbate, by 
measuring the SHG intensity as a function of 
polarization of the input and output beams. For 
these reasons, SHG has been widely applied to 
analyze the structure and dynamics of interfaces. 


Third-Order Spectroscopies 


‘The third-order coherent Raman spectroscopies were 
introduced above. One great advantage of these 
methods over conventional Raman is that the signal 
is generated in a coherent beam, according to the 
appropriate phase matching relationship (Figure 2). 
Thus, the coherent Raman signal can easily be 
distinguished from background radiation by spatial 
filtering. This has led to CARS finding widespread 
application in measuring spectra in (experimentally) 
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Figure 18-5. Pulse-width modulation adjusts the widths 
of pulses delivered at a high frequency. The pulse widths 
ccan be averaged to generate voltage that follows a close 
-pproximation of a sine wave 


10 amps at 12VDC. Cigarette lighters are usually 
fused at 15 or 20 amps, so 100 watts is a reason- 
able value. Inverters that are rated above 150 
watts usually have cables terminating in oversize 
alligator clips for direct connection to the termi- 
nals of a 12V battery. 


While the cold cranking rating of a car battery 
may be 100 amps or more, the battery is only 
designed to deliver that power for up to 30 sec- 
onds ata time. Inverters rated for as much as 500 
watts will exceed the normal capacity of a single 
carbattery, although if the battery is mounted in 
avehicle, it can be supplemented by running the 
engine so that the alternator shares some of the 
load. A 500-watt inverter is better supplied by 
‘two or more 12-volt car batteries wired in paral- 
lel. 


How to Use 


Small inverters are typically used in vehicles to 
run cellphone chargers, music players, or laptop 
computers, Large inverters are an integral partof 
off-the-grid solar and wind-powered systems, 
where battery power must be converted to AC 
house current. Uninterruptible power supplies 
and inverters capable of run- 


How to Use it 


ning computer equipment for a brief period. 
Battery-driven electric vehicles with AC motors 
use inverters with an exceptionally high current 
rating. 


There is a lack of consensus regarding possible 
harmful effects of powering electronics equip- 
ment with a low-cost modified sine wave inver- 
ter. Anecdotal evidence suggests that where the 
equipment uses its own switching power supply 
or uses an AC adapter (either mounted internally 
or as an external plug-in package), the filtering 
built into the power supply will block harmonics 
from the inverter. 


Other evidence suggests that cheap inverters 
may have adverse effects on devices containing 
synchronous motors that run direct from AC. 
There are reports that fluorescent lighting and 
photographic electronic flash systems may be 
unsuitable for use even with modified sine wave 
inverters. However, differencesin productdesign 
and component quality make it impossible to 
generalize. A cheaply made inverter may gener- 
ate a wave form that is not even a close approx- 
imation of a square wave. See Figure 18-6. 


Time 


Figure 18-6. A cheaply made inverter can generate a dis: 
forted wave form that is even higher in noise than a pure 
square wave. This sample Is adapted from an actual oscil 
loscope trace. 
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hostile environments, CARS spectroscopy has been 

applied to record the vibrational spectra of 
. Such measurements would obviously be very 
challenging for linear Raman or IR, due to the strong 
emission from the flame itself. The directional CARS 
signal in contrast can be spatially filtered, minimizing 
this problem. CARS has been used both to identify 
unstable species formed in flames, and to probe the 
temperature of the flame (e.g., from measured 
population differences eqn [3]). A second advantage 
of the technique is that the signal is only generated 
when the two input beams overlap in space. Thus, 
small volumes of the sample can be probed. By 
moving the overlap position around in the sample, 
spatially resolved information is recovered. Thus, itis 
possible to map the population of a particular 
transient species in a flame. 

CARS is probably the most widely used of the 
coherent Raman methods, but it does have some 
disadvantages, particularly in solution phase studies. 
In that case the resonant x signal (eqn [3]) is 
accompanied by a nonresonant third-order back- 
ground. The interference between these two com- 
ponents may result in unusual and difficult to 
interpret lineshapes. In this case, some other coherent 
Raman methods are more useful. The phase matching 
scheme for Raman-induced Kerr effect spectroscopy 
{RIKES) was shown in Figure 2. The RIKES signal is 
always phase matched, which leads to a long 
interaction length. However, the signal is at a and 
in the direction of a, which would appear to be a 
severe disadvantage in terms of detection. Fortu- 
nately, if the input polarizations are correctly chosen 
the signal can be isolated by its polarization. In an 
important geometry, the signal (w3) is isolated by 
transmission through a polarizer oriented at 45° to a 
linearly polarized pump («,). The pump is overlapped 
in the sample with the probe (w,) linearly polarized at 
—45°, Thus the probe is blocked by the polarizer, 
but the signal is transmitted. This geometry may be 
viewed as pump-induced polarization of the isotropic 
medium to render it birefringent, thus inducing 
ellipticity in the transmitted probe, such that the 
signal leaks through the analyzing polarizer (hence 
the alternative name optical Kerr effect). 

In this geometry, it is possible to greatly enhance 
signal-to-noise ratios by exploiting interference 
between the probe beam and the signal. Placing a 
quarterwave plate in the probe beam with its fast axis 
aligned with the probe polarization, and reorienting it 
slightly (<1°) yields a slightly elliptically polarized 
probe before the sample. A fraction of the probe 
beam, the local oscillator (LO), then also leaks 
through the analyzing polarizer, temporally and 
spatially overlapped with the signal. Thus, the signal 


and LO fields are seen by the detector, which 
measures the intensity as: 


1) = FB) + EP 


ol) +10) + FEREEOE Lo] 4) 


where the final term may be very much larger than the 
original signal, and is linear in yx“). This term is 
usually isolated from the strong [jo by lock-in 
detection. This method is called optical heterodyne 
detection (OHD), and generally leads to excellent 
signal to noise. It can be employed with other 
coherent signals by artificially adding the LO to the 
signal, provided great care is taken to ensure a fixed 
phase relationship between LO and signal. In the 
RIKES experiment, however, the phase relationship is 
automatic. The arrangement described yields an out- 
of-phase LO, and measures the real part of x, the 
birefringence. Alternatively, the quarterwave plate is 
omitted, and the analyzing polarizer is slightly 
reoriented, to introduce an in-phase LO, which 
measures the imaginary part of x“), the dichroism. 
This is particularly useful for absorbing media. The 
OHD-RIKES method has been applied to measure the 
spectroscopy of the condensed phase, and has found 
particularly widespread application in transient 
studies (below). 

Degenerate four wave mixing (DFWM) spec- 
troscopy is a simple and widely used third-order 
spectroscopic method. As the name implies, only a 
single frequency is required. The laser beam is split 
into three, and recombined in the sample, in the 
geometry shown in Figure 2. The technique is also 
known as laser-induced grating scattering. The first 
two beams can he thought of as interfering in the 
sample to write a spatial grating, with fringe spacing 
dependent on the angle between them. The signal is 
then scattered from the third beam in the direction 
expected for diffraction from that grating. The 
DFWM experiment has been used to measure 
electronic speetra in hostile environments, by exploit- 
ing resonances with electronic transitions. It has also 
been popular in the determination of the numerical 
value of x, partly because it is an economical 
technique, requiring only a single laser, but also 
because different polarization combinations make it 
possible to access different elements of x. The 
technique has also been used in time resolved 
experiments, where the decay of the grating is 
monitored by diffraction intensity from a time 
delayed third pulse. 

‘Two-photon or, more generally, multiphoton exci- 
tation has applications in both fundamental spec- 
troscopy and analytical chemistry. Two relevant level 
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Figure 4 Two cases of resonant two photan absorption. In (a) 
the excited state is two-photon resonant, and the process is 
dotected by the emission ofa photon. In (b) the intermediate state 
is resonant, and the final energy is above the jonization potential 
(iP) so that photocurrent or mass detection can be used. 


schemes are shown in Figure 4. Some property 
associated with the final state permits detection of 
the multiphoton absorption, for example, fluor- 
escence in (a) and photocurrent in (b). 

Excitation of two-photon transitions, as in 
Figure 4a, is useful in spectroscopy because the 
selection rules are different to those for the corres- 
ponding one-photon transition. For example the 
change in angular momentum quantum number, 
AL, in a two-photon transition is 0, +2, so, for 
example, an atomic Sto D transition can be observed. 
High spectroscopic resolution may be attained using 
Doppler free two-photon absorption spectroscopy. In 
this method, the excitation beams are arranged to be 
counter-propagating, so that the Doppler broadening 
is cancelled out in transitions where the two 
excitation photons arise from beams with opposing 
wavevectors. In this case, the spectroscopic linewidth 
is governed only by the homogeneous dephasing ti 

‘The level scheme in Figure 4b is also widely used in 
spectroscopy, but in this case the spectrum of the 
intermediate state is obtained by monitoring the 
photocurrent as a function of wy, The general 
technique is known as resonance enhanced multi- 
photon ionization (REMPI) and yields high-quality 
spectra of intermediate states which are not detect- 
able by standard methods, such as fluorescence. The 
sensitivity of the method is high, and itis the basis of a 
number of analytical applications, often in combi- 
nation with mass spectrometry. 


Ultrafast Time Resolved Spectroscopy 


‘The frequency and linewidth of a Raman transition 
may be extracted from the CARS measurement, 
typically by combining two narrow bandwidth pulsed 


lasers, and tuning one through the resonance while 
measuring the nonlinear signal intensity. The time 
resolved analogue requires two pulses, typically of a 
few picoseconds duration (and therefore a few 
wavenumbers bandwidth) at o; and a) to be incident 
on the sample. This pair coherently excites the Raman 
mode. A third pulse at a is incident on the sample a 
time ¢ later, and stimulates the CARS signal at 2o1 — 
‘@, in the phase-matched direction. The decay rate of 
the vibrational coherence is measured from the CARS 
intensity as a function of the delay time. Thus, the 
frequency of the mode is measured in the frequency 
domain, but the linewidth is measured in the time 
domain, If very short pulses are used (such that the 
pulsewidth is shorter than the inverse frequency of the 
Raman active mode) the Raman transition is said to 
be impulsively excited, and the CARS signal scattered 
by the time delayed pulse reveals an oscillatory 
response at the frequency of the Raman active 
mode, superimposed on its decay. Thus, in this case, 
spectroscopic information is measured exclusively in 
the time domain. In the case of nonlinear Raman 
spectroscopy, similar information is available from 
the frequency and the time domain measurements, 
and the choice between them is essentially one of 
experimental convenience. For example, time domain 
CARS, RIKES, and DFWM spectroscopy have turned 
out to be particularly powerful routes to extracting 
low-frequency vibrational and orientational modes of 
liquids and solutions, thus providing detailed insights 
into molecular interactions and reaction dynamics in 
the condensed phase. 

Other time domain experiments contain infor- 
mation that is not accessible in the frequency domain, 
This is particularly true of photon echo methods. The 
name suggests a close analogy with nuclear magnetic 
resonance (NMR) spectroscopy, and the (optical) 
Bloch vector approach may be used to describe both 
measurements, although the transition frequencies 
and time-scales involved differ by many orders of 
magnitude. In the photon echo experiment, two or 
three ultrafast pulses with carefully controlled inter- 
pulse delay times are resonant with an electronic 
transition of the solute. In the two-pulse echo, the 
echo signal is emitted in the phase match direction at 
twice the interpulse delay, and its intensity as a 
function of time yields the homogeneous dephasing 
time associated with the transition. In the three-pulse 
experiment the pulses are separated by two time 
delays. By measuring the intensity of the stimulated 
echo as a function of both delay times it is possible to 
separately determine the dephasing time and the 
population relaxation time associated with the 
resonant transition. Such information is not acces- 
sible from linear spectroscopy, and can be extracted 


52 CHEMICAL APPLICATIONS OF LASERS / Nonlinear Spectroscopies 


only with difficulty in the frequency domain, The 
understanding of photon echo spectroscopy has 
expanded well beyond the simple description given 
here, and it now provides unprecedented insights into 
optical dynamics in solution, and thus informs greatly 
our understanding of chemistry in the condensed 
phase. The methods have recently been extended to 
the infra red, to study vibrational transitions. 


Higher-Order and Multidimensional 
Spectroscopies 


The characteristic feature of this family of spectro- 
scopies is the excitation of multiple resonances, which 
may or may not require measurements at x" with 
n> 3, Such experiments require multiple frequencies, 
and may yield weak signals, so they only became 
experimentally viable upon the availability of stable 
and reliable solid state lasers and optical parametric 
generators. Measurements are made in either the time 
or the frequency domain, but in either case benefit 
from heterodyne detection, 

One of the earliest examples was two-dimensional 
Raman spectroscopy, where multiple Raman active 
modes are successively excited by temporally delayed 
pulse pairs, to yield a fifth-order nonlinear signal. The 
signal intensity measured as a function of both delay 
times (corresponding to the two dimensions) allows 
separation of homogeneous and_inhomogencous 
contributions to the line shape. This prodigiously 
difficult x" experiment has been completed in a few 
cases, but is plagued by interference from third-order 
signals. 

More widely applicable are multidimensional 
spectroscopies using infrared pulses or combinations 
of them with visible pulses. The level scheme for one 
such experiment is shown in Figure 5 (which is one of 
many possibilities). From the scheme, one can see that 
the nonlinear signal in the visible depends on two 
resonances, so both can be detected. This can be 
regarded as a multiply resonant nondegenerate four- 
wave mixing (FWM) experiment. In addition, if the 
two resonant transitions are coupled, optical exci- 
tation of one affects the other. Thus, by measuring the 
signal as a function of both frequencies, the couplings 
between transitions are observed. These appear as 
cross peaks when the intensity is plotted in the two 
frequency dimensions, very much as with 2D NMR. 
This technique is already providing novel information 
on molecular structure and structural dynamics in 
liquids, solutions, and proteins. 


Spatially Resolved Spectroscopy 


A recent innovation is nonlinear optical microscopy. 
The nonlinear dependence of signal strength on 


ny 
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Figure Illustration of mutiple resonance onhancements in a 
FWM geometry, from which 2D spectra may be generated. 


intensity means that nonlinear processes are localized 
at the focal point of a lens. When focusing is strong, 
such as in a microscope objective, spatial localization 
of the nonlinear signal can be dramatic. This is the 
basis of the two-photon fluorescence microscopy 
method, where a high repetition rate source of low- 
energy ultrafast pulses is focused by a microscope 
objective into a sample labeled with a fluorescent 
molecule, which has absorption at half the wave- 
length of the incident photons (Figure 4). The 
fluorescence is necessarily localized at the focal 
point because of its dependence on the square of the 
incident intensity. By measuring intensity while 
scanning the position of the focal point in space, a 
3D image of the distribution of the fluorophore is 
constructed. This technique turns out to have a 
number of advantages over one photon fluorescence 
microscopy, most notably in terms of ease of 
implementation, minimization of sample damage, 
and depth resolution, The technique is widely 
employed in cell biology. 
Stimulated by the 
further 


success of two-photon 
microscopy, microscopies 
have been developed, all relying on the spatial locali- 


zation of the signal. CARS microscopy has been 
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demonstrated to yield 3D images of the distribution 
of vibrations in living cells. It would be difficult to 
recover such data by linear optical microscopy. SHG 
has been applied in microscopy. In this case, by virtue 
of the symmetry selection rule referred to above, a 3D 
image of orientational order is recovered. Both these 
and other nonlinear signals provide important new 
information on complex heterogeneous samples, 
most especially living cells. 


Spectroscopy: Nonlinear Laser Spectroscopy; Raman 
Spectroscopy. 
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Introduction 


One of the most active areas of photomedical 
research, in recent years, has been the exploration 


of the use of light-activated drugs known as 
photosensitizers. These compounds may be activated 
using light, usually provided by a laser via an optical 
fiber which is placed at the site of the target lesion. 
This treatment is known as photodynamic therapy 
(PDT) and is being applied to the local destruction of 
malignant tumors and certain nonmalignancies. 
Activation of the photosensitizer results in the 
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generation of reactive oxidizing intermediates which 
are toxic to cells, and this process ultimately leads to 
tumor destruction. PDT is a relatively low-power, 
nonthermal, photochemical technique that uses 
fluence rates not exceeding 200 mW/cm? and total 
light doses or fluences of typically 100 Jlem*. 
Generally red or near-infrared light is used, since 
tissue is relatively transparent at these wavelengths. 
It is a promising alternative approach to the local 
destruction of tumors for several reasons, First, itis a 
minimally invasive treatment since laser light can be 
delivered with great accuracy to almost any site in 
the body via thin flexible optical fibers with minimal 
damage to overlying normal tissues. Second, the 
nature of PDT damage to tissues is such that healing 
is safer and more complete than after most other 
forms of local tissue destruction (e.g,, radiotherapy). 
PDT is also capable of some degree of selectivity for 
tumors when the sensitizer levels, light doses, and 
irradiation geometry are carefully controlled. This 
selectivity is based on the higher sensitizer retention 
in tumors after administration relative to the 
adjacent normal tissues in which the tumor arose 
(generally 3:1 for extracranial tumors but up to 50:1 
for brain tumors). 

The photosensitizer is administered intravenously 
to the patient and time allowed (3-96 hours depend- 
ing on the sensitizer) for it to equilibrate in the body 
hefore the light treatment (Figure 1). This time is 
called the drug—light interval. PDT may also be useful 
for treating certain nonmalignant conditions, in 
particular, psoriasis and dysfunctional menorrhagia 
{a disorder of the uterus), and local treatment of 
infections; such as genital papillomas, infections in 
the mouth and the upper gastrointestinal tract. In 
certain cases, the photosensitizer may be applied 
directly to the lesions, particularly for treatment of 
skin tumors, as discussed later. The main side-effect of 
PDTis skin photosensitivity, owing to retention of the 
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Figure 1 Photodynamic therapy 
treatment, 


from sensitization to 


drug in the skin, so patients must avoid exposure to 
sunlight in particular for a short period following 
treatment. Retreatment is then possible once the 
photosensitizer has cleared from the skin since these 
drugs have little intrinsic toxicity, unlike many 
conventional chemotherapy agents. 


Photoproperties of Photosensitizers 


By definition, there are three fundamental require- 
ments for obtaining a photodynamic effect: (a) light 
of the appropriate wavelength matched to the 
photosensitizer absorption; (b) a photosensitizer; 
and (c) molecular oxygen. The ideal photochemical 
and biological properties of a photosensitizer may be 
easily summarized, although the assessment of a 
sensitizer in these terms is not as straightforward as 
might be supposed because the heterogeneous nature 
of biological systems can sometimes profoundly affect 
these properties. Ideally though, a sensitizer should 
possess the following attributes: (a) red or near 
infrared light absorption; (b) nontoxic, and with 
low skin photosensitizing potency; (c) selective 
retention in tumors relative to normal adjacent tissue; 
(d) an efficient generator of cytotoxic species, usually 
singlet oxygen; (e) fluorescence, for visualization; (f) a 
defined chemical composition, and (g) preferably 
water soluble. A list of several photosensitizers 
possessing the majority of the above-mentioned 
attributes is given in Table 1. 

The reasons for these requirements are partly self- 
evident, but worth amplifying. Strong absorption is 
desirable in the red and near-infrared spectral region, 
where tissue transmittance is optimum enabling 
penetration of the therapeutic light within the 
tumor (Figure 2). To minimize skin photosensitiza- 
tion by solar radiation, the sensitizer absorption 
spectrum should ideally consist of a narrow red 
wavelength hand, with little absorption at other 
wavelengths down to 400nm, below which solar 
irradiation falls off steeply. Another advantage of red 
wavelength irradiation is that the potential mutagenic 
effects encountered with UV-excited sensitisers (e.g. 
psoralens) are avoided. Since the object of the 
treatment is the selective destruction of tumor tissue, 
leaving surrounding normal tissue undamaged, some 
degree of selective retention of the dye in tumor tissue 
is desirable. Unfortunately, the significance of this 
aspect has been exaggerated in the literature and in 
many cases treatment selectivity owes more to careful 
light irradiation geometry. Nevertheless, many nor- 
mal tissues have the capacity to heal safely following 
PDT damage. 

The key photochemical property of photosensiti- 
zers is to mediate production of some active 
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Table 1 Properties of several photosensitizers 


‘Mam (ei em-') Drug dose/mg kg”? Light doseiJem-* Diseases treated 


‘Compound 

Hematoporphyrin 628 (80x10) 18-5 
(HpD~Photafrin-Photosan) 

ALA (converted to protoporphyrin IX) 625(5x 10%) 60 


Benzoporphyrin derivative (BpD) «690 (85x10) 4 


Tin etiopurpurin (SAET2—Purytn) 685 (80x 104 1.2 

Monoasparty chores (MACE) 660 (40x10) 1.0 

Lutetium texapyin (Lu-Tex) 732 (42x10) 10 

‘Aluminum cisuifonated 675 (20x10) 10 
phthalocyanine 

Motatotrahydroxychlorin 652 (85x10) 0.15 
((nTHPC-temoporphin-Foscan) 

Palladium pheophorbide (Tookad) 763 (86x10!) 20 

Hypericin 590 (3x10) = 


75-250 Early stage esophagus, 
bladder, lung, corvx, 
stomach, and mouth 
cancers, Palliative in 
later stages 

‘Skin, stomach, colon, 
bladder, mouth cancers. 
Esophageal dysplasia, 
Various nonmalignant 
conditions 

‘Age-related macular 
‘degeneration (AMD) 

Broast and skin cancers, AMD 

‘Skin cancers 

‘Metastatic brain tumors, 
breast cancers, 
atherosclerotic plaques: 

Brain, colon, bladder, and 
pancreatic cancers. Head 
‘and neck cancers in 
animal studies only 

Head, neck, prostate, 
pancreas, lung, brain, 
biliary tract, and mouth 
ccancers. Superior to HpD 
‘and ALA in mouth cancers 

= Prostate cancer 

= Psoriasis 


50-150 


50-200 


5-20 
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Figure 2 The absorption spectrum of m-THPC. The structure of, 
m-THPC is shown in the inset 


molecule which is cytotoxic, that is, will destroy 
cells. The first electronically excited state of 
molecular oxygen, so-called singlet oxygen, fulfills 
this role very well and may be produced via the 
interaction of an excited electronic state of the 
sensitizer with oxygen present in the tissue. Thus, in 
summary, to achieve effective photosensitization, a 
sensitizer should exhibit appreciable absorption at 
red to near-infrared wavelengths and generate 
cytotoxic species via oxygen-dependent photoche- 
mical reactions. The first clinical photosensitizer 


was hematoporphyrin derivative (HpD), which is 
derived synthetically from hematoporphyrin by 
reaction with acetic and sulfuric acids to give a 
complex mixture of porphyrins. A purified fraction 
of these (Photofrin) is available commercially, 
and this has been used most widely in clinical 
applications to date. Second-generation (photo- 
sensitizers are now becoming available, including 
phthalocyanine and chlorin compounds as shown in 
Table 1. 

A new approach to PDT has recently emerged 
involving the administration of a natural porphyrin 
precursor, S-aminolacvulinic acid (ALA), which is 
metabolized within cells to produce protoporphyrin 
IX (see Table 1). This porphyrin is known to be a 
powerful photosensitizing agent but suffers from 
the drawback of being a poor tumor localizer 
when used directly. In contrast, administration of 
ALA induces protoporphyrin biosynthesis, particu- 
larly in rapidly proliferating cells, which may then 
he destroyed using irradiation at 630 nm. Therefore, 
this new therapy may offer enhanced treatment 
selectivity with little risk of skin photosensitivit 
owing to the rapid clearance after 24h of the 
protoporphyrin. Investigation of this new approach 
has already proved successful in clinical treatment of 
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skin tumors using topical application of ALA in a 
thick emulsion, 

Considerable effort is also being expended on 
exploiting the retention of sensitizers in tumors for 
diagnostic purposes, although the results are rather 
mixed to date. The prospects with ALA-induced 
protoporphyrin IX are, however, more promising, as 
illustrated in Figure 3 where the fluorescence is 
selectively confined to the skin tumor (basal cell 
carcinoma). 


Figure 3 (a) Image of a basal coll carcinoma; (b) fluorescence 
imaging of the same lesion after ALA sensitization and 405 nm 
light exctation, 
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Type | mechanism 
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2PS" + SUB —+ Sut 
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SUB™ +90, — oxidative damage 
‘SUB+0;"— oxidative damage 
SUB+HO' + HO" — oxidative damage 


Type Il mechanism 
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10,+ proteins —+ funcional changes 

10, + cholesterol PUFA —- iid peroxidation 
10,+NADPH —+ NADP 

*0,+ DNA —» base oxidation 

10,+ collagen —+ denaturation 


Mechanisms of Photodynamic 
Therapy 


The main principles of the photosensitization mech- 
anism are now well established with the initial step 
being excitation of the sensitizer from its electronic 
ground state to the short-lived fluorescent singlet 
state. The lifetime of the singlet state is generally only 
a few nanoseconds and the main role of this state in 
the photosensitization mechanism is to act as a 
precursor of the metastable triplet state through 
intersystem crossing. Efficient formation of this 
metastable state is required because it is the inter- 
action of the triplet state with tissue components that 
generates cytotoxic species such as singlet oxygen. 
‘Thus the triplet state quantum yield (i.e., probability 
of triplet state formation per photon absorbed) of 
photosensitizers should ideally approach unity. Inter- 
action of the metastable triplet state (which in 
de-aerated solutions has a lifetime extending to the 
millisecond range) with tissue components may 
proceed via either a type I or Il mechanism or a 
combination (see Figure 4). A type I process can 
involve hydrogen abstraction from the sensitizer to 
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Figure 4 The photophysical and photochemical mechanisms involved in PDT. PS denotes the photosensitizer, SUB denotes the 
substrate, either biological, a solvent or another photosensitizer; * denotes the excited state and + denotes a radical 
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produce free radicals or electron transfer, resulting in 
ion formation. The type I mechanism, in contrast, 
exclusively involves interaction between molecular 
oxygen and the triplet state to form singlet oxygen 
which is highly reactive in biological systems. The 
near-resonant energy transfer from the triplet state to 
Ox can be highly efficient and the singlet oxygen yield 
can approach the triplet state yield provided that the 
triplet state energy exceeds 94 kJ/mol, the singlet 
oxygen excitation energy. It is widely accepted that 
the type I mechanism underlies the oxygen-dey 
dent phototoxicity of sensitizers used for photod; 
namic therapy. Both proteins and lipids (the main 
constituents of membranes) are susceptible to photo- 
oxidative damage induced via a type II mechanism 
which generally results in the formation of unstable 
peroxide species. For example, unsaturated lipids 
may be oxidized by the ‘ene’ reaction where the 
singlet oxygen reacts with a double bond. Other 
targets include such important biomolecules as 
cholesterol, certain amino acid residues, collagen, 
and the coenzyme, NADPH. Another synergistic 
mode of action involves the occlusion of the micro- 
circulation to tumors and reperfusion injury. Reper- 
fusion injury relates to the formation of xanthene 
oxidase from xanthene dehydrogenase in anoxic 
conditions which reacts with xanthene or hypo- 
xanthene products of ATP dephosphorylation to 
convert the restored oxygen into superoxide anion 
which directly or via the Fenton reaction causes 
cellular damage. 

An important feature of the type II mechanism, 
which is sometimes overlooked, is that when the 
sensitizer transfers electronic energy to Op it returns 
to its ground state. Thus the cytotoxic singlet oxygen 
species is generated without chemical transformation 
of the sensitizer which may then absorb another 
photon and repeat the cycle. Effectively, a singlet 
photosensitizer molecule is capable of generating 
many times its own concentration of singlet oxygen, 
which is clearly a very efficient means of photo- 
sensitization provided the oxygen supply is adequate. 


Lasers in PDT 


Lasers are the most popular light source in PDT since 
they have several key characteristics that differentiate 
them from conventional light sources, namely coher- 
ence, monochromaticity, and collimated output. The 
two main practical features that make them so useful 
in PDT are their monochromaticity and their com! 
nation with fiber-optic delivery. The monochromati- 
city is important since the laser can be tuned to a 
specific absorption peak of a photosensitizer, thus 
ensuring that all the energy delivered is utilized for the 


excitation and photodynamic activation of the 
photosensitizer. This is not true for a conventional 
light source (as for example a tungsten lamp) where 
the output power is divided over several hundred 
nanometers throughout the UV, visible, and IR 
regions and only a fraction of the power lies within 
the absorption band of the photosensitizer. To 
numerically illustrate this, let us simplify things by 
representing the lamp output as a square profile and 
also consider a photosensitizer absorption band 
about 30 nm full width half maximum. If a laser 
with a frequency span of about 2 nm and a lamp with 
the same power but with a frequency span of about 
600 nm are used, then the useful portion of itis about 
0.05 and if we consider a Gaussian profile for the 
sensitizer absorption band, the above fraction drops 
even lower, perhaps even to 0.01. That means that the 
lamp would achieve 100 times less the excitation rate 
of the laser, or in other words, we would require a 
lamp with an output power of 100 times that of the 
laser to achieve the same rate of excitation and 
consequently the same time of treatment, provided 
we use a low enough laser power to remain within the 
linear regime of the photosensitizer excitation. The 
other major disadvantage of a lamp source is the lack 
of collimation which results in low efficiency for fiber- 
optic delivery. 

‘We now review the different lasers that have found 
application in PDT. Laser technology has significantly 
advanced in recent years and there are now a range of 
options in PDT laser sources for closely matching the 
absorption profiles of the various photosensitizers. 
Moreover, since PDT is becoming more widely used 
clinically, practical considerations, such as portability 
and turn-key operation are increasingly important. 
In Figure 5 the optical spectrum is shown ftom about 
380 nm (violet—blue) to 800 nm (near-infrared, 
NIR). We have superimposed on this spectrum, the 
light penetration depth of tissue to roughly illustrate 
how deeply light can penetrate (and consequently 
activate photosensitizer molecules) into lower-lying 
tissue layers. The term ‘penetration depth’ is a 
measure of the light attenuation by the tissue so the 
figure of 2 mm corresponds to I/e attenuation of the 
incident intensity at a tissue depth of 2mm, It is 
obvious that light at the blue end of the spectrum 
has only a superficial effect whereas the more we 
shift further into the red and NIR regions the 
penetration depth increases. This is due to two main 
reasons: absorption and scattering of light by various 
tissue component molecules. For example, in the 
blue/green region for the absorption of melanin and 
hemoglobin is relatively high. But there is a notice- 
able increase in penetration depth beyond about 
600 nm leading to an optimal wavelength region, or 
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Figure 5 Photosensitizers and laser ight sources available inthe visible and near-infrared spectral regions. 


‘therapeutic window’ for laser therapy of around this laser is now widely used in thermal laser therapy. 
600-1100 nm (Figure 5). The Nd:YAG lasers can be operated either in ew 

‘The fundamental wavelength of the Nd:YAG laser (output power ~ 200 W multimode), long-pulse 
lies within this therapeutic window at 1064 nm and (~500W average power at 50 Hz), or Q-switched 
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(50 MW peak power at around 10 ns pulse duration) 
modes. Nd:YAG is a solid-state laser with a yttrium 
aluminum garnet crystal doped with about 1% of 
trivalent Nd ions as the active medium of the laser; 
and with another transition of the Nd ion, this laser 
(with the choice of different optics) can also operate 
at 1320nm. Although dyes are available which 
absorb from 800-1100 nm, the generation of singlet 
oxygen via the type Il mechanism is energetically 
unfavorable because the triplet state energies of these 
dyes are too low. However, the fundamental fre- 
quency of the laser can be doubled (second-harmonic 
generation, SHG) or tripled (third-harmonic gener- 
ation, THG) with the use of nonlinear crystals, to 
upconvert the output radiation to the visible range, 
thus rendering this laser suitable for PDT: icc. 
frequency doubling to 532nm and tripling to 
355 nm. Note that the 532 nm output is suitable for 
activation of the absorption band of hypericin with a 
maximum at 550 nm even though it is not tuned to 
the maximum of this absorption. 

In the early days of PDT and other laser therapies, 
ion lasers were widely used. The argon ion laser uses 
ionized argon plasma as gain medium, and produces 
two main wavelengths at 488 nm and 514 nm. The 
second of the two lies exactly at the maximum of the 
514nm m-THPC absorption. Argon ion lasers are 
operated in ew mode and usually have output powers 
in the region of 5—10 Wat 514 nm (the most powerful 
argon ion line). Krypton ion lasers, which emit at S68 
or 647 nm, are similar to their argon ion counterparts; 
however, they utilize ionized krypton plasma as gain 
medium, The 568 nm output can be used to activate 
the Rose Bengal peak at 559 nm, whereas the 647 nm 
most powerful line of krypton ion lasers, has been 
used for activation of m-THPC (652 nm). 

Ideally, for optimal excitation, it is best to exactly 
tune the laser wavelength to the maxima of photo- 
sensitizer absorption bands. For this reason tunable 
organic dye lasers have been widely used for PDT. In 
these lasers the gain medium is an organic dye with a 
high quantum yield of fluorescence. Due to the broad 
nature of their fluorescence gain profile, tuning 
elements within the laser cavity can be used for 
selection of the lasing frequency within the gain band. 
Tunable dye lasers with the currently available dyes 
can quite easily cover the range from about 350- 
1000 nm. However, their operation is not of a ‘turn 
key’ nature since they require frequent replacement of 
their active material either for tuning to a different 
spectral region or for a better performance when the 
dye degrades. Tunable dye lasers also need to be 
pumped by some other light source like an argon 
ion laser, an excimer laser, a solid state laser 
(eg. Nd:YAG 532 or 355 nm), a copper vapor 


laser, or lamps. Dye lasers have been used for the 
excitation of HpD at 630 nm, protoporphyrin IX at 
635 nm, photoprotoporphyrin at 670 nm, and phtha- 
locyanines around 675 nm. A further example is 
hypericin which, apart from the band at 550 nm, has 
a second absorption band at 590 nm. This is the 
optimum operation wavelength of dye lasers with 
rhodamine 590, better known as rhodamine 6G. 

Dye lasers can operate in either pulsed or cw mode. 
However, there is a potential disadvantage in using a 
pulsed laser for PDT which becomes apparent when 
ing lower repetition rates and higher pulse energies 
(>1mJ per pulse) laser excitation. High pulse 
energies can induce saturation or transient bleaching 
of the sensitizer during the laser pulse and conse- 
quently much of the energy supplied is not efficiently 
absorbed by the sensitizer. It has been suggested that 
this effect accounts for the lack of photosensitized 
damage in tissue sensitized with a phthalocyanine and 
irradiated by a SHz, 25 mJ-per-pulse flash lamp 
pumped dye laser. However, using a low pulse energy, 
high repetition rate copper vapor pumped dye laser 
(see below), the results were indistinguishable from 
ow irradiation with an Argon ion dye laser. 

Another laser that has found clinical application in 
PDT is the copper vapor laser. In this laser the active 
medium is copper vapor at high temperature main- 
tained in the tube by a repetitively pulsed discharge 
current. The copper vapor lasers are pulsed with 
typical pulse duration of about 50 ns and repetition 
rates reaching 20 kHz. Copper vapor lasers have been 
operated at quite high average powers up to about 
40 W. The output radiation is produced at two 
distinct wavelengths, namely $11 and 578 nm both 
of which have found clinical use. Copper vapor 
pumped dye lasers have also been widely used for 
activating red-absorbing. photosensitizers, and the 
analogous gold vapor lasers operating at 628 nm 
have been used to activate HpD. 

A relatively new class of tunable lasers is the solid 
state Ti:Sapphire laser. The gain medium in this laser 
is a ~1%Ti doped sapphire (Al,O3) crystal and its 
output may be tuned throughout the 690-1100 nm 
region, covering many photosensitizer absorption 
peaks. For example, most of the bacteriochlorin 
type photosensitizers have their absorption bands in 
that spectral region, e.g., m-THPBC with an absorp- 
tion maximum at 740 nm. Also, Texaphyrin sensi- 
tizers absorb highly in this spectral region: lutetium 
texaphyrin has an absorption maximum at 732 nm. 

Although tunable dye or solid-state lasers are 
widely used in laboratory studies for PDT, fixed- 
wavelength semiconductor diode lasers are gradually 
supplanting tunable lasers, owing to their practical 
convenience. It is now generally the case that when 
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What Can Go Wrong 


lf multiple batteries are connected in parallel, us- 
ing suitably heavy-gauge wire to power a large 
inverter, the batteries must be identical in spec- 
ification andage,andmustall be equally charged 
to prevent high and potentially dangerous flows 
of current among the batteries as they attempt 
to reach an equilibrium among themselves. In- 
terconnections must be firmly clamped to clean 
battery terminals. Foradditional information, see 
the battery entry in this encyclopedia. 


Problems associated with inverters are likely to 
be mundane. A 12V wiring to the inverter can 


power > conversion > de 


overheat if items such as clothes or bedding are 
left on top of it; a high-wattage fan-cooled in- 
verter can overheat if the fan is obstructed by 
poor placement or impaired by accumulated 
dirt; alligator clips may become dislodged from 
battery terminals; and power surges drawn by 
inductive loads such as motors may trigger the 
inverter’s breaker, especially if they are used in 
conjunction with other equipment. 


Asalways, highamperage should be treated with 
caution and respect, regardless of it being deliv- 
ered at ‘only 12 volts!” 
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a photosensitizer enters clinical trials or enters 
standard clinical use, laser manufacturers. provide 
dedicated diode lasers with outputs matched to the 
chosen sensitizer. In this context there are diode lasers 
available at 630 nm for use with HpD, at 635 nm for 
use with ALA-induced protoporphyrin IX, 670 nm 
for ATSX-10 or phthalocyanines, or even in the 
region of 760 nm, for use with bacteriochlorins. The 
advantage of these diode lasers is that they are 
tailormade for use with a particular photosensitizer, 
they are highly portable, and they have a relatively 
easy turn-key operation. 

So far we have concentrated on red wavelengths 
but most of the porphyrin and chlorin family of 
photosensitizers exhibit quite strong absorption 
bands in the blue region, known as ‘Soret’ bands. 
Despite the fact that tissue penetration in this spectral 
region is minimal, these bands are far more intense 
than the corresponding red absorption bands of the 
sensitizer. In this respect it is possible to activate these 
sensitizers at blue wavelengths, especially in the case 
of treatment of superficial (e.g., skin) malignant 
lesions, There are now blue diode lasers (and light- 
emitting diodes) for the activation of these bands, in 
particular at 405nm where the Soret band of 
protoporphyrin IX lies or at 430 nm for selective 
excitation of the photoprotoporphyrin species. 


For very superficial lesions (e.g., in the retina) it 
may even be possible to use multiphoton excitation 
provided by femtosecond diode lasers operating at 
about 800 nm, 


Clinical Applications of Lasers 
in PDT 


In the previous section we reviewed the various types 
of lasers being used for PDT but their combination 
with fiber-optic delivery is also of key importance for 
their clinical application. The laser light may be 
delivered to the target lesion either externally using 
surface irradiation, of internally within the lesion 
which is denoted as interstitial irradiation, as 
depicted in Figure 6. For example, in case of 
superficial cutaneous lesions the laser irradiation is 
applied externally (Figure 6a). The area of the lesion 
is marked prior to treatment to determine the 
diameter of the laser spot. For a given fluence rate 
(100-200 W/em*) and the area of the spot, the 
required laser output power is then calculated. A 
multimode optical fiber, terminated with a microlens 
to ensure uniform irradiation, is then positioned at a 
distance from the lesion yielding the desired beam 
waste, and the surrounding normal tissue is shielded 
with dark material. However, if the lesion is a 
deeper-lying solid tumor, interstitial PDT is employed 
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Figure 6 Clinical application of PDT. (a) Surface treatment. (0) 
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Figure 7 Balloon applicator and difuser fiber used for PDT in, 
Barrett's esophagus. 


(Figure 6b). Surgical needles are inserted in an 
equidistant parallel pattern within the tumor, either 
freehand or under image (MRI/CT) guidance. Bare 
tip optical fibers are guided through the surgical 
needles to the lesion and flagged for position. A 
heamsplitter is used to divide the laser output into 
2-4 components so that two to four optical fibers 
can be simultaneously employed. The laser power is 
adjusted so that the output fluence of each of the 
optical fibers is 100-200 mW. Even light distri- 
hution in the form of overlapping spheres approxi- 
mately 1em diameter ensures the treatment of an 
equivalent volume of tissue around each fiber ti 
Once each ‘station’ is likewise treated the fibers are 
repositioned accordingly, employing a_pull-back 
technique in order for another station to be treated. 
Once the volume of the tumor is scanned in this 
manner the treatment is complete. Interstitial light 
delivery allows PDT to be used in the treatment of 
large, buried tumors and is particularly suitable for 
those in which surgery would involve extensive 
resection, 

The treatment of tumors of internal hollow organs 
is also possible with PDT. The most representative 
example of this is the treatment of precancerous 
lesions in the esophagus, known medically as 
‘Barrett's esophagus’. In this case, a balloon appli- 
cator is used to house a special fber with a light- 
diffusing tip or ‘diffuser’ (Figure 7). These diffusers 
are variable in length and transmit light uniformly 
along the whole of their length in order to facilitate 
treatment of circumferential lesions. The balloon 
applicator is endoscopically inserted into the patient. 
The balloon is inflated to stretch the esophageal walls 


Figure 8 POT treatment ofa nasal basal coll carcinoma with m- 
THPC (Foscan"):(a) prior to PDT; (b) issue necrosis a week after 
treatment; (c) four weoks after treatment; gradual recession of the 
Necrosis and inflammation; (d) healing two months after 
treatment. Courtesy of Dr Alex Kuebler. 


and the flagged diffuser fiber is placed in position, 
central to the balloon optical window. In this way the 
whole of the lesion may be treated circumferentially 
at the same time. 

Finally, the clinical response to PDT treatment is 
shown in Figure 8. The treated area becomes necrotic 
and inflamed within two to four days following PDT. 
This necrotic tissue usually sloughs off or is mechani- 
cally removed. The area eventually heals with 
minimal scarring (Figure 8). 


Future Prospects 


A major factor in the future development of PDT will 
he the application of relatively cheap and portable 
semiconductor diode lasers. High-power systems 
consisting of visible diode arrays coupled into multi- 
mode fibers with an output of several Watts, have 
recently become available which will greatly simplify 
the technical difficulties which have held back PDT. 
The use of new photosensitizers, in the treatment of 
certain tumors by PDT, is making steady progress, 
and although the toxicology testing and clinical 
evaluation are lengthy and costly processes, the 
expectation is that these compounds will become 
more widely available for patient use during the next 
five years. Regarding the current clinical status of 
PDT, Photofrin has recently been approved for 
treatment of lung and esophageal cancers in Europe, 
USA, and Japan. Clinical trials are in progress for 
several of the second-generation photosensitizers 
which offer significant improvements over Photofrin 
in terms of chemical purity, photoproperties, and skin 
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clearance. With the increasing clinical application of 
compact visible diode lasers the prospects for photo- 
dynamic therapy are therefore encouraging. 


Lasers: Dye Lasers; Free Electron Lasers; Metal Vapor 
Lasers. Ultrafast Laser Techniques: Generation of 
Femtosecond Pulses. 
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Introduction 


Pump-probe spectroscopy is a ubiquitous time- 
resolved optical spectroscopy that has found appli- 
cation to the study of all manner of ultrafast chemical 
processes that involve excited states. The principle of 
the measurement is that a ‘pump pulse’ ~ usually an 
intense, short laser pulse — impulsively excites a 
sample, thus defining the start time for the ensuing 
photophysical dynamics. A probe pulse interrogates 
the system at later times in order to capture ‘snap 
shots’ of the state of the system. Many kinds of pump- 
probe experiments have been devised, The present 
article will mainly focus on transient absorption 
measurements. 

Femtosecond pump-probe experiments have been 
employed to reveal the kinetics of excited state 
chemical processes such as solvation, isomerization 
reactions, proton transfer, electron transfer, energy 
transfer, or photochromism. It is becoming more 
common to use pump-probe techniques to study 
systems of increasing complexity, such as photosyn- 
thetic proteins, photoreceptor proteins, molecular 
aggregates, nanostructured materials, conjugated 
polymers, semiconductors, or assemblies for artificial 
light harvesting. However, the underlying chemical 
kinetics are not always easily revealed by pump-probe 
signals. 

‘The principle of the pump-probe measurement is 
related to the seminal flash-photolysis experiment 
devised by Norrish and Porter. However, in order to 


achieve ultrafast time resolution — beyond that 
attainable by electronic detection — the probe pulse 
is temporally short and is controlled to arrive at the 
sample at variable time delays after the pump pulse 
has excited the sample. The change in intensity of the 
probe pulse, as itis transmitted through the sample, is 
monitored at each pump-probe time delay using a 
‘slow’ detector that integrates over the probe pulse 
duration. One possible xprocess that can diminish the 
probe transmission is transient absorption. After 
formation of an excited state S, by the pump pulse, 
the probe pulse can monitor a resonance with a 
higher excited state $1, absorption. Figure 1 
shows transient absorption spectra, corresponding to 
excited state absorption at various time delays, that 
has been probed by a white light continuum probe 
and monitored by a multichannel CCD detector. 
The transient spectrum is seen to blue-shift with 
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Figure 1 Excited state absorption spectra of 4-mpontyl-4- 
cyanoterpheny! in octanol solvent. The pump wavelangth is 
277 nm (100, 1501s, 40kH2) and the probe is a white light 
Continuum (500 to 700 nm) generated in a sapphire crystal. The 
pump-probe delay T for each spectrum is indicated on the plot 
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Figure 2 TR° spectra of 4 -n-ponty|-4-cyanoterphenyl in octanol 
solvent, recorded using the same set-up as summarized in 
Figure 1. The dashed ines are deconvolutions of the data to show 
the Raman bands, 


pump-probe delay owing to solvation of the Sy state 
of the molecule — the dynamic Stokes’ shift. The 
dynamic Stokes’ shift is the shift to lower energy of 
the emission spectrum as the solvent relaxes in 
response to the change in dipole moment of the 
excited electronic state compared to the ground state. 
The overall intensity of the induced absorption 
decays according to the lifetime of the excited stat 
Although they will not be discussed in detail in the 
present article, various other pump-probe exper 
ments are possible. For example, when in resonance 
with this transient absorption, the probe pulse can 
induce resonance Raman scattering, which reveals the 
evolution of the vibrational spectrum of the excited 
state, In this kind of pump-probe experiment we do 
not monitor the change in probe transmission 
through the sample. Instead, we monitor the differ- 
ence between prohe-induced resonance Raman scat- 
ter from the excited and ground states of the system. 
‘The resonance Raman (TR?) scatter, time-resolved as 
a function of pump-probe delay, can be detected 
provided that it is not overwhelmed by fluorescence 


emission, Typical TR? data for different pump-probe 
delays are shown in Figure 2. The dashed lines show a 
deconvolution of the spectra to reveal the underlying 
vibrational bands, These bands are rather broad 
owing to the spectral width of the 1 ps laser pulses 
used in this experiment. It is clear that the time- 
resolution of a TR? experiment is limited to the 
picosecond regime, otherwise most of the vibrational 
band information is lost. TR’ and complementary 
pump-probe infrared transient absorption exper- 
iments, utilizing an infrared probe beam, have heen 
useful for observing the evolution of structural 
information, such as geometry changes, subsequent 
to photoexcitation, 

In the present article we will describe the foun- 
dation of experiment and theory necessary to under- 
stand resonant ultrafast pump-probe spectroscopy 
applied to chemical processes in the condensed phase. 
By resonant, it is meant that the pump and probe 
pulses have frequencies (energies) resonant with 
electronic transitions of the molecules being studied. 
The implications of condensed phase are that the 
experiment interrogates an ensemble of molecules 
and the electronic transitions of these molecules are 
coupled to the random motions and environments of 
a bath, for example the solvent. 


Experimental Measurement of 
Pump-Probe Data 


‘The experimental setup for a one-color pump-probe 
experiment (i.e. pump and probe of the same color) is 
shown in Figure 3. The setup is easily adapted for a 
two-color experiment. Most of the laser intensity 
(70%) is transmitted through the first beam splitter so 
that the pump is more intense than the probe. A 
second beam splitter is used to split off a small 
amount of probe light for the reference beam. Note 
that the arrangement of these beam splitters results in 
both the pump and probe passing through the same 
amount of dispersive material on their way to the 
sample, The pump and probe beams each propagate 
through half-wave plates in order to control polariz- 
ation. Usually the probe polarization is set to the 
magic angle (54.7°) relative to the pump in order to 
remove polarization bias. The beams are sent towards 
the sample by way of retroreflectors mounted on 
x-y-z translation stages. The pump retroreflector is 
mounted on a precision computer-controlled trans- 
lation stage such that it can be scanned in the 
x-direction to arrive at variable delays before and 
after the probe. The pump and probe heams are 
aligned using the y-z controls on the retroreflector 
translation stages together with the pick-off mirrors 


64 CHEMICAL APPLICATIONS OF LASERS / Pump and Probe Studies of Femtosecond Kinetics 


ee ee 
ds 
ft 4 TS 
uw Probe 
Lock-in ‘Sample 
(aT) hal 
wen et 
oe 
si 
ty 


© ND 


Figure 3 An experimental layout for femtosecond pump-probe 
spectroscopy. The reference beam ideally passes through the 
sample {not shown as such in aid of clariy). See text for 
2 description. HWP, half-wave plate; BS, beamsplitter (% 
reflection); FL, focusing lens; CL, collimating lens; ND, neutral 
donsity filter; PD, photodetectors. 


such that they travel in parallel towards the sample 
The overall setup of the beams is in a box geometry so 
that pump and probe arms have the same path length. 

‘The pump and probe beams are focused into the 
sample using a transmissive (i.e. lens) or reflective 
optic FL. The focal length is typically 20 to 30cm, 
providing a small crossing angle to improve phase 
matching. The pump beam should have a larger spot 
size at its focal point in the sample than the probe 
beam, in order to avoid artifacts arising from the 
wandering of the pump and probe spatial overlap asa 
function of delay time — a potential problem, 
particularly for long delays. Good spatial overlap of 
the beams in the sample is important. It can be 
checked using a 50 um pinhole. Fine adjustment of 
the pump-probe delay, to establish temporal overlap 
of the pump and probe pulses, can be dictated by 
autocorrelating the beams in a second harmonic 
generating crystal mounted at the sample position. At 
the same time the pulse compression is tweaked to 
ensure that the pulse dispersion in the experiment has 
been pre-compensated. 

The sample is usually flowed or mounted in a 
spinning cell if it is liquid, in order to avoid thermal 
effects or photochemical bleaching. The path length 
of the sample is typically =1mm. The transmitted 
probe beam is spatially isolated from the pump beam 
using an iris, is collimated, and then directed onto the 
photodetector. 


The reference beam, which provides the relative 
reference intensity [y should preferably pass through 
the sample (away from the pump spot). This provides 
the probe-only transmission ~ that is, the reference 
beam intensity is attenuated according to sample 
ground state optical density. The photodetector 
outputs are used to ratio the pump-probe arm 
intensity transmitted through the sample with the 
reference intensity, Ij,(«, Thilo. Since the pump beam 
is being chopped at the lock-in reference frequency, 
the lock-in amplifier outputs the pump-induced 
fractional change in transmission intensity, 
Alpe(w, Tilo, usually simply written as AT/T. When 
the pump-induced signal [,, is small compared to the 
reference intensity Io, then the detected Alp,(o, T)/To 
signal is approximately equal to the change in optical 
density, AO.D.: 


y= Aly.) _ ~Alye 
Ty To a 


Here we have used a Taylor expansion log(1 +x) 
for small x 

‘The power dependence of the signal in the x limit 
should be linear in both the pump and probe 
intensities. It is also possible to pump the sample 
using two-photon absorption, then probe an excited 
state absorption. This is a y‘") experiment, so that the 
signal depends quadratically on the pump intensity. 


AOD. = ioe 


What is Measured in a Pump-Probe 
Experiment? 


Origin of the Signal 


The pump-probe measurement is a third-order non- 
linear spectroscopy. A complete calculation of the 
signal requires computation of the third-order polar- 
ization induced by the interaction of the pump and 
probe with the material sample, together with an 
account for the kinetic evolution of populations (e.g. 
excited state reactant and product states, etc.). 

The pump pulse, wavevector ky, interacts twice 
with the sample, thereby creating excited state 
population density le)(el and a hole-in-the-ground 
state population density lggl. These population 
densities propagate until the probe pulse, with 
wavevector ky, interacts with the system to induce a 
polarization that depends on the state of the system at 
time T after the pump. This induced polarization 
P(t) is radiated in the k, = ky ~ ky +k; = ky direc- 
tion. Because the signal is radiated in the probe 
direction, the probe pulse acts as a local oscillator to 
heterodyne the signal. The change in probe-pulse 
spectral intensity after transmission through an 
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Figure 4 Labeling and time variable for the description of a 
pump-probe experiment. T defines the pump-probe delay. 


optically thin sample of path length /, with concen- 
tration of absorbers c and refractive index m, is given 
by eqn [2] 


Aly. Th oe 2 [arzcoP'0,7.06] 2 


In eqn [2] y(t) is the probe pulse electric field, is 
the center frequency of the probe, and * indicates 
complex conjugate. The time variables correspond to 
those indicated in Figure 4, and the signal is resolved 
as a function of frequency by Fourier transformation 
of t+. Experimentally this is achieved by dispersing 
the transmitted probe using a spectrograph. The first- 
time variable, the time interval between the two 
pump pulse interactions, is set to zero because we are 
interested here in the limit where the pulse duration is 
much shorter than T. In this regime — impulsive 
pump-probe — the measurement is sensitive to 
formation and decay of excited state species. 
‘The induced polarization is given by eqn [3] 


0.7.0) = f° dt [ATR — RIM + ROY 
X E(t — THE \(t — T)Es(t) GB) 
where the response functions that contain infor: 


mation about the lineshape functions and kinetics are 
given by eqn [4]: 


REE(O,T.1)= |peegl"|aeg!* exp(—itdegt) 
xexp[—g'(t) + 2ig"(T +4) — ig"(T) 


x KET) [4a] 


RESO, Tt) = |pogl"lyayel” exp(—ieyet) 
Xexpl—g"(¢) — 2ie"(T-+0)42ig"(T) 


XRT) [4b] 
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The overall intensity of each contribution to the 
signal is scaled by the transition dipole moment that 
connects the ground and excited state jij, or excited 
state and a higher excited state pj. The intensity is 
further influenced by resonance of the probe-pulse 
spectrum with the transition frequencies w, and 
These transition energies have a time-dependence 
owing to the relaxation of the excited state density in 
the condensed phase environment — the dynamic 
Stokes’ shift. The details of the dynamic Stokes’ shift 
depend on the bath, and are therefore contained in 
the imaginary part of the lineshape function g(t)= 
g'()+ig"(). The evolution of the Stokes’ shift with 
pump-probe delay T is clearly seen in the excited state 
absorption spectrum shown in Figure 1. The line- 
shape function contains all the details of the time- 
scales of fluctuations of the bath and the coupling of 
the electronic transition of the molecule to these 
fluctuations. The lineshape function can be cast in the 
simple form given by eqn [5] using the Brownian 
tor model in the high temperature, high friction 


g(t) = (QAkpTp/MAIAL— 1 +exp(—AD)] 
+i(VANLL —exp(—A0)] 5] 


The Brownian oscillator model attributes fluctuations 
of the transition frequencies to coupling between 
electronic states and an ensemble of low-frequency 
bath motions. In eqn [5]; A is the solvent reorganiz~ 
ation energy (half the Stokes’ shift) and A is the 
modulation frequency of the solvent oscillator (7,! 
for a Debye solvent, where 7, is the longitudinal 
dielectric relaxation time); ky is the Boltzmann 
constant, and Ty is the temperature. 

Information about the kinetics of the evolution of 
the system initiated by the pump pulse is contained in 
the terms KS", KA, and K°®, These terms will be 
discussed in the next section, 

The evolution of the excited state density is mapped 
onto the response functions R® and RE“, R* is the 
contribution arising from the probe pulse stimulating 
emission from the excited state ¢ in the probe 
direction, which increases the probe intensity. Thus 
the spectrum of the signal arising from R* resembles 
the fluorescence emission of the sample, as shown in 
Figure 5. The excited state absorption contribution to 
the signal R™% depletes the probe intensity, and 
corresponds to an ¢— f electronic resonance, such as 
that shown in Figure 1. Note that the ESA signal 
contributes to the overall Alj,(w, T) with an opposite 
sign to the SE and GSR contributions. The ground- 
state recovery term RF arises from depletion of the 
ground-state population by the pump pulse, thereby 
increasing the transparency of the sample over the 
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Figure & (a) shows the absorption and emission spectrum of a 
dilute solution of oxazino-1 in water. (b) shows the transiont 
absorption spectrum of this systom at various dolays after 
pumping at 600nm using picosecond pulses. The transiont 
Spectrum, ground stata recovery and stimulated emission 
resemble the sum of the absorption and emission spectra, 


spectrum of the ground-state absorption (see 
Figure 5). Thus the transmitted probe intensity is 
increased relative to that without the pump pulse. The 
GSR contribution to Al,.(w,T) decreases with T 
according to the excited state lifetime of the photo- 
excited species. 


The Coherent Spike 


To calculate the pump-probe signal over delay times 
that are of the order of the pulse duration, one must 
calculate all possible ways that a signal can be 
generated with respect to all possible time orderings 
of the two pump interactions and the probe inter- 
actions (Liouville space pathways). Such a calculation 
reveals coherent as well as sequential contributions to 
the response of the system owing to the entanglement 
of time orderings that arise from the overlap of pulses 
of finite duration. The nonclassical, coherent, contri- 
butions dominate the signal for the time period 
during which pump and probe pulses overlap, leading 
to the coherent spike (or coherent ‘artifact’) 
(Figure 6). 


Aby(T) 


0 T 


Figure 6 A schematic depiction of a pump-probe signal. The 
coherent spike is labeled 1. In region 2 we can see quantum beats 
as a sum of sinusoidal modulations of the signal. The label 3 
denotes the long time decay of the signal, as determined by the 
Population dynamics, KS, KS, and KE 


Nuclear Wavepackets 


The electronic absorption spectrum represents a sum 
over all possible vibronic transitions, each weighted 
by a corresponding nuclear overlap factor according 
to the Franck—Condon principle. It was recognized 
by Heller and co-workers that in the time-domain 
representation of the electronic absorption spectrum, 
the sum over vibrational overlaps is replaced by the 
propagation of an initially excited nuclear wavi 
packet on the excited state according to li(t) 
exp(—Ht/h) li(Q)). Thus the absorption spectrum is 
written as 


J dt exp[—i(w — of,)¢ — g(t)] 
 (i(0) lit) 161 


for mode i. The Hamiltonian H is determined by the 
displacement of mode i, A. A large displacement 
results in a strong coupling between the vibration and 
the electronic transition from state g to e. In the 
frequency domain this is seen as an intense vibronic 
progression. In the time domain this translates to an 
oscillation in the time-dependent overlap (i(0) li(t)), 
with frequency w,, thereby modulating the intensity 
of the linear response as a function of t 

It follows that an impulsively excited coherent 
superposition of vibrational modes, created by an 
optical pulse that is much shorter than the vibrational 
period of each mode, propagates on the excited state 
as a wavepacket. The oscillations of this wavepacket 
then modulate the intensity of the transmitted probe 
pulse as a function of T to introduce features into the 
pump-probe signal known as quantum beats (see 
Figure 6). In fact, nuclear wavepackets propagate on 
both the ground and excited states in a pump-probe 
experiment. The short probe pulse interrogates the 
evolution of the nuclear wavepackets by projecting 
them onto the manifold of vibrational wavefunctions 
in an excited or ground state. 
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Femtosecond Kinetics 


According to eqn [4] the kinetics of the evolution of 
the system initiated by the pump pulse are governed 
by the terms K*", KE, and KO, Each of these terms 
describes the kinetics of decay, production, or 
recovery of excited state and ground state popu- 
lations. In the simplest conceivable case, each might 
he a single exponential function. The stimulated 
emission term K*F contains information about the 
depopulation of the initially excited state, which for 
example, may occur through a chemical reaction 
involving the excited state species or energy transfer 
from that state, The excited state absorption term 
K'* contains information on the formation and 
decay of all excited state populations that give a 
transient absorption signal, The ground-state recov- 
ery term K®® contains information on the time- 
scales for return of all population to the ground state, 
which will occur by radiative and nonradiative 
processes, Usually the kinetics are assumed to follow 
a multi-exponential law such that 
x 
K"(T, Aeses ®) = > Aj(Aexes @) exp(—t) [7] 
a 

where the amplitude A,, but not the decay time 
coefficient 7, of each contribution in the coupled 
N-component system depends on the excitation 
wavelength Ace and the signal frequency w. The 
index m denotes SE, ESA, or GSR. 

In order to extract meaningful physical parameters 
from analysis of pump-probe data, a kinetic scheme 
in the form of eqn [7] needs to be constructed, based 
on a physical model to connect the decay of initially 
excited state population to formation of a product 
excited state and subsequent recovery of the ground- 
state population. An example of such a model is 
depicted in Figure 7. Here the stimulated emission 
contribution to the signal is attenuated according to 
the rate that state 1 goes to 2. The transient 
absorption appears at that same rate and decays 
according to the radiationless process 2 to 3. The rate 
of ground state recovery depends on I to 2 to 3 to 5 
and possibly pathways involving the isomer 4. 

The kinetic scheme is not easily extracted from 
pump-probe data because contributions from each of 
RE KS, and KO contribute additively at each 
detection wavelength w, as shown in eqns [2]-[4]. 
Moreover, additional, wavelength-dependent, decay 
or rise components ‘may appear in the data on 
ultrafast time-scales owing to the time-dependent 
Stokes’ shift (the g"(t) terms indicated in eqns [4]). A 
spectral shift can resemble either a decay or ris 
component. In addition, the very fastest dynamics 
may be hidden beneath the coherent spike. For these 
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Figure 7 Free energy curves corresponding to a model for an 
‘excited state isomerization reaction, with various contributions to 
‘a pump-probe measurement indicated. See toxt for a description 
(Courtesy of Jordanides XJ and Fleming GR.) 


reasons, simple fitting of pump-probe data usually 
cannot reveal the underlying kinetic model. Instead 
the data should be simulated according to eqns [3] 
and [4]. 

Alternative strategies involve global analysis of 
wavelength-resolved data to extract the kinetic 
evolution of spectral features, known as ‘species 
associated decay spectra’. Global analysis of data 
effectively reduces the number of adjustable para- 
meters in the fitting procedure and allows one to 
obtain physically meaningful information by associ- 
ating species with their spectra. These methods are 
described in detail by Holzwarth. 


List of Units and Nomenclature 


ESA excited state absorption 
GSR ground state recovery 

SE stimulated emission 

Sa rth singlet excited state 

TR’ _ time-resolved resonance Raman 

x nth-order nonlinear optical susceptibility 
See also 


Coherent Lightwave Systems. Coherent Transients: 
Ultrafast Studies of Semiconductors. Nonlinear Optics, 
Applications: Raman Lasers. Optical Amplifiers: 
Raman, Brillouin and Parametric Amplifiers. Scattering: 
Raman Scattering. Spectroscopy: Raman Spectroscopy. 
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Introduction 


Time-correlated single-photon counting, TCSPC, is 
a well-established technique for the determination 
of fluorescence lifetimes and related time-resolved 
fluorescence properties. Since the 1980s, there have 
been dramatic changes in the laser sources used for 
this work, which in turn have opened up the 
technique to a wide user base. 


TCSPC: The Basics 


In the TCSPC experiment, the sample is repeatedly 
excited by a high-repetition rate, low-intensity light 
source. Fluorescence from the sample is collected 
and may be passed though a cut-off filter or 
monochromator to remove scattered excitation 
light and to select the emission wavelength, The 
fluorescence is then focused onto a detector, typically 
a photomultiplier (PMT) or single-photon avalanche 
diode (SPAD) which detects single emitted photons. 
The ‘raw’ signal from the detector fluctuates 
considerably from event to event. In order to remove 
any timing error that could be induced by this, the 
signal is processed first by a constant fraction 
discriminator (CFD) in order to provide a stable 
and consistent timing pulse. This signal is used as an 


input for the time-to-amplitude converter (TAC 
which determines the time interval between the 
excitation of the sample and the emission of the 
photon. The output from the TAC is a relatively 
slow pulse whose intensity is proportional to the 
time interval between the start and stop signals, 
A pulse height analyzer (PHA) is used to process the 
output from the TAC and increments a channel in its 
memory corresponding to a time window during 
which the photon was detected. As the measurement 
is repeated many times over, a histogram is 
constructed in the memory of the PHA, showing 
the number of photons detected as a function of the 
time interval. This histogram corresponds to the 
fluorescence decay. 

As outlined below, it is desirable to have a light 
source with a moderately high repetition rate, 
typically of the order of MHz, Because it is not 
ractical to start the TAC each time the light source 
“fires’, it is more usual to operate the TAC in the 
so-called ‘reversed mode’, whereby the start signal 
is derived from the detected photon and the stop is 
derived from the light source. The electronic 
circuitry is illustrated in Figure 1, In practice, many 
researchers still use modular components that are 
wired together manually, although there is increas- 
ingly a tendency towards the use of single PC-based 
cards which contain all the necessary discrimi- 
nators, timing circuits, and data acquisition elec- 
tronics. There are a number of commercial PC 
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cards that contain all the timing electronics, etc., 
required for TCSPC, for example, Becker and Hickl 
(Germany). 

This approach to obtaining the fluorescence decay 
profile can only work if the detected photons are 
‘randomly selected’ from the total emission from the 
sample. In practice, this means that the rate of 
detection of photons should be of the order of 1% of 
the excitation rate: that is, only one in a hundred 
excitation pulses gives rise to a detected photon. This 
histogram mirrors the fluorescence decay of the 
sample convolved with the instrument response 
function (IRF). The IRF is itself a convolution of the 
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Figure 1 Schematic diagram of a TSGPC spectrometer. 
Fluorescence from the sample is collected by Li, which may 
also include a manochromatariwavelongin salection titer. A 
synchronization pulse is obtained either trom the laser driver 
electronics directly, or via a photodiode and second constant 
{action discriminator. The TAC is shown operating in a reversed 
‘mode! as is normal with a high repetition rate laser source. 


Log (counts) 


temporal response of the optical light pulse, the optical 
path in the collection optics, and the response of the 
detector and ancillary electronics. Experimentally, 
the IRF is usually recorded by placing a scattering 
material in the spectrometer. 

In principle, the decay function of the sample can 
he extracted by deconvolution of the IRF from the 
decay function, although in practice it is more 
common to use the method of iterative re-convolution 
using a model decay function(s). Thus, the exper- 
imentally determined IRF is convolved with a model 
decay function and parameters within the function 
are systematically varied to obtain the best fit for a 
specific model. The most commonly used model 
assumes the decaying species to follow one or more 
exponential functions (sum of exponentials) or a 
distribution of exponentials, Further details regarding 
the mechanics of data analysis and fitting procedures 
can be found in the literature. A typical fit is 
illustrated in Figure 2. 

‘The main aim of this review is to illustrate how 
recent advances in laser technology have changed the 
face of TCSPC and to discuss the types of laser light 
sources that are in use. The easiest way of approac! 
ing this topic is to define the criteria for an ideal 
light source for this experiment, and then to discuss 
the ways in which new technologies are meeting 
these criteria. 


High Repetition Rate 


A typical decay data set may contain something of the 
order of 0.1-5 million ‘counts’: it is desirable to 
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Figure 2_The fluorescence decay of Rhodamine B in water. The sample was excited using a 397 nm pulsed laser diode (1 MHz, 
-=200 ps FWHM), and the emission was observed at 575 nm, Deconvolution ofthe IRF (dark gray trace) and abservad decay (light gray 


trace) with a single exponential function gave a lifetime of 1.50ns, wih a yA 


1.07, Durbin-Watson parameter = 1.78. The fited 


‘curve is shown averlald in gray, and the weighted residuals are shown offset in black. 


voltage regulator 


power > regulation > voltage regulator 


Correctly known as.a linear voltage requlator to distinguish it from a switching regulator 
orDC-DC converter. However, the fulltermisnotgenerally used, and “voltage regulator” 
is normally understood to mean a linear voltage regulator. 


OTHER RELATED COMPONENTS 


+ EDC converter (See Chapter 17) 
+ AC-DC power supply (See Chapter 16) 


What It Does 


Alinear voltage regulator provides a tightly con- 
trolled DC output, which it derives from an un- 
regulated or poorly regulated DC input. The DC 
‘output remains constant regardless of the load 
on the regulator (within specified limits). It is a 
cheap, simple, and extremely robust compo- 
nent. 


There is no single schematic symbol for a linear 
voltage regulator. 


The general physical appearance of a commonly 
used type of regulator, rated for an output of 
around 1A DG, is shown at Figure 19-1. The 
LM7805,LM7806,LM7812, and similarregulators 
inthe LM78xxseriesare encapsulated in this type 
of package, with pins that are spaced at 0.1” and 
have functions as shown. Other types of regula- 
tor may differ in appearance, or may look identi- 
cal to this one but have different pin functions. 
Always check datasheets to be sure. 


How It Works 


All linear regulators function by taking some 
feedback from the output, deriving an error val- 
ue by comparing the output with a reference 
voltage (most simply provided by azener diode), 


and using the error value to control the base of 
a pass transistor thatis placed between the input 
and the output of the regulator. Because the 
transistor operates below saturation level, its 
output current varies linearly with the current 
applied to its base, and this behavior gives the 
linear regulator is name, Figure 19-2 shows the 
relationship of these functionsin simplified form; 
Figure 19-3 showsallittle more detail, with a Dar- 
Jington pair being used as the pass transistor. The 
base of the pair is controlled by two other tran- 
sistors and a comparator that delivers the error 
voltage. This version of a voltage regulator is 
known as the standard type. 


The voltage difference required between the 
base and emitter of an NPN transistor is a mini- 
mum of 0.6V. Because multiple transistors are 
used inside a standard-type voltage regulator, it 
requires a minimum total voltage difference, be- 
‘tween its input and its output, of 2VDC. This volt- 
age difference is knowns the dropout voltage. If 
the voltage difference falls below this minimum, 
the regulator ceases to deliver a reliable output 
voltage until the input voltage rises again. Low 
dropout requlators allow a lower voltage differ- 
ence, butare more expensiveandless commonly 
used. They are described under the following 
Variants section. 
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acquire such a number of events in order that we can 
reliably employ statistical parameters to judge the 
quality of the fitted decay function(s). As stated 
above, the rate of photon acquisition should be of the 
order of 1% of the excitation rate in order to obtain 
reliable, good-quality data. It is clear then that a high 
repetition rate source is desirable in order to reduce 
the overall data acquisition time. However, 
important that the repetition rate of the soure 
too high, otherwise the data show ‘overlap’ effects, 
caused by the fluorescence intensity from one 
excitation pulse not completely decaying before the 
next laser pulse arrives at the sample. Under these 
conditions the observed fluorescence decay is per- 
turbed and extraction of complex kinetic behavior 
is more difficult. As a general rule of thumb, it is 
recommended that the interpulse separation is 
greater than five times the lifetime of the longest 
component of the fluorescence decay. Fluorescence 
lifetimes can be as long as 100 ns, indicating a 
maximum repetition rate of 2 MHz, although when 
investigating fluorophores with a shorter lifetime 
correspondingly higher frequencies can be selected. 
Clearly the ability to vary the repetition rate 
according to the type of sample under investigation 
is an advantage. 


it is 


s not 


Short Pulse Duration 


Typically the minimum lifetime that can be deter- 
mined by a TCSPC spectrometer is limited by the 
instrument response function: as a general rule it is 
possible to extract fluorescence lifetimes of about one 
tenth of the full width at half maximum (FWHM) of 
the IRF by reconvolution methods. As discussed 
above, the IRF is the product of a number of factors, 
including the optical pulse duration, differences in 
the optical path traversed by the fluorescence, the 
response time of the detector, and the temporal 
response of the associated timing electronics. Ideally 
the excitation source should be as short as possible, 
and with modern laser-based TCSPC systems, it is 
usually the case that the time-response of the detector 
is the limiting factor. The introduction of high-speed 
microchannel plate (MCP) photomultipliers have 
lead to very short IRFs, which can be <SO ps 
FWHM. When using these detectors is it essential to 
keep the optical transit-time spread as low as 
possible: that is, the path taken by light through a 
monochromator should be independent of wave- 
length and trajectory taken through the optics. Many 
research groups advocate the use of a subtractive 
dispersive double monochromator for this purpose. 


Tunability 


Early TCSPC experiments were carried out using 
hydrogen- or nitrogen-filled flashlamps which pro- 
duced broadband  ns-duration pulses with low 
repetition rates (<100 kHz). Variable wavelength 
excitation is possible using these sources, but their 
low intensity and low repetition rates mean that data 
acquisition periods can be very long. The early 
1980s saw the introduction of cavity-dumped ion 
lasers and synchronously pumped mode-locked 
cavity-dumped dye lasers, which provided signifi- 
cantly higher repetition rates, typically up to 4 MHz, 
and greater intensities. However, the TCSPC expe 
iments that could be carried out using these lase 
based sources were somewhat limited by the 
wavelengths that could be generated by the argon 
ion and synchronously pumped dye lasers, and their 
second harmonics. The dye lasers were restricted to 
the use of Rhodamine 6G as the gain medium, which 
has a limited tuning range (~80-620 nm). It is 
often desirable to vary the excitation wavelength as 
part of a photophysical study, either as a systematic 
study of the effects of excitation energy upon the 
excited state behavior, or in order to optimize 
excitation of a particular chromophore in a system. 
To some extent in the past, the wavelengths 
available from the laser systems dictated the science 
that they could be used to address. The mid- to late- 
1980s saw the introduction of mode-locked con- 
tinuous wave (CW) Nd:YAG lasers as pump lasers 
and increased number of dyes that could be 
synchronously pumped, providing a broader range 
of excitation wavelengths as well as increased 
stability. One drawback of these complex and 
often fickle laser systems was the level of expertise 
and attention they required to keep their perform- 
ance at its peak. 

Since the 1990s, the introduction of two import- 
ant new types of laser have had a significant impact 
on the use of TCSPC as an investigative method. 
The first is based upon the mode-locked titanium 
sapphire laser which offers tuneable radiation from 
the deep UV to the NIR, whilst the second series of 
laser are based upon (relatively) low-cost, turn-key 
solid state diode lasers. The developments and 
merits of these new laser sources, which now 
dominate the market for TCSPC sources, are 


discussed below. 


Ti-Sapphire 


The discovery of the titanium doped sapphire laser 
has led to a revolution in ultrafast laser source 
Coupled with efficient diode-pumped solid state 
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Né:YAG pump lasers, this medium currently domi- 
nates the entire ultrafast laser market, from high 
repetition, low pulse energy systems through to 
systems generating very high pulse energies at kHz 
repetition rates 

Ti-sapphire is, in many respects, an ideal laser 
gain medium: it has a high energy storage capacity, 
it has a very broad-gain bandwidth, and it has good 
thermal properties. Following the first demon- 
stration of laser action in a Ti-sapphire crystal, the 
CW Ti-sapphire laser was quickly commercialized. 
It proved to be a remarkable new laser medium, 
providing greater efficiency, with outputs of the 
order of 1 W. The laser also provided an unprec 
dented broad tuning range, spanning from just 
below 700.nm to 1000 nm. The most important 
breakthrough for time-resolved users came in 1991, 
when self-mode-locking in the medium was demon- 
strated. This self-mode-locking, sometimes referred 
to as Kerr-lens mode-locking, arises from the non- 
linear refractive index of the material and is 
implemented by simply placing an aperture within 
the cavity at an appropriate point. The broad-gain 
bandwidth of the medium results in very short 
pulses: pulse durations of the order of tens of 
femtoseconds can be routinely achieved with com- 
mercial laser systems. 

The mode-locked Ti-sapphire laser was quickly 
seized upon and commercialized. The first generation 
of systems used multiwatt CW argon ion lasers to 
pump them, making the systems unwieldy and 
expensive to run, but in recent years these have 
been replaced by diode-pumped Nd:YAG lasers, 
providing an all solid-state, ultrafast laser source. 
Equally significantly, the current generation of lasers 
are very efficient and do not require significant 
electrical power or cooling capacity. There are several 
commercial suppliers of pulsed Ti-sapphire lasers, 
including Coherent and Spectra Phy 

A typical mode-locked Ti-sapphire laser provides 
an 80 MHz train of pulses with a FWHM of ~100 fs, 
with an average power of up to 1.5 W and are 
tuneable from 700nm to almost 1000nm. The 
relatively high peak powers associated with these 
pulses means that second- or even third-harmonic 
generation is relatively efficient, providing radiation 
in the ranges 350-480 nm and 240-320 nm. The 
output powers of the second and third harmonics far 
exceeds that required for TCSPC experiments, mak- 
ing them an attractive source for the study of 
fluorescence lifetime measurements. The simple 
mode-locked Ti-sapphire laser has some drawbacks 
the very short pulse duration provides a broad- 
bandwidth excitation, the repetition rate is often 
too high with an interpulse separation of ~12.5 ns, 


and the laser does not provide continuous tuning 
from the deep-UV though to the visible. Incremen- 
tally, all of these points have been addressed by the 
laser manufacturers. 

As well as operating as a source of femtosecond 
pulses, with their associated bandwidths of many 
tens of nm, some modern commercial Ti-sapphire 
lasers can, by adjustment of the optical path and 
components, be operated in a mode that provides 
picosecond pulses whilst retaining their broad 
tuning curve. Under these conditions, the bandwidth 
of the output is greatly reduced, making the laser 
resemble a synchronously pumped mode-locked 
dye lase 

As stated above, a very high repetition rate can be 
undesirable if the system under study has a long 
fluorescence lifetime due to the fluorescence decay 
from an earlier pulse not decaying completely 
before the next excitation pulse. Variation of the 
repetition of output frequency can be addressed by 
two means, The first is to use a pulse-picker. This is 
an opto-accoustic device which is placed outside the 
laser cavity. An electrical signal is applied to a 
device, synchronized to the frequency of the mode- 
locked laser to provide pulses at frequencies from 
~4 MHz down to single-shot. The operation of a 
pulse picker is somewhat inefficient, with less than 
half of the original pulse energy being obtained in 
the output, although output power is not usually an 
issue when using these sources. More importantly, 
when using pulse-pickers, it is essential to ensure 
that there is no pre- or post-pulse which can lead to 
artifacts in the observed fluorescence decays. The 
second means of reducing the pulse duration is 
cavity dumping. This is achieved by extending the 
laser cavity and placing an opto-acoustic device, 
known as a Bragg cell, at a beam-waist within the 
cavity. When a signal is applied to the intracavity 
Bragg cell, synchronized with the passage of a 
mode-locked pulse though the device, a pulse of 
light is extracted from the cavity. The great 
advantage of cavity-dumping is that it builds up 
energy within the optical cavity and when pulses are 
extracted these are of a higher pulse energy than the 
mode-locked laser alone. This in turn leads to more 
efficient harmonic generation. This addition of the 
cavity dumper system extends the laser cavity and 
hence reduces the overall frequency of the mode- 
locked laser to ~50 MHz, and can provide pulses at 
9. MHz down to single shot. 

The extension of the tuning range of the Ti- 
sapphire laser has been facilitated by the introduction 
of the optical parametric oscillator (OPO). In the 
OPO, a short wavelength pump beam passes through 
a nonlinear optical crystal and generates two tuneable 
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Figure 3 An illustration ofthe spectral coverage provided by currertly availabe pulsed semiconductor lasers and LEDs, and a modern 
‘Tisapphire laser and OPO. Note that the OPO's output is froquency doubled, and the wavelengths in the range 625~ — 440 nmmay be 
‘obtained by sum frequency mixing of the T-sapphire's fundamental output with the output of the OPO. * denotes that there are many 
Jong wavelength pulsed laser diadas falling in the range A > 720m. 


beams of longer wavelengths. Synchronous pumping 
of the OPOs with either a fs or ps Ti-sapphire laser 
ensures reasonably high efficiencies. The outputs 
from the OPO may be frequency doubled, with the 
option of intracavity doubling enhancing the eff- 
ciency still further. Using an 800nm pump wave- 
length, an OPO provides typical signal and idler 
tuning ranges of 1050—> 1350 nm and 2.1-3.0 pm, 
respectively. The signal can be doubled to give 525— 
680 nm, effectively filling the visible spectrum. The 
average powers obtainable from Ti-sapphire pumped 
OPOs makes them eminently suitable for TCSPC 
experiments. A summary of the spectral coverage of 
the Ti-sapphire laser and OPO, and low-cost solid- 
state sources are illustrated in Figure 3. 

An additional advantage of the Ti-sapphire laser is 
the possibility of multiphoton excitation. The 
combination of high average power and very short 
pulse duration of a mode-locked Ti-sapphire laser 
means that the peak-powers of the pulses can be very 
high. Focusing the near-IR output of the laser gives 
rise to exceedingly high photon densities within a 
sample which can lead to the simultaneous absorp- 
tion of two or more photons. This is of particular 
significance when recording fluorescence lifetimes in 
conjunction with a microscope, particularly when 
the microscope is operated in a confocal configur- 
ation, Such systems are now being used for a 
derivative of TCSPC, known as fluorescence lifetime 
imaging (FLM). 


In summary, the Ti-sapphire laser is a very versatile 
and flexible source that is well suited to the TCSPC 
experiment. Off-the-shelf systems provide broad 
spectral coverage and variable repetition rates. 
Undoubtedly this medium will be the mainstay of 
TCSPC for some time to come, 


Diode Lasers 


Low-power diode lasers, with outputs in the range 
630-1000 nm, have been commercially available for 
some time. These devices, which are normally 
operated as CW sources, can be operated in a 
pulsed mode, providing a high frequency train of 
sub-ns pulses. However, the relatively long output 
wavelengths produced by this first generation of 
diode lasers severely restricted the range of chromo- 
phores that could be excited and this proved to be a 
limiting factor for their use as TCSPC sources. 
Attempts to generate shorter wavelengths from 
these NIR laser diodes by second harmonic gener- 
ation (SHG), were never realized: the SHG process is 
extremely inefficient due to the very low peak output 
power of these lasers, Shorter wavelengths could be 
obtained by pulsing conventional light-emitting 
diodes (LEDs), which were commercially available 
with emission wavelengths covering the visible 
spectrum down to ~450nm. However, these had 
the disadvantage of exhibiting longer pulse durations 
than those achievable from laser diodes and have 
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much broader emission bandwidths than a laser 

The introduction of violet and blue diode lasers 
and UV-LEDs by the Nichia Corporation (Japan) in 
the late 1990s resulted in a renewed interest in 
sources utilizing these small, solid-state devices. 
At least three manufacturers produce ranges of 
commercial TCSPC light sources based upon pulsed 
LEDs and laser diodes and can now boast a number 
of pulsed laser sources in their ranges including 375, 
400, 450, 473, 635, 670, and $30nm. Currently 
commercial pulsed laser diodes and LEDs are 
manufactured by Jobin-Yvon IBH (UK), Picoquant 
(Germany), and Hamamatso (Japan). These small, 
relatively low-cost devices offer pulse durations of 
<100 ps and excitation repetition rates of up to tens 
of MHz making them ideally suited to ‘routine? 
lifetime measurements. Although these diode laser 
sources are not tunable and do not span the full 
spectrum, they are complemented by pulsed LEDs 
which fill the gap in the visible spectrum. Pulsed 
LEDs generally have a longer pulse duration and 
broader, lower intensity spectral output, but are 
useful for some applications, At the time of writing 
there are no diode laser sources providing wave- 
lengths of <350 nm, although Jobin-Yvon IBH (UK) 
have recently announced pulsed LEDs operating at 


280 nm and 340 nm, As LEDs, and possibly diode 
lasers, emitting at these shorter wavelengths become 
more widely available, the prospects of low running 
costs and ease of use makes these semiconductor 
devices an extremely attractive option for many 
TCSPC experiments. Commercial TCSPC spec- 
trometers based around these systems offer a 
comparatively low-cost, turnkey approach to fluor- 
escence lifetime based experiments, opening up what 
was a highly specialized field to a much broader 
range of users. 


See also 


Lasers: Noble Gas lon Lasers. Light Emitting Diodes. 
Ultrafast Laser Techniques: Pulse Characterization 
Techniques. 
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Introduction 


Over the past two decades, holographic techniques 
have proved to be valuable tools for investigating the 
dynamics of chemical processes. The aim of this 
chapter is to give an overview of the main applications 
of these techniques for chemical dynamics. The basic 
principle underlying the formation and the detection 
of elementary transient holograms, also called transi- 
ent gratings, is first presented. This is followed by a 
brief description of a typical experimental setup. The 
main applications of these techniques to solve 
chemical problems are then discussed. 


Basic Principle 


The basic principle of the transient holographic 
technique is illustrated in Figure 1. The sample 


material is excited by two laser pulses at the same 
wavelength and crossed at an angle 26,,. If the two 
pump pulses have the same intensity, Ij,, the intensity 
distribution at the interference region, assuming 
plane waves, is 


x) = fpf 1+ eos(2=)] iin] 


where A = Ay,/(2sin O,) is the fringe spacing, Ay, is 
the pump wavelength, and J, is the intensity of one 
pump pulse. 

As discussed below, there can be many types of 
light-matter interactions that lead to a change in the 
optical properties of the material. For a dielectric 
material, they result in a spatial modulation of the 
optical susceptibility and thus of the complex 
refractive index, ji, The latter distribution can be 
described as a Fourier cosine series: 


He) = a+ > he cos mm) RI 


al 
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where fip is the average value of fi. In the absence 
of saturation effects, the spatial modulation of i is 
harmonic and the Fourier coefficients with m > 1 
vanish. In this case, the peak to null variation of 
the complex refractive index, Af, is equal to the 
Fourier coefficient i. The complex refractive 
index can be split into its real and imaginary 
components: 


h=ntik BI 


where m is the refractive index and K is the 
attenuation constant. 

The hologram created by the interaction of the 
crossed pump pulses consists in periodic, one-dimen- 
sional spatial modulations of and K. Such distri- 
butions are nothing but phase and amplitude 
gratings, respectively. A third laser beam at the 
probe wavelength, A,,. striking these gratings at 
Bragg angle, Jy = arcsin(Ay,/2A), will thus be par- 
tially diffracted (Figure 1b). The diffraction efficiency, 
m, depends on the modulation amplitude of the 
optical properties. In the limit of small diffraction 
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Figure 1 Principle ofthe transient grating technique: (a) grating 
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efficiency (71 < 0.01), this relationship is given by 


xeo( tt) 


where Iyy and Ij, are the diffracted and the 
probe intensity respectively, d is the sample 
thickness, and A=4ndK/(A In 10) is the average 
absorbance. 

The first and the second terms in the square bracket 
describe the contribution of the amplitude and phase 
gratings respectively, and the exponential term 
accounts for the reabsorption of the diffracted beam 
by the sample. 

The main processes responsible for the variation of 
the optical properties of an isotropic dielectric 
material are summarized in Figure 2, 

The modulation of the absorbance, AA, is essen- 
tially due to the photoinduced concentration change, 
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Figure 2 Classification of the possible contributions to a transiont grating signal 
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AC, of the different chemical species i (excited state, 
photoproduct, ...): 
MAAye) =, eAp AC, 15] 


where e, is the absorption coefficient of the species i 
The variation of the refractive index, An, has 
several origins and can be expressed as 


An = Ang + Amy + Any [6] 


Ang is the variation of refractive index due to the 
optical Kerr effect (OKE). This nonresonant inter- 
action results in an electronic polarization (electronic 
OKE) and/or in a nuclear reorientation of the 
molecules (nuclear OKE) along the direction of the 
electric field associated with the pump pulses. As a 
consequence, a transient birefringence is created in 
the material, This effect is usually discussed within 
the framework of nonlinear optics in terms of 
intensity dependent refractive index or third order 
nonlinear susceptibility. Electronic OKE occurs in 
any dielectric material under sufficiently high light 
intensity. On the other hand, nuclear OKE is mostly 
observed in liquids and gases and depends strongly on 
the molecular shape. 

Any is the change of refractive index related to 
population changes. Its magnitude and wavelength 
dependence can be obtained by Kramers—Kronig 
transformation of AA(A) or AK(A): 
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Any is the change of refractive index associated with 
density changes. Density phase gratings can have 
essentially three origins: 


Any = Ani, + Ant + Ani, [8] 


Ant is related to the temperature-induced change of 
density. If a fraction of the excitation energy is 
converted into heat, through a nonradiative tran- 
sition or an exothermic process, the temperature 
becomes spatially modulated. This results in a 
variation of density, hence to a modulation of 
refractive index with amplitude An‘. Most of the 
temperature dependence of 1m originates from the 
density. The temperature-induced variation of m at 
constant density is much smaller than Avr, 

An‘, is related to the variation of volume upon 
population changes. This volume comprises not only 
the reactant and product molecules but also their 
environment. For example, in the case of a photo- 
dissociation, the volume of the product is larger than 


that of the reactant and a positive volume change can 
be expected. This will lead to a decrease of the density 
and to a negative Ant 

Finally, An‘; is related to clectrostriction in the 
sample by the electric field of the pump pulses. 
Like OKE, this is a nonresonant process that also 
contributes to the intensity dependent refractive 
index. Electrostriction leads to material com- 
pression in the regions of high electric field 
strength. The periodic compression is accompanied 
hy the generation of two counterpropagating 
acoustic waves with wave vectors, k,. = +(2m/A)i, 
where 7 is the unit vector along the modulation 
axis. The interference of these acoustic waves leads 
to a temporal modulation of An; at the acoustic 
frequency v,., with 2m, =k, ve being the 
speed of sound. As An‘, oscillates between negative 
and positive values, the diffracted intensity, which 
is proportional to (An')?, shows at temporal 
oscillation at twice the acoustic frequency. In 
most cases, An‘ is weak and can be neglected if 
the pump pulses are within an absorption band of 
the sample. 

The modulation amplitudes of absorbance and 
refractive index are not constant in time and their 
temporal behavior depends on various dynamic 
processes in the sample. The whole point of the 
transient grating techniques is precisely the measure- 
ment of the diffracted intensity as a function of time 
after excitation to deduce dynamic information on 
the system. 

In the following, we will show that the various 
processes shown in Figure 2, that give rise to a 
diffracted signal, can in principle he separated by 
choosing appropriate experimental parameters, such 
as the timescale, the probe wavelength, the polari- 
zation of the four beams, or the crossing angle. 


Experimental Setup 


A typical experimental arrangement for pump- 
probe transient grating measurements is shown 
in Figure 3, The laser output pulses are split in 
three parts. Two parts of equal intensity are used as 
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Figure 3. Schematic of a transient grating setup with pump— 
probe detection 
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Ne 


Figure 4 Beam geometry for transient grating: (a) in plane 
(0) boxcars, 


pump pulses and are crossed in the sample, In order 
to ensure time coincidence, one pump pulse travels 
along an adjustable optical delay line. The third 
part, which is used for probing, can be frequency 
converted using a dye laser, a nonlinear crystal, a 
Raman shifter, or white light continuum generation. 
The probe pulse is sent along a motorized optical 
delay line before striking the sample at the Bragg 
angle. There are several possible beam configur- 
ations for transient grating and the two most used 
are illustrated in Figure 4. When the probe and 
pump pulses are at different wavelengths, they can 
he in the same plane of incidence as shown in 
Figure 4a. However, if the pump and probe 
wavelengths are the same, the folded boxcars 
geometry shown in Figure 4b has to be used. The 
transient grating technique is background free and 
the diffracted signal propagates in a well-defined 
direction, In a pump-probe experiment, the dif- 
fracted signal intensity is measured as a function of 
the time delay between the pump and probe pulses. 
Such a setup can be used to probe dynamic 
processes occurring in timescales going from a few 
fs to a few ns, the time resolution depending 
essentially on the duration of the pump and probe 
pulses, For slower processes, the grating dynamics 
can be probed in real time with a cw laser beam 
and a fast photodetector. 


Applications 


The Transient Density Phase Grating Technique 


If the grating is probed at a wavelength far from 
any absorption band, the variation of absorbance, 
AA(y,), is zero and the corresponding change of 
refractive index, Amp(Ap,), is negligibly small, In this 
case, eqn [4] simplifies to 


md Va 
= (—™_ | xan} 9 
mu (tag) «0 Hl 
In principle, the diffracted signal may also 


contain contributions from the optical Kerr effect, 
Ang, but we will assume here that this non-resonant 


and ultrafast response is negligibly small, The 
density change can originate from both heat 
releasing processes and volume differences between 
the products and reactants, the former contribution 
usually being much larger than the latter. Even if 
the heat releasing process is instantaneous, the 
risetime of the density geating is limited by thermal 
expansion. This expansion is accompanied by the 
generation of two counterpropagating acoustic 
waves with wave vectors, ky = +(2q/A)i. One can 
distinguish two density’ gratings: 1) a diffusive 
density grating, which reproduces the spatial 
distribution of temperature and which decays by 
thermal diffusion; and 2) an acoustic density grating 
originating from the standing acoustic wave and 
whose amplitude oscillates at the acoustic frequency 

‘The amplitudes of these two gratings are equal but 
of opposite sign. Consequently, the time dependence 
of the modulation amplitude of the density phase 
grating is given by 


pO ) an 
Any) = (2 +av)o( = )re 10a 
at ( rol pl 5, JRE? (10a 
with 
RE) = 1 — cosmm,.t) Xexp(—a,.v.t) —_(10b] 


where p.,C,, and a,, are the density, the volume 
expansion coefficient, the heat capacity, and the 
acoustic attenuation constant of the medium, 
respectively, Q is the amount of heat deposited 
during the photoinduced process, and AV is the 
corresponding volume change, As the standing 
acoustic wave oscillates, its corresponding, density 
grating interferes with the diffusive density grating. 
Therefore, the total modulation amplitude of the 
density and thus Any exhibits the oscillation at v4. 
Figure 5 shows the time profile of the diffracted 


Time delay (ps) 


Figure S Time profile ofthe aifracted intensity measured with a 
solution of malachite green after excitation with two pulses with 
close to counterpropagating geometry. 
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intensity measured with a solution of malachite 
green. After excitation to the S: state, this dye 
relaxes nonradiatively to the ground state in a few 
ps. For this measurement, the sample solution was 
excited with two 30 ps laser pulses at $32 nm 
crossed with an angle close to 180°, The continu- 
ous line is the best fit of eqns [9] and [10]. The 
damping of the oscillation is due to acoustic 
attenuation, After complete damping, the remain- 
ing diffracted signal is due to the diffusive density 
grating only, 

R(t) can be considered as the response function of 
the sample to a prompt heat release andlor volume 
change. If these processes are not instantaneous 
compared to an acoustic period (ty =v), the 
acoustic waves are not created impulsively and the 
time dependence of Any is 


(% + av) oz re 


{1a} 
with 
Fi) 


Ret = ty f(eyde’ {11b} 


where f(t) is a normalized function describing the 
time evolution of the temperature and/or volume 
change. In many cases, f(t) =exp(—krt), ky being 
the rate constant of the process responsible for the 
change. Figure 6 shows the time profile of the 
diffracted intensity calculated with eqns [9] and [11] 
for different values of k,. 

If several processes take place, the total change of 
refractive index is the sum of the changes due to the 
individual processes. In this case, Any should be 


gy (2) 
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Figure 6 Time profiles of the diffracted intensity calculated 
Using eqns [9] and [11] with various k, values. 


expressed as 


Ang(t) = >(# savor 112) 


7 Ne 


The separation of the thermal and volume contri- 
butions to the diffracted signal is problematic. 
Several approaches have been proposed, the most 
used being the measurement in a series of solvents 
with different expansion coefficient f. This method 
requires that the other solvent properties like 
refractive index, dielectric constant, or viscosity, are 
constant or that the energetics of the system 
investigated does not depend on them. This separa- 
tion is easier when working with water because its B 
value vanishes at 4°C. At this temperature, the 
density variations are due to the volume changes only. 

The above equations describe the growth of the 
density phase grating. However, this grating is not 
permanent and decays through diffusive processes. 
‘The phase grating originating from thermal expan- 
sion decays via thermal diffusion with a rate constant 
ky, given by 


3} 


where Dy, is the thermal diffusivity. Table 1 shows ky, 
values in acetonitrile for different crossing angles. 
The decay of the phase grating originating from 
volume changes depends on the dynamics of the 
population responsible for AV (vide infra). 


Time resolved optical calorimetry 
A major application of the density phase grating in 
chemistry is the investigation of the energetics of 
photo-induced processes. The great advantage of 
this technique over other optical calorimetric 
methods, like the thermal lens or the photoacoustic 
spectroscopy, is its superior time resolution. The 
time constant of the fastest heat releasing process 
that can be time resolved with this technique is of 
the order of the acoustic period. The shortest 
acoustic period is achieved when forming the 
grating with two counterpropagating pump pulses 
(20,1 = 180"), In this case the fringe spacing is 


Table 1 Fringe spacing, A, acoustic frequency, ra. thermal 
diffusion rate constant, ky, fr various crossing angles ofthe pump 
pulses, 2¢,,, at 955 nm and in acetonitile 


2 Oy A (um) Po) ky (5) 
0. 40.7 32% 10" 47x10 
50" 042 31x10" 45x10" 
180" 013 9.7% 10" 47x10 
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A=A,,/2n and, with UV pump pulses, an acoustic 
period of the order of 100 ps can be obtained in a 
typical organic solvent. 

For example, Figure 7a shows the energy 
diagram for a photoinduced electron transfer (ET) 
reaction between benzophenone (BP) and an elec- 
tron donor (D) in a polar solvent. Upon excitation 
at 355nm, "BP" undergoes intersystem-crossing 
(ISC) to *BP* with a time constant of about 10 ps. 
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Figure 7 _(a) Energy diagram of the states involved inthe photo~ 
induced electron transfor reaction between benzophenone (BP) 
and an electron donor (D) (VR: vibrational relaxation, ISC: 
Intersystem crossing; ET: electron transfer, REC: charge 
recombination). (b) Time profile of the difracted intensity 
measured at 5901nm after excitaion at 355 nm of a solution of 
BP and 0.05 MD. (c) Same as (b) but measured at 1064 nm witha 
cow laser. 


After diffusional encounter with the electron donor, 
ET takes place and a pair of ions is generated. With 
this system, the whole energy of the 355 nm photon 
(E = 3.49 eV) is converted into heat. The different 
heat releasing processes can be differentiated 
according to their timescale. The vibrational relax- 
ation to 'BP* and the ensuing ISC to *BP* induces 
an ultrafast release of 0.49 eV as heat. With donor 
concentrations of the order of 0.1M, the heat 
deposition process due to the electron transfer is 
typically in the ns range. Finally, the recombination 
of the ions produces a heat release in the 
microsecond timescale, Figure 7b shows the time 
profile of the diffracted intensity measured after 
excitation at 35Snm of BP with 0.05MD in 
acetonitrile. The 30 ps pump pulses were crossed 
at 27° (ty. = 565 ps) and the 10 ps probe pulses 
were at 590 nm. The oscillatory behavior is due to 
the ultrafast heat released upon formation of *BP*, 
while the slow de rise is caused by the heat 
dissipated upon ET, As the amount of energy 
released in the ultrafast process is known, the 
energy released upon ET can be determined by 
comparing the amplitudes of the fast and slow 
components of the time profile. The energetics as 
well as the dynamics of the photoinduced ET 
process can thus be determined. Figure 7e shows 
the decay of the diffracted intensity due to the 
washing out of the grating by thermal diffusion. As 
both the acoustic frequency and the thermal 
diffusion depends on the grating wavevector, the 
experimental time window in which a heat releasing 
process can he measured, depends mainly on the 
crossing angle of the pump pulses as shown in 
Table 1. 


Determination of material properties 

Another important application of the transient 
density phase grating technique is the investigation 
of material properties. Acoustics waves of various 
frequencies, depending on the pump wavelength and 
crossing angle, can be generated without physical 
contact with the sample, Therefore, acoustic proper- 
ties, such as the speed of sound and the acoustic 
attenuation of the material, can be easily obtained 
from the frequency and the damping of the oscillation 
of the transient grating signal, 

Similarly, the optoclastic constant of a material, 
panlip, can be determined from the amplitude of 
the signal (sce eqn [11]). This is done by comp- 
aring the signal amplitude of the material under 
investigation with that obtained with a known 
standard, 

Finally, the thermal diffusivity, Dy, can be easily 
obtained from the decay of the thermal density 
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phase grating, such as that shown in Figure 7c. 
This technique can be used with a large variety 
of bulk materials as well as films, surfaces and 
interfaces. 


Investigation of Population Dynamics 


The dynamic properties of a photogenerated species 
can be investigated by using a probe wavelength 
within its absorption or dispersion spectrum. As 
shown by eqn [4], either AA or An, has to be different 
from zero. For this application, Ang and Any should 
ideally be equal to zero. Unless working with 
ultrashort pulses (<1 ps) and a weakly absorbing 
sample, Avg can be neglected. Practically, itis almost 
impossible to find a sample system for which some 
fraction of the energy absorbed as light is not released 
as heat. However, by using a sufficiently small 
crossing angle of the pump pulses, the formation of 
the density phase grating, which depends on the 
acoustic period, can take as much as 30 to 40 ns. 
In this case, Any is negligible during the first few ns 
after excitation and the diffracted intensity is due to 
the population grating only: 


Tag(t) oY ACH) 4) 


where AC; is the modulation amplitude of the 
concentration of every species i whose absorption 
and/or dispersion spectrum overlaps with the probe 
wavelength, 

‘The temporal variation of AC, can be due either 
to the dynamics of the species i in the illuminated 
grating fringes or to processes taking place between 
the fringes, such as translational diffusion, ex 
tation transport, and charge diffusion, In liquids, 
the decay of the population grating by translational 
diffusion is slow and occurs in the microsecond to 
millisecond timescale, depending on the fringe 
spacing, As thermal diffusion is typically hundred 
times faster, eqn [14] is again valid in this long 
timescale. Therefore if the population dynamics is 
very slow, the translational diffusion coefficient of a 
chemical species can be obtained by measuring the 
decay of the diffracted intensity as a function of the 
fringe spacing, This procedure has also been used to 
determine the temperature of flames. In this case 
however, the decay of the population grating by 
translational diffusion occurs typically in the sub-ns 
timescale. 

In the condensed phase, these interfringe processes 
are of minor importance when measuring the 
diffracted intensity in the short timescale, ie, before 
the formation of the density phase grating. In this 


case, the transient grating technique is similar to 
transient absorption, and it thus allows the measure- 
ment of population dynamics. However, because 
holographic detection is background free, it is at 
least a hundred times more sensitive than transient 
absorption. 

The population gratings are usually probed with 
monochromatic laser pulses. This procedure is well 
snited for simple photoinduced processes, such as 
the decay of an excited state population to the 
ground state. For example, Figure 8 shows the 
decay of the diffracted intensity at $32nm 
measured after excitation of a cyanine dye at the 
same wavelength. These dynamics correspond to the 
ground state recovery of the dye by non-radiative 
deactivation of the first singlet excited state, Because 
the diffracted intensity is proportional to the square of 
the concentration changes (see eqn [14]), its decay 
time is twice as short as the ground state recovery 
time. If the reaction is more complex, or if several 
intermediates are involved, the population grating has 
to be probed at several wavelengths. Instead of 
repeating many single wavelength experiments, it is 
preferable to perform multiplex transient grating. In 
this case, the grating is probed by white light pulses 
generated by focusing high intensity fs or ps laser 
pulses ina dispersive medium. If the crossing angle of 
the pump pulses is small enough (< 1°), the Bragg 
angle for probing is almost independent on the 
wavelength. A transient grating spectrum is obtained 
by dispersing the diffracted signal in a spectrograph. 
This spectrum consists in the sum of the square of the 
transient absorption and transient dispersion spectra. 
Practically, it is very similar to a transient 
absorption spectrum, but with a much superior 
signal to noise ratio. Figure 9 shows the transient 
grating spectra measured at various time delays after 
excitation of a solution of chloranil (CA) and 
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Figure 8 Time profile of the diffracted intensity at §32nm 
measured after excitation at the same wavelength of a cyanine 
dye (inset in solution and best fit assuming exponential ground 
slate recovery, 
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Figure 19-1. The package design of a commonly used 
voltage regulator. Others may be significantly different 
and the pin functions may vary. Check manufacturer da: 
tasheets for details. 


Discrete components could in theory be used to 
build a voltage regulator, but this ceased to be 
cost-effective several decades ago. The term is 
now understood to mean one small integrated 
package containing the basic circuit augmented 
with additional, desirable features, such as auto- 
matic protection against overload and excessive 
heat. Instead of burning out if it is overloaded, 
the component simply shuts down. Mostvoltage 
regulators also tolerate accidentally reversed 
power connection (as when batteries are inser- 
ted the wrong way around) and accidentally re- 
versed insertion of the regulator in a circuit 
board. 


Other components can satisfy the requirement 
to deliver power at a reduced voltage. Most sim- 
ply, if two resistors in series are placed across a 
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Figure 19-2. A linear voltage regulator basicaly consists 
of a transistor whose base is controlled by corrective feed- 
‘back derived from the output. 
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Figure 19-3. The fundamental internal features of a 
standard-type voltage regulator, including a Darlington 
paar, two transistors, a voltage divider. comparator, and 
reference voltage source, shown inside the dashed white 
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Figure 9 Transient grating spectra obtained at various time 
dolays ater excitation at 355 nm of a solution of chloranil and 
(0.25 M methyinaphthalene (a): from top to bottom: 60, 100, 180, 
260, 830 and 600 ps; (b): rom top to bottom: 100, 400, 750, 1100, 
1500 ps}. 


methylnaphthalene (MNA) in acetonitrile. The reac- 
tion that takes place is 


3ca* MNA “#2 G6 Cat - MNA) = 


MNA*)="4*. 3(CA> - MNA*) 


CA 
After its formation upon ultrafast ISC, *CA*, which 
absorhs around 510 nm, decays upon ET with MNA 
to generate CA (450 nm) and MNA* (690 nm). The 
ion pair reacts further with a second MNA molecule 
to form the dimer cation ($80 nm). 

The time profile of the diffracted intensity reflects 
the population dynamics as long as these populations 
follow first- or pscudo-first order kinetics. Higher 
order kinetics leads to inharmonic gratings and in this 
case the time dependence of the diffracted intensity is 
no longer a direct measure of the population 
dynamics. 


Polarization Selective Transient Grating 


In the above applications, the selection between the 
different contributions to the diffracted signal was 
essentially made by choosing the probe wavelength 
and the crossing angle of the pump pulses. 
However, this approach is not always sufficient. 


Another important parameter is the polarization of 
the four waves involved in a transient grating 
experiment. For example, when measuring popu- 
lation dynamics, the polarization of the probe 
beam has to be at magic angle (54.7°) relatively to 
that of the pump pulses. This ensures that the 
observed time profiles are not distorted by the 
decay of the orientational anisotropy of the species 
created by the polarized pump pulse: 

The magnitude of AA and Am depends on the pump 
pulses intensity, and therefore the diffracted intensity 
can be expressed by using the formalism of nonlinear 
optics: 


Tyjlt) = ef dtI,it—e") 


| f dt Rut! — is] 


where C is a constant and R,y is an element of the 
fourth rank tensor R describing the nonlinear 
response of the material to the applied optical fields. 
In isotropic media, this tensor has only 21 nonzero 
elements, which are related as follows: 


us) 


Run = 


12 + Ri + Riot (16) 
where the subscripts are the Cartesian coordinates. 
Going from right to left, they design the direction of 
polarization of the pump, probe, and signal pulses. 
The remaining elements can be obtained by permu- 
tation of these indices (Ryy2» = Ryi33 = Raa 
In a conventional transient grating experiment, the 
two pump pulses are at the same frequency and are 
time coincident and therefore their indices can be 
interchanged. In this case, Ry12= Ryn and the 
number of independent tensor elements is further 
reduced: 


Ru = Rua +2Rin U7) 
The tensor R can be decomposed into four tensors 
according to the origin of the sample response: 
population and density changes, electronic and 
nuclear optical Kerr effects: 


R=RY)+R@)+RKe)+R(Km) [18] 


As they describe different phenomena, these tensors 
do not have the same symmetry properties. There- 
fore, the various contributions to the diffracted 
intensity can, in some cases, be measured selectively 
by choosing the appropriate polarization of the four 

Table 2 shows the relative amplitude of the most 
important elements of these four tensors. 
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The tensor Rip) depends on the polarization 
anisotropy of the sample, r, created by excitation 
with polarized pump pulses: 


Nu) — Ny) _ 2 
N@F2IN@ 3 


nO = [cos Mlexp(—Kret) 


9} 


where N; and Ny are the number of molecules 
with the transition dipole oriented parallel and 
perpendicular to the polarization of the probe 
pulse, respectively, y is the angle between the 
transition dipoles involved in the pump and 
probe processes, P, is the second Legendre poly- 
nomial, and &,, is the rate constant for the reori- 
entation of the transition dipole, for example, by 
rotational diffusion of the molecule or by energy 
hopping. 

The table shows that Ryp12(d) =0, the 
contribution of the density grating can be elimi- 
nated with the set of polarization (0°, 90°,0°, 90°), 
the so-called crossed grating geometry. In. this 
geometry, the two pump pulses have orthogonal 
polarization, the polarization of the probe pulse is 
parallel to that of one pump pulse and the 
polarization component of the signal that is 
orthogonal to the polarization of the probe pulse 
is measured. In this geometry, Ry212(p) is nonzero as 
long as there is some polarization anisotropy, (r # 
0). In this case, the diffracted intensity is 


Lilt) & IRazia(p)P” & (ACH) Xr [20] 
‘The crossed grating technique can thus be used to 
investigate the reorientational dynamics of mol- 
ecules, through r(t), especially when the dynamics 
of r is faster than that of AC. For example, 
Figure 10 shows the time profile of the diffracted 
intensity measured in the crossed grating geometry 
with rhodamine 6G in ethanol. The decay is due to 
the reorientation of the molecule by rotational 


Table 2 Relative value of the most important elements of the 
response tensors R(/) and polarization angle £of the signal beam, 
where the contribution ofthe corresponding process vanishes for 
the set of polarization (45°, 0°, 0°). 


Process Fim Pi Rise £ 
Electronic OKE: 1 mw 1 Te 
Nuclear OKE 1 -12 a4 634° 
Density 1 1 0 45° 
Population: 

y= 1 v3 7 
y= 90" 1 2 12 286° 
No correlation: r=0 1 1 ° 45° 


diffusion, the excited lifetime of rhodamine being 
about 4 ns. 

On the other hand, if the decay of r is slower than 
that of AC, the crossed grating geometry can be 
used to measure the population dynamics without 
any interference from the density phase grating. 
For example, Figure 11 shows the time profile of 
the diffracted intensity after excitation of a suspen- 
sion of TiO2 particles in water. The upper profile 
was measured with the set of polarization 
(0°, 0°, 0°, 0°) and thus reflects the time dependence 
of Rule) and Rid). Ryin(p) is due to the 
trapped electron population, which decays by 
charge recombination, and Riiti(d) is due to the 
heat dissipated upon both charge separation and 
recombination, The lower time profile was 
measured in the crossed grating geometry and thus 
reflects the time dependence of Rizi2 and in 
particular that of Ry2,2(p). 

Each contribution to the signal can be selectively 
climinated by using the set of geometry (¢, 45°, 0°, 0°) 
where the value of the ‘magic angle’ ¢ for each 


lay (4) 


0 200 400 
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Figure 10 Time profile of the difracted intensity measured 
with a solution of rhodamine 6G with crossed grating geometry. 


gy (0) 


Time delay (ns) 


Figure 11 Time profiles of the diffracted intensity after 
excitation at 955 nm of a suspension of TiOe particles in water 
and using different set of polarization of the four beams. 
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contribution is listed in Table 2. This approach 


allows for example the nuclear and electronic 
contributions to the optical Kerr effect to be 
measured separately. 


Concluding Remarks 


The transient grating techniques offer a large 
variety of applications for investigating the 
dynamics of chemical processes. We have only 
discussed the cases where the pump pulses are time 
coincident and at the same wavelength. Excitation 
with pump pulses at different wavelengths results 
to a moving grating. The well-known CARS 
spectroscopy is such a moving grating technique. 
Finally, the three pulse photon echo can be 
considered as a special case of transient grating 
where the sample is excited by two pump pulses, 
which are at the same wavelength but are not 
time coincident. 


List of Units and Nomenclature 


c concentration [mol L~!] 
GQ heat capacity [JK~" kg 
d sample thickness [mi 

Du thermal diffusivity [m7 s~" 


diffracted intensity [W m“] 
Tp intensity of the probe pulse [Wm] 


Tow intensity of a pump pulse [W m7] 

Ry acoustic wavevector [m~!] 

ky rate constant of a heat releasing process 
Is 

hye rate constant of reorientation [S~] 

kus rate constant of thermal diffusion [s~'] 

K attenuation constant 

” refractive index 

i complex refractive index 

N number of molecule per unit volume 
[m~*] 

r polarization anisotropy 

R fourth rank response tensor [m* V. 

” speed of sound [ms~"] 

v volume [m'] 

Oe acoustic attenuation constant [m~'] 

B cubic volume expansion coefficient [K~"] 

y angle between transition dipoles 

A fringe spacing [m] 

Ang variation of refractive index due to density 
changes 

Ani, An, due to eleetrostriction 

Ang variation of refractive index due to optical 


Kerr effect 
Ang due to volume changes 


An, 


Any, variation of refractive index due to popu- 
lation changes 

Ant, Any due to temperature changes 

Ax peak to null variation of the parameter x 

e molar decadic absorption coefficient 
[em L mol] 

ra angle of polarization of the diffracted 
signal 

7 diffraction efficiency 

65 Bragg angle (angle of incidence of the 
probe pulse) 

Oe angle of incidence of a pump pulse 

dor probe wavelength [m] 

A, pump wavelength [m] 


p density [kgm *] 


ts acoustic period [s] 
Vee acoustic frequency [s~*] 
See also 
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cross-sectional area 10* times and dispersed the beam 
across it. The CPA technique makes it possible to use 
conventional laser amplifiers and to stay below the 
onset of nonlinear effects. 


See also 


Diffraction: Diffraction Gratings. Ultrafast Laser 
Techniques: Pulse Characterization Techniques. 
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Introduction 


Coherence refers to the characteristic of a wave that 
ether different parts of the wave oscillate 
in tandem, or in a definite phase relationship. In other 
words, it refers to the degree of confidence by which 
one can predict the amplitude and phase of a wave at 
a point, from the knowledge of these at another point 
at the same or a different instant of time. Emission 
from a thermal source, such as a light bulb, is a highly 
disordered process and the emitted light is incoherent. 
A well-stabilized laser source, on the other hand, 
generates light in a highly ordered manner and the 
emitted light is highly coherent. Incoherent and 
coherent light represent two extreme cases. While 
describing the phenomena of physical optics and 
diffraction theory, light is assumed to be perfectly 
coherent in both spatial as well as temporal senses, 
whereas in radiometry it is generally assumed to be 
incoherent. However, practical light sources and the 
fields generated by them are in between the two 
extremes and are termed as partially coherent sources 
and fields. The degree of order that exists in an optical 
field produced by a source of any kind may be 
described in terms of various correlation functions. 
These correlation functions are the basic theoretical 


indicates w! 


tools for the analyses of statistical properties of 
partially coherent light fields. 

Light fields generated from real physical sources 
fluctuate randomly to some extent. On a microscopic 
evel quantum mechanical fluctuations produce ran- 
domness and on macroscopic level the randomness 
occurs as a consequence of these microscopic 
fluctuations, even in free space. In real physical 
sources, spontaneous emission causes random fluctu- 
ations and even in the case of lasers, spontancous 
emission cannot be suppressed completely. In 
addition to spontaneous emission, there are many 
other processes that give rise to random fluctuations 
of light fields. Optical coherence theory was devel- 
oped to describe the random nature of light and it 
deals with the statistical similarity between light 
fluctuations at two (or more) space-time points. 

As mentioned earlier, in developing the theory 
of interference or diffraction, light is assumed to be 
perfectly coherent, or, in other words, itis taken to be 
monochromatic and sinusoidal for all times. This is, 
however, an idealization since the wave is obviously 
generated at some point of time by an atomic or 
molecular transition. Furthermore, a wavetrain 


erated by such a transition is of a finite duration, 


which is related to the finite lifetime of the atomic or 
molecular levels involved in the transition, Thus, any 
wave emanating from a source is an ensemble of a 
large number of such wavetrains of finite duration, 
say 7,. A simplified visualization of such an ensemble 
isshown in Figure 1 where a wave is shown as a series 
of wavetrains of duration 1. It is evident from the 
figure that the fields at time ¢ and ¢-+ At will have a 
definite phase relationship if At < x, and will have no 
or negligible phase relationship when At >> 7. The 
time 7 is known as the coherence time of the 
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Field 


Time 
sd 


Figure 1 Typical variation ofthe radiation field with time. The 
‘coherence ime ~ x. 


radiation and the field is said to remain coherent for 
time ~ 7,. This property of waves is referred to as the 
time coherence or the temporal coherence and is 
related to the spectral purity of the radiation. If one 
obtains the spectrum of the wave shown in Figure 1 
by taking the Fourier transform of the time variation, 
it would have a width of Av around 1% which is the 
frequency of the sinusoidal variation of individual 
wavetrains. The spectral width Av is related to the 
coherence time as 


Av~ Ur icy 


For thermal sources such as a sodium lamp, 
7 ~ 100 ps, whereas for a laser beam it could be as 
large as a few milliseconds. A related quantity is the 
coherence length [,, which is the distance covered by 
the wave in time 7,, 


eS 

Bin 21 
where Ap is the central wavelength (Ay = c/r) and 
AA is the wavelength spread corresponding to the 
spectral width Av, In a two-beam interference 
experiment (e.g., Michelson _ interferometer, 
Figure 2), the interfering beam derived from the 
same source will produce good interference fringes if 
the path difference between the two interfering beams 
is less than the coherence length of the radiation given 
ont by the source. 

It must he added here that for the real fields, 
generated by innumerable atoms or molecules, the 
individual wavetrains have different lengths around 
an average value 7,. Furthermore, several wavetrains 
in general are propagating simultaneously, overlap- 
ping in space and time, to produce an ensemble whose 
properties are best understood in a statistical sense as 
we shall see in later sections. 

‘Another type of coherence associated with the 
fields is the space coherence or the spatial coherence, 
which is related to the size of the source of radiation. 
jent that when the source is an ideal point 
source, the field at any two points (within the 
coherence length) would have definite phase relation- 
ship. However, the field from a thermal source of 
finite area S can be thought as resultant of the fields 


Itis evi 


My, 


‘Observation plane 
Figure 2 Michelson interferometer to study the temporal 


‘coherence of radiation from source S; My and Mz are mirrors 
and BS is a 50%%-50% beamsplter. 


from each point on the source. Since each point 
source would usually be independent of the other, the 
phase relationship between the fields at any two 
points would depend on their position and size of the 
source. It can be shown that two points will have a 
strong phase relationship if they lie within the solid 
angle AQ from the source (Figure 3) such that 


a 3 
an aa (3) 


Thus, on a plane R distance away from the source, 
‘one can define an area A, = R°AQ over which the 
field remains spatially coherent. This area A, is called 
the coherence area of the radiation and its square root 
is sometimes referred to as the transverse coherence 
length. It is trivial to show that 


Ag 


i 14] 


where AQs is the solid angle subtended by the source 
on the plane at which the coherence area is defined. 
In Young's double-hole experiment, if the two 
pinholes lie within the coherence area of the radiation 
from the primary source, good contrast in fringes 
would be observed. 

Combining the concepts of coherence length and 
the coherence area, one can define a coherence 
volume as V.= Al. For the wavefield from a 
thermal source, this volume represents that portion 
of the space in which the field is coherent and any 
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aa 


Figure 3 Spatial coherence and coherence area. 


interference produced using the radiation from points 
within this volume will produce fringes of good 
contrast. 


Mathematical Description 
of Coherence 


Analytical Field Representation 


Coherence properties associated with fields are best 
analyzed in terms of complex representation for 
optical fields. Let the real function V(r, f) represent 
the scalar field, which could be one of the transverse 
Cartesian components of the electric field associated 
with the electromagnetic wave. One can then define a 
complex analytical signal V(r,f) such that 


Vert) = Rel Vir, 1)1, 
UI 


ven =f Wa, me dv 
0 


where the spectrum Wr, v) is the Fourier transform 
of the scalar field V(r, t) and the spectrum for 
negative frequencies has been suppressed as it does 
not give any new information since V(r, ») 
Wier, — 9. 

In general, the radiation from a quasi-monochro- 
matic thermal source fluctuates randomly as it is 
made of a large number of mutually independent 
contributions from individual atoms or molecules in 
the source. The field from such a source can be 
regarded as an ensemble of a large number of 
randomly different analytical signals such as V(r, 1). 


In other words, Vir,t) is a typical member of an 
ensemble, which is the result of a random process 
representing the radiation from a quasi-monochro- 
matic source. This process is assumed to be stationary 
and ergodic so that the ensemble average is equal to 
the time average of a ty 
and that the origin of time is unimportant. Thus, the 
quantities of interest in the theory of coherence are 
defined as time average 


et 
(Ho) = kim 3 [flo (61 


Mutual Coherence 


In order to define the mutual coherence, the key 
concept in the theory of coherence, we consider 
Young's interference experiment, as shown in 
Figure 4, where the radiation from a broad source 
of size S is illuminating a screen with two pinholes 
P, and P3, The light emerging from the two 
pinholes produces interference, which is observed 
on another screen at a distance R from the first 
screen. The field at point P, due to the pinholes, 
would be K, Vir. ~t;) and K;V(ra,t ~ ty) respect- 
ively, where r, and ry define the positions of P, and 
P2, ty and ty are the times taken by the light to 
travel to P from P, and P2, and K, and Ky are 
imaginary constants that depend on the geometry 
and size of the respective pinhole and its distance 
from the point P. Thus, the resultant field at point P 
would be given by 


Vent) =KiVir.t 4) +KVi.t—b) 71 
Since the optical periods are extremely small as 
compared to the response time of a detector, the 
detector placed at point P will record only the time- 


averaged intensity: 


WP) = (VV) (8] 


Py 


Figure 4 Schematic of Young's double-hole experiment. 
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where some constants have been ignored. With 
eqn [7], the intensity at point P would be given by 


UP) =h +1 +2Re{K i K0(1.2,t-t,t-t)} 19] 


where I; and Ip are the intensities at point P, 
respectively, due to radiations from pinholes P, and 
P, independently (defined as 1,=(\K;Véri,t)")) and 


(rin 


=(V"(r,Vi.t+ 9) 


[10} 


is the mutual coherence function of the fields at P; 

and it depends on the time difference 
ty, since the random process is assumed to 
be stationary. This function is also sometimes 
denoted by I'j:(7). The function T'(7)=T(r,,1,,7) 
defines the self-coherence of the light from the 
pinhole at P;, and IK;I’T',(0) defines the intensity I; 
at point P, due to the light from pinhole P,. 


Degree of Coherence and the Visibility 
of Interference Fringes 


One can define a normalized form of the mutual 
coherence function, namely: 

Py) 
Vn OwF0) 


luis 


_ WE, )Vent +9) 
[iven.o2Xivin.or y= 


which is called the complex degree of coherence. It 
can be shown that 0 = |y12(7)l = 1. The intensity at 
point P, given by eqn [9], can now be written as 


Ty +h +2vhh Re[yr1.12. 7] 


Expressing y(ry,1), 7) as 


uy 


1?) 


12) 


erin, 2) = lylrist2, 7) expliates.t2, 7) — 2miny7] 
(13) 


where a(Fy,7,,7) = argl Why, 729) + 2p, and 1 is 
the mean frequency of the light, the intensity in eqn 
[12] can be written as 
KP) = 1 +t Whhlyey.r2. 0) 
Xcos[atri.r2, 2) — 2ar0p7] 


U4) 


Now, if we assume that the source is quasi- 
monochromatic, i.e., its spectral width Av <r, 
the quantities ri.r2,7) and a(n. 
slowly on the observation screen, and the inter- 
ference fringes are mainly obtained due to the 
cosine term. Thus, defining the visibility of fringes 


as v = Cnax ~ Tin (liax + ind, We obtain, 
2h by? 


(r},7), 7)! 
hehe we 


U5} 


which shows that for maximum visibility, the two 
interfering fields must be completely coherent 
(ly(1.12,1= 1). On the other hand, if the fields 
are completely incoherent (I{rj,t),7)|=0), no 
fringes are observed (pmax = Inin)- The fields are said 
to be partially coherent when 0 < ly(r1,12,7)l <1 
When I = Ip, the visibility is the same as ly(r),12, 7 
The relation in eqn [15] shows that in an interference 
experiment, one can obtain the modulus of the 
complex degree of coherence by measuring 1, 13, 
and the visibility. Similarly, eqn [14] shows that from 
the measurement the positions of maxima, one can 
obtain the phase of the complex degree of coherence, 
a(t}... 


‘Temporal and Spatial Coherence 


If the source illuminating the pinholes is a point 
source of finite spectral width situated at point Q, the 
fields at point P and P2 (Figure 4) at any given 
instant are the same and the mutual coherence 
function becomes 


Py) =P. = (VL. DVR. +) 


= (Viner. t+ 9) =Paal) (6) 


The self-coherence, T'y;(7), of the light from pinhole 
P,, isa direct measure of the temporal coherence of 
the source. On the other hand, if the source is of finite 
size and we observe the interference at point © which 
corresponds to += 0, the mutual coherence function 
would be 


P10) = Mery. 12,0) = (Ve, )Vra, 8) 


2 71 


which is called the mutual intensity and is a direct 
measure of the spatial cohereni 
general, however, the function I2(r) measures, for a 
source of finite size and spectral width, a combination 
of the temporal and spatial coherence, and in only 
some limiting cases, the two types of coherence can 
be separated. 


of the source. In 


Spectral Representation of Mutual Coherence 


One can also analyze the correlation between two 
fields in the spectral domain. In particular, one can 
define the cross-spectral density function W(ry,2,) 
which defines the correlation between the amplitudes 
of the spectral components of frequency v of the light 
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at the points P, and P3. Thus: 


Wen, 80 — 9) = (VU. VE, 2) feta) 


Using the generalized Wiener—Khintchine theorem, 
the cross-spectral density function can be shown to be 
the Fourier transform of the mutual coherence 


faction: 
tet dy [19] 
Worn =[ Pena de (20) 
If the two points P, and P, coincide (i.e, there is only 


one pinhole), the cross-spectral density. function 
reduces to the spectral density function of the light, 
which we denote by Str, »)[= W(r.r, 1)]. Thus, it 
follows from eqn [20] that the spectral density of light 
is the inverse Fourier transform of the self-coherence 
function. This leads to the Fourier transform spec- 
troscopy, as we shall see later. One can also define 
spectral degree of coherence at frequency v as 


Wer.) 


iS pe re 


It is easy to see that 0 = |u(ri.r2, 191 = 1. It is also 
sometimes referred to as the complex degree of 
coherence at frequency ». It may be noted here that 
in the literature the notation G'"(v) = Giry,1),7) 
has also been used for W(ni, t v). 


Propagation of Coherence 
The van Cittert-Zernike Theorem 


Perfectly coherent waves propagate through diffrac- 
tion formulae, which have been discussed in this 
volume elsewhere. However, incoherent and partially 
coherent waves would evidently propagate somewhat 
differently. The earliest treatment of propagation 
noncoherent light is due to van Cittert, which was 
later generalized by Zernike to obtain what is now the 
van Cittert-Zernike theorem. The theorem deals 
with the correlations developed between fields at two 
points, which have been generated by a quasi- 
monochromatic and spatially incoherent planar 
source. Thus, as shown in Figure 5, we consider a 
quasi-monochromatic (Av<1p) planar source o, 
which has an intensity distribution [(r') on its plane 
and is spatially incoherent, i.e, there is no correlation 
between the fields at any two points on the source. 


P(r 
Ay om 


Be Pato) 


Figure 5 Geometry for the van Cittert-Zernike theorem, 


The field, due to this source, would develop finite 
correlations after propagation, and the theorem states 
that 


T(0) 


ir1,72, 0) et 
meth TONE! 


1 i 
St hl eee = 
TeepTe) Ife 2 
122) 


where R, = Ir, ~ r!l and I(r,) is the intensity at point 
P,. This relation is similar to the diffraction pattern 
produced at point P, due to a wave, with a spherical 
wavefront converging towards Py and with an 
amplitude distribution I(r') when it is diffracted by 
an aperture of the same shape, size, and the intensity 
distribution as those of the incoherent source «. Thus, 
the theorem shows that a radiation, which was 
incoherent at the source, becomes partially coherent 
as it propagates. 


Generalized Propagation 


The expression e27"™8/R, can be interpreted as 
the field obtained at P, due to a point source located 
at the point r’ on the planar source. Thus, this 
expression is simply the point spread function of the 
homogeneous space between the source and the 
observation plane containing the points P, and P, 
Hopkins generalized this to include any linear 
optical system characterized by a point spread 
function /(r; —) and obtained the formula for the 
complex degree of coherence of a radiation emerging 
from an incoherent, quasi-monochromatic planar 
source after it has propagated through such a linear 
optical system: 


61.63,0)= SJ, Kee yh(ey — 2h VEY! 


123] 


It would thus seem that the correlations propagate 
in much the same way, as does the field. Indeed, 
Wolf showed that the mutual correlation function 
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T(r,,12,7) satisfies the wave equations: 


Pa} 


Ve = SAT to) 

where V? is the Laplacian with respect to the point r, 
Here the first of eqns [24], for instance, gives the 
variation of the mutual coherence function with 
respect to r, and 7 for fixed rp, Further, the variable r 
ig the time difference defined through the path 
difference, since 7= (Ri —R,Vle, and the actual time 
does not affect the mutual coherence function (as the 
fields are assumed to be stationary). 

Using the relation in eqn [20], one can also obtain 
from eqn [24], the propagation equations for the 
cross-spectral density function W(r),12, 0): 


ViWiryts, 2) +P Wirt, ») = 0 


(e102) +E WOE, t2, 2) = 0 


where k = 2avle, 


‘Thompson and Wolf Experiment 


One of the most elegant experiments for studying 
various aspects of coherence theory was carried out 
by Thompson and Wolf by making slight modifi- 
cations in the Young's double-hole experiment. The 
experimental set-up shown in Figure 6 consists of a 
quasi-monochromatic broad incoherent source § of 
diameter 2a. This was obtained by focusing filtered 
narrow hand light from a mercury lamp (not shown 
in the figure) on to a hole of size 2a in an opaque 
screen A. A mask consisting of two pinholes, each of 
diameter 2b with their axes separated by a distance d, 
was placed symmetrically about the optical axis of 
the experimental setup at plane B between two lenses 
L, and Ly, each having focal length f. The source was 
at the front focal plane of the lens Ly and the 
observations were made at the plane C at the back 
focus of the lens Ly. The separation d was varied to 
study the spatial coherence function on the mask 


al 
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Figure 6 Schomatic of the Thompson and Wolf experiment, 


plane by measuring the visibility and the phase of the 
fringes formed in plane C. 

Using the van Cittert-Zernike theorem, the com- 
plex degree of coherence at the pinholes P, and P, on 
the mask after the lens L1 is 


2) wie v= i) 126] 


for symmetrically placed pinholes about the optical 
axis. Here Bx is the phase of the complex degree of 
coherence and in this special case where the two holes 
are equidistant from the axis, By, is either zero or 7, 
respectively, for positive or negative values of 
2J,(uyv. Let us assume that the intensities at two 
pinholes P, and P, are equal. The interference pattern 
observed at the back focal plane of lens Ly is due to 
the superposition of the light diffracted from the 
pinholes. The beams are partially coherent with 
degree of coherence given by eqn [26]. Since the 
pinholes are symmetrically placed, the intensity due 
to either of the pinholes at a point P at the hack focal 
plane of the lens L is the same and is given by the 
Fraunhofer formula for diffraction from circular 


ha 


y= lyn 


apertures, ive: 


vwith w= 22% sing (271 


and ¢ is the angle that the diffracted beam makes 
from normal to the plane of the pinholes. The 
intensity of the interference pattern produced at the 
hack focal plane of the lens [> is: 


Zw) 


un=2[ 14 cob) | (28) 


where 6=dsin ¢ is the phase difference between the 
two beams reaching P from P, and P). For the on-axis 
point O, the quantity 3 is zero, 

The maximum and minimum values of [(P) are 
given by 


Tosas(P) = 2 (PLL + |2fa(uyiv| [2%a)) 


Tngax(P) = 21,(PIA = [2 (vytel] [29(b)) 


Figure 7 shows an example of the observed fringe 
patterns obtained by Thompson (1958) in a sub- 
sequent experiment. 


Types of Fields 


As mentioned above, yi2(z) is a measure of the 
correlation of the complex field at any two points P, 


90 COHERENCE / Overview 


2a=90ym 


Inal = 0.703 


Bro 


2a = 480 um 


| = 0.082 


Figure 7 Two beam interference patterns obtained by using partially coherent light. The wavelength of light used was 0.579 um and 
the separation dof the pinholes in the screen at B was 0.5 cm. The figure shows the observed fringe pattern and the calculated intensity 
variation for three sizes of the secondary source. The dashed lines show the maximum and minimum intensity. The values of the 
diameter, 2a, of the source and the corresponding values of the magnitude, !yy9|and the phase, fi. are also shown in each case. 
Reproduced with permission from Thompson BJ (1958) Ilustration of phase change in two-beam interference with partially coherent 


light. Journal ofthe Optical Society of America 48: 95-97. 


and P2 at specific time delay 7. Extending this 
definition, an optical field may be coherent or 
incoherent, if |y,.(7)l = 1 or ly,2(7) = 0, respectively, 
for all pairs of points in the field and for all time 
delays. In the following, we consider some specific 
cases of fields and their properties. 


Perfectly Coherent Fields 


A field would be termed as perfectly coherent or self- 
coherent at a fixed point, if it has the property that 
1 at some specific point R in the domain, 
Id for all values of time delay z. It can also be 
shown that (R,R, 2) is periodic in time, ic. 


¥RR,2) * for m>0 [30] 
For any other point r in the domain of the field, 
Rr, 7) and r,R,7) are also unimodular and also 
periodic in time. 

A perfectly coherent optical field at two fixed 
points has the property that |4R,,Ry, 7)| = 1 for any 


two fixed points Ry and Ry in the domain of the field 
for all values of time delay 7. For such a field, it can be 
shown that (Rj, Ry, 1) = expli(B ~ 2arv97)] with 1 
(> 0) and Bare real constants. Further, as a corollary, 
IfRi,Ri, A= 1 and I{R2,Ro,7=1 for all. 7, 
ile, the field is self-coherent at each of the field 
points Ry and Ry, and 


YAR, Ry, 7) = y(Rp,Ry, 7) = exp(—2mriny7) for m > 0 


It can be shown that for any other point r! within the 


field 


(Ry.Re,0)y.Ri.)= YER Ae 
BI 


yee, 
yRy.Ry 


= R,,Ry,0)expl— 


A perfectly coherent optical field for all points in 
the domain of the field has the property that 
I{ry.12,91=1 for all pairs of points r; and ry in the 
domain of the field, for all values of time delay r. 


power > regulation > voltage regulator 
power source, they form a voltage divider, which 
provides an intermediate voltage at the connec- 
tion between them. However, this voltage will 
vary depending on fluctuations in the input volt- 
age and/or load impedance. A voltage regulator 
is the simplest way to supply a voltage that re- 
mains stable regardless of excursionsin the input 
or fluctuations in power consumed by the load. 


The disadvantage of a standard-type voltage 
regulator is that it is inefficient, especially when 
a relatively high input voltage is used to deliver 
a relatively low output voltage. IFV,, is the input 
voltage, Vous is the output voltage, and lou¢ is the 
output current, theaverage powerloss,P.isgiven 
by the formula: 


P = Tout * (Vin ~ Vout) 


For example, if the outputcurrentis 1A, the input 
voltage is 9VDC, and the output is SVDC, 44% of 
the input power will be wasted, and the compo- 
nent willbe only 56% efficient. The wasted power 
(about 4 watts, in this case) will be dissipated as 
heat. Even when a standard-type regulator runs 
at its minimum 2VDC dropout voltage, it must 
dissipate 1W when delivering 0.5A. 


Variants 


Packaging 

The package for the LM78xx series of regulators, 
shown in Figure 19-1, incorporates an aluminum 
plate drilled with a hole so that it can be bolted 
to a heat sink. Voltage regulators with a lower 
rated maximum output current (typically, 
100mA) do not have the same need for a heat 
sink, and are available in a package that resem- 
bles a small transistor. 


Some integrated circuits areavailable containing 
two voltage regulators, electrically isolated from 
each other. 


Popular Varieties 
Inthe LM78xxseries, thelasttwo digits in the part 
number specify the output voltage, which is 
fixed. Thus the LM7805 delivers SVDC, the 


Variants 


LM7806 delivers 6VDC, and so on. For regulators 
with a fractional voltage output (3.3VDC being 
‘common),an additional letter may be inserted in 
the part number, as in the 78M33, 


Many copies of the LM78xx series are made by 
different manufacturers, the copies being func- 
tionally identical, regardless of additional letters 
that are added to the part number to identify its 
source or other attributes. 


The LM78xx regulators are mostly rated to be ac- 
curate within 4%, although actual samples al- 
most always deliver voltages that are more pre- 
cise than this range suggests. 


Adjustable Regulators 

While the majority of regulators havea fixed out- 
put, some allow the user to set the output by 
adding one or more resistors. The LM317 is a 
popular example. Its output voltage can range 
from 1.25VDC to 37VDC and is set via a resistor 
and a trimmer potentiometer, as illustrated in 
Figure 19-4. If R1 is the fixed-value resistor and 
R2is the trimmer, as shown in the schematic, the 
output voltage, Vou is given by the formula 


Vout = 1.25 * (1 + (R2 / R1)) 


Typical values for R1 and R2 would be 2409 and 
5K, respectively, With the trimmer at the middle 
ofits range, Vo; would be 1.25* (1 +(2500/240)) 
= approximately 15VDC, requiring an input of at 
least 17VDC. However, if the trimmer is reduced 
to 7200, the output would be SVDC. In practice, 
the value of a trimmer should be chosen so that 
a mid-range setting provides approximately the 
desired output. This will enable fine adjustment 
of the output voltage. 


While the versatility of an adjustable regulator is 
desirable, its overall power dissipation is still pro- 
portional to the difference between the input 
voltageand the outputvoltage. Tominimizeheat 
loss, this difference should not exceed the drop- 
out voltage bya largeramount than is absolutely 
necessary. 
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It can then be shown that y(r4,r2,7)= expliladey)— 
a(rz)]—2airy7}, where a(t’) is real function of a 
single position r! in the domain of the field. Further, 
the mutual coherence function P'(e),r2,7) for such a 
field has a factorized periodic form as 

Tey 


= Ule Ue) exp(—2riny?) [32] 


which means the field is monochromatic with 
frequency 4 and U() is any solution of the 
Helmholtz equation: 

VUE) +AU) =0. 


ko=2mmle (33) 


‘The spectral and cross-spectral densities of such fields 
are represented by Dirac é-functions with their 
singularities at some positive frequency 1. Such 
fields, however, can never occur in nature, 


Quasi-Monochromatic Fields 


Optical fields are found in practice for which spectral 
spread Avis much smaller than the mean frequency 7. 
These are termed as quasi-monochromatic fields. The 
cross-spectral density W(r},r2, ») of the quasi-mono- 
chromatic fields attains an appreciable value only in 
the small region Av, and falls to zero outside this 
region, 


Wery.n.9)=0, ly 91> Av and Av<e [34] 


The mutual coherence function T(ry.r2,7) can be 
written as the Fourier transform of cross-spectral 
density function as 


Peyn.9=€ an Wieytr. nye 2d [35] 
If we limit our attention to small r such that Avtz|<1 
holds, the exponential factor inside the integral is 
approximately equal to unity and eqn [35] reduces to 

Ties 


jdv [36] 


)=expl-2nin | [Weewsts, 
a 


which gives 


B71 


)=P(ry.42,0) exp(—2aiv) 


Equation [37] describes the behavior of P(r1,r2,7) for 
a limited range of 7 values for quasi-monochromatic 
fields and in this range it behaves as a monochromatic 
field of frequency ». However, due to the factor 
T(ry,12,0), the quasi-monochromatic field may be 
coherent, partially coherent, or even incoherent. 


Cross-Spectrally Pure Fields 


The complex degree of coherence, if it can be factored 
into a product of a component dependent on spatial 


coordinates and a component dependent on time 
delay, is called reducible, In the case of perfectly 
coherent light, the complex degree of coherence is 
reducible, as we have seen above, e.g., in eqn [32], 
and in the case of quasi-monochromatic fields, this is 
reducible approximately as shown in eqn [37]. There 
also exists a very special case of a cross-spectrally 
pure field for which the complex degree of coherence 
is reducible. A field is called a cross-spectrally pure 
field if the normalized spectrum of the superimposed 
light is equal to the normalized spectrum of the 
component beams, a concept introduced by Mandel. 
In the space-frequency domain, the intensity inter- 
ference law is expressed as the so-called spectral 
interference law: 


Ste, ») = Se, 9) + Se, 


+ BT SMe, P/SE%r, [Return nem] 


8} 


where jx(r),13, ») is the spectral degree of coherence, 
defined in eqn [21] and ris the relative time delay that 
is needed by the light from the pinholes to reach any 
point on the screen; S!(r, x) and Sr, ») are the 
spectral densities of the light reaching P from the 
pinholes P, and Ps, respectively (see Figure 4) and it is 
assumed that the spectral densities of the field at 
pinholes P, and P2 are the same [S(r, 1) = CS(rp. »)| 
Now, if we consider a point for which the time delay 
is m, then it can be seen that the last term in eqn [38] 
would be independent of frequency, provided that 


ir.12, 9) exp(—2mivm) = firi.t2,m) 139] 
where f(F),12, 79) is a function of ry, r) and 7 only 
and the light at this point would have the same 
spectral density as that at the pinholes. If a region 
exists around the specified point on the observation 
plane, such that the spectral distribution of the light 
in this region is of the same form as the spectral 
distribution of the light at the pinholes, the light at the 
pinholes is cross-spectrally pure light. 

In terms of the spectral distribution of the light 
Stry,1) at pinhole P, and S(rp, »)[= CS(ry.»)] at 
pinhole P;, the mutual coherence function at the 
pinholes can be written as 


Feet 2) = VE | Ste, mle.) expl—2aiond 
(40) 


and using eqn [39], we get the very important con- 
dition for the field to be cross-spectrally pure, ie. 


WD = At WET) ED 
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The complex degree of coherence (F).12,7) is thus 
expressible as the product of two factors: one factor 
characterizes the spatial coherence at the two pin- 
holes at time delay 7) and the other characterizes the 
temporal coherence at one of the pinholes. Equation 
[41] is known as the reduction formula for cross- 
spectrally pure light. It can further be shown that 


My.12.9) = E113, 79) expAmivm) — [42] 
Thus, the absolute value of the spectral degree of 
coherence is the same for all frequencies and is equal 
to the absolute value of the degree of coherence for 
the point specified by 7). It has been shown that cross- 
spectrally pure light can be generated, for example, 
by linear filtering of light that emerges from the two 
pinholes in Young's interference experiments. 


Types of Sources 


Primary Sources 


A primary source is a set of radiating atoms or 
molecules, In a primary source the randomness comes 
from true source fluctuations, i.c., from the spatial 
distributions of fluctuating charges and currents, Such 
a source gives rise to a fluctuating field. Let Qtr, t) 
represent the fluctuating source variable at any point 
rat time f, then the field generated by the source is 
represented by fluctuating field variable Vir,t). The 
source is assumed to be localized in some finite 
domain such that Q(r,)=0 at any time t>0 
outside the domain, Assuming that field variable 
Vir,t) and the source variable Q(r,t) are scalar 
quantities, they are related by an inhomogeneous 
equation as 


Vevirt) — SS ven =—4n0(r,t) [43] 


The mutual coherence functions of the source 
To(rits.7) = (O'(r,,0O(r,t + 7)) and of the field 
Ty(ey.ry, 7) = (V(r, )VUrg,t +) characterize the 
statistical similarity of the fluctuating quantities at 
the points r, and r). Following eqn [20], one can 
define, respectively, the cross-spectral density func- 
tion of the source and the field as 


Wolti-ts =| Totti. ie 2 dr 


1441 


Wyltr.r) =| Ty(ey.r. tie 2 dr 


The cross-spectral density functions of the source and 
of the field are related as 


(E+ EUVE +E )Wyty.y, 9) = 4 Wolty.ra, ») 
[45] 


The solution of eqn [45] is represented as 


Weur= if Wott’ 
sJs 
146] 


where Ry = Ir; — ry] and Ry = Ir; —r'5! (see Figure 8). 
Using eqn [46], one can then obtain an expression 
for the spectrum at a point (r =r) =r=ru) in the far 
field (r>1/,,1/s) of a source as 


1 , 
aJ,Joe 


where u is the unit vector along r. The integral in 
eqn [47], ic. the quantity defined by 7°S*(ru, »). is 
also defined as the radiant intensity, which represents 
the rate of energy radiated at the frequency » from 
the source per unit solid angle in the direction of u. 


S(ra9) sarge BEEN Pe 


147] 


‘Secondary Sources 


Sources used in a laboratory are usually secondary 
planar sources. A secondary source is a field, which 
arises from the primary source in the region outside 
the domain of the primary sources. This kind of 
source is an aperture on an opaque screen illuminated 
either directly or via an optical system by primary 
sources, Let Vip,t) represent the fluctuating field in 
a secondary source plane o at z= 0 (Figure 9) and 
Wo(pi.p2.%) represent its cross-spectral density 
(the subscript 0 refers to z= 0). One can then solve 
eqn [25] to obtain the propagation of the cross- 
spectral density from this planar source. For two 
points P, and P located at distances which are large 
compared to wavelength, the cross-spectral density is 


Figure 8 Geometry of a 3-dimensional primary source S and 
the radiation from it 
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Figure 9 Geometry of a planar source and the radiation 
from it 


then given by 


Worn, 


(ze) J, [,mvennn 


cos 6’; cos 8'; d*p, d*py 


[48] 


where R, =r, pl, (= 1,2), 6! and 6"; are the 
angles that R, and R; directions make with the z-axis 
(Figure 9). Using eqn [48], one can then obtain an 
expression for the spectrum at a point (r =r) 

r= ru) in the far field (7 > p,,p2) of a planar source 


sou eons J, [wore 


xe MMP ay dp [49 
where u, is the projection of the unit vector won the 
plane «of the source. 


Schell-Model Sources 


In the framework of coherence theory in space-time 
domain, two-dimensional planar model sources of 
this kind were first discussed by Schell, Later, the 
model was adopted for formulation of coherence 
theory in space—frequency domain, Schell-model 
sources are the sources whose degree of spectral 
coherence jra(ri.t2, v) (for either primary or second- 
ary source) is stationary in space. It means that 
a(ti.t2, ») depends on r; and ry only through the 
difference t) ~r), ic., of the form: 


Ba(ti.t2, Y) = pats — 11, ¥) {50} 
for each frequency » present in the source spectrum. 


Here A stands for field variables V, in the case of a 


Schell-model secondary source and for source vari- 
ables Q, in the case of a Schell-model primary source. 
‘The cross-spectral density function of a Schell-model 
source is of the form: 


Walriyra, 0) = [Sales 7 1Sa(e2, 1? wales — ri») 
(51) 


where S4(r,») is the spectral density of the light at a 
typical point in the primary source or on the plane of 
a secondary source, Schell model sources do not 
assume low coherence, and therefore, can be applied 
to spatially stationary light fields of any state of 
coherence. The Schell-model of the form given in 
eqn [51] has been used to represent both three- 
dimensional primary sources and two-dimensional 
secondary sources. 


Quasi-Homogeneous Sources 


Useful models of partially coherent sources that are 
frequently encountered in nature or in the laboratory 
are the so-called quasi-homogencous sources. These 
are an important sub-class of Schell-model sources. 
A Schell-model source is called quasi-homogencous if 
the intensity of a Schell model source is essentially 
constant over any coherence area. Under these 
approximations, the cross-spectral density function 
for a quasi-homogencous source is given by 


Walti.r2, ) = Sa[b1 +2), ]ualra — 11,0) 

= Salt. vag’, {52} 
where r = (r) +1)/2, and 11. The subscript 
A stands for either V or Q for the field variable or a 
source variable, respectively. It is clear that for a 
quasi-homogencous source the spectral density 
Sa(t.v) varies so slowly with position that it is 
approximately constant over distances across the 
sources that are of the order of the correlation length 
‘A, which is a measure of the effective width of 
|ua(r.w)|. Therefore, Sa(r,v) is a slowly varying 
function of r (Figure 10b) and |ya(r’, | is a fast 
varying function of r’ (Figure 10a). In addition, the 
linear dimensions of the source are large compared 
with the wavelength of light and with the correlation 
length A (Figure 10¢). 

Quasi-homogeneous sources are always spatially 
incoherent in the ‘global’ sense, because their linear 
dimensions are large compared with the correlation 
length. This model is very good for representing two- 
dimensional secondary sources with sufficiently low 
coherence such that the intensity does not vary over 
the coherence area on the input plane. It has also 
been applied to three-dimensional primary sources, 
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Figure 10 Concept of quasi-homogeneous sources. 


three-dimensional scattering potentials, and two- 
dimensional primary and secondary sources. 


Equivalence Theorems 


The study of partially coherent sources led to the 
formulations of a number of equivalence theorems, 
which show that sources of any state of coherence can 
produce the same distribution of the radiant intensity 
as a fully spatially coherent laser source. These 
theorems provide conditions under which sources of 
different spatial distribution of spectral density and of 
different state of coherence will generate fields, which 
have the same radiant intensity. It has been shown, by 
taking examples of Gaussian—Schell model sources, 
that sources of completely different coherence proper- 
es and different spectral distributions across the 
source generate identical distribution of radiant 
intensity. Experimental verifications of the results of 
these theorems have also been carried out. For further 


details on this subject, the reader is referred to 
Mandel and Wolf (1995). 


Correlation-Induced Spectral 
Changes 
It was assumed that spectrum is an intrinsic property 


of light that does not change as the radiation 
propagates in free-space, until studies on partially 


coherent sources and radiations from them in 1980s, 
revealed that this was true only for specific type of 
sources, It was discovered on general grounds that the 
spectrum of light, which originates in an extended 
source, either a primary source ora secondary source, 
depends not only on the source spectrum but also on 
the spatial coherence properties of the source. It was 
also predicted theoretically by Wolf that the spectrum 
of light would, in general, be different from the 
spectrum of the source, and be different at different 
points in space on propagation in free space. 

For a quasi-homogencous planar secondary source 
defined by eqn [52], whose normalized spectrum is 
the same at each source point, one can write the 
spectral density as 


So(p. ») = lo(p)go(v) with Jjewdr=1 153] 


where Ip(p) is the intensity of light at point p on the 
plane of the source, go(v) is the normalized spectrum 
of the source and the subscript 0 refers to the 
quantities of the source plane. Using eqn [49], one 
can obtain an expression for the far-field spectrum 
due to this source as 


BR cos? 
Sou = PL | tmrternoio 
eI Py pn a 
Noting that p =(p; +92)/2 and p! =p) — py, one 


can transform the variables of the integration and 
obtain after some manipulation: 


B co: 


Su, 9) = SF hn, Deo) 155] 
where 
wo(kus.) =| ole! ne tad Po [56] 
and 
1,={ torte 157] 


Equation [55] shows that the spectrum of the field in 
the far-zone depends on the coherence properties of 
the source through its spectral degree of coherence 
Ho(',») and on the normalized source spectrum 
0(0). 


Scaling Law 


The why duced spectral 
changes were not observed until recently is that the 
usual thermal sources employed in laboratories or 


reason coherene! 
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commonly encountered in nature have special coher- 
ence properties and the spectral degree of coherence 
has the function form: 


1% 


01.)=f [ke —pv)] 


which shows that the spectral degree of coherence 
depends only on the product of the frequency and 
space coordinates. This formula expresses the so- 
called scaling law, which was enunciated by Wolf. 
Commonly used sources satisfy this property. For 
example, the spectral degree of coherence of Lam- 
hertian sources and black-body sources can be shown 
to be 


sin(kl 
Elp2— Pi 


Ho(Pa Pit) 


This expression evidently satisfies the scaling law. If 
the spectral degree of coherence does not satisfy the 
scaling law, the normalized far-field spectrum will, in 
general, vary in different directions in the far-zone 
and will differ from the source spectrum. 


Spectral Changes in Young’s Interference 
Experiment 


Spectral changes in Young's interference experiment 
with broadband light are not as well understood as in 
experiments with quasi-monochromatic, probably 
hecause in such experiments no interference fringes 
are formed. However, if one were to analyze the 
spectrum of the light in the region of superposition, 
one would observe changes in the spectrum of light in 
the region of superposition in the form ofa shift in the 
spectrum for narrowband spectrum and spectral 
modulation for broadband light. One can readily 
derive an expression for the spectrum of light in the 
region of superposition, Let S'"\(P, ») be the spectral 
density of the light at P which would be obtained if 
the small aperture at P, alone was open; SP, ») has 
a similar meaning if only the aperture at P2 was open 
(Figure 4). 

Let us assume, as is usually the case, that 
S@\(P, ») = S'(P, v) and let d be the distance between 
the two pinholes. Consider the spectral density at the 
point P, at distance x from the axis of symmetry in an 
observation plane located at distance of R from the 
plane containing the pinholes. Assuming that x/R < 
1, one can make the approximation Ry — Ry ~ xd/R 
The spectral interference law (eqn [38]) can then be 
written as 
29 (P, {1 + lw(Py. Pr, ol 


x cos[A(P), P>, v) + 2xd/cR]} 


SUP.) 


[60} 


where A(P,,P),») denotes the phase of the spectral 
degree of coherence. Equation [60] implies the two 
results: 


(i) atany fixed frequency v, the spectral density varies 
sinusoidally with the distance x of the point from 
the axis, with the amplitude and the phase of the 
variation depending on the (generally complex) 
spectral degree of coherence p(P,, Pa, ): and 

(ii) at any fixed point P in the observation plane the 
spectrum S(P, ») will, in general, differ from the 
spectrum S'!)(P, »), the change also depending on 
the spectral degree of coherence i(P,, Ps, ») of the 
light at the two pinholes. 


Experimental Confirmations 


Experimental tests of the theoretical prediction of 
spectral invariance and noninvariance due to corr- 
elation of fluctuations across the source were per- 
formed just after the theoretical predictions. Figure 11 
shows results of one such experiment in which 
spectrum changes in the Young's experiment were 
studied. Several other experiments also reported 
confirmation of the source correlation-dependent 
spectral changes. One of the important applications 
of these observations has been to explain the 
discrepancies in the maintenance of the spectro- 
radiometric scales by national laboratories in differ- 
ent countries. These studies also have potential 
application in determining experimentally the spec- 
tral degree of coherence of partially coherent fields. 
The knowledge of spectral degree of coherence is 
often important in remote sensing, e.g,, for determin- 
ing angular diameters of stars. 
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Figure 11 Correlation-induced changes in spectrum in Young's, 
interference. Dashed line represents the spectrum when only ane 
of the slits is open, the continuous curve shows the spectrum 
when both the slits are open and the citclas are the measured 
values in the latter case. Reproduced with permission from 
Santarsiero M and Gori F (1992) Spectral changes in Young 
interference pattem. Physics Letters 167: 123-128, 
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Applications of Optical Coherence 


Stellar Interferometry 


The Michelson stellar interferometer, named after 
Albert Michelson, was used to determine the angular 
diameters of stars and also the intensity distribution 
across the star. The method was devised by Michelson 
without using any concept of coherence, although 
subsequently the full theory of the method was 
developed on the basis of propagation of correlations. 
A schematic of the experiment is shown in Figure 12. 
The interferometer is mounted in front of a telescope, 
a reflecting telescope in this case. The light from a star 
is reflected from mirrors M; and Mz and is directed 
towards the primary mirror (or the objective lens) of 
the telescope. The two beams thus collected super- 
pose in the focal plane F of telescope where an image 
crossed with fringes is formed. The outer mirrors Mi 
and M; can be moved along the axis defined as 
MiMsMgMp while the inner mirrors My and My 
remain fixed. The fringe spacing depends on the 
position of mirrors M; and Mg and hence is fixed, 
while the visibility of the fringes depends on the 
separation of the mirrors M, and M, and hence, can 
be varied. Michelson showed that from the measure- 
ment of the variation of the visibility with the 
separation of the two mirrors, one could obtain 
information about the intensity distribution of the 
stars, which are rotationally symmetric. He also 
showed that if the stellar disk is circular and 
uniform, the visibility curve as a function of the 
separation d of the mirrors My and Mp will have 
zeros for certain values of d, and that the smallest of 
these d values for which zero occurs is given by dy = 
O.61A,/a, where @ is the semi-angular diameter of 
the star and A, is the mean wavelength of the filtered 


Me 


Figure 12. Schematic of the Michelson stellar interferometer. 


quasi-monochromatic light from the star, Angular 
diameters of several stars down to 0.02 second of an 
are were determined, 

From the standpoint of second-order coherence 
theory the principles of the method can be readily 
understood. The star is considered an incoherent 
source and according to the van Cittert-Zernike 
theorem, the light reaching the outer mirrors My and 
Mb of the interferometer will be partially coherent. 
This coherence would depend on the size of and the 
intensity distribution across the star. Let (4,4) and 
(2,92) be the coordinates of the positions of the 
mirrors Mi and Ma, respectively, and (£,9) the 
coordinates of a point on the surface plane of the 
star which is assumed to be at a very large 
(astronomical) distance R from the mirrors. The 
complex degree of coherence at the mirrors would 
then be given by eqn [22] which can now be written as 


i Tau vje 9 de du 
Ax, Ay, 0) 


(61) 
[tend ae 


where I(u,) is the intensity distribution across the 
star disk as a function of the angular coordinates 
W= OR, v= WR, Ax =x, — 32, Ay=yi — yx, and 
k, =2nAy, A, being the mean wavelength of the light 
from the star. Equation [61] shows that the equal- 
time (7 = 0) complex degree of coherence of the light 
incident at the outer mirrors of the interferometer is 
the normalized Fouriertransform of the intensity 
distribution across the stellar disk. Further, eqn [15] 
shows that the visibility of the interference fringes is 
the absolute value of , if the intensity of the two 
interfering beams is equal, as in the present case. The 
phase of y can he determined by the position of the 
intensity maxima of the fringe pattern (eqn [14]). If 
one is interested in determining only the angular size 
of the star and the star is assumed to be a circularly 
symmetric disk of angular diameter 2a and of 
uniform intensity [Iuv) is constant across the 
disk], then eqn [61] reduces to 


2a 
pad, d=yiAx? + 


162] 


Zw) 


yar. 


The smallest separation of the mirrors for which 
the visibility y vanishes corresponds to v=3.832, 
i.e. do=0.61A,/a, which is in agreement with 
Michelson’s result. 


Interference Spectroscopy 


Another contribution of Michelson, which was 
subsequently identified as an application of the 
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coherence theory, was the use of his interferometer 
(Figure 2) to determine the energy distribution in the 
spectral lines. The method he developed is capable to 
resolving spectral lines that are too narrow to be 
analyzed by the spectrometer. The visibility of the 
interference fringes depends on the energy dist 
bution in the spectrum of the light and its measure- 
ment can give information about the spectral lines. In 
particular, if the energy distribution in a spectral line 
is symmetric about some frequency 1y, its profile is 
simply the Fourier transform of the visibility vari- 
ation as a function of the path difference between the 
two interfering beams, This method is the basis of 
interference spectroscopy or the Fourier transform 
spectroscopy. 

Within the framework of second-order coherence 
theory, if the mean intensity of the two beams in a 
Michelson’s interferometer is the same, then the 
visibility of the interference fringes in the observation 
plane is related to the complex degree of coherence of 
light at a point at the beamsplitter where the two 
beams superimpose (eqn [15]). The two quantities are 
related as u(x) = |y(x)| where y(7) = y(t1.t1,7) is the 
complex degree of self-coherence at the point r, on 
the beamsplitter. Following eqn [19], y(7) can be 
represented by a Fourier integral as 


xn (63) 


where s(1) is the normalized spectral density of the 
light defined as s(v) = SCV f§ S(ridy and Sv) 
Str, 1) = W(ry,r1,0) is the spectral density of the 
beam at the point r). The method is usually applied to 
very narrow spectral lines for which one can assume 
that the peak that occurs at 1, and y(r) can be 
represented as 

(7) = P(nexp(—Ziny7) with 
e a [64] 
y= J __ Mwexp(—idmpridye 


where 3(1) is the shifted spectrum such that 


Sm) = s(¥) +H) 


=0 


wen 
umm 


From the above one readily gets 
w= voll Hw) exp(—i2mundul [65] 


If the spectrum is symmetric about 1, then u(r) 
would be an even function of + and the Fourier 


inversion would give: 


Hy) = sy +p) =2 if v(r}cos2mur)de 166] 
which can be used to calculate the spectral energy 
distribution for a symmetric spectrum about »y from 
the visibility curve. However, for an asymmetric 
spectral distribution, the visibility and the phase of 
the complex degree of coherence must be determined 
as the Fourier transform ofthe shifted spectrum is no 
longer real everywhere. 


Higher-Order Coherence 


So far we have considered correlations of the 
fluctuating field variables at two space-time (r,t) 
points, as defined in eqn [10]. These are termed as 
second-order correlations. One can extend the con- 
cept of correlations to more than two space-time 
points, which will involve higher-order correlations. 
For example, one can define the space-time cross 
correlation function of order (M,N) of the random 
field V(r.t), represented by TN), as an ensemble 
average of the product of the field V(r.) values at N 
space-time points and V"(r,t) at other M points. In 
this notation, the mutual coherence function as 
defined in eqn [10] would now be I”, Among 
higher-order correlations, the one with M = N = 2, is 
of practical significance and is called the fourth-order 
correlation function, PP2(ry,ty,t3,t9:t3.t3st4s te) 
The theory of Gaussian random variables tells us 
that any higher correlation can be written in terms 
of second-order correlations over all permutations 
of pairs of points, In addition, if we assume that 
(23,3) = (ri. ts) and (r4, 44) = (12,42), and that the 
field is stationary, then P22) js called the intensity— 
intensity correlation and is given as 


THe, 


4) 
= (Vert) V(r. t)V (et), t2)) 


= (ery. ty lea.ty)) 


(lest) Xa ty) (1+ bY Menta —t)P) (67) 
where 


TOD ryt) 
= aaa 
We, eT tT 


Merry [68] 


We now define fluctuations in intensity at (f,.1)) as 


AL = He,t) — Ueet))) 
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and then the correlation of intensity fluctuations 
becomes 


(ANA) = (ers, 411022, 19)) — (certs) lea, 19)) 


= (leet) Xleea.t)) IY ee HP 
169] 


where we have used eqn [67]. Equation [69] forms the 
basis for intensity interferometry. 


Hanbury-Brown and Twiss Experiment 


In this landmark experiment conducted both on the 
laboratory scale and astronomical scale, Hanbury- 
Brown and Twiss demonstrated the existence of 
intensity-intensity correlations in terms of the 
correlations in the photocurrents in the two detectors 
and thus measured the squared modulus of complex 
degree of coherence. In the laboratory experiment, 
the arc of a mercury lamp was focused onto a circular 
hole to produce a secondary source. The light from 
this source was then divided equally into two parts 
through a beamsplitter. Each part was, respe 
detected by two photomultipl 
identical square apertures in front. One of the tubes 
could be translated normally to the direction of 
propagation of light and was so positioned that its 
image through the splitter could be made to coincide 
with the other tube. Thus, by suitable translation a 
measured separation d between the two square 
apertures could be introduced. The output currents 
from the photomultiplier tubes were taken by cables 
of equal length to a correlator. In the path of each 
cable a high-pass filter was inserted, so that only the 
current fluctuations could be transmitted to the 
correlator. Thus, the normalized correlations between 


the two current fluctuations: 


(ahs) 
(anory anor)” 


as a function of detector separation d could be 
measured. Now when the detector response time is 
much larger than the time-scale of the fluctuations in 
intensity, then it can be shown that the correlations in 
the fluctuations of the photocurrent are proportional 
to the correlations of the fluctuations in intensity of 
the light being detected. Thus, we would have 


Cd) = 170] 


C(d) = lf P(ey,12, 0 (71) 
where 8 is the average number of photocounts of the 
light of one polarization during the time-scale of the 
fluctuations (for general thermal sources, this is much 


less than one). Equation [71] represents the Hanbury- 
Brown—Twiss effect. 


Stellar Intensity Interferometry 


Michelson stellar interferometry can resolve stars 
which have angular sizes of the order of 0.01", since 
for smaller stars, the separation between the primary 
mirrors runs into several meters and maintaining 
stability of mirrors such that the optical paths do not 
change, even by fraction of a wavelength, is extremely 
difficult. The atmospheric turbulence further adds to 
this problem and obtaining stable fringe pattern 
becomes next to impossible for very small stars. 
Hanbury-Brown and Twiss applied the intensity 
interferometry based on their photoelectric corre- 
lation technique for determining the angular sizes of 
such stars. Two separate parabolic mirrors collected 
light from the star and the output of the photo- 
detectors placed at the focus of each mirror was sent 
toa correlator. The cable lengths were made unequal 
so as to compensate for the time difference of the 
light arrival at the two mirrors. The normalized 
correlation of the fluctuations of the photocurrents 
was determined as described above. This would give 
the variation of the modulus-squared degree of 
coherence as a function of the mirror separation d 
from which the angular size of the stars can be 
estimated. The advantage of the stellar intensity 
interferometer over the stellar (amplitude) interfe- 
rometer is that the light need not interfere as in the 
latter, since the photodetectors are mounted directly 
at the focus of the primary mirrors of the telescope. 
Thus, the constraint on the large path difference 
between the two beams is removed and large values of 
d can now be used. Moreover, the atmosphere 
turbulence and the mirror movements have very 
small effect. Stellar angular diameters as small as 
0.0004" of arc with resolution of 0.00003” could be 
measured by such interferometers. 
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Introduction 


Optical imaging systems are strongly affected by the 
coherence of the light that illuminates the object of 
interest. In many cases, the light is approximately 
coherent or incoherent. These approximations lead to 
simple mathematical models for the image formation 
process and allow straightforward analysis and 
design of such systems, When the light is partially 
coherent, the mathematical models are more compli- 
cated and system analysis and design is more difficult. 
Partially coherent illumination is often used in 
microscopy, machine vision, and optical lithography. 
‘The intent of this article is to provide the reader with 
a basic understanding of the effects of coherence on 
imaging. The information should enable the reader to 
recognize when coherence effects are present in an 
imaging system and give insight into when coherence 
can be modified to improve imaging performance. 
‘The material relies mostly on concepts drawn from 
the Fourier optics perspective of imaging and a 
rigorous coherence theory treatment is avoided. We 
encourage the reader to consult the Further Reading 
list at the end of this article, for more complete 
definitions of terms for coherence theory. A number 
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of experimental results highlight the effects of 
spatial coherence of the illumination on image 
formation. Discussions of the role of coherence in 
such key applications are interspersed throughout 
the article. 


Image Formation - Ideal and Optimal 


An image is typically defined as the reproduction or 
likeness of the form of an object. An image that is 
indistinguishable from the original object is generally 
considered to be ideal. In a general context, the sound 
of a voice coming from a loudspeaker can be thought 
of as the image of the sound coming directly from the 
original speaker's mouth. In optical imaging, the ideal 
image replicates the light emanating from the object. 
Taken to the extreme, the ideal image replicates the 
light leaving the object in terms of intensity, 
wavelength, polarization, and even coherence. 
When the final image is viewed by the eye, the ideal 
image only needs to replicate the spatial distribution 
of the light leaving the object in terms of color and 
relative intensity at each point on the object. (In this 
article, intensity is defined as optical power per unit 
area (watts per meter squared).) 

A general diagram ofa direct view image formation 
system is shown in Figure 1, The condenser optics 
gathers light from a primary source and illuminates a 
transmissive object having a complex wave amplitude 
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transmission of O(x, y). The imaging optics produce 
an optical image that is viewed directly by the viewer. 
A growing number of image formation systems now 
include a solid-state image detector as shown in 
Figure 2. The raw intensity optical image is converted 
to an electronic signal that can be digitally processed 
and then displayed on a monitor. In this system, the 
spatial intensity distribution emanating from the 
monitor is the final image. The task of the optical 
system to the left of the detector is to gather spatial 
information about the light properties of the object. 
In fact, the information gathered by the detector 
includes information about the object, the illumina- 
tion system, and the image formation optics. If the 
observer is only interested in the light transmission 
properties of the object, the effects of the illumination 
and image formation optics must be well understood. 
When the light illuminating the object is known to be 
coherent or incoherent, reasonably simple models for 
the overall image formation process can be used. 
More general, partially coherent illumination can 
produce optically formed images that differ greatly 


Light 


Mumination 
optics 


NOpoe 


Figure 1 Direct view optical system. Imaging optics conveys the 
light from an iluminated object directly to the human viewer. 
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Figure 2 Indirect view optical systam. The raw intensity optical 
image is detected electronically, processed and a final image is 
presented to the human observer on a display device. 


from the intensity pattern leaving the object. Seen 
from this perspective, partially coherent illumination 
is an undesirable property that creates nonideal 
images and complicates the image analysis. 

The ideal image as described above is not 
necessarily the optimum image for a particular task. 
Consider the case of object recognition when the 
object has low optical contrast. Using the above 
definition, an ideal image would mimic the low 
contrast and render recognition difficult. An image 
formation system that alters the contrast to improve 
the recognition task would be better than the 
so-called ideal image. The image formation system 
that maximized the appropriate performance metric 
for a particular recognition task would be considered 
optimal. In optimizing the indirect imaging system of 
Figure 2, the designer can adjust the illumination, the 
imaging optics, and the post-detection processing. 
In fact, research microscopes often include an 
adjustment that modifies illumination coherence 
and often alters the image contrast. Darkfield and 
phase contrast imaging microscopes usually employ 
partially coherent illumination combined with pupil 
modification to view otherwise invisible objects. Seen 
from this perspective, partially coherent illumination 
is a desirable property that provides more degrees of 
freedom to the imaging system designer. Quite often, 
partially coherent imaging systems provide a com- 
promise between the performance of coherent and 
incoherent systems. 


Elementary Coherence Concepts 


‘Most readers are somewhat familiar with the concept 
of temporal coherence. In Figure 3, a Michelson 
interferometer splits light from a point source into 
two paths and recombines the beams to form 
interference fringes. The presence of interference 
fringes indicates that the wave amplitude fluctuations 
of the two beams are highly correlated so the light 
adds in wave amplitude. If the optical path difference 
between the two paths can be made large without 
reducing the fringe contrast, the light is said to be 
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Figure 3 The presence of high contrast fringes in a Michelson 
interferometer ingicates high temporal coherence. 


Variants 


An adjustable regulator may require larger by- 
pass capacitors than a regulator with a fixed out- 
put. A manufacturer's recommendations for the 
LM317 are shown in Figure 19-4. 


Negative and Positive Regulators 

While most linear voltage regulators are de- 
signed for ‘positive input" (conventional current 
flow from input to output), some are intended 
for ‘negative input’ In this variant, the common 
terminalis positive, and the input and output are 
negative in relation to it. 


LM317L 


Figure 19-4. Schematic for the LM3I7L adjustable volt 
age regulator, based on a circuit recammended by Nation: 
‘al Semiconductor, with bypass capacitars added for ripple 
rejection, 


Low-Dropout Linear Regulators 

Low-dropoutregulators (sometimes referred toas 
LDO regulators) allow a much lower dropout 
voltage by using a single PNP or MOSFET tran- 
sistor. LDO regulators are popularly used in 
battery-powered devices where efficiency 
should be maximized and heat dissipation 
should be minimized, For example, the LM330 is 


power > regulation > voltage regulator 
a regulator with a SVDC output, tolerating a 
dropout voltage of 0.6V, allowing it to be used 
with four AAA cells. nan LDO regulator the drop- 
out voltage actually varies with load current and 
may diminish to as little as one-tenth ofits rated 
value when the output current is minimal. 


The majority of low-dropout regulators are sold 
in surface-mount packages, and are designed for 
maximum output of 100mA to S00mA. Only a 
few exceptions exist. They tend to be slightly 
more expensive than regulators with the typical 
2V dropout rating. 


Three voltage regulators are shown in 
Figure 19-5. From left to right, they are rated 
SVDC at 14, 12VDCat 1A, and SVDC at 7.5. The 
‘two smaller regulators are of the LM78xx series. 
Thelargerregulatorclaimsalow maximum drop- 
out voltage of 1.5VDC, and its output voltage can 
be adjusted with an external potentiometer and 
resistor. 


Figure 19-5. Two voltage regulators from the LM78xx ser- 
Jes, and a third high-current, law-dropout, adjustable reg: 
Ulator rated SVDC (adjustable upward) at 75A, 
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Figure 4 A Young's two pinhole interferometer produces: (a) a uniform high contrast fringe patter for light that is highly spatially 
and temporally coherent; (b) high contrast fringes only near the axis for low temporal coherence and high spatial coherence light; and 
(c) no tinge pattern for high temporal coherence, low spatial coherence light. 


highly temporally coherent. Light from very narrow- 
hand lasers can maintain coherence over very large 
optical path differences. Light from broadband light 
sources requires very small optical path differences to 
add in wave amplitude. 

Spatial coherence is a measure of the ability of two 
separate points in a field to interfere. The Young’s two 
pinhole experiment in Figure 4 measures the cohe- 
rence between two points sampled by the pinhole 
mask, Only a one-dimensional pinhole mask is shown 
for simplicity. Figure 4a shows an expanded laser 
beam illuminating two spatially separated pinholes 
and recombining to form an intensity fringe pattern. 
‘The high contrast of the fringe indicates that the wave 
amplitude of the light from the two pinholes is highly 
correlated. Figure 4b shows a broadband point source 
expanded in a similar fashion. The fringe contrast is 
high near the axis because the optical path difference 
between the two beams is zero on the axis and 
relatively low near the axis. For points far from the 
axes, the fringe pattern disappears hecause the low 
temporal coherence from the broadband source 
results in a loss in correlation of the wave amplitudes. 

A final Young's experiment example in Figure 4c 
shows that highly temporally coherent light can be 
spatially incoherent. In the figure, the light illuminat- 
ing the two pinholes comes from two separate and 


highly temporally coherent lasers that are designed to 
have the same center frequency. Since the light from 
the lasers is not synchronized in phase, any fringes 
that might form for an instant will move rapidly and 
average to a uniform intensity pattern over the 
integration time of a typical detector. Since the fringe 
contrast is zero over a practical integration time, the 
light at the two pinholes is effectively spatially 
incoherent, 


Two-point Imaging 


In a typical partially coherent imaging experiment 
we need to know how light from two pinholes adds 
at the optical image plane, as shown in Figure 5. 
Diffraction and system aberrations cause the image 
of a single point to spread so that the images of two 
spatially separated object points overlap in the 
image plane. The wave amplitude image of a single 
pinhole is called the coherent point spread function 
(CPSF), Since the CPSF is compact, two CPSFs will 
only overlap when the corresponding object points 
are closely spaced. When the two points are 
sufficiently close, the relevant optical path differ- 
ences will be small so full temporal coherence can be 
assumed. Spatial coherence will be the critical factor 
in determining how to add the responses to pairs of 
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point images. We assume full temporal coherence in 
the subsequent analyses and the light is said to be 
quasimonochromatic. 


Coherent Two-Point Imaging 


Consider imaging a two-point object illuminated by a 
spatially coherent plane wave produced from a point 
source, as depicted in Figure 6a, In the figure, the 
imaging system is assumed to be space-invariant. This 
means that the spatial distribution of the CPSF is 
the same regardless of position of the input pinhole. 
‘The CPSF in the figure is broad enough such that the 
image plane point responses overlap for this particu- 
lar pinhole spacing. Since the wave amplitudes from 
the two pinholes are correlated, the point responses 
add in wave amplitude, resulting in a two-point 
image intensity given by 


Tagou() = TglbGe ~ x1)? + Tole — xy) 11] 
where h(x) is the normalized CPSF and Iy is a scaling 


factor that determines the absolute image intensity 
value. Since the CPSF has units of wave amplitude, 
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Figure 5 Imaging of two points. The object plane ilumination 
coherence determines how the light adds inthe region af overlap 
ofthe two image plane points. 
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the magnitude squaring operation accounts for the 
square law response of the image plane detector. 

‘More generally, the image intensity for an arbitrary 
object distribution can be found by breaking the 
object into a number of points and adding the CPSFs 
due to each point on the object. The resultant image 
plane intensity is the spatial convolution of the 
object amplitude transmittance with the CPSF and 
is given by 


Teun) = Io) 


fowmne- ou 1 
where O(x) is the object amplitude transmittance. 
Incoherent Two-Point Imaging 


‘Two pinhole imaging with spatially incoherent light is 
shown in Figure 6b, where a spatially extended 
blackbody radiator is placed directly behind the 
pinholes, Once again the imaging optics are assumed. 
to be space-invariant and have the same CPSF as the 
system in Figure 6a. Since the radiation is originating 
from two completely different physical points on the 
source, no correlation is expected between the wave 
amplitude of the light leaving the pinholes and the 
light is said to be spatially incoherent. The resultant 
image intensity corresponding to the two pinhole 
object with equal amplitude transmittance values is 
calculated by adding the individual intensity 
responses to give 

Trigc(20) = Igth(ae — 24)!" + Iglbe— 2)! 3] 
For more general object distributions, the image 
intensity is the convolution of the object intensity 
transmittance with the incoherent PSF, and is given by 


Tigo) = Ip | lo(€)P Ube — €) Pde (4) 
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Figure 6 Imaging ot two points for (a) spatially coherent illumination and (b) spatially incoherent imaging. 
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where the intensity transmittance is the squared 
magnitude of the amplitude transmittance and the 
incoherent PSF is the squared magnitude of the CPSF. 


Partially Coherent Two-Point Imaging 


Finally we consider two pinhole imaging illuminated 
by partially spatially coherent light. Now the two- 
point responses do not add simply in amplitude or 
intensity. Rather, the image intensity is given by the 
more general equation: 


Tnpelse) = To[lb(ce = x4)? + Ute = xa)I* 
+ 2Re{w(x1:x2)b(x — xh" — x2)]] 


Is} 


where the # denotes complex conjugations and 
M(xy;x2) is the normalized form of the mutual 
intensity of the object illumination evaluated at the 
object points in question, The mutual intensity 
function is often denoted as Jo(xysx2) and is a 
measure of the cross correlation of the wave 
amplitude distributions leaving the two pinholes. 
Rather than providing a rigorous definition, we note 
that the magnitude of Jo(x1:x2) corresponds to the 
fringe contrast that would be produced if the two 
object pinholes were placed at the input of a Young's 
interference experiment. The phase is related to the 
relative spatial shift of the fringe pattern, When the 
light is uncorrelated, Jo(xi;x2)=0 and eqn [5] 
collapses to the incoherent limit of eqn [4]. 
When the light is coherent, Jol; 1 and 
eqn [5] reduces to the coherent form of eqn [2]. 

Image formation for a general object distribution is 
given by the bilinear equation: 


Tele) 


» foceio" enhte — Eh(s- 6) 


Joli ~ Bde dé 6) 


Note that, in general, Jo(r,;x3) must be evaluated for 
all pairs of object points. Close examination of this 
equation reveals that just as a linear system can be 
evaluated by considering all possible single point 


responses, a bilinear system requires consideration of 
all possible pairs of points, This behavior is much 
more complicated and does not allow the application 
of the well-developed linear system theory. 


Source Distribution and Object 
Mlumination Coherence 


According to eqn [6], the mutual intensity of all pairs 
of points at the abject plane must be known, to 
calculate a partially coherent image. Consider the 
telecentric Kohler illumination imaging system 
shown in Figure 7. The primary source is considered 
to be spatially incoherent and illuminates the object 
after passing through lens L1 located one focal 
distance away from the source and one focal distance 
away from the object. Even though the primary 
source is spatially incoherent, the illumination at 
the object plane is partially coherent. The explicit 
mutual intensity function corresponding to the 
object plane illumination is given by applying the 
van Cittert Zernike theorem: 

Jo(Ax) { sce) expliaaxe/artae 71 
where S(x) is the intensity distribution of the 
spatially incoherent primary source, F is the focal 
length of the lens, A is the illumination wavelength, 
and Ax =x; — x), The van Cittert Zemnike theorem 
reflects a Fourier transform relationship between the 
source image intensity distribution and the mutual 
intensity at the object plane. When the source plane is 
effectively spatially incoherent, the object plane 
mutual intensity is only a function of separation 
distance. For a two-dimensional object, the mutual 
intensity needs to be characterized for all pairs of 
unique spacings in x and y. In Figure 7, the lens 
arrangement ensures that the object plane is located 
in the far field of the primary source plane, In fact, the 
van Cittert Zemike thearem applies more generally, 
even in the Fresnel propagation regime, as long as the 
standard paraxial approximation far optics is valid, 
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Figure 7 A tolecontric Kohler illumination system with a spatially incoherent primary source imaged onto the pupil 
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Figure & Light propages fram the source plane to the abject plane 


‘and praduces (a) coherent illumination from a single source point 


() incoherent ilumination from an infirite extent source; and (c) partially coherent ilumination from a finite extent primary source. 


Figure 8 shows some simple examples of primary 
source distributions and the corresponding object 
plane mutual intensity function, Figure 8a assumes an 
infinitesimal point source and the corresponding 
mutual intensity is 1.0 for all possible pairs of object 
points, Figure 8b assumes an infinite extent primary 
source and results in a dirac delta function for the 
mutual intensity function, This means that there is no 
een any two object points having a 
separation greater than zero so the object plane 
illumination is spatially incoherent. In Figure Sc, a 
finite extent uniform source gives a mutual intensity 
function of the form sin(azAxy(aAx). The finite- 
sized source corresponds to partially coherent 
imaging and shows that the response to pairs of 
points is affected by the spatial distribution of the 
source in a complicated way. Note that a large 
primary source corresponds to a large range of 
angular illumination at the object plane. 

Varying the size of the source in the imaging system 
of Figure 8 will affect the spatial coherence of the 
illumination and hence the optical image intensity. 
Many textbook treatments discuss the imaging of two 
points separated by the Rayleigh resolution criterion 
which corresponds to the case where the first 
minimum of one point image coincides with the 
maximum of the adjacent point image. With a large 
source that provides effectively incoherent light, the 
two point image has a modest dip in intensity 
between the two points, as shown in Figure 9a. 
Fully coherent illumination of two points separated 
by the Rayleigh resolution produces a single large 
spot with no dip in intensity, as shown in Figure 9b. 


correlation b 


Varying the source size and hence the illumination 
spatial coherence produces a dip that is less than the 
incoherent intensity dip. This result is often used to 
suggest that coherent imaging gives poorer resolution 
than incoherent imaging. In fact, generalizations 
about two-point resolution can be misleading. 

Recent developments in optical lithography have 
shown that coherence can be used to effectively 
increase two-point resolution beyond traditional 
diffraction limits. In Figure 9c, one of the pinholes 
ina coherent two-point imaging experiment has been 
modified with a phase shift corresponding to one half 
of a wavelength of the illuminating light. The two 
images add in wave amplitude and the phase shift 
creates a distinct null at the image plane and 
effectively enhances the two-point resolution. This 
approach is termed phase screen lithography and has 
been exploited to produce finer features in lithogra- 
phy by purposely introducing small phase shift masks 
at the object mask. In practice, the temporal and 
spatial coherence of the light is engineered to give 
sufficient coherence to take advantage of the two- 
point enhancement while maintaining sufficient 
incoherence to avoid speckle-like artifacts associated 
with coherent light, 


Spatial Frequency Modeling of 
Imaging 

Spatial frequency models of image formation are also 
useful in understanding how coherence affects image 


formation. A spatially coherent imaging system has a 
particularly simple spatial frequency model. In the 
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Figure 10 Tho object Fourier transform i fered by the pupil function in a coherent imaging system, 


spatially coherent imaging system shown in Figure 10, 
the on-axis plane wave illumination projects the 
spatial Fourier transform of the object, or Fraunhofer 
pattern, onto the pupil plane of the imaging system. 
‘The pupil acts as a frequency domain filter that can be 
modified to perform spatial frequency filtering. The 
complex transmittance of the pupil is the wave 
amplitude spatial frequency transfer function of the 
imaging system. It follows that the image plane wave 
amplitude frequency spectrum, 0, ,), is given by 

Of) = OFM fed [8] 
where O(f,) is the spatial Fourier transform of the 
object amplitude transmittance function and H(f,) is 


proportional to the pupil plane amplitude transmit- 
tance. Equation [8] is the frequency domain version 
of the convolution representation given by eqn [2], 
but does not account for the squared magnitude 
response of the detector. 

In the previous section, we learned that an infinite 
extent source is necessary to achieve fully incoherent 
imaging for the imaging system of Figure 7. As a 
thought experiment, one can start with a single point 
source on the axis and keep adding mutually 
incoherent source points to build up from a coherent 
imaging system to an incoherent imaging system. 
Since the individual source points are assumed to be 
incoherent with each other, the images from each 
point source can be added in intensity. In Figure 11, 


106 COHERENCE / Coherence and Imaging 


Two source’ 
points, 


Image 


F F F 


Figure 11. A second source point projects a second object Fourier transform onto the pupil plane. The images produced by the two 
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nsity at the image plane. 


only two point sources are shown. Each point source 
projects an object Fraunhofer pattern onto the pupil 
plane. The centered point source will result in the 
familiar coherent image. The off-axis point source 
projects a displaced object Fraunhofer pattern that is 
also filtered by the pupil plane before forming an 
image of the object. The image formed from this 
second point source can be modeled with the same 
coherent imaging model with a shifted pupil plane 
filter. Since the light from the two source points is 
uncorrelated, the final image is calculated by adding 
the intensities of the two coherently formed images. 

‘The two source point model of Figure 11 can be 
generalized to an arbitrary number of source points. 
The final image is an intensity superposition of a 
number of coherent images. This suggests that 
partially coherent imaging systems behave as a 
number of redundant coherent imaging systems, 
each having a slightly different amplitude spatial 
frequency transfer function due to the relative shift of 
the pupil filter with respect to the object Fraunhofer 
pattern. As the number of point sources is increased 
to infinity, the primary source approaches an infinite 
extent spatially incoherent source. In practice, the 
source need not be infinite. When the source is large 
enough to effectively produce linear-in-intensity 
imaging, the imaging system is effectively spatially 
incoherent. The corresponding image intensity in the 
spatial frequency domain, Iia¢( f,), is given by 


Thacl fy 
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where I.yj(f,) is the spatial Fourier transform of the 
object intensity transmittance and OTF(f,) is the 
incoherent optical transfer function which is pro- 
portional to the spatial autocorrelation of the pupil 
function, 

Many texts include detailed discussions comparing 
the coherent transfer function and the OTF and 
attempt to make comparisons about the relative 
performance of coherent and incoherent systems. 


These comparisons are often misleading since one 
transfer function describes the wave amplitude spatial 
frequency transfer function and the other describes 
the intensity spatial frequency transfer function. Here 
we note that incoherent imaging systems do indeed 
allow higher object amplitude spatial frequencies to 
participate in the image formation process. This 
argument is often used to support the claim that 
incoherent systems have higher resolution. However, 
both systems have the same image intensity spatial 
frequency cutoff. Furthermore, the nature of the 
coherent transfer function tends to produce high 
contrast images that are typically interpreted as 
higher-resolution images than their incoherent 
counterparts. Perhaps the real conclusion is that 
the term resolution is not well defined and direct 
comparisons between coherent and incoherent 
imaging must be treated carefully. 

The frequency domain treatment for partially 
coherent imaging of two-dimensional objects 
involves a four-dimensional spatial frequency transfer 
function that is sometimes called the bilinear transfer 
function or the transmission cross-coefficient model. 
This model describes how constituent object wave 
amplitude spatial frequencies interact to form image 
plane intensity frequencies. The utility of this 
approach to analysis is limited for someone new to 
the field, but is often used in numerical simulations of 
partially coherent imaging systems used in optical 
lithography. 


Experimental Examples of Important 
Coherence Imaging Phenomena 


Perhaps the best way to gain an understanding of 
coherence phenomena in imaging is to examine 
experimental results. In the following section we use 
experimental data to see how coherence affects edge 
response, noise immunity, and depth of field. Several 
experimental configurations were used to collect 
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the image data, but all of the systems can be 
represented generically by the Kohler illumination 
system shown in Figure 12. Kohler illumination is 
often employed in many projection illumination 
systems. In order to obtain Kohler illumination, the 
primary spatially incoherent source is imaged onto 
the pupil plane of the imaging portion of the system 
and the object is placed at the pupil plane of the 
condenser optics. 


Primary Source Generation 


Figure 13 shows a highly coherent illumination 
system produced by focusing a laser beam to a 
point and imaging the focused spot onto the pupil of 
the imaging system to produce spatially coherent 
illumination. The use of a laser produces highly 
temporally coherent light. 

Two methods were used to create an extended 
spatially incoherent primary source with control over 
the spatial intensity distribution. Figure 14a shows 
a collimated laser beam with a 633 nm center 
wavelength illuminating a rotating diffuser. A photo- 
graphically produced mask defines the spatial shape 
of the primary source. The laser provides highly 
temporally coherent light and the diffuser destroys the 
spatial coherence of the light. Consider the thought 
experiment of two pinholes placed immediately to 


Source Condenser 


Object 


Imaging Image 


Figure 12. General representation of the Kohler illumination 
imaging systoms used in the experimental result section. The 
primary incoherent source is imaged onto the imaging system 
pupil plane and the object resides in the pupil of the condenser 
optics. 
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Figure 13 Highly spatialy and temporally coherent ilumination, 
produced by imaging a focused laser beam into the imaging 
system pupil 
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Figure 14 Two methods for generating a spatially incoheront 
primary source. (a) An expanded laser beam passes through a 
‘moving difuser followed by a mask ta define the extent and shape 


ofthe source. (b) A broadband source exits a mulifiberightguide 
and propagates to a moving diffuser followed by a source mask. 


the right of the moving diffuser. Without the diffuser, 
the two wave amplitudes would be highly correlated. 
Assuming that the diffuser can be modeled as a 
spatially random phase plate, a fixed diffuser would 
only introduce a fixed phase difference between the 
amplitudes leaving the two pinholes and would not 
destroy the coherence, When the diffuser is rotated, 
the light from each pinhole encounters a different 
phase modulation that is changing over time. This 
random modulation destroys the effective correlation 
between the wave amplitude of the light leaving the 
two pinholes provided that the rotation speed is 
sufficiently fast. 

‘The moving diffuser method is light inefficient but 
is a practical way of exploring coherence in imaging 
in a laboratory environment. The choice of the 
diffuser is critical, The diffuser should spread light 
out uniformly over an angular subtense that overfills 
the object of interest. Many commercially available 
diffusers tend to pass too much light in the straight 
through direction, Engineered diffusers can be pur- 
chased to produce an optimally diffused beam. When 
quick and inexpensive results are required, thin 
plastic sheets used in day-to-day packaging often 
serve as excellent diffusers, When the diffusion angles 
are not high enough, a number of these plastic sheets 
can be layered on top of each other to achieve the 
appropriate angular spread. 

The second method for producing a spatially 
incoherent source is shown in Figure 14b, Broadband 
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light is delivered through a large multifiber lightguide 
and illuminates a moving diffuser. The main purpose 
of the diffuser is to ensure that the entire object is 
illuminated uniformly. The low temporal coherence 
of the source and the long propagation distances are 
usually enough to destroy any spatial coherence at the 
plane of the diffuser. The rotation further ensures that 
no residual spatial coherence exists at the primary 
source plane. A chromatic filter centered around 
600 nm, with a spectral width of approximately 
100 nm, is shown in the light path. The filter was 
used to minimize the effects of chromatic aberrations 
in the system. The wide spectral width certainly 
qualifies asa broadband source in relation to a laser. 
High-contrast photographically defined apertures 
determine the spatial intensity distribution at the 
plane of the primary source. In the following results, 
the primary source distributions were restricted to 
circular sources of varying sizes as well as annular 


) 


Figure 15 High tomporal coherence imaging with disk sources 
corresponding to (a) extremely high spatial coherence (K = 0.05) 
and (b) slightly reduced but high spatial coherence (K = 0.1) 


sources, These shapes are representative of most of 
the sources employed in microscopy, machine vision, 
and optical lithography, 


Noise Immunity 


Coherent imaging systems are notorious for introdu- 
cing speckle-like noise artifacts at the image. Dust 
and optically rough surfaces within an optical system 
result in a complicated textured image plane intensity 
distribution that is often called speckle noise. We refer 
to such effects as coherent artifact noise, 
shows the image of a standard binary target as 
imaged by a benchtop imaging system, with the 
highly coherent illumination method shown in 
. Some care was taken to clean individual 
lenses and optical surfaces within the system and 
no dust was purposely introduced. The image is 
corrupted by a complicated texture that is due in 


@ 


) 


Figure 16 High spatial coherence disk illumination (K = 0.1) 
Imaging through a dust covered surtace with (a) narrowband laser 
ilumination and (b) with broadband ilumination, 
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part to imperfections in the laser beam itself and in 
part to unwanted dust and optically rough surfaces. 
Certainly, better imaging performance can be 
obtained with more attention to surface cleanliness 
and laser beam filtering, but the result shows that it 
can be difficult to produce high-quality coherent 
images in a laboratory setting, 

Lower temporal coherence and lower spatial 
coherence will reduce the effect of speckle noise 
The image of was obtained with laser 
illumination according to 
mask corresponding to a source to pupil diameter 
ratio of K = 0.1. The object plane illumination is still 
highly temporally coherent and the spatial coherence 
has been reduced but is still very high. The artifact 
noise has been nearly eliminated by the modest redu- 
ction of spatial coherence. The presence of diagonal 
fringes in some regions is a result of multiple 
reflections produced by the cover glass in front of 


with a source 


«) 


the CCD detector, The reflections produce a weak 
secondary image that is slightly displaced from the 
main image and the high temporal coherence allows 
the two images to interfere. 

The noise performance was intentionally per 
turbed in the image of by inserting a 
slide with a modest sprinkling of dust at an optical 
surface in between the object and the pupil plane. 
The illumination conditions are the same as for the 
image of ‘The introduction of the dust 
sgraded the image. The image of 

maintains the same spatial coherence 
(K=0.1) but employs the broadband source. The 
lower temporal coherence eliminates the unwanted 


has further d 


diagonal fringes but the speckle noise produced by 
the dust pattern docs not improve significantly 
relative to the laser illumination K = 0.1 system. 

—c show that increasing the source size 
(and hence the range of angular illumination) reduces 


) 


Figure 17 Low temporal coherence imaging through a dust-covered surface with various source sizes and shapes: (a) disk source 
with K = 03; (b) disk source with K= 0.7: (c) disk source with K = 2.0; and (d) a thin annular source with an outer diameter 
corresponding to K = 0.5 and innar diameter corresponding to K = 0.45. 
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Figure 18 Slices of edge intensity images of high contrast 
‘edges taken by a laboratary system with low temporal coherence 
and (a) high spatial coherence (disk source with K= 0.1) and 
(©) effectively incoherent (disk source with K = 2), 


the spatial coherence and virtually eliminates the 
unwanted speckle pattern. Finally, Figure 17d shows 
that an annular source can also provide some noise 
immunity. The amount of noise immunity is related to 
the total area of the source rather than the outer 
diameter of annular source. Seen from the spatial 
frequency model, each source point produces a noise- 
corrupted coherent image. Since the effect of the noise 
is different for each coherent image, the image plane 
noise averages out as the images add incoherently. 
This perspective suggests that an extended source 
provides redundancy in the transfer of object infor- 
mation to the image plane. 


Edge Response 


Spatial coherence has a strong impact on the images 
of edges. The sharp spatial frequency cutoff of 


spatially coherent imaging systems creates oscil- 
lations at the images of an edge. Figure 18 shows 
slices of experimentally gathered edge imagery as a 
function of the ratio of source diameter to. pupil 
diameter. Higher coherence systems produce sharper 
edges, but tend to have overshoots. The sharper 
edges contribute to the sense that high-coherence 
systems produce higher-resolution images. One 
advantage to an incoherent imaging system is that 
the exact location of the edge corresponds to the 50% 
intensity location. The exact location of an edge in a 
partially coherent imaging system is not as easily 
determined. The presence or lack of edge ringing 
can be used to assess whether a given imaging 
system can be modeled as spatially incoherent or 
partially coherent. 


Depth of Field 


Coherent imaging systems exhibit an apparent 
increase in depth-of-field compared to spatially 
incoherent systems. Figure 19 shows spatially 
incoherent imagery for four different focus positions. 
Figure 20 shows imagery with the same amount of 
defocus produced with highly spatially coherent 
light. Finally, Figure 21 gives an example of how 
defocused imagery depends on the illumination 
coherence. The images of a spoke target were all 
gathered with a fixed amount of defocus and the 
source size was varied to control the illumination 
coherence. The images of Figure 21 differ greatly, 
even though the CPSF was the same for all the cases, 


Digital Post-detection Processing 
and Partial Coherence 


The model of Figure 2 suggests that post-detection 
image processing can be considered as part of the 
image formation system. Such a general view can 
result in imaging that might be otherwise 
unobtainable by classical means. In fact, microsco- 
pists routinely use complicated deblurring methods 
to reconstruct out-of-focus imagery and build up 
three-dimensional images from multiple image slices. 

The coherence of the illumination should be 
considered when undertaking such image restoration. 
Rigorous restoration of partially coherent imagery is 
computationally intensive and requires precise 
knowledge of the coherence. In practice, a linear-in- 
intensity model for the image formation is almost 
always used in developing image restoration algo- 
rithms. Even nonlinear restoration algorithms have 
built-in linear assumptions about the image forma- 
tion models which imply spatially incoherent 
illumination, 
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regulation > voltage regulator 
Quasi-Low-Dropout Linear 
Regulators 

Where a standard regulator uses a Darlington 
pair as the pass transistor and an LDO uses a 
single PNP transistor, the so-called Quasi-LDO 
uses a combination of NPN and PNP transistors 
and has an intermediate dropout voltage, typi- 
cally a maximum of 1.5VDC, However, the terms 
LDOand Quasi-LDO are not used uniformly inthe 
industry. One manufacturer markets Quasi-LDO 
regulators as LDO regulators, and describes its 
LDO regulators as Very Low Dropout regulators. 
Consultdatasheetsto determine theactual spec- 
ification of the product, regardless of its classi 
cation. 


Additional Pin Functions 

Some voltage regulators include an extra pin, 
typically known as an enable pin, which switches 
off the device in response to a signal from a mi- 
crocontroller or logic gate. 


Some regulators offer another option, an addi- 
tional status pin that can signal a microcontroller 
that an error mode exists if the regulator output 
falls significantly below its rated value. 


Inbattery-powered devices,alow-battery sensor 
is a desirable feature, since a regulator may sim- 
ply shut down without warning if the input volt- 
age is insufficient. A few regulators, such as the 
P2953, provide a low-battery warning output 
via an extra pin. 


Values 


Linear voltage regulators witha single, fixed out- 
put are commonly available to supply DC out- 
puts of 3.3, 5, 6,8, 9, 10, 12, 15, 18, and 24 volts, 
with a few variants offering fractional values in 
between, The most commonly used values are 5, 
6,9, 12, and 15 volts, The input voltage may be 
as high as 35VDC. 


Maximum output current is typically 1A or 1.5, 
in the traditional three-pin, through-hole, 
TO-220 format. A surface-mount version is avail- 
able. Other surface-mount formats have lower 
power limits 


Accuracy may be expressed as a percentage or 
asafigurefor load regulation inmV.Atypicalload 
regulation value would be SOmV, while voltage 
regulation accuracy ranges from 1% to 4%, de- 
pending on the manufacturer and the compo- 
nent. While low-dropout regulators are generally 
more efficient, they do require more ground-pin 
current. This is not usually a significant factor. 


How to Use it 


Some components, such as many old-design 
CMOS chips or the traditional TTL version of the 
555 timer, allow a wide range of acceptable input 
voltages, but most modern logic chips and mi- 
crocontrollers must have a properly controlled 
power supply. Regulators such as theLM7805 are 
traditionally used to provide this, especially in 
small and relatively simple devices that draw a 
moderate amount of current, have a low com- 
ponent count, and are powered via a battery or 
an AC adapter. A fully fledged switching power 
supply is overkill in this kind of application. 


A linear voltage regulator cannot respond in- 
stantly to changes in input voltage. Therefore 
the input supply contains voltage spikes, these 
spikes may pass through the regulator. Bypass 
capacitors should be applied preventively. A 
sample schematic showing an LM7805 regulator 
with bypass capacitors recommended by aman- 
ufacturer is shown in Figure 19-6. 


In a battery-powered device where standby 
power is required forlong periods and full power 
is only needed intermittently, the quiescent cur- 
rent drawn by a minimally loaded voltage regu- 
lator is important. Modern LDO regulators may 
draw aslittle as 100A when they are very lightly 
loaded. Other types may consume significantly 
more. Check datasheets to find the most appro- 
priate component for a particular application 
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Figure 19. Spatialy incoherent imaging for (a) best focus, (b) moderate mistacus, and (c) high misfocus. 


The images of and b are digitally 
restored versions of the images of and 

The point spread function was directly 
measured and used to create a linear restoration filter 
that presumed spatially incoherent illumination. The 
restored image in 
assumption of spatially incoherent light was reason- 
able. The restored image of suffers from a 
loss in fidelity since the actual illumination coherence 
was relatively high. The image is visually pleasing and 


is faithful since the 


correctly conveys the presence of three bar targets 
However, the width of the bars is not faithful to the 
original target which had spacings equal to the widths 
of the bars. 

As discussed earlier, the ideal image is not always 
the optimal image for a given task. In general, 
restoration of partially coherent imaging with an 
implicit spatially incoherent imaging model will 
produce visually pleasing images that are not 
necessarily faithful to the object plane intensity. 


While they are not faithful, they often preserve and 
fen enhance edge information and the overall image 
may appear sharper than the incoherent imagi 
When end task performance is improved, the image 
may be considered to be more optimal than the ideal 
image. It is important to keep in mind that some of 
the spatial information may be misleading and a 
more complete understanding of the coherence may 
he needed for precise image plane measurements, 
This warning is relevant in microscopy where the 
user is often encouraged to increase image contrast 
by reducing illumination spatial coherence. Annular 
sources can produce highly complicated spatial 
coherence functions that will strongly impact the 
restoration of such images 


Summary and Discussion 


The coherence of the illumination at the object plane 
is important in understanding image formation, 
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Figure 20 High spatial coherence disk source (K = 0.2) imaging for (a) best focus, (b) moderate misfocus, and (c) high misfocus. 


Highly coherent imaging systems produce high- 
contrast images with high depth of field and provide 
the opportunity for sophisticated manipulation of the 
image with frequency plane filtering. Darkfield 
imaging and phase contrast imaging are examples of 
frequency plane filtering. Unfortunately, coherent 
systems are sensitive to optical noise and are generally 
avoided in practical system design. Relaxing the 
temporal coherence of the illumination can provide 
some improvement, but reducing the spatial cohe- 
rence is more powerful in combating noise artifacts. 
Research microscopes, machine vision systems, and 
optical lithography systems are the most prominent 
examples of partially coherent imaging systems. 
These systems typically employ adjustable spatially 
incoherent extended sources in the shapes of disks 
or annuli, The exact shape and size of the primary 
source, shapes the angular extent of the illumination 
at the object plane and determines the spatial 
coherence at the object plane. Spatial coher 


effects can be significant, even for broadband light. 
‘ontrol over the object plane spatial coherence 
allows the designer to find a tradeoff between the 
various strengths and weaknesses of coherent and 
incoherent imaging systems 

‘As more imaging systems employ post-detection 
processing, there is an opportunity to design 
fundamentally different systems that effectively split 
the image formation process into a physical portion 
and a post-detection portion. The simple example of 
image deblurring cited in this article shows that object 
plane coherence can affect the nature of the digitally 
restored image. The final image can be best under- 
stood when the illumination coherence effects are well 
understood. The spatially incoherent case results in 
the most straightforward model for image interpret- 
ation, but is not always the best choice since the 
coherence can often be manipulated to increase the 
contrast and hence the amount of useful information 
in the raw image. A completely general approach to 
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Figure 21 Imaging with a fixed amount of misfocus and varying object spatial coherence produced by: (a) highly incoherent disk 
source ilumination (K = 2); (o) moderate coherence disk source (K = 0.5); (c) high coherence disk source (K = 0.2); and (d) annular 
source with outer diameter corresponding to K = 0.5 and inner diameter corresponding to K = 0.45. 
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Figure 22. Digital restoration of blurred imagery with an inherent assumption of linea-in-intensity imaging for (a) highly spatially 
incoherent imaging (K = 2) and (b) high spatial coherence (K = 02) 
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imaging would treat the coherence of the source, the 
imaging optics, and the post-detection restoration all 
as free variables that can be manipulated to produce 
the optimal imaging system for a given task. 


See also 
Coherent Lightwave Systems. Information Proces- 


sing: Coherent Analogue Optical Processors. Terahertz 
Technology: Coherent Terahertz Sources. 
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Introdu n 


Opticists are aware that the amount of coherence 
plays a significant role in imaging systems: laser 
speckles are known to add significant noise to the 
image, as well as parasitic interferences from dusty 
lenses. Optical systems are often called coherent, if a 
laser is used (right), and incoherent if other sources 
come into play (wrong). Many users of optical 
systems are unaware that it is not the high temporal 
coherence but the spatial coherence that commonly 
afflicts the image quality, and that this parasitic 
spatial coherence is ubiquitous, even though not 
obvious. Coherent artifacts can occur without the use 
of lasers, although speckle noise is more prominent 
with lasers. Even opticists sometimes underestimate 
the damage that residual coherent noise can cause, 
and as laser oriented sensor funding programs are 
‘en vogue’, nonexperts are disappointed if some 
metrology device does not include a laser. 

This encyclopedia addresses the many uses of 
lasers. In this article, we will discuss the costs of 
coherence. The commonly pretended incoherent 
approach of everyday optics may lead to significant 
quantitative measuring errors of illumination or 
reflectivity, 3d shape, distance or size. Spatial 
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coherence is the dominant source of noise. We will 
give some rules of thumb to estimate these errors and 
a few tricks to reduce coherent noise. These rules will 


help to minimize coherent noise, however, it turns out 
that as spatial coherence is ubiquitous, there are only 
limited options available to clear it. One of the 
options to build good sensors that measure shape, 
reflectivity, etc. is avoiding the use of lasers! 


To become familiar with some basics of the theory 
of coherence we refer the reader the Further Reading 
section at the end of this article. 

Coherence can be boon or disaster for the opticist, 
as is explained in other articles of this encyclopedia 
about interferometry, diffraction, and holography. 
A specific topic is information acquisition from 
coherently scattered light. An enlightening example 
is where speckles in white light interferometry at 
rough surfaces and in speckle interferometry are 
exploited. We will briefly discuss white light inter- 
ferometry at rough surfaces in the section on speckles 
as carriers of information below. 


Practical Coherence Theory 


A major issue of this chapter will be corrupting 
properties of coherence in the daily life of an optical 
metrologist. We will demonstrate that ‘speckle’ noise 
is ever present, and essentially unavoidable, in the 
images of (diffusively reflecting) objects. Its influence 
on the quality of optical measurements leads to a 
lower limit of the physical measuring uncertainty. 
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Figure 1 Ground glass in sunlight: (a) the image of a ground glass, iluminated by the sun, observed with small aperture (trom large 
distance), displays no visible speckles; (b) a medium observation aperture (smaller distance) displays weak visible speckles; 
(6) observation with very high aperture displays strong contrast speckles; and (d) the image of the ground glass on a cloudy day does 
‘ot display speckles, due to the very big aperture of ilumination. Reproduced with permission trom Hauser G (1998) Optical sensors 


and algorithms for reverse engineering 


In: Donah $ (ed.) Proceedings of the ard Topical Meeting on Optoelectronic 


Distance/Displacement Measurements and Applications. IEEE-LEOS. 


This ‘coherent noise’ limit is, not surprisingly, 
identical to Heisenberg’s limit, We will start by 
summarizing the important results, and will give 
some simple explanations later, 


‘Some Basic Observations 


(i) The major source of noise in optical measure- 
ments is spatial coherence, the temporal coher- 
ence status, generally, does not play a significant 
role. 

(ii) An optically rough surface displays subjective 
speckles with contrast C = 1, if the observation 
aperture sin, is larger than the illumination 
aperture sin 1. 

(iii) The speckle contrast is C ~ sin g/sin 1, if the 
observation aperture is smaller than the illumi- 
nation aperture. 


Figure 1 illustrates the situation by a simple 
experiment, 

‘The results of Figure 1 can be explained simply by 
summarizing some 80 pages of coherence theory in a 
nutshell, by useful simplifications and approxi- 
mations (Figure 2). 

If the source is at an infinite distance, the coherence 
function no longer depends on the two variables 
but just on the slit distance d = lr, ~ xp. In this case, 
the coherence function P(d) can be easily calculated 
as the Fourier transform of the spatial intensity 


Coherence function 
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Figure 2 Basic experiment for spatial coherence. An extended 
source, such as the sun or some incandescent lamp illuminates a 
double sit, from a large distance. On a screen behind the double 
slitwe can absorve ‘double slit interference’, if the waves coming 
‘rom x; and x. display coherence. The contrast ofthe interference 
fringes is given by the magnitude of the coherence function I 
(neglecting some normalization factor). is a function af the two 
silt locations x; and x. 


distribution of the source (van Cittert-Zernike 
theorem), Let us assume a one dimensional source 
with an angular size of 2u,, where mq is commonly 
called the aperture of the illumination. In this case, 
the coherence function will be: 


Tid) ~ sin c(2ngd/A) rey 
‘The width of the coherence function which gives the 


size of the coherently illuminated area (coherence 
area) can be approximated from eqn [1]: 


dp = Mtg 21 


Equation [1] includes some approximations: for 
circular sources such as the sun, we get an additional 
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factor 1.22 for the width of the coherence function — 
the ‘sinc-function’ has to be replaced by the Bessel 
function Jy(r)(7). There is another approximation: we 
should replace the aperture angle uy by sin 1, for 
larger angles. We choose the wavelength of the 
maximum sensitivity of the eye, at A= 0.55 um, 
which is the wavelength of the maximum emission of 
the sun also. 

In conclusion, if two points at the object are closer 
than dp these points will be illuminated with a high 
degree of coherence. The light waves, scattered from 
these object-locations can display interference con- 
trast. Specifically, they may cancel each other out, 
causing a low signal-to-noise ratio of only 1:1. This 
does not happen if the points have a distance larger 
than dr. 

From Figure 3 we learn that the width of the spatial 
coherence function from sunlight illumination at the 
earth's surface is ~110 um. (Stars more distant than 
the sun appear smaller, and hence have a wider 
coherence function, at the earth’s surface. Michelson 
was able to measure the angular size of some close 
stars, by measuring the width of this coherence 
function, which was about dy ~ 10m.) 

Figure 4 again displays an easy to perform 
experiment. We can sce speckles at sunlight illumina- 
tion, We can observe speckles as well in shops because 
they often use small halogen spot illumination. 

So far we have only discussed the first stage (from 
the source to the object). We still have to discuss the 


Two points ae illuminated coherently, 
a far as their distance is smaller than 


p= Alu, 
Example: sun il, at earth u,= 0.005 und = 110 jum 


qai00 
‘Sun ad a 


2u, 
Earth 


Figure 3 Coherence from sunlight ilumination. With the van 
Cittert~Zemike theorem and an approximate illumination aperture 
of the sun ug" ~ 0.005 (0.25"), wo get a width of the coherence 
function at the Earth's surface of about dj ~110 wm. 


Figure 4 Finger nail in sunlight, with speckles. 
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Figure 5 Coherence in a nutshell: spatial coherence and 
observer. 


way from the object to the retina (or CCD-chip of a 
video camera). This is illustrated by Figure 5. 

Asan object, we choose some diffusely reflecting or 
transmitting surface (such as a ground glass). The 
coherence function at the ground glass has again a 
width of dp. What happens if we image this 
ground glass onto our retina? Let us assume our eye 
to be diffraction limited (which, in fact, it is at 
sunlight conditions, where the eye pupil has only a 
diameter ®yy, =2.5 mm diameter or less). Then a 
point x; at the ground glass will cause a diffraction 
spot at the retina, with a size of: 


gage = Al = 8 pm BI 


The image sided aperture of observation w'y of the 
eye is calculated from ®py and from its focal 
length fie = 18 mm as 1, = Pyypi/2fe = 0.07. If 
we project the diffraction spot at the retina back onto 
the object, we get its size d from: 


A gitge = Alte, = MP yupil2Zo) 4) 


with z, = observation distance of the object from 
the eye, We call wy = Ppupi/2z) the object sided 
observation aperture. Let us calculate the laterally 
resolvable distance dy, at the object, with a distance 
)=250 mm, which is called the ‘comfortable 
viewing distance’: 


diel Zo = 250 mm) = 110 pm 15] 


After these preparations we come to the crucial issue: 
how does the image at the retina appear if we cannot 
resolve distances at an object smaller than dy, and 
how does it appear if the resolution of the eye is 
sufficient to resolve distances smaller than dy 

Let us start with the first assumption: dyyi, > dr. 
Now the images of points at the object, over an area 
of the diffraction spot are more or less incoherently 
averaged at the retina, so we will see little interference 
contrast or ‘speckles’. From eqn [4] we see that at 
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this incoherent averaging starts for distances larger 
than 250mm, which is the comfortable viewing 
distance. Adults cannot see objects from much closer 
distances. We generally do not see speckles, not just at 
the limit of maximum accommodation. For larger 
distances, if we take z, = 2500 mm, the resolvable 
distance at the object will be 1.1mm, which is 
10 times larger than the diameter of the coherence 
area. Averaging over such a large area will drop the 
interference contrast by a factor of 10. Note that 
such a small interference contrast might not be 
visible, but it is not at zero! 

Coming to the second assumption we can laterally 
resolve distances smaller than dr. In order to under- 
stand this, we first have to learn what is an ‘optically 
rough’ object surface. Figure 6 illustrates the 
problem. 

A surface commonly is called ‘rough’ if the local 
height variations are larger than A. However, a 
surface appears only rough, if the height variation 
within the distance that can be resolved by the 
observer, is larger than A (reflected light will travel the 
distance twice, hence a roughness of 4/2 will be 
sufficient). Then the scattered different phasors, or 
“Huygens elementary waves’: 


4, ~ expli2ke(x, y)] [6] 


scattered from the object at x.y may have big 
phase differences so that destructive interferences 
(and speckle) can occur in the area of the diffraction 
image. So the attribute ‘rough’ depends on the object 
as well as on the observation aperture. With a high 
observation aperture (microscope), the diffraction 
image is small and within that area the phase 
differences might be small as well. So a ground glass 
may then look locally like a mirror, while with a small 
observation aperture it appears ‘rough’. 

‘With the ‘rough’ observation mode assumption, we 
can summarize what we have assumed: with resolving 
distances smaller than the coherence width dy we will 


Elementary phasors have phase differences 
bigger than +/- 180". Destructive interference may occur. 


Figure 6 What is a rough surface? 


sec high interference contrast; in fact we see a speckle 
contrast of C= 1, if the roughness of the object is 
smaller than the coherence length of the source. 
This is the case for most metal surfaces, for ground 
glasses, or for worked plastic surfaces. The assump- 
tion is not true for ‘translucent’ surfaces, such as skin, 
paper, or wood. This will be discussed below. 

‘The observation that coherent imaging is achieved, 
if we can resolve distances smaller than the coherence 
width dr, is identical to the simple rule that fully 
coherent imaging occurs if the observation aperture 
14, is larger than the illumination aperture 11, 

‘As mentioned, we will incoherently average in 
the image plane, over some object area, determined 
by the size of the diffraction spot. According to the 
rules of speckle-averaging, the speckle contrast C 
decreases with the inverse square root of the 
number N of incoherently averaged speckle pat- 
terns. This number N is equal to the ratio 
of the area Ayu of the diffraction spot divided by 
the coherence area Ay = d?. So we obtain for the 
speckle contrast C: 


C=1 for ny <ity [7a] 
CHUN) = nln, for uy >=n, (7b) 


We summarize the results in Figure 7. 

Equation [7b] has an interesting consequence: we 
never get rid of speckle noise, even for large 
illumination apertures and small observation aper- 
tures. In many practical instruments, such as a slide 
projector, the illumination ‘aperture stop’ cannot be 
greater than the imaging lens. Fortunately, the 
observer's eye commonly has a pupil smaller than 
that of the projector, and/or looks from a distance 
at the projection screen. Laser projection devices 
however cause strong and disturbing speckle effects 
for the user and significant effort is invested to cope 
with this effect. 
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Figure 7 Coherence in a nutshell: what are the conditions for 
incoherent and coherent imaging? 
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Figure 8 Microfiche projection. For high observation aperture (a) strong speckles occur, and for small observation aperture (b), the 


speckle contrast is low. 


In Figure 8, an image is depicted from a microfiche 
reading projector. Figure 8a displays the close-up look 
(high observation aperture) and Figure 8b depicts a 
more distant view (small observation aperture). The 
amount of noise is much less in the second case, as it 
should be according to the rules of eqn [7]. 

Let us finish this section with some speculation 
How would a fly see the sunny world, with a human 
type of eye? With high observation aperture and at 
short distance, the world is full of speckle noise 
Fortunately, nature invented the facet-eye, for insects, 
as depicted in Figure 9. 


Speckle Limits of Metrology 


The consequences of the effects discussed above are 
often underestimated. We should be suspicious, if 
some effect in nature that disturbs us — like our 
coherent noise ~ is ubiquitous, that there might be 
some deep underlying principle that does not allow us 
to know everything about the object under obser- 
vation, Indeed, it turns out that Heisenberg’s uncer- 
tainty principle is strongly connected with coherent 
noise (Figure 10). 

We can see this from the following experiment: a 
laser spot is projected onto a ground glass, and 
imaged with high magnification by a video camera, 
with an aperture sin 1. The ground glass 
is macroscopically planar. When the ground glass 
is laterally shifted, we find that the observed spot is 
‘dancing’ at the video target. Its observed position is 
not constant, although its projected position is. It 
turns out that the standard deviation of the observed 
position is equal to the uncertainty calculated from 
the aperture by Heisenberg’s principle. 

We can calculate the limit for the 
measuring uncertainty, from speckle theory, as well 
from Heisenberg’s principle (within some factor of 
order 1): 


distance 


Be-bp, > b/w 8] 
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Less coherent noise ! 


Figure 9 Facet eye and ‘human’ eye. The facet eye consists of 
‘many law aperture lenses, in contrast to the human eye, 


Experiment 


Ground glass, 
moved in xdirection % % 


Figure 10 Coherence makes it impossible to localize objects 
with very high accuracy. Laser spots projected onto a ground 
glass cannot be imaged without some uncertainty of the lateral 
Postion. The four pictures of the spot images, taken with diferent 
lateral positions of the ground glass, display the cross bar (true 
postion) and the apparent position of the spot images. The 
postion uncertainty is equal to the uncertainty calculated from 
Helsonberg’s uncertainty principe. 


where p, is the uncertainty of the photon impulse h/A 
in the z-direction (along the optical axis of the 
measuring system) and his Planck’s constant, For a 
small measurement uncertainty of the distance, we 
should allow a big uncertainty 3p,. This can be 
achieved by a large aperture of the observation 
system, giving the photons a wide range of possible 
directions to the lens. We can also allow different 
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wavelengths, and come to white light interferometry, 
see section on speckles as carriers of information 
below. The result is — not surprising - the same as 
Rayleigh scattering found for the depth of field: 


Be = Aisin’ 15 19) 


Coherent noise is the source of the fundamental limit 
of the distance measuring uncertainty 82 of triangu- 
lation based sensors. 


c= C- Moin n, sin 6) [10] 


where C is the speckle contrast, A is the wavelength, 
sin 1, is the aperture of observation, and @is the angle 
of triangulation (between the direction of the 
projection and the direction of observation). For a 
commercially available laser triangulation sensor, (see 
Figure 11), with sin, ~ 0.01,C= 1 and @= 30°, 
the measuring uncertainty 8z will be larger than 
100 um. We may add, that for sin 1, = sin 8, which is 
valid for auto-focus sensors (such as the confocal 
scanning microscope), eqn [10] degenerates to the 
well known Rayleigh depth of field (eqn [9]). 

‘The above results are remarkable in that we cannot 
know the accurate position of the projected spot or 
about the position of an intrinsic reflectivity features 
wealso cannot know the accurate local reflectivity of a 
coherently illuminated object. A further consequence 
is that we do not know the accurate shape of an object 
in 3D-space. We can calculate this ‘physical measuring 
y’ from the considerations above. 


uncertaint 

These consequences hold for optically rough 
surfaces, and for measuring principles that exploit 
the local intensity of some image, such as with all 
triangulation type of sensors, The consequences of 
these considerations are depressing: triangulation 
with a strong laser is not better than triangulation 
with only one single photon. The deep reason is, that 
all coherent photons stem from the same quantum 
mechanical phase cell and are indistinguishable. 


‘Active laser triangulation 


CCD-phatedetect 


Figure 11 Principle of laser triangulation. The distance of the 
projected spat is calculated from the lacation of the spackled spat 
image and from the angle of triangulation. The speckle noise 
introduces an ultimate limit of the achievable measuring 
Uncertainty. Reproduced with permission from Physikalische 
Platter (May 1997): 419. 


Hence, many photons do not supply more infor- 
mation than one single photon, 


Why Are We Not Aware of Coherence 


Generally, coherent noise is not well visible, even in 
sophisticated technical systems the visibility might be 
low. There are two main reasons; first, the obser- 
vation aperture might be much smaller than the 
aperture of illumination. This is often true, for large 
distance observation, even with small apertures of 
illumination, The second reason holds for technical 
systems, if the observation is implemented via 
pixelized video targets. If the pixel size is much larger 
than a single speckle, which is commonly so, then, by 
averaging over many speckles, the noise is greatly 
reduced. However, we have to take into account that 
we pay for this by loss of lateral resolution 1/ax. We 
can formulate another uncertainty relation: 


Bx > AMC-sin ty) ny 
which says that if we want to reduce the speckle 
contrast C (noise), by lateral averaging, we can do 
this but lose lateral resolution 1/6x. 


Can We Overcome Coherence Limits? 


Since the daily interaction of light with matter is 
coherent scattering, we can overcome the limit of 
eqn [10] only by looking for measuring principles that 
are not hased on the exploitation of local reflectivity, 

.¢., on ‘conventional imaging’. Concerning optical 
3D-measurements, the principle of triangulation uses 
the position of some image detail, for the calculation 
of the shape of objects, and has to cope with coherent 

‘Are there different mechanisms of photon—matter 
interaction, with noncoherent scattering? Fluor- 
escence and thermal excitation are incoherent mecha- 
nisms. It can be shown (see Figure 12) that 
triangulation utilizing fluorescent light, displays 
much less noise than given by eqn [10]. This is 
exploited in fluorescent confocal microscopy. 

‘Thermally excited matter emits perfectly incoher- 
ent radiation as well. We use this incoherence to 
measure the material wear in laser processing (see 
Figure 13), with, again, much better accuracy than 
given by eqns [9,10]. 

‘The sensor is based on triangulation, Nevertheless, 
by its virtually zero coherent noise, it allows a 
measuring uncertainty which is limited only by 
camera noise and other technical imperfections. The 
uncertainty of the depth measurement through the 
narrow aperture of the laser nozzle is only a few 


120 COHERENCE / Speckle and Coherence 


40) tam ate om 
2 
aa 
a lh Al, Wl 
toon Wh ‘ 
re 
10} i 
“a | YI" 
re 


‘0204060 80 TOO 120 140 160 180 200 
Location 


Non coherent measurement (luminesence): 
f= 1.1 um 
51 [aoa a Se id 
30} 


aghtt tt 41 1 1 1 1 _] 
“4°92 a0 60 80 100 120 140 160 180 200 


Location 


Figure 12 Reduction of spockle noise by triangulation with 
fluorescent light. A flat metal surface Is measured by laser 
triangulation, Top: surface measured by laser triangulation with 
full speckle contrast. Bottom: the surface is covered with a very 
thin fluorescent layer, andilluminated by the same laser, however, 
the triangulation is done after suppressing the scattered laser 
light, and utlizing the (incoherent!) fluorescent light. This 
‘experiment proves that it fs the coherent noise that causes the 
‘measuring uncertainty 


Figure 13 A100 Wiaser generates aplasmathat emits perfectly 
Incoherent radiation at the object surface. The emitted light can 
be used to measure onvina the distance of the abject surtace, 
A triangulation sensor, exploiting the incoherent plasma emission, 
controls surface ablation with an accuracy of only a few miarans. 
Reproduced with permission from F & M, Feinworktechnik 
‘Mikrotachrik Masstechnik (1995) Issue 9. 


microns, beating the limitation of eqn [10] by a factor 
of about 5, even in the presence of a turbulent plasma 
spot with a temperature of 3000 K. 


Broadband Illumination 


Speckle noise can hardly be avoided by broadband 
illumination. The speckle contrast C is related to 
the surface roughness a and the coherence length le 
by eqn [12] 


~ Lida, for 0, >|, (12) 
So, only for very rough surfaces, and white light illu- 
mination, C.can be reduced. However, the majority of 
technical objects is smooth, with a roughness of a 
few micrometers, hence speckles can be observed 
even with white light illumination (J, ~ 3 wm). This 
situation is different for ‘translucent’ objects such 
as skin, paper, or some plastic material 


Speckles as a Carrier of Information 


So far we discussed the problems of speckles when 
measuring rough surfaces. We can take advantage of 
speckles, if we do not stick to triangulation as the 
basic mechanism of distance measurement. We may 
utilize the fact that although the phase within each 
speckle has a random value, this phase is constant 
over some area. This observation can be used to 
build an interferometer that works even at rough 
surfaces. So, with proper choice of the illumination 
aperture and observation aperture, and with a 
surface roughness less than the coherence length, 
we can measure distances by the localization of the 
temporal coherence function, This function can 
easily be measured by moving the object under test 
along the optical axis and measuring the inter- 


ference intensity (correlogram) at each pixel of the 
camera. The signal generating mechanism of this 
‘white light interferometer’ distance measurement is 
not triangulation but ‘time of flight’. Here we do not 
suffer from the limitations of eqn [10]. The limits of 
white light rough surface interferometry are dis- 
cussed in the Further Reading section at the end of 
this article. 

The ‘coherence radar’ and the correlograms of 
different speckles are depicted in Figures 14 and 15. 

The physical mechanism of the signal formation in 
white light interferometry at rough surfaces is 
different from that of white light interferometry at 
smooth surfaces. That is why the method is some- 
times referred as ‘coherence radar’. We will briefly 
summarize some advantageous, and - probably 
unexpected — features of the coherence radar. 
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Figure 19-6. Typical schematic for use af an LM780S reg: 
lator, with capacitor values based on recommendations 
from Fairchild Semiconductor. 


Note that DC-DC power converters may draw a 
lot of current when they are lightly loaded, and 
will dissipate large amounts of heat as a result. 
‘An LDO is therefore preferable in thi 


What Can Go Wrong 


Inadequate Heat Management 
The ability to “dial up” a wide range of voltages 
from an adjustable regulator such as the LM317 
can be a temptation to use it on a “one size fits 
all” basis, to deliver any output ranging from 
SVDC to 18VDC from a uniform 24VDC input. As- 
suming 1A output current, the worst-case power 
dissipation in this scenario would be almost 20W. 
To achieve reasonable efficiency and maintain 
waste heat at a manageable level, the input volt- 
age should not exceed the output voltage by 
much more than the dropout voltage. 


po 


> regulation > voltage regulator 
Even when a voltage regulator is used correctly, 
it can generate more heat than was expected i 
the requirements of a circuit are altered during 
development. An initial handful of components 
may draw only 100mA, but as more capabilities 
are requested and more parts are added (espe- 
cially relays or LED displays) the power consump- 
tion can quickly add up, generating an unexpec- 
ted amount of waste heat and raising the possi- 
bility of a sudden (and mysterious) shutdown if 
the regulator does not have an adequate heat 
sink. 


Transient Response 
When there is a major fluctuation in the demand 
by the load (for example, ifan inductive device is 
switched on elsewhere in the circuit), the voltage 
regulatorrequiresafinitetime toadjustitselfand 
maintain its specified output voltage, This time 
lag is known as its transient response. If a mo- 
mentary fluctuation is likely, and other compo- 
nents may be sensitive to it, a larger capacitor 
should be used between the output of the volt- 
age regulator and ground. 


The transient response time may also be insuffi- 
cient to block sudden, brief spikes in input volt- 
age. This may occur, for example, when a low- 
cost AC adapter that does not have a properly 
smoothed output is used as the power source, 
‘Additional 1p bypass capacitors may be added 
at the input and output of a regulator to provide 
better protection from power fluctuations, 


Misidentified Parts 

Many types of linear voltage regulators appear 
physically identical. Careis needed to distinguish 
those which have fixed output from those that 
allowa variable output. When using the LM78xx 
series, double-check the last pair of digits in the 
part number, which provide the only guide re- 
garding the output. Using an LM7808 instead of 
an LM7805 may be sufficient to destroy all the 
5VDC chips in a logic circuit. Itis advisable to use 
ameter to check the output of any power supply 
before connecting it with a circuit. 
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We call the real shape of the object, or the surface 
profile, (x,y), where z is the local distance at the 
position (x,y). We give the measured data an index 


(i) The physical measuring uncertainty of the measu- 
red data is independent from the observation 
aperture. This is quite a remarkable property, as it 
enables us to take accurate measurements at the 
bottom of deep boreholes. 

The standard deviation o, of the object can 
be calculated from the measured data <q! 0, = 


(ii) 


<lcql>. According to German standards, 7 


corresponds to the roughness measure Ry, 


Reference 


Leo 
Beamspilter 


This measure Ry was calculated from measure- 
ments at different roughness gauges, with differ- 
ent observation apertures. Two measurements are 
depicted in Figure 16. 


‘The experiments shown in Figure 16 display the 
correct roughness measure, even if the higher frequ- 
encies of the object spectrum Z(v, 2) (Figure 17), are 
not optically resolved, The solution of this paradox 
might be explained as follows. 

From the coherently illuminated object each point 
scatters a spherical wave. The waves scattered from 
different object points have, in general, a different 
phase. At the image plane, we see the laterally 


‘Scanning of the 
¢ reference plane 


Corretogram 


COD-taget 


Figure 14 


4 Posts 


‘Coherence radar’, white light interferometry at rough surfaces. The surface under testis lluminated with high spatial 


‘coherence and low temporal coherence. We acquire the temporal coherence function (correlogram) within each speckle, by scanning 


the object under test in depth. 


+ f+ averaged speckle width 


scanning depth z 
scanning depth 


‘anty 


lat. pos. on the obj, surlace intensity 


Figure 15 White light speckles in the x-z plane. The let side 
displays the acquired correlograms, for a couple of speckles, the 
Fight side shows the graphs of some ofthe correlograms. We see 
that the correlograms are not located at a constant distance, 
but display some ‘distance uncertainty’. This uncertainty does nat 
originate from the instrument, but from the roughness ofthe objec. 
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Figure 16 Optical measurement of the roughness beyand the 
‘Abbe resolution limit. The roughness is measured for & roughness 
standards N1-N4, with diferent observation apertures. The 
roughness is measured correctly, although the microtopology is, 
‘ot resolved by the observing optics. 
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of te observing optics 
Figure 17 Signal generation beyond the Abbe limit. The 
microtopology of the object z(x,y) is not resolved, due to the 
large diffraction image with diamater ds. Yet we get information 
from beyond the bandlimit 1/dy of the observing optics. 


averaged complex amplitude <u>, according to 
eqn [6]. The averaging is due to the diffraction 
limited resolution. 

Equation [6] reveals that the (spatially) averaged 
field amplitude <u> is a nonmonotonic, nonlinear 
function of the surface profile z(wx, ), if the surface is 
rough (ie. <> A). We do not average over the 
profile z but over the complex amplitude. As a 
consequence of this nonlinearity, the limited obser- 
vation aperture does not only collect the spatial 
frequencies v, of the spatial Fourier spectrum 
Z(v,u) within the bandlimit dp, but also acquires 
information beyond this bandlimit. The reason is 
the ‘down conversion’ of higher spatial frequencie: 
by nonlinear mixing. Simulations and experiments 
confirm the consequences. 

Thus we can evaluate the surface roughness, € 
without laterally resolving the microtopology. 
However, there is a principal uncertainty on the 
measured data. We do not see the true surface but a 
-quivalent to the roughness of 


surface with a ‘nois 
the real surface, 


Nonlinear nonmonotonic nonlinearitie: 
sequence of operations may cause ‘chaotic’ behavior, 
in other words, small parameter changes such as 
vibrations, humidity on the surface, etc. may cause 
large differences of the outcome. In fact, we observe 
a significant variation of the measured data z(x,y) 
within a sequence of repeated measurements. 
Our conjecture is that the complex signal formation 
may be involved in this irregular behavior. The 
hypothesis may be supported by the observation 
that much better repeatability can be achieved at 


specular surfaces, where eqn [6] degenerates to a 
linear averaging over the surface profile: 
<u>~1 tik <2o,y)>, for 2< (13) 


Summary 


Spatial coherence is ubiquitous and unavoid- 
able. Spatial coherence disturbs most optical 


measurements, where optically rough surfaces exist. 
Then, coherence gives the ultimate limit of the 
achievable measuring uncertainty. There are simple 
rules to estimate the measuring uncertainty, by 
calculating the width of the coherence function and 
the resolution of the observation system. Spatial 
coherence and Heisenberg’s uncertainty principle 
lead to the same results of measuring uncertainty 

(On the other hand ~ the formation of signals from 
coherent light that is scattered at rough surfaces is 
quite complex and a strongly nonlinear process, 
which sometimes might encode information which is 
not otherwise available. One example appears to be 
the measurement of the roughness with white light 
interferometry — which is possible, even if the 
microtopology of the surface is not optically 
resolved. 
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Introduction 


Since the inception of quantum mechanics almost a 
century ago, a prime activity has been the observation 
of quantum phenomena in virtually all areas of 
chemistry and physics. However, the natural evolu- 
tion of science leads to the desire to go beyond passive 
observation to active manipulation of quantum 
mechanical processes. Achieving control over quan- 
tum phenomena could be viewed as engineering at the 
atomic scale guided by the principles of quantum 
mechanics, for the alteration of system properties or 
dynamic behavior. From this perspective, the con- 
struction of quantum mechanically operating solid- 
state devices through sclective material growth would 
fall into this category. The focus of this article is 
principally on the manipulation of quantum phenom- 
ena through tailored laser pulses. The suggestion of 
using coherent radiation for the active alteration of 
microworld processes may be traced to the carly 
1960s, almost immediately after the discovery of 
lasers. Since then, the subject has grown enormously 
to encompass the manipulation of (1) chemical 
reactions, (2) quantum electron transport in semi- 
conductors, (3) excitons in solids, (4) quantum 
information systems, (5) atom lasers, and (6) high 
harmonic generation, amongst other topics. Perhaps 


the most significant use of these techniques may be 
their provision of refined tools to ultimately better 
understand the basic physical interactions operative 
at the atomic scale, 

Regardless of the particular application of laser 
control over quantum phenomena, there is one basic 
operating principle involve 
of constructive and destructive quantum wave 
interferences. This process is depicted in Figure 1, 
showing the evolution of a quantum system from the 
initial state hy,) to the desired final state hj;) along 
three of possibly many interfering pathways. In 
general, there may be many possible final accessible 
states ly), and often the goal is to achieve a high 
amplitude in one of these states and low amplitude in 
all the others. The target state might actually be a 
superposition of states, and an analogous picture to 


active manipulation 


Figure 1 The evolution of a quantum system under laser contro 
‘rom the inital state hy) to the final stata \y,). The latter state is 
‘chosen to have desirable physical properties, and three of 
possibly many pathways betwoen the states are depicted 
Successful control of the process Ix) —~ li) by a tailored laser 
pulse generally requires creating constructive quantum wave 
Interferences in the state lj) trom many pathways, and 
destructive interferences in all other accessible final states 
Me) i 
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that in Figure 1 would also apply to steering about the 
density matrix. The process depicted in Figure 1 may 
he thought of as a microscale analog of the classic 
double-slit experiment for light waves. As the goal is 
often high-finesse focusing into a particular target 
quantum state, success may call for the manipulation 
of many quantum pathways (ic., the notion of a 
‘many-slit’ experiment). Most applications are con- 
cerned with achieving a desirable outcome for the 
expectation value (WylOh)i) associated with some 
observable Hermitian operator O. 

The practical realization of the task above becomes 
a control problem when the system is expressed 
through its Hamiltonian H = Hy + V,, where Ho is 
the free Hamiltonian describing the dynamics 
without explicit control; it is assumed that the 
free evolutionary dynamics under Hy will not 
satisfactorily achieve the physical objective. Thus, a 
laboratory-accessible control term V. is introduced in 
the Hamiltonian to achieve the desired manipulation. 
Even just considering radiative interactions, the form 
of V. could be quite diverse depending on the nature 
of the system (e.g., nuclear spins, electrons, atoms, 
molecules, etc.) and the intensity of the radiation field. 
Many problems may be treated through an electric 
dipole interaction V, = —pre(t) where pis a system 
dipole moment and e(t) is the laser electric field. 
Where appropriate, this article will consider the 
interaction in this form, but other suitable radiative 
control interactions may be equally well treated. 
Thus, the laser field e(t) as a function of time 
(or frequency) is at our disposal for attempted 
manipulation of quantum systems. 

Before considering any practical issues associated 
with the identification of shaped laser control fields, a 
fundamental question concerns whether it is, in 
principle, possible to steer about any particular 
quantum system from an arbitrary initial state I) 
to an arbitrary final state hpj). Questions of this 
sort are addressed by a controllability analysis of 
Schrodinger’s equation 


ip alo 


Se = [Hy — wet). 


10) = hh) 11 


Controllability concerns whether, in principle, some 
field e(t) exists, such that the quantum. system 
described by Hy =Hy — we(t) permits arbitrary 
degrees of control. For finite-dimensional quantum 
systems (i.e., those described by evolution amongst a 
discrete set of quantum states), the formal tools for 
such a controllability analysis exist both for evaluat- 
ing the controllability of the wave function, as well 
as the more general time evolution operator U(t), 


which satisfies 


nt [Hy— wel, UO)=1 2} 


Analyses of this type can be quite insightful, but they 
require detailed knowledge about H and j.. Cases 
involving quantum information science applications 
are pethaps the most demanding with regard to 
achieving total control, Most other physical appli- 
cations would likely accept much more modest levels 
of control and still be categorized as excellent 
achievements. 

Theoretical tools and concepts have a number of 
roles in considering the control of quantum systems, 
including (1) an exploration of physical/chemical 
phenomena under active control, (2) the design 
of viable control fields, (3) the development of 
algorithms to actively guide laboratory control 
experiments towards achieving their dynamical 
objectives, and (4) the introduction of special 
algorithms to reveal the physical mechanisms opera- 
tive in the control of quantum phenomena, Activities 
(1)-(3) have thus far been the primary focus of 
theoretical studies in this area, and it is anticipated 
that item (4) will grow in importance in the future. 

‘A few comments on the history of laser control 
over quantum systems are relevant, as they speak 
to the special nature of the currently employed 
successful closed-loop quantum control experiments, 
Starting in the 1960s and spanning roughly 20 years, 
it was thought that the design of lasers to manipulate 
molecular motion could be achieved by the appli- 
cation of simple physical logic and intuition. In 
particular, the thinking at the time focused on using 
cw laser fields resonant with one or more local modes 
of the molecule, as state or energy localization was 
helieved to be the key to successful control. Since 
quantum dynamics phenomena typically occur on 
ultrafast time-scales, possibly involving spatially 
dispersed wave packets, expecting to achieve high 
quality control with a light source operating at one or 
two resonant frequencies is generally wishful think- 
ing. Quantum dynamics phenomena occur in a 
multifrequency domain, and controls with a few 
frequencies will not suffice. Over approximately the 
last decade, it became clear that successful control 
often calls for manipulating multiple interfering 
quantum pathways (cf., Figure 1). In turn, this 
recognition led to the need for broad-bandwidth 
laser sources (i.e, tailored laser pulses). Fortunately, 
the necessary laser pulse-shaping technologies have 
become available, and these sources continue to 
expand into new frequency ranges with enhanced 
bandwidth capabilities. Many chemical and physical 
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applications of control over quantum phenomena 
involve performing a significant amount of work (i.e., 
quantum mechanical action), and sufficient laser field 
intensity is required. A commonly quoted adage is 
‘no field, no yield’, and at the other extreme, there 
was much speculation that operating nonlinearly at 
high field intensities would lead to a loss of control 
because the quantum system would effective 
an amplifier of even weak laser field noise. Fortu- 
nately, the latter outcome has not occurred, as is 
evident from a number of successful high field laser 
control experiments. 

Quantum control may be expressed as an inverse 
problem with a prescribed chemical or physical 
objective, and the task being the discovery of a 
suitable control field e(¢) to meet the objective. 
Normally, Schrédinger’s equation [1] is viewed as 
linear, and this perspective is valid if the Hamiltonian 
is known a priori, leaving the equation to be solved 
for the wave function. However, in the case of 
quantum control, neither the wave function nor the 
control field is known a priori, and the two enter 
bilinearly on the right-hand side of eqn [1]. Thus, 
quantum control is mathematically a nonlinear 
inverse problem. As such, one can anticipate possibly 
diverse behavior in the process of seeking successful 
controls, as well as in the ensuing quantum dynamical 
control behavior. The control must take into account 
the evolving system dynamics, thereby resulting in 
the control field being a function(al) of the current 
state of the system e(i)) in the case of quantum control 
design, or dependent on the system observations 
e((O)) in the case of laboratory closed-loop field 
discovery efforts where (O) = (WiOl)). Furthermore, 
the control field at the current time ¢ will depend in 
some implicit fashion on the future state of the 
evolving system at the final target time T. It is evident 
that control field design and laboratory discovery 
present highly nontrivial tasks. 

Although the emphasis in this review is on the 
theoretical aspects of quantum control theory, the 
subject exists for its laboratory realizations, and those 
realizations, in turn, intimately depend on the 
capabilities of theoretical and algorithmic techniques 
for their successful implementations. Accordingly, 
theoretical laser control field design techniques will 
be discussed, along with algorithmic aspects of 
current laboratory practice. This material respect- 
ively will focus on optimal control theory (OCT) and 
optimal control experiments (OCEs), as seeking 
optimality provides the best means to achieve any 
posed objective. Finally, the last part of the article will 
present some general conclusions on the state of the 
quantum control field 


y act as 


Quantum Optimal Control Theory for 
De: 9 Laser Fields 


When considering control in any domain of appli- 
cation, a reasonable approach is to computationally 
design the control for subsequent implementation in 
the laboratory. Quantum mechanical laser field 
design has taken on a number of realizations. At 
one limit is the application of simple intuition for 
design purposes, and in some special cases (e.g., the 
weak field perturbation theory regime), this approach 
may be applicable. Physical insights will always play 
a central role in laser field design, but to be especially 
useful, they need to be channeled into the proper 
mathematical framework. Many of the interesting 
applications operate in the strong-field nonperturba- 
tive regime. In this domain, serious questions arise 
regarding whether sufficient information is available 
about the Hamiltonian to execute reliable designs. 
Regardless of whether the Hamiltonian is known 
accurately or is an acknowledged model, the theor- 
etical study of quantum control can provide physical 
insight into the phenomena involved, as well 
as possibly yielding trial laser pulses for further 
refinement in the laboratory. 

Achieving control over quantum mechanical 
phenomena often involves a balance of competing 
dynamical processes. For example, in the case of 
aiming to create a particular excitation in a molecule 
or material, there will always be the concomitant 
need to minimize other unwanted excitations. Often, 
there are also limitations on the form, intensity, or 
other characteristics of the laser controls that must be 
adhered to. Another goal is for the control outcome to 
be as robust as possible to the laser field fluctuations 
and Hamiltonian uncertainties. Overriding all of 
these issues is merely the desire to achieve the best 
possible physical result for the posed quantum 
mechanical objective. In summary, all of these desired 
extrema conditions translate over to posing the design 
of control laser fields as an optimization problem. 
Thus, optimal control theory forms a basic 
foundation for quantum control field design. 

Control field design starts by specification of the 
Hamiltonian components Ho and jx in eqn [1], with 
the goal of finding the best control electric field €(¢) to 
balance the competing objectives. Schrédinger’s 
equation must be solved as part of this process, but 
this effort is not merely a forward propagation task, as 
the control field is not known a priori. Asan optimal 
design is the goal, a cost functional J = J(objectives, 
penalties, e(t)) is prescribed, which contains the 
information on the physical objectives, competing 
penalties, and any costs or constraints associated with 
the structure of the laser field. The functional J could 
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contain many terms if the competing physical goals 
are highly complex. As a specific simple illustration, 
consider the common goal of steering the system to 
achieve an expectation value (\j(T)|Ohp(T)) as close 
as possible to the target value Our associated 
with the observable operator O at time T. An 
additional cost is imposed to minimize the laser 
fluence. These criteria may be embodied in a cost 
functional of the form 


1 
((weMIOWCD) ~ Onna) +f) wae 
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Here, the parameter w = 0 is a weight to balance the 
significance of the fluence term relative to achieving 
the target expectation value, and |A(f)) serves as a 
Lagrange multiplier, assuring that Schrédinger’s 
equation is satisfied during the variational minimiz~ 
ation of J with respect to the control field. Carrying 
out the latter minimization will lead to eqn [1], along 
with the additional relations 
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Equations [1] and [4]-[6] embody the OCT design 
equations that must be solved to yield the optimal 
field e(¢) given in eqn [5]. These design equations have 
an unusual mathematical structure within quantum 
mechanics. First, insertion of the field expression in 
eqn [5] into eqns [1] and [4] produces two cubically 
nonlinear coupled Schrédinger-like equations. These 
equations are in the same family as the standard 
nonlinear Schrédinger equation, and as such, one 
may expect that unusual dynamical behavior could 
arise. Although eqn [4] for |A(t)) is identical in form to 
the Schrédinger equation [1], only hy(2)) is the true 
wavefunction, with [A(®) serving to guide the 
controlled quantum evolution towards the physical 
objective. Importantly, eqn [1] is an initial value 
problem, while eqn [4] isa final value problem. Thus, 
the two equations together form a two-point bound- 
ary value problem in time, which is an inherent 
feature of temporal engineering optimal control as 
well. The boundary value nature of these equations 
typically leads to the existence of multiple solutions, 
where o in eqn [6] plays the role of a discrete 
eigenvalue, specifying the quality of the particular 


achieved control field design. The fact that there are 
generally multiple solutions to the laser design 
equations can be attractive from a physical perspec- 
tive, as the designs may be sorted through to identify 
those being most attractive for laboratory 
implementation. 

The overall mathematical structure of eqns [1] and 
[4]-[6] can be melded together into a single design 
equation 


ih [hyo = LH — weed, 01440). MO) = Ns) 
7] 


The structure of this equation embodies the comments 
in the introduction that control field design is 
inherently a nonlinear process. The main source of 
complexity arising in eqn [7] is through the control 
field eG), «, t) depending not only on the wave function 
at the present time ¢, but also on the future value of 
the wavefunction at the target time T contained in o. 
This structure again reflects the two-point boundary 
value nature of the control equations. 

Given the typical multiplicity of solutions to eqns [1] 
and [4]-[6], or equivalently, eqn [7], it is attractive to 
consider approximations to these equations 
{except perhaps for the inviolate Schrodinger 
equation [1], and much work continues to be done 
along these lines. One case involves what is referred 
to as tracking control, whereby a path is specified 
for (y(t)lOhj(t)) evolving from t=0 out to t=T. 
Tracking control eliminates to produce a field of 
the form e(\),t), thereby permitting the design 
equations to be explicitly integrated as a forward- 
marching problem toward the target; the tracking 
equations are still nonlinear with respect to the 
evolving state. Many variations on these concepts 
can be envisioned, and other approximations may also 
be introduced to deal with special circumstances. One 
technique appropriate for at least few-level systems is 
stimulated Raman adiabatic passage (STIRAP), which 
seeks robust adiabatic passage from an initial state toa 
particular final state, typically with nearly total 
destructive interference occurring in the intermediate 
states. This design technique can have special attr- 
active robustness characteristics with respect to field 
errors. STIRAP, tracking, and various perturbation 
theory-based control design techniques can be 
expressed as special cases of OCT, with suitable cost 
functionals and constraints. Further approximation 
methods will surely be developed, with the rigorous 
OCT concepts forming the general foundation for 
control field design. 

As the OCT equations are inherently nonlinear, 
their solution typically requires numerical iteration, 
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and a variety of procedures may be utilized for this 
purpose. Almost all of the methods employ local 
search techniques (e.g., gradient methods), and some 
also show monotonic convergence with respect to 
each new iteration step. Local techniques typically 
evolve to the nearest solution in the space of possible 
control fields, Such optimizations can be numerically 
efficient, although the quality of the attained result 
can depend on the initial trial for the control field and 
the details of the algorithm involved. In contrast, 
global search techniques, such as simulated annealing 
or genetic algorithms, can search more broadly for 
the best solution in the control field space. These 
more expansive searches are attractive, but at the 
price of typically requiring more intensive compu- 
tations. Effort has also gone into secking global or 
semiglobal input — output maps relating the electric 
field e(t) structure to the observable Ofe(t)]. Such 
maps may be learned, hopefully, from a modest 
number of computations with a selected set of fields, 
and then utilized as high-speed interpolators over the 
control field space to permit the efficient use of global 
search algorithms to attain the best control solution 
possible. At the foundation of all OCT design pro- 
cedures is the need to solve the Schrodinger equation. 
Thus, computational technology to improve this 
basic task is of fundamental importance for 
designing laser fields. 

Many computations have been carried out with 
OCT toattain control field designs for manipulating a 
host of phenomena, including rotational, vibrational, 
electronic, and reactive dynamics of molecules, as well 
as electron motion in semiconductors. Every system 
has its own rich details, which in turn, are com- 
pounded by the fact that multiple control designs will 
typically exist in many applications producing com- 
parable physical outcomes. Collectively, these control 
design studies confirm the manipulation of construc- 
tive and destructive quantum wave interferences as 
the general mechanism for achieving successful 
control over quantum phenomena. This conclusion 
may be expressed as the following princip! 


Control field~system cooperativity principle: Successful 
quantum control requires that the field must have the 
proper structure to rake full advantage of all of the 
dynamical opportunities offered by the system, to best 
satisfy the physical objective. 


This simple statement of system—field cooperati- 
vity embodies the richness, as well as the complexity, 
of seeking control over quantum phenomena, and 
also speaks to why simple intuition alone has not 
proved to be a generally viable design technique. 
Quantum systems can often exhibit highly complex 
dynamical behavior, including broad dispersion of the 


wave packet over spatial domains or multitudes of 
quantum states. Handling such complexity can 
require fields with subtle structure to interact with 
the quantum system in a global fashion to manage all 
of the motions involved. Thus, we may expect that 
successful control pulses will often have broad 
bandwidth, including amplitude and phase modu- 
lation. Until relatively recently, laser sources with 
these characteristics were not available, but the 
technology is now in hand and rapidly evolving 
(see the discussion later), 

‘The cooperativity principle above is of fundamen- 
tal importance in the control of all quantum 
phenomena, and a simple illustration of this principle 
is shown in Figure 2 for the control of wave 
packet motion on an excited state of the NO 
molecule, The target for the control is a narrow 
wave packet located over the well of the excited 
Bstate. The optimal control field consists of two 
coordinated pulses, at early and late times, with both 
features having internal structure. The figure indi- 
cates that the ensuing excited state wave packet has 
two components, one of which actually passes 
through the target region during the initial evolution, 
only to return again and meet the second component 
at just the right place and time, to achieve the target 
objective as best as possible. Similar cooperativity 
interpretations can be found in virtually all 
implementations with OCT. 

The main reason for performing quantum field 
design is to ultimately implement the designs in the 
laboratory. The design procedures must face labora- 
tory realities, which include the fact that most 
Hamiltonians are not known to high accuracy 
(especially for polyatomic molecules and complex 
solid-state structures), and secondly, a variety of 
laboratory field imperfections may unwittingly be 
present. Notwithstanding these comments, OCT has 
been fundamental to the development of quantum 
control, including laying out the logic for how to 
perform the analogous optimal control experiments. 
Design implementations and further OCT develop- 
ment will continue to play a basic role in the quantum 
control field. At present, perhaps the most important 
contribution of OCT has been to (1) highlight 
the basic control cooperativity principle above, and 
(2) provide the basis for developing algorithms to 
successfully guide optimal control experiments, as 
discussed below. 


Algorithms for Implementing Optimal 
Control Experiments 


The ultimate purpose of considering control theory 
within quantum mechanics is to take the matter into 
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Figure 2 Control of wave packet evolution on the electronically excited B state of NO, with the goal of creating a narrow final packet 
‘ver the excited state well. (a) indicates that the ground-state packet is brought up in twa pieces using the coordinated dual pulsa in (b) 
“The piace of the packet from the first pulse actually passes through the target region, then bounces off the right side ofthe potential, to 
finally meet the second piece of the packet at ust the right time over the target location r° for successful control. This behavior is an 
ilustration of the control field~systam cooperativity principle stated inthe text. 


the laboratory for implementation and exploitation 
of its capabilities. Ideally, theoretical control field 
designs may be attained using the techniques 
discussed above, followed by the achievement of 
successful control upon execution of the designs in 
the laboratory. This appealing approach is burdened 
with three difficulties: (1) Hamiltonians are often 
imprecisely known, (2) accurately solving the design 
equations can be a significant task, and (3) realiz- 
ation of any given design will likely be imperfect due 
to laboratory noise or other unaccounted-for sys- 
tematic errors. Perhaps the most serious of these 
difficulties is point (1), especially considering that 
the best quality control will be achieved by 
maximally drawing on subtle constructive and 
destructive quantum wave interference effects. 
Exploiting such subtleties will generally require 
high-quality control designs that, in turn, depend 
on having reliable Hamiltonians. Although various 
designs have been carried out secking robustness 
with respect to Hamiltonian uncertainties, the issue 
in point (1) should remain of significance in the 
foreseeable future, especially for the most complex 
{and often, the most interesting!) chemical/physical 
applications. Mitigating this serious problem is the 
ability to create shaped laser pulse controls and 
apply them to a quantum system, followed by a 
probe of their effects at an unprecedented rate of 
thousands or more independent trials per minute. 
This unique capability led to the suggestion of 


partially, if not totally, sidestepping the design 
process by performing closed-loop experiments to 
let the quantum system teach the laser how to 
achieve its control in the laboratory. Figure 3 
schematically shows this closed loop process, 
drawing on the following logic: 


1, The molecular view. Although there may be 
theoretical uncertainty about the system Hamil- 
tonian, the actual chemical/physical system under 
study ‘knows’ its own Hamiltonian precisely! This 
knowledge would also include any unusual 
exigencies, perhaps associated with structural or 
other defects in the particular sample, Further- 
more, upon exposure to a control field, the system 
‘solves’ its own Schrodinger equation impeccably 
accurately and as fast as possible in real time. 
Considering these points, the aim is to replace the 
offline arduous digital computer control field 
design effort with the actual quantum system 
under study acting as a precise analog computer, 
solving the true equations of motion. 

2. Control laser technology. Pulse shaping under 
full computer control may be carried out using 
even hundreds of discrete elements in the 
frequency domain controlling the phase and 
amplitude structure of the pulse. This technology 
is readily available and expanding in terms of 
pulse center frequency flexibility and bandwidth 
capabilities. 
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Figure 3 A schematic of the closed-loop concept for allowing the quantum system to teach the laser how to achieve its control 
‘The actual quantum system under control isin a loop with a laser and pulse shaper all slaved together with a pattern recognition 
algorithm to guide the excursions around the loop. The success of this concept rales on the ality to perform vary large numbers ot 
‘control experiments in a short period of time. In principle, no knowledge of the system Hamitonian is required to steer the system to 
the desired final objective, although a good tral design ep(2) may accelerate the process. The ith cycle around the loop attempts to 
find a better control field «,(t) such that the system response (Q(T), for the ebsarvable operator O comes closer to the desired 
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3. Quantum mechanical objectives. Many chemical/ 
physical objectives may be simply expressed as the 
desire to steer a quantum mechanical flux out one 
clearly defined channel versus another. 

4, Detection of the control action. Detection of the 
control outcome can often be carried out by a 
second laser pulse or any other suitable high duty 
cycle detection means, such as laser-induced mass 
spectrometry. The typical circumstance in point 
(3) implies that little, if any, time-consuming 
offline data analysis will be necessary beyond 
that of simple signal averaging. 

5, Fast learning algorithms. All of the four points 
above may be slaved together using pattern recog- 
nition learning algorithms to identify those control 
fields which are producing better results, and bias 
the next sequence of experiments in their favor for 
further improvement. Although many algorithms 
may be employed for this purpose, the global 
search capabilities of genetic algorithms are quite 
attractive, as they may take full advantage of the 
high throughput nature of the experiments. 


In linking together all of these components into a 
closed-loop OCE, it is important that no single 
operational step significantly lags behind any other, 


for efficiency reasons. Fortunately, this economy is 
coincident with all the tasks and technologies 
involved. For achieving control alone, there is no 
requirement that the actual laser pulse structure be 
identified on each cycle of the loop. Rather, the laser 
control ‘knob’ settings are adequate information for 
the learning algorithm, as the only criterion is to 
snitably adjust the knobs to achieve an acceptable 
value for the chemical/physical objective. The learn- 
ing algorithm in point (5) operates with a cost fune- 
tional J, analogous to that used for computational 
design of fields, but now the cost functional can 
only depend on those quantities directly observable in 
the laboratory (ie., minimally, the current achieved 
target expectation value). In cases where a physical 
understanding is sought about the control mechan- 
ism, the laser field structure must also be measured. 
This additional information is typically also not a 
burden to attain, as it often is only required for the 
single best control field at the end of the closed-loop 
learning experiments. 

‘The OCE process in Figure 3 and steps (1)-(5) 
above constitute the laboratory process for achieving 
optimal quantum control, and exactly the same 
reasons put forth for OCT motivate the desire for 
attaining optimal performance: principally, seeking 
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the best control result that can possibly be obtained. 
Seeking optimal performance also ensures some 
degree of inherent robustness to field noise, as fleeting 
observations would not likely survive the signal 
averaging carried out in the laboratory. Additionally, 
robustness as a specific criterion may also be included 
in the laboratory cost functional in item (5). When a 
detailed physical interpretation of the controlled 
dynamics is desired, it is essential to remove any 
extraneous control field features that have little 
impact on the system manipulations. Without the 
latter clean-up carried out during the experiments, 
the final field may be contaminated by structures that 
have little physical impact. Although quantum 
dynamics typically occurs on femtosecond or picose- 
cond time-scales, the loop excursions in Figure 3 need 
not be carried out on the latter time-scales. Rather, 
the loop may be traversed as rapidly as convenient, 
consistent with the capabilities of the apparatus. 
A new system sample is introduced on each cycle of 
the loop. This process is referred learning control, to 
distinguish it from real-time feedback control. 

The closed-loop quantum learning control algo- 
rithm can be self-starting, requiring no prior control 
field designs, under favorable circumstances. Virtu- 
ally all of the current experiments were carried out in 
this fashion. It remains to be seen if this procedure of 
“going in blind’ will be generally applicable in highly 
complex situations where the initial state is far from 
the target state. Learning control can only proceed if 
at least a minimal signal is observed in the target 
state. Presently, this requirement has been met by 
drawing on the overwhelmingly large number of 
exploratory experiments that can be carried out, 
even in a brief few minutes, under full computer 
control. However, in some situations, the perform- 
ance of intermediate observations along the way to 
the target goal may be necessary in order to at 
least partially guide the quantum dynamics towards 
the ultimate objective. Beneficial use could also be 
made from prior theoretical laser control designs €o(t) 
capable of at least yielding a minimal target signal. 

‘The OCE closed-loop procedure was based on the 
growing number of successful theoretical OCT 
design calculations, even with all of their foibles, 
especially including less than perfect Hamiltonians. 
The OCT and OCE processes are analogous, with 
their primary distinction involving precisely what 
appears in their corresponding cost functionals. 
Theoretical guidance can aid in identifying the 
appropriate cost functionals and learning algorithms 
for OCE, especially for addressing the needs 
associated with attaining a physical understanding 
about the mechanisms governing controlled quan- 
tum dynamics phenomena. 


A central issue is the rate that learning control 
occurs upon excursions around the loop in Figure 3. 
A number of factors control this rate of learning, 
including the nature of the physical system, the 
choice of objective, the presence of field uncertain- 
ties and measurement errors, the number of control 
variables, and the capabilities of the learning 
algorithm employed. Achieving control is a matter 
of discrimination, and some of these factors, 
whether inherent to the system or introduced by 
choice, may work against attaining good-quality 
discrimination. At this juncture, little is known 
quantitatively about the limitations associated with 
any of these factors. 

The latter issues have not prevented the successful 
performance of a broad variety of quantum control 
experiments, and at present the ability to carry out 
massive numbers of closed-loop excursions has 
overcome any evident difficulties. The number of 
examples of successful closed-loop quantum control 
is rapidly growing, with illustrations involving the 
manipulation of laser dye fluorescence, chemical 
reactivity, high harmonic generation, semiconductor 
optical switching, fiber optic pulse transmission, and 
dynamical discrimination of similar chemical 
species, amongst others, Perhaps the most interesting 
cases are those carried out at high field intensities, 
where prior speculation suggested that such experi- 
ments would fail due to even modest laser field noise 
being amplified by the quantum dynamics. Fortu- 
nately, this outcome did not occur, and theoretical 
studies have indicated that surprising degrees of 
robustness to field noise may accompany the 
manipulation of quantum dynamics phenomena. 
Although the presence of field noise may diminish 
the beneficial influence of constructive and destruc- 
tive interferences, evidence shows that field noise 
does not appear to kill the actual control process, at 
least in terms of obtaining reasonable values for the 
control objectives. One illustration of control in the 
high-field regime is shown in Figure 4, demonstrat- 
ing the learning process for the dissociative 
rearrangement of acetophenone to form toluene, 
Interestingly, this case involves breaking two bonds, 
with the formation of a third, indicating that 
complex dynamics can be managed with suitably 
tailored laser pulses. 

Operating in the strong-field regime, especially for 
chemical manipulations, also has the important 
benefit of producing a generic laser tool to 
control a broad variety of systems by overcoming 
the long-standing problem of having sufficient band- 
width. For example, the result in Figure 4 uses a 
Ti:sapphire laser in the near-infrared regime. Starting 
with a bandwidth-limited pulse of intensity near 
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Misidentified Pins 

The LM78xx series of voltage regulators uses a 
very intuitively obvious and consistent scheme 
for the functions of its pins: input on the left, 
ground in the center, and output on the right, 
when looking at the regulator from the front, 
with its pins facing downward, Unfortunately the 
consistency of this scheme can encourage an 
unthinking habit for making connections. The 
LM79xx series of negative voltage regulators 
swaps the identity of the input and ground pins, 
whereas adjustable regulators use yet another 
different scheme, Good practice suggests check- 
ing a component against the manufacturer's da- 
tasheet before connecting it. 


Dropout Caused by Low Battery 
Ifa regulator rated to deliver 6VDC has a 2DC 
dropout voltage and is powered from a 9V bat- 
tery, the battery can easily drop below the mini- 
mum acceptable 8VDC if it becomes old or de- 
pleted. When this happens, the output from the 
regulator will tend to fall, or may oscillate. 


Inaccurate Delivered Voltage 
A voltage regulator maintains its output voltage 
between its output pin and ground pin. Thin 
traces on a circuit board, or a long run of very 
small-gauge wiring, can impose some electrical 
resistance, reducing the actual voltage delivered 
toa component. Ohm's Law tells us that the volt- 
age drop imposed by a trace (or thin wire) will be 
proportional to the current flowing through it. 
For example, if the resistance between the out- 
put pin of a voltage regulator and a component 
is 0.50 and the current is 0.1, the voltage drop 
will be only 0.05V, But if the current increases to 
1A, the voltage drop is now 0.5V. Bearing this in 
mind, a linear voltage regulator should be posi- 
tioned close to voltage-sensitive components. In 
printed circuit designs, the traces that deliver 
power should not have significant resistance. 


When using linear voltage regulators with ad- 
justable output, there may be a temptation to 


What Can Go Wrong 


connect adjustment resistor R1 to the positive 
end of the load, to obtain a “more accurate” de- 
livered voltage. This configuration will not pro- 
duce the desired result. R1 should always be con- 
nected as closelys possible between the output 
pin and the adjustment pin of the voltage regu- 
lator, while R2 should connect between the ad- 
justment pin and the negative end of the load. 
This is illustrated in Figure 19-7, where the gray 
wirein each schematic indicates thatit possesses 
significant resistance. 
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Figure 197. When the connection between an adjustable 
‘output vattage regulator and ioad components has a sig 
nificant resistance (shown here as a gray “resistive wire"), 
RI should always be connected as closely as possible fo 
the pins of the regulator, as shawn in the upper schemat- 
‘ic. Derived from schematics prepared by National Sem 
conductor.) 
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Figure 4 Anillustration of dissociative rearrangement achioved 
by closedloop learning control in Figure 3. The optimally 
{deduced laser pulse broke two bonds in the parent acetophenone 
‘molecule and formed a new one to yield the toluene product. The 
laboratory leaming curve is shawn Tor the toluene product signal 
a a function of the generations in the genetic algorithm guiding 
the experiments. The fluctuations in the learning curve for 
optimizing the toluene yield corresponds to the algorithm, 
searching for the optimal yield as the experiments proceed, 


~10'* W cm”, in this regime, the dynamic power 
broadening can easily be on the order of ~1 eV or 
more, thereby effectively converting the otherwise 
discrete spectrum of the molecule into an effective 
continuum for ready multiphoton matching by the 
control laser pulse. Operating under these physical 
conditions is very attractive, as the apparatus is 
generic, permitting a single shaped-pulse laser source 
(e.g, a Tissapphire system with phase and amplitude 
modulation) to be utilized with virtually any chemical 
system where manipulations are desired. Although 
every desired physical/chemical goal may not be 
satisfactorily met (i.c., the goals must be physically 
attainable!), the means are now available to explore 
large numbers of systems. Operating under closed 
loop in the strong-field tailored-pulse regime elimi 
ates the prior serious limitation of first finding a 
physical system to meet the laser capabilities; now, 
the structure of the laser pulse can be shaped to meet 
the molecule’s characteristics. Strong field operations 
may be attractive for these reasons, but other broad- 
hand laser sources, possibly working at weaker field 
intensities, might be essential in some applications 
(c.g, controlling electron dynamics in semiconduc- 
tors, where material damage is to be avoided). It is 
anticipated that additional broadband laser sources 
will become available for these purposes. 

The coming years should be a period of rapid 
expansion, including a thorough exploration of 


closed-loop quantum control capabilities. As with 
the use of any laboratory tool, certain applications 
may be more amenable than others to attaining 
snccessful control, The particular physical/chemical 
questions need to be well posed, and controls need to 
have sufficient flexibility to meet the objectives. The 
experiments ahead should be able to reveal the degree 
to which drawing on optimality in OCE, combined 
with the performance of massive numbers of experi- 
ments can lead to broad-scale successful control of 
quantum phenomena. One issue of concern is the 
richness associated with the large numbers of phase 
and amplitude control knobs that may be adjusted in 
the laboratory. Some experiments have already 
operated with hundreds of knobs, while others have 
restricted their number in a variety of ways, to 
simplify the search process. Additional technological 
and algorithmic advances may be required to manage 
the high-dimensional control space searches. Fortu- 
nately, for typical applications, the search does not 
reduce to secking a needle in a haystack, as generally 
there are multiple control solutions, possibly all of 
very good quality. 

Asa final comment on OCE, it is useful to appre- 
ciate the subtle distinction of the procedure from 
closed-loop feedback experiments, This distinction is 
illustrated in Figure 5, pointing to three types of 
closed-loop quantum control laboratory experi- 
ments. The OCE procedure in Figure Sa produces a 
generic laser tool capable of controlling a broad 
variety of systems with an emphasis in the figure 
placed on the point that each cycle around the loop 
starts with a new sample for control. The replacement 
of the sample on each cycle eliminates a number of 
difficulties, principally including concerns about 
sample damage, avoidance of operating the loop at 
the ultrafast speed of the quantum mechanical 
processes, and climination of the effect that 
“to observe is to disturb’ in quantum mechanics. 
Thus, learning control provides a generic practical 
procedure, regardless of the nature of the quantum 
system. Figure 5b has the same structure as that of 
Figure Sa, except the loop is now closed around the 
same single quantum system, which is followed 
throughout its evolution. All of the issues mentioned 
above that are circumvented by operating through 
laboratory learning control in Figure Sa must now be 
directly faced in the setup of Figure Sb. The procedure 
in Figure 5b will likely only be applicable in special 
circumstances, at least for the reason that many 
quantum systems operate on time-scales far too fast 
for opto-electronics and computers to keep up with, 
However, there are certain quantum mechanical 
processes that are sufficiently slow to meet the 
criteria. Furthermore, a period of free evolutionary 
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Figure § Three possible closed-Joop formulations for attaining 
laser contro! over quantum phenomena. (a) is a learning control 
process where a new system is introduced on each excursion 
‘round the laop. (b)utlizes feedeack control with the loop being 
traversed with the same sample, generally calling for an accurate 
‘model ofthe system to adjust the controls on each loop excursion, 
(©) is, at present, a dream machine where the laser and the 
sample under control are one unit operating without external 
algorithmic guidance. The closed-loop learning control procedure 
in (a) appears to form the most practical means to achieve laser 
control over quantum phenomena, especially for complex 
systems. 


quantum dynamics may be permitted to occur 
between one control pulse and the next, to make 
the time issue manageable. While the learning con- 
trol process in Figures 3 and 5a can be performed 
model-free, the feedback algorithm in Figure 5b 
generally must operate with a sufficiently reliable 
system Hamiltonian to carry out fast design correc- 
tions to the control field, based on the previous 
control outcome. These are very severe demands, but 
they may be met under certain circumstances, One 
reason for considering closed-loop feedback control 
in Figure Sb is to explore the basic physical issue of 
quantum mechanical limitations inherent in the 
statement ‘to observe is to disturb’. It is suggestive 
that control over many types of quantum phenomena 
may fall into the semiclassical regime, lying some- 
where between classical engineering behavior and the 


hard limitations of quantum mechanics. Experiments 
of the type in Figure Sb will be most interesting for 
exploring this matter. Finally, Figure Se introduces 
a gedanken experiment in the sense that the 
closed-loop process is literally built into the 
hardware. That is, the laser control and quantum 
system act as a single functioning unit operating in a 
stable fashion, so as to automatically steer the system 
to the desired target. This process may involve 
engineering the quantum mechanical system prior to 
control in cases where that freedom exists, as well as 


engineering the laser components involved. The 
meaning of such a device in Figure Se can be 
understood by considering an analogy with airplane 
flight, where the aircraft is constructed to have an 
inherent degree of aerodynamic stability and will 
essentially fly (glide) on its own accord when pushed 
forward, It is an open question whether closing the 
loop in the hardware can be attained for quantum 
control, and an exploration of this concept may 
require additional laser technologies. 


Conclusions 


This article presented an overview of theoretical 
concepts and algorithmic considerations associated 
with the control of quantum phenomena. Theory 
has played a central role in this area by revealing 
the fundamental principles underlying quantum 
control, as well as by providing algorithms for 
designing controls and guiding experiments to 
discover successful controls in the laboratory. The 
challenge of controlling quantum phenomena, in 
one sense, is an old subject, going back at least 40 
years. However, roughly the first 30 of these years 
would best be described as a period of frustration, 
due to a lack of full understanding of the principles 
led to 


involved and the nature of the lasers ne 
achieve success. Thus, from another perspective, the 
subject is quite young, with perhaps the most 
notable development being the introduction of 
closed-loop laboratory learning procedures. At the 
time of writing this article, these procedures are 
just beginning to be explored for their full 
capabilities. To appreciate the young nature of this 
subject, it is useful to note that the analogous 
engineering control disciplines presently occupy 
many thousands of engineers worldwide, both 
theoreticians and practitioners, and have done so 
for many years. Yet, engineering control is far 
from considered a mature subject. Armed now with 
the basic concepts and proper laboratory tools, one 
may anticipate a thorough exploration of control 
over quantum phenomena, including its many 
possible applications. 
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Introduction 


‘The experimental control of quantum phenomena in 
atoms, molecules, and condensed phase materials has 
been a long-standing challenge in the physical 
sciences. For example, the idea that a laser beam 
could be used to selectively cleave a chemical bond 
has been pursued since the demonstration of the laser 
in the early 1960s. However, it was not until very 
recent times that one could realize selective bond 
cleavage. One key to the rapid acceleration of such 
experiments is the capability of manipulating the 
relative phases between two or more paths leading to 
the same final state. This is done in practice by 
controlling the phase of two (or two thousand!) laser 
frequencies coupling the initial state to some desired 
final state. The present interest in phase-related 
control stems in part from research focusing on 
quantum information sciences, controlling chemical 
reactivity, and developing new optical technologies, 
such as in biophotonics for imaging cellular 
materials. Ultimately, one would like to identify 
coherent control applications having impact similar 
to linear regime applications like compact disk 
reading (and writing), integrated circuit fabrication, 
and photodynamic therapy. Note that in each of these 
the phase of the electromagnetic field is not an 
important parameter and only the brightness of the 
laser at a particular frequency is used. While phase is 
of negligible importance in any one photon process, 
for excitations involving two or more photons, phase 
not only becomes a useful characteristic, it can 
modulate the yield of a desired process between 
zero and one hundred percent. 

The use of optical phase to manipulate atomic and 
molecular systems rose to the forefront of laser 
science in the 1980s. Prior to this there was 
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considerable effort directed toward using the inten- 
sity and high spectral resolution features of the laser 
for various applications. For example, the high 
spectral resolution character was employed in 
purifying nuclear isotopes. Highly intense beams 
were also used in the unsuccessful attempt to pump 
enough energy into a single vibrational resonance to 
selectively dissociate a molecule. The current revolu- 
tion in coherent control has been driven in part by 
the realization that controlling energy deposition 
into a single degree of freedom (such as selectively 
breaking a bond in a polyatomic molecule) can not 
be accomplished by simply driving a resonance with 
an ever more intense laser source. In the case of 
induced photo dissociation, such excitation 
ultimately results in statistical dissociation through- 
out the molecule due to vibrational mode coupling. 
In complex systems, controlling energy deposition 
into a desired quantum state requires a more 
sophisticated approach and one scheme involves 
coherent control, 

‘The two distinct regimes for excitation in coherent 
control, the time and frequency domain experiments, 
are formally equivalent. While the experimental 
approach and level of success for each domain is 
vastly different, both rely on precisely specifying the 
phase relations for a series of excitation frequencies. 
The basic idea behind phase control is simple. One 
emulates the interference effects that can be easily 
visualized in a water tank experiment with a wave 
propagating through two slits. In the coherent control 
experiment, two or more indistinguishable pathways 
must be excited that connect one quantum state to 
another. In either water waves, or coherent control, 
the probability for observing constructive or destruc- 
tive interference at a target state depends on the phase 
difference between the paths connecting the two 
locations in the water tank, or the initial and final 
states in the quantum system. In the case of coherent 
control, the final state may have some technological 
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value, for instance, a desirable chemical reaction 
product or an intermediate in the implementation of 
quantum computation. 

Frequency domain methods concentrate on inter- 
fering two excitation routes in a system by controlling 
the phase difference between two distinct frequencies 
coupling an initial state to a final state. Perhaps the 
first mention of the concept of phase control in the 
optical regime can be traced to investigations in 
Russia in the early 1960s, where the interference 
between a one- and three-photon path was theoreti- 
cally proposed as a means to modulate a two-photon 
absorption. This two-path interference idea lay 
dormant until the reality of controlling the relative 
phase of two distinct frequencies was achieved in 
1990 using gas phase pressure modulation for 
frequency domain experiments. The idea was theor- 
etically extended to the control of nuclear motion in 
1988. The first experimental example of two-color 
phase control over nuclear motion was demonstrated 
in 1991. Itis interesting that the first demonstrations 
of coherent control did not, however, originate in the 
frequency domain approach, but came from time 
domain investigations in the mid-1980s. This was 
work that grew directly out of the chemical dynamics 
community and will be described below. 

While frequency domain methods were developed 
exclusively for the observation of quantum inter- 
ference, the experimental implementation of time- 
domain methods was first developed for observing 
nuclear motion in real time. In the time domain, a 
superposition of multiple states is prepared in a 
system using a short duration (~50 fs) laser pulse. 
The superposition state will subsequently evolve 
according to the phase relationships of the prepared 
states and the Hamiltonian of the system. At some 
later time the evolution must be probed using a 
second, short-time-duration laser pulse. The time- 
domain methods for coherent control were first 
proposed in 1985 and were based on wavepacket 
propagation methods developed in the 1970s. The 
first experiments were reported in the mid-1980s. 

To determine whether the time or frequency 
domain implementation is more applicable for a 
particular control context, one should compare the 
relevant energy level spacing of the quantum system 
to the bandwidth of the excitation laser. For instance, 
control of atomic systems is more suited to frequency 
domain methods because the characteristic energy 
level spacing in an atom (several electron volts) is 
large compared to the bandwidth of femtosecond 
laser pulses (millielectron volts). In this case, prepa- 
ration of a superposition of two or more states is 
impractical with a single laser pulse at the present 
time, dictating that the control scheme must employ 


the initial state and a single excited eigenstate. In 
practice, quasi-CW nanosecond duration laser pulses 
are employed for such experiments because current 
ultrafast (fs duration) laser sources cannot typically 
prepare a superposition of electronic states. One 
instructive exception involves the excitation of 
Rydberg states in atoms. Here the electronic energy 
level spacing can be small enough that the bandwidth 
of a femtosecond excitation laser may span several 
electronic states and thus can create a superposition 
state. One should also note that the next generation 
of laser sources in the attosecond regime may permit 
the preparation of a wavepacket from low-lying 
electronic states in an atom. In the case of molecules, 
avoiding a superposition state is nearly impossible. 
Such experiments employ pico- to femtosecond 
duration laser pulses, having a bandwidth sufficient 
to excite many vibrational levels, either in the ground 
or excited electronic state manifold of a molecule. To 
complete the time-dependent measurement, the 
propagation of the wavepacket to the final state of 
interest must be observed (probed) using a second 
ultrafast laser pulse that can produce fluorescence, 
ionization, or stimulated emission in a time-resolved 
manner. The multiple paths that link the initial and 
final state via the pump and the probe pulses are the 
key to the equivalence of the time and frequency 
domain methods. 

There is another useful way to classify experiments 
that have been performed recently in coherent 
control, that is into either open-loop or closed-loop 
techniques. Open-loop signifies that a calculation 
may be performed to specify the required pulse shape 
for control before the experiment is attempted. All of 
the frequency-based, and most of the time-based 
experiments fall into this category. Closed-loop, on 
the other hand, signifies that the results from 
experimental measurements must be used to assist 
in determining the correct parameters for the next 
experiment, this pioneering approach was suggested 
in 1992. Itis interesting that in the context of control 
experiments performed to date, closed-loop exper- 
iments represent the only route to determining the 
optimal laser pulse shape for controlling even 
moderately complex systems. In this approach, no 
input from theoretical models is required for coherent 
control of complex systems. This is unlike typical 
control engineering environments, where closed-loop 
signifies the use of experiments to refine parameters 
used in a theoretical model. 


There is one additional distinction that is of value 
for understanding the state of coherent control at the 
present time. Experiments may be classified into 
systems having Hamiltonians that allow calculation 
of frequencies required for the desired interference 
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patterns (thus enabling open-loop experiments) and 
those having ill-defined Hamiltonians (requiring 
closed-loop experiments). The open-loop experi- 
ments have demonstrated the utility of various 
control schemes, but are not amenable to systems 
having even moderate complexity. The closed-loop 
experiments are capable of controlling systems of 
moderate complexity but are not amenable to 
precalculation of the required control fields. Systems 
requiring closed-loop methods include propagation 
of short pulses in an optical fiber, control of high 
harmonic generation for soft X-ray generation, 
control of chemical reactions and control of biologi- 
cal systems. In the experimental regime, the value of 
learning control for dealing with complex systems has 
been well documented. 

‘The remainder of this article represents an ov 
view of the experimental implementation of cohe' 
control. The earliest phase control experiments 
involved time-dependent probing of molecular wave- 
packets, and were followed by two-path interference 
in an atomic system. The most recent, and general, 
implementation of control involves tailoring a time- 
dependent electromagnetic field for a desired obje. 
tive using closed-loop techniques. Since the use of 
tailored laser pulses appears to be rather general, a 
more complete description of the experiment is 
provided. 


ent 


Time-Dependent Methods 


‘The first experiments demonstrating the possibility of 
coherent control were performed to detect nuclear 
motion in molecules in real time. These investigations 
were the experimental realization of the pump-dump 
or pulse-timing control methods as originally 
described in 1985. The experimental applications 
have expanded to numerous systems including 
diatomic and triatomic molecules, small clusters, 
and even biological molecules. For such experiments, 
a vibrational coherence is prepared by exciting a 
superposition of states. These measurements 
implicitly used phase control both in the generation 
of the ultrashort pulses and in the coherent probing of 
the superposition state by varying the time delay 
between the pump and probe pulses, in effect 
modulating the outcome of a quantum transition. 
Since the earliest optical experiment in the mid- 
1980s, there have been many hundreds of such 
experiments reported in the literature. The motiv- 
ation for the very first experiments was not explicitly 
phase control, but rather the observation of nuclear 
motion of molecules in real time. In such later 
measurements, oscillations in the superposition states 
were observable for many cycles, up to many tens of 


picoseconds in favorable cases, ie., diatomic mole- 
cules in the gas phase. The loss of signal in the 
coherent oscillations is ultimately due to passage of 
the superposition state in to surrounding bath states. 
This may be due to collision with another molecule, 
dissociation of the system or redistribution of the 
excitation energy into other modes of the system not 
originally excited in the superposition. It is notable 
that coherence can be maintained in solution phase 
systems for tens of picoseconds and for the case of 
resonances having weak coupling to other modes, 
coherence can even be modulated in large biological 
systems on the picosecond time scale. 

Decoherence represents loss of phase information 
about a system. In this context, phase information 
represents our detailed knowledge of the electronic 
and nuclear coordinates of the system. In the case of 

ibrational coherence, decoherence may be rep- 
resented by intramolecular vibrational energy trans- 
fer to other modes of the molecule. This can be 
thought of as the propensity of vibrational modes of a 
molecule to couple together in a manner that 
randomizes deposited energy throughout the mol- 
ecule. Decoherence in a condensed phase system 
includes transfer of energy to the solvent modes 
surrounding the system of interest. For an electro- 
nically excited molecule or atom, decoherence can 
involve spontaneous emission of radiation (fluor- 
escence), or dissociation in the case of molecules. 
Certain excited states may have high probability for 
fluorescence and would represent a significant deco- 
herence pathway and an obstacle for coherent 
control. These states may be called ‘lossy’ and are 
often used in optical pumping schemes as well as for 
stimulated emission pumping. An interesting question 
arises as to whether one can employ such states in a 
pathway leading to a desired final state, or must such 
lossy states be avoided at all costs in coherent control. 
This question has been answered to some degree by 
the method of rapid adiabatic passage. In this 
experiment, an initial state is coupled to a final state 
by way of a lossy state. The coupling is a coherent 
process and the preparation involves dressed states 
that are eigenstates of the system. In this coherent 
superposition the lossy state is employed, but no 
population is allowed to build up and thus decoher- 
ence is circumvented. 


Two-Path Interference Methods 


Interference methods form perhaps the most intuitive 
example of coherent control. The first experimental 
demonstration was reported in 1990 and involved the 
modulation of ionization probability in Hg by 
interfering a one-photon and three-photon excitation 
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pathway to an excited electronic state (followed by 
two-photon ionization). The long delay between the 
introduction of the two-path interference concept in 
1960 and the demonstration in 1990 was the 
difficulty in controlling the relative phase of the 
one- and three-photon paths. The solution involved 
generating the third harmonic of the fundamental in a 
nonlinear crystal, and copropagating the two beams 
through a low-density gas. Changing the pressure of 
the gas changes the optical phase retardance at 
different rates for different frequencies, thus allowing 
relative phase control between two colors. The 
ionization yield of Hg was clearly modulated as a 
function of pressure. Such schemes have been 
extended to diatomic molecular systems and the 
concept of determining molecular phase has be 
investigated. While changing the phase of more than 
two frequencies has not been demonstrated using 
pressure tuning (because of experimental difficulties), 
a more flexible method has been developed to alter 
relative phase of up to 1000 frequency bands, as will 
be described next. 


Closed-Loop Control Methods 


Perhaps the most exciting new aspect of control in 
recent years concerns the prospect for performing 
closed-loop experiments. In this approach a more 
complex level of control in matter is achieved in 
comparison to the two-path interference and pump- 
probe control methods. In the closed-loop method, an 
arbitrarily complex time-dependent electromagnetic 
field is prepared that may have multiple subpulses and 
up to thousands of interfering frequency bands. The 
realization of closed-loop control over complex 
processes relies on the confluence of three technol- 
ogies: (i) production of large bandwidth ultrafast 
laser pulses; (ii) spatial modulation methods for 
manipulating the relative phases and amplitudes of 
component frequencies of the ultrafast laser pulse; 
and (iii) closed-loop learning control methods for 
sorting through the vast number of pulse shapes 
available as potential control fields. In the closed-loop 
method, the result of a laser molecule interaction is 
used to tailor an optimized pul 

In almost all of the experimental systems used for 
closed-loop control today, Kerr lens mode-locking in 
the Ti:sapphire crystal is used to phase lock the wide 
bandwidth of available frequencies (750-950 nm) to 
create the ultrafast pulse. In this phenomenon, the 
intensity variation in the short laser pulse creates a 
transient lens in the Ti:sapphire lasing medium that 
discriminates between free lasing and mode-locked 
pulses. As a result, all of the population inversion 
available in the lasing medium may be coerced into 


enhancing the ultrashort traveling wave in the cavity 
in this way. The wide bandwidth available may then 
be amplified and tailored into a shaped electromag 
netic field. Spatial light modulation is one such 
method for modulating the relative phases and 
amplitudes of the component frequencies in the 
ultrafast laser pulse to tailor the shaped laser pulse. 
Pulse shaping first involves dispersing the phase- 
locked frequencies on an optical grating, the 
dispersed radiation is then collimated using a 
cylindrical lens and the individual frequencies are 
focused to a line forming the Fourier plane. At the 
Fourier plane, the time-dependent laser pulse is 
transformed into a series of phase-locked continuous 
wave (CW) laser frequencies, and thus Fourier 
transformed from time to frequency space. The 
relative phases and amplitudes may be modulated 
in the Fourier plane using an array of liquid crystal 
pixels. After altering the spectral phase and ampli- 
tude profile, the frequencies are recombined on a 
second geating to form the shaped laser pulse. With 
one degeee of phase control and 10 pixels there are 
an astronomic number (360'°) of pulse shapes that 
may be generated in this manner. (At the present 
time, pulse shapers have up to 2000 independent 
elements.) Evolutionary algorithms are employed to 
manage the available phase space. Realizing that the 
pulse shape is nothing more than the summation of a 
series of sine waves, each having an associated phase 
and amplitude, we find that a certain pulse shape can 
be represented by a genome consisting of an array of 
these frequency-dependent phases and amplitudes. 
This immediately suggests that the methods of 
evolutionary search strategies may be useful for 
determining the optimal pulse shape for a desired 
photoexcitation process. 

The method of closed-loop optimal control for 
experiments was first proposed in 1992 and the first 
experiments were reported in 1997 regarding 
optimization of the efficiency of a laser dye molecule 
in solution. Since that time a number of experiments 
have been performed in both the weak and strong 
field regime. In the weak field regime, the intensity 
of the laser does not alter the field free structure of 
the excited states of the system under investigation. 
In the strong field, the field free states of the system 
are altered by the electric field of the laser. Whether 
one is in the weak or strong field regime depends on 
parameters including the characteristic level spacing 
of the states of the system to be controlled and the 
intensity of the laser coupling into those states. 
Examples of weak field closed-loop control include 
optimization of laser dye efficiency, compression of 
an ultrashort laser pulse, dissociation of alkali 
clusters, optimization of coherent anti-Stokes 
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Raman excitation, and optical pulse propagation in 
fibers. In the strong field, the laser field is used to 
manipulate the excited states of the molecule as well 
as induce population transfer among these states. In 
this sense, the laser is both creating and exciting 
resonances, in effect allowing universal excitation 
with a limited frequency bandwidth of 750- 
850 nm. For chemical applications, it is worth 
noting that most molecules do not absorb in this 
wavelength region in the weak field. Strong field 
control has been used for controlling bond dis- 
sociation, chemical rearrangement, photonic 
reagents, X-ray generation, molecular centrifuges 
and the manipulation of mass spectral fragmenta- 
tion intensities. In the latter case, a new sensing 
technology has emerged wherein each individual 
pulse shape represents an independent sensor for a 
molecule, Given the fact that thousands of pulse 
shapes can be tested per minute, this represents a 
new paradigm for molecular analysis. 

At the time of this writing, the closed-loop method 
for adaptively tailoring control fields, has far out- 
stripped our theoretical understanding of the process 
(particularly in the strong field regime). Adaptive 
control is presently an active field of investigation, 
encompassing the fields of physics, engineering, 
optics, and chemistry. In the coming years, there 
will be as much work done on the mechanism of 
control as in the application of the methods. Due to 
small energy level spacings and complexity of the 
systems, we anticipate the majority of applications to 
be in the chemical sciences. 
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Introduction 


known in classical 


Interference phenomena are wel 
optics. In the early 19th century, Thomas Young 
showed conclusively that light has wave properties, 
with the first interference experiment ever performed. 
He passed quasi-monochromatic light from a single 
source through a pair of double slits using the 
configuration of Figure 1a and observed an inter- 
ference pattern consisting of a series of bright and 
dark fringes on a distant screen, The intensity 
distribution can be explained only if it is assumed 
that light has wave or phase properties. In modern 


See also 
Coherence: Coherence and Imaging; Overview. Inter- 
ferometry: Overview. Microscopy: Interference 
Microscopy. 
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Femto- 


terminology, if E1 and Ey are the complex electric 
fields of the two light beams arriving at the screen, by 
the superposition principle of field addition the 
intensity at a particular point on the screen can be 
written as 


Toc IE, + Eyl” 
=IE,P + IEy 


FIEIEs| cost — dy) 
where by ~ dy is the phase difference of the beams 
arriving at the screen. While this simple experi- 
ment was used originally to demonstrate the wave 
properties of light, it has subsequently been used for 
many other purposes, such as measuring the 
wavelength of light. However, for our purposes, 
here the Young's double slit apparatus can also be 
jewed as a device that redistributes light, or 
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Figure 1 (a) Interference effects in the Young's double sit 
‘experiment; (b) ilustration of the general concept of coherence 
control via mutipie quantum mechanical pathways; (c) inter- 
ference of single- and two-photon transitions connecting the same 
valence and conduction band states in a semiconductor. 


controls its intensity at a particular location. For 
example, let’s consider one of the slits to be a source, 
with the other slit taken to be a gate, with both 
capable of letting through the same amount of light. 
If the gate is closed, the distant screen is nearly 
uniformly illuminated. But if the gate is open, at a 
particular point on the distant screen there might be 
zero intensity or as much as four times the intensity 
emerging from one slit because of interference 
effects, with all the light merely being. spatially 
redistributed. In this sense the double slit system can 
be viewed as a device to redistribute the incident 
light intensity. The key to all this is the superposition 
principle and the properties of optical phase. 

The superposition principle and interference 
effects also lie at the heart of quantum mechanics. 
For example, let’s now consider a system under the 
influence of a perturbation with an associated 
Hamiltonian that has phase properties, In general 
the system can evolve from one quantum state |i) to 
another |f) via multiple pathways involving inter- 
mediate states lm). Because of the phased pertur- 
bation, interference between those pathways can 


influence the system’s final state. If a, is the 
(complex) amplitude associated with a transition 
from the initial to the final state, via intermediate 
virtual state lm), then for all possible intermediate 
states the overall transition probability, W, can be 
written as 


(21 


In the case of only two pathways, as illustrated in 
Figure 1b, W becomes 


We la tay 


lag!? + lagl? + layllag| eosty — BI 


where ; and @) are now the phases of the two 
transition amplitudes. While this expression strongly 
resembles that of eqn [1], here gy and y are 
influenced by the phase properties of the pertur- 
bation Hamiltonian that governs the transition 
process; these phase factors arise, for example, if 
light fields constitute the perturbation. But overall it 
is clear that the change in the state of the system is 
affected by both the amplitude and phase properties 
of the perturbation. Analogous with the classical 
interferometer, equality of the transition amplitudes 
leads to maximum contrast in the transition rate. 
Althongh it has been known since the early days of 
quantum mechanics that the phase of a perturbation 
can influence the evolution of a system, generally 
phase has only been discussed in a passive role, Only 
in recent years has phase been used as a control 
parameter for a system, on the same level as the 
strength of the perturbation itself. 


Coherence Control 


Coherence control, or quantum control as it is 
sometimes called, refers to the active process through 
which one can use phase-dependent perturbations 
originating with, for example, coherent light waves, 
to control one of more properties of a quantum 
system, such as state population, momentum, or spin, 
This more general perspective of interference leads to 
a picture of interference of matter waves, rather than 
simply light waves, and one can now speak of an 
effective ‘matter interferometer’. Laser beams, in 
particular, are in a unique position to play a role in 
such processes, since they offer a macroscopic ‘phase 
handle’ with which to create such effects. This was 
recognized by the community of atomic and molecu- 
lar scientists who emphasized the active manifes- 
tations of quantum interference effects, and proposed 
that branching ratios in photochemical reactions 
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might be controlled through laser-induced interfer- 
ence processes. The use of phase as a control 
parameter also represents a novel horizon of appli- 
cations for the laser since most previous applications 
had involved only amplitude (intensity). 

Of course, just as the ‘visibility’ of the screen 
pattern for a classical Young's double slit interfero- 
meter is governed by the coherence properties of the 
two slit source, the evolution of a quantum system 
reflects the coherence properties of the perturbations, 
and the degree to which one can exercise phase 
control via external perturbations is also influenced 
by the interaction of the system of interest with a 
reservoir — essentially any other degrees of freedom 
in the system — which can cause decoherence and 
reduce the effectiveness of the ‘matter interferom- 
eter’. Since the influence of a reservoir will generally 
increase with the complexity of a system, one might 
think that coherence control can only be effectively 
achieved in simple atomic and molecular systems. 
Indeed, some of the earliest suggestions for coherence 
control of a system involved using interference 
between single and three photon absorption pro- 
cesses, connecting the same initial and final states 
with photons of frequency 3w and w, respectively, 
and controlling the population of excited states in 
atomic or diatomic systems. However, it has been 
difficult to extend this ‘two color’ paradigm to more 
complex molecular systems. Since the reservoir leads 
to decoherence of the system overall, shorter and 
shorter pulses must be used to overcome decoherence 
effects. However, short pulses possess a large 
bandwidth with the result that, for complex systems, 
selectivity of the final state can be lost. One must 
therefore consider using interference between multi- 
ple pathways in order to control the system, as 
dictated by the details of the unperturbed Hamil- 
tonian of the system. 

For a polyatomic molecule or a solid, the complete 
Hamiltonian is virtually impossible to determine 
exactly and it is therefore equally difficult to prescribe 
the optimal spectral (amplitude and phase) content of 
the pulses that should be used for control purposes. 
An alternative approach has therefore emerged, in 
which one foregoes knowledge of the eigenstates of 
the Hamiltonian and details of the different possible 
interfering transition paths in order to achieve control 
of the end state of a system. This branch of coherence 
control has come to be known as optimal control, In 
optimal control one employs an optical source for 
which one can (ideally) have complete control over 
the spectral and phase properties. One then uses a 
feedback process in which experiments are carried 
out, the effectiveness of achieving a certain result is 
determined, and the pulse characteristics are then 


altered to obtain a new result. A key component is the 
use of an algorithm to select the new pulse properties 
as part of the feedback system. In this approach the 
molecule teaches the external control system what it 
‘requires’ for a certain result to be optimally achieved. 
While the ‘best’ pulse properties may not directly 
reveal details of the multiple interference process 
required to achieve the optimal result, this technique 
can nonetheless be used to gain some insight into the 
properties of the unperturbed Hamiltonian and, 
regardless of such understanding, achieve a desirable 
result. It has been used to control chemical reaction 
rates involving several polyatomic molecules, with 
considerable enhancement in achieving a certain 
product relative to what can be done using simple 
thermodynamics. 


Coherence Control in Semiconductors 


Since coherence control of chemical reactions invol- 

ing large molecules has represented a significant 
challenge, it was generally felt that ultrafast deco- 
herence processes would also make control in solids, 
in general, and semiconductors, in particular, diff- 
cult, Early efforts therefore focused on atomic-like 
situations in which the electrons are bound and 
associated with discrete states and long coherence 
times. In semiconductors, the obvious choice is the 
excitonic system, defect states, or discrete states 
offered by quantum wells. Population control of 
excitons and directional ionization of electrons from 
quantum wells has been clearly demonstrated, similar 
to related population control of and directional 
ionization from atoms. Other manifestations of 
coherence control of semiconductors include control 
of electron-phonon interactions and intersub-band 
transitions in quantum wells. 

‘Among the different types of coherence control in 
semiconductors is the remarkable result that it is 
possible to coherently control the properties of free 
electrons associated with continuum states. Although 
optimal control might be used for some of these 
processes, we have achieved clear illustrations of 
control phenomena based on the use of harmonically 
related beams and interference of single- and two- 
photon absorption processes connecting the conti- 
nuum valence and conduction band states as gener- 
ically illustrated in Figure 1c. Details of the various 
processes observed can be found elsewhere. Of 
course, the momentum relaxation time of electrons 
or holes in continuum states is typically of the order 
of 100 fs at room temperature, but this time is 
sufficiently long that it can permit phase-controlled 
processes. Indeed, with respect to conventional 
carrier transport, this ‘long time” lapse is responsible 
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for the typically high electrical mobilities in crystal- 
line semiconductors such as Si and GaAs. In essence, a 
crystalline semiconductor with translational sym- 
metry has crystal momentum as a good quantum 
number, and selection rules for scattering prevent the 
momentum relaxation time from being prohibitively 
small, Since electrons or holes in any continuum state 
can participate in such control processes, one need 
not be concerned about pulsewidth or bandwidth, 
unless the pulses were to be so short that carriers of 
both positive and negative effective mass were 
generated within one band. 


Coherent Control of Electrical Current Using 
Two Color Beams 


We now illustrate the basic principles that describe 
how the interference process involving valence and 
conduction band states can be used to control 
properties of a bulk semiconductor. We do so in the 
case of using one or two beams to generate and 
control carrier population, electrical current, and spin 
current. In pointing out the underlying ideas behind 
coherence control of semiconductors, we will skip or 
suppress many of the mathematical details which are 
required for a full understanding but which might 
obscure the essential physics. In particular we 
consider how phase-related optical beams with 
frequencies © and 2w interact with a direct gap 
semiconductor such that fa < Ey < 2hw where E, is 
the electronic bandgap. For simplicity we consider 
exciting clectrons from a single valence band via 
single-photon absorption at 2 and two-photon 
absorption at w. As is well known, within an 
independent particle approximation, the states of 
electrons and holes in semiconductors can be labeled 
by their vector crystal momentum k; the energy of 
states near the conduction or valence bandedges 
varies quadratically with Iki, For one-photon absorp- 
tion the transition amplitude can be derived using a 
perturbation Hamiltonian of the form H = elme 
A2”.p where A*” is the vector potential associated 
with the light field and p is the momentum operator. 
The transition amplitude is therefore of the form 


lI 


where p,, is the interband matrix clement of p along. 
the field (E*") direction; for illustration purposes the 
field is taken to be linearly polarized. The overall 
transition rate between two particular states of the 
same k can be expressed as Wy oc a™(a2)* oc 
P\p,, where is the intensity of the beam. 
This rate is independent of the phase of the light 
beam as well as the sign of k. Hence the absorption 


of light via single-photon transitions generally 
populates states of equal and opposite momentum 
with equal probability or, equivalently, establishes a 
standing electron wave with zero crystal momen- 
tum. This is not surprising since photons possess 
very little momentum and, in the approximation of 
a uniform electric field, do not give any momentum 
to an excited electron. The particular states that are 
excited depends on the light polarization and crystal 
orientation. However, the main point is that while 
single-photon absorption can lead to anisotropic 
filling of electron states, the distribution in momen- 
tum space is not polar (dependent on sign of k). 
Similar considerations apply to the excited holes, 
but to avoid repetition we will focus on the 
electrons only. 

For two-photon absorption involving the @ pho- 
tons and connecting states similar to those connected 
with single-photon absorption, one must employ the 
2nd order perturbation theory using the Hamiltonian 
H = elmcA®« p. For two-photon absorption there is 
a transition from the valence band to an (energy 
nonallowed) intermediate state followed by a tran- 
sition from the intermediate state to the final state. To 


determine the total transition rate one must sum over 
all possible intermediate states. For semiconductors, 
by far the dominant intermediate state is the final 
state itself, so that the associated transition amplitude 
has the form 


a 0 EXe pa (Ee pag) (EXE pachk [5] 


where the matrix element p., is simply the momen- 
tum of the conduction band state (ak) along the 
direction of the field. Note that unlike an atomic 
system, p,, is nonzero, since Bloch states in a 
crystalline solid do not possess inversion symmetry. 
If two-photon absorption acts alone, the overall 
transition rate between two particular k states would 
be W2 ec (I*)*Ip.vi7k*. As with single-photon absorp- 
tion, because this transition rate is independent of the 
sign of k, two-photon absorption leads to production 
of electrons with no net momentum. 

When both single- and two-photon transitions are 
present simultaneously, the transition amplitude is 
the sum of the transition amplitudes expressed in 
eqn [3]. The overall transition rate is then found using, 
eqn [1] and yields Wi + W2 + Int where the 
interference term Int is given by 


Int oc E*E°E* sin( dry — 2b.)k [6] 


Note, however, that the interference effect depends on 
the sign of k and hence can be constructive for one 
part of the conduction band but destructive for other 
parts of that band, depending on the value of the 
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relative phase, Ad = ¢2,, — 2¢,,. In principle one can 
largely eliminate transitions with +k and enhance 
those with —k. This effectively generates a net 
momentum for electrons or holes and hence, at least 
temporarily, leads to an electrical current in the 
absence of any external bias. The net momentum of 
the carriers, which is absent in the individual 
processes, must come from the lattice. Because the 
carriers are created with net momentum during the 
pulses one has a form of current injection that can be 
written as 


yfdt 2 


sin(Ad) 71 


where J is the current density. This type of current 
injection is allowed in both centrosymmetric and 
noncentrosymmetric materials. The physics and 
concepts behind the quantum interference leading to 
this form of current injection are analogous with the 
Young's double slit experiment. Note as well that if 
this ‘interferometer’ is balanced (single- and two- 
photon transition rates are similar), then it is possible 
to control the overall transition rate with great 
contrast. Roughly speaking, one balances the two 
arms of the ‘effective interferometer’ involved in the 
interference process, one ‘arm’ corresponding to the 
one-photon process and the other to the two-photon 
process. As an example, let's consider the excitation 
of GaAs, which has a room-temperature bandgap of 
1.42 eV (equivalent to 870 nm). For excitation of 
GaAs using 1550 and 775 nm light under balanced 
conditions, the electron cloud is injected with a speed 
close to 500kms-'. Under ‘balanced’ conditions, 
nearly all the electrons are moving in the same 
direction, Assuming that the irradiance of the 
1550 nm beam is 100 MW em~?, while that of the 
second harmonic beam is only 15 kW cm”? (satisfy- 
ing the ‘balance’ condition), with Gaussian pulse 
widths of 100 fs, one obtains a surprisingly large peak 
current of about 1 kA cm™? for a carrier density of 


only 10" cm” if scattering effects are ignored. When 
scattering is taken into account, the value of the peak 
current is reduced and the transient current decays on 
a time-scale of the momentum relaxation time. 
Figure 2a shows an experimental setup which can 
he used to demonstrate coherence control of electrical 
current using the above parameters. Figure 2a shows 
the region between a pair of electrodes on GaAs being 
illuminated by a train of harmonically related pulses. 
Figure 2b illustrates how the steady-state experimen- 
tal voltage across the capacitor changes as the phase 
parameter Ad is varied. Transient electrical currents, 
generated though incident femtosecond optical 
pulses, have also been detected through the emission 
of the associated Terahertz radiation. 


Voltage (arb. units) 


lo 05. 1 18 2 25 3 
® solar 

Figure 2 (a) Experimental setup to measure steady-state 
voltage (V) acrass a pair of electrodes on GaAs with the 
intervening region iluminated by phased radiation at w and 2a: 
(0) induced vottage across a pair of electrodes on a GaAs 
semiconductor as a function of the phase parameter associated 
with two harmonically related incident beams. 


The current injection via coherence control and 
conventional cases (i.e., under a DC bias) differs with 
respect to their evolution. The current injected via 
coherent control has an onset determined by the rise 
time of the optical pulses. In the case of normal 
current production, existing carriers are accelerated 
hy an electric field, and the momentum distribution is 
never far from isotropic. For a carrier density of 
10'*cm~* a DC field ~80 kVem™" is required to 
produce a current density of 1 kAcm *, In GaAs, 
with an electron mobility of 8000 em* V-' 5" this 
current would occur about 1/2 ps after the field is 
‘instantaneously’ turned on, This illustrates that the 
coherently controlled phenomenon efficiently and 
quickly produces a larger current than can be 
achieved with the redirecting of statistically distri 
buted electrons. 

‘Amore deta 
actual light polarization, crystal symmetry, crystal 
face, and orientation relative to the optical polariz- 
ation. For given optical intensities of the two beams, 


d analysis must take into account the 
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the maximum electrical current injection in the case 
of GaAs occurs for linearly polarized beams both 
oriented along the (111) or equivalent direction. 
However, large currents can also be observed with the 
light beams polarized along other high symmetry 
directions. 


Coherent Control of Carrier Density, Spin 
Population, and Spin Current Using Two 
Color Beams 


The processes described above do not exhaust the 
coherent control effects that can be observed in bulk 
semiconductors using harmonic beams. Indeed, for 
noncentrosymmetric materials, certain light polariz- 
ations and crystal orientations allow one to coher- 
ently control the total carrier generation rate with or 
without generating an electrical current. In the case of 
the cubic material GaAs, provided the w beam has 
electric field components along two of the three 
principal crystal axes, with the 2w beam having a 
component along the third direction, one can 
coherently control the total carrier density. However, 
the overall degree of control here is determined by 
how ‘noncentrosymmetric’ the material is. 

The spin degrees of freedom of a semiconductor 
can also be controlled using two color beams. Due 
to the spin-orbit interaction, the upper valence 
bands of a typical semiconductor have certain 
spin characteristics. To date, optical manipulation 
of electron spin has been largely based on the fact that 
partially spin-polarized carriers can be injected in a 
semiconductor via one-photon absorption of circu- 
larly polarized light from these upper valence bands. 
In such carrier injection ~ where in fact two-photon 
absorption could be used as well ~ spins with no net 
velocity are injected, and then are typically dragged 


+ 
¥ 


@) 


by a bias voltage to produce a spin-polarized current, 
However, given the protocols discussed above it 
should not come as a surprise that the two color 
coherence scheme, when used with certain light 
polarizations, can coherently control the spin polar- 
ization, making it dependent on Ag. Furthermore, for 
certain polarization combinations it is also possible to 
generate a spin current with or without an electrical 
current. Given the excitement surrounding the field of 
spintronics, where the goal is the use of the spin 
degree of freedom for data storage and processing, the 
control of quantities involving the intrinsic angular 
momentum of the electron is of particular interest. 

Various polarization and crystal geometries can be 
examined for generating spin currents with or with- 
out electrical current. For example, with reference to 
Figure 3a, for both beams propagating in the z 
(normal) direction of a crystal and possessing the 
same circular polarization, an electrical current can 
be injected in the (xy) plane, at an angle from the 
crystallographic x direction dependent on the relative 
phase parameter, Ad; this current is spin-polarized in 
the z direction. As well, the injected carriers have a +2 
component of their velocity, as many with one 
component as with the other; but those going in one 
direction are preferentially spin-polarized in one 
direction in the (xy) plane, while those in the other 
direction are preferentially spin-polarized in the 
opposite direction, This is an example of a spin 
current in the absence of an electrical current. 

Such a pure spin current that is perhaps more 
striking is observable with the two beams cross 
linearly polarized, for example with the fundamental 
beam in the x direction and the second harmonic 
beam in the y direction as shown in Figure 3b. Then 
there is no net spin injection; the average spin in any 


Figure $ (a) Excitation of a semiconductor by co-cicularly polarized w and 2u pulses. Arrows indicate that a spin polarized electrical 
currentis generated in the xy plane ina direction dependent on 4 while a pure spin currents generated in the beam propagation (2) 
direction. (b) Excitation of a semiconductor by orthogonally, linearly polarized w and 2w pulses. Arrows indicate that a spin polarized 
electrical current is generated in the direction af the fundamental beam polarization as well as along the beam propagation (2) direction. 


COHERENT CONTROL / Applications in Semiconductors 


143 


direction is zero. And for a vanishing phase parameter 
Ad there is no net electrical current injection. Yet, for 
example, the electrons injected with a +x velocity 
component will have one spin polarization with 
respect to the z direction, while those injected with 
a —x component to their velocity will have the 
opposite spin polarization with respect to the x 
direction. 

The examples given above are the spin current 
analog of the two-color electrical current injection 
discussed above. There should also be the possibility 
of injecting a spin current with a single beam into 
crystals lacking center-of-inversion symmetry. 

‘The simple analysis presented above relies on 
simple quantum mechanical ideas and calculations 
ing essentially nothing more than Fermi’s Golden 
Rule, Yet the process involves a mixing of two 
frequencies, and can therefore be thought of as a 
nonlinear optical effect. Indeed, one of the key ideas 
to emerge from the theoretical study of such 
phenomena is that an interpretation of coherence 
control effects alternate to that provided by the simple 
quantum interference picture that is provided by the 
usual susceptibilities of nonlinear optics. The: 
susceptibilities are, of course, based on quantum 
mechanics, but the macroscopic viewpoint allows for 
the identification and classification of the effects in 
terms of 2nd order nonlinear optical effects, 3rd order 
optical effects, etc. Indeed, one can generalize many 
of the processes we have discussed above to a 
hierarchy of frequency mixing effects or high-order 
nonlinear processes involving multiple beams with 
frequency nw, mu, po... with n,m, p being integers 
Many of theses schemes require high intensity of one 
or more of the beams, but can occur in a simple 
semiconductor. 


Coherent Control of Electrical Current Using 
Single Color Beams 


It isalso possible to generate coherence control effects 
using beams at a single frequency (w), if one focuses 
on the two orthogonal components (e.g., x and y) 
polarization states and uses a noncentrosymmetric 
semiconductor of reduced symmetry such as a 
strained cubic semiconductor or a wurtzite material 
such as CdS or CdSe. In this case, interference 
between absorption pathways associated with the 
orthogonal components can lead to electrical current 
injection given by 


didt o< E°E* sin( 3 — 


[8] 


Since in this process current injection is linear in 
the beam’s intensity, the high intensities nec 
for two-photon absorption are not nec: 


Nonetheless, the efficacy of this process is limited by 
the fact that it relies on the breaking of center-of- 
inversion symmetry of the underlying crystal. It is also 
clear that the maximum current occurs for circularly 
polarized light and that right and left circularly 
polarized light lead to a difference in sign of the 
current injection. Finally, for this particular single 
beam scheme, when circularly polarized light is used 
the electrical current is partially spin polarized. 


Conclusions 


Through the phase of optical pulses it is possible to 
control electrical and spin currents, as well as carrier 
density, in bulk semiconductors on a time-scale that is 
limited only by the rise time of the optical pulse and 
the intrinsic response of the semiconductor. A few 
optically based processes that allow one to achieve 
these types of control have been illustrated here 
Although at one level one can understand these 
processes in terms of quantum mechanical interfer- 
ence effects, at a macroscopic level one can under- 
stand these control phenomena as manifestations of 
nonlinear optical phenomena. For fundamental as 
well as applied reasons, our discussion has focused on 
coherence control effects using the continuum states 
in bulk semiconductors, although related effects can 
also occur in quantum dot, quantum well, and 
superlattice semiconductors. Applications of these 
control effects will undoubtedly exploit the all-optical 
nature of the process, including the speed at which the 
effects can be turned on or off. The turn-off effects, 
although not discussed extensively here, are related 
to transport phenomena as well as momentum 
scattering and related dephasing processes. 


See also 


Semiconductor Physics: Spin Transport and Relaxa- 
tion in Semiconductors; Spintronics. Interferometry: 
Overview. Coherent Control: Experimental; Theory. 
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Introduction 


Conventional optical communication systems are 
based on the intensity modulation (IM) of an optical 
carrier by an electrical data signal and direct 
detection (DD) of the received light. The simplest 
scheme employs on/off keying (OOK), whereby 
turning on or off, an optical source transmits a binary 
1 o 0. The signal light is transmitted down an optical 
fiber and at the receiver is detected by a photo- 
detector, as shown in Figure 1. The resulting 
photocurrent is then processed to determine if a 1 
or 0 was received. In the ideal case, where a 
monochromatic light source is used and where no 
receiver noise (detector dark current and thermal 
noise) is present, the probability of error is deter- 
mined by the quantum nature (shot noise) of the 
received light. In this case, the number of photons/bit 
required (sensitivity) at the receiver, to achieve a bit- 
errorrate (BER) of 10-°, is 10. This is called the 
quantum-limit. In practical receivers without an 
optical preamplifier, operating in the 1.3m and 
1.55 pum optical fiber communication windows, the 
actual sensitivity is typically 10-30 dB less than the 
theoretical sensitivity. This is due to receiver noise, in 
particular thermal noise. This means that the actual 
sensitivity is between 100 to 10000 photons/bit. The 
capacity of IM/DD fiber links can be increased 
using wavelength division multiplexing (WDM). At 
the receiver the desired channel is selected using a 
narrowband optical filter. Some advanced commer- 
cial IM/DD systems utilize dense WDM with 50 GHz 
spacing and single-channel bit rates as high as 
40 Gb/s. Indeed, IM/DD systems with terabit 
(10" bit/s) capacity are now possible. 

Compared to IM/DD systems, coherent optical 
communication systems have greater sensitivity and 
selectivity. In the context of coherent lightwave 
systems, the term coherent refers to any technique 
employing nonlinear mixing between two optical 
waves on a photodetector, as shown in Figure 2. 
Typically, one of these is an information-hearing 
signal and the other is a locally generated wave (local 
oscillator), The result of this heterodyne process is a 
modulation of the photodetector photocurrent at a 
frequency equal to the difference between the signal 
and local oscillator frequencies. This intermediate 


frequency (IF) electronic signal contains the infor- 
mation in the form of amplitude, frequency, or phase 
that was present in the original optical signal, The IF 
signal is filtered and demodulated to retrieve the 
transmitted information. An automatic frequency 
control circuit is required to keep the local-oscillator 
frequency stable. 

Itis possible for the information signal to contain a 
number of subcarriers (typically at microwave 
frequencies), each of which can be modulated by a 
separate data channel, It is a simple matter to select 
the desired channel at the receiver by employing 
electronic heterodyning and low pass filtering, as 
shown in Figure 3. In IM/DD systems, channel 
selection can only be carried out using narrowband 
optical filters. 

Coherent optical communications utilize tech- 
niques that were first investigated in radio communi- 
cations. Most of the basic research work on coherent 
optical communications was carried out in the 1980s 
and early 1990s, and was primarily motivated by the 
need for longer fiber links using no repeaters 
Improving receiver sensitivity using coherent tech- 
niques made it possible to increase fiber link spans. In 
the mid-1990s, reliable optical fiber amplifiers 


became available. This made it possible to construct 
fiber links using optical amplifiers spaced at appro- 
priate intervals to compensate for fiber and other 
transmission losses. 

The sensitivity of an IM/DD receiver can be greatly 
improved by the use of an optical preamplifier. Indeed 
the improvement is so marked that coherent tech- 
niques are not a viable alternative to IM/DD in the 
vast majority of commercial optical communication 
systems due to their complexity and higher cost. 
Moreover, because semiconductor lasers with very 
precise wavelengths and narrowband optical filters 
can be fabricated, the selectivity advantage of 
coherent optical communications has become less 
important, This has meant that the research work 
currently being carried out on coherent optical 
communications is very limited, and in particular, 
very few field trials have been carried out since the 
carly 1990s, 

We will review the basic principles underlying 
coherent optical communications, modulation 
schemes, detection schemes, and coherent receiver 
ects of phase noise and polarization 
on coherent receiver performance will be outlined. 
A brief summary of pertinent experimental results 
will also be presented. 


sensitivity. The 
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Figure 2. Basic coherent optical recelver. AFC: automatic frequency control 
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Figure 3 Coherent detection and processing ofa subcarrier modulated signal lightwave. The power spectrum ofthe detected signalis 
shown: (a) after IF fitering; (b) after muttipication by the IF oscillator; () after multipication with the subcarrier osclator (in tis case 
‘channel 1's carrer frequency); and (d) after low pass fitering prior to demodation and data detection. LPF: lowpass fer. 


In coherent detection, a low-level optical signal field 
E, is combined with a much larger power optical 
signal field E,o from a local oscillator laser. E, and 
Exo can be written as 


Principles 


E(t) = V2P, cosaf.t + &(0] a) 
E,olt) = ¥2Pi0 cosl2thot+ dro) (21 


where P,, fi, and ¢, are the signal power, optical 
frequency, and phase (including phase noise), respect- 
ively. Pio, fioy and dro are the equivalent quantities 
for the local oscillator. For ideal coherent detection, 
the polarization states of the signal and local 
oscillator must be equal. If this is the case, the 


photocurrent is given by 


in() = RIE + Exo 


BI 


where R is the detector responsivity. Because the 
detector cannot respond to optical frequencies, we 
have 


i) = R{P, + Pro + 2NP Pio 


Xcoslafet+ di) dol} [Al 


The IF signal is centered at frequeney fir = f, - fio 
In homodyne detection f, = fio and the homodyne 
signal is centered at baseband. In heterodyne detec 
tion f,# fio and the signal generated by the 
photodetector is centered around fir (typically three 
to six times the bit rate). The IF photocurrent is 
proportional to /P,, rather than P, as is the case in 
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direct detection, and is effectively amplified by a 
factor proportional to y/P,o. If Po is large enough, 
the signal power can be raised above the receiver 
noise, thereby leading to a greater sensitivity than 
possible with conventional IM/DD receivers using 
p-i-n or avalanche photodiodes. Theoretically it 
is possible to reach shot noise limited receiver 
sensitivity although this is not possible in practice. 
Homodyne optical receivers usually require less 
bandwidth and are more sensitive than heterodyne 
receivers but require that the local oscillator is phase 
locked to the information signal. This requires an 
optical phase locked loop (OPLL), which is very 
difficult to design, 


Modulation Schemes 


The three principal modulation schemes used in 
coherent optical communications; amplitude shift 
keying (ASK), frequency shift keying (FSK) and phase 
shift keying (PSK), are shown in Figure 4, ASK 
modulation is essentially the same as the OOK 
scheme used in IM/DD systems. The optical signal 
is given by 


Et) = 2a(t)y2P, cos2aft +601 151 
where a(t) =0 or 1 for transmission of a 0 or 1, 
respectively. P, is the average signal power, assuming 
that it is equally likely that a 0 or 1 is transmitted. 
ASK modulation can be achieved by modu- 
lating the output of a semiconductor laser using an 
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Figure 4 Modulation schemes for coherent optical communi- 
cations: (a) ASK; (b) FSK; and (c) PSK. 


external modulator, The most common type is based 
on LiNbOs waveguides in a Mach-Zehnder inter- 
ferometer configuration. 

In FSK modulation, the optical frequency of the 
signal lightwave is changed slightly by the digital data 
stream, In binary FSK, the optical signal is given by 


E(t) = V2P, costa fi + alah t+ dO) 161 


where a(t) =—1 or 1 for transmission of a 0 or 1, 
respectively. The choice of the frequency deviation 
Af depends on the available bandwidth, the bit rate 
By and the demodulation scheme used in the receiver. 
The modulation index m is given by 


m= = 71 


The minimum value of m that produces orthogonality 
(for independent detection of the Os and 1s) is 0.5. If 
m=0.5, the signal is referred to as minimum FSK 
(MFSK). When m = 2, the signal is referred to as 
wide-deviation FSK, and when m <2, as narrow- 
deviation FSK. Wide-deviation FSK receivers are 
more resilient to phase noise than narrow 


FSK receivers. FSK modulation can be achieved using 
LiNbO, external modulators, acoustic optic modu- 


lators and distributed feedback semiconductor lasers, 
The phase of the lightwave does not change between 
bit transitions. 

In PSK modulation, the digital data stream changes 
the phase of the signal lightwave. In binary PSK the 
optical signal is given by 


E,(t) = V2P, cos[2arft + alt)0-+ t +601 (8) 


where a(t) =—1 or 1 for transmission of a 0 or 1, 
respectively. The phase shift between a 0 and 1 is 
+712. Most PSK schemes use @= m2. PSK 
modulation can be achieved by using an external 


phase modulator or a multiple quantum well electro- 
absorption modulator. 


Detection Schemes 


There are two classes of demodulation schemes: 
synchronous and asynchronous. The former exploits 
the frequency and phase of the carrier signal to 
perform the detection. The latter only uses the 
envelope of the carrier to perform the detection, In 
the following we review the principal demodulation 
schemes. 


PSK Homodyne Detection 


Inan ideal PSK homodyne receiver, shown in Figure 5, 
the signal light and local oscillator have identical 
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Figure 7 FSK heterodyne synchronous receiver. 


optical frequency and phase. Ifthe resulting baseband 
information signal is positive, then a 1 has been 
received. If the baseband information signal is 
negative, then a 0 bit has been received. This scheme 
has the highest theoretical sensitivity but requires an 
OPLL and is also highly sensitive to phase noise. 


‘ASK Homodyne Detection 


An ideal ASK homodyne receiver is identical to an 
ideal PSK homodyne receiver. Because the baschand 
information signal is either zero (0 bit) or nonzero 
(1 bit), the receiver sensitivity is 3 4B less than the 
PSK homodyne receiver. 


PSK Heterodyne Synchronous Detection 


Figure 6 shows an ideal PSK synchronous heterodyne 
receiver. The IF signal is filtered by a bandpass filter, 
multiplied by the phase locked reference oscillator to 
move the signal to baseband, low pass filtered and 
sent to a decision circuit that decides if the received 


bit is a 0 or 1. The receiver requires synchronization 
of the reference oscillator with the IF signal. This is 
not easy to achieve in practice because of the large 
amount of semiconductor laser phase noise, 


ASK Heterodyne Synchronous Detection 


This scheme is basically the same as the PSK 
heterodyne detection and is similarly difficult to 
design. 


FSK Heterodyne Synchronous Detection 


This scheme is shown in Figure 7 for a binary FSK 
signal consisting of two possible frequencies f, 
f-Af and fa =f,+Af. There are two separate 
branches in which correlation with the two possible 
IF signals at f, and f; is performed. The two resulting 
signals are subtracted from each other and a decision 
taken on the sign of the difference. Because of the 
requirement for two electrical phase locked loops, the 
scheme is not very practical. 
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ASK Heterodyne Envelope Detection 


In this scheme, shown in Figure 8, the IF signal is 
envelope detected to produce a baseband signal 
proportional to the original data signal. The output 
of the envelope detector is relatively insensitive to 
laser phase noise. 


FSK Heterodyne Dual-Filter Detection 


In this scheme, shown in Figure 9, two envelope 
detectors are used to demodulate the two possible IF 
signals at f, and f, and a decision taken based on the 
outputs. The scheme is tolerant to phase noise and 
can achieve high sensitivity. However, it needs high- 
bandwidth receiver electronics because a large 
frequency deviation is required. 


FSK Heterodyne Single-Filter Detection 


This scheme omits one branch of the FSK heterodyne 
dualfilter receiver and performs a decision in the 
same way as for the ASK heterodyne envelope 
detection. Because half the power of the detected 
signal is not used, the sensitivity of the scheme is 3 dB 
worse than the dual 


Iter scheme. 


CPFSK Heterodyne Differential Detection 


This scheme, shown in Figure 10, uses the continuous 
phase (CP) characteristic of an FSK signal, i.e., there 
is no phase discontinuity at bit transition times. After 
bandpass filtering, the IF photocurrent is, 

irl) = A cos(2nf(fir + a()A/)It) 19) 
where A= RYP,P,o. The output from the delay-line 
demodulator, after low pass filtering to remove the 
double IF frequency term, is 


x)= costae tatoaf} (101 
The function of the delay-line demodulator is to act 
as a frequency discriminator. We require that x(t) is 
a maximum when a(t)= 1 and a minimum when 


a(t) = —1. This is the case if the following relations 
are satisfied: 


arf + Aft = 2k uy 


2a(fe— Afr=(2k- 1m, ean integer 
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Figure 10 CPFSK heterodyne diferential detection receiver. 
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Hence, we require that 


1 
wee ai 
aft 112) 
fer= [« - 3] integer 
In terms of the modulation index we have 
1 
P, 2mBy pst 


The above equation shows that it is possible to 
decrease the value of 7 required by increasing m, 
thereby reducing the sensitivity of the receiver to 
phase noise. The minimum value of m possible is 0.5. 
This scheme can operate with a smaller modulation 
index compared to the dual-filter and single-filter 
schemes for a given bit rate, thereby relaxing the 
bandwidth requirements of the receiver electronics. 


DPSK Heterodyne Differential Detection 


In differential phase shift key (DPSK) modulation, a 0 
is sent by changing the phase of the carrier by with 
respect to the previous signal. A 1 is sent by not 
changing the phase. The receiver configuration is 
identical to the CPFSK heterodyne differential detec- 
tion receiver, except that the time delay is equal to 
the inverse of the data rate. Compared to other PSK 
detection schemes, DPSK differential detection is 
relatively simple to implement and is relatively 
immune to phase noise. 


Coherent Receiver Sensitivity 

The signal-to-noise ratio y of an ideal PSK homo- 
dyne receiver, in the shot-noise limit, is given by 
2RP, 

eB 


ie 4) 


where B. is the receiver bandwidth, The detector 
responsivity is given by 


ne 


bk 


where 7 is the detector quantum efficiency (=1). The 
average signal power P, = N,bf,Br, where N, is the 
average number of photons per bit, If it is assumed 
that Be = Br, then 


U5) 


y= 2mN, [16] 


The actual detected number of photons per bit 
Ng =7N,, 80 


2Np 7 


If the noise is assumed to have a Gaussian distri- 
bution, then the bir error rate (BER) is given by 


BER = derfe( JINR) 


where erfe is the complementary error function; 
erfelx) ~ e* Ixy) for x > 5. The receiver sensi- 
tivity for a BER = 10°” is 9 photons/bit. 

BER expressions and sensitivity for the demodula- 
tion schemes discussed above are listed in Table 1. 
The sensitivity versus Ng is plotted for some of the 
demodulation schemes in Figure 11. The received 
signal power required for a given BER is proportional 
to By. This dependency is shown in Figure 12 for 
some of the demodulation schemes. 


(18) 


Table 1. Shot-noise limited BER expressions and sensitivity for 
‘coherent demodulation schemes 


Modulation scheme BER “Sonstvty 
(photons) 
Homodyne 
PSK Jorte(y2Ng) 9 
Ask ort /Re) 18 peak 96) 
‘Synctronaus hetarodyne 
PSK jore(Jih) 18 
ask yore( |S) 90 
gore (peak 72) 
FSK sore( |) 36 
Asynchronous hetarodyne 
{ASK (envelope) soo(-S2) 40 (peak 80) 
ratjaniiny te FA) 
raining) 
Ditorental detection 
CPFSK Jomp(-Ne) 20 
DPsk joo(-M) 20 
10% 
i 
| 
10} 
& wodl 
§ io) 
| 
| 
10 
| 
ssl 
Aen 20 


Ne, (a) 


Figure 11 Shot-noise limited BER versus number of received 
hotonsibit for various demodulation schemes: (a) PSK homo 
ddyne; (b) synchronous PSK; (c) synchronous FSK; (d) ASK 
envelope; (e) FSK dual-fiter; and (I) CPFSK and DPSK. 
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Phase Noise 


A major influence on the sensitivity possible with 
practical coherent receivers is laser phase noise, 
which is responsible for laser linewidth (3 dB 
bandwidth of the laser power spectrum). The effect 
of phase noise on system performance depends on the 
modulation and demodulation scheme used. In 
general, the effects of phase noise are more severe in 
homodyne and synchronous heterodyne schemes 
than in asynchronous schemes. If Anp is the beat 
linewidth (without modulation present) between the 
signal and local oscillator lasers, the normalized beat 
linewidth Av is defined as 


= Ane 
wee 


(19) 
where Anp is the IF phase noise bandwidth. 
Semiconductor lasers usually have a Lorentzian 
spectrum in which case Ang is equal to the sum of 
the signal and local-oscillator laser linewidths. The 
requirements placed on Av become less severe as the 
bit rate increases, Table 2 compares the Av require- 
ment for a1 dB power penalty at a BER of 10°” for 


P, (dBm) 


107 108 108 


B, (bitis) 


10% 


Figure 12 Required signal power versus bit rate for a 
BER =10-° for various shot-noise limited demodulation 
schemes: (a) PSK homodyne; (b) ASK envelope; and (c) 
CPFSK. The signal wavelength is 1550.nm and the detector is 
‘assumed to have unity quantum effcioncy. 


Table 2 Required normalized beat linewidth at 148 power 
penalty for a BER ~ 10-* for various modulation/demodulation 
schemes 


‘Modulation scheme Av (2%) 


Homodyne PSK 6 x 10" (balanced loop) 
(0.01 (decision-driven loop} 
‘Synchronous PSK 02-05 
hoterodyne 
Asynchronous PSK 03-07 
hoterodyne ASK (envelope) 3 
FSK (duabfiter) 10-20 
Differential CPFSK 0.33 (m=0.5) 
detection (0.66 (m= 1.0) 
DPsk 0.33 


some of the principal modulation/demodulation 
schemes. 


PSK Homodyne Detection - Phase Locked Loop 
‘Schemes 


Practical homodyne receivers require an OPLL to 
lock the local-oscillator frequency and phase to that 
of the signal lightwave. There are a number of OPLL 
schemes possible for PSK homodyne detection, 
including the balanced PLL, Costas-type PLL. and 
the decision-driven PLL. 

The balanced PLL scheme, shown in Figure 13, 
requires that the PSK signal uses a phase shift of less 
than 7 between a 0 and 1, E,(t) and Eyo(t) can be 
written as 


Et) = VIP, con| fe +al0)0+ dys(t) + 5] (20) 


Exolt) = V2Pio cosl2afat + duo) [21] 


where fy is the common signal and local oscillator 
optical frequency and dy,(!) and dyo(4) are the 
signal and local oscillator phase noise, respectiv 
When @# 72, E(t) contains an unmodulated carrier 
component (residual carrier) in quadrature with the 
information-bearing signal. E,(t) and Eyo(t) are 
combined by an optical 180° hybrid. The output 
optical signals from the z-hybrid are given by 


E(t) = FzlEld + E.0(91 (22) 
1 
Ex) = TyIEU ~ Erol) 1231 


The voltage at the output of the summing circuit is 
given by 


v1(t) = 2RRiyP,Prola(t)sin A cost belt) 


+cos 8 sin{d,(0)I} A 


where the photodetectors have the same responsivity 
and load resistance Ry. The phase error is given by 
Ot) = by 


Alt) dxrol) ~ b)—— [25] 


(t) is the controlled phase determined by the 
control signal v,(t) at the output of the loop filter. 
2, contains two terms; an information-bearing signal 
proportional to sin @, which is processed by the data 
detection circuit, and a phase error signal pro- 
portional to cos @ used by the PLL for locking. The 
power penalty, due to the residual carrier trans- 
mission, is 10 logio(1/sin* @) dB. 

This scheme is not practical because the Ay 
needed for a power penalty of <1 dB is typically less 
than 10”. This would require that Anjy < 10 kHz for 


electromagnetism > linear > electromagnet 


electromagnet 


The term electromagnet is used here to mean a coil containing a core of ferromagnetic 
material that does not move relative to the coil, The core is used solely to create a mag- 
netic field that attracts or repels other parts that have appropriate inherent magnetic 
properties. Where a center component moves in response to the magnetic force created 
by current through a coil, this is discussed in the solenoid entry. By comparison, the 
inductor entry describes a coil that may or may not have a ferromagnetic core, and is 
used for the specific purpose of creating reactance, of self-inductance, in an electronic 
Circuit, often in association with alternating current and in combination with resistors 
and/or capacitors. The inductor entry contains a basic discussion and explanation of 
magnetic force created by electricity. 


OTHER RELATED COMPONENTS 


+ solenoid (See Chapter 21) 
sctromagnet (See Chspter 20) 

+ De moter (See Chanter 22) 

+ AC motor (See Chapter 2: 


What It Does 


An electromagnet consists of a coil that creates 
a magnetic field in response to an electric cur- 
rent, The field is channeled and reinforced by a 
core of magnetic material (that is, material that 
can be magnetized). Electromagnets are incor- 
porated in motors, generators, loudspeakers, mi- 
crophones, and industrial-sized applications 
such as mag-lev trains. On their own, they pro- 
vide a means for electric current to hold, lift, or 
move objects in which a magnetic field can be 
induced. 


Avvery small, basic electromagnet about 1 inch 


core is often used instead, as shown in 
Figure 14-1 (the center variant of each of the Elect 


Figure 20:1. An electromagnet approximately inch in di 
in diameter is shown in Figure 20-1. No specific ameter rated to draw 0.25A at 12VDC. 


schematic symbol for an electromagnet exists, 
and the symbol for an induction coil witha solid How It Works 


current flowing through a circle of wire 
three) intheinductorentry ofthis encyclopedia. (or a series of connected loops that form a helix 
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Figure 14 PSK decision-criven PLL. 


a data rate of 1 Gb/s. The narrow signal and local- 
oscillator linewidths required are only achievable with 
external cavity semiconductor lasers. 

The Costas-type and decision-driven PLLs also 
utilize a-hybrids and two photodetectors but as they 
have full suppression of the cartier (@= 7/2), non- 
linear processing of the detected signals is required to 
produce a phase error signal that can be used by the 
PLL for locking. In the decision-driven PLL, shown in 
Figure 14, the signal from one of the photodetector 
outputs is sent to a decision circuit and the output of 
the circuit is multiplied by the signal from the second 
photodetector. The mixer output is sent back to the 
local oscillator laser for phase locking. The Av 
required for a power penalty of <1 dB is typically 
less than 210°. This is superior to both the 
balanced PLL and Costas-type PLL receivers. 


Heterodyne Phase Locking 


In practical synchronous heterodyne receivers phase 
locking is performed in the electronic domain 
utilizing techniques from radio engineering. In the 
PSK case, electronic analogs of the OPLL schemes 
used in homodyne detection can be used. Synchro- 
nous heterodyne schemes have better immunity to 
phase noise than the homodyne schemes. 


Asynchronous Systems 


Asynchronous receivers do not require optical or 
electronic phase locking, This means that they are less 


sensiti 


to phase noise than synchronous receivers. 
do have some sensitivity to phase noise because 
IF filtering leads to phase-to-amplitude noise 
conversion. 


Differential Detection 


Differential detection receivers have sensitivities to 
phase noise between synchronous and asynchronous 
receivers because, while they do not require phase 
locking, they use phase information in the received 
signal. 


Phase-Diversity Receivers 


Asynchronous heterodyne receivers are relatively 
insensitive to phase noise but require a much higher 
receiver bandwidth for a given bit rate. Homodyne 
receivers only require a receiver bandwidth equal to 
the detected signal bandwidth but require an OPLL, 
which is difficult to implement, The phase diversity 
receiver, shown in Figure 15, is an asynchronous 
homodyne scheme, which does not require the use of 
an OPLL and has a bandwidth approximately equal 
to synchronous homodyne detection. This is at the 
expense of increased receiver complexity and reduced 
sensitivity compared to synchronous homodyne 
detection. The phase-diversity scheme can be 
used with ASK, DPSK, and CPFSK modulation, 
ASK modulation uses an squarer circuit for the 
demodulator component, while DPSK and CPFSK 
modulation use a delay line and mixer. 
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Figure 15  Muliport phase-diversity receiver. PD: photodetector. 


In the case of ASK modulation, the outputs of the 
N-port hybrid can be written as 


2k 


fate PP, cos| Daft + (0+ 


+ VIP io cosl2afiot + droteif. 


k=1,2,..4N,N23 [26] 


For N=2, the phase term is 7/2 for k =2. The voltage 
input to the &-th demodulator (squarer), after the de 
terms have been removed by the blocking capacitor, is 
given by 
RR, 
ult) a) 42 VP.Pio con] 2m ~ho) 


Ink 


+0 ~ dol) +S (27) 


These voltages are then squared and added to give an 


fifi 


4nk 
x(é ~fo) 2600-24005] [28] 


output voltage 


x 


> 


_ BRL 
no=a( SE APPioa) > 


where ais the squarer parameter. The lowpass filter at 
the summing circuit output effectively integrates (t) 
over a bit period. If (f, — fio) <By and the difference 
between the signal and local oscillator phase noise is 
small within a bit period, then the input voltage to the 
decision circuit is 


(RR, 
N 


which is proportional to the original data signal. 


AP,Pioa(t) 129) 


vp(t 


In shot-noise limited operation, the receiver sensi- 
tivity is 3. dB worse than the ASK homodyne case. 


y(t) 


DPSK and CPFSK 
demodulator 


The scheme is very tolerant of laser phase noise. The 
Av for a power penalty of <1 dB is of the same order 
as for ASK heterodyne envelope detection. 


Polarization 


The mixing efficiency between the signal and local- 
oscillator lightwaves is a maximum when their 
polarization states are identical. In practice the 
polarization state of the signal arriving at the receiver 
is unknown and changes slowly with time. This 
means that the IF photocurrent can change with time 
and in the worst case, when the polarization states of 
the signal and local-oscillator are orthogonal, the IF 
photocurrent will be zero. There are a number of 
possible solutions to this problem. 


1. Polarization maintaining (PM) fiber can be used in 
the optical link to keep the signal polarization 
from changing. It is then a simple matter to adjust, 
the local-oscillator polarization to achieve opti 
mum mixing. However, the losses associated with 
PM fiber are greater than for conventional single- 
mode (SM) fiber. In addition most installed fiber is 
SM fiber. 

An active polarization controller, such as a fiber 
coil using bending-induced birefringence, can be 
used to ensure that the local-oscillator polariz- 
ation tracks the signal polarization. 

A polarization scrambler can be used to scramble 
the polarization of the transmitted signal at a 
speed greater than the bit rate. The sensitivity 
degradation due to the polarization scrambling is 
3 dB compared to a receiver with perfect polariz- 
ation matching. However, this technique is only 
feasible at low bit rates. 

The most general technique is to use a polariz- 
ation-diversity receiver, as shown in Figure 16. 
In this scheme, the signal light and local-oscillator 
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Figure 16 Polarization-diversity receiver. 
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‘Table 3 General comparisons between various modulation/emadulation schemes. The sensitvily penalty is relative to ideal 


homodyne PSK detection 


‘Modulation/demodulation scheme Sensitivity penalty (0B) Immunity to phase noise 


IF bandwiath’bit rate Complexity 


Homodyne PSK o Very poor 1 Requires an OPLL 

Synchronous 3 Poor 3-6 Requires electronic 
heterodyne PSK phase locking 

‘Asynchronous 65 Excellent 3-6 High bandiwiath IF 
heterodyne FSK circuits and two 

(dual-iter) ‘envelope detectors 

required 

Diffrential detection 35 Moderate =2 Relatively simple 
CPFSK 

DPSk a5 Moderate =2 Relatively simple 


are split into orthogonally polarized lightwaves by 
a polarization beamsplitter. The orthogonal com- 
ponents of the signal and local-oscillator are 
separately demodulated and combined. The 
resulting decision signal is polarization indepen- 
dent. The demodulator used depends on the 
modulation format. 


Comparisons Between the Principal 
Demodulation Schemes 


General comparisons between the demodulation 
schemes discussed above are given in Table 3. FSK 
modulation is relatively simple to achieve. FSK 
demodulators have good receiver sensitivity and low 
immunity to phase noise. PSK modulation is also 
easy to achieve and gives good receiver sensitiv 
ASK modulation has no real merit compared to FSK 
or PSK. 

In general, homodyne schemes have the best 
theoretical sensitivity but require optical phase lock- 
ing and are very sensitive to phase noise. Phase 
diversity receivers are a good alternative to homo- 
dyne receivers, in that they do not require an OPLL. 
Asynchronous heterodyne receivers have similar 
sensitivities to synchronous receivers but are much 
less complex. However, they require an IF bandwidth 
much greater than the data rate. 

Differential detection schemes have good receiver 
sensitivity, do not require wide bandwidth IF circuits 


Table 4 Coherent systems experiments. The ponalty is with 
respect to the theoretical sensitivity 


Recewver Bit rate Sensitivity (dBm) Penalty 
(Mois) (0B) 
dBm —Photons/tit 
ASK 400472365) 97 
FSK (dua-fiter) 680. —93.1 1600, 18 
CPFSK(m=0.5) 1000  -37 1500, 186 
differential 4000 31.9 1445 186 
detection 
DPSk 400-833 481 35 
2000-390 480 138 


and have moderate immunity to phase noise. The 
advantage of CPFSK over DPSK is that the immunit 
to phase noise can be increased by increasing the FSI 
modulation index. 

Polarization dive 


sity receivers can be used with 
any modulation/demodulation scheme and offer the 
most general approach to overcoming polarization 
effects. 


System Experiments 


Most coherent communication system experiments 
date from the 1980s and early 1990s and were based 
on the technology available at that time, This 
restricted the bit rates possible to typically <4 Gb/s. 
Some coherent systems experimental results obtained 
around this time are listed in Table 4. All of the 
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listed experimental trials used lasers (usually external 
cavity lasers) with negligible phase noise in the 
1550 nm region. It can be seen that the measured 
sensitivities deteriorate at higher bit rates. This is 
attributable to the nonuniform response and band- 
width limitations of the modulator, photodetector, 
and demodulator. There is no doubt that the 
performance could be improved by the use of current 
optoelectronic technologies. 


Conclusion 


Coherent optical communication systems offer the 
potential for increased sensitivity and. selectivity 
compared to conventional IM/DD systems. However, 
coherent optical receivers are more complex and have 
more stringent design parameters compared to IM/DD 
receivers. Moreover, advances in optoelectronic com- 
ponent design and fabrication along with the advent of 
reliable optical amplifiers has meant that coherent 
systems are not a viable alternative to IM/DD systems 
in the vast majority of optical communication systems. 
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Introduction 


Optical spectroscopy is a method that allows one 


to determine atomic and molecular transition 


frequencies, as well as relaxation rates in atomic 
and molecular vapors. The transition frequencies 
serve as ‘fingerprints’ that can be used to identify and 
classify atoms and molecules. Optical spectroscopic 
methods fall into two broad categories, continuous 
wave (cw) or stationary spectroscopy and time- 
dependent or transient spectroscopy. In ew spectro- 
scopy, the absorption or emission line shapes are 
measured as a function of the frequency of a probe 
field. On the basis of theoretical line shape formulas, 


it is then possible to extract the relevant transition 
frequencies and relaxation rates from the line shapes. 
In transient optical spectroscopy, pulsed optical 
fields are used to create atomic state populations or 
coherences between atomic states. Following the 
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excitation, the time-evolution of the atoms is mon- The atom-field interaction potential is 

itored, from which transition frequencies and relax- 

ation rates can be obtained. VRO) = pw ERD) BI 


The earliest coherent transient effects were 
observed with atomic nuclear spins in about 1950 
by H C Torrey, who discovered transient spin 
nutation, and by EL Hahn who detected spin echoes 
and free induction decay (FID). The optical analogs of 
these and other nuclear magnetic resonance (NMR) 
effects have now been detected using either optical 
pulses or techniques involving Stark or laser fre- 
quency switching. 

In this brief introduction to coherent optical 
transients, several illustrative examples of coherent 
transient phenomena are reviewed. The optical Bloch 
equations are derived and coupled to Maxwell’s 
Equations. The Maxwell~Bloch formalism is used to 
analyze free precession decay, photon echoes, stimu- 
lated photon echoes, and optical Ramsey fringes. 
Experimental results are presented along with the 
relevant theoretical calculations. In addition, coh 
it phenomena involving quanti: 
waves are discussed. Although the examples con- 
sidered in this chapter are fairly simple, it should be 
appreciated that sophisticated coherent transient 
techniques are routinely applied as a probe of 
complex structures such as liquids and solids or as a 
probe of single atoms and molecules. 


ent transi ed matter 


Optical Bloch Equations 


Many of the important features of coherent optical 
transients can be illustrated by considering the 
interaction of a radiation field with a two-level 
atom. The lower state |1) has energy —fay/2 and 
upper state |2) has energy fay/2. For the moment, the 
atom is assumed to be fixed at R=0 and all 
relaxation processes are neglected. The incident 
electric field is 


Pelee ™ +E) 111 


where E(t) is the field amplitude, is the field 
polarization and w is the carrier frequency. The time 
dependence of E(t) allows one to consider pulses 
having arbitrary shape. A time-dependent phase for 
the field could have been included, allowing one to 
consider the effect of arbitrary frequency ‘chirps,’ but 
such effects are not included in the present discussion. 
It is convenient to expand the atomic state wave 
function in a field interaction representation as 


Wun) = eypeI1) + erie #712) [2] 


where ris a dipole moment operator. When eqn [2] is 
substituted into Schrédinger’s equation and rapidly 
varying terms are neglected (rotating-wave approxi- 
mation), one finds that the state amplitudes evolve 
according to 


lc -&) O 
none A=an(— % 
de Dot) & 
is a vector having components (¢).<2) 
& = a - @ (51 
is an atom-feld detuning 
ogy = BED m [280 ia 


h BY ec 


is a Rabi frequency, = (Ilwel2) = (2lwell) is a 
dipole moment matrix element, ¢9 is the permittivity 
of free space, and S(¢) is the time-averaged Poynting 
vector of the field. Equation [4] can be solved 
numerically for arbitrary pulse envelopes. 

Expectation values of physical observables are 
conveniently expressed in terms of density matrix 
elements defined by 


(71 
which obey equations of motion 
bir = ~iMo(OMex ~ prad/2 
Par = iMo(tM p21 — pr2)/2 [8] 


biz = ~iMo(¢Xor2 ~ pur)/2+ iBopr2 
Par = iMo(er ~ p11)/2 ~ HBopr 


An alternative set of equations in terms of real 
variables can be obtained if one defines new 


parameters 
na + Pati (w+ ivy/2 
y= ile — pr): pa = (u— iv)/2 
9 
mew Vl 
(m — w)/2 
which obey 
ou — Ogle ‘i 
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The last of these equations reflects the fact that py, + 
pax = 1, while the first three can be rewritten as 

U=90xU (uy 
where the Bloch vector U has components (1,v,) 
and the pseudofield vector Q(t) has components 
[05(0), 0, dy]. 

Equations [8] or [10] constitute the optical Bloch 
equations without decay. The vector U has unit 
magnitude and traces out a path on the Bloch sphere 
as it precesses about the pseudofield vector. The 
component 1 is the population difference of the two 
atomic states, while w and y are related to the 
quadrature components of the atomic polarization 
{see below). 

Equations [8] and [10] can be generalized to 
include relaxation. A simplified relaxation scheme 
that has a wide range of applicability is one in which 
state 2 decays spontaneously to state 1 with rate 72, 
while the relaxation of the coherence pz is charac- 
terized by a complex decay parameter T'3, resulting 
from phase-changing collisions with a background 
gas. When such processes are included in eqn [8], they 


are modified as 
Pur = ~1Mo(Np21 — PrrV/2 + yapr [12a] 

Pra = iM (Mex1 — Pr2V2 — yeP22 [12b] 

pr = ~iMo((p2 ~ pu2— yr tidpr [2c] 
Px = iDo(t)(P22 ~ pu2— yeu — fpr [12d] 


where 


yo/2+ Re(T 2) and the detuning, 
Im(I,2) is modified to include the collisional shift. 
With the addition of decay, the length of the Bloch 
vector is no longer conserved. The quantity y is 
referred to as the longitudinal relaxation rate. More- 
over, one usually refers to T, = yy! as the longitudi- 
nal relaxation time and T, as the transverse 
relaxation time. In the case of purely radiative 
7/2. 


broadening, yp = 2y and T, = 


Id interactions, it is assumed 
that a polarization is created in the medium of the 
form 


PR, 1) =5 e[P(Z, He + PZ, Ne UY 


1131 


which gives rise to a signal electric field of the form 


ER) = feteizZ. ne” o£ BYZ, ne Ue] 


141 


The zaxis has been chosen in the direction of k. 
It follows from Maxwell's equations that the quasi- 
steady-state field amplitude is related to the 
polarization by 


ls] 


To arrive at eqn [15], it is necessary to assume that 
transverse field variations can be neglected, that the 
phase matching condition k= alc is met, and that 
the complex field amplitudes P(Z,t) and E,(Z.t) 
vary slowly in space compared with e*? and 
slowly in time compared with e. 

The polarization P(R.t), defined as the average 
dipole moment per unit volume, is given by the 
expression 


PR.) =N[ mar piZ, oe 


+ mtr Zoe] [16] 


where 17 is the atomic density and p,(Z,t) and 
px (Z,t) are single-particle density matrix elements 
that depend on the atomic properties of the medium. 
As such, eqn [16] provides the link between 
Maxwell’s equations and the optical Bloch equations. 
The { ) brackets in eqn [16] indicate that there may be 
additional averages that must be carried out. 
For example, in a vapor, there is a distribution of 
atomic velocities that must be summed over, while, in 
a solid, there may be an inhomogeneous distribution 
of atomic frequencies owing to local strains in the 
media. By combining eqns [9], [13], [15] and [16], 
and using the fact that w= ure 


pare, one 


atrives at 
EZ) _ ikNw 
SE pniZ.0) 
= BN eZ, -inZ0) 1071 
a 


which, together with eqn [12], constitute the Max- 
well-Bloch equations. From eqn [17], it is clearly 
seen that the coherence (p2\(Z,)) drives the signal 
field. If (p.\(Z.t)) is independent of Z, the inten- 
sity of radiation exiting a sample of length L is 
proportional to 


kNul 
%0 


KL.) = Kono)? (18) 
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Alternatively, the outgoing field can be heterodyned The density matrix elements evolve as 
with a reference field to extract the field amplitude ; j 
rather than the field intensity. bia = — Yah 
; f 22) 
+ P= yh 


Coherent Transient Signals 


The Maxwell-Bloch equations can be used to 
describe the evolution of coherent transient signals. 
In a typical experiment, one applies one or more 
‘short’ radiation pulses to an atomic sample and 
monitors the radiation field emitted by the atoms 
following the pulses. A ‘short’ pulse, is one satisfying 


lilkun yn yr < 1 19) 


where ris the pulse duration. Conditions [19] allow 
one to neglect any effects of detuning (including 
Doppler shifts or other types of inhomogeneous 
broadening) or relaxation during the pulse’s action. 
The evolution of the atomic density matrix during 
each pulse is determined solely by the pulse area 
defined by 


= f Mo(tde (20 


In terms of density matrix elements in a standard 
interaction representation defined by 


1 Aza 
pia = pire . 


= peltZ+8 
pat = pete, 


pli = eu 


the change in density matrix elements for an 
interaction occurring at time T, is given by 


pa) 1+ cos 4, 1 cos 4, 

oh 1-008 1+c08 6 

pha isin e7%™ = —isin ge*™™ 

i oT) jor) 

ph isin ge — isin jel™™ 


where % superscripts refer to times just before and 
after the pulse 


®(T) = k-R(T) + 67; 


R(T) =R-ve-T)) 


6, is the pulse area, and v is the atomic velocity. 
Between pulses, or following the last pulse, the atoms 
evolve freely in the absence of any applied fields. 


A coherent transient signal is constructed by 
piecing together field interaction zones and free 
evolution periods. There are many different types of 
coherent transient signals. A few illustrative examples 
are given below. 


Free Polarization Decay 


Free polarization decay (FPD), also referred to as 
optical FID, is the optical analog of free induction 
decay (FID) in NMR. This transient follows prep- 
aration of the atomic sample by any of three method 
(1) an optical pulse resonant with the atomic transi 
tion; (2) a Stark pulse that switches the transition 
frequency of a molecule (atom) into resonance with 
an incident cw laser beam; or (3) an electronic pulse 
that switches the frequency of a cw laser into 
coincidence with the molecular (atomic) transition 
frequency. In methods (2) and (3), the FPD emission 
propagates coherently in the forward direction along 
with the cw laser beam, automatically generating a 
heterodyne beat signal at a detector that can be orders 
of magnitude larger than the FPD signal. The FPD 
field intensity itself exiting the sample is equal to 


Y tosten? 


| coin 
= 0) |) eewoore taste 
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For a Maxwellian velocity distribution 
Wow) = pape nt R41 
° Gmey 
where w is the most probable atomic speed, one finds 
IL.p= (: BL sin ‘) etme re 25] 
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Free precession intensity 


0 1 2 Ey 4 
t 

Figure 1 Pulse sequence and signal intensity for free 

precession decay. In this and subsequent figures, time is 

‘measured in units of 2/ku. 


If ku y, the signal decays mainly owing to 
inhomogencous broadening, as shown in Figure 1. 
Owing to different Doppler shifts for atoms having 
different velocities, the optical dipoles created by the 
pulse lose their relative phase in a time of order T} 
2sku. The FPD signal can be used to measure T}, 
which can be viewed as an inhomogencous, transverse 
relaxation time. At room temperature ku/yis typically 
of order of 100. 

When FPD signals are observed using laser 
frequency switching, method 3 above, the cw field 
can modify the molecular velocity distribution, 
exciting only those atoms having k-v=—6+ y/, 
where »/ is a power broadened homogeneous width. 
In the linear field regime, the FPD signal again decays 
‘on a time scale of order (ku)~', since the velocity 
distribution is unchanged to first order in the field 
amplitude. When one considers nonlinear inter- 
actions with the field, however, the cw field excites 
a narrow velocity subclass that is no longer subject to 
inhomogencous broadening. These atoms give rise to 
a contribution to the FPD signal that decays with rate 
Ty! =(y+ 7). Thus by using nonlinear atom-field 
interactions, one can extract homogeneous decay 
rates in situations where there is large inkomo- 
geneous broadening. The price one pays is that only 
a small percentage of the atoms (those having 
velocities for which the applied field is resonant) 
contribute to the signal. 

A FPD signal obtained on the Dp transition in Cs is 
shown in Figure 2, where T} = 1.4 ns, Oscillations in 
the signal originate from ground state hyperfine 
splitting. Figure 3 represents a FPD signal obtained 
in NH;D at 10.6 um using the method of Stark 
switching with cw state preparation. The oscillations 
are the heterodyne beat signal while the slowly 
varying increase in the signal is the result of optical 
nutation of molecules switched into resonance by the 
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Figure 2 Optical free procession decay in Cs using an 
excitation pulse having 20ns duration. Reproduced with 
permission from Lehmitz H and Harde H (1986) In: Prior Y, Ben 
Reuven A and Rosenbluh M (eds) Methods of Laser Spec- 
troscopy, pp. 109-112. Now York: Plenum. 
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Figure 3 Optical free precession in NHjD using the Stark 
switching technique. Reproduced with permission from Brewer 
RG and Shoomaker AL (1972) Optical free induction decay. 
Physical Review A 6: 2001. Copyright (1972) by the American 
Physical Society 


Stark pulse. The FPD signal manifests itself as a 
reduction of the amplitude of the oscillation with 
time. This amplitude decays with the (power-broa- 
dened) homogeneous decay rate 


Photon Echo 


Although the FPD signal produced by short excitation 
pulses decays in a time of order (ku) ', the coherence 
of individual atoms decays in a much longer time, T 
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Figure 4 Pulse sequence and signal intensity for the photon 
echo. 


The question arises as to whether it is possible to 
bring all the atomic dipoles back into phase so they 
can radiate a coherent signal. The photon echo 
accomplishes this goal, although it has very little to 
do with either photons or echoes. The pulse sequence 
and echo signal are shown in Figure 4. The first pulse 
creates a phased array of dipoles, which hegin to 
dephase owing to inhomogeneous broadening. At 
time Ty, the second pulse provides a nonlinear 
interaction that couples pj, and pay. As a result of 
the second pulse, the dipoles begin a rephasing 
The 
‘echo’ appears at this time. The echo intensity exiting 


the sample is 
(: ve ) Keo) 


process that is completed at time t=2Ty, 


KL,t 


= (ietsin aint) 
xerbtag Hear ee 


If the echo intensity is measured as a function of 
Tp1, one can extract the homogeneous decay rate y= 
Ty. It is interesting to note that the echo intensity 
2T, mirrors the FPD intensity immediately 
following the first pulse. For experimental reasons, it 
is often convenient to use a different propagation 
vector for the second pulse. If ky and ky are 
propagation vectors of the first and second pulses, 
the echo signal is in the direction k= 2k) — ky, 
provided [ky ~ ky ky <1 

‘The echo signal is sensitive only to py,(t) and p,2(t) 
in the entire time interval of interest. Any interaction 


near t 


that results in a degradation of the dephasing— 
rephasing process for these density matrix elements 
leads to a decrease in the echo intensity. As such, echo 
signals can serve as a probe of transverse relaxation. 


Transverse relaxation generally falls into two broad 
categories. First, there are dephasing processes which 
produce an exponential damping of the coherences 
and contribute to y. Second there is spectral diffusion; 
in a vapor, spectral diffusion is produced by velocity- 
changing collisions that change the effective field 
frequency seen by the atoms owing to the Doppler 
effect. Such terms enter the optical Bloch equations as 
integral terms, transforming the equations into 
differentio-integral equations. In general, the phase- 
changing and velocity-changing aspects of collisions 
are entangled; however, if the collisional interaction is 
state-independent, as it is for some molecular 
transitions, then collisions are purely velocity-chan- 
ging in nature, leading to an echo that decays 
exponentially as T}, for early times and Tz, for 
later times. For electronic transitions, collisions are 
mainly phase-changing in nature, but there is a 
velocity-changing contribution that persists in the 
forward diffractive scattering cone. Photon echo 
techniques are sufficiently sensitive to measure the 
relaxation caused by such diffractive scattering. 

The photon echo was first observed by NA Kurnit 
and co-workers, using a pulsed ruby laser (Figure 5). 
In Stark switching experiments, the photon echo 
follows two Stark pulses as shown in Figure 6. The 
effects of velocity-changing collisions on the photon 
echo signal in a CHF molecular vapor is represented 
in Figure 7. The signal exhibits exponential decay 
varying as T}, for early times and Ty, for later times. 
A theoretical interpretation of the observed echo 
decay permits a determination of the binary collision 
parameters for CHsF, namely, the characteristic 
velocity jump Ain, =200ems! and the cross 


section of = 580 A, 


Figure § A photon echo signal rom ruby. Time increases to the 
Fight with a scale of 100 ns/avision. The pulse on the right is the 
echo signal, while the first two pulses are the (attenuated) input 
pulses. Reprinted with permission from Kurit NA, Abella ID and 
Harimann SR (1964) Observation of a photon echo. Physical 
Review Letters 19: 567. Copyright (1964) by the American 
Physical Society 


160 COHERENT TRANSIENTS / Coherent Transient Spectroscopy in Atomic and Molecular Vapors 


Absorption 


wl AL 


feveineventernntentt| 
oes 
Time (usec) — 


Figure 6 A photon echo signal in “CHF using the Stark 
switching method. The third pulse in trace (a) is the echo 
heterodyne beat signal. This signal is preceded by ‘nutation’ 
transient signals folowing each of the two Stark pulses shown in 
trace (b). Reprinted with permission from Brewer RG and 
Shoemaker RL (1971) Photo echo and optical nutation_in 
molecules. Physical Review Letters 27: 631. Copyright (1971) 
by the American Physical Society 
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Figure 7 Decay of the photon echo signal in CHF as a 
function of pulse separation. Reprinted with permission from 
‘Schmidt J, Berman PR and Brewer RG (1873) Coherent transient 
study of velocty-changing collisions. Physical Review Letters 
31: 1108. Copyright (1973) by the American Physical Society. 
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Figure 8 Pulse sequence and signal intensity forthe stimulated 
photon echo, 


Stimulated Photon Echo 


Incontrast to conventional photon echoes, stimulated 
photon echoes can be used to simultaneously measure 
both transverse and longitudinal relaxation times. 
Stimulated photon echoes have become an important 
diagnostic probe of relaxation in condensed matter 
systems as well as atomic vapors. The pulse sequence 
is shown in Figure 8 and consists of three pulses, 
having areas 0,, 05, 0}, and equal propagation vectors 
k. The time interval between the first two pulses is 


Ta >T} and pulse 3 occurs at time t= Ty +T. 
The maximum echo amplitude is given by 
ML.) = + (= sin 6, sin 6 sin «) 
2\ "Feo 
yen 2nT tT 71 


and occurs when ¢, — (Tz, +T) = Ty). The optimal 
pulse sequence consists of three 7/2 pulses. 

If slightly different k vectors are chosen such that 
ky =k; ~ kp the echo intensity varies as 

enT AT gtk kee TTP 
By varying the angle between kyand ky, one can 
determine the Doppler width ku. By monitoring the 
echo signal as a function of T),(T), one obtains 
information on the transverse (longitudinal) 
relaxation. 

The situation changes dramatically if there is an 
additional ground state level (level 0) to which the 
excited state can decay. In that case, the system is 
‘open’ since population can leave the ‘two-level’ 
subsystem. The total population of the 1-2 state 
subsystem is no longer conserved, requiring an 
additional decay rate to account for relaxation. Let 
us suppose that all states decay with rate [, as a result 
of their finite time in the laser beams. Moreover, let 
Tp, and Po be the decay rates of level 2 to levels 1 
and 0, respectively. Assuming that y»T > 1, one finds 
that the factor e- “7 in eqn [27] must be replaced by 
(PoP 21 +2 ap))'e 2"? If Px9 # 0, there is a long- 
lived component in the ground state population that 
contributes to the echo signal. One can exploit this 
feature of open systems to study spectral diffusion or 
velocity-changing collisions with very high sensitivity. 
Echoes can occur for time separations T much greater 
than the excited state lifetime. The creation of such 
long-lived stimulated photon echoes can be attributed. 
to the fact that, in open systems, a portion of the 
velocity modulation created by the first two pulses in 
the ground state remains following spontaneous 
decay from the excited state. 

The stimulated photon echo observed on the D; 
transition in sodium is shown in Figure 9, This is 


Variants 


or coil) will induce a magnetic field through the 
center. Thisis illustrated in the inductor entry of 
this encyclopedia, specifically in diagrams 
Figure 14-3, Figure 14-4, Figure 14-5, and 
Figure 14- 


Ifa stationary piece of ferromagnetic material is 
placed in the center of the circle or coil, itenhan- 
ces the magnetic force because the reluctance 
(magnetic resistance) of the material is much 
lower than the reluctance ofair. Thecombination 
of the coil and the core is an electromagnet. This 
is illustrated in Figure 20-2. For a lengthier dis- 
cussion of this effect, see "Magnetic Core” (page 
122). 


Figure 20-2. Direct conventional current flowing through 
‘wire colled around a ferromagnetic rod induces a mag: 
netic force in the red, conventionally cansidered ta flow 
from sauth to north, 


The magnitude of the electromagnetic flux den- 
sity will be proportional to the current flowing 
through the coil, assuming a DC power source. 


Variants 


Electromagnet designs vary according to their 
application. The simplest design consists ofa sin- 
gle coil wound around a rod which may termi- 


electromagnetism el 


tromagnet 


nate in a plate for applications such as lifting 
scrap metal. This design is relatively inefficient 
because the magnetic circuit is completed 
through air surrounding the electromagnet. 


Amore efficient, traditional design consists of a 
U-shaped core around which are wound one or 
‘two coils. If the U-shaped core is smoothly 
curved, it resembles a horse-shoe magnet, as 
shown in Figure 20-3. This design has become 
relatively uncommon, as it is cheaper to make 
windings across two separate, straight vertical 
cores and bridge them. However, the horseshoe 
configuration is extremely efficient, as the coils 
induce north and south magnetic polarities in 
the open ends of the U-shaped core, and the 
magnetic circuit is completed through any ob- 
ject that is attracted toward the open ends and 
links them. The attracted object is shown as a 
rectangular plate in Figure 20-3. Because a mag- 
netic circuit will naturally attempt to limit its ex- 
tent, and because this goal will beachieved when 
the circuit is completed, the attractive force of 
the U-shaped magnet is maximized. 


‘An electromagnet powered by direct current 
naturally produces a consistently polarized, sta- 
bble magnetic field, When AC current is applied, 
an electromagnet may still be used to exert an 
attractive force on a passive object that is not 
magnetized but is capable of being magnetized, 
The electromagnet will change its polarity at al- 
most the same frequency as the AC, and will in- 
duce equal and opposite fluctuating polarity in 
the target, causing mutual attraction. The core of 
the magnet will be composed of plates separa- 
ted by thin layers of insulation to inhibit the eddy 
currents induced by the AC, but still an AC- 
powered electromagnet will be less efficient 
than a comparable DC-powered electromagnet 
because itwillalso suffer from hysteresis as power 
is consumed by repeatedly reversing the polarity 
of the magnetic domains in the core. 


Some electromagnets that are described as su 
able for AC power actually contain rectifiers that 
convert the AC to DC. 
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Figure 9 Stimulated photon echo observed on the D; transition 
in sodium. Reprinted with permission from Mossberg T, Flusberg 
A, Kachru Rand Hartmann SR (1979) Total scattering cross 
section for Na on He measured by stimulated photon echoes. 
Physical Review Letters 42; 1685. Copyright (1979) by the 
‘American Physical Society. 


an ‘open’ system, owing to ground state hyperfine 
structure. For the data shown, T is 17 times the 16 
ns lifetime of the excited state. The first three 
pulses represent light scattered from the three input 
pulses and the fourth pulse is the echo. The echo 
appears at t= T +272, 


Optical Ramsey Fringes 


We have seen that coherent transients can be used to 
measure relaxation rates. With a slight modification 
of the stimulated photon echo geometry, it is also 
possible to use coherent transient signals to measure 
transition frequencies. If one chooses ky in the ky 
direction instead of the ky direction, it is possible to 
generate a phase matched signal in the 


kek ky thy =—ky 


direction, To simplify matters, it is assumed that 
ky =ky=—k and terms of order iki — kale x 
(T+2T) are neglected. 

‘The averaged density matrix element in the vicinity 
of the echo is 


(pxi(t)) = (8) sin 0, sin @ sin @e° Te 27 
BT T/T 


28} 


x efltTs D4 Tall 


An echo is formed at time f, = T +2Tp, just as for 
the stimulated photon echo, but there is an 
additional phase factor, given by eT when ¢ 
1,, that is absent for the nearly collinear geomet 
This phase factor is the optical analog of the phase 
factor that is responsible for the generation of 
Ramsey fringes in the microwave domain. The 
phase factor can be measured directly by heterodyt 
ing the signal field with a reference field or 
indirectly, by converting the off-diagonal density 
matrix element into a population by the addition of a 
fourth pulse in the ks direction at time t = T +27, 
In either case, the signal varies as cos(28T3,). 


The central fringe, corresponding to 6=0 can be 
isolated using one of two methods. If the experiment 
is carried out using an atomic beam rather than 
atoms in a cell, Ty, = Ling, will be different for 
atoms having different up (L = spatial separation of 
the first two pulses and 1p is the longitudinal velocity 
of the atoms). On averaging over a distribution of 
uo, the fringe having 8 = 0 will have the maximum 
amplitude. Experiments of this type allow one to 
measure optical frequencies with accuracy of order 
Ty}. For experiments using temporally-separated 
pulses acting on atoms in a cell, it is necessary to 
take data as a function of 8 for several values of Tay, 
and then average the data over Ty. It might seem 
remarkable that narrow pulses having large band- 
widths can be used to measure optical frequencies 
with arbitrary accuracy as Ts, is increased. Of 
course, it is the fotal duration of the pulse sequence 
rather than the duration of a single pulse that is the 
relevant time parameter. For the optical coherence, 
To, is the appropriate time parameter (during the 
interval T, it is population rather than coherence 
that contributes to the signal). The price one pays by 
using large Tz; is a signal that decays as e 7™ 

Figure 10 illustrates an optical Ramsey fringe 
signal on the 657 nm intercombination line in Ca. 
Four-field zones were used. The most probable 
value of Ty, was about 10° s for an effusive beam 
having a most probable longitudinal speed equal to 
800 ms~', giving a central fringe width of order 
60 kHz, 


Ramsey fringe signal (arbitrary units) 


aw — 


Figure 10 An optical Ramsey fringe signal on the @57 nm 
intorcembination line in Ca, Four field zones were used, The solid 
and dotted lines represent runs withthe directions ofthe laser field 
reversed, to investigate phase errors in the signals. Reprinted 
from tto N, Ishikawa J and Moringa A (1994) Evaluation of the 
‘optical phase shift in a Ca Ramsey fringe stabilized optical 
frequency standard by means of laser-beam reversal. Optics 
‘Communications 109: 414, with permission from Elsevier 
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Atom Interferometry 


Matter wave atom interferometers rely on the wave 
nature of the center-of-mass motion for their oper- 
ation. Such interferometers illustrate some interesting 
features of coherent optical transients not found in 
NMR. As an example, one can consider the response 
of a cold atomic ensemble to two, off-resonant 
standing-wave optical pulses separated in time by T. 
The electric field amplitude of pulse j(j= 1,2) is 
given by E\Z.1)= eE,(t)cos(kZ)cos(wt). The net 
effect of the field is to produce a spatially-modulated, 
ac Stark or light shift of the ground state energy. Asa 
result, pulse j modifies the ground state amplitude by 
the phase factor explié, cos(2kZ)]. In other words, 
the standing wave field acts as a phase grating for the 
atoms. The phase factor can be interpreted in terms of 
momentum exchange between the two traveling wave 
components of the standing wave field. Owing to the 
fields’ interaction with the atoms, all even integral 
multiples of 2hk can be exchanged by the fields, 
imparting impulsive momenta of 2nhk (n is a positive 
or negative integer) to the atoms. For an atom having 
momentum P and mass M, the frequency change 
associated with this momentum change is, 


PP (P+ 2nhkZ 
Eppenatilt = ( . we patel) fy 
— 2nPzk 
=F — Ont R91 
where 
Liss 
IM 


There are two contributions to the frequency eqn 
[29]. The first part is independent of fi and represents 
a classical Doppler shift, while the second part is 
proportional to f and represents a quantum, matter- 
wave effect. The quantum contribution will become 
important for times of order «5,4. As with the echoes 
described previously, the Doppler effect results in a 
dephasing and rephasing of the optical response. 
However, in contrast to the previous echoes, the 
ground state density is no longer constant for times 
£> 3,4. when matter wave effects begin to play a 
role. At such times the phase grating created by the 
pulses can be transformed into amplitude gratings of 
the atomic density. 

Long interaction times are possible, limited only by 
the time the atoms spend in the field. As such, atom 
interferometers offer exciting new possibilities for 
precision measurements of rotation rates, fundamen- 
tal constants such as, gravitational acceleration, and 
gravitational gradients. Moreover, one can take 
advantage of the nonlinear atom-field interaction to 


create atomic density patterns having period A2n 
from a standing wave optical field having wavelength 
A.In this manner one has the possibility to construct 
atom interferometers and atom structures that 
operate on the nano-scale (spacings on the order of 
tens of nanometers). 


Conclusion 


Optical coherent transients are now used routinely as 
probes of atomic vapors, liquids, and condensed 
matter. Sophisticated techniques have been developed 
using fast and ultrafast pulses (having duration of 10 
to 100 femtoseconds) to probe such systems and 
obtain the relevant relaxation rates. The manner in 
which optical coherent transients can be used to 
extract information on transition frequencies and 
relaxation rates in atomic and molecular vapors has 
been reviewed. In atomic vapors, optical coherent 
transients provide a means for obtaining both 
longitudinal and transverse relaxation rates. More- 
over, echo experiments serve as an extremely sensitive 
probe of velocity changing collisions. Similar tech- 
niques are being rediscovered as an important tool in 
the analysis of cold atomic vapors and Bose-Einstein 
condensates. Only the most basic optical coherent 
transient phenomena have been described in this 
chapter. More elaborate, multi-pulse excitation 
schemes are joining established methods in attempts 
to understand the complex decay dynamics that one 
encounters in many branches of physics, chemistry 
and biology. 
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List of Units and Nomenclature 


ER} Electric field vector 

E(t) Electric field amplitude 

E,Z,t) Complex signal electric field amplitude 
ML.) Signal intensity exiting the sample 

k Field propagation vector 


L Sample length 


N Atomic density 
P Center-of-mass momentum 

PR.) Polarization vector 

PZ.t) Complex polarization field amplitude 
Ty.T Time interval between pulses 

0 ‘Most probable atomic speed 
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(u,v,w) Elements of Bloch vector 
Ue) Bloch vector 
v Atomic velocity 
Vo(v) Atomic velocity distribution 
y Transverse relaxation rate 
» Excited state decay rate or longitudinal 


relaxation rate 
6 Atom-field detuning 

6 Pulse area 

» Dipole moment matrix element 

oh Density matrix element in ‘normal’ 
interaction representation 


p(Z.t) Density matrix element in a field 
interaction representation 

7 Pulse durations 
Field frequency 

o Recoil frequency 

oy Atomic transition frequency 

a8) Generalized Rabi frequency 

20) Pseudofield vector 

Dott) Rabi frequency 

See also 


Interferometry: Gravity Wave Detection; Overview. 
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Introduction 


Electromagnetic irradiation of matter generates a 
coherent superposition of the excited quantum states. 
The attribute ‘coherent’ relates to the fact that the 
material excitations originally have a well defined 
phase dependence which is imposed by the phase of 
the excitation source, often a laser in the optical 
regime. Macroscopically, the generated superposition 
state can be described as an optical polarization 
which is determined by the transition amplitudes 
between the participating quantum states. 

The optical polarization is a typical non-equ 
brium quantity that decays to zero when a system 


relaxes to its equilibrium state. Coherent effects are 
therefore only observable in a certain time window 
after pulsed photo-excitation, or in the presence of a 
continuous-wave (ew) beam. As coherent transients 
one usually refers to phenomena that can be observed 
during or shortly after pulsed laser excitation and 
critically depend on the presence of the induced 
optical polarization. 

Many materials such as atoms, molecules, metals, 
insulators, semiconductors including bulk crystals, 
heterostructures, and surfaces, as well as organic and 
biological structures are studied using coherent 
optical spectroscopy. Depending on the particular 
system, the states participating in the optical 
transitions, the interactions among them, and the 
resulting time-scale for the decay of the induced 
polarization may be very different. As a result, the 
time window during which coherent effects are 
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observable can be as long as seconds for certain 
atomic transitions, or it may be as short as a few 
femtoseconds (10's), e.g., for metals, surfaces, or 
highly excited semiconductor 

Coherent spectroscopy and the analysis of coherent 
transients has provided valuable information on the 
nature and dynamics of the optical excitations. Often 
it is possible to learn about the interaction processes 
among the photoexcitations and to follow the 
temporal evolution of higher-order transitions 
which are only accessible if the system is in a 
non-equilibrium state. 

‘The conceptually simplest experiment which one 
may use to observe coherent transients is to time 


resolve the transmission or reflection induced by a 
single laser pulse. However, much richer information 
can be obtained if one excites the system with several 
pulses. A pulse sequence with well-controlled delay 
times makes it possible to study the dynamical 
evolution of the photo-excitations, not only by time 
resolving the signal, but also by varying the delay. 
Prominent examples of such experiments are pump- 
probe measurements, which usually are performed 
with two incident pulses, or four-wave mixing, for 
which one may use two or three incident pulses. 

Besides the microscopic interaction processes, the 
outcome of an experiment is determined by the 
quantum mechanical selection rules for the transi- 
tions and by the symmetries of the system under 
investigation. For example, if one wants to investigate 
coherent optical properties of surface states one often 
relies on phenomena, such as second-harmonic or 
sum-frequency generation, which give no signal in 
perfect systems with inversion symmetry. Due to the 
broken translational invariance, such experiments are 
therefore sensitive only to the dynamics of surface 
and/or interface excitations. 

In this article the basic principles of coherent 
transients are presented and several examples are 
presented. The basic theoretical description and its 
generalization for the case of semiconductors are 
introduced. 


Basic Principles 


In the absence of free charges and currents, Maxwell’s 
equations show that the electromagnetic field inter- 
acts with matter via the optical polarization. 
This polarization P, or more precisely its second 
derivative with respect to time (02/0¢2)P, appears as a 
source term in the wave equation for the electric 
field E. Consequently, if the system is optically thin 
such that propagation effects within the sample can 
be ignored and if measurements are performed in 
the far field region, i.e., at distances exceeding the 


characteristic optical wavelength A, the emitted 
electric field resulting from the polarization is 
proportional to its second time derivative, 
Eoc(a?/a¢2)P. Thus the measurement of the emitted 
field dynamics yields information about the temporal 
evolution of the optical material polarization. 
Microscopically the polarization is determined by 
the transition amplitudes between the different states 
of the system. These may be the discrete states of 
atoms or molecules, or the microscopic valence and 
conduction band states in a dielectric medium, such 
as a semiconductor. In any case, the macro- 
scopic polarization P is computed by summing over 
all microscopic transitions Pay via P= Se, (BerPeo + 
cc), where pis is the dipole matrix element which 
determines the strength of the transitions between the 
states v and c, and c.c. denotes the complex conjugate. 
Ife, and s, are the energies of these states, their 
dynamic quantum mechanical evolution is described 
by the phase factors e"" and e~""", respectively. 
Therefore, each p,, is evolving in time according to 
e Melt Assuming that we start at r=0 
with pelt = 0) = Peo, which may be induced by a 
short optical pulse, we have for the optical polariza- 
tion P(t) = Su (MaPooo® “°° + cc). Thus P(t) 
is given by a summation over microscopic transitions 
which all oscillate with frequencies proportional to 
the energy differences between the involved states. 
Hence, the optical polarization is clearly a coherent 
quantity which is characterized by amplitude and 
phase. Furthermore, the microscopic contributions to 
P(t) add up coherently. Depending on the phase 
relationships, one may obtain either constructive 
superposition, interference phenomena like quantum 
beats, or destructive interference leading to a decay 
(dephasing) of the macroscopic polarization. 


Optical Bloch Equations 


The dynamics of photo-excited systems can be 
conveniently described by a set of equations, the 
optical Bloch equations, named after Felix Bloch 
(1905-1983) who first formulated such equations to 
analyze the spin dynamics in nuclear magnetic 
resonance. For the simple case of a two-level model, 
the Bloch equations can be written as 


ih 2p = dep + Bul i 


ih 2E-p(p — p") 21 


a 


Here, Ae is the energy difference and I the 
inversion, ie., the occupation difference between 
upper and lower state. The field E couples the 
polarization to the product of the Rabi energy E-gt 
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and the inversion I. In the absence of the driving 
field, isc., E=0, eqn [1] describes the free oscil- 
lation of p discussed above. 

The inversion is determined by the combined 
action of the Rabi energy and the transition p. The 
total occupation N, ice., the sum of the occupations of 
the lower and the upper states, remains unchanged 
during the optical excitation since light does not 
create or destroy electrons; it only transfers them 
between different states. If N is initially normalized 
to 1, then I can vary between -1 and 1. 1=~—1 
corresponds to the ground state of the system, where 
only the lower state is occupied. In the opposite 
extreme, i.e., for I= 1, the occupation of the upper 
state is 1 and the lower state is completely depleted. 

One can show that eqns [1]-[2] contain another 
conservation law. Introducing P =p + p’ = 2Relp] 
and J = i(p — p*)= —2Imip], which are real quan- 
tities and often named polarization and polarization 
current, respectively, one finds that the relation 


Paper 


BI 
is fulfilled. Thus the coupled coherent dynamics of the 
transition and the inversion can be described on a unit 
sphere, the so-called Bloch sphere. The three terms 
P, J, and I can be used to define a three-dimensional 
Bloch vector $ = (P, J, 1). With these definitions, one 
can reformulate eqns [1]-[2] as 


a 


a 


with Q=(—2wE,0,Ae)/h and x denoting the 
vector product. 

The structure of eqn [4] is mathematically identical 
to the equations describing either the angular 
momentum dynamics in the presence of a torque or 
the spin dynamics in a magnetic field. Therefore, the 
vector § is often called pseudospin. Moreover, many 
effects which can be observed in magnetic resonance 
experiments, e.g., free decay, quantum beats, echoes, 
etc. have their counterparts in photo-excited optical 
systems. 

The vector product on the right-hand side of 
eqn [4] shows that § is changed by @ in a direction 
perpendicular to $ and @. For vanishing field the 
torque @ has only a z-component. In this case the 
zcomponent of S, i.c., the inversion, remains 
constant, whereas the x- and y-components, i.e., the 
polarization and the polarization current, oscillate 
with the frequency Aefi on the Bloch sphere 
around 


=9xs [41 


‘Semiconductor Bloch Equations 


If one wants to analyze optical excitations in crystal- 
lized solids, i., in systems which are characterized by 


a periodic arrangement of atoms, one has to include 
the continuous dispersion (bandstructure) into the 
description. In translationally invariant, ic., ordered 
systems, this can be done by including the crystal 
momentum fik as an index to the quantities 
which describe the optical excitation of the material, 
eg. p and I in eqns [1]-[2]. Hence, one has to 
consider a separate two-level system for each crystal 
momentum fik. As long as all other interactions are 
disregarded, the bandstructure simply introduces a 
summation over the uncoupled contributions from 
the different k states, leading to inhomogeneous 
broadening due to the presence of a range of 
transition frequencies Ae(k)/f 

For any realistic description of optical processes in 
solids, itis essential to go beyond the simple picture of 
non-interacting states and to treat the interactions 
among the elementary material excitations, ¢.g., the 
Coulomb interaction between the electrons and the 
coupling to additional degrees of freedom, such as 
lattice vibrations (clectron—phonon interaction) or 
other bath-like subsystems. If crystals are not ideally 
periodic, imperfections, which can often be described 
asa disorder potential, need to be considered as well. 

All these effects can be treated by proper extensions 
of the optical Bloch equations introduced above. For 
semiconductors the resulting generalized equations 
are known as semiconductor Bloch equations, where 
the microscopic interactions are included at a certain 
level of approximation. For a two-band model of 
a semiconductor, these equations can be written 
schematically as 


a a 

ih Pa = Deby + Mini, — nid + ih [Palco 151 
Great yh one 

ih Sr = Dia — Op) + ihn leoce [6] 


ee ee ee 
ih Sr =—OiD, — OLD HHA roe U7) 


Here py, is the microscopic polarization and mj and 
ni are the electron populations in the conduction 
and valence bands (c and v), respectively. Due to the 
Coulomb interaction and possibly further processes, 
the transition energy Aey and the Rabi energy Oy 
both depend on the excitation state of the system, 
ie., they are functions of the time-dependent 
polarizations and populations. This leads, in par- 
ticular, to a coupling among the excitations for all 
different values of the crystals momentum fik. 
Consequently, in the presence of interactions, the 
optical excitations can no longer be described as 
independent two-level systems but have to be treated 


168 COHERENT TRANSIENTS / Foundations of Coherent Transients in Semiconductors 


as a coupled many-body system, A prominent and 
important example in this context is the appearance 
of strong exciton resonances which, as a conse- 
quence of the Coulomb interaction, show up in the 
absorption spectra of semiconductors energetically 
below the fundamental bandgap. 

‘The interaction effects lead to significant mathe- 
matical complications since they induce couplings 
between all the different quantum states in a system 
and introduce an infinite hierarchy of equations for 
the microscopic correlation functions. The terms 
given explicitly in eqns [5]-[7] arise in a treatment 
of the Coulomb interaction on the Hartree-Fock 
level. Whereas this level is sufficient to describe 
excitonic resonances, there are many additional 
effects, eg., excitation-induced dephasing due to 
Coulomb scattering and significant contributions 
from higher-order correlations, like excitonic popu- 
lations and biexcitonic resonances, which make it 
necessary to treat many-body correlation effects that 
are heyond the Hartree-Fock level. These contri- 
butions are formally included by the terms denoted as 
leowe in eqns [5]-[7]. The systematic truncation of the 
many-body hierarchy and the analysis of controlled 
approximations is the basic problem in the micro- 
scopic theory of optical processes in condensed 
matter systems. 


Examples 


Radiative Decay 


The emitted field originating from the non-equili- 
brium coherent polarization of a photo-excited 
system can be monitored by measuring the trans- 
mission and the reflection as function of time. If only 
a single isolated transition is excited, the dynamic 
evolution of the polarization and therefore of the 
transmission and reflection is governed by radiative 
decay. This decay is a consequence of the coupling of 
the optical transition to the light field described by the 
combination of Maxwell- and Bloch-equations. 
Radiative decay simply means that the optical 
polarization is converted into a light field on a 
characteristic time scale 2T,,y. Here, Tig is the 
population decay time, often also denoted as T,- 
time. This radiative decay is a fundamental process 
which limits the time on which coherent effects are 
observable for any photo-excited system, Due to 
other mechanisms, however, the non-equilibrium 
polarization often vanishes considerably faster. 

The value of T,.4 is determined by the dipole 
matrix element and the frequency of the transition, 
i.e, Ty} oc It Aw, with Aw = Ae/i. The temporal 
evolution of the polarization and the emitted field are 


proportional to e~3"-H2T.), Usually one measures 
the intensity of a field, i.c., its squared modulus, 
which evolves as e~!™ and thus simply shows an 
exponential decay, the so-called free-induction decay 
(see Figure 1). T,,g can be very long for transitions 
with small matrix elements. For semiconductor 
quantum wells, however, it is in the order of only 
10 ps, as the result of the strong light-matter 
interaction. 

The time constant on which the optical polari- 
zation decays is often called T. In the case where this 
decay is dominated by radiative processes, we thus 
have Tz = 2T a. 


Superradiance 


The phenomenon of superradiance can be discussed 
considering an ensemble of N two-level systems which 
are localized at certain positions R,. In this case 


cc: 


wot, @ 


(6) 


‘Squared modulus of polarization 


ot 
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Figure 1 Atwo-levelsystemis excited by a short optical puise at 

= 0. Due to radiative decay (Inset) and possibly other dephasing 
‘mechanisms, the polarization decays exponentially as function of 
time withthe time constant T, the dephasing ima, The intensity of 
the optical field which is emitted as a result of this decay is 
proportional tothe squared modulus ofthe polarization, which falls 
off with the time constant T;/2. The decay of the squared modulus 
of the polarization is shown in (a) on a linear scale and in 
(©) on a logarithmic scale. The dephasing time was chosen to be 
Tz=10pS which models the radiative decay of the exciton 
transition of a semiconductor quantum wel 
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Maxwell’s equations introduce a coupling among all 
these resonances since the field emitted from any 
specific resonance interacts with all other resonances 
and interferes with their emitted fields. Asa result, this 
system is characterized by N eigenmodes originating 
from the radiatively coupled optical resonance 

A very spectacular situation arises if one considers 
N identical two-level systems regularly arranged with 
a spacing that equals an integer multiple of A/2, where 


Ais the wavelength of the system’s resonance, i.c., 
A=cjMw, where c is the speed of light in the 
considered material (see Figure 2a). In this case all 
emitted fields interfere constructively and the system 
hchaves effectively like a single two-level system with 
a matrix element increased by VN. Consequently, the 
radiative decay rate is increased by N and the 
polarization of the coupled system decays N-times 
faster than that of an isolated system (see Figure 2b). 
This effect is called superradiance. 

It is possible to observe superradiant coupling 
effects, e.g., in suitably designed semiconductor 


heterostructures. Figure 2c compares the measured 
time-resolved reflection from a single quantum well 
(dashed line) with that of a Bragg structure, i.e., a 
multiple quantum-well structure which consists of 
10 individual wells that are separated by /2 (solid 
line), where A is the wavelength of the exciton 


resonance. For times greater than about 2 ps the 
direct reflection of the exciting pulse has decayed 
sufficiently and one is left with the exponential decay 
of the remaining signal. Figure 2c shows that this 
decay is much more rapid for the Bragg structure 
than for the single quantum well, due to super- 
radiance introduced by the radiative coupling among 
the quantum wells. 


Destructive Interference 


As the next example we now consider a distribution 
of two-level systems which have slightly different 
transition frequencies characterized by the distri 
bution function g(A@ ~ @) of the transition frequen- 
cies which is peaked at the mean value @ and has a 
spectral width of 6m (sce Figure 3a). Ignoring the 
radiative coupling among the resonances, the optical 
polarization of the total system evolves after exci 
tation with a short laser pulse at f = 0 proportional to 
JdurgAw— aye" oc (ne, where A(t) denotes 
the Fourier transform of the frequency distribution 
function, 3(¢) and thus the optical polarization decays 
on a time-scale which is inversely proportional to 
the spectral width of the distribution function dw 
Thus the destructive interference of many different 
transition frequencies results in a rapid decay of the 
polarization (sce Figure 3b). 
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Figure 2. (a) N identical two-level systoms are depicted which 
are regularly arranged with a spacing that equals an integer 
‘multiple of 1V2, where A is the wavelength of the system's 
resonance. Due to their coupling via Maxwell's equations all folds 
emitted from the two-level systems interfere constructively and 
the coupled system behaves effectively ike a single two-level 
system with an optical matrix element increased by VN. (b) The 
temporal decay of the squared modulus of the polarization is 
shown on a logarithmic scala. The radiative decay rate is 
proportional to V and thus the polarization of the coupled system 
docays Ntimes fastor than that of an isolated system. This effect 
is called superradiance. (c) Measured time-resolved reflection of a 
semiconductor single quantum well (dashed line) and a N= 10, 
Bragg structure, Le, a multi quantum well where the individual 
wells are separated by V2 (solid line), on a logarithmic scale. 
[Part ) s reproduced with permission trom Haas S, Stroucken T, 
Hubner M, ef al (1998) Intensity dependence of superradiant 
‘emission from radiatively coupled excitons in multiple-quantum- 
‘oll Bragg structures. Physical Fleview B 57: 14860. Copyright 
(1998) by the American Physical Society. 
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‘Squared modulus of polarization 


o) Time (ps) 
Figure 3 (a) An ensemble of two-level systems is shown where 
the resonance frequencies are randomly distributed according to 
Gaussian distbution function of width dw around an average 
value. (b) The temporal dynamics of the squared modulus of the 
polarization af ensambles of two-level systems after excitation 
With a shor optical pulse at f = Os shown ona linear scale. Since 
the dephasing time is set to infinity, .e., T,— the polarization of 
an ensemble of identical two-level system (su = 0) does not 
docay. However, fora finte width of the distribution, day > 0, the 
individual polarizations of the ensemble oscillate with diferent 
frequencies and, therefore, due to destructive interference the 
polarization of the ensemble decays as function of time. Since the 
Fourier transform of a frequency-domain Gaussian is a Gaussian, 
in the time domain, the dashed, dotted, and dashed dotted line 
have a Gaussian shape with a temporal wicth which is inversely 
proportional to dw. 


In the spectral domain this rapid decay shows up as, 
inhomogeneous broadening. Depending on the sys- 
tem under investigation, there are many different 
sources for such an inhomogeneous broadening. 
One example is the Doppler broadening in 
atomic gases or disorder effects such as well-width 
fluctuations in semiconductor quantum wells or 
lattice imperfections in crystals, 

In the nonlinear optical regime it is, under certain 
circumstances, possible to reverse the destructive 
interference of inhomogencously broadened coherent 
polarizations. For example, in four-wave mixing, a 
second pulse may lead to a rephasing of the 
contributions with different frequencies, which 
results in the photon echo (see discussion below). 


Quantum Beats 


The occurrence of quantum beats can be understood 
most easily in a system where the total optical 


(Quantum beats 


Tom 


Polarization interference 
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Figure 4 (2) Two optical resonances with frequency diferenco 
‘uy ~ Aw may be realizod by either a tree-ovel system or by 
‘wo uncoupled two-lvel systems. After impulsive excitation with 
an optical pulse the inear polarization of both types of systems 
show a modulation of the squared modulus ofthe polarization wth 
the time period 2r/(Sw ~ Aus). For the intrinsically coupled 
three-level system these modulations are called quantum beats, 
whereas for an interforence of uncoupled systomsthey arenamod 
polarization interferences. Using neniinear optical techniques, 
6.9, four-wave mixing and pump probe, its possibietoastinguish 
quantum beats and polarization intrfarences since coupled and 
uncoupled systems have diferent optical nonlinoatites. (b) The 
temporal dynamics ofthe squared modulus ofthe polarization is 
shown fr systoms with two resonances and frequency difference 
‘Su ~ Au,, neglecting dephasing, 1e., soting T,—-<. After 
‘excitation with a short optical pulse at ~ 0 the squared modulus 
of the polarization is periodicaly modulated with a ime period 
Zafer ~ Aun) 


polarization can be attributed to a finite number of 
optical transitions. Let us assume for simplicity that 
all these transitions have the same matrix element. 
In this case, after excitation with a short laser pulse at 
0 the optical polarization of the total system 
evolves proportional to 5, e‘*“". The finite number 
of frequencies results in a temporal modulation with 
time periods 27f(Aw, ~ Aw) of the squared modulus 
of the polarization which is proportional to the 
emitted field intensity. For the case of two frequencies 
the squared modulus of the polarization is pro- 
portional to [1 + cos((Aen ~ Aen)f)], L., due to the 
interference of two contributions the polarization 
varies between a maximum and zero (see Figure 4b). 

In the linear optical regime it is impossible to 
distinguish whether the optical transitions are 
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uncoupled or coupled. As shown in Figure 4, the two 
uncoupled two-level systems give the same linear 
polarization as a three-level systems where the two 
transitions share a common state. It is, however, 


Intensity of incident laser field 


‘Squared modulus of polarization 


Time (ps) 


Figure 5 (a) Two Gaussian laser pulses separated by the time 
delay ran lead to interferences. As shown by the thick sold line 
in the inset, the spectral intensity ofa single pulse is a Gaussian 
with a maximum atthe contra frequency ofthe pulse. The width of 
this Gaussian is inversely proportional to the duration ofthe pulse. 
‘The spectral intensity of the fold consisting of both pulses shows 
interference fringes, ie, Is modulated with a spectral period thats, 
inversely proportional fo 7. As shown by the thin solid and the 
dotted lines in the inset, the phase of the interference fringes 
dopends on the phase difference w between the two pulses. 
‘Whereas for Ay = 0 the spectra intensity has a maximum at the 
‘central frequency, it vanishes at this position for Ag =z. (b) The 
‘temporal dynamics of the squared modulus of the polarization is 
shown for a tworlevel system excited by a pair of short laser 
pulses neglecting dephasing, e., setting T; —>». The first pulse 
excites at f= 0 an optical polarization with a squared modulus 
‘normalized to 1. The second pulse, which has the same intensity 
as the frst one, also excites an optical polarization att = 2 ps. For 
1>2ps the fotal polarization is given by the sum of the 
polarizations induced by the two pulses. Due to interference, the 
‘squared modulus of the total polarization depends sensitively on 
the phase difference A between the two pulses. For constructive 
interference the squared modulus ofthe total polarization after the 
second pulse is four times bigger than that after the first pulse, 
whereas it vanishes for destructive interference. One may achieve 
all values in botweon these extremes by using phase diferences 
Ag which are no mutiples of =. It is thus shown that the second 
pulse can be used to coherently control the polarization induced 
by the first pulse. 


possible to decide about the nature of the underlying 
transitions if one performs nonlinear optical spec- 
troscopy. This is due to the fact that the so-called 
quantum beats, i., the temporal modulations of the 
polarization of an intrinsically coupled system, show 
a different temporal evolution as the so-called 
polarization interferences, i.c., the temporal modu- 
lations of the polarization of uncoupled systems. The 
former ones are also much more stable in the presence 
of inhomogeneous broadening than the latter ones. 

In semiconductor heterostructures, quantum-beat 
spectroscopy has been widely used to investigate the 
temporal dynamics of excitonic resonances. Also the 
coupling among different optical resonances has heen 
explored in pump-probe and four-wave-mixing 
measurements. 


Coherent Control 


In the coherent regime the polarization induced by a 
first laser pulse can be modified by a second, delayed 
pulse. For example, the first short laser pulse incident 
0 induces a polarization proportional toe‘ 


7>0 induces 
‘lt 


at 
and a second pulse arriving at t 
a polarization proportional to 
Thus for t= the total polarization is given by 
eal te ¢) with Ap=o— Ar. If Ag is an 
integer multiple of 2, the polarizations of both 
pulses interfere constructively and the amplitude of 
the resulting polarization is doubled as compared to a 
single pulse. If, on the other hand, Ag is an odd 
multiple of 7, the polarizations of both pulses 
interfere destructively and the resulting polarization 
vanishes after the action of both pulses. Thus by 


Dyk, 


a 


Figure 6 Transient optical nonineartes can be investigated by 
exciting the system with two time delayed optical pulses. The 
pump pulse (E,) puts the system in an excited state and the test 
(probe) puise (E;) is used to measure its dynamics. The dynamic 
nonlinear optical response may be measuredin the transmitted or 
reflected directions of the pup and est pulses, i.e. =k, and =k; 
respecively. In a pump-probe experiment one often investigates 
the change ofthe test absorption induced by the pump pulse, by 
measuring the absorption in the direction; with and without E,, 
(One may also measure the dynamic nonlinear optical response in 
scattering directions like 2k, — k; and 2k, — ky asindicated by the 
dashed lines. This is what is done in a four-wave-mixing or 
photon-echo experiment. 
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Figure 7 (a) Absorption spectra ofa tworlovel system. The solid 
line shows the linear optical absorption spectrum as measuredbya 
weak test pulse. Itcorresponds to a Lorentzian line that is centered 
at the transition frequency Aw. which has been sotto zero. The 
Width ofthe line is inversely proportional to the dephasing time Ts. 

Inthe presence of a pump pulse which resonantly excited the two- 
level system, the absorption monitored by the test pulseis reduced 


varying the phase difference of the two pulses it is 
possible to coherently enhance or destroy the optical 
polarization (see Figure 5b). 

One can easily understand the coherent control in 
the frequency domain by considering the overlap 
between the absorption of the system and the pulse 


spectrum. For excitation with two pulses that are 
temporally delayed by 7, the spectrum of the 
excitation shows interference fringes with a spectral 
oscillation period that is inversely proportional to 7. 
The positions of the maxima and the minima of the 


fringes depend on the phase difference between 
the two pulses. For constructive interference, 
the excitation spectrum is at a maximum at the 
resonance of the system, whereas for destructive 
interference the excitation spectrum vanishes at the 
resonance of the system (see Figure 5a). 

Coherent control techniques have been applied to 
molecules and solids to control the dynamical 
evolution of electronic wavepackets and also the 
coupling to nuclear degrees of freedom. In this 
context, it is sometimes possible to steer certain 
chemical reactions into a preferred direction by 
using sequences of laser pulses which can be chirped, 
ie, have a time-dependent frequency. Furthermore, 
in semiconductors and heterostructures, coherent 


control has been used to optically inject electronic 
currents on an ultrafast time-scale. 


‘Transient Absorption Changes 


In a typical pump-probe experiment one excites the 
system with a pump pulse (E,) and probes its 
dynamics with a weak test pulse (E,) (see Figure 6). 
With such experiments one often measures the 


ifferential absorption Aa(w) which is defined as 


in amplitude, Le., beached, since the pump puts the system in an 
excited state (dashed ine). In he optical Stark effect the frequency 
of the pump is nonresonant with the transition frequency. If the 
ump is tuned below (above) the transition frequency, the 
absorption is shifted to higher (lower) frequencies, Le., shifted to 
the blue (rea) partof the spectrum, soe dotted (dashed-dotted) line. 
(0) The differential absorption obtained by taking the difference 
between the absorption in the presence of the pump and the 
absorption without pump. The dashed line shows the purely 
negative bleaching obtained using a resonant pump. The dotted 
and the dashad-dotted lines correspond othe dispersive shapo of 
the blue and red shift obtained when pumpingbelow and above the 
resonance, respectively. (c) Measured iferential absorption 
spectra of a semiconductor quantum well which is pumped off 
resonantly 4.5 meV below the 1s heavy-hole exciton resonance, 
“The four ines correspond to different polarization directions of the 
pump and probe pulses as indicated. [Part (c) i reproduced with 
permission from Sieh C, Meier T, Jahnke F, etal. (1999) Coulomb 
‘memory signatures in the excitonic optical Stark effect. Physical 
Foviow Letters 82: 3112. Copyright (1999) by the American 
Physical Sociaty.] 


Figure 20-3. This traditional design for an electromagnet 
has a pedigree stretching back for more than a century. It 
maximizes efficiency by completing a magnetic circuit 
through any object that the magnet attracts 


Values 


Electromagnets are typically calibrated in terms 
of their power consumption and retaining force 
(the weight of an iron target that they can sup- 
port). The retaining force is usually measured in 
grams or kilograms. 


How to Use it 


Electromagnets are used mostly as subassem- 
blies in other components, such as motors and 
generators, relays, loudspeakers, and disk drives 
They have also been used in audio (and video) 
tape recorders to magnetize ferric oxide on tape, 
using a magnetic field of varying strength to re- 
cord an audio signal. In this application, a form 
of horseshoe magnet with an extremely narrow 
gapis used, the width of the gap determining the 
highest frequency that the electromagnet can 
record, in conjunction with the speed of the tape 
moving past the head. 


The tape recording process can be reversed 
when the electromagnet “reads” the tape and 
turns the signal back into a weakalternating cur- 
rent that can be amplified and reproduced 
through a loudspeaker. 


Asimple application for an electromagnet is in a 
traditional-style doorbell, where one or two coils 
attract a spring-loaded lever, at the top of which 
isa knob that hits a bell. When the lever is pulled 
toward the bell, it breaks a contact that supplies 
powertotheelectromagnet. Thisallowsthelever 
to spring back to its original position, which re- 
establishes the circuit, repeating the process for 
as long as power is applied to the bell, The bulk 
and weight of the component parts in this type 
of doorbell are making it obsolete, as electronic 
versions containing small loudspeakers become 
relatively cheaper. However, a solenoid may still 
be used in the type of bell that creates a single 
chime or pair of chimes. 


In any device using a cathode-ray tube, electro 
magnetic coils are used to form a yoke around 
the neck of the tube, to deflect the beam of elec- 
trons on its way to the screen. A similar principle 
is used in electron microscopes. In some cases, 
electrostatically charged plates are used to ach- 
ieve the same purpose, 


Anelectromagnet may be used to activate a reed 
switch (the diagram in Figure 9-7 shows such a 
switch). In this application, the combination of 
the electromagnet and the switch are function- 
ing asa relay. 


When an electromagnet is energized by alter- 
nating current, itcan be used to degauss (in other 
words, to demagnetize) other objects. The AC is 
either applied with diminishing current, so that 
the alternating magnetic polarities gradually 
subside tozero, or theelectromagnetis gradually 
moved away from the target, again reducing the 
magnetic influence to (virtually) zero, This latter 
procedure may be used periodically to demag- 
netizerecordandreplay heads on tape recorders, 
which otherwise tend to acquire residual mag- 
netism, inducing background hiss on the tape. 
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the difference between the probe absorption in the 
presence of the pump Qjynpoq(@) and the probe 
absorption without the pump @junpait(). 

For resonant pumping and for a situation where the 
pump precedes the test (positive time delays +> 0), 
the absorption change is usually negative in the 
vicinity of the resonance frequency Aw, indicating 
the effect of absorption bleaching (see Figure 7a,b). 
‘There may be positive contributions spectrally around 


the original absorption line due to resonance broad- 


ening and, at other spectral positions, due to excited 
state absorption, i.e., optical transitions to energeti- 
cally higher states which are only possible if the system 
is in an excited state. The bleaching and the positive 
contributions are generally present in coherent, and 
also in incoherent situations, where the polarization 
vanishes but occupations in excited states are present. 

For detuned pumping, the resonance may be shifted 
by the light field as for example, in the optical Stark 
effect. Depending on the excitation configuration 
and the system, this transient shift may be to higher 
(blue shift) or lower energies (red shift) 
(see Figure 7a,b). With increasing pump-probe time 
delay the system gradually returns to its unexcited 
state and the absorption changes disappear. 

As an illustration we show in Figure 7c experi- 
mentally measured differential absorption spectra of 
a semiconductor quantum well which is pumped 
spectrally below the exciton resonance. For a two- 
level system one would expect a blue shift of the 
absorption, i.e., a dispersive shape of the differential 
absorption with positive contributions above and 
negative contributions below the resonance frequ- 
ency. This is indeed observed for most polarization 
directions of the pump and probe pulses. However, if 
both pulses are oppositely circularly polarized, the 


experiment shows a resonance shift in the reverse 
direction, i.c., a red shift. For the explanation of this 
behavior one has to consider the optical selection 
rules of the quantum well system, One finds that the 
signal should actually vanish for oppositely circularly 


Figure 8 (a) Differential absorption spectra are shown for 
resonant pumping of a two-level system for various time dolays + 
between the pump and the fest pulse. When the pump precedes 
the test, ie.. <0, the differential absorption exhibits spectral 
coscilaions with a period which is inversely proportional tothe time 
delay. When approaches zero, these spectral oscillations vanish 
and the differential absorption develops into purely negative 
bleaching. (b) Measured differential transmission spectra of a 
‘mult quantum well for diferent negative time dotays as indicated 
[Part (b) is reproduced wit permission from Sokoloff JK, Joftre M, 
Fluegel B, et al. (1988) Transient oscillations in the vicinity of 
‘excitons and in the band of semiconductors. Physics Review 8 38: 
7615. Copyright (1988) by the American Physical Socioty 
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Figure 9 (a) Tho intensity dynamics as measured in a four- 
wave-mixing experiment on an ensemble of inhomogencously 
broadened two-level systems for various time delays rf the two 
incident pulses. The frst pulse excites the system at t= 0. In 
the time period 0 <t-<r the individual polarizations of the 
inbomogeneousty broadened system oscillate with their respective 
frequencies and due to destructive interference the total 
polarization decays, cp. Figure 3. The second pulse arriving at 
= + leads to a partial rephasing of the individual polarization. 
Due to phase conjugation allindividual polarizations areinphaseat 
f= 2r which results in a macroscopic measurable signal, the 
Photon echo. Due to dephasing processes the magnitude of 
the photon echo decays with increasing +. soe solid, dashed 
dotted and dashed-datted linas. Describing the dephasing via a 
TE time corresponds to an exponential decay as indicated by the 
thindotted ne. By measuring the decay ofthe echo with increasing 
+. one thus gets experimental information on the dephasing of the 
‘optical polarization. (b) Time-resolved four-wave-mixing signal 
‘measured on an inhemageneously broadened exciton resonance 
of semiconductor quantum wall structure for diferenttime delays 
as indicated. The origin ofthe time axis starts atthe artval af the 
ssecondpuise, e.,fora non-interacting system the maximum of the 
fechois expectad.at = r.The insets show the corresponding me 
Integrated four-wave-mixing signal and the linaar absorption. [Part 
(0)is reproduced with permission from Jahnke F, Koch M, Meier T, 
ft al. (1984) Simultaneous influence of disorder and Coulomb 
Interaction on photon echoes in samicanductors. Physics Review 
50: 8114. Copyright (1994) by the American Physical Society ] 


polarized pulses, as long as many-body correlations 
are neglected. Thus in this case the entire signal is due 
to many-body correlations and it is their dynamics 


which gives rise to the appearance of the red shift. 


Spectral Oscillations 


For negative time delays <0, ice. if the test pulse 
precedes the pump, the absorption change Aa(w) is 
characterized by spectral oscillations around Aw 
which vanish as r approaches zero (sce Figure 8a), 
The spectral period of the oscillations decreases with 
increasing Ir, Figure 8b shows measured differential 
transmission spectra of a multiple quantum-well 
structure for different negative time delays. As with 
the differential absorption, also the differential 
transmission spectra are dominated by spectral 
oscillations around the exciton resonance whose 
period and amplitude decrease with increasing Ir 
The physical origin of the coherent oscillations is 
the pump-induced perturbation of the free-induction 
decay of the polarization generated by the probe 
pulse. This perturbation is delayed by the time 7 at 
which the pump arrives. The temporal shift of the 
induced polarization changes in the time domain 
leads to oscillations in the spectral domain, since the 
Fourier transformation translates a delay in one 
domain into a phase factor in the conjugate domain, 


Photon Echo 


In the nonlinear optical regime one may (partially) 
reverse the destructive interference of a coherent, 
inhomogencously broadened polarization, For 
example, in four-wave mixing, which is often per- 
formed with two incident pulses, one measures the 
emitted field in a background-free scattering direction 
(sce Figure 5). The first short laser pulse excites all 
transitions at ¢ = 0. Asa result of the inhomogeneous 
broadening the polarization decays due to destructive 
interference (see Figure 3). The second pulse arriving 
at t=1>0 is able to conjugate the phases 
{e@ +e") of the individual polarizations of the 
inhomogeneously broadened system. The subsequent 
unperturbed dynamical evolution of the polarizations 
leads to a measurable macroscopic signal at t = 27. 
This photon echo occurs since at this point in time all 
individual polarizations are in phase and add up 
constructively (see Figure 9a). Since this rephasing 
process leading to the echo is only possible as long as 
the individual polarizations remain coherent, one can 
analyze the loss of coherence (dephasing) by measur- 
ing the decay of the photon echo with increasing 
time delay. 

Echo experiments are frequently performed using 
more complicated geometries, e.g., more than 
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two laser pulses. Further echo phenomena can also 
be observed as the result of the coupling of the photo- 
excitation tonuclear degrees of freedom andalso due to 
spatial motion of the electrons, i.e, electronic currents, 

Time-resolved four-wave-mixing, signal, measured 
on an inhomogencously broadened exciton resonance 
of a semiconductor quantum well structure for 
different time delays, is presented in Figure 9b. 
Compared to Figure 9a, the origin of the time 
axis starts at the arrival of the second pulse, i.c., for 
a non-interacting system the maximum of the echo is 
expected at t=7. Due to the inhomogeneous 
broadening the maximum of the signal is shifting 
to longer times with increasing delay. Further details of 
the experimental results, in particular, the exact 
position of the maximum and the width of the 
signal, cannot be explained on the basis of non- 
interacting two-level systems, but require the 
analysis of many-body effects in the presence of 
inhomogeneous broadening. 


See also 


Coherent Control: Applications in Semiconductors; 
Experimental; Theory. Spectroscopy: Nonlinear Laser 
Spectroscopy. 
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Introduction 


Linear optical spectroscopy, using the techniques of 
absorption, transmission, reflection and light scatter- 
ing, has provided invaluable information about the 
electronic and vibrational properties of atoms, 
molecules, and solids. Optical techniques also possess 
some additional unique strengths: the ability to 


1, generate nonequilibrium distributions functions of 
electrons, holes, excitons, phonons, etc. in solids; 

2, determine the distribution functions by optical 
spectroscopy; 


3. determine the nonequilibrium distribution func- 
tions on femtosecond timescales; 

4. determine femtosecond dynamics of carrier and 
exciton transport and tunneling; and 

S, investigate interactions between various elemen- 
tary excitations as well as many-body processes in 
semiconductors. 


Researchers have exploited these unique strengths 
to gain fundamental new insights into nonequili- 
brium, nonlinear, and transport physics of semicon- 
ductors and their nanostructures over the past four 
decades. 

‘A major focus of these efforts has been devo- 
ted to understanding how a semiconductor in 
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thermodynamic equilibrium, excited by an ultrashort 
optical pulse, returns to the state of thermodynamic 
equilibrium. Four distinct regimes can be identified: 


{a) the coherent regime in which a well-defined phase 
relationship exists between the excitation created 
by the optical pulse and the electromagnetic 
(optical) field creating it; 

the nonthermal regime in which the coherence 
(well-defined phase relationships) has been 
destroyed by various collision and interference 
processes but the distribution function of exci- 
tations is nonthermal (i.e., cannot be described by 
a Maxwell-Boltzmann distribution or its quan- 
tum (degenerate) counterparts); 

the hot carrier regime in which the distributions 
for various excitations are thermal, but with 
different characteristic temperatures for different 
excitations and thermal bath; and 

the isothermal regime in which the excitations 
and the thermal bath are at the same temperature 
but there is an excess of excitation (e.g. electron— 
hole pairs) compared to thermodynamic 
equilibrium. 


(b 


c 


(di 


ses take the semiconductor 


Various physical proc 
fom one regime to the next, and provide information 
not only about the fundamental physics of semicon- 
ductors but also about the physics and ultimate 
performance limits of electronic, optoelectronic, and 
photonic devices. 

In addition to coherent and relaxation dynamics, 
ultrafast studies of semiconductors provide new 
insights into tunneling and transport of carriers, and 
demonstrate novel quantum mechanical phenomena 
and coherent control in semiconductors. 

The techniques used for such studies have also 
advanced considerably over the last four decades. 
Ultrafast lasers with pulse widths corresponding to 
only a few optical cycles (1 optical cycle ~2.7 fs at 
800 nm) have been developed. The response of the 
semiconductor to an ultrafast pulse, or a multiple of 
phase-locked pulses, can be investigated by measur- 
ing the dynamics of light emitted by the semiconduc- 
tor using a streak camera (sub-ps time resolution) or a 
nonlinear technique such as luminescence up-conver- 
sion (time resolution determined by the laser pulse 
width for an appropriate nonlinear crystal). ‘The 
response of the semiconductor can also be investi- 
gated using a number of two or three beam pump- 
probe techniques such as transmission, reflection, 
light scattering or four-wave mixing (FWM). Both the 
amplitude and the phase of the emitted radiation or 
the probe can be measured by phase-sensitive 
techniques such as spectral interferometry. The lateral 


transport of excitation can be investigated by using 
time-resolved spatial imaging and the vertical trans- 
port and tunneling of carriers can be investigated 
using the technique of ‘optical markers’. Electro-optic 
sampling can be used for transmission/reflection 
studies or for measuring THz response of semicon- 
ductors. More details on these techniques, and indeed 
many topics discussed in this brief article, can be 
found in the Further Reading. 


Coherent Dynamics 


The coherent response of atoms and molecules is 
generally analyzed for an ensemble of independent 
(noninteracting) two-level systems. The statistical 
properties of the ensemble are described in terms of 
the density matrix operator whose diagonal com- 
ponents relate to population of the eigenstates and 
off-diagonal components relate to coherence of the 
superposition state. The time evolution of the density 
matrix is governed by the Liouville variant of the 
Schrodinger equation ifp = [H. p] where the system 
Hamiltonian H = Hy + Hig + Hg is the sum of the 
unperturbed, interaction (between the radiation field 
and the two-level system), and relaxation Hamilto- 
nians, respectively. Using a number of different 
assumptions and approximations, this equation of 
motion is transformed into the optical Bloch 
equations (OBE), which are then used to predict the 
coherent response of the system, often using iterative 
procedures, and analyze experimental results. 

Semiconductors are considerably more complex. 
Coulomb interaction profoundly modifies the 
response of semiconductors, not only in the linear 
regime (e.g., strong exciton resonance in the absorp- 
tion spectrum) but also in the coherent and nonlinear 
regime. The influence of Coulomb interaction may be 
introduced by renormalizing the electron and hole 
energies (i.e., introducing excitons), and by renorma- 
lizing the field—matter interaction strength by intro- 
ducing a renormalized Rabi frequency. These changes 
and the relaxation time approximation for the 
relaxation Hamiltonian lead to an analog of the 
optical Bloch equations, the semiconductor Bloch 
equations which have been very successful in analyz- 
ing the coherent response of semiconductors. 

In spite of this success, it must be stressed that the 
relaxation time approximation, and the Boltzmann 
kinetic approach on which it is based, are not valid 
under all conditions. The Boltzmann kinetic app- 
roach is based on the assumption that the duration of 
the collision is much shorter than the interval between 
the collisions; i.e., the collisions are instantaneous. 
In the non-Markovian regime where these assump- 
tions are not valid, each collision does not strictly 
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conserve the energy and momentum and the quantum 
kinetic approach becomes more appropriate. This is 
true for photo-excited semiconductors as well as for 
the quantum transport regime in semiconductors. 
Also, semiconductor Bloch equations have been 
further extended by including four-particle corre- 
lations. Finally, the most general approach to the 
description of the nonequilibrium and coherent 
response of semiconductors following excitation by 
an ultrashort laser pulse is based on nonequilibrium 
Green's function 

Experimental studies on the coherent response of 
semiconductors can be broadly divided into three 
categories: 


1. investigation of novel aspects of coherent response 
not found in other simpler systems such as atoms; 

2. investigation of how the initial coherence is lost, to 
gain insights into dephasing and decoherence 
proc 

3. coherent control of processes in semiconductors 
using phase-locked pulses. 


‘Numerous elegant studies have been reported. This 
section presents some observations on the trends in 
this field. 

Historically, the initial experiments focused on the 
decay of the coherent response (time-integrated FWM. 
as a function of delays between the pulses), analyzed 
them in terms of the independent two-level model, 
and obtained very useful information about various 
collision processes and rates (exciton—exciton, ex 
ton-carrier, carrier—carrier, exciton-phonon, ete 
was soon realized, however, that the noninteracting 
two-level model is not appropriate for semicondue- 
tors because of the strong influence of Coulomb 
interactions. Elegant techniques were then developed 
to explore the nature of coherent response of semi 
conductors. These included investigation of tim 
and spectrally resolved coherent response, and of 
hoth the amplitude and phase of the response to 
complement intensity measurements. These studies 
provided fundamental new insights into the nature of 
semiconductors and many-body processes and inter- 
actions in semiconductors. Many of these obser- 
vations were well explained by the semiconductor 
Bloch equations. When lasers with <10 fs pulse 
widths became laboratory tools, the dynamics was 
explored on a time-scale much shorter than the 
characteristic phonon oscillation period (~ 115 fs for 
GaAs longitudinal optical phonons), the plasma 
frequency (=150fs for a carrier density of 
§x10'’ cm‘), and the typical electron-phonon 
collision interval (~200 fs in GaAs). Some remark- 
able features of quantum kinetics, such as reversal of 


the electron-phonon collision, memory effects, and 
energy nonconservation, were demonstrated. More 
recent experiments have demonstrated the influence 
of four-particle correlations on coherent nonlinear 
response of semiconductors such as GaAs in the 
presence of a strong magnetic field. 

The ability to generate phase-locked pulses with 
controllably variable separation between them pro- 

ides an exciting opportunity to manipulate a variety 
of excitations and processes within a semiconductor. 
If the separation between the two phase-locked pulses 
is adjusted to be less than the dephasing time of the 
system under investigation, then the amplitudes of the 
excitations produced by the two phase-locked pulses 
can interfere either constructively or destructively 
depending on the relative phase of the carrier waves 
in the two pulses. The nature of interference changes 
as the second pulse is delayed over an optical period. 
A number of elegant experiments have demonstrated 
coherent control of exciton population, spin ori 
tation, resonant emission, and electrical current. 
Phase-sensitive detection of the linear or nonlinear 
emission provides additional insights into different 
aspects of semiconductor physics. 

These experimental and theoretical studies of 
ultrafast coherent response of semiconductors have 
led to fundamental new insights into the physics of 
semiconductors and their coherence properties. Dis- 
cussion of novel coherent phenomena is given in a 
subsequent section. Coherent spectroscopy of sem 
conductors continues to be a vibrant research field. 


Incoherent Relaxation Dynamics 


The qualitative picture that emerges from investi- 
gation of coherent dynamics can be summarized as 
follows. Consider a direct gap semiconductor excited 
by an ultrashort laser pulse of duration 7, (with a 
spectral width bAr,) centered at photon energy bu 
larger than the semiconductor bandgap E,. At the 
beginning of the pulse the semiconductor does not 
know the pulse duration so that coherent polarization 
is created over a spectral region much larger than 
bAn.. If there are no phase-destroying events during 
the pulse (dephasing ratel/7p < 1/7,), then a destruc~ 
tive interference destroys the coherent polarization 
away from hn, with increasing time during the 
excitation pulse. Thus, the coherent polarization 
exists only over the spectral region hAn, at the end 
of the pulse. This coherence will be eventually 
destroyed by collisions and the semiconductor will 
be left in an incoherent (off-diagonal elements of the 
density matrix are 0) nonequilibrium state with 
peaked electron and hole population distributions 
whose central energies and energy widths are 
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determined by by, An, and Eg, if the energy and 
momentum relaxation rates (1/1, 1/7y4) are much 
smaller than the dephasing rates. 

‘The simplifying assumptions that neatly separate 
the excitation, dephasing and relaxation regimes are 
obviously not realistic. A combination of all these 
{and some other) physical parameters will determine 
the state of a realistic system at the end of the exciting 
pulse. However, after times ~ 7p following the laser 
pulse, the semiconductor can be described in terms 
of electron and hole populations whose distribution 
functions are not Maxwell-Boltzmann or Fermi- 
Direct type, but nonthermal in a large majority of 
cases in which the energy and momentum relaxation 
rates are much smaller than the dephasing rates. 
This section discusses the dynamics of this incoherent 
state. 

Extensive theoretical work has been devoted to 
quantitatively understand these initial athermal 
distributions and their further temporal evolution. 
These include Monte Carlo simulations based on the 
Boltzmann kinetic equation approach (typically 
appropriate for time-scales longer than ~ 100 fs, the 
carrier—phonon interaction time) as well as the 
quantum kinetic approach (for times typically less 
than ~ 100 fs) discussed above. We present below 
some observations on this vast field of research. 


Nonthermal Regime 


A large number of physical processes determines the 
evolution of the nonthermal electron and hole 
populations generated by the optical pulse. These 
include electron-electron, hole-hole, and electron— 
hole collisions, including plasma effects if the density 
is high enough, intervalley scattering in the conduc- 
tion band and intervalence band scattering in valence 
bands, intersub-band scattering in quantum wells, 
electron-phonon, and hole—phonon scattering pro- 
cesses. The complexity of the problem is evident 
when one considers that many of these processes 
occur on the same time-scale. Of these myriad 
processes, only carrier—phonon interactions and 
electron-hole recombinations (generally much 
slower) can alter the total energy in electronic 
systems. Under typical experimental conditions, the 
redistribution of energy takes place before substantial 
transfer of energy to the phonon system. Thus, the 
nonthermal distributions first become thermal distri- 
butions with the same total energy. Investigation of 
the dynamics of how the nonthermal distribution 
evolves into a thermal distribution provides valuable 
information about the nature of various scattering 
processes (other than carrier—phonon scattering) 
described above. 


This discussion of separating the processes that 
conserve energy in the electronic system and those 
that transfer energy to other systems is obviously too 
simplistic and depends strongly on the nature of the 
problem one is considering. The challenge for the 
experimentalist is to devise experiments that can 
isolate these phenomena so each can be studied 
separately. If the laser energy is such that 
hy, — Ez <haxo, the optical phonon energy, then 
majority of the photo-excited electrons and holes do 
not have sufficient energy to emit an optical phonon, 
the fastest of the carrier-phonon interaction. pro- 
cesses. The initial nonthermal distribution is then 
modified primarily by processes other than phonon 
scattering and can be studied experimentally 
without the strong influence of the carrier—phonon 
interactions. Such experiments have indeed been 
performed both in bulk and quantum well semicon- 
ductors. These experiments have exhibited spectral 
hole burning in the pump-probe transmission spectra 
and thus demonstrated that the initial carrier 


distributions are indeed nonthermal and evolve to 
thermal distributions. Such experiments have pro- 
vided quantitative information about various car- 
rier-carrier scattering rates as a function of carrier 
density. In addition, experiments with hn, — E, > 
haxo and hy, ~E, > intervalley separation have 
provided valuable information about intravalley as 
well as intervalley electron-phonon scattering rates. 
Experiments have been performed in a variety of 
different semiconductors, including bulk semicon- 
ductors and undoped and  modulation-doped 
quantum wells, The latter provide insights into 
intersub-band scattering processes and quantitative 
information about the rates 

These measurements have shown that under typical 
experimental conditions, the initial nonthermal dis- 
tribution evolves into a thermal distribution in times 
< or ~1 ps. However, the characteristic tempera- 
tures of the thermal distributions can be different for 
electrons and holes. Furthermore, different phonons 
may also have different characteristic temperatures, 
and may even be nonthermal even when the 
electronic distributions are thermal. This is the hot 
er regime that is discussed in the next subsection. 


Hot Carrier Regime 


The hot carriers, with characteristic temperatures T, 
(T, and T,, for electrons and holes, respectively), have 
high energy tails in the distribution functions that 
extend several kT. higher than the respective Fermi 
energies. Some of these carriers have sufficient energy 
to emit an optical phonon. Since the carrier—optical 
phonon interaction rates and the phonon energies are 
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rather large, this may be the most effective energy loss 
mechanism in many cases even though the number of 
such carriers is rather small. The emitted optical 
phonons have relatively small wavevectors and 
nonequilibrium populations larger than expected for 
the lattice temperature. These optical phonons are 
often referred to as hot phonons although none- 
guilibrium phonons may be a better term since they 
probably have nonthermal distributions. The 
dynamics of hot phonons will be discussed in the 
next subsection, but we mention here that in case of a 
large population of hot phonons, one must consider 
not only phonon emission but also phonon absorp- 
tion. Acoustic phonons come into the picture at lower 
temperatures when the fraction of carriers that can 
emit optical phonons is extremely small or negligible, 
and also in the case of quantum wells with sub-band 
energy separation smaller than optical phonons. 

‘The dynamics of hot carriers have been studied 
extensively to obtain a deeper understanding of 
carrier—phonon interactions and to obtain quantita- 
tive measures of the carrier—phonon interaction rates. 
Time resolved luminescence and pump-probe trans- 
mission spectroscopy are the primary tools used for 
such studies. For semiconductors like GaAs, the 
results indicate that polar optical phonon scattering 
(longitudinal optical phonons) dominates for ele. 
trons whereas polar and nonpolar optical phonon 
scattering contribute for holes. Electronhole scatter- 
ing is sufficiently strong in most cases to maintain a 
common electron and hole temperature for times 
>~Lps. Since many of these experiments are 
performed at relatively high densities, they provide 
important information about many-body effects such 
as screening. Comparison of bulk and quasi-two- 
dimensional semiconductors (quantum wells) has 
been a subject of considerable interest. The consensus 
appears to be that, in spite of significant differences in 
the nature of electronic states and phonons, similar 
processes with similar scattering rates dominate both 
types of semiconductors. These studies reveal that 
the energy loss rates are influenced by many factors 
such as the Pauli exclusion principle, degenerate 
(Fermi-Dirac) statistics, hot phonons, and screening 
and many-body aspects. 

Hot carrier distribution can be generated not only 
by photo-excitation, but also by applying an electric 
field to a semiconductor. Although the process of 
creating the hot distributions is different, the pro- 
cesses by which such hot carriers cool to the latti 
temperature are the same in two cases. Therefore, 
understanding obtained through one technique can 
be applied to the other case. In particular, the physical 
insights obtained from the optical excitation case can 
be extremely valuable for many electronic devices 


that operate at high electric fields, thus in the regime 
of hot carriers. Another important aspect is that 
electrons and holes can be investigated separately by 
using different doping. Furthermore, the energy loss 
rates can be determined quantitatively because the 
energy transferred from the electric field to the 
electrons or holes can be accurately determined by 
electrical measurements. 


Isothermal Regime 


Following the processes discussed above, the exci- 
tations in the semiconductor reach equilibrium with 
each other and the thermal bath. Recombination 
processes then return the semiconductor to its 
thermodynamic equilibrium. Radiative recombina- 
tion typically occurs over a longer time-scale but 
there are some notable exceptions such as radiative 
recombination of excitons in quantum wells occur- 
ring on picosecond time-scales. 


Hot Phonons 


As discussed above, a large population of non- 
equilibrium optical phonons is created if a large 
density of hot carriers has sufficient energy to emit 
optical phonons. Understanding the dynamics of 
these nonequilibrium optical phonons is of intrinsic 
interest. 

At low lattice temperatures, the equilibrium 
population of optical phonons is insignificant. The 
optical phonons created as a result of photo- 
excitation occupy a relatively narrow region of wave- 
vector (fk) space near k= 0 (~1% of the Brillouin 
zone). This nonequilibrium phonon distribution can 
spread over a larger k-space by various processes, or 
anharmonically decay into multiple large-wavevector 
acoustic phonons. These acoustic phonons then 
scatter or decay into small-wavevector, low-energy 
acoustic phonons that are eventually thermalized. 

Pump-probe Raman scattering provides the best 
means of investigating the dynamics of nonequili- 
brium optical phonons. Such studies, for bulk and 
quantum well semiconductors, have provided invalu- 
able information about femtosecond dynamics of 
phonons. In particular, they have provided the rate at 
which the nonequilibrium phonons decay. However, 
this information is for one very small value of the 
phonon wavevector so the phonon distribution 
function within the optical phonon branch is not 
investigated. The large-wavevector acoustic phonons 
are even less accessible to experimental techniques. 
Measurements of thermal phonon propagation pro- 
vide some information on this subject. Finally, the 
nature of phonons is considerably more complex in 
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quantum wells, and some interesting results have 
been obtained on the dynamics of these phonons. 


Tunneling and Transport Dynamics 


Ultrafast studies have also made important contri- 
butions to tunneling and transport dynamics in 
semiconductors. Time-dependent imaging of the 
luminescing region of a sample excited by an 
ultrashort pulse provides information about spatial 
transport of carriers. Such a technique was used, for 
example, to demonstrate negative absolute mobility 
of electrons in p-modulation-doped quantum wells. 
The availability of near-field microscopes enhances 
the resolution of such techniques to measure lateral 
transport to the subwavelength case. 

A different technique of ‘optical markers’ has been 
developed to investigate the dynamics of transport 
and tunneling in a direction perpendicular to the 
surface (vertical transport). This technique relies 
heavily on fabrication of semiconductor nanostruc- 
tures with desired properties. The basic idea is to 
fabricate a sample in which different spatial regions 
have different spectral signatures. Thus if the carriers 
are created in one spatial region and are transported 
to another spatial region under the influence of an 
applied electric field, diffusion, or other processes, 
the transmission, reflection, and/or luminescence 
spectra of the sample change dynamically as the 
carriers are transported. 

This technique has provided new insights into the 
physics of transport and tunneling. Investigation of 
perpendicular transport in graded-gap superlattices 
showed remarkable time-dependent changes in the 
spectra, and analysis of the results provided new 
insight into transport in a semiconductor of inter- 
mediate disorder. Dynamics of carrier capture in 
quantum wells from the barriers provided infor- 
mation not only about the fundamentals of capture 
dynamics, but also about how such dynamics affects 
the performance of semiconductor lasers with quan- 
tum well active regions. 

‘The technique of optical markers has been applied 
successfully to investigate tunneling between the two 
quantum wells in an a-DQW (asymmetric double 
quantum well) structure in which two quantum wells 
of different widths (and hence different energy levels) 
are separated by a barrier. The separation between the 
energy levels of the system can be varied by applying 
an electric field perpendicular to the wells. In the 
absence of resonance between any energy levels, the 
wavefunction for a given energy level is localized in 
one well or the other. In this nonresonant case, it is 
possible to generate carriers in a selected quantum 
well by proper optical excitation. Dynamics of 


transfer of carriers to the other quantum well by 
tunneling can then be determined by measuring 
dynamic changes in the spectra. Such measurements 
have provided much insight into the nature and rates 
of tunneling, and demonstrated phonon resonance: 
Resonant tunneling, i.e., tunneling when two elec- 
tronic levels are in resonance and are split due to 
strong coupling, has also been investigated exten- 
sively for both electrons and holes. One interesting 
insight obtained from such studies is that tunneling 
and relaxation must be considered in a unified 
framework, and not as sequential events, to explain 
the observations. 


Novel Coherent Phenomena 


Ultrafast spectroscopy of semiconductors has pro- 
vided valuable insights into many other areas. We 
conclude this article by discussing some examples of 
how such techniques have demonstrated novel 
physical phenomena. 

The first example once again considers an a-DQW 
biased in such a way that the lowest electron energy 
evel in the wide quantum well is brought into 
resonance with the first excited electron level in the 
narrow quantum well. The corresponding hole 
energy levels are not in resonance. By choosing 
the optical excitation photon energy appropriately, 
the hole level is excited only in the wide well and the 
resonant electronic levels are excited in a linear 
superposition state such that the electrons at t= 0 
also occupy only the wide quantum well, Since the 
two electron eigenstates have slightly different ener- 
gies, their temporal evolutions are different with the 
result that the electron wavepacket oscillates back 
and forth between the two quantum wells in the 
absence of damping. The period of oscillation is 
determined by the splitting between the two resonant 
levels and can be controlled by an external electric 
field. Coherent oscillations of electronic wave- 
packets have indeed been experimentally observed 
by using the coherent nonlinear technique of four- 
wave mixing. Semiconductor quantum wells provide 
an excellent flexible system for such investigations. 

Another example is the observation of Bloch 
oscillations in semiconductor superlattices. In 1928 
Bloch demonstrated theoretically that an electron 
wavepacket composed of a superposition of states 
from a single energy band in a solid undergoes a 
periodic oscillation in energy and momentum space 
under certain conditions. An experimental demon- 
stration of Bloch oscillations became possible only 
recently by applying ultrafast optical techniques to 
semiconductor superlattices. The large period of a 
superlattice (compared to the atomic period in a 
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solid) makes it possible to satisfy the assumptions 
underlying Bloch’s prediction. The experimental 
demonstration of Bloch oscillations was also per- 
formed using four-wave mixing techniques. This 
provides another prime example of the power of 
ultrafast optical studies. 


Summary 


Ultrafast spectroscopy of semiconductors and their 
nanostructures is an exciting field of research that has 
provided fundamental insights into important phy 
cal processes in semiconductors. This article has 
attempted to convey the breadth of this field and the 
diversity of physical processes addressed by this field. 
Many exciting developments in the field have been 
omitted out of necessity. The author hopes that this 
brief article inspires the readers to explore some of the 
Further Reading. 
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The human visual system is capable of detecting a 
small part of the electromagnetic spectrum which is 
called light. The visible region has a typical wave- 
length range of about 380-780 nm. Under optimal 
conditions the range is 360-830nm. The most 
important point is that color is a perception. It is 
how human beings perceive the visual part of the 
electromagnetic spectrum. The color of an object 
perceived depends on the physical characteristics of 
the radiation illuminating the object, spectral scatter- 
ing and reflectivity of the object, physiology of the 
eye, photochemistry of the sensors in the retina, the 


complex data processing that takes place in the visual 
system, and the psychology of color perception. In 
this review, we present an overview of color in nature 
and the world. Initially, color and wavelength is 
presented, then the human visual system and color 
perception. Then we go on to discuss measuring color 
and colorimetry and then color in nature, followed by 
a brief account of color in art and holography and the 
structural colors in nature. 


Color and Wavelength (Spectral and 
Nonspectral Colors) 


The ingenious yet simple experiments performed by 
Isaac Newton in the year 1666 and his ideas presented 
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in his famous treatise ‘Opticks’, are the foundations of 
our understanding of color and color perception. 
Based on his experiments, Newton showed that 
different regions of the visible spectrum are perceived 
as different colors and the solar radiation (white light) 
consists of spectral colors violet, blue, cyan, green, 
yellow, orange, and red. Thus, natural day light is 
quite colorful though we perceive it as colorless. 
Table 1 gives approximate wavelength ranges of the 
spectral colors. Superposition of all the spectral colors 
results in a perception of white. 
Colors can be produced in a number of ways: 


1. Gas discharges emit characteristic radiation in the 
visible region. For example, neon discharge is red 
in color, argon discharge blue, sodium discharge 
yellow, helium-neon laser gives red radiation and 
argon ion laser blue-green radiation. A variety of 
fluorescent lamps are available and they provide 
continuous spectral power distribution with 
characteristic lines of mercury in the blue-green 
region, Gas-filled sodium and fluorescent lamps 
offer long life and high efficiency and are popular 
for indoor and outdoor lighting. 

. Transition metal (Cr, Mn, Fe, Co, Ni, Cu) 
compounds or transition metal impurities are 
responsible for the colors of the minerals, paints, 
gems, and pigments. They involve inorganic 
compounds of transition metal or rare earth ions 


with unpaired d or f orbitals, About 1% chro- 
mium sesquioxide (CrOs) in colorless aluminum 
oxide results in beautiful red ruby, a gemstone. 
The Cr** impurity in pure beryllium aluminum 
silicate gives a beautiful emerald green resulting in 
sapphire, another gemstone. Transition metal 
impurities are added to glass in the molten state 
to prepare colored glass. For example, adding 
Cr+ gives green, Mn** purple, Fe** pale yellow, 
Co** reddish blue, Ni** brown, and Cu** green- 
ish blue color. 

. Color in Organic Compounds ~ Most natural and 
synthetic dyes and biological (vegetable and 
animal origin) colorants are complicated organic 


Table 1 Approximate wavelength ranges of different spectral 
colors 


Color Wavelength range (nm) 
Violet 380-435 
Blue 435-500 
Cyan 500-520 
Green 520-565 
Yellow 565-597 
Orange 597-625 
Red 625-780 


molecules. They absorb light, exciting molecular 
orbitals. The dyes are used for food coloration, 
clothing, photographic, and sensitizer purposes. 

4. Colors of metals, semiconductor materials and 
color centers ~ The colors of these materials are 
caused by the electronic transitions involving the 
energy bands. 

Diode lasers emit radiation corresponding to 
the bandgap of the semiconductor materials used 
for their fabrication. They are inexpensive, com- 
pact, and can be operated using dry cell batteries, 
They are extensively used in compact disks, 
barcode readers, and optical communications. 

Light emitting diodes (LED) are also prepared 
using semiconductor materials and they emit 
radiation corresponding to the bandgap of the 
semiconductor materials used for their fabrica- 
tion, LEDs are available in a variety of colors, red 
(GaAsP), orange (AlInGaP), yellow (InGaAs), 
green (CdSSe), blue (CdZnS) and are widely used 
in clocks, toys, tuners, displays, electronic bill- 
boards, and appliances. 

Color centers may be produced by irradiating 
some alkali halides and glass materials with 
electromagnetic radiation (gamma rays, X-rays, 
ultraviolet, and visible radiation) or with charged 
or uncharged particles (electrons, protons, neu- 
trons). The irradiation produces an electron hole 
pair and the electron is trapped forming an 
electron center. The electron or hole, or both, 
form a color center absorbing part of the visible 
radiation. The color centers can be reversed by 
heating to high temperatures. 

5. Optical Phenomenon lead to spectacular colors in 
nature and in biological materials. Scattering of 
light by the atmosphere is responsible for colors 
of the sky, beautiful sunsets and sunrise, twilight, 
blue moon, and urban glows. Dispersion and 
polarization cause rainbows and halos. Interfer- 
cence gives rise to the beautiful colors of thin films 
on water, foam, bubbles, and some biological 
colors (butterflies). Diffraction is responsible for 
the colors of liquid crystals, coronae, color of 
gems (opal), color of animals (sea mouse), the 
colors of butterfly (Morpbo rhetenor), and 
diffraction gratings. 


The Human Visual System and Color 
Perception 


Photoreceptors in the Eye: Rods and Cones 


As light enters the eye, the cornea and the eye lens 
focus the image on the retina. The retina has two 
kinds of photoreceptors: rods and cones so named 


What Can Go Wrong 


Traditional large-scale applications for electro- 
magnets tend to involve lifting and moving 
heavy objects or scrap metal, suchas junked cars, 
Amore modern application is in magnetic reso- 
nance imaging (MRI), which has revolutionized 
some areas of medicine. 


Very large-scale applications for electromagnets 
include particle accelerators, in which multiple 
magnetic coils are energized sequentially, and 
fusion-power generators, where —_high- 
temperature plasma is contained by a magnetic 
field. 


electromagnetism 


What Can Go Wrong 


Because an electromagnet requires constant 
power to maintain its magnetic force, yet itis not 
doing any actual work so long as its target re- 
mains stationary (in contact with the core of the 
magnet), the current running through the coil of 
the magnet must be dissipated entirely as heat. 
Further discussion of this issue will be found at 
"Heat" (page 177) in the solenoid section of this 
encyclopedia 
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hecause of their shapes. Typically, there are about 7 
million cones and 110-125 million rods. Cones are 
activated during photopic (daylight) conditions and 
the rods during scotopic (night) conditions. Cones are 
responsible for color perception whereas rods can 
perceive only white and gray shades. Cones are predo- 
minantly located near the fovea, the central region of 
the retina, When light falls on the rods and the cones, 
the photosensitive material in them, namely rho- 
dopsin, is activated, generating an electrical signal 
which is further processed in the visual system and 
transmitted to the visual cortex. Considerable data 
processing takes place within the retina. 


Color Perception 


Subjective nature of color 

Color is a perception and is subjective. There is no 
way one can define color in an absolute or quantitat- 
ive means, even though it can be precisely character- 
ized by the spectral power distribution (SPD) of the 
radiation, For monochromatic light of different 
wavelengths we see the spectral colors detailed in 
Table 1. In general, the SPD of light from an object is 
complex and to predict the exact color of such a 
spectrum is quite difficult, However, in the following 
e discuss some simple color schemes. 


Additive color mixing 
Newton's experiments demonstrated that using the 
three primary color light sources, blue, green, and red 
and by varying their relative intensities, one can 
generate most of the colors by additive color mixing. 
Additive color mixing is employed in stage lighting, 
and large screen color television projection systems. If 
we are concerned only with the hue and ignore satur- 
ation and brightness, the superposition of colored 
light beams of equal brightness on a white screen 
gives the following simple additive color scheme: 


Green + Red = Yellow 
Blue + Red = Magenta 
Blue + Green = Cyan 


Blue + Green + Red = White 


Subtractive color mixing 

When white light passes through, say, a red filter, the 
radiation corresponding to the red radiation is 
transmitted and all other parts of the visible spectrum 
are absorbed. If we insert more red filters the 
brightness of the light transmitted becomes less 
though the hue is likely to be more saturated, If you 
insert red and blue filters together in a white beam, 
you will see no light transmitted because the red filter 


blocks the entire spectrum except the radiation 
corresponding to red color which in turn is blocked 
by the blue filter. 

Subtractive color scheme is also applicable when 
paints of various colors are mixed together. The 
subtractive primary colors are magenta, yellow, and 
cyan, The artists often call them red, yellow, and blue. 
By appropriately mixing the primary colored paints 
one can, in principle, generate most of the colors. 


How many colors can we differentiate? 

If we do a simple experiment beginning from the 
lowest wavelength of the visible spectrum, say 
380 nm, and gradually move to the long wavelength 
end of the visible spectrum, one can differentiate 
about 150 spectral colors. For each spectral color 
there will be a number of colors that vary in 
brightness and saturation. Additionally, we can have 
additive mixtures of these spectral colors, which in 
turn have variations in brightness and saturation. It is 
estimated that under optimal conditions we can 
differentiate as many as 7 tol0 million different 
colors and shades. 


‘Temporal Response of the Human Visual System 


Positive afterimages 

The visual system responds to changes in the 
stimulation in time, However, the response of the 
visual system is both delayed and persists for some 
time after the stimulation is off. Because of the 
persistence of vision, one would see positive after- 
images. The afterimages last about 1/20 under 
normal conditions but are shorter at high light 
conditions. A rapid succession of images show results 
in a perception of continuous motion which is the 
basis for movies and TV. 

Close your eyes for about five minutes so that any 
after images of the objects you have seen before are 
cleared. Open your eyes to sce a bright colored object 
and then close your eyes again; you will see positive 
afterimages of the object in its original colors. Even 
though the positive afterimage at the initial stages will 
be of the same colors as the original, they gradually 
change color showing that different cones recover at 
different rates. 


Negative afterimages 

If you stare at a color picture intensely for about a 
minute and look at a white background, such as a 
sheet of white paper, you will see the complementary 
colors of the picture. The image of the object falls on 
a particular part of the retina and if we look at a 
green colored object, the cones that are more 
sensitive to the mid-wavelength region are activated 
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and are likely to be saturated. If you look at a bright 
sheet of white paper immediately, the cones that are 
sensitive to the middle wavelength region are 
inactivated since they need some time to replenish 
the active chemical whereas the cones that have 
maximum sensitivity for the low and high wave- 
lengths are active, therefore you will see the object in 
complementary colors. Yellow will be seen after 
looking at blue image, cyan after looking at red 
image and vice versa, 


Spatial Resolution of the Human Visual System 


Lateral inhibition (color constancy) 

By and large the perceived color of an object is 
independent of the nature of the illuminating white 
light source. The color of the object does not change 
markedly under different white light sources of 
illumination. For example, we see basically the 
same color of the object in the daytime in the light 
of the blue sky or under an incandescent light source 
even though the spectral power distributions of these 
sources are different and the intensity of light reach- 
ing the eye in both cases is also drastically different. 
The color constancy is a result of chromatic lateral 
inhibition, The human visual system has a remark- 
able way of comparing the signals from the object and 
manipulating them with the signals generated from 
the surroundings and picking up the correct color 
independent of the illuminating source. The color 
constancy and simultaneous lightness contrast are 
due to lateral inhibition. Lateral inhibition was 
exploited by a number of artists to provide certain 
visual effects that would not have been possible 
otherwise. For example, Georges Seurat in his famous 
painting ‘La Poscuse en Profil’ improved the light 
intensity contrast in different regions of his painting 
by employing edge enhancement effects resulting 
from lateral inhibition. Victor Vasarely’s art work 
‘Arcturus’ demonstrates the visual effects of lateral 
inhibition in different colors. 


Spatial assimilation 

The color of a region assimilates the color of the 
neighboring region, thus changing the perception of 
its color. Closely spaced colors, when viewed from a 
distance, tend to mix partitively and are not seen as 
distinct colors but as a uniform color due to additive 
color mixing. Georges Seurat in his painting ‘Sunday 
Afternoon on the Island of La Grande Jatte’, uses 
thousands of tiny dots of different colors to produce a 
variety of color sensations, a technique which is 
known as pointillism. The visual effects of spatial 
assimilation were clearly demonstrated by Richard 


Anuszkiewicz in his painting ‘All Things Do Live in 
the Thr 


Color Perception Models 


Thomas Young, in 1801, postulated that there are 
three types of sensors thus proposing trichromacy to 
explain the three attributes of color perception: hue, 
saturation, and brightness. Data on microspectro- 
photometry of excised retinas, reflection densitome- 
try of normal eyes, and psychophysical studies of 
different observers confirm the existence of three 
types of cones. As shown in Figure 1, the three types 
of cones have different responsivities to light. 
The cones that have maximum responsivity in the 
short wavelength region are often referced as S-cones, 
the cones that have maximum in the intermediate 
wavelength range as I-cones, and the cones that have 
maximum in the long wavelength region as L-cones, 

The three response curves have considerable 
erlap. The overlap of the response curves and the 
complex data processing that takes place in the visual 
system enable us to differentiate as many as 150 
spectral colors and about seven to ten million 
different colors and shades. An important conse- 
quence of the existence of only three types of color 
sensors is that different spectral power distributions 
can produce identical stimuli resulting in the percep- 
tion of the same color. Such spectral power distri- 
butions are called metamers. 

The neural impulses generated by the cones are 
processed through a complex cross-linking of bipolar 
cells, horizontal cells, amacrine cells, and commu- 
nicated to ganglion cells leading to the optic chiasmas 
through the optic nerve. Information gathered by 
about 100 million photoreceptors, after considerable 
processing, is transmitted by about a million ganglion 
cells. 


Responsivty (relative) 


400 


00 
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Figure 1 Relative spectral absorption of the three types of 
cones. S.J, and L respectively stand for the cones that have 
maximum responsivity for the short, intermediate, and long 
wavelength regions. 
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The zone theory of color vision assumes two 
separate zones where the signals are sequentially 
processed. In the first zone the signals are generated 
by the cones and in the second zone, the signals are 
processed to generate one achromatic and two 
opponent chromatic signals. Possibly other zones 
exist where the signals generated in the first and the 
second zones are further processed and commun 
cated to the visual cortex where they are processed 
and interpreted based on the temporal and spatial 
response and comparisons with the information 
already available in the memory. 


Measuring Color and Colorimetry 


Since color is a human perception, how do we 
measure color? Colorimetry is based on the human 
visual system and how different observers perceive 
color. Though, the spectral power distribution of light 
is helpful for characterizing spectral hues, it is very 
difficult to infer the color from the spectral power 
distribution. 

The three attributes of color perception are hue, 
saturation, and brightness. Hue is the color such as 
red, green, and blue. Saturation refers to the purity of 
the color. A color is said to be more saturated if the 
whiteness in the color is less and vice versa, Brightness 
is related to the intensity of light. For the sun at 
sunrise the hue is red, saturated, and low brightness. 
About half an hour after sunrise, the hue is yellow, 
less saturated, and higher brightness. Though a 
variety of color schemes are available in the literature, 
in the following we discuss the Munsell system and 
the C.LE, diagram only. 


Munsell Color System 


Albert Munsell, a painter and art teacher, devised a 
color atlas in 1905 by arranging different colors in an 
ordered three-dimensional space. He used the three 
color attributes hue, chroma, and value correspond- 
ing to hue, saturation, and brightness. In this system 
there are 10 basic hues, each of which is divided into 
10 equal gradations, resulting in 100 equally spaced 
hues. Each hue has a chart with a number of small 
chips arranged in rows and columns. Under daylight 
illumination, the chips in any column are supposed to 
have colors of equal chroma and the chips in any row 
are supposed to be of equal brightness. The brightness 
increases from the bottom of the chart to the top in 
steps that are perceptually equal. The saturation of 
the color increases from the inside edge to the outside 
edge of the chart in steps that are also perceptually 
equal. Each chip is identified by hue, value/chroma. In 
the Munsell scale, black is given a value of 0 and 


white 10, and the nine grays are uniformly placed in 
between. Though the Munsell system has gone 
through many revisions, typically it has a total of 
about 1450 chips. The Munsell color scheme, though 
subjective in nature, is widely used because of its 
simplicity and ease. 


‘The Commission Internationale de I'Echlairage 
(C.LE,) Diagram 


Even though the visible light reaching the eye has a 
very complex SPD, color perception is mostly 
dependent on the signals generated by the thre 
different types of cones. However, we do not know 
precisely the absorption and sensitivity of the cones 
and therefore are not in a position to calculate the 
signal strengths generated by the three different 
cones, Additionally, the response of the cones is 
specific to the individual, Therefore, the C.LE. system 
is based on the average response of a large sample of 
normal observers. The C.LE. system employs three 
color matching functions x(A),5(A), and (A) 
(Figure 2), based on the psychological observations 
of a large number of standard observers to calculate 
the ‘tristimulus values’ X, Y, and Z defined as 


X= ef scarsonaa a 


Y= ef sarganaa 21 


Z=esavecnda (31 

Here, A is the wavelength, S(A) the spectral power 
distribution, and c is the normalization constant. The 
integration is carried out over the visible region, 
normally 380 to 780 nm, The system is based on the 
assumption of additivity and linearity. The sum of the 
tristimulus values (X + Y + Z)is normalized to 1. We 
choose y(A) so that the Y tristimulus value is 
proportional to the luminance which is a quantitative 
measure of the intensity of light leaving the surface. 
We further calculate x and y which are called 
chromaticity coordinates: 

xX 
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The psychological color is then specified by the 
coordinates (Y,x, y). Relationship between colors is 
usually displayed by plotting the x and y values on 
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Figure 2 Color-matching functions x (),7 (A), and 2 (A) of the C.LE. 1931 standard observer. 


a two-dimensional Cartesian Coordinate system 
with z as an implicit parameter (¢=1—x—y) 
which is known as the C.LE, chromaticity diagram 
(Figure 3). In this plot, the monochromatic hues are 
on the perimeter of a horseshoe shaped curve and is 
called spectrum locus. A straight line joining the 
ends of the spectrum is called the line of purples. 
Every chromaticity is represented by means of two 
coordinates (x, y) in the chromaticity diagram. The 
point corresponding to x=1/3 and y= 1/3 (also 
= 1/3) is the point of ‘equal energy" and represents 
achromatic point. The complementary colors are on 
the opposite sides of the achromatic point. Com- 
plementary wavelength of a color is obtained by 
drawing a line from the color through the achro- 
matic point to the perimeter on the other side. 


Continuum (white) sources 

A perfect white source is the one that has constant 
SPD over the entire visible region. Such a source 
will not distort the color of the objects they 
illuminate. A number of sources in general are 
considered as white sources; they include incandes- 
cent lamps, day skylight, a variety of fluorescent 
lamps, etc. It should be noted that the SPD of these 
sources is not constant and varies with the source. 


Typical SPDs of commonly used light sources are 
given in Figure 4, 


Color temperature 

The thermal radiation emitted by a black body has a 
characteristic SPD which depends solely on its 
temperature. The wavelength A of the peak of this 
distribution is inversely proportional to its absolute 
temperature. As the absolute temperature of the 
blackbody increases, the peak shifts towards shorter 
wavelengths (blue region) and also the width of the 
distribution decreases. Since the peak of the black 
body radiation is dependent on the absolute tempera- 
ture, the color of the blackbody can be approximately 
defined by its temperature, 

The color temperature of a body is that tempera- 
ture at which the SPD of the body best matches with 
that of the blackbody radiation at that temperature, 
The concept of color temperature is often used to 
characterize the sources. Low color temperature 
sources have a reddish tinge and high color 
temperature sources tend to be slightly bluish. For 
example, the color temperature of red looking star 
Antares is about 5000 K and that of the bluish white 
looking Sirius is about 11000 K. One should note 
that the color temperature of a body is different from 
its actual temperature. The fluorescent lamps have a 
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Figure 3 Chromaticty dlagram of the C.LE. 1931 standard observer. The chromatictes of the incandescent sources and their color 
temperatures are given inside the curve. A, B, and C are the C.E. standard iluminants. The chromatictias ofthe helium-neon laser 
(ed, 633 nm) and the argon-ion laser (green 515 nm, blue 488 nm, and indigo, 458 nm) are also shown, 
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Figure 4 Flelative SPDs of commonly used whit light sources 


color temperature range of 5000-7500 K, incandes- 
cent lamps about 3000 K, direct sunlight ~4870 K 
and overcast skylight has a color temperature of 
~7000 K. 

The C.LE. chromaticity diagram along with the 
color temperatures of the commonly employed 
sources, is shown in Figure 3. 


Color in the Nature 


As the solar radiation passes through the atmosphere, 
it is partly absorbed and partly scattered by the 
atmospheric constituents: air, water vapor, and dust 
particles. Absorption depends on the molecular 
properties of the air molecules, water vapor, and the 
dust particles, and is strongly wavelength dependent. 
Absorbed energy increases the internal energy of the 
molecule finally manifesting itself as thermal energy. 
When the sun is at the zenith, the solar radiation 
passes through one air mass loosing approximately 
32% of its power. The SPD of the solar radiation 
above the atmosphere and at the Earth’s surface at air 
mass 1 is shown in Figure 5. Scattering and 
absorption of the solar radiation by the atmosphere 
are responsible for a variety of interesting colorful 
views in the nature and they are briefly discussed in 
this section. 


Atmospheric Colors 


1. Colors of the sky. Scattering occurs over most 
of the visible part of the electromagnetic 
spectrum and is a function of the frequency of 
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Figure 5 Spectral itradiance (kW m~* um~*) of the solar radiation measured above the atmosphere and atthe Earth's surface at sea 


level on a clear day and the sun at the zenith 


the radiation. According to Lord Raleigh’s 
theory of scattering, the scattering probability 
varies inversely as a function of the fourth power 
of the wavelength of the radiation. If we consider 
the radiation corresponding to blue (400 nm) 
and the radiation corresponding to say red 
(700 nm), the photons corresponding to blue 
radiation are scattered by about 9.4 times that of 
photons corresponding to the red radiation. 
During noontime, when we look at the sky, not 
directly at the sun, the sky looks unsaturated blue 
because of the predominant scattering experi- 
enced by the high frequency radiation corre- 
sponding to blue color. However, it should be 
noted that the daytime skylight contains all the 
spectral colors of the solar radiation though the 
spectral power distribution has changed result- 
ing in an increase in the intensity of the high 
frequency (blue) radiation. During noontime at 
the horizon, the sky looks close to white in color 
with a bluish tinge, because the solar radiation 
has passed through many air masses. As the 
thickness of the atmosphere increases, the 
intensity of the blue radiation decreases and 
ultimately as the radiation reaches the horizon, 
all the spectral colors are scattered about the 
same level resulting in white or bluish white sky. 
2. Polarization of the solar radiation by the 
atmosphere. Light scattered by a molecule is 
polarized. The blue skylight is polarized with a 


maximum polarization of about 75% to 85% at 
90° from the sun. 

3. Distant mountains seem bluish in color. When an 
artist wishes to paint a distant mountain in 
perspective, he/she paints it blue; why? This is 
called airlight. The low wavelength part of the 
solar radiation is scattered more prominently, 
giving it a blue perspective when observed from a 
distance. However, it should be mentioned that 
the distant mountains may look any color 
depending on the scattering and absorption of 
the solar radiation sometimes resulting in ‘Purple 
Mountain's majesty.’ 

4, Sun looks red at the sunrise and sunset. At 
sunset as the sun approaches the horizon, the 
sun changes its color from dazzling white to 
yellow, orange, bright red, and dull red and the 
order is reversed at sunrise. At the sunsets and 
sunrise, the solar radiation travels through many 
airmasses compared to approximately one ai 
mass when the sun is at the zenith. Because of 
the large mass of air the radiation has to pass 
through, first the blue part of the spectrum is 
removed and the transmitted green to red 
spectral colors give the appearance of yellow. 
As this spectrum passes through more airmass, 
green is scattered most, leaving spectral yellow, 
orange, and red. As the radiation further passes 
through air, yellow and orange are also scat- 
tered, leaving only red. 
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5. Twilight, After sunset (dusk), or before the 
sunrise (dawn), the sky is illuminated by light 
which in turn illuminates the landscape. At 
sunsets and sunrise the solar radiation passes 
through a large mass of air. Ata solar depression 
of about 0°, most of the blue is lost by scattering, 
resulting in a yellow arch and bright sky, and as 
the solar depression increases to about 10°, the 
arch will be reddish and the brightness of the sky 
reduced. 

6. Alpenglow. Snow-covered mountains glow 

orange yellow from the low sun and after the 

sunset the same mountains look purple because 
of the reflection of the twilight. 

Twinkling of stars. The stars twinkle. The local 

variations in the density of air are responsible for 

the twinkling of stars. As the density of air 
changes, so does the index of refraction and the 
starlight is continually refracted and dispersed. 

‘Twinkling is more prominent when the stars are 

on the horizon or on cold clear and windy nights. 

8. Mirages. Mirages are refracted images produced 
because of the existence of refractive index 
gradients in the atmosphere. This results in the 
sight of shimmering water on a highway, 
inverted view of a car, etc 

9. Aurora Borealis. Aurorae are diffused slowly 
moving lights seen at high latitudes. They are 
often greenish yellow with different shapes. The 
lights in the northern hemisphere are called 
‘Aurora Borealis’ and the lights in the southern 
hemisphere ‘Aurora Australis.” They are caused 
primarily by the high-energy clectrons deflected 
by the Earth’s magnetic field towards the Earth's 
magnetic poles interacting with the atmospheric 
molecules resulting in molecular excitation and 
ionization, When the molecules de-excite, the 
characteristic electromagnetic radiation is com- 
monly emitted. The commonly seen yellow-green 
light is due to the molecular emission of oxygen 
at $57 nm. 

10. Urban glows. The scattered light from cities 
can be observed from space. The metropolitan 
Los Angeles can be observed from about 250 km 
in space. Extensively used sodium lamps with 
strong spectral yellow and blue-green mercury 
and fluorescent lights have unique color spectra 
of their own, 


Colors due to Water and Water Droplets 


1. What is the color of pure water? The trans- 
mission coefficient of pure water as a function of 
wavelength for different thicknesses of water 
column is shown in Figure 6. Our perception of 
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Figure 6 Transmission coofficient of water as a function of 
‘wavelength for diferent thicknesses of water (1 mm, 1m, and 
10m). 


the color of water changes with the thickness of 
water. For 1mm thick water column, all the 
wavelengths are transmitted, resulting in the 
perception of white; 1m thick water column 
looks unsaturated bluish green. As the thickness 
of water increases, the bluish green color will get 
more and more saturated, The color of water 
perceived by us depends on: (i) light reflected 
from the water surface; (ii) the light refracted at 
the water surface and diffused and scattered by 
the water molecules; and (iii) the refracted light 
reaches the bottom and gets reflected, which is 
further diffused and scattered and refracted at 
the water surface again. What we set 
additive sum of all these components. 

2. Refraction through water-air interface. When 
light travels from an optically denser medium to 
an optically lighter medium, the light is deviated 
away from the normal. This s the reason why the 
apparent depth of a fish located in a pond is less 
than the true depth and a pencil struck in water 
seems to bend. If you are a diver when you look 
at the horizon from under water, the hemisphere 
seems to be compressed into a circle of diameter 
97.2° instead of 180° which is known as ‘Optical 
Manhole.” 

3. Glitter. When you look at the reflection of the 
sun or the moon in wavy water, you notice a 
bright clongated reflected light known as glitter. 
It has a brilliant reddish orange color when the 
sun is above the horizon. Since the water is wavy, 
light reflected by a certain part of the wave at a 
certain time has the correct angle of reflection 
to reach your eye, which is known as glint. 
An ensemble of a large number of glints 
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coming from different waves and different parts 
of the waves results in glitter. Since you are 
looking at the reflected light, it will be polarized. 

4. Sky pools and landpools. The light coming from 
a wavy water surface of a lake consists of oval 
shaped bright colored patterns that continually 
change in shape. This results from the reflection 
of skylight by the wavy water. If the waves are 
not turbulent the reflected light reaching your eye 
continually changes resulting in bright colored 
patterns. Landpools are caused by a nearby 
sloping landscape and the reflected light pattern 
from the landscape. 

5. Thin films. Oil floats on water and spreads into 
thin films because of its low surface tension. 
When viewed in reflected natural white light, 
the light reflected from the top surface of the 
oil and the light reflected from the interfacial 
surface of oil and water interfere to produce 
colorful patterns. Brilliant colored patterns are 
commonly seen on the roads after rain because 
of gasoline on water. Foam ordinarily consists 
of bubbles ranging typically 10 mm to 
several mm. Even though each bubble produces 
colorful light due to the interference effects, 
the light coming out of the foam adds up to 
white light. 

6. Wet surfaces look darker. A water spot on a 
concrete road looks darker. Since concrete is not 
porous a thin layer of water sticks to the surface. 
At the water surface part of the light incident is 
reflected, and a large part is transmitted. The 
transmitted light is diffusively scattered, part of 
which goes through total internal reflection and 
only a small part reaches the eye, making the 
surface look darker. 

When a fabric is wet it looks darker because 
ofa slightly different mechanism. The surface of 
the fabric gets coated with a thin layer of water 
(refractive index = 1.33) which is smaller than 
the refractive index of the fabric. When the cloth 
is wet more light is transmitted, and less gets 
reflected than before. The transmitted light 
penetrates the fabric and gets scattered, resulting 
in a darker appearance. 

7. Rainbows. Water with a refractive index of 1.33 
is a dispersive medium. White light consisting of 
different wavelengths travel at different speeds in 
the medium and emerge at different directions. If 
the dispersion is adequate, different spectral 
colors can be seen by the naked eye. The dew 
covered lawn on a sunny day displays the 
spectral colors. If you stand close to the dew 
drop without blocking the sun’s radiation 
falling on the drop, at some angle one should 
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. Coronae. Colored concentric patchy rings s 


see the spectral colors. The primary rainbow is 
produced by the water droplets in the atmos- 
phere after rain. The radius of the primary 
rainbow is about 42° with a width of about 2°. 
The color of the primary rainbow would be blue 
to red from the center of the rainbow. A rainbow 
is observed at the antisolar point. The brightness 
of the rainbow depends on the ambient sunlight, 
the size of the droplets, and whether the sun is 
low or high in the sky. The secondary rainbow, 
which is fainter, is often seen outside the primary 
rainbow at about 51°. The secondary rainbow 
will have red to blue from the center of the 
secondary rainbow. The secondary rainbow is 
approximately half as bright as the primary 
rainbow. The secondary rainbow is caused by 
two total internal reflections within the droplet 
whereas the primary rainbow is the result of one 
total internal reflection only. Because of the total 
internal reflection process, light is about 95% 
tangentially polarized in the primary rainbow. 


. Heiligenschein. Heiligenschein or the ‘holy light’ 


can be seen around the shadow of your head on a 
lawn on a sunny morning when dew drops are 
present. Usually, the dew drops are held by the 
tiny hairs of the grass at some distance from the 
blade of the grass. As light falls on the droplet, 
the spherical drop converges light at its focus and 
if the grass blade is located at that point, the light 
gets retroreflected approximately towards the 
sun resulting in holy light around your shadow. 


around the moon and the sun are called coronae. 
They are primarily produced by the water 
droplets in the thin clouds. Even though the 
water droplets are randomly located, the dif- 
fracted light from the droplets has a defined 
angle and the superposition of the diffraction 
patterns from different water droplets results in 
colored ring structures. Coronae can be 
easily seen around the full moon viewed through 
thin clouds. 

The Glory. On a foggy day with the sun at your 
back, one may see bright colored rings in the 
form of arches of about 5° to 10° at the solar 
point. The light in the glory is polarized and the 
ring structure is produced by reflection of the 
solar radiation by the fog. 

Clouds. Clouds contain suspended water dro- 
plets or ice crystals. The size of the droplets 
ranges from less than a micrometer to about 100 
micrometers (10°°m). When the air is super 
saturated with water vapor, the water condenses 
into water droplets, resulting in a definite shape 
to the cloud. When the sun’s radiation falls on 
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the cloud, the light is scattered by the water 
droplets. Even though one would expect that the 
scattered light may have some color distribution, 
since we look at the scattered light from a very 
large number of droplets, the summation of all 
the colors results in white. Some clouds look 
dark or gray because, either they are in the 
shadow of other clouds or they are so thick that 
most of the light is absorbed. During sunset and 
sunrise, the clouds look bright orange because of 
the colored light illuminating them, Even though 
all the clouds are basically white, they may 
appear colored because of the selective absorp- 
tion of certain colors in the atmosphere or due to 
the colored background radiation. Often, you sé 
a silver lining at the edges of a cloud, because at 
the edges the density of water is low and when 
the sun illuminates it from the back, the 
radiation is scattered in the forward direction 
quite efficiently, resulting in a bright and shiny 
‘silver lining’ to the cloud. 

Lightning. Lightning is caused by an intense 
ectrical discharge due to the high potential 
differences developed. On a cloudy and rainy 
day, as the water droplets grow in size, the falling 
drops get distorted to ellipsoidal shape and get 
polarized. The top smaller portion becoming 
negative and the lower larger part becoming 
positive. As the deformation increases, the drop 
ultimately breaks and the smaller drops being 
negatively charged and the larger ones positively 
charged. The wind currents easily lift the buo 
ant small drops to higher altitudes and 
heavier positively charged droplets fall towards 
the Earth, The final result is that the upper region 
of the cloud is negatively charged whereas the 
lower region of the cloud is positively charged. 
The portion of the Earth under the cloud 
becomes negatively charged due to induction. 
‘The localized ions in the positively charged cloud 
produce a strong electric field which is further 
augmented by the induced negative charges on 
the Earth below. The strong electric field 
ionizes the air molecules setting up a current 
discharge to the earth. This discharge is called 
stepped leader. Following the stepped leader, the 
charges in the upper region of the cloud also 
discharge resulting in what is called return 
stroke. The sequence of leader and return strokes 
occur typically about ten times in a second. 
Since the clouds are charged and they are closer 
to each other, lightening is more frequent 
between the oppositely charged clouds than 
cloud and Earth. Itis estimated that the lightning 
between the clouds is about five times more 


frequent compared to the lightening events 
between a cloud and the Earth. In this process, 
the nitrogen and oxygen molecules in air are 
excited and ionized. The flash is produced by the 
de-excitation of these molecular species. Since 
the temperatures involved are quite high 
(30 000 K), the flash has a strong unsaturated 
bluish hue. Some hydrogen lines are also 
observed in the flash. Hydrogen is produced as 
a result of the dissociation of water molecules 
during the discharge process. 

13. Ice and Halos. Snow reflects most of the light 
falling with a reflectivity of about 95%. Snow- 
flakes are crystalline and have hexagonal struc- 
ture, In nature they occur in assorted sizes and 
shapes. As white light falls on them, light may be 
simply reflected from their surfaces making them 
shining white, which are often called glints. The 
light may also pass through the crystalline 
material get dispersed and emerge with different 
colors, which are known as sparkles. 

The halos appear as thin rings around the sun 
or the moon. They are produced because of the 
minimum deviation of light in snow crystals. The 
22° halo is most common and is often seen a 
number of times in a year. The halos are circular 
and have a faint reddish outer edge and a bluish 
white diffused spot at the center. They often look 
white because of the superposition of different 
colors resulting in a more or less white color. 


Color in Art and Holography 
Sources of Color 


There are two major color sources, dyes and paint 
pigments. Dyes are usually dissolved in a solvent. The 
dye molecules have selective absorption resulting in 
selective transmission. Paint pigments are powdered 
and suspended in oil or acrylic. The paint particles 
reflect part of the radiation falling on them, selec- 
tively absorb part of the radiation and transmit the 
balance. Lakes are made of translucent materials such 
as tiny grains of alumina soaked in a dye of 
appropriate color. 

In the case of water colors and printer’s inks, part 
of the light incident is reflected from the surface and 
the remaining transmitted which is selectively 
absorbed by the dye. The transmitted light reflected 
by the paper, passes through the dye again and 
emerges. Each transmission produces color by sub- 
tractive color scheme and the emerging light is mixed 
partitively by the observer. 

In the case of paints, the color depends on the size 
and concentration of the pigment particles and the 
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medium in which they are suspended. Part of the light 
incident on the artwork gets reflected at the surface 
and the remaining selectively absorbed and trans- 
mitted which in turn is further reflected and 
transmitted by other pigment particles each time 
following a subtractive color scheme. The light 
reaching the canvas gets reflected and passes through 
the medium and emerges. Again, all the emerging 
beams are partitively mixed by the observer. 

Holograms may be broadly categorized as trans- 
mission and reflection holograms. Both transmission 
and reflection (volume) holograms are prepared by 
producing the interference pattern of the reference 
and object laser beams. Transmission holograms can 
be viewed in the presence of the reference laser beam 
that was employed for its preparation. Spectacular 
three-dimensional colored images are reconstructed 
by the reflection holograms depending on the angle of 
incidence of the white light and the direction of 
observation, Embossed holograms are popular for 
advertising, security applications (credit cards), dis- 
play, and banknotes. Some studios prepare three- 
dimensional holographic portraits that can be viewed 
in natural light. In the future, three-dimensional 
videos and even holographic three-dimensional 
movies may be a reality. 


Structural Colors in Nature 


Nanoscale Photonic Lattices 


Newton observed that iridescence (change in color 
with the direction of observation) is caused by optical 
interference. The colors are produced by the inter- 
ference or the light diffracting characteristics of the 
microstructures and not by the selective reflection or 
absorption of light, as in the case of pigments. 
Photonic band structures consist of periodic arrange- 
ment of dielectric materials even though they are 
transparent, have a bandgap resulting in inhibition of 
certain wavelengths. Light with frequencies in the 
gaps between the bands get reflected resulting in the 
specific color. 

‘The structural colors of light can be seen in the 
animal world and minerals. For example, opal, a 
sedimentary gem does not have crystalline structure, 
but consists of tiny spheres of silica packed together. 
The diffraction of light through these structures 
results in spectacular colors determined by the size 
of the spheres and their periodicity. The spines of the 
sea mouse Aphrodite are covered with natural 
photonic structures that produce iridescence resulting 
in brilliant colors depending on the direction of the 
incident light and the direction of observation. 


In the case of the butterfly, Morpho rhetenor, the 
metallic blue color is produced by the periodic 
structure of its wings. Its wings have layers of scales, 
each of about 200 mm long and 80 mm wide and 
about 1300 thin parallel structures per mm which 
form a diffraction grating. 

The bird feathers viewed through an optical 
microscope show the structural components which 
are responsible for their coloration. The structural 
details of the peacock’s eye pattern employing the 
scanning electron microscopy show photonic struc- 
tures on peacock barbules. Barbules are the strap like 
branches on the peacock feathers, The four principal 
colors on the peacock feathers blue, green, yellow, 
and brown were identified wth the specific structures. 
The interference hetween the light reflected from the 
front surface to that reflected from the back was 
shown to be responsible for the brown color in the 
peacock’s eye, The photonic structure of the green 
barbule has a periodic structure of melanin cylinders 
with a spacing of about 1501nm whereas the blue 
barbule has a periodic structure of 140nm, and 
yellow barbules have a periodicity of 165 nm. 
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electromagnetism > linear > solenoid 


solenoid 


The term solenoid was historically used to describe any coil without a magnetic core. 
More recently and more commonly itdescribesa coilinside of whicha cylindrical plunger 
moves in response to the magnetic field generated by the coil. In this encyclopedia, the 
term electromagnet has its own entry, and describes a coil with a center component 
offerromagnetic material that does not move relative to the coil Itis used solely toattract 
or repel other parts that have inherent magnetic properties. By comparison, the induc- 
tor entry describes a coil that is used for the specific purpose of creating reactance, or 
self-inductance, in an electronic circuit, often in association with alternating current and 
in combination with resistors and/or capacitors. The inductor entry contains a basic 


discussion and explanation of magnetic force created by electricity. 


OTHER RELATED COMPONENTS 


+ Inductor (See Chapter 14) 
jolenoid (See Chapter 21) 


What It Does 


Atypical solenoid consists of a hollow coil inside 
a frame, which may be a sealed cylinder or box- 
shaped with open sides. In the case of a cylinder, 
its opposite ends may be referred toas pole faces. 


At least one of the pole faces has a hole through 
which a plunger (also known as an armature) is 
pulled or pushed by the solenoid. Thus, the sol- 
enoidisa device for applying linear mechanical 
force in response to current passing through it. 
In most solenoids, current must be maintained 
in order to maintain the mechanical force. 


A small open-frame solenoid is pictured in 
Figure 21-1, The upper section of the figure 
shows the three basic parts: frame, compression 
spring, and plunger. The lower part of the figure 
shows the parts assembled. 


Alarger, closed, cynlindrical solenoid is shown in 
Figure 21-2, with the plunger and spring re- 
moved. 


A3D rendering showing a simplified, imaginary, 
cylindrical solenoid cut in half appears in 
Figure 21-3. The diagram includes a gray cyl 
drical shell, often described as the frame; the coil, 
shown in orange; the plunger, which is pulled in- 
tothe coil by its magneticfield;andthe triangular 
stop, which limits the plunger's upward travel. 
The frame of the solenoid exists not merely to 
protectthe coil, but to provideamagnetic circuit, 
which is completed through the plunger. 


The lower end of the plunger is often fitted with 
a nonmagnetic yoke or perforated plate for con- 
nection with other components. Stainless steel 
can be used for this purpose. The stop may be 
fitted with a thrust rod (also fabricated from 
stainless steel) if the solenoid is intended to 
“push” as well as “pull! Springsto adjust the force 
of the plunger, or to return it to its initial position 
when the current through the coils interrupted, 
are not shown in the rendering. 
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Introduction 


The growth in the fiber optic communications and 
optoelectronics industries has led to the development 
and commercialization of many types of optical 
components. Fiber sensor devices and systems are a 
major user of such technologies. This has resulted in 
the development of commercial fiber sensors that can 
compete with conventional sensors. Fiber sensors 
are capable of measuring a wide variety of stimuli 
including: mechanical (displacement, velocity, accel- 
eration, strain, pressure); temperature; electro- 
magnetic (electric field, magnetic field, current); 
radiation (X-ray, nuclear); chemical composition; 
flow and turbulence in liquids; and biomedical. 
The main advantages of fiber sensors are that they 
are low cost, compact and lightweight, robust, 
passive, immune to electromagnetic interference, 
and highly sensitive 

Fiber sensors can be grouped into two basic classes: 
intrinsic and extrinsic, In an intrinsic fiber sensor the 
sensing is carried out by the optical fiber itself. In an 
extrinsic sensor the fiber is simply used to carry light 
to and from an external optical device where the 


sensing takes place. Point fiber sensors are localized to 
discrete regions; quasi-distributed sensors utilize 
point sensors at various locations along a fiber and 
distributed sensors are capable of sensing over the 
entire length of fiber. 

A basic fiber sensor system, as shown in Figure 1, 
consists of a light source, fiber sensor, optical detector, 
and signal processing electronics. A measurand 
causes some change (intensity, phase, polarization, 
spectrum, etc.) in the light propagating through the 
sensor. This change is detected and processed to give 
an output signal proportional to the measurand. 
A large part of fiber sensor research concerns the 
development of fiber sensors sensitive to particular 
measurands and appropriate signal processing 
techniques. We describe some of the most important 
fiber sensors and also consider quasi-distributed 
and distributed sensing, including the use of multi- 
plexing techniques. 
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Figure 1 Basic fiber sensor systom. 
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Intensity-Based Fiber Sensors 


The intensity modulation (IM) of light is a simple 
method for optical sensing. There are several 
mechanisms that can produce a measurand-induced 
change in the optical intensity propagated by an 
optical fiber. Perhaps the simplest type of IM fiber 
sensor is the microbend sensor shown in Figure 2. 
The sensor consists of two grooved plates between 
which passes an optical fiber. The upper plate can 
move in response to pressure. When the fiber is bent 
sufficiently, light escapes into the fiber cladding and 
is lost. The greater the pressure on the plates the 
more loss o¢curs. 

Coupling-based fiber sensors are useful for 
measurement of displacement or dynamic pressure. 
Transmission and reflective configurations are poss- 
ible as shown in Figure 3. The transmission coupling- 
based sensor consists of two fibers with a small gap 
between them. The amount of light coupled to the 
second fiber depends on the fiber acceptance angles 
and the distance between the fibers. One of the fibers 
can move in response to vibration or pressure thereby 
changing the distance between the fibers and hence 
the coupling loss. The reflection-based sensor oper- 
ates in a similar fashion, where light is reflected from 
a flexible diaphragm back into a collecting fiber. The 
reflected light intensity changes as the diaphragm is 
flexed. Once the coupling relationship between the 
input fiber, diaphragm and collecting fiber is known, 
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Figure 2 Microbend fiber sensor. The transducer moves in 
response to pressure and in doing so changes the bending radius 
ofthe fiber and thereby the fiber oss, 
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Figure 3 (a) Transmission and (b) reflective coupling-based 
fiber sensors. 
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Figure 4 Evanescent wave fiber chemical sensor. 


intensity changes can be related to the applied 
displacement or pressure. 

Evanescent wave fiber sensors exploit the fact that 
some of the energy in the guided mode of an optical 
fiber penetrates a short distance from the core into the 
cladding. The penetration of light energy into the 
cladding is called the evanescent wave. It is possible to 
design a sensor where energy is absorbed from the 
evanescent wave in the presence of certain chemicals 
as shown in Figure 4. This is achieved by stripping the 
cladding from a section of the fiber and using a light 
source having a wavelength that can be absorbed by 
the chemical that is to be detected. The resulting 
change in light intensity is a measure of the chemical 
concentration, Measurements can also be performed 
ina similar fashion by replacing the cladding with a 
material such as an organic dye whose optical 
properties can be changed by the chemical under 
investigation. Evanescent wave fiber sensors have 
found many applications in the biomedical field, such 
as blood component meters for detection of choles- 
terol and uric acid concentrations in blood. 

A linear position sensor based on time division 
multiplexing is shown in Figure 5. It uses a square- 
wave modulated light source, optical delay loops and 
an encoded card. The delay loops separate the return 
signal from the encoded card by a time that is greater 
than the pulse duration. The encoded return signal 
can be decoded to determine the card position and 
velocity. 


Interferometric Sensors 


Interferometric fiber sensors operate on the principle 
of interference between two or more light beams to 
convert phase differences to intensity changes. Com- 
mon configurations used include Michelson, Mach— 
Zebnder, and Sagnac interferometers, polarimetric 
systems, grating and etalon-based interferometers 
and ring resonators, Interferometric fiber sensors 
have extremely high sensitivity and are able to resolve 
path differences of the order of 10° of the light 
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Figure 5 Linear position sensor using time division multiplexing. 
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Figure 6 Michelson interferometric strain sensor. Part of the signal arm is embedded in a material, such as concrete (in civil 
engineering structures) of carbon composite (used in the aerospace industry). 


source wavelength, To realize high sensitivity, spec- 
trally pure light sources such as semiconductor lasers 
must be used. In addition, single mode fibers and 
components are used to maintain the spatial coher- 
ence of the light beams, Factors that affect the 
performance of interferometric sensors include the 
optical source phase noise and the polarization states 
of the interfering light beams. 

In two-beam interferometric sensors, such as the 
Michelson interferometric strain sensor shown in 
Figure 6, one of the light beams travels through a fiber 
where its phase can be modulated by the measurand. 


The two reflected beams recombine on a detector, the 
output of which is of the form 1 + V cos gas shown in 
Figure 7. q is the relative phase shift between the 
return beams and V the interferometer visibility. 
Compensating techniques must be used to ensure 
that the interferometer sensitivity is maximized. 
Active techniques involve the insertion of an active 
device, such as a fiber stretcher, in one of the 
interferometer arms to control the mean phase 
difference between the beams. Passive schemes have 
the advantage in that no active components are 
required, but usually involve complex signal proces- 
sing schemes such as active homodyne or synthetic 
heterodyne demodulation. The sensitivity of the fiber 
to the measurand can be further improved through the 
use of specialized coatings. 


Detected light 
intensity 
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Figure 7 Two-beam interferometer transfer function. The 
sensitivity is maximized when the mean phase differance between, 
the detected light beams is an odd integer multiple of 2/2. When 
this is the case the interferometer is said to be operating in 
quadrature. 


Compact interferometric sensors can be con- 
structed using intrinsic or extrinsic Fabry-Perot 
type configurations, the most common of which are 
shown in Figure 8. If the Fabry-Perot cavity 
reflectivities are <1, then it can be considered to be 
a two-beam interferometer, 

Polarimetric fiber sensors relate changes induced 
in the polarization state of light to the measurand. 
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These sensors usually use high birefringence (Hi-Bi) 
fiber. The phase difference between the two orthog- 
onally polarized modes of Hi-Bi fiber is given by 


b= apl ul 


where AB is the fiber (linear) birefringence and / the 
fiber length. Both AB and / can be changed by the 
measurand, A polarimetric strain sensor using Hi-Bi 
fiber embedded in carbon fiber composite, is shown in 
Figure 9. Light from a linearly polarized He-Ne laser 
is launched into the Hi-Bi fiber, through a half- 
waveplate and lens. The waveplate is used to rotate 
the light plane of polarization so that itis at 45° to the 
principal axes of the fiber. This ensures that half of the 
input light power is coupled to each of the fast and 
slow modes of the Hi-Bi fiber. The output light 
from the Hi-Bi fiber is passed through a polarization 
beamsplitter. The beamsplitter separates the light into 
two orthogonally polarized beams, which are then 
detected. The output from each of the detectors is 
given by V, = Ig sin’ and V3 = Ip cos*d, respect- 
ively, where Jp is the input light intensity. The state of 
polarization (SOP) of the output light from the Hi-Bi 
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fiber is given by 


cos’ + sin” 2] 


Iisa simple matter to calculate the SOP, from which 
@ can be determined. The form of eqn [2] is very 
similar to the two-beam interferometer transfer 
function, shown in Figure 7. 

A polarimetric clectric current sensor based on the 
Faraday effect is shown in Figure 10. The Faraday 
effect provides a rotation of the light’s polarization 
state when a magnetic field is parallel to the optical 
path in glass. If an optical fiber is closed around a 
current-carrying conductor, the Faraday rotation is 
directly proportional to the current. By detecting the 
polarization rotation of light in the fiber, the current 
can be measured. 

Linearly polarized light is equivalent to a combi- 
nation of equal intensity right and left circularly 
polarized components. The linear state of polariz- 
ation of the polarized laser light rotates in the 
presence of a magnetic field because the field produces 
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Figure 9. Polarimetric strain sensor system, 
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Figure 10 Polarimetric electric current sensor system, 


circular birefringence in the fiber. This means that 
right and left circularly polarized light will travel at 
different speeds and accumulate a relative phase 
difference given by 


b= VBI BI 


where Vis the Verdet constant (rad Tesla! m~') of 
the glass, B the magnetic field flux density (Tesla), and 
I the length of the fiber exposed to the magnetic field. 
In the polarimetric current sensor, the polarization 
rotation is converted to an intensity change by the 
output polarizer. The output to the detector is 
proportional to 1 +sin(2é), from which @ and the 
current can be determined. 

The linear birefringence of conventional silica 
fiber is much greater than its circular birefringence. 
To make a practical current sensor, the linear 
birefringence must be removed from the fiber and 
this can be achieved by annealing the fiber. Annealing 
involves raising the temperature of the fiber, during 
manufacture, to a temperature above the strain point 
for a short period of time and slowly cooling back to 
room temperature. This reduces stresses in the glass, 
which are the principal cause of linear birefringence, 
and also cause physical and chemical changes to the 
glass. Waveguide-induced birefringence cannot be 
removed by annealing, but can be significantly 
reduced by twisting the fiber. 

‘White light — or more accurately low-coherence 
interferometry utilizes broadband sources such as 
LEDs and multimode lasers in interferometric 
measurements. Optical path differences (OPDs) are 
observed through changes in the interferometric 
fringe pattern. A processing interferometer is required 
in addition to the sensing interferometer to extract the 
fringe information. 

The processing of white light interferometry signals 
relies on two principal techniques. The first technique 
involves scanning the OPD of the processing inter- 
ferometer to determine regions of optical path 
balance, The second technique involves determi- 
nation of the optical spectrum using an optical 


{ Conductor 


spectrum analyzer. The resulting fringe pattern fringe 
spacing is then related to the OPD of the sensing 
interferometer. 

An example of the optical path scanning technique 
is shown in Figure 11a, The sensing interferometer is 
designed such that its OPD is much greater than the 
coherence length of the light source, so at its output 
no interference fringes are observed. The output of 
the sensing interferometer is fed to the processing 
interferometer. The OPD of the processing interfe- 
rometer is scanned using a piezoelectric fiber stretcher 
driven by a suitable scanning voltage. As the 
processing interferometer is scanned, interference 
fringes are observed at two distinct points as shown 
in Figure 1b. The first set of fringes occurs when the 
OPD of the processing interferometer is within the 
coherence length of the optical source (close to zero). 
‘The second set of fringes occurs when the OPDs in the 
two interferometers are equal. The OPD in the 
sensing interferometer can be determined by measur- 
ing the OPD in the processing interferometer between 
the two positions of maximum visibility in the output 
signal from the detector. This, in turn, can be related 
to OPD changes due to the action of the measurand, 
in this case strain, 

Sagnac interferometric sensors can be used to 
create highly sensitive gyroscopes that can be used 
to sense angular velocity (e.g., in aircraft navigation 
systems). It is based on the principle that the 
application of force (e.g., centrifugal force) will alter 
the wavelength of light as it travels around a coil of 
optical fiber. A basic open-loop fiber gyroscope is 
shown in Figure 12. The broadband source (e.g., 
superluminescent diode) is split into two counter 
propagating light beams traveling in the clockwise 
and anticlockwise directions. The polarizer is used to 
ensure the reciprocity of the counter propagating 
waves. The inherent nonlinear response of the 
gyroscope can be overcome by using a phase 
modulator and signal processing techniques. In 
the ideal case the detector output is proportional to 
1 +.0s 6. The Sagnac phase shift 4, between the 
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two returning beams is given by a acy and dynamic ranges in ss of 40 dB 
ave been achieved with open-loop fiber gyroscopes. 

8aANQ [4] More advanced gyroscopes can greatly improve on 
an this performance. 


4, 


Ais the area enclosed by a single loop of the fiber, N 
the number of turns, © the component of the angular py : 
velocity perpendicular to the plane of the loop, Ay the Fiber Grating Sensors 

free-space wavelength of the optical source, and ¢the Many types of fiber gratings can be used in sensing 
speed of light in a vacuum, Sensitivities greater than applications including Bragg, long-period, and 
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Figure 11. Low-coherence interferometric sensor. (a) Schematic diagram. (b) Output of the scanned processing interferometer. 
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Figure 12 Basic oper-ioop fiber gyroscope. 
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chirped gratings. Because fiber gratings are small and 
have a narrow wavelength response, they can be used 
for both point and quasi-distributed sensing. They 
can be embedded in composite materials for smart 
structure monitoring and also in civil engineering 
structures such as bridges. 

Fiber Bragg gratings (FBGs) are the most popular 
type of grating sensor. A typical FBG consists of a 
short section (typically a few mm) of single-mode 
fiber with a periodic modulation (typically 100s of 
nm) of the core refractive index. The index modu- 
lation canses light in the forward propagating core 
mode to be coupled into the backward core modi 
This causes the FBG to act as a highly wavelength- 
selective rejection filter. The wavelength of peak 
reflectivity is the Bragg wavelength Ay = 2neuA, 
where ng is the effective refractive index of the 
guided mode in the fiber and A the index modulation 
period. Both ng and A can be changed by an external 
measurand, resulting in a shift in Ap, 

‘The basic principle of FBG sensors is the measure- 
ment of an induced shift in the wavelength of an 
optical source due to a measurand, such as strain or 
temperature. A basic reflective FBG sensor system is 
shown in Figure 13. A broadband light source is used 
to interrogate the grating, from which a narrowband 
slice is reflected. The peak wavelength of the reflected 
spectrum can be compared to Ay, from which strain 
or temperature can be inferred. The shift in the Bragg 
wavelength AAs with applied microstrain A(we) and 
change in temperature AT, for silica fiber is given 
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Figure 13. Basic reflective FBG sensor system, 
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A wavelength resolution of ~1 pm is required (at 
1.3 um) to resolve a temperature change of 0.1°C or 
a strain change of 1 jue. The response of the grating to 
strain can be improved through the use of specialized 
coatings. Polyimide coatings are commonly used as 
an efficient strain transducer for gratings embedded in 
composite materials. Because thermal effects in 
materials are usually very slow, it is relatively easy 
to measure dynamic strain (>1 Hz). However, 
in structural monitoring it can be necessary to 
distinguish between wavelength shifts due to static 
strain and those due to temperature. One technique is 
to use two collocated gratings whose response to 
strain and temperature is significantly different. In 
addition to strain and temperature measurement, 
grating sensors have also been used to measure flow, 
vibration, electromagnetic fields and chemical effects. 

‘An example of quasi-distributed strain sensing, 
using a wavelength division multiplexed array of 
FBGs, is shown in Figure 14. Each FBG in the array 
has a unique Bragg wavelength. The return light from 
the FBG array is passed through a tunable narrow- 
hand Fabry-Perot filter. As the filter is tuned, the 
wavelengths returned by the individual FBGs can be 
analyzed and the strain present at each grating 
determined. 


FBGs can be used as narrowband reflectors for 
creating fiber laser sensors, capable of measuring 
temperature, static strain, and very high-resolution 
dynamic strain, The basic form of an FBG laser sensor 
system shown in Figure 15 consists of a doped fiber 
section between two identical FBGs. The doped fiber 
is optically pumped to provide gain and thereby 
enable lasing to occur. Single-mode or multi-mode 
lasing is possible depending on the cavity length. 
In single-mode operation the FBG laser linewidth 
can be much smaller than the linewidth of diode 


lasers. This means that FBG laser sensors have 
greater sensitivities compared to passive FBG sensors. 
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Figure 14 Quasi-cistrbuted strain sensing using a wavelength division multiplexed array of FBGs. 
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When the cavity is subject to weak dynamic strain, 
the laser output is frequency modulated. This 
frequency modulation can be detected by using 
interferometric techniques. The main advantage of 
the FBG laser sensor over direct interferometry is that 
it is possible to obtain comparable strain sensitivities 
using a much shorter length of fiber. 

Long-period fiber gratings (LPFGs) are attracting 
much interest for use in sensing applications. They 
are more sensitive to measurands than FBGs and 
easier to manufacture. A typical LPFG has a length 
of tens of mm with a grating period of 100s of um. 
Its operation is different to an FBG in that coupling 
occurs between the forward propagating core mode 
and co-propagating cladding modes. The high 
attenuation of the cladding modes results in a series 
of minima occurring in the transmission spectrum of 
the fiber. This means that the spectral response is 
strongly influenced by the optical properties of the 
cladding and surrounding medium, This can be 
exploited for chemical sensing as shown in Figure 16, 
where a broadband source is used to interrogate an 
LPFG. The wavelength shifts of the output spectrum 


minima can be used to determine the concentration 
of particular chemicals in the substance surrounding 
the grating. The longest wavelength attenuation 
bands are the most sensitive to the refractive index 
of the substance surrounding the grating. This is 
because higher order cladding modes extend a 
greater distance into the external medium, LPFGs 
can also be used as strain, temperature, refractive 
index, bend, and load sensors. 


Fiber Laser Doppler Velocimeter 


Laser Doppler velocimetry (LDV) is a technique used 
for measuring velocity, especially of fluid flows. A fiber 
LDV system and associated scattering geometry is 
shown in Figure 17. In LDV two coherent laser beams 
intersect in a small measurement volume where they 
can interfere. The light reflected by a seed particle 
passing through the measurement volume is modu- 
lated at a frequency proportional to the spatial 
frequency (Doppler difference frequency Af) of the 
interference fringes and the component of its velocity 
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Figure 16 Dotall of LPFG sensor. 
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normal to the interference fringes. Af is given by 


2nV cos 
af ae 


sin(6/2) 6) 


where 1 is the fluid refractive index, V the particle 
velocity and Ap the laser free-space wavelength. The 
output of the detector is processed to extract Af and 
therefore V cos B. Af is independent of the scattered 
light direction so collection of the scattered light using 
a lens increases the system sensitivity. The form of 
eqn [6] indicates that the direction of flow cannot 
he ascertained. The simplest technique to resolve this 
ambiguity is to apply a frequency shift Af, to one of 
the input beams. This can be achieved by the use 
of a piezoelectric frequency shifter. The frequency 
shift causes a phase shift to appear hetween the 
two beams, The phase shift increases linearly with 
time. This results in a fringe pattern of spacings, which 
moves with constant velocity Vj = sAf,. In this case 
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Figure 17 Fiber Dopplor velocimeter and scattering geometry. 


a 


the measured Af will be less than or greater than Af, 
depending on whether the particle is moving with or 
against the fringe motion. There will then be an 
unambiguous detectable range of velocities from 
zero to Vj 


Luminescence-Based Fiber Sensors 


Luminescence-based fiber sensors are usually based 
on fluorescence or amplified spontaneous emission 
occurring in rare earth materials, They can be used in 
many applications such as chemical, humidity, and 
temperature sensing. It is possible to connect a fiber to 
luminescent material or to introduce luminescent 
dopants into the fiber. An example of the latter, used 
to detect chemical concentration is shown in 
Figure 18. A laser pulse causes the doped section of 
the fiber to luminesce at a longer wavelength than the 
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Figure 18 Chemical sensor based on fluorescence in doped optical fiber. 
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Figure 19 Anti 


stokes Raman thermometry system. 


laser. The luminescence intensity I(t) at the detector 
has an exponential decay profile given by 


1G ot) (71 


where [p is the initial luminescence intensity, t time, 
ky, ky constants, and C the chemical concentration. 
The luminescence time constant 1/(k, + k,C) can be 
determined by comparing the luminescence intensity 
at various times after excitation by the laser pulse, 
from which C can be determined. The use of time 
division multiplexing allows quasi-distributed 
measurement of chemical concentration, The use of 
plastic optical fiber for luminescence-based sensors is 
attracting much interest. 


Ty exp(=(ky + ko 


Distributed Fiber Sensing 


We have seen that both point and quasi-distributed 
sensing are possible using fiber sensors. Distributed 
sensing can be achieved through the use of linear or 
nonlinear backscattering or forward scattering 
techniques. In linear backscattering systems, light 
backscattered from a pulse propagating in an optical 
fiber is time resolved and analyzed to obtain the 
spatial distribution of the measurand field, e.g. 
polarization optical time domain reflectometry ana- 
lyzes the polarization state of backscattered light to 
determine the spatial distribution of electromagnetic 
fields. Nonlinear backscattering schemes use effects 
such as Raman or Brillouin scattering. An important 
example of the former is the anti-Stokes Raman 
thermometry system shown in Figure 19. A light pulse 
is transmitted down the sensing fiber. Spontaneous 
Raman scattering causes Stokes and anti-Stokes 
photons to be generated along the fiber. Some of 
these photons travel back along the fiber to a 
fast detector. The intensity of the Stokes line is 
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temperature independent. The anti-Stokes line inten- 
sity isa function of temperature. The ratio of the two 
intensities provides a very accurate measurement 
of temperature, The measurement location is deter- 
mined by timing of the laser pulse. 


Environmental Measurements: Laser Detection of 
Atmospheric Gases. Fiber Gratings. Interferometry: 
Overview; Phase Measurement Interferometry; White 
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Figure 214. A small 12VDC solenoid. 


Figure 21-2. 4 larger solenoid rated for 24VDC. 


Because there isno standardized schematic sym- 
bol for a solenoid, and because this type of com- 
ponent is so widely used in conjunction with 
valves, any diagram involving solenoids is more 
likely to emphasize fluid or gas flow with symbols 
that have been developed for that purpose. In 
such circuits, a solenoid may be represented sim- 
ply bya rectangle. However, the symbols shown 
in Figure 21-4 may occasionally be found. 


How It Works 


Current flowing through the coil creates a mag- 
netic force. This is explained in the inductor en- 
try of this encyclopedia, using diagrams 
Figure 14-3, Figure 14-4, Figure 14-5, and 
Figure 14-6. 


If the plunger is fabricated from a material such 
as soft iron, the coil will induce an equal and op- 
posite magnetic polarity in the plunger. Conse- 
quently the plunger will attempt to occupy a po- 
sition inside the coil where the ends of the plung- 
er are equal distances from the ends of the coil 

Ifa collaris added to the free end of the plunger, 
this can increase the pulling force on the plunger 
when it is near the end of its throw because of 
the additional magnetic pull distributed be- 
‘tween the collar and the frame of the solenoid, 
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Heterodyning, also known as frequency mixing, is a 
frequency translation process. Heterodyning has its 
root in radio engineering. The principle of hetero- 
dyning was discovered in the late 1910s by radio 
engineers experimenting with radio vacuum tubes. 
Russian cellist and electronic engineer Leon There- 
min invented the so-called Thereminvox, which was 
one of the earliest electronic musical instruments that 
generates an audio signal by combining two different 
radio signals. American electrical engineer Edwin 
Armstrong invented the so-called super-heterodyne 
receiver. The receiver shifts the spectrum of the 
modulated signal, that is, the frequency contents of 
the modulated signal, so as to demodulate the audio 
information from it. Commercial amplitude modu- 
lation (AM) broadcast receivers nowadays are super- 
heterodyne type. After illustrating the basic principle 
of heterodyning by some simple mathematics, we will 
discuss some examples on how the principle of 
heterodyning is used in radio and in optics. 

For a simple case, when signals of two different 
frequencies are heterodyned or mixed, the resulting 
signal produces two new frequencies, the sum 
and difference of the two original frequencie 
Figure 1 illustrates how signals of two frequencies 
are mixed or heterodyned to produce two new 
frequencies, « +.) and @ — w», by simply mul 
plying the two signals cos(wyt+ 6) and cos(ws! 
where w; and w, are radian frequencies of the two 


signals and 4, is the phase angle between the two 
signals. Note that when the frequencies of the two 
signals to be heterodyned are the same, i.e., = 0), 
the phase information of cos(w;f+0,) can be 
extracted to get coséy if we use an electronic lowpass 
filter (LPF) to filter out the term cos(2w,t + 64). This 
is shown in Figure 2. Heterodyning is often referred 
to.as homodyning for the mixing of two signals of the 
same frequency. 

For a general case of heterodyning, we can have a 
signal represented by s(t) with its spectrum S(w), 
which is given by the Fourier transform of s(t), and 
when it is multiplied by cos(wyt), the resulting 
spectrum is frequency-shifted to new locations in 
the frequency domain as: 


1 1 
Fls(t) cos(ent)} = 7Sw—wr)+ 5Sw+ wr) [1 


where F(s(4)} = Stw) and F(-} denotes the Fourier 
transform of the quantity being bracketed. The 
spectrum of s(¢)cos(wst), along with the spectrum of 
s(t), is illustrated in Figure 3. It is clear that 
multiplying s(t) with cos(wst) is a process of hetero- 
dyning, as we have translated the spectrum of the 
signal s(¢). This process is known as modulation in 
communication systems. 

In order to appreciate the process of heterodyning 
let us now consider, for example, heterodyning in 
radio. In particular, we consider AM. While the 
frequency content of an audio signal (from 0 to 
around 3.5 kHz) is suitable to be transmitted over a 
pair of wires or coaxial cables, it is, however, difficult 
to he transmitted in air. By impressing the audio 
information onto a higher frequency, say 550 kHz, as 
one of the broadcast bands in AM radio, i.e., by 


c0s(os1+ 8,) —K@—e Loostlen—en)t+ + Leosiler + o,}t+ 6] 


cos(agt) 


Figure 1 Heterodyning of two sinusoidal signals. 
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cos(enyt) $008 0+ Lo0s(20,t+ 64) 
Figure 2 Heterodyring becomes homodyring when the two 
frequencies to be mixed are the same: homadyning allows the 
extacton of the phase information of the signal 
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Figure 3 Spectrum of s(f) and s(fjcos(ast). It Is clear that 
spectrum of s(f) has been translated to new locations upon 
‘multiplying a sinusoidal signal 
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Figure 4 Radi link: heterodyning in the demodulation stage is 
often known as heterodyne detection. 


modulating the audio signal, the resulting modulated 
signal can now be transmitted using antennas of 
reasonable dimensions. In order to recover (demodu- 
late) the audio signal from the modulated signal, the 
modulated signal is first received by an antenna in a 
radio receiver, multiplied by the so-called local 
oscillator with the same frequency as the signal used 
to modulate the audio signal, then followed by a 
lowpass filter to eventually obtain the audio infor- 
mation back. The situation is illustrated in Figure 4. 
We shall now describe the process mathematically 
with reference to Figure 4, 

We denote s(t) as the audio signal. After multiply- 
ing by cos(,t), which is usually called a carrier in 
radio in the modulation stage, where w, is the 
radian frequency of the carrier. The modulated signal 
s(f)cos(o.t). is transmitted via an antenna, When the 
modulated signal is received in the demodulation 
stage, the modulated signal is then multiplied by 
the local oscillator of signal waveform cos(w,t). 
The output of the multiplier is given by 


s(t) cos(wt) cos(at) = s(t) $[1 + cos(2m.t)] [2] 


Note that the two signals in the demodulation stage, 
s(t}cos(w,t) and cos(w,t), are heterodyned to produce 
two new frequencies, the sum w, + w, = 2w, to give 
the term cos(2w,t) and the difference w, ~ @, = 0 t 
give the term cos(0) = 1. Since the two frequencies to 
be multiplied in the demodulation stage are the same, 
this is homodyning as explained above. Now by 
performing lowpass filtering (LPF), we can recover 
our original audio information s(¢). Note that if the 
frequency of the local oscillator in the demodulation 
stage within the receiver is higher than the frequency 
of the carrier used in the modulation stage, hetero- 
dyning in the receiver is referred to as super- 
heterodyning, which most receivers nowadays use 
for amplitude modulation. In general, we have two 


heterodyning processes in the radio system just 
described, one in the modulation stage and the 
other in the demodulation stage. However, it is 
unusual to speak of heterodyning in the modulation 
stage, and so we just refer to the process in the 
demodulation stage as ‘heterodyne detection.” 

In summary, heterodyne detection can extract the 
information from a modulated signal and can also 
extract the phase information of a signal if homo- 
dyning is used. We shall see, in the next section, how 
optical heterodyne detection is employed. 

Optical information is usually carried by coherent 
light such as a laser, Let Up(x.y) be a complex 
amplitude of the light field, which may physically 
represent a component of the electric field. We further 
assume that the light field is oscillating at temporal 
frequency ty. Therefore, we can write the light field as 
Up expliay). By taking the real part of Uy expliagt), 
i.e., Reli}p exp(iwpe)), we recover the usual physical 
real quantity. For a simple example, if we let Up = 
Aeexp(~ikg2), where A is some constant and ky 
is the wavenumber of the light, Rely exp(iant)] = 
Re[Aexp(—ikoz)exp(iwot)|=A cos(wot— koz), which 
is a plane wave propagating along the positive z 
direction in free space. To detect light energy, we use a 
photodetector (PD), as shown in Figure 5. Assuming a 
plane wave for simplicity, as J )=A, we have also 
taken 2=0 at the surface of the photodetector. As the 
photodetector responds to intensity, ize. ll”, which 
gives the current, i, as output by spatially integrating 
the intensity: 


icf Upexpliagt)'dxdy=A?S BI 


where § is the surface area of the photodetector. We 
can see that the photodetector current is proportional 
to the intensity, A?, of the incident light. Hence the 
output current varies according to the intensity of the 
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Figure § Optical direction detection ar optical incoherent 
dotection. 
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optical signal intensity. This mode of photodetection is 
called direct detection or incoherent detection in 
optics. 

Let us now consider the heterodyning of two plane 
waves on the surface of the photodetector. We assume 
an information-carrying plane wave, also called 
the signal plane wave, A, expl il(a + @,)t + 5(f)] X 
exp(-ikyx sin@)}, and a reference plane wave, 
A, expliogt), or called a local oscillator in radi 
The situation is shown in Figure 6, 

‘Note that the frequency of the signal plane wave is 
@, higher than that of the reference signal, and it is 
inclined at an angle ¢ with respect to the reference 
plane wave, which is normal incident to the photo- 
detector. Also, the information content s(t) is in the 
phase of the signal wave. In the situation shown in 
Figure 6, we sce that the two plane waves are 
interfered on the surface of the photodetector, giving 
the total light field yy, given by 


th = A, expliogt) + Ay explil(wn + @,)t +5(6)1) 
X exp(—ikox sing) (4) 


Again, the photodetector responds to intensity, giving 
the current 


ice | Iyjldvdy 


=| f LA? + AP +2A,A, costar + s(2) 
— koe sing) idxdy Is] 


where we have assumed that the photodetector 
has a 2aX2a square area. The current can be 
evaluated to be: 


sin(kyasing) 


i(t)oe aA? +A3)+4A,Ay 
(to 2a At + A2) + Tsing 


cos(wxt-+s(t)) 
6) 


‘The current output has two parts: the DC current and 
the AC current. The AC current at frequency w, is 
commonly known as the heterodyne current. 


ference plane wave 


Photodetector (PD) 
Signal plane wave Photodetactor surface 


Figure 6 Optical heterodyne detection. 


Note that the information content s(t) originally 
embedded in the phase of the signal plane wave has 
now been preserved and transferred to the phase of the 
heterodyne current. The above process is called 
optical heterodyning. In optical communications, it 
is often referred to as optical coherent detection. In 
contrast, if the reference plane wave has not been used 
for the detection, we have the incoherent detection. 
The information content carried by the signal plane 
wave would be lost, as itis evident that for A,=0, the 
above equation gives only a DC current at a value 
proportional to the intensity of the plane wave, A? 

Let us now consider some of the practical issues 
encountered in coherent detection. Again, the AC 
part of the current given by the above equation is the 
heterodyne current jj(t), given by 


sin(kya sing) 


inal) A.A, 
ise) Fain 


cosa, +s() [71 
We see that since the two plane waves propagate in 
slightly different directions, the heterodyne current 
output is degraded by a factor of 


sin(koa sind) _ 
aa asine(koa sind) 


where sinc(x) =sin(x)/x. For small angles, i.c., 
4, the current amplitude falls off as 
sinc(koad). Hence, the heterodyne current is at a 
maximum when the angular separation between the 
signal plane wave and the reference plane wave is 
zero, i., the two plane waves are propagating exactly 
in the same direction. The current will go to zero when 
koad = 77, or = Ao/2a, where Ag is the wavelength of 
the laser light. To see how critical itis for the angle dto 
he aligned in order to have any heterodyne output, we 
assume the size of the photodetector 2a = 1 em and 
the laser used is red, i.e., Ay = 0.6 ums dis calculated 
to be about 2.3 x 10°? degrees. Hence to be able to 
work with coherent detection, we need to have precise 
optomechanical mounts for angular rotation, 

Finally we describe a famous application of hetero- 
dyning in optics — holography. As we have seen, the 
mixing of two light fields with different temporal 
frequencies will produce heterodyne current at the 
output of the photodetector. But we ean record the two 
spatial light fields of the same temporal frequency with 
photographic films instead of using electrical devices. 
Photographic films respond to light intensity as well. 
We discuss holographic recording of a point source 
object as a simple example. Figure 7 shows a colli- 
mated laser split into two plane waves and recombined 
by the use of two mirrors (M) and two beamsplitters 
(BS). One plane wave is used to illuminate the pinhole 
aperture (our point source object), and the other 
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Figure 7 Holographic recording ofa point source object. 


illuminates the recording film directly. The plane wave 
that is scattered by the point source object, which is 
located z away from the film, generates a diverging 
spherical wave. This diverging wave is known as an 
object wave in holography. The object wave arising 
from the point source object on the film is given by, 
according to Fresnel diffraction: 


thy = Ag exp —ikyzo) — 

m9 

X exp[ —iky(x? + y/2zo] expiant) [8] 

This object wave is a spherical wave, where Ag is the 
amplitude of the spherical wave. 

The plane wave that directly illuminates the 
photographic plate is known as a reference wave, 
th. For the reference plane wave, we assume that 
the plane wave has the same phase with the point 
source object at a distance zy away from the film. 
Its field distribution on the film is, therefore, yi 
A, exp(—ikozo) expliwyt), where A, is the amplitude 
of the plane wave. The film now records the 
interference of the reference wave and the object 
wave, ie., what is recorded on the film as a 2D 
pattern is given by ¢(x, y) & li + dol”. The resulting. 
recorded 2D pattern, t(x, 7), is called the hologram of 
the object. This kind of recording is known as 
holographic recording, distinct from a photographic 


Reference wave 


Recording film 


recording in which the reference wave does not exist 
and hence only the object wave is recorded. Now: 


16,9) 0 lf + Hol 


[A, exp(—ikneo)expliagt) + Ay exp(—ikozo) 
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where A and B are some inessential constants. Note 
that the result of recording two spatial light fields of 
the same temporal frequency preserves the phase 
information (noticeably the depth parameter zq) of 
the object wave. This is considered optical homodyn- 
ing as it is clear from the result shown in Figure 2. 
The intensity distribution being recorded on the 
film, upon being developed, will have transmittance 
given by the above equation. This expression is called 
the Fresnel zone plate, which is the hologram of a 
point source object and we shall call it the point- 
object hologram, Figure 8 shows the hologram for a 
particular value of z and ko. The importance of 
this phase-preserving recording is that when we 
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illuminate the hologram with a plane wave, called the 
reconstruction wave, a point object is reconstructed 
at the same location of the original point source 
object if we look towards the hologram as shown in 
Figure 9, that is the point source is reconstructed at a 
distance zp from the hologram asf it were at the same 
distance away from the recording film. For an 
arbitrary 3D object, we can imagine the object as a 
collection of points, and therefore, we can see that we 
have a collection of Fresnel zone plates on the holo- 
gram. Upon reconstruction, such as the illumination 
of the hologram by a plane wave, the observer would 
see a 3D virtual object behind a hologram. 

As a final example, we discuss a state-of-the-art 
holographic recording technique called optical scan- 
ning holography, which employs the use of optical 
heterodyning and electronic homodyning to achieve 
real-time holographic recording without the use of 
films. We will take the holographic recording of a 
point object as an example. Suppose we superimpose a 
plane wave and a spherical wave of different temporal 
frequencies and use the resulting intensity pattern as 


Figure 8 Point-object hologram. 


an optical scanning beam to raster scan a point object 
located zy away from the point source that generates 
the spherical wave. The situation is shown in 
Figure 10. Point C is the point source that generates 
the spherical wave (shown with dashed lines) on the 
pinhole object, our point object. This point source, 
for example, can be generated by a focusing lens. 
The solid parallel rays represent the plane wave. The 
interference of the two waves generates a Fresnel zone 
plate type pattern on the pinhole object: 


L(x, ¥5 zp.t) 


Hey 


aa exp(—ikozo) exp( int) + Ay exp(—ikozo) 


x expl—iky(x* + y)*/2zo] expl ilo + Oe] 


assuming A, = Ag = 1 for simplicity. Note that the 
plane wave is at temporal frequency o>, and the 
spherical wave is at temporal frequency wy +. The 
expression [,(x,y; zof) is a temporally modulated 
Fresnel zone plate and isknown as the time-dependent 
Fresnel zone plate (TDFZP). If we freeze time, say at 
# = to, we have the Fresnel zone plate pattern on the 
pinhole object as shown in Figure 10, However, if we 
let the time run in the above expression, physically we 
will have running zones that would be moving away 
from the center of the pattern. These running zones 
are the result of optical heterodyning of the plane 
wave and the spherical wave of different temporal 
frequencies. Itis this TDFZP that is used to raster scan 
a 3D object to obtain holographic information of the 
scanned object and such technique is called optical 
scanning holography. 

Upon scanning by the TDFZP, the photodetector, 
captures all the transmitted light and delivers a 
current, which consists of a heterodyne current at 


Point-object 
Reconstruction hologram 
> 
- & 
Observer 
Foal 
Viral bine} 
image 


Figure 9 Reconstruction of a point-object hologram, 
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Figure 10 Optical scanning holography (use of optical heterodyning and electronic homodyning to record holographic information 


‘pen seanning the object in two dimensions). 


frequency ©. After electronic bandpass filtering (BPF) 
at O, the heterodyne current is homodyned electro- 
nically by cos((2t) and lowpass filtered (LPF) to extract 
the phase information of the current. When this final 
scanned and processed current is display in a 2D dis- 
play, as shown in Figure 10, we have the Fresnel zone 
plate, which is the hologram of the pinhole object, on 
the display. We can photograph this 2D display to 
obtain a transparency and have it illuminated by a 
plane wave to have the reconstruction as shown in 
Figure 9, or, since the hologram is now in electronic 
form, we can store it in a PC and reconstruct it 
digitally. When holographic reconstruction is per- 
formed digitally, we have so-called digital holography. 


Diffraction: Fresnel Diffraction. Holography, Tech- 
niques: Digital Holography. 
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Introduction 


The spectacular development of imaging sensors, 
communication, and internet infrastructure has 
immensely facilitated the creation, processing, and 
distribution of electronic digital images. One non- 
trivial aspect of the digital image is its complete 


application dependence. The image may be created 
using a number of different acquisition methods and 
sensors. It is then processed in different ways, 
depending upon myriad of digital imaging appli- 
cations. Consequently, the effectiveness of a useful 
electronic image processing engine may involve 
development of robust pre-processing techniques, 
different types of goal-directed processing such as 
detection, recognition, identification, classification, 
tracking, reconstruction and/or registration, as well 
as post-processing algorithms for different appli- 
cation areas such as multimedia, biomedical, astro- 
nomical, defense, consumer, industrial, ete, A 
notional schematic of this electronic image 
processing cycle is shown in Figure 1, Note that 
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while the goal-directed techniques may be different, 
based on problems at hand, the pre- and post- 
processing techniques and tools are very similar. 
Thus, most of the common image pre-processing 
techniques are also applicable for image post-proces- 
sing purposes. 

Electronic image post-processing techniques 
involve three broad domains such as: (i) spatial; 
(ii) frequency; and (iii) time-frequency. Each of these 
domain techniques may be grouped into different 
types of processing such as: (i) spatial domain 
technique to include filtering, spatial processing 
such as histogram modification, morphological pro- 
cessing, texture processing, etc; (ii) frequency 
domain technique to include filter; and (iii) time- 
frequency domain technique to include short-time 
Fourier transform, wavelet, and Wigner-ville 
transforms. 

On the other hand, itis useful to identify the typical 
lifecycle of a digital image from the distribution 
perspective as shown in Figure 2. The image may be 
created using a number of different acquisition 
methods and sensors as mentioned above. The 
processing block next combines all different types of 


processing, as mentioned in Figure 1. The image may 
then be transmitted over the internet or it can leave 
the digital world to go to the print world. It may then 
go through wear/tear, subsequently being scanned 
back to digital domain again, After some processing, 
it may again be distributed over the internet. 

Consequently, the image may be copied legally 
or fraudulently, processed, and used by a user. 
Further, the threats and vulnerabilities of the 
internet have also increased proportionately. The 
rapid development and availability of high-end 
computers, printers, and scanners has made the 
tools of counterfeiting easily accessible and more 
affordable. With these products, one may counter- 
feit digital images, which are easy to distribute and 
modify, As a result, copyright ownership poses a 
formidable challenge to image post-processing and 
distribution. 

In the subsequent sections, we briefly review 
relevant background in image post-processing and 
distribution techniques. We also present a few 
representative application examples of image post- 
processing and copyright protection in image 
distribution. 
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Figure 1 Notional schematic of electranic image processing. 
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Figure 2. Typical ifecycle ofa digital image distribution cycle. 
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Techniques in Image Post-Processing 


Image Formation 


We begin by describing the image formation tech- 
nique briefly. Consider that a three-dimensional (3D) 
object or scene is imaged onto a 2D imaging plane by 
means of a recording system such as a camera. 
If the image formation process is linear, the recorded 
image may be modeled as the output of the system 
shown in Figure 3, which is given mathematically by 


=f [bos rsptsndsarh 


+t, y) uy 


te 


where g(x, y) denotes the recorded output image, and 
f(x,y) is the ideal electronic image. The function 
h(x, ¥:5,1) is the 2D impulse response or the point- 
spread function (PSF) of the image formation system. 
The PSF determines the radiant energy distribution in 
the image plane due to a point source located in the 
object plane. Usually the PSF is normalized such that 


{f. f. bux, yis. tds at =1 PI 


The noise contribution n(x,y) is shown as an 
additive random process that is statistically uncorre- 
lated with the image. This isa simplification because 
noises such as film-grain noise and the noise caused by 
photon statistics, which often corrupt images, are not 
uncorrelated with the input. This simplification 
nonetheless leads to reasonable and useful results. 
One of the primary goals of image pre-processing 
{and post-processing as well) is to devise techniques 
that reduce this additive random noise. 

The PSF is a function of only the argument 
differences x —s and y ~ ¢ for stationary image and 
object fields. Thus, it is possible to envision an image 
formation system that is space invariant; hence the 
PSF is independent of position. In this case, we may 
rewrite the superposition integral in eqn [1] into a 
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Figure 3 Model for image formation and recording 


more familiar convolution integral as follows: 


ey) {f. foe ~ sy often de} 
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Equivalently, eqn [3] is written as 


gtx, y) = h(x, flex, y)} + me, 9) [4] 


where (+) is used to denote 2D convolution. 
Converting from a continuous image f(x,y) to its 
discrete representation f(i,j) requires the process 
of sampling. In the ideal sampling system, f(x,y) is 
multiplied by an ideal 2D impulse train given as 


XD fewXo.nYo)6x—mXo,y— Yo) 15] 


fi. 


where Xy and Yp are the sampling distances or 
intervals, (°,") is the ideal impulse function. Note 
that the square sampling implies that Xp=Yo. 
Sampling with an impulse function corresponds to 
sampling with an infinitesimally small point. If one is 
interested in image processing, one should choose a 
sampling density based upon the classical Nyquist 
sampling theory. Thus, in discrete domain implemen 
tation, eqns [3] and [4] are expressed as 


anf >» wie oh ent, O<i,j=) 


vie 
(6) 
and, 
wii) | > tae o4ienh ene 71 
VE 
Thus, we may rewrite eqn [6] in discrete domain as 
follows: 


RE D=hiY (ED+MED 18] 


where (+) represents convolution operation, Equation 
[8] also describes the spatial domain filtering 
wherein b(x,y:s,t) may be considered as the spatial 
domain filter mask, The discrete Fourier transform 
may be used to yield the frequency domain model as 
follows: 


Glo) = Huu) Fey +N) 191 


where G, H, F, and N are corresponding Fourier 
transforms and 1 and v are the dummy variables. In 
eqn [9], H(u,v) is again the frequency domain filter. 
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We discuss the frequency domain filtering concept 
further, later in this article. 


‘Spatial Domain Processing 


The image pixel domain operations are frequently 
described as the spatial domain processing. The 
techniques are important for image pre- as well as 
post-processing operations. We describe two repre- 
sentative spatial domain processing techniques such 
as histogram processing and fractal processing for 
texture analysis below. 


Histogram processing 
One of the important issues in post-processing is 
image enhancement, Distortions in image may be 
introduced due to different noise factors, relative 
motion between a camera and the object, a camera 
that is out of focus, or atmospheric turbulence. Noise 
may be due to thermal measurement errors, recording 
medium, transmission medium, or digitization pro- 
cess. The histogram processing operation is one of the 
simplest techniques for enhancing the distorted image 
for certain type of noises. Histogram equalization is 
a contrast enhancement technique with the objective 
to obtain a new enhanced image with a uniform 
histogram. This can be achieved by using the 
normalized cumulative histogram as the gray scale 
mapping function. Histogram modeling is usually 
introduced using continuous domain functions. Con- 
sider that the images of interest contain continuous 
intensity levels in the interval [0,1] and that the 
transformation function rwhich maps an input image 
f(x,y) onto an output image 1(x,y) is continuous 
within this interval, We assume that the transfer 
function, K;=7(K,), is single-valued and mono- 
tonically increasing such that it is possible to define 
the inverse law Ky = 7 1(K,). An example of such a 
transfer function is illustrated in Figure 4. All pixels in 
the input image, with densities in the interval Dy to 
D,+dD,, are mapped using the transfer function 
K,=1K,), such that they assume an output pixel 
density value in the interval from D,, to Dy + dDy. 
Consider that if the histogram b is regarded as a 
continuous probability density function p, describing 
ribution of the intensity levels, then we obtai 


Pydte) = p(DOMAD), [10] 


where 


Dy = dutfyidf my 

In the case of histogram equalization, the output 
probability densities are all an equal fraction of the 
maximum number of intensity levels in the input 
image, thus generating a uniform intensity distri- 
bution, Sometimes it is desirable to control the shape 


Ky=elk,) 
nN ’ 
dD, 
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Figure 4 A histogram transformation function, 


of the output histogram in order to enhance certain 
intensity levels in an image. This can be accomplished 
by the histogram specialization operator which maps 
a given intensity distribution into a desired distri- 
bution using a histogram equalized image as an 
intermediate stage. 


Fractals for Texture Analysis 


The fractal aspect of an image has successfully been 
exploited for image texture analysis. The fractal 
concept developed by Mandelbrot, who coined the 
term fractal from the Latin ‘fractus’, provides a useful 
tool to explain a variety of naturally occurring 
phenomena. A fractal is an irregular geometric object 
with an infinite nesting of structure at all scales. 
Fractal objects can be found everywhere in nature 
such as coastlines, fern trees, snowflakes, clouds, 
mountains, and bacteria. Some of the most important 
properties of fractals are self-similarity, chaos, and 
noninteger fractal dimension (FD). The FD of an 
object can be correlated with the object properties. 
Object textures in images are candidates for charac- 
terization using fractal analysis because of their 
highly complex structure. The fractal theory devel- 
oped by Mandelbrot is based, in part, on the work of 
mathematicians Hausdorff and Besicovitch. The 
Hausdorff—Besicovitch dimension, Dy, is defined as: 


im MN 
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Dy 112) 


where N is the number of elements of box size r 
required to form a cover of the object. The FD can be 
defined as the exponent of the number of self-similar 
pieces (N) with magnification factor (1/r) into which 
a figure may be broken, The FD is a noninteger 
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value in contrast to objects that lie strictly in 
Euclidean space. The equation for FD is as follows: 


In (number of self-similar piece 
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Frequency Domain Image Filtering 


Ignoring noise contribution, we may obtain the basic 
filtering expression using eqns [7] and [8] as follows: 


fii) 


where 3”! is the inverse Fourier transform and 
(V/H(u,v)] is the inverse frequency domain filter. 
The key importance of this result is that, instead of 
performing a convolution as shown in eqn [7] to 
obtain the output of the system, we obtain the inverse 
of the Fourier transform of the impulse response 
h(x,y:s,t) and the output image g(x,y), multiply 
them and then take the inverse Fourier transform 
of the product to obtain f(x, y). This is the basis for all 
the filtering as well as other types of image post- 
processing such as image reconstruction works. The 
filter function in eqn [9] may have different forms and 
shapes based on different types of functions such as 
uniform, Gaussian, lowpass, highpass, etc. While 
these are all linear filters, there are examples of 
nonlinear filters such as median, mean, etc. that are 
equally applicable for image post-processing. 


[Gv Hae, v)] 4] 


Time-Frequency Domain Processing 


One of the fundamental aspects of early image 
representation is the notion of scale. An inherent 
property of objects in the world and details in image 
is that they only exist as meaningful entities over 
certain ranges of scale. Consequently, a multiscale 
representation is of crucial importance if one aims at 
describing the structure of the world, or more 
specially the structure of projections of the three- 
dimensional world onto two-dimensional electronic 
images. The multiscale image post-processing may be 
facilitated by the wavelet (WT) computation. 

A wavelet is, by definition, an amplitude-varying 
short waveform with a finite bandwidth. Naturally, 
wavelets are more effective than the sinusoids of 
Fourier analysis for matching and reconstructing 
signal features. In wavelet transformation and inver- 
sion, all transient or periodic data features can be 
detected and reconstructed by stretching or contract- 
ing single wavelet to generate the matching building 
blocks. Consequently, wavelet analysis provides 


many flexible and effective ways to post-process 
images that surpass classical techniques — making 
it very attractive for data analysis, and modeling. 
The continuous WT is defined as 


w - 
mf cov — Jar 


where a and b are scaling and translation factors and 
W(t) is the mother wavelet. The WT may be viewed as 
a multiresolution analysis with shifted and scaled 
versions of the mother wavelet. Corresponding WT 
coefficients ¢, 


(a,b) 


ts] 


faces = nbypdt {161 


The reconstruction of the signal is achieved using the 
admissibility condition, J Vidt = 0, as follows: 


x)= ff__,[eeo 2 Jew 
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where c is a constant. For compact dyadic wavelets, 
binary scaling and dyadic translation of the mother 
wavelet form the basis functions. A dyadic translation 
is a shift by the amount m2 that is an integer 
multiple of the binary scale factor and of the width of 
the wavelet as well. The discrete WT (DWT) is the 
natural choice for digital implementation of WT. The 
DWT basis and ‘sub-band coding’ process for 
discretization of a and b are identified. The iterative 
bandpass filter that finally leads to the wavelet is 
given as 


Wen, n(x) = 2 


n) 18) 


The above eqn [18] forms the basis for ‘sub-band’ 
implementation for multiresolution analysis (MRA) 
of wavelet processing. 


Image Post-Processing Examples 


Some of the important application areas for elec- 
tronic image post-processing involve the following: 


(i) Biomedical image analysis and object detection; 

(ii) Image compression for transmission and distri- 
bution; 

(iii) Satellite image processing and noise removal; 

(iv) IR/SAR/detection and clutter removal; and 

(v) Image classification and machine vision. 


In this article, we provide examples of some of 
these image-post-processing applications. 


romagnetism > ln 


sar> solenoid 


Figure 21-3. A simplified view of a solenoid cut in halt, 
showing the primary parts. 


Figure 21-4. Although no standard schematic symbol for 
a solenoid exists. these symbols may sometimes be 
found. 


A spring can be inserted to apply some resistive 
force to compensate for the increase in pulling 


How it Works 


force that occurs as a larger proportion of the 
plungerentersthe coil. Aspring mayalsobeused 
to eject the plunger, partially at least, when cur- 
rent to the coil is interrupted. 


If the plunger is a permanent magnet, reversing 
DC current to the coil will reverse the action of 
the plunger. 


A solenoid with a nonmagnetized plunger may 
be energized by AC current, since polarity rever- 
sals in the magnetic field generated by the coil 
will induce equal and opposite reversals in the 
polarity of the plunger. However, the force curve 
ofan AC-powered solenoid will be different from 
the force curve of a DC-powered solenoid. See 
Figure 21-5. The alternating current is likely to 
induce humming, buzzing, and vibration. 


The force exterted on a plunger as it 
moves from outside the coil to 
inside the coll, in hypothetical 
AC and DC solenoids. 


AC 


Outside 


Inside 


Figure 21-5. A comparison of the force exerted on a 
plunger, relative to its position as it enters the col, in hy: 
ppothetical AC and OC solenoids. 


The frame ofthe solenoid increases the magnetic 
power that the coil can exert by providingamag- 
netic circuit of much lower reluctance than that 
ofair (reluctance being the magnetic equivalent 
of electrical resistance). For a_ lengthier 
discussion of this effect, see “Magnetic Core” 
(page 122) in the inductor entry of this 
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Example I: Spatial Domain Processing: 
Image Post-Processing in Biomedical Image 


‘The mega voltage X-ray images are the X-ray images 
taken using high voltage X-radiations. These images 
are often characterized by low resolution, low 
contrast, and blur. The importance of mega voltage 
X-ray images arises in the context of radiation therapy 
for cancer treatment wherein the mega voltage 
X-radiation is used as a therapeutic agent. Figure 5 
shows such mega voltage X-ray images, also known as 
an electronic portable digital (EPID) image with a very 
low level of detail. Figure Sa shows poor dynamic 
range. In order to improve the contrast of this image, 
without affecting the structure (i.e., geometry) of the 
information contained therein, we can apply the 
histogram equalization operation discussed in 
eqn [10]. Figure 5b presents the result of the histogram 
image enhancement post-processing process. The low 
level of detail in the bony anatomy is easily visible in 
Figure Sb. 


Example II: Frequency Domain Processing: 
Image Post-Processing in Biomedical 
Tissue Detection 


In medical imaging, texture is a fundamental charac- 
teristic that can be exploited to analyze tissues and 
pathologies in a biomedical image. The image 
texture is often characterized by the random nature 
of the objects such as tissues and body structures, 
noise, imaging modality, imaging limitations, and a 
variety of measurement parameters affecting the 
image acquisition process. Extensive research suggests 
that the fractal analysis may be combined with MRA 
techniques to post-process the texture content of an 
image in general and tumor detection in particular. In 
addition, the stochastic fractal Brownian motion 
(fBm) is well suited to describe texture and tumor 
characteristics since {Bm offers an elegant integration 
of fractal and multiresolution analysis. 


The fBm is a part of the set of Lf processes, 
corresponding to a generalization of the ordinary 
Brownian motion By(s). It is a nonstationary 
zero-mean Gaussian random function, defined as 


ai 
TH +05) 
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where the Hurst coefficient H, restricted to 
O<H<l1, is the parameter that characterizes 
{Bm; t and s correspond to different observation 
times of the process Bu, and to the Euler’s 
Gamma function. From the frequency domain 
perspective, it is known that some of the most 
frequently seen structures in fractal geometry, 
generally known as lf processes, show a power 
spectrum satisfying the power law relations! 


k 
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where @ corresponds to the spatial frequency, and 
H+1, The observations of stationarity and 
self-similarity of Bm suggest that the use of time- 
frequency signal decomposition techniques, such as 
MRA, are well suited for the analysis of fractal 
signals, Thus, the {Bm analysis framework, along 
with eqn [13], may be successfully exploited to 
estimate H, and hence, FD as follows: 


FD=Dp+1-H 
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Figure 5 (a) Original EPID imago; and (b) Histogram enhanced image. 
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where Dg is the Euclidean dimension that contains 
the fBm (ie, the position of each point of the 
process is described with the vector 
(x1. .0%8)) 

We exploit the wavelet. MRA combined with 
complementary signal processing techniques such 
as time-frequency descriptions and parameter esti- 
mation of stochastic signals in fm framework for 
tumor detection in CT images. We demonstrate an 
example of image post-processing for tumor 
segmentation. We test our models to estimate FD 
in brain MR images as shown in Figures 6a and b, 
respectively. The images are scanned pixel-by-pixel 
with a sliding window that defines the subimage 
for analysis. Pre-processing, such as median filter- 
ing, is used to remove noise from the original 
images. 

The results for the spectral analyses of CT image 
are shown in Figure 7. The results suggest that the 


x= 


Figure 6 Biomedical images used to test the proposed 
algorithms. 


FD values do not depend on the mother wavelet 
used. The window size that offers the best results is 
the 16X16 pixels, while better discrimination 
between low and high H values is obtained using 
biorthogonal wavelet. To improve tumor detection 
performance of the spectral technique, we apply 
post-processing filters on the results in Figures 8a 
and b, respectively. In Figure 8, for an example, we 
show the filtered fractal analysis results corre- 
sponding to a 16X16 pixels window with 
Daubechies 4. It is possible to obtain an even 
better description of the location and shape of the 
tumor after applying a two-dimensional post- 
processing filter to the matrices derived from the 
variance estimation algorithms with biorthogonal 
1.$ wavelet and an 8X 8 pixels window, respect- 
ively. The results are shown in Figure 9 and are 
similar for both averaging and Gaussian filters 
as well. 


Exampl ime-Frequency Domain Filtering: 
Image Post-Processing in Noise Reduction 
(De-Noising) 


This section discusses an example of image post- 
processing in image noise removal (or de-noising) 
using a scale-frequency technique such as wavelets. 
The wavelet transform has been proved to be very 
successful in reducing noise (de-noising) in an image. 
We recently propose a new family of wavelets namely 
Joint Harmonic Wavelet Transform (JHWT) that 
offers better speckle noise reduction for image post- 
processing. Unlike wavelets generated by discrete 
dilation functions, as shown in eqn [18], whose shape 
cannot be expressed in functional form, JHWT has a 
simple structure, which can be written, in the 
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Figure 7 MR-Fractal analysis using spectral method (a) and (b) correspond to a 16 x 16 analyzing window for Daubechies 4 and 


biorthogonal 1.5 wavelets, respectively 
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Figure 8 Post-processing results using: (a) § x § Gaussian fitering with « ~ 1 and (b) 3 x 3 averaging fiter. 
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Figure 9 Post-processing on the fractal analysis results of Figure 8 for (a) 5 x 5 Gaussian faring with ~ 1, and (b) 2 x 3 averaging 
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Now, at level j, we let g(x) = 1(2/x) and shift it by 
4/2! to obtain the harmonic wavelet as: 


forlr=w<4a 
(22) 


elsewhere 


g(x — ki2") 


sxpli4ar(2!x — &)] 
= expfi2a(2/x — k)}) /i2m(2/x — k) 
123] 


where integers j and k define the scale and translation 
of the wavelet w(x), respectively on the x-axis. 


Now consider a real function f(t) is represented 
by the sequence f, of length (n~1), where r=0 
to 2" — 1. To obtain JHWT coefficients, we take FFT 
of f;such that, 


Ur 


IP! 


= 
lay, 4lexp(—i4 askin), 
& Ral 


where r=0 to n—1 and s=0 to n—1 


where j denotes the level of the wavelet, & is the 
translation, m and n are adjacent levels of wavelets 
with n=2’, and s=m—n, The JHWT in eqn [24] 
offers all the properties and advantages of standard 
discrete wavelet transform. Putting #=2! and m= 
stn, eqn [24] yields all the JHWT coefficients from 
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@) (o) 
Figure 10 


the Fourier coefficients as 
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Unlike conventional correlation techniques, the 
perfect octave band limited characteristics of 
JHWT eliminate the necessity of any multiplication. 
‘We show an example of image de-noising in Figure 10 
using JHWT. 


Image Post-processing, Transmission, 
and Distribution 


(One of the areas wherein image post-processing plays 
a vital role is in image transmission, A significant 
problem for any digital library is the network 
bandwidth required to transmit large digital images. 
‘The bandwidth consumption depends on the number 
of images used by a single user, and with the number 
of users requesting the services of the library. The 
popularity of database browsers such as Gopher and 
Mosaic has serious implications for image trans- 
mission and distribution. There has been active 
research in innovative new compression schemes 
and transmission protocols that reduce bandwidth 
requirements for many users along with software 
servers and visualization, Further, compression of 
digital image and video data plays an important role 
in reducing the transmission and distribution cost for 
visual communication, 

One of the requirements for effective image 
transmission and distribution is reduced data size 
for faster speed. Image compression schemes are 
often used for image data reduction, Most of the 
successful image compression schemes exploit 
subdividing the image into blocks for increased 
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(a) Noisy image; (b) de-naised image with JHWT-fitering; and (c) de-naised image with WP-fitering 


compression. However, this subdivision of image 
renders a blocky effect on the compressed image. 
There has been intense research in removing the 
blocky effect on the compressed image. To achieve 
high bit rate reduction while maintaining the 
best possible perceptual quality, post-processing 
techniques provide one attractive solution. There 
has heen a significant amount of work done in post- 
processing of compressed image/video. Some of them 
are developed from the image enhancement point of 
view while others are from image restoration. In the 
case of image restoration, the post-processing is consi- 
dered as a reconstruction problem. Image enhance- 
ment methods are performed hased on the local 
contents of the decoded image as discussed above. 
The image post-processing, algorithms are, gener- 
ally, very effective in removing blocking artifacts. 
A straightforward approach to remove blocking 
artifacts is to apply lowpass filtering to the region, 
where artifacts occur. Consequently, the filter must be 
adapted to the block boundaries, i.e., the image 
partition. Further, if high frequency details such as 
edges and texture are to be preserved, then lowpass 
filter coefficients should be selected appropriately in 
regions where such details occur. Therefore, adaptive 
image post-processing such as spatial filtering 
methods may be applied to deal with this problem. 
In low-bit-rate image and video compression and 
distribution systems, high frequency transformed 
coefficients are often lost due to aggressive quantiza- 
tion or uneven error protection schemes. However, 
with the block-based encoding and transmission 
methods, the amount of high frequency texture loss 
is uneven between adjacent blocks. Thus, itis possible 
to exploit this texture-level correlation between 
adjacent image blocks to reconstruct the lost texture. 
A relevant problem of robust transmission and 
distribution of compressed electronic images involves 
unreliable networks. The pre- and post-processing of 
the image data may play a vital role in addressing this 
problem, With the rapid growth of mobile wireless 
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communication systems, wireless multimedia has 
recently undergone enormous development. How- 
ever, to design an efficient multimedia communi- 
cation system over wireless channels, there still exist 
many challenges due to severe wireless channel 
conditions, special characteristics of the compressed 
multimedia data, and resource limitation, such as 
power supply. Since multimedia data, such as an 
image, contain redundancy, to efficiently utili 
limited resources, source compression may be necess- 
ary. Further, as mentioned above, the ease of image 
creation, processing, transmission, and distribution 
has also magnified the associated counterfeiting 
problems. We discuss the relevant issues of image 
distribution in the following sections. 


Techniques in Image Distribution 


The spectacular development of imaging sensors, 
communication, and internet infrastructure has also 
made the counterfeiting tools easily accessible and 
more affordable. In addition, the threats and vulner- 
abilities of the internet have also increased manyfold. 
All of these together pose a formidable challenge to 
the secure distribution and post-processing of images. 


Requirements of Secure Digital Image Distribution 


In light of the above-mentioned vulnerabilities of 
image distribution channels and processes, below are 
a few requirements of secure image distribution: 


© Data Integrity and Authentication: Digital image is 
easy to tamper with, Powerful publicly available 
image processing software packages such as Adobe 
Photoshop or PaintShop Pro make digital forgeries 
a reality. Integrity of the image content and 
authentication of the source and destination of 
the image distribution are, therefore, of utmost 
importance. 

© Digital Forensic Analysis: Consider a litigation 
involving a medical image that is used for diagnosis, 
and treatment of a disease, as shown in the post- 
processing example in Figures 7 or 8 abovi 
Integrity of the image again is vital for the proper 
forensic analysis. 

© Copyright Protection: Digital copyright protection 
has become an essential issue to keep the healthy 
growth of the internet and to protect the rights of 
on-line content providers. This is something that a 
textual notice alone cannot do, because it can so 
easily be forged. An adversary can steal an image, 
use an image processing program to replace the 
existing copyright notice with a different notice and 
then claim to own the copyright himself, This re- 
quirementhas resulted in a generalized digital rights 


management initiative that involves copyright 
protection technologies, policies, and legal issues. 

© Transaction Tracking/Fingerprinting: In the con- 
tinuous (re)distribution of digital images through 
internet and other digital media (CD, camera, etc.), 
it is important to track the distribution points to 
track possible illegal distribution of images. 


Next, we will discuss how the digital watermarking 
technology can help enforce these security 
requirements. 


Example of secure image distribution: digital 
watermarking 
Digital watermarking is the process of embedding a 
digital code (watermark) into a digital content like 
image, audio, or video. The embedded information, 
sometimes called a watermark, is dependent on the 
security requirements mentioned above. For example, 
if it is copyright application, the embedded. infor- 
mation could be the copyright notice. Figure 11 shows 
a block diagram of the digital watermarking process. 
Consider that we want to embed a message M in an 
image, fo, also known as the original image. For the 
sake of brevity, we drop the indices representing the 
pixel coordinates. The message is first encoded using 
source coding and optionally with the help of error 
correction and detection coding, represented in 
Figure 11 as e(M) such that 


Wy = eM) 126) 
The encoded message W,, is then combined with 
the key-based reference pattern W,, in addition to the 
scaling factor a, to result in W, which is the signal 
that is actually added to the original image, given as 
W, = aff, WySWel 271 
Note that the scaling coefficient amay be a constant or 
image dependent or derived from a model of image 
perceptual quality. When the scaling factor a is 
dependent on the original image, we can hav 
informed embedding which may result in more 
perceptually adaptive watermarking. The operation 
involving W,, and W,, isthe modulation part, which is 
dependent on the actual watermarking algorithm 
used. As an example, in a typical spread-spectrum 
based watermarking, this operation is usually an 
exclusive NOR (XNOR) operation. The final oper- 
ation is an additive or multiplicative embedding of W, 
with the original image. We show a simple additive 
watermarking process as 


fa = fo+ Ws (28) 
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Figure 11. A simple watermarking process: embedder and detector. 


(a) © 


«) 


Figure 12 (a) Original image, (o) watermarked image, and (c) the diference image. 


The result of this process is the watermarked image 
fy which may actually need some clipping and 
clamping operations to have the image pixel values 
in the desired range. 

The detector, as shown in Figure 11, does the 
inverse operations of the embedder. If the original 
image is known, as in the case of nonblind 
watermarking, it is first subtracted from the water- 
marked image. Blind watermarking detector, on 
the other hand, uses some filtering with a goal to 
estimate and subtract the original image com- 
ponent. The result of filtering is then passed to the 
decoder, which collects the message bits with 
the help of the shared key, and finally gets back 
the decoded message M’. 


Figure 12 shows the original image, water- 
marked image, and the difference image using a 
spread-spectram based watermarking algorithm, 
respectively. The enhanced difference image rep- 
resents a noise-like image, wherein the scaling 
coefficient « is clearly dependent on the original 
image. As evident from Figure 12b, the hidden 
message is imperceptible as well as the change in 
the original image. The imperceptibility is one of the 
primary criteria of digital watermarking. 

There are other criteria such as unobtrusiveness, 
capacity, robustness, security, and detectability. 
Thus, digital watermarking is a multidimensional 
problem, which attempts to make a trade-off 
among a number of different criteria. The inserted 
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watermark should not be obtrusive to the intended 
use of the original image. 
marking process does not increase the size of the 
original image, it may be desirable to add as much 
information as possible. However, generally speak- 
ing, the more information one adds, the more 
severe will be the impact on the perceptual quality 
of the image. From the detection point of view, 
watermark should be robust enough to tolerate a 
range of image post-processing and degradation, In 
addition, the embedded watermark should also be 
secure enough so that it may not be removed from 
the watermarked image, Finally, detectability of the 
embedded watermark is an important criterion that 
places some constraints on the embedding 
algorithm. 

In order to fully appreciate the use of watermarking 
for image distribution, it is instructive to look at 
different classes of watermark, which is delineated in 
Figure 13. 

For an example, depending on the robustness 
criterion of watermarking, they can be classified 
into three categories such as robust, fragile, and semi 
fragile. Note that while the robustness of watermark 
is important, it is not always equally desirable in all 
applications. Let us take the authentication as an 
example. If you, as the owner of a digital image, embed 


Because the water- 


Invisible 


Transform 
domain —— 

Processing 
method 


Figure 13 Watermark classifications. 


some authentication information into the image 
using watermarking, you might want to see the auth- 
entication fail, when some one steals your image. This 
is an example of nonrobust watermark, where the 
fragility of the embedded watermark is required to 
detect any forging done on the digital image. 

Now, consider how watermark provides the 
security requirements for secure image distribution. 
In particular, we look into the authentication of 
watermark. Figure 14 shows the use of watermark 
for image authentication, which has some  simi- 
larities with the cryptographic authentication using 
digital signature. However, there are potential 
benefits to using watermarks in content authentica- 
tion and verification. Unlike cryptography, water- 
marking offers both in-storage and in-transit 
authentication. Watermarking is also faster com- 
pared to encryption, which is very important in 
internet-based image distribution. By comparing a 
watermark against a known reference, it may be 
possible to infer not just that an alteration occurred 
but what, when and where changes have occurred. 
As shown in Figure 14, first we identify some 
features from the image and then we compute 
the digital signature, which is then embedded 
into the image. The detector takes a test image, 
computes the signature and extracts the embedded 
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Figure 14 Image authentication using watermark 


signature, and then compares the two. If they match, 
the image is authenticated. If they do not match, 
then the image may have gone through some 
forging/tampering effects and the algorithm may 
optionally detect the tamper area as well. 

One of the limitations of the watermarking 
approach in secure image distribution is that the 
technology is not yet widely deployed, and nor is the 
protocol satisfactorily standardized. Other major 
limitation is that the watermarking process cannot 


be made sufficiently robust to arbitrary types of 
different attacks. In reality, therefore, the hybrid 
combination of cryptography and watermarking is 
expected to improve the secure distribution of images 
across the unreliable internet. 


Concluding Remarks 


In this chapter, we discussed the principles of image 
post-processing and distribution. We showed a few 
representative examples for post-processing and 
distribution. We also explained the relevant issues 
in image distribution and present digital water- 


marking as one of the solutions for secure image 
distribution. 
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Introduction 


For more than 50 years silicon has been the 
semiconductor on which the enormous progress of 
microelectronics is based. Since silicon is also an 
excellent detector for electromagnetic radiation, in 
particular in the visible spectrum between 400 and 
700 nm, the advances in semiconductor technology 
have directly influenced the progress of solid-state 
image sensing. Once the relentlessly shrinking 
dimensions of transistors have reached a critical 
minimum limit, it has become economically feas- 
ible to co-integrate analog and digital circuitry 
with each light-sensitive pixel. This capability is at 
the heart of the technological revolution called 
smart pixel arrays. 

The first section relates how the shrinkage of 
minimum feature size on silicon chips paralleled 
the reduction of solid-state pixel geometry, as a 
function of time. This development ceased once the 
pixel size reached the optical diffraction limit, 
which marked the birth of the field of smart pixel 
arrays. In the second section, the basic function- 
ality and the most important physical limitations of 
conventional pixels and photosensors are given. 
The third section deals with opto-electronic func- 
tionality that is preferred today, of smart pixel 
arrays; in particular, the capability of spatio- 
temporal demodulation is very much in demand. 
In the fourth section, some of the most useful 
modular building blocks for smart pixel arrays are 
presented, together with a few key applications. An 
outlook on photonic systems-on-chip (SoC) is given 
in the fifth section, with a discussion of single-chip 
machine vision systems (so-called seeing chips), 
organic semiconductors for even higher levels of 
integration of photonic microsystems, and smart 
pixel arrays that are sensitive to physical par- 
ameters other than electromagnetic radiation, 


Silicon Technology for Image Sensing 


Long before it was realized that silicon would be the 
material on which modern semiconductor industry 
and the information technology revolution is 
based, in 1940 Russell Ohl discovered that silicon 


is an excellent detector of electromagnetic radiation. 
In particular, silicon is an excellent detector for light 
in the visible and near infrared part of the spectrum, 
for wavelengths between 400 and 1,000 nm. This is 
very fortunate because it allows designers of image 
sensors to profit directly from the amazing progress of 
silicon technology. Since the 1970s, the minimum 
feature size on silicon chips showed a reliable 
exponential reduction of about 10% per year, as 
illustrated in Figure 1. This is a direct consequence of 
the observation by Intel’s Gordon Moore, sometimes 


called ‘Moore's law’, that the number of transistors 
per integrated circuit doubles about every two years. 
The evolution of minimum feature size is paralleled 
by the evolution of minimum pixel size of solid-state 
image sensor, as illustrated in Figure 2. Once the pixel 
size reached a record low value of 2.4 um in the year 
1996, no further reduction in pixel size seemed 
desirable, because the optical diffraction limit was 
essentially reached. 

‘The combination of technological availability of 
smaller and smaller electronic components and pixel 
size that demanded no further reduction, inspired 
researchers to provide each pixel with an increasing 
amount of electronic functionality, all of which is 
available simultaneously for massively parallel infor- 
mation processing. This represents the heart of the 
smart pixel array revolution; pixels that not only 
sense the incident electromagnetic radiation but 
that are capable of pre-processing the acquired 
information in a relevant fashion. 
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Figure 1 Evolution of minimum feature size (ORAM half-ptch) 
in state-of-the-art sllcon technology, showing an exponential 
reduction for the past 30 years, which is expected to continue for 
atleast another decade, 
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Figure 2 Evolution of minimum pixel pitch in CCD image 
sensors, tracking the exponential reduction of minimum feature 
size shown in Figure 1, until a lowor limit was reached in 1997 
Imposed by optical fraction. Since then, no smaller pixel pitches 
have been described inthe iterature; this is indicated graphically 
With the hatched ‘alitfraction limit line 


Basic Functionality and Physical 
Limitations of Conventional Solid- 
State Photosensors 


The prime task of a pixel is the detection of incident 
electromagnetic radiation. The detection process 
consists of six basic steps: 


1, The incident photon impinges on the surface of 
the image sensor, and it has to reach the bulk of 
the semiconductor. 

In the bulk of the semiconductor the photon has to 

interact with the semiconductor, converting its 

energy into a number of electron-hole pairs. 

3. The photogenerated charge carriers must be 
transported to the sensor surface. 

4. At the surface, the photogenerated charge needs 
to be collected and accumulated in the storage 
part of the pixel 

5. The accumulated photocharge must be trans- 
ferred to the input of an electronic circuit capable 
of detecting this charge. 

6, The charge detection circuit converts photocharge 
into a corresponding voltage, exhibiting a mono- 
tonous (but not necessarily linear) transfer 
function. 


w 


Since the interaction length of electromagnetic 
radiation in silicon is in the tens of micrometers for 
incident photon energies between 1 eV and 10 keV 
(corresponding to a wavelength range of about 0.1 to 
1,000 nm), silicon is an excellent detector for this 
large spectral range. This is illustrated for the visible 
and near infrared spectral range in Figure 3, showing 
the absolute external quantum efficiency of a pixel 
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Figure 3 Extomal quantum efficiency of a photosensor realized 
with an industry standard CMOS process, showing quantum 
teficiencias above 50% in the whole visible spectral region, 


realized with an industry standard silicon process. 
In the visible spectral range, absolute external 
quantum efficiencies close to 100% can be reached, 
even with standard silicon processes for the micro- 
electronics industry that were not optimized for 
photosensing applications. 

Photocharge transport to the surface of the 
semiconductor is mainly provided by diffusion, 
ie, random thermal motion of the charge carriers 
that exhibit a velocity of about 10° m/s in silicon 
at room temperature, The mean distance L traveled 
by a diffusing charge carrier during time t is 
given by 


is 


vDt a 


with the diffusivity D, which has a value of around 
40 cm*/s for electrons in low-doped silicon at room 
temperature 

Once the photocharge carriers are close to the 
surface of the semiconductor, they are transported by 
drift in an electric field E, exhibiting a linear 
dependence of the transport distance L with time t= 


L=nEt R4 


which has a value of around 
ectrons in low-doped silicon at 


with the mobility 
1300 em*/Vs for 
room temperature. 

There are two basic principles for creating the 
electric field with which the photocharge carriers 
are transported to their storage site within the 
pixel. A photodiode consists of a semiconductor 
junction between a p-doped and an n-doped 
region, as illustrated in Figure 4. Such a photo- 
diode also represents a capacitance on which 
photocharge can be accumulated and stored. 
Photodiodes are used as photosensors in one 


Variants 


encyclopedia. If current flowing through the coil 
increases to the point where the frame becomes 
magnetically saturated, the pulling power of the 
solenoid will level off abruptly. 


The heat generated by a solenoid when it is 
maintained nits energized state may be reduced 
ifthe manufacturer includes a series resistor and 
a switch that functions as a bypass switch, The 
switch is normally closed, but is opened me- 
chanically when the plunger reaches the end of 
its throw, thus diverting electricity through the 
series resistor. This itself will generate some heat 
asa result of the current flowing through it, but 
by increasing the total resistance of the system, 
the total heat outputwill be reduced. The resistor 
value is chosen to provide the minimum power 
needed to retain the plunger at the end of its 
throw. 


Variants 


The most common variant is tubular, with open- 
frame as a secondary option. A tubular solenoid 
has been shown in Figure 21-2. 


Additional variants include: 


Low Profile 
A shorter, fatter solenoid which may be used ifa 
short throw is acceptable. 


Latching 

‘A permanent magnet holds the plunger when it 
reaches the end of its travel, and continues to 
hold it after power to the solenoid is disconnec- 
ted, The plunger itself is also a permanent mag- 
net, and is released by running current of reverse 
polarity through the coil 


Rotary 
This variant is similar in principle to a brushless 
DC motor and causes the armature to rotate 
through a fixed angle (typically ranging from 25 


omagnetism > linear > solenoid 
to 90 degrees) instead of moving linearly. It is 
used as a mechanical indicator in control panels, 
although it is being 
tronic indicators. 


Hinged Clapper 
Instead of a plunger, a small hinged panel (the 
“clapper”) moves in when the solenoid is active, 
and springs back when the poweris interrupted. 


Values 


The stroke length, duty cycle, and holding force 
are the most significant values found in solenoid 
datasheets. 


Holding forces for DC solenoids can range from 
afew grams to hundreds of kilograms. The hold- 
ing force will be inversely proportional to the 
length of the solenoid, if all other variables are 
equal. The force that the solenoid can exert on 
its plungeralso varies depending on the position 
of the plunger in the length of its throw. 


Duty cycle is of special importance because the 
solenoid continues to draw power and create 
heat so long as it is holding the plunger at the 
end ofits throw (assuming the solenoidis not the 
latching type). The initial current surge in an AC 
solenoid generates additional heat. 


The duty cycle is simply calculated. If T1 is the 
time for which the solenoid is on and T2 is the 
time for which the solenoid is off, the duty cycle, 
D, is derived as a percentage from the formula 


D = 100 * (11 / (11 + T2)) 


Some solenoids are designed to withstand a 
100% duty cycle, but many are not, and in those 
cases, there is a maximum value not only for D 
but for the peak “on’ time, regardless of the duty 
cycle. Suppose a solenoid is rated fora 25% duty 
cycle. ifthe solenoid is appropriately switched on 
forone secondand offfor three seconds, the heat 
will be allowed to dissipate before it has time to 
reach overload levels. Ifthe solenoid is switched 
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Figure 4 Cross-section of a photodiode, consisting of an n- 
doped region in a p-doped substrate. The substrate is cont 
Using a heavily p-doped difusion S, and the n-region is contacted 
sing a heavily n-doped dfusion D. The space-charge region is, 
ilustrated as hatched area at the pn-junction, 


Figure & Cross-section of an MOS capacitance, the basic 
clement of a CCD image sensor. On top of a p-substrate a thin 
transparent insulator O and a transparent electrode E are 
fabricated. The substrate Is contacted with a heavily p-doped 
diffusion S, and the electrade E is contacted with the gate contact, 
G. The hatched area ilustrates the space-charge region under 
the electrode, 


popular type of image sensor, so-called APS (active 
pixel sensor) or CMOS (complementary metal 
oxide semiconductor) imagers. 

An alternative to a photodiode is an MOS (metal 
oxide semiconductor) capacitor, consisting of a 
transparent electrode that covers an insulating layer 
on top of semiconducting material, as illustrated in 
Figure 5. An MOS capacitor is the basic element of a 
charge coupled device (CCD), the other widespread 
type of image sensor. 

‘The charge transfer between photodiodes and 
photodetector circuits is based on elect 
duction, occurring essentially with the speed of 
light. In CCDs, the charge transfer is effectuated 
with clocks, and excellent charge transfer efficie 
cies can be observed at clock frequencies of several 
tens of MHz. 

‘The major limitation in semiconductor photoses 
sors is the last clement in the line, i.e. the electronic 
charge detection circuit. In Figure 6, a so-called 
source follower is illustrated, which is by far the most 
frequently used photocharge detection circuit. Its 
performance is limited by the thermal (Johnson) noise 
in the channel of the first field effect transistor (FET). 
This corresponds to a statistical uncertainty with 
which an amount of photocharge can be measured at 
the gate of the FET. The input referred charge noise 


Figure 6 Schematic diagram of a photosensor’s output lffusion 
OD connected to a reset transistor R and a source follower 
transistor SF, the most widely used charge detection citcult for 
image sensors and smart pixel arrays. The photacharge is stored 
cn the effective capacitance Cat the gate of transistor SF, which is, 
read out using a row select transistor RS, connecting the source 
follower to the readout column Col 


variance sq is given approximately by 


2 4kTB 
g 


suc BI 
where C is the effective capacitance seen by the 
gate of the FET, & is Boltzmann’s constant, T is the 
absolute temperature, B is the effective bandwidth 
at the FET’s channel, and g is the transconductance 
of the FET. 


Desired Optoelectronic Functionality 
in Smart Pixel Arrays 

From the previous section it becomes clear that even 
conventional pixel and photosensors can be improved 
in several desirable respects: 


© The spectral response can be improved in the 
ultraviolet (50-400 nm), or it can be expanded 
significantly into the X-ray region (below 0.1 nm) 
and into the infrared region (above 1,000 nm). 

© The speed of the photosensors can be increased by 
replacing diffusion based photocharge transfer 
mechanisms with the directed, more efficient drift 
in electric fields. This is true for the vertical as well 
as for the lateral charge transport direction. 

© The sensitivity of the electronic charge detection 
process can be improved in two ways. It can be 
achieved by decreasing the effective detection 
capacitance C at the input of the charge 
detection circuit, as can easily be seen from 
eqn [3]. An alternative is to make use of a 
physical charge amplification process (i.e. ava- 
lanche multiplication in a high electric field), 
that has low intrinsic noise, 
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«A derivative improvement that is desired is the 
increase of the dynamic range D/R of the complete 
detection process, as defined, for example, by 


2 
DIR = 10" tog 20 141 
50 
where Omax denotes the maximum (or saturation) 
charge and sq is the total charge noise variance of 
the electronic detection circuit. 


In addition to the abov 


described improvements 
of conventional pixel functionality, a huge demand 
exists for the capability to measure the parameters 
of modulated electromagnetic signals, to 
demodulate such signals. This demand is related 
to the large number of very powerful electronic 
and opto-electronic measurement _ principles, 
capable of improving the sensitivity of the 
measurement process significantly by employing 
modulated signals, either in the temporal or in 
the spatial domain. For this reason, smart pixel 
arrays are sought that offer this combination of 
photodetection and demodulation. 


Modular Building Blocks for Smart 
el Arrays 


Towards the end of the last century, a large body 
of literature has been created, addressing various 
approaches for the realization of one of the above 
described desired opto-electronic functionalities. 
The result is a powerful ‘toolbox’ of modular 
building blocks for custom smart pixel arrays, with 
which optimized solutions for optical measurement 
problems and practical applications can be 
constructed. 


High-Sensitivity Charge Detection 


From the noise formula (eqn [3]) two possibilities for 
the improvement of the sensitivity of image sensors 
can be deduced: A first approach is the reduction of 
the capacitance value. An excellent example for this is 
the invention of the ‘double gate’ FET, in which the 
charge to be measured is not placed on a gate 
electrode at the surface but resides in the 
ductor bulk. In this way the effective capacitance of 
the pixel can be reduced by at least one order of 
magnitude compared to conventional pixels. The 
resulting capacitance of less than 1 fF leads to a 
readout noise of about one electron at room 
temperature and for a readout bandwidth of several 
MHz. Unfortunately the small capacitance allows 
the storage of only around ten thousand electrons. 


For such small charge packets, quantum noise is still 
relevant, leading to significantly degraded image 
quality, even when the images are taken under 
favorable lighting conditions. 

A second approach to high-sensitivity photosensing. 
exploits the dependence of the charge detection 
variance on the measurement bandwidth, as indicated 
in eqn [3]. One method for exploiting this consists of 
reading out the image sensor at a significantly reduced 
bandwidth of a few 10 kHz, At the same time, the 
image sensor is cooled to temperatures of around 
=100°C. This becomes necessary because readout at 
such slow speeds increases the time, to read one 
complete image, to many minutes, requiring a 
substantial reduction of the dark current. Instead of 
working at low readout bandwidths, itis also possible 
to read out the same information repeatedly and non- 
destructively at high speed, and to average many 
measurements of the same amount of photocharge. 
Both methods have been shown to lead to readout 
noise levels of about one electron; on the other hand, 
both approaches require very long times for the 
acquisition of complete image 

This problem can be resolved by exploiting the 
‘massive parallelism that smart pixel arrays offer: low- 
bandwidth techniques can be employed without 
losing effective readout speed. Pixels and columns 
are read out with low-bandwidth amplifiers that are 
all active simultaneously, and only the final off-chip 
readout amplifier needs to operate at a large 
bandwidth. In practice, this approach has been used 
successfully in single-chip digital cameras with 
Megapixel resolution, exhibiting a readout noise of 
only a very few electrons. 

A completely different approach is based on the use 
of a physical amplification mechanism with low 
noise, before detecting the amplified charge 
with a conventional electronic circuit; the 
avalanche multiplication effect in high electric fields is 
very well suited to this approach. Each pixel is 
supplied with its own combination of stabilized 
avalanche multiplier and conventional charge detec- 
tion circuit. This approach has been used for the 
realization of a fully integrated 2D array of single 
photon detectors that can be fabricated with industry 
standard CMOS processes. Similar performance is 
obtained with the Impactron™ series of high- 
sensitivity CCD image sensors offered by Texas 
Instruments Inc. making use of a single multistage 
avalanche multiplier at the output of the image 
sensor. For both high-sensitivity smart pixel arrays, 
single-photoclectron performance is reported at room 
temperature and at readout frequencies of several 
MH, as required for video applications. 
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Photosensing with Improved Dynamic Range 


Conventional solid-state image sensors and cameras 
usually have a very limited dynamic range, as defined 
in eqn [4]. Typical values are between 40 and 80 dB, 
rarely exceeding four orders of magnitude. In 
natural scenes, however, much higher D/R values 
can be encountered. To cope with this, the human eye 
is capable of spanning a dynamic range of more 
than 150 dB. This realization has spurred the inven- 
tion of several methods with which the D/R of smart 
pixel arrays can be increased, 

One approach consists of acquiring several 
images of the same scene with different exposure 
times, with the subsequent combination into one 
high-dynamic-range composite picture. D/R values 
exceeding 120dB have been obtained with such 
multi-exposure methods. Fast-moving objects, hoy 
ever, will have relocated from one exposure to the 
next, resulting in false, blurred representations of 
these objects in the composite picture. 

This can be overcome using nonlinear response 
characteristics similar to the ones found in natural 
vision. Impinging light produces a photocurrent 
that is highly linear with the incident light 
intensity. Because the voltage across the photodiode 
is logarithmically dependent on the photocurrent, 
a logarithmic voltage-illumination response is 
obtained, with a D/R exceeding 120dB. Such 
logarithmic pixels are well-suited for applications 
providing high illumination levels but they suffer 
from excessive noise and slow response speed at 
low light levels. 

This disadvantage led to the development of 
linear-logarithmic pixels, exhibiting a_high-sen: 
tivity linear response at low light levels, and a 
gradual changeover to logarithmic response once a 
certain, programmable light level is reached, The 
design principle is illustrated in Figure 7. An 
otherwise conventional CMOS/APS pixel is sup- 
plied with a device that exhibits logarithmic 
voltage-current response, such as a diode. As 
long as the cathode is at a higher voltage than 
the anode, no current flows across the diode, and 
the pixel response is linear. Once the photocurrent 
has lowered the cathode voltage below the anode 
voltage, the pixel response becomes logarithmic, as 
described above. The D/R of such a linear- 
logarithmic pixel reaches unprecedented high 
values; almost 200 dB have already been obtained 
in practice. Because of the simplicity and robust- 
ness of this principle, such linear-logarithmic smart 
pixel arrays have found their way into commercial 
sensor and camera products that are available 
commercially, as illustrated in Figure 8. A circuit 


Figure 7 Schomatic diagram of a high-dynamic-range pixel, 
‘consisting of a conventional APS/CMOS pixel, as illustrated in 
Figure 6, in combination with a shunt diode SD. The photocurrent, 
lowers the voltage at the gate of transistor SF continuously. Bolow 
2 certain value of this voltage, the diode starts to become forward 
biased, leading toa linear-logartnmic illumination response, with 
2 dynamic range that can be as high as 200 dB, 


board and a light bulb are imaged in linear mode 
(Figure 8a), showing highly saturated areas, and in 
linear-logarithmic mode (Figure 8b), in which even 
the light bulb’s filament can clearly be seen. 


Extension of the Spectral Sensitivity Range 


The spectral sensitivity of silicon is essentially 
restricted to the spectral wavelength range between 
0.1 and 1,100 nm. With a suitable choice of materials 
that cover the silicon sensor’s surface, this sensitive 
wavelength range can be extended. For high-energy 
radiation, scintillator materials are employed, capable 
of converting incident high-energy photons into a 
proportional number of visible photons. Scintillators 
render smart image sensors particularly sensitive in 
the UV (300-400 nm), deep UV (below 300 nm), 
X-ray (0.002-Inm), and gamma ray (below 
0.002 nm) spectral region. Typically, the scintillator 
materials are fabricated as platelets that are glued on 
the surface of the produced CMOS/CCD image 

The extension of the sensitive spectral range to 
the infrared can be achieved with semiconductor 
materials with smaller energy bandgaps than 
silicon. Examples include Ge, SiGe, SiC, PtSi, 
IrSi, InAs, InGaAs, or InGaAsP. Typically, these 
materials are deposited on the produced 
CMOS/CCD image sensor in an ultra-high vacuum 
environment, An alternative is the use of bump- 
bonding, with which the CMOS/CCD image sensor 
can be connected to a small-bandgap material chip 
at each pixel site, With these technologies, silicon- 
based smart pixel arrays become sensitive to 
wavelengths of several microns. 
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Figure 8 Images of a scene with high dynamic range, taken with an image sensor exhibiting linear ilumination response (a) and linear- 
logarithmic ilumination response (b). A similar pixel architecture as illustrated in Figure 7 is employed. (Courtesy of Photontacus AG, 


Lachen, Switzerland.) 


High-Speed Image Sensing 


Increasing the speed of the photosensing process 
necessitates improvements in two key areas. Photo- 
charges need to be collected and transported faster, 
and the acquired information must be read out faster. 

A comparison of eqns [1] and [2] immediately 
reveals that the replacement of diffusion by drift 
transport provides the desired speed improvement. In 
the vertical direction, the electric field of photodiodes 
or MOS capacitances reaches more deeply into the 
semiconductor bulk if lower doping levels of the 
substrate are used or the bias voltage is increased 
Improving the lateral transport speed is more difficult. 
A highly successful approach in so-called drift-field 
pixels is illustrated in Figure 9. On top of a thin (a few 
tens of nanometers) transparent insulator, a highly 
resistive layer — often of polysilicon — is placed. When 
a voltage difference is applied at the two ends, a 
small current flows across the resistive layer, inducing 
a linear potential variation at the semiconductor 
surface. A simple calculation shows that very small 
transit times for photocharges can be obtained in this 
way. Assuming a (quite large) pixel size of 25 um and 
a voltage difference of 5 V, the maximum transit time 
of photoelectrons that have to move from one end of 
the pixel to the other, is less than Ins. This is more 
than two orders of magnitude faster than can be 
achieved with diffusion transport. 

Smart pixel arrays provide a simple solution to the 
problem of speeding up the readout of the acquired 
picture information; a large degree of parallelism. 
This is illustrated with the architecture of a split-field 
high-speed image sensor, shown schematically in 
Figure 10. The photosensitive area is split into two 
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Figure 9 Cross-section ofa dit ld pixel, exploiting the lateral 
dl field at the semiconductor—oxide interface. The corraspond- 
ing sloped potential distribution (x) is created with a highly 
resistive transparent electrode E on top of a thin transparent 
insulator O; this conductor has two contacts C1 and G2 atts ends, 
to which a voltage difference is applied. Depending on the sign of 
the siope, the photoelectrons are collected either in fusion Dt or 
D2. The hatched area indicatas the space-charge region. 


parts, so that the column amplifiers of one half have 
time to settle to their proper voltages, while the 
columns of the other half are being read out. No time 
is lost, therefore, when another row of the image is 
selected for readout. A large number of output 
amplifiers are provided for highly parallel readout 
of the image data, each with a typical readout rate of 
40-100 MHz. In this way, sustainable pixel rates of 
several GHz can be achieved in practice 


Static Spatial Demodulation 


The spatially varying geometry of the photosensitive 
part of a pixel can be used for the static spatial 
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Figure 10 Block diagram of a high-speod image sensor, making 
Use of the large amount of parallelism possible in smart pixel 
arrays. The light-sensitive area is split into two fields whose rows 
‘can be addressed independently with two separate row address 
(onerators AG. In this way, one row of one field can be selected 
and the corresponding column amplifiers CA can reach 
equilbrium, while the columns of the other field are being read 
cut using several parallel output amplifiers OA, 


pix) 


Figure 11 Illustration of a one-dimensional intensity dstibution 
p(x) of light which is incident on a shaped photodiode with 
posttion-dependent width w(x), between the two boundaries a 
and b. 


demodulation of an impinging light field. When a 
one-dimensional intensity distribution p(x) is incident 
on a photodiode with spatially varying width 10(x) 
between the limits a and b, as illustrated in Figure 11, 
an output signal r is produced: 


7 
r f plono(x)de (31 


By shaping the photodiode appropriately, any type 
of parametrized linear transform can be realized, as 
illustrated by the photomicrograph in Figure 12. In 
this practical example, four photodiodes are shaped 
sinusoidally and cosinusoidally, weighted with a 
slowly varying windowing function, Their signals 
are used for determining the Fourier coefficients 


Figure 12 Photomicrograph of two photodiode pairs that are 
shaped as spatial sine and cosine functions, weighted with a 
slowly varying windowing function. The four photosignals can be 
employed to determine the phase and amplitude of a one 
dimensional intensity signal that has the same spatial frequency 
as the sine and cosine. In practice, the accuracy of the phase 
determination is as high as 0.1% of the spatial wavelength. The 
width of the photomicrograph corresponds to about 1mm in 
really 


(the sine and cosine transform) of an incident light 
distribution for a fixed spatial frequency. This is 
employed, for example, in cost-effective optical 
encoders, capable of measuring linear displacement 
with an accuracy below 50-nm. 


Dynamic Spatial Convolution 


Many image-processing tasks require the convolution 
of the pixel data P,; at the position (i,j) in an image 
with a two-dimensional convolution kernel 1p: 
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Instead of employing a purely geometrical 
solution, as described in the previous section, an 
alternate approach is found when interpreting 
the convolution eqn [6] in the following way. 
The resulting image R is obtained by displacing the 
original image P laterally by an amount (k,l), by 
multiplying the shifted pixel values with the 
corresponding weight w;,, and by adding up all 
these products. 

The lateral displacement is realized with a CCD 
structure, implementing the 2D lateral movement of 
the acquired image charge packets, the multipl 
cations with the convolution kernel values are 
realized by using various exposure times for each 
lateral shift position, proportional to the corre- 
sponding weight value, and the summation is just 
the natural charge accumulation of CCD structures. 
The problem of negative weights is solved by 
separately determining the positive and negative 
parts of the weight function, each stored separately 
in the pixel, and by calculating the difference of the 
two values during readout, either on-chip or off- 
chip. In this way, such convolution image sensors 
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can be used for the determination of complete, 
programmable, real-time image convolutions, with 
arbitrary kernels that are fully under the dynamic 
control of digital logic or microprocessors. Practical 
experience with such convolution imagers shows 
that the convolution results exhibit inaccuracies of 
less than 1%, 


‘Temporal Demodulation 


In many relevant optical measurement techniques, 
temporally modulated light fields are employed. 
For this reason, smart pixel arrays are desired, 
providing synchronous demodulation of these signals. 
An electromagnetic signal S(é) that is harmonic as a 
function of time with given frequency w, having 
unknown modulation amplitude A, offset Band phase 
delay @, is described by 


Sit) =A sinot + 9) +B (71 


The three unknowns A, B and g can be measured if 
three or more sampling points are sampled synchro- 
nously per period in so-called ‘lock-in’ pixels. An 
example of a lock-in pixel employing the drift-field 
transport principle with four accumulation taps, is 
illustrated in Figure 13. Demodulation frequencies of 
several tens of MHz have already been demonstrated 
in practice. 

‘The most important application of such synchro- 
nous demodulation pixels is in optical time-of-flight 
range cameras. Such a camera incorporates a light 
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Figure 13. Schematic top view of a lock-in pixel based on the 
lateral diftfield approach illustrated in Figure 9. A square 
electrode is fabricated with a highly resistive transparent material 
(on top of a thin insulator. The electrode contacts C1 to C4 are 
‘employed to create a ‘reeling’ potential distribution that rotates 
with the modulation frequency of the incident ight that requires 
synchronous demodulation, so that the photocharges are 
collected at dfusions D1 to D4, respectively, at the appropriate 
time during each period. 


source, usually an array of infrared or visible LEDs, 
that is modulated at a few tens of MHz. The 
modulated light is reflected diffusely by the various 
objects, and the camera’s lens images it onto a lock-in 
image sensor. Each of its pixels carries out synchro- 
nous sampling/accumulation of photocharges. At the 
end of the exposure time, the accumulated photo- 
charge samples are read out, and the three modu- 
lation parameters of the reflected light are determined 
for each pixel. The phase shift is a direct measure of 
the local distance, It has been shown that for a wide 
range of operating conditions, the distance resolution 
of such optical range cameras is already limited just 
by the photo shot noise. A typical result of such a 
depth image is shown in Figure 14. 


Photonic Systems-on-chip 


The microelectronics revolution is based on the key 
notion of integration. More functionality integrated 
monolithically on the same chip leads to faster, 
smaller, better performing, and cheaper products. 
The same is true for smart pixel arrays, for which 
progress through integration is attained in several 
respects. 


Figure 14 Example ofa distance picture (a person) out of a 3D 
range image sequence, taken with an optical time-of-flight 
distance camera making use of lock-in pixels. Depending on the 
available light level, the background tlumination and the 
‘modulation frequency, such solid-state range cameras can 
have a resolution of a few mm. 
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‘Seeing Chips 


Already, in the mid-1980s, researchers were excited 
about the possibility of integrating local signal 
processing capabilities in each pixel, implementing 
some functions of biological vision systems, It was 
envisioned that an increasing amount of bio-inspired 
functionality would lead to smart image sensors, 
exhibiting a primitive sense of vision. The idea of a 
‘seeing chip’, with the capability to interpret a scene, 
was born. 

Unfortunately, even today, our understanding of 
the enormously successful biological vision systems 
has not yet reached a mature enough state allowing us 
to implement signal processing functions that 
approximate any ‘image understanding’. Published 
algorithms are still incapable of interpreting a scene 
and ‘perceiving’ its contents. Obviously, no set of 
vision algorithms is yet known with which seeing 
chips could be realized. Although progress is slower 
than envisioned, single-chip machine vision systems 
of growing complexity and increasing functionality 
are being developed. 


Organic Semiconductors for Monolithic Photonic 
Microsystems 


‘The realization that organic materials with conjugated 
double bonds, in particular noncrystalline polymers, 
are direct bandgap semiconductors, has recently led to 
a flurry of R&D activities in the domain of organic 
photonics. Organic light-emitting diodes (OLEDs), 
color displays, lighting panels, photodiodes, image 
sensors, photovoltaic cells, RF transponders, and tags, 
and several other organic photonic devices have not 
only been demonstrated but many are already 
commercially available. The special appeal of organic 
semiconductors stems from their potential for mono- 
lithic, low-cost integration of complete, large-area 
photonic microsystems, even on thin, flexible sub- 
strates. In Figure 15, such a monolithic photonic 
microsystem is illustrated schematically, combining a 
photovoltaic power supply, a photonic detector 
subsystem, analog and digital signal processing, as 
well as bidirectional optical communications with the 
outside world, possibly including also an on-chip 
display. The photonic detector subsystem typically 
consists of a light source, a light guiding structure that 
is sensitized — for example chemically — and a 
photodetector/image sensor subsection. In such a 
monolithic photonic microsystem, the term ‘smart 
pixel array’ obtains a much broader meaning, opening 
up a huge number of practical applications in 
essentially all domains of our daily and professional 
lives. This domain of organic semiconductors for 
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Figure 18 Schematic block diagram of a monolithically 
integrated photonic microsystem, that is expected to be produ 
‘cable in the near future with organic semiconductors. All opto- 
electronic devices are fabricated on the same planar surface: 
Photovoltaic power supplies (PV); analog and digital signal 
processing (ASP and DSP); photodetectors (PD); photoomiters, 
(PE) ~ used for bidirectional communication or as parts of a 
photonic detector subsystem ~ a light guiding structure (LG) that 
‘can be sensitized for specific sensing applications, and a display 
subsystem (DS). 


integrated photonic microsystems is still largely 
unexplored, and it is offering exciting opportunities 
for research and product development. 


‘Smart Pixel Arrays Beyond Electromagnetic Field 
Imaging 


‘The sensing capabilities of smart pixel arrays are not 
restricted to electromagnetic radiation; this technol- 
ogy can also be used for the acquisition of other two- 
or three-dimensional physical fields, As an example, 
electrostatic imaging can be used for the temporally 
and spatially resolved acquisition of surface potential 
distributions in living cells. Electrostatic potential 
values of several hundred mV can be acquired with a 
precision of 1 mVand a temporal resolution below 1 
millisecond. Other acquisition modalities include 
magnetostatic field imaging, for example by employ- 
ing the Hall effect, or imaging of local electrostatic 
charge or current density distributions. 


Summary 


‘The relentless advances of semiconductor technology 
make it possible to integrate an increasing amount 
of photosensitive, analog, and digital functionality 
in the same smart pixel and on the same smart 
pixel array. Unusual photosensor devices can 
be fabricated with commercially available 
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semiconductor processes, implementing innovative 
designs and layouts, as well as novel electronic 
circuits, with which the physical limits of photosen- 
sing and photocharge processing may be reached. 
Novel opto-electronic microsystems can be de 
oped, based on application-specific smart pixel 
arrays, either by realizing known optical measure- 
ment techniques more efficiently or by implementing 
new techniques, whose realization requires the 
availability of nonconventional image sensing 
functionali 

Already, smart pixel arrays are opening up a large 
number of new opportunities in photonics research 
and product development. The continuously increas- 
ing levels of integration lead to new forms of system- 
on-chip solutions for a wide range of practical 
applications. Smart pixel arrays can perform at the 
basic limits imposed by physics, and they have 
become indispensable tools in almost any type of 
research laboratory and any field of science and 
engineering. 
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Introduction 


The classic textbook example of a diffraction 
grating is a periodic arrangement of parallel 
opaque wires: if a plane wave is incident upon 
snch a structure, it is divided into a multitude of 
plane waves propagating in well-defined directions 
In particular, the dramatic wavelength-dependence 
of these directions has attracted great interest ever 
since the potential of diffraction gratings in 
spectroscopy was realized in the late 1700s. 
Today spectroscopy is only one, though important, 
application of diffraction gratings. Gratings of 
many different forms belong to the basic building 
blocks in modern wave-optics-based design of 
optical elements and systems 


Grating Equations 


Some examples of the wide variety of possible grating 
structures are illustrated in Figure 1, which shows the 
profiles of some commonly encountered diffraction 
gratings that are invariant in the y direction. These 
are known as linear gratings. Each grating may be of 
reflection type (the refractive index my is complex) or 
of transmission type (ru is real). In all cases my and 1 
can both be real or one of them can be complex. Here 
we assume that the incident field is a plane wave with 
wave vector k in the x-z plane; more general 
illumination waves can be represented as super- 
positions of plane waves. 

Figure 1a illustrates a binary grating: in the 
modulated region 0 <z<H the refractive index 
alternates between m, and m, changing from one 


value to another at certain transition points within 
the period d, The structure in Figure 1b represents a 
sinusoidal surface-relief grating as an example of 
smooth grating profiles. Finally, Figure 1c shows a 
triangular grating profile 

‘The periodicity of a geating, illuminated by a plane 
wave, usually leads to the appearance of a set of 
reflected and transmitted plane waves (diffraction 
orders of the grating) that propagate in directions 
determined by the grating period d, the illumination 
wavelength A, and the refractive indices m and my 
(see Figure 2a), These directions are obtained from 
the transmission grating equation: 


rng Sit Oy = my sin 8+ Ald a 
where mis the index of the diffraction order and 
4, is its propagation angle. For reflected orders 
(superscript r) one simply replaces my by m in 
eqn [1]. 

Obviously only a limited number of orders satisfy 
the condition |8,,|< 7/2 and thereby represent 
conventional propagating plane waves. Higher, so- 
called evanescent orders are inhomogeneous waves 
that propagate along the grating surface and decay 
exponentially in the z direction, However, 
they cannot be ignored in grating analysis, as we 
shall see. 

In the case of a biperiodic grating with a period 
deXdy the propagation direction of the incident 
beam is defined by two angles @ and ¢ illustrated in 
Figure 2b, The grating equations now read as: 


gy Si py, £08 yy = My Sin OOS b+ Mm Nd, [2] 


Aq SiM Oy S10 gy = Sit OSin 6+ MN,, [3] 


Where Oy and dy, define the propagation direc- 
tions of the diffraction order with indices m and n. 
For reflected orders my is again replaced by 1 
These expressions apply also to the special case of 
linear gratings (limit d, —+ 6) illuminated by a plane 
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Figure 1 Examples of linear gratings. (a) Binary grating; (b) sinusoidal grating; (c)tlangular grating. Here dis the grating period, 
His the thickness of the modulated region, # is the angle of incidence, and n denotes refractive index. 


Figure 2 Diffraction by gratings. (a) Linear grating; (b) definitions of direction angles in the case of a biperiodic grating, 


wave not propagating in the x-z 
incidence). 

Some two-dimensionally periodic gratings are 
illustrated in Figure 3. The structure illustrated in 
Figure 3a is an extension of a binary grating to the 
biperiodic geometry: here a single two-dimensional 
feature is placed within the grating period but, of 
course, more features with different outlines could be 
included as well. Moreover, each period could 
contain a continuous ‘mountain-range’ or consist 
of a ‘New-York’-style pixel structure. Figure 3b 


plane (conical 


illustrates a structure consisting of an array of 
rectangular-shaped holes pierced in a flat screen, 
while Figure 3c defines an array of isolated particles 
on a flat substrate. If the grid or the particles are 
metallic, surrounded by dielectrics from all sides, one 
speaks of inductive and capacitive structures, respect- 
ively: in the former case relatively free-flowing 
currents are induced in the metallic grid structure, 
but in the latter case the isolated metal particles 
become polarized (and therefore capacitive) when 
illuminated by an electromagnetic field. 


romagne > solenoid 
on for one minute and off for three minutes, the, 
duty cycle is still 25%, but the heat that may ac- 
cumulate during a one-minute “on” cycle may 
overload the component before the “off” cycle 
can allow it to dissipate. 


Coil Size vs. Power 

Because additional windings in a coil will induce 
a greater magnetic force, a larger solenoid tends 
to be more powerful than a smaller solenoid. 
However this means that ifa larger and a smaller 
solenoid are both designed to generate thesame 
force over the same distance, the smaller sole- 
noid will probably draw more current (and will 
therefore generate more heat) because of its 
fewer coil windings. 


How to Use it 


Solenoids are primarily used to operate valves in 
fluid and gas circuits. Such circuits are found in 
laboratory and industrial process control, fuel in- 
jectors, aircraft systems, military applications, 
medical devices, and space vehicles. Solenoids 
may also be usedin someelectronic locks, in pin- 
ball machines, and in robotics, 


What Can Go Wrong 


Heat 

Overheating is the principal concern when using 
solenoids, especially if the maximum “on" time is 
exceeded, or the duty cycle is exceeded. If the 
plungeris prevented from reaching the end ofits 
throw, this can be another cause of overheating. 


Because coil resistance increases with heat, a hot 
solenoid passes less current and therefore de- 


How to Use it 


velops less power. This effect is more pro- 
nounced in a DC solenoid than an AC solenoid. 
A manufacturer's force curve should show the 
solenoid performance at its maximum rated 
temperature, which is typically around 75 de- 
grees Centigrade, ina hypothetical ambient tem- 
perature of 25 degrees Centigrade. Exceeding 
these values may result in the solenoid failing to 
perform, As in all coils using magnet wire, there 
isthe riskofexcessiveheat melting the insulation 
separating the coil windings, effectively short- 
ening the coil, which will then pass more current, 
generating more heat. 


AC Inrush 

Whenan ACsolenoidreachestheendofitstravel, 
the sudden stop of the plunger resultsin forward 
EMF that generates additional heat. Generally 
speaking, a longer stroke creates a greater surge. 
Rapid cycling will therefore exacerbate coil heat- 
ing. 


Unwanted EMF 

Like any device containing a coil, a solenoid cre- 
ates back EMF when power is connected, and 
forward EMF when the power is disconnected. A 
protection diode may be necessary to suppress 
power spikes that can affect other components. 


Loose Plunger 

The plunger in many solenoids is not anchored 
or retained inside the frame and may fall out i 
the solenoid is tilted or subjected to extreme 
bration. 
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Figure 3 Examples of biperiodic gratings. (a) General binary grating; (b) inductive structure; (c) capacitive structure, 


Grating Theory 


Gratings equations provide exact knowledge of the 
propagation directions of the diffraction orders, but 
they give no information about the distribution of 
light among different orders. To obtain such 
information, one must in general solve Maxwell’s 
equations exactly (rigorous diffraction theory}, but 
ithin certain limits simpler methods are available. 
In all cases, however, the transmitted and reflected 
fields are represented as superpositions of plane 
waves that propagate in the directions allowed by 
the grating equations (these are known as Rayleigh 
expansions). 

‘The most popular method for rigorous grating 
analysis is the Fourier Modal Method (FMM), 
though many alternative analysis methods exist. To 
understand the principle of FMM, consider first 
binary gratings. The field inside the modulated region 
0<Z<H is represented as a superposition of 
waveguide modes, determined by imagining that 
the modulated region would extend from x 
to x= 0, With given transition points the electric 
permittivity, its inverse, and the electric field inside 
the grating, can be represented in the form of Fouri 
series and one ends up with a matrix eigenvalue 
problem with finite dimensions when the matrices are 
truncated. A numerical solution of this problem 
provides a set of orthogonal modes that can 
propagate in the structure with certain propagation 
constants. The relative weights of the modes are then 
determined by applying the electromagnetic bound- 
ary conditions at the planes z = 0 and z = H to match 
the modal expansions inside the grating with the 


plane-wave (Rayleigh) expansions of the fields in the 
homogeneous materials on both sides of the grating. 
This matching procedure, which is numerically 
implemented by solving a set of simultaneous linear 
equations, yields the complex amplitudes of the 
electric and magnetic field components associated 
with the reflected and transmitted diffraction orders 
of the grating. 

Of main interest are the diffraction efficiencies, Mx 
(or nw for biperiodic gratings) of the orders, which 
tell the distribution of energy between different 
propagating orders. In electromagnetic theory the 
diffraction efficiency is defined as the z-component of 
the time-averaged Poynting vector associated with the 
particular order, divided by that of the incident plane 

Gratings with z-dependent surface profiles can be 
handled similarly if they ar P into a sufficient 
number of layers, in each of which the grating is 
modeled as a binary structure. The electromagnetic 
boundary conditions are applied at each slice 
boundary and the approach models the real continu- 
ous structure with arbitrary degree of accuracy when 
the number of the slices is increased; in practice it is 
usually sufficient to use approximately 20-30 slices 
for sufficiently accurate modeling of any continuous 
grating profile by FMM. 

‘The main problem with rigorous techniques such 
as FMM is bad scaling. If, in the case of 1D 
modulated (or y-invariant) gratings, the period is 
increased by a factor of two, the computation time 
required to solve the eigenvalue problem is increased 
by a factor of around eight. Thus we have ad? type 
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scaling law. The situation is much worse for bi- 
periodic gratings, for which the exponent is 
around six. Thus no foreseeable developments in 
computer technology will solve the problem, and 
approximate analysis methods have to be sought. 
A multitude of such methods are under active 
development, but in this context we discuss the 
simplest example only. 

If d>A and the grating profile does not contain 
wavelength-scale features, one can describe the effects 
of a grating on the incident field merely by consider- 
ing it as a complex-amplitude-modulating object, 
which imposes a position-dependent phase shift and 
amplitude transmission (or reflection) coefficient 
on the incident field. This model is known as the 
thin-element approximation (TEA). 

At normal incidence the plane-wa 
any scalar field component U immediately 
grating (at z= H) takes the form: 


expansion of 


behind the 


Uey, A) = x >. Ts 


x expli2m(mnxid, + nyld,)] i 
where 
1 pt pA 
Tm = I if UG. yD 


x expl—i2mmnxld, + nyld, idx dy [5] 


are the complex amplitudes of the transmitted 
diffraction orders. In TEA the field at z= H may be 
connected to the field at z = 0 (a unit-amplitude plane 
wave is assumed here) by optical path integration 
along a straight line though the modulated region of 
the grating: 


: HT 2m. 

U(x, y.H) = I xpi Zita, 2) foe [6] 
where f(x, ¥.2) = n(x, y,2) + ikl, y,2) is the complex 
refractive-index distribution in the region 0 < z < H. 
With TEA the diffraction efficiencies can be calcu- 
lated from a simple formula: 


Naas = |Tye 71 
which, however, ignores Fresnel reflections. 
Equations [5]-[7] allow one to obtain closed-form 
expressions for the diffraction efficiencies My in 
many grating geometries. For example, a y- 
invariant triangular profile with H = Ml — mul 
gives 71 = 100% if m =m, m =m, and 6 
For a Qulevel stair-step-quantized version of this 


grating we obtain: 


tm = sin 2(1/Q) [8] 


where sin cx =sin(mxy(m). It should be noted, 
however, that these results are valid only for gratings 
with d>>A, even if they are corrected by Fresnel 
transmission losses at the interface between the two 


media. 


Fabrication of Gratings 


Gratings can be manufactured in a number of 
different ways, perhaps the simplest being to plot an 
equidistant array of straight black and white lines and 
to reduce the scale of the pattern photographically. 
This method can be readily adapted to the generation 
of more complex grating structures and diffractive 
elements, but it is not suitable for the production of 
high-quality gratings required in, for example, 
spectroscopy. 

Ruling engines represent the traditional way of 
making gratings with periods of the order of the 
wavelength of light, especially for spectroscopic 
applications. These are machines equipped with a 
triangularly shaped diamond ruling edge and an 
interferometrically controlled two-dimensional 
mechanical translation stage that moves the sub- 
strate with respect to the ruling edge. Triangular- 
profile gratings of high quality can be produced 
with such machines, but the fabrication process is 
slow and the cost of the manufactured gratings is 
therefore high. In addition, even with real-time 
interferometric control of the ruling-edge position, 
it is impossible to avoid small local errors in the 
grating geometry. Such errors are particularly 
harmful if they are periodic since, according to 
the grating equation, these errors will generate 
spurious spectral lines known as ghosts. Such lines 
generated by the grating ‘super-period’ are weak 
but they may be confused with real spectral lines in 
the source spectrum. If the ruling errors are 
random, they result in ‘pedestal-type’ background 
noise. While such errors do not introduce ghosts, 
they nevertheless reduce the visibility of weak 
original spectral lines. 

The introduction of lasers in the early 1960s made 
it possible to form stable and high-contrast inter- 
ference patterns over a sufficient time-scale to allow 
the exposure of photographic films and other 
photosensitive materials such as polymeric photo- 
resists. This interferometric technique offers a direct 
method for the fabrication of large diffraction 
gratings without appreciable periodic errors. With 
this technique it is possible to make highly regular 
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gratings for spectroscopy, but it does not permit easy 
generation of arbitrarily shaped grating structures. 
The two intersecting plane waves can also be 
generated with a linear grating using diffraction 
orders m= +1 and m=~1, suppressing the zero 
order by appropriate design of the grating profile and 
choosing the period in such a way that all higher 
transmitted orders are evanescent, This so-called 
phase mask technique is suitable, for example, for 
the exposure of Bragg gratings in fibers, 

To generate arbitrary gratings one usually employs 
lithographic techniques. Some of the possible pro- 
cesses are illustrated in Figure 4. The exposure can be 
performed with scanning photon, electron, or ion 
beams, ete. The process starts with substrate prep- 
aration, i.e., coating it with a beam-sensitive layer 
known as resist, and in the case of electron beam 
exposure with a thin conductive layer to prevent 
charging, Following the exposure the resist is devel- 
oped chemically, and in this process either the 


Conduction rr 


Resist 


exposed of nonexposed parts of the resist are 
dissolved (depending on whether the resist is of 
positive or negative type), leading to a surface-relief 
profile. Several alternative fabrication steps may 
follow the development, depending on the desired 
grating type. Ifa high-contrast resist is used, a slightly 
‘undercut’ profile as illustrated in Figure 4c is 
obtained. This can be coated with a metal layer and 
the resist can be ‘lifted off” chemically. Thus a binary 
metallic geating is formed, To produce a binary 
dielectric profile one bombards the substrate with 
ions either purely mechanically (ion beam milling) or 
with chemical assistance (reactive ion etching), and 
finally the residual metal is dissolved. 

Alternatively, the particle beam dose can be varied 
with position to obtain an analog profile in the resist 
after development. This resist profile can be trans- 
formed into the substrate by proportional etching, 
which leads to an analog dielectric surface-relief 
structure (sce Figure 4f). This profile can be made 
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Figure 4 Lithographic processes for grating fabrication. (a) Substrate after preparation for electron beam exposure; (b) exposure by a 
scanning electron beam; (c slightly undercut profile in hight-contrast resist after development, under metal fim evaporation; (d) analog 
resist profile after variable-dose exposure and resist development; () finished binary metalic grating aftr resis lit-of; (f) transfor of the 
analog surtace-elif profile into the substrate by proportional etching; (g) etching of a binary profile into the substrate with a metal mask; 


(f) growth of a meta film on an analog surtace profile. 


234 DIFFRACTION / Diffraction Gratings 


@ ©) 


400800600700 
Afar) 
) 
Figure 5 Spectral difraction efciency curves of spectroscopic gratings in TE polarization. (a) Binary; (b) sinusoidal; and (c) triangular 
reflection gratings illuminated at Bragg angle. Solid lines: d = Ay. Dashed lines: d = 2s, 


EHT = 30.00 kV Signal A=SE2 Date: 18 Nov 1998, 
Mag = 513 X WD= 15mm Photo No.=337 Time: 13:34 


Figure 6 A scanning electron micrograph of a part of a difractive lens. 
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reflective by depositing a thin metal film on top of it. 
If large-scale fabrication of identical gratings is the 
goal, a thick (~100 um) metal layer (for example 
nickel) can be grown on the surface by electroplating. 
After separation from the substrate, the electroplated 
metal film, which is a negative of the original profile, 
can be used as a stamp in replicating the original 
profile in plastics using methods such as hot emboss- 
ing, ultraviolet radiation curing, and injection 
molding. In particular, the latter method provides 
the key to high-volume and low-cost production 
of various types of diffraction gratings and 
other grating-based diffractive structures in the 
industrial scale, 


Some Grating Applications 


We now proceed to describe a collection of repre- 
sentative grating applications, More exhaustive 
coverage of grating applications can be found in the 
Further Reading section at the end of this article. 


‘Spectroscopic Gratings 


‘The purpose of a spectroscopic grating is to divide the 
incident light into a spectrum, i.e., to direct different 
frequency components of the incident beam into 
different directions given by the grating (eqn [1]). 
When the grating period is reduced, the angular 
dispersion 00,/dA, and therefore the resolution of the 
spectrograph, increases. 

Inthe numerical examples presented in Figure $ we 
assume a reflection grating in a Littrow mount, i.e., 
6% = —8. This mount is common in spectroscopy; it 
obviously requires that the grating is rotated when the 
spectrum is scanned. We see from eqn [1] that in the 
Littrow mount: 


md 
Wd 


19) 


By inserting this result back into eqn [1] and 
differentiating we obtain a quantitative measure for 
dispersion in the Littrow mount: 


3 m 
Uh 7 eos 10) 


We consider TE polarization (electric field is 
linearly polarized in the y-direction) and order m= 
=1, optimize H to give maximum efficiency at 
Ag = 550 nm, and plot the diffraction efficiency 1-1 
over the visible wavelength range for two values of 
the grating period, d= Ay and d = 29. Rigorous 
diffraction theory is used with = =1, and the 


metal is assumed to be aluminum (n, and my are 
complex-valued). 

In Figure Sa binary gratings with one groove (width 
di2) per period is considered. Parametric optimiz- 
ation gives H = 422 nm if d= 1A, and H = 168 nm 
if d=2A. Figure Sb illustrates the results for 
sinusoidal gratings with H = 345 nm if d= 1A, and 


ala 


Figure 7 Diffraction efficiency versus wavelength for triangular 
transmission gratings illuminated at normal incidence. Solid lines: 
‘TE polarization. Dashed lines: TM polarization, 
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Figure 8 Surface-raliaf profiles of (a) continuous and (b) binary 
18 beamspitter gratings. 
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H=520nm if d= 2a, Finally, triangular gratings 
with H=431nm if d=1A, and H=316nm if 
d= 2A, are considered. The triangular grating profile 
is seen to be the best choice in general. 


Diffractive Lenses 


Diffractive lenses are gratings with locally 
varying period and groove orientation. Figure 6 
illustrates the central part of a diffractive microlens 
fabricated by lithographic methods. It is seen to 
consist of concentric zones with radially decreasing 
width, 

The phase transmission function of an ideal 
diffractive focusing lens can be obtained by a simple 
optical path calculation, and is given by 


Hof 


where fis the focal length, ris the radial distance from 
the optical axis, and the approximate expression is 


valid in the paraxial region r<f, Here Ay is the 
design wavelength, which determines the modulation 
depth of the locally blazed grating profi 


Ao 


H=—“_ 
Oo) 


and n(Ao) is the refractive index of the dielectric 
material at A= Ap, 

The zone boundaries r, are defined by the 
condition 47.) and therefore we obtain 
from eqn [11]: 


nf Ay + (21Ao) 


Obviously, when the numerical aperture of the lens 
is large, the zone width in the outer regions of the 
lens is reduced to values of the order of A. Figure 7 
illustrates the local diffraction efficiency in different 
part of a diffractive lens: we use the order m= —1 
of a locally triangular diffraction grating of the 
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Figure 9 Difraction pattem produced by a continuous-proflle 
beamsplitter grating when (a) d= 200 and (b) d = 504, 


Figure 19 _Difraction pattern produced by a binary beamsplitter 
grating grating when (a) d = 200a and (b) d= 50a 
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type shown in Figure 1e with @= 0, assuming that 
ny =m = 1.5 (fused silica) and m = mq =1. The 
efficiency 7, is calculated as a function of A using 
rigorous diffraction theory for both TE and TM 
polarization (the electric vector points in the 
groove direction in the TE case and is perpendicu- 
lar to it in the TM case). It is seen that the local 
efficiency of the lens becomes poor in regions 
where the local grating period is small, and thus 
diffractive lenses operate best in the paraxial region 
(it is, however, possible to obtain improved non- 
paraxial performance by optimizing the local 
grating profile). 

A factor that limits the use of dil 
polychromatic light is their large chromatic aberra- 
tion: in the paraxial limit the focal length depends on 
the wavelength according to the formula: 


active lenses with 


_ do 
f= FF 


(14) 

However, since the dispersion of a grating has an 
opposite sign compared to the diffraction ofa prism, a 
weak positive diffractive lens can be combined with 
a relatively strong positive refractive lens to form a 
single-clement achromatic lens. Such a hybrid lens is 


substantially thinner and lighter than a conventional 
all-refractive achromatic lens made of crown and flint 
glasses. 


Beam Splitter Gratings 


Multiple beamsplitters, also known as array illumi- 
nators, are gratings with sophisticated periodic 
structure that are capable of transforming an incident 
plane wave into a set of diffraction orders with a 
specified distribution of diffraction efficiencies. Most 
often one wishes to obtain a one- or two-dimensional 
array of diffracted plane waves with equal efficiency, 
This goal can be achieved by appropriate design of 
the grating profile, which may be of binary, multi 
leyel, or continuous form, 

igure 8 illustrates binary and continuous grating 
profiles capable of dividing one incident plane wave 
into cight diffracted plane waves (central odd- 
numbered orders of the grating) with equal efficiency 
in view of TEA. Figure 9 shows the distribution of 
energy among the different diffraction orders in and 
around the array produced by the continuous profile, 
evaluated by rigorous theory for two different grating 
periods, while Fig gives corresponding results 
for the binary grating. 


Figure 11. Scanning electron micrograph of a sophisticated beamsplitter grating 
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Figure 12. The far-field lfraction pattern produced by the grating in Figure 11 


The fraction of incident energy that ends up in the 
desired eight orders is 72% for the binary grating and 
96% for the continuous grating according to TEA, 
making the latter more attractive from a theoretical 
viewpoint. However, the continuous profile is more 
difficult to fabricate accurately than the binary one, 
especially for small values of the ratio d/A. Moreover, 
the array uniformity produced by the continuous 
profile degrades faster than that of the binary profile 
when the period is reduced, 

‘An example of the structure of a biperiodic grating 
that is capable of forming a large, shaped array of 
diffraction orders with equal efficiency is presented in 
Figure 11, Figure 12 shows the far-field diffraction 
pattern produced by this clement: the shape of 
Finland with the location of the town of Joensuu 
highlighted by placing the zero diffraction order on 
the appropriate position on the map (the apparent 
nonuniformity in the array is mostly due to the finite 
resolution of the CCD detector), 


Inductive Grid Filters 


e consider a scaled-down version 


Asa final example w 
of a device well known from the door of a microwave 
oven: one can see in through the holes pierced in the 
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Figure 13 Zero ofder spectral transmission (solid line) and 
reflection (dashed line) of an aluminium inductive grid fit with 
400 nm period 


metallic screen in the oven door, but the microwaves 
are trapped inside because their wavelengths are large 
in comparison with the dimensions of the holes 
Another example of these inductive grid filters is found 
in large radio telescope mirrors for centimeter-scale 
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wavelengths, which are wide-grid structures rather 
than smoothly curved metal surfaces. 

Figure 13 illustrates the spectral transmission 
and reflection curves of an inductive grid filter of 
the type illustrated in Figure 3b. We assume that 
d,=d,=d=400nm, c= 310 nm, H= 
500mm, and that the grid is a self-supporting 
structure (m= my =1) made of aluminum. Only 
the zero reflected and transmitted orders propagate 
when A>d, but other orders (with rather low 
efficiency) appear for smaller wavelengths. We see 
that the filter reflects infrared radiation effectively, 
but transmits a substantial part of radiation at visible 
and shorter wavelength regions. 


List of Units and Nomenclature 


Complex field amplitude u 
Diffraction angles [rad] 46 
Diffraction efficiency 1 
Focal length [m] he 
Grating period [m] d 
Grating thickness [m] H 
Number of quantization levels ie) 
Phase function [rad] or) 
Refractive index n 
Wavelength [m] Asay 
Wave vector [m= k 
See also 

Fiber Gratings. 
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Introduction 


Geometrical optics does a reasonable job of describ- 
ing the propagation of light in free space unless that 
light encounters an obstacle. Geometrical optics 
predicts that the obstacle would cast a sharp shadow. 
On one side of the shadow’s edge would be a bright 
uniform light distribution, due to the incident light, 
and on the other side there would be darkness. Close 
examination of an actual shadow edge reveals, 
however, dark fringes in the bright region and bright 
fringes in the dark region. This departure from the 
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London: 


predictions of geometrical optics was given the name 
diffraction by Grimaldi, 

There is no substantive difference between dif- 
fraction and interference. The separation between 
the two subjects is historical in origin and is retained 
for pedagogical reasons. Since diffraction and 
interference are actually the same physical process, 
we expect the observation of diffraction to be a 
strong function of the coherence of the illumination. 
With incoherent sources, geometrical optics is 
usually all that is needed to predict the performance 
of an optical system and diffraction can be ignored 
except at dimensions on the scale of a wavelength. 
With light sources having a large degree of spatial 
coherence, it is impossible to neglect diffraction in 
any analysis. 
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Even though diffraction produced by most com- 
mon light sources and objects is a small effect, it is 
possible to observe diffraction without special equip- 
ment, By viewing a light source through a slit formed 
by two fingers that are nearly touching, fringes can be 
observed. Diffraction is used by photographers and 
television cameramen to provide artistic highlights in 
an image containing small light sources. They 
accomplish this by placing a screen in front of the 
camera lens. Light from point sources in the field of 
view is diffracted by the screen and produces ‘stars’ in 
the image. A third place where diffraction effects are 
easily observed is when a mercury or sodium street- 
light, a few hundred meters away, is viewed through a 
sheer curtain, 

Fresnel originally developed an approximate 
scalar theory based on Huygens’ principle which 
states that: 


Each point on a wavefront can be treated as a source of 
a spherical wavelet called a secondary wavelet or a 
Huygens’ wavelet. The envelope of these wavelets, at 
some later time, is constructed by finding the tangent to 
the wavelets. The envelope is assumed to be the new 
position of the wavefront. 


Rather than simply using the wavelets to construct 
an envelope, Fresnel’s scalar theory assumes that the 
Huygens’ wavelets interfere to produce a new 
wavefront (see Diffraction: Fresnel Diffraction). 

‘A rigorous diffraction theory is based on Max- 
well’s equations and uses the boundary conditions 
associated with the obstacle to calculate a field 
scattered by the obstacle. The origins of this 
scattered field are currents induced in the obstacle 
by the incident field. The scattered field is allowed to 
interfere with the incident field to produce a 
resultant diffracted field. The application of the 
rigorous theory is very difficult and for most 
problems an approximate scalar theory developed 
by Kirchhoff and Sommerfeld is used. 


Kirchhoff Theory of Diffraction 


Kirchhoff’s theory was based on the elastic theory of 
light but can be reformulated into a vector theory. 
Here we will limit our discussion to the scalar 
formulation. Given an incident wave, g, we wish 
to calculate the optical wave at point Po, in 
Figure 1, located at ry, in terms of the wave's 
value on a surface, S, that we construct about the 
observation point. 

To obtain a solution to the wave equation at the 
point, Pp, we select as a Green's function the one 
proposed by Kirchhoff (Box 1), a unit amplitude 


Figure 1 Region of integration for solution of Kirchhoff 
diffraction integral. Reprinted with permission from Guenther RD 
(1880) Modern Optics. New York: John Wiley & Sons, 


spherical wave, expanding about the point at 1, 
denoted by ¥, and then apply Green’s theorem (sce 
Box 2). We will run into boundary condition 
problems as we proceed with the derivation of the 
solution, Sommerfeld removed the problems by 
assuming a slightly more complex Green’s function 
{see Box 1). We will limit our discussion to the 
Kirchhoff Green’s function, 

Green's theorem requires that there be no sources 
(singularities) inside the surface § but our Green’s 
function [1] is based on a source at rp. We eliminate 
the source by constructing a small spherical surface 
Se, of radius e, about m, excluding the singularity at 
tp from the volume of interest, shown in geay in 
Figure 1. The surface integration that must be 
performed in Green's theorem is over the surface 
Ss Se. 

Within the volume enclosed by S/, the Green’s 
function, W, and the incident wave, g, satisfy the 
scalar Helmholtz equation so that the volume integral 
can be written as 


J[forre- eVNndy= ~ [flere 


: 


ek dy 


71 


The right side of [7] is identically equal to zero. This 
fact allows us to use [6] to produce a simplified 
statement of Green’s theorem: 


[8] 


DIFFRACTION / Fraunhofer Diffraction 241 


Box 1 


Green's Function 


1. Kirchhoff Green’s function: Assume that the wave, W, is due to a single point source at ry, At an 
observation point, n, the Green’s function is given by 


Wry) = 


a 


Tor 


where roi = Itoi! =Ir1 ~ rol is the distance from the source of the Green’s function, at m, to the 
observation position, at 1). 

. Sommerfeld Green’s function: Assume that there are two point sources, one at Py and one at Ph 
(see Figure 2 where the source, P,, is positioned to be the mirror image of the source at Py on the 
opposite side of the screen, thus 


ror =rh cost, ro) = cost, ro1) (21 


A Green's function that could be used is 


wv (Bal 


[3b] 


Box 2 


Green's Theorem 


To calculate the complex amplitude, E(r), of a wave at an observation point defined by the vector r, we 
need to use a mathematical relation known as Green's Theorem. Green’s theorem states that, if g and W 
are two scalar functions that are well behaved, then 


{ [corn = WV eaiyds = i [fie -we ode 14 
J J 
The vector identities 
was yeaa be 15} 
an an 
allow Green's theorem to be written as 
{{[et-s [[ [ery wer eide 6) 


s v 


‘This equation is the prime foundation of scalar diffraction theory but only the proper choice of W, g and 
the surface, S, allows direct application to the diffraction problem. 
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fo fo 


Figure 2 Geometry for the Sommerfeld Greor’s function 
Reprinted with permission from Guenther RD (1990) Modern 
Optics. New York: John Wiley & Sons. 


Because the integral over the combined surfaces, S 
and 5,, is equal to zero, the integral over the surface S 
must equal the negative of the integral over the 
surface, S,: 


“% 


To perform the surface integrals, we must evaluate 
the Green’s function on the surface, S. We therefore 
select 11, the vector defining the observation point, 
to be on either of the two surfaces that make up S!. 
The derivative, aW/am, to be evaluated is 


aw _aWar 


war on 


-(-i 


where costf.to:) is the cosine of the angle between 
the outward normal A and the vector mi, the 
vector between points Po and P;. (Note from 
Figure 1 that the outward normal on S, is inward, 
toward Pp, while the normal on S is outward, 
away from Po.) 

For example ifr; were on S,, then 


Jeowinsny 10] 


costa, roy) = —1, ay 
sie te 
aFe) [2 +i] . 12) 
where # it the radius of the small sphere we 


constructed around the point at Pp. 


‘We now use [10] to rewrite the two integrals in [9]. 
The integral over the surface Se is 


xe? sin 9dddd 13] 
while the integral over the surface § is 
itm ap ikon], 
ml OR a ( Na sin dod 
Jaan Pan ar 
(14) 


The omitted volume contained within the surface 5. 
is allowed to shrink to zero by taking the limit as 
2-40. Equation [14] will not be affected by taking 
the limit. The first and last terms of the right side 
of [13] go to zero as e—-0 because they contain 
ze*, The second term in [13] contains e 
which goes to 1 as e+ 0. Therefore, in the limit as 
2-70, [9] becomes 


hero, 


=a € ap _ 
oo Eff Tor an 
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which is sometimes called the integral theorem of 
Kirchhoff. By carefully selecting the surface of 
integration in [15], we can calculate the diffraction 
field observed at Pp produced by an aperture in an 
infinite opaque screen, 

Assume that a source at P2 in Figure 3 produces 
a spherical wave that is incident on an infinite, 
‘opaque screen from the left, To find the field at Po in 
Figure 3, we apply [15] to the surface S; + S2 +, 
where S, isa plane surface adjacent to the screen, ¥ is 
that portion of S; in the aperture and S2 is a large 
spherical surface, of radius R, centered on Po, see 
Figure 3. The first question to address is how to 
calculate the contribution from S» or better yet 
how do we show we can ignore contributions from 
Sa. As R increases, W and g will decrease as U/R 
However, the area of integration increases as R? so 
the 1/R fall-off is not a sufficient reason for neglecting 
the contribution of the integration over S2. 

On the surface 53, the Green’s function and its 
derivative are 


te 


[6] 
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Figure 3. Integration surface for diffraction calculation. Ps the source and Ps the point where the field is to be calculated. Reprinted 
with permission from Guenther RD (1980) Modern Optics. New York: John Wiley & Sons. 


u71 


; itn 
Wa (-ik-$)o = -ikw 


where the approximate equality is for large R. Thus, 
the integral over S> for large R is 


fife + otk) [as 


om 


J Jee sine) sin @dedd — [18] 


‘The quantity RY = e~® js finite as R — 00 so for the 
integral to vanish, we must have 


lim R(2E + ike) =o 


now Nn 


9) 


This requirement is called the Sommerfeld radiation 
condition and is satisfied if p—0 as fast as 1/R (for 
example, a spherical wave). Since the illumination of 
the screen will be a spherical wave, or at least a linear 
combination of spherical waves, we should expect the 
integral over Sto make no contribution (it is exactly 
zer0). 

Another way to insure that surface Sy makes no 
contribution is to assume that the light turns on at 
time fy. Ata later time, t, when we desire to know the 
field at Po, the radius of S2 is R > ¢ (t~ fp) which 
physically means that the light has not had time to 


reach Sx. In this situation, there can be no contri- 
This is not a perfect solution because 
when the wave is of finite duration it can no longer be 
considered monochromatic. 

‘We should expect the major contribution in the 
integral over S: to come from the portion of the 
surface in the aperture, ©. We make the following 
assumptions about the incident wave, @ (these 
assumptions are known as St. Venaut’s hypothesis 
or Kirchhoff's boundary conditions) 


bution from 


1. We assume that, in the aperture, g and ag/an have 
the values they would have if the screen were not 
in place. 

2. On the portion of S; not in the aperture, g and 
agian are identically zero. 


The Kirchhoff boundary conditions allow the 
screen to be neglected, reducing the problem to an 
integration only over the aperture. It is surprising that 
the assumptions about the contribution of the surface 
Sy and the screen yield very accurate results (as long 
as polarization is not important, the aperture is large 
with respect to the wavelength, and we don’t get too 
close to the aperture). 

Mathematically the Kirchhoff boundary conditions 
are incorrect. The two Kirchhoff boundary conditions 
imply that the field is zero everywhere behind the 
screen, except in the aperture, which makes VW and 
aW/an discontinuous on the boundary of the aperture. 
Another problem with the boundary conditions is 
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that W and aW/an are known only if the problem has 
already been solved. 
‘The Sommerfeld Gri 
inconsistencies of the 
Green’s function [3a] then W vanishes in the aperture 
while aW/an can assume the value required by 
Kirchhoff’s boundary conditions. If we use the 
Green’s functions [3b] then the converse holds, i.e. 
aW/an is zero in the aperture. This improved Green’s 
fanction makes the problem harder with little gain in 
accuracy so we will retain the Kirchhoff formalism, 
As a result of the above discussion, the surface 
integral [15] is only performed over the surface, ¥, in 
the aperture. The evaluation of the Green's function 
on this surface can be simplified by noting that 
normally ro, > A, ie., k & Urp,, thus on ¥, 


aw 
 =cos(a.ry)( — 


1n’s functions will remove the 


irchhoff theory. If we use the 


er, 


ik- =) 
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= ik cos. ros) 
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Substituting this approximate evaluation of the 
derivative into [15] yields 


tet 


1 
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The source of the incident wave is a point source 
located at P,, with a position vector, r, measured 
with respect to the coordinate system and a distance 
Ini! away from Pi, a point in the aperture 
(see Figure 3), The incident wave is therefore 
a spherical wave of the form 


ety 


lta) =A (22) 


Ta 


which fills the aperture, Here also we will assume that 
ry >> Aso that the derivative of the incident wave 
assumes the same form as [20]. Then [21] can be 
written 


ele) = ame 


cos(f, ror) — cos(f,r21) 
s[aenizeda 


thes 
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1231 


This relationship is called the Fresnel—Kirchhoff 
diffraction formula. It is symmetric with respect to 
tot and r21, making the problem identical when the 
source and measurement point are interchanged. 


A physical understanding of [23] can be obtained if 
it is rewritten as 


iets 


(8) = if or) 
R To 


The field at Po is due to the sum of an infinite number 
of secondary Huygens sources in the aperture ¥. 
The secondary sources are point sources radiating 
spherical waves of the form 


1241 


vik 


(r)). 


Tor 


with amplitude (r),), defined by 
iP ek Ty cos 
oom = fa] 


The imaginary constant, i, causes the wavelets from 
each of these secondary sources to be phase shifted 
with respect to the incident wave. The obliquity 
factor, in the amplitude [26] 


ox) ~ cos 


4 [eos(A,ta1) ~ cost@.r21)] R71 


causes the secondary sources to have a forward 
directed radiation pattern, 

If we had used the Sommerfeld Green's function, 
the only modification to our result would be a change 
in the obliquity factor to cos(n,to)). In our discussions 
below we will assume that the angles are all small, 
allowing the obliquity factor to be replaced by 1 so 
that in the remaining discussion the choice of Green’s 
function has no impact. 

We will assume the source of light is at infinity, 
2 = © in Figure 3, so that the aperture is illuminated 
bya plane wave, traveling parallel to the z-axis, With 
this assumption 


128] 


0" = cos(n,r,) = —1 


We will also make the paraxial approximation which 
assumes that the viewing position is close to the 
c-axis, leading to 
@=costn,r9) = 1 29] 
With these assumptions eqn [24] becomes identical 
to the Huygens—Fresnel integral discussed in the 
section on Fresnel diffraction: 


Eng) — 2 [f Bed -we 
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‘The modern interpretation of the Fresnel—Kirch- 
hoff (or now in the small-angle approximation, the 
Fresnel—Huygens) integral is to view it as a convolu- 
tion integral, By considering free space to be a linear 
system, the result of propagation can be calculated by 
convolving the incident (input) wave with the impulse 
response of free space (our Green's function), 


eke 


Bu 


The job of calculating diffraction has only begun 
with the derivation of the Fresnel-Kirchhoff 
integral. In general, an analytic expression for the 
integral cannot be found because of the difficulty of 
performing the integration over R. There are two 
approximations that will allow us to obtain analytic 
expressions of the Fresnel~Kirchhoff integral. In both 
approximations, all dimensions are assumed to be 
large with respect to the wavelength. In one 
approximation, the viewing position is assumed to 
be far from the obstruction; the resulting diffraction is 
called Fraunhofer diffraction and will be discussed 
here. The second approximation, which leads to 
Fresnel diffraction, assumes that the observation 
point is nearer the obstruction, to be quantified 
below. This approximation, which is the more 
difficult mathematically, is discussed in the article 
on Diffraction: Fresnel Diffraction, 


Fraunhofer Approximation 


In Fraunhofer diffraction, we require that the source 
of light and the observation point, Po, be far from 
the aperture so that the incident and diffracted wave 


can be approximated by plane waves. A conse- 
quence of this requirement is that the entire 
waveform passing through the aperture contributes 
to the observed diffraction. 

The geometry to be used in this derivation is 
shown in Figure 4. The wave incident normal to the 
aperture, ¥, is a plane wave and the objective of the 
calculation is to find the departure of the trans- 
mitted wave from its geometrical optical path, The 
calculation will provide the light distribution, 
transmitted by the aperture, as a function of the 
angle the light is deflected from the incident 
direction, We assume that diffraction makes only a 
small perturbation on the predictions of geometri- 
cal optics. The deflection angles encountered in this 
derivation are, therefore, small, as assumed above, 
and we will be able to use the paraxial 
approximation, 

‘The distance from a point P, in the aperture, to the 
observation point Po, of Figure 4, is 


Ra=(x- '+(y- P+ Z* 132) 


From Figure 4 we see Ro is the distance from the 
center of the scteen to the observation point, Po, 


C47 4z 133) 
The difference between these two vectors is 
R—R*=(Ry—R)(Ro+R) 
SP tp +Z0-Z (7 —2x€#) Ba 


—(y? —2ynt7) 


(xé-byn) (0 $y") 


Figure 4 Goometry for Fraunhofer difraction. Reprinted with permission from Guenther RD (1990) Modern Optics. New York: 


John Wiley & Sons. 
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The equation for the position of point P in the 
aperture can be written in terms of [34]: 


r=Ry— 


peat 
=Rettyn-Cty Igoe BSI 
The reciprocal of (Ro+R) can be written as 
1.28 1 1 R-Ry\* 
Ry+R IR FR-R, ae(!+ IR ) 1361 


Now using [36] 


If the diffraction integral [30] is to have a finite 
(nonzero) value, then 


KIR)—RI<ERy (38) 
This requirement insures that all the Huygens’s 
wavelets, produced over the aperture from the center 
out to the position r, will have similar phases and 
will interfere to produce a nonzero amplitude at Pp. 
This requirement results in 


19] 


From this equation we are tempted to state that the 
aperture dimension must be small relative to the 
observation distance. However, for the exponent to 
provide a finite contribution in the integral, it is kr 
that is small, not the aperture dimension, r. 

Using the approximation for (Ry ~ R), we obtain 
the diffraction integral 


140] 


The change in the amplitude of the wave due to the 
change in R, as we move across the aperture, is 
neglected, allowing R in the denominator of the 
Huygens—Fresnel integral to be replaced by Ro and 
moved outside of the integral. We have introduced the 
complex transmission function, f(x,y), of the aper- 
ture to allow a very general aperture to be treated. 


If the aperture function described the variation in 

absorption of the aperture as a function of position, 

as would be produced by a photographic negative, 

then f(x, y) would be a real function. If the aperture 

function described the variation in transmission of a 

biological sample, it might be entirely imaginary. 
The argument of the exponent in [40] is 


(sito er 
Ro 2Ro 


ety 
2ARo 
If the observation point, Po, is far from the screen, we 
can neglect the second term and treat the phase 
variation across the aperture as a linear function of 
position. This is equivalent to assuming that the 
diffracted wave is a collection of plane wa 


Mathematically, the second term in [41] can be 
neglected if 


[41] 


ety 


oy aaa (422) 


This is called the far-field approximation and the 
theory yields Fraunhofer diffraction. If the quadratic 
term of [41] is on the order of 2ar then the fraction is 
xtyt 

TARo 


ou) 143] 
and we must retain the quadratic term and the theory 
yields Fresnel diffraction. 

We define spatial frequencies in the x and y 
direction by 


de Qng 
oe = Spin 8. = — FR 
(44) 
_ 2m.) 2m 
= Pisin a = — FR 


We define the spatial frequencies with a negative sign 
to allow equations involving spatial frequencies to 
have the same form as those involving temporal 
frequencies. The negative sign is required because wt 
and k-r appear in the phase of the wave with opposite 
signs and we want the Fourier transform in space and 
in time to have the same form. 

With the variables defined in [44], the integral 
becomes 
jae *® 


im | J foson torn day 


Epix, @y) = 


1451 
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The result of our derivation is that the Fraunhofer 
diffraction field, Ep, can be calculated by performing 
the two-dimensional Fourier transform of the aper- 
ture’s transmission function. 


Definition of Fourier Transform 


In this discussion the function F(w) is defined as the 
Fourier transform of [(@: 


Fire) 


F) J fe" dr (461 


The transformation from a temporal to a frequency 
representation given by [46] does not destroy 
information; thus, the inverse transform can also be 
defined 


Lia) Steet (7 Haeae 
F Ho) =f = 3 [Roe dw (471 


By assuming that the illumination of an aperture 
is a plane wave and that the observation position is 
in the far field, the diffraction of an aperture is 
found to be given by the Fourier transform of 
the function describing the amplitude transmission 
of the aperture. The amplitude transmission of 
the aperture, f(x,y), may thus be interpreted as the 
superposition of mutually coherent plane waves. 


Diffraction by a Rectangular Aperture 


We will now use Fourier transform theory to calculate 
the Fraunhofer diffraction pattern from a rectangular 
slit and point out the reciprocal relationship between 
the size of the diffraction pattern and the size of the 
aperture. 

Consider a rectangular aperture with a trans- 
mission function given by 


{: 


Because the aperture is two-dimensional, we need to 
apply a two-dimensional Fourier transform but it is 
not difficult because the amplitude transmission 
function is separable, in x and y. The diffraction 
amplitude distribution from the rectangular slit is 
simply one-dimensional transforms carried out 
individually for the x and y dimensions: 


ll = xo, ly = yo 


fey [48] 


all other x and y 


ia ete (* peyote (” foyerinrd 
THe YT foo mrael” fore mney 
(49) 


Since both f(x) and f(y) are defined as symmetric 
functions, we need only calculate the cosine trans- 
forms to obtain the diffracted field: 

To calculate the Fourier transform defined by [46] 
we can rewrite the transform as 


Fo=[ firjeos order if” fersin wrdr (50) 
If f(7 is a real, even function then the Fourier 
transform can be obtained by simply calculating the 
cosine transform: 


[feos ordr Ist] 


@4Xo Si Oo 
Yo 


Arvo km, 


52 
AR a 


. 
oxo 


‘The intensity distribution of the Fraunhofer diffrac- 
tion produced by the rectangular aperture is 


nyo 
(90° 


sin?o,xo sit 


oxo? 


[53] 


The maximum intensities in the x and y directions 
occur at 

nXo = OY = 0 154] 
The area of this rectangular aperture is defined 
as A=4xoyo, resulting in an expression for the 
maximum intensity of 


1y=[ Bene 155) 


ike, 
AR 


The minima of [53] occur when w,x9 = m7 or when 
©, = mr. The location of the zeros can be specified 
as a dimension in the observation plane or, using the 
paraxial approximation, in terms of the angle defined 


by [44] 


sin 4, 
[56] 
sin 4, 


‘The dimensions of the diffraction pattern are charac- 
terized by the location of the first zero, i.e., when 
1, and are given by the observation plane 
coordinates, €and 7. The dimensions of the diffraction 
pattern are inversely proportional to the dimensions of 
the aperture. As the aperture dimension expands, the 
width of the diffraction pattern decreases until, in the 
limit of an infinitely wide aperture, the diffraction 
pattern becomes a delta function. 
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Rectangular aperture 
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Figure § The amplitude of the wave diffracted by a rectangular sit. This sinc function describes the light wave's amplitude that would 
‘exist in both the x and y directions. The coordinate would have to be scaled by the dimension ofthe st. Reprinted with permission from 
Guenther RD (1990) Moder Optics. New York: John Wiley & Sons, 


Figure 5 is a theoretical plot of the amplitude of the 
diffraction wave from a rectangular slit. 


Diffraction from a Circular Aperture 


To obtain the diffraction pattern from a circular 
aperture we first convert from the rectangular 
coordinate system we have used to a cylindrical 
coordinate system. The new cylindrical geometry is 
shown in Figure 6. At the aperture plane 


x= sos @ yossing 155) 
fix. =f.9)  dxdy=sdsdg 
At the observation plane 
€=pcos® 1 =psind (58) 


In the new, cylindrical, coordinate system at the 
observation plane, the spatial frequencies are written 


159] 


From Figure 6 we see that the observation point, P, 
can be defined in terms of the angle y, where 


sin y= 


& 160] 


This allows an angular representation of the size of 
the diffraction pattern if it is desired. 
Using [57] and [59], we may write 


ksp 


tnx + ayy = —R_(Cos Beas g + sin Hsin @), 
ksp 
xcs) 161] 


‘The Huygens—Fresnel integral for Fraunhofer diffrac- 
tion can now be written in terms of cylindrical 
coordinates: 


io am (fie ge? 
me, fee 


162] 


We will use this equation to calculate the diffrac 
tion amplitude from a clear aperture of diam 
defined by the equation 


salle 


1 
too={h s>4 163] 
The symmetry of this problem is such that 
[s.9) = fg) = (8) 164] 
Fils, d)) = Fitts) = Fee) 165] 
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Figure 6 Geometry for calculation of Fraunhofer difraction from a circular aperture. Reprinted with permission fram Guenther RD 


(1990) Modern Optics. New York: John Wiley & Sons. 


Fe.) = [> fords | iwsemte® de (66) 


o 


Fp)= I, fess weedy (67) 
The second integral in [67] belongs to a class of 
functions called the Bessel function defined by the 
integral 


o 


1p . 
Jase) sl, clesn eld [68] 


In [67] the integral corresponds to the = 
order, Bessel function. Using this definition, we can 
rewrite [67] as 


Fe) = [) flolotsei ds (69 
This transform is called the Fourier—Bessel transform 
or the Hankel zero-order transform. 

Using these definitions, the transform of the 
aperece fonction, KA, is 


(70) 
We use the identity 
Jia) Jjxsnonar (711 
to obtain 
(72) 


We can now write the amplitude of the diffracted 


E an 7ay ( kap 
oo Feel Bose] 


A plot of the function contained within the bracket of 
173] is given in Figure 7, If we define 


173] 


w= hep 


74] 
2Ro a 


then the spatial distribution of intensity in the 
diffraction pattern can be written in a form known 
as the Airy formula, 


1751 


where we have defined 


aa) 
w=(#) 


with A representing the area of the aperture, 
A=). 

‘The intensity pattern described by [75] is called the 
Airy pattern. The intensity at u = Qs the same as was 
obtained for a rectangular aperture of the same area, 
because, in the limit, 


tin [ 2h ] 24 
pu 


(76) 


71 


For the Airy pattern, 84% of the total area is 
contained in the disk between the first zeros of [75]. 
‘Those zeros occur at w= + 1.22, which corresponds 
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Circular aperture 
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Figure 7 Amplitude of a wave difracted by a circular aperture. The observed light distribution is constructed by rotating this Bessel 
function around the optical axis. Reprinted with permission from Guenther RD (1980) Modern Optics. New York: John Wiley & Sons. 


toa radius in the observation plane of 


1.22(AR, 
px 2b) ra 


91% of the light intensity is contained within the 
bounded by the 
= 2.2337. The intensities in the secondary maxima 
of the diffraction pattern of a rectangular aperture 
[53] are much larger than the intensities in the 
secondary maxima of the Airy pattern of a circular 
aperture of equal area. The peak intensities, relative 
to the central maximum, of the first three secondary 
maxima of a rectangular aperture are 4.7%, 1.6%, 
and 0.8%, respectively. For a circular aperture, the 
same quantities are 1.7%, 0.04%, and 0.02%, 
respectively. 


circle second minimum at 


Array Theorem 


There is an elegant mathematical technique for 
handling diffraction from multiple apertures, called 
the array theorem. The theorem is based on the fact 
that Fraunhofer diffraction is given by the Fourier 
transform of the aperture function and utilizes the 
convolution integral. 

The convolution of the functions a(t) and b(t) is 
defined as 


a= an@bn=[_awber—nde 1791 


The Fourier transform of a convolution of two 
functions is the product of the Fourier transforms of 


Figure 8 The convolution of an aperture with an array of dolta 
functions will produce an array of identical apertures, each located 
at the position of one of the delta functions. Reprinted with 
permission from Guenther RD (1990) Modem Optics. Now York: 
John Wiley & Sons. 


the individual functions: 


Hareb }=F{ [abr ar}=AwBo) 


180] 


We will demonstrate the array theorem for one 
dimension, where the functions represent slit 
apertures. The results can be extended to two 
dimensions in a straightforward way. 

Assume that we have a collection of identical 
apertures, shown on the right of Figure 8. If one of the 
apertures is located at the origin of the aperture plane, 
its transmission function is x). The transmission 
function of an aperture located at a point, xy, can be 
written in terms of a generalized aperture function, 
Wx — a), by the use of the sifting property of the delta 
function 


Woe — 3) = [Wer aaa —x,)da [81] 


The aperture transmission function representing 
an array of apertures will be the sum of the 


electromagnetism > rotational > de motor 


DC motor 


Inthissection, theterm “traditional DC motor’ is used to describe the oldest and simplest 
design, which consists of two brushes delivering power via a rotating, sectioned com- 
‘mutator to two or more electromagnetic coils mounted on the motor shaft. Brushless DC 
motors (in which DC isactually converted toa pulse train) are also described here because 
“brushless DC" has becomea commonly used phrase, andthe motors powered by direct 


# 


current, even though this is modified internally via pulse-width modulation, 


OTHER RELATED COMPONENTS 


+ AC moter (See Chapter 23) 
+ stepper motor (See Chapter 25) 
+ serve motor (See Chapter 24) 


What It Does 


Atraditional DC motor uses direct current to cre- 
ate magnetic force, which turns an output shaft. 
When the polarity of the DC voltage is reversed, 
the motor reverses its direction of rotation. Usu- 
ally, the force created by the motor is equal in 
either direction. 


How It Works 


Current passes throughtwo or more coils that are 
mounted on the motor shaft and rotate with it. 
Thisassembly is referred to as the rotor. The mag- 
netic force produced by the current is concen- 
trated via cores or poles of soft iron or high- 
silicon steel, and interacts with fields created by 
permanent magnets arrayed around the rotor in 
a fixed assembly known as the stator. 


Power to the coils is delivered through a pair of 
brushes, often made from a graphite compound. 
Springs press the brushes against a sleeve that 
rotates with the shaftandisdivided into sections, 
connected with the coils. The sleeve assembly is 


known as the commutator. As the commutator 
rotates, its sections apply power from the brush- 
es to the motor coils sequentially, in a simple 
mechanical switching action 


The most elementary configuration for a tradi- 
tional DC motor is shown in Figure 22-1, 


In reality, small DC motors typically have three or 
more coils in the rotor, to provide smoother op- 
eration. The operation of a three-coll motor is 
shown in Figure 22-2. The three panels in this 
figure should be seen as successive snapshots of 
one motor in which the rotor turns progressively 
counter-clockwise, The brushes are colored red 
and blue to indicate positive and negative volt- 
age supply, respectively. The coils are wired in 
series, with power being applied through the 
commutator to points between each pair of coils. 
The direction of current through each coil deter- 
mines its magnetic polarity, shown as N fornorth 
or S for south, When two calls are energized in 
series without any power applied to their mid- 
point, each develops a smaller magnetic field 
than an individually energized coil. This is 


79 


# 
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distributions of the individual apertures, represented 
graphically in Figure 8 and mathematically by the 
summation 


N 
Wo) = Yo Wx —x,) 


[82] 


The Fraunhofer diffraction from this array is 
®(w,), the Fourier transform of W(x), 


Po, 


=| Woje de [83] 


which can be rewritten as 


N. pee 
P(e) = yf Wx —xa\e dx [84] 
ale 
We now make use of the fact that yx — x,) can be 
expressed in terms of a convolution integral. The 
Fourier transform of (x — x») is, from the convolu- 
tion theorem [80], the product of the Fourier trans- 
forms of the individual functions that make up the 
convolution: 


x 
(wo) = Y F(x ~ a} Flee — x,)] 


x 
= Flikx — a} Y F(a —x,)} 


a 


w 
= Flux — wus > ba- vo} [85] 


‘The first transform in [85] is the diffraction pattern 
of the generalized aperture function and the second 
transform is the diffraction pattern produced by a set 
of point sources with the same spatial distribution as 
the array of identical apertures. We will call this 
second transform the array function. 

To summarize, the array theorem states that the 
diffraction pattern of an array of similar apertures is 
given by the product of the diffraction pattern from a 
single aperture and the diffraction (or interference) 
pattern of an identically distributed array of point 


N Rectangular Slits 


An array of N identical apertures is called a 
diffraction grating in optics. The Fraunhofer diffrac- 
tion patterns produced by such an array have two 
important properties; a number of very narrow beams 
are produced by the array and the beam positions are 
a function of the wavelength of illumination of the 


apertures and the relative phase of the waves radiated 
by each of the apertures. 

Because of these properties, arrays of diffracting 
apertures have been used in a number of applications. 


© At radio frequencies, arrays of dipole antennas 
are used to both radiate and receive signals in 
both radar and radio astronomy systems. 
One advantage offered by diffracting arrays at 
radio frequencies is that the beam produced by the 
array can be electrically steered by adjusting the 
relative phase of the individual dipoles. 

© An optical realization of a two-clement array of 
radiators is Young's two-slit experiment and a 
realization of a two-clement array of receivers is 
Michelson’s stellar interferometer. Two optical 
implementations of arrays, containing more dif- 
fracting elements, are diffraction gratings and 
hologeams. In nature, periodic arrays of diffracting 
elements are the origin of the colors observed on 
some invertebrates. 

© Many solids are naturally arranged in three- 
dimensional arrays of atoms or molecules that act 
as diffraction gratings when illuminated by X-ray 
wavelengths. The resulting Fraunhofer diffraction 
patterns are used to analyze the ordered structure 
of the solids. 


The array theorem can be used to calculate the 
diffraction pattern from N rectangular slits, each of 
width a and separation d. The aperture function of a 
single slit is equal to 


1 
Ms, y) = 
Wee, y ‘ 


The Fraunhofer diffraction pattern of this aperture 
has already been calculated and is given by [52]: 


lel s $.lyl <7 
ze 186) 
all other x and y 


Flex y)} = KS [87] 
where the constant K and the variable a are 
¢ = Bayoo — ier, i Yo 
K ew ie Re ST Ovo 
ARo Yo 
a= “sin a, 188] 
The array function is 
x 
A(x) = >. 6e —x,) where x, =(1— Dd [89] 
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and its Fourier transform is given by 


sin NB 
(A(x) = 90 
FAG = Fy 190] 
kd 
= sin 8, 


The Fraunhofer diffraction pattern’s intensity distri- 
bution in the x-direction is thus given by 


[yal ee ENE 91] 


shape fetor grating actor 


We have combined the variation in intensity in the 
yrdirection into the constant Jp because we assume 
that the intensity variation in the x-direction will 
be measured at a constant value of y. 

A physical interpretation of [91] views the first 
factor as arising from the diffraction associated with 
a single slit; itis called the shape factor. The second 
factor arises from the interference between light 
from different slits; it is called the grating factor. 
The fine detail in the spatial light distribution of 
the diffraction pattern is described by the grating 
factor and arises from the coarse detail in the 
diffracting object. The coarse, overall light distri- 
bution in the diffraction pattern is described by the 
shape factor and arises from the fine detail in the 
diffracting object. 


Young’s Double Slit 


The array theorem makes the analysis of Young's 
two-slit experiment a trivial exercise. This appli- 
cation of the array theorem will demonstrate that the 
interference between two slits arises naturally from 
an application of diffraction theory. The result of this 
analysis will support a previous assertion that 
interference describes the same physical process as 
diffraction and the division of the two subjects is an 
arbitrary one. 

The intensity of the diffraction pattern from two 
slits is obtained from [91] by setting N = 2: 


Je = lo cos" 192] 
The sine function describes the energy distribution 
of the overall diffraction pattern, while the cosine 
function describes the energy distribution created by 
interference between the light waves from the 
two slits. Physically, a is a measure of the 
phase difference between points in one slit and 6 
is a measure of the phase difference between 


similar points in the two slits. Zeros in the 
diffraction intensity occur whenever a= m7 or 
whenever B= }Qn+1)m. Figure 9 shows the 
interference maxima, from the grating factor, 
under the central diffraction peak, described by 
the shape factor. The number of interference 
maxima contained under the central maximum is 
given by 
2d 


wa1 


(93] 


In Figure 9 three different slit spacings are shown 
with the ratio d/a equal to 3, 6, and 9, 
respectively. 


The Diffraction Grating 


In this section we will use the array theorem to derive 
the diffraction intensity distribution of a large 
number of identical apertures. We will discover that 
the positions of the principal maxima are a function 
of the illuminating wavelength. This functional 
relationship has led to the application of a diffraction 
grating to wavelength measurements. 

The diffraction grating normally used for wave- 
length measurements is not a large number of 
diffracting apertures but rather a large number of 
reflecting grooves cut in a surface such as gold or 
aluminum. The theory to be derived also applies 
to these reflection gratings but a modification must 
bbe made to the theory. The shape of the grooves in the 
reflection grating can be used to control the fraction 
of light diffracted into a principal maximum and we 
will examine how to take this into account. A grating 
whose groove shape has been controlled to enhance 
the energy contained in a particular principal 
maximum is called a blazed grating. The use of 
special groove shapes is equivalent to the modifi- 
cation of the phase of individual elements of an 
antenna array at radio frequencies, 


The construction of a diffraction grating for use in 
an optical device for measuring wavelength was first 
suggested by 
astronomer, in 1785, but the idea was ignored 
until Fraunhofer reinvented the concept in 1819. 
Fraunhofer’s first gratings were fine wires spaced by 
wrapping the wires in the threads of two parallel 
screws. He later made gratings by cutting (ruling) 


David Rittenhouse, an American 


grooves in gold films deposited on the surface of glass. 
HLA. Rowland made a number of well designed ruling 
machines, which made possible the production of 
large-area gratings. Following a suggestion by Lord 
Rayleigh, Robert Williams Wood (1868-1955) 
developed the capability to control the shape of the 
individual grooves. 
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Figure 9 The number of interference fringes beneath the main difraction peak of a Young's two-sit experiment with rectangular 
apertures. Reprinted with permission from Guenther RD (1990) Modern Optics. New York: John Wiley & Sons, 


If N is allowed to assume values much larger than 
2, the appearance of the interference fringes, pre- 
dicted by the grating factor, changes from a simple 
sinusoidal variation to a set of narrow maxima, called 
principal maxima, surrounded by much smaller, 
secondary maxima. To calculate the diffraction 
pattern we must evaluate [91] when N is a large 


, the numer- 
ator of the second factor in [91] will be zero, leading 
to an intensity that is zero, [y= 0. The denominator 
of the second factor in [91] is zero when B= In, 
1=0,1,2,... If both conditions occur at the same 
time, the ratio of m and N is equal to an integer, 
miN =I, and instead of zero intensity, we have an 
indeterminate value for the intensity, [y = 0/0. To find 
the actual value for the intensity, we must apply 
LHospital’s rule 


ANB _ y,,, NeosNB _ 


lim N [94] 
pele sinB pele cOsB 
LHospital’s rule predicts that whenever 
Baln=a0 [95] 


where / is an integer, a principal maximum in the 
intensity will occur with a value given by 


yp = N21 2 


196] 


Secondary maxima, much weaker than the principal 
maxima, occur when 


197) 


(When m= 0, m/N is an integer, thus the first value 
that m can have in [97] is m= 1.) The intensity of 
each secondary maximum is given by 
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The quantity (2m + 1)/2N is a small number for large 
values of N, allowing the small angle approximation 
to be made: 


sitap 2N 


tes = lo | am FD 


199] 


The ratio of the intensity of a secondary maximum 
and a principal maximum is given by 


[san] 


The strongest secondary maximum occurs for m = 1 
and, for large N, has an intensity that is about 4.5% 
of the intensity of the neighboring principal 

‘The positions of principal maxima occur at angles 
specified by the grating formula. 


[100] 


[101 


The angular position of the principal maxima (the 
diffracted angle 4) is given by the Bragg equation 


ai 


a 


sin @, [102] 


where | is called the grating order. This simple 
relationship between the angle and the wavelength 
can be used to construct a device to. measure 
wavelength, the grating spectrometer. 

‘The model we have used to obtain this result is 
based on a periodic array of identical apertures. The 
transmission function of this array is a periodic 
square wave. If, for the moment, we treat the grating 
as infinite in size, we discover that the principal 
maxima in the diffraction pattern correspond to the 
terms of the Fourier series describing a square wave. 

The zero order, m=0, corresponds to the 
temporal average of the periodic square wave and 
has an intensity proportional to the spatially 
averaged transmission of the grating. Because of its 
equivalence to the temporal average of a time- 
varying signal, the zero-order principal maximum is 
often called the de term. 

‘The first-order principal maximum corresponds to 
the fundamental spatial frequency of the grating and 
the higher orders correspond to the harmonics of this 
frequency. 

The de term provides no information about the 
wavelength of the illumination. Information about 
the wavelength of the illuminating light can only be 
obtained by measuring the angular position of the 
first or higher order principal maxima. 


Grating Spectrometer 


The curves shown in Figure 10 display the separation 
of the principal maxima as a function of sin @. The 
angular separation of principal maxima can be 
converted to a linear dimension by assuming a 
distance, R, from the graing to the observation 
plane, In the lower right-hand curve of Figure 10, a 
distance of 2 meters was assumed. Grating spec- 
trometers are classified by the size in meters of R used 
in their design. The larger R, the easier it is to resolve 
wavelength differences. For example, a 1 meter 
spectrometer is a higher-resolution instrument than 
a V/4 meter spectrometer. 

The fact that the grating is finite in size causes each 
of the orders to have an angular width that limits the 
resolution with which the illuminating wavelength 
can he measured. To calculate the resolving power of 
the grating, we first determine the angular width of a 
principal maximum, This is accomplished by measur- 
ing the angular change, of the principal maximum’s 
position, when B changes from B= [n= ma/N 


to B=(n+l1)aN, ie, AB= iN. Using the 
definition of B 
kd sin 0 its 
ard cos 00 
yee 
and the angular width is 
A 
= ea [104] 
The detivative of the grating formula gives 
AA= Seos ado [105] 
IAA 
AO Teast 
Equating this spread in angle to eqn [104] yields 
IAA A 
Tos 6 ~ Na'cos 6 1106) 
The resolving power of a grating is therefore 
1071 


The improvement of resolving power with N can be 
seen in Figure 10. A grating 2 inches wide and 
containing 15 000 grooves per inch would have a 
resolving power in second order (/ = 2) of 6 x 10°, At 
a wavelength of 600 nm this grating could resolve 
two waves, differing in wavelength by 0.01 nm. 

The diffraction grating is limited by overlapping 
orders. If two wavelengths, A and A+AA, 
have successive orders that are coincident, then 
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Figure 10 Decrease in the width ofthe principal maxima of a transmission grating with an increasing number of sits. The various 
principal maxima are called orders, numbering from zero, atthe origin, out to as large as seven inthis example. Also shown s the effect 
Of diferent ratios, d/a, on the number of visible orders. Reprinted with permission trom Guenther RD (1990) Modern Optics. New York: 


John Wiley & Sons. 


from eqn [102] 


U4 DA=IA+ Aa) (108) 


The minimum wavelength difference for which this 
occurs is defined as the free spectral range of the 
diffraction grating, 


(se = {109} 


sy 


Blazed Gratings 


We have been discussing amplitude transmission 
gratings. Amplitude transmission gratings have little 
practical use because they waste light. The light loss is 
from a number of sources. 


1. Light is diffracted simultaneously into both 
positive and negative orders (the positive and 
negative frequencies of the Fourier transform). 


‘The negative diffraction orders contain redundant 
information and waste light. 

2. In an amplitude transmission grating, light is 
thrown away because of the opaque portions of 
the slit array. 

3. The width of an individual aperture leads to a 
shape factor for a rectangular aperture 


of sincta = (sin?aj/a?, which modulates the 
grating factor and causes the amplitude of the 
orders to rapidly decrease. This can be observed in 
Figure 10, where the second order is very weak. 
Because of the loss in intensity at higher orders, 
only the first few orders (/ = 1,2 or 3) are useful. 
The shape factor also causes a decrease in 
diffracted light intensity with increasing wave- 
length for higher-order principal maxima. 

4. The location of the maximum in the diffracted 
light, i.e., the angular position for which the 
shape factor is a maximum, coincides with the 
location of the principal maximum due to 
the zero-order interference. This zero-order 
maximum is independent of wavelength and is 
not of much use. 


One solution to the problems created by trans- 
mission gratings would be the use of a grating that 
modified only the phase of the transmitted wave. Such 
gratings would operate using the same physical 
processes as a microwave phased array antenna, 
where the location of the shape factor’s maximum is 
controlled by adding a constant phase shift to each 
antenna element. The construction of an optical 
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transmission phase grating with a uniform phase 
variation across the aperture of the grating is very 
difficult. For this reason, a second approach, based on 
the use of reflection gratings, is the practical solution 
to the problems listed above. 

By tilting the reflecting surface of each groove of a 
reflection grating, Figure 11, the position of the shape 
factor’s maximum can be controlled. Problems 1, 3, 
and 4 are eliminated because the shape factor 
maximum is moved from the optical axis out to 
some angle with respect to the axis. The use of 
reflection gratings also removes Problem 2 because 
all of the incident light is reflected by the grating. 

Robert Wood, in 1910, developed the technique of 
producing grooves of a desired shape in a reflective 
grating by shaping the diamond tool used to cut the 
grooves. Gratings, with grooves shaped to enhance 
their performance at a particular wavelength, are said 
to be blazed for that wavelength. The physical 
properties on which blazed gratings are based can 
he understood by using Figure 11. The groove faces 
can be treated as an array of mirror surfaces. The 
normal to each of the groove faces makes an angle 6 
with the normal to the grating surface. We can 
measure the angle of incidence and the angle of 
diffraction with respect to the grating normal or with 
respect to the groove normal, as shown in Figure 11. 
From Figure 11, we can write a relationship between 
the angles 


% =e — —b=—wat Hm — [110] 


(The sign convention used defines positive angles as 
those measured in a counterclockwise rotation from 
the normal to the surface. Therefore, pis a 
negative angle.) The blaze angle provides an extra 
degree of freedom that will allow independent 


Figure 11 Geometry fora blazed reflection grating. Reprinted 
with permission from Guenther RD (1890) Modern Optics. 
Now York: John Wiley & Sons. 


adjustment of the angular location of the principal 
maxima of the grating factor and the zero-order, 
single-aperture, diffraction maximum. To see how 
this is accomplished, we must determine, first, the 
effect of off-axis illumination of a diffraction 
grating. 

Off-axis illumination is easy to incorporate into the 
equation for the diffraction intensity from an array. 
To include the effect of an off-axis source, the phase of 
the illuminating wave is modified by changing the 
incident illumination from a plane wave of ampli- 
tude, E, traveling parallel to the optical axis, to a 
plane wave with the same amplitude, traveling at an 
angle @, to the optical axis: Ee", (Because we 
are interested only in the effects in a plane normal to 
the direction of propagation, we ignore the phase 
associated with propagation along the z-direction, 
kzcos @,.) The off-axis illumination results in a 
modification of the parameter for single-aperture 
diffraction from 


a Min 8, iy 
to 
(sin @,+ sin 4) (12) 
and for multiple aperture interference from 
p= sin 04 (13) 
7 2 
B in @+sin 64) [4] 


The zero-order, single-aperture, diffraction peak 
occurs when a =0. If we measure the angles with 
respect to the groove face, this occurs when 


ha 
a= Fin g + sin gu) (1s) 
The angles are therefore related by 
sin g = sin gy (116) 
a=- 


We sce that the single-aperture, diffraction maximum 
{the shape factor’s maximum) occurs at the same 
angle that reflection from the groove faces occurs. We 
can write this result in terms of the angles measured 
with respect to the grating normal 


1, = —(84 + 26y) 


(17) 


The blaze condition requires the single aperture 
diffraction maximum to occur at the Ith principal 
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maximum, for wavelength Ay. At that position 


jean ps RG 
= Sin 0, + sin 8) 


(118) 


Day = 2d sin (0, + dy)eos$(0, ~ 84) 


For the special geometrical configuration called the 
Littrow condition, where 8, = #, we find that [117] 
leads to the equation 


Jag = 2d sin O (119) 


By adjusting the blaze angle, the single-aperture 
diffraction peak can be positioned on any order of 
the interference pattern. Typical blaze angles are 
between 15° and 30° but gratings are made with 
larger blaze ang! 


See also 


Diffraction: Fresnel Diffraction, 


Fresnel Diffraction 
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Fresnel was a civil engineer who pursued optics as a 
hobby, after a long day of road construction. Based 
on his own very high-quality observations of diffrac- 
tion, Fresnel used the wave propagation concept 
developed by Christiaan Huygens (1629-1695) to 
develop a theoretical explanation of diffraction. We 
will use a descriptive approach to obtain the 
Huygens—Fresnel integral by assuming an aperture 
can be described by N pinholes which act as sources 
for Huygens’ wavelets. The interference between 
these sources will lead to the Huygens—Fresnel 
integral for diffraction, 

Huygens’ principle views wavefronts as the pro- 
duct of wavelets from various luminous points acting 
together. To apply Huygens’ principle to the propa- 
gation of light through an aperture of arbitrary shape, 
we need to develop a mathematical description of the 
field from an array of Huygens’ sources filling the 
aperture. We will begin by obtaining the field from a 
pinhole that is illuminated by a plane wave, 


Br.) = Bye 


Following the lead of Fresnel, we will use theory of 
interference to combine the fields from two pinholes 
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and then generalize to N pinholes. Finally by letting 
the areas of each pinhole approach an infinitesimal 
value, we will construct an arbitrary aperture of 
infinitesimal pinholes. The result will be the 
Huygens—Fresnel integral. 

‘We know that the wave obtained after propagation 
through an aperture must be a solution of the wave 
equation, 


‘We will be interested only in the spatial variation of 
the wave so we need only look for solutions of the 
Helmholtz equation 


(W+k)E=0 


The problem is further simplified by replacing this 
vector equation with a scalar equation, 


(+k Ew, y.2)=0 


This replacement is proper for those cases where 
nF (x,y,z) [where n is a unit vector] is a solution of the 
vector Helmholtz equation. In general, we cannot 
substitute nE for the electric field E because of 
Maxwell’s equation 


VE=0 
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y 
Figure 1 Geometry for application of Huygens’ principle to two 


pinholes. Reprinted with permission from Guenther RD (1990) 
‘Maciern Optics. New York: Jana Wiley & Sons. 


Rather than working with the magnitude of the 
electric field, we should use the scalar amplitude of 
the vector potential. We will neglect this complication 
and assume the scalar, F, isa single component of the 
vector field, E. A complete solution would involve a 
scalar solution for each component of E. 

‘The pinhole is illuminated by a plane wave, and the 
wave that leaves the pinhole will be a spherical wave 
which is written in complex notation as 


abgikr 
Bene = AS st 


The complex amplitude 


ecibciler 
Eq) = aS ul 


is a solution of the Helmholtz equation. The field at 
Pp, in Figure 1, from two pinholes: one at P,, located a 
distance ro; = lt) — yl from Po, and one at Po, 
located a distance tp) =lty— ry! from Po, is a 
generalization of Young's interference. The complex 
amplitude is 


ihe RI 
Tou 7m 

We have incorporated the phase 5, and d, into the 
constants Ay and Az to simplify the equations. 

‘The light emitted from the pinholes is due to a 
wave, E;, incident onto the screen from the left. The 
units of E, are per unit area so to obtain the amount of 
light passing through the pinholes, we must multiply 
E, by the areas of the pinholes. If Ao and Agy are the 
areas of the two pinholes, respectively, then 


Ay E\(r, Ao, Ay E\(r))Aoy 
Ben) = C,H geen gg, + C,H) gteay 
Tou Tor 


Figure 2 The geometry for calculating the fiald at Py using [9 
Reprinted with permission trom Guenther RD (1980) Modem 
Optics. New York: John Wiley & Sons. 


where C, is the constant of proportionality. The 
constant will depend on the angle that ry, makes with 
the normal to A,. This geometrical dependence arises 
from the fact that the apparent area of the pinhole 
decreases as the observation angle approaches 90°. 
‘We can generalize [3] to N pinholes 
So Flt) 


Eq) = > C AG, (4) 


1 


The pinhole’s diameter is assumed to be small 
compared to the distances to the viewing position 
but large compared to a wavelength. In the limit as 
Ag; goes to zero, the pinhole becomes a Huygens 
source. By letting N become large, we can fill the 
aperture with these infinitesimal Huygens’ sources 
and convert the summation to an integral. 

It is in this way that we obtain the complex 
amplitude, at the point Po, see Figure 2, from a wave 
exiting an aperture, Yo, by integrating over the area of 
the aperture, We replace my, in [4], by R, the position 
of P,, the infinitesimal Huygens’ source of area, ds, 
measured with respect to the observation point, Po. 
We also replace r, by r, the position of the infinitesimal 
area, ds, with respect to the origin of the coordinate 
system. The discrete summation [4] becomes the 
integral 


1s] 


This is the Fresnel integral. The variable Cir) depends 
upon @, the angle between n, the unit vector normal to 
the aperture, and R, shown in Figure 2, We now need 
to determine how to treat C(r). 


The Obliquity Factor 


When using Huygens’ principle, a problem arises 
with the spherical wavelet produced by each 
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Huygens’ source. Part of the spherical wavelet 
propagates backward and results in an envelope 
propagating toward the light source, but such a wave 
is not observed in nature. Huygens neglected this 
problem. Fresnel required the existence of an 
obliquity factor to cancel the backward wavelet but 
was unable to derive its functional form, When 
Kirchhoff placed the theory of diffraction on a firm 
mathematical foundation, the obliquity factor was 
generated quite naturally in the derivation. In this 
intuitive derivation of the Huygens—Fresnel integral, 
we will present an argument for treating the obliquity 
factor as a constant at optical wavelengths. We will 
then derive the constant value it must be assigned. 

The obliquity factor, C(r), in [5], causes the 
amplitude per unit area of the transmitted light to 
decrease as the viewing angle increases. This is a 
result of a decrease in the effective aperture area with 
viewing angle. When Kirchhoff applied Green's 
theorem to the scalar diffraction problem, he found 
the obliquity factor to have an angular dependence 
given by 


cost, R) ~ costar.) 


6) 


which includes the geometrical effect of the incident 
wave arriving at the aperture, at an angle with respect 
to the normal to the aperture from a source located at 
a position r,, with respect to the aperture. If the source 
isat infinity, then the incident wave can be treated asa 
plane wave, incident normal to the aperture, and we 
may simplify the angular dependence of the obliquity 
factor to 


1+eos8 
z 


where @—(A,R) is the angle between the normal 
to the aperture and the vector R. This is the 
configuration shown in Figure 2. The obliquity 
factor provides an explanation of why it is possible 
to ignore the backward-propagating wave that 
occurs in application of Huygens’ principle. For 
the backward wave, @= 7, and the obliquity factor 


The obliquity factor increases the difficulty of 
working with the Fresnel integral and it is to our 
benefit to be able to treat it as a constant. We can 
neglect the angular contribution of the obliquity 
factor by making an assumption about the resolving 
power of an optical system operating at visible 
wavelengths. 

Assume we are attempting to resolve two stars that 
produce plane waves at the aperture of a telescope 
with an aperture diameter, a. The wavefronts from 
the two stars make an angle y with respect to each 


other, Figure 3: 


an = pnt 


The smallest angle, y, that can be measured is 
determined by the smallest length, Ax, that can be 
measured. We know we can measure a fraction of 
wavelength with an interferometer but, without an 
interferometer, we can measure a length no smaller 
than A, leading to the assumption that Ax = A. This 
reasoning leads to the assumption that the smallest 
angle we can measure is 

yet 71 

a 

The resolution limit established by the above reason- 
ing places a limit on the minimum separation that can 
he produced at the back focal plane of the telescope. 
‘The minimum distance on the focal plane between the 
images of star 1 and 2 is given by 


d=fo is] 
From [71 
a= 
a 


The resolution limit of the telescope can also be 
expressed in terms of the cone angle produced when 
the incident plane wave is focused on the back focal 
plane of the lens. From the geometry of Figure 3, the 
cone angle is given by 


tand 


Figure 3 Telescope resolution. Reprinted with permission from 
Guenther AD (1980) Modem Optics. New York: John Wiley & 
Sons. 
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The separation between the stars 1 and 2 at the 
back focal plane of the lens in Figure 3 is thus 


a 
an @ 


d= D1 


If we assume that the minimum d is 3 (this is four 
times the resolution of a typical photographic film at 
visible wavelengths), then the largest obliquity angle 
that should be encountered in a visible imaging 
system is 


tan @ 


Td 6x 
0=95° = 10° 
yielding a value for cos @=0.985 and 


(1+ cos 6/2 = 0.992. The obliquity factor has only 
changed by 0.8% over the angular variation of 0° to 
10°. The obliquity factor as a function of angle is 
shown in Figure 4 for an incident plane wave. The 
obliquity factor undergoes a 10% change when 6 
varies from 0° to about 40°; therefore, the obliquity 
factor can safely be treated as a constant in any 
optical system that involves angles less than 40°. 

While we have shown that it is safe to ignore the 
variability of C, we still have not assigned a value to 
the obliquity factor. To find the proper value for C, we 
will compare the result obtained using [5] with the 
result predicted by using geometric optics. 

We illuminate the aperture Zo in Figure 5 with a 
plane wave of amplitude a, traveling parallel to the 
z-axis. Geometrical optics (equivalently the propa- 
gation of an infinite plane wave) predicts a field at Pp, 
on the z-axis, a distance zo from the aperture, given by 


§, 


The area of the infinitesimal at P; (the Huygens’ 
source) is 


om = ace (10) 


ds=rdrdd 


CObliquty factor 
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Figure 4 The obliquity factor as a function of the angle defined 
in egn [6] for an incident plane wave. Reprinted with permission 
from Guenther RD (1990) Moder Optics. Now York: John Wiley & 
Sons. 


Figure 5 Geometry for evaluating the constant in the Fresnel 
Integral. Reprinted with permission from Guenther RD (1990) 
‘Modem Optics. Naw York: Jahn Wiley & Sons. 


Based on our previous argument, the obliquity factor 
can be treated as a constant, C, that can be removed 
from under the integral. The incident wave isa plane 
wave whose value at z= 0 is E(r) =a. Using these 
parameters, the Fresnel integral [5] can be written as 


Fra)= cal {8 


From the geometry in Figure 5, the distance from the 
Huygens source to the observation point is 


rdrdb ny 


otraR 


where zp is a constant equal to the distance from the 
observation plane to the aperture plane. The variable 
of integration can be written in terms of R: 


rdr=RdR 


The limits of integration over the aperture extend from 
R= zp to the maximum value of R, R= Ryy(d). 


ae phuid) 
Bla) = Caf J eR dé [12] 

o de 
‘The integration over R can now be carried out to yield 


URI y 


Dilfesction 


(Geometrical Optics, 


U3] 


The first integration in [13] is easy to perform and 
contains the amplitude at the observation point due to 
geometric optics. The second term may be interpreted 
as interference of the waves diffracted by the boundary 
of the aperture. An equivalent statement is that the 
second term is the interference of the waves scattered 
from the aperture’s boundary, an interpretation of 
diffraction that was first suggested by Young. 


oc 
Power 


Figure 22-1. The simplest traditional DC motor contains 
these parts. The combination of call, shaft, and commuta 
for is the rotor. The fixed magnetic structure in which it 
rotates isthe stator 


indicated in the diagram with a smaller white 
lowercase nand s. When two ends of a coil are at 
equal potential, the coil produces no magnetic 
field at all 


The stator consists of a cylindrical permanent 
magnet, which has two poles—shown in the fig- 
Ure as two black semicircles separated by a ver- 
tical gap for clarity—although in practice the 
magnet may be made in one piece. Opposite 
magnetic poles on the rotor and stator attract 
each other, whereas the same magnetic poles 
repel each other, 


DC motors may be quite compact, as shown in 
Figure 22-3, where the frame of the motor meas- 
ures about 0.7" square. They can also be very 
powerful for their size; the motor that is shown 
disassembled in Figure 22-4 is from a 12VDC 
bilge pump rated at 500 gallons per hour. Its out- 


rotational > de mi 


electromagnetism 


Figure 22-2. Three sequential views of a typical three-coil 
DC mator viewed trom the end of its shaft (the shatt itselt 

hat shown). Magnetic effects cause the rotor to turn, 
which switches the current to the coils via the commuta- 
torat the center. 


put was delivered by the small impellerattached 
to the rotor at right, and was achieved by using 


180 


Encyclopedia of Electronic Components Volume 1 
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‘The aperture is irregular in shape, at least on the 
scale of a wavelength, thus in general, kRys will vary 
over many multiples of 27ras we integrate around the 
aperture. For this reason, we should be able to ignore 
the second integral in [13] if we confine our attention 
to the light distribution on the z-axis. After neglecting 
the second term, we are left with only the geometrical 
optics component of [13] 


2a ik 


Eco) 2 [4) 


For [14] to agree with the prediction of geometric 
optics [10] the constant C must be equal to 


U5} 


‘The Huygens—Fresnel integral can be written, using 
the value for C just derived, 


Fir) <I. 


The job of calculating diffraction has only begun with 
the derivation of the Huygens—Fresnel integral [16]. 
Rigorous solutions exist for only a few idealized 
obstructions. To allow discussion of the general 
properties of diffraction, it is necessary to use 
approximate solutions. To determine what type 
approximations we can make let’s look at the light 
propagation path shown in Figure 6. 

For the second term in [13] to contribute to the 
field at point Pp, in Figure 6, the phase of the 
exponent that we neglected in [13] must not vary 
over 2 when the integration is performed over the 
aperture, i.e. 


eR ds (16) 


A=k(R, — RB) +R)— Ry) <20 


Figure 6 One-dimensional slit used to establish Fresnel 
approximations. Reprinted with permission trom Guenther RD 
(1990) Modern Optics. New York: John Wiley & Sons. 


From the geometry of Figure 6, the two paths from 
the source, S, to the observation point, Py, are 


+R = ett yet 
By assuming that the aperture, of width by is small 
compared to the distances z; and z,, the difference 
between these distances, A, can be rewritten as a 
binomial expansion of a square root 


u7 


If we assume that the second term of this 


expansion is small, ic., 


we see that the phase of the wavefront in the 
aperture is assumed to have a quadratic depen- 
dence upon aperture coordinates. Diffraction pre- 
dicted by this assumption is called Fresnel 
diffraction. 

To discover the details of the approximation 
consider Figure 7. In the geometry of Figure 7, the 
Fresnel integral [16] becomes 


a sia 
Tlf fen aaa 


As we mentioned in our discussion of [13] the integral 
that adds diffractive effects to the geometrical optics 
field is nonzero only when the phase of the integrand 
is stationary. For Fresnel diffraction, we can insure 
that the phase is nearly constant if R does not differ 
appreciably from Z, or R’ from Z, This is equivalent 
to stating that only the wave in the aperture, around a 
point in Figure 7 labeled S, called the stationary point, 
will contribute to E,. The stationary point, S, is the 
point in the aperture plane where the line, connecting 
the source and observation positions, intersects the 
plane. Physically, only light propagating over paths 
nearly equal to the path predicted by geometrical 
optics (obtained from Fermat’s principle) will 
contribute to Ep,. 


9} 
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Figure 7 Geometry for Fresnel afraction. Reprinted with permission from Guenther RD (1990) Modern Optics. Now York: John Wiley 


& Sons. 


‘The geometry of Figure 7 allows the distances R 
and R' to be written as 


e— EP + (y— PZ? 2201 


R2=(a,— xP +(,— 9 +22 


To solve these expressions for R and R’, we apply the 
binomial expansion [17] and retain the first two 
terms: 


&-F , & 
at 


nena zez4[ 


or Ru 


In the denominator of [19], R is replaced by Z and R’ 
by Z'. (By making this replacement, we are implicitly 
assuming that the amplitudes of the spherical waves 
are not modified by the differences in propagation 
distances over the area of integration. This is a 
reasonable approximation because the two propa- 
gation distances are within a few hundred wave- 
lengths of each other). In the exponent, we must use 
[21], because the phase changes by a large fraction of 
a wavelength, as we move from point to point in the 
aperture. 

If the wave, incident on the aperture, were a plane 
wave we can assume R! = 0 and [19] becomes 


Hie ewe dy 


122] 


The physical interpretation of [22] states that when a 
plane wave illuminates the obstruction, the field at 
point Py is a spherical wave, originating at the 


aperture, a distance Z away from Py: 


kz 
Z 


The amplitude and phase of this spherical wave are 

modified by the integral containing a quadratic phase 

dependent on the obstruction’s spatial coordinates. 
By defining three new parameters, 


or (23a 
Xo [23b] 
Yo [23e] 


the more general expression for Fresnel diffraction of 
a spherical wave can be placed in the same format as 
[22]. The newly defined parameters xy and yo are the 
coordinates, in the aperture plane, of the stationary 
point, §. The parameters in [23] can be used to 
express, after some manipulation, the spatial depen- 
dence of the phase, in the integrand of [19] 


R+R=Z4+Z4 


+[ecstgonst 


A further simplification to the Fresnel diffraction 
integral can be made by obtaining an expression for 
the distance, D, between the source and the obser- 
vation point: 


(€=5P +0 
UZ+Zy 


D=Z+Z+ 
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‘We use this definition of D to also write 


1 _Z4+7 1 1 


ZZ ZZ Z+Z pd 


Using the parameters we have just defined, we may 
rewrite [19] as 


a ee 


With the use of the variables defined in [23], the 
physical significance of the general expression of the 
Huygens—Fresnel integral can be understood in an 
equivalent fashion as was [22]. At point Po, a 
spherical wave 


originating at the source, a distance D away, is 
observed, if no obstruction are present, Because of the 
obstruction, the amplitude and phase of the spherical 
wave are modified by the integral in [25]. This 
correction to the predictions of geometrical optics is 
called Fresnel diffraction. 

Mathematically, [25] is an application of the 
method of stationary phase, a technique developed 
in 1887 by Lord Kelvin to calculate the form of a 
boat’s wake. The integration is nonzero only in the 
region of the critical point we have labeled S. 
Physically, the light distribution, at the observation 
point, is due to wavelets from the region around S. 
The phase variations of light, coming from other 
regions in the aperture, are so rapid that the value 
of the integral over those spatial coordinates is 
zero, The calculation of the integral for Fresnel 
diffraction is complicated because, if the obser- 
vation point is moved, a new integration around a 
different stationary point in the aperture must be 
performed. 


Rectangular Apertures 


If the aperture function, f(x,y), is separable in the 
spatial coordinates of the aperture, then we can 
rewrite [25] as 


io .-itn (* x) 
» = 3pD [fo 


sds [fore dy 


Ep, = ALC(x) — iS] Cy) — iS) 


A represents the spherical wave from the source, a 
distance D away, 


A= sp 


If we treat the aperture function as a simple constant, 
Cand S are integrals of the form 


c =f * costg(x)ide 


[26a] 


S(x) = i} * sinfg(x idx (266) 


The integrals, Clx) and Six}, have been evaluated 
numerically and are found in tables of Fresnel 
integrals. To use the tabulated values for the integrals, 
[26] must be written in a general form 


R27 


(28) 


The variable u is an aperture coordinate, measured 
relative to the stationary point, §(xp,yo), in units of 


e 


2 
(x — x9) or w= y—yo) 129) 
0) tn" yo) — 29) 


Xe 


The parameter w in [27] and [28] specifies the 
location of the aperture edge relative to the stationary 
point . The parameter w is calculated through the 
use of [29] with x and y replaced by the coordinates of 
the aperture edge. 


The Cornu Spiral 


The plot of S(w) versus Clw), shown in Figure 8, is 
called the Cornu spiral in honor of M. Alfred Cornu 
(1841-1902) who was the first to use this plot for 
graphical evaluation of the Fresnel integrals. 

To use the Cornu spiral, the limits 27, and w of the 
aperture are located along the arc of the spiral. The 
length of the straight line segment drawn from 1; to 
w» gives the magnitude of the integral. For example, 
if there were no aperture present, then, for the x- 
dimension, 17 = —00 and w = 00. The length of the 
line segment from the point (~ 1/2,1/2) to (1/2,1/2) 
would be the value of Ey,, i., V2. An identical value 
is obtained for the y-dimension, so that 
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Cornu spiral 
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Figure 8 Cornu spiral obtained by potting the values for C(w) 
versus Sw) from a table of Fresnel intagrals. The numbers 
Indicated along the arc ofthe spiral are values of w. The points 1~ 
5 correspond to observation points shown in Figure 9 and are 
Used to calculate the light intensity diffracted by a straight edge 
Reprinted with permission trom Guenther RD (1990) Modern 
Optics. New York: John Wiley & Sons. 
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This is the spherical wave that is expected when no 
aperture is present. 

As an example of the application of the Fresnel 
integrals, assume the diffracting aperture is an 
infinitely long straight edge reducing the problem to 


The value of Ep, in the y-dimension is from above V2 
since w; = —00 and 1 = ov. In the x-dimension, the 
value of w at the edge is 


ee 
Wey = Gg — 80) 


We will assume that the straight edge blocks the 
negative half-plane so that x; = 0. The straight edge 
is treated as an infinitely wide slit with one edge 
located at infinity so that 1 = 00 in the upper half- 
plane, When the observation point is moved, the 
coordinate xy of $ changes and the origin of the 
aperture’s coordinate system moves. New values for 
the w’s must therefore be calculated for each 
observation point. 

Figure 9 shows the assumed geometry. A set of 
observation points, Pi-Ps, on the observation screen 
are selected, The origin of the coordinate system in 
the aperture plane is relocated to a new position 
(given by the position of ) when a new observation 
point is selected. The value of w, the position of the 
edge with respect to S, must be recalculated for each 
observation point. The distance from the origin to 


ae eee 


Figure 9 A geometrical construct to determine w, for the 
stationary point § associated with ve diferent observation points. 
‘The values of ware then used in Figure 8 to calculate the intensity 
flight ifracted around a straight edge. Reprinted with permission 
from Guenther RD (1990) Modern Optics. New York: John Wiley & 
Sons. 


Table 1 Fresnel integrals for straight edge 


™% im) sim) Tally P, 
= 05 05 ° 
20 0.4882 0.344 ot 
15 0.4453 0.6975 0.021 P, 
1.0 0.7799 04983 (0.08 
os 0.4923 0.0847 0.09 P, 
0 0 ° 025 Ps 
05 ~ 0.4923 ~0.0847 06s 
-1.0 0.799 ~ 0.4983 1.26 Py 
-12 0.7154 ~ 0.6234 137 
“15 ~ 0.4453 ~0.6975 116 
-20 ~ 0.4882 0.344 Bs P, 
25 —0.4574 ~ 0.6192 1.08 
-_ 05 05 10 


the straight edge, 11, is positive for Py and P2, zero for 
P5, and negative for Py and Ps. 

Figure 8 shows the geometrical method used to 
calculate the intensity values at each of the obser- 
vation points in Figure 9 using the Cornu spiral. The 
numbers labeling the straight line segments in Figure 8 
are associated with the labels of the observation 
points in Figure 9. 

To obtain an accurate calculation of Fresnel 
diffraction from a straight edge, a table of Fresnel 
integrals provides the input to the following equation 


off = cwyf +[4- soo} 


2A*, Table 1, shows the values extracted 
from the table of Fresnel integrals to find the relative 


Ip 


intensity at various observation points. The result 
obtained by using either method for calculating the 
light distribution in the observation plane, due to the 
straight edge in Figure 9, is plotted in Figure 10. 
The relative intensities at the observation points 
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2 1 0 z= 3 4 
Figure 10 Light difracted by a straight edge with its edge 
located at w = 0. The points labeled 1-5 were found using the 
construction in Figure 9 to obtain w. This was then used in 
Figure 8 to find a position on the Camu spiral. The length of the 
lines shown in Figure 8 from the (1/2,1/2) point to the numbered 
positions led to the intensities shown. Reprinted with permission 
‘rom Guenther RD (1880) Moder Optics. Now York: John Wiley & 
Sons, 


depicted in Figure 9 are labeled on the diffraction 
curve of Figure 10. 


Fresnel Zones 


Fresnel used a geometrical construction of zones to 
evaluate the Huygens—Fresnel integral. The Fresnel 
zone is a mathematical construct, serving the role of a 
Huygens source in the description of wave propa- 
gation, Assume that at time f, a spherical wavefront 
from a source at P; has a radius of R’. To determine 
the field at the observation point, Po, due to this 
wavefront, a set of concentric spheres of radii, Z,Z + 
(AD), Z +202), .5Z+ iM)... are constructed, 
where Z is the distance from the wavefront to the 
observation point on the line connecting P; and Py 
(see Figure 11). These spheres divide the wavefront 
into a number of zones, é1.£: , called Fresnel 
zones, or half-period zones. 

‘We treat each zone as a circular aperture illumi- 
nated from the left by a spherical wave of the form 


eo AenR gmake 
£R)= “= 


R is the radius of the spherical wave. The field at Po 
due to the jth zone is obtained by using [5] 


eke 
EP) = cg) ds (30) 


For the integration over the jth zone, the surface 
element is 


ds = R'2sinada dd Bu 


ee 

me Sit 
Figure 11 Construction of Fresnel zones observed trom a 
position P, on a spherical wave originating from a source at 
point P,. Reprinted with permission from Guenther RD (1990) 
‘Modern Optics. New York: John Wiley & Sons. 


Figure 12 Geometry for finding the relationship between A and 
F’ yielding eqn [32]. Reprinted with permission from Guenther RD. 
(1990) Modern Optics. New York: John Wiley & Sons, 


‘The limits of integration extend over the range 
Z+G-Y$ SREZ+i$ 


The variable of integration is R; thus, a relationship 
between R! and R must be found, This is accom- 
plished by using the geometrical construction shown 
in Figure 12. 

A perpendicular is drawn from the point Q on the 
spherical wave to the line connecting Py and Po, in 
Figure 12, The distance from the source to the 
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observation point is x, +x, and the distance from the 
source to the plane of the zone is the radius of the 
incident spherical wave, R’. The distance from P, to 
Py can be written 


xjtm=R4Z 


The distance from the observation point to the zone is 


xd ty? = (R42) — xP + (R'sin 


= R2+(R + Zy —2R(R' + Z)coso 


The derivative of this expression yields 


RAR=R(R' + Z)singda (32) 
Substituting [32] into [31] gives 
Ree 
waz hande 133] 


The integration over ¢ is accomplished by rotating 
the surface clement about the PPg axis. After 
integrating over ¢ between the limits of 0 and 27, 
wwe obtain 


We assume that R', Z > Aso that the obliquity factor 
is a constant over a single zone, ie., C(g) = C;. The 
obliquity factor is not really a constant as we earlier 
assumed but rather a very slowly varying parameter 
of j, changing by less than two parts in 10* when ‘j” 
changes by 500 (for Z = 1 meter and A= $00 nm). In 
fact it only changes by 2 parts in 10°” across one 
zone. We are safe in applying the assumption that the 
obliquity factor is a constant over a zone and this 
allows the integral in [34] to be calculated: 


2niC,A 
ERI 


MR Zid 


EP) = 2] [35] 


Using the identity kA = 2a and the definition for the 
distance between the source and observation point 
[24] modified for this geometry, D = R’ + Z [35] can 
be simplified to 


- GA in 
é aint At 
(Po) = 21a)! 36] 


The physical reasons for the behavior predicted by 
[36] are quite easy to understand. The distance from 
Py to a zone changes by only A/2 as we move from 
zone to zone and the area of a zone is almost a 
constant, independent of the zone number; thus, the 


amplitudes of the Huygens’ wavelets fom each zone 
should be approximately equal. The alternation in 
sign, from zone to zone, is due to the phase change of 
the light wave ftom adjacent zones because the 
propagation paths for adjacent zones differ by A/2. 

To find the total field strength at Py due to N zones, 
the collection of Huygens’ wavelets is added: 


N 


2 
“YS (-IG 1371 


N 
Ey) = Y Eo) = 


To evaluate the sum, the elements of the sum are 
regrouped and rewritten as 


Because the C's are very slowly varying functions of j, 
even out to 500 zones, we are justified in setting the 
quantities in parentheses equal to zero. With this 
approximation, the summation can be set equal to 
one of two values, depending upon whether there is 
an even or odd number of terms in the summation 


HC, +x) Nodd 
-niG=4t 
H(Cy— Cy) Neven 


For very large N, the obliquity factor approaches 
zero, Cy = 0, as was demonstrated in Figure 4. Thus, 
the theory has led us to the conclusion that the total 
field produced by an unobstructed wave is equal to 
one half the contribution from the first Fresnel zone, 
ie., E = E/2, Stating this result in a slightly different 
way, we obtain a surprising result — the contribution 
from the first Fresnel zone is twice the amplitude of 
the unobstructed wave! 

The zone construction can be used to analyze the 
effect of the obstruction of all or part of a zone. For 
example, by constructing a circular aperture with a 
diameter equal to the diameter of the first Fresnel 
zone, we have just demonstrated that it is possible to 
produce an intensity at the point Py equal to four 
times the intensity that would be observed if no 
aperture were present. To analyze the effects of a 
smaller aperture, we subdivide a half-period zone into 
a number of subzones such that there is a constant 
phase difference between each subzone, The individ- 
ual vectors form a curve know as the vibrational 
curve, Figure 13 shows a vibrational curve produced 
by the addition of waves from nine subzones of the 
first Fresnel zone. The vibrational curve in Figure 13 
is an are with the appearance of a half-circle. 
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Figure 13. Vector addition of waves from nine subzones 
‘constructed in the fst Fresnel zone, Reprinted with permission 
‘rom Guenther RD (1880) Modern Optics. Now York: John Wiley & 
Sons, 


If the radius of curvature of the arc were calculated, 
we would discover that itis a constant, except for the 
contribution of the obliquity factor, 
aR 
e= Rze 

Because the obliquity factor for a single zone is a 
constant to 2 parts in 10’, the radius of curvature of 
the vibration curve can be considered a constant over 
a single zone. If we let the number of subzones 
approach infinity, the vibrational curve becomes a 
semicircle whose chord is equal to the wavelet 
produced by zone one, ic., Ey. If we subdivide ad 
tional zones, and add the subzone contributions, we 
create other half-circles whose radii decrease at the 
same rate as the obliquity factor. The vibrational curve 
for the total wave isa spiral, constructed of semicircles 
which converges to a point halfway between the first 
half-circle, see Figure 14. The length of the vector 
from the start to the end of the spiral is E= E,/2, as 
we derived above. When this same construction 
technique is applied to a rectangular aperture, the 
vibrational curve generated is the Cornu spiral. 


Circular Aperture 


‘The vector addition technique, described in Figure 13, 
can be used to evaluate Fresnel diffraction, at a point 
Pp, from a circular aperture and yields the intensity 
distribution along the axis of symmetry of the circular 
aperture. The zone concept will also allow a 
qualitative description of the light distribution 
normal to this axis 

To develop a quantitative estimate of the intensity 
at an observation point on the axis of symmetry of the 


A 


Figure 14 Vibration cuve or determining the Fresnel fraction 
ftom a circular aperture. The change of the diamoter of tho hal- 
Circles making up tho spiral has bean exaggerated for easy 
visualization. The actual changes are one part in 10-*. The 
postion of point Bis determined by the aperture size. Reprinted 
with permission from Guenther RD (1990) Modem Opts. 
Now York: John Wiley & Sons. 


circular aperture, we construct a spiral, Figure 14, to 
represent the Fresnel zones of a spherical wave 
incident on the aperture. The point B on the spiral 
shown in Figure 14 corresponds to the portion of the 
spherical wave unobstructed by the screen. The 
length of the chord, AB, represents the amplitude of 
the light wave at the observation point Po. As the 
diameter of the aperture increases, B moves along the 
spiral, in a counterclockwise fashion, away from 
A. The first maximum occurs when B reaches the 
point labeled Ay in Figure 14; the aperture has then 
uncovered the first Fresnel zone. At this point, the 
amplitude is twice what it would be with no 
obstruction, Four times the intensity! 

If the aperture’s diameter continues to increase, B 
reaches the point labeled A, in Figure 14 and the 
amplitude is very nearly zero; two zones are now 
exposed in the aperture. Further maxima occur when 
an odd number of zones are in the aperture and 
further minima when an even number of zones are 
exposed. Figure 15 shows an aperture containing four 
exposed Fresnel zones. The amplitude at the obser- 
vation point would correspond to the chord drawn 
from A to Ay in Figure 14. 

The aperture diameter can be fixed and the 
observation point Pp can move along, or perpendicular 
to, the axis of symmetry of the circular aperture. As Py 
is moved away from the aperture, along the symmetry 
axis, ie., as Z increases, the radius of the Fresnel zones 
increase without limit, For small values of 7, the 
radius of the th zone can be approximated by 


n= NZX 


(38) 
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Figure 18 Aperture with four Fresnel zones exposed, Reprinted 
With permission from Guenther RD (1890) Modern Optics. 
New York: John Wiley & Sons. 


At Znuw the light intensity is a maximum, given 
by the chord length from A to A, in Figure 14. 
If A= 500 nm and a = 0.5 mm then this maximum 
occurs when Z = 0.5 m 


139] 


If we start at Zmax and move toward the aperture, 
along the axis, as Z decreases in value, a point will be 
reached when the intensity on the axis becomes a 
minimum. The value of Z where the first minimum in 
intensity is observed is equal to 


Zain =F 


In Figure 14 the chord would extend from A to Ax. 
As the observation point, P), is moved along the axis 
toward the aperture, and Z assumes values less than 
Zeinw the point B in Figure 14 spirals inward, toward 
the center of the spiral and the intensity cycles through 
maximum and minimum values. The cycling of the 
intensity, as the observation point moves toward the 
aperture, will not continue indefinitely. At some point, 
the field on the axis will approach the field observed 
without the aperture because the distance between 
Zeax and Zin shrinks to the wavelength of light 
making the intensity variation unobservable. 

For values of Z that exceed Zins of [39], the 
aperture radius, a, will be smaller than the radius of 
the first zone, and Fraunhofer diffraction will be 
observed because the aperture contains only one zone 
and the phase in the aperture is a constant. 


Opaque Screen 


Ifthe screen containing a circular aperture, of radius a, 
is replaced by an opaque disk of radius a, the intensity 
distribution on the symmetry axis, behind the disk, is 
found to be equal to the value that would be observed 
with no disk present. This prediction was first derived 
by Poisson, to demonstrate that wave theory was 
incorrect; however, experimental observation sup- 
ported the prediction and verified the theory. 

We construct a spiral, shown in Figure 16, similar 
to the one for the circular aperture in Figure 14. The 
point B on the spiral represents the edge of the disk. 
The shaded portion of the spiral from A to B does not 
contribute because that portion of the wave is covered 
by the disk and the zones, associated with that 
portion of the wave, cannot be scen from the 
observation point, The amplitude at Po is the length 
of the chord from B to Aw shown in Figure 16. If the 
observation point moves toward the disk, then B 
moves along the spiral toward A... There is always 
intensity on the axis for this configuration, though it 
slowly decreases until it reaches zero when the 
observation point reaches the disk; this corresponds 
to point B reaching point A,, on the spiral, Physically, 
zero intensity occurs when the disk blocks the entire 
light wave. There are no maxima or minima observed 
as the disk diameter, a, increases or as the observation 
distance changes. If the observation point is moved 
perpendicular to the symmetry axis, a set of 
concentric bright rings are observed. The origin of 
these bright rings can be explained using Fresnel 
zones, in a manner similar to the one used to explain 
the bright rings observed in a Fresnel diffraction 
pattern from a circular aperture. 


Figure 16 Vibration curve for opaque disk. The shaded region 
‘makes no contribution because itis associated with the portion of 
the wave obstructed by the opaque object. Reprinted with 
permission from Guenther RD (1990) Modem Optics. New York: 
John Wiley & Sons. 
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Zone Plate 


In the construction of Fresnel zones, each zone was 
assumed to produce a Huygens wavelet, out of phase 
with the wavelets produced by its nearest neighbors. 
Ifevery other zone were blocked, then there would be 
no negative contributions to [37]. The intensity on- 
axis would be equal to the square of the sum of 
the amplitudes produced by the in-phase zones 
exceeding the intensity of the incident wave. An 
optical component made by the obstruction of either 
the odd or the even zones could therefore be used to 
concentrate the energy in a light wave. 

‘The boundaries of the opaque zones, used to block 
out-of-phase wavelets, are seen from [38] to increase 
as the square root of the integers. An array of opaque 
rings, constructed according to this prescription is 
called a zone plate, see Figure 17. 

‘A zone plate will perform like a lens with focal 
length 


f 


[40] 


>|ob 


‘The zone plate, shown in Figure 17, will act as both a 
positive and negative lens. What we originally called 
the source can now be labeled the object point, O, 
and what we called the observation point can now be 
labeled the image point, I. The light passing through 
the zone plate is diffracted into two paths, labeled C 
and D in Figure 17. The light waves, labeled C, 
converge to a real image point I. For these waves the 


zone plate performs the role of a positive lens with a 
focal length given by the positive value of [40]. The 
light waves, labeled D in Figure 17, appear to 
originate from the virtual image point labeled I. For 
these waves the zone plate performs the role of a 
negative lens with a focal length given by the negative 
value of [40]. 

‘The zone plate will not have a single focus, as is the 
case for a refractive optical element, but rather will 
have multiple foci. As we move toward the zone plate, 
from the first focus, given by [40], the effective Fresnel 
zones will decrease in diameter. The zone plate will no 
longer obstruct out-of-phase Fresnel zones and the 
light intensity on the axis will decrease. However, 
additional maxima, of the on-axis intensity, will be 
observed at values of Z for which the first zone plate 
opening contains an odd number of zones. These 
positions can also be labeled as foci of the zone plate; 
however, the intensity at each of these foci will be less 
than the intensity at the primary focus. 

Lord Rayleigh suggested that an improvement of the 
zone plate design would result if, instead of blocking 
every other zone, we shifted the phase of alternate 
zones by 180°. The resulting zone plate, called a phase- 
reversal zone plate, would, more efficiently, utilize 
the incident light. R.W. Wood was the first to make 
such a zone plate. Holography provides an optical 
method of constructing the phase-reversal zone plates 
in the visible region of the spectrum, Semiconductor 
lithography has been used to produce zone platesin the 
xray region of the spectrum. 


Figure 17 _A zone plate acts as iit wore both a positive and a negative lens. Light trom the object, O,isdifracted into waves traveling 
in both the D and the C directions. The light traveling in the C direction produces a real image of O at |. The light traveling in the D 
direction appears to originate from a vitual image at |. Reprinted with permission from Guenther RD (1990) Modem Optics. New York: 


John Wiley & Sons. 
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Figure 18 (a) A sot of Fresnel zones has been constructed 
about the optical path taken by some light ray. I the optical path of 
the ray is varied over the cross-hatched area shown inthe figure, 
then the optical path length does not change. This cross-hatched 
area is equal to the first Frosnel zone and is described as the 
‘neighborhood of the light ray. (b) The neighborhood defined in a) 
is moved so that it surrounds an incorrect optical path fora ligt 
ray. We see that this ragion of space would contribute no wave 
amplitude at the observation point because of the destructive 
Interference between the large number of partial zones contained 
in the neighborhood. Reprinted with permission from Guenther 
RD (1990) Modern Optics. New York: John Wiley & Sons. 


‘The resolving power of a zone plate isa function of 
the number of zones contained in the plate. When the 
number of zones exceeds 200, the zone plate’s 
resolution approaches that of a refractive lens. 


Fermat's Principle 


The Fresnel zone construction provides physical 
insight into the interpretation of Fermat's principle 
which states that, if the optical path length of a light 
ray is varied in a neighborhood about the true path, 
there is no change in path length. By constructing a 
set of Fresnel zones about the optical path of a light 
ray, we can discover the physical meaning of a 
neighborhood. 

‘The rules for constructing a Fresnel zone require 
that all rays passing through a given Fresnel zone 
have the same optical path length, The true path will 
pass through the center of the first Fresnel zone 
constructed on the actual wavefront. A neighborhood 
must be the area of the first Fresnel zone, for it is over 


this area that the optical path length does not change. 
Figure 18a shows the neighborhood, about the true 
optical path, as a cross-hatched region equal to the 
first Fresnel zone. 

Light waves do travel over wrong paths but we do 
not observe them because the phase differences for 
those waves that travel over the ‘wrong’ paths are 
such that they destructively interfere. By moving the 
neighborhood, defined in the previous paragraph as 
the first Fresnel zone, to a region displaced from the 
true optical path, we can use the zone construction to 
see that this statement is correct. In Figure 18b the 
neighborhood is constructed about a ray that is 
improper according to Fermat's principle. We sce that 
this region of space would contribute no energy at the 
observation point because of destructive interference 
between the large number of partial zones contained 
in the neighborhood. 

This leads us to another interpretation of diffrac- 
tion, If an obstruction is placed in the wavefront so 
that we block some of the normally interfering 
wavelets, we see light not predicted by Fermat's 
principle, i.c., we see diffraction, 
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two extremely powerful neodymium magnets, 
just visible on the inside of the motor's casing (at 
top-left) in conjunction with five coils on the ro- 
tor. 


aae 
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Figure 22-3. A miniature 1.5VDC matar measuring about 
07" square. 


Variants 


Coil Configurations 
The series connection of coils used in Figure 22-2 
is known as the delta configuration. The alterna- 
tive is the wye configuration (or Y configuration, 
or star configuration). Simplified schematics are 
shown in Figure 22-5. Generally speaking, the 
delta configuration is best suited to high-speed 
applications, but provides relatively low torque 
at low speed. The wye configuration provides 
higher torque at low speed, but its top speed is 
ited. 


Gearhead Motor 

‘A gearhead motor (also often known as a gear 
motor) incorporates a set of reduction gears that 
increase the torque available from the output 
shaft while reducing its speed of rotation. This is 
often desirable as an efficient speed for a tradi- 
tional DC motor may range from 3,000 to 8,000 


Variants 


Figure 22-4. A traditional DC motor removed fram its cy 
lindrical casing. The brushes of the motor are attached fo 
the white plastic end piece at bottom-left. Large squares 
fn the graph paper in the background are I” x 1° divided 
jn 0.2" increments. The motor was used in a small bilge 
pump, 


RPM, which is too fast for most applications. The 
gears and the motor are often contained in a sin- 
gle sealed cylindrical package. Two examples are 
shown in Figure 22-6. A disassembled motor, re- 
vealing half of its gear train under the cap and 
the other half still attached to a separate circular 
plate, appears in Figure 22-7. When the motor is 
assembled, the gears engage. As in the case of 
the bilge-pump motor, the stator magnets are 
mounted inside the cylindrical casing. Note that 
the brushes, inside the circular plate of white 
plastic, have a resistor and capacitor wired to 
suppress voltage spikes. 


Spur gears are widely used for speed reduction. 
Planetary gears (also known as epicyclic gears) are 
a slightly more expensive option. Spur gears 
suchas those in Figure 22-8 may require three or 
more pairs in series. The total speed redu 
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Diffractive optical elements (DOEs) can be used for 
the correction of aberrations in optical systems 
because of two fundamental properties: 


1. The phase function ® of a DOE can be chosen 
quite arbitrarily so that for a given wavelength A 
the DOE can act like an aspheric optical element. 

2. The dispersion of a DOE due to the local grating 
equation is very high and its sign is opposite to 
that of the dispersion of a refractive optical 
element with normal dispersion of the refractive 
index. 


The first property allows the correction of mono- 
chromatic aberrations in an optical system similar to 
the case of using an aspheric surface in a refractive 
optical system. The second property allows the 
construction of hybrid achromatic optical elements 
that consist of a refractive lens and a diffractive lens 
whose optical powers have the same sign (e.g., two 
positive lenses for a positive achromatic element or 
two negative lenses for a negative achromatic 


clement). 

This article will first describe two methods for the 
simulation of DOEs by ray tracing because ray 
tracing is the basic simulation tool for aberration 
correction. Afterwards, the properties of DOEs for 


the correction of monochromatic and chromatic 
aberrations and some applications will be discussed. 
The name DOE will always mean either binary, or 
multiple-step or blazed surface relief diffractive 
optical elements which change only the phase of the 
incident wave and not the amplitude. All examples 
will be given for transmission elements but in 
principle reflective elements can also be described 
with quite similar formulas. 


Ray Tracing Simulation of DOEs 


First ofall it seems straightforward to use a diffractive 
analysis to simulate a diffractive optical element. 
However, the global diffractive analysis of a general 
DOE with perhaps 1000 or more grating structures 
and locally changing grating period and especially the 
diffractive analysis of a complete optical system 
containing DOEs and other elements is so complex 
that it can be done only for very simple DOEs and 
systems. Therefore, the diffractive analysis of a DOE is 
mostly restricted to a local analysis using some periods 
(c.g., 10-50 periods) to calculate, e.g., the different 
local diffraction orders, their diffraction efficiencies 
and possibly local phase shifts. For the global analysis 
another simulation method has to be used. 

‘The most important simulation method for the 
correction of aberrations in traditional optical 
systems is ray tracing. Therefore, ray tracing methods 
are also used for DOEs. These methods can calculate 
the path of a ray for a given diffraction order, but they 
cannot calculate the diffraction efficiency for this ray. 


For the calculation of the diffraction efficiency local 
diffractive analysis methods (scalar or rigorous 
methods depending on the local grating frequency 
and the angle of the incident ray) have to be used 
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in addition. In particular, for applications with a 
broad wavelength spectrum (e.g., an achromatic lens) 
ora broad spectrum of angles of the incident rays, the 
diffraction efficiency has to be analyzed carefully to 
obtain the energy distribution in the different diffrac- 
tion orders. But this is beyond the scope of this article 
about aberration correction and we assume that we 
know the local diffraction efficiency for each ray. 


‘Sweatt Model for the Ray Tracing Simulation 
of DOES 


An aspheric refractive surface with height b as a 
function of the lateral coordinates x and y and a 
refractive index m below the surface and air (refrac- 
tive index 1) above the surface can be approximately 
replaced by a DOE with the phase function (sce 
Figure 1) 


(n= Dhex, 9) 
= a, 


Here, A is the wavelength of the light for which the 
DOE is designed and the phase function is a 
continuous representation of the structure of the 
DOE. To encode the phase function of the DOE the 
wrapped phase function @ mod 2x has to be 
considered. The encoding itself can be done by 
building a blazed, a multiple-step ora binary structure 
(sce Figure 1), whereby the first-order diffraction 
efficiency decreases from the blazed to the binary 
structure (at maximum 100% diffraction efficiency for 
the blazed structure and about 40% for the binary 
structure). The replacement of an aspheric refracting 
surface by a DOE using eqn [1] is only valid in the 
paraxial approximation since the phase function of the 
DOE is encoded in a plane whereas the refracting 
surface of the aspheric is typically curved. But, the 
agreement between the aspheric surface and the DOE 
with a phase function calculated with the help of eqn 
[1] increases with increasing refractive index n since 
then the curvature of the aspheric is quite small and the 
refraction also nearly takes place in a plane. Of course, 
the refractive index of real materials cannot exceed a 
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Figure 1 Transition from an aspheric refracting surtace to a 
blazed difractive optical element and finally toa binary difactive 
‘optical element. 


value of more than about 3.5 (for silicon used in the 
near infrared). But, in a numerical simulation the 
refractive index can be arbitrarily high, e.g., several 
thousand. This is the reason why the so called Sweatt 
model for tracing rays through DOEs uses a weakly 
curved aspheric surface with height Pyyeay and a very 
high refractive index yen t0 simulate a diffractive 
phase function : 


& 
Tn 


121 


Peael% Y 


Figweae — T 


To take into account the wavelength dispersion of the 
DOE the refractive index tiyyean in the Sweatt model 
has to be proportional to the wavelength A 


BI 


ae: 
Maweatel A) = "05, 
where ng is the refractive index at the wavelength Ao. 

The validity of the Sweatt model increases with 
increasing refractive index and becomes nearly exact 
f0F Peas —* & (in practice values of several thousand 


for the refractive index are normally sufficient and a 
rule of thumb is to take the numerical value of the 
utilized wavelength specified either in nanometers for 
infrared light or angstroms for visible light). The 
Sweatt model was introduced as a means to simulate 
DOEs in ray tracing programs unable to implement 
DOEs directly but capable of simulating aspheric 
refractive surfaces. However, a disadvantage of this 
model is the numerical error generated by the finite 
value of the refractive index. 

‘Modern ray tracing programs therefore use a more 
appropriate model based on the local grating 
equation. 


Local Grating Model for the Ray Tracing Simulation 
of DOES 


The basic equation for the simulation of DOEs by the 
local grating model is that the phase ®,., of a 
diffracted ray in the plane of the DOE can be 
calculated from the phase ®,, of the incident ray by 
adding the phase function ® of the DOE multiplied 
by the diffraction order m: 


Bygl X,Y. Zp) = Bgl, Ys Zo) + MBX, y) AL 
Here, zp is the z-coordinate of the DOE plane which 
is assumed to he perpendicular to the z-axis (see 
Figure 2). The diffraction order m will be only one for 
an ideal blazed DOE but it can have an arbitrary 
integer value for binary DOEs. In practice, the optical 
designer will calculate the system for one diffraction 
order and analyze the system for other diffraction 
orders afterwards if necessary. 
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Figure 2 Schematic view in two-dimensions of the path of a ray 
Uiich is ifracted at a DOE. 


For the phases ®, of the incident and ®auy of the 
diffracted ray the eikonal equation of geometrical 
optics is valid, 


ra, (51 


where the index j can have the two values j € (in, 
Out}. My OF Moy ate the refractive indices of the 
materials in which the incident or diffracted rays 
propagate. A is the wavelength in vacuum. This form 
of the eikonal equation is obtained from the more 
common form |VL,? = 17, which is derived in any 
textbook of optics, by multiplying it with (27/A)? and 
ng the definition of the optical phase ®, = 2aL./A 
Here, L, is the optical path length which is often 
called the eikonal. The curves of constant phase 
(x,y,z) =constant are the wavefronts and the 
gradient V(x, y,z) points in the direction of the 
local ray which is perpendicular to the wavefront at 
the point (x,y,z) and describes its direction of 
propagation. Furthermore, the unit vectors ¢,, and 


Cou along the ray direction of the incident and 
diffracted ray, respectively, can be calculated by 
normalizing the gradient: 


6) 


s itcan 
be seen from eqn [6] (and also from the original eqn 
[5}) that the z-component ¢.,, of the ray direction 
vector can be calculated (apart from its sign) if the 
two partial derivatives of the phase with respect to x 
and y are known. This means that it is sufficient to 
know the phase in a plane as stated in eqn [4]. 

By calculating the partial derivatives of eqn [4] 
with respect to x and y the equations for the ray 
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The local grating frequencies », and , in x and y 
direction are calculated from the phase function ® by: 


[8] 
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Therefore, given ei, and eqn [6], the ray direction 
vector egy, Of the diffracted ray is 
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The dependence of the lateral coordinates x and y is 
left out in eqn [9] to simplify notation. It can be easily 
checked that this equation fulfills the required 
condition for the unit vector: €% ou: +€%ou+€zour = 1 

Asstated above, for a blazed DOE fabricated to the 
exact depth and illuminated by the design wavelength 
only the first diffraction order m = 1 is generated. But 
in practice other diffraction orders m are generated 
due to fabrication errors or illuminating with other 
wavelengths. In particular, by using binary DOEs 
there are inherently different diffraction orders. 
Therefore, it may be necessary to analyze the optical 
system for several values mi one after the other. Each 
value nr defines one wavefront generated by the DOE 
and the wavefront can be calculated by evaluating 
the optical path lengths along the rays at different 
points. In practice, the optical system has to be 
analyzed for those values m with sufficiently high 
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diffraction efficiency. Then, it can be checked whether 
undesired diffraction orders of the DOE are blocked 
in the optical system by aperture stops or whether 
they will disturb the output of the optical system. The 
local diffraction efficiency of each ray for a value m 
can be calculated to a good approximation by using a 
diffractive analysis of the corresponding local grating, 
i,e,, that of an infinitely extended grating which would 
have the same grating period and the same structure 
shape (c.g., depth) as the DOE at the specific point. 

If the y component of the incident ray and the local 
grating frequency 1 are both zero the ray com- 
ponents in the x direction can be expressed via the 
sine of the angle of incidence gi, or the angle of the 
diffracted ray goue (see Figure 2). In this case the first 
row of eqn [9] can be written as 


[10] 


a 
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where the local grating period p, = 1/r, has been 
introduced. This is the well-known grating equation. 
In this article eqns [4]-[10] assume that the DOE is 
ona planar substrate and that x and y are the lateral 
coordinates on the substrate. However, the equations 
can also be written in a vector formulation which is 
valid for DOEs on curved substrates (see Further 
Reading), 
So, we have now a powerful simulation method to 
design and analyze in the following several optical 
systems containing DOEs to correct monochromatic 
or chromatic aberrations. 


Correction of Monochromatic 
Aberrations 


For practical applications it is important to have an 
efficient algorithm to calculate the phase function of a 
DOE to correct the aberrations in a given optical 
system, Several different cases have to be distin- 
guished. An easy case is the design of a DOE to 
produce a desired output wavefront Pyye from a 
known input ,.. In this case, eqn [4] can be used to 
calculate the phase function of the DOE directly. 
‘Two examples are given in the following. Afterwards, 
some aspects of a more general numerical optimiz- 
ation procedure are described. 


Aberration Correction for Interferometrically 
Recorded Holograms 


Although the following example of the aberration 
correction of interferometrically recorded holograms 
by using DOEs seems to be quite special it shows 
exemplarily several principal steps which are necess- 
ary to design a DOE for correcting monochromatic 
aberrations. 


In this article the name DOE is used for diffractive 
elements with a microstructured surface (binary, 
multistep or blazed). Such elements have the property 
that their diffraction efficiency depends only weakly 
on the wavelength or the angle of incidence of the 
illuminating light. Another interesting class of dif- 
fractive elements are holograms in volume media, 
which are recorded interferometrically using two 
coherent recording waves. The refractive index in a 
volume hologram is modulated periodically and the 
thickness has to amount to several periods of the 
interference pattern along the z-direction in order to 
have a so-called thick hologram with a high diffrac- 
If there are only a few periods along 
the direction the quite small modulation of the 
refractive index (typically about 0.02) will result in a 
low diffraction efficiency. Therefore, if the angle 
between the two recording waves is small the 
resulting interference pattern will have large periods 
and only a few periods are recorded in the photosen- 
sitive layer along the z-direction. But this means that 
the holographic optical element (HOE) can only have 
a small diffraction efficiency. From this fact, it is clear 
that also by using the recorded HOE the deflection 
angle between the incident and the diffracted wave 
must not be smaller than a certain value because 
otherwise the thickness has to be very big or the 
diffraction efficiency decreases. Therefore, such 
elements with high diffraction efficiency, which will 
be named in the following holographic optical 
elements (HOE), are always off-axis elements because 
for on-axis elements all rays in the neighborhood of 
the axis are only deflected by a small angle and then 
the diffraction efficiency would be low. For the correct 
wavelength and angle of incidence, so that the Bragg 
condition of holography is fulfilled, HOEs, like 
blazed DOEs, exhibit only one dominant diffraction 
order m= mijo (normally mijyq = 1). But, if the 
angle of incidence or the wavelength change, the 
diffraction efficiency in the order rom decreases 
rapidly and light passes through the HOE without 
being deflected, i.e., most of the light is then in the 
order m = 0. For this reason, a HOE can be used for 
example for a head-up display to fade in some 
information under the Bragg angle without hindering 
the normal view onto the environment, 

Traditional materials for HOEs like dichromated 
gelatin (DCG) are sensitive only in the blue-green 
spectral region (e.g., for light of an argon ion laser 
with A= 488 nm). However, once recorded it will be 
illuminated in many applications (e.g., optical inter- 
connects) by a wavelength in the red—infrared 
spectral region, Unfortunately, the wavelength mis- 
match between recording and reconstruction illumi- 
nation introduces aberrations. 
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If the two desired reconstruction waves at the 
wavelength Ax have the phases,» and @,,,2 in the 
surface plane of the HOE (the subscripts r and o refer 
to interferometry reference and object, respectively), 
the phase function @ of the HOE which has to be 
recorded is 

6x, y) = Peay) — Peal y) (11 
If our discussion here is restricted to holographic 
lenses, the two reconstruction waves will be spherical 
(or plane) waves (see Figure 3b) with the center of 
curvature at the points r,,9 and f,,,y and eqn [11] is: 
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The parameters 2 and a2 are either +1 for a 
divergent spherical wave or —1 for a convergent 
spherical wave. The surface of the HOE itself is in the 
plane at 2=0. 


(a) 


Figure 3 Schematic view of the (a) recording and (b) 
reconstruction setup for a holographic lens. The recording is 
made at wavelength A, and the reconstruction at wavelength Az 


The task is now to find two recording waves which 
construct nearly the same three-dimensional inter- 
ference pattern in the hologram at the recording 
wavelength A,. This means that eqn [12] has to be 
fulfilled exactly for the difference of the phases of the 
two recording waves in the plane z=0 and, 
additionally, the Bragg condition has to be fulfilled 
at least approximately. So, the next step is to calculate 
one of the recording waves with phase ®,.1 so that 
the Bragg condition is fulfilled, This can be done 
approximately with a third-order theory resulting in a 
spherical wave or nearly exactly with an iterative 
numerical procedure resulting generally in an asphe- 
ric recording wave. If @,,1 is known, the other 
recording wave with phase ®,,,1 is calculated by 

By ile, y) = P(x, y) + Bie, y) 113) 
At least this recording wave will be aspheric. To 
generate such an aspheric wave it is traced by ray 
tracing to a plane where the two recording waves are 
spatially separated, There, either a DOE or a 
combination of a DOE and a lens are used to generate 
the aspheric wave. The calculations of the phase 
function of the DOE are done again by using an 
equation like [11] whereby one wave is the propa- 
gated aspheric wave (possibly propagated also 
through a lens) and the other is normally a plane 
off-axis wave with which the DOE will be illuminated 
in the real recording setup (see Figure 3a). Here, the 
off-axis angle is necessary to allow spatial filtering of 
disturbing diffraction orders of the DOE which will 
be normally fabricated as a binary DOE. 

Experiments of our own showed (see the literature) 
that nearly diffraction-limited holographic lenses 
with a numerical aperture of NA=0.4 can be 
fabricated by correcting the aberrations of about 28 
wavelengths peak-to-valley (for the reconstruction at 
633 nm wavelength) due to the wavelength mismatch 
between recording at 488 nm wavelength and recon- 
struction at 633 nm wavelength by using a DOE in 
the recording setup. 


Testing of Aspheric Surfaces by Using a DOE as. 
Aberration Compensating Element 


An important application for DOEs is testing 
aspheric surfaces and nowadays more and more 
companies use DOEs to test aspheric surfaces which 
are used for example in the objectives of lithographic 
water steppers to produce highly integrated micro- 
electronic circuits. 

In this testing setup the DOE is illuminated by a 
wave with phase ,, to generate a wave with phase 
oye that is incident perpendicular to the aspheric 
surface (sce Figure 4). After reflection at the asphere 
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DOE 
Aspheric 


Figure 4 Scheme showing the basic elements for 
aspheric surface. 


sting an 


the wave is retro-reflected and takes the same path if 
the asphere has no surface deviations and no mis- 
alignments. This means that the setup is completely 
symmetric for a reflection at the aspheric surface. 
Therefore, the optical path lengths have to be identical 
for all rays on the asphere. To calculate the phase 
function of the DOE the following steps are made: 


A grid of N rays starting perpendicularly on the 
aspheric surface and having all phase zero (due to 
the fact that the phase has to be identical it can be 
set to zero) is traced to the plane of the DOE. 
'N depends on the shape and numerical aperture of 
the asphere and the grid will be in most cases two 
dimensional and regular or one dimensional (along 
one radial section of the asphere) and regular if the 
asphere and the system are completely rotationally 
symmetric. As a rule of thumb the number N of 
rays has to be more than twice the number of 
polynomial coefficients if the asphere is described 
by a polynomial. 

© The phase of these rays is the function ~®,.. 
(the negative sign is necessary because the rays take 
the opposite direction) and is now known at some 
points (x;,9,) with i € (1,2,...,N}. 

© The phase ®,, of the incident wave which is in 
practice either a plane wave or a spherical wave is 
calculated in the plane of the DOE. If the incident 
wave is generated by a lens having aberrations it is 
again calculated by ray tracing, otherwise it can be 
calculated analytically. 

© Now, the phase function of the DOE can in 
principle be calculated with the help of eqn [4]. 


However, the phase ®,,, (and possibly also ®,,) is 
known only at some points (x;.y,), but it has to be 
known at all points of the DOE. Therefore in practice 
an analytical representation of the phase functions of 
the incident and output wave has to be calculated. 
This can be done by fitting a polynomial to the phase 
values using a least squares fit. In this case the 
coordinates, at which the phase values are known, 
can be quite arbitrary as long as the sampling is dense 
enough. For a rotationally symmetric system the 
polynomial should also be rotationally symmetric, 
ie., a polynomial Pro depending only on the radius 
coordinate r 
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where G is the degree of the polynomial, i.e., the 
highest power in r. In these two cases the number N of 
sampling points lying along one radial section of the 
rotationally symmetric optical system should be 
larger than 2G or G, respectively. 

For general non-symmetric systems a Cartesian 
polynomial P.,,, can be used, €.g., 


Gy 


Paes) = > ¥ aux'y 


Be 


[16] 


Here, the number of coefficients of the polynomial is 
(G+1\(G +2)2 and the number N of sampling 
points should again be larger than twice the number 
of coefficients, i.e., N > (G + 1G +2). 

For both types of polynomials the coefficients a, 
or ay have to be calculated so that the merit 
function M 


x 
Mea) = > Pex ys) — ®%:, y0)"s 7 E fin, out} 
& 


71 


is minimized. The symbol P means either Pigg OF Pease 
The vector a symbolizes the coefficients a, or ay.. By 
differentiating M with respect to all coefficients and 
setting the partial derivatives tem of linear 
equations is obtained which can be solved by standard 
procedures. As mentioned before, the number N of 
independent sampling points has to be at least double 
the size of the number of coefficients of the poly- 
nomial. Otherwise, the polynomial can ‘swing’ 
between the sampling points and the polynomial fits 
well to the desired phase function only at the sampling 
points but not at other points in between. 

For very irregular aspherics with a fast change of 
the local curvature it might by necessary not to take a 
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global polynomial fit but a spline fit, ie., a set of 
adjacent local polynomials with several continuity 
conditions at the border area of cach local pol 
nomial. In this case the total number of coefficients 
used to describe the phase functions and ®jy and Boge 
of the DOE will be increased compared to the 
description by a global polynomial. Then, the number 
N of rays for the calculation has also to be increased 
accordingly. 

So, in this example the DOE acts as a null- 
compensator for the asphere and at first sight it is 
not a typical example for aberration correction. 
However, by regarding the complete system the 
DOE compensates the aberrations, i.e., deviations 
froma spherical wave, generated by the asphere which 
are primary and higher-order spherical aberrations if 
the asphere is rotationally symmetric and more 
general aberrations otherwise. This example shows 
how the phase function of a DOE can be designed 
straightforwardly for correcting aberrations if there is 
only one well-defined wavefront propagating through 
the optical system. This design method can also be 
used for other optical systems where the input and the 
output wavefront of the DOE are well defined. 


Numerical Optimization of DOEs in Optical Systems 


Ina general optical system, where a DOE is not only 
used to compensate the aberrations for one specific 
incident wave but for different incident waves (optical 
system with a field), it is not possible to calculate the 
optimum phase function in such a straightforward 
way as given above. However, a DOE is in principle 
similar to an asphere in an optical system, so that the 
design rules for including aspherics in optical systems 
can be used in some cases as long as monochromatic 
aberrations are considered. Nevertheless, one should 
keep in mind that a DOE is, according to the Sweatt 
model, an asphere with high refractive index and small 
height, i.c., the deflection of the light rays occurs in a 
plane (or on a curved surface if the DOE is situated on 
a curved substrate). Therefore, the design rules for 
aspheric surfaces can be used only if the high refractive 
index of the Sweatt model is used in the design. 

In the general case only a numerical optimization 
can be used. For this, itis very important to select an 
appropriate mathematical representation of the phase 
function of the DOE. 

For rotationally symmetric optical systems also the 
phase function of the DOE should be rotationally 
symmetric. Therefore, in such a case it is useful to 
write the phase function ® as a polynomial in the 
radius coordinate r as given in eqns [14] and [15]. 
Then, the (G + 1) or (G/2 + 1) coefficients a, have to 
be optimized, whereby a, is proportional to the focal 


power of the DOE, whereas the other coefficients 
represent aspheric terms. Depending on the numerical 
aperture and on the application the degree G of the 
polynomial can be increased in order to achi 
better solution. Nevertheless, the degree in the 
optimization should be as small as necessary in 
order to avoid ‘swinging effects’ and numerical 
instabilities of the polynomial. To determine the 
smallest adequate degree an iterative method has to 
be used by starting with a quite small degree (e.g., 4). 
If the result of the optimization is not good enough 
the degree has to be increased until the result of the 
optimization is satisfying. 

For non-rotationally symmetric optical systems a 
Cartesian polynomial like in eqn [16] can be taken 
and all the (G + 2\(G + 1) coefficients a, have to 
be optimized. Since the number of free parameters is 
in this case larger than the number of free parameters 
in the rotationally symmetric case the convergence of 
the optimization may take a long time and the risk to 
break down in a local minimum of the multidimen- 
sional parameter space increases. 

In principle, the calculation of a DOE used, e.g., for 
testing an aspheric surface can also be done by 
optimizing the coefficients of the polynomial repre- 
senting the phase function of the DOE. Nevertheless, 
asa general rule it can be said that a direct calculation 
of the phase function is always more efficient than a 
numerical optimization, if the direct calculation is 
possible. In practice, it can be seen that the maximum 
degree of a polynomial, which is directly calculated 
by the method described in the last section, is always 
smaller than the degree which is necessary in a 
numerical optimization to achieve convergence of the 
optimization. 

Of course, in such cases where several different 
types of aberrations (on-axis aberrations like spheri- 
cal aberration, off-axis aberrations like astigmatism 
and coma or field aberrations like field curvature or 
distortion) have to be corrected in an optical system a 
direct calculation of the phase function is not possible 
so that only the numerical optimization can provide a 
solution. 

Up to now only monochromatic aberrations have 
been discussed. But as stated at the beginning of this 
article the strong dispersion of a DOE having 
opposite sign to the dispersion of a refractive element 
offers additional applications of DOEs by correcting 
chromatic aberrations. The principle of doing this is 
described in the following. 


Correction of Chromatic Aberrations 


The focal power I/f (fis the focal length of the lens) 
of a thin refractive lens consisting of two spherical 
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surfaces with radii of curvature R, and Ry and made 
of a material (glass) with refractive index 1 is, 


1 ee Ce 
a = We 
where A is the wavelength of the illuminating light. 

This equation is valid for all wavelengths and so 
also for the commonly used wavelength Ay = 587.6 
nm (yellow d-line of helium) which is near the center 
of the visible spectrum. Then 1/Ry ~ UR2 can be 
expressed as 1/((ny— 1)fa) and the focal power 
depends on the wavelength as 
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where ny and fy are the refractive index and the focal 
length at Ay = 587.6 nm, respectively. So, by com- 
bining two thin lenses made of materials with 
refractive indices rand ny and focal lengths f and 
fr the focal power of the doublet assuming a zero 
distance between the two lenses is: 


1 1 1 
Fa ~ Fa * Bay 
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For an achromatic doublet the focal power should be 
equal for two different wavelengths which are 
commonly the wavelengths Ay =486.1 nm (blue 
Fline of hydrogen) and Ac = 656.3 nm (red C-line 
of hydrogen) which mark the limits of the well visible 
spectrum (of course the visible spectrum itself is 
broader but the sensitivity of the human eye to 
wavelengths below Ay or beyond Ac is quite bad). 
Therefore, the following equations resu 
1 5 (Ae) = milo) 1 
fres(Ar) ha 
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By introducing the Abbe number Va 
Vy= 
na, 
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equation [21] can be simplified to 
Viaha = —Vraha [23] 


Now, the wavelength dispersion of all conventional 
materials (glasses, polymers, etc.) is such that the 
refractive index decreases with increasing wavelength, 


i.e. the material has so-called normal dispersion. This 
means that the Abbe number Va is always positive and 
ranges from about 20 for high-dispersive glasses (e.g., 
SF59) to more than about 80 forlow-dispersive glasses 
(e.g. Ultran 20). So, to fabricate a refractive achro- 
matic doublet with a positive focal power it is 
necessary to take a positive lens with focal length fi 
made of a low-dispersive glass with a large Abbe 
number Vi.a and a negative lens with focal length fs 
made of a high-dispersive glass with a small Abbe 
number V4 (see Figure Sa). Therefore, the resulting 
focal power of the achromatic doublet 


Foes 


is always smaller than the focal power of the positive 
lens with focal power I/fi,z alone. 

The situation is completely different if a refractive 
and a diffractive lens are used. From the Sweatt model 


0) 


Figure § Structure of achromats: (a) refractive achromatic 
doublet consisting of a positive lens with low dispersion and 
@ negative lens with high dispersion; (b) hybrid achromatic 
lens consisting of a postive refractive lens and a positive 
diffractive lens, 
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of a DOE (egn [3]) it is known that the refractive 
index rye is proportional to the wavelength A 
no 


oyean 0) = 


ua 


ny 25] 


Therefore, the Abbe number of a DOE is 


6} 


Here, we used the fact that the accuracy of the Sweatt 
model increases with increasing refractive index so 
that the Abbe number of aDOE is achieved in the limit 
ofan infinite refractive index. So, it can be seen that the 
Abbe number of a DOE is a small negative constant. 
This means that the dispersion of a DOE is high and 
opposite in sign to that of a refractive element. 
Therefore, according to eqns [23] and [26] a positive 
refractive lens with a large focal power (i.e., small 
focal length) anda positive diffractive lens with a small 
focal power (ie. long focal length) can be combined to 
form an achromatic doublet with a focal power larger 
than the focal power of one of the two lenses alone (see 
Figure Sb). By using eqns [19] and [25] the focal power 
of a diffractive lens can be calculated with the Sweatt 
model (n very big—n — 1 = ny: 
1 a 
Toor) — Aah 


In practice, the lenses are neither thin nor is the 
distance between them zero. In this case the equations 
for the design of a hybrid achromatic doublet are more 
complex (see Further Reading). Nevertheless, the 
given equations can be used for a first design and to 
understand the principal behavior. 

Another advantage of a hybrid achromatic doublet 
is that the DOE can in addition behave like an 
asphere. Therefore, .g., the spherical aberration can 
he corrected with the aspheric terms of the DOE 
provided that the spherical aberration is considerably 
smaller than the phase term encoded in the DOE to 
correct the chromatic aberrations. Otherwise, the 
correction of the monochromatic (spherical) aberra- 
tion will disturb the correction of the chromatic 
aberrations. A comparison of a simple hybrid 
achromat, consisting of a planoconvex lens with the 
diffractive structure made directly onto the plane 
surface of the refractive lens and a conventional 
refractive achromatic doublet shows that the optical 
performance of the hybrid achromat is a little bit 
worse than that of the refractive achromatic doublet 
regarding, for example, off-axis aberrations. A simple 


p71 


explanation of this is that a refractive achromatic 
doublet has three spherical surfaces and two glasses, 
ie., in total five parameters, whereas a hybrid 
achromat has one spherical surface, one glass and 
the DOE with a paraxial term and an aspheric term, 
i.e. in total about four parameters, Of course, the 
merit of these different types of parameters is not 
identical so that this assessment is only qualitative. 
In the case of hybrid achromatic clements for a 
broad wavelength range (e.g., for the whole visible 
wavelength range) the dependence of the diffraction 
efficiency on the wavelength may be a limiting factor 
because the other diffraction orders behave like stray 
light and reduce the maximum contrast of the image. 
Therefore, special laminated blazed diffractive optical 
elements made of laminae of two or more different 


materials are described in the literature which show a 
nearly achromatic behavior of the diffraction effi- 
ciency but the ‘normal’ dispersion of DOEs. DOEs 
are in the meantime used in zoom lenses (see the cited 
patent in Further Reading) to correct chromatic 
aberrations. 


Summary 


In this article the possibilities of correcting mono- 
chromatic and chromatic aberrations in optical 
systems by using diffractive optical elements have 
heen discussed. There are several advantages and 
disadvantages of using DOEs. 

Advantages: 


© DOEs offer many degrees of freedom in the design. 
By using modern lithographic fabrication tech 
niques the fabrication of a DOE with a strongly 
aspheric phase function is just as expensive as 
fabricating a simple Fresnel zone lens with a 
quadratic phase function, So, DOEs can be used 
in some cases instead of aspheric surfaces which 
are more expensive. In addition, the lithographic 
fabrication technique guarantees a quite good 
accuracy concerning the phase function of the 
DOE compared to the more difficult fabrication of 
well-defined aspheric surfaces. 

© The strong chromatic dispersion with the opposite 
sign to that of a refractive element allows the 
correction of chromatic aberrations. DOEs also 
give in this case an additional degree of freedom in 
the design because aspheric terms of the phase 
function can correct in addition monochromatic 
aberrations of the system as long as these aberra- 
tions are considerably smaller than the quadratic 
term of the phase function which corrects the 
chromatic aberrations. 
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Disadvantage 


‘¢ DOEs often exhibit not only one diffraction order 
but several diffraction orders due to fabrication 
errors, a broad spectrum of application wave- 
lengths or because some DOEs naturally have 
several diffraction orders like, for example, binary 
DOEs. This can produce disturbing light in the 
optical system and limit the application. 

‘© The strong dispersion can restrict the application in 
monochromatic systems because it requires in 
some cases (e.g., for testing aspheric surfaces) not 
only a relative constancy, ie., constant but the 
absolute value does not have to be hit exactly, of 
the illuminating wavelength but an absolute con- 
stancy because otherwise systematic aberrations 
are introduced by the DOE. 


So, there are many advantages of DOEs compared 
to other optical elements but on the other hand a 
DOE is not a magic bullet in correcting aberrations in 
optical systems. Depending on the system a careful 
assessment of the advantages and disadvantages has 
to be performed in order to find the best solution. 
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Figure 22-5, Colson the rotor of a traditional DC motor 
‘may be connected in delta configuration (top) or wye con: 
figuration (bottom), 


Figure 22-6. Two typical small gearhead motors. 


found by multiplying the individual ratios. Thus, 
if three pairs of gears have ratios of 37 : 13, 31: 
15, and 39: 17, the total speed reduction * is ob- 


electromagnetism > rotational > de motor 


R= (37% 31*39) / (13 15* 17) 


Figure 22-7. Spur gears from a gearhead motor provide 
speed reduction and increased torque, 


Therefore: 
R = 44733 / 3315 = about 13.5 : 1 


Datasheets almostalways express Rasan integer. 
For example, the gear train shown in Figure 22-7 
is rated by the manufactureras having an overall 
reduction of 50:1. In reality, the reduction can be 
expected to have a fractional component. This is 
because if two gears have an integer ratio, their 
‘operating life will be shortened, as a manufac- 
turing defect in a tooth in the smaller gear will 
hit the same spots in the larger gear each time it 
rotates, For this reason, the numbers of teeth in 
‘two spur gears usually do not have any common 
factors (as in the example above), and ifa motor 
rotates at 500 RPM, a gear ratio stated as 0:1 is 
very unlikely to produce an output of exactly 10 
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Introduction 


Most aspects of modern life are thoroughly influenced 
by the micro-electronics industry through microchips, 
such as microprocessors and memory chips. Optical 
lithography has been a key factor in the rapid pace of 
integration that drives the development of the micro- 
electronics industry. The photolithography process 
not only facilitates the fabrication of the chips, but also 
directly influences the limits of the obtainable chip 
performance in terms of speed or storage capacity, 
through the minimum feature size that can be created 
in the lithography steps. The increasing resolution 
demands of the IC industry, outlined in the Inter- 
national Technology Roadmap for Semiconductors as 
technology nodes, mean continuing demand for 
improvements in the photolithography systems. 

‘The challenges to the improvements are encapsu- 
lated in the equation for the resolution of an optical 
lithography system: 


R=k,A/NA ii 


which expresses the resolution R in terms of the 
smallest resolvable half-pitch as a function of 
the wavelength A, the numerical aperture NA of the 
exposure system and the unit less constant k, which is 
used as a measure of lithographic difficulty, with 
smaller values indicating a more challenging process. 
Traditionally, the increase in the resolution has 
been obtained by decreasing the used wavelength, 
with the current mark for volume production 
systems currently standing at 193 nm. Within each 
wavelength, further reduction has been traditionally 
obtained by increasing the numerical aperture 
towards the mathematical limit of 1. Finally, several 
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so-called Resolution Enhancement Techniques (RET) 
have been introduced to reduce ky, in order to reach 
subwavelength technology nodes within each litho- 
graphy wavelength generation. Itis in connection with 
these techniques that micro-optics has found a role in 
modern lithography systems. 

In this chapter we discuss the ways micro-optics are 
being utilized in lithography systems. We will start 
with a brief overview of conventional lithography 
systems, of the essential parts of such systems as well 
as the special resolution enhancement techniques 
utilized in the systems. We will then discuss the 
utilization of micro-optics within the context of 
lithography systems, along with the unique challenges 
in terms of design and fabrication that are associated 
with such applications. Finally, we will briefly discuss 
nonconventional lithography applications, especially 
those based on utilization of micro-optics. It should 
be noted that the motivation of this article is to 
of micro-optical 
elements in a modern lithography system and is not 
intended as a review of the modern lithography 
systems, nor is it a review of micro-optics. 


describe the issues related to the us 


Overview of Conventional 
Lithography Systems 


Photolithogeaphy is a process whereby a specified 
pattern or mask is transferred onto a wafer using 
photons. In the process a photosensitive material, 
commonly known as a resist, is initially used to record 
the pattern that is generated when the mask is 
illuminated. After exposure, the resist is developed. 
The resist is referred to as positive or negative, 
depending on whether it is removed or remains, 
respectively, after the development of the irradiated 
regions. After its development, the pattern in the resist 
is then transferred onto the wafer using suitable 
chemical processes, such as wet chemical etching or 
dry plasma etching. 

Several different lithographical techniques exist. 
‘The oldest and simplest is contact printing, where a 
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photomask is brought into contact with a layer of 
photoresist on the wafer. Although this technique can 
reproduce high-resolution features, the contact 
between the wafer and the mask can lead to problems 
with cross contamination, and can damage either 
the wafer or the mask. Contact printing is mainly used 
nowadays in laboratory environments for small series 
of photolithography steps. A slightly more compli- 
cated technique is proximity printing, in which the 
photomask is held in close proximity to the surface of 
the wafer without actual contact. This avoids the 
problems of contamination and damage, but due to 
diffraction effects, reduces the maximum resolution of 
the process. Nevertheless, proximity printing remains 
a valuable technique for lithography applications, 
that do not require the highest possible resolution. 

Modern volume production photolithography sys- 
tems are based on the use of a projection system to 
image a mask onto a wafer through a complex system 
of lenses, There exist several variations of the basic 
idea. In some systems the entire mask is imaged at once 
onto the wafer. This approach works only when the 
feature size on the mask is reasonably large, in the 
range of a few microns. Reproducing smaller features 
with this approach is generally not possible, as the 
demands on the optical quality of the projection 
system, in the form of allowed aberrations, become 
extremely difficult to meet, especially when the 
physical size of the optical components increases 
with the reducing feature size. Therefore, so-called 
wafer steppers are used in modern microchip fabrica- 
tion. The basic idea of a wafer stepper is to image only 
a small region of the mask onto the wafer, and pattern 
the entire surface area in consecutive steps. 

‘The centerpiece of a wafer stepper is the exposure 
system, Its task is to image desired patterns from the 
photomask to their proper positions on the surface of 
the wafer. In many systems this process includes a size 
reduction between the patterns on the photomask and 
on the wafer. This reduces the dimensional accuracy 
requirements, such as feature size and positioning for 
the mask fabrication by whatever is the de-magnifi- 
cation of the lithography system. However, it also 
increases the complexity of the exposure system, as 
significance of aberrations is increased. The require- 
ments of microchip production mean that the image 
of the photomask with submicron features must be 
reproduced on the wafer with a dimensional accuracy 
of only a few tens of nanometers and aligned to a 
specific position within a fraction of the linewidth. 
Furthermore, these tolerances must be guaranteed 
over the entire exposure field that is typically several 
square centimeters, It is not surprising that the 
resulting complex piece of optics costs several 
millions dollars. 
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Figure 1 Schematic illustration af the expasure system. 


The exposure system consists of a projection lens, 
illumination system, and wafer management system, 
as illustrated schematically in Figure 1. 

A typical projection lens is a complicated lens 
system, As the resolution of a lens system is inversely 
proportional to the diameter of the lenses, the lenses 
in photolithographic systems can have diameters up 
to 250 mm, and the whole system is arranged inside a 
massive barrel-frame. The aim of the projection lens 
in the entire exposure system is to image the pattern 
from the photomask to the wafer. The projection 
lens is primarily responsible for the resolution and 
must therefore fulfill the highest optical requirements. 
To produce the smallest possible image, diffraction 
effects alone must essentially limit the resolution of 
the system. This means that the optical aberrations 
over the exposure field of several square centimeters 
must be virtually eliminated, by the wavefront 
deviations being less than a fraction of the 
wavelength, 

The illumination system transfers the illumination 
source through the photomask to the entrance of the 
projection system. The main requirements for the 
illumination system are to collect most of the light 
into the system and to ensure that the irradiance of 
the photomask is uniform to within a few percent. In 
addition, resolution enhancement techniques, based 
on off-axis illumination, require that the illumination 
pattern on the photomask has a specific shape. We 
will discuss these requirements later in more detail. In 
general terms, the illumination system is less compli- 
cated than the projection system, especially with 
regard to the elimination of aberrations, due to the 
fact that precise imaging is not required in the 
illumination system, 
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Although the wafer management system is outside 
the scope of this article, we note in passing that it 
maintains the position, orientation, and movement of 
the wafers through the exposure system. Again, high 
precision is required to ensure the successful exposure 
of the desired pattern to the wafer. 


Resolution Enhancement Techniques 


In most modern lithography systems the achievable 
maximum resolution is increased via the use of one or 
more special resolution enhancement techniques 
(RET). These are essentially creative refinements of 
the lithography technology, based on theoretical 
optics papers published often decades before their 
first application in the lithography process in the late 
1980s and early 1990s. There are essentially three 
RET approaches: Off-Axis Illumination (OAI), Opti- 
cal Proximity Correction (OPC), and Phase Shifted 
Masks (PSM). 

In optical proximity correction the basic idea is to 
predistort the mask pattern in order to overcome the 
proximity effects caused by the optics and the different 
processes. Thisis done either usingaa set of pre-existing 
rules describing the connection between a mask 
pattern and its realization on the wafer, using 
advanced models to predict the proximity effects 
during the lithography process, or with some combs 
nation of both. The key difficulties with OPC are 
related to the fabrication of the predistorted mask and 
to the accuracy of the used distortion rules or 
proximity effect models. Finally, it should be noted 
that OPC is strictly speaking not a true resolution 
enhancement technique, as it only enhances the 
effective resolution and not the theoretical resolution 
limit of the process defined by the optics. 

In phase shifted masks the improvement in the 
resolution is obtained by altering the phase of light 
passing through different portions of the mask, 
creating regions of destructive interference in the 
image. This leads to higher contrast, which helps to 
improve the effective patterning resolution. However, 
as with OPC, there is no true resolution enhancement 


in terms of the theoretical resolution limit. There are 
two main difficulties with application of PSM. First, it 
is not straightforward to introduce required phase 
shifts into an arbitrary design layout, because some 
geometrical shapes, such as junctions are harder to 
realize than others. Another problem lies with the 
mask fabrication, which requires careful calibration 
of the material layers and can be very complicated 
and costly compared to fabrication of conventional 
binary masks. 

For the purposes of this article, only off-axis 
illumination is discussed, as both OPC and PSM 
are essentially mask-based techniques and thus 


Figure 2 Schematic illustration of efect of off-axis illumination 
(on image formation. 


provide no opportunity for micro-optics. Off-axis 
illumination refers to any illumination scheme that 
significantly reduces or eliminates the light hitting 
the mask at near normal incidence, leading to the 
diffraction pattern of the mask being shifted on the 
projection lens. The principle behind the resolution 
enhancement, obtained by introducing such a shift, is 
schematically illustrated in Figure 2 for periodic 
pattern, 

‘The mask pattern can be imaged if at least two 
diffraction orders generated by the mask pass through 
the pupil of the projection lens. Using on-axis 
illumination, the minimum feature size of the system 
is reached when the period of the mask pattern is so 
short that the + Ist diffraction orders can no longer 
pass through the pupil. If the illumination is moved 
off-axis, the diffraction pattern is shifted and the 
second diffraction order (in this case +1st) again 
passes the pupil. Thus the resolution has been 
increased. A secondary improvement in contrast 
may be obtained by shaping the diffraction orders 
falling onto the pupil, such that the filling of the pupil 
is optimized, i.c., such that less unwanted light 
contributing to the background illumination passes 
the pupil. Finally, the depth of focus of the system can 
be optimized by ensuring that the contributing orders 
(in this case Oth and + Ist) are symmetric with regards 
to the optical axis. 

‘The conventional way to realize off-axis illumina- 
tion schemes is to introduce a suitable aperture to 
the illumination optics between the source and the 
mask. In order to effectively use off-axis illumina- 
tion, the shape and size of the aperture, i.e., the 
illumination pattern, must be optimized for the 
specific mask shape and pitch, This optimization 
leads to four basic shapes, as illustrated in Figure 3. 
In most modern lithography systems these shapes 
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Circle Dipole 


Quadrupole 


Figure 3 The four typical illumination pattems: disk, ring or 
annular, quadrupole, and ipo. 


are available with different values of partial coher- 
ence factor, governed by the ratio of the numerical 
aperture of the illumination lens and projection 
ens, allowing control of proximity effects and 
edge sharpness. 


Overview of Micro-Optics 


There exists no generally agreed definition of micro- 
optics, but it typically means optical systems built 
to significantly smaller scales than conventional 
table-top systems, using components such as micro- 
lenses and microprisms with physical dimensions in 
the range of a couple of millimeters at most. Micro- 
optical systems also include so-called diffractive 
optical elements, which are usually optical com- 
ponents whose operation cannot be explained by 
Snell’s law or the law of reflection. Such elements are 
usually macroscopically planar microstructures, con- 
sisting of features with dimensions from a couple of 
wavelengths toa few tens of microns, and are designed 
by advanced numerical algorithms based on 
diffraction theory. 

In the past decade, micro-optics has emerged as a 
powerful new addition to the field of optics and 
optical systems, following improvements in micro- 
optics fabrication techniques, both via adaptation 
from established microelectronics fabrication pro- 
cesses and development of novel approaches, such as 
variable dose direct writing using either UV light or 
an electron beam. Additionally, emergence of replica- 
tion techniques, such as injection molding or UV 


casting, allows the low-cost mass production of 
micro-optical elements, making micro-optics econ- 
omically feasible for a wide range of consumer 
applications. Consequently, micro-optical elements, 
utilizing € 
now found in industrial applications such as material 


er refractive or diffractive surfaces, are 


processing, in the optical telecom field, and in 
consumer electronics such as the digital video camera. 

‘One of the major strengths of micro-optics, as 
compared to conventional optics, is their ability to 
realize complex optical functions into a compact 
form. This is especially true for micro-optics using 
diffractive optical elements, as diffractive elements 
may be designed to realize several optical functions 
such as focusing, filtering, or beam splitting at once 


allowing integration of several classical optical 
components into a single diffractive element. 


Micro-Optics in Conventional 
Lithography Systems 


The simplicity of contact or proximity printing means 
that there is little need or opportunity to incorporate 
additional functionality through inclusion of micro- 
optical elements. The only exception to this will be 
discussed in the final section of this article, where we 
will consider a nonconventional technique, which 
utilizes micro-optics and can be incorporated into 
proximity printing systems. However, in this section 
we will limit the discussion to projection-based 
lithography systems such as wafer steppers. 

Let us consider the possible uses of micro-optics in 
the three main parts of the exposure system identified 
in the earlier section. It is obvious that the wafer 
entially mechanical, 
cannot be enhanced by inclusion of micro-optics. In 


‘management system, which is 


principle, micro-optics could be incorporated into the 
projection system to reduce its weight and, to a lesser 
degree, complexity. However, it is important to note 
that using micro-optics to reduce the physical size, 
i.e., the diameter of the lenses in the projection system 
is not possible, as such reduction would increase the 
theoretical minimum feature size the system can 
resolve which is inversely proportional to the lens 
diameter. In practical terms, even the most advanced 
fabrication approaches used to realize micro-optical 
elements cannot yet produce elements with the 
precision and quality sufficient to meet the optical 
requirements associated with a lithographic projec- 
tion lens. In general, the state of the art in micro- 
optics is such that it does not make sense to replace 
refractive lenses with diffractive ones unless the 
weight of the optics is a critical parameter in 
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determining the merit of the system, This is not the 
case for wafer steppers. 

Even though the optical requirements for the lenses 
in the illumination system are not as high as in the 
projections system, they are in practice still far too 
demanding for micro-optical elements. Therefore, 
the only area where micro-optics could be used in 
the illumination system is the generation of various 
illumination patterns needed for the off-axis illumina- 
tion schemes used for resolution enhancement, as 
well as overall homogenization of light. An element 
meeting these goals is essentially a custom-designed 
diffuser, where both the generated angular range and 
the relative intensity of illumination in any given 
angular direction are controlled to a high degree. 


Custom Diffusers for Illumination 


As mentioned earlier, one of the strengths of micro- 
optics lies in its ability to combine different optical 
functions into a single element. When used in 
lithographic illumination systems, micro-optical 
elements can serve a dual purpose. The element can 
serve as an artificial aperture, effectively distributing 
the light over some predetermined angular range and 
at the same time minimizing light outside the range, 
allowing generation of various illumination patterns 
needed for the resolution enhancement via off-axis 
illumination, Unlike conventional solutions based on 
the use of actual apertures to generate the desired 
illumination patterns, distribution of light using 
micro-optical elements can be done with efficiencies 
up to 95%, with typical target efficiency being in the 
range of 90%, depending on the pattern complexity. 
Ar the same time, the element can be used to smooth 
the light distribution, improving the uniformity of the 
illumination, Typically the required uniformity error, 
i.e., allowed variations from the average illumination, 
is in the range of $%, but can be as low as 1%. 

In addition to the above-mentioned high-efficiency 
and -uniformity targets, optical quality requirements 
of modern lithography systems introduce unique 
challenges to the micro-optics used in such systems. 
First, micro-optical elements used in lithography 
systems must also exhibit low amounts of stray light, 
especially in formation of hot-spots. Typically, hot- 
spots are allowed to be only a few percent of the 
average illumination level. Because of the fact that the 
size, shape, and profile of the illumination beam can 
vary, partly due to variations in the source and partly 
because such variations improve the functionality of 
the lithography system, by, for example, controlling 
the partial coherence factor, the micro-optical cle- 
ments must be virtually space-invariant. The elements 
must perform the same function regardless of where 


and how the illumination coming from the source hits 
the element. Furthermore, the elements themselves 
must have very low absorption, because the high 
power used could otherwise lead to destruction of 
the elements. This means that the materials must be 
carefully selected. Finally, the optical wavelengths 
used in advanced lithography systems are 248 nm or 
less. Because the feature size of a diffractive element 
scales down with the wavelength, the features in 
elements used are much smaller than in the case 
of elements used for applications in the visible region. 
Consequently the accurate fabrication of such ele- 
ments becomes a formidable challenge, because most 
fabrication errors, such as mask misalignment, etch 
depth error or the way the sharp corners in diffractive 
elements get rounded during fabrication, increase in 
significance when the feature size is decreased. 

‘There exist two distinct approaches for obtaining 
such custom-designed diffusers. We will now discuss 
the benefits and weaknesses of these two techniques 
in terms of efficiency, pattern uniformity, stray light, 
and ease of fabrication, in order to illustrate the trade- 
off a designer creating micro-optical elements for a 
lithography system has to consider. 


Aperture Modulated Diffusers 


One approach to acquire custom diffusers for 
illumination systems is to use an array of refractive 
or diffractive micro-lenses. More generally, the lens 
phase can be replaced by any phase obtained by 
geometrical considerations, i.c., by a geometrical map 
transform between the input and output planes of the 
optical system, The basic principle of an aperture 
modulated diffuser is to use the phase function to 
accurately control the angular divergence of the 
diffuser, while the shape of the desired intensity 
distribution is created by introducing a properly 
shaped aperture in which the phase function is 
contained. This basic principle is shown in Figure 4. 


Diffuser plane 


Figure 4 Basic principle of aperture modulated diifuser. The 
lens t:number determines the angular extend of the far fold 
pattem, while the lens aperture shape determines the shape of 
the patter. 
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The main henefit of using a lens phase lies in the ease 
of the design process, which essentially consists of 
selecting the numerical aperture of the lens to meet 
the angular size of the desired pattern, while more 
complicated phase profiles can be used to improve 
some aspects of the performance of the diffuser. 

In terms of optical performance, aperture modu- 
lated diffusers typically achieve efficiency of up to 
95% and low levels of stray light, easily fulfilling the 
target specifications outlined earlier, especially when 
refractive surfaces are used, However, since the lens 
aperture in the element plane controls the shape of the 
intensity distribution, the range of intensity distri- 
bution shapes is limited. This is necessary because it 
must be possible to tile the required aperture shape in 
order to realize an array of elements with high fill 
factor, i.e., to realize a space-invariant diffuser. 
Furthermore, introducing an aperture into the 
element plane means that intensity oscillations, due 
to boundary diffraction at the edge of the apertures, 
cannot be avoided. Consequently, the uniformity of 
the generated intensity distributions suffers. This is 
especially true in cases where the desired intensity 
pattern has sharp corners, where the intensity 
oscillations due to boundary diffraction, can easily 
be up to 50% of the average intensity of the desired 
intensity pattern. Figure 5 illustrates a typical far 
field intensity distribution obtainable with aperture 
modulated diffusers. 
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Figure 5 Typical intensity distribution obtainable with an 
aperture modulated diffuser. The overall distribution is smooth 
apart from the slow intensity oscilations at the edges resulting 
from diffraction atthe aperture boundary. 


One needs to consider several issues with regard to 
the fabrication of aperture modulated diffusers. For 
refractive aperture modulated diffusers, the main issue 
is the accurate realization of the required surface 
profile, The fabrication of large arrays of refractive 
elements having arbitrary surface profiles is still 
challenging. Resist reflow techniques, where the 
micro-lenses are realized by melting small islands of 
resist, lead to a spherical lens profile. Complicated and 
hard-to-control profile reshaping techniques are 
required if dramatic alterations from the spherical 
ens profiles are needed. Even though fabrication 
through direct writing techniques, such as laser 
writing offers more freedom, realization of arbitrary 
refractive surface remains a challenge. Therefore, use 
of refractive elements is mainly limited to cases where 
the lens profile can be close to the spherical shape. The 
most important of such cases are patterns with 
uniform circular or rectangular distributions. The 
former can be realized by proper selection of the 
numerical aperture of the lens, while the latter can be 
realized by combining two properly selected cylin- 
drical lenses on opposite sides of the substrate. 

For diffractive aperture modulated diffusers there 
are considerably less limitations in terms of what 
phase profiles can be attained, As long as the 
opening angles, i.c., the angular size of the pattern 
is below 10 degrees, the phase can be realized as a 
diffractive element. With diffractive elements, the 
main issue to consider is therefore the effect of 
typical fabrication errors such as profile depth and 
shape errors. First, the typical consequence of fabri- 
cation errors in the clement is loss of efficiency via 
increase of stray light. Fortunately the errors do not 
generate sharp stray light peaks, with the obvious 
exception of the axis hot-spot. This results from the 
fact that both lens functions and more complicated 
phase functions designed by geometrical consider- 
ations, exhibit locally periodic structures, and the 
introduction of common fabrication errors then 
leads to redistribution of light away from the 
desired signal orders of these local structures to 
higher or lower orders. On the level of the whole 
intensity distribution, such redistribution appears as 
a constant rise in the background noise level, but 
will not lead to sharp intensity fluctuations. 

Another issue related to the fabrication of aperture 
modulated diffusers appears when diffuser elements 
are fabricated using a series of photomasks, as it is 
typically the case with a relatively large size of the 
clement. Although mask misalignment is essentially a 
random error, i.c., the direction and amount of the 
error are difficult to predict before hand, it easily 
leads to systematic and partly symmetric uniformity 
problems with aperture modulated diffusers. 
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Figure 6 Effect of mask misalignment on the intensity 
istrbution with aperture madulated difusers. Essentially random 
error leads to symmetric and systematic uniformity error due to 
locally periodic nature of the design, 


Again the reason for this lies in the locally periodic 
nature of the elements. A single mask misalignment 
along some direction results in an erroneous profile 
shape in the structures, which are periodic in the 
direction of the alignment error. Consequently, the 
relative intensity distribution along that direction is 
changed. On the other hand, structures, where the 
period is perpendicular to the misalignment, are 
realized correctly. Furthermore, the local period of 
the phase function is often changing from the center 
of the clement to the edge, meaning that the relative 
magnitude of the mask misalignment is different in 
different parts of the element. These facts lead to 
asymmetry in the overall intensity distribution, which 
is especially harmful with off-axis illumination 
patterns, as the asymmetry results in loss of the 
resolution gain obtained with off-axis illumination, 
Furthermore, as the source of the asymmetry is 
essentially a random error, compensation in the 
design is very difficult. Figure 6 illustrates the 
above-mentioned phenomena. 


Fan-Out Based Diffusers 


An alternative technique uses specially designed fan- 
ont elements to produce a large number of closely 
spaced diffraction orders arranged in a desired 
pattern, as illustrated in Figure 7. Such an approach 
offers all the flexibility of diffractive elements, 
allowing generation of nearly arbitrary intensity 
distributions, especially if the elements can be realized 


Diffuser plane 


Figure 7 Basic principle of fan-out based difusers. A grating is, 
used to generate a high number of closely spaced diffraction 
frders arranged in the shape of the desired pattern, 


profile can have more than two distinct levels, 

The flexibility in the design comes at a cost, 
where specially developed design tools, such as the 
iterative Fourier transform algorithm, are required. 
Fortunately such tools are starting to become 
commercially available as emphasis and interest in 
wave-optical engineering, an extension of the classi- 
cal optical engineering approaches, increases. 

In terms of optical performance, fan-out based 
diffusers offer high uniformity as there are no 
boundary diffraction effects as with aperture modu- 
lated diffusers. Furthermore, by choosing the beam 
separation of the fan-out to be clearly smaller than 
the divergence of the incidence beam, it is possible to 
average out any local intensity variations from order 
to order, leading to a smooth overall intensity 
distribution. The remaining variations in the intensity 
distribution generated by a fan-out based diffuser can 
be as small as 1% of the average intensity. 

As a trade-off for the improved performance in 
terms of uniformity compared to aperture modulated 
diffusers, fan-out based diffusers typically exhibit 
lower efficiency and, consequently, higher levels of 
stray light, even when no fabrication errors are 
present, This is a result of additional design freedoms 
being used to remove unwanted intensity oscillations 
from the far field regions, belonging to the desired 
intensity distribution, by introducing some noise 
outside these regions. Typically the efficiency of a 
fan-out based diffuser is in the range of 85-90%, or 
5-10 percentage points lower than the efficiency of a 
comparable aperture modulated diffuser (should one 
exist). Furthermore, unlike aperture modulated dif- 
fusers, fan-out based diffusers can have stray light 
that forms hot-spots. If care is not taken during the 
design, these hot-spots may be up to 10% of the 
average intensity of the illumination pattern, even in 
the absence of fabrication errors. Figure 8 illustrates 


called multilevel elements, i.e., if the surface 
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Figure 8 Typical intensity distribution obtainable with a fan-out 
based ciffuser. Overall distribution is smooth, but stray light 
appears outside the main patter. 
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Figure 9 Effect of mask misalignment on the intensity 


distribution with fan-out based diftusers. The uniformity error 
‘appears randomly, allowing statistical compensation schemes. 


a typical far field intensity distribution obtainable 
with fan-out based diffusers, 

Fan-ont based diffusers offer several advantages in 
terms of fabrication compared to mapping based 
diffusers, First, random errors, such as mask misalign- 
ment, do not lead to symmetric or systematic 
uniformity problems, but instead result in random 
local oscillations in the intensity pattern as illus- 
trated in Figure 9, This allows special compensation 
schemes where the element is divided into segments, 
each of which has different fabrication tolerances 


but generates the same far field intensity distribution. 
If the fabrication tolerances of the individual designs 
are balanced correctly against the typical fabrication 
errors of the used fabrication methods, the loss of 
uniformity due to fabrication errors can be eliminated 
almost entirely. Furthermore, the flexibility of diffrac- 
tive design allows for fabrication error-tolerant 
designs. This follows from the ability to combine 
several optical functions in a single optical element. 
The typical trade-off with designs with relaxed 
fabrication tolerances is that the optical performance 
of the element in terms of efficiency is worse than 
that of a conventional design if fabrication errors 
are not present. 


ro-Optics and Non-Conventional 
Lithography 


In the previous section we have considered micto- 
optics in connection with conventional lithography 
approaches and shown that micro-optical elements 
can finda significant role in such systems. We conclude 
this article by considering briefly nonconventional 
lithography systems, focusing especially on a tech- 
nique called micro-lens lithography, which is funda- 
mentally based on the use of micro-optical elements. 

The most straightforward way to improve existing 
lithography approaches is to further reduce the 
wavelength used in the exposure process. In X-ray 
lithography, the light source used in conventional 
lithography approaches is replaced by a cyclotron 
emitting light with wavelengths deep in the X-ray 
region. This leads to minimum resolution far lower 
than achievable by conventional techniques, but with 
the additional difficulty and cost of maintaining and 
running such a source. 

The techniques that are currently considered as 
seriousalternatives for conventional photolithography 
approaches are based on the use of particles other than 
photons in the fundamental exposure process. Tech- 
niques such as electron- or ion-beam lithography are 
routinely used to realize structures with feature sizeand 
positioning resolution of some tens of nanometers for 
use in both micro-electronics and micro-optics. The 
main drawback of these approachesis the costinvolved 
in patterning large surface areas, Unlike optical 
lithography techniques, particle beam lithography 
cannot expose large surface areas at once, instead 
requiring painstaking scanning of the surface area with 
arelatively small writing heam. Thisleadsto processing 
times that scale linearly with the required surface area, 
and consequently the throughput of such techniques is 
small, Therefore, particle beam lithography is not yet 
widely used in commercial fabrication of micro- 
electronics. However, itis worth noting that especially 
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electron beam lithography is widely used in the 
origination of micro-optical components, as the 
relatively high cost of creating the master component 
can be offset in the final product by the inexpensive 
replication process. Such an approach allows the 
replicated end-product to meet the high optical 
requirements achievable only by high resolution sur- 
face control, yet remain affordable for use in, for 
example, consumer electronics, This has lead some in 
the micro-optics community to conclude that electrons 
are better suited for fabrication of components 
controlling photons, while photons are better suited 
for fabrication components controlling electrons. 

In addition to particle beam lithography, other 
noteworthy techniques exist. For our purposes, the 
most interesting technique is the so-called micro-lens 
array lithography, where one or more micro-lens 
arrays are used to image the pattern of the photomask 
to the resist layer on the substrate, Although the 
resolution of this approach is limited to 3-5 microns, 
for applications such as with flat panel displays, 
micromechanics, or multichip module fabrication, 
this technique is of considerable interest. 

It is well known that the geometrical aberrations 
scale down proportionally with the physical lens size. 
Thus, large areas can be imaged favorably by use of 
arrays of micro-lenses, where each lens images only a 
small section of the whole field. Such a setup is shown 
in Figure 10. 

‘With this setup it is possible to expose a compara- 
tively large area with a single exposure, thus 
climinating the need for costly stepping operations 
and therefore increasing the throughput of the 
system. Analysis of the basic system shows that an 
array based on spherical micro-lenses of 1 mm focal 
length and 300 micron aperture can produce a nearly 
diffraction limited resolution on the order of 3-5 


micrometers over a 300 micron field. 
In terms of conventional lithography systems, the 
micro-lens array lithography has most in common 


Mask 


Lenslet array 


bd 
Pa 
>a: 


Photoresist 


Figure 10 Basic geometry of micro-ens array lithography. 


with proximity printing. Both techniques achieve 
comparable resolutions, yet avoid damaging the mask 
or substrate by keeping the two separated by some 
finite working distance. However, micro-lens array 
lithography offers two distinct advantages over 
conventional proximity printing. First, the working 
distance between the imaging system and the sub- 
strate surface can be much larger, which further 
minimizes the risk of mask or substrate damage. 
Furthermore, added working distance allows litho- 
graphy steps on nonflat surfaces, e.g., inside holes or 
grooves where conventional proximity. printing 
would not be possible. Another advantage of the 
micro-lens array lithography is the larger depth of 
focus. With proximity printing, the resolution rapidly 
decreases with increasing distance. In micro-lens 
array lithography, the optimum resolution is obtained 
at the image plane, while a region of reasonable 
resolution extends forward and backward from this 
plane (Figure 11). This extension means that in the 
depth of field, resolution is less sensitive to changes in 
the working distance, which makes it better suited for 
practical applications, 

In addition to the optical benefits of micro-lens 
array lithography, there also exist other practical 
benefits, Many micro-devices have a repetitive and 
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Figure 11 Depth of cus with micro-lens array lithography and 
‘conventional printing. (a) With microslons array lithography, the 
image of the mask is extended both forward and backward from 
the working plane at distance z. (b) In conventional printing, the 
resolution is rapidly reduced with increasing working distance 2. 
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Figure 12. Utta-fat microvlens projection system (courtesy of 
R. Vélkel, SUSS MicroOptics, Neuchatel, Switzerland). 


discrete nature with respect to some unit element. 
Such a unit element lends itself well to the imaging 
properties particular to lens arrays, as each lens of the 
array can be made to correspond to the unit cell of the 
particular micro-device making the imaging highly 
efficient. A photograph of a micro-lens projection 
system is shown in Figure 12. 

One could also imagine that instead of an array of 
imaging systems, an array of pattern generators is 
used that generates a specific pattern, such as lines or 
points. In the ideal case such a system would replace 
the mask and the imaging system altogether. How- 
ever, this approach is only possible for simple patterns 
and large production series. 


Outlook 


As long as optical lithography stays attractive, micro- 
optics will be used as beam-homogenizers and 
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Introduction 


Diffractive optical elements (DOEs) are passive 
devices that redirect and focus light through the 


sophisticated diffusers to generate optimized illumina- 
tion patterns. How far micro-optics will be used in the 
imaging system is difficult to predict. However, it can 
be assumed that the difference between micro-optics 
and macro-optics fabrication technology will 
disappear. 

Recent research is also investigating near-field 
optics to further reduce the resolution limit. Micro- 
optics technology is well suited to realize such 
systems. A serious problem of near-field optics is the 
short distance (10 nm-100 nm) between the optical 
element and the interface to be patterned. In addition, 
near-field optics is based on scanning systems, which 
increases the exposure time considerable. However, 
there is still room for improvements or as Richard 
Feynman said ‘there is plenty of room at the bottom’, 
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n of Diffractive Optical Elements 


division and mutual interference of a propagating 
electromagnetic wave. This is in contrast to refractive 
elements, which re ht through 
variations in indices of refraction, From a historical 
perspective, diffraction was traditionally considered a 
detriment in optics and caused images to blur. 
However, we now know that it is possible to use 
diffraction to enhance the performance of optical 
systems. For example, DOEs can be used to correct 
chromatic aberrations and to implement optical 
functions that conventional refractive and reflective 
optics cannot, such as multiple beamsplitting 


set and focus li 


.ctromagnetism > rotational > de motor 
RPM. Since traditional DC motors are seldom 
used for applications requiring high precision, 
thisis not usually a significantissue, butit should 
be kept in mind. 


Figure 22-8. A pair af spur gears. 


Figure 22-9 shows planetary gears, also known as 
epicyclic gears. The outer ring gear is properly re- 
ferred to as the annulus, while the sun gear is at 
the center, and the intermediate planet gears 
may be mounted ona carrier. The greatest speed 
reduction will be achieved by driving the sun 
gear while the annulus is kept in a stationary po- 
sition and the output is taken from the carrier of 
the planet gears. If Ais the number of teeth in the 
annulus and S is the number of teeth in the sun 
gear, the total speed reduction, R, is given by the 
following formula: 


R=(S+A)/S 


Note that in this drive configuration, the number 
of teeth in each planet gear is irrelevant to the 
speed reduction. In Figure 22-9, the sun gearhas 
27 teeth whereas the annulus has 45 teeth. 
Therefore, the reduction is found by: 


R= (27 +45) / 27 = about 2.7: 1 


Successive reductions can be achieved by stack- 
ing planetary gear sets, using the carrier of one 
set to drive the sun gearin the next set. 


Planetary gears are used primarily if a motor 
drivesa heavy load, as the forceis divided among 


Variants 


Figure 22-9. Planetary gears, also known as epicyclic 
gears, share the torque from a motor among more teeth 
than simple spur gears. 


more gear pairs, reducing wear and tear on gear 
teeth and minimizing the breakdown of lubrica- 
tion. A planetary gear train may also be more 
compact than a train of spur gears. These advan- 
tages must be evaluated against the higher price 
and slightly increased friction resulting from the 
larger number of gears interacting with each 
other. 


Brushless DC Motor 

Ina brushless DC motor, sometimes referred toas 
a BLOC motor, the coils are located in the stator 
and the permanent magnets are relocated in the 
rotor. The great advantage of this design is that 
power can be applied directly to the coils, elimi 
nating the need for brushes, which are the pri- 
mary source of failure in DC motors asa result of 
wearand tear, However, since there isno rotating 
commutator to switch the DC currentto the coils, 
the current must be switched by electronic com- 
ponents, which add to the cost of the motor. 


In the inrunner configuration the stator sur- 
rounds the rotor, whereas in the outrunner con- 
figuration the statoris located inthe centerof the 
motor while the rotor takes the form ofa ring or 
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Further, recent advances in computing and fabrica- 
tion technologies have increased the number of 
applications in which diffractive elements are used, 
which has established diffractive optics as yet another 
tool in an optical designer's kit. 

The first modern diffractive element was the 
hologram. A hologram is a photographic record of 
the constructive and destructive interference between 
two coherent beams known as the object and write 
beams. The object heam contains information about 
the object recorded. The write beam is necessary to 
record the hologram but contains no information 
itself. When the hologram is played back with a third 
beam, the read beam, the recorded interference 
pattern diffracts it in such a way that it reconstructs 
the object beam. 

Unfortunately, the functions that a natural holo- 
gram can produce are limited to those whose 
wavefields can be produced in a laboratory. Thus, 
although it is possible to record a hologram that can 
focus or deflect a single beam, it is difficult to record a 
hologram that splits a single beam into multiple foci. 
However, the advent of computing technology made 
it possible to design such holograms analytically. The 
first diffractive clement designed with the aid of a 
computer was demonstrated in 1966. Since then the 
ability to create elements that respond arbitrarily has 
had widespread application in imaging. systems, 
telecommunications, and sensing. 

‘The two most basic diffractive elements are the 
grating and the Fresnel zone plate. The diffractive 
behavior of a grating is predominately transverse to 
the optic axis. It causes light to split into discrete 
beams, referred to as diffraction orders, each with a 
different angle of propagation relative to the optic 
axis. The diffractive behavior of a Fresnel zone plate 
also divides incoming light into discrete orders, 
however, the orders are produced along the optic 
axis. This is useful in producing the diffracti 
equivalent of a refractive lens. Arbitrary transverse 
and longitudinal behavior is realized by combining 
characteristics of these basic two diffractive elements. 
In the remainder of this article, we discuss the design 
and fabrication of general diffractive elements. 


Design 


Once an optical system designer determines the 
functional behavior required for a particular appl 
cation, for example, focusing or multiple beamsplit- 
ting, he or she needs to design a diffractive element 
that realizes this function. However, unlike refractive 
and reflective optical elements, whose material 
properties and surface curvatures determine their 


functionality, the functionality of a diffractive 
clement is determined by a pattern of wavelength 
scale features. Determining this pattern is the goal of 
diffractive design but to do so one must first under- 
stand the physical relationship between the DOE and 
the wavefield it produces. 

Scalar diffraction theory is one of the 


mpler 
models that relates the effect of a surface relief, or 
diffractive profile, d(x, y), on an incident wavefield 
Vials 9): 


Una 9) = expliOGe, y)Uin 9) a 
where the phase transformation @(x, y) is related to 
the diffractive profile d(x, ») by 
Ax, y) = Lm = Dd, yA 21 
‘The constant is the refractive index of the optical 
substrate and A is the wavelength of illumination in a 
‘The effects of the phase change are not apparent 
until the wavefield Upy(x,y) propagates over some 
distance z. In scalar diffraction theory the relationship 
between Ugue(x,y) and the wavefield Uz(x,y) at a 
plane a distance Z away, is described by the Rayleigh~ 
Sommerfeld diffraction equation: 
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Huygens’ principle is reflected in this formulation by 
the convolution between the transmitted field 
Usudx.y) and a spherical wave b(x,y), which rep- 
resents free space propagation over the distance z 
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‘The Rayleigh~Sommerfeld formulation is valid so 
long as the angles at which energy diffracts from the 
aperture are small. If the distance zis sufficiently large 
that the angles stay clustered about the optic axis, one 
can replace the spherical wave response of freespace 
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with a parabolic wave: 


boxy) = expli(midcy? +y7)]} (61 


This simplification is referred to as the paraxial, or 
Fresnel, approximation. The diffraction integral is 
expli2z/A) 


now given by: 
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The second representation results from an expansion 
of the exponent and allows the diffraction integral to 
be written as a Fourier transform. The quadratic 
phase terms can be removed if a positive lens with 
focal length < is placed next to the diffractive element 
and a second positive lens with focal length zis placed 
in the image plane (see Figure 1). Under these 
conditions, Usu(x,y) and Uz(x,y) form a Fourier 
transform pair: 


Ux, 9) 
= FT (expliax, y)I) 
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The objective of diffractive design is to find a 
surface relief d(x, y) that generates a desired response 
g(x, y) somewhere in the response U.(x, y). However, 
eqns [3] and [7] neglect the fabrication process, which 


DOE Image plane 
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Figure 1 Optical Fourier transform module. 


affects the fields that can actually be realized. 
A diffractive optic designer can incorporate fabrica- 
tion constraints into their design cither directly or 
indirectly. In a direct approach, the designer rep- 
resents the diffractive structure parametrically, for 
example, a multilevel phase element can be rep- 
resented by a discrete set of allowed phase values and 
a binary phase element can be represented by the 
contours that separate one phase value from the 
other. A designer defines the diffractive element by 
specifying and modifying these parameters. 

In an indirect approach, the designer first deter- 
mines an intermediate function without consider- 
ation for fabrication and afterward applies the 
fabrication constraints to this function. For example, 
if f(u,v) is the desired response one wishes to generate 
in the z-plane using U,,(x.y) as the input, from 
eqn [8], the optical function required to do is 

Ox, y) = Fix, y)/Uinlx.¥) 19] 
where F(x,y) is the Fourier transform of f(w, ¥). 
The designer must then find a phase (x.y) that 
satisfies the fabrication constraints and insures that 
expliax, 9)] = Q(x). 

For example, fabrication using multiple binary 
masks yields a phase structure quantized to 2% levels. 
An effective design should, therefore, yield a quan- 
tized phase structure that minimizes reconstruction 
error. A naive approach is to set the magnitude of 
Qtx,y) in eqn [9] to unity and quantize the phase. 
However, this introduces considerable error. A direct 
approach to design searches only over the set of 
quantized phase structures for the one that, for 
example, generates the desired response with maxi- 
mum energy and minimum error. An indirect design 
seeks first a phase structure whose response produces 
a minimum amount of error between it and Q(x. y) 
and then quantizes this structure. 

Performance of the element can be improved if one 
exploits certain freedoms available in design. For 
example, all systems have a finite-sized detector. It is, 
therefore, unnecessary to specify the performance of 
the diffractive clement everywhere in the image plane. 
Tes behavior within the detector window is all that is 
important. If only the intensity of the response is 
specified, then the phase of the response within the 
window is also a design freedom. Finally, one can 
also control the amount of energy contained in the 
signal window by scaling the amplitude of the 
response. This allows a designer to balance diffrac- 
tion efficiency with error in the signal window. 

‘Two general nonlinear optimization algorithms for 
the design of DOEs are represented in Figure 2. 
Indicative of the nature of data flow, Figure 2a is 
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Figure 2 Algorithms used for diffractive design. (a) Uni 
directional and (b) bidirectional algorithms. 


referred to as a unidirectional algorithm and Figure 2b 
as bidirectional. In a unidirectional algorithm, 
changes are made only to the diffractive clement. 
The changes are driven by how well the element 
performed in a previous iteration. If models exist for 
both forward and inverse propagation (T and T*, 
respectively), a designer can use a bidirectional 
algorithm, which allows modification of both the 
diffractive clement and its response. This allows 
hidirectional algorithms to converge to a solution, 
in general, more rapidly than unidirectional algori- 
thms. In scalar theory, T is a Fourier transform but 
more rigorous models exist. If the model of the 
optical system cannot be inverted, a unidirectional 
algorithm must be used 


Fabrication 


Regardless of which design algorithm is used to 
determine d(x, y), ultimately it needs to be realized 
physically. Although numerous techniques exist for 
doing so, by far the most common are based on 
microlithographic processes. The process requires 
exposing a layer of photoresist deposited on top of an 
optical substrate and etching the photoresist to 
transfer the pattern into the substrate. These methods 
are especially appealing because they leverage the 
existing manufacturing infrastructure of the micro- 
electronics industry and, as a consequence, have 
enabled the efficient and economical mass manufac- 
ture of DOEs. 

‘Two basic methods exist for patterning photoresist, 
direct writing using a modulated beam and indirect 
patterning using masks, Further, the mask process can 
be either a single or multistep process. The multistep 
approach uses N masks and N exposures to fabricate 


a multilevel diffractive element that has 2% phase 
levels (see Figure 2). However, profiles that contain 
very small features are difficult to fabricate in this 
manner. As a consequence, alternative processes using 
single-step grayscale lithography have also been 
developed. 

Although grayscale photolithography is more time- 
efficient and less prone to mask alignment errors than 
multistep lithography, the photoresist must respond 
linearly to illumination, Unfortunately, most photo- 
resists used to fabricate microelectronic circuits are 
highly nonlinear. However, one can obtain a linear 
response by adjusting the exposure and development 
process. In the following, we review fabrication 
using both multiple binary masks and a single gray- 
scale mask. 


Multilevel Fabrication Using 

Binary Masks 

In this fabrication method, one must first generate a 
sequence of N masks that are related, in a recursive 
manner, to the quantized phase A(x, 


my(x,y) = mod(My(x,9),2), k=[LNI (10) 
where 
Mylo, y) — mx) 
Musale,y) = MA ae) ny 
and 
Myox.y) = 112) 


‘The masks can be produced using either optical or 
electron beam (e-beam) pattern generators from 
integrated circuit fabrication, The pattern generators 
expose a thin layer of photoresist on the surface of a 
chrome-covered quartz substrate. Development of 
the photoresist leaves the desired diffractive pattern in 
the unexposed areas. The diffractive pattern is 
transferred to the chrome layer by etching any 
chrome not covered by photoresist. After the chrome 
etch process is completed, any remaining photoresist 
is washed away to yield the finished lithographic 
mask, This process is repeated for each mask. 

The completed mask set is used to fabricate the 
DOE using techniques similar to those used to 
generate the mask set. An optical substrate is 
coated with a thin layer of photoresist, placed in 
intimate contact with the first lithographic mask 
mi(x,y), and illuminated with an ultraviolet (UV) 
exposure lamp. During photoresist development, 
exposed resist is washed away, which leaves a 
binary pattern in the remaining developed photoresist. 
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When the pattern is transferred into the substrate 
material via etching, the photoresist acts as an etch 
stop. For the first mask, the etch depth into the 
substrate correspondsto a m-phase shift. The processis 
repeated for each subsequent mask, that is, the 
substrate is coated with a layer of photoresist, UV 
illumination exposes the photoresist through the 
mask, the photoresist is developed, and the substrate 
etched by the remaining pattern, The etch depth of 
each mask is half that of the previous mask. Figure 3 
illustrates this process, 

‘The substrate can be etched using either wet or dry 
techniques. In wet etching, one uses reactive chemi- 
cals, such as hydrofluoric acid, to etch the substrate. 
However, wet etching is isotropic, that is, substrate 
etching occurs equally in all directions, Asa result, itis 
difficult to preserve vertical sidewalls and to achieve 
high fidelity in etching high-aspect ratio features. As a 
consequence, dry etching is more commonly used. 

A dry etch uses a beam of ions to remove substrate 
material. The process for removal can be either 
chemical or kinetic. The process used is determined 
by the value of the plasma power that creates the 
source of ions relative to the bias power used to 
accelerate the ions toward the substrate. If the bias 
power is large and the plasma power small, a small 


substrate. In this case, the operational mode is similar 
to a micromilling machine, wherein inert particles 
chip away at the surface by virtue of their kinetic 
energy. Alternatively, a small bias power and a large 
plasma power produce a large population of ions 
with no preferential directionality. This yields an 
isotropic process similar to wet etching. 

Two methods for performing dry etching are 
reactive ion etching (RIE) and inductively coupled 
plasma (ICP) etching. However, in RIE systems the 
bias and plasma power are not independent due to 
capacitive coupling. Thus, adjusting one affects the 
other. ICP, on the other hand provides independent 
control over the bias and plasma powers. Indepen- 
dent control allows one to control precisely the 
anisotropic nature of an etch process. As mentioned 
above, this is achieved by varying the bias power 
relative to the plasma power, which controls the 
directionality of the acceleration. 

Independent control is important because the ideal 
process for a given DOE depends on the substrate 
material and the characteristics of the diffractive 
profile. Independent control allows one to adjust the 
respective powers, as well as gas flow rates, and their 


partial pressures, to determine an optimal etch 
process. Dry etching allows one to incorporate 


stream of ions are accelerated rapidly toward the endpoint detection, which provides precise control 
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Figure 3 Fabrication of a muttievel quantized phase DOE using binary masks. 
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over the etch depth. As presented below, achieving the 
proper etch depth is important to generating 
responses with high diffraction efficiency. 

Care must be used when determining the number of 
phase levels appropriate for a particular application. 
‘The number of phase levels has a direct impact on the 
portion of input energy one can hope to diffract into 
the desired response. This is referred to as the 
diffraction efficiency. According to scalar diffraction 
theory, the relationship between the maximum 
diffraction efficiency 7 and the number of masks N is: 


U3) 


Thus, using two masks to create a 4-level phase 
clement, as opposed to a single mask to create a 
hinary-phase clement, doubles the upper bound 
on the diffraction efficiency from 41% to 81%. 
The maximum diffraction efficiency for 8-level and 
16-level phase elements is 95 and 99%, respectively. 

However, this increase in diffraction efficiency 
incurs fabrication costs. After the first etch step, 
cach subsequent exposure requires careful mask 
alignment. Alignment is accomplished using a stan- 
dard tool from integrated circuit fabrication known 
asa mask aligner. The quality of a mask aligner 
is determined by its precision and the majority of 
commercially available aligners can register a mask 
and substrate to within less than a micrometer. This 
degree of alignment accuracy is sufficient to fabricate 
many useful multilevel diffractive elements. 

To summarize, a multilevel surface relief profile 
uses.a set of N masks to generate a surface profile that 
exhibits 2% phase levels. The etch depth for the kth 
mask is dy = N24 — 1). In the next section, we 
describe a process for fabricating continuous DOE 
profiles in a single expose and etch cycle. 


Continuous DOE Profiles Using 
Grayscale Lithography 


Grayscale photolithography has become increasingly 
popular because of its flexibility and convenience in 
fabricating continuous diffractive profiles. Methods 
including directly writing partially exposed e-beam 
resist, resist reflow lithography, and using grayscale 
masks in a single step exposure. Here we discuss only 
the latter method because the processes are similar to 
those used in multiple mask fabrication. Thus, the 
same facilities can be used to produce both. In 
particular, we consider the application of high- 
energy-beam-sensitive (HEBS) glass to grayscale 


lithography and the fabrication of continuous 
profile DOEs. 

The process for creating a diffractive element 
1g HEBS glass is similar to fabricating a binary- 
phase element from a single mask. However, mask 
creation is markedly different. HEBS glass is a 
white crown glass within which a thin buried layer 
of silver ions is incorporated. The layer of silver 
ions is created via ion exchange in an aqueous 
acidic solution and essentially serves the same 
function as silver grains in photographic film. 
When the glass is exposed to a beam of electrons, 
the silver-containing crystal complexes are chemi- 
cally reduced and the glass darkens. By controlling 
the electron dose, one controls the opacity of the 
glass to produce a grayscale pattern. 

Although the attraction of single-step grayscale 
lithography is reduced costs in fabrication, the 
process incurs high calibration costs to insure quality 
pattern transfer through several steps. The parameter 
that has the greatest impact on the overall process is 
the desired size of the smallest diffractive feature. The 


minimum feature size affects the selection of the 
accelerating potential, beam current, addressing grid, 
and electron dose of the e-beam used to expose the 
HEBS glass. 

The e-beam accelerating potential sets the resolu- 
tion limit of the process and affects the sensitivity of 
the glass to the electron dose, the total charge per area 
incident upon the glass. For example, for a constant 
electron dose, increasing the accelerating potential 
increases the darkening response of the material. The 
large accelerating potential produces a large flux, 
which achieves the desired electron dose in a short 
period using energetic electrons. This, in turn, 
enhances the sensitivity of the glass. However, 
increasing the accelerating potential also increases 
scattering, which limits the minimum feature size 
achievable. Thus, low beam energies are generally 
used to write small features. But this, unfortunately, 
reduces the range of available optical densities 
because the material is less sensitive at low beam 
energies. To compensate for the reduced sensitivity, it 
is possible to increase the electron dose by increasing 
the exposure time. However, this undermines to some 
extent using a low energy beam to achieve small 
features due to broadening that results from long 
exposure times. 

Once the accelerating potential for writing the 
mask is chosen, the beam current and addressing grid 
need to be specified. The beam current is related to 
the spot size and, therefore, affects directly the length 
of time to write the mask. High current levels produce 
large spots. Since write times can easily reach into 
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hours for large structures, high current levels are 
desirable to reduce them. 

The addressing grid represents the physical grid 
that the electron beam is translated over in order to 
complete the exposure. This grid should be chosen as, 
finely as possible, however, too fine a grid can 
significantly increase the required dwell time on 
each grid point. In this respect, a compromise is 
required, High beam currents produce short dwell 
times, which may necessitate using a coarse address 
grid to insure the heam is capable of performing the 
exposure, 

Once the process parameters are set, calibration 
between the HEBS transmission and the electron dose 
is necessary. Analyzing the optical density of written 
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test structures by some experimental means and 
determining its functional dependence on the electron 
dose completes the calibration. This allows one to 
specify the electron doses required to achieve the 
features dictated by the device design. 

If resolution requirements cannot be met through 
judicious selection of the accelerating potential, then 
some of the contrast in the mask can be sacrificed for 
an increase in available resolution. As we have 
mentioned, reducing the maximum optical density, 
or contrast, can alleviate seattering-induced broad- 
ening. It is possible, however, to compensate to some 
degree for the reduced contrast during the photo- 
lithography process, where UV exposure and develop 
times provide additional latitude in the pattern 
transfer process. 

Figure 4 represents the fabrication of a continuous 
profile DOE using a grayscale mask. The substrate is 
spin-coated with a thin film of photoresist, placed in 
intimate contact with the grayscale mask, and UV 
illuminated to expose the resist film, The resist is 
developed and the pattern transferred into the 
substrate using either wet or dry etching techniques. 
Because the solubility of the resist is proportional to 
exposure, developing the photoresist produces a 
variable height profile. 

Grayscale lithography is challenging because 
modern photoresists are also designed to be highly 
nonlinear yet linear response is required. Tra- 
ditional photoresists are also designed to amplify 
mask contrast and produce the sharpest resist 
profile, thus they cither dissolve away quickly and 
completely, or remain impervious to developer. The 
exposure threshold of traditional resists is, there- 
fore, steep and considerable effort is required to 


Figure 5 HEBS glass fabrication. (a) Data map ofthe optical density cross-section af an exposed HEBS grayscale mask and (b) its 


corresponding visible image. 
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Figure § Characterization of a continuous phase diffractive lens. (a) Two-dimensional profile. (b) Three-dimensional profile. (c) Line 
scan of the two-dimensional plot. (d) Image of element from a scanning electron microscope. 


insure that resist exposure is on the linear portion 
of the curve, 

Although the resist exposure process is sensitive to 
all parameters, the behavior of a resist can be 
characterized using simulation models. The details 
of the photoresist models can be found elsewhere, but 
the simulations predict that the greatest utilization of 
the available resist occurs for short exposure times 
(seconds), and that these short exposures require long 
developing times (minutes). Further, the models 
predict that low mask contrast does not adversely 
affect the usable resist height. It is, therefore, not 
unreasonable to use a low contrast mask to achieve 
small features. 

Through simulation it is possible to determine 
process parameters that maximize the linear response 
range of the photoresist. However, these parameters 
must be validated in the laboratory. The results 
presented in Figures $ and 6 provide convincing 
evidence of the efficacy of these techniques. 


Final Remarks 


Advances in passive photonic devices have been 
made possible by leveraging fabrication processes 
from the electronics industry. Modifying standard 
photolithographic techniques and photoresist. pro- 
cesses has produced an industrial capacity for 


fabricating diffractive elements. This capability 
will no doubt lead to future advances in tele- 
communications, signal processing, and imaging. 
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Introduction 


All lasers consist of three basic functional com- 
ponents: an active medium, an optical arrangement to 
pump the active medium, and a resonator, which we 
consider in detail here. The basic function of the 
resonator is to back-couple a portion of the emitted 
laser light into the active medium for further 
amplification, Simultaneously, in steady-state laser 
operation, the geometry of the resonator defines the 
spatial field distribution of the generated light field. 

In the most simple, and most common, case the 
laser resonator consists of two planar or spherical 
mirrors. This configuration was proposed in 1958 
and has been treated extensively in the literature. 
However, these configurations are only special cases 
of a more general resonator concept in which 
arbitrary mirror surface profiles are used. Histori- 
cally, resonators consisting of surface profiled mirrors 
played only a small role in laser physics. This was 
due, not only to difficulties in their numerical design 
and analysis, but also to the lack of suitable 
fabrication methods for the mirrors. 

However, since the 1990s, these difficulties have 
been overcome and in 1992 it was demonstrated for 
the first time experimentally a stable CO, laser 
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resonator that has a user-defined mode shape 
generated by surface structured mirrors. 

In the following we derive the basic design rules for 
stable and unstable diffractive laser resonators and 
discuss the advantages and disadvantages of the 
technology. 


Modes in Laser Resonators 


Before presenting the details of diffractive laser 
resonators we look first at some general properties 
of the electromagnetic field inside a laser resonator. 
As is typical in laser resonator theory, we use scalar 
and paraxial descriptions of the fields. 

The complex amplitude U(x, y,z) represents one 
scalar, monochromatic component of the electromag- 
netic field, To handle wave propagation inside the 
resonator, we use a general operator formalism in 
which the influence of each optical component on the 
wave U(x, y,2) is represented by an operator. One of 
the most important operators is the so-called round 
trip operator Z, which describes the effect of a round 
trip inside the resonator on the wave U(x, y,2). 

If U(x, y.z) denotes the wave at the beginning of a 
resonator round trip, the resulting wave U(x, y,z) at 
its end is 


Olx, y.2) = ZUU, ¥,2) i} 


With reference to Figure 1, the round trip operator 
can be decomposed into a series of operators that 
represent the different elements in the resonator. 
For the common two-mirror resonator a round trip 
from mirror 1 to mirror 2, reflection at mirror 2, 
back propagation to mirror 1, and final reflection at 
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Figure 1 General difracve laser resonator arrangement. 


mirror 1, is represented by 


Z=RPsRPy, 21 
‘The operators R, and Ry represent the reflection at 
mirrors 1 and 2, respectively, and the propagation 
along the resonator length Az is represented by the 
propagation operator Py. 

In steady-state laser operation, the wave circulating 
inside the resonator reproduces itself, up to a constant 
factor y, after a complete round trip: 


Ow, y,2) = Wer y.2) BI 


Together eqns [1] and [3] give the eigenvalue 
equatio 


W(x, ¥,2 (4) 


ZU(x,y.2) 


which, in general, has a set of solutions U,(x. y.2). 

Thus, in steady-state, the waves Up(x, y,2) circulat- 
ing inside the resonator are eigenfunctions of the 
round trip operator Z with the connected eigenvalue 
Yp- The eigenfunctions of the resonator are called 
modes and the real-valued eigenvalues y are 
connected with the round trip losses V, according 
to the equation: 


V=1-ly,/ 15] 
As we can sce, the spatial properties of the modes are 
determined by the optical elements in the resonator. 
In the simple two-mirror resonator, the mirror 
profiles, which are related to the operators Ry and 
R,, can be used to specify the shape of the modes. 

To derive the rules for resonator design we must 
look closer at the orthogonality of the resonator 
modes. The normalized eigenfunctions of the round 
trip operator Z do not obey the usual power- 
orthogonality relationship: 


ff Up ¥.2)U5 (2s, 9,2) dx dy 161 


but instead satisfy the biorthogonality relationship: 


[J Gns9.2Un-5 942) de dy= Bye (7) 


The dp is the so-called Kronecker symbol and + 
denotes the complex conjugate. In eqn [7], 
Uye(sy,2) is the mode in plane z traveling in the 
+2 direction and U,,,-(x,y,2) is the mode in the same 
plane z propagating in the opposite direction. The 
physical reason for the difference between eqns [6] and 
[7] are diffractive mode losses at limiting apertures. 
However, ifa mode Uy. (x, 9,2) travels without losses 
through the whole resonator, a power normalization: 


[ J emcs ».2Uneny.2 dx dy is) 
is valid in all planes z. Equations [7] and [8] will be 
used in the next section to derive the design strategy for 
resonators with predefined fundamental mod 

If the mirrors, either planar or spherical, are 
assumed to be infinite in extent, it is possible to 
derive analytic solutions for the modes. This yields 
either the Gauss—Hermite or Gauss—Laguerre 
modes, which are orthogonal in the sense of eqn [6]. 
For resonators whose mirror shape differs from either 
a plane or sphere, the analytical calculation of its 
eigenfunctions or resonator modes is difficult and in 
most cases even impossible. 

However, in such cases the analysis can be 
performed numerically. One of the most common 
methods is the Fox-Li-algorithm which uses the 
physical propagation of the modes through the 
resonator. The algorithm begins with a random field 
distribution in some plane of the resonator. This field 
is then numerically propagated through the resonator 
until a round trip is completed. The effect of the 
resonator optical elements must be accounted for in 
this procedure. At the end of the resonator round trip, 
the starting field will have changed due to diffraction 
and serve as a new starting wave for a succeeding 
round trip calculation, This procedure is repeated 
until a static field distribution is obtained, which is 
then an eigenfunction of the resonator. 


Design Principles 


The condition in eqn [7] on the biorthogonality of 
resonator modes, together with the eqn [8] valid for 
lossless modes, can be used to develop principles to 
design resonators with an arbitrary fundamental 
mode shape. Consider a stable laser resonator 
characterized by negligible diffraction loss of the 
fundamental mode. Following the discussion 
above, its lossless modes must simultaneously satisfy 
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eqns [7] and [8]. A comparison of both equations 
yields: 


191 


For reasons of simplicity we neglect here, and in the 
following, the subscript m for the mode order if only 
one mode is considered. Because this equation must 
hold in all planes z, it is satisfied in the mirror 
resonator planes zy and z). Further, by definition of 
the operators Ry and Ry: 


Uy. y.2p) = Ri U(x, 
U(x, ¥,20) = RU sx, 


{10} 
fea) 


zp) 


120) 


The combination of eqns [10] and [11] with eqn [9] 
yields the following expressions for the mirror 
operators: 


112] 


113) 


uations [12] and [13] imply that lossless modes are 
phase-conjugated on reflection at the resonator 
mirrors. Because we have not made any assumptions 
on the shape of the mode, these equations represent 
a general property of lossless resonator modes. 
Furthermore, they provide a general design rule for 
the construction of stable laser resonators with 
predefined fundamental mode shape. 

If one considers limiting apertures inside the 
resonator, an equivalent statement for lossy modes 
can be made by making assumptions about phase 
conjugation in a lossy system and showing that they 
ead to a contradiction, Without loss of generality, we 
assume an aperture on the outcoupling resonator 
mirror that clips the mode. We now consider the wave 
U_(x, y,z9) after reflection at this mirror and assume 
this wave is still phase-conjugated after propagation 
through the resonator during its reflection at the back 
resonator mirror according t 


Us, ¥.24) = UL y.20) 4] 


Ifnow the wave U(x, y.z,) is back propagated to the 
outcoupling mirror, we end up with the wave 
U,(x,¥,z) which must, because of the phase 
conjugation in z,, have the same amplitude as the 
wave U_(x, y, za) we started with. Asa result, because 
both waves are connected to each other via the 
reflection operator of the outcoupling mirror by 
eqn [11], Ry cannot influence the amplitude distri- 
bution which, however, is a contradiction to the 
assumption of a limiting aperture. Thus, we finally 


can state that lossy modes do not have the property to 
be phase conjugated during their reflection at both 
mirrors. As a consequence, the design of diffractive 
mirrors for unstable laser resonators, in general 
characterized by energy outcoupling via diffractive 
losses, is more complex than simply calculating a 


phase-conjugating mirror structure for stable laser 
resonators. 

Up to now, design methods described in the 
literature for unstable laser resonators with user- 
defined output beam shapes have all been based on an 
iterative calculation of the mirror reflection function. 
Because a detailed description of these methods is 
rather complex, we restrict ourselves to a sketch of 
the principal ideas behind them. 

Without loss of generality, we consider an unstable 
laser resonator from which the light is coupled out by 
a mirror with spatially varying transmission and 
reflection. The second mirror is fully reflective within 
its aperture. The particular application defines only 
few design constraints which are in most cases the 
light wavelength, the dimensions of the resonator, 
and the shape of the outcoupled beam Uo(x, 7,20). AS 
a consequence of the outcoupling principle, the shape 


of the mode inside the resonator is not finally defined 
by the outcoupled beam. In regions where the 
outcoupling mirror is reflective and not transmissive, 
the mode amplitude can be chosen freely. Also the 
amplitude of the mode in the plane of the back 
resonator mirror is not fixed but influenced by the 
amplitude and phase of the mode in the plane of the 
outcoupling mirror. 

The general starting situation for an unstable 
resonator design is sketched in Figure 2. The design 
procedure must yield the complex amplitudes of four 
waves: the mode directly in front of the outcoupling 
mirror U_(x, y,%9), the mode after reflection at the 
outcoupling mirror U,(x,y,z), and the complex 
amplitudes of the forward and reverse modes in the 
plane of the back resonator mirror U,.(x, y.z,) and 
U_(x, y,21), respectively. Since we assume no losses at 


xy 


‘Back resonator mirror uteoupling mirtor 


conditions: |U,(2,) = |U-(2,)] 


Design 
|Ul2)] = | U2] + | U2] 


Figure 2 Starting situation for design of an unstable diffractive 
laser resonator. 


Variants 


cup that spins around the stator. This is a com- 
mon design for small cooling fans, where the 
blades are attached to the outer circumference 
of a cup that is lined with permanent magnets. 
‘An example is shown in Figure 22-10. In this pic- 
ture, the stator coils are normally hidden from 
view, being fixed to the fan housing (shown at 
the top of the picture). Poweris controlled by the 
surface-mount components on the green circu- 
lar circuit board. The cup attached to the fan 
blades contains permanent magnets. 


Figure 22-10. A typical brushless DC caoling fan uses sta- 
tionary coils, with permanent magnets rotating around 
them. 


The use of a solid-state switching system to en- 
ergize the colls sequentially is knowns electron- 
‘iccommutation. Hall effect sensors may be used 
to detect the position of the rotor and feed this 
information backtothe frequency controlcircuit, 


electromagnetism > rotational > dc motor 
so that it stays “one step ahead” of the rotor 
(when bringing itup to speed) oris synchronized 
with the rotor (fora constant running speed). The 
system is comparable to a reluctance motor or 
synchronous motor. These variants are described 
in the AC motor section of this encyclopedia. 


While traditional DC motors have been commer- 
cially available since the late 1800s, brushless DC 
motors were not introduced until the 1960s, 
when the availability of solid-state control elec- 
tronics began to make the motor design eco- 
nomically viable. 


Linear Actuator 

Linear actuator is a generic term for any device 
that can exert a pushing or pulling force in a 
straight line. In industrial applications, actuators 
may be powered pneumatically or hydraulically, 
but smaller-scale units are usually driven by a 
traditional DC motor. These are more properly 
(but not often) referred to as electromechanical 
linear actuators. 


The rotational force of the motors typically con- 
verted to linear motion by using a threaded mo- 
tor shaft in conjunction with a nut or collar. The 
units often mounted in an enclosure containing 
limit switches that stop the motor automatically 
at the limits of travel. For an explanation of limit 
switches, see "Limit Switches" (page 46) in the 
switch entry in this encyclopedia, 


Values 

‘A manufacturer's datasheet should list the max- 
imum operating voltage and typical current con- 
sumption when a motor is moderately loaded, 
along with the stall current that a motor draws 
when itis so heavily loaded that it stops tuning. 
If stall current is not listed, it can be determined 
‘empirically by inserting an ammeter (or multi- 
meter set to measure amperes) in series with the 
motor and applying braking force until the mo- 
tor stops, Motors should generally be protected 
with slow-blowing fuses to allow for the power 
fluctuations that occur when the motor starts 
running or experiences a change in load 
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this mirror, the amplitudes must satisfy the condition: 


IU... y, 24)! = IU, 9. 2) Us} 
If we further assume no absorption at the outcoupling 
mirror, the amplitudes of the three waves in zy are 
related according to: 


U_(x, y, zo) + ol, ¥, 20)! = IU Ge,y 20)! 16) 


To design the resonator one starts with the choice of 
initial intensity distributions for the wavefields 
U_(x,y,29) and U,(x,y,z,). In order to obtain a 
good filling of the available mode volume, a 
homogeneous intensity across the mirror apertures 
is recommendable. To avoid strong diffraction effects 
at the mirror edges, the corresponding intensity 
distributions should be smoothed out. Together 
with the desired outcoupled beam amplitude 
[Uo(x, y.z0)! one can calculate the two remaining 
amplitudes for the wave fields U_(x,y.z,) and 
U, (x, y,z9) according to eqns [15] and [16]. 

An iterative algorithm, such as the well known 
Gerchberg—Saxton algorithm, can be used to find the 
phases of the beams U_(x, y,z0) and U, (x, y,o) that 
insure the wavefields have almost equal amplitudes 
once they are propagated or back-propagated, respect- 
, to the plane z;. In order to find wavefields that 
satisfy eqns [15] and [16], two successive iteration 
runs with different constraints on the complex 
amplitudes have to be performed. During the first 
iteration run no change in the initial amplitudes in 
plane zo are allowed. The iteration only look for 
phases for U_(x, y,Z9) and U, (x, ¥, 2p) which result in 
the amplitude IU,.(x, y. z,)l once they are propagated 
and back-propagated, respectively, to plane <,. 
Usually the results of a Gerchberg-Saxton algorithm, 
with such constraints, are wavefields U,-(x, y, <i) and 
U_(x,y,z) with similar but not equal amplitude. 
Thus, in order to determine wavefields that satisfy eqn 
[15], a second iteration run with the Gerchberg- 
Saxton algorithm has to be added in which slight 
variations in wavefield amplitudes also in plane zo are 
allowed. Because the application of the constraints to 
ensure convergence of the iteration is rather complex, 
we do not go into details here but refer the reader to the 
Further Reading at the end of this article. 

Upon completion of the iterations, the mirror 
reflectance operators R, and Ry are calculated 
according to: 


Use, 9.20) 
U& yz) 


R 


U7} 


— Utey.z0) 


U8} 


The design method described so far yields a math- 
ematical expression for the resonator mirror reflec- 
tion operator. Practical realization of the resonator 
requires this expression be converted into a descrip- 
tion of a physical property of the mirror. In most 
practical cases this is the surface profile. Since the 
design method considers only phase-only functions, 
the physical description of the reflection operators 


R, = expl—idy(x, y)] and 
19} 

Ry = expl—ida(. 9)1 

Using the so-called thin-element-approximation, the 

surface profiles hy(x,y) and ba(x,y) of the two 

mirrors follow directly from the phases ,(x,y) and 


gale. ye: 


A 
Fey and 


a 
Tq PO) 


20} 


with A being the laser wavelength. The expressions 
in eqn [20] contain a factor of 1/2 due to reflection. 
These surface profiles are commonly fabricated by 
microlithographic techniques. For stable laser reso- 
nators, where the mirrors perform a static phase 
conjugation, the mirror profile is a surface of equal 
phase of the fundamental mode. 


Use of General Resonator Modes 


Applications of diffractive laser resonators can be 
classified into beam shaping for a particular task 
external to the laser and resonator optimization via 
modifying the eigen-space of the round trip operator. 

Internal beam shaping for external tasks is relevant 
to applications where it is advantageous to use a fixed 
beam profile other than a Gaussian, as is the case for 
instance in materials processing. Shaping the beam 
internally, avoids the energy losses usually associated 
with external beam shaping techniques. However, 
lasers that have a nonGaussian outcoupled beam 
profile are often less flexible in their general 
applicability. 

However, there is considerable potential for dif- 
fractive laser resonators to enhance resonator charac- 
teristics and thereby improve the lasing operation 
itself. The conventional Gaussian-shaped fundamen- 
tal mode in customary laser resonators varies 
considerably in intensity from its central maximum 
to its outer wings. The transfer of energy from the 
pumped active medium into the propagating mode is 
dependent upon the local transverse intensity and is 
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optimal for homogeneous illumination, As a result, 
the efficiency with which energy is transferred into the 
fundamental mode can be increased by using diffrac- 
tive resonator mirrors to match the shape of the 
lateral fundamental mode to that of the cross-section 
of the active medium. 

An important resonator property, especially in high 
power laser systems, is the difference of round trip 
losses V between the fundamental mode and the 
higher, usually undesired, laser modes. This difference 
is referred to as modal discrimination. With no 
limiting apertures, the wavefronts of all Gauss— 
Hermite or Gauss—Laguerre modes of common laser 
resonators are phase conjugated upon reflection at the 
spherical mirrors. As we have shown above, there is a 
tight connection between the phase conjugation 
property of resonator modes and their property of 
having no round trip losses. Thus, the phase 
conjugation property of Gauss-Hermite and 
Gauss—Laguerre modes directly implies small round 
trip losses. In fact, in resonators without apertures 
they all have an eigenvalue y, = 1 and according to 
eqn [5] the round trip losses are zero, High-order 
modes, whose diameters are large, can be suppressed 
by decreasing the size of the mirror aperture, 
however, hecause the difference in mode diameter 
between modes of neighboring order m is small, the 
achievable discrimination is limited to a maximum 
ratio Vji/Vy = 10. The structured surface profile of 
the mirrors in a diffractive laser resonator whose 
fundamental mode is nonGaussian is tightly adapted 
to the phase of the design mode. The wavefront of the 
higher-order modes in these resonators often do not 
fit the mirror profile and it can be observed that their 
round trip losses are significantly higher. Thus, 
diffractive laser resonators usually show an improved 
modal discrimination compared to resonators with 
spherical mirrors. This effect can be further improved 
by inserting into the resonator additional phase plates 
with diffuser-like properties. 

Shaping the surface profile of resonator mirrors or 
insertion of additional phase plates significantly 
improves the flexibility for the resonator design. As 
is demonstrated by the examples below, there are 
resonator configurations in which high modal dis- 
crimination or adaptation of the mode volume to the 
cross-section of the active medium are combined with 
a Gaussian shape of the outcoupled beam. 

In the design procedure described so far, the 
resonators were treated as passive optical systems. 
The propagation of the mode through the 
tor has not been influenced by the active medium. 
However, in real laser systems, this simplification is 
often not applicable. Due to the pumping process 
and the connected heat insertion, the refractive 


index distribution inside the active medium is not 
homogeneous, which affects the propagation of the 
modes. Furthermore, changes or fluctuations in the 
pump energy and cooling mechanisms introduce 
temporal changes in the optical function associated 
with the refractive index of the active medium. 
Further, although static or averaged, optical power 
of the active medium are included in the round trip 
operator and calculation of the mirror profiles, 
experiments with lasers that have diffractive 
resonator mirrors indicate that the temporal 
fluctuations can strongly influence the shape and 
round trip losses of the fundamental resonator 
mode. In general, diffractive laser resonators are 
more sensitive to deviations from design than 
conventional resonators. 


Examples 


We consider as an example the adaptation of 
fundamental mode shape to the cross-section of the 
active medium, In solid state lasers, such as Nd:YAG 
lasers, the active medium is often a crystal rod with a 
ection. Instead of using this sharp- 
edged cross-section shape as intensity distribution for 
the desired fundamental mode, a smoothed version, 
which is approximated by a super-Gaussian intensity 
distribution in the center plane of the rod, is chosen to 
be the fundamental mode, The super-Gaussian 
intensity distribution has a more desirable propa- 
gation characteristic than a sharp circular one. 
However, even these modes do not exhibit the 
advantageous property of propagation-invariant 
beam shape characteristic of Gaussian beams, 

In our first example, we consider the design of a 
stable diffractive laser resonator with a super- 
Gaussian fundamental mode shape inside the active 
medium and a Gaussian beam coupled out from the 
resonator. The resonator configuration is based upon 
a beam shaping arrangement for a Gauss to super- 
Gauss beam transformation. Its optical setup is 
sketched in Figure 3. In the plane of the outcoupling 


Beam 
shaper 


Gaussian Outcoupling 
beam = mirror 


Active Super- Back 
medium Gauss mirror 


Figure 3 Setup for the Gauss-to-cuper-Gauss resonator. 
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mirror zp, the fundamental mode has a Gaussian 
amplitude U,(x,y,z9)- A phase element, which is 
located directly in front of the outcoupling mirror, 
shapes the mode amplitude into a super-Gaussian one 
Uyl.y,%,) in the center plane z,, of the active 
medium, For this special heam shaping problem it is 
possible to calculate a phase plate surface profile that 
transforms the beams without energy losses. The 
corresponding calculation procedure is described 
in the Further Reading section at the end of this 
artich 

‘The mirror profiles have to be realized to satisfy the 
previously derived phase conjugation property for the 
described beam. Since the Gaussian beam has its 
minimum waist at the outcoupling mirror, its phase is 
planar in that plane. Thus, to insure phase conju- 
gation a plane mirror is all that is required in front of 
the beam shaping phase plate. In the plane of the 
hack resonator mirror the beam has a modulated 
wavefront due to its transformation from a Gaussian 
to a super-Gaussian amplitude distribution. Thus, a 
surface modulated mirror profile is required to phase 
conjugate this beam during reflection. Figures 4a and b 
represent the phase profile of the beam shaping 
element and the hack resonator mirror, respectively, 
for the following set of parameters: laser wavelength 
A= 1064 nm, radius of the Gaussian and super- 
Gaussian beams in the plane za and z,,. respectively, 
w,=1mm and w= 1mm, order of the super- 
Gauss = 10, distance z_— z= 200mm, and 
resonator length z, — zy = 250 mm. The amplitude 
distribution for the fundamental mode in this 
resonator simulated with the Fox-Li-algorithm is 
shown in Figure 4c for the plane of the ontcoupling 
mirror and in Figure 4d for the center of the active 


‘ 
d 


medium. 


In our second example, the flexibility of diffractive 
laser resonators is demonstrated by a resonator with 
a user-defined far-field intensity distribution, In our 
case the far-field intensity |Uj(x.y./)I" is shaped like 
the Greek letter lambda, A. Because we are con- 
cerned only with the intensity of the wavefield, the 
phase dy(x,¥,2/) of the farield Uj(x,y.2/) can be 
chosen freely. As shown in the following, this 
phase freedom can be used to improve the inter- 
action of the mode with the active medium, as was 
the case in our first design example. Again, the mode 
shape in the center of the active medium has a super- 
Gaussian intensity distribution, which insures high 
extraction efficiency. We used an iterative Fourier- 
transform algorithm to calculate a far-field phase 
that yields a nearly super-Gaussian intensity distri- 
bution in the outcoupling plane of the resonator. 
The resulting wave: 


Upl2s. ys 20) = dol 94 <0) expligglx. y4z0)] 21] 
is generated directly as the laser output. The 
amplitude ao(x,¥, Zp) is generated as a mode inside 
the cavity using a surface-modulated back resonator 
mirror. This performs a static phase conjugation of 
the desired mode in the mirror plane. The phase 
go(x,¥.%0) is provided by an additional element on 
the outside of the outcoupling mirror. A sketch of the 
resonator configuration is shown in Figure 

For the experimental realization of this example 
the thermal index gradient of the active medium was 
included into the resonator design and the two 
diffractive elements were fabricated on a quartz 
substrate using electron beam lithography and ion- 
beam etching. The measured mode shape in the 
plane of the outcoupling mirror and the farfield 


ae 
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Figure 4 Gauss-to-super-Gauss resonator: (a) phase of beam shaping element; (b) phase of back resonator mitror, simulated 
amplitude distributions fr the fundamental resonator made; () inthe plane of the outcoupling mirror; and (d) in the center ofthe active 


medium. 
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Figure 6 Configuration for resonator intemal generation of a user defined far-field intensity distrbution. (With permission from 


Zelinar UD, Wyrawski F and Zellmer H (2000) External design frea¢ 
‘Journal of Quantum Electronics 96: 1105-1109. © 2001 IEEE.) 
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Figure 6 Measured mode intensities for the resonator of Figure 5. 
the resonator. (With permission from Zeliner UD, Wyrowsk! F an 
resonator originated beam shaping. JEEE Journal of Quantum Elect 


intensity distribution are shown in Figures 6a and b, 
respectively. The mode in the outcoupling plane of the 
resonator fils an area of about 2 mm diameter with 
nearly homogeneous intensity. The far-field shows the 
desired A-shaped intensity distribution. The vari- 
ations in intensity are due to the nonlinear response 
of the active medium, As mentioned above, the 
response can be improved if these effects are included 
in the design of the resonator mirrors. 


Conclusion 


Diffractive laser resonators are a generalization of 
common spherical mirror resonators. The use of 
arbitrary resonator mirror profiles and additional 
internal phase plates offer a huge flexibility for the 
generation of user defined mode shapes and optim- 
ization of resonator properties like extraction eff 
ciency and modal discrimination, The drawback of 
the use of structured mirrors is an increased adjust- 
ment effort, because the diffractive mirrors have more 
degrees of freedom to be aligned. Furthermore, 


dom for optimization of resonator originated beam shaping, EEE 


Oo) Ah 


(a) Inthe plane of the outcouping miror; and (b) inthe far-field of, 
1d Zolimer H (2000) External design freedom for optimization of 
tronics 36: 1105~1109. © 2000 IEEE.) 


diffractive resonators tend to be more sensitive 
against changes of the optical properti 
medium than spherical mirror resonators. Such 
changes may occur due to temporal fluctuations in 
pump power or cooling power. 

Most promising applications for diffractive reso- 
nators are: 


of the active 


@ lasers for materials processing which require a 
fixed intensity pattern for the sample treatment and 
a fixed laser power; 

«high efficient homog 
example, for data projection or sensing appli- 
cations; and 

© suppression of higher order modes and maintain- 
ing single-mode operation for high brightness 
lasers 


eneous laser illumination, for 


Some example applications and solutions have 
been presented here which cannot be achieved by 
conventional resonator optics. For stable laser 
resonators, the phase-conjugation property of the 
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modes is used for a straightforward calculation of the 
required diffractive mirror profiles. Unstable resona- 
tor geometries with diffractive outcoupling require 
more complex iterative design procedures. However, 
especially for high-power and high-gain lasers, 
the latter sometimes have more advantageous 
properties, such as hetter discrimination of undesired 
higher-order modes and more simple mirror cooling 
options. 


See also 


Lasers: Carbon Dioxide Lasers. Phase Control: Phase 
Conjugation and Image Correction, 
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Introduction 


Structural coloration involves the selective reflectance 
of incident light by the physical nature of a structure. 
Although the color effects often appear considerably 
brighter than those of pigments, structural colors 
often result from completely transparent materials, In 
addition, animal structures can be designed to 
provide the opposite effect to a light display: they 
can be antireflectors, causing ‘all of the incident light 
to penetrate a surface (like glass windows, smooth 
surfaces cause some degree of reflection). 

The study of natural structural colors began in 
the seventeenth century, when Hooke and Newton 
correctly explained the structural colors of silver- 
fish (Insecta) and peacock feathers (Figure 1), 
respectively. Nevertheless, accurate, detailed studies 
of the mechanisms of structural colors did not 
begin until the introduction of the electron 
microscope in 194: 
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Structural colors generally may he formed by one 
of three mechanisms: thin-film reflectors, diffraction 
gratings, or structures causing scattering of light 
waves. This is a simplistic characterization resulting 
from the application of geometric optics to the 
reflective elements. Some structures, however, rather 
fall between the above categories, such as photonic 
crystals (Figure 2) — these become apparent when 
quantum optics is considered. In some cases, this has 
led to confusion over the reflector type. For example, 
the reflectors in some scarab beetles have been 
categorized by different authors as multilayer reflec- 
tors, three-dimensional diffraction gratings, photonic 
crystals, and liquid crystal displays. Perhaps all are 
correct! Since the above categories are academic, 
I place individual cases of structural colors in 
their most appropriate, not unequivocal, category. 
Also, in this article I will employ geometric optical 
treatments only. 

The array of structural colors found in animals 
today results from millions of years of evolution. 
Structures that produce metallic colors have also heen 
identified in extinct animals. Confirmation of this 
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Figure 1 Newton's subject 


fact, from ultrastructural examination of exception- 
ally well-preserved fossils, such as those from the 
Burgess Shale (Middle Cambrian, British Columbia), 
$15 million years old, permits the study of the role of 
light in ecosystems throughout geological time, and 
consequently its role in evolution. In some cases, such 
as for ostracod crustaceans, diffraction gratings have 
heen found to increase in their optical sophistication 
throughout 350 million years of evolution. 


Multilayer Reflectors 


Light may be strongly reflected by constructive 
interference between reflections from the different 
interfaces of a stack of thin films (of actual thickness 
d) of alternately high and low refractive index (n), For 
this to occur, reflections from successive interfaces 
must emerge with the same phase and this is achieved 
when the so-called ‘Bragg Condition’ is fulfilled. The 
optical path difference between the light reflected 
from successive interfaces is an integral number of 
wavelengths and is expressed in the equation: 


2nd cos © = (m+ 1/2)A a 


from which it can be seen that the effect varies with 
angle of incidence (@, measured to the surface 
normal), wavelength (A), and the optical thickness 
of the layers (rd). There is a phase change of half a 
wavelength in waves reflected from every low to 
high refractive index interface only. The optimal 
narrowband reflection condition is therefore 
achieved where the optical thickness (nd) of every 
layer in the stack is a quarter of a wavelength. In a 
multilayer consisting of a large number of layers 
with a small variation of index the process is more 


selective than one with a smaller number of layers 
with a large difference of index. The former 
therefore gives rise to more saturated colors 
corresponding to a narrow spectral bandwidth and 
these colors therefore vary more with a change of 
angle of incidence. Both conditions can be found in 
animals — different colored effects are appropriate 
for different functions under different conditions. 
For an oblique angle of incidence, the wavelength 
of light that interferes constructively will be shorter 
than that for light at normal incidence. Therefore, 
as the angle of the incident light changes, the 
observed color also changes (Figure 3). 

Single layer reflectors are found in nature, where 
light is reflected, and interferes, from the upper and 
lower boundaries (Figure 4). A difference in the 
thickness of the layer provides a change in the color 
observed from unidirectional polychromatic light. 
The wings of some houseflies act as a single thin film 
and appear different colors as a result of this 
phenomenon. A single quarter-wavelength film of 
guanine in cytoplasm, for example, reflects about 8% 
of the incident light. However, in a multilayer 
reflector with ten or more high index layers, reflection 
efficiencies can reach 100%. Thus, animals possessing 
such reflectors may appear highly metallic. 

The reflectance of the multilayer system increases 
very rapidly with increasing number of layers. If the 
dimensions of the system deviate from the quarter- 
wave condition (ie., sd is not equal for all layers), 
then the reflector is known as ‘nonideal’ in a 


theoretical 
situations). ‘Nonideal’ reflectors have a reduced 
proportional reflectance (not always a significant 


reduction) for a given number of layers and this 


ense (may be ‘ideal’ for some natural 
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Figure 2 Scanning electron micrograph ofa cross-section ofthe 
wall of a cylindrical spine of the sea mouse Aphrodita sp 
(Polychaeta). The wallis composed of small cylinders with varying 
intemal diameters (increasing with depth in the stack), arranged 
ina hexagonal array, that form a photonic crystal fiber. The opal- 
type photonic crystal ~ hexagonally packed nano-spheres 
(250 nm diameter) ~ are also found in animals (0.9. weevils. 
‘Scale bar represents 8 um 


reflectance has a narrower bandwidth. A narrow 
bandwidth, less conspicuous reflection is sometimes 
selected for in animals, this will be discussed later in 
this article. Multilayer reflectors polarize light inci- 
dent at Brewster’s angles. This is about 54° for 
a quarter-wave stack of guanine and cytoplasm. 
At very oblique angles, all wavelengths are strongly 
reflected. 


Maltilayer reflectors are common in animals. They 
are usually extra-cellular, produced by periodic 
secretion and deposition, but sometimes occur within 
cells, Guanine (71 = 1.83) is a common component in 
invertebrate reflectors because it is one of very few 
biological materials with a high refractive index and 
is readily available to most invertebrates as a 
nitrogenous metabolite. However, arthropods, 
including insects, crustaceans, and spiders, have 
largely ignored guanine in favor of pteridines. Also 
surprising is that the reflector material of closely 
related species, e.g., the molluscs Pecten (scallop) and 
Cardium (cockle), may differ. 

Maltilayers produce effects in beetle cuticle from 
highly metallic colors (‘ideal’ system) to rather dull 
greens (‘nonideal’ system in combination with scat- 
tering; Figure 5), and colors from the wings of many 
butterflies. Often in butterflies, layers of chitin 
(1 = about 1.56) are supported by vertical vanes of 
the scales. Air (m= 1.0) fills in the spaces and 
provides the alternate layers of the system. Under 
white light at normal incidence, the blue color of the 
butterfly Arhopala micale turns to green when the air 
is replaced by acetone. This is due to an increase in the 
refractive index of the low 7m layer (the actual 
thickness of this layer remains the same but the 
optical thickness increases) that effectively makes the 
system less ‘ideal’. If the refractive indices of both 
layers were made equal, there would be no internal 
interference. A layer of melanin often underlies the 
reflector and intensifies the metallic colored effect by 
absorbing the transmitted portion of incident light. 
For example, in beetles, the elytra of Anopognathus 
parvulus appears metallic gold, green, or yellow in 
reflected light, and diffuse brown in transmitted light. 
Individual butterfly scales have been examined in 
detail to reveal a number of variations of quarter- 
wave stacks, sometimes in combination with other 
optical structures, to provide a range of colored 
effects. 

The crustaceans Limnadia (Conchostraca), Tanais 
tennicornis (Tanaidacea), Ovalipes molleri (Deca- 
poda), and the males of Sapphirina (Copepoda) all 
bear multilayer reflectors in their cuticles, in different 
forms (Figure 6). In contrast to the usual continuous 
thin layers, male sapphirinids have ten to fourteen 
layers of interconnecting hexagonal platelets within 
the epidermal cells of the dorsal integument. The 
reflector of O. molleri comprises layers that are 
corrugated and also slightly out of phase (Figure 7). 
Atclose to normal incidence this structure reflects red 
light, but at an angle of about 45° blue light is 
reflected. The corrugation, however, functions to 
broaden the reflectance band, at the expense of 
reducing the intensity of reflection. 
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Figure 3 Buttery (Parthenos sylvia (Nymphalidae) from Malaysia), showing the change in color with angle of wings. This animal may 


have evolved a temporal signal rather than a static one. 


A broadband wavelength-independent reflectance, 
appearing silver or mirror-like to the human eye, can 
be achieved in a multilayer stack in at least three ways 
in invertebrates (Figure 8). These are (a) a composite 
of regular multilayer stacks each tuned to a specific 
wavelength, (b) a stack with systematically changing 
optical thicknesses with depth in the structure, 
termed a ‘chirped’ stack, and (c) a disordered 
arrangement of layer thicknesses about a mean 
value, termed a ‘chaotic’ stack (Figure 8) 
The nauplius eye of the copepod Macrocyclops 
(Crustacea) has regularly arranged platelets 
~100nm thick in stacks of 20-60, achieving the 
first condition. Silver beetles and the silver and gold 
chrysalis of butterflies in the genera Enoplea and 


Amauris, owe their reflection to the second condition. 
The mirror-like reflectors in the scallop Pecten eye 
comprise alternating layers of cytoplasm (1 = 1,34) 
and guanine crystals (= 1.83) and approximate an 
‘ideal’ quarter-wave system in the same manner as 
within fish skin using the third mechanism, The 
ommatidia of the superposition compound eyes of 
Astacus (Crustacea) are lined with a multilayer of 
isoxanthopterin (a pteridine) crystals, which again 
fall into the third category. Multilayer reflectors can 
also be found in the eyes of certain spiders, butterflies, 
and possibly flies, where they assist vision, as 
discussed further below. 

Squid and cuttlefish, for example, possess mirror 
like reflectors in photophores (light organs) and 
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Reflected waves 
(in phase) 


Incident waves 
(in phase) 


Actual 
thickness of 


‘Tansmitted waves 


Figure 4 Schematic diagram of thin-film reflection. The 
direction of wave (straight ine) and profile of electric (or magnetic) 
‘component af illustrated. Incident waves aro indicated by a solid 
line, reflected waves by broken lines. Refraction occurs at each 
‘media interface. The refractive index ofthe film (n) is greater than 
the refractive index of the surrounding medium (). Constructive 
interference of the reflected waves is occurring. AS the angle of 
incidence changes, diferent wavelengths constructively interfere. 
‘At normal incidence constructive interference occurs where 
nx = NA, 


iridophores. Iridophores are cells that, in this case, 
contain groups (iridosomes) of flexible layers of thin 
lamellae with cytoplasm between, forming a quarter- 
wave stack. The platelets of both squids and octopods 
develop from the rough endoplasmic reticulum and 
are separated by extracellular space. Euphausiid 
crustaceans possess photophores with very elaborate 
mirror-like reflectors. Up to 60 dense layers, about 
70 nm thick and 75-125 nm apart, are formed from 
the aggregation of granules (probably a type of chitin) 
and surround the main photogenic mass. An intricate 
ring consisting of very flattened cells, forming the 
dense layers of a multilayer reflector (about 175 nm 
thick, separated by 90 nm) surrounds the lens of the 
photophore and reflects blue light at acute angles 
of incidene 

Dead invertebrates may not display their original 
colors. Following death, one (or both) of the layers in 
a multilayer reflector may become gradually reduce 
For example, water may be lost from the system. This 
occurs in beetles of the genus Coptocycla; their brassy 
yellow color quickly changes through green, blue, 
and violet until the brown of melanin is finally 
observed. The color progression may subsequently be 


‘White incident 
beam 


Green reflected beams. 


Figure § Generalized diagram of a multilayer reflector in the 
‘cuticle of the green beetle Calloodes grayanus (high refractive 
index materia is shown shaded). Outer layer causes scattering 


reversed by water uptake. This is an important 
consideration when examining fossils for multilayer 
reflectors. Multilayer reflectors have been identified in 
the shells of some ammonites, preserved as fossils. 


Diffraction Gratings 


When light interacts with a periodic surface consist- 
ing for example of a series of parallel grooves, it may 
be deviated from the direction of simple transmission 
or reflection. For this to happen, light which is 
scattered or diffracted from successive grooves should 
be out of phase by integral values of 27. This occurs 
when, for a given direction of propagation, the 
optical path difference via successive grooves is MA, 
where M is an integer known as the circle number. 
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Figure 6 Bivaive shell with outer pigment removed to reveal an incidental multlayer reflector. Layers evolved to provide strength and 


prevent crack propagation, 


External surface 


Figure 7 Transmission elactron micrograph of a multlayer 
reflector in the euticla of a swimming paddle of the crab Ovalipes 
‘moller (Crustacea: Decapoda). Layers of reflector are slightly 
sinuous and out of phase; note the unusual side branches of each 
high refractive index (dark) layer, which provide suppor for these 
solid layers within aliquid matrix. Scale bar represents 5 wm. 


This may be expressed by the grating equation: 


2d(sin a — sin B) = MA 21 


@ © © 
Figure 8 Throo ways of achieving a broadband, wavelongth- 
independent rfiecior in a multlayer stack (high relractve index 
matofilis shown shaded). (a) Three quarter-wave stacks, each 
tunedto a ciferent wavelength. (b) ‘chirped’ stack (c)A‘chaotic’ 
stack 


where a and fare angles of incidence and diffraction, 
and d is the period. 

As with multilayers, the effect gives rise to 
coloration hecause different wavelengths are dif- 
fracted into different directions. Although the effect 
changes with angle of incidence, it is less critical than 
it is with thin films and the visual appearance is 
different, For a parallel heam of white light incident 
upon a multilayer, one wavelength will be reflected as 
determined by the Bragg Condition. The same beam 


1> rotational > de motor 
In addition, the torque that a motor can deliver 
should be specified. in the United States, torque 
is often expressed in pound-feet (or ounce- 
inches for smaller motors). Torque can be visual- 
ized by imagining anarm pivoted atoneend with 
a weight hung on the other end, The torque ex- 
erted at the pivot is found by multiplying the 
weight by the length of the arm. 


In the metric system, torque can be expressed as 
gram-centimeters, Newton-meters, or dyne- 
meters. A Newton is 100,000 dynes, A dyneis de- 
fined as the force required to accelerate a mass 
of 1 gram, increasing its velocity by 1 centimeter 
per second each second. 1 Newton-meter is 
equivalent to approximately 0.738 pound-feet. 


The speed of a traditional DC motor can be ad- 
justed by varying the voltage to it: However, ifthe 
voltage drops below 50% of the rated value, the 
motor may simply stop. 


The power delivered by a motor is defined as its 
speed multiplied by its torque at that speed. The 
greatest power will be delivered when the motor 
is running at half its unloaded speed while deliv- 
ering half the stall torque. However, running a 
motor under these conditions will usually create 
unacceptable amounts of heat, and will shorten 
its life, 


Small DC motors should be run at 70% to 90% of 
their unloaded speed, and at 10% to 30% of the 
stall torque. This is also the range at which the 
motor is most efficient. 


Ideally, DC motors that are used with reduction 
gearing should be driven with less than their rat- 
ed voltage. This will prolong the life ofthe motor. 


When choosing a motor, itis also important to 
consider the axia! loading (the weight or force 
that will beimposed along theaxis orshaft of the 
motor) and radial loading (the weight or force 
that will be imposed perpendicularly to the axis). 
Maximum values should be found in motor da- 
tasheets. 


How to Use it 


In the hobby field, motors for model aircraft are 
typically rated in watts-per-pound of motor 
weight (abbreviated w/Ib). Values range from 50 
to 250 w/lb, with higher values enabling better 
performance, 


Relationships between torque, speed, voltage, 
and amperage in a traditional DC motor can be 
described easily, assuming a hypothetical motor 
that is 100% efficient: 


If the amperage is constant, the torque will also 
be constant, regardless of the motor speed. 


Ifthe load applied to the motorremains constant 
(thus forcing the motor to apply a constant tor- 
que), the speed of the motor will be determined 
by the voltage applied to it. 


Ifthe voltage to the motor remains constant, the 
torque will be inversely proportional with the 
speed. 


How to Use it 


A traditional DC motor has the advantages of 
cheapness and simplicity, but is only suitable for 
intermittent use, as its brushes and commutator 
willtend tolimitits lifetime. Its running speed will 
be approximate, making it unsuitable for precise 
applications, 


Asthe cost of control electronics has diminished, 
brushless DC motors have replaced traditional 
DC motors. Their longevity and controllability 
provide obvious advantages in applications such 
as hard disk drives, variable-speed computer 
fans, CD players, and some workshop tools. Their 
wide variety of available sizes, and good power- 
to-weight ratio, have encouraged their adoption 
in toys and small vehicles, ranging from remote- 
controlled model cars, airplanes, and helicopters 
to personal transportation devices such as the 
Segway. They are also used in direct-drive audio 
turntables. 


Where an application requires the rotation of a 
motor shaft to be converted to linear motion, a 
prepackaged linear actuator is usually more reli- 
able and simpler than building a crank and 
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Figure 9 Reflection-ype difraction grating (w= periodicity, 
‘m= order of reflected beam). For white light of fixed angle of 
incidence (0), the color observed is dependent on the point of 
observation (e.g. violet light can be seen at point x, red at pointy, 
Within the frst order spectrum), 


incident upon a grating will be dispersed into spectra 
(c.g., Figure 9). The complete spectrum reflected 
nearest to the perpendicular (grating normal) is the 
first order. The first-order spectrum is reflected over a 
smaller angle than the second-order spectrum, and 
the colors are more saturated and appear brighter 
within the former, Diffraction gratings have polariz- 
ing properties, but this is strongly dependent on the 
grating profile 

Diffraction gratings were believed to be extremely 
rare in nature, but have recently been revealed to be 
common among invertebrates. They are particularly 
common on the seate or setules (hairs) of Crustacea, 
such as on certain first antennal setules of male 
Myodocopina ostracods or ‘seed shrimps’ (Crustacea) 
(Figure 10). Here, the grating is formed by the 
external surface of juxtaposed rings with walls 
Circular in cross-section (Figure 11). The width of 
the rings, and consequently the periodicity of the 
grating, is about 700 nm in Azygocypridina lowr 
Different colors are viewed with varying angles of 
observation under a fixed light source. The ostracod 
Euphilomedes éarcharodonta, for example, addition- 
ally houses a diffraction grating on the rostrum, a 
continuous flattened area of the carapace that is 
corrugated to form periodic ridges. The dark brown 
beetle Serica sericea, bears gratings on its elytra 
with 800 nm periodicity, which causes a brilliant 
iridescence in sunlight. 

Many polychaetes possess gratings on their setae 
(hairs). For example, the opheliid Lobochesis long- 
iseta bear gratings with periodicities in the order of 
500 nm (Figure 12), appearing iridescent. The wings 
of the neurochaetid fly Neurotexis primula bear 
diffraction gratings only on their dorsal surfaces, 
and the iridescent effect remains after the insect is 
gold coated for electron microscopy. These gratings 
cause iridescence with a higher reflectance than the 


Figure 10 Diffraction gratings on the halophores (hairs) on 
the first antenna of the seed shrimp Azygocyprdina lowe! 
(Ostracoda). 


Figure 11 Scanning electron micrograph of ditraction grating 
fn a halophore (setule) of Azygocypridina lowryi (Ostracoda). 
Scale bar represents 2 um. 


iridescence of the membranous wings of other insects, 
which reflect light by interference. Iridescence caused 
by interference disappears after gold coating because 
transmission of light through the outer surface 
is prevented. 

Very closely spaced, fine setules may also form the 
ridges of a diffraction grating. Cylindroleberidid 
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Figure 12 Scanning electron micragraph of lfraction gratings 
‘on a hair of Lobochesis Jongiseta (Polychaeta). Scale bar 
represents 10 um. 


Figure 13 Scanning electron micrograph of Tetraleberis brovis 
(Ostracoda), hairs of comb of maxila; setules (orientated 
Vertically) form the ridges of a grating. Scale bar represents 2 ym 


ostracods (seed-shrimps) possess a comb on their 
maxilla bearing numerous setules on each seta (hair), 
collectively forming a grating with a periodicity of 
about 500 nm (Figure 13). 

The ‘helicoidal’ arrangement of the microfibrils 
comprising the onter 5-20 um of the cuticle (exo- 
cuticle) of certain scarabeid beetles, such as Plusiotis 
resplendens, also gives rise to metallic colors. Here, 
the fibrils are arranged in layers, with the fibril axis in 
each layer arranged at a small angle to the one above, 
so that after a number of layers the fibrillar axis 
comes to lie parallel to the first layer. Thus, going 
vertically down through the cuticle, two correspond- 
ing grating layers will be encountered with every 360° 
rotation of the fibrils — the ‘pitch’ of the system. 
Polarized light encounters an optically reinforcing 
plane every half turn of the helix. The system can be 


treated as a three-dimensional diffraction grating, 
with a peak reflectance at A= 2nd, where d is the 
separation of analogous planes, or half the pitch of 
the helix. The diffracted light resembles that from a 
linear grating except for the polarization; the three- 
dimensional grating reflects light that is circularly or 
clliptically polarized. It should be noted that the 
diffracted color does not depend on the total film 
thickness as it does in interference, but on the layer 
repeat distance within the film as in the diffraction 
grating (analogous to ‘liquid crystals’). 

When each groove of a grating is so formed that it 
independently, by means of geometrical optics, 
redirects the light in the direction of a chosen 
diffracted order, it is known as a blazed grating. In 
a blazed reflection grating, each groove consists of a 
small mirror (or prism) inclined at an appropriate 
angle (i.e. the grating has a ‘saw-tooth’ profile). 
Blazed gratings have been identified on the wing 
scales of the moth Plusia argentifera (Plusinae}, 

When the periodicity of a grating reduces much 
below the wavelength of light, it becomes a zero- 
order grating and its effect on light waves change 
This difference in optical effect occurs because when 
the periodicity of the grating is below the wavelength 
of light the freely propagating diffracted orders are 
suppressed and only the zero-order is reflected when 
the illumination is normal to the plane of the grating. 
To describe accurately the optical properties of a 
zero-order grating, rigorous electromagnetic theory is 
required. In contrast to gratings with freely propagat- 
ing orders, zero-order structures can generate satu- 
rated colors even in diffuse illumination. Such 
structures occur on the setae (hairs) of the first 
antenna of some isopod crustaceans, such as the giant 
species of Bathynomus. Here, there are diffracted 
orders and the spectral content of the light within the 
grating is controlled by the groove profile. In an 
optical system that only accepts the zero-order, 
what is seen is white light minus that diffracted into 
the * 1 orders. 

A zero-order grating can cause total transmission 
(ie., there is no reflection). Such antireflective 
structures are found on the corneal surfaces of each 
ommatidium (visual unit) in the eye of Zalea minor 
(Diptera) (Figure 14). The periodicity of the corneal 
gratings of this fly is 242nm, Another form of 
antireflection grating is formed on the transparent 
wings of the hawkmoth Cephonodes hylas on the 
corneal surface of each visual unit (ommatidium) of 
the eyes of moths and butterflies (Figure 15). Here, 
optical-impedance matching is achieved by means of 
a hexagonal array of tapered cylindrical protuber- 
ances, each of about 250 nm diameter, thus forming 
a ‘tri-grating’ with grooves transecting at 120°. 
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Figure 14 Scanning electron micrograph of the compound eye of Zalea minor (Diptera). The comeal surface at the junction ot 
‘wo ommatida is shown with antireflection gratings (positioned on sloping regions, Le., at high angles to the normal of the eye) phasing 


into moth-eye-type protuberances. Scale bar represents 2 wm. 
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Figure 15 Trigrating (antrelector) an the comeal surface of a 
butterly eye. Scale bar represents 2 um. 


The protuberances provide a graded transition of 
refractive index between the air and the cornea/wing. 
Hence the refractive index at any depth is the average 
of that of air and the corneal/wing material. 

The grooves of a grating may also create parallel 
rows in two directions, forming a bi-grating. 


Figure 16 Bi-grating on the callynophores (haits) of the 
‘amphipod crustacean Waldeckia australiansis. Scale bar rop- 
resents 2 um, 


Bi-gratings can be found in some crustaceans and 
flies. In the amphipod crustacean Waldeckia 
australiensis, two effectively superimposed gratings 
subtend angles of about 60/120° (Figure 16). 
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Figure 17 Light micrograph of the surface of a hair of Canadia 
spinosa (Middle Cambrian, 51 milion years old, British 
Columbia), isolated by acid maceration of the rock matrix, 
showing gratings running longitudinally. Periodicity 0.9 um. 


In terms of fossil colors, diffraction gratings are 
responsible for the nacreous luster of brachiopod 
shells, such as those from the Devonian, around 360 
million years old. Here, tabular aragonite platelets 
averaging 600 nm in thickness, each comprising a 
linear diffraction grating, form layers and conse- 
quently a three-dimensional diffraction grating. 
Antireflective, zero-order gratings have been identi- 
fied on the eye of an Eocene fly, 45 million years old, 
preserved in Baltic amber. Linear diffraction gratings 
causing color have been discovered on the sclerites of 
Wiwaxia corrugata from the Burgess Shale (Middle 
Cambrian, 515 million years old) (Figure 17). This 
finding has led to the ‘light switch theory’, in that the 
evolution of the first eye caused the big bang in 
animal evolution, 


Scattering (Incoherent Reflectors) 


Simple, equal scattering of all spectral wavelengths 
results in the observation of a diffuse white effect. 
This commonly arises from the effects of a nonper- 
indie arrangement of colloidally dispersed matter 
where the different materials involved have different 
refractive indices (Figure 18), or from solid colorless 
materials in relatively concentrated, thick layers. In 
the colloidal system, the particles are larger than the 
wavelength of light and can be thought of as mirrors 
oriented in all directions. The reflection is polarized 
unless the incident light is at normal incidence on the 
system and, in the colloidal system, spherical or 
randomly arranged particles are involved. 

The colloidal system involves either a gas-in-solid, 
gas-in-liquid, liquid-in-liquid (emulsions), or solid-in- 
liquid. For example, the gas-in-liquid system is partly 
responsible for the white body and/or tentacles of 
certain anemones. Light is reflected and refracted at 
the surfaces of the particles of matter or spaces (with 
dimensions >1 um), regardless of the color of the 
materials involved (except opaque brown and black 
compounds, such as melanin). In insects, the 
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Figure 18 Scatlering of white light by small particles 
(represented by black circles). The reflected light is randomly 
directed at diferent angles 


Figure 19 Scanning electron micrograph of a section ofa white 
reflecting patch on the abdomen of the fly Amenia sp, showing 
closely packed, randomly arranged hairs that scatter incident light 
in all directions (Figure 11). Scale bar represents 20 um. 


materials involved have low 
transparencies. 

An unordered (as opposed to periodic) group of 
closely spaced setae (hairs), such as those in patches 
on the fly Amenia sp., may form a white reflection via 
random scattering or reflection (Figure 19). However, 
if the arrangement becomes periodic to some degree, 
a diffraction grating may be formed, such as the 
grating of Tetraleberis brevis (Ostracoda) (Figure 13). 

From some scales of butterfly wings, light is 
scattered uniformly and completely in all directions, 
due to the chaotic disposition of the surfaces, Matt or 
pearly whites may be observed depending on the 
complexity of the arrangement of the structures, 
which affects the relative degree of scattering. The 
structures may be so small that the molecular 
topography of the surface has an effect. The 
chromatic effects of the butterfly scales are greatly 
intensified if a dark, absorbing pigment screen lies 
beneath. This screen prevents reflection of white or 


typically very 
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colored light from the background that would dilute 
or alter the color. Additionally, ifa dark pigment such 
as melanin is interspersed with the scattering 
clements, the reflection will appear a shade of gray 
or brown. The cells of the reflector in the photophore 
of a beetle (‘fre-fly’) are packed with sphaerocrystals 
of urate that cause a diffuse reflection (Figure 20). 

Reflection and refraction that occur at the inter- 
faces of strata with different refractive indices may 
result in the display of white light. The degree of 
whiteness depends upon the difference in refractive 
indices. This mechanism is evident in the shells of 
many lamellibranch molluscs. Between the outer, 
often pigmented layer and the mantle, is a thick 
middle layer of crystalline calcium carbonate. The 
inner surface of this (nacreous) layer is lined with 
multiple laminations of the same salt. In most species 
these laminations are sufficiently thick (>1 1m) to 
render the inner lining white, although in some 
species they become thin so as to form a multilayer 
reflector. Calcium carbonate similarly produces 
whiteness in Foraminifera and in calcareous sponges, 
corals, echinoderms, and crustacean cuticles. Also, in 
the class of white solids is silica in diatom tests and 
skeletons of hexactinellid sponges. 

Other forms of scattering also exist and result in a 
blue colored effect (red when the system is viewed in 
transmission). Tyndall or Mie scattering occurs in a 
colloidal system where the particle size approximates 
the wavelength of light. Here, diffraction is import- 
ant, Rayleigh scattering occurs in molecules in a two- 
photon process by which a photon is absorbed and 


Reflector 


raises the molecule to an excited electronic state from 
which it re-radiates a photon when it returns to the 
ground state. Diffraction is not involved here. 

‘Tyndall scattered light is polarized under obliquely 
incident light. The intensity of the resultant blue is 
increased when it is viewed against a dark back- 
ground, such as melanin, The relative sizes of 
particles determine the shade of blue. If the particles 
responsible for the scattering coalesce to form 
particles with a diameter greater than about 1 um, 
then white light is observed (see above). A gradation 
from blue to white scattering (‘small’ to ‘large’ 
particles) occurs on the wings of the dragonfly 
Libelhula pulchella. 

Scattered blues can also be found in other 
dragonflies. In the aeschnids and agrionids, the 
epidermal cells contain minute colorless granules 
and a dark base. The males of libellulids and 
agrionids produce a waxy secretion that scatters 
light similarly over their dark cuticle. The green of the 
female Aeschna cyanea is the combined result of 
‘Tyndall scattering and a yellow pigment, both within 
the epidermal cells (degradation of the yellow 
pigment turns the dead dragonfly blue). 

Scattered blues are also observed from the skin of 
the cephalopod Octopus bimaculatus, where a pair of 
ocelli are surrounded by a broad blue ring. Blue light 
is scattered from this region asa result of fine granules 
of purine material within cells positioned above 
melanophore cells. The color and conspicuousness 
of the ring are controlled by the regulation of the 
melanophores, by varying the distribution of melanin 


© 


Figure 20 Sections of photophores (bioluminescent organs), external surface of animals on the right. (a) The ‘fre-y’ beetle 
Pyropharus sp., abdominal photophore of male ~ reflector is based on a soattering system. (b) The shrimp Sergastes prehenslis, 
showing lens layers and absorptive pigment ~ reflecar is based on a multilayer type. 
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and consequently the density of the absorbing screen. 
The squid Onychia caribbaea can produce rapidly 
changing blue colors similarly. The bright blue 
patterns produced by some nudibranch molluscs 
result from reflecting cells containing small vesicular 
bodies, each composed of particles about 10 nm in 
diameter and therefore appropriate for Rayleigh 
scattering. 


Diffraction: Diffraction Gratings. Scattering: Scattering 
Theory. 
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Introduction 


Microstructure fibers have unique properties that 
cannot be obtained from traditional fibers (i.e. all 
glass, doped silica fibers) and can deliver functional- 
ities superior to many of today’s best transmission 
and specialty fibers. Their unique properties are 
obtained from an intricate cross-section of high and 
low index regions that traverse the length of the fiber. 
The vast majority of fibers consist of silica for the 
high-index region and air for the low-index region. 
These fibers are known by several different names 
including microstructure fiber, holey fiber, and 
photonic crystal fiber. The term microstructure fiber 
is used in this chapter because it is the most generic, 
encompassing all the fiber type: 

Microstructure fiber properties vary greatly and are 
determined by the size and arrangement of air holes in 
the fiber. For example, fibers have been fabricated 
such that the numerical aperture of the core or 
cladding approaches one. They have been fabricated 
with unique dispersion profiles, such as a zero-group 
velocity dispersion in the near visible regime or an 
ultraflat dispersion over hundreds of nanometers 
wide. They have been fabricated to generate a super 
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continuum over two octaves wide. Some guide light 
with an air core via bandgap guidance. In addition, 
the air holes in these microstructure fibers can be 
filled with highly tunable materials, giving one the 
capability of controlling the fiber properties for use in 
energy efficient devices. 

Microstructure fibers can have doped regions like 
traditional fibers. These hybrid fibers combine the 
benefits of traditional and microstructure fibers. 
The doped core typically guides most of the light, 
but its guidance properties can be strongly influenced 
by the air regions. Applications for hybrid fibers 
include dispersion compensation, polarization main- 
taining, and bend insensitive fibers. 

Loss is always an important factor when determin- 
ing whether a microstructure fiber will compete with 
or replace a traditional optical fiber. The index 
profiles that make these fibers so special can also 
ead to fibers that have an inherently high loss at 
connections or along the length of the fiber. Loss at 
connections typically occurs due to mode mismatch 
between the two fibers, undesired hole collapse, or 
poor alignment. Loss along the fiber length can occur 
due to impurities, hole surface roughness, or poor 
confinement. 

The dispersion profile (zero dispersion wavelength, 
dispersion slope, normal or anomalous) of micro- 
structure fibers can be optimized more than a 
traditional fiber, because the hole size and placement 
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can be arranged to make the cladding index strongly 
wavelength dependent. Dispersion causes a pulse to 
spread because the phase velocity is wavelength 
dependent, Normal dispersion is when longer wave- 
lengths travel faster than shorter wavelengths. Anom- 
alous dispersion is just the opposite - shorter 
wavelengths travel faster than longer wavelengths. 
Dispersion determines the amount of interaction 
between different wavelengths. For applications 
snch as transmission fiber, one wants little interaction 
and for high nonlinear applications, one wants 
significant interaction, 

This chapter examines the methods for fabricating 
microstructure fibers and reviews the different types 
of microstructure fibers and their properties. Fibers 
that guide by total internal reflection are reviewed 
separately from bandgap guided fibers because their 
properties are significantly different. Lastly, a descrip- 
tion and example of an active device is presented in 
which the air regions of a microstructure fiber are 
filled with controllable material. 


Microstructure Fiber Fabrication 


At first glance, fabrication of microstructure fibers 
looks similar to traditional fibers in that the fibers are 
fabricated in a two-step process. First a preform is 
fabricated and then it is drawn (stretched) into a fib 
However, when the process is examined in more 
detail, both the preform fabrication and draw depart 
significantly from traditional methods. First, a novel 
preform fabrication method is used to incorporate air 
holes that run the length of the preform. Second, 
novel drawing procedures are used to keep the air 
holes open as the preform diameter is reduced by 
several orders of magnitude during draw. 


Preform Fabrication 


Microstructure preforms are cylinders of amorphous 
material usually less than a few centimeters in 
diameter that have an index profile running the 
length of the preform similar to the desired fiber. The 
most common preform consists of air and a single 
material such as silica, polymer, or high nonlinear 
glass. These aircontaining preforms are relatively 
easy to fabricate but are difficult to draw because the 
structures can deform. 

The basic parameters of the fiber are usually 
determined by the geometry of the holes in the 
preform. These include hole diameter (d), hole 
position, pitch (centerto center hole spacing, A), 
core diameter (a), and number of layers. However, 
changes in the size and shape of the holes in the fiber 
can be made purposely or accidentally during draw, 


which will cause deviations between the fiber and 
preform profiles. 

Several methods are used to fabricate microstruc- 
ture preforms including stacking, casting, extrusion, 
and drilling. Each process has its advantages and 
disadvantages. By far, the most common method is 
stacking in which tubes, rods, and core rods (rods 
containing doped cores fabricated by traditional 
optical fiber techniques) are stacked in a close packed 
pattern such as a triangular or hexagonal lattice 
(Figure 1). The bundle of tubes and rods is then 
bound together with a large tube, called an overclad 
tube, Fibers can be made with complicated or 
asymmetric index profiles by strategically placing 
tubes with the same outer diameter (for good 
stacking) but a different inner diameter to change 
the index in that location, For example, a fiber with 
smaller holes on opposite sides of the core produces 
high birefringence. 

‘The main advantages of stacking are that no special 
equipment is needed for fabricating microstructure 
preforms and that doped cores are easily added. 
However, there are several disadvantages, First, the 
stacking method is limited to simple geometries of air 
holes because the tubes are stacked in a close pack 
arrangement, Second, unless hexagonal tubes are 
used, interstitial areas are created between the tubes 
that may not be desired in the final fiber. Third, the 
method is labor intensive and requires significant 
glass handling. 

‘A variation of the stacking method is used for 
fabricating air-clad fibers. Airclad preforms are 
created by placing a layer of small tubes around the 
perimeter of a large core rod. The assembly is then 
overcladed for strength (Figure 2). 

Extrusion and casting of glass powder, polymer, or 
sol-gel slurry are also used for making single material 


Preform 


Fiber 


fa) ) 


Figure 1 (a) Tubes, rads, and core rads are stacked tagethar in 
a close packed arrangement and held together with an overciad 
tube. (o) During draw the desired air region stay open forming a 
microstructure fiber. 
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@ ) 
Figure 2 (a) An ai-ciad preform is fabricated by stacking a ring 


of small thin walled tubes around a large core rod. (b) Photograph 
ofthe resulting fiber. 


microstructure preforms. The main advantage of 
extrusion and casting is that complicated structures 
can be fabricated in which the position, size, and 
shape of the air regions are independent of one 
another. The disadvantage of this method is that 
preform fabrication is more difficult compared to the 
other fabricate methods. This method may become 
more common as complex air structures are needed to 
make advanced microstructure fibers. 

‘The last method consists of drilling holes in a 
preform or rod. Drilling is well understood and used 
for other specialty fibers. The advantage of this 
method is that it is easy to drill holes of various sizes 
in any position in a preform, including doped regions. 
The disadvantages of drilling are that the holes 
cannot be drilled very deep compared to a traditional 
preform length; the distance between holes may be 
limited due to cracking; and the fiber may experience 
high loss due to surface roughness of the holes and 
impurities incorporated during drilling. 


Fiber Draw 


Itis significantly more difficult to draw a microstruc- 
ture preform with air holes than a traditional 
preform, This is because the air holes tend to close 
due to surface tension. This force can be overcome or 
minimized using two different techniques. The first is 
to draw the preform under very high tension (low 
temperature). Minimal hole collapse occurs when the 
draw tension is significantly larger than the surface 
tension. The problem with this method is that the 
break rate increases substantially at higher tension. 
‘The second method is to apply an external pressure 
to the holes to counteract the surface tension. If a 
single pressure source is used, the holes can be made 
larger or smaller during draw by changing the 
pressure as needed. However, the process can 
become unstable because a large hole needs a lower 
pressure to maintain its size than a small hole. 
If holes of different sizes exist, a larger hole will 
grow at the expense of a smaller one regardless of 


the pressure used. To minimize the instability, this 
method is typically performed in conjunction with 
high-tension drawing. 

To alleviate the draw problem, a second solid 
material can be used in the preform to obtain the 
desired index profile. With the air regions removed 
from the preform, the drawing process becomes 
significantly easier. In addition, when a preform 
consists of two solid materials, one of the materials 
does not have to be continuous, as in single material 
preforms. This allows for simpler designs such as 
concentric rings, which may be easier to fabricate 
and model (Figure 13c). The disadvantage of this 
approach is finding two materials that have compa- 
tible physical and chemical properties, have low loss, 
and have a large index of refraction difference. 


rostructure Fiber Types 


Microstructure fibers are categorized by their method 
of guidance, properties, and function. Index guided 
microstructure fibers most closely resemble traditional 
fibers and are described first. These fibers guide light by 
total internal reflection and have a core index of 
refraction greater than the cladding. Bandgap fibers 
are examined next. The unique guidance of bandgap 
fibers allows the core index to be lower than the 
cladding index. Tunable microstructure fibers are 
described last. These microstructure fibers are filled 
with tunable materials so that the fiber’s properties 
can be actively manipulated. 


Index Guided Fibers 


Most microstructure fibers guide light by total 
internal reflection. The size and spacing of air holes 
determine the guiding properties. For example, a 
solid silica core surrounded by a cladding consisting 
of small air holes that are spread apart creates a small 
core-to-cladding index difference similar to what can 
be achieved in traditional fibers. At the other extreme, 
a solid silica core surrounded by a cladding of large 
holes, which are closely spaced together, forms a large 
core-to-cladding index difference. This structure 
creates a large numerical aperture in the core and 
optically isolated regions within the fiber. The ability 
to create regions of significantly different indi 
various parts of the fiber distinguishes the 
guided microstructure fibers from traditional fiber. 
Different types of microstructure fiber are formed by 
varying the size, spacing and pattern of the air holes. 

Different techniques are used to model these fibers, 
depending on spacing and size of the air holes relative 
to the wavelength of the guided light. If the hole 
diameter and spacing is much smaller than the 
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wavelength of the guided light, the cladding index can 
be modeled as an average index weighted by the 
volume fraction of the two materials (typically air 
and silica). As the hole diameter or spacing 
approaches the wavelength of the guided light, 
complicated models are used such as finite difference 
method, finite clement method, beam propagation 
method, or multipole method. 


Endlessly single-mode fiber 
The endlessly single-mode fiber consists of a solid 
core surrounded by a two dimensional array of small 
air holes in the cladding (Figure 3). The size and 
position of the air holes are arranged such that only 
the fundamental mode exists in the core regardless of 
the wavelength of the guided light. 

The prevention of higher order modes can be 
understood by examining the V number. The V 
number is a dimensionless parameter that describes 
the guiding nature of the waveguide. In traditional 
fiber, when the V number is less than 2.405, the fiber 
will guide only the fundamental mode. The V number 
is given by 
Qnty 
FP one 


v ~ mia)? ul 
where a is the core diameter, A is the wavelength of 
the guided light, and meow and mag are the index 
of refractions of the core and cladding, respectively. 
In traditional fiber, the core and cladding index (rege 
and rsa) are for the most part constant, so the V 
number increases as the wavelength decreases. 
However, for the endlessly single mode microstruc- 
ture fiber, the V number does not increase indefinitely 
with decreasing wavelength, but approaches a 


Figure 3 Photograph of an endlessly single mode fiber 
(Reprinted with permission from Birks TA, Knight JC and 
Fussell P (1997) Endlessly single mode photonic crystal fiber. 
Optics Letters 22: 961-963), 


constant value, Obtaining a V number independent 
of wavelength is understood by examining the 
distance the light propagates into the cladding as a 
function of wavelength. As the wavelength becomes 
shorter, light penetrates a shorter distance into the 
cladding, interacting with less of the air regions. This 
causes the effective cladding index (nj.4) to increase 
with decreasing wavelength, such that V approaches 
a constant value. 

Microstructure fibers are made endlessly single- 
moded over all wavelengths by properly designing the 
hole diameter-to-pitch ratio (d/A). When the d/A is 
low enough, the microstructure fiber guides light only 
in the single mode regardless of wavelength and core 
size (Figure 4). However, these large core diameter 
fibers are limited by long wavelength bend loss in the 
same way as large core single mode traditional fibers. 


High delta core fiber 

High delta core microstructure fibers (HDCMF) 
consist of a small (typically less than 2. microns) 
solid silica core surrounded by one or more layers of 
large air holes closely spaced together (Figure 5). This 
creates a very large index difference between the core 
and cladding. A core-to-cladding index difference of 
0.4 is easily achieved in a HDCME, which is an order 
of magnitude larger than can be achieved with 
traditional fiber. 

Even though the core is very small, these fibers are 
almost always multimoded due to the large index 
difference between the core and cladding. However, 
because of its small core, it is difficult to launch 
anything other than the fundamental mode into the 
fiber. Once a mode is guided in the fiber it remains in 
that mode due to the large difference in effective 
indices between modes (Figure 6). When higher-order 
modes are purposely generated in the fiber, they also 
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Figure 4 The effective V number as a function of \/A for various, 
IA (Reprinted with permission from Birks TA, Knight JC and 
Fussell P (1997) Endlessly single mode photonic crystal fiber. 
Optics Letters 22: 961-863). 
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Figure § High delta core fibers consist of a small solid core 
surrounded by at least one layer of large alr holes closely spaced 
together. Right-hand panel reprinted with pormission from 
Ranka JK, Windeler RS and Stentz AJ (2000) Optical properties 
of high-deltaair-siica microstructure optical fibers. Opts Lettars 
25: 796-798. 


Ney = 1.425 


gt = 1.990 


Figure 6 Individual modes do not couple well due to large 
differences in effective indices between modes. The figura shows 
the mode profile and effective index of the fundamental and the 
next higher made fora fiber with atwo-mieron diameter core witha 
core-to-cladding index difference of 0.45 (Reprinted with 
permission from Ranka JK, Windeler RIS and Stentz AJ (2000) 
Optical properties of high-delta airsiica microstructure optical 
fibers. Optics Letters 25: 796-798). 


guide over long lengths without coupling to other 
modes (Figure 7). This strong guidance makes the 
fiber extremely bend insensitive. 

HDCMF can have a unique dispersion profile 
because it can guide the fundamental mode exclu- 
sively in the multimode regime. This allows greater 
flexibility in controlling the shape of the dispersion 
profile, especially the ability to move the zero dis- 
persion to shorter wavelengths. The HDCMF is the 
first silica fiber with anomalous dispersion of single- 
mode light below 1270 nm (the wavelength at which 
the material dispersion of silica is zero). These fibers 
are often made to have a zero-group velocity dis- 
persions around 770mm for use with Ti-sapphire 
lasers 

HDCMF is ideal for performing nonlinear experi- 
ments in the near-visible regime because the fiber’s 
small, high-index core creates high intensity light, and 
the fiber’s low dispersion creates long interaction 
times, For example, a broadband continuum can be 
generated over two octaves using less than a meter of 
HDCMF fiber (Figures 8 and 9). 


Tapered microstructure fiber (TME) 
Coupling light in and out of HDCMF is difficult and 
results in a large loss due to its small core. When free 
space optics are used to couple the light, frequent 
realignment of the beam is required to minimize loss 
due to drifts in the equipment. Splicing HDCMF fiber 
to traditional fiber also results in high loss due to a 
large modal mismatch. These coupling problems are 
solved with tapered microstructure fibers. 

Tapered microstructure fibers (TMF) consist of a 
traditional germanium single-mode core surrounded 
by a small silica cladding (Figure 10). The inner 


Farcield pattern, 832 nm light 
'5 meter fiber length 


Far-field pattern, 355 nm light 
2 meter fiber length 


Figure 7 Farid pattems show that higher order mades propagate long distances in the HDCMF without coupling to other modes 
(Reprinted with permission from Ranka JK, Windeler RS and Stentz AJ (2000) Optical properties of high-deltaai-silca microstructure 


optical fibers. Optics Letters 25: 796798). 


How to Use it 


connecting rod, or cam follower, from scratch 
Large linear actuators are used in industrial au- 
tomation, while smaller units are popular with 
robotics hobbyists and can also be used to con- 
trol small systems in the home, such as a remote- 
controlled access door toa home entertainment 
center. 


‘Speed Control 

A sheostat or potentiometer may be placed in 
series with a traditional DC motor to adjust its 
speed, but will be inefficient, as it will achieve a 
voltage drop by generating heat. Any rheostat 
must be rated appropriately, and should proba 
bly be wire-wound. The voltage drop between 
the wiper and the input terminal of the rheostat 
should be measured under a variety of operating 
conditions, along with the amperage in the cir- 
cuit, to verify that the wattage rating is appro- 
priate. 


Pulse-width modulation (PWM) is preferable as a 
means of speed control for a traditional DC mo- 
tor. A circuit that serves this purpose is some- 
times referred toasa chopper, asit chopsa steady 
flow of current into discrete pulses. Usually the 
pulses have constant frequency while varying in 
duration, The pulse width determines the aver- 
age delivered power, and the frequency is suffi- 
ciently high that it does not affect smoothness of 
operation of the motor. 


A programmable unijunction transistor or 
PUT can be used to generate a train of pulses, 
adjustable with a potentiometer attached to its 
emitter, Output from the transistor goes to a 
silicon-controlled rectifier (SCR), whichis placed in 
series with the motor, or can be connected di- 
rectly to the motor if the motor is small, See 
Figure 27-7. 


Alternatively, a 555 timer can be used to create 
the pulse train, controlling a MOSFET in series 
with the motor. 


A microcontroller can also be used as a pulse 
source. Many microcontrollers have PWM capa- 
bility built in, The microcontroller will require its 


electromagnetism > rotational > de motor 
own regulated power supply (typically SVDC, 
3.3VDC, orsometimes less) anda switching com- 
ponent such as an insulated-gate bipolar transis- 
tor (GBT) to deliver sufficient power to the motor 
and to handle the flyback voltage, These com- 
ponents will all add to the cost of the system, but 
many modern devicesincorporatemicrocontrol- 
lers anyway, merely to process user input, An- 
other advantage of using a microcontroller is 
that its output can be varied by rewriting soft- 
ware, for example if a motor is replaced with a 
new version that has different characteristics, or 
if requirements change for other reasons. Addi- 
tionally, a microcontroller enables sophisticated 
features such as pre-programmed speed se- 
quences, stored memory of user preferences, 
and/or responses to conditions such as excessive 
current consumption or heat in the motor. 


‘A PWM schematic using a microcontroller and 
IGBT is shown in Figure 22-11. 
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Figure 22-11. A sample schematic for control of a DC ma 
tor via pulse-width madulation, using @ microcontroller 
‘and an insulated-gate bipolar transistor 


Direction Control 

The H bridge is a very early system for reversing 
the direction of a DC motor simply by swapping 
the polarity of its power supply. This is shown in 
Figure 22-12. The switches diagonally opposite 
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Figure & Plot of a supercontinuum spectrum over two octaves wide generated from a 75 cm piece of HOCMF (Reprinted with 
permission from Ranka JK, Windeler RS and Stentz AJ (2000) Visible continuum generation in ar-siica microstructure optical bers with 


anomalous dispersion at 800 nm. Optics Letters 25: 25-27). 


Figure 9 Photograph of fiber gonerating the supercontinuum. The bottom photo shows the continuum after passing through 
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Figure 10 Schematic drawing ofthe tapered microstructure fer (Reprinted with permission from Chandalia JK, Eggleton BJ, Windoler 
RS, KosinskiSG, Liu X and XuC (2001) Adiabatic couplingin tapered alrslica microstructures optical ber. IEEE Photonics Tech. Letters 


13(1) (©2001 IEEE). 
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cladding is surrounded by a layer of air holes and 
then a protective outer silica cladding for strength. 
Since the core of the TMF is very similar to a 
jonal single-mode fiber core, the splice loss is 
low. Splice losses helow 0.075 dB are typical. 

Properties similar to the HDCMF are obtained by 
adiabatically tapering the TMF while maintaining the 
cross-sectional profile of the fiber. In the taper region, 
the fundamental mode is no longer guided by the 
germanium core and evolves into the fundamental 
mode of the silica region, where it is confined by the 
ring of air holes. The taper waist is typically ten to 
twenty centimeters long and has properties identical 
to the HDCMF When the fiber is adiabatically 
expanded back to its original size, the light is guided 
back into the standard diameter germanium core, 
making it easy to splice to traditional fiber with 
low loss. 

The same effect can be obtained by stretching a 
traditional fiber from 125 microns down to 2 
microns. However, there are several disadvantages 
compared to the tapered microstructure fiber. The 
taper region is much longer in the traditional 
fiber; the optimal diameter of the silica core is 
harder to maintain; the taper region must remain 
clean and uncoated; and the taper region is much 
weaker. 


Airclad fiber 
Airclad fibers consist of a doped core surrounded 
by a silica inner cladding. The inner cladding, is 
surrounded by a ring of air, which in tum is 
surrounded by an outer silica cladding for strength 
(Figure 2). Thin silica webs connect the inner and 
outer claddings to hold the inner fiber region in place. 
The region consisting of air and thin silica webs 
ereates an optical barrier, preventing most of the light 
from escaping the inner cladding. Such fibers are 
referred to as double clad fiber. 

In traditional double-clad fibers, a material of 
lower index (typically another layer of glass ora layer 
of polymer) immediately surrounds the inner silica 
cladding. A key optical parameter describing the light 
guiding properties of the inner cladding is the 
numerical aperture (NA). The NA is defined as the 
sine of the largest (acceptance) angle of light that will 
be guided in the inner cladding. The upper NA values 
of traditional double-clad fibers (~0.22 and ~0.45 
for glass and polymer outer claddings, respectively) 
are limited hy the refractive indices of the available 
cladding materials. 

For the air-clad fiber, the NA is determined by the 
ability of light to escape from the inner cladding 
through the silica webs. The NA of the air-clad fiber 
can be calculated by modeling the web as an infinitely 


long slab waveguide, As seen in Figure 11, the NA 
increases as the webs become thinner or the wave- 
length of light becomes longer. To obtain NA similar 
to what is achieved by coating a traditional fiber with 
a low index polymer (NA ~0.45), the web thickness 
must be about equal to the wavelength of the light. 
The NA of the airclad fiber increases dramatically as 
the web thickness becomes less than half the 
wavelength of the guided light. Numerical apertures 
above 0.90 have been experimentally demonstrated. 

‘The large NA values achievable with air-clad fibers 
are an important advantage for advanced double-clad 
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Figure 11 Predicted NA as a function of the web thickness 
divided by the wavelength using an infinite slab model 


Figure 12 Schematic of the mechanism of (a) index guided light 
and (b) band gap guided light (Reprinted with permission from 
regan RF, Mangan BJ, Knight JC, Birks TA, Russell Pu, Roberts 
J and Allan DC (1999) Single-mode photonic band gap guidance 
of light in air. Science 285. Copyright 1989 American Association 
for the Advancement of Science). 
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Figure 13. Photographs and drawing of three types of bandgap fibers: (a) triangular array cladding with an air core (Gregan RF, 


Mangan BJ, Knight JC, Birks TA, Fussell PJ, Roberts PJ and Allan DC (1999) Sin 
‘Science vol. 286), (b) tunable with a silica core, (c) concentric rings wit 


‘mode photonic band gap guidance of light in al. 
N ir core (Reprinted with permission from Temelkuran ef al 


[Nature 420. Copyright 1999 American Association for the Advancement of Science). 


amplifiers and lasers. A double-clad amplifier or laser 
(also known as cladding pumped amplifier or laser) 
contains a double-clad fiber with a rare earth doped 
core. High-power pump light, launched into and 
guided within the inner cladding, excites the rare 
earth ions as the pump light crosses through the co: 
The excited ions, which emit light with the same 
wavelength and phase as the signal, amplify the 
signal. The fiber’s efficiency and the rare earth 
inversion level increase with the amount of pump 
light absorbed by the core. The light absorbed by the 
core, in turn, increases with the core-to-inner clad- 
ding area ratio and the pump light intensity in the 
inner cladding. 

Traditional fibers have a practical limit to their 
core-to-cladding ratio. The maximum core diameter 
is limited by bend loss. And, while ultimately the 
minimum fiber diameter is limited by draw capabi 
ties, in practice it is limited by the ability to couple 
pump light into a fiber having a limited inner-cladding 
NA. For a pump source of given brightness, the 
product of beam diameter and NA cannot be 
increased. Such light can be successfully coupled 
into a larger inner cladding with smaller NA or a 
smaller inner cladding with larger NA. 

Airclad fibers have other advantages over 
traditional double-clad fibers. The outer glass 
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Figure 14 Spectrum of a typical bandgap fiber. 


cladding in air-clad fibers is optically inactive. 
This allows the inner cladding diameter to be 
decoupled from the physical fiber diameter, elim- 
inating draw-related constraints on minimum inner 
cladding size. Since only the inner cladding is opti- 
cally active, its size can be optimized (made 
smaller) while keeping the total fiber diameter at 
the standard 125 microns. In addition, the pump 
light does not interact with the polymer coating, 


which can be important if the polymer properties 
are affected by the surroundings. 
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Figure 15 Holes in the microstructure fibers are filed with controlable materials to affect the fiber properties actively. Photos show 
(a) original fiber and (o) fiber after polymer is inserted and cured in the microstructure fiber. 
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Figure 16 Schematic of a tunable device in which low index 
liquids positioned aver the grating. The plot shows the shiftin the 
spectrum as a function of temperature (Reproduced trom 
Kerage C, Windeler RS, Eggleton BJ, Dolinskoi M, Mach P and 
Fogers JA (2002) Tunable devices based on dynamic pasitioning 
of micro-fuids in microstructure optical fiber. Optics Communi- 
cations 204: 178184, with permission from Elsevier) 


Bandgap Guided Fibers 


Bandgap fibers guide light in the core (also referred to 
asa defect) by confining the light through constructive 
interference due to Bragg scattering (Figure 12), 
Unlike traditional fibers, this mechanism allows 
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Figure 17 Schematic ofa tunable device in which a high index 
liquid plug is moved over the grating. The plot shows the intensity 
of the spectrum as a function of temperature (Reproduced from 
Kerage C, Windeler RS, Eggleton BU, Dolinskot M, Mach P and 
Rogers JA (2002) Tunable devices based on dynamic pasitioning 
of micro-fuids in microstructure optical fiber Optics Communi- 
cations 204: 178-184, with permission from Elsevier). 


light to propagate in a core that has an index lower 
than the cladding. Bandgap fibers with an air core 
could theoretically be very low loss, propagate 
high powers, have a large effective area core, and 
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exhibit very low nonlinearities. In addition, the fibers 
can be used in novel devices by filling the core with 
special gasses or liquids for nonlinear processes. 
Bandgap fibers can be generalized into three types 
(Figure 13). The first type of fiber has an air core 
surrounded by a cladding that consists of a periodic 
array of air holes in silica. Fibers of this type have 
been designed to guide a single mode and hold the 
greatest promise of guiding light over long distances 
with very low loss. The second type of bandgap fiber 
consists of a silica core and a silica cladding with a 
periodic array of holes which are filled with a high- 
index, tunable liquid. This design allows the bandgap 
properties to be tuned and is of interest for use in 
devices. The third fiber type consists of rings of alter- 
nating high- and low-index dielectric material with a 
center air core. They typically have a large, multi- 


mode core which is ideal for sending high powers. In 
addition, very little light is in the dielectric materials 
so the fiber can be designed to guide any wavelength 
with relatively little loss. 


The spectrum of a bandgap fiber is quite different 
than an index guided fiber (Figure 14). Frequencies 
that lie within the bandgap cannot propagate in the 
cladding and are confined to the defect in the lattice 
(the core). Bandgap fibers with ideal geometry are 
predicted to have losses over an order of magnitude 


lower than can be obtained in an ideal traditional 
fiber. Although the loss of bandgap fibers has not been 
demonstrated to be less than traditional fiber at 
telecommunication wavelengths, bandgap fibers have 
heen shown to have much lower loss than traditional 
fibers at other wavelengths. 


Tunable Microstructure Fiber Devices 


Unique tunable devices are made by filling the air 
holes of microstructure fibers with materials whose 
properties can be controlled actively (Figure 15). 
The materials can be positioned in the core or 
cladding to affect the corresponding modes. Most 


commonly, the index of refraction is changed using 
temperature sensitive liquids or polymers, although 
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Figure 18 Schematic of a tunable device using both high and low index liquids with two heaters. The plot shows that the position and 
strength of the spectrum are adjusted independentiy (Reproduced with permission from Mach P, Dolinski M, Baldwin KW, Rogers JA, 
erbage C, Windelar RS and Eggleton By (2002) Tunable microfluidi optical fiber. Applied Physios Lettars 80(23). Copyright (2002) by 


the American Physical Society). 
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materials that respond to electric or magnetic fields 
enable a quicker response time. These material- 
filled active fibers can be used to fabricate devices 
like tunable filters, switches, broadband attenua- 
tors, and fibers with tunable birefringence. Below, a 
few examples of tunable filters are presented in 
which the device properties depend on the type and 
position of the liquid inserted in the fiber holes. 

A microstructure tunable filter works by controlling 
the spectral position, shape, or strength of a longi- 
tudinal long-period grating written in the fiber. A 
grating is written in the fiber before filling the 
holes with tunable liquid. The position of the peak 
absorption wavelength is controlled by placing a 
liquid, with an index close to silica and strongly 
temperature dependent, in air holes in the cladding 
region over the grating (Figure 16). The cladding index 
istuned by varying the temperature of the liquid, using 
a small thin film heater located over the liquid. The 
position of the peak absorption wavelength moves as 
the cladding index is changed. 

‘The strength or depth of the filter is controlled by 
inserting a moveable plug of high-index fluid in a 
sealed air section of a microstructure fiber (Figure 17). 
The strength of the grating is determined by the 
fraction of the grating surrounded by high index fluid. 
The position of the liquid plug relative to the grating 
can be finely adjusted with a thin film heater located 
over the air region adjacent to the material plug. 
Asheatiis applied to the air, the air expands and pushes 
the liquid plug over the grating, decreasing the coupl- 
ing of the fundamental mode to higher order cladding 
modes. Figure 18 shows an example in which the 
position and strength of a filter are varied indepen- 
dently using two heaters and two adjacent materials. 


See also 
Photonie Crystals: Photonic Crystal Lasers, Cavities and 
Waveguide. 
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Mirrors are probably the most prevalent of optical 
devices. Known to the ancients and used by them as 
objects of worship and beauty, mirrors are currently 
employed for imaging, solar energy collection, and 
also in laser cavities. Their intriguing optical proper- 
ties have captured the imagination of scientists as well 
as artists and writers. 

One can distinguish between two types of mirrors, 
the age-old metallic, and the more recent multilayer 
dielectric. Metallic mirrors reflect light over a broad 
range of frequencies incident from arbitrary angles 
(ic., omnidirectional reflectance). However, at infra- 
red and optical frequencies a few percent of the 
incident power is typically lost due to absorption. 

Multilayer dielectric mirrors are used primarily to 
reflect a narrow range of frequencies incident from a 
particular angle or particular angular range. Unlike 
their metallic counterparts, dielectric reflectors can be 
extremely low loss. The ability to reflect light of 
arbitrary angle of incidence for all-dielectric struc- 
tures has been associated with the existence of a 
complete photonic bandgap, which can exist only in a 
system with a dielectric function that is periodic along 
three orthogonal directions. In fact, a sufficient 
condition for the achievement of omnidirectional 
reflection in a periodic system with an interface, is the 


rectional Reflecting Mirrors 
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existence of an overlapping bandgap regime in phase 
space above the light cone of the ambient media, 

Consider a system that is constructed of alternating 
dielectric layers coupled to a homogeneous medium ~ 
characterized by ng (such as air with mm = 1), at the 
interfaces. Electromagnetic waves are incident upon 
the multilayer film from the homogeneous medium. 
While such a system was analyzed extensively in 
the literature the possibility of omnidirectional 
reflectivity was not recognized until recently. 

The generic system is described by the index of 
refraction profile in Figure 1, where by and hy are 
the layer thickness, and m and 1 are the indices 
of refraction of the respective layers, The incident 
wave has a wavevector k= keée + kyby and freq- 
uency of w = cikl. The wavevector together with the 
normal to the periodic structure defines a mirror 
plane of symmetry which allows us to distinguish 
hetween two independent electromagnetic modes: 
transverse electric (TE) modes and transverse mag- 
netic (TM) modes. For the TE mode the electric field 
is perpendicular to the plane, as is the magnetic field 
for the TM mode. 

General features of the transport properties of the 
finite structure can be understood when the properties 
of the infinite structure are elucidated. In a structure 


with an infinite number of layers, translational 
symmetry along the direction perpendicular to the 
layers leads to Bloch wave solutions of the form: 
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Figure 1 Schematic ofthe multilayer system showing the layer parameters (nf, ~ index of refraction and thickness of ayer a), the 


incident wavevactor k and the electromagnetic made convention. 
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where Ex(9) is periodic, with a period of length a, and 
K is the Bloch wave number. These waves represent 
solutions to an eigenvalue problem and are comple- 
tely and uniquely defined by the specification of K, ky 
and @. 

Solutions can be propagating or evanescent, 
corresponding to real or imaginary Bloch wave 
numbers, respectively. It is convenient to display the 
solutions of the infinite structure by projecting the 
w(K, k,) function onto the w ~ k, plane; Figure 2a,b 
are examples of such projected structures. 

‘The gray background areas highlight phase space 
where K is strictly real, that is, regions of propagating 
states, while the white areas represent regions 
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Figure 2. (a) Projected bandstructure of a multilayer film with 
the light ine and Brewster line, exhibiting a reflectivity range of 
limited angular acceptance with (0, =2.2 and n= 1.7 and a 
thickness ratio of hy/hy = 2.2/1.7). (o) Projected bandstructure 
of a multilayer fim together withthe light ine and Brewster line, 
showing an omnidirectional reflectance range at the first and 
second harmonic (propagating states ~ dark gray, evanescent 
states ~ white, omnidirectional reflectance range ~ light grey). 
‘The film parameters are ny = 4.6 and np = 1.6 with a thickness 
ratio of fylhy = 1.6/08. These parameters are similar to the 
actual polymer-telluium film parameters measured in the 
‘experiment. Reproduced with permission from Fink Y, Winn JN, 
Fan S, et al. (1998) A dielectric omnidirectional reflector. 
‘Scionce 282: 1673-1682. Copyright 1988 American Association 
for the Advancement of Science. 


containing evanescent states. The shape of the pro- 
jected bandstructures for the multilayer film can be 
understood intuitively. At ky =0, the bandgap for 
waves traveling normal to the layers is recovered, For 
k,>0, the bands curve upward in frequency. As 
A, +00, the modes become largely confined to the slabs 
with the high index of refraction and do not couple 
between layers (and are therefore independent of ke). 

Ina finite structure, the translational symmetry in 
the directions parallel to the layers is preserved, hence 
A, remains a conserved quantity and can be used to 
label solutions even though these solutions will no 
longer be of the Bloch form. The relevance of the 
band diagtam to finite structures is that it allows for 
the prediction of regions of phase space where waves 
are evanescently decaying in the multilayer structure. 

Since we are primarily interested in waves orig- 
inating from the homogeneous medium external to 
the periodic structure, we will focus only on the 
portion of phase space lying above the light line, 
Waves originating from the homogeneous medium 
satisfy the condition w= ck,/g, where ng is the 
refractive index of the homogenous medium, and 
therefore they must reside above the light line. States 
of the homogeneous medium with k, = 0 are normal 
incident, and those lying on the = ck,/m line with 
O are incident at an angle of 90°. 

The states in Figure 2a, that are lying in the 
restricted phase space defined by the light line and 
that have a (w, k,) corresponding to the propagating 
solutions (gray areas) of the crystal can propagate in 
both the homogeneous medium and in the structure. 
These waves will partially or entirely transmit 
through the film, Those with (w, &,) in the evanescent 
regions (white areas) can propagate in the homo- 
geneous medium but will decay in the crystal — waves 
corresponding to this portion of phase space will be 
reflected off the structure. 

The multilayer system leading to Figure 2a rep- 
resents a structure with a limited reflectivity cone, 
since for any frequency one can always find a ky 
vector for which a wave at that frequency can 
propagate in the crystal — and hence transmit through 
the film, The necessary and sufficient criterion for 
omnidirectional reflectivity at a given frequency is 
that there exists no transmitting state of the structure 
inside the light cone ~ this criterion is satisfied by 
frequency ranges marked in light gray in Figure 2b. 
In fact, the system leading to Figure 2b exhibits two 
omnidirectional reflectivity ranges. 

The omnidirectional range is defined from above 
by the normal incidence bandedge wn(ky = ma, 
k, = 0) (Figure 2b) and below by the intersection of 
the top of the TM allowed bandedge with the light 
line x(k, = mia, ky = ox/c) (Figure 2b). 
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A dimensionless parameter used to quantify the 
extent of the omnidirectional range is the range to 
mid-range ratio defined as (ay, — 04)/ Ho», +). 

Figure 3 is a plot of this ratio as a function of ms/m, 
and n/n, where o, and a are determined by 
solutions of eqn [2] with quarter wave layer thick- 
ness, The contours in this figure represent various 
equi-omnidirectional ranges for different material 
index parameters and could be useful for design 
purposes. 

At normal incidence, there is no distinction 
between TM and TE modes. At increasingly oblique 
angles, the gap of the TE mode increases, whereas the 
gap of the TM mode decreases. In addition, the center 
of the gap shifts to higher frequencies. Therefore, the 
criterion for the existence of omnidirectional reflec- 
tivity can be restated as the occurrence of a frequency 
overlap between the gap at normal incidence and the 
gap of the TM mode at 90°, Analytical expressions 
for the range to mid-range ratio can be obtained by 
setting: 


2e 
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Moreover, the maximum range width is attained 
for thickness values that are not equal to the quarter 
wave stack though the increase in bandwidth gained 
by deviating from the quarter wave stack is typically 
only a few percent, 

In general, the TM mode defines the lower 
frequency edge of the omnidirectional range; an 
example can be seen in Figure 2b for a particular 
choice of the indices of refraction. This can be proven 
by showing that: 


BI 


in the region that resides inside the light line. The 
physical reason for eqn [3] lies in the vectorial nature 
of the electric field. In the upper portion of the first 
hand the electric field concentrates its energy in the 
high dielectric regions. Away from normal incidence, 
the electric field in the TM mode has a component in 
the direction of periodicity, this component forces a 
larger portion of the electric field into the low 
dielectric regions. The group velocity of the TM 
mode is therefore enhanced. In contrast, the electric 
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Figure 3 The range to mid-range ratio (uy, ~ «9}/3( ay, + 4a) for 
the fundamental frequency range of omnidirectional reflection, 
Plotted as contours. Hore, the layers were set to quarter wave 
thickness and 1 > 1. The rato for our materials is approximately 
45%, (n\n, = 2.875, neiny ~ 1.6) is located atthe intersection of 
the dashed lines (black dot). Reproduced with permission from 
Fink Y, Winn JN, Fan S, et al. (1898) A dielectric omnidirectional 
reflector. Science 282: 1679-1682. Copyright 1998 American 
‘Association fr the Advancement of Science, 


field of the TE mode is always perpendicular to the 
direction of periodicity and can concentrate its energy 
primarily in the high dielectric region. While the 
omnidirectional reflection criteria can be used to 
confine light in various geometries, itis the cylindrical 
fiber configuration that appears to present significant 
application opportunities. 


Mesostructured Fibers for External 
Reflection Applications 


Polymer fibers are ubiquitous in applications such as 
textile fabrics, due to their excellent mechanical 
properties and the availability of low-cost, high- 
volume processing techniques; however, the control 
over their optical properties has so far remained 
relatively limited. Conversely, dielectric mirrors are 
used to precisely control and manipulate light in high 
performance optical applications, but the fabrication 
of these typically fragile mirrors has been mostly 
restricted to planar geometries and typically involves 
multiplicity of deposition sequences in a high vacuum 
thin film deposition system, 


Fabrication Approach 


The fabrication of extended lengths of omnidirec- 
tionally reflecting fibers with large bandgaps and 
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Figure 4 Conceptual preform based fabrication process for 

meso-structured fibers. 


high layer counts poses considerable challenges. To 
illustrate the nature of this formidable task, one 
needs to consider the necessity of maintaining the 
uniformity of sub-100nm layer thicknesses over 
kilometer-length scales; creating continuous layers 
with an aspect ratio of ~ 10!” in a single process! 
To meet this and other challenges associated with 
the fabrication of mesostructured fibers, we have 
developed a preform-based fabrication approach 
(Figure 4). A scaled-up version of the final fiber, 
called a preform, is fabricated which shares the 
geometry and materials of the final fiber but exhibits 
macroscopic lateral features. The preform is heated 
up and drawn under tension into the fiber using a 
simple cylindrical furnace. The macroscopic layers 
are reduced in the process to microscopic dimensions 
while maintaining the overall geometry and sym- 
metry of the original preform. Conservation of mass 
determines the final length of the fiber — typically 
this length is equal to the lateral reduction factor 
squared multiplied by the length of the preform. The 
nature of the process and requirements on the fiber’s 
optical properties lead to the definition of materials 
selection rules. First, in order to achieve omnidirec- 
tional reflectivity, one needs to identify two solid 
materials exhibiting an index contrast given by the 
plot in Figure 3. Second, to enable the codrawing of 
the two dissimilar materials both will need to have 
viscosities that are lower than ~10* poise at the 
drawing temperature. In order to maintain high 
draw speeds, the majority component needs to be 
amorphous and the adhesion between these two 
materials needs to be sufficient to prevent delamina- 
tion. Finally, their thermal expansion coefficients 
need to be close or alternatively at least one of the 
materials needs to be capable of relieving the stress 
due to CTE mismatch, 


Materials Selection Criteria 


Pairs of materials that are compatible with the 
process and fiber property requirements have heen 
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Figure § (a) Real part (1 ~ light gray) and imaginary part (k — 
dark gray) of the retractve index of annealed As,Se,, Tha black 
crosses correspond to literature values. (b) Real part (n ~ upper) 
and imaginary part (k ~ lower) ofthe refractive index of PES. 


identified, including: high glass transition tempera- 
ture (T,), thermoplastic polymers such as 
poly(ether-sulfone) (PES), poly (ether-imide) (PEI) 
and members of the chalcogenide glass family, such as 
arsenic triselenide (As)Se,) or arsenic trisulfide. Pairs 
of these materials will have substantially different 
refractive indices, as shown in Figure 5, which is a 
measurement of the real and imaginary indices of 
refraction of PES and As.Ses, obtained using a 
broadband spectroscopic ellipsometer (SOPRA 
GESS). They nevertheless exhibit similar thermo- 
mechanical properties within a certain thermal 
processing window. 

Adhesion and extensional viscosity in the fluid state 
are difficult to measure in general, and the measure- 
ment of high-temperature surface tension is quite 
involved. Thus, limited data on these properties are 
available and it was necessary to empirically identify 
materials that could be used to draw out mirror-fibers. 
Various high-index chalcogenide (S, Se, and Te 
containing) glasses and low-index polymers were 
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each other are closed, leaving the other two 
switches open;and then toreverse the motor, the 
switch states are reversed. This is obviously a 
primitive scheme, but the term "H bridge’ is still 
used when prepackaged in a single chip such as 
the LMD18200 H bridge motor controller from 
National Semiconductor. 


Figure 2212. A DC motor can be reversed by this very 
basic circu, known as an H bridge. by opening and clos: 
ing pairs of switches that are diagonally opposite each 
ther. 


‘A double-throw, double-pole switch or relay 
can achieve the same purpose, as shown in 
Figure 22-13. 


Limit Switches 

When a traditional DC motor is used reversibly 
within a restricted range of motion, it can be fit- 
ted with limit switches to prevent the motor from 
stalling and burning out at either end of its per- 
mitted travel. Limit switches are explained in 
“Limit Switches" (page 46) in the switch entry in 
this encyclopedia. 


What Can Go 


Figure 22:13. A DPDT switch or relay can reverse the di 
rection of a traditional DC motor simply by swapping the 
polarity of the power supply. 


What Can Go Wrong 


Brushes and Commutator 

The primary cause of failure in DC motors isabra- 
sion of the brushes and wear and tear, oxidation, 
and/or accumulation of dirt on the commutator. 
‘Some motors are designed to allow replacement 
of the brushes; sealed motors and gearhead mo- 
tors generally are not. High current and high 
speed will both tend to accelerate wear in the 
areas where the brushes meet the commutator. 


Electrical Noise 

The intermittent contact between the brushes 
and sections of the commutator of a traditional 
DC motor can induce voltage spikes that may 
travel back into the power supply for the motor 
and cause seemingly random effects in other 
components. Sparking inthe commutator canbe 
a significant source of electromagnetic interfer- 
ence (EM), especially where cheap or poorly fit- 
ted brushes are used. Even if the commutator is 
running cleanly, the rapid creation ofa magnetic 
field in a motor winding, following by collapse of 
the field, can create spikes that feed back into the 
power supply. 


Wires that power a motor should be in twisted- 
pair configuration, so that their radiated EMI 
tends to cancel itself out. They should be routed 
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identified as potential candidates based on their 
optical properties and overlapping thermal softening 
regimes, Adhesion and viscosity matching were tested 
hy thermal evaporation of a chalcogenide glass layer 
on top of a polymer film or rod and elongation of the 
coated substrate at elevated temperatures. The choi 
of a high-temperature polymer, PES, and a simple 
chalcogenide glass, As,Se;, resulted in excellent 
thermal co-deformation without film cracking or 
delamination. Approximate matching of extensional 
viscosity in this manner was also demonstrated using 
As,Se, and PEL. The properties, processing, and 
applications of chalcogenide glasses have been 
explored extensively elsewhere. One advantage in 
choosing As,Se; for this application is that not only is 
ita stable glass, but it is a stoichiometric compound 
that can be readily deposited in thin films through 
thermal evaporation or sputtering without dis- 
sociation. Additionally, As,Ses is transparent to IR 
radiation from approximately 0.8 to 17 um as shown 
in the ellipsometric data (Figure Sa), and has a 
refractive index of ~2.8 in the mid-IR. PES is a 
high-performance, dimensionally stable thermoplas- 
tic with a refractive index of ~1.6 and good 
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Figure 6 Multilayer proform fabrication sequence, 


(a) 


transparency to EM waves in a range extending 
from the visible regime into the mid-IR (~S um), as 
shown in Figure Sb. 


Preform Construction Process 
and Fiber Draw 


The selected materials were used to construct a 
multilayer preform rod, which essentially is a 
macroscale version of the final fiber. In order to 
fabricate the dielectric mirror fiber preform, an 
AsiSe; film was deposited through thermal evapor 
ation on either side of a free-standing PES film which 
was then rolled on top of a PES tube substrate, 
forming a structure having 21 alternating layers of 
PES and As2Ses, as shown in Figure 6. 

The resulting multilayer fiber preform was sub- 
sequently drawn down using an optical fiber draw 
tower into hundreds of meters of multilayer fiber with 
a precisely controlled submicron layer thickness, 
creating a photonic bandgap in the mid-IR. Fibers 
of outer diameters varying from 175-500 um with a 
typical standard deviation of 10 um from target, were 
drawn from the same preform to demonstrate 
adjustment of the reflectivity spectra through thermal 
deformation. The spectral position of the photonic 
bandgap was controlled by the optical monitoring of 
the outer diameter (OD) of the fiber during draw, 
which was later verified by reflectivity measurements 
on single and multiple fibers of different diameters. 
Scanning electron micrographs (SEMs) of the cross- 
section of these fibers are depicted in Figure 7. 


Bandstructure for Multilayer Fibers for 
External Reflection Applications 


In theoretically predicting the spectral response of 
these fibers, it is helpful to calculate the photonic 


Figure 7 SEM micrographs of 400 jum OD fiber cross-section. The entie fiber is embedded in epoxy. (a) shows the entire fiber cross- 
section, with mirtor structure surrounding the PES core; (b) demonstrates that the majority of the flber exterior is free of significant 
‘defects and that the mirror structure adheres well othe fiber substrate; and (c) reveals the ordering and adhesion within the alternating 
layers of As,Se; (bright layers) and PES. Stresses developed during sectioning caused some cracks in the mounting epoxy that are 
deflected at the fiber interface. Fibers from this batch were used in the reflectivity measurements recorded below in Figure 9a. 
produced with permission from Hart SD, Maskaly GR, Temelkuran B, Prideaux PH, Joannopoulos JD and Fink Y (2002) Extemal 
reflection from omnidirectional dielectric mitror fibers. Science 296: 510-513. Copyright 2002 American Association for the 


‘Advancement of Science. 
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Figure 8 Photonic band diagram for a one-dimensional 
Photonic crystal having 2 periodic refractive index altemating 
botween 2.8 and 1.55. Gray regions represent propagating modes 
Within the structure, while white regions represent evanescent 
‘modes. Hatched regions represent photonic bandgaps where high 
reflectivity can be expected or external EM waves over an angular 
range extending from normal to 95° incidence. The lower dark 
shaded trapezoid represents a region of external omniirectional 
reflection. 


bandstructure that corresponds to an infinite 
one-dimensional photonic crystal, This allows for 
the analysis of propagating and evanescent modes in 
the structure, corresponding to real or imaginary 
Bloch wave number solutions. 

‘The electric or magnetic field vector is parallel to 
the mirror layer interfaces for the TE and TM 
polarized modes, respectively. The parallel wavevec- 
tor (k,) is the component of the incident electromag- 
netic (EM) wavevector that is parallel to the layer 
interfaces. The phase space accessible from an 
external ambient medium is contained between the 
light lines (defined by the glancing-angle condition 
w= cky/r), and the modes between the 35° lines 
correspond to those sampled experimentally. Axes are 
normalized to the thickness a of one mirror bilayer 
{a period consisting of one high- and one low-index 
layer). Figure 8 depicts the photonic band diagram for 
an infinite structure having similar periodicity and 
refractive indices to the mirror structures fabricated 
here. Three photonic bandgaps are present where 
high reflectivity is expected within the 0-35° angular 
range, and the fundamental gap contains a region of 
external omnidirectional reflectivity. 


Optical Characterization of 
‘Mirror Fibers’ 


Mirror fiber reflectivity was measured from both 
single fibers and parallel fiber arrays using a 
Nicolet/SpectraTech NicPlan Infrared Microscope 
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Figure 9 Measured reflectance spectra for 400 jum OD (a) and 
200 jum OD (b) dielectric mirror fibers relative to gold-coated fibers 
of the same diameter. (a) shows a single‘iber rflectivity 
‘measurement, while (b) compares single-fiber reflectivity to that 
‘measured from a muliiber array. Simulations were performed 
sing the transfer matrix mathod. 


and Fourier Transform Infrared Spectrometer 
(Magna 860). The microscope objective (SpectraTech 
15 X., Reflachromat) used to focus on the fibers had a 
numerical aperture (NA) of 0.58. This results in a 
detected cone where the angle of reflection with 
respect to the surface normal of the structure could 
vary from normal incidence to ~35°, which is 
determined by the NA of the microscope objective. 
Asa background reference for the reflection measure- 
ments, we used gold-coated PES fibers of matching 
diameters. Dielectric mirror fibers, drawn to 400 wm 
OD, exhibited a very strong reflection band centered 
at 3.4 um wavelength (Figure 9a). Measured reflec- 
tivity spectra agree well with planar-mirror transfer 
matrix method (TMM) simulations, where the 
reflectivity was averaged across the aforementioned 
angular range for both polarization modes. Fibers 
drawn down to 200 wm OD show a similar strong 
fundamental reflection band centered near 1.7 um 
(Figure 9b). This shifting of the primary photonic 
bandgap clearly illustrates the precise tuning of the 
reflectivity spectra over wide frequency ranges 
through thermal deformation processing. Strong 
optical signatures are measurable from single fibers 
as small as 200 um OD. Fiber array measurements, 
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simultaneously sampling reflected light from multiple 
fibers, agree quite well with single-fiber data 
(Figure 9b). 

These reflectivity results are strongly indicative of 
uniform layer thickness control, good interlayer 
adhesion, and low interdiffusion through multiple 
thermal treatments, This was confirmed by SEM 
inspection of fiber cross-sections (Figure 7). The layer 
thicknesses observed (a = 0.90 um for the 400 um 
fibers; a =0.45 wm for the 200 um fibers) corre- 
spond well to the measured reflectivity spectra, The 
fibers have a hole in the center, due to the choice of a 
hollow rod as the preform substrate, which experi- 
enced some nonuniform deformation during draw. 
The rolled-up mirror structure included a double 
outer layer of PES for mechanical protection, creating 
a noticeable absorption peak in the reflectivity 
spectrum at ~3.2 um (Figure 9a). 

A combination of spectral and direct imaging data 
demonstrates excellent agreement with the photonic 
hand diagram, The measured gap width (range to 
mid-range ratio) of the fundamental gap for the 
400 um OD fiber is 27%, compared to 29% in the 
photonic band diagram, 


Tunable ‘Fabry-Perot’ Fibers 


The fabrication of fibers surrounded by or lined with 
alternating layers of materials with a large disparit 

in their refractive indices, presents interesting oppor 
tunities for passive and active optical devices. While a 
periodic multilayer structure, such as the one 
reported above, leads to the formation of photonic 
bandgaps and an associated range of high reflectivity, 
it is the incorporation of intentional deviations from 
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periodicity, also called ‘defects’, which allows for the 
creation of localized electromagnetic modes in the 
vicinity of the defect. These structures, sometimes 
called optical cavities, in turn can provide the basis 
for a large number of interesting passive and active 
optical devices such as vertical cavity surface emitting 
lasers (VCSELs), bi-stable switches, tuneable dis- 
persion compensators, tuneable drop filters, etc. Here 
we report on the fabrication of a fiber surrounded by 
a Fabry-Perot cavity structure and demonstrate that 
by application of axial mechanical stress, the spectral 
position of the resonant Fabry-Perot mode can be 
reversibly tuned. 


Structure and Optical Properties of 
the Fabry-Perot Fibers 


The fabrication technique described above allows for 
the accurate placement of optical cavities that can 
encompass the entire or partial fiber circumference. 
The fibers discussed above are made of AsSe; and 
PES and have a low index Fabry-Perot cavity 
(Figure 10). 

This structure was achieved by introducing an 
extra polymer layer in the middle of the periodic 
multilayer structure of the preform, thus generating a 
defect mode in the photonic bandgaps of the drawn 
fibers. The position of the bandgap center is linearly 
related to the optical thickness of the layers by the 
Bragg condition. Through accurate outer diameter 
control afforded by the laser micrometer mounted on 
the draw tower we have been able to place gaps 
(Figure 11) at wavelengths ranging from 11 microns 
to below 1 micron. Such cost-effective tuneable opti- 
cal filters could lead to applications such as optical 
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Figure 10 Schematic ofthe structure of dielectric mirror bers made of As,Se, (light ray) and PES (dark gray) with low index Fabry ~ 
Perot cavity. The local cylindrical coordinate system is represented as well as the applied axial strain ¢,,. Typical radii are 
~150 jum = 100 um, Backscattered SEM micrographs of the cross-sections of a 460 micron dlameter fbr (a,b,c) and ata 240 micron 
iameter fiber (d, e, f) embedded in epoxy and microtomed. (a) and (d) show the entire cross-section of the fibers, (b) and (e) 
demonstrate long-range layer uniformity, and (c) and (f) reveal the ordering and adhesion of the Fabry-Perot cavity structure. 
Bar scales have been redrawn for clarity. Reproduced with permission from Benoit G, et al. (2003) Static and dynamic propertias ot 
optical cavities in photonic bandgap gains. Advanced Materials 15: 2053-2056. 
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Figure 11. Array of parallel fibers with outer diameter ranging 
from ~420 um (bottom) to ~ 100 jum (top). The colors are due to 
the narrow 4th order photonic bandgap in the visible. 


switches for wavelength-division-multiplexing 
(WDM) systems and sensors. 

‘The cross-sectional structures of a 240 micron and 
a 460 micron diameter fiber were observed by an 
SEM using a backscattered electron detector 
(Figure 10). The structure is composed of a hollow 
core polymer rod surrounded by six bilayers of 
As,Se3 and PES, separated in the middle by an extra 
polymer layer, which forms the Fabry—Perot cavity. 
An extra polymer layer protects the fiber surface. For 
the 240 micron (460 micron) diameter fiber, the glass 
layers are ~135 nm (250 nm) thick, except for the 
first and the last ones which are half as thick due to 
the fabrication technique; the polymer layers are 
"Onm (540 nm) thick and the defect layer is 
~610 nm (1170 nm) thick. 

Reflectivity spectra measurements were performed 
under a microscope using a (Nicolet SpectraTech 
NicPlan) Infrared Microscope and Fourier Transform 
Infrared Spectrometer (Magna 860) with a lens 
numerical aperture (NA) corresponding to 30 degrees 
of angular spread. They exhibited a single-mode 
Fabry-Perot resonant mode at 1.74 and 3.2 um for 
the 240 and 460 micron diameter fiber, respectively 
(Figure 12). 

Because of the range of incident angles, the 
measured quality factor (Q-factor, defined as its 
spectral position divided by the full width half 
maximum (FWHM)) was equal to 31, Using the 
different thicknesses and the real and imaginary part 
of the refractive index (m&k) of As:Ses and PES 
carefully measured with a broadband (300 nm to 16 
microns) spectroscopic ellipsometer (Sopra G 
the reflectivity spectra of these fibers were computed 
with the TMM by approximating them as a 
one-dimensional planar stacking. By averaging the 
calculated spectra over the accessible incident angles 
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Figure 12 Computed (black lines) and measured (grey lines) 
reflectivity spectra for the 240 micron (a) and of the 460 micron 
ciameter fibers (b) with Fabry ~Perot resonant modes at 1.74 and 
3.2 um, respectively. Reproduced with permission from Benoit G, 
ft al, (2003) Static and dynamic properties of optical cavties in 
photonic bandgap gains. Advanced Materials 1S: 2053-2056, 


and polarizations, we obtained a very good agree- 
ment between the simulation and the measurements 


Simulation of the Opto-Mechanical 
Behavior of the Fabry-Perot Fibers 


We focused our analysis on the elastic regime, which 
ultimately limits the operational range of these fibers. 
The fiber’s Young's modulus (E) can be approximated 
by modeling this multilayer structure as independent 
parallel springs under axial (along the <-axis of the 
fiber) strain assumed to be equal for all the layers, 
leading to a Young’s modulus of 2.64 GPa (using 
Epes = 2.4 GPa for bulk PES and Eg.,s, = 15 GPa 
reported for 1.5 um thick films) : 

Neglecting the possible strain-induced refractive 
index variation of the materials, the normalized shift 


of the Fabry-Perot resonant mode can be related to 
the applied axial strain by calculating the radial 
stresses a, (resulting from the difference between the 
Poisson ratios of the materials — res = 0.45 and 
0.289 — and the adhesion condition between 


the layers) and displacements 1, in each layer under 
axial strain, Starting from the equilibrium equations: 


=0 (41 
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and using Hooke’s law and Lame’s equations, we can 
derive a general expression for , and o,,, with two 
unknowns A and B per layer: 


gat oa. 61 
2GA 
=A rrmtopere. 17 


where G=E/[2(1 + | is the shear modulus and 
En/\(1 +1 ~2v)] the Lame modulus. The 
continuity of the displacement and the radial stress 
at each interface, plus the boundary conditions (0, 
vanishes at free surfaces) can be expressed as a linear 
system whose unique solution allows us to relate the 
radial strain in each layer to the applied axial strain as 
linear relatione,, = Ce,., where Ccan be interpreted 
as an effective Poisson ratio. Finally, taking into 
account that the Fabry-Perot resonant mode itself is 
linearly shifted within the bandgap because of the 
different effective Poisson ratios of the glass and 
polymer layers, we obtaina linear relation between the 
normalized shift of the Fabry—Perot resonant mode 
and the applied axial strain: 


AA 
Sp = 703782 {8} 

All the layers (except the outer protective polymer 
layer) are under tensile radial stress whose maximum 
(0.22 MPa under 1% axial strain) is located at the 
interface between the layers and the polymer core 
where delamination is most likely to occur. 


Mechanical Tuning Experiment 
and Discussion 


Measurements were performed on fibers ~30em 
long, which were fixed at one end with epoxy to a 
load cell (Transducer Techniques MDB-2.5) while the 
other end was attached with strong tape to a pole 
mounted on a stepper rotational stage (Newport 
PRS5O) (Figure 13). This end of the fiber was also 
screwed to the pole to further secure it in place. 

The diameter of the pole was equal to 2.1 em, 
leading to a normalized shift precision below 
0.005%. The uncertainty on the Young's modulus, 
due to the precision of the load cell, was lower than 
30 MPa. All the reflectivity spectra were normalized 
to a background taken with a flat gold mirror, The 
measurements were realized as far as possible from 
the fixed ends of the fiber where edge effects are likely 
to occur. These edge effects result in a reduction of the 
length of the fiber that deforms uniformly and 
consequently increase the real strain far from the 


edges by a factor of 1.14 and 1.15 for the 240 and the 
460 micron diameter fiber, respectively (determined 
experimentally by measuring the position of two 
reference points on the fiber) compared to the strain 
calculated from the rotation of the pole. Moreover, to 
avoid measuring slight variations in the spectral 
position of the bandgap resulting from outer diameter 
variations, typically of the order of 4-5 microns over 
meters of fibers, the measurements were realized at a 
fixed reference position on the fiber, 

By focusing on the fundamental bandgap of the 
240 and the 460 micron diameter fiber, we demon- 
strated the tuning of the Fabry-Perot resonant 
mode under increasing axial strain (Figure 14). 

A drop in the reflectivity of 13% was observed at 
1,71 pm (dash line) for the 240 micron diameter fiber 
when increasing the applied axial strain from 0.23% 
(light gray) to 1.07% (dark gray). The normalized- 
shift versus strain curves (Figure 15) appeared to be 
linear for both fibers up to approximately 0.9% (dash 
line) with a slope equal to -0.3859 and —0.3843 for 
the 240 and the 460 micron diameter fiber, respec~ 
tively, close to the predicted value (—0.373, eqn [8]. 

The normalized shift was equal to —0.347% for 
0.9% applied axial strain, which seems to be the limit 
of the elastic regime and corresponds to small applied 
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Figure 13 Experimental setup used for mechanical tuning 
demonstration. Reproduced with permission from Benoit G, et al 
(2003) Static and dynamic properties of optical cavities in photonic, 
bandgap gains. Advanced Materials 15: 2053-2056, 
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Figure 14 Reflectivity versus wavelength plot showing the shift 
of the Fabry-Perot resonant mode of the 240 micron diameter 
fiber for three increasing values of the applied axial strain 
Fleproduced with permission from Benoit G, ef al. (2003) Static 
and dynamic properties of optical cavities in photonic bandgap 
gains. Advanced Materials 15: 2053-2056. 
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loads: 76 and 300g for the 240 and 460 micron 
diameter fiber, respectively. Under higher strains, the 
normalized-shift versus strain curves were no longer 
linear and the measured loads would start decreasing 
slightly with time, which could be a sign of 
delamination between the layers and the polymer 
core, of plastic deformation and/or of relaxation in 
the layers. The stress-strain curves also exhibit an 
clastic regime up to approximately 1% strain with a 
corresponding Young’s modulus equal to 2.59 GPa 
for the 240 um OD fiber and to 2.39 GPa for the 
460 um OD fiber. These values are slightly lower than 
the predicted value, possibly due to relaxation effects 
in the polymer and the glass layers (for AsSe3 and 
PES, T, = 175 and 220°C, respectively). 


Wavelength-Scalable Hollow Optical 
rs with Large Photonic Bandgaps 
for CO, Laser Transmission 


Hollow optical transmission fibers offer the potential 
to circumvent fundamental limitations associated 
with conventional index guided fibers and thus have 
een the subject of active research in recent years. 
Here we report on the materials selection, design, 
fabrication, and characterization of extended lengths 
of hollow optical fiber lined with an interior 
omnidirectional dielectric mirror. These fibers consist 
of a hollow air core surrounded by multiple alternat- 
ing submicron-thick layers of a high-refractive-index 
glass and a low-index polymer, resulting in large 
infrared photonic bandgaps. These gaps provide 
strong confinement of optical energy in the hollow 
fiber core and lead to light guidance in the funda- 
mental and up to fourth-order gaps. We show that the 
fiber transmission windows can be scaled over a large 
wavelength range covering at least 0.75 to 
10.6 microns. The utility of our approach is further 
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demonstrated by the design and fabrication of tens of 
meters of hollow photonic bandgap fibers for 
10.6 micron radiation transmission. We demonstrate 
transmission of carbon dioxide (CO>) laser light with 
high power-density through more than 4 meters of 
hollow fiber and measure the losses to be less than 
1.0 dB/m at 10.6 microns. This establishes suppres- 
sion of fiber waveguide losses by orders of magnitude 
compared to the intrinsic fiber material los 

Silica optical fibers have been extremely successful 
in telecommunications applications, and other types 
of solid-core fibers have been explored at wavelengths 
where silica is not transparent. However, all fibers 
that rely on light propagation principally through a 
solid material have certain fundamental limitations 
stemming from nonlinear effects, light absorption 
by electrons or phonons, material dispersion, and 
Rayleigh scattering that limit maximum optical 
transmission power and increase attenuation losses. 
These limitations have, in turn, motivated the study of 
a fundamentally different light-guiding methodology: 
the use of hollow waveguides having highly reflecting 
walls, Light propagation through air in a hollow fiber 
climinates or greatly reduces the problems of non- 
linearities, thermal lensing, and end-reflections, facil- 
itating high-power laser guidance and other 
applications which may be impossible using conven- 
tional fibers. Hollow metallic or metallo-dielectric 
waveguides have been studied fairly extensively and 
found useful practical application, but their perform- 
ance has been bounded by the notable losses occurring 
in metallic reflections at visible and infrared (IR) 
wavelengths, as well as by the limited length and 
mechanical flexibility of the fabricated waveguides. 
Hollow all-dielectric fibers, relying on specular or 
attenuated total reflection, have also been explored, 
but high transmission losses have prevented their 
broad application. More recently, all-dielectric fibers, 
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Figure 18 Normalized shift of the Fabry-Perot resonant mode (defined as 4) versus applied axial strain for the 240 micron 
(Giamonds) and the 460 micron diameter fiber (dots). The curve obtained for the 240 micron diameter fiber is lower because the 
‘experimental 0% strain is likely to correspond to a nonzero positive strain, necessary to keep this thinner fiber straight for the 
‘measurement (equivalent to a load less than 10 q). Reproduced with permission from Benoit G, et al. (2003) Static and dynamic 
properties of optical cavities in photonic bandgap gains. Advanced Materials 15: 2053-2056. 
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consisting of a periodic array of air holes in silica, have 
been used to guide light through air using narrow 
photonic handgaps. Solid-core, index-guiding ver- 
sions of these silica photonic crystal fibers have also 
heen explored for interesting and important appli- 
cations, such as very large core single-mode fibers, 
nonlinear enhancement and broadband superconti- 
nuum generation, polarization maintenance, and dis- 
persion management. However, the air-guiding 
capabilities of such waveguides thus far remain 
inferior to transmission through solid silica, due to 
various factors such as the difficulties in fabricating 
long, uniform fibers which must have a high volume 
fraction of airand many air—hole periods, as well as by 
the large electromagnetic (EM) penetration depths 
associated with the small photonic bandgaps ac 
able in these air-silica structures, In our fiber, the 
hollow core is surrounded by a solid high-refractive- 
index-contrast multilayer structure leading to large 
photonic bandgaps and omnidirectional reflectivity. 
‘The pertinent theoretical background and recent 
analyses indicate that such fibers may be able to 
achieve ultralow losses and other unique transmission 
properties. The large photonic bandgaps result in very 
short EM penetration depths within the layerstructure, 
significantly reducing radiation and absorption losses 
while increasing robustness. Omnidirectional reflec- 
tivity is expected to reduce intermode coupling loss 

To achieve high index contrast in the layered 
portion of the fiber, we combined a chalcogenide glass 
with a refractive index of ~2.8 As)Ses, and a high- 
performance polymer with a refractive index of 
~1.55 PES. We recently demonstrated that these 
materials could be thermally co-drawn into precisely 
layered structures without cracking or delamination, 
even under large temperature excursions, The same 
polymer was used as a cladding material, resulting in 
fibers composed of ~98% polymer by volume (not 
including the hollow core) and thus combine high 
optical performance with polymeric processability 
and mechanical flexibility. We fabricated a variety of 
fibers by depositing a $10 micron thick As,Se, layer 
through thermal evaporation onto a 25-50 micron 
thick PES film and the subsequent ‘rolling’ of that 
coated film into a hollow multilayer tube called a fiber 
preform, This hollow macroscopic preform was 
consolidated by heating under vacuum and cladded 
with a thick outer layer of PES; the layered preform 
was then placed in an optical fiber draw tower and 
drawn down into tens or hundreds of meters of fiber 
having well-controlled submicron layer thickness: 
The nominal positions of the photonic bandgaps 
determined by laser monitoring of the fiber OD 
during the draw process. Typical standard deviations 
in the fiber OD were ~1% of the OD. The resulting 


fibers were designed to have large hollow cores, useful 
in high-energy transmission. 

SEM analysis (Figure 16) reveals that the drawn 
fibers maintain proportionate layer thickness ratios 
and that the PES and As,Se, films adhere well during 
rigorous thermal cycling and elongation. Within the 
multilayer structure shown in Figure 1, the PES layers 
(gray) have a thickness of 900 nm, and the As,Ses 
layers (bright) are 270 nm thick (except for the first 
and last As2Ses layers, which are 135 nm). Broad- 
band fiber transmission spectra were measured with a 
Fourier transform infrared (FTIR) spectrometer 
(Nicolet Magna 860), using a parabolic mirror to 
couple light into the fiber and an external detector. 
‘The results of these measurements are shown in the 
lower panel of Figure 2 for fibers having two different 
layer structures. For each spectrum, light is guided at 
the fundamental and high-order photonic bandgaps. 
Also shown in the upper panel of Figure 2, is the 
corresponding photonic band diagram for an infinite 
periodic multilayer structure calculated using the 
experimental parameters of our fiber (layer thick- 
nesses and indices). Good agreement is found 
between the positions of the measured transmission 
peaks and the calculated bandgaps, corroborated 
with the SEM-measured layer thicknesses, verifying 
that transmission is dominated by the photonic 
bandgap mechanism. In order to demonstrate ‘wave- 
length scalability’ (i.e., the control of transmission 
through the fiber’s structural parameters) another 
fiber was produced, having the same cross-section but 
with thinner layers. We compared the transmission 
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Figure 18 Cross-sectional SEM micrographs at various 
magnifications of hollow cylindrical multlayer fiber mounted in 
epoxy. The hollow core appears black, the PES layers and 
cladding gray, and the As.Ses layers bright white. This fiber has a 
fundamental ‘photonic bandgap at a wavelength of ~3.55 
microns. Reproduced with permission from Temelkuran B, Hart 
SSD, Benoit G, Joannopoulos JD and Fink Y (2002) Wavelength 
scalable hollow optical fibres with large photonic bandgaps for 
CO; laser transmission. Nature 420: 650-653, 
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spectra for the original 3.55 micron bandgap fibers to 
the fiber with the scaled-down layer thicknesses. 

Figure 17 shows the shifting of the transmission 
bands, corresponding to fundamental and high-order 
photonic bandgaps, from one fiber to the next. The 
two fibers analyzed in Figure 17 were fabricated from 
the same fiber preform using different draw-down 
ratios (fibers with a fundamental bandgap centered 
near 3.55 microns have an OD of 670 microns; 
those with a gap at 3.1 microns have an OD of 
600 microns). The high-order bandgaps are period- 
ically spaced in frequency, as expected for such a 
photonic crystal structure. 

‘The wavelength scalability of our fibers was further 
demonstrated in the fabrication of hollow fibers 
designed for the transmission of 10.6 micron EM 
radiation, This not only shows that these structures 
can be made to guide light at extremely disparate 
wavelengths, but that specific useful bandgap wave- 
lengths can be accurately targeted during fabrication 
and fiber drawing. Powerful and efficient CO, lasers 
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Figure 17 Upper panel: Calculated photonic bandstructure 
associated with the dielectric mirror lining of the hollow fiber. 
Modes propagating through air and reflected by the fier walls lie 
in the bandgaps (white) and within the ight cone defined by the 
lancing-angle condition (black line). The gray ragians represent 
‘modes radiating through the mir. Tha fundamental bandgap 
has the widest range-to-mid-range ratio, with a ragion of omni- 
directional reflectivity highlighted in black. Lower panel: Compari- 
son of transmission spectra for two different hollow fibers of 
~30 em length having similar structure but scaled photonic crystal 
(rmuttlayer) period dimensions. The spectrum in gray is from a 
fiber with a fundamental photonic bandgap at 3.85 microns; the 
black spectrum is from a fiber where the corresponding bandgap 
is at 3.1 microns, High-order bandgaps (Indicated by arrows) are 
Periodically spaced in frequency. Reproduced with permission 
from Temelkuran B, Hart SD, Benoit G, Joannopoulos JD and 
Fink Y (2002) Wavelangth-scalable hallow optical flares with large 
Photonic bandgaps for CO; laser transmission. Nature 420: 
850-853. 


are available that emit at 10.6 microns and are used in 
such applications as laser surgery and materials 
processing, but waveguides operating at this 
wavelength have remained limited in length or loss 
levels. Using the fabrication techniques outlined 
above, we produced fibers having hollow core 
diameters of 700-750 microns and ODs of 1300— 
1400 microns with a fundamental photonic bandgap 
spanning the 10-11 micron wavelength regime, 
centered near 10.6 microns. Figure 5 depicts a typical 
FTIR transmission spectrum for these fibers, 
measured using ~30 em long straight fibers, 

In order to quantify the transmission losses in 
these 10.6 micron bandgap hollow fibers, fiber cut- 
back measurements were performed. This involved 
the comparison of transmitted intensity through 
~4 meters of straight fiber with the intensity of 
transmission through the same section of fiber cut to 
shorter lengths (Figure 18 inset). This test was 
performed on multiple sections of fiber, and the results 
found to be nearly identical for the different sections 
tested. The measurements were performed using 
25 watt CO» laser (GEM-25, Coherent-DEOS) and 
high power detectors (Newport 818T-10). The fiber 
was held straight, fixed at both ends as well as at 
multiple points in the middle to prevent variations in 
the input coupling and propagation conditions during 
fiber cutting. The laser beam was sent through 
focusing lenses as well as 500 micron diameter 
pinhole apertures and the input end face of the fiber 
was coated with a metal film to prevent accidental 
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Figure 18 Typical transmission spectrum of hollow fibers 
signed ta transmit CO; laser ight. The fundamental photonic 
bandgap is centered near a wavelength of 10.6 microns and the 
second-order gap is at ~S microns. Inset: Log af transmitted 
power (arbitrary units) versus length of fiber (meters). The slope of 
this graph is the loss in dB/m. The measured fiber has a hollow 
core diameter of 700 microns. Reproduced with permission from 
‘Temelkuran B, Hart SD, Benoit G, Joannopoulos JD and Fink ¥ 
(2002) Wavelangth-scalable hollow optical fibres with large 
Photonic bandgaps for CO. laser transmission. Nature 420: 
650-653. 
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laser damage from misalignment, The transmission 
losses in the fundamental bandgap at 10.6 microns 
were measured to be 0.95 dB/m, as shown in the inset 
of Figure 18, with an estimated measurement uncer- 
tainty of 0.15 dB/m. These loss measurements are 
comparable to some of the best reported loss values 
for other types of waveguides operating at 
10.6 microns. A bending analysis for fibers with a 
bandgap centered at 10.6 microns revealed bending 
losses below 1.5 dB for 90 degree hends with bending 
radii from 4-10 em, We expect that these loss levels 
could be lowered even further by increasing the 
number of layers, through optimization of the layer 
thickness ratios and by creating a cylindrically 
symmetric multilayer fiber with no inner seam 
(present here because of the ‘rolling’ fabrication 
method). In addition, using a polymer with lower 
intrinsic losses should greatly improve the trans- 
mission characteristics. 

One reasonable figure of merit for optical trans- 
mission losses through hollow all-dielectric photonic 
bandgap fibers is to compare the hollow fiber losses to 
the intrinsic losses of the materials used to make the 
fiber. As;Sey has been explored as an IR-transmitting 
material, yet the losses at 10.6 microns reported in 
the literature are ~10dB/m for highly purified 
material, and more typically are greater than 
10 dB/m for commercially available materials such 
as those used in our fabrication. Based on FTIR 
transmission and spectroscopic ellipsometer measure- 
ments that we have performed on PES, the optical 
losses associated with propagation through solid PES 
should be greater than 40 000 dB/m at 10.6 microns. 
This demonstrates that guiding light through air in 
our hollow bandgap fibers leads to waveguide losses 
that are orders of magnitude lower than the intrinsic 
fiber material losses, which has been one of the 
primary goals of hollow photonic bandgap fiber 
research. These comparatively low losses are made 
possible by the very short penetration depths of EM 
waves in the high refractive index contrast photonic 
crystal structure, allowing these materials to be used 
at wavelengths that may have been thought improb- 
able. Another long-standing motivation of infrared 
fiber research has been the transmission of high- 
power laser light. As a qualitative demonstration of 
the potential of these fibers for such applications, 
both straight and smoothly bent fibers of lengths 
varying from 0.3-2.5 meters were used to transmit 
enough CO> laser energy to burn holes through paper. 
‘The maximum laser power density coupled into our 
fibers in these trials was approximately 300 W/em*, 
more than sufficient to burn a homogeneous polymer 
material, including PES. No damage to the fibers was 
observed when the laser beam was properly coupled 


into the hollow fiber core. These results indicate the 
feasibility of using hollow multilayer photonic 
bandgap fibers as a low-loss wavelength-scalable 
transmission medium for high-power laser light, 
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Introduction 


Why do ray optics dominate the literature on optical 
engineering? The major practical reason may be that 
historically optical engineering has dealt with systems 
for image forming. These systems transform diver- 
gent spherical waves from points in an object, into 
spherical waves converging to focal points in the 
image. Thus, the basic operation of an imaging 
system performed by a lens is changing the radius of 
curvature of spherical fields. The propagation of 
spherical waves is modeled well by geometrical 
optics, so long as truncation by apertures and other 
high frequency aberrations are not significant. More- 
over, the basic merit function in imaging evaluates the 
appearance of the image point at its correct location 
by so-called dot diagrams. Evaluation of this merit 
function requires only a ray bundle representation of 
the output field. The combination of a ray represen- 
tation with geometrical optics propagation is called 
raytracing, which explains the dominance of raytra- 
cing in conventional optical engineering. Because the 
design of illumination systems is also often based on 
principles of imaging, raytracing remains a suitable 
technique in that case too, However, systems that 
perform general light transformations must apply 
wave-optical engineering techniques, which constitu- 
tes a generalization of conventional optical engi- 
neering. In this sense it includes the modeling of 
image-forming systems as a special case. 


Modeling Principles 


Modeling in wave-optical engineering addresses the 
propagation of electromagnetic fields through sys- 
tems as illustrated in Figure 1, The introduction of 
operators and operands as mathematical tools sim- 
plifies a systematic discussion of the modeling 
concepts. Formally, an electromagnetic field may be 
expressed by the operand f © F with the set of fields F. 
The actual form of f € F depends on the physical 
approach chosen to model electromagnetic fields. For 
instance, f € F may stand for a ray bundle, a complex 
amplitude, or a coherence function. The photon 
source generates a field which acts as the input field f 
into the optical system. The quality of the output field 
fou: is evaluated with the help of a merit function 2 


This function may consist of M components which 
yields: 
MEow) 


21 Fou Dafoe)! TD 


Mulla 


with Q, : FR* and w= 1,...,M. Bach component 
1, defines a mathematical way to obtain one positive 
valued quantity for a given f,,,. Examples are the rms- 
value to evaluate the quality of a wavefront, M?-value 
to judge the profile of a laser beam, center of gravity 
of a light distribution, light transformation efficiency, 
and the value of an overlap integral to determine the 
coupling efficiency into a fiber. Any property of the 
output field can be evaluated by an appropriate 
definition of a function ©,,, as long as the demanded 
field parameters are accessible for the field model in 
use. However, it should be mentioned, that it is not 
clear a priori, that all quality criteria 0, can be 
satisfied simultaneously. How the different ©, are 
related is dependent on the application. 

The propagation of the input field through the 
system is mathematically summarized by the operator 
equation: 


fou = SPadfia 21 


with the operator S:F—F. p, stands for all 
parameters 1, Pay Pa which specify the system, for 
instance position of elements, refractive index, sur- 
face profiles, and layer thickness. Obviously a full 
electromagnetic model of S docs not exist for 
arbitrary systems. The propagation problem eqn [2] 
is much too complex for a wave-optical solution, 
However, for a sequential approach the situation is 
different. If the propagation through a system is 
performed sequentially through the elements and the 
homogenous regions, at least approximate wave- 
optical methods are available to model the propa- 
gation 5. In a sequential approach, either the 
transmitted or reflected field is considered per region 


HAH 


Figure 1 An optical system may include various types of 
‘elements to perform the desired optical function. Layered media, 
free-form surfaces, index-modulated regions, microstructured 
inefaces, lenses, and other structured mecia offer the flexibility 
needed to realize general light transformations. Typically 
structured media and homogenous regions follow each other. 


What 


-an Go Wrong 


away from data lines or encoder outputs, and 
may be shielded if necessary. Data lines from 
sensors in brushless motors may also be shiel- 
ded, 


Installing a capacitor across the motor terminals 
can significantly reduce EMI, Some motors have 
capacitors preinstalled. Ifthe motor sina sealed 
casing, it may have to be disassembled to reveal 
whether a capacitor is present. 


Heat effects 

Since all motors in the real world are less than 
100% efficient, some power is lost by the motor 
during normal operation, and will be dissipated 
as heat. The resistance of motor windings, and 
consequently the magnetic force that they gen- 
erate, will decrease as the temperature rises. The 
motor becomes less efficient, and will try to draw 
more current, worsening the situation. A manu- 
facturer’s rating for maximum temperature 
should be taken seriously. 


The insulation of the coil windings is usually the 
most vulnerable part of a motor if excess heat 
persists, Short circuits between adjacent coils as 
aresult ofinsulation breakdown will degrade the 
performance of the motor while increasing its 
power consumption, which will create even 
more heat. 


Where motor casings have protruding ridges, 
these cooling fins should be exposed to ambient 
air, 


Frequent starting, stopping, and reversing will 
tend to generate heatasa result of pawer surges, 
and will reduce the lifetime of the motor. 


Ambient Conditions 

‘A warm, dry environment will tend to dry out 
bearing lubricants and graphite brushes. Con- 
versely, a very cold environment will tend to 
thicken the bearing lubricants. Ifa motor will be 
used in unusual environmental conditions, the 
manufacturer should be consulted. 


electromagnetism > rotational > de motor 


Wrong Shaft Type or Diameter 
Motors have a variety of possible output shaft 
diameters, some measured in inches and others 
in millimeters, and shafts may be long or short, 
‘or may have a D-shaped cross section or splines 
to mate with appropriate accessories such as 
gears, pulleys, or couplings. Careful examination 
of datasheets and part numbers is necessary to 
determine compatibility. In the — hobby- 
electronics world, retailers may offer purpose- 
built discs or arms for specific motor shafts. 


Incompatible Motor Mounts 
Mounting lugs or flanges may or may not be pro- 
vided, and may be incompatible with the appli- 
cation for which the motoris intended. The same 
motor may be available with a variety of mount 
options, differentiated only by one letter or digit 
in the motor’s part number. A mount option that 
was available in the past may become obsolete 
or may simply be out of stock. Again, examina- 
tion of datasheets is necessary. 


Backlash 

Backlash is the looseness or “slack” ina gear train 
that results from small gaps between meshing 
gear teeth. Because backlash is cumulative when 
gears are assembled in series, it can become sig- 
nificant in a slow-output gearhead motor. When 
measured at the output shaft, it is generally in 
the range of 1 to 7 degrees, tending to increase 
asthe load increases. fa geared motor is used as 
a positioning device, ands fitted with an encod- 
er to count rotations of the motor shaft, control 
electronics may cause the motor to hunt to and 
fro in an attempt to overcome the hysteresis al- 
lowed by the backlash. A stepper motor or ser- 
vo motor is probably better suited to this kind 
of application. 


Bearings 
When using a motor that is not rated for signi 
cantaxial loading, the bearings may be damaged 
by applying excessive force to push-fit an output 
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of the system. Although this is an approximation, it 
tums out to be very useful in wave-optical engineer- 
ing. With regard to Figure 2 the sequential approach 
is mathematically expressed by 


Py(ny,Az)S)-a (Pay .)°*SaPay) 
XP, (my, Az fia 


BI) 


Pi(m,Az;) expresses the propagation through a 
homogenous dielectric with refractive index 1, and 
extent Az). This type of propagation is also called fr 
propagation. Sometimes the term free propagation is 
restricted to propagation in vacuum; Here it is used 
more generally, Sj(p,,) models the propagation 
through an optical component which is specified by 
the parameters fi. Optical engineering needs physical 
models for the field operand f, the free propagation P, 
and the propagation S, through elements. The most 
fundamental demand in wave-optical engineering is a 
wave-optical model to express the field f in hom- 
ogenous regions. It is common to restrict to harmonic 
fields. The generalization to more general radiation is 
often possible by suitable superposition of harmonic 
fields. This approach assumes linear optical systems as 
typical in optical engineering. From Maxwell’s 
equations it follows that harmonic fields in homo- 
genous regions are completely specified if two 
independent field components are determined in one 
plane zq within the region. Therefore, the electro- 
magnetic field operand takes the form: 


f(x,y, 20) = [Ext 14) 


with the complex amplitudes E, and E, ofthe x and y 
components of the electric field vector. Because the 
knowledge of f(x,.<p) allows the direct calculation 
of the missing complex amplitudes E., H,, Hy, H, 
via Maxwell’s equations, the entire electromagnetic 
harmonic field in a homogenous region is specified 
by eqn [4]. . 
‘With respect to the two components of the field 
operand f propagation operators S are 2 x 2-matrices 


of the form: 


te | 
ss [5] 
Se Sy 

In the case of a diagonal matrix, 
Sey = Sy. =0, Ex and Ey propagate independently 
and are considered decoupled channels of the system. 
If in addition S,,=S,,, both channels behave 
identically, and it is sufficient to model only one 
channel. This is often referred to as the scalar model. 


that is 


OF course, also in the scalar model the electro- 
magnetic field still consists of two independent 
components and maintains its vectorial nature. 

‘Numerical implementation of eqn [3] for the field 
operand of eqn [4] constitutes the backbone of 
modeling in wave-optical engineering. 


Free Propagation 


‘The propagation P of harmonic fields f through 
homogenous regions of a system has a rigorous 
electromagnetic solution in form of the spectrum of 
plane waves integral which yields: 


£(x,y,2=20)= Pspwflx,y,20) 
_(Psw 0 \ (Exceyzo) 
TN 0 Pow) LE eea.e0), 
(FF Eaeyani ry) 
FFE loy.zo elt thks) 


with the Fourier transform F and Av=z—zp. The 
term FE(x,y.z9) is called spectrum of planewaves 
(SPW). The operator matrix is diagonal and 
Pow =Pz.=Pyyy that means the x- and y-com- 
ponents propagate independent of each other accord- 
ing to the same formula in homogenous dielectrics. 


4 & 4 
yd, Pay yz, 
homogensous | iihorapenceus| 
0 Fn 4 % 4 


Figure 2 Formally a system may be subdivided into a sequence of homogenous dielectrics ike air and inhomageneaus regions which 


include the elements. We indicate a region by the latter 
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In this sense, free propagation is a scalar problem 
which allows the convenient use of U(x.y.2) instead of 
two field components for the sake of simpler mathe- 
matical expressions. 

Equation [6] allows the derivation of other 
rigorous versions of the free propagation operator 
‘Papp, for instance Rayleigh’s integral formula, which 
is well-known from diffraction theory. Moreover, 
in [6] leads to important approximate operators for 

field propagation and the propagation of paraxial 
Ids. Propagation of a field into its far field is given by 
the operator: 


fa 


Ulrs) = Pye Ut%. 20) 
explikr) 
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Toes, bs) 


the : 
(2 +y?+(Azr)'?, and the direction vector 5 


with wave number &=2nn/A, r=Iel 


(5.5.5, = tir. Here, and in what follows, A denotes 
the vacuum wavelength. jis, 44) indicates the vari- 
ables to be inserted into the Fourier transformed field 
Though the far-field formula is derived for r+ 09, it is 
also of great practical value for the propagation of 
ls generated by nonparaxially emitting sources 
like laser diodes. Roughly speaking eqn [7] predicts a 
spherical wave in the far field which is modulated by 
the spectrum of planewaves of the field in zp. Pie 
propagates from the plane zp to the spherical surface 
with radius rand not to a plane z. 

‘The paraxial approximation of eqn [6] follows if 
the spectrum of planewaves FU(x, ¥.zo) possesses 
significant values only for small k, and ky, that is if 
both electric field components propagate approxi- 
mately along the z-axis. The resulting propagation 
operator is known as Fresnel’s integral formula. In 
practice, its formulation with the Fourier transform 
F is typically more suitable: 


Ute. yz = 20) = Pharasist UC y, 20) 


[8] 


licywiase indicates the variables to be inserted after 
Fourier transform, The farfield approximation of 
eqn [8] leads to the well-known Fraunhofer diffra 
tion formula, 

Equations [6]-[8] provide fundamental operators 
for the propagation of fields in wave-optical engin- 
cering, All integrals are based on Fourier transforms 


which allows the application of the fast Fourier 
transform (FFT) in practice. Dependent on the 
propagation technique, one or two FFTs must be 
performed. In practice, the sampling of fields is of 
great concern, Naturally the amount of data should 
be as small as possible. According to the rigorous 
propagation operator eqn [6] the (x, y)-coordinate 
system and therefore the sampling period in zp and z 
are identical, that is, scaling does not occur As 
illustrated in Figure 3, that can lead to an enormous 
amount of data for large propagation distances. For 
demonstration purpose the field amplitude depicted 
at the top is chosen, The field window has the size 
1mm x 4 mm, The wavelength A is 632.8 nm, 1 = 1, 
and the sampling distance 10 um. That results 
in 100X400 sampling points, Propagation of this 
field with the spectrum of planewave operator 
maintains the size of the field window. The resulting 
field for a propagation distance Az= 10mm is 
shown in the middle. Because of diffraction, the 
field widens, As long as the initial window is large 
enough to encompass the propagated field, the 
propagation method works well. At the bottom, the 
resulting field for Az = 200 mm is shown, The field 
exceeds the size of the window and that leads to 


numerical errors (aliasing). This can be avoided by 
embedding the initial field into a window which is 
large enough with respect to the expected size of the 
propagated field. As a result, one obtains the 


VirtualLab™ 


Figure 3. Illustration of numerical properties ofthe spectrum of 
plane wave propagation technique. The field amplitude depicted 
at the top is numerically propagated in tree space and the 
distbutions in the middle and the bottom are obtained. The 
simulations in this and all following figures were performed, 
‘The simulations in this and all following figures were performed, 
with the wave-optical engineering software VirtualLab” from 
LghtTrans GmbH. 
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Figure 4 Starting from the same input field and the same 
distances as in Figure 3 the propagated fields depicted in the 
middle and the bottom are obtained using the paraxial propagation, 
‘operator. Because of the inherent scaling the fiald window sizes, 
are 632.8 wm x 632.8 jum and 12.656 mmx 12.656 mm, respect- 
ively. The number of sampling points remains unchanged 
Obviously, the field in the middle is toa small to encompass the 
propagated fiald and numerical errors acour. For the long distance 
the field size is perfectly matched to the field size obtained by 
propagation, 


demanded accuracy at cost of increasing data 
memory requirements and computation time. 
Thus in practice the SPW propagation operator is 
particularly suitable for short distances, Fortunately 
the paraxial propagation operator eqn [6] possesses a 
complementary behavior. Because of (x, y)n/AAz, the 
(x, )-coordinate system changes its scaling with the 
distance. As illustrated in Figure 4, that makes it 
well suited for large propagation distances but 
problems occur for small ones. Therefore, all paraxial 
propagation problems have an efficient numerical 
solution by a suitable combination of Ppscaval 
and Psp. In the nonparaxial case the far-field 
operator eqn [7] often helps to realize a numerically 
efficient propagation for large distances. However, 
there are sometimes situations, in which free 
propagation of nonparaxial fields causes significant 
numerical problems 


Propagation Through Elements 


The propagation of harmonic fields f through 
elements is a challenging task. For example, Figure 5 
illustrates propagation through smooth or micro- 
structured interfaces between two homogenous 
media. The field f,(x,y,z,) should be determined if 
fo(x,ysz0), the shape of the interface, and the 


Figure 6 A planewave t, propagates through an interface 
between two homogeneous dielectrics with refractive index n, and 
1, The interface is of general shape and therefore a rigorous 
solution of the propagation problem does not exist. The virtual 
planes in 2, and 2, encompass the interface in a way which 
minimizes the distance 2, — 29 


refractive indices my and », are known. The reflection 
mode of operation can be formulated analogously. 
It is remarkable that this basic problem possesses a 
rigorous solution only for a few special interface 
geometries. Of particular importance are the rigorous 
solutions for plane and periodic interfaces. In the first 
case, the solution comprizes Snell’s law of refraction, 


the law of reflection, and Fresnel’s formulae. Grating 
theory provides the solution for periodic interfaces. It 
is possible to use the 
interfaces but at the cost of immense computational 


¢ methods also for nonperiodic 


effort. Thus, they are only practicable for structures 
with detail no larger than a few wavelengths. For 
ger 

required. One approach is to decompose a general 
propagation problem into a set of simpler problems 
that can be solved rigorously. The results are then 


eral interfaces, accurate approximate methods are 


combined to obtain an approximate solution of the 
original problem. Two basic concepts for subdividing 
the general problem are: (i) Decomposition of the 
incident field into laterally truncated fragments which 
illuminate elementary fractions of the interface. (ii) 
Decomposition of the response of the interaction of 
the incident field with the interface into approxi- 
mately independent ones related to local interface 
features. The first technique is re 
elementary interface approximation (LEIA) and the 
second one as local independent response approxi- 
mation (LIRA). Elementary interfaces of particular 
importance are plane, periodic, and spherical ones. 
The local plane interface approximation (LPIA) is 
of particular importance in wave-optical engineering. 
Figure 6 illustrates the basic concept for the example 


red to. as local 
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Figure 6 If a lateral fraction of the input field is propagated 
towards the interface, itis often possible to laterally restrict the 
‘major part of the propagated field to a local plane interface. 
Because of difraction it is never possible to do that rigorously. 
Neglecting traction in the region between 2) and z; provides a 
simple model to propagate a section of the incident plane field 
through the interface. Fresnel's formulae and Snell's law of 
refraction can then be applied directly to obtain the transmitted 
plane field, which is propagated to the plane z, 


of a plane incident field. It has been proven that the 
approximation of geometrical optics propagation 
within the regions of the component, here that 
means between z and 21, provides results which are 
surprisingly accurate in numerous situations of 
practical interest. A full wave-optical version of 
LPIA is currently under research and development. 
In general, however, LPIA is applicable if the 
characteristic lateral extent of the local modulation 
of the interface is not close to the wavelength. It 
should be emphasized that LPIA is, as most other 
approximate propagation techniques, a 2x 2 matrix, 
like eqn [5], with nonvanishing components. That 
means, for instance, that in general, an E,-component 
occurs in zi even if Ey = 0 in zo. That is, the two field 
channels experience crosstalk. A further approxi- 
mation in geometrical optics LPIA, popular in Fourier 
optics holography, and diffractive optics is the thin 
element approximation (TEA). Geometrical optics 
LPIA leads to TEA if refraction and the local 
dependence of Fresnel losses at the interface are 
neglected. Obviously, that is allowed only if all angles 
involved, including the slope of the interface and the 
direction of the input field, are small. Therefore, TEA 
is a paraxial and geometrical optics approximation. 
Moreover, small local slopes of the interface lead to a 
restriction to thin elements, which explains the name 
TEA. It is also referred to as scalar approximation, 
because the operator matrix becomes diagonal with 
Stra = Syy = Syyy that means the two field channels 
propagate independently according the same formula 


through the interface. In the thin element only 
approximation the dependence of the optical path 
through the element on position (x, y) is considered 
and mathematically takes the form: 


Ute, ¥,21) = SreaUlr¥,20) 
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with the vacuum wavelength A. The profile height 
(x,y) is expressed as the distance from zp to the 
interface. Propagation through an interface between 
dielectrics modeled with TEA affects the phase of the 
incident field proportional to the profile height. The 
magnitude remains unchanged besides a constant 
factor crresel, due to Fresnel’s equations. If complex 
valued refractive indices are taken into consideration, 
absorption results in an amplitude modulation 
completely analogous to the phase modulation 
described in eqn [9]. This way it is also possible to 
address the propagation through apertures and the 
combination of Spa with P leads to the well-known 
diffraction integrals. In fact, Kirchhoff’s boundary 
conditions of field propagation through a hole in a 
completely opaque screen can be interpreted as TEA 
for complex valued refractive indice 

The simple form of the TEA operator allows a 
straightforward numerical implementation. The field 
operand and the profile are equidistantly sampled and 
the resulting field is sampled analogously. That makes 
the combination of Sz with numerical implemen- 
tations of the free propagation operators P easy. AS 
soon as refraction is considered in geometrical optics 
LPIA, the equidistant sampling of the output field is 
destroyed which enforces additional interpolation 
effort before a free propagation by fast Fourier 
transforms can be implemented, because fast numeri- 
cal Fourier transform algorithms require an equidi- 
stant sampling. 

In wave-optical engineering the combination of 
geometrical optics LPIA with a wave-optical field 
model is mandatory. In this context itis instructive to 
mention, that its combination with a ray-bundle 
representation of the incident electromagnetic field 
leads to raytracing through the interface, that is it 
reduces to the basic technique in conventional optical 
engineering. 

Similar to LPIA it is possible to cor 
gratings as elementary local interface and the local 
linear grating approximation (LLGA) results. It is of 
special concern for all types of diffractive elements, 
for which the interface can locally considered 


jider linear 
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periodically. An important example is given for 
diffractive lenses in the outer zones of high numerical 
aperture lenses. In the center and for low numerical 
aperture TEA is appropriate for propagating through 
diffractive lenses. 


Design Principles 


‘The design problem in wave-optical engineering can 
be stated as follows: specify system parameters p,, in 
a way that ensures for a given input field f,, an 
output field fy, which satisfies the quality criteria 
defined by the merit functions ©. In addition, one 
may demand a system which is most simple, 
particularly cheap, or various other system properties 
of concern in practi 

Design constitutes an optimization problem. 
Restrictions to the system parameters and the merit 
function sets design constraints as well as design 
fre 


System parameters can be restricted, for instance, 
by the materials available, the maximum size of a 
system, and types of clement profiles. Within these 
limits the system parameters are chosen freely during 
optimization to achieve the optical function. 

‘The merit functions determines which parameters 
of the output field are important and should be 
emphasized, for instance the intensity distribution. 
All output fields, whose parameters satisfy the 
constraints satisfy the design problem. In most 
applications, not all field parameters are constrai 
For instance, in laser materials processing or illum 
nation applications, the merit function is related to 
energy quantities and then the phase of the output 
field can be used as a free parameter distribution. 
Moreover, the output field is typically not constrained 
in the entire output plane, but only in so-called signal 
regions, which introduces freedom of amplitude 
outside the signal regions. Hence, dependent on the 
application, there exist field parameters that can be 
chosen partly or completely free during design. 

Successful design strategies use the freedoms to 
improve the matrix function. It is often not clear a 
priori, if a solution does exist. Then the field 
constraints are satisfied as good as possible in terms 
of the merit function. 

In imaging systems, typical system parameters 
include, for instance, distances, refractive indices, 
curvature of lenses, and parameters to specify 
aspherical surfaces. For high-end lens systems, the 
resulting number of parameters can be large, but they 
are still small enough to utilize parameter optimiz~ 
ation algorithms if the designer starts with a 
reasonable initial guess. In wave-optical engineering, 
the number of system parameters can become huge 


due to the generalized nature of the structures, which 
typically prevents the use of system parameter 
optimization techniques. For example, the profile of 
diffractive elements is typically specified by 10*—10° 
parameters. Thus a direct optimization of the system 
parameters, which requires the evaluation of S(p,) 
(see eqn [3]) after any change of system parameters 
Pay is not realistic. 

Instead of optimizing the system parameters 
directly, which is referred to as design in the structural 
embodiment of the system, a technique wellknown 
from Fourier optics and diffractive optics can be 
generalized for wave-optical engineering, It does not 
start with structure related element parameters but 
replaces all or at least some of the operators S,(p,) of 
eqn [3] by mathematical operators T (t,). t, denotes 
the parameters of T. The propagation operator 
through a system expressed in this functional 
embodiment has the form: 


Stunctionatfin 
= Phin, MeT Alby 
x Pr(m, Azifin 


Tilt) 


{0} 


if all propagations through elements are expressed in 
functional form. A very important example of a 
functional operator T is given by a simple multipli- 
cation of both field components with identical or 
different complex functions #(x, y), that is: 


Feel, Y) ) 
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The values of both t(x,y) form the parameters t, 
of T. The functions t(x,y) are also called ideal 
transmission functions of elements. Of special interest 
are phase-only transmission functions f(x.) 
explin(x,y)] (see discussion below). If t(x,)) 
ty(X,9) = ty(x,y), the design is simplified. Fortu- 
nately, in most actual applications this assumption is 
valid, 

Designing in the functional embodiment requires 
the evaluation of Stuncionat instead of S of eqn [3], 
which reduces the numerical complexity enormou: 
That improves the likelihood for developing efficient 
design algorithms to optimize the distances Azj, the 
refractive indices ,, and parameters t, 

‘The design in the functional embodiment does not 
deliver the structure parameters of elements but only 
parameters t, of the operator T which gives 
information about how a field should be changed at 
the position z where T takes effect. Thus, in a next 
design step, elements must be obtained which cause 
the required effect. This so-called structure design 


346 DIFFRACTIVE SYSTEMS / Wave Optical Modeling and Design 


step is also generally challenging because it requires 
the solution of an inverse propagation problem 
through interfaces. For a further discussion the most 
important 7’, that is the transmission type operator 
of eqn [11], is considered. For the sake of simplicity 
Hx,9) = tel) = fyy(X.9) is assumed. Then, a 
solution which uses geometrical optics LPIA in 
combination with phase-only transmissions is 
known in the form of a recursive structure design 
strategy. In its paraxial approximation, that is TEA, 
the solution becomes very simple. For a transmission 
Kix, y) =explinx,y)], obtained from a functional 
design, an element with a surface profile: 


Arlx.y) 


bay) = a  _ 
8) Far senen = Me) 


results from eqn [9]. The refractive index of the 
clement is denoted by remax and the homogenous 
region behind the element has the index mie, ¢q0 [12] 
constitutes a direct relationship between the phase 
values of the transmission function and the profile 
(x,y). This structure design technique is accurate for 
all paraxial situations. However, it is also a reason- 
able method for nonparaxial structure design since it 
provides an initial profile for further optimization. 
Obviously it is applicable for phase-only transmission 
functions only. That underlines the importance of this 
type of functional operator for the design in the 
functional embodiment. Often the fabrication of 
profiles is done with lithographic techniques which 
result in surface reliefs with a few discrete height 
levels, that means the profile h(x, y) is quantized. 
According to eqn [12] a quantization of Aix, y) 
directly leads to quantized phase values +(x, y). This 
quantization must be taken into account when 
designing z(x,y). An example should serve to discuss 
further aspects of structure design according to eqn 
[9]. A fundamental transmission in various appli- 
cations is the phase of a spherical wave and its 
paraxial version, the quadratic phase. An example of 
a spherical phase r(x, y) is shown in Figure 7 where 
the 2m-modularity of the exponential function is 
taken into account ~ as normal for phase data which 
has been obtained by numerical calculations. Insert- 
ing this phase into eqn [9] leads to the profile of a 
diffractive lens. Because of the use of inverse TEA for 
structure design it works as demanded for moderate 
numerical apertures and starts to suffer from aberra- 
tions for large numerical apertures because of 
electromagnetic effects in the very outer zones. It is 
also possible to unwrap the phase before inserting it 
into eqn [9]. Then a smooth surface, that is a 
refractive spherical lens, results. It is well-known 
that a spherical lens works accurately in the paraxial 


domain and suffers from aberrations for moderate 
and large numerical apertures, which are more severe 
than for the diffractive lens. The use of inverse 
geometrical optics LPIA as a structure design 
technique is not restricted to the paraxial domain 
and therefore it leads to a suitable aspherical surface 
in order to ensure a spherical phase transmission for 
larger numerical apertures too. This is illustrated in 
Figure 8. The lens example shows another advantage 
of the two-step design method, which consists of the 
design in the functional embodiment prior to the one 
in the structural form of the element. In the functional 


s 7) 


Figure 7 The phase of a spherical phase in the 2-modulo 
representation. This phase can be unwrapped which leads to a 
smooth spherical phase which varios from 0 to various 2. The 
noisy edges are due to the use ofa cartesian coordinate system, 
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Figure 8 Application ofthe thin lens approximation for structure 
sign leads to a spherical surface for a spherical phase-only 
transmission. The corresponding surface is depicted by the dotted 
line. I geometrical optics LPIA is used for structure design, an 
aspherical surface is obtained as required. The aspherical surface 
Is depicted by the solid line. The height ofthe surfaces are shown 
as function of the radius 1. Naturally the difference between TEA 
‘and geometrical optics LPIA accurs for larger r only. 
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form the transmission is obtained. It is not necessary 
to decide about the use of a diffractive or a refractive 
element in an early stage of the design. Moreover, it 
provides the designer with insight into selecting 
optical elements to achieve the function. If the 
phase-only transmission can be unwrapped, a refrac- 
tive as well as a diffractive element can be used. An 
optical engineer has the freedom to decide about the 
snitable choice taking fabrication, size, costs, and 
other additional constraints into account. However, 
as soon as the phase-only transmission includes so- 
called vortices, unwrapping is not possible and 
diffractive optics is mandatory. An example of a 
vortex is shown in Figure 9. It turns out that 
vortices are more likely to appear in wave-optical 
engineering the less image-like the optical function is 


Figure 9 Illustration ofa single vortex of charge one. The phase 
varies from 0 to 27, Because of the vortex, this phase is nat 
lunwrappable, that means a smooth phase function cannot be 
obiained. The transition in the phase function requires a 
microstructure inthe profil of the element, which generates this, 
phase-only transmission. 


Meee Zin] Miser Zou 


(see also last section), It is important to note, that 
functional design assumes a diagonal operator 
matrix, that is, it excludes crosstalk of the two field 
channels, Transferring the system into a structural 
form may violate this assumption because of vectorial 
effects in the nonparaxial domain. For instance, 
geometrical optics LPIA in general does not corte- 
spond to a diagonal operator. Therefore, it is neces- 
sary to analyze the final system for fq — even in the 
case of linear polarized light — using more accurate 
propagation techniques than Syeq if it is not ensured 
that the paraxial approximation is accurate enough. 
The so-called thin lens, or ideal lens, in conven- 
tional optical engineering constitutes a special case of 
the two-step design strategy. In the first design step, 
distances and lens focal lengths are determined, 
without taking into account the actual shape of a 
lens. In the second step lenses, or even lens systems, 
are inserted according to the position and the focal 
length specified in the first step. Thus, wave-optical 
engineering extends our understanding by broad- 
ening established methods in optical engineering. 


Fundamental Systems 


A smart approach to design minimizes the number of 
elements required to achieve a desired light trans- 
formation. Thus, itis logical to try a functional design 
with a system of the form: 


Uoul, ¥) = Stanesionat Vin, Y) 
"e002 NZoae) exPLTCX, Y)] 
% P(feees Arig) Vin YD 
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which is illustrated in Figure 10. One phase-only 
transmission, properly placed between the input and 
the output plane, should realize the desired trans- 
formation of the function. Scalar terminology is used, 
because both components are decoupled in the 
functional embodiment. 


Hemogensous]  Homogensous 
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Figure 10 Abasic system for ight transformation can be described functionally by two propagations through homogeneous dielectrics 
with refractive index Aes and one phase-only transmission function. (b) If the second propagation is replaced by an operation in 
‘functional form, here the Fourier transform, the setup shown on the right side results. 
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Ifthe output field is completely specified by the merit 
function, for instance: if the complex amplitude of a 
laser beam should be transformed into another one, 
the so-called amplitude matching strategy is a very 
powerful technique to solve the design problem stated 
byegn[13]. In amplitude matching one determines the 
Distances Az, and Aza such that the inverse 
propagated Ua and the forward propagated Us, 
possess identical magnitudes. If such distances exist, 
the transformation can be realized using a phase-only 
transmission in the plane z,. The phase simply follows 
from the ratio of the propagated fields. If no distances 
exist where amplitude matching occurs, the design 
problem has no solution and at least one more 
transmission function must he introduced, 

‘As mentioned above, in numerous applications the 
output field is not specified completely. In particular, 
phase is often a free parameter. Then, an even simpler 
system approach than the one suggested by eqn [13], 
often leads to reasonable solution. Instead of 
Pree, AZous)9 Fourier transform is assumed, then if, 
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The output field is expressed in k-coordinates as long 
as the system is discussed in functional form. For a 
functional design the distance Az,, is of no concern, 
however it must be chosen together with the structure 
design as discussed below. Thus, in functional design, 
fone concentrates only on the design of the trans- 
mission function. The iterative Fourier transform 
algorithm (IFTA), an extremely powerful algorithm, 
has been developed to accomplish this design. Its 
principle is illustrated in Figure 11. The algorithm 
sequentially applies constraints on the transmission 
and in the Fourier plane. Properly controlled, the 
algorithm converges to a Fourier pair for which the 
transmission plane constraint is satisfied completely 
and the Fourier domain constraint is satisfied as 
accurately as required by the merit function. The 
initial distribution is of enormous importance for a 
successful transmission design. Typically the initial 
distribution is defined in the Fourier plane as shown 
in Figure 11. A field Usg(ks,y) is chosen, which 
satisfies the merit function. Itis called the signal field. 
Because of design freedoms such as phase, typically 
there exists a set of signal fields F,,. If phase freedom 
is available, any field with the desired amplitude and 
an arbitrary phase is an element of Faz and can be 
used as initial distribution of the IFTA. Dependent on 
the application, the choice of the phase is of 
fundamental concern, In the following we assume 


Initia signal fet 


Satistying constraints 
in Fourle/signal plane 


F 
‘Satistying constraints 
in transmission plane 
Designed transmission 

Figure 11 _ Illustration of he basic principle ofthe iterative Fourier 


transform algorithm (\FTA). By a sequential satisfaction of 
constrains in the signal and the transmission plane, the design in 
the functional embodiment can be accomplished. If both 
constraints are satisfied accurate enough, the IFTA is terminated 
with a final satisfaction of the transmission plane constrains. 
‘The depicted IFTA version can be generalized by replacing by P 
orany 5. 


phase freedom is available, but IFTA is also useful if 
this is not the case. 

It is helpful to distinguish between two types of 
signal fields. If amplitudes for only a finite number of 
discrete k-values, (i.e., angles or directions), need to 
be determined, the transmission acts as a diffractive 
beamsplitter. In all other cases more general light 
transformations are concerned. 

‘The constraints in the transmission plane follow 
from the structure design. In most cases the structure 
design is done by TEA according to eqn [12]. Then, 
phase-only transmissions are required. Typically the 
fabrication of the corresponding element profile 
demands a phase quantization in addition. Both 
constraints have been intensively investigated for 
the IFTA. 

As mentioned above, practically signal fields are 
always restricted to one or more signal regions of 
finite extent, For example, a detector has finite extent. 
Outside of these regions the signal may be unrest- 
ricted or only partially restricted. This freedom in 
amplitude outside the signal regions is fundamental 
for a successful design of phase-only transmissions. It 
has been shown, that the only phase-only function 
whose Fourier transform exists over a finite area is a 
linear phase. The transform of all other phase-only 
functions contribute energy outside of the signal 
regions. In other words, the use of amplitude freedom 
is mandatory. Energy losses due to stray light outside 
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the signal region cannot be avoided, Asa result, it is 
not possible to generate the desired response with 
100% efficiency. For any given signal field Uy. an 
upper bound mMuyuna(Uig) of the achievable efficiency 
24(Usig) of light transformation with a. phase-only 
transmission has been derived, that is (Uy,) = 
Mhouns( Ug). The equal sign is only valid for the 
special case of a linear phase transmission, for which 
the signal field consists of one k-direction only. Then 
Mousa Usig) = 1(Usig) = 1 is obtained, After structure 
design for a linear phase-only transmission with TEA, 
a so-called blazed grating results. If TEA is a sufficient 
approximation one concludes that a blazed grating 
has a theoretical efficiency of 100%. For all other 
signals the theoretical efficiency is smaller than 
100%. Moreover, the upper bound is a function of 
Ung and thus also of its phase. Therefore, in a first 
step of a transmission design it is recommendable to 
perform a phase synthesis which maximizes the 
upper bound. This first design step delivers infor- 
mation about achieveable efficiency and a suitable 
initial signal field for the IFTA. 

If fabrication requires phase quantization, ampli- 
tude freedom can he used to separate quantization 
noise from the signal regions. Unfortunately this 
reduces the achievable efficiency even more. If the 
phase to be quantized is homogenously distributed, 
the upper bound for a phase-only transmission 
quantized to Q equidistant phase levels is given by: 


: A ; 
Mound sigs O) = sne[ fel p ound( sig) 15] 


For the special case of linear phase, the well-known 
formula 7(Q) = sinc?[1/Q] follows. The values of 
sinc[1/Q] and therefore of quantized blazed 
gratings in the paraxial approximation are 0.405, 
0.812, 0.950, 0.987, and 0.997 for O=2, 4, 8, 16, 
and 32, respectively. This result does not mean that, 
for example, a diffractive beamsplitter with a 
splitting ratio 1: Myeim and 16 height levels will 
provide ~99% efficiency. According to eqn [15], the 


theoretical values are smaller and depend on Mycans 
because Muoint(Unig) depends via Uys On Mycaine- If 
fabrication processes and the inherent imperfections 
are taken into consideration, the values decrease 
even more. As a rule of thumb, it is possible to claim 
that efficiencies larger than 90% are always challen- 
ging to obtain. With sophisticated design and 
fabrication techniques, efficiencies larger than 80% 
are reasonable. 

Up to now, we have discussed only the importance 
of the signal field phase to efficiency. But the phase of 
the initial signal field has another extremely import- 
ant effect on the result of the transmission design. 
From mapping-type considerations, a smooth initial 
signal field phase can be constructed in order to 
realize a light transformation. An example is illus- 
trated in Figure 12. It shows the central part of the 
phase of the transmission function which transforms 
a Gaussian input beam into a flat-top line beam, 
Because of the smooth signal phase also the trans- 
mission phase is smooth and therefore unwrappable. 
This approach is typical for a so-called beam shaping 
design, It requires a well-defined input beam and high 
accuracy in adjustment of the beam shaping optics to 
obtain the output field with good quality. If, instead 
of a smooth initial phase, a random one is applied, the 
situation illustrated in Figure 13 (left) is achieved. 
Here the phase of the transmission looks random, 
which is typical for beamsplitter and diffuser. Because 
snch phase functions possess numerous vortices, they 
do not allow an unwrapping. Thus, diffractive 
elements are the logical result of structure design. 
‘An example is shown in Figure 13 (right), 

Figure 14 shows how light from a laser diode passes 
through the diffuser element of Figure 13 (right). The 
radiation is transformed into an intensity pattern that 
depicts the ‘skyline’ of Jena, Although globally the 
intensity possesses the requested shape, a closer look 
shows that the intensity distribution is speckled. 
However, in numerous applications this is not a 
problem so long as the size of the speckles is 
well adapted to the resolution of the detector. 


nm 


Figure 12 The input beam on the let propagates through the transmission function the central pat of the phase of which is shown in 
the middle and in the signal plane the amplitude shown on the right results. This Gaussian-to-ne transformation is atypical beam 


shaping design task. 
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Figure 13 A typical phase distribution of a transmission (left) which results from design with IFTA for a random inital signal field 
phase. Numerous vortexes prevent its unwrapping. Therefore, structure design leads to difractive elements. Then, a quantization of the 
phase is demanded in most cases. An example is shown on the right-handed sida. It dapicts a portion of afourlovel diftuser which results 
in the output field shawn in Figure 14. The pixel size is 400 nm and the corresponding element was designed and fabricated in a 
‘cooperation of LightTrans GmbH and the Institute of Applied Physies at the University of Jena, 


This technique is called diffuser-type light transform- 
ation. The appearance of the global intensity distri- 
bution is robust against variations in the input beam 
and thus is well-suited also for partial coherent 
illumination, for example radiation from an excimer 
laser and LED. In that case, even the appearance of 
speckles is reduced or vanishes completely. The 
mapping-type and the diffuser-type approach to 
choose the initial signal phase constitute two extreme 
cases of a great variety to control basic aspects of 
light transformation using different initial phases. 

‘After choosing a suitable initial signal field 
Unglkeesky) the IFTA typically performs well and a 
transmission function is obtained, which leads to 
Woulkesky I? 0 Ugly. ky) in the signal region 
with minimum error. In the next step the structural 
lesign must be performed. The structure of the 
clement is calculated via eqn [12]. 

Besides designing structure to produce the desired 
transmission function one needs to realize optically 
the Fourier transformation, Placing the observation 
plane in the far field behind the element is the most 
straightforward way to achieve this. However, field 
Fourier transformation can also be realized by lenses 
as shown in Figure 15. From simple geometric 
considerations using paraxial approximation one 
obtains: 


= TMi 
=e 


Each system produces a Fourier transform that is 
scaled specially by a, where the output field is 
considered in a dielectric with refractive index mg 
The effective focal length f. is equal to the focal length 
of the lens if the element is placed in front of the lens 
{see top of Figure 15), the distance of the element to the 
lens is of no concern for the resulting intensity, 


[16] 


Figure 14 Optical demonstration ofthe use ofa diffuser (see in 
Figure (right) transforming a laser diode beam into an intensity 
displaying the ‘skyline’ of Jena. No additional optical element is 
needed! Stray light appears but is laterally separated from the 
sired signal and thus itis easy to be filtered. 


however it is recommended to minimize the distance 
between element and lens for elements with deflection 
angles close to the paraxial limit. That avoids light 
losses due to truncation by the lens aperture. If 
the focal length itself is chosen as the distance of the 
clement to the lens, a so-called 2/-setup results, 
which generate, in addition to the correct magnitude, 
the correct phase of the Fourier transformation in the 
focal plane. If an alternative distance to the lens is 
used, an additional quadratic phase occurs in the 
focal plane. If the element is placed behind the lens 
{see middle row of Figure 15), f. is the distance 
between element and focal plane. This setup provides 
some freedom in adjusting the output scaling. On the 
other hand, it requires an accurate adjustment of 
position to obtain a specific scaling. This is not 
required for the first setup. In order to obtain a specific 


romagnetism > rotational > de motor 
gear or pulley onto the motor shaft. Even minor 
damage to bearings can cause significant noise 
(see the following section) anda reduced lifetime 
for the component. 


In brushless DC motors, the most common cause 
of failure is the deterioration of bearings. At- 

1g to revive the bearings by unsealing 
them and adding lubricant is usually not worth 
the trouble. 


Audible Noise 

While electric motors are not generally thought 
of as being noisy devices, an enclosure can act as 
a sounding board, and bearing noise is likely to 
increase over time, Ball bearings become noisy 
over time, and gears are inherently noisy. 


What Can Go Wrong 
Ifa device will contain multiple motors, or will be 
used in close proximity to people who are likely 
to be sensitive to noise (for example, ina medical 
environment), care should be taken to insure that 
motor shafts are properly balanced, while the 
motors may be mounted on rubber bushings or 
in sleeves that will absorb vibration. 


Chapter22 189 
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Figure 18 Throe sotups to realize a Fourier transformation fora 
bbeam shaping or difuserispitter element, which deflects the light, 
only in a paraxial way. In all cases the output is obtained in the 
focal plane of the lens. 


scaling of the output field U,.(ax, ay), the effective 
focal length and the size of Usg(kt,,k,) in the k-space 
must be chosen properly according to eqn [16]. 
Inaddition to the size of the output field, its resolution 
is also of fundamental importance. According to 
eqn [14] and the convolution theorem the output 
field is given by 


Urals Ry) 


= F expliz(x.y)1* FPA n) Ui. 9) 
7) 
where + denotes the convolution. For a constant 
transmission function one would obtain the focus 
of the input beam. In functional embodiment that is 
FP(Az_)Uig(X,9) only. In the structural form, the 


focus of the beam must be calculated by propagating 
the input field through the system without the 
transmission function. The Fourier transformed trans- 
mission function, that is F explir(x, y)|, is convolved 
with this beam focus in order to obtain the resulting 
output field. In beamsplitting that means a replication 
of the beam. In general the output field can be 
understood as being composed of numerous replicated 
beam foci which are overlapping. That makes 
plausible that the size of the focus of the input beam 
limits the resolution of the whole output field. The size 
of the focus is determined by the basic beam focusing 
lens system and not by the diffractive or refractive 
element. In conclusion, a highly resolved output field 
requires a focusing optic with high numerical aper- 
ture. Forexamples, itis not possible to obtain flat-top 
beam profile from a Gaussian beam where focus has 
the same size as the flat-top should have. The steeper 
the sidewalls of the flat-top profile, the smaller must be 
the focal spot without the beam shaping element. The 
choice of a suitable numerical aperture of the lens 
system must be done before the transmission design is 
performed because it also determines the extent of the 
transmission function, The distance Azj, must be 
chosen in such a way that ensures that the propagated 
input field illuminates the whole aperture of the 
system. 

If a high numerical aperture on the output side is 
required to achieve a high resolution, the setup in the 
middle of Figure 15 should be avoided and the first 
setup is preferable. Otherwise the element would be 
illuminated bya highly nonparaxial field which violates 
the structure design with TEA, With the same 
argument, but now on the input side, an input field 
with high divergence should be at least partly colli- 
mated toachievea paraxial illumination ofthe element. 
‘Then, the setup at the bottom of Figure 15 results, 

For nonparaxial light transformation, that means 
the output field is large and hence the transformation 
requires nonparaxial deflection of the input field; 
the described transmission and structure design is 
still useful to obtain an initial design for a further 
optimization by wave-optical modeling techniques. 

‘Though a Fourier approach to obtain general light 
transformations seems rather restricted, it covers a 
broad field of applications. The combination of 
snitable beam optics with the refractive free-form or 
diffractive clement can be very simple (see optical 
setup of Figure 14) or very complex, That mainly 
depends on the resolution and size of the demanded 
output field as it is well known from imaging 
systems, 

Each design should be finalized with a complete 
wave-optical analysis, typically including adjustment 
and fabrication error tolerancing, to achieve a full 
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understanding of the optical properties of the system. 
After this final investigation it is ready for fabrication 
and application providing a further innovation 
through optics and photonics on the base of wave- 
optical engineering. 


See also 
Fourier Optics. 
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Introduction 


Optical communications systems have grown 
explosively in terms of the capacity that can be 
transmitted over a single optical fiber. This trend has 
been fueled by two complementary techniques, those 
being the increase in data-rate-per-channel coupled 
with the increase in the total number of parallel 
wavelength channels. However, there are many 
considerations as to the total number of wavelength- 
division-multiplexed (WDM) channels that can be 
accommodated in a system, including cost, infor- 
mation spectral efficiency, nonlinear effects, and 
component wavelength selectivity 

Dispersion is one of the critical roadblocks to 
increasing the transmission capacity of optical fiber. 
The dispersive effect in an optical fiber has several 
ingredients, including intermodal dispersion in a 
multimode fiber, waveguide dispersion, material 
dispersion, and chromatic dispersion. In particular, 
chromatic dispersion is one of the critical effects 
in a single mode fiber (SMF), resulting in a 
temporal spreading of an optical bit as it propagates 
along the fiber. At data rates =2.5 Gbit/s, the 
effects of chromatic dispersion are not particularly 
troublesome. For data rates =10 Gbit/s, however, 
transmission can be tricky and the chromatic 
dispersion-induced degrading effects must be dealt 
with in some way, perhaps by compensation. 
Furthermore, the effects of chromatic dispersion rise 
quite rapidly as the bit rate increases — when the bit 
rate increases by a factor of four, the effects of 
chromatic dispersion increase by a factor of 16! This 
article will only deal with the management of 
chromatic dispersion in single mode fiber. 

One of the critical limitations of optical fiber 
communications comes from chromatic dispersion, 
which results in a pulse broadening as it propagates 
along the fiber. This occurs as photons of different 
frequencies (created by the spreading effect of data 
modulation) travel at different speeds, due to the 
frequency-dependent refractive index of the fiber 


core. Compounding the problems cause by chromatic 
dispersion is the fact that as bit rates rise, chromatic 
dispersion effects rise quadratically with respect to 
the increase in the bit rate. One can eliminate these 
effects using fiber with zero chromatic dispersion, 
known as dispersion shifted fiber (DSF). However, 
with zero dispersion, all channels in a wavelength- 
division-multiplexed (WDM) system travel at the 
same speed, in-phase, and a number of deleterious 
nonlinear effects such as cross-phase modulation 
(XPM) and four-wave mixing (FWM) result. Thus, 
in WDM systems, some amount of chromatic 
dispersion is necessary to keep channels out-of- 
phase, and as such chromatic dispersion compen- 
sation is required. Any real fiber link may also suffer 
from ‘dispersion slope’ effects, in which a slightly 
different dispersion value is produced in each WDM 
channel. This means that while one may be able to 
compensate one channel exactly, other channels may 
progressively accumulate increasing amounts of 
dispersion, which can severely limit the ultimate 
length of the optical link and the wavelength range 
that can be used in a WDM system. This article will 
address the concepts of chromatic dispersion and 
dispersion slope management followed by some 
examples highlighting the need for tunability to 
enable robust optical WDM. systems in dynamic 
environments. Some dispersion monitoring 
techniques are then discussed and examples given. 


Chromatic Dispersion in Optical 
Communication Systems 


In any medium (other than vacuum) and in any 
waveguide structure (other than ideal infinite free 
space), different electromagnetic frequencies travel 
at different speeds. This is the essence of chromatic 
dispersion. As the real fiber-optic world is rather 
distant from the ideal concepts of both vacuum and 
infinite free space, dispersion will always be a 
concern when one is dealing with the propagation 
of electromagnetic radiation through fiber. 
The velocity in fiber of a single monochromatic 
wavelength is constant. However, data modulation 
causes a broadening of the spectrum of even the 
most monochromatic laser pulse. Thus, all modu- 
lated data have a nonzero spectral width which 
spans several wavelengths, and the different 
spectral components of modulated data travel at 
different speeds. In particular, for digital data 
intensity modulated on an optical carrier, chromatic 
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dispersion leads to pulse broadening — which in turn 
leads to chromatic dispersion limiting the maximum 
data rate that can be transmitted through optical 
fiber (see Figure 1), 

Considering that the chromatic dispersion in 
optical fibers is due to the frequency-dependent 
nature of the propagation characteristics, for both 
the material (the refractive index of glass) and the 
waveguide structure, the speed of light of a particular 
wavelength A will be expressed as follows, using a 
Taylor series expansion of the value of the refractive 
index asa function of the wavelength: 
eo 

Tas a 
aa ay 


a 
rng(Ao) + SL 6A + 


Here, co is the speed of light in vacuum, Ag is a 
reference wavelength, and the terms in an/aA and 
a°n/aa are associated with the chromatic dispersion 
and the dispersion slope (ie., the variation of the 
chromatic dispersion with wavelength), respectively. 
Transmission fiber has positive dispersion, i.e. longer 
wavelengths result in longer propagation delays. 
The units of chromatic dispersion are picoseconds 
per nanometer per kilometer, meaning that shorter 
time pulses, wider frequency spread due to data 
modulation, and longer fiber lengths will each 
contribute linearly to temporal dispersion. Higher 
data rates inherently have both shorter pulses and 
wider frequency spreads. Therefore, as network speed 
increases, the impact of chromatic dispersion rises 
precipitously as the square of the increase in data rate. 
‘The quadratic increase with the data rate isa result of 
two effects, each with a linear contribution. On one 
hand, a doubling of the data rate makes the spectrum 


twice as wide, doubling the effect of dispersion. On 
the other hand, the same doubling of the data rate 
makes the data pulses only half as long (hence twice 
as sensitive to dispersion). The combination of a 
wider signal spectrum and a shorter pulse width is 
what leads to the overall quadratic impact. Moreover, 
the data modulation format used can significantly 
affect the sensitivity of a system to chromatic 
dispersion, For example, the common nonreturn-to- 
zero (NRZ) data format, in which the optical power 
stays high throughout the entire time slot of a ‘I’ bit, 
is more robust to chromatic dispersion than is the 
return-to-zero (RZ) format, in which the optical 
power stays high in only part of the time slot of a ‘I’ 
ference is due to the fact that RZ data 
a much wider channel frequency spectrum 
compared to NRZ data, thus incurring more 
chromatic dispersion, However, in a real WDM 
system, the RZ format increases the maximum 
allowable transmission distance by virtue of its 
reduced duty cycle (compared to the NRZ format), 
making it less susceptible to fiber nonlinearities as can 
be seen in Figure 2. 

A rule for the maximum distance over which data 
can be transmitted is to consider a broadening of the 
pulse equal to the bit period. For a bit period B, a 
dispersion value D and a spectral width AA, the 
dispersion-limited distance is given by 


1 
DBM 


1 
is DECH * F 


(see Figure 3). For example, for single mode fiber, 
D =17 psinm/km, so for 10 Gbit/s data the distance 
is Ly=52km. In fact, a more exact calculation 
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Figure 1 The origin of chromatic dispersion in data transmission. (a) Chromatic dispersion is caused by the frequency-<ependent 
refractive index in fber.(b) The nonzero spectral width due ta data modulation. (c) Dispersion leads to pulse broadening, proportional to 


the transmission distance and the data rate. 
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Figure 2 Performances of RZ and NAZ formats in a real fiber 
transmission link. (Reproduced with permission from Hayee | and 
Wilner AE (1999) NRZ versus RZ in 10-40-Gbis aispersion- 
managed WDM transmission systems. IEEE Photon. Toch. Lett. 
11(8): 891-993.) 
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Figure 3 Transmission distance limitations due to uncompan- 
satad dispersion in SMF as a function of data rato for intensity 
modulated optical signals. (Reproduced with permission from 
Garrett LD (2001) Invited Short Course, Optical Fiber Communi- 
cation Conference) 


shows that for 60 km, the dispersion induced power 
penalty is less than 1 dB (see Figure 4). The power 
penalty for uncompensated dispersion rises exponen- 
tially with transmission distance, and thus to 
maintain good signal quality, dispersion compen- 
sation is required. 


Chromatic Dispersion Management 


Optical Nonlinearities as Factors to be Considered 
in Dispersion Compensation 


Even though it is possible to manufacture fiber with 
zero dispersion, it is not practical to use such fiber for 
WDM transmission, due to large penalties induced by 
fiber nonlinearities. Most nonlinear effects originate 
from the nonlinear refractive index of fiber, which is 
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Figure 4 Power penalties due to uncompensated aisparsion in 
single mode fiber (SMF) as a function of distance and data rate. 
(Reproduced with permission from Garrett LD (2001) Invited Short 
Course, Optical Fiber Communication Conference.) 


not only dependent on the frequency of light but also 
on the intensity (optical power), and is related to the 
optical power as: 


P 


Alf P) = nif) +m BI 


Aut 


where n(f) is the linear part of the refractive index, 
P is the optical power inside the fiber, and m, is 
the nonlinear-index coefficient for silica fibers. The 
typical value of my is 2.6 x 10-7" mW. This number 
takes into account the averaging of the polarization 
states of the light as it travels in the fiber. The intensity 
dependence of the refractive index gives rise to three 
major nonlinear effects. 


Self-phase modulation (SPM) 

A million photons ‘see’ a different glass than does a 
single photon, and a photon traveling along with 
many other photons will slow down. SPM occurs 
because of the varying intensity profile of an optical 
pulse on a single WDM channel. This intensity profile 
causes a refractive index profile and, thus, a photon 
speed differential. The resulting phase change for 
light propagating in an optical fiber is expressed as: 


xy = Phew [4] 
where the quantities y and Ly are defined as: 
al 


2am 
7A, 


and Le Is] 


where Axis the effective mode area of the fiber and a 
is the fiber attenuation loss. Ley is the effective 
nonlinear length of the fiber that accounts for fiber 
loss, and y is the nonlinear coefficient measured 
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in rad/kmv/W. A typical range of values for y is 
between 10-30 rad/km/W. Although the nonlinear 
coefficient is small, the long transmission lengths and 
high optical powers, that have been made possible by 
the use of optical amplifiers, can cause a large enough 
nonlinear phase change to play a significant role in 
state-of-the-art lightwave systems. 


Gross-phase modulation (XPM) 

When considering many WDM channels co-propa- 
gating in a fiber, photons from channels 2 through N 
can distort the index profile that is experienced by 
channel 1, The photons from the other channels 
‘chirp’ the signal frequencies on channel 1, which will 
interact with fiber chromatic dispersion and cause 
temporal distortion. This effect is called cross-phase 
modulation. In a two-channel system, the frequency 
chirp in channel 1, due to power fluctuation within 
both channels, is given by 


dy, 
a 


dP, dP) 
= When Ge + yl Fe 


a= te 


[6] 


where, dP/dt and dP2/dt are the time derivatives of 
the pulse powers of channels 1 and 2, respectively. 
The first term on the right-hand side of the above 
equation is due to SPM, and the second term is due to 
XPM, Note that the XPM-induced chirp term is 
double that of the SPM-induced chirp term. As such, 
XPM can impose a much greater limitation on WDM 
systems than can SPM, especially in systems with 
many WDM channels. 


Four-wave-mixing (FWM) 


The optical intensity propagating through the fiber is 
related to the electric field intensity squared. In a 


(a) 


WDM system, the total electric field is the sum of the 
electric fields of each individual channel, When 
squaring the sum of different fields, products emerge 
that are beat terms at various sum and difference 
frequencies to the original signals. Figure 5 depicts 
that if a WDM channel exists at one of the four-wavi 
mixing beat-term frequencies, then the beat term will 
interfere coherently with this other WDM channel 
and potentially destroy the data. 


Dispersion Maps 


While zero-dispersion fiber is not a good idea, a large 
value of the accumulated dispersion at the end of a 
fiber link is also undesirable. An ideal solution is to 
have a “dispersion map,’ alternating sections of 
positive and negative dispersion as can be seen in 
Figure 6. This is a very powerful concept: at each 
point along the fiber the dispersion has some 
nonzero value, eliminating FWM and XPM, but 
the total dispersion at the end of the fiber link is 
zero, so that no pulse broadening is induced 
(Table 1). The most advanced systems require 
periodic dispersion compensation, as well as pre- 
and post-compensation (before and after the trans- 
mission fiber). 

The addition of negative dispersion to a 
standard fiber link has been traditionally known 
as ‘dispersion compensation,’ however, the term 
“dispersion management’ is more appropriate. SMF 
has positive dispersion, but some new varieties of 
nonzero dispersion-shifted fiber (NZDSF) come in 
both positive and negative dispersion varieties. Some 
examples are shown in Figure 7. Reverse dispersion 
fiber is also now available, with a large dispersion 
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comparable to that of SMF, but with the opposite 
sign. When such flexibility is available in choosing 
both the magnitude and sign of the dispersion of the 
fiber in a link, dispersion-managed systems can be 
fully optimized to the desired dispersion map using a 
combination of fiber and dispersion compensation 
devices (see Figure 8). 

Dispersion is a linear process, so first-order 
dispersion maps can be understood as linear systems. 
However, the effects of nonlinearities cannot be 
ignored, especially in WDM. systems, with many 
tens of channels, where the launch power may be very 
high. In particular, in systems deploying dispersion 
compensating fiber (DCF), the large nonlinear coe! 
cient of the DCF can dramatically affect the 
dispersion map. 


Corrections to Linear Dispersion Maps 


Chromatic dispersion is a necessity in WDM systems, 
to minimize the effects of fiber nonlinearities. 
A chromatic dispersion value as small as a few 
psinnvkm is usually sufficient to make XPM and 
FWM negligible. To mitigate the effects of nonlinea- 
rities but maintain small amounts of chromatic 
dispersion, NZDSF is commercially available. Due 
to these nonlinear effects, chromatic dispersion must 
be managed, rather than eliminated. 


Positive dispersion Negative dispersion 
transmission fiber element 
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‘Accumulated 
dispersion (ps/nm) 


If a dispersion-management system was perfectly 
linear, it would be irrelevant whether the dispersion 
along a path is small or large, as long as the 
overall dispersion is compensated to zero (end to 
end). Thus, in a linear system the performance should 
be similar, regardless of whether the transmission fiber 
is SMF, and dispersion compensation modules are 
deployed every 60 km, or the transmission fiber is 
NZDSF (with approximately a quarter of the dis- 
persion value of SME) and dispersion compensation 
modules are deployed every 240 km. In real life, 
optical nonlinearities are very important, and recent 
results seem to favor the use of large, SMF-like, 
dispersion values in the transmission path and corres- 
pondingly high dispersion compensation devices. A 
recent study of performance versus channel spacing 
showed that the capacity of SMF could be more than 
four times that of NZDSF. This is because the 
nonlinear coefficients are much higher in NZDSF 
than in SMF, and for dense WDM the channel inter- 
actions become a limiting factor. A critical conclusion 
is that not all dispersion compensation maps are 
created equal: a simple calculation of the dispersion 
compensation, to cancel the overall dispersion value, 
does not lead to optimal dispersion map designs. 
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Figure 6 Dispersion map of a basic dispersion managed 
system. Positive dispersion transmission fiber alternates. with 
negative dispersion compensation laments such that the total 
ispersion is zero end-to-end, 
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Figure 7 Chromatic dispersion characteristics of various 
‘commercially available types of transmission fiber. 
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Figure 8 Various dispersion maps for SMF-DCF and NZDSF-SMF. 


Additionally, several solutions have been shown to 
be either resistant to dispersion, or have been shown 
to rely on dispersion itself for transmission. Such 
solutions include chirped pulses (where prechirping 
emphasizes the spectrum of the pulses so that 
dispersion does not broaden them too much), 
dispersion assisted transmission (where an initial 
phase modulation tailored to the transmission dis- 
tance leads to full-scale amplitude modulation at the 
receiver end due to the dispersion), and various 
modulation formats robust to chromatic dispersion 
and nonlinearities. 


Dispersion Management Solutions 


Fixed Dispersion Compensation 


From a systems point of view, there are several 
requirements for a dispersion compensating module: 
low loss, low optical nonlinearity, broadband (or 
multichannel) operation, small footprint, low weight, 
low power consumption, and clearly low cost. It is 
unfortunate that the first dispersion compensation 
modules, based on DCF only, met two of these 
requirements: broadband operation and low power 
consumption. On the other hand, several solutions 
have emerged that can complement or even replace 
these first-generation compensators. 


ersion compensating fiber (DCF) 

One of the first dispersion compensation tech- 
niques was to deploy specially designed sections of 
fiber with negative chromatic dispersion. The tech- 
nology for DCF emerged in the 1980s and has 
developed dramatically since the advent of optical 
amplifiers in 1990. DCF is the most widely deploy 
dispersion compensator, providing broadband oper- 
ation and stable dispersion characteristics, and the 


lack of a dynamic, tunable DCF solution has not 
reduced its popularity. 

‘As can be seen in Figure 9, the core of the average 
dispersion compensating fiber is much smaller than 
that of standard SMF, and beams with longer wave- 
lengths experience relatively large changes in mode 
size (due to the waveguide structure) leading to greater 
propagation through the cladding of the fiber, where 
the speed of light is greater than that of the core. 
This leads to a large negative dispersion value. 
Additional cladding layers can lead to improved 
DCF designs that can include negative dispersion 
slope to counteract the positive dispersion slope of 
standard SME. 

In spite of its many advantages, DCF has a number 
of drawbacks. First, it is limited to a fixed compen- 
sation value, In addition, DCF has a weakly guiding 
structure and has a much smaller core cross-section, 
19 m*, compared to the 85 jum” of SMF. This leads 
to higher nonlinearity, higher splice losses, as well as 
higher bending losses. Last, the length of DCF 
required to compensate for SMF dispersion is rather 
long, about one-fifth of the length of the transmission 
fiber for which it is compensating. Thus DCF modules 
induce loss, and are relatively bulky and heavy. The 
bulk is partly due to the mass of fiber, but also due 
to the resin used to hold the fiber securely in place. 
One other contribution to the size of the module is the 
higher bend loss associated with the refractive index 
profile of DCF; this limits the radius of the DCF loop 
to 6-8 inches, compared to the minimum hend radius 
of 2 inches for SMF. 

Traditionally, DCF-based dispersion compen- 
sation modules are usually located at amplifier 
This serves several purposes. First, amplifier 
sites offer relatively easy access to the fiber, without 
requiring any digging or unbraiding of the cable. 
Second, DCF has high loss (usually at least double 
that of standard SMF), so a gain stage is required 
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Figure 9 Typical DOF (a) refractive index profile and (b) dispersion and loss as a function of wavelength. mis defined as refractive 


index variation relative to the cladding. 
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Figure 10 System demonstration of dispersion compensation using DCF. (Reproduced with permission from Park YK, Yeates PD, 
Delavaux J-MP, et a. (1985) A field demonstration of 20-Gb/s capacity transmission over 360 km of installed standard (non-DSF) fiber. 


Photon. Technol. Lett. 7(7): 816-818.) 


hefore the DCF module to avoid excessively low 
signal levels. DCF has a cross-section four times 
smaller then SME, hence a higher nonlinearity, 
which limits the maximum launch power into a 
DCF module. The compromise is to place the DCF 
in the mid-section of a two-section EDFA. This way, 
the first stage provides pre-DCF gain, but not to a 
power level that would generate excessive nonlinear 
effects in the DCE. The second stage amplifies the 
dispersion compensated signal to a power level 
snitable for transmission though the fiber link. This 
launch power level is typically much higher than 
could be transmitted through DCF without generat- 
ing large nonlinear effects. Many newer dispersion 


compensation devices have better performance 
than DCE, in particular lower loss and lower 


nonlinearities. For this reason, they may not have 
to be deployed at the mid-section of an amplifier. 
Figure 10 shows the real demonstration results 
using the DCE. 


Chirped fiber Bragg gratings 
Fiber Bragg gratings have emerged as major com- 
ponents for dispersion compensation because of their 
low loss, small footprint, and low optical nonlinearity. 
Bragg gratings are sections of single-mode fiber in 
which the refractive index of the core is modulated ina 
periodic fashion, as a function of the spatial coordi- 
nate along the length of the fiber. When the spatial 
periodicity of the modulation matches what is 
known as a Bragg condition with respect to the 
wavelength of light propagating through the grating, 
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the periodic structure acts like a mirror, reflecting the 
optical radiation that is traveling through the core of 
the fiber. An optical circulator is traditionally used to 
separate the reflected output beam from the input 
beam. 

When the periodicity of the grating is varied along, 
its length, the result is a chirped grating which can be 
used to compensate for chromatic dispersion. The 
chirp is understood as the rate of change of the spatial 
frequency as a function of position along the grating. 
In chirped gratings the Bragg matching condition for 
different wavelengths occurs at different positions 
along the grating length. Thus, the roundtrip delay of 
each wavelength can be tailored by designing the 
chirp profile appropriately. Figure 11 compares the 
chirped FBG with uniform FBG. In a data pulse that 
has heen distorted by dispersion, different frequency 
components arrive with different amounts of relative 
delay. By tailoring the chirp profile such that the 
frequency components see a relative delay which is 
the inverse of the delay of the transmission fiber, the 
pulse can be compressed back. The dispersion of the 
grating is the slope of the time delay as a function of 
wavelength, which is related to the chirp. 

‘The main drawback of Bragg gratings is that the 
amplitude profile and the phase profile as a function of 
wavelength have some amount of ripple. Ideally, the 
amplitude profile of the grating should have a flat 
{or rounded) top in the passband, and the phase profile 
should be linear (for linearly chirped gratings) or 
polynomial (for nonlinearly chirped gratings). The 
grating ripple is the deviation from the ideal profile 
shape. Considerable effort has been expended on 
reducing the ripple. While early gratings were plagued 
by more than 100 ps of ripple, published results have 
shown vast improvement to values close to +3 ps. 


Higher order mode dispersion compensation fiber 
One of the challenges of designing standard DCF is 
that high negative dispersion is hard to achieve unless 
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Figure 11 Uniform and chirped FBGs. (a) A grating with uniform 
pitch has a narrow reflection spectrum and a fat time delay as a 
function of wavelength. (b) A chirped FBG has a wider bandwidth, 
a varying ime delay and a longer grating length 


the cross-section of the fiber is small (which leads to 
high nonlinearity and high loss). One way to reduce 
both the loss and the nonlinearity is to use a higher- 
order mode (HOM) fiber (LP11 or LPo2 near cutoff 
instead of the LPp: mode in the transmission fiber). 

Such a device requires a good-quality mode 
converter between LPo, and LPo2 to interface between 
the SMF and HOM fiber. HOM fiber has a dispersion 
per unit length greater than six times that of DCE. 
Thus, to compensate for a given transmission length in 
SMF, the length of HOM fiber required is only one 
sixth the length of DCF. Thus, even though losses and 
nonlinearity per unit length are larger for HOM fiber 
than for DCF, they are smaller overall, because of the 
shorter HOM fiber length. As an added bonus, the 
dispersion can be tuned slightly by changing the cutoff 
wavelength of LPo2 (via temperature tuning). A soon 
to be released HOM fiber-hased commercial dis- 
persion compensation module is not tunable, but can 
fully compensate for dispersion slope. 


‘Tunable Dispersion Compensation 


The need for tunability 

Ina perfect world, all fiber links would havea known, 
discrete, and unchanging value of chromatic dis- 
persion, Network operators would then deploy fixed 
dispersion compensators periodically along every 
fiber link to exactly match the fiber dispersion. 
Unfortunately, several vexing issues may necessitate 
that dispersion compensators are tunability, that they 
have the ability to adjust the amount of dispersion to 
match system requirements. 

First, there is the most basic business issue of 
inventory management. Network operators typically 
do not know the exact length of a deployed fiber link 
nor its chromatic dispersion value. Moreover, fiber 
plants periodically undergo upgrades and mainten- 
ance, leaving new and nonexact lengths of fiber 
behind. Therefore, operators would need to keep in 
stock a large number of different compensator models, 
and even then the compensation would only be 
approximate. Second, we must consider the sheer 
difficulty of 40 Gbit/s signals. The tolerable threshold 
for accumulated dispersion for a 40 Gbit/s data 
channel is 16 times smaller than at 10 Gbit/s. If the 
compensation value does not exactly match the fiber to 
within a few percent of the required dispersion 
value, then the communication link will not work. 
‘Tunability is considered a key enabler for this bit rate 
(see Figures 12 and 13). Third, the accumulated 
dispersion changes slightly with temperature, 
which begins to be an issue for 40 Gbit/s systems and 
10 Gbit/s ultra long-haul systems. In fiber, the zero- 
dispersion wavelength changes with temperature at a 
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Figure 12. The need for tunabilty. The tolerance of OC-768, 
systems to chromatic dispersion is 16 times lower than that of 
(00-182 systems. Approximate compensation by fixed in-line 
cispersion compensators for a single channel may lead to rapid 
accumulation of unacceptable levels of residual chromatic, 
alspersion. 
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Figure 13 Tunable dispersion compensation at OC-768, 
(40Gbis) is essential for achieving a comfortable range of 
acceptable transmission distances (80km for tunable, only 
~4 km for fixed compensation) 


ypical rate of 0.03 nm/°C. It can been shown that a 
notuncommon 50°C variation along a 1,000 km 
40 Gbit/s link can produce significant degradation 
(see Figure 14). Fourth, we are experiencing the dawn 
of reconfigurable optical networking. In such systems, 
the network path, and therefore the accumulated fiber 
dispersion, can change. It is important to note that 


even if the fiber spans are compensated span-by-span, 
the pervasive use of compensation at the transmitter 
and receiver suggests that optimization and tunability 
based on path will still be needed, 

Other issues that increase the need for tunability 
i) laser and (de)mux wavelength drifts for 
which a data channel no longer resides on the flat-top 


includ 


portion of a filter, thereby producing a chirp on the 
signal that interacts with the fiber’s chromatic 
dispersion; (ii) changes in signal power that change 
both the link’s nonlinearity and the optimal system 
dispersion map; and (ii) small differences that exist in 
transmitter-induced signal chirp. 
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Figure 14 Accumulated dispersion changes as a function of the 
link length and temperature fluctuation along the fbr link. 
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Figure 18 Tuning results for both fnearly and nonlinearly 
‘chirped FBGs using uniform stretching elamants. The slope of the 
dispersion curve at a given wavelength Ao is constant when 
the linearly chirped grating is stretched, but changes as the 
‘nonlinearly chirped grating is stretched, 


Approaches to tunable dispersion compensation 

A host of techniques for tunable dispersion compen- 
sation have been proposed in recent years. Some of 
these ideas are just interesting research ideas, but 
several have strong potential to become viable 
technologies. 

Fiber gratings offer the inherent advantages of fiber 
compatibility, low loss, and low cost. If a FBG has a 
refractive-index periodicity that varies nonlinearly 
along the length of the fiber, it will produce a time 
delay that also varies nonlinearly with wavelength 
(see Figure 15). Herein lies the key to tunability. 
When a linearly chirped grating is stretched un 
formly by a single mechanical element, the time 
delay curve is shifted towards longer wavelengths, 
but the slope of the ps-vs.-nm curve remains constant 
at all wavelengths within the passband. When a 
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nonlinearly-chirped grating is stretched, the time 
delay curve is shifted toward longer wavelengths, 
but the slope of the ps-vs.nm curve at a specific 
channel wavelength changes continuously. Ulti- 
mately, tunable dispersion compensators. should 
accommodate multichannel operation. Several 
WDM channels can be accommodated by a single 
chirped FBG in one of two ways: fabricating a much 
longer (i.e., meters-length) grating, or using a 
sampling function when writing the grating, thereby 
creating many replicas of transfer function of the FBG 
in the wavelength domain (see Figure 16). 

One free-space-hased tunable dispersion compen- 
sation device is the virtually imaged phased array 
{VIPA), based on the dispersion of a Fabry-Perot 
interferometer. The design requires several lenses, a 
movable mirror (for tunability), and a glass plate with 
a thin film layer of tapered reflectivity for good mode 
matching. Light incident on the glass plate undergoes 
several reflections inside the plate. As a result, the 
beam is imaged at several virtual locations, with a 
spatial distribution that is wavelength-dependent. 
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Figure 16 The concept of ‘sampled’ FBGs, where a super- 
structure is witten on top of the grating that produces a Fourier 
transform in the frequency domain, leading to mutiple grating 
passband. 


Several devices used for dispersion compensation 
can be integrated on a chip, using either an optical 
chip media (semiconductor-based laser or amplifier 
medium) or an electronic chip. One such technology 
is the micro-ring resonator, a device that, when used 
ina structure similar to that of an all-pass filter (see 
Figure 17), can be used for dispersion compensation 
ona chip-scale, Although these technologies are not 
yet ready for deployment as dispersion compensators, 
they have been used in other applications and have 
the potential to offer very high performance at 
low cost. 

As the ultimate optical dispersion compensation 
devices, photonic bandgap fibers (holey fibers) are 
an interesting class in themselves (see Figure 18). 
These are fibers with a hollow structure, with holes 
engineered to achieve a particular functionality. 
Instead of being drawn from a solid preform, holey 
fibers are drawn from a group of capillary tubes fused 
together. This way, the dispersion, dispersion slope, 
the nonlinear coefficients could in principle all be 
precisely designed and controlled, up to very small or 
very large values, well outside the range of those of 
the solid fiber. 
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Figure 17 Architecture of an all-pass fier structure for 
chromatic dispersion and slope compensation. (Reproduced 
with permission from Madsen CK, Lenz G, Bruce AJ, ea. (1998) 
Integrated all-pass fiters for tunable dispersion and dispersion 
slope compensation. Photon. Technol. Lett. 11(12): 1623-1625.) 
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Figure 18 (a) SEM image ofa photonic crystal fiber (holey fiber), and (b) net dispersion ofthe fiber at 1550 nm as.a function ofthe core 
iameter. (Reproduced with permission from Birk TA, Magihetsev D, Knight JC and Fussell PSt.J (1999) Integrated all-pass fiers for 
tunable dispersion and dispersion slope compensation. Photon. Technol. Lett. 11(6): 674-676.) 
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Dispersion Slope Mismatch 


Transmission fiber, especially fiber with dispersion 
compensation built in, may suffer from a dispersion 
slope in which a slightly different dispersion value is 
produced foreach WDM channel (see Figure 19). Even 
though the compensator would be able to cancel the 
dispersion of the fiber at the design wavelength, the 
will be residual dispersion left at the other wavelength 
channels unless the compensator can match the slope 
of the dispersion curve of the fiber as well. Some 
solutions for dispersion slope compensation are 
described in this section. 

First, DCR, with negative dispersion slope, is a 
prime candidate for deployment as a dispersion slope 
compensator even though it cannot easily be made 
tunable. By designing the DCF with the same ratio of 
dispersion to dispersion slope as that of a real fiber 
link, new types of DCF can be used to compensate for 
both dispersion and dispersion slope, much like DC 
is used for dispersion compensation today. DCF’s 
popularity, wideband functionality, and stable dis- 
persion characteristics make this a particularly 
attractive solution. Designing the DCF to match the 
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Figure 19. Tho chromatic dispersion slope mismatch caused 
by the different slopes of transmission fiber (SMF or NZDSF) 
and DOF. 


dispersion characteristics of the transmission fiber is 
the critical engineering challenge in this slope 
compensation scheme. Second, third-order nonli- 
nearly chirped FBG can act as a tunable dispersion 
slope compensator. A simple modification of the 
nonlinearly chirped FBG allows tuning of the 
compensated dispersion slope value via stretching 
the grating. The grating is prepared such that the time 
delay as a function of wavelength has a cubic profile 
that covers several WDM channels over a continuous 
bandwidth of many nanometers. Since the resulting 
dispersion curve is quadratic over the grating 
bandwidth, the dispersion slope experienced by the 
WDM channels can be tuned by stretching the grating 
using a single mechanical element (see Figure 20). 
Third, combining the VIPA, with either a 3D mirror 
or diffraction grating, can also provide tunable free- 
space dispersion slope compensation. Slope tuning is 
achieved by dynamically controlling the MEMS- 
based 3D mirror or the diffraction grating. 
Fourthly, using an FBG with many spaced thin-film 
heater sections can also enable tunable dispersion 
slope. Each heater can be individually electrically 
controlled, allowing the time delay profile of the 
grating to be dynamically tuned via changing the 
temperature along the length of the grating. 
Advanced applications of this technique can allow 
alterations to the entire time delay profile of the 
grating, providing a truly flexible dispersion and 
dispersion slope compensation mechanism. 


Chromatic Dispersion Monitoring 


Another important issue related to dispersion man- 
agement is dispersion monitoring techniques. In a 
reconfigurable system, it is necessary to reconfigure 
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Figure 20 Tunable dispersion slope compensation using a third-order nonlinearly chirped FBG. (a) Cubic time delay curves of the 
‘grating, and (b) quadratic dispersion curves showing the change in dispersion in each channel before and after tuning. (Reproduced with 
permission from Song YW, Motoghian SMA, Starodubov D, et al. (2002) Tunable dispersion slope compensation for WOM systems 
Using a non-channelized third-order-chirped FBG. Optical Fiber Communication Conference 2002. Paper ThAAA.) 
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any tunable chromatic dispersion compensation 
modules on the fly as the network changes. An in-line 
chromatic dispersion monitor can quickly measure 
the required dispersion compensation value while 
data are still being transmitted through the optical 
link. This is very different from the more traditional 
chromatic dispersion measurement techniques where 
dark fiber is used and the measurement is done off- 
line over many hours (or days). 

Chromatic dispersion monitoring is most often 
done at the receiving end, where the Q-factor of the 
received data or some other means is employed to 
assess the accumulated dispersion, Existing tech- 
niques that can monitor dispersion in-line, fast, 
and with relatively low cost include: (i) general 
performance monitoring using the bit-error rate 
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Figure 21. Clock regenerating effect due to chromatic aispersion 
for NRZ data. As the amount of residual dispersion increases, so 
does the amount of power at the clock frequency. This power can 
be used to monitor the amount of uncompensated chromatic 
tispersion. (Reproduced with permission from PanZ, Yu, Xie Y, 
ft al. (2001) Chromatic dispersion monitoring and automated 
‘compensation for NRZ and RZ data using clack regeneration and 
fading without adding signalling. Optical Fiber Communication 
Conference 2001. Paper WHS.) 
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(BER) or eye opening, but this approach cannot 
differentiate among different degrading effects; 
(ii) detecting the intensity modulation induced by 
phase modulation at the transmitter; (iii) extracting 
the bit-rate frequency component (clock) from photo- 
detected data and monitoring its RF power 
(see Figure 21); (iv) inserting a subcarrier at the 
transmitter and subsequently monitoring the sub- 
carrier power degradation; (v) extracting several 
frequency components from the optical data using 
very narrow-band optical filters and detecting 
the optical phase; (vi) dithering the optical-carrier 
frequency at the transmitter and measuring the 
resultant phase modulation of the clock extracted at 
receiver with an additional phase-locked loop; and 
(vii) using an optical filter to select the upper and 
lower vestigial sideband (VSB) signals in transmitted 
optical data and determine the relative group delay 
caused by dispersion (see Figure 22). 


Conclusion 


Chromatic dispersion is a phenomenon with pro- 
found implications for optical fiber communications 
systems. It has negative effects, broadening data 
pulses, but it also helps reduce the effects of fiber 
nonlinearities. For this reason, managing dispersion, 
rather than trying to eliminate it altogether, is the key. 
Fixed dispersion components are suitable for point- 
to-point OC-192 systems. Tunable dispersion com- 
ponents are essential for dispersion management in 
reconfigurable and OC-768 systems. These dispersion 
compensation elements must have low loss, low 
nonlinearity, and must be cost effect 
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Figure 22. Chromatic dispersion monitoring using the time delay (Af) between two VSB signals, which Is a function of chromatic 
tispersion. (Reproduced with permission from Yu Q, Yan L-S, Pan Z and Wilner AE (2002) Chromatic dispersion monitor for WOM 
systems using vestigiasideband optical fitering. Optical Fiber Communication Conference 2002. Paper WES.) 
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Although several technologies have emerged that 
meet some or all of the above requirements, no 
technology is a clear winner. The trend is towards 
tunable devices, or even actively self-tunable compen- 
sators, and such devices will allow system designers to 
cope with the shrinking system margins and with the 
emerging rapidly reconfigurable optical networks 


List of Units and Nomenclature 


Chromatic The time-domain pulse broad- 
dispersion ening in an optical fiber caused 
by the frequency dependence of 
the refractive index. This results 
in photons at different frequet 
cies traveling at different speeds 
[pvam/km]. 
Chromatic Different wavelengths have 
dispersion different amounts of dispersion 
slope values in an optical fiber 


[psinm/km]. 
Fiber that transmits only a single 
optical mode by virtue of a very 
small core diameter relative to 
the cladding. Provides lowest 
loss in the 1,550 nm region and 
has zero dispersion at 1,300 nm. 
A nonlinear Kerr effect in which 
a signal undergo 


Conventional 
single mode 


fiber (SMF) 


Cross-phase 


modulation a nonlinear 


(XPM) phase shift induced by a copro- 
pagating signal at a different 
wavelength in a WDM system. 

Dispersion Optical fiber that has both 
compensating a large negative dispersion 
fiber (DCF) and_dispersion slope around 

1,550 nm. 

Fiber Bragg A small section of optical fiber in 
gratings which there is a periodic change 
(FBGs) of refractive index along the 

core of the fiber. An FBG acts 
as a wavelength-selective mirror, 
reflecting only specific wave- 
lengths (Bragg wavelengths) 
and passing others. 

Four-wave A nonlinear Kerr effect in which 
mixing (FWM) two or more signal wavelengths 

interact to generate a new wave- 
length 

Kerr effect Nonlinear effect in which the 


refractive index of optical fiber 
varies as a function of the inte 
sity of light within the fiber core. 


Modulation The process of encoding digital 
data onto an optical signal so it 
can be transmitted through an 
optical network. 

Describes the nonlinear res- 
ponses of a dielectric to intense 
electromagnetic fields. One such 
effect is the intensity dependence 
of the refractive index of an 
optical fiber (Kerr effect). 
Optical fiber that has a small 
amount of dispersion in the 
1,550nm region in order to 
reduce deleterious nonlinear 


Nonlinear effects 


Nonzero 
dispersion- 
shifted fiber 
(NZDSF) 

effect: 


Polarization Dispersion resulting from the 


mode fact that different light polariz~ 

dispersion ations within the fiber core will 

(PMD) travel at different speeds through 
the optical fiber [ps/km®*]. 

Self-phase A nonlinear Kerr effect in which 
modulation _a signal undergoes a self-induced 
(SPM) phase shift during propagation 

in optical fiber. 

Wavelength Transmitting many different 
division wavelengths down the same 
multiple optical fiber at the same time in 
(WDM) order to increase the amount of 

information that can be carried. 

See also 


Nonlinear Optics, Basics: Four-Wave Mixing. Photonic 
Crystals: Nonlinear Optics in Photonic Crystal Fibers, 
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Introduction 


This article is a brief review of display technology 
being used today. It emphasizes some of the optical 
aspects of displays. The details of the basic construc- 
tion of the display devices are also discussed to aid in 
understanding. The displays covered are the CRT, 
VED, FED, PDP, LED, OLED, LCD-AMLCD, 
transmissive and transflective LCDs. 


Definition of a Display 


A display can be defined as an object which transfers 
information to the viewer and/or an output unit that 
gives a visual representation of data. 


Optical Characteristics of a Display 


A display has (in general) the optical characteristics of 
luminance, reflectivity, contrast ratio, color, surface 
gloss, resolution, and image sharpness (sometimes 
called small area contrast). Measurement methods 
can be obtained from the EIA (Electronics Industries 
Alliance), JT-31 (Optical Characteristics of Display 
Devices), SAE (Society of Automotive Engineers and 
ISO Standards) and VESA Standards, to name a few. 


Luminance 


The luminance of a display is its light output and is 
given in units of candela/square meter or cd/m? (in 
the English system fL}. Luminance is measured 
using a photometer, photometer/colorimeter, or 
spectroradiometer, 


Muminance 


The illuminance is the light incident on the surface 
being measured. Its units are Lumen per m* or Lux 
(and in the English system Ft.cd). This is measured 
using illuminance meters. 


Reflectivity 


The reflectivity for CRTs (cathode ray tubes) is 
measured with incident light at 45 degrees (in some 
cases for LCDs, a smaller 30 degree angle is used), 
The reflected light from the surface is measured with a 
detector normal to (perpendicular to) the surface 


Devices such as ‘tube face reflectivity’ (TFR) can be 
used to measure this parameter and it is published in 
the EIA-JT-31 measurement methods. Other similar 
methods are used for flat panel display 


Color 


Although color perception is different for different 
individuals, standard responses to color stimuli have 
been developed and we can measure the color of 
different objects and display images. Color can be 
measured with such equipment as a colorimeter or 
spectroradiometer. The output data are given in 
various color systems. Color systems, such as the 
1931 CIE (Commission International de lEclairage) 
Color System (x,y), the 1960 CIE (,) or 1976 CIE 
(f,v") color coordinates are all used. Alll these color 
systems can be converted to each other by simple 
mathematical relations and these conversions are 
usually available to the user in the data output. The 
choice of the color space/system is dependent on 
application but the system in most general use for 
displaysis the 1976 CIE (1/,v'). This color system has 
become more widely used because equally perceived 
color differences in this color system are at almost 
equal distances in this color space. In reality, the quest 
for a system with equal distances equating to equal 
color differences can be achieved through a compli- 
cated matrix approach in which the constants used in 
the matrix vary from point to point in the color space. 


Gloss 


Gloss is a measure of surface reflectivity under Snell’s 
Law criteria (equal incidence and reflection angles). 
The measurement angles of 20, 45, 60, and 85 
degrees are used to measure the gloss of common 
surfaces. Display glass surface measurements tend to 
use the 60 degree gloss angle. The surface of a display 
can be made rougher to scatter incident light away 
from the viewer or it can be optically coated to reduce 
the reflected light to achieve improved viewing. Some 
times both methods are used. Reduced gloss surfaces 
also are involved with the reduction in surface glare. 
The level of increased roughness of the surface affects 
the user’s ability to see detail. 


Contrast Ratio 


When people talk about contrast they generally 
mean ‘contrast ratio’. The contrast ratio (CR) of 
an area on a display is a unitless parameter and is 
defined as the excited luminance (L,) divided by 
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the unexcited luminance (L,). The excited lumi- 
nance (L,) equals the glass transmission (T) times 
some excited internal luminance (La) and for 
simplicity, L, equals T times an internal zero 
ambient unexcited luminance light level of (Ly) 
Factors, such as internal scattered light in LCDs 
and scattered electrons and scattered light in CRTs, 
give a nonzero un-excited luminance Ly. 

‘When dealing with the CR, the effect of ambient 
illumination A contributes to the numerator and the 
denominator. Thus, when the ambient illumination is 
increased, it lowers the contrast ratio, In a simple case 
where the ambient illumination is reflected from the 
surface of the display whose reflectivity is p, the 
contrast ratio is given below: 


cR 


(Le + Ap)/(Lu + Ap) i) 


For the case of the reflectivity of a phosphor screen 
(reflectance R) coated panel with a glass transmission 
(7), the reflectivity to first approximation is 

p=eRT* 2) 
where c is a constant. 

So we see that changes in contrast can come about 
through changing the display’s glass panel trans- 
mission, For example, if the L, of the white field of a 
CRT was 100 fL with a 90% panel glass (along with 

= 0.5) and had a L, of 2 fL, then the zero ambient 
contrast would be 50. However, with an ambient 
illumination of 50 Fred the contrast would be 4.76. 
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Now, when we use a 50% transmission panel glass at 
the ambient illumination of S0Ftcd the CR is 
increased to approximately 8.39. Equations [1] and 
[2] show how to calculate the contrast. It should be 
noted that decreased panel glass transmission or the 
use of ‘dark glass’ increases contrast because the 
reflectivity is a *T squared’ effect and the luminance L 
is a function “T. There are second-order effects 
involved with the reduction of reflected light and 
unexcited luminance which make the equations more 
complicated. These second-order effects will not be 
covered as they are beyond the basic discussion of 
this article. 

In comparing display CR, one must compare the 
displays at the same ambient illumination. Addition- 
ally, you will find that a number of flat panel display 
advertising reports will report the CR at zero ambient 
illumination, As we have shown, these CR values are 
the highest ones for the display. The CR for emissive 
displays tends to be constant over a wide range of 
viewing angles, whereas the contrast ratio for 
liquid crystal displays (LCDs) is more variable over 
large-angle viewing. Recent new electrode position 
developments, such as the ‘in-plane switching” tech- 
nology for active matrix liquid crystal displays 
(AMLCDs) has gone a long way to reduce this reduced 
angle-of-view effect in that type of LCD display. 

Figure 1 shows how a viewer in a sport utility 
vehicle (SUV) would see the changes in contrast 
with viewing angle for two types of twisted nematic 
LCDs (TN-LCDs). One of the TN LCDs does not 
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Figure 1 A typical rectangular viewing envelope for a mid-size SUV vehicle superimposed on LCD iso-contrast plots. Let is standard 
‘TN LCD. Right, is film-compensated TN LCD. Reproduced from Smith-Gillespia R, of al. (2001) Design requirements for automotive 
entertainment displays. Procaedings of the &th Annual Symposium on Vahicle Displays (2001). Permission for reprint courtesy of the 


Society for Information Displays. 
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have the film compensation and the other does. 
For relative contrast appraisal, the red areas show the 
highest contrast regions and the blue the lowest. It is 
obvious that different technologies can give signifi- 
cant changes in viewed contrast. 


Phosphor Aging 


The fall off of luminance as the phosphor screen is 
bombarded with the electron beam is called phosphor 
aging, This effect is due to two main factors: (i) the 
thermal quenching of the phosphor luminescence 
(which is reversible); and (ii) a nonreversible aging 
due to damage to the screen components (such as 
phosphor, binder, and aluminum coating). It has been 
found that the aging (when we are using an electron 
beam) is a function of the number of electrons 
bombarding the screen, Aging models help us to 
understand and predict the amount of aging a tube 
will show after a amount of time. The first 
aging model in 1951 was on ion bombardment and 
showed that: 


1 [gl + AN) BI 


where Jy is the initial luminance before aging, and 1 is 
the final luminance. 

In 1961 a similar (one parameter) Model = 
To/(1 + CN) was used by Pfhanl, where Cis the aging 
constant to half luminance and N is the number of 
coulombs. In 1981, a two-component model for low 
current aging was presented, where: 


Ty + N(BIQ?) l41 


Here we have two constants B and D, and Q is 
the cumulated charge in number of coulombs. When 
D=0 then the equation given above goes to the 
Pthanl case. 

Later, in 1996 the three-parameter model was 
described and in 1997 the Gaussian beam aging 
model was described. 


Ambient Illumination and Reflection 


To see the information shown on a display, the 
information must be spatially detected by the human 
eye over the reflected ambient illumination (such as 
room and sunlight). The ambient illumination is 
generally from localized or diffuse sources. As we 
have seen previously, the effect of diffuse illumination 
can be reduced through the use of neutral density 
filters. But, when we are dealing with very high 
ambient light such as that entering the canopy of a 
fighter aircraft then, the monochromatic information 
from the display can be viewed using selective 


spectral filters. However, for the usual computer 
monitor, the ‘specular reflection’ (Snell's Law type of 
reflection) off the front of the display is due to a 
localized external light source, This reflection is 
reduced by methods such as anti-glare (AG) and 
anti-reflecting (AR) surfaces applied to the front 
surface of the display. A flat versus curved front 
surface of the display can also be a glare reduction 
technique. Surface roughness is used in AG surfaces 
to scatter a portion of the specular light away from 
the viewer, Surface roughness can be achieved 
through surface abrading, surface plastic coating, 
surface silicate coating, and surface acid etching to 
name a few methods. AR surfaces use optical 
interference techniques to reduce the reflected light 
to the viewer. In some cases, both methods are applied 
to a display surface. Surface gloss of the display is 
usually measured with a gloss meter in 60 degree 
gloss values but 20, 45, and 80 degree angles are also 
used. Resolution is measured in line pairsimm or 
pixels/mm and image sharpness is associated with 
modulation transfer function (MTF) measurements. 
We should note here that resolution and image 
sharpness are not the same thing, High resolution is 
equated with the high frequency limit of the MTF 
measurement. Since the reduction in specular reflec- 
tion through the use of surface roughness can affect 
the image sharpness, we sce that a system of trade-offs 
can be developed to optimize a display for a given 
viewing environment, AR coatings improve glare 
reduction without scattering and thus give higher- 
resolution capability to the displays but this is usually 
obtained at a higher price then the AG coatings, 


Types of Displays 


Displays can be divided into two types; emissive and 
nonemissive. By emissive we mean that the display 
surface gives off light. In the nonemissive, the display 
or a small portion of the display acts as a shutter or 
spatial filter which also can be reflective in nature. 
In this nonemissive mode, the display can pass light 
from a source in back of or in front of the shutter 
{or both, as we shall see later). 


Table of Emissive and Nonemissive Displays 


Thus from Table 1 we see that under the title of 
emissive displays we have the cathode ray tube 
(CRT), projection CRT, vacuum fluorescent display 
(VED), field emissive display (FED), electrolumines- 
cent (EL) display, light emitting diode (LED), 
organic light emitting diode (OLED), and plasma. 
These devices, which are in the realm of emissive 
displays, use certain types of emissive materials called 
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Table 1 Table of emissive and nonemissive displays 


Emissive ‘Nonemissive 
crT LOD and AMLCD 

VFD Bi-Stable LCD 

FED Digital Miror D 

EL ~ inorganic LCOS (Liquid Crystal on Si) 
Led Electronic Inks 

OLED 

PLASMA 


lumophors (or phosphors). The lumophors are 
called cathodoluminescent, photoluminescent, and 
electroluminescent, depending whether the excitation 
action was due to the interaction of the phosphor 
with cathode rays, photons, or low-voltage electrons. 
Cathodoluminescent lumophors are used in cathode 
ray tubes (CRTs— television tubes, monitor tubes, 
projection CRTs), (VEDs), and (FEDs). 

EL displays can use inorganic lumophors (pho 
phors) or organic lumophors such as those used in 
OLEDs. Under photoluminescence displays, we have 
‘plasma displays’ (plasma TV), IR-up conversion, and 
fluorescent lamps. In plasma displays, the excitation 
of the plasma in a localized region gives rise to UV 
photons which strike the phosphor screen in that 
region. In IR-up conversion, IR photons are absorbed 
in such a way that two IR photons can excite an 
electron with twice the energy of one IR photon. This 
then allows the use of IR lasers to create displays 
through the excitation of these up-conversion phos- 
phors. In fluorescent lamps, the UV created by 
the excitation of Hg or Xe, strikes the special 
lamp phosphors (coated on the inside of the glass 
envelope), which become luminescent. 

Under the heading of shutters we can consider LCDs 
which consist of AMLCDs, super twisted nematic 
liquid crystal displays (STN LCDs) and bistable LCDs. 
Another shutter type is the liquid crystal on silicon 
(LCOS) display and the movable digital mirror display 
(DMD), and the digital light processing (DLP) 
projecting engines. Another spatial display type is 
both normal and dynamic inks. A dynamic ink can 
be a ‘polarizable’ ink display in which a two shade 
(light/dark) ink sphere element can rotate under the 
presence of an electric field to show the light or dark 
side. Although they are very interesting, we will not 
cover ink displays in this article. 

The shutter action is also used in some projection 
TV sets (or projectors) in which the LCD either 
transmits or reflects (such as LCOS) the light from an 
arc lamp. The DMD movable mirrors reflect the 
digital information to the lens system and the 
unwanted rays are reflected away from the lens to a 
black light capture area. 


The Cathode Ray Tube (CRT) 


The CRT is a display which has been in use for over 
100 years (the Braun CRT tube was developed in 
1898). The CRT uses a phosphor screen which is 
bombarded by energetic electrons and emits visible 
light radiation. The single electron gun CRT was used 
for years in early monochrome television sets and 
monochrome computer displays. Monochrome 
green, amber, and white phosphors have been used 
in monitor tubes. Some color selectivity can be 
obtained with the single electron gun using the 
following three methods; (i) voltage penetration 
phosphors, (ii) current sensitive phosphors and 
(iii) beam index methods. Ina CRT, the penetration 
of the electron beam follows Hans Bethe’s energy 
loss equation for electron penetration in solids and 
thus is a function of the electron energy or CRT 
voltage. 
Hans Bethe’s energy loss equation is: 


dEfdx = —21e4(N,/E)In(aE/D, IS] 


where: E = energy of the incident electron; x = depth 
of material; N,=density of atomic electrons; 
I= mean excitation energy; and a =a constant. 

In the voltage penetration tube, a cascaded 
screen is used to give a color change when the 
electron voltage is increased. For example, if a 
cascade screen is made from a green phosphor 
layer placed on top of the red phosphor layer then 
the electrons strike the green phosphor first. Then 
with increased voltage, the electrons pass through 
the top phosphor and excite the bottom red 
phosphor. In the current sensitive color tube, the 
phosphor screen is composed of (for example) red 
and green phosphor whose luminance versus 
current curves are different. In these cases, we are 
referring to the linearity of the change in lumi 
cence from the phosphor as a result of a change in 
electron beam current. The red phosphor (generally 
a rare earth oxide) is a linear phosphor, whereas 
the green is nonlinear. Changing the current thus 
can change the color of the display. In the beam 
index tube, a UV (or secondary electron emitters 
have also been used) emitting index layer is put 
along side a red, green, or blue triad (for example, 
between the blue and the red phosphor stripes). 
The scanning electron beam, through the use of a 
uv (or secondary electron detector) 
mounted in the rear portion of the tube and the 
scanning electronics, can determine the location of 
the red, green, and blue phosphors. The electron 
beam can then excite only the individual phosphor 
areas of interest. With this tube, generally, the 
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electron beam is at a low current to give a small 
enough cross-section to only excite one color and 
thus has limited application. 

Another application of the monochrome is the 
projection CRT system, Here, three tubes for red, 
green, and blue are used to project an image on a 
viewing screen. The terminology is such that, when 
the CRTs are in the back of the screen and the viewer 
in front of the screen, itis called a ‘rear’ projection set 
and if the CRTs and the viewer are in front of the 
screen it is a ‘front’ projection set. The principle here 
is that, either using one CRT tube at a time or by a 
superposition two or three of the CRTs, the color of 
the displayed image will be within the color gamut 
defined by the primary colors. 


The Color CRT 


The more ubiquitous method of obtaining a color 
display is the device called the shadow mask CRT 
{and the similar Trinitron CRT). This color CRT is 
designed in such a manner that through the use of 
an aperture mask, (seen in Figure 1) the electrons 
from the red clectron gun strike the red phosphor 
and likewise electrons from the green and blue 
electron guns strike the green and blue phosphors. 
The combination allows the viewer to see a color 
image. This color separation action is seen in 
Figure 2. Although Figure 2 shows a delta tri-color 
design, there are also in-line systems in which the 
mask consists of an array of slots which are 
somewhat rectangular in nature. In this array, 
many slots can be on a line, or a mask made can 


(One triad of phosphor 
‘screen shown 


he made of a series of wires as used in the 
Trinitron design. 

The disadvantage of the shadow mask technique 
is that the mask can capture as much as 80% of 
the electrons from the electron guns. This yields 
lower screen luminance and lower contrast due to 
scattered electrons, As the screen size gets larger 
from 19 inches to 36 inches or more, additional 
temperature compensation methods must be used 
to reduce the effects of mask heating. A number of 
methods to control the shift of the electron beam 
on the phosphor as the mask heats up have been 
developed. Initially, axially positioned bimetal 
springs were used on masks to compensate for 
the heating effect. Then lighter masks were used 
with corner lock suspension systems. Another 
method is using mask materials with lower 
coefficients of expansion such as INVAR. 

Contrast in color CRTs has been improved by 
first applying a carbon coating between the panel 
glass and the phosphor screen, This requires 
additional process steps which form ‘windows’ in 
the carbon coating (matrix) through which the 
excited phosphor is seen. The use of pigmented 
phosphors also helped to reduce the reflectivity of 
the phosphor/matrix screen. 

The phosphors used in the shadow mask color CRT 
are the red Y2025:Eu or, in some cases, the Y03:Eu 
phosphor. The green phosphor is ZnS:Cu and the blue 
phosphor is ZnS:Ag. 

The CRT seen in Figure 3 shows the new high- 
definition television-type (HDTV) tube with the 
16X9 aspect ratio as contrasted with the older 
4X 3 aspect ratio (screen width x height). 


Blue phosphor dot 


Where: J, 1, y= red, 


‘green and blue gun 
currents 


Figure 2 The action of a shadow mask. 
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electromagnetism > rotational > ac motor 


AC motor 


The distinction between AC and DC motors has become blurred as controllers for DC 
motors make increasing use of pulse-width modulation, which can be viewed as a form 
ofalternating current, All motors that consume DC power are referenced in the DC mo- 
tor section of this encyclopedia, regardless of whether they modulate the power inter- 
nally. Stepper motors and serve motors are considered as special cases, each with its 
‘own entry. AC motors, described here, are those that consume alternating current, usu- 
ally in the form of a sine wave with a fixed frequency. 


OTHER RELATED COMPONENTS 


+ DEmoter (see Chapter 22) 
«+ stepper motor (see Chapter 25) 
+ servo motor (see Ciispter 24) 


What It Does 


‘An AC motor uses a power supply of alternating 
current to generate a fluctuating magnetic field 
that turns a shaft. 


How It Works 


The motor consists primarily of two parts: the 
stator, which remains stationary, and the rotor, 
which rotates inside the stator. Alternating cur- 
rent energizes one or more coils in the stator, 
creating fluctuating magnetic fields that interact 
with the rotor. A simplified representation is 
shownin Figure 23-1, where the coils createmag- 
netic forces indicated by the green arrows, Nrep- 
resenting North and S representing South, 


PY # 
23 


Stator Design 

Plug-in electric fans typically use AC motors, The 
stator from a large electric fan is shown in 
Figure 23-2, where the large diameter of each coil 


Figure 231. A simplified representation of a basic AC 
‘motor. The green arrows indicate magnetic force. 


maximizes its magnetic effect. The stator from a 
smaller electric fan is shown in Figure 23-3, in 


which only one coil is used. (The coil is wrapped 
in black electrical tape) 


191 
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Figure 3 _A typical HDTV color CRT. Reproduced from Donofrio 
FL (2002) The future of drect-view CATS. SID information Display 
‘Magazine 6: 10. Permission for reprint courtesy of the Society for 
Information Display. 


The Vacuum Fluorescent Display (VFD) 


‘The VED can be thought of as a low-voltage CRT. Just 
asin the CRT, electrons from a cathode are controlled 
by a grid which allows them to be accelerated and 
strike the phosphor screen anode, However, the 
electrons in a CRT can be accelerated with a voltage 
of 30 000 V, whereas the VED accelerates the ele 
trons with voltages of 12 to 40 V. 

In the operation of the VED, electrons are emitted 
by the filament. The filament is a very thin tungsten 
wire coated with a tri-carbonate oxide (barium, 
strontium, and calcium carbonates) which are the 
same constituents of the CRT oxide cathode. The 
filament is held between a filament support and an 
anchor which applies tension to the filament wire, A 
current is passed through the filament to achieve 
a temperature to ~600°C. At that temperature, 
thermonic emission occurs. Between the filament 
and the phosphor elements is a stainless steel mesh 
grid. By the application of a positive or negative 
voltage on this grid, electrons can either be cut off or 
accelerated to the phosphor on the anode. The anode 
can be a conductor such as graphite, coated with a 
phosphor layer such as Zn0:Zn (zinc oxide). This is 
a low-voltage cathodoluminescent phosphor which 
emits a green color with an emission maxima of about 
505 nm. Other phosphors are also used to obtain red, 
orange, and blue (Figure 4). 

In addition to the filament, grid and anode, the VED 
is a vacuum device (like the CRT) and contains a 
getter to assist achieving and maintaining a good 
vacuum and an internal transparent conductive coat- 
ing to protect the display from external electrostatic 
fields. The VED display is used frequently in the auto 
industry and aging of the phosphor is very small, 
achieving 100 000 hrs to half of the initial luminance. 
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Figure 4 The cross-section of a vacuum fluorescent display 
assembly. 


VED units have been made with phosphor elements 
on either side of the filament. This gives rise to a 3D 
effect. Graphic and fixed segment VFDs have been 
made for multimedia products and 16 X 16 graphics 
for Kanji and other characters. 

Experimentally, 2D VFD arrays have been made 
similar to the FEDs covered in the next section, 


Field Emissive Displays (FEDs) 


The FED is similar to the CRT and the VFD in that 
electrons from a source bombard a phosphor screen. 
In both the CRT and the VFD thermionic clectrons 
are used. However, in the FED the electrons arise 
from field emission, Field emission devices create 
clectrons though quantum mechanical tunneling from 
the emitter surface into the vacuum by the action 
of a large electrical field, This process is governed by 
the Fowler—Nordheim equation. This equation takes 
the form: 

J = A(BVPI® exp(-B@*"/BV) [6] 
where, J is the electron current density; V is the 
applied voltage; @ is the work function of the 
emitting tip; A & B are constants; and f is the field 
enhancement factor. 

‘The emitters can be of the Molybdenum Spindt 
type and also the polydiamond or diamond-like 
carbon (DLC) coated emitters. We have the field 
enhancement with a sharp tip and reduced work 
function with the DLC. There has been renewed 
interest in FEDs, with the development of the ‘carbon 
nanotube’ as an electron field emitting source. The 
carbon nanotube is a fullerene material, which is a 
distinct form of carbon, This ‘bucky ball’-like 
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Figure § Ficld omission display cross-section. Reproduced 
from Green P and Haven D (1998) Fundamentals of emissive 
displays. SID Short Course $-3, Permission for reprint courtesy of 
the Society for Information Display. 


material is cylindrical instead of spherical in nature, 
has great strength, and high conductivity. 

There are two types of FEDs, a low-voltage 
(LVFED) and a high-voltage (HVFED). The HVFED 
uses an aluminum film over the phosphor to protect 
the phosphor screen from aging. The HVFED can use 
the high voltage (2-10 KV) electrons to bombard the 
aluminized screen and it can use the more efficient, 
somewhat standard CRT phosphors ZnS:Cu green, 
ZnS:Ag Blue, and Y2Os:Eu red. The LVFED (12— 
200 V) cannot use the standard CRT phosphors but 
uses the low-voltage phosphor such as the ZnO:Zn 
green phosphor. This does not use an aluminum layer, 
since about 2 KV is needed to penetrate the Al layer. 
The commonly used CRT red phosphor Y20,S:Eu 
was found unsuitable for HVFED use due to release 
of the sulfur during electron bombardment. 

Figure 5 shows that for this basic FED structure, 
the electrons from the Spindt emitter are controlled 


by the voltages of the anode, control electrode and 
emitter electrode. 


Plasma Displays 


Earlier plasma displays, made using excited Ne gas 
with the characteristic amber glow required no 
phosphor and were used in the printing industry. 
Present plasma displays used for television and 


information signs are photoluminescent displays. As 
shown in Figure 6, the excitation of the plasma gas 
made of elements such as He, Ne, Ar, and Xe give rise 
to a glow discharge and the creation of vacuum 
ultraviolet photons that strike the screen and cause it 
to luminesce. In construction, the display is similar to 
the FED in that it is a matrix addressed device. It has 
been described in literature that the similarity goes 
even further with the need for anode and cathode 
surfaces, a means of evacuating and a perimeter seal. 
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Figure 6 AGPOP paral cross-section view. Reproduced from 
Green P and Haven D (1998) Fundamentals of emissive displays. 
‘SID Shart Course S-3. Permission for reprint courtesy of the 
Society for Information Display. 


There are two types of plasma displays, DC and AC. 
The AC design appears to be the more successful, 
Typical PDP phosphors for the triad are (Y,Gd)BO: 
Eu for the red, ZnaSiO«Mn for the green, and 
BaMgl;o},:Eu (called BAM for short) for the blue. 
Figure 6 below shows the basic structure of an AC 
plasma display. One phosphor element is shown with 
barrier ribs and address and scan electrodes. The dis- 
charge of the plasma takes place in the region of the 
phosphor and excites the photoluminescent phos- 
phor, which is shaped (in this example) along the side 
of the barrier ribs and over the address electrode. 


Electroluminescence 


Electroluminescence was first seen in the 1930s by 
Destriau. EL is the generation of (nonthermal) light 
by use of an electric field. High electric field EL units 
emit light through the impact of high energy electrons 
in luminescent centers in a semi-conducting material. 
The electric field can be alternating current (AC) or 
direct current (DC). Powder phosphor AC EL dis- 
plays appear to be one of the successful inorganic EL 
display methods. Because of their rugged nature, 
alternating current lectroluminescence ACEL dis- 
plays have been used in trucks, tractors and the M1 
Abrams Tank. Thick-film EL panels are also used in 
some vehicle displays as back lights for LCDs. These 
light panels are free from mercury and are more 
environmentally friendly. 


Inorganic LED Displays 


Light-emitting diodes are being used as backlights for 
LCD displays, replacing some of the fluorescent light 
backlighting methods, They are also used in indicator 
lights. Large displays have been made of LEDs. 
Using a matrix array row and column connectors, 
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we can digitally select a given color LED and pattern 
in an LED array and generate a color image. Similar 
methods were carried out many years ago. using 
incandescent lights. However, now they are bright 
and fast reacting. LEDs operate by semiconductor 
P-N junction rules and the flow of electrons and 
holes under forward bias operation give rise to 
junction light emission. Materials such as GaP:Zn,O 
are used to create a red LED with an emission 
maxima wavelength of 699 nm, 

Red, green, and blue-UV/blue LEDs are now 
available, with an increasing demand for white 
LEDs. Two methods are used to produce a white 
LED. One method is to use a blue LED with the front 
of the LED coated with a green photoluminescent 
phosphor. If the phosphor is thin enough, the blue 
light penetrates the screen and excites the green to 
give a blue/green white. Another method is to use a 
blue LED and coat it with a white photoluminescent 
phosphor. 


Organic LEDs 


The basic process of light generation in OLEDs is the 
formation of a P-N junction. Electrons injected 
from the N-type material and holes from the P-type 
material recombine at the junction and light is 
generated. There are presently two competing 
methods to fabricate an OLED. The first developed 
by Kodak in 1987 is the small molecule molecular 
weight material approach. In OLED operation, the 
electron hole pair recombine to form excitons (on 
the average one singlet and three triplet excitons are 
formed for every four electron hole pairs). The light 
for the Kodak OLED is from the recombination of 
singlet excitons and the energy transferred to the 
fluorescent dye. The terminology is such that we 
have small molecule-OLEDs (sm-OLEDs) and poly- 
mer-OLED (PLED). In later developments, the sm- 
OLED device structure was reported to have thr 
layers. The first is the hole transport layer (hole 
transport) enhancing layer copper phthalocyanine 
(CuPc), a layer NPB (60 nm), the light emitting 
aluminum tris-8-hydroxyquinolate Alq_ layer 
(75 nm), and electron transport layer. The electron 
transport layer is in contact with the three layer 
structure. The top electrode is a low work function 
material, such as MgAg (75-200 nm thick) called an 
electron injection layer and topped with a transpar- 
ent indium tin oxide (ITO) layer for transparent 
OLEDS. All of these coatings are applied in a 
vacuum chamber. 

In the phosphorescent material method, the light 
emission is from the triplet excitons through the use 
of phosphorescent dyes and the polymer-based 


devices. The common base material is a poly- 
phenylene-vinylene PPV and other polymers such as 
polyfluorene have been used. The construction of the 
phosphorescent OLED is similar in that the ITO is 
also used as a starting substrate but the hole transport 
layer is applied by spin casting from solution. Spin 
casting is also used for the electron transfer material. 
After drying (removal of solvents) a calcium cathode 
material is applied. A contrast of 3000/1 has been 
achieved (for a military type application) using a 
green OLED with an AR coated circular polarizer 
and at an ambient light level of 500 lux, and a 6/1 
contrast ratio has been achieved with an ambient 
illumination of 50 000 lux and an output of 
370 ed/m*, Additionally, OLEDs can be made on 
flexible (F) substrates and are called FOLEDs. The use 
of a transparent (T) cathode gives rise to a top 
emission OLED or a TOLED. 

‘The first OLED display used in auto products was 
developed by Pioneer and used in a radio display and 
the Ford Motor Company has shown a White OLED 
display in one of their ‘Concept Cars’. This display 
allows them to have a reconfigurable instrument 
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Figure 7 OLED partial cross-section ~ Kodak type. Repro- 
duced from Green P and Haven D (1998) Fundamentals of 
temissive displays. SID Short Course $-3. Permission for reprint 
courtesy of the Society for Information Display. 


Figure 8 Philips poled display in an auto mirror. Reproduced 
with permission of Philips Mobile Display Systems. 
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panel (IP) and is made up of a number of 5 inch x 
8 inch displays across the instrument panel (Figure 7). 

‘The POLED as seen in Figure 8 is now being used 
by Philips Mobile Systems in a rear view car mirror, as 
seen below. It is the display from a video camera 
looking at the rear of a car to see any obstacles to 
backing up safely. 


Thin Film EL (TFEL) Displays 


A simple type of TFEL display is the color by white 
structure shown below. In this case, the color is 
generated using a white phosphor and red, green, and 
blue optical filters. To make this ACEL display 
function properly, insulators are used on either side 
of the phosphor. In Figure 9, the ITO conducting 
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Figure 9 Color thin film elactroluminescent display (TFEL) 
cross-section. Reproduced from Dakkala A (1998) New EL 
displays for vehicular applications. In: Donofrio RL and Musa S 
(eds) Flat Panel and Vehicie Display ‘98, Permission for reprint 
courtesy of the Society for Information Display. 


() 


stripes (depicted) horizontally on the top and 
vertically on the bottom, give the means of addressing 
each color pixel, The white phosphor, for example, is 
a ZnS:Mn, Sr$:Ce blend which gives a white 
electroluminescence 

Other phosphors such as ZnS:Mn can be used but 
its y 


low luminescence requires the use of a green 
and red filter and only two metal electrodes on the 
bottom to give a two-color display. Better red green 
color separation can be achieved through the use of a 
Zn, -<Mg.S:Mn and ZnS:Mn phosphor mix. New EL 
blue phosphor developments have allowed larger 
color gamuts to be achieved. 

One of the important characteristics of the 
alternating current thin-film clectroluminescence 
(ACTFEL) is that it has an operating temperature 
range from —40°C to 85°C which is key for 
automotive use. It has a viewing angle of 160 degrees 
with a life of more than 50 000 hours, Active matrix 
(active addressed) AMEL structures allow fast 


Figure 10 AMLCDs used in automobiles. Reproduced from 
Donofrio RL (2003) The road show. SID Information Display 
‘Magazine 7: 26. Permission for reprint courtesy ofthe Society for 
Information Display. 


Viewing Direction 


Figure 11. The operation ofa simple liquid crystal display. Reproduced from Lueder E (1997) Fundamentals of passive and active- 
addressed liquid crystal displays. SID Short Course S-1 (1997). Permission for reprint courtesy of the Society fr Information Display. 
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response and moving graphic displays. These have 
found application in ‘heads up displays’ (HUD) for 
the military and medical industries and in consumer 
goods such as portable computers, pagers, cell 
phones, and 3D gaming. 


The Active Matrix LCD 


The active matrix liquid crystal display (AMLCD) 
device consists of a series of liquid crystal cells or 
windows whose characteristics can be controlled by 
an applied voltage to pass or restrict the passage of 
light through the windows via the external polarizers 
and the polarizing action of the LCD cells. These 
displays are used in laptop and tabletop computers, 
TVs, and for automotive displays (for driving 
information and entertainment). Figure 10 shows 
some present applications for AMLCDs in the 
automobile. 

‘When the simple LCD is used without a transistor 
matrix, it is termed a passive display rather than an 
active one. Figure 11 below shows how a simple LCD 
cell operates. 

The action shown in this figure is the twisted 
alignment nature of the liquid crystal material. When 
the polarizer on the left has its high transmission axis 
horizontal and the polarizer on the right of this cell 
has perpendicular alignment then the light from the 
backlight (f) is passed through the crossed polarizers. 
However, when voltage is applied to the cell, the 
liquid crystal is no longer twisted and the crossed 
polarizers prevent the light from going though the cell 
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Figure 12 Typical color LCD fiter transmission characteristics. 
Reproduced from Donofrio RL and Ablieah A (1998) LCD 
backlighting system ~ phosphors and colors. In: Donofrio RL and 
Musa 5 (eds) Flat Panel and Vehicle Display ‘98, p. 123. Per- 
mmission for reprint courtesy of the Society for Information Display. 


to the viewer. If the polarizers were not crossed but 
the polarization transmission axis was in the same 
direction in both polarizers, then the opposite effect 
would occur 

Inorder to show a color image, the LCD is designed 
to have three or more cells clustered per color pixel. 
The following (Figure 12) is the transmission 
profiles of each of these red, green, and blue filters. 

The backlight used is a fluorescent lamp with a 
white phosphor (made up of red, green, and blue 
photoluminescent phosphors). Figure 13 shows what 
would happen if only the blue phosphor was used and 
also shows the superposition of the mercury lines that 
penetrate the phosphor and contribute to the final 
spectral energy distribution. 


Reflective LCD 
For applications where there is suitable external light 


to view the display, no internal light source is used. 
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Figure 13. The ralative luminance spectrum of the LCD. 
Backlight blue phosphor showing mercury lines. Reproduced 
from Donofrio RL and Abileah A (1998) LCD backlighting 
system ~ phosphors and colors. In: Donofrio RL and Musa S 
(ods) Flat Panel and Vehicle Display ‘98, p. 123. Permission for 
reprint courtesy of the Society for Infarmation Display. 
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Figure 14 The action and construction of a reflective LCD. 
Fleproduced with permission from Watanabe Rand Tomita O 
(2003) Active-Matrix LCDs for Mobile Telephones in Japan. SID 
Information Display Magazine 7(8): 30~36. Permission for reprint 
‘courtesy of the Society for Information Display. 
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Figure 15 The action and cross-section ofa transtlecve LCD. 
Reproduced with permission from Watanabe Rand Tomita O 
(2003) Active-Matrix LCDs for Mobile Telephones in Japan. SID 
Information Display Magazine 7{8): 30~35. Permission for reprint 
courtesy of the Society for Information Display. 


This reflective LCD consists of a polarizer and 
retarder plates stacked on the front side of the cell. 
The cell with spacers contains the liquid crystal 
material and on the bottom of the cell is located a 
reflecting surface. It has been found that a dimpled 
reflecting surface makes a diffuse reflecting surface 
(Figure 14), 


Transflective LCD 


The importance of the transflective device is that it 
has better contrast under high ambient illumination 
than the standard transmission back lighted LCD and 
fair contrast for low ambient illumination. 

‘The construction of this device consists of front and 
rear circular polarizers, back light, reflective 
elements, and novel filters, The back light is in the 
rear of the display. However, like the reflective LCD, 
internal reflectors are used on each pixel. The filters 
are designed spatially to be more transmissive for the 
reflective light than for the back light. Additionally 
the cell gap for the reflective light is smaller then the 
transmitted light region because the reflected light 
passes the cell twice whereas the transmitted light 
passes the cell once. This type of device seen in 
Figure 15, is finding uses in the auto industry and 
where the LCD is needed for both low and high 
ambient light levels. 


Conclusions 


In this brief review of displays we have tried to cover 
many different types of displays. The reader will in 
time find that there are many other variations on the 


displays discussed, The object is to give the reader an 
up-to-date review of the topics involved with displays 
and the various types of display in use today. By its 
nature it is a broad approach. 
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Introduction 


In this article we examine how the process of 
clectromagnetically induced transparency (EIT) can 
he used to increase the efficiency of non-linear optical 
frequency mixing schemes. We illustrate the basic 
rating upon the enhancement of 
resonant four-wave mixing schemes in atomic gases. 
To start we introduce the quantum interfer 
phenomenon that gives rise to EIT. The calculation 
of EIT effects in a three-level atomic medium using a 
density matrix approach is presented. Next we 
examine the modified susceptibilities that result and 
that can be used to describe nonlinear mixing, and 
show how large enhancements in nonlinear conver- 
sion efficiency can result. Specific examples are briefly 
discussed along with a further discussion of the novel 
aspects of refractive index and pulse propagation 
modifications that result from EIT. The potential 
henefits to nonlinear optics of electromagnetically 
induced transparency are discussed. In an article of 
this nature it is not possible to credit all of the 
important contributions to this field, but we include a 
bibliography for further reading indicating some of 
the seminal contributions. 

Electromagnetically induced transparency is the 
term applied to the process by which an otherwise 
opaque medium can be rendered transparent through 
laser-induced quantum mechanical interference pro- 
The linear susceptibility is substantially 
modified by EIT. Absorption is cancelled due to de 
tructive interference between excitation pathways. 
The dispersion of the medium is likewise modified 
such that where there is no absorption the refractive 
index is unity and there can be a large value of 


ideas by concer 


normal dispersion leading to low values of 
group velocity. In contrast to the linear susceptibility 
the nonlinear susceptibility involving these same 
resonant laser fields will undergo constructive 
rather than destructive interference. This leads to a 
strong enhancement in nonlinear frequency mixing. 
For a normally transparent medium the nonlinear 
optical couplings will be small unless large-ampli- 
tude fields are applied. The most important con- 
sequence of EIT, in contrast to the usual case when 
a medium is transparent, is that the dispersion is 
not vanishing and the nonlinear couplings can be 
very large. 

To understand how this comes about we must 


consider the system illustrated in Figure 1a where 
hecause of the resonant condition satisfied for the 
applied fields the atom can be simplified to just 
three-levels. The important parameters in this model 
system are that state 12> is metastable and has a 
dipole-allowed coupling to state |3>. The coupling 
hetween states [1> and |3> is also dipole-allowed 


|3> q 
lb> 
> 
[I> —! te 


Figure 1 A three-level atomic system coupled to laser fields in 
the lambda configuration is shown on the left-hand side. In the 
limit of a strong coupling field this is equivalent to the dressed 
states la> and ib> coupled to the ground state by the probe field 
alone as shown on the right-hand side. 
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and as a consequence state |3> can decay radia- 
tively to either [I> or 2>. Let a coupling field be 
applied resonantly to the 2>—|3> transition, 
which may be ew or pulsed but should in the latter 
case be transform-limited. We define the Rabi 
coupling as %); where E is the laser electric 
field amplitude and 123 is the dipole moment of the 
transition. The Rabi frequency needs to be larger 
than the inhomogeneous broadening of the sample. 
A second field, the probe, typically of much lower 
intensity, is then applied in resonance with the 
l1> — [3> transition. If the condition 933 > 93 is 
satisfied then it is convenient to replace the bare 
atomic states |2> and [3> with the dressed states 
(see Figure 1b): 


it 
>= [2 
>= Fyle> 43 


[al 


1 

b>= Zyll2>-I3>] 
Transitions from state I1> induced by the probe 
field to this pair of nearresonant dressed states are 
subject to exact cancellation at resonance if |2> is 
perfectly metastable. This is because the only 
contribution to the excitation amplitude comes 
from the matrix elements <1[rE|3> as the 
l1>—|2> transition is dipole forbidden, The 
contributions from the equally detuned states la> 
and [b> thus enter into the overall amplitude with 
opposite signs and equal magnitude as can be seen 
by inspection of eqns [1a] and [1b]. This leads to 
cancellation of the absorption amplitude. This type 
of absorption cancellation is well known and closely 
related to the so-called dark states. 


lb) 


Theoretical Treatment of EIT ina 
Three-Level Medium 


It was realized by several workers in the 1970s that 
laser-induced interference effects could lead to a 
cancellation of absorption at certain frequencies. To 
gain a more quantitative understanding of the effects 
of the coupling field upon the optical properties of a 
dense ensemble of three-level atoms we require a 
treatment that computes the optical susceptibility of 
the medium. A treatment originally carried out by 
Harris et al. for a A scheme similar to that illustrated 
in Figure 1 was the first to derive the modified 
susceptibilities that will be discussed below. In that 
treatment the state amplitudes in the three-level 
atom were solved in the steady-state limit and 
from these the linear and nonlinear susceptibilities 
{see below) are then derived. In what follows we 


adopt a density matrix treatment as employed by 
various workers. This readily allows the inclusion of 
dephasing as well as population decay terms. The 
critical parameters in this system are the strengths of 
the fields (described in terms of the Rabi couplings), 
the detuning of the fields from resonance Mw; = 
13 ~ wp and Mwy; = an; — we (see Figure 2), the 
radiative decays from |3> to |1> and |2>, y. and yy 
and from 12>—I1> y, (although the latter is 
anticipated to be smaller). Extension to other 
configurations of the three states, such as a V or 
ladder scheme is implicit within this general 
treatment, 

Figure 2 illustrates the system considered. This 
treatment will also address the nonlinear response 
in a four-wave mixing scheme completed by the 
two-photon resonant coupling applied between state 
[I> and 2: 

We write the interaction Hamiltonian as: 


H=Hy+V 121 


% 


I> 


Figure 2 A four-wave mixing scheme incorporating the 
three-level lambda system in which electromagneticaly induced 
transparency has been created for the generated field ay by 
the coupling field ax. The decay rates > from the three atomic 
levels are also shown. For a full explanation of this system 
see tex. 
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where Hy is the unperturbed Hamiltonian of the 
system and is written as 


Ho = h,|1)11 + heyl2X21 + fe3/331_— [3] 


and V is the interaction Hamiltonian and can be 
expressed 


V = AQe 12X11 + AO. ™*12431 
+ AMC" 131 + ee (4 


Note that the Rabi frequencies in the equation can be 
described as AO, = 4j/E(w,)I, where p,, is the dipole 
moment of the transition between states [i> and lj>, 
the Rabi frequency 9, is a two-photon Rabi 
frequency that characterizes the coupling between 
the laser field a and the atom for this two-photon 
transition, We have assumed for simplicity that 
0, = & = 0/2. 

‘Assuming all the fields lie close to the resonance, 
the rotating wave approximation can be applied to 
the interaction picture and the interaction Hamil- 
tonian V! is given as 


V! = AN, 12)(11 + AD, c*12)(31 
+ ANGE YI + cc Is] 


where &,, A. and Ay refer the detunings of the fields 
and can be written as: 


6) 


For the evaluation of the density matrix with this 
interaction V‘, the Schrédinger equation can be 
restated in terms of the density matrix components. 
This form is called the Liouville equation and can be 
written as: 


a 
hel = LHuDeo+iy eoato +0, 


71 


where I, represents phenomenologically added decay 
terms (i.e. spontaneous decays, collisional broad- 
ening, etc.). This formalism leads to a set of nine 
differential equations for nine different density matrix 
elements that describe the three-level system. 

To remove the optical frequency oscillations, a 
coordinate transform is needed and to incorporate 
the relevant oscillatory detuning terms into the 


off-diagonal elements we make the substitution: 


n= ene 

: ia 

és = ene ™ is] 
ase 


Ou = ene 


This operation conve 
dependencies in the rat. 
of motion for the density matrix are given by: 


jently eliminates the time 
equations and the equations 
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Using the set of equations above and the relation 6; 
2; we obtain equations for 21», 032, and 0,3. For the 
incoherent population relaxation the decays can be 
written: 


Or + 14033 
O22 + 1.033 110} 
Cet Wess 
and for the coherence damping: 
1 cal 
Ta = —[zla tal + fen 
uy 


1 
T= [pint x sylt athens 


1 
Ty = [Stu tra tatfon 


where y;" represents collisional dephasing terms 


which may be present. 
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This system of equations can be solved by various 
analytical or numerical methods to give the individual 
density matrix elements. Analytical solutions are 
possible if we can assume for instance that 0, > 0, 
Q4 and that there are continuous-wave fields so a 
steady-state treatment is valid. For pulsed fields or in 
the case where the generated field may be significant 
numerical solutions are in general required. 

We are specifically interested in the optical 
response to a probe field at wy (close to resonance 
with the |1> —|3> transition) that is governed by the 
magnitude of the coherence g13. We find 13 making 
the assumption that only the coupling field is strong, 
ive., that ©, > 0,04 holds. From this quantity the 
macroscopic polarization is obtained from which the 
susceptibility can be computed. The macroscopic 
polarization P at the transition frequency w13 can be 
related to the microscopic coherence @,; via the 
expression: 


Pry =Naseis (12) 
where N is the number of equivalent atoms in the 
ground state within the medium, and 11; is the dipole 
matrix element associated with the transition, In this 
way real and imaginary parts of the linear suscepti- 
bility y at frequency w can be directly related to 013 
via the macroscopic polarization since the latter can 
be defined as: 

Pisa) = egM@E (13) 
where Eis the electric field amplitude at frequency « 
The linear susceptibility (real and imaginary parts) is 
given by the following expressions: 


Rey{)(—wy,wg)= A 


eoh 


| 4An1(109!? —48n, As) +4059 | 
4031894 — yas — 121°)? +4(yaAns + YA51)7 
14 


(psi 
egh 
{ SA} yu t2y(lOsl + ys) ] 
(4851 An1 = 0% HOP? +4 @AD + YA)? 
15] 


Imy{}'(—wy,0y)= 


‘We now consider the additional two-photon resonant 
field w,. This leads to a four-wave mixing process 
that generates a field at wy (i.e., the probe frequency). 
The nonlinear susceptibility that describes the 
coupling of the fields in a four-wave mixing process 


is given by the expression: 


2) 
Np! es, ,04,04) 
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Nonlinear Optical Processes 


The dependence of the susceptibilities upon the 
detuning is plotted in Figure 3. In this plot the 
effects of inhomogeneous (Doppler) broadening are 


8 
Zs 
$4 
2 
0 
“000-8000 8001000 
att 
8 
2 4 
Pa 
0 
2 
4 
6 
$1000 “30008001000 
at 
28 
e2 
7 J L 
0 
“1000-300 OS OD 000 
att 


Figure 3 Electromagnetically induced transparency is shown in 
the case of significant Doppler Broadening. The Doppler averaged 
values of the imaginary Im{y""] and real Re[y'") parts of the 
linear susceptibility and the nonlinear susceptibility are plotted 
in the three frames. The Doppler wicth is taken to be 20. 
11, = 10074 and 4 = 50ye, Ye = 0 


romagnetism > rotational > ac motor 


Figure 23-2. The stator trom a large electric fan, Each 
coll of copper wire Is centered an a lug pointing inward to 
the hole at the center. where the rator would narmally be 
‘mounted. The coils averlap because their diameter is 
‘maximized to increase their magnetic effect. Each col is 
tapped to allow speed selection in steps via an external 
rotary switch 


The core of a stator resembles the core of a 
transformer in that it usually consists of a stack 
of wafers of high-silicon steel (or sometimes alu- 
minum orcast iron). The layers are insulated from 
one another by thin layers of shellac (ora similar 
compound) to prevent eddy currents that would 
otherwise circulate through the entire thickness 
of the stator, reducing its efficiency. 


The coil(s) wound around the stator are often re- 
ferred to as field windings, as they create the 
magnetic field that runs the motor. 


Rotor Design 
In most AC motors, the rotor does not contain 
any coils and does not make any electrical con- 


Figure 23-3. This stator from a smaller electric fan uses 
only a single coll. wrapped in black tape. Its sufficient to 
induce a magnetic field but is generally less efficient than 
a motor using multiple coils. 


nection with the rest of the motor. Itis powered 
entirely by induced magnetic effects, causing 
this type of motor to be known generally as an 
induction motor. 


‘As the AC voltage changes from positive to neg- 
ative, the magnetic force induced in the stator 
collapses and a new field of opposite polarity is 
created. Because the stator is designed to create 
an asymmetrical field, it induces a rotating mag- 
netic field in the rotor. The concept of a rotating 
magnetic field is fundamental in AC motors. 


Like the stator, the rotoris fabricated from wafers 
of high-silicon steel; embedded in the wafers are 
nonmagnetic rods, usually fabricated from alu- 
minum but sometimes from copper, oriented 
approximately parallel to the axis of rotation. The 
rods are shorted together by a ring at each end 
of the rotor, forming a conductive “cage,” which 
explains why this device is often referred to col- 
loquially as a squirrel cage motor. 
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also incorporated by computing the susceptibilities 
over the inhomogeneous profile (see below for 
more details). 

By inspection of eqn [14] we sce that the 
absorptive loss at the minimum of Im[y'")] varies 
as y,/02. This dependence is a consequence of the 
interference discussed above. In the absence of 
interference (i.e., just simply Autler—Townes split- 
ting) the minimum loss would vary as yy/2. Since 
[3> —I1> is an allowed decay channel (in contrast 
to 2>— |1>) it follows that > y%, and so the 
absorption is much less as a consequence of EIT. 
Refy'"] in egn [15] and Figure 3 is also modified 
significantly. The resonant value of refractive index 
is equal to the vacuum value where the absorption is 
a minimum, the dispersion is normal in this region 
with a gradient determined by the strength of the 
coupling laser, a point we will return to shortly. For 
an unmodified system the refractive index is also 
unity at resonance but in that case there is high 
absorption and steep anomalous absorption. 
Reduced group velocities result from the steep 
normal dispersion that accompanies EIT. Ingpecion 
of the expression [16] and Figure 3 shows that y") i: 
also modified by the coupling field, The noolinear 
susceptibility depends upon 1/02 as is expected for a 
laser dressed system, however in this case there is not 
destructive but rather constructive interference, 
hetween the field-split components. This result is of 
great importance: it ensures that the absorption can 
he minimized at frequencies where the nonlinear 
absorption remains large. 

As a consequence of constructive interference the 
nonlinear susceptibility remains resonantly enhanced 
whilst the linear susceptibility vanishes or becomes 
very small at resonance due to destructive inter- 
ference. Large nonlinearity accompanying vanishing 
absorption (transparency) of course match con- 
ditions for efficient frequency mixing as a large 
atomic density can then be used. Moreover the 
dispersion (controlling the refractive index) also 
vanishes at resonance; this leads to perfect phase 
matching (ie., zero wavevector mismatch hetween 
the fields) in the limit of a simple three-level system. 
As a result of these features a large enhancement of 
the conversion efficiency in this type of scheme can 
he achieved. 

To compute the generated field strength Maxwell's 
equations must be solved using these expression for 
the susceptibility to describe the absorption, refrac- 
tion, and nonlinear coupling in the medium. We will 
treat this within the slowly varying envelope appro: 
mation since the fields are ew or nanosecond pulses. 
To be specific we assume that the susceptibilities are 
time independent, i.c., that we are in the steady-state 


(cw) limit, We make the assumptions also that there is 
no pump field absorption and that we have plane 
waves. Under these assumptions the generated field 
amplitude Ay is given in terms of the other field 
amplitudes A, by: 


a @, 
y= i PARAe Me imag 
+i SERely Ay 6) 
where the wavevector mismatch is given by: 
Aka = kat he ~ 2k 07) 


‘The wavevector mismatch will be zero on resonance 
for the three-level atom considered in this treatment. 
In fact the contribution to the refraction from all 
the other atomic levels must be taken into account 
whilst computing Aky and it is implicit that these 
make a finite contribution to the wavevector 
mismatch. 

‘We can solve this first-order differential equation 
with the boundary condition Ag(z = 0) =0 to find 
the generated intensity (wy) after a length <: 


ana 9 
= nay 
Koy ae PlA Ma 
{ise Fewe De" cos( Ak +5 1): 
>_> 
aioe far Seely 


where Zy is the impedance of free space. This 
expression is quantitatively correct for the case of 
the assumptions made. More generally the qualitative 
predictions and general scaling remain valid in the 
limit where the pulse duration is significantly longer 
than the time required to traverse the medium, Note 
that both real and imaginary parts of y""! andy") 
play an important role, as we would expect for 
resonant frequency mixing. The influence of that part 
of the medium refraction which is due to other levels 


is contained in the terms with Ak. In the case of a 
completely transparent medium this becomes a major 
limit to the conversion efficiency. 


Propagation and Wave-Mixing in 
a Doppler Broadened Medium 

Doppler shifts arising from the Maxwellian velocity 
distribution of the atoms in the medium lead to 
a corresponding distribution in the detunings for 
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the various members of the atomic ensemble. 
The response of the medium, as characterized by the 
susceptibilities, must therefore include the Doppler 
effect by performing a weighted sum over possible 
detunings. The weighting is determined by the 
Gaussian form of the Maxwellian velocity distri- 
bution. From this operation the effective values of 
the susceptibilities at a given frequency are obtained, 
and these quantities can be used to calculate the 
generated field. This step is of considerable practical 
importance as in most up-conversion schemes it is 
not possible to achieve Doppler-free geometries 
and the use of laser cooled atoms, although in 
principle possible, limits the atomic density that 
can be employed. The interference effects persist 
in the dressed profiles providing the coupling 
laser Rabi frequency is comparable to or larger than 
the inhomogeneous width. This is because the 
Doppler profile follows a Gaussian distribution 
which falls off much faster in the wings of the profile 
than the Lorentzian profile due to the natural 
broadening. 

In the case considered with weak probe field, 
excited state populations and coherences remain 
small, The two-photon transition need not be 
strongly driven (ie., a small two-photon Rabi 
frequency can be used) but a strong coupling laser is 
required. The coupling laser must be intense enough 
that its Rabi frequency is comparable to or exceeds 
the inhomogenous widths in the system (i.e., Doppler 
width), and a laser intensity of above 1 MW cm 7 is 
required for a typical transition, This is trivially 
achieved even for unfocused pulsed lasers, but does 
present a serious limit to ew lasers unless a specific 
Doppler-free configuration is employed. The latter is 
not normally suitable for a frequency up-conversion 
scheme if a significant up-conversion factor is requi- 
red, e.g., to the vacuum ultraviolet (VUV); however 
recent experiments report significant progress in ew 
frequency up-conversion using EIT and likewise a 
number of other possibilities, e.g., laser-cooled atoms 
and standing-wave fields, have been proposed. 

A transform-limited single-mode laser pulse is 
essential for the coupling laser field since a multimode 
field will cause an additional dephasing effect on the 
coherence, resulting in a deterioration of the quality 
of the interference, In contrast, whilst it is advan- 
tageouss for the field driving the two-photon transition 
to be single mode (in order to achieve optimal 
temporal and spectral overlap with the EIT hole 
induced by the dressing laser), this is not essential 
since this field does not need to drive the coherence 
responsible for interference. 

When a pulsed laser field is used additional issues 
must be considered. The group velocity is modified 


for pulses propagating in the EIT large reductions, 
e.g., by factors down to <c/100, in the group velocity 
have been observed. Another consideration beyond 
that found in the simple steady-state case is that the 
medium can only become transparent if the pulse 
contains enough energy to dress all the atoms in the 
interaction volume. The minimum pulse energy to 
prepare a transparency is: 

E, 18] 


where are the oscillator strengths of the transitions 
and NL the product of the density and the length. 
Essentially the number of photons in the pulse 
must exceed the number of atoms in the interaction 
volume to ensure all atoms are in the appropriate 
dressed state, This puts additional constraints on the 
laser pulse parameters. 

Up-conversion to the UV and vacuum UV has 
been enhanced by EIT in a number of experiments. 
Only pulsed fields have so far been up-converted to 
the VUV with EIT enhancement. The requirements 
on a minimum value of 2, > Apopsier Constrains the 
conversion efficiency that can be achieved because 
the 1/02 factor in eqn [17] ultimately leads to 
diminished values of y"*!. The use of gases of higher 
atomic weight at low temperatures is therefore 
highly desirable in any experiment utilizing EIT for 
enhancement of four-wave mixing to the VUV. 
Conversion efficiencies, defined in terms of the 
pulse energies by EyE, or E/E, of a few percent 
have been achieved using the EIT enhancement 
technique. It is typically most heneficial to maximize 
the conversion efficiency defined by the first ratio 
since ©, is normally in the UV and is the lower 
energy of the two applied pulses. 


Nonlinear Optics with a Pair 
of Strong Coupling Fields 
in Raman Resonance 


An important extension of the EIT concept occurs 
when two strong fields are applied in Raman 
resonance between a pair of states in a three-level 
system. Considering the system illustrated in Figure 1 
we can imagine that both applied fields are now 
strong. Under appropriate adiabatic conditions the 
system evolves to produce the maximum possible 
value for the coherence g12=0.5. Adiabatic evol- 
ution into the maximally coherent state is achieved by 
adjusting cither the Raman detuning or the pulse 
sequence (counter to-intuitive order). The pair of 
fields may also be in single-photon resonance with a 
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third level, in which case the EIT-like elimination of 
absorption will be important. This situation is 
equivalent to the formation of a darkstate, since 
neither of the two strong fields is absorbed by the 
medium, For sufficiently strong fields the single- 
photon condition need not be satisfied and a 
maximum coherence will still be achieved. 

An additional field applied to the medium can 
participate in sum- or difference-frequency mixing 
with the two Raman resonant fields, The importance 
of the large value of coherence is that it is the source 
polarization that drives the new fields generated in the 
frequency mixing process. Complete conversion can 
occur over a short distance that greatly alleviates the 
constraints usually set by phase-matching in non- 
linear optics. Recently near unity conversion efficie 
cies to the far-UV were reported in an atomic lead 
system where maximum coherence had been created. 
In a molecular medium large coherence between 
vibrational or rotational levels has also been achieved 
using adiabatic pulse pairs. Efficient multi 
Raman sideband generation has been obser 
occur, This latter observation may lead the way to 
synthesizing very short duration light pulses since the 
broadband Raman sideband spectrum has been 
proved to be phase-locked. 


Pulse Propagation and 
Nonlinear Optics for Weak 
CW Fields 


In a Doppler-ftee medium a new regime can be 
accessed. This is shown in Figure 4 where the 
possibility now arises of extremely narrow transpar- 
ency dips since very small values of Q. are now 
sufficient to induce EIT. The widths of these features 
typically 
accompanied by very steep normal dispersion, which 
corresponds to a much reduced group velocity, The 
ultraslow propagation of pulses is one of the most 
dramatic manifestations of EIT in this regime. 
Nonlinear susceptibilities are now very large as there 
is constructive interference controlling the value and 
the splitting of the two states is negligible compared to 
their natural width, Nonlinear optics at very low light 
levels, ic., at the few-photon limit, is possible in this 
regime. 

Propagation of pulses is significantly modified in 
the presence of EIT. Figure 4 shows the changes to 
Re[y'] that arise. Within the transparency dip there 
exists a region of steep normal dispersion. In the 
vicinity of resonance this is almost linear and it 
becomes reasonable to consider the leading term only 
that describes the group velocity. An analysis of the 
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Figure 4 Electromagnetically induced transparency is shown 
in the case where there is no significant Doppler broadening 
The values of the imaginary Im{y'"] and real Ret" parts of 
the linear susceptibility and the nonlinear susceptiilty 
are plotted in the three frames. We take M.~ yq/5 and 
Y= 50, Ye = 0. 


refractive changes has been provided by Harris who 
expanded the susceptibilities (both real and imagin- 
ary parts) of the dressed atom around the resonance 
frequency to determine various terms in Rely”. 
The first term of the series (zero order) 
Rely‘"!](o13) =0 corresponds to the vanishing dis- 
persion at resonance, The next term a[Rex'")(w\/da 
gives the slope of the dispersion curve; at on3 this 
takes the value: 


aRex (ay 
30 
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The slope of the dispersion profile leads to a reduced 
group velocity v4: 

1 way? 
c+ be 


(20) 


From the expression for ay/aw we see that this slope 
is steepest (and so v, mimimum) in the case where 
0. > Ty and 2 ST Ts but is still small compared 
to Ty (ie., Qc <P) and hence ayfaw o 1/02. In the 
limit of small Q, the following expression for ug 
therefore holds: 


ficey[Q.J 
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Extremely low group velocities, down to a few meters 
per second, are achieved in this limit using excitation 
of the hyperfine split ground states in either laser 
cooled atomic samples or Doppler-free configurations 
in finite temperature samples. Recently similar light 
slowing has been observed in solids. Storage of the 
optical pulse within the medium has also been 
achieved by adiabatically switching off the coupling 
field and thus trapping the optical excitation as an 
excitation within the hyperfine ground states for 
which the storage time can be very long (>1 ms) due 
to very low dephasing rates. Since the storage 
scenario should be valid even for single photons 
this process has attracted considerable attention 
recently asa means to enable quantum information 
storage. 

Extremely low values of Q. are sufficient to induce 
complete transparency (albeit in a very narrow dip) 
and at this location the nonlinear response is 
resonantly enhanced. Very high efficiency nonlinear 
frequency mixing and phase conjugation at low light 
levels have been reported under these conditions. It 
is expected that high-efficiency nonlinear optical 
processes will persist to ultralow intensities (the 
few photon level) in an EIT medium of this type. 

One example of highly enhanced nonlinear inter- 
actions is the predicted large values of the Kerr type 
nonlinearity (nonlinear refractive index). The origin 
of this can be seen by considering the steep 
dispersion profile in the region of the transparency 
dip in Figure 4. Imagine that we apply an additional 
field wy, perhaps a very weak one, at a frequency 
close to resonance between state |2> and a fourth 
level |4>. The ac Stark shift caused by this new field 
to the other three level, although small, will have a 
dramatic effect upon the value of the refractive index 
because of the extreme steepness of the dispersion 
profile. Essentially even a very small shift of the 


resonant wavelength causes a large change in the 
refractive index for a field applied close to this 
frequency. It is predicted that strong cross-phase 
modulations will be created in this process between 
the fields wy and wy, even in the quantum limit for 
these fields. This is predicted to lead to improved 
schemes for quantum nondemolition measurements 
of photons through the measurement of the phase- 
shifts they induce (through cross-phase modulation) 
on another quantum field. This type of measurement 
has direct application in quantum. information 
processing. 


Nonlinear Optics, Applications: Phase Matching; 
Raman Lasers. Scattering: Raman Scattering, 
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Introduction 


Lidars developed for the measurement of atmos- 
pheric winds make use of the Doppler effect, in 
which radiation scattered or emitted from a moving 
object is shifted in frequency as a result of the 
movement of the particles. Atmospheric Doppler 
lidars irradiate a volume of atmosphere with a pulse 
of very narrowband, laser-produced radiation, then 
detect the change in frequency of the radiation 
backscattered from atmospheric aerosol particles or 
molecules present in the volume. Although Doppler 
lidars are conceptually similar to Doppler weather 
radars, lidar wavelengths are 3-4 orders of magn 
tude shorter than radar wavelengths, producing 
some important differences in propagation and 
scattering characteristics. Radiation at wavelengths 
in the optical region of the spectrum is efficiently 
scattered by aerosols and molecules, therefore 
Doppler lidars, unlike commonly used Doppler 
weather radars, do not require the presence of 
hydrometeors or insects to obtain useful results. 
Also, optical radiation can be tightly collimated, 
virtually eliminating effects of ground clutter and 
enabling lidar probing of small volumes to within a 
few meters of terrain or structures. 

‘The primary disadvantage of lidar techniques is the 
severe attenuation of the optical radiation by cloud 
water droplets and fog. Doppler lidars do not 
typically probe beyond the edge of most atmospheric 
clouds ~ the one exception being tenuous ice clouds 
such as cirrus, which often are characterized by low 
optical extinction and high backscatter, making them 
excellent lidar targets. Doppler lidars also do not have 
the extended range, which can exceed 100 km, 


available from contemporary meteorological radars 
when scatterers are present. 

In clear air, however, the characteristics and 
capabilities of Doppler lidar are well suited for 
obtaining detailed wind and turbulence observations 
for a wide variety of applications. Lidar beams can be 
easily scanned to characterize motions within very 
confined three-dimensional spaces such as shallow 
atmospheric boundary layers, narrow canyons, and 
turbulent structures. The relative compactness of 
Doppler lidars makes deployment on aircraft or other 
moving platforms extremely viable, and a Doppler 
lidar deployed on a satellite has been proposed as a 
way to obtain global measurements of atmospheric 
wind fields. By scanning a lidar beam from an 
orbiting satellite and analyzing the returns back- 
scattered from clouds, aerosols, and molecules, a 
satellite-based instrument could provide important 
wind information for numerical forecast models. 


Doppler Lidar Fundamentals 


Backscattered Light 


As laser light propagates through the atmosphere, 
some of the incident energy is scattered by the 
atmospheric molecules and constituents through 
which the light passes. In lidar applications, the light 
backscattered (scattered directly back toward the 
source) is collected and analyzed. The backscattering 
properties of an atmospheric particle depend on its 
refractive index, shape, and size. In the special case 
when the particle is much smaller than the wavelength 
of the incident radiation, as is the case for laser 
radiation scattered by atmospheric molecules, the 
scattering process is characterized as Rayleigh 
scattering. Because, in the Rayleigh scattering regime 
the energy backscattered by a particle increases 
proportionally as the inverse of the fourth power of 
the wavelength, Doppler lidar systems designed for 
molecular scatter operate at short wavelengths. 
Molecular Doppler lidar systems typically operate in 
the visible or ultraviolet spectral regions. 
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Aerosol particles, the other component of the 
atmosphere that scatters laser light, produce Mie 
scattering, which applies when the diameter of the 
scatterers is not orders of magnitude smaller than 
the incident wavelength. Aerosol particles present in 
the atmosphere include dust, soot, smoke, and pollen, 
as well as liquid water and ice. Although for Mie 
scattering the relationship between the power back- 
scattered by an ensemble of aerosol particles and the 
incident wavelength is not simply characterized, most 
studies have shown that the energy backscattered 
increases roughly proportional to the first or second 
power of the inverse of the incident wavelength, 
depending on the characteristics of the scattering 
aerosol particles. In a polluted environment, such as 
in the vicinity of urban areas, an abundance of large 
particles often results in a roughly linear relationship 
between the inverse of the incident wavelength and 
the backscattered energy, while in more pristine 
environments, such as the free troposphere, the 
inverse wavelength/backscatter relationship can 
approach or exceed a square-law relationship. 

The primary objective in Doppler lidar is to 
measure the Doppler frequency shift of the scattered 
radiation introduced by the movements of the 
scattering particles. Figure 1 showsa typical spectrum 
of the radiation collected at the lidar receiver for a 
volume of atmosphere irradiated by a monochro- 
matic laser pulse, Molecular scattering produces 
the broadband distribution in Figure 1, where the 
broadening results from the Doppler shifts of the 
radiation backscattered from molecules moving at 
their thermal velocities. The width of the molecular 
velocity distribution in the atmosphere ranges from 
~320 to 350 ms” 1, scaling as the square root of the 
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Figure 1 Distribution of wind velocities in a lidar return, showing 
Doppler shift resulting from wind-induced transiation of the 
scatterers, The ratio of aerosol to molecular signals increases with 
Increasing wavelength 


temperature. In the center of the spectrum is a much 
narrower peak resulting from scattering of the light 
by aerosol particles. Because the thermal velocity of 
the much larger aerosol particles is very low, the 
width of the distribution of the aerosol return is 
determined by the range of velocities of particles 
moved about by small-scale turbulence within the 
scattering volume. This is typically on the order of a 
few ms. Also shown in Figure 1 is an additional 
broadband distribution, due to scattered solar 
radiation collected at the receiver. If the laser source 
is not monochromatic, the backscattered signal 
spectrum is additionally broadened, with the result- 
ing spectrum being the convolution of the spectrum 
shown in Figure 1 with the spectrum of the laser 
pulse. As seen in the figure, the entire spectrum is 
Doppler-shifted in frequency, relative to the frequ- 
ency of the laser pulse. The object for a Doppler lidar 
system is to measure this shift, given by 8f = 2u,a/A, 
where vag is the component of the mean velocity of 
the particles in the direction of propagation of the 
lidar pulse and A is the laser wavelength. 


Elements of a Doppler Lidar 


Doppler lidar systems can be designed primarily to 
measure winds from aerosol-scattered radiation, 
molecule-scattered radiation, or both. The type of 
system places specific requirements on the primary 
components that comprise a Doppler lidar system. 
A Doppler lidar consists of a laser transmitter to 
produce pulses of energy that irradiate the atmos- 
pheric volume of interest, a receiver which collects the 
backscattered photons and estimates the energy and 
Doppler shift of the return, and a beam pointing 
mechanism for directing the laser beam and receiver 
field of view together in various directions to probe 
different atmospheric volumes. Independent of 
whether the primary scatterers are molecules or 
aerosol particles, the system design criteria for a 
Doppler system are driven by a fundamental relation- 
ship between the error in the estimate of mean 
frequency shift f,, the bandwidth of the return fy 
(proportional to the distribution of velocities), and 
the number of incident backscattered photons 
detected N as 


Bf fIN™ ii) 
Thus, the precision of the velocity estimate is 
improved by increasing the number of detected signal 
photons and/or decreasing the bandwidth of the 
backscattered signal. It is obvious from the equation 
that a significantly greater number of photons are 
required to achieve the same precision in a Doppler 
measurement from a molecular backscattered signal, 
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characterized by higher bandwidth fz, compared to 
the number required to compute velocities from 
aerosol returns. The improved measurement pre- 
cision gained from a narrow bandwidth return also 
indicates that the laser transmitter in a Doppler lidar 
system should be characterized by narrow spectral 
width (considerably narrower than the spectral 
broadening caused by the distribution of velocities), 
and to increase the number of photons detected, 
maximum transmit energy. 

‘Narrowband, single-frequency pulses are obtained 
by employing a low-power, precisely frequency 
stabilized master oscillator laser, whose radiation is 
either used to seed a stabilized, higher-energy laser 
cavity (injection seeding) or amplified in one or more 
optical amplifiers (master-oscillator, power amplifier, 
(MOPA)) to produce frequency-stabilized pulses. 

‘The lidar receiver gathers the backscattered pho- 
tons and extracts the wind velocity as a function of 
the range to the scattering volume, This requires a 
telescope, to gather and focus the scattered radiation, 
and a receiver to detect the scattered radiation and 
determine the Doppler shift. Frequency analysis in a 
Doppler lidar receiver is carried out using one of two 
techniques: coherent detection (also known as hetero- 
dyne detection) or direct detection (alternately 
labeled incoherent detection). The techniques differ 
fundamentally. In a heterodyne receiver, frequency 
analysis is carried out on a digitized time series 
created by mixing laser radiation with the back- 
scattered radiation, while in direct detection lidar an 
interferometer optically analyzes the backscattered 
radiation to produce a light pattern which contains 
the information on the frequency content. 


Coherent (Heterodyne) Doppler Lidar 


Description 


Coherent or heterodyne lidar is implemented by 
optically mixing the backscattered laser light with 
radiation from a stable, continuous-wave, local 
oscillator (LO) laser whose frequency is precisely 
controlled to be a known frequency offset, typically 
on the order of tens of MHz, from that of the laser 
transmitter (Figure 2). The mixing process at the face 
of an optical detector generates, after high pass 
filtering, an electrical signal with amplitude pro- 
portional to amplitude of the backscattered electro- 
magnetic field and frequency equal to the difference 
between the backscattered field frequency and the LO 
laser field frequency. This signal is sampled, and then 
digitally processed to estimate the range-dependent 
mean frequency shift of the backscattered signal, 
from which the radial wind component can be 
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Figure 2 Schematic of coherent detection of backscattered 
radiation. 


d A property of coherent lidar is that, because 
of constructive and destructive interference of the 
returns from individual scatterers, single pulse returns 
are characterized by random fluctuations in the 
amplitude and phase of the detected time series and 
Fourier spectrum, Consequently, averaging (some- 
times referred to as accumulation) over multiple 
pulses usually is necessary to produce a sufficiently 
precise estimate of the signal mean frequency 
estimate, Because the phase of the detected time 
series is random within each pulse, averaging must be 
carried out in the power spectrum or autocorrelation 
function domain, rather than on the detected time 

The optical mixing process in coherent Doppler 
lidar provides both benefits and design challenges. 
Because receiver efficiencies (equivalent fraction of 
incident photons entering the receiver that are 
converted to electrons) are quite high, wind velocities 
can be estimated from very weak backscattered 
signals. Also, signal processing is performed on a 
time series derived from the mixed signal, enabling 
the use of electrical filters to produce a narrow 
receiver bandwidth and effectively eliminating broad- 
hand solar background light as a major source of 
noise, As a result, unlike many lidars coherent 
Doppler lidar performance is not degraded under 
daylight conditions. 

The primary limitation of coherent detection 
results from the added photon noise from the local 
oscillator radiation (which is usually much stronger 
than the backscattered radiation). The effect of local 
oscillator photon noise is to define a system noise 
level below which very weak signals cannot be 
practically extracted, even with substantial multiple- 
pulse averaging, In addition, because efficient mixing 
requires phase coherence of the backscattered signal 
field across the detector, coherent lidar performance 
at longer ranges is degraded by strong optical 
turbulence along the path of the laser pulse, These 
adverse effects of turbulence increase for shorter 
wavelength systems. 


388 ENVIRONMENTAL MEASUREMENTS / Doppler Lidar 


Although measurements at wavelengths near 
1.06 pum have been demonstrated, coherent Doppler 
lidar systems used for regular atmospheric probing 
operate in the eye-safe, infrared portion of the 
spectrum at wavelengths longer than 1.5 ym. Cur- 
rently, the two most common system wavelengths for 
coherent lidar wind systems are in atmospheric 
window spectral regions around 2 and 10.6 um 
Early coherent Doppler lidar measurements, begin- 
ning in the 1970s, employed CO, laser transmitters 
and local oscillators operating at wavelengths near 
10.6 pum, Pulsed CO> laser transmitters with as much 
as 10 J of energy have since been demonstrated, and 
systems with 1 J lasers have probed the atmosphere to 
ranges of 30 km or more. In the late 1980s, solid state 
laser transmitters operating near 2 um wavelengths 
were introduced into coherent lidar wind-measuring 
systems. The compact size and potential reliability 
advantages of solid-state transmitters, in which the 
transmitter laser is optically pumped by an array of 
laser diodes, provide advantages over larger CO} 
laser technology. Also, because for a given measure- 
ment accuracy the range-resolution obtainable is 
proportional to wavelength, 2 um instruments have 
an enhanced capability to probe small-scale features. 
However, although development of higher energy, 
single-frequency coherent lidar sources operating at 
2m region, as well as at 1.5 um, is currently an 
active research area, solid state lasers with pulse 
energies greater than several tens of m] have yet to be 
incorporated into lidar systems for atmospheric 
probing. 


Applications of Coherent Doppler Lidar 


Coherent lidars have been used to measure winds for 
a variety of applications, and from an assortment of 
platforms, such as ships and aircraft. Since these 


lidars operate in the infrared where aerosol scattering 
dominates molecular scattering, they require aerosol 
particles to be present at some level to obtain usable 
returns, Although clouds also provide excellent lidar 
targets, most of the more useful applications of 
coherent lidars involve probing the atmospheric 
boundary layer or lower troposphere where aerosol 
content is highest. Because of the capability to scan 
the narrow lidar beam directly adjacent to terrain, 
a unique application of lidar probing is the 
measurement of wind structure and evolution in 
complex terrain such as mountains and valleys. Over 
the past two decades, Doppler lidar studies have been 
used, for example, to study structure of damaging 
windstorms on the downwind side of mountain 
ranges, advection of pollution by drainage flows 
from valleys, and formation of mountain leeside 
turbulence as a potential hazard to landing aircraft, 
The interactions of wind flows with complex terrain 
can produce dangerous conditions for transportation, 
especially aircraft operations. Figure 3 shows a strong 
mountain wave measured by a Doppler lidar near 
Colorado Springs, during an investigation of the 
effects of downslope winds and turbulence on aircraft 
operations at the Colorado Springs airport. The 
mountains are on the right of the figure, where the 
strong wave with wavelength of about 6 km can be 
seen, Note the reversal in winds near the location 
where the wave descends to the surface. The Color- 
ado Springs study was prompted by the crash of a 
passenger jet while landing at the airport during a 
period when the winds were down the slope of the 
Rocky Mountains just to the west of the airport, 

A Doppler lidar was recently deployed in an 
operational mode for wind shear detection at the 
new Hong Kong International Airport. Because winds 
flowing over mountainous terrain just south of the 


Figure 3 Vertical scan of the winds in a mountain wave measured by a 


Colorado. Courtesy L. Darby, NOAA. 


10.6 um coherent Doppler lidar near Colorado Springs, 
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airport can produce mountain waves and channeled 
flows, wind shear is frequently encountered during 
landing and takeoff operations. Figure 4 shows a gust 
front situated just to the west of the airport, charac- 
terized by a sharp wind change (which would produce 
a corresponding change in airspeed) approaching 
13ms°* over a distance of less than one kilometer. 
Providing a capability to detect such events near the 
airport and warn pilots during approach or prep- 
aration for takeoff was the primary reason for 
deployment of the lidar, Within the first year of 
operation the Hong Kong lidar was credited with 
improving wind shear detection rates and providing 
more timely warnings for pilots of the potentially 
hazardous conditions. As of August 2003 this lidar 
had logged more than 10 000 hours of operation, 
Because coherent Doppler lidars are well matched 
to applications associated with probing small-scale, 
turbulent phenomena, they have also been deployed 


at airports to detect and track wing tip vortices 
generated by arriving or departing aircraft on nearby 
parallel runways. In the future, a network of ground- 
based lidars could provide information on vortex 
location and advection speed as well as wind shear, 
leading to a potential decrease in congestion at major 
airports. Also, compact lidar systems looking directly 
ahead of research aircraft have shown the capability 
to detect wind changes associated with potentially 
hazardous clear-air turbulence. In the futur 
Doppler lidar installed on the commercial aircraft 
fleet could potentially look ahead and provide a 
warning to passengers to fasten seat belts before 
severe turbulence is encountered. 

The high resolution obtainable in a scanning lidar 
enables visualization of finely structured wind and 
turbulence layers, Figure 5 shows an image of 
turbulence associated with a nocturnal low-level jet 
just 50 m above the surface obtained at night over flat 


1.0 degree PPT scan 


Figure 4 Horizontal depiction of the racial component of the wind field measured at Hong Kong Airport by a 2.02 um Doppler 
lidar during a gust front passage, showing strong horizontal shear just west of the airport. Courtesy C. M. Shun, Hong Kong 


Observatory, 
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Figure § Turbulence structure within a noctumal stable layer ata height of 5m. Note the stretching of the vertical scale. Courtesy 


Banta, NOAA. 


terrain in Kansas. Although a low-level jet was 
present on just about every evening during the 
experiment, similar images obtained at different 
times by the Doppler lidar illustrated markedly 
different characteristics, such as a wide variation 
in the observed mechanical turbulence along the 
interface. Such observations enable researchers to 
improve parameterizations of turbulence in models 
and better understand the conditions associated with 
vertical turbulent transport and mixing of atmos- 
pheric constituents such as pollutants, 

By deploying Doppler lidars on moving platforms 
such as ships and aircraft, the spatial coverage of the 
measurements can be greatly increased. Although 
removal of platform motion and changes in orien- 
tation are not trivial, aircraft-mounted lidar can map 
out such features as the low-level jet and the 
structure of boundary layer convective plumes. 
Figure 6 shows horizontal and vertical motions 
associated with convective plumes measured along 
an approximately 60km path over the southern 
Great Plains of the United States. From such 


measurements estimates of turbulence intensity, 
integeal scale, and other boundary layer character- 
istics ean be computed. 


Direct Detection Doppler Lidar 


Description 


Direct detection or incoherent Doppler lidar has 
received significant attention in recent years as an 
alternative to coherent lidar for atmospheric wind 
measurements. In contrast to coherent lidar, in which 
an electrical signal is processed to estimate Doppler 
shift, an optical interferometer, usually a Fabry—Perot 
etalon, serves as the principal element in a direct 
detection lidar receiver for determining the frequency 
shift of the backscattered radiation. 

One implementation of a direct-detection Doppler 
lidar receiver is the “fringe imaging’ technique. In this 
design, the interferometer acts as a spectrum analyzer. 
The backscatter radiation is directed through a 


‘ormagnetism > rotational 


Figure 23-4 shows the configuration of a rotor 
cage with the surrounding steel wafers removed 
for clarity. In reality, the rods in the cage are al- 
most always angled slightly, as shown in 
Figure 23-5, to promote smooth running and re- 
duce cogging, or fluctuations in torque, which 
would otherwise occur. 


Figure 23-4. The rotor of a typical AC motor contains a 
cage of aluminum (ar sometimes copper) in which eddy 
currents occur, as a result of the rotating magnetic eld 
inside the stee! bady of the rator (which is omitted here 
for clarity). These currents cause their own magnetic 
fields, which interact with the fields generated by coils in 
the stator. 


In Figure 23-6, the steel wafers of a rotor are 
shown, with channels to accommodate an an- 
gled aluminum cage. Figure 23-7 shows a cross- 
section of a rotor with the cage elements in pale 
red and the steel wafer in gray. 


How It Works 


Figure 23-5. To promote smaath running of the moter, 
the longitudinal elements of the cage are typically angled, 
5 suggested in this rendering. 


Figure 23-6. The steel wafers in the rotor of an AC motor 
are typically offset as shown here. The channels are to ac: 
‘commadate a cage of aluminum or copper canductars. 
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Figure 6 Vertical motion in convective plumes measured by a vertically pointing airbome coherent Doppler lidar. Total horizontal 
extent of the measurements is approximately 60 km, reddish colors correspond to upward motions. 


Fiber optic input 


Figure 7 Schematic of Fabry-Perot etalon in a direct detection, tringe-imaging lidar receiver. Courtesy P. Hays, Michigan Aerospace 


Corporation. 


Fabry-Perot interferometer, which produces a ring 
pattern in the focal plane (Figure 7). The spectral 
content information of the incident radiation is 
contained in the radial distribution of the light. Each 
ring corresponds to an order of the interferometer 


and is equivalent to a representation of the back- 
scattered signal frequency spectrum. As the mean 
frequency of the backscattered radiation changes, the 
rings move inward or outward from the center. To 
extract a spectrum of the backscattered light, one or 
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more of the rings are imaged onto a two-dimensional 
detector, and the resulting pattern analyzed. The rings 
can either be detected using a multi-clement ring 
detector, or can be converted to a linear pattern with a 
circle-to-line converter optic and then imaged on toa 
charge-coupled device array device. 

Analternate direct detection receiver configuration, 
generally called the double edge technique, is to 
employ two interferometers as bandpass filters, with 
the center wavelength of each filter set above and 
below the laser transmitter wavelength, as shown in 
Figure 8. The incoming radiation is split between the 
two interferometers, and the wavelength shift is 
computed by examining the ratio of the radiation 
transmitted by each interferometer. Both the double 
edge and fringe-imaging techniques have demon- 
strated wind measurements to heights well into the 
stratosphere. The major challenge associated with the 
double edge receiver is optimizing the instrument 
when both aerosol and molecular scattered radiation 
are present, since in general the change in transmission 
asa function of velocity is different for the aerosol and 
molecular signals. Double edge receivers optimized for 
both aerosol and molecular returns place the bandpass 
of the etalon filters at the precise wavelength where the 
change in transmission with change in Doppler shift 
is the same for both aerosol and molecular returns. 

For both types of direct detection receivers 
described above, much of the radiation incident on 
the interferometer is reflected out of the system, 
reducing the overall efficiency of the receiver. Recently, 
designs that incorporate fiber optics to collect a 
portion of the reflected radiation and ‘recycle’ it 
back into the etalon have been demonstrated as a 
method to improve the transmission efficiency of the 
etalon in a fringe imaging receiver, 
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Figure 8 Spectrum of molecular lidar retu showing placement 
of bandpass fiters for a dual channel (double edge) diroct 
dotection receiver. Courtesy B. Gentry, NASA, 


Doppler Wind Measurements Based 
on Molecular Scatter 


One of the primary advantages of direct detection 
Doppler lidar is its capability for measurements 
based on scatter from atmospheric molecules. 
Measurement of Doppler shifts from molecular 
scattered radiation is challenging because of the 
large Doppler-broadened bandwidth of the return. 
Because one wants to measure a mean wind 
velocity with a precision of a few ms”! of better, in 
the order of 10° photons are required. Some 
combination of multiple pulse averaging, powerful 
lasers, and large receiver optics is required to obtain 
these high photon counts from backscattered returns. 

Molecular-scatter wind measurements have been 
demonstrated in the visible spectral region at $32 nm 
wavelength as well as at 35Snm in the near 
ultraviolet. The ultraviolet region has the dual 
advantages of enhanced molecular scatter and less 
restrictive laser eye-safety restrictions, Figure 9 shows 
the time series of a wind profile measured in the 
troposphere from both aerosols and clouds using a 
molecular-scatter, ground-based 355-nm wavelength 
Doppler fringe-imaging lidar. The figure shows 
measurements from receiver channels optimized for 
the wideband molecular signal and the narrowband 
aerosol return. For this measurement, backscattered 
photons were collected by a 0.5 m receiver aperture, 
averaged for 1 minute, and processed. In the absence 
of clouds, direct detection Doppler lidars have 
measured wind profiles continuously from the surface 
to beyond 15 km height. Figure 10 shows that the 
estimated wind error for the same 355 nm lidar is less 
than Im! to about 10 km, and less than 4m s~! at 
15 km height. 


Heterodyne and Direct-Detection 
Doppler Trade-Offs 


Lively debates within the lidar community have 
occurred over the past decade regarding the relative 
merits of heterodyne versus direct detection Doppler 
lidars. To a large extent, the instruments are comp- 
lementary. Generally, heterodyne instruments are 
much more sensitive when significant aerosols are 
present. Coherent lidar processing techniques have 
been developed that can produce accurate wind 
measurement rates using only a few lidar pulses with 
as few as 100 detected photons, such that 
several wind observations per second can be obtained 
for nominal pulse rates. This inherent sensitivity 
has led to numerous applications in which a lidar 
beam has been scanned rapidly over a large volume to 
obtain time-varying, three-dimensional 
‘measurements, 


wind 
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Molecular velocities vs time, 1 min. data 
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Figure 9 Time series of radial wind speed profiles measured by a 356 nm tringe-Imaging direct detection lidar aerosol channel (op) 
‘and molecular channel (bottom) at Maura Loa Oaservatory, Hl. Change in wind speed and blocking ofthe raturn by clouds is clearly 


seen, Courtesy C. Nardell, Michigan Aeraspace Corp. 


‘The primary advantage of direct detection instru- 
ments is their demonstrated capability to measure 
winds from molecular-backscattered returns in the 


middle and upper troposphere. In very pristine air, 
direct detection offers the only method for long-range 
wind measurements, even though significant aver- 
aging may be required. Direct-detection lidars have 
the additional advantage of being unaffected by 
Unlike heterodyne 
pure laser pulse and a 
eld of view matched to 


atmospheric refractive turbulence, 
lidars, which require a ver 
diffraction-limited receiver 
and precisely aligned with the transmitted beam, 


direct detection systems can have a wider bandwidth 
transmitter and a receiver field of view several times 
diffraction-limited. In direct detection lidar design, 
the field of view is usually constrained by the need 
to limit background light during daytime operation, 


A major design challenge for direct detection instru- 
ments is holding the Fabry-Perot etalon plate spacing 
stable over a range of temperatures and in high 
vibration environments. 


Global Wind Measurements 


A satellite-based Doppler lidar has frequently been 
proposed as a way to measure wind fields over most 
of the 
meteorological variable not well-measured from 
orbiting platforms. 
especially important over regions of the Earth that 


th, At present, winds are the one major 
Measurement of winds is 


are not currently well sampled, such as over Northern 
Hemisphere oceans, as well as over most of the 
tropics and Southern Hemisphere. Wind profile 
information is currently obtained from radiosondes 
and by tracking cloud and water vapor inhomogene- 
ities using satellite imagers. Doppler lidar wind 
measurements would greatly augment the current 
data set by providing wind estimates throughout the 
troposphere under clear conditions, and highly 
height-resolved observations down to cloud tops 
when cloud decks are present, Observing system 
simulation experiments conducted in recent years 
indicate that satellite-based lidar global wind 
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Figure 10. Estimatod error inthe racial velocity estimate versus 

alte fora 355 nm direct detection, tinge imaging Doppler lidar 

system at Mauna Loa observatory on Hawai The lidar provides 

data for assimilation into local mesoscale forecast modals. 

Courtesy C. Nardol, Michigan Aerospace Corp. 


measurements could lead to a significant impro 
ment in long-term forecast skill, provided the wind 
fields can be observed with sufficient accuracy and 
spatial resolution. 

Ina Doppler lidar wind mission, a satellite carrying. 
a lidar system would orbit the Earth in a nearly polar 
orbit. The pulsed laser beam would be scanned 
conically about the nadir to obtain different 
components of the wind velocity. The scanning 
could be either continuous or ‘stop and stare’. After 
sufficient returns are averaged at a given pointing 
angle to produce an acceptable estimate, the radial 
component of the velocity would be computed and 
assimilated directly into. numerical analysis and 
forecast models. 

Doppler lidar measurement of winds from space is 
theoretically feasible but technologically difficult. 
Depending on the orbital height, the scattering 
volume is anywhere from 450 to ~ 850 km from the 
satellite, which challenges the sensitivity of current 
. Because weight and power consump- 
tion are critical parameters for space systems, 
telescope diameter and laser power cannot be easily 
increased to obtain the necessary sensitivity. 
larly, the ability to average returns from multiple 


pulses is also limited by time limitations. Because a 
satellite moves at about 7 km s~', in order to obtain 
measurements over a horizontal distance of 300 km 
{the resolution of the radiosonde network) only about 
45 seconds are available to make enough obser- 
vations from multiple look angles to obtain a useful 
measurement. It should also be noted that, as a result 
of the high orbital velocity of the satellite, precise 
knowledge of beam pointing is extremely critical for 
‘measurements from satellites. For a lidar operating at 
anadir angle of 45 degrees, an error in the knowledge 
of pointing angle of just 1 mrad results in an error of 


about 5 ms~' in the measured radial component of 
the wind. 
Despite the challenge of employing a satellite-based 


Doppler lidar, efforts are continuing to develop the 
appropriate technology and to assess the impact of 
the observations. The European Space Agency is 
planning a Doppler wind lidar demonstration mission 
for the late 2000s that would incorporate a nonscan- 
ning, direct-detection instrument with both aerosol 
and molecular channels. Doppler lidar technology 
research and numerical simulations aimed at satellite- 
based wind sensing is ongoing at several research 
centers within the United States, Europe, and Japan. 
One option currently being studied is a ‘hybrid’ lidar 
system that would combine a direct detection lidar for 
measurement of winds in the clear free troposphere 
with a low-energy coherent system that would obtain 
its observations from clouds and the aerosol-rich 
boundary. Although a hybrid instrument reduces 
some requirements on system power and aperture 
size, combining the two techniques on a single plat- 
form will likely require innovative engineering and 
new approaches to beam combining and scanning. 


Environmental Measurements: Optical Transmission 
and Scatter of the Atmosphere. Scattering: Scattering 
Theory. 
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Introduction 


Hyperspectral remote sensing is a true marriage of 
imaging technology with spectroscopy. Hyperspectral 
remote sensing systems (also known as imaging 
spectrometer systems) fully sample the optical wave- 
length range of interest, whether it be the reflected 
solar range (0.35 to 2.5 jm) or the range of thermal 
emission from the Earth’s surface (3.0 to 14 wm). 
A hyperspectral sensor views the Earth's surface in a 
series of contiguous and spectrally narrow image 
bands. Figure 1 presents the concept of hyperspectral 
remote sensing, wherein each spatial element of an 
image has an associated full resolution spectrum. 
The calibrated reflectance or emittance spectra 
collected by a hyperspectral system are meant to be 
directly comparable with that of materials measured 
in the laboratory. With such high spectral resolution, 
it thus becomes possible to do reflectance or 
emittance spectroscopy of the Earth’s surface from 
an overhead perspective. 


Underlying Principles 


Optical remote sensing is done over wavelength 
intervals, or windows, in which the atmosphere is 
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ig of Land and the Atmosphere 


largely transparent. For the reflective solar portion of 
the spectrum, the atmosphere is mostly transparent 
from approximately 0.35 to 2.5 pm. Water, CO2,and 
other gases have absorptions of varying strength in 
this range. This window is subdivided into the range 
of human vision (the visible) and the region of slightly 
longer wavelengths known as the near infrare 
together they are the visible/near infrared or VNIR 
and extend from approximately 0.35 to 1.0 um. The 
region from approximately 1.0 to 2.5 amis known as 
the short wavelength infrared or SWIR. In the range 
of emitted terrestrial radiation there are two window 
regions. The first extends from approximately 3 to 
Sym and is known as the medium wavelength 
infrared or MWIR, and the second, the long wave- 
length infrared or LWIR, extends from approximately 
8to 14 um. 

The light that is intercepted by the entrance 
aperture of a sensor is known by the quantity of 
radiance which is measured in units of microwatts per 
square centimeter per nanometer per unit of solid 
angle. Physical quantities related to the material 
properties of Earth surface materials are reflectance 
and emittance. Both properties are the result of ratios 
and so are unitless. One definition of reflectance is 
that it is the ratio of radiance reflected from a 
material, divided by the radiance reflected from an 
identically illuminated perfectly diffuse reflector. 
Likewise, a definition for emittance is the ratio of 
radiance emitted from a material, divided by the ratio 
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Images taken simultaneously 
in 100~200 spectrally 
contiguous and spatially 
registered spectral bands, 


Figure 1 Hyperspectral remote sensing concept 


of radiance emitted from a perfectly emitting material 
of the same temperature. 

Materials covering the Earth's surface, or gases in 
the atmosphere, can be identified in hyperspectral 
data on the basis of absorption features, or bands, in 
the spectra recorded by the sensor, Absorption 
bands result from the preferential absorption of 
energy in some wavelength interval. The principal 
types of processes by which light can be absorbed 
include, in order of decreasing energy of the process, 
electronic charge transfers, electronic crystal field 
effects, and molecular vibrations. The former two 
processes are observed in minerals and manmade 
materials that contain transition group metal 
cations, most usually, iron. Charge transfer absorp- 
tions are the result of cation-to-anion or cation- 
to-cation electron transfers. Crystal field absorptions 
are explainable by the quantum mechanical theory 
of atomic structure, wherein an atom’s electrons are 
contained in orbital shells. The transition group 
metals have incompletely filled d orbital shells. 
When a transition metal cation, such as iron, is 
surrounded by anions, and potentially selects other 
cations, an electric field, known as the crystal field, 
exists. Crystal field absorptions occur when radiant 
energy causes that cation’s orbital shell energy levels 
to be split by interaction with the crystal field. The 
reflectance spectra of different iron-bearing minerals 
are unique, because the iron cation has a unique 
positioning with respect to the anions and other 
cations that compose the mineral. 

‘A material’s component molecules have bonds to 
other molecules and as a result of interaction with 
radiant energy, these bonds can stretch or bend. 


Each pixel has an 
associated continuous 
spectrum that can be 
Used to identity the 
surface materials 


Reflectance 


04 Wavelength (um) 2.5 


These molecular vibrations, and overtones of those 
vibrations, are less energetic processes than the 
electronic absorption processes described above and 
so the resulting absorption features occur at longer 
wavelengths. Fundamental vibrational features occur 
in the MWIR and LWIR. Overtones and combination 
overtones of these vibrations are manifested as 
weaker absorption features in the SWIR. These 
overtone features in the SWIR include absorptions 
diagnostic of carbonate and certain clay minerals. 
Absorption features caused by vibrational overtones 
of C-H, O-H, and N-H stretches are also mani- 
fested in the SWIR and these absorption features are 
characteristic of important vegetative biochemical 
components such as cellulose, lignin, starch, and 
glucose. An example of the effect of the changes in 
reflected energy recorded at a sensor, due to the 
absorption of incident energy by green vegetation and 
other surface materials, is provided in Figure 2. 
Laboratory spectrometers have been used for many 
years to analyze the diagnostic absorptions of 
materials caused by the above effects. More recently, 
spectrometers were mounted on telescopes to deter- 
mine the composition of the Moon and the other solid 
bodies in our solar system. Technology progressed to 
where profiling spectrometers (instruments that 
measure a successive line of points on the surface) 
could be mounted on aircraft. The next logical step 
was the construction of imaging spectrometers 
(hyperspectral sensors) that measured spectra in 
two spatial dimensions. In fact, the data produced 
by a hyperspectral sensor are often thought of as 
an image cube (Figure 3) because they consist of 
three dimensions: two spatial and one spectral. 
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Figure 2 Portion of a scene from the Aifoome Visible/infrared Imaging Spectrometer (AVIRIS) trom Utah that includes a basal flow, 
circularly irigated grasses sparsely vegetated plains, and damp alluvial sediments. AVIRIS channels centored at 0.45, 0.55, 0.81, and 
2.41 um are shown. Green vegetation is brightest in the 0.81 yum band which samples the peak of the near infrared plateau (soe 

) just beyond the red edge’. The green vegetation and damp sediments are darkestin the 2.41 wm band where water hasa very 
low reflactance (note also 3). The bright patches in the basalt low in the 2.41 um image are occurrences of oxidized red cinders 
which have a high reflectance in the SWIR, 


Figure 3 Visualization ofa hyperspectralimage cube. A 1.7 yim image band from the Airborne Visible/intrared Imaging Spectrometer 
(AVIRIS) over the Lunar Crater Voleanic Field, Nevada is shown with each ofthe 224 rightmost columns and 224 topmost lines arrayed 
behing it. In the lower right-hand corner, the low reflactance of ferric oxide-rch cinders in the blue and green show up as dark in the 
stacking of columns with the high reflectance inthe infrared showing up as bright. 
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Advances in hyperspectral sensor technology have 
been accompanied by advances in associated technol- 
ogies, such as computing power and the evolution of 
data processing algorithms. 


Data Processing Approaches 


An early impediment to the widespread use of 
hyperspectral data was the sheer volume of the data 
sets. For instance, a single scene from NASA’s 
Airborne Visible/Infrared Imaging Spectrometer 
(AVIRIS) is 614 samples by 512 lines by 224 bands. 
With its short integer storage format, such a scene 
takes up 140.8 Mbytes, However, since the dawn of 
the hyperspectral era, in the 1980s, computing power 
has expanded immensely and computing tasks, which 
once seemed prohibitive, are now relatively effortless. 
Also, numerous processing algorithms have been 
developed which are especially well suited for use 
with hyperspectral data. 


Spectral Matching 


In one class of algorithms, the spectrum associated 
with each spatial sample is compared against one or a 
group of model spectra and some similarity metric is 
applied, The model spectrum can be measured by a 
laboratory or field portable spectrometer of pure 
materials or can be a single pixel spectrum, or average 
of pixel spectra, covering a known occurrence of the 
material(s) to be mapped. A widely used similarity 
metric is the Spectral Angle Mapper (SAM). SAM is 
the angle, 0, obtained from the dot product of the 
image pixel spectrum, t, and the library spectrum, 
as expressed by 


ter 


u 


SAM is insensitive to brightness variations and 
determines similarity based solely on spectral shape. 
Lower # values mean more similar spectra 

In a related approach, matching is done, not on 
the entire spectrum, but rather on characteristic 
absorption features of the materials of interest. In 
Figure 4, the geometry of an absorption band is 
plotted. To map a given mineral, with a specific 
absorption feature, a high resolution laboratory 
spectrum is resampled to the spectral resolution of 
the hyperspectral sensor. The spectrum is subsampled 
to match the specific absorption feature (i.e., only 
bands from the short wavelength shoulder of the 
absorption to the long wavelength shoulder are 
included), A straight line continuum (calculated, 
based on a line between the two-band shoulders) is 
divided out from both the laboratory and the 


‘Band shoulders 


Continuum” 


Full with at 
half maximum 
(FWHM) 


Reflectance 


‘Wavelength 


Figure 4 Parameters that describe an absorption band, 


sensor spectra. Contrast between the library and the 
sensor spectra is mitigated through the use of an 
additive constant. This constant is incorporated into a 
set of equations which are solved through the use of 
standard least squares. The result of such a band- 
fitting algorithm is two data numbers per spatial 
sample of the hyperspectral scene. First the band 
depth (or, alternatively, band area) of the feature is 
calculated, and second, a goodness-of-fit parameter 
is calculated. These two parameters are most often 
combined in a band-depth times goodness-of-fit 
image. More sophisticated versions of the band- 
mapping algorithm target multiple absorption 
features and are, essentially, expert systems. 


Spectral Mixture Analysis 


A fundamentally different methodology for analyzing 
hyperspectral data sets is to model the measured 
spectrum of each spatial sample as a linear combi- 
nation of endmember spectra. This methodology is 
based on the fact that the ground area corresponding 
to any given spatial sample likely will be covered by 
more than one material, with the consequence that the 
‘measured reflectance or emittance spectrum isa mixed 
pixel spectrum. The objective of linear SMA is to try to 
determine the fractional abundance of the component 
materials, or endmembers. The basis of linear spectral 
unmixing is to model the response of each spatial 
clement as a linear combination of endmember 
spectra. The basis equation for linear SMA is 


rx,y)=aM+e 21 


¢ reflectance spectrum for 
), «=the vector of end- 
the matrix of endmember 


where r(x, y) = the relati 
the pixel at position ( 
member abundances, 
spectra, and © = the vector of residuals between the 
modeled and the measured reflectances. Application 
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of SMA results in a series of fraction images for each 
endmember wherein the data numbers range, ideally, 
between 0 and 1. Fraction image pixels with a digital 
number (DN) of 0 are taken to be devoid of the 
endmember material. Fraction image pixels with a DN 
of 1.0 are taken to be completely covered with the 
endmember material. 

Techniques related to SMA have been developed 
which also map the abundance of a target material on 
a per pixel basis. These include implementations 
highly similar to SMA such as Orthogonal Subspace 
Projection (OSP) wherein, as with SMA, all end- 
members must be determined a priori. Other appro- 
aches such as Constrained Energy Minimization 
(sometimes referred to as ‘Matched Filter’) do not 
require a priori knowledge of the endmembers. 
Instead, only the reflectance or emittance spectrum 
of the target need be known and the undesired 
spectral background is estimated, and ultimately 
compensated for, using the principal eigenvectors of 
the sample correlation or covariance matrix of the 
hyperspectral scene. 


Expert Systems and Artificial Neural Networks 


Another means of extracting information from 
hyperspectral data sets is to use computer approaches 
that in some way mimic the human thought process. 
This can take the form of an expert system which 
applies a set of rules or tests as each pixel spectrum is 
successively analyzed. For example, if a spectrum has 
an absorption at 2.2 um it could tentatively be 
classified as being caused by a clay mineral. Addition- 
ally, if the absorption is a doublet, the specific clay 
mineral is likely a kaolinite. In practice, expert system 
codes are lengthy and complex although excellent 
results can be demonstrated from their use, albeit at 
the expense of processing time. Another approach in 
this vein is the use of an artificial neural network 
(ANN) for data processing. The use of ANNs is 
motivated by their power in pattern recognition. 
ANN architectures are well suited for a parallel 
processing approach and thus have the potential for 
rapid data processing. 


Hyperspectral Remote Sensing of 
the Land 


Geology 


Early efforts with airborne hyperspectral sensors 
focused on geologic remote sensing. This was, at 
least in part, a consequence of the mineralogic 
diversity of the Earth’s surface and the fact that 
many minerals have absorption features which are 


unique and diagnostic of the mineral’s identity. The 
expectation, which was soon borne out by results 
from these early sensors, was that, given exposure of 
the surface, mineralogic maps as detailed as the 
spatial resolution of the sensor could be derived from 
hyperspectral data. As some of the processing 
techniques discussed above have become more readily 
available, it has become possible to produce miner- 
alogic maps from hyperspectral data far more rapidly 
and cost-effectively than geologic maps produced by 
standard means (e.g., by walking over the ground and 
manually noting which lithologies are underfoot). 

The propensity for transition metals, most 
especially iron, to absorb energy through charge 
transfer and crystal field effects, is noted above. Fe-O 
and Fe**-Fe** charge transfers cause a profound 
absorption in the reflectance spectrum of Fe-bearing 
minerals shortwards of 0.4 um. The wing of this 
absorption causes the low blue and green reflectance 
of Fe-bearing minerals. Crystal field bands cause an 
absorption feature in the 0.9 to 1.0 um region. The 
ability to discriminate subtle differences among Fe- 
hearing minerals in hyperspectral data has proven 
extremely valuable in applications such as mineral 
exploration, volcanology, and in the characterization 
of abandoned mine lands. 

In the SWIR, absorptions caused by 
overtones of molecular bonds within minerals. These 
include absorptions in the 2.2 and 2.3 um region 
which are characteristic of many Al- and Mg-bearing 
clay minerals. Absorptions in the SWIR are narrower 
in width than the Fe-generated crystal field bands 
discussed previously. In fact, the requirement to 
efficiently resolve these vibrational overtone absorp- 
tion bands (which have full width at half maximum 
(FWHM) bandwidths of 20 to 40 nm) helped to drive 
the selection of the nominal 10 nm bandwidth of early 
and most current hyperspectral sensors. Certain clay 
minerals can be indicators of hydrothermal activity 
associated with economic mineral deposits; thus, the 
SWIR is an important spectral region for mineral 
exploration. Clay minerals, by definition, have planar 
molecular structures that are prone to failure if 
subjected to shearing stresses. The ability to uniquely 
identify and map these minerals, using hyperspectral 
data, has thus been used to good effect to identify areas 
on volcanoes and other hydrothermally altered 
terrains that could be subject to landslides. 

Minerals with adsorbed or molecularly bound 
OHD and/or water have vibrational overtone absorp- 
tions near 1.45 and 1.9 um, although these features 
are masked in remotely sensed data by prominent 
atmospheric water vapor bands at 1.38 and 1.88 um. 
The reflectance of water and OH-bearing minerals 
decrease to near zero at wavelengths longwards of 


rational 
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Figure § Reflectance spectra of representative minerals. 
Kaolinite represents clay minerals with its diagnostic 2.2 um 
band caused by an overtone vibration of the Al-OH bond. The 
2.35 jum band of calcite is caused by an overtone vibration of 
the carponate molecule. The features shortwards of 1.0 um in the 
hematite spectrum are caused by crystal field and charge transfer 
absorptions due to Fe®*. The bands near 1.0 and longwards 
‘of 2.0 um in the augite spectrum are the result of Fa®* crystal 
field bands. 


2.5 um, due to the presence of water and OH 
fundamental vibrations near 3.0 um. Minerals bear- 
ing the carbonate (CO;7) molecule are abundant on 
the Earth’s surface due to the ubiquitous occurrences 
of limestone and dolomite. Calcite and dolomite 


have overtone absorptions centered at 2.335 and 
2.315 pm, respectively. A good test for the spectral 
resolution and spectral calibration of a hyperspectral 
sensor is its ability to successfully discriminate calcite 
from dolomite on the basis of the aforementioned 
absorption features, Figure 5 shows representative 
spectra of carbonate, clay, and ferric and ferrous 
iron-bearing minerals. 

Absorptions resulting from fundamental molecular 
absorptions are manifested in the LWIR. These 
absorptions are of great geologic interest because 
they include absorptions resulting ftom vibrations 
of the Si-O bond and silicate minerals form the bulk 
of the Earth’s crust. The wavelength at which the 
Si-O stretching feature occurs is dictated by the level 
of polymerization (or molecule-to-molecule bonding) 
of the silicate mineral. Highly polymerized frame- 
work silicate minerals, such as quartz and feldspar, 
have a shorter wavelength absorption than do silicate 
minerals, such as olivine which are composed of 
disconnected SiQ4 molecules. In Figure 6, laboratory 
emission spectra of highly and poorly polymerized 
silicate minerals are shown, 


‘Vegetation and the Environment 


While different minerals are, by definition, generally 
composed of diverse component molecules, different 


species of vegetation represent variations of the same 
general biochemical constituents (e.g. chlorophyll, 
proteins, lignin, cellulose, sugar, starch, etc.). In the 
thermal IR, vegetation has a generally flat emittance, 
thus it is in the reflective solar spectrum that most 
vegetative remote sensing is performed. The major 
features in the reflectance spectrum of green vege- 
tation are shown in Figure 7. In the visible, the major 
absorption features are caused by the presence of 
chlorophyll. Chlorophyll has strong absorptions in the 
blue and the red, leaving a reflectance maximum 
{the green peak) at 0.55 um, In the NIR, scattering 
in the leaf structure causes high reflectance leaving 
a profound absorption edge (the red edge) between 
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Figure 6 Emissivity spectra of SiO,bearing minerals showing 
the shift in band minimum to higher wave number with inereasing 
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Figure 7 Major spectral features in the reflectance spectrum of 
‘green vegetation. 


Figure 23-7. Cross-section of a rotor with steel shown in 
gray and embedded elements of an aluminum cage 
‘shawn in pale red. 


The actual rotor from an induction motor is 
shown in Figure 23-8. This rotor was removed 
from the stator shown in Figure 23-3. The bear- 
ings at either end of the rotor were bolted to the 
stator until disassembly. 


Although the cage is nonmagnetic, itis electri- 
cally conductive. Therefore the rotating magnet- 
icfield thatis inducedin the steel part of the rotor 
generates substantial secondary electric current 
in the cage, so long as the magnetic field inside 
therotoris turing faster than the rotor itself. The 
current in the longitudinal elements of the cage 
creates its own magnetic field, which interacts 
with the fields created by coils in the stator. At- 
traction and repulsion between these fields 
causes the rotor to tu, 


Note that if the turning speed of the rotor rises 
tomatch the frequency of thealternating current 
powering the coils in the stator, the cage in the 
rotorisno longer turning through magneticlines 
of force, and ceases to derive any power from 


‘omagnetism > rotational > ac motor 


Figure 23-8. The rotor fram a small fan motor. The alum 
‘num cage and its end pieces are the pale gray sections 
steel plates are the darker sections. 

them. n an ideal, frictionless motor, its unloaded 
operating speed would be in equilibrium with 
the AC frequency. In reality, an induction motor 
never quite attains that speed, 


When power is applied while the rotor is at rest, 
the induction motor draws a heavy surge of cur- 
rent, much like a short-circuited transforme! 
Electrically, the coilsin the statorare comparable 
to the primary winding of a transformer, while 
the cage in the rotor resembles the secondary 
winding, The turning force induced in the sta- 
tionary rotor is known as locked-rotor torque. AS 
the motor picks up speed, its power consump- 
tion diminishes. See Figure 23-9, 


When the motor is running and a mechanical 
load is applied to it, the motor speed will drop. 
Asthe speed diminishes, the cage of conductors 
embedded in the rotor will derive more power, 
as theyare turning more slowly than the rotating 
magnetic field. The speed of rotation of the field 
is determined by the frequency of the AC power, 
and is therefore constant. The difference in rota- 
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0.7 and 0.78 jum, Past the red edge and into the SWIR, 
the spectrum of green vegetation is dominated by 
water in the leaf, with leaf water absorptions occurring 
at 0.97, 1.19, 1.45, 1.93, and 2.50 um, Studies of 
vegetation, using multispectral systems, have made 
use of a number of broadband indices. Hyperspectral 
systems allow for the discrimination of individual 
absorption features and subtle spectral shape differ- 
ences in vegetation spectra which are unresolvable 
using broadband multispectral systems. For example, 
the absorptions caused by chlorophyll can be used for 
studies of chlorophyll content in vegetative canopies. 
The unique interaction of chlorophyll with leaf 
structures can provide a morphology to the green 
peak that is unique to a given species and thus is 
mappable using a spectral feature fitting approach. 

A desired goal in the study of vegetation and 
ecosystem processes is to be able to monitor the 
chemistry of forest canopies, The foliar biochemical 
constituents making up forest canopies have associ- 
ated absorption features in the SWIR, that result 
from vibrational overtones and combinations of C—O, 
0-H, C-H, and N-H molecular bonds. However the 
absorptions from these biochemical components 
overlap so that the chemical abundance of any one 
plant component cannot be directly related to any one 
absorption feature. An even more serious challenge is 
introduced by the strong influence of water in the 
SWIR in green vegetation spectra. Water constitutes 
40 to 80% of the weight of leaves. However, the 
unique characteristics of high-quality hyperspectral 
data (e.g., excellent radiometric and spectral cali- 
bration, high signal-to-noise ratio, high spectral 
resolution) have been used to detect even these 
subtle features imprinted on the stronger water 
features. 


‘The amount of water present in plant leaves is, in 
itself, a valuable piece of information, Hyperspectral 
data can be used to determine the equivalent water 
thickness present in vegetative canopies. Conversely, 
the amount of dry plant litter and/or loose wood can 
be estimated using spectral mixture analysis and 
related techniques, Taken together, all these data: 
vegetation species maps, determinations of leaf water 
content and the relative fractions of live vegetation 
versus litter, can be used to characterize woodlands 
for forest fire potential. The ability to map different 
species of vegetation has also proved useful in the 
field of agriculture, for assessing the impact of 
invasive weed species on farm and ranch land. 
Being able to assess the health of crops, in terms of 
leaf water content, is also important for agriculture. 

Another subtle vegetative spectral feature, that 
provides information on plant vitality, is the afore- 
mentioned red edge. Shifts in the position of the red 
edge have been linked to vegetation stress. Studies 
have shown that vegetation stress and consequent 
shifts in the position of the red edge can be caused by 
a number of factors, including insufficient water 
intake or the intake of pernicious trace metals. 
Vegetation growing over mineral deposits can display 
red edge shifts and this can be used to assist in mineral 
exploration efforts. 

Another application area, in which hyperspectral 
remote sensing has found great utility, is in the 
analysis of snow-covered areas. Over the reflective 
solar spectrum, the reflectance of snow varies from 
values near zero in the SWIR to values near one in the 
blue. Differences in the grain size of snow result in 
differences in reflectance as is illustrated in Figure 8. 
The spectral variability of snow makes it easily 
distinguishable from other Earth surface materials. 


Modeled spectral reflectance of snaw 
{or ctferent snow grain radi 


Wavelength (um) 


Figure 8 Differences in snow reflectance spectra resulting from differences in snow grain size. Courtesy of Dr Anne Nalin of Oregon 


State University. 


402 ENVIRONMENTAL MEASUREMENTS / Hyperspectral Remote Sensing of Land and the Atmosphere 


Linear spectral unmixing, using hyperspectral data, 
has been shown to successfully discriminate between 
snow, vegetation, rock, and clouds and to accurately 
map snow cover fraction in mixed pixels. Accurate 
maps of snow cover, types of snow, and fractions of 
liquid water admixed with snow grains, are required 
for forecasting snowmelt runoff and stream discharge 
in watersheds dominated by snow cover. 


Hyperspectral Remote Sensing of 
the Atmosphere 


The physical quantity most often sought in land 
remote sensing studies is surface reflectance. How- 
ever, the quantity recorded by a hyperspectral sensor 
is radiance at the entrance aperture of the sensor. In 
order to obtain reflectance, the background energy 
level of the Sun and/or Earth must be removed and the 
scattering and absorbing effects of the atmosphere 
must be compensated for. In the VNIR through 
SWIR, there are seven atmospheric constituents with 
significant absorption features: water vapor, carbon 
dioxide, ozone, nitrous oxide, carbon monoxide, 
methane, and oxygen. Molecular scattering (com- 
monly called Rayleigh scattering) is strong in the blue 
but decreases rapidly with increasing wavelength. 
Above 1 jum, its effect is negligible. Scattering caused 
by atmospheric aerosols, or Mie scattering, also is 
more prominent at shorter wavelengths and decreases 
with increasing wavelength, but the dropoff of effects 
from Mie scattering is not as profound as that for 
Rayleigh scattering. Consequently, effects from 
aerosol scattering can persist into the SWIR. 

There are three primary categories of methods 
for removing the effects of atmosphere and solar 
insolation from hyperspectral imagery, in order to 
derive surface reflectance. Methods of atmospheric 
corrections can be considered as being cither an 
image-based, empirical, or model-based approach. 
An image-based, or ‘in-scene’ approach uses only data 
measured by the instrument. Empirical methods make 
use of the remotely sensed data in combination with 
field measurements of reflectance, to solve a simplified 
equation of at-sensor radiance such as eqn [3]. 


L,=Ap+B BI 


where L, is the at-sensor radiance, p is the reflectance 
of the surface, and A and B are quantities that 
incorporate, respectively, all multiplicative and addi- 
tive contributions to the at-sensor radiance. All the 
quantities expressed in eqn [3] can be considered as 
varying as a function of wavelength, A. Approxi- 
mations for A and B from eqn [3] constitute a set of 
gains and offsets derived from the empirical approach. 


In some empirical approaches, atmospheric path radi- 
ance is ignored and only a multiplicative correction 
is applied. 

Model-based approaches seek to model what the 
at-sensor radiance should be on a pixel-by-pixel basis, 
including the contribution of the atmosphere. The 
at-sensor radiance, L,, at any wavelength, A, can be 
expressed as 


(Ep+ Mr)ro+ Ly (41 


where F is the irradiance at the surface of the Earth, p 
is the reflectance of the Earth’s surface, Mr is the 
spectral radiant exitance of the surface at tempera- 
ture, T, 7g is the transmissivity of the atmosphere at 
zenith angle 8, and L, is the spectral upwelling path 
radiance of the atmosphere. The ability to solve 
eqn [4] and do atmospheric correction on a pixel-by- 
pixel basis is appealing, in that it negates the 
shortcomings of an empirical approach where a 
correction based on calibration targets in one part 
of a scene might not be appropriate for another part 
of the scene, due to differences in atmospheric path- 
length or simple atmospheric heterogeneity. Model- 
based approaches are also able to take advantage of 
the greater spectral dimensionality of hyperspectral 
data sets for the derivation of atmospheric properties 
(e.g. the amount of column water vapor, CO2 band 
depths, etc.) directly from the data. 

The main atmospheric component, affecting 
imagery in the reflective solar portion of the 
spectrum, is water vapor. Model-based atmospheric 
correction techniques determine the column water 
vapor for each pixel in the scene, based on the depth 
of the 940 and/or 1130 nm atmospheric water 
bands. Thus for each pixel, an appropriate amount 
of water can be removed. The maps of atmospheric 
water vapor distribution are themselves of interest 
to atmospheric scientists. Absorption features 
caused by well-mixed gases, such as the 760 nm 
O, band, can be used by model-based programs, to 
produce images of approximate scene topography. 
More advanced model-based approaches also solve 
for the scattering effects of aerosols on the 
hyperspectral data 

As noted above, atmospheric constituents, includ- 
ing industrial effluents, can be detected and spatially 
mapped by hyperspectral sensors. The fundamental 
vibrational absorption of gases of interest occurs in 
the MWIR and the LWIR. Overtones of these 
gaseous molecular vibrations occur in the VNIR to 
SWIR, but are generally too weak to be detected. 
The ability to detect anthropomorphically produced 
gases depends on a number of factors, including the 
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temperature difference between the gas cloud and the 
background atmosphere, the concentration of gas 
within the cloud, and the size of the cloud (e.g., the 
path length of light through the cloud). 


Imaging: — Infrared 
Spectrometers. 


Imaging. Instrumentation: 
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Introduction 


Lidar (light detection and ranging) systems are able to 
measure profiles of atmospheric aerosols, clouds, and 
gases by transmitting a pulsed laser beam into the 
atmosphere and collecting the backscattered radi 
ation from aerosols and molecules in the atmosphere 
with a receiver located near the transmitter. The 
differential absorption lidar (DIAL) approach is the 
most widely used technique for measuring a variety of 
gases. In this approach, two closely spaced laser 
wavelengths are used: one which is absorbed by the 
gas of interest, and the other which is only weakly, or 
not at all, absorbed by the gas. A differential with 
respect to range and wavelength is calculated, to 


determine the average gas concentration along 
any segment of the lidar path, using the familiar 
Beer—Lambert law for an absorbing medium. 

‘The DIAL equation can be expressed in its simple 
form as 


=(112(R2 ~ Rion 10) 
X In(Pay(Ra)Pon(Ry))/(PouRi)Pon(Ra)) (1) 


where N is the average gas concentration, R is the 
Tange, on and dais are the absorption cross sections 
at the on- and off-line wavelengths, and Pjq(R) and 
Pag(R) are the powers received at the on- and off-line 
wavelengths. However, since it is performed in the 
atmosphere and not a laboratory, great care must be 
taken to ensure that the data are analyzed properly to 
minimize random and systematic errors. Random 
errors arise from noise in the backscattered signal, 
the solar background signal, and the inherent 
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detector noise, and this type of error can be reduced 
by signal averaging. Systematic errors arise from 
uncompensated instrument and atmospheric effects 
and must be carefully considered in system design and 
operation and data processing. 

Another approach, the Raman lidar approach, uses 
inelastic scattering (scattered/emitted light has differ- 
ent wavelength than the illuminating light) from gases 
where the wavelength shift corresponds to vibrational 
or rotational energy levels of the molecules. Any 
illuminating laser wavelength can be used, but since 
the Raman scattering cross-section varies as 0‘, 
where A is the wavelength, the shorter laser wave- 
lengths, such as in the near UV spectral region, are 
preferred, While even shorter wavelengths in the solar 
blind region below ~300 nm would permit operation 
in daytime, the atmospheric attenuation, due to 
Rayleigh scattering and UV molecular absorption, 
limits the measurement range. High-power lasers are 
used due to the low Raman scattering cross-sections. 
The Raman lidar measurements have to be carefully 
calibrated against a profile measured using another 
approach, such as is done for water vapor (HO) 
measurements with the launch of hygrometers on 
radiosondes, since the lidar system constants and 
atmospheric extinctions are not usually well known 
or modeled. In order to obtain mixing ratios of 
HO with respect to atmospheric density, the HO 
signals are ratioed to the nitrogen Raman signals. 
However, care must be exercised in processing these 
data due to the spectral dependences of atmospheric 
extinction, 


Surface-Based Lidar Systems 


Surface-hased lidar systems measure the temporal 
evolution of atmospheric profiles of aerosols and 
gases. The first lidar systems used to remotely 
measure atmospheric gases were Raman lidar sys- 
tems, The Raman lidar systems were thought to be 
very promising since one high-power laser could be 
used to measure a variety of gases. They are easier to 
develop and operate than DIAL systems, because the 
laser does not have to be tuned to a particular gas 
absorption feature. However, the Raman scattering 
cross-section is low, and the weak, inelastically 
scattered signal is easily contaminated by daylight 
background radiation, resulting in greatly reduced 
performance during daytime. Raman lidar systems 
have been developed primarily for measuring HjO 
and retrieving atmospheric temperature. 
Surface-based UV DIAL systems, that are part of 
the Network for the Detection of Stratospheric 
Change (NDSC) have made important contributions 
to the understanding of stratospheric O3. There are 


DIAL systems at many locations around the Earth, 
with sites in Ny-Alesund, Spitzbergen (78.9°N, 
11.9°E), Observatoire Haute Provence, France 
(43.9°N, 5.7°E), Table Mountain, California 
(34.4°N, 118.2°W), Mauna Loa, Hawaii (19.5°N, 
155.6°W), and Lauder, New Zealand (45.0°S, 
169.7°E). First established in the 1980s, these DIAL 
systems are strategically located so that O3 in 
different latitude bands can be monitored for signs 
of change. In addition, they can provide some profiles 
for comparison with space-based O; measuring 
instruments. The parameters of a typical ground- 
based UV DIAL system used in the NDSC are given 
in Table 1 


Airborne DIAL Systems 


Airborne lidar systems expand the range of atmos- 
pheric studies beyond those possible by surface-hased 
lidar systems, by virtue of being located in aircraft 
that can be flown to high altitudes and to remote 
locations. Thus, they permit measurements at 
locations inaccessible to surface-based lidar systems. 
In addition, they can make measurements of large 
atmospheric regions in times that are short compared 
with atmospheric motions, so that the large-scale 
patterns are discernible. Another advantage of air- 
borne lidar operation is that lidar systems perform 
well in the nadir (down) direction since the atmos- 
pheric density and aerosol loading generally increases 
with decreasing altitude towards the surface, which 
helps to compensate for the R* decrease in the lidar 


Table 1 Parameters for the Jet Propulsion Laboratory's Mauna 
Loa DIAL systems for stratospheric O, measurements 


Lp xeclNALVAG 
(8° Harmon) 
Wavelength (am) 208(on) 355 (of) 
Pulse energy (md) 300 +50 
Pulse repetition 200 100 
froquency (He) 
R 
‘area (mn) 079 
Optical efcioncy (%) ~40 
Wavelengtns-Rayleigh (om) 908 355 
Ne Raman (om) 332 387 
(for aerosol correction) 
woo 
Treasurement range" (kr) 15-55 
Vertical resolution (kr) Saat bottom, 1 at O, peak, 
8-10 atop 
Measurement averaging 18 


time (nours) 
‘Measurement accuracy <5% at poak, 10-15% 


‘at 15 km, >40% at 45 km 


“Chopper added to block beam until it reachos 15 km in order to 
{avoid near field signal efects, 
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signal with range. For the zenith direction, the 
advantage is that the airborne lidar system is closer 
to the region being measured. 


Field Measurement Programs 


Global 0; Measurements 


‘The first airborne DIAL system, which was developed 
by the NASA Langley Research Center (LaRC), was 
flown for O3 and aerosol investigations in conjunc- 
tion with the Environmental Protection Agency's 
Persistent Elevated Pollution Episodes (PEPE) field 
experiment, conducted over the east coast of the US in 
the summer of 1980. This initial system has evolved 
into the advanced UV DIAL system that will be 
described in the next section, Airborne O; DIAL 
systems have also been developed and used in field 
measurement programs by several other groups in the 
United States, Germany, and France, 

The parameters of the current NASA LaRG 
airborne UV DIAL system are given in Table 2. The 
on-line and off-line UV wavelengths of 288.2 and 
299.6 nm are used for DIAL O3 measurements during 
tropospheric missions, and 301 and 310 nm are used 
for stratospheric missions. This system also transmits 
1,064 and 600nm beams for aerosol and cloud 
measurements. The time delay between the on- and 
off-wavelength pulses is 400 1s, which is sufficient 
time for the return at the first set of wavelengths to 
end, but short enough that the same region of the 


atmosphere is sampled, This system has a demon- 
strated absolute accuracy for O3 measurements of 
better than 10% or 2 ppbv (parts per billion by 
volume), whichever is larger, and a measurement 
precision of 5% or 1 ppbv with a vertical resolution 
of 300 m and an averaging time of 5 minutes (about 
70 km horizontal resolution at typical DC-8 ground 
speeds). 

‘The NASA LaRC airborne UV DIAL systems have 
made significant contributions to the understanding 
of both tropospheric and stratospheric 3, aerosols, 
and clouds. These systems have been used in 18 
international and 3 national field experiments over 
the past 24 years, and during these field experiments, 
measurements were made over, or near, all of the 
oceans and continents of the world. A few examples 
of the scientific contributions made by these airborne 
UV DIAL systems are given in Table 3. 

‘The NASA LaRC airborne UV DIAL system has 
been used extensively in NASA's Global Tropospheric 
Experiment (GTE) program which was started in the 
early 1980s, had as its primary mission the study of 
tropospheric chemistry in remote regions of the 
Earth, in part to study and gain a better under- 
standing of atmospheric chemistry in the unperturbed 
atmosphere. A related goal was to document the 
Earth's atmosphere in a number of places during 
seasons when anthropogenic influences are largely 
absent, then return to these areas later to document 
the changes 
campaigns in Africa, Alaska, the Amazon Basin, 


The field missions have included 


Table 2 Parameters of the NASA LaRG airborne UV DIAL system 


Lp. p: N&YAG-pumped dye lasers, frequency doubled into the UV 


Pulge repetition frequency (Hz) 30 
Pulse length (ns) 12 
Pulse energy (mJ) at 1.06 um 250-300 
Pulse energy (mJ) at 600.nm. 50-70 
UV pulse energy (md) 
For troposphere at 288/300 nm 20 
For stratosphere at 301/310 nm 20 
Dimensions (Ix w x h) (em) 594 x 102 x 108 
Mass (kg) 1735 
Power requirement (kW) 30 
R 289-311 
‘Area (m") 0.086 
Receiver optical efficiency (*%) 30 
Detector quantum efficiency (%) 26 (PMT) 
Field-of-view (mrad) =15 


Measurement range (km) 
Vertical resolution (m) 
Horizontal resolution (km) 
Measurement accuracy 


=70 


Wavelength region (rem) 


972-622 1068 
0.086 0.864 

40 30 
(PMT) 40 (APD) 
15 15 


Up to 10-16 (nadir and zenith) 
300-1500, depending on range 


10% oF 2 ppbv, whichever is greater 
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Table 3 Examples of significant contributions of airborne O. DIAL systems tothe understanding of tropospheric and stratospheric O 


(620 also Figures 1-5) 


air mass characterizations in a number of remote regions 


Continental polution plume characterizations (see Figures 1 and 2) 
‘Study of biomass burn plumes and the effect af biomass burning on tropospheric O; production (see Figure 3) 
Case study of warm conveyor belt transport from the tropis to the Arctic 

‘Study of stratospheric intrusions and tropopause fold events (see Figure 4) 


Observation of the decay of a cutoff low 
Power plant plume studies 
‘wpe 


Contributions to the chemical explanation of behavior of Antarctic Os 


‘Quantification of O depletion inthe Arctic (see Figure 5) 
Polar stratospheric clouds ~ particle characterizations 


Intarcomparison with surlace-based, airbome and space-based instruments 
‘Quantification of O, reduction in tropical stratosphere after the June 1991 eruption of Mount Pinatubo and characterization of the 


tropical stratospheric reservoir edge 
CCross-vortex boundary transport 


Average ozone (ppbv) 
a ee) 


60 8 (100 
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Figure 1 Latitudinal distribution of ozone over the westem Pacitic Ocean obtained during the second Pacific Exploratory Mission 


(PEM West B) in 1984, 


Canada, and North America, and over the Pacific 
Ocean from Antarctica to Alaska, with concentrated 
measurements off the east coast of Asia and in the 
tropics. One of the bigger surprises of the two decades 
of field missions, was the discovery in the mid-1990s, 
that the tropical and South Pacific Ocean had very 
high tropospheric 05 concentrations in plumes from 
biomass burning in Africa and South America during 


the austral spring, There were few indications from 
surface-based or space-based measurements that 
there were extensive biomass burn plumes in the 
area, primarily since the plumes were largely devoid 
of aerosols due to being stripped out during cloud 
convective lofting. Once over the ocean, horizontal 
transport appears to proceed relatively unimpeded 
unless a storm system is encountered. 


The NASA LaRC airborne UV DIAL system has 
also been flown in all the major stratospheric O 
campaigns starting in 1987 with the Airborne 
Antarctic Ozone Experiment (AAOE) to determine 
the cause of the Antarctic ozone hole. The UV DIAL 
system documented the O3 loss across the ozone hole 
region. Later, when attention was turned to the Arctic 
and the possibility of an ozone hole there, the system 
was used to produce an estimate of O; loss during the 
winter season as well as to better characterize the polar 
stratospheric cloud (PSC) particles. The UV DIAL 
system was also used to study O; loss in the tropical 
stratospheric reservoir following the eruption of 
Mount Pinatubo in June 1991, The loss was spotted 
by the Microwave Limb Sounder (MLS) on the Upper 
Atmospheric Research Satellite (UARS), but the MLS 


ENVIRONMENTAL MEASUREMENTS / Laser Detection of Atmospheric Gases 407 


Relative aerosol scattering x 1000 (IR) 
=e oes ld 
, 
- 
3 () 
£, | 
g | 
i | 
i 
; : 
24 4 
re ; 
22 2 
= 
; - : 


Figure 2 Pollution outfiow from China over the South China Sea (right side of figure) with clean tropical air on south side of a front 


(loft side of figure), observed during PEM West B in 1994 


was unable to study the loss in detail due to its low 
vertical resolution (5 km) compared to the small-scale 
(2-3 km) features of the O, loss. Other traditional 
space-based © measuring instruments also had 
difficulty during this period, due to the high aerosol 
loading in the stratosphere following the eruption. 


‘Space-Based 0, DIAL System 


In order to obtain nearly continuous, global distri- 
butions of O, in the troposphere, a space-based O 
DIAL system is needed. A number of key issues 
could be addressed by a space-based O; DIAL 
system including: the global distribution of photo- 
chemical ©; production/destruction and transport 
in the troposphere; location of the tropopause; 


and stratospheric ©; depletion and dynamics. 
High-resolution airborne 05 DIAL and other aircraft 
measurements show that to study tropospheric 
processes associated with biomass burning, transport 
of anthropogenic pollutants, tropospheric 0 chem- 
istry and dynamics, and stratosphere—troposphere 
exchange, a vertical profiling capability from space 
with a resolution of 2-3km is needed, and this 
capability cannot currently be achieved using passive 
remote sensing satellite instruments, An example of 
the type of latitudinal O} cross-section that could be 
provided by a space-based Os DIAL system is shown 
in Figure 1. This figure shows many different aspects 
of 5 loss and production; vertical and horizontal 
transport; and stratosphere—troposphere exchange 
that occurs from the tropics to high latitudes. 
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Figure 3 Biomass burning plume over the Attantic Ocean arising from biomass burning inthe central part of westem Arca, observed 


during the TRACE-A mission in 1992. 


This type of data would be available from just one pass 
from a space-based ©, DIAL system. A space-based 
3 DIAL system optimized for tropospheric Os 
measurements (sce system description in Table 4a,b) 
would also permit high-resolution Oy measurements 
inthe stratosphere (1 km vertical, 100 km horizontal), 
along with high-resolution aerosol measurements 
(100m vertical, 10km horizontal). In addition, 
these DIAL measurements will be useful in assisting 
in the interpretation of passive remote sensing 
measurements and in helping to improve their data 
processing algorithms. 


Global H,0 Measurements 


HO and O; are important to the formation of OH in 
the troposphere, and OH is at the center of most of 
the chemical reactions in the lower atmosphere. In 
addition HO is an excellent tracer of vertical and 
horizontal transport of air masses in the troposphere, 
and it can be used as a tracer of stratosphere— 
troposphere exchange. Increased aerosol sizes, due to 
high relative humidities, can also affect hetero- 
geneous chemical processes and radiation budgets in 
the boundary layer and in cloud layers. Knowledge of 
H,O is important to weather forecasting and climate 
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Figure 4 zone distribution observed on fight across US during the SASS (Subsonic Assessment) Ozone and Nitrogen Experiment 
(SONEX) in 1997. A stratospheric intrusion is clearly evident on left side of figure, and low ozone air trom tropics transported to 


mmid-atitudes can be seen in the upper troposphere on the right. 
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Figure § Ozone cross-sections in the stratosphere measured in the winter of 1999/2000 during the SOLVE mission. The change 
in ozone number density in the Arctic polar vortex due to chemical loss during the winter is clearly evident at latitudes north 


of 72°N. 


predictions. Thus, HO distributions can be used in 
several different ways to better understand chemical, 
transport, radiation and meteorological processes in 
the global troposphere. 


H,0 Raman Lidar Systems 


The first Raman lidar measurements of H2O were 
made in the late 1960s, but not much progress in 
using the Raman approach for HO was made until a 
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system using an abandoned searchlight mirror was 
employed by the NASA Goddard Space Flight 
Center in the mid-1980s, to show that if the signal 
collector (telescope) was large enough, useful 
Raman measurements could be made to distances of 
several kilometers. Until recently, Raman lidar 
measurements of HzO were largely limited to 
night-time, due to the high sunlight background 
interference. Measurements are now made during 
daytime, using very narrow telescope fields of view 
and very narrowband filters in the receiver. A good 
example of a Raman lidar system used to measure 
HO is that at the Department of Energy's Atmos- 
pheric Radiation Measurement — Cloud and 
Radiation Test Bed (ARM-CART) site in Oklahoma 
The site is equipped with a variety of instruments 
aimed at studying the radiation properties of 
the atmosphere. The system parameters are given 
in Table 4a,b. 

Raman lidar systems have been used for important 
measurements of HjO from a number of ground- 
based locations. Some of the important early work 
dealt with the passage of cold and warm fronts. The 
arrival of the wedge-shaped cold front, pushing the 
warm air up, was one of these studies. Raman lidar 
have also been located at the ARM-CART site in 
Kansas and Oklahoma, where they could both 
provide a climatology of H2O as well as provide 
correlative measurements of HzO for validation of 
space-based instruments. 


Table 4a Parameters for the US Department of Energy's 
surlace-based Raman lidar system for measurements of HzO 


Lp NaYAG Laser 
Wavelength (am) 355 
Pulse energy (md) 400 
Pulse repetition 30 
frequency (Hz) 
R 
Atea (rn?) 1 
Wavelengths (nm) 
Water vapor 407 
Nitrogen 387 


reasurement range (km) 
Nighttime 
Daytime 

Range resolution (m) 


near surface to 12 
near surface to 3 
39 at low altitudes, 

300 >9 km 
Measurement accuracy (2%) 


‘Night-time <10 <7 km (1 min avg) 
10-80 at high altitudes 

(1020 min avg) 

Daytime 10.<1 km; 5~15 for 


41-3 km (10 min avg) 


Table 4b Parameters for the NASA Goddard Space Flight 
Center's Scanning Raman lidar system for measuremants of H.O 


DN. Noes 
Ly. NGVAG Laser XeF 
Wavelength (nm) 385 351 
Pulse energy (md) 300 30-60 
Pulse repetition 30, 400 
froquency (He) 
R 
Area (") 18 18 
Wavelengths (nm) 
Water vapor 407 403 
Nitrogen 387 382 
Measurement 
range (krn) 
Nighttime near surface to 12 
Daytime near surface to 4 
Range resolution (m) 7.5 at low alttudes, 
300 >9km 
Measurement 
accuracy (2) 
Nighttime <10 <5 km (10sec and 
7.5m range resolution) 
<10 <7 km (1 min avg) 
10-30 at high altitudes 
(10-30 min av) 
Daytime <10 <4 km (6 min avg) 


H,0 DIAL Systems 


HO was first measured with the DIAL approach 
using a temperature-tuned ruby laser lidar system in 
the mid-1960s. The first aircraft-based HO DIAL 
system was developed at NASA LaRC, and was flown 
in 1982, as an initial step towards the development of 
a space-based HO DIAL system. This system was 
based on Nd: YAG-pumped dye laser technology, and 
it was used in the first airborne HxO DIAL 
atmospheric investigation, which was a study of 
the marine boundary layer over the Gulf Stream, 
This laser was later replaced with a flashlamp- 
pumped solid-state alexandrite laser, which had 
high spectral purity, i.c., little out-of-band radiation, 
a requirement since water vapor lines are narrow, and 
this system was used to make accurate H2O profile 
measurements across the lower troposphere. 

A third HO DIAL system, called LASE (Lidar 
Atmospheric Sensing Experiment) was developed asa 
prototype for a space-based HO DIAL system, and it 
was completed in 1995. This was the first fully 
autonomously operating DIAL system. LASE uses a 
‘Ti:sapphire laser that is pumped by a double-pulsed, 
frequency-doubled Nd:YAG to produce laser 
pulses in the 815mm absorption band of Hj0 
(see Table 5). The wavelength of the Ti:sapphire 
laser is controlled by injection seeding with a diode 
laser that is frequency locked to a HO line using an 
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Figure 23-9. An approximated graph showing the typical 
current consumption of an AC induction motor as it starts 
from rest and gains speed over a period of time. 


tional speed between the magneticfield and the 
rotor is known as slip. Higher levels of slip induce 
greater power, and therefore the induction mo- 
tor will automatically find an equilibrium for any 
load within its designed range. 


When running under full load, a small induction 
motor may have a slip value from 4 to 6 percent. 
In larger motors, this value will be lower. 


Variants 


Variants of the generic induction motor de- 
scribed above are generally designed to take ad- 
vantage of either single-phase or three-phase al- 
ternating current. 


Asynchronous motoris a variant in which the ro- 
tor maintains a constant speed of rotation re- 
gardless of small fluctuations in load. 


Some AC motors incorporate a commutator, 
which allows an external connection to coils 
mounted on the rotor, and can enable variable 
speed control. 


Variants 


A linear motor may consist of two rows of coils, 
energized by asequence of pulses that can move 
a permanent magnet orelectromagnetbetween 
the coils. Alternatively, the linear motor’s coils 
may move as a result of magnetic interaction 
with a segmented fixed rail. Detailed description 
of linear motors is outside the scope of this en- 
cyclopedia 


Single-Phase Induction Motor 

The majority of induction motors run on single- 
phasealternating current (typically, from domes- 
ticwall outlets). This type of motor isnot innately 
self-starting because the stator coils and rotor 
are symmetrical. This tends to result in vibration 
rather than rotation. 


To initiate rotation, the stator design is modified 
sothatitinducesanasymmetrical magneticfield, 
whichis more powerful in one direction than the 
other. The simplest way to achieve this is by 
adding one or more shorting coils to the stator. 
Each shorting coil is often just a circle of heavy- 
gauge copper wire. This ploy reduces the effi- 
ciency of the motor and impairs its starting tor- 
que, and is generally used in small devices such 
as electric fans, where low-end torque is unim- 
portant. Because the shorting coil obstructs 
some of the magnetic field, this configuration is 
often known as a shaded pole motor. 


Copper shorting coils are visible in the fan motor 
shown in Figure 23-3, 


A capacitor is a higher-cost but more efficient 
alternative to a shorting coil. f power is supplied 
to one or more of the stator coils through a ca- 
pacitor, it will create a phase difference between 
these coils and the others in the motor, inducing 
anasymmetrical magnetic field. When the motor 
reaches approximately 80% of its designed run- 
ning speed, a centrifugal switch may be included 
to take the capacitor out of the circuit, since itis 
no longernecessary. Switching out the capacitor 
and substitutinga direct connectionto the stator 
oils will improve the efficiency of the motor. 


Chapter 23 195 


ENVIRONMENTAL MEASUREMENTS / Laser Detection of Atmospheric Gases 411 


‘Table 5 Parameters of LASE H.0 DIAL system 


Ee Tisapphire 
Wavelength (rm) 813-818 
Pulse energy (mJ) 100 


Pulse:pair repetition requency 5 (on- and oft.ine pulses 


separated by 300 ys) 


Linowidth (pm) <0.25 
Stabilty (pm) <0.95 
Spectral purity (24) 309 
Beam divergence (mrad) <08 
Pulse width (as) 35 
R 
Aroa (m*) om 
Receiver optical eficiency (%) 50 (night), 35 (day) 
Avalanch Phatadiode (APD) 80 
detector quantum efficiency (%) 
Fiold-of-view (mrad) 10 
Noise equivalence power 2x10 
(wiz °) 
Excess noise factor 3 


“Measurement range (attude) (km) 15 
Range resolution (m) 
Measurement accuracy (%) 5 


absorption cell. Each pulse pair consists of an on-line 
and off-line wavelength for the H»O DIAL measure- 
ments, To cover the large dynamic range of H2O 
concentrations in the troposphere (over 3 orders of 
magnitude), up to three line pair combinations are 
needed, LASE uses a novel approach of operating 
from more than one position on a strongly absorbing 
HO line. In this approach, the laser is electronically 
tuned at the line center, side of the line, and near the 
wing of the line to achieve the required absorption 
cross-section pairs (on and off). LASE has demon- 
strated measurements of HO concentrations across 
the entire troposphere using this ‘side-line’ approach. 
The accuracy of LASE HO profile measurements 
was determined to be better than 6% or 0.01 g/kg, 
whichever is larger, over the full dynamic range of 
HO concentrations in the troposphere. LASE has 
participated in over eight major field experiments 
since 1995, See Table 6 for a listing of topics studied 
using airborne HO DIAL systems (Figures 6-8). 


Space-Based H,0 DIAL System 


The technology for a space-based H20 DIAL 
system is rapidly maturing in the areas of: high- 
efficiency, high-energy, high-spectral-purity, long-li 
lasers with tunability in the 815- and 940-nm 
regions; low-weight, large-area, high-throughput, 
high-background-rejection receivers; and high- 
quantum-efficiency, low-noise, photon-counting 
detectors, With the expected advancements in lidar 
technologies leading to a 1-|/pulse capabil 


‘Table 6 Examples of significant contributions of altbore HO 
DIAL systems to the understanding of H,O distributions (see also 
Figures 6-8) 


NA AL. 5 H,ODIALpp* p+ LAE 
‘Study of marine boundary layer over Guif Stream 
Obsorvation of HO transport at a land/sea edge 
Study of large-scale HO distributions across troposphere 

(soe Figure 6) 
Corralative » ‘ and remote measurements 
(Observations of boundary layer development (see Figure 7) 
Cirrus cloud measurements 
Hurricane studies (see Figure 8) 
Relative humicity efects on aerosol sizes 
Jee supersaturation in the upper troposphere 
‘Studios of stratospheric intrusions 
H,0 distributions over remote Pacific Ocean 

Os m HODIALpy* » 

‘Boundary layer humidity fluxes 
Lowor-stratospheric H.0 studies 


space-based HO DIAL system could be flown on a 
long-duration space mission this decade. 

Space-based DIAL measurements can provide a 
global H,O profiling capability, which when com- 
bined with passive remote sensing with limited 
vertical resolution, can lead to 3-dimensional 
measurements of global H,O distributions. High 
vertical resolution HO (=1 km), aerosol (=100 m), 
and cloud top (=50 m) measurements from the lidar 
along the satellite ground-track, can be combined 
with the horizontally contiguous data from nadir 
passive sounders to generate more complete 
high-resolution HO, aerosol, and cloud fields for 
use in the various studies indicated above. In 
addition, the combination of active and passive 
measurements can provide significant synergistic 
benefits leading to improved temperature and relative 
humidity measurements. There is also strong syner- 
gism with aerosol and cloud imaging instruments and 
with future passive instruments that are being 
planned or proposed for missions addressing atmos- 
pheric chemistry, radiation, hydrology, natural 
hazards, and meteorology. 


‘Tunable Laser Systems for Point Monitoring 


Tunable diode laser (TDL) systems are also used to 
measure atmospheric gases on a global scale from 
aircraft and balloons. TDLs are small lasers that emit 
extremely narrowband radiation and can be tuned in 
the near IR spectral region using a combination of 
temperature and current. TDLs can be built into very 
sensitive and compact systems and located on the 
surface or flown on aircraft or balloons and used to 
measure such species as CO, HCI, CH4, and oxides of 
nitrogen such as N,O and NO3. They derive their 
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Figure 6 LASE measurements of water vapor (left) and aerosols and clouds (right) across the troposphere on an ER‘? fight from 
‘Bermuda to Wallops during the Tropospheric Aerosol Radiative Forcing Experiment (TARFOX) conducted in 1996. 
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Figure 7 Water vapor and aerosol cross-section obtained on a fight across a cold front during the Southern Great Plains (SGP) field 
‘experiment conducted over Oklahoma in 1897, 


ENVIRONMENTAL MEASUREMENTS / Laser Detection of Atmospheric Gases 413 


36 


32 


30 


INFLOW 
28 LEG 


Water vapor mixing ratio (g/kg) 


0.950, 1 19 30 
— ee 
114011501200 12:10 


Altitude (km ASL) 


2962 90.15 90.62 31.09 Lat 
‘Total scattering ratio 


2. § 10 


. 
11:95 1140 1145 11:50 11/55 1200 12.05 12:10 UT 
EE oe Sea eae 


Lon 
20 30 


Altitude (kr ASL) 


29,39 29.62 29.86 30.15 30,38 30.62 30.86 31.09 NLat 


“7749-7685 7628 75.71 75.13 -7450 7489-7418 E Lon 


Figure 8 Measurements of water vapor, aerosols, and clouds in the inflow rogion of Hurricane Bonnie during 1998 
Convection and Moisture Experiment (CAMEX-3). A rain band can be clearly seen at the middle of Leg-AB on the satelite and 


LASE cross-sections. 


high sensitivity to the fact that the laser frequency is 
modulated at a high frequency, permitting a small 
spectral region to be scanned rapidly. The second- or 
fourth-harmonic of the scan frequency is used in the 
data acquisition, effectively eliminating much of the 
low-frequency noise due to mechanical vibrations 
and laser power fluctuations. In addition, multipass 
cells are employed, thereby generating long paths for 
the absorption measurements. 

TDL systems have been used in a number of 
surface-based measurement programs. One system 
was mounted on a ship doing a latitudinal survey in 
the Atlantic Ocean and monitored NO2, formal- 
dehyde (HCHO), and H,0,. Another TDL system 
was located at the Mauna Loa Observatory and was 
used to monitor HCHO and H,02 during a 
photochemistry experiment, finding much lower 


concentrations of both gases than models had 
predicted. The TDL system used to measure HCHO 
has been used in a number of additional ground- 
based measurement programs and has also been 
flown on an aircraft in a couple of tropospheric 

One TDL system, called DACOM (Differential 
Absorption CO Measurement), has been used in a 
large number of NASA GTE missions, It makes 
measurements of CO in the 4.7 um spectral region 
and CH, in the 3.3 or 7.6 qm spectral region. 
This instrument is able to make measurements at a 
1Hz rate and with a precision of 0.5-2 
depending on the CO value, and an accuracy of 
+2%. DACOM has been very useful in determining 
global distributions of CO due to the wide-ranging 
nature of the GTE missions. It has also contributed to 
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the characterization and understanding of CO in air 
masses encountered during the GTE missions 
(Table 7). 

A pair of TDL instruments, the Airborne Tunable 
Laser Absorption Spectrometer (ATLAS) and the 
Aircraft (ER-2) Laser Infrared Absorption Spec- 
trometer (ALIAS), have been flown on. several 
NASA missions to explore polar O3 chemistry and 
atmospheric transport. The ATLAS instrument 
measures NO, and ALIAS is a 4-channel spec- 
trometer that measures a large variety of gases, 
including HCl, N20, CHs, NO», and CO and is 
currently configured to measure water isotopes across 
the tropopause. 

A new class of lasers, tunable quantum-cascade 
(QC) lasers, are being added to the list of those 
available for insite gas measurement systems. 
Using a eryogenically cooled QC laser during a 
series of 20 aircraft flights beginning in September 
1999 and extending through March 2000, 


measurements were made of CH, and N,O up to 
20 km in the stratosphere over North America, 
Scandinavia, and Russia, on the NASA ER-2. 
Compared with its companion lead salt diode 
lasers, that were also flown on these flights, the 
single-mode QC laser, cooled to 82K, produced 
higher output power (10 mW), narrower laser 
linewidth (17 MHz), increased measurement pre- 
cision (a factor of 3), and better spectral stability 
(-O.1cm™1K), The sensitivity of the QC laser 
channel was estimated to correspond to a mini- 
mum-detectable. mixing ratio of approximately 
2 ppbv of CHy. 


Laser Long-Path Measurements 


Laser systems can also be used in long-path 
measurements of gases. The most important of 
such programs entailed the measurement of hydroxyl 
radical (OH) in the Rocky Mountains west of 


Table 7 Examples of significant contributions of airhome tunable diode laser systems to the understanding af atmospheric chemistry 


and transport 
Bam pip. 
The fist. » “measurements ofthe suite NO, NO, Os, and the NO. photolysis rate to tast NO, (NOz + NO) phatachemistry 


The first. * stratospheric measurements of NO, over a full diumal cycle to test NOs chemistry 
J ‘measurements of NO, and HNO, over the 20~35 km region to assess the effect of Mt. Pinatubo aerosol on heterogeneous 


atmospheric chemistry 
Measurements of HNO; and HC! near 30 km 


Measurements of CH,, HNOs, and N;O for validation of several satelite instruments 
Intrusions from milatitude stratosphere to tropical stratospheric reservoir 


Alias 
Cm ouwe 


type 


‘Measurement of CO from biomass burning from Asia, Afica, Canada, Central America, and South America 
Detection of thin layers of CO that were transported thousands of miles in the upper troposphere 

(Observed very high levels of urban pollution in plumes off the Asian continent 

Emission indices for many gases have been calculated with respect to CO 


Me 


‘Botermined CH flux over the Arctic tundra, which led to rethinking of the significance of tundra regions as a global source of CH, 
Found that biomass burning is a significant source of global CH, 
Found strong enhancements af CH, associated with urban plumes 


Alta. 8 
a 


ae 


Extreme Eeniitcation observed in Antarctic winter vortex from NO :NO correlation study 


(Observed very low NO in Antarctic winter vortex, which helped refute the theory thatthe O, hole is caused by dynamics 
Contributed tothe study of transport out of the lower stratospheric Arctic vortex by Rossby wave breaking 
‘Measurement af concentrations of gases involved in polar stratospheric O, destruction and production 


‘Activation of chiorine in the presence of sulfate aerosols 
Mee 


‘Measurements in aircraft exhaust plumes in the lower stratosphere, especially of reactive nitrogen species and CO 
Vertical profiles of CO in the troposphere and lower stratosphere 

Determination of the hydrochloric acid and the chlarine budget ofthe lower stratasphere 

‘Measurement of NO, for testing atmospheric photochemical models 


‘Trends in HCUC| in the stratosphere <21 km, 1892-1898 


Gas concentration measurements for comparison with a balloon-borne Fourier transform spectrometer observing the Sun 
"Near-IR TDL laser hygrometers (ER-2, WBS7, DC-8) for measuring H,O and total water in the lower stratosphere and upper 


troposphere 


Remnants of Arctic winter vortex detacted many months after breakup 


oe 
“Tropical entrainment time soales inferred from stratospheric N.O and CH, observations 
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Boulder, Colorado. OH was measured using a XeCl 
excimer laser operating near 308 nm and transmit- 
ting a beam to a retroreflector 10.3 km away. The 
measurements were quite difficult to conduct, 
primarily since OH abundance is very low (105— 
10’ cm~*), yielding very low absorption (~0.02% 
for an abundance of 10° cm™*) over the 20.6 km 
path, In addition, the excimer laser could generate 
OH from ambient HO and Os, unless the laser 
energy density was kept low. To help ensure good 
measurements, a white light source was also 
employed during the measurements to monitor 
HO, 05, and other gases. The measurements were 
eventually very successful and led to new values for 
OH abundances in the atmosphe: 


Laser-Induced Fluorescence (LIF) 


The laser-induced fluorescence approach has been 
used to measure several molecular and ionic sp. 
in situ. The LIF approach has been used to measure 
OH and HO, (HO,) on the ground and on aircraft 
platforms. One airborne LIF system uses a diode- 
pumped Nd:YAG-pumped, frequency-doubled dye 
laser to generate the required energy near 308 nm. 
The laser beam is sent into a White cell where it can 
make 32-36 passes through the gas in the cell to 
increase the LIF signal strength. NO is used to convert 
HO, to OH. The detection limit in 1 minute of about 
2-3 ppqy (10° '’) above 5 km altitude, which tran: 
lates into a concentration of about 4 x 10* molec/em* 
at Skm and 2x 10* molec/em* at 10 km altitud 
One of the interesting findings from such measu 
ments is that HO, concentrations are up to 5 times 


larger than model predictions based on NO, concen 
trations, suggesting that NO, emissions from aircraft 
could have a greater impact on O3 production than 
originally thought. 

NO is detected using the LIF technique in a two- 
photon approach: electrons are pumped from the 
ground state using 226 nm radiation and from that 


state to an excited state using 1.06 1m radiation. The 
226 nm radiation is generated by frequency doubling 
a dye laser to 287 nm and then mixing that with 
1.1 um radiation derived from Hz Raman shifting of 
frequency-mixed radiation from a dye laser and a 
Nd:YAG laser. From the excited level, 187-201 nm 
radiation is emitted. In order to measure NO, it is 
first converted to the photofragment NO via pumping 
at 353nm from a XeF excimer laser. One of the 
interesting findings from airborne measurements 
in the South Pacific is that there appeared to be a 
large missing source for NO, in the upper 
troposphere. 


Summary 


DIAL and Raman lidar systems have played 
important roles in studying the distribution of 
gases such as O3 and HO on local, regional, and 
global scales, while TDL systems have played 
corresponding roles for such gases as CO, HCl, 
and oxides of nitrogen. It is anticipated that these 
approaches will continue to yield valuable infor- 
mation on these and other gases, as new and more 
capable systems are developed. Within the next 
decade, it is expected that a DIAL system will be 
placed in orbit to make truly global measurements 
of 03, H20, and/or carbon dioxide. 


See also 
Imaging: Lidar. Scattering: Raman Scattering, 
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Introduction 


The ability to understand and model radiative 
transfer (RT) processes in the atmosphere is critical 
for remote sensing, environmental characterization, 
and many other areas of scientific and practical 
interest. At the Earth's surface, the bulk of this 
radiation, which originates from the sun, is found in 
the ultraviolet to infrared range between around 0.3 
and 4 um. This article describes the most significant 
RT processes for these wavelengths, which are 
absorption (light attenuation along the line of sight 
LOS) and clastic scattering (redirection of the 
light). Transmittance, T, is defined as one minus 
the fractional extinction (absorption plus scattering). 
At longer wavelengths (in the mid- and long-wave 
infrared) the major light source is thermal emission. 

A few other light sources are mentioned here. 
The moon is the major source of visible light at night. 
Forest fires can be a significant source of mid-wave 
infrared radiation. Manmade light sources include 
continuum sources such as incandescent lamps and 
spectrally narrow sources such as fluorescent lamps 
andlasers. Ingeneral, spectrally narrow sourcesneed to 
have a different RT treatment than continuum sources 
due to the abundance of narrow spectral absorption 
lines in the atmosphere, as is discussed below. 


The challenge of atmospheric RT modeling is 
essentially to solve the following equation that 
describes monochromatic light propagation along 
the LOS direction: 


(a=) m 


where I is the LOS radiance (watts per unit area per 
unit wavelength per steradian), k is the extinction 
coefficient for the absorbing and scattering species 
{per unit concentration per unit length), w is the 
material column density (in units of concentration 
times length), and J is the radiance source function. 
Lisa sum of direct (i.e., from the sun) and diffusely 
scattered components. The source function represents 
the diffuse light scattered into the LOS, and is the 
angular integral over all directions ©, of the product of 
the incoming radiance, I(Q,), and the scattering phase 
function, (4,0) 


JM.) = J 1M, OOO, 21 
2, 


The scattering phase function describes the prob- 
ability density for incoming light from direction 0, 
scattering out at angle @,, and is a function of the 
difference (scattering) angle 0. 

The direct radiance component, I’, is described by 
eqn [1] with the source function omitted. Integrating 
along the LOS leads to the well-known Beer’s Law 
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equation for transmittance: 
T= Till, = exp(—ku) 13] 


where If is the direct radiance at the boundary of the 
LOS. The quantity ku = In(1/T) is known as the 
optical depth. 


Atmospheric Constituents 


The atmosphere has a large number of constituents, 
including numerous gaseous species and suspended 
liquid and solid particulates. Their contributions 
to extinction are depicted in Figure 1. The largest 
category is gases, of which the most important are 
water vapor, carbon dioxide, and ozone. Of these, 
water vapor is the most variable and carbon 
dioxide the least, although the CO, concentration is 
gradually increasing. In atmospheric RT models, 
carbon dioxide is frequently taken to have a fixed 
and altitude-independent concentration, along with 
other ‘uniformly mixed gases’ (UMGs). The con- 
centration profiles of the three major gas species are 
very different. Water vapor is located mainly in the 
lowest 2 km of the atmosphere. Ozone has a fairly flat 
profile from the ground through the stratosphere 
(~30 km). The UMGs decline exponentially with 
altitude, with a scale height of around $ km, 


Gas molecules both scatter and absorb light. Rayleigh 
scattering by gases scales inversely with the fourth 


power of the wavelength, and is responsible for the 
sky’s blue color. For typical atmospheric conditions, 
the optical depth for Rayleigh extinction is approxi- 
mately 0.009/4* per air mass (A is in wm and air 
mass is defined by the vertical column from 
ground to space). The Rayleigh phase function has 
a (1 +cos* @) dependence. 

Absorption by gases may consist of a smooth 
spectral continuum (such as the ultraviolet and 
visible electronic transitions of ozone) or of discrete 
spectral lines, which are primarily rotation lines of 
molecular vibrational bands. In the lower atmosphere 
(below around 25 km altitude}, the spectral shape of 
these lines is determined by collisional broadening and 
described by the normalized Lorentz line shape 
formula: 


alm 


l4) 


Aorente(¥) = ete wy 


Here vis the wavenumber (in em~') [vy = (10000 am/ 
em)/AI, 1p is the molecular line transition frequency 
and a is the collision-broadened half-width (in 
em™'), which is proportional to pressure. The 
constant of proportionality, known as the pressure- 
broadening parameter, has a typical value on the 
order of 0.06 cm” atm" at ambient temperature. 
The extinction coefficient k(») is the product of 
Arowoxa(?) and the integrated line strength S, which is 
commonly in units of atm” em, 

‘At higher altitudes in the atmosphere the pressure 
is reduced sufficiently that Doppler broadening 
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Figure 1 Spectral absorbance (1 ~ transmittance) forthe primary sources of atmospheric extinction. The 12 nm resolution data were 
(generated by MODTRAN for a vertical path from space with a mid-latitude winter madel atmosphere. 
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becomes competitive with collisional broadening, 
and the Lorentz formula becomes inaccurate. The 
general lineshape for combined collisional and 
Doppler broadening is the Voigt lineshape, which is 
proportional to the real part of the complex error 
(probability) function, w: 


Here, ay is the Doppler Ie half-width. 

Comprehensive spectral databases have been com- 
piled of the transition frequencies, strengths, and 
pressure-broadened half-widths for atmospherically 
important molecules throughout the electromagnetic 
spectrum. Perhaps the most notable of these data- 
bases is HITRAN, which was developed by the US Air 
Force Research Laboratory and is currently main- 
tained at the Harvard-Smithsonian Center for Astro- 
physics in Cambridge, MA. 


Liquids and Solids 


The larger particulates in the atmosphere (greater 
than a few pm in radius) typically belong to clouds. 
Low-altitude clouds consist of nearly spherical water 
droplets, while high-altitude cirrus clouds are mainly 
a collection of ice crystals. Other large particulates 
include sand dust. Their light scattering is close to 
the geometric limit at visible and ultraviolet wa 
lengths. This means that the extinction is nearly 
wavelength-independent, and the scattering phase 
function and single-scattering albedo may be reason- 
ably modeled with ray-tracing techniques that 
account for the detailed size and shape distributions 
of the particles. However, Mie scattering theory is 
typically used to calculate cloud optical properties 
because it is exact for spherical particles of any si 

‘The smaller particulates in the atmosphere belong 
to aerosols, which are very fine liquid particles, and 
dusts, which are solids such as minerals and soot. 
These particulates are concentrated mainly in the 
lower 2 km or so of the atmosphere; however, they 
are also present at higher altitudes in smaller 
concentrations. Their optical properties are typically 
modeled using Mie theory. The wavelength depen- 
dence of the scattering is approximately inversely 
proportional to a low power of the wavelength, 
typically between 1 and 2, as befits particulates 
intermediate in size between molecular and geo- 
metric-limit. The scattering phase functions have a 
strong forward-scattering peak; values of the asym- 
metry parameter g (the average value of cos 6) 
typically range from 0.6 to 0.8 at solar wavelengths. 


Solution Methods 


Geometry 


Atmospheric properties are primarily a function of 
altitude, which determines pressure, temperature and 
species concentration profiles. Accordingly, most RT 
methods define a stratified atmosphere. The most 
accurate treatments of transmission and. scattering 
account for the spherical shape of the layers and 
refraction; however, most RT models use a plane- 
parallel approximation for at least some compu- 
tations, such as multiple scattering. 


Spectral Resolution 


Optical instruments have finite, and frequently 
broad, wavelength responses. Nevertheless, modeling 
their signals requires accounting for the variation of 
absorption on an extremely fine wavelength scale, 
smaller than the widths of the molecular lines. 


‘Exact’ monochromatic methods 

The most accurate RT solution method involves 
explicitly solving the RT problem for a very large 
number of monochromatic wavelengths. This line- 
by-line method is used in a number of RT models, 
such as FASCODE. It allows Beer’s law to be applied 
to combine transmittances from multiple LOS 
segments, and provides an unambiguous definition 
of the optical parameters. It is suitable for use with 
spectrally structured light sources, such as lasers. 
The one major drawback of this method is that it is 
computationally intensive, and therefore may not be 
practical for problems where large wavelength 
ranges, multiple LOS views and multiple atmospheric 
conditions need to be treated. 

To alleviate the computational burden of mono- 
chromatic calculations, some approximate methods 
have been developed that model RT in finite spectral 
intervals, as described below. 


Statistical band models 

The band model method represents spectral lines in 
a narrow interval, Ar, statistically using such para- 
meters as the total line strength, the mean pressure- 
broadening parameter, and the effective number of 
lines in the interval. An example of a popular band 
model-based RT algorithm is MODTRAN, which is 
described below. 

A key to the success of band models is the 
availability of approximate analytical formulas for 
the integrated absorption for an individual molecular 
transition of strength S, known as the single-line total 
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equivalent width, Wy, 
Wy= fii exrSufpidy 16 


In the optically thin (small absorption) limit, Wy is 
proportional to the molecular species column density, 
while in the optically thick (large absorption) limit 
it scales as the square root of the column densi 
A further assumption made by MODTRAN is that 
the line centers are randomly located within the 
interval, i.e., spectrally uncorrelated. With this 
assumption, the net transmittance can be expressed 
as the product of the transmittances for each 
individual line, whether the line belongs to the same 
molecular species or a different species. 

A particular challenge in band models is treatment 
of the inhomogeneous path problem — that is, the 
variations in path properties along a LOS and their 
effect on the statistical line parameters, which aris 
primarily from differences in pressure and hence line 
width. The Curtis~Godson path averaging method 
provides a reasonable way to define “equivalent? 
homogeneous path parameters for the band model. 
Another challenge is to define an effective extinction 
optical depth for each layer in order to solve the RT 
problem with scattering. One option in MODTRAN 
is to define it by computing the cumulative transmit- 
tance through successive layers in a vertical path. 


Correlated-k model 

Another well-known approximate RT algorithm 
for spectral intervals is the correlated-k method. 
This method starts with an ‘exact’ line-by-line 
calculation of extinction coefficients (ks) within the 
interval on a fine spectral grid, from which a 
k-distribution (vs. cumulative probability) is com- 
puted. A database of & values and probabilities 
summing to 1 is built from these k-distributions for 
a grid of atmospheric pressures and temperatures, 
and for all species contributing to the spectral 
interval. Inhomogeneous paths are handled by 
recognizing that the size order of the k's is virtually 
independent of pressure and typically only weakly 
dependent on temperature. LOS transmittances, LOS 
radiances, and fluxes are calculated by interpolating 
the database over temperature and pressure to define 
the k’s for each LOS segment, solving the monochro- 
matic RT equation at each fixed distribution location, 
and finally integrating over the distribution. The 
correlated-k method has been found to be quite 
accurate for atmospheric paths containing a single 
molecular species; however, corrections must be 
applied for spectral intervals containing multiple 
species. 


Scattering Methods 


When the diffuse light field is of interest, scattering 
methods are used to calculate the source function J 
of eqns [1] and [2]. 


Single scattering 

If scattering is weak, the approximation may be made 
that the solar radiation scatters only once. Thus the 
integral over the scattering phase function, eqn [2], is 
straightforwardly calculated using the direct radiance 
component, which is given by eqn [3]. The neglect of 
multiple scattering (i.c., the diffuse contribution to 
the source function) means that the diffuse radiance is 
underestimated; however, single scattering is suffi- 
ciently accurate for some atmospheric problems in 
clear weather and at infrared wavelengths. 


Multiple scattering 
A number of different methods have been de 
to solve the multiple scattering problem. Two-stream 
methods, which are the simplest and fastest, resolve 
the radiance into upward and downward directions. 
These methods generally produce reasonably accu- 
rate values of hemispherically averaged radiance, 
which are also referred to as horizontal fluxes or 
irradiances. 

A much more accurate approach to the multiple 
scattering problem is the method of discrete ordi- 
nates. It involves expansion of the radiation field, the 
phase function and the surface reflectance as a series 
of spherical harmonics, leading to a system of linear 
integral equations. Evaluation of the integrals by 
Gaussian quadrature leads to a solvable system of 
linear differential equations. An important approxi- 
mation called delta-M speeds up convergence of the 
discrete ordinates method, especially when scattering 
phase functions are strongly forward peaked, by 
representing the phase function as the sum of a 
forward direction 5-function and a remainder term. 
For most scattering problems, the solution is con- 
verged upon with a modest number (~8 to 16) of 
quadrature points (streams). 

A very different type of multiple scattering tech- 
nique, called the Monte Carlo method, is based on 
randomly sampling a large number of computer- 
simulated ‘photons’ as they travel through the 
atmosphere and are absorbed and scattered. The 
basic idea here is that sensor radiance can be expressed 
asa multiple path integral over the local source terms, 
and Monte Carlo methods solve integrals by sampling 
the integrand. The major advantage of this method is 
that it is flexible enough to allow for all of the 
complexity of a realistic atmosphere, often neglected 
by other methods. The major drawback is its 
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computational burden, asa large number of photons is 
required for reasonable convergence; the Gaussian 
error in the calculation declines with the square root of 
the number of photons. The convergence problem is 
moderated to a large extent by using the physics of the 
problem being solved to bias the selection of photon 
paths toward those trajectories which contribute 
most; mathematically, this is equivalent to requiring 
that the integrand be sampled most often where its 
contributions are most significant. 


‘An Example Atmospheric RT Model: MODTRAN 


MODTRAN, developed collaboratively by the Air 
Force Research Laboratory and Spectral Sciences, 
Inc., is the most widely used atmospheric radiation 
transport model. It defines the atmosphere using 
stratified layering and computes. transmittances, 
radiances, and fluxes using a moderate spectral 
resolution band model with IR through UV coverage. 
‘The width of the standard spectral interval, or bin, in 
MODTRAN is lem '. At this resolution, spectral 
correlation among extinction sources is well charac- 
terized as random. Thus, the total transmittance from 
absorption and scattering of atmospheric particulates 
and molecular gases is computed as the product of the 
individual components. 

Rayleigh, aerosol, and cloud extinction are all 
spectrally slowly varying and well represented by 
Beer's Law absorption and scattering coefficients on 
a lem" grid, Calculation of molecular absorption 
is more complex because of the inherent spectral 
structure and the large number of molecular transi- 
tions contributing to individual spectral bins. As 
illustrated in Figure 2, MODTRAN partitions the 
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Figure 2 Components of molecular absorption. The line canter, 
line tall and continuum contributions to the total absorption are 
ilustrated for the central 1 em” * spectral bin. 


spectral bin molecular attenuation into 3_com- 
ponents: 


«Line center absorption from molecular transitions 
centered within the spectral bin; 

# Line tail absorption from the tails of molecular 
lines centered outside of the spectral bin but within 
25cm; and 

© HO and CO, continuum absorption from distant 
(>25 em”) lines, 


Within the terrestrial atmosphere, only H2O and CO2 
have sufficient concentrations and line densities to 
warrant inclusion of continuum contributions. These 
absorption features are relatively flat and accurately 
modeled using 5 cm”! spectral resolution Beer's Law 
absorption coefficients. 

Spectral bin contributions from neighboring line 
tails drop off, often rapidly, from their spectral bin 
edge values, but the spectral curves are typically 
simple, containing at most a single local minimum, 
For MODTRAN, these spectral contributions are 
pre-computed for a grid of temperature and pressure 
values, and fit with Padé approximants, specifically 
the ratio of quadratic polynomials in wavenumber, 
These fits are extremely accurate and enable line 
tail contributions to be computed on an arbitrarily 
fine grid. MODTRAN generally computes this 
absorption at a resolution equal to one-quarter the 
spectral bin width, i.e., 0.25 em~! for the 1.0m? 
band model. 

The most hasic ansatz of the MODTRAN band 
model is the stipulation that molecular line center 
absorption can be approximated by the absorption of 
n identical Voigt lines randomly distributed within 
the band model spectral interval, Av. Early in the 
development of RT theory, Plass derived the 
expression for the transmittance from these 
randomly distributed lines: 


re BY om 


MODTRAN’s evolution has resulted in a fine tuning 
of the methodology used to define both the effective 
line number 1 and the in-band single-line equivalent 
width W4. The effective line number is initially 
estimated from a relationship developed by Goody, 
in which lines are weighted according the to square 
root of their strength, but MODTRAN combines 
nearly degenerate transitions into single lines 
because these multiplets violate the random distri- 
bution assumption, The initial effective line number 
values are refined to insure a match with higher 
resolution transmittance predictions degraded to the 
band model resolution. The in-band equivalent 


Variants 


A third option to initiate rotation is to add a sec- 
‘ond winding in the stator, using fewer turns of 
smaller-gauge wire, which have a higher resist- 
ance than the main winding. Consequently the 
magnetic field will be angled to encourage the 
motor to start turning. This configuration is 
known asa split-phase induction motor, in which 
the starter winding is often referred to as the 
auxiliary winding and consists of about 30% of 
the total stator windings in the motor. Here 
again, a centrifugal switch can be incorporated, 
to eliminate the secondary winding from the ci 
cuit when the motor has reached 75 to 80 per- 
cent of its designed running speed. 


The relationship between motor speed and tor- 
que of the three types of motors described above 
is shown in Figure 23-10, These curves are sim- 
plified and do not show the effect that would be 
produced by introducing a centrifugal switch. 
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Figure 23-10. Approximate curves showing the relation 
ship between speed and torque for three types of single 
phase inductian motor. (Graph derived fram AC Induction 
‘Motor Fundamentals published by Micrachip Technology 
Inc.) 


Three-Phase Induction Motor 
Larger induction motors are often three-phase 
devices. Three-phase AC (whichis by farthe most 


ek rotational > ac motor 


‘omagnetism 


common form of polyphase AC) is delivered by a 
power utility company or generator via three 
wires, each of which carries alternating current 
with a phase difference of 120 degrees relative 
to the other two, usually for industrial applica- 
tions. A common configuration of stator coils for 
a three-phase motor is shown in Figure 23-11, 
Since the three wires take it in turns to deliver 
their peak voltage, they are ideally suited to turn 
the stator of a motor via induction, and no short- 
ing coil or capacitors needed for startup. Heavy- 
duty 3-phase induction motors are extremely re- 


liable, being brushless. and generally 
maintenance-free. 

Synchronous Motor 

‘Asynchronous motor is a form of induction mo- 


tor that is designed to reach and maintain equi- 
librium when the rotor is turning in perfect syn- 
chronization the AC power supply. The 
speed of the motor will depend on the number 
of poles (magnetic coils) in the stator, and the 
number of phases in the power supply. IfRis the 
RPM of a synchronous motor, fis the frequency 
of the AC current in Hz, and p is the number of 
poles per phase: 


R= (120* f) /p 


This formula assumes 60Hz AC current. Innations 
where 50Hz AC is used, the number 120 should 
be replaced with the number 100. 


‘Two basic types of synchronous motors exist: di- 
rectcurrentexcited, which require external power 
to start turning, and non-excited, which are self- 
starting, Since non-excited synchronous motors 
ate more common in electronicapplications, this 
encyclopedia will not deal with direct current ex- 
cited variants. 


A hysteresis motor is a synchronous motor con- 
taining a solid rotor cast from cobalt steel, which 
has high coercivity, meaning that once it is mag- 
netized, a substantial field is required to reverse 
the magnetic polarity. Consequently the polarity 
of the rotor lags behind the constantly changing 
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width is computed for an off-centered Voigt line of 
strength S. Lorentz and Doppler half-widths are 
determined as strength-weighted averages. The off- 
center distance is fixed to insure that the weak-line 
Lorentz equivalent width exactly equals the random 
line center value. 

MODTRAN scattering calculations are optimally 
performed using the DISORT discrete ordinates 
algorithm developed by Stamnes and co-workers. 
Methods for computing multiple scattering such as 
DISORT require additive optical depths, i.e., Beer's 
Law transmittances. Since the in-band molecular 
transmittances of MODTRAN do not satisfy Beer's 
Law, MODTRAN includes a correlated-k algorithm 
option. The basic band model ansatz is re-invoked to 
efficiently determine k-distributions; tables of k-data 
are pre-computed as a function of Lorentz and 
Doppler half-widths and effective line number, 
assuming spectral intervals contain m randomly 
distributed identical molecular lines. Thus, MOD- 
TRAN k-distributions are statistical, only dependent 
on band model parameter values, not on the exact 
distribution of absorption coefficients in each spectral 
interval. 


Applications 


Among the many applications of atmospheric trans- 
mission and scattering calculations, we briefly 
describe two complementary ones in the area of 
remote sensing, which illustrate many of the RT 
features discussed earlier as well as current optical 
technologies and problems of interest. 


Earth Surface Viewing 


The first example is Earth surface viewing from 
aircraft or spacecraft with spectral imaging sensors. 
These include hyperspectral sensors, such as AVIRIS, 
which have typically a hundred or more contiguous 
spectral channels, and multispectral sensors, such as 
Landsat, which typically have between three anda few 
tens of channels, These instruments are frequently 
used to characterize the surface terrain, materials and 
properties for such applications as mineral prospect- 
ing, environmental monitoring, precision agriculture, 
and military uses. In addition, they are sensitive to 
properties of the atmosphere such as aerosol optical 
depth and column water vapor. Indeed, in order to 
characterize the surface spectral reflectance, it is 
necessary to characterize and remove the extinction 
and scattering effects of the atmosphere. 

Figure 3 also shows an example of data collected by 
the AVIRIS sensor at ~3 km altitude over thick 
vegetation, The apparent reflectance spectrum is the 
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Figure 3 Vegetation spectrum viewed from 3 km altitude before 
(apparent reflectance) and after (reflectance) removal of 
atmospheric scattar and absorption 


observed radiance divided by the Top-of-Atmosphere 
horizontal solar flux. Atmospheric absorption by 
water vapor, oxygen, and carbon dioxide is evident, 
as well as Rayleigh and aerosol scattering. Figure 3 
shows the surface reflectance spectrum inferred by 
modeling and then removing these atmospheric 
effects (this process is known as atmospheric removal, 
compensation, or correction). It has the characteristic 
smooth shape expected of vegetation, with strong 
chlorophyll absorption in the visible and water bands 
at longer wavelengths. A detailed analysis of such a 
spectrum may yield information on the vegetation 
type and its area coverage and health, 


Sun and Sky Viewing 


The second remote sensing example is sun and sky 
viewing from the Earth's surface with a spectral 
radiometer, which can yield information on the 
aerosol content and optical properties as well as 
estimates of column concentrations of water vapor, 
ozone, and other gases. Figure 4 shows data from a 
Yankee Environmental Systems, Inc. multi-filter 
rotating shadow-band radiometer, which measures 
both ‘direct flux’ (the direct solar flux divided by the 
cosine of the zenith angle) and diffuse (sky) flux in 
narrow wavelength bands. The plot of In(direct 
signal) versus the air mass ratio is called a Langley 
plot, and is linear for most of the bands, illustrating 
Beer's Law. The extinction coefficients (slopes) vary 
with wavelength consistent with a combination of 
Mie and Rayleigh scattering. The water-absorbing 
940 nm band has the lowest values and a curved 
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Figure 4 Direct solar flux versus air mass at the surtace measured by a Yankee Environmental Systems, Inc. muit-fter rotating 


shadow-band radiometer at diferent wavelengths. 


plot, in accordance with the square-root dependence 
of the equivalent width for optically thick lines. 
The diffuse fluxes, which arise from aerosol and 
Rayleigh scattering, have a very different dependence 
on air mass than the direct flux. In particular, the 
diffuse contributions often increase with air mass for 
high sun conditions. 

The ratio of the diffuse and direct fluxes is 
related to the total single-scattering albedo, which is 
defined as the ratio of the total scattering coefficient 
to the extinction coefficient. Results from a number 
of measurements showing lower than expected 
diffuse-to-direct ratios have suggested the presence 
of black carbon or some other continuum absorber 
in the atmosphere, which would have a significant 
impact on radiative energy balance at the Earth’s 
surface and in the atmospheric boundary layer. 


st of Units and Nomenclature 


Line shape function [em] fe 
Lorentz line shape function [em] Arareoua(?) 
Voigt line shape function [em] Avoigt(®) 


Scattering asymmetry parameter 8 
Direct plus diffuse radiance (W em"! sr“! I 


or Wem? pm"! srt) 


Direct radiance (W em’! sr! or 
Wem? ym! sr!) 
Direct radiance at the LOS boundary 
(Wem! sr! or Wem? am”! sr!) 
Source function (W em”! sr”! or 
Wem? am! sr!) 
Extinction coefficient (em™! atm™') 
Effective number of lines in bin 
Scattering phase function (sr) 
Line strength (cm~? atm™') 
Transmittance 
Column density (atm em) 
Complex error (probability) function 
Single-line total equivalent width (em™') 
Single-line in-band equivalent 
width (cm~') 
Collision-broadened half-width at half 
maximum (cm”') 
Doppler half-width at Ie (em 
Spectral interval (bin) width (cm=') 
Scattering angle (radian) 
Wavelength (um) 
Wavenumber (em™!) 
Molecular line transition frequency 


) 


Direction of incoming light (st) 
Direction of outgoing light (sr) 
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Environmental Measurements: Laser Detection of 
Atmospheric Gases. Instrumentation: Spectrometers. 
‘Scattering: Scattering from Surfaces and Thin Films. 
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Introduction 


It is said that some in ancient Greece knew that light 
could be guided inside slabs of transparent material. 
From this purported little-known curiosity in the 
ancient world, guided wave optics has grown to be the 
technology of the physical level of the systems which 
transfer most of the information about the worlds the 
waveguide of the worldwide telecommunications 
network is the optical fiber. The optical fiber itself is 
buta passive waveguide, and guided wave opticsis the 
technology which includes all of the passive and active 
components which are necessary to prepare optical 
signals for transmission, regenerate optical signals 
during transmission, route optical signals through 
systems and code onto optical carriers, and decode 
the information from optical carriers, to. more 
conventional forms. In this article, some introduction 
to this rather encompassing topic will be given. 


This article will be separated into four parts. In the 
first section, discussion will be given to fiber optics, 
that is, the properties of the light guided in optical 
waveguides which allow the light to be guided in 
distinctly nonrectilinear paths over terrestrial dis- 
tances. The second section will then turn to the 
components which can be used along with the fiber 
optical waveguides in order to form useful systems. 
These components include sources and detectors as 
well as optical amplifiers. In the third section, we will 
discuss the telecommunications network which has 
arisen due to the availability of fiber optics and fiber 
optic compatible components. The closing section 
will discuss integrated optics, the field of endeavor 
which has such great promise to form the future of 
optical technology 


Fiber Optics 


Fiber optics is a term which generally refers to a 
technology in which light (actually infrared, visible, 
or ultraviolet radiation) is transmitted through the 
transparent cores of small threads of composite 
material, These threads, or fibers as they are called, 
when surrounded by a cladding material and 
coated with polymer for environmental protection 
(see Figure 1) can be coiled like conventional wire and 
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Figure 1 A dopiction of the structure of an optical fiber. The 
innermost cylinder is the core region in which the majority of the 
lights confined. The next concentric region is the cladding region 
hich is stil made of a pure material but one of a lower index of 
refraction than the innermost core region, such thatthe light ofthe 
lightwave decays exponentially with extension into this region. 
“The outermost ragion isa coating which protects the fused silica of 
the core and cladding from environmental contaminants such as 
water. For telecommunications fibers, the core is comprised of 
fused silica doped with germanium and typically has an index of 
refraction of 1.45, whereas the cladding fers from this index by 
only about 19. The coating soften a polyimide plastic which hasa 
higher index (perhaps 1.6) but no light guided light should see the 
cladding-coating interface, 


when cabled can resemble (a very lightweight flexible 
version of) conventional transmission wire. Although 
most of the optical fiber in use today is fabricated bya 
process of gas phase chemical deposition of fused 
silica doped with various other trace chemicals, fiber 
can be made from a number of different material 
systems and in a number of different configurations 
for use with various types of sources. In what follows 
in this opening section, we will limit discussion to the 
basic properties of the light guided by the fiber and 
Ieave more technological discussion to following 
sections. 

There are two complementary mathematical 
descriptions of the propagation of light in an optical 
waveguide. In the ray description, light incident on a 
fiber endface is considered to be made up of a 
bundle of rays. In a uniform homogeneous medium, 
each ray is like an arrow that exhibits rectilinear 
propagation from its source to its next interface 
with a dissimilar material. These rays satisfy Snell’s 
laws of reflection and refraction at interfaces 
between materials with dissimilar optical properties 
that they encounter along their propagation path. 
That is, at an interface, a fraction of the light is 
reflected backwards at an angle equal to the incident 
angle and a portion of the light is transmitted in a 
direction which is more directed toward the normal 
to the interface when the index increases across the 
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Figure 2 Schematic dopiction of the geometrical optics 
Interpretation of the coupling of light into an optical fiber. Here a 
ray that is incident on the canter of the fiber core at an upward 
angle Is first reffacted at the fused silica~air interface into 
the fused silica core. The ray is then totaly internally reflected at 
the care cladding interface such thatthe ray power remains in the 
core. The ray picture of light coupling is applicable to single rays 
coupling to @ multimede fiber. When there are multiple rays, 
Interference between these rays must be taken into account which 
is dificult to do in the ray picture. When there is only one 
(aifraction limited) mode in the fiber, the interference between a 
congruence of (spatially coherent) incident rays is necessary to 
describe the coupling. This description is more easly effected by a 
quas-monochromatic mode picture of the propagation. 


boundary and is directed more away from the 
normal when the index decreases. At the input 
endface of a wavegnide, a portion of the energy 
guided by each ray is refracted due to the change in 
refractive index at the guide surface and then 
exhibits a more interesting path within the fiber. In 
a step index optical fiber, where the index of 
refraction is uniformly higher in the fiber core 
than in a surrounding cladding, the rays will 
propagate along straight paths until encountering 
the core cladding interface. Guided rays (sce 
Figure 2) are totally internally reflected back into 
the fiber core to again be totally internally reflected 
at the next core cladding interface and so on, 
Radiating rays (sce Figure 3) will be only partially 
reflected at the core cladding interface and will 
rapidly die out in propagating down the fiber when 
it is taken into account that typical distances 
between successive encounters with the boundary 
may be sub-millimeter and total propagation dis- 
tances may be many kilometers. In graded index 
fibers, the refractive index within the fiber core 
varies continuously from a maximum somewhere 
within the core toa minimum at which the core 
ends and attaches continuously to a cladding. The 
ray paths within such fibers are curved and the 
guided rays are characterized by the fact that once in 
the fiber they never encounter the cladding, Radia- 
ting rays encounter the cladding and are refracted 
out of the fiber. This description of fiber propagation 
is quite simple and pleasing but does not take into 
account that each ray actually is carrying a clock 
that remembers how long it has been following its 
given path. When two rays come together, they can 
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Figure 8 Schematic depiction ofthe existence of a cut-off angle 
for coupling into an optical fiber. A ray incident from air on the 
‘contar of the fused silica fiber core is refracted at the air fused 
silica interface and then split when it comes to the core cladding 
interface within the fiber. Were the refracted angle of this ray zero 
{along the core cladding interface) we would say the ray is totally 
intemally reflected and no power escapes. As itis, there is 
refracted power into the cladding and the ray will rapidly attenuate 
as it propagates along the fiber. Although most telecommunica- 
tions fiber inthis day and age is graded index (the rays will curve 
rather than travel along straight paths), a typical repeat period in 
such a fber is a millimeter, whereas propagation distances may 
be 100 km. With a loss of even oniy 0.1% at each reflection form 
the cladding, the light ight at cut-off wll be severely attenuated in 
fone meter, no loss, one kilometer. 


either add or subtract, depending on the reading on 
their respective clocks. When the light is nearly 
monochromatic, the clocks’ readings are simply a 
measure of the phase of the ray when it was 
radiated from its source and the interference 
between rays can be quite strong. This interference 
leads to conditions which only allow certain ray 
paths to be propagated. When the light has a 
randomly varying phase in both space and time (and 
is therefore polychromatic), the interference all but 
disappears. But the condition that allows coupling 
to a specific ray path (mode) also is obliterated by 
the phase randomness, and coupling to a single 
mode guide, for example, becomes inefficient. 
When we need to preserve phase relations in 
order to preserve information while it propagates 
along a fiber path, we need to use single modes 
excited by nearly transform limited sources, that is 
sources whose time variation exhibits well-defined 
(nonrandom) phase variation. As a monochromatic 
wave carries no information, we will require a source 
which can be modulated. When modulation can be 
impressed on a carrier without loss of pha: 
information of either information or carrier, infor- 
mation can be propagated at longer distances than 
when the frequency spectrum of the carrier is 
broadened by noise generated during the modulation. 
We refer to such a source that can be modulated 
without broadening as a coherent or nearly coherent 
source. We cannot easily adapt the ray picture to the 
description of propagation of such coherent radiation 
in an optical fiber. Instead we must resort to using 
the time harmonic form of Maxwell’s equations, 


the equations which describe electromagnetic pheno- 
mena, whereas rays can be described by a simplifica- 
tion of the time-dependent form of these equations. In 
the time harmonic approach, we assume that the 
source is monochromatic and then solve for a set of 
modes of the fiber at the assumed frequency of the 
source. These modes have a well-defined phase 
progression as a function of carrier frequency and 
possess a given shape in the plane transverse to the 
direction of propagation. Information can be 
included in the propagation by assuming the quasi- 
monochromatic variation of the source, that is, one 
assumes that the source retains the phase relations 
between the various modulated frequency com- 
ponents even while its amplitude and phase is being 
varied externally. When one assumes that time 
harmonically (monochromatic) varying fields are pro- 
pagating along the fiber axis, one obtains solutions of 
Maxwell’s equations in the form of a summation of 
modes. These are guided modes, ones that propagate 
down the fiber axis without attenuation, There are 
's that never couple into a propa- 
gating mode in the fiber. These modes are analogous 
to the types of rays we see in the ray description of 
fiber propagation. There are also another set of 
modes which are called evanescent modes which 
show up at discontinuities in the fiber or at junctions 
between the fiber and other components. In the modal 
picture of fiber propagation, each of these modes is 
given an independent complex coefficient (that is, a 
coefficient with both amplitude and phase). These 
coefficients are determined first by any sources in the 
problem and then must be recalculated at each 
discontinuity plane along the propagation path in 
the fiber. When the source(s) in the problem is not 
transform limited, the phases of the coefficients 
become smeared out and the coupling problems at 
discontinuities take on radically different solutions. 

In some limit, these randomized solutions must 
appear as the ray solutions. Optical fibers are 
generally characterized by their numerical aperture 
(NA), as well as the number which characterizes its 
transverse dimension. The numerical aperture is 
essentially the sine of the maximum angle into 
which the guide will radiate into free space. When 
the guide is multimoded, then the transverse dimen- 
sion is generally given as a diameter. When a guide is 
single-moded, the transverse dimension is generally 
given as a spotsize, that is, by a measure of the size of 
a unity magnification image of the fiber endface. 
Multimode guides can be excited by even poorly 
coherent sources so long as they radiate into the NA or 
capture angle at the input of the guide. Single-mode 
fibers require an excitation which matches the shape 
and size of their fundamental mode. 


also radiation mod 
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Active Fiber Compatible Components 


Our discussion of propagation in fiber optic wave- 
guides would be a rather sterile one if there were not a 
number of fiber compatible components that can 
generate, amplify, and detect light streams available 
to us in order to construct fiber optic systems, In this 
section, we will try to discuss some of the theory of 
operation of active optical components in order to 
help clucidate some of the general characteristics of 
such components and the conditions that inclusion of 
such components in a fiber system impose on the form 
that the system must take. 

Ina passive component such as an optical fiber, we 
need only consider the characteristics of the light that 
is guided. Operation of active components requires 
that the optical fields interact with a medium in such a 
manner that energy can be transferred from the field 
through an excitation of the medium to the control- 
ling electrical stream and/or vice versa. Generally one 
wants the exchange to go only one way, that is from 
field to electrical stream or from electrical stream to 
ficult to achieve, 
whereas in lasers and amplifiers it is quite hard to 
climinate the back reaction of the field on the device. 
Whereas a guiding medium can be considered as a 
passive homogencous continuum, the active medium 
has internal degrees of freedom of its own as well as a 
granularity associated with the distribution of the 
microscopic active elements. At least, we must 
consider the active medium as having an active 
index of refraction with a mind (set of differential 
equations anyway) of its own. If one also wants to 
consider noise characteristics, one needs to consider 


field. In a detector this is not 


the lattice of active elements which convert the 
energy. The wavelength of operation of that active 
medium is determined by the energy spacing between 
the upper and lower levels of a transition which is 
determined by the microscopic structure of these 
grains, or quanta, that make up the medium, In a 
semiconductor, we consider these active elements to 
be so uniformly distributed and ideally spaced that we 
can consider the quanta (electron hole pairs) to be 
delocalized but numerous and labeled by their 
momentum vectors, In atomic media such as the 
rare earth doped optical fibers which serve as optical 
amplifiers, we must consider the individual atoms as 
the players. In the case of the semiconductor, a 
current, flowing in an external circuit, controls the 
population of the upper (electronic) and lower (hole) 
levels of each given momentum state within the 
semiconductor. When the momentum states are 
highly populated with electrons and holes, there is a 
flow of energy to the field (at the transition 
wavelength) and when the states are depopulated, 


the field will tend to be absorbed and populate the 
momentum states by giving up its energy to the 
medium, The situation is similar with the atomic 
medium except that the pump is generally optical 
(rather than electrical) and at a different wavelength 
than the wavelength of the field to be amplified. That 
isto say, one needs to use a minimum of three levels of 
the localized atoms in the medium in order to carry 
out an amplification scheme. 

The composition of a semiconductor determines its 
bandgap, that is, the minimum energy difference 
between the electron and hole states of a given 
momentum value. A source, be it a light emitting 
diode (LED) or laser diode (see Figure 4) will emit 
light at a wavelength which corresponds to an energy 
slightly above the minimum gap energy (wavelength 
equals the velocity of light times Planck’s constant 
divided by energy) whereas a detector can detect 
almost any energy above the bandedge. Only 
semiconductors with bandgaps which exhibit a 
minimum energy at a zero momentum transfer can 
be made to emit light strongly. Silicon does not 
exhibit a direct gap and although it can be used as a 
detector, it cannot be used as a source material. The 
silicon laser is and has been the ‘Holy Grail’ of 
electronics because of the ubiquity of silicon elec- 
tronics. To even believe that a ‘Holy Grail” exists 
requires a leap of faith, Weak luminescence has been 
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Figure 4 A schematic depiction of the workings of a 
semiconductor laser light source. The source is fabricated as a 
dlode, and narmal operation ofthis diode isin forward bias, that i, 
the p'side of the junction is biased positively with respect to 
{ground which is attached to the n-side of the junction. With the 
Psside postively biased, current should freely flow through the 
Junction. This is not quite true as there isa heterojunction region 
between the p- and n-regions in which electrons from the n-side 
‘may recombine with holes from the p-side. This recombination 
gives off a photon which is radiated. In light emitting diodes 
(LEDs), the photon simply leaves the light source as a 
spontaneously emitted photon. Ina laser diode, the heterojunction 
layer serves as 2 waveguide and the encfaces of the laser as 
rmirtars to provide feedback and allow laser operation in which the 
majority of the photons generated are generated in stimulated 
processes. 
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observed in certain silicon structures. This lumines- 
cence has been used for mid-infrared sources (where 
thermal effects mask strong luminescence) and in 
concert with rare earth dopants to make visible light 
emitting diodes. The silicon laser is still only a vision. 

Source materials are, therefore, all made of 
compound semiconductors. Detectors are in essence 
the inverse of sources (see Figure 5) but also must 
detect at wavelengths above their gap energy. For 
primarily historical reasons, as will be further 
discussed below, telecommunications employs esse 
tially three windows of wavelengths for different 
applications, wavelengths centered about 0.85 
microns in the first window, wavelengths about 1.3 
microns in the second window, and wavelengths 
about 1.55 microns in the third window. Materials 
made of layers of different compositions of AlGaAs 
and mounted on GaAs substrates are used in the first 
hand, while the other bands require the increased 
degree of freedom allowed by the quaternary alloys of 
InGaAsP mounted on InP substrates. Other material 
mixes are possible, these above-mentioned materials 
are the most common, Rare earth ions exhibit many 
different transitions, The most useful ones have 
proven to be the transitions of Er in the third 
telecommunications window, the one that covers 
the spectral region to either side of 1.55 microns. 
Although both Nd and Pr can be made to amplify 
near the 1.3 micron window, amplifiers made of these 
materials have not proven to be especially practical. 
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Figure 5 A schomatic dopiction of the workings of a 
semiconductor dotector. As with a semiconductor source, the 
dotecto is fabricated to operate as a diode, that is a p-n junction, 
but in the case ofthe detector this diode is to be operated only in 
reverse bias, that is, with the n-material being biased positively 
with respect to the ground which is attached to the p-material’s 
‘contact. In this mode of operation, no current should flow through 
the junction as there are no tree carters in the material, they have 
all been drawn out through the contacts. A photon of sufficiently 
high enargy can change this situation by farming an electron hole 
pairin the material. The electron and hole are thereafter drawn to 
the n- and p-contacts, respectively, causing a detectable current 
to flow in the extemal circuit 


Telecommunications Technology 


The physical transmission layer of the worldwide 
telecommunications network has come to be domi- 
nated by fiber optic technology, in particular, by 
wavelength division multiplexed or WDM. single- 
mode fiber optics operating in the 1.55 micron 
telecommunications window. In the following, we 
will first discuss how this transformation to optical 
communications took place and then go on to discuss 
some of the specifics of the technology. 

Already by the middle of the 1960s, it was clear 
that changes were going to have to take place in order 
that the exponential growth of the telephone system 
in the United States, as well as in Europe, could 
continue, The telephone system then, pretty much as 
now, consisted of a hierarchy of tree structures 
connected by progressively longer lines. A local office 
is used to connect a number of lines emanating in a 
tree structure to local users, The local offices are 
connected by trunk lines which emanate from a toll 
office. The lines from there on up the hierarchy are 
long distance ones which are termed long lines and 
can be regional and longer. The most pressing 
problem in the late 1960s was congestion in the so- 
called trunk lines which connect the local switching 
offices. The congestion was naturally most severe in 
urban areas. These trunk lines were generally one 
kilometer in length at that time, The problem was 
that there was no more space in the ducts that housed 
these lines, A solution was to use time division 
multiplexing or TDM to increase the traffic that could 
be carried by each of the lines already buried in the 
conduit, The problem was that the twisted pair lines 
employed would smear out the edges of the time 
varying bit streams carrying the information at the 
higher bitrates (aggregated rates due to the multi- 
plexing) due to the inherent dependence of signal 
propagation velocity on frequency known as dis- 
persion. After discussion and even development of a 
number of possible technologies, in 1975 a demon- 
stration of a fiber optic system which employed 
multimode semiconductor lasers feeding multimode 
optical fibers all operating at 0.85 micron wave- 
length, proved to he the most viable model for trunk 
line replacement. The technology was successful and 
already in 1980 advances in single-mode laser and 
single-mode fiber technology operating at the 1.3 
micron wavelength had made the inclusion of fiber 
into the long lines viable as well. For roughly the 
decade from 1985 onward, single-mode fiber systems 
dominated long line replacement for terrestrial as 
well as transoceanic links. The erbium doped fiber 
amplifier which operated in the 1.55 micron wave- 
length third telecommunication window had proven 
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itself to be viable for extending repeater periods by 
around 1990. Development of the InGaAsP quatern- 
ary semiconductor system allowed for reliable lasers 
to be manufactured for this window as development 
of strained lattice laser technology in the InGaAs 
system allowed for efficient pump lasers for the fiber 
amplifiers. As the optical amplifiers could amplify 
across the wavelength band that could be occupied by 
many aggregated channels of TDM signals, the move 
of the long line systems to the third telecommunica- 
tions window was accompanied by the adoption of 
wavelength division multiplexing or WDM. That is, 
electronics becomes more expensive as the analog 
bandwidth it can handle increases, Cost-effective 
digital rates are now limited to a few Gb/s, and analog 
rates to perhaps 20 GHz. Optical center frequencies 
are in the order of 2 x 10" Hz and purely optical 
filters can be made to cleanly separate information 
signals spaced as closely as 100 GHz apart on optical 
carriers. An optical carrier can then be made to 
carry hundreds of channels of 10 Gb/s separated 
by 100GHz and this signal can be propagated 
thousands of kilometers through the terrestrial fiber 
optics network. Such is today’s Worldwide Web. 


Integrated Optics as a Future of 
Guided Wave Optics 


As electronics has been pushed to ever greater levels 
of integration, its power has increased and its price 
has dropped. A goal implicit in much of the 
development of planar waveguide technology has 
been that optics could become an integrated technol- 
ogy in the same sense as electronics. This has not 
occurred and probably will not occur. This is not to 
say that integrated optical processing circuits are not 
being developed and that they will be not employed in 
the future. They most definitely will. 

Integrated optics was coined as a term when it 
was used in 1969 to name a new program at Bell 
Laboratories. This program was aimed at investi- 
gation of all the technologies that were possible with 
which to fabricate optical integrated circuits. The 
original effort was in no way driven by fiber optics 
as the Bell System only reluctantly moved to a fiber 
optic network solution in 1975. The original 
integrated optics efforts were based on such 
technologies as the inorganic crystal technologies 
that allowed for large second-order optical non- 
linearities, a necessity in order that a crystal also 
exhibits a large electro-optic coefficient. An electro- 
optic coefficient allows one to change the index of 
refraction of a crystal by applying a low frequency 
or DG electromagnetic field across the crystal. 


Substrate 


Figure 6 A schematic depiction of an integrated optical device 
Which is often used as a high speed modulator. The davice is an 
integrated version of a Mach-Zehnder interferometer. The basic 
Idea behind its operation is that spatially and temporally coherent 
light is input into a single mode optical channel. That channel is 
then spiitinto two channels by a Y-junction. Although not depicted 
inthe figure, the two arms should not have completely equivalent 
propagation paths. That is to say, that if the light in one of those 
paths propagates a slighty longer distance (as measured in torms 
ff phase fronts ofthe wave) then ane cannot recombine the power 
from the two arms. That is, in the second Y-junction, a certain 
amount of the light which we are trying to combine from the two 
arms willbe raciated out from the junction. in fact, f the ight were 
temporally incoherent (phase fronts not well defined), exactly half 
ofthe light would be radiated form the junction. Tiss a statement 
ff the brightness theorem which was thought to be a law of 
propagation before there were coherent sources of light. In a high 
Speed modulator, the substrate is an electro-optic crystal and 
electrodes are placed over the two arms which apply the electrical 
signal to be impressed on the optical carter to the channels. 


Lithium niobate technology is a technology that 
has lasted to the present as an optical modulator 
technology (see Figure 6) and an optical switch 
technology (see Figure 7), as well as a technology 
for parametric wavelength conversion. Unfortu- 


nately, although low loss passive waveguide can be 
fabricated in lithium niobate, the crystal is not 
amenable to any degree of monolithic integration, 
Glass was also investigated as an integration 
technology from the early days of integrated optics, 
but the lack of second-order nonlinearity in glass 
strictly limited its applicability. Attention for a 
period turned to monolithic integration in the 
semiconductor materials which were well progres- 
sing as for use as lasers, detectors, and integrated 
circuits. Semiconductor crystals, however, are too 
pure to allow for low loss light propagation which 
requires the material defects to be so numerous that 
optical wavelengths cannot sample them. Passive 
waveguides in semiconductors incur huge losses that 
can only be mitigated by almost constant optical 
amplification which, unfortunately, cannot track the 
rapid optical field variations necessary for infor- 
mation transfer. Early on, attention turned to silicon 
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Figure 7 A schematic depiction of an integrated optical device 
which is often used as an optical switch. This device is 
interferometric but really has no free space opties counterpart as, 
the Mach-Zhender interferometer does. In this interferometer, 
spatially and temporally coherent light is input into a single mode 
input channel. The two single optical mode input channels, 
hich are intially so far apart from each other in terms of thelr 
‘mode sizes that they are effectively uncoupled, are then brought 
ever closer together until they are strongly coupled and their 
‘modes are no longer confined to their separate waveguides but 
are shared between the two channels. As the channels are 
symmetric, but the intial excitation, if from a single waveguide 
alone, Is not, the pattern must evolve with propagation. Were 
both input channels excited, symmetry would sill require a 
symmetry of their phases. If the phases were either equal to 
each other or completely out of phase, then there would be no 
evolution because we would have excited coupler modes. I the 
‘coupled region is the proper length, ight input to one channel 
vill emerge from the other after the channels are pulled apart. I 
the substrate is an electro-optic crystal and electrodes are 
Placed over the channels, application of a voltage can affect the 
evolution of the interference in such a manner so as to 
‘decouple’ the channels and switch the light back to the original 
‘channel 


optical bench technology, a technology which has 
presently spawned micro-electro-mechanical-system 
(MEMs) technology and still persists as an expens- 
ive vehicle to hybrid electro-optical integration. In 
silicon bench, individual components are_micro- 
mounted with solder or s 


icon pop-up pieces on a 
silicon wafer which serves as a micro-optical bench. 
The technology is expensive and hybrid but perva- 
sive in the highest end of cost classes of optical 
systems. 

The tremendous success of the fiber optical net- 
work spawned a movement in which groups tried to 
achieve every possible system functionality in fibers 
themselves. A notable success has been the optical 
fiber amplifier. Significantly less successful in the fiber 
optic network has been the fiber Bragg grating. 
Attempts to carry out WDM functionalities in all 
fiber configuration leads to unwieldy configurations 
requiring large amounts of fiber and. significant 
propagation delays, although, Bragg grating sensors 
have proven to be somewhat useful in sensing 


applications. WDM functions have been imple- 
mented in a large number of different hybrid 
configurations, involving various types of glasses, 
fused silica on silicon and simple hybrids of birefrin- 
gent crystals. 

The telecommunications network is not the driver 
that it once was. That this is so is perhaps the 
strongest driving force yet for integrated optics. The 
driver now is new applications that must be 
implemented in the most efficient manner. The most 
efficient manner is quite generally the one in which 
there is a maximum degree of integration. In the long 
run, polymer has always been the winning technology 
for optics of any kind, due to the flexibility of the 
technology and the drop in cost that accompani 
mass production. Indeed, polymer integrated optics 
progresses. There are also a number of researchers 
involved in investigating strongly guiding optics, 
so-called photonic crystal optics. That is, in order to 
achieve low loss as well as low cost, the fiber and 
integrated optic waveguides up to the present have 
used small variations in optical properties of material 
to achieve guidance at the cost of having structures 
that are many wavelengths in size. In radio frequency 
(RF) and microwave technology, for example, guides 
are tiny fractions of a wavelength. This can lead to an 
impedance matching problem. RF and microwave 
impedance matching costs (versus circuit impedance 
matching costs) are generally quite high, precluding 
mass application. That radio frequency systems, such 
as cell phone transceivers link to the rest of the world 
by antenna, allows that the overall circuit dimension 
can be kept less than a single wavelength and 
impedance matching can be foregone in this so-called 
circuit limit. It is usually hard to keep an overall 
microwave system to less than a wavelength in overall 
extent except in the cell phone case or in a microwave 
oven. Optical miniaturization will require high index 
contrast guides, and will require optical impedance 
matching. There are few complete optical systems 
which will comprise less than an optical wavelength 
in overall extent. But then this so-called photonic 
crystal technology will likely be polymer compatible 
and there may be ways to find significant cost 
reduction. The future of integrated optics is unclear 
but bright. 
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Figure 23-11. The graph shows voltage delivered via three 
wires constituting a three-phase power supply. (The curve 
colors are arbitrary.) three-phase motar contains a mu 

tiple of three coils—often six, as shown here diagrammati 

cally. The three wires of the power supply are connected 
directly ta the calls, which induce a rotating magnetic 
field. 


polarity of the stator, creating an attracting force 
that turns the rotor. Because the lag angle is in- 
dependent of motor speed, this motor delivers 
constant torque from startup. 


Reluctance Motor 

Reluctance Is the magnetic equivalent to electri- 
cal resistance. Ifa piece of iron is free to move in 
a magnetic field, it will tend to align itself with 
the field to reduce the reluctance ofthe magnetic 


Variants 


circuit. This principle was used in very early re- 
luctance motors designed to work from AC and 
has been revived as electronics to control vari- 
able frequency drives have become cheaper. 


The simplest reluctance motor consists of a soft 
iron rotor with projecting lugs, rotating within a 
stator thatis magnetically energized with its own 
set of inwardly projecting poles. The rotor tends 
to turn until its lugs are aligned with the poles of 
the stator, thus minimizing the reluctance. 


A basic reluctance motor design is shown in 
Figure 25-2. It is located in the stepper motor 
section of this encyclopedia, as stepper motors 
are a primary application of the reluctance prin- 
ciple. 


Although a reluctance motor can be used with 
polyphase fixed-frequency AC power, a variable 
frequency drive greatly enhances its usefulness. 
The timing of the frequency is adjusted by the 
speed ofthemotor, whichis detected bya sensor. 
Thus the energizing pulses can remain “one step 
ahead” of the rotor. Since the rotor is not a mag- 
net, it generates no back-EMF,allowingittoreach 
very high speeds. 

The simplicity of the motor itselfis a compensat- 
ing factor for the cost of the electronics, as it re- 
quires no commutator, brushes, permanent 


magnets, or rotor windings. Characteristics of re- 
luctance motors include: 


+ Cheap parts, easily manufactured, and high 
reliability. 

+ Compact size and low weight. 

« Efficiencies greater than 90% possible. 


+ Capable of high start-up torque and 
speed operation. 


Disadvantages include noise, cogging, and tight 
manufacturing tolerances, as the air gap be- 
tween the rotor and stator must be minimized. 


Areluctance motor can function synchronously, 
if itis designed for that purpose. 


Chapter23. 197 
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Introduction 


Dispersion designates the property of a medium to 
propagate the different spectral components of a 
wave with a different velocity. It may originate from 
the natural dependence of the refractive index of a 
dense material to the wavelength of light, and one of 
the most evident and magnificent manifestations of 
dispersion is the appearance of a rainbow in the sky. 
In this case dispersion gives rise to a different 
refraction angle for the different spectral components 
of the white light, resulting in an angular dispersion 
of the sunlight spectrum and explicating the etymol- 
ogy of the term dispersion. Despite this spectacular 
effect, dispersion is mostly seen as an impairment in 
many applications, in particular for optical signal 
transmission. In this case, dispersion causes a 
rearrangement of the signal spectral components in 
the time domain, resulting in temporal spreading of 
the information and eventually in severe distortion. 

There is a trend to designate all phenomena 
resulting in a temporal spreading of information as 
a type of dispersion, namely the polarization dis- 
persion in optical fibers that should be properly 
named as polarization mode delay (PMD). In this 
article chromatic dispersion will be solely addressed, 
that designates the dependence of the propagation 
velocity on wavelength and that corresponds to the 
strict etymology of the term. 


Effect of 
Signal 


persion on an Optical 


An optical signal may always be considered as a 
sum of monochromatic waves through a normal 
Fourier expansion. Each of these Fourier components 
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propagates with a different phase velocity if the 
optical medium is dispersive, since the refractive 
index » depends on the optical frequency 1 This 
phenomenon is linear and causal and gives rise toa 
signal distortion that may be properly described by a 
transfer function in the frequency domain. 

Let n(v) be the frequency-dependent refractive 
index of the propagation medium. When the optical 
wave propagates in a waveguiding structure the 
effective wavenumber is properly described by a 
propagation constant p, that reads: 

po) = 27 (0) uw) 

% 

where ¢9 is the vacuum light velocity. The propa- 
gation constant corresponds to an eigenvalue of the 
wave equation in the guiding structure and normally 
takes a different value for each solution ot propa- 
gation mode. For free-space propagation this con- 
stant is simply equal to the wavenumber of the 
corresponding plane wave. 

The complex electrical field E(,0) of a signal 
propagating in the z direction may be properly 
described by the following expression: 


FG) = 


(zt) eld) 


with 1p: the central optical frequency 


and By = lv) 21 


where A(z.) represents the complex envelope of the 
signal, supposed to be slowly varying compared to the 
carrier term oscillating with the frequency 1. Con- 
sequently, the signal will spread over a narrow band 
around the central frequency 1 and the propagation 
constant 8 can be conveniently approximated by a 
limited expansion to the second order: 


ep 


(wy BI 


(ow) + 


7 dl 
BW) = Bo + F 


For a known signal A(0,t) at the input of the 
propagation medium, the problem consists in 
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determining the signal envelope A(z,t) after propa- 
gation over a distance z. The linearity and the 
causality of the system make possible a description 
using a transfer function H,(2) such as: 


Az, 1) =H.) AQ, ») [4] 


where A(z, ») is the Fourier transform of A(t). 

To make the transfer function H.(v) explicit, let us 
assume that the signal corresponds to an arbitrary 
harmonic function: 


A(O, t) = Age? [5] 


Since this function is arbitrary and the signal may 
always be expanded as a sum of harmonic functions 
through a Fourier expansion, there is no loss of 
generality. The envelope identified as a harmonic 
function actually corresponds to a monochromatic 
wave of optical frequency v= 1 +f as defined by 
eqn [2]. Such a monochromatic wave will experience 
the following phase shift through propagation: 


Elg,t) = Ay e204! Bote} 

= Ay e2atgiamt Bote) [61 
On the other hand, an equivalent expression may be 
found using the linear system described by eqns [2] 


and [4]: 


EGt) = AG.) corr 


71 


Since eqns [6] and [7] must represent the same 
quantities and using the definition in eqn [4], a simple 
comparison shows that the transfer function must 
take the following form: 


H,(v) = e410 Aa 3) 


The transfer function takes a more analytical form 
ing the approximation in eqn [3]: 


Hv) = BAW gD nF: (9) 


In the transfer function interpretation the first term 
represents a delay term. It means that the signal is 
delayed after propagation by the quantity: 

1 dp _z 


>= Ie [10] 


where Vy represents the signal group velocity. This 
term therefore brings no distortion for the signal and 
thus states that the signal is replicated at the distance 
zwith a delay 7p, 


The second term is the distortion term which is 
similar in form to a diffusion process and normally 
results in time spreading of the signal. In the case of a 
light pulse it will gradually broaden while propagat- 
ing along the fiber, like a hot spot on a plate gradually 
spreading as a result of heat diffusion. The effect 
of this distortion is proportional to the distance z 
and to the coefficient D,, named group velocity 
dispersion (GVD): 


uy 


It is important to point out that the GVD may be 
either positive (normal) or negative (anomalous) and 
the distortion term in the transfer function in eqn [9] 
may be exactly cancelled by propagating in a 
medium with D, of opposite sign. It means that 
the distortion resulting from chromatic dispersion is 
reversible and this is widely used in optical links 
through the insertion of dispersion compensators. 
These are elements made of specially designed 
fibers or fiber Bragg gratings showing an enhanced 
GVD coefficient, with a sign opposite to the GVD in 
the fiber. 

From the transfer function in eqn [9] it is possible 
to calculate the impulse response of the dispersive 
medium: 


bay = 1121 


so that the distortion of the signal may be calculated 
by a simple convolution of the impulse response with 
the signal envelope in the time domain. 

The effect of dispersion on the signal can be more 
casily interpreted by evaluating the dispersive propa- 
gation of a Gaussian pulse. In this particular case 
the calculation of the resulting envelope can be 
carried out analytically. If the signal envelope takes 
the following Gaussian distribution at the or 


AQ) =Aye * 113) 


with 7p the 1/e half-width of the pulse, the envelope at 
distance z is obtained by convoluting the initial 


envelope with the impulse response h.(t): 


Alz,t) = b(t) @AO,1) 


Dies (1A 
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where 


(15) 


z= 


represents the typical dispersion length, that is the 
distance necessary to make the dispersion effect 
noticeable. 

The actual pulse spreading resulting from dis- 
persion can be evaluated by calculating the intensity 
of the envelope at distance z: 


lag. oF [16] 


that is still a Gaussian distribution centered about the 
propagation delay time 7p, with Ie half-width: 


roy + 


The variation of the pulse width r(z) is presented in 
Figure 1 and clearly shows that the pulse spreading 
starts to be nonnegligible from the distance z= zo, 
This gives a physical interpretation for the dispersion 
length zp. It must be pointed out that there is a direct 
formal similarity between the pulse broadening of a 
Gaussian pulse in a dispersive medium and the 
spreading of a free-space Gaussian beam as a result 
of diffraction. Asymptotically for distances z > zp, 
the pulsewidth increases linearly: 


71 


12) = 1D, 
a 


118] 


It must be pointed out that the width increases 
proportionally to the dispersion D,, but also inversely 
proportionally to the initial width rp. This results 


x2) 


2% 
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Figure 1 Variation of the 1/0 half-width of a Gaussian pulse, 
showing the pulse spreading effect of dispersion. The dashed 
line shows the asymptotic linear spreading for large propagation 
distance. 


from the larger spectral width corresponding to a 
narrower pulsewidth, giving rise to a stronger 
dispersive effect. 

The chromatic dispersion does not modify the 
spectrum of the transmitted light, as any linear effect. 
This can be straightforwardly demonstrated by 
spectrum of the signal 
envelope at any distance z, using the eqns [4] and [8]: 


evaluating the intensi 


je Hee Aoel 71400, oP? 
9) 


IAG, 091 


H(A, » 
= 1A, 9? 


It means that the pulse characteristics in the time 
and frequency domains are no longer Fourier- 
transform limited, since after the broadening due 
to dispersion, the spectrum should normally spread 
over a narrower spectral width. This feature results 
from a re-arrangement of the spectral components 
within the pulse. This can be highlighted by evaluat- 
ing the distribution of instantaneous frequency 
through the pulse. The instantaneous frequency ay is 
defined as the time-derivative of the wave phase 
factor 6(t) and is uniformly equal to the optical 
carrier pulsation «, = 2p for the initial pulse, as 
can be deduced from the phase factor at z= 
by combining eqns [2] and [13]. 
instantaneous frequency means that all spectral 
components are uniformly present within the pulse 
at the origin. 

After propagation through the dispersive medium 
the phase factor ¢(¢) can be evaluated by combining 
eqns [2] and [14] and evaluating the argument of the 
resulting expression, The instantaneous frequency «, 
is obtained after a simple time derivative of ¢4¢) and 
reads: 


This constant 


3 
lt) = toy + Diesay 


2 
Dae [20] 


1») 
For z > 0 the instantaneous frequency varies linearly 


over the pulse, giving rise to a frequency chirp. The 
frequency components are re-arranged in the pulse, so 


that the lower frequency components are in the 
leading edge of the pulse for a normal dispersion 
D,>0 and the higher frequencies in the trailing 
edge. 
arrangement is opposite, as can be seen in Figure 2. 
The effect of this frequency chirp can be visualized 


For an anomalous dispersion D, <0, the 


in Figure 3, showing that the effect of dispersion is 
equivalent to a frequency modulation over the pulse. 
The chirp is maximal at position zp and the 
pulsewidth takes its minimal value 1 when the 
chirp is zero. It is evident with this description 
that the pulse broadening may be entirely compen- 
sated through propagation in a medium of opposite 
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Figure 2 Distribution ofthe instantaneous frequency through a 
Gaussian pulse. At the origin the distribution is uniform (left) and 
the dispersion induces a frequency chirp that depends on the sign 
of the GVD coefficient D, 


1=0 


i 


Figure 3 The dispersion results in a pulse broadening together 
with a frequency chirp, here for a normal GVD, that can be seen 
lke a frequency modulation. 


group velocity dispersion; this is equivalent to 
reversing the time direction in Figure 3. Moreover a 
pre-chirped pulse can be compressed to its Fourier- 
transform limited value after propagation in a 
medium with the proper dispersion sign. This feature 
is widely used for pulse compression after pre- 
chirping through propagation in a medium subject 
to optical Kerr effect. 

The above description of the propagation of a 
Gaussian pulse implicitly states that the light source is 
perfectly coherent. In the early stages of optical 
communications it was not at all the case, since most 
sources were either light emitting diodes or multi- 
mode lasers. In this case the spectral extent of the 
signal was much larger than actually required for the 
strict need of modulation. Each spectral component 
may thus be considered as independently propagating 
the signal and the total optical wave can be identified 
to light merged from discrete sources emitting 
simultaneously the same signal at a different optical 
frequency. The group velocity dispersion will cause a 
delay 8r between different spectral components 
separated by a frequency interval 6y that can be 
simply evaluated by a first-order approximation: 


dy, dz 
ar= Pav ala) 


Py 


D,ziv 


where eqns [10] and [11] have been used. The delay 
Sr is thus proportional to the GVD coefficient D,, 


to the propagation distance z and the frequency 
separation 5y. This description can be extended to a 
continuous frequency distribution with a spectral 
width o,, resulting to the following temporal broad- 
ening 0: 


IDyle,z (22) 


Traditionally the spectral characteristics of a source 
are given in units of wavelength and the GVD 
coefficient is expressed in optical fibers accordingly. 
Following the same description as above, the tem- 
poral broadening o;, for a spectral width oy in 
wavelength units, reads: 


o, = IDyleyz 123) 


Since equal spectral widths must give equal broad- 
ening the value of the GVD in units of wavelength can 
he deduced from the natural definition in frequency 
units: 


It must be pointed out that the coefficient D, takes a 
sign opposite to D,; in other words, a normal 
dispersion corresponds to a negative GVD coefficient 
Dy. It is usually expressed in units of picoseconds of 
temporal broadening, per nanometer of spectral 
width and per kilometer of propagating distance, or 
psinm km. For example, a pulse showing a spectral 
width of I nm propagating through a 100 km fiber 
having a dispersion D, of +10 psinm km, will 
experience, according to eqn [23], a pulse broadening 
7, of 10X 1X 100 = 1000 ps or Ins. 


Material Group Velocity Dispersion 


Any dense material shows a variation of its index of 
refraction m as a function of the optical frequency 1 
This natural property is called material dispersion 
and is the dominant contribution in weakly guiding 
structures such as standard optical fibers. This natural 
dependence results from the noninstantaneous 
response of the medium to the presence of the electric 
field of the optical wave. In other words, the 
polarization field P(t) corresponding to the material 
response will vary with some delay or inertia to the 
change of the incident electric field E(t). This delay 
between cause and effect generates a memory-type 
response of the medium that may he described using a 
time-dependent medium susceptibility y(t). The 
relation between medium polarization at time t and 
incident field results from the weighted superposition 
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of the effects of E(t’) at all previous times ¢! < t. This 
takes the form of the following convolution: 

Pit) = eq] x(t = VEE) [25] 
Through application of a simple Fourier transform 
this relation reads in the frequency domain as: 


P(0) = eo EW) 6] 


showing clearly that the noninstantaneous response 
of the medium results in a frequency-dependent 
refractive index using the standard relationship with 
the susceptibility x: 
nQ=JTFX@) where y()=FT Ix) 127] 
This means that a beautiful natural phenomenon such 
as.a rainbow, originates on a microscopic scale from 
the sluggishness of the medium molecules to react to 
the presence of light. For signal propagation, it results 
in a distortion of the signal and in most cases in a 
pulse spreading, but the microscopic causes are in 
essence identical. This noninstantaneous response is 
tightly related to the molecules’ vibrations that also 
give rise to light absorption. For this reason it is 
convenient to express the propagation in an absorp- 
tive medium by adding an imaginary part to the 
susceptibility y(1): 
128] 


N= (OHNO) 


so that the refractive index n(x) and the absorption 
coefficient a(1) reads in a weakly absorbing medium: 


nla) = $y" 


ay") 


a(n) 


2 
rr) ea 
Since the response of the medium, given by the time- 
dependent susceptibility (2) in eqn [25], is real and 
causal, the real and imaginary part of the suscepti- 
bility in eqn [28] are not entirely independent and are 
related by the famous Kramers—Kronig relations: 


130] 


Absorption and dispersion act in an interdependent 
way on the propagating optical wave and knowing 
either the absorption or the dispersion spectrum is 
theoretically sufficient to determine the entire optical 
response of the medium. The interdependence 


Figure 4 Typical optical response of a transparent medium, 
showing the spectral interdependence between the absorption 
coefficient « and the index of refraction n. 


between absorption and dispersion is typically 
illustrated in Figure 4. The natural tendency is to 
observe a growing refractive index for increasing 
frequencies in low absorption regions. In this case, the 
dispersion is called normal and this is the most 
observed situation in transparency regions of a 
material, which obviously offer the largest interest 
for optical propagation. In an absorption line the 
tendency is opposite, a diminishing index for increas- 
ing wavelength, and such a response is called 
anomalous dispersion. The dispersion considered 
here is the phase velocity dispersion, represented by 
the slope of n(x), that must not be mistaken with the 
group velocity dispersion (GVD) that only matters for 
signal distortion. The difference between these two 
quantities is clarified below. 

To demonstrate that a frequency-dependent refrac- 
tive index n(1) gives rise to a group velocity dispersion 
and thus a signal distortion we use eqns [1] and [10], 
so the group velocity V, can be expressed: 


Nis called group velocity index and differs from the 
phase refractive index m only if m shows a spectral 
dependence. In a region of normal dispersion (dn! 
dv) >0, the group index is larger than the phase 
index and this is the situation observed in the great 
majority of transparent materials, From eqn [31] and 
using eqn [24] the GVD coefficient Dy can be 
expressed as a function of the refractive index m(A): 


1\_d/(N)__adn 
Ve) D\a) 


The GVD coefficient is proportional to the second 
derivative of the refractive index n with respect to 


132] 
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wavelength and is therefore minimal close to a point 
of inflexion of mA). As can be seen in Figure 4 such a 
point of inflexion is always present where absorption 
is minimal, at the largest spectral distance from two 
absorption lines. It means that the conditions of low- 
group velocity dispersion and high transparency are 
normally fulfilled in the same spectral region of an 
optical dielectric material. In this region the phase 
velocity dispersion is normal at any wavelength, but 
the group velocity is first normal for shorter 
wavelengths, then is zero at a definite wavelength 
corresponding to the point of inflexion of n(A), and 
finally becomes anomalous for longer wavelengths. 
The situation in which normal phase dispersion and 
anomalous group dispersion are observed simul- 
taneously is in no way exceptional. 

In pure silica the zero GVD wavelength is at 
1273 nm, but is subject to be moderately shifted to 
larger wavelengths in optical fibers, as a result of the 
presence of doping species to raise the index in the 
fiber guiding core. This shift normally never exceeds 
10nm using standard dopings; larger shifts are 
observed resulting from waveguide dispersion and 
this aspect will be addressed in the next section. The 
zero GVD wavelength does not strictly correspond to 
the minimum attenuation in silica fibers, because the 
dominant source of loss is Rayleigh scattering in this 
spectral region and not molecular absorption. This 
scattering results from fluctuations of the medium 
density as observed in any amorphous materials such 
as vitreous silica and is therefore a collective effect of 
many molecules that does not impinge on the 
microscopic susceptibility y(). It has therefore no 
influence on the material dispersion characteristics 
and this explains the reason for the minimal 
attenuation wavelength at 1550 nm, mismatching 
and quite distant from the zero material GVD at 
1273 nm. 

Material GVD in amorphous SiO, can be accu- 
rately described using a three-term Sellmeier expan- 
sion of the refractive index: 


may +> 


and performing twice the wavelength derivative. The 
coefficients C; and A, are found in most reference 
handbooks and result in the GVD spectrum shown in 
Figure 5. Such a spectrum explains the absence of 
interest for propagation in the visible region through 
optical fibers, the dispersion being very important in 
this spectral region. It also explains the large 
development of optical fibers in the 1300 nm region 
as a consequence of the minimal material dispersion 
there, It must he pointed out that it is quite easy to set 
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Figure § Material dispersion of pure silica. The visible region 
(0.4-0.7 um) shows a strong normal GVD that decreases when 
moving into the infrared and eventually vanishes at 1273 nm. In 
the minimum attenuation window (1850 nm) the material GVD is 
anomalous. 


up propagation in an anomalous GVD regime in 
optical fibers, since this regime is observed in the 
lowest attenuation spectral region. Anomalous dis- 
persion makes possible interesting propagation fea- 
tures when combined with a third-order nonlinearity 
as the optical Kerr effect, namely soliton propagation 
and efficient spectral broadening through modulation 
instability. 


Waveguide Group Velocity Dispersion 


Solutions of the wave equation in an optical 
dielectric waveguide such as an optical fiber are 
discrete and limited. These solutions, called modes, 
are characterized by an unchanged field distribution 
along the waveguides and by a uniform propagation 
constant B over the wavefront, This last feature is 
particularly important if one recall that the field 
extends over regions presenting different refractive 
indices in a dielectric waveguide. For a given mode, 
the propagation constant B defines an effective 
refractive index my for the propagation by simi- 
larity to eqn [ 


4) 


The value of this effective refractive index muy is 
always bound by the value of the core index m) and 
of the cladding index m, so that 1m < muy < my. For 
a given mode, the propagation constant , and so 
the effective refractive index ng, only depend on a 
quantity called normalized frequency V that essen- 
tially scales the light frequency to the waveguide 
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optical parameters: 


va ahd — 


where a is the core radius. Figure 6 shows the 
dependence of the propagation constant f of the 
fundamental mode LPo; on the normalized frequency 
V. The variation is nonnegligible in the single-mode 
region and gives rise to a chromatic dispersion, since V 
depends on the wavelength A, even in the fictitious case 
of dispersion-free refractive indices in the core and the 
cladding materials. This type of chromatic dispersion 
is called waveguide dispersion. 

To find an expression for the waveguide dispersion 
in function of the guiding properties, let us define 
another normalized parameter, the normalized phase 
constant b, such as: 


135] 


p= 22g tbo =D 1361 
The parameterb takes valuesin theinterval0 <b <1, 
is equal to 0 when my =m, at the mode cutoff, and is 
equal to 1 when m=. This latter situation is 
never observed and is only asymptotic for very large 
normalized frequencies V. Solving the wave equation 
provides the dispersion relation 6(V) and it is impor- 
tant to point out that this relation between normalized 
quantities depends only on the shape of the refractive 
index profile. Step-index, triangular or multiple-clad 
index profiles will result in different b(V) relations, 
independently of the actual values of the refractive 
indices , and it, and of the core radius a. 

From the definitions in eqns [10] and [35] and in the 
fictitions case of an absence of material dispersion, 
the propagation delay per unit length reads: 


1 dp dv 
In dV dv 


Figure 6 Propagation constant tas a function ofthe normalized 
frequency Vin a step-index optical fiber. The single mode ragion is 
inthe range 0 < V= 2.405, 


so that the waveguide group velocity dispersion can 
be expressed using the relation in eqn [24]: 


wd fl d (1 )dy 

ot a(t) ao) 
Sones 1_ yds 
THAY, ney dv? 
The calculation of the combined effect of material 
and waveguide dispersions results in very long 
expressions in which it is difficult to highlight the 


relative effect of each contribution, Nevertheless, by 
making the assumption of weak guidance: 


138] 
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where N; and Ny are the group indices in the core and 
the cladding, respectively, defined in eqn [31], the 
complete expression can be drastically simplified to 
obtain for the delay per unit length: 

a4 


LN eV 
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] 140] 
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and for the total dispersion: 


d(bV) 
D, = Ds + (Dy - Dy GP 
Foy an 
dv? 
where 
_ adm _ Ae 
D= Dp and Dy FF ae 142] 


are the material GVD in the core and the cladding, 
respectively. 

The first two terms in eqn [41] represent the 
contribution of material dispersion weighted by the 
relative importance of core and cladding materials for 
the propagating mode, In optical fibers, the difference 
between D, and Dj is small, so that this contribution 
can be often well approximated by D3, independently 
of any guiding effects, 

The last term represents the waveguide dispersion 
and is scaled by 2 factors: 


© The core-cladding index difference ny —m~ 
Nj; — Np. The waveguide dispersion will be sig- 
nificantly enhanced by increasing the index differ- 
ence between core and cladding. 

© The shape factor Vid*(bVdV"). This factor 
uniquely depends on the shape of the refractive 
index profile and may substantially modify the 
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Figure 7 Material, waveguide and total group velocity cisper- 
sions for: (a) step-index fiber, (b) triangular profile fiber. The 
‘waveguide dispersion can be significantly enhanced by changing 
the shape of the index profile, making possible a shit of the 2er0 
GVD to the minimum attenuation window. 


spectral dependence of the waveguide dispersion, 
making possible a great variety of dispersion 
characteristics. 


Due to this degree of freedom brought by wave- 
guide dispersion it is possible to shift the zero GVD 
wavelength to the region of minimal attenuation at 
1550 nm in silica optical fibers. Figure 7a shows the 
total group velocity dispersion of a step-index core 
fiber, together with the separate contributions of 
material and waveguide GVD. In this case, the 
material GVD is clearly the dominating contribution, 
while the small waveguide GVD results in a shift of 
the zero GVD wavelength from 1273 nm to 1310 nm, 
A larger shift could be obtained by increasing the 
core-cladding index difference, but this also gives rise 


to an increased attenuation from the doping and no 
real benefit can be expected from such a modification. 
In Figure 7b, the core shows a triangular index profile 


to enhance the shape factor in eqn [41], so that the 
contribution of waveguide GVD is significantly 
increased with no impairing attenuation due to 
excessive doping. This makes it possible to realize 
the ideal situation of an optical fiber showing a zero 
GVD at the wavelength of minimum attenuation. 
These dispersion-shifted fibers (DSF) have now 
become successful in modern telecommunication 
networks. 

Nevertheless, the absence of dispersion favors the 
efficiency of nonlinear effects and several classes of 
fibers are now proposed, showing a small but nonzero 
GVD at 1550 nm, with positive or negative sign, 
nonzero DSF (NZDSF). By interleaving fibers with 
positive and negative GVDs it is possible to propagate 
along the optical link in a dispersive medium and thus 
minimize the impact of nonlinearities, while main- 
taining the overall GVD of the link close to zero and 
canceling any pulse spreading accordingly. 


List of Units and Nomenclature 


Chromatic dispersion [ps nm~' km™*] Dy 
Electric field [V m~"] E 
Group index N 
Group velocity [m s~"] Vy 
Group Velocity Dispersion D, 
GVD [s'm * 

Linear attenuation coefficient [m™~'] a 
Medium susceptibility ¥ 
Normalized frequency Vv 
Optical frequency [s'] v 
Propagation constant [m™"] B 
Propagation delay [s] 1 
Polarization density field [A sm] P 
Refractive index ” 
Vacuum light velocity [m s~'] & 
Wavelength [m] a 
See also 
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Introduction 


The drawing of optical fibers from silica preforms 
has, over a short period of time, progressed from the 
laboratory to become a manufacturing. process 
capable of producing millions of kilometers of 
telecommunications fiber a year. Modern optical 
fiber fabrication processes produce low-cost fiber of 
excellent quality, with transmission losses close to 
their intrinsic loss limit. Today, fiber with trans- 
mission losses of 0.2 dB per kilometer of fiber are 
routinely drawn through a two-stage process that has 
been refined since the 1970s. 

Although fibers of glass have been fabricated and 
used for hundreds of years, it was not until 1966 that 
serious interest in the use of optical fibers for 
communication emerged. At this time, it was 
estimated that the optical transmission loss in bulk 
glass could be as low as 20dB km_! if impurities 
were sufficiently reduced, a level at which practical 
applications were possible, At this time, no adequate 
fabrication techniques were available to synthesize 
glass of high purity, and fiber-drawing methods were 
crude. 

Over the next five years, efforts worldwide 
addressed the fabrication of low-loss fiber. In 1970, 
a fiber with a loss of 20 dB km™* 
fiber consisted of a titania doped core and pure silica 
cladding, This result generated much excitement and 
a number of laboratories worldwide actively began 
researching optical fiber. New fabrication techniques 
were introduced, and by 1986, fiber loss had been 
reduced close to the theoretical limit. 


was achieved. The 
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All telecommunications fiber that is fabricated 
today is made of silica glass, the most suitable 
material for low-loss fibers. Early fiber research 
studied multicomponent glasses, which are perhaps 
more familiar optical materials; however, low-loss 
fiber, could not be realized, partly due to the lack of a 
suitable fabrication method. Today other glasses, in 
particular the fluorides and sulfides, continue to be 
developed for speciality fiber applications, but silica 
fiber dominates in most applications. 

Silica is a glass of simple chemical structure 
containing only two elements, silicon and oxygen. 
It has a softening temperature of about 2,000°C at 
which it can be stretched, ic. drawn into fiber. 
An optical fiber consists of a high purity silica glass 
core, doped with suitable oxide materials to raise its 
refractive index (Figure 1), This core, typically on the 
order of 2-10 microns in diameter, is surrounded by 
silica glass of lower refractive index. This cladding 
layer extends the diameter to typically 125 microns, 
Finally a protective coating covers the entire struc- 
ture. It is the phenomenon of total internal reflec- 
tion at the core cladding interface that confines light 
to the core and allows it to be guided. The basic 
requirements of an optical fiber are as follows: 


1, The material used to form the core of the fiber 
must have a higher refractive index than the 
cladding material, to ensure the fiber is a guiding 
structure, 


Figure 1 Structure of an optical fiber. 


Bulfer coating 
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2, The materials used must be low loss, providing 
transmission with no absorption or scattering of 
light. 

3. The materials used must have suitable thermal 
and mechanical properties to allow them to be 
drawn down in diameter into a fiber. 


Silica (SiOz) can be made into a glass relatively 
easily. It does not easily crystallize, which means that 
scattering from unwanted crystalline centers within 
the glass is negligible. This has been a key factor in the 
achievement of a low-loss fiber. Silica glass has high 
transparency in the visible and near-infrared wave- 
length regions and its refractive index can be easily 
modified. It is stable and inert, providing excellent 
chemical and mechanical durability. Moreover, the 
purification of the raw materials used to synthesize 
silica glass is quite straightforward. 

In the first stage of achieving an optical fiber, silica 
glass is synthesized by one of three main chemical 
vapor processes. All use silicon tetrachloride (SiCl4) 
as the main precursor, with various dopants to 
modify the properties of the glass. The precursors 
are reacted with oxygen to form the desired oxides. 
The end result is a high purity solid glass rod with 
the internal core and cladding structure of the 
desired fiber. 

In the second stage, the rod, or preform as it is 
known, is heated to its softening temperature and 
stretched to diameters of the order of 125 microns. 
Tens to hundreds of kilometers of fiber are produced 
from a single preform, which is drawn continuously, 
with minimal diameter fluctuations. During the 
drawing process one or more protective coatings are 
applied, yielding long lengths of strong, low-loss fiber, 
ready for immediate application. 


Preform Fabrication 


The key step in preparing a low-loss optical fiber is to 
develop a technique for completely eliminating 
transition metal and OH ion contamination during 
the synthesis of the silica glass. The three methods 
most commonly used to fabricate a glass optical 
fiber preform are: the modified chemical vapor 
deposition process (MCVD)}; the outside vapor depo- 
sition process (OVD); and the vapor-axial deposition 
process (VAD). 

Ina typical vapor phase reaction, halide precursors 
undergo a high temperature oxidation or hydrolysis 
to form the desired oxides. The completed chemical 
reaction for the formation of silica glass is, for 
oxidation: 


SCI, + Oy + SiO, + i 


For hydrolysis, which occurs when the deposition 
occurs in a hydrogen-containing flame, the reaction is: 


SiCl, + 2H,0 — SiO) + 4HCI 21 


These processes produce fine glass particles, spherical 
in shape with a size of the order of I nm, These glass 
particles, known as soot, are then deposited and 
subsequently sintered into a bulk transparent glass. 
The key to low-loss fiber is the difference in vapor 
pressures of the desired halides and the transition 
metal halides that cause significant absorption loss at 
the wavelengths of interest. The carrier gas picks up a 
pure vapor of, for example, SiCl,, and any impurities 
are left behind. 

Part of the process requires the formation of the 
desired core/cladding structure in the glass. In all 
cases, silica-hased glass is produced with variations 
in refractive index produced by the incorporation of 
dopants. Typical dopants used are germania (GeO2), 
titania (TiO,), alumina (Al,O3), and phosphorous 
pentoxide (P20s) for increasing the refractive index, 
and boron oxide (B2O2) and fluorine (F) for 
decreasing it. These dopants also allow other proper- 
ties to be controlled, such as the thermal expansion 
of the glass and its softening temperatures. In 
addition, other materials, such as the rare earth 
lements, have also been used to fabricate active 
fibers that are used to produce optical fiber 
amplifiers and lasers. 


MCVD Process 


Optical fibers were first produced by the MCVD 
method in 1974, a breakthrough that completely 
solved the technical problems of low-loss fiber 
fabrication (Figure 2). 

As shown schematically in Figure 3, the halide 
precursors are carried in the vapor phase by oxygen 
carrier gas into a pure silica substrate tube. An oxy- 
hydrogen burner traverses the length of the tube, 
which it heats externally. The tube is heated to 
temperatures of about 1,400°C which then oxidizes 
the halide vapor materials. The deposition tempera- 
ture is sufficiently high to form a soot made of glassy 
particles which are deposited on the inside wall of the 
substrate tube but low enough to prevent the softened 
silica substrate tube from collapsing. The process 
usually takes place on a horizontal glass-working 
lathe, 

During the deposition process, the repeated traver- 
sing of the burner forms multiple layers of soot. 
Changes to the precursors entering the tube and thus 
the resulting glass composition are introduced for 
layers which will form the cladding and then the core. 
‘The MCVD method allows germania to be doped into 


Variants 


Variable Frequency Drive 

Abasic induction motor suffers from significant 
problems. The surge of power that it draws when 
starting from rest can pull down the supply volt- 
age enough toaffect other devices that share the 
‘AC power supply. (Hence, the brief dimming of 
lights that may occur when the compressor in an 
air conditioner or refrigerator starts running) 
While the motor is turning, itcan introduce elec- 
trical noise, which feeds back into the power 
supply, once again causing potential problems 
for other devices. In addition, the narrow range 
of speed of an AC induction motor isa great dis- 
advantage. 


The advent of cheap solid-state technology en- 
couraged the development of variable-frequency 
powersupplies forinduction motors. Because the 
impedance of the motor will diminish as the fre- 
quency diminishes, the current drawn by the 
motor will tend to increase. To prevent this, a 
variable frequency supply also varies the voltage 
that it delivers. 


Wound-Rotor AC Induction Motor 


The stator of this variant is basically the same as 
that of a single-phase induction motor, but the 
rotor contains its own set of coils. These are elec- 
trically accessible via a commutator and brushes, 
as ina DC motor. Because the maximum torque 
(also known as pull-out torque) will be propor- 
tional to the electrical resistance of the coils in 
the rotor, the characteristics of the motor can be 
adjusted by adding or removing resistance ex- 
ternally, via the commutator. A higher resistance 
will enable greater torque atlow speed when the 
slip between the rotor speed and rotation of the 
magnetic field induced by the stator is greatest. 
This is especially useful in corded power tools 
such as electric drills, where high torque at low 
speed is desirable, yet the motor can accelerate 
tofull speed quickly when the external resistance 
is reduced. Typically, the resistance is adjusted 
via the trigger of the drill. 


Figure 23-12 shows a wound-rotor AC induction 
motor. The disadvantage of this configuration is 


el rotational > ac motor 


‘omagnetism 


the brushes that supply power to the rotor will 
eventually require maintenance. Much larger 
wound-rotor motors are also used in industrial 
applications such as printing presses and eleva- 
tors, where the need for variable speed makes a 
simple three-phase motor unsuitable. 


Figure 23-12. A motor in a corded electric drill uses coils 
inva brushed rotar to enable variable speed output. In 
‘mast AC motors, the speed is not adjustable and the rotor 
does not make any electrical connection with the rest of 
the matar, 


Universal Motor 

Awound-rotor motor may also be described as 
a universal motor if its rotor and stator coils are 
connected in series. This configuration allows it 
to be powered by either AC or DC. 


DC supplied to the rotorand the stator will cause 
mutual magnetic repulsion. When the rotor 


198 Encyclopedia of Electronic Components Volume 1 


442 FIBER AND GUIDED WAVE OPTICS / Fabrication of Optical Fiber 


Figure 2 Fabrication of an optical fiber preform by the MCVD 
method, 
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Figure 3 Schematic of proform fabrication by the MCVD 
method. 


the silica glass and the precise control of the refractive 
index profile of the preform. When deposition is 
complete, the burner temperature is increased and the 
hollow, multilayered structure is collapsed to a solid 
rod. A characteristic of fiber formed by this process is 
a refractive index dip in the center of the core of the 
fiber. In addition, the deposition takes place in a 
closed system, which dramatically reduces contami- 
nation by OH ions and maintains low levels of other 
impurities. The high temperature allows high depo- 
sition rates compared to traditional chemical vapor 
deposition (CVD) and large performs, built up from 
hundreds of layers can be produced. 

The MCVD method is still widely used today 
though it has some limitations, particularly on the 
preform size that can be achieved and thus the 
manufacturing cost. Diameter of the final preform is 
determined by the size of the initial silica substrate 
tube, which, due to the high purity required, accounts 
for a significant portion of the cost of the preform. 
A typical preform fabricated by MCVD yields about 
5 km of fiber. Its success has spurred improvements to 
the process, in particular to address the fiber yield 
from a single preform. 


OVD Process 


The ontside vapor deposition (OVD) methods, also 
known as outside vapor phase oxidation (OVPO), 
synthesize the fine glass particles within a burner 
flame. The precursors, oxygen, and fuel for the 
burner, are introduced directly into the flame. The 
soot is deposited onto a target rod that rotates and 
traverses in front of the burner. As in MCVD, the 
preform is built up layer by layer, though now initially 
by depositing the core glass and then building up the 
cladding layers over this. After the deposition process 
is complete, the preform is removed from the target 
rod and is collapsed and sintered into a transparent 
glass preform. The center hole remains, but disap- 
pears during the fiber drawing process. This tech- 
nique has advantages in both size of preform which 
can be obtained and the fact that a high-quality silica 
substrate tube is no longer required. These two 
advantages combine to make a more economical 
process. From a single preform, several hundred 
kilometers of fiber can be produced. 


VAD Process 


The most recent refinement to the fabrication process 
was developed again to aid the mass production of 
high-quality fibers. In the VAD process, both core and 
cladding glasses are deposited simultaneously. Like 
OVD, the soot is synthesized and deposited by flame 
hydrolysis, as shown in Figure 4, the precursors are 
blown from a burner, oxidized, and deposited onto a 
silica target rod. 

Burners for the VAD process consist of a series of 
concentrate nozzles. The first delivers an inert carrier 
and the main precursors SiCl,, the second delivers an 
inert carrier glass and the dopants, the third delivers 
hydrogen fuel, and the fourth delivers oxygen. Gas 
flows are up to a liter per minute and deposition rates 
can be very high, With the VAD process, both core 
and cladding glasses can be deposited simultaneously. 
The main advantage is that this is a continuous 
process, as the soot which forms the core and 
cladding glasses are deposited axially onto the end 
of the rotating silica rod, it is slowly drawn upwards 
into a furnace which sinters and consolidates the soot 
into a transparent glass. The upward motion is such 
that the end at which deposition is occurring remains 
in a fixed position and essentially the preform is 
grown from this base. 

‘The advantages of the VAD process are a preform 
without a central dip and, most importantly, the 
mass production associated with a continuous pro- 
cess. The glass quality produced is uniform and 
the resulting fibers have excellent reproducibility 
and low loss. 
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Figure 4 Schematic of proform fabrication by the VAD method. 


Other Methods of Preform Fabrication 


There are other methods of preform fabrication, 
though these are not generally used for today’s silica 
glass based fiber. Some methods, such as fabrication 
of silica through sol-gel chemistry could not provide 
the large low-loss preforms obtained by chemical 
vapor deposition techniques. Other methods, such as 
direct casting of molten glass into rods, or formation 
of rods and tubes by extrusion, are better suited to 
and find application in other glass chemistries and 
speciality fibers. 


Once a preform has been made, the second step is to 
draw the preform down in diameter on a fiber 
drawing tower. The basic components and configur- 
ation of the drawing tower have remained unchanged 
for many years, although furnace design has become 
more sophisticated and processes like coating have 
become automated. In addition, fiber drawing towers 
have increased in height to allow faster pulling speeds 
(Figure 5). 

Essentially, the fiber drawing process takes place as 
follows. The preform is held in a chuck which is 
mounted on a precision feed assembly that lowers the 


Figure § A commercial scale optical fiber drawing tower. 


preform into the drawing furnace at a speed which 
matches the volume of preform entering the furnace 
to the volume of fiber leaving the bottom of the 
furnace. Within the furnace, the fiber is drawn from 
the molten zone of glass down the tower to a capstan, 
which controls the fiber diameter, and then onto a 
drum. During the drawing process, immediately 
below the furnace, is a noncontact device that 
measures the diameter of the fiber. This information 
is fed back to the capstan which speeds up to reduce 
the diameter or slows down to increase the fiber 
diameter. In this way, a constant diameter fiber is 
produced. One or more coatings are also applied 
in-line to maintain the pristine surface quality as the 
fiber leaves the furnace and thus to maximize the fiber 
strength, 

‘The schematic drawing in Figure 6 shows a fiber 
drawing tower and its key components. Draw towers 
are commercially available, ranging in height from 
3m to greater than 20m, with the tower height 
increasing as the draw speed increases. 

Typical drawing speeds are on the order of 
ms”, The increased height is needed to allow 
the fiber to cool sufficiently before entering the 
coating applicator, although forced air-cooling of 
the fiber is commonplace in a manufacturing 
environment. 
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Figure 6 Schematic diagram of an optical fiber drawing tower 
and its components. 


Furnaces 


A resistance furnace is perhaps the most common and 
economical heating source used in a fiber drawing 
tower. A cylindrical furnace, with graphite or 
tungsten elements, provides heating to the preform 
by blackbody radiation. These elements must be 
surrounded by an inert gas, such as nitrogen or argon, 
to prevent oxidation. Gas flow and control is critical 
to prevent variations in the diameter of the fiber. In 
addition, the high temperature of the elements may 
lead to contamination of the preform surface that can 
then weaken the fiber. 

‘An induction furnace provides precise clean 
heating through radio frequency (RF) energy that 
is inductively coupled to a zirconia susceptor ring. 
This type of furnace is cleaner than the graphite 
resistance type and is capable of continuous 
running for several months. It also has the 
advantage that it does not require a protective 
inert atmosphere and consequently the preform is 
drawn in a turbulence-free environment. These 
advantages result in high-strength fibers with 
good diameter control. 


Diameter Measurement 


A number of noncontact methods of diameter 
measurement can be applied to measure fiber dia- 
meter. These include laser scanning, interferometry, 


and light scattering techniques. To obtain precise 
control of the fiber diameter, the deviation between 
the desired diameter and the measured diameter is fed 
into the diameter control system. In order to cope 
with high drawing speeds, sampling rates as high as 
1,000 times per second are used. The diameter 
control is strongly affected by the gas flow in the 
drawing furnace and is less affected by the furnace 
temperature variation. The furnace gas flow can be 
used to achieve suppression of fast diameter fluctu- 
ations. This is used in combination with drawing 
speed control to achieve suppression of both fast and 
slow diameter fluctuations. Current manufacturing 
processes are capable of producing several hundreds 
of kilometers of fiber with diameter variations of + 1 


There are two major sources of fiber diameter 
fluctuations: short-term fluctuations caused by tem- 
perature fluctuations in the furnace; and long-term 
fluctuations caused by variations in the outer 
diameter of the preform. Careful control of the 
furnace temperature, the length of the hot zone, and 
the flow of gas minimize the short-term fluctuations. 
Through optimization of these parameters, diameter 
errors of less than * 0.5 microns can be realized. The 
long-term fluctuations in diameter are controlled by 
the feedback mechanism between the diameter 
measurement and the capstan. 


Fiber Coating 


erve the 


A fiber coating is primarily used to. pr 
strength of a newly drawn fiber and therefore must 
be applied immediately after the fiber leaves the 
furnace. The fiber coating apparatus is typically 
located below the diameter measurement gauge at a 
distance determined by the speed of fiber drawing, 
the tower height, and whether there is external 
cooling of the fiber. Coating is usually one of the 
limiting factors in the speed of fiber drawing. To 
minimize any damage or contamination of the 
pristine fiber leaving the furnace, this portion of 
the tower, from furnace to the application of the 
first coating, is enclosed in a clean, filtered-air 
chambei 

‘A wide variety of coating materials has been 
applied; however, conventional, commercial fiber 
generally relies on a UV curable polymer as the 
primary coating. Coating thickness is typically 50— 
100 microns. Subsequent coatings can then be applied 
for specific purposes. A dual coating is often used 
with an inner primary coating that is soft and an 
outer, secondary coating which is hard. This ratio of 
low to high elastic modulus can minimize stress on 
the fiber and reduce bending loss. 
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Alternative coatings include hermetic coatings of a 
low melting temperature metal, ceramics, or amor- 
phous carbon. These can be applied in-line before the 
polymeric coating. Metallic coatings are applied by 
passing the fiber through a molten metal while 
ceramic or amorphous coatings utilize an in-line 
chemical vapor deposition reactor. 


‘Types of Fiber 


The majority of silica fiber drawn today is single 
mode, This structure consists of a core whose 
diameter is chosen such that, with a given refractive 
index difference between the core and cladding, only 
a single guide mode propagates at the wavelength 
of interest. With a discrete index difference between 
core and cladding, it is often referred to as a step 
index fiber. In typical telecommunications fiber, single 
mode operation is obtained with core diameters of 
2-10 microns with a standard outer diameter of 
125 microns. 

Multimode fiber has core diameters considerably 
larger, typically 50, 62.5, 85, and 110 microns, again 
with a cladded diameter of 125 microns. Multimode 
fibers are often graded index, that is the refractive 
index is a maximum in the center of the fiber and 
smoothly decreases radially until the lower cladding 
index is reached. Multimode fibers find use in non- 
telecommunication applications, for example optical 
fiber sensing and medicine. 

Single mode fibers, which are capable of maintain- 
ing a linear polarization input to the fiber, are known 
as polarization preserving fibers. The structure of 
these fibers provides a birefringence that removes the 
degeneracy of the two possible polarization modes. 
This birefringence is a small difference in the effective 
refractive index of the two polarization modes that 
can be guided and it is achieved in one of two ways. 
Common methods for the realization of this bire! 
gence are an elliptical core in the fiber, or through 
stress rods, which modify the refractive index in one 
orientation. These fiber structures are shown in 
Figure 7. 

‘While the loss minimum of silica-hased fiber is near 
1.55 microns, step index single-mode fiber offers 
zero dispersion close to 1.3 micron wavelengths 
and dispersion at the loss minimum is considerabl 
A modification of the structure of the fiber, and in 
particular a segmented refractive index profile in the 
core, can be used to shift this dispersion minimum to 
1.55 microns. This fiber, illustrated in Figure 7 is 
known as dispersion shifted fiber. Similarly fibers, 
with a relatively low dispersion over a wide wave- 
length range, known as dispersion flattened fibers, 
can be obtained by the use of multiple cladding layers. 


Outer core Inner core 


(a) Dispersion shifted fiber 
Core 


aN 


‘Stress rods 


Eliptical core 


(0) Polarization preserving fiber 


Figure 7 Structure of (a) dispersion shifted fiber and (b) two 
‘methods of achieving polarization preserving fiber. 


List of Units and Nomenclature 


Elements or compounds added, 
usually in small amounts, to a 
glass composition to modify its 
properties. 

The process of heating and 
thus softening an optical fiber 
preform and then drawing out 
a thin thread of glass. 

The transmission loss of light 
asit propagates through a fiber, 
usually measured in dB of loss 
per unit length of fiber, Losscan 
occur through the absorption 
of light in the core or scattering 
of light out of the core. 

An amorphous solid formed by 
cooling from the liquid state to 
a rigid solid with no long range 
structure. 

A process for the fabrication of 
an optical preform where gases 
flow into the inside of a rotat- 
ing tube, are heated and react 


Dopants 


Fiber drawing 


Fiber loss 


Glass 


Modified chemical 
vapor deposition 


(MCVvD) 
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to form particles of glass which 
are deposited onto the wall of 
the glass tube. After deposition, 
the glass particles are consoli- 
dated into a solid preform. 

A process for the fabrication of 
an optical preform where glass 
soot particles are formed in 
an oxy-hydrogen flame and 
deposited on a rotating rod. 
After deposition, the glass 
particles are consolidated into 
a solid preform. 

A fiber blank, a bulk glass rod 
consisting of a core and clad- 
ding glass composite which is 
drawn into fibe 

A characteristic property of 
glass, which is defined by the 
speed of light in the material 
relative to the speed of light in 
A transparent glass formed 
from silicon dioxide. 

A process similar to OVD, 
where the core and cladding 
layers are deposited simul- 
taneously. 


Outside vapor 
deposition (OVD) 


Preform 


Refractive index 


Silica 


Vapor-axial 
deposition 
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Optical fibers have become a mainstay of our modern 
way of life. From phone calls to the internet, their 
presence is ubiquitous. The unmatched ability that 
optical fibers have to transmit light is an amazing 
asset that, besides being strongly part of our present, 
is poised to shape the future. 

The foundation of the unique ability of optical 
fibers to transmit light hinges on the well-known 
physical concept of total internal reflection. This 
phenomenon is described by considering the behavior 
of light traveling from one material (A) to a different 
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material (B). When light traverses the interface of the 
two materials with a specific angle, its direction of 
propagation is altered with respect to the normal to 
the surface, according to the well-known Snell law 
which relates the incident angle (onto the interface 
between A and B) to the refracted angle (away from 
the interface between A and B). This is written as 
rg sin i = ng sin r, where i is the angle of incidence, r 
the angle of refraction, and m, and my are the 
refractive indices of the materials A and B. Under 
appropriate conditions, a critical value of the 
incidence angle (ic) exists for which the light does 
not propagate into B and is totally reflected back 
into A. This value is given by ic = aresin(ny/ng). It 
follows that total internal reflection occurs when light 
is traveling from a medium with a higher index of 
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refraction into a medium with a lower index of 
refraction. As an approximation, this is the basic idea 
behind light propagation in fibers. 

Optical fibers are glass strands that include a 
concentric core with a cladding wrapped around it. 
The index of refraction of the core is slightly higher 
than the index of refraction of the cladding, thereby 
creating the necessary conditions for the confinement 
of light within them. Such index mismatches between 
the core and the cladding are determined by using 
different materials for each, by doping the glass matrix 
before pulling the fiber to create an index gradient, by 
introducing macroscopic defects such as air-holes in 
the structure of the fiber cladding (such as in the 
recently developed photonic crystal fibers), or by using 
materials other than glass, such as polymers or plastic. 

‘The real physical picture of light guiding in fibers is, 
more complex than the conceptual description stated 
above. The light traveling in the fiber is, more 
precisely, an electromagnetic wave with fi 
that lie in the optical range, and the optical fiber itself 
constitutesan electromagnetic waveguide. Assuch, the 
waveguide supports guided electromagnetic modes 
which can take on a multitude of shapes (i.e, of energy 
distribution profiles), depending on the core/cladding 
index of refraction profiles. These profiles are often 
complex and determine the physical boundary con- 
ditions that influence the field distribution within the 
fiber. The nature of the fiber modes has been treated 
extensively in the literature where an in-depth 
description of the physical solutions can be found. 

There are many distinguishing features that 
identify different optical fiber types. Perhaps the 
most important one, in relation to the electromag- 
netic modes that the fiber geometry supports, is the 
distinction that is made between single-mode fibers 
and multimode fibers. As the name implies, a single- 
mode fiber is an optical fiber whose index of 
refraction profile between core and cladding is 
designed in such a way that there is only one 
electromagnetic field distribution that the fiber can 
support and transmit. That is to say, light is 
propagated very uniformly across the fiber. A very 
common commercially used fiber of this kind is the 
Corning SMF-28 fiber, which is employed in a variety 
of telecommunication applications. Multimode fibers 
have larger cores and are easier to couple light into, 
yet the fact that many modes are supported implies 
that there is less control over the behavior of light 
during its propagation, since it is more difficult to 
control each individual mode. 

The condition for single-mode propagation in 
optical fibers is determined during the design and 
manufacture of the fiber by its geometrical 
parameters and is specific to a certain operation 


wavelength. A quantity V is defined as V = (27/A) x 
(rege — Migading) 2» Where a is the core radius and A 
is the wavelength of light. For example, a step-index 
fiber (i.e., a fiber where the transition from the index 


of refraction of the core to the index of refraction in 
the cladding is abrupt), supports a single electro- 
magnetic mode if V < 2.405 

Light propagation in optical fibers, however, is 
affected by numerous other factors besides the electro- 
magnetic modes that the fiber geometry allows. 

First, the ability to efficiently transmit light in 
optical fiber is dependent on the optical transparency 
of the medium that the fiber is made of. The optical 
transparency of the medium is a function of the 
wavelength (A) of light that needs to be transmitted 
through the fiber. Optical attenuation is particularly 
high for shorter wavelengths and the transmission 
losses for ultraviolet wavelengths become consider- 
ably higher than in the near infrared. The latter 
region, due to this favorable feature, is the preferred 
region of operation for optical fiber based telecom 
munication applications. This ultimate physical 
limit is determined by the process of light being 
scattered off the atoms that constitute the glass, a 
process called Rayleigh scattering. The losses due to 
Rayleigh scattering are inversely proportional to 
the fourth power of the wavelength (losses o¢ A~4), 
and therefore become quite considerable as A is 
decrease 

‘The ability of optical fibers to transmit light over a 
certain set of wavelengths, is quantified by their 
optical attenuation. This parameter is defined as the 
ratio of the output power versus the input power and 
is usually measured in units of decibels (dB), i.c., 
attenuation (dB) = 10 logio(PoudPin) 

‘The values that are found in the literature relate 
optical attenuation to distance and express the 
attenuation per unit length (such as dB/km). Single- 
mode fibers used in telecommunications are usually 
manufactured with doped silica glasses designed to 
work in the near infrared, in a wavelength range 
between 1.3 and 1.6 um (1 pm=10-°m) which 
provides the lowest levels of Rayleigh scattering and 
is located before the physical infrared absorption of 
silica (~1.65 um) kicks in. Such fibers, which have 
been developed and refined for decades, have 
attenuation losses of less that 0.2dB/km at a 
wavelength of 1.55 um. Many other materials have 
been used to meet specific optical transmission needs. 
While silica remains by far the most popular 
material used for optical fiber manufacturing, other 
glasses are better suited for different portions of the 
spectrum: quartz glass can be particularly transmis- 
sive in the ultraviolet whereas plastic is sometimes 
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conveniently used for short distance transmission in 
the visible. 

The ability to collect light at the input of the fiber 
represents another crucial and defining parameter. 
Returning to total internal reflection, such an effect 
can only be achieved by sending light onto an interface 
at a specific angle. In fibers, the light needs to be 
coupled into a circular core and reach the core 
cladding interface at that specific geometrical angle. 
The measure of the ability to couple light in the fiber is 
referred to as ‘coupling efficiency’. The core dimension 
defines the geometry of the coupling process which, in 
turn, determines the efficiency of the propagation of 
light inside the fiber. In order to be coupled efficiently 
and therefore guided within the fiber, the light has to 
be launched within a range of acceptable angles. Such 
a range is usually defined or derivable from the 
numerical aperture (NA) of the fiber which is 
approximately NA = (oe — Miygging)! 2s OF can be 
alternatively described as a function of the critical 
angle for total internal reflection within the fiber by 
NA = May Sin ica Also, light has to be focused into 
the core of the fiber and therefore the interplay 
between core size, focusability, and NA (ie., accep- 
tance angle) of the fiber influence the coupling 
efficiency into the fiber (which in turn affects 
transmission). Typical telecommunication fibers 
have a 10 um core (a NA of ~0.2) and have ve 
high coupling efficiencies (of the order of 70-80%). 
Specialized single mode fibers (such as photonic 
crystal fibers) can have core diameters down to a few 
microns, significantly lower coupling efficiencies, and 
high numerical apertures. Multimode fibers, in con- 
trast, are easy to couple into given their large core size. 

Other factors that contribute to losses during 
propagation are due to the physical path that the 
actual optical fiber follows. A typical optical fiber 
strand is rarely laid along a straight line. These types 
of losses are called bending losses and can be 
intuitively understood by thinking that when the 
fiber is straight, the light meets its total reflection 
condition at the core-cladding interface, but when 
the fiber bends, the interface is altered and varies 
the incidence conditions of light at the interface. If the 
bend is severe, light is no longer totally reflected and 
escapes from the fiber. 

Another important issue that influences propa- 
gation arises when the light that travels through the 
fiber is sent in bursts or in pulses of light. Pulsed 
light is very important in fiber transmission because 
the light pulse is the carrier of optical information, 
most often representing a binary digit of data. The 
ability to transmit pulses reliably is at the heart of 
modern day telecommunication systems. The fea- 
tures that affect the transmission of pulses through 


optical fibers depend, again, largely on the structure 
and constituents of the fiber. One of the most 
important effects on pulsed light is dispersion. This 
phenomenon causes the broadening in time of the 
light pulses during their travel through the fiber. 
This can be easily explained by a Fourier analogy by 
thinking that a short pulse in time (such as the 
10-20 picosecond pulse duration that is used for 
optical communications, 1 picosecond = 10°? 
seconds) has a large frequency content (i.e., is 
composed of a variety of ‘colors’). Since the speed 
of light through bulk media, and therefore through 
the fiber constituent, depends on wavelength, 
different ‘colors’ will travel at different speeds, 
arriving at the end of the fiber slightly delayed 
with respect to one another. This causes a net pulse 
broadening and is dependent on the properties of 
the fiber that are depicted in the dispersion curve of 
the fiber. This type of dispersion is called chromatic 
dispersion and is dependent on the distance the pulse 
travels in the fiber. A measure of the pulse broad- 
ening can be calculated by multiplying the dis- 
persion value for the fiber (measured in ps/km) at the 
wavelength of operation times and the distance in 
kilometers that the pulse travels. 

There are other types of dispersion that affect 
pulses traveling through fibers: light with different 
polarization travels at a different speed, thereby 
causing an analogous problem to chromatic distor- 
tion. In multimode fibers, different modes travel 
with different properties. Dispersion issues are 
extremely important in the design of the next- 
generation telecommunication systems. As a push is 
made toward higher transmission capacity, pulses 
become shorter and these issues have to be dealt 
with carefully. Specifically, transmission of light in 
optical fibers becomes more complex because the 
interaction between the light and the fiber material 
constituents becomes nonlinear. As pulses become 
shorter, their energy is confined in a smaller 
temporal interval, making their peak power (which 
is equal to energy/time) increase. If the peak power 
becomes sufficiently high, the atoms that form the 
glass of which the fiber is made are excited in a 
nonlinear fashion adding effects that need to be 
addressed with caution. Energetic pulses at a certain 
wavelength change their shape during propagation 
and can become severely distorted or change 
wavelength (ie. undergo a frequency conversion 
process), thereby destroying the information that 
they were meant to carry. 

Several physical manifestations of optical non- 
linearity affect pulsed light propagation, giving rise 
to new losses but also providing new avenues for 
efficient transmission. 
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Perhaps the most successful example of the positive 
outcome of nonlinear effects in fibers is the optical 
soliton, The latter is an extremely stable propagating 
pulse that is transmitted through the fiber undis- 
torted, since it is a result of a peculiar balance 
between the linear distortion and nonlinear distortion 
that cancel each other by operating in a specific region 
of dispersion of the optical fiber (the anomalous 
dispersion region). 

Nonlinear effects in fibers are an extremely rich 
area of study which, besides several drawbacks, 
carries immense opportunities if the nonlinearities 
can be controlled and exploited. 
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Introduction 


The optical fiber is divided in two types: multimode 
and singlemode. Each type is used in different applica- 
tions and wavelength ranges and is consequently 
characterized differently. Furthermore, the corres- 
ponding test methods also vary. 

The optical fiber characteristics may be divided 
into four categories: 


© The optical characteristics (transmission related); 
© The dimensional characteristics; 

© The mechanical characteristics; and 

«The environmental characteristics 

‘These categories will be reviewed in the following 
sections, together with their corresponding test 
methods. 


Fiber Optical Characteristics and 
Corresponding Tests Methods 


The following sections will describe the following 
optical characteristics: 


attenuation; 
macrobending sensitivity; 

microbending sensitivity; 

cut-off wavelength; 

multimode fiber bandwidth; 

differential mode delay for multimode fibers; 
chromatic dispersion; 


© polarization mode dispersion; 


See also 


Dispersion Management. Nonlinear Optics, Applica- 
tions: Pulse Compression via Nonlinear Optics. Solitons: 
Optical Fiber Solitons, Physical Origin and Properties. 
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© polarization crosstalk; and 
© nonlinear effects. 


Attenuation 


The spectral attenuation of an optical fiber follows 
exponential power decay from the power level at a 


cross-section 1 to the power level at eross-seetion 2, 
over a fiber length L, as follows: 
PAA) = Pye 1) 


P(A) is the optical power transmitted through the 
fiber core cross-section 1, expressed in mW} P3(A) is 
the optical power transmitted through the fiber core 
cross-section 2 away from cross-section 1, expressed 
in mW; (A) is the spectral attenuation coefficient in 
linear units, expressed in km™*; and L is the fiber 
length expressed in km, 

Attenuation may be characterized at one or more 
specific wavelengths or as a function of wavelength. 
In the later case, attenuation is referred to spectral 
attenuation. Figure 1 illustrates such power decay. 

Equation [1] may be expressed in relative units as 
follows: 

ogi P2 = (ogio P1)* — yL-logioe [21 
P is expressed in dBm units using the following 
definition. 


ee 
—.— 


Figure 1 Power decay in an optical fibar due to attenuation, 
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The power in dBm is equal to 10 times the 
logarithm in base 10 of the power in mW; or 


0. dBm = 10 logig(1 mW) BI 
Then 


yatim™* 


[10 logy Py) ~ (10 logyg P2)1 
+ Llogioe 141 


a(A)[dB/km] = [P}(dBm) — Py(dBmyVL_—_ [5] 


A new relative attenuation coefficient a(A) with units, 
of dB/km has been introduced, which is related to the 
linear coefficient (A) with units of km”! as follows: 


a(A) = (logio e) 1A) = 4.3430) 16] 


(A) is the spectral attenuation coefficient of a fiber 
and is illustrated in Figure 2. 


‘Test methods for attenuation 
The attenuation may be measured by the following 
methods: 


© cut-back method; 
# backscattering method; and 
« insertion loss method. 


Cut-back method, ‘The cut-back method isa direct 
application of the definition in which the power levels 
Py and P) are measured at two points of the fiber 
change of input conditions. P, is the power emerging 
from the far end of the fiber and Py is the power emerg- 
ing from a point near the input after cutting the fiber. 

‘The output power P, is recorded from the fiber 
under test (FUT) placed in the measurement setup. 
Keeping the launching conditions fixed, the FUT is 
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Figure 2. Typical spectral attenuation of a singlemode fiber. 


cut to the cut-hack length, for example 2m from the 
launching point. The FUT attenuation, between the 
points where P, and P, have been measured, is 
calculated using P, and Ps, from the definition 
equations provided above. 


Backscattering method. The attenuation coctf- 
cient of a singlemode fiber is characterized using 
bidirectional backscattering measurements. This 


method is also used for: 


attenuation uniformity; 
optical continuity; 
physical discontinuities; 
splice losses; and 

fiber length. 


An optical time domain reflectometer (OTDR) 
is used for performing such characterization, Adjust- 
ment of laser pulsewidth and power is used to 
obtain a compromise between resolution (a shorter 
pulsewidth provides a better resolution but at lower 
power) and dynamic range/fiber length (higher power 
provides better dynamic range but with longer 
pulsewidth). An example of such an instrument is 
shown in Figure 3. 

The 
FUT configurations (e. 


measurement is applicable to various 
, cabled fiber in production 
or deployed in the field, fiber on a spool, ete.). 
Two unidirectional backscattering cur 
obtained, one from each end of the fiber (Figure 4). 

Each backscattering curve is recorded on a 
logarithmic scale, avoiding the parts at the two ends 
of the curves, due to parasitic reflections. 


The FUT length is found from the time interval 
between the two ends of the backscattering loss 
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Figure 3 The backscattering method (OTDR), 
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Figure 4 Unidirectional OTDR backscattering loss measurement. 


curve together with the FUT group index of refraction, 


Lis ey 71 


cq is the velocity of light in free space. 
‘The bidirectional backscattering curve is obtained 
using two unidirectional backscattering curves 


and calculating the average loss between them. 
The end-to-end FUT attenuation coefficient i: 


obtained from the difference between two losses 
divided by the difference of their corresponding 
distance 


Insertion loss method. The insertion loss method 
consists of the measurement of the power loss due to 


1> rotational > ac motor 


turns, the brushes touching the split commuta- 
tor reverse the polarity of voltage in the rotor 
;,and the process repeats. This configuration 
is very similarto that ofa conventional DC motor, 
except that the stator in a universal motor uses 
electromagnets instead of the permanent mag- 
nets that are characteristic of a DC motor. 


When powered by AC, the series connection be- 
‘tween stator and rotor coils insures that each 
pulse to the stator will be duplicated in the rotor, 
causing mutual repulsion. The addition of a 
shorting coil in the stator provides the necessary 
asymmetry in the magnetic field to make the 
motor start turning. 


Universal motors are not limited by AC frequen- 
cy,and are capable of extremely high-speed op- 
eration. They have high starting torque, are com- 
pact, andare cheapto manufacture. Applications 
include food blenders, vacuum cleaners, andhair 
dryers. In a workshop, they are found in routers 
and miniature power tools such as the Dremel 
series. 


Because a universal motor requires commutator 
and brushes, it is only suitable for intermittent 
use, 


Inverted AC Motors 

‘Some modem domestic appliances may seem to 
contain an AC motor, but in fact the AC current 
is rectified to DC and is then processed with 
pulse-width modulation to allow variable speed 
control, The motor is really a DC motor; see the 
entry on this type of motor for additional infor- 
mation. 


Values 


Because a basic AC induction motor is governed 
by the frequency of the power supply, the speed 
ofa typical four-pole motors limited to less than 
1,800 RPM (1,500 RPM in nations where 50Hz AC 
is the norm). 


Variable-frequency, universal, and wound-rotor 
motors overcome this limitation, and can reach 


speeds of 10,000 to 30,000 RPM. Synchronous 
motors typically run at 1,800 or 1,200 RPM, de- 
pending on the number of poles in the motor. 
(They run at 1,500 or 1,000 RPM in locations 
where the frequency of AC is 50Hz rather than 
60Hz). 


Fora discussion of the torque that can be created 
by a motor, see "Values" (page 184) in the DC 
motor entry in this encyclopedia. 


How to Use It 


Old-fashioned record players (where a turntable 
supports a vinyl disc that must rotate at a fixed 
speed) and electric clocks (of the analogue type) 
were major applications for synchronaus motors, 
which used the frequency of the AC power sup- 
ply to control motor speed. These applications 
have been superceded by CD players (usually 
powered by brushless DC motors) and digital 
clocks (which use crystal oscillators) 


Many home appliances continue to use AC- 
powered induction motors. Small cooling fans 
for use in electronic equipment are sometimes 
AC-powered, reducing the current that must be 
provided by the DC power supply. An induction 
motor generally tends to be heavier and less ef- 
ficient than other types, and its speed limit im- 
posed by the frequency of the AC power supply 
isa significant disadvantage. 


A simple induction motor cannot provide the so- 
phisticated control that is necessary in modern 
devices such as CD or DVD players, ink-jet print- 
ers, and scanners. A stepper motor, servo mo- 
tor, and DC motors controlled with pulse-width 
modulation are preferable in these applications. 


Areluctancemotor may find applications in high- 
speed, high-end equipment including vacuum 
cleaners, fans, and pumps. Large variable reluc- 
tance motors, with high amperage ratings, may 
be used to power vehicles. Smaller variants are 
being used for powersteering systems and wind- 
shield wipers in some automobiles. 


Chapter 23 199 
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the FUT insertion between a launching and a 
receiving system, previously interconnected (refer- 
ence condition). The powers P, and P are evaluated 
in a less straightforward way than in the cut-back 
method. Therefore, this method is not intended for 
use in manufacturing, 

The insertion loss technique is less accurate 
than the cut-back, but has the advantage of being 


lading, ne 


Figure § Total intemal reflection and macrobending effect on 
the light rays. 


non-destructive for the FUT, Therefore, it is particu- 
larly suitable in the field. 


Macrobending Sensitivity 


Macrobending sensitivity is the property by which 
there is a certain amount of light leaking (loss) into 
the cladding when the fiber is bent and the bending 
angle is such that the condition of total internal 
reflection is no longer met at the core-cladding 
interface. Figure § illustrates such a case. 

Macrobending sensitivity is a direct function of the 
wavelength: the longer the wavelength and/or the 
smaller the bending diameter, the more loss the fiber 
experiences. It is recognized that 1625 nm is a 
wavelength that is very sensitive to macrobending 
(see Figure 6). 

The macrobending loss is measured by the 
power monitoring method (OTDR, especially for 
field assessment, see Figure 6) or the cut-back method. 


Microbending Sensitivity 


Microbending is a fiber property by which the 
core-cladding concentricity randomly changed along 
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Figure 6 Macrobending sensitivity as a function of wavelength. 
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the fiber length. It causes the core to wobble inside 
the cladding and along the fiber length. 

Four methods are available for characterizing 
microbending sensitivity in optical fibers: 


© expandable drum for singlemode fibers and optical 
fiber ribbons over a wide range of applied linear 
pressure or loads; 

@ fixed diameter drum for step-index multimode, 
singlemode, and ribbon fibers for a fixed linear 
pressure; 

© wire mesh and applied loads for step-index multi- 
mode and singlemode fibers over a wide range of 
applied linear pressure or loads; and 

# ‘basketweave’ wrap on a fixed diameter drum for 
singlemode fibers. 


The results from the four methods can only be 
compared qualitatively. The test is nonroutine for 
general evaluation of optical fiber. 


Cut-off Wavelength 


The cut-off wavelength is the shortest wavelength at 
which a single mode can propagate in a singlemode 
fiber. This parameter can be computed from the 
fiber refractive index profile (RIP). At wavelengths 
below the cut-off wavelength, several modes 
propagate and the fiber is no longer singlemode, but 
multimode. 

In optical fibers, the change from multimode to 
singlemode behavior does not occur at a specific 
wavelength, but rather over a smooth transition as a 
function of wavelengths. Consequently, from a fiber- 
optic network standpoint, the actual threshold 
wavelength for singlemode performance is more 
critical. Thus an effective cut-off wavelength is 
described below. 

‘The cut-off wavelength is defined as the wavelength 
greater than the ratio between the total power, in the 
higher-order modes and the fundamental mode, which 
has decreased to less than 0.1 dB, According to this 
definition, the second-order mode LP11 undergoes 
19.3 dB more attenuation than the fundamental LPox 
mode when the modes are equally excited, 

Because the cut-off wavelength deper 
length, bends, and strain, it is defined on the basis of 
the following three cases: 


© fiber cut-off wa 
© cable cut-off wav 
« jumper cable cut-off wavelength. 


Fiber cut-off wavelength: Fiber cut-off wave- 
length Ay is defined for uncabled primary-coated 
fiber and is measured over 2m with one loop of 


140 mm radius loosely constrained, with the rest of 
the fiber kept essentially straight. The presence of a 
primary coating on the fiber usually will not affect 
Aje- However, the presence of a secondary coating 
may result in Aj being significantly shorter than 
that of the primary coated fiber. 

Cable cut-off wavelength: Cable cut-off wavelength 
is measured prior to installation on a substantially 
straight 22 m cable length prepared by exposing 1 m 
of primary-coated fiber at both ends, the exposed 
ends each incorporating a 40mm radius loop. 
Alternatively, this parameter may be measured on 
22m primary-coated uncabled fiber in the same 
configuration as for the Aj, measurement. 

Jumper cable cut-off wavelength: Jumper cable 
cut-off wavelength is measured over 2m with one 
loop of 76mm radius, or equivalent (e.g., split 
mandrel), with the rest of the jumper cable kept 
essentially straight. 


Multimode Fiber Bandwidth for Multimode Fibers 


The —3 dB bandwidth of a multimode optical fiber 
(or modal bandwidth) is defined as the lowest 
frequency where the magnitude of the baschand 
frequency response in optical power has decreased 
by 3dB relative to the power at zero frequency. 
Modal bandwidth is also called intermodal dispersion 
as it takes into account the dispersion between the 
modes of propagation of the transmitted signal into 
the multimode fiber. 

Various methods of reporting the results are 
available, but the results are typically expressed in 
terms of the ~3dB (optical power) frequency. 
Figure 7 illustrates modal bandwidth. 

The bandwidth or pulse broadening may be 
normalized to a unit length, such as GHz-km, or 
nsikm, 
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Figure 7 Determination of modal bandwicth, 
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Two methods are available for determining trans- 
mission capacity of multimode fibers: 


@ the frequency domain measurement method in 
which the baseband frequency response is directly 
measured in the frequency domain by determining 
the fiber response to a sinusoidally modulated light 

the optical time domain measurement method 
{pulse distortion) in which the baseband response 
is measured by observing the broadening of a 
narrow pulse of light. 


Differential Mode Delay for Multimode Fibers 


Differential mode delay (DMD) characterizes the 
modal structure of a graded-index glass-core multi- 
mode fiber. DMD is useful for assessing the band- 
width performance of a fiber when used with 
short-pulse, narrow spectral-width laser sources. 

‘The output from a singlemode probe fiber excites 
the multimode FUT at the test wavelength. The probe 
spot is scanned across the FUT endface, and the 
optical pulse delay is determined at specified radial 
offset positions between an inner and an outer limit. 
DMD is the difference in optical pulse delay time 
between the FUT fastest and slowest modes excited 
for all radial offset positions between and including 
the inner and the outer limits. 

‘The related critical issues influencing DMD are the 
temporal width of the optical pulse, jitter in the 
timing, the finite bandwidth of the optical detector, 
and the mode broadening due to the source spectral 
width and the FUT chromatic dispersion. 

The test method is commonly used in production 
and research facilities, but is not easily accomplished 
in the field. DMD may be a good predictor of 
the source launching conditions. DMD may be 
normalized to a unit length, such as ps/m. 


Chromatic Dispersion 


Chromatic dispersion in a singlemode fiber is a 
combination of material dispersion and waveguide 
dispersion (see Figure 8), and it contributes to pulse 
broadening and distortion in a digital signal, 

Material dispersion is produced by the dopants 
used in glass and is important in all fiber types. 
Waveguide dispersion is produced by the wavelength 
dependence of the index of refraction and is critical in 
singlemode fibers only. 

From the point of view of the transmitter, this is due 
to two causes: 


The presence of wavelengths in the source optical 
spectrum. Each wavelength has a different phase 
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Figure 8 Contribution of the material and waveguide disper- 
sions to the chromatic dispersion, 
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Figure 9 Difference between the phase and the group index of 
refraction 


delay and group delay (different group velocities) 

along the fiber, because they travel under different 

index of refraction (or phase) as the index varies as 

a function of wavelengths, as shown in Figure 9. 

The other cause is the modulation of the source, 

which itself has two effects: 

= Asbit-rates increase, the spectral width of the 
modulated signal increases and can become 
comparable to or exceed the spectral width of 
the source, 

= Chirp occurs when the source wavelength 
spectrum varies during the pulse. By conven- 
tion, positive chirp at the transmitter occurs 
when the spectrum during the rise/fall of the 
pulse shifts towards shorter/longer wave- 
lengths respectively. For a positive fiber 
dispersion coefficient, longer wavelengths 
are delayed relative to shorter wavelengths. 
Hence if the sign of the product of chirp and 
dispersion is positive, the two processes 
combine to produce pulse broadening, If the 
product is negative, pulse compression can 
occur over an initial fiber length until the 
pulse reaches a minimum width and then 
broadens again with increasing dispersion. 
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‘The electric field propagating into the FUT may be 
simply described as follows: 


Ett, 


[8] 


Eq sin(wt — Bz) 


@ = 2nciA [radis] is the angular frequency; B= kn = 

(oles the effective index; as B has units of m~' itis 

often referred to as wavenumber or even sometimes 

propagation constant; k is the propagation constant, 
The group delay 7, is then given by: 

pide = B, 

An example of the group delay spectral distribution 

is shown in Figure 10. Assuming 1 is not complex; 


By is the first-order derivative of B. 
The group velocity 1 is given by 


19) 


i, = (dBldw) | = —(72meydpiday! — [10] 
‘The FUT input-output delay is given by 
a= Livy ty) 
Lis the FUT length. 
The group index of refraction n, is given by 
n — A(dnlday (12) 


The dispersion parameter or dispersion coefficient D 
(ps/nm km) is given by 


D = —(alA)dr,/de) = —(2rel: ‘Bld? 
= —(Mley(dP nla?) (13) 
Bide? = By 4) 


An example of the spectral distribution of D 
obtained from the group delay is shown in Figure 10. 
B2 (ps*/km) is the group velocity dispersion 

parameter, so D may be related to By, as follows: 
D=—(w/A)py ts) 


When fz is positive then D is negative and vice-versa. 
The region where By is positive is called normal 


Zero dispersion wavelength 
1 


Pulse delay (ps) 


‘Ile 


dispersion while the negative-@) region is called 
anomalous dispersion. 
At Ap, By is minimum, and fy =0, then D = 0. 
The dispersion slope S (psinm*-km), also called 
the differential dispersion parameter or second-order 
dispersion, is given by 


s 


[DIdA = (w/A)B; + (2avA”)B) (6) 


Bs = dfridw = d*Bidw* 


At Ao, Bi is minimum, By = 0, then D = 0: but S is 
not zero and depends on 3. An example of the 
spectral distribution of § and So is illustrated in 
Figure 10. 

Overall, the general expression of B is given by 


Blo) = By + (w ~ ey), + (122\(@— 0)" Ba 


+(1/12)(w — a)* By ++ 7) 


Figure 11 illustrates the difference between 
dispersion unshifted fiber (ITU-T Rec. G.652), 
dispersion shifted fiber (ITU-T Rec. G.653) and 
nonzero dispersion shifted fiber (ITU-T Rec. G.655).. 


‘Test methods for the determination of chromatic 
dispersion 

All methods measure the group delay at a specific 
wavelength over a range and use agreed fitting 
functions to evaluate Ag and Sp 

In the phase shift method, the group delay is 
measured in the frequency domain, by detecting, 
recording, and processing the phase shift of a 
sinusoidal modulating signal between a reference, a 
secondary fiber path, and the channel signal. 

Setup variances exist and some do not require the 
secondary reference path. For instance, by using a 
reference optical filter at the FUT output it is possible 
to completely decouple the source from the phase- 
meter, With such an approach, chromatic dispersion 
may now be measured in the field over very long links 
using optical amplifiers (see Figure 12). 
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Figure 10 Relation between the pulse (group) delay and the (chromatic) dispersion. 
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Figure 11 Chromatic dispersion for various types of fiber. 
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Figure 12 Test results for feld-related chromatic dispersion using the phase-shift technique. 


In the differential phase shift method, two detec- 
tion systems are used together with two wavelength 
sources at the same time. In this case the chromatic 
dispersion may be determined directly from the two 
group delays. This technique usually offers faster and 
more reliable results but costs much more than the 
phase-shift technique which is usually preferred. 

In the interferometric method, the group delay 
between the FUT and a reference path is measured by 
a Mach—Zehnder interferometer. The reference delay 
line may be an air path or a singlemode fiber standard 
reference material (SRM). The method can be used to 
determine the following characteristics: 


# longitudinal chromatic dispersion homogeneity; 
and 
effect of overall or local influences, such as 


temperature changes and macrobending losses. 


In the pulse delay method, the group delay is 
measured in the time domain, by detecting, recording, 
and processing the delay experienced by pulses at 
various wavelengths. 


Polarization Mode Dispersion 


Polarization mode dispersion (PMD) causes an 
optical pulse to spread in the time domain and may 
impair the performance of a telecommunications 
system. The effect can be related to differential phase 
and group velocities and corresponding arrival time 
of different polarization components of the pulse 
signal. For a sufficiently narrowband source, the 
effect can be related to a differential group delay 
(DGD), Az, between a pair of orthogonally polarized 
principal states of polarization (PSP) at a given 
wavelength or optical frequency (see Figure 13a). 
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Figure 13 PMD effect on the pulse broadening and its possible pulse impairment. (a) The pulse is spread by the DGD A,r but the bit 
rate is too low to create an impaitment. (b) The pulse is spread by the DGD A but the bit rate is high enough to create an impairment 
(6) The DGD Aris large enough even at low bit rate to make the pulse spreading and creating impairment. 
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In an ideal circular symmetric fiber, the two PSPs 
propagate with the same velocity. However: 


# a real fiber is not perfectly circular; 

# the core is not perfectly concentric with the 
cladding; 

© the core may he subjected to microbending; 

# the core may present localized clusters of dopants; 
and 

© the environmental conditions may stress the 
deployed cable and affect the fiber. 


Each time the fiber undergoes local stresses 
and consequently birefringence. These asymmetry 
characteristics vary randomly along the fiber and in 
time, lead to a statistical behavior of PMD. 

For a deployed cabled fiber at a given time and 
optical frequency, there always exist two PSPs such 
that the pulse spreading due to PMD vanishes, if only 
one PSP is excited. On the contrary, the maximum 
pulse spread due to PMD occurs when both PSPs are 
equally excited, and is related to the difference in their 
group delays, the DGD associated with the two PSPs. 
For broadband transmission, the DGD statistically 
varies as a function of wavelengths or frequencies and 
result in an output pulse that is spread out in the time 
domain (see Figures 13a~c). In this case, the 
spreading can be related to the RMS (root mean 
square) of DGD values (Ar?)". However, if a known 
distribution such as the Maxwell distribution may be 
fit to the DGD distribution probability, then a mean 
(or average) value of the DGD (Az) may be correlated 
to the RMS value and used as a system performance 
predictor in particular with a maximum value of the 
DGD distribution associated to a low probability of 
occurrence. This maximum DGD may then be used to 
define the quality of service that would tolerate values 
lower than this maximum DGD. 


Test methods for polarization mode dispersion 
Three methods are generically used for measuring 
PMD. Other methods or analyses may exist but they 
are generally not standardized or are limited in their 
applications. 


Stokes parameter evaluation (SPE) 
# Jones matrix eigenanalysis (JME) 
# Poincaré sphere analysis (PSA) 
sd analyzer (FA) 
Extrema counting (EC) 
Fourier transform (FT) 
‘Interferometry (INTY) 
« Traditional analysis (TINTY) 
© General analysis (GINTY). 


All methods use a linearly polarized source at the 
FUT input and are suitable for laboratory measure- 
ments of factory lengths of fiber and cable. However, 
the interferometric method is the only method appro- 
priate for measurements of cabled fiber that may be 
moving or vibrating such as is found in the field. 


Stokes parameter evaluation. SPE determines 
PMD by measuring a response to a change of 
narrowband light (from a tuneable light source with 
broadband detector ~ JME, or a broadband source 
with a filtered detector such as an interferometer — 
PSA) across a wavelength range. The Stokes vector of 
the output light is measured for each wavelength. The 
change of these Stokes vectors with angular optical 
frequency (wavelength), w and with the change in 
input SOP (state of polarization), yields the DGD as a 
function of wavelength. 

For both JME and PSA analyses, three distinct and 
known linear SOPs (orthogonal on the 
Poincaré sphere) must he launched for each wave- 
length. Figure 14 illustrates the test setup and 
examples of test results. 

The JME and PSA method are mathematically 
equivalent. 


Fixed analyzer. FA determines PMD by measuring 
a response to a change of narrowband light across a 
wavelength range. For each SOP, the change in output 
power that is filtered through a fixed polarization 
analyzer, relative to the power detected without the 
analyzer, is measured as a function of wavelength. 
Figure 15 illustrates a test setup and examples of test 
results. 

The resulting measured function can be analyzed in 
one of two ways: 


by counting the number of peaks and valleys (EC) 
of the curve and application of a formula, This 
analysis is considered as a frequency domain 
approach; and 

«by taking the Fourier transform (FT) of the 
measured function. This FT is equivalent to the 
pulse spreading obtained by TINTY. 


Interferometry. INTY uses a broadband light 
source and an interferometer. The fringe pattern 
containing the source auto-correlation, together 
with the PMD related cross-correlation of the 
emerging electromagnetic field, is determined by 
the interference pattern of the output light, i.e., the 
interferogram, The PMD determination for the 
wavelength range associated with the source 
spectrum is based on the envelope of the fringe 
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Figure 15 PMD by fixed analyzer method. 


pattern interferogram. Two analyses are available 
to obtain the PMD: 


# TINTYusesaset of specific operating conditions for 
its successful applications and a basic setup; and 

© GINTY uses no limiting operating conditions, but 
in addition to the same basic setup, also using a 
modified setup compared to TINTY. 


Figure 16 illustrates the test setup for both 
approaches and examples of test results, 


Polarization Crosstalk 


Polarization crosstalk is a characteristic of energy 
mixing/transfer/coupling between the two PSPs in a 
PMP (polarization maintaining fiber) when their 
isolation is imperfect. Itis the measure of the strength 
of mode coupling or output power ratio between the 
PSPs within a PME. 

A PMF is an optical fiber capable of transmitting, 
under external perturbations, such as bending or 


lateral pressures, both HE}, and HE}, polarization 
modes whose electric field vector directions are 
orthogonally to each other and which have different 
propagation constants , and By 

Two methods are available for measuring the 
polarization crosstalk of PMF: 


© power ratio method, which uses the maximum and 
minimum values of output power at a specified 
wavelength, and is applicable to fibers and 
connectors jointed to a PME, and to two or more 
PMPs joined in series; and 

© inline method, which uses an analysis of the 
Poincaré sphere, and is applicable to single or 
cascaded sections of PMP, and to PMF inter 
connected with optical devices. 


Nonlinear Effects 


When the power of the transmission signal is 
increased to achieve longer span lengths at high bit 
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Figure 17° Power output-to:power input relationship for pro- 
duction of nonlinear effects, 


expressed as follows: 


m+ ml [18] 
ris the nonlinearity dependent index; mp is the linear 
part of the index; m is the nonlinear index, also called 
the Kerr nonlinear index (2.2 to 3.4 x 10” ' em’/W); 
and I is the optical intensity inside the fiber. 

The field propagation at a distance I. into the fiber 
is described by the following equation: 


Eou(L) = Ein(Oexpl—al2 +i + yP(L, N21 


9) 


a!2 is the attenuation; iB is the phase of the wave; and 
yP(L, 1/2 is the nonlinearity term; 

y= amyl AAed [20] 
is the nonlinearity coefficient and may be a complex 
number; Ay; is the fiber core effective area; P(L. 1) is 
the total power; and A is the signal wavelength and t 
the time variable. 

‘The nonlinear coefficient is defined as m/Aq. This 
coefficient plays a critical role in the fiber and is 
closely related to system performance degradation 
due to nonlinearities when very high power is used. 


Methods for measuring the nonlinear coefficient. 
‘Two methods are available for measuring the non- 
linear coefficient: 


© Continuous-wave dual-frequency (CWDF); and 


# Pulsed single-frequency (PS 


In the CWDF method, light from two wavelengths is 
injected into the fiber. At higher power, the light from 
the two wavelengths beat due to the nonlinearity and 
produce an output spectrum that is spread. The 
relationship of the power level to a particular 
spreading is used to calculate the nonlinear coefficient. 

In the PSF method, the pulsed light from a single 
wavelength is injected into the fiber. Very short pulses 
(<1 ns) and their input peak power must be measured 
and related to the nonlinear spreading of the output 
spectrum, 


Stimulated Brillouin scattering 

In an intensity modulated system using a source with 
a narrow linewidth, significant optical power is 
transferred from the forward-propagating signal to 
a backward-propagating signal when the SBS power 
threshold is exceeded. At that point periodic regions 
of index of refraction produce a grating traveling at 
speed of sound away from the source. The grating 
reflects backward part of the incident light. The 
reflected sound waves (acoustic phonons) scatter light 
back to the source. Phase matching (or momentum 
conservation) dictates that the scattered light prefer- 
entially travels in the backward direction. The 
scattered light will be Doppler-shifted (downshifted 
or Brillouin-shifted) by approximately 11 GHz (at 
1550 nm, for G.652 fiber). The scattered light has a 
very narrow spectrum (very coherent) and very close 
to the carrier signal and may be very detrimental. 


Stimulated Raman scattering 

SRS is an interaction between light and the fiber 
molecular vibrations as adjacent atoms vibrate in 
opposite directions (an ‘optical phonon’). Some of 
the energy of the main carrier (optical pump wave) 
is transferred to the molecules, thereby further 
increasing the amplitude of their vibrations. If the 
vibrations become large enough, a threshold is 
reached at which the local index of refraction changes. 
‘These local changes then scatter light in all directions 
similar to Rayleigh scattering. However, unlike 
Rayleigh scattering, the wavelength of the Raman 
scattered light is shifted to longer wavelengths by an 
amount that corresponds to the molecular vibration 
frequencies and the Raman signal spreads over a 
large spectrum. 


Self-phase modulation 
SPM is the effect that a powerful pulse has on its own 
phase, considering that in eqn [18], I(t) varies in time: 


# I(t) m(t) = ny + ml(t) = modulates the phase 
B(t) of the pulse; and 

@ difdt + dnidt — dpidt(chirp) —+ broadening in the 
frequency domain — broadening in the time 
domain. 


I(t) peaks at the center of the pulse (peak power) 
and consequently increases the index of refraction. 
A higher index causes the wavelengths in the center 
of the pulse to accumulate phase more quickly than 
at the wings of the pulse: 


© this causes wavelength stretching (shift to longer 
wavelengths) at pulse leading edge (risetime); and 

«© this causes wavelength compression (shift to shorter 
wavelengths) at pulse trailing edge (falltime).. 
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‘The pulse will then broaden with negative (normal) 
dispersion and shorten with positive (anomalous) 
dispersion, SPM may then be used for dispersion 
compensation considering that self-phase modulation 
imposes C>0 (positive chirp). It can cancel the 
dispersion if properly manage as. function of the sign 
of the dispersion. SPM is one of the most critical 
nonlinear effects for the propagation of soliton or 
very short pulses over very long distance. 


Cross-phase modulation 

XPM is the effect that a powerful pulse has on the 
phase of an adjacent pulse from another WDM 
system channel traveling in phase ot at slightly the 
same group velocity. It concerns spectral interference 
between two WDM channels: 


© the increasing I(t) at the leading edge of the 
interfering pulse shifts the other pulse to longer 
wavelength; and 

# decreasing I(¢) at the trailing edge of the interfering 
pulse shifts the other pulse to shorter wavelengths. 


This produces spectral broadening, which dis- 
persion converts to temporal broadening depending 
on the sign of the dispersion. XPM effect is similar to 
SPM except it depends on the channel count. 


Four-wave (four-photon) mixing 
FWM is the by-product production effect from two or 
more WDM channels. For two channels I(t) modu- 
lates the phase of each signal (a, and w). An intensity 
modulation appears at the beat frequency 0 ~ o». 
‘Two sideband frequencies are created in a similar 
way as harmonies generation. New wavelengths are 
created in a number equal to N2(N ~ 1)/2, where 
N= number of original wavelengths. 


Fiber Dimension Characteristics and 
Corresponding Tests Methods 


Table 1 provides a list of the various fiber dimensional 
characteristics and their corresponding test methods. 


Table 1 Fiber dimensional characteristics 


‘Ateibute Measured parameter 


Fiber geometry Core/cladding diameter 
CCore/cladding noncircularity 
ore-cladding concenticty errar 
Numerical aperture 

Mode field diameter 

Coating geometry 

Length 


Fiber Geometry Characteristics 


The fiber geometry is related to the core and cladding 
characteristics. 


Core 
The core center is the center of a circle which best fits 
the points at a constant level in the near-field intensity 
profile emitted from the central region of the fiber, 
using wavelengths above and/or below the cut-off 
wavelength, 

The RIP can be measured by refracted near field 
(RNF) or transverse interferometry techniques and 
transmitted near field (TNF). 

The core concentricity error is the distance between 
the core center and the cladding center. This 
definition applies very well for multimode fibers. 
The distance between the center of the near field 
profile and the center of the cladding is also used for 
singlemode fibers. 

The mode field diameter (MFD) represents a 
measure of the transverse electromagnetic field 
intensity of the mode in a fiber cross-section and it 
is defined from the far-field intensity distribution, 

The MF is the singlemode field distribution of 
the LPp, mode, giving rise to a spatial intensity 
distribution in the fiber. 

The MF concentricity error is the distance between 
the MF center and the cladding center. 

The core noncircularity is a measure of the 
core ellipticity. This parameter is one of the causes 
for creating birefringence in the fiber and 
consequently PMD. 


Cladding 
The cladding is the outermost region of constant 
refractive index in the fiber cross-section. 

The cladding center is the center of a circle best 
fitting the outer limit (boundary) of the cladding. 

The cladding diameter is the diameter of the circle 
defining the cladding center. 

The cladding noncircularity is a measure of the 
ference between the diameters of the two circles 
defined by the cladding tolerance field divided by the 
nominal cladding diameter. 


Coating 
The primary coating is one or more layers of protective 
material applied to the cladding during or after the 
drawing process to protect the cladding surface (e.g. 
250 um protective coating). The secondary coating is 
one or more layers of protective material applied over 
the primary coating in order to give additional 
protection or to provide a particular structure. 


What 


‘an 


jo Wrong 


What Can Go Wrong 


Compared with other devices that have moving 
parts, the brushless induction motoris one of the 
most reliable and efficient devices ever invented 
However, there are many ways it can be dam- 
aged. General problems affecting all types of 
motors are listed at "Heat effects" (page 188). Is- 
sues relating specifically to AC motors are listed 
below. 


Premature Restart 

Large industrial three-phase induction motors 
canbe damaged if powers reapplied before the 
motor has stopped rotating. 


Frequent Restart 

fa motors stopped and started repeatedly, the 
heat that is generated during the initial surge of 
current is likely to be cumulative, 


Undervoltage or Voltage Imbalance 
Avoltage drop can cause the motortodraw more 
current than its rated to handle. If this situation 
persists, overheating will result. Problems also 
are caused in a three-phase motor where one 
phase is not voltage-balanced with the others. 
The most common cause of this problem is an 
open circuit-breaker, wiring fault, or blown fuse 
affecting just one of the three conductors, The 
motor will try to run using the two conductors 
that are still providing power, but the result is 
likely to be destructive. 


el rotational > ac motor 


‘omagnetism 


Stalled Motor 

When power is applied to an induction motor, if 
the motor is prevented from turning, the con- 
ductors in the rotor will carry a large current that 
is entirely dissipated as heat, This current surge 
will either burn out the motor or blow a fuse or 
circuit breaker. Care should be taken, in equip- 
ment design, to minimize the risk that an induc 
tion motor may stall or jam. 


Protective Relays 

Sophisticated protective relays are available for 
industrial 3-phase motors, and can guard against 
all of the faults itemized above. Their details are 
outside the scope of this encyclopedia. 


Excess Torque 

‘As has been previously noted, the torque of an 
induction motor increases with the slip (speed 
difference) between the rotation of the magnetic 
field and the rotation of the rotor. Consequently, 
ifthe motoris overloaded and forcedto run more 
slowly, it can deliver more rotational force. This 
can destroy other parts attached to the motor, 
such as drive belts. 


Internal Breakage 

‘An overloaded induction motor may suffer some 
cracking or breakage ofits rotor. This may be ob- 
vious because of reduced power output or vi- 
bration, but can also be detected if the motor's 
power consumption changes significantly. 


200 
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Measurement of the fiber geometrical attributes 
The fiber geometry is measured by the following 
methods: 


TNF image technique; and 


«# Side-view technique/transverse interference; 
© Mechanical diameter, 


Test instrumentation may incorporate two or 
more methods such as the one shown in Figure 18. 


Transmitted near-field technique. ‘The cladding 
diameter, core concentricity error, and cladding 
noncircularity are determined from the near-field 
intensity distribution. Figure 19 provides a series of 
examples of test results from TNF measurements. 


racted near-field technique, The RIP across the 
entire fiber (core and cladding) can be directly obtained 
from the RNF measurement, as shown in Figure 20. 


‘The geometrical characteristics of the fiber can be 
obtained from the refractive index distribution using 
snitable algorithms: 


core/cladding diameter; 

core/cladding concentricity error; 

core/cladding noncircularity; 

maximum numerical aperture (NA); and 

index and relative index of refraction difference, 


Figure 21 illustrates the core geometry. 


Side-view techniqueltransverse interference. The 
side-view method is applied to  singlemode 
fibers to determine the core concentricity error, 
cladding diameter and cladding noncircularity by 
measuring the intensity distribution of light that is 
refracted inside the fiber. The method is based on 
an interference microscope focused on the side 
view of an FUT illuminated perpendicular to the 
FUT axis. The fringe pattern is used to determine 
the RIP. 


(1) Metale block 
(2) Measurement call 

(3) Fiber under test 

(4) RNF detector 

(5) Microscope objective lens 
(6) NF laser source 


(7) Temperature sensor 
(8) TNF laser source (1310 nm} 
(9). TNF laser source (1550 nm) 


(10) LED source fiber search) 
(11) Bare fiber adapter 


(12,13,14) Optical fiber pigtails 
® (15) TNF detector 

(16) Multimode optical fiber 
(17) Parabolic mitror 

a (18,19) Beamspitters 


(20) Mirror 
(21) COD camera (fiber search) 


Figure 18 RNF/TNF combined instrumentation. 
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Figure 20 RIP trom ANF measurement. 


TNF image technique. ‘The TNF image technique, 
also called near-field light distribution, is used for 
the measurement of the geometrical characteristics of 
singlemode fibers. The measurement is based on 
analysis of magnified images at the FUT output. Two 
subsets of the method are available: 


© grey-scale technique which performs an x-y near- 
field scan using a video system; and 

« Single near-field scanning technique performing a 
one-dimensional scan. 


Mechanical diameter. This is a precision mecha- 
nical diameter measurement technique used to 


accurately determine the cladding diameter of silica 
fibers. The technique uses an electronic micrometer 
such as based on a double-pass Michelson inter: 
ferometer. The technique is used for providing 
calibrated fibers to the industry as SRM. 


Numerical Aperture 


The NA is an important attribute for multimode 
fibers in order to predict their launching efficiency, 
joint loss at splices and micro/macrobending 
characteristics. 

‘A method is available for the measurement of 
the angular radiant intensity distribution (far-field) 
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Figure 21 Core geometry by ANF measurement. 


distribution or the RIP at the output of an FUT. 
NA can be determined from the analysis of the 
test results. 


Mode Field Diameter 


The definition of the MFD is given in the section 
describing the core center above. Four measurement 
methods are availabl 


© direct far-field scan determines MFD from the far- 
Id intensity distribution; 
© variable aperture in far field determines MED from 
the complementary aperture transmission function 
a(x), x =d tan @ being the aperture radius and d 
the distance between the aperture and the FUT: 


wn 
MED = | 


AT (ey 
[I omrar 


=I R41 


Equation [21] is valid for small-@ approximation. 


near-field scan determines MED from the near-field 


intensity distribution Ixp, r being the radial 
coordina 
a a 
i} rlyp(o) dr 
MD = 2| 222 22) 


Equation [22] is valid for small-@ approximation; 
and 


Geometry : Core view 
Eitical ft 

% Kept point 
«Removed point 


(Mem) 
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@ bidirectional backscattering uses an OTDR and 
bidirectional measurements to determine MFD by 
comparing the FUT results with a reference fiber. 


Effective Area 


Aqq is a critical nonlinearity parameter and is defined 
as follows: 


2a fF Mr dr P 


Te lor dr P31 


Aa = 


IG) is the field intensity distribution of the fiber 
fundamental mode at radius r. The integration in 
the equation is carried out over the entire fiber 


-ction. For a Gaussian approximation: 


4) 


Tor) = exp — 2 


which yields: 
Rs) 


Three methods are available for the measurement 
of Ae 


© direct far-field; 
© variable aperture in far-field; and 
© near-field. 
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Mechanical Measurement and Test 
Methods 


Table 2 describes the various mechanical charac- 
teristics and their corresponding test methods, 


Proof Stressing 


The proof stress level is the value of tensile stress or 
strain applied to a full fiber length over a short period 
of time, The method for fiber proof stressing is the 
longitudinal tension which describes procedures for 
applying tensile loads to a length of fiber. The fiber 
stress is calculated from the applied tension. The 
tensile load is applied over short periods of time 
but not too short in order for the fiber to experience 
proof stress. 


Residual Stress 


Residual stress is the stress built up by the thermal 
expansion difference between core and cladding 
during the fiber drawing process or splicing. Methods 
are available for measuring residual stress based on 
polarization effects. A light beam produced by a 
rotating polarizer propagates to the x-axis direction 
while the heam polarization is in the y—z plane and 
the fiber longitudinal axis in the z-axis. The light 
experiences different phase shift in the y- and z-axis 
due to the FUT birefringence. The photoelastic effect 
gives the relationship hetween this phase change and 
residual stresses, 


Stress Corrosion Susceptibility 


The stress corrosion susceptibility is related to the 
dependence of crack growth on applied stress. 
It depends on the environmental conditions and 
static and dynamic values may be observed. 


Environmental Characteristics 


Table 3 lists the fiber characteristics related to the 
effect of the environment, 


Table 2. Fiber mechanical characteristics 


Attribute 


Proof stress 
Residual stress 

Stress corrosion susceptibility 
Tensile strangin 

Stripabitty 

Fiber cur 


Table 3. Fiber environmental characteristics 


Attribute 


Hydrogen aging 

‘Nuclear gamma iraciation 
Damp heat 

Dry heat 

‘Temperature cycling 
Water immersion 


Hydrogen Aging for Low-Water-Peak Single-Mode 
Fiber 


Hydrogen aging on low-water peak fibers, such as 
G.652.C, is based on a test performed at 1.0 
atmosphere of hydrogen pressure at room tempera- 
ture over a period of one month. Other proportional 
combinations are possible. 


Nuclear Gamma Irradiation 


Nuclear radiation is considered on the basis of a 
steady state response of optical fibers and cables 
exposed to gamma radiation and to determine 
the level of related radiation-induced attenuation 
produced in singlemode or multimode cabled or 
uncabled fibers. 

The fiber attenuation generally increases when 
exposed to gamma radiation. This is primarily due to 
the trapping of radiolytic electrons and holes at defect 
sites in the glass (i.e, the formation of ‘color centers’). 
Two regimes are considered: 


‘the low dose rate suitable for estimating the effect 
of environmental background radiation; and 

‘ the high dose rate suitable for estimating the effect 
of adverse nuclear environments. 


The effects of environmental background radiation 
are measured by the attenuation (cut-back method). 
The effects of adverse nuclear environments are tested 
by power monitoring before, during and after FUT 
exposure, 
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Introduction 


Many physical systems in various areas such as 
condensed matter or plasma physics, biological 
sciences, or optics, give rise to localized large- 
amplitude excitations having a relatively long lifetime. 
Such excitations lead to a host of phenomena referred 
toasnonlinear phenomena, Of the many disciplines of 
physics, the optics field is probably the one in which 
practical applications of nonlinear phenomena have 
heen the most fruitful, in particular, since the 
discovery of the laser in 1960. This discovery has 
thus led to the advent of a new branch in optics, 
referred to as nonlinear optics. The applications of 
nonlinear phenomena in opties include the design of 
various kinds of laser sources, optical amplifiers, 
light converters, light-wave communication systems 
for data transmission purposes, to name a fe 

In this article, we present an overview of some basic 
principles of nonlinear phenomena that result from 
the interaction of light waves with dielectric wave- 
guides such as optical fibers. These nonlinear phenom- 
ena can be broadly divided into two main categories, 
namely, parametric effects and scattering phenomena. 
Parametric interactions arise whenever the state of 
the dielectric matter is left unchanged by the inter- 
action, whereas scattering phenomena imply tran- 
sitions between energy levels in the medium. More 
fundamentally, parametric interactions originate from 
the electron motion under the electric field of a light 
wave, whereas scattering phenomena originate 
from the motion of heavy ions (or molecules). 


Linear and Nonlinear Signatures 


‘The macroscopic properties of a physical system can 
be obtained by analyzing the response of the system 
under an external excitation. For example, consider 
at time t the response of a system, such as an amplifier, 


Masson B and Giraed A (2004) FITx PON Guide, Testing 
Passive Optical Networks. Quebec: EXFO, pp. 56. 

Miller JL and Friedman E (2003) Optical Commsunications 
Rules of Thumb. New York: McGraw-Hill, pp. 428. 

Neumann E-G (1988) Single-Mode Fibers, Fundamentals. 
Berlin: Springer-Verlag, 


to an input signal E;=Asin(wt). In the low- 
amplitude limit of the output signal, the response 


R, of the system is proportional to the excitation: 
Ri= mE i 


where ay isa constant. This type of behavior corres- 
ponds to the so-called linear response. In general, a 
physical system executes a linear response when the 
superposition of two (or more) inputsignals E, and E 
yieldsa response which isa superposition of the output 
signals, as schematically represented in Figure 1: 


R=a,R, +a)R; 121 


Now, in almost all real physical systems, if the 
amplitude of an excitation E, becomes sufficiently 
large, distortions will occur in the output signals. In 
other words, the response of the system will no longer 
he proportional to the excitation, and consequently, 
the law of superposition of states will no longer be 
observed. In this case, the response of the system may 
take the following form: 


R= qyE, +a7E} + asE} +... BI 


which involves not only a signal at the input frequency 
©, but also signals at frequencies 2, 30, and so on. 
Thus, harmonics of the input signal are generated. 
This behavior, called nonlinear response, is at the 
origin of a host of important phenomena in many 
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Figure 1 Schematic representation of linear and nonlinear 
esponses of a system, to two input signals. 
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branches of sciences, such as in condensed matter 
physics, biological sciences, or in optics. 


Physical Origin of Optical Nonlinearity 


Optical nonlinearity originates fundamentally from 
the action of the electric field of a light wave on the 
charged particles of a dielectric waveguide. In 
contrast to conductors where charges can move 
throughout the material, dielectric media consist of 
bound charges (ions, electrons) that can execute only 
relatively limited displacements around their equili- 
brium positions. The electric field of an incoming 
light wave will cause the positive charges to move in 
the polarization direction of the electric field whereas 
negative charges will move in the opposite direction. 
In other words, the electric field will cause the 
charged particles to become dipoles, as schematically 
represented in Figure 2. 

‘Then each dipole will vibrate under the influence of 
the incoming light, thus becoming a source of 
radiation, The global light radiated by all the dipoles 
represents the scattered light. When the charge 
displacements are proportional to the excitation 
{incoming light), i.c., in the low-amplitude limit of 
scattered radiation, the output light vibrates at the 
same frequency as that of the excitation. This process 
corresponds to Rayleigh scattering. On the other 
hand, if the intensity of the excitation is sufficiently 
large to induce displacements that are not negligible 
with respect to atomic distances, then the charge 
splacements will no longer be proportional to 
the excitation. In other words, the response of the 
medium, which is no longer proportional to the excita- 
tion, becomes nonlinear. In this case, the scattered 
waves will be generated not only at the excitation 
frequency (the Kerr effect), say @, but also at 
frequencies that differ from w (e.g., 2u, 30). On the 
other hand, it is worth noting that when all induced 
dipoles vibrate coherently (that is, their relative phase 
does not vary randomly), their individual radiation 
may, under certain conditions, interfere construc- 
tively and lead to a global field of high intensity. 


Figure 2 Electric dipoles in a diolectic medium under an 
external electric fel. 


The condition of constructive interference is the 
phase-matching condition. 

In practice, the macroscopic response of a dielectric 
is given by the polarization, which corresponds to the 
total amount of dipole moment per unit volume of the 
dielectric. As the mass of an ion is much larger than 
that of an electron, the amplitude of the ion motion is 
generally negligible with respect to that of the 
electrons. As a consequence, the electron motion 
generally leads to the dominant contribution in the 
macroscopic properties of the medium. The behavior 
of an electron under an optical electric field is similar 
to that of a particle embedded in an anharmonic 
potential. A very simple model (called the Lorentz 
model) that provides a deep insight into the dielectric 
response consists of an electron of mass m and charge 
=e connected to an ion by an clastic spring (see 
Figure 2). Under the electric field E(t), the electron 
executes a displacement x(t) with respect to its 
equilibrium position, which is governed by the 
following equation: 

ex 2, 


de 
tw t (ax? + a +o) 


di 


=~ SEW 141 


where a”), a”), and so on, are constant parameters, 
‘wy is the resonance angular frequency of the electron, 
and A is the damping coefficient resulting from the 
dipolar radiation. When the amplitude of the electric 
field is sufficiently large, then the restoring force on 
the electrons becomes a nonlinear function of x; 
hence the presence of terms such as a'x?, a)x°, and 
so on, in eqn [4]. In this situation, the macroscopic 
response of the dielectric is the polarization 


P= —Yexlw,2,30,...) 11 


where x(w, 20, 30...) is the solution of eqn [4] in the 
frequency domain, and the summation extends over 
all the dipole moments per unit volume. In terms of 


the electric field E the polarization may be written as 
P= egQQE+ PR +R + 


(6) 
where x"), x), x), and so on, represent the suscepti- 
bility coefficients. Figure 3 (top left) illustrates 
schematically the polarization as a function of the 
electric field. 

In particular, one can clearly observe that when the 
amplitude of the incoming electric field is sufficiently 
small (bottom left in Figure 3), the polarization (top 
right) is proportional to the electric feld (bottom left), 
thus implying that the electric dipole radiates a wave 
having the same frequency as that of the incoming 
light (bottom right). On the other hand, Figure 4 
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Figure 4 Polarization induced by an incoming electric field of large amplitude. 


shows that for an electric field of large amplitude, the 
polarization is no longer proportional to the electric 
field, leading to radiation at harmonic frequencies 
(see Figure 4, bottom right). 

This nonlinear behavior leads to a host of 
important phenomena in optical fibers, which are 
useful for many optical systems but detrimental for 
other systems. 


Parametric Phenomena in Optical 
Fibers 


In anisotropic materials, the leading nonlinear term 
in the polarization, i.c., the y2) term, leads to 
phenomena such as the harmonic generation or 
optical rectification. This x’ 
homogeneous isotropic materials such as cylindrical 


term vanishes in 
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optical fibers, and there the leading nonlinear term 
becomes the y°) term. Thus, most of outstanding 
nonlinear phenomena in optical fibers originate from 
the third-order nonlinear susceptibility y°. Some of 
those phenomena are described below. 


Optical Kerr Effect 


The optical Kerr effect is probably the most important 
nonlinear effect in optical fibers. This effect induces 
an intensity dependence of the refractive index, which 
leads to a vast wealth of fascinating phenomena such 
as self-phase modulation (SPM), cross-phase modu- 
lation (CPM), four-wave mixing (FWM), modula- 
tional instability (MI) or optical solitons. The Kerr 
effect can be conveniently described in the frequency 
domain through a direct analysis of the polarization, 
which takes the following form: 


3 
Pru(o) = Geox (E(w) EC) 71 


The constant 3/4 comes from the symmetry properties 
of the tensor x. Setting Px.(@) = eveniE(w), where 


ex, = 3X IEF is the nonlinear contribution to the 
dielectric constant, the total polarization takes the 
form 

Plo) = P+ Px = eal (@) + em.) [8] 


As eqn [8] shows, the refractive index m, at a given 
frequency a, is given by 


P=14xX+em=(m+dmy 191 


1+. In practice Amy, < np, and then, 
the refractive index is given by 


nw, \EI?) = no(w) + nSIEP [10] 
where 1 is the nonlinear refractive index defined 
by 5 = 3x%(8n9). The linear polarization Py is 
responsible for the frequency dependence of the 
refractive index, whereas the nonlinear polarization 
yt. causes an intensity dependence of the refractive 
index, which is referred to as the optical Kerr 
effect. Knowing that the wave intensity I is given 
by I= alEl*, with a= deqenp, the refractive index 
can be then rewritten as 


n(w, 1) = no(w) + mT feu) 


with mm =ni/a=2n5[(egcm). For fused silica 
fibers one has typically: nz = 2.66 x 10°79 m? Wo! 
For example, an intensity of [= 1 GW cm” leads to 
Any, = 2.66 10-7, which is much smaller than 
ny = 145. 


Four-Wave Mixing 


The four-wave mixing (FWM) process is a third-order 
nonlinear effect in which four waves interact through 
an energy exchange process. Let us consider two 
intense waves, E\(w,) and Ex(w,), with @ > 0, 
called pump waves, propagating in an optical fiber. 
Hereafter we consider the simplest case when waves 
propagate with the same polarization. In. this 
situation the total electric field is given by 


Exen(t, t) = Ey + Ey 
= Ai(or)expli(ky-t ~ 018)] 


+ Axo, explillyt —of)] [12] 


where ky and ky are the wavevectors of the fields E, 
and E, respectively. Equation [7], which gives the 
nonlinear polarization induced by a single mono- 
chromatic wave, remains valid provided that the 
frequency spacing between the two waves is relatively 
small, i.e., lel = lay — a! < wy = (wo + 02 
In this context, eqn [7] leads to 


3 2 
Pua, = Fox (eo) Esa Ero 13] 


Substituting eqn [12] in eqn [13] yields 
Py = 2am (IE P4218,P)E, 
+ (IEp!? + 2IE,P)Ey + EYES + fera| 114) 


The term IE;|7E, in the right-hand side of eqn 
[14] represents the self-induced Kerr effect on the 
‘The term IE)|"E,, which corresponds to a 
modification of the refractive index seen by the 
wave 1, due to the presence of the wave a, 
represents the cross-Kerr effect. Thus, the refractive 
index at frequency ©, depends simultaneously on 
the intensities of the two pumps, ie, = 
n(a,lE,?,IEpI"). Similarly the third and fourth 
terms in the right-hand side of eqn [14] illustrate 
the self-induced and cross-Kerr effects on the wave 
Note that the self-induced Kerr 
effect is responsible for a self-phase modulation, 
which induces a spectral broadening of a pulse 
propagating through the optical fiber, whereas the 
cross-Kerr effect leads to a cross-phase modulation 
that induces a spectral broadening of one wave in 
the presence of a second wave. The two last terms 
in the right-hand side of eqn [14] correspond to the 
generation of new waves at frequencies 20, — 0 
and. 20) ~ w,, respectively. The wave with the 
smallest frequency 201 — 02 is called the 
Stokes wave, whereas the wave with the highest 
frequency 2a; — @ = w,, is called the anti-Stokes 
wave. These two newly generated waves interact 
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Figure 5 Schematic diagram representing a non-degenerate 
four-wave mixing process (top) and the corresponding frequency 
spectrum (bottom) 


with the two pumps through an energy exchange 
process. This interaction is commonly referred to as 
a fourwave mixing process. 

From a quantum mechanical point of view, four- 
wave mixing corresponds to a process in which two 
photons with frequencies o and @ are annihilated 
with simultaneous creation of two photons at 
frequencies w, and w,., respectively. The new waves 
are generated at frequencies w, and @,, such that 
ls) 
which states that the total energy is conserved during 
the interaction. But the condition for this FWM 
process to occur is that the total momentum is 
conserved, that is, 


wy $0) = 0, + Oy 


Ak =k +k, —ky ky =0 [16 
or equivalently, 
n(w,)0r, + 10,0, ~ M(4)o, — Mwy)ay =O [17] 


Equation [16] is known as the phase-matching 
condition. Figure 5 displays a schematic diagram of 
a four-wave mixing process with the corresponding 
frequency spectrum. 

FWM with different pump frequencies « # 
is called ‘nondegenerate FWM’, whereas the case 
=, is referred to as “degenerate FWM’, or 
more simply, as three-wave mixing. 


Conclusion 


Optical fibers constitute a key device for many areas 
of optical sciences, and in particular for ultrafast 
optical communications. The nonlinear phenomena 
that arise through the nonlinear refractive index 
change (induced mainly by the Kerr effect) have been 
largely investigated these last two decades for 
applications such as all-optical wavelength conver- 
sion, parametric amplification, generation of new 
optical frequencies or ultrahigh repetition rate pulse 
trains. However, in many other optical systems such 
as optical communication systems, these nonlinear 
phenomena become harmful effects, and in this case 
control processes are being developed in order to 
suppress or at least reduce their impact in the system. 


List of Units and Nomenclature 


Nonlinear refractive index my [m* W~ 1] 
Optical intensity J [GW cm™* = 10° W em 


CPM: cross phase modulation 
FWM: four wave mixing 

ML: modulational instability 
SPM: self-phase modulation 
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Introduction 


The invention of the laser provided us with a light 
source capable of generating extremely large optical 
power densities (several MW/m"). At such large 
power densities, matter behaves in a nonlinear 
fashion and we come across new optical phenomena 
such as second-harmonic generation (SHG), sum 
and difference frequency generation, intensity 
dependent refractive index, mixing of various 
frequencies, ete. In SHG, an incident light beam at 
frequency w interacts with the medium and gen- 
erates a new light wave at frequency 2, In sum and 
difference frequency generation, two incident beams 
at frequencies w, and w) mix with each other 
producing sum (w; +a) and difference (w, — 2) 
frequencies at the output. Higher-order nonlinear 
effects, such as self-phase modulation, four-wave 
mixing, etc. can also be routinely observed today. 
The field of nonlinear optics dealing with such 
nonlinear interactions is gaining importance due to 
numerous demonstrated applications in many 
diverse areas such as optical fiber communications, 
all-optical signal processing, realization of novel 
sources of optical radiation, etc. 


—' 
@) Bulk () Waveguide 


tighter focusing produces larger 
Intensities, but over shorter interaction lengths. (b) In optical 
waveguides difracton effects ara balanced by waveguiding and 
the interaction lengths are much larger. 


a 
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Nonlinear optical interactions become prominent 
when the optical power densities are high and 
interaction takes place over long lengths. The usual 
method to increase optical intensity is to focus the 
light beam using a lens system. For a given optical 
power, the tighter the focusing, the larger will be the 
intensity for a given optical power; however, greater 
will be the divergence of the beam. Thus tighter 
focusing produces larger intensities, but over shorter 
interaction lengths (see Figure 1a). Optical wave- 
guides, in which the light beam is confined to a small 
Eross-sectional area, are currently being explored for 
realizing efficient nonlinear devices. In contrast to 
bulk media, in waveguides, diffraction effects are 
balanced by waveguiding and the beam can have 
small cross-sectional areas over much longer inte 
action lengths (see Figure 1b). A simple optical 
waveguide consists of a high index dielectric medium 
surrounded by a lower index dielectric medium so 
that light waves can be trapped in the high index 
region by the phenomenon of total internal reflection. 
Figure 2 shows a planar waveguide, a channel 
waveguide and an optical fiber. In the planar 
waveguide a film of refractive index ny is deposited! 
diffused on a substrate of refractive index n, and has a 
cover of refractive index me (with 7, me <m). The 
waveguide has typical cross-sectional dimensions of a 
few micrometers. Unlike planar waveguides, in which 
guidance takes place only in one dimension, in 
channel waveguides the diffused region in a substrate 
is surrounded on all sides by lower index media. 
Optical fibers are structures with cylindrical symme- 
try and have a central cylindrical core of doped silica 
surrounded by a concentric cylindrical cladding of 
pure silica which has a slightly lower refractive index. 
Light guidance in all these waveguides takes place 
through the phenomenon of total internal reflection, 

In contrast to bulk interactions requiring beam 
focusing, in the case of optical waveguides, the beam 
can be made to have extremely small cross-sectional 


ry 


% 


Planar waveguide 


Channel waveguide: 


Optical fiber 


Figure 2 A planar waveguide, a channel waveguide and an optical fiber. 


electromagnetism > rotational > servo motor 


servo motor 


Should be referred to as an RC servo if itis intended for use in small devices that are 
remote-controlled and battery powered. However, in practice, the RC acronym is often 


omitted. 


OTHER RELATED COMPONENTS 


+ AC moter (See Chapter 23) 
+ De motor (See Chapter 22) 
«stepper motor (See Cho) 


What It Does 


Aservo motor is actually a combination ofa mo- 
tor, reduction gearing, and miniaturized control 
electronics, usually packaged together inside a 
verycompactsealed plasticcase. The motoritself 
may be AC or DC, and if DC, it may be brushed or 
brushless, What distinguishes servo from other 
types of motor is that it is not designed for con- 
tinuous rotation. It is a position-seeking device. 
Its rotational range may be more than 180 de- 
grees but will be significantly less than 360 de- 
grees. Two typical RC servos are shown in 
Figure 24-1. A side view of a motor is shown in 
Figure 24-2. 


The electronics inside the motor enclosure inter- 
pret commands from an external controller. The 
command code specifies the desired turn angle 
measured as an offset either side of the center 
position of the motor's range. The motor turns 
quickly to the specified position and stops there. 
So long as the command signal continues and 
power to the motor is sustained, the motor will 
hold its position and "push back” against any ex- 
temal turning force. In the absence of such a 
force, while the motorisstationary, itwillusevery 
little current. 


Figure 24-1. A typical RC servo motor is capable of more 
than §0 inch-ounces of torque yet can be driven by three 
or four AA alkaline cells in series, and weighs under 2 oun 
The electronics inside a typical RC servo motor 
are shown in Figure 24-3, 


How It Works 


Servo motors are generally controlled via pulse 
width modulation (PWM). 
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areas (~25 um?) over very long interaction lengths 
(~20 mm in integrated optical waveguides and tens 
of thousands of kilometers in the case of optical 
fibers). This leads to very much increased nonlinear 
interaction efficiencies even at moderate powers 
(approximately a few tens of mW). 

In the following sections, we will discuss some of 
the important nonlinear interactions that are being 
studied with potential applications to various 
branches of science and engineering. Obviously it is 
impossible to cover all aspects of nonlinear optics ~ 
several books have been written in this area (see 
Further Reading section at the end of this article) — 
what we will do is to discuss the physics of some of 
the important nonlinear effects. 

Apart from intensity and length of interaction, one 
of the most important requirements for many efficient 
nonlinear interactions is the requirement of phase 
matching. The concept of phase matching can be 
easily understood from the point of view of SHG. In 
SHG, the incident wave at frequency w generates a 
nonlinear polarization at frequency 2 and this 
nonlinear polarization is responsible for the gen 
ation of the wave at 2w. Now, the phase velocity of the 
nonlinear polarization wave at 2w is the same as the 
phase velocity of the electromagnetic wave at freq 
uency , which is usually different from the phase 
velocity of the electromagnetic wave at frequency 2, 
this happens due to wavelength dispersion in the 
medium. When the two phase velocities are unequal, 
the polarization wave at 2w (which is the source) and 
the electromagnetic wave at 2w pass in and out of 
phase with each other as they propagate through the 
medium. Due to this, the energy flowing in from w to 
2w cannot add constructively and the efficiency of 
second-harmonic generation is limited. If the phase 
velocities of the waves at @ and 2w are matched then 
the polarization wave and the wave at 2w remain in 
phase leading to drastically increased efficiencies. This 
condition is referred to as phase matching and plays a 
very important role in most nonlinear interactions. 


Nonlinear Polarization 


In a linear medium, the electric polarization P is 
assumed to be a linear function of the electric field E: 
iit] 
where, for simplicity, a scalar relation has been 
written. The quantity y is termed as linear dielectric 
susceptibility. At high optical intensities (which 
corresponds to high electric fields), all media behave 
in a nonlinear fashion. Thus eqn [1] is modified to 


P= eqxE 


P= eg yE + YE? + YE +...) 21 


where y2),y),... are higher order susceptibilities 
giving rise to the nonlinear terms. The second term on 
the right-hand side is responsible for SHG, sum and 
difference frequency generation, parametric inter- 
actions, etc. while the third term is responsible for 
third-harmonic generation, intensity dependent 
refractive index, self-phase modulation, four-wave 
mixing, etc. For media possessing an inversion 
symmetry, x is zero and there is no second-order 
nonlinear effect. Thus silica optical fibers, which form 
the heart of today’s communication networks, do not 
possess the secon 

‘We will first discuss second-harmonic generation 
and parametric amplification which arises due to the 
second-order nonlinear term and then go on to effects 
due to third-order nonlinear interaction. 


Lorder nonlinearity. 


Second-Harmonic Generation in 
Crystals 


The first demonstration of SHG was made in 1961 by 
focusing a 3 kW ruby laser pulse (Ay = 6943 A) ona 
quartz crystal. An incident beam from a ruby laser 
(red color) after passing through a crystal of KDP, gets 
partly converted into blue light which is the second 
harmonic. Ever since, SHG has been one of the most 
widely studied nonlinear interaction: 

‘We consider a plane wave of frequency w propagat- 
ing along the z-direction through a medium and 
consider the generation of the second-harmonic 
frequency 2w as the beam propagates through the 
medium. Now, the field at w generates a polarization 
at 2, which acts as a source for the generation of an 
clectromagnetic wave at 2w. Corresponding to the 
frequencies @ and 2, the electric fields are assumed 
to be given by 


1 i 
BO = F(Eae™ “9 £ee) BI 


and 
Bee) 


Fw Fee) (a 


respectively; c.c. stands for the complex conjugate of 
the preceding quantities. The quantitie 


ky = wyleipo) = (wleyn” (1 
and 
ky = Zel(exp) = Qoleyn™ [6] 


represent the propagation vectors at w and 2o, 
respectively; e; and e represent the dielectric 
permittivities at o and 2w, and n® and n™ represent 
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the corresponding wave refractive indices, It should 
be noted that the amplitudes E, and Ey are assumed 
to be z dependent ~ this is because at z = 0 (where the 
beam is incident on the medium) the amplitude E is 
zero and this would develop as the beam propagates 
through the medium. We will now develop an 
approximate theory for the generation of the second 
harmonic. 
We start with the wave equation: 


2 we oP, 
VE = epg Sy = bo 71 


where Pyy, is the nonlinear polarization. An incident 
wave at frequency w generates a polarization at 20, 
which acts as a source for the generation of an 
electromagnetic wave at 2. 

In order to consider SHG, we write the wave 
equation corresponding to 2 with the nonlinear 
polarization at 2w given by 


ergy aa) [8] 
where 
2) = EYE 191 
and 
0x"! 
d z (10) 


represents the effective nonlinear coefficient and 
depends on the nonlinear material, the polarization 
states of the fundamental and the second harmonic 
and also on the propagation direction. Simple 
manipulations give us, for the rate of change of 
amplitude of the second harmonic wave: 


& — ode ps ayes 1] 
where 
Ak = ky — 2k, =(uveyin™ —n") [12 
and we have assumed: 
WP E,idz* & ky(dEy/dz) 113] 


In order to solve eqn [11] we neglect depletion of the 
fundamental field, i.c., E,(z) is almost a constant and 
the quantity E? on the right-hand side can be assumed 
to be independent of <. If we now integrate eqn [11], 
we obtain: 


int dew 
— to Bie 


141 


where 


o fabs = (when — nz ls} 
Now, the powers associated with the beams corre- 


sponding to and 2w are given by: 


P= SEP, a (16) 
Tem Tena 
where § represents the cross-sectional area of the 


beams, Substituting for !E,|* from eqn [16], we get 
after some elementary simplifications: 


when 7 represents the SHG efficiency. Note that the 
efficiency of SHG increases if P,/S, the intensity of 
the fundamental wave increases. Also 7 increases if 
the nonlinear coefficient d increases (obviously) and 
if the frequency increases. However, for a. given 
power Pj, the conversion efficiency increases if the 
area of the beam decreases — thus a focused beam will 
have a greater SHG efficiency. The most important 
factor is (sin o/a)? which is a sharply peaked function 
around = 0, attaining a maximum value of unity at 
«= 0. Thus for maximum SHG efficiency: 


o=0>0" [18] 
i.e the refractive index at 2w must be equal to the 
refractive index at w — this is known as the phase 
matching condition. 

The phase matching condition can he pictorially 
represented by a vector diagram (see Figure 3). 
In Figure 3, ky and kyw represent the wave vectors 
of the fundamental and the second harmonic respeet- 
ively. To achieve reasonably effective SHG, it is very 
important to satisfy the phase-matching condition. 
Efficiencies under nonphase matched operation can 
be orders of magnitude lower than under phase- 
matched operation. 

‘We see from eqn [17] that the smallest z for which 7, 


119) 


Figure 3 Vector diagram representing the phase matching 
condition for SHG. 
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where we have used eqn [15] for Ak, The length L, is 
called the phase coherence length and represents the 
maximum crystal length up to which the second- 
harmonic power increases. Thus, if the length of the 
crystal is less than Lc, the second-harmonic power 
increases almost quadratically with z. For z > L., the 
second-harmonic power begins to reduce again. 

In general, because of dispersion, it is very difficult 
to satisfy the phase-matching condition. However, in a 
birefringent medium, for example with 1 > me, it 
may be possible to find a direction along which the 
refractive index of the o-wave for w equals the 
refractive index of the e-wave for 2u (sce Figure 4). 
For media with n, > n,, the direction would corre- 
spond to that along which the refractive index of the 
e-wave for wequals the refractive index for the o-wave 
for 2. This can readily be understood by considering 
a specific example. We consider the SHG in KDP 
corresponding to the incident ruby laser wavelength 
(Ap = 0.6943 um, w= 2.7150 10" Hz). For this 


frequency: 
} 20} 


The refractive index variation for the e-wave is 


given by: 
cos? 8 
no =( =e) 
7g 


where @ is the angle that the wave propagation 
direction makes with the optic axis, Now, as can be 
seen from the above equations: 


1.50502, nf = 1.46532 


53269, ne” = 1.48711 


4 


ne <(O) <M 224 


ng (8) 


Figure 4 In a birefringent medium, for example with n, > ne, 
it may be possible to find a direction along which the refractive 
index of the o-wave for w equals the refractive index of the ewave 
for 2u. 


Since n, at 0.6943 wm lies between n. and ny at 
0.34715 jum, there will always exist an angle @,, along 
which 12(0,,) = ng. We can solve for @, and obtain: 


For the values given by eqn [20], we find 4, 


Quasi Phase Matching (@PM) 


‘As mentioned earlier, phase matching is extremely 
important for any efficient nonlinear interaction. 
Recently the technique of quasi phase matching 
(QPM) has become a convenient way to achieve 
phase matching at any desired wavelength in any 
material. QPM relies on the fact that the phase 
mismatch in the two interacting beams can be 
compensated by periodically readjusting the phase 
of interaction through periodically modulating the 
nonlinear characteristics of the medium at a spatial 
frequency equal to the wavevector mismatch of the 
two interacting waves. Thus in SHG, when the 
nonlinear polarization at 2« and the electromagnetic 
wave at 2w have an accumulated phase difference of 
zr, then the sign of the nonlinear coefficient is reversed 
so that the energy flowing from the polarization to the 
wave can add constructively with the existing energy 
(see Figure 5). Thus, by properly choosing the period 
of the spatial modulation of the nonlinear coefficient, 
one could achieve phase matching. This scheme, 
QPM, is being very widely studied for application to 
nonlinear interactions in bulk and in waveguides. 

In a ferroelectric material such as lithium niobate, 
the signs of the nonlinear coefficients are linked to the 
direction of the spontaneous polarization. Thus a 


Figure § By reversing the sign of the nonlinear coeficient aftor 
every coherence length, the energy in the second harmonic can 
bbe made to grow. (a) Perfect phase matching: (b) Quasi phase 
‘matching; (c) Nonphase matched, 
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periodic reversal of the domains of the crystal can be 
used for achieving QPM (see Figure 6). This is the 
currently used technique to obtain high-efficiency 
SHG and other nonlinear interactions in LiNbO, 
LiTaO, and KTP. The most popular technique today, 
to achieve periodic domain reversal in LiNbO,, is the 
technique of electric field poling. In this method, a 
high electric field pulse is applied to properly oriented 
lithium niobate crystal using lithographically defined 
electrode patterns to produce a permanent periodic 
domain reversed pattern, Such a periodically domain 
reversed LiNbO; crystal with the periodically 
reversed domains going through the entire depth of 
the crystal is also referred to as PPLN (periodically 
poled lithium niobate, pronounced ‘piplin’) and is 
now commercially available. 

In order to analyze SHG in a periodically poled 
material, let us assume that the nonlinear coefficient d 
varies sinusoidally with a period A. In such a case we 
have: 


d= dy sin(Kz) (24) 
where dy is the amplitude of modulation of the 
nonlinear coefficient and K(= 2A) represents the 
spatial frequency of the periodic modulation. For 
easier understanding we are assuming the modulation 
to be sinusoidal; in general, the modulation will be 
periodic but not sinusoidal. Any periodic modulation 
can be written as a superposition of sinusoidal and 
cosinusoidal variations. Thus our discussion is valid 
for one of the Fourier components of the variation, 
By using eqn [24], eqn [11] for the variation of the 
amplitude of the second harmonic becomes: 


Ey IBodyce p20) idhy 
=- E7(z)e" sin(Kz) [25 
- oo Eile) r 125] 
which can be written as: 
dE» dnc 9 yaloey F 
~ ES Eee (abepeiRs — IK) 126) 


Using similar arguments as earlier, it can be shown 
that if Ak — K = 0, then only the second term within 


Figure 6 OPM can be achieved by a periodic reversal of the 
domains ofa ferroelectric material. Arraws rapresent the direction 
ofthe spontaneous polarization of the crystal 


the brackets in eqn [26] contributes to the growth of 
the second harmonic and similarly if Ak +K =0, 
then only the first term within the brackets contri- 
butes to the growth of the second harmonic. The first 
condition implies that: 


2n/K represents the spatial period of the 
modulation of the nonlinear coefficient, and Ay is the 
wavelength of the fundamental, Thus the modulation 
period A required for QPM SHG is: 


128] 


2a a) 
Figure 7 shows the vector diagram corresponding to 
QPM SHG. The phase mismatch between the 
fundamental and second harmonic is compensated 
by the spatial frequency vector of the periodic 
variation of d. 

In the case of waveguides, n and n° would 
represent the effective indices’ of the modes at the 
fundamental and the second-harmonic frequency. It 
may be noted that the index difference between the 
fundamental and the second harmonic is typically 0.1 
and thus the required spatial periods for a funda- 
mental wavelength of $00 nm is ~4 ym. 

The main advantage of QPM is that it can be used 
at any wavelength within the transparency window of 
the material; only the period needs to be correctly 
chosen for a specific fundamental wavelength. One 
can also choose appropriate polarization to make use 
of the largest nonlinear optical coefficients, Another 
advantage is the possibility of varying the domain 
reversal period (chirp) to achieve specific interaction 
characteristics such as increased bandwidth, etc. 

In general, the spatial variation of the nonlinear 
grating is not sinusoidal. In this case the efficiency of 
interaction would be determined by the Fourier 
component of the spatial variation at the spatial 
frequency corresponding to the period given by 
eqn [28]. Also, since the required periods are very 
small, it is possible to use a higher spatial period of 
modulation and use one of the Fourier components 
for the nonlinear interaction process. Thus, in the 
case of periodic reversal of the nonlinear coefficient 


Kon 


Figure 7 Vector dlagram corresponding to QPM-SHG, 
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with a spatial period given by: 


Ao 
Zoe — n° 


ma13,5.. (29) 


Ns 


** harmonic of the 


which happens to be the m' 
fundamental spatial frequency required for QPM, 
the corresponding nonlinear coefficient that would be 
responsible for SHG would be the Fourier amplitude 
at that spatial frequency. This can be taken into 
account by defining an effective nonlinear coefficient: 


2do 


doo Bo} 
Of course the largest effective nonlinear coefficient is 
achieved by using the fundamental frequency with 
m = 1. Higher spatial periods are easier to fabricate 
but would lead to reduced nonlinear efficiencies. 

As compared to bulk devices, in the case of 
waveguides, the interacting waves are propagating 
in the form of modes having specific intensity 
distributions in the transverse plane. Because of this, 
the nonlinear interaction also depends on the overlap 
between the periodically inverted nonlinear medium, 
the fields of the fundamental and second-harmonic 
waves. Thus if E,(x.y) and E>,(x,y) represent the 
electric field distributions of the waveguide modes at 
the fundamental and second-harmonic frequency, 
then the efficiency of SHG depends on the following 
overlap integral: 


I, 


[Jere nbtenescondedy 311 


where do(x,y) represents the transverse variation of 
the nonlinear coefficient of the waveguide. Thus 
optimization of SHG efficiency in the case of 
waveguide interactions has to take account of the 
overlap integral. 

Since QPM relies on periodic phase matching, it is 
highly wavelength dependent. Thus the required 
period A is different for different fundamental 
frequencies. Any deviation in the frequency of the 
fundamental would lead to a reduction in the 
efficiency due to deviation from QPM condition. 
‘Thus the pump laser needs to be highly stabilized at a 
frequency corresponding to the fabricated period. 

Apart from SHG, QPM has been used for other 
three-wave interaction processes such as difference 
frequency generation, parametric amplification, etc. 
Among the many materials that have been studied for 
SHG using QPM, the important ones are lithium 
niobate, lithium tantalite, and potassium titanyl 
phosphate (KTP). Many techniques have been devel- 
oped for periodic domain reversal to achieve a 
periodic variation in the nonlinear coefficient. 


This includes electric field poling, electron bombard- 
ment, thermal diffusion treatment, etc. 


Third-Order Nonlinear Effects 


In the earlier sections, we discussed effects arising out 
of second-order nonlinearity, i.c., the term pro- 
portional to E* in the nonlinear polarization. This 
nonlinear term is found only in media not possessing 
an inversion symmetry. Thus amorphous materials or 
cxystals possessing inversion symmetry do not exhibit 
second-order effects. The lowest-order nonlinear 
effects in such a medium is of an order three wherein 
the nonlinear polarization is proportional to E°. 

Self-phase modulation (SPM), cross-phase modu- 
lation (XPM) and four-wave mixing (FWM) rep- 
resent some of the very important consequences of 
third-order nonlinearity. These effects have become 
all the more important as they play a significant and 
important role in wavelength division multiplexed 
optical fiber communication systems. 


Self-Phase Modulation (SPM) 


Consider the propagation of a plane light wave at 
frequency w through a medium having x non- 
linearity. The polarization generated in the medium is 
given by 


P= coyE + e0x°E* 12) 


If we consider a single frequency wave with an 
electric field given by 


E = Ey costwt ~ kz) 133] 
then 
P= eqyEq cos(wt — kz) 
+ e0x'"E} cos(wt — kz) 134) 


Expanding cos'@ in terms of cos @ and cos 30, we 
obtain the following expression for the polarization 
at frequency w: 

Paeg(x+ 3x83) cos(wt— kz) [35] 
For a plane wave given by eqn [33], the intensity is 
1361 


1 = 5eeomoE 


where 1 is the refractive index of the medium at low 
intensity. Then 
1) E 


3 


The polarization P and electric field are related 
through the following equatio 


e 


eeomo 


B71 


DE 8} 


478 FIBER AND GUIDED WAVE OPTICS / Nonlinear Optics 


where m is the refractive index of the medium. 
Comparing eqns [37] and [38], we get 


» 3 
wam+ 5a 19] 

where 
m=1+yx 140] 


Since the last term in the eqn [39] is usually very 
small, we get 
n= ny tml (41) 


where 


142] 


is the nonlinear coefficient. 

For fused silica my ~ 1.47, my ~ 3.2 10-29 mW. 
and if we consider power of 100 mW having a cross- 
sectional area of 100 pm’, the resultant intensity is 
10° W/m? and the corresponding change in refractive 
index is 


An = mI = 3.2x 107"! 


1431 


Although this is very small, when the beam propa- 
gates over an optical fiber over long distances (a few 
hundred to a few thousand kilometers), the accumu 
lated nonlinear effects can be significant. 

In the case of an optical fiber, the light beam 
propagates as a mode having a specific transverse 
electric field distribution and thus the intensity is not 
constant across the cross-section. In such a case, itis 
convenient to express the nonlinear effect in terms of 
the power carried by the mode (rather than in terms 
of intensity). Ifthe linear propagation constant of the 
mode is represented by B, then in the presence of 
nonlinearity, the effective propagation constant is 
given by 


= gg Kom 

Bu = B+ As P [44] 

where ky = 2n/do, Pis the power carried by the mode. 
The quantity Aq represents the effective transverse 


cross-sectional area of the mode and is defined by 


If [f eorsnas] 
jis fF Woraras 


where yr) represents the transverse mode field 
distribution of the mode. For example, under the 
Gaussian approximation: 


Mr) = ye? 


Ag = 145] 


146] 


where Uo is a constant and 210 represents the mode 
field diameter (MFD), we get: 
Ag = 0} [47] 

It is usual to express the nonlinear characteristic of 

an optical fiber by the coefficient given by 

ony 

Aur 

Thus, for the same input power and same wavelength, 

smaller values of Ay; lead to greater nonlinear effects 

in the fiber. Typically: 


148] 


Ay ~ 50-80 um? and 
j " 149) 


y=24Wikm! to SW km! 


When a light beam propagates through an optical 
fiber, the power decreases because of attenuation. 
Thus, the corresponding nonlinear effects also reduce. 
Indeed, the phase change suffered by a beam in 
propagating from 0 to L is given by 


1 7 
6= |) pu de= pl ty) Pde 50] 
If a represents the attenuation coefficient, then 
P@=Pye™ (st) 
and we get 
b= PL + Polen (52) 
where 
L, (53] 


is referred to as the effective length. For al. > 1, 
Lg = We and for al. <1, Ly ~ L. 

The effective length represents the length of the 
fiber over which most of the nonlinear effects has 
accumulated. For a loss coefficient of 0.20 dB/km, 
Lg = 21 km. 

If we consider a fiber length much longer than Ly, 
then to have reduced impact of SPM, we must have 


154] 


Polen <1 


155] 


For a = 4.6 x 10”? km”! (which corresponds to an 
attenuation of 0.2 dB/km) and y= 2.4W"' km”', 
we get 


Py <19 mW [56] 
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Propagation of a Pulse 


When an optical pulse propagates through a medium, 
it suffers from the following effects: 


(i) attenuation; 
(ii) dispersion; and 
(iii) nonlinearity. 


Attenuation refers to the reduction in the pulse 
energy due to various mechanisms, such as scattering, 
absorption, etc. Dispersion is caused by the fact that a 
light pulse consists of various frequency components 
and each frequency component travels at a different 
group velocity. Dispersion causes the temporal width 
of the pulse to change; in most cases it results in an 
increase in pulse width, however, in some cases the 
temporal width could also decrease. Dispersion is 
accompanied by chirping, the variation of the instan- 
taneous frequency of the pulse within the pulse 
duration, Since both attenuation and dispersion cause 
a change in the temporal variation of the optical 
power, they closely interact with nonlinearity in 
deciding the pulse evolution as it propagates through 
the medium. 

Let E(x, y,z,4) represent the electric field variation 
of an optical pulse. It is usual to express E in the 
following way: 


1 ) 
EG. 2.1 = FLAG Ux, Ner® tee] [57] 


where A(z, ) represents the slowly varying complex 
envelope of the pulse, ix, y) represents the transverse 
electric field distribution, wy represents center fi 
quency, and ip represents the propagation constant 
at a. 

In the presence of attenuation, second-order 
dispersion and third-order nonlinearity, the complex 
envelope A(z.) can be shown to satisfy the following 


ivAPA [58] 


[59] 


represents the inverse of the group velocity of the 
pulse, and 


[60] 


where D represents the group velocity dispersion 
(measured in psykm nm). 


The various terms on the RHS of the eqn [58] 
represent the following: 

Tten 
Titer 
MI ter 
IV term: 


attenuation 
group velocity term 
second-order dispersion 
nonlinear term 


If we change to a moving frame defined by 
coordinates T = t ~ fz, eqn [58] becomes 


P2 vA 
D2 ore 


A 
thy 


—iyAPA [61] 


If we neglect the attenuation term, we obtain the 
following equation which is also referred to as the 
nonlinear Schrodinger equation: 


aa 


Be ue ~iylAPA [621 
The above equation has a solution given by 
A(t) = Ag sech oT 7 [63] 
with 
[64] 


Equation [63] represents an envelope soliton and 
has the property that it propagates undispersed 
through the medium. The full width at half maximum 
(FWHM) of the pulse envelope will be given by 
74 = 2np, where 


sech2ory = : 165] 
which gives the FWHM 7: 
= 2m Zin + v3) = EZ 1661 
The peak power of the pulse is: 
Py = IAgl 1671 
Replacing @ by 7, we obtain 
Port = Bo [68] 


where we have used eqn [60]. The above equation 
gives the required peak for a given % for the 
formation of a soliton pulse 

As an example, we have 7; = 10 ps, y= 2.4 W"! 
km! Ag SSpm, D=2pskmnm and the 
required peak power will be Py = 33 mW. 

Soliton pulses are being extensively studied 
for application to long distance optical fiber 
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communication, In actual systems, the pulses have to 
be optically amplified at regular intervals to compen- 
sate for the loss suffered by the pulses. The amplifica- 
tion could be carried out using erbium doped fiber 
amplifiers (EDFAs) or fiber Raman amplifiers. 


Spectral Broadening due to SPM 


In the presence of only nonlinearity, eqn [61] becomes 


dA 2 
=n 169] 

whose solution is given by 
AG) = AG = 0.0 170) 


where P= |Al is the power in the pulse. If P is a 
function of time, then time dependent phase term at 
= L becomes 


ib = gllaoe—a0IOL] fat 
‘We can define an instantaneous frequency as 
_dé_ dP : 
wl) = FE = — LE 172 
for a Gaussian pulse: 
P=Pye 173] 
giving 
AyLTPy 20 
(0) = wy + 74] 


% 
‘Thus the instantaneous frequency within the pulse 


changes with time, leading to chirping of the pulse 
(see Figure 8). Note that since the pulsewidth has not 


Figure 8 Duo to self phase modulation, the instantaneous 
frequency within the pulse changes with te leading to chirping of 
the pulse. 


changed, but the pulse is chirped, the frequency 
spectrum of the pulse has increased. Thus SPM leads 
to the generation of new frequencies. By Fourier 
transform theory, an increased spectral width implies 
that the pulse can now be compressed in the temporal 
domain by passing it through a medium with the 
proper sign of dispersion. This is indeed one of the 
standard techniques to realize ultrashort femtosecond 
optical pulses. 


Cross Phase Modulation (XPM) 


Like SPM, cross-phase modulation also arises due to 
the intensity dependence of refractive index, leading 
to spectral broadening. Unlike SPM, in the case of 
XPM, intensity variations of a light beam at a 
particular frequency modulate the phase of light 
beam at another frequency. If the signals at both 
frequencies are pulses, then due to difference in group 
velocities of the pulses, there is a walk off between the 
two pulses, ie., if they start together, they will 
separate as they propagate through the medium. 
Nonlinear interaction takes place as long as they 
physically overlap in the medium. Smaller the 
dispersion, smaller will be the difference in group 
velocities (assuming closely spaced wavelengths) and 
the longer they will overlap. This would lead to 
stronger XPM effects. At the same time, if two pulses 
pass through each other, then since one pulse will 
interact with both the leading and the trailing edge of 
the other pulse, XPM effects will be nil provided there 
isno attenuation, In the presence of attenuation in the 
medium, the pulse will still get modified due to XPM. 
A similar situation can occur when the two interact- 
ing pulses are passing through an optical amplifier. 

To study XPM, we assume simultaneous propa- 
gation of two waves at two different frequencies 
through the medium, If « and w, represent the two 
frequencies, then one obtains for the variation of the 
amplitude A, of the frequency w: 

dAy 

& 
where P, and P, represent the powers at frequencies 
‘oy and ap, respectively. The first term in eqn [75] 
represents SPM while the second term corresponds to 
XPM. If the powers are assumed to attenuate at the 
same rate, ie: 


—iP, + 2P)A, 175] 


then the solution of eqn [75] is 


Ay(L) = Aj (0) e142 Pahae 71 


where, as before, Ly represents the effective length of 
the medium. When we are studying the effect of 
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power at w; on the light beam at frequency «, we 
will refer to the wave at frequency «; as pump, and 
the wave at frequency @, as probe or signal. From 
eqn [77] it is apparent that the phase of signal at 
frequency ; is modified by the power at another 
frequency. This is referred to as XPM. Note also that 
XPM is twice as effective as SPM. 

Similar to the case of SPM, we can now write for 
the instantaneous frequency in the presence of XPM 
as eqn [72]: 


Py 
Narr 


oft) = 0) — 2h, (78) 


Hence the part of the signal that is influenced by the 
leading edge of the pump will be down-shifted in 
frequency (since in the leading edge dP3/dt > 0) and 
the part overlapping with the trailing edge will be up- 
shifted in frequency (since dPs/dt < 0). This leads to a 
frequency chirping of the signal pulse just as in the 
case of SPM. 

If the probe and pump beams are pulses, then 
XPM can lead to induced frequency shifts depend- 
ing on whether the probe pulse interacts only with 
the leading edge or trailing edge or both, as they 
both propagate through the medium, Let us consider 
a case when the group velocity of pump pulse is 
greater than that of the probe pulse. Thus, if both 
pulses enter the medium together, then since the 
pump pulse travels faster, the probe pulse will 
interact only with the trailing edge of the pump. 
Since in this case dP,/dt is negative, the probe pulse 
suffers a blue-induced frequency shift, Similarly if 
the pulses enter at different instants but completely 
overlap at the end of the medium, then dP,/dt > 0 
and the probe pulse would suffer a red-induced 
frequency shift. Indeed, if the two pulses start 
separately and walk through each other, then there 
is no induced shift due to cancellation of shifts 
induced by leading and trailing edges of the pump. 
Figure 9 shows measured induced frequency shift of 
532mm probe pulse as a function of the delay 
hetween this pulse and a pump pulse at 1064 nm, 
when they propagate through a Im long optical 
fiber. 

‘When pulses of light at two different wavelengths 
propagate through an optical fiber, due to different 
group velocities of the pulses, they pass through 
each other, resulting in what could be termed as a 
collision. In the linear case, the pulses will pass 
through without affecting each other, but when 
intensity levels are high, XPM induces phase shifts 
in both pulses. We can define a parameter termed 
walk off length Ly, which is the length of the 
fiber required for the interacting pulses to walk 


off relative to each other, The walk off length is 
given by 


Ar 


a 79) 
DMA hs 


where D represents the dispersion coefficient, and 
AA represents the wavelength separation between 
the interacting pulses. For return to zero (RZ) 
pulses, Ar represents the pulse duration while for 
nonreturn to zero (NRZ) pulses, Ar represents the 
rise term or fall time of the pulse. Closely spaced 
channels will thus interact over longer fiber lengths, 
thus leading to greater XPM effects. Larger dis- 
persion coefficients will reduce Ly, and thus the 
effects of XPM. Since the medium is attenuating, the 
power carried by the pulses decreases as they 
propagate and thus leading to reduced XPM effect. 
‘The characteristic length for attenuation is the 
effective length Ly, defined by eqn [53]. If Lys < 
Lyi, then over the length of interaction of the pulses, 
the intensity levels do not change appreciably and 
the magnitude of the XPMLinduced effects will be 
proportional to the wavelength spacing AA. For 
small AA's, Lyo > Lyy and the interaction length is 
now determined by the fiber losses (rather than by 
walk off) and the XPM-induced effects become 
almost independent of AA. Indeed, if we consider 
XPM effects between a continuous wave (ew) probe 
beam and a sinusoidally industry modulated pump 
beam, then the amplitude of the XPM-induced 


Induced-wavelength shit (A) 


40 
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Figure 9 Measured induced frequency shift of $32 nm probe 
pulse as a function of the delay between this pulse and a pump 
pulse at 1064nm, when they propagate through a 1m long 
‘optical fiber. (Reproduced from Baldeck PL, Alfano AR and 
Agrawal GP (1998) Induced frequency shift of copropagating 
rafast optical pulses. Applied Physics Letters 52: 1939-1941 
with permission from the American Institute of Physics.) 
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phase shift (A¢,,) in the probe beam is given by: 


AD = 2yProvben — for Ly > Let 


[80] 


LyPrgbyy for — Lye & Ley 
Here Py, is the amplitude of the sinusoidal power 
modulation of the pump beam. 

XPM-induced intensity interference can be studied 
by simultaneously propagating an intensity modu- 
lated pump signal and a ew probe signal at a different 
wavelength. The intensity modulated signal will 
induce phase modulation on the cw probe signal 
and the dispersion of the medium will convert the 
phase modulation to intensity modulation of the 
probe. Thus, the magnitude of the intensity fluctu- 
ation of the probe signal serves as an estimate of 
the XPM induced interference. Figure 10 shows the 
intensity fluctuations on a probe signal at 1550 nm, 
induced by a modulated pump for a channel 
separation of 0.6 nm. Figure 11 shows the variation 
of the RMS value of probe intensity modulation with 
the wavelength separation between the intensity 
modulated signal and the probe. The experiment 
has been performed over four amplified spans of 
80km of standard single mode fiber (SMF) and 
nonzero dispersion shifted fiber (NZDSF). The large 
dispersion in SMF has been compensated using 
dispersion compensating chirped gratings. The 
probe modulation, in the case of SMF, decreases 
approximately linearly with 1/AA for all AAs; the 
modulation is independent of AA, In contrast the 
NZDSF shows a constant modulation for AA = Inm. 
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Figure 10 Intensity fluctuations induced by crass phase 
‘modulation on a probe signal at 1850 nm by a modulated pump 
fora channel separation of 0.6 nm. (leproduced with permission 
from Rapp L (1997) Experimental investigation of signal distortions 
Induced by cross phase modulation combined with dispersion, 
IEEE Photon Technical Letters 9: 15921595, © 2004 IEEE.) 
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Figure 14 Variation of the RMS value of probe intensity 
‘modulation withthe wavelength separation between the intensity 
‘modulated signal and the probe. (Repraduced with permission 
from Shiait M, Eiselt M and Garret LD (2000) Crass-phase 
‘modulation distortion measurements in mulispan WDM systems, 
IEEE Photon Technical Letters 12: 88~90, © 2004 IEEE.) 


This is consistent with the earlier discussion in terms 
of Ly, and L, 


Four-Wave Mixing (FWM) 


Four-wave mixing (FWM) is a nonlinear interaction 
that occurs in the presence of multiple wavelengths in 
a medium, leading to the generation of new frequen- 
cies. Thus, if light waves at three different frequencies 
Wy, 03, «4 are launched simultaneously into a 
medium, the same nonlinear polarization that led to 
intensity dependent refractive index, leads to non- 
linear polarization component at a frequency: 
ey = ws + as — 0 181] 
This nonlinear polarization, under certain con- 
ditions, leads to the generation of electromagnetic 
waves at «1. This process is referred to as four-wave 
mixing due to the interaction between four different 
frequencies. Degenerate four-wave mixing corre- 
sponds to the case when two of the input waves 
have the same frequency. Thus, if @;=,, then 
inputting waves at wy and ws leads to the generation 
of waves at the frequency 
© = 2ws ~ wy 182] 
During FWM process, there are four different 
frequencies present at any point in the medium, If we 
write the electric field of the waves as 


1 
3 yyeitot Bas) 
zlota. a 


tech, 
[83] 


i=l, 


34 


Figure 24-2. RC servo mators are mostly similar in size. 
This isa typical side view. 


‘An industrial servo typically requires a controller 
that is an off-the-shelf item sold by the manu- 
facturer of the motor. The encoding scheme of 
the control signals may be proprietary. A heavy- 
duty servo may be designed to run from three- 
phase powerata relatively high voltage, and may 
be used in applications such as production-line 
automation. 


The remainder of this encyclopedia entry will fo- 
cus primarily on small RC servos rather than in- 
dustrial servos. 


For small RC servos, the stream of control pulses 
is ata constant frequency of 20ms, with the pos- 
itive durations of each pulse being interpreted as 
a positioning command to the motor, and the 
gaps between the pulses being disregarded. A 
typical range of pulse widths for a small motor is 
‘Ims to 2ms, specifying a range of -90 to +90 de- 
grees either side of a center location. Many 
modern motors are capable of excursions be- 
yond these limits, and can be calibrated to es- 
tablish the precise relationship between pulse 
width and turn angle. The motor can then be 
controlled by a lookup table in microcontroller 
software, or by using a conversion factor be- 
tween degree-angle and pulse width. 


Figure 24-4 shows the typical range of pulse 
widths within the fixed 20ms period (a frequency 
of S0Hz) between the start of one pulse and the 


servo motor 


magnetism > rotational 
start of the next, and the meaning of each pulse 
width to the servo motor. Intermediate pulse 
widths are interpreted as instructions to rotate 
to intermediate positions. 


Figure 24-3. The electronics inside a servo motor decode 
a stream of pulses that specify the turn angle of the mo: 
tor, 


‘Small servo motors require the user to providea 
controller that will conform with the above spec- 
ification. This is often achieved by programming 
a microcontroller, and some microcontroller 
chips make this especially easy by providing a 
PWM output specifically tailored to the require- 
ments of an RC servo. Either way, the microcon- 
troller can be directly connected to the servo, 
enabling an extremely simple and flexible way to 
manage a positioning device. 


Alternatively, a simple pulse generator such as a 
555 timer chip can be used, or controller boards 
are available from hobbyist supply sources. 
Some controller boards have USB connections 
enabling a servo to be governed by computer 
software, 
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where, as before, A,(z) represents the amplitude of the 
wave, w(x.) the transverse field distribution, and 
the propagation constant of the wave. The total 
electric field is given by 


E=E, +E) +E; +Ey [84] 


Substituting for the total electric field in the equation 
for nonlinear polarization, the term with frequency 
@, comes out as 


1 Pre) " 
PQ? = SIPgp eM Fee] [85] 
where 
30 3): : 
= PUPA Agata oO [86] 
and 
AB= Bs + Bs — Br (87) 


In writing eqn [86], we have only considered the 
FWM term, neglecting the SPM and XPM terms. 

Substituting the expression for Py) in the wave 
equation for w; and making the slowly varying 
approximation (in a manner similar to that employed 
in the case of SPM and XPM), we obtain the 
following equation for A(z): 


dA, 


= —2iyAZAsA, [88] 


where y is defined by eqn [48] with ky = alc, w 
representing the average frequency of the four 
interacting waves, and Ay; is the average effective 
area of the modes. 

Assuming all waves to have the same attenuation 
coefficient a and neglecting depletion of waves at 
frequencies wx, 3 and @4, due to nonlinear conver- 
sion we obtain for the power in the frequency a as 


al 


PAL) = 4y7P2P3PyLyqe 


[89] 


where 


and Ly is the effective length (see eqn [53]). 
Maximum four-wave mixing takes place when 
AB =0, since in such a case 1 = 1. Now: 

AB = Blws) + Blog) ~ Ploy) ~ Bly) [91] 


Since the frequencies are usually close to each other, 
we can make a Taylor series expansion about any 


frequency, say w). In such a case, we obtain 


= (ws — ous — «8 2 
AB = (a; — anus FoF loan {92} 
In optical fiber communication systems, the channels 
are usually equally spaced. Thus, we assume the 
frequencies to be given by 

y= on + Ae, w= w) — 2Aw and 

193] 


=a — do 


Using these frequencies and eqn [60], eqn [92] gives 


4nDd 
(Ay 


AB= [94] 
where Ao = 27x, Thus maximum FWM takes place 
when D=0. This is the main problem in using 
wavelength division multiplexing (WDM) in dis- 
persion shifted fibers which are characterized by 
zero dispersion at the operating wavelength of 
1550nm, as FWM will then lead to crosstalk 
among various channels. FWM efficiency can be 
reduced by using fiber with nonzero dispersion. This 
has led to the development of nonzero dispersion 
shifted fiber (NZDSF) which have a finite nonzero 
dispersion of about +2 ps/kmnm at the operating 
wavelength. 

From eqn [94], we notice that for a given dispersion 
coefficient D, FWM efficiency will reduce as Av 

In order to get a numerical appreciation, we 
consider a case with D =0, i., 46 = 0, For such a 
case = 1. If all channels were launched with equal 
power Pj, then: 


P\(L) = 4y* PLZ @ 195] 

Thus the ratio of power generated at «, due to FWM 
and that existing at the same frequency, is 

Py) apap ‘| 

Fee pee AYP 1961 

Typical values are Lyy = 20 km, y= 2.4 Wo! km”? 

Thus: 
Ps 29 O1P2 (mW?) 1971 


Figure 12 shows the output spectrum measured at 
the output of a 25 km-long dispersion shifted fiber 
(D = 0.2 ps/kmanm) when three 3 mW wavelengths 
are launched simultaneously. Notice the generation of 
many new frequencies by FWM. Figure 13 shows the 
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Figure 12. Generation of now frequencies because of FWM 
when waves at three frequencies are incident in the fiber. 
(Reproduced with permission from Tkach RW, Chraplyvy AR, 
Forghiari F, Gnanck AH and Derosier RM (1995) Four-photon 
‘mixing and high speed WDM systems. Joumal of lightwave 
Technology 13: 841-849, © 2004 IEEE.) 
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Figure 13 Ratio of generated power tothe output as a function 
fof channel spacing AA for diferent dispersion coofficients. 
(Reproduced with permission trom Tkach RW, Chraplyvy AR, 
Forghiari F, Gnanck AH and Derosier RM (1995) Four-photon 
‘mixing and high speed WDM systems. Journal of lightwave 
Technology 13: 841-849, © 2004 IEEE.) 


ratio of generated power to the output as a function 
of channel spacing AA for different dispersion 
coefficients. It can be seen that by choosing a nonzero 
value of dispersion, the four-wave mixing efficiency 
can be reduced. Larger the dispersion coefficient, 
smaller can be the channel spacing for the same 
crosstalk. 

Since dispersion leads to increased bit error rates in 
fiber optic communication systems, it is important to 
have low dispersion. On the other hand, lower 
dispersion leads to crosstalk due to FWM. This 
problem can be resolved by noting that FWM 
depends on the local dispersion value in the fiber, 


while the pulse spreading at the end of a link depends 
on the overall dispersion in the fiber link. If one 
chooses a link made up of positive and negative 
dispersion coefficients, then by an appropriate choice 
of the lengths of the positive and negative dispersion 
fibers, it would be possible to achieve a zero total link 
dispersion while at the same time maintaining a large 
local dispersion. This is referred to as dispersion 
‘management in fiber optic systems. 

Although FWM leads to crosstalk among different 
wavelength channels in an optical fiber communi- 
cation system, it can be used for various optical 
processing functions such as wavelength conversion, 
high-speed time division multiplexing, pul: 
pression, etc. For such applications, there is a 
concerted worldwide effort to develop highly non- 
linear fibers with much smaller mode areas and 
higher nonlinear coefficients. Some of the very novel 
fibers that have been developed recently. include 
holey fibers, photonic bandgap fibers, or photonic 
crystal fibers which are very interesting since they 
possess extremely small mode effective areas 
(~2.5 pm? at 1550nm) and can be designed to 
have zero dispersion even in the visible region of the 
spectrum. This is expected to revolutionize non- 
linear fiber optics by providing new geometries to 
achieve highly efficient nonlinear optical processing 
at lower powers. 


‘Supercontinuum Generation 


Supercontinuum (SC) generation is the phenomenon 
in which a nearly continuous spectrally broadened 
output is produced through nonlinear effects on high 
peak power picosecond and subpicosecond pulse 
Such broadened spectra find applications in spec- 
troscopy, wavelength characterization of optical 
components such as a broadband source from 
which many wavelength channels can be obtained 
by slicing the spectrum, 

Supercontintrum generation in an optical fiber is a 
very convenient technique since it provides a very 
broad bandwidth (>200nm), the intensity le 
can be maintained high over long interaction 
lengths by choosing small mode areas, and the dis- 
persion profile of the fiber can be appropriately 
designed by varying the transverse refractive index 
profile of the fiber. 

The spectral broadening that takes place in the fiber 
is attributed to a combination of various third-order 
effects such as SPM, XPM, FWM, and Raman 
scattering. Since dispersion plays a significant role 
in the temporal evolution of the pulse, different 
dispersion profiles have been used in the literature to 
achieve broadband SC. 
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Figure 14 Super Continuum spectrum generated by passing 
25GH2 optical pulse train at 1544 nm generated by a mode 
locked laser diode and ampitied by an erbium doped fiber. 
(Reproduced from Yamada E, Takara H, Ohara T, Sate K. 
Morioka T,JinguiiK, tah Mand ishiM (2001) A high SNA, 150 Ch, 
‘Supercontinuumm CW optical source with high SNR and procise 25, 
GHz spacing for 10 Gbitis DWDM systems. Electronics Lettors 
37: 304-806 with permission from IEEE.) 


Some studies have used dispersion decreasing 
fibers, dispersion flattened fibers, while others have 
used a constant anamolous dispersion fiber followed 
by a normal dispersion fiber. 

Figure 14 shows the SC spectrum generated by 
passing 25 GHz optical pulse train at 1544nm 
generated by a mode locked laser diode and amplified 
by an erbium doped fiber. The fiber used for SC 
generation is a polarization maintaining dispersion 
flattened fiber. The output is a broad spectrum 
containing more than 150 spectral components at a 
spacing of 25 GHz with a flat top spectrum over 
18nm, The output optical powers range from 
=9dBm to+3dBm. Such sources are being 
investigated as attractive solutions for dense WDM 
(DWDM) optical fiber communication systems. 


Conclusions 


The advent of lasers provided us with an intense 
source of light and led to the birth of nonlinear optics. 
Nonlinear optical phenomena exhibit a rich variety of 
effects and coupled with optical waveguides and 
fibers, such effects can be observed even at moderate 
optical powers. With the realization of compact 
femtosecond lasers, highly nonlinear holey optical 
fibers, quasi phase matching techniques, etc, the field 
of nonlinear optics is expected to grow further and 
lead to commercial exploitation such as in compact 
blue lasers, soliton laser sources and multiwavelength 
sources and for fiber optic communication, 


List of Units and Nomenclature 


Attenuation The decrease in optical power 
of a propagating mode usually 
expressed in dB/km 

‘A medium characterized by two 
different modes of propagation 
characterized by two different 
polarization states of a plane 
light wave along any direction 
The phase modulation of a pro- 


Birefringent 
medium 


Cross-phase 


modulation _pagating light wave due to the 
(XPM) nonlinear change in refractive 
index of the medium brought 
about by another propagating 

light wave 
Effective The length over which most of the 
length (Le) nonlinear effect is accumulated in 


a propagating light beam 
The mixing of four propagating 
light waves due to intensity 
dependent refractive index of the 
medium. This mixing leads to the 
generation of new frequencies 
from a set of two or three input 
light beams 

The cross sectional area of the 


Fourwave 
mixing (FWM) 


Mode effective 


area (Aw) mode which determines the non- 
linear effects on the propagating 
mode. This is different from the 
Nonlinear ‘When the response of the medium 
polarization to an applied electric field is 
(Px) not proportional to the applied 
electric field, then this results in a 

nonlinear polarization 
Optical Devices which are capable of 
waveguides guiding optical beams by over- 


coming diffraction effects using 
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the phenomenon of total internal 
reflection 

‘The minimum crystal length upto 
which the second harmonic 
power generated by the nonlinear 
interaction increases 


Phase coherence 
length 


Condition under with the non- 
linear polarization generating 
an electromagnetic wave propa- 
gates at the same phase velocity 
as the generated electromag- 
netic wave 

The broadening of a light pulse as 
it propagates in an optical fiber 


Phase matching 


Pulse dispersion 


Quasi-phase Periodic modulation of the non- 
matching linear coefficient to achieve effi 
(QPM) cient nonlinear interaction 

Second-harmonic The generation of a wave of 
generation frequency 2w from an incident 
(SHG) wave of frequency w through non- 

linear interaction in a medium. 

Self-phase ‘The modulation of the phase of a 
modulation propagating light wave due to the 
(SPM) nonlinear change in refractive 

index of the medium brought 
about by itself 

Supercontinuum The phenomenon in which a 


nearly contiunuous spectrally 
broadband output is produced 
through nonlinear effects on 
high peak power picosecond and 
sub-picosecond pulses 

Length of the fiber required for 


generation (SC) 


Walk off length 


(Lo) two interacting pulses at different 
wavelengths to walk off relative 
to each other 

See also 


Nonlinear Optics, Applications: Phase Matching. 
Nonlinear Optics, Basics: '2)—Harmonic Generation; 
y)-Third-Harmonic Generation; Four-Wave Mixing. 
Spectroscopy: Second Harmonic Spectroscopy. 
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Introduction 


In order to be put to practical use in the telecommu- 
nication network, optical fibers must be protected 
from environmental and mechanical stresses which 
can change their transmission characteristics and 
reliability. 

The fibers, during manufacturing, are individually 
protected with a thin plastic layer (extruded during 
the drawing) to preserve directly their characteristics 
from damage due to the environment and handling. 
This coating surrounding the fiber cladding (with an 
external diameter of 125 um) is known as the 
primary coating, which is obtained with a double 
layer of UV resin for a maximum external diameter of 
about 250 jum. 

Primary coated fiber, at the end of the manufactur- 
ing process, is subjected to a dynamic traction 
test (proof-test) to monitor its mechanical strength. 
This test, carried out on all fibers manufactured, 
consists of the application of a well-defined strain 
(from 0.5% to 1%) fora fixed time (normally 1's) and 
thus permits the exclusion of, from successive 
cabling, those fibers with poor mechanical 
characteristics. 

At the end of the manufacturing process the optical 
fibers are not directly usable. It is necessary to 
surround the single fiber (or groups of fibers) with a 
structure which provides protection from mechanical 
and chemical hazards and allows for stresses that may 
be applied during cable manufacture, installation, 
and service. 

Suitable protection is provided using fiber con- 
ditioning within the cable (secondary coating or 
loose cabling), while entire protection is obtained 
with some cable elements, such as strength mem- 
bers, core assembling, filling, and outer protections. 
Moreover, the cable structure and its design is 
heavily influenced by the application (c.g., number 
of fibers), installation (laying and splicing), and 
environmental conditions of service (underground, 
aerial, or submarine). 

In this article, the main characteristics of optical 
cables (with both multimode or single mode fibers) 
are described and analyzed, together with suitable 
solutions. 


Secondary Fiber Coating 


The fiber, before cabling, can be protected with a 
secondary coating (a tight jacketing) to preserve it 
during cable stranding. However, fiber with only a 
primary coating may be cabled with a suitable cable 
protection, 

In the first case the fiber can be directly stranded to 
forma cable core; in the second case, a single group of 
fibers must be inserted into a loose structure (tubes 
or grooves) with a proper extra-length. These two 
solutions are not always distinguishable; in fact, tight 
fibers inserted into loose tubes or grooves are often 
used 

‘The implementation of the secondary coating and 
the choice of proper materials requires particular 
attention, in order to avoid microbending effects on 
the fiber, which can cause degradation of the 
transmission characteristics. Microbending is caused 
by the pressure of the fiber on a microrough surface, 
or by the fiber buckling, due to the contraction of the 
structure (e.g., secondary coating) containing it. 
Microbending causes an increase in fiber attenuation 
at long wavelengths (1300 and 1550 nm) for both 
single and multimode fibers, but is particularly 
emphasized in multimode fibers. 


Tight Jacket 


In a tight protection, the primary coating fiber is 
surrounded by a second plastic jacket in contact with 
the fiber. This jacket mainly protects the fiber from 
lateral stresses that can cause the microbending. 

The fiber can be individually protected with a 
single or double layer of plastic material or in a 
ribbon structure. In Figure 1 four different types of 
tight jacket are shown. In Figure 1a and b the fibers 
are singularly protected with a single or double 
layer up to an external diameter of 0.9mm. The 
second type is normally preferred because the 
external hard plastic gives a good fiber protection 
and the inner soft plastic avoids microbending 
effects on the fiber. 

Ina ribbon structure, from 4 to 16 primary coated 
fibers are laid close and parallel and covered with 
plastic. Two types of ribbon are normally classified 
‘encapsulated’ (Figure 1c) or ‘edge bonded’ 
(Figure 1d). In the first case, the fibers are assembled 
with a common secondary coating (one or two 
layers), in the second case, an adhesive is used to 
stick together the fibers with only the primary 
coating. 
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Figure 1 Different types of tight coatings 


Care should be taken in applying tight protection, 
in particular for a ribbon structure, to avoid an 
attenuation increase due to the action of the jacket on 
the fiber (in particular for the thermal contraction of 
the coating materials). The ribbon structure is 
designed to permit the simultaneous junction of 
multiple fibers; for this reason the ribbon geometry 
must be precision controlled, 


Loose Jacket 


Ina loose protection the fiber can be inserted into a 
cable with only the primary coating. A thin layer of 
colored plastic may be added onto the primary 
coating to identify the fiber in the cable. The fibers 
are arranged in a tube or in a groove on a plastic core 
(slotted core). The diameter of the tube or the 
dimension of the core must be far larger than the 


diameter of the fiber so that the fiber is completely 
free inside the structure. The fibers can be inserted 
into a tube or into a slotted core, singularly or in 
groups. The space inside the tube around the fibers 
can be empty or filled with a suitable jelly. Some 
examples of loose structures are shown in Figure 2. In 
the tube structure, the external diameter of the jacket 
depends on the number of the fibers: for a single fiber 
up to 2mm (Figure 2a), and for a multifiber tube 
(Figure 2b) up to 3 mm (for 10 fibers). 

Examples of slotted core structures are shown in 
Figure 2c and d, respectively, for one fiber and for a 
group of fibers, the dimensions of grooves depending 
on the number of fibers. 

Plastic materials with a high Young modulus are 
normally used for the tube that is extruded on the 
single or on the group of bers. Instead, for the slotted 
core, plastic materials with good extrusion are used to 
obtain a precise profile of the grooves. 

The loose structure guarantees freedom to the 
fibers in a defined interval of elongation and 
compression. Out of this interval, microbending 
effects can arise which increase fiber attenuation. 
Axial compression generally occurs when the cable is 
subjected to low temperatures and is generated from 
the thermal contraction of the cable materials that is 
different from that of the fibers. Axial elongation 
normally occurs when the cable is pulled or by the 
effects of high temperature. 

For a correct design of a cable with a loose 
structure, the extra length of the fiber with respect 
to the tube or groove dimension and the stranding 
pitch must be evaluated, starting from the range of 
axial compression and elongation. In fact, care must 
be taken to prevent the fiber from being strained or 
forced against the tube or groove walls in the 
designed range. 

For the tube solution, the extra length of the fibers 
is controlled during the tube extrusion; for the slotted 
core solution, the length is controlled during cabling, 
giving a controlled tension to the slotted core. 
The loose structure is often used for the cabling of 
fibers with tight jacketing, joining the advantages of 
the tight protection and loose cable. This solution is 
typical for ribbon cables. 


Fiber Identification 


To identify the fibers in a cable, a proper coloration 
with defined color codes must be given to the single 
fibers, In the tight protection, the tight buffer is 
directly colored during extrusion, In the loose 
protection, a thin colored layer is added on the 
primary coating of the fiber; tubes or slotted core may 
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Figure 2 Different types of loose coatings. 


be also colored to identify groups of fibers in high 
potentiality cables. 


Cable Components 


‘The fundamental components of an optical cable are: 
the cable core with the optical fibers, the strength 
member (one or more) which provide the mechanical 
strength of the cable, sheaths which provide the 
external protection, and filling materials. 


Cable Core 


‘The optical fibers with the secondary coating (tight or 
loose) are rejoined together in a cable core. For tight 
fibers or loose tubes, the cable core is obtained by 
stranding the fibers or the tubes around central 
elements that normally act as strength members too 
(see below). 

‘The stranding pitch must be long enough to avoid 
excessive bending of the fibers and short enough to 
guarantee stress apportionment among the fibers in 
cable bends and maximum elongation of the cable 
without fiber strain. Normally, a helical stranding is 
used, but often SO stranding, that consists in an 
inversion of stranding direction every three of more 
tums, is employed. The second stranding type makes 
the cabling easier but may reduce its performance. 

The unit core or the slotted core are made of 
plastic and normally incorporate a central strength 
member. 


Strength Member 


‘The strength member may be defined as an clement 
that provides the mechanical strength of the cable, to 
withstand elongation and contraction during the 
installation and to ensure thermal stability. Fiber 
elongation, when the cable is pulled or the fiber 
compressed due to low temperatures, depends greatly 
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on the characteristics of the strength member inserted 
in the cable. 

As the maximum elongation values suggested for 
the fibers are in the range from 20 to 30% of the 
proof-test value, the maximum elongation allowed 
for a tight cable is ~0.1% instead of ~0.3% for a 
loose cable, To warrant these performances, a 
material with a high Young modulus is normally 
used asa strength member, Also, the strength member 
must be light (to avoid excessive cable weight) and 
flexible: these properties make it easier when laying 
the cable in ducts. 

‘The strength member may be metallic or non- 
metallic and may be inserted in the core (Figure 3a) or 
in the outer part of the cable (Figure 3b), normally 
under the external sheath. Often two strength 
members are placed in an optical cable: the first one 
in the core and the second one under the sheath 
(Figure 3c). 

Metallic strength members, generally one or more 
wires of steel, are inserted in the center or in the outer 
part of the cable. The steel, for its low thermal 
expansion coefficient and high Young modulus, 
behaves as a good strength member, particularly 
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when it is arranged in the central core. Steel is a 
nonexpensive material, but needs protection against 
corrosion and electrical-induced voltages, such as by 
lightning or current flow in the ground. 

If cables with high flexibility are requested, steel is 
not suitable and aramid fiber yarn or glass-fiber 
reinforced plastic (G-FRP) are used, particularly 
when the strength member is placed in the outer 
part of the cable. Glass fiber elements are generally 
used as a compressive strength member in the central 
cable core to avoid contraction at low temperatures, 
but they may be used as strength elements when the 
traction strength is low. 

Aramid yarns are not active as resisting com- 
pression elements but are normally arranged in the 
outer part of the optical cable. Aramid yarns have a 
high Young modulus (as with steel) and low specific 
weight: in commercial form they consist of a large 
number of filaments gathered into a layer. Normally 
two layers stranded in opposite directions are used to 
avoid cable torsion during the installation. 

Metal-free cables are protected by G-FRP and 
aramid yarns. This solution results in optical cables 
which are insensitive to electrical interferences. 


Sheaths 


The functions of the sheaths are to protect an optical 
cable during its life, in particular from mechanical 
and environmental stresses. During the installation or 
when the cable is in service, it may be subjected to 
mechanical stresses, for example, presence of humid- 
ity or water and chemical agents. The sheaths act asa 
barrier to avoid degradations of the fibers in the 
internal cable core. 

The plastic sheaths (one or more, depending on 
the cable type and structure) are extruded over 
the core. This extrusion is a delicate operation in 
cable manufacturing because the cable core may be 
subjected to tension, while during the cooling the 
thermal compression of the plastic produces a stress 
on all the cable elements. Examples of cable sheaths 
are shown in Figure 4. 

Different plastic materials, such as polyvinyl 
chloride (PVC), polyethylene, and polyurethane are 
normally used. PVC has excellent mechanical proper- 
ties, flexibility, and is flame retardant but is permeable 
to humidity. On the other hand, high-density poly- 
ethylene has a permeability lower than PVC, with 
good mechanical properties and low coefficient of 
friction, but it is more flammable than PVC and less 
flexible. Finally, polyurethane, for its softness 
and high flexibility, is often used for inner sheaths. 
When low toxicity is requested (e.g, in indoor 
cables), halogen-free materials are employed. 
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Figure 4 Examples of optical cable sheaths. 


Often a metallic barrier is used under the external 
sheath to prevent moisture entering the cable core. 
The type most widely used is an aluminum ribbon (of 
a few tenths of a millimeter) bonded into the external 
polyethylene sheath, during the sheath extrusion, 
This structure is normally indicated as a LAP 
(laminated aluminum polyethylene) sheath, 

When the cable is directly buried, a metallic armor 
(corrugated steel tape or armoring wires) is generally 
inserted. The metallic armor protects the cable core 
against radial stresses but it is also used as protection 
against rodents and insects. 


Filling Compounds and Other Components 


Fillings are used in optical cables to avoid the 
presence of moisture and water propagation in the 
cable core should a failure occur in the cable sheath. 
Suitable jelly compounds, with constant viscosity at a 
wide range of temperatures and chemical stabilities, 
are generally inserted in the cable core and, some- 
times, in the outer protection layer. In loose struc- 
tures, the jelly is in direct contact with the fibers: the 
compound must be compatible with them and 
guarantee the fiber freedom. Special compounds 
may be used to adsorb and permanently fix any 
hydrogen present in the cable core. The presence of 
hydrogen gas, that may be generated from the 
internal materials of the cable (mainly metals), is 
harmful to the fibers because it causes permanent 
attenuation increases and thus damage to them, 

With the generic terminology ‘other components’, 
some other components used in the optical cables 
are included. They are often similar to those used 
in conventional cables. The most important are: 
insulated conductors, plastic fillers, and cushion 
layers and tapes around the fiber core. 

Insulated copper conductors may be incorporated 
in the cable core, for example, to carry power supply 
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or as service channels, or to detect the presence of 
moisture in the cable (in this case, the insulation is 
missing or partial). The conductors may cause 
problems due to the voltages induced by power 
lines or lighting. 

Plastic fillers are often used to complete the cable 
core geometry. Cushion layers are used to protect the 
cable core against radial compression. Normally, they 
are based on plastic materials wound around the core. 
Tapes are wound around the cable core to hold the 
assemblies together and secondly to provide a heat 
barrier during the sheath extrusion. Mylar tapes are 
usually employed. 


Optical Cable Structures, Types, 
and Applic: 


Cable Structures 


‘The structure of an optical cable is strictly dependent 
on the construction method and the application type 
that determines the design and the grade of external 
protection, The main core (or inner) structures of an 
optical cable can be classified as: stranded structures 
(tight and loose); slotted core cable; or ribbon cable. 
In this section, a few examples of cable structures are 
presented. Below, separate sections are devoted to 
submarine cables and to special application cables, 
for their particular structures and features. 

Inthe stranded tight structure, a low number of tight 
or loose fibers is stranded around a strength member 
to form a cable unit. Some of this cable unit may be 
joined to constitute a cable with a medium/high 
number of fibers (Figure Sa). Alternatively the fibers 
may be arranged in a multilayer structure (Figure Sb). 

‘The main advantages of a tight stranded structure 
are the small dimensions of the cable core, even when 
a large number of fibers are involved, and also the 


Coated fiber 


facility of handling. Care must be taken in the design 
of the strength member: in fact, the fibers are 
immediately subjected to tension when the cable is 
pulled into the ducts or compressed when subjected to 
low temperatures. 

In the stranded loose structures, two categories of 
cables are defined, one fiber per tube and a group of 
fibers (up to 20) per tube (Figure Sc). As already 
mentioned, in the loose structures, the fibers are free 
inside the tube and for this reason the cable is less 
critical than the tight cable. The external dimensions 
of loose cables are larger than tight cables, but the 
solution with multiform tubes allows for cables with 
a high number of fibers in relatively small dimensions. 

Slotted core cables (Figure 2c,d) contain fibers with 
only the primary coating and may be divided, as in 
the stranded loose structure, into one fiber per groove 
or into a group of fibers per groove. The cable design 
and the choice of a suitable plastic material for the 
slotted core joined to a proper strength member, make 
it possible to obtain cables with fiber stability at a 
wide range of temperature. As in the loose stranded 
solutions, the slotted core solution is adopted to 
obtain cables with a high number of fibers in small 
dimensions. 

In the ribbon solution, the fibers (from 4 to 16) 
are placed in a linear ribbon array. Many ribbons are 
stacked together to constitute the optical unit. 
The ribbon cable normally has a loose structure 
(loose tube or slotted core). Three structures are 
shown in Figure 6. In the first example (classical 
AT & T cable), 12 ribbons of 12 fibers are 
directly stacked and stranded in a tube (Figure 6a). 
Inthe second and third examples, ribbons are inserted 
into tubes or grooves (Figure 6b,c). Several tubes or 
slotted cores can be assembled together to give a cable 
with very high fiber density. The ribbon approach 
may be efficient when a large number of fibers must be 
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Figure § Structures of stranded core cables. 
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Figure 6 Structures of ribbon cables. 


simultaneously handled, spliced, and terminated at 
connectors. 


Types and Applications 


The choice of an optical cable is heavily established 
by many factors, but mainly on the type of installa- 
tion, On this basis, some different typology of cables 
may be identified: aerial cables, duct cables, direct 
buried cables, indoor cables, underwater cables, etc. 

Aerial cables can be clasped onto a metal strand or 
can be self supporting. In the first case, the cable is not 
subjected to a particular tension but requires good 
thermal and mechanical performances. This solution 
is chosen when the cable must withstand strong ice 
and wind and when long distances between the poles 
are required. All the structures mentioned above may 
be adopted. In the second case, the cable is normally 
exposed to high mechanical stresses during its life and 
high tensile strength must be guaranted to maintain 
the fiber elongation at a safety level. Generally, 
loose structures are preferred for their greater fiber 
freedom. Often, in self-supporting cables, the 
strength member is external to the cable core. An 
example is shown in Figure 7. 

Cables pulled in ducts must be resistant to pulling 
and torsion forces, and light and flexible to permit the 
installation of long sections. The cable must also 
protect the fibers against water and moisture that may 
be present in ducts or manholes. Usually the cable is 
filled with a jelly compound, a metallic barrier is 
normally used and, often, an armoring is added when 
protection against rodents is necessary. All the 
structures described above may be employed in duct 
cables. 

‘The characteristics of direct buried cables are very 
similar to those of duct cables, but additional 
protections, such as metallic armoring, are required 
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Figure 7 Self-supporting aerial cable. 


to avoid the risk of damages from digging and other 
earthmoving work. 

Cables for indoor applications normally require a 
smaller number of fibers. Their main characteristics 
are: small dimensions, flexibility, small curvature 
radius, and ease in handling and jointing. For indoor 
applications, the sheath must not permit flame 
propagation and must have a low emission of toxic 
gases and dark smoke. Tight cables are preferably 
used for indoor applications due to their compactness 
and small dimensions. 

Underwater cables are employed in the crossing of 
rivers, in lakes and lagoons, and for shallow water 
applications in general, Such cables must have 
stringent requirements such as resistance to moisture 
and water penetration and propagation, pulling 
resistance (during the installation, and recovery in 
event of failure), and high resistance to static pressure 
and core structure compatible with land cables (when 
it is part of a ground link). In addition, due to the 
presence of metallic structures, attention should be 
paid to hydrogen effects. 
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Figure 24-4. The turn angle of a small RC serva motor is: 
determined by a pulse width from a contraller ranging 
from Ims to 2ms in duration. The frequency of the pulses 
's constant at 50H: 


In Figure 24-5, a schematic illustrates the con- 
nection of a 555 timer with an RC servo, with 
component values to create a constant frequen- 
cy of about 48Hz (slightly more than 20ms from 
peak to peak). The 1p!F capacitor in the circuit 
charges through the 2.2K resistor in series with 
the diode, which bypasses the 28K resistor. This 
charging time represents the “on” cycle of the 
timer chip. The capacitor discharges through the 
28K resistor, representing the “off” cycle. The 1K 
potentiometer, in series with the SK resistors, acts, 
as a voltage divider applied to the control pin of 
the timer, adjusting the timer’s charge and dis- 
charge thresholds. Turning the potentiometer 
will lengthen or shorten the ‘on’ time of each 
cycle, without changing the frequency. In prac- 
tice, because capacitors are manufactured with 
wide tolerances, the frequency of the timer out- 
put cannot be guaranteed. Fortunately most ser- 
‘vos will tolerate some inaccuracy. 


Since the motor shares the power supply of the 
timer in this circuit, a protection diode and ca- 
pacitor have been added between the power 
supply to the motor and negative ground, to 
suppress noise and back-EMF. 


Variants 


Figure 24-5. An RC serva.can be controlled via a 555 tim 
er with appropriate component values. The potentiometer 
determines the angular position of the serva. 


Inside a servo motor’s casing, the electronics in- 
clude a potentiometer that turns with the 
‘output shaft, to provide feedback confirming the 
motor’s position. The limited turning range ofthe 
potentiometer determines the turn limits of the 
motor output shaft, 


Variants 


Small servos may contain brushed or brushless 
DC motors. Naturally the brushless motors have 
greater longevity and create less electrical noise. 
See the DC motor entry in this encyclopedia for 
a discussion of brushed versus brushless motors. 


Servos may use nylon, "Karbonite”” or metal re- 
duction gearing. The nylon gears inside a cheap- 
er RC servo are shown in Figure 24-6. 


Brushless motors and metal gears add slightly to 
the price of the motor. Metal gears are stronger 
than nylon (which can crack under load) but may 
wear faster, leading to backlash and inaccuracy 
in the gear train. The friction between nylon-to- 
nylon surfaces is very low, and nylon is certainly 
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Submarine Cables 


Submarine cable is manufactured for laying in deep- 
sea conditions. In designing a submarine cable, it is 
necessary to provide high reliability that the mech- 
anical and transmission characteristics of the optical 
fibers will be stable over a long period of time. 
Different cables are used for submarine applications, 
but generally follow the basic scheme of Figure 8. 

‘The central core (with a few fibers — up to 12 - ina 
slotted core or in a tight structure) is surrounded by a 
double layer of steel wires that act as strength members 
against tensile action and water pressure. Metal pipes 
at the inner or outer sides of the strength member, act 
asa water barrier and as power supply conductors (for 
the supply of the undersea regenerators). 

The outer polyethylene insulating sheath is the 
ultimate protection for the ordinary deep-sea cabl 
For cables requiring special protection, steel wire 
armoring (anti-attack from fishes), and further 
polyethylene are added. 

‘The cable must have stringent mechanical require 
ments, such as resistance to traction, torsion, crushing, 
impact, and to shark attack, The cable must be suitable 
for installation using standard cable-laying. ships. 
Furthermore the cable materials must have low 
content of hydrogen and emissions. If necessary, a 
hydrogen absorber may be included in the cable core. 


Special Cables 


This category comprises cables not specifically used in 
ordinary telecommunication networks, but cables 
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Basie structure of a submarine cable. 


used for specific applications and according to 
specified requirements. Cables for military use are 
normally employed for temporary plant restoration. 
‘They must be light but crush resistant and with good 
mechanical characteristics. Cables for mobile appli- 
cations (robots, elevators, aircrafts, submarines, etc.) 
generally require high flexibility and tensile strength, 
Special cables may be installed in particular environ- 
ments, where they must be insensitive, for instance, to 
nuclear radiation, chemical agents, and high 
temperatures. 

Optical cables can be installed in power lines, 
together with the power conductors, or into the 
ground wires of high-voltage overhead power lines. 
In this last type of cable, the central stranded steel 
wire, making up the ground wire, is replaced with a 
metal tube containing the optical unit (normally a 
small groups of optical fibers inserted in a tube or in a 
slotted core). 


Blown Fiber 


This technology consists of the installation of a 
single fiber or of small fiber bundles (or cables) into 
pre-installed tubes or ducts using a flux of com- 
pressed air. Initially, cables with empty tubes are 
installed and successively, at the time of need, the 
tubes can be filled by blowing fibers (singly, or in 
bundles) or cables. The installation time is normally 
fast; some compressors can blow tens of meters in a 
minute, The typical maximum blowing distance is 
about 1 km for horizontal planes, but it is reduced 
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along winding roads. The advantage of this tech- 
nique is to produce variable and flexible structures, 
ing the number of fibers to fit the network 
Besides, substitutions or change of fibers 
can be quickly carried out without substitution of 
the cable. 


See also 
Fiber and Guided Wave Optics: Dispersion. Light 
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Passive Optical Components 
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Introdu n 


Modern telecommunications networks are based 
on fiber optics as signal transporters. In. these 
networks the signals travel in the form of light 
confined within the fibers. As light power travels 
through the fibers from the source apparatus to the 
receiver, a number of components are employed to 
manage the optical signal. All other components that 
are not used to manage the signal are called ‘passive 
optical components’. They serve several functions, 
such as to join two different fibers to distribute the 
signal onto more optical branches to limit the optical 
power to select particular wavelengths, and so on. 
‘These components can be located anywhere in the 
network, depending on their function and on the 
network architecture. However, their main location is 
near the apparatus in which it is necessary to manage 
the signal before it is sent through the network or at 
the junction in the network where it is sent on to the 
The main types of passive components that are 
found in a network can be grouped as follows: 


© Joint devices: 
© Optical connectors; 
© Mechanical splices. 


Attenuators; 
Filters; 
Isolators; 
Circulators. 


Further Reading 


Griffioen W (1989) The installation of conventional 
fiber-optic cables in conduits using the viscous flow 
of air. Journal of Lightwave Technology 7(2): 297-302. 

Hughes H (1997) Telecommumications Cables. Design, 
Manufacture and Installation. : John Wiley and Sons. 

Keiser G (1986) Optical Fiber Communications. MeGraw- 
Hill 

Murata H (1988) Handbook of Optical Fibers and Cables. 
Marcel Dekker 

Technical Staff of CSELT (1990) Fiber Optic Communi- 
cations Handbook Second Edition. : TAB Books. 


Optical fibers are also divided into several 
groups (multimode 50/125, multimode 62.5/125, 
singlemode, dispersion shifted, NZD, and so on). 
There are also components of different typology 
that match up with each particular fiber. However, 
the general concept in terms of functionality, 
technology, and characteristic parameters, are the 
same among passive optical components of the 
same type (connectors, branching devices, or attenua- 
tors) but of different groups (single-mode, multi- 
mode, etc.) 


Optical Joint Devices 


The function of an optical joint is to perform a 
junction between two fibers, giving optical continuity 
to the line, Two different classes of joint can be 
considered: the connectors and the splices. The joints 
made by using connectors, are flexible points in the 
network, which means they can be opened and 
reconnected several times in order, for example, to 
reconfigure the network plan. However, a splice is a 
fixed joint and usually cannot be opened and re- 
mated. There are two type of splice: mechanical 
splices, holding joints to fibers by glue or mechanical 
crimp, and fusion splices fusing the two fiber heads 
with a suitable fusion splicer. 


General Considerations 


Considering that fibers can be described as pipes, 
in the core of which flows light, continuity between 
two fibers means that the two cores must be 
aligned in a stable and accurate way. Obviously 
this alignment must be carried out with minimum 
power loss in the junction. The main factors that 
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affect the power loss in a joint point between two 
fibers are: 


Lateral offset; 

Longitudinal offset; 

Angular misalignment; and 

twy/tuy = Mode field diameter ratio (in the single 
mode fiber) or numerical aperture ratio (in the 
multimode fiber). 


These geometrical mismatching between the two 
fibers is represented in Figure 1. 

The function that describes the joint attenuation 
is different for single-mode and multimode con- 
nectors, but the parameters that contribute to it are 
the same. The general formulation for these func- 
tions are complicated and, in particular, for the 
multimode connector it involves an integral on the 
shape distribution of the light in the fiber core. 
These functions become simpler in particular 
conditions: for example, if we consider a single- 
mode joint without a gap between the two fibers 
(that is the more usual condition in the modern 
connectors) the z parameter is nil, and in this case 
the function that describes the attenuation of the 


Light power 


distribution oor 


connector is 


where 7 is the fiber core refractive index and A is 
the wavelength of the light. 

Figure 2 shows the trend of eqn [1], where the 
parameter ranges in the graphs are typical for the 
most common products on the market. It is evident 
that the main contribution to attenuation arises from 
the lateral offset. 

For connectors of good quality, both for single- 
mode and multimode fibers, the attenuation values 
are in the range of a few tenths of dB (typically less 
than 0.3 dB). Another important factor for a joint, in 
particular for connectors used in networks for high 
speed or analog signals, is the return loss (RL). 
This is a parameter that gives a measure of the 
quantity of light back-reflected onto the optical 
discontinuity of the connector, due to the Fresnel 
effect. The RL is defined as the ratio in dB between the 
incident light power (Pjy.) and the reflected light 
power (Pre)! 


-10 te) 


Fresnel reflection arises when the light passes between 


two media with different refractive indices, In the 
case of connectors in which the two fibers are not 
in contact, the light passes from the silica of the fiber 
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Figure 2 Single mode connector attenuation as a function of the geometrical parameters. Each curve is plotied keeping the other 


parameter constant 
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core to the air in the gap. This causes the reflection of 

% of the incident light that, as RL, is about 14 dB. 

To improve the RL performances of an optical 
joint, it is necessary to reduce the refractive index 
ifference. This can be achieved cither by index 
matching material between the two fibers that 
reduces the differences between the refractive index 
of the fiber and the gap, or by performing a physical 
contact between the fiber heads. The first technique is 
typically used in mechanical splices but, due to the 
problem related with the pollution contamination of 
the index matching, it is not a good solution for 
connectors that are to be opened and reconnected 
several times. 

‘The physical contact solution is the most frequently 
adopted for these connectors. Physical contact is 
obtained by polishing the ferrule and the fiber end- 
faces in a convex shape, with the fiber core positioned 
in the apex (Figure 3). With this technique, the typical 
values of return loss for a single mode connector are 
in the range from 35 dB to 55 dB, depending on the 
polishing grade. The residual back-reflected light is 
generated in the thin layer of the fiber end surface, 
hecause of slight changes in the refractive index due 
to the polishing process. 

Higher return loss values (small quantity of 
reflected light) are achieved with the angled physical 
contact (APC) technique. This is obtained by polish- 
ing the convex ferrule end face angled with respect to 
the fiber axis. In this way, the light is not back 
reflected into the fiber core, but into the cladding, and 
is thus eliminated (Figure 4). In APC connectors, 
typical return loss values are greater than 60 dB. 
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Figure 3 Back reflection offcts in PC connectors. 
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Figure 4 Back reflection offcts in APC connectors. 


Optical Connectors 


On the market are several types of optical connectors, 
It is possible to divide them into three main groups: 


© Connectors with direct alignment of bare fiber; 

© Connectors with alignment by means of a ferrule; 
and 

© Multifiber connectors. 


Connectors with direct alignment of bare fiber 

In this type of connector the bare fibers are aligned 
on an external structure that is usually a V-groove 
(Figure 5). Two configurations can be performed: 
plug and socket or plug-adapter-plug. In the first 
case, the fiber in the socket is fixed and the one in the 
plug aligns to it. In the plug—adapter—plug configur- 
ation, two identical plugs containing the bare fibers 
are locked onto an adapter in which the fibers are 
placed on the aligned structure. These connectors are 
cheaper than the connectors with a ferrule, 
(described below), but this is unreliable. In fact, the 
bare fibers are delicate and brittle and they can be 
affected by the external mechanical or environmental 
stresses. 


Connectors with alignment by means ferrule 

In this type of connector, the fibers are fixed in a 
secondary alignment structure, usually of cylindrical 
shape, called a ferrule. The fiber alignment is 
obtained by inserting the two ferrules containing the 
fibers into a sleeve, Usually this type of connector is in 
the plug-adapter—plug configuration (Figure 6). 
With this technique, the precision of the alignment 
is moved from the V-groove precision to the dimen- 
sional tolerance of the ferrule. Typical tolerance 
values on the parameters for a cylindrical ferrule 
with a diameter of 2.5 mm, are in the range of a tenth 
of a micrometer, and must be verified on the diameter, 
eccentricity between the hole (through which the fiber 
is fixed) and cylindricity of the external surface. 


Mubtifiber connectors 

In some types of optical cable, the fibers are organized 
in multiple structures, in which many fibers are 
glued together to form a ribbon. The ribbon can have 


Fiber 2 


V-groove bard 


Figure 5 Scheme of the bare fibers alignment on a V-groove. 
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Figure 6 Scheme of aplug-adaptor—plug connector with alignment by ferules and sleove. 
2, 4, 8, 12, or 16 fibers, for example. When these 
cables are used, it is convenient to maintain the ‘Maen 
ribbon fiber structure in the connectors (until the Fiber 

tructure in d tors (until Aligrment ber 


point in which it is necessary to use the fibers 
singularly). Multifiber connectors are typically 
based on a secondary alignment on a plastic ferrule 
of rectangular shape in which the fibers maintain the 
same geometry that they have in the ribbon, The 
rectangular ferrules of the two plugs are normally 
aligned by means of two metallic pins placed in two 
hole in line with the fiber. In Figure 7, a scheme of a 
multifiber connector is shown. 


Mechanical Splices 


Mechanical splices are yet another way to join 
together two fibers. All the main considerations for 
the connectors are true for the mechanical splices. 
‘The difference is that the mechanical splice is a fixed 
joint and, normally, it cannot be opened and re- 
mated. Mechanical splices, both for single fiber and 
for multifiber structures, are the most_usually 
manufactured, In a mechanical splice, the fibers are 
aligned directly in a V-groove and fixed by glue or a 
mechanical holder. 

‘These components are cheaper than fusion splices 
but their optical, mechanical, and environmental 
functions are lower than the fusion splices. Figure 8, 
shows a mechanical splice for multifibers in which 
the fibers are crimped on a V-groove array, Usually, 
to avoid high optical reflection in the junction point, 
this type of joint is filled with index matching 
material. 


Branching Devices 


Branching devices are passive components devoted 
to distributing the optical power from an input fiber 
to two or more fibers. These components can 
he classified in two broad classes, on the basis of 
the wavelength dependence. The nonwavelength- 
selective branching devices, called also couplers or 
splitters, share the input power to two or more 
fibers independently from the light wavelength. 
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Figure 7 Mutifber connector. 
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Figure 8 Example of a multiber mechanical spice 


‘The components that perform the light distribution 
on more fibers on the basis of the different wave- 
lengths of the input light are called a WDM 
(wavelength division (demultiplexer). 

Branching devices have three or more ports, 
bare fiber or connectors, for the input and/or 
output of optical power, and share optical power 
among these ports. A generic branching device 
can be represented as a multiport device having N 
input ports and M output ports, as shown in the 
Figure 9. 

‘The optical characteristics of a branching device 
can be represented by a square transfer matrix of 
nxn coefficients, where 1 is the total number of 
the component ports. Each coefficient f, in the matrix 
is the fractional optical power transferred among 
designated ports, that is the ratio of the optical power 
P, transferred out of port j with respect to input 
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Figure 9 Scheme of a generic N x M branching device, 


power P, into port i: 


an ta tis 
ty 
T= ty BI 
ta tun 
wher 
y= Ft 41 


So, according to the relationship between two ports, 
the coefficients represent several parameters. For 
example, if the port i is an input port and j is an 
output port, ty is the transferred power signal through 
the component, while if they exist as two isolated 
ports the coefficients represent the crosstalk between 
the two ports. 

‘The three main techniques to obtain this type of 
component are: 


(i) All fiber components; 
(ii) Micto-opties; and 
(iii) Integeated optics. 


Nonwavelength-Selective Branching Devices 


A nonwavelength-selective branching device is a 
component having three or more ports, which shares 
an input signal among the output ports in a 
predetermined fashion. Usually these components 
are completely reversible and so they also work as a 
combiner of signals from more input ports onto a 
single output port. 

There are several types of couplers for different 
applications: 


© Ycoupler with one input port and two output 
ports; 

¢ X-coupler with two input ports and two output 
ports; and 


Output signal 


\ 
Power exchange 
between the twa fibers 
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Figure 10 Scheme of a fusion 2 x 2 coupler. 


¢ Star coupler with more than two ports in input 
and/or in output. 


Moreover the couplers can be symmetrical, and in 
this case they divide the input power light onto 1 
equal output flows, or asymmetrical devices in which 
the quantity of power light in the output ports is 
shared in a predefined nonuniform way. 

The techniques used to carry out this type of device 
are mainly the fusion technique or planar technique. 
The first one is based on the phenomenon of 
evanescent wave coupling: when the core of two 
optical guides (as fibers) are located in close 
proximity, a power exchange from a guide to another 
is possible, This configuration can be obtained 
by stretching the fibers under controlled fusion 
(see Figure 10). 

The planar technique, that is the simpler integrated 
optic application, is based on the optical guides with 
appropriate shapes being placed directly onto a 
silicon wafer by means of lithographic processes 
(Figure 11), 

The fusion technique has the advantage of being 
“all in fiber’ so the component is ready to be inserted 
into the optical networks by means of usual joint 
techniques. But for a high number of ports, the 
coupling ratio among the branches cannot be 
controlled in a precise way and the cost of the 
fusion device is proportional to the number of the 
branches. On the contrary, a device obtained with 
the planar technology must be coupled with fibers 
normally used and this operation may be difficult 
due to the different geometry of the planar guide 
(rectangular) and the fiber (circular). On the other 
hand, this technology allows a high precision in the 
optical characteristics of the component and the 
cost of the device is independent of the branch 
number. 


wom 


A wavelength-selective branching device, usually 
called WDM (Wavelength Depending Multiplexer), 
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Figure 11 Scheme of the process to obtain a planar coupler and an example of a device. 


is a component having three or more ports which 
shares an input signal among the output ports in a 
predetermined fashion, depending on the wavelength, 
so that at least two different wavelength ranges are 
nominally transferred between two different couples 
of ports. 

WDM devices may be divided in three categories 
on the basis of the bandwidth of the channels (the 
spacing between two adjacent wavelength discrimi 
nated by the device): 


(i) DWDM (Dense WDM) device operates for 
channel spacing equal or less than 1000 GHz 
{about 6-8 nm in the range of typical optical 
wavelength used in telecommunications systems, 
1310 or 1550 nm); 

CWDM (Coarse WDM) device operates for 
channel spacing less than SO nm and greater 
than 1000 GHz; and 

WWDM (Wide WDM) device operates for 
channel spacing equal or greater than 50 nm, 


i) 


‘These components are used to combine, at the 
input side of an optical link in only one fiber, more 
optical signals with different wavelengths and separ- 
ate them at the receiving end. This technology allows 
to send along a fiber, more communication channels, 
thus increasing the total bit rate transmitted, These 
types of components can be obtained using filters to 
select single a wavelength (as a diffractive grating that 
resolves the light into its monochromatic com- 
ponents) or using the phenomena of evanescent field 
coupling occurring between two adjacent fiber cores 
(as described for coupler devices), controlling in a 
precise way the coupling zone; this is, in fact, 
dependent on the wavelength (Figure 12). 

Using wavelength filters, as they select a singular 
wavelength, it is necessary to perform a cascade filter 
structure for separating more than two wavelengths. 
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Figure 13 Scheme of FBG. 


Micro-optic technologies are generally used for 
multimode fiber due to the critical collimation 
problem, For the single-mode fiber the evanescent 
field coupling technique is applied directly to fiber or 
to planar optical guides. 

Another efficient technique to create WDM devices 
is with a fiber Bragg grating (FBG) wavelength filter 
directly applied to the fiber. FBGs consist in periodic 
modulation (sce Figure 13) of the refractive index 
along the core of the fiber, and they act as reflection 
filters. 

During the fabrication process (see Figure 14) the 
core of the optical fiber is exposed to UV radiation, 
and this exposure increases the refractive index of the 
core in defined zones, with a periodic shape obtained 
by the interference fringe created by crossing two 
coherent beams. 
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Figure 14 Scheme of FBG production. 
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Figure 15 Transmission characteristic of FBG, 


Figure 15 shows a representative spectral curve of a 
FBG filter centered at 1625 nm, The central wave- 
length, the width, and the value of reflection depend 
on the grating period (d) and on the deposited UV 
energy in the fiber core, 


Other Passive Optical Components 


In an optical network, besides the devices described 
above, there are a number of other passive optical 
components that perform particular functions on the 
optical signal; the main ones are: 


Attenuators These are devices used to attenuate the 
optical power, for example, in front of a 
receiver when the optical line is short 
and the power of the received signal is 
still too high for the detector, or when it 
is necessary to equalize the signals 
arriving from different optical lines, It 
exists both in tunable and fixed versions. 
The first ones allow adjustment of the 
attenuation value, however, the second 
ones have a fixed and predefined value. 
The fixed optical attenuators can be 
obtained by inserting a filter or stressing 


Neglected 


Figure 16 Principle scheme of an optical circulator. 


a fiber in a controlled and permanent 
way, The tunable attenuators are based 
on variable optical parameters as, for 
example, the distance or the lateral 
offset in an optical connection, They 
exist both as connect lengths of fiber 
(attenuated optical jumpers) or as com- 
Pact components similar to a double 
connector (plug stile attenuator). 
Filters ‘These are components with two ports 
employed to select or to filter some fixed 
wavelengths. They can be divided into 
the following categories: 


* short-wave pass (only wavelengths 
lower than or equal to a specified 
value are passed); 

* long-wave pass (only wavelengths 
greater than or equal to a specified 
value are passed); 

+ band-pass (only an optical window is 
allowed); and 

* notch (only an optical window is 


inhibited). 


Itis also possible to have a combination 
of the above categories. The optical 
filtering can be obtained by inserting 
one or more filtering devices (as inter 
ferential films) into a fiber or creating a 
filter directly on the fiber by the FBG 
described above. 
Isolators These are nonreciprocal two-port opti- 
cal device in which the light flows in the 
forward direction, and not in the reverse 
one, The isolators are used to suppress 
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backward reflections along an optical 
fiber transmission line, _ while 
having minimum insertion loss in the 
forward direction, Fiber optic isolators 
are commonly used to avoid back 
reflections into laser diodes and 
optical amplifiers, which can make the 
laser and amplifiers oscillate unstably, 
and cause noise in the fiber optic 
transmission system. 

Circulators These are passive components having 
three or more ports numbered sequen- 
tially (1,2,....m) through which optical 
power is transmitted nonreciprocally 
from port 1 to port 2,..., from port (i) 
to port (+ 1),... and from port 1 to 
port 1 (Figure 16). 


See also 


Diffraction: Fresnel Diffraction. Optical Communication 
‘Systems: Wavelength Division Multiplexing, 
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Fiber gratings are periodic index variations inscribed 
into the core of an optical fiber, and are important 
devices for manipulating fiber guided light. Since their 
first fabrication in the late 1970s, fiber grating use 
and manufacture has increased significantly and they 
are now employed commercially as optical filters, 
reflectors and taps in telecommunications systems, 


and as strain and temperature sensors in various 
industries. We review optical fibers and the funda- 
mentals of fiber grating characteristics as well as 
fabrication, Finally we consider several of the major 
industrial and scientific applications of fiber gratings. 


Fiber Modes 


A fiber grating couples light between the modes of an 
optical fiber, and therefore a knowledge of these 
modes is essential to understanding the characteristics 
of fiber gratings. In what follows, we emphasize 
single-mode fibers used near 1550 nm because these 
are very important in most practical applications that 
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use fiber gratings, A single-mode fiber can be viewed 
asa thin cylinder of silica with a central raised index 
region of small enough diameter so that only a single 
mode is guided through total internal reflection at the 
core boundary. The electric field (E-field) of the 
fundamental mode propagating in the core is 
described by a characteristic transverse 
and a propagation constant k: 


E=EG,. pe) 


k= Qamgy/A 


Here rand gare the radial and azimuthal directions, z 
is measured longitudinally along the fiber, w is the 
radial frequency, and A is the vacuum wavelength, 
and the E-field points in the same direction every- 
where, As the second equation indicates, the fiber 
mode propagates in the fiber as though it has an 
effective refractive index me. 

The silica cladding acts to isolate the core mode 
from the outside, hence the core mode penetrates very 
little into the cladding. However, if the outer cladding 
surface allows total internal reflection, the cladding 
may also guide light. Such ‘cladding modes’ are also 
important in understanding fiber gratings, since the 
grating couples the core mode with the cladding 
modes. As shown in Figure 1, the cladding modes 
extend outside the core into the cladding region, and 
their effective index is therefore always less than that 
of the core mode. We also note that in the case when 
the outer coating of the fiber does not support total 
internal reflection, ‘leaky’ cladding modes result. In 
the limit that there is no reflection at the cladding 


boundary a continuum of ‘radiation modes’ results. 
Although these modes are not guided, they are 
exploited in a variety of applications and can be 
carefully tailored by a suitably designed fiber grating. 
Note that the radiation and cladding modes exist 
regardless of the presence of a grating; a grating 
simply couples power from the core mode to the 
cladding/radiation modes; the grating is typically only 
a small perturbation on the index profile of the 
waveguide and the corresponding mode fields. 


Fiber Grating Theory 


Fiber gratings are longitudinal periodic variations in 
the refractive index (or, more generally, the dielectric 
function) of the core and/or cladding of an optical 
fiber. The scattering from any grating may be under- 
stood simply by considering the scattering off each 
successive period and adding these contributions 
while taking the phase of the E-field into account. 
Figure 2 illustrates this analysis in the case of a fiber 
Bragg reflector. When the reflections from each period 
of the grating add constructively, a strong back- 
reflection results. This is known as Bragg reflection. 
The condition for Bragg reflection is given by 


ring, (21 


Mirage 2M 


Here Ageags is the vacuum wavelength of the light 
(equivalent to its frequency, w= 2mclA), mi is the 
effective index of the mode, and Agessing is the period 
of the grating refractive index modulations. This 
Bragg reflection is evident in a narrow dip in the 


5 : 
£ 2 
2 2 
s i 
i ] 
ee 
Radius (microns) 
a Clating rasiton 
g 1 ode as 
in iS 


Figure 1 Fiber modes. Refractive index profile of a stop index, single-mode fiber (dashed ine). Radial profiles of mode E-fields of the 
fundamental (LPO%) core mode, guided within the raised index region defined by the core, and one of the many higher-order cladding 
‘modes quided by the outer, air~slica intarface. Also shown isa fiber indicating the ray paths for core, cladding, and radiation modes. 


Figure 24-6. Nylon gearing inside a serva motor. 


adequate and may be preferable if a servo will 
not be heavily loaded, "Karbonite” is claimed to 
be five times stronger than nylon and may be a 
satisfactory compromise. If a gear set experien- 
ces. failure (for example, teeth can be stripped 
asa result of excessive load), manufacturers usu- 
ally will sell a replacement set to be installed by 
the user. Installation requires manual dexterity 
and patience, and some skill 


Servos may have roller bearings or plain sintered 
bearings, the latter being cheaper but much less 
durable under side loading. 


So-called digital servos use faster internal elec- 
tronics than the older, so-called analog servos, 
and because they sample the incoming pulse 
stream ata higher frequency, they are more re- 
sponsivetosmall, rapid commands fromthe con- 
troller. For this reason they are preferred by hob- 
byists using servos to control the flight of model 
airplanes. Externally, the control protocol for dig- 
ital and analog servos is the same, although a 


ts tional 


magnetism > 1 


digital servo can be reprogrammed with new 
code values establishing the limits toits range. A 
standalone programming unit must be pur- 
chased to achieve this. 


The most popular manufacturers of small servo 
motors are Futaba and Hitec. While their control 
protocols are virtually identical, the motor out- 
put shafts differ. The shaft is typically known as 
the spline, and is grooved to fit push-on attach- 
ments, The spline of a Futaba motor has 25 
grooves, while Hitec uses 24 grooves. Attach- 
ments must be appropriate for the brand of mo- 
tor that has been chosen. 


Values 


Asmall servo typically weighs 1 to 2 ounces, has 
arotation time of 1 to 2 seconds from one end of 
itstravelto the other, and can exerta surprisingly 
robust torque of 50 ounce-inches or greater. 


Voltage 
Small servos were originally designed to run 
from 4.8V rechargeable batteries in model 
aircraft. They can be driven with SVDC to 
6VDC on a routine basis. A few servos are 
designed for higher voltages. 


Amperage 
The datasheets provided by most manufac 
turers often fail to specify the power that a 
servowill draw when itis exerting maximum, 
torque (or indeed, any torque at all). Since 
small servos are often driven by three or four 
AAalkaline batteries in series, the maximum, 
current draw is unlikely to be much greater 
than lamp. When the motoris energized but 
not turning, and is not resisting a turning 
force, its power consumption is negligible, 
This feature makes servos especially desira- 
ble for remote-controlled battery-powered 
devices. 


Some motors that have a turning range exceed: 
ing 180 degrees will respond to pulses of less 
than Ims or greater than 2ms. A newly acquired 
motor should be tested with a microcontroller 
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transmission spectrum of the grating (see Figure 3a). 
The ability of a fiber grating to selectively reflect the 
core light at one wavelength is one of its most 
important practical properties since it can be used asa 
narrowband filter or reflector. As a fiber component, 


Agrating 


Srintnintninin 


Figure 2 Bragg reflection. Each poriod of the grating reflects a 
‘smal fraction ofthe incident ight. When the period ofthe grating is, 
adjusted so that these reflections add coherently, a strong Bragg, 
Feflection results and a narrow dip is observed in the transmission 
spectrum of the fiber (see Figure Sa). As shown in Figures 3 
and 4, Bragg reflection can also occur int cladding modes, 
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Figure 3. Phase matching. Fiver grating resonances occur when the phase matching condition is satistied: Kne 


the fiber grating has the advantage of compactness 
and provides in-line wavelength filtering. 

The condition for Bragg reflection may be 
expressed more generally as a phase-matching con- 
dition. Phase matching refers to the condition when 
the phases of all the grating-scattered waves are the 
same and there is constructive interference, More 
specifically, this condition expresses the relationship 
between the spatial frequencies of the incident light, 
the scattered light, and the grating modulation, 
necessary for constructive interference in the scat- 
tered light. For a grating, the phase matching 
condition may be expressed in terms of the grating 
Kegauing = 271M grcing and of the two 
mode propagation constants, kweides ANd kycaered 
(defined in eqn [1]) 


wavevector, 


Kecident ~ Keating = Kscanered 131 


Using phase matching, we can understand the 
various transmission spectra that result from fiber 
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Kang = Kea: 


Propagation constants (k = 2n.y/A) of the fiber modes are indicated as hash marks on the vertical ine. The region indicates the regime 
of unguided radiation modes. The flber grating is represented by its longitudinal spatial frequency (wavavector) Kiraing = 27! \rsng 
Where rings the period ofthe grating. Assuming an incident forward-going core mode, the grating wavevector then phase matches to 
(a) counter-propagating core and cladding modes (fiber Bragg grating, FBG), (b) continuum of radiation modes, or (c) a copropagating 
cladding mode (long-period grating, LPG). 
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gratings. Figure 3 shows the transmission character- 
istic observed for core guided light in a single-mode 
fiber containing three different types of gratings: 
Bragg reflector, radiation mode coupler, and copro- 
pagating mode coupler. Each grating has a different 
type of phase matching condition. Figure 3 also 
depicts the phase matching condition in eqn [3] 
graphically. The vertical line contains a mark 
representing the propagation constants, k, of modes 
of a single mode fiber (both positive and negative for 
the two propagation directions) and a solid black 
region representing the radiation mode continuum. 
Bragg reflection into backward-propagating core and 
cladding modes occurs for short grating periods 
(Kyrasing ~ 2Kcoee)- Such gratings are known as fiber 
Bragg gratings (FBGs) and a typical transmission 
spectrum with a strong Bragg reflection and several 
cladding mode resonances is shown in Figure 3a (a 
typical Bragg reflection spectrum is shown in Figure 8 
below; the FBG grating period was ~ 500 nm). Core- 
cladding mode reflection results in loss resonances 
for wavelengths shorter than the core-core Bragg 
reflection. When the grating period is very long (in 
general, Kyeaniog < Keoce adding — VWteadsing? tYPi- 
ally Ageatig iS ~ 1000 times that of an FBG), phase 
matching to copropagating cladding modes occurs. 
Such gratings are known as long-period gratings 
{LPGs). A typical LPG spectrum is shown in Figure 3c. 
The LPG resonance corresponds to coupling between 
the core mode and a single copropagating cladding 
mode. For wavevectors in between these two regimes, 
coupling to the continuum of radiation modes is 
possible, An example of such a grating spectrum is 
shown in Figure 3b, We note that fiber cladding 
modes can be either well guided (resulting in the 
sharp grating resonances of Figure 3a) or poorly 
guided (resulting in a broad continuum of Figure 3b) 
depending on the fiber surface. The radiation mode 
approximation is valid in the limit that the cladding 
mode is very poorly guided (ie., has high loss) within 
the grating region, 

While phase matching yields the resonance wave- 
lengths of a fiber grating, the strengths of these 
resonances must be derived from a full solution of 
Maxwell’s equations. The most common approxi- 
mation used in these calculations is known as coupled 
mode theory (CMT). In CMT, the longitudinal 
refractive index variation is assumed to be a small 
perturhation to the waveguide modes, which results 
only in a change in the propagation constant of the 
modes but does not change the transverse dependence 
of the mode E-fields (see eqn [1]). CMT then assumes 
that the E-field amplitude of each mode varies slowly 
{compared to wavelength) along the grating. A pair of 
coupled equations relating the two mode amplitudes 


asa function of position along the grating can then be 
derived, and these allow for computation of the 
grating reflection and transmission, The coupling 
between two modes is determined by an overlap 
integral x12 between the product of the E-fields of the 
two modes (E, and E,) and the periodic refractive 
index variation: 


wixte Sf, Ej(r, B)Eg(r, déntr, 6)dA [4] 


where dn(r,8) is derived from the refractive index 
modulation: 


bn(r, 21 


Snr, B) COLK yrcing®) 15] 


This overlap integral is useful because it allows for a 
rough comparison of the strength of resonances for 
different modes without the need to obtain a full 
CMT solution. In the simple case of Bragg reflection 
of the core mode in a standard single-mode fiber 
(see Figure 1): 


adn 
x 


(61 


where 7 ~ 0.8 is the overlap integral of the core mode 
intensity with the core. 

To understand fiber grating spectra we first discuss 
a ‘uniform’ Bragg grating, of length L. Such a grating 
has uniform index modulation along its length and is 
shown in Figure 4a, Depending on the length and 
refractive index modulation of the grating, it may be 
classified as either weak or strong. The division 
between these two regimes may be understood by 
considering the light scattered by each successive 
period of the grating. The fraction of light scattered 
from each period can be approximated by d/2n using 
the Snell’s law reflectance formula. The boundary 
between a strong and a weak grating occurs when the 
grating is cither long enough or strong enough that 
the sum of the scattering from all periods is of order 1. 
This division may also be expressed in terms of « and 
LiL ~ 

In the weak limit, the incident light propagates 
through the grating with very little scattering, In this 
case, both the LPG and FBG resonances have 
transmission spectra that are approximately related 
to the Fourier transform of the grating index profile. 
(For LPGs, this may not hold if modal dispersion is 
large; see the discussion below.) In the case of a 
uniform grating profile, this results in a 1 — sinc” 
wavelength dependence of the transmission spectrum 
and a spectral width BMA ~ Agraring/L = MNperiods 38 
shown in Figure 4a. An important feature of the 
uniform grating is the side lobes. The side lobes result 
from the sudden ‘turn on’ of the grating, In the FBG, 
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Figure 4 Fiber Bragg grating ofractve index profiles and spectra. 
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(a) A.nitorm profile with transmission spectra for both strong and 


‘weak index modulations. (b) An ‘unapodized’ Gaussian grating profile showing Fabry -Perot-lke structure within the grating resonance. 
(c) A'100% de apodized’ Gaussian grating profie showing a symmetric transmission spectrum. (d) A superstructure grating exhibiting 


‘our resonance peaks. 


they can be understood as resonances of the effective 
Fabry-Perot cavity defined by the sharp grating 
boundaries. 

In the strong limit, a substantial fraction of light is 
scattered out of the incident mode, and the FBG and 
LPG transmission spectra become different, As shown 
in Figure 4a, the FBG spectrum widens to a width 
determined only by 81: 6VA= nln. The incident 
light penetrates only a short distance (~ A/6n) into the 
grating before being completely reflected. The strong 
LPG, on the other hand, becomes ‘overcoupled! as the 
second mode is reconverted into the incident mode. 
The result is a higher transmission for the incident 
core mode (provided that the scattered mode propa- 
gates without loss). 

While uniform gratings are easy to model and 
manufacture, most practical fiber gratings have a 
nonuniform profile. In a nonuniform grating profile, 
both the refra index modulation amplitude, 
Sngc(z), and the average effective index value, 
Snpc(z), may vary along the fiber grating length: 


nz) = Snpyclz) + SngclZ)CO{Kyrscing?) — [7] 


By controlling the ac and de index change, a 
greatly improved filter may be fabricated. Figure 4b 
shows the index profile and the grating transmission 
spectrum of a fiber Bragg grating with an ‘unapo- 
dized’ Gaussian profile. Note that due to the smooth 
increase in modulation amplitude, the sidebands of 
the uniform grating have been eliminated. However, 
because the de index (and hence Bragg condition) is 
not constant within the grating, sharp resonant 
structure is observed within the grating resonance. 
This structure can be understood as Fabry-Perot 
resonances in the cavity formed by the nonuniform 
Bragg condition within the grating, Figure 4c shows 
a grating with a ‘100% de apodized’ Gaussian 
profile. This grating has a constant de refractive 
index within the grating and therefore the resonance 
is smooth and symmetric. Most useful bandpass 
filters require a profile close to 100% apodization, 
Although not shown in Figure 4, a smoothly varying 
index profile also eliminates the sidelobes in LPG 

Other important types of nonuniform fiber gratings 
include chirped fiber gratings and superstructure fiber 
gratings. In a chirped fiber grating the grating period 
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slowly changes along the length of the grating. As 
discussed below, chirped fiber gratings may be used as 
chromatic dispersion compensators. They may also 
be used as broadband reflectors. LPGs may also be 
chirped to produce a broadband response. Super- 
structure gratings have oscillations in the period 
and/or amplitude of the refractive index modulations. 
The resulting grating can have several resonance 
peaks (see Figure 4d). The properties of nonuniform 
gratings may be computed using CMT and also 
understood intuitively using ‘hand-diagrams’ and an 
effective index model of the fiber grating response. 
Grating spectra showing radiation mode coupling 
are unlike FBGs or LPGs because there is no conver- 


sion of the radiation modes back to the incident core 
mode. The sharp resonances smooth out into a broad 
continuum, The grating transmission spectrum 
depends less on the refractive index profile of the 
grating than on the overlap of the core mode and 
grating with the radiation modes. Radiation mode 
coupling is greatly affected by tilting the grating 
planes with respect to the axis of the fiber. As dis- 
cussed below, such tilted gratings may be designed as 
loss filters and optical fiber taps. Grating tilt has also 
been applied to decrease core mode back-reflection. 

LPG resonances (and to some degree FBGs) may 
also exhibit strong dependence on the modal dis- 
persion (or variation of the propagation constant, k, 
with wavelength). This wavelength dependence can 
dominate the wavelength dependence arising from 
CMT, making the resonance more or less narrow than 
predicted by CMT without modal dispersion. In an 
extreme case, very broadband LPG resonances 
(401m) may be produced between the core mode 
and a specially designed higher-order mode whose 
propagation constant varies such that it is resonant 
with the core mode over a large bandwidth. 


Fiber Grating Fabrication 


Photosensitivity 


The key discovery leading to the study and practical 
application of fiber gratings was the phenomenon of 
UV-induced photosensitivity in the conventional 
germanosilicate optical fibers used in telecommunica- 
tions systems. UV irradiation of the germanosilicate 
core region can produce refractive index changes in 
the range 0.01 to 0.0001, Such refractive index 
changes are large enough to produce useful filters and 
reflectors. The refractive index change is most 
efficiently produced by irradiation close to 242 nm 
or around 193 nm, where germanosilicate glass has 
strong absorptions. Numerous other dopants have 
been shown to be photosensitive at wavelengths 


ranging from 484 nm to 155 nm, These include P, Ce, 
Pb, Sn, N, Sn-Ge, Sb, and Ge-B. Other dopants, such 
as Al and F, show very little photosensitivity. 

A second major discovery enabling practical 
manufacture of fiber gratings was the effect of 
‘hydrogen loading’. The fiber is placed in a pressur- 
ized hydrogen atmosphere until molecular hydrogen 
has diffused into the core region to a level of a few 
mole percent (a level similar to that of the photosen- 
sitive dopants). UV irradiation of the resulting fiber 
produces index changes an order of magnitude larger 
than in the unloaded fiber. Hydrogen loading allows 
gratings to be easily imprinted in conventional single- 
mode fibers, whose Ge content is too low to allow for 
strong gratings. The increase in photosensitivity is 
true for most photosensitive dopants. Index changes 
in excess of 10-* have been produced with hydrogen 
loading. In order to avoid increased OH absorption in 
the telecommunications band (1520-1630 nm), deu- 
terium (D2) is normally used in place of hydrogen. 

The origins of UV photosensitivity are not fully 
understood; however, at least two mechanisms are 
agreed to contribute to the index change. Firstly, as is 
evident from Figure 5, the UV absorption spectrum is 
modified during UV exposure. This bleaching corre- 
sponds to a change in refractive index in the infrared 
which may be computed using the Kramers—Kronig 
relations. In particular, the absorption band at 
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Figure 5 UV absorption spectrum of Ge-doped silica before 
and after irradiation with 242:nm light, showing bleaching of the 
Ge-oxygen deficient defect feature at 242 nm, 
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242 nm resulting from germanium oxygen deficient 
centers is bleached, indicating that these defects are 
modified during exposure. The infrared index change 
results both from this bleaching and from the change 
in the UV absorption edge at ~190 nm. Secondly, 
absorption of UV causes the silica matrix to contract. 
This compaction and the resulting stress distribution 
also change the refractive index. 

Both mechanisms are enhanced by the presence of 
hydrogen in the silica lattice. The hydrogen reacts with 
oxygen, thus increasing the number of UV-absorbing 
germanium oxygen-deficient centers. As a result, in 
hydrogen loaded fibers, more of the Ge atoms 
participate in the index change, explaining the large 
increase in photosensitivity. The number of oxygen- 
deficient defects may also be increased during fiber 
manufacture by collapsing the fiber preform in a low- 
oxygen atmosphere. Such fibers show increased 
photosensitivity without the need for hydrogen load- 
ing. Co-doping a Ge-doped fiber with boron has also 
been shown to increase the level of photosensitivity of 
a fiber for a given level of index change in the core. 

An important aspect of UV-induced index changes 
is that they require thermal annealing to ensure lon; 
term stability. Sufficient exposure to elevated tem- 
peratures can completely erase the refractive index 
change in some Ge-doped gratings. Gratings can be 
completely erased by several hours of heating to 
greater than 500°C. Thermal stability has been 
described by an activation energy model which 
assumes a distribution of energies for the defects 
giving rise to the refractive index change. Therefore, 
at a given anneal temperature a fixed fraction of the 


index change will quickly decay, leaving only stable 
defects that easily survive at lower temperatures. By 
annealing at several temperatures for a fixed time, a 
relationship between temperature and time required 
for a given refractive index decay may then be derived 
and used in accelerated aging tests of ber gratings. 
For 20-year grating reliability of ~1% decrease 
in UV-induced refractive index change, a typical 
Ge-doped grating requires annealing at 140°C for 
12 hours, 


Grating Inscription 


The first method used in UV grating inscription is 
known as ‘internal writing’. In this method light 
propagating in the fiber causes a standing wave to 
form within the core, and UV photosensitivity from a 
two-photon process results in permanent grating 
formation. Both LPG and FBG resonances have 
heen fabricated using this method. The technique is 
inflexible, however, because the grating parameters 
are not easily controlled. 

Another important advance that made possible the 
widespread use of fiber gratings is the ‘transverse side- 
writing’ technique. In this method, a UV interference 
pattern is projected through the side of the fiber onto 
the core region, The first demonstration of this 
technique employed a free space interferometer to 
produce the UV fringes. A significant improvement on 
this technique employs a zero-order mulled phase 
mask to generate the interference pattern. The phase 
mask acts to split the incident beam, and these two 
then form the interference pattern. The method is 
shown in Figure 6. The advantage of the phase mask 
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Figure 6 Phase mask fabrication ofa fiber grating. 
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technique is that the fringes are very stable, since the 
UV beams propagate only a short distance. Another 
important technique for writing fiber gratings is the 
‘point-by point’ writing method, In a point-by-point 
technique the UV interference pattern is modulated 
and translated along a fiber in such a way that a long 
grating may be formed. Although complex and 
sensitive, such methods can yield gratings as long as 
a few meters and also allow for the fabrication of 
complex grating profiles. Point-by-point methods 
have been used to fabricate broadband chirped 
dispersion compensating gratings and Bragg reflec- 
tors with very low dispersion. 

LPGs may also be fabricated with UV irradiation. 
An amplitude mask is typically used. Requirements 
for beam coherence are greatly reduced because of 
the long period (typically a few hundred microns). 
Other techniques may also be used to fabricate LPGs. 
The fiber may be periodically deformed by heating 
or with periodic microbends. Dynamic LPGs may 
also be produced by propagating acoustic waves 
along the fiber. 


Applications 


Fiber geatings are key enabling technologies in a 
number of important applications. In this section we 
review these, highlighting the unique functionalities 
that can be provided by fiber gratings. 


Fiber Grating Strain and Temperature Sensitivity 


Fiber gratings are sensitive to both strain and 
temperature and may therefore be used as sensors. 
Both LPG and FBG resonances change with strain 
and temperature. LPGs show greater but more 
complicated sensitivity and typically FBGs are used 
in such applications. Strain sensitivity arises from the 
fact that gratings are extended in length. Because 
fibers are very thin (diameter ~ 125 um), significant 
extension is possible. A smaller strain sensitivity 
arises from the stress optic effect. Typical sensitivity at 
1550nm is ~1pm/l pe in FBGs. Temperature 
sensitivity arises from temperature dependence of 
the refractive index and gives rise to a change order 
0.011 nm/°C of temperature change of the FBG. FBG 
strain sensors have been applied to map stress 
distributions and can be employed in a distributed 
manner with many Bragg reflectors in one fiber being 
examined with one detector. 

‘These sensitivities may also be used to make fiber 
grating filters tunable. Temperature changes are more 
stable but typically give 1—2 nm of change in an FBG 
resonance. Strain tuning is more difficult to package 
commercially but can give up to 4nm in extension 


and more than 10nm in compression, Passive 
thermal stabilization of geating resonances may also 
he achieved by designing packages in which strain 


and temperature variations cancel each other. 


Fiber Grating Stabilized Diode Lasers and Fiber 
Lasers 


One of the first important commercial applications of 
fiber gratings was in stabilization of fiber coupled 
diode lasers. Normally these lasers operate on several 
cavity modes making the output unstable. If feedback 
is provided in the form of a narrowband reflection 
then the laser output will be only in this narrow 
bandwidth. The fiber grating is implemented in the 
fiber pigtail of the diode laser and typically provides a 
few percent reflectivity over a bandwidth of ~1 nm, 
The application is depicted schematically in Figure 7. 

More generally, fiber gratings have been used to 
realize fiber laser cavities and fiber distributed feed- 
back lasers. One important example is the cascaded 
Raman resonator fiber laser, in which several FBGs 
recycle Raman pump light to produce high-power, 
fiber coupled light at any design wavelength. 


Optical Add/Drop Multiplexers 


Another important commercial FBG application is 
the optical add/drop multiplexer (see Figure 8). These 
are key components in wavelength division multi- 
plexed (WDM) networks, WDM networks transmit 
large amounts of data through a single fiber by 
modulating several optical carrier wavelengths and 
sending all the wavelengths through a single fiber. The 
optical add/drop multiplexer allows individual wave- 
lengths to be added or dropped from a given fiber. 

Fiber Bragg gratings are useful in this application 
because of the very narrow resonances that are 
achievable (typically a few tenths of a nm at 
1550 nm). For wavelengths close to the Bragg 
wavelength an FBG strongly reflects. The reflectivity 
and bandwidth are determined by the depth of the 
index modulation and grating length, as discussed 
earlier. These degrees of freedom make fiber gratings 
ideal filters to be used in wavelength division multi- 
plexed lightwave networks, in which multiple chan- 
nels are transmitted along long lengths of optical 
fiber. Figure 8 illustrates schematically the principle of 
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Figure 7 Fiber Bragg grating stabilized diode laser. The fiber 
grating reflector in the laser pigtall provides @ small lavel of 
feedback to stabilize the laser output power and wavelength. 
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Figure 8 Top: Addidrop node employing fiber grating reflector. Bottom: characteristic reflection and transmission spectrum of an 


addidrop fiber grating iter. 


a fiber grating based add/drop multiplexer, The 
grating is located between two three-port optical 
Girculators. (A circulator is a bulk optic element that 
allows transmission only from port 1 to port n+ 1.) 
Different channels are incident upon the grating from 
the left and only one particular channel undergoes 
reflection at the grating. Note that by carefully 
designing the grating properties the reflectivity in 
the adjacent channel can be made to be negligible. 
This one channel is reflected and re-routed by the 
three-port circulator. The remainder of the channels 
are transmitted through the grating. The grating also 
enables the ‘add’ functionality. In this case light 
originating from a different part of the optical 
network enters the link again through an optical 
circulator and is reflected off the fiber geating. 


Gain-Flattening Loss Filters 


A primary strength of fiber gratings is the diversity of 
filter shapes that is achievable through modification 
of the grating profile. Gain-flatteners are an import- 
ant application requiring such filter design. Gain- 
flattening filters are important in WDM telecommu- 
nications systems in order to smooth the wavelength 
dependence of fiber amplifiers (such as Er or Raman 
amplifiers). Both LPGs and FBGs may be employed as 
gain flattening filters. The desired loss spectrum is 
translated into a corresponding grating profile. LPGs 
have the advantage of low return loss, but the LPG 
resonance wavelengths and strengths are very sensi- 
tive to the fiber geometry, making the computation of 
the grating profile less accurate. FBGs may also be 


used in both tilted and untilted form; however they 
typically have back-reflections that require careful 
fiber grating growth or an isolator to suppress back- 
reflections. Figure 9 shows an example of a gain 
equalizing loss filter using LPGs. 


Dispersion Compensator 


Chromatic dispersion can limit the transmission 
distances and capacities of long-haul fiber links. 
Chromatic dispersion arises from the variation in 
propagation velocity with wavelength. An initially 
sharp pulse is thus dispersed and begins to overlap 
with adjacent pulses resulting in degraded signal 
quality. A key technology for long-haul fiber links is 
therefore ‘dispersion compensation’. The most com- 
mon solution has been ‘dispersion compensating fiber” 
(DCE), which is simply fiber in which the chromatic 
dispersion has been engineered to be the exact 
opposite of the dispersion in the fiber link. Limitations 
of DCF include nonlinearities, higher-order dis- 
persion, and lack of tunability. Fiber gratings offer 
an alternative approach that overcomes the problems. 

Fiber Bragg gratings can provide strong chromatic 
dispersion when operated in reflection with a three- 
port circulator (see Figure 10). In this case the grating 
period is made to vary along the length of the grating. 
This means that different wavelengths in a pulse 
reflect at different positions in the grating. This gives 
rise to wavelength-dependent group delay and there- 
fore chromatic dispersion. The advantage of the fiber 
grating compared to DCF is that the device can be 
made to be very compact, with potentially lower 
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Figure 8 Long-periad grating gain equalizer. Several individual gratings (dashed line) are combined to produce the overall shape 
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Figure 10 Chitped fiber grating dispersion compensator. 


insertion loss, reduced optical nonlinearity, and 
controllable optical characteristics. In. particular 
fiber gratings offer the possibility of engineering the 
chromatic dispersion to allow for compensation of 
dispersion slope and other degradations such as 
polarization mode dispersion. 


Optical Monitors 


Fiber gratings may also be employed as compact 
optical taps coupling core guided light to the 


= @ 
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radiation modes propagating outside the fiber (see 
Figure 3b). When a conventional Bragg grating is 
tilted with respect to the fiber axis it can scatter light 
out of the fiber in a highly directional manner. The 
angle of scatter is also wavelength dependent 
because of the phase matching condition discussed 
above. This wavelength dependence may form the 
basis of a compact wavelength monitor. The fiber 
grating is used to simultaneously couple light out of 
the fiber and separate the wavelengths. A simple 
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Figure 11. Fiber grating wavelength monitor. The fiber grating 
acts to scatter light out of fiber and simultaneously disperse the 


light. 


detector array can then measure a spectrum of all 
the channels in a typical WDM system (see 
Figure 11), 

Fiber grating taps may also scatter light in a 
polarization sensitive manner. This may be achieved 
by tilting the fiber grating by 45° with respect to the 
fiber axis. The resulting broadband taps may be 
employed in compact polarization monitoring 
schemes in which detectors are placed on the outside 
of the fiber to detect light at specific polarizations. 


Fiber Gratings in Air-Silica Microstructured Optical 
Fibers 


Air-silica microstructure fibers (ASMFs), also known 
as ‘holey" fibers, are fibers with air regions running 
along their length and allow for more complicated 
modal properties than conventional silica-doped 
fiber. It has been shown that fiber gratings can be 
UV written into photosensitive regions of various 
types of microstructure fibers. ASMF gratings open 
new possibilities for fiber grating devices. In addition, 
they are useful in studying the guidance properties of 
ASME, because they can selectively excite higher- 
order modes of the fiber. The phase matching 
condition may be used to derive the effective indices 
of the higher-order modes and mode profiles may be 
recorded by imaging a cleaved surface. Such measure- 
ments agree well with standard beam propagation 
computations. Figure 12 shows an example of a mode 
field image generated with a FBG. 

One important application of ASMF gratings is a 
widely tunable LPG filter. Such filters employ a 
‘hybrid waveguide’ formed by infusing a polymer 
into the air regions. Because the polymer index is 
much more sensitive to temperature than silica, the 
guidance properties of the cladding modes may be 
tuned. Thus, widely tunable LPG filters may be 
formed. Moreover, because the cladding modes are 
confined within an ‘inner cladding’ such filters are 
insensitive to external index, allowing for instance, 


Simulated 


Observed 


Figure 42 Cross-section of an air~silica microstructure fiber 
along with measured and simulated modes guided by the air 
rogions. 


the use of on-fiber, thin film heaters for power- 
efficient temperature tuning. 


Nonlinear Optics in Fiber Gratings 


The linear properties of fiber gratings are well 
understood and as explained earlier lead to a number 
of interesting phenomena and applications, When the 
peak intensity of the optical field is very high a new 
class of nonlinear effects can occur. These optical 
nonlinearities arise from the intrinsic nonlinearity of 
the material system in which the grating is inscribed. 
Inthe case of optical fibers, the dominant nonlinearity 
is third-order nonlinearity which manifests itself in 
the refractive index of the material depending on the 
peak intensity of the optical field: = my + 7,1. This 
nonlinearity gives rise to a number of dramatic 
nonlinear effects in fiber gratings, including all- 
optical switching, bistability, multistability, soliton 
generation, pulse compression, and wavelength 
‘To understand these effects we consider an intense 
optical field incident upon a fiber grating with a 
central wavelength tuned inside the stopband of the 
grating where the reflectivity is high. At low 
intensities the pulse is reflected and only a small 
amount of light leaks through the grating. As the 
intensity of the incident optical field is increased the 
optical nonlinearity becomes significant and results in 
shifting of the local Bragg wavelength of the grating. 
This in turn can lead to an increase in transmission of 
light through the grating and bistable operation. 
Theoretical studies of the continuous wave non- 
linear properties of periodic media show that such 
media can exhibit switching as well as bistability and 
multistability. This prediction has been confirmed 
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experimentally in a variety of geometries, such as in 
semiconductors, and in colloidal crystals. Experi- 
ments studying nonlinear effects in gratings can also 
be performed in optical fiber gratings. In these 
experiments short optical pulses are typically used 
in order to obtain the very high intensities. This has 
several key advantages. The first of these is that long, 
high-quality Bragg gratings can be permanently 
imprinted into the core of optical fibers by side 
illumination with interfering ultraviolet beams (sce 
above). This allows for very long interaction lengths 
(compared to picosecond pulse lengths) and enables 
nonlinear propagation phenomena to be studied in 
detail. These include a number of propagation 
phenomena, such as the formation and propagation 
of Bragg solitons, modulational instability, and pulse 
compression. The second advantage is that although 
the nonlinearity is weak, it has a response time of the 
order of a few femtoseconds, and thus acts essentially 
instantaneously on the scale of all but the shortest 
optical pulses. Finally, the ability to engineer the fiber 
grating offers a number of unique geometries and 
potential applications of nonlinear fiber gratings. 

‘A key idea in the interpretation of nonlinear optics 
in fiber Bragg gratings is the Bragg soliton. Briefly, in 
these solitons the enormous dispersion provided by 
the fiber Bragg grating is balanced by the fiber 
nonlinearity. This is analogous to the optical soliton 
that has been demonstrated in standard single-mode 
fiber where the dispersion is predominantly associ- 
ated with the intrinsic material properties of silica. 
Since the dispersion of a Bragg grating can be five 
orders of magnitude larger than that of unprocessed 
fiber, Bragg solitons can be observed in gratings of 
only a few centimeters in length, thus rivaling the 
compactness of other soliton geometries, such as 
spatial solitons. Of course this implies that the 
required optical intensities to generate Bragg solitons 
are correspondingly higher than in uniform media, 

Figure 13. shows an example of experimental 
results when the peak intensity of a pulse incident 
upon a fiber grating was approximately 10 GWyem* 
and the incident pulse is tuned to the anomalous 
dispersion regime of the grating. In particular, 
Figure 13 shows the transmitted intensity versus 
time for different values of detuning. By varying the 
strain on the grating, we can change the detuning of 
the input pulse, and thus tune to different points on 
the dispersion curve. Note also from Figure 13 that 
far from the photonic bandgap edge, where the 
grating-induced dispersion is negligible, the pulse is 
unaffected and propagates through the grating at the 
speed of light. Closer to the edge of the photonic 
bandgap the pulse is substantially compressed due to 
the formation of a Bragg soliton. In addition to this 
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Figure 13 Pulse compression associated with nonlinear pulse 
propagation through a fiber Bragg grating. Compression is 
‘associated with the formation of a Bragg soliton when the incident 
pulse is tuned just outside ofthe photonic bandgap formed by the 
‘grating 


compression, the transmitted pulse is substantially 
delayed in time as a result of the reduced group 
velocity of the pulse propagating through the grating. 


List of Ui 


ew Continuous wave 
FBG Fiber Bragg grating 
LPG — Long-period grating 


and Nomenclature 


Detection: Fiber Sensors. Fiber and Guided Wave 
Optics: Fabrication of Optical Fiber; Light Propagation; 
Measuring Fiber Characteristics; Nonlinear Optics; Optical 
Fiber Cables. Lasers: Optical Fiber Lasers. Optical 
‘Amplifiers: Optical Amplifiers in Long-Haul Transmission 
Systems. Optical Communication Systems: Architec- 
tures of Optical Fiber Communication Systems; Basic 
Concepts. Optical Materials: Optical Glasses. Photon 
Picture of Light. 
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romag ational > servo motor 


that steps through a wide range of pulse dura- 
tions, to determine the limit irically. Pulses 
that are outside the motor’s designed range will 
generally be ignored and will not cause damage. 


The turn rate or transit time specified in a data- 
sheet is the time a servo takes to rotate through 
60 degrees, with no load on the output shaft. A 
high-torque servo generally achieves its greater 
turning force by using a higher reduction gear 
ratio, which tends to result in a longer transit 
time. 


How to Use it 


Typical applications for a small servo include ro- 
tating the flaps or rudder of a model aircraft, 
steering a model boat, model car, or wheeled ro- 
bot, and turning robotic arms. 


A servo generally has three wires, colored red 
(power supply), black or brown (ground), and or- 
ange, yellow, or white (for the pulse train from 
the controller), The ground wire to the motor 
must be common with the ground of the con- 
troller, and consequently a ceramic bypass ca- 
pacitor of 0.1yF or 0.01F should be placed be- 
tween the (red) power wire to the motor and 
ground. A protection diode should also be used. 
Neither a diode nora capacitor should be attach- 
ed to the wire carrying control signals, as it will 
interfere with the pulse train, 


When powering themotor, an ACadaptershould 
only be used with some caution, as its power 
output may be inadequately smoothed. A volt- 
age regulator is not necessary, but bypass ca- 
pacitors are mandatory. Figure 24-7 shows two 
hypothetical schematics. The upper section of 
the figure shows a battery-driven system, possi- 
bly using four 1.2V NiMH rechargeable batteries 
Since batteries do not generally create voltage 
spikes, no capacitors are used, but a diode is in- 
cluded to protect the microcontroller from EMF 
when the servo stops and starts. The lower sec- 
tion of the figure shows the additional precau- 
tions that may be necessary when using DC pow- 
er from an AC adapter. The DC-DC converter, 


How to Use it 


which derives 6VDC for the motor requires 
smoothing capacitors (this should be specified 
in its datasheet), and so does the voltage regu- 
lator, which delivers regulated 5VDC power to 
the microcontroller, Once again, the protection 
diode is included. In both diagrams, the orange 
wirerepresentsthe control wiretransmitting pul- 
ses to the servo motor. 


Microcontroller 


Voltage 
Regulator 


es 


Microcontroller 


pepe 
Converter 


Figure 24-7. Two possible schematics to run a small servo 
‘motor, the upper example using battery power (for exam 
ple, from four 1.2V NiMH cells) and the lower example us: 
Ing 2 9VDC AC adapter. See text for additional explana: 
tion 


Various shaft attachments are available from the 
ehobby-electronics suppliers thatsell 
servos, The attachments include discs, single 
arms, double arms, and four arms in a cross- 
shaped configuration. A single-arm attachment 
is often known as a horn, and this term may be 
applied loosely to any kind of attachment. The 
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Introduction 


Coherent optical information processing is almost 
entirely based on the Fourier-transform property of a 
lens. A Fourier-transform lens is actually an ordinary 
lens. If the input transparency is placed in the front 
focal plane of the lens and illuminated with coherent 
collimated light (planewave), the amplitude function 
in the back focal plane of the lens will be the Fourier 
transform of the input transparency as shown in 
Figure 1. A coherent optical processor usually 
consists of two lenses, as shown in Figure 2, thus it 
performs two Fourier transforms successively. The 
first lens transforms the input function from space 
domain into frequency domain, and the second 
lens transforms hack the frequency function from 
frequency domain to the output function in space 
domain. 


Fourier Transform Property of Lens 


Recently, the Fourier-transform property of lenses 
has been explained, simply using the concept of 
linear system and geometrical optics. In contrast, 
the Fourier-transform property of lenses is tra- 
ditionally analyzed, based on the Fresnel—Kirchhoff 
diffraction theory involving quadratic phase terms 
(eqns [2] and [3]). In this article, we adopt the 


simple 
optics. 

We start our discussion by looking at Figure 1. 
Consider that a coherent point source is at the center 
of the front focal plane of the lens, which is denoted 
by plane (x,y). The point source generates a 
collimated beam parallel to the optical axis. The 
amplitude function at the back focal plane of the lens, 
which is denoted by plane (1,1), can be described as 
y. Consequently, we can express mathematically 


cometrical theory based on geometrical 


fly) = B(x, 9) i 


Fue) 


where f(x,y) is the amplitude function in the front 
focal plane, and F(u,) is the amplitude function in 
the back focal plane, 
If the point source shifts a distance a along the y- 
axis, the amplitude function in the front focal plane is 
fos.y) = bx, y +a) BI 
The off-axis point source generates a tilted collimated 
beam, If we place a screen in the plane (1.x), we will 
see uniform intensity across the screen similar to that 
which would be seen when the source is centered on 
the axis. Mathematically, it means: 


(Fa, 0) i4] 


However, the phase of the amplitude function is not 
uniform, since the collimated beam is not parallel to 
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Figure 1A lens Fourier-ransforms amplitude function f(x. y) in 
the front focal plane to amplitude function Fu, v) in the back focal 
plane. 
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Figure 2 A pair of lenses form 41 coherent optical processor. 


the optical axis. In other words, plane (u,v) is not 
parallel to the wavefront. 

If the phase at the center of plane (1,0) is 
considered zero, the phase at any point at 
plane (u,v) can be calculated referring to Figure 3. 
Using simple geometry, we know that 


d(us,v) = (1 


where d(u,v) is the optical path difference, Corre- 
spondingly, the phase is 


u,v) 61 


where A is the wavelength of light. 
In complex representation, the amplitude function 
is expressed as 
Flut,v) = Alu») explighe.0)] 71 
where A(u,) and (41,0) are magnitude and phase of 


the amplitude function, respectively. From eqn [4], 
we know that 


Alu.) = IF(, 


[8] 


Front focal plane (x,y) Back focal plane (uv) 


Lens 
a 


a }. 


Figure 3 Calculation of phase function in the back focal plane 
(u,v) based on geometrical optics. 


@) 0) 


Figure 4 (a) Front focal plane coordinate system (x,y) is 
rotated by a. (b) Similarly, back focal plane coordinate system 
(u,v) is totatod by a. 


Substituting eqns [8] and [6] into [7] yields 


uation [9] is the amplitude function in the back 
focal plane of the lens, when the amplitude function 
in the front focal plane of the lens is given by eqn [3]. 

Consider now that coordinate (x,y) is rotated by 
angle @ to new coordinates (x’,y/) as shown in 
Figure 4a. The amplitude function in the front focal 
plane now becomes 


Fu.) 


fix’. y) = 8 +p. +4) [0] 

where 
pi =asina {1a} 
q' =acosa [11b] 


Correspondingly, coordinate (11,0) is also rotated by 
the same angle a to new coordinates (1/,v') as shown 
in Figure 4b. The old coordinates and v can be 
described in terms of new coordinates w’ and x/ as 
follow: 

u=i cosa—v sina (12a 


vai sinatv! cosa [2b] 
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Substituting eqn [12b] into eqn [6] yields 


de 


Hut, Pr aaae sin a+v/ cos a) 


U3} 


Further, substituting eqns [11a] and [11b] into 
[13] yields 

28 yl + qv) 
etd 
Thus, the amplitude function in the back focal plane 
of lens is 


bl) = [4] 


hh 2m if a dh a 
Fala) = eof Fala +] (15) 
For convenience, we now change parameters x! and 


Y tox and y, and v/ to wand v, / and q’ to —p and 
~g. Equations [10] and [15] become 


f(x,y) = &x — p.y—q) (6) 


Fun) =ourf Fon +0] 71 


‘We may simply consider that f(x,y) is an input 
function and F(u,) isan output function of a system, 
since they are both physically the same amplitude 
functions. If there are two mutually coherent point 
sources at (0,0) and (0, —a) with different amplitudes 
k and | in the front focal plane, the input function is 


Fox, y) = kdl, y) + 18x, y +a) ls} 


These two point sources will generate two collimated 
beams. Since they are mutually coherent, two 
collimated beams will interfere, and the resultant 
amplitude function in the back focal plane is simply 
the superposition of two beams, which is 


¥ [9] 


‘Thus, the lens is a linear system when the light is 
coherent. Furthermore, if input function f(x,y) is a 
group of mutually coherent point sources with differ- 
ent amplitudes (ie., an optical transparency illumina- 
ted with a planewave), it can be expressed as follows: 


le 
Fu.) =k+ tevn(3Fa) 


fey) [fi fone =p.y—adpdg (20) 


Since the lens is a linear system, output function will 
he the same superposition as follows: 


Qe 


Faw =ff oes] - ‘Faw find fern 


By again changing parameters p and q to x and y, 
respectively, eqn [21] becomes 


Fas. 


[ftom] atone Joss 22) 


which is the optical Fourier transform of the input 
function f(x,y). 


4-f Coherent Optical Processor 


If the amplitude function in the front focal plane of a 
lens is denoted by f(x, y), then the amplitude function 
in the back focal plane is simply Fu.v) given in 
eqn [22], which is the Fourier transform of f(x,y). 
Mathematically, f(x,y) can also be derived from 
F(ar,v) (eqn [4]). After neglecting the normalization 
factor, it can be expressed as follows: 


fony)= ffs Fo ef 3 (xu-+yv) | dv (23) 


‘The normalization factor (1/Af)? is caused by the 
coordinate scale factor Af in the Fourier-transform 
plane (1,0) 

Equations [22] and [23] are Fourier transform and 
inverse Fourier transform, respectively. The operation 
of Fourier transform is represented by a notation F(:}, 
and inverse Fourier transform is F-'{+}, 

Two Fourier transform lenses can be combined 
into a two-lens processor, which is better known as a 
4-£ optical processor, as shown in Figure 2. Figure 2 
illustrates the principle of a 4-f optical processor, in 
which f(x,y), Fanu), and f(é&) are amplitude 
functions in input, Fourier transform, and output 
planes, respectively. Since F(u,v) is the function of 
spatial frequency, Fourier-transform plane is also 
called a frequency plane. Since a lens performs 
only Fourier transform, to perform inverse Fourier 
transform, the output plane must be rotated by 
180°. Thus, orientations of € and m correspond to 
=x and ~y. 

In practice, f(x,y) is represented by an optical 
mask, which can be a film transparency or a spatial 
light modulator. The optical mask with f(x,y) 
amplitude transmittance is illuminated with colli- 
mated coherent light to produce the amplitude 
function f(x,y). The Fourier transform F(u,v) is 
physically formed in the frequency plane. The 
frequency content of the input function f(x,y) can 
be directly altered by placing an optical mask in the 
frequency plane, Finally, an image with amplitude 
function f(£,m) is formed in the output plane. Notice 
that all detectors, including our eyes, detect intensity 
that is the square of amplitude. 
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Figure 5. Block diagram of 4-1 coherent optical processor. 
According to eqn [22], F(u,v) can be expressed in 

terms of f(x, y) as 
Fav) = Fife. 9) (241 


Similarly, the amplitude function in the output plane 
must be 


fe.) = 


(Flue v)} 125] 


where (x, ’) is the coordinate of the output plane 
having the same orientation as (x,y) in the input 
plane, This function can be expressed in terms of 
inverse Fourier transform as follows: 


fe 


A rotated coordinate (gn), shown in Figure 2, 
substitutes (—2', —y/), such that 


F'(Fu,v)) 


(26) 


(Em =F {Fue} R71 


Thus, the successive operations can be simply 
illustrated by the diagram shown in Figure 5. 


Spatial Filtering 


The origin of optical information processing can be 
traced as far back as the work of Abbe of 125 years 
ago. His interest at that time concerned the theory of 
microscopy in order to establish a scientific approach 
to microscope design, He found that a larger aperture 
resulted in higher resolution. An object under the 
microscope, whose size was of the order of the 
wavelength of light, diffracted the illuminating light, 
ive., the straight light was bent. If the aperture of the 
objective lens was not large enough to collect all of 
the diffracted light, the image did not correspond 
exactly to that object, Rather, it related to a fictitious 
object whose complete diffracted light pattern 
matched the one collected by the objective lens. 
These lost portions are associated with the higher 
spatial frequency. Their removal will result in a loss in 
image sharpness and resolution. The basic ideas of 
Abbe’s theory were later clarified in a series of 
experiments by Porter in the early 1900s, 

Since the late 1940s, the possibility of applying 
coherent optical techniques to image processing had 
been explored. In 1960, Cutrona et al. presented an 
optical system using lenses to perform Fourier trans- 
forms. Thus, every Fourier transformation in the 


processor can be realized by a lens. The power of this 
architecture is its capability of forming Fourier 
spectra and also being cascaded. 

Consider an image formed by an optical system 
such as a camera; because of the error or limitation of 
the system, the perfect point in the object may smear. 
If we consider that the original object is the collection 
ofa large number of very fine points, the formed image 
will be the collection of the same number of blurred 
spots, instead offine points. Thus, the image formation 
can be expressed by convolution, The blurred spot is 
represented by the impulse response h(x, y), which 
is the characteristic of the optical system. 

When the input is a point (an impulse), its 
amplitude function is a delta function &(x, y), and 
the output amplitude function is h(x, y). The observed 
image is the intensity function |b(x, y)?. Since it 
indicates the spread of a point, |h(x.y)/? is called 
the point spread function. 

The output image function o(x,y) is the convolu- 
tion of input function f(x, y) and the impulse response 
h(x, y) as follows: 


[fife 


Notice that h(x—p,y—q) is the blurred spot 
centered at (p,q). H(w,v), F,v), and O(u,0) are 
Fourier transforms of hix,y), f(x,y), and ox, y), 
respectively. Substitution of 


bos—po-a= ff Henn 


(x,y) [28] 


aap dq 


xe] Bio pct fate 


(29) 
then 
4 i 2a 
Fu) =f Loaner] Spun Joa 
130) 
yields 
* Qe 
oxy) Sf Flu neo Eo Jot 
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‘The function H(u,v), which is the Fourier trans- 
form of the impulse response (x,y), is called transfer 
function. Actually, H(v) changes the spectrum 
of input function F(w.v) to become O(w,v) and 
the spectrum of the output function becomes 
Huu) F(t). 

‘The first application of spatial filtering may be the 
restoration of a photograph. The image formed by a 
camera isa collection of spots. If the image is in focus, 
the size of the spots is very fine, and thus the image 
looks sharp. If the image is out of focus, the spot size 
is fairly large and the image is blurred. Interestingly, 
an out-of-focus image can be restored using spatial 
filtering technique. 

Consider that the original image is f(x, y). Because 
it is out of focus, a point in the image hecomes a spot 
expressed by b(x, 9). Ifthe image is in focus, ht 
a delta function, If the in-focus image is f(x,y), its 
frequency function is F(u,v). The defocused image 
o(x,y) is expressed by eqn [28], and its frequency 
function is F(u,e)H(u,v). To produce the in-focus 
image, the frequency function must be F(u,v). Thus 
F(a, v)H(ut,) must be multiplied by the filter function 
of WH.) to produce (u,v) only. The filter of 
V/H(u,v) can be made from a photographic plate to 
provide its magnitude, and a glass plate having two 
values of thickness to provide +1 and —1 signs. 
The glass plate is essentially a phase filter. The 
photographic plate with varying density function is 
an amplitude filter. By passing frequency function 
F(t, v)H(u,v) through the combination of amplitude 
and phase filters, it will result in F(sv) only. 
When Fou, ) is again Fourier transformed by a lens, 
an in-focus image f(x, y) will be produced. 


Complex Matched Spatial Filtering 


The restoration of a photograph mentioned above, 
utilizes the filter function 1/H(r,v), which has 
positive and negative real values. We will see an 
application in which the filter function is a complex 
function. A complex function filter can be produced 
by a single hologram, instead of using a combination 
of a phase filter and an amplitude filter. The complex 
matched spatial filter can perform a correlation, as 
first demonstrated by Vander Lugt. The complex filter 
is actually a Fourier transform hologram proposed by 
Leith and Upatnieks. 

The synthesis of a complex filter is shown in 
Figure 6. First, a function g(x, y) is displayed in the 
input plane by a transparency or spatial light 
modulator and illuminated with a collimated coher- 
ent light beam. Its Fourier-transform G(u,0) is 
generated in the back focal plane of the lens. The 
hologram is made in the Fourier-transform plane by 


recording the interference pattern of G(w,) and the 
reference beam R(w,v). R(#,v) is an oblique colli- 
mated beam, having magnitude of unity, which is 
expressed mathematically as 


Riu,v) = exptiaw) 4 
and 
_ 2asina sy 
aa U 


where ais the angle of the reference beam and A is the 
wavelength of light. 
The transmittance of the recorded hologram will be 


T(u,v) = IGlae,v) + Rew, 2) 


IG(u,v)P + 1+ Geae,2) exp(—iat) 


+G' (u,v) explian) (36 


where * denotes the complex conjugate. The holo- 
gram, which is called a complex matched spatial filter, 
is then placed back in the Fourier-transform plane, as 
shown in Figure 7. A new input function f(x,y) is 
displayed in the input plane. The Fourier-transform of 
input function, F(x,v) will be generated in the 
Fourier-transform plane. The amplitude of light, 
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Figure 6 Synthesis of complex matched spatial filter is the 
recording of Fourier-transtorm hologram. 
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Figure 7 Optical processing using complex matched spatial 
fiter in a 4+ processor. 
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immediately after the complex matched spatial 
filer, is 


Fou, v) Te, v) = (IGG, 29)? + 1)F, 0) 
+ F(u,v)Glu,v) exp(—iant) 
+ Fu, v)G"(uv)exptian) [37] 
The second lens then produces the inverse 


Fourier transform of F(w,v)T(.v) in the output 
plane: 


F {Foy T(t, 0))] = FG.) + 1) Fla, v)} 
+ F {Flu v)G(u, v) exp(—iau)} 
+ F | (F(a, v)G" (wv) explian)} 
138] 


The first term will be at the center of the output 
plane, The second and the third terms will appear 
at (b,0) and (—b,0) in (&) plane, respectively, 
where 


b=fsina 139] 


and f is the focal length of lens. 

We are now in a position to analyze the in 
verse Fourier transform of F(u,v)Glu,v) and 
Flu,v)G"(u,v). Referring to eqns [28]-[33], the 
inverse Fourier transform of F(u,v)G(u,v) is the 
convolution of f(é ») and g(&,). Thus, the complex 
matched spatial filtering can also be applied to the 
restoration of photography mentioned previously 
without using the combination of amplitude and 
phase filters, 

The inverse Fourier transform of F(u,v)G"(us,v) is 
derived as follows: 


ox&n) =| [ _FannyG"u) 


xen Bor mo ft 140] 
Substitute 
Fao =f fam 
xeus{- a con + 0 Jl dg [4] 


and 
Cun =| [igen 
2a 
woof Pinifody 
into eqn [40}, one obtains 


oén=[ [fof ecr-o 


x [fon 2h 


+(1- B- a Je du dp dg da dp 


0x0) =f ff aff ece. or) 
XE — a — p.m — B— gdp dq dee dp 


a— pu 


oxém=[ f° flape'a~&2- made 143) 


Equation [43] is the correlation of f(x,y) and g(x,y). 
Itis apparent that the correlation output 03(é,) will 
achieve the maximum when f(x,y) is identical to 
gx.y). If f(x,y) and g(x,y) are different, the 
correlation function will be a flat function with 
minor random fluctuation. Optical correlators using 
complex matched spatial filters have been applied to 
automatic pattern recognition, 


Joint Transform Correlator 


Alternatively, the joint transform correlator can 
perform a correlation without recording a complex 
matched spatial filter in advance, In addition to the 
correlation, the joint transform correlator can also be 
used as a general optical processor. 

A transparency with amplitude transmittance 
f(x,y) is centered at (—a,0), and a second transpar- 
ency with amplitude transmittance g(x, y), is centered 
at (a,0). The two transparencies are illuminated by a 
coherent collimated beam and jointly Fourier trans- 
formed by a single lens as shown in Figure 8, In the 
back focal plane of the lens, the amplitude function 
St.) is 


Su,v) 


{f [flx+a.y) + ge —a,y)] 


xen ape + fs dy [44] 


FOURIER OPTICS 519 


aly) su 
Hay) = ie ( 
Coherent 
calimated 
light ee er aaa 


Figure 8 Joint Fourier transform of two input functions. 


Slu,v) is the joint Fourier spectrum of f(x,y) and 
g(x, 9). It can be written as 


Skue.0) = Flee») cso Ea] 


Mw 
2a 
24] 


+ Gon) sf - 
where F(u,v) and G(u,v) are Fourier transforms of 
Fox, y) and g(x,y), respectively. 
Ifa square-law detector is placed in the back focal 
plane of the lens, the recorded pattern of joint power 
spectrum |S(u, 0)? is 


145] 


[stu 9!* = Fe, 29I? 
o 4a 
+ Flu, v)G" (u,v) coef Ean] 
4a 
+1G, 146) 
where * denotes the complex conjugate. A photo- 


graphic plate is a square-law detector and can be used 
to record [S(u,v)I?. When the developed plate is placed 
in the input plane, as shown in Figure 9, the input 
transmittance is [S(u, 09|* as given in eqn [46]. 

‘The inverse Fourier transform of the joint power 
spectrum |S(w,v), in the back focal plane of the 
lens, is 


olf [fst ee 147) 


which consists of four terms, according to eqn [46]. 
We now analyze this equation term by term. The first 
term is 


la 2 27, 
oyém=[ [> !Fenw cxf Stee fe 
148] 
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Figure 9 Fourier transform ofthe joint power spectrum, 


which is the auto-correlation of f(x,y) 


oun) [[foarce- &B-ndadp (49) 


The second term is 


ox) = [[/_Focneaen ooo SE] 


de 
xa Sze Joa 


¥ {50} 


which is 


one, o= ff fla.Bg'la— (+22), nldadB 
(51) 
Equation [51] is the correlation between f(x,y) and 
g(x,y), shifted by —2a in the &axis direction. 


Similarly, the third term will be the correlation 
between g(x, y) and f(x,y), shifted by 2a in the Eaxis 


direction 


in sa)" la—(§-2a),8—mldad (52) 


And the fourth term is 


odén=[f" elaBre"a-Eb—mdade (53) 


which is the auto-correlation of g(x,y) and overlaps 
with the first term at the center of the output plane. 
From the analysis given above, it is understood that 
the correlation of f(x,y) and g(x,y), and the 
correlation of g(x, y) and f(x,y), are shifted by —2a 
and 2a, respectively, along the &axis. The correlation 
outputs are centered at (~2a,0) and (2a,0) in the 
back focal plane of the lens. If f(x,y) and g(x,y) are 
the same, the two correlation outputs are identical. 
The first and fourth terms are the autocorrelations of 
foxy) and g(x,y), centered at (0,0). Thus the 
second and third terms, which are correlation signals, 
can be isolated. A versatile real-time joint transform 


520 FOURIER OPTICS 


correlator, using inexpensive liquid crystal televi- 
sions, is widely used in laboratory demonstration. 


Information Processing: Coherent Analogue Optical 
Processors. Spectroscopy: Fourier Transform Spec- 
troscopy. 
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Introduction 


Lenses are carefully shaped pieces of transparet 
material used to form images. The term ‘transparent 
does not necessarily mean that the lens is transmitting 
visible light. The clement germanium, well-known in 
the transistor industry, is a light-gray opaque crystal 
which forms images with infrared radiation, and 
provides the optics for night-vision instruments. The 
lenses used in cameras, telescopes, microscopes, and 
other well-known applications, are made from special 
glasses or — more recently — from plastics. Hundreds 
of different optical glass formulas are listed in the 
manufacturers’ catalogues. Plastics have come into 
use in recent years because it is now possible to mold 
them with high precision, The way in which lenses 
form images has been studied for several hundred 
years, resulting in an enormous and very complicated 
literature. In this article, we show how this theory 
can be simplified by introducing the restriction 
that lenses are perfect. This limitation provides an 
easy introduction to the image forming process, A 
companion article Geometrical Optics: Aberrations, 
will deal with imperfect components, showing 


how their defects degrade images and how 
corrections are made. 


The Cardinal Points and Planes of 
an Optical System 


The location, size and orientation of an image are 
items of information which a designer needs to know. 
The nature of the image can be determined by a 
simple model of an optical system, based on two 
experimental observations. The first is well-known 
and is pictured in Figure 1. Parallel rays of light 
passing through a double convex lens (a simple 
magnifying glass, for example) should mect at the 
focal point or focus, designated as F’. For rays from 
the right side of the lens, another such point F exists at 
an equal distance from the lens, The other experiment 
uses the lens to magnify (Figure 2a). The amount of 
magnification decreases as the lens is brought closer 
to ‘ISAAC NEWTON: (Figure 2b), and when the lens 
touches the paper, object and image are approxi- 
mately the same size. The locations of object and 
image corresponding to equality in size are called the 
unit or principal points H and H', respectively, and 
the set of four points F, F, H, and H! are the cardinal 
points. Therefore, the planes through these points 
normal to the axis of the lens are the cardinal planes. 
Figure 3 shows an object whose image we can now 
determine. The coordinate orientation in this figure 
may appear strange at first. Itis customary in optics to 
designate the lens axis as OZ, and the other two axes 
forma right-handed system. The x-axis then liesin the 
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Figure 1 


Focal points of a double convex lens. 


ISAAC | isaac| NEWTON. 


@ ) 
Figure 2 Magnification by a double convex lens. The 


‘magnification in (a) is reduced when the lens is brought closer 
to the image (b). 


plane of the figure; the y-axis, coming out of the paper 
and perpendicular to it, is not shown. The object, of 
height x, is placed to the left of the focal point F. The 
cardinal points occur in the order F, H, H’, F, since 
we expect ~ based on the experiment corresponding 
to Figure 2 ~ that the unit points are very close to the 
lens. Another fact to be demonstrated later is that H 
and HI! are actually inside the lens. Two rays are 
shown leaving the point P at the top of the object. 
The ray which is parallel to the axis strikes the unit 
plane through H and continues to the right, 
completely missing the lens. The ray then meets the 
unit plane through H! at a point which must be a 
distance x from the axis, To understand why, we 
recognize that if the object were relocated so as to lie 


Object 
xp 
° 

|_.__J 


Figure 3 Ray tracing using cardinal points and planes. 


on the object-space unit plane, the ray emerging at the 
other unit plane will be at a distance x from the axis; 
as required by the definition of these planes. We then 
assume that the ray is bent or refracted at the unit 
plane at H!' and proceeds to, and beyond, the focal 
point F', The second ray, from P through the focal 
point F, is easily traced since the lens is indifferent to 
the direction of the light. Assume temporarily that we 
know the location of the image point P'. Let a parallel 
ray leave this point and travel to the left. The 
procedure just given indicates that this ray will strike 
the unit plane at H', emerge at the other unit plane, be 
refracted so as to pass through F and reach the object 
point P. Then reversing the direction of this ray, it will 
start at P, emerge at the unit plane HI! and travel 
parallel to the axis, intersecting the other ray at P! 
The distance between F and H is called the object 
space focal length f, with /’ being the corresponding 
image space quantity. Simple geometry, making use 
of the similar triangles and the distances indicated in 
this diagram, can be used to derive the Newton lens 
equation or the equivalent Gauss lens equation, 
Detailed derivations of these two equations will be 
found in cither of the sources listed in the Further 
Reading at the end of this article. It is not usually 
made clear in physics texts that these equations apply 
only to the special case of a single, thin lens, and we 
shall not apply them here, The image in this figure is 
real, inverted, and reduced. That is, itis smaller than 
the object, oriented in the opposite direction, and can 
be projected onto a screen located at the image 
position, This result can be verified by using an 
ordinary magnifier to form the image of a distant 
light source on a sheet of white paper. 


What Can Go Wrong 


horn is usually perforated so that other compo- 
nents can be fixed to it by using small screws or 
nuts and bolts. Figure 24-8 shows a variety of 
horns. 


Figure 24-8. Various shatt attachments, known as horns, 
are available trom motor manufacturers. The blue one is 
metallic; the others are plastic. 


Afterthe hom is pushed onto the spline (the mo- 
tor shaft), it is held in place with one central 
screw. As previously noted, the two major man- 
ufacturers of small servos, Futabaand Hitec, have 
incompatible splines, 


Modification for Conti 
Rotation 

Itis possibleto modify a small servomotorsothat 
it will rotate continuously. 


uous: 


First the motor case must be opened, and the 
potentiometer must be centered by using a con- 
troller to send some 1.5ms pulses. The potenti- 
‘ometermustthen be glued or otherwise secured 
with its wiper in this precise center position, after 
which the potentiometer is disconnected from 
the drive train. 


Mechanical stops that would limit the rotation of 
the motor shaft must be cut away, after which 
the motor is reassembled. Because the potenti- 
cometer has been immobilized, the motor's inter- 
nal electronics will now "see" the shaft as being 
in its center position at all times. if the controller 
sends a pulse instructing the motor to seek a po- 
sition clockwise or counter-clockwise from cen- 
ter, the motor will rotate inan effort to reach that 


> rotational 


tromagnetisr servo motor 
position, Because the potentiometer will not 
provide feedback to signal that the motor has 
achieved its goal, the shaft will continue torotate 
indefinitely. 


In this mode, the primary distinguishing charac- 
teristic of the servo has been disabled, in that it 
canno longer turn toa specificangle. Also, stop- 
ping the servo may be problematic, as it must 
receive a command that precisely matches the 
fixed position of the potentiometer. Since the 
potentiometer may have moved fractionally dur- 
ing the process in which it was immobilized, 
sometrial and error may be needed to determine 
the pulse width that corresponds with the po- 
tentiometer position. 


The purpose of modifying a servo for continuous 
rotation is to take advantage of its high torque, 
small size, light weight, and the ease of control- 
ling it with a microcontroller. 


In response to the interest shown by hobbyists 
in modifying servos for continuous rotation, 
some manufacturers now market servos with 
continuous rotation as a built-in feature. Typical- 
ly they include a trimmer potentiometer to cali- 
brate the motor, to establish its center-off posi- 
tion. 


What Can Go Wrong 


Incorrect Wiring 
The manufacturer's datasheet should be 
checked to confirm the color coding of the wires. 
While a simple DC motor can be reversed by in- 
verting the polarity of its power supply, this is 
totally inappropriate for a servo motor. 


Shaft/Horn Mismatch 
Attachments for the spline of one brand of motor 


may not fit the spline of another brand, and can- 
not be forced to fit. 
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Paraxial Matrices 


To consider how light rays behave in optical systems, 
we introduce the index of refraction m of a material 
medium, defined as the ratio of the velocity of light ¢ 
ina vacuum to its velocity v in that medium, or: 


i 


ry 


The velocity of light in air is approximately the same 
as it is ina vacuum, A light ray crossing the interface 
between air and a denser medium such as glass will 
he hent towards the normal to the surface. This is 
the phenomenon of refraction and the amount 
of bending is governed by Snell's law, which has 
the for 


nsin @= n' sin 0! 21 


where 1 and n! are the indices of refraction of the two 
media and @ and 6’ are the angles as measured from 
the normal. Figure 4 shows a ray of light leaving 
an object point P and striking the first surface of a lens 
at point Pj. It is refracted there, and proceeds to the 
second surface. All rays shown lie in the z, x-plane 
or meridional plane, which passes through the 
symmetry axis OZ. The amount of refraction is 
specified by Snell’s law, eqn [2], which we shall now 
simplify. The sine of an angle can be approximated 
by the value of the angle itself, if this value is small 
when expressed in radians (less than 0.1 rad), and 


Figure 4 Ray passing through a double convex lens. 


Snell's law simplifies to 

1118) =n BI 
This is called the paraxial form of Snell’s law; the 
word paraxial means ‘close to the axis’, It turns out, 
however, that the Snell’s law angles are not con- 
venient to work with, and we eliminate them with 
the terms: 

Q=qtd =a te 141 
where a, is the angle which the incident ray makes 
with the axis OZ, a is the corresponding angle for 
the refracted ray, and is the angle which the radius 
1y (the line from C to P,) of the lens surface makes at 
the center of curvature C. This particular angle can be 
specified as 


sin g= Is] 


but using the paraxial approximation simplifies 
this to 


gat 6) 


mal = +may 71 


Notice that the distance from the point P, to the axis 
is labeled as either x, or x. This strange notation 
leads to the trivial relation 


xy =x} [8] 


and this can be combined with eqn [7] to obtain the 


ae )-0 32) 


where the constant ky is called the refracting power 
of surface 1 and is defined as 


k= (10) 


To review the procedure for matrix multiplication, 
the first element ra, in the one-column product 
matrix is calculated by multiplying the upper 
left-hand corner of the 22 matrix with the first 
clement of the one-column matrix to its right, 
obtaining 1(ma1), and to this is added the product 
kx, of the upper right-hand clement in the 
2X2 matrix and the second member of the 
one-column matrix, This square matrix is called 
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the refraction matrix R, for surface 1, defined as 


=k, 
1 
Next, we look at what happens to the ray as it 


travels from surface 1 to surface 2. As it goes from 
P, to P2, its distance from the axis becomes 


ny 


112) 


x2 =x +4) tan at 


ce oslog the paraxial! appeeaimation foe simil 
angles: 


x + thal 131 


Another approximation we shall use is to regard ti 
as being equal to the distance between the lens 
vertices Vi and V3. Using the identity: 


141 


leads to a second matrix equation: 


Ne a lew 1151 


where the 2 x2 translation matrix Ta, is defined as 


(va) 


To get an equation which combines a refraction 
followed by a translation, we take the one-column 
matrix on the left side of eqn [9] and substitute it 
into eqn [15] to obtain 


[16] 


17) 


Note that the 2x 2 matrices appear in right to left 
order and that the multiplication of two square 
matrices is an extension of the rule given above. This 
equation gives the location and slope of the ray 
which strikes surface 2 after a refraction and a 
translation. To continue the ray trace at surface 2, 
we introduce a second refraction matrix Ry by 
expressing £; in terms of the two indices at this 
surface and the radius. Then eqn [17] is extended to 
give the relation: 


( 


This process can obviously be applied to any number 
of components. The product of the three 2x2 


118) 


matrices in the above equation is known as the 
system matrix Sj, and it completely specifies the 
effect of the lens on the incident ray passing through 
it, Ir is also written as 


un=(4, 7) 


where the four quantities a, b, ¢, and d are known as 
the Gaussian constants, They are used extensively in 
specifying the behavior of a lens or an optical 
system. We now state the sign and notation 
conventions which are necessary for the application 
of paraxial matrix methods: 


191 


1, Light normally travels from left to right. 

2. The optical systems we deal with are symmetrical 
about the z-axis. The intersections of the refract- 
ing or reflecting surfaces with this axis are the 
vertices and are designated in the order encoun- 
tered as Vi, Va, etc. 

3. Positive directions along the axes are measured 
from the origin in the usual Cartesian fashion, so 
that horizontal distances (that is, along the z-axis) 
are positive if measured from left to right. Angles 
are positive when measured up from the z-axis. 

4, Quantities associated with the incident ray are 
unprimed; those for the refracted ray are primed. 

5. A subscript denotes the associated surface. 

6. Ifthe center of curvature of a surface is to its right, 
the radius is positive, and vice versa. 

7. There is a special rule for mirrors to be explained 


below. 


Using the Gaussian Constants 


Figure 5 shows the double convex lens of Figure 4 
with the assumed locations of the cardinal points 
indicated, These positions, which we shall now 
determine accurately, are at distances designated as 
Ip. ly. and [jy and are measured from the associated 
vertex. The object position can be called t, a positive 
quantity which is measured to the right from object to 
the first vertex, or it can be called t; if measured in the 
‘opposite direction. For the first choice, the matrix 
specifying the translation from object to lens will 
have the quantity t/; in its lower left-hand corner. 
However, it is both logical and convenient to use the 
first vertex as the reference point. Hence, we replace 
tin, in the translation matrix with the quantity 
—t/n,, and remember to specify ty as a negative 
number when calculating the image position. The 
equation connecting object and image is obtained by 
starting with this matrix, multiplying it by the system 
matrix of eqn [19], and finally by a translation matrix 
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Figure 5 Definitions of cardinal plane locations. 


corresponding to the translation 1 from lens to 
image to obtain: 


where a or a; is the angle that the ray from the top 
of the object makes with the z-axis. This equation 
takes the initial value of the inclination a and of the 
position x of the ray leaving the object, and 
determines the final values, a/ and x’ at the image. 
The product of the three 2X2 matrices on the 
right-hand side can be consolidated into a single 
matrix called the object-image matrix Sp. Then 
eqn [20] can be written as 


nd, 
( :) (21 
and this matrix has the complicated form: 
b+ -a 
7m 
(22) 


my 


If we put this matrix into the previous equation, we 
obtain an unsatisfactory result: the value of x’ will 
depend on the angle a, made by the incident ray, as 
can be seen by multiplying the two matrices on the 
right side. The ratio of x! to x is called the 


magnification m; that is 


23) 


A perfect image can be formed only if the 
magnification is determined solely by the object 
distance and the constants of the lens. To eliminate 
this difficulty, the lower left-hand element in the 
matrix, eqn [22] is required to be equal to zero, and 
the magnification is then: 


x at, 


eure? 124) 


The determinant of this matrix is unity, since it is 
the product of three matrices whose individual 


determinants are unity. It follows that 


Rs} 


(2)-(5 Cr) 


Using the fact that the lower left-hand element of 
the matrix eqn [22] is zero shows that 


so that 


th _ dtctin h 


BF anim m 


d— btyiny 


R71 


et ath 


This equation connects the object distance t; with 
the image distance t}, both quantities being 
measured from the appropriate vertex. This relation 
is known as the generalized Gauss lens equation. It 
applies to all lens systems, no matter how 
complicated 

‘We can determine the location of the unit planes by 
letting m = 1. This t} in eqn [27] is the location ly of 
the image space unit plane, and it becomes 


mile 1) 


ta 8} 
This relation expresses the location of the unit plane 
on the image side as the distance from V) to H'. 
Similarly, the location of H with respect of Vi is 


m(1 by 


n= 29 
To locate the focal planes, consider a set of parallel 


rays coming from infinity and producing a point 
image at F’. The terms containing t, in eqn [27] are 
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much larger than d or b, and this relation becomes 


y= me 


130] 


Letting #4 become infinite in the right-hand half of 
eqn [27], the location of F is given by the equation 


=mb 
= (31 


The focal lengths f and /" shown in Figure 5 were 
defined earlier as the distances between their 
respective focal and unit planes. Hence 


132] 
and 
n= 133] 
If we let mr, =n = 1 for air, these become 
4 134] 


‘The Gaussian constant a is thus the reciprocal of the 
focal length in air. Even when the lens is not in air, itis 
still true that /’ = —f if the lens is in a single medium. 
Itis also true regardless of whether or not the lens is 
symmetric. 

It is customary in optics to work with a consistent 
set of units, such as centimeters or millimeters, and 
the sign conventions used for x and y are the standard 
Cartesian rules. As mentioned above, curved surfaces 
which open to the right have a positive radius and 
vice versa. As an example, let a double convex lens 
have radii of 2,0 and 1.0, respectively, an index of 
refraction of 1.5, and a thickness of 0.5, These 
quantities are then denoted as 


n=420, n=-10, 4h=n=+05 
135] 
m=10,  y=1S=m,  mh=10 
By eqn [10]: 
15-10 
= =02 
ky Ty = 025 1361 
and 
ky = MANS _ 59 (371 


The system matrix Sy, is 


Ty Ry 


1 -0.50 1 0\/1 -0.25 
o4 osns1}\o 4 


0.83 -0.71 
= 138] 
0.33 0.92 
and we note that the determinant is 
(0,830.92) ~ (0.71(—0.33)= 1.00 139] 


This property of the system matrix provides a very 
useful check on the accuracy of matrix multiplica- 
tions. The locations of the four cardinal points can be 
determined from the formulas given above and their 
locations are shown in the scale drawing of Figure 6, 
Since we know how to locate the cardinal points of a 
lens, we are in a position to ray trace in a precise 
manner, using the method of Figure 3 and adding a 
third ray. After locating F, H, H’, and P, we no longer 
need the lens; the cardinal planes with the proper 
separation are fully equivalent to the lens they 
replace. This is very much like what electrical engi- 
neers do when they replace a complicated circuit with 
a black box; this equivalent circuit behaves just like 
the original. Ray tracing becomes more complicated 
when we deal with diverging lenses (Figure 7), but the 
procedure gives above still applies. Parallel rays 
spread apart and do not come to a focus on the 
right-hand side of the lens. However, if the refracted 


1.18] |+~—1.30—+| 


}+—— 1,42 ol/ |» —§ 1.42 +] 


Figure 6 Positions of cardinal planes for an asymmetric lons. 
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Figure 7 Ray tracing for a planar-concave lens. 


Virtual 
image 


Figure 8 Formation of a virtual image by a convex lens. 


rays are extended backwards, these extensions will 
meet as indicated. This behavior can be verified 
quantitatively by using the formulas developed 
above. It will be found that F and F’ have exchanged 
places, but Hand H! retain their original positions 
inside the lens. If an object is placed between the 
focal point F and the first vertex of a convex lens 
(Figure 8), then our usual procedure produces two 
rays which do not intersect in image space, The ray 
from the object which is parallel to the axis is 


Virtual 
image 


Figure 9 Formation ofa virtual image by a concave lens. 


refracted downward so that it does not intersect the 
other ray in image space. However, the extensions to 
the left of these two rays meet to form an image which 
is erect, magnified, and virtual. This is the normal 
action of a magnifying lens; the image can be seen but 
cannot be projected onto a screen, unlike the real, 
inverted image of Figure 3. This ray tracing diagram 
confirms what would be seen when a double convex 
lens is used to magnify an object lying close to the 
lens. For the double concave lens of Figure 9, a 
parallel ray leaves an object point P and is refracted 
upward at the unit plane H! in such a way that its 
extension, rather than the ray itself, passes through F’. 
‘The ray headed for F is refracted at H before it can 
reach the object-space focal plane and becomes 
parallel to the axis. The third ray, going from P to 
H, emerges at H' parallel to its original direction and 
its extension to the left passes through the image 
point P’ already determined by the intersection of 
the other two rays. The resulting virtual image is 
upright and reduced. All three rays in this diagram 
behave exactly like the corresponding rays in 
Figure 3; the only change is the use of the 
extensions to locate the image. The eye receives the 
diverging rays from P and believes that they are 
coming from P! 


Nodal Points and Planes 


Let a ray leave a point on the z-axis at an angle ay, 
and have an angle a, when it reaches image space. 
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Since x = 0 at the starting point, eqn [26] shows that 


140] 


nha = nyayim 
hah = may 


The ratio of the final angle to the initial angle in this 
equation is the angular magnification yz, which is then 


B= nylmns i411 


The locations of object and image for unit angular 
magnification are called the nodal points, labeled as N 
and N’. The above definition shows that the linear and 
angular magnification are reciprocals of one another 
when object and image are in air or the same medium. 
The procedure that located the unit points will show 
that the nodal points have positions given by 


ly 
m 


142] 


and 


(yin) 


143] 


When the two indices are identical, these relations are 
identical to those for the points H and H. That is why 
the rays from P to H and H’ to P' in Figure 3 are 
parallel. 


Compound Lenses 


A great advantage of the paraxial matrix method is 
the ease of dealing with systems having a large 
number of lenses. To start simply, consider the 
cemented doublet of Figure 10: a pair of lenses for 
which surface 2 of the first element and surface 1 of 
the second element match perfectly. The parameters 
of this doublet are given in the manner shown below. 


1.632 


Figure 10 Specification for a comented doublet. 


It is understood that the first entry under r is 7), the 
second entry is r), and so on, Note that this doublet 
has only three surfaces; if the two parts were 
separated by an air space, producing an air-spaced 
doublet, then there would be four surfaces to specify. 
The values of the indices 1’ and the spacings ¢' are 
placed between the values of r. The constants of the 
doublet are then 


r W v 
1.0 
1500 0.5 
144] 
-2.0 
1632 04 


Note that surface 3, which is flat, has a radius of 
infinity. Numbering the vertices in the usual manner, 
the system matrix is 

Sy = RT RsT Ry 145] 


where 


nh — my)/ro = (1.632 — 1.500)/-2.0 [46] 


Approximations for Thin Lenses 


An advantage of paraxial matrix optics is the ease of 
obtaining useful relations. For example, combining 
the several expressions for the Gaussian constant 4, 
we obtain: 


1471 


and using the definitions of k, and ky with the lens in 


air leads to 
| 148] 


which is the lensmakers’ equation, It tells how to find 
the focal length of a lens from a knowledge of its 
material and geometry. This derivation is much more 
direct than what you will usually find. This equation 
becomes simpler when we are dealing with thin 
lenses — those for which the third term in brackets 
can be neglected by assuming that the lens thickness 


(,— Vt, 
Tira 


GEOMETRICAL OPTICS / Lenses and Mirrors 9 


is approximately zero. Then 


(49) 


which is the form often seen in texts. We then reali 
that the original form is valid for lenses of any 
thickness, but the thin lens form can be used if the 
spacing is much less than the two radii, Itis also seen 
that when the thickness is approximately zero, then 


b= [50] 
and the unit planes have locations 
Iya ty =0 [st] 


Thus, they are now coincident at the center of the 
lens. A ray from any point on the object would pass 
undeviated through the geometrical center of the lens, 
as is often shown in the elementary books. These new 
values of the Gaussian constants give a system matrix 


of the form: 
1-1" 
Su = : 
oo4 


This matrix contains a single constant, the focal 
length of the lens, so that the preliminary design of an 
optical system is merely a matter of specifying the 
focal length of the lenses involved and using the 
resulting matrices to determine the object-image 
relationship. We also note that this matrix looks 
like a refraction matrix; the non-zero element is in the 
upper right-hand corner. This implies that the 
refraction-translation-refraction procedure that 
actually occurs can be replaced, for a thin lens, by a 
single refraction occurring at the coinciding unit 
planes. Ophthalmologists take advantage of the thin 
lens approximation by specifying focal lengths in 
units called diopters. The reciprocal of the focal 
length in meters determines its refraction power in 
diopters. For example, a lens with f! = 10 em will be 
a 10 diopter lens. If two lenses are placed in contact, 
the combined power is the sum of the individual 
powers, for multiplying matrices of the above form 
gives the upper right-hand element as (—1/f', ~1/f'). 


[82] 


The Paraxial System for Design 
or Analysis 


‘The material given in this article can serve as the basis 
for an organized way of taking the specifications of an 
optical system and using them to gain a full under- 
standing of this system. We shall demonstrate it 
with a practical example which has some interesting 


features. Chemical engineers have long known that 
the index of refraction of a liquid can be determined 
by observing the empty bore of a thick glass tube with 
a telescope having a calibrated eyepiece and then 
measuring the magnification of the bore when the 
liquid flows through it. Consider a liquid with an 
index of 1,333 and a tube with bore radius of 3 em, 
outer radius of 4em, and glass of index equal to 
1.500. The first step is to specify the parameters of the 
optical system, These are the radii ri = —3, 2 = —4 
and the thickness f =1, regarding the tube as a 
concentric lens with an object to its left; the indices 
nm = 4/3 (fractions are convenient), n, = 3/2, ny = 1 
Calculating the elements of the two refraction 
matrices and the translation matrix, the system 


matrix is 
-us\(1 0\/1 18 

[83] 
1 Jas ilo 4 


Multiplying, the Gaussian constants are 


a=227, b=112, c= 2827, d=-23 


[s4] 


‘An important check is to verify that be — ad 
is the case here. The expressions given pri 
for the positions of the cardinal points then lead to 
the values 


I = 322, 12, Ip=-16 172, 


[ss] 


hr=14 ly 4 


These points are shown in Figure 11. Although the 
same scale has been used for both horizontal and 
vertical distances, this is usually not necessary; the 
vertical scale, which merely serves to verify the 
magnification, can be arbitrary. The entire liquid 
column is the object in question, but it is simpler to 
use a vertical radius as the object. Then the image, 
generated as described in all the previous examples, 


_Magnified 
image 


Figure 11. Ray tracing diagram for a thick-walled glass tube. 
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coincides with the object and it is enlarged, erect, 
and virtual. We confirm the image location shown by 
using the generalized Gaussian lens equation, giving 


f= [(-23) + 2827)(-3)4/3)]/[1 112) 
+(2/27(-3)/(4/3)] 
o 156] 


and this agrees with the sketch, The denominator of 
this expression was shown to be the reciprocal of the 
magnification 1/m with a value of 3/4, and m itself 
can be calculated from #! as ¢— at’ = 4/3; this is 
another important check on the accuracy of the 
calculation; the sketch obeys this conclusion, and the 
purpose of this analysis is confirmed, 


Reflectors 


To show how reflecting surfaces are handled with 
matrices, consider a plane mirror located at the origin 
and normal to the z-axis (Figure 12). The ray which 
strikes it at an angle a: leaves at an equal angle, 
resulting in specular reflection. Since k = 0 for a flat 
surface, the refraction matrix reduces to the unit 
matrix and by eqn [9] 

mya = may 157] 
This contradicts Figure 12, since a and a, are 
opposite in sign. 


original sign, For a mirror, the refraction power is 


ay 


rhom 


The system matrix for a single refracting surface thus 


becomes 
—k ) (; Ur ) 
= 160] 
1 oo. 


d=0 


with 


b= 


a=-Un, 


[61] 


The connection between object and image can be 
expressed as 


CHIC 


and using the same procedure that was applied 
to eqns [28]-[31], the locations of the six cardinal 
points are 


Ip=—mbfa, ty=nyefa 


Iy=mU—b)/a, 63 
If, however, we specify that n=m1—byfa ty (6) 
: ly _ fhm) —6 
ny=—m 158] ar 
then the difficulty is removed. Hence, reflections so that for the spherical mirror: 
involve a reversal of the sign on the index of 
refraction, and two successive reflections restore the eee) (641 
165] 
and 
166] 
but 
=) 
Zz — ken 1671 


Figure 12 Specular reflection. 


Since r is negative, these equations show that 
the unit points lie on the vertex, the foci coincide 
halfway between the center of curvature and the 
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Figure 13. Ray tracing for a concave mitror. 


vertex, and the nodal points are at this center. The 
perfect focusing is a consequence of the paraxial 
approximation, The true situation is presented in 
Geometrical Optics: Aberrations. Ray tracing for 
this mirror uses the procedure developed for lenses, 
which applies to optical systems of any complexi 
Figure 13 shows an object to the left of the center of 
curvature. The ray from P parallel to the axis goes to 
HI and then through F’, while the ray through F goes 
to H and then becomes parallel to the axis. Their 
intersection at P’ produces a real, inverted image. The 
third set of rays represents something different: it 
requires a knowledge of the nodal point locations. 
‘The ray from P to N should be parallel to the ray from 
N’ to P’, by definition; in this example, they meet this 
requirement by being colinear. 

As an example of the power of matrix optics to 
simplify the design or analysis of an optical system 
involving lenses and mirrors, consider an object that 


Aberrations 
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Introduction 


The article Geometrical Optics: Lenses and Mirrors, 
describes image formation by components which are 
optically perfect. The images may be magnified or 
reduced and they may be erect or inverted, but they 
are otherwise faithful replicas of the object. This 
behavior is a consequence of ray tracing based on an 


is 15 units to the left of a converging lens, with focal 
length f’ = 10. A concave mirror, of radius r, = 16, is 
20 units to the right of the lens. The refraction 
power of the mirror is ky =(-1—1)/- 16= 18 
and using the thin lens form of the system matrix, 


the combined matrix is, 
1-18) /10\/1-1n0\ /-32 40 

[68] 
o 1 /\21/\o 1 20-1 


This gives the constants a, b, c, and d, from which we 
find that the image is ~4 4/9 units to the left of the 
mirror, its magnification is 8/9, and it is inverted. 
Compare the simplicity of this procedure with the 
usual way of doing this calculation, which involves 
first finding the image in the lens and then using that 
image as a virtual object. 


Conclusion 


It has been shown that the use of paraxial matrices 
provides a simple approach to an understanding of 
the kind of optical systems that provide perfectimages. 
Further details and derivations of expressions given 
here will be found in the Further Reading below. 


See also 
Geometrical Opti 


berrations. 


Further Reading 


Brouwer W (1964) Matrix Methods in Optical Instrument 
Design. New York: WA Benjamin 

Nussbaum A (1998) Optical System Design. Upper Saddle 
River, NJ: Prentice-Hall 


approximate or paraxial form of Snell’s law which we 
write as i 

no= nla a 
where 1 and 1! are the indices of refraction on either 
side of an interface and @ and 6" are the angles of 
incidence and refraction. If, however, the following 
exact form of Snell's law: 


sin 0 =n! sin 0! 21 
governs the ray behavior, as is the case when the rays 
have large inclinations with respect to the symmetry 


axis, then it is necessary to devise a more involved ray 
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Figure 1 Ray tracing in the meridional plane. 


tracing procedure. Figure 1, which shows the first 
surface of a lens, will be used to explain how this 
procedure works. A ray leaves the object point P and 
strikes the lens surface at the point P). Rays which 
lie completely in the plane ZOX are said to be 
meridional; this is the plane which passes through the 
symmetry axis, just as meridians on the Earth’s 
surface are determined by planes through the 
geographic axis. By regarding the various distances 
in the figure as vectors, itis possible to start with the 
initial coordinates of the ray and with the direction- 
cosines which specify its slope and find the coordi- 
nates of the point P’ where the ray strikes the lens 
surface, A derivation of the equation governing this 
process will be found in the text of A Nussbaum (see 
Further Reading). This derivation involves only 
elementary algebra and vector analysis, and will be 
found simpler than the usual textbooks treatment of 
ray tracing procedures. The equation is 
FE 
| Soa BI 


where 
E=Be/2=ef[(e—v)N+xL]-N [4] 


and 


F=Cy =ale -» 


Knowing the coordinates z and x of the starting point 
P of the ray, as well as its starting cosines N and L, 
plus the curvature ¢, or radius ry = Ie, of the lens 
surface and the location of the surface’s vertex, we 
can readily calculate the length T; of the ray. Then its 
components on the two axes give the coordinates of 
P!. Next, we need to find the slope of the ray after it is 
refracted at the lens surface, and this can be 
calculated from Snell’s law combined with the 
behavior of the incident and refracted rays regarded 
as vectors. Again we invoke the reference cited above 
for a derivation of the equations giving the value 


-) [51 


of the direction-cosines after refraction; these 
expressions are 
ni 


= Kyle, +N — Kz {61 


and 
mL = mLy — Kix, 7 


where Ky is known as the refracting power and has 
the definition 


Ky = eq(0 cos 6! — ny cos 6) [8] 


The ray can now be traced to the next surface know- 
ing the lens thickness, and then to the image plane. 
These two sets of equations, when incorporated into a 
computer program of about two dozen lines, 
trace meridional rays to any desired accuracy through 
an optical system containing an arbitrary number of 
lenses and spherical reflectors, As an example, 
consider a symmetric double convex lens with radii 
of 50 units at surface 1, —50 units at surface 2, a 
thickness of 15 units, and an index of 1.50, Rays 
parallel to the axis ~ one at 0.2 units above the axis, a 
second one at 2 units above the axis, and a third one 
at 20 units above the axis — are started well to the left 
and traced to the paraxial focal plane, which is at 
47.368 units from the second surface. The ray that is 
0.2 units above the axis will cross the focal plane at 
the axis; this is a paraxial ray, passing through the 
paraxial focal point F'. The ray which is 2 units above 
the axis crosses the focal plane slightly below the 
focal point, and is therefore not quite paraxial, while 
the ray which starts at 20 units above the axis falls 
well short of the focal point, intersecting the axis 
before it reaches the focal plane. This behavior 
indicates that the lens possesses a defect known as 
spherical aberration and these calculations imply that 
spherical aberration should be defined as the failure 
of nonparaxial rays to conform to the behavior of 
paraxial rays. This definition does not appear in 
optics texts, and the few definitions that are given 
appear to be incorrect. As clearly indicated in 
Geometrical Optics: Lenses and Mirrors, the focal 
point of a lens is strictly a paraxial concept and it is a 
constant, obtainable from the parameters of the lens 
or lens system. It is meaningless to speak of a focal 
point as defined by a pair of nonparaxial rays; this 
infinite set of ray-pairs determines a corresponding 
number of intersection points, all of which fall short 
of the true focal point F', This situation is nicely 
illustrated by the next figure, which shows a large 
number of parallel rays, the central ones being 
paraxial and the others behaving differently. The 
rays which are very close to the axis will meet as 


.clramagnetism > rotational > servo motar 
Unrealistically Rapid Software 
Commands 

Microcontroller software that positions a servo 
must allow sufficient time for the servo to re- 
spond before the software specifies a new posi- 
tion. Itmay be necessary to insert delay loops or 
other wait times in the software. 


Jitter 

Aservo arm that twitches unpredictably usually 
indicates that the pulse train is being corrupted 
by external electrical noise. The control wire to 
the servo should be as short as possible, and 
should not run closely adjacent to conductors 
carrying AC or high frequency current switching, 
or control wires for other servo motors. 


Motor Overload 


Aservo capable of delivering 2 Ibs of force 1 inch 
from its shaft can easily generate enough torque, 
when it stalls, to breakitself ree from its mounts, 
or bend or break any arm or linkage attached to 
its shaft. Ideally, a relatively "weak link” should be 
included so that if breakage occurs, it will be pre- 
dictable and will be relatively easy and cheap to 
repai 


What Can Go Wrong 


Unrealistic Duty Cycle 

Small servos are designed for intermittent use. 
Constant cycling will cause wear and tear, espe- 
cially ifthe motor has a brushed commutator or 
metal reduction gears. 


Electrical Noise 

Brushed motors are always a source of electrical 
interference, and any servo will also tend to cre- 
ate a voltage dip or surge when it starts and 
stops. A protection diode may be insufficient to 
isolate sensitive microcontrollers and other inte- 
Qrated circuit chips. To minimize problems, the 
servo can be driven by a source of positive volt- 
age that is separate from the regulated power 
supply used by the chips, and larger filter capac- 
itors may be added to the voltage supply of the 
microcontroller. Acommon ground between the 
motor and the chips is unfortunately 
unavoidable. 


Chapter24 207 
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expected at the focal point F’. The rays a little farther 
out ~ the intermediate rays ~ will cross the axis just a 
little to the left of F’, and those near the edge of the 
ens - the marginal rays ~ will fall very short, as 
indicated. Rotating this diagram about the axis, we 
realize that spherical aberration produces a 
blurry circular image at the paraxial plane. The thre 
dimensional envelope of the group of rays produced 
by this rotation is known as the caustic surface and 
the narrowest cross-section of this surface, slightly to 
the left of the paraxial focal plane, is called the circle 
of least confusion, If this location is chosen as the 
image plane, then the amount of spherical aberration 
can be reduced somewhat. Other methods of improv- 
ing the image will be considered below. Figure 2 was 
obtained by adding a graphics step to the computer 
program described above. Figure 3 shows how to 
define spherical aberration quantitatively. Two kinds 
of aberration are specified in this figure. The place 
where the ray crosses the axis, lying to the left of Fis 
at a distance, measured from the paraxial focus, 


Figure 2. Spherical aberration for parallel meridional rays. 


Hiss 


t 


TSA 


es 


Figure 3 Defintions of transverse and longitudinal spherical 
aberration 


called the longitudinal spherical aberration (LSA), 
while the distance below the axis at the focal plane is 
the transverse spherical aberration (TSA). To reduce 
this aberration, note in Figure 2 that the amount of 
refraction at the two surfaces of the lens for marginal 
rays is not the same. Equalizing the refraction at the 
two surfaces will improve the situation. Suppose we 
alter the lens while keeping the index, thickness, and 
focal length constant; only the radii will change. This 
can be done if the new radii satisfy the paraxial 
equation giving the focal length in terms of the lens 
constants. The process of varying the shape of lens, 
while holding the other parameters constant, is called 
bending the lens. This can be easily accomplished by a 
computer program, obtaining what are known as 
optimal shape lenses, which are commercially avail- 
able. To study their effect on spherical aberration, 
define the shape factor oof a lens as 


tn 
non 


19) 


from which o = 0 for a symmetric lens (r, = —r2)- 
Figure 4a shows the monitor screen for a symmetric 
lens, and Figure 4b illustrates the result of lens 
bending, This lens has had the curvature of the first 
surface raised and the second surface has been 
flattened to keep the focal length constant. Let us 
now consider what lens designers can do about 
spherical aberration. Brouwer in his book (see 
Further Reading) gives the specifications for a 
cemented doublet consisting of a double convex lens 
followed by a lens with two concave surfaces. 
The longitudinal spherical aberration of the front 
lens alone varies as shown in Figure 5. The way that 
the designer arranged for the marginal rays to meet at 
the paraxial focus, rather than falling short, was to 
recognize that a diverging lens following the front 
element would refract the rays away from ~ rather 
than closer to — the axis. When this second 
component is added, we would expect the behavior 
shown in Figure 6, Note that the value of LSA for the 
doublet has been enormously reduced, as indicated 
by the horizontal scale change. Spherical aberration 
can be reduced in more elaborate systems as part 
of the design process. Telescopes, in particular, make 
use of corrector plates which are placed in front of the 
large mirrors. 


Coma 


We have scen how to trace nonparaxial, meridional 
rays and found that spherical aberration appears 
because the intermediate and marginal rays do not 
behave like the central rays. We now wish to deal 
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First radius = 50 
‘Second radius 


Vertical horizontal arrows change first radius by 5/8.5 units 
any other key terminates 
(a) 


First radius = 92 
‘Second radius = ~125 
Shape factor = 5923867 
UsA=-9.112822 


Vertical horizontal arrows change first radius by 5/0.5 units 
any other key terminates 
) 


Figure 4 Lens bending as performed numerically 


x 


20 


Figure § Spherical aberration fora single lens, 


with rays that do not lie in a meridional plane; these 
are nonmeridional or skew rays. Calculating the 
behavior of such a ray would appear to be a 
complicated problem, but it turns out to be a simple 
extension of what has already been accomplished. Let 
a skew ray start at an arbitrary point in space with 
coordinates x, y, and z and let it have direction 


Figure 6 Reduction of spherical aberration by a doublet. 


Figure 7 Configuration used to ilustrate coma, 


cosines L, M, and N with respect to OX, OY, and OZ. 
The points P and P, in Figure 1 are now out of the 
plane ZOX and when the vectors in this figure are 
expressed as the sum of three, rather than 
two, components, the equations given above for 
meridional rays acquire terms in y and M which have 
the same form as those for x and L. Now trace a set of 
skew rays chosen to lie on a cylinder (Figure 7) which 
is centered about the z-axis of a lens, so that all the 
rays are meridional. These rays are fairly far from the 
axis, so that they are also nonparaxial, but they all 
meet at a common image point, forming a cone whose 
apex is this image point. Then give this cylinder a 
downward displacement while holding fixed the 
intersection point of each ray with the dotted circle 
on the front of the lens. The tilting of the cylinder 
changes all its rays — except the top and the bottom 
rays ~ from meridional to skew. In addition, the cone 
on the image side will then tilt upwards; it should not 
change in any other way if the skew rays continue to 
meet at a well-defined apex. But this is not what 
happens in a simple lens, as will now be explained. 
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‘Next-to-last point 


Figure 8 Starting a coma plot 


Let the top and bottom meridional rays meet at a 
point P in image space (Figure 8) and use this point to 
determine the location of an image plane. The skew 
ray just below the uppermost ray in Figure 7 will pass 
through this plane fairly close to the intersection 
point, Let us guess (and confirm later) that it will pass 
through a point slightly to the right of P and a little 
helow it, as we observe this plane from the lens 
position. This is point 1 in Figure 8, The next skew 
ray on the front of the lens will strike the image plane 
still farther below and to the right, producing point 2 
in the figure. As we continue to trace these rays down 
the front half of the circle, we realize that a ray almost 
at the bottom of Figure 7 will have to be very close to 
the lower meridional ray and that its image point is 
just below but to the left of P; this is the point labeled 
‘next-to-last’ in Figure 8. All of these points join to 
form a closed curve. The back halves of the dotted 
circle and of the ray cylinder are not shown in the 
figure, but since we are again starting at P in Figure 8, 
the pattern will repeat itself. That is, we get a second 
closed curve which — by symmetry — should be 
identical to the first curve. This is a most unusual 
effect; double-valued phenomena are quite rare. To 
confirm this prediction, we use the skew ray 
equations, and trace the pattern formed by a set of 
concentric cylinders of different sizes. The appear- 
ance of the coma pattern generated by the computer is 
shown in Figure 9. Each half-cirele on the front side 
of the lens produces a closed figure (an approxi- 
mation to a circle) as an image. If coma were the only 
aberration (when it is called ideal coma), the plots 
would he the perfect, coinciding circles of Figure 10. 
The comet-like shape explains where the name comes 
from. We can picture the generation of these circles in 
the way shown in this figure, The ray through the 
geometrical center of the lens produces a point in 
the paraxial focal plane. The top and bottom rays 
(the meridional rays) from the circles of increasing 
size produce points which define image planes that are 
successively closer to the lens; this is a consequence of 
spherical aberration. Moving the top ray parallel to 
itself and along the half-circle generates the image 
plane pattern. The lines tangential to the coma circles 
make an angle of 60° with each other, as can be seen 
by measurement on the computer output. Most optics 


Figure 9 Coma as calculated numericaly, 
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Figure 10 Customary way of illustrating coma. 


books look at coma in a way different from that given 
here. Coma has been defined by WJ Smith (sce 
Further Reading) as the variation of magnification 
with aperture, analogous to the definition of spherical 
aberration as the variation of focal length with 
aperture. And as was previously mentioned, focal 
length and magnification are purely paraxial 
concepts, not applicable to the description of aberra- 
tions. The definition that comes from the arguments 
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given above is that coma is the failure of skew rays to 
match the behavior of meridional rays, just as 
spherical aberration is the failure of meridional rays 
to match the behavior of paraxial rays. Most texts 
show coma in its ideal form. 


Astigmatism 


We have shown that spherical aberration is the 
failure of meridional rays to obey the paraxial 
approximation and coma is the failure of skew rays 
to match the behavior of meridional rays. To see the 
connection between these two aberrations, consider 
the object point P of Figure 11. This very 
complicated diagram can actually be very helpful 
in understanding the third of the five geometrical 
aberrations. Let P be the source of a meridional fan: 
this is the group of rays with the top ray labeled PA 
and the bottom ray is PB. If the lens is completely 
corrected for spherical aberration, this fan will have 
a sharp image point Py lying directly below the 
zaxis. Now let P also be the source of a fan 
bounded by the rays PC and PD. This fan is at right- 
angles to the other one; we can think of these rays 
as having the maximum skewness possible. If the 
lens has no coma, this fan also will produce a sharp 
image point P, which, for a converging lens, will be 
farther from the lens than the tangential focal point. 


In other words, even though the lens has been fully 
corrected for both aberrations, the two corrections 
will not necessarily produce a common image. In the 
figure, the meridional fan is called a tangential fan 
and the skew fan is called a sagittal fan; these are 
the terms commonly used by lens designers. The 
failure of the sagittal and tangential rays to produce 
a single image in a lens corrected for both spherical 
aberration and coma is known as astigmatism. 
Astigmatism, coma, and spherical aberration are 
the point aberrations that an optical system can have. 
We have already noted that spherical aberration is 
the only one that can be associated with a point on 
the zaxis; the others require an off-axis object. 
Astigmatism is very common in the human eye; to 
see how it shows up, look at the sagittal image point 
P’ of Figure 11. This point is a distance z,, from the 
xy-plane. A plane through this point will have a line 
image on it, the sagittal line, due to the tangential fan, 
which has already come to a focus and is now 
diverging. The converse effect, producing a tangential 
line, occurs at the other image plane. If we locate an 
image plane halfway between the two, then both fans 
contribute to the image and in the ideal case it will be 
a circle. As the image plane is moved forwards or 
backwards, these images become ellipses and even- 
tually reduce to a sagittal or a tangential line, as 
shown in Figure 12. Because there are two different 


Figure 11 Tangential and sagittal fans displaying astigmatism, 
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Figure 12  Astigmatic image pattems. 
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(2) Object (0) Image 


Figure 13 Image degraded by astigmatism. 


image planes, an object with spokes (Figure 13) will 
have an image for which the vertical lines are sharp 
and the others get gradually poorer as they become 
more horizontal, or vice versa, depending on which 
image plane is chosen. Eye examinations detect 
astigmatism if the spokes appear to go from black 
to gray. This example of the effect of astigmatism was 
often based on a radial pattern of arrows, which 
explains the origin of the word sagittal, derived from 
the Latin ‘sagitta’ for arrow. 


Curvature of Field and Distortion 


Having covered the three point aberrations, there are 
two lens defects associated with extended objects. 
Ifwe move the object point P in Figure 11 closer to or 
farther from the z-axis, we would expect the positions 
of the tangential and sagittal focal planes to shift, for 
it is only when the paraxial approximation holds that 
these image points are independent of x. Hence, we 
obtain the two curves of Figure 14, which shows what 
astigmatism does to the image of a two-dimensional 
object. If the astigmatism could be eliminated, the 
effect would be to make these curved image planes 
coincide, but we have no guarantee that the common 
image will he flat, or paraxial. The resulting defect is 
called Petzval curvature or curvature of field. For a 
single lens, the Petzval surface can be flattened by a 
stop in the proper place, and this is usually done in 
inexpensive cameras. Petzval curvature is associated 
with the z-axis. If we take the object in Figure 11 and 
move it along the y-axis, then all rays leaving it are 
skew and this introduces distortion, the aberration 
associated with the coordinates normal to the 
symmetry axis, Distortion is what causes vertical 
lines to bulge outward (barrel distortion) or inward 
(pincushion distortion) at the image plane, as shown 
in Figure 15. A pinhole camera will have no 
distortion, since there are no skew rays, and a single 
thin lens with a small aperture will have very litt 
Placing a stop near the lens to reduce astigmatism and 
curvature of field introduces distortion because, as 


‘Tangential focal surface 
Sagittal focal surface 
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Figure 14 Petzval of fold curvature, 
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Figure 15 Barrel and pincushion distortion. 
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Figure 16 (a) Distorton-creating stop. (b) Symmetric-compo- 
rent lens that reduces distortion. 


shown in Figure 16a, the rays for object points far 
from the axis are limited to off-center sections of the 
lens. The situation in this figure corresponds to barrel 
distortion; placing the stop on the other side of the 
lens produces pincushioning. Distortion can be 
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Figure 17 Reduction of astigmatism through design. 


therefore reduced by a design which consists of two 
identical groupings (Figure 16b), with the iris 
diaphragm placed between them; the distortion of 
the front half cancels that of the back half. Figure 17 
shows the output for a calculation using approximate 
formulas rather than exact ray tracing. Note that the 
designer has arranged for astigmatism to vanish at the 
lens margin. This example indicates the nature of 
astigmatism in a system for which the coma and the 
spherical aberration are low but not necessarily zero; 
it is the failure of the tangential and sagittal image 
planes to coincide. 


Nonspherical Surfaces 


So far, we have considered optical systems that use 
only spherical or plane reflecting and refracting 
surfaces, However, many astronomical telescopes 
use parabolic and hyperbolic surfaces. In recent 
years, nonspherical or aspheric glass lenses have 
become more common because they can be mass 
produced by computer-controlled machinery and 
plastic lenses can be molded with very. strict 
tolerances. Ray tracing procedures given above can 
easily be extended to the simplest kind of aspheric 
surfaces: the conic sections. Iterative procedures may 
be applied to surfaces more complicated than the 
conic sections. A well-known example is the curved 
mirror; a spherical reflecting surface will have all the 
aberrations mentioned here, but a parabolic mirror 
will bring parallel rays to a perfect focus at the 
paraxial focal point, thus eliminating the spherical 
aberration. Headlamp reflectors in automobiles are a 
well-known example, A plano-convex lens with this 
defect corrected will be one whose first surface is flat 
and whose second surface is a hyperbola with its 
eccentricity equal to the index of refraction of the 


glass composing the lens. One form of astronomical 
telescope, which has a large primary concave mirror 
to collect the light and reflect it back to a smaller 
secondary convex mirror, is the Ritchey—Chrétien 
design of 1924, Both mirrors are hyperbolic in 
shape, completely eliminating spherical aberration. 
This is the design of the Hubble space telescope. 
The two-meter diameter primary mirror, formed by 
starting with a spherical mirror and converted to a 
hyperbola by computer-controlled polishing, was 
originally fabricated incorrectly and caused spherical 
aberration. From a knowledge of the computer 
calculations, it was possible to design, build, and 
place in orbit a large correcting optical element 
which removed all the aberrations from the 
emerging imag 


Conclusion 


The three-point aberrations and the two extended 
object aberrations have been defined and illustrated. 
Simple ways of reducing them have heen mentioned, 
but the best way of dealing with aberrations is in the 
process of lens design. In addition, there is a 
completely separate defect known as chromatic 
aberration, All the above calculations are based on 
ray tracing for a single wavelength (or color) of visible 
light. However, the index of refraction of a transpar- 
ent material varies with the wavelength of the light 
passing through it, and a design good for one value of 
the wavelength will give an out-of-focus image for 
any other wavelength. It has been known for many 
years that an optical system composed of two 
different kinds of glass will provide a complete 
correction for two colors — usually red and blue ~ 
and other colors will be partially corrected, Such 
lenses are said to be achromatic. For highly demand- 
ing applications, such as faithful color reproductions 
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Figure 18 High-power high-resolution microscope objective. 


of works of art, itis possible to design elaborate and 
expensive lenses which correct for yellow light as 
well. This kind of optical system is said to be 
apochromatic. With perfect imaging at the two ends 
and the middle of the visible spectrum, the color error 
elsewhere is virtually nonexistent. Asan example of a 
design which is free of all aberrations — geometric 
and chromatic ~ Figure 18 shows the ray trace for a 
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Introduction 


Prisms are solid structures made from a transparent 
material (usually glass). Figure 1 shows the simplest 
type of prism — one that has many uses. The vertical 
sides are two identical rectangles at right angles to 
each other and a larger third rectangle is at 45° to the 
other two. The top and bottom are 45°-45°-90° 
triangles. The most common applications of 
prisms are: 


. To bend light in a specified direction 

. To fold an optical system into a smaller space 

. To provide proper image orientation 

. To combine or split optical beams, using partially 
reflecting surfaces 

. To disperse light in optical instruments such as 

spectrographs. 


Single Prisms as Reflectors 


A prism like that of Figure I can act asa very effective 
reflector; it is more efficient than a mirror since there 
is no metal coating to absorb light. Figure 2 shows a 


high-power aberration-free and apochromatic micro- 
scope objective. Note that the trace shows parallel 
rays brought to a focus inside the cover glass; in use, 
the light source would be a point on the slide and the 


light would converge at the eyepiece. 


See also 


Geometrical Optics: Lenses and Mirrors; Prisms. 
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light ray entering the prism at right angles to one of 
the smaller sides, reflected at the larger side, and 
emerging at right angles to the other small side. The 
path shown is determined by Snell’s law. This law has 
the form: 


sin 8=n' sin 6! i 


Figure 1 A 45~45~90 degree prism. 
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Figure 2. Total internal reflection by a prism. 


This indicates that a ray of light making an angle 0 to 
the normal at the interface between media of indices 
of refraction m and 1, will be refracted and the angle 
to the normal becomes 6', Notice that the light ray 
strikes the surface where the reflection takes place at 
an angle of 45° to the normal; this angle is too large to 
permit it to emerge from the prism after refraction. To 
understand why, we recognize that when the ray is 
able to leave the glass, Snell’s law requires that the 
emerging angle be larger than the incident angle. 
The largest possible incident angle — known as the 
critical angle — will correspond to an emerging angle 
of 90°; that is, this ray will be parallel to the interface. 
For an index of 1.50, as an example, the critical 
angle @. satisfies Snell’s law in the form: 


1S sin 8, 


sin 90° fea) 


from which @ = 41.8°. The ray shown in the figure 
will therefore remain in the glass. Furthermore, since 
the indices appearing on both sides of Snell's law 
are now those of the glass, then the incident and 
refracted angles must be identical, and the prism 
reflects the ray in the same way that a mirror would. 
This phenomenon is known as total internal 
reflection. 

This prism has an important application as an 
optical component of a fingerprint machine, whose 
action depends on modifying the total internal 
reflection which normally occurs. Figure 3 shows 
the prism and the reflecting behavior of Figure 2, with 
a person's finger pressed against the long side. When 
the ray strikes a place on the surface corresponding 
to a valley in the fingerprint pattern, the index at this 
region is that of air, and the ray is reflected in the usual 
manner, But a ray striking a portion of the prism 
which lies immediately below a raised section of the 
skin will make an angle with the normal which is now 
smaller than the critical angle, since the index is much 
greater than that of air, so that the ray will cross the 
interface and be absorbed by the finger. The reflected 
beam, with the fingerprint pattern sharply repro- 
duced, is sent to a detector and the resulting signal 


Figure 3 Use of a prism to produce a fingorprit. 


AK 


Figure 4 A pontaprism. 


goes to a computer, where it is processed and used to 
drive a printer, The fingerprint cards generated by this 
kind of equipment are sharper than those done by the 
traditional smeared-ink method. It is possible to 
observe the phenomenon just described by looking at 
your fingers while holding a glass of water — the 
fingerprints will show up in an enhanced manner. 
In addition to the better quality, the manufacturer of 
one version of this equipment has incorporated a 
feature in their computer program which can detect 
attempts by the person being fingerprinted to degrade 
the image. 

‘A more elaborate single prism — one with five 
sides — is the pentaprism of Figure 4, used extensively 
in single lens reflex cameras. This prism does not take 
advantage of the total internal reflection process, as 
described above. Below the bottom face is a mirror at 
a 45° angle. Light from the camera’s lens is reflected 
upward and emerges from the left-hand face where 
the scene being photographed is observed by the eye. 
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Figure & Action of coated faces of a pentaprism, 
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Figure 6 Amici prism. 


Since there are two reflections, the reversal caused by 
a single mirror is eliminated. The camera’s mirror is 
hinged and when the exposure button is pressed, it 
flies up and the incoming light can reach the film, The 
two reflecting faces, which lie at an angle of 45° to 
one another (Figure 5), are coated. To see why this is 
necessary, note that the two angles in the isosceles 
triangle formed by the light ray and the face 
extensions must equal (180° — 45°)/2. or 67.5°. This 
ray must then lie at an angle of 90° ~ 67.5° to the 
normal, or 22.5°, which is much less than the critical 
angle needed for reflection. 

There are at least a dozen other forms of prism 
which have been designed and used. For example, the 
Amici prism (Figure 6) is a truncated right-angle 
prism with a roof section added to the hypotenuse 
face. It splits the image down the middle and thereby 
interchanges the right and left portions. These prisms 
must be very carefully made to avoid producing a 
double image. One use is in telescopes to correct the 
reversal of an image. 


Double Prism Reflectors 


Another extensive application of prisms is their use 
in pairs as components of telescopes and binoculars. 
The most widely used is a pair of Porro prisms: two 


right angle prisms arranged as shown in Figure 7. 
The double change in direction has two effects; it 
eliminates image reversal and it shortens the spacing 
hetween objective and eyepiece lenses, making the 
binoculars lighter and more compact. It is possible to 
calculate how light rays behave in Porro prisms with 
a ray tracing procedure, This method involves the 
use of 4X4 matrices and its development is rather 
complicated. A simple understanding of the way 
light passes through this optical component can be 
based on Figure 8, which shows the two prisms 
separated for clarity. An arbitrary ray (the heavy 
line) coming from the object will be reflected at a 45° 
angle at each of the four faces that it strikes. Using 
two line segments at right angles as an object, the ray 
from the top of the vertical arrow and the ray from 
the end of the horizontal arrow will behave as 
indicated. The image is then identical to the object 
but rotated by 180°. Since the optics of the 
binoculars — the combined effect of the objective 
and the eyepiece — result in an inverted image, the 
Porro prism corrects this problem. 


Figure 8 


‘Action of Porto prisms. 
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Prisms as Instruments 


Prisms are the crucial optical element in many 
laboratory instruments. To show how they can be 
used to measure the index of refraction of transparent 
materials ~ solids or liquids — consider the prism of 
Figure 9, with apex angle A. Light comes to the prism 
at an incident angle i, enters the prism at the angle of 
refraction r, crosses the prism and is refracted a 
second time when it emerges, the associated angles 
being designated as r’ and i’, When the ray leaves the 
prism, it is traveling in a direction which represents 
an angular deviation 6 from its original orientation. 
This deviation is the sum of the individual changes 
in direction at each face, or 


b=G-n+O'-1) BI 


For the triangle formed by the projected normals, 
which meet at the angle A: 


r=r'ta (41 


=iti'-A oT 
The minimum value of the deviation is an important 
property of the prism; we find it by differentiation 


to obtain: 


d5=di+di’ 


[6] 


Differentiation of the form of Snell’s law valid at each, 


interface, namely: 


sini =msinr, sini! =nsinr! 71 


Figure 9 


Calculation of prism deviation. 


gives 


di =n cos rdr/cos i 18] 


di’ =n cos r’ dr'/eos i 
= nos 1! dr/cosi? 191 


where dr’ can be replaced by dr, as obtained from the 
gr. r',and A, It now follows that: 


equation connect 


d= nl (cos r//(1 ~ n? sin*r)) 
= feostA — fy =? 


= n)}jar= 0 
(10) 


from which 


cos’r{1 — 1? sin(A — 9} 


= cos"(A — r)[1 — n* sin*r} 11) 
cos*r = cos"(A — r) 12] 

and finally: 
r (13) 


The differentiation thus leads to the conclusion that 
the prism in a symmetrical 
manner. The amount of deviation is now: 


the ray enters and leavi 


6=2i-A 1141 
i= (+A) Us} 

and: 
n= sin i/sin r= sin((8 + A/2}/sin(A2) [16] 


Using this expression to calculate mas a function of 5, 
itis found that dis a minimum, so that a measurement 
of the minimum deviation produced by a prism gives 
the value of its index of refraction in a direct and 
accurate way. This method can also be used for 
liquids; a triangular glass cell with walls of reasonable 
thickness is made very accurately and used to measure 
8. The refraction due to the walls does not affect 
the measurement, since the refraction occurring at the 
entrance wall is equal but opposite to that at the 
exit wall. 

The description of prism behavior given so far 
assumes that we are dealing with monochromatic 
light; that is light of a single wavelength or single 
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Figure 10 A prism spectrometer. 


color in the visible spectrum. However, the index m of 
a prism varies with wavelength and white light 
passing through a prism will undergo dispersion — 
each component of a beam will emerge at a different 
angle and can be observed. The prisms that are part of 
expensive glass chandeliers display such an effect. 
This property of a prism is used in spectrometers — 
instruments which can measure the wavelength of 
light. Figure 10 shows a schematic diagram of this 
kind of instrument of high quality. Note that the light 
is brought into and taken out of the spectrometer 


with doublets. As shown in Geometrical Optics: 
Aberrations, doublets can be designed to be achro- 
matic — that is, they focus light throughout 
the spectrum in approximately the same way. 
Various kinds of spectrometers have been put into 
use, with the ability to resolve closely spaced 
wavelengths being a crucial factor in the design. 


Geometrical Optics: Aberrations; Lenses and Mirrors, 
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Introduction 


Holography captures the phase and amplitude of light 
reflected from, or transmitted through, an object. In 
visual terms it captures ‘true’ three-dimensional space 
and any objects which are placed within that space. 
This is very different from the various optical 
illusions, including perspective drawing and painting, 
which ‘trick’ the eye into thinking it is seeing a 
dimensional image on a flat surface. Not surprisingly, 
artists have been intrigued by display holography 
since reports about it became more public in the 
early 1960s. 

Since much of the information about the 
holographic process was originally published in 
professional scientific and optics journals, which the 
artistic community rarely read, or had access to, the 
transfer of practical information from optical scientist 
to visual artist was slow. As less technical reports 
about holography began to appear in publications, 
such as Scientific American, and art journals, such as 
Leonardo, more artists became aware of the possi- 
bilities holography offered. It is now over 50 years 
since its invention by Dennis Gabor, and art 
holography can be found in public and private 


Imaging and Subsea Holography 
Processing 


collections around the world, ranging from major 
museums, through academic art galleries to large 
individual collections. 

For the purpose of this article, holography can be 
defined as a section of a broad optical field, 
encompassing display holograms produced by 
artists, creative individuals, and groups. These 
works are often produced through independent or 
self-driven research, but can also be the result of a 
commissioned project. Holographic art works tend 
not to be produced specifically for commercial gain 
(although some do sell for large amounts and can be 
editioned in the same way prints or photographs, to 
increase their salability or make them more acces- 
sible to a wider audience). It is incredibly difficult to 
assess the number of artists working in this field 
today, as no specific research has been carried out, 
but it can be estimated as between 50-100 
individuals worldwide, which includes those who 
have shown work in curated group and solo 
exhibitions. This relatively small number has made 
an enormous impact and includes artists who have 
made holography their main medium of expression, 
as well as those, more established in other media, 
who have extended their creative vocabulary by 
embracing the holographic process. Salvador Dali 
for example, had holograms made of his sculptural 
compositions in the early 1970s, and Bruce Nauman 
used the process to capture a series of self-portraits 
in the 1960s. Apart from these well known and 
established contemporary artists, much of the 
pioneering work has been driven by individuals 
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who have concentrated on holography as their 
medium of choice. 

Some artists build their own optical studio in which 
to experiment in a hands-on environment, some 
collaborate with scientific and research establish- 
ments, where the work, facilities and expertise is 
shared, and others design and supervise the pro- 
duction of their work which is produced for them by a 
commercial company. All of them produce a unique 
contribution to the visual arts. 


Early Exploration 


Holography offers a unique method of recording and 
reproducing three dimensions on a flat surface with- 
out the need for special glasses (for stereoscopic 
viewing), lenses (such as lenticular viewing) or linear 
perspective which, since the Renaissance, has been 
our main method of tricking the eye into believing 
that an image recedes into the distance and displays 
three dimensions. 

Many of the very early works produced by artists 
concentrated on the obvious still life nature of the 
medium and explored the unusual phenomenon of 
objects ‘frozen’ in holographic space. Almost all of 
these early works were recorded using continuous 
wave helium neon lasers, either in scientific/research 
facilities, which artists had arranged to use, or in 
collaboration with established scientists and optical 
imaging researchers 

As carly as 1969, British artist Margaret Benyon 
was experimenting with this new medium. Her laser 
transmission hologram ‘Picasso’, is a recording 
of images taken from Pablo Picasso’s painting 
“Demoiselles D'Avignon’. Here Margaret Benyon 
took a copy of the painting, cut out the characters, 
placed them in a three-dimensional spatial arrange- 
ment, with real objects, and then made a hologram of 
this ‘scene’. Picasso attempted to show, through many 
of his paintings, multiple views of the same subject on 
a two-dimensional surface, one of the main thrusts of 
Cubism in the late twentieth century. Benyon 
achieved this in ‘real space’ by recording a hologram 
of the flat reproductions. By doing so, she demon- 
strated that holography automatically achieved what 
Picasso, and many other key contemporary visual 
artists, had been trying to do for years, 


Holographic Black Holes 


It has been known, from the very early days of holo- 
graphic research that, when using a continuous wave 
laser to record a hologram, if any object in the scene 
moves more than half the wavelength of light, no 
interference pattern will be produced and therefore 


no recording of the object will take place. Unlike 
photography, where if an object moves during the 
exposure, it will become blurred, in holography it will 
simply not be recorded. Clearly, ifno recording can be 
made, optical researchers working with holography, 
while noting the phenomenon, would not necessarily 
feel the need to make holograms which would fail. 
Several artists, on the other hand, not confined by 
research deadlines, have acknowledged this strange 
phenomenon and exploited this limitation of the 
holographic process. One of the very early examples 
is ‘Hot Air’ (Figure 1), a laser transmission hologram 
by Margaret Benyon and now in the Australian 
National Gallery Collection. Produced in 1970, it 
shows a three-dimensional composition of a jug, cup, 
and the artist’s hand. The jug and cup were filled with 
hot water and during the recording of the holographic 
plate, with a continuous wave laser, the heat from the 
hot water disturbed the air above these objects. This 


tiny amount of movement resulted in the area above 
the jug and cup not being recorded. Similarly, the 
artist's hand moved slightly during the exposure and 
therefore did not record, Strangely, when viewing the 
resulting laser transmission hologram, the hand is 
visible. What is displayed is a holographic hand- 
shaped black hole, the three-dimensional recording of 
the space once occupied by the hands the dimensional 
recording of the absence of an object 


Figure 1 Hot Air, Margaret Benyon 1970. Laser transmission 
hologram. Copyright © 1970 M. Benyon. Reproduced with 
permission 
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Artists in display holography place continual demands 
‘on the technology. Their natural tendency is to break 
rules. I believe that most successful holographic artists 
belong to this ‘suck it and see’ category of experi- 
‘mentalists. On hearing about the ‘rules’ of hologeaphy, 
they break them, just to see what happens. (Margaret 
Benyon, PhD Thesis, 1994), 


Benyon started by breaking the rules and has 
continued to develop from these early pioneering 
laser transmission works, which helped establish a 
visual ‘vocabulary’ including many important social 
and political issues. 

Other artists have exploited the ‘limitations’ of the 
holographic process to produce visually stunning 
works which question how we look at the three- 
dimensional world and question what is ‘real’. 
Rick Silberman (USA) developed a shadowgram 
technique where the hologram is made of a laser 
illuminated ground glass screen. Objects are placed 
in front of this luminous surface and their three- 
dimensional silhouette is recorded. The viewer of the 
hologram is looking at the space where the object 
used to be. A pivotal work in this field is “The 
Meeting’ 1979 (Figure 2), a white light reflection 
hologram which had been recorded in such a way as 
to cause the three-dimensional shadow of a wine 
glass to protrude out of the holographic plate and 
he viewable several centimeters in front of it, 


Figure 2. The Meeting’, Rick Silberman 1979. White light 
raflection hologram (shadowgram). Copyright © 1980 ATP. 
Faproduced with permission 


hetween the observer and the holographic emulsion, 
The actual wine glass used in the recording has been 
broken and what remains (the base, stem, and small 
part of the bow! of the glass) is placed on a platform 
attached to the holographic plate. When viewing the 
work head on, the missing parts of the broken glass 
are recreated, in three dimensions, by the holo- 
graphic shadow. When viewed obliquely, from the 
side for example, only the broken (real), glass is 
visible. Not only does this piece haye an element of 
performance in the recording, breaking, mounting, 
and reconstruction of the wine glass, it also explores 
questions of visual perception and concepts of 
reality. 

The recording of the shadow of an object, or 
objects, has now become commonplace in creative 
holography, with many artists employing techniques 
to mix different objects together, change their color 
and rearrange them in space. One advantage of 
this technique is that dependence on absolute stability 
of the objects used is reduced, The objects are 
‘encouraged’ to move during the recording process 
and so create ‘ne images. Steve Weinstock 
(USA), Marie-Andrée Cosette (Canada), Michael 
Wenyon and Susan Gamble (USA/UK) have all 
contributed to this area in some of their early works. 


Public Display 


As the technology and optical processes of holo- 
graphy have developed, so greater flexibility, and 
public accessibility, have emerged. The single most 
important aspect has been the ability to display 
holograms in white light. 

Emmett Leith and Uris Upatnieks invented laser 
transmission holography in 1964. They demonstrated 
the practicalities of Gabor’s original invention, by 
utilizing laser light, to produce three-dimensional 
images. To display these recorded images, laser light 
needed to be shone through the holographic plate, at 
the original angle used by the recording r 
beam (off-axis). The results were breathtaking, with 
full visual parallax in all directions. Although it was 
the laser light which made the recording and 
reconstruction of these unusual images possible, the 
laser was also a limiting factor. Each time a hologram 
was displayed, a laser was required. This relegated 
the technique to displays in scientific conferences, 
laboratories, or other locations with optical equip- 
ment. What was needed was a technique allowing 
holograms to be displayed without the need for this 
expensive and dangerous laser light. White light 
holography was the answer. 

Although a laser is still required to record the 
original hologram, by using a copying technique, a 
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restricted aperture or one step process, the resulting 
holograms can be reconstructed using a small source 
of white light such as a spotlight or even direct 
sunlight. As expensive lasers were no longer needed to 
display holograms, large public exhibitions could be 
mounted. Gallery and museum spaces could include 
holography in their exhibitions and individuals could 
buy and display holography in domestic locations. 
This technique also benefited the commercial display 
market, where holograms could now be used for 
advertising and promotional events. 

Stephen Benton (USA) (1942-2003), inventor of 
white light transmission (rainbow) holography in 
1968, made a major contribution to the use of the 
medium by artists. His technique not only allowed 
holograms to be viewed in white light, but they were 
extremely bright and offered the possibility of 
creating multicolor images. His ‘Crystal Beginnings’ 
1977, (Figure 3), shows just how much space can be 
created with very simple points of light. Benton even 
taught master classes for artists so that he could 
explain how his technique functioned and explain 
the mathematics involved. He also worked with 
several artists to help them realize their individual 
projects. 

Harriet Casdin-Silver (USA) was one of the first 
pioneering artists to work with Benton and produced 
several key works now seen as integral to the art of 
holography. Their carly collaboration ‘Cobweb 
Space’, 1972, sculpted pure light and was one of 


Figures 
transmission (rainbow) hologram. Jonathan Ross Collection, 
London, UK. One of the bast known works by the inventor of the 
rainbow hologram. Copyright © 2004 J. Ross. Reproduced with 
pormission. 


“Crystal Beginnings’ Stephen Benton 1977, White light 


the very first art holograms to be displayed using 
Benton's rainbow hologram technique. A later work, 
“Equivocal Forks’, 1977, exists in different formats; 
as a laser transmission hologram showing the 
pseudoscopic display of domestic folks which 
protrude, inside out, from the holographic plate, 
and as a number of white light transmission holo- 
grams, of the same image, which were shown in an 
outdoor installation mounted by The Center for 
Advanced Visual Studies, part of the Massachusetts 
Institute of Technology. This demonstrated to a 
wide, nonscientific, audience, that holograms could 
be accessible, easily illuminated and weatherproof. 
Casdin-Silver has continued to produce art hologra- 
phy and has, most recently, worked with large-scale 
portraiture. 

Although Benton’s process increased the accessi- 
bility of holography, an earlier technique, invented by 
Yuri Denisyuk (Russia) in 1962, allowed holograms 
to he recorded in a single step and then displayed 
using white light. The political situation between the 
USSR and the rest of the world during the early 1960s 
‘meant that information and results from much of this 
early work was not openly accessible, and communi- 
cation between Denisyuk and other key researchers in 
holography was limited. However, as soon as details 
of the Denisyuk technique became more widely 
available in the 1970s, artists began to embrace it as 
a practical alternative. 

The work of Nicholas Phillips (UK), whose 
research improved chemical processing of display 
holograms during the late 1970s, helped artists and 
the rest of the holographic field to achieve much 
better results when making reflection holograms, a 
technique favored in Europe. He was also heavily 
involved with the rock band, ‘The Who’, and their 
Holoco company which mounted two very successful 
exhibitions of display holography at the Royal 
Academy of Art, London, at this time. Artists who 
might not have come across the holographic 
phenomenon became aware of its potential due to 
its presence in one of the UK’s more traditional art 
venues, Other large exhibitions in the late 1970s 
and carly 1980s in USA, Sweden, and Japan 
also highlighted the immense possibilities holo- 
graphy offered to a nonscientific community of 
gallery visitors. 

As interest in all aspects of holography increased, 
dedicated spaces opened to sell, display, and archive 
the output from artists, scientists, and commercial 
producers. One of the most influential of these was 
the Museum of Holography, located in the SoHo art 
district of Lower Manhattan, New York (Figure 4). 
From 1976 through to 1992, it regularly mounted 
group and solo exhibitions by artists, giving many of 
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Figure 4 Dr Dennis Gabor, inventor of holography with, Posy 
Jackson, Director ofthe Museum of Holography, during his visit to 
the Museum in March, 1977. Copyright © 197 Paul D. Barefoot. 
aproduced with permission 


them their first major exposure to a museum-going 
public. There were displays relating to the scientific, 
commercial, and industrial usage of the medium, as 
well as exceptionally popular traveling exhibitions. 
‘Through the Looking Glass’, which traveled 
worldwide, allowed early display holography to be 
experienced by thousands of people who would not 
normally have come into contact with the medium. 
In the Summer of 1981, over 300,000 visitors saw 
‘Through the Looking Glass’ during the 11 weeks it 
was on view at the Israel Museum, Jerusalem. 

After the Museum of Holography closed in 1992, 
its entire collection was purchased by the MIT 
Museum, Boston, USA, and now forms part of the 
largest museum collection of creative and scientific 
hologeaphy in the world. The New York museum was 
not an isolated venue. During the late 1970s and early 
1980s, museums of holography opened in Chicago, 
Paris, and Pulheim (near Cologne). Galleries were also 
founded in many major cities to sell art and 
commercial holograms. 


Stal 


Although being able to display holograms using 
inexpensive sources of white light allowed the 
medium to become much more accepted as a display 
process, there has always been the cost and comple: 
ity of the optical laboratories needed to record the 
hologeams in the first place. Few artists were able to 
equip their studios with ‘off the shelf optical 
components and precision-built isolation tables 
most often found in scientific and research labs. 
The solution was to replace the commercially built 
isolation table with much less expensive sand tables. 

Sand box holography revolutionized the field for 
independent artists. By building a wood or brick box 


ity Solutions 


filled with sand, resting on car inner tubes, artists 
were able to hand-make their own isolation tables. 
Inexpensive optics, mounted onto plastic pipes were 
simply thrust into the sand, allowing complex optical 
recording setups to be constructed. Surprisingly, 
many key artworks have been produced using this 
technique, which opened the field to anyone with 
basic construction skills and a laser. 

‘The laser has remained an expensive element in the 
holography studio but, most recently, the prospect of 
replacing this with laser diodes has offered a much 
more economic alternative. Not only can light from 
these diodes provide more compact optical setups to 
record holograms, they can also be used to display 
them. Significant progress has been made in both 
diode recording and display, which is opening up new 
opportunities for the visual artist. Almost all of the 
early practitioners in the field were attracted to 
holography because of the laser transmission holo- 
grams they saw. They have a depth and dimensional 
quality which is extremely different from the white 
light viewable holograms we tend to see today. 
Now, with the possibility of displaying holograms 
illuminated by inexpensive laser diodes, the laser 
transmission hologram is set, once again, to be a 
viable medium for artists. 


Object Holography 


Many artists were attracted to holography because of 
its unusual three-dimensional properties. However, 
they did not have the resources to make holograms of 
large objects or scenes, so scaled these down and 
constructed small sculptural settings for recording. 
One of the pioneering artists in this area was 
Dan Schweitzer (1946-2001). Originally an actor 
and familiar with theatrical staging, many of his 
holograms are populated by tiny figures placed in 
specially built ‘theatrical’ settings. Holography not 
only recorded these specially constructed miniature 
‘rooms’, but the resulting images were realistic 
enough to suggest to the viewer that they were 
looking at a scaled-down life-size event. We do this 
regularly when looking at photographs and accept 
that they are a small-scale version of a larger scene. 
Traditional holography does not offer this ‘scaling 
down’ in the same way as photography. One 
celebrated example is Schweitzer’s “Thendara’, 
1978, where a sculpted, miniature figure sits and 
looks towards a window frame. He also produced a 
companion piece in which the physical model, used to 
make the earlier hologram, is on display as a piece of 
sculpture. Here the miniature window is the frame 
for a hologram displaying a previously recorded 
model of a landscape. As Schweitzer’s technical skills 
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Figure & ‘Od Vent’, Dan Schweitzer 1980, White light trans- 
mission hologram in sculptural mount. Copyright © 1980 ATP. 
Reproduced with permission. 


developed, he began to produce complex multi- 
layered works incorporating still-life models, holo- 
gram fragments, and optical animation to construct 
visual spaces which could not exist in the real world. 

In his work ‘Od Vent’ (1980) (Figure 5), Schweitzer 
framed an exceptionally complex white light 
transmission hologram into a theatrical model of a 
doorway. The miniature stairs lead up to an opening, 
a portal into another world, in which the hologram is 
mounted. Illuminated from behind, the hologram 
displays multiple exposures, optical animation, and 
several superimpositions of objects as an observer 
moves from left to right in front of the piece. In this 
complex holographic world, the silhouette of the 
figure, standing in the door, casts a bright (negative) 
shadow down the miniature stairs. Not only are 
we able to look into an illusionary world through 
the holographic doorway, where at a certain point 
Einstein looks back at us, but the peculiarities of this 
holographic world extend into our own world as 
seen by the ‘real’ (negative) shadow cast down onto 
the stairs. 

Another artist, who combined the use of multiple 
exposed objects displayed in a single space, is John 
Kaufman (USA). He established a reputation by 
recording objects (often rocks) collected from around 
his Californian holography studio, These found 
objects were captured in three dimensions and were 


then, through a multiple exposure and emulsion 
swelling technique, combined into a single still-life 
composition, He became expert at masking out areas 
of his objects so that they could appear in different, 
intense colors, and in many cases used the holo- 
graphic process and multiple exposures to mix colors 
directly in the holographic space he was working 
with. In ‘Stone Head’ (1982) (Figure 6), for example, 
this relatively ‘normal’ stone is transformed by the 
use of intense color and the three-dimensional volume 
it occupies. 

When considering how the hologram should be 
framed and displayed, several artists have utilized the 
mount in which the hologram sits as an integral part 
of a much more complex work. Frithioff Johansen 
(Denmark) recorded a hologram of smoke, freezing it 
in time and space using a pulsed laser (see below}. 
This was then converted into a white light trans- 
mission hologram and mounted in a frame of granite, 
*Hardware-Software 1° 1987-1988, allows the 
gallery visitor to not only view the massiveness of 
the granite structure, but also the delicate sculptural 
solidity of smoke ‘frozen’ in space. 

Rebecca Deem (USA) recorded what appears to be 
an extremely simple hologram of a luminous tube, 
mounted onto a swivel at the end of an elegant 
metal support. In ‘W/Hole Message’ viewers can 
look into the small holographic plate and see the 
image of the tube extending away from them into the 
volume behind the plate. By flipping the hologram, 
on its swivel, to tum it over, the image in the hologram 
is also flipped and the tube appears in the viewer's 
space, between them and the plate. This three- 
dimensional pseudoscopic image, one of the attractive 
and unusual aspects of holographic display, is inside 
out, back to front, and upside down, The gallery 
visitor really does have a chance to view the whole 
message. 


Figure 6 ‘Stone Head’, John Kaufman 1882, White light refloc- 
tion hologram. Copyright © 1982 Jahn Kaufman. Reproduced with 
permission 
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Figure 7 ‘Breakfast, Pearl John 2002. Laser etched toast 
cisplayed in a white light reflection hologram. Copyright © 2002 
Pearl John. Reproduced with permission. 


Text has become an important element in holo- 
graphy, as it is often incorporated in, onto, or around 
holographic displays. Eduardo Kac (Brazil) has 
produced several holograms, which display poems, 
words, and letters floating within the holographic 
space he has created. 

Pearl John (UK) most recently produced a series of 
still-life holograms using a pulsed laser but with the 
added subtlety of writing onto the surface of her 
objects, In ‘Breakfast’ 2002 (Figure 7), for example, 
the slices of toast, making up the composition, have 
been laser etched with text which appears ‘burnt’ into 
the surface of the bread. 


Pulsed Lasers 


Continuous wave lasers placed limits on the holo- 
graphic recording process and dictated that no 
movement in the recorded object could take place. 
We have seen that this ‘problem’ was exploited by 
artists at an early stage, but there was also a desire to 
capture living objects, in the form of the human 
figure. Pulsed laser holography was the solution. 
Because this type of laser generates a bright flash of 
coherent laser light, the intensity and duration of the 
pulse is enough to ‘freeze’ any physical movement 
during the recording process, allowing the recording 
of people, animals, or anything which moves and 
could be brought into an holography studio, Again, 
the cost and accessibility of this specialist equipment 
was prohibitive to artists, but they found ways of 
persuading scientists with pulsed lasers to help them, 
Early adopters of this technique were artists such as 
‘Ana Maria Nicholson (USA), Melissa Crenshaw and 
Sydney Dinsmore (Canada), Margaret Benyon (UK), 
Anait (USA), and Alexander (USA/UK). Recordings 
could now be made of live figurative compositions 
and individual portraits. Many of the artists, not 


Figure 8 
(pulsed) reflection hologram. Copyright © 
Nicholson. Reproduced with permission. 


‘Awakening’, Ana Maria Nicholson, 1983. White light 
1993 Ana Maria 


content with producing the holographic version of a 
traditional photographic portrait, began to mani- 
pulate these recordings, distorting, multiple exposing 
and inverting these unusual three-dimensional 
images of people. 

Holographic portraits do have an unusual quality, 
which painters or photographers have found difficult 
to deal with but art holographers have embraced. 
Some, like Ana Maria Nicholson (USA), have 
combined subtle processing techniques, to introduce 
color ‘layers’ into the portraits, combined with 
nonstandard views or compositions (see ‘Awakening’ 
1993 (Figure 8)). Other artists, who emerged in the 
1980s, produced complex, highly staged compo- 
sitions, such as those from Patrick Boyd (UK), or 
they offered us a different view of the ‘self portrait’ 
like those by Martin Richardson (UK). Others, such 
as Shu-Min Lin (Taiwan), used the combination of 
multiple views of human figures recorded onto the 
same holographic plate. By walking past these 
displays, an animated effect could be experienced. 
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So much interest was generated in pulsed holo- 
graphy that several studios emerged for use by artists, 
including independent facilities and those within 
educational establishments, No longer was this the 
domain of the well funded scientific research facility. 
Several of these ‘studios’ still exist and are offering 
artists access to equipment through specialized 
artist-in-residence programs. 


Abstraction 


Although holography is an exceptional process for 
recording every detail of an object and the volume it 
occupies, many artists have wanted to work with the 
abstract and kinetic possibilities the process offers. 
Light can be recorded and displayed in three 
dimensions, it can be animated, inverted, compressed, 
sculpted, and projected. Douglas Tyler (USA), in 
his In the ‘Dream Point Series’ 1983 (Figure 9), 
recorded small laser transmission holograms but 
displayed them using normal white light, producing 
a smearing effect of the three-dimensional object. 
He then mounted these onto transparent surfaces 
(Plexiglas) and drew on the surface of the plastic to 
incorporate etched lines and shapes. Rudie Berkhout 
(Netherland/USA) began his holographic explora- 
tion with stunning abstract landscapes made of 
luminous, multicolor, animated objects which took 
advantage of his mastery of the white light 
transmission technique. Most recently he has been 
recording reflection holograms which display undu- 
lating colored ‘waves’ of light as an observer moves 
past the hologram. These have been included in 
specially produced paintings for large-scale archi- 
tectural commissions. 

Sam Moree (USA) combines multiple images, 
diffraction gratings, and smaller 


exposures, 


Figure 9 


‘Dream Passages’: 32" x 138" (3 panels 32" x 46") 
Douglas E. Tyler 1983, Laser transmission holograms, tape and 
Plexiglas, illuminated with white light. Detail of center panel 
Copyright © 1983 D.E. Tyler. Reproduced with permission. 


holograms into a single work. The finished holograms 
display a complex series of image fragments and 
colors within the depth of the holographic space he 
has constructed, Ruben Nunez (Venezuela), originally 
approached holography from a background in glass 
production and used the ability of the holographic 
process to ‘capture’ light reflecting and passing 
through his glass objects. The resulting white light 
transmission holograms display an abstract ‘photonic’ 
display of form and color. Fred Unterseher (USA), 
uses holography to record optical distortions and 
diffraction gratings which would display abstract 
patterns of light. Many of these early works were 
mandala images which displayed an intense kinetic 
effect as an observer walked past the surface of 
the holographic plate. 


Pseudo Holograms 


In 1973, Lloyd Cross invented the multiplex (inte- 
gral) hologram technique which used sequential two- 
dimensional images recorded on movie film combined 
with white light (rainbow) hologram techniques. The 
result was a holographic stereogram, which gave 
viewers the illusion of secing animated images in 
three dimensions. The final holographic sheet was 
displayed either curved or as a complete cylinder, 
which was often motorized so that viewers could 
stand in front of the unit and watch the animation 
take place as the hologram rotated. Such a display 
does give the impression that an observer can walk all 
the way round the image, enhancing its perceived 
three-dimensional effect. 

As the original images are recorded photographi- 
cally, there are several advantages ~ anything which 
can be recorded on inexpensive black and white 
movie film can be converted into a holographic 
display. Short animated sequences can be presented 
while accepted film techniques such as zoom, pan, 
and transitions can be incorporated into the 
finished sequence of images. Although very popular 
for advertizing and promotional campaigns during 
the 1980s, particularly in the USA, several artists used 
this technique. They could make the movie film 
sequences themselves and then send this film to a 
commercial producer for a hologram to be made for 
them. This offered an interesting balance in the 
creative process. The artist could concentrate on the 
filmic image, using facilities and photographic tech- 
niques they were familiar with and not have to learn 
the holographic process or build a holographic 
laboratory themselves. Artists such as Anait (USA) 
produced several experiments in the area, one of 
which showed her inside the holographic display, 
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Figure 10 ‘Woman’ Harriet Casdin-Siver 1979. Multiplex 
hologram (white light transmission). Copyright © 1980 ATP. 
produced with permission 


writing, with spray cream, seemingly onto the 
holographic surface, Dieter Jung (Germany), used 
this technique to display a specially written 
poem which appeared to spiral around inside of the 
display. 
Harriet Casdin-Silver used the technique to pro- 
duce an unusual self-portrait. Woman’, 1979 
(Figure 10), is a multiplex hologram of the artist’s 
head. Black and white film images were recorded of 
Casdin-Silver's head, through 360 degrees, and then 
each frame of film was converted into a thin white 
light transmission hologram. The artist chose not to 
display the resulting image in a normal cylindrical 
display, but to ‘flatten’ it out so that the front, sides, 
and back of her head could be seen, distorted, in a 
single head-on view. 
As video and digital imaging processes have 
developed over the years they too have been 
combined with this pseudo holographic technique, 
opening up a wide avenue of possibilities. Video 
footage, computer generated modeling, or any 
process which can produce sequential 2-D images, 
can now be converted into an animated 3-D 
hologram. As digital video cameras and computer 
3-D modeling software drop in price, and increase in 
sophistication, a whole new area of display has 
become available to the digital and video artist. 


Multi Media 


As in other areas of the visual arts, more than 
one medium or process are often combined. Doris 
Vila (USA) has produced complex environments 
combining large-scale holographic images which, 
rather than being illuminated with a single source 
of light, are reconstructed with multiple spotlights or 
via video projectors. The lighting is activated by 
sensors in the exhibition space, which are computer 
controlled and made to trigger certain sequences 
dependent on the input they receive from the move- 
ment of visitors. 


Figure 11. ‘Neuro Hologram’, Ikuo Nakamura, 1993. White light, 
‘transmission hologram with multiple, computer controled, lighting 
Copyright © 1993 Ikuo Nakamura. Reproduced with permission, 


Traditional illumination of a hologram involves a 
single point source of light shining onto, or through, 
the holographic plate. This will reconstruct a single 
image. If multiple lights are shone onto the hologram, 
multiple reconstructions of the single image will 
result. By using many independently controlled lights 
on one hologram, Vila has heen able to create 
animation and kinetic effects as the resulting multiple 
images overlap. Using light from a video projector 
also allows the artist to combine a reconstructed 
holographic image with two-dimensional animated 
footage from the video projector. 

Other artists to combine holograms with struc- 
tures, interactive lighting and environments, sound, 
and installational displays include: Georges Dyens 


G 
(Canada), Marie-Christiane Mathieu (Canada), 
Matthew Schreiber (USA), Philippe Boissonnet 
(Canada) Ana MacArthur (USA) and Shunsuke 
Mitamura (Japan). 

Ikuo Nakamura (Japan/USA) has used multiple 
lighting of a single computer generated hologram to 
produce animated effects controlled by the viewer. 
In his ‘Neuro Hologram’ 1993 (Figure 11), brain 
waves from the viewer, wearing a special set of 
sensors on their head, are measured and converted 
into control signals for a number of lights behind 
the hologram, By relaxing, or becoming agitated, 
the viewer can change their brain waves and 
actively control the appearance of the hologram, 
causing multiple views of the holographic image to 
fade in and out, giving an impression of abstract 
animation. 


Architectural Scale 


One of the great limitations of holography has been 
the size of the holographic plates on which the light 
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Also often referred to as a stepping motor, and sometimes known asa step motor. Itis a 
type of induction motor but merits its own entry in this encyclopedia as it has acquired 
significant and unique importance in electronics equipment where precise positioning 
of a moving part is needed and digital control is available. 


OTHER RELATED COMPONENTS 


+ De moter (See Chapter 22) 
+ AC moter (See Chapter 2: 
+ serve motor (See Chiapier 24) 


What It Does 


A stepper motor rotates its drive shaft in precise 
steps in response to a timed sequence of pulses 
(usually one step per pulse). The pulses are de- 
ered to a series of coils or windings in the sta- 
tor, which is the stationary section of the motor, 
usually forming a ring around the rotor, which is 
the part of the motor that rotates. Steps may also 
be referred toas phases, and a motor that rotates 
in small steps may be referred to as having a high 
phase count. 


Astepper motor theoretically draws powerforits 
stator coils at a constant level that does not vary 
with speed. Consequently the torque tends to 
decrease as the speed increases, and conversely, 
it is greatest when the motor is stationary or 
locked. 


The motor requires a suitable control system to 
provide the sequence of pulses, The control sys- 
tem may consist of a small dedicated circuit, ora 
microcontroller or computerwith the addition of 
suitable driver transistors capable of handling 


the necessary current. The torque curve ofa mo- 
tor can be extended by using a controller that 
increases the voltage as the speed of the control 
pulses increases. 


Because the behavior of the motor is controlled 
by external electronics, and its interior is usually 
symmetrical, asteppermotor can be driven back- 
wardand forward with equal torque, and canalso 
be held in a stationary position, although the 
stator coils will continue to consume power in 
this mode. 


How It Works 


The statorhas multiple poles made from softiron 
or other magnetic material, Each pole is either 
energized by its own coil, or more commonly, 
several poles share a single, large coil. In all types 
of stepper motor, sets of stator poles are mag- 
netized sequentially to turn the rotor and can re- 
main energized in one configuration to hold the 
rotor stationary. 


The rotor may contain one or more permanent 
magnets, which interact with the magnetic fields 
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sensitive emulsion is coated. These tend to be in the 
region of 20X23 em, 30 40cm, or meter-square 
formats. Generally, the larger the finished hologram, 
the larger the laboratory needed to produce it. 
This impacts a great deal on artists who do not 
have the facilities, or finances, to produce ‘large’ 
holograms. A solution has been to combine smaller 
hologeaphic plates together, as a mosaic, to give the 
size and scale needed. In recent years, several artists 
have completed public commissions for large-scale 
interior and exterior holographic installations. 

Setsuko Ishii, (Japan) has produced several instal- 
lations in public spaces where individual holographic 
plates are mounted together to form a larger 
composite structure. Many of these pieces use 
holograms recorded on dichromate gelatin plates 
which produce an exceptionally bright image, ideal 
for public spaces, where visibility, from multiple 
angles, is important. 

Michael Bleyenberg (Germany) produced an entire 
exterior holographic wall (13 x5 meters) during 
2002 (Figure 12), for the extension of a research 
building in Bonn, The installed graphic wall, “EyeFire’ 
(AugenFeuer), is made up of 26 smaller panels, each 
constructed from tiny holographic ‘pixels’ (holo- 
graphic optical elements, HOE) to give an intense 
color effect. Working in collaboration with the 
Institute for Light and Building Technology, Cologne, 
Bleyenberg was able to design his graphic panels 
fon a computer screen and have this information 
translated into the thousands of tiny holographic 


Figure 12. ‘EyeFire/AugenFauer, Michael Bleyenberg 2000. 
White light transmission holograms mounted onto building 
exterior. Copyright © 2000 M. Bleyenberg. Reproduced with 
pormission. 


pixels which, when seen together, make up the 
complex and high intensity colour design. 

Dieter Jung (Germany) has produced commis- 
sioned art works for large interior architectural 
spaces. In ‘Perpetuum Mobile’ 2001, located at the 
European Patent Office, The Hague, holograms are 
placed on the floor, which can be walked over, and an 
extensive holographic mobile structure hangs over- 
head. The light, and color, from the abstract 
holograms in the mobile sections, can be reflected in 
the abstract holographic floor and combine to 
produce an interior lightscape impossible to produce 
with more traditional media 

Holograms can be mass produced using a mech- 
anical embossing process which transfers the optical 
contents of the original master hologram onto 
plastic sheeting for duplication in large runs. One 
novel use of this material has been the interior of the 
Canadian pavilion at Expo ‘92 (Figure 13). Melissa 
Crenshaw (Canada/USA) used huge quantities of 
embossed holographic material to cover the 
3000 square foot interior walls of the specially built 
pavilion, Lighting was installed to illuminate this 
optical diffracting wall and the entire structure was 
covered in glass, over which water flowed. The 
resulting interior appeared to be a wall of liquid 
light which changed color and hue depending on 
where it was viewed from, 

Sally Weber (USA) used holographic embossed 
material for several outdoor commissions. Structures 
were clad in embossed holographic sheets and made 
water resistant, Sunlight illuminated the installations 
to produce surfaces of constantly changing color. 
In direct (bright) sunlight, intense rainbow 
colors would be diffracted by the holographic 
surfaces, On an overcast day, pastel, more muted, 


Figure 13. Interior of the Canadian Pavilion Expo ‘92, Spain. 
Holographic wall water feature by Melissa Crenshaw. White light 
transmission (embossed) hologram foil mounted into paviion 
walls. Copyright © 1992 M. Crenshaw. Reproduced with 
permission. 
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Figure 14 Signature of Source, Sally Webor 1997. Site specific 
window instalation at the Karl Emst Osthaus-Musoum, Hagen, 
Germany. Copyright © 1897 Sally Weber. Reproduced with 
permission 


colors would appear. Although she is often known 
for these large-scale outdoor embossed works, one 
of her permanent commissions is housed in the 
Karl Ernst Osthaus-Museum, Hagen, Germany, 
where specially made holographic diffraction gratings 
are incorporated into an existing building, ‘Signature 
of Source’ 1997, (Figure 14), is a permanent, site- 
specific installation producing a line of light which 
enters the museum space from the skylight it is built 
into. This abstract line of pure color becomes a 
sculptural element within the space of the museum 
and is generated by the action of light from outside 
the building being manipulated and ‘formed’ as it 
passes through the holographic window. 

One of the most celebrated and very early attempts 
to incorporate large-scale holograms into art works 


Figure 18 ‘There's no Place Like Home’, Paula Dawson 1973 
11980. Laser transmission hologram of an entire room. Copyright 
(© 1980 Paula Dawson. Reproduced with permission, 


was the installation “There’s No Place Like Home’ by 
Paula Dawson (Australia) in 1979-1980 (Figure 15). 
A laser transmission hologram of an entire room was 
recorded. The room was specially constructed, life 
size, and recorded onto a single holographic plate. 
The resulting hologram was then built into the 
window of a small ‘house’ constructed in the gallery. 
Visitors were able to approach the house, look into 
the window and ‘see’ the interior with its furniture, 
fixtures, and fittings. They would then enter the house 
and walk past the space where the room appeared to 
exist. When viewed from this vantage point there was 
nothing there except an empty space. Artists have 
often questioned and researched the concepts of 
‘inside and outside’, voyeurism, reality, normality, 
and ‘existence’, but few have had the tenacity to 
produce an installation with such visual and concep- 
tual impact. 


Twenty-First Century Art 


Art holography has developed and matured over the 
past 50 years to become a viable and significant 
element in the contemporary visual arts, Critics are 
still asking ‘is it art?” in the same way they used to 
worry about whether photography was art. While 
they consider this problem, practitioners in the 
medium are continuing to find ways to push past its 
technical and visual boundaries (Figure 16). They 
continue to collaborate with the scientific and 
research world and use holography as a medium to 
comment on life and society in the early twenty-first 
century. 


hope, that one day Iwill be able to give you, artists, 
something really powerful; panoramic holograms, 
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‘Holography as Ar, Margaret Benyon 1980, Manifesto. Copyright © 1980 M. Benyon. Reproduced with permission 


Figure 16 


extending to infinity, in natural colors. Dennis Gabor, Interferometry. Introductory Article: Early Development 
of the He-Ne Laser (Tile TBC). 


Inventor of holography in a letter to artist Margaret 


Benyon 28th February, 1973 
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Introduction 


Holography is well-known to most of us: there can be 
few who are not familiar with the white-light display 
hologeam seen in exhibitions and shops and on credit 
cards, The impact of holography, though, spreads far 
and wide into areas as diverse as vibration analysis, 
image processing, hologeaphic-optical elements, and 
optical computers. One aspect often overlooked is its 
snitability for high-precision imaging and accurate 
dimensional measurement. It is the unique ability of 
holography to recreate, from a flat photographic film, 
a three-dimensional image that is optically indistin- 
guishable from the original which sets it apart from 
other imaging techniques. In particular, holography 
comes into its own when recording objects in a 
hazardous environment or where access is difficult, 
such as underwater or in nuclear fuel element 
inspection. 

We describe here the use of holography for 
imaging, identification, and measurement of aquatic 
organisms. A detailed knowledge of the distribution 
and dynamics of marine and freshwater organisms 
and particles, such as plankton, is crucial to our 
understanding of such systems and how they affect 
our environment, Traditional methods of gathering 
in situ data on aquatic particles, such as net-collection 
and electronic counting or photography, are not 


usually suited to observing precise spatial relation- 
ships and can destroy the more delicate organisms. 
The overriding benefit of holography is that it permits 
nonintrusive and nondestructive observation and 
analysis of organisms in their natural environment, 
while preserving their relative spatial distribution. 
Holography also offers a permanent archive. The use 
of a short-duration pulsed laser is essential, in order 
to reduce the effects of vibration or movement in any 
of the optical components or objects being recorde 
Consequently, the object scene is effectively ‘frozen 
at the recording instant, thereby allowing fast moving 
particles to be imaged. Compared to a photograph, 
a hologram captures vastly more data. Sequential 
holograms can record changes within the volume 
over a defined period of time and the wide recording 
dynamic range afforded by a hologram allows 
images to be captured that would otherwise be 
lost in noise. 


Methodology of Holographic 
Recording and Replay 


Of the many possible recording methods of holo- 
graphy two in particular, ‘in-line’ and ‘off-axis’, find 
use for high-resolution in situ: imaging underwater. 
The concepts and fundamental principles outlined 
here are generally applicable wherever high-precision 
measurement is needed from a hologram. 

In an in-line reference beam hologram (ILH), a 
single laser beam (Figure 1) is directed through the 
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Figure 1 Recording an in-line hologram. 
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Figure 2 Recording an of-axis hologram, 


sample volume towards the holographic plate and 
records the optical interference between light 
diffracted by the object and the undeviated portion 
of the illuminating beam, The subject volume is 
illuminated in transmission and the scene needs an 
overall transparency of about 80% so that speckle 
noise does not seriously degrade image quali 
Particles down to around Sum dimension can 
be readily recorded and identified. The parti- 
cular benefits of ILH are its geometric simplicity, 
minimization of laser coherence and energy 
requirements, and high resolution over a large depth 
of field, 

For recording an off-axis reference beam hologram 
(OAH), a two beam geometry is utilized: one beam 
illuminates the scene and the other directly illuminates 
the holographic film at an oblique incidence angle 


Holographic 
‘emulsion 


Hologram formed between 
+ undeviated laser beam and 
light scattered from particles 


‘Small particles in water— 


(e.g., bubbles, plankton, at:) 


‘Beam expander 
lens. 


Holographic 
‘emulsion 


Hologram formed between 
off-axis laser beam and light 
reflected from particles 


(Figure 2), Interference occurs between diffuse light 
reflected from the scene and the angularly separated 
reference beam. On replay, the real and virtual images 
are similarly angularly separated which makes their 
interrogation easier. OAH is primarily apy 
opaque subjects of large volume, Although there is no 


real upper limit to the size of particles that can be 
recorded (this is determined by available energy and 
coherence of the laser) the practical lower limit to the 
resolution that can be achieved is around 50 to 
100 um. The scene can be front, side or back 
illuminated (or all three combined) allowing high 
concentrations of large particles to be recorded, 
provided that they reflect sufficient light to the film, 
and allowing subject visibility to be optimized. 
OAH provides a more complete record than ILH, in 
the sense that it gives information on the surface 
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structure of the object, while ILH records only a 
silhouette. 

Holograms are replayed or reconstructed in a 
variety of ways, depending on the recording para- 
meters and subsequent processing of the recording 
medium. In scientific and engineering applications the 
requirements of high resolution and image fidelity 
demand that they are replayed with a laser, and 
viewed with some auxiliary optical system and 
(usually) a video camera, Depending on the orien- 
tation of the hologram, either the virtual image, 
which is apparently located behind the hologram and 
seen through it, or the real image, which is formed in 
space in front of the hologram, will be visible, 

Considering first the off-axis hologram in the 
virtual image mode, the processed hologram is 
replaced in the position in which it was recorded 
and illuminated with an exact duplicate of the 
original reference wave, in terms of its wavelength, 
curvature, and beam angle. In this mode, which might 
be termed ‘normal’ viewing of an off-axis hologram, a 
virtual image (Figure 3) is observed as if viewing the 
scene through a window. Other than the colour, this 
image is almost optically indistinguishable from the 
original scene; it retains features such as parallax 
and three-dimensionality and does not suffer from 
perspective distortion or defocusing of the image. 

For data extraction and measurement from a 
hologram, creation of the virtual image is not the 
hest method of observation. Here the projected real 
image (Figure 4) is most useful, If we illuminate an 
off-axis hologram from behind, with a wave which is 
the exact conjugate of the original (i.e., one which 
possesses the same wavelength as the original 
but with the opposite direction and curvature), 


Laser 
light | Beam stop 
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Beam 
spitter 


Reference 
beam path 


Figure 3 Roplay of an off-axis hologram in virtual image mode. 


we generate an image that appears to float in the 
real space in front of the observer. Often a collimated 
reference beam is used in recording, since reconstruc~ 
tion is then a simple case of turning the hologram 
around. No lens is needed to form this image, and it is 
optically identical to the original wave that it is 
reversed left-to-right and hack-to-front (pseudo- 
scopic). Planar sections of the real image can be 
optically interrogated by directly projecting onto a 
video camera (often with the lens removed) which can 
be moved throughout the 3D volume. It is this 
‘optical sectioning’ feature of a holographic recording 
that is so useful when nondestructive (noninvasive) 
evaluation must be made, at high resolution, of 
collections of objects which extend over a consider- 
able depth. 

A series of images taken from the real image of one 
hologram and captured on a video camera (Figure 5) 
illustrates how the viewing plane can be moved 
sequentially through the reconstruction to show 
firstly one marine organism and then another. The 
axial separation of the organisms is about 35 mm. 

To replay an in-line hologram, it is also placed in a 
conjugate of the recording beam (Figure 6). The 
replayed hologram simultaneously forms two images, 
one virtual, the other real, which are located on the 
optic axis on opposite sides of the holographic plate. 
‘These images are co-axial, and located (for the typical 
case of collimated recording and replay beams) at 
equal distances in front of and behind the hologram 
plane. Although a true 3D real image is produced it 
has almost no parallax, and cannot easily be seen by 
the unaided eye. This image has inverted depth 
perspective and is scen in darkfield against the 
out-of-focus virtual image. 
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Figure 4 Replay of an off-axis hologram in real image mode. 
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Figure SA series of images taken from a single hologram showing the concept of moving the viewing plane through the real image. 
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Figure § Replay of an inne hologram. 


Holographic Image Quality 


In general, the usefulness of holography for accurate 
inspection and measurement is dependent on. its 
ability to reproduce an image of the object which is 
low in optical aberrations and high in image resolving 
power. Regardless of whether or not the hologram is 
recorded underwater, high resolution, high contrast, 
and low noise are the dominant requirements, rather 
than image brightness. In practice, loss of resolution 
and image degradation can occur at any stage in the 
recording and replay of a hologram. All the primary 
monochromatic aberrations to be found in any 
optical system (spherical aberration, astigmatism, 
coma, distortion, and field curvature), may be present 
in the holographic image. The most significant factors 
affecting this are departure from conjugacy of the 
reconstruction beam; positional mismatch and mi 
alignment between reference beam and film; degra- 
dation of the reconstruction beam due to poor optical 
quality of the film substrate or optical components; 
and, distortion of the fringe pattern recorded in the 
hologeaphic film as a result of chemical processing. 
For precise and accurate reconstruction of the real 
image, the reconstruction reference beam should be 
the exact phase conjugate of that used in recording. 
Under these conditions, the lateral, longitudinal, and 
angular magnifications of the real image with all 
equal unity and aberrations will be reduced to a 

Diffraction-limited resolution of a holographically 
produced real image, in the absence of all aberrations, 
is usually defined from the ability to distinguish two 


eal mags 


Planar sections through image 


points in the image separated by a distance r. The 
resolution as defined in this way is dependent upon 
reconstruction wavelength, A., the separation 
between hologram and reconstructed image, s, and 
the effective aperture, D, of the hologram: 


r= 122sd/D i 


This relationship is well-known in imaging optics: it 
defines the ideal resolving power of a lens and is 
equally applicable to holography. In holography, 
though, the presence of speckle effects introduced by 
the coherence of the light and the finite aperture of the 
viewing system influence the resolving power. In 
practice, the minimum resolution is increased by a 
factor of two to three to take account of speckle. For 
off-axis holograms the choice of film size (effective 
aperture) has a considerable bearing on image 
resolution. Typically, for 100 mm diameter film the 
theoretical image resolution (neglecting speckle 
effects) is around 6 um (150 Ipimm) with a $32 nm 
laser at a target distance of 1 m. For in-line holograms 
(with collimated illumination) the film size also defines 
the transverse dimensions of the volume recorded. 

Wavelength matching between recording and 
reconstruction beams require that, if possible, the 
same type of laser be used in both replay and 
recording. Of course, this is not possible in field 
situations when the use of a pulsed laser is essential to 
ensure that the fringe pattern is not blurred by any 
movement in the system. In such applications, 
laboratory replay of the hologram may require the 
use of a tuneable laser to match wavelengths 
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precisely, although in practice an argon laser provides 
ful selection of wavelengths. A mismatch 
between record and replay wavelengths will lead 
to distortion in the image, because longitudinal 
and lateral magnifications will no longer have the 
same value, 

In contrast to off-axis holograms, the interference 
patterns on an in-line hologram are localized about 
the geometric shadow of the objects. The lack of a 
spatially separate reference beam leads to a require- 
‘ment that there be a large fraction (>80%) of the beam 
unobscured. This limits the size of particles that can be 
recorded and sets an upper limit on the recordable 
concentration of particles (around 40 particles cm~* 
for 20 um diameter particles and a recorded depth of 
1m). There is also a need to balance the size of 
the particles with the object-to-hologram distance. 
The range of object size recordable on an in-line 
hologram has an upper limit set by the requirement 
to record in the far-field of the object, so that the 
conditions of Fraunhofer recording are satisf 


z> da QI 
where z is the object-to-film distance and d is the 
maximum dimension of the object to be recorded. 
In-line holograms are relatively easy to replay as the 
only requirement is to place the hologram normal to 
the replay beam. Following this criterion, the upper 
limit for good size measurement is about 2 to 3 mm 
particle size over a recording distance of a meter. 
Unlike off-axis holograms which are extrem 
sensitive to misalignment, the in-line geometry mini- 
mizes the effects of film rotation about its axes. A 
collimated recording beam is by far the easiest to 
duplicate upon replay. Small deviations from collima- 
tion can significantly affect conjugacy and hence 
resolution, introducing aberrations (mainly spherical) 
and a depth-dependent magnification (e.g., a cuboid 
replays as a trapezoidal prism). 

In general, the interference field is captured on 
photographic emulsions; these may be laid on acetate 
or polyester film bases or on glass plates. If film is 
used, it is essential that it be held as flat as possible 
between thin flat glass plates or under vacuum, and 
should not be stretched or put under any strain during 
exposure. An in-line hologram does not require an 
extremely high-resolution recording medium. The 
fringe spacing is not as fine as the typical carrier fringe 
frequency used in off-axis holograms, and holograms 
can be made on conventional slow photographic 
emulsions. In practice, however, ultra-fine grained 
holographic film is almost always used since the 
intensity of the forward scattered light (a function of 
grain size) is then reduced: this is important in 


increasing the signal-to-noise ratio, as the replayed 
image is viewed against a background of the 
attenuated replay beam. Since the proportion of the 
illuminating beam that goes into the images is very 
low, this lack of angular separation requires that the 
average optical density of the hologram is high. 
The high optical density attenuates the undiffracted 
light, thus the image appears bright against a dark 
background, resulting in contrast reversal. 

The exposed film is chemically processed to render 
the interference field permanent. This process is a 
crucial step in the holographic procedure, and 
especially critical for good off-axis holograms. Some 
of the factors, which have to be considered, include 
image brightness, image resolution, reconstruction 
wavelength, emulsion shrinkage, humidity, and noise 
level. It has been well established that for bright 
off-axis holograms on silver halide film, bleaching of 
the emulsion with its consequent conversion into a 
phase hologram is essential to maximize diffraction 
efficiency. Some forms of bleaching produce a 
nonuniform shrinkage of the emulsion which will 
give rise to astigmatism in the reconstructed image. 
Bleaching significantly increases the background 
noise levels of the hologram and introduces a high 
degree of variability into the result. In practice, the 
best repeatability will be obtained with amplitude 
processing if the low brightness can be tolerated. 


Underwater Holography 


When holography is extended to the inspection of 
underwater scenes, the hologram is recorded in water 
but the image is replayed, in the laboratory, in air. 
Because of the refractive index difference between 
recording and replay spaces, optical aberrations will 
be introduced into the reconstructed image, and will 
seriously impair the potential for precision measure- 
ment, unless some method of aberration reduction is 
incorporated. In ILH, only spherical aberration is 
significant since both reference and object beam 
angles are normal to the recording plane. However, 
in OAH the dominant aberrations are astigmatism 
and coma, which increase with the field angle of the 
subject in the reconstructed image. These limit 
resolution and introduce uncertainty in co-ordinate 
location, since the focal ‘point’ is now distributed 
over a finite region of image space. A key point here is 
an appreciation that the additional aberrations 
introduced are entirely due to the refractive index 
mismatch between object and image spaces and are 
unconnected with the holographic process itself: 
they are in essence the same distortions seen when 
looking into a fish-tank. Furthermore, the water 
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itself may be expected to influence the quality of 
the images produced. An increase in the overall 
turbidity of the water will adversely affect both in-line 
and off-axis techniques and would be expected to 
create a background noise that will reduce image 
fidelity. 

Techniques, such as immersing the holographic 
plate in water during recording or direct replay back 
into water, have been used to minimize underwater 
aberrations, but such methods are generally imprac- 
tical in the field. One practical solution, unique to 
holography, compensates the change of effective 
wavelength of light as it passes through water, by 
allowing a deliberate mismatch of recording and 
replay reference beams to balance the refractive 
index mismatch. 

For holograms recorded and replayed in air, a usual 
prerequisite is that the reconstruction wavelength 
should remain unchanged from that used in record- 
ing. By noting the dependence of wavelength on the 
refractive index, we can apply the more general 
condition that it is the ratio A/w that must remain 
constant. This relationship suggests that a hologram, 
immersed in water, and recorded at a wavelength A, 
will produce an aberration-free image in air when 
replayed at a reconstruction wavelength, A,, which is 
itself equivalent to the wavelength of light when 
passing through water, Aw, ie.: 


dr 


dy BI 


Aanglity 


where , and 1, are the respective refractive indices 
of air and water. Thus, in principle, the aberrations 
may be completely eliminated by the introduction of 
an appropriate wavelength change between recording 
and replay. If a green (532nm) laser is used in 
recording, the ideal replay wavelength is about 
400 nm (i.e., $32 nm/1.33). However, no convenient 
laser lines exist at exactly this wavelength. Furth 
more, complete correction assumes that the enti 
recording system be located in water. Since this is 
both impractical and undesirable, holograms are 
usually recorded with the holographic film in air 
behind a planar glass window. The additional glass 
and air paths affect the compensation of aberrations. 
However, third-order aberration theory shows that 
if the window-to-air path length ratio is appropri 
tely chosen for a specific replay wavelength, then 
aberration balancing occurs and residual aberrations 
are reduced to a minimum over a wide range of 
field angles and object locations. For an air gap of 
120 mm and a BK7 window of 30 mm thickness, a 
blue replay wavelength of 442 nm (HeCd laser) 
achieves a good performance over a full field angle 
of about 40°. 


In most underwater applications the objects 
(or the camera) are in motion during the exposure. 
The effect of this motion is to blur out the finer 
fringes, and thus reduce resolution and contrast. 
In-plane motion is the most severe, and adopting 
the experimentally verified criterion that the maxi- 
mum allowable motion is less than one-tenth of the 
minimum required fringe spacing of the smallest 
object, then for in-line holograms the maximum 
object motion must be less than one-tenth of 
the object’s dimension. For particles of 10 um 
dimension, and a typical Q-switched YAG laser 
pulse duration of 20 ns, a high transverse velocity of 
up to $0 ms"! can be tolerated. Off-axis holograms 
are more demanding in their requirements and the 
maximum allowed velocity is reduced to about 
3ms°'. This is, however, more than adequate for 
most field applications of the technique. 


Underwater Holographic Cameras 


The first-known use of holography for recording 
living marine plankton was by Knox in 1966, who 
recorded in-line holograms (ILH), using a short 
coherence length ruby laser, of a variety of living 
marine plankton species in a tank. However, to avoid 
problems with refractive index and wavelength 
changes, the holographic plate was immersed directly 
in water, which is completely impractical for field use. 
I was not until the late 1970s that quantitative data 
from replayed holograms of marine particles 
recorded in situ were obtained by Carder and his 
team. Small volumes (10 or 20cm) were recorded, 
using ILH and a low-power HeNe laser, which 
limited the technique to slowly moving objects. 
Later, Heflinger used the off-axis geometry with 
both pulsed argon-ion (514 nm) and pulsed xenon 
(535 nm) lasers to record plankton on 35 mm film. 
In order to compensate for the aberrations 
introduced by replaying the real image in air, the 
real image was projected back into the water tank 
using a conjugate beam from a continuous-wave 
argon laser. The sides of their tank were flexible so 
that the real image could be placed close to the exit 
window and viewed via an external microscope. 
Knox later developed a ship-borne in-line holo- 
graphic camera which was deployed from the RV 
Ellen B Scripps. A pulsed xenon laser was used to 
record water volumes of up to 10° cm? to a water 
depth of 100 m. 

Te was not until the late 1990s that significant use of 
underwater holography for plankton recording came 
to the fore again. Joseph Katz at Johns Hopkins 
University, Baltimore, USA developed a camera based 


How It Works 


generated in the stator. Note that thisis different 
from a squirrel-cage AC motor in which a "cage" 
is embedded in the rotor and interacts with aro- 
tating magnetic field, but does not consist of 
permanent magnets. 


Three small stepper motors are shown in 
Figure 25-1. Clockwise from the top-left, they are 
four-wire, five-wire, and six-wire types (this dis- 
tinction is explained in the following section). 
The motor at top-left has a threaded shaft that 
can engage with a collar, so that as the motor 
shaft rotates counterclockwise and clockwise, 
the collar will be moved down and up. 


Figure 25-1. Three small stepper motars. 


Reluctance Stepper Motors 
The simplest form of stepper motor uses a rotor 
that does not contain permanent magnets. Itre- 
lies on the principle of variable reluctance, reluc~ 
tance being the magnetic equivalent of electrical 
resistance, The rotor will tend to align its protrud- 
ing parts with the exterior source(s) of the mag- 
netic field, as this will reduce the reluctance 
the system. Additional information about vari- 
able reluctance is included in “Reluctance Mo- 
tor” (page 197) in the section of this encyclope- 
dia dealing with the AC motor. 


electromagnetism > rotational > stepper motor 


Avariable reluctance motor requires an external 
controller that simply energizes the stator coils 
sequentially, This is shown in Figure 25-2, where 
six poles (energized in pairs) are arrayed sym- 
metrically around a rotor with four protrusions, 
usually referred to as teeth. Six stator poles and 
fourteeth are the minimum numbers for reliable 
performance of a reluctance stepper motor. 


In the diagram, the core of each pole is tinted 
green when it is magnetized, and is gray when it 
is not magnetized. In each section of this dia- 
gram, the stator coils are shown when they have 
just been energized, and the rotor has not yet 
had time to respond, External switching to ener- 
gize the coils has been omitted for simplicity. In 
a real motor, the rotor would have numerous 
ridges, and the clearance between themand the 
stator would be extremely narrow to maximize 
the magnetic effect. 


In a6-pole reluctance motor where the rotor has 
four teeth, each time the controller energizes a 
new pair of poles, the rotor turns by 30 degrees 
counter-clockwise. This is known as the step an- 
gle, and means that the motor makes 12 steps 
each full 360-degree rotation of its shaft. This 
configuration is very similar to that of a 3-phase 
AC induction motor, as shown in Figure 23-11 in 
the ACmotor section of this encyclopedia. How- 
ever, the AC motoris designed to be plugged into 
‘power source with a constant frequency, and is 
intended to run smoothly and continuously, not 
in discrete steps. 


Generally, reluctance motors tend to be larger 
than those with magnetized rotors, and often re- 
quire feedback froma sensor that monitors shaft 
angle and provides this information to control 
electronics. Thisis knownasa closed loop system. 
‘Most smaller stepper motors operate in an open 
Joop system, where positional feedback is con- 
sidered unnecessary if the number of pulses to 
the motor is counted as a means of tracking its 
position. 
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around a ruby laser to record in-line holograms on 
rolls of film, ina 63 mm diameter sample volume that 
can be varied from 100 to 680mm in length. The 
camera housing utilizes a two-tube design with one 
tube holding the laser and another containing film 
holder and power units. The recording volume is 
situated 890mm above the camera to minimize 
disturbance to flow. The camera is designed as a 
‘Lagrangian drifter’ to move with the water current 
and was successfully deployed in Chesapeake Bay, 
Baltimore, and Solomon’s Island, Maryland. Holo- 
grams were recorded of various species of phyto- 
plankton and zooplankton and represented a 
significant advance in the deployment of sub-sea 
holography. 

From the early 1980s, a team led by Aberdec 
University, Scotland, investigated the use of under- 
water holography for offshore applications. Primary 
interest was in inspection of subsea pipelines for 
corrosion and damage, and much of the work 
concentrated on an analysis of the optical aberrations 
introduced by recording in water and replaying in air 
and methods of compensating for such aberrations. 
However, this work was later adapted for holography 
of plankton and led to the consequent development of 
the HoloMar system. The HoloMar camera was the 
first to incorporate simultaneous ILH and OAH 
recording. 

More recent developments have utilized digital or 
electronic recording of holograms in the in-line mode, 
and it is to be expected that much more use will be 
made of ‘e-holography” in the future. 

For field applications of holography, itis essential to 
record the holograms using a pulsed laser in order to 


create stable interference fringes. For subsea purposes, 
a laser with a wavelength in the blue-green region of 
the spectrum will match the oft-quoted peak trans- 
mission window of seawater. In practice, a frequency- 
doubled Nd-YAG laser with a wavelength of 532. nmis 
a good choice, although ruby lasers operating at 
694 nm are also acceptable if transmission distance is 
not an issue. Usually OAH requires more energy and 
places stricter constraints on coherence properties 
than ILH. Beam quality is governed by quality of the 
optical components in the beam path and also by the 
output beam of the laser itself. Because off-axis 
holography uses diffuse front/side illumination, 
energies of up to several hundred millijoules are 
often required for large (up to a meter in diameter) 
poorly reflective objects, and coherence lengths of 
greater than a meter are needed to record large scene 
depths. To obtain a long coherence length, and thus 
enable large-volume objects to be recorded, it is 
necessary that the laser operate in a single longitudinal 
cavity mode so that the bandwidth of the laser line is 
kept small. To enable smooth even illumination of 
both subject and holographic emulsion, good spatial 
beam quality is needed. This usually dictates laser 
output beams with either a Gaussian (TEMoo) mode 
profile or a flat profile, and spatial filtering during 
beam expansion. Compared to off-axis holography, 
the demands placed upon lasers for ILH are minimal. 
The only essential requirement is for a good 
spatial mode structure. Energy requirements are 
moderate: as little as 10 mJ is enough since little 
light is lost during the passage of the beam 
through the recording volume. The laser coherence 
length can be quite short, and only depends on the 
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Figure 7 The HoloMar camera configuration showing the separate in-line and off-axis beam paths. 
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effective hologram area, thus lasers operating on 
more than one longitudinal mode are usually 
quite suitable. 


The HoloMar System 


The HoloMar system (shown diagrammatically in 
) was developed to record simultaneous in- 
line and off-axis holograms of partially overlapping, 
but orthogonal, views of the water column 
Although the recording views are orthogonal to 
each other, the arrangement provides an element of 
cross-correlation between holograms. It is designed 
around a Q-switched, frequency-doubled Nd-YAG 
laser with an output energy of 700 mJ in a single 
pulse of less than 10.ns duration and a coherence 
length in excess of 2 m. The laser output is split into 
two beams: one of 100 mJ and the other of 600 mJ 
energy. The 100 mJ beam is further split into two 
equal energy beams and expanded and collimated to 
a diameter of about 90mm. One path forms the 
illuminating beam for the in-line mode and the other 
path forms the reference beam for the off-axis mode. 
The in-line path records a water column of 470 mm 
by 90 mm diameter (9,000 cm') at 400 mm from the 
front face of the housing, whereas the off-axis 
hologram records almost the entire volume 
(50,000 cm*) delineated by the front window to the 
end of the arms that house the in-line system (see 
igure 7). Three ‘lightrods', encompassing hollow 
perspex tubes with 10 glass beam-splitter plates 
distributed equally along the length, positioned at 
45° to the main axis, provide roughly even side 
illumination to the off-axis volume. The front face of 
gure 8 the lightrods are 
positioned on either side of the recording volume 
(two on one side, one on the other). The exit window 
for the in-line beam path and the off-axis window 
can also be seen, 


the camera is shown in 


Two motordriven plate holders and transport 
mechanisms hold up to 20 plates for in-line and 24 
for off-axis holograms. One pair of plates can be 
exposed every 10 seconds, or they can be exposed 
separately. The camera is remotely operated from the 
surface via a control console (PC). A network of 
micro-controllers serves as the backbone of the 
in-camera control system and communication 
between topside and camera modules is implemented 
using a Controller Area Network (CAN) bus via an 
umbilical cable. The entire camera is enclosed in a 
water-tight stainless steel housing of 1,000 mm 
diameter by 2,200 mm length. The prototype system 
iscapable of either ship deployment or attachment toa 
sd buoy and allows recording down to a water 
depth of 100 m. 

‘The HoloMar camera is shown, in Figure 9, being 
lowered into Loch Etive, a sea loch on the west coast 
of Scotland, on its maiden dive, 
show holographic images of plankton recorded on 
this cruise. The first shows a view from a virtual 


and 


Figure 9 The HoloMar camera being lowered into Loch Etive,, 
Scotland. 


Figure 8 Frontend of the HoloMar camera showing the 
“ightrads’ and in-line and off-axis windows. 


Figure 10 A photograph taken from a virtual image replay of an, 
off-axis hologram recorded in Loch Etiv. 
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) 


Figure 11 Images of calanoid copepods from (a) an inline 
hologram recorded at 70 m depth and (b) an off-axis hologram 
recorded at 60 m depth, the milimeter scale is added athe replay 
stage. Each organism is approximately 4 mm long, 


replay of an off-axis hologram at a wavelength of 
514 nm: this is what a viewer would see when looking 
from the inside of the holocamera into the laser- 
illuminated water. Each bright dot signifies an object 
of interest; two fiducial wires can also be seen fixed 
diagonally across the arms at the end of the camera, 
some 300 mm from the off-axis window. In the lower 
left of the image a long ‘string-like’ object about 
40mm long is probably “floc’, the dead organic 
matter that forms the food-stuff of many 
zooplankton, Objects like this would be destroyed 
in net-collection, Figure 11 shows images taken from 
the real image projection of in-line and off-axis 
holograms. The holograms are replayed using a 


collimated beam at wavelengths of 514, 488, 457, 
or 442nm, depending on location in the image 
volume, Some of the contrasting features between 
in-line and off-axis holograms are apparent: the in- 
line image shows clearly the outline of the organism 
with detail resolvable down to about 10 um, whereas 
the off-axis hologram, although not achieving 
this resolution, reveals the body structure of the 
organism. 


List of Units and Nomenclature 


d dimension of object to be recorded 

D effective aperture of hologram 

n refractive index 

nz refractive index of air 

iy refractive index of water 

r minimum resolvable separation between two 
points on the hologram 

s distance between hologram and image 
location 

z distance between hologram and object 
location 

A wavelength 

A, in-air wavelength of recording beam 

Ae reconstruction wavelength 

Ay effective wavelength of recording beam 
in water 

See also 


Holography, Applications: Holographic Recording 
Materials and Their Processing. Holography, 
Techniques: Computer-Generated Holograms. Phase 
Control: Phase Conjugation and Image Correction. 
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Introduction 


The first off-axis transmission holograms in the 
USA were recorded on Kodak 649F spectroscopic 
silver halide material (now discontinued). For the 
first reflection holograms, which were recorded in 
Russia, a very fine-grain emulsion (Lippmann 
emulsion) had to be prepared to resolve the fine 
interference pattern associated with such holograms. 
Since then various types of recording materials 
for holography have been developed and manufac- 
tured, including improved silver halide emulsions, 

The following provides a brief description of the 
holographic recording process. For recording holo- 
grams and holographic optical elements (HOES), 
dichromated gelatin, photopolymer materials, and 
photoresist materials are employed, in addition to 
silver halide materials. Existing holographic record- 
ing materials are described, as well as suitable 
processing methods to obtain high-quality holograms 
and HOEs. 


Holographic Recording Materials 


To produce a hologram, a micropattern, caused by 
interference between the object beam and the 
reference beam, is recorded in a light-sensitive high- 
resolution material. The quality of a holographic 
image depends on a number of factors, such as: the 
geometry and stability of the recording setup; the 
coherence of the laser light; the reference and object 
beam ratio; the type of hologram produced; the size 


of the object and its distance from the recording 
material; the recording material and the emulsion 
substrate used; the processing technique applied as 
well as the reconstruction conditions, The material 
must comply with certain requirements to be suitable 
for this purpose. The most important of these 
concerns the resolving power of the material. The 
recording material must be able to resolve the highest 
spatial frequencies of the interference pattern created 
by the maximal angle @ between the reference and 
the object beams in the recording setup (Figure 1). 

If Ais the wavelength of the laser light used for the 
recording of a hologram and m the refractive index of 
the emulsion, then the closest separation d, hetween 
the fringes in the interference pattern created by the 
angle @ between the reference and the object beams 
in the recording setup is 


A 


Train) a 
Reteronce bean’ ‘ovjact beam 
(wavelengn 2) (wavelength 2) 
Refractive index n Emulsion 
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Figure 1 Demand on resolution for recording a hologram. 
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For high-quality holograms the resolution limit of the 
material must be higher than the minimum value 
obtained according to the above formula, For 
a reflection hologram recorded in blue light 
(A= 400nm) with an angle of 180° between the 
beams, a minimum resolving power of 7600 lines 
(mm)! is required. 

In holography, the resolution of the holographic 
image and the resolving power of the recording 
material are not directly related to the way in which 
they are in photography. 

Equation [1] gives the minimum resolving power 
needed to record a hologram. The resolution of the 
image depends on the area (diameter D) of the re- 
cording material, the recording laser wavelength (A), 
and the distance (L) between the recording material 
and the object (Figure 2). 

Theoretically, the resolution of the holographic 
image is the diffraction-limited resolution that can be 
obtained when the information is collected over an 
aperture equal to the size of the recording holo- 
graphic plate. In principle, the larger the holographic 
plate the better the resolution will be. To obtain high 
image resolution, it is important that the recorded 
interference fringes will not change or be distorted 
during processing. To prevent that from happening, a 
stable support for the emulsion (like a glass plate) is 
needed and the processing method applied must not 
affect the recorded fringe pattern in the emulsion. 
Incoherent imaging systems laser speckles are present 
which may also have an effect upon image resolution. 

‘There are two main types of holograms: amplitude 
and phase holograms. In a pure amplitude hologram 
only the absorption varies with the exposure (after 
processing), whereas in a pure phase hologram, either 
the refractive index or the emulsion thickness varies 
with the exposure, If the hologram is thin, d ~ 0, 


uminating 
Taser light 
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Figure 2 Resolution of a holographic image depends on the 
area (diameter D) of the recording material, the recording laser 
wavelangth A, and the distance L between the recording material 
and the object. 


phase variations are then caused by surface relief 
variations only. If the hologram is thick and has a 
negligible surface relief (Ad = 0), phase variations 
are caused by index variations only. In many cases, 
the phase modulation in a hologram is a combination 
of the two different extreme types (a complex 
hologram). 

For amplitude holograms, amplitude transmission 
T, against exposure or log exposure is used (Figure 3). 
For a phase hologram, the corresponding curve is the 
phase shift against the log exposure relation 
(Figure 4). 

One of the most important hologram character 
istics is its diffraction efficiency 7. It is defined as 
the diffracted intensity E, of the wanted diffraction 
order of the hologram in relation to the incident 
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Figure 3 Amplitude transmission T, versus the logarithm of 
‘exposure H used for the characterization of amplitude trans- 
mission holograms. 
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Figure 4 Phase shift A¢ versus the logarithm of exposure H 
sed for the characterization of phase transmission holograms. 
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intensity of the reconstruction beam E, = EVE, 
Inthe definition of 7, the incidental light losses caused 
by surface reflection and base absorption should be 
subtracted, but are often ignored. Other important 
hologram characteristics are the signal-to-noise ratio 
(SNR) and the dynamic range of the recording 
material. 

‘The resolution capability of an image reproduction 
process is normally described by the Modulation 
‘Transfer Function (MTF). Briefly, a test pattern con- 
taining a sinusoidal variation in illuminance combined 
with a continuous variation in spatial frequency along 
one direction is recorded. The modulation M of the 
pattern in the test target is 


M = (Hyay ~ Hyun Haay + Hin) 21 


where H is the exposure incident on the photo- 
graphic material. When this pattern is recorded in 
the material, light scattering will take place in the 
emulsion, which will reduce the original contrast of 
the pattern, Therefore, the modulation of the pattern 
will be decreased, in particular at high spatial 
frequencies. The effective exposure modulation M’ 
will then be 


M! = (H'qax — H's’ max + Hiya) BI 


where H’ is exposure in the emulsion. 

‘The original modulation M is constant and accu- 
rately known; it is also independent of the spatial 
frequency. After the tested emulsion has been 
processed, the corresponding ‘exposed’ modulation 
is obtained from the density variations. The ratio 
between modulation M! in the emulsion and modu- 
lation M of the incident exposure is called the 
modulation transfer factor, also called response 


R=MM'y! 14] 


If the response is plotted as the function of spatial 
frequency, this curve will then be the modulation 
transfer function of the material, The MTF for both a 
holographic emulsion and a conventional photo- 
graphic emulsion are illustrated in Figure 5. 

‘There are many ways of categorizing holograms but 
here we are mainly interested in definitions related to 
the recording material and its processing. One of the 
valid criteria is the thickness of the recording layer 
(as compared to the interference fringe spacing within 
the layer), i.e., the layer coated on the material 
substrate. Holograms can thus be classified into 
‘thin’ or ‘thick’ (sometimes also called ‘plane’ or 
‘volume’ holograms, respectively). To distinguish 
between the two types, the Q-parameter is normally 
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Figure § Graphical representation of the modulation transfer 
function (MTF) curves for both a conventional emulsion and a. 
holographic emulsion are shown, 


used: it is defined in the following way: 


O=2nddin?)* 15] 


where A is the wavelength of the illuminating light, 
d is the thickness of the layer, m is the refractive 
index of the emulsion, and A the spacing between 
the recorded fringes. A hologram is considered thick 
if O = 10, and thin if Q=1. Holograms with 
Q-values between 1 and 10 can be treated as either 
thin or thick. 


Recording Materials 


The most common holographic materials used 
for recording holograms are the following: silver 
halide emulsions; dichromated gelatin emulsions; 
photopolymer materials; photoresist materials; 
thermoplastic materials; bacteriorhodopsin; and 
photorefractive crystals. 

‘The following materials can also be considered for 
holographic recordings, but not many practical 
applications have been reported so far: chalcogenide 
glasses; ferroelectric-photoconductors; liquid crystals; 
magneto-optic films; metal and organic dye ablative 
films; photochromic and photodichroic materials; 
photothermorefractive glass; and transparent electro- 
photographic films. 


Sensitivity of Photographic and 
Holographic Materials 


The time of exposure for a given material will 
depend on the sensitivity of the material used, as 
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well as on the intensity of the interference pattern. 
Some holographic materials must be processed after 
exposure in a specific way to obtain a hologram. The 
recorded intensity variations are converted during 
this processing step to local variations in optical 
density or refractive index and/or thickness of the 
recording layer. 

Exposure H is defined as the incident intensity E 
times the time ¢ of exposure of the recording material. 
If the intensity is constant during the whole exposure 
time, which is usually the case, then 


H 


Et [61 


Holographic materials are usually characterized 
using radiometric units. The radiometric equivalent 
of illuminance is irradiance. The unit of irradiance 
is W(m)- and the exposure will then be expressed 
in J(m) *. The sensitivity of a holographic emulsion 
is most often expressed in yJ(em) * or mJ(em) +. 
Knowing the sensitivity of the material used and 
having measured the irradiance at the position of 
the holographic plate, the exposure time can be 
calculated using the above formula, ic., 


Exposure time = sensitivity/irradiance 


Hologtaphic materials are sensitized in such a way 
that they are optimized for laser wavelengths 
commonly used in holography. 


Silver Halide Materials 


A silver halide recording photographic material is 
based on one type, or a combination of silver halide 
crystals embedded in a gelatin layer. The emulsion is 
coated on a flexible or stable substrate material. 
Silver-halide grain sizes vary from about 10 nano- 
meters for the ultra-fine-grain holographic emulsions 
to a few micrometers for highly sensitive photo- 
graphic emulsions (Table 1). 

Silver salts are only sensitive to UV light, violet, and 
deep blue light. Therefore special sensitizers (dyes) 


Table 1 Silver halide emulsion grain sizes, 


Type of emulsion ‘Average grain 


diameter frm] 


Uttra-ine-grain holographic emulsion 10-30 
Fine-grain holographic emulsion 30-50 
Fast holographic emulsion 50-100 
CChiorebromide paper emulsion 200 
Lithographic emulsion 200-350 
Fine-grained photographic emulsion 350-700 
Fast photographic emulsion 000-2000 
Fast medical X-ray emulsion 2500 


must be added to the emulsion to make it sensitive 
to other parts of the spectrum. Orthochromatic 
emulsions are sensitive to green light. If the material 
has been sensitized to both green and red light, it is 
said to be panchromati 

In the following, silver halide materials manufac- 
tured by photographic and holographic companies 
are described. The main difference between the new 
materials and the previous emulsions from Agfa, 
Iford, etc., is that for the current silver halide 
emulsions, the grain sizes are smaller. The present 
holographic silver halide emulsion: manufacturing 
process is more or less based on the Russian ultrafine- 
grain emulsion technology. 


‘Substrates for Holographic Emulsions 


The material on which the emulsion is coated 
has a strong bearing on the final quality of the 
hologram. The best choice is often a glass plate as it 
is mechanically stable and optically inactive. 
High resolution imaging, hologram interferometry, 
holographic optical elements (HOEs) and spatial 
filters are a few examples where a very stable emulsion 
support is important. Mass produced holograms are 
mainly recorded on film substrates. However, the 
use of film has many advantages as compared to 
that of glass (breakage, weight, cost, size, etc.). 
Film substrates are used exclusively in the production 
of large-format holograms. Film substrates are 
of mainly two types: a polyester (polyethylene 
terephthalate); or a cellulose ester, commonly triace- 
tate (cellulose triacetate) or acetate—butyrate. Polye- 
ster is mechanically more stable than triacetate film 
and it is also less sensitive to humidity. Because of the 
higher tensile strength, the polyester film can be made 
thinner than the triacetate film, On the other hand, 
polyester is birefringent, which can cause problems 
when recording holograms. In Table 2 most current 
commercial silver halide materials for holography 
are listes 


Processing of Silver Halide Emulsions 


In silver halide emulsions a latent image is formed 
during exposure, which later is developed to a silver 
image. Processing (development, fixing, and bleach- 
ing) silver halide emulsions requires some expertise to 
obtain high-quality holograms. With the exception of 
DCG emulsions, other holographic materials are 
easier to process and more straightforward. Here it 
is not possible to describe all techniques employed 
and recipes used for silver halide processing. The 
reader is referred to the Further Reading section for 
more details. 
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Table 2 Commercial holographic recording materials 


Material Thickness Spectral sensitivity 


lum} [am] 


‘Sensitivity [uJ (em) *} at 


42 514 


Resol. power Grain size 
Bp (mmy"} [amy 


SILVER HALIDE EMULSIONS: 
Slavich 

Red PFG-01 

Red PFG-03M 
Green VAP-M 

Pan PFG-03C 


Colourholographic 
Red 88-700 
Red BB-640 
Greon BB-520 
Blue BB-450 


Kodak 
Fed 131PX 
Red 1310X 
Red 120PX 
Fed 1200X 
FimoTec-ORWO 
Rod HF6S 10 650 
Green HFS3 10 


Utimate 
Utimate 15 7 700 
Utimate 08 7 650 


DICHROMATED GELATIN EMULSIONS 
Slavich 
Blue PFG-04 16 


FimoTec-ORWO 
Blue GF 40 620 . 
* dalivered: non-sensitized 

Holotec 

Custom orders only 


THERMOPLASTIC MATERIALS 
Tavex America 

Pan TOC-2 - 200 
MD Diffusion 

Custom orders only 


PHOTORESIST MATERIALS 
Towne Technologies 
Uv-Blue Shipley 1800 15-24 — <450 


Hoya Corporation 
Custom orders only 


BACTERIORHODOPSIN MATERIALS 
MIB GmbH 

BRWT  Baype 30-100 <650 
BR-D96N M-type 30-100 <650 


15x10? ~ 


- 80x 108 
30x 108 = 


35-40 
40-20 
35-40 
40-20 


1 1 1800 - 


-~ = 1000 - 


+5000 ee 
= = 5000 - 


The developing agent is the most important a weak silv 
constituent in a holographic developer. In addition 
to the developing agent, a developer consists of the 
following components: a preservative (or antioxidant); 


‘olvent agent; an accelerator (or 


activator); a restrainer; and a solvent which is usually 
; Employing a d 
solvent agent, solution-physical development 


loper which contains a 
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or semi-physical development can be performed. 
Such a developer is particularly suitable for process- 
ing the ultrafine-grain emulsions. 


Holographic Developers 


Silver halide materials for holography are all of the 
fine-grain type. Such materials require the appli- 
cation of special processing techniques to achieve 
the best possible results. For the processing of 
amplitude holograms a high-contrast developer is 
required, such as Kodak D-19. For holograms 
which are going to be bleached (phase holograms), 
developers based on ascorbic acid, hydroquinone, 
metol, pyrocatechol, or pyrogallol are frequently 
used. The following developers are recommended 
for the new silver halide materials: D-19; CW-C2; 
AAC; MAA-3; PAP; and for pulsed laser record- 
ings, the SM-6 developer. Colloidal development, 
employing a highly diluted developer which 
contains silver solvents, is recommended for the 
ultrafine-grain emulsions. Colloidal silver grains 
formed in the emulsion during such development 
are very small which means that very little absorp- 
tion occurs. The method produces holograms with 
high diffraction efficiency combined with very low 
light scattering noise. The Russian GP-2 developer 
is recommended for colloidal development. Recipes 
for common holographic developers are found 
in Table 3. 


Bleach Baths 


Bleaching is used to convert a developed hologram 
{containing a silver image) into a phase hologram, to 
obtain a higher diffraction efficiency than is possible 
for amplitude holograms, During bleaching the silver 


Table 3 Developers for siver halide emulsions 


image is converted into a water-soluble or an 
insoluble silver compound, Holographic bleaching 
techniques can be divided into three categories: 


1. Conventional or direct (rehalogenating) blea- 
ching; 
Fixation-free rehalogenating bleaching; 
Reversal (complementary) or solvent bleaching. 


In conventional bleaching, the developed silver 
image is, after fixing, converted into a transparent 
silver halide compound, i.e., after the unexposed 
silver halide crystals have been removed, This method 
is not recommended for ultrafine-grain emulsions, 
Instead the fixation-free rehalogenating bleaching is 
preferred. The hologram is bleached directly after 
development, without fixing, leaving the unexposed 
silver halide crystals in the emulsion, A rehalogenat- 
ing bleach bath consists of: an oxidizing agent; an 
alkali halide (often KBr); and a buffer. Among the 
rehalogenating bleaches, the following bleach baths 
work well: PBQ-bleach; Ferric EDTA; and the 
PBU-bleaches (PBU-amidol or the PBU-metol). 

In reversal bleaching, the developed silver image 
is not fixed. Instead it is converted into a soluble 
silver complex which is removed from the emulsion 
during bleaching, leaving only the original unex- 
posed silver halide grains in the emulsion. A 
reversal bleach bath consists of an oxidizing agent 
and a buffer. For ultrafine-grain silver halide 
emulsions, the reversal method is not recommended. 
The very small unexposed silver halide grains are 
also affected (partly dissolved) during reversal 
bleaching, resulting in low diffraction efficiency. 
For materials with larger grains, a more diluted 
version of the dichromate Kodak R-9 bleach can be 


Constituents cwe2 


PAAP ‘SMe 


Methyiphenidone 
Catechol 
Ascorbic acid 59 
Hydroquinane 59 
Metol 

Phenidone 

‘Sodium sulfite 59 
‘Sodium phosphate (iabasic) 
Urea 

Potassium hydroxide 59 
‘Sodium hydroxide 

Sodium carbonate 
‘Ammonium thiocyanate 
Distiled water u W 


Dilution: 0 


ag 16g 189 


osg 69 


28.49 28.49 


129 129 


5589 609 


uw u 1" u 


18m dev. +400 mi water no 0 no no 
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‘Table 4 Bloach baths for silver halide emulsions 


Constituents Fertio-EDTA 


(rehal) 


BO 
(rohal,) 


PBU-(amidovimetol) 
(rohal,) 


Chrome 
(reversal) 


PSSB 
(reversal) 


‘Copper 
(rohal,) 


‘Amidal ar metor 

Cupric bromide 

Potassium persulfate 

Potassium dichromate 

‘pBenzoquinone 

Ferric It sulfate 

Copper sultate 

Disodlum EDTA 

Borie acid 

Citic acid 

Potassium bromide 

‘Sodium hydrogen 
sulfate 

Sulturic acid 

Distiled water 


29 
309 


209 
159 


209 
30g 


309 


1 1 u 


19 
19 
109 


209 
49 


359 


50g 
209 


4mi 
1 


"To be added afterall other constituents have been dissolved. 


used. Recipes for common holographic bleach baths 
are found in Table 4. 


Commercial Silver Halide Emulsions 


In Table 2 most of the current silver halide 
holographic emulsions are listed. The main manu- 
facturer of holographic silver halide emulsions is the 
Micron branch of the SLAVICH Joint Stock Com- 
pany photographic company located outside Moscow 
(2 pl. Mendeleeva, 152140 Pereslavl-Zalessky, 
Russia, www.slavich.com). Both film (triacetate) 
and glass plates are manufactured. Many different 
sizes are produced, including 115 cm by 10m film 
rolls. Recommended holographic developers: 
CW-C2, SM-6. Many rehalogenating holographic 
bleach baths work well and, in particular, the 
PBU-type bleaches are recommended. 

Colourholographic Ltd is a new company based in 
England (Braxted Park, Great Braxted, Witham CM8 
3BX, England; www.colourholographic.com). The 
Colourholographic materials are based on the HRT 
emulsion, previously manufactured in Germany by 
Dr Birenheide. At the present time only glass 
plates are manufactured in England, Recommended 
processing solutions for the new HRT materials 
are a sodium-sulfite-free ascorbic acid—metol 
developer followed by a rehalogenating ferric EDTA 
or PBU bleaches. For reflection holograms, a pyr- 
ogallol developer and the ferric-EDTA bleach can 
be used. 

Eastman Kodak’s holographic materials are pro- 
duced in America (343 State Street, Rochester, 
New York 14650, USA; www.kodak.com/go/PCB 
products). These plates are usually made to order only. 


Materials can be ordered with (marked -01) or 
without (marked -02) anti-halation layer. The 120 
emulsion can be used for recording holograms using a 
pulsed ruby laser. Kodak recommends the developer 
Kodak D-19 for the processing. 

FilmoTec is located in Germany (Chemie 
Park Bitterfeld-Wolfen, Réntgenstrasse, D-06766 
Wolfen, Germany; www.filmotec.de). The company 
manufactures ORWO holographic emulsions which 
are coated only on triacetate film, 104 cm wide in 
10 and 30 m lengths. 

In France, M. Yves Gentet has started a small- 
scale emulsion manufacturing company: Atelier de 
Création d'Art en Holographie Yves Gentet (50, 
rue Dubourdieu, F-33800 Bordeaux, France; 
www.perso.wanadoo.fr/holographie) Monochro- 
matic and panchromatic ultrafine-grain emulsions 
are produced called ‘Ultimate’. Plates and film up to 
60cm by 80cm are produced. An ascorbic acid— 
metol developer is recommended followed by a Ferric 
EDTA bleach. In addition, the Russian GP-2 developer 
can be used. Also a special developer can be ordered 
from the company. 

Konica in Japan is manufacturing a green-sensitive 
emulsion for the use in the American holographic 
VOXEL 3D medical imaging system and, in addition, 
for the Japanese market only. 


Dichromated Gelatin Materials 


Dichromated gelatin (DCG) is an excellent recording 
material for volume phase holograms and HOEs. 
The grainless material has its highest sensitivity in the 
UV region, but extends into the blue and green parts 
of the spectrum. There are possibilities to sensitize the 


rotational > stepper motor How it Work 


Permanent Magnet Stepper 
Motors 

More commonly, the rotor of a stepper motor 
contains permanent magnets, which require the 
controller to be capable of reversing the mag- 
netic field created by each of the stator coils, so 
that they alternately attract and repel the rotor 
magnets, 


eo ina bipolar motor, the magnatic field generated 
by a coil is reversed simply by reversing the cur- 

rent through it. This is shown diagrammatically 

in Figure 25-3. In a unipolar motor, the magnetic 

field is reversed by applying positive voltage to 

the center tap of a coil, and grounding one end 

step2 of the other. This is shown diagrammatically in 

= Figure 25-4, 


ig 
“ 


Figure 25-2. In a variable reluct 
the next pair of coils is energized. At eac 
have been energized a moment before the 
time to respond. 


nce stepper motor, the 
(ce each time Figure 25-3. In a bipolar motor, the magnetic field gener 


ep, the calls ated by each stator coils reversed simply by reversing the 
for has had current through the coi, 


Either type of motor is often designed with an 
upper and lower deck surroundinga single rotor, 


Chapter25 21 
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emulsion in the red part of the spectrum as well. 
However, DCG is most often exposed with blue laser 
wavelengths. Depending on processing parameters, 
diffraction efficiency and bandwidth can be con- 
trolled. It is easy to obtain high diffraction efficiency 
combined with a large SNR. 

During the exposure of a DCG emulsion to UV or 
blue light, the hexavalent chromium ion (Cr°*) is 
photo-induced to trivalent chromium ion (Cr°*) 
which causes cross-linking between neighboring 
gelatin molecules. The areas exposed to light are 
hardened and become less soluble than the unexposed 
areas. Developing consists of a water wash which 
removes the residual or unreacted chemical com- 
pounds. Dehydration of the swollen gelatin follows 
after the material has been immersed in isopropanol, 
which causes rapid shrinkage resulting in voids and 
cracks in the emulsion, thus creating a large refractive 
index modulation. The underlying mechanism is not 
completely clear because high modulation can also be 
caused by the binding of isopropanol molecules to 
chromium atoms at the cross-linked sites. The D 
material has a rather low sensitivity of about 
100 mJicm)~*. In many cases DCG plates are 
prepared by fixing an unexposed silver halide 
emulsion and then sensitizing it in a dichromate 
solution. It is also, for example, possible to make a 
10 um thick emulsion on a 8" by 10" glass plate using 
1g ammonium dichromate mixed with 3 g photo- 
graphic grade gelatin in 25 ml deionized water. 
Then the emulsion is spin-coated on the glass 
substrate or the emulsion is applied by the doctor 
blade coating technique. Many HOE manufacturers 
prefer to produce their own emulsions but there 
are also commercial DCG emulsions available on 
the market. 

Processing of DCG holograms are performed in 
graded alcohol (propanol) baths starting with water 
propanol solutions of high water content and ending 
with pure propanol (cold or hot) baths. Depending on 
the wanted HOE characteristics, one has to carefully 
control the propanol/water mixtures as well as the 
temperature of the different baths. Cold baths produce 
better uniformity and lower noise. Warm baths can 
yield high index modulation but often with increased 
noise. The bandwidth can be controlled by the 
processing temperature and the ratio of propanol! 
water mixtures. 


Commercial DCG Material 


Slavich in Russia is one manufacturer of presensitized 
dichromated plates for holography. The DCG emul- 
sion is marked PFG-04. Plates up to a size of 30 by 
40 cm can be ordered. 


The FilmoTec DCG emulsions are only available on 
190 wm triacetate film, 104 cm wide in 10 and 30m 
lengths; emulsion thickness 6 or 20 wm. Note that the 
film needs to be sensitized in dichromate solution 
before recording. This means that the company only 
supplies large-format gelatin-coated film. 

Holotec is a German-based company which offers 
presensitized DCG coated on both plates and film 
Uiilicher Strasse 191, D-52070 Aachen, Germany; 
www.holotec.de). The Holotec emulsion is the high- 
quality DCG emulsions developed by Professor 
Stojanoff in Aachen. The company can supply 
large-format DCG glass plates (m* size) or film 
(PET-Polyethylenterephtalat), pre-sensitized and 
ready to use. 


Photopolymer Materials 


Photopolymer materials have become popular for 
recording phase holograms and HOEs, in particular 
for mass production of holograms since some 
photopolymer materials only require dry processing 
techniques. 

‘A photopolymer recording material, such as the 
DuPont material, consists of three parts: a photopoly- 
merizable monomer; an initiator system (initiates 
polymerization upon exposure to light); and a 
polymer (the binder), First, an exposure is made 
to the information-carrying interference pattern. 
This exposure polymerizes a part of the monomer. 
Monomer concentration gradients, formed by vari- 
ation in the amount of polymerization due to the 
variation in exposures, give rise to diffusion of 
monomer molecules from the regions of high 
concentration to the regions of lower concentration. 
The material is then exposed to regular light of 
uniform intensity until the remaining monomer is 
polymerized. A difference in the refractive index 
within the material is obtained. The DuPont material 
requires only a dry processing technique (exposure to 
UV light and a heat treatment) to obtain a hologram. 
The DuPont photopolymer materials have a coated 
film layer thickness of about 20 um. The photo- 
polymer film is generally coated in a 12.5" width on a 
14" wide Mylar” polyester base which is .002" thick. 
The film is protected with a .00092" thick Mylar” 
polyester cover sheet. 

The recording of a hologram on DuPont polymer is, 
rather simple. The film has to be laminated to a piece 
of clean glass or attached to a glass plate using an 
index-matching liquid. Holograms can be recorded 
manually, but in order to produce large quanti 
of holograms, a special machine is required. 
For hologram replication a laser line scanning 
technique can provide the highest production rate. 
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The photopolymer material needs an exposure of 
about 10 mJ(cm)"*. 

After the exposure is finished, the film has to be 
exposed to strong white or UV light. DuPont 
recommends about 100 mJ(cm)~? exposure at 350- 
380 nm. After that, the hologram is put in an oven at 
a temperature of 120°C for two hours in order to 
increase the brightness of the image. The process is 
simple and very suitable for machine processing 
using, for example, a baking scroll oven. 


Commercial Pholymer Materials 


Currently the only manufacturer of holographic 
photopolymer materials is E.l. du Pont de 
Nemours & Co. (DuPont Holographics, POB 80352, 
Wilmington, DE 19880, USA; www.dupont.com/ 
hologeaphics). In the past it was possible to obtain 
photopolymer materials from DuPont, but in 2002 
the company changed its policy and today it is 
producing materials mainly for DuPont Holo- 
graphics, but approved customers may still be able 
to buy material from DuPont. The reason for the 
restrictions is that many applications of mas 
produced holograms are in the field of document 
security, where DuPont's photopolymers are used to 
produce optical variable devices (OVDs). 


Photoresist Materials 


Photoresist materials in holography are used for 
making masters for display and security holograms. 
The recorded relief image in the photoresist plate is 
then used to make the nickel shim needed as the tool 
for embossing holograms into plastic materials. 

‘The exposure to actinic radiation produces changes 
in the photoresist layer that result in a solvency 
differentiation as a function of exposure. Processing is 
done with a suitable solvent dissolving either the 
unexposed or exposed regions, depending on whether 
the resist is of the negative or the positive type. For 
optical recording, positive photoresist (exposed resist 
removed during development) is preferred to the 
negative type because of the higher resolving power 
and low scatter. On the resulting surface, relief 
pattern particles of nickel are deposited by electro- 
lysis to make a mold, which can then be used as an 
embossing tool. The photoresist process can be used 
for making transmission holograms only. If an 
embossed hologram is mirror-backed by using, for 
example, an aluminum coating process, it can be used 
in the reflection reconstruction mode as well. Photo- 
resists are UV and deep-blue sensitive. The material is 
spincoated on glass substrates to obtain a thickness of 
between 0.5 and 2 um, then it is baked at about 75°C 


for 15 minutes. A typical photoresist for holography 
(c.g Shipley Microposit 1350) has a sensitivity of 
about 10 mJ(cm)"*. The most common laser wave- 
lengths for recording photoresist holograms are the 
following wavelengths: 413nm (Krypton-ion), 
442 nm (Helium-Cadmium), and 458 nm (Argon 
ion). At higher wavelengths, e.g, 488 nm, the 
sensitivity is rather low. Development of Shipley 
resist is performed in Shipley 303A developer, diluted 
1 part developer +5 parts de-ionized water. Nor- 
mally only a 10 second development time is needed 
(under agitation). After that the plate has to be rinsed 
in de-ionized water for 2 minutes. The plate needs to 
be dried quickly with a high pressure steam of 
compressed nitrogen or dry, filtered compressed air. 


Commercial Resist Materials 


The main American manufacturer of photoresist is 
Shipley Co. (1457 Macarthur Rd., #101, Whitehall, 
PA 18052, USA). There are a few companies which 
make plates based on Shipley resist. 

‘Towne Technologies, Inc. (6-10 Bell Ave.,Sommer- 
ville, NJ 08876, USA; www.townetech.com) produces 
spin-coated plates using Shipley resist (Shipley S-1800 
series). Towne plates have a sublayer of iron oxide 
which enhances adhesion of the resist during electro- 
plating operations. In addition, the sublayer elimin- 
ates unwanted backscatter from the glass substrate. 
‘The plates are developed in Shipley 303A developer. 

Hoya Corporation (7-5 Naka-Ochiai 2-chome, 
Shinjuku-ku, Tokyo, Japan; www-hoya.co.jp) is a 
producer of mask blanks coated with 0.5 jum thick 
Shipley S-1800 resist (SLW plates). Different types 
of glass as well as quartz plates are produced. 
Hoya supply plates for holography, however, custom 
orders only. 


‘Thermoplastic Materials 


The holographic thermoplastic is a multilayer struc- 
ture coated on glass or film. The substrate is first 
coated with a conducting layer, ¢.g., evaporated gold, 
then a photoconductor, e.g., poly-n-vinyl carbazole, 
PVK, that has been sensitized with, eg., 2,4,7- 
trinitro-9-fluorenone (TNF), and on top of this layer 
a thermoplastic coating is deposited (usually a 
styrene-methacrylate material). The recording of a 
hologram starts with a uniform charging of the 
surface of the thermoplastic material using a corona 
charger. The charge is divided between the photo- 
conductor and the thermoplastic layer. Exposure and 
the consequent photogeneration in the photoconduc- 
tor cause charges of opposite signs to migrate to 
the interface with the thermoplastic layer and 
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the substrate. This will not change the charge, but 
only decrease the surface potential. Before the image 
can be developed, the material has to be recharged 
with the uniform corona charger. This step adds 
additional charges to the exposed areas, in proportion 
to the reduced potential which is also proportional to 
the exposure. The material is then heated to a 
softening temperature of the thermoplastic layer 
which will be deformed due to the electrostatic forces 
acting on it. The material is then cooled and the image 
is fixed as a relief surface pattern in the thermoplastic 
layer. The processing time after the exposure necess- 
ary to obtain the image is between ten seconds and 
half a minute. If the material is heated to a somewhat 
higher temperature, the pattern disappears and the 
image is erased. The thermoplastic material can now 
be used for the recording of another hologram, 
repeating the recording procedure. Such a cycling 
technique can be repeated hundreds of times, without 
any serious effect on the quality of the image. That, 
and the fast dry processing made such materials 
popular for the use in holographic cameras for 
nondestructive testing. The sensitivity is betweei 
10 and 100 pJ(cm)~* over the whole visible electro- 
magnetic spectrum. 


Commercial Thermoplastic Materials 


In the past, several companies produced thermo- 
plastic materials and recording equipment for holo- 
graphy. Since there is very little demand for such 
materials today, there is only one company which can 
deliver thermoplastic equipment for holography: 
Tavex America Inc. (14 Garden Road, Natick, 
MA 01760, USA; www.tavexamerica.com). Tavex 
America manufactures a thermoplastic camera, 
TCC-2 in which 40 mm by 40 mm plates are used. 
For obsolete systems, thermoplastic film can still be 
obtained from MD Diffusion in France (93 rue 
d’Adelshoffen, F67300 Schiltigheim, France). 


Bacteriorhodopsin 


Photochromic materials, a class to which bacterio- 
thodopsin (BR) belongs, have not been used much in 
holography. Photochromics are real-time recyclable 
materials which need no processing for development. 
They can easily be erased and reused over and over 
again. In holography the only successful material has 
been the BR film which was introduced only a few 
years ago. BR is a biomolecule with several appli- 
cations in photonics, comprising a light-driven 
molecular proton pump with exceptional photoelec- 
tric and photochromic properties. BR is a photo- 
chromic protein, found in the photosynthetic system 


of a salt-marsh bacterium, termed purple membrane 
(PM), of the cell membrane of Halobacterium 
salinarum. BR thin films are made from polymer 
suspensions of the isolated purple membrane. Some 
of the desirable properties of BR films are real-time 
writing and erasing in microsecond time-scales, 
durability allowing millions of writelerase cycles 
without degradation, very high spatial resolution of 
5000 Ip(mm)-1, reasonably good light sensitivity of 
approximately 10 mJ(cm) *, the encoding of both 
amplitude and phase patterns, and the use of visible 
laser light for writing and reading. The composition 
of the films may also be altered by chemical means to 
control the optical characteristics, and the BR 
molecules themselves may be mutagenically changed 
for performance optimization. Particular properties 
that can be enhanced in these ways are image lifetimes 
and the diffraction efficiency of holograms recorded 
in the films. One advantage of this material is that it is 
reversible. Therefore it has been considered to be used 
in holographic storage systems and for real-time 
holographic interferometry applications. BR film can 
be used for recording polarization holograms because 
of BR films inherent photo-inducable optical aniso- 
tropy. The material is also possible to expose with 
pulsed lasers, which makes it suitable for fast 
holographic recording. 

The BR film works in the following way. When 
illuminated with green light, the BR molecule under- 
goes an absorption resulting in a maximum shift of 
about 160 nm towards the red and its color changes 
from purple to yellow. The yellow image can be 
erased by illuminating the BR material with blue 
light. The recording-erasing cycle can be repeated 
about a million times. Suitable BR-films for holo- 
graphy are obtained by embedding purple mem- 
branes into inert matrices like polyvinylalcohol or 
polyacrylamide. For hologram recording and erasure 
two photochemical conversions B + M (B-type holo- 
grams) and M—B (M-type holograms) can be 
employed. After excitation by light, BR cycles 
through a sequence of spectrally distinguishable 
intermediates and returns to the initial state. The 
time associated with this thermal relaxation process 
depends on several aspects, for example, type of BR 
(wildtype or variant), pH value of film-matrix, film- 
temperature, etc. For example, the M intermediate is 
populated from the B state (absorption spectrum 
peaked at 570mm) by a green pumping beam and 
information is recorded with blue light, which 
initiates the photochemical M—B transition. The 
M state has its absorption peak at 410 nm. In BR 
variants in which the thermal relaxation of the M 
state has been prolonged, photocontrolled switching 
between these two states can be achieved. Only when 
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the pumping beam is incident upon the BR film can 
information be recorded with blue light. The pump- 
ing beam can be used as a readout beam for the 
recorded hologram. 


Commercial BR Materials 


A holographic camera based on a BR film is 
manufactured in Germany. The holographic system, 
FringeMaker-plus, developed at the University of 
Marburg is marketed by Munich Innovation Bio- 
materials (MIB) GmbH. (Hans-Meerwein-Str. 
D-35032 Marburg, Germany; www.mib-biotech.dk 
MIB is also a manufacturer of both wildtype and 
genetically modified BR film for holography and 
other scientific/technical applications, BR-films 
offered by MIB can be used in two different recording 
configurations: the transition from the initial B to M- 
state (induced with yellow light) serves as basis for 
optical data recording and processing (B-type record- 
ing); or the photochemically induced transition from 
M to B state (M-type recording). In the latter case, 
yellow light is used to control the population of the 
M-state and blue light is used to write the infor- 
mation. MIB offers BR-films with normal and slow 
thermal relaxation characteristics. Typical relaxation 
time ranges (RTR), after which the photochemically 
excited BR molecules have returned to the original 
state, are between 0.3 and 80 s. The BR film is sealed 
between two windows of high-quality optical glass. 
The BR film layer has a thickness of 30-100 um, 
dependent on the optical density of the film. The 
diameter of the film device is 25 mm and the clear 
aperture is 19 mm, 


Photorefractive Crystal Materials 


Photorefractive crystals are electro-optic materials 
which are suitable for recording volume phase 
hologeams in real-time. These crystals are important 
components in holographic storage systems and are 
seldom used in other holographic image applications. 
Holograms recorded in crystals, such as: lithium 
niobate (LiNbO); barium titanate (BaTiO5); potass- 
ium tantalate niobate (KTN); barium sodium neobate 


(SBN); bismuth silicon oxide (BSO); and bismuth 
germanium oxide (BGO), consist of bulk space 
charge patterns. An interference pattern acting upon 
a crystal will generate a pattern of electronic charge 
carriers that are free to move. Carriers are moving to 
areas of low optical illumination where they get 
trapped. This effect will form patterns of net space 
charge, creating an electrical field pattern. As these 
crystals have strong electro-optic properties, the 
electrical field pattern will create a corresponding 
refractive index variation pattern, which means a 
phase hologram. These holograms can be immedi- 
ately reconstructed with a laser beam differing from 
the beams creating the hologram. A hologram can 
also be erased and a new hologram can be recorded in 
the crystal. Holograms can be fixed by converting the 
charge patterns to the patterns of ions which are not 
sensitive to light. In some materials the hologram can 
be fixed by heating the crystal to above 100°C based 
on thermally activated iconic conductivity. The 
resulting iconic is frozen upon cooling the crystal 
back to room temperature. More details about these 
materials and storage applications are found in the 
Further Reading. 


See also 
Holography, Techniques: Overview. 


Further Reading 


Bjelkhagen HI (1993) Silver Halide Recording Materials for 
Holography and Their Processing. Springer Series in 
Optical Sciences, vol. 66. Heidelberg: Springer-Verlag, 

Bjelkhagen Hi (ed.] (1996) Selected Papers on Holographic 
Recording Materials. SPIE Milestone Series, vol. MS130. 
Bellingham, WA, USA. 

Lessard RA (ed.) (1995) Selected Papers on Photopolymers, 
Physics, Chemistry, and Applications. SPIE. Milestone 
Series, vol. MS114. Bellingham, WA, USA. 

Sincerbox GT (ed.) (1994) Selected Papers on Holographic 
Storage. SPIE Milestone Series, vol. MS95. Bellingham, 
WA, USA. 

Smith HIM (ed.) (1977) Holographic Recording Materials, 
Springer Topics in Applied Physics, vol. 20. Berlin 
Springer-Verlag. 


58 HOLOGRAPHY, TECHNIQUES / Overview 


HOLOGRAPHY, TECHNIQUES 


Contents 


Overview 
Color Holography 
Computer-Generated Holograms 
ital Holography 

Holographic Interferometry 
‘Sandwich Holography and 


ight in Flight 


Overview 
© Shakher and A K Ghatak, Indian Institute of 
Technology, New Delhi, India 


© 2005, Elsevier Lid Al Rights Reserved. 


Major Milestones 


1948: Essential concept for holographic record- 
ing by Dennis Gabor. 

The first successful operation of a laser 
device by Theodore Maiman. 

Off-axis technique of holography by Leith 
and Upatnicks. 

Yu N Denisyuk suggested the idea of three- 
dimensional holograms based on thick 
photoemulsion layers. His holograms can 
be reconstructed in ordinary sunlight. 
These holograms are called Lippmann— 
Bragg holograms 

Leith and Upatnicks pointed out that a 
multicolor image can be produced by a 
hologram recorded with three suitably 
chosen wavelengths. 

S.A Benton invented ‘Rainbow Hologra- 
phy’ for display of holograms in white 
light. This was a vital step to make holo- 
graphy suitable for display applications. 


1960: 


1962: 


1962: 


1964: 


1969: 


Holography is the science of recording an entire 
optical wavefront, both amplitude and phase infor- 
mation, on appropriate recording material. The 
record is called a hologram. Unlike conventional 
photography, which records a three-dimensional 
scene in a two-dimensional format, holography 


records true three-dimensional information about 
the scene. 

Holography was invented by Gabor in 1948 and 
his first paper introduced the essential concept for 
holographic recording — the reference beam. Holo- 
graphy is based on the interference between waves 
and, it provides us with a way of storing all the light 
information arriving at the film in such a way that it 
can be regenerated later. 

The use of the reference beam is utilized because the 
physical detectors and recorders are sensitive only to 
light intensity. The phase is not recorded but is 
manifest only when two coherent waves of the same 
frequency are simultaneously present at the same 
location. In that case, the waves combine to form a 
single wave whose intensity depends not only on 
intensities of the two individual waves, but also on the 
phase difference between them. This is key to 
holography. The film record, or hologram, can be 
considered as a complicated diffraction grating. 
Holograms bear no resemblance to conventional 
photographs in that an image is not actually recorded. 
In fact, the interferometric fringes which are recorded 
on the recording material are not visible to an unaided 
eye because of extremely fine interfringe spacing 
(~0.5 micrometer). The fringes which are visible on 
the recording material are the result of dust particles in 
the optical system used to produce the hologram. 

Gabor’s original technique is now known as in-line 
holography. In this arrangement, the coherent light 
source as well as the object, which is a transparency 
containing small opaque details on a clear back- 
ground, is located along the axis normal to the 
photographic plate. With such a system, an observer 
focusing on one image observes it superposed on the 
out-of-focus twin image as well as a strong coherent 
background. This constitutes the most serious 
problem of Gabor’s original technique 
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The first successful technique for separating the 
twin images was developed by Leith and Upatnicks 
in 1962. This is called the off-axis or side band 
technique of holography. We shall consider mainly 
the off-axis technique here. 


Basic Holography Principle 


Light from a laser or any light beam is characterized 
by spatial coherence (J,) and temporal coherence (7,), 
which is discussed in all textbooks on optics. For 
typical laboratory hologram recording, the required 
degree of coherence of laser radiation is determined 
by the type of object and geometrical arrangement 
being used for the recording. The following condition 
must hold: 


Leen i 


where 1. is the coherence time, and L the maximum 
path length difference between the two waves chosen 
to record the hologram. To begin recording, two 
wavefronts are derived from the same laser sourc 
One wavefront is used to illuminate the object 
and another is used as a reference wavefront. 
‘The wavefront derived by illuminating the object is 
superimposed with the reference wave and the 
interference pattern is recorded. These object and 
reference waves mu 


# be coherent (derived from the same laser); and 
@ have a fixed relative phase at each point on the 
recording medium. 


If the above conditions are not met, the fringes will 
move during the exposure and the holographic record 
will be smeared. Therefore, to record the hologram 
one should avoid air currents and vibrations. The 
recording medium must have sufficient resolution to 
record the fine details in the fringe pattern. This will 
be typically of the order of the wavelength. To create 
a three-dimensional image from the holographic 
process one then has to record and reconstruct the 
hologram. The object and reference waves are derived 
from the same laser. 

Holograms record an interference pattern formed 
by interference of object and reference wavefronts, 
as explained above. We may mention here that 
for the two plane waves propagating at an angle 6 
between them, the spacing of the interference fringes 
is given by 


Ao 


Tsin(@D a 


where Ag is the free space wavelength. 


Processing of the hologram (developing, fixing, and 
washing of the recording material) yields a plate with 
alternating transparent and opaque parts, variation 
of refractive index, or variation of height correspond 
ing to intensity variation in the fringe pattern. Such a 
plate can be regarded as a complicated diffraction 
grating. In this process, the hologram is illuminated 
with monochromatic, coherent light. The hologram 
diffracts this light into wavefronts which are 
tially indistinguishable from the original waves which 
were diffracted from the object. These diffracted 
waves produce all the optical phenomena that can be 
produced by the original waves. They can be collected 
by a lens and brought into focus, thereby forming an 
image of the original object, even though the object 
has since been removed. If the reconstructed waves 
are intercepted by the eye of an observer, the effect is 
exactly as if the original waves were being observed; 
the observer sees what appears to be the original 
object in true three-dimensional form. As the 
observer changes his viewing position, the perspective 
of the image scene changes; parallactic effects are 
evident and the observer must refocus when the obser- 
vation point is changed from a near to a distant object 
in the scene. Assuming that both the construction 
and reconstruction of the hologram are made with the 
same monochromatic light source, there is no visual 
test which can be made to distinguish between the 
real object and the reconstructed image of the object. 
It is asf the hologram were a window through which 
the apparent object is viewed. 


Hologram of a Point Object 


Consider a hologram recorded with a collimated 
reference wave normal to the recording plate and a 
point object inclined at a certain angle. If the 
hologeam is illuminated once again with the same 
collimated reference wave, it reconstructs two 
images, one virtual true image and the other real 
image. However, the two images differ in one very 
important respect. 

While the virtual image is located in the same 
position as the object and exhibits the same parallax 
properties, the real image is formed at the same 
distance from the hologram but in front of it. 
Corresponding points on the real and virtual images 
are located at equal distances from the plane of the 
hologram; the real image has the curious property 
that its depth is inverted. Such an image is not formed 
with a normal optical system; it is therefore called a 
pseudo image as opposed to a normal or orthoscopic 
image. 

This depth inversion results in conflicting visual 
clues, which make viewing of the real image 
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psychologically unsatisfactory. Thus, if O, and O3 are 
two elements in the object field, and if O; blocks the 
light scattered by O, at a certain angle, the hologram 
records information only on the element Oj at this 
angle and records no information about this part of 
O,. An observer viewing the real image from the 
corresponding direction then cannot see this part of 
2, which, contrary to normal experience, is 
obscured by Os, even though O, is in front of O1. 


Production of an Orthoscopic Real 
Image 


An orthoscopic real image of an object can be 
produced by recording two holograms in succession. 
In the first step, a hologram is recorded of the 
object with a collimated reference beam. When 
this hologram is illuminated once again with the 
collimated reference beam that was used to record it, 
it reconstructs two images of the object at unit 
magnification, one of them being an orthoscopic 
virtual image, while the other is a pseudoscopic real 
image. A second hologram is then recorded of this 
real image with a second collimated reference beam. 

When the second hologram is illuminated with a 
collimated beam it reconstructs a pseudoscopic 
virtual image located in the same position as the 
real image formed by the second hologram is an 
orthoscopic image. Since a collimated reference beam 
is used throughout, the final real image is the same 
size as the original object and free from aberrations. 

In addition to these characteristic linked intensities 
with the three-dimensional nature of the reconstruc- 
tion, the holographic recording has several other 
properties. Each portion of the hologram can 
reproduce the entire image scene. If a smaller and 
smaller portion of the hologram is used for recon- 
struction, there is loss of image intensity and 
reconstruction. When a hologram is reversed, such 
as in contact printing processes, it will still recon- 
struct a positive image indistinguishable from the 
image produced by the original hologram. 


Simple Mathematical Description of 
Holography 


Let the object and reference waves be given by 
U, = O(x, ye” BI 
and 


U,= Reitnine 14] 


U, describes the reference (plane wave) propagating 
at angle 0 to the z-axis. 
The intensity at the hologram plane is 


1=1U,+U,P 


=1U,F +1U,2 + U;U, + UU; (1 


As can be seen from the above equation, the 
amplitude and phase of the wave are encoded as the 
amplitude and phase modulation of a set of inter- 
ference fringes. The material used to record the 
patterns of interference fringes described above is 
assumed to provide linear mapping of the intensity 
incident during the reconstruction process into 
amplitude transmitted by or reflected from the 
recorded material. Usually both light detection and 
wavefront modulation are performed by photo- 
graphic plate/film. We assume the amplitude trans- 
mission properties of the plate/film after processing to 
be described by 


T=T, ~ bE ~E,) (61 


where the exposure E, at the film is E = Ir; here ris 
the exposure time. Ty is the transmittance of the 
unexposed plate. 

If the hologram is reilluminated by the reference 
wave, the transmitted wave amplitude will be 


U, = U,(T, — br(IU,? + UU, + U,U3)) 7) 


The first term is reference wave times a constant. The 
second term is the reference wave modulated by 
JU, |" = OC, y)*: it gives small-angle scattering about 
the reference wave direction. The third term is 
proportional to U,. It is the same as the original 
‘object wave (note this is only so if the reconstruction 
wave is identical to the reference wave). The fourth 
term is 


—brU2U3 = —brR? OC, ype” U8] 


This is essentially a wave traveling in a direction 
sin”'(Qsin6) to the z-axis, with the correct object 
amplitude modulation but its phase reversed in sign, 
producing a conjugate wave. 


Types of Holograms 


Primarily, the holograms are classified as thin and 
thick, based on the thickness of the recording medium. 
‘When the thickness of the recording medium is small 
compared with the average spacing of the interference 
fringes, the hologram can be treated as a thin 
hologram. Such holograms are characterized by 
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spatially varying complex amplitude transmittance: 


HG, 9) = [eG exp “ide, YI] 19] 
Thin holograms can be further categorized as thin 
amplitude holograms or thin phase holograms. If 
amplitude transmittance of the hologram is such that 
(x.y) is constant while t(x,y) varies over the 
hologeam, the hologram is termed an amplitude holo- 
gram. For a lossless phase hologram, It(x, y)l = 1, 
so that the complex amplitude transmittance is caused 
by variation in phase. 

When the thickness of the hologram recording 
material is large compared to the fringe spacing of the 
interference fringes, the holograms may be considered 
as volume holograms. These may be treated as a 
three-dimensional system of layers corresponding to a 
periodic variation of absorption coefficient or refrac- 
tive index, and the diffracted amplitude is at a 
maximum when Bragg’s condition is satisfied. In 
general, the behavior of thin and thick holograms 
corresponds to Raman Nath and Bragg diffraction 
regimes. The distinctions between two regimes is 
made on the basis of a parameter Q, which is defined 
by the relatior 


_ 2h 


Q= [10] 


where 
spacing of fringe on hologram, measured normal 
to the surface: 
thickness of recording medium; 

mean refractive index of the medium; and 
Ao = wavelength of light. 


Small values of Q (Q <1) correspond to thin 
gratings, while large values of Q (Q > 10) corre 
pond to volume gratings. For values of Q between 
1 and 10, intermediate properties are exhibited. 
However, this criterion is not always adequate. The 
boundaries between the thin and thick holograms are 
given by the value of 


Ed 
P= Bag 


uy 


where P~? is the relative power diffracted into higher 
orders, and P <1 for thin holograms and P > 10 for 
thick hologeams. For P having values between 1 and 
10, the hologram may be thin or thick, depending on 
the other parameters involved. 

Holograms can also be classified based on whether 
they are reconstructed in transmitted light or reflected 
light. For transmission holograms, during the record- 
ing stage, two interfering wavefronts make equal but 
opposite angles to the surfaces of recording medium 


and are incident on it from the same side. Reflection 
holograms reconstruct images in reflected light. They 
are recorded such that the interfering wavefronts are 
symmetrical with respect to the surface of the 
recording medium but are incident on it from 
opposite sides. When the angle between the interfer- 
ing wavefronts is maximum (180°), the spacing 
between the fringe planes of the recording medium 
is minimum. Under such conditions, reflection 
holograms may have wavelength sensitivity high 
enough to be reconstructed, even with white light. 

An important development in the field of holo- 
graphy was the invention of rainbow holograms by 
Benton in 1969. This provides a method for utilizing 
white light for illumination when viewing the 
holograms. The technique does so by minimizing 
the blur introduced by color dispersion in trans- 
mission holograms, at the price of giving up parallax 
information in one dimension. 


Recording Materials 


An ideal recording medium for holography should 
have a well matching spectral sensitivity correspond- 
ing to available laser wavelengths, linear transfer 
characteristics, high resolution, and low noise. It 
should also be either inexpensive or indefinitely 
recyclable. Toward achieving the above-mentioned 
properties, several materials have been studied, but 
none has been found so far that meets all the 
requirements. Materials investigated include: silver 
halide photographic emulsion; dichromated gelatin 
plates/films; silver halide sensitized gelatin plates! 
films; photo-resists; photo polymer systems; photo- 
chromics; photo thermoplastics; and_ferro-electric 
crystals. Recently, the use of storage and processing 
capabilities of computers, together with CCD 
cameras, has been used for recording holograms. 

Silver halide photographic emulsions are a com- 
monly used recording material for holography, 
mainly because of relatively high sensitivity and 
easy availability. Manufacture, use, and processing 
of these emulsions have been well standardized. The 
need for wet processing and drying may constitute 
a major drawback. Dichromated gelatin can be 
considered an almost ideal recording material for 
volume phase holograms, as it has a large refractive 
index modulation capability, high resolution, low 
absorption and scattering. 

Because of these features, dichromated gelatin has 
been extensively investigated. The most significant 
disadvantage is its comparatively low sensitivity. 
Pennington et al. developed an alternative technique, 
which combines the advantage of silver halide 
emulsions (high sensitivity) with that of dichromated 
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gelatin (low absorption scattering and high stability). 
It involves exposing silver halide photographic 
emulsion and then processing it, so as to obtain a 
volume phase hologram consisting solely of hardened 
gelatin, 

Thin phase holograms can be recorded on photo- 
resists, which are light-sensitive organic films yielding 
relief image after exposure and development. They 
offer advantages of easy replication using thermo- 
plastics but are slow in response and undergo 
nonlinear effects at diffraction efficiency greater 
than ~0.05. Shipley AZ-1350 is a widely used 
photoresist, with maximum sensitivity in the ultra- 
violet, dropping rapidly for longer wavelengths 
towards the blue. 

Photopolymers are being keenly investigated 
because they offer advantages such as ease of 
handling, low cost, and real-time recording for the 
application of holography and nonlinear optics. How- 
ever, they have low sensitivity and short shelf life. 

Thin phase surface relief holograms can be 
recorded in a thin layer of thermoplastics. These 
materials have a reasonably high sensitivity over the 
whole visible spectrum, fairly high diffraction effi- 
ciency, and do not require wet processing. Their 
application in holographic interferometry, optical 
information processing, and in making compact 
holographic devices has been widely reported. 

Photorefractive crystals such as Bi12SiO29, LiNbO, 
Bir2GeO20, BaTiO3, LiTaOs, etc., as recording 
materials, offer high-angular sensitivity and provide 
capability to read and write volume holographic data 
in real time. Besides the materials discussed here, 
several other materials have been investigated for 
recording holograms; these include photocromics, 
clastomere devices, magneto-optic materials, etc. 


ApI 


Holography can be constructed not only with the 
light waves of lasers, but also with sound waves, 
microwaves, and other waves in the electromag- 
netic spectrum of radiation. Holograms made with 
ultraviolet light or X-rays can record images of 
objects/particles smaller than the wavelength of 
visible light, eg. atoms or molecules. Acoustical 
holography uses sound waves to see through solid 
objects. Holography has a vast scope of practical 
applications, which have been classified into two 
major categor 


ation of Holography 


1. applications requiring three-dimensional images 
for visual perception; and 

2. applications in which holography is used as a 
measuring tool. 


The unique ability of holography ~ to record and 
reconstruct both electromagnetic and sound waves — 
makes it a valuable tool for education, science, 
industry, and business. Below are some of the 
important applications: 


1. Holographic interferometry (HI) is one of the 
most powerful measuring tools. In HI, two states 
of an object, ice., initial and deformed state are 
recorded on the same photographic plate. After 
reconstruction of the light wave corresponding 
to two states of an object, interferences and 
deformations are displayed in terms of the 
interference pattern. The change of distance of 
one tenth of a micron, or lower, can be resolved. 
HI provides scientists/engineers with crucial data 
for design of critical machine parts of power 
generating equipment, in the aircraft industry, 
automobile industry, and nuclear installations 
(say, for example, in the design of containers 
used to transport nuclear materials, improve the 
design of aircraft wings and turbine blades, etc. 
Presently, HI is being widely used in mechanical 
engineering, acoustics, and aerodynamics, for 
nondestructive testing, to investigate oscillation 
in diaphragms and flow around various objects, 
respectively. 

2. Microwave holography can detect objects 
deep within spaces, by recording the radio 
waves they emit. 

3. Another important application of holography is 
the design of optical elements, which possess 
special properties. A holographic recording of a 
‘concave mirror behaves in much the same way as 
the mirror itself, i.e., it can focus the light. In 
some cases chromatism can be introduced in the 
design of elements so that a location of the point, 
where the beams are focused, depends on the 
wavelength. This can be achieved by accurately 
choosing the recording arrangement of the 
focusing elements, these elements are, in fact, 
diffraction gratings. These can have low noise 
levels, freedom from astigmatism, and have 
other useful properties. Holographic optical 
elements have found applications in supermarket 
scanners to read barcodes, headup displays 
in fighter aircraft to observe critical cockpit 
instruments, etc. 

4. A telephone credit card used in Europe and 
other developed countries has embossed surface 
holograms which carry a monetary value. When 
the card is inserted into the telephone, a card 
reader discerns the amount due and deducts 
the appropriate amount to cover the cost of 
the call. 
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5. Holography is having applications in analog and 
digital computers, offering remarkable opportu- 
nities to realize various logical operators, devices 
for identifying images based on matched filter- 
ing, and in computer memory units. The basic 
advantage of holographic memory is that a 
relatively large volume of information can be 
stored and that there are a limited number of 
ways to change the record. The arrival of the 
first prototype of optical computers, which use 
holograms as storage material for data, could 
have a dramatic impact on the holographic 
market. The yet-to-be-unveiled optical compu- 
ters will be able to deliver trillions of bits of 
information faster than the current generation 
of computers. 

6. Optical tweezers are going to become an 
important tool for the study of micro-organ- 
isms/bacteria, etc. 

7. Holograms can be used to locate and ret 
information without knowing its location in the 
storage medium, only needing to know some of 
its content. 

8. The links between computer science and 
holography are now well-established and are 
developing, with at least two aspects making 
computer-generated holograms extremely int 
esting. First, such holograms enable us to obtain 
visual 3-dimensional reconstructions of ima- 
gined objects. For example, one can reconstruct 
three dimensions of a model of an object still 
in the design stage. Second, computer-generated 
holograms can be used to reconstruct lightwaves 
with specified wave fronts. This means specially 
computed and manufactured holograms may 
function as optical elements that transform the 
incident light wave into desired wavefronts. 

9. Another important applications of holography is 
its utilization to compensate for the distortion 
that occurs when viewing objects through 
optically heterogeneous mediums. It can be 
achieved based on the principle of beam reversal 
by the hologram, 

10. Finally, let us consider the application of holo- 
graphy to art. The development of holography 

very effective ways of creating qualitative 

jimensional images. Thus, a new inde} 
dent area of holographic creative work represen- 
tational/artistic holography has appeared. The 
art of holographic depiction has developed 
along two major routes. The first is creation of 
the view hologram, used as holograms of 
natural objects that are to be displayed in 
exhibitions and museums; these are also known 
as artistic holograms. Portrait holography is also 


classified under this category. The progress in 
portrait holography is hampered partly because 
of imperfection of pulsed lasers and partly 
because of the deterioration of photographic 
material when exposed to pulsed electromagnetic 
radiation. 

‘The principle behind the creation of elusion by 
using composite holograms is also very convin- 
cing for the display of objects. To synthesize the 
composite holograms, the photographs of var- 
ious aspects of a scene are printed onto the 
photographic plate. The synthesis techniques for 
preparing the composite hologram are very 
complicated, while the images created by holo- 
grams are still far from perfect. However, there is 
no doubt that composite holography opens 
holography up as an artistic technique. Recently 
rainbow holography has been very popular to 
display such objects. 


See also 


Holography, Applications: Art Holography. Hologra- 
phy, Techniques: Color Holography; Computer- 
Generated Holograms; Digital Holography; Holographic 
Interferometry. Phase Control: Phase Conjugation and 
Image Correction 
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How It Works 


Figure 25-4. The magnetic field ofthis col is reversed by 


applying positive voltage constantly to a center tap and 
rounding one end of the col or the other. 


as suggested in Figure 25-5. Alargesingle coil, or 
center-tapped coil, induces a magnetic field in 
multiple poles in the top deck, out of phase by 
one step with a second set of poles, energized by 
their own coil, in the bottom deck. (All three mo- 
tors shown in Figure 25-1 are of this type.) The 
rotor of the motor is tall enough to span both 
decks, and is rotated by each of them in turn. 


In Figure 25-6, the decks of a two-deck four-wire 
motor have been split apart. The rotor remains 
in the left-hand section. It is enclosed within a 
black cylinder that is a permanent magnet divi- 
ded into multiple poles. In the right-hand sec- 
tion, a coil is visible surrounding metal “teeth” 
that function as stator poles when the coil is 
energized. 


In Figure 25-7, the same motor has been further 
disassembled. The coil was secured with alength 
of tape around its periphery, which has been re- 
moved to make the coil visible, The remaining 


electrorr onal> stepper motor 


Figure 25-5. A simplified rendering of the common “two 
deck" type of motor. See text for detail. 


Figure 25-6. A two-deck stepper motor split open to re 
veal is rotor (left) and one of the stators (right) encircled 
byacoil 

half of the motor, at top-right, contains a second, 
concealed but identical coil with its own set of 
poles, one step outof phase with those in thefirst 
deck. 


Because the field effects in a two-deck stepper 
motor are difficult to visualize, the remaining di- 
agrams show simplified configurations with a 
minimum number of stator poles, each with its 
own coil 
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Introduction 


Since the appearance of the first laser-recorded 
monochromatic holograms in the 1960s, the possibi- 
lities of recording full-color high-quality holograms 
have now become a reality. Over many years holo- 
graphic techniques have been created to produce 
holograms with different colors, referred to as pseudo- 
or multicolor holograms. For example, in the 
field of display hologeaphy, it is common to make 
multiple-exposed reflection holograms using a single- 
wavelength laser and emulsion thickness manipu- 
lation to obtain an image with different colors. In this 
way many beautiful pseudocolor holograms have been 
made by artists. Applying Benton’s rainbow hologram 
technique (for example, the one used for embossing 
holograms on credit cards), it has been possible to 
record transmission holograms as well as mass-produce 
embossed holograms with ‘natural’ colors. However, a 
rainbow hologram has a very limited viewing position 
from which a correct color image can be seen. 

This article will acquaint the reader with the topic 
of color holography (full-color or true-color holo- 
graphy). This describes a holographic technique to 
obtain a color 3D image of an object where the color 
rendition is as close as possible to the color of the real 
object. A brief review of the development of color 
holography, the current status and the prospects 
of this new 3D imaging technique, are presented 
Also included are recording techniques using three 
lasers providing red, green and blue (RGB) laser 
light as well as computer-generating techniques for 
producing full parallax 3D color images. 


The Development of Color 
Holography 
In theory, the first methods for recording color 


holograms were established in the early 1960s. 
Already Leith and Upatnieks (1964) proposed 


Pennington KS and Lin LH (1965) Multicolor wavefront 
reconstruction. Applied Physics Letters 7: 56 

Stroke GW and Labeyrie AE (1966) White-light 
reconstruction of holographic images using the 
Lippmann-Bragg diffraction effect. Physics Letters 
20: 368, 


multicolor wavefront reconstruction in one of their 
first papers on holography. The early methods con- 
cerned mainly transmission holograms recorded with 
three different wavelengths from a laser or lasers, 
combined with different reference directions to 
avoid cross-talk. Such a color hologram was then 
reconstructed (displayed) by using the original 
laser wavelengths from the corresponding reference 
directions. However, the complicated and expen- 
sive reconstruction setup prevented this technique 
from becoming popular. More suitable for holographic 
color recording is reflection holography, which can 
be reconstructed and viewed in ordinary white light. 

Most likely, the three-beam transmission tech- 
nique might eventually become equally applicable, 
provided inexpensive multicolor semiconductor 
lasers become widely available. Such RGB lasers 
can be used to display a very realistic, deep, and 
sharp holographic image of, for example, a room. 

Relatively few improvements in color holography 
were made during the 1960s and 1970s. Not until the 
end of the 1970s did a few examples of color holo- 
grams appear. During the 1980s, new and improved 
techniques were introduced. A review of various 
transmission and reflection techniques for color holo- 
graphy was published by Hariharan (1983). From 
1990 until today, many high-quality color holograms 
have been recorded, mainly due to the introduction of 
new and improved panchromatic recording 
materials. On the market are ultra-fine-grain silver 
halide emulsions (manufactured by Slavich in Russia) 
as well as photopolymer materials (manufactured by 
E, 1. du Pont de Nemours & Co. in the USA). 

Color reflection holography presents no problems 
with regard to the geometry of the recording setup, 
but the final result is highly dependent on the 
recording material used and the processing tech- 
niques applied. There are some problems associated 
with recording color holograms in general and 
specifically in silver halide emulsions: 


# Scattering occurring in the blue part of the 
spectrum typical of many holographic coars 
grain silver halide emulsions makes them unsuit 
able for the recording of color holograms. 


HOLOGRAPHY, TECHNIQUES / Color Holography 65 


© Multiple storage of interference patterns in a single 
emulsion reduces the diffraction efficiency of each 
individual recording, The diffraction efficiency of a 
three-color recording in a single-layer emulsion is, 
lower than a single wavelength recording in the 
same emulsion. 

# During wet processing, emulsion shrinkage 
frequently occurs, causing a wavelength shift. 
White-light-illuminated reflection holograms nor- 
mally show an increased bandwidth upon recon- 
struction, thus affecting the color rendition. 

© The fourth problem, related to some extent to the 
recording material itself, is the selection of appro- 
priate laser wavelengths and their combination in 
order to obtain the best possible color rendition of 
the object. 


In the beginning, when no suitable panchromatic 
emulsion existed, the sandwich technique was used to 
make color reflection holograms. Two plates we 
sandwiched together, in which, for example, two 
different types of recording materials were used. The 
most successful demonstration of the sandwich 
recording technique was made by Kubota (1986) in 
Japan. He used a dichromated gelatin (DCG) plate for 
the green (515 nm) and the blue (488 nm) compo- 
nents, and an Agfa 8E7S silver halide plate for the red 
(633 nm) component of the image. Kubota’s sandwich 
color hologram of a Japanese doll recorded in 1986, 
demonstrated the potential of high-quality color holo- 
graphy for the first time. Color holograms have also 
heen recorded in red-sensitized DCG materials. 

Extensive work in the field of reflection color 
holography was performed by Hubel and Solymar 
(1991), Primarily they employed Ilford silver halide 
materials for the recording of color holograms 
applying the sandwich technique. 

Very important is the research on recording 
materials by Usanov and Shevtsov (1990) in Russia. 
‘Their work is based on the formation of a microcavity 
structure in gelatin, by applying a special processing 
technique to silver halide emulsions. Such holograms 
recorded in a silver halide emulsion have a high 
diffraction efficiency and exhibit a typical DCG 
hologram quality. 

Not until panchromatic ultra-fine-grain_ silver 
halide emulsions were introduced in Russia in the 
carly 1990s, was it possible to record high-quality 
color holograms in a single emulsion layer as 
demonstrated by the present author. Although it is 
now possible to produce color holograms, they need 
to be displayed correctly. An important improvement 
would be to find an edge-illuminating technique to 
make color holograms easier to display. The display 
problem still remains the main obstacle preventing 


color holograms, as well as monochrome holograms, 
being more widely used. 


Recording of Color Holograms 


Currently, most transmission color holograms are of 
the rainbow type. Large-format holographic stereo- 
grams made from colorseparated movie or video 
recordings have been produced. There are also some 
examples of embossed holograms in which a correct 
color image is reproduced. In order to generate a true 
color rainbow hologram, a special setup is required in 
which the direction of the reference beam can be 
changed in between the recordings of the color- 
separated RGB primary images. However, as already 
mentioned, holographic color images of the rainbow 
type can reconstruct a correct color image only along 
a horizontal line in front of the film or plate and, thus, 
of less interest for serious color holography appli- 
cations. Reflection holography can offer full parallax, 
large field of view 3D color images where the colors 
do not change when observed from different 
directions. 


Silver Halide Materials 


To be able to record high-quality color reflection 
holograms it is necessary to use extremely low light- 
scattering recording materials. This means, for 
example, the use of ultra-fine-grain silver halide 
emulsions (grain size about 10 nm). Currently, the 
only producer of a commercial holographic panchro- 
matic ultra-fine-grain silver halide material is the 
Micron branch of the Slavich photographic company 
located outside Moscow, The PFG-03c emulsion 
comes in standard sizes from 63 mm X 63 mm format 
up to 300mm x 406 mm glass plates and is also 
available on film. Some characteristics of the Slavich 
material are presented in Table 1. 

By using suitable processing chemistry for the PFG- 
03c emulsion it has been possible to obtain high- 
quality color holograms. These holograms are 
recorded in a single-layer emulsion, which greatly 
simplifies the recording process as compared with 
many earlier techniques. The aforesaid single-layer 
technique is described below. 


‘Table 1 Characteristics of the Slavich panchromatic emulsion 


Silver halide material PFG-03C 
Emulsion thickness Zum 

Grain size 42-20nm 
Flesolution 10,000 ip(mm)* 


“1.0-1.5 x 10 *u(em) 
1.2-1.8 x 10-8 lem) 
~0.8-1.2x 19-* lem) 
633 nm and §30 nm 


Blue sensitivity 
Green sensitivity 

Fed sensitivity 

Color sensitivity peaked at 
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Photopolymer Materials 


The color holography photopolymer material from 
DuPont is another alternative recording material for 
color holograms. In particular, this type of material is 
suitable for mass production of color holograms. 
Although, being less sensitive than the ultra-fine-grain 
silver halide emulsion, it has special advantages of 
easy handling and dry processing (only UV-curing 
and baking). The DuPont color photopolymer 
material has a coated film layer thickness of about 
20 um. The photopolymer film is generally coated in 
a 12,S-inch width on a 14-inch wide Mylar” 
polyester base which is 0.002-inch thick. The film is 
protected with a 0.00092-inch thick Mylar" poly- 
ester cover sheet. However, the panchromatic poly- 
mer material is only supplied to specially selected and 
approved hologram producers. The reason for this is 
that some applications of color holograms are in the 
1d of document security where optically variable 
devices (OVDs) are produced. 

‘The recording of a color hologram on DuPont 
polymer is simple. The film has to be laminated to a 
piece of clean glass or attached to a glass plate using 
an index-matching liquid. To obtain the right color 
balance, the RGB sensitivity depends on the particu- 
lar material, but typically red sensitivity is lower than 
green and blue sensitivities. It is difficult to obtain 
high red-sensitivity of photopolymer materials, 


Simultaneous exposure is the best recording tech- 
nique for photopolymer materials. Holograms can be 
recorded manually, but in order to produce large 
quantities of holograms, a special machine is 
required. For hologram replication the scanning 
technique can provide the highest production rate. 
In this case, three scanning laser lines are needed, 
which can be adjusted in such a way that all three 
simultaneously can scan the film, The color photo- 
polymer material needs an overall exposure of about 
10 mffem) +, 

After the exposure is finished, the film has to 
be exposed to strong white or UV. light. DuPont 
recommends about 100 mJ(cm) > exposure at 
350-380 nm. After that, the hologram is put in an 
oven at a temperature of 120°C for two hours in 
order to increase the brightness of the image. 


Laser Wavelengths for Color Holograms 


The problem of choosing optimal primary laser 
wavelengths for color holography is illustrated in 
the 1976 CIE chromaticity diagram (Figure 1) which 
indicates suitable laser wavelengths for color 
holograms, 

It may seem that the main aim of choosing the 
recording wavelengths for color holograms would 
be to cover as large an area of the chromaticity 
diagram as possible. However, there are many other 


04 


os 


on 


(3 Wisringham data 
[et] Hubol optimal wavelengths, 

[2 Kubota optimal wavelengths 

— Biekinagen and Jeong wavelenats| 


os 05 06 oF 


Figure 1 The 1976 CIE uniform scales chromaticity diagram shows the gamut of surface colors and positions of common laser 
wavelengths. Optimal color-recording laser wavelengths are also indicated 


HOLOGRAPHY, TECHNIQUES / Color Holography 67 


considerations that must be taken into account when 
choosing the wavelengths for color holograms. One 
of these important considerations is the question of 
whether three wavelengths are really sufficient for 
color holography. The wavelength selection problem 
for color holography has been treated in several 
papers, for example by Peercy and Hesselink (1994). 

Hubel and Solymar (1991) provided a definition of 
color recording in holography: 


‘A holographic technique is said to reproduce ‘true’ 
colors if the average vector length of a standard set of 
colored surfaces is less than 0.015 chromaticity 
coordinate units, and the gamut area obtained by 
these surfaces is within 40% of the reference gamut. 
Average vector length and gamut area should both be 
computed using a suitable white light standard 
reference illuminant, 


An important factor to bear in mind when working 
with silver halide materials is that a slightly longer 
blue wavelength than the optimal one might give 
higher-quality holograms (better signal-to-noi: 
ratio) because of reduced Rayleigh scattering during 
the recording. Another important factor to consider is 
the reflectivity of the object at primary spectral 
wavelengths, It has been shown that the reflectivity 
of an object at three wavelength bands, peaked at 
450, 540, and 610 nm, has an important bearing on 
color reconstruction, These wavelengths can also be 
considered optimal for the recording of color 
holograms even though the laser lines are very 
narrow-band. A triangle larger than necessary can 
he considered in order to compensate for color 
desaturation (color shifting towards white) that 
takes place when reconstructing color reflection 
holograms in white light. According to Hubel’s 
color rendering analysis, the optimal wavelengths 
are 464, 527, and 606 nm for the sandwich silver 
halide recording technique. If the calculations are 
performed to maximize the gamut area instead, the 
following set of wavelengths is obtained: 456, 532, 
and 624nm. However, when approached from a 
different viewpoint, the optimal trio of wavelengths 
based on the reconstructing light source of 3400 K, a 
6 um thick emulsion with a refractive index of 1.63 
and an angle of 30° between the object and the 
reference beam the following wavelengths were 
obtained: 466.0, 540.9, and 606.6 nm. Peerey and 
Hesselink (1994) discussed wavelength selection by 
investigating the sampling nature of the holographic 
process, During the recording of a color hologram the 
chosen wavelengths point-sample the surface-reflec- 
tance functions of the object. This sampling on color 
perception can be investigated by the tristimulus 
value of points in the reconstructed hologram which 


is mathematically equivalent to integral approxi- 
mations for the tristimulus integrals. Percy and 
Hesselink used both Gaussian quadrature and 
Riemann summation for the approximation of 
the tristimulus integrals. In the first case they found 
the wavelengths to be 437, 547, and 665 nm, In the 
second case the wavelengths were 475, 550, and 
625nm. According to Peercy and Hesselink, the 
sampling approach indicates that three monochro- 
matic sources are almost always insufficient to 
preserve all of the object’s spectral information 
accurately. They claim that four or five laser 
wavelengths are required. 

Only further experiments will show how many 
wavelengths are necessary and which combination is 
the best for practical purposes. Another factor that 
may influence the choice of the recording wavelengths 
is the availability of ew lasers currently in use in 
holographic recording, for example, argon ion, 
krypton ion, diode-pumped solid state (DPSS) fre- 
quency-doubled Nd:YAG, helium neon, and helium 
cadmium lasers (Table 2). 

‘The recent progress in DPSS laser technology has 
made available both red and blue DPSS lasers. These 
lasers are air-cooled, small, and each laser requires 
less than a hundred watts of electric power to 
operate, Usually, a set of three DPSS lasers will be 
the best choice of ew lasers for color holography in 
the future. 


‘Setup for Recording Color Holograms 
A typical reflection hologram recording setup is 


illustrated in Figure 2. 


Table 2. Wavelengths from cw lasers 


Wavelength {nm} Laser type ‘Single line power jmW 
442 Helium cadmium — <100 
457 DPSS blue 500 
458, ‘Argon jon =500 
468 Krypton ion =250 
478 Krypton ion =500 
an ‘Argon jon =500 
488, ‘Argon jon =2000 
497 ‘Argon jon -=500 
502 ‘Argon ion <400 
514 ‘Argon ion 5000 
521 Krypton ion <100 
529 Argon ion 600 
531 Krypton ion <250 
592 DPSS green <2000 
543 Green neon =10 
568 Krypton ion =100 
633, Helium neon = <B0 
647 Kaypton ion =2000 
656 DPSS red =1000 
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Figure 2 The setup for recording color reflection holograms. 


The different laser beams necessary for the 
exposure of the object pass through the same beam 
expander and spatial filter. A single-beam Denisyuk 
arrangement is used, i.e., the object is illuminated 
through a recording holographic plate. The light 
reflected from the object constitutes the object beam 
of the hologram. The reference beam is formed by the 
three expanded laser beams. This ‘white’ laser beam 
illuminates both the holographic plate and the object 
itself through the plate. Each of the three primary laser 
wavelengths formsits individual interference patternin 
the emulsion, all of which are recorded simultaneously 
during the exposure. In this way, three holographic 
images (a red, a green, and a blue image) are super- 
imposed upon one another in the emulsion. 

Three laser wavelengths are employed for the 
recording: 476nm, provided by an argon ion 
laser, 532 nm, provided by a ew frequency-doubled 
Nd:YAG laser, and 647 nm, provided by a krypton 
laser. Two dichroic filters are used for the combining 
of the three laser heams. The ‘white’ laser beam goes 
through a spatial filter, illuminating the object 
through the holographic plate. 

By using the dichroic filter beam combination 
technique, it is possible to perform simultancous 
exposure recording, which makes it possible to 
control independently the RGB ratio and the overall 
exposure energy in the emulsion. The RGB ratio can 
be varied by individually changing the output power 
of the lasers, while the overall exposure energy is 
controlled solely by the exposure time. The overall 
energy density for exposure is about 3 mJ(cm) *, 
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CW N&:YAG laser (592 nm) 


Object behind the 
plate positioned 
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—HEC 


Holographic plate 


Inthe initial experiments performed by the author in 
1993, a specially designed test object consisting of the 
1931 CIE chromaticity diagram, a rainbow ribbon 
cable, pure yellow dots, and a cloisonné elephant, was 
used for the color balance adjustments and exposure 
tests. Later, another test target was employed — the 
Macheth ColorChecker™ chart, which was used for 
color rendering tests. 

Color reflection holograms can also be produced 
using copying techniques so that projected real 
images can be obtained, however, normally associ- 
ated with a restricted field of view. For many display 
purposes, the very large field of view obtainable in a 
Denisyuk color hologram is often more attractive. 


Processing of Color Holograms 


The dry processing of color holograms recorded on 
photopolymer materials has already been described, 
The process is simple and very suitable for machine 
processing using, for example, a baking scroll oven. 
The processing of silver halide emulsions is more 
difficult and critical. The Slavich emulsion is rather 
soft, and it isimportant to harden the emulsion before 
the development and bleaching takes place. Emulsion 
shrinkage and other emulsion distortions caused by 
the active solutions used for the processing must 
be avoided. In particular, when recording master 
color holograms intended for photopolymer replica- 
tion, shrinkage control is extremely important. 
The processing steps are summarized in Table 3. 
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Table.3 Color holography processing stops 100 _SP2Cta lctance Peak @_476nm 
1. Tanning in a formaldehyde solution 6 min 
2 Short rinse 5s 
3. Development in the CWC2 developer 3 min 592mm 647 nm 
4 Wash 5 min 
5. Bleaching in the PBU-amidol bleach ~5 min | 
6. Wash tomin 
7. Soaking in acetic acid bath (printout prevention) 1 min 
8 Shor rinse tin 
8. Washing in distiled water with wetting agent added 1 min 
10. Airdrying 
400 500 ‘600 


It is very important to employ a suitable bleach 
bath to convert the developed silver hologram into a 
phase hologram. The bleach must create an almost 
stain-free clear emulsion so as not to affect the color 
image. In addition, no emulsion shrinkage can be 
permitted, as it would change the colors of the image. 
Washing and drying must also be done so that no 
shrinkage occurs. Finally, to prevent any potential 
emulsion thickness variation by humidity variations, 
the emulsion needs to be protected by a glass plate 
sealed onto the hologram plate. 


Evaluation of Color Holograms 


Recorded color holograms of the two test targets are 
presented here, The illuminating spotlight to recon- 
struct the recorded color holograms was a 12-Volt 50- 
Watt halogen lamp. This type of spotlight is suitable 
for displaying color holograms. The selection of a 
snitable lamp for the reconstruction of color holo- 
grams is much more important than the selection of 
lamps for monochrome hologram display. The color 
balance for the recording of a color hologram must be 
adjusted to the type of spotlight that is going to be 
used for the display of the finished hologram. Figure 3 
shows a typical normalized spectrum obtained from a 
white area of the color test target hologram. 

This means that the diffraction efficiency of each 
color component is obtained assuming a flat spectrum 
of the illuminating source. One should note the high 
diffraction efficiency in blue, needed to compensate 
for the low blue light emission of the halogen 
spotlight. The noise level, mainly in the blue part of 
the spectrum, is visible and low. The three peaks are 
exactly at the recording wavelengths; i.e., 647, 532, 
and 476 nm. 

In Table 4 some results of the Macbeth Color- 
Checker” investigation are presented. The 1931 Cl 
xand y coordinates are measured at both the actual 
target and the holographic image of the target. The 
measured fields are indicated in the table by color and 
the corresponding field number. 


700 


Figure 3 Normalized spectrum from a white area of a color test 
target hologram. 


Color reproductions of two color holograms by the 
author are presented. A photograph of the 100 mm 
by 120 mm hologram of the CIE test object is shown 
in Figure 4. Featured in Figure 5 is a 200 mm by 
250 mm hologram of a large Russian egg. 


Computer-Generated Color 
Holograms 


Today it is not possible to obtain a computer- 
generated hologram (CGH) with the same high 
information content as the laser-recorded ones of 
real objects. What may become possible in the future 
is a technique to compute and record the interference 
pattern that is stored in a Denisyuk color hologram 
which, upon illumination, can produce an image like 
the laser-recorded ones of real objects. Therefore, the 
hest compromise is to use holographic stereograms 
which can provide high-quality computer-generated 
images. A holographic stereogram is created by using 
a series of 2D photographic images or 2D images 
displayed on a LCD screen from which the hologram 
is recorded. In order to obtain a high-quality 
holographic image with a large field of view, many 
2D images are needed. As mentioned earlier, some 
color CGHs of the rainbow transmission type have 
heen produced. However, image color changes as a 
function of viewer position in that type of hologram, 
making them less attractive than computer-generated 
reflection holograms. Over the last few years there 
has been rapid progress in color CGHs of the 
reflection type. Remarkable results have been 
achieved by Klug et al. (1997) at Zebra Imaging 
Inc. A new technique, to record very large full- 
parallax color reflection CGHs, has been developed. 
Color holograms can be produced, having both 
vertical and horizontal parallax, with a 100° field of 
view. The generation of a holographic hardcopy of 
either digitized images or computer graphics models 
is based on the following technique. The ‘object’ 
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Table 4 Chromaticity coordinates from color hologram recording tests using the Macbeth ColorChecker® 


Object White #19 Blue #13. Green #14 Red #15 Yellow #16 Magenta #17 Cyan #18 
CIExy — xly xy xy xy xy xy xy 

Target —-«0.45/0.405 0,295/0.260 0.389/0.514 0.815/0.935 0.817/0.850 0.524/0.922 0. 288/0.380 
Image 0.540.419 0.495/0.962 0.97/0.449 —0.47810.357 0.416047 _0.448/0.338 —_0-295/0.966 


Figure 4 Hologram of the CIE test object recorded with 476, 
532, and 647 nm laser wavelengths. Notice the rainbow ribbon 
abla, the pure yellow dots, the fullrange of colors, and abalanced 
white in the canter of the CIE color test target. 


sub-beam is directed through a sequence of digital 
images on a liquid-crystal screen, Each resulting 
exposure, about two millimeters square, is called a 
shogel’. The full-color hogels are the holographic 
building blocks of a finished CGH image. In an 
automated step-and-repeat process, 9 x 10* hogels 
are formed on a flat square tile of DuPont panchro- 
matic photopolymer film by simultaneous RGB laser 
exposures. The 60cm by 60cm tile itself is the 
finished hologram, or to obtain larger holograms, the 
3D image is made in 60 cm by 60 em tiled increments. 
So far, the largest image created was of Ford’s P2000 
Prodigy concept car in which ten such holograms tiled 
together made up the large color reflection hologram 
(1.2 m by 3 m) which is reproduced in Figure 6. 


Figure 5 Color hologram of a large Russian egg, size 100 mm 
by 120mm, 


This technique has opened the door to real 3D 
computer graphics. However, generating such a large 
hologram is a very time-consuming process. The Ford 
P2000 hologram took almost two weeks (300 hours) 
to produce, since each individual panel requires a 
24-hour recording time, 


The Future of Color Holography 


The manufacturing of large-format color reflection 
holograms is now possible. Mass production of color 
holograms on photopolymer materials has started in 
Japan. Although good color rendition can be 
obtained, some problems remain to be solved, such 
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Figure 6 _Computer-generated color hologram of Ford's P2000 Prodigy concept car. A ten tile full parallax Mosaic hologram produced 


by Zebra Imaging, In., size 1.2m by Sm, 


as desaturation, image resolution, signal-to-noi 
ratio and dynamic range. Other limitations concern- 
ing holographic color recording include the fact that 
some colors we sce are the result of fluorescence, 
which cannot be recorded in a hologram. There are 
some differences in the recorded colors in one of the 
test charts shown here. However, color rendition is a 
very subjective matter, Different ways of rendition 
may be preferable for different applications, and 
different people may have different color preferences. 

At the present time, research on processing color 
reflection holograms recorded on ultra-fine-grain 
materials is still in progress. Work is carried out on 
microcavity structure holograms in order to produce 
low-noise reflection holograms with high diffraction 
efficiency. For producing large quantities of color 
hologeams, the holographic photopolymer materials 
are most suitable and will be further improved in 
the future. 

Another important field of research is the develop- 
ment of a three-wavelength pulsed laser. Employing 
such a laser, dynamic events, as well as portraits, can 
be recorded in a holographic form. Currently, 
research work is in progress at the French German 
Research Institute ISL, Saint Louis, France, as well as 
at the Geola company in Lithuania. 

‘The virtual color image behind a color holographic 
plate represents the most realistic image of an object 
that can be obtained today, The extensive field of 
view adds to the illusion of beholding a real 
object rather than an image of it, The wavefront 
reconstruction process recreates accurately the three- 
wavelength light scattered off the object during the 
recording of the color hologram. This 3D imaging 
technique has many obvious applications, in parti- 
cular, in displaying unique and expensive artifacts. 


There are also many potential commercial appli- 
cations of this new feature of holographic imaging, 
provided that the display problem can be solved using 
some sort of integrated lighting. 

Today, it is technologically possible to record 
and replay acoustical waves with very high fidelity. 
Hopefully, holographic techniques will be able to 
offer the same possibility in the field of optical waves, 
wavefront storage, and reconstruction. Further 
development of computergenerated holographic 
images will make it possible to display extremely 
realistic full-parallax 3D color images of nonexisting 
objects, which could be applied in various spheres, 
for example, in product prototyping, as well as 
in other applications in 3D visualization and 
three-dimensional art, Eventually it will become 
possible to generate true-holographic 3D color images 
in real-time, as computers become faster and possess 
greater storage capacity. However, the most important 
issue is the development of extremely high-resolution 
electronic display devices which are necessary for 
electronic holographic real-time imaging, 


See also 
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Introduction 


A hologram is a tool for shaping the amplitude and 
the phase of a light wave, Shaping the amplitude 
distribution is easy, one way is by a photographic 
plate, another way is by binary pixels as used in ‘half- 
tone printing’, The phase distribution can be shaped 
by RE-fraction on a thin film of variable thickness, or 
by DIF-fraction on a diffraction grating that has been 
deliberately distorted. 

Both kinds of holograms can be manufactured 
based on a computer design, the refractive version 
being called a *kinoform’, and the diffractive version 
being known as a computer-generated hologram 
(CGH). We will explain the fundamentals of compu- 
ter holography with emphasis on the ‘Fourier— 
and will also highlight the large variety of 
applications. 


From the Classical Hologram to the 
Computer-Generated Hologram: CGH 


Holography is a method to form images, consisting of 
two steps: recording and reconstruction. In the 
recording step, some interference fringes are recorded 
on a photographic plate (Figure 1a), The two 
interfering waves originate from the object and from 
a reference light source. After being developed by the 
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usual photo-chemical treatment the photographic 
plate is called a hologram. In the reconstruction 
step, the hologram acts as a diffracting object that is 
illuminated by a replica of the reference light. Due to 
diffraction, the light behind the hologram is split into 
three parts (Figure 1b). One part proceeds to the 
observer who perce’ 
the genuine object had been originally during the 
recording step. 


a virtual object where 


@ LI Photo 


O) | Holo 


Figure 1 Holographic image formation in twa steps: (a) 
recording the hologram, (b) reconstructing the object wave. 
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This was a brief description of ‘classical-hologra- 
phy’. In ‘computer holography’ the first ste 
recording, is synthetic. In other words, the propa- 
gation of the light from the object to the photographic 
plate is simulated digitally. The simulation includes 
the addition of the object wave to the reference wave 
and the subsequent modulus square process, which 
describes the transition from the two complex 
amplitudes to the hologram irradiance: 


lughx) + myo? = yt) a 


‘The amplitude transmittance of the hologram is 


Tye) 


‘0 Feral) = Cito tee [21 
The coefficients cy and c; represent the photochemi- 
cal development. In the reconstruction process 
(Figure 1b) the transmittance Ty is illuminated by 
the reference beam, Hence, we get 


g(x) T(x) = Cyto (xg)? + 2+ 13) 


If the reference intensity |1g(x)I* is constant, this term 
represents a reconstruction of the object wave 14)(x). 
The omitted parts in eqns [2] and [3] describe those 
heams that are ignored by the observer (Figure 1b). 
The hologram transmittance T(x) is an analog 
signal: 


0<T=1 [4] 


Before the 1960s, when computer holograms were 
invented, the available plotters could produce only 
binary transmittance patterns, Hence, it was necess- 
ary to replace the analog transmission Ty(x) by a 
binary transmission By,(x), which is possible without 
loss of image quality. In addition, binary computer 
holograms have better light efficiency and a better 
signal-to-noise ratio. They are also more robust when 
being copied or printed. 

Another advantage of a CGH is that the object does 
not have to exist in reality, which is important for 
some applications. The genuine object may be 
difficult to manufacture or, if it is three-dimensional, 
difficult to illuminate. The CGH may be used to 
implement an algorithm for optical image processing 
In that case, the term ‘object’ becomes somewhat 
fictitious. We will discuss more about applications, 
towards the end of this article. 


From a Diffraction Grating to a Fourier 
CGH 


Now we will explain, in some detail, the ‘Fourier 
type’ CGH. Fourier holograms are more popular than 


' ' ' ' 


Figure 2 Grating difraction, but with an off-axis source, 


two other types: ‘image-plane’ CGHs and ‘Fresnel- 
type’ CGHs. The Fresnel-type will be treated in the 
section on ‘software’ hecause of some interest in 3-D 
holograms. Certain hardware issues will also be 
described. 

‘The explanation of Fourier CGHs begins with 
grating diffraction (Figure 2). The only uncommon 
feature in Figure 2 is the off-axis location of the 
source. It is arranged such that the plus-first diffrac- 
tion order will hit the center of the output plane. 

‘We will now convert a simple Ronchi grating 
(Figure 3a) into a Fourier CGH. The Ronchi grating 
transmittance can be expressed as the Fourier series: 


2mimx 1 
GO) =F Cy exo( 27); cy = 4s 


c= since’ ra 


Now we shift the grating bars by an amount PD. 
Then we modify the width from D/2 to WD, as 
shown in Figure 3b. The Fourier coefficients are now 


expQaimP) sin(rmW) 


6) 


The C, coefficient is responsible for the complex 
amplitude at the center of the readout plane: 


exp(2riP) sin(rW) 


Cus 71 
We are able now to control the beam magnitude, 
A=(4)sin(nW), by the relative bar width W 
and the phase ¢=2nP by the relative bar shift P. 
This particular kind of phase shift is known as 
“detour phase’. 

So far, the light that ends up at the center of the exit 
plane, leaves the grating as a plane wave with a wave 
vector parallel to the optical axis. Now we distort the 
grating on purpose (Figure 3c): 


W— Wie); P= Poy) Is} 


sctromagnetism > rotational > stepper motor 


Figure 25-7. The stepper motor from the previous figure, 


further disassembled. 


Bipolar Stepper Motors 

The most basic way to reverse the current ina coil 
is by using an H-bridge configuration of switches, 
as shown in Figure 25-8, where the green arrow 
indicates the direction of the magnetic field. In 
actual applications, the switches are solid-state. 
Integrated circuits are available containing all 
the necessary components to control a bipolar 
stepper motor. 


Four sequential steps of a bipolar motor are 
shown in Figure 25-9, Figure 25-10, 
Figure 25-11, and Figure 25-12. The H-bridge 
control electronics for each coil are omitted for 
clarity. As before, energized coils are shown with 
the pole inside the coil tinted green, while non- 
energized coils are gray, and the rotor is shown 
before it has had time torespond tothe magnetic 
field in each step. 


Unipolar Motors 

The control electronics for a unipolar motor can 
be simpler than those fora bipolar motor, as off- 
the-shelf switching transistors can ground one 
end of the coil or the other. The classic five-wire 
unipolar stepper motor, often sold to hobbyists 
and used in robotics projects and similar appli- 
cations, can be driven by nothing more elaborate 


How It Works 


Figure 25-8. The simplest and most basic way to reverse 
the current through a coil is via an H-bridge circuit. In 
practice, the switches are replaced by solid-state compo: 
rents, 


Step 4 


a 


Figure 25-9. A bipolar stepper motor depicted 2 moment 
before the rotor has had time to make its first step in re 
spanse to magnetic felds created by the stator cols. 


Chapter 25 213, 
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Figure 3 Modifying a grating into a hologram in 3 steps: 

(2) Ronchi grating, (b) Modified wicth and lacation of the grating 


bars, (c) Distorted grating bars, (d) as in Figure 3c, but now 
discrete distortions. 


o 


@ 


These distortions should be mild enough that the 
plus-first order light behind the distorted grating can 
be described by the complex amplitude: 


1 
(2 )sintawex, lexp2miPte i= maCe9) (9) 


This is a generalization of eqn [7]. The phase 
2nP(x,y) covers the range from —7 to +7/2 if 


Figure 4 CGH with 64 x 64 cells, 


the shift is bounded by IPI = 4. That is enough to 
cover the range of complex amplitudes within the 
We will return shortly to the 
ough distortions’ in the context 


circle of ln! 
condition ‘mild- 
of Figure 4. 

Most plotters move their pens only in the x- 
direction and y-direction and printers place dots on a 
grid. Therefore it is convenient to replace the 
continuous (x,y) variations of W and P by piece- 
wise constant variations, as in Figure 3d. That 
restriction turns out to be acceptable, as demon- 
strated by the first computer holograms. The theor- 
etical proof involves the sampling theorem. 

Recall that the light propagation through a 2-f 
system (Figure 2, between grating and output plane) 
can be described by a Fourier transformation 


= ail. 
= inl 


Suppose now that we wish to see a particular image: 
n(x, y). Hence, we request that 


ot yom S 


ho) 


rae i) 


The RECT function indicates that only the PLUS first 
diffraction order is of interest. As a consequence 
we have to select the grating distortions Wx, y) 
and P(x) such that the hologram 1mj(x,y) is the 
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Figure § A reconstruction trom a 1024 x 1024 CGH. The real 
image and the symmetrical twin image appear. The zeroth-order 
is blocked, 


Fourier CGH 
Tey) 
Lens 


7 1 ’ ’ 


Figure 6 Reconstruction setup far a Fourier CGH. 


Fourier transform of v(/, y) 


The condition ‘mild enough distortions’ has been 
treated in the literature, There is not enough space 
here to present that part of the CGH theory. But we 
show an actual CGH with 64 x 64 cells (Figure 4). 
This CGH is no longer a grating, but, it shows enough 
resemblance to our heuristic derivation. Hence, the 
CGH theory appears to be trustworthy. A CGH looks 
less regular if the image v(x’, y) contains a random 
phase that simulates a diffuser. The diffuser spreads 
light across the CGH and so levels out unacceptably 
large fluctuations in the amplitude 

With $12 x 512 or 1024 x 1024 cells in a CGH 
one can obtain an image of the quality seen in 
Figure 5. The reconstruction setup is shown in 
Figure 6, here with the letter F as the image. 


About Some CGH Algorithms 


‘The computational effort for getting the desired 
hologram amplitude of a Fourier hologram us is 
reasonable due to the powerful FFT algorithm, 
However, to use it the data must be discrete. In 
other words, the CGH consists of cells, centered at 


Xm =mD, y,=nD as shown in Figure 3d. The 
questions now are: ‘What is the proper cell size D?” 
and ‘How many cells are needed?” The answers 
to those questions depend on the parameters of 
the image. If the zero order (see Figure 6) should be 
at the distance Axg, then the quasi-grating period D 
should obey 


Mo ang 


D 3} 


And if the size of an image pixel should be as fine as 
xp, the size Avy, of the hologram should obey: 


= = bx 4} 
‘This condition is plausible because the finite size Ary 
of the hologram acts like a resolution-limiting 
aperrure. The combination of eqns [13] and [14] 
yields 

Axo _ Axi 

m= D a 
This means that the number of image pixels Axy/6x9 
is bounded by the number of CGH cells Axj;/D. The 
generalization to two dimensions is straightforward. 
Again, Fourier CGHs benefit from the fact that the 
light propagation from the virtual object to the 
hologram plane can be described by a Fourier 
transformation. Hence, the FFT can be used. 

‘And now we move to the synthesis of a Fresnel 
hologram. A Fresnel hologram is recorded at a finite 
distance z from the object. Hence, we have to 
simulate the wave propagation in free space from 
the object (at z = 0) to the hologram at a distance z, 
This free space propagation can be described (in the 
paraxial approximation) as a convolution of object 
and quasi-spherical wave: 


rime - <P] 
a2 Lay cues 


(16) 


In the Fourier domain the corresponding operation is: 


tg) ty) expl—imAzE™| = y,z) [7] 
The indirect execution of eqn [16], based on eqn [17], 
is easy: a Fourier transformation of the object 
converts 1o(x) into iig(4), which is then multiplied 
by the quadratic phase factor, yielding a(,2). An 
inverse Fourier transformation produces u(x,2). The 
two Fourier transformations consist typically of 4N 
log N multiply/add operations. N is the number of 
pixels: image size Axo, divided by the pixel size 8x9 
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In the case of a rectangular object (x.y), the 
number of pixels is AxpAyo/dxoSyo 

Now to describe the algorithmic effort for comput- 
ing the convolution, the #p(x) has N pixels, and, the 
lateral size of the exponential is essentially M = 2/6, 
where 8: represents ‘depth of focus’. M describes the 
lateral size of the diffraction cone, measured in pixel 
size units xo, and the convolution involves MN 
multiply/adds. A comparison of these two algorithms 
is dictated by the ratio 


M 


Flog N Ce 


The direct convolution is preferable if the distance z 
is fairly small, The integration limits of eqn [16] 
depend on the oscillating phase mx"/Az. Effectively, 
nothing is contributed to this integral, when this 
phase varies by more than 277 over the length, xp, of 
an object pixel. Note that the pixel size of u(x) 
does not change with the distance z, because the 
bandwidth A(z) = Ap is z-independent. This is so 
because the power spectrum is z-invariant: 


lit(ye, 2) = lito qe? 91 


It is easy to proceed from here to the CGH 
synthesis of a 3-D object. One starts with an object 
detail 14(x) at z,, for example, the house as in 
Figure 7. Then, one propagates to the next object 
detail at 2. This second detail may act as a multi- 
plication (transmission) and as addition (source 
clements). This process is repeated as the wave 
moves towards the plane of the hologram. There, 
a reference wave has to be added, as in the 
Fourier case. 

A very powerful algorithm for the CGH synthesis 
is ‘IFTA’ (iterative Fourier transform algorithm). 
Suppose, we want to design a Fourier CGH, which 
looks like a person and whose reconstructed image 
shows the signature of that person (Figure 8a,b). 
In other words, the two intensities 

luge. y)? and litgr(, 0)! 120] 
are determined. But, the phase distributions of sj 
and iy, are still at our disposal, The IFTA algorithm 
will yield those phases in many cases at the expense 
of ten, hundred or more Fourier transformations, 

The IFTA algorithm is sometimes called ‘Fourier 
Ping-Pong’ because it bounces back and forth between 
the (x,y) and the (2, ») domain. The amplitudes |a,/ 
and |g! are enforced at every opportunity. But the 
associated phases are free to vary and to converge, 
eventually. If so, uy and uo are completely known. 
The IFTA will not always converge, for example not if 


lui 9) = 66,9) and ligy(y4,091= 8,0) — [21] 
But the chances are fairly good if both amplitudes are 
often close to one and seldom near zero. 


Figure 8 IFTA-CGH: (a) The Fourier CGH. (b) The optical construction thereof. (Courtesy of H.O. Bartelt) 
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Finally, an image plane CGH is trivial from an 
algorithmic point of view. The simulated propagation 
from object plane to image plane is usually an 
identity, apart from the finite bandwidth of the 
image-forming system. Nevertheless, image plane 
holograms can be quite useful, for example for 
interferometric testing of a nonspherical mirror of 
an astronomical telescope. The CGH is laid out to 
provide a wavefront that is suitable for an interfero- 
metric ‘null test’. The CGH serves as a ‘synthetic 
prototype’. 

A fourth kind of CGH, to be named near-field 
CGH may emerge. It operates in the near-field and it 
employs evanescent waves as they occur, if object 
details are comparable in size with, or even 
smaller than, the wavelength. Conceivable topi 
are “super resolution’ and ‘sub-lambda lithography 
Fundamentals and history of classical evanescent 
holography are reported in the Further Reading. 


Some Hardware Aspects 


We now describe some hardware aspects of the 
CGHs. Remembering the CGH cell structure in 
Figure 3d, we saw the amplitude encoded as relative 
width W (eqn [6]). Instead of the width, one may use 
the relative height H = 1 as the amplitude parameter. 
More efficient, but more difficult to manufacture are 
saw tooth-shaped hologram cells. The saw tooth 
prism may be approximated by a phase stair, which is 
possible with today’s lithographic technology. The 
corresponding theory is called phase quantization, 


Fil Lens Image 


Some CGH Applications 


Some applications had been mentioned already 
hefore, e.g., 3-D display (see Figure 7). The data 
volume can be very high, hence, shortcuts such as 
eliminating the vertical perspective, are necessary. 
‘The largest CGHs for visual light are used for testing 
astronomical telescopes by means of interferometry. 
The IFTA algorithm has been used, among other 
things, for designing a CGH which acts as an optimal 
diffuser. Speckles and light efficiency are the critical 
issues in diffuser design, Another project, that also 
benefits from IFTA, is beam shaping. That is a broad 
topic with aims at, for example, homogenizing the 
output of laser, beam structuring for welding, cutting, 
and scanning. 

A CGH ean also be used as a spatial filter for image 
processing. For example, an input image may be 
Hilbert-transformed in the setup shown in Figure 9a. 
The filter (Figure 9b) is a grating, of which one 
sideband is shifted by one-half of the grating period. 
Such a geometric shift generates the a-phase shift that 
is needed for the Hilbert transformation, The same 
setup can also be used to implement Zernike’s phase 
contrast. Now the grating is distorted such that the 
zero-frequency region at the optical axis is reduced in 
amplitude by (typically) a factor of 0.2. In addition, 
the phase is shifted by 7/2 due to a fringe shift of a 
quarter period (Figure 10a). In the image plane one 
can see an ordinary image on-axis, and two phase- 
contrast images in the plus-minus first diffraction 
orders, One of them has positive phase contrast, the 
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Figure 9 (a) Hibert setup. (o) Hilbert fier. 
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Figure 10 (a) Phase contrast iter. (b) Phase contrast output 
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Figure 14. (a) Differentiation titer. (b Ditferentiation output 
other one has negative phase contrast (Figure 10b). 
Another simple spatial filter (Figure 11a) produces 
a derivative of the input w(x, y): du(x,y)/ax 
(Figure 11b). Equations [22]-[24] explain this 
differential filtering experiment. 


aut y) 


(x,y) > =u(x,y) (22) 


ae 


‘The phase portion of the filter (Figure 11) is the 
same as for the Hilbert filter, but, the filter amplitude 
now enhances the higher frequencies. The object used 
for getting the results of Figure 10b and 11b was a 
phase-only object: a bleached photograph, 

‘A very famous spatial filtering experiment is 
‘matched filtering’, which can be used for pattern 
recognition. The original matched filters were classi- 
cal Fourier holograms of the target pattern, Compu- 
ter hologram’s can do the same job, even with 
spatially incoherent objects, this work being initiated 
by Katyl 

Fourier holograms are also attractive for data 
storage, due to their robustness against local defects. 
However, a local error in the Fourier domain spreads 
out all over the image domain. The computed 
hologram has an advantage over classical holograms 
because of the freedom to incorporate any error 
detection and correction codes for reducing the bit 
error rate even further. 

One of the most recent advances is in matched 
filtering with totally incoherent light. This step allows 
moving spatial filtering out of the well-guarded 
laboratory into hostile outdoor environments. 


Finally, a word about terminology; several terms 
are used in place of ‘CGH’: synthetic hologram, 
digital hologram, holographic optical element 
(HOE), diffractive optical element (DOE) or digital 
optical clement. 

CGHs have also been made for other waves, such 
as acoustical waves, ocean waves, and microwaves. 
Digital antenna steering represents a case of computer 
holography. 
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Introduction 


The sinusoidal nature of light, its ability to interfere, 
and the precise knowledge of its wavelength make it 
possible to measure several metrological quantities, 
such as distances and displacements, with high 
accuracy. However, the high frequency of light results 
in the difficulty that the primary quantity to be 
measured, i.e., the phase of the light wave, cannot be 
observed directly. All quadratic sensors (CCD, 
CMOS, photo plates) are only able to record 
intensities. Therefore, one makes use of a trick: the 
transformation of phase changes into recordable 
intensity changes as the basic principle of interfero- 
metry and holography. Holography provides the 
possibility to record and to reconstruct the comple 
information of optical wave fields. Numerous poter 
tial applications such as 3D-imaging of natural 
objects, fabrication of diffractive optical elements, 
and interferometric investigation of complex technical 
components become possible. Further progress has 
been made by recording holograms directly with 
clectronic targets and not in photographic emulsions. 
In this way the independent numerical reconstruction 
of phase and intensity can be accomplished by the 
computer. One important consequence is that inte 
ferometric techniques, such as 3D-displacement anal- 
ysis and 3D-contouring, can be implemented easily 
and with high flexibility. Furthermore, digitally 
recorded holograms can be transmitted via telecom- 
munication networks and optically reconstructed at 
any desired place using an appropriate spatial light 
modulator, Consequently, the complete optical infor- 
mation of complex objects can be transported 
between different places with high velocity. This 
opens the possibility to compare nominal identical 
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but physically different objects (master sample com- 
parison) available at different locations with inter- 
ferometric sensitivity. We call this remote metrology. 


Direct Phase Reconstruction 
by Digital Holography 


In digital speckle pattern interferometry (DSPI), the 
object is focused onto the target of an electronic 
sensor. Thus, an image plane hologram is formed asa 
result of the interference with an inline reference 
wave. In contrast with DSPI, a digital hologram is 
recorded without imaging. The target records the 
superposition of the reference and the object wave in 
the near-field region — a so-called Fresnel hologram. 
The basic optical setup in digital holography for 
recording holograms is the same as in conventional 
holography (Figure 1a). A laser beam is divided into 
two coherent beams, one illuminating the object and 
forming the object wave, the other entering the target 
directly and forming the reference wave. On this 
basis, very compact solutions are possible. Figure 1b 
shows a holographic camera where the interfero- 
meter, containing a beamsplitter and some wavefront 
shaping components, is mounted in front of the 
camera target. 

For a description of the principle of digital Fresnel 
holography, we use a simplified version of the 
optical setup (Figure 2a). The object is modeled by 
a plane rough surface that is located in the (x,y)- 
plane and illuminated by laser light. The scattered 
wavefield forms the object wave u(x,y). The target 
of an electronic sensor (e.g, a CCD or a CMOS) 
used for recording the hologram is located in the 
(&mplane at the distance d from the object. 
Following the basic principles of holography, the 
hologram h(&, 9) originates from the interference of 
the object wave u(é,) and the reference wave r(€, 7) 
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Figure 1 Setup for recording digital holograms. (a) Schematic setup for recording a digital hologram onto a CCD target. 
(0) Implementation of a holographic camara by mounting a compact holographic interferometer infront af a CCD-target (4 ilumination 
directions are used). Reproduced from Soebacher S, Osten W, Baumbach Th and Jiptner W (2001) The determination of material 
parameters of microcomponents using digital holography. Optics and Lasers in Engineering 36(2): 103-126, copyright © 2001, with 


permission from Elsevier 
in the (& )-plane: 
I& m) = (Em) +E MP 
=r +r + ur” + a" ty) 


‘The transformation of the intensity distribution into 
a gray value distribution, that is stored in the image 
memory of the computer, is considered by the 
characteristic function f of the sensor. This function 
is generally only approximately linear: 


T=thé& m1 21 


Because the sensor has a limited spatial resolution, 
the spatial frequencies of the interference fringes 
in the hologram plane — the so-called micro- 
interferences — have to be considered. The fringe 
spacing g and the spatial frequency f,, respectively, 
are determined by the angle f between the object 


and the reference wave (Figure 2b): 
1 A 

> > Tsinpe 
with A as the wavelength. If we assume that the 
discrete sensor has a pixel pitch (distance between 
adjacent pixels) Ag, the sampling theorem requires 
at least two pixels per fringe for a correct 
reconstruction of the periodic function: 

1 


BI 


2Me< — 4 
os 7 ro 
Consequently, we obtain for small angles B: 
a 
o<e U5] 


Modern high-resolution CCD or CMOS chips 
have a pitch, Ag of about 4m. In this case, a 
maximum angle between the reference and the 
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Figure 2 Geometry for recording and reconstruction of digital 
holograms. (a) Schematic setup for Fresnel holography. (0) 
Interference between the object and reference wave in the 
holagram plane. 


object wave of only 4° is acceptable. The practical 
consequence of the restricted angle resolution in 
digital holography is a limitation of the effective 
object size that can be stored holographically by an 
electronic sensor. However, this is only a technical 
handicap. Larger objects can be placed at a sufficient 
distance from the hologram, or reduced optically by 
imaging with a negative lens. 

‘The reconstruction is done by illuminating the 
hologram with a so-called reconstruction wave 
én 


wees y) = Ah& Mle& 6) 


The hologram, t1h(€, m)], diffracts the wave, ¢(&, 7), in 
such a way that images of the object wave are 
reconstructed. Usually four terms are reconstructed if 
the wave, 1/(x’, y), propagates in space. An assumed 


linear characteristic function, t(h) = ah + to, delive: 
af =Te =the 71 
and 
af =alew + er + cur + cru’ | + ety {8} 


with two relevant image terms, [cur"] and [cru]. The 
appearance of the image terms depends on the 
concrete shape of the reconstruction wave. Usually 
the reference wave, =r, oF its conjugated version, 
*, is applied. In the case of the conjugated 
reference wave, a direct or real image will be 
reconstructed due to a converging image wave that 


can be imaged on a screen at the location of the 
original object. 

However, in digital holography the reconstruction 
of the object wave in the image plane, 1¢(x',y'), is 
done by numerical simulation of the physical process, 
as shown in Figure 3a. The reconstruction wave with 
a well-known shape equal to the reference wave, 
H& 7), propagates through the hologram, b(n). 
Following the Huygens principle, each point, P(E 7), 
on the hologram, acts as the origin of a spherical 
elementary wave. The intensity of these elementary 
waves is modulated by the transparency, b(é,7). In a 
given distance, d’ =d, from the hologram, a sharp 
real image of the object can be reconstructed as the 
superposition of all elementary waves. For the 
reconstruction of a virtual image, d’ = —d is used. 

Consequently, the calculation of the wavefield, 
u(y), in the image plane starts with the pointwise 
multiplication of the stored and transformed intensity 
values, tIh(é,m)], with a numerical model of the 
reference wave, r(&,7). If the hologram is assumed to 
be uniformly illuminated by a normally incident, 
monochromatic plane wave of amplitude 1 the 
reference wave can be modeled by r& 7) = 1. 
After the multiplication the resulting field in the 
hologram plane is propagated in free space. In the 
distance, d’, the diffracted field, r(x’, y’), can be found 
hy solving the well-known Rayleigh-Sommerfeld 
diffraction formula, that is also known as the 


o) 


Figure 3 Reconstruction of digital holograms. (a) Principe of 
wave front reconstruction. (b) Light propagation by difraction 
{Huygons-Fresnal principle). 
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Huygens—Fresnel principle: 
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? 
with 
eE—x'n—y)= yd? + (E-xP [0] 
as the distance between a point O'(x',y',2=d') in 
the image plane and a point P(én,z=0) in the 
hologram plane, and 

Qa 
k= a (11) 


as the wave number. The obliquity factor, cos 0 
represents the cosine of the angle between the 
outward normal and the vector joining P to O! 
This term is given as: 


cosa 
? 


(12) 


and therefore the Huygens—Fresnel principle can be 


aif, 


This numerical reconstruction delivers the complex 
amplitude of the wavefront. Consequently, the phase 
distribution, 4(2’,y/), and the intensity, [(x’,y’),can be 
calculated directly from the reconstructed complex 
function, 1/(2’,y/) 
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The direct approach to the phase yields several 
advantages for imaging and metrology applications 
that are discussed later. 


Reconstruction Principles in Digital 
Holography 


Different numerical reconstruction principles have 
been investigated: the Fresnel approximation, the 
convolution approach, the lens-less Fourier 
approach, the phase shifting approach, and the 
phase-retrieval approach. In this section the main 
techniques are briefly described. 


The Fresnel Approximation 


If the distance, d, between the object and hologram 
plane, and equivalently, d’' = d, between the hologram 
and image plane, is large compared to (— x‘) and 
(7— y), then the denominator of eqn [13] can be 
replaced by d’? and the parameter p in the numerator 
can be approximated by a binomial expansion for the 
square root (10) where only the first two terms are 
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Equation [17] is a convolution integral that can be 
expressed as 


wot={[ oocalE MINE DH 


x (Ea ny Edn (18) 
with the convolution kernel: 
»_explikd’) Pik 2p 
Hol.y) — xp| Hetty] (19) 


Another notation of eqn [17] is found if the term 
expl(ik/2d')(x” +7)] is taken out of the integral: 


eof fey]ff 
xfremnenen[ige +n] 
xex[-igte+m)fledn 201 


= sth) 2 expfi getty] 


xFTig fete mine esl 


Wey) 


k 
2 


“i 


Ru 


where FT,y indicates the 2-dimensional Fourier 
transform that has been modified by a factor 1/(Ad’) 
Equation [21] makes clear that the diffracted 
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wavefront consists of the Fourier transform (FT) of 
the digitally stored hologram, #{h(&m)], multiplied 
by the reference wave, r(&m), and the chirp 
function, exp((im/Ad'\(@+12)}. This Fourier trans- 
form is scaled by the constant factor, 1/(id'A), and a 
phase factor that is independent of the processed 
hologram, 

The discrete sampling in digital processing requires 
the transformation of the infinite continuous integral 
in eqn [20] into a finite discrete sum, This results in 
the finite Fresnel transform: 


ene 
Wl(m.n) = YY th JAE IAM) JAE [Ay 
ae 


x eso] Fae + Party] 
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where constants and pure phase factors preceding the 
sums have been omitted, The main parameters are the 
pixel number M x N and the pixel pitches Ag and Ay 
in the two directions, which are defined by the used 
sensor chip. 

The discrete phase distribution, d(im,), of the 
wavefront and the discrete intensity distribution, 
Kim.m, on the rectangular grid of MXN sample 
points can be calculated from the reconstructed 
complex function, «(on,n), by using eqns [14] and 
[15], respectively. The wrapped phase distribution is 
computed directly without the need of additional 
temporal or spatial phase modulation such as phase 
shifting or spatial heterodyning. 

For interferometric applications with respect to 
displacement and shape measurement the phase 
difference, dm.m), of two reconstructed wave 
fields, u{(m,n) and 10n,n), needs to be calculated. 
The algorithm can be reduced to the following 
equation: 


(22) 


n,n) = yon, n) ~ a(n.) 1231 
Figure 4 shows the principle of displacement 
measurement by digital holography. Besides the 
investigation of surface displacements in the region 
of the wavelength, digital holography can be applied 
advantageously for the measurement of the shape of 
complex objects. In Figure 5, a turbine blade was 
investigated with the 2-wavelength contouring 
method. Both, the digitally reconstructed mod 
2rphase and its demodulated version after-phase 
unwrapping, are presented. Phase unwrapping, is 
necessary in digital holography, since the fringe- 
counting problem still remains. However, there are 


‘Unioaded 
Loaded 


Phase 


Mod 2xphase 


‘Demod. phase 


Figure 4 The principle of digital holographic interferometry 
demonstrated on an example of a loaded small beam. The 
interference phase is the result of the subtraction of the two 
phases which comespond to the digital holograms of both 
object states. 


some efficient approaches to overcome the difficulties 
of this process. 

Following eqn [22] the pixel spacing in the 
reconstructed image is 


da 
Nay 


ya. wa ; 
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Additional to the real image, a blurred virtual image 
and a bright de-term, the zero-order diffracted field, is 
reconstructed. This term can effectively be eliminated 
by preprocessing the stored hologram or the different 
terms can be separated by using the off-axis instead of 
the in-line technique. However, the spatial separation 
between the object and the reference field requires 
a sufficient space-bandwidth product of the used 
CCD-chip, as discussed in the section on direct phase 
reconstruction above. 


Numerical Reconstruction by the Convolution 
Approach 


In the section above, we have already mentioned that 
the connection between the image term, w(x.¥), 
and the product, #(A(€ m)In&n), can be described 
by a linear space-invariant system. The diffraction 
formula [17] is a superposition integral with the 
impulse response: 
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A linear space-invariant system is characterized by a 
transfer function G, that can be calculated as the 


Variants 
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Figure 25-10. The bipolar stepper motar fram the previ 
fous figure is shown with its rotor having advanced by one 
step. and coll polarity changed! to induce it to make a sec: 
fond step, 


Step 3 


a ad 


Figure 25-11. The bipolar stepper motor after taking its 
second step, immediately before making its third step. 


than a set of 555 timer chips. However, this type 
of motor is less powerful for its size and weight 
because only half of each coil is energized at a 
time. 


In Figure 25-13, Figure 25-14, Figure 25-15, and 
Figure 25-16, the simplest configuration of a uni- 
polar system is shown in diagrammatic form us- 
ing four stator coils and a rotor containing six 
magnetic poles. Each figure shows the stator 
coils when they have just been energized, a mo- 


electromagnetism > rotational > stepper motor 


eS ea 


Figure 25-12, The bipolar stepper motor after taking its 
third step. When the rotor responds to the new pattern of 
‘magnetic field. its orientation wil be functionally ident 
cal with that shown in the first step. 

ment before the rotor has had time to move in 
response to them, Coils that are energized are 
shown with the metal cores tinted green. Wires 
that are not conducting current are shown in 
gray. The open and closed positions of switches 
a,b, c,and d suggest the path that current is tak- 
ing along the wires that are colored black. 


Note that coils on opposite sides ofthemotor are 
energized simultaneously, while the other pair of 
coils is de-energized. Adjusting the controller so 
that it overlaps the ‘on” cycles of the coils can 
generate more torque, while consuming more 
power, 


‘A motor containing more stator poles can ad- 
vance in smaller steps, ifthe polesare separately 
energized. However, if the coils have individual 
windings, this will increase the cost of the motor. 


Variants 


In addition to bipolar and unipolar variants, pre- 
viously described, three others are available. 


High Phase Count 
This term describes any type of stepper motorin 
which additional poles reduce the step size. The 
advantages of a high phase count include 
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Figure § Phase reconstruction by digital holographic interferometry on an example of 2-wavelength contouring of a turbine blade. (a) 
Image ofthe turbine blade. (o) Mod-2: phase distribution. (c) Unwrapped phase distribution. (d) CAD reconstruction ofthe turbine blade. 


Fourier-transform of the impulse response: 


Ufo fy) = FH nx. Yh 126] 
with the spatial frequencies f, and f,. Consequently, 
the convolution theorem can be applied, which states 
that the Fourier transform of the convolution, 
thé MIrén), with H is the product of the 
individual Fourier transforms, FT({¢(h(é, mIné m)) 
and FT(H)}. Thus 1(x',y’) can be calculated by the 
inverse Fourier transform of the product of the 
Fourier-transformed convolution partners: 


w(x',y) = FT HET IETI} 127] 


W(t) = [thyrI@H 28] 


with ® as the convolution symbol. The computing 
effort is comparatively high: two complex multipli- 
cations and three Fourier transforms. The main 
difference to the Fresnel transform is the different 
pixel size in the reconstructed field: 


and Ay 


29] 


Numerical Reconstruction by the Lensless 
Fourier Approach 


We have already mentioned that the limited spatial 
resolution of the sensor restricts the angle resolution 
of the digital hologram. The sampling theorem 
requires that the angle between the object beam 
and the reference beam at any point of the 
electronic sensor be limited in such a way that the 
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microinterference spacing is larger than double the 
pixel size. In general, the angle between the reference 
beam and the object beam varies over the sensor's 
surface, and so does the maximum spatial frequency. 
Thus, for most holographic setups, the full spatial 
bandwidth of the sensor cannot be used. However, 
it is important to use the entire spatial bandwidth of 
the sensor because the lateral resolution of the re- 
constructed image depends on a complete evaluation 
of the entire information obtained from the sensor. 

Even if the speed of digital signal processing is 
increasing rapidly, algorithms should be as simple and 
as fast to compute as possible. For the Fresnel 
approach and the convolution approach, several fast 
Fourier transforms and complex multiplications are 
necessary. Therefore, a more effective approach, such 
as the subsequently described algorithm, seems 
promising. 

The lensless Fourier approach is the fastest and 
most suitable algorithm for small objects. The 
corresponding setup is shown in Figure 6. It allows 
us to choose the lateral resolution in a range from a 
few microns to hundreds of microns without any 
additional optics. Each point, (7), on the hologram 
is again considered as a source point of a spherical 
elementary wavefront (Huygen’s principle). The 
intensity of these elementary waves is modulated 
by th(€ m)] — the amplitude transmission of the 
hologram. The reconstruction algorithm for lensless 
Fourier holography is based on the Fresnel recon- 
struction, Here again, n(x, y) is the object wave in the 
object plane, b(£.7) the hologram, r(é,m) the refer- 
ence wave in the hologram plane, and w(x’, y') the 
reconstructed wavefield, 

For the specific setup of lensless Fourier hologra- 
phy, a spherical reference wave is used with an origin 
at the same distance from the sensor as the object 


itself, In the case that d' =—d, x=4/, and y=y, 


Figure 6 Scheme of a sotup for digital lonsiess Fourior 
holography of difusely reflecting abjacts 


both virtual images are reconstructed and the 
reconstruction algorithm then reads: 
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with FT,, as the 2-dimensional Fourier transform- 
ation which has been scaled by a factor 1/Ad. In this 
recording configuration, the effect of the spherical 
phase factor associated with the Fresnel diffraction 
pattern of the object is eliminated by the use of a 
spherical reference wave, r(&.m), with the same 
average curvature: 


rx,y)=const. x exp (i Ge +a? ) By 


This results in a more simple reconstruction algori- 
thm which can be described by 


xd 
XPT thE mM) 2 


Hod.y) =conse. xexp(-iZ2-+97)) 


Besides the simpler and faster reconstruction 
algorithm (only one Fourier transformation has to 
be computed), the Fourier algorithm uses the full 
space-bandwidth product (SBP) of the sensor chip 
because it adapts the curvature of the reference wave 
to the curvature of the object wave. 


Influences of Discretization 


For the estimation of the lateral resolution in digital 
holography, three different effects related to disere- 
tization have to he considered: averaging, sampling, 
and the limited sensor size. We assume a quadratic 
sensor with NxM pixels of the size AEX ME 
Each pixel has a light-sensitive region with a side 
length yAg= Ag. y7 is the so-called fill factor 
(0 = y= I), that indicates the active area of the 
pixel. The sensor averages the incident light which 
has to be considered because of possible intensity 
fluctuations over this area. The continuous 
expression for the intensity [(é7)=sb(& mh 
registered by the sensor, has to be integrated over 
the light-sensitive area. This can be expressed 
mathematically by the convolution of the incident 
intensity I,m), with a rectangle function: 


T(E n) 1B rect se. seu 13] 
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The discrete sampling of the light field is modeled 
by the multiplication of the continuous assumed 
hologram with the 2-dimensional comb-function: 


R 


En) © 1'E, 9) X combyg ag 134] 
Finally, the limited sensor size requires that the 
comb-function has to be truncated at the borders of 
the sensor. This is considered by the multiplication 
with a 2-dimensional rect-function of the size N x Aé: 
PE mec P x rectusnae 135] 
The consequences are amplitude distortions, aliasing 
and speckling that have to be considered in the 
reconstruction procedure. 


Advantages of Digital Holography 


Besides the electronic processing and the direct access 
to the phase, some further advantages recommend 
digital holography for several applications such as 
metrology and microscopy: 


+ The availability of the independently recon- 
structed phase distributions of each individual 
state of the object and interferometer, respet 
offers the possibility to record a series of digital 
holograms with increased load amplitude. In the 
evaluation process, the convenient states can be 
compared interferometrically. Furthermore, a 
series of digital holograms with increasing load 
can be applied to unwrap the mod 2m-phase 
temporally. In this method, the total object 
deformation is subdivided into many measure~ 
ment steps, in which the phase differences are 
smaller than 27. By adding up those intermediate 
results, the total phase change can be obtained 
without any further unwrapping. This is an 
important feature, since it is essential to have an 
unwrapped phase to be able to calculate the real 
deformation data from the phase map. Figure 7 
shows an example of such a measurement. 
The left image shows the wrapped deformation 
phase for a clamped coin which was loaded with 
heat. The right image shows the temporal 
unwrapped phase which has been obtained by 
dividing the total deformation into 85 sub- 
measurements. Thus, the displacement of the 
object can be observed almost in real time during 
the loading process. 

‘+ The independent recording and reconstruction 
of all states also gives a new degree of freedom 
for optical shape measurement. In the case of 


@ ) 
Figure 7 Temporal unwrapping by digital holography: (a) 


Wrapped phase of a thermal loaded coin. (6) Temporaly 
lunivrapped phase. 


multiwavelength contouring, each hologram 
can be stored and reconstructed independently 
with its corresponding wavelength. This results in 
a drastic decrease of aberrations and makes it 
possible to use larger wavelength differences for 
the generation of shorter synthetic wavelengths. 

‘+ Because all states of the inspected object can be 
stored and evaluated independently, only seven 
digital holograms are necessary to measure the 
3D-displacement field and shape of an object 
under test: one hologram for each illumination 
direction before and after the loading, respecti- 
vely, and one hologram with a different wave- 
length (ora different source-point of illumination) 
which can interfere with one of the other holo- 
grams to perform two-wavelength-contouring 
(or two-source-point-contouring) for shape 
measurement. If four illumination directions are 
used, nine holograms are necessary. 

+ The direct access to all components of the 
wavefield makes it possible to correct wavefront 
aberrations effectively by computer, 

‘+ The digital hologram containing all information 
of the wavefront can be transmitted via the 


internet to any location and can be reconstructed 
digitally by computer or as an analogue version by 
a spatial light modulator. Consequently, remote 
access to wavefronts, that are generated at distant 
places, is possible. 

‘+ Finally, the possibility to miniaturize complex 
holographic sensor setups and to use this method 
for remote comparative interferometry, makes 
digital holography a versatile tool for the solution, 


of numerous inspection and measurement 
problems. 

See also 

Diffraction: Fresnel Diffraction. Fourier Optics. 


Holography, Techniques: Holographic Interferometry. 
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Introduction 


The development of holographic interferometry has 
redefined our perception of optical interferometry. 
The unique property of holographic interferometry to 
bring a wavefront, generated at some earlier time, 
stored in a hologram and released at a later time, to 
interfere with a comparison wavefront, has made 
possible the interferometric comparison of a rough 
surface, which is subject to stress, with its normal 
state. Assuming the surface deformations to be very 
small, the interference of the two speckled wavefronts 
forms a set of interference fringes that are indicative 
of the amount of displacement and deformation 
undergone by the diffuse object. 

Holographic interferometry is an important and 
exciting area of research and development, It has 
established itself as a highly promising noninvasive 
technique in the field of optical metrology. Te 
niques within its folds for the measurement of static 
and dynamic displacements, topographic contours, 
and flow fields have been developed and demon- 
strated with success in a wide range of problems. 
Significant and extensive contributions to the devel- 
opment of holographic interferometry have been 
realized both from the theoretical and experimental 
perspectives. A wide range of procedures have been 
developed which make it not only possible to 
measure surface displacements and deformations of 


Screen 


Laser Microscope 


objective 


engineering structures to an accuracy of a fraction of 
a micrometer but also to detect material flaws and 
inhomogeneities having escaped the manufacturing 
process. The methodology of quantitative analysis of 
holographic interferograms has undergone extensive 
development during the last decade. This article 
provides a brief review of the holographic techniques 
with emphasis placed on bringing out its relevance 
in experimental mechanics and nondestructive 
testing. The series of books given in the Further 
Reading section at the end of this article treat the 
field in detail. 


Basic Methods in Holographic 
Interferometry 


The ability of holography to store a wavefront and 
release it for reconstruction at a later time offers 
access to the possibility to compare wavefronts, which 
have albeit existed at different times. There are several 
schemes that have been established to obtain the 
interferometric comparison of the wavefronts. 


Double-Exposure Holographic Interferometry 


In frozen form of wavefront comparison, two 
holograms of the object are recorded on a photo- 
graphic plate. The first hologram is made with the 
object in its initial, unstressed state and the second 
hologram is recorded with the object in its final, 
stressed state. Upon reconstruction, the hologram 
releases the two stored wavefronts, one correspond- 
ing to the object in its unstressed state and the other 
corresponding to the object in its stressed state 
(Figure 1). The virtual image is overlaid by a set of 
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Figure 1 Layout for observing a double exposure holographic interferogram. 
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bright and dark interference fringes, which are due 
to the displacement of the object between the 
two exposures. 

The fringe pattern is permanently stored on the 
holographic plate. The interference fringes denote the 
loci of points that have undergone an equal change of 
optical path between the light source and the 
observer. The image intensity of the holographic 
interferogram is 


Tex, y) = Iya, 1 + Vee, yleost glx. 9) — oe 


i 


where I(x, y) is the background intensity, V(x, y) is 
the fringe contrast, and g and gare the phases of the 
waves from the object in its initial and deformed 
states, respectively. 

A bright fringe is produced whenever 


x.y) — Glx.y)=2nr 0 =0,1,2, (2) 


where m is the fringe number. The wave scattered by a 
rough surface shows rapid variations of phase, 
which have little correlation across the wavefront. 
The phase difference varies randomly over the ray 
directions contained within the aperture of the 
viewing system, which would normally prevent the 
observation of fringes with large aperture optics near 
snch points. However, a surface may exist at a 
distance from the object at which the value of phase 
difference is stationary over the cone of ray pairs 
defined by the viewing aperture, Interference fringes 
are localized in the region where the variation in 
phase difference is minimum over the range of 
viewing directions. This approach has heen widely 
used to compute fringe localization for any object 


Microscope 
objective 


displacement and for any arbitrary illumination and 
observation geometry. 


Real-Time Holographic Interferometry 


A hologram is made of an arbitrarily shaped 
rough surface, After development, the hologram 
is placed back in exactly the same position. 
Upon reconstruction, the hologram produces the 
original wavefront. A person looking through the 
hologram sees a superposition of the original object 
and its reconstructed image (Figure 2). The object 
wave interferes with the reconstructed wave to 
produce a dark field due to destructive interference. 
If the object is now slightly deformed, interference 
fringes are produced which are related to the change 
in shape of the object. A dark fringe is produced, 
whenever: 


o(x.y)— Gx.y)=2ne n= 0,12. 13) 
The method is very useful for determining the diree- 
tion of the object displacement, and for compensating 
on the interferogram the influence of the rigid body 
motion of the object when subjected to a stress field. 

‘The optical setup for real-time holography uses an 
immersion tank, which is mounted on a universal 
stage and contains the photographic plate. The 
holographic plate is followed by a vidicon camera, 
which visualizes the interferograms directly onto the 
TV monitor screen connected to a video-recording 
tape to memorize the information. The use of 
thermoplastic plates as recording material has 
gained in importance in recent years for implement- 
ing real-time and double exposure holographic 
interferometry setups, as it can be processed rapidly 
in situ using electrical and thermal processing. 
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Figure 2 Layout for observing a holographic interferogram in realtime. 
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The plate is also cost-effective as it is erasable and 
reusable at least several hundred times. In thermo- 
plastic recording the information is recorded as a 
thickness variation corresponding to a charge inten- 
sity pattern deposited on the thermoplastic layer. 
Self-developing or photorefractive crystals are other 
interesting alternatives to the use of film as the 
recording medium. 


Digital Holographic Interferometry 


The method consists of recording two holograms 
corresponding to undeformed and deformed states of 
an object using a CCD camera. These images are 
stored in a digital image processing system, The 
two holograms are then reconstructed separately 
by numerical methods from the digitaly stored 
holograms. The advantage of digital holography is 
that it allows for computing both the intensity and 
the phase of a holographically stored wavefront 
during the numerical reconstruction. The contours 
of constant optical phase change, due to deformation, 
are obtained by subtracting the reconstructed phases 
of the undeformed from the deformed object 


wavetield. 

A hologram can be recorded on a CCD as long as 
the sampling theorem is fulfilled; that is to say, each 
period of the spatial variation of the hologram 
intensity is sampled by at least two pixels of the 
CCD array. The condition imposes a limit on 
the angle that the object beam can make with the 
reference beam, which must necessarily be small 
given that the resolution of CCDs is relatively low. 
The applications of the method are thus limited 
mainly by the pixel size in CCD array. The maximum 
spatial frequency fax that must be resolved by the 
recording medium is determined by the maximum 
angle AG. between the reference and the object 


Max 
7 [4] 


faux = Zin 


where A is the wavelength of the laser source, Since 
the CCD cameras have resolutions of around 
100 linesfmm, the maximum angle between the 
object and reference waves is limited to a few degrees. 


Calculation of Phase Change 
on Object Loading 


A diffusely reflecting object is deformed such that a 
point P on the surface moves to P! as shown in 
Figure 3. In double-exposure or real-time holographic 
interferometry the two wavefronts related to the 
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Figure 3 Calculation of the change in optical phase due to 
surface cisplacement, 


states of a surface before and after deformation are 
reconstructed simultaneously and compared. The 
change of optical path length due to displacement d is 


ad 
Ag = (cos Wy + cos dn) 151 


where yi and yp are the angles which the illumination 
and observation waves make with respect to the 
direction of displacement; eqn [5] can be written in 
the form: 


2nd 
de= “eos n cos [61 


where wis the angle of bisection between the incident 
and viewing directions, and 7 is the angle which the 
bisector makes with the direction of displacement. 
The term dcosm being the resolved part of the 
displacement PP’ in the direction of the bisector, 
implies that the fringe pattern provides the measure 
of the displacement component along the bisector of 
the angle between the incident and viewing directions, 


Digital Phase Measurement 


The last decade has seen a rapid development of 
techniques for the automatic and precise reconstruc- 
tion of phases from fringe patterns. These are based 
on the concepts of fringe tracking, Fourier transform, 
carrier frequency, and phase shift interferometry. 
Quantitative measurement of wavefront phase, for 
example, can be obtained in a few seconds using 
phase shift interferometry. With this technique one 
records a series of holograms by introducing artifi- 
cially known steps of phase differences in the 
interference image in eqn [1]: 


YL + Vix 9) costAgte, y) + Adi: 


71 
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where Ay, is the phase shift which is produced, for 
example, by shifting the phase of the reference wave. 
A minimum of three intensity patterns is required to 
calculate the phase at each point on the object 
surface. Known phase shifts are commonly intro- 
duced using a piezoelectric transducer, which serves 
to shorten or elongate the reference beam path by a 
fraction of wavelength; the phase-shifter is placed in 
one arm of the interferometer. Numerous phase 
shifting techniques have been developed and which 
can be incorporated to holographic interferometry to 
generate a phase map, Ag(x, y), corresponding to the 
object displacement. The calculated phase Ag(x, y) is 
independent of the terms Ip(x,y) and Vix,y), and 
considerably reduces the dependence of the accuracy 
of measurements on the fringe quality. 

‘The introduction of phase shift interferometry not 
only provides accurate phase measurements but also 
climinates the problem of phase sign ambiguity of 
the interference fringes. Dynamic phase shifting 
techniques allow for producing time sequences of 
deformation maps for studying objects subjected to 
time-varying loads. The concept is hased on consider- 
ing the normal phase variations caused by a dynamic 
phenomenon as equivalent to the phase shifting that is 
introduced in a holographic interferometer in order to 
perform the phase evaluation task. This method 
extends the possibility of applying the method to 
continuous deformation measurements. 


Basic Interferometers for Static 
Displacement Measurement 

Equation [6] shows that observation along a single 
direction yields information only about the 
resolved part of the surface displacement in one 
particular direction, The approach to measuring 


Figure 4 Example of interferogram corresponding to the whole field distribution of out 


aluminum plate subjected to three-point bending, 


three-dimensional vector displacement would be to 
record holograms from three different directions in 
order to obtain three independent resolved com- 
ponents of displacement. The computation of the 
resulting system of equations would then allow for 
determining the complete displacement vector. 


Out-of-Plane Displacement Component 
Measurement 


The out-of-plane component of displacement is 
usually measured by illuminating and viewing the 
object surface in a near normal direction. The fringe 
equation corresponding to the line of sight displace- 
ment component is given by 


nh 
w= 8) 


where w is the out-of-plane component of 
displacement. An example of a fringe pattern 
depicting the out-of-plane displacements in a rec- 
tangular aluminum plate, clamped along the 
edges and drawn out at the center by means of a 
bolt, subjected to three-point loading, is shown in 
Figure 4, 


In-Plane Displacement Component Measurement 


The in-plane component of displacement can be 
measured by illuminating the object along two 
directions symmetric to the surface normal and 
observing along a common direction, This is schema 
tized in Figure 5. The in-plane displacements, in a 
direction containing the two beams, are mapped as a 
moiré between the interferograms due to each 
illumination beam. The moiré appears as a family of 
fringes: 
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Figure 5 Schematic of the geometrical configuration for measuring the in-plane component of displacement, u 


Figure 6 Fringe contours showing the in-plane displacement 
response of a isk under dlametral compression. 


where 1 is the displacement component in the 
x-direction and , is the angle which the illumination 
beams make with the surface normal. Figure 6 shows 
the w pattern corresponding to a disk under diametral 
compression. The moiré pattern is obtained after 
optically filtering the interference image. 


Comparative Holographic Interferometry 


Another technique of significant interest in non- 
destructive testing is comparative holography that 
provides the contours of path variations related to the 


difference in displacements or shapes of two objects. 
The method provides information about the resolved 
part of the difference in displacement vector along the 
direction bisecting the illumination and observation 
rays, In the case of illumination and observation 
normal to the object surface, the fringe equation 
becomes 


nd 
Aw= > [10] 


where Aw is the difference in displacement component 
along z direction. The technique provides a tool to 
compare the mechanical responses of two nominally 
identical specimens subjected to the same loading and 
also the shapes of two nominally identical specimens, 
These features are useful in detecting anomalies in a 
test specimen with respect to the flaw-free master 
specimen. One such example is shown in Figure 7a, 
which displays the presence of a defect in a test 
specimen. In this case two plates, one flaw-free and the 
other with a flaw, are subjected to identical loadings. 
The fringe map in Figure 7b is related to the difference 
in displacements of test and master specimens 
subjected to unequal loadings. The presence of flaws 
is detected in both interferograms. 


Basic Interferometers for Dynamic 
Displacement Measurement 

Another important application of holographic inter- 
ferometry is in the study of the resonant modes of 
vibration of an object. 
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Figure 8 (a) Schematic of the geometrical configuration ofa vibrating cantilever beam: (b) plot of fringe function for time-average 


holography. 


Frozen Time-Average Holographic Interferometry 


Consider that a hologram is recorded of an object, 
which is vibrating sinusoidally in a direction normal 
to its surface (Figure 8a). The exposure time is 
supposed to be much longer than the period of 
vibration. The intensity distribution of the image 
reconstructed by this hologram is 


[27 
Hex,9) = lace 0 F [Pde eos 8+ cos &]] UHL 


where J, is the zero-order Bessel function of the first 
kind. The virtual image is modulated by the J3(é) 
function. The dark fringes correspond to the zeros of 
the function J2(£). A plot of the function, shown in 
Figure 8b, is characterized by a comparatively 
brighter zero-order fringe, which corresponds to the 


nodes, a decreasing intensity, and an unequal spacing 
hetween the successive zeros. The interferogram in 
Figure 9 shows the vibrational modes of a helicopter 
component. The nodes that represent zero motion are 
clearly seen as the brightest areas in the time average 
reconstructed pattern. 


Real-Time Time-Avera: 
Interferometry 


Holographic 


The possibility of studying the response of vibrating 
objects in real-time extends the usefulness of the 
technique to identify the resonance states (resonant 
vibration mode shapes and resonant frequencies) of 
the object. A single exposure is made of the object in 
its state of rest. The plate is processed, returned to its 
original condition and reconstructed. The observer 
looking through the hologram at the sinusoidally 


electramay 


m > rotational > stepper motor Variants 


Step 1. Step 3 


i me 


° 


d 
a) 
an) 


Figure 25-13. The calls ofthis unipolar stepper motor are Figure 25-15. The same motor from the previous figure is 
shawn an instant after they have been energized, before shawn with coils energized to induce the ratar to make its 
the rotor has had time to respond by making its firs 
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Figure 25-14. The same motor from the previous figur Figure 25:16. When the rotor makes its fourth step, it will 
shown with coils energized to induce the rator to make bbe back in an orientation that is functionally identical with 
second step, the first figure in this series, 
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Figure 9 Fringe contours showing the mode shape of a 
vibrating helicopter component. 


vibrating object sees the time-averaged intensity: 


an 
1x.y) = Lote, »f of 7Zdcx.sne0s A +e0s wf] 


Stroboscopic Holographic Interferometry 


Stroboscopic holography is another interesting var- 
iant in the study of vibrations. The hologram is 
recorded by exposing the photographic plate twice 
for short time intervals during a vibration cycle 
The pulsed exposures are synchronized with the 
vibrating surface, which is equivalent to making the 
surface virtually stationary during the recording. 
Reconstruction of the hologram yields cosinusoidal 
fringes, which are characteristic of double exposure 
holography. In real-time stroboscopic holography, a 
hologram of a nonvibrating object is first recorded. 
If the vibrating object is illuminated stroboscopically 
and viewed through the hologram, the reconstructed 
image from the hologram interferes directly with the 
light scattered from the object to generate live fringes. 


Flow Measurement 


Application of holographic interferometry to 
flow visualization and the measurement of spatial 
refractive index, density or temperature distributions 
have led to an advancement of understanding in areas 
such as aerodynamics, plasma diagnostics, and heat 
transfer. In the holographic interferometer shown in 
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Figure 10 Schematic of a configuration for studying flow. 


Figure 11. Fringe contours showing the phase distribution of a 
test flame. 


Figure 10 two consecutive exposures are made, 
usually the first exposure without flow and the second 
in the presence of a flow field. Double pulsed 
holography is used if the flow field is changing 
rapidly. The optical phase change due to flow 
between the exposures is 


1131 


Agtx.y eI (nlx. y.2) = node 
where (x,y,z) is the refractive index distribution 
during the second exposure, n!, is the uniform 
refractive index during the first exposure, and 1 is 
the length of the test section. Assuming that the 
properties of the flow are constant in the z direction, 
the expression for phase change can he expressed as 

r(x, y) = KL{p6 


»)— pol [14] 


where K is the Gladstone—Dale constant, p is the 
density of the gas, and p, is the density in a no-flow 
situation, The interference pattern contours the 
change in the density field of the flow. The change 
in density per fringe is given by A/Kt. An example 
of application related to temperature measurements 
in an axisymmetric premixed flame is illustrated 
in Figure 11 
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Figure 12 Schematic diagram of a two-beam method for shape measurement. 


Surface Contouring 


A practical way to display the shape of an object is to 
obtain contour maps showing the intersection of the 
object with a set of equidistant planes orthogonal to 
the line of sight. 


‘The Dual Refractive Index Method 


‘The method requires placing the model in a glass tank 
filled with a liquid (or gas) of refractive index 1! 

A hologram of the object is recorded, and the liquid 
contained in the tank is replaced by one of refractive 
index 7). An observer looking through the hologram 
sees the object surface modulated by a set of 
interference fringes arising from the change of optical 
phase in the light rays traversing the two liquids. 
The contour interval is given by 


2» 
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The Dual Illumination Method 


In this method, the object is illuminated obliquely 
by collimated heams along two directions symmetric 
to the surface normal, The scattered waves are 
recorded on a holographic plate and the object and 
its reconstructed image are viewed through the 
hologram. Two sets of parallel equidistant fringes 
are projected onto the object surface by introducing 
small tilts, A@, to the illumination beams 
(Figure 12). The contour sensitivity per fringe is 
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Figure 13. Example of a moiré topographic contour pattern 
‘blained using the two-beam method, 


given by 


a 
Ac= = 16 
<* Tein & sin Dee Ee 


‘The sensitivity of the method can be tuned in a wide 
range. An example of topographic contour pattern is 
shown in Figure 13, The distance between two 
adjacent moiré contour planes is 172 um. 
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Figure 14 Examples of (a) shape measurement: the distance between two adjacent contour planes is 208 um; and, (b) very large 
‘outot-plane deformation measurement on a cantilever beam. The distance between two adjacent contour planes is 19 um. 
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Figure 15 Schematic diagram ofthe principle used in holographic shearing interferometry. 


@ 
Figure 16 Examples of (a) moiré fringe contour, and (b) phase distribution corresponding to slope change produced on a centrally 
loaded aluminum plate clamped along its boundary. 
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In another method a collimated beam obliquely 
illuminates the object and a set of parallel equidistant 
fringes is projected onto the object surface by 
introducing a small tilt, A@,, to the illumination 
beam. Providing an appropriate reference beam 
rotation and a holographic plate translation generates 
contouring surfaces normal to the line of sight. 
A typical result using one beam illumination is 
shown in Figure 14a. The distance between two 
adjacent moiré contour planes is 208 um. 

‘This approach has been used to obtain measurement 
of large out-of-plane deformations undergone by a 
deformed object. The fringe pattern in Figure 14b 
corresponds to the out-of-plane displacement of a 
cantilever beam subjected to load at its free end. 
The distance between two adjacent contour planes 
is 19 um. 


Holographic Shearing Interferometry 


Holographic shearing interferometry directly pro- 
vides the patterns of slope change contours by 
laterally shearing wavefronts diffracted from the 
object surface. There are numerous ways to achieve 
shearing, such as, by introducing a Michelson type 
configuration, an inclined glass plate device, or a 
split-lens assembly in a holographic interferometer. 
The role of the shearing device is to enable the 
observation of a point on the object along two 
distinct neighboring directions. As a result of 
lateral wavefront shearing in the interferometer, a 
point in the image plane receives contributions from 
two different points on the object (Figure 15) 
Assuming that the illumination beam lies in the 
x-z plane and makes an angle @ with the z-axis, 
and the observation is carried along the direction 
normal to the object surface, the change of optical 
phase due to deformation is 


al a Ea boos fas u71 
Rag a ee 
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where Ax is the object shear along the x-direction, 
For 0, = 0. eqn [11] reduces to 


aw _ nA 


ae Dae [18] 
Equation [18] displays a family of holographic 
moiré fringes corresponding to the contours of 
constant slope change. The fringe pattern shown in 
Figure 16a illustrates a moiré corresponding to 
contours of constant slope change for a centrally 
loaded square aluminum plate clamped along 
its boundary. An example of phase distribution 


Figure 17 Example taken rom the study ofthe fracture process, 
‘zone in concrete: phase distribution corresponds to in-plane 
tlisplacements on a notched concrete spacimen subjected to a 
‘wedge spitting tes. 


Figure 18 Example of application to nondestructive testing on a 
fingertip joint wood specimen under tension using an in-plane 
sensitive holographic mairé setup. 


Figure 19 Application to the detection of defects in a tyre. 
Courtesy of H. Steinbichier, Steinbichlor GmbH. 
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Figure 20 Fringe contours showing (a) a specific imb movernent ofa chick embryo during incubation, and (b) the hatching behavior. 


‘The point on the shell receiving blows is clearly vsibie. 


corresponding to slope change along x-direction, is 
shown in Figure 16b, 


Examples of Applications 


Holographic interferometry has firmly established 
itself as an attractive and useful class of technique in 
nondestructive testing. Defects in a specimen are 
made apparent by the presence of anomalies in the 
interference fringe distribution of the deformed state 
of the specimen. The presence of flaws such as voids, 
disbonds, delaminations, and cracks weakens the 
strength of the specimen. The resulting. strain 
concentration areas produced by the presence of 
flaws in the specimen are detected through their effect 
on the surface deformation map. The flaws in the 
specimen manifest themselves as distortion of the 
fringes, pockets of fringe concentrations, or localized 
discontinuities of the fringes in the full-field display of 
the deformation field of a test specimen in response to 
the applied load. 

Figure 17 shows phase distribution corresponding 
to in-plane displacements of a notched fiber- 
reinforced concrete specimen subjected to a wedge- 
splitting test. The application is taken from the study 
of a fracture process zone in fiber-reinforced 
concrete. Another example of the application of 
holography in nondestructive testing is shown in 
Figure 18. The fringe pattern corresponds to in-plane 
displacements on a fingertip joint wood specimen 
under tension. Figure 19 shows an example of an 
application of holography in the tyre industry. The 
interferogram reveals, through the changes in the 
fringe pattern, defects in the tyre. The picture in 
Figure 20a is taken from the study of the embryonic 
behavior of embryos during incubation. The photo- 
graph shows a specific limb movement near the 
air space. The method also allows for a lively display 
of the hatching behavior of the chick. The point 
on the shell receiving blows is clearly visible in 
Figure 20b. 


Conclusions 


The aim of this article is to introduce readers to 
holographic techniques available for the noninvasive 
and whole-field investigation of the time-evolution 
and spatial distribution of the displacement and 
refractive index fields. Diverse techniques to obtain 
contourgrams of three-dimensional objects are also 
presented. The method offers strong potential in 
nondestructive testing applications, such as in the 
detection of flaws, in the conception of prototypes, in 
the evaluation of the performances of structural 
components, and in the verification of the reliability 
of finite-element computer codes. 


Holography, Techniques: Digital Holography; Overview. 
Interferometry: Overview; Phase Measurement Inter- 
ferometry. 


Further Reading 


Exf RK (1974) Holographic Non-Destructive Testing. 
New York: Academic. 

Ostrovsky YI, Butusov MM and Ostrovskaya GV 
(1980) Interferometry by Holography. Berlin: Springer- 
Verlag, 

Ostrovsky YI, Schepinov VP and Yakovlev VV (1991) 
Holographic Interferometry in Experimental Analysis. 
Berlin: Springer-Verlag. 

Rastogi PK (1994) Holographic Interferometry ~ Principles 
‘and Methods. Berlin: Springer-Verlag, 

Schumann W and Dubas M (1979) Holographic 
Interferometry, Berlin: Springer-Verlag 

Schumann W, Ziircher JP and Cuche D (1985) 
Holography and Deformation Analysis. Berlin: 
Springer-Verlag. 

Vest CM (1979) Holographic Interferometry. New York: 
Interscience 


HOLOGRAPHY, TECHNIQUES / Sandwich Holography and Light in Flight 99 


Sandwich Holography and Light in Flight 


N Abramson, Royal Institute of Technology, 
Stockholm, Sweden 


© 2006, Elsevier Lia Al Rights Reserved. 


Introduction to Holographic 
Interferometry 


Holography is a photographic principle that produces 
3D images that are so real that it is possible to 
take measurements inside this image with a precision 
of a fraction of a thousandth of a millimeter. 
Contours are formed within the holographic image 
that, like the relief lines of a map, indicate the 
displacements of every point on the object surface. 
The method is named holographic interferometry 
(see Holography, Techniques: Holographic Interfero- 
metry) and it can be used to measure deformation, 
vibration and also, with slightly lower resolution, 
dimension, 

In real time holography the deformed object is 
directly compared to the holographic image of its 
undeformed state. In double exposure holography the 
comparison is made between two holographic 
recordings on the same plate, while in sandwich 
holography the two states are recorded on two 
different plates that are sandwiched together for 
comparison. 

Sandwich holography is useful in industrial 
environments, because it can measure much larger 
deformations and also compensate for unwanted 
movement of the object or the setup between the two 
exposures. Further on in the process it will produce 
any sign of deformation and comparison can be made 
at any time without referring back to original setup. 
However, processing of the two plates is needed 
hefore the comparison can be made and the plates 
have to be positioned with high accuracy. 


Interferometric Sensitivity 

To calculate the interferometric sensitivity let us name 
(A) the point from which the laser light is emitted, (B) 
the point behind the hologram plate from which the 
observation is made, and (C) the displaced point on 
the object surface to be measured. Draw an ellipsoid 
through (C) with (A) and (B) as focal points. If (C) is 
displaced along the surface of the ellipsoid, the path 
length ACB will remain unchanged and no interfer- 
ence fringes are formed, while a displacement normal 
to this surface produces maximal interference. 


A diagram, the holodiagram, is based on these 
ellipsoids and used for the making and evaluation of 
holograms, 

The bisector to ACB will be the normal to the 
ellipsoids. If the path length ACB is repeatedly 
increased by 6L a diagram like Figure 1 is formed 
where the separation (3) of the ellipses, and thus the 
interferometric sensitivity, varies over the diagram. 
If SL is the wavelength of the laser light, one 
interference fringe is formed each time an object 
point has moved the distance (s) because of a 
deformation of the object between the two exposures. 
The displacement (d) can be calculated: 


d=ns i 
40.581. Ry 
k= Ucos a LI) 


where 7 is number of fringes between fixed and 
studied point, & is constant along arcs of circles 
through A and B, and a is half the angle ACB. 

‘When two slightly dissimilar patterns are placed 
one on top of the other, a moire pattern is formed that 
shows up the difference, The moire analogy to 
holographic interferometry is based on the fact that 
one fringe is formed for every ellipse that is crossed by 
an object point displaced between the two exposures. 

If BL is the wavelength (A) of the laser light the 
displacement (d) is 


d= nkOSA i4) 


If two-wavelength holography is used to measure the 
3D shape of an undisturbed object, it will be seen 
intersected by ellipses where the separation (s) is 


5 = ROSA Aa|(Ay — Ar) Is] 
IF BL is the coherence length or the pulse length of the 
laser source, the object will be seen intersected by one 
single bright fringe, the thickness (s) of which is 


s= kal 16] 
Everything outside that ellipse will be dark during 
reconstruction. This phenomenon can be used either 
to optimize the use of a limited coherence length or to 
explain the results of ‘light-in-flight recordings’, as 
described later. 
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Figure 1 The holodiagram used for the evaluation of holograms. 


The Principle of Sandwich Holography 


In the following discussion on sandwich holography, 
we will only study the simplified example where 
the directions of illumination and observation are 
normal to the studied displacement and therefore 
a is equal to zero. The reflected light from an 
object point combined with the reference light 
produces a set of hyperbolas (Young's fringes) on 
the hologram plate. 

When the object point is displaced between 
exposures on two different hologram plates, the 
hyperbolas will be positioned differently on the 
plates. There is a one-to-one relationship between 
the ellipsoids and the hyperbolas. Thus one point 
on the hologram plate will be crossed by one 
hyperbola if the corresponding object point is 
moved so that it crosses one of the ellipses of the 
holodiagram. Thus, the moire effect of the displaced 
hyperbolas at the hologram plate represents the 
moire effect of the ellipses in the object space. 
The interference pattern in the reconstructed object 


image can therefore be manipulated by moving one 
plate in relation to the other during reconstruction. 

‘We have found that the simplest way to do this is to 
glue the two plates together separated by the glass 
thickness of one plate. To make the situation identical 
during exposure and reconstruction, the plates also 
have to be recorded in pairs. Thus, the first exposure 
can be made with one front plate and one back plate 
in contact in the hologram holder (Figure 2). The 
second exposure is made in exactly the same position 
with two new plates. After processing the front plate 
of the second exposure is glued in front of the back 
plate of the first exposure. 

Then a reconstruction beam similar to the reference 
beam, is used to reconstruct the sandwich hologram, 
The interference fringes seen on the image of the 
object are manipulated by tilting the sandwich 
hologram, which results in an addition or subtraction 
of new fringes as in the following examples: 


1, If the object is rotated by the small angle ¢,, the 
number of fringes can, during reconstruction, be 
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holograms 
BF, 


First exposure 


‘Second exposure 


Figure 2 The exposures and reconstructions of a sandwich 
hologram. 


eliminated by rotating the sandwich in the same 
direction by the much larger angle 2. 


w-fek 


If the sandwich during reconstruction is rotated 
around an axis perpendicular to that of the object 
rotation, new fringes are introduced at the angle 
y, which is analogous to, but much larger than, 
the object rotation oy 


d 
[4 Jove 18] 


3. When the sandwich is rotated as described in (2) 
fringes are formed, the radius of curvature (r2) of 
which are much larger than those of the bent 


“igh 8 


The object consisted of three vertical steel bars 
(Figure 3) that were fixed by screws at their lower 


Examples 


Figure 3 The movements of three steel bars in rolation to a 
‘rame ate to be measured by the fringes of sandwich holography. 
However, the unwanted motion of the total setup makes the 
evaluation impossible, 


end to a rigid frame that surrounded all the bars. The 
middle bar was also supported at the upper end. 
Forces were applied at the middle of the bars. The 
right bar is deformed away from the observer while 
the other two are deformed towards him. After 
deformation of the three objects the second pair of 
plates were exposed. Then all four plates were 
processed. 

The back plate of the first exposure (B, in Figure 2) 
was repositioned in the plate holder in front of the 
plate of the second exposure (Fs). The two plates were 
bonded together to form a sandwich hologram. O, 
and Q represent the two positions of one object, 
which between the two exposures was bent at angle 
1 toward the hologram. (L) is the distance between 
the front hologram and the object (~1 m); (L) is also 
the distance between the point of illumination and the 
object. (D) is the distance between the point source of 
the reference beam and the hologram plate (D = 2L) 
(d) is the thickness of one hologram plate (~1.3 mm); 
(n) is the refractive index of the plates (~1.5 mm). 

‘When the two plates were properly repositioned in 
the plate holder, fringes were seen everywhere, both 
on the steel bars and on the supposedly fixed frame 
which apparently had made an accidental movement 
(Figure 3). By tilting the plate holder in different 
directions, the fringes on the frame could be 
eliminated and the hologram could be evaluated as 
if the frame had remained fixed (Figure 4). 
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Figure 4 The unwanted fringes caused by the motion ofthe total 
set-up have been eliminated by a tit of the sandwich hologram. 
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Figure S Another tit of the sandwich holagram reveals that the 
left and the rignt bar have been deformed in opposite directions, 


‘The plate holder was then tilted backwards at angle 
2 and horizontal fringes were found on the frame 
while the top of the left bar became fringe-free 
(Figure 
increased, proving that it had been tilted in the 
opposite direction. If the sandwich were instead 


5). The number of fringes on the right bar 
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Figure 6 A rotation ofthe sandwich hologram around a vertical 
axis produces fringes that reveal direction of tit and bending 
radius of all steel bars. 


rotated around a vertical axis at angle gs, a set of 
vertical fringes were formed on the frame, while the 
bars became covered by fringes, the inclination and 
curvature of which represent a magnified view of the 
deformed bars as seen in profile (Figure 6). 


Introduction to Light-in-flight 
Recording by Holography 


Recording of light pulses in flight have been possible 
since the beginning of the 1990s, using two-photon 
fluorescence or ultrafast Kerr cells driven by laser 
pulses, Very fast optical phenomena, such as refractiv 
index changes in laser-produced plasmas, have been 
recorded by holography using short illumination 
pulses. 

In 1968, Staselko et al. published a method of 
studying the time coherence pattern of wave trains 
from pulsed lasers by the use of autocorrelation 
in which the unknown pulse is compared to itself. 
The method we name ‘light-in-flight recording by 
holography’ (LIF) is based on studying both the 
temporal and the spatial shape of pulses by corre- 
lation, which means that we study the change in 
shape of a pulse before and after it has passed through 
the transformation we want to study. For this process, 
Wwe want to start with as short a pulse (or short 
coherence length) as possible and then compare the 
transformed pulse to the original pulse. 
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Ina hologram only those parts of an object will be 
recorded for which the path length from the laser to 
the holographic plate via the object does not differ 
from the path length of the reference beam by more 
than the pulse length (or coherence length) of the laser 
light used for the recording. If that length is short, 
during reconstruction a large object will be seen 
intersected by an imaginary surface in the form of an 
ellipsoid, one of its two foci being the point from 
which the spherical wavefronts of illumination are 
emitted (spatial filter (A) in Figure 1) and the other 
being the point of observation (B). A spherical 
wavefront appears distorted into an ellipsoid if it is 
divergent, and into a hyperboloid if it is convergent, 
while a flat wavefront appears distorted into a 
paraboloid. The general rule is that the apparent 
wavefront has the shape of a mirror that focuses light 
from (A) to (B). 

By careful planning, it is possible to optimize the 
geometry of the holographic setup in such a way that 
the utilized portions of the ellipsoids and hyper- 
boloids can be approximated into flat surfaces. Thus, 
the object is seen intersected by one flat imaginary 
interference surface, the depth of which can be altered 
during reconstruction by changing the point of 
observation at the hologram plate. 

Light of short duration, or short coherence length, 
can, in this way, be used in a holographic method for 
finding depth contours. If, however, the 3D shape of 
the object is known a priori, e.g., if it is a flat surface, 
this method can just as well be used to study the 3D 
shape of the illuminating wavefront. As mentioned 
hefore, the intersections of the ellipsoids can be 
approximated by intersections of spherical wave 
fronts of illumination, if the distance between object 
and hologram plate is long and if the flat surface is 
perpendicular to the line of sight. 


Examples of Wavefront Studies 


As an example we will describe an experiment that 
consists of an opaque white diffusely reflecting flat 
screen, that is illuminated from the left at an oblique 
angle, as seen in Figure 7. A mirror is fixed to the 
screen so that some of the light is reflected upwards. 
During recording of the hologram, the reference pulse 
is reflected by the two mirrors (M) so that it arrives at 
the middle of the hologram plate at the same time as 
the object pulse, in the form of diffuse light, arrives 
from the middle of the screen. As the reference pulse 
passes over the hologram plate from left to right, it 
works like a curtain shutter (focal-plane shutter) 
recording early object light to the left and later light 
to the right. This ‘ight shutter’ moves across the plate 
with a velocity faster than light which is possible as it 


Screen 


Laser 


Hologram plate 
Exposure of light-in-fight 


Reconstruction of light-n-fight 


Figure 7 During exposure of the lightin-fight hologram, the 
short pulse from the laser is used to obliquely iluminate bath the 
‘object and the hologram plata. Only those parts wil be recorded 
‘where path length for object light and reference light are equal. 


is just an intersection between pulsefront and plate. 
The difference in time of the recordings made at the 
two ends of the hologram plate is the time it takes for 
the reference pulse to move across the plate, or about 
800 picoseconds. During reconstruction with a 
continuous laser the early arriving object light is 
seen through the left part of the plate, while the later 
arriving light is seen through its right part. If the eye, 
or a TV camera scans from left to right, the pulse is 
seen moving continuously over the object screen, with 
some of it reflected upwards by the mirror 
(Figure 8a-d). The corresponding pulse length is 
100 ps (~30 mm), and to minimize pulsefront distor- 
tions the screen is perpendicular to the line of sight. 

The photo in Figure 9 shows the result of another 
experiment. A spherical wave expands from a point 
source at left and moves to the right. The spherical 
waveftont intersects a flat observation screen consist- 
ing of a white-coated aluminum plate of 20 x 30cm. 
A cylindrical lens is fixed, with its axis normal to the 
screen, so that it focuses the arriving light almost 
parallel to the screen surface. Figure 8 is a composite 
of several photographs taken through different parts 


smoother running at high speed and greater 
precision when selecting a desired motor posi- 
tion, The additional coils also enable higher pow- 
er density, but naturally tend to add to the cost 
of the motor. 


Hybrid 

This type of motor uses a toothed rotor that pro- 
vides variable reluctance while also containing 
permanent magnets. It has become relatively 
common, as the addition of teeth to the rotor 
enables greater precision and efficiency. From a 
control point of view, the motor behaves like a 
regular permanent-magnet stepper motor. 


Bifilar 


In this type of motor, also sometimes known asa 
universal stepper motor, two coils are wound in 
parallel foreach stator pole. If there are two poles 
or sets of poles, and both ends of each winding 
are accessible via wires that are run out of the 
motor, there will be eight wires in total. Conse- 
quently this type is often referred to as an 8-wire 
motor. 


The advantage of this scheme is that it allows 
three possible configurations for the internal 
coils. By shorting together the wires selectively, 
the motor can be made to function either in uni- 
polar or bipolar mode. 


In Figure 25-17, the upper pair of simplified dia- 
grams depicts one end of one coil connected to 
the beginning ofthe other, while positive voltage 
isapplied at the midpoint, as ina unipolar motor. 
‘The magnetic polarity of the coil is determined 
by grounding either end of the coil. The section 
of each coil that is not conducting current is 
shown in gray. 


The center pair of diagrams shows the adjacent 
ends of the coils tied together, so that they are 
now energized in parallel, with the magnetic po- 
larity being determined by the polarity of the 
voltage, as in a bipolar motor. 


electrorn ism > rotational> stepper motor 


The coils may also be connected in series, as 
shown in the lower pair of diagrams. This will 
provide greater torque at low speed and lower 
torque at high speed, while enabling higher- 
voltage, lower-current operation. 


ea ge 
al 
pa ee 


Figure 25-17 Ina bifilar motor, two calls are wound in par: 
allel around each stator pole and can be connected with a 
‘center tap to emulate a unipolar motor (upper diagrams), 
lor can be energized in parallel (middle diagrams) or series 
lower diagrams) to emulate a bipolar motor. 


Multiphase 

In a multiphase motor, multiple stator coils are 
usually connected in series, with a center tap ap- 
plied between each pait. A possible configura- 
tion is shown in Figure 25-18, where the two di- 
agrams show two consecutive steps in rotation, 
although the step angle could be halved by 
changing the voltage polarity in only one loca~ 
tionatatime. The way inwhichthemotoriswired 
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Figure 8 Resulting reconstructed images of the light reflected by a mirror at about 45°. These four photos were taken during 
reconstruction wile the camera behind the hologram plate was moved from left to right in between each of the exposures. 


Figure 9 Light focused by alons. A composite of several photos 
taken from different pars of the hologram plate. An image of the 
lens is included to maka the picture clear. 


of the hologram plate, The pulse length was in this 
case 10 ps (~3 mm), 


Measuring the Shape of 3D Objects 


The wavefront (pulse front) of a short pulse forms a 
thin sheet of light. The intersection of this sheet by a 
3D body produces on its surface a thin line represent 
ing a cross-section. It is advantageous if this cross- 
section represents a flat surface, which will be 
approximately the case if the illumination and 
observation beams are collimated or arrive from 
points at large distances. 

By moving the point of observation along the 
hologram plate from left to right, the intersecting 
sheet of light can be moved in depth forward or 


Figure 10 Spheres intarsected by a thin sheet of light 


backward. Determination of fringe order number 
(by finding the zero fringe) no longer represents any 
problem because only the zero order fringe exists 
Therefore, this way of contouring has great advan- 
tages, especially when the observations and calcu- 
lations are made by computer, shows a set 
of spheres intersected by a thin light sheet 

The intersecting light sheet can be manipulated in 
yet another way, i.., it can he rotated. If the point of 
observation is moved away from the plate, the right 
part of an object will be scen through the right part of 
the plate were the recording made later than at the left 
part. During the time interval between left and right 
records, the intersecting light sheet has moved so that 
it intersects the object further away, resulting in a 
tilted cross-section of the object. This way it has been 
possible to rotate the cross-section up to 90 degrees, 
so that if, for example, a face is illuminated from the 
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front by a flat sheet of light, the reconstructed 
intersection will show the face in profile. 

Ina limited way itis also possible to produce results 
similar to those of LIF by using a CCD camera instead 
of the holographic plate. The great advantage is its 
compatibility with a PC, while the main disadvantage 
is a lower resolution. 


Other Uses 


Like all methods of ‘gated viewing’, LIF can be used 
to look through scattering media, eg., to look 
through human tissue. By observing only the first 
light the influence of the later arriving scattered light 
is climinated. Thus, LIF can be used as a diagnostic 
method hased on the idea that the scattering, 
absorption, or refractive index of cancer is different 
from that of healthy tissue. Another use of LIF is to 
image just a thin section of a gas or liquid filled with 
particles. In this way it is possible to observe the 
distribution and velocity in a certain localization 
without influence of the scattering from particles in 
front of or behind the studied section. 

Up to now we have discussed gated viewing by LIF 
in the laboratory using picosecond light pulses and 
distances of up to a few meters. Instead we could 
look at astronomical objects with light pulses of days 
(c.g., a supernova) and distances of many light years. 
Even in these cases we will see particles in space 
illuminated by ellipsoids with (A) being the super- 
nova and (B) a telescope on Earth. While each 
ellipsoid in the laboratory may represent a pathlength 
of some nanoseconds, each ellipsoid in space might 
represent light years. 

However, the methods we have shown here are 
not limited to the study of the apparent shape of 
spheres of light. They can also be used to study other 
objects moving at ultrahigh velocities. If an explod- 
ing supernova throws out particles in all directions at 
a rather slow velocity, it can be seen surrounded by 
an expanding sphere. If, instead, this sphe1 
expanded with the speed of light (which is not 
possible) it would appear to us just like an ellipsoid 
of the holodiagram. If, however, it expanded at a 
very high velocity, but lower than that of light, the 
sphere would appear to us in the shape of an egg 
with its pointed end towards the observer. The 
velocity of expansion could, in this case, appear 
superluminal (higher than the speed of light). If the 
velocity is (v), its approaching velocity will to a first 
approximation appear to be the true velocity divided 
by (1 = vlc). 

Finally, we will show a relationship between LIF and 
special relativity, by looking at a modification of the 
‘Minkowski light cones’. Figure 11 shows a diagram 


Figure 11 Amoudiffed Minkowski iagram consisting of one cone 
of illumination (A) and ane cone of abservation (B). The separation 
in time and space between (A) and (B) could either be static as 
in LIF or caused by a relativistic velocity of the observer from 
(A) 10 @), 


where (x) and (y) represent space coordinates, while 
(2) represents time multiplied by (c). A sphere from a 
short pulse of light that expands from the point A is 
represented by a cone with its apex at (A). A sphere 
from a short observation that converges to (B) is 
represented by a cone with its apex at (B). Only those 
object points, that are positioned at the elliptic 
intersection of the two cones, can be seen illuminated. 
This ellipse is identical to one of the ellipses of the 
holodiagram. The distance in time and space separ- 
ating (A) and (B) could be either caused by the fixed 
distance between source of laser light and hologram 
plate in holographic LIF, or by a high velocity of the 
observer. Thus, the Lorentz contraction in special 
relativity could be explained as a measuring error 
hecause the high velocity of the observer traveling 
from (A) to (B) causes his sphere of observation to be 
transformed into an ellipsoid of observation, The tilt 
of the elliptic intersection indicates which obser- 
vations that appear to be simultaneous depending on 
the separation of (A) and (B) along the y-axis, both in 
LIF and in relativity. 


See also 
Holography, Techniques: Holographic Interferometry. 
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Introduction 


Information theory is an intuitively attractive math- 
ematical approach for combining observation with 
communication, or sensing with processing. So far, 
however, this approach has remained largely in the 
realm of signal processing and transmission, as first 
formalized by Shannon and Wiener over 50 years ag 
Recent extensions of this approach to imaging ha 
mostly addressed the interpretation of images, with- 
ont explicitly accounting for the critical limiting 
factors that constrain image gatheringand restoration. 
Yet, to be useful in the characterization of imaging, 
information theory must account for these constraints 


and lead to a close correlation between predicted and 
actual performance. The characterization that is 
outlined here traces the rate of information from the 
scene to the observer; and it pairs this rate, first, with 
the theoretical minimum data rate to assess the 
efficiency with which information can be transmitted, 
and, second, with the maximum-realizable fidelity to 
assess the quality with which images can be restored. 
Farther details, especially for the mathematical devel- 
opment of figures of merit and for the design of 
imaging systems, can be found in the Further Reading. 


Model of Imaging 


Description 


Modern imaging systems usually have the following 
three stages, as depicted in Figure 1: 


1. Image gathering, to capture the radiance field that 
is cither reflected or emitted by the scene and 
transform this field into a digital signal; 
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Figure 1 Modo! of cigital imaging systems. 
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Signal coding, to encode the acquired signal for 
the efficient transmission and/or storage of data 
and decode the received signal for the restoration 
of images. The encoding may be either lossless 
(without loss of information) or lossy (with some 
loss of information), if a higher compression is 
required; 

3. Image restoration, to produce a digital represen- 
tation of the scene and transform this represen- 
tation into a continuous image for the observer. 


Human vision may be included in this model as a 
fourth stage, to characterize imaging systems in terms 
of the information rate that the eye of the observer 
conveys from the displayed image to the higher levels 
of the brain. 

These stages are similar to each other in one 
respect: each contains one or more transfer functions, 
either continuous or discrete, followed by one or 
more sources of noise, also either continuous or 
discrete. The continuous transfer function of the 
image-gathering device (and of the human eye) is 
followed by sampling that transforms the captured 
radiance field into a discrete signal with analog 
magnitudes, In most devices the photodetection 
mechanism conveys this signal serially into an 
analog-to-digital (A/D) converter to produce a digital 
signal. However, analog signal processing in a parallel 
structure, akin to that in human vision, has many 
advantages that are increasingly emulated by neural 
networks. 

This model of imaging differs from the classical 
model of communication that Shannon and Wiener 
addressed in two fundamental ways: 


1. The continuous-to-discrete transformation in 
image gathering. Whereas communication is 
constrained critically only by bandwidth and 
noise, image gathering is constrained also by the 
compromise between blurring and aliasing, due to 
limitations in the response of optical apertures 
and in the sampling density of photodetection 
mechanisms. This additional constraint requires 
the rigorous treatment of insufficiently sampled 
signals throughout the imaging system. 

The sequence of image gathering followed by 
signal coding. Whereas the characterization of 


w 


communication addresses the perturbations that 
occur at the encoder and decoder or during 
transmission, the characterization of imaging 
systems must also address the perturbations in 
the image-gathering process prior to coding. 
These additional perturbations require a clear 
distinction between the information rate of the 
encoded signal and the associated theoretical 
minimum data rate or, more generally, between 
information and entropy. 


The mathematical model of imaging that is out- 
lined here accounts for the appropriate deterministic 
and stochastic (random) properties of natural scenes 
and for the critical limiting factors that constrain the 
performance of imaging systems. The corresponding 
formulations of the figures of merit are sufficiently 
general to account for a wide range of radiance field 
properties, photodetection mechanisms, and signal 
processing structures. However, the illustrations 
emphasize: (a) the salient properties of natural scenes 
that dominate the captured radiance field in the 
visible and near-infrared region under normal day- 
light conditions; and (b) the photodetector arrays that 
are used most frequently as the photodetection 
mechanism of image-gathering devices. 


Radiance Field 


The radiance field L ected by natural 
scenes, may be modeled approximately as 


Lax. yin 


1 
{lex 9) ii} 


where (A) and p(A), respectively, represent the 
spectral irradiance and reflectance properties as a 
function of the wavelength A, and p(x, y) represents 
the random reflectance properties as a function of the 
spatial coordinates (x, y). Figure 2 illustrates a model 
of p(x, y) for which the power spectral density (PSD) 


,(v, o) corresponds closely to that typical of natural 
scenes, as given by 


bos ye 2m? 
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Figure 2 Model of reflectance p(x. y) 
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Figure 3 Normalized PSD of the reflectance p(x. y) 
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Figure 4 Optical geometry of image-gathering dovice. 


where @=0+at and (vw) are the spatial 
frequency coordinates of the Fourier-transform 
domain (see Figure 3). This model consists of random 
polygons, whose boundaries are distributed accord- 
ing to Poisson probability with a mean separation of 
Hp» and whose magnitudes are distributed according 
to independent zero-mean Gaussian statistics of 
variance a2. The constraints associated with eqn [1] 
are satisfied by letting the mean reflectance 5 
and the standard deviation o = 0.2. 


Image Gathering 


Figure 4 depicts the basic optical geometry of an 
image-gathering device, in which the objective lens 
forms an image of the captured radiance field across 
the photodetector array, and the array transforms this 
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Figure 5 Photodetectar-array geometry and sampling 
passband. 


image into a discrete signal. The sampling lattice 
(X,Y), which determines the resolution of this device, 
‘93 Yp) 
of the photodetector-array apertures and the distance 
4, as given for one of the dimensions by 


is formed in angular units by the separation (X, 


X= dean? Ae, ao ica = 27% aay 


3 
Ze bp ip el 


Normally, the sampling lattice is square, as shown in 
Figure 5, so that X, = Y,. Then the corresponding 
area of the photodetector apertures is Ay = yz. and 
the solid angle of the instantaneous field of view 
(IFOV) is 0 = A,/ep ster. 

The sampling lattice projected onto the scene at the 
distance £, has the dimensions (X,, ¥,) = (Xé,, Y,) 
Because these dimensions represent the finest spatial 
detail that normally can be restored, it is convenient 


to measure the mean spatial detail of the scene 
relative to the sampling lattice, as given by 
= AX, Yo) "2, which reduces to x= m,Xq! for 
X=Y. Hence, = 1 indicates that the sampling 
interval is equal to the mean spatial detail. 

‘The image-gathering process that transforms the 


continuous radiance field L(x, y:A) into the discrete 
signal s(x, y) may be modeled by the expression 


sy) =Kposy)* ry) + nposy) (AL 


where the discrete coordinates (x, y) = (mX, mY), and 
the symbol * denotes continuous spatial convolu- 
tion. This model accounts, in the simplest form, for 
the reflectance-to-signal conversion gain K, the 
reflectance p(x,y) of the scene, the spatial response 
(SR) (x,y) of the image-gathering device, the 
continuous-to-discrete transformation by the photo- 
detector-array lattice, and the discrete noise rig(x, y) 
of the photodetectors. The discrete coordinates are 
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defined by the sampling function 


(1 


= ly) = XV dex 


where d(x, y) is the Dirac delta function; and the gain 
is given by 


K aca f tayaayranda 6) 


7D7/4 is the area of the objective lens 
 D, and r{A) is the responsivity of the 
photodetectors. This gain relates the magnitude of the 
signal s(x, y) directly to that of the reflectance p(x, y}; 
and, together with the variances a} and oj of the 
reflectance and the photodetector noise, respe 
it also determines the rms-signal-to-rms-noise ratio 
(SNR) Ko,/o), 

‘The DFT of s(x, y) is the periodic spectrum 3(u, w) 
given by 


where Ay 
with diame 


50,0) = Kalu, o)F(v,0) #1 + pve) (7) 


where f(v,0) is the spectrum of the reflectance, 
#(v,w) is the spatial frequency response (SER) of 
the image-gathering device, and fi(v,w) is the 
spectrum of the photodetector noise. The symbol {i 
is the Fourier transform of the sampling function ll. It 
accounts for the sidebands generated by the sampling 
process and is given by 


flv. «) =F 80 -v,0-w) [81 


where (v, w) = (on/X, n/Y). The corresponding samp- 
ling passband is 


oe a 


The above expression for 3(v,) can be rewritten 
more conveniently as 


[10] 


3(u, 0) = Kp(v, 0) #(v, 0) + Av, «) 
where 


Fi(v, wo) = fil, 00) + Fig(d, 0) an 
is the spectrum of the total noise in the acquired 
signal. The first term #i,(v, w) represents the aliased 
signal components caused by insufficient sampling, as 
given by 

fig(v, «) = Kpv, wF(u,) + fh, 


112] 


where 


1131 


how= Y dw-ve-w 


wwe.) 


If, for spatial coordinates at either the scene or the 
photodetector array, the unit of (x, y) is meters, then 
the unit of (v,«) is cycles m~'; and if, for angular 
coordinates centered at the objective lens, the unit of 
(x, y) is radians, then the unit of (v, @) is eyeles rad", 
Either way, itis convenient to normalize the sampling 
intervals to unity (i.e., X= Y = 1). Then the area of 
the sampling passband is |B| = 1, the unit of (x, y) is 
samples, and the unit of (v, «) is cycles sample 

The SFR #(v, w) of the image-gathering device is 


F(v, 0) = Fev, w%,(v, 0) 1141 
where #(v,w) and #(v,w) are the SFRs of the 
objective lens and photodetector apertures, respect- 
ively. This SFR may be modeled approximately by the 


circularly symmetric Gaussian shape 


115] 


(uv, 0) = expl—( 


where, as shown in Figure 6, the optical-response 
index &, controls the trade-off between the blurring 
that is caused by the decrease of the SFR inside the 
sampling passband and the aliasing that is caused by 
the extension of the SFR beyond this passband. 


Signal Coding 


Signal coding may be divided into two stages, as 
depicted in Figure 1. The first stage, which is 
represented by the digital operator 7(x.y) and the 
quantization noise 1,(x, y: x), accounts for manipula- 
tions of the acquired signal that seek to extract those 
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Figure 6 SFRs #(v,w) of the image-gathering device relative 
to the sampling passband & for unit sampling intervals 
(ie, X=Y=4), 
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features of the captured radiance field considered to 
be perceptually most significant, which usually entails 
some loss of information. The second stage, which is 
represented by the encoder, accounts for manipula- 
tions that seek to reduce redundancies in the acquired 
signal, without loss of information. The resultant 
encoded signal s,(x.y:*) may be expressed in the 
same form as eqn [4] for the acquired signal s(x, y) as 


SEY N= MYBO Y +m OGYK) — [16] 


where the symbol ® denotes discrete spatial convolu- 
tion, and 14(x,y:) is the quantization noise. If the 
data transmission and/or storage are error-free, as is 
assumed here, then the signal that leaves the decoder 
remains identical to the signal that enters the encoder. 
The DET of s,(x,y:x) is the periodic spectrum 
3c(v, wx) given in the same form as eqn [10] by 
71 


3e(v, 0; K) = Kplv, a) eo, 9) + irelv, 0% ®) 


where 


Pew.) = U8} 


Hv. wh(v.) 


is the throughput SFR from image gathering to 
transmission, and 


19) 


el v. ww) = AW, w) ECV, 0) + Fyfe. 0F K) 


is the accumulated noise in the encoded signal, For 7 
bit quantization, where = log x and «is the number 
of uniformly spaced quantization levels, fi,(v, 0% x) 
may be treated (for = 4) as independent Gaussian 
noise with the PSD. 


(v.05 6) = 0 = (In) [20] 


where ois the variance given approximately by 


at J &eorlf,«)*dede py 
i 


Image Restoration 


Image restoration, as depicted in Figure 1, transforms 
the decoded signal s.(x,y;«) into the digital image 
1&,¥;6), a8 modeled by the expression 


HE.9: 0) =lis(x,y:JOWEI:6) (22 
‘The operation indicated by Is(x,y:«) (called zero 
padding) prepares the decoded signal for image 
restoration with interpolation, and the operator 
W(X. ¥;) produces the digital image r(8,;«) on the 
interpolation lattice Il that is Z times denser than the 
sampling lattice ll, If the interpolation in the image 
restoration is sufficiently dense (normally, for Z = 4), 


then the blurring and raster effects of the image- 
display process are suppressed entirely. This con- 
dition leads not only to the best realizable image 
quality but also to the simplest expression for the 
continuous displayed image, as given in the same 
form as eqns [10] and [17] by 

Av, oF Cv, 6) + A,(v,0%,6) [23] 


Rov, 6) = 
where 
4] 


Bo, 05) = #00, 0)44(0, 02, 054) 


is the throughput SFR from image gathering to 
display, and 


K Nig, 0 KYH(, 5) 


Figg, 0 4) + Figel, 0 4) 


fav, 08 


iy (v.05) 125) 
is the accumulated noise in the restored image. This 
noise may be expressed explicitly by substituting the 
noise components given above. The noise due to the 
granularity in image-display mediums is not 
accounted for here. 

‘The Wiener filter, that minimizes the mean-square 
error due to the perturbations in image gathering and 
coding, is given by 


bv, oP Sv, 0) 


Wv, w; «) = = 
HO. olhv,o) 


26} 


+H,Gan) 


where ®(v, 0) = 0,7,(v, w) is the normalized PSD 
of the radiance field and 


@,(v, w)l#(v, w)* 


Bi, (u, 058) = 


+,0.0:0)] 


is the normalized PSD of the accumulated noise in the 
encoded signal. If the photodetector noise is white so 
that the PSD &,(v,«) is equal to its variance a and 
the PSD @,(v, 0; «) is equal to its variance aj, then 
the PSD of the noise simplifies to 


Gv, 0;n) = OL, (v,0) + bYv,056) [27] 
where 
4,00, 0) = [64(v, ol Av, 0) 
+ (Koyloy)?Rtv,a)? (28) 
and 
@)(v, wx) = (Kaien, 29) 
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These simplifying conditions permit the Wiener filter 
given above and the figures of merit given below to be 
expressed as a function of the SNR Ko,/a7,, which can 
be specified without accounting explicitly for either 
the gain K or the variances a} and ap. 


Figures of Merit 
Information Rate 71 


The information rate 1 (in bits sample!) of the 


encoded signal s,(x, y:x) is defined by 


P= ELS (v.02; «)] — ELSe(v, 0; 4) |ACU, 0) (v, 0) & B] 
130] 


where the first term, £[+], represents the entropy of 
5,(v,w;) and the second term, E[-l], represents the 
conditional entropy of this signal when the reflec- 
tance spectrum fv.) within the sampling passband 
Bis known. For the assumptions that have been made 
about image gathering and coding, the conditional 
entropy becomes the entropy of the accumulated 
noise fie(v.«;k), so that 1 simplifies to 


nH 


£1e(v. 00; 6)] ~ Efi, 2): (ur e0) & B] 
sh, fis See lo Bt) 


The theoretical upper bound of # is Shannon's 
channel capacity C for a bandwidth-limited system, 
with white photodetector noise and an average power 
limitation (here the variance 3), as given by 


Ov, e)IF (v0)! 


yu. 0) 


log 1+(Ka,Ja,)"] 132] 
‘can reach C only when 
z on, UaeB 
,(v.0)=4” 
0, elsewhere 
P 1, @oeB 
Tyas) = 133] 
0, elsewhere 


However, neither of these two conditions can occur in 
practice because both the PSD @,(v,w) of natural 
scenes and the SFR #(v, w) of image-gathering devices 
decrease gradually with increasing spatial frequency, 
as depicted in Figures 3 and 6, respectively. Hence, 
can never reach C. 


Theoretical Minimum Data Rate £ 


The theoretical minimum data rate £ (also in bits 
sample~') that is required to convey the information 
rate 1 is defined by 

£ = ElS(v, «7; w)] — Elev, « WII, @)] 34] 
where the second term, £[-l] is the uncertainty of 
8.(v,@;8), when 5(v, @) is known. For the assump- 
tions that have been made about the coding process, 
the conditional entropy becomes the entropy 
Eln,(v,w; «)| of the quantization noise, so that £ 


simplifies to 
tatu 


135] 


E=EL3.(v.0:K)] 


= flit 


This expression for £ represents the entropy of 
completely decorrelated data. 


—Effig(v.0K)] 
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Information Efficiency 1/£ 


The information efficiency of completely decorrelated 
data is defined by the ratio 21/E. This ratio reaches its 
upper bound WE=1 when &, (v0) < ,(v, «)] 
Piva)! and 6), (0,0) < 4(v, 021), because then 
both eqn [31] for # and eqn [35] for & reduce to the 
same expression 


sn 


This upper bound can be approached with a small 
loss in 74 only when the aliasing and photodetector 
noise are small. Hence, the electro-optical design that 
optimizes 1 also optimizes HIE. However, a com- 
promise always remains between 1 and HIE in the 
selection of the number of quantization levels: 1 
favors fine quantization, whereas W/E favors coarse 
quantization. 


b(v.e)lf (xo)! 


Porn) 
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Jin [36] 


Maximum-Realizable Fidelity F 
The maximum-realizable fidelity F of the images 
restored with the Wiener filter Wv,0;x) can be 
expressed as a function of the throughput SFR 
F,(v,0;) given by eqn [24] as 


F=[ [O00 o.0:r)dedo 1371 
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on equivalently, as a function of the integrand 
H(v,w;) of the information rate 71 given by eqn 
[31] as 

F=f fajo.of1—2 Few |dvdo 38) 
This relationship between fidelity and information 
rate can be extended to other goals. For example, 
the enhancement of spatial features (e.g., edges 
and boundaries), for robotic vision, can be 


accommodated by letting 7(v,w) be the desired 
feature-enhancement filter. 


Performance and Design Trade-offs 


Electro-optical Design 


Figure 7 presents the information rate 1 (for lossless 
encoding) as a function of the optical-response index 
{and the mean spatial detail 4. The information rate 
1H versus ¢ is given for several SNRs Ko,/o, and 
w=1, and 7 versus mis given for the three 
informationally optimized designs specified in 
Table 1. 

The curves show that H can reach its highest 
possible value only when both of the following 


the best match occurs when the sampling interval 
is near the mean spatial detail of the scene (i.e., 
when 4 ~ 1). 


These conditions are consistent with those for 
which the information rate } reaches Shannon's 
channel capacity C. However, blurring and aliasing 
constrain 7{ to values that are smaller than C by a 
factor of nearly two (i.e. H = C/2). Hence, these 
conditions replace the role of white and band-limited 
signals in classical communication theory, to establish 
an upper bound on the information rate in imaging 
systems. 

The above two conditions appeal intuitively when 
the problem of image restoration is considered: 


1. The result that the SER (v, w) that optimizes 7 
depends on the available SNR is consistent with 
the observation that, in one extreme, when the 
SNR is low, substantial blurring should be 
avoided because the photodetector noise would 
constrain the enhancement of fine spatial detail 
even if aliasing were negligible. In the other 
extreme, when the SNR is high, substantial 
aliasing should be avoided so that this enhance- 
ment is relieved from any constraints except 
those that the sampling passband inevitably 


imposes. 
conditions are met: 
1. The relationship between the SFR iv, «) and the Table 1_Informationaly optimized designs 
sampling passband B is chosen to optimize H for a Ge ; = 
the available SNR Ka,/a,. This design is said to be tai = 
informationally optimized, 1 256 os 44 
2. The relationship between the sampling passband : * ee oe 
B and the PSD 4,(v,.) is chosen to optimize 1. 
For the PSDs ,(v, w) typical of natural scenes, “jp 
ko,/o, Design 
5 — 256 
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Figure 7 Information rate 7 versus the optical-response index ¢. and the mean spatial detail (relative to the sampling interval), 
‘The designs are specified in Table 1, and the SFRs #u, a) for are shown in Figure 6. 


ational 


stepper motor 


enables only one stator coil to be unpowered 
during any step, becauseits two ends areatequal 
potential. Therefore this type of motoris capable 
of high torque in a relatively small format. 


In some multiphase motors, additional wires al- 
low access to both ends of each coil, and the coils 
are not connected internally. This allows control 
of the motor to be customized. 


rostepping 

Anappropriately designed stepper motor can be 
induced to make very small, intermediate steps 
ifthe control voltage is modulated to intermedi- 
atelevels. Step angles.as low as 0.007 degrees are 
claimed by some manufacturers, However, amo- 
tor running in this mode is less able to generate 
torque. 


The simplest form of microstepping is half- 
stepping, To achieve this in a unipolar motor, 
each coil passes through an “off” state before its 
magnetic polarity is reversed, 


Sensing and Feedback 

Solongasthe series of pulsesto the motor allows 
the rotor ample time to respond, no feedback 
mechanism from the rotor is necessary to con- 
firm its position, and an open-loop system is suf- 
ficient. Ifsudden acceleration, deceleration, load 
fluctuations, and/or rotation reversal will occur, 
or if high speeds are involved, a closed loop sys- 
tem, in which a sensor provides positional feed- 
back, may be necessary. 


Voltage Control 

Rapid stepping of amotor requires rapid creation 
and collapse of magnetic fields in the stator 
windings. Therefore, self-inductance of the 
windings can limit the motor speed. One way to 
overcome this is to use a higher voltage. A more 
sophisticated solution is to use a controller that 
provides a high initial voltage, which is reduced 
or briefly interrupted when a sensor indicates 
that coil current has increased sufficiently to 
overcome the self-inductance of the windings 


Variants 


Figure 25-18. A multiphase stepper motor. By applying 
voltage in the pattern shown, only one call is not ener: 
ized during each step. This enables high torque com 
pared with the size af the motor 


and has reached its imposed limit, This type of 
controller may be referred to as a chopper drive 
as the voltage is ‘chopped,’ usually by power 
transistors. Itis a form of pulse width modulation. 
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The result that 11 reaches its highest value when 
the sampling interval is near the mean spatial 
detail of the scene is consistent with the obser- 
vation that, ordinarily, it would not be possible to 
restore spatial detail that is finer than the sampling, 
interval, whereas it would be possible to restore 
much coarser detail from fewer samples. 


Information Rate and Data Rate 


Figure 8 presents an information-entropy H(E) plot 
that characterizes the relationship between the 
information rate} of the encoded signal and the 


Figure 8 Tho information-entropy 1(¢) plot ofthe information 
rate 71 versus the associated theoretical minimum data rate £ for 
‘pit quantization. The designs are specified in Table 1 
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(a) image gathering 


(b) Wiener fiter 


associated theoretical minimum data rate, or entropy, 
E for bit quantization. The encoder SER #,(v, 0) is 
assumed to be unity. The plot illustrates the trade-off 
between 1 and £ in the selection of the number of 
quantization levels for encoding the acquired signal. 
Itshows, in particular, that the design that realizes the 
highest information rate 1 also enables the encoder 
to realize the highest information efficiency HIE. This 
result appeals intuitively, because the perturbations 
due to aliasing and photodetector noise that interfere 
with the image restoration can also be expected to do 
so with the signal decorrelation. 


Throughput SFR 


Figure 9 illustrates the SFRs #(v,w) and Ww, w;«) 
of the image-gathering device and Wiener filter, 
respectively, and of their product, the throughput 
SFR f,(v,w;), for the three designs specified in 
Table 1. As the accumulated noise becomes 
negligible, f,(v,w:«) approaches the ideal SFR of 
the classical communication channel, which is unity 
inside the sampling passband and zero outside. 


Information Rate, Fidelity and Robustness 


The PSD &,(v, w) of a scene is seldom known when 
images are restored, Moreover, even if the PSD were 
known to be the one given by eqn [2], then the mean 
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Figure 9 SFRs of image gathering, restoration, and throughput. The designs are specifiod in Table 1 
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spatial detail would usually remain uncertain 
hecause it depends, not only on the properties of 
the scene, but also on the angular resolution and 
viewing distance of the image-gathering device. 
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Figure 10 Information rato and maximum-realzabl idolity 
versus the opicalesponse index cfr two SNRS Ku, Fis 
given for the matched ((u)=1) and two mismatched Wiener 
restorations 
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In practice, therefore, image restorations have to 
rely on estimates of the statistical properties of scenes. 
The tolerance of the quality of the restored image to 
errors in these estimates is referred to as the 
robustness of the image restoration. 

Figure 10 presents the information rate 71 and the 
corresponding maximum-realizable fidelity F for 
matched and mismatched Wiener restorations. 
‘These restorations represent the digital image R(x, 
3; x) oF, equivalently, the continuous image Rix, y: x) 
displayed on a noise-free medium. The matched 
restorations use the correct value of 1, whereas the 
mismatched restorations use wrong estimates of p. 
These curves reveal that the informationally opti- 
mized designs produce the highest fidelity and 
robustness, and that both improve with increasing 
‘1H. Moreover, these curves reveal that, ordinarily, one 
cannot go far wrong in Wiener restorations by 
assuming that the mean spatial detail is equal to the 
sampling interval (i.c., = 1). This observation 
appeals intuitively because spatial detail that is 
much smaller cannot be resolved, and detail that is 
larger is not degraded substantially by blurring and 
aliasing. 


Information Rat 


ind Visual Quality 


Figures 11 and 12 present Wiener restorations and 
their three components, as given by eqn [23], where 
plx,y) + P(x, y46) accounts for blurring, r(x, ¥3 6) 
accounts for aliasing, and 1,,(x,y:x) accounts for 
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Figure 11. Images restored with the Wiener fiter and thelr ree components for designs 1 (top) and 3 (battom). 


116 IMAGING / Information Theory in Imaging 


Se 


(a) Rixyiad (©) Pla -Trtxyind 


(0) dad 48) (8) Aad yin) 


Figure 12. Images restored with the Wiener fit and their three components for designs 1 (top) and 9 (octtom), 


photodetector noise. The contrast of the illustrations 
of the two noise components has been increased 
by a factor of four to improve their visibility. 
The extrancous structure that aliasing produces in 
the images of the resolution wedges is commonly 
referred to as Moiré pattern, The corresponding 
distortion in the images of the random polygons 
emerges more subtly as jagged (or staircase) edges. 

The images are formed from a set of 64% 64 
samples with a Z = 4 interpolation and have a 4X 4 
em format. If these images were displayed in a smaller 
format, then the jagged edges could not be resolved 
by the observer and would appear to be the result of 
blurring or photodetector noise instead of aliasing. 
Aliasing has, therefore, often been overlooked as a 
significant source of image degradation. 

‘The Wiener restoration produces images in which 
fine spatial detail near the limit of resolution normally 
has a high contrast approaching that in the scene. 
However, these images also tend to contain visually 
annoying defects, due to the accumulated noise and 
the ringing near sharp edges (Gibbs phenomenon). 
Hence, itis often desirable to combine this restoration 
with an enhancement filter that gives the user some 
control over the trade-off among fidelity, sharpness 
and clarity. 

13 presents images for which the Wiener 
restorations given in Fig and 12 are enhanced 


for visual quality by suppressing some of the defects 
due to aliasing and ringing. This enhancement 
improves clarity at the cost ofa small loss in sharpness. 
The images are produced again from 64 x 64 pixels, 
but they are displayed in three different formats. 
The smallest format, with a density of 64 pixels/em, 
corresponds to a display of 256 x 256 pixels ina4 x 4 
em area, which is typical of the images found in the 
prevalent digital image-processing literature. As can 
he observed, this small format leads to images that 
are indistinguishable from each other hecause they 
hide many of the distortions that larger formats 
clearly reveal. 

In general, if the images are displayed in a format 
that is large enough to reveal the finest spatial detail 
near the limit of resolution of the imaging system, 
then distortions due to the perturbations in this 
system become also visible. When no effort is spared 
to reduce these distortions without a perceptual loss 
of resolution and sharpness, then it becomes strongly 
evident that the best visual quality with whic 
images can be restored improves with increasing 
information rate, even after the fidelity has essen- 
tially reached its upper bound. This improvement 
continues until it is gradually ended by the unavoid- 
able compromise among sharpness, aliasing, and 
ringing as well as by the granularity of the image 
display. 
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(Design 1 (b) Design 3 
Figure 13 Images restored with the Wiener fiter and enhanced 
{or visual qualty. The large, medium, and small formats contain 
16, 92 and 64 pixelsicm, respectively. 


Concluding Remarks 


The performance of image-gathering devices and the 
human eye is constrained by the same critical limiting 
factors. When these factors are accounted for 
properly, then it emerges that the design of the 
image-gathering device that is optimized for the 
highest realizable information rate corresponds 
closely, under appropriate conditions, to the design 
of the human eye that evolution has optimized for 
viewing the real world. This convergence of infor- 
mation theory and evolution toward the same design 
clearly supports the extension of information theory 
to the characterization of imaging systems. 


‘Numerous other information-theoretic character- 
izations of imaging are now emerging. However, none 
of these characterizations accounts for the critical 
limiting factors that constrain image gathering and 
restoration, as outlined here. Hence, it is not possible 
for them to address the efficiency and accuracy with 
which images can be conveyed. Moreover, none of 
these characterizations combines observation with 
communication, or sensing with processing, in a 
general formalization. Instead, each of them still deals 
with a particular measurement or imaging problem. 
Hence, the role of information theory in imaging is 
far from mature. Many challenges remain: to develop 
general formalizations, to account for physical 
phenomena, and to correlate predictions with 
measurements. 


Information Processing: Optical Digital Image Proces- 
sing. Modulators: Electro-optics. 
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Introduction 


A digital image is an array (2D image) or a cube (3D 
image) of quantized numbers, providing a represen- 
tation of a physical object or a map of some 
distributed property of the object (density of matter, 
energy, etc.). It can be obtained by digitizing the 
original image (for instance, a photograph) or can be 
directly formed by the outputs of the imaging system 
(digital camera, microscope, telescope, etc.). When 
visualized on a suitable image display device, a digital 
image must provide a representation of the physical 
object which can be easily interpreted and analyzed. 
In many cases, however, this condition is not satisfied. 
We give two typical examples. 

‘The first is that of an image degraded by blurring 
which can be introduced by defects of the optical 
systems (such as aberrations) or by image motion, 
image defocusing, etc. The representation of the 
object does not have the quality which should be 
desirable for its interpretation. 

‘The second case is even more important and arises 
when the output of the imaging system is not directly 
related to the physical quantity to be imaged. For 
instance, in X-ray tomography, the output of a 
detector is the attenuation of an X-ray pencil crossing 
the body while the quantity to be imaged is the 
density of the body. 

In the situations described above, the desired image 
can be obtained by solving a number of mathematical 
problems. If we denote f as the object, namely the 
target of the imaging system, and g as the image of f 
provided by the system, then the problems to be 
solved can be summarized as follows: 


develop a physical model of the system to obtain a 
mathematical relationship between the object f 
and the image g: the computation of g from a given 
f is usually called the solution of the direct 
problem; 

* solve the problem of obtaining the physical 
quantity f from given outputs g of the system; 
this second step is usually called the solution of the 
inverse problem. 


The digital image of f, obtained by solving an 
inverse problem, is a computed one, generated by the 


computer where the algorithm for the solution of the 
inverse problem has been implemented. 

Tt may be convenient to formulate both the direct 
and the inverse problem in terms of functions rather 
than arrays, cubes, etc., because such a formulation 
allows the use of powerful tools of functional analysis 
for their investigation. Next, the results obtained in 
the continuous case can be used for understanding the 
features of the corresponding discrete problem. In 
most important applications, for instance, the 
relationship between f and g is linear so that, in the 
discrete version of the direct problem, one obtains ¢ 
by applying a suitable matrix A to f while, in the 
discrete version of the inverse problem, one obtains f 
from g by solving a linear algebraic system. However, 
the solution of the inverse problem is not so simple 
and the difficulties can be understood by looking at 
the corresponding continuous problem. 

The basic reason relies on the fact that inverse 
problems are ill-po 
solution may not exist; even if it exists it may not be 
unique; and, even if it exists and is unique, it may not 
depend continuously on the data. The last statement 
means that a small perturbation of the data, such as 
that caused by noise or any kind of experimental 
error, can completely modify the solution. 

Inverse problems are ill-posed because imaging 
systems do not transmit complete information about 
the physical object. Therefore, the problem is to 
extract the useful information contained in the data 
or, in mathematical terms, to look for approximate 
solutions which are stable against noise. This is 
the purpose of a mathematical theory introduced in 
its general form by the Russian mathematician, 
Tikhonov and known as regularization theory. 

We illustrate the general framework outlined above 
by means of a specific example — image deconvolu- 
tion, also known as image deblurring, image restor- 
ation, etc. The object f is the image which should be 
recorded in the absence of degradation, while g is the 
image corrupted by aberrations or other causes of 
blurring. Both f and g are functions of 2D (or 3D) 
space variables x which are the coordinates of a point 
in the image domain. If the imaging system is 
isoplanatic, then it is described by a space-invariant 
point spread function (PSF) K(x), which is the image 
‘of a point source located in the center of the image 
domain. The PSF provides the response of the system 
to any point source wherever it is located. On the 
other hand, its Fourier transform, the transfer 
function K(w) (the hat denotes Fourier transform 


ed in the sense of Hadamard: the 
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and w, the spatial frequencies associated to the space 
variables x), tells us how a signal of a fixed frequent 
is propagated through the linear system, so that the 
blurring can also be viewed as a sort of frequency 
filtering. 

Under these assumptions the image g is the 
convolution product of object f and PSF K: 


g(x) J kex— xia fe) 
and the solution of the direct problem is just the 
computation of a convolution product. 

The image g, as given by eqn [1], is the so-called 
noise-free image. The actually recorded image g, is 
affected by a noise term and, in general, it can be 
written in the following form: 

BC) = BOX) + 0) 2 
where (x) is a function describing noise contami- 
nation. It is a random function and, therefore, it is 
unknown even if one understands its statistical 
properties. We point out that eqn [2] does not imply 
that the noise is additive o signal independent. For 
instance, in microscopy and astronomy, the contami 
nation of the image is due both to photon noise, 
which satisfies Poisson statistics, and read-out noise, 
which is basically Gaussian and white. Therefore the 
noise term in eqn [2] must only be intended as the 
difference between the noisy and the noise-free image. 

In a first attempt at approaching the inverse 
problem, it seems quite natural to ignore the noise 
term n(x) and to solve eqn [1] for f(x) with g¢x) 
replaced by g,(x). Then, by taking the Fourier 
transform of both sides of this equation and using 
the well-known convolution theorem, one finds the 
following relationship: 


8) = K(o)flw) BI 
which relates the Fourier transform of f and g to the 
transfer function of the imaging system, 

‘The solution of this equation looks elementary. 
However, a first problem is due to the fact that an 
optical system is generally band-limited; its band Q is 
the bounded domain of spatial frequencies where the 
transfer function is different from zero. Since the 
noise is not band-limited or, at least, has a band 
much broader than that of the optical system, 
outside © the right-hand side of eqn [3] is zero 
while the left-hand side is not; in other words, the 
solution of the deconvolution problem, as formulated 
above, does not exist because no object f satisfies 
eqn [3] everywhere. In this particular case, one can 


circumvent the problem by applying a suitable filter 
to g.(x), in order to suppress the out-of-band noise. 

‘The second problem is the nonuniqueness of the 
solution of the problem with the filtered data. This is 
due to the so-called invisible objects, namely objects 
whose Fourier transform is zero on ©, so that the 
corresponding images are exactly zero. If we find a 
solution of the deconvolution problem, by adding an 
arbitrary invisible object to this solution, we find 
another solution of the same problem. A well-defined 
solution can be obtained by requiring its Fourier 
transform to be zero outside 0. In other words, we set 
to zero what is not transmitted by the imaging system, 

The standard way for approaching the previous 
questions is to look for solutions in the least-squares 
sense, namely for objects which minimize the 
functional: 


P(f) = IK +f - g) (41 
where * denotes the convolution product, as 
defined in eqn [1], and the right-hand side is the 
square of the L*-norm (which can also be interpreted 
as energy) of the discrepancy between the recorded 
image g, and the computed image K + f. If one looks 
for a least-squares solution with minimal energy then 
one automatically re-obtains the solution discussed 
above, namely an object whose Fourier transform in 
Mis given by 


Fravteoy = 8X0 


- Is] 
Kw) 


and is zero outside ©. Such a solution is that 
provided by the so-called inverse filter. 

However, there is an additional difficulty in that the 
transfer function usually tends to zero at the 
boundary of the band while the Fourier transform 
of the noise, hence that of g,, does not, of tends to 
zero in a different way. It follows that /ig.(c) is 
divergent or very large at the boundary of the band. 
We conclude that its inverse Fourier transform does 
not exist of, if it exists, is affected by large artifacts 
due to noise propagation. The latter is the typical 
situation in the case of digital images. In Figure 1 we 
give the result of a numerical simulation showing the 
typical effect produced by the inverse filter. The object 
is a beautiful picture of a galaxy recorded by the 
Hubble Space Telescope (HST), while the PSF is a 
computed one describing the blurring of HST before 
installation of the optics correction. The blurred 
image is obtained by convolving the object with the 
PSF and by adding white noise, The restored image 
produced by the inverse filter is completely corrupted 
by noise. 
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Figure 1 


@ 0 
© cy 


lMustrating the effect of the inverse fier: (a) Image of the Circinus galaxy taken on 10 April 1999, with the Wide Field 


Planetary Camera 2 of the Hubble Space Telescope; (b) the PSF used for bluring the RGB components of the image (here shown in 
rod); (¢) the blurred image obtained by convolving the components of the image in (a) with the corresponding PSFs and adding noise; (d) 
the restoration obtained by applying the inverse fiter to the three components of (c). Part (a) courtesy of NASA/Space Telescope 


Science Institute 


The inverse filter provides a solution which fits the 
data in the best possible way and therefore also fits 
the noise in the frequency domains where the signal is 
weakly transmitted by the imaging system. This can 
be achieved at the cost of an energy (?-norm) of the 
solution which is too large. Therefore, such a 
conclusion suggests that one must search for a 
reasonable compromise between data fitting and 
energy of the solution. This is the basic idea of 
regularization theory, at least in its most simple form. 
‘The mathematical formulation is obtained by looking 
for objects which minimize the functional: 


©, (f) = IK * f — g JP + lif? 16] 


where 1, the so-called regularization parameter, is a 
parameter controlling the trade-off between data 
fitting and energy of the solution: when jis small, the 
data fitting is good and the energy is large while, 
when jis large, the data fitting is poor and the energy 
is small 

Fora given g, the function f,,, which minimizes the 
functional of eqn [6] is called the regularized solution 


of the problem. It is easy to show that its Fourier 
transform is given by 
Rw 


fw) = = —2,(e) t 


IK) + 


The regularized solutions form a one-parameter 
family of functions, When pz is small these functions 
are strongly contaminated by noise whose effect is 
gradually reduced when g. increases. For too large 
values of 4, one re-obtains blurred versions of the 
original object. 

Such behavior is illustrated by the sequence of 
regularized solutions given in Figure 2 and corre- 
sponding to the example of Figure 1. The regulariz- 
ation parameter increases starting from left to right 
and from top to bottom, Its values are p= 0 (inverse 
filter), 0.001, 0.01, 0.05, 0.1, and 0.5 (the noise is of 
the order of a few percent and the PSF is normalized 
in such a way that the sum of all its value is 1). The 
sequence makes evident the well-established theor- 
etical result of the existence of an optimal value of the 
regularization parameter. Such an optimal value can 
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Figure 2. Illustrating the effect of the regularization parameter. The blurred image is that shown in Figure 1e. The sequence is 
‘obtained by increasing the value of the regularization parameter: (a) = 0 (inverse fiter); (b) p= 0.001: (e) = 0.01: (A) u = 0.05, 
(@) 10.1: () w= 055. It is evident thatthe best restoration is that shown in (c. 


he determined in the case of numerical simulations as 
that represented in Figure 2. However, its estimation 
in the case of real images is more difficult. Several 
methods for the selection of js have been propose: 
We only mention the so-called discrepancy principle. 
It consists of determining the value of y, such that the 
value of the discrepancy functional at fy, ©°Uf4) 
coincides with an estimate of the energy of the 
noise. In other words, the data are fitted with an 
accuracy comparable with their uncertainty. 


As shown by eqn [7], the regularized solution has 
the same band © of the imaging system, because 
K'(w) is zero outside O. As is known, a band-limited 
function can be represented in terms of its samples 
taken at a rate which is roughly proportional to the 
size of the band. This is the content of the famous 
Shannon sampling theorem (more precisely its 2D 
extension), On the other hand, the sampling distance 
can be taken as a measure of the resolution provided 
by the restored image so that one concludes that the 
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restoration method discussed above does not produce 
an improvement of the resolution of the imaging 
system. It certainly produces an improvement of the 
quality of the image which makes possible a visual 
verification of that resolution, 

In many circumstances, the term super-resolution is 
used for describing methods which allow an improve- 
ment of resolution beyond the limit provided by the 
sampling theorem. Therefore, a super-resolving 
method must produce a restored image with a band 
broader than that of the imaging system. Therefore, 
super-resolution is related to the problem of out- 
of-band extrapolation. 

Such an approach was already proposed in the 
1960s, when it was observed that the Fourier trans- 
form of an object with a finite spatial extent (all 
objects have this property) is analytic; then the 
theorem of unique analytic continuation implies 
that the Fourier transform of the object can be 
determined everywhere from its values on the band of 
the imaging system. 

Unfortunately this problem isill-posed, so that out- 
of-band extrapolation is not feasible in practice. Only 
recently it has been recognized that a considerable 
amount of super-resolution is possible when the 
spatial extent of the object is not much greater than 
the resolution distance of the instrument. For 
ample, super-resolving methods could be used for 
detecting unresolved binary star in astronomical 
images. 

The important point is that a supe 
method must implement explicitly the 
of the object: the domain of the object must be 
estimated and the method must search for a solution 


solving 
extent 


which is zero outside this domain, This introduces an 
important question in object restoration and, more 
generally, in the theory of inverse problems, namely 
the design of regularized solutions satisfying 
additional conditions (constraints). This question is 
also important from the theoretical point of view: the 
problem is ill-posed because of insufficient infor- 
mation on the object as transmitted by the imaging 
system; the use of additional constraints reduces the 
class of the solutions which are compatible with the 
data and therefore can improve the restoration. This 
is the use of a priori information in the solution of 
inverse problems. 

A constraint which has been widely investigated 
and used is the positivity of the solution, ie., all the 
values of the restored image must be positive or zero. 
The physical meaning of the constraint is obvious. Its 
beneficial effect is to reduce ringing artifacts whi 
affect the regularized solutions previously discussed, 
in cases where the object contains bright spots over a 
black background or sharp intensity variations from 


zero to some positive value. The ringing is essentially 
related to the well-known Gibbs effect in the 
truncation of the Fourier series. 

The requirement of positivity is the requirement of 
a particular lower bound on the values of the 
solution, Therefore, one can consider more general 
constraints in requiring a given lower and/or upper 
bound on the values of the solution, eventually 
combined with a constraint on the domain to 
produce, for instance, a super-resolved positive 
solution. The most general form of these constraints 
requires that the solution belongs to a given closed 
and convex set C in some functional space. A general 
method producing regularized solutions in a convex 
set is an iterative method which is essentially a 
gradient method for the minimization of the least- 
squares functional, with a projection on the set C at 
each iteration, In the case of object deconvolution, 
the least-squares functional is that given in eqn [4] 
and the method has the following form: if fi is the 
result of the k-th iteration, then fj... is given by 


fest = Polfe + 1K" * (ge — K* fil [8] 


where Py is the convex projection onto the set C, ris a 
relaxation parameter and K"(x) = K(—x). In general, 
the algorithm, known as the projected Landweber 
method, is initialized with fy=0. An important 
property is that it has a regularization effect, in the 
sense that iterations must not be pushed to conver- 
gence but stopped after a suitable number of 
iterations to avoid strong noise contamination, In 
Figure 3 we compare, in a specific example, the result 
obtained by means of the linear regularization 
method and that obtained by means of the projected 
iterative method with a lower and upper bound on 
the solution. The reduction of ringing is evident. 

Among the methods producing positive solutions 
we must mention the most popular one in astronomy, 
the so-called Richardson—Lucy method, which is an 
iterative method for Maximum-Likelihood esti- 
mation. If the PSF has been normalized in such a 
way that the sum of all its values is one, it takes the 
following form: 


fer =f" Ze) 191 


The method is normally initialized with a uniform 
image and it must not be pushed to convergence to 
avoid noise amplification. Another algorithm 
suggested by statistical arguments and producing 
positive solution is the so-called Maximum Entropy 
‘Method (MEM). 

The image restoration methods described above 
have wide applications both in microscopy and 


IMAGING / Inverse Problems and Computational Imaging 123 


© 


@ 


Figure 3. Illustrating the effect of constraints on image restoration: (a) Image of the Earth taken during the Apollo 11 mission; (b) 
blurred image of (a) obtained by assuming out-of focus blur and adding naise; (c) optimal restoration provided by the regularization 
‘methedi the ringing around the boundary of the Earth is evident; (4) optimal restoration obtained by means of the projacted Landweber 
method with a lower and an upper bound on the solution at each iteration. Part (a) courtesy of NASA. 


astronomy. For instance, the minimization of the 
functional eqn [6], with the additional constraint of 
positivity, has been used for deconvolving images in 
microscopy to reduce the effect of the missing cone. 
On the other hand, the Richardson—Lucy method 
was widely used for deconvolving the images of HST 
before installation of corrective optics. 

‘Nowadays, image deconvolution is becoming more 
important for the ground-based telescopes equipped 
with adaptive optics. Indeed, even if adaptive optics is 
able to provide a considerable compensation of the 
atmospheric blur, a further improvement can be 
obtained by deconvolving the detected images. The 
PSF is provided by the image of a suitable guide star. 

Finally, it is worth mentioning the Large Binocular 
Telescope, in construction on the Mount Graham in 
Arizona, because this instrument requires image 
restoration methods for a full exploitation of its 
imaging properties. The telescope (Figure 4) consists 
both 
mirrors are equipped with adaptive optics and are 
combined interferometrically to reach the resolution 


of two 8m mirrors on a common mount: 


LBT Project 


Figure 4 Picture of the Large Binocular Telescope (LBT) in 
‘construction on the Mount Graham in Arizona. It consists of two 
mirors on the same mount. The images of the two minors are 
‘combined interferometrically to produce a high-resolution image in 
the direction of the line joining the centers of the mirors 
(Casatine). 


Values 


Values 


The step angle of a stepper motor is the angular 
rotation of its shaft, in degrees, for each full step, 
This will be determined by the physical construc- 
tion of the motor. The coarsest step angle is 90 
degrees, while sophisticated motors may be ca- 
pable of 1.8 degrees (without microstepping). 


The maximum torque that a motor can deliver is 
discussed in "Values" (page 184) in the DC mo- 
tor entry of this encyclopedia, 


Motor weight and size, shaft length, and shaft 
diameter are the principal passive values of a 
stepper motor, which should be checked before 
itis selected for use. 


How to Use it 


‘Stepper motors are used to control the seek ac- 
tion in disk drives, the print-head movementand 
paper advance in computer printers, and the 
scanning motion indocumentscannersandcap- 
ler, 


Industrial and laboratory applications include 
the adjustment of optical devices (modern tele- 
scopes are often oriented with stepper motors), 
and valve control in fluid systems. 


A stepper motor may be used to power a linear 
actuator, usually via a screw thread (properly 
known as a lead screw) or worm gear. For more 
on linear actuators, see "Linear Actuator” (page 
1184). While the stepper motor will enable greater 
accuracy thana traditional DC motor, the gearing 
inevitably will introduce some imprecision. 


‘Advantages of stepper motors include: 


+ Precise positioning, typically within 3 per- 
cent to 5 percent per step. The percentage 
step error does not accumulate as the motor 
rotates 

+ Able to run at a wide range of speeds, in- 
cluding very slow speeds without reduction 
gearing 

+ Trouble-free start, stop, and reverse action 


ism > rotational> stepper motor 


+ Cheap controller hardware where open- 
loop applications are acceptable 


+ High reliability, since no brushes or commu- 
tator are involved 


Disadvantages include: 


+ Noise and vibration 
+ Resonance at low speeds 
+ Progressive loss of torque at high speeds 


Protection Diodes 

While a small stepper motor may be driven di- 
rectly from power transistors, darlington pairs, or 
even 555 timers, larger motors will create back- 
EMF when the magnetic field of each stator coil 
is induced or forward EMF when the field is al- 
lowed to collapse, and bipolar motors will also 
induce voltage spikes when the current reverses. 
In a unipolar motor, while only one-half of the 
coil is actually energized via its center tap, the 
other half will have an induced voltage, as the 
coil acts like a linear transformer. 


A simplified schematic illustrating diode place- 
mentfora bipolarmotoris shownin Figure 25-19, 


Figure 2519. The H-bridge circuit must be augmented 
with protection diodes to guard against back-EMF created 
by fluctuating current inthe stator coll 
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of a 22.8 m mirror in the direction of the baseline. 
The telescope can be rotated to record images of the 
same astronomical target with different orientations 
of the baseline, ie., the line joining the centers of the 
two mirrors. Finally the images must be processed by 
means of multiple images deconvolution methods to 
obtain a unique high-resolution image, equivalent to 
that produced by a 22.8 m mirror. 

‘The applications of inverse problems with major 
social impact are in the area of medical imaging. The 
spectacular success of X-ray computerized tomogra- 
phy (CT), invented by GH Hounsfeld at the 
beginning of the 1970s, has stimulated the develop- 
ment of other imaging modalities, based essentially 
on the same principle, such as positron emission 
tomography (PET) and single photon emission 
computerized tomography (SPECT). Computed 
images are also provided by magnetic resonance 
imaging (MRI). In such a case, however, the 
computational problem is rather simple since it 
consists essentially in Fourier transform inversion. 

‘The basic principle of X-ray CT is described as a 
finely collimated source S (see Figure Sa) emitting a 
pencil of X-rays which propagates through the body 
along a straight line L up to a well collimated receiver 
R. If we know both the intensity Jy of the source and 
the intensity J detected by the receiver, the logarithm 
of the ratio [o/I is the integral of the linear attenuation 
function (roughly proportional to the density func- 
tion of the body) along the line L. Ifthe source and the 
receiver are moved along two parallel lines, having 
direction @ and defining the plane TI (in practice a 
planar slice of the body under consideration), one 
obtains the integrals of the linear attenuation func- 
tion f(x) along all parallel lines orthogonal to @. The 
scanning variables in the plane II are defined in 
Figure 5b: ¢ is the angle formed by the unit vector 6 
with the x-axis and s is the signed distance between 
the origin and the integration line L. The integrals 
along all parallel lines orthogonal to @ define a 
function of s which is called the projection of f(x) in 
the direction @ 


Pils) =| _ flscos ¢—msin gs sin e+ cos ordi 
{10} 


The set of the projections of f(x) for all possible 0 is 
called the Radon transform of f(x), in honor of the 
mathematician Johann Radon, who first investigated 
the problem of recovering a function of two variables 
from its line integrals. Today, such a problem is 
known as Radon transform inversion or object 
restoration from projections. Sampled values of the 
Radon transform, i.e., sampled values of the 


Oo} 


Figure & (a) Scheme of the scanning procedure in X-ray 
tomography: the source(S)~receiver(R) pair is moved along a 
direction # orthogonal to the line S-R, defining the plane TI to be 
imaged; when the scanning has been completed the system is 
rotated by a certain angle, the scanning procedure is repeated, 
and s0 on. (Reproduced with permission from Bertero M and 
Boccacei P (1988) Introduction to Inverse Problems in Imaging. 
Bristol, UK: IOP Publishing.) (b) Definition of the variables used in 
the representation of the Radon transfor; ¢ is the angle formed 
by the SR line withthe xj-axis; sis the signed distance between 
the origin and the integration line (arthagonal to #); and w is the 
coordinate on the integration tina, 


projections for a number of possible directions 
between 0 and 7, are the outputs of the acquisition 
system of the medical equipment known as CT- 
scanners (Figure 6). Their data-processing system 
contains the implementation of an algorithm for 
Radon transform inversion and the final result isa set 
of computed images providing maps of slices of the 
human body. 

The plot of the Radon transform of f in the (s, @)- 
plane, obtained by representing its values as gray 
levels, is called the sinogram of f. In Figure 7, we 
give the image of the sinogram of a brain slice. 
The horizontal rows provide representations of the 
projections of the phantom. In the image, the angle ¢ 
defining the direction @takes values between 0 and 277 
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while the variable s takes values between —a and a, if 
ais the radius of a disc containing the phantom. As is 
evident, the sinogram is symmetric with respect to the 
point (0, 2). Each point in the rectangle corresponds 
to a straight line crossing the phantom and the 
straight lines through a fixed point of the phantom 
describe a sinusoidal curve in the (s,g)-plane. This 
property has given rise to the name sinogram. 

The sinogram is, in a sense, the image of the body 
slice under investigation, as provided directly by a 
CT -scanner. However, an inspection of this image 
does not easily provide information about the body. 
Therefore, it must be processed to obtain a more 
significant image. Radon transform inversion is an 
example of inverse and ill-posed problem and its 
solution must be treated with extra care. 

The crucial point in Radon transform inversion is 
the Fourier slice theorem, whose content is the 
following: the Fourier transform of the projection in 


Figure 6 Picture of a scanner for X-ray tomography. The 
annular part contains the acquisition and scanning systems. 


@ 


the direction @ of the function f, is the Fourier 
transform of f on the straight line passing through the 
origin and having direction 6: 


Py(w) = foe) my 


This theorem clarifies the information content of CT 
data: each projection provides the Fourier transform 
of the function f along a well-defined straight line in 
the plane of the spatial frequencies. It is also the 
starting point for deriving the basic algorithm of data 
inversion in tomography, the filtered back-projection 
(FBP). It is obtained from Fourier transform inversion 
in polar coordinates and is a two-step algorithm: the 
first step isa filtering of the projections by means of a 
ramp-filter; the second is the back-projection of the 
filtered sinogram. More precisely the two steps are as 
follows: 


« Filtering: for each @ the projection P,(s) is replaced 
by a filtered projection given by 


Ous)= i *lwlB(wre do [12] 


where the multiplication by the ramp filter lol 
derives from the Jacobian of polar coordinates; 

© Back-projection: this operation is the dual of the 
projection operation: indeed the projection assigns 
toa straight line L with coordinates (s, ¢), hence to 
a point of the domain of definition of the Radon 
transform, the integral of f along L; on the other 
hand, the back-projection assigns the value of the 
Radon transform at (3,¢) to all points of the 
straight line L with the same coordinates (a 
pictorial representation of projection and back- 
projection is given in Figure 8); as a consequence 
the back-projection operator R* assigns to each 


) 


Figure 7 (a) Picture of a brain slice; (b) the corresponding sinogram. As explained in the text, the sinogram is @ gray-level 
representation of the Radon transform in the 5,» plane. Each horizontal line in (b) corresponds to a projection of (a) 
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@ 
Figure 


) 


(2) The effect of the projection operation is shown by drawing the projections ofa circular phantom corresponding to three 


directions. (o) shows the result obtained by applying the back-projection operation tothe three projections given in (a). Is evident that 
the picture provided by this operation has a maximum on the domain of the citcular phantom 


point x the sum (integral) of all values of the Radon. 
transform corresponding to straight lines passing 
through x: 


R*P yx) J, Pixcosp+ysin gdp [13] 


The back-projection operator, when applied 
directly to the projections as in eqn [13], provides a 
blurred image of f; in order to get a satisfactory 
restoration it must be applied to the filtered projec- 
tions ,(s). This point is illustrated in Figure 9. 

We point out that the ramp filter introduced in 
eqn [12] amplifies the high frequency components of 
the projections hence the noise corrupting these 
components. This remark clarifies that Radon trans- 
form inversion is an ill-posed problem and requires 
some kind of regularization. This is obtained by 
introducing an additional low-pass filter which 
reduces the effect of the high frequencies. The most 
frequently used combination of ramp and low-pass 
filter is the so-called Shepp—Logan filter. 

X-ray tomography is also called transmission 
computerized tomography (TCT) because the image 
is obtained by detecting the X-rays transmitted by the 
body. It provides information about anatomical 
details of human organs because the map of the 
linear attenuation function is essentially the map of 
the density of the tissues. 

A different type of information is obtained by the 
so-called emission computerized tomography (ECT) 
which is based on the administration of radio- 
nuclide-labeled agents known as radio-pharmaceuti- 
cals, Their distribution in the body of the patient 
depends on factors such as blood flow, metabolic 
processes, etc. Then a map of this distribution is 
obtained by detecting the rays produced by the 


Body slice 
CT scanner 


Figure 9 Illustrating the effect of the fitered back-projecton, 
‘Shown here is: a slice of the so-called Shepp-Logan phantom, 
the corresponding sinogram (indicated by the arrow CT scanner 
the fitered sinogram (indicated by the arrow fitering; the 
restorations obtained by applying the back-projection operation 
both to the original sinogram and to the fitered sinogram. 


decay of the radio-nuclides. Therefore, ECT yields 
functional information, in the sense that the images 
produced by ECT show the function of the tissues of 
the organs. 
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‘Two different modalities of ECT are usually 
conside 


@ single photon emission computerized tomography 
(SPECT), which makes use of radio-isotopes whe: 
assingle y-ray is emitted per nuclear disintegration; 

© positron emission tomography (PET), which makes 
use of B*-emitters, where the final result of a 
nuclear disintegration is a pair of y-rays, propagat- 
ing in opposite directions, produced by the 
annihilation of the emitted positron in the tissues. 


In both cases it is necessary to detect the y-rays 
coming from well-defined regions of the body and, to 
this purpose, different methods are used in each case. 

In SPECT, the discrimination of the yrays is 
obtained by means of a collimator, consisting of 
holes in a large lead slab covering the crystal detector 
face. In PET the collimation is obtained by means of 
pairs of detectors in coincidence. This technique, 
which is also called electronic collimation, is more 
accurate than the physical collimation used in SPECT 
and allows the design of systems with a great 
efficiency. 

The basic reconstruction method in TCT, namely 
FBP, is often used in the reconstruction of SPECT and 
PET data. However, several corrections are necessary 
in practice. The principal ones are due to the 
collimator blur and to the scattering of photons in 
the body. If one develops a more accurate model of 
data acquisition by taking into account these effects, 
then the restoration problem implies the inversion of 
a very large matrix which is sparse and ill-con- 
ditioned. To this purpose iterative regularization 
methods are used such that the basic operation 
required at each step is matrix-vector multiplication. 
Other imaging modalities, which have been proposed 
for medical applications, are electrical impedance and 
microwave tomography. The underlying inverse 


Adaptive Optics 


¢ Pernechele, Astronomical Observatory of 
Padova, Padova, Italy 


(© 2006, Eleever Lt. ll Rights Reserved 


Introduction 


‘The image quality of a perfect optical system is ideally 
limited by its diffraction figure. In the real world there 


problems are basically nonlinear so that the compu- 
tational cost of the methods for their solution is, in 
general, too high for clinical applications. However 
the research in these areas is very active and, 
therefore, the situation could be improved in the 
near future. 


See also 
‘Tomography: Tomography and Optical Imaging, 
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are many effects which degrade that physical limit, 
ting in poorer image quality at the focal plane. 

effects may be static (e.g., time-independent, 
as, for example, error in the alignment of the optical 
train) or dynamic (e.g., variable with time, such as 
optical misalignment introduced by thermo-mechan- 
ical distortion). Active and adaptive optics, the topics 
of this article, are technologies able to correct for the 
optical aberrations induced by dynamical effects. 
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There are a variety of causes liable for dynamical 
image degradation, among these time-variable optical 
misalignments, pointing and tracking errors (for 
motorized instruments), and atmospheric pertur- 
bations, In practice, both atmospheric turbulence 
and misaligned instrument introduce random spatial 
and temporal perturbations on the optical beam, 
distorting the spherical (ideal) wavefront incoming on 
to the focal plane. This leads to loss of both the 
diffraction limited condition and image resolution. A 
typical situation for astronomical application is 
shown in Figure 1. A target (a star in this case) 
emits light whose wavefront, being far from the 
observing system, can be considered plane. When this 
wavefront passes through the atmosphere it is 
distorted with a temporal frequency of the order of 
hundreds of Hertz, This dynamically distorted 
wavefront fills the aperture of the optical system 
and will once more be distorted by the dynamic 
misalignment of the optical system itself. The final 
wavefront will be deformed with respect to the ideal 
(spherical) wavefront. 
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Figure 1 Dynamical wavetront aberration. 


Dynamic optical misalignment may depend on 
gravitational and thermal deformation, while point- 
ing error may appear as very slow (drift), slow 
(wander), or fast (jitter) tilt of the image on the focal 
plane, Atmospheric perturbations are produced by air 
turbulence and may be natural (as in the astronomical 
or satellite tracking cases) or induced by the 
experiment itself (thermal blooming in high power 
laser applications). All these effects appear on very 
different time-scales, as shown in Figure 2. As 
noticeable, atmospheric turbulence introduces aber- 
rations of all orders, ata frequency above about 1 Hz. 
Pointing and tracking errors introduce an image tilt 
with different time-scale. Gravitational effects induce 
mechanical deformation of the optics, mainly in 
astronomical applications because of the massive 
components (the telescope primary mirror in particu- 
lar). Thermal deformation produces optical misalign- 
ment among optical components mainly resulting in 
defocus. Figure 2 is purely illustrative, because some 
effects may produce wavefront aberrations at differ- 
ent frequencies than indicated there. For example, 
drift may be faster than indicated in the figure, and 
thermal blooming (a thermal effect) introduces 
aberrations at a higher frequency, and so on. 

The correction of the wavefront errors is usually 
made by means of devices able to change the phase 
wave somewhere in the light path. Though the 
concept for correcting aberrated wavefront at slow 
or high frequency is the same, for example, the use of 
one or more deformable elements in the optical path, 
the technologies developed for each area are quite 
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Figure 2 Wavetront aberration time-scale and associated 
aberrations 
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different: variations at slow frequency (approxi- 
mately below 0.1 Hz in Figure 2) are indicated as 
quasi-static errors and the techniques developed to 
overcome them are properly called active optics, 
while adaptive optics indicates the techniques to 
overcome the unwanted effects at high frequent 
(above about 1 Hz in frequency), The frequency value 
dividing the active from adaptive optics is not well 
defined and depends on the field of application and its 
scientific engineering communities. The important 
point is that a correct use of a combination of the two 
techniques may ultimately lead to bringing the 
imaging system close to its diffraction limit. 


Slow Corrections: Active Optics 


The analysis of the wavefront is required before its 
correction, and one or more deformable/movable 
mirrors and their control system, to operate the 
corrections. A typical system for low frequency 
correction is shown in Figure 3. A telescope contains 
three mirrors (M1, M2, and M3) and an instrument 
to detect its scientific target, usually placed on its 
optical axis. The dynamic deformations present in 
this kind of instrument are mainly third-order 
spherical (thermal deformation of M1), third-order 
astigmatism (a saddle-horse deformation of M1 
due to gravity when the telescope is pointing 
away from the zenith), and third-order coma 
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Figure 3 A typical system for correcting 
dynamical aberrations (active optics). 


low-frequency 


(due to gravitational decentering between M1 and 
M2). Since a telescope has a tracking system some 
pointing error may be present, causing motion of the 
image in the focal plane. The observation of an off- 
axis target (typically a star for astronomical appli- 
cations) is made to measure the deformations of the 
incoming wavefront by means of a wavefront sensor 
(WS) system. This step is completed using some of the 
wavefront sensing technique described elsewhere in 
this encyclopedia. The WS must measure the infor- 
mation on the wavefront distortion with adequate 
spatial resolution to compensate for aberrations 
across the full aperture of the system. Once the 
wavefront distortion has been measured by the WS, 
the needed corrections are sent to the control system 
which apply the appropriate mirror deformation/ 
movements. In the example of Figure 3 only the 
primary mirror (entrance pupil) is deformable and it 
is used for correcting spherical and astigmatism 
aberrations. M2 is used to compensate the decenter- 
ing coma by means of lateral displacement. M3 may 
be tilted to correct for low-frequency pointing errors. 
In astronomical applications active optics is essential 
for telescopes with primary-mirror diameters larger 
than approximately four meters which cannot be 
manufactured rigidly at reasonable cost. Active optics 
requires a thin deformable or a segmented primary 
mirror maintained on the correct shape at every 
elevation. Using this method, low-frequency correc- 
tion has been achieved to date in telescopes with 
primary mirrors of the order of ten meters. 


Fast Corrections: Adaptive Optics 


It is clear that corrections at high frequency are 
impossible using the approach discussed above, 
because of the large dimensions and weight of the 
mirror and the low response time required. For an 
adaptive correction it is necessary to image a smaller 
system pupil in the optical train and make the active 
correction of the wavefront. A typical configuration is 
shown in Figure 4, The light from the telescope focal 
plane (corrected for low frequency errors by means of 
active optics) is collimated and a pupil is located in 
this beam. Behind the active mirror a beamsplitter is 
used to send part of the light into the WS and measure 
wavefront distortions. The analysis results are sent to 
the control system which performs the active mirror 
deformation for the wavefront compensation. If the 
WS and the control system are sufficiently fast 
(typically faster than the time-variations of the 
wavefront distortion), this system is able to produce 
a plane wavefront which can be focused at the 
diffraction limit of the system. For this reason 
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Figure 4 A typical setup for correcting high-frequency dynami- 
cal aberrations (adaptive optics). 


adaptive optics are often referred to as rea 
system. 

‘The seminal paper on the adaptive optics concept 
was written by H.W. Babcock of the Mount Wilson 
and Palomar observatories in 1953. Since then a great 
improvement has been made, especially in military 


and astronomical fields. In recent years, however, 
many applications of adaptive optics have developed 
in fields different from traditional ones, such as 
precision manufacturing by means of high-power 
lasers, telecommunications, aero-optics, medical phy- 
sics, and ophthalmology. 

We describe adaptive optics with particular refer- 
ence to astronomical applications. We provide a brief 
description of other applications at the end of this 
articl 


Imaging Through the Atmosphere 


The optical effects of the atmospheric turbulence are 
due to local temperature variations that induce 
fluctuations in the refractive index of air. The 
refractive index changes depend on the air density 


as well as the range of the temperature variations. Air 
density is highest at sea level and decreases exponen- 
tially with altitude. Optical effects of turbulence 
decrease with the altitude of the site, the reason for 
locating astronomical telescopes on mountains. The 
effects of turbulence on a point source image are 
depicted in Figure 5. Hereafter we consider an ideal 
telescope, for example, one without need for active 


correction at low frequencies. We consider the source 
1 (continous line). The radiation emitted by the 
source isa spherical wavefront that can be treated as 
a plane, because of the very long distance to the 
Earth's atmosphere. 
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Figure 5 Imaging through the atmosphere. 


In absence of wavefront distortion, the angular 
diameter of the image (Airy disk), is approximately 
2.44 ND, with d the wavelength of the observation 
and D the telescope aperture (the mirror diameter). In 
this case the image is said to be diffraction limited, 
and it is the best possible performance for the 
observation, This is the performance of a space- 
based ideal telescope. 

In the presence of the atmosphere the incoming 
wavefront is distorted by the turbulence and when it 
reaches the telescope aperture it is no longer a plane 
{see in Figure 5). The so-called Fried’s parameter r 
{also called atmospheric coherence length) is the most 
common parameter used to quantify the distortion 
effects of atmospheric turbulence, It is defined as the 
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distance over which the wavefront phase is highly 
correlated (in this way it provides a measure of the 
turbulence scale size). For an undistorted plane wave, 
ry is infinity, while for atmospheric distortion it 
typically varies hetween S.cm (bad sites) and 20 em 
(excellent sites). We depict Fried’s parameter sche- 
matically in Figure 5, as bubbles of dimension ry in 
the turbulent layer (referred to as Fried’s cells). ry is a 
statistical parameter, which depends on time and 
wavelength (ry = rp(t,A)). Its variability with time 
may be considerable, sometimes changing by a factor 
of 2 within a few seconds, A small telescope, with a 
diameter less than ro, will always operate at this 
diffraction limit, When the rp is smaller than the 
telescope aperture, the angular size of the image is 
different if we consider long- or short-time exposures. 
If the exposure time is very short (less than 
hundredths of a second) it is possible to image a 
structure in the focal plane (sce short exposure image 
in Figure 5). This structure, which varies with time, is 
due to high-order wavefront distortions that occur 
within the aperture. The short exposure image is 
broken into a large number of speckles of diameter 
2.44.MD, which are randomly distributed over a 
circular region of approximately 2.44 A/rg in angular 
diameter. A lower-order wavefront distortion is 
correlated with the size of the largest disturbances 
produced by atmospheric turbulence (the so-called 
outer scale) which varies considerably (from 1m to 
over 1km). Such disturbances produce a time- 
dependent tilt of the overall wavefront that causes 
fluctuations in the angle of arrival of the light from a 
star and randomly displace the image. For D of the 
order of the Fried parameter rp, image motion 
dominates, and a simple tip-tilt mirror (not just 
deformable) provides useful correction. For D greater 
than rp, speckles dominate and a deformable mirror is 
necessary to account for the wavefront distortion, For 
long exposures the dimension of the image is 
determined by the ratio A/ry rather than ND. The 
angular resolution is diminished due to the atmos- 
pheric turbulence (see Figure 5). For a 4m telescope, 
atmospheric distortion degeades the spatial resolution 
hy more than one order of magnitude compared to 
the diffraction limit, and the intensity at the center of 
the star image is lowered by a factor of 100 or more. 
Even at the best astronomical sites, ground-based 
telescopes observing at visible wavelengths cannot, 
hecause of atmospheric turbulence alone, achieve an 
angular resolution better than telescopes of about 
20 em diameter. 

Most of the distortions imposed by the atmo- 
sphere are in the wave-phase and an initially plane 
wavefront traveling 20km through the turbulent 


atmosphere accumulates, across the diameter of a 
large telescope, phase errors of a few micrometers. 
Turbulence is distributed along the propagation 
path through the atmosphere, and then the wavefront 
errors become uncorrelated as the field angle 
increases. This effect is known as angular isoplanat- 
ism and is one of the major limitations to the 
astronomical adaptive optics. The structure becomes 
completely uncorrelated out of the isoplanatic angle, 
approximately equal to ro/H, where H is the altitude 
of the turbulence layer. This decorrelation is sketched 
in Figure 5, where the short exposure images for 
objects 1 and 2 have different speckles structure. 
In Earth’s atmosphere significant turbulence occurs 
at altitudes up to 20 km, often with large peaks in the 
icinity of the tropopause, at around 10 km there 
exist, in practice, more than one parameter Hin 
Figure 5, one for each turbulence layer. This three- 
dimensional distribution of the turbulence consider- 
ably restricts the angle over which adaptive compen- 
sation is effective and leads to the design of 
multiconjugate adaptive optics, as we next explain. 


Adaptive System Design 


As stated above, an active system is composed of at 
least one wavefront sensor and one deformable 
mirror. Typically, the wavefront is corrected by 
making independent tip, tilt, and piston movements 
of the deformable mirror surface, as shown in 
Figure 6. As a rule of thumb, a deformable mirror 
used for atmospheric correction should have one 
actuator for each Fried’s cell, such that the total 
number of actuators should be equal to the number of 
Fried’s cells filling the telescope aperture, i.e., D'/r3 
For instance, a near-perfect correction for an obser- 
vation in visible light (0.6 wm) with an 8 m telescope 
placed in a good astronomical site (r) = 20cm), 
would require a deformable mirror with approxi- 
mately 6400 actuators in its adaptive optics system. 
Recalling that ro is strongly dependent on the 
wavelength (i.e., proportional to ASS), similar per- 
formance in the infrared at 24m requires only 
250 actuators. This is one reason why adaptive 
correction is easier in the infrared, A large number 
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Figure 6 A sketch of a deformable mitra. 
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of Fried’s cells requires a similarly large number of 
subapertures in the wavefront sensor. Commonly 
used WSs are based on modifications of the classic 
Hartmann screen test or of curvature type. In the 
former case the adaptive device is made with 
individual piezoelectric actuators (see Figure 6), 
while in the latter the correction is achieved with a 
bimorph adaptive mirror, made of two bonded 
piezoelectric plates. With both methods, wavefront 
sensing is done on a reference off-axis object 
(Figure 3), or even on the observed object itself 
(Figure 4) if itis bright enough. In the former case the 
angular distance of the reference object must fall 
inside the isoplanatic angle and must be sufficiently 
luminous. In typical astronomical sites the isoplanatic 
angle at a wavelength of 0.6 um is ~ 5 arcsec, while it 
can be ~20aresec at 24m. This is an additional 
reason why the adaptive optics system is most 
efficient in the infrared range. Correction in the 
visible requires a reference star approximately 25 
times brighter than in the infrared. Most current 
astronomical systems are designed to provide diffrac- 
tion-limited images in the near-infrared (1 to 2 um) 
with the capability for partial correction in the 
visible. However, some military systems for satellite 
observations do provide full correction in the visible 
on at least 1m class telescopes. 

The control system is generally a_ specialized 
computer that calculates, from the WS measure- 
ments, the commands to send the actuators of the 
deformable mirror, The calculation must be per- 
formed quickly (within 0.5 to 1 ms), otherwise the 
state of the atmosphere may have changed making the 
wavefront correction inaccurate, The required com- 
puting power can exceed several hundred million 
operations for each command set sent to a 250 
actuator deformable mirror. As in active optics 
systems, zonal or modal control methods are used. 
In zonal control, each zone or segment of the mirror is 
controlled independently by wavefront signals that 
are measured for the subaperture of that zone. In 
modal control, the wavefront is expressed as the best- 
fit linear combination of polynomial modes of the 
wavefront distorted by the atmospheric 
perturbations. 


Future Development 


As explained above, a convenient method for 
measuring the wavefront distortion is to look for an 
off-axis reference star (also known as natural guide 
star, NGS) within the isoplanatic angle. However, itis 
generally impossible to find a bright reference star 
close to an arbitrary astronomical target. Conditions 
are far better in the infrared than in the visible 


because atmospheric turbulence (and in particular its 
high spatial frequencies) is, fora given AO correction, 
less pronounced at longer wavelengths. The spatial 
and temporal sampling of the disturbed wavefront 
can be reduced, which in turn can permit the use of 
fainter reference stars. Coupled with the larger 
isoplanatic angle in the infrared, this gives a much 
better outlook for AO correction than in the visible. 

Nevertheless, even for observations at 2.2 jum, the 
sky coverage achievable by this technique (equal to 
the probability of finding a suitable reference star 
in the isoplanatic patch around the chosen target) is of 
the order of 0.5 to 1%. It is therefore unsurprising 
that most scientific applications of AO have to date 
been limited to the study of objects which provide 
their own reference object. The most promising way 
to overcome the isoplanatic angle limitation is by the 
use of artificial reference stars, also referred to as laser 
guide stars (LGS). These are patches of light created 
by the back-scattering of pulsed laser light of sodium 
atoms in the high mesosphere or by molecules and 
particles located in the low stratosphere. The laser 
beam is focused at an altitude of about 90 km in the 
first case (sodium resonance) and 10 to 20 km in the 
second case (Rayleigh diffusion). Such an artificial 
reference star can be created as close to the 
astronomical target as desired, and a wavefront 
sensor measuring the scattered laser light is used to 
correct the wavefront aberrations on the target 
object. 

Military laboratories have reported the successful 
operation of adaptive optics devices at visible 
wavelengths using laser guide star on both a 60.cm 
telescope and a 1,5 meter telescope, achieving an 
image resolution of 0.15 arcsec. Nevertheless, there 
are still physical limitations of a LGS. The first 
problem, focus anisoplanatism, or cone-effect, was 
realized long ago. Since the artificial star is created at 
a relatively low altitude, back-scattered light col- 
lected by the telescope forms a conical beam, which 
does not cross the same turbulence-layer areas as light 
from the astronomical target. This leads to a phase 
estimation error, which in principle can be solved by 
the simultaneous use of several laser guide stars 
surrounding the targeted object. A more significant 
problem is image motion or tilt determination. Since 
the paths of the outgoing and returning light rays are 
the same, the centroid of the artificial light appears to 
be stationary in the sky, while the apparent position 
of an astronomical source suffers lateral motions (also 
known as tip/tilt), The simplest solution is to 
supplement the AO system and LGS with a tip/tilt 
corrector set on a (generally) faint close NGS. 
Performance is then limited by poor photon statistics 
in the tip/tilt correction. 
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Figure 7 Conjugated planes of turbulent layers. 


Adaptive optics with a multicolor laser probe is 
another concept that has heen studied to solve the tilt 
determination problem of laser beacon based AO. 
Only applicable to sodium resonant scattering at 
90 km, it excites different states of the sodium atoms 
and makes use of the slight variation in the refraction 
index of air with wavelength. Its main drawback is 
the limited returned flux, due to the saturation of 
mesospheric sodium layer. 

The quality of a site for adaptive optics is 
determined not only by the median seeing, but also 
by the height and thickness of the turbulent layers 
(often only a few thin layers dominate). Some 
adaptive-optics systems can be adapted to correct 
for turbulence originating at a particular height by 
using several reference stars. This technique is known 
as multiconjugate adaptive optics (MCAO) and is still 
in his infancy. This concept deals with a 3-D view of 
the atmosphere, and for this reason it is also called 
turbulence tomography. Several wavefront sensors 
are needed for tomography. Turbulence tomography 
is also useful to correct for the cone effect when using 
LGS. When several deformable mirrors are placed on 
the appropriate conjugate planes, as shown in 
Figure 7, anisoplanatism reduces and the size of the 
corrected field of view increases. The situation is 
roughly depicted in Figure 7, where each turbulent 
layer (indicated as TL) has a proper conjugated plane 
(CTL), 

Another challenging optical solution is one of 
utilizing large secondary adaptive mirrors. This 
application seems especially interesting at thermal 
wavelengths, where any additional mirror raises the 
significant thermal background detected by 
instruments. 


Other Adaptive Optics Applications 


In recent years the adaptive optics technique has 
heen developed in many applications beside astron- 
omy and the military, for example, as in high-power 
laser welding or cutting, in ophthalmology and in 
aero-optics. 

In high-power laser applications, thermal bloom- 
ing takes place when laser light is absorbed by the 


gases and particles that make up the atmosphere. 
Since energy is conserved, the energy lost by the laser 
(its intensity diminishes) is gained by the atmosphere 
that heats up. This inhomogeneity at the boundary of 
the laser beam generates wavefront distortions by 
turbulence, as shown in Figure 8, This means that 
laser light that passes through the air at a later time 
interacts with a different atmosphere than the light 
that passed by earlier. The net effect is that, in the case 
of a Gaussian laser beam, light following a wavefront 
which passed at an earlier time, ‘sees’ a concave lens 
that deflects the successive rays out of the beam (away 
from the axis) causing the beam to appear to grow in 
radius or ‘bloom’. Adaptive optics techniques for 
real-time compensation of blooming in laser beams 
were developed in the late 1960s. Given the high 
coherence and monochromaticity of a laser, the 
technique is more straightforward than for more 
common white-light applications of the astronomical 
applications. 

Density fluctuations in a compressible shear layer 
are sufficiently high to cause a time varying index of 
refraction of the layer. This situation is common in a 
turbulent flowfield, and the study of the wavefront 
aberrations induced by this flowfield, when it is of 
relatively short propagation length in the near-field of 
the optical system, is referred to as aero-optics. 
Turbulent flowfield induces various types of degra- 
dations in the performances of an optical system. For 
example the jitter and defocusing of laser-based 
weapons cause a reduction in the amount of energy 
delivered to the target. Tracking systems experience 
hore-site errors and imaging systems experience 
blurring. Recent work suggests that adaptive optics 
compensation may successfully overcome these 
problems. 

In ophthalmology the adaptive technique finds 
application in studying the retina of the eye. In this 
case the eye itself produces wavefront aberration, and 
the retina is seen as blurred. Techniques in ophthal- 
mic laser surgery are being developed to use adaptive 
optics to correct for detected distortions. 


Wind generated 
by thermal 
Cool air ‘gradient 
{higher density) — 
Laser Hot sir Detocused 
beam (lower density) laser ight 
Cool air as 
{higher density) 


Figure 8 Thermal blooming effect in high-power laser 
applications. 
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1> rotational > stepper motor 
Integrated circuit chips are available taht incor- 
porate protection diodes, in addition to the nec- 
essary power transistors. Stepper motors may al- 
so have protection diodes built in. Consult the 
manufacturer's datasheet for details before at- 
taching a motor to a power source. 


Positional Control 

The built-in control electronics of a servo mo- 
tor typically turn the shaft to a precisely known 
position in response to pulse-width modulation 
from an exterior source such asa micracontrol- 
ler, whereas the angle of rotation of a stepper 
motor in an open-loap system must be calcula~ 
ted by counting the number of steps from an in- 
itial, home position. This limitation of a stepper 
motor can be overcome by using a closed-loop 
system, but that will require monitoring the mo- 
tor, adding complexity to the external controller. 
The choice between stepper and servo motors 
should be evaluated on a case-by-case basis. 


What Can Go Wrong 


General problems affecting all types of motors 
are listed in “Heat effects" (page 188). Issues re- 
lating more specifically to stepper motors are lis- 
ted in the following sections. 


Incorrect Wiring 
Because a stepper motor is driven via multiple 
conductors, there is a significant risk of wiring 
errors, especially since many motorsarenotiden- 
tified with part numbers. The first challenge, 
then, may be to determine what type of motor it 
is, When the motor is disconnected from any 
power, and the shaft is rotated with finger and 
thumb, a magnetized-rotor motor will not spin 
as freelyasa reluctance motor, because the mag- 
nets in the rotor will provide intermittent turning 
resistance. 


Ifa unipolar motors relatively small and is fitted 
with five wires, almost certainly the motor con- 
tains two coils, each with a center tap, and their 
function can be determined by app 


What Can Go W 


ong 


voltage to the red wire and grounding each of 
the other wires in turn. Attaching a small piece 
of tape to the motor shaft will assist in viewing 
its orientation. 


A multimeter set to measure ohms can also be 
useful in deducing the internal coil connections 
of the motor, since the end-to-end resistance of 
a coil should be approximately twice the resist- 
ance between the center tap and either end of 
the coil. 


A multiphase motor may have five wires, but in 
this case, the resistance between any two non- 
adjacent wires will be 1.5 times the resistance 
between any two adjacent wires. 


Step Loss 
In an open-loop system, if the motor skips or 
misses pulses from the controller, the controller 
no longer has an accurate assessment of the 
shaft angle. This is known as step loss. Since this 
can be caused by sudden changes in control fre- 
quency, the frequency should be increased (or 
decreased) gradually. This is known as ramping 
the motor speed. Stepper motors cannot re- 
instantly to changes in speed, because of 
therotororin the device thatthe motor 
is driving, 


Wherethe motorturns oneormoresteps beyond 
its commanded stopping point, this is known as 
overshoot. 


Step loss may also occur if the motor continues 
turning after power has been interrupted (either 
intentionally or because of an external fault) In 
an open-loop system, the controller should be 
designed to reset the motor position when pow- 


Excessive Torque 
When the motor is stationary and not powered, 
detent torque is the maximum turning force that 
can be applied without causing the shaft to turn. 
When the motor is stationary and the controller 
does deliver power to it, holding torque is the 
maximum turning force that can be applied 


Chapter25 219 


184 IMAGING / Hyperspectral Imaging 


In the field of telecommunications, studies are in 
progress for using adaptive techniques in data 
transmission between ground-based stations and 
satellites. 


Environmental Measurements: Doppler Lidar; 
Optical Transmission and Scatter of the Atmosphere. 
Instrumentation: Astronomical Instrumentation; Tele- 
scopes. Phase Control: Wavelront Coding; Wavetront 
Sensors and Control (Imaging Through Turbulence), 
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Introduction 


Hyperspectral imaging techniques on a microscopic 
level have paralleled the hyperspectral remote 
astronomical sensing which has developed over the 
years. It is especially apparent in remote sensing of 
our own planet’s land masses and atmosphere, such as 
in the LANDSAT satellite program. In_ biology, 
biochemistry, and medicine, hyperspectral imaging 
and multispectral imaging are often interchanged, 
although there is a distinct difference in the two 
techniques. 

A multispectral imager produces images of each of 
a number of discrete but relatively wide spectral 
bands. Multispectral imagers employ several wide 
bandpass filters to collect the data for the images. A 
hyperspectral imager produces images over a con- 
tiguous range of spectral bands and, thus, offers the 
potential for spectroscopic analysis of data. Hyper- 
spectral imagers may use gratings or interferometers 
to produce the contiguous range of spectral bands to 
record. 
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Fluorescent dyes (also referred to as fluorophores 
or fluorochromes) and recently quantum dots, as 
markers, are a very powerful tool for analyzing 
organic tissues for researchers in cytology (study of 
cell function), cytogenetics (study of the human 
chromosomes), histology (study of structure and 
function of tissues), microarray scanning (analysis 
of concentrations of multiple varied probes), and 
biological material science. Without the correlation 
of the spectral and spatial data in biological images, 
there would be little useful information for the 
researcher. Therefore, hyperspectral imaging in the 
biological sciences must combine imaging, spec- 
troscopy, and fluorescent probe techniques. Such 
imaging requires high spatial resolution to present a 
true physical picture, and the spectroscopy must also 
have high spectral resolution in order to determine 
the quantities of biochemical probes present. The 
correlation must provide the colorposition relation 
for identification of meaningful information. 

This description will begin with an initial review of 
multispectral imaging to lead into a discussion of 
hyperspectral imaging. The discussion will examine 
aspects of hyperspectral imaging based on an inter- 
ferometric method and on a grating dispersion 
method similar to the methods in multispectral 
imaging. 
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Image Parameters 


The analysis of fluorophores involves the excitation of 
the dye with a shorter wavelength and thus higher 
energy than the emission spectrum. The use of the 
appropriate excitation wavelength will yield a maxi 
mum emission intensity at a characteristic wave- 
length. The quality of a fluorescent image generally 
combines contrast and brightness, Contrast depends 
on the ratio of emission intensity to that of back- 
ground light, Consequently, the use of filters to block 
the excitation wavelength and prevent it from over- 
whelming the field is critical in providing high 
contrast for the detection of fluorophore emission. 
However, the use of narrow filters to restrict the 
background can severely limit the brightness of the 
fluorescent image. This is due to the barrier filters 
allowing only a portion of the actual emission 
spectrum to pass. Brightness is an intrinsic property 
of each individual fluorophore, but is also dependent 
on the ability to illuminate with the peak excitation 
wavelength for that fluorophore. 

‘The balance between contrast and brightness may 
he further complicated by applications designed to 
facilitate the evaluation of multiple fluorophores. The 
selection of appropriate excitation and emission 
filters within a single set to allow for the simultaneous 
viewing of multiple fluorophores can be very inhibit- 
ing. Although quad-band beamsplitter are currently 
available, commercial advances to date have yielded 
only triple-pass combinations for simultaneous detec- 
tion, such as one of which permits the simultaneous 
detection of the widely used fluorophore combination 
fluorescein-5-isothiocyanate (FITC), Texas Red and 
4',6-diamidino-2-phenylindole (DAPI) (e.g., Chroma 
Technology Corp.). 

Although the capture of digital images has pro- 
pelled this field, efforts to collect multicolored images 
as digital files also suffer from technical limitations. 
Color CCD cameras often utilize filters or liquid 
crystals to segregate the red, green, and blue 
wavelengths onto the imaging chip. The employment 
of these cameras is restricted to resolving colors as 
discriminated by the filters used. For scientific 
applications, then, the greatest sensitivity and selec- 
tivity has been achieved through black and whi 
CCD cameras with optimized filters for a specific 
application. While this approach is widely used, it 
suffers from the inherent limits of the spectra of data 
that can be analyzed since it is defined by the 
characteristics of the optical filters employed. Thus, 
the system is restricted to the use of fluorophores that 
can be effectively resolved from each other by filters, 
and the filters selected limit the data collected to a 


portion of the total emission spectrum for any one 
fluorophore. 


Multispectral Imaging 


Multispectral imaging systems in biomedical research 
are composed of a microscope, filters and/or inter- 
ferometer for spectral selection, a charged coupled 
device (CCD) camera to record the data, and 
computer control for acquisition, analysis, and dis- 
play (Figure 1a). The introduction of CCD cameras 
has offered a means to document results and capture 
images as digital computer files. This has facilitated 
the analysis of results with more and more complex 
probe sets and has allowed the use of more 
sophisticated computer algorithms for data analysis. 
The other major component of the multispectral 
imaging system is a light source to excite the sample's 
fluorescent dyes whose emissions are selected by 
filters or an interferometer for recording on the CCD 

‘An example of the use of multispectral imaging is in 
the identification of the 24 human chromosomes. A 
scheme was presented for the analysis of human 
chromosomes by differentially labeling each chromo- 
some with a unique combination of 5 fluorophore- 
labeled nucleotides (building blocks of DNA and 
RNA, consisting of a nitrogenous base, a five-carbon 
sugar, and a phosphate group). These complex 
probes are simultaneously hybridized to metaphase 
chromosomes and analyzed to determine which of 
the fluorophores are present. Combinations of 
one, two, or three of the five fluorophores are 
enough to distinguish a particular chromosome 
from the others. 

An interferometric multispectral system used to 
perform this type of analysis is the Spectral Karyotyp- 
ing (chromosome typing) or SKY System (Figure 1a). 
This technology does not represent hyperspectral 
imaging, but is presented for comparison, Illumina- 
tion light passes through a triple band-pass dichroic 
filter which allows for the simultaneous excitation of 
all the fluorochromes in, for instance, Speicher’s 
scheme. Modern multi-band pass filters add little to 
image distortion while effectively blocking unwanted 
autofluorescence or excitation illumination. The 
fluorescence emissions from the sample are split into 
two separate beams by the interferometer. The beams 
are then recombined with an optical path difference 
(OPD) between them such that the two beams are no 
longer in register and interfere with each other. By 
adjusting the OPD, a particular wavelength band can 
he selected for, which results in constructive inter- 
ference and thus can be collected by the CCD 
camera pixels. After adjusting the OPD to record 
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Figure 1 The instruments for multispectral and hyperspectral imaging are similar. (a) Multispectral imagers use interferometers or 
bandpass fiters to collect noncontiguous emission wavelengths. (b) Hyperspectral imagers employ interferometers or gratings to collect 
a contiquous wavelength band, Computers, micrascopes, CCD cameras, and excitation ight sources are common to ll the techniques. 
‘The systems which use fter sets or interferometers use motorized iter placement systems or automated interferometers. The gratings 
systems employ a motorized stage for the sample movement. Adapted with permission from Schultz RA, Nielsen T, Zavaleta JR, 
uch R, Wyatt R and Gamer HR (2001) Hyperspectral imaging: a novel approach for microscopic analysis. Cytometry 43: 238-247, 


the 5 dye wavelengths, each pixel’s 5 records are then 
compared to the known probe-labeling scheme to 
identify the corresponding chromosome material. 
The image of the metaphase chromosome spread 
can be karyotyped using specific pseudo-colors for 
ial discrimination of the chromosomes. 


maximal vi 
Another nonhyperspectral method is the Multi- 
Fluorescence In Situ Hybridization or M-FISH 


System. It uses five single-band-pass excitation/ 
emission filter sets where each filter set is specific for 
one of the five fluorochromes used in the combina- 
torial labeling process (Figure 1a). Again, five 
separate exposures are taken (one exposure for each 
filter set) and combined to create a multicolor image. 
Most M-FISH systems now have motorized filter 
set selectors which minimize any image registration 
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shifts that may occur between exposures. For each 
pixel, the presence/absence of signal from each of the 
five fluorochromes is assessed and then matched to the 
probe-coding scheme to determine which chromo- 
some material is present. As with the SKY System, 
an image of the metaphase spread is converted into 
a karyotype and specific pseudo-colors are used to 
maximize visual discrimination of the chromosomes. 


Hyperspectral Imaging 


As has been stated, the main difference between 
multi- and hyper-spectral imaging is the collection of 
a broad contiguous band of wavelengths. The 
apparatus and methods for hyperspectral imaging 
are similar to multispectral imaging (Figure 1). 
Instead of collecting sections of the emission spec- 
trum using filters or interferometers, hyperspectral 
imaging collects a continuous emission spectrum by 
dispersing the wavelength of light using gratings and 
measuring the wavelength intensity, or by dispersing 
Fourier components of light using interferometers 
and measuring interference intensity (Figure 1b). 
Multispectral images are limited to measuring total 
intensity within the selected wavelength band. Deter- 
mining the abundance of more than one dye per pixel 
is less accurate when only a small segment of each 
dyes’ spectrum is passed by the emission filter. This 
has not been considered a limitation in the past 
hecause most research depended on just identifying 
the presence and not the abundance of several 
spectrally broad and overlapping dyes which also 
occupied relatively large spatial areas. With the 


advent of smaller and smaller featured microarrays, 
the desire to use more dyes in identification schemes, 
and the use of quantum-dot markers which can be 
used to indicate both genetic makeup and quantity, 
the limitations of multispectral imaging has led to a 
move to hyperspectral imaging. 

In contrast to the fluorescence multispectral ima- 
ging approaches, a hyperspectral image is fully three- 
dimensional. Every XY spatial pixel of the image has 
an arbitrarily large number of wavelengths allied with 
it. An intensity cube of data is collected. Two of the 
axes of the cube are spatial and one axis is wavelength 
(see Figure 2). At each of the 3D points, there is an 
associated intensity of emitted energy. Therefore, it is 
a four-dimensional information space. The individual 
intensity signature of differing emitting bodies can 
then be separated to give a complete view. Spectral 
decomposition is a mathematical/algorithmical pro- 
cess by which individual emission spectra of the dyes 
can be uniquely separated from a composite (full 
spectral) image by knowing the signature of each dye 
emission spectra component measured separately. 
Spectral decomposition may be performed using 
standard algorithms with codes which are readily 
available, 


Interferometric Hyperspectral Imaging 


‘The system architecture of the interferometric hyper- 
spectral imager resembles that of the SKY System 
(Figure 1), But, instead of just sequencing the 
interferometer to select a set of specific wavelengths 
to record as in the SKY System, the interferometer in 
the hyperspectral imager is sequenced through 


Intggsity 


Y 


Figure 2 Intensity data cube. n this data cube, each CCD exposure captures a measurement in intensity (number of counts) by 
wavelength fora small spatial area in Yand AX. Many displacements in X with subsequent CCD acquisitions yield a ‘cube’ of data in X, 
Y, and A. The intensity counts may be thought of as anther dimension, (x,y,A). Another form of the data cuba is with each CCD. 
acquisition comprising intensity counts for a spatial X and area fora small AA and muttiple displacements in 4 for each acquisition. 
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discrete optical path differences to record the 
intensity at each pixel for each OPD. Fourier 
spectroscopy techniques are used to transform the 
OPD intensities at each pixel into the wavelength 
intensities at each pixel. Each pixel may be thought of 
as a Fourier spectrometer which is not dependent on 
any other pixel. Then, spectral decomposition algor- 
ithms can be run to determine which dyes are present 
(see the next section). 

Like the multifilter methods, the interferometer 
approach provides a real two-dimensional image that 
can be observed, focused, and optimized prior to 
measurement. But like the filtering methods, the 
excitation source must be filtered for sufficient 


contrast to view the fluorescent emissions. Interfe- 
rometers have high optical throughput, relative to 
other methods, and can have high and variable 
spectral resolution. The spectral range can cover 
from the ultraviolet to the infrared. The high and 
variable spectral resolution allows the user to trade 
off sensitivity, spectral resolution, and acquisition 
time in a way that is not possible with any other 
technique. And interferometers do not cause polariz- 
ation of light as a filter may. 

However, interferometric instruments are suscep- 
tible to image registration and lateral coherence 
difficulties. They are limited by the extreme precision 
required of the optical components which results in 
the continuous need for monitoring and adjustment, 
since aberrations are not tolerated in interferometric 
instruments. The throughput is reduced by loss due to 
the beamsplitter design and from the mirrors. 
Additionally, the Fourier transform instrument 
deconvolutes based on a two-step process; the 
correlation of the light passed by an interferometer 
followed by an inverse Fourier transform in software. 

‘To mitigate the extreme precision and sensitivity of 
the most interferometric systems, Sagnac interferom- 
eters have been employed because of their common 
path intrinsic stability. The common path compen- 
sates any misalignment, vibration, or temperature 
affect. The OPD is provided by the Sagnac affect. 
When the Sagnac interferometer is rotated, the path 
traveled in one direction will be different from that of 
the light on the common path in the other direction. 
Although, this interferometer method is trading one 
difficulty for another, it is somewhat easier to manage 
the rotation of a physical system than to maintain the 
exacting precision of mirror alignments in a standard 
interferometer. 


Spatial Resolution 


The spatial resolution of a Sagnac Hyperspectral 
Imager is set by the size of the pixels of the CCD 


camera and the microscope system magnification, 
since the interferometric hyperspectral viewer sees 
the entire field of view at once. Let the x- and 
y- dimensions of the CCD pixel be dx and dy, 
respectively, and the magnification be M, then the 
spatial resolutions in the x and y directions are 28x/M 
and 25y/M, respectively. For CCD pixel sizes of 
10 microns square, binning together two pixels in the 
x- and two pixels in the y- direction, and an overall 
magnification of 60, the x and y resolutions are 
both 0.66 microns. 


Field of View 


For N pixel rows and C pixel columns, the field of 
view will be Ndy/M and Cdx/M for the length of the 
area along the y- and x- axis, respectively. For a CCD 
array of 1536 columns by 1024 rows, and the 
parameters above, the field of view is 171 microns 
by 256 microns, x and y, respecti 

The sensitivity, dynamic range, and spectral 
response are set by the CCD camera optical 
components. 


Spectral Resolution 


Spectral resolution will depend on the ability to 
vary the OPD and the Fourier transform. While 
the interferometer is used basically as a filter in the 
multispectral imager to select a wavelength, in the 
hyperspectral imager it is used to vary the OPD for all 
the wavelengths whose energy is integrated at the 
CCD camera pixels. 

The electric field, E, for emissions at one wave 
length, A, or wave number, & = 1/A, radial frequency, 
, and amplitude, A, can be written as 


E(k) = A(k) O88 ay 


and the intensity which is measured is the magnitude 
squared of the electric field: 


I=EE (21 


Emissions from fluorescent sources are usually 
noncoherent and composed of a range of wave- 
lengths, even with only one dye present. The intensity 
measured at a pixel is the superposition of many wave 
numbers. After traveling a certain OPD, L, the 
ry integrated over all wave numbers may be 
written as 


Ipyi(L) = Al fawae + J1csconankt at] BI 


inter 


Tpg(L) = Co + Cy: Re{FTL(A)]} (4) 


where FT stands for Fourier transform, 
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‘The inverse transform is 


Ppa cree aL = Gy fee dL 


+f fae 


Prmtye aL = 6 + euNe) 


Patt! dec dE 15] 


The integration constant, C;, can be ignored for 
large wave numbers, as in the case of the visible 
range, since C; will be proportional to the inverse of 
the wave number. The intensity as a function of wave 
number is then 


Mk) = C5 ftp dL 16] 


For absolute quantitative measurements, the con- 
stant Cs can be determined by calibration with a 
known emission. For discrete measurements made by 
changing the optical path length, then the working 
formula is 


Iyuath) = ¥ Ipa(Lpe PY AL 71 
T 


This is the discrete Fourier transform which must be 
preformed for each pixel to determine the intensity as 
a function of wavelength. Per the Nyquist sampling 
tenets: 


1 2 


AL= ye ME Na 


[8] 
where Ak is the discrete wave number interval and N 
the number of different OPDs. Sagnac interferometers 
can make rotations which give at least a change of 
AL = /4, so substituting in eqn [8]: 


1 AA 8 

Ak =k, - -t=54 =e 
: iy aaa Nx PI 
MA 8 MA _ 8 
EON “ ON 


A 5% resolution in wavelength (or 20nm_at 
400 nm) requires N = 160 and, of course, a 2.5% 
resolution requires N = 360. Therefore, about 400 
COPD changes and acquisitions of the intensity fringes 
will give calculated resolutions of less than 10 nm in 
wavelength, 

Analysis of the spectrum based on this resolution 
can be conducted to determine which dyes are 
present. Software techniques for displaying data will 
he described in the next section. 


Grating-Dispersion Hyperspectral Imaging 


A hyperspectral imaging microscope collects the 
complete visible emission spectrum from a micro- 
scope slide by using a grating spectrometer to provide 
the wavelength dispersion. This microscope corre- 
lates spatial and spectral information with minimal 
use of optical filters. A hyperspectral microscope 
system is composed of a standard epi-fluorescence 
microscope (Olympus 1X70) equipped with objec 
tives lens (including 1.25 X and 10X Plan Fluorite, 
40 X Plan Apochromat Dry, and 60x, and 100 x 
Plan Apochromat Oil), as well as a set of standard 
filter cubes (Chroma Technology) to allow for 
traditional visualization of dyes through the eyepiece. 
(Prototype typical components are listed in parenth- 
eses.) Multiple excitation sources can be utilized 
including standard 100 W mercury and xenon are 
lamps, tungsten brightfield illumination, 2 $32 nm 
solid state laser (Brimrose), a helium neon laser 
(Uniphase), an argon ion laser (Uniphase), and a 
pulsed-doubled nitrogen dye laser (Laser Science, 
Inc.) (Figure 1b). 

One side port of microscope is optically coupled to 
a spectrograph (Acton Research SpectraPro” 556i). A 
narrow entrance slit into the spectrograph allows for 
only one line (AX) of the image to be captured at a 
time. A 50-micron slit permits 80% of maximum 
throughput for the spectrometer. The spectrograph 
separates the polychromatic light illuminated from 
this single line into its light components, Normal 
operation uses a grating with 50 groovesimm and a 
600 nm-blaze wavelength, which allows wavelengths 
of approximately 400-780.nm to be measured. 
Different spectrograph gratings can be used for 
special applications from near UV to near IR. The 
center wavelength and grating can be shifted under 
computer control. The output of the spectrograph is 
then captured with an air/liquid-cooled CCD camera 
(Photometrics-Quantix) and an optional image inten- 
sifier (Video Scope International VS4-1845). The 
camera has a resolution of 1536 x 1024 pixels with a 
depth of 12 bits per pixel. The 1536 pixels are aligned 
in the spatial direction to allow the greatest spatial 
resolution, During normal operation the wavelength 
resolution is ‘binned’ to 128 pixels, sufficient to 
resolve ~8 different spectra in a single excitation 
scan. Higher resolution can be employed for special 
applications. 

‘A line of excitation light can be provided by a line 
generator when laser excitation is used or by a 
combination of slits and cylindrical lenses when using 
traditional lamps or burners (mercury or xenon). This 
line of light illuminates the sample in the same 
position that maps the resulting emission light 


140. IMAGING / Hyperspectral Imaging 


through the imaging spectrograph and onto the 
camera. Some advantages of illumination with a 
line of light include decreased sample bleaching, 
reduced background due to scattering, and efficient 
use of available excitation power. A traditional 
bandpass, a low-pass dichroic filter, or a linear 
variable filter (Raynard Corp.) may be employed to 
select or restrict the excitation wavelength during 
specific applications. 


Linear Variable Filter (LVF) 


The linear variable filter (LVF) (Raynard Corpor- 
ation) can be used to replace the standard excitation 
filter cube to provide a capability for continuous 
excitation wavelength band selection. The LVF is 
1" x 2.25" and is coated such that it continuously 
filters light from ~400 nm to ~800 nm along its 
length. Custom filters that span other wavelengths are 
available, The coating and therefore wavelength is 
uniform along a short distance, making it an ideal 
method for selecting an excitation wavelength band 
to paint across the slide, excite the slide’s contents, 
and map the contents’ emission into the slit of the 
imaging spectrograph. The bandwidth passed is 
about 21nm wide. The LVF introduces ~50% 
attenuation of the intensity. 


Spatial Resolution 


The spatial resolution of a grating spectrograph 
Hyperspectral Imager is set by the size of the pixels 
of the CCD camera in the y- direction and the 
microscope system magnification. However, differing 
from the interferometric system, the spatial resolution 
in the x- direction depends on the spectrometer slit 
width and the microscope system magnification. As 
before, let the x- and y- dimensions of the CCD pixel 
be dx and By, respectively, and the magnification be 
M. Let w, be the slit width of the spectrometer, and 
note than the slit width is always going to be larger 
than a few dx. Then the spatial resolution in the y- 
direction is again 26y/M, but the spatial resolution in 
the x- direction is now 21v,/M. Again, for CCD pixel 
sizes of 10 microns square, binning together two 
-direction, and an overall magnification 
‘solution is 0.66 microns, as it was for 
the interferometer method. For a slit width of 50 
microns, the x- resolution is 1.67 microns, indepen- 
dent of the number of pixels binned in the x- 
direction. The control software moves the stage the 
right number of steps to minimize the overlap or 
skipped areas. The slit width can be reduced, but at a 
loss of throughput or increased exposure time. The 
control software can compensate for different spatial 
resolution to display the image as 1:1. 


Field of View 


For N pixel rows (y- dimension) and C pixel columns 
(x- dimension), the field of view will be Nay/M for the 
Iength of the area along the y-axis. If the spectrometer 
slit length is less than the height of the CCD, then the 
length is just b./M, where h, is the slit length. We 
orient our CCD array so that the 1536-pixel 
dimension is along the y-axis. The y-view is thus 
256 microns as in the interferometric example. To 
achieve the same field of view as the Sagnac method 
imager, we would need to take 103 stage movements 
and acquisitions. This highlights the difference in the 
two hyperspectral methods. The grating method 
collects the complete spectrum on each acquisition 
with no spectrometer adjustment but needs to step 
down the slide to produce the full spatial image. The 
interferometer method collects the complete spatial 
image on each acquisition with no position adjust- 
ment but needs to step the interferometer through a 
range of optical path differences to acquire multi- 
spectral content. 

The sensitivity, dynamic range, and spectral 
response are set by the CCD camera optical 
components. 


Spectral Resolution 


Spectral resolution depends on spectrometer instru- 
ment function which includes the slit width, the 
dispersion of the grating, the CCD pixel size, and 
number of pixels binned together. The dispersion for 
normal operation was determined to be ~40 nm/mm 
or 0.4 nm/pixel in the 10 micron CCD pixel example. 
For example, binning of 8 pixels yields a spectral 
resolution of 3.2 nm at all wavelengths. To achieve 
this spectral resolution, the interferometer method 


would require 1000 OPD increments and 
acquisitions. 
Analysis of the spectrum based on this resolution 


can be conducted to determine which dyes are 
present. Although the spatial resolutions differ 
considerably in the two methods, as long as the dye 
peaks are separated by the spectral resolution 
spacing, the spectral decomposition algorithms will 
find all dyes within the spatial resolution area. We 
have demonstrated that the analysis algorithms can 
resolve 5 dyes with peaks separated by more than 
6nm in various combinations and known quantity 
ratios against the dye standards. The program 
successfully identifies the dyes present with a 91% 
accuracy in the quantiti 


Software 


Software (HyperScope, a ‘C’ language program) 
controls all the hardware components for acquisition, 
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It includes features for analyzing and displaying the 
resultant X—Y images and spectral information for 
the grating spectrometer Hyperspectral Imager. 
During a scan, individual pictures are taken in the 
Y-A plane, while the stage is incremented in the 
X-direction, A collection of such Y-A scan files, 
which can total from 50-1000, is merged to build an 
image cube (Figure 2). Another advantage of the 
single-line acquisition mode is that time-dependent 
features can be monitored continuously. The software 
was designed to permit repeated collection of a single 
line at variable time points. The utility of this feature 
has been demonstrated by capturing images of 
fluorescent objects moving through UV-transparent 
capillaries. 

The software was designed to display the resulting 
-Y plane extracted in various ways from the image 
cube, A graph of the emission spectrum for any pixel 
within that image may be viewed by clicking on any 
pixel of interest in the X-Y image (Figure 3c). A 
standard linear curve-fitting algorithm is used to 
determine the contribution of individual dyes to the 
measured emission spectrum. The software also 
features a windowing technique (integration of the 
emission spectra over a fixed window) which 


emulates standard filtering. An overlay feature within 
the software allows the curve fitting results to be 
displayed in false color and compared by viewing the 
composite for multiple fluorophores in a single image. 
Additionally, it permits the contribution of a fluor- 
ophore to be emphasized for visualization purposes 
by cither displaying the contribution of a single 
fluorescent signature in the absence of the others that 
were present in the image or by scaling individual 
display intensity values up or down. Overlapping 
pseudo-colors assigned to represent each fluorophore 
(cither by curve fitting or by windowing) may be 
displayed as added, averaged, maximum or minimum 
values. For each new fluorophore-excitation source 
combination, the characteristic emission spectra is 
acquired and added to a library of available spectra 
that can be used as components in the spectral 
decomposition, This permits the user to introduce 
new fluorophores at any time. Moreover, background 
spectra (defined as a region of interest by the user) can 
be acquired and used as one element of the 
decomposition, This background component can be 
turned off in the false color view (as any of the 
spectral components may be) resulting in enhanced 
noise reduction and visual contrast improvement. 
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Figure 3 The benefit of spectral imaging is demonstrated ina spatial high-resolution scan of an expression microarray. (a) A potion of 
the scan of an expression microarray on a microscope slide using the Genepix4000 scanner. Itracords the intensity emitted by the Cy 
dye when excited with a 532 nm laser. (b) A partion ofthe scan of the same microarray withthe Hyperspectral Imaging Microscope using 
.240X objective and Hg excitation lamp. False color is displayed to indicate the intensity variations. (c) A HyperScope computer program 
clsplay of the spectrum recorded when the cursor is placed over ane pixel in a scan. 
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Description of Acquisition 


In order to acquire a full image, a slide is placed on 
the microstage mover (Ludl Electronics) that allows 
for precise movement of the sample across the image 
acquisition plane. The user can position the stage via 
a joystick or via software to move to predetermined 
coordinates. The image is then scanned, with the 
number of scans being selected at the time of the 
image acquisition. Furthermore, the sample can be 
scanned at one magnification or resolution and then 
rescanned at another. Each Y—A image is saved as a 
single Y—A file for each increment along the sample. 
Thus, each image file corresponds to the excitation 
line of light and the emission collection region that 
maps through the imaging spectrograph to the CCD 
camera. Saving individual files permits unlimited 
Y-A image acquisition at the same Y coordinate, 
valuable for time-dependent studies. This feature also 
provides some robustness by enabling a partial X-Y 
image to be displayed should acquisition of one or 
more Y scans fail for any reason, After acquiring each 
image, the stage is moved automatically, one or 
more steps in the X direction, to acquire emissions 
at the next line and generate the next Y-A file. 
Therefore, only the fluorescent probes in a line at a 
single X-location are examined at each acquisition 
time. Step sizes can be adjusted by the software 
to give: (i) the best resolution; (ii) the best 1:1 
image; (iii) the minimum overlap; or (iv) the fast 
acquisition time, 

After a variable number of rows of associated 
emission have been captured (typically 50-1000 
scans), an image cube is loaded into memory 
comprising all the Y-A data files. A graph of the 
spectrum from any pixel (or bin) in the X—Y plane 
may be displayed in a separate window by clicking 
on the cube (Figure 3c). A typical acquisition scan 
of 250 Y-A files, which are used to construct a 
250 x 768 x 128 ( x 12 bit) image cube, consists of 
approximately 100 Mb of information. 


MicroArray Scanning and Customized Excitation 


Another use of this technology is to analyze spotted 
microarrays. The Hyperspectral Imager has been 
compared to commercial two-color scanners with 
comparable sensitivity at approximately 0.5 fluors 
per square micron (Figure 3). Increased sensitivity 
(500-10000 gain) can be provided by using a 
microchannel plate amplifier (Model VS4-1845, 
Videoscope International, Ltd.) installed between 
the CCD camera and the imaging spectrograph. 
Since the hyperspectral imaging microscope col- 
lects images that reflect only the Y-A plane, it 
contains the potential to use a single line of light as 


a source for image illumination, Therefore, lights 
systems being developed, which are capable of 
generating a line of light composed of variable or 
complex wavelengths, could be employed to precisely 
control excitation. The incorporation of such an 
excitation source in  hyperspectral imaging 
microscopy could be useful in many clinical and 
basic research applications. 


Environmental Measurements: Hyperspectral Remote 
Sensing of Land and the Atmosphere. Imaging: 
Interferometric Imaging, 
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Introduction 


We are often faced with the problem of seeing 
through scattering media such as smoke, fog, clothes, 
blood, tissues, ceramics, walls, ete. Tremendous effort 
has been made to introduce techniques which will 
allow us to overcome the intrinsic difficulty of 
selecting ‘good’ photons which are able to provide 
valuable information on structures which appear 
fuzzy or, for most of the time, completely hidden, 

Although a number of concepts and techniques that 
we will discuss in this article could be applied to a 
large number of scattering samples, we will restrict 
ourselves to biological tissues. 

Studying light propagation through biological 
tissues is becoming more and more popular among 
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physicists, biologists, engineers, and doctors. Indeed 
this research domain appears to be growing rapidly as 
seen by the number of published articles, conferences, 
and international meetings. Optical techniques 
are attractive and are starting to compete with other 
well-established techniques (magnetic resonance ima- 
ging, X-ray imaging, ultrasonic imaging, positron 
emission tomography, etc.), because they are non- 
ionizing, nondestructive, they can reach high resol- 
ution and are usually much cheaper. Optical 
techniques reveal an optical contrast which is 
valuable in providing morphologic as well as func- 
tional information. 

Most biological tissues are weakly absorbing in the 
deep red and near infrared region of the spectrum; 
the main difficulty in performing imaging arises from 
the high level of scattering. Figure 1 shows the picture 
of a small flash light bulb placed in the mouth: it 
appears fuzzy and red. 

In Figure 2 we consider various photon trajec- 
tories between a short pulsed source S and a fast 
detector D. 


What 


-an Go Wrong 


without causing the shaft to turn, and pull-in tor- 
queis the maximum torque which the motor can 
apply to overcome resistance and reach full 
speed. When the motor is running, pull-out tor- 
queisthe maximum torque the motor can deliver 
without suffering step loss (pulling it out of sync 
with its controller). Some or all of these values 
should be specified on the motor’s datasheet. 
Exceeding any of them will result in step loss. 


Hysteresis 
Whena controller directsa stepper motorto seek 
a specified position, the term hysteresis is often 
used to mean the total error between the actual 
position it reaches when turning clockwise, and 
the actual position it reaches when turning 
counter-clockwise. This difference may occur be- 
cause a stepper motor tends to stop a fraction 
short of its intended position, especially under 
significant load. Any design that requires preci- 
sion should be tested under real-world condi- 
tions to assess the hysteresis of the motor. 


Resonance 

‘A motor has a natural resonant frequency. Ifit is 
stepped near that frequency, vibration will tend 
to be amplified, which can cause positional er- 
rors, gear wear (if gears are attached), bearing 
‘wear, noise, and other issues. A good datasheet 
should specify the resonant frequency of the 
motor, and the motor should run above that fre- 
quency if possible. The problem can be ad- 
dressed by rubber motor mounts or by using a 
resilient component, such as a drive belt, in con- 
junction with the drive shaft. Damping the vibra- 
tion may be attempted by adding weight to the 
motor mount. 


Note that if the motor has any significant weight 
attached directly to its shaft, this will lower its 
resonant frequency, and should be taken into 
account. 


electromagnetism > rotational > stepper motor 


Resonance may also cause step loss (see preced- 
ing sections). 


Hunting 
In a closed-loop system, a sensor on the motor 
reports its rotational position to the controller, 
and if necessary, the controller responds by ad- 
Justing the position of the motor. Like any feed- 
back system, this entails some lag time, and at 
certain speeds the motor may start hunting or 
oscillating as the controller over-corrects and 
must then correct its correction. Some closed- 
loop controllersavoid thisissue by running most- 
ly in open-loop mode, using correction only 
when the motor experiences conditions (such as 
sudden speed changes), which are likely to cause 
step loss. 


Saturation 

While it may be tempting to increase the torque 
from a stepper motor by upping the voltage 
(which will increase the current through the sta- 
torcoils),in practice motors are usually designed 
so that the cores of the coils will be close to sat- 
uration at the rated voltage. Therefore, increas- 
ing the voltage may achieve very little increase 
in power, while causing a significant increase in 
heat. 


Rotor Demagnetization 

The permanent magnets in a rotor can be parti- 
ally demagnetized by excessive heat. Demag- 
netization can also occur if the magnets are ex- 
posed to high+frequency alternating current 
when the rotor is stationary. Therefore, attempt- 
ing to run a stepper motor at high speed when 
the rotor is stalled can cause irrevocable loss of 
performance. 
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Unscattered photons are called ‘ballistic’ photons, 
their number decreases exponentially, and they are 
completely damped after one or two millimeters. 

‘Then there are scattered photons which propagate 
close to the ballistic trajectory reaching the detector; 
these are named ‘snake-like’ photons and can be used 
for imaging purposes. 

Most of the energy which reaches D is related to the 
scattered photons which may exhibit very long 
trajectories (typically ~10 times the distance $~D). 

‘The description of various experimental methods 
used to overcome the difficulty introduced by scatter- 
ing will be associated with the various photon 
families that we have mentioned: ballistic, snake- 
like, and scattered photons. We will first give a few 
orders of magnitude of the parameters which will 
dictate the way light interacts with the tissues. Let us 
emphasize that these parameters also carry the 
information related to the contrast mechanism. The 
ultimate goal is to realize an ‘optical biopsy’, 
noninvasive but as close as possible to the regular 
biopsy followed by histopathology. 


Figure 1 Biological tissues are highly scattering but the 
absorption is low in the red (as seen in this digital visible 
photography) and the near infrared. 


‘Scattered photons 


Optical Parameters 


Scattering Cross-Section 


As shown in Figure 3, biological tissues are 
constituted of structures which exhibit various 
characteristic scales: from a few nanometers in 
membranes to about ten micrometers for an entire 
cell, 

‘As we know from scattering theories these 
various scales correspond to various scattering 
properties, For small particles (‘small’ means much 
smaller than the optical wavelength A) we are in the 
Rayleigh regime which is based on the evaluation of 
a time-varying dipole induced by a uniform time- 
varying (at the light frequency scale) electric field. 
This dipole radiates in the far field and its scattering 
cross-section, which is the ratio of the scattered 
power to the incoming irradiance for a sphere of 
radius 7, is given by 


ea ™ 
ve Da (HSL) Ss 


1m being the refractive index of the sphere divided by 
the index of the surrounding medium and k = 27/A 
The scattering diagram for such particles is isotropic 
if we use unpolarized light. This cross-section is much 
smaller than the ‘geometrical’ section S of the particle; 
for instance, if n= 1.5, a= 10nm, A=0.6 um, 
@=1510-* m2, which is much smaller than the 
actual section (3 x 104 pm?). 

For larger particles the sphere (or the ellipse) 
interacting with a plane polarized wave is rather 
complicated hecause we are not restricted to the 
dipolar approximation (uniform field), but induced 
multipolar moments and their radiating fields have to 
be taken into account. This theory was proposed by 
Mie and can be found in optics texthooks. As an 
example, Figure 4 shows the scattering cross-section 
of a micron-size particle as a function of the 


Ballistic photons 


‘Scattered photons 
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‘Snake-tke photons 


Figure 2 Betwoen an ultrafast ight source S and a detector D can be distinguished various classes of photons which can be used 


for imaging. 
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Figure 3 Various sizes of scatterers may be found in call 
structures. 
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Figure 4 In the Mie scattering regime resonances are observed 


‘when varying the wavelength (here a 1 um sphere, refractive 
index: 2) 


wavelength: a number of ‘resonances’ can be 
observed. 
The scattering diagram is no longer isotopic, it 
exhibits lobes, and forward scattering is much higher 
than back-scattering, Scattering is characterized by a 
scattering coefficient, 4,, which is the inverse mean 
free path /, of photons between scattering events: 


Up, = op (21 


where or is the scattering cross-section and p the 
number of scatterers by unit volume. 

The scattering coefficients 41, of tissues are found 
within the range 100-1000 em_ '. After a path length 
L, the number of ballistic photons will be damped by 
a factor exp(—L/I,}, so tissue imaging cannot rely only 
on ballistic photons as they survive only to a path 
length larger than about one mm. One needs to 
consider in more detail the scattering properties of the 
scatterers. 

The dominant sizes of the scatterers in tissue 
(cells) demand consideration of the scattering in the 


Mie regime. Such a scattering event does not result 
in isotropic scattering angles. Instead, the scattering 
in tissue is biased in the forward direction. 

Anisotropic scattering is quantified in a coefficient, 
g, which is defined as the mean cosine of the scattering 
angle 6, p(@) being the probability of a particular 
scattering angle: 


fi p(Ocos( Hsin( de 


= (cos(#)) = BI 
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For isotropic scatt 
forward scattering, ¢ 
0.7 to 0.95. 

Photon migration, especially in the so-called 
diffusion regime, is often based on isotropic scattering 
such as for phonons (heat) or charge carriers 
scattering. For diffusion-like models, it has been 
shown that one may use an isotropic scattering model 
with a corrected scattering coefficient, yl, and obtain 
equivalent results using: 


ing, g=0. For complete 
1. In tissues, g varies from 


w= WC 8) [41 


One can consider = 1/1, as the length over which 
the incoming photon loses the memory of its initial 
direction, 44, is usually called the transport-corrected 
scattering coefficient. 


Absorption Cross-Section 


‘The absorption coefficient, 4, em”) represents the 
inverse mean path length of photons before absorp- 
tion. 1/j, is also the distance in a medium at which 
intensity is attenuated by a factor of I/e (Beer's 
Lambert law). Absorption in tissue is strongly 
wavelength dependent and is due to chromophores 
and water. Among the chromophores in tissue, the 
dominant component is the hemoglobin in blood. In 
the visible range, the blood absorption is relatively 
high, whereas it is much weaker in the near infrared. 
Water absorption is low in the visible and NIR region 
and increases above 1 um, with tissues turning 
completely opaque above 2 um. Thus, for greatest 
penetration of light in tissue, wavelengths in the 700— 
1300 nm spectrum are used. This region of the 
spectrum is called ‘the therapeutic window’. Different 
spectra of chromophores allow one to separate the 
contribution of varying functional species in tissue 
such as quantification of oxy- and deoxy-hemoglobin 
to study tissue oxygenation. 

Finally, when light is propagating in scattering 
media of thickness L, the damping of the incoming 
energy involves a combination of its absorption and 
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scattering properties, and is given by 


exp(-Lia) with a = 13 p,(ul +m.) [5] 

This formula reflects the fact that the photon’s 
pathlength is increased by scattering, leading to an 
increase of the damping, which is related to 
absorption. 

These few examples provide a ‘static’ view of light 
behavior in scattering media. Studying in a more 
detailed way, the spatial and temporal distribution of 
light, is more dificult. 


Photon Migration in Scattering Media 


Photon migration models have been inspired by other 
fields, such as astrophysics, soft matter physics, and 
neutronics, where physical media are random in both 
space and time. To avoid difficulties linked to the 
microscopic complexity such investigations rely on a 
statistical basis. 

The most widely used theory is the 
dependent diffusion approximation to the transport 
equation: 


time- 


¥(DVE, 1) — WG, 1) = 4 BPO) _ sen 16) 


where 7 and ¢ are spatial and temporal coordinates, 
c is the speed of light in tissue, and D is the 
diffusion coefficient related to the absorption and 
scattering coefficients by the formula: 


1 we 
; 
3a, FH m 


The quantity G, ) is called the fluence, defined as 
the power divided by the unit area. This equation 
does not reflect the scattering angular dependence; 
the use of 1 instead of 4, ensures that isotropic 
scattering has been reached. Indeed, for the use of 
the diffusion theory which implies anisotropic 
scattering, the diffusion coefficient is expressed in 
terms of the transport-corrected scattering coeffi- 
cient; S@,1) is the source term. 

‘The diffusion equation has been solved analytically 
for different types of measurements such as reflection 
and transmission modes, assuming that the optical 
properties remain invariant throughout the tissue. 
To incorporate the finite boundaries, the method of 
images has been used. 

The diffusion approximation equation in the 
frequency-domain is the Fourier transform of the 
time-domain equation. This leads to the equatio 


¥-(DVOE,0)— [n+ 2 ]oe.or+57.0) [8] 


Here the time variable is replaced by the frequency 
which is the modulation angular frequency of the 
source. In this model, the fluence can be seen as a 
complex number describing the amplitude and phase 
of the so-called ‘photon density wave’ in addition toa 
DC component: 


F,0)= Oc F,0) + PpcF.0) 


ac ExpliO) + Pye (7,0) 19) 


where @ is the phase shift of the diffusing wave whose 
wavelength is: 


[10] 


Although analytical techniques provide a rapid 
understanding of most phenomena involved in static 
or dynamic situations, real biological samples are 
much more complex than homogeneous isotropic 
media. In these cases, direct and inverse algorithms 
map the spatially varying optical properties. 

Monte Carlo simulations are very popular nowa- 
days; a number of useful programs are available on 
the websites of various groups. Results may include 
time or polarization dependence of the photons along 
their paths. 

The other method used in tissue optics is the 
random walk theory (RWT) on a lattice. RWT models 
the diffusion-like motion of photons in turbid media 
in a probabilistic manner. Using RWT, an expression 
may be derived for the probability of a photon 
arriving at any point and time given a specific starting 
point and time. 


Imaging in the Ballistic Regime: Taking 
Advantage of Various Coherence 
Properties 


Shallow Tissue Imaging Through Selection of 
Ballistic Photons 


‘When imaging thin (less than 2 mm) tissue samples, it 
is possible to use photons which have not been 
scattered, called the ballistic photons which can be 
used to form high-resolution images in the same 
manner as if no scattering had taken place. 

Their number, however, decreases exponentially 
with propagation distance and this ballistic signal is 
usually hidden by multiply scattered photons that 
obscure the image. For relatively shallow tissue 
depths it is possible to use various spatial filtering 
techniques to block the multiply scattered photons 
and there is much current research that aims to 
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extend optical imaging and biopsy to depths of a 
few mm. 

Confocal microscopy rejects much of the scattered 
light through spatial filtering and has been shown to 
form 3-D images at tissue depths of up to 200- 
300 jum, both int vitro and in vivo, which corresponds 
to about 50 dB of damping for the ballistic photons. 

Two-photon fluorescence microscopy is particu- 
larly interesting in this regime since it ensures that all 
the detected fluorescence photons originate from the 
desired image plane. This technique also ensures a 
better penetration (using IR excitation) and a better 
resolution (nonlinear response) than single photon 
confocal microscopes. 

Imaging to much greater tissue depths does not 
appear to be practical using optical microscopy and 
spatial filtering alone and more sophisticated tech- 
niques must also be employed to discriminate in favor 
of the ballistic photons. These techniques exploit 
either the fact that the ballistic signal photons retain 
spatial coherence of incident light or the fact that the 
ballistic photons keep the optical phase memory that 
multiply diffused photons have lost. 

One of the most successful ballistic light-imaging 
techniques based on the latter filtering approach is 
optical coherence tomography (OCT) which uses 
coherence gating using low temporal coherence light 
and an interferometric detection. Coherent detection 
is used to discriminate against the multiply scattered 
photons that scatter back into the trajectories of 
ballistic photons. The ballistic light signal is measured 
by interference with a reference beam and the 
resulting pattern is detected with high sensitivity 
using homodyne or heterodyne detection. By using 
low coherence length sources and matching the time- 
of-flight of the reference beam signal to that of the 
desired ballistic light, OCT can acquire depth- 
resolved images in scattering media such as biological 
tissues. For powers in the mW range for tissue 
irradiation in the infrared, the unscattered ballistic 
(or more precisely single back scattered) component 
of the light will be limited by the shot noise detection 
limit after propagating through approximately 25 
scattering mean free paths (MEP) of a scattering 
medium (or more than 100 dB). This corresponds toa 
‘typical’ tissue thickness of about 1 mm tissue depth 
for the reflection geometry which is potentially useful 
for clinical applications such as screening for skin 
cancer, or for retinal examination, 

OCT has proved clinically useful as a means of 
acquiring depth-resolved images in the eye and is 
heing developed for application in strongly scattering 
biological tissue. Although the image acquisition 
requires pixel-by-pixel scanning, the use of new 
high-power superluminescent diodes in the 100 mW 


range or of ultrafast lasers to provide high average 
power, low coherence length radiation (sub-two cycle 
lasers) has resulted in an in vivo OCT system 
providing real-time imaging. 

There are a number of other approaches to 
coherent imaging, including whole-field 2-D acqui- 
sition techniques which remove the need to scan 
transversely pixel by pixel. 

Whole-field imaging using a temporally and 
spatially incoherent source and a well-balanced 
interferometric microscope intrinsically provides 
higher image acquisition rates and can take advan- 
tage of inexpensive spatially incoherent, broadband 
sources such as high-power LEDs, and white light 
thermal sources. 

‘As an example, Figure 5 shows Linnik-type white 
light interferometer with optical path modulation and 
Figure 6 an image of an ex-vivo rat retina where one 
can recognize the main feature expected from 
histology. 

Holography, which works in the Fourier space 
rather than in the object or image space, is also an 
interferometric technique able to discriminate 
hetween ballistic and scattered photons. Since the 
development of electronic holography, which takes 
advantage of available arrays of detectors with 
multimillion pixels, this approach is rapidly growing. 

Real-time 3-D imaging systems based on photo- 
refractive holography in multi-quantum-wells 
devices, which can potentially acquire depth-resolved 
images at thousands of frames per second, have been 
demonstrated. 

These ballistic light techniques can extend the 
depth of tissue imaging to the mm range when 
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Figure 5 The fulkfield OCT setup based on a Linnik 
intorferomater, The PZT actuator is used to modulate the path 
difference between the two arms, 
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Figure 6 OCT rat ratinal image: retinal pigmented epithelium, 
PRL: photoreceptor layer. ONL: outer nuclear layer. OPL: outer 
plexiform layer. INL: inner nuclear layer. IPL: inner plexiform layer. 
GCL: ganglion call layer. NFL: nerve fizer layer. 


imaging in reflection, When it is necessary to image 
through cms, rather than mms of tissue, however, 
there will be no detectable ballistic light signal and 
fone must extract useful information from the 
scattered photons. 


Imaging in the Snake-Like Regim: 
Taking Advantage of Time 
(or Frequency) Gating 


The first approach is to use time gating to select the 
earliest arriving scattered light, which will provide the 
most useful image information, 

For moderate tissue depths one can exploit the fact 
that biological tissue is highly forward scattering, 
with most photons being only slightly deviated from 
their original direction upon each scattering event. 
After a few cm of tissue, there can be a significant 
number of photons that have followed reasonably 
well-defined ‘snake-like’ paths about the original 
direction through the tissue, arriving at the detector 
after the ballistic light but before the fully diffuse 
photons whose trajectories are effectively random- 
ized. This early arriving light can be selectively gated 
using ultrafast lasers and a variety of detectors such as 
streak cameras, time-gated optical image intensifiers, 
and time-gated fast photon counting systems, which 
provide picoseconds time gates. 


An alternative, sometimes cheaper, approach to 
temporal gating is the use of (high) frequency signal 
discrimination (which is the Fourier transform of the 
pulse experiment). The periodic solution of the 
diffusion equation with a periodic source term gives 
rise to the so-called ‘photon density waves’. Such 
diffusive waves, like thermal waves, are used in the 
near-field regime (their amplitudes are damped by 
exp(—27) after propagating over a single wavelength 
path) and they can reveal subsurface structures 
through their refractive and diffusive behavior. 
Coherence gating and polarization gating can be 
used when the early arriving light still retains some 
degree of coherence of the incident light. Indeed 
polarization discrimination has been used to select 
those photons which undergo few scattering events 
and therefore preserve a fraction of their initial 
polarization state, from the photons which experi- 
ence multiple scattering resulting in a complete loss of 
memory of their initial polarization state 

‘As an example, Figure 7 shows the image of sub- 
mm light sources (LEDs) taken through 1 cm of 
polystyrene solution (4, ~ 4, ~ 10 cm~') by select- 
ing photons which kept the memory of their initial 
circular polarization (here a few less than 1%). One 
can see the sources quite clearly. 

For many important biomedical applications, such 
as mammography or imaging brain function, it is 
necessary to penetrate through 5-10 cm of tissue, 
after which all the detected signal is diffuse. Detecting 
earlier arriving photons can provide more infor- 
mation but, if the time window is too narrow, the 
detected signal becomes too weak to use with 
acceptable data acquisition times. 

This problem is, however, being addressed with 
some success using statistical models of photon 
transport, with different degrees of approximation 
ranging from full Monte Carlo simulation of photon 
propagation to the diffusion equation. The approach 
is to address the inverse problem, i.e. to measure the 
scattered light signal as comprehensively as is 
practical and to calculate what distribution of 
absorption and scattering properties would have 
produced the measured signal. This provides a 
means to quantify the optical properties of biological 
tissue, averaged over a volume corresponding to a 
particular distribution of photon paths, and to form 
relatively low-resolution tomographic images. 

Multiplying the number of sources and detectors 
and correlating the various intensity distributions 
over the whole structure under examination gives, as 
expected, better precision in localizing the size and 
position of the local structure to be identified. 

Despite the multiple input and multiple output 
approaches, real-life situations with the previously 
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Figure 7 Polarization imaging: here the degree of circular polarization is measured in the upper image. The lower image shows the 


field without polarization fitering 


mentioned problem of the inhomogeneity of the 
optical properties of human tissues means that the 
results are still poor in term of resolution and sub- 
centimeter structures can hardly be observed in breast 
aging, for instance. 

One important exception to this limited success in 
finding precisely the position, the size, and the optical 
properties of hidden structures is the case of 
‘activation’ studies. This corresponds to a ‘differen- 
tial” situation in which an unknown structure is 
locally changing with time. Here the goal is not to 
reach a full description of the unknown structure but 


only to characterize the local changes induced by the 
activation. 

The main field of application of this approach is 
certainly in brain activation studies. A matrix of light 
emitters (usually at two wavelengths which differen- 
tiate oxy- and deoxy-hemoglobin, for instance 780 
and 840 nm) is coupled to a matrix of light detectors. 
The signals are usually balanced and any local 
change which breaks the symmetry of the scattered 
photon paths induces a differential signal, easy to 
detect, because there is no background signal before 
activation takes place. 
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Moreover it has been demonstrated that for weak 
perturbations (weak variations of the optical par- 
ameters), the inverse problem can be rigorously 
solved. This geometrical selection provides a cheap 
and simple setup with rather spectacular results. 
Sometimes a modulation is added and the phase shift 
of the photon density wave is enhanced by the 
differential approach. 


Imaging in the Multiple Scattering 
Regime: Taking Advantage of 
all the Photons 


Light Only: Transillumination and Fluorescence 
Imaging 


The optical systems used for CW measurements are 
rather simple and require only the alignment of a 
number of light sources and detectors. Compared to 
time-gated techniques due to multiple scattering a 
much stronger path length distribution is present in 
the signal and the result is a loss of localization and 
resolution. In the so-called transillumination geome- 
try, collimated detection is used to isolate multiply 
scattered photons close to the normal emergence 
angle, 

Direct imaging with the required resolution using 
CW techniques in very thick tissues, such as breast 
tissue, has not heen established even with sophisti- 
cated multi-sources/multi-detectors combinations 
(typically a few tens of sources and detectors at 
three different wavelengths). 

Despite rapid progress in the modeling of light 
behavior in scattering media it has not yet been 
demonstrated that CW imaging can provide images 
with suitable resolution in thick tissue and time- 
dependent measurement techniques discussed earlier 
are dominantly used. 

For fluorescence imaging, one has to account for 
the strong attenuation of light as it passes through 
tissue. Fluorescent dyes (porphyrin, indo-cyanine, 
and more recently quantum dots) have been devel- 
oped that are excited and re-emit in the ‘biological 
window’ at near-infrared (NIR) wavelengths, where 
scattering and absorption coefficients are lower, 
which is favorable for deep fluorescence imaging. 
Fluorescent intensity in deep tissues depends on the 
location, size, concentration, and intrinsic character- 
istics (e.g., lifetime, quantum efficiency) of the 
fluorophores, and on the scattering and absorption 
coefficients of the tissue at both the excitation and 
emission wavelengths. In order to extract intrinsic 
characteristics of fluorophores within tissue, it is 
necessary to describe the statistics of photon path 


lengths which depend on all these different para- 
meters. The amount of light emitted at the site of the 
fluorophore is directly proportional to the total 
amount of light impinging on the fluorophore. 

Using fluorescence contrast has the unique feature 
of carrying two spectroscopic contrasts related to 
both excitation and fluorescent photons. 

The next two techniques take advantage of another 
way to handle the optical information by coupling 
optics and acoustics. 


Coupling Light and Sound: Acousto-Optic 
and Photo-Acoustic 


Although the two approaches that we will now des- 
cribe are different in their basic principles as well as 
in the experimental setups, their names are similar — 
opto-acousties (sometimes called photo-acoustics) 
and acousto-optics.. 


Opto- (or Photo-)Acoustics 


In this technique a pulsed (or modulated) electro- 
magnetic beam irradiates the structure under exam- 
ination, Despite their tortuous paths (about 10 to 
100 cm) photons propagate through the volume in a 
few nanoseconds. Local absorbing centers then 
absorb the electromagnetic energy, they experience 
a fast thermal expansion, and become sources of 
acoustic waves. 

The optical problem of tomographic reconstruc- 
tion is then transformed into a simpler problem 
of acoustic reconstruction of source distribution 
because the speed of the sound is much slower 
than the speed of the light. More precisely we can 
compute the signal generated by a short light pulse 
impinging on a scattering medium which contains an 
absorber (thickness ¢) as can be seen on Figure 8, 
when en, <1 

The amount of power per unit surface which is 
deposited in the absorbing slice is Ey, (Eis the fluence 
in W/m). When the light pulse duration r is short 
enough, despite the propagation in the scattering 
medium (7< elv where v is the speed of the sound), 
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Figure 8 Photo acoustic signal generation: 1-D model 
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we find a variation of the mass by volume unit: 
Ewe 


Ap ~ pba ~ pre uy 
‘The corresponding pressure 
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Although this approach is new, compared to the 
purely optical transillumination approach, it has led 
to a large number of studies in which time gating 
brings new information to the accurate determination 
of the US emitter depth. It has been applied to breast 
tumor examination to complement standard imaging 
techniques such as echography and X-ray mammo- 
graphy. Recently this technique has demonstrated 
submillimeter resolution for in vivo blood 
distribution in rat brain imaging. 


Acousto-Optic 


Here a DC single frequency laser is used to illuminate 
the sample. For a typical biological sample a few em 
thick the trajectories are distributed between the 
sample thickness value and more than ten times this 
value, Due to the good temporal coherence of the 
source all the scattered photons are likely to interfe 
when they emerge from the sample volume. These 
interferences are seen as a speckle field which can be 
observed at a suitable distance from the sample 
surface. 

As seen in Figure 9, adding an ultrasonic field will 
mainly induce a small (smaller than the optical 
wavelength) displacement of the scatterers (it also 
induces local variation of the refractive index) which 
will cause a speckle modulation at the ultrasonic 
frequency. 

If the zone irradiated by the ultrasonic field is 
optically absorbing, less photons will emerge from 
this zone than from a nonabsorbing one and thus less 
modulation will be seen when scanning across the 
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Figure 9 Acousto-optic imaging principle: photons are tagged 
by the acoustic fo 


sample volume. This modulation can be detected by 
selecting a single speckle grain and averaging over a 
number of uncorrelated speckle distributions to 
obtain a suitable average value (for instance with 
latex particles). This is not always possible, in 
particular because the overall geometry is rather 
stable in a semisolid tissue, Using a single detector 
which receives many speckle grains gives less con- 
trast. A multiple detector and a parallel processing of 
many speckle grains improve greatly the speed and 
the signal-to-noise ratio: a typical image of absorbing 
spheres, embedded in a scattering phantom, is 
shown in Figure 10. 


ae 
1 


Figure 10 Acousto-optic imaging (lower image) of two absorb 
ing spheres embedded in a scattering medium (upper image 
shows a section of the gel sample), 
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Conclusion 


The complexity associated with multiple scattering in 
turbid media, such as tissues of the human body, 
prevents an easy use of light as a routine tool for in- 
depth examination, whereas superficial examinations 
have always been sources of diagnostics. 

Optical techniques will obviously progress to better 
characterization of tissues’ optical properties, 
improvement of laser properties and detection 
techniques, as well as new mathematical approaches 
of the inverse problem. 

We believe that this field of research is still open to 
new ideas, and new experimental schemes leading to 
new breakthroughs in the delicate problem of using 
light in highly scattering media, 
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Introduction 


All objects above 0 Kelvin emit electromagnetic 
radiation associated with the thermal activity on the 
surface of the object. For terrestrial temperatures 
{around 300 Kelvin), objects emit a good portion of 
the electromagnetic flux in the infrared part of the 
electromagnetic spectrum. The visible band spans 
wavelengths from 0.4 to 0.7 micrometers (infrared 
engineers typically use micrometer/um for wave- 
length rather than the nanometer or wavenumber 
more commonly used in other fields). Infrared 
imaging devices convert energy in the infrared 
portion of the electromagnetic spectrum into images 
that can be created by the human eye. The unaided 
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Techniques: Digital Holography. Imaging: Interfero- 
metric Imaging. Interferometry: White Light Inter- 
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Optical Coherence Tomography; Tomography and 
Optical Imaging. 


Further Reading 


Boccara AC and Fink M (eds) (2001) Optical and 
Acoustical Imaging of Biological Media. Compte 
Rendu de l'Académie des Sciences, Physics and 
Astrophysics série IV tome 2, no. 8. Paris: Elsevies. 

Born M and Wolf E (1997) Principles of Optics. New York: 
Oxtord University Press 

Goodman JW (2000) Statistical Optics. New York: Wiley- 
Interscience 

Hecht E and Zajac A (1979) Optics. Reading, MA: 
Addison-Wesley. 

Sebbah P (ed.) (2001) Waves and Imaging through 
Complex Media. Dordrecht: Kluwer Academic 
Publishers 

Van de Hulst HC (1981) Light Scattering by Small Particles. 
New York: Dover. 

Van Tiggelen B and Skipetrov S (eds) (2003) 
Wave Scattering in Complex Media: From Theory to 
Applications. Dordrecht: Kluwer Academic Publishers 


human eye cannot image infrared energy because the 
lens of the eye is opaque to infrared radiation. 

The infrared spectrum begins at the red end of the 
visible spectrum where the eye can no longer sense 
It spans from 0.7 ym to 100 um. The 
spectrum is, by common convention, broken 
into five different bands (this may vary according to 
the application). The bands are typically defined as: 
near infrared (NIR) from 0.7 to 1.0 um; short 
wavelength infrared (SWIR) from 1.0 to 3.0 um; 
mid-wavelength infrared (MWIR) from 3.0 to 
5.0 um; long wavelength infrared (LWIR) from 8.0 
to 14.0 um; and far infrared (FIR) from 14.0 to 
100 um. These bands are depicted graphically in 
Figure 1, which shows the atmospheric transmission 
for a 1-kilometer horizontal ground path for a 
‘standard’ day in the United States. These types of 
transmission graphs can be tailored for any con- 
ditions, using sophisticated atmospheric models such 
as MODTRAN (from www.ontarcom). Note that 
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Figure 1 Visible and infrared spectra 


Figure 2 Visible image-rellected energy. 


there are many atmospheric ‘windows’, such that an 
imager designed with such a band selection can see 
through the atmosphere. 

‘The primary difference between a visible spectrum 
camera and an infrared imager is the physical 
phenomonology of the radiation from the scene 
being imaged. The energy used by a visible camera 
is predominantly reflected solar, or some other 
illuminating energy, in the visible spectrum. The 
energy imaged by infrared imagers (Forward Looking 
Infrared, commonly known as FLIRs) in the MWIR 
and LWIR bands, is primarily self-emitted radiation. 
From Figure 1, the MWIR band has an atmospheric 
window in the 3 to 5 ym region and the LWIR band 
has an atmospheric window in the 8 to 12 4m region. 
‘The atmosphere is opaque in the 5 to 8 um region, so 


Figure 3 infrared image~seit-emitted energy. 


it would be pointless to construct a camera that 
responds to this waveband 

Figures 2 and 3 are images that show the difference 
in the source of the radiation sensed by the two types 
of cameras, The visible image (Figure 2) is light that 
was provided by the Sun, propagated through Earth’s 
atmosphere, reflected off the objects in the scene, 
traversed through a second atmospheric path to the 
sensor, and then imaged with a lens and a visible band 
detector. A key here is that the objects in the scene are 
represented by their reflectivity characteristics. The 
image characteristics can also change by any change 
in atmospheric path or source characteristic change. 
‘The atmospheric path characteristics from the Sun to 
the objects change frequently, because the Sun angle 
changes throughout the day and also weather and 


The term 


discrete semiconductor > single junction > diode 


diode 


¥de almost always means a semiconductor device, properly known as a PN 


Junction diode, although the full term is not often used. It was formerly known as a crystal 
diode, Before that, diode usually meant a type of vacuum tube, which is now rarely used 
outside of high-wattage RF transmitters and some high-end audio equipment. 


OTHER RELATED COMPONENTS 


+ rectifier (See “Rectification” (page 227)) 
+ unijunction transistor (See Chapter 27) 
+ LED (light-emitting diode) Volume 2) 


What It Does 


A diode is a two-terminal device that allows cur- 
rent to flow in one direction, known as the for- 
ward direction, when the anode of the diode has 
a higher positive potential than the cathode. In 
this state, the diode is said to be forward biased. 
Ifthe polarity of the voltageis reversed, the diode 
is now reverse biased, and it will attempt to block 
current flow, within its rated limits. 


Diodes are often used as rectifiers to convert al- 
temating current into direct current. They may 
also be used to suppress voltage spikes or pro- 
tect components that would be vulnerable to re- 
versed voltage, and they have specialized appli- 
cations in high-frequency circuits. 


A Zener diode can regulate voltage, a varactor di- 
ode can control a high-frequency oscillator, and 
tunnel diodes, Gunn diodes, and PIN diodes have 
high-frequency applications appropriate to their 
rapid switching capability. An LED (light-emitting 
diode) is a highly efficient light source, which is 
discussed in Volume 2 of this encyclopedia. A 
photosensitive diode will adjust its ability to 
pass current depending on the light that falls 
upon it, and is included as a sensor in Volume 3. 


See Figure 26-1 for schematic symbols repre- 
senting a generic diode. 


Cathode Cathode Cathode 
Anode Anode Anode 


° ° ° 


Figure 26-1. Commonly used schematic symbols for a 
generic diode. All the symbols are functionally identical 
The direction ofthe arrow formed by the triangle indicates 
the direction af conventional current (tram pasitive to 
negative) when the diode is forward-biased. 


The basic diode symbol is modified in various 
ways to represent variants, as shown in 
Figure 26-2. 
Attop 
Each symbol in the group of six indicates a 
Zener diode. All are functionally identical, 
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cloud conditions change. The visible imager charac- 
terization model is therefore a multipath problem 
that is extremely difficult. 

‘The LWIR image given in Figure 3 is obtained 
primarily by the emission of radiation by objects 
in the scene. The amount of electromagnetic flux 
depends on the temperature and emissivity of the 
objects. A higher temperature and a higher emissivity 
correspond to a higher flux. The image shown is 
swhite-hot’ or the whiter a point in the image the 
higher the flux leaving the object. It is interesting to 
note that trees have a natural self-cooling process 
since a high temperature can damage foliage. Objects 
that have absorbed a large amount of solar energy are 
hot and are emitting large amounts of infrared 
radiation. This is sometimes called ‘solar loading’. 

The characteristics of the infrared radiation 
emitted by an object are described by Planck's 
black-body law in terms of spectral radiant emittance 


=e us jem? um 
My =e sscaar—y Wem m 


where cand cy are constants of 3.7418 x 
10* W pm‘/em* and 1.4388 x 10* um K. The wave- 
length, A, is provided in micrometers and e(A) is the 
emissivity of the surface. A black-body source is 
defined as an object with an emissivity of 1.0, so itis a 
perfect emitter. Source emissions of black-bodies at 
typical terrestrial temperatures are shown in Figure 4. 
Often, in modeling, the terrestrial background tem- 
perature is assumed to be 300 K. The source emittance 
curves are shown for other temperatures for compari- 
son purposes, One curve corresponds to an object 
colder than the background and two curves corre- 
spond to temperatures hotter than the background. 
Planck's equation describes the spectral shape of 
the source as a function of wavelength. It is readily 
apparent that the peak shifts to the left (shorter 
wavelengths) as the body temperature increases, 
If the temperature of a black-body is increased to 
that of the Sun ($900 Kelvin), the peak of the 
spectral shape would decrease to 0.55 um or 
green light. This peak wavelength is described by 


2 


3 


Radiant exitance, Wiem? jm 


° 5 10 18 


Wavelength (micrometers) 


2 2 3 3 40 


“e280 + 300 4310 e320] 


Figure 4 Planck's blackbody radiation curves for four temperatures from 290 K to 320K. 
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Figure § Location of peak of black:-body radiation, Wien's Law, 
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ien’s displacement law 
Amax = 2898/7, wm 2 


Figure 5 shows the peak wavelength as a function of 
temperature through the longwave region, It is 
important to note that the difference between the 
black-body curves is the ‘signal’ in the infrared 
hands. For an infrared sensor, if the background is 
at 300 K and the target is at 302 K, the signal is the 
difference in flux between these curves. Signals in 
the infrared ride on very large amounts of back- 
ground flux. However, in the visible band this is not 
the case, For example, consider the case of a 
white target on a black background. The black 
background is generating no signal, whereas the 
white target is generating a maximum signal (given 
that the sensor gain has been adjusted). Dynamic 
range may be fully utilized in a visible sensor. In the 
case of an IR sensor, a portion of the dynamic range 
is used by the large background flux radiated by 
everything in the scene. This flux never has a small 
value, hence sensitivity and dynamic range require- 
ments are much more difficult to satisfy in IR 
sensors than in visible sensors. Table 1 summarizes 
this characteristic numerically for the 300 K back- 
ground and targets shown in Figure 4, 

A typical infrared imaging system scenario is 
depicted in Figure 6. The scene consists of two 
major components, the target and the background. 
Inan IR scene, the majority of the energy is remitted 


‘Table 1 Signalidynamie range limitation in IR bands 


Blackbody temperature Exitance in 8-12 um band Contrast 
(tom *) 

290 (—10ATK targel) 1.25 - 02 8.48% 

300 (background) 1.48 - 02 

310(+10AT targa!) 1.74 ~ 02. 7.97% 

320(+208Ttargel) 2.02 ~ 02 15.39% 


“Target and background 


Figure 6 Typical infrared imaging scenario. 


from the constituents of the scene. This emitted 
energy is transmitted through the atmosphere to the 
sensor. As it propagates through the atmosphere it is 
degraded by absorption and scattering. Obscuration 
by intervening objects and additional energy emitted 
by the path also affect the target energy. All of these 
contributors, which are not the target of interest, 
essentially reduce one’s ability to discriminate 
the target. So, at the entrance aperture for the sensor, 
the target signature is reduced from the values 
observed at the target. Then, the signal is degraded 
by the optics and scanner (as applicable) of the sensor. 
The energy is then sampled by the detector array and 
converted to clectrical signals. Various electronics 
amplify and condition this signal before itis presented 
to either a display for human interpretation or an 
algorithm like an automatic target recognizer for 
machine interpretation. A linear systems approach to 
modeling allows the components’ transfer functions 
to be treated separately as contributors to the overall 
system performance. This approach allows for 
straightforward modifications to a performance 
model for changes in the sensor or environment 
when performing trade-off analyses. 


History of Infrared Imaging 


Night vision systems began to be developed exten- 
sively during World War Il. Satisfying the require- 
ment to image at night was approached with two 
different methodologies. The first method was image 
intensification (J°), This method involves amplifica- 
tion of any small light that was available and 
displaying it directly to the eye. Typically ° devices 
are sensitive to visible light and a small portion of the 
short-wave IR (SWIR, 0.7-3.0 um) band. They are 
often classified (along with visible hand imagers) as 
clectro-optical (EO) imagers. With an I imager, there 
must be some source of illumination for them to 
function well (as little as starlight is sufficient 
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Table 2 Applications of infrared imaging 


Category User Application 
Military Inteligence analyst Intelligence surveliance 
and reconnaissance 
Pilot, driver Navigation/plotage 
Gunner, weapons Targeting'ire control 
officer 
Air defense Search and track 
Commercial Civil government 
Police ‘Surveillance, fugitive 
tracking 
Fire Rescue, hot-spot location 
Environmental 
EPA Emission tracking 
Interior department Resource management 
NIMA\USGS Mapping 
NOAAIMWS Weather forecasting 
Industrial 
‘Manufacturers ‘Machine vision 
Maintenance Non-destructve testing 
Medical 
Doctors Diagnostic imaging 


for approx 20/40 acuity with current systems). The 
second type of night vision device is the infrared or 
thermal imager (also known as FLIRs). FLIRs are 
sensitive to the radiation in either the mid-wave 
IR (MWIR, 3-5 um) or long-wave IR (LWIR, 
8-14 um) bands. 

The first infrared cameras used photographic film 
that was sensitive to infrared wavelengths. Intelli- 
gence and reconnaissance imaging from aircraft 
drove the infrared system development as a night 
augmentation to existing visible cameras. These 
imagers used either continuous moving film or statio- 
nary film, like an ordinary camera. A slit aperture was 
used in the continuous moving film cameras and 
aircraft motion provided the scan of the scene along 
the film to build a continuous image. The introduction 
of television, as electronic imaging in the visible 
spectrum, led to the development of electronic 
imagers in the infrared band. Electronic infrared 
imagers were not restricted to looking down and 
using aircraft motion for scan, hence these devices 
came to be known as FLIRs (Forward Looking 
InfraRed). Today, an electronic infrared imager may 
be called a FLIR or a thermal imager, with the trend 
being to use FLIR to describe military applications. 

Early FLIRs were often accompanied by illumina- 
tion devices. They were not very sensitive compared to 
modern FLIRs so active illumination was necessary. 
Infrared searchlights or illuminators were used to get 
higher signal-to-noise ratios. These types of FLIRs are 
called ‘active’ IR imagers, while FLIRs that do not 
use illuminators are ‘passive’ imagers. Generally, 


active imagers are used in civil applications and 
are declining in military use. Broadly, applications 
for thermal imagers fall into two categories; 
military and commercial. Table 2 lists some of the 
purposes and users for modern thermal imagers. 
The design and performance criteria vary widely for 
some of the applications. 


Types of Infrared Imagers 


Infrared imagers are classified by different character- 
istics: scan type, detector material/cooling require- 
ments, and detector physics. The scan type refers to 
the method used to construct the electronic image. 
The camera may use a single detector which is raster 
scanned over the input scene to build an image. 
Alternatively, a parallel scan uses a linear array of 
detectors scanned across a scene to build an image. 
The latest advances in materials have led to staring 
arrays of detectors. In a staring system, a detector is 
present in two dimensions to represent each image 
pixel and no mechanical motion of the focal plane is 
necessary to construct the image. There are some 
hybrid FLIR types that combine the different imaging 
techniques. Usually this combination leads to an 
improvement in signal-to-noise ratio or to reduce 
undersampling. 

The second classification, by detector material/ 
cooling requirements, usually describes FLIRs built 
using differing materials. For example, a typical 
LWIR FLIR material is mercury cadmium telluride 
(HgCdTe or MCT). In order to achieve high 
sensitivity, these devices are cooled to decrease dark 
current. Usually the cooling is based on liquid 
nitrogen or a cryogenic cooler, and the detectors 
operate at 77 K, Another common detector material 
is indium antimonide (InSb), which is used for MWIR 
FLIRs and is also cooled. A newer class of infrared 
cameras is not cooled, being referred to as ‘uncooled’ 
FLIRs, These uncooled FLIRs are microbolometers 
{resistive elements) or pyrometers (capacitive 
elements) and have less sensitivity than cooled 
imagers. Typically, the cooled imagers are comprised 
of photon detectors while the uncooled imagers are 
based on thermal detectors, the uncooled FLIRs being 
used in lower-performance applications. 


Infrared Imager Performance 


There are three general categories of infrared sensor 
performance characterizations. The first is sensitivity 
and the second is resolution, When end-to-end, or 
human-in-the-loop (HITL), performance is required, 
the third type of performance characterization 


describes the visual acuity of an observer through a 
sensor. The former two are both related to the 
hardware and software that comprises the system, 
while the latter includes both the sensor and the 
observer. Sensitivity is determined through radio- 
metric analysis of the scene/environment and the 
quantum electronic properties of the detectors. 
Resolution is determined by analysis of the physical 
optical properties, the detector array geometry, 
and other degrading components of the system in 
much the same manner as complex electronic 
circuit/signals analysis. 

Sensitivity describes how the sensor performs with 
respect to input signal level. It relates noise charac- 
teristics, responsivity of the detector, light gathering of 
the optics, and the dynamic range/quantization of the 
sensor. Radiometry describes how much light leaves 
the object and background and is collected by the 
detector. Optical design and detector characteristics 
are of considerable importance in sensor sensitivity 
analysis. In infrared systems, noise equivalent tem- 
perature difference (NETD) is often a first-order 
description of the system sensitivity. The 3D noise 
model describes more detailed representations of 
sensitivity parameters (see Further Reading). 

The second type of measure is resolution. Resol- 
ution is the ability of the sensor to image small targets 
and to resolve fine detail in large targets. Modulation 
transfer function (MTF) is the most widely used 
resolution descriptor in infrared systems. Alterna- 
tively, it may be specified by a number of descriptive 
metrics such as the optical Rayleigh criterion or the 
instantaneous field-of-view of the detector. Where 
these metrics are component-level descriptions, the 
system MTF is an all-encompassing function that 
describes the system resolution. 

Sensitivity and resolution can be competing system 
characteristics and they are the most important issues 
in initial studies for a design. For example, given a 
fixed sensor aperture diameter, an increase in focal 
length can provide an increase in resolution, but may 
decrease sensitivity. Typically, visible band systems 
have plenty of sensitivity and are resolution-limited, 
whereas infrared imagers have been more sensitivity- 
limited, With staring infrared sensors, the sensitivity 
has seen significant improvements. 

Often metrics, such as NETD and MTF, are 
considered to be separable. However, in an actual 
sensor, sensitivity and resolution performance are not 
independent, As a result, minimum resolvable tem- 
perature difference (MRT or MRTD) has become the 
primary performance metric for infrared systems. 
MRT is a quantitative performance measure in terms 
of both sensitivity and resolution and a simple MRT 
curve is shown in Figure 7. The performance is 
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Figure 7 IR imager performance. 


hounded by the sensor's limits and the observer's 
limits. The temperature difference (or thermal 
contrast) required to image smaller details in a 
scene increases with detail size. The inclusion of 
observer performance yields a single sensor perform- 
ance characterization, MRT. It describes sensitivity as 
a function of resolution, and includes the human 
visual system. 

Many different sensor characteristics may be 
considered to increase the fidelity of a sensor model. 
A list of typical infrared imaging system parameters is 
given in Figure 8, When considering performance in 
the system sense, the groupings are often blocks in the 
system diagram, each with separate transfer fune- 
tions, This approach works well unless the linear shift 
invariance assumption is not valid. 


General Characteristics of Infrared 
Imagers 


There are a number of imaging characteristics that 
make infrared systems a little different than conven- 
tional visible imaging systems. These include source 
flux levels, detector charge storage and sensitivity, 
detector size, diffraction blur, sampling, and uniform- 
ity characteristics. 

First, we consider the source flux levels, The 
daytime and night-time flux levels (in photons per 
second per square centimeter) on Earth in the visible 
(0.3 to 0.7 wm) is 1.5 10"” and around 1 x 10", 
respectively. In the mid-wave (3 to 5 um), the daytime 
and night-time flux levels are 4x10! and 
2x10" um where the flux is a combination of 
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‘urination 
Spectral irradiance 


Target 
Reflectivity 
Emissivity 
‘Size and spatial characteristics 
Temperature 


‘Atmosphere 
Weather conditions 
Obscurants 
Transmission 
Optical transfer function 
Scattering 


Sensor optics 
Lens transmissions 
Mirror retlectvity 
Filter transmission 
Aberrations 
Diffraction 
Aperture size and shape 


Sensor detector 
Responsivity 
Detectivity 
Noise characteristics 
Detector angular substense 


‘Sensor electronics 
“Temporal characteristics 
Digital andior analog 
Filter characteristics 


Display 
Resolution 
Brightness and contrast 
Human psychophysics 


‘Temporal response 
Image transfer function 
Brightness dependence 


ATR or AITR response 
Discrimination probability 
False alarm rate 


Figure 8 Factors in infrared sensor modeling 


emitted and solar reflected flux. In the longwave, the 
flux is primarily emitted where both day and night 
yield a 2% 10! um frequency, the AMOP drops 
rapidly to zero. The effect is to extend the prediction 
of the MRT beyond the half sample rate and 
introduce a parameter called minimum temperature 
difference perceived (MTDP) to replace MRT in the 
range performance estimate and also in the lab to 
characterize an undersampled system. 

The concept of MTDP follows from observation of 
standard 4-bar images as the pattern frequency passes 
the imager half sample rate. The image changes from 
four bars to three, two, and finally one (can be 
perceived). The phase of the target image on the 
detector array may need to be adjusted to observe this 
progression. The standard MRT measurement 
requires that all four bars be resolvable by the 
observer during the measurement process. For use 
in the lab, the MTDP is defined as the minimum 
temperature difference at which two, three, or four 
bars can be resolved in the image of the standard 
4-bar test pattern by an observer, with the test pattern 
positioned at optimum phase. The optimum phase is 
the phase at which two, three, or four bars are ‘best 
perceived’, TRM3 uses the standard definition of 
MRT as for adequately sampled imagers. The TRM3 
Approach Model is implemented if the imager is 
considered undersampled as defined when the 


prefilter MTF at the half-sample frequency is larger 


than 10%, The MTDP equation is given by 
FSI i h(f) 
MTDP(f) = MORI 13) 


where SNRu, is a threshold signal-to-noise ratio and 
W is the total system filtered noise. MTDP is used in 
the same manner as MRTD in range calculations. 

Another approach is the triangle orientation 
discrimination (TOD) threshold. In the TOD, the 
test pattern is a (nonperiodic) equilateral triangle in 
four possible orientations (apex up, down, left, or 
right), and the measurement procedure is a robust 
4AFC (four alternative forced-choice) psychophysical 
procedure, In this procedure, the observer has to 
indicate which triangle orientation he sees, even if he 
is not sure. Variation of triangle contrast and/or size 
leads to a variation in the percentage correct between 
25% (complete guess) and 100%, and by inter- 
polation the exact 75% correct threshold can be 
obtained. A complete TOD curve (comparable to an 
MRTD curve) is obtained by plotting the contrast 
thresholds as a function of the reciprocal of the 
triangle angular size (Figure 9), 

The TOD method has a large number of theoretical 
and practical advantages: it is suitable for unde 
sampled and well-sampled electro-optical and optical 
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Figure 9 Modeling, testing and performance triangle. 


imaging systems in both the thermal and visual 
domains, it has a close relationship to real target 
acquisition, and the observer task is easy. The results 
are free from observer bias and allow statistical 
significance tests. The method may be implemented in 
current MRTD test equipment with little effort, and 
the TOD curve can be used easily in a target 
acquisition (TA) model such as ACQUIRE, Two vali- 
dation studies with real targets show that the TOD 
curve predicts TA performance for undersampled 
and well-sampled imaging systems very well. Cur- 
rently, a theoretical sensor model to predict the TOD 
(comparable to NVTherm or TRM3) is under 
development. The lab measurement and field per- 
formance appear sound, but the model is not yet 
available, 


Testing Infrared Imagers: NETD, 
MTF, and MRTD (Sensitivity, 
Resolution and Acuity) 


In general, imager sensitivity is a measure of the 
smallest signal that is detectable by a. sensor. 
Sensitivity is determined using the principles of 
radiometry and the characteristics of the detector. 
For infrared imaging systems, noise equivalent 
temperature difference (NETD) is a measure of 
sensitivity. The system intensity transfer function 
(SITF) can be used to estimate the NETD, which is the 
system noise rms voltage over the noise differential 
output. NETD is the smallest measurable signal 
produced by a large target (extended source). 
Equation [4] describes NETD as a function of 
noise voltage and the system intensity transfer 
function. The measured values are determined from 
a line of video stripped from the image of a test 
target, as depicted in Figure 10. A square test target 
is placed before a black-body source. The delta T 
is the difference between the black-body temperature 
and the mask. This target is then placed at the focal 
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point of an off-axis parabolic mirror, The mirror 
serves the purpose of a long optical path length to 
the target, yet relieves the tester from concerns 
over atmospheric losses to the temperature differ- 
ence. The image of the target is shown in Figure 10b. 
The SITF slope for the scan line in Figure 10c is 
the AS/AT where AS is the signal measured for a 
given AT. The Ny, is the background signal on the 
same line, 


Nuaulvolts] 


NETD = SEF Slopelvoltw/R] 


14) 


Resolution is a general term that describes the size 
of resolvable features in an imager's output. 
With infrared imaging systems, the resolution is 
described by the system modulation transfer 
function (MTF). Consider Figure 11 for the 
determination of MTF, from either point spread 
function or edge spread function (psf or esf). In 
Figure 11a, a test target is placed at the focal point 
of a collimator, The target may be a point, edge, or 
line as shown in Figure 11b. The IR system images 
this target. The output of a detector scan, or a line 
of detectors in the staring array case, is taken for 
analysis, in Figure 11c. For the edge spread 
function, the spatial derivative is taken to get the 
psf. The Fourier transform is then calculated to 
give the system MTF as shown in Figure 11d. The 
point spread function is really the impulse response 
of the system, so a smaller psf is desirable, where a 
wide MTF is desirable, Such a psffMTF combi- 
nation gives a higher resolution. 

The MRTD of an infrared system is defined as 
the differential temperature of a four bar target 
that makes the target just resolvable by a particular 
observer. It is a measure of observer visual acuity 
when a typical observer is using the infrared 
imager. It results in a descriptor, which is a 
function not just of a single value. It is a plot 
of sensitivity as a function of spatial frequency. 
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(a) Test configuration 


(6) MAT target image 
Figure 12 MATD measurement, 


observer (Figure 12c). Then the temperature differ- 
ence is decreased until the bars are no longer visibl 
‘These are averaged for a particular target. The same 
procedure is performed with a negative contrast bar 
target. The average of the positive and negative 
values is the MRT for a particular spatial frequency 
These data points are plotted and a curve may be 
fitted to interpolate/extrapolate performance at other 
than the discrete spatial frequencies of the targets, as 
in Figure 12d. 


Summary 


We have provided a general description of infrared 
imaging systems in terms of characteristics, modeling, 
field performance, and performance measurement. 
The characteristics of infrared imagers continue to 
change, Significant changes have occurred in the past 
five years, to include the development of higher 
performance uncooled imagers and ultra-narrow field 
of view photon systems. Large format detector arrays 
are commercially available in the mid-wave and are 
becoming more available in the longwave. Still in the 
research phase are dual-band focal plane level. At first 
sight, it appears that the longwave flux characteristics 
are as good as a daytime visible system; however, 
there are two other factors limiting performance. 
First, the energy bandgaps of infrared photons are 
much smaller than those photons in the visible, so the 
detectors suffer from higher dark current. The 
detectors are usually cooled to reduce this effect. 
Second, the reflected light in the visible is modulated 
with target and background reflectivities that 
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typically range from 7 to 20%. In the infrared, all 
terrestrial objects are emitting with an emission 
temperature of around 300 Kelvin. Typically, a two- 
degree equivalent black-body difference in photon 
flux is considered a high contrast target to back- 
ground flux. The flux difference between two black- 
bodies of 302 K compared to 300 K can be calculated 
ina manner similar to that shown in Figure 4. This is 
the difference in signal that provides an image, so note 
the difference in signal compared to the ambient 
background flux. In the longwave, the signal is three 
percent of the mean flux and in the mid-wave, itis six 
percent of the mean flux. This means that there is a 
large flux pedestal associated imaging in the infrared. 
Unfortunately, there are two problems accompanying 
this large pedestal. First, photon noise is the dominant 
noise and is determined by the mean of the pedestal 
and is compared to the small signal differences. 
Second, the charge well storage in infrared detectors 
is limited to around 10” charge carriers. A longwave 
system in a hot desert background would generate 
10" charge carriers in a 33 millisecond integration 
time. Smaller F-numbers, spectral bandwidths, and 
integration times are used so that the charge well does 
not saturate. This results in SNR of 10 to 30 times 
below the ideal. It has been suggested that some on- 
chip compression may be a solution to the well 
pedestal problem. In many scanning FLIR systems, 
the pedestal is climinated by AC-coupling the 
detector signals. Infrared focal plane array (IRFPA) 
readout circuits have been previously designed and 
fabricated to perform charge skimming and charge 
partitioning. 
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Another major difference in infrared systems, from 
that of visible systems, is the size of the detector and 
diffraction blur. For infrared photon detectors, typical 
sizes range from 25 to 50 um, where visible systems 
can be fabricated with 3 um detectors. Also, the 
diffraction blur for the longwave is more than ten 
times larger than the visible blur and mid-wave blur is 
ight times larger than visible blur. Therefore, the 
image blur, due to diffraction and detector size, is 
much larger in an infrared system than a visible 
system, Also, it is common for infrared staring arrays 
to be sampling limited where the sample spacing is 
larger than the diffraction blur and the detector size. 
Dither and microscanning are frequently used to 
enhance performan 

Finally, both infrared photon and thermal detectors 
in staring arrays have responsivities that vary 
dramatically and it is current practice to correct for 
the resulting nonuniformity (nonuniformity correc- 
tion of NUC). The nonuniformity can cause fixed 
pattern noise in the image that can limit the 
performance of the system even more than temporal 
noise (especially in static imaging or stabilized target 
acquisition imaging). 


Modeling Infrared Imagers 


Otto Schade Sr. developed the earliest imaging system 
models and performance measures. His work describ- 
ing television in the 1950s and 1960s, pioneered the 
way for the characterizations of imaging sensors used 
by engineers today. His performance measure for still 
pictures, moving pictures and television systems was 
based on an observer resolving a three bar periodic 
target. 

John Johnson developed the technique of relating 
the acquisition of military targets in the field to 
laboratory measurements of resolvable bar targets. He 
divided the discrimination tasks into four categories: 
detection, orientation, recognition, and identification. 
This technique was termed an ‘equivalent bar pattern 
approach’. It related performance on a simple test 
target to performance with complex object targets. 
Johnson viewed scale models and bar targets in the 
laboratory against a bland background. The smallest 
discernible barchart target yielded the maximum 
resolvable bar pattern frequency. These results, 
tabulated in Table 3 as cycles across the minimum 
dimension, were the basis for the discrimination 
methodology in widespread use today, Note that 
detection took only one cycle, but as the tasks got more 
specific or difficult, the requirement went as high as 8 
cycles across the target minimum dimension. 

Recognizing that typical vehicle aspect ratios 
were somewhat limited, Johnson and Lawson 


Table 3 Johnson's erteria 


Target ‘Resolution per minimum cimension 
Broadside Detection Orientation Recognition Identification 
Truck 09128 AS 8 

Mag Tank 075 12 a5 7 

Stalin Tank 075 12 a5 6 

Centurion 075 12 a5 6 

Tank 

Halftrack 1 18 4 5 

Joop 120 18 45 55 
Commandcar 12 18 43 55 

Soldier 15 48 a8 8 

(standing) 

105 howitzer 1 15 4a 6 

Average «150.25 1.42035 40208 64215 


Table 4 Moser's data 


Discrimination task Line pairsicitical dimension 


Detect ship periodic treatment 
Classify as combatant 4 
Recognize type 10 


conducted further experiments. Paul Moser con- 
ducted some of his own, reanalyzed Johnson and 
Lawson's, and developed the concept that this task 
was related to the average or critical dimension 
instead of the minimum dimension. This led to the 
conversion of line pairs to resolution elements, 
introducing the second dimension, Additionally, he 
performed a similar experiment on marine targets, 
which is summarized in Table 4, Lloyd and Sendall 
developed the MRT metric, which combines both 
resolution and sensitivity characteristics. This 
measurement of MRT is described in detail in a 
following article, but there is a theoretical model 
that is used to evaluate new sensor designs and 
concepts, It relates the minimum temperature 
difference between bar pairs at which they are 
just resolvable as a function of spatial frequency. 
MRT describes the infrared imager sensitivity as 
a function of resolution. More specifically, MRT 
is a measure of thermal contrast sensitivity as a 
function of spatial frequency. 

Ratches et al. developed the NVL (US Army Night 
Vision and Electronic Sensors Directorate formerly 
known as the Night Vision Laboratory) Static 
Performance Model, which predicted the end-to-end 
performance. It started with the target signature and 
carried through to the observer, The MRT, a 
laboratory measurement or a modeled value, was 
related to the probabilities of discrimination through 
the target transfer probability function, cumulative 
percentages related to Johnson’s criteria. 
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D'Agostino and Webb created the 3D noise 
model, both spatial and temporal considerations, 
for analyzing system noise. This technique divided the 
noise components into manageable and understand- 
able components. It also simplified the integration of 
these effects into models. 

‘The introduction of focal plane array (FPA) imagers 
has created a requirement to improve the model 
performance to account for the difference between 
scanning arrays and staring arrays. This change has 
made sampling an important area for improvement. 
A new model called NVTHERM is a result of the 
NVESD model improvement effort, which addresses 
undersampled imaging system performance. 

Sensor characterization is seen in three ways: 
theoretical models, field performance, and laboratory 
measurements (Figure 9). Theoretical models are 
developed that describe sensor sensitivity, resolution, 
and human performance for the purpose of evaluat- 
ing new conceptual sensors. Acquisition models, and 
other models, are developed to relate the theoretical 
models to field performance. This link allows 
theoretical models to be converted to field perform- 
ance quantities (e.g., probabilities of detection, 
recognition, and identification). Field performance 
is measured in the field so that the theoretical models 


can be refined and become more accurate with 
advanced sensor developments. Since field perform- 
ance activities are so expensive, methods for the 
direct measurement of sensor performance are devel- 
oped for the laboratory. Field performance testing of 
every infrared sensor built, including buy-off, accep- 
tance, and life-cycle testing, is ridiculous and out of 
the question, Laboratory measurements of sensor 
performance are developed such that, given these 
measurements, the field performance of a system can 
he predicted. Sensor characterization programs 
require accurate sensor models, field performance 
estimates with acquisition models, and repeatable 
laboratory measurements. 

There are a few alternatives to the US NVTherm 
model. One candidate approach to undersampled 
imager modeling is Germany’s TRM3, or the MDTP 
approach. The impact of undersampling in the image 
of a 4-bar target can readily be seen by simply 
observing the change in the image as a function of 
spatial frequency and phase, The spatial frequency is 
defined as line pairs per angular extent of the target, 
and the phase specifies the relative location of the 
target image to the detector array raster. These effects 
are obviously not independent of each other, but for 
each target there can be found an optimal phase 
where the observer can see the maximum amplitude 


modulation in the image of the target. MRT 
measurements in the past have utilized this variation 
with phase by allowing the observer to optimize the 
displayed image through target or system line-of-sight 
changes during the measurement process. For under- 
sampled imagers, TRM3 addresses the problem of the 
MRT calculation’s inability to predict beyond the 
half sample rate of the sensor, by replacing the MTF 
in the denominator of the MRT equation with an 
appropriately scaled term called the average modu- 
lation at optimum phase (AMOP). AMOP is the 
average signal difference in the image of the 4-bar 
standard pattern, with the test pattern positioned at 
optimum phase. AMOP oscillates between the pre- 
sample MTF and the bar modulation. Beyond a 
frequency of 0.8 times the sample rate or 1.6 times 
the half sample arrays and quantum well detector 
systems. These systems will find their place in 
applications to include both military and commercial 
sectors. 
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What It Does 


Bottom-left 
Tunnel diode. 


Bottom-center 
Schottky diode. 


Bottom-right 
Varactor. 


A triangle with an open center does not indicate 
any different function froma triangle witha solid 
center. The direction of the arrow always indi- 
cates the direction of conventional current, from 
positive to negative, when the diode is forward- 
iased, although the functionality of Zener di- 
codes and varactors depends on them being 
reverse-biased, and thus they are used with cur- 
rent flowing opposite to the arrow symbol. The 
bent line used in the Zener symbol can be 
thoughtofasan openedletterZ, while the curled 
line used in the Schottky diode symbol can be 
thought of as a letter S, although these lines are 
sometimes drawn flipped left-to-right. 


* 
* 


* 


Figure 26-2. Commonly used schematic symbols for 
specialized types of diades. See text for details, 
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Arange of rectifier and signal diodes is shown in 
Figure 26-3. (Top: Rectifier diode rated 7.5A at 
35VDC. Second from top: Rectifier diode rated 5A 
at 35VDC. Center: Rectifier diode rated 3A at 


discrete semiconductor > single junction > diade 


35VDC. Second from bottom: 1N4001 Rectifier 
diode rated 1A at 35VDC. Bottom: 1N4148 signal 
switching diode rated at 300mA,) All values are 
for forward continuous current and RMS voltage. 
Each cylindrical diode is marked with a silver 
stripe (a black stripe on the 1N4148) to identify 
its cathode, or the end of the diode that should 
be “more negative” when the component is for- 
ward biased. Peak current can greatly exceed 
continuous current without damaging the com- 
ponent. Datasheets will provide additional infor- 
mation. 


Figure 26-3. Diodes ranging in continuous. forward: 
current capability trom 75A (top) to 300mA (bottom). 
‘See text for additional details, 
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Interferometric imaging is image formation by 
measuring the interference between electromagnetic 
signals from incoherently emitting or illuminated 
sources. To learn about interferometric image for- 
mation using coherent light, see Holography, Tech- 
niques: Overview. To understand what optical 
coherence is, see Coherence: Overview. To learn 
what kinds of sources produce incoherent light, see 
Incoherent Sources: Lamps. To learn about interfero- 
metric instruments, see Interferometry: Overview. To 
Jearn about interferometric instruments utilizing 
incoherent light, see Interferometry: White Light 
Interferometry. To better understand the effect of 
the coherence of light sources on image formation, 
see Coherence: Coherence and Imaging. 
Interferometric imaging attempts to improve the 
resolution of images by interferometrically combining 
the signals from several apertures. By doing so, a 
resolution can be achieved that is superior to that 
achievable through standard image formation by any 
of the individual apertures. This is especially useful in 
astronomy, where resolving more distant and smaller 
stellar objects is always desirable. It is also finding 
increasing use in microscopy. It has several advantages 
over conventional noninterferometric imaging 
methods. The method can combine the light gathered 
from several imaging instruments to form an image 
superior to that which can be formed by any one of the 
instruments. It can also obviate the need to produce a 
single very large aperture to achieve the equivalent 
resolution, which in many cases is of impractical size. 
In addition, because it can produce a phase-resolved 
measurement, the data can be processed more flexibly 
to form a computed image estimate. There are also 
considerable disadvantages to interferometric imaging 
compared to conventional imaging methods. The 
amount of signal gathered is far less than could be 
gathered with an equivalent single aperture. It is 
difficult to mechanically or feedback stabilize the time 
delay between two widely separated apertures to 
obtain an accurate phase measurement. Often only a 
small bandwidth of the source light can be utilized, 
further reducing the available signal. The interference 
component of the combined signal can be very small. 
Typically an interferometric image must be computed 
from the data, rather than being directly measured on 


photographic film or an electronic focal plane array. 
Even with these disadvantages, interferometric ima- 
ging is frequently more feasible than building a single 
large aperture to achieve the highest available resol- 
ution images. 

In contrast to interferometric imaging, a standard 
image forming instrument such as a telescope has a 
resolution limited by the telescope mirror aperture in 
the absence of aberrations and atmospheric turbu- 
lence. As telescope mirrors become very large, they 
become bulky, extremely heavy, and difficult to 
manipulate, as well as deform under their own weight 
and temperature gradients. However, adaptive optics 
is being more frequently utilized to dynamically 
correct for instrument aberrations as well as atmos- 
pheric turbulence. The images captured by telescopes 
are typically intensity-only images, which are amen- 
able to image processing and deconvolution, but 
nevertheless lack phase information. Interferometric 
imaging is an alternative, where the resolution of a 
large aperture can be attained by measuring the 
interference between individual points of the electro- 
magnetic field within an area equivalent to the large 
aperture extent. The interferometric combining of 
light from sub-apertures to achieve the resolution of a 
larger aperture is called aperture synthesis. 

Unlike image formation by a lens, interferometric 
images are never physically formed. Conventional 
images are formed when diverging spherical waves 
emanating from sources are focused by a lens to 
converging spherical waves on a photographic film or 
an electronic sensor. In this case, the image infor- 
mation is directly contained in the exposure at each 
position on the sensor. Interferometric measurements 
contain the image information as statistical corre- 
lations between the electromagnetic fields at pairs 
of spatial points. The statistical properties of 
electromagnetic waves are modeled by optical coher- 
ence theory. Interferometric imaging works by 
measuring the statistical correlations between various 
pairs of points in the electromagnetic field, and then 
uses optical coherence theory to infer what the image 
of the source of the radiation is. 

The light that emanates from most natural and 
many artificial sources is incoherent. Incoherent 
radiation is optical random noise. It is analogous to 
the sound of static heard on a radio receiving no 
signal. Because it is random, the fluctuations of the 
electromagnetic field produced by an incoherent 
source are completely unrelated to the fluctuations 
of any other source. The origin of the randomness is 
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usually from mictoscopic processes such as the 
thermal motions of electrons or the spontaneous 
emission of an excited atom. Because these micro- 
scopic processes tend to act independently of one 
another, the light produced by different sources tends 
to be mutually incoherent. Because incoherent 
sources do not radiate a deterministic field, the 
average amount of power they radiate is usually 
specified rather than the field itself, which is random. 

However, as the fields propagate away from their 
sources, the fields can become partially coherent, To 
see this, consider the light waves propagating away 
from a single point-like incoherent source. The field 
produced at the source point consists of random 
fluctuations in time, but these fluctuations travel 
outward in a spherical wave at the speed of light. The 
fluctuations of the field of any two points an equal 
distance from the source will be the same, or perfectly 
correlated, because they arrive from the source at the 
same time, This is illustrated in Figure 1a, whe! 
random wave is emanated from a point incohe 
source. Because of the complete correlation, we can 
say that these two points are fully spatially coherent. 
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Figure 1 The distance between incoherent sources and two 
field points detormines the coherence betwoen the fiald paints. 
(a) Because there is only one source, the field everywhere is, 
determined by the radiation of that source. Therefore, the same 
fluctuations of the wave arrive at two points an equal distance from 
the source at the same time, and produce identical fields at both 
points, and so are completely coherent. (b) Two field points are 
how the same distance fram two incoherent sources. Because 
both sources contribute identical folds to bath points (because the 
fluctuations of the wave from bath sources arrive at both points at 
the same time), the superposition ofthe fields from both sources 
at both field points are identical, and so the fields are coherent. 
(c) Two field points are now near two sources. Because each field 
point receives radiation mostly from its nearby source and very 
Ite from the other source, the fialds at each field point are almost, 
‘completely mutually incoherent. 


So while the source itself produces random noise, the 
fluctuations of the field at points distant from the 
source become correlated because they originate from 
the same source, 

Partially coherent waves occur when the measured 
field contains a superposition of the fields from more 
than one incoherent source. If there are now two 
point sources instead of one, each field point in space 
will receive radiation from both sources. The amount 
of the contribution from each source to each point in 
space depends on the distance between the field point 
and the source. In general, because both sources can 
he different distances from the two field points, the 
fluctuations at the field points will not be the same. 
For example, two field points that are the same 
distances from both sources will be perfectly corre- 
lated, or coherent, because they receive the same 
combination of fields from both sources. This 
situation is illustrated in Figure 1b. However, if one 
considers two points that are near both respective 
sources, the points will usually receive light from the 
nearby source. Because the sources are incoherent, 
and each point is mostly receiving radiation from its 
closer source, these points will be nearly uncorre- 
lated, as shown in Figure le. 

A spatial distribution of incoherent sources radiat- 
ing various amounts of power will create a pattern of 
correlations in the field remote from the source. By 
using interferometry, the correlation between pairs of 
field points remote from the sources can be measured. 
The interference between two points in the electro- 
magnetic field is achieved by relaying the two fields 
(c.g., with mirrors) to a common location that has an 
equal travel time for the fields from both points, 
where the fields are superimposed. The power of the 
superimposed beams is then detected, by a photo- 
cathode, for example. If the two signals being 
combined are incoherent, then no interference will 
take place, and the total power measured on the 
photodetector is simply the sum of the power of the 
two signals. However, if the two signals are partially 
coherent, there will be a deviation in the measured 
power from the sum of the power of the two signals. 
‘The magnitude of this deviation relative to the power 
of the constituent signals indicates the degree of 
partial coherence of the signal. 

An interferometer, such as depicted in Figure 2, 
gathers the light from two areas of the electromag 
netic field remote from an object and combines them 
together at the same point to form an interferogram, 
In this example, two telescopes of a known separation 
gather light from a star. The primary mirror of each 
telescope is of insufficient size to resolve the star as 
anything but a point. However, a telescope is used 
in practice to collect enough light to produce a 
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Figure 2 Two telescopes receive radiation froma stellar abjoct 
“The light is collimated and directed down the baseline to a point 
haifway between the telescopes, where the two images are 
interfered together onto a focal plane. 
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Figure 3 The image of two interfering wavefronts from a point 
‘object with various states of coherence. 


measurable interference signal. Each telescope 
primary mirror forms a point image of the star. At 
the image plane of each telescope a mirror directs 
the point image to a measurement plane equidistant 
between the two telescopes. This line that joins the 
two telescopes is called the baseline, and it is the 
baseline length rather than the individual telescope 
mirror size that determines the minimally resolvable 
size. The image from each telescope is superimposed 
by mirrors (or perhaps beamsplitters) and imaged 
onto a focal plane, to get an image similar to that of 
Figure 3. If the light arriving from one telescope is 
blocked, then the image formed looks like an Airy 
ring pattern formed by an image, a point-like object, 
which is the incoherent image of Figure 3. However, 
when both signals are allowed to interfere, the image 
will have vertical stripes superimposed on it. If these 
stripes are very prominent, so that the image is fully 
darkened inside the stripes, then an image similar to 
the rightmost image of Figure 3 is obtained, complete 
intereference is occurring and the two field points at 
which the telescopes are situated are coherent or 
completely correlated. If the stripes disappear, then 
no interference is occurring and the two feld 
points at which the telescopes reside are incoherent. 
These examples are shown in Figure 3, with images 
of two superimposed points with varying degrees of 
coherence on the top row, and a line plot of 
the measured field through the center of the 
images in the bottom row. The degree to which the 
contrast of the stripes is enhanced by coherence is 
referred to as the ‘modulation’ and indicates the 
degree or magnitude of partial coherence. 

In addition to having a degree of coherence, the 
correlation between two electromagnetic field points 
also has a relative phase shift. This phase shift is given 
by the relative position of the interference maxima, as 
shown in Figure 4. As the relative phase between the 
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Figure 4 The image of two interfering wavetronts from a point object with various phase differences between the two wavefronts. 
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fields collected by the telescopes changes (which is a 
function of the path length difference between the 
light arriving at the two telescopes), the peaks of the 
interferogram between the two telescope images shift 
position. By observing the depth of the formed 
interference fringes and the position of the fringes, 
both the amplitude and the phase of the correlation 
between the two field points can be simultaneously 
measured. The amplitude of the modulation and 
the phase of the interference are used to compute the 
complex degree of coherence that is used in the 
computation of interferometric images. 

In practice, the phase of the complex degree of 
coherence is much more difficult to measure than its 
magnitude. This is because while the amplitude tends 
to change very slowly as the positions of the two 
correlated points change, the phase is sensitive to 
changes in relative path length on the order of an 
optical wavelength. Even though a long baseline 
produces better resolution, the baseline length must 
he known to a small fraction of a wavelength to 
obtain a meaningful phase measurement. Minute 
vibrations in the positions of the mirrors on the 
baseline can easily cause fluctuations in the path 
length greater than a wavelength. This is observed as 
wild oscillations in the position of the fringes on the 
image plane. In addition, atmospheric turbulence can 
also produce large random phase shifts. Achieving a 
stable phase measurement is one of the most 
challenging engineering aspects of interferometric 
imaging. 

To model realistic sources, we must determine the 
coherence produced by sources of a finite size, Finite 
size incoherent radiators can be regarded as an 
arrangement of an infinite number of point-like 
incoherent sources radiating various amounts of 
power. When an interferogram is made of a field 
which has two superimposed incoherent sources, the 
power of the interferograms that each would make 
alone is added together, rather than the fields of 
the interferograms. This is because when the fields of 
the two sources interfere, the phases of both sources 
are varying randomly over time. The two fields will 
randomly vary between constructively and destruc- 
tively interfering with each other. Over a long time, 
the constructive and destructive interference averages 
out to no interference. We can then calculate what the 
interferogram of many incoherent sources combined 
is by computing the interferogram of a point source 
and adding the power of many such interferograms 
together. 

To figure out what the power of an interferogram 
of an arbitrary object is, first consider what the 
interferogram of a single point source is. Consider a 
situation depicted in Figure 5, but with a single point 
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Figure § Diagram of source and telescope plane used for 
derivation of Van Gittert-Zerike theorem. A source ata distance 
2 from the tolescope plane has a power density (x.y). The 
{olescope plane has two movable apertures symmetric about the 
origin ofthe telescope plane separated by (4x.Ay). The ligt trom 
both apertures is directed tothe center of the baseline atthe origin 
of the telescope plane, where itis interfered on the sensor. 


illuminator at the source plane positioned at (x,y,z) 
with radiant power I. We will have a receiving plane 
at a distance z from the source plane with two 
telescopes located symmetrically about the origin 
at (Ax/2,Ay/2,0) and (—Ax/2,—Ay/2,0). The fields 
received at the telescopes from the point will be 
interfered together at the center of the baseline, which 
is at the origin. We will assume that the point source 
produces a narrow band of radiation centered at 
wavelength A. The point source produces a spherical 
wave that is received at both telescopes. The inter- 
ference power is proportional to the two intensities 
measured at each telescope with the relative phase at 
the two telescopes causing constructive or destructive 
interference: 


Pel +l +2 hh cos feu 


where I; and I; are the intensities of the field at each 
telescope, and ¢ is the phase difference between the 
two fields at each telescope. We will assume that the 
point (x.y.2) is very far away from the telescopes, and 
so the intensities at the two telescopes are equal and 
proportional to the point intensity I, so that Po 
I(1 +608 6). The phase gis given by the difference in 
distance from the the source point at (x,y,z) to the 
receivers at (Ax/2,Ay/2,0) and (—Ax/2,—Ay/2,0), 
The phase is given by the difference in the Euclidean 
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distances: 
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where the second term gives the difference in the 
distance to a first-order approximation in x and y. 
The interference intensity relation is then Po 
I(1 + cos(2ar(xAx + yyyzA)). 

If the source is now of a finite site, we can regard 
it as radiating an intensity (power per unit area) 
Icx,y). To compute the total intensity of the inter- 
ferogram, we integrate over all the sources in the 
source plane: 


Peasy | eegy(t +cos(2ar(xAx-+yAyy/za))dedy 
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This result can be interpreted as follows. The 
intensity of the interference when the two telescopes 
are separated by a distance (Ax,Ay) is proportional 
to the real part of the two-dimensional Fourier 
transform of the intensity distribution I(x,y) eval- 
uated at spatial frequencies (Ax/zA,Ay/zA), plus a 
constant intensity. This result, related to the Van 


Cittert-Zernike theorem, is a commonly used result 
in interferometric imaging. It is covered in more 
detail in Coherence: Overview. 

By moving the telescopes to various horizontal 
and vertical separations and measuring the inter- 
ference intensity, the real part of the Fourier 
transform of the intensity is inferred. In practice 
the imaginary part can also be found by varying the 
baseline optical path length difference by a quarter 
wavelength. With these samples of the Fourier 
transform, the inverse Fourier transform computes 
the image intensity distribution I(x,y). This is how 
simple computational image formation occurs with 
interferometric data. 

One application of the Van Cittert-Zernike 
theorem and interferometric imaging is the measure- 
ment of the diameter of stars. When observing 
coherence, the correlations between field points tend 
to decrease as the separation between the points 
grows. By observing this decrease of the coherence, 
the angular size of a star can be measured. This 
method was pioneered by Albert Michelson in 1890 


with the invention of the Michelson Stellar Inter- 
ferometer. It is needed because the aperture size 
required to measure the angular diameter of most 
nearby stars in the Milky Way is larger than the size of 
most telescope apertures. Stars usually have a circular 
profile that produces a circularly symmetric pattern 
of correlations. The coherence between field points as 
the distance between them is increased does not 
decrease monotonically, but disappears at certain 
separations, and has many revivals. The first separ- 
ation distance at which interference disappears (and 
the degree of coherence is zero) for a circular profile 
object is do = 0.61A/a, where A is the wavelength of 
the light measured from the star, a is the angular 
diameter (in radians), and do is the first separation 
from zero at which the interference disappears. In 
practice, each wavelength produces a null in inter- 
ference at a different separation, so all but a small 
bandwidth of the star’s light is filtered out before 
measurement to achieve a suitably strong interference 
null. For example, for the star Sirius, which has an 
angular diameter of 0.0068 arc seconds viewed from 
the Earth, measuring at a wavelength of A = 500 nm 
(blue-green in the visible spectrum), the first separ- 
ation distance at which no interference will be 
observed is at 18.5 m. This is larger than the largest 
available telescope aperture, and therefore an image 
cannot be directly formed that can resolve the size of 
Sirius. 

Modern examples of stellar interferometry include 
the European Southern Observatory in Paranal, 
Chile, the CHARA Array at Mt Wilson, California, 
USA, and the NASA Jet Propulsion Laboratory Keck 
Interferometer in Hawaii, USA. The ESO main 
telescope system is the Very Large Telescope Inter- 
ferometer (VLTI) consisting of four 8.2 m diameter 
telescopes as well as several smaller ones that can be 
moved independently, and will achieve milliarc- 
second resolution through the interferometric com- 
bination of the telescopes. These telescopes are 
connected by underground tunnels through which 
the collected light from each telescope is combined. 
To measure the phase of the interference, extreme 
positioning precision is required in the relative delay 
between the light collected by the telescopes along 
the baseline, of 50nm over 120m, or 1 part in 
2400 million, equivalent to 1.6 cm over the circum- 
ference of the Earth. Achieving this requires combi- 
nations of electronic and mechanical feedback 
systems with laser stabilized interferometric position 
measurement. The CHARA array has a very large 
330-meter baseline, with I-meter telescope aperture: 
The Keck Interferometer consists of two 10m 
diameter telescopes with a baseline separation of 
85 m. One of the main goals of achieving such high 
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resolution is to be able to observe planets and planet 
formation around distant stars, to identify possible 
signs of life in other solar systems. 

‘A similar principle is used for interferometric 
image formation in radio astronomy. The chief 
differences are the methods used to collect, detect, 
and correlate the electromagnetic radiation. Radio 
astronomical observatories, such as the Very Large 
Array in New Mexico, USA, and MERLIN at the 
Jodrell Bank Observatory in Cheshire, UK, use 
‘collection dishes and radio antennas to directly 
measure the electric field, which is not feasible at 
optical frequencies. These fields are converted to 
electrical voltages, which can then be directly 
correlated using electronic mixers, rather than 
detecting the correlation indirectly through inter- 
ference. Because the wavelength is much larger, the 
stability requirements are greatly relaxed. Radio 
and optical frequency interferometric images are 
formed in essentially the same way, using the 
Van Cittert-Zernike theorem. 

Interferometric imaging methods have also 
become of interest for microscopy applications. 
Aperture synthesis is not needed in microscopy, 
because the objects of interest are very small and 
therefore single apertures can be used to achieve 
diffraction-limited resolution. However, interfero- 
metric detection of partially coherent light affords 
greater flexibility because an image may be com- 
puted from the data rather than being directly 
detected. Typically this is achieved by creating an 
incoherent hologram of the object, typically through 
shearing interferometry. For example, by using a 
Rotational Shearing Interferometer, one can measure 
an incoherent hologram that can be used to produce 
a representation of an object with a greatly increased 
depth-of-feld. In addition, direct detection of the 
partial coherence of sources can allow the methods 
of computed tomography to be used to produce 
three-dimensional images of volumes of incoherently 
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Introduction 


Light detection and ranging (LIDAR) refers to an 
optical system that measures any or all of a variety of 
target parameters including range, velocity, and 


emitting objects. Because of the versatility that 
interferometric detection can provide, interfero- 
metric imaging will surely be increasingly used 
outside of astronomy. 


See also 
Coherence: Coherence and Imaging; Overview. 
Holography, Techniques: Overview. Incoherent 


Sources: Lamps. Interferometry: Overview; White Light 
Interferometry. 
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chemical constituents. Usually a LIDAR system 
consists of a transmitting laser source, transmitter 
optics, receiver optics, and a detector. Several 
configurations of LIDAR systems are possible, based 
on the type of laser source and detection scheme 
selected. Basically, sources can be continuous 
wave (CW), pulsed, or chirped. Sources that are 
CW are most often used to measure velocity or 
chemical constituents. Pulsed and chirped sources 
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provide the additional capability of measuring 
range. LIDAR receivers are cither incoherent 
(direct detection — amplitude only) or coherent 
{heterodyne detection — amplitude and frequency). 
Generally, for velocity detection, a coherent receiver 
with a local oscillator (LO) laser is required. A 
coherent receiver is also needed if a chirped laser 
source is used, for instance, in frequency modulation 
continuous wave (FM-CW) LIDAR. 

For the special case of imaging LIDAR, the detector 
has multiple elements. In an imaging LIDAR system, 
the detector, or focal plane array (FPA), and the 
receiver optics are designed to image independent 
volumes in object space onto individual elements in 
the FPA, Each detector element, therefore, contains 
information for a specific volume in space and can be 
thought of as an independent LIDAR system. The 
advantage of an imaging LIDAR system is that 
multiple measurements can be made on extended 
target(s) at the same time. Thus, characterization of 
rapidly changing events (like wake vortices), speckle 
reduction by spatial averaging, synthetic aperture 
radar, multiple target tracking, and target identifi- 
cation are all possible without the sophisticated 
algorithms and hardware platforms required in single 
channel scanning systems. In addition because the 
multiple pixels allow parallel image capture, a true 
imaging LIDAR can acquire data much more rapidly 
than a scanning system. 

In this chapter, for clarity, the emphasis will be on 
imaging LIDAR systems applied to hard body targets 
for the measurement of range and velocity. The basic 
configurations presented here, though, are extensible 
to distributed targets and measurements of wind 
profiles and atmospheric constituents. Also, since 
general textbooks are available that cover LIDAR 
systems and incoherent imaging systems, the concen- 
tration will be on architectures, optics, detectors, and 
design considerations that are specifically applicable 
to coherent imaging LIDAR. 


Frequency 


Frequency Modulated Continuous 
Wave (FM-CW) LIDAR 


One LIDAR technique, which is particularly suited 
for imaging due to the simplicity of the processing, is 
FM-CW LIDAR. FM-CW LIDAR simultaneously 
measures range and velocity (Doppler shift) by using 
a frequency chirped waveform. Referring to Figure 1, 
assume that a continuous wave (CW) laser frequency 
is linearly modulated (chirped) by a triangular wave 
about an offset frequency, such that the modulated 
signal is given as: 


f(y 


[tar ii} 


where f, is the subcarrier offset frequency and ais the 
linear modulation rate in frequency/second, and ris a 
time variable. The transmitted heam is focused by the 
optical system onto the target surface, reflected (or 
absorbed or scattered) and arrives at the receiver after 
seconds, where 


and R is the distance to the target surface, and cis the 
speed of light. The returning signal is optically mixed 
with the LO on the detector and produces a sum/ 
difference beat frequency (Af). Figure 1 shows the 
incident wave with its linear or chirped frequency 
characteristics and the delayed version returned from 
the target. Only the difference frequency can be 
optically detected since only it falls within the 
detector’s bandwidth. Assuming the target is not 
moving, the result is 


Af=fl+9-(=f,talt+7-(f,tat)=ar [3] 
where a=B/T, the chirp rate of the modulator in 


units of Hz/s, B is the modulation bandwidth, and T 
is the period of the chirp. Substituting into eqn [3] for 
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Figure 1 Triangular-wave modulation Envelope on the transmitted beam (black) and retum beam (gray). 
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B(,R cT 
ay 2 (8 <p) Af (down 
y=204) 41 Ttsycap)—aytdown)} is] 
Finally, one can solve for the distance to the target, R, and the line-of-sight (LOS) velocity is 
aa fanetion of the beat frequency and chizp rates 
AS Af(up)+Af(down) } 
r = ff Mio + Adon oI 
a. 5 
R= St Is] 2, z 


The difference frequency, Af, is the same for the up 
and down ramp of the modulation signal. Figure 2 
demonstrates the return signal for the case of a target 
moving toward the LIDAR system. The difference 
frequency now contains a component proportional to 
the target induced Doppler shift given by 


fa=2— 6) 


where v is the line-of-sight target velocity and A is 
the laser wavelength. From Figure 2, the Doppler 
shift causes the difference frequency on the up ramp 
to be less than the range induced frequency shift 
given by eqn [5] and the net difference frequency is 
greater on the down slope. In this case, the difference 
frequency is given by 


Af= 


)+h 71 


The range and Doppler contributions to the differ- 
ence frequency may be separated by measuring 
the frequency difference over both the up and down 
chirp of the waveform. The Doppler frequency 
fs=Aflup)—Af(down) and the range is given by 
the average of Af(up) and Af(down) over a complete 
cycle of the modulating triangular wave. Therefore, 
substituting in eqns [5] and [6], the range may be 


Frequency 


ftup) 


‘The range resolution of a FM-CW LIDAR system is 
the range for which the difference frequency equals 1 
cycle in the sweep time interval of T or Af=1/T. 
Then, from eqn [5], the range resolution, AR, is 
given by 


{10} 


Therefore, the range resolution is only a function 
of the sweep handwidth and nor the laser wavelength. 
However, the Doppler shift is dependent on the laser 
frequency. The accuracy with which the difference 
frequency may be determined is a function of the 
number of cycles over which the measurementismade, 
The number of cycles is maximized for the case of 
7=T/2 or T should be set for twice the time delay for 
the maximum range of interest. 


Numerical Example 


A range resolution of 30cm requires a chirp 
bandwidth, B, of 500 MHz, For a total range of 
interest of 10km, the chirp time, T, should be 
133.33 ws or the chirp rate should be 3750 Hz 
(1 up and 1 down ramp per cycle). The difference 
frequency for a 10 km range target will be 250 MHz, 
which demonstrates the need for wideband detectors 
to capture high-resolution range images (Table 1). 


Sweep bandwidth, Bf, 


— Return beam 
with Doppler shit 
‘Transmitted beam 


Time 


Figure 2 Lidar return with Doppler shift proportional to target velocity 
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Table 1 Summary of FM-CW LIDAR characteristics 


Parameter Vaiue 
ange resolution (m) oa 

Chirp rate (Hz) 3750 
CChitp bandiwiath (Hz) 500 x 10° 
Maximum range (km) 10 


Optical Configuration for Imaging 
LIDAR 


Imaging LIDAR systems can be constructed for 
virtually any wavelength range with appropriate 
sources, optical components, and detectors. The 
design of an optical receiver system capable of 
recording coherent images requires additional con- 
siderations over those necessary for a video camera or 
single-channel receiver. First, the collection optics 
must have resolution capabilities consistent with both 
the detector grid dimensions and the coherence 
properties of the source. Next, the local oscillator 
(LO) power must be applied to each array element. 
For a typical infrared (HgCdTe) detector, one to ten 
milliwatts of LO power might be required to reach the 
shot noise limit, For large arrays, this may result in 
unacceptable heat loads, even for momentary appli- 
cation. Thus, detector arrays with substantial spacing 
between detector elements benefit from the application 
of individual LO ‘beamlets’ to shield the insensitive 
portions of the array substrate. These beamlets 
can be generated by illuminating a mask containing 
an array of holes with the LO Gaussian laser beam. 
This scheme is illustrated in Figure 3. 

In the configuration shown in the figure, the signal 
beam (from the target) and the LO beamlets are 
combined at the beamsplitter prior to being focused 
onto the detector plane by the objective lens. The 
detector plane coincides with the far-field image plane 
of the objective lens, and any additional optical 
elements utilized to enhance the camera’s resolution 
are not shown, An expanded LO beam illuminates an 
aperture array located at the farfield object plane of 
the ancillary lens. For instance, if the objective lens 
and the ancillary lens are identical, the LO mask is 
imaged onto the detector plane with unity magnifi- 
cation. The detector surface is assumed to be flat with 
uniform video and heterodyne quantum el 

Several aspects of this design are discussed below. 
We first discuss how the optical parameters may be 
adjusted to give nearly-Gaussian LO profiles at each 
detector position. The receiver antenna array is then 
shown to consist of nonoverlapping sub-beams 
spaced with the detector array geometry. Signal 
considerations for both incoherent and coherent 


sources are then discussed, and itis found that optimal 
detector size and array-spacing is dependent on the 
coherence properties of the intended object field. 


Aperture Array 


As an alternative to holographic LO beam array 
generation, the LO mask design presented here 
consists of an array of apertures with size and 
spacing equal to the detector dimensions. The LO is 
expanded to coherently illuminate the entire mask 
with approximately uniform intensity. The mask is 
located at the front focal plane of the ancillary 
lens and its image is located at the back focal plane 
(detector plane) of the objective lens. The coherent 
image of the mask formed at the detector plane by 
the ancillary-objective lens combination can be 
described by a two-stage Fraunhofer diffraction 
process. 

Finite dimensions of the ancillary pupil results in 
spatial filtering which can affect the image profile of 
the LO mask. If desired, the ancillary pupil may be 
chosen to provide nearly-Gaussian LO beamlet 
profiles with beam waists at each detector location. 

Itis useful to first consider the coherent image of a 
single aperture uniformly illuminated with plane LO 
wavefronts. In one dimension, this wave train 
diffracts from the aperture to form a far-field 
diffraction pattern at the Fraunhofer plane of the 
ancillary lens given by 


sin(B) 


(B) = Er ny 


B 


where B= $b sin(0), k = 2n/A, Ais the wavelength, 
b is the aperture width, and is measured from the 
optical axis. For small @ B= mbulaf) where » 
measures a point on the Fraunhofer plane and f is 
the focal length of the ancillary lens. The finite 
diameter D (determined by an aperture stop in the 
Fraunhofer plane) of the ancillary lens spatially filters 
the diffraction pattern and this limits the range of B 
values in eqn [11]. We define an aperture-limited 
pupil as one which limits f to the range — < B < 7, 
this will be the case when f/D = b/2A. 

Consider nowa linear aperture array consisting ofN 
individual apertures of width b and separation a > b. 
Assume that each aperture is illuminated by plane, 
uniform, mutually coherent LO wavefronts of equal 
intensity. In this case, the LO profile at the Fraunhofer 
plane is characterized by the diffraction pattern for a 
coherently illuminated linear diffraction grating: 


= sin(Na) 

Ey(#) = Eosine (Nina (12) 
where a = $a sin @and where B, &,and k are defined 
above. 
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Figure 3 The individual beamlets are generated by the local oscilator or aperture mask. Reproduced with permission trom Simpson 
ML, Bennett CA, Emory MS, et a. (1997) Coherent imaging with two-dimensional facal-plane arrays: design and applications. Applied 


Optics 96: 6913-6920. 


Propagation of the LO from the ancillary lens 
Fraunhofer plane to the detector plane can be 
described by applying the Fraunhofer diffraction 
integral to eqn [12] with integration limits appro- 
priate to the ancillary pupil dimensions. The larger 
pupil gives increased illumination at the detector 
edges while the aperture-limited pupil gives a 
nearly Gaussian LO profile with Ie points close 
to the detector edges. 


Receiver Antenna Array 


The requirement of wavefront matching between 
the LO field and the signal field leads to the notion 
of an ‘antenna beam’ or equivalently, ‘backward 
propagating LO” (BPLO) to define the field of view of 
an individual heterodyne receiver element. This beam 
is formed by allowing a reverse projection of the local 
oscillator field to diffract from the detector surface, 
through all collection optics in the signal beam path 
toa point on the object field of the imaging system. A 
receiver array will produce an array of such BPLO 
beams which must maintain the detector array 
geometry in the object field if the LO and signal 
beams are to mix efficiently. 

As above, spatial filtering by the receiver pupil 
(assumed to be located at the Fraunhofer plane of the 
objective lens) will affect the BPLO profile. In the 
Fraunhofer plane of the objective lens, the uniformly 
illuminated single-detector BPLO profile is given by 
eqn [11], and we define an aperture-limited detector 
as one which limits the range of to * 1. Similarly, 
eqn [12] characterizes the BPLO profile resulting 
from a detector array uniformly illuminated with an 


extended uniform LO wavefront. The uniform 
illumination BPLO profiles in the object field differ 
from the detector plane profiles only in horizontal 
scale which now is consistent with the magnified 
detector dimensions. 

For our purposes, we may define the far field of 
the objective lens according to the condition for 
maximum Gaussian beam collimation: 


U3) 


where wy is an effective BPLO Gaussian beam waist at 
the Fraunhofer plane and w, is an effective BPLO 
beam waist at the detector. Under this circumstance, 
the BPLO Rayleigh range is Zp = Tw}/A = flwplar). 
Identifying wo/ay as the magnification (notice that 
for the BPLO, the magnification is greater than 
unity) gives d,=(d/f)Zp ~ Zp where d, is the 
object distance and d, is the image distance. Thus 
the far-field of the objective lens is at least one BPLO 
Rayleigh range away. 

The object field BPLO profiles for an aperture- 
limited detector array consists of nearly Gaussian 
sub-beams with Le points located approximately at 
the magnified detector edge locations. Since the far- 
field object distance exceeds Zp, the divergence of 
cach BPLO sub-beam is constant and remains distinct 
and nonoverlapping for all da > Zp. 


Imaging Applications Involving Incoherent 
Sources 


For an object plane in the far field of aperture-limited 
collection optics, the nearly Gaussian-profile BPLO 
propagates from the receiver aperture according to 


discre 


miconductor > single junction > diode 


How It Works 


APN diode is a two-layer semiconductor, usually 
fabricated from silicon, sometimes from germa- 
nium, and rarely from other materials. The layers 
are doped with impurities to adjust their electri- 
cal characteristics (this concept is explained in 
more detail in Chapter 28). The NV Jayer (on the 
negative, cathode side) has a surplus of elec- 
trons, creating a net negative charge. The P lay- 
er (on the positive, anode side) has a deficit of 
electrons, creating anet positive charge. Thedef- 
icit of electrons can also be thought of as a sur- 
plus of "positive charges,” or more accurately, a 
surplus of electron holes, which can be consid- 
ered as spaces that electrons can fill. 


When the negative side of an external voltage 
source is connected with the cathode of a diode, 
and the positive side is connected with the 
anode, the diode is forward-biased, and elec- 
trons and electron holes are forced by mutual 
repulsion toward the junction between thenand 
players (see Figure 26-4). In silicon diode, if the 
potential differenceis greater than approximate- 
ly 0.6 volts, thisis known as the junction threshold 
voltage,and the charges startto passthrough the 
junction. The threshold is only about 0.2 volts in 
a germanium diode, while in a Schottky diode it 
is about 0.4 volts, 


Ifthe negative side of an external voltage source 
is connected with the anode of a diode and pos- 
itive side is connected with the cathode, the di- 
‘ode is now reverse-biased, and electrons and 
electron holes are attracted away from the junc- 
tion between the n and p layers. The junction is 
now a depletion region, which blocks current. 


Like any electronic component, a diode is not 
100% efficient. When it is forward-biased and is 
passing current, it imposes a small voltage drop 
of around 0.7V fora silicon-based diode (Schott- 
ky diodes can impose a drop of as little as 0.2V, 
germanium diodes 0.3V, and some LEDs be- 
‘tween 1.4V and 4V). This energy is dissipated as 
heat. When the diode is reverse-biased, itis still 
not 100% efficient, this time in ts taskof blocking 


How It Works 
NP NP 
Current Flow No Flow 


Figure 26-4. Inside a PN junction diode. Left: in forward 
biased mode, voltage from a battery (bottom, with plates, 
colored for clarity) forces charges inthe N and P layers to 
ward the central junction of the diade. Current begins to 
flow, Right: n reverse-biased mode, charges in the N and 
P layers are attracted away from the central junction, 
which becomes a depletion region, unable to pass signif 
cant current. 


current. The very small amount of current that 
managesto getthroughisknownas leakage. This 
is almost always less than ImA and may be just 
a few uA, depending on the type of diode. 


The performance of a theoretical generic PN di- 
ode is illustrated in Figure 26-5. The right-hand 
side of the graph shows that ifa diodes forward- 
biased with a gradually increasing potential, no 
current passes until the diode reaches its junc- 
tion threshold voltage, after which the current 
rises very steeply, as the dynamicresistance ofthe 
diode diminishes to nearzero. The left-hand side 
of the graph shows that when the diode is 
reverse-biased with a gradually increasing po- 
tential, initially a very small amount of current 
passes as leakage (the graph exaggerates this for 
clarity). Eventually, if the potential is high 
enough, the diode reaches its intrinsic break- 
down voltage, and once again its effective resist- 
ance diminishes to near zero. Ateither end of the 
curve, the diode will be easily and permanently 
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the condition for maximum Gaussian beam collima- 
tion. The waist is at the Fraunhofer plane where the 
BPLO wavefront is nearly plane, while at the object 
field the BPLO wavefronts are spherical with radius 


equal to 
= Z\ 
Rd.) = af: + (2) | 


where we have set dy ~ f ~ da, 

It will generally be the case that an imaging system 
will be used to analyze extended objects whose size 
exceeds the resolution limit. Following convention, 
we define a spatially coherent source as one which is 
illuminated with spatially coherent light with 
appreciable structure and roughness of depth within 
the coherence length of the illuminating light, and 
where the target motion does not appreciably perturb 
the speckle field during the measurement process. The 
speckle effects, which so seriously degrade the 
information content in images formed of spatially 
coherent objects, are not present in images formed of 
incoherent objects such as thermal emitters. Speckle 
may be reduced by time-averaging speckle fluctu- 
ations resulting from target motion, atmospheric 
effects, and independent transmitter pulses, and in 
the limit such objects become incoherent pseudother- 
mal sources. Similar remarks apply to spatial 
averages over detector subarrays. 

Independent radiators on the object field produce 
disturbances which can diffract to illuminate the 
er aperture as well as a finite coherence 
area in the image field Aq given by 


14] 


entire re 


> a us) 


where 0; is the solid angle subtended by the receiver 
aperture at the image field. Alternatively, we may 
interpret Ay, as the area of an aperture in the object 
plane which, if illuminated with wavefronts charac- 
terized by eqn [14] (reciprocal illumination), would 
just fll the receiver aperture with a central diffraction 
order. Thus the combination of independent disturb- 
ances within the detector’s field of view on the object 
plane, combine to form a spatially coherent disturb- 
ance over the receiver aperture and within Aw. 
According to the Van Cittert-Zernike theorem, the 
complex degree of spatial coherence 1, is a unity 
amplitude wavetrain that propagates exactly as a 
signal beam resulting from the reciprocal coherent 
illumination of an object-field aperture of area Ac. 
Thus, and the BPLO are Helmholtz-reciprocal 
pairs whose overlap determines the mixing efficiency 
with which heterodyne signal is generated from 


radiation collected from an extended incoherent 
source. Following convention, we refer to the overlap 
of , and the BPLO as the effective receiver aperture. 

Detectors larger than the aperture-limit, whose 
area exceeds Aq, exhibit reduced receiver apertures 
and a corresponding decrease in heterodyne mixing 
efficiency. For example, varying the receiver pupil, 
while maintaining constant LO illumination, results 
in a heterodyne signal proportional to the received 
power for detector diameters much less than the 
aperture-limit, while detector diameters much greater 
than the aperture-limit produce heterodyne signal 
only in proportion to the square-root of the received 
power. Thus, for constant LO illumination and 
incoherent sources, increasing the entendue past the 
aperture limit will always increase the heterodyne 
signal, but less than for direct detection. 


Optimal Detector Size 


As noted above, an aperture-limited system is one 
where detectors of diameter d are matched with an 
objective lens with f/D = d/2A. Commercially avail- 
able detectors for use at 10am are commonly 
100 um wide suggesting the use of a f/5 lens, however 
aspheric lenses as fast as f/1 are also commercially 
available. Apart from aberrations, it would be 
advantageous to utilize a 5X5 subarray of 20 um 
detectors with an f/1 lens in place of a single 100 um 
detector for applications involving coherent source 
Applications involving incoherent thermal sourc 
would generally favor a wide detector/fast lens 
combination since thermal sources provide weak 
heterodyne signals. 


Noise Analysis and Performance 


Radar Range Equation 


The laser power requirements for the LIDAR system 
depend on the signal-to-noise ratio of the FPA, the i. 
amplifier performance, atmospheric transmission, 
and the optics system design. The following calcu- 
lations are used to determine the performance of the 
LIDAR system for a single pixel of the FPA. The radar 
range equation is 


Hes) ase)( SF) 8 


where P, 


received power; P, = transmitted 
power; G= antenna gain; oj» = radar cross-section; 
R= range; D = transmitting and receiving aperture 
diameter; Mam = atmospheric transmission; and 
Nye = optical system efficiency. 
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‘The beam divergence of the transceiver is 


[18} 


‘The radar cross-section for a lambertian diffuse point 
target is o> = 4p,dA. The target reflectivity is p and 
dA is the target area, which is effectively the size of a 
pixel of the FPA projected onto the target. For 
purposes of the following calculations, a surface 
reflectivity of 0.1 is assumed. The pixel size at the 
target (assuming Gaussian beam optics) is given by 


L-L2@T] 


where D = transmitter and receiver mirror diameter 
and it is assumed that the target is larger than dA. 

Finally, the signal-to-noise (SNR) ratio for a 
coherent receiver is given by 


_ a, 
SNR = [20] 
where 7 = detector quantum efficiency; P= received 
power from eqn [16] 6 =Planck’s constant; v 
frequency of laser; and By = post-detection band- 
width of signal processor. 


Numerical example 

Assuming an atmospheric transmission efficiency, 
‘aims OF 98%, an optical system efficiency, Mays 
of 30%, and a detector efficiency, , of 10%, 
the SNR was calculated as a function of the 
transmitting/receiving telescope (assumed to be a 
mirror) diameter, D, with target range asa parameter 
and plotted in Figure 4. This calculation assumed 
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Figure 4 The SNR saturates for a mirror diameter greater than 
30 cm at long range 


Pixel diameter at target (m) 


10 2 3 40 60 
Mirror dlameter (em) 


Figure § The pixel size determines the target cross-range 
image resolution. 


that the pixel field-of-view (FOV) at the target was 
illuminated with 1 watt of power. Even at a range of 
10 km, the 32 x 32 element imaging LIDAR receiver 
with a SNR of 100 for each pixel will require only 
75 watts (approximately 74-milliwatts per pixel) of 
total transmitted power for a mirror diameter of 
30cm, From Figure 4, it appears that the telescope 
mirror size could be reduced to a diameter of 20 cm 
and still maintain an excellent SNR. However, the 
SNR is not the only consideration on the transmitting 
telescope diameter. The cross-range target resolution 
is determined by the projected pixel size at the target. 
This target pixel size is plotted versus the telescope 
mirror diameter in Figure 5. Diffraction from the 
transmitting and receiving optic sets the limiting 
resolution that can be achieved with the LIDAR 
system and is only a function of the diameter and 
wavelength. A transmit/receive telescope aperture of 
30.cm seems to represent a good trade-off between 
cross-range resolution and SNR. 


Applications and Future Directions 


The remote sensing community has recognized 
the advantages of coherent receivers over conven- 
tional direct IR detection with respect to increased 
measurement sensitivity and multidimensional infor- 
mation capability. These advantages, however, come 
at a price of added system complexity, power, size, 
weight, and cost. In addition, choices of components, 
particularly in the long wavelength infrared (LWIR) 
region of the spectrum, have been limited to liquid 
nitrogen-cooled nonimaging detectors and table-top- 
sized gas lasers. Thus, implementations of imaging 
LIDAR systems have been primarily single detector, 
single source scanning systems which require high 
pulse repetition frequency lasers, complex tracking 
systems, and platforms, and augmentation of 
automated target recognition input to compensate 
for multiple, simultaneous measurements on the 
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same target. New technology developments in quan- 
tum well infrared photodetector (QWIP) detectors 
and arrays, and in HgCdZnTe technology are now 
paving the way toward thermo-electrically cooled 
LWIR imaging array detectors. Also waveguide, 
folded cavity, laser resonator designs are providing 
compact, lightweight packages for CO> lasers. 
Coherent receivers, that use the new focal plane 
arrays and compact sources, provide the capability of 
making parallel LIDAR measurements without the 
added hardware and software overhead of scanning 
systems. In the following section, several examples 
are provided that demonstrate the versatility of 
imaging LIDAR systems that use detector arrays for 
measurement applications such as chemical plumes, 
velocity gradients, and speckle reduction. 

Wideband heterodyne receivers are useful in 
measuring chemical species whose absorption peaks 
are not well aligned with the laser source line. If the 
species absorption peak corresponds directly with the 
laser line, an absorption measurement can be made 
using direct detection (amplitude only). For off-line 
(off-resonance) measurements, heterodyning is 
needed, where the bandwidth of the heterodyne 
receiver dictates how far away from the laser 
an absorption peak can be measured. For example, 
the CO, laser line spacing in the 9 to 12 micron 
region of the spectrum averages around 50 GHz. 


Te) GSD elven capon 


With the new QWIP detectors theoretically having 
heterodyne bandwidths of 30GHz or more, full 
high-resolution spectral coverage for the long-wave 
IR is within grasp. For chemical detection with 
heterodyne receivers, there are two modes of ope 
ation. The first is termed passive heterodyne radio- 
metry where the source is a black-body radiator and 
the absorption is measured for chemical species 
located between the blackbody and the receiver. The 
second mode of operation is thermoluminescence 
where a laser transmitter is used to excite a chemical 
species in the atmosphere and the resulting emission 
(luminescence) is measured with the heterodyne 
receiver. The advantage of imaging in both cases is 
the ability to capture chemical plumes in the presence 
of wind and other anomalies. 

To illustrate the ability of heterodyne imaging 
receivers to spectroscopically resolve chemical 
plumes, Figure 6 shows a series of 10x 10 pixel 
images of a small bottle of concentrated ammonium 
hydroxide against a 212°C blackbody recorded in 
both passive heterodyne radiometry and direct 
detection modes. Figure 6a shows a heterodyne 
image of the bottle with the top in place where, in 
Figure 6b the top is removed and the absorbing 
plume is clearly imaged. The heterodyne images in 
Figures 6a and 6b were recorded with the LO 
adjusted to emit the 9R(30) line which is known to 
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Figure 6 Ammonia plume characterization, 
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be absorbed strongly by NH). In Figure 6c, the same 
image was recorded by direct detection and fails to 
detect the ammonia plume. Similarly, in Figure 6d, 
the LO was adjusted to emit a nearby line known not 
to be absorbed by NH and the plume is again not 
detected, Both the objective and ancillary lens we 
FIL 38mm, and the object field was about thr 
meters away. The top of the bottle was approximately 
2cm in diameter and is located at the bottom of the 
field of view. Measurements utilizing hot ammonium 
hydroxide imaged against a cold background resulted 
in similar images (albeit at substantially reduced 
signal to noise ratios) where the plume was bright and 
the background was dark. 

Another use of imaging LIDAR is the measurement 
of velocity profiles. Applications include wake vortex 
measurements for aircraft, wind shear detection, and 
vibration signature measurements for identification, 
In another experiment, active mode images we 
recorded by illuminating the target with a portion of 
the LO laser beam which had been shifted in 
frequency by 40 MHz using an acousto-optic modu- 
lator, The resulting Doppler image is recorded using 
an 8X 8 HgCdTe array with discrete electronics for 
each pixel element in the array. Figure 7 shows the 
active image of a vertical squirrel cage fan where each 
pixel is rendered to represent the peak Doppler shift 
measured with the detector at the corresponding 
location in the image plane. The moving target 
scatters incoherently and thus speckle effects do not 
degrade the image. The measured Doppler shifts 
are consistent with the known rotational velocity of 
the target. 

Speckle effects associated with coherent mixing 
of laser light reflected from an extended target 
(constructive and destructive interference) are a 
major source of noise in LIDAR measurements. 
These speckle effects can be reduced by signal 
averaging. For single detector LIDAR, averaging 
over many transmitter pulses can reduce speckle 
but this technique also reduces temporal resolution. 


Figure 7 Doppler image of a rotating squirrel cage fan, 


The alternative considered here is to sacrifice spatial 
resolution by averaging over an array of detectors, all 
of which record the signal returned from a single 
transmitter pulse. Detectors separated by a coherence 
area diameter will record signals that approach 
statistical independence, and in this case speckle 
effects can be reduced by an amount approaching 
the square-root of the number of detectors in the 
subarray. 

‘The following laboratory experiment demonstrates 
speckle reduction by spatial averaging with a fixed 
focal plane array. The receiver used in this experiment 
consists of a 3X3 array of HgCdTe detectors, The 
S0-micron diameter detectors are arranged in a 
square pattern, with 100 micron center-to-center 
spacing. Custom electronics multiplex the output of 
each detector for subsequent processing. As with the 
velocity profile experiment, LIDAR illumination is 
produced by frequency shifting a portion of the LO 
beam by 40 MHz with an acousto-optic modulator 
prior to illuminating the object field. Polarization of 
the illumination beam in the experiment is parallel 
to the LO prior to scattering from the target. 
The measured receiver bandwidth, limited mostly 
by the dewar design, is about 100 MHz, which 
permits the acquisition of the 40 MHz heterodyne 
signal. The collection optic consists of a 38 mm f/2 
asphere which produces a 2 mm diameter pixel image 
at a 3m object distance. 

‘The target for this experiment is a 30 cm diameter 
disk coated with an aluminum powder. The particle 
size of this powder ranges from 1 to 100 microns as 
determined by electron microscopy. The disk is 
attached to a stepper motor that is incremented 
between frames to provide statistically independent 
speckle fields. Figure 8 shows the distribution of 
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Figure 8 Speckle reduction using spatial averaging over a 
‘coherent aray. 
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measurements taken with a single pixel superimposed 
on the distribution taken by averaging over the focal 
plane array. A reduction in speckle noise by a factor 
of the square root of the number of averaged pixels is 
obtained as predicted. 

In this chapter, an overview of imaging LIDAR 
systems has been presented. Imaging LIDAR system 
design, performance, and application were discussed. 
With new technology developments in wide-band- 
width QWIP detector arrays, thermo-electrically 
cooled detectors, and compact sources, substantial 
potential exists for imaging LIDAR systems in the 
next generation in remote sensing. Due to the 
parallel, multifunction measurement capability of 
these new receivers a single sensor system can provide 
three-dimensional information, including range, 
shape, velocity, and chemical composition. In 
addition to the sensor fusion advantages, snapshot 
imaging allows the capture of high-speed, rapidly 
evolving events that elude present scanning systems, 


Environmental Measurements: Doppler lidar. Imaging: 
Infrared Imaging. 
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Introduction 


The ability to project an image onto a sereen in a 
darkened room has been known since antiquity and 
Leonardo da Vinci (1515) precisely described prin- 
ciples of the Camera oscura. When one exposes a 
paper sheet directly to sunlight, it is uniformly 
lighted. However, if one pierces a little hole through 
the paper sheet then an image of the sun can be 
displayed on a screen beyond the hole (Figure 1). 
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Similarly, the shape of the light spot we can see in a 
dark room, from the rays passing through a small 
aperture of a closed shutter, is not that of the aperture, 
Generally, the spot has a circular shape, as an image 
of the sun, Actually, it is neither a shadow of the hole 
nor an image of the sun but a combination of both. 
Light incident on an aperture contains the entire 
information about the light distribution of the object, 
but this information has to be ‘deblurred’, or 
decoded. The aperture acts as an elementary spatial 
2D-filter that selects and preserves the direction and 
intensity of light rays coming from each point of the 
scene, The projection on the screen of each pencil of 
light passing through the hole is a small light spot, the 
geometry of which is the same as the aperture, and 
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Figure 1 Principle of darkroom, 


the intensity is proportional to that of the emitting 
point, The smaller the hole, the more detail the image 
exhibits, but with less luminosity. Thus, we must 
adopt a compromise between the resolution and the 
illumination of the image. 

‘Now, if the mask has several holes, the amount of 
light reaching the screen, being proportional to the 
whole aperture area, is extensively increased. On 
the other hand, as each hole displays an image on the 
screen, the overlapping of these multiple images gives 
a new but blurred image. However, the information 
exists and we should be able to retrieve it if we know 
the characteristics of the complex aperture. This is the 
basic concept of multiplex imaging. The crucial 
question is: what is a good aperture design and a 
good way to reconstruct images having high resol- 
ution and with high illumination levels? The suitable 
masks with this aim are named synthetic apertures. 

Porta (1589) and Kepler (1611) found the perfect 
solution, by setting up a lens in front of a large hole. 
Indeed, one can regard a lens as a wide aperture made 
of continuously juxtaposed microprisms (Figure 2). 
The lens obtains such refractive properties that the 
image displayed by each of these microprisms is 
moved toward a center. Moreover, as the angle of the 
microprisms varies continuously, it focuses on a single 
point, all the rays coming from a given object point. 
‘Thus, the blurring is suppressed and the illumination 
is increased. The way was opened toward the inven- 
tion of optical instruments and photography and the 
‘pinhole’ has fallen into oblivion for a long time. 

Two new problems awake interest in synthetic 
apertures, around 1960. First, the domain of imaging 
has extended out of visible light: infrared and 
ultraviolet light, y-rays, X-rays, ultrasound waves, 
and others. Materials suitable for making lenses or 
mirrors, operating with such waves, are expensive or 
often do not exist. For example, most of the 
transparent materials have a refractive index close 
to 1 for yrays and X-rays. However, some are 
opaque enough to enable the use of masks, 


Microprisms 


‘Screen 


Lens 


Figure 2 A lens can be modeled as a juxtaposition of 
microprisms with continously variable angles. 


The second challenge appeared with progress in 
astronomy. In order to explore the universe more, 
further from Earth and closes to the Big Bang, 
astrophysicists needed telescopes providing very 
high luminosity and high resolution, since distant 
stars, nebulae, and other galaxies are extremely weak 
and small luminous objects. This exploration can be 
achieved by increasing the diameter of the primary 
mirror of telescopes. Indeed, due to diffraction of 
light by the pupil of the primary mirror, the 
theoretical limit of resolution of a telescope (i.e., the 
smaller distance between two points that one can 
discriminate), is inversely proportional to the diam- 
eter of the mirror In addition, the illumination is 
proportional to its area, However, the working of 
large mirrors is a technical prowess that is very 
expensive and has high risks. Defect of a fraction of 
micrometer when polishing the surface can have 
dramatic consequences, ¢.g., Hubble. Also, such 
mirrors, being heavy, can bend out of shape under 
their own weight. Nevertheless, outstandingly large 
telescopes have been implemented, based on Adaptive 
optics: the deformations of the mirror are measured 
in real time by an interference method and compen- 
sated by activating a mosaic of jacks (New Technol- 
ogy Telescope - NTT — European program, 1989). 
Another way consists in replacing the solid-state 
mirror by a mosaic of 36 mirrors accurately directed 
(Keck telescope, USA). However, in either case, the 
mirror diameter does not exceed 8 to 10 meters. 
Synthetic apertures could be a solution to that 
difficulty, as earlier demonstrated by Fizeau (1868) 
and Michelson (1890). 

In the first part of this article, any fundamentals are 
briefly recalled about properties of light and imaging. 
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The second part describes recent experimental 
methods and results obtained in synthetic aperture 
imaging. The last part reports the important programs 
in progress today relating to stellar interferometry. 


Background 


Electromagnetic Waves Propagation 


Light power, which is involved in image formation, is 
carried by the electric field of an electromagnetic wave 
(Figure 3). The electric field E has properties of a 
vector orthogonal to the direction of propagation N of 
the lightray. Itis characterized by its amplitude Eo, the 
angular time frequency of vibration w, and the wave- 
vector k, which specifies the propagating direction of 
the ray. Let P(d) be a current point on a plane wave- 
front, defined by the position vector d from the origin 
of the reference frame. The electric field propagation 
of a monochromatic wave is expressed as: 


E(d,t) = Ey explitk- 


= wt) fa) 


‘The light power carried by the electromagnetic field 
is proportional to I= * where E* is the 
complex conjugate of E. The time frequency v= 
2m, or the wavelength A=cly, where c is the 
electromagnetic wave celerity, characterize the hue of 
the light. The wavevector & = Nuc, where |INI| = 1 is 
an angular space frequency vector, asi = N/A = Nole 
isa space frequency vector. We have k = 277. As Aisa 
constant for a given monochromatic light, defines 
the direction of propagation of a ray. 


ol = 


Spatially Coherent Light 


Consider a very small source stated as the point 
source S,, emitting uniform lightwaves in any 


Figure 3 Electromagnetic wave propagation, 


Figure 4 Spatially coherent light 


direction (Figure 4). The wave reaching a farfield 
point, P, from Si, propagates along a direction 
defined by the wavevector ky, The vectors ky and 
dy =S,P are collinear. Another point source, Ss is 
characterized from P by the wavevector fz, such that 
ky and dy = S,P are collinear. When the distances d 
and dy are close to each other, the amplitudes Eo: and 
Eq, of the waves at P are proportional to those of the 
corresponding emitting sources, S, and S). According 
to the principle of superposition, the resulting field at 
the point P, E = E +E, and the instant wavevector 
&, are unique vectors. 

If S, and S; are two synchronous. sources, the 
amplitude Ey of E and the wavevector & are constant 
versus time at any point P. This is still the case when 
an extended object is made of an arrangement of 
synchronous points. That situation defines a spatially 
coherent object. Thus, one cannot recover multi 
data about the object's distribution, from the field 
framework at a single point P, since the relationship 
between the two is multi-unequivocal. Nevertheless, 
due to diffraction, one can retrieve them by knowing 
the complex amplitude distribution of light on a set of 
wavevectors available over an extensive area of a 
screen. Let Fo(F) be the amplitude of the electric field 
at the object point M(7) and let Ey(7i) be the one 
diffracted by the object to farfield toward the 
direction corresponding to the space frequency fi 
Fourier transforms give the connection between Eo(F), 
and EoGi): 


i) = fx #) explidaritld, 
- 21 
Eye 
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This is the situation encountered when an object is 
illuminated by a laser or by a point source such as a 
single star. 

Spatially Incoherent Light 


When the point sources S; and Sz are independent — 
spatially incoherent — both wavevectors k, and ky 
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Figure § Spatially incoherent light. 


coexist at the point P, each characterizing the 
angular position of S; and S, (Figure 5). If S, and 
S; are part of an extended intensity distribution 
1(7), fans of wavevectors and fields are mixed at 
P, each coming from an independent point source 
S. Together, they carry the whole data on the 
object distribution. Those data are partially uncor- 
related at any two points P and P’ on a screen, 
related to the different optical paths from any 
point S to P and P! and to the finite time of 
coherence of light. The correlation between data 
available to farfield in two directions i and # from 
the object, is given by the mutual intensity 
function, T(6i) = { EGi-E*Gi + Biiydii, where 71 = 
if — fi. Fourier transforms give the relation hetween 
To) and PGi: 


T(6i) = [1c esptiz weir, 
BI 
1a) = | V0) exp|—i2b7 186% 


Therefore, by drawing a map of P(Si), one can 
recover the object distribution In(7) by a Fourier 
transformation. Most of time, one uses the spatial 
degree of coherence function, (37) = T(@AyT(0). 
When the object illuminates a screen, at a large 
distance d, the degree of coherence of light between 
two points_P and P’ on the screen is &p/Ad), 
with 87= PP, The 2D extension of dp/Ad) defines 
the area of coherence of light on the screen, The 
width of the area of coherence, Ap, and that of the 
object distribution, Ar, are inversely proportional: 

Ap: Ar ~ ad (41 

If a mask perforated by two pinholes, separated 
by a distance 8, replaces the screen, one can 
observe Young fringes of interference beyond 
the mask, the visibility of them being precisely 
y(@plAd). Therefore, one can built a map of 
‘y(BfIAd) versus 9 from a set of 2D measurements 


of visibilities of fringes, then reconstruct the object 
distribution by a Fourier transformation. 


Notice that the entire data of the object distribution 
is available from a single coherence area, That is, a 
pinhole covering exactly one area of coherence would 
select the entire available data from the object and 
would display to farfield the most accurate image 
possible. Generally, such a pinhole is so small that 
practically no light passes through it. However, we 
can regard each area of coherence as an independent 
channel of information. Then an imaging device 
based on a juxtaposition of such reduntant channels 
can be considered as a multiplex imaging device. 

Self-luminous objects such as extended or double 
stars, and artificial thermic sources are spatially 
incoherent sources. 


Multiplex Imaging 


Methods of multiplex ~ or lensless — imaging are 
performed either with coherent of incoherent light. 
The very different properties of the two types of light 
leads to completely different methods, even if all are 
related to holography. Holography with coherent 
light is an interference method for local recording of 
both the direction and modulus of the wavevectors 
and the amplitude of the field contained in many 
juxtaposed grains of speckle, scattered by the object. 
Each grain is an independent channel of imaging 


‘Synthetic Apertures with Spatially Incoherent 
Objects 


As interferences are impossible by this method with 
incoherent light, we must improve other methods of 
imaging. Synthetic aperture is a concept consisting of 
using a redundant multichannel system to increase 
the luminosity of images without loss of resolution. 
The basic principle is that of a multiple holes 
darkroom. The processing is in two steps: recording 
and reading the image. The recording step consists in 
illuminating a photosensitive receptor with the object 
through a mask (Figure 6). Generally, the receptor is a 


Shadowgram 


Figure 6 Principle of synthetic aperture: recording, 
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photographic plate, Obviously, the light distribution 
on the plate is blurred. Indeed, any elementary 
transparencies on the mask project on the receptor 
inverted images of the object located the shadow of 
the mask. Such a distribution is expressed by a 
convolution. Let O(x,y) be the conical projection of 
the object on the receptor and Z(x,y) that of the 
mask. The shadows distribution on the receptor is 
(the variable being normalized): 


V(x’, ¥) = Zx, y) * Ow. y) 


=| 


The reading step is a decorrelation processing from 
the recorded intensity (Figure 7). It consists in 
achieving a new correlation of I with an arbitrary 
function T: 


Dix! x.y — yd dy 15] 


9) = Thx, y) #[Z(x, 9) * Oy] 
=(Tix.y)* Zee. y)1* Oly) 6 


Rix, 9] = [T(x,y) + Z(x.9)] is the system point spread 
function (SPSF) of the processing. It expresses the 
image distribution of a single-point, The perfect 
image is obtained when R(x,)) is a 2D Dirac — or 
delta~ distribution, d(x, y): 


R(x, y) = Sex,y), as fo. OG! — x,y —y) 


xdx dy = O',y/) (71 


Fresnel zone plates 

First Mertz and Young used Fresnel zone plate (FZP) 
as a synthetic aperture for X-ray imaging purposes. 
FZPs are made of alternate transparent and opaque 
concentric crowns of equal area, The radius of the nth 
circle is r, Yi, r, being the smallest. When illuminated 
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Figure 7 Synthetic aperture: reading 


by a cylindrical light beam, the FZP is a multiple foci 
diffractive lens (Figure 8). 

The reading step is either analogical or numerical. 
Through the analogical method, we consider the 
recorded plate as a pseudohologram (Figure 9). When 
the ‘shadowgram’ is lighted with a parallel beam of 
laser light, the FZPs recorded around each point 
concentrates the light on its foci. Then an image of the 
object is reconstructed on the focal planes; a method 
that is simple and elegant, Nevertheless, the proces- 
sing is not linear since we record an intensity 
distribution at the recording step, while the reading 
step by diffraction involves amplitude. Moreover, the 
SIN ratio decreases as the amount of data increases, 
recorded on the photographic plate because of its 
finite dynamic. 

Mertz and Young had the idea of using a second 
FZP to perform the deconvolution processing by 
optical methods. In this case, the SPSF, R(x,y), is the 
autocorrelation function of the FZP transparency 
(Figure 10). It presents a narrow central peak, 
emerging from a pyramidal ground (Figure 11). 
The optical setup is the same as the recording step. 
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Multiple foci 


Figure 8 Properties of FZP. 


Image 


Parallel ight beam 
Recording Reading 


Figure 9 Recording and analogical reading with a FZP. 
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Figure 10 Optical decorrelation. 
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Ay 


Figure 11 Systom point spread function with a Fresnel zone 
plate. 


The FZP scale factor only must be adjusted to 
compensate for the magnification ratio generated by 
the conical projection at the recording step. 

In cither digital or analogical deconvolution, the 
image reconstructed is accurate, with good sharpness, 
if the number of zones is sufficient. Ceglio et al. 
obtained relevant images of 8 wm targets with FZP 
having 100 zones. Nevertheless, the multiple foci of 
FZP induces decreasing of the S/N ratio which is an 
important limitation. Besides, we pointed out above 
that the larger the object, the more the decrease in the 
SIN ratio. 


Random and uniformly redundant arrays 

Dicke and Ables substituted a random array to the 
FZP. The mask is made of randomly distributed 
holes and the expected advantage is doubled. First, 
one can reduce the transparent area of the mask by 
less than 50% in order to increase the S/N ratio 
when the object is wide. Second, the autocorrelation 
function of such an array is theoretically a Dirac 
distribution when its width is infinite, Thus, one can 
hope to narrow the system point response. However, 
when the width is finite, the pyramidal ground of the 
point response mentioned above is present and the 
advantage is not clearly demonstrated. In order to 
correct this effect, Chris Brown used a ‘mismatched’ 
function, for the postprocessing deconvolution. This 
function is calculated, first by achieving the comp- 
lement of the recording mask function, then 
subtracting from it. Thus, the 1 transparencies result 
in +1 while the 0 transparencies are changed by ~ 1. 
Brown shows images digitally reconstructed of 
X-ray sources, 30sec. of arc wide. Fenimore and 
Cannon conceived a uniformly redundant array. The 
center random motif of the mask is half replicated 
on each side with only the center area being used for 
the recording step. The deconvolution is calculated 
by taking into account the whole area in a 
mismatched way. The result is an exact delta 
function, The authors show images of 200 wm- 
wide microspheres with a similar resolution but a 
signal 7100 times stronger than with a comparable 
pinhole camera, 


Theta Rotating Interferometer 


The theta shearing interferometer enables us to 
record complete data from the Fourier transform of 
a spatially incoherent object (Figure 12). The source 
can be any natural one, but monochromatic. This is 
easily practicable using a good filter or 
monochromator. 

The device is based on a Michelson interferometer, 
the plane mirrors being replaced by two roof prisms. 
One of the roof prisms is fixed so the other can rotate 
around the axis of the interferometer. As a result, we 
have two images of the object. Let @ be the angle 
hetween the two edges of the prisms. The angle 
hetween the images is 20. Since the original object is 
noncoherent, and two homologous points being 
mutually coherent, the light they emit interferes, 
resulting in fringes. 

The intensity, space frequency, and direction of the 
fringes characterize the intensity and the position of 
the point source. One shows that the farfield visibility 
distribution of fringes V(r) and the object distri- 
bution OG) are related by Fourier transforms: 


" 7 bie |e 
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[8] 


OG) = J vier) ex ide. jo 
Then, one can see that the visibility of the interfe 
pattern is an image of the degree of coherence 4 
with a scale factor 1/2 sin 8 

Such a pattern recorded on a photographic plate is 
a Fourier hologram of the noncoherent object. An 
image can be reconstructed by diffraction at infinity 
or near a focus (see Figure 13, examples performed in 
1972 by the author). The technique was successfully 
applied to the determination of the modulation 
transfer function of optical systems. C Roddier 
and F Roddier applied the method to astronomy. 
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Figure 12. Theta shearing interforometer. 


Variants 


damaged by excessive current. With the excep- 
tion of Zener diodes and varactors, reverse bias 
‘on a diode should not be allowed to reach the 
breakdown voltage level. 


The graph in Figure 26-5 does not have a consis- 
tent scale on its Y axis, and in many diodes the 
magnitude of the (reverse-biased) breakdown 
voltage will be as much as 100 times the magni- 
tude of the (forward-biased) threshold voltage. 
The graph has been simplified for clarity. 
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Figure 26-5. As the forward voltage across a diode rea- 
ches the junction threshold, the diode begins passing cur 
rent. Ifthe voltage acrass the diode 1s reversed. initialy a 
small amount of current leakeage occurs. Excessive for 
ward or reverse voltage will create sufficient current fo de~ 
stroy the companent. 


Variants 


Packaging 
‘Some diodes have no information at all printed 
‘on them, while others may have a part number. 
Any additional information is rare. No conven- 
tion exists for indicating the electrical character- 


discrete semiconductor > single junction > diade 


istics of the component by colors or abbrevia~ 
tions. fone terminalis marked in any way, almost 
certainly itis the cathode, One way to remember 
the meaning of a stripe on the cathode end of a 
rectifier diode or signal diode is by thinking of it 
as resembling the line in the diode schematic 
symbol. 


Signal Diodes 
Also known as switching diodes and high-speed 
diodes, their small size provides a low junction 
capacitance, enabling fast response times. They 
are not designed to withstand high currents. Sig- 
nal diodes traditionally were packaged with axial 
leads for through-hole installation (like 
traditional-style resistors). Although this format 
illexists, signal diodes arenowmorecommonly 
available in surface-mount formats. 


Rectifier Diodes 


Physically larger than signal diodes, and capable 
of handling higher currents. Their higher junc- 
tion capacitance makes them unsuitable for fast 
‘switching. Rectifier diodes often have axial leads, 
although different package formats are used 
where higher currents are involved, and may in- 
cludea heat sink, ormay have provision for being 
attached to a heat sink. 


There are no generally agreed maximum or min- 
imum ratings to distinguish signal diodes from 
rectifier diodes. 


Zener Diode 

A Zener diode generally behaves very similarly 
toasignal orrectifier diode, except that its break- 
down voltage is lower. 


The Zener is intended to be reverse-biased; that 
is, conventional current is applied through it “in 
the wrong direction’ compared with conven- 
tional diodes. As the current increases, the dy- 
namic resistance of the Zener diode decreases. 
This relationship is shown in Figure 26-6, where 
the two colored curves represent the perfor- 
mance of different possible Zener diodes. (The 
curves are adapted from a manufacturer's data- 
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images 


Figure 13 Incoherent ight holograms 


For instance, they examined Alpha Orionis and 
discovered the evolution of its dust envelope and 
the possible existence of a companion. 


High Resolution Imaging in Astronomy 


In astronomy, the limit of resolution depends chiefly 
on two factors. The first is a technical one. Adaptive 
optics and very large telescopes (VLT) brought 
spectacular progress to clarity and resolution of 
telescopes. The 8.2m VLT of Kueyen set up in 
1989, shows images easily resolved of HIC 69495 
Centauri, separated by 0.12 sec. of are. Nevertheless, 
working of large mirrors for telescopes reaches its 
limits. Therefore, their clarity remains too weak, On 
the other hand, atmospheric turbulences make the 
refractive index of air unstable and the position of the 
images in the focal plane of telescopes unsettled. 
Thus, the point response is a granular spot named 
‘speckle’. Short exposure times relieve that inconve- 
nience, but they prohibit the observation of weak 
stars. In 1970, Labeyrie proposed a method of speckle 
interferometry consisting of a statistical analysis of a 
set of speckles. The result is a display of a diffraction- 
limited image. He resolved many tens of single and 
double stars. Only Hubble, above the atmosphere, is 
able to do it by direct imaging. However, the primary 
mirror of Hubble being only 2.40 m wide, has clarity 
much lower. Stellar interferometry is a very promising 
alternative solution. 


Principles of Stellar Interferometry 


Stellar interferometry is based on eqn [3]. The light 
emitted by double or wide starsis noncoherent, so that 
fone can access an image of them trough 2D 
measurements of the degree of coherence of light: 
‘We showed above that one could achieve this by using 
interference devices such as Young holes. Eqn [3] 
shows that if we measure the visibility of Young fringes 
at increasing distances 8p between the pinholes, the 
distance Ap from which the visibility is zero gives the 
angular width of the star, Ac, under the formula: 
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Figure 14 Stollar interferometer of Michelson. 


where Aw= Arid. In the case of a double star, the 
visibility varies periodically versus 5p when the 
pinholes are aligned along the axis of two stars. Let 
Aaa be the angular distance between the stars: the 
smallest distance Ap for which the visibility is zero is 
given by: 


Apa = 2 (10) 


The larger the uttermost distance between the holes, 
the more the limit of resolution of the processing is 
potentially sharp. 

In order to exploit this idea, Stephan placed and 
rotated a mask with two holes in front of the 
objective of a refractive telescope. He established 
that the diameter of the stars he observed was much 
less than 0.16 sec. of arc. Then, Michelson built up, 
on top of a 30cm refractive telescope, a stellar 
interferometer consisting of two arms catching the 
light at 7 m of distance from each other (Figure 14), 
He measured correctly the diameter of the satellites of 
Jupiter. Hale carried the distance of the base up to 
15 min 1920. 


The Two Telescopes Interferometer of Labeyrie 


In 1975, Labeyrie improved the idea by setting up 
two separate 25 cm diameter Cassegrain-coudé tele- 
scopes on a 12m baseline, oriented north-south 
(Figure 15). The setting and mechanical stability of 
the device are extremely sensitive. The tolerances do 
not exceed any um. A mobile table near the common 
focal plane of the two telescopes compensates for the 
optical path differences due to stars tracking. In spite 
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Figure 15 The two telescopes interferometer of Labeyric. 


of the acute difficulties, he succeeded in observing 
fringes on Vega. He obtained a resolution of 0.01 se. 
of are versus 0.5 sec. with a single 25 cm telescops 
Later, one telescope was rendered mobile bringing 
the base width variable between 4 and 67m. The 
resolution reaches up to 0.00015 sec. of arc. Note 
that the rotation of Earth also enables east-west 
analysis with resolution of 0.005 sec., and today, the 
25 cm telescopes are replaced by 1.5 m ones. 


‘The Very Large Telescope Interferometer (VLTI) 


The two telescopes interferometer of Labeyrie is a 
first step toward a very ambitious project: the 
telescope at synthetic aperture and very large base. 
Proofs of reliability of such a principle was already 
given by the very large array (VLA) experimented in 


Photon Density Wave Imaging 
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Photon density wave imaging (PDWI) employs 
diffused light, usually in the near-infrared band, 
for imaging inhomogeneous structures in a highly 
scattering medium. The other names for PDWI are 
diffuse optical tomography and photon migration 
imaging. The term photon density wave (PDW) 
refers to the wave of light density spreading in the 
highly scattering medium from the source whose 
power changes in time. Therefore, rigorously speak- 
ing, photon density wave imaging uses. intensity 
modulated light sources, such as pulsed lasers, or 


radio astronomy. Labeyrie with Lena, and the team of 
the ESO (Ecole Supérieure d'Optique, Paris), ima- 
gined a very large telescope interferometer (VLTI) 
made of 6 telescopes of 2m, in a 2D structure on a 
base of 100 m. The European VLTI was built at Cerro 
Paranal. It is made of four 8.2 m telescopes corrected 
in real time by adaptive optics (NTT technology) and 
three 1.8m telescopes. The fourth 8.2 m telescope 
was put in service in 2001. Some days, each of the 
8.2 m telescopes used separately gives a resolution 
close to that of Hubble. However, the clarity is much 
better because of the larger primary mirror diameter 
(8.2 m against 2.4 m). In May 2003, the team of JG 
Cuby observed a galaxy the farthest away ever seen, 
only 900 millions years old since the Big Bang. 
Obviously, a drastic gain of resolution (by a factor 10) 
is expected from the interference configuration. 


See also 


Coherent Lightwave Systems. Diffraction: Fresnel 
Diffraction. Imaging: Adaptive Optics; Interferometric 
imaging. Instrumentation: Telescopes. Interferometry: 
Overview. 
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sources whose power is harmonically modulated. 
However, many applications employ steady-state 
light sources. Most applications of PDWI are in the 
field of imaging of biological tissues, including 
medicine and cognitive neuros 

As in the other imaging methods, such as x-ray, 
computed tomography (CT) or ultrasound imaging, 
the problem of PDWI consists in the reconstruction of 
the internal structure of the medium from the 


measurements made outside the medium (on its 
surface). In the case of PDWI the internal structure 
of the medium is represented by the spatial distri- 
bution of its optical properties. The reconstruction 
procedure is essentially an iterative mathematical 
algorithm, which includes the modeling of the light 
propagation inside the medium assuming a certain 
distribution of the optical properties, and the 
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correction of this distribution to match the model 
prediction with the actual measurement. The model- 
ing part of the imaging problem is usually referred to 
as the forward problem, and the correction procedure 
is known as an inverse problem. 


Forward Problem: Photon Density 
Waves 


Unlike optically transparent media, in a highly 
scattering medium the coherence of light from the 
coherent source very rapidly decays with distance. 
This happens due to the interference of many 
randomly and multiply scattered light waves at 
every point of the medium that is distanced from 
the source much farther than the photon mean free 
path , which is the mean distance at which a light 
wave undergoes a single scattering event. For 
biological tissues, where light scattering occurs on 
cell membranes and other heterogeneities of the index 
of refraction, / is typically about 1mm. Although 
high scattering eliminates the coherence of the 
electromagnetic waves at the short time intervals 
corresponding to oscillation at optical frequencies 
(~10°"*s), in the case of an intensity-modulated 
light source, the macroscopic wave of the density of 
light energy, called ‘photon density wave’, forms in 
the highly scattering medium. The properties of PDW 
depend on the type of the source modulation and on 
the local optical properties of the medium, which are 
the scattering coefficient jz, [em~'] and the absorp- 
tion coefficient 1, fem 

Because of the complexity and incoherence of the 
macroscopic electromagnetic field in highly scatter- 
ing media, i.e. media with wu, <j, the funda- 
mental Maxwell equations of electrodynamics do 
not provide a convenient approach to the solution of 
the problem of light propagation in such media at 
distances much larger than I. Therefore, statistical 
approaches have been developed, such as the photon 
transport model and its diffusion approximation. In 
the photon transport model the light is characterized 
by the radiance L(r,@,t) [W cm? steradian”"] 
(where the steradian is the unit solid angle), which 
is the power of radiation near the point r propagat- 
ing within a small solid angle around the direction 0 
at time t. The photon transport model accounts for 
the possible nonisotropy of the radiation flux. For 
the given spatio-temporal distribution of the optical 
properties, 4, and y1,, and for the given spatial and 
angular distribution of light source power Str, 9.) 
[W cm™* steradian”"] the radiance L(r,(,t) can be 
found from the linear radiation transfer equation, 
also called the photon transport equation, or simply 


the transport equation (TE): 
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where f(0,@) is the phase function, which rep- 
resents the portion of light energy scattered from the 
direction to the direction ©, and v is the speed of 
light in the medium. TE is equivalent to the 
Boltzmann transport equation describing the trans- 
port of particles undergoing scattering. 

Equation [1] is difficult to solve even numerically. 
Therefore, a hierarchy of approximations to the PTM 
was developed. This hierarchy, known as the Py 
approximation, is based on the expansion of the 
radiance in a series of spherical harmonics Yjq(Q) 
truncated at =N. In the P, approximation the 
coefficients of the series are proportional to the 
radiation fluence 


On.) = Jus. 0,040, 2 
and the flux 
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both having units of [W cm~*]. By substituting the P, 
series for L(r,0,0) and S(r,0,¢) into eqn [1] and 
assuming isotropic light sources and sufficiently slow 
change of source intensity, one can obtain the 
equation that includes only P(r, ) as the unknown. 
Usually, this equation 


auc, 
a 


yp U(r,t) + ~ DAU.) = Ole.) [4] 


is written in terms of the value U(e,t)= 14¢r,t) 
[Jcm™'], which has units of energy density, and is 
called the photon density. In eqn [4] D = vi3q, + 
34) [cm/s] is the light diffusion coefficient, and j1, = 
1. ~ gy) fem] is the reduced scattering coeffi- 
cient; gi is the average cosine of the scattering 
angle. The source term Q(r,t) [Jem~*s~'] in the 
right-hand side of the equation [4] describes the 
spatial distribution of light sources (in the isotropic 
approximation, i.e., neglecting the dipole and higher 
momenta of S(r,,)) and the temporal modulation 
of source intensity. 

Equation [4] is mathematically equivalent to the 
equation describing the density of the medium 
consisting of the particles undergoing linear diffusion. 
Therefore, it is called the diffusion equation (DE), and 
the P, approximation is also known as the diffusion 
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approximation, The diffusion approximation is valid 
under the following three conditions: (a) the light 
sources are isotropic or the distance between the 
source and the detector is much larger than [; (b) 
characteristic source modulation frequencies v are 
low enough that vp, (2) >> 1; and (c) wy << pl. 
Inthe biomedical applications of PDWI the condition 
(a) is fulfilled when the source—detector distance is 
larger than 1 em. The condition (b) is valid when the 
characteristic modulation frequencies of the light 
source are less than 1 GHz, The condition (c) is 
fulfilled in most biological tissues, for which the 
scattering is highly isotropic, i.e. g1 <1. Thus, the 
forward problem of PDWI, icc., the modeling of light 
propagation, can be solved using the diffusion 
approximation in a large variety of situations. 

PDWs described by equation [4] are the scalar 
damped traveling waves, characterized by the coher- 
ent changes of light energy (photon density) in 
different locations on time intervals from micro- 
seconds to nanoseconds. Usually pulsed or harmo: 
cally modulated light sources are used to generate 
PDWs. The properties of the PDWs from a harmonic 
source are fundamental, because the PDW from the 
source of any type of modulation can be considered as 
a superposition of harmonic waves from sources 
having different frequencies using the Fourier 
transform. 

In order to get an idea of the basic properties of 
PDW, one can consider the analytical solution of [4] 
for the case of a harmonically modulated point-like 
source placed in an infinite homogeneous scattering 
medium. This solution is, 


UG.1) = Us) + Uc) expliwt + id] 15] 
where Use, Uy, and @ are the ac, de and phase, 
respectively, of the wave measured at the distance r 
from the source, and w=2nv, Ux, Uy, and & 
depend on the medium optical properties, source 
intensity Qo, modulation amplitude Ap, and initial 
phase yy as 


QoAg 
4D 


Jacl) 


where x= ol(vp,) 
spherical wave whose wavelength at 1, = 0.1 em~ 
and p,=8 cm" (typical for biological tissues) and 
at modulation frequency v= 100 MHz, is close to 
35cm, so that the phase of the wave changes 
approximately by 10° per cm. In the same time, 
the wave decays exponentially at a distance of about 
3.cm, so that PDWs are strongly damped. A similar 
analytical solution in the form of a spherical wave can 
be obtained for the case of a semi-infinite homo- 
geneous medium and point source placed on the 
surface of the medium (sce Figure 1). These analytical 
solutions are employed to measure j2, and 41, of the 
homogeneous medium. The method is based on 
fitting measured ac, de, and phase of the PDW as 
functions of source-detector distance by the analyti- 
cal solution, 

Inhomogeneities in the optical properties of a 
turbid medium cause distortion of the PDW from 
sphericity (see Figure 1). PDWs in homogeneous 
media of limited size or with strong surface curvature 
also usually have complex structure. For a limited 
number of configurations one can obtain solutions to 
the DE using analytical methods of mathematical 
physics, such as the method of Green’s functions. 
However, in practice the complexity of the inhomo- 
gencities and surfaces usually requires numerical 
solution of the DE. This can be achieved using 
numerical methods for the solution of partial 
differential equations, such as the finite element 
method and the finite difference method, The finite 
difference method can also be used to solve the TE. 


Equations [5]-[6] describe a 
1 


This may be necessary in situations when the DE is 
not valid, for example to accurately account for the 
influence of the cerebrospinal fluid (which has 
relatively low scattering) on light transport in the 
human skull. However, the solution of the TE 
requires formidable computational resources, which 
increase proportionally to the volume of the medium, 
Therefore, hybrid DE-TE methods were developed, in 


Figure 1 Equiphase surfaces of the PDW induced by a point 
source ina semi-infinite homogeneous medium (solid tines) and in 
‘a medium including heteroganalty (dashed lines). 
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which DE is used to describe light propagation in 
most of the medium except small low-scattering areas 
described by the TE. 

One should note that although the term ‘photon’ 
suggests quantum properties of light, no consistent 
application of quantum theory to problems related to 
PDWI has been developed so far. Also, it should be 
noted that the notion of a photon as. particle of light 
having certain energy, momentum, and localization at 
the same time is not completely consistent with 
quantum electrodynamics. However, since the theor- 
etical models of light transport in a scattering medium 
(such as TE and DE) are mathematically equivalent to 
the models describing systems of randomly moving 
particles, the notion of a photon as a ‘particle of light” 
may be accepted as adequate and is widely used in the 
limits of PDWI. 


Inverse Problem and Ima: 
Algorithm 


Mathematically the forward problem can be 
expressed in the form of a general nonlinear 
operator F: 


G= Flu). KO) 7 


where G is the set of measured values (ac, de, and 
phase), r is the coordinate vector of a medium 
clement (voxel), and {1,(6), 44(0)} denotes the set of 
tissue optical properties corresponding to whole 
collection of voxels. The problem of finding the 
spatial distribution of medium optical properties can 
be formalized as 


{us(8), wi(e)} = FIG] [8] 


Neither the transport model nor the diffusion model 
allow inversion in a closed analytical form for a 
general boundary configuration and spatial distri- 
bution of optical properties. The basic reason for the 
complexity of the inverse problem is in the complex- 
ity of the light paths in the highly scattering medium. 
This situation is opposite to that in CT, where the 
x-ray radiation propagates through the medium 
along straight lines almost without scattering, 
which significantly simplifies the forward problem 
and allows its analytical inversion. From the 
mathematical point of view, the complexity of the 
inverse problem of PDWI is due to its nonlinearity 
and ill-posedness. Only approximate methods of 
inversion have been developed so far. 

The simplest method is called backprojection by 
analogy with the method of the same name used in 
CT. The method attempts to reconstruct the actual 


spatial distribution of the optical properties y1, and/or 
from the ‘measured’ bulk values i" and yf” 
obtained at a variety of locations assuming homo- 
geneity of the medium. The measured values are 
considered as a result of the volumetric ‘projection’ 
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of the actual distribution, where r and are the 
locations of the measurement and reconstruction, 
respectively. A weight function h(t) accounts for the 
contribution of the particular region to a measured 
value and should be derived from the forward model. 
Different versions of the backprojection method use 
different weight functions h(r). In the backprojection 
method the values of 1, and/or 4, are obtained by 
inverting the convolution [9]. In practice the con- 
volution integral is usually estimated by a sum over a 
limited number of voxels for a limited number of 
measurements. Therefore, the inversion of the con- 
volution reduces to the solution of the set of algebraic 
equations corresponding to [9]. The advantage of the 
method is high speed, which allows real-time imaging 
of the dynamic processes, for example, functional 
hemodynamic changes in the brain. However, the 
backprojection method provides a phenomenological 
rather than a self-consistent inversion of the forward 
problem, and its quantitative accuracy is low. 

A more consistent method is based on the 
perturbation approach to the solution of the inverse 
problem [8]. If we have an estimate {(t), 44(0)}. 
that is close to the ideal solution, then G. = Fl{yi(t), 
4(2)}<] (see eqn [7}) is close to S. Then the difference 
G ~ Ge can be written as a Taylor ser 


G-G.=M(HO.WO) MAH O.AKO) +... [10] 


where J[...] is the Jacobian, and (Ay,(1),Aq,(e)} = 
{ua(t), wi()) — (Halt), wA(P}e. Neglecting terms after 
the first one in [10], the problem of finding the cor- 
rection (Aj,(r),Ap(0)} to the estimate (44(6). 44D). 
reduces to the calculation of the Jacobian and to the 
solution of a linear algebraic equation. 

This approach provides a basis for the PDWI 
algorithm, which is the following. First one makes an 
initial guess at the optical properties of the me 
Then one calculates the ac, de, and phase of the PDW 
using a model of light propagation through the tissue 
and the geometry of the source-detector configur- 
ation. The calculated values are compared with the 
measured ones. If the error is above a set tolerance 


level, one calculates corrections to the current values 
of 4, and pi, by solving eqn [10]. The algorithm is 
completed when the required error level is achieved 
Thus, the PDWI algorithm iteratively applies both 
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the forward and inverse problems. Since at each of 
many iterations one should solve the forward 
problem, which in the simplest case is a partial 
differential equation, the algorithm typically requires 
considerable computational resources. 

One should note that the success of the method is 
largely dependent on the closeness of the initial guess 
to the actual values of the optical properties. In many 
studies the ‘first guess’ of the tissue optical properties 
was obtained by measuring the bulk absorption and 
reduced scattering coefficients. However, hecause of 
the ill-posedness of the inverse problem, homo- 
gencous initial conditions did not always lead to the 
correct reconstruction. A more productive approach 
to the problem of the initial conditions is to assign 
approximate initial values of the optical properties 
known for example from int vitro measurements to 
different structures revealed by nonoptical imaging 
techniques, such as magnetic resonance imaging 
(MRI) or CT. 


Applications 


PDWI was proposed and developed as a noninva- 
sive biomedical imaging technique. Although the 
spatial resolution of PDWI cannot compete with 
that of CT or MRI, PDWI has the advantages of 
low cost, high temporal resolution, and high 
biochemical specificity. The latter is based on the 
optical spectroscopic approach, Biological tissues are 
relatively transparent to light in the near-infrared 
hand between 700 and 1000 nm (a near-infrared 
window). The major biological chromophores in 
this window are oxy- and deoxyhemoglobin, and 
water, One can separate contributions of ‘these 
chromophores into light absorption by employing 
light sources at different wavelengths. Multi-wave- 
length PDWI can also be used to measure the redox 
state of the cytochrome oxidase, which is the 
terminal electron acceptor of the mitochondrial 
clectron transport chain and responsible for 90% 
of cellular oxygen consumption. 

One of the hot topics in cognitive neuroscience is 
the hemodynamic mechanism of the oxygen supply to 
neurons and removal of products of cerebral meta- 
holism. High temporal resolution and biochemical 
specificity make PDWI a unique noninvasive tool for 
studies of functional cerebral hemodynamics, 
although light can penetrate no deeper than the very 
surface of the adult brain, Figure 2 displays a typical 
arrangement of light sources and detectors used in 
PDWI of functional cerebral hemodynamics, and the 
images of the activated area in the brain, 

Because of its low cost, noninvasiveness, and 
compact size of the optical sensors, PDWI is also 
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Figure 2 (2) Geometrical arrangement of the 16 sources and 
two detectors on the head of a human subject. Each one of the 
tight small red circles (numbered 1-8) represents one pair of 
source fibers at 758 and 830nm. Two larger green circles 
represent detector fiber bundles. The rectangle inside the head 
cutline isthe 4 x 9 em? imaged area. (b) Maps of oxyhemogiabin, 
({Hb02}, loft panels) and deoxyhemogiobin ([H] right panels) 
‘concentration changes at rest (op) and at the time of maximum 
response during the third tapping pariod (bottom). The measure 
ment protocol involved hand-tapping with the right hand 
(contralateral to the imaged brain area). Adapted with permission 
‘rom Franceschini MA, Toronav V, Fliaci M, Gratton E, Fantini S 
(2000) Onin optical imaging of the human brain with 160-ms 
temporal resolution. Optics Express 6(3), 49-57 (Figures 1 
and 4). 


considered to be a promising tool for mammography 
and structural imaging of anomalies in the brain, 
PDWlisan especially promising tool for neonatology, 
because the infant tissues have low absorption. 
PDWI instruments employ lasers, light-emitting 
diodes and gas-discharge tubes as sources of light. 
Among the detectors there are photomultiplier 
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tubes, avalanche photodiodes, and CCD cameras. 
Both sources and detectors can be coupled with 
the tissue by means of optical fibers. A number 
of commercially produced near-infrared instruments 
for PDWI are available on the market. According 
to the type of source modulation, there are three 
groups of instruments: frequency domain (harmo- 
nically modulated sources), time domain (pulsed 
sources), and steady state. Steady-state instruments 
are simpler and cheaper than frequency-domain 
and time-domain ones, but their capabilities are 
much lower. Time-domain instruments can theor- 
etically provide a maximum of information about 
the tissue structure, but technically it is difficult 
to build a time-domain instrument with high 
temporal resolution and high signal-to-noise ratio. 
Frequency-domain instruments provide temporal 
resolution up to several milliseconds and have 
high quantitative accuracy in the determination of 
optical properties. 


Nomenclature 


Absorption coefficient, 1, fem™"] 

Alternating part of PDW, alternating current (ac) 

Average cosine of the scattering angle, ¢1 

Circular modulation frequency, @ [s~'] 

Computed tomography (CT) 

Difference between the estimate and actual 
optical properties, (Ay1,(#),444(6)} = (4y(0), Wi(0)) 
= (ns, Hi@)}e [em "] 

Diffusion coefficient, D = vi(3y15 + 3y4) [em*/s] 

Diffusion equation (DE) . 

Distribution of light source power Sir.) 
[W cm™? steradian~!] 

Divergence operator, V fem” '] 

Estimate of optical properties, (44(r), w\()}e [em "] 

General nonlinear operator, F 

Jacobian, J 

Laplace operator, [em 

Magnetic resonance imaging (MRI) 

Measured bulk optical properties (absorption and 
reduced scattering coefficients) (st ul) fem™"] 

Modulation frequency, » [s"] 

Non-alternating part of PDW, direct current (de) 

Optical properties of the medium (absorption and 
reduced scattering coefficients) as functions of 
spatial coordinate, (44,(8), (9) [em "] 

Phase as a function of sourcedetector distance (7) 

Phase function, f(0, 0) 

Photon density, U(r, t) [J em~*] 

Photon density wave imaging (PDW1) 

Photon density wave (PDW) 


2 
1 


Photon mean free path, ! [em] 

Radiance, L(r, 2, ¢) [W cm? steradian”'] 
Radiation fluence, ®(r, t) [W cm ~*] 
Radiation flux, J(r, ) [W em] 

Reduced scattering coefficient, yi, fem™"] 
Scattering coefficient, w, [em "] 

Set of measured values (ac, de, and phase), G 
Set of predicted values (ac, de, and phase), Ge 
Source term O(r,t) [Jem™* s~'] 
Source-detector distance, r fem] 

Spatial coordinate, r [em] 

Speed of light in medium, v [em/s] 

Spherical harmonics Ynn(O) 

Transport equation (TE) 

Weight function, hit) 

x= ollp,) 
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Introduction 


Conventional optical imaging is understood as an 
isomorphic mapping from an object space onto an 
image space. The object space is composed of 
scattering or emitting objects. The scattering objects 
can be opaque, transparent, or partially absorbing, 
while emitting objects can be as diverse as stars in 
astronomical imaging or fluorescent molecules in 
microscopic imaging. The image space is an optical 
field representation of the object. 

In most classical applications of optical imaging the 
goal is to optimize the mapping between one plane in 
the object space and one plane in the image space. 
Modern optical systems, though, are aimed at 
acquiring three-dimensional information regarding 
the object. The image is thus a three-dimensional field 
representation of the object. 

‘While many imaging systems are aimed at obtain- 
ing visually appealing images, many modern imaging 
systems register the field information in some type of 
sensitive device such as film or CCD cameras for later 
processing. This processing is typically performed 
electronically by a computer and the final image is 
ultimately a mathematical digital representation of 
the object. This type of imaging is called compu- 
tational imaging. An example of computational 
imaging is optical tomography, which involves the 
registration of a set of images that do not necessarily 
resemble the object, and off-line digital processing 
to obtain a three-dimensional representation of the 
object. 

In this article we will focus on imaging in the 
conventional sense but will also focus on the three- 
dimensional aspects of the image. 


Geometrical Optics Transformations 


In many optical problems it is appropriate to 
consider the wavelength of the electromagnetic 
wave as infinitely small. This approximation is the 
origin of the field of geometrical optics in which the 
propagation of light is formulated in terms of 
geometrical laws. Accordingly, the energy is trans- 
ported along light rays and their trajectories are 
determined by certain differential or integral 


ensional Field Transforma' 


equations that can be directly derived from 
Maxwell’s equations. One of these formulations 
uses Fermat’s principle that states the principle of 
the shortest optical path. The optical path between 
two points P; and Py is defined as: 


i 


where 1m is the refractive index of the medium. 
Fermat's principle states that the optical path of a real 
ray is always a local minimum. 

In ideal optical imaging systems, every point P. of 
the so-called object space will generate a sharp image 
point P,, that is a point where infinite rays emerging 
from P, pass through P,. Perfect imaging occurs when 
every curve defined by object points is geometrically 
similar to its image. Perfect imaging can occur 
between three-dimensional spaces or between 
surfaces. 

An. inte 


esting result of geometrical optics is 
Maxwell’s theorem. This theorem states that if an 
optical instrument produces a sharp image of a 
three-dimensional domain, the optical length of any 
curve in the object is equal to the optical length of 
its image. More explicitly, if the object space has 
index n,, and the image space index m, the theorem 


states that: 
fire doo= [ima 2) 


where C, is the image of the object curve C,, 

An important consequence of Maxwell’s theorem 
is a theorem by Carathéodory which states that 
any imaging transformation has to be a projective 
transformation, an inversion, or a combination of 
them. Another consequence of this theorem is that if 
the two media are homogeneous, perfect imaging can 
only occur if the magnification is equal to the ratio of 
the refractive indices in the object and image space. If 
the media have the same index, the imaging is trivial 
with unit magnification. The simplest example of 
a perfect imaging instrument is a planar mirror. 
Therefore, if we want to achieve nontrivial imaging 
between homogeneous spaces with equal index, we 
must give up either the perfect imaging (similarity) or 
the sharpness of the image. 

The geometrical optics approximation is very 
useful in the design of optical imaging systems. 
However, it fails to provide a complete description 
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of wave optical effects, notably diffraction. There- 
fore, the following sections provide a description of 
field transformations based on wave optics. 


‘Systems Approach to 3D Imaging 


In this article we deal with linear imaging systems. 
Hence the relation between three-dimensional (3D) 
input (object) signals and 3D output (image) signals 
can be completely specified by the 3D impulse 
response or point spread function (PSF) of the system 
h(x, y,z:2'y/,2). This function specifies the response 
of the system at image space coordinates (x, y,) toa 
S-function input (point source) at object coordinates 
(x,y,z). The optical system object and image signals 
are related by the superposition integral: 
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where @ is the object domain. It is clear that for a 
generic linear imaging system the image signal is 
completely specified by the response to input impulses 
located at all possible points of the image domain. 

If the system is shift invariant, the PSF due to a 
point source located anywhere in the object domain 
will be a linearly shifted version of the response due 
to a reference point source. This approximation is in 
general not valid and the system’s PSF is a function of 
the position of the point source in the object domain 
Shift invariance is traditionally divided into radial 
and axial shift invariance. Radial shift variance is the 
change in the image of a point source as a function of 
its radial distance from the optical axis. Radial shift 
variance is caused by lens aberrations. Axial shift 
variance is the change in the image of a point source 
as a function of its axial position, Z, in the object 
space. Axial shift variance is inherent to any rotation- 
ally symmetric lens system because they can only have 
one pair of conjugate surfaces, i.e., object-image 
corresponding surfaces. 

In most practical cases the image is detected at a 
single plane, z= zi transverse to the optical axis Oz. 
In those situations, we need to specify the impulse 
response on this plane: 


hex. y.zix'y.2) = hee. yix'y!) i 


The condition for lateral shift invariance is then 
expressed as hy(x, y:x'y') = h(x — x’,y — y). In this 
case, the superposition integral is a two-dimensional 
(2D) convolution and it is possible to define the 
transfer function of the system that is the 2D Fourier 
transform of the impulse response h(x ~ x,y ~ y). 


Point Spread Function for Coherent, 
Incoherent, and Partially Coherent 
Mlumination 


The input-output relations of an optical imaging 
system relate different magnitudes according to the 
type of illumination. If the illumination is coherent, 
the system is linear in the complex amplitude, while if 
the illumination is fully incoherent the system is linear 
in intensity. The 3D impulse response of the 
incoherent (j..) and coherent (hca,) systems are 
related as follows: 
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Notwithstanding, many optical systems cannot be 
considered fully coherent or fully incoherent. In these 
situations the system is said partially coherent. If the 
optical path differences within the optical 
much shorter than the coherence length of the 
illumination, the light effectively has complete 
temporal coherence and the magnitude of interest is 
the mutual intensity. The mutual intensity is defined 
as the statistical correlation of the complex wavi 
function U(r, t) between different points in space: 


Jeey.9) = (UC, NU. 9) {61 


1,2. The illumination is then 


i Yn Zod 
called quasi-monochromatic. For the case of partially 
coherent quasi-monochromatic illumination, the s 
tem is linear in the mutual intensity. The partially 
coherent impulse response (bpc) is also related to the 
coherent impulse response as follows: 


Ppc(ry.t2:1.t2) = hegu(trs ti Micon(t2t2) (71 


The 3D superposition integral that relate object and 
image mutual intensities is now: 
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Therefore, we conclude that knowledge of the 
coherent PSF is enough to characterize the optical 
system for illumination of various degrees of 
coherence. 


Spatial Frequency Content of 
the 3D Point Spread Function 
As previously stated, the coherent impulse response of 


the optical system completely defines its imaging 
characteristics. Therefore, it is justified to wonder 
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what the limitations are in the specification of this 
response. In this section we analyze the frequency 
domain of coherent and incoherent impulse 
responses. 

The impulse response of the optical system will 
satisfy the corresponding wave equations regardless 
of the particulars of the optical system. In particular, 
assuming a homogeneous isotropic medium in the 
imaging domain, the coherent response (r) to an 
impulse at r will satisfy the homogencous Helmholtz 
equation in the image domain: 


Vb) + Khe) = 0 I 


where hit) is the complex amplitude and k= 27/A, 
with A the wavelength in the medium, If the field at a 
given origin of coordinates z= 0, f(x,y), is known, 
h(x) can be calculated using the angular spectrum 
representation as follows: 


[fram 


x explidaif.x + fy + fadldf, df, 
where f,=yA?-( +h) and Ff. f= 


FTif(x,y)}; FT represents a 2D Fourier transform- 
ation and f., fy are the spatial frequencies along the x 
and y axes respectively. 

Equation [10] can be written as a 3D integral as 
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where 6 represents the dirac impulse. Next we 
represent the 3D impulse response h(x, y,2) as a 3D 
Fourier decomposition: 


hex. 9.2) = [fH te 
x explidm(f.x + hy +falefe df, df. 
(12) 


where H(f,. fy. f.) = FT*?{h(x, y.2)}.. Comparing 
eqns [11] and [12] we can infer that: 
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This relation implies that the domain of the 
Fourier transform of the impulse response is 
confined to a spherical shell of radius 1/A. 
Alternatively, Hify.fysf.) is zero everywhere, except 
from the surface of the sphere. 
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The previous derivation did not consider any 
limitation in the range of spatial frequencies allowed 
through the system. We now assume a finite aperture 
that will introduce an effective radial cutoff frequency 
f-< VA and will further limit the spatial spectral 
domain of hx, y,z). This is depicted in Figure 1. Note 
that the transverse and longitudinal spatial frequen- 
cies are related, hence the longitudinal spatial 
frequencies are located within a bandpass of width 
Af, =1- ya? f. 

Let us now consider the frequency content 
of possible incoherent PSFs. From eqn [5] we derive 
the 3D Fourier transform of the incoherent impulse 
response: 
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where ® represents a 3D correlation. The domain 
of Hig. now becomes a volume of revolution as 
shown in Figure 2, Moreover, because hig. is real, 
Hyg is conjugate symmetric, i.e., Hige = He. Now, 
the transverse cutoff frequency is /!" =2/, while 


the longitudinal cutoff frequency is fi" = 2Af, 


radius=1/2 


Figure 1 Three-dimensional spatiabfrequency domain of the 
‘coherent point spread function, 


Figure 2. Three-dimensional spatiabfrequency domain of the 
incoherent point spread function. 


discrete semiconductor > single junction > diod 
sheet.) This behavior allows the Zener to be used 
in simple voltage-regulator circuits, as it can al- 
lowa reverse current to flow ata voltage limited 
by the diode’s breakdown voltage. Other appli- 
cations for Zener diodes are described in "DC 
Voltage Regulation and Noise Suppression” 
(page 230). A typical Zener diode is shown in 
Figure 26-7. 
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Figure 26-6. A manufacturer's datasheet may include 
_graphs of this kind, showing the variation in dynamic re 
sistance of two reverse-biased Zener diodes in response 
fo changes in current. 


Figure 2677 A IN4740 Zener diode. 


Variants 


Transient Voltage Suppressor 
(Tvs) 

A form of Zener diode designed to protect sen- 
sitive devices from transient voltage spikes by 
clamping them—in other words, diverting the 
‘energy to ground. A TVS can absorb as much as 
30,000 volts from a lightning strike or static dis- 
charge. Typically the Zener diade isincorporated 
in a network of other diodes in a surface-mount 
integrated circuit chip. 


Zener diodes can also be used in circuits to han- 
dle electrostatic discharge (ESD), which can oc- 
cur whena person unknowingly accumulates an 
electrostatic potential and then grounds it by 
touching an electronic device. 


Schottky Diode 


This type has a low junction capacitance, ena- 
bling faster switching than comparable generic 
silicon diodes. It also imposes a lower forward 
voltage drop, which can be desirable in low- 
voltage applications, and allows less power dis- 
sipation when a diode is necessary to control 
current flow. The Schottky diode is fabricated 
with a semiconductor-to-metal junction, and 
tends to be slightly more expensive than generic 
silicon diodes with similar voltage and current 
specifications. 


Varactor Diode 

Also known as a varicap, this type of diode has 
variable capacitance controlled by reverse volt- 
age. While other diodes may exhibit this same 
phenomenon, the varactor is specifically de- 
signed to exploit it at very high frequencies. The 
voltage expands or contracts the depletion re- 
gion inthe junction between the PandN regions, 
which canbe thought of as analogous to moving 
the plates of a capacitor nearer together or far- 
ther apart. 


Because the capacitance of a varactor has a low 
maximum of about 100pF, its uses are limited. It 
is used extensively in RF applications where its 
voltage-controlled variable capacitance pro- 
vides a uniquely useful way to control the 
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Diffraction Calculation of the 3D Point 
Spread Function 


‘The 3D-image field created by a point source in the 
object space can be predicted by proper modeling of 
the optical system. In the absence of aberrations, the 
distortion of the PSF is originated in the diffraction 
created by the limiting aperture of the optical system. 
Diffraction is thus the ultimate limitation to the 
resolution of the optical system, Under the design 
conditions of the system, i.e., assuming all aberra- 
tions are corrected, the image of a point source is the 
diffraction pattern produced when a spherical wave 
converging to the (geometrical) image point is 
diffracted by the limiting aperture of the system. 
This is called a diffraction limited image. 

There are many formulations to describe the 3D 
diffraction pattern obtained with a converging wave 
through an aperture. Here we review the Kirchhoff 
formulation. Let us consider the aperture A and the 
field at a point Py originated from a converging 
spherical wave focused at point Pr (see Figure 3). 
We define the vectors r joining a generic point on the 


Pa (My Yara) 


xd (microns) 


~150 


Figure 4 
(A= 08, a=05.m, z= 4.0m). 
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aperture Py and Pr, and s joining Py and Py. The 
Kirchhoff formulation states that the complex ampli- 
tude U(Py/Pp) is the integral over the aperture of the 
complex amplitude at each point propagated to Py by 
a spherical wave expliks)/s modified by the direc- 
tional factor cos(A,r) — cos(A,). i is the unit vector 
normal to the aperture: 


_ Ai ¢ expl—iker- 91 
UPalP) = = the — 
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where r= ll, 
spherical wave. 

The directional factor varies slowly and in many 
situations can be approximated by a constant equal to 
2 for small image-field angles. The amplitude over the 
aperture is also slowly varying and can be approxi- 
mated by a constant, ie., Cir= Cy. Different 
formulations of the Kirchhoff integral differ in the 
estimates of the factor I/s and the phase kr — s). For 
example, one such formulation leads to the following 
expression for the 3D diffraction pattern for a focal 
point on the axis of an optical system with circular 
aperture: 


Isl, and C is the amplitude of the 


(16) 


where a is the radius of the aperture, ry is the 
radial coordinate of Py, and p is the radial coordinate 
of Py, 


° 
2d (microns) 


Lines of equal intensity in a meridional plane near the focus of a converging spherical wave difracted at a circular aperture 
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To illustrate the use of eqn [16], we calculated the 
intensity around the focus of a spherical wave 
diffracted through a circular aperture of radius 
m, focusing at distance zp =4 em from the 
screen, We assumed the wavelength to be A= 0.5 4. 
Figure 4 depicts the magnitude of the complex 
amplitude in a meridional plane near the focus of 
the converging spherical wave. 

Models that take into account off-axis focal points 
have also been developed. For the most accurate 
calculations, it is necessary to consider the full 
electromagnetic nature of the optical field. 


Conclusions 


Classical imaging theory can be applied to the 3D 
imaging transformation from object to image. The 
systems approach to the imaging problem implies 
that knowledge of the 3D coherent PSF suffices to 
predict the 3D response of the system under 
illumination of varying degrees of coherence. The 
PSF response can be predicted using well-known 
formulations of diffraction, 
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Volume holographic imaging (VHI) refers to a class 
of imaging techniques which use a volume hologram 
in at least one location within the optical path. The 
volume hologram acts as a ‘smart lens,’ which 
processes the optical field to extract spatial infor- 
mation in three dimensions (lateral as well as 
longitudinal) and spectral information. 

Figure 1 is a generic VHI system. The object is 
cither illuminated by a light source (e.g., sunlight or 
a pump laser) as shown in the figure, or it may be 
self-luminous. Light scattered or emitted by the 
object is first transformed by an objective lens and 
then illuminates the volume hologram, The role of 
the objective is to form an intermediate image which 
serves as input to the volume hologram. The volume 
hologram itself is modeled as a three-dimensional 
(3D) modulation Ae(r) of the dielectric index within 
a finite region of space. The light entering the 
hologram is diffracted by Ae(r) with efficiency 7, 


See also 
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defined as 


Power diffracted by the volume hologram. 
Power incident to the volume hologram 


Ae i 
We assume that diffraction occurs in the Bragg 
regime. The diffracted field is Fourier-transformed by 
the collector lens, and the result is sampled and 
measured by an intensity detector array (such as a 
CCD of CMOS camera). 

Intuitively, we expect that a fraction of the 
illumination incident upon the volume hologram 
is Bragg-matched and is diffracted towards the 
Fourier-transforming lens. The remainder of the 
incident illumination is Bragg-mismatched, and as 
result is transmitted through the volume hologram 
un-diffracted. Therefore, the volume hologram acts 
as a filter which admits the Bragg-matched portion 
of the object and rejects the rest. When appro- 
priately designed, this ‘Bragg imaging filter’ can 
exhibit very rich behavior, spanning the three 
spatial dimensions and the spectral dimension of 
the object. 

To keep the discussion simple, we consider the 
specific case of a transmission geometry volume 
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Figure 1 Volume holographic imaging (VHl) system. 


hologram, described in Figure 2. The volume holo- 
gram is created by interfering a spherical wave and a 
planewave, as shown in Figure 2a, The spherical wave 
originates at the coordinate origin. The planewave is 
off-axis and its wavevector lies on the xz plane. As in 
most common holographic systems, the two beams 
are assumed to be at the same wavelength A, and 
mutually coherent. The volume hologram results 
from exposure of a photosensitive material to the 
interference of these two beams. 

First, assume that the object is a simple point 
source. The intermediate image is also approximately 
a point source, that we refer to as ‘probe,’ located 
somewhere in the vicinity of the reference point 
source. Assuming the wavelength of the probe source 
is the same as that of the reference and signal beams, 
volume diffraction theory shows that: 


(i) If the probe point source is displaced in the y 
direction relative to the reference point source, 
the image formed by the volume hologram is also 
displaced by a proportional amount. Most 
common imaging systems would be expected to 
operate this way. 

(ii) If the probe point source is displaced in the x 
direction relative to the reference point source, 
the image disappears (ie., the detector plane 
remains dark). 
If the probe point source is displaced in the z 
direction relative to the reference point source, 
a defocused and faint image is formed on the 
detector plane. ‘Faint’ here means that the 
fraction of energy of the defocused probe 
transmitted to the detector plane is much 
smaller than the fraction that would have 
been transmitted if the probe had been at the 
origin, 
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Now consider an extended, monochromatic, 
spatially incoherent object and intermediate 
image, as in Figure 2f. According to the above 
description, the volume hologram acts as a ‘Bragg 
slit’ in this case: because of Bragg selectivity, the 
volume hologram transmits light originating from 
the vicinity of the y axis, and rejects light 
originating anywhere else. For the same reason, 
the volume hologram affords depth selectivity (like 
the pinhole of a confocal microscope). The width 
of the slit is determined by the recording geometry, 
and the thickness of the volume hologram, For 
example, in the transmission recording geometry of 
Figure 2a, where the reference beam originates a 
distance za away from the hologram, the planewave 
propagates at angle @ with respect to the optical 
axis z (assuming @< 1 radian), and the hologram 
thickness is L (assuming L <zj), the width of the 
slit is found to be 


_ de 


herr: 


21 


The imaging function becomes richer if the 
object is polychromatic. In addition to its Bragg 
slit function, the volume hologram exhibits then 
dispersive behavior, like all diffractive elements. In 
this particular case, dispersion causes the hologram 
to image simultaneously multiple Bragg slits, each 
at a different color and parallel to the original slit 
at wavelength A, but displaced along the z axis. 
Light from all these slits finds itself in focus at the 
detector plane, thus forming a ‘rainbow image’ of 
an entire slice through the object, as shown in 
Figure 2g. 

‘To further exploit the capabilities of volume 
holograms, we recall that in general it is possible 
to ‘multiplex’ (superimpose) several volume gratings 
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Figure 2 (a) Recoding of a transmission-geometry volume hologram with a spherical wave and an off-axis plane wave with its 
wave-vector on the xz plane. (b) Imaging of a probe point source that replicates the location and wavelength of the reference point 
Source using the volume hologram recorded in part (a). (c) Imaging ofa probe point source atthe same wavelength but displaced in the 
¥ direction relative to the reference point source. (4) Imaging of a probe point source at the same wavelength but displaced in the 
‘direction relative to the reference point source. (e) Imaging of a probe point source at the same wavelength but displaced in the z 
direction relative to the reference point source. 1) ‘Bragg sifting Imaging of an extended monochromatic, spatially incoherent object 
Using a volume hologram recorded as in (a). (g) Joining Bragg sis trom diferent colors to form rainbow slices: Imaging of an extended 
polychromatic abject using a volume hologram recorded as in (a) (h) Multiplex imaging of several slices using a volume hologram 
formed by multiple exposures. 
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Figure 2 Continued. 


IMAGING | Volume Holographic Imaging 199 


‘Slice 2 Slice 3 
ra 


Extended 
poiychromatic 
object 
) 


Figure 2 Continued. 


within the same volume by successive exposures. In 
the imaging context, suppose that we multiplex 
several gratings similar to the grating described in 
Figure 2a but with spherical reference waves ori 
nating, at different locations and plane signal waves 
at different orientations, When the multiplexed 
volume hologram is illuminated by an extended 
polychromatic source, each grating forms a separate 
image of a rainbow slice, as described earlier. By 
spacing appropriately the angles of propagation of 
the plane signal waves, we can ensure that the 
rainbow images are formed on nonoverlapping areas 
on the detector plane, as shown in Figure 2h. This 
device is now performing true four-dimensional (4D) 
imaging: it is separating the spatial and spectral 
components of the object illumination so that they 
can be measured independently by the detector 
array. Assuming the photon count is sufficiently 
high and the number of detector pixels is sufficient, 
this ‘spatio-spectral slicing’ operation can be per- 
formed in real time, without need for mechanical 


scanning, 

‘The complete theory of VHI in the spectral and 
spatial domains is given in the Further Reading 
section below. Experimental demonstrations of VHI 
have been performed in the context of a confocal 
microscope where the volume hologram performs 
the function of a ‘Bragg pinhole’ as well as a real-time 
4D imager. The limited diffraction efficiency 7 of 
volume holograms poses a major concern for VE 
systems. Holograms, however, are known to act as 
matched filters. It has been shown that the matched 
filtering nature of volume holograms as imaging 
elements is superior to other filtering elements 
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(c.g, pinholes or slits) in an information-theoretic 
sense. Efforts are currently underway to strengthen 
this property by design of volume holographic 
imaging elements which are more elaborate than 
described here. 


See also 


Holography, Techniques: Overview. Imaging: Three- 
Dimensional Field Transformations. 
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Introduction 


In many situations, distant objects are imaged using 
optical or near-infrared imaging systems. Examples 
include terrestrial surveillance from space, tactical 
surveillance from airborne imaging systems, and 
ground-based astronomical imaging. Ideally, the 
resolution in these images is limited only by the 
wavelength of light A used to create the images 
divided by the imaging system’s effective diameter D. 
The ratio MD is called the diffraction limit of the 
imaging system. Unfortunately, when the imaging 
system is located in the Earth’s atmosphere, it is often 
atmospheric turbulence fluctuations that limit the 
level of detail in the long-exposure images, not 
the diffraction limit of the telescope. For example, 
the Keck telescopes, located on top of Mauna Kea in 
Hawaii, are 10m diameter telescopes that have a 
diffraction-limited angular resolution of 0.2 rad for 
an imaging wavelength of 2 um. However, atmos- 
pheric turbulence limits the achievable resolution in 
long-exposure images to the order of 1-5 rad at this 
wavelength. 

The important discovery by Anton Labeyrie in 
1970 that short-exposure images of objects retain 
meaningful diffraction-limited information about the 
object, where ‘short’ means that the exposure time is 
less than the atmospheric turbulence coherence time, 
has revolutionized imaging through turbulence. 
Atmospheric coherence times depend upon a number 
of factors, including wind speeds, wind altitudes, and 
observation wavelength. At astronomical observa- 
tories for visible observation wavelengths, a rule of 
thumb is that atmospheric turbulence stays essentially 
constant for exposure times of one to ten milliseconds 
under average clearsky weather conditions. A variety 
of techniques that exploit this discovery have been 
developed. These techniques can be grouped into 
three different categories: techniques that remove 
blurring from the detected intensity images (post- 
detection compensation), techniques that modify the 
optical field prior to detecting the light (pre-detection 
compensation), and hybrid techniques that use both 
post-detection and pre-detection compensation. In 
this article, a variety of these techniques are presented 
that are representative of the myriad of methods 
that have been developed during the past decades. 


1g Through Turbulence) 


To simplify the discussion, it is assumed that the 
blurring due to atmospheric turbulence is the same at 
every point in the image (isoplanaticity), that the 
images are formed using incoherent light as emitted 
by the sun and stars, and that single filled aperture is 
used to create the images. Interferometric techniques 
that use multiple apertures to estimate the mutual 
coherence function of the optical field and calculate 
an image from it, are discussed in a separate article 
(see Imaging: Interferometric Imaging). 

The emphasis in this article is on identifying and 
removing atmospheric blurring in images. As part of 
this process, regularization techniques must be 
included in the image reconstruction algorithms in 
order to obtain the best possible resolution for an 
acceptable level of noise. Although regularization 
techniques are not discussed in this article, infor- 
mation can be found in the Further Reading section at 
the end of this article (see Imaging: Inverse Problems 
and Computational Imaging). 


Imaging and Atmospheric Turbulence 


In Figure 1, a conceptual diagram illustrates the 
impact that atmospheric turbulence has upon resol- 
ution in classical imaging systems. A distant star is 
being imaged by a telescope/detector system. In the 
absence of atmospheric turbulence, the field emitted 
by the star has a planar wavefront over the extent of 
the lens since the star is a long distance from the 
imaging system and thus unresolved by the telescope. 
When imaged by the telescope, the diffraction pattern 
of the telescope is obtained, resulting in a diffraction- 
limited image (Figure 2). However, in the presence of 
atmospheric turbulence near the telescope, the planar 
wavefront is randomly distorted by the turbulence, 
resulting in a corrugated wavefront with a spatial 
correlation scale given by the Fried parameter r,.. For 
visible wavelengths, at good astronomical observing 
sites, ry ranges from Scm to 20cm. When this 
corrugated wavefront is converted to an image by the 
telescope, a distorted image is obtained (Figure 3), 
Because atmospheric turbulence is time-varying, the 
distortions in the image also change over time. If the 
imaging shutter on the telescope remains open for 
many occurrences of atmospheric turbulence, the 
resulting image will be an average of all the 
individually distorted images, resulting in what is 
known as the sceing disk (Figure 4), It is the seeing 
disk that typically limits spatial resolution in long- 
exposure images, not the diffraction pattern of the 
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Figure 1 Conceptual diagram of imaging through atmospheric turbulence. 


Figure 2 Computer-simulated difraction-imited image of a 
point source. 


telescope. As a result, the effective spatial resolution 
in long-exposure images in the presence of atmos- 
pheric turbulence is given by Mr,, not A/D. 
Atmospheric turbulence distorts a field’s wavefront 
by delaying it in a way that is spatially and temporally 
random, The origin of these delays is the random 
variation in the index of refraction of the atmosphere 
as a result of turbulent air motion brought about by 
temperature variations. A Fourier optics imaging 
model is useful in characterizing the effects of 
atmospheric turbulence on spatial resolution in 


Figure 3 Computer-simulated short-exposure image of a point 
source through atmospheric turbulence. 


images. Let i) be an image of an object o(%), 
where % is a two-dimensional spatial vector, and let 
If) and O(f) be their spatial Fourier transforms, 
where fis a two-dimensional spatial frequency vector. 
In the absence of atmospheric turbulence, the 
diffraction-limited Fourier transform I(f) is given by 


1h) = OP Hah) al 


where the subscript ‘d? denotes the diffraction-limited 
case and where Hy(f) is the diffraction-limited 
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Figure 4  Computer-simulated long-exposure image of a point 


souree through atmospheric turbulence. 
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Figure § Plots of the Fourier amplitudes ofthe lfraction-imited 
transfer function (dashed line), Fourier amplitudes of the long 
‘exposure transfer function (dotted line), and the square root of the 
average short exposure energy spectrum. The spatial frequency 
‘axis is normalized to one at the diffraction limit ofthe telescope. 


telescope transfer function, In the presence of 
atmospheric turbulence, the Fourier transform of a 
long exposure image ii,(2) is given by 

hf) = OP HP Hef) = LPH?) (21 
where the subscript ‘le’ denotes long exposure. If the 
turbulence satisfies Kolmogorov statistics 
typically assumed, then: 


#y") 9 


HAP) 3 


Figure 6 Computer-simulated difraction-Imited image of a 
binary star. 


Figure 7 Computer-simulated long-exposure image of a binary 
star, 


where d is the distance between the imaging system’s 
exit pupil and detector plane. As can be seen from eqn 
[2], the effect of atmospheric turbulence on a long- 
exposure image is a multiplication of the diffraction- 
limited image’s Fourier transform by a transfer 


function due to atmospheric turbulence. In § 
an amplitude plot of a diffraction-limited transfer 
function is displayed along with an amplitude plot of 


a long-exposure transfer function for a 2.3m 
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diameter telescope, an imaging wavelength of 
0.5 um, and an r, value of 10 em. Notice that the 
long exposure transfer function significantly reduces 
the amount of high spatial frequency information in 
an image. Diffraction-limited and_long-exposure 
turbulence-limited images of a binary star are 
shown in Figures 6 and 7, illustrating the significant 
loss of spatial resolution brought on by atmospheric 
turbulenc: 


Post-Detection Compensation 


Speckle Imaging 


Labeyrie’s 1970 discovery was motivated by his 
analysis of short-exposure star images. In these 
images (see Figure 3), a number of speckles are 
present, where the individual speckle sizes are 
roughly the size of the diffraction-limited spot of 
the telescope. From this, he realized that high 
spatial frequency information is retained in short- 
exposure images, albeit distorted. He then showed 
that the energy spectra Ey(f) of the individual 
short-exposure images can be averaged to obtain an 
estimate of the average energy spectrum that retains 
high signal-to-noise ratio (SNR) information at 
high spatial frequencies. The square root of the 
average energy spectrum (the amplitude spectrum) 
of a star, calculated using Labeyrie’s method (also 
known as speckle interferometry), is shown in 
Figure 5, along with the diffraction-limited and 
long-exposure amplitude spectra. Notice that mean- 
ingful high spatial frequency information is retained 
in the average amplitude spectrum out to the 
diffraction limit of the telescope. Because the 
atmospherically corrupted amplitude spectrum est 
mate is significantly lower than the diffraction- 
limited amplitude, a number of short exposure 
images must be used to build up the SNRs at the 
higher spatial frequencies. 

To reconstruct an image, both the Fourier 
amplitudes and Fourier phases of the image must 
be known. In fact, it is well known that the Fourier 
phase of an image carries most of the information in 
the image. Because only the Fourier amplitudes are 
available using Labeyrie’s method, other techniques 
were subsequently developed to calculate the Fourier 
phase spectrum from a sequence of short-exposure 
images. Techniques that combine amplitude spec- 
trum estimation using Labeyrie’s method along with 
phase spectrum estimation are called speckle imag- 
ing techniques. The two most widely used phase spec~ 
trum estimation methods are the Knox—Thompson 
(or cross spectrum) and bispectrum algorithms. 
Both of these algorithms calculate Fourier-domain 


quantities that retain high spatial frequency infor- 
mation about the Fourier phase spectrum when 
averaged over multiple short-exposure images. The 
cross spectrum and bispectrum, techniques calculate 
the average cross spectrum Cif, Af) and bispectrum 
B(f,, fa). respectively, that are given by 


cha) =npri+ ay (41 


Kill h +h) Is] 


where the superscript + denotes complex conjugate. 
Although the cross spectrum is defined for all values 
of f and Af, only for values of Af or / less than r4/A 
are the cross spectrum elements obtained with 
sufficiently high SNRs to be useful in the reconstruc- 
tion process. The equivalent constraint on the 
bispectrum elements is that either /,,fs, or fr +/2 
must be less than r,/A. Once the average cross 
spectrum or bispectrum is calculated from a series of 
short-exposure images, the phase spectrum ¢y(/) of 
the underlying image can be calculated from their 
phases using one of a number of algorithms based 
upon the following equations: 


a7 + MP) = buf) ~ bef + Af) (61 


for the cross spectrum and: 


hi +h) = bh) + bh) boli th) (71 
for the bispectrum, Because the phases are only 
known for units of 2, phasor versions of eqns [6] 
and [7] must be used. For the cross spectrum 
technique, each short-exposure image must be cen- 
troided prior to calculating its cross spectrum and 
adding it to the total cross spectrum. The bispectrum 
technique is insensitive to tilt, so no centroiding is 
necessary; however, the bispectrum technique requires 
setting two image phase spectrum values to arbitrary 
values to initialize the phase reconstruction process. 
Typically, the image phase spectrum values at [= 
(0,1) and /=(1,0) are set equal to zero, which 
centroids the reconstructed image but does not affect 
its morphology. “ 

To obtain an estimated Fourier transform [.(7) of 
the image from the energy and phase spectrum 
estimates, the square root of the average energy 
spectrum is combined with the average phase 
spectrum calculated from either the bispectrum or 
cross spectrum. The result is given by 


1a) = (EA? expla 1 [8] 


Values 


frequency of an oscillator circuit, In almost all ra- 
dio, cellular, and wireless receivers, a varactor 
controls a phase-locked loop oscillator. In ham 
radio receivers, it can be used toadjustthetuning 
ofafilter that tracks an incoming radio frequency. 


A varactor is always reverse-biased below its 
breakdown voltage, so that there is no direct 
conduction. The voltage that controls a varactor 
must be absolutely free from random fluctua- 
tions that would affect its resonant frequency. 


jiode, PIN 


Tunnel Diode, Gunn 
Diode 

Mostly used in very high frequency or microwave 
applications, where ordinary diodes are unac- 
ceptable because they have insufficiently high 
switching speeds. 


Diode Array 
Two or more diodes may be encapsulated in a 
single DIP or (more commonly) surface-mount 
integrated circuit chip. The internal configura- 
tion and the pinouts of the chip will vary from 
one device to another. Diode arrays may be used 
for termination of data lines to reduce reflection 
noise. 


Bridge Rectifier 
Although this is a diode array, it is commonly in- 
dexed in parts catalogues under the term bridge 
rectifier. Numerous through-hole versions are 
available with ratings as high as 25, some de- 
signed for single-phase input while others pro- 
cess three-phase AC. Screw-terminal compo- 
nents can rectify more than 1,000 volts at 1,000 
amps. The package does not usually include any 
provision for smoothing or filtering the output. 
See ’Rectification” (page 227) for moreinformation 
‘on the behavior of a bridge rectifier. 


Values 


‘Amanufacturer's datasheet for a typical generic 
diode should define the following values, using 
abbreviations that may include those in the fol- 
lowing list. 


discrete semiconductor > single junction > diade 


+ Maximum sustained forward current: ly or |, 
OF lomax 


+ Forward voltage (the voltage drop imposed 
by the diode): Vy 


+ Peak inverse DC voltage (may be referred to 
asmaximum blocking voltage or breakdown 
voltage): Pj, OF Vac OF Vig 


+ Maximum reverse current (also referred toas 
leakage):|, 


Datasheets may include additional values when 
the diode is used with alternating current, and 
will also include information on peak forward 
surge current and acceptable operating temper- 
atures. 


Atypical signal diode is the 1N4148 (included at 
the bottom of Figure 26-3), which is limited to 
about 300mA forward current while imposing a 
voltage drop of about 1V. The component can 
tolerate a 75V peak inverse voltage. These values 
may vary slightly among different manufactur- 
ers. 


Rectifier diodes in the 1N4001/1N4002/1N4003 
series have a maximum forward current of 1A. 
and will impose a voltage drop of slightly more 
than 1V. They can withstand SOV to 1,000V of ir 
verse voltage, depending on the component. 
Here again, the values may vary slightly among 
different manufacturers. 


Zener diodes have a different specification, as 
they are used with reverse bias as voltage- 
regulating devices rather than rectification devi- 
ces. Manufacturers’ data sheets are likely to con- 
tain the following terminology: 


+ Zener voltage (the potential at which the di- 
ode begins to allow reverse current flow 
when it is reverse-biased, similar to break- 
down voltage): V, 

+ Zenerimpedance or dynamicresistance (the 
effective resistance of the diode, spe 
when it is reverse-biased at the Zener volt- 
age): Z. 
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where j= J—T. The result in eqn [8] includes 
atmospheric attenuation of the Fourier amplitudes, 
so it must be divided by the amplitude spectrum of the 
atmosphere to obtain the desired object spectrum 
estimate. The atmospheric amplitude spectrum esti- 
mate is obtained by using Labeyrie’s technique on a 
sequence of short-exposure images of a nearby 
unresolved star. No phase spectrum correction is 
necessary because it has been shown theoretically and 
verified experimentally that atmospheric turbulence 
has a negligible effect upon dy(f). 


Blind Deconvolution 


Speckle imaging techniques are effective as well as 
easy and fast to implement. However, it is necessary 
to obtain a separate estimate of the atmospheric 
energy spectrum using an unresolved star in order to 
reconstruct a high-resolution image. Usually, the star 
is not co-located with the object and the star images 
are not collected simultaneously with the images of 
the object. As a result, the atmospheric energy 
spectrum estimate may be inaccurate. At the very 
least, collecting the additional star data expends 
valuable observation time. In addition, there is often 
meaningful prior knowledge about the object and the 
data, such as the fact that measured intensities are 
positive (positivity), that many astronomical objects 
are imaged against a black background (support), and 
that the measured data are band-limited, among 
others. Speckle imaging algorithms do not exploit this 
additional information. As a result, a number of 
techniques have been developed to jointly estimate 
the atmospheric blurring effects as well as an estimate 
of the object being imaged using only the short- 
exposure images of the object and available prior 
knowledge. These techniques are called blind decon- 
volution techniques. Two of the most common 
techniques are known as multi-frame blind deconvo- 
lution (MFBD) and projection-based blind deconvo- 
lution (PBBD). 

‘The MFBD algorithm is based upon maximizing a 
figure of merit to determine the best object and 
atmospheric short-exposure point spread function 
(PSF) estimates given the data and available prior 
knowledge. This figure of merit is created using a 
maximum likelihood problem formulation. Concep- 
tually, this technique produces estimates of the 
object and the atmospheric turbulence short- 
exposure PSFs that most likely generated the 
measured short-exposure images. Mathematically, 
the MFBD algorithm obtains these estimates by 
maximizing the conditional probability dens 
function (pdf) plig(®)l0G@);Pa(®), m2 = 1,....MI, 
where ij(8) is the mith of M short exposure images 


and is given by 
ig ) = bo) * OC) + rr) 19] 


where (8) and (3) are the atmospheric/system 
blur and detector noise functions for the mth image, 
respectively, and the asterisk denotes convolution. 
The noise is assumed to be zero mean with variance 
@°(X). The conditional pdf plin(X)0(%); hy), m= 

se M] is the pdf of the noise with a mean equal 
) * o%) and, as a function of o() and hy(%), 
it is known as a likelihood function. For spatially 
independent Gaussian noise, as is the case for camera 
read noise, the likelihood function is give 


O13); hy), 2 = 1 


x exp{ = [1% — (0 * hy ® 
(10) 


For Poisson noise, the likelihood function is given 
by 


Lp[o(%); yy), = 1,...,M] 


=n GOV" exp{ = [lo * bhaG]} 


moe aay 


uy 


In practice, logarithms of eqns [10] and [11] are 
taken prior to searching for the estimates of o(%) 
and h,,(%) that maximize the likelihood function. 

In general, there are an infinite number of 
estimates of 0%) and ha (%) that reproduce the 
original dataset when convolved together. However, 
when additional prior knowledge is included to 
constrain the solution space, such as positivity, 
support, and the knowledge that ha(%) is band- 
limited, along with regularization, the MFBD 
algorithm almost always converges to the correct 
estimates of o(2) and hy,(2). 

The PBBD technique also uses prior knowledge 
constraints to jointly estimate o(%) and ha(i). 
However, instead of creating and maximizing a 
likelihood function, the PBBD technique uses the 
method of convex projections to find estimates of o(2) 
and (3) that are consistent with the measured 
short-exposure images and all the prior knowledge 
constraints. The data consistency constraint and the 
prior knowledge constraints are mathematically 
formulated as convex sets and the PBBD technique 
repeatedly takes the current estimates of o(2) and 
by(3) and projects them onto the convex constraint 
sets. As long as all the sets are truly convex, the 
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algorithm is guaranteed to converge to a solution that 
is in the intersection of all the sets as long as the 
algorithm doesn’t stagnate at erroneous solutions 
called traps. These traps are the projection equivalent 
of local minima in cost function minimization 
algorithms. 

‘A key component of this algorithm is the ability to 
formulate the measured short-exposure images and 
prior knowledge constraints into convex sets. As an 
example, consider the convex set Cyosli(%)] that 
corresponds to the positivity constraint. This set is 
given by 


Chose] 4 (4) such that m&) = 0} [12] 


It is straightforward to show that Cyalu(@)] is a 
convex set. Other constraints can be converted into 
convex sets in a similar manner. Although all 
constraints can be formulated into sets, most but 
not all of these sets are convex. 

The projection process is straightforward to 
implement. For example, the projections of the 
current estimates of o(2) and hy,(%) onto Cyosu&)] 
are carried out by zeroing out the negative values in 
these estimates. Similarly, the projections of o() and 
ha(X) onto the convex sets that correspond to their 
support constraints are carried out by zeroing out all 
their values outside of their supports. In practice, 
some versions of PBBD algorithms have been 
formulated to use minimization routines as part of 
the projection process in order to minimize the 
possibility of stagnation. 


Deconvolution from Wavefront Sensing 


A key distinguishing feature of post-detection com- 
pensation algorithms is the type of additional data 
required to estimate and remove atmospheric blur- 
ring in the measured short-exposure images. Blind 
deconvolution techniques need no additional data. 
Speckle imaging techniques estimate average atmos- 
pheric blurring quantities and need an estimate of the 
average atmospheric energy spectrum. Because aver 
age quantities are calculated when using speckle 
imaging techniques, only an estimate of the average 
atmospheric energy spectrum is needed, not the 
specific energy spectra that corrupted the measured 
short-exposure images. As a result, the additional 
data need not be collected simultaneously with the 
short-exposure images. The technique described in 
this section, deconvolution from wavefront sensing 
(DWF), secks to deconvolve the atmospheric blur- 
ring in each short-exposure image by estimating the 
specific atmospheric field phase perturbations that 


blur each short-exposure image. Thus, the additional 
data must be collected simultancously with the short- 
exposure images. The atmospheric field phase per 
turbations are calculated from data obtained with a 
wavefront sensor using a different region of the 
optical spectrum than used for imaging so that no 
light is taken from the imaging sensor. Most 
commonly, the wavefront sensor data consists of the 
first derivatives of the phasefront (phase differences) 
as obtained with Shack-Hartmann or shearing 
interferometer wavefront sensors, but curvature 
sensing wavefront sensors are also used that produce 
data that are proportional to the second derivatives of 
the phasefront. 

The original algorithm to implement the DW. 
technique produced an estimate O(f) of the Fourier 
transform O(/) of the object being imaged using the 
following estimator: 


Slo P HPD 


ee 3 
YA Be 


where H,,(f) is the overall system transfer function 
(including the telescope and atmospheric effects) for 
the mth short-exposure image estimated from the 
wavefront sensor data. To create H,,(f), the atmos- 
pheric field phase perturbations corrupting the mth 
image must be calculated from the wavefront sensor 
in more detail 
Optics. Then Fi,(f) is obtained 
ig standard Fourier optics techniques. Although 
eqn [13] is easily implemented given an existing 
system that includes a wavefront sensor, it suffers 
from the fact that it isa biased estimator. An unbiased 
version of eqn [13] is given by 


Tila PHA 


od) a 


=e (4) 
Dd Aoset(f Aesetlf) 


where Flasc(f) and Hy,i(f) are estimates of the 
overall system transfer function obtained from data 
collected on a reference star using wavefront sensor 
data and image-plane data, respectively. Thus, to 
obtain an unbiased estimator, two more datasets must 


be collected. The number of frames in the reference 
star dataset need not be the same as for the imaging 
dataset. As for speckle imaging, the atmospheric 
statistics must be the same for the reference star and 
imaging datasets. 

Another technique that uses at least one additional 
data channel along with the measured image is called 
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phase diversity. In the additional data channels, 
images are also recorded, but with known field 
phase aberrations intentionally introduced to add 
known diversity to the unknown field phase corrupt- 
ing the measurements. The most commonly intro- 
duced field phases aberration in an additional channel 
is defocus due to its ease of implementation. In the 
case of defocus, the additional data channel along 
with the imaging channel can be viewed as samples of 
the focal volume of the imaging system. Both the 
noise-free object and the unknown field phase 
aberrations can be recovered from the measured 
data using optimization techniques to enforce data 
consistency along with other prior knowledge con- 
straints. These types of systems can use higher-order 
aberrations as well. The phase diversity concept has 
been generalized to an approach known as compu- 
tational imaging, where an imaging system is 
designed by taking into account its intended use, the 
expected image degradation mechanisms, and the fact 
that the image will be the product of both an optical 
‘stem and a postprocessing algorithm. 


Pre-Detection Compensation 


The primary pre-detection-only compensation tech- 
nique in use today employs dynamical electro-optical 
systems to sense and remove the phases in the 
impinging wavefront due to atmospheric turbulence. 
This technique, known as adaptive optics, provides 
much higher-quality data than post-detection com- 
pensation techniques, when there is enough light 
from the object being imaged or a guidestar (artificial 
or natural) to drive the adaptive optics system at a 
bandwidth high enough to keep up with the temporal 
changes in atmospheric turbulence. It consists of a 
wavefront sensor that measures the portion of the 
phasefront in the pupil of the telescope that is due to 
atmospheric turbulence, a wavefront reconstructor 
that generates the deformable mirror drive signals 
from the wavefront sensor data, and a deformable 
mirror that applies the conjugate of the atmospheric 
phase distortions to a reimaged pupil. Some of the 
light reflected off the deformable mirror is then sent to 
the imaging sensor. Adaptive optics systems are 
discussed in much greater detail in Imaging: Adaptive 
Optics. Here, it suffices to say that no adaptive optics 
system produces imagery that is diffraction limited in 
quality, although, under the right conditions, the 
images can be near diffraction limited. However, 
atmospheric seeing conditions fluctuate significantly 
over a night as well as seasonally. Therefore, virtually 
all adaptive optics images benefit from applying post- 
compensation techniques, as is discussed next. 


Hybrid Techniques 


Adaptive Optics and Post-Processing 


Often, an adaptive optics system does not fully 
correct for atmospheric turbulence. This can occur 
when atmospheric conditions become worse than 
the system is designed to handle. Also, an adaptive 
optics system may be intentionally designed to only 
partially correct for atmospheric turbulence in order 
to lower the cost of the system. As a result, there 
still may be significant atmospheric blurring in 
systems that use adaptive optics. For this reason, 
additional post-processing of adaptive optics ima- 
gery can result in significant improvement in image 
quality. All of the techniques discussed in the 
section on post-detection compensation can be 
applied to adaptive optics imagery. Applying these 
techniques should never degrade image quality, and 
will improve the quality if the adaptive optics 
system doesn’t fully correct for atmospheric turbu- 
lence. Generally speaking, the amount of improve 
ment decreases as the performance of the adaptive 
optics system increases. Because the adaptive optics 
system’s performance parameters can vary as 
atmospheric conditions vary, the blind deconvolu- 
tion algorithms are especially applicable to proces- 
sing adaptive optics imagery since they estimate the 
overall system transfer function from the imaging 
data. Because speckle imaging techniques require a 
separate estimate of the overall system transfer 
function, it can be difficult and time-consuming to 
obtain all of the additional data necessary to apply 
these techniques to adaptive optics data. Since these 
post-detection compensation techniques require 
short-exposure images, the adaptive optics system 
needs to have a camera capable of collecting short- 
exposure images. Finally, even if an adaptive optics 
system fully corrects for the atmosphere, deconvo- 
lution techniques that remove the diffraction-limited 
transfer function amplitude attenuation can improve 
image quality. 


Parti 


ly Redundant Pupil Masking 


Although adaptive optics systems can function very 
well, currently they are expensive and require 
significant maintenance. The primary benefit of 
adaptive optics systems is that they remove atmos- 
pheric turbulence phase distortions in the pupil of 
the telescope, thus permitting light from all areas of 
the pupil to interfere in phase when creating an 
image. An interferometric view of imaging reveals 
that multiple regions of the light in the pupil 
contribute to a single spatial frequency in the 
image. When the phasefront in the pupil is distorted 
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by the atmosphere, these multiple regions tend to not 
interfere in phase, reducing the amplitude of the 
image’s Fourier component at that spatial frequency. 
This amplitude reduction effect occurs for all spatial 
frequencies greater than the limit imposed by the 
atmosphere, 7,/A. Therefore, techniques have been 
developed to modify the wavefront by masking part 
of the pupil prior to measuring the field with an 
imaging sensor. This class of techniques has various 
names including optical aperture synthesis, pupil 
masking, and aperture masking. Here this class of 
techniques will be referred to as partially redundant 
pupil masking (PRPM). 

PRPM techniques function by masking the pupil 
in such a way as to minimize the amount of out-of- 
phase interference of light on the imaging detector. 
Early efforts used pupil masks that were opaque 
plates with r,-sized holes in them. Because the 
atmospheric coherence length is r,, all the light 
from an ro-sized hole is essentially in phase. By 
choosing the holes in the mask so that only two holes 
contribute to a single spatial frequency in the image, 
out-of-phase interference problems are removed. 
This type of mask is called a nonredundant pupil 
mask. Of course, a significant amount of light is lost 
due to this masking, so only bright objects benefit 
from this particular implementation. Often, the 
pupil mask needs to be rotated in order to obtain 
enough spatial frequencies in the image to be able to 
reconstruct a high-quality estimate of the object. To 
increase the light levels in the image, masks have 
been made to allow some out-of-phase interference 
for a given spatial frequency, thus trading off the 
amplitude of the spatial frequencies allowed in the 
image with the amount of light in the image. Masks 
with this property are called partially redundant 
pupil masks. 

One version of PRPM is called the variable 
geometry pupil (VGP) technique. It is envisioned to 
work in conjunction with an adaptive optics system 
that does not fully correct the wavefront for 
atmospheric phase distortions. It employs a spatial 
light modulator or a micro-electromechanical mirror 
between the deformable mirror and the imaging 
ither of these two devices is driven by signals 
from the wavefront sensor in the adaptive optics 
system in such a way that the portions of the pupil 
where the phasefront has a sufficiently large second 
derivative is blocked, while the remainder of the 
phasefront is transmitte 

All PRPM techniques benefit from post-compen- 
sation processing, For the case of nonredundant pupil 
masks, post-processing techniques are required to 
convert the discrete-spatial-frequency information 


into an image with reasonable quality. These tech- 
niques are essentially the same techniques as used in 
interferometric imaging, not those described in this 
article. When partially redundant pupil masks are 
used (including VGP masks), the image may include 
enough spatial frequency content that the methods 
described in the post-detection compensation section 
can be applied. 


Imaging: Adaptive Optics; Interferometric Imaging; 
Inverse Problems and Computational Imaging, 
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Introduction 


Electric lamps are by far the most common source of 
light used on Earth, other than our sun, These sources 
are composed of a very large number of individual 
radiating elements, all acting independently. This 
independence causes the light generated by electric 
lamps to have a very low degree of spatial and 
temporal coherence, When compared to lasers, lamps 
are usually considered to be incoherent sources. 
Electric lamps are widely used for general lighting, 
such as residential, commercial and industrial space, 
and task lighting. A much less frequent use of 
incoherent sources, but perhaps of more interest to 
the reader, is as wavelength, intensity, and total light 
output standard used to calibrate various coherent 
light sources. We will discuss the general character- 
istics of incandescent, gas discharge, and solid state 
lamps, with sources in the Further Reading section at 
the end of this article, which are used as calibration 


standards for coherent sources. 


Definitions 


Before discussing individual lamp technologies, we 
need to define some of the key terms that are used for 
describing the performance of electric lamps. Most of 
these definitions are based on or abstracted from the 
TESNA Lighting Handbook: 


© Efficacy: The total light output of a lamp, 
measured in lumens, divided by the power input 
in watts. Efficacy has the units of lumens per 
watt, or 1mW~1, and can be greater than 100. 


The efficacy of common light sources varies from 
101mW-" to over 2001 mW" 

# Correlated Color Temperature (of a light source) 
(CCT): the absolute temperature of a blackbody 
whose chromaticity most nearly resembles that of 
the light source, CCT is measured in Kelvin (K). 
The CCT of typical light sources varies from 
2000 K to 6000 K, with the most popular sources 
being in the range from 2700 K to perhaps 4500 K. 

Color Rendition Index (of a light source) (CRI): a 
measure of the degree of color shift objects 
undergo when illuminated by the light source as 
compared with those same objects when illumi- 
nated by a reference source of comparable color 
temperature. The highest possible CRI is 100. The 
lowest theoretical CRI is less than zero, but CRI 
less than 50 is generally considered to have no value 
in determining the color quality of a light source. 

# Photopic Luminous Efficiency Function (Vj): a 
measure of the sensitivity of the human eye in 
lumens per watt of radiation received, as a function 
of wavelength, for luminance levels higher than 

3edm *. Vy is based on relatively few obser- 
vations, and individuals may differ significantly 
from the standard V, function. V, provides the 
basis for measuring the efficacy of all light sources. 

«Visible Light: generally accepted to mean radiation 
between 380 nm and 780 nm, 


Incandescent Lamps 


Incandescent lamps are quasi-blackbody thermal 
radiators. A true blackbody radiator would generate 
light according to Planck’s Law, as shown in eqn [1] 
and Figure 1, for various temperatures. Most 
incandescent lamps use tungsten filaments, and the 
emissivity of tungsten, the ratio of its radiative output 
to that of a blackbody at the same temperature, is 
about 0.44 in the visible region of the spectrum and 
about 0.33 in the infrared. The radiative output of a 
tungsten incandescent lamp is, therefore, less than 
half that of a blackbody of the same temperature and 
the intensity versus wavelength curve does not exactly 
follow Plank’s law, being slightly favorable to visible 
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Figure 1 Radiation trom blackbody source at various 
temperatures. © 2005 Roberts Research and Consulting, Inc. 
Published by Elsevier Ltd. All rights resorved, 


radiation: 
Qmb210-® 
EQ) = 1 
= expat im 
where: 


E = power per square meter of surface area per am of 
wavelength 

wavelength in meters 

b = Plank’s constant, 6.63 x 10~™ Joule seconds 
peed of light, 3 x 10° meters sec! 

Boltzman’s constant, 1.38 x 10-7 Joule K" 
temperature of the source in K 


Tungsten lamps have excellent color quality, 
reflected in a perfect CRI of 100, are inexpensive, 
available in a great variety of sizes, shapes, and 
operating voltages, have a small source size that 
permits excellent light control with relatively small 
reflectors and lenses, run equally well on AC or 
DC power, can be easily dimmed, can have very 
long life, are insensitive to operating position, are 
relatively insensitive to ambient temperature, con- 
tain no hazardous materials, and light virtually 
instantly, though not as fast as LEDs. However, 
incandescent lamps have one major disadvantagi 
they are very inefficient. Most of the energy 
consumed by incandescent lamps is radiated in 
the infrared, while only 5% to 10% is radiated in 
the visible portion of the spectrum. The reason for 
this is shown in Figure 2, which shows the visible 
region of the spectrum superimposed on the 
blackbody radiation curves. 

There are a number of techniques that have been 
used or are being investigated to increase the efficacy 
of incandescent lamps. First, as can be seen in 
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Figure 2 Radiation trom blackbody source at various tompora- 


‘ures with visible band, © 2005 Roberts Research and Consulting, 
Inc. Published by Elsevier Ltd. All rights reserved, 


Figure 2, increasing the filament temperature shifts 
the wavelength for peak emission toward lower 
wavelengths, and will result in a larger fraction of 
the radiated energy being in the visible region. 
Unfortunately, increasing filament temperature also 
increases the rate of tungsten evaporation and there- 
fore shortens the life of tungsten lamps, since 
evaporation of tungsten is the dominant incandescent 
lamp failure mode. In a similar manner, the life of 
incandescent lamps can be increased to arbitrarily 
long times by decreasing filament temperature. This 
technique, which is the means used in far too many 
“long life” incandescent lamps, unfortunately leads to 
a decrease in the already low efficacy of incandescent 
lamps. The approximate dependences of life, eficacy, 
and color temperature on operating voltage, for 
common incandescent lamps operating between 
90% to 110% of rated voltage, are shown in 
eqns [2], [3], and [4]: 


LIFE, 


EFFICACY, _ ( VOLTS 
EFFICACY, 


COLOR_TEMPERATURE, (wu 


COLOR_TEMPERATURE, — \ VOLTS; 


Combining eqns [2] and [3] yields eqn [5]: 


IS] 
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Under the assumption that the color temperature of 
an incandescent lamp is approximately the same as 
the operating temperature of the filament, we can 
combine eqns [2] and [4] to obtain eqn [6], and 
combine eqns [3] and [4] to obtain eqn [7]: 


LIFE, _ (TEMPERATURE; \"””* 7 
TIFE: ~ \ TEMPERATURE; 


EFFACACY, ss igi 


TEMPERATURE, 


One way to allow operation with higher filament 
temperatures, while not decreasing filament life, is to 
fill he lamp with a high molecular weight and/or high 
pressure gas, as either will retard tungsten evapor- 
ation. Lamps using krypton or xenon in place of the 
normal argon fill allow for a moderate increase in 
filament temperature. Better yet is a fill of halogen 
gas, such as HBr, CHBr, or CHB’ plus Kr or Xe at 
total pressures that range from 2 to 15 atmospheres. 
The high total pressure inhibits tungsten evaporation 
from the filament, and the halogen fill gas reacts with 
tungsten that deposits on the wall of the lamp to 
remove this tungsten and maintain light output over 
the life of the lamp. The tungsten removed from the 
wall of the lamp is redeposited on the tungsten 
filament, increasing lamp life under some circum- 
stances. Due to the high gas pressures involved, 
tungsten halogen incandescent lamps are constructed 
in small filament tubes’ to minimize both the amount 
of gas needed and the total explosive energy. The 
filament tubes are manufactured from quartz or 
special high temperature glass. For general purpose 
applications, the quartz or high temperature glass 
filament tube is enclosed in a larger glass envelope to 
protect the user should the filament tube explode and 
to protect the filament tube from environmental 
contaminants, such as salts from human fingers. 
Since 90% to 95% of the energy consumed by an 
incandescent lamp is radiated as infrared energy, itis 
easy to see that the potential exists to dramatically 
increase the efficacy of incandescent lamps by 
flecting some of this infrared energy back onto the 
filament, thus allowing the filament to be maintained 
at its normal operating temperature with far less 
electrical power. The reflector must have very low 
absorption in the visible region of the spectrum, high 
reflectivity in the IR and a reasonably sharp transition 
between the two, because the greatest IR emission is 
just below the visible band. The reflector and filament 
must also be precisely positioned so that the reflected 
IR radiation hits the filament, and the reflector must 
also be low enough in cost to be commercially viable. 


Successful IR reflectors have been made from multi- 
layer dielectric films. These are similar to the coatings 
used to make high reflectivity mirrors for He-Ne 
lasers, but they have much broader bandwidth and 
lower reflectivity. The reflector-filament alignment 
problem is most easily solved using the geometry of a 
tungsten halogen filament tube as the carrier for the 
IR reflector. The typical efficacy gain is about 50%: a 
60-watt IR-halogen lamp produces about as much 
light as a 90-watt halogen lamp. 

‘Other methods being investigated to increase the 
efficacy of incandescent lamps involve modification of 
the filament to decrease its emissivity in the IR and/or 
increase its emissivity in the visible, and hence turn it 
into. more of a ‘selective radiator’ than natural 
tungsten. Three general methods are under investi- 
gation: one involves creating a dense pattern of 
submicron size cavities on the surface of the tungsten 
to inhibit IR radiation; a second involves coating the 
tungsten with a material that is itself a selective 
radiator that favors the visible portion of the 
spectrum, while a third involves replacing the 
tungsten filament with a material that is a natural 
selective radiator. No products exist that employ 
these techniques, but active R&D projects are 
underway that may yield a more efficient incandes- 
cent lamp in the future 

Incandescent lamps can be used as standards for 
total flux and color temperature if carefully con- 
structed and operated. The National Institutes for 
Standards and Technology (NIST) in the US sells 
1000-watt tungsten halogen lamps calibrated to an 
accuracy of 0.6% in luminous intensity and 8 K in 
color temperature at a color temperature of 
2856 K. Similar service are provided by standards 
organizations in other countries. 


Discharge Lamps 


The most efficient lamps produced today are based on 
electric discharges in gasses. These include ‘low 
pressure’ lamps such as fluorescent lamps and low 
pressure sodium lamps; and ‘high pressure’ or high 
intensity discharge (HID) lamps such as metal halide, 
high pressure sodium, high pressure mercury, and 
sulfur lamps. These lamps are all more efficient than 
incandescent lamps because they are ‘selective radia- 
tors’ instead of blackbody sources and have been 
designed to generate as much radiant energy as 
possible in the visible band while minimizing energy 
produced outside the visible band. The best white 
light discharge lamps have conversion efficiencies 
from electric power to visible light of 25% to 30%, 
making them almost five times as efficient as the 
typical incandescent lamp. 
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Fluorescent Lamps 


Fluorescent lamps, as shown in Figure 3, are generally 
constructed in a cylindrical soda lime glass envelope 
with a length to diameter ratio significant greater than 
one. Most contain thermionic electrodes at each end 
to generate an clectric field that establishes and 
sustains the discharge. The lamps are filled with about 
2 Torr of Argon and/or another rare gas, and a few 
mg of liquid mercury, while the inside surface of the 
tube is coated with a phosphor that converts UV 
radiation generated by excited mercury atoms into 
visible light. 

As with any other low pressure gas discharge, 
various discharge regions are aligned along the axis of 
the tube: 


Aston Dark Space 
Cathode Glow 
Cathode Dark Space 
Negative Glow 
Faraday Dark Space 
Positive Column 
Anode Glow 

Anode Dark Space 


‘The axial lengths of all these regions, except for the 
positive column, are fixed by the properties of the 
cathode and anode, the fill gas type and pressure, and 
the discharge current. The length of the positive 
column is variable and fills the space between the 
Faraday Dark Space and the Anode Glow. The 
cathode and anode regions of the discharge have a 
total axial length of about twice the diameter of the 
discharge tube. Therefore, if the length-to-diameter 
ratio of the discharge tube is substantially greater 
than one, the majority of the tube is filled by the 
Positive Column, as shown in Figure 3. The positive 
column is the part of the discharge that creates the UV 
photons that excite the phosphor and cause it to 
generate visible light. The remainder of this discus- 
sion will therefore focus on the positive column, 

‘The basic operation of a fluorescent lamp positive 
is shown in Figure 4, Free electrons are accelerated by 
the electric field established between the two electro- 


des, These electrons collide with both the mercury 
and rare gas atoms, but selectively excite and ionize 
mercury atoms, since the excitation and ionization 
energies of mercury are significantly lower than that 


i= ft 


Figure 3 Linear fluorescent lamp. © 2005 Roberts Research 
and Consulting, Inc. Published by Elsevier Ltd All rights reserved. 
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Figure 4 Operation of fluorescent lamp postive column. © 2005, 
Roberts Research and Consulting, Inc. Published by Elsevier Lid 
All rights reserved. 


of any rare gas used in the lamps, Ionization of 
mercury creates more free electrons to sustain the 
discharge. The gas density in the lamp is low enough 
to require that most of the recombination of mercury 
ions and free electrons takes place on the wall of the 
tube, since this recombination requires a three-body 
collision. The excited mercury atoms generate both 
UVand visible photons, and the UV photons generate 

isible light once they reach the phosphor coated on 
the inner surface of the lamp. 

The high efficiency of fluorescent lamps is directly 
related to the fact that 60% to 65% of the electric 
power consumed by the positive column of the 
fluorescent lamp discharge is converted into 245 nm 
UV photons as a result of the resonance transition 
from the 6'P, state of mercury at 4.86 eV to the 6'S, 
ground state. The resonance transition from the 6'P, 
state of mercury generates 185 nm UV photons that 
carry about 10% of the energy. About 3% of the 
positive column energy ends up in mercury visible 
lines at 405 nm, 436nm, 546nm, 577nm, and 
S79 nm, 

‘The 245 nm and 185 nm photons generated by the 
excited mercury atoms travel only a fraction of a 
mm before they are absorbed by a ground-state 
mercury atom. However, due to the relative absence 
of other de-excitation mechanisms, a large fraction 
of these absorbed photons are re-emitted by the 
absorbing atoms, and most of the UV photons 
generated in the core of the discharge eventually 
reach the phosphor coated interior wall of the 
discharge tube where they are converted into visible 
light (and waste heat). 

The phosphors used in modern fluorescent lamps 
are a blend of three rare-earth phosphors: 

@ Blue: BaMg,Al, O,,:Eu** 
°G CeMgal;1O19(Ce**):Th** 
# Red: Y203:Eu"* 
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Rare earth phosphors provide a combination of 
high efficiency, high color rendition index, and high 
tance to degradation that far exceeds the 
performance of the halophosphate phosphors used 
in older generations of fluorescent lamps. 

However, due to the Stokes Shift, there is a 
substantial energy loss converting the UV photons 
produced by excited mercury atoms into visible light, 
even using a ‘perfect’ phosphor that has quantum 
efficiency of 1.0. The average energy of a visible 
photon is 2.43 eV, using the 380 nm to 780 nm limits 
for visible radiation discussed at the start of this 
article. When one 245 nm photon that has 4.885 eV 
of energy is converted to one visible photon with an 
average energy of 2.43 eV, a bit over 50% of the 
photon’s energy is lost. The situation is worse for the 
185 nm photons, which each have 6.707 eV of energy. 
They lose 64% of their energy when they are 
converted to visible photons, so it is good that the 
fluorescent lamp discharge generates six to seven 
245 nm photons for each 185 nm photon. The Stokes 
shift is responsible for the largest single energy loss 
mechanism in fluorescent lamps. Work is underway 
to develop phosphors with a quantum efficiency 
greater than 1.0, so less energy will be lost in the UV- 
to-visible light conversion process, but no practical 
phosphors have been developed to date. 

The mercury pressure for optimum UV pro- 
duction is about 6 x 10~* Torr, which is the vapor 
pressure of mercury over a liquid pool at 40°C. At 
higher mercury pressure there is too much absorp- 
tion by ground state mercury atoms, and at lower 
pressures there is an insufficient number of mercury 
atoms for excitation by the electrons. The diameter 
of most linear lamps is chosen so that the coolest 
spot on the interior of the lamp wall will be at 40°C 
when the lamp is operated at its design power in an 
ambient temperature of 25°C. Usually this ‘cold 
spot’ will be near the middle of the lamp, but in 
some higher power linear lamps the wall tempera- 
ture is well over 40°C. In these lamps a cold spot is 
often created at the end of the lamp by use of a 
longer electrode mount and a heat shield mounted 
between the electrode and the end of the lamp. 
Obviously, the performance of fluorescent lamps 
designed in this manner is highly sensitive to 
ambient temperature. In some smaller, high-power 
density lamps, most commonly compact fluorescent 
lamps (CFLs), it is not possible to create a region 
with a temperature as low as 40°C. In these 
lamps the mercury pressure is controlled by amal- 
gamating the mercury with Pb, Bi, or Sn, creating a 
compound that both reduces the mercury vapor 
pressure at any given temperature and also reduces 
the variability of mercury vapor pressure with 


temperature. These mercury amalgams have the 
secondary advantage of making the fluorescent lamp 
less sensitive to ambient temperatu: 

Mercury, which is the key ingredient in fluorescent 
lamps, is considered to be a hazardous material by 
regulatory agencies in many countries. At least as 
carly as the mid-1980s researchers began to study 
ways to reduce or eliminate mercury from fluorescent 
lamps. 

Development of a mercury-free fluorescent lamp is, 
very difficult and the only mercury-free fluorescent 
lamp that exists, as of mid-2003 has an efficacy of 
about 101 mW‘, one-tenth the efficacy of the best 
mercury-based fluorescent lamp (Osram Sylvania 
LINEX" Linear Excimer Lamp System, Model 
LINEX A3-10W40). There are three key problems 
that have to be solved to develop an efficient mercury- 
free fluorescent lamp system: 


(i) Identify a nontoxic material that generates UV 
photons and has its optimum gas density at a 
convenient and safe temperature. The most 
promising candidate is xenon, used as either an 
atomic radiator or an excimer. 

(ii) Develop a phosphor that produces high-quality 
white light with high efficiency when excited by 
UV photons from the chosen mercury-replace- 
ment material. This has proven a major chal- 
lenge. The resonance line of atomic Xe has a 
wavelength of 147 nm, while the output from a 
xenon excimer discharge is at 172 nm. The Stokes 
shift loss converting each of these to visible light is, 
71% for atomic xenon and 66% for xenon 


excimers. To reduce the Stokes shift loss, a 
quantum-splitting phosphor, one that generates 
more than one visible photon for each UV 
photon, is needed. Most of the effort to develop 
mercury-free fluorescent lamps has been concen- 
trated in this area. No viable phosphor has been 
developed, but work continues. 

(iii) Develop a ‘reservoir’ for xenon or the other 
working gas. The mass of ‘active’ gas needed for 
a fluorescent lamp is small; a 4-foot, 1.5-inch 
diameter lamp needs 0.1 mg of mercury in the 
gas phase to operate properly. However, during 
life, some of this gas is consumed through 
physical attachment or chemical reaction and 
must be replaced. The drop of liquid mercury or 
small mass of mercury amalgam used in conven- 
tional fluorescent lamps provides a reservoir that 
maintains the mercury gas pressure in the 
presence of these consumption mechanisms. 


In contrast to the failure to develop a mercury-free 
fluorescent lamp, there has been great success in 
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reducing the amount of mercury used in each lamp. A 
typical 4foor, 1.5-inch diameter fluorescent lamp 
produced in the 1970s would have 50 mg to 100 mg 
of mercury. This high amount of mercury was mostly 
the result of the type of manufacturing equipment 
used, but mercury consumption required that each 
lamp had 15mg to 20mg of mercury in order to 
survive for its rated 20000-hour life. The develop- 
ment of coatings and other materials that reduce 
mercury consumption, when combined with new 
manufacturing technology, has allowed the amount 
of mercury used in modern 4-foot fluorescent lamps to 
he reduced to 3 mgto S mg, and further reductions are 
possible with improved technolo; 

‘As stated above, the length-to-diameter ratio of 
most fluorescent lamps is significantly greater than 
one. The reason for this is that there is a 10 to 15 volt 
drop at the electrodes, and the power lost in these 
regions does not produce a significant amount of 
light. A large length-to-diameter ratio increases the 
voltage and power of the positive column, where 
the bulk of the UV photons are generated, relative to 
the power lost in the electrode regions. When the 
energy crunch hit in the mid-1970s, there was strong 
interest in developing a fluorescent lamp that could 
replace the inefficient incandescent lamp. However, 
the need for high length-to-diameter ratios meant that 
it would not be practical to make a fluorescent lamp 
shaped like an incandescent lamp. This need created 
the technology to manufacture CFLs which are 
constructed of long tubes bent or coiled into shapes 
that allow them to fit into spaces occupied by 
incandescent lamps. 

Fluorescent lamps and other discharge lamps have 
a negative incremental voltage vs. current (V/I) 
characteristic, which means that their operating 
voltage decreases as the operating current increases. 
Due to this, such discharges need to be operated from 
a current limited power source, commonly known as 
a ‘ballast’ in the lighting industry. Ballasts were 
originally simple series inductors and lamps operated 
at the power line or mains frequency, though many 
line frequency ballasts are now considerable more 
complex than an inductor. In the 1940s, it was 
discovered that the efficacy of fluorescent lamps could 
he increased by operation at frequencies of a few kHz, 
It was not until the 1970s, however, until the cost of 
power electronics came down to the point where it 
was possible to make affordable high frequency 
electronic ballasts. Electronic ballasts operating in 
the 20kHz to 100kHz range are now used with 
almost all CFLs and in most commercial applications 
using linear fluorescent lamps. 

The desire for fluorescent lamps shaped like 
incandescent lamps also sparked the development 


of electrodeless fluorescent lamps. Since the need for 
high length-to-diameter ratios is driven by the losses 
at the lamp clectrodes, researchers realized they 
could make fluorescent lamps in short, wide shapes 
if they climinated the electrodes. As shown in 
Figure 5, an electrodeless lamp is just like a 
transformer, except it has a single-turn discharge 
secondary instead of a multiturn copper or alumi- 
num secondary. An open core version of an 
clectrodeless fluorescent lamp with integral ballast 
is shown in Figure 6. The electric field is created by 
a time-varying magnetic field. Because of the 
relative high voltage-per-turn imposed by the 
discharge secondary, these lamps operate only at 
high frequency. There are three clectrodeless fluor- 
escent lamps on the market. The closed core design 
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Figure § Basic electrodeless fluorescent lamp with closed 
ferrite core. © 2005 Roberts Research and Consulting, In. 
Published by Elsevier Ltd. All rights resorved, 
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Figure 6 Open core electradelass lamp with integral ballast. 
\© 2005 Roberts Research and Consulting, Inc. Published by 
Elsevier Lid, Al rights reserved. 


discrete semiconductor > single junction > diode 


+ Maximum or admissible Zener current (or 
reverse current): Iz OF lem 


+ Maximum or total power dissipation: Py or 
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Zener voltage may be defined within a minimum 
and maximum range, or as a simple maximum, 
value. 


Limits on forward currentare often not specified, 
as the components not intended to be forward- 
biased, 


How to Use it 


Rec ition 

A rectifierdiode,asits name implies, is commonly 
used to rectify alternating current—that is, to 
‘turn ACinto DC. A half-wave rectifier usesa single 
diode to block one-half of the AC sinewave. The 
basic circuit for a half-wave rectifier is shown in 
Figure 26-8. At top, the diode allows current to 
circulate counter-clockwise through the load. At 
bottom, the diode blocks current that attempts 
to circulate clockwise. Although the output has 
"gaps" between the pulses, itis usable for simple 
tasks such as lighting an LED, and with the addi- 
tion ofa smoothing capacitor, can power the coil 
ofa DC relay. 


A full-wave bridge rectifier employs four diodes 
to provide a more efficient output, usually fil- 
tered and smoothed with appropriate capaci- 
tors. The basic circuit is shown in Figure 26-9. 
‘comparison of input and output waveforms for 
half-wave and full-wave rectifiers appears in 
Figure 26-10. 


Discrete components are seldom used for this 
purpose, as off-the-shelf bridge rectifiers are 
available ina single integrated package. Rectifier 
diodes as discrete components are more likely to 
be used to suppress back-EMF pulses, as de- 
scribed below, 


An old but widely used design for a full-wave 
bridge rectifiers shown in Figure 26-11. This unit 
measured approximately 2” x 2” x 1.5” and was 
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Figure 26-8. A half-wave rectifier. In this configuration 
the diode allows AC current ta circulate caunter-clockwise 
but blacks it clockwise, 
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Figure 26-9. The basic circuit commonly used to form a 
bridge rectifier. with color added to indicate polarity. Wires 
shawn in black are not passing current because diodes 
are blocking it. Nate that the polarity at the load remains 
constant. 


divided into four sections (as indicated by the 
solder terminals on the right-hand side), each 
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shown in Figure 7 operates near 250 kHz with an 
mal ballast, while the open core design shown 
in Figure 8 operates near 2.5 MHz. Figure 9 shows 
an open core design with an integral ballast that 
also operates near 2.5 MHz. Some people have 
suggested that electrodeless fluorescent lamps are 
fundamentally different from normal fluorescent 
lamps and the high frequency field drives the 
phosphor to emit light. This is incorrect. Other 
than the manner in which the electric field is 
created, and the new shapes this allows, electrode- 
less fluorescent lamps operate in the same manner 
as normal fluorescent lamps, 

Due to the strong dependence of fluorescent 
performance on mercury temperature, these lamps 
are not useful as flux standards. However, the five 
mercury visible lines listed above, plus the 365 nm 
line of mercury, make the ordinary fluorescent lamp 
an ideal source for wavelength calibration of spec- 
trometers, Germicidal lamps, which do not use 
phosphor but are constructed in quartz envelopes 


Figure 7 Closed core electrodeless fluorescent lamp, Osram 
‘Sylvania leetron/Endura Lamp, from US Patent 5,834,905. 


200v/50H2 


and use the same type of mercury-rare gas discharge 
as fluorescent lamps, are a convenient source of 
254 nm radiation that can be used to calibrate UV 
spectrometers, Care should be taken when using these 
lamps, as the 254 nm radiation can damage human 
eyes and skin, 


High Intensity Discharge Lamps 


If the mercury pressure in a discharge lamp is 
raised from 610°? Torr to an atmosphere or 


Phosphor coating 


Valox plastic 
housing 


Electronios 
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Figure 9 GE Genura” open core olectrodeless fluorescent 
lamp with integral ballast. Courtesy of General Elecric Company. 


Figure 8 Open core electrodoless fluorescent lamp with separate ballast, Philips QL lamp, from US Patent 6,973,198 B1 
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greater, the 245 nm and 185 nm resonance lines are 
trapped via absorption by ground-state mercury 
atoms and the radiation output from the discharge 
shifts to the five optically thin visible lines listed in 
the discussion of fluorescent lamps, plus the 
365 nm near-UV line and a number of lines near 
300 nm. The result is a high pressure mercury lamp 
that operates with an efficacy of about 551mW ' 
and has a CRI of about 50. The high-mercury 
vapor pressure requires a wall temperature of at 
least 360°C, which in turn requires that the arc 
tube be constructed from quartz and operated at 
high power density. A 400-watt high-pressure 
mercury arc tube has a diameter of 22mm and 
length of about 100mm. In contrast, a 32-watt 
fluorescent lamp has a diameter of 25.4mm and a 
length of about 1200 mm. This accounts for the 
classification of these high pressure lamps as high 
intensity discharge (HID) lamps. Due to the high 
temperature of the are tube, most HID lamps are 
constructed with the arc tube mounted inside a 
hard glass outer jacket that protects both the user 
and the are tube. The high-pressure mercury lamp 
is a direct visible radiator, but the are tube does 
generate a small amount of radiation in the 
254 nm to 365 nm region, that radiation is trapped 
by the outer glass jacket. Some high-pressure 
mercury lamps have a phosphor coating on the 
inside of the outer jacket to convert this UV 
radiation into visible radiation, mostly in regions 
of the spectrum where the high-pressure mercury 
arc is deficient in radiation, thus improving the 
color of the lamp. 

Most high-pressure mercury lamps operate at a 
mercury pressure of about four atmospheres. 
Because their spectrum is dominated by mercury 
line emission, the output of these lamps is deficient 
in the red portion of the spectrum and the lamps 
have poor color rendition. In 1992, Philips received 
a US patent for a new type of ultra-high pressure 
mercury lamp that they call UHP for ‘Ultra High 
Performance’. This lamp operates at a mercury 
pressure of 200 atmospheres or more. The output 
spectrum is characterized by a significant amount 
of continuum radiation from quasi-molecular states 
of mercury and this continuum includes energy in 
the red portion of the spectrum that is missing 
from conventional high pressure mercury lamps. 
UHP lamps also include a small amount of 
halogen, such as bromine, which creates a tung- 
sten-halogen cycle similar to that discussed earli 
in relation to tungsten-halogen incandescent lamps. 
During lamp operation, tungsten is sputtered and 
evaporated from the electrodes. In the absence of 
the halogen fill, this tungsten rapidly deposits on 


the walls, leading to very short lamp life. The 
halogen combines with most of the tungsten before 
it has a chance to reach the wall of the arc tube. 
The halogen will also combine with any tungsten 
that has deposited on the wall of the are tube. The 
tungsten-halogen compound formed is gaseous at 
the operating temperature of the lamp and will 
diffuse back toward the core of the discharge 
where the high temperature of the are dissociates 
the tungsten-halogen compound. The tungsten is 
deposited back on the electrodes, thereby greatly 
extending the life of the lamp. Due to their very 
high pressures, UHP lamps are constructed in small 
discharge tubes and have a very short discharge 
length, typically 1 to 2mm, making these lamps a 
irtual point source. Due to their excellent spectral 
characteristics and small source size, UHP lamps 
have found application in various projection 
applications, including LCD-based electronic 
projectors. 

The performance of high-pressure mercury lamps 
can be substantially improved by adding metals 
such as sodium and scandium to the high-pressure 
mercury arc. The sodium emits near the peak of the 
eye sensitivity curve, providing high efficacy, while 
the scandium has many transitions in the visible, 
which fill out the spectrum and provide high CRI. 
If metallic elements are added directly to the high- 
pressure mercury arc they would deposit on or 
react with the wall of the arc tube. To prevent this 
they are added as iodides, such as Nal or Scls. This 
creates a regenerative cycle in which the Nal and 
Scl; are heated and dissociated in the 5000 K core 
of the arc, allowing the free metals to radiate. 
As the metals diffuse toward the cooler sections of 
the arc near the walls, they recombine with the 
iodine to reform the iodides. These metal halide 
lamps have produce light with an efficacy of about 
901mW"' to 1001mW"! and a CRI of about 
65 to 75. 

‘The high-pressure sodium (HPS) lamp is an HID 
lamp that uses hot sodium vapor to generate a 
golden white light. The lamp uses a mixture of 
sodium, mercury, and rare gas such as xenon. The 
core temperature of the sodium-mercury-xenon 
discharge is typically about 4000K, while the 
temperature at the edge of the discharge and the 
walls of the ceramic arc tube is typically about 
1500 K. At low pressure, emission from sodium is 
dominated by the resonance lines at 589.0 and 
589.6 nm, so the light is virtually monochromatic. 
However, in the HPS lamp, the sodium pressure is 
typically 75 Tors, which is high enough to almost 
completely trap emission from the resonance lines, 
forcing radiant energy to escape in the wings of 
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these lines, thereby increasing the color quality of 
the light. Since sodium will attack quartz, this 
mixture is contained in a translucent alumina 
{aluminum oxide) ceramic arc tube. As with other 
HID lamps, the alumina arc tube is contained in a 
hard glass outer bulb, HPS lamps are the most 
efficient generators of ‘white light’ available. 
A typical 400 watt HPS lamp produces light with 
an efficacy of 1251mW_', this high efficacy being 
due to the fact that the emission matches the 
peak of the eye sensitivity curve. The light has a 
CRI of only 22; however, the HPS lamp is widely 
used for roadway and other outdoor lighting 
applications. 


Solid State Sources 


The newest incoherent sources to be used for 
general purpose lighting are solid state devices: 
light emitting diodes (LEDs), and organic light 
emitting diodes (OLEDs). LEDs are very similar to 
laser diodes but without the two mirrors used to 
form the laser cavity in laser diods. Photons are 
generated as a result of electron-hole recombina- 
tion as electrons move across the energy gap of a 
biased p-n junction. By appropriate selection of 
materials, photons can be created at visible 
wavelengths. Low brightness infrared and red 
LEDs have been available for quite some time. It 
was not until the mid-1980s that high brightness 
red LEDs were developed. These were followed by 
increasingly more challenging yellow, green, and 
then blue high brightness LEDs, developed in 1994 
by Shuji Nakamura, of Nichia Chemical Industries. 
Nakamura added phosphor to his high brightness 
blue LEDs in 1996 and developed the first ‘white’ 
LED, thus triggering the current level of excitement 
concerning the use of LEDs to replace incandescent 
and discharge lamps. Monochromatic high bright- 
ness LEDs have already replaced color-filtered 
incandescent lamps in many applications, such as 
traffic lights, vehicle signal lights, and signage, In 
these applications, LEDs are the clear winner in 
life and efficacy. However, when compared. to 
unfiltered sources, the best white LEDs are about 
as efficient as tungsten halogen incandescent lamps 
and far less efficient than fluorescent and metal 
halide lamps. They also cost far more per lumen 
than even the most expensive discharge lamp. 
LEDs have high internal quantum efficiency, so 
the main technical challenges are to fabricate 
devices to minimize internal light trapping in 
order to improve device efficiency and reduce the 
cost per lumen produced. 


Organic light emitting diodes (OLEDs) generate 
light by the passage of electric current through 
special organic molecules, using a process known 
as_electrophosphorescence. The electrophosphores- 
cent material is usually coated on a transparent and 
perhaps flexible substrate, and overcoated with a 
transparent conductor. OLEDs currently have lower 
efficacy and shorter life than LEDs, but they also 
have lower manufacturing costs. If LEDs are the 
Snew’ point sources that replace incandescent lamps 
and perhaps CFLs, then OLEDs are the “new” diffuse 
sources that some say will replace liner fluorescent 
lamps. 


See also 
Light Emitting Diodes. 
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Since their discovery by Rontgen in 1895, X-rays have 
heen used in a wide variety of applications ranging 
from medical and industrial radiography to cryst: 
lographic studies of the structure of biomolecules 
The short wavelength (A ~ 0.1 nm) and high pene- 
trating power of hard X-rays makes them an ideal 
probe of the internal structure and composition of 
condensed matter. Indeed, Watson and Crick’s elu 
dation of the double helix structure of DNA in the 
early 1950s, based on the X-ray diffraction patterns 
of Rosalind Franklin, has revolutionized biology and 
provided an atomistic view of the stuff of life. 


Figure 1 


hetp://www.aip.org/enews/physnews/1999/split/ 
pou437-2.hem 

Waymouth JF (1971) Electric Discharge Lamps. Cam- 
bridge, Massachusetts: MIT Press. 
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‘The quest for ever higher spatial resolution, and the 
desire to obtain high-quality X-ray data on shorter 
time-scales, have both been prime motivations for the 
development of high intensity hard X-ray sources 
since the mid-1970s. This evolutionary trend has led 
to the design and construction of large synchrotron 
radiation facilities, serving many thousands of users 
and enabling forefront experimental studies across a 
broad range of disciplines. One such example of a 
national facility, dedicated to high-brightness X-ray 
synchrotron radiation, is the Advanced Photon 
Source (APS), located at Argonne National Labora- 
tory in the United States (Figure 1). Facilities of a 
similar scope and purpose have also been constructed 
in Europe and Japan, and a number of new high 
brightness sources are currently under construction 
in several countries around the world (see Table 1). 


AAorial view of the Advanced Photon Source, Argonne National Laboratory. Courtesy of Advanced Photon Source. 
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Table 1 Third-generation synchrotron radiation sources 


Location Facility Electron energy (GeV) 
Grenoble, France European Synchrotron Radiation Facility (ESRF) 6 
Argonne, linois, USA ‘Advanced Photon Source (APS) 7 
Nishi Harima, Japan '8-GeV Super Photon Ring (SPring-8) 8 


Berkeley, CA, USA ‘Advanced Light Source (ALS) 15-19 
Canberra, Australia Boomerang” a 
Didcot, UK DIAMOND* 3 
Orsay, France SOLEIL (LURE) 275 
Karlsruhe, Germany “Angstrmquelle Karisrune (ANKA) 25 
Hamburg, Germany PETRA II 6 
Indoro, India INDUS II" 25 
Viligen, Switzerland Swiss Light Source (SLS) 24 
‘Saskatoon, Canada Canadian Light Source* 29 
Stanford, CA, USA SPEARS a 
Upton, New York, USA NSLS II? 25-28 
Trieste, tly Elettra 20-24 


Sunder construction as of March 2004, 
“Planning stage. 


In this article we will draw on examples from APS to 
illustrate the characteristics and performance of the 
current generation of synchrotron sources in the hard 
X-ray region. 

From the earliest days of particle physics studies 
in the 1930s and 40s, it was realized that copious 
amounts of X-rays could be produced by accelerating 
charged particles in a curved trajectory, as in a 
cyclotron or a synchrotron, For particle physics such 
radiation is highly detrimental because it limits the 
ultimate energy of particle accelerators and forces 
their circumference to become inordinately large in 
order to reduce radiation losses. 

Originally considered to be a major source of 
concern in particle accelerator design, synchrotron 
radiation soon began to emerge as a boon to X-ray 
science. This came about in the early 1970s after the 
capability was developed to produce and store 
significant circulating currents of high-energy 
charged particles (electrons or positrons) for colliding 
beam experiments. At that time X-ray scientists were 
tolerated as ‘parasitic’ experimenters at such storage 
rings, taking X-ray radiation from the bending 
magnets which maintained the stored current in an 
overall circular trajectory. The PETRA (Positron— 
Electron Tandem Ring Accelerator) facility at HASY- 
LABJDESY in Hamburg, Germany, and the Cornell 
Electron Storage Ring (CESR)/Cornell High-Energy 
Synchrotron Source (CHESS) at Cornell University, 
Ithaca, New York, are examples of accelerator 
facilities that were primarily intended for particle 
physics experiments and then became partly dedi- 
cated to X-ray production, Such shared synchrotron 
facilities are referred to as ‘first-generation sources’. 

The first generation sources demonstrated several 
attractive features of synchrotron radiation, including 


a high degree of collimation in the vertical direction 
with a divergence half-angle given approximately by 
the relativistic factor y-! = mgcV¥/E, where moc? is 
the rest-mass energy (0.51 MeV) of the electron (or 
positron) and E is the energy of the stored particle 
beam. For a bending magnet with 
-3GeV the beam would have a vertical 
collimation of ~0.3 mrad (17 mdeg). This would 
produce an X-ray beam with a vertical extent of 
~3mm at a distance of 10m from the bending 
magnet source, The horizontal fan of bend magnet 
radiation is broad and is usually limited by a mask or 
a slit to a few mrad. The most useful characteristic of 
bend magnet radiation is its large bandwidth whereby 
the X-ray spectrum is continuous and increasing in 
intensity (see Figure 2) until some critical energy 
above which the intensity begins to fall off. Bending 
magnet radiation is therefore useful for X-ray 
measurements requiring a ‘white’ beam, for example, 
Laue X-ray diffraction, energy dispersive diffraction, 
and Extended X-ray Absorption Fine Structure 
(EXAFS) analysis. 

Beginning in the 1980s, several second-generation 
storage rings were constructed in various locations 
around the world. The design of these facilities for 
the first time was optimized for the production of 
bright beams of X-ray and XUV (soft X-ray to 
ultraviolet) and their operation was dedicated 
exclusively to synchrotron radiation science. The 
increase in brightness provided by these new storage 
ring sources, compared to standard laboratory X-ray 
sources (e.g., rotating anode generators), was dra- 
matic (5 or 6 orders of magnitude) and this opened 
up many new experiments that were not previously 
feasible. However, it was soon realized that the 
capabilities of such sources could be extended to 
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Figure 2 Comparison of bending magnet and wiggler sources. 
‘With permission irom Stanford Synchrotron Radiation Laboratory, 
Stanford Linear Accelerator Genter, Menlo Park, CA. 


even higher levels of intensity and to significantly 
higher X-ray energies. 

One of the limitations of bending magnet sources 
relates to the X-ray critical energy alluded to above: 


E, 


Shey'lamp a 


where p is the radius of curvature imposed on the 
particle beam trajectory by the bending magnet. For 
a given particle acceleration energy, E, eqn [1] leads 
to a critical X-ray energy given by: 


Ey (keV) = 2.2 E* (GeVy/p (m) Ry 


For a typical second-generation machine with 
E=25 GeV and p=7m (limited by the magnetic 
field generated by the dipole electromagnet), the 
critical energy is only about 5 keV. There is useable 
flux well above this energy, but X-ray photons 
hecome scarce in the energy range above 10 keV for 
a bending magnet source with these characteristics. 
Since E is effectively fixed by the design parameters of 
the storage ring, the only possibility to achieve higher 
photon energies is to install additional magnetic 
devices which will introduce perturbations of the 
trajectory with effectively smaller radius of curvature 


in the denominator of eqn [2]. Such a device, known 
asa ‘wiggler’, shifts the effective critical X-ray energy 
to higher values in proportion to the strength of the 
magnetic field B (see Figure 2). Using wigglers based 
on superconducting magnets (B ~ 5 Tesla), F can be 
raised to >20keV, a value which would require 
accelerator energies of more than 6 GeV using 
conventional bending magnets alone. In addition to 
shifting the output spectrum to higher energies, it is 
possible to enhance the intensity at a given energy by 
producing multiple wiggles with no net displacement 
of the particle trajectory. Multipole wigglers are able 
to produce significant increases in flux in the hard X- 
ray range. The 27-pole hybrid wiggler installed on 
beamline X25 at the National Synchrotron Light 
Source, a second generation facility at Brookhaven 
National Laboratory, Upton, New York, is one of the 
most successful designs of its kind, providing 
~6 x 10'* photons/sec per 1% bandwidth at 8 keV. 
When focused with a toroidal X-ray mirror, this beam 
is about an order of magnitude brighter than the 
standard bending magnet sources at NSLS. For 
reasons that will become clear later in this article, 
the radiation from multiple wiggles in such a device 
adds incoherently. 


Insertion Devices 


The idea of using wigglers to enhance the character- 
istics of synchrotron radiation sources has led to the 
design and construction of storage rings with many 
straight sections to accommodate wigglers and other 
types of ‘insertion devices’, Such facilities are referred 
to as third-generation sources. Coming on-line in the 
mid-1990s, several such sources are now in mature 
operation and are supporting a large international 
community of X-ray scientists. 

One of the most important types of insertion device 
to emerge from the development of third-generation 
facilities is the undulator. Conceptually, the idea 
behind an undulator is similar to that of the wiggler, 
i.e., it provides additional tightly curved transverse 
displacements in the particle beam. There are two 
important differences: in an undulator the displace- 
ments are smaller and they are more numerous, being 
produced by a linear periodic array of many short 
alternating dipoles (Figure 3). Under these conditions 
the synchrotron radiation emitted from each ‘undula- 
tion’ of the particle beam trajectory adds coherently 
and therefore the peak intensity from such a device 
can be enhanced by a factor of N* where N is the 
number of dipole magnet pairs, or periods. 

A simple theoretical description of the basic 
operation of an undulator can be discussed in terms 
of radiation from a charged particle moving at 
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Figure 3 Schematic of undulator. Courtesy of Advanced Photon 
Source, 


relativistic speeds through an alternating magnetic 
field. The magnetic field in the vertical direction ()) is 
taken to be periodic: 


B, 


By sin{(27/A,)21 BI 


where z is in the direction of average particle motion. 
‘The transverse particle trajectory is described by: 


X= (Audinay/20) sin|(2a/Ay)z] [41 


where A, is the magnet period, and day is the 
maximum particle deflection angle: 


max = (€BoAycV24moc?y = Ky 15] 
where 
K = 93.4B) (Tesla)a, (meters) (61 


The field strength parameter K serves as a useful 
quantity for discussing the characteristics of various 
insertion device designs. For K = 1, which defines 
the undulator regime, the transverse angular deflec- 
tions are less than or on the order of the angular 
spread of the emitted radiation and in this case the 
radiation from each of the deflections adds coher- 
ently. This is distinguished from the case of a 
multipole wiggler where K > 1 leading to incoherent 
superposition. 

Most of the interesting features of undulator 
radiation are revealed by considering the trajecto 
of the particle in a Lorentz frame moving at speed v” 
with respect to the laboratory frame. In this frame the 
particle will execute oscillatory motion with the 


period of oscillations T’ given by the Lorentz 
transformation: 


T=¥(T- BAle) = Aly) 71 


with a corresponding oscillation frequency of = 
ImIT = Qncld,)¥- 

For K <1, the motion in the co-moving frame is, 
purely transverse and nonrelativistic. However, for 
K ~ 1, the oscillatory motion in this frame can have a 
longitudinal component and in this case the trans- 
verse motion becomes nonharmonic with frequency 
components at odd multiples of the fundamental 
frequency wi. This nonharmonic motion is a con- 
sequence of the fact that in the laboratory frame the 
particle is moving with constant speed ~c but its 
path length is slightly longer than A,, owing to the 
transverse motion. This constrains the motion in the 
co-moving frame to be nonharmonic. 


Undulator Spectrum 


It now remains to transform w/ into the laboratory 
frame so that we can obtain the spectral distribution 
of the output of the undulator. Invoking the Doppler 
transformation: 


w= Yo + B cos 0) [8a] 


tan 6 = (sin 6'/Ly"(cos 6! + B°)] [8b] 


where @ is the angle at which the radiation is 
observed: 


(0) = (Amen WAL + $+ (7871) [9a] 
or in terms of wavelength: 
AO) = al 2m V1 + EK? +7] 19] 


Equation [9] is the central expression describing 
the spectral output of an undulator. Notice how 
the macroscopic period of the undulator A, is trans- 
formed into a microscopic wavelength a,(#) by the 
relativistic factor y*, For third-generation hard 
X-ray sources with particle energies in the 6-8 GeV 
range, y~ 14000, taking cm scales down to the 
angstrom level. 

mation [9] describes a spectrum of monochro- 
matic peaks, for on-axis radiation (= 0), with 
wavelengths that increase with increasing K. Since 
K ~ BoA, (eqn [6]) any particular harmonic can be 
tuned either by changing By or Ay. In most undulator 
designs, Ay is fixed by the construction of the perma- 
nent magnet array, so the tuning is conveniently 
accomplished by varying Bo. In practice this is done 
by changing the vertical distance between the poles 
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Figure 4 Undulator spectrum (upper panel) and tuning range for 
first, third and fith harmonies (lower panel) of Advanced Photon 
Source Undulator A, 


of the magnets (the ‘undulator gap’) similar to 
opening the jaws of a vise. Typical tuning ranges for 
the m=1, 3, and S$ harmonics are illustrated in 
Figure 4. 

Since the number of undulator oscillations of the 
particle beam is finite, the rth harmonic is not strictly 
monochromatic and has a spectral broadening of 
order InN, where N is the number of oscillator 
periods. In practice with N typically ~100, a 
bandwidth of ~ 1% is expected for the first harmonic. 
Additional broadening of a similar magnitude might 
also be expected from the @-dependence in eqn [9], 
depending on the acceptance angle of the optics that 
is used in a particular experiment. This quasi- 
monochromatic radiation is sometimes referred to 
as ‘pink beam’, 

The storage ring energy of the APS was carefully 
chosen so that the tuning ranges of the different 
harmonics would overlap in energy, thus providing a 
continuous tuning of the X-ray energy over a wide 
range (Figure 4). Note also that the discrete spectral 
characteristics of the undulator can be deliberately 
smeared out to mimic the broadband (white beam) 
characteristics of a bend magnet (with consequent 
reduction in brightness). This is done simply by tilting 
the jaws of the undulator with respect to each other so 
that By is made to vary along the length of the 
undulator. The ability to taper the undulator in this 
way is a standard feature of most designs. 

‘The radiation from an undulator is sharply peaked 
in the forward direction in both the vertical and 


horizontal directions. The half-angle of the emission 
cone is given by: 

Oy = Ay + $K72Nny? = [a,/L}2 (10) 
where L is length of the undulator. For a typical third- 
generation source undulator, such as the Type A 
undulator at the Advanced Photon Source, 
L = 24 m, giving 64/2 ~ 6 prad for the first harmonic 
tuned to 12 keV, This corresponds to an X-ray beam 
size of ~ 180 jm at a distance 30 m from the source. 

‘The very tight collimation of undulator radiation 
(eqn [10]) highlights the importance of distinguishing 
between the brightness and the ‘brilliance’ of the 
eam. The latter term takes into account the natural 
collimation of the beam, as reflected in its units of 
photons/secimm”/mrad’/0.1% bandwidth. Undula- 
tor radiation is well matched to the acceptance 
angle of ideal crystal monochromators and is 
~10 000 times more brilliant than the radiation 
from a bend magnet source. The high brilliance of 
undulator X-ray beams is extremely advantageous in 
X-ray imaging applications, X-ray microprobe 
measurements, and in experiments where the sample 
size is very small (e.g., high-pressure diamond anvil 
cell measurements). 

In practice the emission cone of the source might be 
broadened a little when the undulator characteristics 
are convolved with those of the storage ring. The 
largest effect is in the horizontal direction where the 
photon beam divergence is dominated by the electron 
beam divergence. This is a consequence of the 
particular conditions under which the storage ring is 
operated in order to stabilize the particle beam orbit. 

Equation [10] demonstrates that preserving the 
exquisite performance capabilities of an undulator 
insertion device places severe demands on the 
stability and precision of the storage ring orbit. An 
important measure of this precision is characterized 
hy the ‘emittance’ of the particle beam defined in 
terms of the area of phase space (position and angular 
divergence) occupied by the stored beam. In general, 
storage rings are designed to achieve very low 
emittances and in current third-generation sources 
they are close to being diffraction limited. Table 2 
summarizes the characteristics of the APS storage ring 
operated in ‘high-emittance’ and ‘low-emittance’ 
modes. 

The large power densities resulting from the 
extreme brightness of undulator sources (up to 
160 kW/mrad* for APS Undulator A) necessitates 
careful design of the X-ray optical components that 
are used to condition the beam. For example, if a 
double-bounce Silicon crystal pair is used as the first 
optical component to monochromatize the undulator 
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Table 2 Advanced photon source storage ring parameters 


Parameter Low emittance ‘High emittance 
Storage ring energy, & 7.0 GeV 7.0Gev 
Storage ring current, !_ 100 mA 400mA 
Beam energy 0.096% 0.096% 

spread, 85/6 
Horizontal 35x10 %mrad 7.710 mrad 


emittance, 


Vertical emitance, x 35x 10-" mrad 7.7 10-"! mrad 


Coupling constant" 1% 1% 

Horizontal beta 144m 161m 
function, 

Vertical beta 4am 4am 
function, 

Dispersion function, n, 0.124m 0.0m 

Horizontal beam 254 um 351 um 

Vertical beam size, a 124m 18 um 

Horizontal beam 15.6 rad 21.8 yrad 
divergence, «ry 

Vertical beam 3.0 urad 42yrad 


divergence, «, 


beam, the first crystal is normally cooled with liquid 
nitrogen to dissipate the heat. Alternately, high 
thermal conductivity diamond crystals are sometimes 
used as monochromators. 


Helical Undulators 


The use of undulators to produce extremely bright, 
tunable X-ray beams has enabled many new 
applications of X-ray science, as well as offering 
significant improvements to existing techniques in 
terms of quality of data and the time required to 
accumulate a high degree of statistical accuracy. One 
of the areas that has benefited significantly from 
novel undulator design is research on magnetic 
materials and other spin-dependent phenomena. It 
is often advantageous to probe such systems with 
circularly polarized X-rays, for example to study 
magnetic X-ray circular dichroism (MXCD). Early 
MXCD measurements utilized the left and right 
elliptical polarization of bending magnet radiation 
above and below the plane of the ring. Such 
measurements are difficult because the inte 
falls off dramatically out of the plane. The problem 
to produce high-brightness beams of circularly 
polarized X-rays is effectively solved by designing 
an undulator which produces a transverse periodic 
helical magnetic field of constant magnitude. Several 
helical undulators are now in operation at 
third-generation sources. The soft X-ray region 
{500-1500 eV) is particularly interesting because it 
covers the L-edges of the 3d transition elements. 


Coherence 


While this article describes what would be nominally 
considered as ‘incoherent’ sources in the parlance of 
conventional optics, it should be pointed out that 
undulators are in fact excellent sources of coherent 
X-rays. This is by virtue of the high degree of 
collimation inherent in the emission of radiation 
from the undulations of a highly relativistic charged 
particle (eqn [10]). The spatial (transverse) coherence 
angle is given by: 


uy 


This is the angle within 
which the beam is spatially coherent. 

For APS undulator A, the source size is ~ 15 um 
(vertical) X 240 yum (horizontal), giving a coherence 
angle in the vertical direction of 6.5 rad and 
0.4 rad in the horizontal direction. The X-ray 
beam divergence is approximately 4 rad (vertical) 
by 15 rad (horizontal). This means that the beam 
has complete spatial coherence in the vertical direc- 
tion and is coherent over about 3% of the horizontal 


fan, Ata distance of 30 m from the source, an on-axis 
pinhole of ~ 12 micron diameter will be completely 
illuminated by coherent X-rays. Transversely cohe 
ent X-ray beams are finding novel applications in 
X-ray photon correlation spectroscopy, coherent 
X-ray scattering, and phase reconstruction (lensless) 
imaging. 


Timing Structure 


X-ray storage rings produce pulsed X-rays. In the 
Advanced Photon Source, one or more long trains 
of electron bunches (15 ns long) are accelerated by 
the linac to 325 MeV. The electron bunches are 
injected into a booster that ramps the single bunch 
from 325 MeV to 7 GeV in about 225 ms. At the 
end of the booster cycle, the bunch is extracted and 
injected into the storage ring. The bunch can be 
injected into any of 1296 ‘buckets’ that are spaced 
by 2.842ns, forming any arbitrary pattern after 
several injection cycles. 

The APS storage ring rf frequency of 351.927 MHz 
determines the bucket spacing of 2.842 ns. The 
circumference of 1104 m gives a revolution frequency 
of 271.5 kHz which allows for 1296 buckets in 
3683 ns. The storage ring is filled with a selected 
bunch pattern depending on the requirements for a 
particular operations cycle. The standard ‘singlets’ 
bunch pattern at APS is 102 mA of average current 
in a train of 23 bunches (4.43mA per bunch) 
each spaced by 153 ns (54 buckets). There is a gap 
of 306 ns (108 buckets) in this pattern, useful as 
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a timing guide, The singlets pattern has a lower 
lifetime than patterns with less charge per bunch, 
due to natural internal scattering processes. A ‘top- 
up’ mode has been devised to overcome the 
problem of overall intensity fall-off due to the 
exponential decay of the stored current. In top-up 
mode, new bunches are injected into the storage ring 
every few minutes to maintain the stored current at 
102 mA. 

A second fill pattern, known as the ‘hybris 
pattern, is again 102 mA but distributed in one 
bunch of SmA, plus 8 groups of 7 consecutive 
bunches (1.73 mA/bunch), spaced by 68ns (24 
buckets). The 8 groups are diametrically opposite 
the 5 mA bunch, allowing for a 1.5 ps gap on both 
sides of the 5 mA bunch, This hybrid mode permits a 
single bunch to be isolated using a mechanical 
chopper or a fast framing camera. Since the RMS 
width of the single bunch is ~36 ps, relatively fast 
time-resolved experiments can be performed strobo- 
scopically using this pulsed X-ray beam. In another 
implementation of time-resolved experiments, the 
singlet pattern is used, isolating each bunch with a 
fast avalanche photodiode detector, or an X-ray 
streak camera. With the streak camera it is possible 
to achieve time resolutions of a few picoseconds. 
This approach has been used to study impulsive 
phonon excitations and ultrafast strain wave propa- 
gation in solids. 


The Future 


This article highlights current (third-generation) 
storage ring sources based on undulator-type inst 
tion devices. These sources will provide high-bright- 
ness tunable X-rays in support of a wide range of 
experiments for many years to come. The brightness 
of these sources will increase steadily into the future 
as continual improvements are made, such as further 
reducing the emittance of the particle beam, 
improved undulator design, increasing the average 
storage ring current, and making changes to the 
storage ring lattice. These incremental improvements 
will be important to maintain the vitality and 
usefulness of national user facilities based on third- 
generation sources, New storage ring sources with 
designs and specifications optimized for low emit- 
tance and new types of undulators (e.g. in-vacuum 
undulators) will come online and will undoubtedly 
lead to new technical advances, supporting new and 
exciting science. It seems likely that linear accel- 
erator (linac) based undulator sources will provide a 
promising route towards higher brilliance in the 
future. The superconducting Energy Recovery Linac 
(ERL) proposed by CHESS is an interesting concept 
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Figure Comparison of spectral briliance of X-ray sources. 
Courtesy of Linear Coherent Light Source, Stanford Linear 
‘Acceleration Canter. 


which uses regeneration of the electron beam to 
overcome the high energy cost of single pass particle 
acceleration. 

‘A new generation of X-ray sources (the ‘fourth 
generation’) is envisioned to take on the task of 
providing vastly brighter beams (>10 orders more 
peak brilliance than at present, see Figure 5) with 
much shorter pulses (~100 fs). These facilities will 
also be based on linear accelerators, Two such Free 
Electron Laser sources are currently being designed 
and should be operational towards 2010: the Linac 
Coherent Light Source (LCLS), to be built at the 
Stanford Linear Accelerator Center (SLAC), and 
the X-ray Free Electron Laser (XFEL) Source, to 
be constructed by the TESLA collaboration at 
HASYLAB, Hamburg. 


See also 


Coherence: Overview. Physical Applications of 
Free Electron Lasers in Physics, 
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Figure 26-10. Top: The voltage-amplitude sinewave of an 
alternating current source that fluctuates between posi 
tive voltage (shawn red) and negative voltage (shown 
blue) relative to a neutral (black) baseline. Center: AC cur 
rent converted by a full-wave rectifier. Because the diodes 
ddo nat conduct below their threshold voltage, small gaps 
‘appear between pulses. Bottom: Output fram a half-wave 
rectifier 


section corresponding with the functionality of 
one modern diode. Figure 26-12 shows relatively 
modern rectifier packages, the one on the left 
rated at 20A continuous at 800V RMS, the one on 
the right rated 4A continuous at 200V RMS. In 
Figure 26-13, the one on the left is rated 44 con- 
tinuous at SOVRMS, whereas the oneon theright 
is rated 1.5A at 200V RMS. 


DC output from rectifier packages is usually sup- 
plied via the outermost pins, while the two pins 
near the center receive AC current. The positive 
DC pin may be longer than the other three, and 
is usually marked with a + symbol, 


Full-wave bridge rectifiers are also available in 
surface-mount format. The one in Figure 26-14 is 
rated for half an amp continuous current. 


Back-EMF Suppression 

A relay coil, motor, or other device with signi 
cant inductance will typically create a spike of 
voltage when itis turned on or off. This EMF can 


discrete semiconductor > single junction > diode 


Figure 26-11. Prior to the perfection of chip fabrication in 
the late 1960s, it was cammon to find siican rectifiers of 
this type, measuring about 2" square. 


Figure 26-12. Full-wave bridge rectifes are commonly 
available in packages such as these. See text for details. 


beshunted through rectifier diodeto safeguard 
other components in the circuit. A diode in this 
configuration may be referred to as a protection 
diode, a clamp diode, or transient suppressor. See 
Figure 26-15, 


228 


Encyclopedia of Electronic Components Volume 


224 INFORMATION PROCESSING / All-Optical Multiplexing/Demultiplexing 


Further Reading 


Brown G and Lavender W (1991) Synchrotron radiation, 
spectra. In: Brown GS and Moneton DE (eds) Handbook 
on Synebrotron Radiation, vol. 3. Amsterdam: North 
Holland, 

Duke PJ (1993) 
Micherte At 


yachrotron radiation sources. In: 
and Buckley CJ (eds) X-Ray Science 


and Technology. Bristol: Institute of Physics Publish 
ing Led, 

Duke PJ (2000) Synchrotron Radiation: Production and 
Properties. Oxford, UK: OUP. 

Mills DM (ed.) (2002) Third Generation Hard 
X-ray Synchrotron Radiation Sources. Berlin: Wiley, 
VCH 


INFORMATION PROCESSING 


Contents 


All-Optical Multiplexing/Demultiplexing 
Coherent Analog Optical Processors 
Free-Space Optical Computing 
Incoherent Analog Optical Processors 
‘Computing 

ital Image Processing 

Optical Neural Networks 


All-Optical 
Multiplexing/Demultiplexing 
Z Ghassemlooy, Northumbria University 
Newcastle upon Tyne, UK 

G Swift, Sheffield Hallam University, Sheffield, UK 


© 2005, levi Lid Al Rights Reserved. 


Introdu 


The ever-increasing aggregate demand of electrically 
based time division multiplexing systems should have 
coped with the steady growth rate of voice traffic. 
However, since 1990, the explosive growth of the 
Internet and other bandwidth-demanding multimedia 
applications, has meant that long-haul telecommuni- 
cation traffic has been increasingly dominated by 
data, not voice traffic. Such systems suffer from a 
bandwidth bottleneck due to speed limitations of the 
electronics. This limits the maximum data rate to 
considerably less than the THz bandwidth offered by 
an optical fiber. Optical technology is proposed as the 
only viable option and is expected to play an ever 
increasing role in future ultrahigh-speed links/ 
networks. There are a number of multiplexing 
techniques, such as space division multiplexing 


(SDM), wavelength division multiplexing (WDM), 
and optical time division multiplexing (OTDM), that 
are currently being applied to effectively utilize the 
bandwidth of optical fiber asa means to overcome the 
bandwidth bottleneck imposed by electrical time 
division multiplexing (TDM). In SDM a separate 
optical fiber is allocated to each channel, but this is 
the least preferred option for increasing channel 
numbers. In WDM, a number of different data 
channels are allocated to discrete optical wavelengths 
for transmission over a single fiber. Dense WDM 
technology has been improving at a steady rate in 
recent years, with the latest systems capable of 
operating at a data rate of >1T bps, using a large 
number of wavelengths over a single fiber link 
However, there are a number of problems associated 
with the WDM systems such as: 


# Performance of WDM is highly dependent on the 

nonlinearities associated with fiber, ie: 

© Stimulated Raman scattering: deg 

signal-to-noise (SNR) as the number of chan- 

# Four-wave mixing: limits the channel spacing; 

* Cross-phase modulation: limits the number of 
channels. 

Relatively static optical paths, thus offering no 

fast switching with high performance within the 

network; 


rades the 
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© Switching is normally carried out by separating 
each wavelength of each fiber onto different 
physical outputs. Space switches are then used 
to spatially switch the separated wavelengths, an 
extremely inefficient way of utilizing network 

© The need for amplifiers with high gain and flat 
spectra, 


In order to overcome these problems, OTDM was 
introduced that offers the following: 


© Flexible high bandwidth on demand (>1 Thit/s 
compared to the bit rates of 2.5-40 Gbit/s per 
wavelength channel in WDM systems); 

The total bandwidth offered by a single channel 
network is equal to DWDM; 


@ In a network environment, OTDM provides 
potential improvements in: 
# Network user access time, delay and through- 
put, depending on the user rates and statistics. 
@ Less complex end node equipment (single- 
channel versus multichannels). 
# Self-routing and self-clocking characteristics; 
@ Can operate at second- and third-transmission 
windows: 
«1500 nm (like WDM) due to Erbium doped 
fiber amplifier (EDFA); 
# 1300 nm wavelengths. 
© Offers both broadcast and switched based 
networks. 
Principle of OTDM 


Figure 1 show the generic block diagram of a point- 
to-point OTDM transmission link, where N optical 


w10Gb/s 


data channels, each of capacity M Gbps, are multi- 
plexed to give an aggregate rate of N x M Ghps. The 
fundamental components are a pulsed light source, an 
optical modulator, a multiplexer, channel, add/drop 
unit, and a demultiplexer. The light source needs to 
have good stabilities and be capable of generating 
ultrashort pulses (<1 ps). Direct modulation of the 
laser source is possible but the preferred method is 
based on external modulation where the optical 
signal is gated by the electronic data. The combi- 
nation of these techniques allows the time division 
multiplexed data to be encoded inside a subnanose- 
cond time slot, which is subsequently interleaved into 
a frame format. Add/drop units provide added 
versatility (see Figure 2) allowing the ‘adding’ and 
‘dropping’ of selected OTDM channels to inter- 
change data at chosen points on the link. At the 
receiving end, the OTDM pulse stream is demulti- 
plexed down to the individual channels at the initial 
‘M Gbps data rate. Data retrieval is then within the 
realm of electronic devices and the distinction 
between electronic and optical methods is no longer 
relevant, Demultiplexing requires high-speed all 
optical switching and can be achieved using a number 
of methods, which will be discussed in more detail 
below. 

The optical multiplexing (or interleaving) can be 
carried out at the bit level (known as bit interleaving) 
or at the packet level (known as packet interleaving), 
where blocks of bits are interleaved sequentially. This 
is in accord with the popular conception of packet 
switched networks, The high data rates required and 
consequently narrow time slots necessitate the need 
for strict tolerances at processing nodes, c.g.. 
switches. As such, it is important that the duration 
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Figure 1 Black diagram af a typical OTDM transmission system, 
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of the optical pulses is chosen to be significantly 
shorter than the bit period of the highest multiplexed 
line rate, in order to reduce the crosstalk between 
channels. 


Bit Interleaved OTDM 


A simple conceptual description of a bit interleaved 
multiplexer is shown in Figure 3. It uses a number 
of different length optical fiber delay lines (FDL) to 
interleave the channels. The propagation delay of 
each FDL is chosen to position the optical channel in 
its corresponding time slot in relation to the 
aggregate OTDM signal. Prior to this, each optical 
pulse train is modulated by the data stream. The 
output of the modulators and an undelayed pulse 
train, labeled the framing signal, are combined, using 
a star coupler or combiner, to produce the high bit 
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Figure 2. Adddrop unit in an OTDM network node. 


rate OTDM signal (sce Figure 3b). As shown in 
Figure 3b, the framing pulse has a higher intensity 
for clock recovery purpose. At the demultiplexer, the 
incoming OTDM pulse train is split into two paths 
(sce Figure 4a). The lower path is used to recover the 
framing pulse by means of thresholding, this is then 
delayed by an amount corresponding to the position 
of the ith (wanted) channel (see Figure 4b). The 
delayed framing pulse and the OTDM pulse stream 


are then passed through an AND gate to recover the 
ith channel. The AND operation can be carried out 
all optically using, for example, a nonlinear loop 
mirror, a terahertz optical asymmetric demultiplexer, 
or a soliton-trapping gate. 


Packet Interleaved OTDM 


Figure Sa shows the block diagram of a system used 
to demonstrate packet interleaving. Note that the 
time interval between successive pulses now needs to 
be much less than the bit interval T. This is achieved 
by passing the low bit rate output packet of the 
modulator into a compressor, which is based on a 
feed forward delay line structure. The feed forward 
delay lines are based on a cascade of passive M-Z 
interferometers with unequal arm lengths. This 
configuration generates the delay times required 
ie, T= 1,.2(T ~ 7)...2""T — 2), ete, where 
logs & is the number of stages, T and r are the 
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Figure 3 Bit interleaved OTDM (a) block diagram and (b) timing waveforms. 


incoming bit duration and the outgoing bit duration, 
respectively, and & is the packet length in bits. 
Pulse i's location at the output is given by 
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Figure 4 Bit interleaving demultiplexer: (a) block diagram and 
(©) typical waveforms. 


Where &(-) is the optical carrier pulse shape, and A, is 
the ith data bit in the packet. 

As shown in Figure Sb, cach bit is split, delayed, 
and combined to produce the four bit packets O, 


1k 
Ou = gar 2 Mt tT 9) 21 
5 


Note the factor of 1/(2"°') is due to the signal 
splitting at the 2 x 2 3-dB coupler at the input of each 


stage. 
‘The combined signal is shown in Figure Sb, and is 
defined as: 
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Packet interleaving mutiploxer: (a) block diagram and (b) typical waveforms. 
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Figure 6 Packet interleaving demultiplexer: (a) black diagram and 


For a packet delay of (i + /)T packets are being built 
up. For the case (i-+)) =3, four bits are compressed 
into a packet (see Figure Sb). An optical gating device 
is used to select the only complete usable compressed 
copy of the incoming packets from the unwanted 
copies. 

Ar the receiving end, demultiplexing is carried out 
by decompressing the OTDM packet stream using the 
same delay line structure (see Figure 6). Multiple 
copies of the compressed packet are generated, and 
each is delayed by (T ~ 7). An optical demultiplexer 
placed at the output of the delay lines generates a 
sequence of switching window at the rate of 1/T. By 
positioning the switching pulses at the appropriate 
position, a series of adjacent packet (channel) bits 
from each of the copied compressed packets. is 
extracted (see Figure 6b). The output of the demulti- 
plexer is the decompressed packet signal, which can 
now be processed at a much slower rate using 
electronic circuitry. 


Components of an OTDM System 


Optical Sources 


In an ultrahigh speed OTDM system, it is essential 
that the optical sources are capable of generating 
transform-limited subnanosecond pulses having low 
duty cycles, tuneability, and a controllable repetition 
rate for synchronization. A number of suitable light 
sources are: gain-switch distribute feedback laser 


Fiber delay lines 


ation 


Al optical 
demultiplexer 


Tihstage 


(©) typical waveforms, 


{DFB), active mode locked lasers (MLL) (capable of 
generating repetitive optical pulses), and harmonic 
mode-locking Erbium-doped fiber (EDF) lasers. 
Alternative techniques include super-continuum 
pulse generation in a dispersion shifted fiber with 
EDF pumping, adiabatic soliton compression using 
dispersion-flattened dispersion decreasing fiber, and 
pedestal reduction of compressed pulses using a 
dispersion-imbalanced nonlinear optical loop mirror, 
As shown in Figure 1, the laser light source is power 
split to form the pulse source for each channel. These 
are subsequently modulated with an electrical data 
signal (external modulation). External modulation is 
preferred in an OTDM system as it can achieve 
narrow carrier linewidth, thus reducing the timing 
jitter of the transmitted pulse. For ultrahigh bit rate 
OTDM systems, the optical pulses emerging from the 
external modulators may also need compressing. One 
option is to frequency-chirp the pulses and pass them 
through an anomalous dispersive medium. Using this 
approach, it is essential that the frequency chirp be 
linear throughout the duration of the pulse, in 
addition the midpoint of the linear-frequency chirp 
should coincide with the center of the pulse. When a 
frequency-chirped pulse passes through a dispersive 
medium, different parts of the pulse travel at different 
speeds, due to a temporal variation of frequency. If 
the trailing edge travels faster than the leading edge, 
the result would be pulse compression, An optical 
fiber cable or a semiconductor laser amplifier (SLA) 
can be used to create the frequency chirp. 


INFORMATION PROCESSING / All-Optical Multiplexing/Demultiplexing 229 


Multiplexers 


Multiplexing of the pulses generated by the optical 
sources can be implemented either passively or 
actively. The former method is commonly 
implemented using a mono-mode optical fiber. This 
method has the advantage of being simple and 
cost-effective, The latter method uses devices more 
complex in nature, for example, electro-optic 
sampling switches, semiconductor optical amplifiers, 
and integrated optics. 

An integrated active multiplexer can be made 
by integrating semiconductor laser amplifiers (SOA) 
into a hybrid planar light-wave circuit (PLC). If the 
optical path length is kept short then temperature 
control is made easier. An alternative to. this 
approach is to use lithium niobate (LiNb) technol- 
ogy. Periodically poled LiNb (PPLN) based OTDM 
multiplexers offer compact size and low noise (due 
to the absence of amplifier spontaneous emission 
noise and pattern effect, which is a feature of SOA 
hased devices). Figure 7 is a schematic of a PLC- 
based OTDM multiplexer composed of two PLCs 
(R and L), composed of 1X8 and 8X 1 couplers, 
eight 2x 1 couplers, and eight different path length 
PPLN waveguides. The input clock pulse is split 
into eight by the 1X8 coupler in PLC-L, and are 
combined with the modulated optical pulse trains 
using the 2X1 couplers. The outputs of the 2X 1 
couplers are then passed through a PPLN wave- 
guide to generate a return-to-zero (RZ) optically 
modulated signal. These are then combined, using 
the 8X1 coupler in PLC-R. When the path-length 
difference between the waveguides is set to one time 


output of the 8X 1 coupler is the required high-bit 
rate OTDM pulse. 


Demultiplexers 


In contrast to multiplexing, demultiplexing must be 
performed as an active function. It can be 
implemented electro-optically or optically. The for- 
mer method needs to complete demultiplexing of 
all channels in order to extract a single channel 
(see Figure 8). The demultiplexer in Figure 8 uses two 
LiNb Mach-Zehender (M-Z) modulators in tan- 
dem. The first and second modulators are driven with 
a sinusoidal signal of amplitudes 2V, and V.. 
respectively, to down-covert the N-bit rate to N/2 
and N/4, respectively. Channels can be selected by 
changing either the DC-bias V + to the M~Zs, or the 
electrical phase delay. At ultrahigh speed implemen- 
tation of an clectro-optics demultiplexer becomes 
increasingly difficult due to the higher drive voltage 
requirement by the M~Z. An alternative is to use all 
optical demultiplexing based on the nonlinear effect 
ina fiber and optical active devices offering switching 
resolution in the order of picoseconds. There are a 
number of methods available to implement all optical 
demultiplexing. The most popular methods that use 
fast phase modulation of an optical signal are based 
on M-Z and Sagnac interferometers, Four-wave 
mixing is another popular method. 


Mach-Zehnder (M-Z) interferometers 


The key to interferometric switching is the selection 
of an appropriate material for the phase modulation. 
Semiconductor materials, often in the form of an 
suitable devices for this 
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Figure 7 Configuration of a PLC-OTDN-MUX. Reproduced with permission fram Ohara T, Takara H and Shake |, et al. (2003) 
160-Gb/s optica-ime-division multiplexing with PPLN hybrid integrated planar lightwave circuit. IEEE Photonics Letters 15(2): 


302-04, © 2003 IEEE. 
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The refractive index of an SLA is a function of the 
semiconductor carrier density, which can be modu- 
lated optically resulting in fast modulation. Ifa high- 
intensity pulse is input to an SLA the carrier density 
changes nonlinearly, as shown in Figure 9. Phase 
modulation is affected via the material chirp index 
(dNédn), which represents the gradient of the 
refractive index carrier density curve for the material. 
The phase modulation is quite strong and, in contrast 
to the intensity-based nonlinearity in an optical fiber, 
(sce Kerr effect helow}, is a consequence of a resonant 
interaction between the optical signal and the 
material. The nonlinearity is relatively long-lived 
and would be expected to limit the switching speed 
when using semiconductors. Semiconductors, when 
in excitation from an optical field, tend to experience 
the effect quite quickly (ps) with a slow release 


{hundreds of picoseconds) time. Advantage can be 
taken of this property by allowing the slow recovery 
to occur during the time between channels of an 
OTDM signal, as this time may be of the order of 
hundreds of pico-seconds or more. A Mach-Zehnder 
configuration using two SLAs, one in each arm of the 
interferometer placed asymmetrically, is shown in 
Figure 10, An optical control pulse entering the device 
via port 3 initiates the nonlinearity. The transmission 
equation relating the input signal (port 1) to the 
output port is given by 


Joust) 


LOT 0.25(Gsia() + Gsraalt) 


* Gam OG cos Ad) 14] 


where Gg_ai(t) and Gy. a2(t) refer to the gain profiles 
of the respective SLAs, and Ag(t) is the time- 
dependent phase difference between them. Assuming 
that the gain and phase profiles of an excited 
amplifier are given by G(z) and d(¢), respectively, 
then the signals passing through the upper and lower 
arms experience optical properties of the material 
given by: 


GW), Ge Ty), dt) and HE —Ty) 1S] 


where Ty is given by 2LuNgia/e, La is the distance 
between SLAI and SLA2, Ns1.y is the SLA index, and 
cis the speed of light in a vacuum. As the width of 
the Ag(t) profile is dependent on the distance 
between the SLAs, placing them in close proximity 
allows high-resolution switching. Less emphasis has 
been placed on the SLA gain as this is considered to 
be less effective when phase differences of m are 
reached. It only remains for the gain and phase 
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Figure 10 Asymmetric TWSLA Mach-Zehnder devices. 


modulation to recover, and as indicated previously, 
this is allowable over a time-scale commensurate 
with tributary rates, 


Sagnac Interferometers 


‘There are two main types; the nonlinear optical loop 
mirror (NOLM), and the terahertz optical asym- 
metric demultiplexer (TOAD), 


NOLM 
In this method of switching the inherent nonlinear- 
ity of an optical fiber known as the Kerr effect is 
used. The phase velocity of any light beam passing 
through the fiber will be affected by its own 
intensity and the intensity of any other beams 
present. When the intrinsic third-order nonlinearity 
of silica fibers is considered via the intensity- 
dependent nonlinear refraction component, then 
the signal phase shift is 


Adbgnat = 


where m is the Kerr coefficient, 1, is the intensity 
of the data signal to be switched, [. is the intensity 
of the control signal used to switch the data signal, 
Ay. is the data signal wavelength, and L is the fiber 
length. The optical loop mirror consists of a long 
length of mono-mode fiber formed into a fiber 
coupler at its free ends (see Figure 11). The input to 
the loop comprises the high-frequency data stream 
plus a control pulse at the frame rate. The data split 
at the coupler and propagate around the loop in 
contra directions (clockwise Ecy and counter- 
clockwise Eccw) recombining back at the coupler. 
In the absence of a control pulse, the pulse exits via 
port 1. If a particular pulse in the loop (in this 
example Ecy) is straddled by the control pulse (s 
Figure 12), then that pulse experiences cross-phase 
modulation, according to the second term on the 
right-hand side of eqn [6], and undergoes a phase 
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Figure 11. Nonlinear optical loop miror. 


Figure 12 Control and data pulses propagation in the fiber. 


change relative to Ecw. The difference in the phase 
between Ecw and Eccw causes the pulse to exit via 
port 2, The phase shift profile experienced by the 
co-propagating pulse is 
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Assuming unity gain around the loop, the transmit- 
tance of the NOLM is 


A 
(z » J ss) [8] 


As it stands, the switching resolution is determined 
by the width of the control pulse; however, it is 
possible to allow the signal and control to ‘walk off” 
each other, allowing the window width to be 
increased by an amount determined by the ‘walk 
off’, The phase shift is now 


Adit) =2 


det 
Fem Iclt—Tyxdx [9] 
ha” Jo 


where the parameter T,, is the walk off time per 
unit length between control and signal pulses. The 
increased window width is accompanied by a lower 
peak transmission (see Figure 13). 


TOAD 

The TOAD uses a loop mirror architecture that 
incorporates an SLA and only needs a short length of 
fiber loop (see Figure 14a). The SLA carrier density is 
modulated by a high-intensity control pulse, as in the 
M-Z-based demultiplexer. The operation of the 
TOAD is similar to the NOLM, where the loop 
transmittance is determined by the phase difference 
between CW and CCW traveling pulses. Strictly 
speaking, the gain of the SLA must also be taken into 
account; however, without any loss of generality the 
effect is adequately described by considering only the 
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Figure 13. Transmittance profes with the walk-off time as a 
parameter. 


phase property. Figure 14a shows the timing diagram 
associated with a TOAD demultiplexer. The control 
pulse, shown in Figure 14b(1), is incident at the SLA 
at a time fy; the phase profiles for the CCW and 
CCW data pulses are shown in Figures 14b(2) and 
(3), respectively. The resulting transmission window 
is shown in Figure 14b(4). The window width is 
given by tay =2Ax/ci, where Av is the SLA offset 
from the loop center and ¢; is the speed of light in the 
fiber. As in NOLM, if the phase difference is of 
sufficient magnitude, then data can be switched to 
port 2, The switch definition is, in principle, 
determined by how close the SLA is placed to the 
loop center when the asymmetry is relatively large. 


However, for small asymmetries the switching 
window is asymmetric, which is due to the CW 
and CCW gain profiles being different (see 
Figure 15). Assuming the phase modulation dom- 
inates the transmission then the normalized trans- 
mission for a small asymmetry loop is as depicted in 
Figure 16, The gain response (not shown) would 
have a similar shape and temporal position as the 
phase response, 
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Figure 14 TOAD: (a) architecture and (b) timing diagrams. 
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Four-Wave Mixing (FWM) 


FWM demultiplexing uses a concept whereby two 
optical signals of different wavelengths are mixed 
together in a nonlinear medium to produce harmonic 
components. The nonlinearity in this case arises 
from the third-order nonlinear susceptibility x") of 
an optical fiber, such that the polarization P induced 
on a pair of electric fields propagating through the 
fiber is 


P= e9y (Eg +E) [10] 
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Figure 15 Phase responses for CW and COW components of 
TOAD. 


where ey is the vacuum permittivity of the medium, 
E,, and E, are the electric fields of data and control 
signals, respectively. The mixing of the two signals 
takes place in a long length of fiber in which the 
control signal propagates alongside the channel to be 
demultiplexed (see Figure 17). The control signal is 
of sufficient intensity to cause the fiber to operate in 
the nonlinear regime. The nonlinear relationship 
causes a number of frequencies to be generated, with 
the ones of interest having a frequency given by 


2fe — fav 


An optical filter is then used to demultiplex the 
required channel from the composite signal. The 
nonlinearity is detuned from the resonant frequency 
of the fiber glass and as such tends to be weak, 
requiring long lengths of fiber to give a measurable 
effect. The power in the demultiplexed signal, for 
given data and control signal wavelengths and fiber 
material, depends on the input power and the fiber 
length according to 


ews (my 


Prwat = kPa PLE (12) 


where & isa constant, Py, is the signal launch power, 
Peis the control signal launch power, and Le is the 
fiber effective length. FWM is essentially an ineffi- 
cient method as power is wasted in the unused 
frequency components of the four-wave signal. More 
in line with integrated structures, the nonlinear 
properties of a semiconductor laser amplifier can 
he used. Here a relatively high-power optical signal 
is input to the SLA (see Figure 18). This enables 
saturation and operation in the nonlinear regime 
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Figure 16 TOAD transmission window profile for small 
asymmetry lop. Figure 18 Four-wave mixing in SOA 
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Figure 26-14. This surface-mount component contains 
our diodes forming a full-wave bridge rectifier circuit, andl 
can pass 0.5A continuous current. It measures approxi 
mately 0.2" square. 


Voltage Selection 

A diode is sensitive to the relative voltage be- 
tween its anode and cathode terminals. In other 
words, if the cathode is at 9V relative to the 
ground in the circuit, and the anode is at 12V, the 
3V difference will easily exceed the threshold 
voltage, and the diode will pass current. (Actual 
tolerable values will depend on the forward volt- 
age capability of the diode) If the voltages are 
reversed, the diode will block the current. 


Jow to Use it 


Figure 26-15. A rectifier diode is very often placed across 
a motor (top). relay (battam), or other device with signif 
‘cant Inductance that creates a spike of reverse voltage 
When switched on or off. The surge is shunted through the 
diode, protecting other components in the circut. 


This attribute can be used to make a device 
choose automatically between an AC adapter 
and a 9V battery. The schematic is shown in 
Figure 26-16, When an AC adapter that delivers 
12VDC is plugged into a wall outlet, the adapter 
competes with the battery to provide power to 
a voltage regulator. The battery delivers 9VDC 
through the lower diode to the cathode side of 
the upper diode, but the AC adapter trumps it 
with 12VDC through the upper diode. Conse- 
quently, the battery ceases to power the circuit 
until the ACadapteris unplugged, at which point 
the battery takes over, and the upper diode now 
prevents the battery from trying to pass any cur- 
rent back through the AC adapter. 


The voltage regulator in this schematic accepts 
either 12VDC or 9VDC and converts it to SVDC. 
(In the case of 12VDC, the regulator will waste 
more power, which will be dissipated as waste 
heat) 
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Figure 19 SLA output~input power curv. 


(sce Figure 19), Operating the SLA in saturation 
allows the nonlinear effects to produce the FWM 
components as in the fiber method. 


Clock and Data Synchronization in 
OTDM 


In common with electronically based TDM sys- 
tems, clock recovery is fundamental to the recovery 
of data in ultrahigh-speed OTDM systems. Two 
main methods are proposed: (i) clock signal 
transmitted with the OTDM. signal (i.e. multi- 
plexed); and (ii) extraction of clock signal from the 
incoming OTDM pulse stream, In a packet-based 
system, synchronization between the clock and the 
data packet is normally achieved by sending a 
synch pulse with each packet. However, techniques 
based on optical-phased locked loops are proving 
popular and remove the need for a separate 
clocking signal. 


Clock Multiplexing 


(i) Space division multiplexing: This is conceptually 
the simplest to implement, where the clock signal 

don a separate fiber from the data. 
However, it is susceptible to any differential 
delay between the different paths taken by clock 
and data due to temperature variation. It is 
difficult to justify in systems where the installed 
fiber base is at a premium, 

(ii) Wavelength division multiplexing: Here different 
wavelengths are allocated to the clock, and 
payload. It is only really practical for predeter- 
mined path lengths between nodes in single-hop 


networks such as point—point links or broad- 
cast-and-select star networks. It also suffers from 
random delays between the clock and the pay- 
load, which is problematic in an asynchronous 
packet switched based network, where the 
optical path length a packet may take is 
nondeterministic. 

Orthogonal polarization: This is suitable for 
small links, where separate polarizations are 
used for the clock and data. However, in large 
networks it is quite difficult to maintain the 
polarization throughout the transmission link 
due to polarization mode dispersion and other 
nonlinear effects, 

{iv) Intensity division multiplexing: This uses higher- 
intensity optical clock pulses to differentiate it 
from the data pulses as discussed above, How- 
ever, in long-distance transmission links, it is 
difficult to maintain both the clock intensity and 
its position, due to the fiber nonlinearity. 

Time division multiplexing: In this scheme a 
single clock pulse, which has the same wave- 
length, polarization, and amplitude as the pay- 
load pulses, is separated in time, usually ahead of 
the data pulses. 


(iii) 


\v 


Synchronization ~ Optical Phased 
Locked Loops (PLL) 


The PLL is a common technique used for clock 
recovery in electronic TDM systems. However, the 
speed of conventional electronic PLLs tends to be 
limited by the response of the phase comparators 
used, There are a number of approaches based on 
opto-electronic PLL. Opto-electronic PLLs based on 
four-wave mixing in a traveling wave laser amplifier 
are complex and can suffer from frequency modu- 
lation in the recovered clock. However, others based 
on balanced photo-detectors, result in low timing 
jitter and good phase stability. In contrast, a number 
of all optical methods clock recovery scheme exist, 
one technique based on the TOAD (sce above) is 
depicted in Figure 20. The high-speed data stream 
enters the TOAD at a rate XR where 7 is the 
number of channels per OTDM frame, and R is the 
frame rate. A pulse generator, such as a mode locked 
fiber laser (MLL) clocked by a local oscillator (LO), 
is used as the TOAD control input (MLFL-C). The 
OTDM data is switched by the TOAD at a frequency 
of say, R+AfHz. Thus, the switching window 
samples data pulses at a rate higher or lower than 
1X R Haz and uses this signal for cross correlation in 
the PLL unit. The output of the phase comparator is 
used to regulate a voltage controlled oscillator (VCO) 
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Figure 20 Ultrafast clock recovery using TOAD. 


running at RHz, which in trn feeds the control 
signal. The PLL circuit locks into the clock frequency, 
generating the clock signal S.(¢) 


OTDM Bit-Error Rate (BER) 
Performance 


Figure 21 shows a typical block diagram of a high- 
speed optical receiver for an OTDM system, com- 
posed of a NOLM or a TOAD demultiplexer, an 
optical pre-amplifier, an optical bandpass filter, and a 
conventional optical receiver using a PIN photodiodk 
Due to the crosstalk introduced in the demultiplexing 
process, the demultiplexed optical signal contains 
not only the target channel but may also contain 
nontarget channels with reduced amplitude (see the 
inset in Figure 21). The intensity of the demultiplexed 
optical signal is boosted by the optical pre-amplifier 
(EDFA). Amplified spontaneous emission (ASE) 
from the optical preamplifier adds a wide spectrum 
of optical fields onto the demultiplexed optical signal. 
Although an optical bandpass filter (BPF) can reduce 
the ASE, it still remains one of the major noise 
sources. The function of the optical filter is to reduce 
the excess ASE to within the range of the signal 
spectrum. The PIN photodiode converts the received 
optical power into an equivalent electrical current, 
which is then converted to a voltage signal by an 
electrical amplifier. Finally, the output voltage is 
sampled periodically by a decision circuit for estimat- 
ing the correct state (mark/space) of each bit. 

‘The BER performance of an OTDM system 
deteriorates because of the noise and crosstalk 
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Figure 21 Biock diagram of OTDM receiver. 
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Figure 22 BER versus the average received optical power for 
100 Gbs (10 channels) OTDM system, 


introduced by the demultiplexer and is: 


Oops + Treen 


4) 


and T,, and 7, are the average photocurrents for a 
mark and a space, respectively. of, are the variances 
of the relative intensity noise (RIN), further optical 
pre-amplifier and receiver for a mark and a space. 

For 100 Gb/s (10 channels) OTDM. system, the 
BER against average received optical power for 
optimized NOLM and TOAD demultiplexers, is 
shown in Figure 22. 
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List of Units and Nomenclature 


A ith data bit in a packet 
c Speed of light in a vacuum. 
a Speed of light within the fiber 
E, Electric fields of control signals 
Ea Electric fields of data signals 
ews Frequency due to four-wave 
mixing, 
Gsialt) Gain profiles of SLA 
is Intensity of the control signal 
Ip Intensity of the data signal 
Tn Average photo current for a mark 
iA Average photo current for a space 
k Packet length in bits 
iE Fiber length 
La Distance between two SLAs 
Le Fiber effective length 
n ‘Number of stages 
nz Kerr coefficient 
Nowa SLA index 
P Polarization 
P Control signal launch power 
Pa Data signal launch power 
taip The window width is given by 
fyyy = 2dorley 
T Incoming bit interval 
Tw Walk off time per unit 
length between control and 
data pulses 
Ty ‘Transmittance of the NOLM 
a) Optical carrier pulse shape 
Ag) ‘Time-dependent phase difference 
Ax SLA offset from the fiber loop center 
£0 ‘Vacuum permittivity of the 


medium 
Data signal wavelength 

Variances for optical 
pre-amplifier for a mark 
Variances for optical 
pre-amplifer for a space 
Variances for receiver for a mark 


Goce Variances for receiver for a space 

Garson Variances of RIN for a mark 

owns Variances of RIN for a space 

r Outgoing bit interval 

att) Phase profile of SLA 

x” ‘Third-order non-linear susceptibility 
of an optical fiber 

See also 


Interferometry: Overview. Nonlinear Optics, Basics: 
Four-Wave Mixing. Optical Communication Systems: 


Optical Time Division Multiplexing; Wavelength Division 
Multiplexing, 
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Introduction 


Linear filtering is a useful tool commonly used in 
image processing. The correlation operation can be 


defined as: 
ff tovnnee =i 


where * denotes the correlation. The operation of 
correlation and the Fourier transform 


\d'dy! 
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Foxy*hoxy) 


Gu=f J gaye PMP dedy [2] 


are intimately related through the correlation the 
rem of Fourier theory, which states that the cor 
lation between two functions f(x,y) and b(x,y) is 
equal to the inverse Fourier transform of the product 
of the Fourier transforms: 


f(ey)*h.y)=FT Rw 131 
where F(u,v) and H(q,2) are the Fourier transforms 
of f(x,y) and of b(x,y) respectively, and where H” 
designates the complex conjugate of H. The ability to 
carry out and display Fourier transforms in two 
dimensions, by means of optical systems, is at the root 
of optical information processing. 

One of the main advantages of correlation is that 
the operations do not require segmentation of the 
regions of interest. This means that the locations of 
objects do not have to be segmented from the scene 
and that the detection is shift-invariant, that is the 
correlation peaks appear at locations in the scene 
corresponding to locations of the targets. These 
advantages are clearer for detection in uncontrolled 
conditions, for example for detecting vehicles in 
natural scenes. But they are also useful in security 
applications, such as identity verification or for 
detecting defects in assembly lines, 


The Optical Fourier Transform 


‘The Fourier transform of eqn [2] is widely used in the 
field of information processing. The inverse Fourier 


We will now discuss how to perform Fourier trans- 
forms by means of four different optical setups. 


FT Without a Lens 


If we illuminate a transparency U(x, yp) with a 
coherent plane wave, the diffraction pattern we 
observe at a point d from the input plane is given 
by the following relation, known as the Fresnel 
approximation for diffraction (Figure 1): 


(24) 
exn(22t 
Uei.)=— a me [eer 


sears Pfs 
[5] 


where A is the wavelength of the light and d is the 
distance between the diffracting screen and the 
observed pattern. 

In order to use the Fresnel approximation we need 
only to satisfy the geometrical optics paraxial 
conditions. If we add an additional approximation, 
we can further simplify this equation to yield the 
Fourier transform of U(x, yn). The extra condition is 
known as the Fraunhofer or far-feld approximation, 
which is only satisfied when the diffracted image is 
observed far away from the diffracting screen or when 
the extent of U(xp, Yo) is very small. Mathematically 
this condition is expressed by: 
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Figure 1 Frosnoldifraction without a lens. 
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After expanding the squares in the exponentials, there 
will be three terms: one can go outside the integral 
and one will be approximately equal to unity so the 
diffracted pattern becomes 
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This is the Fourier transform of U(xo, yo), scaled by a 
factor Ad, with an extra quadratic phase factor 


exp Ze t+ | 


The factor exp(i2nd/Ayi is usually of no importance 
since it is a phase factor distributed across the output 
plane, In some applications we only want to know the 
power spectrum (squared modulus) of the Fourier 
transform. In such cases the quadratic phase factor 
disappears because the squared modulus of any 
complex exponential is equal to 1, Performing a 
Fourier transform without a lens is possible within 
the Fraunhofer approximation, But if itis required to 
obtain the Fourier transform of an image which 
extends about 1m from the optical axis using a 
coherent He-Ne laser (A = 632.8 nm), the condition 
to be satisfied is d > 496 m: the required observation 
distance d is at least a few kilometers. This kind of 
optical setup is usually impractical, but can fortu- 
nately be alleviated by means of lenses. 


Object on the Lens 


Instead of having only the transparency in the input 
plane, we place a lens immediately after it as shown in 
Figure 2. For mathematical simplicity the lens and 
input plane are superimposed (more realistic cases are 
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Figure 2 Diffraction withthe object on the lans. 


considered below). The lens acts as a phase factor 


esl peat »] 
where f is the focal length of the lens. Now in the 
input plane the object U(xp, ¥9) is multiplied by the 
phase factor of the lens: 


U'G.¥0) = Utsw andes ~iypai ey] 8] 
Inserting this expression into the integral formula 
for Fresnel diffraction yields the diffraction pattern 
observed in the focal plane of the lens: 
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The lens exactly compensates for the other phase 
factor that was in the integral. This expression for the 
Fraunhofer approximation is almost the same as 
before, but the focal length f of the lens replaces the 
distance d. So by placing a lens immediately after the 
input plane we can have a much more compact setup 
since lenses are available with a wide range of focal 
lengths, usually from a few centimeters to a few 
meters. Another way to look at this is to consider 
that the effect of a lens is to bring the pattern at 
infinity to the focal plane of the lens ~ except for the 
phase factor. 


Object Before the Lens 


Another setup used to perform the Fourier transform 
is shown in Figure 3, where the lens is placed 
somewhere between the input and the output planes. 
Using the Fresnel formula for diffraction it can be 


Figure 3 Diffraction withthe abject before the lans. 
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shown that the diffraction pattern in the focal plane is: 
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where d is the distance between the input plane and 
the lens. If we set d equal to the focal length f of the 
lens, the quadratic phase factor in front in the integral 
vanishes and we have an exact Fourier transform. 
This setup with the object and filter in the front and 
hack focal planes of the lens respectively is the one 
most frequently seen in scientific articles and is 
known as the /-f Fourier transform system. 
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Object After the Lens 


Still another configuration is the one shown in 
Figure 4, where the lens is placed at a distance d 
before the input plane. For this configuration the 
Fresnel diffraction yields the following pattern in the 
focal plane of the lens: 
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Once again the Fourier transform of U(xp. yo) is 
multiplied by a quadratic phase factor. It is interesting 


to note that, in this case, the Fourier transform is 
scaled by a factor Ad. This can be used to control the 


Figure 4 Difiraction withthe abject after the lans. 


scale of the Fourier transform by changing the 
distance between the lens and the object. 

‘Note that although two of the three methods yield 
Fourier transforms that are accompanied by a 
quadratic phase factor, the latter is not necessarily 
an impediment to correlation, contrary to popular 
belief. Indeed all three configurations have been used 
for correlation pattern recognition, and each con- 
figuration has its advantages. 


Optical Correlation 


The last section showed how to obtain Fourier 
transforms by means of an optical setup. The 
proposed optical setups cannot perform the inverse 
Fourier transform. Because the Fourier transform and 
its inverse are very similar, the Fourier transform 
is performed instead, yielding the mirror image 
of the correlation: 


(fb —x,-y) = FTF OHH, )) 12) 
The correlation can be considered as the result of 
three operations: a Fourier transform; a product; and 
an additional Fourier transform. The Fourier trans- 
form of a 2D function can be obtained by means of 
coherent optics. The equivalent of multiplication in 
optics is transmissivity, so multiplication is accom- 
plished by sending light successively through two 
superimposed transparencies. 

There are two main categories of optical 


correlators, serial correlators and joint transform 
correlators. 


Serial Correlators 


A serial correlator functions in two stages. The first 
stage performs the Fourier transform of the input 
image f(x, y), which is multiplied in the Fourier plane 
with a transparency H(y, x). The filter Hiy., ») can be 
a hologram, a spatial light modulator (SLM) or a 
simple transparency. A second Fourier transform 
displays in the output plane the correlation of the 
input image with the impulse response h(x, »), which 
is the Fourier transform of the filter function H(y., 1) 

Serial correlators directly implement the two 
Fourier transforms and the multiplication operation 
in a pipelined manner. The input plane and the 
correlation plane are conjugate planes of the system, 
that is in the absence of a filter, the output plane 
displays an inverted image of the input f(x,y). 
Between those conjugate planes, at the conjugate 
plane of the source with respect to the first lens, is the 
Fourier plane where the spatial frequency filter is 
placed. When the input is illuminated with parallel 
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light, the frequency plane is at the back focal plane of 
the first lens. A SLM can be placed in the input plane 
to feed the images to be correlated; a second SLM can 
be placed in the Fourier plane to display the filter. The 
filter is often calculated by a digital computer, and 
usually takes the form of a hologram if phase 
information must be used in the filter. 


The 4-f correlator 

The 4 correlator is the most intuitive optical 
correlator system. We showed above that an ff 
system can be used to optically obtain a Fourier 
transform (Figure 5). If f(x,y) is in the front focal 
plane, its Fourier transform F(j.,r) appears at the 
back focal plane of the first lens. If a filter function 
H°(u., v) is inserted at this point, by means of a SLM 
ora hologram, then a second f-f system can perform a 
second Fourier transform to yield the correlation 
plane at the back focal plane of the second lens. 


Convergent beam correlator 
This kind of correlator consists of two conjugate 
systems. This time, the Fourier transform is obtained 
by placing the input object in a convergent beam after 
the first lens. The second lens is placed so that the 
output plane is conjugate to the input plane, and as 
before, the filter is placed at the point of convergence 
of the light after the first lens. It is important to note 
that this is not the focal plane of the lens, but the 
conjugate plane of the source of light. In order to have 
an imaging system between the input and output 


Figure 5 4-f correlator setup. 
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Figure 6 Convergent beam correlator setup, 


planes, the distances must satisfy the conjugate 
relation: 


113) 


where 5, and sp are defined in Figure 6. As previously 
discussed for convergent light, the Fourier transform 
will have an additional parabolic phase factor, This 
must be taken into account when constructing the 
filter H. 

This configuration has some advantages over the 4- 
f correlator. By moving the object between the first 
lens and the filter, it is possible to control the scale of 
the Fourier transform. And because the first lens is 
imaging only a single point on the optical axis, only 
spherical aberration needs to be compensated for. In 
4-f systems, the first lens must be corrected for all 
aberrations for the whole input plane, and for a given 
extent of the input object, the first lens must be larger 
than that for the convergent system in order to avoid 
space variance effects, Unfortunately, specially 
designed expensive lenses are required to correct for 
those aberrations, so well-corrected Fourier trans- 
form lenses for 4-f systems are expensive, whereas a 
simple doublet is sufficient to correct for on-axis 
spherical aberration, which is all that is required for 
the convergent light system, In addition, the con- 
vergent light system does not require an expensive 
collimator that is required in the 4-f system to obtain 
the parallel illuminating beam. Aberration correction 
requirements for the second lens are less stringent 
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Figure 7 Single lons correlator setup. 


than for the first, because in most cases, a slight 
deformation of the output plane can be acceptable, 
whereas comparable distortions in the Fourier plane 
can cause misregistrations between the Fourier trans- 
form and the filter that can seriously degrade the 
correlation, 


Divergent beam correlators 
Instead of placing the input object in the convergent 
beam, as in the previous case, another configuration 
that has been used places the input object in the 
divergent beam before the first lens. This configur- 
ation is rarely seen today, because it exacerbates the 
space variance and aberration problems of the 4-f 
system, and the control it allows over the scale of 
the Fourier transform can be achieved with fewer 
penalties by means of the convergent light system. 


Single lens correlator 
Consider an imaging system using only one lens 
illuminated with a parallel beam of coherent light 
(Figure 7). The input and output planes are located at 
distances 2f on either side of the lens — the shortest 
conjugate distances possible. If a filter H(u,») is 
placed at the focal plane of the lens on the object’s 
Fourier transform, the correlation will appear on the 
output plane. This system requires satisfying imprac~ 
tical conditions: aberration corrections for both the 
Fourier transform and for the imaging operation, so it 
is rarely seen, 


Filters 


Many types of filters can be used for different 
applications. Table 1 lists some commonly used 
filters for pattern recognition. The classical matched 
filter yields the optimum signal to noise ratio in the 
presence of additive noise. The phase-only filter 
(POF) is frequently used because of its high 
discrimination capability. The inverse filter is some- 
times used because it theoretically yields very sharp 
correlation peaks, but is very sensitive to noise, and 
when the spectrum F(q.,) has some zeros, the 


Table 1 Commonly used fiters for image processing 
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realization of 1/F(u,») can be impossible. A close 
relative of the inverse filter is the Wiener filter, which 
avoids the problem of the inverse filter by introdu- 
cing a quantity S(q,») in the denominator of the 
filter function. The function S(j,») can sometimes be 
a constant. H(4, ) is usually chosen to minimize the 
effect of noise or to optimize some parameter such as 
the peak to sidelobe ratio, or the discrimination 
ability of the system, 


Joint Transform Correlators 


In serial transform correlators, the filter is generally 
a complex function. Spatial light modulators are 
usually conceived with only one degree of freedom 
for each pixel, which can be optimized for amplitude 
modulation or for phase modulation, In order to 
achieve a fully complex filter, two modulators are 
required, or some spatial bandwidth of a modulator 
is sacrificed to encode a computer-generated 
hologram, 

The joint-transform correlator (JTC) does not 
require a fully complex filter. The filter is stored in 
the spatial domain so there is usually no need for the 
computation of a filter in the spectral domain. In the 
JTC, the correlation of a scene with a reference image 
is contained in the power spectrum of an input plane 
consisting of the scene placed side by side with the 
reference. The correlation terms are revealed when 
the Fourier transform of the power spectrum is 
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computed. The joint transform correlation can be 
summarized in three steps: 


1. The scene and the reference are located side by 
side in the input plane. 

2. The Fourier transform of the input plane is 
computed or carried out optically by one of the 
methods previously described. The transform 
intensity is measured and constitutes the joint 
power spectrum, Some optional enhancements, 
based on spatial filtering and/or nonlinear proces- 
sing on the power spectrum, can also be 
performed. 

3. The Fourier transform of this joint power 
spectrum is carried out, yielding the correlation 
plane containing the correlation of the reference 
with the scene, 


A mathematical analysis is required to understand the 
location of the correlation peaks. The side-by-side 
input scene s(x, y) and reference image r(x, y) are 


i, y) = re — ayy) tsa. y— ys) AT 


The joint power spectrum E(u, ») is equal to the 
modulus squared of the Fourier transform of the 
input plane: 
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The joint power spectrum contains the Fourier 
transforms of the autocorrelation of the input 
scene, the autocorrelation of the reference, the 
correlation of the scene with the reference and its 
complex conjugate. The correlation peaks are 
obtained from the Fourier transform of the joint 
power spectrum: 


CO, y= Rolo y) + Rely) 
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where 
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Multiple targets and multiple references 

The input scene of the JTC may contain multiple 
targets. Each target in the scene will correlate with 
the other targets. The additional correlation peaks 
can clutter the correlation plane, so some care must 
be taken when positioning the scene with respect 
. Let s(x, y) contain multiple targets 
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The joint power spectrum becomes: 


s(x, y) [18] 
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where C.C. denotes the complex conjugate of the 


preceding term. The correlation plane will now be: 
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The second lines of eqns [9] and [20] are the cross- 
correlation terms between the targets. In order to 
avoid confusion between reference-target corre- 
lations and target-target correlations, special care 
must be taken in positioning the reference with 
respect to the scene. All the target-target corre- 
lations will be inside a centered box that has twice 
the length and twice the width of the input scene, so 
the reference should be placed at least at twice the 
length or width of the scene. 

Multiple targets in the input scene can be viewed as, 
multiple references, and the correlation of multiple 
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references with multiple targets are all computed 
simultaneously. This property has led to applications 
in multiclass pattern recognition problems and in 
optical neural networks, where each neuron of a layer 
is coded as a reference object. This is one of the 
advantages of the JTC compared to serial correlators, 
since serial correlators are limited to one filter at 
a time, 


is an example of joint transform correlation, 
The input plane is shown in Fi . The plane is 
composed of the input scene in the top third of the 
input plane and the reference is placed in the cent 
This input scene contains two targets. The joint 
power spectrum is shown in with its 
pixels mapped to a logarithmic intensity scale. The 


@ ) 


C) @ 


correlation plane is shown in and d with the 
central peak truncated. The central peak contains 
the autocorrelation terms R,, and R,,. On each side of 
the autocorrelation peak are the cross-correlations 
between the different targets of the input scene. The 
correlation between the reference image and the input 
scene is located in the top part of the correlation 
plane. The correlation plane is symmetrical with 
respect to the origin, so the correlation peaks are 
reproduced on the bottom half of the output plane. 


Joint transform correlator architectures 

Different architectures have been used for JTCs. 

Three setups are presented here. This is not an 

exhaustive list. The simplest optical setup shown in 
is an optoclectronic implementation of a 

power spectrum machine. A convergent beam 


Figure 8 Jointtransform correlation example. (a) Input scene; (b) joint power spectrum; (c) correlation plane (top view); (d) correlation 


plane (mesh viow) 


Figure 26-16. Twa diades with their cathodes tied togeth 
cer will choose automatically between an AC adapter that 
delivers 12VDC and an internal 9V battery. 


Voltage Clamping 
A diode can be used to clamp a voltage to a de- 
sired value. If an input to a 5V CMOS semicon- 
ductor or similarly sensitive device must be pre- 
vented from rising out of range, the anode of a 
diode can be connected to the input and the 
cathode to a SV voltage source. If the input rises 
much above 5.6V, the potential difference ex- 
ceeds the diode's junction threshold, and the di- 
ode diverts the excess energy. See Figure 26-17. 


svDc 


Figure 26-17. A clamping diode can limit output voltage— 
inthis example, ta about 5.6V. I the input rises above that 
value relative to the common ground, the potential differ 
ence across the diode feeds the excess voltage back 
through it to the 5V source. 


Logic Gate 

A signal diode is less than ideal as a logic gate, 
because it imposes a typical 0.6V voltage reduc- 
tion, which can be significant in a SV circuit and 
is probably unacceptable in a 3.3V circuit. Still, it 
can be useful on the output side—for example, 


discrete semiconductor > single junction > diode 


if two or more outputs from a logic chip or mi- 
crocontroller are intended to drive, or share, an- 
other device such as a single LED, as shown 
Figure 26-18. In this role, the diodes wired in par- 
allel behave similarly to an OR gate, while pre- 
venting either output from the chip from feeding 
current back into the other output. 


~ 


Figure 26-18. Two or more outputs trom 2 logic chip or 
microcontroller may be coupled with clades to power an 
cother device, such as an LED, while protecting the chip 
from backflaw of current. The diades form a logical OR 
gate. 


DC Voltage Regulation and Noise 
Suppression 

As previously noted, the dynamic resistance ofa 
reverse-biased Zener diode will diminish as the 
current increases. This relationship begins at the 
point where breakdown in the diode begins—at 
its Zener voltage~and is approximately linear 
overa limited range. 


The unique behavior of the Zener makesitusable 
asa very simple voltage controller when placed 
in series with a resistor as shown in 
Figure 26-19. It is helpful to imagine the diode 
and the resistor as forming a kind of voltage di- 
vider, with power being taken out at point A 
the schematic, if a supply fluctuation increases 
the input voltage, this will tend to increase the 
current flowing through the Zener, and its dy- 
namic resistance will diminish accordingly. A 
lower resistance in its position in the voltage di- 
vider will reduce the output voltage at point A, 
thus tending to compensate for the surge in in- 
put voltage. 


Conversely, ftheloadin the circuitincreases, and 
tends to pull down the input voltage, the current 
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Figure 9 Joint transform correlator implementation as an optical power spectrum machine. 
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Figure 10 Optical JTC using two SLMs inthe input plane. 


optical Fourier transform system is used to produce 
the Fourier transform of an image displayed on a 
single spatial light modulator (SLM). A CCD 
camera is placed in the Fourier plane to measure 
the joint power spectrum, The joint transform 
correlation is a two-step process: the input plane 
containing the scene and the reference is first 
displayed on the SLM, and the camera simul- 
taneously captures the joint power spectrum, In 
the second step, the joint power spectrum is 
displayed on the SLM, so the correlation plane is 
now on the camera. An optional second camera 
with intensity filters can be added to this setup. In 
this case, one camera serves to digitize the joint 
power spectrum during step 1 and the second 
camera captures the correlation plane at step 2 
and transmits it to a display device. This optional 
configuration is useful to keep both the correlation 
plane and the joint power spectrum within the 
dynamic range of their specific cameras. 

The setup shown in Figure 9 has two main 
disadvantages: the correlation is performed in two 
steps and requires some processing to construct the 


input plane, and only half of the spatial light 
modulator can be used to display the input scene. 
There are alternative setups to alleviate those 
drawbacks, but they require the use of two or 
three SLMs. Two modulators can be used in the 
input plane to simulate a full modulator for the 
scene, as shown in Figure 10. The original setup can 
also be doubled with one optical Fourier transform 
system for the joint power spectrum and one for the 
correlation plane (Figure 11), With three modu- 
lators, it is possible to perform the joint transform 
correlation in a single step with a full modulator for 
the input scene, 


Comparison to serial transform correlators 

The joint transform correlator has some advantages 
over the serial transform correlator. Since the phase 
of the Fourier transform is destroyed in the JTC, 
there are much fewer constraints on the design. So it 
is advantageous to use an optical convergent beam 
setup to obtain the Fourier transform. As mentioned 
before, there is no need for a fully complex spatial 
light modulator in the joint transform correlator. 
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Figure 11. JTC implementation using two power spectrum machines. 


This allows the use of commercially available spatial 
light modulators primarily designed for projectors or 
for displays, where phase modulation is not require 
Since there is a wider market for such devices, they 
are cheaper. 

For pattern recognition, the joint transform corre- 
lator has some properties that a serial transform 
correlator cannot reproduce. Some pattern recog- 
nition techniques require a linear combination of 
multiple amplitude correlations of the scene with 
different references. This is impossible with serial 
correlators because only the intensity of the corre- 
lation plane is detected. In a JTC, the joint power 
spectrum is linked to the correlation plane by the 
Fourier transform. So it is possible to obtain linear 
combinations of correlation planes by performing the 
corresponding operations on the joint power spectra. 
Some recent pattern recognition techniques such as 
morphological correlation and the sliced orthogonal 
nonlinear generalized (SONG) correlation, have been 
optically implemented using a JTC, but the required 
operations could not be carried out by means of serial 
optical correlators. 

Whereas optical serial transform correlators 
always carry out linear filtering operations, optical 
joint transform correlators can be made to carry out 
nonlinear filtering, This is achieved by imposing a 
nonlinear characteristic curve on the joint power 
spectrum, instead of the usual squaring operation 
inherent to the detection process. The nonlinearity 
can be intrinsic to the components (saturation, 
dynamic range) or obtained by introducing electro- 
nics between the CCD camera and the second SLM, 


Figure 12 Cortelation plane witha logarithmic transformation of 
the joint power spectrum, 


or by using an optically addressed spatial light 
modulator. Nonlinear processing can enhance the 
weights of the high frequencies in the correlation, 
resulting in sharper correlation peaks and improved 
discrimination. To illustrate this effect, the joint 
power spectrum of the example of Figure 8 has been 
modified with a logarithmic transformation: 


E(u, ») = In(1 + Bill, IP) 121) 


0.25. The correlation plane for the trans- 
formed joint power spectrum is shown in Figure 12. 
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Figure 13 Optical vector-matrix multiplier. 


It is clear that the discrimination has improved over 
that of the previous case. 


Optical Vector-Matrix Multiplier 


An operation that is frequently required in infor- 
mation processing is the product of a matrix and a 
vector, This can be accomplished by means on 
anamorphic optics as shown in Figure 13. 

Here the input vector is a set of vertical fans of light 
from the source array, that are spread out, each over 
one row of the matrix mask by means of anamorphic 
optics. The inverse operation is carried out in the 
second half, so that the vertical array of spots in the 
output contains the vector-matrix product between 
the intensities of the source array and the transmis- 
sivities of the mask array. 

A vector—matrix product can also be carried out by 
means of a conventional optical correlator as shown 
in Figure 14, 

‘The input vector a is placed in a parallel beam at 
the focal plane of a conventional 2D correlator. A 
hologram in the Fourier plane contains a vector array 
H. The vector-matrix: product aH appears along the 
axis in the correlation plane. 

The above figure shows an input 
f(x, b)ay ~ b) containing the vector components 
fxl,x2, ...,N) arrayed along the horizontal axis 
+x, and shifted a distance a from the horizontal axis. If 
the Fourier transform of the mask in the filter plane is 
‘h(x, y), then the output plane has the distribution: 
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Figure 14 A voctor-matrix product using conventional 20 
optical correlator. 


So the output value along the y-axis at a distance a 
from the horizontal axis is equal to the scalar product 
of the vector f(x,b) with the vector hix,b). Now if 
input vectors are stacked up one over the other in 
the input plane, each one will yield along the output 
yraxis a value that is the scalar product of the 
corresponding vector with the vector h. The set of 
values along the y-axis is therefore the vector-matrix 
product of the matrix constituted by the set of vectors 
in the input plane, with the vector h that is the 
impulse response of the filter. The cost for this 
operation is some considerable loss of light, since 
only the light along the y-axis is used in the output. 

Applications of the optical vector-matrix product 
are optical crossbar, numerical matrix operations 
such as the solving of linear equations, optical neural 
networks, spectrum analysis and discrete Fourier 
transforms. 


Conclusion 


It has been estimated that serial coherent optical 
correlators should be able to attain data rates of up to 
10™* operations per second, using the fastest spatial 
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light modulators available. Joint transform correla- 
tors are somewhat slower, due to the input plane 
being divided between the object and the reference, to 
geometrical constraints in placement of targets, and 
due to the need to use electronics to carry out some of 
the operations. Until now, speeds have been limited 
by the data rates at the input, but as the speeds of 
optically addressed SLMs increase, the problem could 
be shifted to the output, where the lack of optical high 
spatial bandwidth threshold devices could cause a 
bottleneck. 


List of Units and Nomenclature 


A Vector or matrix 
ccD Charge coupled device 


Fu.) Fourier transform of f(x,y) 

Fr Fourier transform 

rrt Inverse Fourier transform 

H Complex conjugate of H 

JT Joint-transform correlator 

POF Phase-only filter 

Ry Correlation between functions a and b 

(y) Spatial coordinates 

a Wavelength of light 

(7) Spatial frequencies 

* Correlation 

SLM Spatial light modulator 

SONG Sliced orthogonal nonlinear general- 
ized correlation 

See also 


Coherence: Coherence and Imaging. Diffraction: 
Fraunhofer Diffraction; Fresnel Diffraction. Fourier 
Optics. Geometrical Optics: Aberrations. Holography, 
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Introduction 


Free space optical computing encompasses a vast 
field, from digital and discrete to analog and hybrid 


Techniques: Computer-Generated Holograms. Imaging: 
Information Theory in Imaging. Information Processing: 
Incoherent Analog Optical Processors; Optical Neural 
Networks. 
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optical computing. This article gives an overview of 
various algorithms, such as shadow-casting, symbolic 
substitution to nonlinear optics-based processors. 
Some of the core devices, such as modulators and 
nonlinear logic elements, are discussed. The optical 
computing concepts, originated with nonlinear optics 
and analog optical computing, are more commonly 
known as optical signal processing. Now they have 
culminated into digital optical computing, opening 
the door to highly specialized parallel computing 
architecture. 
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Parallel computation is a direct approach to 
enhance the speed of digital computations which are 
otherwise inhibited by the sequential processing 
bottleneck. Physical limitations — such as limited 
interconnections, interactions amongst electrons, 
with the consequent inability to share a data bus 
simultaneously, and constant propagation delay of 
electronic circuits - place an upper bound on the 
speed of the fastest operation possible with an 
electronic computer, without a modification to the 
computing architecture. Optics provides an architec- 
tural advantage over electronics, due to the fact that 
the most natural way to use optics lends itself to a 
parallel implementation. Optical signals propagate in 
parallel, cross each other without interference 
(whereas charged electrons interact heavily with 
each other), have the lowest possible propagation 
delay of all signals, and can provide million channel 
free-space interconnections with simple lenses 
(whereas an unrealistic number of connections are 
necessary for electrons). Thus, optics is an excellent 
candidate for implementing parallel computing 
machines using the 3D space connectivity. While 
electronic architecture is naturally 2D, optical free 
space architecture is 3D, exploiting the third dimen- 
sion of space. The communication bottleneck forces 
electronic computers to update the computation state 
space sequentially, whereas the use of optics will 
empower one to change the entire computation space 
in parallel. 


Historical Perspective 


Historically, digital optical computing was proposed 
as a natural extension of nonlinear optics. Just as 
transistors, which are nonlinear electronic devices, 
led to the realization of the computing logic using 
transistors, it was envisioned that nonlinear optical 
effects would give rise to optical transistors which 
would lead to development of optical logic gates. One 
of the limitations of nonlinear optical device-based 
computation is the high laser power requirement to 
demonstrate any nonlinear optical effect. 

One of the effects used to demonstrate nonlinearity 
is to change the refractive index with the incident 
intensity. In other words, most materials will behave 
linearly with low optical energy. The refractive index 
expressed as. = mg + my Tis nominally linear because 
the nonlinear co-efficient my is usually very small. In 
the presence of high power, the m1 is significant 
enough to cause an optical path change by altering 
the refractive index. When such a medium is placed 
inside a Fabry-Perot resonator, it will allow one to 
control the transmission of the filter by changing the 
incident intensity. Thus, at high power, it shows a 


nonlinear behavior or bistability. The term optical 
bistability was coined, which meant the presence of 
two stable states of output for the same intensity 
value. 

Another development took place at the University 
of Michigan by the development of a precision optical 
processor; this was an optical processor which could 
process radar signals using optics, this is the example 
of an analog optical computing processor. 

A third area which is in between the digital and the 
analog are the discrete level devices which most often 
take the form of matrix-based processors. Free space 
optical matrix vector multipliers are examples of such 
processors. 

The latest field of optical computing research is in 
the algorithms and architecture area. The motivation 
here is to develop new algorithms which take 
advantage of optics. The thing that is lacking is the 
presence of appropriate device technology that can 
implement the algorithm in a given architecture. In 
terms of practical realization, analog optical comput- 
ing is the most successful one. Adaptive optic 
processors have found success both in astronomy as 
well as vision sciences, and more recently in optical 
imaging through the atmosphere. 

Development of free space optical computing has 
two main driving forces: the technology (device) base 
and the algorithm base. In this classification, since the 
field is in its infancy, both device-based classes and 
architectural (algorithm) classes are listed side-by- 
side as separate entities, ignoring the natural overlap 
that may be present in some instances. For example, 
nonlinear optical devices could be implemented into a 
variety of architecture that is listed below. Holo- 
graphic processor is another technology-based class 
while some other architectures, such as, symbolic 
substitution may involve use of holograms, but it 
does not exclude it being a class by itself. The 
following list gives a classification of optical free 
space computing: 


1. Digital Optical Computing: 
(a) Pattern coded computing or cellular logic: 
(i) Optical shadow-casting processor; 
(ii) Symbolic substitution; 
(iii) Theta logic based computation. 
(b) Parallel arithmetic circuits: 
(c) Hybrid optical computing: 
(d) Nonlinear optical device based: 
(c) Threshold logic. 
2. Discrete optical computing: 
(a) Optical fuzzy logic: 
(b) Optical matrix processors: 
(i) Vector matrix multiplier; 
(ii) Differential equation solver; 
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(iii) Linear algebra processor; 
(iv) DFT processor; 
(v) Programmable logic array; 
(vi) Associative memory processor. 
(©) Optical neural network. 
3. Analog optical computing: 
{a) Adaptive optics processor; 
(b) Partially coherent processing (white light 
processing): 
(c) Fourier transform based processor: 
(d) Nonlinear contact screen based: 
(c) Holographic processors: 
(f) Linear optical processors (image 
differentiation). 


We start by discussing some of the device based 
classes and their underlying concepts: (a) nonlinear 
optics; (b) SLMs; and (c) hologram based. 


Core Device Technologies Used for 
Free-Space Optical Computing 


One of the most difficult challenges of optical 
computing (OC) is inventing devices that can realize 
aforementioned key advantages of optics. There exist, 
however, several key technology areas, where a 
breakthrough in any one of these will pave the way 
to real-world optical computing. We discuss he 
some of the major device technologies that relate 
t0 OC. 

Spatial light modulator (SLM) converts. infor- 
mation from different forms to the optical domai 
As a result, SLM is used as an input device to an 
optical computing system. High contrast ratio, very 
high speed, and parallel addressing scheme are 
desirable properties of an SLM as an input device. 
For example, the SLM could be used to input a 
2-dimensional signal or an image into a Fourier 
transform-based processor. Several applications of 
SLM are possible: 


1, Optical encoding: Pattern coded logic can per- 
form logic operations if inputs can be encoded 
using certain pattern; 

. Encoding complex filter: It could encode phase, 
amplitude or both; and 

3. As phase modulator: for adaptive opts. 


Bp 


Two types of SLMs are liquid-crystal based and 
micto-electromechanical (MEM) based. The former 
uses liquid crystals to change the phase of transmitted 
or reflected light leading to modulation of phase. 
Although the most successful commercial application 
of MEMS is its use in consumer electronics, such as 


projection TVs or video projectors, in free-space 
optical computing it can be used as: 


(a) an interconnection de 

(b) an SLM for matrix; 

(c) a phase modulating device in AO close loop 
control of optical phase aberrations or phase only 
filter. 


The heart of the MEMs is tiny electrically 
controllable mirrors which can steer the incoming 
beam in a different direction or bend to create 
a relative optical path difference for the reflected 
beam. 

Algorithms, where an SLM plays a major role, are 
pattern coded computing, optical matrix processors, 
adaptive optic processors, partially coherent proces- 
sing, Fourier transform based processors, and linear 
optical processors. 


Nonlinear Optical Element 


A nonlinear optical element is an architecture or 
device structure which allows for utilization of the 
nonlinearity of the optical material that produces 
detectable changes of optical intensity. Figure 1 shows 
the basic block diagram for an optical computing 
hasic element. To achieve an optical logic gate, one 
needs a scheme where light can be controlled by light, 
as current is controlled by current in a transistor. An 
optical device showing optical bistability can he used 
for this purpose. Optical bistability is defined as the 
situation where two different output intensities are 
possible for a given input intensity. 

For example, as shown in Figure 2 below, at the 
intensity level of C, there are two stable states, one 
HIGH and one LOW, Just as the transistor has two 
stable states ON and OFF, the optical bistable device 
exhibits two states ON and OFF. The fact that such 
nonlinear behavior could implement logic behavior 


Output 


Nonlinear 
optical element 


Input 2 


Figure 1 Black diagram of an optical logic gate using nonlingar 
optical element 
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ara 
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Figure 2 Bistable behavior, atypical AND behavior with inputs A and B. 


Nonlinear medium 
Mirrors 


me 
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Figure 3_Bistable optical device, nonlinear medium in a Fabry 
erat cavity. 


can be explained as follows. Assume that a two input 
device possesses a nonlinear characteristic as shown 
in Figure 2. Assume that the input intensity value of 1 
is indicated by an intensity level equal to A. When 
both A and B are equal to 1, then the combined 
intensity switches the device to HIGH output state. 
However, if only one input is present, the output will 
be LOW. Thus, this bistable device acts as a logical 
AND gate. 

To achieve optical bistability, two features are 
required, namely, nonlinearity and feedback. One 
way to achieve this is by placing a nonlinear medium 
in a Fabry-Perot cavity. Figure 3 shows a schematic 
of these devices, In Figure 3, A, is the incident field, 
A, isthe reflected field, Ay and A, are the forward and 
backward fields inside the cavity, respectively, and | is 
the cavity length. 

‘The coupled wave equation for this system is 
given by 


2ikt—al 


Ay = pase Ua] 


Ay = 7A; + pA {1b} 


where, p is the amplitude reflectivity and 7 is the 
amplitude transmissivity. The wave vector k = nase 
and a is the absorption coefficient. In deriving the 


above equations, it was assumed that & and a are 
spatially invariant and real. Solving for A, from 
eqns [1a] and [1b] yields 

7A, 
Tpetmal 


(21 


Equation [2] is the so-called Airy’s equation which 
describes the properties of the Fabry-Perot cavity. 
From eqn [2] it can be seen that if k or @ is a 
sufficiently nonlinear function, this device will show 
bistability. In general, both & and a can show 
nonlinearity. Hence optical bistability can be cither 
absorptive or dispersive, 


Absorptive Bistability 


If the absorption coefficient « depends nonlinearly on 
the intensity, assuming & is constant, after some 
manipulation, eqn [2] can be written as 


Th 
a 3 
b= Raab Ls 


where, I, 0 14,7, T = Ir! and R = Ipl’. In deriving 
eqn [3], it was assumed that the mirror separation is 
such that the system is in resonance and al < 1. If a 
depends on the intensity, it can be assumed that it 
follows the relationship of two level saturable 
absorbers, for simplicity, which is 


ay 


T+, 41 


where, ao denotes the unsaturated absorption 
coefficient, I is the local value of intensity, and 1, is 
the saturation intensity. Using eqn [4] in eqn [3] 
yields 


11 
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Figure 4 The input-output relationship of absorptive bistability predicted by eqns (5) and [6 


where, Cy = Ragl(1 — R). Also the output intensity 
1 is related to 13 by 


1=Th {61 


Using eqns [5] and [6], it can be shown that there 
can be multiple solutions to the above input-output 
relationship which predicts the optical bistability. 
Figure 4 shows a plot of Diy versus Dis, where 
D=2/TI,, as a function of various Cy. As can be 
seen from Figure 4, for a high enough value of Co, 
the system possesses multiple solutions, 


Dispersive Bistability 


‘The intensity dependence of the refractive index can 
be written as 


n= My tml 71 
If the refractive index m varies nonlinearly with 


intensity, assuming a = 0 and using eqn [7], eqn [2] 
can be written as 


Ay Ay 
A= = [8] 
pom Ret 
where, = 6) + 8). 6) and 8 are given by 
8) = e+ 2m HE 
i pl 


where, ¢ is the phase associated with p and the fact 
that k= nade is used. 


lau) 


Figure Picts ofboth sides of eqn [10] as a function of land for 
increasing values of input intensity J). The oscilatory curve 
represents the right-hand side of eqn [10] and the straight lines, 
reprasent the lafhand side with inereasing values. 


After some manipulation, eqn [8] can be rewritten 
in terms of intensity as 


{10} 


and 


+ (4m20)h ma 
Equation [10] can be solved graphically to show the 
introduction of bistable behavior as a function of 
input intensity. Figure 5 shows the plots of both sides 
of eqn [10] as a function of J, and for increasing 
values of input intensity I). The oscillatory curve 
represents the right-hand side of eqn [10] and the 
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straight lines represent the left-hand side with 
increasing values of 1. It can be readily seen from 
Figure § that at sufficiently high values of [,, multiple 
solutions are possible for eqn [10]. This again will 
give rise to the bistable behavior. 


Nonlinear Interference Filters 


The optical bistability from the nonlinear interference 
filters (or etalons) can be used to achieve optical logic 
gates. The transmission property of these etalons can 
be modified by another optical beam, known as a bias 
beam, A typical logic gate and the transmission 
property are shown in the following figure. If the bias 
beam is such that, Payich — (Ps + Phiss) < Phy then the 
transmitted beam shown in Figure 6b readily follows 
an AND gate. The truth table for such configurations 
is shown in Figure 6d. 


Four-Wave Mixing 


Four Wave Mixing (FWM) can be used to implement 
various computing functions. Using the photorefrac- 
tive effect and FWM in a third-order nonlinear optical 
material, optical phase conjugate beams can be 
obtained. A schematic of FWM and phase conju- 
gation is shown in Figure 7, The forward pump beam 
interferes with the probe beam to produce a grating 


Nonlinear 
interference fiter 


@ 


‘Truth table for an AND function from the above 
‘setup from the transmitted beam 


Pax input 1 | Py= input 2] Py = output 
0 0 0 
0 1 ° 
1 ° ° 
1 1 1 


® 


Figure 6 A typical optical logic gate configuration using nonlinear 
(6) roflected power output (both as functions of inputs) and (d) the 


in the photorefractive material. The backward pump 
beam is then diffracted to produce a beam which 
retraces the path of the probe beam but has an 
opposite phase. It can be seen from Figure 7, that the 
optical phase conjugation can be readily used as an 
AND logical operator. By using the four-wave 
mixing, an optical counterpart of transistors has 
been introduced. FWM have also been used in AND- 
based optical symbolic substitution (OSS) operations. 
FWM is also used to produce matched filter-based 
optical correlators. 

Another device showing the optical bistability is 
the self electro-optic effect device (SEED). SEEDs 
were used to implement optical logic circuits. The 
SEEDs are produced by putting multiple quantum 
wells (MQW) in the intrinsic region of a_p- 
structure, The MQWs are created by placing 
alternating thin layers of high (harriers) and low 
(wells) bandgap materials. An electric field is applied 
to the SEEDs externally, The absorption coefficient is 
a function of applied bias voltage. When a light 
beam is incident on these devices, it creates a 
photocurrent, consequently lowering the bias voltage 
across the MQW. This, in turn, increases the 
absorption and when the input optical power is 
high enough, the system sees a peak absorption and 
suddenly switches to a lower state and thus shows 
the bistable behavior. A schematic of SEED is shown 
in Figure 8. 


Pr 


Pas Pe 


o) 


© 


interference fiter: (a) schematic; (b) the transmitted power output; 
‘ruth table for AND operation with beams A and B as inputs. 
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Figure 7 Four-wave mixing setup. 


| - 


Figure 8 Schematic of salf electro-optic effect devices. 


Replacing the resistive load by a photodiode, a 
diode-based SEED (D-SEED) can be constructed, 
which is analogous to the way diode transistor logic 
was developed from resistor transistor logic in 
electronics. Electrically connecting two MQW p-i-n 
structure symmetric SEEDs (S-SEED) are con- 
structed, which are less sensitive to optical power 
fluctuations and effectively provide isolation between 
input and output. 


Pattern Coded Optical Computing: 
Symbolic Substitution or Cellular 
Logic 

Thisisa keyword which is equivalent to simple digital 
logic operation. In digital logic, a truth table can 
describe the relationship between input and output 
variable. In symbolic substitution logic, this relation- 
ship is expressed as a 2D pattern rule. In any specific 
rule (equivalent to a row in the truth table) of SS logic, 
a specific 2D pattern is identified and replaced by 
another pattern. For example, in the case of binary 
logic, we can express the addition of two binary bits 
with the following truth table: 


Rule mumber Tnput ‘Output 

A B c 5 
1 0 o 0 0 
2 D 1 0 1 
3 1 o 0 1 
4 1 1 L a 


Shift and overlap Mask Detection Invert 


ABA Boo oo 
AeA A oo 8 
ea -A Boo oo 
me A 


Figure 9 Symbolic substitution example, the two inputs are 
coded using dual rails. The second column shows the four 
combinations of inputs (00, 01, 10, and 11). They are shifted and 
‘overlapped creating the fourth column. A mask datacts the output 
2s a dark pixel appearing through the transparent opening. The 
dark is inverted to create a detaction output. 


Here A and Bare the two digits to be added, C and § 
are the sum and the carry bit, respectively. To convert 
this operation to an §S operation, we can say that a 
two bit binary pattern is identified and replaced by a 
sum bit and a carry bit. If we now express the above 
in terms of symbolic substitution, we will say let 0 
and 1 be represented by the following 2D symbol. 
Then the rule for the carry bit generation is shown in 


Figure 9. 
Note that each of these rules has to be 
implemented individually. However, one can 


implement these by only generating the 1 output or 
the zero output, whichever leads to the minimum 
rule. Here implementing the last rule is convenient, 
one can make a copy of the whole pattern and then 
overlap it with its left shift version. This will result in 
a dark pixel at the origin. This is inverted and then 
produces a detection output. Natural extension of SS 
is in signed digit computing, where carry free 
addition can be achieved, allowing parallel 
implementation of numerical algorithm using, fre 
space optics. 


Optical Shadow Casting (OSC) 


All digital logic is nonlinear. The nonlinearity of the 
digital logic is converted into nonlinearity of coding. 
‘The OSC system originally proposed by Tanida and 
Ichioka uses two-dimensional spatially encoded 
patterns as data input and light emitting diodes 
(LEDs) as light sources. In the original shadow- 
casting system, the inputs were represented by 
vertical and horizontal stripes of opaque and trans- 
parent bars. With this system, programmability was 
attained by changing the LED pattern and it was 
possible to realize 16 logical operations between two 


discre nductor > single junction > diod 


[Tess 


Figure 2619. A simplied, basic circuit ilustrating the 
ability ofa Zener diode to compensate for variations in the 
power supply or load ina circu, creating an appraximate 
ly constant voltage at point A 

flowing through the Zener will diminish, and the 
voltage at point A will tend to increase, once 
again compensating for the fluctuation in the 
circuit. 


As the series resistor would be a source of heat, 
a transistor could be added to drive the load, as 
shown in Figure 26-20. 


Toad, 


Figure 26-20. A transistor could be added to the circuit 
in the previous figure ta reduce power waste through the 
resistor. 


‘A manufacturer's datasheet may provide guid- 
ance regarding the dynamicresistance of aZener 


diode in response to current, as previously 
shown in Figure 26-6. In practice, a packaged 


How to Use it 


voltage regulator such as the LM7805 would 
most likely be used instead of discrete compo- 
nents, since it includes self-calibrating features, 
requires no series resistor, and is relatively unaf- 
fected by temperature. However, the LM7805 
contains its own Zener diode, and the principle 
of operation is still the same. 


AC Voltage Control and Signal 
Clipping 

A more practical Zener application would be to 
limit AC voltageand/orimpose clipping onan AC 
sinewave, using two diodes wired in series with 
opposed polarities. The basicschematicisshown 
inFigure 26-21, whileclipping of the ACsinewave 
is illustrated in Figure 26-22. In this application, 
when one diode is reverse-biased, the other is 
forward-biased. A forward-biased Zener diode 
works like any other diode: it allows current to 
pass relatively freely, so long as the voltage ex- 
ceeds its threshold, When the AC current rever- 
ses, the Zeners trade their functions, so that the 
first one merely passes current while the second 
one limits the voltage. Thus, the diodes divert 
peak voltage away from the load. The Zener volt- 
age of each diode would be chosen to bea small 
margin above the AC voltage for voltage control, 
and below the AC voltage for signal clipping. 


[is 


|. Two Zener diodes placed in series, with op: 
posite polarities, can clip ar limit the voltage sinewave of 
an AC signal 


Voltage Sensing 
A Zener diode can be used to sense a small shift 


in voltage and provide a switched output in re- 
sponse. 


Chapter26 231 
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Figure 10 An optical shadow-casting system. 


variables as well as a half addition as an example of 
arithmetic operation. Later, polarized codes were 
introduced into shadow-casting systems. This 
improved technique, called the polarization-encoded 
optical shadow casting (POSC), enabled complex 
combinational logic units like binary and trinary 
full adders, as well as image processing applications, 
to be realized. 

The lensless OSC system, as shown in Figure 10, 
consists of spatially encoded 2D binary pixel patterns 
as the inputs. The input patterns are kept in close 
contact at the input plane and the resulting input 
overlapped pixel pattern is illuminated by a set of 
LEDs from the source plane, The light originating 
from each of the LEDs located at the source plane 
produces a shadow of the input overlap pixel pattern 
at the output plane. The overlap of these relatively 
displaced shadows results in an output overlap pixel 
pattern at the output plane. A decoding mask placed 
at the output plane is then used to spatially filter and 
detect the logical output. To prevent crosstalk, 
specific spacing among the different processing 
elements must be maintained, 


Discrete Processors: Optical Matrix 
Processor 


Most of the discrete optical processing schemes 
revolve around optical matrix-vector multiplication. 
Many nume 
linear algebraic operations; (b) signal processing 
algorithms; (c) Boolean logic; (d) digital multiplica- 


ally useful operations such as: (a) 


tion by analog convolution; and (e) neural networks, 
can be formulated as matrix-vector multiplication. 
An example of the digital multiplication by analog 


convolution (DMAC) can be understood by the 


following numerical example: 


13 
14 

Sia 
rae Convolution 
18 2 


3 Original number 


Flipped number 1 1 
Ordinary 


‘multiplication at 48ST 
41 22 
Overlap with partial 
the orginal products 
added 


17 12 =1410047%10+1241=182 


The two numbers are convolved as shown above. 
This is done by reversing one of the numbers (4 1), 
while keeping the other number in the same order 
(1.3), then sliding the reversed number to the right, 
and collecting the element by element products. The 
second partial products are 4 1 and 1x3 which 
are then added to give the convolution results. 
Surprisingly, the weighted number in mixed radix 
(since numbers that have digits higher than 9, are no 
longer decimal) has the same value as the product 
shown in the upper left. It is possible to have fast 
parallel convolution optically, resulting in fast paral- 
el multiplier. However, an efficient electronic post 
processor is necessary to convert the mixed radix 
numbers to the radix of the to-be-multiplied numbers. 

A basic optical matrix-vector multiplier is shown 
in Figure 11. Here the vector, represented by an 
expanding column of light, is projected onto the 2D 
matrix, possibly represented by a glass plate or 
electronically addressable spatial light modulator. 
As the light representing the vector passes through the 
transmitting medium, each element of the vector (I) 
gets multiplied by a column of matrix represented by 
the transmittance of the matrix (T). The product (IT) 


Inverter 


Figure 11. A matrix-vector multiplier. 
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is integrated horizontally using a cylindrical lens. This 
leads to an addition operation of the partial products, 
resulting in the generation of the output product 
vector. Mathematically: 


ay ty ayy ay [Py 
4x, ary aay ary || bp 
As, ds, 33 ayy | by 
45, day aay aus Ls 


yb, + ayyby + ay3by + aygbs 
yyy + dyaby + ay3b3 + angbs 


3b, + dpb) + a33b3 + ayqby 


agiby + dapby + agabs + dagbs 


‘The above can be achieved if the vector b is expanded 


by by bs by 
by by by by 
by by bs by 
by by by bs 


and a point-by-point multiplication is performed 
hetween the expanded vector and the original matri: 
Then the addition is performed by the cylindrical 
lenses. 

Another simple application of vector matrix 
multiplier is in digital logic, known as programmable 
logic array (PLA). PLA is an electronic device 
that consists of a set of AND gates followed by a 
set of OR gates, which can be organized in AND-OR 
format suitable for realizing any arbitrary general 
purpose logic operation. AND logic is performed 
when light representing a logic level is passed 
through a transparency representing the other 
variable; OR is achieved by converging light to a 
common detector. 


Assume a function F=AC+ABD+ABC [13] 


where A represents the logical inverse of A. Using 
DeMorgans’ theorem in digital logic, this can be 
expressed as 


P=(A+C)+AFB+C)+A4B4C) 
U4) 


Now the ys can be generated by the vector matrix 
product, as shown below: 


A 
A 
B 
o1000100 
=[rooroooaf? us 
9110010 0fFe 
D 
D 


Note here that the AND has been converted to OR, 
which needs to be inverted and then ORed to generate 
the function F, A setup shown in Figure 11 can be 
used to accomplish this. In step 1, the ys are 
generated, and then in step 2 they are inverted and 
summed by a second pass through the same system 
with a different mask. Other applications of vector 
matrix multipliers are in neural networks, where the 
interconnection weights are represented by the matrix 
and the inputs are the vector. 


Analog Optical Computing 


Correlation is a way to detect the presence of signal in 
additive noise. Optics offer a fast way of performing 
correlations. The practical motivation of this arca 
comes from the fact that a lens performs a Fourier 
transform of a two-dimensional signal at its focal 
plane. The most famous analog optical computing is 
known as optical matched filter. The theoretical basis 
of an optical matched filter is in the Fourier theorem 
of matched filtering which states that the cross 
correlation between two signals can be formed by 
multiplying the Fourier transform of the signal and 
the complex conjugate of the second signal and 
followed by a subsequent Fourier transform oper- 
ation. Mathematically: 

Correlation(f,g) = F-'|F{f}"conjugate(Flg})] [16] 
where F represents a Fourier transform operation 
and F~' represents an inverse transform. Since the 
lens can easily perform the Fourier transform, and 
multiplication can be performed by light passing 
through a medium, the only problem that has to be 
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Input plane Filter plane Output plane 


Figure 12 An optical 4-f set up. Lenses perform Fourier 
transform at their focal plane, 


solved is to represent the signal and the filter in the 
optical domain, Since an SLM can represent both the 
real signal and the complex filter, thus the whole 
operation can be performed in a 4-f setup as shown 
in Figure 12. The input is displayed in the input 
plane by an SLM, the first lens performs a Fourier 
transform. This filter (conjugate F{g}) is encoded 
using another SLM and placed at the filter plane. 
When light from the F{f} passes through the filter, it 
performs the required multiplication. The second 
lens performs a second Fourier transform and 
produces the correlation output at the output 
plane. Variations of the basic setup exist as a joint 
transform correlator (JTC) or binary phase-only 
filter (BPOF). While the JTC achieves the product 
of the complex domain by adding the two signals 
and squaring, the BPOF is achieved by simplifying 
the complex domain filter by numerically approxi- 
mating it with the binarized phase. Other appli- 
cations of linear optical processing can be performed 
in the basic 4-f optical setup where filters such as 
low-pass or high-pass filters, can be set up in the 
correlation plane. 

The hologram base computing treats holograms as 
a legitimate way of signal transformation from one 
form to another, just as a lens transforms from one 
domain to another. Holograms are complex represen- 
tations that can act on a signal, A lens can be 
approximated by a hologram, in reality functions of 
many optical elements, such as lens, grating, 
prism, and other transformation such as beamsplit- 
ting, it can be combined into single computing 
clement known as computer-generated hologram 
(CGH). The smartness of this type of system depends 
‘on how many operations have been replaced by a 
single CGH, 

It is envisioned that optical computing is better 
suited for special purpose computing rather than 
general purpose computing. However, the future of 
optical computing lies in the marriage of appropriate 


device technology with the right architecture at 
the right applications. The development of quantum 
computing may hold new promises for optical 


computing. 


and Nomenclature 


DMAC _ Digital multiplication by analog 
convolution 

src Joint transform correlator 

oc Optical computing 

PLA Programmable logic array 

Qc Quantum computing, 

SLM Spatial light modulator 

See also 


Nonlinear Optics, Basics: Four-Wave Mixing; Nomen- 
clature and Units, Quantum Optics: Quantum 
Computing with Atoms. 
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Introduction 


After low-cost lasers became widely available, it 
seemed that incoherent analog optical processing 
was no longer important. In general, incoherent 
optical processing has no apparent significant advan- 
tages, as compared with its coherent optical counter- 
part or digital computer processing. However, 
although nobody now attempts to build an incoherent 
optical processor, such as an incoherent correlator, 
most instruments are still operating using incoherent 
ornatural light. These incoherent instruments relate to 
imaging, including cameras, microscopes, telescopes, 
projection displays, and lithographic equipment. 
From this point of view, it is still very important to 
study the principles of incoherent analog optical 
processing, in order to further progress or improve 
the incoherent image. 


Incoherent Image Formation 


‘The image formation in a coherent optical system can 
be explained using the linear system. A perfect point 
‘8x, y) in the input plane is imaged in the output plane 
as the impulse response of the system h(x, y). When 
the input is only a single point, the output amplitude 
is simply h(x, y) and the output intensity is |h(x, y)I”. 
Accordingly, the function of h(x. y)? is called point 
spread function (PSF). 

If we consider that the input object is the collection 
of a large number of very fine points, under coherent 
light illumination, the output image will be the 
collection of the same number of blurred spots. The 
shape of each blurred spot is h(x, y). If the amplitude 
function of input object is f(x,y), the amplitude 
function of output image is 


oo. = ff" fieabee- py adpdg 11) 


which is a convolution of f(x,y) and htx,y). The 
intensity function of output image is 


lo(e.y)? = [fran py audp da) (21 


According to the convolution theorem, in the 
Fourier transform domain or frequency domain, we 
have 

Ou, v) = Fu, vyH (nv) BI 
where O(u,0), F(u.v), and H(w,v) are the Fourier 
transforms of o(x, y), fx. y), and h(x, y), respectiv 
H(i, v)isthe transfer function of the coherent imaging 
system. To distinguish it from the incoherent imaging 
system, it is also called coherent transfer function 
(CTF). 

The same optical imaging system is now illumi- 
nated with incoherent light instead of coherent light. 
The amplitude impulse response is still the same 
(x, y), and the point spread function is also the same 
lb(x, y)I?. Similarly, the input object is the collection 
of perfect points, and the output image is the 
collection of blurred images of each point. However, 
since the illuminating light is incoherent, light from 
any point in the input object is not coherent with light 
from any other points. Thus, there is no interference 
with light from different points. The output image is 
simply the addition of intensity patterns generated by 
cach point in the input object. The amplitude function 
of the output image is not computable. However, the 
intensity function of the output image is 


loca.) 


In the frequency domain, we now have 
Oj(u,.2) = Fuse) (uv) (I 


where Oj(v), Ftv), Hy(wv) are Fourier, trans- 
forms of lo(xypl", Ifeny)?, and lhex,y9P, re 
pectively. The intensity impulse response lb(x.y)I* is 
the PSE. Note that the index I of O,, F), and H, 
denotes intensity. The function H,(1,v) is now the 
transfer function of the incoherent imaging system, 
which is called optical transfer function (OTF). 

Referring to Fourier analysis, if H(v) is the 
Fourier transform of h(x,y), the Fourier transform 
of lb(x,y)!" is the autocorrelation of H(w,v) as 
follows 


Hy) 


ff HUD. DH (p ~ wo ~ vnp dg 161 


‘The OTE (the function H,(1,»)) is the autocorrelation 
of CTF (the function H(x,v)), which is a complex 
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function in general. It can be written as 


OTF = |OTFlexptid) 71 
We can further write 
MTF = |OTF! [81 


where MTF stands for modulation transfer function, 
and 


PIF=@ 191 


where PTF stands for phase transfer function, 


Measurement of MTF 


The MTF of an incoherent imaging system can be 
measured empirically using an input that is a cosine 
grating having intensity transmittance function: 


foo? = 1+ cos2nax) (10) 


where a is the frequency of grating. The output or the 
image intensity function will be 


lox)? =14mcos2nax+—) [11] 
where m, the contrast, can be measured by 
— lolxlbaae = loa in iia 


loedlinax + 1D Tiin 


In the frequency domain, the Fourier transform of 
the input function is 
Fy(at) = 600) + $8 — a) + $80 +4) (13) 


The Fourier transform of the output function will be 


Os(u) = Fy(syOTF) 4] 
Substitution of eqn [13] yields 
Oj(et) = &OTF(0) + $5(u—a)OT Fa) 
+ $5+a)OTH(—a) 1s] 
Notice that 
OTFO)=1 [16] 
due to normalization, and 
OTF(a)=OTF(—a) (17) 


Because OTF is an autocorrelation function, it must 
be a symmetric function. Substitution of eqns [16] 


and [17] into eqn [15] yields 


Oj(u) = &u) + 46(u— a)OTF(a) 


+45u+a)OTF(a) [18] 


Remembering that OTF is a complex function given 
in eqn [7], we can write 


OTF(a)=MTF(a) exptidta)) 119) 
Substitution of eqn [19] into eqn [18] yields 
Oj(00) = 50s) +4.5u— a MTF(a) expla) 
+46(1+a)MTF(a) explidta)) 120] 
The inverse Fourier transform of eqn [20] is 
lo)? =1+MTF(a) cos2max+ da) [21] 
By comparing eqn [21] and eqn [11], we find 
MTFa)=m 22) 
and the PTF 
wa)=¢ 1231 


Therefore, the MTF at frequency =a of the 
incoherent imaging system can be measured using 
eqn [12]. To get the complete MTF(u), the measure- 
ment is repeated using cosine gratings with different 
frequencies. The PTF can also be measured at the 
same time, 


Incoherent Spatial Filtering 


In the 4 coherent optical processor, the first lens 
performs the Fourier transform, and the second 
lens performs the inverse Fourier transform, as 
shown in Figure 1. The Fourier transform domain 
or frequency domain is materialized in the frequency 
plane that is the back focal plane of the first lens. 


Frequency plane 
Input plane Output plane 


Lens 


0 p04 


<—> <3 <_< > 


Figure 1 4f coherent optical processor consists of two Fourier 
transform lenses. 
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Thus, the Fourier transform of the object can be 
visualized in the frequency plane. For example, if the 
object is a grating, we will see its frequency 
components in the frequency plane. However, if the 
coherent illumination (e.g., from a laser) is replaced 
with incoherent illumination (e.g., from a lightbulb), 
the pattern of Fourier transform in the frequency 
plane disappears. Does it mean that we can no longer 
perform spatial filtering? No, we still can perform 
spatial filtering, although the pattern of Fourier 
transform is no longer visualized. 

Consider that we have a spatial filter in the 
frequency plane whose physical form can be 
expressed by the function H(u,v). For illustration, 
this spatial filter is simply a small one-dimensional 
window H(w), as shown in Figure 2a. If the 4f optical 
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Figure 2 (a) One-dimensional window in frequency plane 
{functions as a spatial iter. (b) CTF and (c) OTF or MTF produced 
by spatial iter (a). 


processor is illuminated with coherent light, the CTF 
of the system is H(u) itself as shown in Figure 2b. 
However, if the 4f optical processor is illuminated 
with incoherent light, we will use OTF instead of CTF 
in the analysis of linear system. The OTF is the auto- 
correlation of CTR, which is graphically depicted in 
Figure 2c. In this example, since the OTF is real and 
positive, the MTF is identical to the OTE, 

For simplicity, we analyze and show a one- 
dimensional filter only in a two-dimensional graph. 
It certainly can be extended to the two-dimensional 
filter. And we need a three-dimensional graph to show 
the two-dimensional autocorrelation. 

Itis important to note that, although the CTF is a 
high pass filter that passes frequencies in the band of 
u=a to «=a+b, the MTP is a low pass filter 
that passes frequencies from u=—b to w=b, 
independent of a. This indicates that an incoherent 
processor cannot enhance high frequency. Itis always 
a low pass processor. It is interesting to note that 
the OTF is independent of the location of the filter 
, but it is determined by the width of the filter 
Au = b only. 

Accordingly, an aperture made up of randomly 
distributed pinholes behaves as a low pass filter in an 
incoherent imaging system. The cut-off frequency of 
snch a filter can be derived from the diameter of the 
pinhole, which is equivalent to Figure 2b. The 
procedure for using this filter is simple. If a camera 
is used to take a picture, the random pinhole filter can 
he simply attached to the camera lens, The picture 
taken will not consist of high-frequency components, 
because the filter acts like a low pass filter. The low 
pass filtering can also be done by reducing the 
aperture of camera. However, by doing so, the light 
entering the camera is also reduced. The use of a 
random pinhole filter removes high frequencies 
without reducing the light intensity. When the 
random pinhole filter is placed in the frequency 
plane of a 4f coherent optical processor, it can be used 
to reduce the speckle noise. Note that the speckle 
noise is the main drawback in coherent optical 
processing 


Incoherent Complex Matched 
Spatial Filtering 


Lohmann and Werlich pointed out that the Vander 
Lugt correlator can also be operated with incoherent 
light. In the coherent Vander Lugt correlator the 
correlation term is: 


oxtén=[ f° flaBresta p—ndadp (24) 
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Its intensity distribution is 


ff eee sp dad 


1251 


However, when the input object is illuminated 
with incoherent light instead of coherent light, 
the intensity distribution of the correlation term 
becomes 


lox&m)! 


J 7 f(a. B)?lga—&B— dade 
[26] 


Equation [26] shows the correlation of |f(x,y 
|g(x.y)I?. Therefore, when f(x,y) is identical to g(x,y), 
the correlation peak always appears regardless of 
whether the illumination is coherent or incoherent. 
However, the detailed structures of the coherent and 
incoherent correlation outputs are different. Note 
that the joint transform correlator cannot be operated 
using incoherent light, since no joint Fourier spectra 
will be formed, 


Depixelization of Projection Display 


Recently, a technique to remove the pixel structure 
from an image projected by liquid crystal projection 
display has been reported. A liquid crystal projection 
display must have a pixel structure to form an image. 
Can we remove this pixel structure from the projected 
image to obtain a movie-like image? It is well known 
thata single hole in the frequency plane can perform a 
coherent spatial filtering, such that the pixel structure 
will disappear from the output image. 

Because of the pixel structure, we get multiple 
Fourier spectra in the frequency plane. By passing 
only one spectrum order through the hole in the 
frequency plane, the pixel structure can be removed 
as shown in Figure 3. 

It is interesting to note that selecting any one of the 
spectra will produce the image at the same location. 


Pixelated Muttipte Depixalated 
input Fourier spectra ‘output 


Single hole 


Figure 3 Removal of pixel structure using a single hole in 
frequency plane. Most of the enorgy is wasted and the output 
Intensity is dim. 
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Mutiple Dopixelated 
Fourier spectra output 


0608 


Multiple 
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different thicknesses 


Figure 4 Removal of pixel structure using multiple phase filters 
With diferent thickness to cover each Fourier spectrum order. No 
fenergy is wasted and the output intensity is very bright 


However, if two spectra are passed, on the top of the 
produced image, Young interference fringes are also 
produced. If all spectra are passed, the produced 
interference fringes are in fact the pixel structure 
itself. By passing only one spectrum order and 
blocking most spectrum orders, we lose most of the 
energy. The projected image will be very dim, 
although the pixel structure is removed. 

To overcome this problem, we may 
spectrum order with a transparent material having 
different thickness as shown in Figure 4. Thus, every 
spectrum order is passed and delayed by a phase filter 
with a different thickness. If the delay produced by 
the phase filter is larger than the coherent length of 
light, every spectrum order is no longer coherent to 
each other. In other words, the resultant image is the 
sum of the intensities of all images. As a result, the 
pixel structure does not appear, and no intensity is 
lost. For a white light source, since the frequency 
bandwidth is large, the coherent length is typically on 
the order of several tens of pm, 

This technique can significantly improve the 
quality of the liquid crystal projection display. 
Figure 5 shows the experimental result of a depixe- 
lated projection image. Figure Sa shows the projected 
image of an input with pixel structure when no phase 
filter is applied in the frequency plane, Figure 5b 
shows the projected image of the same input with 
pixel structure when phase filters are applied in the 
frequency plane. The pixel structure is successfully 
removed as shown in Figure Sb. 


‘over cach 


Computed Tomography 


The computed tomography or CT using X-ray is 
usually considered beyond optical information pro- 
cessing. However, it is interesting to review the 
principle of the X-ray CT, since the X-ray source is 
incoherent, and the CT image reconstruction utilizes 
Fourier transformation that is commonly used in 
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Figure § (2) Projectedimage consists of pixel structure when no phase fiers appliedin the frequency plane. (b) Depixolated image is 


produced when phase fiters are applied inthe frequency plane. 


optical information processing, The X-ray CT is used 
for taking the cross-section picture of the human 
body. Note that a conventional X-ray picture only 
provides a projection instead of a cross-section 
picture. 

Consider the case when an X-ray penetrates 
through an object characterized by its attenuation 
coefficient or density function f(x,y) as shown in 
Figure 6. The detected X-ray intensity is 


pee | Jie vits| 


where [p is the original intensity. Equation [27] can be 
written as 


p71 


1 
Ind 
lo 


Jes. yds = [28] 


Apparently, we cannot directly measure f(x, 
although we can obtain f f(x,y)ds from the 
measurement of I and Ip. However, we want to get 
the cross-section picture which is the density function 
fx, y). The basic idea is to compute f(x,y) from its 
Fourier transform F(u,v), and F(,0) is derived from 
eqn [28]. Flu,v) can be expressed as 


Foto) = if. foe. y) exp 


For v= 0, eqn (29) becomes 


[30} 


Fr,0)= If _ sy) expl-idmux]dx dy 


fy) 


Xray source Detector 
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Figure 6 X-ray passos through object having density function 
Foc yh 


which can be written 
Fano) = [ p(x) expl—i2mx|dx [31] 

where 
w= fix.ydy [32] 


‘The projection function p(x) given by eqn [32] can 
be obtained using an X-ray parallel beam as shown 
in Figure 7. Then F(w,0) can be computed using 
computer based on eqn [31]. F(,0) is the Fourier 
transform along the 1-axis. To get other data, we 
rotate the coordinate (1,v) to (w',v') by a small angle 
a. Correspondingly, the coordinate (x,y) is also 
rotated to (x',y) by the same angle a while the 
object is not rotated as shown in Figure 8. 

From the measurement shown in Figure 8, we can 
get p(x’), which, in turn, provides Fu',v! = 0). By 
increasing the rotation angle a, we will get other data 
of Fie',v"=0). The completion of rotation of 
180 degrees will give us the data in the frequency 
domain (1,) as shown in Figure 9. 

After the data F(x,v) is collected, as shown in 
Figure 9, F(u,v) can be inverse Fourier transformed to 
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ps) 
Detector array 


Fon 


Figure 7 X-ray paral beam passes through the object to 
produce projection function 14). 


Detector array 


Figure 8 Rotated X-ray parallel beam produces the rotated 
projection function p(x’) 


Figure 9 F(u,v) computed from a set of rotated projection 
functions, 


produce f(x,y). There are two approaches in the 
inverse Fourier transform. The first approach is to 
interpolate the computed value F(u,) such that the 
value of Fiw,v), on a regular grid structure, can be 
defined before an inverse Fourier transform can be 
taken. 

The second approach is to apply polar coordinates, 
instead of Cartesian coordinates, to the inverse 
Fourier transform, such that no interpolation in 
frequency domain (u,v) is required. The inverse 
Fourier transform in Cartesian coordinates is as 


follows: 
fe.) = {f F(u,0) explidm(ux + vyy]dedv [33] 
Te can be written in polar coordinates as: 
feey) =f, I, Fipcos ¢.psind) 
Xexpli2mplxcosd-+ysind)]ipldpdd (34) 
where 
n= pcos 135] 
v=psing 1361 


Therefore f(x,y) can be obtained from the collected 
Fv), as shown in Figure 9, without further inter- 
polation using eqn [34]. Note that eqns [31], [33], 
and [34] are computed using a computer program. 


Spectroscopy: Fourier Transform Spectroscopy. 
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Why Optical Bit-Serial Computing? 


Optical bit-serial computing will lower cost and 
improve dataflow rates in optical telecommunica- 
tions and associated computing. Moreover, the 
electromagnetic immunity of optics will enhance 
security for computing as well as for communi- 
cations. Also, absence of sparking with optics enables 
safe operation, even in hazardous environments. 

Currently, "optical bit-serial 
involves passing terabits of data per second 
(10" bps) — thousands of encyclopedias per 
second ~ along an optical fiber by switching light of 
multiple colors on and off, representing ‘I and ‘0’ 
hits respectively. Replacing electronic computing 
functions, constrained to tens of gigabits per second 
(10” bps), with integrated optics, ones of much higher 
speed, enables faster flow rates ~ allowing continua- 
tion of the annual doubling of capacity-distance that 
has occurred since the 1970s. Cost is reduced by 
climinating the demultiplexing and multiplexing for 
optic-electronic-optic (OEO) conversions. Two 
illustrative areas of optical bit-serial computing for 
replacing electronic computing functions are 
described: computing at up to 40 Gbps with semi 
conductor optical amplifiers (SOAs) and computing 
at higher bit rates with integrated optic components. 
Several books address the relevant technical back- 
ground: free-space optical information processing, 
optical computer architectures, optical fiber com- 
munications, and integrated optics. 


communication 


Figure 1 Optical XGM-SOA NOR gate. 


Yu FTS and Wang EY (1973) Speckle reduction in 
holography by means of random spatial sampling 
Applied Optics 12: 1656-1659. 


Computing 
Optical Amplifiers 


Semiconductor optical amplifiers, SOAs, allow non- 
linear operations (switching, logic) at low power 
(mW) because of amplification — typically up to 
1000. An SOA is a laser diode with antireflection 
coatings in place of reflecting facets. Light pulses at 
bit rates in excess of 40.Gbps are amplified by 
absorbing power from an electronic pump. SOAs 
are used in the following, at bit rates up to 40 Gbps, 
for nonlinear operations in cross-gain, cross-phase, or 
cross-polarization, 


SOA-XGM for Logic 


Figure 1 shows an SOA in cross-gain modulation 
(XGM) performing a NOR function. Either A or B 
inputs at a ‘I’ level, driving the SOA through 
couplers into saturation, lowering its gain. A 
continuous wave at C, having a different frequency 
As, from that of A, Ar and B, Ax, experiences the 
decrease in gain, resulting in an output ‘0 level at 
frequency A, The filter in Figure 1 can be avoided by 
counter-propagating A and B through the SOA from 
right to left. XOR gates use interference hetween 
two incoming streams of bits (locked to identical 
frequency, phase, polarization) to correlate headers 
on internet protocol (IP) address headers ~ similar to 
matching zip codes in postal mail routing machines. 
Bit-serial-adders are constructed from combinations 
of XOR and NOR gates; subsequently the adders 
are used to construct ripple-carry-adders for word 
addition, In addition, NOR gates are used to 
construct flip-flops; hence registers which form 
short-term memory. 


Dis LOL 
Bandpass 
fitter 4. [{-———— 


Figure 26-22. AC input shawing a pure sinewave (left) 
and a clipped version (right) created by Zener diodes 
wired in series, asin the previous figure. 


In Figure 26-23, the upper schematic shows a 
Zener diode preventing voltage from reaching 
the emitter of a PNP transistor while the divided 
input signal is belowthe Zener (breakdown) volt- 
age of the diode. In this mode, the transistor is 
relatively non-conductive, very little current 
flows through it, and the output is now at near- 
zero voltage. As soon as the input signal rises 
above the Zener voltage, the transistor switches 
onand poweris supplied tothe output. The input 
is thus replicated in the output, as shown in the 
upper portion of Figure 26-24, 


In Figure 26-23, the lower schematic shows a 
Zener diode preventing voltage from reaching 
the base of an NPN transistor while the input sig- 
nal is below the Zener (breakdown) voltage of 
the diode. In this mode, the transistor is relatively 
non-conductive, and power is supplied to the 
‘output. As soon as the input signal rises above 


discrete semiconductor > single junction > diade 


the Zener voltage, the transistor is activated, di- 
verting the current to ground and bypassing the 
‘output, which is now at near-zero voltage. The 
input is thus inverted, as shown in the lower por- 
tion of Figure 26-24 (provided there is enough 
current to drive the transistor into saturation). 


NPN 


Figure 26-23. A Zener diode can be used in conjunction 
witha PNP transistar, See text for details, 


What Can Go Wrong 


Overload 

If maximum forward current is exceeded, the 
heat generated is likely to destroy the diode. If 
the diode is reverse-biased beyond its peak in- 
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Figure 2 Optical XGM-SOA 2R signal regeneration, 
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Figure 3 XPM-SOA in Sagnac interferometer for optical manipulation of bits at high data rates. 
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Figure 4 Integrated optic Optivave layout for microring 
resonator, 


‘SOA-XGM for Frequency Conversion 


Ignoring input B, the bit information in Figure 1 has 
been transferred from carrier frequency A onto the 
carrier frequency C, with inversion. This enables 
switching of signals in wavelength division multi- 
plexing (WDM), for example, color reuse is simplified 
and a color red is routed to the location where blue 
was previously routed; this is equivalent to time 
slot interchangers for switching in time division 
multiplexing (TDM). 


SOA-XGM for 2-R Signal Regeneration 


Figure 2 show how two SOAs may be used in 


sequence to restore signal levels distorted by propa- 
gation or computation; reamplification and reshaping 
(2-R). The ‘1’ level at the output of the first SOA is 
clipped by gain saturation, removing noise, this 
becoming the ‘0’ level at the output of the second 
SOA. The second SOA clips the ‘I’ level at the output. 


‘SOA-XPM with Interferometer 


In cross-phase modulation (XPM), the signal at A, 
Figure 1, changes the phase of carrier for signal C 
passing through the SOA (signal levels may be less 
than for XGM). Inclusion of an SOA in an 
interferometer, Mach-Zehnder or Sagnac, converts 
phase to intensity for frequency conversion, switching 
or high-speed bit manipulation, Figure 3 shows a 
control pulse entering a coupler at the left and 
providing a control input to the SOA at one 
frequency. The bits circulating round the loop at a 
different frequency can he switched on and off by the 
control pulse, to synchronize or manipulate high bit 
rate signals or for frequency conversion. 


Computing with Integrated Optics 


Combining several discrete optical components into a 
single optical chip is more beneficial than in electronic 
very large-scale integration (VLSI) because optical 
connections require greater precision; moreover bit 
rates are higher because photons, unlike electrons, 
have no mass or charge (only spin). 


Integrated Optic Microring Resonator 


Figure 4 shows a microring resonator in an integrated 
optic chip for optical filtering, light entering at the left 
couples into the loop. For loop lengths that are a 
multiple of wavelength, light cycling the loop is in 
phase and resonance occurs. At resonant frequencies, 
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Figure 5 Integrated optic Optivave layout for Bragg microring 
resonator. 


light exiting the loop is out of phase with that in the 
linear guide, causing cancellation of the input. As 
frequency varies away from resonance, light passes 
and the device acts as a notch filter to block light at 
the resonant frequencies. With nonlinear Kerr 
material, low-level light intensity may be used to 
change a resonant frequency to make a switch. 


Bragg Integrated Optic Microring Resonator 


Performance is improved by using a Bragg microring 
resonator, Figure 5, which confines light in the central 
light colored ring by dielectric mirror reflection from 
Bragg gratings on either side. The refractive index 
is less in the ring than in the surrounding regions, in 
contrast to a conventional waveguide (used in 
Figure 4) that guides by total internal reflection. 
The higher reflectivity, smaller ring radius and lower 
refractive index — these help to reduce power 
loss, volume, and travel time around the ring. 
This increases filter selectivity, drives up peak power 
for enhanced nonlinearity for switching, decreases 
stored energy for fast response, and increases 
frequency range (free spectral range, FSR). In this 
case, an equivalent photonic crystal may be more 
expensive because it requires higher resolution 
lithography and greater refractive index contrast. 


Photonic Crystal Mach-Zehnder Switch 


Recently developed photonic crystal technology 
allows a reduction in integrated optic chip size from 
centimeters to submillimeters. The 2D or 3D periodic 
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Figure 6 Proposed photonic Mach-Zehnder 


interferometer. 


crystal 


structure of dielectric variations emulates crystals and 
provides dielectric mirror reflections in multiple 
dimensions for lossless waveguide bends, high Q 
resonators, and slowing of wave propagation to 
enhance effective nonlinearity of materials. Figure 6 
shows a proposed 2D photonic crystal Mach- 
Zehnder interferometer switch in which light is 
split into two paths by a coupler and propagation 
velocity is slowed for enhancing nonlinearity by 
using coupled-resonator optical waveguides 
(CROWs), in which alternate posts of different 
dielectric constant remain in the waveguides to form 
coupled cavities. 


Conclusion 


Optical bit-serial computing can reduce cost and 
increase flow-rate for expanding telecommunication 
network capacity, while providing enhanced security 
from electromagnetic sabotage and tampering. 
Advances in integrated optics (microring resonators), 
progress in optoelectronic components (SOAs), 
improved materials and fabrication techniques — 
these technologies enable cost-effective optical 
bit-serial computing solutions for future telecom- 
munication evolution. 


See also 


All-Optical Signal Regeneration. Information Proces- 
sing: All-Optical Multiplexing/Demultiplexing, 
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Optical approaches to image processing provide a 
natural method by which to obtain the inherent 
advantages associated with optics including massive 
parallelism, high-speed processing, and the inherent 
compatibility with image formats. Early applications 
of optics employed analog processing techniques with 
the most common being the optical Fourier trans- 
form, matrix-vector processors, and correlators. 
Later, advances in digital signal processing (DSP), 
digital storage, and digital communication systems 
demonstrated the potential for higher resolution, 
improved flexibility and functionality, and increased 
noise immunity over analog techniques and quickly 
became the preferred method for accurate signal 
processing. Consequently, optical processing archi- 
tectures, that incorporated digital processing tech- 
niques, were explored. Advances in very large-scale 
integration (VLSI) electronic circuitry and optoclec- 
tronic devices later enabled smart pixel technology, 
which integrates the programmability and processing 
of electronic circuitry with the two-dimensional (2D) 
nature of an optical architecture and made possible a 
particular realization of optical digital image proces- 
sing. This chapter describes an application of optical 
digital image processing, based on smart pixel 
technology, called digital image halftoning. 

Natural images are, by definition, continuous in 
intensity and color. Halftoning is the process by 
which a continuous-tone, gray-scale image is con- 
verted to one containing only binary output pixels. 
Halftoning can be thought of as an image com- 
pression technique whereby a high-resolution image 
is transformed to a low-resolution image containing 
only black-and-white pixels. The transformation 
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from a continuous-tone, gray-scale image to one 
containing only binary-valued pixels is also similar, in 
principle, to low-resolution analog-to-digital (A/D) 

‘An early manual approach to printing continuous- 
tone images, using only the presence or absence of ink, 
is the Mezzotint. Ludwig von Siegen (1609-1680), an 
amateur Dutch printmaker, first invented the mezzo- 
tint, or ‘half tone process’, in 1640. The process later 
came into prominence in England during the early 
eighteenth century. Mezzotints are produced on 
copper plates where the surface of the plate is roughed 
with a tool called the Mezzotint Rocker, shaped like 
a wide chisel with a curved and serrated edge. By 
rocking the toothed edge backwards and forwards 
over the plate, a rough burr is produced which holds 
the ink. The dark regions of an image were roughed in 
a random fashion, while the areas to be lightened were 
scraped and burnished. This process was found to be 
especially useful for the reproduction of paintings, 
due to its ability to capture the subtlest gradations of 
tone from rich, velvety blacks to glowing highlights. 
The mezzotint is, therefore, an early artistic prede- 
cessor to the modern day halftone. 

Optical halftoning has been in use by commercial 
printers for over 100 years. Commercial halftone 
screens are based on a discovery made by William 
Henry Fox Talbot (1800-1877), in 1852. He 
demonstrated the feasibility of optical halftoning by 
photographing an image through a loosely woven 
fabric or ‘screen’. In the 1890s, this process came into 
practical use when the halftone screen, consisting of 
two ruled glass plates cemented together, became 
commercially available. Commercial halftone screens 
produce an effect of variably sized dots on the 
photographic plate that gives the illusion of a 
continuous tone image. 

Digital image halftoning, sometimes referred to as 
spatial dithering, is the process of converting an 


INFORMATION PROCESSING / Optical Digital Image Processing 267 


electronic continuous-tone, gray-scale image to one 
containing only binary-valued pixels, for the purpose 
of displaying, printing, or storing the image. The 
underlying concept is to provide the viewer of the 
image with the illusion of viewing a continuous-tone 
image when, in fact, only black and white pixel values 
are used in the rendering, This process is particularly 
important in applications such as laser printing, 
bilevel displays, xerography, and more recently, 
facsimile. 

There are a number of different methods by which 
this digital image halftoning can be accomplished, 
which are generally classified as cither point or 
neighborhood processes. A point process is one 
which computes the output pixel value based strictly 
on some characteristic of the corresponding input 
pixel. In contrast, a neighborhood process computes a 
single output pixel based on a number of pixels 
in a neighborhood or region of the input image. 
Ordered dither, which is considered a point process, 
produces an output by comparing a single continu- 
ous-tone input value against a deterministic periodic 
array of threshold values. If the value of the input 
pixel under consideration is greater than the corres- 
ponding threshold value, the corresponding output 
pixel is rendered white. If the intensity is less that the 
threshold, it is rendered black. Dispersed-dot ordered 
dither is a subset of ordered dither in which the 
halftone dots are of a fixed size while clustered-dot 
ordered dither uses variable-sized dots and simulates 
the variable-sized dots of a printer's halftone screen in 
the rendering. Among the advantages of point process 
halftoning, in general and ordered dither halftoning 
specifically, are simplicity and speed of implemer 
tation, The primary disadvantage is that ordered 
dither produces patterns in the halftoned image, 
which are visually undesirable, 

In contrast, halftoning using the error diffusion 
algorithm, first introduced by Floyd and Steinberg in 
1975, employs neighborhood operations and is 
currently the most popular neighborhood process. 
In this approach to halftoning, the output pixel value 
is determined, not solely by the value of the input 
pixel and some deterministic pattern, but instead by a 
weighted average of values from pixels in a neighbor- 
hood surrounding the specific pixel being compute 
Here, the error of the quantization process is 
computed and spatially distributed or diffused within 
a local neighborhood in order to influence future 
pixel quantization decisions within that neighbor- 
hood and thereby improve the overall quality of the 
halftoned image. In classical unidirectional error 
diffusion, the image is processed sequentially, pro- 
ceeding from the upper-left to the lower-right. 
Starting in the corner of the image, the first pixel is 


thresholded and the quantizer error is calculated. The 
error is then diffused to neighboring pixels that have 
not yet been processed according to the scaling and 
interconnect defined by the error diffusion filter. The 
remainder of the pixels in the image are subsequently 
processed with each quantizer input, now being the 
algebraic sum of the corresponding original input 
pixel intensity and the weighted error from previously 
processed pixels. While error diffusion produces 
halftone images of superior quality, the unidirectional 
processing of the algorithm continues to introduce 
visual artifacts that are directly attributable to the 
algorithm itself. 

In an effort to overcome the implementation 
constraints of serial processing and improve overall 
halftone image quality, a number of different parallel 
architectures have been investigated, including several 
based on neural network algorithms. While neural 
network approaches can provide distinct advantages 
in improved halftone image quality, they also present 
challenges to hardware implementations, including 
speed of convergence and the physical interconnect 
requirements. These challenges, in addition to the 
natural compatibility with imaging media, provide the 
motivation for developing optical image processing 
architectures for these types of applications. 


The Error Diffusion Algorithm 


Figure 1 shows a block diagram of the error diffusion 
architecture used in digital image halftoning. The 
input image is represented a8 Xp Wp. is the impulse 
response of a 2D causal, unity gain error diffusion 
filter, and the output quantized image is described by 
Your & (1, 1], The quantizer qlitm »] provides the one- 
hit thresholding functionality necessary to convert 
each analog input pixel to a low-resolution digital 
output pixel. The quantizer error e,,,, is computed as 
the difference between the output and input to the 
quantizer and distributed to adjacent pixels according 
to the weighting and interconnection specified by the 
error diffusion filter. The unity gain constraint ensures 
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Figure 1 Block diagram of recursive error fusion architecture. 
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that no amplification or attenuation of the error signal 
occurs during the error diffusion process and preserves 
the average intensity of the image. 

In this architecture, the error associated with the 
quantizer decision at spatial coordinates (m,n) is 
diffused within a local 2D region to influence adjacent 
quantization decisions. All of the state variables in 
this architecture are scalar values since this architec- 
ture represents a recursive algorithm in which each 
pixel in the image is processed sequentially. In the 
general case, where w,,., is assumed to he a 2D finite 
impulse response (FIR) filter with coefficients that 
span a region of support defined by Rms, the 
quantizer input state 1,,., can be written as 

Ce a ee am 


tHe 


Here, w,, = 0, for all i= j, since the error signal is 
diffused spatially within the region of support Ry,» 
and does not influence the pixel under consideration. 
In this unidirectional error diffusion, the 2D error 
diffusion filter is therefore noncausal. Figure 2 shows 
the impulse response of several popular error diffu- 
sion filters that have been used in rectangular grid 
architectures. Figure 2a shows the original error 
diffusion filter weights developed by Floyd and 
Steinberg. They argued that the four weights were 
the smallest number of weights that would produce 
good halftone images. Figure 2b is a filter that 
contains a larger region of support developed by 
Jarvis, Judice, and Ninke in 1976, Finally, the filter in 
Figure 2c, developed by Stucki, contains the same 
region of support with coefficients that are a multiple 
of 2 for digital compatibility and computational 
efficiency. Here, ‘*” represents the pixel being 
processed and the weights describe the local region 
over which the error is diffused. The normalization 


factors ensure that the filter coefficients sum to one 
and therefore meet the unity gain criterion. 

To understand the effect of error diffusion and its 
impact on the quantizer error, it is instructive to 
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Figure 2 Three common error diffusion fiters used in 
rectangular grid architectures. (The “represents the origin.) 


descrihe the effect of error diffusion mathematically. 
Consider the relationship between the quantizer error 
., Hyg and the overall quantization error 
Xn in the frequency domain. If we 
assume that the error is uncorrelated with the input 
and has statistical properties consistent with a white 
process, z-transform techniques can be applied to 
show that the feedback architecture provides the 
following noise-shaping characteristics: 

Bee 
E@ua 
Here, E(z;,22), Elz1,z2), and W(z;,z2) represent the 
ctransforms of Eyes mye and Wye, respectiv 
Equation [2] shows that the noise-shaping characte 
istic of the error diffusion architecture is directly 
related to the spectral characteristics of W(z.2:): 
Appropriate selection of W(z),z2) can spectrally 
shape the quantizer noise in such a way that 
minimizes the effect of the low-resolution quantiza- 
tion process on the overall halftoning process. An 
error diffusion filter with low-pass spectral charac- 
teristics produces an overall noise-shaping character- 
istic 1 — W(zi,z2), which has the desired high-pass 
frequency characteristics. This noise-shaping func- 
tion suppresses the quantization noise within those 
frequencies occupied by the image and spectrally 
shapes the noise to high frequencies, which are less 
objectionable to the human visual system. Circular 
symmetry is another important characteristic in the 
error diffusion filter since the human visual system 
is particularly sensitive to directional artifacts in 
the image. 

In the following qualitative description of digital 
image halftoning, a 348 X 348 natural image of the 
Cadet Chapel at West Point was selected as the test 
image. This image provides a variety of important 
image characteristics, with regions of uniform gray- 
scale, edges, and areas with fine detail, This image 
was scanned from a high-resolution black and white 
photograph at 150 dots per inch (dpi) and then 
printed using a 300 dpi laser printer. 

Figure 3 shows the test image of the Cadet Chapel 
rendered using dispersed-dot ordered dither and 
results in 256 gray-levels at 300 dpi. Figure 4 shows 
the halftone image of the Cadet Chapel using the error 
diffusion algorithm and the Floyd-Steinberg, filter 
coefficients shown in Figure 2a. The unidirectionality 
of the processing and the causality of the diffusion 
filter result in undesirable visual artifacts in the 
halftone image. These include directional hysteresis, 
which is manifested as ‘snakes’ running from upper- 
left to lower-right, and transient behavior near 
boundaries, which appears as ‘shadows’ below and 
to the right of sharp-intensity changes. The directional 
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hysteresisis particularly objectionable in uniform gray 
intensity areas such as the cloud structure in the upper- 
left of Figure 4, Similar artifacts are also present in 
images halftoned using the error diffusion algorithm 
and other causal diffusion kernels. The logical 
conclusion to draw from this limited, qualitative 
analysis is that if we could diffuse the error symme- 
trically and simultaneously process the entire image in 
parallel, we could reduce some of these visual artifacts 
and thereby improve overall halftone image quality. 


Figure 3 Original gray-scale image of the Cadet Chapel 
Tendered using dispersed-dot ordered dither. 


Figure 4 Haltione image of the Cadet Chapel produced using 
the error aifusion algorithm and the Floyd~Steinberg weights. 


The Error Diffusion Algorithm and 
Neural Networks 


‘The popularity of the neural network-based approach 
to signal and image processing lies in the ability to 
minimize a particular performance metric associated 
with a highly nonlinear system of equations. Specifi- 
cally, the problem of creating a halftone image can be 
cast in terms of a nonlinear quadratic optimization 
problem where the performance measure to be 
minimized is the difference between the original and 
the halftone images. 


‘The Hopfield-Type Neural Network 


Tank and Hopfield first proposed a mathematical 
description of the functionality of the neural proces- 
sing network for signal processing applications. 
Figure 5 shows an electronic implementation of a 
fourneuron architecture. Here, a single neuron is 
comprised of both a standard and inverting amplifier 
and the synapses or neural interconnections are 
represented by the physical connections between the 
input and output of the amplifiers. If the input to 
amplifier i is connected to the output of amplifier j by 
a resistor with resistance R,,, the amplitude of the 
connection T,, is the conductance U/R, 

‘The dynamic behavior of an N-neuron Hopfield- 
type neural network can be described by the follow- 
ing system of N nonlinear differential equations: 
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where i= 1,2,...N, 3[+] isa monotonically increasing 
sigmoid function, x, is an input vector containing N 
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Figure § Electronic realization of a four-neuran Hopfieldtype 
neural network. 
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elements, and ¢ is a scaling factor. In equilibrium, 
eqn [3] implies that 


xt > TS) [4] 


Hopfield showed that when the matrix of intercon- 
nection weights T is symmetric with zero diagonal 
elements and the high-gain limit of the sigmoid 3{-] is 
used, the stable states of the N functions y(t) = x4] 
are the local minima of the energy function: 


1 
y'Ty—x"y 15] 


where y€(=I,1) is the N-vector of quantized 
states. As a result, if the neural network can be 
shown to be stable, as the network converges the 
energy function is minimized, In most neural network 
applications, this energy function is designed to be 
proportional to a performance metric of interest and 
therefore as the network converges, the energy 
function and consequently the performance metric 
is also minimized, 


The Error Diffusion Neural Network 


An understanding of the operation and characteristics 
of the Hopfield-type neural network can be applied to 
the development and understanding of a 2D exten- 
sion of the error diffusion algorithm. Figure 6 shows 
an electronic implementation of a four-neuron error 
diffusion-type neural network, where the individual 
neurons are represented as amplifiers and the 
synapses by the physical connections between the 
input and output of the amplifiers. 
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Figure 6 Four-nouron electronic implementation of the error 
diffusion neural network. 


In equilibrium, the error diffusion neural network 
can be shown to satisfy 


u=Wy-u)+x (61 


Here, w is the state vector of neuron inputs, W is a 
matrix containing the interconnect weights, x is the 
input state vector, and y is the output state vector. For 
an NXN image, W is an N? x N? sparse, circulant 
matrix derived from the original error diffusion 
weights w,,. IF we define the coordinate system 
such that the central element of the error diffusion 
kernel is (, ) = (0,0), then the matrix W is defined as 
Wij) = —wl(j — div N,(j— i) mod N] where: 


xdvy=[5 | if xy = oor] =] ifxy<0 {7] 
An equivalence to the Hopfield network can therefore 
be described by 

u=A(Wy +x) 18] 


where A= (I+ W)", Effectively, the error diffusion 
network includes a pre-filtering of the input image x 
by the matrix A while still filtering the output image y 
but now with a new matrix, AW. Recognizing 
that AW =I— A and adding the arbitrary constant 

=yly+xTAx, we can write the energy function 
of the error diffusion neural network as 


E(x, y) = y"Ay — 2yTAx + x"Ax 19) 


This energy function is a quadratic function, which 
can be factored into 
Ew =(By-xMBy—x1 [10] 
gy ST ByT 


where A=BTB, From eqn [10] we find that as the 
error diffusion neural network converges and the 
energy function is minimized, so too is the error 
between the output and input images. 

If the neurons update independently, the 
convergence of the error diffusion network is 
guaranteed if 


Vk: [AW = 0 ny 


We find in practice, that even in a synchronous 
implementation, the halftoned images converge to a 
solution, which results in significantly improved 
halftone image quality over other similar halftoning 
algorithms. 


‘The Error Diffusion Filter 


The purpose of the error diffusion filter is to spectrally 
shape the quantization noise in such a way that the 
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quantizer error is distributed to higher spatial 
frequencies, which are less objectionable to the 
human visual system. In this application, a feedback 
filter for the error diffusion neural network was 
designed using conventional 2D filter design tech- 
niques resulting in the 7X 7 impulse response shown 
in Figure 7. Figure 8 shows the same image of the 
Cadet Chapel halftoned using the error diffusion 
neural network algorithm and the 2D error diffusion 
filter shown in Figure 7. There is clear improvement 
in halftone image quality over the image produced 
using sequential error diffusion in Figure 4. Notice 
particularly the uniform distribution of pixels in the 
cloud formation in the upper-left of Figure 8. Also 
noteworthy is the improvement around the fine detail 
portions of the tree branches and next to the vertical 
edges of the chapel. 
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Figure 7 Impulse response of a7 x 7 symmetric error diffusion 
fiter.('' represents the origin.) 


Figure 8 Halftone image of the Cadet Chapel using the error 
diffusion neural network and the 7 x7 symmetric error diffusion 
fiter shown in Figure 7. 


Smart Pixel Technology and Optical 
Image Processing 


The concept underlying smart pixel technology is to 
integrate electronic processing and individual optical 
devices on a common chip, to take advantage of the 
complexity of electronic processing circuits and the 
speed of optical devices. Arrays of these smart pixels 
then allow the advantage of parallelism that optics 
provides. There are a number of different 
approaches to smart pixel technology that differ 
primarily in the kind of opto-electronic devices, the 
type of electronic circuitry, and the method of inte- 
gration of the two. Common opto-electronic devices 
found in smart pixels include: light-emitting diodes 
(LEDs); laser diodes (LDs); vertical cavity surface 
emitting lasers (VCSELs); multiple quantum well 
(MQW) modulators; liquid crystal devices (LCDs); 
and photodetectors (PDs). The most common types 
of electronic circuitry are silicon-based semiconduc- 
tors such as complementary metal oxide semicon- 
ductors (CMOS) and compound semiconductors 
such as gallium arsinide (GaAs)-based circuitry. 
There are a number of different approaches to 
smart pixels, which generally differ in the way in 
which the electronic and optical devices are inte- 
grated. Monolithic integration, direct epitaxy, and 
hybrid integration are the three most common 
approaches in use today. 

Smart pixel technology provides a natural metho- 
dology by which to implement optical image proces- 
sing architectures. The opto-electronic devices 
provide a natural optical interface while the elec- 
tronic circuitry provides the ability to perform either 
analog or digital computation. It is important to 
understand that any functionality that can be 
implemented in electronic circuitry can be integrated 
into a smart pixel architecture. The only limitations 
arise from physical space constraints imposed by the 
integration of the opto-clectronic devices with 
the electronic circuitry. While smart pixels can be 
fabricated with digital or analog circuitry, the 
smart pixel architecture described subsequently uses 
mixed-signal circuitry. 


A Smart Pixel Implementation of the Error Diffusion 
Neural Network 


A smart pixel hardware implementation of the 
error diffusion neural network provides the poten- 
tial to simultaneously achieve the computational 
complexity of electronic circuitry and the paralle- 
lism and high-speed switching of optics. The 
specific smart pixel architecture described here 
integrates MQW modulators called self electro- 
optic effect devices (SEEDs) with silicon CMOS 


272 INFORMATION PROCESSING / Optical Digital Image 


Processing 


VLSI circuitry, using a hybrid integration approach 
called flip-chip bonding. This type of smart pixel is 
commonly referred to as CMOS-SEED smart pixel 
technology. 

To provide an example of the application of smart 
pixel technology to digital image halftoning, a 5 x 5 
CMOS-SEED smart pixel array was designed and 
fabricated. The CMOS circuitry was produced using 
a 0.5 um silicon process and the SEED modulators 
were subsequently flip-chip bonded to silicon circui- 
try using a hybrid integration technique. The central 
neuron of this new smart pixel array consists of 
approximately 160 transistors while the complete 
SXS array accounts for over 3,600 transistors. 
A total of 50 optical input/output channels are 
provided in this implementation. 

Figure 9 shows the circuitry associated with a 
single neuron of the smart pixel error diffusion 
neural network, Alll state variables in each circuit of 
this architecture are represented as currents, Begin- 
ning in the upper-left of the circuit and proceeding 
clockwise, the input optical signal incident on the 


SEED is continuous in intensity and represents the 
individual input analog pixel intensity. The input 
SEED at each neuron converts the optical signal to a 
photocurrent and subsequently, current mirrors are 
used to buffer and amplify the signal. The width-to- 
length ratio of the metal oxide semiconductor 
field effect transistors (MOSFETs) used in the 
CMOS-SEED circuitry provide current gain to 
amplify the photocurrent. The first circuit produces 
two output signals: +1, which represents the state 
variable tim as the input to the quantizer and —L. 
which represents the state variable ~e,,, as the input 
to the feedback differencing node, The function of 
the quantizer is to provide a smooth, continuous 
threshold functionality for the neuron that produces 
the output signal Iyy., corresponding to the output 
state variable y,,,. This second electronic circuit is 
called a modified wide-range transconductance 
amplifier and produces a hyperbolic tangent sigmoi- 
dal function when operated in the sub-threshold 
regime. The third circuit takes as its input [og 
produces a replica of the original signal, and drives 
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Figure 9 Circuit ciagram of a single neuron and a single error weight of tho 5 5 eror fusion neural network based on a CMOS: 
‘SEED-typa smart piel architecture. (Reprinted with permission from Shoop BL, Photonic Analogo-Digtal Canvarsion, Springer Series 
in Optical Sciences, Vol. [1], Fig. 8.6, p. 222. Copyright 2001, Springer-Verlag GmbH & Co. KG.) 
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the output optical SEED, In this case, the output 
optical signal is a binary quantity represented as the 
presence or absence of light. When the SEED is 
forward-biased, light is generated through electro- 
luminescence. The last circuit at the bottom of the 
schematic implements a portion of the error weight- 
ing and distribution function of the error diffusion 
filter. The individual weights are implemented by 
scaling the width-to-length ratio of the MOSFETs to 
achieve the desired weighting coefficients. The 
neuron-to-neuron interconnections are accomplished 
using the four metalization layers of the 0.5 um 
silicon CMOS process. In this design, the error 
diffusion filter was limited to a 5X5 region of 
support because of the physical constraints of the 
circuitry necessary to implement the complete error 
diffusion neural network in silicon circuitry. The 
impulse response of the 5X5 filter used in this 
particular smart pixel architecture is shown in 
Figure 10. The error weighting circuitry at the 
hottom of Figure 9 represents only the largest 
weight (0.1124) with interconnects to its four local 
neighbors (Iouea — Ioub)> 
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Figure 10 Error diffusion fiter coefficients used in the 8x5 
CMOS-SEED error difusion architecture. (‘e" represents the 
origin.) 


Figure 11 shows a photomicrograph of a 5X5 
error diffusion neural network, which was fabricated 
using CMOS-SEED smart pixels. Figure 12 shows a 
photomicrograph of a single neuron of the 5x5 
CMOS-SEED neural network. The rectangular fea- 
tures are the MQW modulators while the silicon 
circuits are visible between and beneath the 
modulators. The MQW modulators are approxi- 
mately 70 um x 30 wm and have optical windows, 
which are 18 wm x 18 um, 

Simulations of this network predict individual 
neuron switching speeds of less than 1s, which 
corresponds to network convergence speeds capable 
of providing real-time digital image halftoning. 
Individual component functionality and dynamic 
operation of the full 5X 5 neural array were both 
experimentally characterized. Figure 13 shows CCD 
images of the operational 5 x 5 CMOS-SEED smart 
pixel array, The white spots show SEED MQW 
modulators emitting light. Figure 13a shows the fully 
functioning array while Figure 13b shows the 5 x 5 
CMOS-SEED neural array under 50% gray-scale 
input. Here $0% of the SEED modulators are shown 
to be in the on-state demonstrating correct operation 
of the network and the halftoning architecture. 

Both the simulations and the experimental results 
demonstrate that this approach to a smart pixel 
implementation of the error diffusion neural network 
provides sufficient accuracy for the digital halftoning 
application. The individual neuron switching speeds 
also demonstrate the capability for this smart pixel 
hardware implementation to provide real-time 
halftoning of video images. 


Figure 11. Photomicrograph of a smart pixel implementation of a 5 x § CMOS-SEED error difusion neural network for digital image 
halftoning. (Reprinted with permission from Shoop BL, Photonic Analog-to-Digital Conversion, Springer Series in Optical Sciences, 


Vol 81 [1], Fig. 85, p. 221. Copyright 2001, Springor: 


flag GmbH & Co. KG.) 
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Figure 26-24. Theoretical output from the transistors in 
the two previous schematics. 


verse voltage limit, the current will overwhelm 
the diode'’s ability to block it, and an avalanche 
breakdown will occur, once again probably de- 
stroying the component. The graph in 
Figure 26-5 illustrates the performance range of 
a hypothetical generic diode. 


What Can Go W 


Reversed Polarity 
Zener diodes look almost identical to other 
types, and all diodes share the same convention 
of marking the cathode for identification. Yet 
Zeners must be reverse-biased while others are 
forward-biased. This creates a significant risk of 
installing a diode “the wrong way around’ with 
potentially destructive or at least confusing re- 
sults, especially when used in a power supply. 
The very low resistance of a diode to forward 
current makesit especially vulnerable to burnout 
if installed incorrectly. 


Wrong Type of Diode 
Ifa Zener diode is used accidentally where a sig- 
nalor rectifier diodeis appropriate, the ircuitwill 
malfunction, as the Zener will probably have a 
much lower breakdown voltage, and therefore 
will not block reverse current. Conversely, if sig- 
nalorrectifier diodeis used where the circuit calls 
for a Zener diode, reverse voltage will be clam- 
ped (or regulated at the diode's forward voltage 
value). Since diodes are often poorly marked, a 
sensible precaution is to store Zener diodes sep- 
arately from all other types. 
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Figure 12 Photomicrograph ofa single neuron of the § x error diffusion neural network. (Reprinted with permission from Shoop BL, 
‘Photonic Analog-to-Digital Conversion, Springer Series in Optical Sciences, Vol. 81 [1], Fig. 8.4, p. 220. Copyright 2001, Springer- 


Verlag GmbH & Co. KG.) 


@ 
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Figure 13 CCD images of the 5 x § CMOS-SEED array. (a) Fully-operational array, and (b) under 50% gray scale illumination. 
(Reprinted with permission from Shoop BL, Photonic Analog-to-Digital Conversion, Springer Series in Optical Scionces, Vol. 81 [1] 
Figs. 8.19 and 8.20, p. 296. Copyright 2001, Springer-Veriag GmbH & Co. KG.) 


Image Processing Extensions 


Other image processing functionality is also possible 
by extending the fundamental concepts of 2D, 
symmetric error diffusion to other promising image 
processing applications. One important application 
includes color halftoning while other extensions 
include edge enhancement and feature extraction 
In the basic error diffusion neural network, the error 
diffusion filter was specifically designed to produce 
visually pleasing halftoned images. Care was taken 
to ensure that the frequency response of the filter 
was circularly symmetric and that the cutoff 
frequency was chosen in such a way as to preserve 
image content. An analysis of the error diffusion 


neural network shows that the frequency response of 
this filter directly shapes the frequency spectrum of 
the output halftone image and therefore directly 
controls halftone image content. Other filter designs 
with different spectral responses can provide other 
image processing features such as edge enhancement, 
which could lead to feature extraction and automatic 
target recognition applications. 


See also 


Detection: Smart Pixel Arrays. Information Proces- 
sing: Optical Neural Networks. Optical Processing 
Systems. 
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Introduction 


An artificial neural network (ANN) is a nonlinear 
signal processing system based on the neural pro- 
cesses observed in animals. Usually they have 
multiple inputs and often multiple outputs also. 
Conventionally, each input sends its signal to many 
neurons, and each neuron receives signals from many 
inputs. The neuron forms an intermediate sum of 
ted inputs and transforms that sum, according 
to some nonlinearity, to form an output signal. Often 
the output signal from one neuron is used as the input 
signal for another in feed forward, feedback, or 
mixed mode complex neural networks. 

ANNS are of value in helping us understand how 
biological neural networks perform and in a variety 
of technical applications, most of which involve 
pattern association. An auto-associative neural net- 
work, that associates patterns with themselves, can 
have useful noise cleanup or pattern completion 
properties. A hetero-associative neural network is 
often used in pattern recognition to associate input 
patterns with preselected class labels. 


Neural Networks - Natural and 

Arti i] 

The most primitive one-celled organisms have no 
nerve cells, but they do exhibit various chemical 
means for interacting with their environments, within 
their own cells, and among individuals of the same or 
different types. As organisms increased in size, a 
common chemical environment became impractical, 
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and nerves arose as a means for long-distance 
communication within larger organisms. One thing 
seen in evolution is that widespread useful adap- 
tations are often modified but seldom discarded. 
Thus, it should not be surprising to find that chemical 
interactions play a major role in the most complex 
thing we know of - the human brain. Chemicals play 
a huge role in making us who we are, setting our 
moods, and so forth. Realizing this, in the late 
twentieth century, psychiatrists started to make 
serious progress in treating mental diseases through 
the use of chemistry. 

There are a variety of processes that we use as 
humans, but the primary means is neural. Only some 
animals and no plants have neurons, but soon after 
neurons evolved, they began to concentrate in special 
regions of the body that developed into primitive 
brains. Not only were there many neurons, but also 
they were densely and complexly interconnected to 
form neural networks. 

‘Neural networks did not replace chemical inter- 
actions, they used and supplemented them, Chemical 
communication across the synaptic cleft dominates 
communication between networks, but the neural 
networks also control chemical production and 
distribution within the brain, and those chemicals 
change the behavior of the neurons that cause their 
secretion. The functioning of real brains is incredibly 
complex, possibly irreducibly complex in terms of 
current mathematics and logic. 

‘These things are noted to avoid a confusion that is 
distressingly common. Technologists produce simpli- 
fied ANNs and then try to interpret the behavior of 
brains in those terms. Quite often, ANNs yield useful 
insight into brain behavior but seldom offer a detailed 
account of them. Reality is far more complex than 
any ANN. Current mathematics provides no means 
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to describe continuous sets of events, each of which 
both causes and is caused by the others. 

ANNS themselves have grown much more compli- 
cated as well. Starting out as simple, feed-forward, 
single-layer systems, they rapidly became bidirec- 
tional and even multilayered as well. Higher-order 
neural networks processed the input signals before 
inserting them into the neural network. Pulse coupled 
neural networks (PCNNs} arose that more closely 
modeled the pulsations in real brains. Learning was 
broken into learning with instruction, following 
example, and self-organizing, the latter leading to 
self organized maps and adaptive resonance theory, 
and many related subjects. These are but crude 
pointers to the wealth and variety of concepts now 
part of the ANN field. 

The history of ANNs is both complicated and 
somewhat sordid. This is not the occasion to retrace 
the unpleasant things various members of this 
community have done to others in their quests for 
stature in the field. One result of that history is a 
dramatically up-and-down pattern of interest in and 
support for ANNs. The first boom followed the 
development of a powerful single-layer neural net- 
work called the Perceptron by its inventor Rosenblatt. 
Perceptrons were biologically motivated, fast, and 
reasonably effective; so interest in the new field of 
ANNs was high. That interest was destroyed by a 
book on the field arguing that Perceptrons were only 
linear discriminants and most interesting problems 
are not linearly discriminable. Ironically, the same 
argument has been made about optical Fourier 
correlators, and it is true there as well. But optical 
processing folk largely ignored the problem and kept 
working on it. Sociologists of science might enjoy 
asking why reactions differed so much in the two 
fields. Funding and interest collapsed and the field 
went into hibernation, 

It was widely recognized that multilayer ANNs 
would comprise nonlinear discriminants, but training 
them presented a real problem. The simple rewards 
and punishment of weights depending on perform- 
ance was easy when each output signal came from a 
known set of weighted signals that could be rewarded 
or punished jointly, according to how the output 
differed from the sought-after output. With a multi- 
layer perceptron, credit assignment of inner layers is 
no longer simple. It was not until Werbos invented 
‘backward error propagation’ that a solution to this 
problem was available and the field started to boom 
again. Also key to the second boom were enormously 
popular articles by Hopfield on rather simple auto- 
and hetero-associative neural networks. Basically, 
those networks are almost never used, but they were 
of great value in restarting the field. In terms of 


research and applications, we are still in that second 
boom, that began during the 1980s. 


‘An ANN isa signal processor comprised of a multiplicity 
of nodes which receive one or more input signals and 
generate one or more output signals in a nonlinear 
fashion wherein those nodes are connected with one or 
two way signaling channels. 


Note also that biological inspiration is no longer a 
part of the definition. Most ANNs used for associ- 
ation are only vaguely related to their biological 
counterparts. 


Optical Processors 


Optics is well-suited for massive parallel interconnec- 
tions, so it seems logical to explore optical ANN: 
The first question to address is “Why bother to use 
optical processors at all?” as electronic digital 
computers seem to have everything: 


Between the writing of this article (on an electronic 
computer) and its publication, the speed of 
electronic computers will almost double and they 
will become even cheaper and faster. 


© They can have arbitrary dynamic range and 


improved algorithms also improve their 
speed. For instance, the wonderful fast Fourier 
transform (FFT) that opticists have used to 
simulate optics for decades has been replaced by 
an even faster fastest Fourier transform in the West 
(FFTW). And for wavelets, the fast wavelet 
transform (FWT) is even faster. 


Optical processors, on the other hand, have 
severely limited analog accuracy and few analog 
algotectures or archirithms. They are specialized 
systems (equivalent in electronics, not to computers 
but to application specific integrated circuits 
{ASICs)). They are usually larger and clumsier than 
electronic systems and always cost more. 

There are several reasons why optics may still have 
a role in some computations. First, many things on 
which we wish to perform computations are inher- 
ently optical. If we can do the computations optically 
before detection, we can avoid some time and energy 
and sensitivity penalties inflicted, if we first detect the 
signals then process them electronically, and then 
(sometimes) convert them back to optics. Examples 
include spectroscopy and optical communication. 

Second, pure opties is pure quantum mechanic 
Input of data and setup of the apparatus is experiment 
preparation. Readout of data is classical measure- 
ment. Nature does the rest free of charge. There is a 
unitary transformation from input to output that 
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requires no human intervention and is, in fact, 
destroyed by human intervention. Those intermediate 
(virtual) computations require no energy and no time, 
beyond the time taken for light to propagate through 
the system. Speed and power consumption are limited 
only by the input and output. This applies for 
everything from Fourier optics to digital optics to 
logic gates. Thus, optics can have speed and power 
consumption advantages over electronics. 

Third, if quantum computers involving entangle- 
ment ever emerge, they may well be optical. Such 
computers would be used for nondeterministic 
solutions of hard problems. That is, they would 
explore all possible paths at once and see which one 
does best. This is something we can already do 
electronically or optically for maze running (using 
classical, not quantum entanglement) means. 

Fourth, most optical processors are analog, which 
is sometimes superior to digital. In those cases, we 
would still have to choose between analog optics and 
analog electronics, of course. 

So, optical processing (like all other processing) is a 
niche market. But some of the niches may be quite 
large and important. It is not a universal solution, but 
neither is digital electronics. 


The Major Branches of Optical 
Processing and Their Corresponding 
Neural Networks 


Every branch of optical processing leads to its own 
special purpose optical neural networks, so those 
branches become a good place to start an article such 
as this one. 


Optical Linear Algebra 


Many neural network paradigms use linear algebra 
followed by a point-by-point nonlinearity in each of 
multiple stages. The linear operation is a matrix- 
vector multiplication, a matrix—matrix. multipli- 
cation, or even a matrix-tensor multiplication, In 
any case, the key operations are multiplication and 
addition ~ operations very amenable to performance 
with analog optics. With effort, it is possible to 
combine simple electronics with analog optics oper- 
ating on non-negative signals (the amount of light 
emitted from a source, the fraction of light passing 
through a modulator, etc.) to expand to real or even 
complex numbers. With even more effort, we can use 
multiple analog non-negative signals to encrypt a 
digital signal, allowing digital optical processors. 
Almost all optical neural networks using linear 
algebra use only real numbers. In most of these, the 
real number is encoded as a positive number and a 


negative number, Data are read in parallel using 
spatial light modulators (SLMs), source arrays, 
acousto-optic modulators, etc. They are operated 
upon by other SLMs, acousto-optic systems, and so 
forth. Finally, they are detected by individual 
detectors or detector arrays. The required nonlinea- 
rities are then done electronically. It is a theory that 
holds for all linear algebraic processes up to 
computational complexity O(N‘) that they can be 
performed with temporal complexity O(N®) if the 
extra dimensions of complexity are absorbed in 
space, up to O(N?) through 2D arraying and in 
fanin/fanout, the ability of multiple beams of light to 
he operated upon in parallel by the same physical 
modulator ~ this has the same complexity as the 2D 
array of modulators, namely O(N*). Thus, we can 
invert a matrix, an order O(N‘) for an N x N matrix, 
OWN") in time, that is, independently of the size of N, 
as long as that matrix is accommodated by the 
apparatus. This offers a speed electronics cannot 
match. 

Most of the optical neural networks of the mid- 
1980s had optical vector—matrix multipliers at their 
heart. Most were a few layers of feed forward 
systems, but by the 1990s feedback had been 
incorporated as well. These are typically N inputs 
connected to N outputs through an Nx N matrix, 
with N varying from 100 to 1000. With diffuser 
interconnection and a pair of SLMs, it is possible to 
connect an NN input with an N XN output using 
Nf arbitrary weights, but that requires integrating 
over a time up to N? intervals. Most of the 
dimensional matrices can be approximated well by 
fewer than N* terms using singular value decompo- 
sition (SVD) and (as this version of the interconnec- 
tion uses outer products), that reduces the number 
of integration times considerably in most cases. We 
have shown, for instance, that recognizing M target 
images can be accomplished well with only M terms 
in the SVD. 


Coherent Optical Fourier Transformation 


It took opticists several years, during the early 1960s, 
to realize that if Fourier mathematics was useful in 
describing optics, optics might be useful in perform- 
ing Fourier mathematics. The first applications of 
optical Fourier transforms were in image filtering and 
particularly in pattern recognition. Such processors 
are attractive not only for their speed but also for 
their ability to locate the recognized pattern in 1D, 
2D, or even 3D. It was soon obvious that a Fourier 
optical correlator was a special case of a single layer 
perceptron. Of course, it inherits the weaknesses of a 
single layer perceptron too. Soon, workers had added 
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feedback to create a winner-takes-all type of auto- 
associative optical neural network, a system that 
associated images with themselves. This proved 
useful in restoring partial or noisy images. It was 
not until 2003 that we learned how to make powerful 
hetero-associative networks with Fourier optical 
systems. This creates a nonlinear discrimination 
system that maintains the target location and 
generalizes well from a few samples of multiple 
classes to classify new data quite accurately. 


Imaging 


Imaging is the central act of optics and might 
seem to be of little value in optical processing. 
But multiple imaging (with lenslets, self-focusing 
fibers, holograms, and the like) has been the basis of 
numerous optical neural networks. Multiple imaging 
isa nonrandom way of distributing information from 
one plane to the next. Diffusers have also been used to 
produce fully interconnected optical neural networks. 
If each broad image point contains the whole image 
(something easily arranged with a diffuse hologram), 
then we have an auto-associative memory. Different 
such auto-associative networks can be superimposed 
ina single hologram. Then feedback after nonlinear 
image filtering can be used to make a general auto- 
associative memory. 

Even deliberately poor imaging has been used. A 
blurred or out-of-focus image can accomplish the 
lateral signal spreading needed to facilitate a PCNN. 
These networks are substantially more like real brain 
networks than those discussed so far. It starts with a 
2D array of integrate-and-fire units. The firing rate of 
each depends only in the incident power (how long 
integration to the thresholding firing takes). But if the 
fired signal is spread to its neighbors, the firing of a 
neighbor can hasten any unit's firing. This causes 
firings to synchronize and results in ‘autowaves’ of 
firing patterns moving across the 2D plane. Thus an 
incident 2D image is converted to a 3D signal ~ the 
two spatial dimensions and time. This results, for all 
but some very simple cases, in a chaotic signal 
occupying a strange attractor. It is interesting but 
not very revealing in itself. But suppose we ‘integrate 
out’ either the two spatial dimensions or the time 
dimension. If we integrate out the spatial dimensions, 
wwe are left with a time signal. Its strange attractors are 
remarkably useful in pattern recognition, because 
they are more syntactic than statistical (in pattern 
recognition terms). They describe the shape as similar, 
independently of the size, rotation, perspective, or 
even shading of the pattern! If we integrate out the 
time dimension, we restore the original image — 
almost. In fact, we can use this aspect of PCNNs 


for optimum blind segmentation of images. The 
autowaves can be made to ‘leave tracks’ so they can 
be reversed, which allows them to solve maze 
problems nondeterministically, because they can 
take all the paths. When the first wave exits, we 
simply retrace it to find the shortest path through the 
maze — a prototypical nondeterministic polynomial 
operation. 


Holograms 


Holograms are the most general, complex, and 
flexible means of light manipulation so far 
invented. Naturally, they have many applications 
in optical neural networks. One such application is 
the interconnection of each of an NXN array of 
inputs to each of an NXN array of outputs with 
its own unique connection strength (weight in the 
language of neural networks). The practical limit 
seems to be around N= 1000, yielding 10"? 
weights, roughly the same number as in the 
human brain! The brain, however, is not fully 
interconnected, so this produces an entirely differ- 
ent type of neural network. The resulting network 
would have fixed weights, but it could perform a 
variety of useful operations and be both forward 
and backward connected. 

Special on-axis holograms, called diffractive opti- 
cal elements, can be mass manufactured very effec- 
tively and inexpensively to perform tasks such as 
multiple imaging. 


Photorefractive Neural Networks 


A very complex thing happens when a pattern of 
fringes, such as those that form an interference 
pattern for hologram recording, strike materials 
such as lithium niobate, strontium barium niobate, 
gallium arsenide, and many others that fall into this 
category of ‘photorefractive’ materials. Of course, 
‘photo’ refers to light and ‘refractive’ refers to the 
speed of light in a material — the speed of light in a 
vacuum divided by the index of refraction. These 
materials are photoconductive, so the light releases 
charge carriers in what would otherwise be an 
electrical insulator. The periodic charge pattern sets 
up a periodic space charge within the material. But 
the material is also electro-optic, that is, its index of 
refraction changes with applied electric field, thus 
generating a periodic index of refraction grating in 
the material. Finally, that index of refraction pattern 
{a phase hologram) diffracts the incoming light. 
Usually, but not always, a steady-state situation 
is reached after time that depends on the material 
and the photon density, although chaos can arise 
under some conditions. This makes for a dynamic 
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hologram, one that can change or adapt over time as 
the input pattern changes. Once a satisfactory 
photorefractive hologram is formed, it can be 
stabilized (fixed) if desired. Most optical neural 
network uses envision a dynamic situation with 
changing interconnections. 

‘What has not been discus 
of refraction varies with the light’s electric field vector 
cubed, so photorefractives provide a convenient 
way to accomplish such nonlinear operations as 
winner-takes-all. 

Sometimes, we can record holograms with photo- 
refractives that cannot be recorded by conventional 
holograms in conventional materials. To explain this, 
a hologram is a transducer between two optical 
wavefronts ~ usually called the reference and object 
beams. If the reference beam is incident on the 
hologeam, it is (fully or partially) converted into the 
object beam. If the precisely reversed (phase con- 
jugated) reference beam is incident on it, the precisely 
reversed (phase conjugated) object beam is derived 
from it. Likewise, the object wavefront (or its 
phase conjugate) produces the reference wavefront 
(or its phase conjugate). The hologram is made by 
recording the interference pattern between the two 
wavefronts: the reference and object beams. The 
ability of two wavefronts to form a temporally stable 
interference pattern at some point in space is called 
the mutual coherence of those wavefronts. Usually, 


ed above is that the index 


both wavefronts are derived from the same laser 
beam to make achieving high mutual coherence 
possible. And, of course, both beams must be present 
to form an interference pattern. In some cases of 
photorefractive holograms, all of those conditions 
can be violated. The two wavefronts can derive from 
two sources that are different in wavelength, polar- 
ization, etc., and need not be simultaneously present. 
This phenomenon, called mutual phase conjugation, 
converts each wavefront into the phase conjugate of 
the other, but for effects due to any differences in 
wavelength and polarization. This allows new fre 
doms that have been exploited in optical neural 
networks. 

Photorefractive materials also tend to be piezo- 
electric. It has been found that up to about 20 totally 
independent reflective holograms can be stored with 
different applied electric field in lithium niobate. 
Changing electric fields so changes the fringe spacings 
and indices of refraction, that only one of those 
holograms has any appreciable diffraction efficiency 
at any one electric field value. The result is an 
electrically selectable interconnection pattern. The 
same hologram can contain the information needed 
for many neural networks or multiple layers of fewer 
of them. There is no need, in general, to have more 


than an input layer, an output layer, and two 
intermediate or hidden layers. 

Others have used photorefractive material to 
implement learning in neural networks. In biological 
neural networks the synaptic strengths (the weights 
between neurons) continue to adapt. With photo- 
refractive holograms, we can achieve this in an 
optical ANN. 

As previously discussed, a key development in the 
history of ANNs was a way to train multilayer neural 
networks and thus accomplish nonlinear discrimi- 
nation. The first, and still most popular, way to do 
this is called backward error propagation. Several 
groups have been implemented in photorefractive 
optical neural networks. 


Conclusions 


Essentially every major type of neural network has 
been implemented optically. Every major tool of 
optics has found its way into these optical neural 
networks. Yet, it remains the case that almost every 
neural network used for practical applications is 
electronic. The mere existence proof of a use for 
optical neural networks may be what the field needs 
to move forward from the demonstration stage to the 
application stage. The tools exist and there are niches 
where optics seems more appropriate than elec- 
tronics. Hopefully, the next review of the field will 
include a number of commercial successes. Nothing 
spurs science better than the funds that follow 
successful applications. 


List of Units and Nomenclature 


Another self-organized neural 
net categorizer that works by 
mutual adjustment between 
bottom-up and top-down 
neural connections. 


Adaptive resonance 
theory (ART) 


‘The measure of how the num- 
ber of required calculations 
scales with the problem size, 
usually denoted by N. The 
scaling is represented by the 
Big O form of (N), where f(7) 
shows how it scales asympto- 
tically (large N). Problems that 
scale as O(N") are said to be of 
polynomial complexity. Unfor- 
tunately, some of the most 
important problems have 
‘exponential complexity. 


Computational 
complexity 
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Fanin/Fanout Beams of light (unlike beams 
of electrons or holes) do not 
interfere with one another, so 
many of them can be modu- 
lated by the same physical 
elements quite independently, 
so long as they can be ident- 
ified. This is usually done by 
sending the different beams in 
at different angles, giving rise 
to the words fanin and fanout, 
as suggested by the drawing 


A means of self-organization 
of inputs into (normally 2D) 
maps wherein every concept 
falls into some category and 
the categories themselves 
develop out of application 
of the Kohonen’s algorithm 
and_user-selected parameters 
applied to the given data. 

Any matrix can be broken into 
(decomposed) a weighted sum 
of simpler, rank-one matrice 
The simplest such decompo- 
sition (in the sense of fewest 
number of terms) is the SVD. 
The weights are the singular 
values and are indicators of the 
importance of that term in the 
decomposition. 

A ID or 2D array of elements 
under electronic or optical 
control that change some 
property of the light incident 
on them, Usually, itis the index 
of refraction in some direction 
that is changed. That change 
can be used to modulate the 
amplitude, the polarization, or 
the phase of the light. 


Self organized 
maps (Kohonen 
networks) 


Singular value 
decomposition 


(svD) 


Spatial light 
modulator 
(SLM) 
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Introduction 


This article describes the requirements placed on 
astronomical instruments and the methods used to 
achieve them, making reference to generic techniques 
described elsewhere in this encyclopedia. It is limited 
in scope to electromagnetic radiation with wave- 
lengths from the atmospheric cutoff in the ultraviolet 
(0.3 jm) to the point in the near-infrared where the 
technology changes radically (5 um), taking in the 
transition from uncooled to cooled instruments at 
~1.7 um. Thus, it excludes the extreme UV and 
X-ray regimes, where standard optical techniques 
become ineffective (e.g., requiring grazing incidence 
optics) and all mid-infrared, sub-mm, THz, and 
radio-frequency instruments. Terrestrial telescopes 
are the main focus but space-borne telescopes are 
subject to similar design considerations, except that 
the diffraction limit of the optics may be achieved at 
short wavelengths. Adaptive optics (AO), of increas- 
ing importance in astronomy and almost essential for 
the next generation of extremely large telescopes 
(ELT), is covered elsewhere in this encyclopedia. 


Astronomical Data 


The purpose of astronomical instruments is to 
measure the following properties of photons arriving 
on or near to the Earth and brought to a focus by an 
astronomical telescope: 


(i) direction of arrival; 
(ii) energy; 

(iii) polarization state; and 
(iv) time of arrival. 


In practice, these properties cannot be measured 
simultaneously, requiring the following. generic 
classes of instrument: 


# Imagers to measure (i) and, if equipped with ultra- 
low-noise detectors, (iv); 

© Spectrographs to measure (ii), although some can 
be configured to do a good job on (i) as well. 
Integral field spectrographs can measure (i) and (ii) 
simultaneously; and 

© Polarimeters for (iii) plus (i) and spectropolari- 
meters for (iii) plus (i). 


In principle, energy-resolving detectors, such as 
arrays of superconducting tunnel-junction devices 
(STJs) can replace (i), (ii), and (iv). 

These must interface to the telescope which 
provides a focal surface with an image scale which 
is approximately constant over the field. Currently, 
almost all telescopes are based on the Cassegrain or 
Ritchy-Chretien reflecting configurations, comprising 
a large curved primary mirror (M1) which defines the 
collecting aperture (diameter Dr) and a curved 
secondary mirror (M2). This feeds the Cassegrain 
focus via a hole in MI in line with the central 


obstruction caused by M2, or the Nasmyth focus if a 
tertiary (usually plane) mirror is added to direct light 
from M2 along the elevation axis to a location in 
which the gravity vector changes only in rotation 
about the optical axis. For the Cassegrain focus, the 
full range of change in the gravity vector is 
experienced as the telescope tracks objects during 
long exposures or slews between targets. It is also 
possible to dispense with M2 and mount the 
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Table 1 Optical interfaces to representative types of telescope and achievable angular resolution 


‘Aperture Primary focus Final focus Diftraction limit 
dlameter 244NDr(mas) 
Dr (m) 
Fa Image scale FOV(') FM Image scale FOV’) =O5um  A=50um 
ami") ami") 
2a 2a 24 279 25 101 1007 
42! 2a 60 40 " 221 18 60 600 
ao" 18 (70) (45) 16 et 10 32 315 
30" 1-15 —180 ~20 15-19-2500 ~20 a4 a4 
100" 1a “65 ~3000 ~10 25 25 
For enclosed telescopes ‘500-1500 
All CObiainable angular Free-almosphera Bast 250 160 
resolution for ssocing at good site Median 420 270 
terrestrial telescopes _With adaptive optics (approx) 50-200 Dif et* 


The difcaction limit listed inthe column above for A ~ 5.0 um apples. 
Exompiars:() Hubble Space Telescope; (i) Herschel Telescope, La Palma; (il) Gemini telescopes, HawalliChilo; (iv) CELTIGSMT 


(USA); (v) OWL (Europe). 


instrument directly at the focus of M1 (prime focus), 
although this imposes severe restrictions on the mass 
and size of the instrument. An alternative mounting 
for instruments is via optical fibers. The input, with 
any fore-optics required to couple the telescope beam 
into the fiber, is mounted at the appropriate focus 
while the output, possibly several tens of meters 
distant, is mounted where the instrument is not 
subjected to variations in the gravity vector. 

‘The useful field of view (FOV) of the telescope is 
determined by how rapidly the image quality 
degrades with radius in the field; restrictions on the 
size of the Cassegrain hole and the space set aside for 
the star trackers required for accurate guiding 
and auxiliary optics involved in target acquisition, 
AO, ete. 

‘Typical telescope parameters are shown in Table 1, 
of which the last two entries are speculative examples 
of ELTs. The table also lists the diffraction limit of the 
telescopes and the limits imposed by seeing, with and 
without the effects of the telescope structure and 
enclosure, and approximate limits for performance 
with AO which approaches the diffraction limit in the 
infrared. 


Instrument Requirements 


Efficiency 


Almost ll astronomical observations are of very faint 
objects or require very high signal-to-noise (SNR) to 
extract the desired subtle information. The former, 
for example, might reveal the initial phase of galaxy 
or star formation, while the latter could reveal the 
mix of elements in the big bang or uncover changes in 


fundamental constants on cosmological timescales 
(~10' years). The term ‘efficiency’ has several 
components: 


(i) Throughput of the optical system, including the 
efficiency of the optical components (lenses or 
mirrors), dispersers, filters, and also detectors 
and also includes losses due to transmission/ 
reflection, diffraction, scattering, and vignetting 
by internal obstructions; 

Noise from all sour 


(ii) the detector, including 
time-independent (read-noise) and time-depen- 
dent (dark-current) components; thermal emis- 
sion from the instrument, telescope, enclosure 


and sky; straylight (see above), and electronic 


(iii) Efficient use of the instrument and telescope to 
maximize the fraction of the time spent accumu- 
lating useful photons instead of, say, calibrating; 
reconfiguring the instrument; or acquiring 
targets; 

Parallelizing the observations so that the same 
instrument records data from many objects at the 
same time. This is discussed further below. 


(iv) 


Angular Resolution 


The required angular resolution is summarized in 
Table 2 for key features in galaxies, The resolutions 
currently achievable with AO systems (with severe 
restrictions on sky coverage pending routine avail- 
ability of laser beacons), or without, are shown in 
bold. Finer resolution is possible using interfero- 
metric techniques, but is limited to a handful of bright 
stars. 
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‘Table 2 Typical requirements for angular resolution and single-object field of view 


Target Distance” Active nucleus Star cluster (10pe) Visible extent 
Central engine (10AU) Dynamical core (0-5 po) 

Milky Way Bkpe mas 10" a 

Local group galaxy (M31) 800kp¢ «0.01 mas. 100 mas 3 

Distant galaxy 1Gpe 10" mas 0.1 mas 2mas 

Custer of galaxies >1 Gpe 

Cosmological structure > 1 Gpe 


*1pe= 3.1 x 10m. 


Field of View and Multiplexing 


The FOV of an individual observation must be 
sufficient to cover the angular extent of the object 
with the minimum number of separate pointings of the 
telescope. As well as minimizing the total observation 
time, this reduces photometric errors caused by 
changes in the ambient conditions (c.g., flexure, 
thermal effects, and changes in the sky background). 
(Photometry is the measurement of the flux densit 
received from an astronomical object, usually done 
with the aid of an imager employing filters with 
standardized broad passbands. Spectrophotometry is 
the same but in the much narrower passbands obtained 
by dispersing the light.) The last column of Table 2 
indicates the required size of FOV. It is also highly 
desirable to observe many objects simultaneously since 
most studies require large statistically homogenous 
samples. The precise requirement depends on the 
surface number density of potential targets and the 
sampling strategy adopted to create the sample. 
Cosmological studies of the large-scale distribution 
of galaxies and clusters emphasize the size of the field 
(20.5%), since the targets may be sparsely sampled, 
while studies of clustered objects (galaxies or stars) 
aim to maximize the surface density of targets 
($1000 arcmin) within a modest FOV (~5'). 


Spectral Resolution 


‘The required energy resolution is specified in terms of 
the spectral resolving power, R = MAA, where 3A is 
the resolution in wavelength defined usually in terms 
of the Rayleigh criterion. One of the main data 
products required in astrophysics is the velocity along 
the line of sight (radial velocity) obtained through 
measurement of the wavelength of a known spectral 
feature (emission or absorption line). This may be 
determined to an accuracy of: 


Qe 
RR 


i 


where Q is the fraction of the width of the spectral 
resolution element, 5A, to which the centroid can be 


ther the SNR of the 
JSNR, or by the 


determined. This is limited by 
observation of the line via Q 
stability of the spectrograph via: 


Ax x) 

2 =( 
where y is the angular width of the slit measured on 
the sky and dy/dx is the image scale at the detector. Ax 
is the amount of uncorrectable flexure in units of the 
detector pixel size. This is the part of the motion of 
the centroid of the line which is not susceptible to 
modeling with the aid of frequent wavelength 
calibration exposures. Typically, Ax ~ 0.2 pixels is 
achievable (roughly 3 ym at the detector or 10 xm at 
the slit for an 8 m telescope) implying Q = 1/30 for a 
typical (dy/dx) = 0.1-0.2"/pixel and y= 0.5-1" 
Table 3 gives typical requirement for R and the 
value of Q required to achieve it, given the spectral 
resolution obtainable for different types of current 
spectrograph. Extrasolar planet studies require very 
high stability. 

Some spectral observations require very accurate 
measurements of the shape of the spectral features to 
infer the kinematics of ensembles of objects which are 
individually not resolvable (e.g., stars in distant 
galaxies, gas in blackhole accretion disks). Other 
applications require accurate measurements of the 
relative flux of various spectral features within the 
same spectrum (e.g,, to reveal abundances of elements 
or different types of star). 


21 


Optical Principles 


Imaging 


The simplest type of imager consists of a detector, 
comprising a 2D array of light-sensitive pixels 
(Table 4) placed at a telescope focal surface without 
any intervening optics except for the filters required 
for photometry. Although maximizing throughput, 
this arrangement removes flexibility in changing the 
image scale since the physical size of pixels (typically 
15-25 um) is fixed. Thus the Gemini telescopes 
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Table 3 Typical requirements for spectral resolution and stability 


Target ‘Svorrequired — Required Spectral regime Available R_—Stabilty ‘Simultaneous 
data product MBA required = 1/Q wavelength range 
Cosmological 1000 kms 300 Low dispersion 300-3000 1 St octave 
parameters (line controid) 
Galaxies 
Intra-cluster 100 km’s 3000 1-10 100 nm 
(line controid) 
Element Ratio of 1000-3000 1 octave 
‘abundance line fluxes 
Stellar orbits 10kmis ax 10 Medtum 13x10" (1) tonm 
(line shapes) 
Individual stars. 1 kms. ax10* 10-30 tonm 
(line centroid) 
Extrasolar planets <1 mis. >ax to" igh ~10° > 3000 <tnm 
(line centroid) 
Table 4 Detectors in current use for astronomy 
Wavelength Material’ Pixel size Format Read noise (e-/pix) Dark current (evbuhr) QE rango (*%) 
(um) ‘ype (um) 
‘Single Mosaic 
Typical State-of-the-art 
03-10 cop 10-20 4kx4k 12k BK 2 Nogigible 10-90" 
CMOS 5-10 4k x 4k 5-30 
1-25 + HgCdTe 15-20 
06-5 Insb 20-30 2kx2k 4kx4k 10 o.o1-0.1 70-20 


“Quantum ficiency varies strongly over quoted wavelength range. 


(Dy =8 m) provides an uncorrected image scale of 
25-40 mas/pixel at its sole F/16 focus. Although 
well-suited to high-resolution observations with AO, 
this is inappropriate for most observations of faint 
galaxies where 100-200 mas/pixel is required, This 
arrangement also provides limited facilities for 
defining the wavelength range of the observations 
since there is no intermediate focal surface at which to 
place narrowband filters, whose performance is 
sensitive to field angle and are, therefore, best placed 
at an image conjugate. There is also no image of the 
telescope pupil at which to place a cold stop to reject 
the external and instrumental thermal radiation 
which is the dominant noise source at A> 1.5 yum. 
The alternative is to use a focal-reducer consisting 
of a collimator and camera. The auxiliary com- 
ponents (filters, cold-stops, Fabry—Perot etalons, etc.) 
then have an additional image and pupil conjugate 
available to them and the image scale may be chosen 
by varying the ratio of the camera and collimator 
focal lengths. The extra complexity of optics inevi- 
tably reduces throughput but, through the use of 
modern optical materials, coatings such as Sol-Gel 
and the avoidance of internally obstructed reflective 
optics, losses may be restricted to 10-20% except at 
wavelength shorter than ~0.35 um. An imaging 


focal reducer is a special case of the generic spectro- 
graph described in the next section, 


Spectroscopy 

Basic principles 

Astronomical spectrographs generally employ plane 
diffraction gratings. The interference between adja- 
cent ray paths as they propagate through the medium 
is illustrated in Figure 1. From this, we obtain the 
grating equation: 

‘mph =n sin «+ ny sin B= G BI 
where @ and are the angles of incidence and 
diffraction respectively, p= 1/a is the ruling den- 
sity, A is the wavelength, and m is the spectral 
order. The refractive indices in which the 
incident and diffracted rays propagate are m and 
rz respectively. 

The layout of a generic spectrograph employing a 
plane diffraction grating in a focal reducer arrange- 
ment is shown in Figure 2, The spectrograph 
re-images the slit onto the detector via a collimator 
and camera. The disperser is placed in the collimated 
beam close to a conjugate of the telescope pupil 
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A field lens placed near the focus is often incorporated 
in the collimator for this purpo 

‘The geometrical factor, G, defined in the equation 
is constrained by the basic angle of the spectrograph: 


w= 


B 14) 


which is the (normally fixed) angle between the 
optical axes of the collimator and camera. y= n7, 
corresponds to the Littrow configuration (for 
integer n). 


Figure 1 Derivation of the grating equation by consideration 
of the optical path difference between neighboring ray paths AB, 
and AB 


Telescope 


Considering the case of a diffraction grating in 
vacuo, differentiation of the grating equation with 
respect to the diffracted angle yields the angular 
dispersion: 


dA _ cosB 
cB mp 


IS] 


from which the linear dispersion is obtained by 
considering the projection of df on the detector, dx: 


da _ da dB _ cospB 2 

de Gp de ~ moe (6) 
where fr is the focal length of the camera (see 
Figure 2). 


In the diffraction-limited case, where the slit is 
arbitrarily narrow, the resolving power is given 
simply by the total number of rulings multiplied by 
the spectral order: 


R 


mpW 71 


where 1 is the length of the disperser as defined 
below. But in astronomy, it is usually determined by 
the width of the image of the slit, s, projected on the 
detector, s'. By conservation of Etendue: 


By 
i 


[8] 


where F; and F; are the collimator and camera focal 
ratios, respectively. The spectral resolution of the 
spectrograph is simply the width of this expressed in 


Figure 2 Generic spectrograph employing a plane difraction grating, Note that according to the sign convention implicit in Figure 1 


te dracon angle, bs negative inthis configuration 
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wavelength units: 


ne(By- 


The length of the intersection between the collimated 
beam and the plane of the grating (not necessarily the 
actual physical length of the grating) is 


mph Fy 


D: Dd 


w 
cos B 


[10) 


Using this to eliminate cos f, the spectral resolution 
becomes 


a= SW ty 
and the resolving power is 

A _ mpaF\W 

ce? 112) 


where G is the quantity defined in eqn [3]. Note that 
R is now independent of the details of the camera. 
This expression is useful for the laboratory since it is 
expressed in terms of the parameters of the experi- 
mental apparatus; but, for astronomy, it is more 
useful to express the resolving power in terms of the 
angular slit width, y, and the telescope aperture 
diameter, Dr, via: 


= ate = xPrDy = xf Dr 13] 


since the collimator and telescope focal ratios are the 
same if the spectrograph is directly beam-fed from the 
telescope. Note that even if the telescope focal surface 
is re-imaged onto the slit, the expression for the 
resolving power still holds due to the conservation of 
Etendue in the re-imaging optics, Thus the resolving 
power is 


cw 
xD 


mprxw 


R 
xDr 


141 


Note that the resolving power obtained with a 
nonzero slit width is always less than the theoretical 
maximum, R = R., for wavelengths: 


xDr 


Thus, long-wavelength applications may approach 
the theoretical limit; in which case they are said to be 
diffraction-limited. If so, the resolving power is 
independent of the slit width, simplifying the inter- 
face to different telescopes. For a nondiffraction- 
limited spectrograph, the resolving power obtained 
depends on the aperture of the telescope to which it 
is fitted, 


A<a 115) 


Optical configuration 

The non-Littrow configuration shown in Figure 2 
introduces anamorphism into the recorded spectra 
such that a monochromatic image of the slit mask is 
compressed in the dispersion direction by a factor: 


[16] 


1 Coa 


which varies, depending on the choice of angles 
required to place the chosen wavelength on the 
detector using eqns [3] and [4]. 

Practical configurations that maximize R, do so by 
increasing W = Dy/cos a. This implies maximizing 
cos B, since y= « — B, which results in A > 1. This is 
known as the grating-to-camera configuration since 
the grating normal points more towards the camera 
than to the collimator. The grating-to-collimator 
configuration may also be used at the penalty of 
lower R but does permit a smaller camera, Thus the 
camera aperture must be oversized in the dispersion 
direction since Dy > D,. The Littrow configuration is 
rarely used with reflective designs when large FOV is 
required because of internal vignetting and conse- 
quent light loss. However, it can be used effectively 
with transmissive dispersers. 

If the disperser is replaced by a plane mirror (or if 
the disperser is removed in a transmissive system), the 
system acts as a versatile imager, with A= 1, This 
also facilitates target acquisition which requires that 
the telescope attitude be adjusted until the targets are 
aligned with apertures cut in an opaque mask placed 
at the input of the spectrograph. These apertures 
{normally slits) are usually oversized in the direction 
perpendicular to the dispersion to allow the spectrum 
of the sky to be recorded directly adjacent to that of 
the target to permit accurate subtraction of the 
background. 

The slit width is chosen by trading off the desire to 
maximize the amount of light entering the instrument 
from the target (but not so much as to admit excessive 
background light) and the need to maximize spectral 
resolving power, R, by reducing the slit width, x, 
according to eqn [14]. 

Since |G| = 2, the maximum attainable resolving 
power, according to eqn [14], is determined chiefly by 
the telescope aperture and angular slitwidth. The only 
important parameter of the spectrograph is the 
illuminated grating length, W. Therefore, maintaining 
the same resolving power as the telescope aperture 
increases, requires W to increase in direct proportion. 
Because of limits placed on the geometry by the need 
to avoid obstructions, etc., this means that both the 
collimated beam diameter and the size of the 
disperser must increase. This is one of the major 
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problems in devising instruments for ELTs, Current 
instruments on 8m telescopes feature collimated 
beam diameters of D, = 150mm. For ELTs, the 
implied sizes are 0.5-2m, requiring huge optics, 
accurately co-aligned mosaics of dispersing elements, 
and enormous support structures to provide the 
required stability. A simple calculation indicates 
that the ruling stylus for a classically ruled diffraction 
grating would have to cover a thousand kilometers 
without significant wear unless the disperser was 
made from smaller pieces. 


Choice of dispersing element 

Astronomical spectrographs mostly use surface-relief 
diffraction (SL) gratings. These are ruled with groove 
densities 50 < p< 3000 mm! 


Blazing diffraction gratings. The intensity of the 
multibeam interference pattern from N rulings of 
finite width is given by 


(ays) 


where 2¢his the phase difference between the center of 
adjacent rulings and @ is the phase difference hetween 
the center and edge of a single ruling. To be useful for 
astronomy, the peak in this pattern, determined by 
the second term, must coincide with a useful order, 
such as m= 1, rather than zero order. This can be 
done by introducing a phase shift into the second 
term, which represents the diffraction of a single 
ruling, such that: 


eos y 
Px 


a= 


[8} 


(sin i— sin r) 


where the groove angle, 7, is the angle by which the 
facets are tilted with respect to the plane of the 
grating. With the aid of Figure 3, it can be seen that 
i y and r=y~B so that the maximum 
efficiency, which occurs when @= 0, corresponds to 
i =r, which is equivalent to simple reflection from the 
facets, and a+ B= 2y. 

‘Thus, through this process of blazing, the grating 
eqn [3], at the blaze wavelength, Ax, becomes: 


pds = 2sin ycos 9} 


where yy is given by eqn [4] using the identis 
sin x + sin y = 2 sin (*3*) cos (+3). Thus, the 
resolving power at blaze is obtained from 


Groove 
normal 


First order ight 


Grating 
oral 


Groove 
shadowing 


Figure 3 Blazing of ruled difracion grating. 


eqns [10], [14], and [19] as: 


2D, siny cos(/2) 


R siny conpi2) 
8 YDy cosy + Wid) 


20} 


Use of grisms, An alternative configuration uses 
transmission gratings. The advantage here is that the 
collimator and camera can share the same optical axis 
in a straight-through configuration with unit ana- 
morphism, A = 1, which does not require oversizing 
of the camera. The same phase-shift can be applied as 
before by making the facets into prisms with the 
required groove angle. However, this would only 
allow zero-order to propagate undeviated into the 
camera so an additional prism is required with vertex 
angle $= to allow first-order light to pass 
undeviated into the camera. This composite of blazed 
transmission grating and prism is called a grism 
(Figure 4). 

The grating equation (eqn [3]) is mos 
grism in the blaze condition to mpg = 
since a =—B= # and m, =n,1 = 1. Noting that 
= 0, the resolving power at blaze is then: 


Di 
R= el Dan b 


Ry 
where m is the refractive index of the prism and 
grating material. Due to problems such as groove 
shadowing (illustrated for reflection gratings in 
Figure 3), these lack efficiency when 6 = 30° restrict- 
ing their use to low-resolution spectroscopy. 


Use of volume phase holographic gratings. A 
newer alternative to surface-relief (SR) dispersers are 
volume phase holographic (VPH) gratings in which 


288 INSTRUMENTATION / Astronomical Instrumentation 


the interference condition is provided by a variation 
of refractive index of a material such as dichromated 
gelatine, n,, which depends harmonically on position 
inside the grating material as: 


122] 


+ An, cos|2mpg(xsin y+z¢0s )] 


where p, is the density of the lines of constant 1, and 
ai, and Ang are the mean refractive index and its 


Figure 4 Typical configuration of a grism. The prism vortex 
and groove angles are chosen for maximum efficiency on 
the assumption that refractive indicas, ng = Mm =" and af = 1. 
‘The blaze condition occurs when 5~0. In this configuration, 
6 


Lines of constant ny 


modulation amplitude, respectively (Figure 5). These 
are described by the same grating (eqn [3]), as before 
leading to an identical expression for the resolving 
power at blaze, where mpAy=2sina, to that of a 
blazed plane diffraction grating in the Littrow 
configuration (eqn [20}): 


R= Pho tana 123] 


xDr 


Unlike SR gratings, the blaze condition of VPH 
gratings may be varied by changing the basic angle 
of the spectrograph, = 2(y+a), although this is 
often mechanically inconvenient. They may also be 
sandwiched between prisms to provide the necess- 
ary incident and diffraction angles while retaining 
the advantage of a straight-through configuration, 
to form an analogue of a grism, sometimes termed 
a vrism. Unlike grisms, these are not constrained 
by groove shadowing and so can be efficient at 
relatively high dispersion, subject to the constraint 
imposed by the size of the device, 


Use of eckelle gratings. Another option to 
increase the resolving power is to use a coarse 
grating in high order via the use of an echelle 
format. The resolving power in the near-Littrow 
configuration in which it is usually operated, is 
given by eqn [20] with y=0. 


124] 


where y is the groove angle. 


TS Active layer (008) 
“T> Glass substrate 


Figure § Various configurations of volume phase holographic gratings. The blaze condition is when 8 = a. The inset shows how the 
blaze condition may be altered by changing the basic angle of the spectrograph 
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Figure 6 (a) Basic layout of an Echelle grating used in a near-Litrow configuration. (b) lustative cross-dispersed spectrogram 
showing a simplified layout on the detector. The numbers 10-16 label the differant spectral orders. The numbers labaling the vertical 
axis are the wavelength (nm) at the lowest end af each complete order. Other wavelengths are labeled for clarity. For simplicity the 


crders are shown evenly spaced in cross-<lispersion. 


In the configuration shown in Figure 6, R is 
maximized by increasing W. This also means that 
G=mpa is large. In order to avoid excessively 
high ruling densities, the grating may be used in 
high orders, However, this presents the problem of 
order overlap since the wavelength in order m 
occurs in the same place as wavelength Ay = 
(nina in order 1. Limiting the observation to a 
single order via the use of order-sorting filters is 
one solution while another is to use 
dispersion via a chain of prisms or a grating with 
dispersion perpendicular to that of the echelle to 
separate the orders out. This option severe 
curtails the use of such spectral formats in mul 
object spectroscopy. 


Increasing resolving power using immersed 
gratings. All the methods of using diffraction 
gratings discussed so far are subject to various 
geometric constraints which ultimately limit the 
maximum obtainable resolving power by placing 
limits on W (e.g., in eqn [14]). These may be partly 
overcome by optically coupling the dispersers to 
immersing prisms. This can lead to a doubling of the 
resolving power in some cases. 


Use of prisms. ‘The final method of dispersion is to 
use a prism, This has the advantage that, since it does 
not work by multibeam interference, the light is not 
split into separate orders which removes the problem 
of order-overlap and improves efficiency. However, it 
does not produce the high spectral resolution required 
for some applications and the dependency of dis- 
persion on A is often markedly nonlinear. 


From a consideration of Fermat's principle, it can 
be shown that the resolving power of a prism is: 


M (an) 
at (te 2 
le Bs) 


where ¢ is the baselength of the prism. Using modern 
materials, R = 300 may be obtained. The problem of 
the nonlinearity in dispersion can be alleviated by the 
use of composite materials with opposite signs of 
dispersion. 


Multiobject spectroscopy (MOS) 
As discussed above, there is great value in increasing 
the multiplex gain, This can be done in two ways: 


(i) Increasing the mumber of apertures in the slit 
mask (Multislits). This requires that each slit is 
carefully cut in the mask because, although the 
telescope attitude (translation and rotation) may 
be adjusted to suit one aperture, errors in the 
relative positions of slits cannot be compensated 
since the image scale is fixed. Each aperture 
produces a spectrum on the detector and the 
mask designer must ensure that the targets and 
their matching slits are chosen to avoid overlaps 
between spectra and orders. This has the effect of 
limiting the surface density of targets which can 
be addressed in one observation. Passband filters 
can be used to limit the wavelength range and 
reduce the overlap problem, This option requires 
superior optics able to accommodate both a wide 
FOV and large disperser. 

Using optical fibers (Multifibers). A number of 
fibers may be deployed at the telescope focus to 


(ii) 
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direct light from the various targets to a remote 
spectrograph whose input focus consists of one or 
more continuous pseudoslits. These are made up 
of the fiber outputs arranged in a line. The 
continuous nature of the slit means that spectral 
overlap is avoided without restricting the surface 
density of addressable targets; although there is a 
limit imposed by the distance of closest approach 
of the fibers. The method of deploying the fiber 
inputs may be a plugplate consisting of pre-cut 
holes into which encapsulated fibers are manually 
plugged, or a pick-and-place robot which serially 
positions the fiber inputs at the correct location 
on a magnetized field plate. The latter is highly 
versatile but mechanically complex with a 
significant configuration time that may erode 
the actual on-target integration time. 


The two systems have contrasting capabilities 
(Figure 7). The multislit approach provides generally 
better SNR since the light feeds into the spectrograph 
directly, but is compromised in terms of addressable 
surface density of targets, by the need to avoid 
spectral overlap and in FOV by the difficulty of the 
wide-field optics. A current example of this type of 
instrument, GMOS, is shown in Figure 8 and 
described in Table 5. The multifiber approach is 
limited in SNR by modal noise in the fibers and 


Multisit 


From telescope 
(or fore-optics) 


attendant calibration uncertainties and the lack of 
contiguous estimates of the sky background. How- 
ever, it is easier to adapt to large fields since the 
spectrograph field can be much smaller than the field 
over which the fiber inputs are distributed. In 
summary, multislit systems are best for narrow-but- 
deep surveys while the multifiber systems excels at 
wide-but-shallow surveys. Fiber-fed instruments may 
further prove their worth in ELTs where technical 
problems may require that these bulky instruments 
are mounted off the telescope (see below for further 
discussion). 

Of paramount importance in MOS is the quality of 
the background subtraction as discussed above. 
Traditionally, this requires slits which sample the 
sky background directly adjacent to the object. An 
alternative is nod-and-shuffle (va-et-vient) in which 
nearby blank regions are observed alternately with 
the main field using the same slit mask by moving the 
telescope (the nod), In the case of CCDs, the photo- 
generated charge from the interleaved exposures is 
stored temporarily on the detector by moving it to an 
unilluminated portion of the device (the shuffle). 
After many repeats on a timescale less than that of 


variations in the sky background (a few minutes), the 
accumulated charge is read out, incurring the 
read-noise penalty only once, Although requiring 
an effective doubling of the exposure time and an 
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Figure 8 The Gemini Multiobject Spectrograph (GMOS). One of two built for the two Gemini &-m telescopes by a UK~Canadian 
Consortium. It includes an integral field capablity provided by a fiber-nsiet module built by the University of Durham. The optical 
configuration s the same as shown in Figure 2 Ii shown mounted on an instrument support unit which includes a mirror to direct ight 
{rom the telescope into diferent instruments. The ight paths shown by the red dashed ine. The silt masks are cut by a Nd-YAG laser in 


3-ply carbon fiber sheets. See Table for the specification, 


‘Table 5 Main characteristics of the Gemini mutiabject spactrographs 


Image scale 72 masipixel 
Detector CCD with 13.5 wm pixels 
Format: 8 x (4608 x 2048) 
Wavelength Total: 0.4-1.0 um 
range Simultaneous: = 1 octave 
Spectral resolving = 000 with 0.5" sit 
power 


FOV 
Sltimask configuration 


55x55 
‘Stow x 100 sits of wieth = 0.2" 
Integra field unit 1500 x 0.2" samples in 60 sq: 


Dispersion options 8 gratings + mirror for imaging 


increase in the size of the detector, this technique 
allows the length of the slits to be reduced since no 
contiguous sky sample is required, thereby greatly 
increasing the attainable multiplex gain if the number 
density of potential targets is sufficiently high. 


Integral field spectroscopy (IFS) 
IFS provides a spectrum of each spatial sample 
simultaneously within a contiguous FOV. Other 
approaches provide the same combination of imaging 
and spectroscopy but require a series of nonsimulta- 
neous observations. Examples include imaging 
through a number of narrow passband filters with 
different effective wavelength and spectroscopy 
with a single slit which is stepped across the object. 


Other such techniques are Fabry-Perot, Fourier- 
transform and Hadamard spectroscopy. Since the 
temporal variation of the sky background is a major 
limitation in astronomy of faint objects, IFS is the 
preferred technique for terrestrial observations of 
faint objects, but nonsimultaneous techniques are 
preferable in certain niche areas, and relatively more 
important in space where the sky background is 
reduced. 
‘The main techniques (Figure 9) are as follows: 


(i) Lenslets, The field is subdivided by placing an 
array of lenslets at the telescope focus (or its 
conjugate following re-imaging fore-optics) to 
form a corresponding array of micropupils. 
These are re-imaged on the detector by a focal 
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Figure 9 Main techniques of integral feld spectroscopy. 


reducer using a conventional disperser. The 
spectra are, therefore, arranged in the same pat- 
tern as that of the lenslet array. Spectral overlap is, 
reduced by angling the dispersion direction away 
from the symmetry axes of the lenslet array and 
by the fact that the pupil images are smaller than 
the aperture of the corresponding lenslet. 
(ii) Fibers + lenslets, The field is subdivided as in (i) 
but the pupil images are relayed to a remote 
spectrograph using optical fibers which reformat 
the field into linear pscudoslits, This avoids the 
problem of overlap, allowing a greater length of 
spectrum than in (i), but is more complex since 
the arrays of fibers and lenslets must be precisely 
co-aligned and are subject to modal noise in the 
fibers. 
Image slicer. The field is subdivided in only one 
dimension by a stack of thin slicing mirrors 
placed at a conjugate of the telescope focus 
(Figure 10). Each mirror is angled so as to direct 
light to its own pupil mirror which re-images the 
field to form part of a linear pseudoslit, Thus the 
slices into which the image is divided are 
rearranged end-to-end to form a continuous slit 
at the spectrograph input. Unlike the other 
techniques, this retains spatial information 
along the length of each slice. This is dispersed 
by conventional means via a focal-reducer. An 
additional optic is often required at the image of 
each slice at the slit to reimage the micropupil 
images produced by the slicing mirrors onto a 
common pupil inside the spectrograph. In 
principle this is the most efficient of the three 


(iit) 


i 


Datacube 


methods since the one-dimensional slicing 
produces fewer diffraction losses in the spectro- 
graph than the two-dimensional division used by 
the others, and minimizes the fraction of the 
detector surface which must be left unillumi- 
nated in order to avoid cross-talk between 
noncontiguous parts of the field. However the 
micromirrors are difficult to make since they 
require diamond-turning or grinding in metal or 
glass with a very fine surface finish (typically 
with RMS ~1 nm for the optical and ~ 10 nm in 
the infrared). This sort of system is, however, 
well-matched to cold temperatures, since the 
optical surfaces and mounts may be fabricated 
from the same material (e.g., Al) or from 
materials with similar thermal properties. 


The data are processed into a datacube whose 
dimensions are given by the two spatial coordinates, 
x.y, plus wavelength. The datacube may be sliced up 
in Ways analogous to tomography to understand the 
physical process operating in the object. 


Spectropolarimetry and Polarimetry 


Spectropolarimetry and polarimetry are analogous to 
spectroscopy and imaging, where the polarization 
state of the light is measured instead of the total 
intensity. Like IFS, spectropolarimetry is a photon- 
starved (ie., limited in SNR by photon noise) area 
which benefits from the large aperture of current and 
projected telescopes. 

The Stokes parameters of interest are I, Q, and U. 
Vis generally very small for astronomical objects. 
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Figure 10 Principio of the advanced image slicer. Only three slices are shown hore. Real devices have many more, 0.9, the IFU for 
the Gemini Near-infrared Spectrograph has 21 to provide a 5” x 3" field with 0.15" x 0.15" sampling. Reproduced from Content R 
(1997) A new design for integral field spectroscopy with 8 m telescopes. Proceedings SPIE 2871: 1295~ 1906. 


From these, the degree and azimuthal angle of linear 
polarization are obtained as: 


‘The Stokes parameters may be estimated using a 
modified spectrograph with a rotatable achromatic 
half-wave retarder, characterized by the angle of 
rotation about the optical axis, 6, placed before the 
instrument and a polarizing beamsplitter which 
separates the incident beam into orthogonal polariz~ 
ation states (Figure 11), The two states are recorded 
simultaneously on different regions of the detector. 
The separation is achieved usually through the 
angular divergence produced by a Wollaston prism 
placed before the disperser or through the linear offset 
produced by a calcite block placed before the slit. The 
intensity as a function of the waveplate rotation 
angle, S(0), is recorded for each wavelength and 
position in the spectrum or image. The Stokes 


parameters for each sample are then given by 
Q _ S(O) ~ Sw 
TO SOF SH 


_ (Aran 
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_[Si=eenD 
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(Art oneBs 
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where A and B are the signals (functions of position 
and/or A) recorded with the waveplate at @= 0 and 
= m2 and the subscripts 1 and 2 refer to the two 
polarization states produced by the beamsplitter. 


unijunction transistor 


discrete semiconductor > single junction > unijunction transistor 


The unijunction transistor (UJT) and programmable unijunction transistor (PUT) are dif- 
ferent internally, but are sufficiently similar in function to be combined in this entry. 


OTHER RELATED COMPONENTS 


+ diode (See Chapter 26) 
+ bipolar transistor (See Chapter 28) 
+ field-effect transistor (See Chapter 29) 


What It Does 


Despite their names, the unijunction transistor 
(UJT) and programmable unijunction transistor 
(PUT) are not current-amplification devices like 
bipolar transistors. They are switching compo- 
nents that are more similar to diodes than to 
transistors, 


The UJT can be used to build low- to mid- 
frequency oscillator circuits, while the PUT pro- 
vides similar capability with the addition of more 
sophisticated control, and is capable of function- 
ing at lower currents. The UJT declined in popu- 
larity during the 1980s after introduction of com- 
ponents such as the 555 timer, which offered 
more flexibility and a more stable output fre- 
quency, eventually at a competitive price. UJTS 
are now uncommon, but PUTS are still available 
in quantity as through-hole discrete compo- 
nents. Whereas an integrated circuit such as a 
555 timer generates a square wave, unijunction 
transistors in oscillator circuits generate a series 
of voltage spikes. 


The PUT is often used to trigger a thyristor (de- 
scribed in Volume 2) and has applications in low- 
power circuits, where itcan draw aslittle as afew 
microamps. 


Schematic symbols for the two components are 
shown in Figure 27-1 and Figure 27-2. Although 
the symbol for the UJT is very similar to the sym- 
bol fora field-effect transistor (FET), its behavior 
is quite different. The bent arrow identifies the 
UIT, while a straight arrow identifies the FET. This, 
difference is of significant importance. 


The schematic symbol for a PUT indicates its 
function, as it resembles a diode with the addi- 
tion of a gate connection. 


Base 2 
Emitter 


Base 1 


Figure 27. Schematic symbol for a unijunction transis: 
for (UIT), Note the bent arrow. The symbol for a field 
effect transistor looks similar, but has a straight arrow, 
The functionality of the two components is very efferent. 
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Figure 11 Schematic layout of spectropolarimeter using a polarizing beamspitter In the collimated beam (e.g., a Wollaston prism 
producing e- and o-states) to produce separate spectra for orthogonal polarization states on the detector. Alternative configurations in 
\which the two polarizations have a inear offset (e.g, a calcite block) may be used in which case the beamspitter is placed before the sit. 


Likewise, C and D are a pair of observations taken 
with @= m/4 and @=37/4, The angled brackets 
indicate a suitable method of averaging the quantities 
inside. The factors wp and wep are estimated as 


and 71 is a single calibration factor for polarization 
state 1 of observation A, etc. One problem is 
instrumental polarization caused by oblique reflec- 
tions from telescope mirrors upstream of the polariz- 
ing waveplate, such as the fold mirror external to 
GMOS (sce Figure 8). This must be carefully 
accounted for by taking observations of stars with 
accurately known polarization. The dispersing 
clement is also likely to be very strongly dependent 
on the polarization state of the incident light with 
widely different efficiency as a function of wave- 
length. Although this effect is cancelled out using the 
procedure described above, it introduces a heavy toll 
in terms of SNR reduction. 


Technology Issues 


Use of Optical Fibers in Astronomy 


Asdiscussed above, optical fibersare commonly usedin 
astronomy for coupling spectrographs to wide, spar- 
sely sampled FOVs in the case of MOS, or small 
contiguously sampled FOVsin the case of IFS. For both 
applications, the most important characteristics are: 


(i) Throughput. Near-perfect transmission is 
required for wavelength intervals of ~1 octave 
within the overall range of 0.3-5 um. For MOS, 
a prime focus fiber feed to an off-telescope 
spectrograph implies fiber runs of several tens 
of meters for 8m_telescopes, increasing 
proportionally for ELTs. For IFS, runs of only 


(i) 


(iii) 


~1m are required for self-contained par-focal 
IFUs, For A<2.5 um, fused silica is a suitable 
material, although it is not currently possible to 
go below ~0.35 um, depending on fiber length. 
Newer techniques and materials may improve 
the situation. For A> 2.5 pm, alternative 
materials are required, such as ZrF4 and, at 
longer wavelengths, chalcogenide glasses, but 
these are much more expensive and difficult to 
use than fused silica. 

Conservation of Etendue. Fibers suffer from 
focal ratio degradation, a form of modal diffu- 
sion, which results in a speeding up of the output 
beam with respect to the input, Viewed as an 
increase in entropy, it results in a loss of 
information. In practice, this implies cither 
reduced throughput, as the fiber output is 
vignetted by fixed-size spectrograph optics, or a 
loss in spectral resolution if the spectrograph is 
oversized to account for the faster beam from the 
fibers, This effect may be severe at the slow focal 
ratios pr oduced by many telescopes (F > 10) 
but is relatively small for fast beams (F <5), 
Thus, its effect may be mitigated by speeding up 
the input beam by attaching lenslets directly to 
the fibers, either individually (for MOS) or in a 
close-packed array (for IFS). If the spectrograph 
‘operates in both fiber- and beam-fed modes (c.g., 
Figure 8), itis also necessary to use lenslets at the 
slit to convert the beam hack to the original 
speed. 

Efficient coupling to the telescope. This requires 
that the fibers are relatively thick to match the 
physical size of the sampling at the telescope 
focus which is typically y,=0.1" for IFS and 
X= 2" for MOS. By conservation of Etendue, 
the physical size of the fiber aperture is, 


di = x,DrF; 129] 
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where F; is the focal ratio of the light entering the 
fiber and Dy is the diameter of the telescope 
aperture. Using the above values with F; = 4, as 
required to maintain Etendue, implies 15 < d; < 
300 pum for an 8 m or 60 < d; < 1200 wm for a 
30m telescope. Except at the lower end, this 
implies the use of multimode (ste 


However, the need in IFS to oversize the 
account for manufacturing errors and current 
requirements of y, = 0.2" to produce sufficient 
SNR in a single spatial sample gives a practical 
limit of d; > 50 um which is in the multimode 
regime. 


Recently, the use of photonic crystal fibers in 
astronomy has been investigated. These, together 
with other improvements in material technology may 
improve the performance of optical fibers, which will 
be of special relevance to ELTs where, for example, 
there will be a need to couple very fast beams into 
fibers. 


Cooling for the Near-Infrared 


As shown in Figure 12, it is necessary to cool 
instruments for use in the infrared, This is to prevent 
thermal emission from the instrument becoming the 
dominant noise source. The minimum requirement is 
to place a cold stop at a conjugate of the telescope 
pupil. However, much of the rest of the instrument 
requires cooling because of the nonzero emissivity of 
the optics. The telescope also requires careful design. 


For example, the Gemini telescopes are optimized for 
the NIR by undersizing M2 so that the only stray 
light entering the final focal surface is from the cold 
night sk 

Irrespective of the thermal background and wave- 
length, all detectors (see Table 4), require cooling to 
reduce internally generated noise to acceptable levels. 
For the CCDs used in the optical, the cryogen is liquid 
nitrogen, but for the infrared, cooling with liquid 
helium is required. 


Structure 


As discussed above, the necessity for instruments to 
scale in size with the telescope aperture cannot be 
achieved by simply devising a rigid structure, since 
the required materials are generally not affordable 
(instruments on 8 m telescopes cost roughly €/$ 5S— 
15M, including labor). Furthermore, the stability 
also depends critically on the mounting of the 
individual optical elements, where the choice of 
material is constrained by the need for compliance 
with the optical materials. The solution adopted for 
GMOS was to design the collimator and camera 
mounting so that variations in the gravity vector 
induce a translation in each component orthogonal to 
the optical axis without inducing tilts or defocus. 
Therefore, the only effect of instability is a translation 
of the image of the slit on the detector. Since the slit 
area is rigidly attached to the telescope interface, the 
image of a celestial object does not move with respect 
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Figure 12_ Illustration ofthe need for cooling in NIR instruments. This fs modeled forthe case ofa spectrograph on an 8 m telescope 
with 0.2" x 0.2" sampling with both throughput and total emissivity of §0%. The curves indicate the cumulative thermal background for 
wavelengths shoriward ofthat shown on the scale. For comparison, a typical dark currentis shown for NIR datactors (see Table 4). Also 
shown is the background fram the night sky for the case of the H:band, for two values of spectral resolution, A. The mean sky 
background level is shown for both values of Fi. Far R = 3000, the continuum level found between the strong, narraw OH-lines which 
‘make up most of the signal is also shown. To abserve in the H-band, cooling to — 40°C is required for high spectral resolution, but is 
lunnecessary at low resolution. At longer wavelengths, fully cryogenic cooling with quid nitrogen is generally required. 
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to the slit providing that the telescope correctly tracks 
the target. The motion of the image of the slit on the 
detector is then corrected by moving the detector 
orthogonal to the optical axis to compensate. Taking 
account of nonrepeatable motion in the stucture and 
the detector mounting, it proved possible to attain the 
desired stability in open-loop by measuring the 
flexure experienced with the control system turned 
off, making a look-up table to predict the required 
detector position for each attitude setting (elevation 
and attitude) and applying the correction by counting 
pulses sent to the stepper motors which control the 
detector translation. 

Some instruments require much greater stability 
than GMOS does. The flexure-control outlined above 
may be augmented by operation in closed-loop so 
that nonrepeatable movements may be accounted for. 
However, this ideally requires a reference light source 
which illuminates the optics in the same way as the 
light from the astronomical target and which is 
recorded by the science detector without adversely 
impacting the observation. Alternatively, partial 
feedback may be supplied by repeated metrology of 
key optical components such as fold-mirrors. 

One strategy to measure radial velocities to very 
small uncertainities (a few meters per second) is to 
introduce a material (e.g., iodine) into the optical 
path, which is present throughout the observations. 
This absorbs light from the observed object's con- 
tinuum at one very well-defined wavelength. Thus, 
instrument instability can be removed by measuring 
the centroid of the desired spectral line in the object 
relative to the fixed reference produced by the 
absorption cell. However, flexure must still be care- 
fully controlled to avoid blurring the line during the 
course of a single exposure. 

Mounting of instruments via a fiber-feed remotely 
from the telescope, at a location where they are not 
subjected to variations in the gravity vector, is a 
solution for applications where great stability is 
required. But, even here, care must be taken with 
the fore-optics and pickoff system attached to the 
telescope, and to account for modal noise induced by 
changes in the fiber configuration as the telescope 
tracks. 

Finally, the instrument structure has other func- 
tions. For cooled instruments, a cryostat is required 
inside which most of the optical components are 
mounted. For uncooled instruments, careful control 
of temperature is needed to avoid instrument motion 
due to thermal expansion. This requires the use of an 
enclosure which not only blocks out extraneous light, 
but provides a thermal buffer against changes in the 


ambient temperature during observations and 
reduces thermal gradients by forced circulation of air. 


Diffraction: Diffraction Gratings. Fiber and Guided Wave 
Optics: Fabrication of Optical Fiber. Imaging: Adaptive 
Optics. Instrumentation: Telescopes; Spectrometers. 
Spectroscopy: Fourier Transform Spectroscopy; Hada- 
mard Spectroscopy and Imaging, 
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Introduction 


Ellipsometry measures a change in polarization as 
light reflects from or transmits through a material 
structure, The polarization-change is represented as 
an amplitude ratio, W, and a phase difference, A. The 
measured response is dependent on optical properties 
and thickness of each material. Thus, ellipsometry is 
primarily used to determine film thickness and optical 
constants. However, it is also applied to the charac- 
terization of composition, crystallinity, roughness, 
doping concentration, and other material properties 
associated with a change in optical response. 

Interest in ellipsometry has grown steadily since the 
1960s as it provided the sensitivity necessary to 
measure nanometer-scale layers used in microelec- 
tronics. Today, the range of applications has spread to 
basic research in physical sciences, semiconductor, 
data storage, flat panel display, communication, 
biosensor, and optical coating industries. This wide- 
spread use is due to increased dependence on thin 
films in many areas and the flexibility of ellipsometry 
to measure most material types: dielectrics, semicon 
ductors, metals, superconductors, organics, biologi- 
cal coatings, and composites of materials. 

This article provides a fundamental description of 
cllipsometry measurements along with the typical 
data analysis procedures. The primary applications of 
ellipsometry are also surveyed. 


Light and Materials 


Ellipsometry measurements involve the interaction 
between light and material. 


Light 


Light can be described as an electromagnetic wave 
traveling through space. For ellipsometry, it is 
adequate to discuss the electric field behavior in 
space and time, also known as polarization. The 
electric field of a wave is always orthogonal to the 
propagation direction. Therefore, a wave traveling 
along the z-direction can be described by its x- and 
y-components. If the light has completely random 


orientation and phase, it is considered unpolarized. 
For ellipsometry, we are interested in the case where 
the electric field follows a specific path and traces out a 
distinct shape at any point. This is known as polarized 
light, When two orthogonal light waves are in-phase, 
the resulting light will be linearly polarized (Figure 1a). 
The relative amplitudes determine the resulting 
orientation. If the orthogonal waves are 90° out-of- 
phase and equal in amplitude, the resultant light is 
circularly polarized (Figure 1b). The most general 
polarizations ‘elliptical’, which combines orthogonal 
waves of arbitrary amplitude and phase (Figure 1c). 
This is how ellipsometry gets its name. 


Materials 


Two values are used to describe optical properties, 
which determine how light interacts with a material. 
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Figure 1 Orthogonal waves combine to demonstrate polariz- 
ation: (a) linear; (b) circular; and (c) eliptical 


298 INSTRUMENTATION /Ellipsometry 


‘They are generally represented as a complex number. 
The complex refractive index (7) consists of the index 
(7) and extinction coefficient (k): 


=ntik mM 


Alternatively, the optical properties can be rep- 
resented as the complex dielectric function: 
@=e2,+ie) (21 


with the following relation between conventions: 


€ 3] 


The index describes the phase velocity for light as it 
travels through a material compared to the speed of 
light in vacuum, c: 

vas i41 
Light slows as it enters a material with higher index. 
Because frequency remains constant, the wavelength 
will shorten, The extinction coefficient describes the 
loss of wave energy to the material. It is related to the 
absorption coefficient, a, as: 


4nk 
a 


{5} 


Light loses intensity in an absorbing material, 
according to Beer’s Law: 


Kg) = Kye [6] 


Thus, the extinction coefficient relates how quickly 
light vanishes in a material, These concepts are 
demonstrated in Figure 2, where a light wave travels 
from air into two different materials of varying 
properties. 


Figure 2 Wave travels from ar into absorbing Film 1 and then 
transparent Film 2. The phase velocity and wavelength change in 
teach material depending on index of refraction (Film 1: n= 

Film 2: n= 2) 


The optical constants for TiO, are shown in 
Figure 3 from the ultraviolet (UV) to the infrared 
(IR). The optical constants are wavelength dependent 
with absorption (& > 0) occurring in both UV and IR, 
due to different mechanisms that take energy from the 
light wave. IR absorption is commonly caused by 
molecular vibration, phonon vibration, or free- 
carriers. UV absorption is generally due to electronic 
transitions, where light provides energy to excite an 
electron to an elevated state. A closer look at the 
optical constants in Figure 3 shows that real and 
imaginary optical constants are not independent. 
Their shapes are mathematically coupled together 
through Kramers—Kronig consistency. Further details 
are covered later in this article. 


Interaction Between Light and Materials 


Maxwell's equations must remain satisfied when light 
interacts with a material, which leads to boundary 
conditions at the interface, Incident light will reflect 
and refract at the interface, as shown in Figure 4, The 
angle between the incident ray and sample normal 


0307034 a8 
Photon energy —eV (log scale) 


Figure 3 Complex clolectric function for TiO» fim covering 
wavelengths trom the infrared (small eV) to the ultraviolet 
(igh ev). 


Figure 4 


Light reflects and refracts according to Snel’ law. 
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(@) will be equal to the reflected angle, (¢,). Light 
entering the material is refracted to an angle (d,) 
given by: 

rng sin(dh) = m1 sin() 71 
The same occurs at every interface where a portion 
reflects and the remainder transmits at the refracted 
angle. This is illustrated in Figure 5. The boundary 
conditions provide different solutions for electric 
fields parallel and perpendicular to the sample 
surface. Therefore, light can be separated into 
orthogonal components with relation to the plane 
of incidence. Electric fields parallel and perpendicular 
to the plane of incidence are considered p- and 
s polarized, respectively. These two components are 
independent for isotropic materials and can be 
calculated separately. Fresnel described the amount 
of light reflected and transmitted at an interface 
between materials: 


14,608 8 —m, C08 A 


in,cos,+n,coso, a 
£08 A= MOS gp) 
7, C08 8 + 7 C08 8, 
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Thin film and multilayer structures involve multiple 
interfaces, with Fresnel reflection and transmission 
coefficients applicable at each. It is important to track 
the relative phase of cach light component to 
correctly determine the overall reflected or trans- 
mitted beam. For this purpose, we define the film 
phase thickness as: 


B an( 2.) cos 


The superposition of multiple light waves introduces 
interference that is dependent on the relative phase of 
each light wave, Figure 5 illustrates the combination 
of light waves in the reflected beam and their 
corresponding Fresnel calculations. 


19] 


Ellipsometry Measurements 


For ellipsometry, primary interest is measurement of 
how p- and s-components change upon reflection or 
transmission relative to each other. In this manner, 
the reference beam is part of the experiment, A 
known polarization is reflected or transmitted from 
the sample and the output polarization is measured. 
The change in polarization is the ellipsometry 
measurement, commonly written as: 


= tan(W) e* [10] 
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Figure § Light reflects and retracts at each interface, which leads to multiple beams in a thin fllm. Interference betwoen beams 


‘depends on relative phase and amplitude 
the response from each contributing bear. 


‘the electric fields. 


ssnel reflection and transmission coefficients can be used ta calculato 
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An example ellipsometry measurement is shown in 
Figure 6. The incident light is linear with both p- and 
scomponents. The reflected light has undergone 
amplitude and phase changes for both p- and 
s-polarized light, and ellipsometry measures their 
changes. 

‘The primary methods of measuring ellipsometry 
data all consist of the following components: light 
source, polarization generator, sample, polarization 
analyzer, and detector. The polarization generator 
and analyzer are constructed of optical components 
that manipulate the polarization: polarizers, compen- 
sators, and phase modulators. Common ellipsometer 
configurations include rotating analyzer (RAE), 
rotating polarizer (RPE), rotating compensator 
(RCE), and phase modulation (PME). 

‘The RAE configuration is shown in Figure 7. A 
light source produces unpolarized light, which is sent 
through a polarizer, The polarizer passes light of a 
preferred electric field orientation. The polarizer axis 
is oriented between the p- and s-planes, such that 
both arrive at the sample surface. The linearly 
polarized light reflects from the sample surface, 


4. Known input 
polarization 


&. Pplane 


becoming elliptically polarized and travels through 
a continuously rotating polarizer (referred to as the 
analyzer). The amount of light allowed to pass will 
depend on the polarizer orientation relative to the 
electric field ‘ellipse’ coming from the sample. The 
detector converts light from photons to electronic 
signal to determine the reflected polarization. 
This information is used with the known input 
polarization to determine the polarization change 
caused by the sample reflection. This is the ellipso- 
metry measurement of V and A. 


Single Wavelength Ellipsometry (SWE) 


SWE uses a single frequency of light to probe the 
sample. This results ina pair of data, Wand A, used to 
determine up to two material properties. The optical 
design can be simple, low-cost, and accurate. Lasers 
are an ideal light source with well-known wavelength 
and significant intensity. The optical elements can be 
optimized to the single wavelength. However, there is 
relatively low information content (two measurement 
values). SWE is excellent for quick measurement of 


9, Measure input 
polarization 


2. Reflect off sample 


Figure 6 Typical ellipsometry configuration, where linearly polarized light is reflected from the sample surtace and the polarization 


change is measured to determine the sample response. 


Light source 
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Figure 7 Rotating analyzer elipsometer configuration uses a polarizer to define the incoming polarization and a rotating polarizer after 
the sample to analyze the outgoing light. The detector converts light to a voltage with the time-dependence leading to measurement af 


the reflected polarization. 
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nominally known films, like SiO, on Si. Care must be 
taken when interpreting unknown films, as multiple 
solutions occur for different film thickness. The 
data from a transparent film will cycle through the 
same values as the thickness increases. From Figure 5, 
it can be seen that this is related to interference 
between the multiple light beams, The refracted 
light may travel through different thicknesses to 
emerge in-phase with the first reflection, but is the 
returning light delayed by one wavelength or multiple 
wavelengths? Mathematically, the thickness cycle can 
be determined as: 


uy 


This is demonstrated in Figure 8, where the complete 
thickness cycle is shown for SiO, on Si at 75° angle of 
incidence and 500.nm wavelength. A bare silicon 
substrate would produce data at the position of the 
star. As the film thickness increases, the data will 
move around this circle in the direction of the arrow. 
From eqn [11], the thickness cycle is calculated as 
226 nm. Thus the cycle is completed and returns to 
the star when the film thickness reaches 226 nm, Any 
data point along the cycle represents a series of 
thicknesses which depend on how many times the 
cycle has been completely encircled. For example, the 
square represents a data point for 50 nm thickness. 
However, the same data point will represent 276 and 
502. nm thicknesses. A second data point at a new 
wavelength or angle would help determine the correct 
thickness. 


ol 2y= 226 nm 


Real (p) 


50, 276, 502 pm. 
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Figure 8 Data from a single wavelength will cycle through the 
same points as the film thicknass increases. The star represents, 
the starting point, with no SiO, flm on Si. As the thickness 
increases, the data follow the cycle in the direction of the arrow. 
Alor the cycle is complete (thickness = D,), the data repeat the 
‘eycle. Thus, any point along the curve represents multiple 
possible thicknesses ~ example shown by a square at 50 nm 
thickness, which is also equal to 276 and 502 nm. 


Spectroscopic Ellipsometry (SE) 


Spectroscopic measurements solve the ‘period’ pro- 
blem discussed for SWE. Data at surrounding 
wavelengths insure the correct thickness is deter- 
mined, even as there remain multiple solutions at one 
wavelength in the spectrum. This is demonstrated in 
Figure 9, showing the spectroscopic data for the first 
three thickness results. The SE data oscillations 
clearly distinguish each thickness. Thus, a single 
thickness solution remains to match data at multiple 
wavelengths. 

SE provides additional information content for 
each new wavelength. While the film thickness will 
remain constant regardless of wavelength, the optical 
constants will change across the spectrum, The 
optical constant shape contains information regard- 
ing the material microstructure, composition, and 
more. Different wavelength regions will provide the 
best information for each different material property 
For this reason, SE systems have been developed 
to cover very wide spectral regions from the UV to 
the IR. 

Spectroscopic measurements require an additional 
component, a method of wavelength selection. The 
most common methods include the use of mono- 
chromators, Fourier-transform spectrometers, and 
gratings or prisms with detection on a diode array. 
Monochromators are typically slow as they sequen- 
tially scan through wavelengths. Spectrometers and 
diode arrays allow simultaneous measurement at 
multiple wavelengths. This has become popular with 
the desire for high-speed SE measurements, 


Variable Angle Ellipsometry 


Ellipsometry measurements are typically performed 
at oblique angles, where the largest changes in 
polarization occur. The Brewster angle, defined as: 


tan(by) = 2 12) 
iy 
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Figure 9 Three spectroscopic ellipsometry measurements that 
match at 500 nm wavelength, but are easily distinguishable as a 
function of wavelength, 
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gives the angle where reflection of p-polarized light 
goes through a minimum, Ellipsometry measure- 
ments are usually near this angle, which can vary 
from 55° for low-index dielectrics to 75° or 80° for 


semiconductors and metals. 
It is also common to measure at multiple angles of 
incidence in ellipsometry. This allows additional data 
to be collected for the same material structure under 
different conditions. The most important change 
introduced by varying the angle is the change in 
path length through the film as the light refracts at a 
different angle. Multiple angles do not always add 
new information about a material structure, but the 
extra data builds confidence in the final answer. 


In Situ 


Within the last decade, it has become common to 
employ optical diagnostics during processing. In situ 
ellipsometry allows the optical response to be 
monitored in real-time. This has also led to feedback 
control for many processes. While int sitw is generally 
restricted to a single angle of incidence, there is a 
distinct advantage to collecting data at different 
‘times’ during processing to get unique ‘glimpses? of 
the sample structure as it changes. 

In situ SE is commonly applied to semiconductors. 
Conventional SE systems measure from the UV to 
NIR, which matches the spectral region where 
semiconductors absorb due to electronic transitions. 
The shape and position of the absorption can be very 
sensitive to temperature, composition, crystallinity, 
and surface quality, which allows SE to closely 
monitor these properties. In sit SE has also been 


used to monitor numerous material types, including 
metals and dielectrics. A promising in situ application 
is for multilayer optical coatings, where thickness and 
index can be determined in real-time to allow 
correction of future layers, to optimize optical 
performance. 


Data Analysis 


Ellipsometry measures changes in polarization. How- 
ever, it is used to determine the material properties of 
interest, such as film thickness and optical constants. 
In the case of a bulk material, the equations derived 
for a single reflection can be directly inverted to 
provide the ‘pseudo’ optical constants from the 
ellipsometry measurement, p: 


alt rw 12 
(2) = sin’ ea oi) 113] 


This equation assumes there are no surface layers of 
any type. However, there is typically a surface oxide 
or roughness for any bulk material and the direct 
inversion would incorporate these into the bulk 
optical constants. The more common procedure 
used to deduce material properties from ellipsometry 
measurements follows the flowchart in Figure 10, 
Regression analysis is required because an exact 
equation cannot be written, Often the answer is over- 
determined with hundreds of experimental data 
points for a few unknowns. Regression analysis 
allows all of the measured data to be included when 
determining the solution. 
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Figure 10 Flowchart for elipsometry data analysis. 
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Data analysis proceeds as follows. After the sample 
is measured, a model is constructed to describe the 
sample, The model is used to calculate the predicted 
response from Fresnel’s equations. Thus, each material 
must be described with a thickness and optical 
constants. If these values are not known, an estimate 
is given for the purpose of the preliminary calculation. 
The calculated values are compared to experimental 
data. Any unknown material properties can then be 
varied to improve the match between experiment and 
calculation. The number of unknown properties 
should not exceed the information content contained 
in the experimental data. For example, a single- 
wavelength ellipsometer produces two data points 
(¥,4) which allows a maximum of two material 
properties to be determined. Finding the best match 
hetween the model and experiment is typically done 
through regression. An estimator, like the mean 
squared error (MSE), is used to quantify the difference 
between curves. The unknown parametersare allowed 
to vary until the minimum MSE is reached. 


Care must be taken to ensure the best answ 
found, corresponding to the lowest MSE. For 
example, Figure 11a shows the MSE curve versus 
film thickness for a transparent film on silicon, There 
are multiple ‘local’ minima, but the lowest MSE value 


occurs at a thickness of 749 nm, This corresponds to 
the correct film thickness. It is possible that the 
regression algorithm will mistakenly fall into a ‘local’ 
minima, depending on the starting thickness and the 
MSE structural conditions. Comparing the results by 
eye for the lowest MSE. and a local minima easily 
distinguish the true minima (see Figures 11b and c), 


Ellipsometry Characterization 


‘The two most common material properties studied by 
ellipsometry are film thickness and optical constants. 
In addition, ellipsometry can characterize material 
properties that affect the optical constants. Crystal- 
linity, composition, resistivity, temperature, and 
molecular orientation can ail affect the optical 
constants and in turn be measured by ellipsometry. 
This section details many of the primary applications 
important to ellipsometry. 


Film Thickness 


The film thickness is determined by interference 
between light reflecting from the surface and light 
traveling through the film. Depending on the relative 
phase of the rejoining light to the surface reflection, 
there can be constructive or destructive interference. 
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Figure 11 (a) MSE curve versus thickness shows the ‘global minimum where the best match between model and experiment occurs, 


and ‘loca’ minima that may be found by the regression algorithm, 


but do not give the final resut. (b) The experimental data and 


‘corresponding curves generated for the model at the ‘global’ minimum. (c) Similar curves at the ‘local’ minimum near 0.45 microns 


thickness is easly distinguishable as an incorrect result. 


How It Works 


In Figure 27-3, the transistors at left and center 
are old-original unijunction transistors, while the 
fone at right is a programmable unijunction 
transistor. (Left: Maximum 300mW, 35V inter- 
base voltage, Center: 450mW, 35Vinterbase volt- 
age. Right: 300mW, 40V gate-cathode forward 
voltage, 40V anode-cathode voltage) 


‘Anode 


Gate 


Cathode 


Figure 27-2. Schematic symbol for a programmable uni 
Iunetion transistor (PUT). The symbol accurately sug: 
‘gests the similarity in function to a diode, with the addi 
tion of a gate to adjust the threshold voltage. 


Figure 27-3. The unijunction transistors at left and center 
are becoming obsolete; the one at the right is a program: 

‘mable unijunction transistor (PUT), stil readily available 
and widely used as a thyristor tieger, 


How It Works 


The UJT is a three-terminal semiconductor de- 
vice, but contains only two sections sharing a 
single junction—hence its name. Leads attached 
to opposite ends of a single channel of N-type 
semiconductor are referred toas base 1 and base 
2,with base 2 requiring a slightly higher potential 
than base 1. A smaller P-type insert, midway be- 
‘tween base 1 and base 2, is knownas the emitter. 


discrete serniconductor 


single junction > unijunction transistor 
The diagram in Figure 27-4 gives an approximate 
idea of internal function, 


When no voltage is applied to the emitter, a rel- 
atively high resistance (usually more than 5K) 
prevents significant current flow from base 2 to 
base 1. When the positive potential atthe emitter 
increases to a triggering voltage (similar to the 
Junction threshold voltage of aforward-biased di- 
ode), the internal resistance ofthe UJT drops very 
rapidly, allowing current to enter the component 
via both the emitter and base 2, exiting at base 
1. (Theterm ‘current’ refers, here, to convention- 
al current; electron flow is opposite) Current 
flowing from base 2 to base 1 is significantly 
greater than current flowing from the emitter to 
base 1 


Figure 27-4. Internal workings of a unijunction transistor. 
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Figure 12 (a) Reflected intensity and (b) elissometric delta fr three thin oxides on silican show the high sensitivity of 4 to nanometer- 


scale films not available from the intensity measurement. 


The interference involves both amplitude and phase 
information. The phase information from A is very 
sensitive to films down to submonolayer thickness. 
Figure 12 compares reflected intensity and ellipso- 
metry for the same series of thin SiOz layers on Si. 
There are large variations in A, while the reflectance 
for each film is nearly the same. 

Ellipsometry is typically used for films with 
thickness ranging from sub-nanometers to a few 
microns, As films become greater than several tens of 
microns thick, it becomes increasingly difficult to 
resolve the interference oscillations, except with 
longer infrared wavelengths, and other characteriz- 
ation techniques become preferred. 

Thickness measurements also require a portion of 
the light to travel through the entire film and return to 
the surface. If the material is absorbing, thickness 
measurements by optical instruments will be limited 
to thin, semi-opaque layers. This limitation can be 
circumvented by measuring ina spectral region where 
there is lower absorption. For example, an organic 
film may strongly absorb UV and IR light, but remain 
transparent at mid-visible wavelengths. For metals, 
which strongly absorb at all wavelengths, the 
maximum layer for thickness determination is 
typically ~100 nm. 


Optical Constants 


Thickness measurements are not independent of the 
optical constants. The film thickness affects the path 
length of light traveling through the film, but the 
index determines the phase velocity and refracted 
angle. Thus, both contribute to the delay between 
surface reflection and light traveling through the film. 
Both m and & must be known or determined along 
with the thickness to get the correct results from an 
optical measurement, 

‘The optical constants for a material will vary for 
different wavelengths and must be described at all 
wavelengths probed with the ellipsometer. A table of 


optical constants can be used to predict the response 
at each wavelength. However, itis less convenient to 
adjust unknown optical constants on a wavelength- 
by-wavelength basis. It is more advantageous to use 
all wavelengths simultaneously. A dispersion relation- 
ship often solves this problem, by describing the 
optical constant shape versus wavelength. The 
adjustable parameters of the dispersion relationship 
allow the overall optical constant shape to match the 
experimental results. This greatly reduces the number 
of unknown ‘free’ parameters compared to fitting 
individual 7, k values at every wavelength, 

For transparent materials, the index is often 
described using the Cauchy or Sellmeier relationship. 
The Cauchy relationship is typically given as: 


B 
na) = A+ + 14) 


ra 
where the three terms are adjusted to match the 
refractive index for the material. The Sellmeier 
relationship enforces Kramers—Kronig (KK) consist- 
ency, which ensures the optical dispersion retains a 
realistic shape. The Cauchy is not constrained by KK 
consistency and can produce unphysical dispersion. 
The Sellmeier relationship can be written as: 


1151 


Absorbing materials will often have a transparent 
wavelength region that can be modeled with the 
Cauchy or Sellmeier relationships. However, the 
absorbing region must account for both real and 
imaginary optical constants. Many dispersion 
relationships use oscillator theory to describe the 
absorption for materials, which include the Lorentz, 
Harmonic, and Gaussian oscillators. They all share 
similar attributes, where the absorption features 
are described with an amplitude, broadening, 
and center energy (related to frequency of light). 
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Figure 13 Lorentz oscilator illustrating the primary oscillator 
parameters: amplitude (4), broadening (8), and center energy 
(E,) to describe the imaginary dielectric function shape and an 
offset (ef) to help match the real component after KK 
transformation has defined its shape. 


Kramers—Kronig consistency is used to calculate the 
shape of the real component after the imaginary 
behavior is described by the oscillator. An offset to the 
real component is added to account for extra 
absorption outside the measured spectral region, 
The Lorentz oscillator can be written as: 


[6] 


where the parameters for amplitude (A), broadening 
(B), center energy (E,), and offset (ey n44¢)) are also 
shown in Figure 13 for a typical Lorentz oscillator. 
The energy, E, is related to the frequency of a wave, 


1240 


E=hv= 71 


where h is Planck’s constant and the wavelength, A, is 
given in nanometers. More advanced dispersion 
models, like the Tauc-Lorentz and Cody—Lorentz, 
will include terms to describe the bandgap energy. 


Mixing Materials 


When two or more materials are mixed on a 
microscopic level, an effective medium approxi- 
mation (EMA) may be used to determine the resulting 
optical constants. In the case of the Bruggemann 
EMA, which is commonly used, the mixture optical 
constants (é) relate to those of the individual 
materials, as: 


2 lee 


;, Be Fat 
by + eat 


fa (18) 


This can be interpreted as small particles of 
material A suspended in host material B. The 


length-scale for mixed particles must satisfy certain 
clectromagnetic equations: typically smaller than one 


tenth the wavelength of light. In practice, EMA 
theory is useful for studying very thin surface rough- 
ness or interfacial intermixing of materials. These 
cases are both generally approximated by mixing 
the two surrounding materials in equal portions. 
In the case of surface roughness, the second 
material is void (n= 1), EMA theory has also been 
extended for application to porous materials where 
the directional dependence of the inclusions is 
handled mathematically. 


Crystallinity 


Semiconductors such as Si, are widely used materials, 
but their properties depend strongly on crystallinity. 
‘The UV absorption features in crystalline silicon are 
broadened and shifted as the material becomes more 
amorphous. This change in optical properties related 
to the degree of crystallinity has been used 
to advantage with ellipsometry measurements to 
monitor semiconductors and other films. Polysilicon 
films are used in both the display and semiconductor 
industry. The degree of crystallinity varies for 
different process conditions and can be monitored 
optically to ensure consistent material properties. 


Composition 


‘The composition of many alloys will affect the optical 
constants. The strongest changes often occur in the 
absorbing region, with shifts in position and ampli- 
tude of absorption features. For example, the elec- 
tronic transitions in Hgi_.Cd,Te move to higher 
energy with Cd concentration increase (Figure 14). 
This material is used for IR detectors that 
require precise control of composition. Spectroscopic 
ellipsometry performs this task in real-time with 
instant feedback to correct the composition during 
processing. Other applications include AlGaN and 
InGaN for optoelectronics. 
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Figure 14 Optical properties for HgCdTe vary with changes 
in composition, 


92m Taro pny 
=e 
7 pe 
3 g 
a fa 
5 = 
F 49 10} 
° 
a a eT 
ia eae, ‘ Rees 
es 
g22 
3 2 
& é 
bao é 
Eis 
‘s 
© Distance from substrate in A 


Figure 15 Experimental elipsometry data and corresponding fit when the model is described as (a) a homogeneous single-layer and 
(©) a graded film with index variation through the fim. (c) The best model to match subtleties in experimental data allows the indax to 
Increase toward the surface of the film, with a thin roughness layer on the suriace. 


Doping Concentration 


Dopants in a material will introduce absorption in the 
infrared due to free-carriers. Spectroscopic ellipso- 
metry measurements at long wavelengths can charac- 
terize this optical absorption, thus characterizing the 
doping concentration. This is common for highly 
doped semiconductors and transparent conductors 
such as indium tin oxide (ITO). 


Optical Variation (Grading) 


Many thin film properties change vertically through- 
out the film (along the direction perpendicular to the 
surface). This is most often induced by processing 
conditions, whether intentional or unintentional. 
Figure 15a shows the fit to experimental spectro- 
scopic ellipsometry data taken from a single-layer 
film when it is modeled as a homogeneous layer. To 
improve the agreement between experimental and 
model-generated curves, the index was allowed to 
vary ina linear manner throughout the film. The best 
fic is shown in Figure 1Sb, where the model includes 
the index variation and a thin surface roughness layes 


The sample structure is demonstrated in Figure 1 


Optical Anisotropy 


Many materials are optically anisotropic; ic., their 
optical properties vary in different film directions. 


Typical ellipsometry measurements assume no cross- 
coupling between p- and s-polarizations. This cannot 
be assumed with anisotropic materials, which has led 
to ‘generalized’ ellipsometry measurements. General- 
ized ellipsometry measures additional information 
regarding the p- to s- and s- to p- conversion upon 
reflection. This allows characterization of anisotropic 
materials, which contain directionally dependent 
optical constants. 


Conclusions 


Ellipsometry is a common optical technique for 
measuring thin films and bulk materials, It relies 
on the polarization changes due to reflection or 
transmission from a material structure to deduce 
material properties, like film thickness and optical 
constants, This technique continues to develop as 
the requirement for thin film characterization 
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Introduction 


Fundamentals of Photometry 


Photometry is defined by the International Commis- 
sion on Illumination (internationally known as 
CIE from the abbreviation of its French name: 
Commission Internationale de l’Eclairage) as 
‘measurement of quantities referring to radiation as 
evaluated according to a given spectral efficiency 
function, e.g., V(A) or Vi(A).” A note to the above 
definition states that in many languages it is used in a 
broader sense, covering the science of optical 
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radiation measurement. We will restrict our treatise 
to the above fundamental meaning of photometry. 
Under spectral efficiency function we understand 
the spectral luminous efficiency function of the 
human visual system. The internationally agreed 
symbols are V(A), for photopic vision (daylight 
conditions) and V'(A) for scotopic vision (nighttime 
conditions). CIE. standardized the V(A) function in 
1924 and the V'(A) function in 1951; their spectral 
distribution is shown in Figure 1. The V(A) function 
was determined using mainly the so-called flicker 
photometric technique, where the light of a reference 
stimulus and of a test stimulus of varying wavelengths 
shown to the human observer at a 


are alternative 
frequency at which the observer is already unable to 
perceive the difference in color (due to the different 
wavelength of the two radiations), but still perceives a 
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Figure 1 Spectral eficioncy functions of the human eye under 
phatapic V(A) and scotopic V"(A) conditions (see CIE The basis of 
physical photometry. CIE 18.2:1983). 


flicker sensation if the luminances of the two 
stimuli are different. Adjusting the radiance of 
the test stimulus, we can reach the situation of 
minimum flicker sensation. In this case we state 
that we set the two stimuli to equal luminance. 
Luminance is the quantity that the human observer 
perceives as brightness (in the case of near white 
stimuli, see below); radiance is the physical counter- 
part measured in W mse, For the V((A) function 
fone can just project the two stimuli side by side, as 
under scotopic adaptation we cannot distinguish 
colors, only brightness differences are perceived, 
thus one can set equal scotopic luminance for the 
two stimuli by adjusting the brightness of the test 
stimulus until it agrees with that of the reference 
stimulus, 

Iluminating engineering was mainly interested in 
describing the effect of near white light, and 
therefore a psychophysical correlation was selected 
that described the perceived brightness sensation 
reasonably well. For near white stimuli, additivity 
holds, i.c., if A, B, C, and D are four stimuli, and 
the A stimulus matches the B stimulus and the C 
stimulus matches the D stimulus, then the super- 
position of the A and C stimuli matches the 
superposition of the B and D stimuli. The ‘match’ 
word is used here to describe stimuli that produce 
the same perception. It could be shown that for 
these stimuli, if the radiance is weighted with the 
V(a) function, the constructed luminances will be 
equal, i.e 


if Ly = Ly and Le 


> 


then Ly +Le=Ly+Lp, or La + Lp = 


where 


780 ns 
.f SyVarda a 
30 nm 


and x refers to A, or B, or C, or D, and Syy is the 
spectral radiance distribution that produces the 
stimulus 


sca) 


erry 


where S(A) is the spectral radiance. Ky is the 
maximum value of the luminous efficacy of radiation, 
its value is 6831mW~' (sce the discussion of 
luminous flux in the sub-section on photometric 
quantities). To be precise the integration should go 
from Onm to infinity, but it is usual to define the 
lower and upper wavelength limits of the visible 
spectrum as 380.nm and 780mm. V(A) is defined 
between 360nm and $30 nm, and V'(A) between 
380 nm and 780 nm, see Figure 1. 

‘We have to stress that the concept of luminance ~ 
and the entire system of the present-day photometry ~ 
is not to quantify brightness perception; it is only 
a reasonable approximation for near white stimuli 
For colored lights a brightness—luminance discre- 
pancy exists (called the Helmhotz—Kohlrausch effect: 
saturated colors look brighter than predicted by 
luminance), Luminance is, however, a good descrip- 
tion for the visibility of fine details, thus it is a good 
concept for lighting calculations. 

Photometry has a unique situation in the SI system 
of units: the candela (ed) isa base unit of the SI system, 
the only one that is connected to psychophysical 
phenomena. By 1979, in the definition of the 16th 
General Conference of Weights and Measures, the 
candela was traced back to radiation quantities; 
nevertheless it was keptas the base unit of photometry: 


‘The candela is the luminous intensity, in a given 
direction, of a source that emits monochromatic 
radiation of frequency 540 x 10"? Hz and that has 
radiant intensity in that direction of 1/683 W sr! 
(540 x 10"* Hz corresponds approximately to 555 nm.) 


To be able to calculate a photometric quantity 
of radiation of other wavelengths, one of the 
psychophysical functions V(A) or VA) has to be 
used and eqn [1] applied. We will see later that 
besides VA) and VQ) in modern applications, a 
number of further spectral luminous efficiency func- 
tions might be used. 


Photometric Quantities 


As discussed in the previous section, from the point of 
view of vision, the most important quantity is 
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luminance, Looking, however, at the definition of the 
hase unit, its obvious that from the physical point of 
view the definition of a quantity corresponding to 
radiant power, measured in watts, can help to bridge 
the gap between photometry and radiometry: lumi- 
nous flux, measured in lumens (Im), with the symbol 
®, is defined by eqn [1], with S,(A) inserted in Wm. 

Based on this more practical quantity of luminous 
flux and its unit, Im, the different quantities used in 
photometry can be built up as follows: 


™ deb,(A) 
suminous flux: ® = K, A 2 
L ff ® Kn, VOM 121 


where (A) is the radiant flux measured in W, 


dha) 
= 
is the spectral distribution (or spectral concentration) 
of the radiant flux (W m™!), K,, = 683 lm W~, is the 
maximum value of the luminous efficacy of radiation 
for Ay = 55S nm. 

Similar equations can be written for scotopic 
luminous flux, with V(A) exchanged with VQ), 
where Kj, =1700ImW"' for A, = S07 nm. All 
further quantities can be defined both for photopic 
and scotopic conditions. Here we write them only as 
photopic quantities. 


db 


=G 


Luminous intensity 13] 
where dib is the luminous flux traveling in an 
elementary solid angle dQ, assuming a point source 
(see Figure 2). The unit of luminous intensity is the 
candela (ed = Im sr~*). 


Luminance: L= 


l41 


where di is the luminous flux traveling in an ele- 
mentary solid angle dQ, dA is the elementary surface 


Figure 2 Concopt of point source, solid angle, and luminous 
intensity. 


Solid angle do 


area emitting the radiation, and @ is the angle bet- 
ween the normal of dA and the direction of luminance 
measurement (see Figure 3). The unit of luminance 
is cd m * (in some older literature called nit). 


db 


ae 151 


Mluminance: E 


where d® is the luminous flux incident on the dA 
clement of a surface (see Figure 4). The unit of 


illuminance is the lux (Lx = Imm 


A remark on the use of SI units and related quantities 
No prefixes can be added to the SI units, thus 
irrespective whether one measures luminance based 


da. 


Figure 3 Geometry forthe definition of luminance. 


Flux trom the hemisphere 


aA. 


Figure 4 luminance is the total luminous flux per unit area 
incident ata point coming from a hemispherical sold angle, 
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on the photopic V(A) function, or the scotopic V'(A) 
function, the so-determined photopic luminance or 
scotopic luminance is measured in cdm-* (no 
photopic or scotopic lumen, candela, etc., exist!). 
This often creates confusion, because only for a 
555m monochromatic radiation will a led m= 
photopic or scotopic luminance produce equal visual 
sensation, for every other wavelength the two are not 
commensurable. One can only relate photopic 
measurement results to photopic ones, and scotopic 
measurement results to scotopic ones. 


Concepts of Advanced Photometry 


The quantities and units, as described in the previous 
section, are the quantities and units internationally 
agreed by the Meter Convention and the Inter- 
national Standards Organization (ISO). Modern 
photometric applications need, however, some 
further quantities and weighting functions. Thus 
CIE, the international organization for the develop- 
ment of standards in the field of optical radiation 
measurements, has defined a series of further weight- 
ing functions and quantities. The most important 
ones are the following: 


Vei() function 

In the blue part of the spectrum (below 460 nm) the 
values of the V(A) function turned out to be too low. 
For decades this was only of concern for the vision 
research community, but with the introduction of 
blue LEDs and other short wavelength emitting 
sources (e.g., blue channel of displays) this short- 
coming of the V(A) function became of practical 
importance, The ‘CIE 1988 2° spectral luminous 
efficiency function for photopic vision’ corrects this 
anomaly (see 


Vyo(A) function 

The official V(A) function is valid only for foveal 
vision (ie., for targets that are smaller than 4° of 
visual angle). The foveal area of the retina is covered 
with a yellow pigmented layer (macula lutea) that 
absorbs in the blue part of the spectrum, at larger 
visual angles this screening is not effective anymore. 
The Vio(A) function was determined for a visual angle 
of 10° (see Figure 5). Its international recommen- 
dation is still under consideration at the time of 
writing this article and if accepted, it will be 
recommended for targets seen at approximately 10° 
off-axis, e.g,, for measuring the photometric proper- 
ties of trathic signs and signals, where the driver has 
to observe the information in the periphery of his 
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Figure § Spectral luminous efficiency (SPL) functions defined 
‘or under consideration for international adaption: V2: standard 
VA) function; VM2: CIE 1988 Vj(A) function, this is equivalent to 
the brightness SPL for a point source; V10: 10° visual field SPL, 
Vb,2: 2 visual field brighiness SPL, Vi); Vb,10: 10 visual fila 
brightness SPL, Vo a). 


Brightness matching functions 

Asalready mentioned in the Introduction, luminance 
is not a good correlate of brightness, which is a 
human perception. To find a better correlation of 
brightness the problem to be addressed is that 
brightness is a nonadditive phenomenon, i.e., in eqn 
[1] one cannot add (integrate) the monochromatic 
radiations to get a brightness correlation for a 
nonmonochromatic radiation. Brightness evaluating 
spectral luminous efficiency functions can be used 
only to compare monochromatic radiations. The CIE 
has compiled such functions for point sources, 2° and 
10° visual field sizes. Figure 5 also shows these 
functions. 

Due to the fact that the brightness perception is, 
nonadditive in respect of the stimuli that produce it, 
no brightness photometry can be built that uses 
equations, as shown in eqn [1]. For brightness 
description we have to rely on the concept of 
equivalent luminance, a term the definition of which 
has recently been updated. 


Equivalent luminance 

Of a field of given size and shape, for a radiation of 
arbitrary relative spectral distribution L,,: Lumi- 
nance of a comparison field in which monochromatic 
radiation of frequency $40 x 10'* Hz has the same 
brightness as the field considered under the specified 
photometric conditions of measurement; the com- 
parison field must have a specified size and shape 
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which may be different from that of the field 
considered. 

To build an instrument that measures this quantity 
is a real challenge for the future, 


Advanced Use of Photometry 


Based on above newly defined quantities, several 
attempts are under way to extend the usefulness of 
photometry in designing the human visual environ- 
ment, The eye is an optical system and as in every 
such system, the depth of focus and the different 
aberrations of the system will decrease with decteas- 
ing pupil size. Pupil size will decrease with increasing 
illumination, and in the case of constant luminance 
with higher content of short wavelength radiation. 
Thus, there exists a school of researchers who 
advocate that increased blue content in the light has 
heneficial effects on vision, and one should extend the 
classical photopic-hased photometry with a scotopic- 
based one to properly describe the visual effect of 
lighting. 

Other investigations are concerned about the 
visibility at low light levels, the range used in street 
lighting (from about a few thousands of a candela per 
square meter to about a few candelas per square 
meter, according to one definitions: 10° 'ed m *— 
3.cdm*). In this mesopic range both rods and cones 
are contributing to vision, and this changes with 
lighting level and direction of view (for foveal vision, 
ie, looking straight ahead, photopic photometry 
seems to hold even at low light levels). For peripheral 
visual angles brightness perception and the percep- 
tion of an object (a signal, sign or obstacle in a 
nighttime driving situation) seem to have different 
spectral responsivity. In driving situations the necess- 
ary reaction time of the driver is an important 
parameter, thus experiments are going on to define 
a photometric system based on reaction time 
investigations. 

In indoor situations apart from the necessary 
level of illumination, the observed glare is a 
contributor whether an environment will be 
accepted as pleasing or annoying. Illuminating 
engineering distinguishes between two types of 
glare: disability glare reduces visibility, discomfort 
glare is just an annoying experience without 
influencing the short-term task performance. An 
interesting question is the spectral sensitivity to 
discomfort glare, as it can influence not only indoor 
but also outdoor activity. Preliminary experiments 
seem to show that luminance sensitivity and 
discomfort glare sensitivity have different spectral 
distribution; glare sensitivity seems to peak at 
shorter wavelengths. 


The above might be related to a further question, 
lying already at the boundaries of photometry, but 
that has to be considered in photometric design and 
measurement: the human daily and yearly rhythm 
(circadian and seasonal rhythm) of human activity 
coupled to hormone levels. They are influenced by 
light, as, for example, the hormone melatonin 
production is influenced by light exposure. Physio- 
logical investigations showed that melatonin pro- 
duction suppression has a maximum around 460 nm 
and might be coupled to a radiation sensitive ganglion 
cell in the retina, Whether discomfort sensation is 
mediated via the same neural pathway or via a visual 
one has not yet been decided. But photometry has to 
take these also into consideration and in the future, 
measurement methods and instruments to determine 
them, will have to be developed. 


Advances in Photometric 
Measurements 


Primary Standards 


The main concern in photometry is that the uncer- 
tainty of photometric measurements is still much 
higher than that in other branches of physics. This is 
partly due to the higher uncertainty in radiometry and 
partly to the increase in uncertainty within the chain 
of uncertainty propagation from the National Lab- 
oratory to the workshop floor measurement, 

In National Standards Laboratories, very sophisti- 
cated systems are used to determine the power of the 
incoming radiation and then elaborated spectro- 
radiometric techniques are used to evaluate the 
radiation in the form of light, ie., perform photo- 
metric measurements (c.g. NIST CIRCUS equip- 
ment, where multiple laser sources are used as power 
sources, and highly sophisticated methods to produce 
a homogeneous nonpolarized radiation field for the 
calibration of secondary photometric detectors). 

There is, however, also a method to supply end 
users with absolute detectors for the visible part of the 
spectrum, Modern high-end Si photovoltaic cells have 
internal quantum efficiencies in the visible part of the 
spectrum of over 99.9%. Reflection losses at the 
silicon surface are minimized by using three or more 
detectors arranged in a trap configuration, where the 
light reflected from one detector is fed to the second 
one, from there to the third one, and eventually to 
some further ones. In a three detector configuration, 
as shown in Figure 6, the light from the third detector 
is reflected back to the second and from there to the 
first one. As every detector reflects only a small 
amount of radiation, by the fifth reflection practically 
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Detector 2 


Figure 6 Schematic layout ofa three Si-cel trap detector light 
comes in from the lef, is first party absorbed, party reflected on 
Detector 1, then on Detector 2, then on Detector 3, from where itis 
reflected back to Detector 2 and 1 


all the radiation is absorbed and contributes to the 
electric signal. Such trap detectors have an almost 
100% quantum efficiency in the visible part of the 
spectrum, and can be used as photometric detectors if 
a well designed color correcting filter is applied in 
front of the detector. 


Secondary Type Measurements 


In practical photometry the three most important 
quantities to be measured are the total luminous flux 
of different lamps, the illuminance in a plane and the 
luminance. 


Light source measurement 

Total luminous flux. ‘The two methods to measure 
the total luminous flux is to use a goniophotometer or 
a photometer (Ulbicht) sphere. In goniophotometry, 
recent years have not brought major breakthroughs, 
the automation of the systems got better, but the 
principles are unchanged. 

‘The integrating sphere photometer (a sphere with 
inner white diffuse coating, where the lamp is in the 
middle of the sphere) used to be a simple piece of 
equipment to compare total luminous flux lamps 
against flux standards. In recent years a new 
technique has been developed at NIST-USA. This 
enables the absolute measurement of luminous flux 
from illuminance measurement, the fundamentals of 
this new arrangement being shown in Figure 7: the 
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Figure 7 Arrangement of the absolute integrating sphere 
system developed at NIST for the detector-based total luminous 
flux calibration. By permission of IESNA from Ohno Y and 
Bergman R (2003) Detector-raferenced integrating sphere 
photometry for industry. J. IES Summer 21~26. 


test lamp is as usual in the middle of the sphere, but 
now light from an external source is introduced into 
the sphere. An illuminance meter measures the flux 
entering from this source. The sphere detector 
compares the two signals (y, and y,). Knowing the 
absolute characteristics of the sphere (a difficult 
measurement) one can determine the total luminous 
flux of the test lamp using the absolute illuminance 
value. As illuminance is easily determined from 
luminous intensity (from eqns [3] and [5] one gets 
with dQ = dA/r* that [f7’, where ris the distance 
between the source and the illuminated surface, 
supposed to be perpendicular to the direction to the 
source), this technique permits us to derive the total 
luminous flux scale from illuminance or luminous 
intensity measurement using an integrating sphere. 


Luminous intensity of LEDs. An other major 
break-through achieved during the past years was the 
unified measurement of LED intensity. Light-emitting 
diodes became, in recent years, important light 
sources for large scale signaling and signing, and it 
is foreseen that they will become important con- 
tributors in every field of light production (from car 
headlamps to general illumination). The most funda- 
mental parameter of the light of an LED is its 
luminous intensity. The spatial power distribution of 
LEDs is usually collimated, but the LEDs often 
squint, as seen in Figure 8. In the past, some 
manufacturers measured the luminous intensity in 
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the direction of maximum emission, others used the 
direction of the optical axis for this quantity. The 
highly collimated character of the radiation made 
measurements in far field rather difficult. Therefore, 
CIE recommended a new term and measuring 
geometry: average LED intensity can be measured 
under two measuring conditions, as shown in 
Figure 9. The detector has to be set in the direction 
of the LED mechanical axis (discussions are still 
going on as to what the reference direction should be 
with modern surface mounted LEDs, as with those 
the mechanical axis is ill-defined, the normal to the 
hase-plane could be a better reference direction). The 
detector has to have an exactly 1.00 cm? circular 
aperture, and the distance hetween this aperture and 
the tip of the LED is for condition A, d= 0.316 m, 
and for Condition B, d=0.100m (these two 
distances with the 1.00.cm* detector area provide 
0,001 st (steradians) and 0.01 sr opening angles). 
Recent international round-robins have shown that, 
based on the new recommendations, agreement 
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Figure 8 Spatial light distribution of an LED, Figure 8a shows 
the distrbution ofa ‘squinting’ LED in a plane including the optical 
axis, Figure 8b shows light distribution ina plane perpendicular to 
the optical axis. By permission of the Commission Internationale 
de Eclalrage, from the Publication "Measurement of LEDs" CIE 
127-1997; CIE Publications are obtainable from the CIE Central 
Bureau: Kegelgasse 27, A-1033 Wien, Austria. 


hetween different laboratories decreased from the 
10 to 20% level to 1 to 2%. The remaining difference 
is mainly due to the fact that the LEDs emit in narrow 
wavelength bands, and the transfer of the calibration 
value for the 100 mm* detector from a white (CIE 
Standard Illuminant A color temperature) incandes- 
cent lamp to the narrow band LED emission is still 
uncertain, mainly due to stray light effects in the 
spectral responsivity and emission measurement. 


Luminance distribution measurement 
The human observer sees luminance (and color) 
differences, Thus for every illuminating engineering 
design task the luminance distribution in the environ- 
ment is of utmost importance. Traditionally this was 
measured using a spot-luminance meter, aiming the 
device into a few critical directions. The recent 
development of charge coupled device (CCD) two- 
dimensionally sensitive arrays (and other, ¢.g., MOS- 
FET, CMOS, Charge injection device (CID), charge 
imaging matrix (CIM) systems: as for the time being 
the CCD technology provides best performance, we 
will refer to two-dimensional electronic image 
capture devices as to CCD cameras) opened the 
possibility of using an image-capturing camera for 
Iuminance distribution measurements. Such measure- 
ments are hadly needed in display calibration, near- 
field photometry (photometry in planes nearer than in 
which the inverse square law holds), testing of car 
headlamp light distribution, glare, and homogencity 
studies indoors and outdoors, etc 

Solid-state cameras have the big advantage over 
older type vacuum-tube image capturing devices, 
that the geometric position and alignment of the 
single pixels is well-defined and stays constant. 
Nowadays, CCD image detector chips are mass 
produced, and one can get a variety of such devices 
and cameras starting with some small resolution 
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Figure 9 Schematic diagram of GIE Standard Conditions fr the measurement of Average LED Intensity. Distance d— 0.316 m for 
Condition A and d= 0.100 m for Condition B. By permission of the Commission Intemationale de [Eclairage, from the Publication 
"Measurement of LEDs" CIE 127-1997; CIE Publications are obtainable from the CIE Central Bureau: Kegelgasse 27, A-1033 Wien, 


Austria. 


discrete semiconductor > 


The graph in Figure 27-5 outlines the behavior of 
a UIT. As the voltage applied to the emitter in- 
creases, current flowing into the component 
from the emitter increases slightly, until the trig- 
gering voltage is reached. The component's in- 
temal resistance now drops rapidly. This pulls 
down the voltage at the emitter, while the cur- 
rent continues to increase significantly. Because 
of the drop in resistance, this is referred to as a 
negative resistance region. The resistance actual- 
ly cannot fall below zero, but its change is nega- 
tive, After emitter voltage drops to a minimum 
known as the valley voltage, the current contin- 
ues to increase with a small increase in voltage. 
On datasheets, the peak currentis often referred 
to as |p while valley currents |,. 
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Figure 27-5. Response curve of a unijunction transistor 
(UIT). When positive potential at the emitter reaches the 
Inggering voltage, internal resistance drops radically and 
the component goes through a phase known as “negative 
resistance" as current increases 


Figure 27-6 shows a test circuit to demonstrate 
the function ofa UJT, witha volt meter indicating 
its status. A typical supply voltage would range 
from 9VDC to 20VDC. 


single junction > unijunction transistor 


Figure 27-6. A test circuit for a unijunction transistor 
(UIT) using 2 volt meter to show its response as a potent 
‘meter increases the voltage applied to its emitter. 


‘A PUT behaves similarly in many ways to a UJT 
butis internally quite different, consisting of four 
semiconducting layers and functioning similarly 
toa thyristor. 


‘The PUT is triggered by increasing the voltageon 
the anode. Figure 27-7 shows a test circuit for a 
PUT. This component is triggered when the volt- 
age at its anode exceeds a threshold level, while 
the gate sets the threshold where this occurs. 
When the PUT is triggered, its internal resistance 
drops, and current flows from anode to cathode, 
with a smaller amount of current entering 
through the gate. This behavior is almost identi- 
calto that of a forward-biased diode, except that 
the threshold level can be controlled, or “pro- 
grammed,” according to the value of the positive 
potential applied at the gate, with RI and R2 es- 
tablishing that potential by functioningas a volt- 
age divider. 
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(few thousand pixels) devices up to cameras with tens 

of mega pixel resolution, Detectors are now available 

with internal intensification enabling measurements 

down to a few photons per second intensity levels. 
Main problems with these detectors are: 


«# spectral and absolute nonuniformities of the single 
pixels (see Figure 10), where a spatial homogeneity 
map of a CCD two-dimensional array detector is 
shown; the irregular 3% sensitivity change on the 
surface of the detector is negligible for imaging 
purposes, but has to be corrected in cases of 
photometric measurements. Even if the receptor 
chip would have an absolutely homogeneous 
sensitivity, there would be a drop in response 
from the middle of the imaging area to the 
boarders: Light reaching the edges of the detector 
reach the detector at an oblique angle and this 
produces a decrease of sensitivity with a*, where a 
is the angle of incidence, measured from the middle 
of the lens to the given pixel of the detector and the 
surface normal of the detector. 

«# aliasing effects if the pixel resolution is not large 
enough to show straight lines as such when they are 
not in line with a pixel row or column. 

nonlinearity and cross-talk among the adjacent 

pixels. Figure 11 shows the so-called ‘inverse 
gamma’ characteristic of a CCD camera. The 
igital electronic output of the camera shows a Y = 

E-” type function, where Y is the output DAC 

(digital-analog converter) values, E is the irradi- 

ance of the pixel, and y is the exponent (this 

description comes from the film industry, where 
the film density depends exponentially on the 


Figure 10 Spatial homogeneity of a two-dimensional CCD 
array. 


irradiation; display devices have usually a non- 
linear input (DAC value) — output (luminance) 
characteristic, and the camera inverse gamma 
value corrects for this output device characteristic. 
This is, however, not required if the camera is used 
for photometric measurements; this built-in non- 
linearity has to be corrected in the evaluating soft- 
ware if the camera is intended for photometric 
‘measurements, 

# to be able to perform photometric measurements 
the camera has to have a spectral responsivity 
corresponding to the CIE V(A}-function. Many 
cameras have built-in filters to do this ~ eventually 
also red and blue filters to be able to capture color — 
but the color correction of cameras, where the 
correction is made by small adjacent filter chips, is 
usually very poor. Figure 12 shows the spectral 
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Figure 11 ‘Inverse gamma’ characteristic of a commercial 
digital photographic camera, measurement points are shown at 
uiiferent speed settings, curve is a model function representative 
of the camara response, 
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Figure 12. Spectral sensitivity of a commercial digital photo- 
graphic camera. 
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sensitivity curve of a digital photographic camera; 
the output signal is produced by an internal matrix 
transformation of the signals produced by adjacent 
pixels equipped with different color filters. 
Figure 13 shows the spectral sensitivity of a CCD 
camera specially designed for photometric 
measurements. Naturally, meaningful photometric 
measurements can be made only with such a 
camera. Very often, however, an approximate 
luminance distribution is enough, and then a 
picture captured by a digital photographic camera, 
plus one luminance measurement of a representa- 
tive object for absolute calibration, suffices. 


Above nonspectral systematic errors can be cor- 
rected by appropriate soft-ware, so a CCD camera 
photometer, as shown schematically in Figure 14, is 
well suited to measure display characteristics, indoor 
and outdoor luminance distributions. The challenge 
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Figure 13 Spectral sensitivity of a CCD camera specially 
designed for photometric measurements. Kindly supplied by 
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Figure 14 Cross-section of a photometric CCD camera, 


for illuminating engineering is at present how the 
many millions of luminance values can be evaluated 
to get to meaningful light measurement data, 

The real challenge will come if visual science 
provides better hints how the human visual system 
evaluates the illuminance distribution on the retina, 
and instrument manufacturers will be able to capture 
signals corresponding to those produced by the 
receptor cells and provide the necessary algorithms 
our brain uses to get to brightness, lightness, color, 
luminance contrast, and glare type of output 
information, 


Concluding Remarks 


Advances in optical instrumentation, both in the field 
of light sources and detectors — coupled with the 
possibilities modern digital computation (eventually 
in the future increasing the use of neural networks) ~ 
provide already many new measurement technical 
solutions and further ones are certainly underway. 

The use of LEDs needs the rethinking of many 
classical illuminating engineering concepts, from 
visibility and glare evaluation, evenness of illumina- 
tion to color rendering. All of them are coupled with 
problems in basic photometry. Thus, there is a need to 
re-evaluate concepts used in design techniques. The 
new area-sensitive detectors provide methods of 
determining classical photometric quantities of entire 
visual fields in one shot, but already foreshadow the 
development of new quantities that correlate better 
with visual perceptions, 


List of Units and Nomenclature 


‘Terms with an * refer to definitions published by the 
CIE. in the International Lighting Vocabulary, CIE 
17.4:1986, where further terms and definitions 
related to light and lighting are to be found. 

Candela’: SI unit of luminous intensity: The 
candela is the luminous intensity, in a given direction, 
of a source that emits monochromatic radiation of 
frequency $40 x 10'*hertz and that has a radiant 
intensity in that direction of 1/683 watt per steradian, 
(16th General Conference of Weights and Measures, 
1979). 


ed=11msr* 


Equivalent luminance’: Luminance of a compari- 
son field in which monochromatic radiation of 
frequency 540 x 10’ Hz has the same brightness as 
the field considered under the specified photometric 
conditions of measurement; the comparison field 
must have a specified size and shape which may be 
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different from that of the field considered. 


unit : ed m™? 
Not 


1. Radiation at a frequency of $40 x 10"? Hz has a 
wavelength in standard air of 555.016 nm. 

2. A comparison field may also be used in which the 
radiation has any relative spectral distribution, if 
the equivalent luminance of this field is known 
under the same conditions of measurement. 


Far field photometry: 
inverse square law is valid. 

Flicker photometer’: Visual photometer in which 
the observer sees either an undivided field illuminated 
successively, or two adjacent fields illuminated alter- 
nately, by two sources to be compared, the frequency 
of alteration being conveniently chosen so that it is 
above the fusion frequency for colours but below the 
fusion frequency for brightnesses. 

Fovea’: Central part of the retina, thin and 
depressed, which contains almost exclusiv 
and forming the site of most distinct vision. 

Note: The fovea subtends an angle of about 
0.026 rad (1.5 degree) in the visual field. 

Goniophotometer’: Photometer for measuring the 
directional light distribution characteristics of 
sources, luminaires, media or surfaces. 

luminance’: Quotient of the luminous flux deb, 
incident on an element of the surface containing the 
point, by the area dA of that element. 

Equivalent definition. Integral, taken over the 
hemisphere visible from the given point, of the 
expression L, cos @d0, where L, is the luminance 
at the given point in the various directions of the 
incident elementary beams of solid angle d0, and @ is 
the angle between any of these beams and the normal 
to the surface at the given point. 


do 
re 


Photometry where the 


= f, L, cos 0d 


unit: Ix = Imm? 


Inverse square law: The illumination at a point on a 
surface varies directly with the luminous intensity of 
the source, and inversely as the square of the distance 
between the source and the point if the source is seen 
as a point source. 

Lumen’: SI unit of luminous flux: Luminous flux 
emitted in unit solid angle (steradian) by a uniform 
point source having a luminous intensity of 1 candela. 
(9th General Conference of Weights and Measures, 
1948). 

Equivalent definition. Luminous flux of a beam of 
monochromatic radiation whose frequency is 


540 x 10" hertz. 
1/683 watt. 
Luminane 


and whose radiant flux is 


Quantity defined by the formula 


ao 
A cos aN 


where @@ is the luminous flux transmitted by an 
elementary beam passing through the given point and 
propagating in the solid angle dQ containing the 
given direction; dA is the area of a section of that 
beam containing the given point, @ is the angle 
between the normal to that section and the direction 
of the beam. 


unit : ed mo? 

Luminous intensity”: Quotient of the luminous flux 
d@, leaving the source and propagated in the element 
of solid angle dO containing the given direction, by 
the clement of solid angle: 
de, 

D 


unit : ed = Im sr 


1 


‘Lux*: SI unit of illuminance: Illuminance produced 
ona surface of area 1 square meter by a luminous flux 
of 1 lumen uniformly distributed over that surface. 


lix=1lmm 


Note: Non-metric unit: lumen per square foot 
(Im ft-*) or footeandle (fe) (USA) = 10.764 Ix. 

Nearfiled photometry: photometry made in the 
vicinity of an extended source, so that the inverse 
square law is not valid. 

Photometer (or Ulbicht) sphere’: A hollow sphere, 
whitened inside. Owing to the internal reflexions in 
the sphere, the illumination on any part of the 
sphere’s inside surface is proportional to the luminous 
flux entering the sphere, or produced inside the sphere 
bya lamp. The illuminance of the internal sphere wall 
is measured via a small window. 

Pixel: The individual picture elements of an image 
or elements in a display that can be addressed 
individual 

Radian 


Quantity defined by the formula 


where a is the radiant flux transmitted by an 
elementary beam passing through the given point 
and propagating in the solid angle d@ containing the 
given direction; dA is the area of a section of that 
beam containing the given point, @ is the angle 
between the normal to that section and the direction 
of the beam. 


unit: Wm™ srad 
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Retina’: Membrane situated inside the back of the 
eye that is sensitive to light stimuli; it contains 
photoreceptors, the cones and the rods, and nerve 
cells that interconnect and transmit to the optic nerve 
the signals resulting from stimulation of the 
photoreceptors. 

Spectral’: An adjective that, when applied to a 
quantity X pertaining to electromagnetic radiation, 
indicates: 


~ either that X is a function of the wavelength A, 
symbol: X(A), 

= or that the quantity referred to is the spectral 
concentration of X, symbol: X, = dX/da 


X, is also a function of A and in order to stress this 
may be written X,(A) without any change of meaning. 

Spectral luminous efficiency function: for photopic 
vision, V(A); for scotopic vision V'(A)": Ratio of the 
radiant flux at wavelength A,, to that at wavelength A 
such that both radiations produce equally intense 
luminous sensations under specified photometric 
conditions and A,, is chosen so that the maximum 


value of this ratio is equal to 1. 

Unless otherwise indicated, the values used for the 
spectral luminous efficiency in photopic vision are the 
values agreed internationally in 1924 by the CIE 
(Compte Rendu 6° session, p.67), completed by 
interpolation and extrapolation (Publications CIE 
No.18 (1970), p.43 and No. 15 (1971), p.93), and 
recommended by the International Committee of 
Weights and Measures (CIPM) in 1972. For scotopic 
vision, the CIE in 1951 adopted, for young observers, 
the values published in Compte Rendu 12° session, 
Vol. 3, p. 37, and ratified by the CIPM in 1976. The 
values define respectively the V(A) or V'(A) functions. 
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Introduction 


Scattered light is a limiting source of optical noise in 
many advanced optical systems, but it can also be a 
sensitive indicator of optical component quality. 
Consider the simple case of a telescope successfully 
used to image a dim star against a dark background; 
however, if light from a bright source (such as the 
moon located well out of the field of view) enters the 


Total luminous flux: luminous flux of a source 
emitted into 47 steradians. 

Trap detector: Detector array prepared from 
detectors of high internal quantum efficiency, where 
the reflected radiation of the first detector is directed 
to the second one, and so on so that practically all 
the radiation is absorbed by one of the detectors 
(the radiation is “trapped” in the detector system). 


See also 


Displays. Incoherent sources: Lamps. 
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telescope, it will scatter from the interior walls and 
the imaging optics themselves. Some of this light 
eventually reaches the detector and creates a dim 
background haze that washes out the image of the 
distant star. A good telescope design accounts for 
these effects by limiting potential scatter propagation 
paths and by requiring that critical elements in the 
optical system meet scatter specifications. This means 
doing a careful system analysis and a means to 
quantify the scattering properties of the telescope 
components. This article discusses modern techniques 
for quantifying, measuring, and analyzing scattered 
light, and reviews their development. 
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Like many scientific advances moving scatterometry 
from an art toa reliable metrology was done in a series 
ofsmall hops (not alwaysin the same direction), rather 
than a single leap. It started in 1961 when a paper by 
Hal Bennett and Jim Porteous reported measurements 
made by gathering most of the light scattered from 
front surface mirrors and normalizing this signal by 
the much larger specular reflection. They defined this 
ratio as the total integrated scatter (TIS), and using a 
scalar diffraction theory result drawn from the radar 
literature, related it to the surface root mean square 
(rms) roughness. By the mid-1970s, several angle- 
resolved scatterometers had been built as research 
tools in university, government, and industry labs. 
Unfortunately, instrument operation and data 
manipulation were generally poor, and meaningful 
comparison measurements were virtually impossible 
due to instrument differences, sample contamination, 
and confusion over what parameters should be 
compared. Analysis of scatter data, to characterize 
sample surface roughness, was the subject of many 
publications. A derivation of what is commonly called 
“BRDF" (bidirectional reflectance distribution func- 
tion) was published by Nicodemus and co-workers at 
the National Bureau of Standards (now the National 
Institute of Science and Technology or NIST) in 1970, 
but did not gain common acceptance as a way to 
quantify scatter measurements until the late 1980s 
when the advent of small computers, combined with 
inspection requirements for defense-related optics, 
dramatically stimulated the development of scatter 
metrology. Commercial laboratory instrumentation 
became available that could measure and analyze as 
many as 50 to 100 samples. day, and the number (and 
sophistication) of measurement facilities increased 
dramatically. The first ASTM Standards were pub- 
lished (TIS in 1987 and BRDF in 1991), but it was still 
several years before most publications correctly used 
these quantifying terms. Government defense funding 
decreased dramatically in the early 1990s, following 
the end of the Cold War, but the economic advantages 
of using scatter metrology and analysis for space 
applications and in the rapidly advancing semi- 
conductor industry, continued state-of-the-art 
advancements. 

The following sections detail how scatter is 
quantified when related to area (roughness) and 
local (pit/particle) generating sources. Instrumenta- 
tion and the use of scattering models are also briefly 
reviewed. 


Quantifying Scattered Light 


Scatter signals can be easily quantified as scattered 
light power per unit solid angle (in watts per 


steradian); however, in order to make the results 
more meaningful, these signals are usually normal- 
ized, in some fashion, by the light incident on the 
scatter source. The three ways commonly employed 
to do this are defined below 

If the scattering feature in question is uniformly 
distributed across the illuminated spot on the sample 
(such as surface roughness), then it makes sense to 
normalize the collected scattered power in watts! 
steradian by the incident power. This simple ratio, 
which has units of inverse steradians, was commonly 
referred to as ‘the scattering function.’ Although this 
term is occasionally still found in the literature, it has 
been generally replaced by the closely related BRDF, 
which is defined by the differential ratio of the sample 
radiance normalized by its irradiance. After some 
simplifying assumptions are made, this reduces to the 
original scattering function with a cosine of the polar 
scattering angle in the denominator. The BRDF, 
defined in this manner, has become the standard 
way to report angle-resolved scatter from features 
that uniformly fill the illuminated spot. The cosine 
term results from the fact that NIST used radiometric 
terms to define BRDF: 


Psi 


BRDF = Ficos @ 


ii 


The scatter function is often referred to as the 
‘cosine corrected BRDF’ and is simply equal to the 
BRDF multiplied by the cosine of the polar scattering 
angle, Figure 1 gives the geometry for the situation, 
and defines the polar and azimuthal angles (9, and 
@,), as well as the solid collection angle ((). Other 
common abbreviations are BSDF, for the more 
generic bidirectional scatter distribution function, 
and BTDF for quantifying transmissive scatter. 


Figure 1 Scatter analysis uses standard spherical coordinates 
to define terms. 
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Integration of the scatter signal over much of the 
scattering hemisphere allows calculation of TIS, as 
the ratio of the scatter signal to the reflected specular 
power. This integration is usually carried out exper 
mentally in such a way that both the incident beam 
and reflected specular beam are excluded. In the most 
common TIS situation, the beam is incident at a small 
angle near surface normal, and the integration is done 
from small values of 8, to almost 90 degrees. If the 
fraction of light scattered from the specular reflection 
is small and if the scatter is caused by surface 
roughness, then it can be related to the rms surface 
roughness of the reflecting surface. As a ratio of 
powers, the TIS is a dimensionless quantity. The 
normalization is by Pr (instead of Pi) because 
reductions in scatter caused by low reflectance do 
not influence the roughness calculation. The pertinent 
relationships are given below, where o is the rms 
roughness and A is the light wavelength: 


TIS = PsiPr = (401 A)" (2) 


OF course, all scatter measurements are inte- 
grations over a detector collection aperture, but the 
TIS designation is reserved for situations where the 
aim is to gather as much scattered light as possible, 
while ‘angle resolved’ designs are created to gain 
information from the distribution of the scattered 
light. Notice that TIS values become very large when 
measured from a diffuse surface, where the specular 
reflection is very small. Although TIS can be 
measured for any surface, the diffuse reflectance 
(equal to Ps/Pi) would often be more appropriate 
for diffuse surfaces. The various restrictions asso. 
ated with relating TIS to rms roughness are 
detailed below. 

Scatter from discrete features, such as particles and 
pits, which do not completely fill the illuminated spot, 
must be treated differently. This is because changes in 
spot size, with no corresponding change in total 
incident power, will change the incident intensit 
(watts/unit area) at the feature and thus also change 
the scatter signal (and BRDF) without any corre- 
sponding changes in the scattering feature. Clearly 
this is unacceptable if the object is to characterize the 
defect with scatter measurements. The solution is to 
define another quantification term, known as the 
differential scattering cross-section (DSC), where the 
normalization is the incident intensity at the feature 
(the units for DSC are area/steradian). Because this 
was not done in terms of radiometric units at the time 
it was defined, the cosine of the polar scattering angle 
is not in the definition. The same geometrical 


definitions, found in Figure 1, also apply for the DSC: 


Psi 


psc = = 


BI 


If the DSC is integrated over the solid angle 
associated with a collection aperture then the value 
has units of area. Because relatively small area 
focused laser beams are often used as a source, area 
is most commonly given in micrometers squared. 

‘These three scatter parameters, the BRDF, the TIS, 
and the DSC, are obviously functions of system 
variables such as geometry, scatter direction (both in 
and out of the incident plane), incident wavelength 
and polarization, as well as feature characteristics. It 
is the dependence of the scatter signal on these system 
parameters that makes the scatter models useful for 
optimizing instrument designs. It is their dependence 
on feature characteristics that makes scatter measure- 
ment a useful metrology tool. 

A key point needs to be stressed. When applied 
appropriately, TIS, BRDF, and DSC are absolute 
terms, not relative terms. The DSC of a 100 nm PSL 
in a given direction for a given source is a fixed value, 
which can be repeatedly measured and even accu- 
rately calculated from models. The same is true for 
TIS and BRDF values associated with surface rough- 
ness of known statistics. Scatter measuring instru- 
ments, such as particle scanners or lab scatterometers, 
can be calibrated in terms of these quantities. As has 
already been pointed out, the user of a scanner will 
almost always be more interested in characterizing 
defects than in the resulting scatter values, but the 
underlying instrument calibration can always be 
expressed in terms of these three quantities. This is 
true even though designers and users may find it 
convenient to use other metrics (such as polysterene 
latex (PSL) spheres) as a way to relate calibration, 


Angle Resolved Scatterometers 


The diagram in Figure 2 shows the most common 
scatterometer configuration, The source is fixed and 
the sample is rotated to the desired incident angle. 
‘The receiver is then rotated about the sample during 
scatter measurement, Most commonly, scattero- 
meters operate justin the plane of incidences however, 
instruments capable of measuring at virtually any 
location in either the reflective or transmissive hemi- 
spheres have been built. Although dozens of instru- 
ments have been built following this general design, 
other configurations are in use. For example, 
the source and receiver may be fixed and the 
sample rotated so that the scatter pattern moves 
past the receiver. This is easier mechanically than 
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moving the receiver at the end of an arm, but 
complicates analysis because the incident angle and 
the observation angle change simultaneously. 
Another combination is to fix the source and sample 
together, at constant incident angle, and rotate this 
unit (about the point of illumination on the sample) 
so that the scatter pattern moves past a fixed receiver. 
This has the advantage that a long receiver/sample 
distance can be used without motorizing a long 
(heavy) receiver arm, It has the disadvantage that 
heavy (or multiple) sources are difficult to deal with. 
Other configurations, with everything fixed, have 
been designed that employ several receivers to merely 
sample the BSDF and display a curve fit of the 
resulting data. This is an economical solution if the 
BSDF is relatively uniform without isolated diffr 
tion peaks. The goniometer section of a real instru- 
‘ment, similar to that of Figure 2, is shown in Figure 3. 


Chopper 


Spatial 


Signature 


Micror 


Receiver 


Figure 2 Basic elements of an incident plane scatterometer are 
shown. 


Figure 3 The author's scatterometer, which is similar to the 
ciagram of Figure 2 is shown. In this case a final focusing lens is 
Introduced to produce a very small luminated spot on the slicon 
wafer sample. The white background was introduced to make the 
instrument easier to view. 


Computer control of the measurement is essential 
to maximize versatility and minimize measurement 
time, The software required to control the measure- 
ment plus the display and analysis of the data can be 
expected to be a significant portion of total instru- 
ment development cost. The following reviews 
typical design features (and issues) associated with 
the source, sample mount and receiver components. 

The source in Figure 2 is formed by a laser beam 
that is chopped, spatially filtered, expanded, and 
finally brought to a focus on the receiver path. The 
beam is chopped to reduce both optical and electronic 
noise. This is usually accomplished through the use of 
lock-in detection in the electronics package which 
suppresses all signals except those at the chopping 
frequency. Low noise, programmable gain electronics 
are essential to reducing system noise. The reference 
detector is used to allow the computer to ratio out 
laser power fluctuations and, in some cases, to 
provide the necessary timing signal to the lock-in 
electronics. Polarizers, wave plates, and neutral 
density filters are also commonly placed prior to the 
spatial filter. The spatial filter removes source scatter 
from the laser beam and presents a point source 
which is imaged by the final focusing element, in this 
case a mirror, to the detector zero position. Focusing 
the beam at this location allows near specular scatter 
to be more easily measured. Lasers are convenient 
sources, but are not necessary. Broadband sources are 
often required to meet a particular application or to 
simulate the environment where a sample will be 
used. Monochromators and filters can be used to 
provide scatterometer sources of arbitrary wave- 
length. The noise floors with these tunable incoherent 
sources increases as the spectral bandpass is 
narrowed, but they have the advantage that the 
scatter pattern does not contain laser speckle, 

The sample mount can be very simple or very 
complex. In principal, six degrees of mechanical 
freedom are required to fully adjust the sample. The 
order in which these stages are mounted affects the 
ease of use (and cost) of the sample holder. In 
practice, it often proves convenient to either elimin- 
ate, or occasionally duplicate, some of these degrees 
of freedom. In addition, some of these axes may be 
motorized to allow the sample area to be raster- 
scanned to automate sample alignment or to measure 
reference samples. As a general rule, the scatter 
pattern is insensitive to small changes in incident 
angle but very sensitive to small angular deviations 
from specular. Instrumentation should be configured 
to allow location of the specular reflection 
(or transmission) very accurately. Receiver designs 
vary, but changeable entrance apertures, bandpass 
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filters, lenses, and field stops are generally positioned 
in front of the detector. 

A serious measurement problem is getting light 
scattered by the instrument, called instrument signa- 
ture, confused with light scattered by the sample. An 
example of instrument signature is shown by the 
dotted line in Figure 2, which represents scatter from 
the final mirror. The signature is often measured in 
the straight through (transmission) direction, multi- 
plied by the measured specular reflectance and then 
compared to the measured sample BRDF. Another 
issue is the fact that the measured BRDF is really the 
convolution of the receiver aperture with the actual 
(incremental) BRDE. When the scatter signal varies 
slowly across the aperture the measurement is 
virtually identical to the true BRDF. Near the specular 
reflection, or at diffraction peaks, the differences 
hetween the measurement (or convolution) and the 
actual (incremental) BRDF can be huge. Measure- 
ments made using invisible sources and measure- 
ments of curved samples present additional problems. 
These problems and the issues of calibration and 
accuracy are covered in the Further Reading section 
at the end of this article, 


TIS Instruments 


The two common methods of making TIS measure- 
ments are shown in Figures 4 and 5. The first one is 
based on a hemispherical mirror (or Coblentz sphere) 
to gather scattered light from the sample and image it 
onto the scatter detector. The specular heam enters 
and leaves the hemisphere through a small circular 
hole. The diameter of that hole defines the near 
specular limit of the instrument. The reflected beam 
(not the incident beam) should be centered in the hole 


‘Scatter 
detector 


‘Max spatial 


Coblentz frequency 
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Figure 4 A diagram showing the Coblentz sphere approach to 
TIS measurements used in the early development of scatter 
instrumentation, 


Integrating 
sphere 


Figure § More modem TIS instruments make use of an 
integrating sphere approach whichis easiar to align and does not 
suffer from problems associated with measuring high-angle 
scatter from the sample, 


because the BRDF will be symmetrical about it. 
Alignment of the hemispherical mirror is critical, and 
not trivial, in this approach. The second approach 
involves the use of an integrating sphere. A section of 
the sphere is viewed by a recessed detector. If the 
detector field of view (FOV) is limited to a section of 
the sphere that is not directly illuminated by scatter 
from the sample, then the signal will be proportional 
to total scatter from the sample. Again, the reflected 
beam should be centered on the exit hole. The 
Coblentz sphere method presents more 
detector; however, some of this signal is incident on 
the detector at very high angles. Thus, this approach 
tends to discriminate against high-angle scatter 
(which is not a problem for many samples). The 
integrating sphere is easier to align, but has a lower 
signal to noise ratio (less signal on the detector) and is 
more difficult to build in the IR where uniform diffuse 
surfaces are harder to obtain, A common mistake 


nal to the 


with TIS measurements is to assume that for near 
normal incidence, the orientation between source 
polarization and sample orientation is not an issue. 
TIS measurements made with a linearly polarized 
source on a grating at different orientations will 
quickly demonstrate this dependence. 

TIS measurements can be made very near the 
specular reflection by utilizing a diffusely reflecting 
plate with a small hole in it. A converging beam is 
reflected off the sample and through the hole. Scatter 
is diffusely reflected from the diffuse plate to a 
receiver designed to uniformly view the plate. The 
reflected power is measured by moving the plate so 
the specular beam misses the hole and then taking 
that measurement. The ratio of the two scatter 
measurements gives the TIS. Measurements starting 
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closer than 0.1 degrees from specular can be made in 
this manner and it is an excellent way to check 
incoming optics or freshly coated optics for low 
scatter, 


Analyzing Scatter from 
Surface Roughness 


The preceding sections have concentrated on obtain- 
ing and quantifying accurate scatter data, but that 
leaves the question of what to do with it once you have 
it. In rare situations you may be given a scatter (BRDF) 
specification — such as, the BRDF from the mirror 
must be less than 10“ sr 10 degrees from specular 
when measured at a wavelength of 633 nm incident at 
5 degrees with an § polarized source. Unfortunately 
this is very uncommon. If the issue is limiting scatter 
as a noise source, you will probably have to generate 
your own specification based on specific system 
requirements. More difficult, and often of more 
economic value, is the situation where scatter 
measurements are being used as a metrology to learn 
something about the sample characteristics — like 
roughness or defect size and/or type. 

The relationship between the measured BRDF 
and reflector roughness statistics was a subject of 
intense interest from the mid-1970s through the 
carly 1990s. Dozens of papers, and even some 
books, have been written on the subject, and it can 
only be outlined here. The relatively easy case of 
scatter from roughness on a clean, optically 
smooth, front surface reflector was first published 
in 1975; however it was several years later before 
confirming experiments were completed. The 
deceptively simple relationship, based on vector 
perturbation theory, is shown below. 


BRDF = (1677/a") cos 6, cos 0, OS(f,. fy) 41 


Qis the polarization factor and is determined by the 
material constants of the reflector, as well as the system 
geometry. In many cases, it is numerically about equal 
to the specular reflectance and this approximation is 
‘often justified. Exact expressions are available in the 
literature. S(f,, f,) is the surface power spectral density 
function (or PSD). It may be thought of as roughness 
power (surface height variations squared) per unit 
spatial frequency (undulations per unit distance 
instead of per unit time). Integration of the PSD over 
spatial frequency space results in the mean square 
roughness over that band of frequencies. Taking the 
square root gives the root mean square roughness (or 
rms). Frequencies in both the x and y directions on 
the surface are involved and they are defined by the 


well-known grating equations as: 


f= (sin 8, cos &, ~ sin IA and 


fy = Gin 6, sin dA 15] 


Thus eqn [4] becomes a model for surface 
roughness that allows BRDF measurement to be 
used to find and/or verify surface roughness 
specifications. Of course, there are exceptions. If 
the ‘clean, optically smooth, front surface reflector’ 
limitations are violated, then the surface will have 
more than just roughness as a source of scatter and 
the PSD found from eqn [4] will be too large. 
Obtaining the same PSD from BRDF measurements 
made at different wavelengths, or different polariz- 
ations, is an indication that the surface is scattering 
‘topographically’ and the PSD can be found using 
this technique. Because some scatter measurements 
can be made very rapidly, there are industry 
situations where scatter metrology offers a very 
fast means of monitoring surface quality. 

A little study of eqns [4] and [5] makes it clear that 
ranges of spatial frequencies in the PSD correspond 
directly to angular ranges of the BRDF. Scatter from a 
single spatial frequency corresponds to a single 
scatter direction. 

Following the above discussion, it becomes clear 
why the pioneering integrated (TIS) scatter measure- 
ments could be used to produce surface rms values as 
indicated by eqn [2]. Unfortunately, the result of 
eqn [4] was not available in 1961. Instead eqn [2] was 
derived for the special case of a smooth surface with 
Gaussian statistics. Nobody was thinking about 
spatial bandwidths and angular limits. When striking 
differences were found between roughness measure- 
ments made by TIS and profilometer, the Gaussian 
assumption became the ‘whipping boy, and TIS 
scatter measurements took an underserved hit. In 
fact, integration of eqn [4] results in the TIS result 
given in eqn [2] under the generally true small angle 
assumption that most of the scatter is close to the 
specular reflection. The differences make sense 
when the concept of spatial frequency bandwidths 
(or appropriate angular limits) is introduced. It 
becomes clear that different wavelengths, incident 
angles and scatter collection angles will also generate 
different rms values (for the same surface) and why so 
much confusion resulted following the definition of 
TIS in terms of rms roughness. There is no such thing 
as a unique rms roughness for a surface, anymore 
than there is a single spatial bandwidth for the PSD, 
or a single set of angles over which to integrate the 
BRDE. TIS measurements and rms measurements 
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should always be given with enough information to 
determine bandwidth limits. 


Measuring and Analyzing Scatter from 
Isolated Surface Features 


Understanding scatter from discrete surface features 
has led to big changes in the entertainment 
business (CDs, DVDs, digitized music, and films, 
etc.) as well as providing an important source of 
metrology for the semiconductor industry as they 
develop smaller faster chips for a variety of 
modern uses. Thus, just about everybody in the 
modern world utilizes our understanding of scatter 
from discrete surface features. 

On the metrology side, the roughness. signals 
described in the last section are a serious source of 
background noise that limits the size of the 
smallest defects that can be found. Discrete surface 
features come in a dazzling array of types, sizes, 
materials, and shapes — and they all scatter 
differently. A 100 nm silicon particle scatters a lot 
differently than a 100 nm silicon oxide particle 
(even if they have the same shape), and a 100 nm 
diameter surface pit will have a different scatter 
pattern. Models describing scatter from a variety of 
discrete surface features have been developed. 
Although many of these are kept confidential for 
competitive reasons, NIST offers some models 
publicly through a web site. 

Confirming a model requires knowing exactly 
what is scattering the light. In order to accomplish 
this, depositions of PSLs of known size are made 
on the surface. Scatter is measured from one or 
more spheres. A. second measurement of back- 
ground scatter is then subtracted and the net BRDF 
is converted to DSC units using the known 
(measured) illuminated spot size. Measurements of 
this type have been used to confirm discrete feature 
scatter models. The model is then used to calculate 


scatter from different diameters and materials. 
Combined with the model for surface roughness 
to evaluate system noise, this capability allows 
signal to noise evaluation of different defect 
scanners designs. 


Practical Industrial Instrumentation 


Surface defects and particles, smaller than 100 nm 
are now routinely found on silicon wafers using 
scatter instruments known as particle scanners. 
Thousands of these instruments (with price tags 
approaching a million dollars each depending on 


type and use) are in daily use. These instruments 
are truly amazing; they inspect 200 mm wafers at a 
rate of one every thirty seconds reporting feature 
location, approximate size, and in some cases even 
type (pit or particle) by analyzing scatter signals 
that last only about 100 nanoseconds. Similar 
systems are now starting to be used 
computer disk industry and flat panel display 
inspection of surface features will follow. 

Scanners are calibrated with PSLs of different sizes. 
Because it is impossible to identify all defect types and 
because diameter has little meaning for irregularly 
shaped objects, feature ‘size’ is reported in ‘PSL 
equivalent diameters.’ This leads to confusing, situ- 
ations for multiple detector systems, which (without 
some software help) would report different sizes for 
real defects that scatter much differently than PSL-s. 
These difficulties have caused industry confusion 
similar to the ‘Gaussian statistics/bandwidth limited? 
issues encountered before roughness scatter was 
understood. The publication of international stan- 
dards relating to scanner calibration has reduced the 
level of confusion. 


in the 


Scatter Related Standards 


Early scatter related standards for BRDF, TIS, 
and PSD calculations were written for ASTM 
(the American Society for Testing Materials), but as 
the industrial need for these documents moved to the 
semiconductor industry, there was pressure to move 
the documents to SEMI (Semiconductor Equipment 
and Materials Inc.), which is an international 
organization. By 2004, the process of rewriting the 
ASTM documents in SEMI format was well under- 
way in the Silicon Wafer Committee. Topics covered 
include: surface defect specification (M35), defect 
capture rate (M50), scanner specifications (M52), 
scanner calibration (M53), particle deposition 
testing (M58), BRDF measurement (ME1392), and 
PSD calculation (MF1811). This body of literature 
is probably the only place where all aspects 
of these related problems are brought together in 
one place. 


Conclusion 


The bottom line is that scatter measurement and 
analysis has moved from an art to a working 
metrology. Dozens of labs around the world can 
now take the same sample and get about the same 
measured BRDF from it. Thousands of industrial 
surface scanners employing scattered light signals are 
in use every day on every continent. In virtually every 


Variants 


Figure 27-7. A test circuit for a programmable unijunction 
transistor (PUT) using a volt meter to shaw its response 
‘as a potentiometer increases the voltage applied to its 
‘anode, 


The voltage output of a PUT follows a curve that 
is very similar to that shown in Figure 27-5, al- 
though current and voltage would be measured 
at the cathode. 


Vai 


PUTs and UJTs are not made as surface-mount 
components. 


ints 


UJTs are usually packaged in black plastic, al- 
though older variants were manufactured in 
cans. PUTS are almost all packaged in black plas- 
tic. With the leads pointing downward and the 
flat side facing toward the viewer, the lead func- 
tions of a PUT are usually anode, gate, and cath- 
ode, reading from left to right. 


discrete serniconductor > single junction 


Values 


The triggering voltage ofa UJT can be calculated 
from the values of R1 and R2 in Figure 27-7 and 
the voltage at base 1. The term Ry Is often used 
to represent the sum of R1 + R2, with Vig, repre~ 
senting the total voltage across the two resistors 
(this is the same as the supply voltage in 
Figure 27-6). V, the triggering voltage, is given 
by: 


Ve = Vbp * (R1 / Reo) 


The term (R1/Rp,) is known as the standoff ratio, 
often represented by the Greek letter @ 


Typically the standoff ratio ina UJTis at least 0.7, 
asR1 ischosentobelarger than R2. Typical values 
for R1 and R2 could be 1809 and 1000, respec- 
tively. If4is 50Kanda 100K linear potentiometer, 
is used for R3, the PUT should be triggered when 
the potentiometer is near the center of its range. 
itter saturation voltage is typically from 


If using a PUT, typical values in the test circuit 
could be supply voltage ranging from 9VDC to 
20VDC, with resistances 28K for R1 and 16K for 
R2, 200 for RS, 280K for R4, and a 500K linear po- 
tentiometer for R3. The PUT should be triggered 
when the potentiometer is near the center of its 
range. 


Sustained forward current from anode to cath- 
ode is usually a maximum of 150mA, while from 
gate to cathode the maximum is usually 50mA. 
Power dissipation should not exceed 300mW, 
These values should be lower at temperatures 
above 25 degrees Centigrade. 


Depending on the PUT being used, power con- 
sumption can be radically decreased by upping 
the resistor values by a multiple of 100, while 
supply voltage can be decreased to SV. The cath- 
‘ode output from the PUT would then be connec- 
ted with the base of an NPN transistor for ampli- 
fication. 


238 
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house in the modern world there is at least one 
entertainment device that depends on scatter signals. 
In short ~ scatter works. 


See also 
‘Scattering: Scattering Theory. 
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Introduction 


Sp7ectrometers were developed after the discovery 
that glass prisms disperse light. Later, it was 
discovered that diffraction from multiple, equally 
spaced, wires or fibers also dispersed light. About 
100 years ago, Huygens proposed his wave theory 
of light and Fraunhofer developed diffraction 
theory, which allowed scientific development of 
diffraction gratings. 

‘These discoveries then led to the development of 
spectrometers. Light theory was sufficiently de 
oped such that spectrometer designs, developed over 
100 years ago, are still being used today. These 
theories and designs are briefly described along with 
comments on how current technology has improved 
upon these designs. This is followed by some 
examples of imaging spectrometers which have wide 
spectral coverage from 450 nm to 14 mand produce 
images of more than 256 spectral bands. 
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measurements of 
SPIE Proceed- 


The basic elements of a spectroscopic instrument 
are shown in Figure 1, The source, or more usually 
an image of the source, fills an entrance slit and 
the radiation is collimated by cither a lens or 
mirror. The radiation is then dispersed, by cither a 
prism or a grating, so that the direction of 
propagation of the radiation depends upon its 
wavelength. It is then brought to a focus by a 
second lens or mirror and the spectrum consists of 
a series of monochromatic images of the entrance 
slit. The focused radiation is detected, either by an 
image detector such as a photographic plate, or by 
a flax detector such as a photomultiplier, in which 
case the area over which the flux is detected is 
limited by an exit slit. In some cases the radiation 
is not detected at this stage, but passes through the 
exit slit to be used in some other optical system. As 
the exit slit behaves as a monochromatic source, 
the instrument can be regarded as a wavelength 
filter and is then referred to as a monochromator. 


Prisms 


The wavelength dependence of the index of refraction 
is used in prism spectrometers. Such an optical 
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Figure 1 The basic elements of a spectroscopic instrument. With permission from Hutley MC (1982) Diffraction Gratings, pp. 57-292. 


London: Elsevier. 
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Figure 2 Elementary prism spectrometer schematic. Wis the width ofthe entrance beam; S, isthe length ofthe prism face; and 
is the prism base length. Reproduced with permission from The Infrared Handbook (1885). Ann Arbor, Ml Infrared Information 


‘Analysis Center. 


clement disperses parallel rays or collimated radiation 
into different angles from the prism according to 
wavelength. Distortion of the image of the entrance 
slit is minimized by the use of planewave illumina- 
tion. Even with planewave illumination, the image of 
the slit is curved because not all of the rays from the 
entrance slit can traverse the prism in its principal 
plane. The prism is shown in the position of minimum 
angular deviation of the incoming rays in Figure 2, At 
minimum angular deviation, maximum power can 
pass through the prism. For a prism adjusted to the 
position of minimum deviation: 


n=n=Ay2 a 


and 


= (Dy + Ap2 


where 


D, =angle of deviation 

Ay = angle of prism 

rand ry = internal angles of refraction 
i, and é, =angles of entry and exit. 


The angle of deviation, Dy, varies with wavelength. 
‘The resulting angular dispersion is defined as dDp/dA, 
while the linear dispersion is dx/dA =F dD,/da, 
where F is the focal length of the camera or imaging 
lens and x is the distance across the image plane. 
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Figure 3 Infrared spectrograph of the Littrow-type mount with a rock salt prism. Reproduced with permission from The Infrared 
‘Handbook (1985) Ann Arbor, Ml: Infrared Information Analysis Center. 


It can be shown that: 
dD, fda = [B/WI[dnidAl = (dD, /dnitdn/da] 13] 


where 


B 


base length of the prism, 
idth of the illumination beam. 


index of refraction 


while 
dxida = [B/W [dr/dA] [41 


One may define the resolving power, RP, of an 
instrument as the smallest resolvable wavelength 
difference, according to the Rayleigh criterion, 
divided into the average wavelength in that spectral 
region. Thus: 


RP = MAA = [WUD, IldD,/dA] 


[dD 1IB/W/tdn/day (51 


The limiting resolution is set by diffraction due to the 
finite beamwidth, or effective aperture of the prism, 
which is rectangular, Thus: 


RP = [MA/W)[B/W]dn/dal 61 
so that: 
RP = Bidnidal i71 


If the entire prism face is not illuminated, then only 
the illuminated base length must be used for B. 
Littrow showed that aberrations would be mini- 
mized by making the angle of incidence equal to the 
angle of refraction (also known as the Littrow 
Configuration). Littrow used a plane mirror behind 


the prism for a double pass through the prism, as 
shown in Figure 3. 


Gratings 


Rowland is credited with the development of a 
grating mount that reduced aberrations in the 
spectrogram. He found that a grating ruled on a 
concave surface of radius R and locating the entrance 
and exit slits on the same radius would give the least 
aberrations, as shown in Figure 4. r= R cos a is the 
distance to the entrance slit (r) and r; = R cos Bis the 


distance to the focal point for the exit slit (r1) 
Rowland showed that: 


cos alR — cos* alr + cos BIR — cos* Bir; =0 [8] 
One solution to this equation is for a and B to each be 


zero and 
Reosa 


and 
7 =Reos B 


This condition is met if r and r, lie on the Rowland 
circle, 

There are various ways in which the Rowland 
circle condition may be satisfied and some of them are 
shown in Figure 5. The simplest mounting of all is 
that due to Paschen and Runge (Figure Sa) in which 
the entrance slit is positioned on the Rowland circle 
and a photographic plate (or plates) is constrained to 
fit the Rowland circle. Alternatively, for photoelectric 
detection, a series of exit slits is arranged around the 
Rowland circle each having its own detector. In the 
latter case, the whole spectrum is not recorded, only a 
series of predetermined wavelengths, but when used 
in this ‘polychromator’ form, it is very rugged and 
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convenient for applications such as the routine 
analysis of samples of metals and alloys. In this 
case, slits and detectors are set up to measure the light 
in various spectral lines, each characteristic of a 
particular component or trace element. 


Figure 4 The construction of the Rowland Circle. with 
permission from Hutley MC (1982) Diffraction Gratings, 
pp. 87-282. London: Elsevier. 


(@) 
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The oldest concave grating mount is that designed 
by Rowland himself and which bears his name 
(Figure Sb). In this case, the grating and photographic 
plates are fixed at opposite ends of the diameter of the 
Rowland circle by a moveable rigid beam. The 
entrance slit remains fixed above the intersection of 
two rails at right angles to each other and along 
which the grating plate holder (or the exit slit) is free 
to move. In this way, this entrance slit, grating, and 
plate holder are constrained always to lie on the 
Rowland circle and it has the advantage that the 
dispersion is linear, which is useful in the accurate 
determination of wavelengths. Unfortunately, this 
mounting is rather sensitive to small errors in the 
position of the entrance slit and in the orthogonality 
of the rails, and is now very rarely used. 

A variation on this mounting was devised by 
Abney, who again mounted the grating and the 
plate holder on a rigid bar at opposite ends of 
the diameter of the Rowland circle (Figure 5c). The 
entrance slit is mounted on a bar of length equal to 
the radius of the Rowland circle. In this way, the slit 
always lays on the Rowland circle, but it had to 
rotate about its axis in order that the jaws should 
remain perpendicular to the line from the grating to 


@) C) 


@ ) 


Figure 5 Mountings of the concave grating: (a) Paschen-Runge; (b) Rowland; (c) Abney; (d) and (e) Eagle; (f) Wadsworth; 
(g) SeyaNamioka; (h) Johnson ~Onaka. With permission from Hutley MC (1982) Diffraction Gratings, pp. 57-232. London: Elsevier 
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the slit. It also had the disadvantage that the 
source must move with the exit slit, which could be 
inconvenient. 

In the Eagle mounting (Figures 5d and Se), the 
angles of incidence and diffraction are made equal, or 
very nearly so, as with Littrow mounting for plane 
gratings. Optically, this system has the advantage that 
the astigmatism is generally less than that of the 
Paschen—Runge or Rowland mounting, but on the 
other hand, the dispersion is nonlinear, From a 
mechanical ‘point of view, it has the disadvantage 
that it is necessary with great precision both to rotate 
the grating and to move it nearer to the slits in order 
to scan the spectrum. However, it docs have the 
practical advantage that it is much more compact 
than other mountings, and this is of particular 
importance when we bear in mind the need to enclose 
the instrument in a vacuum tank. Ideally, the entrance 
slit and exit slit or photographic plate should be 
superimposed if we are to set a= B. In practice, of 
course, the two are displaced either sideways, in the 
plane of incidence as shown in Figure 5, or out of the 
plane of incidence, in which case the entrance slit is 
positioned below the meridonal plane and the plate 
holder just above it, as shown in Figure 5. The out-of- 
plane configuration is generally used for spectro- 
graphs and the in-plane system for monochromators. 
The penalty incurred in going out of plane is that 
coma is introduced in the image, and slit curvature 
becomes more important. This limits the length of the 
ruling that can effectively be used. 

The second well-known solution to the Rowland 
equation is the Wadsworth mounting (Figure 5f), in 
which the incident light is collimated, so r is set 
at infinity and the focal equation reduces to 
1, = Reos* Bi(cos a+ cos B). One feature of this 
mounting is that the astigmatism is zero when the 
image is formed at the center of the grating blank, 
i.e. when B= 0. It isa particularly useful mounting 
for applications in which the incident light is 
naturally collimated (for example, in rocket or 
satellite astronomy, spectroheliography and in work 
using synchrotron radiation). However, ifthe light is 
not naturally collimated, the Wadsworth mount 
requires a collimating mirror, so one has to pay the 
penalty of the extra losses of light at this mirror. The 
distance from the grating to the image is about half 
that for a Rowland circle mounting which makes the 
instrument more compact and, since the grating 
subtends approximately four times the solid angle, 
there is a corresponding increase in the brightness of 
the spectral image. 

Notall concave grating mountings are solutions to 
the Rowland equation. In some cases, other advan- 
tages may compensate for a certain defect of focus. 


A particularly important example of this is the 
Seya-Namioka mounting (Figure 5g), in which 
the entrance slit and exit slit are kept fixed and the 
spectrum is scanned by a simple rotation of the 
grating (Figure Sg). In order to achieve the optimum 
conditions for this mounting, we set a= g + @ and 
B= 0—o, where 2g is the angle subtended at the 
grating by the entrance and exit slit and @is the angle 
through which the grating is turned. The amount of 
defocus is given by: 


Fern 


8+ @hlr| + [cos(8 + gV/R] 
+ [eos*(@ = ery] + [eos(@— eR] 
19) 


and the optimum conditions are those for which 
F(@@%71) remains as small as possible as @ is varied 
over the required range. Seya set F and three 
derivatives of F with respect to @ equal to zero for 
and obtained the result: 


g=sin”(1/V3) = 35°15! 110] 


and 


fee) 


=Reos¢ 


which corresponds to the Rowland circle either in 
zero order or for zero wavelength. In practice, it is 
usual to modify the angle slightly so that the best 
focus is achieved in the center of the range of interest 
rather than at zero wavelength. 

The great advantage of the Seya-Namioka mount- 
ing is its simplicity. An instrument need consist only 
of a fixed entrance and exit slit, and a simple rotation 
of the grating is all that is required to scan the 
spectrum. It is, in fact, simpler than instruments using 
plane gratings. Despite the fact that at the ends of the 
useful wavelength range the resolution is limited by 
the defect of focus and the astigmatism is particularly 
bad, the Seya-Namioka mounting is very widely 
used, particularly for medium-resolution rather than 
high-resolution work. 

‘A similar simplicity is a feature of the Johnson— 
Onaka mounting (Figure Sh). Here again, the 
entrance and exit slits remain fixed, but the grating 
is rotated about an axis which is displaced from its 
center; in this way, itis possible to reduce the change 
of focus that occurs in the Seya-Namioka mounting. 
The system is set up so that at the center of the desired 
wavelength range, the slits and grating lie on the 
Rowland circle, as shown in Figure Sh, The optimum 
radius of rotation, ic., the distance GC, was found by 
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Figure 6 Ebert mounting of the plane grating designed by 
Fast. ‘SI isthe entrance sit; Gis the grating; Mis the concave 
mmiror; and Pis the photographic plate. The horizontal section is at 
the top and the vertical section is atthe bottom. Reproduced with 
permission from Tho Infrared Handbook (1985) Ann Arbor, Ml 
Infrared Information Analysis Center. 


Onaka to be: 
GCope = [R sin (a+ B)I/L1 — $tana+ B) 


X (tan B— tan @)] 12) 

Another non-Rowland spectrometer is the Ebert— 
Fastie mount, which mounts the slit, flat grating, 
and a detector array in the arrangement shown in 
Figure 6. Ebert first developed the design using two 
separate concave mirrors, one for collimating the 
incident beam and the second to focus the diffracted 
spectrum. Fastie used a single but larger concave 
mirror, which simplified the mounting structure and 
produced a rugged, compact spectrometer that has 
been used in rocket flights and space satellite 
observatories for astronomical and upper atmos- 
pheric applications. The Czerny—Turner mount is 
similar to the Ebert mount, except the flat grating is 
located in the same plane that contains the entrance 
and exit slits. 


Advanced Spectrometers 


While the above spectrometer designs are still used. 
major advances in implementation are now availabl 
Ray tracing allows the designer to quantify the 
aberrations and determine solutions to remove 
them, Aspheric optic elements can now be fabricated 
to correct aberrations. Gratings can be ruled on 
aspherical surfaces to not only disperse the light 
beam, but also be an element in the optical design. 
Holography has been developed to etch gratings for 
use over a wide spectral range and to not only 
disperse the light, but also work as an optical element. 
Because holographic gratings are chemically etched, 


there are no machine burrs to scatter light and the 
hologram is free of periodic differences in groove 
widths that create ghosts in ruled gratings. Linear and 
array photodetectors have replaced film. An advan- 
tage of film was its ability to fit curved focal planes. 
Photodetectors are etched into flat wafers of the 
photodiode material, To adapt flat arrays to a curved 
focal plane, fiber optic face plate couplers have been 
ground on one side to match the focal plane curvature 
and the flat back side is either optically coupled to the 
detector or closely coupled for proximity focusing. 
‘The photodetector arrays are available in multiple 
materials to cover the spectral range, from soft X-rays 
to the thermal infrared. Often cooling is required to 
obtain low noise. They are now available with 
ties never reached with film and the ease of 
ig the output data to a computer for real-time 
analysis has taken much of the labor out of analyzing 
the spectrograph. Another advance is precision motor 
drives with precision motion sensors, some using laser 
interferometry, to provide feedback on automated 
movement of gratings, slits, and detectors as a 
spectrometer cycles throngh its wavelength range. 


Imaging Spectrometers 


Spectrometers that image the spectral characteristics 
in each pixel of the image to form a data cube, as 
shown in Figure 7, are named imaging spectrometers, 
and if the spectra have high resolution and blocks of 
consecutive neighbors, then the data are called 
hyperspectral. Imaging spectrometers have several 
applications that range from medical to remote 
sensing of land use and environment. This article 
will cover examples for remote sensing imaging 
spectrometers which require spectral coverage in 
all of the atmospheric windows from the UV to 
thermal IR, 

Imaging spectrometers require a combination of 
spectrometers, light collecting optics, and scan 
mechanisms to scan the instantaneous field of view 
of the spectrometer over a scene. Remote sensing of 
the Earth applications requires an aerial platform. 
Either a helicopter, an aircraft, or orbital space 
satellites are used. The platform motion is used as 
part of the scanning process so that the optics image a 
single point on the ground so that a scanner (called a 
line scanner) scans a long line that is cross tracked to 
the platform motion. Or, the optics image a slit that is 
parallel to the platform track that covers many scan 
lines and a scanner moves the slit cross track to the 
platform motion. This scanner is called a whisk- 
broom scanner. Or, the optics image a large slit so no 
scan mechanism is needed other than the platform 
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Figure 7 Hyperspectral Data Cube. Hyperspectral imagers divide the spectrum into many discrete narrow channels. This fine 
{quantization ofn spectral information on a pixel by pixel basis enables researchers to discriminate the indlvidual constituents in an area 
‘much more effectively. For example, the broad spectral bands of a multispectral sensor allow the user only to coarsely diseriminato 
botween areas of deciduous and coniferous forest, plowed fields, elc., whereas a hyperspectral imager provides characteristic 
signatures which can be correlated with specific spectral templates to help dotermine the individual constituents and possibly even 
reveal details of the natural processes which are affecting them. 
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Figure 8 Multispectral infrared and visible imaging spectrometer optical schematic. 


motion to form an image. This scanner is called a pushhroom scanners, so that platform instability 
pushbroom scanner. from pitch roll and yaw and from inability to fly in 

One important requirement is that all spectral a straight line do not compromise the coregistration 
measurements of a pixel be coregistered. Most of spectral data on each pixel. The image data may 
airborne imaging spectrometers use a common require geometric correction, but the spectral data are 
aperture for a line scanner, or a slit for whisk and not compromised. 
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There is one other type of imaging spectrometer 
that uses a linear variable filter (also known as a 
wedge filter) over a 2D array of photodetectors. Each 
image contains a different spectral band over each 
row of pixels so that each frame images a scene with a 
different spectral band over each row of pixels. The 
array is oriented so the rows of spectral bands are 
perpendicular to the flight track. After the platform 


Table 1_MIVIS physical properties 


Height Wiath—Dopth* Weight 


inom inom inom bs kg 


motion moves over one ground pixel, the whole array 
is read out and the frame is shifted one row of pixels 
so the second frame adds a second spectral band to 
each row imaged in the first frame. This frame 
stepping is carefully timed to the platform velocity 
and is repeated until each row of pixels is imaged in 
all spectral bands. This type of imaging spectro- 
meter has been flown in aircraft and satellites. 
In aircraft, the platform motion corrupts the coregis- 
tration of the spectrum in each pixel. Extensive 
ground processing is required to geometrically correct 
each frame to improve spectral coregistration. This 
is a difficult task and this type of imaging spectro- 
meter has lost favor for airborne use. Stabilized 


Scanhead 285 67.0 206 620 28.1 71.0 220 100 satellites have been a better platform and the wedge 
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spectrometer and a ground-based scanned push 
broom scanner are described below. 

MIVIS (multispectral infrared and visible imaging 
spectrometers) hyperspectral scanner developed by 
SenSyTech Imaging Group (formerly Daedalus Enter- 
prises) for the CNR (Consiglio National Researche) 
of Italy is a line scanner imaging spectrometer. The 
optical schematic is shown in Figure 8. A rotating 45° 
mirror scans a line of pixels on the ground. Each pixel 
is collimated by a parabolic mirror in a Gregorian 
telescope mount. The collimated beam is reflected by 
a Pfund assembly to an optical bench that houses four 
spectrometers. An aperture pinhole in the Pfund 
assembly defines a common instantaneous field of 
view for each pixel. The collimated beam is then split 
off with either thin metallic coated or dielectric 


Table 3 LAFS technical specifications 


coated dichroics to four spectrometers. The thin 
metallic mirrors reflect long wavelengths and trans- 
mit short wavelengths. The multiple dielectric layers 
cause interference such that light is reflected at short 
wavelengths and transmitted at long wavelengths. 
After splitting off four wide bands (visible, near 
infrared, mid-wave infrared, and thermal infrared) 
each band is dispersed in its own spectrometers. 

The wavelength coverage for each spectrometer is 
based on the wavelength sensitivity of different 
photodetector arrays. The visible spectrometer uses 
a silicon photodiode array; the near infrared spec- 
trometer, an InGaAs array, the mid-infrared a InSb 
array and the thermal infrared, a MCT (mercury 
doped cadmium teluride) photo-conductor array. 
Note the beam expander in spectrometer 3 for the 


Spatial resolution 


1.0 mrad IFOV vertical and horizontal (square pixels). Optical lens for 0.5 mrad IFOV 


‘Solar ilumination ranging from 10:00 a.m. to 2:00 p.m. under overcast conditions to full noon sunshine 


‘Single band imagery, selectable Waterfall Chart (one spatial line by spectral, as acquired by the CCD). 


Spatial coverage 1° TFOV horizontal, nominal. A second, 7.5° TFOV is an option 
Focus range 8 to infinity 
Spectral resolution '5.0 nm per spectral channel, sampled at 2.5 nm interval 
Spectral range 400-1100 nm 
Dynamic range bit (1 part in 256) 
Mumination 
Acquisition time 1.5 sec for standard iluminations. Option for longer times for low light lavel conditions 
Viewfinder Near real time video view af the scene 
Calibrations Fiat fielding to compensate for CCD variations in responsivity. Special calibration 
Data displays 
Single pixel spectral display 
Data format Convertible to format compatible with image processors 
Data storage Foaplaceable hard diso, 14 data cubesidisk 
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Figure 9 LAFS system block diagram. 
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mid-infrared (IR). Since wavelength resolution 
increases with the size of the illuminated area of a 
diffraction grating a beam expander was needed to 
meet the specified mid-IR resolution, 

The physical characteristics of MIVIS are given in 
T and the spectral coverage in Tabl 

An example of a push broom imaging spectrometer 
is the large area fast spectrometer (LAFS), which is a 
field portable, tripod mounted, imaging spectrometer. 
LAFS uses a push broom spectrometer with a 
galvanometer driven mirror in front of the entrance 
slit. The mirror is stepped to acquire a 2D image 
X 256 spectral hands data cube. 

LAFS was developed for the US Marine Corps 
under the direction of the US Navy Coastal Systems 
Station of the Dahlgren Division. The technical 
specifications are shown in . Various concepts 
for the imaging spectrometer were studied and the 


only concept that could meet the above specification 
was a Littrow configuration grating spectrometer that 
imaged one line in the scene and dispersed the spectra 
perpendicular to the line image onto a CCD array. A 
galvanometer mirror stepped the line image over the 
scene to generate a spectral image of the scene. A 
block diagram of LAFS is shown in and a 
photograph of the prototype in 10. Figure 11 is 
a photograph of the optical head, Data from a single 
frame are stored in computer (RAM) memory then 
transferred to a replaceable hard disk for bulk 
storage. Data are collected in a series of 256 CCD 
frames and each CCD frame has a line of 256 pixels 
along one axis and 256 spectral samples along the 
second axis. The 256 CCD frames constitute a data 
cube as shown in This does not allow field 
ing of an image in a single spectral band. Earth 
software is used in the field portable computer 


Figure 10 LAFS. 


discrete semicondu 


How to Use it 

Figure 27-8 showsa simple oscillator circuit built 
around a UST, Figure 27-9 shows a comparable 
circuit for a PUT. Initially the supply voltage 
charges the capacitor, until the potential at the 
emitter of the UJT or the gate of the PUT reaches 
the threshold voltage, at which point the capac- 
itor discharges through the emitter and the cycle 
repeats, Resistor values would be similarto those 
Used in the test circuits previously described, 
while a capacitor value of 2.2uF would provide a 
visible pulse of the LED. Smaller capacitor values 
would enable faster oscillation. In the PUT circuit, 
adjusting the values of R1 and R2 would allow 
fine control of triggering the semiconductor. 
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Figure 27-8, A basic oscillator circult using a unijunction 
transistor (LUT). As the capacitor accumulates charge, 
the vottage on the emitter increases until t triggers the 
LUJT, at which point the capacitor discharges through the 
emitter 


Probably the most common use for a PUT at this 
time is to trigger a thyristor. 


jor> single junction > unijunction transistor 


What Can Go 


Figure 27-9, A basic oscillator circuit using a programma 
ble unjunction transistor (PUT). As the capacitor accu: 
‘mulates charge. the voltage an the anade increases unti it 
triggers the PUT, at which point the capacitor discharges 
through the anode. The gate voltage is preset by Ri and 
R2 to adjust the triggering voltage. 


What Can Go Wrong 


Name Confusion 

A programmable unijunction transistor (PUT) is 
sometimes referred to simply as a “unijunction 
transistor” (UJT). Bearing in mind the totally dif- 
ferent modes of operation of WT and PUT, the 
PUT should always be identified by its acronym, 
or by its full name. A circuit will not function if a 
UJTis substituted for a PUT, or a PUT is substitu- 
ted for a UIT. 


Incorrect Bias 

Neither the UJT nor the PUT is designed to oper- 
ate with reverse bias. In the UJT, a small forward 
bias should be applied from base2 to base 1 (that 
is, base 2 should be ata higher potential relative 
to base 1) regardless of the voltage on the emit- 
ter. The emitter voltage may vary from 0 volts 


Chapter27 239 
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Each data cube has 
296 images of a scene, 
‘one for each of the 
256 spectral bands 


Figure 12 Arrangement of image memory and construction of image displays. 
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Table 4_LAFS physical properties 


Dimensions and weight __Size (inches) weight (ls) 
Optical head 7xaxe " 
Electronics 12% 155 x9 30 
Battery ASX 165 x2 7 

48 4- cables 


Power: Less than 150W at 12VDC; Battery time — 45min’ 
charge 


to reorder the data cube into 256 spatial images, one 
for each spectral band as shown in Figure 12. 

‘The prototype is packaged in two chassis, a com- 
pact optical head and a portable electronic chassis. 
‘The size, weight, and power are shown in Table 4. 

LAFS was designed to also work as an airborne 
imaging spectrometer. The framing mirror can be 
locked so it views a scene directly below the aircraft 
(push broom mode) or the mirror can be programmed 
to sweep a 256 lines cross track to the aircraft flight 
path (whisk broom mode). In the whisk broom mode, 
the scan mirror rotation are can be increased for a 
wider field of view than in the push broom mode. 
LAFS illustrates the decrease in size, weight, and 
power of a push broom imaging spectrometer that 
results from a 256X256 pixel array rather than 
single pixel line arrays of a line scanner. The array 
increases integration time of a line by a factor of 
256, which allows longer detector integration 
dwell time on each pixel and thus smaller light 
collecting optics. 


List of Units and Nomenclature 


Data cube Multiple images of a scene in many 
spectral bands. The spectra of each 
pixel can be obtained by plotting 
the spectral value on the same pixel 
in each spectral band image. 

An image point (or small area) 
defined by the instantaneous-field- 
of-view of either the optics, entrance 
aperture or slit, and the detector 
area, or by some combination of 
these components. A pixel is the 
smallest element in a scene that is 
resolved by the imaging system. 
The IFOV is used in describing 
scanners to define the size of the 


Pixel 


Instantancous- 
field-of-view 


(IFOV) smallest field-of-view (usually in 
milliradians or microradians) that 
be resolved by a scanner system. 

Field-of-view The total size in angular dimensions 


of a scanner or imager. 


Hyperspectral A data cube with many (>48) 
spectral bands. 

An optical/mechanical system that 
scans one pixel at a time along a 
line of a scene. 

An optical/mechanical system that 
scans two or more lines at a time. 
An optical system that images a 
complete line at a time. 


Line scanners 


Whisk broom 


Push broom 


Diffraction: Diffraction Gratings; Fraunhofer Diffraction. 
Fiber Gratings. Geometrical Optics: Prisms. Imaging: 
Hyperspectral Imaging; Interferometric Imaging. Inter- 
ferometry: Overview. Modulators: Acousto-Optics. Opti- 
cal Materials: Color Filters and Absorption Glasses. 
‘Semiconductor Materials: Dilute Magnetic Semicanduc- 
tors; Group IV Semiconductors, Si/SiGe; Large Gap II-VI 
Semiconductors; Modulation Spectroscopy of Semicon- 
ductors and Semiconductor Microstructures. Spec- 
troscopy: Fourier Transform Spectroscopy; Raman 
Spectroscopy. 
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Introduction 


In a broad sense, telescopes are optical instruments 
which provide an observer with an improved view of 
a distant object, where improved may be defined in 
terms of magnification, angular resolution, and light 
collecting power. Historically, the invention of the 
telescope was a breakthrough with an enormous 
impact on fundamental sciences (physics, astron- 
omy), and, as a direct consequence, on philosophy; 
but also on other technological, economical, political, 
and military developments. It seems that the first 
refractive telescopes were built in the Netherlands 
near the end of the sixteenth century by Jan 
Lippethey, Jakob Metius, and Zacharias Janssen. 
Based on reports of those first instruments, Galileo 
Galilei built his first telescope, which was later named 
after him, and made his famous astronomical 
observations of sunspots, the phases of Venus, 
Jupiter’s moons, the rings of Saturn, and his discovery 
Of the nature of the Milky Way as an assembly of very 
many stars. The so-called astronomical telescope was 
invented by Johannes Kepler, who in 1611 also 
published in Dioptrice the theory of this telescope. 
The disturbing effects of spherical and chromatic 
aberrations were soon realized by astronomers, 
opticians, and other users, but it was not before 
Moor Hall (1792) and John Dollond (1758) that at 
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least the latter flaw was corrected for by introducing 
the achromat. Later, the achromat was significantly 
improved by Peter Dollond, Jesse Ramsden, and 
Josef Fraunhofer. The catadioptric telescope was 
probably introduced by Lenhard Digges (1571) or 
Nicolas Zucchius (1608). In 1671, Sir Isaac 
Newton was the first to use a reflector for astronom- 
ical observations. Wilhelm Herschel improved this 
technique and began in 1766 to build much 
larger telescopes with mirror diameters up to 
1.22 m. When, in the nineteenth century, the conven- 
tional metal mirror was replaced by glass, it was 
Léon Foucauld (1819-1868) who applied a 
silver coating in order to improve the reflectivity of 
its surface. 

Modern refractors can be built with superb apo- 
chromatic corrections, and astronomical reflectors 
have advanced to mirror diameters of up to 8.4m 
{monolithic mirror), and 10 m (segmented mirror). 

While the classical definition of a telescope involves 
an observer, i.e., the eye, in modern times often 
electronic detectors have replaced human vision. In 
the following, we will, therefore, use a more general 
definition of a telescope as an optical instrument, 
whose purpose is to image a distant object, either in a 
real focal plane, or in an afocal projection for the 
observation by eye. 


In the most simple case, a telescope may be 
constructed from a single lens or a single mirror, 


Imaging Theory 
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creating a real focal plane. Let us, therefore, 
introduce some basic principles of imaging using 
optical elements with spherical surfaces. 


Refraction at a Spherical Surface 


Figure 1 shows an example of refraction at a 
spherical surface. A ray emerging from object O 
hits the surface between two media of refractive index 
mand w/ at point P. After refraction, the ray continues 
at a deflected angle e! towards the normal and 
intersects the optical axis at point O. In the ideal 
case, all rays emerging from O at different angles o 
are collected in O', thus forming a real image of 
object point © in O/. In the paraxial approximation, 
we have sin o = tan = a, and p ~ 0. In triangle (O, 
O!, P): o! = =i i, Using Snell’s law ni =i’, 
we obtain: 


uy 


Since = o! +i', and in the paraxial approximation: 


ain! — on = dn! —n) 21 
ot =n) 131 
we obtain finally: 
wf _n_al-n 
a-ts 14) 


For an object at infinity, where s= 00, s! becomes the 
focal distance f': 


Lenses 


Combining two or more refractive surfaces, as in the 
preceding section, allows us to describe a single lens 
or more complex optical systems with several lenses 
in series. For a single lens in air, we just give the lens 
equation (without deriving it in detail): 


Dd 


nT @—1dtny 7) 


StF) [6] 


where d is the lens thickness, measured between the 
vertices of its surfaces, r1, r are the radii of the 
surfaces, the index of refraction of the lens material, 
and s}(F’) the distance of the object image from the 
vertex of the last surface, facing the focal plane. 

The back focal distance is given by: 


n-1@—Ddtny—mp 


An important special case is where the lens thickness 
is small compared to the radii of the lens surfaces, i.c., 
when d< Ir, — rl. In this case we can neglect the 
term of ( — 1)d and write: 
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Reflection at a Spherical Surface 


Let us now consider the other simple case of imaging 
object O into O by reflection from the concave 
spherical surface, as depicted in Figure 2. In the 
paraxial case, we have: 

o-o, 


ony i a! =ye, 


19) 
'=o-0',  b=ylr 


Figure 1 Refraction at a spherical surface between media with refractive indices n and 1. 
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With /= —i', we obtain: 


10] 


fea) 


In what follows, we will now assume that the distance 
of the object is always large (9), which, in general, is 
the situation when a telescope is employed. The 
image is formed at a surface defined by O', ideally 
a focal plane (paraxial case). We will consider 
deviations from the ideal case below. 


Simple Telescopes 


As we have observed above, a telescope is in principle 
nothing but an optical system, which images an object 
at infinity. In the most simple case, a lens with positive 
power or a concave mirror will satisfy this condition. 
The principle of a refractor and a reflecting telescope 
is shown in Figures 3 and 4, In both cases, parallel 
light coming from the distant object is entering 
through the entrance pupil, experiences refraction 
(reflection) at the lens (mirror), respectively, and is 
converging to form a real image in the focal plane. 
‘Two point sources, for example two stars in the 
sky, separated by an angle 3, will be imaged in the 
focal plane as two spots with separation Ay. When fis 


Figure 2 


the focal length of the telescope, we therefore have: 


ns 
f 

The so-called plate scale m of the telescope in units 

of aresec/mm is given 


112] 


1 
m= 3600 atan> 

f 

In the case of the refractor, we have also shown an 
eyepiece, illustrating that historically the instrument 
was invented to enhance the human vision, The eye is 
located at the position of the exit pupil, thus receiving 
parallel light, ie., observing an object at infinity, 
however (i) with a flux which is increased by a factor 
A, given by the ratio of the area of the telescope 
aperture with diameter D to the area of the eye's pupil 
d with A = (D/d)*, and (ii) with a magnification M of 
the apparent angle between two separate objects at 
infinity, which is given by the ratio of the focal lengths 
of the objective and the eyepiece 


fos 
Toa 
The magnification can also be expressed as the ratio 


of the diameters of the exit pupil and the entrance 
pupil: 


113) 


(fin mm) 


r (14) 


D 
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The first astronomical telescopes with mirrors were 
equipped with an eyepiece for visual observation. The 
example in Figure 4 shows a configuration which is 
more common nowadays for professional astronom- 
ical observations, using a direct imaging detector 
in the focal plane (photographic plate, electronic 
camera). 


espup 
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Aberrations 


Reflector Surfaces 


We shall now study the behavior of a real telescope 
beyond the ideal in the case of a reflector. Figure 5 
shows the situation of a mirror, imaging an on-axis 


Objective 


Exit 
Focal plane pupil 
Eyepiece 


Figure 3 Refractor, astronomical telescope for visual observations with eyepiece (Kepler telescope). 
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Focal plane 


Figure 4 Reflector, astronomical tolescope with prime focus 
imager. 


Figure & Imaging an object at infinity with reflector. 


object at infinity into focus at point O!. With Fermat's 
principle, the optical paths of all rays forming the 
image must have identical length /, For all j, we must 
satisfy: 


I U6) 


From the geometry in Figure 5, we find also: 


w+ -Zy = 7) 

Combining eqns [16] and [17], we obtain the 
equation for a surface which satisfies the condition 
for perfect on-axis imaging: 


—4fz ls} 


Obviously only a paraboloid is capable of fulfilling 
the condition for all rays parallel to the optical axis at 
whatever separation y. Also, we see that spherical 
mirrors are less than ideal imagers: rays at increasing 
distance y from the axis will suffer from increasing 
path length differences. The effect is called spherical 
aberration. We will investigate aberrations more 
quantitatively further below. 

Elementary axisymmetrical surfaces can be 
expressed as follows, with parameter C being the 


conic constant: 
yt -2Re$ (1+ Oe 


and the following characteristics: 


9} 


coo ellipsoidal, prolate 
c=0 spherical 
=1<C<0 ellipsoidal, oblate 
C=-1 paraboloidal 
c<-1 hyperboloidal 


Let us now leave the paraxial approximation and 
determine the focal length of rays which are parallel 
to, but further away at a distance y from the optical 
axis. Figure 5 shows the relevant geometrical 
relations, The intersection of the reflected ray with 
the optical axis at distance f from the vertex can be 
found from: 


f=etf-2 where an(2i) (20) 
We use the slope of the tangent in point P: 
tani 21) 
differentiate eqn [19] to get: 
a a 122) 
R-a+6 
use the trigonometrical relation: 
_ Dram 4 
tan 2d= 123) 
and substitute for tan(2i) in eqn [20] to obtain: 
RR (-Oz 5 
. 24 
eae Fon PA 


In order to express eqn [24] solely in terms of y, we 
rewrite eqn [19]: 


avo) 25) 


Expanding in a series and neglecting any orders 
higher than 6: 

yx is -o} 
HtdtOgs +0 -O' es 


26} 
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Paravial 
focal plane 


Figure 6 Transverse spherical aberration, 


we obtain finally: 


R_14C, 0+0G6+0 
ToR® 
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‘Transverse Spherical Aberration 


Obviously, for any C # —1, rays of different distance 
y to the optical axis are focused at different focal 
lengths f (spherical aberration). The net effect for a 
distant point source is that the image is blurred, 
rather than forming a sharp spot. The lateral 
deviation of nonparaxial rays intersecting the nom- 
inal focal plane at fy=R/2 is described by the 
transverse spherical aberration A,, (Figure 6): 


Aesph = (fo -f) [28] 
Using eqns [19] and [27], one obtains: 
Aaa = 2S M+GG45) 5, a5) 


2B 


Angular Spherical Aberration 


It is sometimes more convenient to consider the 
angular spherical aberration, since a telescope is 
naturally measuring angles between objects at infin- 
ity. To this end, we compare an arbitrary reflector 
surface according to eqn [19] with a reference 
paraboloid, which is known to be free of on-axis 
spherical aberration (Figure 7). For any given ray, we 
observe how the reflected ray under study is tilted 


Optical axis 


Optical axis 


Figure 7 Angular aberration determined with reference to a 
paraboloid. 


towards the reference ray, which would be reflected 
from the ideal surface of the paraboloid. While the 
former is measured under an exit angle of 2 towards 
the optical axis (see Figure 5), we designate the latter 
2i,. The angular spherical aberration is defined as the 
difference of these two angles: 


A, 


iy) 130) 


asp 


Again, we can use the slope of the tangent to 
determine the change of angles i—+ ip: 


dz dey 
Ann =2( # - $2) 


It is, therefore, sufficient to consider the difference 
in z between the surface under study and the 


31) 
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reference paraboloid. From eqn [26], we obtain as an 
approximation to third order: 


+0) [32] 


Aangsoh = eB 


Aberrations in the Field 


Since the use of a telescope exclusively on-axis would 
he somewhat limited, let us finally investigate the 
behavior under oblique illumination, ie., when an 
object at infinity is observed under an angle © towards 
the optical axis of the system. This will allow us to 
assess aberrations in the field. For simplicity, we are 
considering a paraboloid, remembering that on-axis 
the systemis free of spherical aberration. Again, we are 
employing an imaginary reference paraboloid which is 
pointing on-axis towards the object at angle © 
(Figure 8). Its coordinate system (0, z,y) is displaced 
and tilted with regard to the system under study 
(O,z,9}- One can show thatthe offset Az, which is used 
to derive the angular aberration in the same way as 
above, is given 


2Az= ay aoa +42 tay0? [33] 
‘The angular aberration in the field is then: 
e a2 
Avg = 3127 +2m > +4;0) [34] 


R R 
The coefficients are called: 
ay: coma 
ay; astigmatism 


ay. distortion 


Figure 8 Aberration in the field, oblique rays. 


Chromatic Aberration 


So far we have only considered optical aberrations of 
reflecting telescopes. Spherical aberration in the case 
of a lens is treated in analogous ways and will not be 
discussed again, However, the wavelength depen- 
dence of the index of refraction in optical media 
(dispersion) is an important factor and gives rise to 
chromatic aberrations which are only encountered in 
refractive optical systems. We can distinguish two 
principal effects in the paraxial approximation: 
(i) longitudinal chromatic aberration, resulting in 
different axial image positions as a function of 
wavelength; and (ii) lateral chromatic aberration, 
which can be understood as an aberration of the 
principal ray asa function of wavelength, leading to a 
varying magnification as a function of wavelength 
(plate scale in the case of a telescope). 

As an example, let us determine the wavelength 
dependence of the focal length of a single thin lens. 
Opticians are conventionally using discrete wave- 
lengths of spectral line lamps of different chemical 
elements, e.g., the Mercury ¢ line at 546.1 nm, 
Cadmium F’ 480.0 nm, or Cadmium C’ 643.8 nm, 
covering more or less the visual wavelength range of 
the human eye. Differentiation of eqn [8] yields for 
the wavelength of e: 


f 
ce 35 
ai a 

Substituting 
Lél 

aon 
we get: 

df= B7I 


Replacing the differential by the differences 
Af! = fe — flr and An 


np! — Mc? then: 


fe-fo= He p= 38) 
¥. is called Abbe's Number: 
uy 139) 


ip me 


It is a tabulated characteristic value of dispersion 
for any kind of glass and allows one to quickly 
estimate the difference in focal length at the 
extreme wavelengths F! and C! when the nominal 
focal length of a lens is known as e. 
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Angular Resolution 


In the previous sections, we have exclusively 
employed geometrical optics for the description of 
telescope properties. With geometrical optics and in 
the absence of aberrations, there is no limit to the 
angular resolution of a telescope, i.e., there is no 
limiting separation angle djq, below which two 
distant point sources can no longer be resolved. 
However, real optical systems experience diffraction, 
leading to the finite width of the image of a point 
source (Airy disk), whose normalized intensity 
distribution in the focal plane as a function of radius 
7 from the centroid for the case of a circular aperture 
of diameter D can be conveniently described by a 
Bessell function (A: wavelength, f': focal length of the 
objective): 


The intensity distribution is plotted in Figure 9. The 
first four minima of the diffraction ring pattern are 
listed in Table 1. Two point sources are defined to be 
at the resolution limit of the telescope when the 
maximum of one diffraction pattern happens to 
coincide with just the first diffraction minimum of 
the other one (Figure 9, right). As a rule of thumb, the 
angular resolution is of a telescope with diameter D is 


Figure 9 Loft: radial intensity distribution of difraction pattern 
(Aly dist) Right: two overlapping point source images with same 
Intensity a limiting angular separation 8 


Table 1 Difraction minima ot ary isk 


n Ym DFA 
1 3.83 ot 
2 7.02 1.12 
3 102 1.62 
4 133 242 


given by: 
(41 


the latter in units of arcsec for a wavelength of 
$50 nm and D in mm, 


Types of Telescopes 


There are very many different types of telescopes 
which were developed for different purposes. In order 
to obtain an impression, we will only briefly 
introduce a nonexhaustive selection of refractors 
and reflectors, which by no means is representative 
of the whole. For a more complete overview, the 
reader is referred to the literature. 


Refractor Objectives 


Refractors are first of all characterized by their 
objectives. Figure 10 shows a sequence of lenses, 
indicating the progress of lens design developments 
from left to right. All lenses are groups 2 or 3, designed 


to compensate for chromatic aberration through 
optimized combinations of crown and flint glasses. 
The first lens is a classical C achromat, e.g., using BK7 
and SF2 glass, which is essentially the design which 
was introduced by Hall and Dollond. It is still a useful 
objective for small telescopes, where a residual 
chromatic aberration is tolerable. The second lens is 
the Fraunhofer E type, which is characterized by an air 
gap between the two lenses (BK7, F2), which helps to 
optimize the image quality of the system, reducing 
spherical aberration and coma. Asa disadvantage, the 
two additional glassair interfaces lead to ghost 
images (reflected light) and Fresnell losses. The 
objective is critical with regard to the alignment of 
tip and tilt. The third example is an improved AS type 
achromat (K2F2, BK7), which is similar to the E type in 


Figure 10 Difirent types of refractor objectives, from left to 
right: classical C achromat, Fraunhofer E achromat with air gap, 
{AS achromat, APO apachromat. 
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that it also possesses an air gap, however with an 
improved chromatic aberration correction in com- 
parison to the Fraunhofer objective. The lenses show a 
more pronounced curvature and are more difficult to 
manufacture. The beneficial use of KzF2 glass is an 
example of the successful research for the develop- 
ment of new optical media, which was pursued near 
the end of the nineteenth century in a collaboration 
between Otto Schott and Ernst Abbé. The last 
example is a triplet, employing ZK2, CaF2, and 
ZK2, This APQ type of objective is an apochromat, 
whose chromatic aberration vanishes at 3 wave- 
lengths. It is peculiar for its use of a crystal (calcium 
fluoride, CaF) as the optical medium of the central 
lens. The manufacture of the CaF lens is critical and 
expensive, but it provides for an excellent correction of 
chromatic and spherical aberration of this high quality 
objective, The triplet is also difficult to manufacture 
because of the coefficient of thermal expansion, which 
is roughly different by a factor of two between Cal 
and the glass. In order to avoid disrupture of the 
cemented lens group, some manufacturers have used 
oil immersion to connect the triplet. Since CaF not 
only has excellent dispersion properties to correct for 
chromatic aberration, but also exhibits an excellent 
transmission beyond the visual wavelength regime, 
this type of lens is particularly useful for applications 
in the blue and UV. 

Finally, Figure 11 shows the complete layout of an 
astrograph, which is a telescope for use with photo- 
graphic plates, The introduction of this type of 
instrument meant an important enhancement of 
astrophysical research by making available a signi 
cantly more efficient method, compared to the 
traditional visual observation of individual stars, one 
by one. Using photographic plates, it became possible 
to measure position and brightness of hundreds and 
thousands of stars, when previously one could 
investigate tens. Typical astrographs were built with 
apertures between 60 and 400 mm, and a field-of-view 
aslarge as 15 degrees. Despite the growing importance 
of space-based observatories for astrometry, some 
astrographs are still in use today. 


Basic Oculars 


While the general characteristics of a refractor are 
dominated by the objective, the eyepiece nevertheless 


Figure 14 


Astrograph, 


plays an important role for the final appearance to the 
observer, with an effect on magnification, image 
quality, chromatism, field of view, and other proper- 
ties of the entire system, From a large variety of 
different ocular types, let us briefly consider a few 
simple examples. 

The first eyepiece in Figure 12 is the one of the 
Kepler telescope, which was already introduced in 
Figure 3. It has a quite simple layout with a single lens 
of positive power. The lens is located after the 
telescope focal plane at a distance which is equal to 
the ocular focal length fc. The telescope and the 
ocular focal planes are coinciding, and as a result, the 
ontcoming beam is collimated, forming the system 
exit pupil after a distance f.c. This is where ideally the 
observer's eye is located. The focal plane is creating a 
real image, which is a convenient location for a 
reticle. The Kepler telescope is, therefore, a good 
tool for measurement and alignment purposes. 
We note that the image is inverted, which is relatively 
unimportant for a measuring telescope and astron- 
omy, but very annoying for terrestrial use. 


Kepler 


Galilei 


Huygens 


Ramsden 


N 


Figure 12 Elementary 
Huygens, and Ramdsen. 


eyepieces after Kepler, Galilei, 


What 


-an Go Wrong 


upward. The PUT must be forward biased be- 
‘tween its anode and cathode (the anode must 
have a higher potential relative to the cathode), 
with an intermediate positive voltage at the gate 
established by resistors R1 and R2 functioning as 
a voltage divider (see Figure 27-7). Failure to ob- 
serve correct biasing will result in unpredictable 
behavior and possible damage to the compo- 
nent. 


discrete semiconductor 


single junction > unijunction tra 


conductor, the UJT and the PUT 
must be protected from excessive current, which 
can burn out the component. Never connect ei- 
ther of these components directly acrossa power 
source without appropriate resistances to limit 
current flow. Maximum continuous power dissi- 
pation for UJTs and PUTS is usually 300mW. 


240 


Encyclopedia of Electronic Components Volume 1 
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This latter property has been avoided in the next 
example, which is the ocular of the Galilean 
telescope, which was built by Galileo and used for 
his famous observations of planets and moons in the 
solar system, It uses a single lens, but contrary to the 
Kepler type with negative power. The lens is located 
in the telescope beam in front of the focal plane of the 
objective, which means that the exit pupil is virtual 
and not accessible to the observer (indicated by 
dotted lines in Figure 12). The overall length of the 
telescope is somewhat shorter than Kepler's, however 
at the expense of the lack of a real focal plane, so no 
reticle can be applied. 

‘The third example is the 2-lens-ocular of Christian 
Huygens, who was able to prove with his design that 
it is possible to correct paraxially the lateral 
chromatic aberration. The eyepiece is still being 
built today. 

Another elementary ocular is shown in Figure 12, 
which is the eyepiece after Ramsden. This system is 
also corrected for lateral chromatic aberration. The 
real image is formed on the front surface of the second 
lens, providing a location for a reticle or a scale for 
measuring purposes. The exit pupil is interior to the 
ocular, In addition to these selected basic types, there 
are many more advanced multilens oculars in use 
today, with excellent correction and large field of 
view (up to 61 


Reflectors 


Let us now describe several basic types of reflectors 
(sce Figure 13). The first example is the Newton 
reflector, which uses a flat folding mirror to create an 
accessible exterior focus. It is conceptually simple and 
still in use today for amateur astronomy. When the 
main mirror is a paraboloid, the spherical aberration 
is corrected on the axis of the system, 

The second example represents an important 
improvement over the simple I-mirror design of 
Newton's telescope, in that the combination of a 
parabolic first mirror (main mirror, M1) with a 
hyperbolic secondary mirror (M2) eliminates spheri- 
cal aberration, but not astigmatism and coma, The 
Cassegrain telescope has a curved focal surface which 
is located behind the primary mirror. Due to the onset 
of coma and astigmatism, the telescope has a modest 
useful field-of-view. Besides the correction properties, 
the system has significant advantages in terms of 
mechanical size and weight, playing an important role 
for the construction of large telescopes. The basic type 
of this design has practically dominated the construc- 
tion of the classical large astronomical telescopes with 
MI diameters of up to 5 m, and, more recently, the 
modern 8-10 m class telescopes. On the practical 


Figure 13 Reflectors, from top to bottom: Newton, Cassegrain, 
Gregory, Schmict. 


side, the external focus of the Cassegrain on the 
bottom of the mirror support cell is a convenient 
location for mounting focal plane instruments (e.g. 
CCD cameras, spectrographs, and others). 

The more common variant of the Cassegrain type, 
which was actually used for the design of these 
telescopes, is the layout of Ritchey (1864—1945) and 
Gretien (1879-1956), which combines two hyper- 
bolic mirrors for M1 and M2 (RCC), but otherwise 
has the same appearance as the Cassegrain. Besides 
spherical aberration, it also corrects for coma, giving 
a useful field-of-view of up to 1°. Like in the case of 
the Cassegrain telescope, the RCC exhibits some 
curvature of the focal plane. 
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Our third example is the Gregory reflector, which 
also is a 2-mirror system, however with a concave 
elliptical secondary mirror. The correction of this 
telescope is similar, but somewhat inferior to the one 
of the Cassegrain. The use of a concave M2 is 
advantageous for manufacture and testing. Never- 
theless, the excessive length of the system has 
precluded the use of this layout for large astronomical 
telescopes, except for stationary beams, for example, 
in solar observatories. 

The last example is the design put forward by 
Bernhard Schmidt (1879-1935) who wanted to 
create a telescope with an extremely wide ficld-of- 
view. The first telescope of his new type achieved a 
field-of-view of 16° — something which had not been 
feasible with previous techniques. The basic idea is to 
use a fast spherical mirror, and to correct for spherical 
aberration by means of an aspherical corrector plate 
in front of the mirror, which also forms the entrance 
pupil of the telescope. The focal surface is strongly 
curved, making it necessary to employ a detector with 
the same radius of curvature (bent photographic 
plates), of to compensate the curvature by means 
of a field lens immediately in front of the focus. 


The presence of the corrector plate and, if used, the 
field flattener, gives rise to significant chromatism. 
Nevertheless, the Schmidt telescope was avery 
successful design and dominated wide-angle survey 
work in astronomy for many decades. 


Applications 


Purpose Telescopes 


According to the original meaning of the Greck 
“tele-skopein’, the common conception of the tele- 
scope is the one of an optical instrument, which 
provides an enlarged view of distant objects. In 
addition, a large telescope aperture, compared to the 
eye, improves night vision and observations with 
poorly illuminated scenes. There are numerous appli- 
cations in nautical, security, military, hunting, and 
other professional areas. For all of these applications, 
an intuitive vision is important, essentially ruling out 
the classical astronomical telescope (Kepler telescope, 
see Figure 3), which produces an inverted image. 

Binoculars with Porro prisms are among the most 
popular instruments with upright vision, presenting a 
compact outline due to the folded beam geometry 
(Figure 14), but also single tube telescopes with 
re-imaging oculars are sometimes used. 


Metrology 


Aswe have realized in the introduction, telescopes are 
instruments which perform a transformation from 
angle of incidence in the aperture to distances from 
the origin in the focal plane. If the focal length of the 
objective is taken sufficiently long, and a high-quality 
eyepiece is used, very small angles down to the aresec 
regime can be visually observed. Telescopes are, 
therefore, ideal tools to measure angles to very high 
precision, 

In Figure 15 we see a pair of telescopes, facing each 
other, where one instrument is equipped with a light 
source, and the other one is used to observe the first 
one. The first telescope is also called a collimator. It 
possesses a lamp, a condensor system, a focal plane 
mask (usually a pinhole, a crosshair, or some other 
useful pattern imprinted on a transparent plate), and 
the telescope objective. The focal plane mask is 
projected to infinity. It can thus be observed with the 


Figure 15 Collimator and telescope. 
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measuring telescope, such that an image of the 
collimator mask appears in the telescope focal plane. 
Also the telescope is equipped with a mask in its focal 
plane, usually with a precision scale or another pattern 
for convenient alignment with the collimator mask. If 
now the collimator is tilted by a small angle 6 against 
the optical axis of the telescope, the angle of incidence 
in the measuring telescope changes by this same 
amount, giving rise to a shift of the image by Ax 
tan 5. Note that the measurement is completely 
insensitive to parallel shifts between the telescope 
and the collimator, since it is parallel light which is 
transmitted between the two instruments. 


i- 


Figure 16 Autocolimator 


Another special device, which combines the former 
two instruments into one, is the Autocollimator. The 
optical principle is shown in Figure 16: in principle, 
the autocollimator is identical to a measuring 
telescope, except that a beamsplitter is inserted 
between the focal plane and the objective. The 
beamsplitter is used to inject light from the same 
kind of light source device as in the normal 
collimator. The axis of the folded light source beam 
and of the illuminated collimator mask are aligned to 
match the focal plane mask of the telescope section: 
the optical axis of the emerging beam is identical 
to the optical axis of the telescope. Under this 
condition, the reflected light from a test object wil 
be exactly centered on the telescope focal plane mask, 


when it is perfectly aligned to normal incidence. 
Normally, a high-quality mirror is attached to the 
device under study, but sometimes also the test object 
itself possesses a plane surface of optical quality, 
which can be used for the measurement, 

Figure 17 shows schematically an example for such 
a measurement, where a mirror is mounted on a 
linear stage carriage for the purpose of measuring 
the flexure of the stage to very high precision. 
With a typical length of =1m, this task is not 
a trivial problem for a mechanical measurement, 


98 


ay 


Figure 17 Using an autocollimator to measuring the flexure of a linear stage. 
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this telescope led Johannes Hartmann tot 


sensing. Courtesy of Astrophysikalsches Institut Potsdam. 


By measurement with the antocollimator the tilt of 

the mirror consecutively for a sufficiently large 

number of points x; along the rail, we can now plot 

the slope of the rail at each point x, as tan d: 
Y tans 


a [42] 


Integrating the series of slope values reproduces the 
shape of the rail y 
Other applications include multiple autocolli- 
mation, wedge measurements, and right angle 
measurements. 
Multiple autocollimation is achieved by inserting a 
fixed plane-parallel and semi-transparent mirror 


development of the ‘Hartmann Test’, which was 
aberrations. This method i stilin use today, and has been further developed to become the 


technique of wavefront 


hetween the autocollimator and the mirror under 
study. Light coming from the test mirror will be 
partially transmitted through the additional mirror 
towards the autocollimator, and partially reflected 
back to the test mirror, and so forth. After k 
reflections, a deflection of k6 is measured, when 6 is 
the tilt of the test mirror. 

The wedge angle a of a plane-parallel plate with 
refractive index my is easily measured by observing 
the front and back surface reflections from the plate, 
keeping in mind that the beam bouncing back from 
the rear will also experience refraction in the plate. 
If 5s the measured angle difference between the two 
front and rear beams, then a= &/2ny. 
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Two surfaces of an object can be tested for 
orientation at right angles by attaching a mirror to 
surface 1 and observe the mirror with the fixed 
autocollimator, In a second step, an auxiliary 
pentaprism is inserted into the beam, deflecting the 
light towards surface 2, where the mirror is attached 
next. Ifa precision pentaprism is used, any deviation 
from right angles between the two surfaces is seen as 
an offset between step 1 and 2. 

These are only a few examples of the very many 
applications for alignment and angle measurements 
ics and precision mechanics. 

Without going into much detail, we are just 
mentioning that also the theodolite and sextant 
make use of the same principle of angular measure- 
ments, however without the need of a collimator or 


autocollimation. 


Astronomical Telescopes 


Despite its importance as a measurement and testing 
device for optical technology and manufacture as 
described in the preceeding paragraph, it is the 
original invention and subsequent improvement of 
the telescope for Astronomy which is probably the 


Figure 19. Pistor & Martin Meridian Circle at the former Berlin 
Observatory in Potsdam Babelsberg. The instrument was one of 
the finest art telescopes with ultra-high precision for astrometry, 
builtin 1868. Courtesy of Astrophysikalisches Institut Potsdam 


most fascinating application of any optical system 
known to the general public. The historical develop- 
ment of the astronomical telescope spans from the 
17th century Galileian refractor with an aperture of 
just a few centimeters in diameter, over the largest 
refractors built for the Lick and Yerkes observatories 
with objectives of up to ~1m in diameter (sce also 
Figures 18-20}, the 4 m-class reflectors of the second 
half of the 20th century like e.g. the Hale Observatory 
Sm, the Kitt Peak and Cerro Tololo 4m, the La Silla 
3.6m, or the La Palma 4.2 m telescopes (to name only 
a few), to the current state-of-the-art of 8-10 m class 
telescopes, prominent examples being the two 
Keck Observatory 10m telescopes on Mauna Kea 
(Hawaii), or the ESO Very Large Observatory 
(Paranal, Chile), consisting of four identical 8.2m 
telescopes (Figures 21-24), 

This development has always been driven by the 
discovery of fainter and fainter celestial objects, 
whose quantitative study is the subject of modern 
astrophysics, involving many specialized disciplines 
such as atom/quantum/nuclear physics, chemistry, 
general relativity, electrodynamics, hydrodynamics, 
magneto-hydrodynamics, and so forth. In fact, 
cosmic objects are often referred to as ‘laboratories’ 


Figure 20 Architec’s skotch of historical ‘Einsteinturm’ solar 
telescope, Astrophysical Observatory Potsdam. The telascope 
objective is mounted in the tower structure, facing upward a 
siderostat which is mounted inside the dame, The lights focused 
inthe basement attr deflection rom a folding mirror onthe sit of a 
bench-mounted high resolution spectrograph. The telescope 
represented state-of-the-art technology at the beginning of the 
twentioth century. Courtesy of Astrophysikalisches Institut 
Potsdam. 


INSTRUMENTATION /Telescopes 349 


Figure 21 The Very Large Telescope Observatory (VLT) on Mt 
Paranal, Chile, with VLT Interferometer (VLTI). The four large 
enclosures are containing the active optics controlled VLT unit 
telescopes, which are operated either independently of each 
other, or in parallel to form the VLTI. The structures on the ground 
are part of the beam combination optics/delay lines. Courtesy of 
European Southem Observatory. 


Figure 22 Total view of Kueyen, one of four unit telescopes 
of the VLT observatory. Courtesy of European Souther 
Observatory. 


with extreme conditions of density, temperature, 
magnetic field strength, etc., which would be imposs- 
ible to achieve in any laboratory on Earth. Except for 
particles (neutrinos, cosmic rays), gravitational 


Figure 23 8.2m thin primary minor for the VLT. The VLT 


design is based on thin meniscus mirrors, made out of 
‘ZERODUR, which have low thermal inertia and which are always 
kept at ambient temperature, thus virtually removing the effect of 
thermal turbulence (mirror seeing). Seeing is the most limiting 
factor of ground-based optical astronomy. The optimized design 
ofthe VLT telescopes has introduced a significant leap forward to 
2 largely improved image quality from the ground, and, 
consequently, improved sensitivity. The thin mirrors are con 
stantly actively controlled in their mounting calls, using numerous 
piston actuators on the back surface of the mirror. Another key 
technology under development is ‘adaptive optics’, a method to 
‘compensate atmospheric wavefront deformations in real-time, 
thus obtaining difraction limited images. Courtesy of European 
Southern Observatory. 


waves, and the physical investigation of meteorites 
and other solar system material collected by space 
probes, telescopes (for the entire wavelength range of 
the electromagnetic spectrum) are the only tool to 
accomplish quantitative measurements of these cos- 
mic laboratories. 

In an attempt to unravel the history of the birth 
and evolution of the universe, to discover and to 
measure the first generation of stars and galaxies, 
and to find evidence for traces of life outside of 
planet Earth, plans are currently underway to 
develop yet another new generation of giant optical 
telescopes with apertures of 30-100 m in diameter 
(ELT: extremely large telescope). The technological 
challenges in terms of precision and stability are 
outstanding, 

Along with the impressive growth of light collect- 
ing area, we must stress the importance of angular 
resolution, which has also experienced a significant 
evolution over the history of astronomical telescops 
from ~5 arcsec of the Galilei telescope, which 
already provided an order of magnitude improvement 
over the naked eye, over roughly 1 arcsec of 
conventional telescopes in the 20th century, a few 
hundredths of an arcsec for the orbiting Hubble Space 
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Figure 24 Top: spin-cast 8.4 m honeycomb miro #1 for the 
Large Binocular Telescope, the largest monolithic mirror of optical 
{ualtyn the world. Shown in the process of applying a protective 
Plastic coating to the end: polished surface. Bottom: LBT mirror #1 
finally mounted in mirror col. Courtesy of Large Binocular 
Telescope Observatory. 


Telescope ( ), down to milli-aresec resolution 
of the Keck and VLT Interferometers. The develop- 
ment of the aforementioned ELTs is thought to be 
only meaningful if operated in a diffraction-limited 
mode, using the emerging technique of adaptive 
optics, which is a method to correct for wavefront 
distortions caused by atmospheric turbulence (image 
blurr) in real-time. 

The combination of large optical/infrared tele- 
scopes with powerful detectors and focal plane 
instruments (see Instrumentation: Astronomical 
Instrumentation) has been a prerequisite to make 


astrophysics one of the most fascinating disciplines of 
fundamental sciences. 
See also 


Geometrical Optics: Aberrations. Imaging: Adaptive 
Optics. Instrumentation: Astronomical Instrumentation 


Figure 25 Hubble Space Telescope (HST) in orbit. This 2.4m 
telescope is probably the most productive telescope which was 
‘ver bult. Due to the absence of the atmosphere, the telascape 
dolivers difraction-imited, extremely sharp images, which have 
revealed unprecedented details of stars, star clusters, nebulae 
and other objects in the Milky Way and in other galaxies. Among 
the most spectacular results, HST has provided the deepest look 
Into space ever, revealing ight from faint galaxies that was emitted 
hen the universe was only at 10% ofits present age. Courtesy of 
Space Telescope Science institute, Baltimore. 
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Introduction 


Interferometers are a powerful tool used in numerous 
industrial, research, and development applications, 
including measuring the quality of a large variety of 
manufactured items such as optical components and 
systems, hard disk drives and magnetic recording 
heads, lasers and optics used in CDs and DVD drives, 
cameras, laser printers, machined parts, components 
for fiber optics systems, and so forth. Interferometer 
also be used to measure distance, spectra, and 
rotations, etc. The applications are almost endless. 

‘There are many varieties of interferometers. Some 
interferometers form interference fringes using two 
beams and some use multiple beams. Some inter- 
ferometers are common path; some use lateral shear; 
some use radial shear; and some use phase-shifting 
techniques. Examples of the various types are given 
below, but first we must give the basic equation for 
two-beam interference. 


Two-Beam Interference 
When two quasi-monochromatic waves interfere, the 


irradiance of the interference pattern is given by 


1=],+h+2hhcos|¢] fen) 


where the I’s represent the irradiance of the individual 
beams and @ is the phase difference between the two 
interfering beams. The maximums of the interference 
rr, where m is an integer. In most 


occur when & 
applications involving interferometers, @ is the 
quantity of interest since it is related to the quantity 


being measured. Figure 1 shows typical two-beam 
interference fringes. 

There are many two-beam interferometers and we 
will now look at a few of them. 


Fresnel rors 


Fresnel Mirrors are a very simple two beam 
interferometer. A beam of light reflecting off two 
mirrors, set at a slight angle to one another, will 
produce an interference pattern, The fringes are 
straight and equally spaced. The fringes become 
more finely spaced as the angle between the two 
mirrors increases, d increases, and D becomes smaller 


(Figure 2) 


Plane Parallel Plate 


When a monochromatic source illuminates a plane 
parallel plate, as shown in Figure 3, the interference 


Figure 1 Typical two-beam interference fringes. 
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Figure 3. Plane parallel plato interferometer. 


fringes are circles centered on the normal to plate. 
The fringes are called Haidinger fringes, or fringes of 
equal inclination since, for a given plate thickness, 
they depend on the angle of incidence. If the 
maximum or minimum occurs at the center, the 
radii of the fringes are proportional to the square root 
of integers. If the plate has a slight variation in 
thickness and it is illuminated with a collimated beam 
then the interference fringes are called Fizeau fringes 
of equal thickness and they give the thickness 
variations in the plate. 


Michelson Interferometer 


A Michelson interferometer is shown in Figure 4. 
Light from the extended source is split into two 
beams by the beamsplitter. The path difference can be 
viewed as the difference between the mirror M1 and 
the image of mirror M2, M2'. With the M1 and M2! 
parallel, the fringes are circular and localized at 
infinity. With M1 and M2! at a slight angle, the 
interference fringes are straight lines parallel to the 
equivalent intersection of the mirrors and localized 
approximately at the intersection. When the mirrors 
are only a few wavelengths apart, white light fringes 


Incorrect spacing Correct spacing 


Figure 5 Twyman-Green interferometer for testing a concave 
spherical mitra. 


appear, and can be used to determine their 


coincidence. 


Twyman-Green Interferometer 


Ifa point source is used in a Michelson interferometer 
it is generally called a Twyman-Green interfero- 
meter. Twyman—Green interferometers are often used 
to test optical components such as flat mirrors, curved 
mirrors, windows, lenses, and prisms. Figure 5 shows 
a TwymanGreen interferometer for the testing of a 
concave spherical mirror. The interferometer is 
aligned such that the focus of the diverger lens is at 
the center of curvature of the spherical mirror. If the 
mirror under test is perfect, straight equi-spaced 
fringes are obtained. Figure 6 shows two interference 
fringes and the relationship between surface height 
error for the mirror being tested and fringe deviation. 
Ais the wavelength of the light, 


Fizeau Interferometer 


The Fizeau interferometer is a simple device used for 
testing optical surfaces, especially flats and spheres 
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(Figure 7). The fringes are fringes of equal thickness. 
It is sometimes useful to tilt the reference surface a 
little to get several nearly straight interference fringes. 
The relationship between surface height error and 
fringe deviation from straightness is the same as for 
the Twyman—Green interferometer. 


Mach-Zehnder Interferometer 


A Mach—Zehnder interferometer is sometimes used 
to look at samples in transmission, Figure 8 shows a 


Figure 6 Relationship between surtace height error and fringe 
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Figure 7 Fizeau interferometer. 


typical Mach-Zehnder interferometer for looking at 
a sample in transmission, 


Murty Lateral Shearing 
Interferometer 


Lateral shearing interferometers compare a wave- 
front with a shifted version of itself. While there are 
many different lateral shear interferometers, one that 
works very well with a nearly collimated laser beam is 
a Murty shearing interferometer shown in Figure 9. 
The two laterally sheared beams are produced by 
reflecting a coherent laser beam off a plane parallel 
plate. The Murty interferometer can be used to 
measure the aberrations in the lens or it can be used 
to determine if the beam leaving the lens is 
collimated. If the beam incident upon the plane 
parallel plate is collimated a single fringe results, 
while if the beam is not perfectly collimated straight 
equi-spaced fringes result where the number of fringes 
gives the departure from collimation. 


Radial shear interferometers compare a wavefront 
with a magnified or demagnified version of itself. 


I Shear Interferometer 


While there are many different radial shear 
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Figure 9 Murty lateral shear interferometer. 


bipolar transistor 


discrete semiconductor > multi-junction > bipolar transistor 


# 


The word transistor, on its own, is often used to mean bipolar transistor, as this was the 
type that became most widely used in the field of discrete semiconductors. However, 
bipolar transistor is the correct term. It is sometimes referred to as a bipolar junction 


transistor or BJT. 


OTHER RELATED COMPONENTS 


+ unijunction transistor (See Chapter 27) 
+ fleld-effect transistor (See Chapter 29) 
+ diac (Volume 2) 

+ triae (Volume 2) 

«+ relay (Volume 2) 

+ solid-state relay (Volume 2) 


What It Does 


How It Works 


Abipolar transistor amplifies fluctuations in cur- 
rent or can be used to switch current on and off. 
In its amplifying mode, it replaced the vacuum 
tubes that were formerly used in the amplifica- 
tion of audio signals and many other applica- 
tions. In its switching mode it resembles a re- 
lay, although in its “off” state the transistor still 
allows a very small amount of current flow, 
known as leakage. 


A bipolar transistor is described as a discrete 
semiconductor device when it is individually 
packaged, with three leads or contacts. A pack- 
age containing multiple transistors is an integra- 
ted circuit. A Darlington pair actually contains 
two transistors, but is included here as a discrete 
‘component because it is packaged similarly and 
functions like a single transistor. Most integrated 
circuits will be found in Volume 2 of this ency- 
clopedia. 


Although the earliest transistors were fabricated 
from germanium, silicon has become the most 
‘commonly used material. Silicon behaves like an 
insulator, in its pure state at room temperature, 
but can be “doped” (carefully contaminated) 
with impurities that introduce a surplus of elec- 
trons unbonded from individual atoms. The re- 
sult is an \V-type semiconductor that can be in- 
duced to allow the movement of electrons 
through it, ifitis biased with an external voltage. 
Forward bias means the application of a positive 
voltage, while reverse bias means reversing that 
voltage. 


Other dopants can create a deficit of electrons, 
which can be thought of as a surplus of “holes” 
that can be filled by electrons. The result is a P- 
type semiconductor. 


Abipolar NPN transistor consists of a thin central 
P-type layer sandwiched between two thicker N- 
type layers. The three layers are referred to as 
collector, base, and emitter, with a wire or contact 


241 


¢ 
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interferometers, one that works very well with a 
nearly collimated beam is shown in Figure 10. It is 
essentially a Mach~Zehnder interferometer where, in 
one arm, the beam is magnified and in the other arm 
the beam is demagnified. Interference fringes result in 
the region of overlap. The sensitivity of the inter- 
ferometer depends upon the amount of radial shear. If 
the two interfering beams are approximately the same 
size there is little sensitivity, while if the two beams 
greatly differ in size there is large sensitivity. Some- 
times radial shear interferometers are used test the 
quality of optical components. 


Scatterplate Interferometer 


A scatterplate interferometer, invented by Jim Burch 
in 1953, is one of the cleverest interferometers. 
Almost any light source can be used and no high- 
quality optics are required to do precision interfero- 
metry. The critical element in the interferometer is the 
scatterplate which looks like a piece of ground glass, 
but the important item is that the scattering points 
are arranged so the plate has inversion symmetry 
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Figure 10 Radial shear interferometer. 


as shown in Figure 11, The light that is scattered the 
first time through the plate, and unscattered 
the second time through the plate, interferes with 
the light unscattered the first time and scattered the 
second time. The resulting interference fringes show 
errors in the mirror under test. This type of 
interferometer is insensitive to vibration because it 
is what is called a common path interferometer, in 
that the test beam (scattered-unscattered) and the 
reference beam (unscattered—scattered) travel along 
almost the same paths in the interferometer. 


Smartt Point Diffraction 
Interferometer 


Another common path interferometer used for the 
testing of optics is the Smartt point diffraction 
interferometer (PDI) shown in Figure 12, In the PDI 
the beam of light being measured is focused onto 
a partially transmitting plate containing a pinhole, 
The pinhole removes the aberration from the 
light passing through it (reference beam), while 
the light passing through the plate (test heam) does 
not have the aberration removed. The interference 
of these two beams gives the aberration of the lens 
under test. 


Sagnac Interferometer 


The Sagnac interferometer has beams traveling in 
opposite directions, as shown in Figure 13, The 
interferometer is highly stable and easy to align. If the 
interferometer is rotated with an angular velocity 
there will be a delay between the transit times of 
the clockwise and the counterclockwise beams. For 
this reason, the Sagnac interferometer is used in 
laser gyros. 
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Figure 11. Scatterplate interferometer. 
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Fiber Interferometers 


Fiber interferometers were first used for rotation 
sensing by replacing the ring cavity in the Sagnac 
interferometer with a multiloop made of a single- 
mode fiber. Fiber-interferometer rotation sensors are 
attractive as rotation sensors because they are small 
and low-cost. 

Since the optical path in a fiber is affected by its 
temperature and it also changes when the fiber is 
stretched, fiber interferometers can be used as sensors 
for mechanical strains, temperature, and pressure. 
They can also be used for the measurement of 
magnetic fields by bonding the fiber to a magneto- 
restrictive clement. Electric fields can be measured by 
bonding the fiber to a piezoelectric film. 


Multiple Beam Interferometers 


In general, multiple beam interferometers provide 
sharper interference fringes than a two beam inter- 
ferometer. If light is reflected off a plane parallel plate 
there are multiple reflections. If the surfaces of the 
plane parallel plate have a low reflectivity, the higher- 
order reflections have a low intensity and the multiple 
reflections can be ignored and the resulting inter- 
ference fringes havea sinusoidal intensity profile, butif 
the surfaces of the plane parallel plate have a high 
reflectivity, the fringes become sharper. Figure 14 
shows the profile of the fringes for both the reflected 
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Figure 12 Smart point dffraction interferometer. 


Figure 13. Sagnac interferometer. 


and the transmitted light for different values of surface 
reflectivity. Multiple beam interference fringes are 
extremely useful for measuring the spectral content of 
a source. One such multiple beam interferometer, that 
is often used for measuring spectral distributions of a 
source, is a Fabry-Perot interferometer that consists 
of two plane-parallel plates separated by an air space, 
as shown in Figure 15. 


Phase-Shit 


The equation for the intensity resulting ftom two- 
beam interference, contains three unknowns, the two 
individual intensities and the phase difference 
between the two interfering beams. If three or 
more measurements are made of the intensity of the 
two-beam interference as the phase difference 
between the two beams is varied in a known manner, 
all three unknowns can be determined. This tech- 
nique, called phase-shifting interferometry, is an 
extremely powerful tool for measuring phase 
distributions. Generally the phase difference is 
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Figure 14 Multiple beam interference fringes for the transmitted 
and reflected light fr a plane parallel plate. 


ii 
 V | 


Faby Port Ietrogram 
cavty 


Source 


Figure 15 Fabry-Perot interferometer. 
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Figure 16 Vibration:insensiive phase-shiting interferometer. 


changed by 90 degrees between consecutive measure- 
ments of the interference intensity in which case 
the three intensities can be written as 


1,00.9) = Ly + Ly + 2yTh cos( d(x, y) — 90°) 
Iy(x.y) = ly + by + Vb cos( dx. y)) 


I.(8,y) =I, + by + 2yhhh cos(x, ») + 90°) 
and the phase distribution is given by 


LiGe,9) = 16,9) 
Tet Tey) —LeaD 


bey) = Acton 


Phase-shifting interferometry has greatly enhanced 
the use of interferometry in metrology since it 
provides a fast low noise way of getting interfero- 
metric data into a computer. 


Vibration-Insensitive Phase-Shifting 
Interferometer 


While phase-shifting interferometry has greatly 
enhanced the use of interferometry in metrology, 
there are many applications where it cannot be used 
because of the environment, especially vibration. One 
recent phase-shifting interferometer that works well 
in the presence of vibration is shown in Figure 16. In 
this interferometer, four phase-shifted frames of data 
are captured simultaneously. The test and reference 
beams have orthogonal polarization. After the test 
and reference beams are combined they are passed 
through a holographic element to produce four 
identical beams. The four beams are then transmitted 
through wave retardation plates to cause 0, 90, 180, 


and 270 phase difference between the test and 
reference beams. After passing through a polarizer 
the four phase-shifted interferograms fall on the 
detector array. Not only can the effects of vibration be 
climinated, but by making short exposures to freeze 
the vibration, the vibrational modes can be measured. 
Movies can be made showing the vibration. Likewise, 
flow fields can be measured. 
Combining modern electronics, computers, and 
software with old interferometric techniques, pro- 
vides for very powerful measurement capabilities. 


List of Units and Nomenclature 


I irradiance 
R intensity reflectance 
A wavelength 

phase 

See also 


Coherence: Speckle and Coherence. Detection: Fiber 
Sensors. Holography, Techniques: Computer-Gener- 
ated Holograms; Digital Holography; Holographic Inter- 
ferometry. Imaging: Adaptive Optics; Interferometric 
Imaging; Wavefront Sensors and Control (Imaging 
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ment Interferometry; White Light Interferometry; Gravity 
Wave Detection. Microscopy: Interference Microscopy. 
‘Tomography: Optical Coherence Tomography. 


Further Reading 


Candler € (1951) Modern Interferometers. London: Hilger 
and Watts 

Francon M (1966) Optical Interferometry. New York: 
‘Academic Press. 

Hariharan P (1991) Selected papers on interferometry 
SPIE, vol. 28. 

Hariharan P (1992) Basics of Interferometry. San Diego: 
‘Academic Press. 

Hariharan P (2003) Optical Interferometry. San Diego: 
‘Academic Press. 

Hariharan P and Malacara D (1995) Selected papers on 
interference, interferometry, and interferometric metrol- 
ogy. SPIE, vol. 110, 

Malacara D (1990) Selected papers on optical shop 
metrology. SPIE, vol. 18. 

Malacara D (1992) Optical Shop Testing. New York: Wily. 

Malacara D (1998) Interferogram Analysis for Optical 
Testing. New York: Marcel Decker. 

Robinson D and Reid G (1993) Interferogram Analysis. 
Brisol, UK: Institute of Physics. 

Steel WH (1985) Interferometry. Cambridge: Cambridge 
University Press. 

Tolansky S (1973) Au Introduction to Interferometry. 
New York: Longman, 


INTERFEROMETRY | Gravity Wave Detection 357 


Gravity Wave Detection 


N Christensen, Carleton College, Northfield, 
MN, USA 


(© 2006, Eleever Lt. Al Rights Reserved 


Introduction 


In the later part of the nineteenth century Albert 
Michelson performed extraordinary experiments that 
shook the foundations of the physics world. 
Michelson’s precise determination of the speed of 
light was an accomplishment that takes great skill to 
reproduce today. Edward Morley teamed up with 
Michelson to measure the velocity of the Earth with 
respect to the aether. The interferometer that they 
constructed was exquisite, and through amazing 
experimental techniques the existence of the aether 
was disproved. The results of Michelson and Morley 
led to a revolution in physics, and provided evidence 
that helped Albert Einstein to develop the general 
theory of relativity. Now the Michelson interferom- 
eter may soon provide dramatic confirmation of 
Einstein’s theory through the direct detection of 
gravitational radiation. 

An accelerating electric charge produces electro- 
magnetic radiation ~ light. It should come as no 
surprise that an accelerating mass produces gravita- 
tional light, namely gravitational radiation. In 1888 
Heinrich Hertz had the luxury to produce and detect 
electromagnetic radiation in his laboratory. There will 
be no such luck with gravitational radiation because 
gravity is an extremely weak force. 

Albert Einstein postulated the existence of 
gravitational radiation in 1916, and in 1989 Joe 
Taylor and Joel Weisberg indirectly confirmed its 
existence through observations of the orbital decay 
of the binary pulsar 1913 + 16. Direct detection of 
gravity waves will be difficult. For humans to have 
any chance of detecting gravity waves there must 
be extremely massive objects accelerating up to 
relativistic velocities. The only practical sources are 
astrophysical: supernovae, pulsars, neutron star or 
black hole binary systems, black hole formation 
or even the Big Bang. The observation of these 
types of events would be extremely significant for 
contributing to knowledge in astrophysics and 
cosmology. Gravity waves from the Big Bang 
would provide information about the Universe at 
its earliest moments. Observations of supernovae 
will yield a gravitational snapshot of these extreme 
cataclysmic events. Pulsars are neutron stars that 
can spin on their axes at frequencies in the 


hundreds of hertz, and the signals from these 
objects will help to decipher their characteristics. 
Gravity waves from the final stages of coalescing 
binary neutron stars could help to accurately 
determine the size of these objects and the equation 
of state of nuclear matter. The observation of black 
hole formation from these binary systems would be 
the coup de grace for the debate on the existence 
of black holes, and the ultimate triumph for 
general relativity. 

Electromagnetic radiation has an electric field 
transverse to the direction of propagation, and a 
charged particle interacting with the radiation will 
experience a force. Similarly, gravitational radiation 
will produce a transverse force on massive objects, a 
tidal force. Explained via general relativity it is more 
accurate to say that gravitational radiation will 
deform the fabric of space-time. Just like electromag 
netic radiation there are two polarizations for 
gravity waves. Let us imagine a linearly polarized 
gravity wave propagating in the z-direction, h(z, 1) 
by,e“"). The fabric of space is stretched due to the 
strain created by the gravity wave. Consider a length 
Lo of space along the x-axis. In the presence of the 
gravity wave the length oscillates like 


cos it 


yj lbok 
LO = ly + 


hence there is a change in its length of 


= Posh 
= 


Aly cosut 
A similar length Lo of the y-axis oscillates, like 


Lp) = ta ~ Pek 


cost 


2 


cos wt 


One axis stretches while the perpendicular one 
contracts, and then vice versa, as the wave propagates 
through. The other polarization (ho,) produces a 
strain on axes 45° from (x,y). Imagine some astro- 
physical event produces a gravity wave that has 
amplitude ho, on Earth; in order to detect a small 
distance displacement AL one should have a detector 
that spans a large length L. A supernova within our 
own Galaxy might possibly produce a gravity wave of 
size h ~ 10 with characteristic frequencies around 
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1 kHz, but the occurrence of an event such as this will 
be extremely rare. More events will come from novae 
in other galaxies, but due to the great distances and 
the fact that the magnitude of the gravity wave falls 
of as 1/r, such events will be substantially diminished 
in magnitude. 

A Michelson interferometer, with arms aligned 
along the x- and y- axes, can measure small phase 
differences between the light in the two arms. 
Therefore, this type of interferometer can turn the 
length variations of the arms produced by a gravity 
wave into changes in the interference pattern of the 
light exiting the system. This was the basis of the idea 
from which modem laser interferometric gravita- 
tional radiation detectors have evolved. Imagine a 
gravity wave of amplitude is incident on an 
interferometer. The change in the arm length will be 
4b ~ AL/Lo, so in order to optimize the sensitivity it is 
advantageous to make the interferometer arm length 
Lo as large as possible. Detectors coming on-line 
are attempting to measure distance displacements 
that are of order AL~ 10m or smaller, less 


that the size of an atomic nucleus! If the interfero- 
meters can detect such distance displacements, and 
directly detect gravitational radiation, it will be one 
of the most spectacular accomplishments in experi- 
mental physics, The first implementation of a laser 
interferometer to detect a gravity wave was by 
Forward who used earphones to listen to the motion 
of the interference signal. The engineering of signal 
extraction for modern interferometers is obviously 
far more complex. 

Numerous collaborations are building and operat- 
ing advanced interferometers in order to detect 
gravitational radiation, In the United States there is 
the Laser Interferometer Gravity Wave Observatory 
(LIGO), which consists of two 4-km interferometers 
located in Livingston, Louisiana and Hanford, 
Washington. In addition, there is an additional 
2-km interferometer within the vacuum system at 
Hanford. An Italian—French collaboration (VIRGO) 
has a 3-km interferometer near Pisa, Italy. GEO, a 


German-British collaboration, is a 600-m detector 
near Hanover, Germany. TAMA is the Japanese 
300-m interferometer in Tokyo. The Australians 
{AIGO) are constructing a 500-m interferometer in 
Western Australia. All of the detectors will be 
attempting to detect gravity waves with frequencies 
from about 50 Hz to 1 kHz. 

As will be described below, there are a number of 
sources that will inhibit the perform- 
ance of the interferometric detectors. The sensitivity 
of detection increases linearly with interferometer 
arm length, which implies that there could be 
advantages to constructing a gravity wave detector 


terrestrial noi 


in space, This is the goal of the Laser Interferometer 
Space Antenna (LISA) collaboration. The plan is to 
deploy three satellites in a heliocentric orbit with a 
separation of about 5 x 10° km. The launch for LISA 
is planned for around 2015, and the detector will be 
sensitive to gravity waves within the frequency range 
of 10°* to 10° Hz. Due to the extremely long 
baseline, LISA is not strictly an interferometer, as 
most light will be lost as the laser beams expand while 
traveling such a great distance. Instead, the phase of 
the received light will be detected and used to lock the 
phase of the light that is re-emitted by another laser, 

Joe Weber pioneered the field of gravitational 
radiation detection in the 1960s. Hee used a 1400-kg 
aluminum cylinder as an antenna. Gravitational 
waves would hopefully excite the lowest-order 
normal mode of the bar. Since the gravity wave is a 
strain on space-time, experimentalists win by making 
their detectors longer in length. This provides a long- 
term advantage for laser interferometers, which can 
scale in length relatively easily. However, as of 2002, 
interferometers and bars (now cooled to 4K) have 
comparable sensitivities. 


Interferometer Styles 


The Michelson interferometer is the tool to be 
used to detect a gravitational wave. Figure 1 shows 
a hasic system. The beamsplitter and the end mirrors 
would be suspended by wires, and effectively free to 
move in the plane of the interferometer. The arms 
have lengths L, and L, that are roughly equal on a 
kilometer scale, With a laser of power P and 
wavelength A incident on the beamsplitter, the light 


End test mass 1 


* Beamspliter 


Photodetector 


Figure 1 A basic Michelson interferometer. The photodetector 
receives light exiting the dark port ofthe interferometer and hence 
the signal 
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exiting the dark port of the interferometer is mm 
Poy =P | 2m, i ) 
ou = P sin’ (Ly — Ly 
* 4 
The interferometer operates with the condition that 
in the absence of excitation the light exiting the dark 
port is zero. This would be the case for a simple and A, 
hasic interferometer. However, interferometers like Ry Ps 


those in LIGO will be more sophisticated, and wi 
use a heterodyne detection strategy. If Eo is the 
amplitude of the electric field from the laser, and 
assuming the use of a 50-50 beamsplitter, the electric 
field (neglecting unimportant common phase shifts) 
for the light incident on the photodetector would be 


‘The laser light will be phase modulated at a frequency 
in the MHz regime. As such, the deconvolved current 
from the photodiode that detects light at the 
interferometer output will be proportional to the 
phase acquired by the light, namely I oc 22 (Ly ~ L) 

A gravity wave of optimal polarization normally 
incident upon the interferometer plane will cause one 
arm to decrease in length while the other increases. 
‘The Michelson interferometer acts as a gravity wave 
transducer; the change in arm lengths results in more 
light exiting the interferometer dark port. The 
mirfors in the interferometer are suspended via 
wires so that they are free to move under the influence 
of the gravity wav 

An interferometer’s sensitivity increases with arm 
length, but geographical and financial constraints will 
limit the size of the arms. If there could be some way 
to bounce the light back and forth to increase the 
effective arm length it would increase the detector 
performance. Fabry-Perot cavities on resonance light 
have a storage time of 2E/[e(1 — JR,R,)]. Figure 2 
shows the system of a Michelson interferometer with 
Fabry-Perot cavities. This gravity wave interfero- 
meter design was proposed and tested in the late 
1970s by Ron Drever. The far mirror Ry has a ve 
high reflectivity (Ro ~ 1) in order to ultimately direct 
the light back towards the beamsplitter. The front 
mirror reflectivity Ry is such that LIGO’s effective 
arm length increases to L~ 300 km, The optical 
properties of the mirrors of the Fabry—Perot cavities 
must be exquisite in order to achieve success. LIGO’s 
mirrors were tested, and the root mean squared 
surface uniformity is less than 1 nm, scattered light 
is less than 50 parts per million (ppm), absorption is 


™ Beamspitter 


Ili Photodetector 


Figure 2 A Michelson interferometer with Fabry~Perat cavities, 
in each arm. The front cavity mirrors have reflectivity R while the 
end mirtors have A ~ 1. By using Fabry-Perot cavities LIGO will 
increase the effective arm length by a factor of 75 


Figure 3 A picture of mirror and test mass for LIGO. The fused 
silica component Is 10.7kg in mass and 25cm in diameter. 
Photograph courtesy of Caltech/LIGO. 


less than 2 ppm, and the radii of curvature for the 
mirrors are matched to less than 3%. A LIGO test 
mass (and therefore a Fabry-Perot mirror) can be 
seen in Figure 3. 

In 1888 Michelson and Morley, with their inter- 
ferometer, had a sensitivity that allowed the measure 
ment of 0.02 of a fringe, or about 0.126 radian, 
Prototype interferometers constructed by the LIGO 
science team have already demonstrated a phase noise 
spectral density of #(f)=10~" radian/VHz for 
frequencies above 500 Hz, Assuming a 1 kHz signal 
with 1 kHz bandwidth this implies a phase sensitivity 
of Ad = 3.2 x 10 radian, This is about the phase 
sensitivity that LIGO hopes to accomplish in the 
4-km Fabry-Perot system, There has been quite an 
evolution in interferometry since Michelson’s time. 

The noise sources that inhibit the interferometer 
performance are discussed below. However, let us 
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Figure 4 A power recycled Michelson interferometer with 
Fabry-Perot cavities in each arm, Normally light would ext the 
interferometer through the light port and head back to the laser. 
Installation of the recycling mirror with reflectivity R, sends the 
light back into the systom. A Fabry-Perot cavily is formed 
between the recycling miror and the frst mirror (R,) of the arms, 
For LIGO this strategy wil increase the power circulating in the 
Interferometer by a factor of 50. 


consider one’s ability to measure the relative phase 
between the light in the two arms. The Heisenberg 
uncertainty relation for light with phase @ and 
photon number N is AGAN ~ 1, For a measurement 
lasting time + using laser power P and frequency f, the 
photon number is N= PArzihc, and with Poisson 
statistics describing the light AN = VN = VParibe. 


Therefore 


7 ALVPAtihe = 1 


A@AN = > 


implies that 


1 [hea 
AL= sy 


With more light power the interferometer can 
measure smaller distance displacements and achieve 
better sensitivity. LIGO will use about 10W of 
laser power, and will eventually work towards 
100 W. However, there is a nice trick one can use to 
produce more light circulating in the interferometer, 
namely power recycling, Figure 4 displays the power 
recycling interferometer design. The interferometer 
operates such that virtually none of the light exits the 
interferometer dark port, and the bulk of the light 
returns towards the laser. An additional mirror, Ry 
in Figure 4, recycles the light. For LIGO, recycling 
will increase the effective light power by another 


Ry Fe 
a f t f) | taser 7 
~ Beamsplitter Beamsplitter 
R, 
Photodetector Photodetector 


Figure § A signal recycled and power recycled Michelson 
interferometer with Fabry-Perot cavities in each arm. Normally 
light containing the gravity wave signal would exit the 
Interferometer through the dark port and head to the photo- 
tector. Installation of the signal recycling mircor with reflectivity 
FR, sends the light back into the systam. The phase of the light 
acquired from the gravity wave will build up at a particular 
frequency detormined by the reflectivity A, 


factor of 50. The higher circulating light power 
therefore improves the sensitivity. 

There is one additional modification to the 
interferometer system that can further improve 
sensitivity, but only at a particular frequency. 
A further Fabry-Perot system can be made by 
installing what is called a signal recycling mirror; 
this would be mirror R, in Figure 5. Imagine light in 
arm 1 on the interferometer that acquires phase as the 
arm expands due to the gravity wave. The traveling 
gravity wave’s oscillation will subsequently cause arm 
1 to contract while arm 2 expands. If the light that 
was in arm 1 could be sent to arm 2 while it is 
expanding, then the beam would acquire additional 
phase. This process could be repeated over and over. 
Mirror R, serves this purpose, with its reflectivity 
defining the storage time for light in each inter- 
ferometer arm, The storage time defined by the cavity 
formed by the signal recycling mirror, R,, and the 
mirror at the ftont of the interferometer arm cavity, 
Ry, determines the resonance frequency. Signal 
recycling will give a substantial boost to interferom- 
eter sensitivity at a particular frequency, and will 
eventually be implemented in all the main ground- 
based interferometric detectors. 

The LIGO interferometers are infinitely more 
complex than the relatively simple systems displayed 
in the figures of this paper. Figure 6 presents an aerial 
view of the LIGO site at Hanford, Washington, The 
magnitude of the 4-km system is apparent. 
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Figure 6 Arial view of the LIGO Hanford, Washington site. The 
vacuum enclosure at Hanford contains bath 2-km and 4-km 
interferometers. Photograph courtesy of Caltech’ LIGO. 


Noise Sources and Interferometer 
Sensitivity 


If the interferometers are to detect distance displace- 
ments of order AL~ 10°" m then they must be 
isolated from a host of deleterious noise sources. 
Seismic disturbances should not shake the inter- 
ferometers. Thermal excitation of components will 
affect the sensitivity of the detector and should be 
minimized. The entire interferometer must be in an 
adequate vacuum in order to avoid fluctuations in gas 
density that would cause changes in the index of 
refraction and hence modification of the optical path 
length. The laser intensity and frequency noise must 
he minimized. The counting statistics of photons 
influences accuracy. If ever there was a detector that 
must avoid Murphy’s law this is it; little things going 
wrong cannot be permitted if such small distance 
displacements are to he detected. The expected noise 
sensitivity for the initial LIGO interferometers is 
displayed in Figure 7. 

In the best of all worlds the interferometer 
sensitivity will be limited by the counting, stat 
of the photons. A proper functioning laser will have 
its photon number described by Poisson statistics, or 
shot noise; if the mean number of photons arriving 
per unit time is N then the uncertainty is AN = VN, 
which as noted above implies an interferometer 
displacement sensitivity of 


1 [hea 
Tn 


or a noise spectral density of 


A Gin units of m/VE2) 


AL = 3) 


Initial interferometer sensitivity 


Frequency (H2) 


Figure 7 The target spectral density of the noise forthe inital 
LIGO system. LIGO will be dominated by seismic noise at low 
frequencies (10-100 Hz), thermal noise (from the suspension 
system and internal modes within the mors) inthe intermediate 
regime (100-300 Hz), and photon shot noise thereafter. Other 
sources of noise are also nated, specifically gravity gradients 
(gravitational excitation of masses from the seismic motion of the 
ground), radiation pressure of photons on the mirors, stray 
(scattered) ligt, and index of refraction fluctuations from residual 
(gas in the vacuum, 


Note also that the sensitivity increases as the light 
power increases. The reason for this derives from the 
statistics of repeated measurements. The relative 
lengths of the interferometer arm lengths could be 
measured, once, by a photon. However, the relative 
positions are measured repeatedly with every photon 
from the laser, and the variance of the mean decreases 
as JN, where N is the number of measurements (or 
photons) involved. The uncertainty in the difference of 
the interferometer arm lengths is therefore inversely 
proportional to photon number, and hence the 
laser's power. In terms of strain sensitivity this 
would imply 


1__[bea 
aL 


if) (in units of 1/VHz) 


This assumes the light just travels down the arm and 
hack once, With Fabry-Perot cavities the light is 
stored, and the typical photon takes many trips back 
and forth before exiting the system. In order to 
maximize light power the end mirrors (Ry ~ 1) and 
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the strain sensitivity is improved to 


where L/ = 4L/(1 — Ry), 

As the frequency of gravity waves increases the 
detection sensitivity will decrease. If the gravity wave 
causes the interferometer arm length to increase, then 
decrease, while the photons are still in the arm cavity, 
then the phase acquired from the gravity wave will be 
washed away. This is the reason why interferometer 
sensitivity decreases as frequency increases, and 
explains the high-frequency behavior seen in 
Figure 7. Taking this into account, the strain 


w= sol (0o LY) 


where L! = 4L/(1 — R,) and fis the frequency of the 
gravity wave. 

If the gravitational wave is to change the inter- 
ferometer arm length then the mirrors that define the 
arm must be free to move. In systems like LIGO wires 
suspend the mirrors; each mirror is like a pendulum. 
While allowing the mirrors to move under the 
influence of the gravity wave is a necessary condition, 
the pendulum itself is the first component of an 
elaborate vibration isolation system. Seismic noise 
will be troublesome for the detector at low frequen- 
cies. The spectral density of the seismic noise is about 
(10°7/f)m/VHz for frequencies above 1 Hz. 
A simple pendulum, by itself, acts as a motion 
filtering device. Above its resonance frequency the 
pendulum filters motion with a transfer function like 
Tif) x (fylf)?. Detectors such as LIGO will have a 
pendulum with resonant frequencies of about fy ~ 1 
Hy, thus providing an isolation of 10* when looking 
for signals at f = 100 Hz. The various gravity wave 
detector collaborations have different vibration iso- 
lation designs. The mirrors in these interferometers 
will be suspended in elaborate vibration isolation 
systems, which may include multiple pendulum and 
isolation stacks. Seismic noise will be the limiting 
factor for interferometers secking to detect gravity 
waves in the tens of hertz range, as can be seen in the 
sensitivity curve presented in Figure 7. 

Duc to the extremely small distance displacements 
that these systems are trying to detect it should come 
as no surprise that thermal noise is a problem. This 
noise enters through a number of components in the 
system, The two most serious thermal noise sources 
are the wires suspending the mirrors in the pendulum, 
and the mirrors themselves. Consider the wires; there 


are a number of modes that can oscillate (i.e. violin 
modes). At temperature Teach mode will have energy 
of kuT, but distributed over a band of frequencies 
determined by the quality factor (or Q) of the 
material. Low-loss (or high-Q) materials work best; 
for the violin modes of the wires there will be much 
noise at particular frequencies (in the hundreds of 
hertz). The mirror is a cylindrical object, which will 
have normal modes of oscillation that can be 
thermally excited. The first generation of LIGO will 
have these masses composed of fused silica, which is 
typical for optical components. The Qs for the 
internal modes are greater than 2x 10°. A switch 
may eventually be made to sapphire mirrors, which 
have better thermal properties. The limitation to the 
interferometers’ sensitivity due to the thermal noise 
internal to the mirrors can be seen in Figure 7, and 
will be a worrying noise source for the first- 
generation LIGO in the frequency band around 
100-400 Hz. 

The frequency noise of the laser can couple into 
the system to produce length displacement sensitivity 
noise in the interferometer, With arm lengths of 
4km, it will be impossible to hold the length of the 
two arms absolutely equal. The slightly differing 
arm spans will mean that the light sent back from 
each of the two Fabry-Perot cavities will have 
slightly differing phases. As a consequence, great 
effort is made to stabilize the frequency of the light 
entering the interferometer. The LIGO laser can be 
seen in Figure 8, The primary laser is a Lightwave 
Model 126 nonplanar ring oscillator. High power is 
generated from this stabilized laser through the use 
of optical amplifiers. The beam is sent through four 
optical amplifiers, and then retro-reflected back 


Figure 8 A picture of the No:VAG laser and amplifier system 
that produces 10W of light for LIGO. Photograph courtesy of 
CaltectvLIGO. 
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Figure 9 The optical system for the LIGO system. Light moves, 
{rom the frequency-stablized laser to a mode cleaner, and then 
to the interferometer. Presently 8W of TEM laser power is 
delivered to the interferometer. 


through the amplifiers again. For LIGO, the laser is 
locked and held to a specific frequency by use of 
signals from a reference cavity, a mode cleaner 
cavity, and the interferometer. For low-frequency 
stabilization the temperature of the ring oscillator is 
adjusted. At intermediate frequencies adjustment is 
made by signals to a piezo-electric transducer within 
the ring oscillator cavity. At high frequencies the 
noise is reduced with the use of an electro-optic 
crystal. The LIGO lasers currently have a frequency 
noise of 2x 10-*Hz/VHz at frequencies abor 
1 kHz. 

It will prove important to worry about the stability 
of the laser power for the interferometric detectors. 
The hope is to be shot noise limited at frequencies 
above a few hundred hertz. The Nd:YAG power 
amplifiers used are pumped with an array of laser 
diodes, so the light power is controlled through 
feedback to the laser diodes. The LIGO require- 
ments for the fluctuations on the power P are 
AP/P < 10°*/,/Fiz. The spatial quality of the light is 
ensured through the use of a mode-cleaning cavity. 
LIGO uses a triangular array of mirrors separated by 
15 m. LIGO’s input optical system can be seen in 
Figure 9. The current LIGO optical system yields 8 W 
of 1.06 pm light in the TEM mode. 


Conclusion 


The attempt to measure gravitational radiation with 
laser interferometers could possibly be the most 
difficult optical experiment of our time. Over a 
hundred years ago Michelson succeeded in carrying 
off experiments of amazing difficulty as he measured 
the speed of light and disproved the existence of the 
aether, Gravity wave detection is an experiment 
worthy of Michelson, and there are hundreds of 
physicists striving to make it a reality. 

Great success has already been achieved, The 
TAMA 300-m interferometer is operational and has 
achieved a sensitivity b(f) x 10°7'/VHz in the 
700 Hz to 1.5kHz frequency band. The LIGO 


interferometers are now operating, and scientists are 
presently de-bugging the system in order to achieve 
the target sensitivity. The first scientific data taking 
for LIGO commenced in 2002, and is continuing at 
the time of writing, 

This will be a new telescope to peer into the 
heavens. With every new means of looking at the 
sky there has come unexpected discoveries. 
Physicists do know that there will be signals that 
they can predict. Binary systems of compact objects 
(neutron stars or black holes) will produce chirp 
signals that may be extracted by matched filtering 
techniques. A supernova will produce a burst that will 
hopefully rise above the noise. Pulsars, or neutron 
stars spinning about their axes at rates sometimes 
exceeding hundreds of revolutions per second, 
will produce continuous sinusoidal signals that 
can be seen by integrating for sufficient lengths of 
time. Gravity waves produced by the Big Bang will 
produce a background stochastic noise that can 
possibly be extracted by correlating the outputs 
from two or more detectors. These are exciting 
physics results that will come through tremendous 
experimental effort. 
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attached to each of them. When a negative 
charge is applied to the emitter, electrons are 
forced by mutual repulsion toward the central 
base layer. Ifa forward bias (positive potential) is 
applied to the base, electrons will tend to be at- 
tracted out through the base. However, because 
the base layer is so thin, the electrons are now 
close to the collector. If the base voltage increa~ 
ses, the additional energy encourages the elec- 
trons to jump into the collector, from which they 
will make their way to the positive currentsource, 
which canbe thought of as having an even great- 
er deficit of electrons. 


Thus, the emitter of an NPN bipolar transistor 
emits electrons into the transistor, while the col- 
lector collects them from the base and moves 
them out of the transistor. It is important to re- 
member that since electrons carry a negative 
charge, the flow of electrons moves from nega- 
tive to positive. The concept of positive-to- 
negative current is a fiction that exists only for 
historical reasons. Nevertheless, the arrow in a 
transistor schematic symbol points in the direc- 
tion of conventional (positive-to-negative) cur- 
rent. 


In a PNP transistor, a thin N-type layer is sand- 
wiched between two thicker P-type layers, the 
base is negatively biased relative to the emitter, 
and the function of an NPN transistoris reversed, 
as the terms “emitter” and “collector” now refer 
to the movement of electron-holes rather than 
electrons. The collector isnegative relativeto the 
base, and the resulting positive-to-negative cur- 
rent flow moves from emitter to baseto collector. 
The arrow in the schematic symbol for a PNP 
transistor still indicates the direction of positive 
current flow. 


Symbols for NPN and PNP transistors are shown 
in Figure 28-1, The most common symbol for an 
NPN transistors shown at top-left, with letters C, 
B, and E identifying collector, base, and emitter. 
In some schematics the circle in the symbols is 
omitted, as at top-right. 


{e semiconductor > multi-junction > bipolar transi 


APNP transistoris shownin the center. Thisis the 
most common orientation of the symbol, since 
its collector must be at a lower potential than its 
emitter, and ground (negative) is usually at the 
bottom of a schematic. At bottom, the PNP sym- 
bol is inverted, allowing the positions of emitter 
and collectorto remain the sameasinthe symbol 
for the NPN transistor at the top. Other orienta- 
tions oftransistorsymbolsare often found, mere- 
ly to facilitate simpler schematics with fewer con- 
ductor crossovers. The direction of the arrow in 
the symbol (pointing aut or pointing in) always 
differentiates NPN from PNP transistors, respec- 
tively, and indicates current flowing from posi- 
tive to negative. 


~@ * 


c 
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Figure 2841. Symbols for an NPN transistor (top) and 
PNP transistor (center and bottom). Depending on the 
‘schematic in which the symbol appears, it may be rotated 


or inverted. The circle may be omitted, but the function of 
the component remains the same 


NPN transistors are much more commonly used 
than PNP transistors. The PNP type was more dif- 
ficult and expensive to manufacture initially, and 
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Introduction 


Phase-measurement interferometry is a way to 
measure information encoded in interference patterns 
generated by an interferometer. Fringe patterns 
(fringes) created by interfering beams of light are 
analyzed to extract quantitative information about an 
object or phenomenon. These fringes are localized 
somewhere in space and require a certain degree of 
spatial and temporal coherence of the source to be 
visible. Before these techniques were developed in the 
late 1970s and early 1980s, fringe analysis was done 
either by estimating fringe deviation and irregularity 
by eye or by manually digitizing the centers of 
interference fringes using a graphics tablet. Digital 
cameras and desktop computers have made it possible 
to easily obtain quantitative information from fringe 
patterns. The techniques described in this article are 
independent of the type of interferometer used. 

Interferometric techniques using fringe analysis can 
measure features as small as a micron wide or as large 
as a few meters. Measurable height ranges vary from 
a few nanometers up to 10s of mm, depending upon 
the interferometric technique employed. Measure- 
ment repeatability is very consistent, and typically 
repeatability of 1/100 rms of a fringe is easily 
obtainable while 1/1000 rms is possible. Actual 
measurement precision depends on what is being 
measured and how the technique is implemented, 
while accuracy depends upon comparison to a 
sanctified standard. 


There are many different types of applications for 
fringe analysis. For example, optical surface quality 
can be determined using a Twyman-Green or Fizeau 
interferometer. In addition, wavefront quality 
measurements of a source or an optical system can 
be made in transmission, and the index of refraction 
and homogeneity of optical materials can be mapped 
out. Many nonoptical surfaces can also be measured. 
Typically, surface topography information at some 
specific spatial frequency scale is extracted. These 
measurements are limited by the resolution of the 
optical system and the field of view of the imaging 
system. Lateral and vertical dimensions can also be 
measured. Applications of nonoptical surfaces 
include disk and wafer flatness, roughness measure- 
ment, distance and range sensing. Phase measurement 
techniques used in holographic interferometry, TV 
holography, speckle interferometry, moiré, grating 
interferometry, and fringe projection are used for 
nondestructive testing to measure surface structure as 
well as displacements due to stress and vibration. This 
article outlines the basics of phase measurement 
interferometry (PMI) techniques as well as the types 
of algorithms used. The bibliography lists a number 
of references for further reading. 


Background 


Basic Parts of a Phase-Measuring Interferometer 


A phase-measuring interferometer consists of a light 
source, an illumination system (providing uniform 
illumination across the test surface), a beamsplitter 
(usually a cube or pellicle so both beams have the 
same optical path), a reference surface (needs to be 
good because these techniques measure the difference 
between the reference and test surface), a sample 
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fixture, an imaging system (images a plane in space 
where the surface is located onto the camera), a 
camera (usually a monochrome CCD), an image 
digitizer/frame grabber, a computer system, software 
(to control the measurement process and calculate the 
surface map), and often a spatial or temporal phase 
shifter to generate multiple interferograms. 


Steps of the Measurement Process 


To generate a phase map, a sample is placed on a 
sample fixture and aligned, illumination levels are 
adjusted, the sample image is focused onto the 
camera, the fringes are adjusted for maximum 
contrast, the phase shifter or fringe spacing is 
adjusted or calibrated as necessary, a number of 
images is obtained and stored with the appropriate 
phase differences, the optical path difference (OPD) is 
calculated as the modulo 2a phase and then is 
unwrapped at each pixel to determine the phase map. 

To make consistent measurements, some interfe- 
rometers need to be on vibration isolation systems 
and away from heavy airflows or possible acoustical 
coupling, It helps to cover any air paths that are 
longer than a few millimeters. Consideration needs to 
he made for consistency of temperature and humidity. 

‘The human operating the interferometer is also a 
factor in the measurement. Does this person always 
follow the same procedure? Are the measurements 
sampled consistently? Are the test surfaces clean? Is 
the sample aligned the same and correctly? Many 
different factors can affect a measurement. To obtain 
repeatable measurements it is important to have a 
consistent procedure and regularly verify measure- 
ment consistency. 


Common Interferometer Types 


One of the most common interferometers used in 
optical testing is the Twyman—Green interferometer 
(Figure 1). Typically, a computer controls a mirror 
pushed by a piezo-electric transducer (PZT). The test 
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Figure 1 Twyman~Green interferometer. 


surface is imaged onto the camera and the computer 
has a frame grabber that takes frames of fringe data. 

‘The most common commercially available inter- 
ferometer for optical testing is the Fizeau interfer- 
ometer (Figure 2). This versatile instrument is very 
insensitive to vibrations due to the large common 
path for both interfering wavefronts. The reference 
surface (facing the test object) is moved by a PZT to 
provide the phase shit 

Interference microscopes (see Microscopy: Inter- 
ference Microscopy. Interferometry: White Light 
Interferometry) are used for looking at surface 
roughness and small structures (see Figure 3). These 
instruments can employ Michelson, Mirau, and 
Linnik interference objectives with a laser or white 
light source, or Fizeau-type interference objectives 
that typically use a laser source because of the 
unequal paths in the arms of the interferometer. 
The phase shift is accomplished by moving the 
sample, the reference surface, or parts of the objective 
relative to the sample. Figure 3 shows a schematic of a 
Mirau-type interferometric microscope for phase 
measurement. 
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Figure 3 Mirau interference microscope. 
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Determination of Phase 


The Interference Equation 


Interference fringes from a coherent source (e.g., a 
laser) are theoretically sinusoidal (Figure 4a), while 
fringes from an incoherent source (e.g., white light) 
are localized in a wavepacket at a point in space 
(Figure 4b) where the optical paths of the arms of the 
interferometer are equal and marked on Figure 4 as 
scanner positions z=0 (see Interferometry: White 
Light Interferometry). For generality, this analysis 
considers the determination of phase within the wave 
packet for fringes localized in space. 

Interference fringes at any point in the wavepacket 
can be written in the following form: 


Tex.) 


In(1 + y(x.y.2deostbex, I} TT 


where Ip is the de irradiance, y is the fringe visibility 
(or contrast), 2Ipy is the modulation (irradiance 
amplitude or the ac part of the signal), and @ is the 
phase of the wavefront as shown in Figure 5. For 
simplicity, this drawing assumes that the interference 
fringe amplitude is constant. 

Fringe visibility can be determined by calculating, 


where Ings is the maximum value of the irradiance for 
all phase values and Inia is the minimum value. The 
fringe visibility has a real value between 0 and 1 and 
varies with the position along the wavepacket. The 
fringe visibility, as defined here, is the real part of the 
complex degree of coherence. 


‘Types of Phase Measurement Techniques 


Phase can be determined from either a number of 
interference fringe patterns or from a single inter- 
ferogram with appropriate fringe spacing. Temporal 
techniques require an applied phase shift between the 


test and reference beams as a function of time while 
multiple frames of interference fringe data are 
obtained. Spatial techniques can obtain data from a 
single interferogram that requires a cartier pattern of 
almost straight fringes to cither compare phases of 
adjacent pixels or to separate orders while perform- 
ing operations in the Fourier domain. Spatial 
techniques may also simultaneously record multiple 
interferograms with appropriate relative phase shift 
differences separated spatially in space. Multiple 
frame techniques require more data than single 
frame techniques. Temporal techniques require that 
the interference fringes be stable over the time period 
it takes to acquire the number of images, While 
single-frame spatial techniques require less data and 
can be done with a single image, they generally have a 
reduced amount of resolution and less precision than 
temporal techniques. 

There are literally hundreds of algorithms and 
techniques for extracting phase data from interfer- 
ence fringe data. The references listed in the Further 
Reading offer more details of these techniques. 


‘Temporal Phase Measurement 


Temporal techniques use data taken as the relative 
phase between the test and reference beams is 
modulated (shifted). The phase (or OPD) is calculated 
at each measured point in the interferogram, As the 
phase shifter is moved, the phase at a single point in the 
interferogram changes. The effect looks like the fringes 
are moving across the interferogram, and because of 
these techniques are sometimes called fringe scanning 
or fringe shifting techniques. However, the fringes are 
not really moving; rather the irradiance at a single 
detector point is changing (hopefully sinusoidally) in 
time (sce Figure 6). A 180° or 7 phase causes a bright 
fringe to become a dark fringe. 


Phase Modulation Techniques 


There are many ways to introduce a phase modu- 
lation (or shift). These include moving a mirror or the 
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Figure 4 Interference fringes for coherent and incoherent sources as observed at point x. y.2 ~ 0 corresponds to equal optical path 


lengths of the reference and abject beams. 
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sample, tilting a glass plate, moving a diffraction 
grating, rotating a polarizer, analyzer, or half-wave 
plate, using a two-frequency (Zeeman) laser source, 
modulating the source wavelength, and switching an 
acousto-optic Bragg cell, or magneto-optic/electro- 
optic cell. While any of these techniques can be used 
for coherent sources, special considerations need to 
he made for temporally incoherent sources (see 
Interferometry: White Light Interferometry). 
Figure 7 shows how moving a mirror introduces a 
relative phase shift between object and reference 
beams in a Twyman—Green interferometer. 


Extracting Phase Information 


Including the phase shift, the interference equation is 
written as 


fol, YI + Yul, oeosl Hx. y) + ale)]} [3] 


y) is the irradiance at a single detector 
point, Io(x, y) is the average (de) irradiance, yo(x. y) is 
the fringe visibility before detection, f(x,y) is the 
phase of the wavefront being measured, and a(t) is 
the phase shift as a function of time, 
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Figure 5 Variable defintions for interference fringes. 
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Figure 6 Interference fringe patterns corresponding to diferent 
ralative phase shifts between test and reference beams. 
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Figure 7 Moving a mirror to shit relative phase by 4/4, 


Since the detector has to integrate for some finite 
time, the detected irradiance at a single point becomes 
an integral over the integration time A (Figure 8) 
where the average phase shift for the ith frame of data 


HAD) 
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After integrating over a(t), the irradiance of the 
detected signal becomes 


A 
Lax.9) = hoe. s9f 1 + pte. ysine( $) 
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where sinc(A/2) = sin(A/2)/(A/2), which reduces the 
detected visibili 


Ramping Versus Stepping 


There are two different ways of shifting the phase; 
either the phase shift can be changed in a constant and 
linear fashion (ramping) (see Figure 8) or it can be 
stepped in increments. Ramping provides a continu- 
ous smooth motion without any jerking motion. This 
option may be preferred if the motion does not wash 
out the interference fringes. However, ramping 
requires good synchronization of the camera/digitizer 
and the modulator to get the correct OPD (or phase) 
changes between data frames. Ramping allows faster 
data taking but requires electronics that are more 
sophisticated, In addition, it takes a finite time for a 
mass to move linearly. When ramping, the first frame 
or two of data usually needs to be discarded because 
the shift is not correct until the movement is linear. 
The major difference between ramping and step- 
ping the phase shift is a reduction in the modula- 
tion of the interference fringes after detection 
(the sinc(A/2) term in eqn [5]). When the phase shift 
is stepped (A = 0), the sinc term has a value of one. 
When the phase shift is ramped (A = a) for a phase 
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Figure 8 Change in OPD integrating over a A phase shift with 
sample separation a, 
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shift of a= 90° = m2, this term has a value of 0.9. 
Therefore, ramping slightly reduces the detected 
fringe visibility. 


Signal Modulation 


Phase measurement techniques assume that the 
irradiance of the interference fringes at the camera 
covers as much of the detector’s dynamic range as 
possible and that the phase of the interference fringe 
pattern is modulating at each individual pixel as the 
phase between beams is modulated. If the irradiance 
ata single detector point does not modulate as the 
relative phase between beams is shifted, the height of 
the surface cannot be calculated. Besides the obvious 


reductions in irradiance modulation due to the 
detector sampling and pixel size or a bad detector 
element, scattered light within the interferometer, and 
defects or dirt on the test object, can also reduce 
signal modulation. Phase measurement techniques 
are designed to take into account the modulation of 
the signal at each pixel. If the signal does not 
modulate enough at a given pixel, then the data at 
that pixel are considered unusable, flagged as ‘bad? 
and are often left blank. Phase values for these points 
may be interpolated from surrounding pixels if there 
are sufficient data. 


Three-Frame Technique 


The simplest method to determine phase uses three 
frames of data. With three unknowns, three sets of 
recorded fringe data are needed to reconstruct a 
wavefront providing a phase map. Using phase shifts 
of a= m4, 3m/4, and Sm/4, the three fringe 
measurements at a single point in the interferogram 
may be expressed as 
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Note that (x, y) dependencies are still implied. The 
choice of the specific phase shift values is to make the 
math simpler. The phase at each detector point is, 


= tan (Boe 
= tan (4) 19] 

In most fringe analysis techniques, we are basically 
trying to solve for terms such that we e 
tangent function of the phase. The numerator and 
denominator shown above are respectively pro- 
portional to the sine and cosine of the phase. Note 
that the de irradiance and fringe visibility appear in 
both the numerator and denominator. This means 
that variations in fringe visibility and average 
irradiance from pixel to pixel do not affect the 
results. As long as the fringe visibility and average 
irradiance at a single pixel is constant from frame to 
frame, the results will be good. If the different phase 
shifts are multiplexed onto multiple cameras, the 
results will be dependent upon the gain of corres- 
ponding pixels. 

Bad data points with low signal modulation are 
determined by calculating the fringe visibility at each 
data point using: 


y [10] 


V2Iy 


It is simpler to calculate the ac signal modulation 
(2lyy) and then set the threshold on the modulation to 
a typical value of about 5-10% of the dynamic 
range. If the modulation is less than this value at any 
given data point, the data point is flagged as bad. Bad 
points are usually caused by noisy pixels and can be 
due to scratches, pits, dust and scattered light. 
Although three frames of data are enough to 
determine the phase, this and other 3-frame algor- 
ithms are very sensitive to systematic errors due to 
nonsinusoidal fringes or nonlinear detection, phase 
shifter miscalibration, vibrations and noise. In gen- 
eral, the larger the number of frames of data used to 


determine the phase, the smaller the systematic 
Phase Unwrapping 


The removal of phase ambiguities is generally called 
phase unwrapping, and is sometimes known as 
integrating the phase. The phase ambiguities owing 
to the modulo 2 arctangent calculation can simply 
be removed by comparing the phase difference 
between adjacent pixels. When the phase difference 
between adjacent pixels is greater than 7, a multiple 
of 2m is added or subtracted to make the 
difference less than 7. For the reliable removal of 
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Figure 9 Fringes, wrapped, and unwrapped phase maps. 


discontinuities, the phase must not change by more 
than 7 (4/2 in optical path (OPD)) between adjacent 
pixels. Figure 9 shows an example of wrapped and 
unwrapped phase values. 

Given a trouble-free wrapped phase map, it is 
enough to search row by row (or column by column) 
for phase differences of more than 7 between 
neighboring pixels. However, fringe patterns usually 
are not perfect and are affected by systematic errors. 
Some of the most frequently occurring error sources 
are noise, discontinuities in the phase map, violation 
of the sampling theorem and invalid data points (e.g. 
due to holes in the object or low modulation regions). 
Some phase maps are not easily unwrapped. In these 
cases different techniques like wave packet peak 
sensing in white light interferometry are used. 


Test surface 


Figure 10 Angles of ilumination and viewing, 


From Wavefront to Surface 
Once the phase of the wavefront is known, surface 
shape can be determined from the phase map. Surface 


height H of the test surface relative to the reference 
surface at a location (x, y) is given by 


Hx, YA 
Taleos 0+ cos 0) 


Hox.y) uy 
where A is the wavelength of illumination, and @ and 
6! — the angles of illumination and viewing with 
respect to the surface normal — are shown in 
Figure 10. For interferometers (e.g., Twyman— 
Green or Fizeau) where the illumination and viewing 
angles are normal to the surface (= 6' = 0), the 
surface height is simply: 


A 
Hi(x,9) = Fda y) 


Since the wavefront measured represents the 
relative difference between the interfering reference 
and test wavefronts, this phase map only directly 
corresponds to the surface under test when the 
reference wavefront is perfectly flat. In practice, the 
shape of the reference surface needs to be accounted 
for by measuring it using a known test surface and 
subtracting this reference measurement from sub- 
sequent measurements of the test surface. 


Phase Change on Reflection 


Phase shifting interferometry measures the phase of 
reflected light to determine the shape of objects. The 
reflected wavefront will represent the object surface 
(within a scaling factor) if the object is made of a 
single material. If the object is comprised of multiple 
materials that exhibit different phase changes on 
reflection, the measured wavefront needs to be 
corrected for these phase differences (see Interfero- 
metry: White Light Interferometry). 


Overview of Phase Measurement 
Algorithms and Techniques 


‘There are literally hundreds of published algorithms 
and techniques. The optimal algorithm depends on 
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the application. Most users prefer fast algorithms 
using a minimal amount of data that are as accurate 
and repeatable as possible, immune to noise, adapt- 
able, and easy to implement, In practice, there are 
trade-offs that must be considered when choosing a 
specific algorithm or technique. This section provides 
an overview of the types of algorithms to aid the 
reader in sifting through published algorithms. 


‘Synchronous Detection 


One of the first techniques for temporal phase 
measurement utilized methods of communication 
theory to perform synchronous detection. To syn- 
chronously detect the phase of a noisy sinusoidal 
signal, the signal is first correlated (or multiplied) 
with sinusoidal and cosinusoidal reference signals 
(signals in quadrature) of the same frequency and 
then averaged over many periods of oscillation. This 
method of synchronous detection as applied to phase 
measurement can be extracted from the least squares 
estimation result when the phase shifts are chosen 
such that N measurements are equally spaced over 
one modulation period. With phase shifts a, such 
that: 


with i 


3) 


the phase can be calculated from 


= | Thx, ysin a, 


bia Fie, yieos a, | 14] 


Note that N can be any number of frames (or 
samples). The more frames of data, the smaller the 
systematic errors. This technique does not take large 
amounts of memory for a large number of frames, 
because only the running sums of the fringes 
multiplied by the sine and cosine of the phase shift 
need to be remembered. The 4-frame algorithm from 
Table 1 is an example of a direct adaptation of 
synchronous detection where simple values of 1, —1 
or 0 for every 7/2 phase shift can be assigned to the 
sine and cosine functions. 


Algorithm Design 


In the last ten years, a lot of work has been done to 
generalize the derivation of fringe analysis algor- 
ithms. This work has enabled the design of algorithms 
for specific applications, which are insensitive to 
specific systematic error sources, 

Most algorithms use polynomials for the numer- 
ator and denominator. Given fringe data: 
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The numerator and denominator of the arctangent 
argument are both polynomials. The numerator is a 
sum proportional to the sine (imaginary part) and the 
denominator is a sum proportional to the cosine (real 
part), 


num = 2klyysin a, 


den = 2kloy cos a; = ¥ dil (18) 


where the constant & depends on the values of 
coefficients. From this the fringe visibility is given by 


191 
lo 


The coefficient vectors for the numerator and 
denominator are window functions. For an algorithm 
such as the 4-frame technique, the weights of all 
samples are equal (1,1, 1,1]. This makes the coeffi- 
cients all equal, For other algorithms, such as the 5- 
frame technique, the weights are larger on the middle 
frames than on the outer frames. The weights for the 
S-frame technique are [1,2,2,2, 1]. A property of the 
coefficient vectors is that the sum of the coefficients 
for each, the numerator and denominator, should be 
zero. Examples of coefficient vectors for a few 
selected algorithms are given in Table 1. 
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Heterodyne Interferometry 


Historically, heterodyne techniques were developed 
and used before temporal phase-shifting techniques. 
These techniques generally determine the phase 
electronically at a single point by counting fringes 
and fractions of fringes. Areas are analyzed by 
scanning a detector. 

Phase shifts are usually obtained using two slightly 
different frequencies in the reference and test beams. 
The beat frequency produced by the interference 
between the reference and test beams is compared toa 
reference sinusoidal signal, which may be produced 
either optically or electronically. The time delay (or 
distance traveled) between the crossing of the zero 
phase points of the test and reference sinusoidal 
signals is a measure of the phase. Every time the test 
signal passes through another zero in the same 
direction as the test surface is moved, another fringe 
can be counted. This is how fringe orders are counted. 
If the beam is interrupted as the detector is scanned 
across the interferogram, the fringe count is corrupted 
and the measurement needs to be started agai 
Frequency multiplication (harmonics) can also be 
used to determine fractions of fringes. Today, hetero- 
dyne techniques are used mainly in distance measur- 
ing interferometers. The precision and accuracy of 
distance measuring interferometers is at least on the 
order of 1 part in 10°, 


Fourier-Transform Technique 


‘The Fourier-transform technique is a way to extract 
phase from a single interferogram. It is used a lot in 
nondestructive testing and stellar interferometry 
where it is difficult to get more than a single 
interferogram. The basic technique is shown schema 
tically in Figure 11. The recorded interferogram 
distribution is Fourier transformed, and one order 
(usually the + or ~ first order) is either isolated and 
shifted to zero frequency or filtered out using a 
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Figure 11. Fourier transform technique. 


rectangular window. After an inverse Fourier trans- 
form, the result is the phase. 

To illustrate this technique mathematically, the 
interference equation is rewritten as 
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where e(x, y) = Io(x, 9) 7x, 9) expli¢h(x, y)] and the + 
indicates a complex conjugate. The term c(x,y) 


contains the phase information we wish to extract. 
After performing a one-dimensional Fourier trans- 
form: 
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where &is the spatial frequency in the x direction, and 
italics indicate Fourier transforms. The next step is to 
filter out and isolate the second term, and then inverse 
Fourier transform to yield c(x,y). The wavefront 
modulo 277 is then given by 

122) 


Refetx. 


where Re and Im refer to the real and imaginary part 
of the function, 

This technique has limitations. If the fringes are 
nonsinusoidal, there will not be a simple distribution 
in the frequency space; there will be many orders. 
Another problem is overlapping orders. There needs 
to be a carrier frequency present that ensures that the 
orders are separated in frequency space. This carrier 
frequency is produced by adding tilt fringes until the 
orders are separated. This means that the aberration 
(fringe deviation) has to be less than the fringe 
spacing. Another problem is aliasing. If the interfer- 
ogram is not sampled sufficiently, there will be 
aliasing and it will not be possible to separate the 


orders in frequency space. Finally, large variations in 
average fringe irradiance and fringe visibility across 
the interferogram can also cause problems. 


Spatial Carrier-Frequency Technique 


This is essentially the equivalent of the Fourier 
transform technique but is performed in the spatial 
domain, It is also used when there is only one 
interferogram available and its major applications 
include nondestructive testing and measurement of 
large optics. 

These techniques relate closely to the temporal 
phase-measurement methods; however, instead of 
using a number of interferograms they can obtain 
all the information from a single interferogram, As an 
example, let’s assume that the fringes are vertical 
and parallel to the columns on the detector array. 
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The carrier frequency (i.c., the number of tilt fringes) 
is adjusted so that there is an a phase change from the 
center of one pixel to the next. As long as there is not 
much aberration (deviation), the phase change from 
pixel to pixel across the detector array will be 
approximately constant. 

When the fringes are set up this way, the phase can 
be calculated using adjacent pixels (see Figure 12). If 
one fringe takes up 4 pixels, the phase shift « betwe 
pixels will be 90°. An algorithm such as the three- 
frame, four-frame, or five-algorithm can be used with 
adjacent pixels as the input. Therefore, 3, 4, or 5 
pixels in a row will yield a single-phase point. Then, 
the analysis window is shifted sideways one pixel and 
phase is calculated at the next point. This technique 
assumes that the de irradiance and fringe visibility do 
not change over the few pixels used to calculate each 
phase value. 


Spatial Multichannel Phase-Shift Techniques 


These techniques detect all phase maps simul- 
taneously and multiplex the phase shift using static 
optical elements. This can be done by using either 
separate cameras as illustrated below or by using 
different detector areas to record each of the 
interferograms used to calculate the phase. The 
phase is usually calculated using the same techniques 
that are used for the temporal phase techniques. 
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Figure 13 Spatial phase shifting using four cameras. 


As an example, a four-channel interferometer can 
be made using the setup shown in Figure 13 to record 
four interferograms with 90° phase shifts between 
them, Camera 1 will yield fringes shifted 180° with 
respect to camera 2, and cameras 3 and 4 will have 
phase shifts of 90° and 270°. The optical system may 
also utilize a holographic optical element to split the 
beam to multiplex the four phase shifts on four 
quadrants of a single camera. 


Signal Demodulation Techniques 


The task of determining phase can be broadened by 
looking toward the field of signal processing. For 
communication via radio, radar, and optical fibers 
electrical engineers have developed a number of ways 
of compressing and encoding a signal as well as 
decompressing a signal and decoding it. An inter- 
ference fringe pattern looks a lot like an am radio 
signal. Thus, it can be demodulated in similar ways. 
In recent years many new algorithms have been 
developed by drawing on techniques from communi- 
cation theory and applying them to interferogram 
processing. Many of these use different types of 
transforms such as Hilbert transforms for straight 
fringes or circular transforms for closed fringes. 


Extended Range Phase Measurement Techniques 


A major limitation of phase measurement techniques 
is that they cannot determine surface discontinuities 
larger than A/4 (4/2 in optical path (OPD)) between 
adjacent pixels, One obvious solution is to use longer 
wavelength sources in the infrared where optically 
rough surfaces look smooth and their shape can be 
measured. An alternative is two-wavelength inter- 
ferometry where two measurements at different 
wavelengths are taken and the measurable height 
limitation is now determined by the equivalent 
wavelength: 


1231 


Another method that allows for measurement of 
smooth surfaces with large height discontinuities that 
is limited only by the working distance of the 
objective combines a white light and a phase 
measurement interferometric technique in one long 
scan. The position of the wave packet resolves 27 
ambiguities that result from the arctangent function 
(sce Phase unwrapping section above). The phase of 
the fringe close to the wave packet maximum is 
determined without ambiguity. Sometimes it is not 
the step height discontinuity that is a problem but 
rather the high slope of the measured surface. If we 
know that the surface is continuous, then the 


INTERFEROMETRY / Phase-Measurement Interferometry 373 


unwrapping procedure can take advantage of this a 
priori information to look for a continuous. 


Techniques for Deformation Measurement 


Some of the techniques for deformation measurement 
have already been described earlier (see sections on 
Single frame techniques and Spatial multichannel 
phase-shift techniques). However, fringes in any 
interferometer can be analyzed not only in the x. 
planes but also in the x,, or y,z planes for which the 
carrier frequency of the fringes is introduced. Analysis 
of fringes in any plane has the same restrictions. 

If the initial static object shape is measured using 
conventional phase measurement techniques, not 
only can the motion of each object point be 
determined but also the deformation of the whole 
object in time. If the motion of the object is periodic, 
then the object motion can be ‘frozen’ by using 
stroboscopic illumination of the same frequency as 
the object's motion, Once the motion is frozen, any 
temporal technique can be used to measure object 
shape at some phase of its motion. Changing the time 
offset between stroboscopic illumination and the 
periodic signal driving the motion, the object can be 
‘frozen’ and thus measured at different phases of its 
periodic motion, 


Systematic Errors 


Noise Sensitivity 


Measurement noise mostly arises from random 
fluctuations in the detector readout and electronics. 
This noise reduces precision and repeatability. Aver- 
aging multiple measurements can reduce effects of 
these random fluctuations. 


Phase Shifter Errors 


Phase shifter errors can be due to both miscalibration 
of the system and nonlinearities in the phase shift. Itis 
possible to purchase very linear phase shifters. It is 
also possible to correct nonlinearities by determining 
the voltage signal making the phase shifter provide a 
linear phase shift. 

Linear phase shifter errors (miscalibration) of the 
phase shift have an error signature that is at twice the 
frequency of the fringes. If there are two fringes 
across the field of view, the error signature will have 
four across the field of view. Figure 14 shows the 
difference between a calibrated and an uncalibrated 
phase shifter as well as the difference in error for two 
different phase measurement algorithms. Some algo- 
rithms are obviously more sensitive than others to this 
type of error. 
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Figure 14 Comparison of phase maps for calibrated and 
Lncalibrated phase shits using two diferent phase measurement 
algorithms. 


Other Types of Systematic Errors to Consider 


Other types of errors to consider are detector 
nonlinearities, quantization errors due to analog-to- 
digital converters, and dissimilar materials (see 
Phase change upon reflection). For temporal phase 
measurement techniques errors due to vibration and 


discrete semiconductor > multi-junction > bipotar trar 
circuit design evolved around the NPN type. In 
addition, NPN transistors enable faster switch- 
ing, because electrons have greater mobility 
than electron-holes. 


To remember the functions of the collector and 
the emitter in an NPN transistor, you may prefer 
to think in terms of the collector collecting pos- 
itive current into the transistor, and the emitter 
emitting positive current out of the transistor, To 
remember that the emitteris always the terminal 
with an arrow attached to it (both in NPN and 
PNP schematic symbols), consider that “emitter” 
and “arrow” both begin with a vowel, while 
"base" and "collector” begin with consonants. To 
remember that an NPN transistor symbol has its 
arrow pointing outward, you can use the 
mnemonic "N/ever P/ointing i/N” 


Current flow for NPN and PNP transistors is illus- 
trated in Figure 28-2, At top-left, an NPN transis- 
tor passes no current (other than a small amount 
ofleakage)fromitscollectortoits emittersolong 
as its base is held at, or near, the potential of its 
emitter, which in this case is tied to negative or 
ground, At bottom-left, the purple positive sym- 
bol indicates that the base is now being held at 
a relatively positive voltage, at least 0.6 volts 
higher than the emitter (for a silicon-based tran- 
sistor). This enables electrons to move from the 
emitter to the collector, in the direction of the 
blue arrows, while the red arrows indicate the 
conventional concept of current flowing from 
positive to negative. The smaller arrows indicate 
a smaller flow of current. A resistor is included to 
protect the transistor from excessive current, and 
can be thought of as the load in these circuits. 


‘At top-right, a PNP transistor passes no current 
(other than a small amount of leakage) from its 
emitter to its collector so long as its base is held 
at, or near, the potential of the emitter, which in 
this case is tied to the positive power supply. At 
bottom-right, the purple negative symbol indi- 
cates that the base is now being held at a rela- 
tively negative voltage, at least 0.6 volts lower 
than the emitter. This enables electrons and cur- 
rent to flow as shown. Note that current flows 


How It Works 


into the base in the NPN transistor, but out from 
the base in the PNP transistor, to enable conduc- 
tivity. In both diagrams, the resistor that would 
normally be included to protect the base has 
been omitted for the sake of simplicity. 
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Figure 28-2. Current flow through NPN and PNP transis 
tors, See text for details 


‘An NPN transistor amplifies its base current only 
so long as the positive potential applied to the 
collector is greater than the potential applied to 
the base, and the potential at the base must be 
greater than the potential at the emitter by at 
least 0.6 volts, So long as the transistor is biased 
in this way, and so long as the current values re- 
main within the manufacturer's specified limits, 
a small fluctuation in current applied to the base 
will induce a much larger fluctuation in current 
between the collector and the emitter. This is 
why a transistor may be described as a current 
amplifier. 


Chapter 28 243 
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air turbulence need to be considered as well. Spatial 
phase measurement techniques are sensitive to mis- 
calibrated tile (wrong carrier frequency), unequally 
spaced fringes, and sampling and windowing in 
Fourier transform techniques. 


Choosing an Algorithm or Technique 


Each algorithm and type of measurement technique is 
sensitive to different types of systematic errors. 
Choosing a proper algorithm or technique for a 
particular type of measurement depends on the 
specific conditions of the test itself and reducing the 
systematic errors for a particular type of measure- 
ment, This is the reason that so many algorithms 
exist. The references in the bibliography will help the 
reader determine what type of algorithm will work 
best for a specific application. 


Examples of Applications 


Phase shifting interferometry can be used for 
measurements such as hard disk flatness, quality of 
optical elements, lens curvature, dimensions and 
quality of air-bearing surfaces of magnetic readAwrite 
heads, cantilevers, and semiconductor elements. 
Figure 15 shows results for measurements of a hard 
disk substrate and a roughness grating. 


Conclusions 


Phase measurement interferometry techniques have 
increased measurement range and precision enabling 
the production of more complex and more precise 
components. As work continues on development of 
interferometric techniques, phase measurement tech- 
niques will continue to become more robust and less 
sensitive to systematic errors. Anticipated advances 
will enable measurements of objects that were 
unimaginable 20 or 30 years ago. 


Interferometry: White Light Interferometry. Microscopy: 
Interference Microscopy. 
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Introduction 


In 1960 the development of the laser injected new 
possibility into an old discipline, interferometry (see 
Interferometry: Overview). The excellent spatial and 
temporal coherence (ideally a single point and a single 
wavelength source) of the laser allowed for the 
formation of nonlocalized interference fringes. With 
lasers, researchers could easily generate good contrast 
fringes practically anywhere where the beams over- 
lapped. These excellent-quality fringes from laser 
interferometers enabled high-resolution distance and 
displacement measurements on the order of meters 
and made possible noncontact surface probing with 
nanometer and subnanometer resolution. This kind 
of precision, which was supported by the advent of 
computers and the advancement of detectors, was 
previously unimaginable. 

However, interference phenomena were used in 
metrology long before lasers and can be observed 
without any complicated device or source. On a rainy 
day we can observe the colorful interference patterns 
that have formed on a thin layer of gasoline in a 
puddle. The relationship between colors and the 
small distance between reflecting surfaces, observed 
as far back as 1665 by Hook, is still used to 
approximate layer thicknesses. The colors in inte 
ference patterns have been used to determine the 
spectral components of beams. By the end of the 
nineteenth century, Michelson and Benoit were using 
interference phenomena to determine distances, long 
hefore the invention of the computer and the laser. 

While the application of lasers in interferometry 
has advanced the science, white light interferometry 
(WLI), which uses a spatially and temporally inco- 
herent source and creates fringes localized over a few 
microns in space, has also benefited from technolo, 
cal advancements. The development of solid state 
detectors, fast computers, electronic signal proces- 
sing, and precise scanning stages has allowed for 
incredibly fast analysis of white light interferograms. 
In fact, WLI is used in many applications from film 
thickness and surface measurement, through spec- 
troscopy to astronomy. 

This chapter focuses on the formation of whi 
light fringes. We first examine the existence of whi 
light fringes in the everyday world. A description of 
different interferometric setups and their uses follows. 


‘The bulk of this article details the formation of white 
light fringes and examines their different applications 
with an emphasis on the analysis of object structure. 
Suggestions for further reading, both within this 
encyclopedia and from outside sources, can be found 
at the end of this article. A basic theory of 
interferometry and coherence is to be found in 
corresponding articles of this encyclopedia. 


White Light Interference 
in Everyday Life 


The effects of interference display spectacular colors 
when observed in white light, such as the sun. We 
often sce these effects in oil or gasoline spills, in soap 
bubbles, or between two smooth pieces of glass in 
contact (separated by a very thin layer of air film) — 
which are the simplest everyday white light inter- 
ferometers. The colors we see in these displays are 
interference colors, and their origin is interference 
rather than dispersion as in the colors of a rainbow or 
light reflected from a CD. The picture in Figure 1 is of 
a gasoline spill under cloudy sky illumination; we see 
beautiful interference colors that are hard to find in a 
rainbow: iron-gray, magenta, grayish blue, whitish 
green, and brownish yellow. Interference colors will 
differ not only with the thickness of the layer but also 
with the layer’s absorption and dispersion, the 
relative indices of refraction of the film, the surround- 
ing media, and the illumination, Interference colors 
can be observed for layers from a fraction of a micron 
to a few microns thick. 


interferometers for White Light 
Observation 


Ina white light interferometer, either the colors or the 
intensity distribution of the fringes is typically 
analyzed to retrieve the necessary encoded infor- 
mation, such as the film thickness, birefringence, 
index of refraction, dispersion, spectral properties, 
and surface structure. White light interference can be 
observed only in interferometric designs where the 
optical paths in both arms of the interferometer are 
(nearly) equal and the system is (nearly) compensated 
for dispersion. 


Interference in Thin Film 


Beams of light of different wavelengths incident on a 
transparent thin film (such as the ones in the puddle) 
are partially reflected from the top air/film interface 
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and partially from the bottom film/substrate interface 
and then beams of the same wavelength interfere with 
each other. The optical path difference (OPD) 
traveled by the interfering beams is related to the 
film thickness, the index of refraction for the given 
wavelength and the angle of incidence. 

Fringes of equal thickness will be observed if the 
film thickness (distance between interfering wave- 
fronts) varies. These fringes represent points of equal 
distance between the two surfaces of the film and are 
formed close to the film (see Figure 2). This situation 
is typical in any interferometer since rarely are 
wavefronts perfectly plane and parallel, 

For any individual wavelength, ,, where the OPD. 
is equal to mA, and where m is an integer, a bright 
fringe of the color of the wavelength, A,, will be 
observed due to constructive interference. For white 
light illumination, the color at a given point will be 
dominated by the color of the wavelength for which 
the interference will be constructive. This color can be 
used to estimate the optical thickness of the film 

An additional factor needs to be taken into account 
when color is used for estimating optical thickness, 
namely the phase change on reflection, Different 
colors will be observed if the ratio of indices of 
refraction for both film interfaces is <1 (or >1) as, 
opposed to when the ratio of indi 
interface and >1 for the other. 


is <1 for one 


Interference colors in a gasoline spill in a puddle. This picture would closely resemble a picture from an interference 
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Figure 2 Formation of fringes of equal thickness for flm with 
wedge, 


Polarization Microscope 


Interference colors that correspond to equal thickness 
fringes can represent the birefringence of an abject 
these colors are often observed using a polarization, 
microscope (see Microscropy: Interference Micro- 
scopy). The polarization microscope is a conventional 
microscope with a set of polarizers with crossed 
polarization axes, one placed above and the other 
placed below the tested birefringent object. 
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Interference colors have been tabulated for many 
years and for many different purposes. Newton 
devised his color scale to describe interference fringes 
for two pieces of glass in contact with each other. 
Michel-Lévy and Lacroix in 1889, created a color 
seale to help recognize different rock forming 
minerals, For more information about colors in 
white light interference see sections on White Light 
Interference and Spectral Interference below. 


Michelson Interferometer 


A Michelson interferometric setup, shown in Figure 3, 
is often used to analyze white light interference, but 
the intensity of the fringes is observed as one mirror is 
scanned rather than the color of fringes that is usually 
observed. 

Two plane mirrors (equivalent to the top and 
bottom surfaces of a thin film) return the beams to the 
beamsplitter, which recombines parts of the returned 
heams and directs them towards the detector where 
the interference is observed. Beam S1 travels through 
the parallel plate three times while beam $2 passes 
through the plate only once causing the system to be 
not well compensated (balanced) for dispersion. 
Thus, for observation of white light interference, an 
identical plate is placed in the path of beam $2. As one 
of the plane mirrors moves along the optical axis to 
change the OPD, the detector collects the irradiance, 
the intensity. Fringes will be observed if the system is 
well-compensated for dispersion and for optical path 
lengths. Any spectral changes or changes in optical 
path lengths in the interferometer affect the shape or 
position of the fringes, and the interferometer 
measures these changes. 

Common-path. interferometers, like the Mach- 
Zender or Jamin interferometers, are naturally 


— 


y | 


Compensating plate 


Beamspiiter plate 


Michelson interferometer. 


compensated interferometers and can he used for 
measurement of dispersion in gases. Other interfe- 
rometers, such as the Twyman-Green or Fizeau 
interferometers, make use of their unequal interfe- 
rometer arms and their nonlocalized fringes from 
laser sources for testing different optical elements 
and systems in reflection and transition (see Interfero- 
metry: Phase Measurement Interferometry). 


White Light Interference 


A white light source consists of a wide spectrum of 
wavelengths in visible spectrum, from about 380 up 
to 750 (violet to red) nanometers. However, the 
principles of WLI described in this article basically 
apply when any low coherence source is used. Low 
coherence refers to a source of not only low temporal 
but also low spatial coherence; WLI can also be 
referred to as low coherence interferometry. We will 
be concerned mainly with temporal effect of the 
source, the source spectrum. 

Since different wavelengths from the source spec- 
trum are mutually incoherent, we will first look at 
interference between two waves of a selected mono- 
chromatic illumination with wave number k= 27/A, 
where A is the wavelength. The intensity of the 
interference fringes at point x, y (these coordinates 
are omitted in all equations), as one of the mirrors is 
scanned along the optical axis, z can be described as 


Uk,2) = fy + Ly + 2ylialy@)I cos(kz) a 


or can be written in the form: 


2WVhh 
aft 12 lyz)l cwtta| (2) 


Th 


Kk, 


where I, and I; are intensities of each of the beams 
and Ig = I, + Ih, |y{2)l is the modulus of the complex 
mutual coherence function (see Coherence: Over- 
view) assumed here to equal 1 (perfect coherence for 
each wavelength). The optical path difference z equals 
=, ~ z where z and zp are the optical path lengths 
that the interfering waves have traveled. 
The difference in the traveled paths, z, corresponds 
to the position of the scanning mirror. 

White light interference (polychromatic interfer- 
ence) is the overlaying of all the monochromatic 
fringes created for each wavelength of the source 
spectrum (Figure 4a). A detector observes the sum of 
all the fringe intensities. 

In mathematical form, this interference can be 
described as the integral of all the fringes I, z) for all 
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Figure 4 Formation of white light fringes: (a) fringes for 
individual wavelengths; (b) fringes for white ight. 


wavenumbers k: 


A, 
I= J speut.oae BI 
where S(&) is the spectral distribution of the light 
source, with S(k) = 0 outside of ky through ky range 
of wave numbers, and D(k) is a spectral response of 
the detector. We assume that the detector’s response 
D(E) equals 1 over the whole spectrum. Because the 
spacing of the fringes for each wavelength emitted by 
the white light source is different, the maxima of 
fringes will align around only one point for a well- 
compensated interferometer, at shown in Figure 4a, 
This alignment around a single point, occurs because 
in a well-compensated interferometer there is one 
point for which the OPD is zero for all wavelengths. 
‘Away from this point, the observed sum of the 
intensities quickly falls off, as shown in Figure 4b, 
The maximum fringe, the fringe that marks the zero 
OPD, is called the zero-order fringe, and each next 
fringe of smaller amplitude on either side is called +1 
and —1, +2 and —2 order fringe, and so on, 
Because white light fringes are localized and can 
only be found within microns ot tens of microns of 
the zero OPD, white light interferometers are 


excellent distance and 3D position sensors. However, 
this same characteristic makes them more difficult to 
align than interferometers with nonlocalized fringes. 


Envelope of Fringes Due to Source Spectrum 


The resultant intensity of interference from a broad 
spectrum source (see eqn [3]) can be described in 
general form as 


Mz) = Igl1 + Viz) cos(koz)] (41 


where [ = Iy + ly is the background intensity, V(z) is 
the fringe visibility function or coherence envelope, 
and ky = 2m/Ay is the central wave number for fringes 
under the envelope. The V(z) is proportional to the 
modulus of the Fourier transform of the source 
spectrum S(k). Generally, if the light source has a 
Gaussian spectrum S(k), then the envelope of the 
fringes can be described also as a Gaussian function 
V(2). Ifthe spectrum of the source is rectangular, then 
the envelope of the fringes will be a sinc function. The 
wider that the spectrum of the source is the narrower 
the width of the envelope will be, as shown in 
Figure 5. The width of the fringe envelope determines 
the coherence length of the source (see Coherence: 
Overview); for a white light source this width is in the 
order of 1-2 microns. 

Different white light sources, such as tungsten- 
halogen, incandescent, or are lamps, have different 
spectra and thus create different coherence envelopes, 
as shown in Figure 5. The spectra of semiconductor 
light sources, such as LEDs and SLDs, are similar in 
shape to a Gaussian function, 

The fact that the coherence envelope is related to 
the spectrum of the source by its Fourier transform is 
commonly used in Fourier transform spectroscopy, 
where the Fourier transform of the detected fringes is 
calculated to find the spectral components of the 
beams, 


Position of Fringes Under Envelope Due to 
Reflection of Dielectric 


Thus far we have assumed that in WLI the inter~ 
ferometer is compensated for all wavelengths, and 
thus, for this position the maximum of the fringes 
aligns with the maximum of the envelope, namely 
where there is a zero phase shift gy =0 between 
fringe and envelope maxima, 

If there is an odd number of reflections from 
dielectric surfaces in one arm of the interferometer 
and an even number in the other, the fringes will be 
shifted by g = 180° under the coherence envelope 
and the minimum of the fringe will align with the 
maximum of the coherence envelope. Thus eqn [4] 
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Figure 5 Spectrum and interferogram for (a) tungsten-halogen lamp and for (b) red LED sources. 


can be expressed in a more general form: 
H(z) = lol + Viz) costkoz + g0)] Is] 


Figure 6 shows color fringes for such a case; the dark 
fringe marks the zero OPD, and this fringe is 
surrounded by the greenish blue colors of shorter 
wavelengths. In contrast, the bright fringe at the 
maximum envelope position or marking the zero 
OPD would be surrounded by the reddish colors of 
longer wavelengths. 

In a real system the fringes may be shifted with 
respect to the envelope by any amount of gp, and this 
shift may be due to any number of factors, such as the 
phase shift on reflection from nondielectric surfaces 
and dispersion, which we consider next. 


Changes in Envelope and Fringes Due to 
Reflection of Nondielectric Materials 


The relative position of the envelope maximum and 
fringe position will be different if the beam is reflected 
from different nondiclectric materials. This difference 
exists because the phase change on reflection from a 
test surface, like metals or heavily doped semicon- 
ductors, varies with each wavelength. This variance 
in fringe and peak coherence position may be 


predicted and corrected for in surface height calcu- 
lations. The linear dependence of the phase change on 
reflection versus wave number shifts the location of 
the coherence envelope peak position of fringes by 
different amounts, The constant phase change on 
reflection and higher-order terms only shift the fringes 
underneath the coherence envelope. As long as the 
change on reflection has a small dependence on 
the second-and higher-order of the wave number, the 
shape of the coherence envelope is preserved. 


Changes in Envelope and Fringes 
Due to Dispersion 


Dispersion in an interferometer that is not balanced, 
perhaps because a dispersive element was placed in 
one arm or the compensating plate has an incorrect 
thickness, will influence fringe formation. The phase 
delay between interference patterns for individual 
wavelengths is proportional to the product of the 
geometrical path and the index of refraction equal to 
dx nth) 


The intensity may be described as: 


A, 
ia) = [1+ Vigcos(ee — katt) dk (6 
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Figure 6 Formation of white light fringes with destructive 
interference for OPD = 0. 


The dependence of the refractive index on the wave 
number k can be described as a linear expansion: 


dn 
i(k) = mtko) + E(k ~ ko) (71 


The linear dispersion shifts the envelope by the group 
index of refraction times the thickness of the 
dispersive clement; this dispersion also shifts the 
fringes under the envelope slightly. In other words, 
the linear phase delay for a range of wavelengths 
causes a group delay of the whole envelope (wave 
packet). Higher-order dispersion, absorption of the 
elements, or effects due to thin films can cause the 
envelope to widen or even become asymmetrical, 
the position of the fringes under the envelope to shift, 
the fringes to lose contrast, and the period of the 
fringes to change or vary with the z position. 
Dispersion effects will be stronger for sources that 
have a wider spectrum; however, the observed 
changes will be different for different shapes of 
spectra. 

‘The phase of the fringes under the envelope and the 
position of the envelope itself are parameters often 


used in astronomy. Highly accurate white light fringe 
estimation, using the optical path-length delay 
between the two arms of the interferometer, is a 
cornerstone of stellar interferometry. 


Fourier Analysis of White Light Interferograms 


Wavelength-dependent changes in a white light 
interferogram can be more easily analyzed in the 
spectrum rather than the spatial domain, The Fourier 
transform of a white light interferogram yields two 
symmetrical side lobes at the mean wavelength of the 
interferogram; analysis of just one of these side lobes 
is sufficient. The spectral amplitude of the side lobe 
contains information about the spectral components 
of the interfering beams, while the spectral phase in 
regions with appreciable spectral amplitude supplies 
information about any unbalanced dispersion in the 
interferometer, as shown in Figure 7. Fourier trans- 
form analysis is extensively used in Fourier transform 
spectrometry (see Spectroscopy: Fourier Transform 
Spectroscopy). 

Fora dispersion-balanced interferometer, the inter 
ferogram is symmetrical around the zero OPD 
position, For a symmetrical interferogram, the 
spectral phase will be zero if the zero OPD position 
of the sampled interferogram is in the middle of 
sampling range; otherwise a linear factor appears in 
the spectral phase. This linear term, while useful to 
surface profiling, because it determines the position of 
the coherence signal with respect to scanner 
sampling, is unwanted in Fourier spectroscopy and 
needs to be corrected for. Dispersion and possible 
thin-film effects will commonly introduce a non- 
linearity in the spectral phase. 


Controlled Phase Shift of Fringes Under the 
Envelope - Geometric Phase Shift 


Many techniques in interferometry depend on shift- 
ing the phase of the interfering wavefronts. Mechan- 
ical shifters used in white light interferometry will 
introduce the same shift measured in nanometers for 
all wavelengths; however, when measured in degrees 
or radians, the shift will vary for different wave- 
lengths. Geometric phase shifters (achromatic phase 
shifters operating on the principle of geometric phase) 
introduce for all wavelengths the same shift when 
measured in degrees and are based on polarization 
elements like a rotating wave plate in circularly 
polarized light or a rotating polarizer in a circularly 
polarized beam. Fringes underneath the coherence 
envelope shift, as shown in Figure 8, while the 
coherence envelope stays in place, 

The advantage to these techniques is that only 
the phase of fringes changes, not the fringe contrast 
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(see Interferometry: Phase Measurement Interfero- 
metry). A geometrical phase shifter can be very useful 
in polarization microscopes (Figure 9), white light 
shearing interferometers, or any system where the 


phase of the white light fringes needs to be measured. 


Spectral Interference 


White light fringes, because they are made up of 
fringes of many wavelengths, are observed only over 
very small path differences. If we filter only a narrow 
hand from the white light spectrum, fringes would be 
visible over a much larger scan. For different 
wavelengths we would observe different color and 
frequency fringes; this is simply the reverse process of 
the description in the white light interference section. 

If we place a spectrometer in the observation plane 
of the white light interferometer (Figure 10), we will 
observe fringes with continuously changing wave- 
lengths in dispersed light. These fringes are called 


measurement or absolute distance measurement in 
the range up to 1mm, Channeled spectra were used 
for analysis of dispersion, thin film, and spectroscopic 
measurements. The number of observed fringes for a 
given wavelength is directly proportional to the 
measured optical path difference. The optical path 
difference can be determined if the difference in fringe 
numbers is determined for two well-known wave- 
lengths (this is equivalent to two-wavelength inter- 
ferometry). The optical path difference can be also 
quickly estimated from the frequency of fringes for a 
given wavelength; the larger the optical path differ- 
ence, the denser the fringes. 


Surface Topography and Object 
Structure Measurement 


Although WLI has many applications, this section 
focuses on white light interference as applied to 
surface topography measurement. Interference 
microscopes that use white light illumination are 
often based on the Michelson setup shown in 
Figure 11. 
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Figure 10 Interferometors with prism spectrometer to observe 
fringes of equal chromatic order for OPD measurement. 


A beamsplitter cube is placed underneath the bright 
field objective, and one mirror is placed to the side at 
the focus plane of the objective while the other mirror 
is replaced by the measured surface with respect to 
which the whole interference objective is scanned. The 
narrowly localized fringes at the best focus position for 
each point of the surface corresponding to a pixel on 
the CCD camera is observed during the scan, Because 
of the design of the Michelson objective, in order 
to accommodate higher magnification objectives 
constraints, other interference setups like Mirau and 
Linnik were developed (see Microscopy: Interference 
Microscopy). However, these designs are still based on 
the Michelson interferometer, being also compensated 
interferometers with equal lengths and amounts of 
glass in each arm. 

‘These interference microscopes typically have two 
complementary modes of operation; one mode uses 
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Figure 11 Michelson interferometric objective. 


monochromatic illumination and the other employs a 
white light source. Monochromatic illumination 
provides excellent vertical resolution but is limited 
in its range. It cannot correctly assign fringe order to 
discontinuous surfaces larger than 160 nanometers. 
Figure 12a shows monochromatic fringes for the 
surface of the profile shown in Figure 13. We see that 
with the monochromatic illumination the height of 
the grooves remains unknown because it is impossible 
to assign order numbers to these fringes. 

To resolve this ambiguity, white light illumination 
is employed because it allows for easy identification 
of the zero order fringe, Figure 12b shows white 
light fringes created for the same surface. We sce 
the zero-order fringe for the zero OPD as well as the 
next orders due to the decreasing contrast of the 
fringes, The position of the zero-order fringe can be 
followed and approximate heights can be deter- 
mined visually. Thus, white light illumination 
permits the measurement of a broader range of 
surfaces that are rough or have large height 
variations up to a few millimeters. 

The white light interferometer is a great focus 
detector (Figure 14) at each point of the field of view. 
The principle behind WLI is finding these individual 
focus positions using localized fringes observed 
during the surface scan. WLI interferometers provide 
high lateral resolution and large vertical range in the 
order of hundreds of nanometers or micrometers 
(Figure 15), White light interferometers are com- 
monly used to measure magnetic heads, MEMS 
devices, binary optic, and machined surfaces. 


Signal Processing of White Light Interferograms 


For WLI topographic measurements, each pixel 
registers an interferogram whose position varies 
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(a) 
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Figure 12 Fringes in quasimonochromatic and white light for object similar to one as presented in Figure 13. 


78.4um 


Figure 13 3D object profile ~ binary grating. 


with the surface height. Figure 16 shows two 
interferograms for two positions in the field of view 
of a measured step height surface; the first shows the 
top surface of the step height and the second shows 
the bottom surface of the step height. 

Algorithms have been developed to analyze 
the signal in different ways. Some focus on finding 
the fringe envelope position and others examine the 
position of the fringe underneath the envelope. The: 
algorithms work under the assumption that white 
light fringes can be described by the same function 
over the whole field of view of the interferometer. 
Algorithms are applied to a signal so as to find the 
position of the coherence envelope for each pixel. 
This process is called coherence gating, and all 
algorithms perform coherence gating. 

Some algorithms look for the position of the 
enyelope’s maximum in a process whereby first the 
coherence envelope of the fringes is found using signal 
filtering. Then, the curve is fit to a few points around 
the envelope’s maximum, and finally the position of 
the envelope’s maximum is found. Other algorithms 
calculate the center of mass of the coherence signal, as 


described in eqn [8]: 


Is} 


This method is very fast and computationally efficient. 
Center of mass calculations are equivalent to calcu- 
lations of the maximum of the envelope position, but 
only for a symmetrical signal. For an asymmetrical 
signal a piston is introduced for each point; however, 
this piston doesnot affect the whole measurement. Still 
another method calculates the spectral phase slope in 
the Fourier domain to determine the position of the 
coherence envelope in a process that is equivalent to 
finding the center of mass. Finally, a different group of 
algorithms tracks the position of the bright or dark 
fringe close to the envelope’s maximum, 


Scanner Speed ~ Sampling Rate 


A practical sampling rate of the white light inter- 
ference signal is around four pixels per fringe. 
Because in most algorithms it is not the position of 
the fringes that we want to determine but rather the 
position of the envelope of the fringes, sampling the 
envelope of the fringes with four samples is usually 
sufficient. However, this sufficiency comes at the 
expense of lower repeatability (higher noise). The 
advantage to this sampling rate is short measurement 
time; higher sampling rates increase measurement 
time. Measurement speed can be increased by up to 
25 times when the envelope of the fringes is widened 
by filtering light of a bandwidth about 20-40 nm 
from the white light source. 


‘Scanner Nonlinearity 


Scanner motion is assumed to be linear, but non- 
linearity in this motion impairs measurement 


rks disc 


Avoltage divider is often used to control the base 
potential and ensure thatitremains less than the 
potential on the collector and greater than the 
potential at the emitter (in an NPN transistor). See 
Figure 28-3, 


See Chapter 10 for additional information about 
the function of a voltage divider. 


Figure 28-3. Resistors RI and R2 establish a voltage di 
vider to apply acceptable bias to the base of an NPN tran 
sistor. 


Current Gain 

The amplification of current by a transistor Is 
known as its current gain or beta value, which can 
be expressed as the ratio of an increase in col- 
lector current divided by the increase in base 
current that enables it. Greek letter B is custom- 
atily used to represent this ratio, The formula 
looks like this: 


B= al. / aly 


{e semiconductor > multi-junction > bipolar transi 


where [cis the collector current and I, is the base 
current, and the A symbol represents a small 
change in the value of the variable that follows 
it 


Current gain is also represented by the term hee, 
where E is for the common Emitter, Fis for For- 
ward current, and lowercase letter h refers to the 
transistor as a “hybrid” device. 


The beta value will always be greater than 1 and 
is often around 100, although it will vary from 
one type of transistor to anther. It will also be 
affected by temperature, voltage applied to the 
transistor, collector current, and manufacturing 
inaccuracies, When the transistor is used outside 
of its design parameters, the formula to deter- 
mine the beta value no longer directly applies. 


There are only two connections at which current 
can enter an NPN transistor and one connection 
where it can leave. Therefore, if |, is the current 
from the emitter, |; is the current entering the 
collector, and I, is the current entering the base: 


Ip = Ie + Ip 


If the potential applied to the base of an NPN 
transistor diminishes to the point where itis less 
than 0.6V above the potential at the emitter, the 
transistor will notconduct, andisinan “off” state, 
although a very small amount of leakage from 
collector to emitter will still occur. 


When the current flowing into the base of the 
transistor rises to the point where the tran: 
cannot amplify the current any further, it be- 
comes saturated, at which point its internal im- 
pedance has fallen to a minimal value. Theoreti- 
cally this will allow a large flow of current; in 
practice, the transistor should be protected by 
resistors from being damaged by high current 
resulting from saturation, 


Any transistor has maximum values for the col- 
lector current, base current, and the potential 
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Figure 14 Operation of white light interferometer for suriace topography measurement 


Figure 15 WLI measurement of Fresnel lens in a high- 
resolution mode, Courtesy of Glimmergiass. 


accuracy. To account for this, simple algorithms can 
calculate the average steps along each interferogram 
in scanning direction (Figure 17) and measured steps 
can be used in coherence detection algorithms. 


In order to have continuous information about 
the scan steps, the fringes should be visible some- 
where in the field of view at each moment of the 
scan. This task may require introducing a large tilt 
for samples with large discontinuities such as 
stepped surfaces. For large discontinuities where 
introducing sample tilt may not be sufficient, the 
envelope of the fringes can be extended by 
increasing the spatial or temporal coherence of the 
light source. An alternate solution involves measur- 
ing the scanner motion with a distance-measuring 
interferometer or triggering the camera to collect 
intensity data at every equal scan step, which can be 
determined by using the zero-crossing technique, as 
is commonly done in Fourier transform spec- 
troscopy. Equal scan steps are more suitable for 
techniques based on transform techniques that 
assume equal sampling. Other peak detection 
algorithms, such as center of mass calculations, 
make use of measured but not necessarily equal 
steps directly in the algorithm. 

Observing the phase along the interferogram can 
also provide information that is important in optical 
fiber sensing. These observed changes, which assume 
that sampling rates of the interferogram are known, 
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Figure 16 White ight finges as seen by two pixels during scan 
through focus for object in form of step. 
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Figure 17 Phase calculated along the white light interferogram. 
This calculated phase can be used to determine scanner motion. 


enable correction for changes in wave number value 
ky which can be due to such things as changes in the 
working voltage of bulb, an introduced higher-order 
dispersion, or a large tilt of the sample. 


Increased Resolution White Light Interferometry 


Interferometric methods that employ a monochro- 
matic light source to detect the phase of the fringes 


Fringes on top 
surface of fm 


Substrate level 


Figure 18 Fringes for (a) thin and (0) thick fim. 


(see Interferometry: Phase Measurement Interfero- 
metry) can achieve about 10 times better (0.3 nan- 
ometers versus 3 nanometers) vertical resolution than 
the WLI methods described so far. Combining 
coherence position detection from WLI to determine 
fringe order with the phase detection of phase shifting 
techniques allows for the measurement of samples 
with height discontinuities larger than 160 nan- 
ometers with the resolution and accuracy of phase 
shifting interferometry (PSI). This combination is 
particularly well-suited for determining the shape of 
smooth surfaces with large height differences such as 
binary diffractive optics or micro-electromechanical 
systems (MEMS) (sce Figure 15). 

Using this combined method we obtain both a 
lower-resolution map of the envelope position and a 
higher-resolution map of the phase (position) of the 
zero order fringe. These maps may differ slightly due 
to effects similar to those discussed in sections 
Changes in Envelope and Fringes Due to Reflection 
of Nondielectric and Changes in Envelope and 
Fringes Due to Dispersion above, In interference 
microscopes, shifts in the envelope and fringe 
position may be introduced by field-dependent and 
chromatic aberrations of the system and the system’s 
effective numerical aperture. These shifts can vary for 
different points on the tested surface, but for 
simplicity are assumed to be constant over the field. 
Some correction for these effects can be applied. 


Film Thickness Measurement 


White light interferograms that are obtained in an 
optical profiler can be used to measure transparent 
film thicknesses because the character of the inter- 
ferogram changes with the thickness of the film 
(Figure 18). Two different techniques, a thin or thick 
film technique, are used depending of the range of the 
film thickness. A thick film technique is used if two 
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the film. The typical range of measurable film 
thicknesses runs from 3 to 150 microns, depending 
on the dispersion of the film. This measurement 
allows for the detection of flows on the surface and 
interface of the film, Similar principles based on 
finding the position of the coherence envelopes are 
used for distance sensing, thickness measurement of 
plates, and the cornea of the eye, in low coherence 
reflectometry and structure measurements in biologi- 
cal samples in optical coherence tomography. 


Thin film measurement 

For thicknesses of five microns down to tens of 
nanometers, the white light interferogram is 
created from the interference between the beams 
reflected from the reference mirror and the two beams 
reflected from the thin film layer. Once the inter- 
ferogram is registered while the objective is scanned 
vertically with a constant velocity, the spectral phase 
is calculated by applying a Fourier transform to the 
measured signal at cach pixel as described in the 
section Fourier Analysis of White Light Interfero- 
grams above. The phase slope is subtracted and 
the dispersion of the system needs to be known. 
The spectral phase for the thin film interference has 
the form of a polynomial; thus, the polynomial for the 
chosen film model (n and k) is fitted, and regression 


Figure 20. Thin film see Figure 18: 
amplitude and (c) spectral phase. 


(a) radiance, (b) spectral 


analysis is used to find the best fit and, therefore, the 
film thickness (Figure 20). 


Spatial Coherence Effects in the Interference 
Microscope 


So far we have been discussing temporal coherence 
effects, but everywhere that the source has a 
wavelength bandwidth, spatial coherence may play 
an important role. In an interference microscope for 
surface topography measurement, the size of the 
aperture of the condenser is on the order of the 
aperture of the objective that illuminates the surface 
with a wide range of angles. For large angles, which 
are determined by the numerical aperture (NA) of the 
objective, where NA = 0.5-0.95, the combination of 
the influence of the spatial and temporal coherence is 
clearly visible. The additional spatial effects include a 
reduction of the fringe envelope width and a decrease 
in fringe spacing corresponding to kp. Calibration 
of fringe spacing is typically done on the system 
and accounts for spatial effects as well as for any 
uncertainty of ky due to the source spectra, the 
working temperature of the source, the spectral 
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response of the detector and the influence of 
other factors like the intensity distribution in the 
illuminating aperture. The spatial influences can be 
reduced by stopping down the condenser, which 
causes an increase in the contrast of the fringes. 


Rough Surfaces 


Rough surfaces are difficult to measure using inter- 
ferometric techniques, but under certain coherence 
conditions white light interference can do the job. For 
rough surfaces, if the microstructure of the object is 
not resolved by the imaging system, speckles, rather 
than fringes, are observed. Each speckle has a random 
phase which is approximately constant in the whole 
speckle area. If the rough surface is scanned through 
focus, each individual speckle exhibits the intensity 
modulation that is typical for WLI. These speckles 
enable the measurement, but they also introduce 
noise proportional to the roughness of the measured 
surface. 

Despite the noise that speckles introduce into the 
WLI measurement, WLI has an advantage because it 
rejects the light that has undergone scattering outside 
of a small sample volume, thus allowing precise 
noninvasive measurement of object structure, even in 


dense media. 


Applications 


WLI is used in many disciplines and instruments 
such as: 


© Fourier transform spectroscopy - source and 
material properties; 

© Michelson stellar interferometer ~ angular size of 
star, binary stars, delay measurement in optical 
paths of interferometer; 

‘¢ Shearing interferometry — structure measurement; 

# DIC Nomarski interferometry ~ structure measure- 
ment; 


# Speckle interferometry — structure measurement; 

# Holography — structure measurement; 

© Optical sensors — temperature, pressure, distance; 

© Optical coherence tomography — structure 
measurement. 

See also 


Coherence: Coherence and Imaging; Overview. Holo- 
graphy, Techniques: Holographic Interferometry. Inter- 
ferometry: Phase Measurement Interferometry. 
Microscopy: Interference Microscopy. Spectroscopy: 
Fourier Transform Spectroscopy. 
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Introduction 


This article gives a brief history of the development of 
the laser and goes on to describe the characteristics of 
the carbon dioxide laser and the molecular dynamics 
that permit it to operate at comparatively high power 
and efficiency. It is these commercially attractive 
features and its low cost that has led to its adoption as 
one of most popular industrial power beams. This 
outline also describes the main types of carbon 
dioxide laser and briefly discusses their characteristics 
and uses. 


Brief History 


In 1917 Albert Einstein developed the concept of 
stimulated emission which is the phenomenon used in 
lasers. In 1954 the MASER (Microwave Amplifica- 
tion by Stimulated Emission of Radiation) was the 
first device to use stimulated emission. In that year 
Townes and Schawlow suggested that stimulated 
emission could be used in the infrared and optical 
portions of the electromagnetic spectrum. The device 
was originally termed the optical maser, this term 
being dropped in favor of LASER, standing for: Light 
Amplification by Stimulated Emission of Radiation. 
Working against the wishes of his manager at Hughes 
Research Laboratories, the electrical engineer Ted 
Maiman created the first laser on the 15 May 1960. 
Maiman’s flash lamp pumped ruby laser produced 
pulsed red electromagnetic radiation at a wave- 
length of 694.3 nm. During the most active period 
of laser systems discovery Bell Labs made a very 
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significant contribution. In 1960, Ali Javan, William 
Bennet and Donald Herriot produced the first Helium 
Neon laser, which was the first continuous wave 
(CW) laser operating at 1.15 um. In 1961, Boyle and 
Nelson developed a continuously operating Ruby 
laser and in 1962, Kumar Patel, Faust, McFarlane 
and Bennet discovered five noble gas lasers and lasers 
using oxygen mixtures. In 1964, C.K.N. Patel created 
the high-power carbon dioxide laser operating at 
10.6 pm. In 1964, JF. Geusic and R.G. Smith 
produced the first Nd:Yag laser using neodymium 
doped. yttrium aluminum garnet crystals and 
operating at 1.06 pm, 


Characteristics 


Due to its operation between low lying vibrational 
energy states of the CO2 molecule, the CO> laser has 
a high quantum efficiency, ~40%, which makes it 
extremely attractive as a high-power industrial 
materials processing laser (1 to 20 kW), where energy 
and running costs are a major consideration. Due to 
the requirement for cooling to retain the population 
inversion, the efficiency of electrical pumping and 
optical losses ~ commercial systems have an overall 
efficiency of approximately 10%. Whilst this may 
seem low, for lasers this is still a high efficiency. The 
CO; laser is widely used in other fields, for example, 
surgical applications, remote sensing, and measure- 
ment, It emits infrared radiation with a wavelength 
that can range from 9 jm up to 11 wm. The laser 


transition may occur on one of two transitions: 
(00°1) + (10°0), A= 10.6 wm; (00°1) — (02"0), 
A=9.6 um, see Figure 1. The 10.6 um transition 
has the maximum probability of oscillation and gives 
the strongest output; hence, this is the usual 
wavelength of operation, although for specialist 
applications the laser can be forced to operate on 
the 9.6 wm line, 

Figure 1 illustrates an energy level diagram with 
four vibrational energy groupings that include all the 
significantly populated energy levels. The internal 
relaxation rates within these groups are considered to 
be infinitely fast when compared with the rate of 
energy transfer between these groups. In reality the 
internal relaxation rates are at least an order of 
magnitude greater than the rates between groups. 

Excitation of the upper laser level is usually 
provided by an electrical glow discharge. However, 
gas dynamic lasers have been built where expanding a 
hot gas through a supersonic nozzle creates the 
population inversion; this creates a nonequilibrium 
region in the downstream gas stream with a large 
population inversion, which produces a very high- 
power output beam (135kW — Avco Everett 
Research Lab). For some time the gas dynamic laser 
was seriously considered for use in the space-based 
Strategic Defence Initiative (SDI-USA). The gas 
mixture used in a CO, laser is usually a mixture of 
carbon dioxide, nitrogen, and helium. The pro- 
portions of these gases varies from one laser system 
to another, however, a typical mixture is 10%-CO.; 
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10%-N3j 80%-He. Helium plays a vital role in the 
operation of the COs laser in that it maintains the 
population inversion by depopulating the lower laser 
level by nonradiative collision processes. Helium is 
also important for stabilization of the gas discharge 
furthermore it greatly improves the thermal conduc- 


tivity of the gas mixture, which assists in the removal 
of waste heat via heat exchangers. 

Small quantities of other gases are often added to 
e particular 
lize the gas 
discharge; for brevity we only concern ourselves 


commercial systems in order to optimi: 
performance characteristics or sta 


here with this simple gas mixture, 


Molecular Dynamics 


Direct Excitation and De-excitation 


It is usual for excitation to be provided by an 
electrical glow discharge. The direct excitation of 
carbon dioxide (CO) and nitrogen (N2) ground state 
molecules proceeds via inelastic collisions with fast 


electrons. The rates of kinetic energy transfer are a 
and y, respectively, and are given by eqns [1] and [2]: 


Feo, XP 
‘co XTP 


i 


Fraction of the input power (IP) coupled into 
the excitation of the energy level Eogy,ty is 
the CO, ground level population density; 
Fraction of the input power (IP) coupled into 
the excitation of the energy level E,—; and my 
is the Np ground level population density. 


The reverse process of the above occurs when 
molecules lose energy to the electrons and the 
electrons gain an equal amount of kinetic energy; 
the direct de-excitation rates are given by m and B, 
eqns [3] and [4], respectively: 
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where E, is the average electron energy in the 
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Figure 2 Electron energy distribution funct 


E,,Feo,, and Ex, are obtained by solution of the 
Boltzmann transport equation (BTE); the average 
electron energy can be optimized to maximize the 
efficiency (Fco,.Fx,) with which electrical energy is 
utilized to create a population inversion, Hence, the 
discharge conditions required to maximize efficiency 


can be predicted from the transport equation. Figure 2 
shows one solution of the BTE for the electron energy 
distribution function, 


Resonant Energy Transfer 


Resonant energy transfer between the CO2 (00°1) 
and Nz (v= 2) energy levels (denoted 1 and 5 in 
Figure 1) proceeds via excited molecules colliding 
with ground state molecules, A large percentage of 
the excitation of the upper laser level takes place via 
collisions between excited Nz molecules and ground 
state CO» molecules, The generally accepted rate of 
this energy transfer is given by eqns [5] and [6]: 

Ks 


19000 Peo, (see) [5] 


19.000 Px, (see!) 


where Poo, and Px, are the respective gas partial 
pressures in Torr, 

Hence, CO, molecules are excited into the upper 
laser level by both electron impact and impact with 
excited Nz molecules. The contribution from No 
molecules can be greater than 40% depending on the 
discharge conditions. 
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Collision-Induced Vibrational Relaxation of the 
Upper and Lower Laser Levels 


The important vibrational relaxation processes are 
illustrated by Figure 1 and can be evaluated from eqns 
[7-10]; where the subscripts refer to the rate between 
energy levels 1 and 32; 21 and 31; 22 and 31; 32 and 
0, respectively: 


K, 


167 Poo, +110 Py, +67 Pru (see!) — [7] 
Kay31 = 6X 108 Peo, (see) Is} 
Ky231 = 5.18 * 10° Poo, (see!) 19] 


100 Peo, +215 Py, +3270Pye(see') [10] 


Kya Kut. and Ky 
transfer rates and K; 


1 are vibration/vibration 
0 is a vibration/translation 
transfer rate. Note the important effect of helium on 
eqn [10}; helium plays a major role in depopulating 
the lower laser level, thus enhancing the population 
inversion, Pie is the partial pressure of helium in Tort. 


Radiative Relaxation 


Spontaneous radiative decay is not a major relaxation 
process in the CO) laser but it is responsible for 
starting laser action via spontaneous emission, The 
Einstein ‘A’ coefficient for the laser transition is given 
by eqn [11]: 


1 


A= (tp) | =0.213 (see™') 1) 


Gain 


The gain (g) is evaluated from the product of the 
absorption coefficient (a) and the population inver- 
sion, eqn [12]: 
gi ) 
mon 


mt 12] 
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For most commercial laser systems the absorption 
coefficient is that for high-pressure collision- 
broadening (P > 5.2 Torr) where the intensity 
distribution function describing the line shape is 
Lorentzian. The following expression describes the 
absorption coefficient, eqn [13] 

_ 692.5 
Tite 


Tico, (1+ 160878 + 14846 


neo, neo, 


where T is the absolute temperature and 1 refers to 
the population density of the gas designated by the 
subscript. 

This expression takes account of the different 
constituent molecular velocity distributions and 
different collision cross-sections for CO, + CO3, 
N2— CO, and He + COs type collisions. Equation 
[13] also takes account of the significant line broad- 
ening effect of helium. 

Neglecting the unit change in rotational quantum 
number, the energy level degeneracies g, and g» may 
be dropped. moi is partitioned such that myyig = 
0.1452n) and eqn [12] can be re-cast as eqn [14]: 


g = o(m, — 0.1452m) cm! 114) 


where mr, and 1 are the population densities of energy 
groups ‘I’ and ‘2° respectively. 


Stimulated Emission 


Consider a laser oscillator with two plane mirrors, 
one placed at either end of the active gain medium, 
with one mirror partially transmitting (see Figure 4). 
Laser action is initiated by spontaneous emission that 
happens to produce radiation whose direction is 
normal to the end mirrors and falls within the 
resonant modes of the optical resonator. The rate of 


change of photon population density (J,) within the 
laser cavity can be written as eqn [15]: 

dlp i. 

ae he 7, Us] 


where the first term on the right-hand side accounts 
for the effect of stimulated emission and the second 
term represents the number of photons that decay out 
of the laser cavity, Ty is the photon decay time, given 
by eqn [16], and is defined as the average time a 
photon remains inside the laser cavity before being 
lost either through the laser output window or due to 
dispersion; if dispersion is ignored, 1,/To, is the laser 
output: 


[16] 


where L is the distance between the back and the 
front mirrors, which have reflectivities of Ry and Ry, 
respectively. The dominant laser emission occurs on a 
rotationalvibrational P branch transition P(22), 
that is (J =21)—+(J=22) line of the (00°1)— 
(10°0), 10.6 um transition, where J is the 
rotational quantum number. The rotational level 
relaxation rate is so rapid that equilibrium is 
maintained between rotational levels so that they 
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feed all their energy through the P(22) transition. This 
model simply assumes constant intensity, basing laser 
performance on the performance of an average unit 
volume. By introducing the stimulated emission term 
into the molecular rate equations, which describe the 
rate of transfer of molecules between the various 
energy levels illustrated in Figure 1, a set of molecular 
rate eqns [17~21] can be written that permit simula- 
tion of the performance of a carbon dioxide laser: 
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‘The terms in square brackets ensure that the system 
maintains thermodynamic equilibrium; subscript ‘e* 
refers to the fact that the populations in the square 
brackets are the values for thermodynamic equil 
brium. The set of five simultaneous differential 
equations can be solved using a Runge-Kutta 
method. They can provide valuable performance 
prediction data that is helpful in optimizing laser 
design, especially when operated in the pulsed mode. 
Figure 3a illustrates some simulation results for the 
transverse flow laser shown in Figure 9. The results 
illustrate the effect of altering the gas mixture and 
how this can be used to control the gain switched 
spike that would result in unwelcome work pi 
plasma generation if allowed to become too larg 
Figure 3b shows an experimental laser output pulse 
from the high pulse repetition frequency (prf—-SkHz) 
laser illustrated in Figure 9. This illustrates that even a 


quite basic physical model can give a good prediction 
of laser output performance. 


Optical Resonator 


Figure 4 shows a simple schematic of an optical 
resonator, This simple optical system consists. of 
two mirrors (the full reflector is often a water 
cooled gold coated copper mirror), which are 
aligned to be orthogonal to the optical axis that 
runs centrally along the length of the active gain 
medium in which there is a population inversion. 
The output coupler is a partial reflector (usually 
diclectrically coated zinc selenide ~ ZnSe-that may 
be edge cooled) so that some of the electromag- 
netic radiation can escape as an output beam. The 
ZnSe output coupler has a natural reflectivity of 
about 17% at each air-solid interface. For high 
power lasers (2kW) 17% is sufficient for laser 
operation; however, depending on the required 
laser performance the inside surface is often given 
a reflective coating. The reflectivity of the inside 
face depends on the balance between the gain (eqn 
[14]), the output power and the power stability 
requirements. The outside face of the partial 
reflector must be anti-reflection (AR) coated. 

Spontancous emission occurs within the active gain 
medium and radiates randomly in all directions; a 
fraction of this spontaneous emission will be in the 
same direction as the optical axis, perpendicular to 
the end mirrors, and will also fall into a resonant 
mode of the optical resonator. Spontaneous emission 
photons interact with CO, molecules in the excited 
upper laser level, excited state (00°1), which stimu- 
lates these molecules to give up a quanta of 
vibrational energy as photons via the radiative 
transition (00"1)—+(10°0), A= 10.6am, The radi: 
ation given up will have exactly the same phase and 
direction as the stimulating radiation and thus will be 
coherent with it. The reverse process of absorption 
also occurs, but so long as there is a population 
inversion there will be a net positive output. This 
process is called light amplification by stimulated 
emission of radiation (LASER). The mirrors continue 
to redirect the photons parallel to the optical axis and 
so long as the population inversion is not depleted, 
more and more photons are stimulated by stimulated 
emission which dominates the process and also 
dominates the spontaneous emission, which is 
important to initiate laser action. 

Light emitted by lasers contains several optical 
frequencies, which are a function of the different 
modes of the optical resonator; these are simply 
the standing wave patterns that can exist within 
the resonator structure. There are two types of 
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Figure 3. (2) Predicted output pulses for transverse flow CO; laser for different gas mixtures, (b) Experimental output pulse from 


transverse flow CO; laser. 
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Figure 4 Optical resonator. 


resonator modes: longitudinal and_ transverse. 
Longitudinal modes differ from one another in 


their frequency of oscillation whereas transverse 
modes differ from one another in their oscillation 
frequency and field distribution in a plane ortho- 
gonal to the direction of propagation. Typically 
CO, lasers have a large number of longitudinal 


modes; in CO2 laser applications these are of less 
interest than the transverse modes, which det 
mine the transverse beam intensity and the nature 
of the beam when focused. In cylindrical coordi- 


nates the transverse modes are labelled TEM,y, 
subscript ‘p’ is the number of radial nod 
and ‘I’ is the number of angular nodes. The lowest 
order mode is the TEMgo, which has a Gaussian- 
like intensity profile with its maximum on the 
beam axis. A light beam emitted from an optical 
resonator with a Gaussian profile is said to be 
operating in the “fundamental mode’ or the TEMoo 
mode. The decrease in irradiance (I) with distance 
‘y’ from the axis (I) of the Gaussian beam is 


wher: 


diser 


difference between collector and emitter. These 
values should be provided in a datasheet. Ex- 
ceeding them is likely to damage the compo- 
nent. 


Terminology 
In its saturated mode, a transistor’s base is satu- 
rated with electrons (with no room for more) and 
the internal impedance between collector and 
emitter drops as low as it can go. 


The cutoff mode of an NPN transistor is the state 
where a low base voltage eliminates all current 
flow from collector to emitter other than a small 
amount of leakage. 


The active mode, or linear mode, is the intermedi- 
ate condition between cutoff and saturated, 
where the beta value or hee (ratio of collector 
current to base current) remains approximately 
constant. That is, the collector current is almost 
linearly proportional to the base current. This lin- 
ear relationship breaks down when the transistor 
nears its saturation point. 


Variants 


‘Small signal transistors are defined as having a 
maximum collector current of 500 mA and max- 
imum collector power dissipation of 1 watt. They 
can be used for audio amplification of low-level 
inputs and for switching of small currents. When, 
determining whether a small-signal transistor 
can control an inductive load such as a motor or 
relay coil, bear in mind that the initial current 
surge will be greater than the rated current draw 
during sustained operation. 


‘Small switching transistors have some overlap in 
specification with small signal transistors, but 
generally havea faster response time, lower beta 
value, and may be more limited in theirtolerance 
for collector current. Check the manufacturer's 
datasheet for details. 


e semiconductor > multi-junction > bipolar transistor 


Variants 


High frequency transistors are primarily used in 
video amplifiers and oscillators, are physically 
small, and have a maximum frequency rating as 
high as 2,000 MHz. 


Power transistors are defined as being capable of 
handling at least 1 watt, with upper limits that 
can be as high as 500 watts and 150 amps. They 
are physically larger than the other types, and 
may be used in the output stages of audio am- 
plifiers, and in switching power supplies (see 
Chapter 16). Typically they have a much lower 
current gain than smaller transistors (20 or 30 as 
‘opposed to 100 or more). 


‘Sample transistors are shown in Figure 28-4. Top: 
‘A 2N3055 NPN power transistor. This type was 
originally introduced in the late 1960s, and ver- 
sions are still being manufactured. It is often 
found in power supplies and in push-pull power 
amplifiers, and has a total power dissipation rat- 
ing of 115W. Second row, farleft: general purpose 
switching-amplification PNP power transistor 
rated for up to SOW power dissipation. Second 
row, far right: A high-frequency switching tran- 
sistor for use in lighting ballast, converters, in- 
verters, switching regulators, and motor control 
systems, It tolerates relatively high voltages (up 
to 700V collector-emitter peak) and is rated for 
up to 80W total power dissipation. Second row, 
center-left and center-right: Two variants of the 
2N2222 NPN small signal switching transistor, 
first introduced in the 1960s, and still very widely 
used. The metal can is the TO-19 package, capa- 
ble of slightly higher power dissipation than the 
cheaper plastic TO-92 package (1.8W vs. 1.5W. 
with a collector temperature no greater than 25 
degrees Centigrade). 


Packaging 
Traditionally, small-signal transistors were pack- 
aged in small aluminum “cans” about 1/4” in di- 
ameter, and are still sometimes found in this 
form, More commonly they are embedded in 
buds of black plastic, Power transistors are pack- 
aged either in a rectangular module of black 
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described by eqn [22]: 


I(r) = Ip exp(2r° iw”) [22] 
where w is the radial distance, where the power 
density is decreased to Ie” of its axial value, 
Ideally a commercial laser should be capable of 
operation in the fundamental mode as, with few 
exceptions, this results in the best performance in 
applications. Laser cutting henefits from operation 
in the fundamental mode; however, welding or heat 
treatment applications may benefit from operation 
with higher-order modes. Output beams are usually 
controlled to be linearly or circularly polarize 
depending upon the requirements of the appl 
cation. For materials processing applications the 
laser beam is usually focused via a water cooled 
ZnSe lens ox, for very high power lasers, a para- 
holic gold coated mirror. Welding applications will 
generally use a long focal length lens and cutting 
applications will use a short focal length, which 
generates a higher irradiance at the work 
than that necessary for welding. The beam delivery 
optics are usually incorporated into a nozzle 
assembly that can deliver cooling water and assist 
gases for cutting and anti-oxidizing shroud gases 
for welding or surface engineering applications. 


Laser Configuration 


CO; lasers are available in many different configura- 
tions and tend to be classified on the basis of their 
physical form and the gas flow arrangement, both of 
which greatly affect the output power available and 
beam quality. The main categories are: sealed off 
lasers, waveguide lasers, slow axial flow, fast axial 
flow, diffusion cooled, transverse flow, transversely 
excited atmospheric lasers, and gas dynamic lasers. 


Sealed-Off and Waveguide Lasers 


Depopulation of the lower laser level is via collision 
with the walls of the discharge tube, so the attainable 
output power scales with the length of the discharge 
column and not its diameter. Output powers are in 
the range 5 W to 250 W. Devices may be constructed 
from concentric glass tubes with the inner tube 
providing the discharge cavity and the outer tube 
acting to contain water-cooling of the inner discharge 
tube. The inner tube walls act asa heat sink for the 
discharge thermal energy (see Figure 5). The Di 
lectrical discharge is provided between a cathode 
and anode situated at either end of the discharge tube. 
A catalyst must be provided to ensure regeneration of 
CO; from CO. This may be accomplished by adding 
about 1% of H,O to the gas mixture, or alternatively, 
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Figure & Schematic of sealed-of CO: laser, approximataly 
100 W per meter of gain length, gas cooled by difusion to the wall 


recombination can be achieved via a hot (300°C) Ni 
cathode, which acts as a catalyst. RF-excited all metal 
sealed-off tube systems can deliver lifetimes greater 
than 45 000 hours. 

Diffusion-cooled slab laser technology will also 
deliver reliable sealed operation for 20 000 hrs. 
Excitation of the laser medium occurs via RF 


excitation between two water-cooled electrodes. The 
water-cooled electrodes dissipate (diffusion cooled) 
the heat generated in the gas discharge. An unstable 
optical resonator provides the output coupling for 
snch a device (see Figure 6). Output powers are in the 
range 5W to 300 W and can be pulsed from 0 to 
100 kHz, These lasers are widely used for marking, 
rapid prototyping, and cutting of nonmetals (paper, 
glass, plastics, ceramics) and metals. 

Waveguide CO, lasers use small bore tubes 
(2-4mm) made of BeO or SiOz where the laser 
radiation is guided by the tube walls. Due to the small 
tube diameter, a gas total pressure of 100 to 200 Torr 
is necessary, hence the gain per unit length is high. 
This type of laser will deliver 30W of output 
power from a relatively short (50 cm long) compact 
sealed-off design; such a system is useful for micro- 
surgery and scientific applications. Excitation can be 
provided from a longitudinal DC discharge or from 
an RF source that is transverse to the optical axis; RF 
excitation avoids the requirement for an anode and 
cathode and results in a much lower clectrode 
voltage. 


Slow Axial Flow Lasers 


In slow flow lasers the gas mixture flows slowly 
through the laser cavity. This is done to remove the 
products of dissociation that will reduce laser 
efficiency or prevent it from operating at all, and the 
main contaminant is CO. The dissociated gases 
(mainly CO and O,) can be recombined using a 
catalyst pack and then reused via continuous recircu- 
lation. Heat is removed via diffusion through the 
walls of the tube containing the active gain medium, 
The tube is frequently made of Pyrex glass with a 
concentric outer tube to facilitate water-cooling of the 
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1) Laser beam 
2)Beam shaping unit 

3) Output miror 

4) Cooling water 

5) RF excitation 

6) Cooling water 

7) Rear misror 

8) RF excited discharge 

9) Wave-quiding electrodes 


Figure 6 Schematic for sealad-ofl slab laser and difusion cooled laser with RF excitation (courtesy of Refi). 


laser cavity (see Figure 7). Slow flow lasers operate in 
the power range 100 W to 1500 W, and tend to use a 
longitudinal DC electrical discharge which can be 
made to run continuously or pulsed if a thyratron 
switch is build into the power supply; alternatively, 
electrical power can be supplied via transverse RF 
excitation, The power scales with length, hence 
high power slow flow lasers have long cavities and 
require multiple cavity folds in order to reduce their 
physical size. 


Fast Axial Flow Lasers 


The fast axial flow laser, Figure 8, can provide output 
powers from 1 kW to 20 kWs it is this configuration 
that dominates the use of CO. lasers for industrial 
applications. Industrial lasers are usually in the power 
range 2-4 kW. The output power from these devices 
scales with mass flow, hence the gas mixture is 
recycled through the laser discharge region at sonic or 
supersonic velocities. Historically this was achieved 
using Rootes blowers to compress the gas upstream of 
the laser cavity. Rootes compressors are inherently 
inefficient and the more advanced laser systems utilize 
turbine compressors, which deliver greater efficiency 
and better laser stability. Rootes compressors can be a 
major source of vibration. With this arrangement 
heat exchangers are required to remove heat after the 
laser discharge region and also after the compressor 
stage, as the compression process heats up the laser 
gases. Catalyst packs are used to regenerate gases but 
some gas replacement is often required. These laser 
systems have short cavities and use folded stable 
resonator designs to achieve higher output powers 
with extremely high-quality beams that are particu- 
larly suitable for cutting applications. They also give 
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Figure 7 Siow flow CO, laser, approximately 100 W par meter 
of gain length, gas cooled by diusion to the wall 


excellent results when used for welding and surface 
treatments. 

Fast axial flow lasers can be excited by a 
longitudinal DC discharge or a transverse RF 
discharge, Both types of electrical excitation are 
common. For materials processing applications it is 
often important to be able to run a laser in continuous 
wave (CW) mode or as a high pulse repetition rate 
(prf) pulsed laser and to be able to switch between 
CWand pulsed in real time; for instance, laser cutting 
of accurate internal corners is difficult using CW 
operation but very easy using the pulsed mode of 
operation. Both methods of discharge excitation can 
provide this facility 


Diffusion Cooled Laser 


The diffusion-cooled slab laser is RF excited and gives 
an extremely compact design capable of delivering 
4.5 KW pulsed from 8 Hz to 5 kHz prf or CW with 
good beam quality (see Figure 6). The optical 
resonator is formed by the front and rear mirrors 
and two parallel water cooled RF-clectrodes. Diffu- 
sion cooling is provided by the RF-clectrodes, 
removing the requirement for conventional gas 
recirculation via Rootes blowers or turbines. 
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Figure 8 Fast axial flow carbon dioxide laser. 


This design of laser results in a device with an 
extremely small footprint that has low maintenance 
and running costs. Applications include: cutting, 
welding, and surface engineering. 


Fast Transverse Flow Laser 


In the fast transverse flow laser (Figure 9a) the gas 
flow, electrical discharge, and the output beam are at 
right angles to each other (Figure 9b). The transverse 
discharge can be high voltage DC, RF, or pulsed up to 
8 kHz (Figure 9c). Very high output power per unit 
discharge length can be obtained with an optimal 
total pressure (P) of ~100 Torr; systems are available 
delivering 10 kW of output power, CW or pulsed (see 
Figures 3a and b). The increase in total pressure 
requires a corresponding increase in the gas discharge 
electric field, E, as the ratio E/P must remain 
constant, since this determines the temperature of 
the discharge electrons, which have an optimum 
mean value (optimum energy distribution, Figure 2) 
for efficient excitation of the population inversion. 
With this high value of electric field, a longitudinal- 
discharge arrangement is impractical (500 kV for a 
1 m discharge length); hence, the discharge is applied 
perpendicular to the optical axis. Fast transverse flow 
gas lasers provided the first multikilowatt outputs 
but tend to be expensive to maintain and operate. 
In order to obtain a reasonable beam quality, the 
output coupling is often obtained using a multipass 
unstable resonator. As the population inversion is 
available over a wide rectangular cross-section, this is 
a disadvantage of this arrangement and beam quality 
is not as good as that obtainable from fast axial flow 


designs. For this reason this type of laser is suitable 
for a wide range of welding and surface treatment 
applications. 


Transversely Excited Atmospheric (TEA) Pressure 


If the gas total pressure is increased above ~ 100 Torr 
it is difficult to sustain a stable glow discharge, 
hecause above this pressure instabilities degenerate 
into ares within the discharge volume. This problem 
can be overcome by pulse excitation; using submi- 
crosecond pulse duration, instabilities do not have 
sufficient time to develop; hence, the gas pressure can 
be increased above atmospheric pressure and the laser 
can be operated in a pulsed mode. In a mode locked 
format optical pulses shorter than Ins can be 
produced. This is called a TEA laser and with a 
transverse gas flow is capable of producing short high 
power pulses up to a few kHz repetition frequency. In 
order to prevent arc formation, TEA lasers usually 
employ ultraviolet or e-beam preionization of the gas 
discharge just prior to the main current pulse being 
applied via a thyratron switch, Output coupling is 
usually via an unstable resonator. TEA lasers are used 
for marking, remote sensing, range-finding, and 
scientific applications, 


Conclusions 


Itis 40 years since Patel operated the first high power 
COy laser. This led to the first generation of lasers 
which were quickly exploited for industrial laser 
materials processing, medical applications, defense, 
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Figure 9 (a) Transverse flow carbon dioxide laser gas recirculator, (b) Transverse flow carbon dioxide electrodes, (c) Transverse flow 


carbon dioxide gas discharge as seen from the output window. 


and scientific research applications; however, the 
generation of lasers were quite unreliable and 
emperamental. After many design iterations, the 
laser has now matured into a reliable, stable 
laser source available in many different geometries 
and power ranges. The low cost of ownership of 
the latest generation of CO, laser makes them a 
very attractive commercial proposition for many 
industrial and scientific applications. Commercial 


lasers incorporate many novel design features that 
are beyond the scope of this article and are often 
peculiar to the particular laser manufacturer. 
This includes gas additives and catalysts that may 
be required to stabilize the gas discharge of a 
particular laser design; it is this optimization of 
the laser design that has produced such reliable 
and controllable low-cost performance from. the 
CO> laser. 
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List of Units and Nomenclature 


g 
gi and gy 


He 
I 
In 


The direct excitation of carbon 
dioxide (CO2) ground state 
molecules (sec ') 

The direct de-excitation of 
nitrogen (N2) (see!) 

The direct excitation of nitrogen 
(N,) ground state molecules (sec!) 
The direct de-excitation of carbon 
dioxide (CO,) (see~*) 
wavelength (m) 

absorption coefficient (em?) 
Electrical current pulse length (1s) 
Spontaneous emission life time of 
the upper laser level (sec) 

The Einstein ‘A’ coefficient for the 
laser transition 

velocity of light (em sec~') 
Coupling capacitance (nF) 
Carbon dioxide 

subscript ‘c’ refers to the fact that 
the populations in the square 
brackets are the values for ther- 
modynamic equilibrium 

Electric Field (V em™~') 

Fraction of the input power (IP) 
coupled into the excitation of the 
energy level Eg, 

Fraction of the input power (IP) 
coupled into the excitation of the 
energy level E,.. 

gain (em=') 

energy level degeneracy’s of levels 
1 and 2 

Helium 

beam irradiance (W em™*) 

beam irradiance at the center 


of a Gaussian laser beam 
(Wem?) 
Photon population density 


(photons em™*) 

Input current (A) 

Electrical input power (W cm‘) 
the rotational quantum number 

Resonant energy _ transfer 
between the COz (00°1) and 
N,( = 2) energy levels proceeds 
via excited molecules colliding 
with ground state molecules 
(see!) 

are vibration/vibration transfer 
rates (sec) between energy 
levels 1 and 32; 21 and 31; 22 
and 31, respectively (see Figure 1) 


is a vibration/translation transfer 
rate (sec *) between energy levels 
32 and 0 (see Figure 1) 


Ky A ‘Spontaneous emission rate (sec”!) 

va The distance between the back 
and the front mirrors, which have 
reflectivity’s of Ry, and Ry (em) 

n molecular population 
(molecules em~*) 

Ni: Nitrogen 

P Pressure (Torr) 

PoowPite The respective gas partial press- 

and Px, ures (Torr) 

R * Electrical input power (kW) 

r radius of laser beam (em) 

Ry Back mirror reflectivity 

Rr Front mirror reflectivity 

t time (sec) 

T ‘Temperature (deg K) 

To the photon decay time (sec) 

w the radial distance where the 
power density is decreased to 1/e* 
of its axial value 

See also 


Fiber and Guided Wave Optics: Overview. Lasers: 
Noble Gas lon Lasers. 
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Introduction 


Background 


Dye lasers are the original tunable lasers. Discovered 
in the mid-1960s these tunable sources of coherent 
radiation span the electromagnetic spectrum from the 
near-ultraviolet to the near-infrared (Figure 1). Dye 
lasers spearheaded and sustained the revolution in 
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atomic and molecular spectroscopy and have found 
use in many and diverse fields from medical to 
military applications. In addition to their extraordi- 
nary spectral versatility, dye lasers have been shown 
to oscillate from the femtosecond pulse domain to the 
continuous wave (ew) regime. For microsecond pulse 
emission, energies of up to hundreds of joules per 
pulse have been demonstrated. Further, operation at 
high pulsed repetition frequencies (prfs), in the multi- 
kHz regime, has provided average powers at kW 
levels. This unrivaled operational versatility is 
summarized in Table 1. 

Dye lasers are excited by coherent optical energy 
from an excitation, or pump, laser or by optical 
energy from specially designed lamps called flash- 
lamps. Recent advances in semiconductor laser 
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Figure 1 Approximate wavelength span trom the various classes of laser dye molecules. Reproduced with permission from Duarte Fd 


(1998) Tunable Laser Handbook New York: Academic Press. 
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Table 1 Emission characteristics of iquid dye lasers 


Dye laser class ‘Spectral coverage? Energy por pulse” Pa Power® 
Laser-pumped pulsed dye lasers 350-1100 nm 00° 13 ka 25 Kw! 
Flashiamp-pumped dye lasers 320-200 nm 400° 850 He! 1 2kw" 
CW dye lasers 3701000 nm 43we 


Approximate range. 


Refers to maximum values for that particular emission parameter. 


‘Achieved with an excimer-laser pumped coumarin dye laser by Tang and colleagues, in 1987. 
“Achieved with a multistage copper-vapor-laser pumped dye laser using rhodamine dye by Bass and colleagues, in 1992 
Reported by Baltakov and colleagues, in 1974. Uses rhodamine 6G dye. 


‘Reported by Morton and Dragoo, in 1981. Uses coumarin 504 dye 


"Achieved with an Ar’ laser pumped folded cavity dye laser using rhodamine 6G dye by Baving and colleagues, in 1982. 


technology have made it possible to construct very 
compact all-solid-state excitation sources that, 
coupled with new solid-state dye laser materials, 
should bring the opportunity to build compact 
tunable laser systems for the visible spectrum. 
Further, direct diode-laser pumping of solid-state 
dye lasers should prove even more advantageous to 
enable the development of fairly inexpensive tunable 
narrow-linewidth solid-state dye laser systems for 
spectroscopy and other applications requiring low 
powers. Work on electrically excited organic gain 
media might also provide new avenues for further 
progres: 

The literature of dye lasers is very rich and many 
review articles have been written describing and 
discussing traditional dye lasers utilizing liquid gain 
media. In particular, the books Dye Lasers, Dye Laser 
Principles, High Power Dye Lasers, and Tunable 
Lasers Handbook provide excellent sources of author- 
itative and detailed description of the physics and 
technology involved. In this article we offer only a 
survey of the operational capabilities of the dye lasers 
using liquid gain media in order to examine with more 
attention the field of solid-state dye lasers. 


Brief History of Dye Lasers 


1965: Quantum theory of dyes is discussed in the 
context of the maser (R. P. Feynman). 

1966: Dye lasers are discovered (P. P. Sorokin and 
J-R. Lankard; F. P, Schafer and colleagues). 

1967: The flashlamp-pumped dye laser is discovered 
{P. P. Sorokin and J. R. Lankard; W. Schmidt 
and F. P, Schafer). 

1967-1968: Solid-state dye lasers are discovered 
(B.H.SofferandB.B.McFarland;O. 
and B. B. Snavely). 

1968: Mode-locking, using saturable absorbers, is 
demonstrated in dye lasers (W. Schmidt and 
EP. Schafer). 


Peterson 


1970: The continuous-wave (ew) dye laser is dis- 
covered (O. G. Peterson, S. A. Tuccio, and 
B. B. Snavely). 

1971: The distributed feedback dye laser is discov- 
ered (H. Kogelnik and C. V. Shank). 

1971-1975: Prismatic beam expansion in dye lasers 
is introduced (S. A. Myers; E. D. Stokes and 
colleagues; D. C. Hanna and colleagues). 

1972: Passive mode-locking is demonstrated in ew 
dye lasers (E. P. Ippen, C. V. Shank, and 
A. Dienes). 

1972: The first pulsed narrow-linewidth tunable dye 
laser is introduced (T. W. Hansch). 

1973: Frequency stabilization of ew dye lasers is 
demonstrated (R. L. Barger, M. S. Sorem, and 
J.-L. Hall). 

1976: Colliding-pulse-mode locking is introduced 
(LS. Ruddock and D. J. Bradley). 

1977-1978: Grazing-incidence grating cavities are 
introduced (I. Shoshan and colleagues; 
M. G. Littman and H. J. Metcalf; S. Saikan). 

1978-1980: Multiple-prism grating cavities are 
introduced (T. Kasuya and colleagues; 
G. Klauminzer; F. J. Duarte and J. A. Piper). 

1981: Prism pre-expanded grazing-incidence grating 
oscillators are introduced (F, J. Duarte and 
J-A. Piper). 

1982: Generalized multiple-prism dispersion theory 
is introduced (F. J. Duarte and J. A. Piper). 

1983: Prismatic negative dispersion for pulse 
compression is introduced (W. Dietel, 
J. J. Fontaine, and J-C. Diels). 

1987: Laser pulses as short as six femtoseconds are 
demonstrated (R. L. Fork, C. H. Brito Cruz, 
P.C, Becker, and C. V. Shank). 

1994: First narrow-linewidth solid-state dye laser 
oscillator (F. J. Duarte). 

1999-2000: Distributed feedback solid-state dye 

introduced (Wadsworth 

colleagues; Zhu and colleagues). 


lasers are and 
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Molecular Energy Levels 


Dye molecules have large molecular weights and 
contain extended systems of conjugated double 
bonds. These molecules can be dissolved in an 
adequate organic solvent (such as ethanol, methanol, 
ethanol/water, and methanol/water) or incorporated 
into a solid matrix (organic, inorganic, or hybrid). 
These molecular gain media have a strong absorption 
generally in the visible and ultraviolet regions, and 
exhibit large fluorescence bandwidths covering the 
entire visible spectrum. The general energy level 
diagram of an organic dye is shown in Figure 2. It 
consists of electronic singlet and triplet states with 
each electronic state containing a multitude of 
overlapping vibrational-rotational levels giving rise 
to broad continuous energy bands. Absorption of 
visible or ultraviolet pump light excites the molecules 
from the ground state Sp into some rotational— 
vibrational level belonging to an upper excited singlet 
state, from where the molecules decay nonradiatively 
to the lowest vibrational level of the first excited 
singlet state S, on a picosecond time-scale, From S, 
the molecules can decay radiatively, with a radiative 
lifetime on the nanosecond time-scale, to a higher- 
lying vibrational-rotational level of Sp, From this 
level they rapidly thermalize into the lowest 
vibrational—rotational levels of Sp. Alternatively, 
from Si, the molecules can experience nonradiative 


Singlet states 


‘Tipet states 


Intersystem 
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Figure 2 Schematic energy level diagram for a dye molecule. 
Full lines: radiative transitions; dashed lines: nonradiative 
transitions; dotted lines: vibrational relaxation. 


relaxation either to the triplet state T, by an 
intersystem crossing process or to the ground state 
by an internal conversion process. If the intensity of 
the pumping radiation is high enough a population 
inversion between S; and Sy may be attained and 
stimulated emission occurs. Internal conversion and 
intersystem crossing compete with the fluorescence 
decay mode of the molecule and therefore reduce the 
efficiency of the laser emission. The rate for internal 
conversion to the electronic ground state is usually 
negligibly small so that the most important loss 
process is intersystem crossing into T, that populates 
the lower metastable triplet state. Thus, absorption 
on the triplet—triplet allowed transitions could cause 
considerable losses if these absorption bands overlap 
the lasing band, inhibiting or even halting the lasing 
process, This triplet loss can be reduced by adding 
small quantities of appropriate chemicals that favor 
nonradiative transitions that shorten the effective 
lifetime of the Ty level. For pulsed excitation with 
nanosecond pulses, the triplet—triplet absorption can 
be neglected because for a typical dye the intersystem 
crossing rate is not fast enough to build up an 
appreciable triplet population in the nanosecond time 
domain. 

Dye molecules are large (a typical molecule 
incorporates 50 or more atoms) and are grouped 
into families with similar chemical structures. 
A survey of the major classes of laser dyes is given 
later. Solid-state laser dye gain media are also 
considered later. 


Liquid Dye Lasers 


Laser-Pumped Pulsed Dye Lasers 


Laser-pumped dye lasers use a shorter wavelength, or 
higher frequency, pulsed laser as the excitation or 
pump source. Typical pump lasers for dye lasers are 
gas lasers such as the excimer, nitrogen, or copper 
lasers. One of the most widely used solid-state laser 
pumps is the frequency doubled Nd:YAG laser which 
emits at 532 nm. 

In a laser-pumped pulsed dye laser the active 
medium, or dye solution, is contained in an optical 
cell often made of quartz or fused silica, which 
provides an active region typically some 10 mm in 
length and a few mm in width. The active medium is 
then excited either longitudinally, or transversely, via a 
focusing lens using the pump laser. In the case of 
transverse excitation the pump laser is focused to a 
beam ~10mm in width and ~0.1 mm in height. 
Longitudinal pumping requires focusing of the exci- 
tation beam toa diameter in the 0.1-0.15 mm range. 
For lasers operated at low prfs (a few pulses per 
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second), the dye solution might be static. However, for 
high-prf operation (a few thousand pulses per second) 
the dye solution must be flowed at speeds of up to a 
few meters per second in order to dissipate the heat. A 
simple broadband optically pumped dye laser can be 
constructed using just the pump laser, the active 
medium, and two mirrorsto forma resonator. In order 
to achieve tunable, narrow-linewidth, emission, a 
more sophisticated resonator must be employed. This 
is called a dispersive tunable oscillator and is depicted 
in Figure 3. In a dispersive tunable oscillator the exit 
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Figure 3 Copper-vapor-iaser pumped hybrid multple-prism 
near grazing incidence (HMPGI) grating dye laser ascilator. 
‘Adapted with permission from Duarte FJ and Piper JA (1984) 
Narrow linewidth high prt copper laser-pumped dye-laser 
cscilators. Applied Optics 23: 1391-1394. 


side of the cavity is comprised of a partial reflector, or 
an output coupler, and the other end of the resonator is 
composed of a multiple-prism grating assembly. It is 
the dispersive characteristics of this multiple-prism 
grating assembly and the dimensions of the emission 
beam produced at the gain medium that determine the 
tunability and the narrowness, or spectral purity, of 
the laser emission. 

In order to selectively excite a single vibrational— 
rotational level of a molecule such as iodine (13), at 
room temperature, one needs a laser linewidth of 
Av= L5 GHz (or AA ~ 0.0017 nm at A= 590 nm). 
The hybrid multiple-prism near-grazing-incidence 
(HMPGI) grating dye laser oscillator illustrated in 
Figure 4 yields laser linewidths in the 400 MHz = 
Av = 650 MHz range at 4-5% conversion efficien- 
cies whilst excited by a copper-vapor laser operating 
at a prf of 10kHz. Pulse lengths are ~10 ns at 
full-width half-maximum (FWHIM). The narrow- 
linewidth emission from these oscillators is said to 
be single-longitudinal-mode lasing because only one 
electromagnetic mode is allowed to oscillate. 

‘The emission from oscillators of this class can be 
amplified many times by propagating the tunable 
narrow-linewidth laser beam through. single-pass 
amplifier dye cells under the excitation of pump 
lasers. Such amplified laser emission can reach 
enormous average powers. Indeed, a copper-vapor- 
laser pumped dye laser system at the Lawrence 
Livermore National Laboratory (USA), designed for 
the laser isotope separation program, was reported to 
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Figure 4 Flashlamp-pumped multipie-prism grating oscillators. 


From Duarte FJ, Davenport WE, Ehrlich J and Taylor TS (1991) 


uggedized narrow-linewidth dispersive dye laser oscilator. Optics Communications 84: 310~316. Reproduced with permission from 


Elsevier. 
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yield average powers in excess of 2.5 kW, at a prf of 
13.2 kHz, at a better than 50% conversion efficiency 
as reported by Bass and colleagues in 1992. Besides 
high conversion efficiencies, excitation with copper- 
vapor lasers, at A= 510.554 nm, has the advantage 
of inducing little photodegradation in the active 
medium thus allowing very long dye lifetimes. 


Flashlamp-Pumped Dye Lasers 


Flashlamps utilized in dye laser excitation emit at 
black-body temperatures in the 20 000 K range, thus 
yielding intense ultraviolet radiation centered around 
200 nm. One further requirement for flashlamps, and 
their excitation circuits, is to deliver light pulses with 
a fast rise time. For some flashlamps this rise time can 
be less than a few nanoseconds. 

Flashlamp-pumped dye lasers differ from laser- 
pumped pulsed dye lasers mainly in the pulse energies 
and pulse lengths attainable. This means that 
flashlamp-pumped dye lasers, using relatively large 
volumes of dye, can yield very large energy pulses. 
Excitation geometries use either coaxial lamps, with 
the dye flowing in a quartz cylinder at the center of 
the lamp, or two or more linear lamps arranged 
symmetrically around the quartz tube containing the 
dye solution. Using a relatively weak dye solution of 
thodamine-6G (2.2 x 10°* M), a coaxial lamp, and 
an active region defined by a quartz tube 6 cm in 
diameter and a length of 60cm, Baltakov and 
colleagues, in 1974, reported energies of 400] in 
pulses 25 us long at FWHM. 

Flashlamp-pumped tunable narrow-linewidth dye 
laser oscillators described by Duarte and colleagues, 
in1991, employ a cylindrical active region 6 mm in 
diameter and 17cm in length. The dye solution is 
made of rhodamine 590 at a concentration of 
1x 1075 M. This active region is excited by a coaxial 
flashlamp. Using multiple-prism grating architectures 
(see Figure 4) these authors achieve a diffraction 
limited TEMoo laser beam and laser linewidths of 
Av= 300 MHz at pulsed energies in the 2-3 mJ 
range. The laser pulse duration is reported to be 
At= 100 ns. The laser emission from this class of 
multiple-prism grating oscillator is reported to be 
extremely stable. The tunable narrow-linewidth 
emission from these dispersive oscillators is either 
used directly in spectroscopic, or other scientis 
applications, or is utilized to inject large flashlamp- 
pumped dye laser amplifiers to obtain multi-joule 
pulse energies with the laser linewidth characteristics 
of the oscillator. 


Continuous Wave Dye Lasers 


CW dye lasers use dye flowing at linear speeds of up 
to 10 meters per second which are necessary to 


remove the excess heat and to quench the triplet 
states. In the original cavity reported by Peterson 
and colleagues, in 1970, a beam from an Ar* laser 
was focused on to an active region which is 
contained within the resonator, The resonator 
comprised dichroic mirrors that transmit the blue- 
green radiation of the pump laser and reflect the red 
emission from the dye molecules. Using a pump 
power of about 1 W, in a TEMgg laser beam, these 
authors reported a dye laser output of 30 mW, 
Subsequent designs replaced the dye cell with a dye 
jet, an introduced external mirror, and integrated 
dispersive elements in the cavity. Dispersive elements 
such as prisms and gratings are used to tune the 
wavelength output of the laser. Frequency-selective 
elements, such as etalons and other types of 
interferometers, are used to induce frequency 
narrowing of the tunable emission. Two typical ew 
dye laser cavity designs are described by Hollberg, 
in 1990, and are reproduced here in Figure 5. The 
first design is a linear three-mirror folded cavity. The 
second one is an eight-shaped ring dye laser cavity 
comprised of mirrors My, Mz, Ms, and My. Linear 
cavities exhibit the effect of spatial bole burning 
which allows the cavity to lase in more than one 
longitudinal mode. This problem can be overcome 
in ring cavities (Figure Sb) where the laser emission 
is in the form of a traveling wave. 

Two aspects of ew dye lasers are worth emphasiz- 
ing. One is the availability of relatively high powers in 
single longitudinal mode emission and the other is the 
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Figure § CW laser cavities: (a) linear cavity and (b) ring cavity. 
‘Adapted from Hollberg LW (1990) CW dye lasers. In: Duarte Fu 
and Hillman LW (eds) Dye Laser Principles, pp. 185-208, 
Now York: Academic Press. Reproduced with permission from 
Elsevier. 


How to Use it 


Figure 28-4. Samples of commonly used transistors. See 
text for details. 


plastic with a metal back, or in a round metal 
“button” Both of these forms are designed to 
dissipate heat by being screw-clamped toa heat 
sink, 


Connections 

Often a transistor package provides no clue as to 
which lead is the emitter, which lead is the base, 
and which lead is the collector, Old can-style 
packaging includes a protruding tab that usually 
points toward the emitter, but not always. Where 
power transistors are packaged ina metal enclo- 
sure, it is typically connected internally with the 
collector. In the case of surface-mount transis 
tors, look fora dot or marker that should identi 
the base of a bipolar transistor or the gate of a 
field-effect transistor. 


A through-hole transistor usually has its part 
number printed or engraved on its package, al- 


discrete semiconductor > multi-junction > bipolar transistor 


though a magnifying glass may be necessary to 
see this. The component's datasheet may then 
be checked online. fa datasheet is unavailable, 
meter-testing will be necessary to confirm the 
functions of the three transistorleads.Somemul- 
timeters includea transistor-test function, which 
may validate the functionality of a transistor 
while also displaying its beta value. Otherwise, a 
meter can be put in diode-testing mode, and an 
unpowered NPN transistor should behave as if 
diodes are connected between its leads as 
shown in Figure 28-5. Where the identities of the 
transistor's leads are unknown, this test will be 
sufficient to identify the base, after which the 
collector and emitter may be determined empi 
ically by testing the transistor in a simple low- 
voltage circuit such as that shown in Figure 28-6. 


Collector 


Emitter 


Figure 28-5. An NPN transistor can behave as if it con- 
tains two diodes connected as shown. Where the func- 
tions of the leads of the transistor are unknown, the base 
can be identified by testing for conductivity 


How to Use it 


The following abbreviations and acronyms are 
common in transistor datasheets. Some or all of 
the letters following the initial letter are usually, 
but not always, formatted as subs: 
Dee 

Forward current gain 


B 
Same as hFE 


Veeo 
Voltage between collector and emitter (no 
connection at base) 


246 


Encyclopedia of Electronic Components Volume 1 
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demonstration of very stable laser oscillation, First, 
Johnston and colleagues, in 1982, reported 5.6 W of 
stabilized laser output in a single longitudinal mode at 
593 nm at a conversion efficiency of 23%. In this 
work eleven dyes were used to span the spectrum 
continuously from ~400 nm to ~900 nm. In the area 
of laser stabilization and ultra narrow-linewidth 
oscillation it is worth mentioning the work of 
Hough and colleagues, in 1984, that achieved laser 
linewidths of less than 750 Hz employing an external 
reference cavity. 


Ultrashort-Pulse Dye Lasers 


Ultrashort-pulse, or femtosecond, dye lasers use the 
same type of technology as ew dye lasers configured 
to incorporate a saturable absorber region, One such 
configuration is the ring cavity depicted in Figure 6. In 
this cavity the gain region is established between 
mirrors My and M2 whilst the saturable absorber is 
deployed in a counter-propagating arrangement. This 
arrangement is necessary to establish a collision 
between two counter-propagating pulses at the 
saturable absorber thus yielding what is known as 
colliding-pulse mode locking (CPM) as reported by 
Ruddock and Bradley, in 1976. This has the effect of 
creating a transient grating, due to interference, at the 
absorber thus shortening the pulse, Intracavity prisms 
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Figure 6 Femtosecond dye laser cavities: (a) linear femto- 
second cavity and (b) ring femtosecond cavity. Adapted trom 
Diels J-C (1980) Femtosecond dye lasers. In: Duarte FJ and 
Hillman LW (eds) Dye Laser Principles, pp. 41-192. 
New York: Academic Press. Reproduced with permission from 
Elsevier. 


were incorporated in order to introduce negative 
dispersion, by Dietel and colleagues in 1983, and thus 
subtract dispersion from the cavity and ultimately 
provide the compensation needed to produce 
femtosecond pulses. 

The shortest pulse obtained from a dye laser, 6 fs, 
has been reported by Fork and colleagues, in 1987, 
using extra-cavity compression, In that experiment, 
a dye laser incorporating CPM and prismatic 
compensation was used to generate pulses that were 
amplified by a copper-vapor laser at a prf of 8 kHz. 
The amplified pulses, of a duration of 50 fs, were 
then propagated through two grating pairs and a 
four-prism sequence for further compression. 


Solid-State Dye Laser Oscillators 


In this section the principles of linewidth narrowing 
in dispersive resonators are outlined. Albeit the dis- 
cussion focuses on multiple-prism geating solid-state 
dye laser oscillators, in particular, the physics is 
applicable to pulsed high-power dispersive tunable 
lasers in general. 


Multiple-Prism Dispersion Grating Theory 


‘The spectral linewidth in a dispersive optical system is 
given by 


AA = AMT Ay! a) 


where Adis the light beam divergence, V, = a/aA,and 
¥,0 is the overall dispersion of the optics. This 
identity can de derived either from the principles of 
geometrical optics or from the principles of 
generalized interferometry as described by Duarte, 
in 1992, 

The cumulative single-pass generalized multiple- 
prism dispersion at the mth prism, ofa multiple-prism 
array as illustrated in Figure 7, as given by Duarte and 
Piper, in 1982, 


Va bam = Han Vatin + (nbn) | 


X (HinVatin # Vadron-)) 21 


In this equation 


Hyg = C08 Hh u[COS i [3a] 
Ka = C08 bo nl€08 tha [3b] 
Fy yy = ta Ot pty [4a] 
Flay = tan by [ty [4b] 


406 LASERS / Dye Lasers 


Figure 7 Generalized muttple-prism arrays in (a) additive and (b) compensating configurations. From Duarte FJ (1990) Narrow- 
linewiath pulsed dye laser oscilators. In: Duarte FJ and Hilman LW (eds) Dye Laser Principles, pp. 133-183. New York: Academic 


ross. Reproduced with permission from Elsevier. 


Here, kj, and ky, represent the physical beam 
expansion experienced by the incident and the exit 
beams, respectively. 

Equation [2] indicates that V,¢p,,, the cumulative 
dispersion at the mth prism, is a function of the 
geometry of the mth prism, the position of the light 
beam relative to this prism, the refractive index of the 
prism, and the cumulative dispersion up to the 
previous prism Vj 5m 

For an array of r identical isosceles, or equilateral, 
prisms arranged symmetrically, in an additive con- 
figuration, so that the angles of incidence and 
emergence are the same, the cumulative dispersion 
reduces to 


Vado. = Vio, [5] 


Under these circumstances the dispersions add in a 
simple and straightforward manner. For configur- 
ations incorporating right-angle prisms, the disper- 
sions need to be handled mathematically in a more 
subtle form. 

The generalized double-pass, or return-pass, 
dispersion for multiple-prism beam expanders 
was introduced by Duarte, in 1985: 
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Here, M, and Mj are the beam magnification factors 
given by 
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[7b] 


For a multiple prism expander designed for an 
orthogonal beam exit, and Brewster's angle of 
incidence, eqn [6] reduces to the succinct expression 
given by Duarte, in 1990: 


Vabp = 2 Y (21 04)" Varin [8] 


Equation [6] can be used to either quantify the overall 
dispersion of a given multiple-prism beam expander 
or to design a prismatic expander yielding zero 
dispersion, that is, V\®p = 0, at a given wavelength. 


Physics and Architecture of Solid-State 
Dye-Laser Oscillators 


The first high-performance narrow-linewidth tunable 
laser was introduced by Hansch in 1972. This 
laser yielded a linewidth of Av~ 2.5GHz (or 
AA = 0.003 nm at A ~ 600 nm) in the absence of an 
intracavity etalon. Hansch demonstrated that the 
laser linewidth from a tunable laser was narrowed 
significantly when the beam incident on the 
tuning grating was expanded using an astronomical 
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telescope. The linewidth equation including the 
intracavity beam magnification factor can be 
written as 

AA = AAMY,O,) 1 19] 
From this equation, it can be deduced that a narrow 
AA is achieved by reducing A@ and increasing the 
overall intracavity dispersion (MV,@q). The intra- 
cavity dispersion is optimized by expanding the si 
of the intracavity beam incident on the diffractive 
surface of the tuning grating until it is totally 
illuminated. 

Hansch used a two-dimensional astronomical 
telescope to expand the intracavity beam incident 
on the diffraction grating. A simpler beam expansion 
method consists in the use of a single-prism beam 
expander as disclosed by several authors (Myers, 
1971; Stokes and colleagues, 1972; Hanna and 
colleagues, 1975). An extension and improvement 
of this approach was the introduction of multiple- 
prism beam expanders as reported by Kasuya and 
colleagues, in 1978, Klauminzer, in 1978, and Duarte 
and Piper, in 1980. The main advantages of multiple- 
prism beam expanders, over two-dimensional tel 
scopes, are simplicity, compactness, and the fact that 
the beam expansion is reduced from two dimensions 
to one dimension, Physically, as explained previously, 
prismatic beam expanders also introduce a dispersion 
component that is absent in the case of the 
astronomical telescope. Advantages of multiple- 
prism beam expanders over single-prism beam 
expansion are higher transmission efficiency, lower 
amplified spontaneous emission levels, and the 
flexibility to either augment or reduce the prismatic 
dispersion. 

In general, for a pulsed multiple-prism grating 
oscillator, Duarte and Piper, in 1984, showed that the 
return-pass dispersive linewidth is given by 


AA = Afp(MRV,O¢ + RV Pp)! {10} 
where R is the number of return-cavity passes. The 
grating dispersion in this equation, Vs@c, 
can be either from a grating in Littrow or near 
grazing-incidence configuration. The multiple-return- 
pass equation for the beam divergence was given by 
Duarte, in 2001: 


tig = (Avm0)(1 + (Ly/Bp)? + (AnLw/B)?) (111 


Here, Ly =(mw"/A) is the Rayleigh length of the 
cavity, w is the beam waist at the gain region, while 
Ag and Bg are the corresponding multiple-return- 
pass elements derived from propagation matrices. 


At present, very compact and optimized multiple- 
prism grating tunable laser oscillators are found in 
two basic cavity architectures, These are the 
multiple-prism Littrow (MPL) grating laser oscil- 
lator, reported by Duarte in 1999 and illustrated in 
Figure 8, and the hybrid multiple-prism near 
grazing-incidence (HMPGI) grating laser oscillator, 
introduced by Duarte in 1997 and depicted in 
Figure 9. In early MPL grating oscillators the 
individual prisms integrating the multiple-prism 
expander were deployed in an additive configur- 
ation thus adding the cumulative dispersion to that 
of the grating and thus contributing to the overall 
dispersion of the cavity. In subsequent architectures 
the prisms were deployed in compensating con- 
figurations so as to yield zero dispersion and thus 
allow the tuning characteristics of the cavity to be 
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Figure 8 MPL grating solid-state dye laser oscilator: optimized 
architecture. The physical dimensions of the optical components 
of this cavity are shown to scale. The length, of the solid-state dye 
gain medium, along the optical axis, is 10 mm. Reproduced with, 
permission from Duarte Fi (1999) Multiple-prism grating solid- 
state dye laser oscillator: optimized architecture. Applied Optics 
38: 6347-6349. 
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Figure 9 HMPGI grating solid-state dye laser. Schematics to 
scale. The length of the solid state dye gain medium, along the 
optical axis, is 10 mm. Reproduced with permission from Duarte 
FJ (1997) Mutiple-prism near-grazing-incidence grating sold- 
state dye laser oscilator. Optics and Laser Technology 23: 
513-516. 
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determined by the grating exclusively, In this 
approach the principal role of the multiple- 
prism array is to expand the beam incident on the 
grating thus augmenting significantly the overall 
dispersion of the cavity as described in eqns [9] or 
[10]. In this regard, it should be mentioned that 
beam magnification factors of up to 100, and 
beyond, have been reported in the literature. Using 
solid-state laser dye gain media, these MPL and 
HMPGI grating laser oscillators deliver tunable 
single-longitudinal-mode emission at laser linewidths 
350 MHz = Av = 375 MHz and pulse lengths in the 
3-7ns (FWHM) range. Long-pulse operation of 
this class of multiple-prism grating oscillators 
has been reported by Duarte and colleagues, in 
1998. In these experiments laser linewidths of 
Av = 650 MHz were achieved at pulse lengths in 
excess of 100:ns (FWHM) under flashlamp-pumped 
dye laser excitation. 

‘The dispersive cavity architectures described here 
have been used with a variety of laser gain media in 
the gas, the liquid, and the solid state. Applications to 
tunable semiconductor lasers have also been reported 
by Zorabedian, in 1992, Duarte, in 1993, and Fox 
and colleagues, in 1997. 

Concepts important to MPL and HMPGI grating 
tunable laser oscillators include the emission of a 
single-transverse-mode (TEMop) laser beam in a 
compact cavity, the use of multiple-prism arrays, the 
expansion of the intracavity beam incident on the 
grating, the control of the intracavity dispersion, and 
the quantification of the overall dispersion of the 
multiple-prism grating assembly via generalized dis- 
persion equations. Sufficiently high intracavity 
dispersion leads to the achievement of return-pass 
dispersive linewidths close to the free-spectral range of 
the cavity, Under these circumstances single-longi- 
tudinal-mode lasing is readily achieved as a result of 
multipass effects. 


ANote on the Cavity Linewidth Equation 


So far we have described how the cavity linewidth 
equation 
AA= AKY,)? 


and the dispersion equations can be applied to 
achieve highly coherent, or very narrow-linewidth, 
emission. It should be noted that the same physics can 
be applied to achieve ultrashort, or femtosecond, 
laser pulses. It turns out that intracavity prisms can be 
configured to yield negative dispersion as described 
by Duarte and Piper, in 1982, Dietel and colleagues, 
in 1983, and Fork and colleagues in 1984. This 
negative dispersion can reduce significantly the 
overall dispersion of the cavity. Under those 


circumstances, eqn [1] predicts broadband emission 
which according to the uncertainty principle, in the 
form of, 


Avat=1 (12) 
can lead to very short pulse emission since Avand AA 
are related by the identities 


AA = W/Ax [13] 


and 


Av = clAx 14] 


Distributed-Feedback Solid-State Dye Lasers 


Recently, narrow-linewidth laser emission from solid- 
state dye lasers has also been obtained using 
a distributed-feedback (DFB) configuration by 
Wadsworth and colleagues, in 1999, and Zhu and 
colleagues, in 2000. As is well known, in a DFB laser 
no external cavity is required, the feedback being 
provided by Bragg reflection from a permanently or 
dynamically written grating structure within the gain 
medium as reported by Kogelnik and Shank, in 1971. 
By using a DFB laser configuration where the 
interference of two pump beams induces the required 
periodic modulation in the gain medium, laser 
emission with linewidth in the 0.01-0.06 nm range 
have been reported. Specifically, Wadsworth and 
colleagues reported a laser linewidth of 12 GHz 
(0.016 nm at 616nm) using Perylene Red doped 
PMMA at a conversion efficiency of 209 

It should also be mentioned that the DFB laser is 
also a dye laser development that has found wide and 
extensive applicability in semiconductor lasers 
employed in the telecommunications industry. 


Laser Dye Survey 


Cyanines 


These are red and near-infrared dyes which present 
Jong conjugated methine chains (!CH = CH!) and are 
useful in the spectral range longer than 800 nm, 
where no other dyes compete with them, An 
important laser dye belonging to this class is 
4-dicyanomethylene-2-methyl-6-( p-dimethylamino- 
styryl)-4H-pyran (DCM, Figure 10a), with laser 
emission in the 600-700 nm range depending on 
the pump and solvent, liquid or solid, used. 


Xanthenes 


These dyes have a xanthene ring as the chromophore 
and are classified into thodamines, incorporating 
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Figure 10 Molecular structures of some common laser dyes: (a) DCM; (b) RhéG:; (c) PMS67; (4) Perylene Orange (R = H) 
and Perylene Red (R = C.H,0); (e) Coumarin 307 (also known as Coumarin $03); (f) Coumarin 159 (also known as Coumarin 540A). 


amino radicals substituents, and fluoresceins, with 
hydroxyl (OH) radical substituents. They are gener- 
ally very efficient and chemically stable and their 
emission covers the wavelength region from 500 to 
700 nm. 

Rhodamine dyes are the most important group of 
all laser materials, with rhodamine 6G (Rh6G, 
Figure 10b), also called rhodamine 590 chloride, 
heing probably the best known of all laser dyes. 
Rh6G exhibits an absorption peak, in ethanol, at 
530 nm anda fluorescence peak at 556 nm, with laser 
emission typically in the 550-620 nm region. It has 
been demonstrated to lase efficiently both in liquid 
and solid solutions. 


Pyrromethenes 


Pyrromethene.BF2 complexes are a new class of laser 
dyes synthesized and characterized more recently as 
reported by Shah and colleagues, in 1990, Pavlopou- 
los and colleagues, in 1990, and Boyer and 
colleagues, in 1993. These laser dyes exhibit reduced 
triplet—triplet absorption over their fluorescence and 
lasing spectral region while retaining a high quantum 
fluorescence yield. Depending on the substituents on 
the chromophore, these dyes present laser emission 
over the spectral region from the green/yellow to the 
red, competing with the rhodamine dyes and have 
heen demonstrated to lase with good performance 
when incorporated into solid hosts. Unfortunately, 
they are relatively unstable because of the aromatic 
amine groups in their structure, which render them 


vulnerable to photochemical reactions with oxygen as 
indicated by Rahn and colleagues, in 1997. The 
molecular structure of a representative and 
well-known dye of this class, 1,3,5,7,8-pentamethyl- 
2,6-diethylpyrromethene-difluoroborate complex 
(pyrromethene 567, PM567) is shown in Figure 10c. 
Recently, analogs of dye PMS67 substituted at 
position 8 with an acctoxypolymethylene linear 
chain or a polymerizable methacryloyloxy poly- 
methylene chain have been developed. These new 
dipyrromethene.BF> complexes have demonstrated 
improved efficiency and better photostability than the 
parent compound both in liquid and solid state, 


Conjugated Hydrocarbons 


This class of organic compounds includes perylenes, 
stilbenes, and p-terphenyl. Perylene and perylimide 
dyes are large, nonionic, nonpolar molecules 
(Figure 10d) characterized by their extreme photo- 
stability and negligible singlet—triplet transfer, as 
discussed by Seybold and Wagenblast and colleagues, 
in 1989, which have high quantum efficiency because 
of the absence of nonradiative relaxation. The 
perylene dyes exhibit limited solubility in conven- 
tional solvents but dissolve well in acetone, ethyl 
acetate, and methyl methacrylate, with emission 


wavelengths in the orange and red spectral regions. 
Stilbene dyes are derivatives of uncyclic unsatu- 
rated hydrocarbons such as ethylene and butadiene, 
with emission wavelengths in the 400-500 nm range. 
Most of them end in phenyl radicals. Although they 
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are chemically stable, their laser performance is 
inferior to that of coumarins. p-Terphenyl is a 
valuable and efficient p-oligophenylene dye with 
emission in the ultraviolet. 


‘Coumarins 


Coumarin derivatives are a popular family of laser 
dyes with emission in the blue-green region of the 
spectrum, Their structure is based on the coumarin 
ring (Figure 10e,f) with different substituents that 
strongly affect its chemical characteristics and allow 
covering an emission spectral range between 420 and 
580 nm. Some members of this class rank among the 
most efficient laser dyes known, but their chemical 
photobleaching is rapid compared with xanthene and 
pyrromethene dyes. An additional class of blue-green 
dyes is the tetramethyl derivatives of coumarin dyes 
introduced by Chen and colleagues, in 1988. The 
emission from these dyes spans the spectrum in the 
—588 nm region. These coumarin analogs exhibit 
improved efficiency, higher solubility, and better 
lifetime characteristics than the parent compounds. 


Azaquinolone Derivatives 


The quinolone and azaquinolone derivatives have a 
structure similar to that of coumarins but with their 
laser emission range extended toward the blue by 
20-30 nm, The quinolone dyes are used when laser 
emission in the 400-430 nm region is required. 
Azaquinolone derivatives, such as 7-dimethylamino- 
1-methyl-4-metoxy-8-azaquinolone-2. (LD. 390), 
exhibit laser action below 400 nm. 


Oxadiazole Derivatives 


These are compounds which incorporate an axodi- 
azole ring with aryl radical substituents and 
which lase in the 330-450 nm spectral region. Dye 
2.(4-biphenyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole 
(PBD), with laser emission in the 355-390 nm 
region, belongs to this family. 


Solid-State Laser Dye Matrices 


Although some first attempts to incorporate dye 
molecules into solid matrices were already made in 
the early days of development of dye lasers, it was not 
until the late 1980s that host materials with the 
required properties of optical quality and high 
damage threshold to laser radiation began to be 
developed. In subsequent years, the synthesis of new 
high-performance dyes and the implementation of 
new ways of incorporating the organic molecules 
into the solid matrix resulted in significant advances 
towards the development of practical tunable 


solid-state dye lasers. A recent detailed review of the 
work done in this field has been given by Costela et al. 

Inorganic glasses, transparent polymers, and 
inorganic-organic hybrid matrices have been suc- 
cessfully used as host matrices for laser dye 
Inorganic glasses offer good thermal and optical 
properties but present the difficulty that the high 
melting temperature employed in the traditional 
process of glass making would destroy the organic 
dye molecules. It was not until the development of the 
low-temperature sol-gel technique for the synthesis of 
glasses that this limitation was overcome. The sol-gel 
process, based on inorganic polymerization reactions 
performed at about room temperature and starting 
with metallo-organic compounds such as alkoxides 
or salts, as reported by Brinker and Scherrer, in 1989, 
provides a safe route for the preparation of rigid, 
transparent, inorganic matrix materials incorporat- 
ing laser dyes. Disadvantages of these materials are 
the possible presence of impurities embedded in the 
matrix or the occurrence of interactions between 
the dispersed dye molecules and the inorganic 
structure (hydrogen bonds, van der Waals forces) 
which, in certain cases, can haye a deleterious effect 
on the lasing characteristics of the material. 

The use of matrices based on polymeric materials 
to incorporate organic dyes offers some technical and 
economical advantages. Transparent polymers exhi- 
bit high optical homogeneity, which is extremely 
important for narrow-linewidth oscillators, as 
explained by Duarte, in 1994, good chemical 
compatibility with organic dyes, and allow control 
over structure and chemical composition making 
possible the modification, in a controlled way, of 
relevant properties of these materials such as polarity, 
free volume, molecular weight, or viscoelasticity. 
Furthermore, the polymeric materials are amenable 
to inexpensive fabrication techniques, which facili- 
tate miniaturization and design of integrated 
optical systems, The dye molecules can be cither 
dissolved in the polymer or linked covalently to the 
polymeric chains. 

In the early investigations on the use of solid 
polymer matrices for laser dyes, the main problem to 
he solved was that of the low resistance to laser 
radiation exhibited by the then existing materials. In 
the late 1980s and early 1990s new modified 
polymeric organic materials began to be developed 
with a laser-radiation-damage threshold comparable 
to that of inorganic glasses and crystals as reported 
by Gromoy and colleagues, in 1985, and Dyumaev 
and colleagues, in 1992, This, together with the 
above-mentioned advantages, made the use of 
polymers in solid-state dye lasers both attractive 
and competitive. 
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An approach that intends to bring about materials 
in which the advantages of both inorganic glasses and 
polymers are preserved but the difficulties are avoided 
is that of using inorganic—organic hybrid matrices. 
These are silicate-based materials, with an inorganic 
Si-O-Si backbone, prepared from organosilane 
precursors by sol-gel processing in combination 
ith organic cross-linking of polymerizable mono- 
mers as reported by Novak, in 1993, Sanchez and 
Ribot, in 1994, and Schubert, in 1995. In one 
procedure, laser dyes are mixed with organic mono- 
mers, which are then incorporated into the porous 
structure of a sol-gel inorganic matrix by immersing 
the bulk in the solution containing monomer and 
catalyst or photoinitiator as indicated by Reisfeld and 
Jorgensen, in 1991, and Bosch and colleagues, in 
1996. Alternatively, hybrids can be obtained from 
organically modified silicon alkoxides, producing the 
so-called ORMOCERS (organically modified cer- 
amics) or ORMOSILS (organically modified silanes) 
as reported by Reisfeld and Jorgensen, in 1991, An 
inconvenient aspect of these materials is the appear- 
ance of optical inhomogeneities in the medium due to 
the difference in the refractive index between the 
organic and inorganic phases as well as to the 
difference in density between monomer and polymer 
which causes stresses and the formation of optical 
defects. As a result, spatial inhomogeneities appear in 
the laser beam, thereby decreasing its quality as 
discussed by Duarte, in 1994. 


Organic Hosts 


The first polymeric materials with improved resist- 
ance to damage by laser radiation were obtained by 
Russian workers, who incorporated rhodamine dyes 
into modified poly(methyl methacrylate) (MPMMA), 
obtained by doping PMMA with low-molecular 
weight additives. Some years later, in 1995, 
Maslyukov and colleagues demonstrated lasing 
efficiencies in the range 40-60% with matrices 
of MPMMA doped with rhodamine dyes pumped 
longitudinally at 532nm, with a useful lifetime 
(measured as a 50% efficiency drop) of 15 000 pulses 
ata prf of 3.33 Hz. 

In 1995, Costela and colleagues used an approach 
based on adjusting the viscoelastic properties of the 
material by modifying the internal plasticization of 
the polymeric medium by copolymerization with 
appropriate monomers. Using dye Rh6G dissolved in 
a copolymer of 2-hydroxyethyl methacrylate 
(HEMA) and methyl methacrylate (MMA) and 
transversal pumping at 337 nm, they demonstrated 
laser action with an efficiency of 21% and useful 
lifetime of 4500 pulses (20 Gj/mol in terms of total 


input energy per mole of dye molecule when the 
output energy is down to 50% of its initial value). 
The useful lifetime increased to 12 000 pulses 
when the Rh6G chromophore was linked covalently 
to the polymeric chains as reported by Costela and 
colleagues, in 1996. 

Comparative studies on the laser performance of 
Rh6G incorporated either in copolymers of HEMA 
and MMA or in MPMMA were carried out by Giffin 
and colleagues, in 1999, demonstrating higher 
efficiency of the MPMMA materials but superior 
normalized photostability (up to 240 GJ/mol) of the 
copolymer formulation. 

Laser conversion effi 


nncies in the range 60-70% 
for longitudinal pumping at 532. nm were reported by 
Ahmad and colleagues, in 1999, with PMS67 
dissolved in PMMA modified with 1,4-diazobi- 
cyclo[2,2,2] octane (DABCO) or perylene additives. 
When using DABCO as an additive, a useful lifetime 
of up to 550 000 pulses, corresponding to a normal- 
ized photostability of 270 G]/mol, was demonstrated 
at a 2 Hy prf. 

Much lower efficiencies and photostabilities have 
been obtained with dyes emitting in the blue-green 
spectral region. Costela and colleagues, in 1996, 
performed some detailed studies on dyes coumarin 
540A and coumarin 503 incorporated into meth- 
acrylate homopolymers and copolymers, and demon- 
strated efficiencies of at most 19% with useful 
lifetimes of up to 1200 pulses, at a 2Hz prf, 
for transversal pumping at 337nm. In 2000, 
Somasundaram and Ramalingam obtained useful 
lifetimes of 5240 and 1120 pulses, respectively, for 
coumarin 1 and coumarin 490 dyes incorporated into 
PMMA rods modified with ethyl alcohol, under 
transversal pumping at 337 nm and a prf of 1 Hz. 

A detailed study of photo-physical parameters of 
R6G-doped HEMA-MMA gain media was per- 
formed by Holzer and colleagues, in 2000. Among 
the parameters determined by these authors are 
quantum yields, lifetimes, absorption cross-sections, 
and emission cross-sections. A similar study on the 
photophysical parameters of PM67 and two PMS67 
analogs incorporated into solid matrices of different 
acrylic copolymers and in corresponding mimetic 
liquid solutions was performed by Bergmann and 
colleagues, in 2001. 

Preliminary experiments with rhodamine 
6G-doped MPMMA at high prfs were conducted 
using a frequency-doubled Nd:YAG laser at 5 kHz by 
Duarte and colleagues, in 1996. In those experiments, 
involving longitudinal excitation, the pump laser was 
allowed to fuse a region at the incidence window of 
the gain medium so that a lens was formed. This lens 
and the exit window of the gain medium comprised a 
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short unstable resonator that yielded broadband 
emission. In 2001, Costela and colleagues demon- 
strated lasing in rhodamine 6G- and pyrromethe 
doped polymer matrices under copper-vapor-laser 
excitation at prfs in the 1.0-6.2 kHz range. In these 
experiments, the dye-doped solid-state matrix was 
rotated at 1200 rpm. Average powers of 290 mW 
were obtained at a prf of 1kHz and a conversion 
efficiency of 37%. For a short period of time average 
powers of up to 1W were recorded at a prf of 
6.2 kHz. In subsequent experiments by Abedin and 
colleagues the rpf was increased to 10 kHz by using as 
pump laser a diode-pumped, Q-switched, frequency 
doubled, solid state Nd:YLF laser. Initial average 
powers of 560 mW and 430 mW were obtained for 
R6G-doped and PMS67-doped polymer matrices, 
respectively. Lasing efficiency was 16% for R6G 
and the useful lifetime was 6.6 min (or about 
4.0 million shots). 


Inorganic and Hybrid Hosts 


In 1990, Knobbe and colleagues and MeKiernan and 
colleagues, from the University of California at Los 
Angeles, incorporated different organic dyes, via the 
sol-gel techniques, into silicate (SiO2), aluminosili- 
cate (AlOy-SiO,), and ORMOSIL host matrices, 
and investigated the lasing performance of the 
resulting materials under transversal pumping. Lasing 
efficiencies of 25% and useful lifetimes of 2700 pulses 
at 1 Hz repetition rate were obtained from Rh6G 
incorporated into aluminosilicate gel and ORMOSIL 
matrices, respectively. When the dye in the ORMO- 
SIL matrices was coumarin 153, the useful lifetime 
was still 2250 pulses. Further studies by Altman and 
colleagues, in 1991, demonstrated useful lifetimes of 
11 000 pulses at a 30 Hz prf when rhodamine 6G 
perchlorate was incorporated into ORMOSIL 
matrices. The useful lifetime increased to 14 500 
pulses when the dye used was rhodamine B. 

When incorporated into xerogel matrices, pyrro- 
methene dyes lase with efficiencies as high as the 
highest obtained in organic hosts but with much 
higher photostability: a useful lifetime of 500 000 
pulses at 20 Hz repetition rate was obtained by Faloss 
and colleagues, in 1997, with PMS97 using a pump 
energy of I mJ. The efficiency of PM597 dropped to 
40% but its useful lifetime increased to over 
1000000 pulses when oxygen-free samples were 
prepared, in agreement with previous results that 
documented the strong dependence of laser par- 
ameters of pyrromethene dyes on the presence of 
oxygen. A similar effect was observed with perylene 
dyes: deoxygenated xerogel samples of Perylene Red 
exhibited a useful lifetime of 250 000 pulses at a prf 


of 5 Hz and 1 mJ pump energy, to be compared with a 
useful lifetime of only 10 000 pulses obtained with 
samples prepared in normal conditions. Perylene 
Orange incorporated into polycom glass and pumped 
longitudinally at 532 nm gave an efficiency of 72% 
and a useful lifetime of 40 000 pulses at a prf of 1 Hz 
as reported by Rhan and King, in 1998. 

A direct comparison study of laser performance of 
Rh6G, PMS67, Perylene Red, and Perylene Orange in 
organic, inorganic, and hybrid hosts was carried out 
by Rahn and King in 1995. They found that the 
nonpolar perylene dyes had better performance in 
partially organic hosts, whereas the ionic rhodamine 
and pyrromethene dyes performed best in the 
inorganic sol-gel glass host. The most promising 
combinations of dye and host for efficiency and 
photostability were found to be Perylene Orange in 
polycom glass and Rh6G in sol-gel glass. 

An all-solid-state optical configuration, where 
the pump was a laser diode array side-pumped, 
Qswitched, frequency-doubled, Nd:YAG slab laser, 
was demonstrated by Hu and colleagues, in 1998, 
with dye DCM incorporated into ORMOSIL 
matrices. A lasing efficiency of 18% at the wavelength 
of 621 nm was obtained, and 27000 pulses were 
needed for the output energy to decrease by 10% of 
its initial value at 30 Hz repetition rate. After 0.000 
pulses the output energy decreased by 90% but it 
could be recovered after waiting for a few minutes 
without pumping. 

Violet and ultraviolet laser dyes have also been 
incorporated into sol- 
lasing properties evaluated under transversal pump- 
ing by a number of authors. Although reasonable 
efficiencies have been obtained with some of 
these laser dyes, the useful lifetimes are well below 
1000 pulses. 

More recently, Costela and colleagues have demon- 
strated improved conversion efficiencies in dye-doped 
inorganic-organic matrices using pyrromethene 567 
dye. The solid matrix in this case is poly-trimethyl- 
silyl-methacrylate cross-linked with ethylene glycol 
and copolymerized with methyl methacrylat 
Duarte and James have reported on dy 
polymer-nanoparticle laser media where the polymer 
is PMMA and the nanoparticles are made of silica. 
These authors report TEMgg laser beam emission and 
improved dr/dT coefficients of the gain media that 
results in reduced A@. 


el silica matrices and their 


Dye Laser Applications 


Dye lasers generated a renaissance in diverse 
applied fields such as isotope separation, medicine, 
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photochemistry, remote sensing, and spectroscopy. 
Dye lasers have also been used in many experiments 
that have advanced the frontiers of fundamental 
physics. 

Central to most applications of dye lasers is their 
capability of providing coherent narrow-linewidth 
radiation that can be tuned continuously from the 
near ultraviolet, throughout the visible, to the near 
infrared. These unique coherent and spectral props 
ties have made dye lasers particularly useful in the 
field of high-resolution atomic and molecular spec- 
troscopy. Dye lasers have been successfully and 
extensively used in absorption and fluorescence 
spectroscopy, Raman spectroscopy, se 
tations, and nonlinear spectroscopic techniques. 
Well documented is their use in photochemistry, 
that is, the chemistry of optically excited atoms and 
molecules, and in biology, studying biochemical 
reaction Kinetics of biological molecules. By using 
nonlinear optical techniques, such as harmonic and 
sum frequency and difference frequency generation, 
the properties of dye lasers can be extended to the 
ultraviolet. 

Medical applications of dye lasers include cancer 
photodynamic therapy, treatment of vascular lesions, 
and lithotripsy as described by Goldman in 1990. 

The ability of dye lasers to provide tunable sub- 
GHz linewidths in the orange-red portion of the 
spectrum, at kW average powers, made them 
particularly suited to atomic vapor laser isotope 
separation of uranium as reported by Bass and 
colleagues, in 1992, Singh and colleagues, in 1994, 
and Nemoto and colleagues, in 1995. In this 
particular case the isotopic shift between the two 
uranium isotopes is a few GHz. Using dye lasers 
yielding Av=1GHz the **5U can be selectively 
excited in a multistep process by tuning the dye 
laser(s) to specific wavelengths, in the orange-red 
spectral region, compatible with a transition sequence 
leading to photoionization. Also, high-prf narrow- 
linewidth dye lasers, as described by Duarte and 
Piper, in 1984, are ideally suited for guide star appli- 
cations in astronomy. This particular application 
requires a high-average power diffraction-limited 
laser beam at A~ 589 nm to propagate for some 
95 km, above the surface of the Earth, and illuminate 
a layer of sodium atoms. Ground detection of the 
fluorescence from the sodium atoms allows measure- 
ments on the turbulence of the atmosphere. These 
measurements are then used to control the adaptive 
optics of the telescope thus compensating for the 
atmospheric distortions. 

A range of industrial applications is also amenable 
to the wavelength agility and high-average power 
output characteristics of dye lasers, Furthermore, 


tunability coupled with narrow-linewidth emission, 
at large pulsed energies, make dye lasers useful in 
military applications such as directed energy and 
damage of optical sensors. 


The Future of Dye Lasers 


Predicting the future is rather risky. In the early 
1990s, articles and numerous advertisements. in 
commercial laser magazines predicted the demise 
and even the oblivion of the dye laser in a few years. It 
did not turn out this way. The high power and 
wavelength agility available from dye lasers have 
ensured their continued use as scientific and research 
tools in physics, chemistry, and medicine. In addition, 
the advent of narrow-linewidth solid-state dye lasers 
has sustained a healthy level of research and devel- 
opment in the field. Today, some 20 laboratories 
around the world are engaged in this activity. 

The future of solid-state dye lasers depends largely 
on synthetic and manufacturing improvements. There 
is a need for strict control of the conditions of 
fabrication and a careful purification of all the 
compounds involved. In the case of polymers, in 
particular, stringent control of thermal conditions 
during the polymerization step is obligatory to ensure 
that adequate optical uniformity of the polymer 
matrix is achieved, and that intrinsic anisotropy 
developed during polymerization is minimized. From 
an engineering perspective what are needed are dye- 
doped solid-state media with improved photostability 
characteristics and better thermal properties. By 
better thermal properties is meant better dnidT 
factors. To a certain degree progress in this area has 
already been reported. As in the case of liquid dye 
lasers, the lifetime of the material can be improved by 
using pump lasers at compatible wavelengths. In this 
regard, direct diode laser pumping of dye-doped 
solid-state matrices should lead to very compact, 
long-lifetime, tunable lasers emitting throughout the 
visible spectrum. An example of such a device would 
be a green laser-diode-pumped rhodamine-6G doped 
MPMMA tunable laser configured in a multiple- 
prism grating architecture. 

As far as liquid lasers are concerned, there is a need 
for efficient water-soluble dyes. Successful develop- 
ments in this area were published in the literature 
with coumarin-analog dyes by Chen and colleagues, 
in 1988, and some encouraging results with 
thodamine dyes have been reported by Ray and 
colleagues, in 2002. Efficient water-soluble dyes 
could lead to significant improvements and simpli- 
fications in high-power tunable lasers. 
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Introduction 


The semiconductor edge emitting diode laser is a 
critical component in a wide variety of applications, 
including fiber optics telecommunications, optical 
data storage, and optical remote sensing. In this 
section, we describe the basic structures of edge 
emitting diode lasers and the physical mechanisms for 
converting electrical current into light. Laser wave- 
guides and cavity resonators are also outlined. The 
power, efficiency, gain, loss, and threshold character- 
istics of laser diodes are presented along with the 
effects of temperature and modulation, Quantum 
well lasers are outlined and a description of grating 
coupled lasers is provided. 

Like all forms of laser, the edge emitting diode laser 
is an oscillator and has three principal components; a 
mechanism for converting energy into light, a medium 
that has positive optical gain, and a mechanism for 
obtaining optical feedback. The basic edge emitting 
laser diode is shown schematically in Figure 1. Current 
flow is vertical through a pn junction and light is 
emitted from the ends. The dimensions of the laser in 
Figure 1 are distorted, in proportion to typical real 
laser diodes, to reveal more detail. In. practical 
laser diodes, the width of the stripe contact is 
actually much smaller than shown and the thickness 


is smaller still. Typical dimensions are (stripe 
width x thickness x length) 2x 100 x 1000 pm. 
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Light emission is generated only within a few 
micrometers of the surface, which means that 
99.98% of the volume of this small device is inactive. 

Energy conversion in diode lasers is provided by 
current flowing through a forward-biased pn junc- 
tion, At the electrical junction, there is a high density 
of injected electrons and holes which can recombine 


ina direct energy gap semiconductor material to give 
an emitted photon. Charge neutrality requires equal 
numbers of injected electrons and holes. Figure 2 
shows a simplified energy versus momentum (E-k) 
diagtams for (a) direct, and (b) indirect semiconduc- 
tors. In a direct energy gap material, such as GaAs, 
the energy minima have the same momentum vector, 
so recombination of an electron in the conduction 
band and a hole in the valence band takes place 
directly. In an indirect material, such as silicon, 
‘momentum conservation requires the participation of 
a third particle — a phonon. This third-order process 
is far less efficient than direct recombination and, thus 
far, too inefficient to support laser action. 

Optical gain in direct energy gap materials is 
obtained when population inversion is reached. 


A—— _Cleaved tacets_———” 


Stripe contact 


pn jurction 


Light 
emission 


Figure 1 Schematic drawing of an edge emitting laser diode. 
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Figure 28-6. This simple schematic can be used to 
breadboard-test a transistor empirical, determining its 
functionality and the identities of its collector and emitter 
leads. 


Veo 
Voltage between collectorand base (nocon- 
nection at emitter) 


Vewo 
Voltage between emitter and base (no con- 
nection at collector) 


Vetsat 
Saturation voltage between collector and 
emitter 

Voesat 
Saturation voltage between base and emit- 
ter 

I 


Current measured at collector 


bipolar transistor 


How to Use it 


Tem 
Maximum peak current at collector 
tame 
Maximum peak current at base 
Prox 
Total maximum power dissipation at room 
temperature 


Ty 


Maximum junction temperature to avi 
damage 


Often these terms are used to define “absolute 
maximum values" fora component. If these max- 
imums are exceeded, damage may occur. 


A manufacturer's datasheet may include a graph 
showing the safe operating area (SOA) for a tran- 
sistor. This is more common where power tran- 
sistors are involved, as heat becomes more of an 
issue. The graph in Figure 28-7 has been adapted 
from a datasheet for a silicon diffused power 
transistor manufactured by Philips. The safe op- 
erating area is bounded atthe top by a horizontal 
segment representing the maximum safe cur- 
rent, and at the right by a vertical segment rep- 
resenting the maximum safe voltage. However, 
the rectangular area enclosed by these lines is 
reduced by two diagonal segments representing 
the total power limit and the second breakdown 
limit, The latter refers to the tendency of a tran- 
sistor to develop internal localized “hot spots” 
that tend to conduct more current, which makes 
them hotter, and able to conduct better—ulti- 
mately melting the silicon and causing a short 
circuit. The total power limit and the second 
breakdown limit reduce the safe operating area, 
which would otherwise be defined purely by 
maximum safe current and maximum safe volt- 
age. 


Uses for discrete transistors began to diminish 
when integrated circuits became cheaper and 
started to subsume multi-transistor circuits. For 
instance, an entire 5-watt audio amplifier, which 
used to be constructed from multiple compo- 
nentscannowbeboughtona chip, requiring just 
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Figure 2 Energy versus momentum for (a) direct, and (b) 
Indirect semiconductors. 


Figure 3 Density of states versus energy for conduction and 
vvalence bands. 


Population inversion is the condition where the 
probability for stimulated emission exceeds that of 
absorption. The density of excited electrons m, in the 
conduction band is given by 


n=[, pa(E)f,(E)AE em? nm 


where p,(E) is the conduction band density of states 
function and f,(E) is the Fermi occupancy function. 
A similar equation can be written for holes in the 
valence band. Figure 3 shows the density of states p 
versus energy asa dashed line for conduction and 
valence bands. The solid lines in Figure 3 are the 
A(Ef(E) products, and the areas under the solid 
curves are the carrier densities m and p. 

‘The Fermi functions are occupation probabilities 
based on the quasi-Fermi levels Era and Ery, which 
are, in turn, based on the injected carrier densities, 81 
and 8p. Population inversion implies that the 
difference between the quasi-Fermi levels must exceed 
the emission energy which, for semiconductors, must 
be greater than the bandgap energy: 


Eq — Epp = ho ~ Ey 21 


Charge neutrality requires that = 6p. Transpar- 
ency is the point where these two conditions are just 


met and any additional injected current results in 
optical gain. The transparency current density Joy is 
given by 


Mobs 


BI 


where 1, is the transparency carrier density (n = 
5p =n, at transparency), L, is the thickness of the 
optically active layer, and Tyga is the spontaneous 
carrier lifetime in the material (typically 5 nsec). 

A resonant cavity for optical feedback is obtained 
simply by taking advantage of the natural crystal 
formation in single crystal semiconductors. Most 
I-V compound semiconductors form naturally into 
a zincblende lattice structure. With the appropriate 
choice of crystal planes and surfaces, this lattice 
structure can be cleaved such that nearly perfect 
plane-parallel facets can be formed at arbitrary 
distances from each other. Since the refractive index 
of these materials is much larger (~3.5) than that of 
air, there is internal optical reflection for normal 
incidence of approximately 30%, This type of optical 
cavity is called a Fabry-Perot resonator. 

Effective lasers of all forms make use of optical 
waveguides to optimize the overlap of the optical field 
with material gain and cavity resonance, The optical 
waveguide in an edge emitting laser is best described 
by considering it in terms of a transverse waveguide 
component, defined by the epitaxial growth of 
multiple thin heterostructure layers, and a lateral 
waveguide component, defined by conventional 
semiconductor device processing methods. One of 
the simplest, and yet most common, heterostructure 
designs is shown in Figure 4. This five-layer separate 
confinement heterostructure (SCH) offers excellent 
carrier confinement in the active layer as well as a 
snitable transverse waveguide. 

Clever choice of different materials for each layer 
results in the energy band structure, index of refraction 


Contfning layer 


Inner barter layer 
Active layer 


Inner barrier layer 


Confining layer 


Figure 4 Schematic cross-section of a typical five-layer 
separate confinement heterostructure (SCH) laser. 
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Index 


Field 


Energy 


Figure § Energy band structure, index of refraction profile, and 
optical field mode profile of the SCH laser of Figure 4. 


profile, and optical field mode profile shown in 
Figure 5. The outer confining layers are the thickest 
(~1 pm) and have the largest energy bandgap and 
lowest refractive index. The inner barrier layers are 
thinner (~0.1 xm), have intermediate bandgap 
energy and index of refraction, and serve both an 
optical role in defining the optical waveguide and an 
electronic role in confining carriers to the active layer. 
The active layer is the narrowest bandgap, highest 
index material, and is the only layer in the structure 
designed to provide optical gain, It may be a single 
layer or, asin the case of a multiple quantum well laser, 
a combination of layers. The bandgap energy, E, of this 
active layer plays a key role in determining the 
emission wavelength, A, of the laser: 


t41 


where h is Planck’s constant and cis the speed of light. 

‘The bandgap energy of the SCH structure is shown 
in Figure 5. The lowest energy active layer collects 
injected electrons and holes and the carrier confine- 
ment provided by the inner barrier layers allows the 
high density of carriers necessary for population 
inversion and gain. The layers in the structure also 
have the refractive index profile shown in Figure 5 
which forms a five-layer slab dielectric waveguide. 
With appropriate values for thicknesses and indices of 
refraction, this structure can be a very strong 
fundamental mode waveguide with the field profile 
shown. A key parameter of edge emitting diode lasers 
is [, the optical confinement factor. This parameter is 
the areal overlap of the optical field with the active 
layer, shown as dashed lines in the figure and can be as 
little as a few percent, even in very high performance 
lasers. 


Lateral waveguiding in a diode laser can be 
accomplished in a variety of ways. A common 
example of an index guided laser is the ridge 
waveguide laser shown in Figure 6. After the appro- 
priate transverse waveguide heterostructure sample 
is grown, conventional semiconductor processing 
methods are used to form parallel etched stripes 
from the surface near, but not through, the active 
layer. An oxide mask is patterned such that electrical 
contact is formed only to the center (core) region 
between the etched stripes, the core stripe being only 
a few microns wide. The lateral waveguide that 
results arises from the average index of refraction 
(effective index) in the etched regions outside the core 
being smaller than that of the core. Figure 7 shows the 
asymmetric near field emission profile of the ridge 
waveguide laser and cross-sectional profiles of the 
laser emission and effective index of refraction. 

The optical spectrum of an edge emitting diode 
laser below and above threshold is the superposition 
of the material gain of the active layer and the 
resonances provided by the Fabry—Perot resonator. 
The spectral variation of material gain with injected 
carrier density (drive current) is shown in Figure 8, 
As the drive is increased, the intensity and energy of 
peak gain both increase. 

The Fabry-Perot resonator has resonances every 
half wavelength, given by 


Laos (51 


Figure 6 Schematic diagram of a real index guided ridge 
waveguide diode laser. 


Figure 7 Near field emission patter, cross-sectional emission 
praflas (solid lines), and refractive index profiles (dashed lines) 
from an index guided diode laser. 
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Gain 


Figure 8 Gain versus emission energy for four inoreasing 
values of carrier (current) density. Peak gain is shown as a 
dashed line. 


wull lu, 


Figure 9 Emission spectra trom a Fabry-Perot edge emiting 
laser structure at, and above, laser threshold, 


Intensit 


Energy 


where L is the cavity length, M/n is the wavelength in 
the medium (mis the refractive index), and mr is an 
integer. For normal length edge emitter cavities, these 
cavity modes are spaced only 1 or 2A apart. 
The result is optical spectra, near laser threshold 
and above, that look like the spectra of Figure 9. 
Many cavity modes resonate up to threshold, 
while above threshold, the superlinear increase in 
emission intensity with drive current tends to greatly 
favor one or two of the Fabry-Perot longitudinal 
cavity modes. 

Laser threshold can be determined from a relatively 
simple analysis of the round trip gain and losses in the 
Fabry-Perot resonator. If the initial intensity is Loy 
after one round trip the intensity will be given by 


1 = 1,R,Ry08 8" 16] 


where Ry and Rj are the reflectivities of the two 
facets, g is the optical gain, a, are losses associated 
with optical absorption (typically 3-15 em~'), and 
L is the cavity length. At laser threshold, ¢= ga, 
and I= Ig, i. the round trip gain exactly equals 
the losses. The result is 


1 1 
gn=a+srh "7 


L "RRp 
where the second term represents the mirror losses 
Gq. Of course, mirror losses are desirable in the sense 
that they represent useable output power. Actually, 
the equation above does not take into account the 
incomplete averlap of the optical mode with the gain 
in the active layer. The overlap is defined by the 
confinement factor T, described above, and the 
equation must be modified to become 


1 


aoe 


Is} 


For quantum well lasers, the material peak gain, 
shown in Figure 8, as a function of drive current is 
given approximately by 


J 
1 = Blo In 9) 
81 = Bla Ing (91 
where J, is the transparency current density, The 
threshold current density Juyy which is the current 
density where the gain exactly equals all losses, is 
given by 


{10} 


™ THI, 


Note that an additional parameter 7, has appeared in 
this equation. Not all of the carriers injected by the 
drive current participate in optical processes; some are 
lost to other nonradiative processes. This is accounted 
for by including the internal quantum efficiency term 
iy Which is typically at least 90%. The actual drive 
current, of course, must include the geometry of the 
device and is given by 


Ty = wLJen ay 


where L is the cavity length, and w is the effective 
width of the active volume. The effective width is 
basically the stripe width of the core but also includes 
current spreading and carrier diffusion under the 
stripe. 

The power-current characteristic (P-I) for 
a typical edge emitting laser diode is shown 
in Figure 10. As the drive current is increased 
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Current 


Figure 10 Power versus current (P-/) curve fora typical edge 
‘emitting laser diode. 


from zero, the injected carrier densities increase and 
spontaneous recombination is observed. At some 
point the gain equals the internal absorption losses, 
and the material is transparent. Then, as the drive 
current is further increased, additional gain even- 
tually equals the total losses, including mirror losses, 
and laser threshold is reached. Above threshold, 
nearly all additional injected carriers contribute 
to stimulated emission (laser output). The power 
generated internally is given by 


by 
P= wl jada 112] 


where wl is the area and by is the photon energy. 
Only a fraction of the power generated internally is 
extracted from the device 


by amy 


Pos wl — luli ara [13] 


Clearly a useful design goal is to minimize the internal 
optical loss a;, The slope of the P-I curve of Figure 10 
above threshold is described by an external differen- 
tial quantum efficiency a, which is related to the 
internal quantum efficiency by 


(14) 


Other common parameters used to characterize 
the efficiency of laser diodes include the power 
conversion efficiency Mp 


(15) 


and the wall plug efficiency my 


w= [16] 


The power conversion efficiency m), recognizes that 
the forward bias voltage Ve is larger than the photon 
energy by an amount associated with the series 
resistance of the laser diode. The wall plug efficiency 
tw, has the unusual units of WA~? and is simply a 
shorthand term that relates the common input unit of 
current to the common output unit of power. In high 
performance low power applications, the ideal device 
has minimum threshold current since the current used 
to reach threshold contributes little to light emission, 
In high power applications, the threshold current 
becomes insignificant and the critical parameter is 
external quantum efficiency. 

Temperature effects may be important for edge 
emitting lasers, depending on a particular appli- 
cation. Usually, concerns related to temperature arise 
under conditions of high temperature operation 
(T > 50°C), where laser thresholds rise and efficien- 
cies fall. It became common early in the development 
of laser diodes to define a characteristic temperature 
T, for laser threshold, which is given by 


wf) 


where a high T, is desirable, Unfortunately, this 
simple expression does not describe the temperature 
dependence very well over a wide range of tempera- 
tures, so the appropriate temperature range must also 
be specified. For applications where the emission 
wavelength of the laser is important, the change in 
wavelength with temperature dAdT may also be 
specified. For conventional Fabry—Perot cavity lasers, 
AAT is typically 3-5 AC 

In order for a diode laser to carry information, 
some form of modulation is required. One method for 
obtaining this is direct modulation of the drive 
current in a semiconductor laser. The transient and 
temporal behavior of lasers is governed by rate 
equations for carriers and photons which are 
necessarily coupled equations. The rate equation for 
carriers is given by 


71 


dn 
ea, 


~ J ~ Ceimpin— n,)ghE) 


(18) 


where JigL, is the supply, mr. is the spontancous 
emission rate, and the third term is the stimulated 
emission rate (c/m)f(n —1,)g(E) where B is the 
gain coefficient and g(E) is the photon density. 
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‘The rate equation for photons is given by 


de _ mot @-#% 9 
FE = (emp net = - 19} 


op Tp 
where @ is the fraction of the spontaneous emission 
that couples into the mode (a small number), and 7p is 
the photon lifetime (~1 psec) in the cavity. These rate 
equations can be solved for specific diode laser 
materials and structures to yield a modulation 
frequency response. A typical small signal frequency 
response, at two output power levels, is shown 
Figure 11. The response is typically flat to frequet 
above 1GHz, rises to a peak value at some 
characteristic resonant frequency, and quickly rolls 
off. The characteristic small signal resonant frequency 
is given by 


f= ORE (20) 


where g is the average photon density. Direct 
modulation of edge emitting laser diodes is limited 
by practicality to less than 10 GHz, This is in part 
because of the limits imposed by the resonant 
frequency and in part by chirp. Chirp is the frequency 
modulation that arises indirectly from direct current 
modulation. Modulation of the current modulates the 
carrier densities which, in turn, results in modulation 
of the quasi-Fermi levels. The separation of the quasi- 
Fermi levels is the emission energy (wavelength). 
Most higher-speed lasers make use of external 
modulation schemes. 

‘The discussion thus far has addressed aspects of 
semiconductor diode edge emitting lasers that are 
common to all types of diode lasers irrespective of the 
choice of materials or the details of the active layer 
structure. The materials of choice for efficient 
laser devices include a wide variety of II-V 


Gain (48) 


Frequency (GHz) 


Figure 11. Direct current modulation frequency response for an 
edge emitting diode laser at two output power lavas. 


binary compounds and ternary or quaternary alloys. 
The particular choice is based on such issues as 
emission wavelength, a suitable heterostructure 
lattice match, and availability of high-quality sub- 
strates. For example, common low-power lasers for 
CD players (A ~ 820 nm) are likely to be made on a 
GaAs substrate using a GaAs—Al,Ga;_.As hetero- 
structure. Lasers for fiberoptic telecommunications 
systems (A ~ 1.3-1.5 um) are likely to be made on an 
InP substrate using an InP—In,Ga;_,As,Pi_, 
heterostructure. Red laser diodes (A ~ 650 nm) are 
likely to be made on a GaAs substrate using a GaAs— 
In,Ga;_,AsyP;_ heterostructure, Blue and ultra- 
violet lasers, a relatively new technology compared 
to the others, make use of Al,Ga,—,.N-Gal 
In,Ga,_,N heterostructures formed on sapphire or 
silicon carbide substrates. 

An important part of many diode laser structures is 
a strained layer. If a layer is thin enough, the strain 
arising from a modest amount of lattice mismatch can 
be accommodated elastically. In thicker layers, lattice 
mismatch results in an unacceptable number of 
dislocations that affect quantum efficiency, optical 
absorption losses, and, ultimately, long-term failure 
rates. Strained layer GaAs—In,Ga,_,As lasers are a 
critical component in rare-earth doped fiber 
amplifiers. 

The structure of the active layer in edge emitting 
laser diodes was originally a simple double hetero- 
structure configuration with a single active layer of 
§00-1000 A in thickness. In the 1970s however, 
advances in the art of growing semiconductor 
heterostructure materials led to growth of high- 
quality quantum well active layers. These structures, 
having thicknesses that are comparable to the 
electron wavelength in a semiconductor (<200 A), 
revolutionized semiconductor lasers, resulting in 
much lower threshold current densities, higher 
efficiencies, and a broader range of available 
emission wavelengths. The energy band diagram 
for a quantum well laser active region is shown in 
Figure 12. 

This structure is a physical realization of the 
particle-in-a-box problem in elementary quantum 
mechanics. The quantum well yields quantum states 
in the conduction band at discrete energy levels, with 
odd and even electron wavefunctions, and breaks 
the degeneracy in the valence band, resulting in 
separate energy states for light holes and heavy holes. 
‘The primary transition for recombination is from the 
n= 1 electron state to the b = 1 heavy hole state and 
takes place at a higher energy than the bulk bandgap 
energy. In addition, the density of states for quantum 
wells becomes a step-like function and optical gain 
is enhanced. The advantages in practical edge 
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Figure 12 Energy band diagram for a quantum well 


heterostructure 


emitting lasers that are the result of one-dimensional 
quantization are such that virtually all. present 
commercial laser diodes are quantum well lasers. 
These kinds of advantages are driving development of 
laser diodes with additional degrees of quantization, 
including two dimensions (quantum wires) and three 
dimensions (quantum dots). 

‘The Fabry-Perot cavity resonator described here is 
remarkably efficient and relatively easy to fabricate, 
which makes it the cavity of choice for many 
applications. There are many applications, however, 
where the requirements for linewidth of the laser 
emission or the temperature sensitivity of the emis- 
sion wavelength make the Fabry-Perot resonator less 
desirable. An important laser technology that 
addresses both of these concerns involves the use of 
a wavelength selective grating as an integral part of 
the laser cavity. A notable example of a grating 
coupled laser is distributed feedback laser shown 
schematically in Figure 13a. This is similar to the 
SCH cross-section of Figure 4 with the addition of a 
Bragg grating above the active la 

The period A, of the grating is chosen to fulfill 
the Bragg condition for mth-order coupling 
between forward- and backward-propagating 
waves, which is 


mA 


(21) 


in 


where A/m is the wavelength in the medium. The index 
step between the materials on either side of the 
grating is small and the amount of reflection is also 
small, Since the grating extends throughout the length 
of the cavity, however, the overall effective reflectivity 


7 Bragg grating 
Active layer (@) DFB 
D | 
fain lane 
Bragg grating 
(b) DBR 


Figure 13. Schematic diagram of distributed feadback 
(DFB) and distributed Bragg reflector (DBR) edge emiting laser 
diodes. 


can be large. Another variant is the distributed Bragg 
reflector (DBR) laser resonator, shown in Figure 13b. 
This DBR laser has a higher index contrast, deeply 
etched surface grating located at one or both ends of 
the otherwise conventional SCH laser heterostruc- 
ture, One of the advantages of this structure is the 
opportunity to add a contact for tuning the Bragg 
grating by current injection. 

Both the DBR and DFB laser structures are 
particularly well suited for telecommunications or 
other applications where a very narrow single laser 
emission line is required. In addition, the emission 
wavelength temperature dependence for this type of 
laser is much smaller, typically 0.5 AC™', 
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Introduction 


We present a summary of the fundamental operating 
principles of ultraviolet, excimer lasers. After a brief 
discussion of the economics and application motiv- 
ation, the underlying physics and technology of these 
devices is described. Key issues and limitations in the 
scaling of these lasers are presented. 


Background: Why Excimer Lasers? 


Excimer lasers have become the most widely used 
source of moderate power pulsed ultraviolet sources 
in laser applications. The range of manufacturing 
applications is also large. Production of computer 
chips, using excimer lasers as the illumination source 
for lithography, has by far the largest commercial 
manufacturing impact. In the medical arena, excimer 
lasers are used extensively in what is becoming one of 
the world’s most common surgical procedures, the 
reshaping of the lens to correct vision problems. 
Taken together, the annual production rate for these 
lasers is a relatively modest number compared to the 
production of semiconductor lasers. Current markets 
are in the range of $0.4 billion per year (Figure 1). 
More importantly, the unique wavelength, power, 
and pulse energy properties of the excimer laser 
enable a systems and medical procedure market, 
hased on the excimer laser, to exceed $3 billion per 
year. The current average sales price for these lasers is 
in the range of $250 000 per unit, driven primarily by 
the production costs and reliability requirements of 
the lasers for lithography for chip manufacture. 
Relative to semiconductor diode lasers, excimer lasers 


have always been, and will continue to be, more 
expensive per unit device by a factor of order 10°. 
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UV power and pulse energy, however, are consider- 
ably higher. 

‘The fundamental properties of these lasers enable 
the photochemical and photophysical processes used 
in manufacturing and medicine. Short pulses of UV 
light can photo-ablate materials, being of use in 
medicine and micromachining, Short wavelengths 
enable photochemical processes. The ability to 
provide a narrow linewidth using appropriate resona- 
tors enables precise optical processes, such as litho- 
graphy. We trace out some of the core underlying 
properties of these lasers that lead to the core utility. 
We also discuss the technological problems and 
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Figure 1 The sales ot excimer lasers have always been 
measured in small numbers ralative to other, less-expensive 
lasers. For many years since thelr commercial release in 1976 the 
sales were to R&D workers in chemistry, physics and ulimataly 
biology and medicine. The markat for these specially but most 
Useful R&D lasers was sett it within a typical researcher's annual 
capital budget, Le., less than $100K. As applications and 
procedures were developed and certified or approved, sales and 
average unit sales price increased considerably. Reliance on 
‘ycical markets ike semiconductor fabrication led to significant 
variations in production rates and annual revenues as can be seen. 
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solutions that have evolved to make these lasers so 
useful. 

‘The data in Figure 1 provide a current answer to 
the question of ‘why excimer lasers?” At the dawn of 
the excimer era, the answer to this question was quite 
different. In the early 1970s, there were no powerful 
short wavelength lasers, although IR lasers were 
being scaled up to significant power levels. However, 
visible or UV lasers could in principle provide better 
propagation and focus to a very small spot size at 
large distances. Solid state lasers of the time offered 
very limited pulse repetition frequency and low 
efficiency. Diode pumping of solid state lasers, and 
diode arrays to excite such lasers, was a far removed 
development effort. As such, short-wavelength lasers 
were researched over a wide range of potential media 
and lasing wavelengths. The excimer concept was one 
of those candidate 

We provide, in Figure 2, a ‘positioning’ map 
showing the range of laser parameters that can be 
obtained with commercial or developmental excimer 
lasers. The map has coordinates of pulse energy and 
pulse rate, with diagonal lines expressing average 
power, We show where both development goals and 
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Figure 2 The typical energy and pulse rate for certain 
applications and technologies using excimer lasers. For energy 
Under a few J, a discharge laser is used. The earliest excimer 
discharge lasers ware derivatives of CO, TEA (transversely 
‘excited atmospheric pressure) and produced pulse energy in the 
range of 100 mJ per pulse. Pulse rates of order 30 Hz were allthat 
the early pulsed power technology could provide. Early research 
focused on generating high energy. Current markets are at 
‘modest UV pulse energy and high pulse rates for ithography and 
low pulse rates for medical applications. 


current markets lay in a map. Current applications 
are shown by the boxes in the lower right-hand 
comer. Excimer lasers have been built with clear 
apertures in the range of a fraction of 0.1 to 10% em*, 
with single pulse energies covering a range of 107. 
Lasers with large apertures require electron beam 
excitation. Discharge lasers correspond to the more 
modest pulse energy used for current applications. In 
general, for energies lower than ~S J, the excitation 
method of choice is a self-sustained discharge, clearly 
providing growth potential for future uses, if 
required. 

The applications envisaged in the early R&D days 
were in much higher energy uses, such as in laser 
weapons, laser fusion, and laser isotope separation. 
The perceived need for lasers for isotope separation, 
laser-induced chemistry, and blue-green laser-based 
communications from satellites, drove research in 
high pulse rate technology and reliability extension 
for discharge lasers. This research resulted in proto- 
types, with typical performance ranges as noted on 
the positioning map that well exceed current market 
requirements, However, the technology and under- 
lying media physics developed in these early years 
made possible advances needed to serve the ultimate 
real market applications. 

The very important application of UV lithography 
requires high pulse rates and high reliability. These 
two features differentiate the excimer laser used for 
lithography from the one used in the research 
laboratory. High pulse rates, over 2000 Hz in current 
practice, and the cost of stopping a computer chip 
production line for servicing, drive the reliability 
requirements toward 10'° shots per service interval. 
In contrast, the typical laboratory experiments are 
more often in the range of 100Hz and, unlike a 
lithography production line, do not run 24 hours a 
day, 7 days a week. The other large market currently 
is in laser correction of myopia and other imperfec~ 
tions in the human eye. For this use the lasers are 
more akin to the commercial R&D style laser in terms 
of pulse rate and single pulse energy. Not that many 
shots are needed to ablate tissue to make the needed 
correction, and shot life is a straightforward require- 
Towever, the integration of these lasers into a 
certified and accepted medical procedure and an 
overall medical instrument drove the growth of this 
market. 

The excimer concept, and the core technology 
used to excite these lasers, is applicable over a 
broad range of UV wavelengths, with utility at 
specific wavelength ranges from 351 nm in the near 
UV to 157mm in the vacuum UV (VUV). There 
were many potential excimer candidates in. the 
carly R&D phase (Table 1). Some of these 
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Table 1 Key excimer wavelengths 


Excimer emitiar A (am) Comment 

Ae 126 Very short emission wavelength, deep in the Vacuum UV: inefficient as laser 
due to absorption, see Xe. 

Kee 146 Broad band emitter and early excimer laser with low laser efficiency. 

Very efficient converter of electric power into Vacuum UV light. 

Fi 187 Molecule itself is not an excimer, but uses lower level dissociation; candidate 
for next generation ithagraphy. 

Xe: 172 “The first demonstrated excimer laser. Very oficient formation and emission but 
‘excited state absorption limits laser efficiency. Highly eficient as a lamp. 

NF 193 Workhorse for comeal surgery and lithography. 

kro 222 Too weak compared to KrF and not as short a wavelength as ArF. 

Ker 248 Bost intrinsic laser efficiency; numerous early applications but found major 
‘market in ithography. Significant use in other materials processing 

xel 254 Never a laser, but high formation efficiency and excellent for a lamp. Historically 
the first rare gas halide excimer whose emission was studied at high pressure. 

XeBr 282 First rare gas halide to be shown as a laser; inffcientlasar due to excited stata 
‘absorption, but excellant fluorescent emitter; a choice for lamps. 

Bre 292 ‘Another halogen molecule with excimer lke transitions that has lased but had no 
practical use 

Xecl 308 (Optimum medium for laser discharge excitation 

Hge 395 Hg vapor is very efficiently excited in discharges and forms excimers at high 
pressure. Subject of much early research, but as in the case ofthe rare gas 
fxcimers such as Xe, suffer from excited state absorption. Despite the high 
formation eficiency, this excimer was never made to lase. 

m 342 lodine UV molecular emission and lasing was first ofthe pure halogen excimer-tike 
lasers demonstrated. This species served as kinetic prototype forthe Fe 
honorary’ excimer that has important use as a practical VUV source. 

XeF 351, 353 “This excimer laser transition terminates on a weakly bound lower level that 
dissociates rapidly, especially when heated. The focus for early defense-related, 
laser development; as this wavelength propagates best ofthis class in the 
atmosphere, 

XeF 480 “This very broadband emission of XoF terminates on a different lower level than 
the UV band, Not as easily excited in a practical system, so has not had 
significant usage 

HBr 502 ‘A very efficient green laser that has many of the same kinetic features of the rare gas 
halide excimer lasers. But the need for maderately high temperature for tha 
neaded vapor pressure made this laser less than attractive for UV operation. 

x00 540 This is an excimer-like molecular transition on the side of the auroral ines of the 


(atom. The optical cross-section is quite low and as a result the laser never 
‘matured in practice. 


candidates can be highly efficient, >50% relative to 
deposited energy, at converting electrical power 
into UV or visible emission, and have found a 
parallel utility as sources for lamps, though with 
differing power deposition rates and configurations. 
The key point in the table is that these lasers are 
powerful and useful sources at very short wave- 
lengths. For lithography, the wavelength of interest 
has consistently shifted to shorter and shorter 
wavelengths as the printed feature size decreased. 
Though numerous candidates were pursued, as 
shown in Table 1, the most useful lasers are those 
using rare gas halide molecules, These lasers are 
augmented by dye laser and Raman. shifting 
to provide a wealth of useful wavelengths in the 
visible and UV. 

All excimer lasers utilize molecular dissociation to 
remove the lower laser level population. This lower 


level dissociation is typically from an unbound or 
very weakly bound ground-state molecule. However, 
halogen molecules also provide laser action on 
excimerlike transitions, that terminate on a molecu- 
lar excited state that dissociates quickly. The vacuum 
UV transition in F, is the most practical method for 
making very short wavelength laser light at significant 
power. Historically, the rare gas dimer molecules, 
such as Xex, were the first to show excimer laser 
action, although self absorption, low gain, and poor 
optics in the VUV limited their utility. Other excimer- 
like species, such as metal halides, metal rare gas 
continua on the edge of metal atom resonance lines, 
and rare gas oxides were also studied. The key 
differentiators of rare gas halides from other excimer- 
like candidates are strong binding in the excited 
state, lack of self absorption, and relatively high 
optical cross-section for the laser transition, 
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Excimer Laser Fundamentals 


Excimer lasers utilize lowerlevel dissociation to 
create and sustain a population inversion. For 
example, in the first excimer laser demonstrated, 
Xe, the lasing species is one which is comprised of 
two atoms that do not form a stable molecule in the 
ground state, as xenon dimers in the ground state are 
nota stable molecule, In the lowest energy state, that 
with neither of the atoms electronically excited, 
the interaction between the atoms in a collision 
is primarily one of repulsion, save for a very weak 
‘van der Waals’ attraction at larger internuclear 
separations. This is shown in the potential energy 
jagtam of Figure 3. If one of the atoms is excited, for 
example by an electric discharge, there can be a 
chemical binding in the electronically excited state of 
the molecule relative to the energy of one atom with 
an electron excited and one atom in the ground state. 
‘We use the shorthand notation * to denote an ele 
nically excited atomic molecular species, e.g., Xe". 
The excited dimer, excimer for short, will recombine 
rapidly at high pressure from atoms into the Xe3 
electronically excited molecule. Radiative lifetimes of 
the order 10 nsec to 1 psec are typical before photon 
emission returns the molecule to the lower level. 
Collisional quenching often reduces the lifetime 
below the radiative rate. For Xe} excimers, the 
emission is in the vacuum ultraviolet (VUV). 

‘There are a number of variations on this theme, as 
noted in Table 1. Species, other than rare gas pairs, 
can exhibit broadband emission. The excited state 
binding energy can vary significantly, changing the 
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Figure 3A schematic of the potential energy curves for an 
excimer species such as Xe,. The excited molecule is bound 
relative to an excited atom and can radiate to a lower level that 
rapidly dissociates on psec timescales since the ground state is 
‘ot bound, save for weak binding due to van der Waals forces. 
‘The emission band is intrinsically broad, 


fraction of excited states that will form molecules. 
The shape of the lower potential energy curve can 
vary as well. From a semantic point of view hetero- 
nuclear, diatomic molecules, such as XeO, are not 
excimers, as they are not made of two of the same 
atoms. However, the more formal name ‘exciplex’ did 
not stick in the laser world; excimer laser being 
preferred. Large binding energy is more efficient for 
capturing excited atoms into excited excimer-type 
molecules in the limited time they have before 
emission. Early measurements of the efficiency of 
converting electrical energy deposited into fluorescent 
radiation showed that up to 50% of the energy input 
could result in VUV light emission. Lasers were not 
this efficient due to absorption. 

The diagram shown in Figure 3 is simplified 
because it does not show all of the excited states 
that exist for the excited molecule, There can be 
closely lying excited states that share the population 
and radiate at a lower rate, or perhaps absorb to 
higher levels, also not shown in Figure 3. Such excited 
state absorption may terminate on states derived from 
higher atomic excited states, noted as Xe"” in the 
figure, or yield photo-ionization, producing the 
diatomic ion-molecule plus an electron, such as: 


Xe} + hv Xet +e iit) 


Such excited state absorption limited the efficiency for 
the VUV rare gas excimers, even though they have 
very high formation and fluorescence efficiency. 

Rare gas halide excimer lasers evolved from 
‘chemi-luminescence’ chemical kinetics studies 
which were looking at the reactive quenching of 
rare gas metastable excited states in flowing after 
glow experiments. Broadband emission in reactions 
with halogen molecules was observed in these 
experiments, via reactions such as: 


Xe" + Cl, + XeCl’ +l 21 


At low pressure the emissions from molecules, such 
as XeCI’, are broad in the emissions bandwidth, 
Shortly after these initial observations, the laser 
community began examination of these species in 
high-pressure, electron-beam excited mixtures. The 
results differed remarkably from the low-pressure 
experiments and those for the earlier excimers such as 
Xe. The spectrum was shifted well away from the 
VUV emission. Moreover, the emission was much 
sharper at high pressure, though still a continuum 
with a bandwidth of the order of 4 nm, A basis for 
understanding is sketched in the potential energy 
curves of Figure 4. In this schematic we identify 
the rare gas atoms by Rg, excited rare gas atoms by 


0 Use it 


Maximum 
Safe Current 


et 
& 
i 
Ba 
Pa 
| 
& 


oa a 
Safe x 
Operating S 
Area 
0.01 
ge 
Hl 
es 
o.001 
1 10 100 1,00 
Collector-Emitter Volage 


Figure 287, Adapted from a Philips datasheet for a pow: 
er transistor, this graph defines a safe operating area 
(SOA) for the component. See text for details, 


a few external capacitors. More powerful audio 
equipment typically uses integrated circuits to 
process inputs, but will use individual power 
transistors to handle high-wattage output. 


Darlington Pairs 
Discrete transistors are useful in situations where 
current amplification or switching is required at 
just one location in a circuit. An example would 
be where one output pin from a microcontrol- 
Jer must switch a small motor on and off. The 
motor may run on the same voltage as the mi- 
crocontroller, but requires considerably more 
current than the typical 20mA maximum avail- 
able froma microcontroller output. A Darlington 
pairof transistors may be used inthis application, 
The overall gain of the pair can be 100,000 or 
more, See Figure 28-8. Ifa power source feeding 


fe semiconductor > multi-junction > bipolar tra 
through a potentiometer is substituted for the 
microcontroller chip, the circuit can function as 
‘a motor speed control (assuming that a generic 
DC motor is being used). 


Inthe application shown here, the microcontrol- 
ler chip must share a common ground (not 
shown) with the transistors. The optional resistor 
may be necessary to prevent leakage from the 
first transistor (when in its “off” state) from trig- 
geting the second. The diode protects the tran- 
sistors from voltage transients that are likely 
when the motor stops and starts. 


me 


&) 


«) 


Figure 28-8. Where the emitter of one NPN transistor is 
coupled to the base of another they form a Darlington 
pair (identified by the dashed rectangle in this schemat. 
‘c) Multiplying the gain ofthe first transistor by the gain of 
the second gives the total gain ofthe pair. 


A Darlington pair can be obtained in a single 
transistor-like package, and may be represented 
by the schematic symbol shown in Figure 28-9. 
Various through-hole Darlington packages are 
shown in Figure 28-10. 
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Figure 4 The potential energy curves for rare gas halides are 
sketched here. Both relatively sharp continuum emission is, 
‘observed along with broad bands corresponding to different lower 
levels. The excited ion pair states consist of 3 distinct levels, two 
that are very close in energy and one that is shifted up from the 
Upper laser level (the B state) by the spin orbit spiting ofthe rare 
gas on, 


Rg’, and halogen atoms by X. Ions play a very 
important role in the binding and reaction chemistry, 
leading to excited laser molecules. 

The large shift in wavelength from the VUV of 
rare gas dimer excimers, ~308 nm in XeCI" versus 
172 nm in Xe3, is due to the fact that the binding in 
the excited state of the rare gas halide is considerably 
stronger. The sharp and intense continuum at high 
pressure (> ~100 torr total pressure) is due to the fact 
that the ‘sharp’ transition terminates on a “flat? 
portion of the lower-level potential energy curve. 
Indeed, in XeCI and XeF, the sharp band laser 
transition terminates on a slightly bound portion of 
the lower-level potential energy curve. Both the sharp 
emissions and broad bands are observed, due to the 
fact that some transitions from the excited levels 
terminate on a second, more repulsive potential 
energy curve. 

An understanding of the spectroscopy and kinetic 
processes in rare gas plus halogen mixtures is based 
on the recognition that the excited state of a rare gas 
halide molecule is very similar to the ground state of 
the virtually isoelectronic alkali halide. The binding 
energy and mechanism of the excited state is very 
close to that of the ground state of the most similar 
alkali halide. Reactions of excited state rare gases are 
very similar to those of alkali atoms. For example, 
Xe" and Cs are remarkably similar, from a chemistry 
and molecular physics point of view, as they have the 
same outer shell electron configuration and similar 
ionization potentials. The ionization potential of Xe” 
is similar to that of cesium (Cs). Cs, and all the other 


alkali atoms, react rapidly with halogen molecules. 
Xenon metastable excited atoms react rapidly with 
halogen molecules. The alkali atoms all form 
ionically bonded ground states with halogens. The 
rare gas halides are effectively strongly bonded ion 
pairs, XeX', that are very strongly bonded 
relative to the excited states that 
difference between, for example, XeCI" and CsCl, is 
that XeCI" radiates in a few nanoseconds while CsC! 
is a stable ground-state molecule. The binding enet 
for these ionic bonded molecules is much greater than 
the more covalent type of bonding that is found in the 
rare gas excimer excited states. Thus Xel", which is 
only one electron different (in the I) than Xe3, emits at 
254 nm instead of 172 nm. 

The first observed and most obvious connection to 
alkali atoms is in formation chemistry. Mostly, rare 
gas excited states react with halogen molecules 
rapidly. The rare gas halide laser analog reaction 
sequence is shown below, where some form of electric 
discharge excitation kicks the rare gas atom up to an 
excited state, so that it can react like an alkali atom, 
eqn [3]: 


Clase + Kt Kr" + eatow (31 


Kr +P) > KrF(v, nigh +F [4] 


There are subtle and important cases where the 
neutral reaction, such as that shown in eqn [2] or [4], 
is not relevant as it is too slow compared to other 
processes. Note that the initial reaction does not yield 
the specific upper levels for the laser but states that 
are much higher up in the potential well of the excited 
rare gas halide excimer molecule. Further collisions 
with a buffer gas are needed to relax the states to the 
vibrational levels that are the upper levels for the laser 
transition. Such relaxation at high pressure can be 
fast, which leads the high-pressure spectrum to be 
much sharper than those first observed in flowing 
afterglow experiments. 

The excited states of the rare gas halides are ion 
pairs bound together for their brief radiative lifetime. 
This opens up a totally different formation channel, 
indeed the one that often dominates the mechanism, 
ion-ion recombination. Long before excimer lasers 
were studied, it was well known that halogen 
molecules would react with ‘cold’ electrons (those 
with an effective temperature less than a few eV) ina 
process called attachment. The sequence leading to 
the upper laser level is shown below for the Kr/F, 
system, but the process is generically identical in 
other rare gas halide mixtures. 
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KrF" formation kinetics via ion channel: 


Ionization: e +Kr—+Kr* +2 oT 
Attachment, — ¢+F,) 4 F+F [6] 
Ion-ion recombination: 

Ket $PFO4MSKFW.Digs +M — (7] 
Relaxation: 

KrF. Dug +M— KrF", Diow +M [8] 


Finally, there is one other formation mechanism, 
displacement, that is unique to the rare gas halides, In 
this process, a heavier rare gas will displace a lighter 
rare gas ion in an excited state to form a lower-energy 
excited state: 


ArP* + Ke KrF*(v, Digs + AP 191 

In general, the most important excimer lasers tend 
to have all of these channels contributing to excited 
state formation for optimized mixtures. 

These kinetic formation sequences express some 
important points regarding rare gas halide lasers. The 
source of the halogen atoms for the upper laser level 
disappears via both attachment reactions with 
electrons and by the reaction with excited states. 
The halogen atoms eventually recombine to make 
molecules, but at a rate too slow for sufficient 
continuous wave (ew) laser gain. For excimer-based 
lamps, however, laser gain isnot a criterion and very 


Table 2 Absorbers in are gas halide lasers 


efficient excimer lamps can be made, Another point to 
note is that forming the inversion requires transient 
species (and in some cases halogen fuels) that absorb 
the laser light. Net gain and extraction efficiency are a 
trade-off between pumping rate, an increase in which 
often forms more absorbers and absorption itself, 
Table 2 provides a listing of some of the key 
absorbers. Finally, the rare gas halide excited states 
can be rapidly quenched in a variety of processes. 
More often than not, the halogen molecule and the 
electrons in the discharge react with the excited states 
of the rare gas halide, removing the contributors to 
gain, We show, in Table 3, a sampling of some of the 
types of formation and quenching reactions with their 
Kinetic rate constant parameters. Note that one 
category of reaction, three-body quenching, is unique 
to excimer lasers. Note also that the three-body 
recombination of ions has a rate coefficient that is 
effectively pressure dependent. At pressures above 
~3atm, the diffusion of ions toward each other is 
slowed and the effective recombination rate constant 
decreases. 

Though the rare gas halide excited states can be 
made with near-unity quantum yield from the 
primary excitation, the intrinsic laser efficiency is 
not this high. The quantum efficiency is only ~25% 
(recall rare gas halides all emit at much longer 
wavelengths than rare gas excimers); there is ineffi- 
cient extraction due to losses in the gas and windows. 
In practice there are also losses in coupling the power 
into the laser, and wasted excitation during the finite 
start-up time. The effect of losses is shown in Table 4 
and Figure 5 where the pathways are charted and 
losses identified. In KrF, it takes ~20 eV to make a 
rare gas ion in an electron beam excited mixture, 


Species oF ect KF AF 
Laser (rm) 351, 953 308 248 193 
Fz absorption « (em?) 8x 10-** NA 45x10 
CC absorption « (em) NA 17x10" NA NA 
HCl absorption a (em®) NA. Nil NA NA 
FO absorption « (em) 2x 10-"* NA 5x 10-7 5x10" 
CI absorption « (em?) NA. 2x 10-7 NA NA 
igh? diatomic ion Ne: ~10-"* Ne: 10-7” Ne: ~25% 10-7 Ne: ~10"* 
‘absorption « (cm*)* Ar -3x 10-7 Ar 4x 10-77 Ar NIL 
Xe: ~3x 10-7 Xe: ~3x 10" 
Other transient Excited states of rare Excited states of rare ‘Excited states of rare—_—Excitad states of rare 
absorbers, gas atoms and rare —-«gasatoms and rare —=««gas atoms and.are «gas atoms and rare 
gas dimer molecules gas dimer molecules gas dimer molecules. gas dimer molecules 
10-10-17 1010-7 «1010-7 1010-7 
other Lower laser evel Weak lower level Windows and dust ean Windows and dust, 
absorbs unless absorption bo an issue ‘can be an issue 
heated 4x10" 


Note that the triatomic rare gas halides of tho form gx will exhib si 
gas halides of this form are essential ion pars of an il ion and 


imilar absorption asthe diatomic rare gas ions as the tiatomic rare 
the halide in. 
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‘Table 3 Typical formation and quenching reactions and rate cooficients 


Formation 
Flare gas plus halogen molecule 


Kr 4 Fe KIVA) HE 


ke ~ 710"? em/S06; Branching ratio to KrF* — 1 
Ar + FAP (v.dAF 

 ~ 6x 10"? cm*/s06; Branching ratio to AF” ~ 60% 
Xo" Fe XeF (vid HF 

ke ~ 7 10" em*/Sec; Branching ratio to XeF* ~ 1 
Xe" + HOM = 0) = Xe+H4+-Cl 

ke — 6x 10° cm/sec; Branching ratio to Xe" ~ 0 
Xe" + HCKv = 1) + XeCr" +H 


k~ 2x 10"1° om*/sec; Branching ratio to XeCl* — 
A BOD Arm AME (Ya) 


onion recombination 


k~ 1x10" emisec at Tatm and below 
k ~ 75 10% em®/s0o at 2 aim; Noto effective S-body rate 
constant decreases further as pressure goes over ~2 atm 

KA FO Kr KF (vd) 

710-2 cmt/s0e att atm and below: rolls over at higher pressure 


Displacement 


Quenching 
Halogen molecule 


AGF (ve )+Kt— KF (v. J) Ar 
ke 2310"? eme/sec; Branching ratio to KrF* 


XeCI’ +HCI— Xe + Cl+ HCL 


k— 56x10" om*/sae, 

KOPF, Kr +E EE 

k~ 6x10" em*isee; 

{All halogen molecule quenching have very high reaction rata constants 


S:body inert gas 


AI} Ar} At Arg + Ar 


k~ 4X10" em*isec 

KOPF Kr} Ar Kip” 4 Ar 

k 6x10" em*isec 

XeCl’ + Xe 4. No— Xe,Cl' + Ne 

kk — 1X 10" om*isec; 4 x 10" em'/sec with Xe as ard body 

These reactions yield a triatomic excimer at lower energy that can nat 
be recycled back to the desired laser states 


Electrons Xecr + 


o-Xe+Cl+e 


2x10"? emtisec 
In 2-body quenching by electrons, the charge of the electron interacts with the 
dipole of the rare gas halide ion pair at long ranga; above value is typical of athars 


2ebody inert gas 


Ki 4 Ar Are KrF 


k 2x10" om*/see 

XeCl' +Ne~Ne+ Xe + Cl 

k—3x 10" em*isec 

body quenching by rare gases is typically slow and less important than the 
reactions noted above 


somewhat less in an electric discharge. The photon 
release is ~5 eV; the quantum efficiency is only 25%. 
Early laser efficiency measurements (using electron 
beam excitation) showed laser efficiency in the best 
cases slightly in excess of 10%, relative to the 
deposited energy. The discrepancy relative to the 
quantum efficiency is due to losses in the medium. For 
the sample estimate in Table 4 and Figure 5 we show 
approximate density of key species in the absorption 
chain, estimated on a steady-state approximation of 
the losses ina KrF laser for an excitation rate of order 
1 MWe, typical of fast discharge lasers. The net 


small signal gain is of the order of $%/cm. The key 
absorbers are the parent halogen molecule, F, the 
fluoride ion F'~!, and the rare gas excited state atoms. 
A detailed pulsed kinetics code will provide slightly 
different results due to transient kinetic effects and 
the intimate coupling of laser extraction to quenching 
and absorber dynamics. The ratio of gain to loss 
is usually in the range of 7 to 20, depending on 
the actual mixture used and the rare gas halide 
wavelength. The corresponding extraction efficiency 
is then limited to the range of ~50%. The small 
signal gain, g,, is related to the power deposition 
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Table 4 Typical ground and excited state densities shown for KrF at Py ~ 1 MWfcm® 
‘Species “Amount particles/om? Absorption « (omy? Loss 2W/em 
F 12x10" 18x10" 018 
Kr -3x tol 7 
Buter 4x10" - z 
FO ~10"" 5x10" 0.05 
Fg’, Ro" 1x10" (10""8) depends on ratio on 
of Rg" Rg? 
KiF (before dissociating) ~ 10" 2x10 0.02 
Roof 8x 10", Note this species density 1x10" 0.08, 
decreases as flux grows 
KF") 25x10" 2x10" 5 (gain) 


ul 


Pumping @ 1MWice 
3x 10% Excitationsiec sec 


Kirt 


0) 


Fluorescence 


Quenching 


1 8) 5 > 
(1 -1.4x10%s06 F) S-body: (#71 -1.4% 10%sec 
Simulated > 
Emissionand | eoctons: (11% 10%ec 
Net small signal Losses oo 
Gain: g,~594/em jj Fp: (ty 10.6 10%/sec 
Taser ouipat= 
See of power Gain to nonsaturable ‘Saturable loss 
@ Roprmunt oss ratio ~13/1 
wana: Fp Fe Fg. Ro™ | Ro," Rg,F 
Rosrler |-o.1e%em | -c.osvsem | -0.1%¢em |} -0.08%em 


Figure § The major decay paths and absorbers that impact the extraction of excited states of rare gas halide excimers. Formation is 
Via the ion-ion recombination, excited atom reaction with halogens and displacement reactions, not shown. We note for a specific 
mixture of KrF the approximate values of the absorption by the transient and other species along with the decay rates for the major 
quenching processes. Extraction efficiency greater than 50% is quite rare. 


rate per unit volume, Pycposiads by eqn [10]. 


Pacposited = BOE" (Tapper Mpumping Moeanchingf 7) [10] 
E* is the energy per excitation, ~20eV or 
3.2 x 107! Jlexcitation, f is the fraction of excited 
molecules in the upper laser level, ~40% due to KrF” 
in higher vibrational states and the slowly radiating 
“C’ state. The laser cross-section is @, and the 7 terms 
are efficiencies for getting from the primary excitation 
down to the upper laser level. The upper state 
lifetime, Typpers i8 the sum of the inverses of radiative 
and quenching lifetimes. When the laser cavity flux is 
sufficiently high, stimulated emission decreases the 
flow of power into the quenching processes. 

‘The example shown here gives a ratio of net gain to 
the nonsaturating component of loss of 13/1. Of the 


excitations that become KrF’, only ~55% or so will 
be extracted in the best of cases. For other less ideal 
rare gas halide lasers, the gain to loss ratio, the 
extraction efficiency, and the intrinsic efficiency are all 
lower. Practical discharge lasers have lower practical 
wall plug efficiency due to a variety of factors, 
discussed below. 


Discharge Technology 


Practical discharge lasers use fast-pulse discharge 
excitation. In this scheme, an outgrowth of the CO 
TEA laser, the gas is subjected to a rapid high-voltage 
pulse from a low-inductance pulse forming line or 
network, PFL or PEN. The rapid pulse serves to break 
down the gas, rendering it conductive with an 
electron density of >~10" electrons/em?. As the 
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gas becomes conductive, the voltage drops and power 
is coupled into the medium for a short duration, 
typically less than 50 nsec. The discharge laser also 
requires some form of ‘pre-ionization’, usually 
provided by sparks or a corona-style discharge on 
the side of the discharge electrodes. The overall 
discharge process is intrinsically unstable, and pump 
pulse duration needs to be limited to avoid the 
discharge becoming an arc 

Moreover, problems with impedance matching of 
the PEN or PFL with the conductive gas lead to both 
inefficiency and extra energy that can go into post- 
discharge arcs, which both cause component failure 
and produce metal dust which can give rise to 
window losses. A typical discharge laser has an 
aperture of a few cm* and a gain length of order 
80 cm and produces outputs in the range of 100 mJ to 
1]. The optical pulse duration tends to be ~20 nsec, 
though the electrical pulse is longer due to the finite 
time needed for the gain to build up and the 
stimulated emission process to turn spontaneously 
emitted photons into photons in the laser cavity. 

The pre-ionizer provides an initial electron density 
‘on the order of 10° electrons/em*, With spark pre- 
ionization or corona pre-ionization, it is difficult to 
make a uniform discharge over an aperture greater 
than a few cm’. For larger apertures, one uses X-rays 
for pre-ionization. X-ray pre-ionized discharge exci- 
mer lasers have been scaled to energy well over 10 J 
per pulse and can yield pulse durations over 100 nsec. 
‘The complexity and expense of the X-ray approach, 
along with the lack of market for lasers in this size 
range, resulted in the X-ray approach remaining in 
the laboratory. 

Aside from the kinetic issues of the finite time 


needed for excitation to channel into the excimer 
upper levels and the time needed for the laser to ‘start 
up’ from fluorescent photons, these lasers have 
reduced efficiency due to poor matching of the 
pump source to the discharge. Ideally, one would 
like to have a discharge such that when it is 
conductive the voltage needed to sustain the dis- 
charge is less than half of that needed to break the gas 
down. Regrettably for the rare gas halides (and in 
marked distinction to the CO, TEA laser) the voltage 
that the discharge sustains in a quasi-stable mode is 
20% of the breakdown voltage, perhaps even less, 
depending on the specific gases and electrode shapes. 

Novel circnits, which separate the breakdown 
phase from the fully conductive phase, can readily 
double the efficiency of an excimer discharge laser, 
though this approach is not necessary in many 
applications. The extra energy that is not dissipated 
in the useful laser discharge often results in arcing or 
‘hot? discharge areas after the main laser pulse, 


leading to electrode sputtering, dust that finds its 
way to windows, and the need to service the laser 
after ~10* pulses. When one considers the efficiency 
of the power conditioning system, along with the 
finite kinetics of the laser start-up process in short 
pulses, and the mismatch of the laser impedance to 
the PFN/PFL impedance, lasers that may have 10% 
intrinsic efficiency in the medium in e-beam excitation 
may only have 2% to 3% wall plug efficiency in a 
practical discharge laser. 

A key aspect of excimer technology is the need for 
fast electrical circuits to drive the power into the 
discharge. This puts a significant strain on the switch 
that is used to start the process. While spark gaps, or 
multichannel spark gaps, can handle the required 
current and current rate of rise, they do not present a 
practical alternative for high-pulse rate operation. 
‘Thyratrons and other switching systems, such as solid 
state switches, are more desirable than a spark gap, 
hut do not offer the desired needed current rate of 
rise. To provide the pumping rate of order 1 MW/em? 
needed for enough gain to turn the laser on before the 
discharge hecomes unstable, the current needs to rise 
to a value of the order of 20 kA in a time of ~20 nsec; 
the current rate of rise is ~10"* A/sec. This rate of rise 
will limit the lifetime of the switch that drives the 
power into the laser gas. As a response to this need, 
magnetic switching and magnetic compression cir 
cuits were developed so that the lifetime of the switch 
can be radically increased. In the simplest cases, one 
stage of magnetic compression is used to make the 
current rate of rise to be within the range of a 
conventional thyratron switch as used in radar 
systems, Improved thyratrons and a simple magnetic 
assist also work. For truly long operating lifetimes, 
multiple stages of magnetic switching and com- 
pression are used, and with a transformer one can 
use a solid state diode as the start switch for the 
discharge circuit. A schematic of an excimer pulsed 
power circuit, that uses a magnetic assist with a 
thyratron and one stage of magnetic compression, is 
shown in Figure 6. The magnetic switching approach 
can also be used to provide two separate circuits 
to gain high efficiency by having one circuit to 
break down the gas (the spiker) and a second, 
low-impedance ‘sustainer’ circuit, to provide the 
main power flow. In this approach, the laser itself 
can act as part of the circuit by holding off 
the sustaining voltage for a w-sec or so during 
the charge cycle and before the spiker breaks 
down the gas. A schematic of such a circuit is 
shown in Figure 7. Using this type of circuit, the 
efficiency of a XeCl laser can he over 4% relative to 
the wall plug. A wide variety of technological twists 
on this approach have been researched. 


430 LASERS / Excimer Lasers 


Magnetic switch 


a of 
Seana} Fama lh apis 
ee 
Supoly / 

ie 


Tigger 


2 


Thyratron 


C peak 


Charging 
inductor 


Figure 6 One ofthe variants on magnetic switching circuits that 
have been used to enhance the iftime of the primary start switch, 
‘A magnetic switch in the form of a simple 1 tum inductor with a 
saturable core magnetic material such as a ferite allows the 
thyratron to tum on before major current flows. Other magnetic 
switches may be used in addition to peak up the voltage rate of 
rise on the laser head or to provide significant compression. For 
‘example one may have the major current flow in the thyratron 
taking place on the 500 nsec time soale while the voltage pulse on 
the discharge is in the 50 nsec duration. A small current leaks 
through and is accommodated by the charging inductor. 
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“Sustainer circuit 
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Figure 7 For the ultimate in efficiency the circuit can be 
arranged to provide a leading edge spike that breaks the gas down 
Using a high impedance ‘spiker' and a soparate circuit that is 
‘matched to the discharge impedance when itis fully conductive, 
High coupling efficiency reduces waste energy that can erode 
circuit and laser head components via late pulse arcs. The figure 
shows a magnetic switch as the isolation but the scheme can be 
implemented with a second laser head as the isolation switch, a 
rall gap (not appropriate for long life) or a diode at low voltage. 


Excimer lasers present some clear differences in 
resonator design compared to other lasers. The 
apertures are relatively large, so one does not build 
a TEM,, style cavity for good beam quality and 
expect to extract any major portion of the energy 
available. The typical output is divergent and multi- 
mode. When excimer lasers are excited by a short 
pulse discharge, ~30 nsec, the resulting gain duration 
is also short, ~20 nsec, limiting the number of passes 
a photon in a resonator can have in the gain. The gain 
duration of ~20 nsec only provides ~3.5 round trips 
of a photon in the cavity during the laser lifetime, 
resulting in the typical high-order multimode beam. 
Even with an unstable resonator, the gain duration is 


not long enough to collapse the beam into the lowest- 
order diffraction-limited output. If line narrowing is 
needed, and reasonable efficiency is required, an 
oscillator amplifier configuration is often used with 
the oscillator having an appropriate tuning resonator 
in the cavity. If both narrow spectral linewidth and 
excellent beam quality are needed one uses a seeded 
oscillator approach where the narrowband oscillator 
is used to seed an unstable resonator on the main 
amplifier. By injecting the seed into the unstable 
resonator cavity, a few nsec before the gain is turned 
on, the output of the seeded resonator can be locked 
in wavelength, bandwidth, and provide good beam 
quality. Long pulse excimer lasers, such as e-beam 
excited lasers or long pulse X-ray pre-ionized 
discharge devices can use conventional unstable 
resonator technology with good results. 

Excimer lasers are gas lasers that run at both high 
pressure and high instantaneous power deposition 
rates. During a discharge pulse, much of the halogen 
bearing ‘fuel’ is burned out by the attachment and 
reactive processes. The large energy deposition per 
pulse means that pressure waves are generated. All of 
these combine with the characteristic device dimen- 
sions to require gas flow to recharge the laser mixture 
between pulses. For low pulse rates, less than 
~200 Hz, the flow system need not be very sophis- 
ticated. One simply needs to flush the gas from 
the discharge region with a flow having a velocity 
of the order of 5 m/sec for a typical discharge device. 
The flow is transverse to the optical and discharge 
directions. At high pulse rates, the laser designer 
needs to consider flow in much more detail to 
minimize the power required to push the gas through 
the laser head. Circulating pressure waves need to be 
damped out so that the density in the discharge region 
is controlled at the time of the next pulse. Devices 
called acoustic dampers are placed in the sides of the 
flow loop to remove pressure pulses. A final subtlety 
occurs in providing gas flow over the windows. The 
discharge, post pulse arcs, and reactions of the 
halogen source with the metal walls and impurities 
creates dust. When the dust coats the windows, the 
losses in the cavity increase, lowering efficiency. By 
providing a simple gas flow over the window, the dust 
problem can be ameliorated. For truly long life, high- 
reliability lasers, one needs to take special care in the 
selection of materials for electrodes and insulators 
and avoid contamination, by assembling in clean 
environments. 


Carbon Dioxide Lasers. Laser-Induced 
Damage of Optical Materials. Nonlinear Optics, 
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Applications: Pulse Compression via Nonlinear Optics; 
Raman Lasers. Scattering: Raman Scattering 
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Introduction 


‘The Free Electron Laser (FEL) is an exceptional kind 
of laser. Its active medium is not matter, but charged 
particles (electrons) accelerated to high energies, 
passing in vacuum through a periodic undulating 
magnetic field. This distinction is the main reason for 
the exceptional properties of FEL: operating at a wide 
range of wavelengths — from mm-wave to X-rays 
with tunability, high power, and high efficiency. 

In this article we explain the physical principles of 
FEL operation, the underlying theory and technology 
of the device and various operating schemes, which 
have been developed to enhance performance of this 
device. 

‘The term ‘Free Electron Laser’ was coined by John 
Madey in 1971, pointing out that the radiative 
transitions of the electrons in this device are between 
free space (more correctly — unbound) electron 
quantum states, which are therefore states of con- 
tinuous energy. This is in contrast to conventional 
atomic and molecular lasers, in which the electron 
performs radiative transition between bound (and 
therefore of distinct energy) quantum states. Based 
on these theoretical observations, Madey and his 
colleagues in Stanford University demonstrated FEL 
operation first as an amplifier (at A= 10.6 um) in 
1976, and subsequently as an oscillator (at 
A= 3.4 um) in 1980. 
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From the historical point of view, it turned out that 
Madey’s invention was essentially an extension of a 
former invention in the field of microwave-tubes 
technology ~ the Ubitron. The Ubitron, a mm-wave 
electron tube amplifier based on a magnetic undu- 
lator, was invented and developed by Philips and 
Enderbry who operated it at high power levels in 
1960. The early Ubitron development activity was 
not noticed by the FEL developers because of the 
disciplinary gap, and largely because its research was 
classified at the time, Renewed interest in high-power 
mm-wave radiation emission started in the 1970s, 
triggered by the development of pulsed-line genera- 
tors of ‘Intense Relativistic Beams’ (IRB). This 
activity, led primarily by plasma physicists in the 
defense establishment laboratories of Russia (mostly 
IAP in Gorky ~ Nizhny Novgorod) and the US 
(mostly N.R.L. ~ DC) led to development of high- 
gain high-power mm-wave sources independently of 
the development of the optical FEL. The connection 
between these devices and between them to conv: 
tional microwave tubes (as Traveling Wave Tubes - 
TWT) and other electron beam radiation schemes, 
like Cenenkov and Smith-Purcell radiation that 
may also be considered FELs, was revealed in the 
mid-1970s, starting with the theoretical works of 
P. Spangle, A. Gover and A. Yariv who identified 
that all these devices satisfy the same dispersion 
equation as the TWT derived by John Pierce in the 
1940s. Thus, the optical FEL could be conceived as a 
kind of immense electron tube, operating with a high- 
energy electron beam in the low gain regime of the 
Pierce TWT dispersion equation. 
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The extension of the low-gain FEL theory to the 
general ‘electron-tube’ theory is important because it 
led to development of new radiation schemes and new 
operating regimes of the optical FEL. This was 
exploited by physicists in the discipline of accelerator 
physics and synchrotron radiation, who identified, 
starting with the theoretical works of C. Pellegrini and 
R, Bonifacio in the early 1980s, that high-current, 
high-quality electron beams, attainable with further 
development of accelerators technology, could make it 
possible to operate FELs in the high-gain regime, even 
at short wavelengths (vacuum ultra-violet — VUV and 
soft X-ray) and that the high-gain FEL theory can be 
extended to include amplification of the incoherent 
synchrotron spontaneous emission (shot noise) 
emitted by the electrons in the undulator. These led 
to the important development of the ‘self (synchro- 
tron) amplified spontaneous emission (SASE) FEL, 
which promised to be an extremely high brightness 
radiation source, overcoming the fundamental 
obstacles of X-ray lasers development: lack of mirrors 
(for oscillators) and lack of high brightness radiation 
sources (for amplifiers), 

A big boost to the development of FEL technology 
was given during the period of the American ‘strategic 
defense initiative — SDI’ (Star-Wars) program in the 
mid-1980s. The FEL was considered one of the main 
candidates for use in a ground-based or space-based 
“directed energy weapon ~ DEW’, that can deliver 
megawatts of optical power to hit attacking missiles. 
The program led to heavy involvement of 
major American defense establishment laboratories 
(Lawrence-Livermore National Lab, Los-Alamos 


(TRW, Boeing). Some of the outstanding results of 
this effort were demonstration of the high-gain 
operation of an FEL amplifier in the mm-wavelength 
regime, utilizing an Induction Linac (Livermore, 
1985), and demonstration of enhanced radiative 
energy extraction efficiency in FEL oscillator, using 
a ‘tapered wiggler’ in an RF-Linac driven FEL 
oscillator (Los-Alamos, 1983). The program has not 
been successful in demonstrating the potential of 
s to operate at the high average power levels 
ed for DEW applications. But after the cold-war 
period, a small part of the program continues to 
support research and development of medical FEL 
application. 


Principles of FEL Operation 


Figure 1 displays schematically an FEL oscillator. It is 
composed of three main parts: an electron accel- 
erator, a magnetic wiggler (or undulator), and an 
optical resonator. 

Without the mirrors, the system is simply a 
synchrotron undulator radiation source. The elec- 
trons in the injected beam oscillate transversely to 
their propagation direction z, because of the trans- 
verse magnetic Lorenz force: 


XB. a 


Ina planar (linear) wiggler, the magnetic field on axis 
is approximately sinusoidal: 


B, = Byé, cos kyz 2 


Ina helical wiggler: 


National Lab) and contracting companies B, = By(@, cos kyz + @, sin kyz) 131 
Output 
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Figure 1 Components of a FEL-oscillator. (Reproduced from Benson SV (2003) Free electron lasers push into new frontiers. Optios 


‘and Photonics News 14: 20-25. Illustration by Jaynie Martz.) 
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In either case, if we assume constant (for the planar 
wiggler — only on the average) axial velocity, then 
== tit, The frequency of the transverse force and the 
mechanical oscillation of the electrons, as viewed 
transversely in the laboratory frame of reference, is: 


= ye = 14] 
where Ay = 2aiky, is the wiggler period. 

The oscillating charge emits an electromagentic 
radiation wavepacket. In a reference frame moving 
with the electrons, the angular radiation pattern 
looks exactly like dipole radiation, monochromatic in 
all directions (except for the frequency-line-broad- 
ening due to the finite oscillation time, i.e., the 
wiggler transit time). In the laboratory reference- 
frame the radiation pattern concentrates in the 
propagation (+z) direction, and the Doppler up- 
shifted radiation frequency depends on the obser- 
vation angle © relative to the z-axis: 


= ow 
= TE (51 


On axis (@ = 0), the radiation frequency is: 


ch, 2 2 

oy = BoP 1 4 pypytew = 2yekw — (6) 
where B,=v,/c, y,=(1— 62)" are the axial 
(average) velocity and the axial Lorenz factor, 


respectively, and the last part of the equation is 
valid only in the (common) highly relativistic limit 
ye 

Using the relations 62 + 6 = 6, By 
can express ,: 


iy! Ye One 


x 


THayl 


%. 71 


(this is for a linear wiggler, in the case of a helical 
wiggler the denoninator is 1 + a3): 


12 = 


1+ 


y=-py = 
= 1 +e [MeVi/0.511 18] 


and ay ~ (also termed K) ‘the wiggler parameter’ is 
the normalized transverse momentum: 


093B,, [KGauss}A, [em] [9] 


‘Typical values of B,, in FEL wigglers (undulators) are 
of the order of Kgauss’, and A,, of the order of CMs, 
and consequently ay < 1. Considering that electron 
beam accelerator energies are in the range of MeV to 
GeV, one can appreciate from eqns [6]-[8], that a 
significant relativistic Doppler shift factor 2y2, in the 
range of tens to millions, is possible, It, therefore, 


provides incoherent synchrotron undulator radiation 
in the frequency range of microwave to hard X-rays. 
Synchrotron undulator radiation was studied in 


1951 and since then has been a common source of 
VUV radiation in synchrotron facilities. From the 
point of view of laser physics theory, this radiation 
can be viewed as “spontaneous synchrotron radiation 
emission’ in analogy to spontaneous radiation emis- 
sion by electrons excited to higher bound-electron 
quantum levels in atoms or molecules. Alternatively, 
itcan be regarded as the classical shot noise radiation, 
associated with the current fluctuations of the 
randomly injected discrete charges comprising the 
electron beam, Evidently this radiation is incoherent, 
and the fields it produces average in time to zero, 
because the wavepackets emitted by the randomly 
injected electrons interfere at the observation point 
with random phase. However, their energies sum up 
and can produce substantial power. 

Based on fundamental quantum-clectrodynamical 
principles or Einstein's relations, one would expect 
that any spontaneous emission scheme can be 
stimulated. This principle lies behind the concept of 
the FEL, which is nothing but stimulated undulator 
synchrotron radiation. By stimulating the electron 
heam to emit radiation, it is possible, as with any 
laser, to generate a coherent radiation wave and 
extract more power from the gain medium, which in 
this case is an clectron beam, that carries an immense 
amount of power, There are two kinds of laser 
schemes which utilize stimulation of synchrotron 


undulator radiation: 


(i) A laser amplifier. In this case the mirrors in the 
schematic configuration of Figure 1 are not 
present, and an external radiation wave at 
frequencies within the emission range of the 
undulator is injected at the wiggler entrance. This 
requires, of course, an appropriate radiation 
source to be amplified and availability of 
sufficiently high gain in the FEL amplifier. 

(ii) A laser oscillator. In this case an open cavity (as 
shown in Figure 1) or another (waveguide) cavity 
is included in the FEL configuration. As in any 
laser, the FEL oscillator starts building up its 
radiation from the spontaneous (synchrotron 
undulator) radiation which gets trapped in the 
resonator and amplified by stimulated emission 
along the wiggler. If the threshold condition is 
satisfied (having single path gain higher than the 
round trip losses), the oscillator arrives to 
saturation and steady state coherent operation 
after a short transient period of oscillation 
build-up. 
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Because the FEL can operate as a high-gain 
amplifier (with a long enough wiggler and an electron 
beam of high current and high quality), also a third 
mode of operation exists: self amplified spontancous 
emission (SASE). In this case, the resonator mirrors in 
Figure 1 are not present and the undulator radiation 


generated spontaneously in the first sections of the 
long undulator is amplified along the wiggler and 
emitted at the wiggler exit at high power and high 
spatial coherence. 


‘The Quantum-Theory Picture 


A free electron, propagating in unlimited free space, 
can never emit a single photon. This can be proven by 


examining the conservation of energy and momen- 
tum conditions: 


4, — 84, = ho 110) 


k-k=4 


that must be satisfied, when an electron in an initial 


fea) 


free-space energy and momentum state (ey,,fk;) 
makes a transition to a final state (e,,fikr), emitting 
a single photon of energy and momentum (fw, q) 
In free space: 


ey = eyUhiky? + (onc? 12) 
q 2a, 113] 


and eqns [10]-[13] have only one solution, » = 0, 
q=0. This observation is illustrated graphically in 
the energy-momentum diagram of Figure 2a in the 
framework of a one-dimensional model, It appears 
that if both eqns [10] and [11] can be satisfied, then 
the phase velocity of the emitted radiation wave v,4, = 
‘wig (the slope of the chord) will equal the electron 
wavepacket group velocity v=, at some inter- 
mediate point k* = p"/h: 


141 


For a radiation wave in free space (eqn [13]), this 
results in c= vg, which contradicts special relativity. 

‘The reason for the failure to conserve both energy 
and momentum in the transition is that the photon 
momentum fig it too small to absorb the large mome- 
ntum shift of the electron, as it recoils while releasing 
radiative energy ho. This observation leads to ideas on 
how to make a radiative transition possible: 


(i) Limit the interaction length. If the interaction 
length is L, the momentum conservation 


@) fe 


O) K K 
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Figure 2 Conservation of energy and momentum in forward 
photon emission of a free electron: (a) The slope af the 
tangent to the curve at intermediate point k°,de,(k°Yak may be 
‘equal to the slope of the chord /iulg which is impossible in free 
space. (b) electron radiative transition made possible with an 
electromagnetic pump (Compton Scattering). (c) The wiggler 
wavenumber — k, conserves the momentum in electron 
radiative transition of FEL. 


discrete semiconductor > multi-junction > bipolar transistor 


Figure 28-9. When a Darlington pair is embedded in a 
single transistor-ike package. it may be represented by 
this schematic symbol. The leads attached to the package 
can be used as if they are the emitter, base, and collector 
ofa single NPN transistor 


Figure 28-10. Various packaging options for Darlington 
‘pais. From left to right: The 2N6426 contains a Dariing- 
ton pair rated to pass up to 500mA continuous collector 
current. The 2N6043 is rated for 8A continuous. The 
ULN2003 and ULN2083 chips contain seven and eight 
Darlington pairs, respectively 


Seven or eight Darlington pairs can be obtained 
inasingle integrated chip. Each transistor pair in 
these chips is typically rated at 500mA, but they 
can be connected in parallel to allow higher cur- 
rents. The chip usually includes protection di- 
‘odes to allow it to drive inductive loads directly. 


Atypical schematic is shown in Figure 28-11. In 
this figure, the microcontroller connections are 
hypothetical and donot correspond with any ac- 
tual chip. The Darlington chip is a ULN2003 or 
similar, containing seven transistor pairs, each 
with an “input” pin on the left and an “output” 


How to Use it 


pin oppositeiton theright. Any of pins 1 through 
7 down the left side of the chip can be used to 
control a device connected to a pin on the op- 
posite side, 


Ahigh input can be thought of as creating a neg- 
ative output, although in reality the transistors 
ide the chip are sinking current viaan external 
device—a motor, in this example. The device can 
have its own positive supply voltage, shown here 
as 12VDC, but must share acommon ground with 
the microcontroller, or with any other compo- 
nent which is being used on the input side. The 
lower-right pin of the chip shares the 12VDC sup- 
ply because this pin is attached internally to 
clamp diodes (one for each Darlington pair), 
which protect against surges caused by induc- 
tive loads. For this reason, the motor does not 
have a clamp diode around it in the schem: 


The Darlington chip does nothavea separate pin 
for connection with positive supply voltage, be- 
cause the transistors inside it are sinking power 
from the devices attached to it. 


= 


Seven Darlington Pairs 


Figure 28.11. A chip such as the ULN2003 contains sev 
fen Darlington pairs. It wil sink current from the device its 
driving. See text for detail. 


A surface-mount Darlington pair is shown in 
Figure 28-12. This measures just slightly more 
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(ii) 


(iii) 


condition in eqn [11] must be satisfied only 
within an uncertainty range * 7/L. This makes it 
possible to obtain radiative emission in fr 
electron radiation effects like “Transition Ra 
ation’ and in microwave tubes like the Klystro 
Propagate the radiation wave in a ‘slow wav 
structure, where the phase velocity of the 
radiation wave is smaller than the speed of 
light, and satisfaction of eqn [14] is possibl 
For example, in the Cerenkov effect, 
charged particles pass through a medium (gas) 
with index of refraction n> 1. Instead of 
eqn [13], q=mwXureié,, and consequently 
4, = nlw\(wlc}cos ©,, where we assume radi 
tive emission at an angle ©, relative to the 
electron propagation axis z. Substitution in eqn 
[14] results in the Cerenkov radiation condition 
Ugna)cos Oy = 1 

Another example for radiation emission in a 
slow-wave structure is the Traveling Wave Tube 
(TWT). In this device, a periodic waveguide of 
periodicity Ay permits (via the Floquet theorem) 
propagation of slow partial waves (space harmo- 
nics) with increased wavenumber q,+7ky 
(m= 1,2,....),and again eqn [14] can be satisfied 
Rely on a ‘two-photon’ radiative transition. 
This can he ‘real photon’ Compton scattering 
of an intense radiation beam (electromagnetic 
pump) off an electron beam, or ‘virtual photon’ 
scattering of a static potential, as is the case in 
bremsstrahlung radiation and in synchrotron— 
undulator radiation. The latter radiation scheme 
may be considered as a ‘magnetic brehmsstrah- 
lung’ effect or as ‘zero frequency pump’ Comp- 
ton scattering, in which the wiggler contributes 
only ‘crystal momentum’ fiky, to help satisfy the 
momentum conservation condition in eqn [11]. 
The Compton scattering scheme is described 
schematically for the one-dimensional (back 
scattering) case in Figure 3, and its conservation 
of energy and momentum diagram is depicted in 
Figure 2b (a ‘real photon’ (ay, ky) free-space 
pump wave is assumed with ky = wy/c). The 
analogous diagram of a static wiggler (a = 0, 
ky =2m/Ay) is shown in Figure 2c. It is worth 
noting that the effect of the incident scattered 
wave or the wiggler is not necessarily a small 
perturbation. It may modify substantially the 
electron energy-dispersion diageam of the free 
electron and a more complete ‘Brillouin dia- 
gram’ should be used in Figure 2c. In this sense, 
the wiggler may be viewed as the analogue of a 
one-dimensional crystal, and its period Ay 
analogous to the crystal lattice constant. The 
momentum conservation during a radiation 


(i) 


(Cx) 


Figure 3 The schome of backward scattering of an electro 
magnetic wave off an electron beam (Dappler shifted Compton 
scattering) 


transition, with the aid of the wiggler ‘crystal 
momentum’ fkw is quite analogous to the 
occurrence of vertical radiative transitions in 
direct bandgap semiconductors, and thus the 
FEL has, curiously enough, some analogy to 
microscopic semiconductor lasers. 


All the e-beam radiation schemes already men- 
tioned can be turned into stimulated emission devices, 
and thus may be termed “free clectron lasers’ in the 
wide sense. The theory of all of these devices is closely 
related, but most of the technological development 
was carried out on undulator radiation (Magnetic 
brehmsstrahlung) FELs, and the term FEL is usually 
reserved for this kind (though some developments of 
Cerenkov and Smith—Purcell FELs are still carried 
out). 

‘When considering a stimulated emission device, 
namely enhanced generation of radiation in the 
presence of an external input radiation wave, one 
should be aware, that in addition to the emission 
process described by eqns [10] and [11] and made 
possible by one of the radiation schemes described 
above, there is also a stimulated absorption process. 
Also, this electronic transition process is governed by 
the conservation of energy and momentum con- 
ditions, and is described by eqns [10] and [11] with k, 
and ky exchanged. 

Focusing on undulator-radiation FEL and assuming 
momentum conservation in the axial (z) dimension by 
means of the wiggler wavenumber k,,, the emission 
and absorption quantum transition levels and radi- 
ation frequencies are found from the solution of 
equations: 


Fh, — Fby = han [Sa] 
ka ka = dee + hw [5b] 
4, — &4, = hw, [16a] 

hi = deat hy (16b] 


For fixed k,, fixed transverse momentum and given 
e-beam energy ¢,, and radiation emission angle ©, 
(q_ = (w/o}cos @,), eqns [15] and [16] have separately 


426 LASERS / Free Electron Lasers 


Eke A 


Figure 4 The figure ilustrates that the origin of diference between the emission and absorption froquencies is the curvature of the 
tenergy dispersion line, and the origin of the homogeneous line broadening is momentum conservation uncertainty n/n a finite 
Interaction length. (Fleproducad with permission from Friedman A, Gaver A, Ruschin S, Kurizki and Yariv A (1988) Spontaneous and 
stimulated emission from quasiree electrons. Reviews of Modern Physics 60: 471~595. Copyright (1988) by the American Physical 


Society.) 


distinct solutions, defining the electron upper and 
lower quantum levels for radiative emission and 
absorption respectively. The graphical solutions of 
these two set of equations are shown in Figure 4, 
which depicts also the ‘homogeneous’ frequency-line 
broadening fido,, fidw, of the emission and absorp- 
tion lines due to the uncertainty in the momentum 
conservation +7/L in a finite interaction length. In 
the quantum limit of a cold (monoenergetic) e-beam 
and a long interaction length L, the absorption line 
center w, is larger than the emission line center «,, 
and the linewidths Aw, = Aw, = Aw, are narrower 
than the emission and absorption lines. spacing 
©, ~@,, as shown in Figure Sa. The FEL then 
behaves as a 3-level quantum system, with electrons 
occupying only the central level, and the upper level is 
spaced apart from it more than the lower level 
(Figure 4). 

In the classical limit fi +0, one can Taylor-expand 
4, around k,,. Using: 


An, 


O) 


Figure § Not gain emission/absorption frequency lines of FEL: 
(2) in the quantum limit», ~ ag > ay. (b) i the classical limit: 
Perey 


‘one obtains: 
deo + kw) 


= ay ay u71 


which for q.o = (wlc)cos ©, reproduces the classical 
synchronism condition in eqn [5]. The homogeneous 
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broadening linewidth is found to be: 
[1s] 


where Ny = L/Aw is the number of wiggler periods. 

The classical limit condition requires that the 
difference between the emission and absorption 
line centers will be smaller than their width. This is 
expressed in terms of the ‘recoil parameter e° 
(for ©, = 0): 


B hm Net 
ye? 


9} 


Do; 


This condition is satisfied in all practical cases of 
realizable FELs, When this happens, the homo- 
geneous line broadening dominates over the quan- 
tum-recoil effect, and the emission and absorption 
lines are nearly degenerate (Figure Sb). The total 
quantum-electrodynamic photonic emission rate 
expression: 


dy 
FE = Mele + DFW — 0) ~ Foo] (20) 
reduces then into: 
dy, d 
ee 
+ TyyFlo— 9) Ray 


Here 1, is the number of photons in radiation mode q, 
Typ ~ the spontaneous emission rate, and F(w — wy) is 
the emission (absorption) lineshape function. 
Figure 5b depicts the transition of the net radiative 
emission/absorption rate into a gain curve which is 
proportional to the derivative of the spontaneous 
emission lineshape function (first term in eqn [21]). 
Equation [21] presents a fundamental relation 
hetween the spontaneous and stimulated emission 
of FELs, which was observed first by John Madey 
(Madey’s theorem). It can be viewed as an extension 
of Einstein's relations to a classical radiation source. 


The Classical Picture 


‘The spontaneous emission process of FEL (synchro- 
tron undulator radiation) is nothing but dipole 
radiation of the undulating electrons, which in the 
laboratory frame of reference is Doppler shifted to 
high frequency, The understanding of the stimulated 
emission process requires a different approach. 
Consider a single electron, following a sinusoidal 
trajectory under the effect of a planar undulator 


magnetic field in eqn [2] (Figure 1): 


08 ky z(t) 22] 


X= Xw Sin ky Z(t) 23) 


where vy = cayly and xy =vyll0 ky). An electro- 
magnetic wave E,(z,t)=Ep cos(wt—k,2) propagates 
collinearly with the electron. Figure 6 displays the 
electron and wave ‘snap-shot’ positions as they 
propagate along one wiggler period Ay 

If the electron, moving at average axial velocity v., 
enters the interaction region z= 0) at ¢ = 0, its axial 
position is ze(t)=v,t, and the electric force it 
experiences is -e,(z,(t).t) = —eEg cos(w — kv) 
Clearly, this force is (at least initially at ¢=0) 
opposite to the transverse velocity of the electron 
14, = vy cos(kyv,)t (imply in deceleration) and the 
power exchange rate ~eve"F = —ev'eE corresponds 
to transfer of energy into the radiation field on 
account of the electron kinetic energy. Because the 
phase velocity of the radiation mode is larger than the 
electron velocity, vy, = alk, > v., the electron phase 
G grows, and the power exchange rate 
~ev,E, changes. However, if one synchronizes the 
electron velocity, so that while the electron traverses 
one wiggler period (t= A,/v.), the electron phase 
advances by 2m: (w~k.v.)-Aylv, =2 then the 
power exchange rate from the clectron to the wave 
remains non-negative through the entire interaction 
length, because then the electron transverse velocity 


Figure 6 ‘Snapshots’ of an electromagnetic wave period 
slipping relative to an undulating electron along one wiggler 
period Ay. The energy transfer to the wave ~ ev remains 
hon-negative all along. 
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v4, and the wave electric field E, reverse sign, at each 
period exactly at the same points (Ay/4,3Ay/4). This 
situation is depicted in Figure 6, which shows the 
slippage of the wave crests relative to the electron at 
five points along one wiggler period. The figure 
describes the synchronism condition, in which the 
radiation wave slips one optical period ahead of the 
electron, while the electron goes through one wiggle 
motion. In all positions along this period, »-E = 0 (in 
a helical wiggler and a circularly polarized wave this 
product is constant and positive v-E > 0 along the 
entire period). Substituting Ay =2n/k,, this phase 
synchronism condition may be written as: 


chy 


1241 


which is the same as eqns [17] and [5 

Figure 6 shows that a single electron (or a bunch of 
electrons of duration smaller than an optical period) 
would amplify a co-propagating radiation wave, 
along the entire wiggler, if it satisfies the synchronism 
condition in eqn [24] and enters the interaction region 
(z= 0) at the right (decelerating) phase relative to the 
radiation field. If the electron enters at the opposite 
phase it accelerates (on account of the radiation field 
energy which is then attenuated by ‘stimulated 
absorption’). Thus, when an electron beam is injected 
into a wiggler at the synchronism condition with 
electrons entering at random times, no net amplifica- 
tion or absorption of the wave is expected on the 
averages. Hence, some more elaboration is required, 
in order to understand how stimulated emission gain 
is possible then. 

Before proceeding, it is useful to define the 
spondermotive force’ wave. This force originates 
from the nonlinearity of the Lorenz force equation: 


Som = ~e(EXv xB) 125) 
At zero order (in terms of the radiation fields), the 
only field force on the right-hand side of eqn [25] is 
due to the strong wiggler field (eqns [2] and [3]), 
which results in the transverse wiggling velocity (eqn 
[22] for a linear wiggler). When solving next eqn [25] 
to first order in terms of the radiation fields: 


E,(r,t) = Re[B, 
26) 
By(r,t) = RefB, e*“)] 


the cross product vxB between the transverse 
components of the velocity and the magnetic field 
generates a longitudinal force component: 

Fyua(.t) = Re| 127] 


‘ cfibcrhy iat 


that varies with the beat wavenumber k, + ky at slow 
phase velocity (vp, = av(k, +ky) <c). This slow 
force-wave is called the pomdermotive (PM) wave. 
Assuming the signal radiation wave in eqn [26] 
is polarization-matched to the wiggler (linearly 
polarized or circularly polarized for a linear or 
helical wiggler respectively), the PM force amplitude 
is given by: 


[Foal = el law Be [28] 


With large enough ky, it is always possible to slow 
down the phase velocity of the pondermotive wave 
until it is synchronized with the electron velocity: 


Rego" 291 


Yo 
and can apply along the interaction length a 
decelerating axial force, that will cause properly 
phased electrons to transfer energy to the wave on 
account of their longitudinal kinetic energy. 

This observation is of great importance. 
that even though the main components of the wiggler 
and radiation fields are transverse, the interaction is 
basically longitudinal. This puts the FEL on an equal 
footing with the slow-wave structure devices as the 
TWT and the Cerenkov-Smith—Purcell FELs, in 
which the longitudinal interaction takes place with 
the longitudinal electric field component of a slow 
TM radiation mode. The synchronism condition in 
eqn [29] between the pondermotive wave and the 
electron, which is identical with the phase-matching 
condition in eqn [24], is also similar to the synchro- 
nism condition between an electron and a slow 
electromagnetic wave (eqn [14]).. 

Using the pondermotive wave concept, we can 
now explain the achievement of gain in the FEL 
with a random electron beam. Figure 7 illustrates 
the interaction between the pondermotive wave 
and clectrons, distributed at the entrance (z= 0) 
randomly within the wave period. Figure 7a shows 
‘snap-shots’ of the electrons in one period of the 
pondermotive wave Apa = 2mi(k, + ky) at different 
points along the wiggler, when it is assumed that the 
electron beam is perfectly synchronous with the 
pondermotive wave ty, =v. As explained before, 
some electrons are slowed down, acquiring negative 
velocity increment Av. However, for each such 
electron, there is another one, entering the wiggler 
at an accelerating phase of the wave, acquiring 
the same positive velocity increment Av. There is 
then no net change in the energy of the e-beam or 
the wave, however, there is clearly an effect of 
‘velocity-bunching’ (modulation), which turns along 
the wiggler into ‘density-bunching’ at the same 


t reveals 
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(0) Optical Kiystton : y= vr Aplytlal= & 
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(0) FEL: Veo Vone AYA(L)=2.6 


Figure 7 


"Snapshots' of a pondermotive wave period interacting L with an intially uniformly distributed electron beam taking place 


respectively long the interaction length 0 < 2< L.. (a) Exact synchronism in a uniform wiggler (bunching). (b) Energy bunching, density 
bunching and radiation ara in tha energy buncher, dispersive magnet Ly < 2< L, + Lyand radiating wiggler Ly + Ly <2<Lp-4 Ly + Le 
sections of an Optical-Klystron. (c) Sippage from bunching phase to radiating phase at optimum detuning of synchronism ina uniform 


wiggler FEL. 


frequency w and wavenumber k,+ky as the 
modulating pondermotive wave. The degree of 
density-bunching depends on the amplitude of the 
wave and the interaction length L. In the nonlinear 
limit the counter propagating (in the beam reference 
frame) velocity modulated electrons may over-bunch 
namely cross over, and debunch again. 

Bunching is the principle of classical stimulated 
emission in electron beam radiation devices. If the 
e-beam had been prebunched in the first place, we 
would have injected it at a decelerating phase relative 
tothe wave and obtained net radiation gain right away 
(super radiant emission). This is indeed the principle 
behind the ‘Optical-Klystron’ (OK) demonstrated in 
Figure 7b, The structure of the OK is described ahead 
in Figure 19. The electron beam is velocity (energy) 
modulated by an input electromagnetic radiation 
wave in the first ‘bunching-wiggler section’ of length 
Ly. It then passes through a drift-free ‘energy- 
dispersive magnet section’ (chicane) of length Ly, in 
which the velocity modulation turns into density 
bunching, The bunched electron beam is then injecte: 
back into.a second ‘radiating-wiggler section’, whereit 
co-propagates with the same electromagnetic wave 
but with a phase advance of m/2 — m2, m= 1,2, .. 


(spatial lag Of Aya/4—tdyq, in real space) which 
places the entire bunch at a decelerating phase relative 
to the PM-wave and so amplifies the radiation wave. 

The principle of stimulated-emission gain in FEL, 
illustrated in Figure 7c, is quite similar, Here the 
wiggler is uniform along the entire length L, and the 
displacement of the electron bunches into a deceler- 
ating phase position relative to the PM-wave is 
obtained by injecting the electron beam at a velocity 
vo, slightly higher than the wave vp, (velocity 
detuning). The detailed calculation shows that 
detuning corresponding to a phase shift of AY(L) = 
[Wwirg) — (k, + ky JL = -2.6 (corresponding to 
spatial bunch advance of 0-4Ayq along the wiggler 
length), provides sufficient synchronism with the PM- 
wave in the first half of the wiggler to obtain 
bunching, and sufficient deceleration-phasing of the 
created bunches in the second part of the wiggler to 
obtain maximum gain, 


Principles of FEL Theory 


‘The 3D radiation field in the interaction region can 
be expanded in general in terms of a complete set of 
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free-space or waveguide modes {e (x, y)H,(x, y)}: 


Bert) = Ref Y eyeqx. ye] 130] 
T 
The mode amplitudes C,(z) may grow along the 
wiggler interaction length 0 <z<L, according to 
the mode excitation equation: 


d 1 . 
CW = Fp Ys f eerareyenandedy (31) 


P 


where P=-4Re J Je,xHy2,dxdy is the mode 
normalization power, and J is the bunching current 
component at frequency «, that is phase matched to 
the radiation waves, and needs to be calculated 
consistently from the electron force equations. 


The FEL Small Signal Regime 


We first present the basic formulation of FEL gain in 
the linear (small signal) regime, namely the amplified 
radiation field is assumed to be proportional to the 
input signal radiation field, and the beam energy loss 
is negligible. This is done in the framework of a 
one-dimensional (single transverse radiation mode) 
model. 

The electron beam charge density, current 
density, and velocity modulation are solved in the 
framework of a one-dimensional plasma equations 
model (kinetic or fluid equations). The longitudinal 
PM-force in eqn [27] modulates the electron beam 
velocity via the longitudinal part of the force eqn [25]. 
This brings about charge modulation p(z,t) = 
Relp(k, + ky, ae +=") and consequently, also 
longitudinal space-charge field Ex(kay + ky.) 
and longitudinal current density modulation 
Jak; +ky.w), related through the Poison and 
continuity equations: 


i(k, + ky Bulk, + ky.) = lk +ky.we [32] 


(eg + hhh, + hy 0) = ofl, + hee) [33] 


Solving the force eqn [25] for a general longitudinal 
je] results ina linear 
longitudinal current response relation: 


Talk, @) 


—iwy,(k,, oF (k,, ole) 134] 
where yp(k,, 0) is the longitudinal susceptibility of the 
electron beam ‘plasma’.The beam charge density in 
the FEL may be quite high, and consequently the 
space charge field E,., arising from the Poison eqn 
[32], may not be negligible. One should take into 
consideration then that the total longitudinal force F, 
is composed of both the PM-force of eqn [27] and an 
arising longitudinal space-charge electric force ~ eF 


Thus, one should substitute in eqn [34]: 


Fk, + hy) = 


CLE yale + ky 0) 
+ Elk, + ky Ol 135] 


and solve it self-consistently with eqns [32] and [33] 
to obtain the ‘external-force’ response relation: 


Talk, + ky 0) 


xls + hws) 


TE nat hy + yr 
TH p(k; + hy, oye ms + hwo) 


136] 


where we defined the PM ‘field’: Ey, = Fya/(—e). 

In the framework of a single-mode interaction 
model, we keep in the summation of eqn [30] only 
one mode g (usually the fundamental mode, and in 
free space - a Gaussian mode). The transverse 
current density components in eqn [31] J, = 108, 
are found using eqns [22], [33], and [36]. Finally, 
substituting C,(z) = C, e* (where 8k =k. — ky: 
and k, = ky, is the wavenumber of the radiation 
wave modified by the interaction with the electrons) 
results in the general FEL dispersion relation: 


(ke — keg ll + xplke + kw, ole] 


= KYplke + ky wen (37) 


Equation [37] is a general expression, valid for a 
wide variety of FELs, including Cerenkov—Smith— 
Purcell and TWT. They differ only in the expression 
for x. For the conventional (magnetic wiggler) FEL: 


[38] 


where A, is the cross-section area of the electron 
beam, and Agm = P,/[4 Ve o/Hole,.(0.0)/"] is the 
effective area of the interacting radiation-mode 4, 
and it is assumed that the electron beam, passing 
on axis (x...) = (0,0), is narrow relative to the 
transverse mode variation Ag/Agm <1. The ‘Bessel- 
functions coefficient’ Ay, is defined for a linear wiggler 
only, and is given by: 


Jol | Be 


In a helical wiggler, Ay 
therefore Ay = 1 


Usually ay <1, and 


The Pierce Dispersion Equation 


The longitudinal plasma response susceptibility fune- 
tion yp(k,,) has been calculated, in any plasma 
formulation, including fluid model, kinetic model, or 
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even quantum-mechanical theory. If the electron 
beam axial velocity spread is small enough (cold 
beam), then the fluid plasma equations can be used. 
The small signal longitudinal force equation derived 
from eqn [25], together with eqn [33] and the small 
signal current modulation expression: 


[40] 


result in: 


(41) 


where 0), =(€rg/yy2em)" is the longitudinal 
plasma frequency, my is the beam electrons density 
(po = —ent), v; is the average axial velocity of the 
beam. 

In this ‘cold-beam’ limit, the FEL dispersion eqn 
[37] reduces into the well-known ‘cubic dispersion 
equation’ derived first by John Pierce in the late 1940s 
for the TWT: 


BE(BL — 8 — Oy. BK — 0+ Oye) = O 


where 6k =k, — ky, @is the detuning parameter (off 
the synchronism condition of eqn [24]): 


[42] 


[43] 


[44] 


O= «65 [45] 
Here Ope = typ, where ry <1 is the plasma 
reduction factor. It results from the reduction of the 
longitudinal space-charge field Ey in a beam of 
finite radius 7, due to the fringe field effect (rp 1 
when the beam is wide relative to the longitudinal 
modulation wavelength: ry, > Ayo = 27d(key + ky))- 
The cubic equation has, of course, three solutions 
8k, (i= 1, 2, 3), and the general solution for the 
radiation field amplitude and power is thus: 


3 
C,@) = Ya [46] 


Pa =IC (OPP, (47) 

The coefficients A; can be determined from thr 
initial conditions of the radiation and e-beam 
parameters C,(0), 2(0), (0), and can be given as a 
linear combination of them (here i= A.J, is the 
longitudinal modulation current): 


A 


Fw) CH(0) + AR(@)E™O) + AWM") [48] 


Alternatively stated, the exit amplitude of the 
electromagnetic mode can in general be expressed in 
terms of the initial conditions: 

CL) = H*(a)C,(w,0) + H(a)?,(,0) 


+ H'(w)i(wo,0) 49) 


where 


HEM) [50] 


ALE yy iel 


In the conventional FEL, electrons are injected in 
randomly, and there is no velocity prebunching 
(@(w, 0) = 0) or current prebunching (i(w,0) = 0) (or 
equivalently fi(w,0)=0). Consequently, C,(z) is 
proportional to C,(0) and one can define and 
calculate the FEL small-signal single-path gain 
parameter: 


Glo) = PD) _ Ila 


HF (wl? 
PO) 1C,(0,0F J 


{51} 


‘The FEL Gain Regimes 


At different physically meaningful operating regimes, 
some parameters in eqn [42] can be neglected relative 
to others, and simple analytic expressions can be 
found for &k;, Aj, and consequently G(w). It is 
convenient to normalize the FEL parameters to the 
wiggler length: 6= OL, Oe = Gel, O= OL’. An 
additional figure of merit parameter is the ‘thermal’ 
spread parameter: 


where vis the axial velocity spread of the e-beam 
(in a Gaussian velocity distribution model: 
Fl.) = expllv, — Up )ltqu]/VF Uh). The axial vel- 
ocity spread can result out of beam energy spread 
or angular spread (finite ‘emittance’). It should be 
small enough, so that the general dispersion relation 
of eqn [37] reduces to eqn [42] (the practical ‘cold 
beam’ regime), 

Assuming now a conventional FEL (#.(0)=0, 
3(0) =0), the single path gain in eqn [51] can be 
calculated. We present next this gain expression in 
the different regimes, The maximum values of the 
gain expression in the different regimes are listed in 
Table 1. 


Low gain 
This is the regime where the differential gain in a 
single path satisfies G— 1 = [P(L) ~ P(O)I/P(O) <1 
It is not useful for FEL amplifiers but most FEL 
oscillators operate in this regime. 
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Table 1 The gain regimes maximum gain expressions 


Gain regime 


‘Max. gain expression 


1 Tenuous beam low-gain 


u Collective iow-gain 


um Collective high-gain 


wv ‘Strong coupling high-gain 


v Warm beam 


Pw 


Fb =1 +0270 
di, > 2 fy, = Pw, 
a> 3 FO 14 ae 
Pw 
co 
O! > fhe, ty, O> Pat = 5ont 30") 
iia en 


The three solutions of eqn [42] ~ namely the terms 
of eqn [46] — are reminiscent of the three eigenwaves 
of the uncoupled system (x= Q = 0) : the radiation 
mode and the two plasma (space-charge) waves of the 
e-beam (the slow and fast waves, corresponding 
respectively to the forward and backward propagat- 
ing plasma-waves in the beam rest reference-frame). 
In the low-gain regime, all three terms in eqn [46] are 
significant. Calculating them to first order in x, results 


in analytical gain expressions in the collective (Oy. >> 
m) and tenuous-beam (6. <7) regimes (note that 
Op¢/27r = fgLiv, is the number of plasma oscillations 
within the wiggler transit time Lv). 

In most practical situations the beam current 


density is small enough, and its energy high enough, 
to limit operation to the tenuous-beam regime. 
The gain curve function is then: 


oe d 
G(w) ~ 1 = OF (Hw) = OFzsine*(H2)__ [53] 
Hw) = Ko)L = 20 
Go) = Hal. Tor (54) 


where sinc(w) = (sin w)/u, and in free space (no 
waveguide) propagation (k., = wlc), the FWHM 
frequency bandwidth of the sinc*(@/2) function is: 


do 1 
oy 


155] 


The small signal gain curve is shown in Figure 8. 
There is no gain at synchronism ~ w = ay. Maximum 
gain ~ G—1=0.270, is attained at a frequency 
slightly smaller than wp, corresponding to @= —2.6. 
The small gain curve bandwidth is Awsg = Awy/2, 


Fa 


Figure 8 The low-gain cold:beam small-signal gain curve of 
FEL as a function of the detuning parameter a), 


namely: 

(56) 
High gain 
This is the regime where the FEL gain in a single path 
satisfies G = P(LY/P(O) > 1. It is useful, of course, 


when the FEL is used as an amplifier. 

Since the coefficients of the cubic eqn [42] are all 
real, the solutions 8k, (/= 1, 2, 3) must be either all 
real, or composed of one real solution 8&3 and two 
complex solutions, which are complex conjugate of 
cach other: 8k, = 5k5. In the first case, all terms in 
eqn [46] are purely oscillatory, there is no exponential 
growth, and the FEL operates in the low gain 
regime. In the second case, assuming Im(5k1) <0, 
Im(5k3) > 0, the first term grows exponentially, and 
if L is long enough it will dominate over the other 
decaying (j =2) and oscillatory (j= 3) terms, and 
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result in an exponential gain expression: 


aa 
Jem in 


ca (eceen 


If we focus on the tenuous-beam strong coupling 
(high-gain) regime 8, < ldkl, then the cubic eqn [42] 
gets the simple form: 


K(k — F |= 


[58] 


and I, = 4megm,c*/e = 17 kA is the Alfven current. 
The solution of eqn [58] near synchronism (0 = 0) 


14v3i 


[60] 
[61 
and for PL > 1: 
= 1 ire 
G=5e [62] 


‘The FEL gain is then exponential and can be very 
high. The gain exponential coefficient is characterized 
then by its third-order root scaling with the current, 
adj. The high-gain frequency detuning curve (found 
by'solving eqn [58] to second order in 6) is: 


exp(-PTL3*") 


ar. (o~ wy 
ep) - 1631 
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where Awyg is the Le half-width of the gain curve: 
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‘Super-Radiance, Spontaneous-Emission and Self 
Amplified Spontaneous Emission (SASE) 


Intense coherent radiation power can be generated in 
a wiggler or any other radiation scheme without any 


input radiation signal (C,(w,0) = 0) if the electron 
beam velocity or current (density) are prebunched. 
Namely, the injected e-beam has a frequency com- 
ponent 2(w) or i(w) in the frequency range where the 
radiation device emits. In the case of pure density 
bunching (#(w) = 0), the coherent power emitted is 
found from eqns [46, 47, 49]: 


(P))sp = PylH'(@) li, 0)! [65] 

A ‘prebunched-beam FEL’ emits coherent radiation 
based on the process of Super-radiant Emission (in the 
sense of Dike). Because all electrons emit in phase 
radiation wavepackets into the radiation mode, the 
resultant field amplitude is proportional in this case to 
the beam current [, and the radiation. By contrast, 
spontaneous emission from a random electron beam 
{no bunching) is the result of incoherent superposition 
‘of the wavepackets emitted by the electrons and its 
power is expected to be proportional to the current I. 

When the current to radiation field transfer 
function H'(w) is known, eqn [65] can be used to 
calculate the superradiant power, and in the high-gain 
regime also the amplified-superradiant power. The 
latter is the amplification of the superradiant 
radiation in the downstream sections of a long 
wiggler. Such unsaturated gain is possible only when 
the beam is partly bunched i()(Jp) (because the FEL 
gain process requires enhanced bunching). 

‘The expressions for the current to field transfer 
function, in the superradiant gain and the high-gain 
amplified superradiance limits respectively, are: 


P jp) 
Hw) = GaP sine OL) [66] 
ls 

Lericon| = Coen fini. twa Faw, 
Heol= a5 e (671 
where 

RZq {ae \ it 
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Z, is the radiation mode impedance (in free-space 


Z,, = \/Moleo). From these expressions one can calcu- 
late the power and spectral power of both coherent 
(superradiant) and partially coherent (spontaneous 
emission) radiation of FEL in the negligible gain and 
high gain regimes. The corresponding super-radiant 
power is in the negligible superradiance gain limit: 


Ppa sine?(o72) 


oT [69] 


Psp = 
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(proportional, as expected, to the modulation 
current squared) and in the high-gain amplified 
superradiance limit (assuming initial partial bunching 
li(eoTbl <1): 


(una MA 


170} 


The discussion is now extended to incoherent (or 
partially coherent) spontaneous emission, Due to its 
particulate nature, every electron beam has random 
frequency components in the entire spectrum (shot 
noise). Consequently, incoherent radiation power is 
always emitted from an electron-beam passing 
through a wiggler, and its spectral-power can be 
calculated through the relation: 


qP, _ 2 2 (lite 


SoH SPH? 71] 
Here iw) is the Fourier transform of the current of 
randomly injected electrons i(t) = —e D5, A(t — to)), 


where Ny is the average number of electrons in a time 
period T, namely, the average (DC) current is I, = 
~eN7/T. For a randomly distributed beam, the shot 
noise current is simply (li(w)|*)/T = ely and therefore 
the spontaneous emission power of the FEL, which is 
nothing but the ‘synchrotron-undulator radiation’, is 
given by (see eqn [66]}: 


aie bethsZy (4) sinc?(L/2) 


We = Te = 172) 

If the wiggler is long enough, the spontancous 
emission emitted in the first part of the wiggler can be 
amplified by the rest of it (SASE). In the high-gain 
limit (see eqn [67]), the amplified spontaneous 
emission power within the gain bandwidth of 
eqn [64] is given by: 


1 
9 


?. eh | Ho) Pye 


where Py, is an ‘effective shot-noise input power’: 
2 Py 


Pa= Feely 


(Aoic 174] 


Saturation Regime 


The FEL interaction of an electron with an harmonic 
electromagnetic (EM) wave is essentially described by 
the longitudinal component of the force in eqn [25], 
driven by the pondermotive force of eqns [27] 
and [28]: 
d 


Slums) 


G 


Icosfat — (hk, + ky) 175] 


deJdt = 76] 


As long as the interaction is weak enough (small 
signal regime), the change in the electron velocity is 
negligible — v,, =v, and the phase of the force- 
wave, experienced by the electron, is linear in time 
Wilt) = lo — (ke + kw )b.olt = to.) + toi. Near syn~ 
chronism condition @ = 0 (eqn [24]), eqn [75] results 
in bunching of the beam, because different accelera- 
tion/deceleration forces are applied on each electron, 
depending on their initial phase V,(0) = wf,(— < 
(0) < m) within each optical period 2nfw (see 
Figure 7). Taylor expansion of v,, around tg in eqns 
[75] and [76], and use of conservation of energy 
between the e-beam and the radiation field, would 
lead again to the small signal gain expression eqn 
[53] in the low gain regime. 

When the interaction is strong enough (the non- 
linear or saturation regime), the electron velocities 
change enough to invalidate the assumption of linear 
time dependence of W, and the nonlinear set of 
eqns [75] and [76] needs to be solved exactly. 

It is convenient to invert the dependence on time 
a(t) = ff, v(t’, and turn the coordinate z to the 
independent variable t(z) = Jj dz!/vz(z) + toi. This, 
and direct differentiation of ¥(v.,), reduces eqns [75] 
and [76] into the well-known pendulum equation: 


177) 


178] 


where 


¥, Jiioteatel) ~~ kyode! 179) 


180] 


are respectively the pondermotive potential phase and 
the detuning value of electron i at position z. 


kaa 


wr0Bo 


[st] 


is the synchrotron oscillation wavenumber, where ay 
is given in eqn [9], a, =elElavmc, and y= 0), 
Y¥-0 = ¥(0),and Bey = B.(0) are the initial parameters 
of the assumed cold beam. 


The pendulum eqns [77] and [78] can he integrated 
once, resulting in: 


K? cos V2 


44@)- G (82) 


and the integration constant is determined for each 
electron by its detuning and phase relative to the 


oUse it dise 
than 0.1” long but is still rated for up to 500mA, 
collector current or 250mW total power dissipa- 
tion (at a component temperature no 
than 25 degrees Centigrade). 


Figure 28-12. A surface-mount package for a Darlington 
paar. Each square in the background grid measures 0.1 
‘See text for additional detals 


Amplifiers 
Two basic types of transistor amplifiers are 
shown in Figure 28-13 and Figure 28-14. The 
common-collectorconfiguration has currentgain 
but no voltage gain. The capacitor on the input 
side blocks DC current from entering the ampli- 
fier circuit, and the two resistors forming a volt- 
age divideron the base of thetransistor establish 
a voltage midpoint (known as the quiescent 
point or operating point) from which the signal to 
be amplified may deviate above and below. 


The common-emitter amplifier provides voltage 
gain instead of current gain, but inverts the 
phase of the input signal. Additional discussion 
of amplifier design is outside the scope of this 
encyclopedia. 


In switching applications, modern transistors 
have been developed to handle a lot of current 
compared with earlier versions, but still have 
some limitations. Few power transistors can han- 
dle more than 50A flowing from collector to 
emitter, and 1,000Vis typicallya maximum value. 
Electromechanical relays continue to exist be- 
cause they retain some advantages, as shown in 
the table in Figure 28-15, which compares 
switching capabilities of transistors, solid-state 
relays, and electromechanical relays. 


fe semiconductor > multi-junction > bipolar transi 


Figure 28-13. The basic schematic for a 
collector amplifier. See text for details. 


i. 


Input 


‘Output 


Figure 28-14. The basic schematic for a common-emitter 
amplifier. See text for details. 


250 


Encyclopedia of Electronic Components Volume 1 


LASERS / Free Electron Lasers 445, 


pondermotive wave at the entrance point (z= 0): 
5) = 46240) — Kicos ¥,(0). 

‘The @(z), W(z) phase-space trajectories of eqn [82] 
are shown in Figure 9 for various values of C, 
(corresponding to the initial conditions 0,(0), Y.(0)). 
The trajectories corresponding to |C,| > K? are ope 
namely electrons on these trajectories, while oscillat- 
ing, can slip-off out of the pondermotive—potential 
wave period to adjacent periods, ahead or backwar 
depending on the value of their detuning parameter 8. 
The trajectories corresponding to CI < K? 
are closed, namely the electrons occupying these 
trajectories are ‘trapped’, and their phase displace- 
ment is bound to ‘a range |W,(c)—n7l< 
Wim = arccos(|C;V/K2) < m within one _pondermo- 
tive-wave period. The trajectory C, = Kt defines the 
‘separatrix’ 


(2) = +2K, cost /2) [83] 
which is sometimes referred to as the ‘trap’ or 
‘bucket’. Every electron within the separatrix stays 
trapped, and the ones out of it are free (untrapped). 
The height of the separatrix (maximum detuning 
swing) is A@jjuy = 4K,. The oscillation frequency of 
the trapped electrons can be estimated for deeply 
trapped electrons (VW, <2n). In this case the 
physical pendulum eqns [77] and [78] reduce to the 
mathematical pendulum equation with an oscillation 
frequency K,, in the z coordinate. This longitudinal 
oscillation, called ‘synchrotron oscillation’, takes 
place as a function of time at the ‘synchrotron 
frequency’ ©, = K,v, 

Differentiation of @(v) and vz(y) permits to 
describe the phase-space dynamics in terms of the 
more physical parameters 60, and 


i Yoh 


(pen trajectory 
Closed trajectory 
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Figure 9 Tho (#~\¥) phase-space trajectories of the pendulum 
equation. 


— Yous where: 


[84] 


ky 


is the phase velocity of the pondermotive wave and 
You = (= Big) 2 


Figure 10 displays a typical dynamics of electron beam 
phase-space (7, ¥) evolution for the case of a cold 
beam of energy (0) entering the interaction region at 
z= Owith uniform phase distribution (random arrival 
times f,). The FEL is assumed to operate in the low- 
gain regime (typical situation in an FEL oscillator), 
and, therefore, the trap height (corresponding to 
MOcay = 4h: 


Mirae = SBEYE VK, 


remains constant along the interaction length. 
Figure 10a displays the e-beam phase-space evolution 
in the small signal regime. The uniform phase 
distribution evolves along the wiggler into a bunched 
distribution (compare to Figure 7c), and its average 
kinetic energy goes down (AE,) = [(y(L))— 
y(0)mc? < 0, contributing this energy to the field of 
the interacting radiation mode, AP, = (AE,)Ip/e. In 
this case (corresponding in an FEL oscillator to the 
early stages of oscillation build-up), the electrons 
remain free (untrapped) along the entire length L. 

Figure 10b displays the e-beam phase-space evol- 
ution in the large signal (saturation) regime (in the 
case of an oscillator ~ at the steady-state saturation 
stage). Part of the electrons are found inside the trap, 
immediately upon entering the interaction region 
(<=0), and they lose energy of less than (but near) 
mc” AYsp a8 they pass through the interaction region 
(z=L).A portion of the electrons remain outside the 
traps upon entrance, They follow open trajectories 
and lose less energy or may even become accelerated 
due to their interaction with the wave. 

It can be appreciated from this discussion that a 
good design strategy in attempting to extract maxi- 
mum power from the electron beam in the FEL 
interaction, is to set the parameters determining the 
synchrotron oscillation frequency K, in eqn [81] so 
that only half a synchrotron oscillation period will be 
performed along the interaction length: 


[86] 


KL=n 187] 
This is controlled in an amplifier by keeping the 
input radiation power P,(0) (and consequently a,) 
small enough, so that K, will not exceed the value set 
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Figure 10 ‘Snapshots’ of the (y\V) phase-space distribution of an initally uniformly distributed cold beam relative to the PM-wave 
trap at three points along the wiggler (a) Moderate bunching inthe small-signal low gain regime. (b) Dynamios of electron beam trapping 
and synchrotron oscillation at steady state saturation stage of a FEL oscillator (K,L= 2). 


by eqn [87]. In an oscillator, this is controlled by 
increasing the output mirror transmission sufficiently, 
so that the single path incremental small signal gain 
G-1 will not be much larger than the round trip loss, 
and the FEL will not get into deep saturation. When 
the FEL is oversaturated (K,L > 7), the trapped 
electrons begin to gain energy as they continue to 
rotate in their phase-space trajectories beyond the 
lowest energy point of the trap, and the radiative 
energy extraction efficiency drops down. 

A practical estimate for the FEL saturation power 
emission and radiation extraction efficiency can be 
derived from the following consideration: the elec- 
tron beam departs from most of its energy during the 
interaction with the wave, if a significant fraction of 
the electrons are within the trap and have positive 
velocity 61 relative to the wave velocity vpy at z= 0, 
and ifat the end of the interaction length (z = L), they 
complete half a pendulum swing and reverse their 
velocity relative to the wave By,(L) = —6y,(0). 
Correspondingly, in the energy phase-space diagram 
(Figure 10b) the electrons perform half a synchro- 
tron oscillation swing and 8y,(L) = y,(L) — ¥py = 
=8y,(0). In order to include in this discussion also 
the FEL amplifer (in the high gain regime), we note 
that in this case the phase velocity of the wave ti, in 
eqn [84], and correspondingly yq,, are modified by 
the interaction contribution to the radiation wave- 
number ~ k, = ko +Re(6k), and also the electron 
detuning parameter (relative to the pondermotive 


wave) @, in eqn [80] differs from the beam detuning 
parameter @ in eqn [43]: 6, = 0 — Re(Bk). Based on 
these considerations and eqn [85], the maximum 
energy extraction from the beam in the saturation 
process is: 


+ Re dk — 
Ay= 28y(0) = 2B0¥20%—z— 


188] 


where @is the initial detuning parameter in eqn [43]. 

In an FEL oscillator, operating in general in the 
low-gain regime, [Re 6&1 < |4l, oscillation will start 
usually at the resonator mode frequency, correspond- 
ing to the detuning parameter w) = —2.6/L, for 
which the small signal gain is maximal (see Figure 8). 
Then the maximum radiation extraction efficiency 
can be estimated directly from eqn [88]. It is, in the 
highly relativistic limit (Big = 1): 


189] 


In an FEL amplifier, in the high-gain regime 
Re 8k = F/2 > |0\,and consequently in the same limit: 


Taw 


Tr ©] 
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Irmay be interpreted that the effective wiggler length 
for saturation is Lye = 270 

Equation [90], derived here for a coherent wave, is 
considered valid also for estimating the saturation 
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efficiency also in SASE-FEL. In this context, it is also 
called ‘the efficiency parameter’ —p 


FEL Radiation Schemes and 
Technologies 


Contrary to conventional atomic and molecular 
lasers, the FEL operating frequency is not determined 
hy natural discrete quantum energy levels of the 
lasing matter, but by the synchronism condition of 
eqn [24] that can be predetermined by the choice of 
wiggler period, A = 27/k,, the resonator dispersion 
characteristics k,,(w), and the beam axial velocity v,. 

Because the FEL design parameters can be chosen 
at will, its operating frequency can fit any require- 
ment, and furthermore, it can be tuned over a wide 
range (primarily by varying v.). This feature of FEL 
led to FEL development efforts in regimes where it is 
hard to attain high-power tunable conventional lasers 
or vacuum-tube radiation sources — namely in the 
sub-mm (far infrared or THz) regimes, and in the 
VUV down to soft X-ray wavelengths. 

In practice, in an attempt to develop short wave- 
length FELs, the choice of wiggler period A,, is limited 
by an inevitable transverse decay of the magnetic field 
away from the wiggler magnets surface (a decay range 
of = ky!) dictated by the Maxwell equations. To avoid 
interception of electron beam current on the walls or 
on the wiggler surfaces, typical wiggler periods are 
made longer than A, > 1 cm. FELs (or FEMs — free 
electron masers) operating in the long wavelengths 
regime (mm and sub-mm wavelengths) must be based 
‘on waveguide resonators to avoid excessive diffraction 
of the radiation beam along the interaction length (the 
wiggler). This determines the dispersion relation 
keg(eo) = (w" — hog)! /e where tog is the waveguide 
cutoff frequency of the radiation mode q. The use of 
this dispersion relation in eqn [24] results in an 
equation for the FEL synchronism frequency 9, 
Usually the fundamental mode in an overmoded 
waveguide is used (the waveguide is overmoded 
because it has to be wide enough to avoid interception 
of electron beam current). In this case (wy > ,,,) and 
certainly in the case of an open resonator (common in 
FELs operating in the optical regime) k,, = a/c, and 
the synchronism condition in eqn [24] simplified to the 
well-known FEL radiation wavelength expression in 
eqn [6]: 


A= (14 BBLYZAW = 2YzAy [91) 
where y:, ay are defined in eqns [7]-[9]. 

‘To attain strong interaction, it is desirable to keep 
the wiggler parameter a, large (eqn [38]), however, if 
4 > 1, this will cause reduction in the operating 


wavelength according to eqns [7] and [91]. For this 
reason, and also in order to avoid harmonic 
frequencies emission (in case of a linear wiggler), 
dy <1 in common FEL design. Consequently, con- 
sidering the practical limitations on Aw, the operating 
wavelength eqn [91] is determined primarily by the 
beam relativistic Lorentz factor y (eqn [8]). 

‘The conclusion is that for a short wavelength FEL, 
one should use an electron beam accelerated to high 
kinetic energy Ey. Also, tuning of the FEL operating- 
wavelength can be done by changing the beam energy. 
Small-range frequency tuning can be done also by 
changing the spacing between the magnet poles of a 
linear wiggler. This varies the magnetic field experi- 
enced by the e-beam, and effects the radiation wave- 
length through change of a,, (see eqns [7] and [91]). 

Figure 11 displays the operating wavelengths of 
FEL projects all over the world versus their e-beam 
energy. FELs were operated or planned to operate 
over a wide range of frequencies, from the microwave 
to X-ray — eight orders of magnitude. The data points 
fall on the theoretical FEL radiation curve eqns [7], 
18}, and [91]. 


FEL Accelerator Technologies 


The kind of accelerator used is the most important 
factor in determining the FEL characteristics. 
Evidently, the higher the acceleration energy, the 
shorter is the FEL radiation wavelength. However, 
not only the acceleration beam energy determines the 
shortest operating wavelength of the FEL, butalso the 
e-beam quality. If the accelerated beam has large 
energy spread, energy instability, or large emittance 
(the product of the beamwidth with its angular 
spread), then it may have large axial velocity spread 
vq. At high frequencies, this may push the detuning 
spread parameter Oj, (eqn [52]) to the warm beam 
regime (see Table 1), in which the FEL gain is 
diminished, and FELs are usually not operated. 

Other parameters of the accelerator determine 
different characteristics of the FEL, High current in 
the electron beam enables higher gain and higher 
power operation. The e-beam pulse shape (or CW) 
characteristics, affect, of course, the emitted radiation 
waveform, and may also affect the FEL gain and 
saturation characteristics. The following are the main 
accelerator technologies used for FEL construction, 
‘Their wavelength operating-regimes (eqn [91]) (dleter- 
mined primarily by their beam acceleration energies), 
are displayed in Figure 12. 


Modulators and pulse-line accelerators 
‘These are usually single pulse accelerators, based on 
high voltage power supplies and fast discharge stored 
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Figure 11 Operating wavelengths of FELs around the world vs. their accelerator beam energy. The data points correspond in 
ascending order of accelerator energy tothe folowing experimental facilities: NAL (USA), IAP (Russia), KAERI (Korea), AP (Russa), 
SINFVIAP (Russia), INP/IAP (Russia), TAU (lsrael), FOM (Netherlands), KEKJJAERI (Japar/Korea), CESTA (France), ENEA (Italy, 
KAERL-FEL (Korea), LEENA (Japan), ENEA (lai), FIR FEL (USA), mm Fol (USA), UCSB (USA), ILE/ILT (Japan), MIRFEL (USA), 
UCLA-Kurchatov (USA/Russia), FIREFLY (GB), JAERI-FEL (Japan), FELIX (Netherlands), RAFEL (USA), ISIF' (apan), UCLA: 
Kurchatov-LANL (USA/RU), ELSA (France), CLIO (France), SCAFEL (GB), FEL (Germany), BFEL (China), KHI-FEL (Japan), FELI4 
(Gapan), FEL (Japan), HGHG (USA), FEL! (USA), MARKIII (USA), ATF (USA), IFEL2 (Japan), VISA (USA), LEBRA (Japan), OK-4 
(USA), UVFEL (USA), iFELS (Japan), TTF (Germany), NlJ/-V (Japan), APSFEL (USA), FELICITAI (Germany), FERMI (tly), UVSOR, 
apn), Super-ACO (France), TTF2 (Germany), ELETTRA (Italy), Soft X-ray (Germany), SPARX (Ital), LCLS (USA), TESLA 
(Germany). X, long wavelengths: » , short wavelengths; 0, planned short wavelengths SASE-FELs. Data basedin part on H. P. Freund, 
VL Granatstoin, Nucl. Int. and Methods in Phys. Res. A248, 33 (1998), W. Colson, Proc. of the 24th Int. FEL conference, Argon, I 
(6d.K. J. Kim, S. V. Miton, E. Gluskin). The data points fal close to the theoretical FEL radiation condition expression (91) drawn for two 
Practical limits of wiggler parameters. 


these FEMs operated mostly in the colle 
gain regime (see Table 1). 

Some of the early pioneering work on FEMs was 
done in the 1970s and 1980s in the US (NRL, 
Columbia Univ, MIT), Russia (IAP), and France 
(Echole Politechnique), based on this kind of 
accelerators. 


electric energy systems (¢.g., Marx Generator), which 
produce short pulse (tens of nSec) Intense Relativistic 
Beam (IRB) of energy in the range of hundreds of keV 
to few MeV and high instantaneous current (order of 
kAmp), using explosive cathode (plasma field emis- 
sion) electron guns. FELs (FEMs), based on such 
accelerators, operated mostly in the microwave and 
mm-wave regimes. Because of their poor beam 


 high- 


quality and single pulse characteristic, these FELs Induction linacs 


were, in most cases, operated only as Self Amplified 
Spontaneous Emission (SASE) sources, producing 
intense radiation beams of low coherence at instan- 
taneous power levels in the range of 1-100 MW. 
Because of the high e-beam current and low energy, 


These too are single pulse (or low repetition rate) 
accelerators, based on induction of electromotive 
potential over an acceleration gap by means of an 
lectric-transformer circuit, They can be cascaded to 
high energy, and produce short pulse (tens to hundreds 
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Figure 12 Approximate wavelength ranges accessible with 
FELs based on current accelerator and wiggler technologies. 


of nSec), high current (up to 10 kA) electron beams, 
with relatively high energy (MeV to tens of MeV). The 
interest in FELs, based on this kind of accelerator 
technology, stemmed in the 1980s primarily from the 
SDI program, for the propose of development of a 
DEW FEL, The main development of this technology 
took place on a 50 MeV accelerator — ATA (for 
operating at 10 um wavelength) and a 3.5 MeV 
accelerator ~ ETA (for operating at 8mm wave- 
length). The latter experiment, operating in the high- 
gain regime, demonstrated record high power (1 GW) 
and energy extraction efficiency (35%). 


Electrostatic accelerators 
These accelerators are DC machines, in which an 
clectron beam, generated by a thermionic electron- 
gun (typically 1-10 Amp) is accelerated electrostati- 
cally. The charging of the high voltage terminal can be 
done by mechanical charge transport (Van de Graaff) 
or electrodynamically (Crockford—Walton accelera- 
tor, Dynamitron). The first kind can be built at 
energies up to 25 MeV, and the charging current is 
less than mAmp. The second kind have terminal 
voltage less than 5 MeV, and the charging current can 
be hundreds of mAmps. 

Because of their DC characteristics, FELs based on 
lerators can operate at arbitrary 
pulse shape structure and in principle ~ continuously 
(CW). However, because of the low charging current, 
the high electron heam current (1-10 Amp), required 
for FEL lasing must be transported without any 
interception along the entire way from the electron 
gun, through the acceleration tubes and the FEL 
wiggler, and then decelerated down to the voltage 
depressed beam-collector (multistage collector), clos- 
ing the electric cireuit back to the e-gun (current 
recirculation). The collector is situated at the e-gun 
potential, biased by moderate voltage high current 
power supplies, which deliver the current and power 


these kinds of ac 


needed for circulating the e-beam and compensates 
for its kinetic energy loss in favor of the radiation field 
in the FEL cavity. This beam current recirculation is, 
therefore, also an ‘Energy retrieval’ scheme, and can 
make the overall energy transfer efficiency of the 
clectrostatic-accelerator FEL very high. 

In practice, high-beam transport efficiency in excess 
of 99.9% is needed for CW lasing, and has not been 
demonstrated yet. To avoid HV-terminal voltage drop 
during lasing, clectrostatic-accelerator FELs are 
usually operated in a single pulse mode. Few FELs 
of this kind have been constructed. The first and main 
facility is the UCSB FEL shown in Figure 13. It 
operates in the wavelength range of 30 ym to 2.5 mm 
(with three switchable wigglers) in the framework of 
a dedicated radiation user facility. This FEL operates 
in the negatively charged terminal mode, in which the 
e-gun and collector are placed in the negatively 
charged HV-terminal inside the pressurized insulating 
gas tank, and the wigglers are situated externally at 
ground potential, An alternative operating mode of 
positively charged terminal internal cavity electro- 
static-accelerator FEM was demonstrated in the 
Israeli Tandem—Accelerator FEM and the Dutch 
O.M. Fusion-FEM projects. This configuration 
enables operating with long pulse, high coherence, 
and very high average power. Linewidth of Maso = 
10° was demonstrated in the Israeli FEM and high 
power (730 kW over few microseconds) was demon- 
strated in the Dutch FEM, both at mm-wavelengths. 
The goal of the latter development project (which was 
not completed) was quasicontinuous operation at 
1 MW average power for application in fusion 
plasma heating 


Radio-frequency (RF) accelerators 

RF-accelerators are by far the most popular electron- 
beam sources for FELs. In RF accelerators, short 
electron beam bunches (bunch duration 1-10 pSec) 
are accelerated by the axial field of intense RF 
radiation (frequency about 1 GHz), which is applied 
in the acceleration cavities on the injected short 
e-beam bunches, entering with the accelerating-phase 
of the RF field. In microtrons, the electron bunches 
perform circular motion, and get incremental accel- 
eration energy every time they re-enter the accelera- 
tion cavity. In RF-LINACs (linear accelerator), the 
electron bunches are accelerated in a sequence of RF 
cavities or a slow-wave structure, which keep an 
accelerating-phase synchronization of the traversing 
electron bunches with the RF field along a long 
linear acceleration length. The bunching of the 
electrons, prior to the acceleration step, is tradition- 
ally performed by bunching RF-cavities and a disper- 
sive magnet (chicane) pulse compression system. 
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The FEL small signal gain, must be large enough to 
build-up the radiation field in the resonator from 
noise to saturation well within the macropulse 
duration, 

RE-Linacs are essential facilities in synchrotron 
radiation centers, used to inject electron beam current 
into the synchrotron storage ring accelerator from 
time to time. Because of this reason, many FELs based 
on RF-LINACs were developed in synchrotron 
centers, and provide additional coherent radiation 
sources to the synchrotron radiation center users. 

Figure 15 displays FELIX — a RF-LINAC FEL 
which is located in one of the most active FEL 
radiation user-centers in FOM — Holland. 


Storage rings 
Storage rings are circular accelerators in which a 
number of electron (or positron) beam bunches 
(typically of 50-500 pS pulse duration and hundreds 
of ampere peak current) are circulated continuously 
by means of a lattice of bending magnets and 
quadrupole lenses. Typical energies of storage ring 
accelerators are in the hundreds of MeV to GeVs 
range. As the electrons pass through the bending 
magnets, they lose a small amount of their energy due 
to emission of synchrotron radiation. This energy is 
replenished by a small RE acceleration cavity placed 
in one section of the ring. The electron beam bunch 


dimensions, energy spread, and emittance parameters 
are set in steady state by a balance between the 
electrons oscillations within the ring lattice and 
radiation damping due to the random synchrotron 
emission process. This produces high-quality (small 
emittance and energy spread) continuous train of 
electron beam bunches, that can be used to drive a 
FEL oscillator placed as an insertion device in one of 
the straight sections of the ring between two bending 
magnets, 

Demonstrations of FEL oscillators, operating in a 
storage ring, were first reported by the French (LURE- 
Orsay) in 1987 (at visible wavelengths) and the 
Russians (VEPP-Novosibirsk) in 1988 (in the ultra- 
violet). The short wavelength operation of storage- 
ring FELs is facilitated by the high energy, low 
emittance and low energy spread parameters of 
the beam. 

Since storage ring accelerators are at the heart of all 
synchrotron radiation centers, one could expect that 
FEL would be abundant in such facilities as insertion 
devices. There is, however, a problem of interference 
of the FEL operating as an insertion device in the 
normal operation of the ring itself. The energy spread 
increase, induced in the electron beam during the 
interaction in a saturated FEL oscillator, cannot be 
controlled by the synchrotron radiation damping 
process, if the FEL operating power is too high. 


Figure 15 


‘The FELIX AF-Linac FEL operatingas.a radiation users centerin F.O.M. Netherlands. (Courtesy of. van der Meer, F..M.) 
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This limits the FEL power to be kept as a fraction of 
the synchrotron radiation power dissipation all 
around the ring (the ‘Renieri Limit’). The effect of 
the FEL on the e-beam quality, reduces the lifetime of 
the electrons in the storage ring, and so distrupts the 
normal operation of the ring in a synchrotron 
radiation user facilis 

To avoid the interference problems, it is most 
desirable to operate FELs in a dedicated storage ring. 
This also provides the option to leave long enough 
straight sections in which long enough wigglers 
provide sufficient gain for FEL oscillation. Figure 16 
displays the Duke storage ring FEL, which is used asa 
unique radiation user facility, providing intense 
coherent short wavelength radiation for applications 
in medicine, biology, material studies, etc. 


Superconducting (SC) RF-LINACS 
When the RF cavities of the accelerator are super- 
conducting, there are very low RF power losses on the 
cavity walls, and it is possible to maintain continuous 
acceleration field in the RF accelerator with a 
moderate-power continuous RF source, which deli- 
vers all of its power to the electron beam kinetic 
energy. Combining the SC-RF-LINAC technology 
with an FEL oscillator, pioneered primarily by 
Stanford University and Thomas Jefferson Lab 
(TJL) in the US and JAERI Lab in Japan, gave rise 
to an important scheme of operating such a system 
in a current recirculating energy retrieval mode. 


‘Storage ring j= 


This scheme revolutionized the development of 
FELs in the direction of high-power, high-efficiency 
operation, which is highly desirable, primarily for 
industrial applications (material processing, photo- 
chemical production, etc. 
In the recirculating SC-RF-LINAC FEL scheme the 
wasted beam emerging out of the wiggler after losing a 
fraction of only few percents (see eqn [89]) out of its 
kinetic energy, is not dumped into a beam-dump, as in 
normal cavity RF accelerators, but is re-injected, after 
circulation, into the SC-RF accelerator. The timing of 
the wasted electron bunches re-injection is such that 
they experience a deceleration phase along the entire 
length of the accelerating cavities. Usually, they are 
re-injected at the same cell with a fresh new electron 
bunch injected at an acceleration phase, and thus the 
accelerated fresh bunch receives its acceleration 
kinetic energy directly from the wasted beam bunch, 
that is at the same time decelerated, The decelerated 
wasted beam bunches are then dumped in the electron 
beam dump at much lower energy than without 
ulation, at energies that are limited primarily 
just by the energy spread induced in the beam in the 
FEL laser-saturation process. This scheme, not only 
increases many folds the over-all energy transform- 
ation efficiency from wall-plug to radiation, but would 
solve significant heat dissipation and radioactivity 
activation problems in a high-power FEL design. 
Figure 17 displays the TJL Infrared SC-RF-LINAC 
FEL oscillator, that demonstrated for the first time 
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Figure 18 The Duke ~ University Storage Ring FEL operating as a radiation-users center in N. Carolina, USA. (Mendening: Matthow 


Busch, courtesy of Glenn Edwards, Duke FEL Lab.) 
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record high average power levels — nearly 10 kWatt 
at optical frequencies (1-14 pm). The facility is in 
upgrade development stages towards eventual oper- 
ation at 100 kWatt in the IR and 1 kWatt in the UV. 
It operates in the framework of a laser material 
processing consortium and demonstrates important 
material processing applications, such as high-rate 
micromachining of hard materials (ceramics) with 
picoSecond laser pulses. 

The e-beam current recirculation scheme of SC- 
RE-LINAC FEL has a significant advantage over the 
e-beam recirculation in a storage ring. As in electro- 
static accelerators, the electrons entering the wiggler 
are ‘fresh’ cold-beam electrons from the injector, and 
not a wasted beam corrupted by the laser saturation 
process in a previous circulation through the FEL. 


This also makes it possible to sustain high average 
circulating current despite the disruptive effect of the 
FEL on the e-beam. This technological development 
has given rise to a new concept for a radiation-user 
facility light-source 4GLS (fourth-generation light 
source), which is presently in a pilot project 
development stage at Daresbury Lab in the UK 
(see Figure 18). In such a scheme, IR and UV FEL 
oscillators and XUV SASE-FEL can be operated 
together with synchrotron magnet dipole and 
wiggler insertion devices without disruptive inter- 
ference. Such a scheme, if further developed, can 
give rise to new radiation-user, light-source facilities, 
that can provide a wider range of radiation 
parameters than synchrotron centers of previous 
generation, 


transport 


Figure 17 The Thomas Jefferson Lab. recirculating beam-current superconducting Linac FEL operating as a material processing 
FEL-user center in Virginia USA (Courtesy af S. Benson, Thomas Jefferson Laboratory). 
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Figure 18 The Daresbury Fourth Generation Light-Source concept (4GLS). The circulating beam-current superconducting Linac 
includes SASE-FEL, bending magnets and wigglers as insertion devices. (Courtesy of M. Poole, Damesbury Laboratory) 
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Magnetic Wiggler Schemes 


The optical klystron 

The stimulated emission process in FEL (see 
is based on velocity (energy) bunching of the 
in the first part of the wiggler, which turns into 
density bunching along the central part of the wiggler, 
and then the density-bunched electron beam performs 
‘negative work’ on the radiation wave and emits 
radiative energy in the last part of the wiggler. In the 
OK, these steps are carried out in three separate parts 
of the wiggler: the energy bunching wiggler section, 
the dispersive magnet density buncher, and the 
radiating wiggler section (see Figure 7b). 

A schematic of the OK is shown in Figure 19. 
The chicane magnetic structure in the dispersive sec- 
tion brings all electrons emerging from the bunching 
wiggler back onto the axis of the radiating wiggler, 
but provides variable delay Mtg, = f[" (v,! — va) 
dz =[d(Aty/dy[by, relative to the’ pondermotive 
wave phase to different electrons, which acquired 
different energy modulation increments dy, = ; ~ 
Yh in the final section, The radiation condition is 
satisfied whenever the bunch-center phase satisfies 
Agy = wAty = 7/2 — mz (see Figure 7b). However, 
because the energy dispersion coefficient d(Aty)/dy, is 
much larger in the chicane than in a wiggler of the 
same length, the density bunching amplitude, and 
consequently the OK gain, are much larger than in a 
uniform wiggler FEL of the same length, 

‘The OK was invented by Vinokurov and Skrinsky 
in 1977 and first demonstrated in 1987 at visible 
wavelengths in the ACO storage ring of LURE 
in Orsay, France, and subsequently in 1988 at 
UV wavelengths, in the VEPP storage ring in 
Novosibirsk, Russia, The OK is an optimal FEL 
configuration, if used as an insertion device in a 
storage ring, because it can provide sufficient gain to 
exceed the high lasing threshold at the short operating 
wavelengths of a high-energy storage-ring FEL, and 
still conform with the rather short straight sections 


igure 7c) 
beam 


available for insertion devices in conventional syn- 
chrotron storage rings. It should be noted that the OK 
is equivalent to a long wiggler FEL of length Ly of 
equal gain and therefore its axial velocity spread 
acceptance is small (this is determined from the cold 
beam limit &j, <7 with Ly, used in eqn [52]). This 
too is consistent with storage ring accelerators, which 
are characterized by small energy spread and emit- 
tance of the electron beam. 


Radiation emission at harmonic frequencies 
Ina linear wiggler (eqn [2]), the axial velo 


[B= (ayhyeos* yet"? (921 


is not constant, It varies with spatial periodicity 
Ayi2, and in addition to its average value 
B. = [8° - a3 /2y7]", contains Fourier components 
of spatial frequencies 2mmky (m= 1,2,...). When 
ay, > 1, the axial oscillation deforms the sinusoidal 
trajectory of the electrons in the wiggler (eqns [22] 
and [23}), and in a frame of reference moving at the 
average velocity A, the electron trajectories in the 
wiggling (x-z) plane forms an figure 8 shape, rather 
than a pure transverse linear motion. In the labora- 
tory frame this leads to synchrotron undulator 
emission in the forward direction at all odd harmonic 
frequencies of wp, corresponding to substitution of 
ky m+ Dky (m= +) in eqn [6]: 


eae = m+ Vay = 2yze2m+ VYky 193] 
All the stimulated emission gain expressions, pre- 
sented earlier for the fundamental harmonic, are valid 
with appropriate substitution of 

Qm + Hky 


Sams = 194] 


instead of eqn [43], and substitution of the 
harmonic-weight Bessel-function coefficient of 
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Figure 19 Schematics of the Optical~Klystron, including an energy bunching wiggler, a dispersive magnet bunching section and a 


radiating wiggler. 
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synchronism with the beam. Slowing down the PM 
wave can he done by the gradual increase of the 
wiggler wavenumber ky(z) (or decrease of its period 
(2), So that eqns [29] or [91] keep being sati 
for a given frequency, even if v, (or y.) goes down. 
A more correct description of the nonlinear 
interaction dynamics of the electron beam in a 
saturated tapered-wiggler FEL is depicted in 
Figure 20: the electron trap synchronism energy 
ypulz) tapers down (by design) along the wiggler, 
while the trapped electrons are forced to slow down 
with it, releasing their excess energy by enhanced 
radiation, An upper limit estimate for the extraction 
efficiency of such a tapered wiggler FEL would be: 


yen(0) = ypntL) 


7m) a 


and the corresponding radiative power generation 
would be: AP = MewlyEx/e. In practice, the phase- 
space area of the tapered wiggler separatrix is reduced 
due to the tapering, and only a fraction of the electron 
beam can be trapped, which reduces correspondingly 
the practical enhancement in radiative extraction 
efficiency and power. 

An alternative wiggler tapering scheme consists of 
tapering the wiggler field Bw(z) (or wiggler parameter 
amplitude ay(z)). If these are tapered down, the axial 
velocity and axial energy (eqn [7]) can still keep 
constant (and in synchronism with the PM wave) 
even if the beam energy y goes down. Thus, in this 
scheme, the excess radiative energy extracted from 
the beam comes out of its transverse (wiggling) 


iency and power enhancement of FEL by 
wiggler tapering have been demonstrated experimen 
tally both in FEL amplifiers (first by Livermore, 1985) 
and oscillators (first by Los-Alamos, 1983). This 
elegant way to extract more power from the beam 


still has some limitations. It can operate efficiently 
only at a specified high radiation power level for 
which the tapering was designed. In an oscillator, a 
long enough untapered section must be left to permit 
sufficient small signal gain in the early stages of the 
laser oscillation build-up process. 


FEL Oscillators 


Most FEL devices are oscillators. As in any laser, in 
order to turn the FEL amplification process into an 
oscillation process, one provides a feedback mechan- 
ism by means of an optical resonator. In steady state 
saturation, GR, =1, where Rj is the round trip 
reflectivity factor of the resonator and G = P(LVP(O) 
is the saturated single-path gain coefficient of the 
FEL. To attain oscillation, the small signal (unsatu- 
rated) gain, usually given by the small gain expression 
in eqn [53], must satisfy the lasing threshold 
condition G > 1/R,,, as in any laser. 

When steady state oscillation is attained, the 
oscillator output power is: 


[100 


where APog = Newlol% — Dele and ng is the 
extraction efficiency, usually given by eqn [89] 
(low-gain limit), 

Usually, FEL oscillators operate in the low-gain 
regime, in which case 1 — Ry =L+ T <1 (where L 
is the resonator internal loss factor). Consequently, 
then Pou = APexTML+T), which would give a 
maximum value, depending on the saturation level 
of the oscillator. In the general case, one must solve 
the nonlinear force equations together with the 
resonator feedback relations of the oscillating radi- 
ation mode, in order to maximize the output power 
{eqn [100}) or efficiency by choice of optimal T for 
given L. 
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Figure 20 


‘Snapshots’ of the trap at three locations along a tapered wiggler FEL. 
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Figure 28.15. A comparison of characteristics of switch 
ing devices. 


What Can Go Wrong 


Wrong Connections on a Bipolar 
Transistor 

Failing to identify a transistor’s leads or contacts 
correctly can obviously be a potential source of 
damage, but swapping the collectorand emitter 


What Can Go Wrong 


accidentally will not necessarily destroy the tran- 
sistor. Because of the inherent symmetry of the 
device, it will in fact function with collector and 
emitter connections reversed. Rohm, a large 
semiconductor manufacturer, has included this 
scenario in its general information pages and 
concludes that the 
posed connections is that the B value, or hee , 
drops to about 1/10th of specification. If you are 
using a transistor that works but provides much 
lessamplification than you expect, checkthat the 
emitter and collector leads are not transposed, 


Wrong Connections on a 
Darlington Pair Chip 

While a single-component package for a Dar- 
lington pair functions almost indistinguishably 
froma single transistor, multiple Darlington pairs 
in a DIP package may create confusion because 
the component behaves differently from most 
other chips, such as logic chips. 


AA frequent error is to ground the output device 
instead of applying positive power to it. See 
Figure 28-11 and imagine an erroneous connec- 
tion of negative power instead of the 12VDCpos- 
itive power. 


Additional confusion may be caused by reading 
a manufacturer's datasheet for a Darlington pair 
chip suchas the ULN2003. The datasheet dey 
the internal function of the chip as if it contains 
logic inverters. While the chip can be imagined 
as behaving this way, in fact it contains bipolar 
transistors thatamplify the currentapplied tothe 
base of each pair. The datasheet also typically will 
not show the positive connection that should be 
made to the common-diode pin (usually at 
bottom-right) to provide protection from surges 
caused by inductive loads. This pin must be dis- 
tinguished carefully from the common-ground 
pin (usually at bottom-left). The positive connec- 
tion to the common-diade pin is optional; the 
‘comman-ground connection is mandatory. 


Chapter28 251 
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In an FEL oscillator operating with periodic 
electron bunches (as in RF-acclerator based FEL), 
the solution for the FEL gain and saturation 
dynamics requires extension of the single frequency 
ic field 


equations to the time domain. In principle, the 


solution of the electron and electromagnet 


situation is similar to that of a mode-locked laser, 
and the steady state laser pulse train waveform 
constitutes a superposition of the resonator longi- 
tudinal modes that produces a self-similar pulse 
shape with the highest gain (best overlap with the 
e-beam bunch along length). 
Because the e-beam velocity v9 is always smaller 
(in an open resonator) than the group velocity of 


the interaction 


the circulating radiation wavepacket, the radiation 
wavepacket slips ahead of the electron bunch one 
optical period A in each wiggling period (Slippage 


effect). This reduces the overlap between the 
radiation pulse and the e-beam bunch along the 
wiggler (see Figure 14) and consequently decreases 
the gain. Fine adjustment of the resonator mirrors 
(as shown in Figure 14) is needed to attain 
maximal power and optimal radiation pulse 


shape. The pulse-slippage gain reduction effect is 
negligible only if the bunch length is much 
longer than the slippage length NwA, which can 
he expressed as: 

Tp 2rd, (101) 
where Aw, is the synchrotron undulator radiation 
frequency bandwidth (eqn [55]). This condition 
is usually not satisfied in RF-accelerator FELs 
operating in the IR or lower frequencies, and the 
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Figure 21 Anticipated peak brightness of SASE FELs (TTF-DESY, LCLS-SLAC) in comparison to the undulators in present third 
{generation Synchrotron Radiation sources. Figure courtesy of DESY, Hamburg, Germany. 


458 LASERS / Free Electron Lasers 


slippage effect gain reduction must be then taken 
into account. 

An FEL operating in the cold-beam regime 
constitutes an *homogeneous broadening’ gain med- 
ium in the sense of conventional laser theory. 
Consequently, the longitudinal mode competition 
process that would develop in a CW FEL oscillator, 
leads to single-mode operation and high spectral 
purity (temporal coherence) of the laser radiation. 
The minimal (intrinsic) laser linewidth would be 
determined by an expression analogous to the 
Schawlow—Towns limit of atomic laser: 
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where Afi, is the spectral width of the cold resonator 
mode. Expression [102] predicts extremely narrow 
linewidth. In practice, CW operation of FEL was not 
yet attained, but Fourier transform limited linewidths 
in the range of Afify = 10-6 were measured in long- 
pulse electrostatic accelerator FELs. In an FEL 
oscillator, based on a train of e-beam bunches (e.g. 
an R.E. accelerator beam), the linewidth is very wide 
and is equal to the entire gain bandwidth (eqn [56]) in 
the slippage dominated limit, and to the Fourier 
transform limit Aw = 2n/7, in the opposite negli- 
ippage limit (eqn [101]). Despite this slippage, 
L that the radiation 
pulses emitted by the FEL oscillator are phase 
corrected with each other, and therefore their total 
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Figure 22 Phase 1 of the SASE FE L (TTF VUV-FEL1): (a) Accelerator layout scheme; (b) General view of the TESLA test facilty 


Figure courtesy of DESY, Hamburg, Germany. 
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Introduction 


Metal vapor lasers form a class of laser in which the 
active medium is a neutral or ionized metal vapor 
usually excited by an electric discharge. These lasers 
fall into two main subclasses, namely cyclic pulsed 
metal vapor lasers and continuous-wave metal ion 
lasers. Both types will be considered in this article, 
including basic design and construction, power 
supplies, operating characteristics (including princi- 
pal wavelengths), and brief reference to their 
applications. 


Self-Terminating Resonance- 
Metastable Pulsed Metal Vapor Lasers 


The active medium in a self-terminating pulsed metal 
vapor laser consists of metal atoms or ions in the 
vapor phase usually as a minority species in an inert 
buffer gas such as neon or helium. Laser action occurs 
between a resonance upper laser level and a meta- 
stable lower laser level (Figure 1). During a fast pulsed 
electric discharge (typically with a pulse duration of 
order 100 ns) the upper laser level is preferentially 
excited by electron impact excitation because it is 
strongly optically connected to the ground state 
(resonance transition) and hence has a large excitation 
cross-section, For a sufficiently large metal atom 
(or ion) density, the resonance radiation becomes 
optically trapped, thus greatly extending the lifetime 
of the upper laser level such that decay from the upper 
laser level is channelled through the emission of laser 
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Figure 1 Resonance-metastable energy levels for selttermi- 
rating matal vapor lasers. 


radiation to the metastable lower laser level. Lasing 
terminates when the electron temperature falls to a 
point such that preferential pumping to the upper 
laser level is no longer sustained, and the build-up of 
population in the metastable lower laser level destroys 
the population inversion, Therefore after each 
excitation pulse, the resulting excited species in the 
plasma (in particular the metastable lower laser levels 
which are quenched by collisions with cold electrons) 
must be allowed sufficient time to relax and the 
plasma must be allowed to partially recombine before 
applying the next excitation pulse. The relaxation 
times for self-terminating metal vapor lasers 
correspond to operating pulse repetition frequencies 
from 2 kHz to 200 kHz. 

Many metal vapors can be made to lase in the 
resonance-metastable scheme and are listed together 
with their principal wavelengths and output powers 
in Table 1, The most important self-terminating 
pulsed metal vapor laser is the copper vapor laser 
and its variants which will be discussed in detail in the 
following sections. Of the other pulsed metal vapor 
lasers listed in Table 1, only the gold vapor laser 
(principal wavelengths 627.8nm and 312.3 nm), 
and the barium vapor laser which operates in the 
infrared (principal wavelengths 1.5 um and 2.55 um) 
have had any commercial success. All the self- 
terminating pulsed metal vapor lasers have essentially 
the same basic design and operating characteristics 
as exemplified by the copper vapor laser. 


Copper Vapor Lasers 


Copper vapor lasers (CVLs) are by far the most 
widespread of all the pulsed metal vapor lasers. 
Figure 2 shows the energy level scheme for copper. 


Lasing occurs simultaneously from the 2Ps2 level to 
the “D,, level (510.55 nm) and from the *P,,, level to 
the *D3j2 level (578.2 nm), Commercial devices are 


available with combined outputs of over 100 W at 
$10.55 nm and 578.2 nm (typically with a green-to- 
yellow power ratio of 2:1), 

A typical copper vapor laser tube is shown in 
Figure 3. High-purity copper pieces are placed at 
intervals along an alumina ceramic tube which 
typically has dimensions of 1-4em diameter and 
1-2m long, The alumina tube is surrounded by a 
solid fibrous alumina thermal insulator, and a glass or 
quartz vacuum envelope. Cylindrical electrodes made 
of copper or tantalum are located at each end of the 
plasma tube to provide a longitudinal discharge 
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‘Table 1 Principal sel-terminating resonance:metastable metal vapor lasers 


‘Metal Principal wavelengths Powers Total efciencies Pulse repetition Technological development 
(am) frequency (kHz) 
Typical Maximum 
“ww 
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5782 1-50 commercially available 
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312 01-02 12 1-8 
Ba 1500 21012 05% 5-15 Have been produced commercially, 
2550 1 15 but largely experimental 
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Figure 2. Partial energy level scheme for the copper vapor laser. 
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Figure 8 Copper vapor laser tube construction. 
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arrangement. The cylindrical electrodes and silica 
laser end windows are supported by water-cooled end 
pieces. The laser windows are usually tilted by a few 
degrees to prevent back reflections into the active 
medium. The laser head is contained within a water 
cooled metal tube to provide a coaxial current return 
for minimum laser head inductance. Typically a slow 
flow (~5 mbar Imin~') of neon at a pressure of 
20-80 mbar is used as the buffer gas with an 
approximately 1% Hz additive to improve the 
afterglow plasma relaxation, The buffer gas provides 
a medium to operate the discharge when the laser 
is cold and slows diffusion of copper vapor out of 
the ends of the hot plasma tube. Typical copper fill 
times are of order 200-2000 hours (for 20-200 ¢ 
copper load). Sealed-off units with lifetimes of order 
1000 hours have been in production in Russia for 
many years, 

During operation waste heat from the repetitively 
pulsed discharge heats the alumina tube up to 
approximately 1500 °C at which point the vapor 
pressure of copper is of approximately 0.5 mbar 
which corresponds to the approximate density 
required for maximum laser output power. Typical 
warm-up times are therefore relatively long at around 
one hour to full power. 

One way to circumvent the requirement for high 
temperatures required to produce sufficient 
copper density by evaporation of elemental copper 
{and hence also reduce warm-up times) is to use a 
copper salt with a low boiling point located in 
one or more side-arms of the laser tube (Figure 4). 
Usually copper halides are used as the salt, with the 
copper bromide laser being the most successful. For 
the CuBr laser, a temperature of just 600°C is 
sufficient to produce the required Cu density by 
dissociation of CuBr vapor in the discharge. With the 
inclusion of 1-2% Hy in the neon buffer gas, HBr is 


also formed in the CuBr laser, which has the 
additional benefit of improving recombination in 
the afterglow via dissociative attachment of free 


electrons: HBr+e—+H+Br-, followed by ion 
neutralization: Br + Cu*—Br+Cu*. As a result 
of the lower operating temperature and kinetic 
advantages of HBr, CuBr lasers are typically twice 
as efficient (2-3%) as their elemental counterparts. 
Sealed-off CuBr systems with powers of order 
10-20 W are commercially produce 

An alternative technique for reducing the operating 
temperature of elemental CVLs is to flow a buffer gas 
mixture consisting of ~5% HBr in neon at approxi- 
mately $0 mbar I min * and allow this to react with 
solid copper metal placed within the plasma tube 
at about 600°C to produce CuBr vapor in situ. 
The so-called Cu HyBrID (hydrogen bromide in 
discharge) laser has the same advantages as the CuBr 
laser (e.g., up to 3% efficiency) but at the cost of 
requiring flowing highly toxic HBr in the buffer gas, 
a requirement which has so far prevented commer- 
cialization of Cu HyBrID technology. 

The kinetic advantages of the hydrogen halide in 
the CuBr laser discharge can also be applied to a 
conventional elemental CVL through the addition of 
small partial pressure of HCl to the buffer gas in 
addition to the 1-2% Hh additive. HClis preferred to 
HBr as it is less likely to dissociate (the dissociation 
energy of HCl at 0.043 eV is less than HBr at 
0,722 eV). Such kinetic enhancement leads to a 
doubling in average output power, a dramatic 
increase in beam quality through improved gain 
characteristics, and shifts the optimum pulse 
repetition frequency for kinetically enhanced CVLs 
(KE-CVLs) from 4-10 kHz up to 30-40 kHz, 

Preferential pumping of the upper laser levels 
requires an electron temperature in excess of the 
2eV range, hence high voltage (10-30 kV), high 
current (hundreds of A), short (75-150 ns) excitation 
pulses are required for efficient operation of copper 
vapor lasers. To generate such excitation pulses CVLs 
are typically operated with a power supply incorpor- 
ating a high-voltage thyratron switch, In the most 
basic configuration, the charge-transfer circuit shown 
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Figure 4 Copper bromide laser tube construction. 
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in Figure Sa, a de high-voltage power supply 
resonantly charges a storage capacitor (Cs, typically 
a few nF) through a charging inductor Le, a high- 
voltage diode and bypass inductor Ly, up to twice the 
supply voltage Vs in a time of order 100 ps. When 
the thyratron is triggered, the storage capacitor 
discharges through the thyratron and the laser head 
on a time-scale of 100 ns. Note that during the fast 
discharge phase, the bypass inductor in parallel with 
the laser head can be considered to be an open circuit. 
A peaking capacitor Cp (~0.5 Cs) is provided to 
increase the rate of rise of the voltage pulse across the 
laser head. Given the relatively high cost of 
thyratrons, more advanced circuits are now often 
used to extend the service lifetime of the thyratron to 
several thousand hours. In the more advanced circuit 
(Figure 5b) an LC inversion scheme is used in 
combination with magnetic pulse compression tech- 
niques and operates as follows. Storage capacitors Cs 
are resonantly charged in parallel to twice the de 
supply voltage Vs as before. When the thyratron is 
switched, the charge on Cs1 inverts through the 
thyratron and transfer inductor Lx: This LC inversion 
drags the voltage on the top of Cs down to ~4Vs. 
When the voltage across the first saturable inductor 
Lg: reaches a maximum (—4Vs) Ls: saturates, and 
allows current to flow from the storage capacitors 
(now charged in series) to the transfer capacitor 


) 


Figure § Copper vapor laser excitation circults. (a) Charge 
transfer circuit; (b) LC inversion circuit with magnetic pulse 
‘compression. 


(Cr =0.5Cg) thereby transferring the charge from 
Cy; and Cy to Cr in a time much less than the initial 
LC inversion time, At the moment when the charge 
on transfer capacitor Cr reaches a maximum 
(also ~4Vs), Lso saturates, and the transfer capacitor 
is discharged through the laser tube, again with a 
peaking capacitor to increase the voltage rise time. By 
using magnetic pulse compression the thyratron 
switched voltage can be reduced by 4 and the peak 
current similarly reduced (at the expense of increased 
current pulse duration) thereby greatly extending the 
thyratron lifetime. Note that in both circuits a 
“magnetic assist’ La saturable inductor is provided 
in series with the thyratron to delay the current pulse 
through the thyratron until after the thyratron has 
reached high conductivity thereby reducing power 
deposition in the thyratron, 

Copper vapor lasers produce high average powers 
(2-100 W available commercially, with laboratory 
devices producing average powers of over 750 W) 
and have wall-plug efficiencies of approximately 1%, 
Copper vapor lasers also make excellent amplifiers 
due to their high gains, and the amplifiers can be 
chained together to produce average powers of 
several kW. Typical pulse repetition frequencies 
range from 4 to 20 kHz, with a maximum reported 
pulse repetition frequency of 250 kHz. An approxi- 
mate scaling law states that for an elemental 
device with tube diameter D (mm) and length L (m) 
the average output power in watts will be of order 
DX L. For example, a typical 25 W copper vapor 
laser will have a 25mm diameter by 1 m long laser 
tube, and operate at 10 kHz corresponding to 2.5 mJ 
pulse energy and SOkW peak power (50-ns pulse 
duration). Copper vapor lasers have very high single- 
pass gains (greater than 1000 for a 1 m long tube), 
large gain volumes and short gain durations 
(20-80 ns, sufficient for the intracavity laser light 
to make only a few round trips within the optical 
resonator), Maximum output power is therefore 
usually obtained in a highly ‘multimode’ (spatially 
incoherent) beam by using either a fully stable or a 
plane—plane resonator with a low reflectivity output 
coupler (usually Fresnel reflection from an uncoated 
optic is sufficient), To obtain higher beam quality a 
high magnification unstable resonator is required 
(Figure 6). Fortunately, copper vapor lasers have 
sufficient gain to operate efficiently with unstable 
resonators with magnifications (M= Ry/R3) up to 
100 and beyond. Resonators with such high 
magnifications impose very tight geometric con- 
straints on propagation of radiation on repeated 
round-trips within the resonator, such that after two 
round-trips the divergence is typically diffraction- 
limited. Approximately half the stable-resonator 
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Figure 6 Unstable resonator configuration often used to obtain high beam quality from copper vapor lasers, 


output power can therefore be obtained with near 
diffraction-limited beam quality by using an unstable 
resonator. Often, a small-scale oscillator is used in 
conjunction with a single power amplifier to produce 
high output power with diffraction-limited beam 
quality. Hyperfine splitting combined with 
Doppler broadening lead to an inhomogeneous 
linewidth for the laser transitions of order 
8-10 GHz corresponding to a coherence length of 
order 3 em. 

The high beam quality and moderate peak 
power of CVLs allows efficient nonlinear frequency 
conversion to the UV by second harmonic generation 
(510.55 nm — 255.3nm, 578.2 nm — 289.1 nm) 
and sum frequency generation (510.55 nm + 
578.2 nm — 271.3 nm) using B-barium borate 
B-BaB,0, (BBO) as the nonlinear medium. Typically 
average powers in excess of 1 W can be obtained at 
any of the three wavelengths from a nominally 20 W 
CVL. Powers up to 15W have been obtained at 
255 nm from high-power CVL master-oscillator 
power-amplifier systems using cesium lithium borate; 
CsLi BeO1o (CLBO) as the nonlinear crystal. 

Key applications of CVLs include pumping of dye 
lasers (principally for laser isotope separation) and 
pumping Ti:sapphire lasers. Medically, the CVL 
yellow output is particularly useful for treatment of 
skin lesions such as port wine stain birth marks. CVLs 
are also excellent sources of short-pulse stroboscopic 
illumination for high-speed imaging of fast objects 
and fluid flows. The high beam quality, visible 
wavelength and high pulse repetition rate make 
CVLs very suited to precision laser micromachining 
of metals, ceramics and other hard materials. More 
recently, the second harmonic at 255 nm has proved 
to be an excellent source for writing Bragg gratings in 
optical fibers. 


Afterglow Recombination Metal Vapor 
Lasers 


Recombination of an ionized plasma in the afterglow 
of a discharge pulse provides a mechanism for 
achieving a population inversion and hence laser 


output. The two main afterglow recombination 
metal vapor lasers are the strontium ion vapor laser 
(430.5 nm and 416.2 nm) and calcium ion vapor laser 
(373.7 nm and 370.6 nm) whose output in the violet 
and UV spectral regions extends the spectral coverage 
of pulsed metal vapor lasers to shorter wavelengths. 

A population inversion is produced by recombina- 
tion pumping where doubly ionized Sr (or Ca) 
recombines to form singly ionized Sr (or Ca) in an 
excited state: Sr** +e +e” —Sr** +e. Note that 
recombination rates for a doubly ionized species are 
much faster than for singly ionized species hence 
recombination lasers are usually metal ion lasers. 
Recombination (pumping) rates are also greatest in a 
cool dense plasma, hence helium is usually used as the 
buffer gas as it is a light atom hence promotes rapid 
collisional cooling of the electrons. Helium also has a 
much higher ionization potential than the alkaline- 
earth metals (including Sr and Ca) which ensures 
preferential ionization of the metal species (up to 
90% may be doubly ionized). 

Recombination lasers can operate where the energy 
level structure of an ion species can be considered to 
consist of two (or more) groups of closely spaced 
levels. In the afterglow of a pulsed discharge electron 
collisional mixing within each group of levels will 
maintain each group in thermodynamic equilibrium 
yielding a Boltzmann distribution of population 
within each group. Ifthe difference in energy between 
the two groups of levels (5 eV >> kT) is sufficiently 
large then thermal equilibrium between the groups 
cannot be maintained via collisional processes. Given 
that recombination yields excited singly ionized 
species (usually with a flux from higher to lower ion 
levels), it is possible to achieve a population inversion 
between the lowest level of the upper group and the 
higher levels within the lower group. This is the mech- 
anism for inversion in the Sr* (and analogous Ca*) 
ion laser as indicated in the partial energy level 
scheme for Sr* shown in Figure 7. 

Strontium and calcium ion recombination lasers 
have similar construction to copper vapor lasers 
described above. The lower operating temperatures 
{500-800°C) mean that minimal or no thermal 
insulation is required for self-heated devices. 
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Figure 7 Partial energy level scheme for the strontium ion laser. 


For good tube lifetime BeO plasma tubes are required 
due to the reactivity of the metal vapors. Usually 
helium at a pressure of up to one atmosphere is used 
as the buffer gas. Typical output powers at 5 kHz 
pulse repetition frequency are of order 1 W (~0.1% 
wall plug efficiency) at 430.5 nm from the He Sr* 
laser and 0.7 W at 373.7 nm from the He Ca* laser. 
For the high specific input power densities (10- 
15 W cm™*) required for efficient lasing, overheating 
of the laser gas limits aperture scaling beyond 
10-15 mm diameter. Slab laser geometries have been 
used successfully to aperture-scale strontium ion 
lasers. Scaling of the laser tube length beyond 0.5 m 
is not practical as achieving high enough excitation 
voltages for efficient lasing becomes problematic. 
Gain in strontium and calcium ion lasers is lower than 
in resonance-metastable metal vapor lasers such as 
the CVL, hence optimum output coupler reflectivity is 
approximately 70%. The pulse duration is also longer 
at around 200-00 ns resulting in moderate beam 
quality with plane—plane resonators. 

For both strontium and calcium ion lasers the two 
principal transitions share upper laser levels and 
hence exhibit gain competition such that without 
wavelength-selective cavities usually only the longer 
wavelength of the pair is produced. With wavelength- 
selective cavities up to 60% (Sr*) and 30% (Ca*) of 
the normal power can be obtained at the shorter 
wavelength. 


Many potential applications exist for strontium 
and calcium ion lasers, given their ultraviolet 
(UV)Wviolet wavelengths. Of particular importance 
is fluorescence spectroscopy in biology and forensics, 
treatment of neonatal jaundice, stereolithography, 
micromachining and exposing photoresists for inte- 
grated circuit manufacture. Despite these many 
potential applications, technical difficulties in power 
scaling mean that both strontium ion and calcium ion 
lasers have only limited commercial availability. 


Continuous-Wave Metal lon Lasers 


Ina discharge excited noble gas, there can be a large 
concentration of noble gas atoms in excited meta- 
stable states and noble gas ions in their ground states. 
‘These species can transfer their energy to a minority 
metal species (M) via two key processes: either charge 
transfer (Duffendack reactions) with the noble gas 
ions (N 


M+N*—M* +N+AE 


(where M** is an excited metal ion state) 


or Penning ionization with a noble gas atom in an 
excited metastable state (N"): 


M+N'—=M*4N+e 
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Ina continuous discharge in a mixture of a noble gas 
and a metal vapor, steady generation of excited metal 
ions via energy transfer processes can lead to a steady 
state population inversion on one or more pairs of 
levels in the metal ion and hence produce ew lasing. 

Several hundred metal ion laser transitions have 
been observed to lase in a host of different metals. The 
most important such laser is the helium cadmium 
laser, which has by far the largest market volume by 
number of unit sales of all the metal vapor lasers, In a 
helium cadmium laser, Cd vapor is present at a 
concentration of about 1-2% in a helium buffer gas 
which is excited by a de discharge. Excitation to the 
upper laser levels of Cd (Figure 8) is primarily via 
Penning ionization collisions with He* 2°S, meta- 
stable ions produced in the discharge. Excitation via 
clectron-impact excitation from the ion geound state 
may also play an important role in establishing a 
population inversion in Cd* lasers. Population 
inversion can be sustained continuously because the 
Py and Py)» lower laser levels decay via strong 
resonance transitions to the *Sy/2 Cd* ground state, 
unlike in the self-terminating metal vapor lasers 
Two principal wavelengths can be produced, namely 
441.6 nm (blue) and 325.0 nm (UV) with ew powers 
upto 200 mWand 50 mW available respectively from 
commercial devices. 
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Typical laser tube construction (Figure 9) consists 
of a 1-3 mm diameter discharge channel typically 
0.5 m long. A pin anode is used at one end of the laser 
tube together with a large-area cold cylindrical 
cathode located in a side-arm at the other end of the 
tube. Cadmium is transported to the main discharge 
tube from a heated Cd reservoir in a side-arm at 
250-300 °C. With this source of atoms at the anode 
end of the laser a cataphoresis process (in which the 
positively charged Cd ions are propelled towards 
the cathode end of the tube by the longitudinal 
electric field) transports Cd into the discharge 
channel, Thermal insulation of the discharge tube 
ensures that it is kept hotter than the Cd reservoir to 
prevent condensation of Cd from blocking the tube 
hore. A large-diameter Cd condensation region is 
provided at the cathode end of the discharge channel. 
A large-volume side arm is also provided to act as a 
gas ballast for maintaining correct He pressure. As He 
is lost through sputtering and diffusion through 
the Pyrex glass tube walls, it is replenished from a 
high-pressure He reservoir by heating a permeable 
glass wall separating the reservoir from the ballast 
chamber which allows He to diffuse into the ballast 
chamber. Typical commercial sealed-off Cd lasers 
have operating lifetimes of several thousand hours. 
Overall laser construction is not that much more 
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Figure 8 Partial energy level diagram for helium and cadmium giving HeCad laser transitions. 
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Figure 9 Holium cadmium laser tube construction. 


complex than a HeNe laser, hence unit costs are 
considerably lower than low-power argon ion lasers 
which also provide output in the blue, Usually 
Brewster angle windows are provided together with 
a high Q stable resonator (97-99% reflectivity 
output coupler) to provide polarized output. 

‘With their blue and UV wavelengths and relatively 
low cost (compared to low-power argon ion lasers), 
HeCd lasers have found wide application in science, 
medicine and industry. Of particular relevance is their 
application for exposing photoresists where the blue 
wavelength provides a good match to the peak 
photosensitivity of photoresist materials. A further 
key application is in stereolithography where the UV 
wavelength is used to cure an epoxy resin. By 
scanning the UV beam in a raster pattern across the 
surface of a liquid epoxy, a solid three-dimensional 
object may be built up in successive layers. 
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History 


The argon ion laser was discovered in early 1964, and 
is still commercially available in 2004, with about 
$70 million in annual sales 40 years after this 
discovery. The discovery was made independently 
and nearly simultaneously by four different groups; 
for three of the four, it was an accidental result of 
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studying the excitation mechanisms in the mercury 
ion laser (historically, the first ion laser), which had 
been announced only months before. For more on the 
early years of ion laser research and development, see 
the articles listed in the Further Reading section at the 
end of this article. 

The discovery was made with pulsed gas dis- 
charges, producing several wavelengths in the blue 
and green portions of the spectrum. Within months, 
continuous operation was demonstrated, as well as 
oscillation on many visible wavelengths in ionized 
krypton and xenon. Within a year, over 100 
wavelengths were observed to oscillate in the ions 


What Can Go Wrong 


Soldering Damage 
Like any semiconductor, transistors are vulnera- 
ble to heat and can be damaged while soldering, 
although this seldom happens if a low-wattage 
ironis used, A copperalligator lip can beapplied 
asa heat sink to each lead before it is soldered, 


Excessive Current or Voltage 
During use, a transistor will be damaged if it is 
subjected to current or voltage outside ofits rat- 
ed range. Passing current through a transistor 
without any series resistance to protect it will a 
most certainly burn it out, and the same thing 
can happen if incorrect resistor values are used. 


The maximum wattage that a transistor can dis- 
sipate will be shown in its datasheet. Suppose, 
for example, this figure is 200mW, and you are 
using a 12VDC supply. Ignoring the base current, 
the maximum collector current will be 200/12 = 
approximately 15mA. Ifthe transistor’s emitter is 
connected to ground, and the load applied to the 
transistor output has a high impedance, and if 
we ignore the transresistance, Ohm's Law sug- 
gests that a resistor that you place between the 
collector and the supply voltage should have a 
resistance of at least 12 / 0.015 = 800 ohms. 


miconductor > mulli-junction > bipolar tra 


When transistors are used in switching applica- 
tions, it is customary for the base current to be 
1/5th of the collector current. In the example di 
cussed here, a4.7K resistor might be appropriate, 
‘Ameter should be used to verify actual current 
and voltage values. 


Excessive Leakage 
In a Darlington pair, or any other configuration 
where the output from one transistor is connec- 
ted with the base of another, leakage from the 
first transistor while in its “off” state can be am- 
plified by the second transistor. If this is unac- 
ceptable, a bypass resistor can be used to divert 
some of the leakage from the base of the second 
transistor to ground. Of course the resistor will 
also steal some of the base current when the first 
transistor is active, but the resistor value is typi- 
cally chosen so that takes no more than 10% of 
theactive current. See Figure 28-8 foran example 
of a bypass resistor added to a Darlington pair. 


252 Encyclopedia of Electronic Components Volume 1 
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of neon, argon, krypton, and xenon, spanning the 
spectrum from ultraviolet to infrared; oscillation was 
also obtained in the ions of other gases, for example, 
oxygen, nitrogen, and chlorine. A most complete 
listing of all wavelengths observed as gaseous ion 
lasers is given in the Laser Handbook cited in the 
Further Reading section. Despite the variety of 
materials and wavelengths demonstrated, however, 
it is the argon and krypton ion lasers that have 
received the most development and utilization. 

Continuous ion lasers utilize high current density 
gas discharges, typically 50 A or more, and 2-5 mm 
in diameter. Gas pressures of 0.2 to 0.5 torr result in 
longitudinal electric fields of a few V/cm of discharge, 
so that the power dissipated in the discharge is 
typically 100 to 200 W/em. Such high-power dissipa- 
tion required major technology advances before long- 
lived practical lasers became available. Efficiencies 
have never been high, ranging from 0.01% to 0.2%. 
A typical modern ion laser may produce 10 W output 
at 20 kW input power from 440 V three-phase power 
lines and require 6-8 gallons/minute of cooling 
water, Smaller, air-cooled ion lasers, requiring 1 kW 
of input power from 110 V single-phase mains can 
produce 10-50 mW output power, albeit at even 
lower efficiency. 


Theory of Operation 


The strong blue and green lines of the argon ion laser 
originate from transitions between the 4p upper levels 
and 4s lower levels in singly ionized argon, as shown 


Argon I 


in Figure 1. The 4s levels decay radiatively to the ion 
ground state. The strongest of these laser lines are 
listed in Table 1. The notation used for the energy 
levels is that of the L-S coupling model. The ion 
ground state electron configuration is 3s*3p°(2P%).). 
The inner ten electrons have the configuration 
1s*2s?2p*, but this is usually omitted for brevity. 
The excited states shown in Figure 1 result from 
coupling a 4p or 4s electron toa 3s°3p*(*P) core, with 
the resulting quantum numbers S (the net spin of the 
electrons), L (the net angular momentum of the 
electrons), and J (the angular momentum resulting 
from coupling § to L) are represented by >*"L,, 
0,1,2,... is denoted S, P, D, FR... The 
superscript ‘o’ denotes an odd level, while even levels 
omit a superscript. Note that some weaker transitions 
involving levels originating from the 3s*3p*('D) core 
configuration also oscillate. Note also that the 
quantum mechanical selection rules for the L-S 
coupling model are not rigorously obeyed, although 
the stronger laser lines satisfy most or all of these 
rules. The selection rule |A/|=1 or 0, but not J = 
0+ J = is always obeyed. All transitions shown in 
Figure 1 and Table 1 belong to the second spectrum of 
argon, denoted Ar Il, Lines originating from tran- 
sitions in the neutral atom make up the first spectrum, 
Ar I; lines originating from transitions in doubly 
ionized argon are denoted Ar II, and so forth for even 
more highly ionized states. 

Much work has been done to determine the mec- 
hanisms by which the inverted population is formed in 
the argon ion laser. Reviews of this extensive research 
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Figure 1 4p and 4s doublet levels in singly ionized argon, showing the strongest blue and green laser transitions. 
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Table 1 Ari laser blue-green wavelengths 


Wavelength Transition? Relative 
{oanometers) (upper evel) ~ (lower evel) _strengtt (Watt) 
454.505 4p °Pia— 48 “Pan 08 

457.935 4p2Sh—437P ig 15 

480956 ('DMp2F32—("D}4s “Dye ~ 

465.789 4 2Pia— 48 "Pan 08 

472.686 4p °Dig— 45 Pog 13 

476.486 4p2Pi— 48 7P i 30 

487.986 4p °Dia— 45 Pas 80 

488.903 4p 2Pig— 45 7P i ¢ 

496.507 4p 2D, 45 Pip 30 

501.716 ('D)4p 2082 — 3d 7D aa 18 

514.179 ‘ 

514.532 10 

528.690 4p Die 45 Pia 18 


"a levels are denoted in LS coupling withthe P) core uniess 
ctherwise indicated. Odd party is denoted by the superscript ‘0 
*Ralatve strengths are given as power output om a commercial 
Spectra: Physics model 2080-258 argon ion laser. 

“These lines may oscilate simultaneously with the nearby strong 
lino, but are not reslved easily i the output beam. 


Ars(agev) 


Electron colision 


Spontaneous emission 


“Trapped spontaneous 
‘emission 


Laser transition 


Figure 2 Schematic representation of energy levels in neutral 
and singly ionized argon, indicating altemative pathways for 
excitation and de-excitation of the argon ion laser levels. 


are found in the Further Reading section. While a 
completely quantitative picture of argon ion laser 
operation is lacking to this day, the essential processes 
are known. Briefly, the 4p upper levels are populated 
by three pathways, as illustrated in Figure 2: 


(i) by electron collision with the 3p® neutral ground 
state atoms. This ‘sudden perturbation process’ 
requires at least 37 eV electrons, and also singles 
‘out the 4p 7P%,5 upper level, which implies that 
only the 476 and 455 nm lines would oscillate. 
This is the behavior scen in pulsed discharges at 
very low pressure and very high axial electric 
field. This pathway probably contributes little to 
the 4p population under ordinary continuous 
wave (ew) operating conditions, however. 

{ii) by electron collision from the lowest-lying sand d 
states in the ion, denoted M(s,d) in Figure 1. This 
only requires 3~4 eV electrons, These states have 
parity-allowed transitions to the ion ground state, 
but are made effectively metastable by radiation 
trapping (that is, there is a high probability that 
an emitted photon is re-absorbed by another 
ground state ion before it escapes the discharge 
region), or by requiring IA| to be 2 to make the 
transition (forbidden by quantum selection 


rules). Thus, these levels are both created and 
destroyed primarily by electron collision, causing 
the population of the M(s,d) states to follow the 
population of the singly ionized ground state, 
which, in turn, is approximately proportional to 
the discharge current. Since a second electron 
collision is required to get from the M(s,d) states 
to the 4p states, a quadratic variation with 
current for the laser output power would be 
expected, and that is what is observed over some 
reasonable range of currents between threshold 
and saturation. Note that radiative decay from 
higher-lying opposite-parity p and f states, 
denoted X(p,f), can also contribute to the 
population of M(s,d), but the linear variation in 
population of the M(s,d) with discharge currentis 
assured by electron collision creation and 
destruction, 

by radiative decay from higher-lying opposite- 
parity s and d states, denoted C(s,d). These states 
are populated by electron collision with the 3p° 
ion ground states, and thus have populations 


(iii) 


that also vary quadratically with discharge 
current. The contribution of this cascade process 
has been measured to be 20% to 50% of the 4p 
upper laser level population. 


Note that it is not possible to distinguish between 
processes (ii) and (iii) by the variation of output 
power with discharge current; both give the observed 
quadratic dependence. 

The radiative lifetimes of the 4s *P levels are 
sufficiently short to depopulate the lower laser levels 
by radiative decay. However, radiation trapping 
greatly lengthens this decay time, and a bottleneck 
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can occur. In pulsed ion lasers, this is exhibited by the 
laser pulse terminating before the excitation current 
pulse ends, which would seem to preclude continuous 
operation. However, the intense discharge used in 
continuous operation heats the ions to the order of 
2300 K, thus greatly Doppler broadening the absorp- 
tion linewidth and reducing the magnitude of the 
absorption. Additionally, the ions are attracted to the 
discharge tube walls, so that the absorption spectrum 
is further broadened by the Doppler shift due to their 
wall-directed velocities, The plasma wall sheath gives 
about 20 V drop in potential from the discharge axis 
to the tube wall, so most ions hit the wall with 20 eV 
of energy, or about ten times their thermal velocity. 
A typical ew argon ion laser operates at ten times 
the gas pressure that is optimum for a pulsed laser, 
and thus the radiation trapping of the 4s— 3p 
transitions is so severe that it may take several 
milliseconds after discharge initiation for the laser 
oscillation to begin. 

As the discharge current is increased, the intensities 
of the blue and green lines of Ar I eventually saturate, 
and then decrease with further current. At these high 
currents, there is a buildup in the population of 
doubly ionized atoms, and some lines of Ar HI can be 
made to oscillate with the appropriate ultraviolet 
mirrors. Table 2 lists the strongest of these lines, those 
that are available in the largest commercial lasers. 
Again, there is no quantitative model for the 
performance in terms of the discharge parameters, 
but the upper levels are assumed to be populated 
by processes analogous to those of the Ar II laser. 


Table 2 _Utraviolat argon ion laser wavelengths 


At still higher currents, lines in Ar IV can be made to 
oscillate as well, 

Much less research has been done on neon, 
krypton, and xenon ion lasers, but it is a good 
assumption that the population and depopulation 
processes are the same in these lasers. Table 3 lists 
both the Kr Il and Kr III lines that are available from 
the largest commercial ion lasers. Oscillation on lines 
in still-higher ionization states in both krypton and 
xenon have been observed. 


Operating Characteristics 


A typical variation of output power with discharge 
current for an argon ion laser is shown in Figure 3. 
This particular laser had a 4 mm diameter discharge 
in a water-cooled silica tube, 71 cm in length, with a 
1 kG axial magnetic field, The parameter is the argon 
pressure in the tube before the discharge was struck. 
Note that no one curve is exactly quadratic, but that 
the envelope of the curves at different filling pressures 
is approximately quadratic. At such high discharge 
current densities (50 A in the 4 mm tube is approxi- 
mately 400 A/cm*) there is substantial pumping of 
gas out of the small-bore discharge region. Indeed, a 
return path for this pumped gas must he provided 
from anode to cathode ends of the discharge to keep 
the discharge from self-extinguishing. The axial 
electric field in this discharge was 3-5 V/em, so the 
input power was of the order of 10 to 20 kW, yielding 
an efficiency of less than 0.1%, an unfortunate 
characteristic of all ion lasers. 


Wavelength (nanometers) ‘Speci Transition” Felatve strangit (Wat) 
(upper level) ~~ (lower love) 
275.392 wu (£")4p 1D, — °D%4s ‘D3 os 
2756 2 > 0.02 
300.264 i Pp 'P; —~ CP \ad "DF 05 
302.408 i (P4p 2D, — (7P°}45 27 05 
305.484 i (CP9}4p 9D, — (7P°}45 2 02 
333.613 i ED? }p Fa —~ CDs 205 oa 
336.472 i (D"}ip2Fs—~ CDs 202 oa 
335.849 i (D"}ip2F2— CDs *0t o8 
350.358 i (¢D2)4p 902 °D°)4s 208 0.05, 
350.953 i (S*}4p "Po — ("48 °S} 0.05 
351.112 i (S24 3P, = (S45 3S} 20 
351418 i (S'}4p °P, —~ (S?}45 °5} o7 
363.789 i (D*\p Fs —~ (CD?4s "DE 25 
379.532 i (CP e}4p 9s — P)ad Pz oa 
385.829 i (P\4p 902 — (7P)0d PF 015 
390.784 tL (=Pe}4p 9D, — (7Pe)3d 93 002 
408.904 we > 0.04 
anas7t i (CD"}4p 2P.— (7PP}A5 “PE 0.02 
418.208 a (°}4p "Py ~ D°)4s "0 0.08 


“A aves are denoted in L~$ coupling with the core shown in ( 
Relative strengths are given as power output rom a commercial 


). Odd parity is denated by the superscript ‘0. 
| Spectra-Physies model 2085-258 argon ion laser. 
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Table 3 Krypton fon laser wavelongths 


Wavelength (nanometers) Spectrum Transition? Relative strengtt® (Watt) 
(upper level) ~ (lower love) 
337.496 i (€2)5p 2D, — (7P2)5s °P - 
350.742 uM (3°)5p 3P.— ('5")58 2S) 15 
356.432 uM (15°)5pP, — (1595s °S? 05 
408.737 uM (D°}5p "Fa (D")5s 'D og 
413.133 uM (18°)5p "P2— (1595s °S% 18 
415.444 uM (D95p °F — (D°)5s ‘DE 03 
422.658 uM (D°}5p 7F2— (Dd “DF - 
408041 (P)Sp 2Si— (PBS “Pa os 
476243, u CP)Sp D3 ~ (PISS “Py 04 
482518 u (CP)Sp “Sia — (PISS “Pra 04 
520.832 (CP)Sp “Pia — (PISS “Pan - 
530.865 u (CP)Sp “Pia — (P58 “Pan 18 
568.188 u CP)Sp “D8 — CP)5s “Paz 06 
631.024 uM (ED°)5p *P2— (P44 °D, 02 
647.088 u (P)Sp “P22 — (P58 “Pan 30 
676.442 u CP)Sp “Pi — (PBS “Pha os 
752.546 u CP)Sp “Pia — (P58 “Pa 12 
793.141 u (D)5p $F — (Pd “Fan 
799.322 u CP)Sp “Ph — (7P)4d “Die aa 


Al levels are denoted in LS coupling with the core shown in (). Od parity is denoted by the superscript 
Relative strong are givon as power output irom a commercial Spectra-Physics model 2080RS ion lasor. 


Technology 


With such high input powers required in a small 
volume to produce several watts output, ion laser 
performance has improved from 1964 to the present 
only as new discharge technologies were introduce 
The earliest laboratory argon ion lasers used thin- 
walled (= 1 mm wall thickness) fused silica discharge 
tubes, cooled by flowing water over the outside wall of 
the tube. The maximum input power per unit length of 
discharge was limited by thermal stresses in the silica 
walls caused by the temperature differential from 
inside to outside. Typically, ring-shaped cracks would 
cause the tube to fail catastrophically. Attempts to 
make metal—ceramic structures with alumina (Al2O) 
discharge tubes to contain the plasma were made early 
on (1965) but were not successful. Such tubes 
invariably failed from fracture by thermal shock as 
the discharge was turned on. Later, successful metal— 
ceramic tubes were made with beryllia (BeO), which 
has a much higher thermal conductivity than silica or 
alumina and is much more resistant to thermal shock. 
Today, all of the lower power (less than 100 mW 
output) are made with BeO discharge tubes. 
Some ion lasers in the 0.5 to 1W range are also 
made with water-cooled BeO discharge tubes. 

A typical low-power air cooled argon ion laser is 
shown in Figure 4. The large metal can (2) on the 
right end of the tube contains an impregnated-oxide 
hot cathode, heated directly by current through 
ceramic feed-through insulators (3). The small 


(=1mm diameter) discharge bore runs down the 
center of the BeO ceramic rod (1), and several smaller 
diameter gas return path holes run off-axis parallel to 
the discharge bore to provide the needed gas 
equalization between cathode can and anode region. 
A copper honeycomb cooler is brazed to the cathode 
can, two more to the outer wall of the BeO cylinder, 
and one to the anode (4) at the left end of the tube. 
The laser mirrors (5) are glass-fritted to the ends of 
the tube, forming a good vacuum seal. Note that in 
this small laser, the active discharge bore length is less 
than half of the overall length, 

The very early argon ion lasers were made with 
simple smooth dielectric tubes, allowing the continu- 
ous variation in voltage along the length of the tube 
required by the discharge longitudinal electric field. 
However, this variation can be step-wise at the 
discharge walls, and still be more or less smooth 
along the axis. Thus, the idea arose of using metal tube 
segments, insulated one from another, to form the 
discharge tube walls. The first version of this idea 
(1965) used short (=1 cm) metal cylinders supported 
by metal disks and stacked inside a large diameter 
silica envelope, with each metal cylinder electrically 
isolated from the others. The tubes and disks were 
made of molybdenum, and were allowed to heat to 
incandescence, thus radiating several kilowatts of heat 
through the silica vacuum envelope to a water-cooled 
collector outside. While this eliminated the problems 
of thermal shock and poor thermal conductivity 
inherent in dielectric wall discharges, it made another 
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Figure 3 Laser output power (summed over all the blue and 
green laser lines) versus discharge current for a laser discharge 
4mm in diametar and 71 em long, with a 1 klogauss longitudinal 
‘magnetic field. The parameter shown is the argon fil pressure in 
Tom prior to striking the discharge. The envelope of the curves 
exhibits the quadratic variation of output power with discharge 
current, 


problem painfully evident. The intense ion bombard- 
ment of the metal tube walls sputtered the wall 
material, eventually eroding the shape of the metal 
cylinders and depositing metal films on the insulating 
wall material, thus shorting one segment to another. 
Many different combinations of materials and 
configurations were investigated in the 1960s and 
1970s to find a structure that would offer good laser 
performance and long life. It was found that simple 
thin metal disks with a central hole would effectively 
confine the discharge to a small diameter (on the 
order of the hole size) if a longitudinal d-c magnetic 


field of the order of 1 kiloGauss were used. 
The spacing between disks can be as large as 2-4 
discharge diameters. Of the metals, tungsten has the 
lowest sputtering yield for argon ions in the 20 eV 
range (which is approximately the energy they gain 
in falling to the wall across the discharge sheath 
potential difference). An even lower sputtering yield 
is exhibited by carbon, and graphite cylinders 
contained within a larger diameter silica or alumina 
tube were popular for a while for ion laser 
discharges. Unfortunately, graphite has a tendency 
to flake or powder, so such laser discharge tubes 
became contaminated with ‘dust’ which could 
eventually find its way to the optical windows of 
the tube. Beryllia and silica also sputter under 
argon ion bombardment, but with still lower yields 
than metals or carbon; however, their smaller 
thermal conductivities limit them to lower-power 
applications. 

The material/configuration combination that has 
evolved for higher-power argon ion lasers today is to 
use a stack of thin tungsten disks with 2-3 mm 
diameter holes for the discharge. These disks, 
typically 1 cm in diameter, are brazed coaxially to a 
larger copper annulus (actually, a drawn cup with a 
Tem hole on its axis). A stack of these copper! 
tungsten structures is, in turn, brazed to the inside 
wall of a large diameter alumina vacuum envelope. 
The tungsten disks are exposed to and confine the 
discharge, while the copper cups conduct heat 
radially outward to the alumina tube wall, which, 
in turn, is cooled by fluid flow over its exterior. Thus, 
the discharge is in contact only with a low-sputtering 
material (tungsten) while the heat is removed by a 
high thermal conductivity material (copper). Details 
differ among manufacturers, but this ‘cool disk’ 
technology seems to have won out in the end. A 
photo of a half-sectioned disk/cup stacked assembly 
from a Coherent Innova™ ion laser is shown in 
Figure 5. The coiled impregnated-tungsten cathode is 
also show! 

Sputtering of the discharge tube walls is not 
uniform along the length of the gas discharge. The 
small diameter region where the laser gain occurs is 
always joined to larger diameter regions containing 
cathode and anode electrodes (as shown in Figure 5, 
for example). A plasma double sheath (that is, a 
localized increase in potential) forms across the 
discharge in the transition region between large and 
small diameter regions (the discharge ‘throats,’ 
which may be abrupt or tapered). This sheath is 
required to satisfy the boundary conditions between 
the plasmas of different temperatures in the different 
regions. Such a double sheath imparts additional 
energy to the ions as they cross the sheath, perhaps 
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Figure 4 A typical commercial low-power, air-cooled argon ion laser. The cathode can (2) s at the ight and the berylia bore (1) and 
anode (4) s a the lft. The cathode current is supplied through ceramic vacuum feed:-throughs (3). Mirors (6) are glass fitted onto the 


tends of vacuum envelope. (Photo courtesy of JDS Uniphase Corp.) 
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Figure § Discharge bore structure of a typical commercial high-power argon ion laser, the Coherent Innova™. Copper cups are 
brazed tothe inner wall ofa ceramic envelope, which is cooled by liquid flow over its outer surtace. A thin tungsten disk witha small hole 
defining the discharge path is brazed over a larger hole in the battom of the copper cup. Additonal small holas in the copper cup near 
the ceramic envelope provide a gas return path from cathode to anode. Also shown is the hot oxide-impregnated tungsten cathode. 


(Photo courtesy of Coherent, Inc.) 


an additional 20 eV. When these ions eventually hit 
the discharge walls near the location of the sheath, 
they have 40 eV of energy rather than the 20 eV 
from the normal wall sheath elsewhere in the small 
diameter discharge. Sputtering yield (number of 
sputtered wall atoms per incident ion) is exponen- 


tially dependent on ion energy in this low ion 
energy region, so the damage done to the wall in 
the vicinity of the ‘throat’ where the double sheath 


forms may be more than ten times that elsewhere in 
the small diameter bore region. This was the 
downfall of high-power operation of dielectric 
discharge bores, even BeO; while sputtering was 
acceptable elsewhere in the discharge, the amount 
of material removed in a small region near the 
discharge throat would cause catastrophic bore 
failure at that point. This localized increase in 
sputtering in the discharge throat is common to all 
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ion lasers, including modern cooled tungsten disk 
tubes. Eventually, disks near the throat are eroded 
to larger diameters, and more material is deposited 
on the walls nearby. Attempts to minimize localized 
sputtering by tapering the throat walls or the 
confining magnetic field have proven unsuccessful; 
a localized double sheath always forms somewhere 
in the throat, Because of the asymmetry caused by 
ion flow, the double sheath is larger in amplitude in 
the cathode throat than the anode throat, so that 
the localized wall damage is larger at the cathode 
end of the discharge than at the anode end. 

Another undesirable feature of sputtering is that 
the sputtered material ‘buries’ some argon atoms 
when it is deposited on a wall. This is the basis of the 
well-known Vac-lon” vacuum pump. Thus, the 
operating pressure in a sealed laser discharge tube 
will drop during the course of operation. In low- 
power ion lasers, this problem is usually solved by 
making the gas reservoir volume large enough to 
satisfy the desired operating life (for example, the 
large cathode can in Figure 4). In high-power ion 
lasers, the gas loss would result in unacceptable 
operating life even with a large reservoir at the fill 
pressure. Thus, most high-power ion lasers have a gas 
pressure measurement system and dual-valve 
arrangement connected to a small high-pressure 
reservoir to ‘burp’ gas into the active discharge 
periodically to keep the pressure within the operating 
range. Unfortunately, if a well-used ion laser is left 
inoperative for months, some of the ‘buried’ 
argon tends to leak back into the tube, with the 
gas pressure becoming higher than optimum. The 
pressure will gradually decrease to its optimum 
value with further operation of the discharge (in 
perhaps tens of hours), In the extreme case, the gas 
pressure can rise far enough so that the gas discharge 
will not strike, even at the maximum power 
supply voltage. Such a situation requires an external 
vacuum pump to remove the excess gas, usually a 
factory repair. 

In addition to simple de discharges, various other 
techniques have been used to excite ion lasers, 
primarily in a search for higher power, improved 
efficiency and longer operating life. Articles in the 
Further Reading section give references to these 
attempts. Radio-frequency excitation at 41 MHz 
was used in an inductively coupled discharge, with 
the laser bore and its gas return path forming a 
rectangular single turn of an air-core transformer. 
A commercial product using this technique was 
sold for a few years in the late 1960s. Since this 
was an ‘electrode-less’ discharge, ion laser lines in 
reactive gases such as chlorine could be made to 
oscillate, as well as the noble gases, without 


‘poisoning’ the hot cathode used in conventional 
de discharge lasers. A similar electrode-less. dis- 
charge was demonstrated as a quasi-cw laser by 
using iron transformer cores and exciting the 
discharge with a 2.5 kHz square wave, Various 
microwave excitation configurations at 2.45 GHz 
and 9GHz also resulted in ion laser oscillation. 
Techniques common to plasma fusion research 
were also studied. Argon ion laser oscillation was 
produced in Z-pinch and @-pinch discharges and 
also by high-energy (10-45 keV) electron beams. 
However, none of these latter techniques resulted 
in a commercial product, and all had efficiencies 
worse than the simple de discharge lasers. 

It is interesting that the highest-power output 
demonstrations were made in less than ten years 
after the discovery. Before 1970, 100 W output on the 
argon blue-green lines was demonstrated with de 
discharges two meters in length. In 1970, a group in 
the Soviet Union reported 500 W blue-green output 
from a two-meter discharge with 250kW of de 
power input, an efficiency of 0.2%. Today, the highest 
output power argon ion laser offered for sale is 50 W 
output. 


Manufacturers 


More than 40 companies have manufactured ion 
lasers for sale over the past four decades. This field 
has now (2004), narrowed to the following: 


Coherent, Inc 

INVERSion Led. 

JDS Uniphase 

Laser Physics, In 

Laser Technologies 
GmbH 

LASOS Lasertechnik 
GmbH 

Lexel Laser, Inc 

Melles Griot 

Spectra-Physies, Inc. 


herpsAvww.coberentine.com 
hepsfinversion.iae.nsksu 
eepslvww.jdsuscom 
beep:!Avww:laserphysics.com 
herpslvwwilg-lasertechnologies.com 


beepslvww:LASOS.com 


herpslvwwlexellaser.com 
bheep:Mlasers.mellesgriot.com 
hurpslAvww:spectraphysics.com 
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Optical fiber lasers were first demonstrated in the 
1960s, and since then have developed to become 
versatile optical sources with many desirable proper- 
ties. Aided by developments in associated technol- 
gies, such as fiber design and fabrication methods, 
semiconductor pump diode technology, and fiber- 
coupled and in-fber components such as Bragg 
grating filters, optical fiber lasers now compete 
with other laser technologies in many applications, 
from telecommunications to materials processing. 
An optical fiber laser is fundamentally an optical 
oscillator, which converts input pump power to 
coherent optical output power at one or more well- 
defined wavelengths. Optical oscillators require two 
basic elements: optical gain, and optical feedback. 
For sustained oscillation to occur the round-trip 
gain in the laser cavity must be unity, and the round- 
trip phase a multiple of 2. In optical fiber lasers the 
optical gain is provided by an optical fiber amplifier 
using one or a combination of fundamental physical 
processes, ¢.g., stimulated emission, stimulated 
scattering, or nonlinear parametric processes. Early 
fiber amplifiers used stimulated Raman scattering to 
produce optical gain; however, rare-earth-doped 
fiber amplifiers, in which gain is provided by 
stimulated emission, are now more common. The 
reader is referred to Optical Amplifiers: Erbrium 
Doped Fiber Amplifiers for Lightwave Systems, for 
more details on doped fiber amplifiers, and to 
Scattering: Stimulated Scattering, Nonlinear Optics, 
Applications: Raman Lasers, Optical Parametric 
Devices: Optical Parametric Oscillators (Pulsed), 
and Scattering: Raman Scattering, for more details 
on stimulated scattering and parametric gain pro- 
cesses. Optical feedback may be provided in two 
fundamental ways, e.g., by using a closed ring of 
fiber, or from reflections from nonuniformities and 
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discontinuities in the waveguide such as in Bragg 
or at fiber ends. The reader is referred 
igs for more details on fiber Bragg 


gratings. 

The main advantages of optical fiber lasers are 
derived from the confinement of the pump and signal 
in a small optical waveguide. In contrast with bulk 
lasers, the pump intensity in the fiber waveguide is 
largely independent of the laser length, resulting in 
large amplifier gain and low laser threshold, even for 
gain media with small absorption and emission cross- 
sections. The large gain enables lossy elements such as 
optical fiber-coupled devices and bulk optical 
elements to be incorporated into the laser cavity, 
providing additional control over the optical signal 
being generated. To obtain a large gain optical fiber 
amplifiers must usually be relatively long (i.e., from 
several centimeters to many meters), and so the linear 
and nonlinear properties of the fiber waveguide can 
have a significant influence on the optical signal being 
generated, resulting in some interesting and useful 
phenomena, .g., as in soliton fiber lasers. The reader 
is referred to Fiber and Guided Wave Optics: Optical 
Fiber Cables, for fiber-based components, to Fiber 
and Guided Wave Optics: Dispersion, Light Propa- 
gation, and Nonlinear Effects (Basics), for a review of 
the linear and nonlinear properties of optical fibers, 
and to Solitons: Soliton Communication Systems, and 
‘Temporal Solitons, for the theory and applications of 
temporal solitons. 

‘Whilst optical fibers may be fabricated in a range of 
materials, including polymer and_ crystalline 
materials, most fibers and fiber lasers are current! 
made of silica containing rare-earth ion dopants ~ se 
Fiber and Guided Wave Optics: Fabrication of 
Optical Fiber, for details. Lasers in silica optical 
fiber have much in common with other glass-host 
lasers, including a wide range of potential pump and 
lasing wavelengths, and broadband absorption and 
gain due to homogeneous and inhomogeneous broad- 
ening of the lasing energy levels in the amorphous 
glass host. For example, erbium-doped amplifiers in 
alumino-silicate glass fibers at room temperature 
have lasing transitions with homogeneous and 


476 LASERS / Optical Fiber Lasers 


Table 1__Commonly used pump and signal transitions in rare-earth doped fiber lasers 


FRaro earth dopant Pump wavelengths nm] Signal wavelengths [nm] Excited state ifetime ims] Energy lvels 
Praseodymium 480, 585 885, 1080 oa 4 
Neodymium 590, 600 220 (800-950) 05 3 
1060 (1055-1140) 4 
Samarium 488 651 15 4 
Holmium 455, 650, 1150 2040 os 3 
Erbium 800,975, 1480 1550 (1530-1610) 10 3 
Thulium 790, 1210 (1080-1320) 1480 (1460-1520) 
1850 (1650-2060) os 3 
Yitoroium 920 40-980) 975 os 3 
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Figure 1 Example of a simple allfiber optical oscillator. The rare-earth doped fiber provides optical gain, and the Bragg gratings 


provide narrowband optical foedback. 


inhomogeneous linewidths of several nanometers, 
and can be optimized to provide around 30 dB gain 
over an 80 nm bandwidth centered around 1570 nm. 
The large gain-bandwidth is useful for achieving 
either wide tunability of the lasing wavelength and/or 
ultrashort pulse generation. Table 1 summarizes the 
most commonly used pump and signal transitions for 
a range of rare-earth dopants in silicate optical fibers. 

Other desirable properties of silica fiber lasers 
include high efficiency, excellent thermal dissipation, 
substantial energy storage, high power capability, and 
compatibility with a wide range of optical fiber 
devices and systems. The characteristics of optical 
fiber lasers can be optimized for some very different 
applications, ranging from narrow linewidth and 
low-noise lasers to broadband pulsed lasers with high 
energy and/or high peak power. In the following 
sections the fundamentals of laser theory as applied to 
fiber lasers will be reviewed, highlighting the reasons 
underlying such versatility. 


Fiber Laser Fundamentals 


An example of a simple all-fiber laser is shown 
schematically in Figure 1. The laser contains the basic 
elements of optical gain (e.g., a rare-earth doped fiber 
amplifier) and optical feedback (e.g., a pair of Bragg 
grating filters). In the laser shown, the two Bragg 
gratings provide optical feedback only over a narrow 
range of wavelengths, which further restricts the 


range of possible lasing wavelengths. One grating 
must have a reflectivity less than unity to allow a 
proportion of the lasing signal to be coupled out of 
the laser cavity. At threshold, the gain in the amplifier 
exactly compensates for the loss in the output coupler. 

The optical pump, typically from a semiconductor 
laser diode, is absorbed as is propagates along the 
fiber amplifier, e.g., by rare-earth ion dopants, which 
are raised to an excited state. The absorbed energy is 
stored and eventually emitted at a longer wavelength 
by either spontaneous or stimulated emission. Spon- 
taneous emission produces unwanted noise and is 
associated with a finite excited state lifetime, whilst 
stimulated emission produces optical gain provided 
the gain medium is ‘inverted’, ie., with more active 
ions in the upper lasing energy level than the lower 
lasing energy level. In practice some energy is also lost 
to nonradiative (thermal) emissions, ¢.g., in the 
transfer of energy between the pump and upper 
lasing energy levels. In an ideal gain medium the 
nonradiative transfer rate between the pump and 
upper lasing energy levels is much larger than the 
spontaneous or stimulated emission rates, so the 
inversion may usually be assumed to be independent 
of nonradiative transfer rates. Energy level diagrams 
for three- and four-level atoms are shown in Figure 2. 

The local optical gain coefficient (i.e. power gain 
pet unit length, in nepers*) in a fiber amplifier is 
proportional to the local inversion, i.e., g(2) ~ os 
AN(), where ag is the emission cross-section at the 
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Figure 2 Energy level diagrams for three- and four-level laser 
transitions. W represents the probabilty of an optical transition per 
Unit time associated with stimulated absorption or emission, and 
‘Wz is the rate of spontaneous emission. Dotted lines represent 
nonradiative transitions (e.g., between the pump and upper lasing 
level), 


signal wavelength, and AN(z) the difference in 
population density between the upper and lower 
lasing energy levels (AN > 0 if the gain medium is 
inverted). The local inversion can be calculated by 
solving the rate equations including all stimulated 
and spontaneous transitions between the laser energy 
levels. The end-to-end amplifier power gain, 
G = Ps(Lay/P3(0), in length La of amplifying fiber 


is then 
Ly 
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which in decibels is 


A large gain coefficient is desirable for amplifica- 
tion with minimal added noise (i.e., low noise figure), 
and a large gain per unit pump power is desirable for 
low threshold lasing. For a given gain medium the 
only factor usually accessible to control the inversion 
and hence gain is the pump rate, i.e, the rate at which 
pump energy is absorbed by the gain medium, which 
for an unbleached amplifier is proportional to pump 
intensity. For example, in an ideal four-level unsatu- 
rated laser medium with uniform pump intensity, the 
small signal gain is approximately 
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in which + is the lifetime of the upper lasing level, 
Phase is the pump power absorbed in the fiber 
amplifier with cross-sectional area A, h is Planck’s 
constant, and vp is the pump frequency. 

For a three-level laser under the same conditions, 
the small signal gain is 
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in which the first term corresponds to ground state 
absorption of the signal, in which N is the dopant ion 
density, and the factor of 2 in the second term is due 
to the fact that in an ideal three-level system every 
absorbed pump photon increases the inversion, AN, 
by two. Equation [3] can be approximated by 
multiplying [2] by the factor (Ppa ~ Prase/(Ppate + 
Praaely where Pry. = bvpAl(ap7) is the pump power 
which must be absorbed to reduce the pump 
absorption coefficient to half its unpumped value 
(or the signal absorption coefficient to zero), and op is 
the pump absorption cross-section. Unlike four-level 
lasers in which gain is available as soon as pump 
power is applied, three-level lasers require half the 
active ions to be excited before the inversion becomes 
positive and gain is produced. 

The main advantages of optical fiber amplifiers are 
now clear; in an optical fiber waveguide the light is 
confined in a very small cross-sectional area, typically 
less than ten microns diameter. Consequently even a 
small coupled pump power can have a large intensity 
and produce a large gain coefficient, or low laser 
threshold. Even if the pump absorbed per unit length 
in the fiber amplifier is small (e.g., due to low dopant 
concentration or low absorption coefficient), this can 
often he compensated by using a long length of fiber 
with small intrinsic loss. Furthermore, rare-earth 
dopants have relatively long metastable state life- 
times, 7, which further assists in producing a large 
inversion throughout the fiber, and hence large 
overall gain or low lasing threshold, even at low 
pump powers. For example, a typical four-level 
neodymium doped fiber amplifier providing gain at 
As= 1.06 um, pumped at Ap=0.8 um, with core 
diameter 7m, r=0.5 ms, os = 1.4% 10°79 cm’, 
and op = 23 x 10-7! cm”, could theoretically provide 
a small signal gain of 0.3 dB for every milliwatt of 
absorbed pump power. 

Whilst the above analysis highlights the main 
advantages of fiber amplifiers, it is approximate in a 
number of respects. For example, eqns [2] and [3] 
assume both pump and signal have a uniform 
intensity distribution across the gain medium, and 
completely overlap. In single mode optical fibers the 
intensity distribution across the fiber core is not 
uniform but approximately Gaussian, with a width 
and effective area that depends on the numerical 
aperture of the waveguide and the wavelength. 
Consequently the overlap of the pump and signal 
heams with the doped fiber core and with each other 
is less than 100%, and the pump and signal intensities 
are higher in the center of the fiber than at the core- 
cladding boundary. The nonuniform distribution of 
pump and signal beams slightly modifies both 
the gain efficiency and gain saturation behavior 
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field effect transistor 


The term field-effect transistor encompasses a family primarily consisting of thejunc- 
tion field-effect transistor (or JFET, whichis the simplest generic type) and the metal-oxide 
semiconductor field-effect transistor (or MOSFET, also sometimes known as an insulated- 
gate field-effect transistor, or IGFET). Because the principles of operation overlap cansid- 
erably, the entire -FET family is grouped in this entry. 
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OTHER RELATED COMPONENTS 


+ bipolar transitor (See Chapter 28) 
+ unijunction transistor (See Chapter 27) 
+ diode (See Chapter 26) 


What It Does 


How It Works 


Afield-effect transistor creates an electricfield to 
control current flowing through a channel ina 
semiconductor. MOSFETs of microscopic size 
form the basis of complementary metal oxide 
semiconductor (CMOS) integrated circuit chips, 
while large discrete MOSFETs are capable of 
switching substantial currents, in lamp dimmers, 
audio amplifiers, and motor controllers. FETS 
have become indispensable in computer elec- 
tronics, 


A bipolar transistor is generally thought of as 
a current amplifier because the current passing 
through it is controlled by a smaller amount of 
current passing through the base. By contrast, all 
FETs are considered to be voltage amplifiers, as 
the control voltage establishes field intensity, 
which requires little or no current. The negligible 
leakage through the gate of an FET makes itideal 
for use in low-power applications such as 
portable hand-held devices. 


This section is divided into two subsections, de- 
scribing the most widely used FETs: JFETs and 
MOSFETs, 


JFETs 

‘A junction field-effect transistor (or JFET) is the 
simplest form of FET. Just as a bipolar transistor 
can be of NPN or PNP type, a JFET can havean N- 
channel or P-channel, depending whether the 
channel that transmits current through the de- 
vice is negatively or positively doped. A detailed 
explanation of semiconductor doping 
found in the bipolar transistor entry. 


Because negative charges have greater mobility, 
the N-channel type allows faster switching and 
is more commonly used than the P-channel type. 
schematic symbol for it is shown in Figure 29-1 
alongside the schematic for an NPN transistor. 
These symbols suggest the similarity of the de- 
vices as amplifiers or switches, butitis important 
to remember that the FET is a primarily a voltage 
amplifier while the bipolar transistor is a current. 
amplifier. 
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(i.e., the dependence of gain on signal power) in fiber 
amplifiers. More accurate analysis would also take 
into account factors such as the rare-earth dopant 
distribution (which may not be uniform), the 
variation of pump and signal intensities along the 
fiber, spectral variation in the absorption and emis- 
sion cross-sections, spatial and spectral hole-burning 
in the gain medium, degeneracies in the energy levels, 
cited state absorption and other loss mechanisms, 
temperature, and spontaneous emission noise. 


Continuous Wave Fiber Lasers 


The ideal continuous wave (ew) laser converts input 
pump power with low coherence to a highly coherent 
optical output signal which is constant in amplitude 
and wavelength, with the spectral purity of the output 
{ie., linewidth) limited only by cavity losses. Practical 
continuous wave lasers may be characterized by four 
parameters: the pump power required for the onset of 
oscillation (i., threshold); the conversion efficiency 
of pump to signal power above threshold; the peak 
wavelength of the optical output; and the spectral 
width of the optical output. Continuous wave fiber 
lasers often have a low threshold, high efficiency, and 
narrow linewidth relative to other types of laser. 
Output powers approaching 100 watts have been 
achieved using specialized techniques. 

The threshold power is determined by the total 
cavity loss and gain efficiency (ie., gain per unit of 
absorbed pump power) of the fiber amplifier. For 
example, for the laser shown in Figure 1 the internal 
losses are minimal, and the pump power required to 
reach threshold may be calculated by setting the 
product of the round-trip small-signal gain, and 
the output mirror reflectivity, G?R, equal to unity. 
For the laser configuration shown in Figure 1, and 
using eqns [1] and [2] for a four-level laser, the pump 
power which must be absorbed in the amplifier for 
the laser to reach threshold is 
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in which Le is the cavity length, and aay = Gigs + 
$c In(/R) is the total cavity loss per unit length, 
Comprising both internal losses, ajg,, and outcoupling 
losses through a mirror with reflectivity R. For 
example, if the internal losses were negligible and 
the transmittance, T= 1 — R, of the output reflector 
in the laser shown in Figure 1 was 50% (i.e. 3 4B), 
and the other fiber parameters were the same as above 
(ic. G =0.3 dB/mW), then the laser threshold would 
be SmW. In three-level fiber lasers ground state 
absorption of the signal is usually the dominant loss 
mechanism which must be overcome before a net 


gain is produced, and hence the threshold of three- 
level lasers is given approximately by eqn [4] 
with agg = OgNLEq2Lc, and increases with 
amplifier length. In cither case the pump power 
required at the input of the laser to reach threshold, 
Pp(0), may be approximated using the relation 
Pratys = Po( (0) ~ Pp(L.g) = Pp(OL1 — exp(—opNLa)]. 
For either three- or four-level lasers pumped above 
threshold, the inversion of the gain medium remains 
at its threshold level as the internal round-trip gain 
‘must remain unity; however a coherent optical output 
signal at the peak emission wavelength grows from 
noise until its amplitude is limited by saturation of the 
amplifier gain, Provided the output coupling loss is 
not too large (eg., T< 60%) such that the total 
signal intensity is constant along the whole length of 
the fiber amplifier, it can be shown that changes in 
pump power above threshold cause a proportional 
change in the signal power coupled out of the 
Fabry-Perot cavity in one direction, Py. i.e. 
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in which 8) =2ajul.+1n UR represents the total 
round-trip loss at threshold. The relationship 
between absorbed pump power and output signal 
power is shown schematically in Figure 3. The 
constant of proportionality is known as the slope 
or conversion efficiency, defined as ms = 
Psoue(Prais ~ Pip). In both three- and four-level fiber 
lasers with small intrinsic losses aig, ~ 0, and small 


output coupling (i.e., R ~ 1), the slope efficiency can 
approach the intrinsic quantum efficiency, 14/1». 
Sustained oscillation can only occur if the optical 
path length around the cavity is an integral number of 
wavelengths. Wavelengths satisfying this condition 
are called ‘modes’ of the cavity, determined by 


Slope =n. 
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Figure 3 Representative plot of laser output power versus 
absorbed pump power. 
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2nLc = mg, where nis the effective refractive index 
seen by light propagating in the cavity, Lis the cavity 
length, m is an integer, and Ay is the free-space 
wavelength. In Figure 1, the cavity length comprises 
the amplifying fiber, and two Bragg grating filters 
which may be regarded as having an effective length 
(ic.,less than the actual grating length) which depends 
on the grating characteristics. In fiber lasers the cavity 
is typically between several centimeters and many 
meters in length, hence there are usually very many 
potential lasing modes within the gain-bandwidth of 
the amplifying medium. For example, in the 
Fabry-Perot cavity of Figure 1, if the cavity length 
was § meters, the mode spacing would be 
pt ~ My = AQnLc) = 20 MHz, ie. orders of mag- 
nitude less than the bandwidth of the optical amplifie 

Ideally the first mode to reach threshold would 
determine the laser output wavelength and the 
spectral width, or linewidth, of the laser output 
would be Avy = hrl277¢Psqu) in which Te is the 
lifetime of photons in the cavity and determined by 
cavity losses, including outcoupling, and given by 
7c = tale, where ty is the cavity round trip time and © 
the fractional energy loss in the cavity per round trip. 
In practice, the linewidth is usually significantly larger 
than the latter theoretical limit due to transient lasing 
of different modes within the bandwidth of the 
optical amplifier and environmental perturbations 
to the fiber cavity. Fiber amplifiers typically have a 
large homogeneously broadened gain-handwidth, 
and being long and flexible are susceptible to acoustic 
and thermal perturbations, hence care must be taken 
to physically stabilize the laser cavity to minimize 
hoth mode-hopping and the output linewidth. 

Whilst the CW laser shown in Figure 1 has the 
advantage of simple construction, it would not be 
ideal for narrow linewidth CW generation, The 
reason is that counterpropagating waves in the 
Fabry-Perot cavity form a standing wave, ie., in 
which the local signal intensity varies due’ to 
interference between forward and backward propa- 
gating waves. The standing wave can cause spatial 
hole-burning in the gain medium (i.c., a spatial 
variation in gain, linked to the spatial variation in 
intensity) which in turn reduces the average gain for 
the lasing mode and promotes mode-hopping and 
hence spectral broadening of the output. 

‘A preferable arrangement for many fiber lasers is a 
traveling wave laser, which can be realized using a 
ring configuration, as shown in Figure 4. In this 
configuration the optical isolator ensures uni- 
directional lasing and avoidance of spatial hole- 
burning. Additional components in the cavity can 
include a wavelength selective coupler (WSC), i.e., to 
couple the pump wavelength into the laser cavity 


Fiber amplifier 
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Figure 4 Schematic of a traveling wave laser, useful for low 
noise continuous wave oscilation. The wavelength selective 
‘coupler (WSC) is required to couple pump power into the laser 
‘cavity without coupling signal out 


whilst not coupling the signal wavelength out, and a 
narrowband filter (e.g. a small Fabry—Perot resona- 
tor) to further stabilize and/or narrow the lasing 
linewidth. Rare-earth doped fiber lasers with similar 
cavity configurations have been realized with line- 
widths of approximately 10 kHz, limited by environ- 
mental (e.g., acoustic) perturbations. 


Pulsed Fiber Lasers 


There are two main types of fiber laser useful for 
generating short high-power pulses: Q-switched 
lasers, and mode-locked lasers. Q-switched fiber 
lasers are useful for generating large energy pulses 
(c.g, microjoules) with very high peak power (e.g, 
kilowatts) with relatively long pulse duration 
(c.g,, tens of nanoseconds), whilst mode-locked fiber 
lasers are typically capable of generating ultrashort 
pulses (e.g., sub-picosecond) with moderate energy 
(e.g. nanojoules) and moderate-to-high peak 
power (eg., tens of watts). Pulsed lasers typically 
produce less average output power than CW lasers 
(c.g., up to about 10 W). Both types of pulsed laser 
typically contain an element for loss modulation 
within the cavity, however the pulse generation 
mechanisms are very different. 

Q-switched lasers operate by rapid switching of the 
loss. Whilst the intracavity loss is high and 
the laser below threshold, energy is transferred from 
the pump to the lasing medium, The long excited state 
lifetime and small emission cross-sections of rare- 
earth dopants assists greatly in the latter process, so 
that a significant amount of energy can be stored in 
long fiber amplifiers before amplification of spon- 
taneous emission noise begins to deplete the inver- 
sion. After the gain medium is fully inverted the cavity 
loss is suddenly reduced, and the laser is taken well 
above threshold, resulting in a rapid build-up of noise 
and the formation of a pulse which ideally extracts all 
the stored energy within a few round-trips in the laser 
cavity. The situation is shown schematically in 
Figure 5. 


480 LASERS / Optical Fiber Lasers 


Loss 


t 


Figure § Pulse generation in a Q-switched laser. intially the 
intracavity oss s high, the laser remains below threshold, and the 
inversion of the gain medium increases. When the intracavity loss 
is suddenly reduced, the laser goes well above threshold and 
spontaneous emission noise is rapidly amplified into alarge pulse 
Which extracts much of the energy previously stored in the gain 
‘medium, 


An upper limit on the pulse energy obtainable from 
a Q-switched laser may be determined by assuming 
all active ions in the laser cavity are excited before the 
pulse is generated (i.e., at the time the cavity Q is 
switched high), that no ions remain excited imme 
ately after the pulse is generated, and that the pulse 
generated is much shorter than the time required to 
pump all the ions into their excited state. The energy 
stored in the gain medium, and hence the maximum 
conceivable pulse energy, would then be E = busNV, 
where N is the density of active ions and V is the 
cavity volume. For example, a typical erbium-doped 
fiber laser of length 10m and dopant density 
N= 10" ions/em in a single-mode fiber with core 
diameter 7 ym could ideally store up to 500 J of 
energy. 

Two things limit the maximum inversion and 
energy storage achievable in practice: spontaneous 
emission noise (due to the finite excited-state lifetime) 
which is amplified and depletes the inversion, and 


unwanted feedback (e.g., due to the finite extinction 
ratio of the Q-switching element) which results in ew 
lasing which limits the inversion. Following from 
eqns [1] and [2], the unidirectional gain per unit of 
stored energy in a fiber laser may be expressed as 
G = 4 BANA coef ays) = 434/Eye decibels per joule, 
where Fy = hus/os is the saturation fluence, and 
Esgr = AgeFat is the saturation energy. For example, 
if the maximum gain achievable before the onset of 
cw lasing was 30 dB (ie., even when the Q-switch 
introduces a large loss), then the maximum energy 
storable in the gain medium would be E = 6.9E 
For the same erbium-doped fiber parameters as used 
in the previous paragraph, the maximum storable 
energy would be E ~ 70 J. 

Only a proportion of the energy stored in the gain 
medium may usually be converted into a Q-switched 
output pulse. The actual Q-switched pulse energy, 
duration, and peak power can be calculated by 
solving the rate equations for the photon flux and 
the population difference between the lasing energy 
levels in the gain medium. The equations must usually 
be solved numerically, however assuming the Q 
changes much more rapidly than the pulse build-up 
time, which is in turn much shorter than the time 
taken for a significant change in inversion to either 
pumping or spontaneous emission, the pulse para- 
meters may be approximated analytically and are 
found to be determined by only two parameters, i.e., 
the population inversion (or stored energy) just before 
Q-switching, and the lifetime of photons within the 
cavity, te, defined previously. 

Under the conditions described above, standard 
analysis gives the Q-switched pulse duration as 
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where 1 is the ratio of the inversion just before Q- 
switching (low Q) to the threshold inversion for ew 
lasing after Q-switching (Q high). In fiber lasers the 
gain can be very high, hence it is common for r> 1 
and almost all available energy stored in the gain 
medium is extracted as a Q-switched laser pulse. The 
Q-switched pulse duration is then determined pri- 
marily by the cavity lifetime; shorter pulses can be 
obtained only by shortening the laser cavity and/or 
increasing the cavity loss. For example, for a 10m 
long ring cavity in which the sum of cavity and 
outcoupling losses is 10dB and r> 1, the pulse 
duration would be Tp7c = 22 ns. 

The exact proportion of energy stored in the gain 
medium that is converted to a Q-switched pulse 
depends on the number of energy levels in the lasing 
medium, the degeneracy of those levels, and the rate 
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of nonradiative energy transfer between those levels. 
For example, for an ideal three-level gain medium 
(e.g., erbium dopant) with no internal cavity losses 
the maximum available Q-switched pulse energy is 
half the stored energy, Or Eig =E/2. It can be 
shown that the peak of the output pulse power occurs 
as the inversion decreases through threshold, and may 
be approximated by dividing the pulse energy by the 
pulse duration. Even for moderate pulse energies the 
peak power is potentially very high. For the erbium- 
doped fiber laser parameters used previously, the peak 
pulse power would be approximately 1600 W, i.c., 
sufficient to cause significant spectral broadening of 
the output wavelength due to stimulated Raman 
scattering and other nonlinear effects within the 
optical fiber. 

Mode-locked lasers generate optical pulses by 
forcing many cavity modes to be locked in phase. 
As per Fourier theory, the pulse repetition rate is 
related to the spacing of the lasing modes, and the 
more modes that add coherently, the greater the pulse 
bandwidth and the shorter the transform-limited 
pulse duration, For example, the relationship 
hetween mode spacing and pulse repetition rate, 
and between the spectral and temporal envelopes of a 
train of Gaussian pulses is shown in Figure 6. 

In mode-locked lasers a nonlinear or time-varying 
clement must be present which synchronously modu- 
lates the optical signal circulating in the cavity in 
amplitude or phase at a frequency which is a 
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Figure § Schematic showing the Fourier-transform relationship, 
between an infinite train of Gaussian pulses and the lasing modes 
in a mode-locked laser. The temporal and spectral widths are 
‘measured full with at half the maximum intensity 


harmonic of the cavity mode spacing. There are two 
main methods of mode locking: 


(i) active mode locking (e.g., by an electro-optic 
modulator), in which amplitude or phase modu- 
lation is driven by an external source; and 

(ii) passive mode locking (e.g., by a fast or slow 
saturable absorber), in which an element with 
nonlinear gain or loss responds to the optical 
signal in the laser cavity itself, 


In both cases the modulation provided by the 
mode-locking element distributes energy between 
neighboring modes, effectively injection-locking 
them in phase. A variation of mode locking tech- 
niques often present in fiber lasers is soliton mode- 
locking, in which the active or passive modulation is 
weak, and a balance between nonlinearity and 
dispersion is the dominant process underlying pulse 
formation. Hybrid mode-locking techniques can 
also be used to combine the best aspects of different 
pulse-generation methods, 

‘Whilst the latter frequency-domain view of mode 
locking is helpful, nonlinear effects are almost always 
significant in mode-locked fiber lasers, and hence the 
linear concept of a mode is not appropriate for 
detailed analysis. Hence it is usually preferable to 
describe pulse generation in mode-locked fiber lasers 
in the time domain; for stable operation the pulse at 
any point in the cavity must self-replicate after each 
round-trip, with the net effects of temporal and 
spectral loss, gain, dispersion and nonlinearity all 
canceling. 

An optical pulse propagating in a fiber laser is 
usually described by a slowly varying complex 
envelope, V(z, t), where |¥(z, #)|* is the instantaneous 
power in a frame of reference moving at the pulse 
group velocity, and arg('W(z,)] is the instantaneous 
phase relative to the optical carrier. The various 
elements in the laser cavity, such as the passive fiber, 
optical fiber amplifier, filters, and mode-locking 
devices, each modify the complex pulse envelope as 
it propagates around the laser cavity. 

For example, in the absence of other effects, group 
velocity dispersion (GVD) causes different wave- 
lengths to travel at different velocities along the 
fiber, resulting in ‘chirping’ and temporal broadening 
of optical pulses by an amount proportional to the 
distance propagated. The effect can be described 
mathematically as the accumulation of a phase shift 
which is quadratic in frequency, ic. W(z,0) = 
VCO, w)expliBrw*2/2|, Taking the derivative with 
respect to propagation distance, and using a/a 
—io, the incremental change in the complex envelope 
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with propagation distance is 


71 


If the GVD parameter, f), is positive then long 
wavelengths propagate faster than shorter wave- 
lengths, and the dispersion is called ‘normal’. If the 
reverse is true, the dispersion is ‘anomalous’. In 
standard single-mode step index optical fibers the 
dispersion passes through zero at wavelengths around 
1300 nm, and is anomalous for longer wavelengths. It 
is often necessary to control the net dispersion in a 
fiber laser, and this can be done by incorporating 
specially designed fibers with wavelength-shifted or 
otherwise modified dispersion characteristics, or by 
using chirped Bragg grating reflectors. 

Whilst silica is not commonly regarded as a 
nonlinear medium (i.e., in which the optical proper- 
ties are a function of the intensity of light), in 
ultrashort pulsed fiber lasers the peak powers are 
usually such that nonlinear effects cannot be ignored. 
In silica the main nonlinearity is associated with the 
Kerr effect, and is readily ohserved as an intensity- 
dependent refractive index, ic. =n +l, 
where the nonlinear index, m, is typically 
about 3% 10° m/W in silica fibers. Other non- 
linear effects related to the Kerr nonlinearity which 
can sometimes be important are cross-phase- 
modulation and four-wave mixing. In the absence 
of other effects, the nonlinear index results in self- 
phase modulation (SPM), or a phase shift in the 
optical carrier which is proportional to the 
instantaneous intensity of the signal. Mathe- 
matically, W(z,) = W(0, HexpliyW(0,2)l*2) in which 
‘y= mywn/(cA) is the nonlinear coefficient of the fiber, 
‘ay is the radian frequency of the optical carrier, and 
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Ais the effective core area for the guided mode. The 
incremental change per unit length in the complex 
pulse envelope induced by self-phase modulation is 
then 


BY = scipitap 
sinew Is] 


For example, self-phase-modulation is used to realize 
a nonlinear switching element in the passively mode- 
locked laser cavity shown schematically in Figure 7. 
For obvious reasons the laser is called a ‘figure-8° 
laser, though it is actually a ring laser into which a 
device known asa nonlinear amplifying loop-mirror 
(NALM) has been incorporated. The NALM acts asa 
fast saturable absorber, with transmittance dependent 
on the instantaneous optical intensity. The NALM 
operates as follows: light propagating through the 
optical isolator is divided equally into co- and 
counter-propagating waves in the loop-mirror on 
the right-hand side. The light propagating in a 
clockwise direction is amplified immediately, and 
propagates around the loop with high intensity, 
whilst the counter-clockwise propagating signal has 
a low intensity for most of its time in the loop. The 
difference in intensity means that the co- and counter- 
propagating waves experience different nonlinear 
phase shifts. When they are recombined at the 
coupler, high-intensity light is transmitted back into 
the ring, whilst low-intensity light is reflected back to 
the isolator, and lost. In this way the NALM provides 
both gain and a nonlinear transmittance which 
depends on the instantaneous power of the input, 
described by 
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amplifier 
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controller 
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Figure 7 Schematic of a ‘igure-8' fiber laser. The lasers passively mode-locked by the noniinear amplifying loop mirror on the right, 
Which acts as a fast saturable absorber, transmiting and ampliying high-power optical signals whilst reflocting ow optical power signals. 
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in which G is the linear gain of the amplifier, and 
the loop length, P,x is the input power, and T the ratio 
of transmitted power to input power. The nonlinear 
transmittance of the NALM promotes pulse for- 
mation and shortening in the laser cavity, and hence 
passively mode-locks the laser. The polarization 
controllers are to compensate for unwanted bire- 
fringence in the optical fiber, and to control the 
transmittance of the loop-mirror at low input powers. 
The fiber dispersion and nonlinearity, together with 
other factors, further influence the pulses generated in 
the laser, as described in the following paragraphs. 
‘The combined effects of dispersion and self-phase- 
modulation can give rise to some interesting and 
useful physical phenomena. In lossless optical fibers, 
or fiber lasers in which loss is balanced by gain, pulse 
propagation is described by the nonlinear Schrédinger 
equation (NLSE), i., a nonlinear wave equation 
including the effects of both group velocity dispersion 
and intensity-dependent refractive index. The NLSE 
may be derived by combining eqns [8] and [9], i.e. 


0 [10} 


It can be shown that if the dispersion is anomalous 
(2 < 0) then for a particular shape of pulse envelope 
the distributed effects of dispersion and nonlinearit 
can exactly cancel, so aW/iz=0, and the pulse 
propagates without changing shape. Such pulses are 
called fundamental solitons, the solution for which is 
Wz, 1) = Wo sech(t/Ty)explizi2Lp)], in which the 
peak amplitude is Wo=WJyLp, Tp is the pulse 
width parameter, and Lp = T3/2 is known as the 
dispersion length. For example, in a standard silica 
fiber at A=1.55pm, ~)~—20ps*/km and 
y=10W"tkm= 1, hence a soliton with Ty = 1 ps 
would have peak power 2W and energy 
Eq = 2\Bs\yTo) = 4p]. The energy of a soliton is 
quantized, in that pulses with initial energy between 
0.5 and 1.5 times Ey can evolve into a fundamental 
soliton during propagation. Consequently solitons 
behave somewhat like particles, and are robust even in 
the presence of significant perturbations. The pulses 
which form spontaneously in the figure-8 fiber laser 
have many of the properties of solitons. 
Mode-locked fiber lasers, such as that shown in 
Figure 7, can often be described by a generalized 
nonlinear Schrdinger equation, in which extra terms 
are included in eqn [10] to account for the average 
effects of an excess linear gain or loss, nonlinear gain 
and loss (e.g., due to a saturable absorber), spectral 
filtering, and temporal modulation, etc. Assuming the 
effects of the added elements can be regarded as 
distributed over the length of the cavity rather than 


lumped, such that the envelope of any pulse generated 
in the laser does not change shape significantly as it 
propagates around the cavity, then the master 
differential equation describing propagation of an 
optical signal within a fiber laser which is passively 
mode-locked by a fast saturable absorber can be 
written 


au .(D wu yr 

+(4 ~ig)8 +(1-ie)lUPU 
= idU — (v— iwlUhU (1) 

Equation [11] is known as the Ginzburg-Landau 
equation, which describes propagation of the normal- 
ized pulse envelope, U(Z,7), as a function of delayed 
time, 7, and normalized distance, ¢, and under the 
combined influence of group velocity dispersion 
(D= +1 for anomalous or normal group velocity 
dispersion, respectively), dispersion due to band- 
limiting by amplification in a homogeneously broad- 
ened gain medium (8 >0). nonlinear refractive 
index, nonlinear gain or loss (e), linear gain (8), and 
quintic terms, and r, which if less than zero relate to 
saturation of the nonlinear gain and refractive index, 
respectively. Note that if the right-hand side of 
the equation is set to zero, and & 0, then the 
equation reduces to the normalized form of the 
nonlinear Schrédinger equation, Stable pulses gener- 
ated within the laser are solutions of the above 
equation with #U/a¢ = 0, and hence the effect of all 
terms must balance. Consequently it is possible for 
stable pulses to be generated even with normal 
dispersion in the cavity, though the pulses are then 
generally strongly chirped, and have an envelope 
which is approximately Gaussian shaped rather than 
the hyperbolic secant shape expected with anomalous 
dispersion. Stable soliton-like pulses can be found by 
solving the Ginzburg-Landau equation for specific 
ranges of parameters. There are many numerical 
solutions, and some analytical solutions, but in 
general the dynamics of pulse formation and propa- 
gation in passively mode-locked fiber lasers can be 
quite complex, and for some sets of parameters 
remarkable and unexpected numerical solutions can 
he found. One such example which has been observed 
experimentally is the ‘exploding’ soliton, which 
unlike the usual soliton is periodically unstable, as 
shown in the plot of pulse evolution in Figure 8. 


Other Fiber Lasers 


The lasers discussed in the previous sections are 
indicative of the main types of fiber laser in terms of 
their output characteristics; however it should be 


484 LASERS / Optical Fiber Lasers 


Figure 8 Two periods of the evolution of an exploding soliton 
found by numerical solution of the quintic Ginzburg-Landau 
equation with normalized parameters © = 1.0, 5 = 0.1, = 0.126, 
= 01, and y= 0.6. The process never repeats itself exactly in 
Successive ‘periods’: however the pulse always retums to the 
‘same shape. Such solutions cannot be found in analytic form, 
nevertheless they are as common as stationary pulse solutions 
and exist for a wide range of parameters. 


noted that there is a wide range of other fiber laser 
configurations with similar behaviors incorporating a 
variety of other fiber and/or bulk elements. For 
example, specially designed fibers in which the 
pump and/or signal has a large cross-sectional area 
can be used to realize fiber lasers with a high output 
power, comparable to that in many bulk laser 
systems. Linear and/or nonlinear processing of the 
output of fiber lasers can be used to increase their 
peak output power and/or pulse energy, or to change 
their output wavelength (ie. by harmonic gener- 
ation) from that achievable in the laser cavity itself. In 
mode-locked fiber lasers it is now common to include 
passive semiconductor devices which provide a slow 
saturable absorber action to initiate and stabilize 
soliton mode-locking. 

It should also be noted that there are a number of 
fiber lasers which generate optical outputs using 
different or modified physical processes compared to 
those described in previous sections. For example, itis 
possible to realize up-conversion fiber lasers in which 
the output wavelength is shorter than the pump 
wavelength, multiwavelength fiber lasers (pulsed and 
cw) which produce outputs at several wavelengths 
simultaneously, and lasers with limited output coher- 
ence such as chaotic fiber lasers and broadband 
superfluorescent sources, etc. Lastly, whilst the rare- 
earth doped fiber lasers dealt with in previous sections 
have some very desirable properties, it should be 
recognized that optical fiber lasers based on other 
optical gain mechanisms, such as stimulated 


scattering and parametric effects, can also be realized 
(eg. as in fiber Raman lasers, and fiber Brillouin 
lasers). In the latter cases the lasing wavelength is 
limited only by available pump wavelengths. The 
reader is referred to the references in the Further 
Reading for information on the wide range of fiber 
lasers that are possible in practice. 
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Introduction 


Organic semiconductors, and conjugated polymers in 
particular, are emerging as an interesting new class of 
visible laser media, The polymers are clectrolumines- 
cent, broadband visible emitters and exhibit large 
optical gain coefficients. As plastics, they are amer 
able to simple processing, and can be shaped into 
complex structures. This combination of photonic, 
clectronic, and processing properties make these 
materials extremely well suited to forming novel 
microlasers, with future prospects as inexpensive, 
plastic diode lasers operating throughout the visible 
spectrum, 


Conjugated Polymers 


Plastics are widely used in low-cost optical com- 
ponents such as lenses, diffraction gratings, optical 
fibers, and adhesives. Their common use derives from 
a combination of qualities: good optical transmission, 
a wide range of mechanical properties and simple 
fabrication via molding: extrusion or solution proce 
sing. Functional optical polymers, including liquid 
crystals and photorefractives, have also been widely 
applied to polarization control and for nonlinear and 
clectro-optics. Conjugated polymers are a remarkable 
class of functional plastics that exhibit some unusual 
properties. Firstly, they are plastics that can conduct 
electricity; and in fact are electrically semiconducting. 
Secondly, they are plastics that can be stimulated 
either optically or electrically to emit visible light, 
These two unusual properties derive from a 
particular chemical structure specific to this family 
of plastics. In all conjugated polymers, the backbone 


of the molecule is a chain of carbon atoms joined 
by alternating single and double covalent bonds. 
The simplest example is illustrated in Figure 1a, 
which shows the chemical structure of the polymer 
poly(acetylene), Structural integrity of the polymer is 
provided by a string of single o-bonds between 
adjacent carbon atoms. The additional bonding 
electrons in the double bonds are located in z-orbitals 
oriented perpendicular to the polymer chain. Adjacent 
srorbitals overlap, and their electrons can he widely 
delocalized along the polymer backbone. The deloca- 
lized electrons can move relatively freely along the 
chain, giving the electronic properties of the material. 
The z-orbitals can be transformed between bonding 
and anti-bonding states by the absorption or emission 
of light, leading to strong optical transitions. While 
poly(acetylene) is a very inefficient light emitter, other 
conjugated polymers, notably those that include 
phenyl rings in the backbone (Figure 1b-d), can 
be highly emissive. Photoluminescence quantum 


Figure 1 Chemical structures of several conjugated polymers. 
(a) polyfacetylene!; (b) poly(2-methoxy-5-(2-othylhexyloxy)-1,4- 
henylene vinylene], (MEH-PPV); (0) ladder-type_paly[t.4- 
phenylene], (MeLPPP); (a) poly[9,9-dioctyiuorene}, (PFO). 
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efficiencies, approaching unity in solution and as high 
as 60% in the semiconducting solid state, have been 
realized. 


Organic Semiconductor Lasers 


While organic dye lasers have been widely used 
since the mid-1960s, the history of organic 
semiconductor lasers is much more recent. Other 
than a few early observations of lasing in 
molecular crystals in the 1970s by Karl and others, 
the field of organic semiconductor lasers began in 
earnest following the related discovery in 1990 by 
Burroughes et al. of clectroluminescence in a 
conjugated polymer. In 1992, Moses demonstrated 
lasing for the first time in a solution of the 
conjugated polymer MEH-PPV (Figure 1b). How- 
ever, it was another four years — once material 
synthesis had been sufficiently refined — before 
stimulated emission and then true laser action were 
observed in polymers in the semiconducting 
solid state. In the following year the first demon- 
strations were made of dye-doped small molecular 
semiconductor lasers. Since that time, there has 
been a great growth in interest in the field with an 
average of ~30 research papers per year, Further 
details of the development of the field of organic 
semiconductor lasers can be found in the Further 
Reading. 

So what are the particular properties of conjugated 
polymers that have stimulated interest in developing 
organic semiconductor lasers? Firstly these materials 
are broadband visible emitters. Through appropriate 
chemical design, their emission can be tuned through- 
out the visible spectrum, from 400 nm to 700nm 
(Figure 2). The polymers exhibit large optical gain 
coefficients, because the optical transitions are 
dipole-allowed. Compared with small molecular 
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Figure 2 Photoluminescence spectra of three commonly used 
conjugated polymers; chemical structures insot 


dyes, polymers exhibit a relatively low degree of 
self-absorption of the emitted light, and much 
reduced quenching of the luminescence with 
increased concentration. This means that it is possible 
to work with much higher chromophore densities 
than conventional laser dyes, which is advantageous 
for achieving very low threshold lasing in extremely 
compact resonators. Furthermore, because these 
materials are semiconducting, they have the potential 
for direct electrical excitation, This could lead to 
semiconductor diode lasers operating throughout the 
visible spectrum and, in particular, in the blue and 
green spectral bands where currently there are few 
commercially viable inorganic semiconductor 
sources. Finally, these materials are plastics and so 
are amenable to simple processing, and can be shaped 
and structured into complex feedback resonators. 


Organic Semiconductor Gain 
Materials 


A great advantage of organic laser media is that a very 
wide range of materials can be readily synthesized, 
and through minor changes in the molecular structure 
one can relatively simply tune the emission properties 
of the material. Many different organic semiconduc- 
tors have been applied as lasers, though they 
fall into three major categories, These are 
conjugated polymers, dye-doped small molecular 
semiconductors, and molecular single crystals. 
Conjugated polymers make up the most diverse 
materials set, most notably including derivatives of 
poly(paraphenylene-vinylene), poly(paraphenylene), 
and poly(fluorene) (Figure 1b-d). The second cate- 
gory comprises small molecular semiconductors that 
are co-evaporated under vacuum with a dopant laser 
dye. In this blend of materials, the organic semi- 
conductor functions simply as an energy transfer host 
for the emitting dye molecules. In the third category 
are organic single crystals, including materials such as 
polyacenes and thiophene oligomers. These materials 
have the advantage of having the highest electrical 
mobilities of any organic semiconductors, which is 
important for electrical excitation. However, they can 
be demanding to grow into high-quality single 
crystals, and so lack the key processing advantages 
of the other families of organic semiconductors. 
Figure 3a shows a typical exciton energy level 
structure of a semiconducting polymer, Similar to a 
conventional laser dye, the energy levels comprise a 
manifold of singlet states and a manifold of triplet 
states, each with vibrational sublevels. The laser 
transition occurs from the bottom of the first excited 
singlet state S, to the vibronic overtones of the ground 
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Figure 3 (a) Generic energy level structure and optical transitions of a conjugated polymer. Sy refers to the Mth singlet stat; 
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to the Nth triplet state; ISC: intersystem crossing. (b) Absorption and photoluminescence spectra ofthe polymer MEH-PPV. 


state Sp, so forming a classic 4-level laser system. The 
optical transition is dipole-allowed and so has a high 
oscillator strength. As a result, conjugated polymers 
typically exhibit simulated emission cross-sections in 
the range 10°! cm? to 10°15 cm’, while the popu- 
lation inversion lifetime is as short as a few hundred 
picoseconds. 

There are, however, several other transitions that 
can compete with the stimulated emission process. 
There can be excited-state absorption from the S 
singlet state into higher-lying singlet states. Ad 
tionally intersystem crossing from the S, state to the 
lowest excited triplet state T; can subsequently lead 
to excited triplet absorption. Other processes in the 
polymer can also impede the stimulated emission. 
Firstly, charged excitations can exhibit absorption 
hands that overlap with the emission. Secondly, at 
high excitation densities, exciton—exciton annihila- 
tion can significantly deplete the excited states 
available for stimulated emission. Ultimately, 
singlet—singlet annihilation is the limiting factor for 
the maximum excitation density possible, and while 
polymer films can have a repeat-unit density of 
~107' cm~*, the excited state density is typically 
limited to around 10'* cm~+, In many materials this 
is not restrictive on achieving optical gain because 
stimulated emission can occur at densities of 
10'7 em 

‘An important factor that distinguishes the photo- 
physics of semiconducting polymers from conver 
tional laser dyes is an internal process of exciton 
migration between the absorption and emission of a 
photon. Excitations are confined to short straight 
sections of the polymer between kinks or twists in the 
chain. These straight sections, or ‘sites’, are typically 
a few repeat units in length, though there is a 
statistical spread of site lengths in any given material. 


and below. 


When formed, excitons tend to hop to the longest, 
lowest-energy, sites before emitting a photon, The 
exciton migration process has two effects, First, it 
means the emission takes place from a subset of the 
chain segments, resulting in a lower degree of 
inhomogeneous broadening of the emission spectrum 
(vibronic peaks are better resolved than in absorption 
(see Figure 3b)). Second, the peaks of the absorption 
and emission spectra tend to be widely separated in 
wavelength, reducing the level of self-absorption at 
the lasing wavelength. 

As mentioned above, blending materials is a 
particularly attractive approach towards further 
reducing self-absorption in organic semiconductor 
lasers. In such systems, a narrow bandgap dopant 
chromophore is blended with a concentration of 
1-2% in a wider bandgap semiconducting host. 
Emission from the host is strongly quenched via 
nonradiative Forster energy transfer to the guest 
molecule, The blended material exhibits an absorp- 
tion profile that is dominated by the host absorption, 
while the emission profile is almost completely that of 
the guest dopant. By strongly separating the emission 
peak from the absorption edge of the host, it is 


possible to achieve a substantially reduced (by 
perhaps an order of magnitude or more) residual 
absorption coefficient at the lasing wavelength. In 
doing so, the combined material acts much more like 
an ideal 4-level laser medium and can thereby have 
substantially lower pump thresholds for stimulated 


Measuring Gain 


The dynamics of the excited state population in 
semiconducting polymers have been widely studied 
using femtosecond transient absorption experiments. 


How it W 
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Figure 29.1. A comparison between schematic symbols 
for N-channel JET (left) and NPN bipolar transistor 
(right) suggests their functional similarity as switches or 
~ampifiers, although their behavior is markedly different. 


Three JFETs are shown in Figure 29-2. The N- 
channel J112 type is supplied by several manu- 
facturers, the figure showing two samples, one 
from Fairchild Semiconductor (left) and the other 
from On Semiconductor (right). Although the full 
part numbers are different, the specifications are 
almost identical, including a drain-gate voltage 
of 35V, a drain-source voltage of 35V, and a gate 
current of S0mA. The metal-clad 2N4392 in the 
center has similar values but is three times the 
price, with a much higher power dissipation of 
1.8W, compared with 300mW and 350mW forthe 
other two transistors respectively. 


Figure 29-2. Junction Field Effect Transistors (JFETS) 
See text for details 


Schematic symbols for N-channel and P-channel 
JFETs are shown in Figure 29-3, N-channel being 
on the left while P-channel is on the right. The 
upper-left and lower-left symbol variants are 
both widely used and are functionally identical. 
The upper-rightand lower-right variants likewise 


discrete semiconductor 


multi-junction > field effect transistor 


mean thesame thing. Because the upper variants 
are symmetrical, an S should be added to clarify 
which terminal is the source. In practice, the S is 
often omitted, allowing some ambiguity. While 
the source and drain of some JFETs are in fact 
interchangeable, this does not apply to all types. 


The circle around each symbol is occasionally 
omitted when representing discrete compo- 
nents, and is almost always omitted when mul- 
tiple FETs are shown connected to form an inte- 
grated circuit. 


@ @ 
@ 


Figure 29-3. Schematic symbols for junction field-effect, 
transistors (JFETS). Left: N-channel, Right: P-channel. The 
symbols at tap and bottom an each side are functionally 
Identical. Circles may be omitted. Letter S may be omitted 
from the symmetrical symbol variants, even though this 
creates same ambiguity. 


The internal function of an N-channel JFET is 
shown diagrammatically in Figure 29-4, In this 
component, the source terminal is a source of 
electrons, flowing relatively freely through the N- 
doped channel and emerging through the drai 
Thus, conventional current flows nonintuitively 
from the drain terminal, to the source terminal, 
which will be of lower potential 


The JFET is like a normally-closed switch. thas a 
low resistance so long as the gate is at the same 
potential as the source, However, ifthe potential 
ofthe gate is reduced below the potential of the 
source—that is, the gate acquires a more rela- 
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This is a pump-probe technique in which the 
transmission of the broadband probe pulse is 
compared in the presence and absence of a pump 
pulse that excites molecules into the first excited state. 
Such measurements have the time resolution of the 
pump pulses used and so can typically be ~100 fs. By 
systematically delaying the arrival of the broadband 
probe pulse, it is possible to map out the evolution of 
the gain dynamics across the emission spectrum of the 
material with very high time resolution, 

Figure 4 shows a series of snapshots of 
the absorption induced by a pumping pulse in a 
poly(thiophene) derivative. This figure shows the 
changing absorption of the sample between 200 fs 
and 400 ps after excitation. Within the absorption 
band of the material, one finds that the level of 
absorption is slightly reduced because the pump pulse 
has partly depleted the ground state. In the emission 
band there is also a reduction in the absorption that 
mimics in shape the photoluminescence spectrum of 
the polymer. This negative absorption ~ or optical 
gain — shows direct evidence for stimulated emission 
through much of the emission band. In the low energy 
tail of the emission, however, there is an increase in 
absorption that arises due to the excited-state 
absorption process mentioned earlier. Clearly, for a 
good laser material, the spectra of excited-state and 
charge-induced absorptions should overlap as little as 
possible with the photoluminescence. 

Many other investigations of gain in semiconduct- 
ing polymer films have used a phenomenon known as 
spectral line narrowing to explore indirectly the 
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Figure 4 Transiont absorption spectra of polyi2(2,S-dloctyl- 
pheny!)-thiophene]; chemical structure inset. (Reproduced from 
useckas A, Theander M, Valkunas L, Andorsson MR, Inganas O 
and Sundstrém V (1998) Energy transfer in a conjugated polymer 
With reduced inter-chain coupling. Journal of Luminescence 
76 & 77: 474-477. Copyright (1998), with permission from 
Elsevier) 


amplifying properties of the medium. The experimen 
tal procedure for such studies is as follows. A thin film 
of the semiconducting material, of typically 100 nm 
thickness, is excited by a pulsed pump laser focused 
to a stripe of dimensions ~100 pm wide by a few 
millimeters in length. A significant fraction of the 
light emitted by the material is trapped in the film 
by total internal reflection at the polymer-air and 
polymer-substrate interfaces, and is thereby wave- 
guided along the length of the excitation stripe. This 
waveguided spontaneous emission can be amplified 
by stimulated emission before being emitted out the 
edge of the film. 

‘One finds that, above a particular threshold of 
pump energy, there is a superlinear increase in the 
output energy with pump intensity. Associated with 
this is a dramatic narrowing of the broad emission 
spectrum to a linewidth of typically less than 10 nm, 
as illustrated in Figure 5. These two features are 
signatures of gain narrowing via the process of 
amplified spontaneous emission. The line-narrowed 
feature usually appears at the first vibronic overtone 
of the optical transition, where the gain exceeds the 
losses in the material by the greatest amount. This 
particular wavelength experiences the greatest ampli- 
fication and, above a particular pumping density, 
undergoes a runaway effect in which most of the light 
is stimulated to emit at that wavelength at the expense 
of the rest of the spectrum. 

In the case of amplified spontaneous emission or 
mirrorless lasing as it is also known, the spontaneous 
emission guided along the length of the stripe acts as 
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Figure & The change in spectral shape with increasing 
‘excitation density (from 10 to 133 J em“) of the edge emission 
from a PFO film - the normalized spectra show a significant 
spectral ine narrowing at high excitation densities. (Adapted from 
Holiais G, Bradley DDC, Tumbull GA and Samuel IDW (2002) 
Light amplcation and gain in palyfluorene waveguides. Applied 
Physics Letters 81: 415~417. Copyright (2002), with permission 
from American Institute af Physics.) 
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the ‘probe pulse’, In these experiments it is therefore 
necessary to extract information indirectly about the 
net gain in the material. By integrating the spon- 
taneous and stimulated emission along the length of 
the stripe, one finds that the wavelength-dependent 
output intensity I(A) of the spectral line narrowed 
light is given by the relationship 


1 
1a) % ylespleooll— 11 i) 
where J, is pumping intensity, / is the length of the 
stripe, and g(A) is the net gain coefficient. Therefore, 
by monitoring the intensity of the line-narrowed 
emission as a function of the length of the pump 
stripe, one can extract the value of the net gain for the 
material, Similarly, by progressively moving the stripe 
further and further away from the edge of the film, it 
is possible to evaluate the waveguide losses of light 
propagating through an unpumped region of the 
waveguide, Waveguide losses in conjugated polymers 
typically lie in the range of 3-50 em ?, Net gains can 
be as high as 60cm! or 260 dB em at modest 
pumping densities of 4 kW em +, These substantial 
gains, in very small propagation lengths, therefore 
highlight the attraction of waveguide-based resona- 
tors for polymer lasers. In the next section we will 
discuss the most commonly used feedback structures 
that have been used for polymer lasers. 


Polymer Laser Resonators 


The first demonstration of cavity lasing in a con- 
jugated polymer was made by Moses in 1992. The 
resonator consisted simply of two flat dielectric 
mirrors on either side of a cuvette containing the 
polymer in solution. Lasing occurred at the peak 
wavelength of the gain profile. Subsequent develop- 
ments in solid-state polymer lasers have involved 
more sophisticated resonators that exploit the 
capacity of these materials for very simple processing. 
For example, solution-processing methods such as 
spin-casting or dip-coating, make it possible to 
fabricate very high-quality optical waveguides, Wave- 
length-scale microstructures can also be readily 
formed, allowing the straightforward fabrication of 
laser microresonators. 

Many different resonators have heen explored for 
solid-state polymer lasers. Some of the key types are 
shown in Figure 6, including different geometries of 
both microcavities and distributed feedhack struc- 
tures. The first resonator used, by Tessler et al., was a 
planar microcavity (Figure 6a), in which the polymer 
film was sandwiched between two mirrors. The 
structure supported standing-wave resonances 
perpendicular to the plane of the film, at three 
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Figure 6 Resonators used for conjugated polymer lasers. (a) 
Planar microcavity;(b) annular microcavity; (c) spherical micro 
‘cavity; (d) distributed feedback resonator; e) 2D DFB/ photonic 
crystal resonator; () random laser. 


wavelengths in the emission band of the polymer. 
Above laser threshold, light was preferentially stimu- 
lated into only one of these modes. Microcavities of 
other geometries have also been studied, including 
annular and spherical microresonators (Figure 6b,c), 
in which the optical field is confined in waveguide 
modes, whispering gallery modes, or a superposition 
of the two. Such structures provide a longer inter- 
action length in the gain medium for stimulated 
emission; though tend to lase on many longitudinal 
modes and have no directional output beam. 

The final key group of resonators are distributed 
feedback (DFB) structures, which researchers have 
progressively favored to attain the low pump 
threshold densities that will be required to realize 
electrically pumped lasing. Figure 6d shows a typical 
DEB laser structure. The device is based on a thin 
polymer film that is typically 100 nm in thickness 
deposited on top of a silica substrate, The silica~ 
polymer—air structure forms an asymmetric slab 
waveguide that supports only the lowest order 
transverse electric mode TEp. To provide the feed- 
back, the substrate is modulated with a wavelength- 
scale periodic grating structure. These corrugations 


give rise to Bragg scattering of the waveguide mode. 
Through careful selection of the grating period, 
one may arrange that optical wavelengths close to 
the peak of the polymer gain will be Bragg scattered 
from the propagating TE) mode to the counter- 
propagating TEy mode. This is achieved when the 
Bragg equation 


Ing A = may 2) 


is satisfied, where A is the grating period, mei is the 
effective refractive index of the waveguide, m is an 
integer, and Ax is the Bragg wavelength. In so doing, 
one may arrange that two counter-propagating 
waveguide modes can be coupled together, thereby 
providing the distributed resonant feedback for the 
laser process. Commonly in semiconducting polymer 
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lasers, a second-order (i.e., m = 2) Bragg grating has 
been favored to provide the feedback for the laser, so 
that the first-order scattering provides a surface- 
emitted output coupling, perpendicular to the plane 
of the guide. This surface-emitting geometry is 
particularly attractive in polymer lasers because it is 
relatively difficult to achieve a high optical quality 
edge to the waveguide, DFB lasers have the advantage 
over simple microcavity resonators in that they can 
combine long interaction lengths, limited by the 
scattering length of the Bragg grating, with excellent 
wavelength selection, which is controlled by the 
grating period. 

In addition to conventional 1D DFB gratings, a 
number of more exotic 2D and 3D DFB, and 
photonic crystal resonators have been explored in 
semiconducting polymers. Even randomly located 
scattering sites in a polymer film have been used to 
provide a weak closed-loop cavity feedback. 
Examples of 2D gratings are given in Figure 7, 
which shows atomic force micrographs of an eggbox 
structure, formed ftom two orthogonal gratings, and 
a circular DFB grating. Such 2D DFB structures 
can significantly improve the operation of surface- 
emitting polymer lasers compared with 1D gratings. 
Improved feedback yields lower oscillation 
thresholds, combined with higher slope efficiencies 
and significantly improved beam quality. Indeed, such 
surface emitting DFB lasers can produce nearly 
diffraction limited laser beams, 

‘Typical operating characteristics of an_egg-box 
DEB polymer laser are shown in Figure 8. This laser, 
which is based on the material MEH-PPV, is 
transversely pumped with a pulsed pump laser 
focused onto a small region of the waveguide; up to 
90% of the incident pump light is absorbed in the 
100 nm thick film. The laser has a threshold pump 
energy of 4nJ and an external slope efficiency of 
>7%, and operates on a single frequency close to the 
Bragg wavelength of the periodic waveguide, Lasing 
does not occur exactly at the Bragg wavelength, 
because at this wavelength the propagation of light is 
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Figure 7 Atomic force microscope images of (a) ‘egg-box’ DFB 
grating, and (b) citcular DFB grating; grating period is 400 nm in 
teach structure, 


suppressed by the periodic structure, This leads to a 
photonic stopband within which the emission is 
reduced. At the edges of this stopband the micro- 
structure can support standing wave electric field 
patterns of the same spatial period. At these 
wavelengths there can be a strong interaction 
between the electric field and excited states in the 
gain medium, which leads to low-threshold band 
edge lasing as observed in the figure. 

Although DFB resonators have advantages over 
microcavity devices, the complicated lithographic 
and etching steps involved in their fabrication can 
detract from the key material advantage of simple 
processing. To address this issue, several different 
techniques for simply replicating the complicated 
microstructures have been explored. These include 
UV embossing of flexible plastic substrates, and 
hot embossing and micromolding of the active 
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Figure 8 (a) Energy characteristic of an egg-box DFB laser; (b) 
normalized emission spectra above and below lasing threshold, 
showing lasing in the edge of the photonic stopband. (Reprinted 
from Tumbull GA, Andrew P, Bames WL and Samuel IDW (2002) 
Operating characteristics of a semiconducting polymer laser 
pumped by a microchip laser. Applied Physics Letters 82: 313— 
315. Copyright (2003). With permission from American Institute of 
Physics.) 
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polymer itself. Such techniques can very readily 
reproduce structures with feature sizes as small as 
100 nm and could allow future mass production of 
photonic microstructures in these materials. 


Towards Plastic Diode Lasers 


A typical experimental configuration for characteris- 
ing optically pumped polymer lasers is shown in 
Figure 9, The laser is mounted in a vacuum chamber 
in order to isolate the polymer from oxygen and 
water. A pulsed visible or ultraviolet pump laser is 
attenuated and then focused onto the waveguide to 
transversely pump the polymer laser. The emission is 
collected using a CCD spectrograph for spectral 
measurements and energy meter and beam profilers 
for other characteristics. Typical pulsed pump lasers, 
which have been used, include nitrogen laser pumped 
dye lasers, and spectral harmonics of regeneratively 
amplified Ti?*-sapphire lasers or flashlamp pumped. 
Nd**:YAG lasers. Recent advances have shown the 
thresholds to be low enough to be successfully 
pumped with a modest Nd** pulsed microchip laser. 

So while optically pumped polymer lasers are now 
proving to be compact, functional light sources, a 
major motivation for research in this field remains the 
prospect of electrically driven plastic diode lasers. 
Such lasers could be very low-cost, flexible light 
sources that would access any wavelength throughout 
the visible spectrum. In particular, there are exciting 
prospects of producing blue and green diode lasers in 
spectral regions currently difficult to access with 
inorganic semiconductors. The lowest threshold 
densities reported for optically pumped organic 
semiconductor lasers are of the order of 
100 W em™*. To achieve similar excitation densities 
electrically, one requires pump current densities of 
~200 Acm +, This is substantially more than the 
few mA cm”? commonly used in polymer LEDs for 
display applications, Presently, such high current 
densities are infeasible with continuous excitation, 
hut can be exceeded with short current pulses of a few 
tens of nanoseconds duration, 
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Figure 9 Schematic of atypical experimental configuration for 
‘characterizing polymer lasers. 


Electroluminescence in conjugated polymers was 
first achieved in 1990 by Burroughes and co-workers. 
Since that time there has been remarkable progress 
made in the science and technology of organic LEDs. 
Commercial products are now on the market, and 
the feasibility of both flexible and full-color light- 
emitting displays, in which the individual pixels have 
heen ink-jet printed, have been demonstrated in the 
laboratory. Despite such rapid progress in the field of 
organic LEDs, there have been no successful demon- 
strations to date of electrically pumped lasing in any 
organic semiconductor. In this section we highlight 
some of the challenges that must he faced if electrically 
pumped lasing is to be achieved. To understand the 
problems associated with electrical driving of organic 
semiconductor lasers, it is useful first to review the 
generic structure of organic light-emitting diodes. 

‘A generic organic LED structure is shown in 
Figure 10. The device consists of one or more organic 
layers sandwiched between two electrical contacts. 
Usually a transparent anode is used, commonly made 
from ITO, which allows light to be emitted from the 
front face of the LED. A low work-function metal, 
such as calcium or aluminum, is used as the cathode. 
The organic part of the device may consist of several 
layers. These include one or more charge transport 
layers, plus a light-emitting layer in which the 
clectrons and holes combine to form excitons before 
emitting light. Typically, the combined thickness of 
these organic layers is as little as 100 nm. Such thin 
devices are necessary to keep operating voltages low, 
to overcome potential barriers for injection, and 
because charge mobilities in organic semiconductors 
are very low (10~* to 10> em* V's"), 

The inclusion of electrical contacts into organic 
semiconductor laser structures can be problematic 
since they need to be situated very close to the 
emitting region. Metallic contacts can quench the 
luminescence and introduce losses to the waveguide 
mode, thereby increasing the oscillation thresholds. 
Furthermore, the ITO anode has a high refractive 
index and so can reduce the spatial overlap of the 
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Figure 10 Schematic structure of a generic organic light: 
cmiting diode. 
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guided mode with the active medium. Such issues 
indicate that the design of organic LEDs needs to be 
somewhat modified for achieving electrically pumped 
lasing. In particular, there needs to be a trade- 
between the optimum electronic and photonic 
designs. To address these issues, various device 
structures have been proposed that distance the 
optical mode from metallic contacts, while reducing 
the thickness of the ITO layer to optimize the mode 
confinement in the active material. 

‘A more demanding obstacle to electrically pumped 
lasing is the additional excited state absorption 
associated with the electrical pumping scheme. As 
many as three-quarters of the generated excitons in an 
organic LED are formed in the triplet state which is 
nonemissive and can lead to excited-state absorption, 
albeit principally at lower energies than the lasing 
wavelength. Additionally, injected charges that have 
not yet formed excitons, exhibit strong absorption, 
which overlaps significantly with the peak of the 
material gain. Indeed, this charge-induced absorption 
has so far prevented the demonstration of injection 
lasing in conjugated polymers, even in optimized 
device structures mentioned above. A possible 
alternative route for efficient pumping of polymer 
lasers could be through indirect electrical pumping. 
For example, an inorganic diode laser or LED, or 
even an organic LED, could be used as an electrically 
efficient optical pump for the semiconducting poly- 
mer laser. Recent advances in GaN-based LEDs 
and lasers provide interesting prospects for such 
alternative systems. 

Research on semiconducting polymer lasers con- 
tinues, both to reduce the excitation densities needed 
for threshold and to inv 
that could overcome the obstacle of charg 
absorption. By building on recent developments in 
resonator geometries, material blends, and compact 
pumping schemes, semiconducting polymer laser 
systems, whether optically or electrically pumped, 
should soon become practical, visible light sources for 
a range of applications. 
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Introduction 


Lasers have evolved to become true marvels of 
technology. From their invention in the early 1960s, 
laser light has changed the way society operates, its 
application stretching to virtually every aspect of 
human activity. The versatility of lasers is derived 
from the fact that there are several different types, 
each with a unique set of advantages. Solid-state 
lasers, made from specific semiconducting materials, 
are commonly used in the optical networks that 
underlie the greatest machine on Earth ~ the Intern: 
High power gas lasers, such as CO, lasers, are used in 
industrial machining, whereas rare-earth doped and 
dye lasers have found applications ranging from eye 
surgery to tattoo removal 

Planar waveguide lasers are a relatively new class 
of lasers made possible by advances in the field of 
optical waveguides. Over the past decade, with the 
aim to miniaturize optical components, planar 
waveguide technology has been developed to a high 
degree of sophistication. Likewise, Er and other rare- 
earth doping was studied extensively owing to its 
importance in all-optical amplification. The: 
elements turned out to be the building blocks for 
the development of fiber lasers and subsequently 
planar waveguide lasers. 

This chapter will discuss the basic concepts 
underlying this category of lasers, the variations 
therein, and the main characteristics. It is important 
to understand the basic features of waveguides and 
lasers, which is included as a prelude. We will then 
discuss planar waveguide lasers with emphasis on the 
essential elements: the laser materials, the various 
designs, their performance, and the resultant 
advantages as well as the applications. 


Waveguides 


A waveguide is a general conduit for efficient 
propagation of an electromagnetic field. It is usually 
defined by making a region of higher refractive index 
within a dielectric medium, This behaves as an 
attractive potential well that confines light in the 
form of bound modes, much like a potential well that 
confines electrons to a bound state. The propagating 
field is referred to as the lightwave and is governed 
by Maxwell’s equation. For a weakly guiding 


approximation, as is the case when the refractive 
index contrast (Am) is small, Maxwell’s equation can 
be reduced to a scalar wave equation for the 
transverse electric field. For a given wavelength (A) 
and polarization, the scalar wave equation in a 
nonmagnetic medium is, 
Ant 
ra 
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where E is the electric field. For a waveguide aligned 
in the z direction, the field is the sum of the two 
propagating transverse modes, each with the form 
E(x) = (x, yje"* where (x,y) is the field distri- 
bution and &, is the propagation constant. The wave 
equation for the transverse mode reduces to 
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Here, it is referred to as the effective refractive 
index and is given by i= k,A/2m. The effective index 
dictates the occurrence of bound modes ~ these states 
occur when i is between More and Madd For 
smaller values of 7, there is a continuum of unbound 
These are leaky modes that are 
dispersed quickly over a short distance. Only bound 
modes are guided in the core of the waveguide 
structure, 


and radiation mod. 


Planar Waveguides 


Waveguides formed on a flat substrate are called 
planar waveguides. These are typically made by 
stepwise deposition of films of dielectric materials 
(typically glass). The waveguide core is defined by one 
of several methods, the most common of which uses 
lithography and etching. In this case, a film of an 
appropriately higher index material is deposited on 
an ‘under-cladding’ film and then selectively etched to 
define a core. This is generally covered with a suitable 
‘upper-cladding’ layer so that the index contrast is 
controlled in all directions. Other methods of forming 
the core include patterned ion exchange or ion 
implantation or increasing the index of the medium 
using a femtosecond laser, etc. In all these cases, the 
end result is the formation of an embedded higher- 
index region whose locus defines the optical path for 
the lightwave. A circuit made from these waveguides 
is known as planar lightwave circuits (PLC). 
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Waveguide cores may be designed in several 
different configurations, as shown in Figure 1. These 
designs allow for different fabrication processes as 
well as the control over the modal properties of the 
lightwave. For a given index contrast, the number of 
modes traveling in the waveguide is primarily 
determined by the dimensions of the waveguide. 
The aspect ratio of the waveguide affects the 
propagation of the transverse electric (TE) and the 
transverse magnetic (TM) modes, due to different 
propagation constant k, for each mode. 


Lasers 


The generation of laser light requires four basic 
conditions to be satisfied: 


# a source capable of light emission; 

an energy supply source — typically electrical, 
optical, or chemical; 

¢ population inversion to the excited state in the 
lasing medium; and 

@ absence of parasitic effects that would absorb the 
emitted light. 


Laser light is often a result of either electronic or 
vibrational excitation. This is because these exci- 
tations involve transfer between energy states that 
coincide with the radiation of UV, visible, or 
infrared light, Population inversion is an important 
requirement in lasers since the emission is. stimu- 
lated. This involves having a greater fraction of the 
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Figure 2 Conceptual representation of a simple Fabry-Perot 
laser. 
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atoms or molecules in the excited state so that a 
stimulating photon can cause a radiative decay to 
the lower energy level. The stimulated light from 
most lasing media is weak, which requires unac- 
ceptably long lengths to generate sufficient power. 
Instead, as shown in Figure 2, lasers are made with 
two parallel mirrors with an axial light-generating 
source in between, This configuration is known as 
a resonant cavity, a resonator, or an oscillator. The 
back mirror is usually fully reflective but a partial 
front mirror allows a portion of the light in the 
cavity to pass through. The two mirrors cause the 
light to bounce to and fro, forcing it into making 
multiple passes through the cavity. Light emanating 
from this structure is thus amplified and is also 
coherent (that is the lightwaves are in phase 
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with each other spatially and temporally). This has 
come to represent the signature output of a laser. 


Planar Waveguide Lasers (PWL) 


By way of an example, let us consider a solid state, 
rare-earth doped laser, such as an Nd-doped YAG 
laser. All rare-earth ions are able to fluoresce, some 
(c.g., Nd) more efficiently than others, and hence can 
he light emitters. These ions have to be dissolved 
(doped into a solid host, say, a glass or a single crystal 
such as YAG (Yttrium Aluminum Garnet). The 
excitation of these ions is done optically with light 
of a suitably higher energy (or lower wavelength). 
When this ‘pump’ light is made incident on a rod of 
the rare earth doped material, it is absorbed by the 
rare earth ions and used to reach an excited electronic 
state, Amongst all the possible higher energy states, 
only certain ones are sustainable because the electron 
resides in that state for an acceptably long period of 
time (called the lifetime). Hence, population inver- 
sion can be more readily achieved in these longer 
lifetime states and stimulated processes such as 
amplification and lasing are readily possible. The 
laser light generated in the doped rod is emitted 
across its entire cross-section. 

Planar waveguide lasers are designed to miniaturi 
the kinds of stand-alone solid state lasers describe 
above. In principle, a PWL is a laser where the light 
emitting resonant cavity is a planar waveguide. This 
topic of our interest is a relatively recent development 
that renders some unique advantages. These can be 
broadly classified into two categories: one relating to 
making efficient high-power lasers and the other, to the 
integration of lasers with other optical components. 

‘An example of the first type is a Nd-YAG laser 
configured into a planar geometry so that the laser 
light is now contained within the waveguide. One 
design that has evolved to achieve this well is shown 
in Figure 3. The light is guided by the waveguiding 
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Figure 3 End view of a planar waveguide form of a N-YAG, 
laser made using sapphire (single crystal Al,O.) for cladding. 


structure setup by the sapphire planes. Since both the 
excitation (or pump) and the lasing modes are well 
confined, high modal overlap is achieved. These 
PWLs can be edge-pumped or face-pumped and 
high powers (measured in the order of Watts) can 
be achieved. 

In the above design, the cavity is defined by two 
parallel reflectors bracketing the light-generating 
medium and is known as a Fabry-Perot etalon. The 
distance between the two mirrors sets up a wave- 
length filtering mechanism whereby only resonant 
wavelengths are sustained. These are related to the 
intra-mirror distance by the simple equation shown 
below: 


aa 
th 


BI) 


where L. is the length of the cavity, a is an integer, m is 
the refractive index of the medium, and A is the 
wavelength in vacuum. As the cavity length increases, 
the number of possible resonant wavelengths 
increases and the spacing between wavelengths is 
reduced. These are called the longitudinal modes 
(Figure 4a). Likewise, lateral modes (Figure 4b) can 
he generated in the cavity as well, tending to make the 
operation of the laser multimoded, as shown in 
Figure 5. This is characteristic of a Fabry-Perot laser, 
which can be overcome by embellishing the basic 
etalon design. 

As stated above, another big advantage here is that 
the platform for fabricating PWLs can be chosen to be 
the same as to make PLCs. Waveguide comprizing 
the laser can be continued further and configured into 
other desirable components, such as splitters, 
couplers, etc. Thus the laser does not have to be 
separately coupled to the waveguide. This is a 
major advantage as this connecting process is time- 
consuming and incurs loss of light. In the field of 
photonics, the ability to integrate active components 
with passive ones onto the same chip is considered to 
he the first step toward photonic chips, analogous to 
the integrated circuit chip that has revolutionalized 
our world, This is the driver behind continued 
research and development of active elements such as 
PWLs that can be coupled with other actives, such as 
thin film electro-optic modulators or acousto-optic 
filters, etc. 


Waveguide Laser Materials 


‘The waveguiding structure is comprised of materials 
that are either dielectrics or semiconductors, both 
inorganic and organic. For their homogeneity and 
broad transmittance, high silica glasses are ideal 
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materials for waveguiding. The chief advantages of 
high silica waveguides are easy index and mode 
matching to standard optical fibers, low propagation 
loss, and good durability. When crystalline materials 
are used, they have to be single-crystalline to avoid 
grain boundary scattering, (for instance, Ti-diffused 
waveguide in single-crystal LINbOs). If semiconduc- 
tors are used, the bandgap of the material needs to be 
sufficiently high so as to avoid absorption of the 
photons, Silicon waveguide (bandgap = 1.1 eV) on a 
silica cladding (SOI) is commonly used system in 
PLCs used for telecommunication applications. 

The PWLs described above are fabricated in rare- 
earth doped glass waveguides. Waveguides have to be 
much shorter than fiber, so the challenge of incorpor- 
ating the rare-earth ions at high concentration in the 
host material has to be overcome. Planar waveguide 
lasers are a compressed version fiber lasers that have 
the unique advantage that they can be directly 
integrated with other components on the same chip 
using very large-scale integration (VLSI)-style proces- 
sing, The concentration of Er (or the lasing ion in 
general) ina PWL needs to he many times that in fiber 
amplifiers (~100 ppm). The need for high gain in a 
short length requires high pump powers and high 
lasing ion concentration, both of which lead to 
nonideal behavior. Since rare earth ions tend to 
have multiple excited electronic states, there can be 
absorption at the excited state level as well. When a 
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Figure 6 The energy level diagram for a representative two 
level system. The inset (a) shows the excitation and emission 
process. Excited state absorption is shown in (b) and cooperative 
Upconversion is shown in(c). 


higher energy state is separated from the upper 
emission level by the energy in one laser photon, the 
ions can undergo excited state absorption or ESA 
(Figure 6). Rare-earth ions in close proximity tend to 
undergo cooperative upconversion processes, where 
two excited ions transfer energy between each other 
so that neither ion may fluoresce at the desired 
wavelength. These processes can negatively affect the 
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useful gain of the system. Ensuring high spatial 
dispersion of the Er atoms is critical to minimize 
this effect. Special glass compositions, such as 
phosphate glasses, are used here to ensure that the 
Er is not phase separated or clustered. These glasses 
also provide a high induced cross-section for gain. 
Glasses with low phonon energy are also desirable to 
minimize phonon-mediated nonradiative decays in 
the rare earths. Light emitting semiconductors and 
polymers containing fluorescent dyes have also been 
used to make PWLs, 

‘Now that we have gained an overall perspective of 
PWLs, we can discuss different manifestations. The 
following discussion uses a Er doped system as a 
model since there is a substantial body of work on this 
system. 


tributed Bragg Reflector (DBR) 
PWL 


In planar waveguide systems, it is difficult to 
construct efficient mirrors or reflective facets perpen- 
dicular to the waveguide. However, mirrors can be 
replaced by Bragg gratings, which be fabricated 
relatively easily. In-line Bragg gratings result in 
wavelength specific reflection as per eqn [4]: 


ma 

A= (41 
where A is the grating pitch, mm is the order of the 
grating, and A is the central Bragg wavelength. 
Gratings have another important benefit in that they 
ensure that unwanted frequencies outside the limited 
reflection spectrum are dispersed before they reach 
the lasing threshold. 

A DBR laser is similar in principle to a Fabry-Perot 
design but uses a Bragg grating on either end of planar 
Erdoped waveguide. This is shown schematically in 
Figure 7, Gratings can be made in a number of 
different ways. One popular way is to exploit the 


photosensitivity of glasses using 193 nm or 244 nm 
UV light to periodically alter the refractive index of a 
glass waveguide. Photosensitivity occurs by a combi- 
nation of molecular changes (such as the formation of 
oxygen deficiency sites or color centers) as well as 
changes in the material strain in the region exposed to 
the UV light (Figure 7c), Alternatively, gratings can 
also be formed using etching to make periodic 
grooves in the waveguide. These are called corrugated 
or surface relief gratings (Figure 7a and 6b). 

‘The back Grating 1 has a high reflectance of almost 
100%, whereas Grating 2 is a weaker grating. The 
reflectance strength of Grating 2 is determined by 
taking into account the gain coefficient of the material 
and the output power required from the laser. The 
reflection intensity can be altered according to the 
following equation: 
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where Lg is the grating length, Ang is the index 
modulation of the grating, Ay is the Bragg wave- 
length, m(V) is the confinement factor, a function of 
the waveguide parameter V that represents the 
fraction of the integrated mode intensity contained 
in the core. Increasing the reflectance strength also 
widens the linewidth of reflected light. The overlap of 
the spectral width between the back (Grating 1) and 
the front grating (Grating 2) becomes the effective 
output window within the gain spectrum of the lasing 
material (Figure 8). 

Not unexpectedly, a DBR structure generates 
longitudinal and lateral modes, These modes are, 
however, limited to the overlapping section of the 
reflection spectrum of the two gratings, as opposed to 
the entire gain spectrum as in Fabry-Perot lasers 
(Figure 9). Yet, this can lead to problems such as 
spectral hole burning and mode hopping, whereby the 
dominant mode hops from one wavelength to 
another. The separation between the modes needs to 
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Figure 7 DBR planar waveguide laser. The PWLs shown in (a) and (b) have sinusoidal and trapezoidal surface-raliot gratings 
respectively etched in their cores. An invine grating ofthe kind seen in (c) could be fabricated using the photosensitivity ofthe glass. 


‘The top cladding is shown only in (a). 
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tively negative voltage than the source—the cur- 
rent flow is pinched offas a result of the field cre- 
ated by the gate. This is suggested by the lower 
diagram in Figure 29-4, 
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Figure 29-4. At top, conventional current flows freely 
from drain to source through the channel of an N-doped 
AJFET. At bottom, the lowered voltage of the gate relative to 
the source creates a field effect that pinches off the flow 
of current. 


The situation for a P-channel JFET is reversed, as 
shown in Figure 29-5, The source is now positive 
(but is still referred to as the source), while the 
drain can be grounded. Conventional current 
now flows freely from source to drain, so long as 
the gate is at the same positive potential as the 
source. Ifthe gate voltage rises above the source 
voltage, the flow is pinched off. 


A bipolar transistor tends to block current flow 
by default, but becomes less resistive when its 
base is forward-biased. Therefore it can be re- 
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Figure 29-5. At top. conventional current flows freely 
from source to drain through the channel of a P-doped 
AJFET. At bottom, the higher voltage of the gate relative fo 
the source creates a field effect that pinches off the flow 
of current. 


ferred to as an enhancement device. By contrast, 
an N-channel JFET allows current to flow by de- 
fault, and becomes more resistive when its base 
is reverse-biased, which widens the depletion lay- 
erat the base junction. Consequently it can be 
referred to as a depletion device. 


The primary characteristicts of a junction field- 
effect transistor relative to an NPN bipolar tran- 
sistor are summarized in the table in Figure 29-6. 


JFET Behavior 

The voltage difference between gate and source 
of a JFET is usually referred to as Vg, while the 
voltage difference between drain and source is 
referred to a5 Ve. 
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Figure 8 The reflection spectrum of the back (1) and the front 

(2) gratings. As the intensity of the reflected light is made to 

increase, s0 does the linewidth. Hence, the narrawer spectrum of 


partially reflecting grating 2 tends to dictate the operating 
‘wavelength range of a DBR. 
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Figure 9 A sample output from a DBR laser, shown n this case 
With 3 modes. The datted ine shows the effective ovartap between 
the two gratings. The existence of the modes depends on several 
factors, in particular the pump intensity. 


Output power 


be made sufficiently high compared to the spectral 
overlap so that single-mode operation can be 
achieved. But in practice the length of the cavity 
(Le in eqn [3]) is determined by factors such as power 
and space and may not be independently altered to 
achieve this. However, the reflection spectrum of the 
back and the front gratings could be slightly shifted in 
opposite directions to realize a smaller overlap within 
which only one or a few modes may exist (Figure 10). 
The occurrence of a single mode also depends on the 
gain profile of the lasing material and the optical 
pump power, In Er-doped PWLs, modes other than 
the primary one can be suppressed by using a pump 
power below a threshold limit and stable operation 
can be thus achieved. 


Figure 10 Shifting the front and back gratings is one means of 
controling the width ofthe overiap region, shown in gray. This way 
a single made operation can be achieved even fora longer cavity 
with many modes. 


Distributed Feedback (DFB) PWL 


‘The modal problems listed above can be addressed by 
having a single, distributed grating that is placed 
along the entire length of the lasing waveguide itself 
(Figure 11). Alternatively, the gratings may be also 
placed in the upper or the lower claddings to 
minimize loss of optical power due to scattering 
because of the longer grating. In this case, it is the 
evanescent portion of the light that interacts with the 
grating. In all cases, the periodicity of the grating 
leads to a condition for a single lasing wavelength 
based on constructive interference. The strongest 
mode occurs when the period A of the Bragg grating 
satisfies the primary Bragg condition (for first order 
grating or m= 1) in eqn [4]. The device will also 
function if the grating pitch is equal to small integer 
multiples of (A/27). 

The grating needs to be made strong enough to 
generate sufficient feedback (reflections), which also 
widens the linewidth of the spectrum, To ensure a 
single narrow linewidth output, a quarter wave phase 
shift is introduced in the grating, as seen in Figure 11. 
This phase shift creates a transmission fringe in the 
spectrum (Figure 12) that significantly narrows the 
linewidth of the output signal. This design is con- 
sidered to be standard for the DFB lasers of today. 
Figure 13 shows a typical output of a DFB laser. 

‘Any of the geometries seen in Figure 1 can be used 
to make the waveguide for the laser. Due to 
processing constraints, rib (ec) and ion diffused (d) 
configurations are commonly used. Waveguide losses, 
characteristically due to scattering from sidewall 
roughness, have to be low. Otherwise, this adds a 
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Figure 11 A DFB planar waveguide laser. 


Reflection intensit 
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Figure 12 The reflection spectrum of a grating witha contral 4 
‘shift in the pitch, showing the transmission fringe. 


significant overhead onto the pump power and lowers 
the output of the PWL. Birefringence caused by 
thermal expansion coefficient differences and exces- 
sive sidewall roughness also need to be minimized as 
they can substantially alter the loss of the TE mode 
compared to TM. 

Though their spectral properties are ideal as 
sources for long haul transmission, DFB lasers tend 
to be less powerful than the corresponding DBR 
designs, But the DBR PWLs are very sensitive to 
reflections that can cause a broadening of the laser 
linewidth or can act as a source of noise. In both 
cases, single mode lasers with very narrow linewidths 
in the kHz range with low radiance and noise, have 
been demonstrated. But neither is known to have 
been commercialized yet. 


PWL Arrays 


One of the unique advantages of the PWLs is thar 
they are often processed using VLSI techniques. 
One important implication of this is the ability to 
make a PWL array where multiple lasers are formed 
simultaneously on the same chip, each with a unique 
output (Figure 14), Such arrays are likely to be very. 
useful in future dense wave division multiplexing 
(DWDM) optical network systems where as many as 
128 channels (and more} are planned. Since packa- 
ging of individual lasers can be up t0 75% of the total 
cost, making chips with multiple lasers is very 
attractive. The lasers may be DBRs or DFBs whose 
output wavelength is controlled by changing the 
grating parameters. To vary the individual wave- 
lengths either the effective index andlor the pitch of 
the grating can be changed. Thus, any output 
spectrum can be designed and executed merely by 
making the appropriate lithography mask. 
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Figure 13. The typical output of a DFB PWL. The linewidth can 
bbe made to be as narrow as a few hundred KHz. 


Figure 14 idealized autput from a 4-PWL array. 
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‘The gratings are often written holographically, 
where the wafer is exposed to an interference pattern 
caused by two coherent light beams. The wafer 
underneath can be sensitized with a photosensitive 
glass layer or a film a photoresist, It is not efficient to 
do multiple holographic exposures to individually 
change each of the gratings in the array. One way of 
doing this with a single holographic exposure is by 
constructing the waveguides at different relative 
angles. Then the component of the index modulation, 
resolved along the axis of the waveguide, would vary 
for each waveguide depending on the relative 
waveguide angle (Figure 15); this would lead to 
differences in 7. Alternatively, the waveguide array 
can be made of the same height but of different 
widths. This is easily done since waveguide height is 
usually deposited uniformly but the width is a 
function of the mask layout. Here the waveguide 
and the grating are orthogonal to each other and the 
variation in wavelengths is achieved by the fact that 
the effective propagation constant for each of the 
waveguides is different. 

Arrays of PWLs have been made on a silicon 
substrate using deposition of an Er containing glass 
that is subsequently patterned into waveguide, and 
ultimately laser, arrays. Another approach has been 
to start with a phosphate glass as the host and the 
substrate. A phosphate glass is a superior host for 
rare-earth ions such as Er since the sensitization 
efficiency is nearly unity and much high doping levels 
are possible before concentration quenching effects 
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Figure 15 Two different means of making planar waveguide 
laser array witha single holographic exposure to write the gratings. 
“The darker rectangular blacks represent the core channels or ris. 
lin (@) the wiath and hence the effective index of the waveguide is 
varied whereas the relative angle between the wavoguides is 
altered in (b). The lines represent the direction of the gratings, 
hich is orthogonal only to the left mast waveguide in (b). 


set in, Waveguides are created by ion-exchange by 
immersion in a hot bath containing suitable ions (Na 
for Li, for instance). When starting with a uniformly 
doped glass, one issue in the assimilation of the laser 
array with other components is the fact that Er-doped 
region does not start and end with the waveguide 
laser section. Recently, the Er has been deposited 
selectively in the laser waveguide in phosphate glass 
using methods such as ion implantation, bringing the 
concept of integration closer to reality. 


Pumping 


One of the key issues here is the optical pumping of the 
rare-earth PWLs to generate acceptably high output 
power, Individual diode lasers or an array of diode 
lasersall on a single chip (called a diode bar) have been 
utilized as pumps. Both single and multimode diode 
lasers are available and have been used. There are pros 
and cons for either choice: whereas single mode lasers 
are less powerful (in the range of few 100 mW), it is 
difficult to convert the multimoded output of their 
counterparts to useful power. The choice is determined 
by the waveguide design, which needs to be optimized 
for high overlap of the lasing mode with the pump. 
Carefully tapered waveguides can be used distribute 
the pump power from a diode ar to the various lasers 
inan array without significant loss. 


PWL Stability 


Stable operation of a PWL is one of the big 
challenges. In DBR PWLs, it is seen that there is a 
threshold for pump power only below which single 
moded operation can be achieved. Additionally, any 
PWL die needs to be made immune to ambient 
temperature changes. These changes can affect many 
of the critical output parameters of the PWL: 
wavelength, linewidth, power and in the case of an 
array, the wavelength separation. This occurs pri- 
marily due to the thermal shift in the grating pitch as 
well as the thermo-optic effect. It is overcome by 
supplanting the laser die onto a heat spreader chip 
made from conducting material such as Cu or BeO, 
followed by a thermoelectric cooler, Ironically, 
the laser's output wavelength and linewidth are fine- 
tuned and ‘fixed’ using temperature to overcome any 
drifts due to processing errors or other reasons. 

Reliability is another important issue that needs to 
be addressed, especially for telecommunication appli- 
cations where these types of components have to 
pass high quality standards such as the Telecordia 
qualification in the USA. 
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Other PWL Systems 


Many of the PWLs to date have been developed using 
Er doping, which emits light in the range of interest 
for telecommunications (the C-band and even the 
L-band). Here, Yb can be added as a co-dopant to 
improve power conversion efficiency. Other fluores 
cing ions have also been used: Nd, Tm, Ho, and 
Several research teams have successfully demon- 
strated Nd-YAG PWLs, in particular. Ridge wave- 
guide lasers have been made using semiconductor 
materials InGaAs/InP_ heterojunctions in both 
Fabry-Perot and DFB configurations. These systems 
are electrically pumped. DFB PWLs have also been 
made using dye doped polymers. 

It must be mentioned that there are other ways to 
use waveguides to make lasers. The primary example 
is a configuration where the waveguide resonator is 
external to the active region. Designs, such as ring 
resonator lasers and an external cavity lasers, fall in 
this category. 

Future research and development of PWLs would 
undoubtedly utilize photonic crystal structures. These 
structures have a periodic fluctuation in the index of 
refraction in two or three dimensions. Owing to the 
resultant Bragg reflections, specific allowed and 
forbidden states are created which can be used to 
control the confinement of light. Hitherto, these 
structures have been used to form mirrors or 
hexagonal ring resonators. These more sophisticated 
laser designs are likely to enable new functions such 
as tunability of the output spectrum. 


Summary 


Planar waveguide lasers are a special class of laser 
where light is confined to a waveguide. They have 
distinctive advantages that include high optical 
gains, low laser thresholds, narrow linewidths in 
the kHz range, and optimal thermal management. 
Significantly, they afford a platform that can be 
readily expanded to include an array of lasers, each 
with an unique output, and can ultimately be 
combined with multiple optical components on the 
same chip. Such compact integrated devices are 
bound to take photonics to a new high level of 
capability. 


List of Units and Nomenclature 


integer denoting number of laser modes, 
electric field 

propagation constant for travel in z direction 
length of laser cavity 


hems 


Lg length of grating 

m order of the grating, an integer 

n refractive index of the medium 

a modal effective refractive index 

R_reflectance 

V_ normalized frequency or the V parameter of 
the waveguide 

Aney modulation of the effective index of the 
grating 

confinement factor or fraction of the light 
confined in the region of interest 

a wavelength of the lightwave 

Ag resonant wavelength of a Bragg grating or 
Bragg wavelength 

A grating pitch 

electric field distribution 

See also 


Lasers: Carbon Dioxide Lasers; Dye Lasers. Optical 
Amplifiers: Erbrium Doped Fiber Amplifiers for Lightwave 
Systems. 
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Introduction 


This article discusses the principle of operation and 
the basic material engineering aspects for the design 
of semiconductor lasers. The physics of the gain 
medium is analyzed in detail and the role of many- 
body effects due to the Coulomb interaction of the 
carriers for the optical properties of the active 
semiconductor material is demonstrated. The two 
main types of laser resonators for diode lasers, 
Fabry-Perot resonators and vertical cavity struc- 
tures, are described. Finally, the dynamics of semi- 
conductor lasers, including the principles of short 
pulse generation and nonequilibrium gain dynamics, 
is addressed, 


Basic Principles 


The optical emission from semiconductor lasers arises 
from the radiative recombination of charge carrier 

electrons and holes in the active area of the 
‘The conduction-band electron fills the valence- 


pairs, i 
de 
band hole by simultaneously transferring the energy 
difference to the light field. This is called radiative 
recombination. Hence, the frequency of the laser light 
is mainly determined by the bandgap of the semi- 
conductor laser material. In order to achieve lasing, 
one needs carrier inversion, i.e., a sufficient number of 
electrons in the conduction band so that the prob- 
ability of light absorption is lower than the probability 
of emission. 

It has been shown that a large variety of 
semiconductor materials is suited for semiconductor 
lasers. The most stringent requirement for the 
material is that it has a direct bandgap. In other 
words, the maximum of the valence band and 
the minimum of the conduction band have to be at 
the same position in k-space (in the center of the 
Brillouin zone). The elemental semiconductors 
silicon and germanium do not fulfill this condition 
and therefore cannot be used for semiconductor 


lasers. 

In order to achieve carrier inversion, it is necessary 
to pump the semiconductor laser, i.e., to excite a 
sufficient number of electrons from the valence band 


into the conduction band. Even though this pumping 
in semiconductors, as in other solid state laser 
materials, can be done optically, the large techno- 
logical impact of semiconductor lasers is at least in 
part due to the possibility of electrical pumping with a 
few tens of milli-amperes at low voltages. 

The original version of such a semiconductor laser 
device is shown in Figure 1, The laser structure 
consists of a GaAs-based p-n junction which is biased 
in the forward direction. Electrons are injected from 
the n region and holes from the p region, respectively. 
Due to the diode characteristics of the p-n junction, 
semiconductor lasers are often also called laser 
diodes. In the device shown in Figure 1, the laser 
mirrors are formed by the cleaved facets of the 
semiconductor crystal. Because of the high refractive 
index of GaAs, the semiconductor-air interface 
provides a reflectivity of about 32% which is 
sufficient for laser emission. 

However, the early type of laser, the so-called 
homojunction device, was not very efficient because 
of the low carrier density in the active area and because 
of the weak overlap between the inverted region and 
the optical mode. Considerable improvement towards 
room-temperature continuous wave (cw) operation 
was achieved by the introduction of the so-called 
double heterostructure. Its principle is shown in 
Figure 2. 

The basic idea behind the double heterostructure 
laser is that the active material (e.g, GaAs) is 
embedded in another semiconductor with a slightly 
larger bandgap (e.g., (AlGaAs). This causes a 
potential well in which electrons and holes are 
confined in order to achieve high carrier densities in 
the active area. Moreover, the smaller refractive index 
of the surrounding high-bandgap material helps to 
guide the optical field within the region of highest 
inversion, Additional ridge-shaped lateral structuring 
is frequently used to form a complete optical 
waveguide. 
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Figure 1 Principle of operation of a semiconductor laser. 
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Figure 2 Double heterostructure laser diode, 


Nowadays, even more advanced laser structures can 
be fabricated, as modern crystal growth techniques 
such as molecular beam epitaxy (MBE) and metal 
organic chemical vapor deposition (MOCVD) have 
become available, These techniques allow the grower 
not only to determine the composition of the 
semiconductors with remarkable precision, but also 
to define the shape virtually on an atomic scale. In 
particular, it is now possible to grow microstructures 
so small that their electronic and optical properties 
deviate substantially from those of the corresponding 
bulk materials. So-called quantum-well (QW) struc- 
tures, in particular, turned out to be superior to bulk 
materials in many respects and are currently the active 
medium in most commercial semiconductor lasers. 
The gain medium in QW laser structures consists of 
one or more films with a thickness of a few atomic 
monolayers. These are embedded in a barrier material 
with a larger bandgap that serves to confine the 
carriers to the wells. In QWs the quantum confinement 
restricts the free carrier motion to the two dimensions 
within the plane of the films, since the well thickness is 
comparable to or less than the thermal wavelength of 
the carriers. Hence, one speaks of quasi-two-dimer 
sional structures where no free motion perpendicular 
to the films is possible. The corresponding energy 
states of the carriers are quantized, i.c., only discrete 
values are allowed for that part of the carrier kinetic 
energy which is related to the confined direction. 

A major consequence of this restriction of the 
carrier motion to two dimensions is a change in the 
(single particle) density of states. This density of 
states is altered in QWs in comparison to bulk 
material. The density of states for bulk material is 
zero at the bandgap energy and rises with the square 
root of the energy for higher energies. In contrast, the 
density of states for a two-dimensional carrier system 
in a QW is a step-like function with a density of 
states different from zero at the QW-well bandgap 
(the bandgap energy of the active material plus the 
quantization energies of electrons and holes in 


the well). This increase of the density of states at the 
bandgap promises important advantages of QW 
structures over bulk material. Most importantly, the 
number of states that have to be occupied before 
inversion is obtained is considerably reduced in QW 
structures. This reduces the threshold current and 
increases the modulation speed of the laser structures. 
Accordingly, most of the modern laser structures are 
QW structures. 

‘These arguments have encouraged many research- 
ers to develop structures with further increased 
carrier confinement in two dimensions (quantum 
wires) and three dimensions (quantum dots). The 
single-particle density of states is even more favorable 
in quantum wires and quantum dots than in QWs: in 
both cases the single-particle density of states peaks at 
the effective bandgap energy. This argument seems to 
promise even better performance of quantum wire 
and quantum dot lasers as compared to QW devices. 
However, the single-particle density of states descrip- 
tion completely neglects the Coulomb interaction of 
the carriers which strongly influences the optical and 
electronic properties of semiconductor structures. 
The absorption is modified by excitonic effects that 
lead to additional resonances below the bandgap 
and to changes of the continuum absorption. These 
changes are often quantified by the so-called 
Sommerfeld factor, which depends on the dimension- 
ality of the system, i.e., it differs for bulk, QW, 
quantum wire and quantum dot structures. For 
example, the Sommerfeld factor completely sup- 
presses the singularity of the density of states at the 
bandgap of quantum wire structures. Accordingly, 
with inclusion of Coulomb effects, the benefit of the 
quantum confinement is much less than expected 
from the single-particle density of states. 

The use of quantum wire and quantum dot 
structures as a semiconductor laser gain medium is 
still in its infancy even though they can be grown with 
various degrees of precision. However, quantum dot 
structures, especially, hold great promise for the 
future, since they can be grown in large numbers 
using techniques similar to those already used for 
QWs. The possibility of layer growth under strained 
conditions, such as QWs between barrier material 
with a slightly different atomic lattice constant, also 
results in a greater flexibility to design the laser gain 
medium with the desired emission wavelength. 

In principle, the emission wavelength of a semi- 
conductor laser can be roughly designed by the 
choice of the material. Different semiconductors 
have different bandgaps between the valence band 
and conduction band and the bandgap energy 
determines the spectral range of the emission. One 
can tune the bandgap and thus the spectral range of 
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the emission by fabricating semiconductor alloys as, 
e.g, (Galn)As or (AlGa)As. Presently, a large variety of 
different materials is commercially available covering, 
for example, the red ((AlGaln)P), the near infrared 
((AlGa)As, (Galn)As}, the telecom ((Galn)(AsP)) and 
even the blue-ultraviolet range ((Galn)N). 

Great care has to be taken that the crystal used for a 
semiconductor laser is of almost perfect quality. 
Dislocations in the crystal, for example, have to be 
avoided as well as any kinds of defects since they act 
as nonradiative recombination centers. Nonradiative 
recombination competes with the radiative recombi- 
nation that is essential for the laser process. Non- 
radiative recombination effects include Auger 
recombination and recombination via defects. 
Auger recombination is the process where an electron 
and a hole recombine and complet 
energy difference to another carrier (electron or hole) 
which is excited to a higher state. This is an intrinsic 
effect that depends mainly on the band structure and 
the relevant values of the transition probabilities 
{transition matrix elements). The probability for 
Auger recombination is temperature- and carrier- 
density-dependent and can be minimized, e.g., by 
properly cooling the device and by keeping the carrier 
densities as low as possible. 

Nonradiative recombination via defects is an 
extrinsic effect that depends on the material quality 
and can thus be minimized by optimized growth. 
However, trying to avoid dislocations limits the 
choice of materials for laser structures se The 
growth processes require ‘host’ crystals, so-called 
substrates, on which the real structure can be grown. 
GaAs, InP, SiC and sapphire wafers are available in 
sufficient quality as standard substrates for opto- 
electronic applications. The epitaxially grown 
material adapts to the crystal structure of the 
substrate which implies that the lattice constant of 
the substrate and structure material should be very 
similar. If the lattice constants do not agree, i.e., if 
there is a structural mismatch, a certain amount of 
strain develops which increases with increasing lattice 
mismatch. Too much strain leads to the formation of 
dislocations which are detrimental to laser appli- 
cations. Control of the dislocation density is currently 
one of the critical issues for the wide-gap II-V 
materials, such as GaN, because no substrate is 
available that matches the GaN lattice constant. 


transfer the 


However, a small amount of strain is often ev 
desirable as long as it does not cause dislocations. 
Strain influences the band structure of the material in 
a predictable way and can therefore be used to tailor 
the laser emission properties. 

Thus laser materials for a certain desired 
wavelength range have to fulfill two important 


requirements: first, the bandgap of the material has 
to fit the desired photon energy; and second, and 
more crucial, an appropriate substrate with the right 
lattice constant has to be available. This second 
condition excludes many material compositions from 
laser applications. In many cases, both conditions can 
only be simultaneously met with quaternary semi- 
conductor alloys (for example (Galn)(AsP) on InP 
substrates). 


Physics of the Gain Medium 


From a material physics point of view, the important 
structural aspects of a certain laser material are 
summarized in the band structure of the gain 
medium, i.e., in the quantum mechanically allowed 
energy states of the material electrons. The calcu- 
lation of the band structure of a particular gain 
medium is therefore a crucial aspect of semiconductor 
laser modelling. Additionally, however, one has to 
understand the relevant properties of the excited 
electron-hole plasma in the active region of the laser. 

In its ground state, i.e., without excitation and at 
very low temperatures, a perfect semiconductor is an 
insulator where no electrons are in the conduction- 
band states. The presence of a population inversion, 
ie., occupied conduction band and empty valence 
band states in a certain range of frequencies, i 
however, a requirement for obtaining optical gain an 
light amplification from a semiconductor. Sufficiently 
strong pumping leads to the generation of an 
electron-hole plasma, where the term ‘electron’ 
specifically refers to conduction-band electrons and 
‘holes’ to the missing electrons in the originally full 
valence bands. Holes are also quasiparticles, just as 
the electrons. Electrons in a solid are quasiparticles 
with an effective mass that is considerably different 
from the free-electron mass in vacuum and that is 
determined by the band structure, i.e, the interaction 
with all the ions of the solid. The properties of 
the missing electrons, such as a positive charge for the 
missing negative electron charge, a spin opposite to 
that of the missing electron, etc., are attributed to the 
holes. As a consequence of their electrical charge 
the excited electrons and holes interact via the 
Coulomb potential which is repulsive for equal 
charges (electron—electron, hole—hole) and attractive 
for opposite charges (electron-hole). Furthermore, 
electrons and holes obey Fermi—Dirac statistics and 
the Pauli exclusion principle that forbids two 
Fermions from occupying the same quantum state. 
The consequences of the Pauli principle are often 
referred to as ‘band-filling effects’ in the physics of 
semiconductor lasers. 
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‘The theory therefore has to account not only for the 
band-structure but also for this band filling, i.e., the 
detailed population of the electron and hole states. 
Taking into account only the band structure and band 
filling leads to a so-called free-carrier theory. But the 
electron-hole plasma in a semiconductor gain me 
ium isan interacting many-body system because of the 
carrier interactions and the exclusion principle. In a 
many-body system the properties of any one carrier 
are influenced by all the other carriers in their 
respective quantum states. Generally, advanced 
many-body techniques are needed to systematically 
analyze such an interacting electron-hole plasma and 
to compute the resulting optical properties, such as 
gain, absorption or refractive index, all of which are 
changing in a characteristic way with the changing 
electronhole density. 

It is often helpful to investigate the characteristic 
time-scales and the most direct consequences of 
the various interaction effects even though the 
consequences of the different many-body effects are 
in general not additive. The fastest interaction, under 
typical laser conditions, is the carrier-carrier 
Coulomb scattering that acts on scales of femto- to 
picoseconds to establish FermiDirac distributions of 
the carriers within their bands, These distributions 
are often referred to as ‘quasi-equilibrium distri- 
butions’ since they describe electrons and holes in the 
conduction and valence bands which may be charac- 
terized by an ‘electronic temperature’ or ‘plasma 
temperature.’ The plasma temperature is a measure 
for the mean kinetic energy of the respective carrier 
ensemble and relaxes towards the lattice temperature 
as a consequence of electron-phonon (= quantized 
lattice vibration) coupling, ie., the carriers can emit 
or absorh phonons. The coupling to longitudinal 
optical phonons in polar materials is especially strong 
with scattering times in the picosecond range. The 
corresponding times for the electron—acoustic pho- 
non scattering are in the nanosecond range. Gener- 
ally, the carrier—phonon interaction provides an 
exchange of kinetic energy of the carriers with the 
crystal lattice in addition to the relaxation of the 
initial nonequilibrium distribution. Deviations 
between plasma and lattice temperature may occur, 
especially when lasers are subject to strong pumping 
or rapid dynamic changes. 

The Coulomb interaction not only causes rapid 
carrier scattering but also directly influences the laser 
gain spectrum. Gain, ic., negative absorption, occurs 
in the spectral region of population inversion, in other 
words, where the net probability for a test photon to 
he absorbed is lower than the probability to be 
amplified by stimulated electron-hole recombina- 
tion. Energetically, the gain region is hounded from 


helow by the effective (or renormalized) semiconduc- 
tor bandgap and from above by the electron-hole 
chemical potential. Here, the chemical potential is the 
energy at which neither absorption nor amplification 
occurs, ie., where the semiconductor medium is 
effectively transparent. 

The effective bandgap energy for elevated carrier 
densities is significantly below the fundamental 
absorption edge of an unexcited semiconductor. 
This “bandgap renormalization’ is a consequence of 
the fact that the Pauli exclusion principle reduces the 
repulsive Coulomb interaction between carriers of 
equal charge. Furthermore, the Coulomb screening, 

c., the density-dependent weakening of the effective 
Coulomb interaction potential, contributes to the 
reduction of the bandgap. 

Another many-body effect originates in the 
Coulomb attraction between an electron and a hole, 
and leads to an excitonic or Coulomb enhancement 
of the interband transition probability. All. these 
effects contribute to the detailed characteristics of 
the optical spectra of a semicondcutor gain medium. 
Figure 3 shows an example of calculated spectra in 
comparison to experimental data. 

The example demonstrates that the microscopic 
theory correctly accounts for the changes in the gain 
spectrum with changing carrier density by means of a 
consistent treatment of band structure, band-filling, 
and many-body Coulomb effects. 


The Resonator 


In addition to a gain medium, a laser needs a 
positive feedback process for the amplified stimulated 
emission, Hence, the inverted medium has to be 
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Figure 3 Comparison of experimental and theoretical gain 
spectra of a (Galn)(Nas)/GaAs laser. 
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embedded into a resonator. One of the conceptually 
simplest versions of such a resonator is a so-called 
Fabry-Perot resonator which consists of two parallel 
plane mirrors, A double heterostructure Fabry—Perot 
laser is shown in Figure 2. Such Fabry-Perot reso- 
nators are very easy to fabricate for semiconductor 
lasers: the semiconductor crystal is cleaved perpen- 
dicular to the optical waveguide. The cleaved edges 
provide a reflectivity of about 32% due to the high 
refractive index of the semiconductor. This is sufficient 
to provide enough feedback for laser operation, 

However, despite its conceptual simplicity, the 
cleaved-edge Fabry-Perot concept also introduces a 
number of problems. First, the light output occurs on 
two sides of the laser, whereas for most applications 
all the output power should be emitted out of one 
facet only, For practical applications, this problem 
can be solved by depositing coatings onto the cleaved 
facets of the structure. For example, deposition of a 
10% reflectivity coating on one facet and of a 90% 
reflectivity coating on the other facet concentrates the 
laser emission almost completely to the facet of lower 
reflectivity. Antireflection coatings with reflectivities 
below 10 * are used when laser diodes are coupled to 
external cavities, e.g., in tunable lasers. 

A second problem with Fabry—Perot lasers is that 
the emission wavelength is often not well defined. A 
Fabry-Perot resonator of length L (optical length nL.) 
has transmission maxima — so-called modes — at all 
multiples of c/2nL where ¢ is the speed of light and n 
the refractive index. That means that for typical 
devices with a length of 500 um, hundreds of modes 
are present even within the limited gain bandwidth 
of a semiconductor. These modes often compete 
with each other resulting in multimode emission 
which may become particularly complex and 
uncontrollable when the laser is modulated for 
high-speed operation. 

This problem can be overcome in so-called 
distributed feedback (DFB) lasers. In these devices, 
the refractive index is periodically modulated along 
the waveguide. In a simplified picture, this periodic 
pattern causes multiple reflections at different 
locations within the waveguide. For certain wave- 
lengths, these multiple reflections interfere construc- 
tively to provide enough ‘distributed’ feedback for 
laser operation, With the DFB concept, single-mode 
emission can be realized even for high-speed modu- 
lation of the lasers, Alternatively, the region of 
distributed feedhack can be separated from the region 
of amplification in so-called distributed Bragg 
reflector (DBR) lasers. These are devices with 
multiple sections where one section is responsible 
for the optical gain and another section (the DBR 
section) is responsible for the optical feedback. 


So far, we have discussed so-called edge 
emitting lasers where the light emission is in the 
plane of the active area of the device. The lengths of 
these lasers are typically hundreds of microns and 
thus correspond to a few hundreds of optical 
wavelengths. This causes one of the major disadvan- 
tages of edge emitters — the multimode emission. 
Another disadvantage is the poor elliptic beam 
profile due to diffraction at the small rectangular 
output aperture. Finally, the fabrication procedure of 
edge emitters is complex since it requires multiple 
steps of cleaving before it is even possible to test 
the laser. 

A novel alternative semiconductor laser concept 
was realized in the early 1990s: the vertical-cavity 
surface-emitting laser (VCSEL). A typical VCSEL 
structure is shown in Figure 4. In VCSELs, the light 
emission is parallel to the growth direction, i.e. 
perpendicular to the epitaxial layers of the structure. 
The cavity length of a VCSEL is in the order of a few 
(1-5) multiples of half the wavelength of the emitted 
light in the material. These small dimensions imply 
that the interaction length between the active medium 
and the light field in the resonator is very short. 
Therefore, the mirrors of a VCSEL have to be of very 
good quality; reflectivities of more than 99% are 
required in most configurations. 

Very high reflectivities can be achieved with 
dielectric multilayer structures, so-called Bragg reflec- 
tors. Bragg reflectors consist of a series of pairs of 
layers of different refractive indices, where each layer 
has the thickness of a quarter of the emission 
wavelength, Most preferably, Bragg reflectors are 
epitaxially grown together with the active area of the 
device in only one growth process. 

Small VCSEL resonators with Bragg reflectors at 
both ends of the cavity are called microcavities. They 
are designed in such a way that only one longitudinal 
mode is present in the region of the semiconductor 
gain spectrum, Accordingly, VCSELs are well suited 
to provide single-mode characteristics. Moreover, a 
round aperture for light emission can be realized 
with a diameter of a few micrometers so. that 
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Figure 4 Vertical-cavity surtace-emitting laser (VCSEL). 
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diffraction is weak and the beam profile is almost 
perfect. 

VCSELs can be tested on wafer without further 
processing and can be arranged in two-dimensional 
arrays. A major disadvantage of VCSELs is thei 
temperature dependence. The bandgap of the active 
material and the cavity mode depend on temperature 
in such a way that the cavity mode shifts away from 
the region of maximum gain when the temperature is 
varied. This severely limits the temperature range of 
operation for VCSELs. 


Semiconductor Laser Dynamics 


The dynamical behavior of semiconductor lasers is 
rather complex because of the coupled electron-hole 
and light dynamics in the active material. Like other 
laser materials, semiconductor lasers exhibit a typical 
threshold behavior when the pump intensity is 
increased. For weak pumping, the emission is low 
and spectrally broad; the device operates below 
threshold and shows (amplified) spontaneous emis- 
sion, At threshold, the optical gain compensates the 
losses in the resonator (i.e. internal losses and mirror 
losses) and lasing action starts. Ideally the output 
power increases linearly with the injection current 
above threshold. The derivative of this curve is 
proportional to the differential quantum efficien 
‘The differential quantum efficiency can reach values 
close to unity and even the overall efficiency of 
the diode laser, ic., the conversion rate from 
electrical power into optical power, can be as high 
as 60% which is far higher than for any other laser 
material. 

Ideally, the laser emission is single mode above 
threshold. However, as discussed above, edge-emit- 
ting diode lasers tend to emit on multiple longitudinal 
modes and the competition of these modes can lead to 
complex dynamical behavior which is significantly 
enhanced as soon as the laser receives small amounts 
of optical feedback. Semiconductor lasers are extre- 
mely sensitive to feedback and tend to show 
dynamically unstable, often even chaotic, behavior 
under certain feedback conditions. 

Like other lasers, semiconductor lasers respond 
with relaxation oscillations when they are suddenly 
switched on or disturbed in stationary operation. 
Relaxation oscillations are the damped. periodic 
response of the total carrier density and the optical 
output intensity as a dynamically coupled system. 
Both are important for many aspects of semiconductor 
laser dynamics. The relaxation oscillation frequency 
determines the maximum modulation frequency of 
diode lasers. This frequency is strongly governed by 
the differential gain in the active material, 


i.e., by the variation of the optical gain with carrier 
density. 

An important application of relaxation oscil- 
lations is short pulse generation by gain switching 
of laser diodes. The idea of gain switching is to inject 
a short and intense current pulse or an optical pump 
pulse into the laser structure. This pulse initiates 
relaxation oscillations but it is so short that already 
the second oscillation maximum is not amplified. As 
a consequence, only one intense pulse is emitted. The 
shortest pulse widths achieved with this scheme so 
far are in the few picoseconds range. For short pulse 
generation, a further complexity of the diode laser 
comes into play. The emitted pulses are observed to 
be strongly chirped, ie., the center frequency 
changes during the pulse. This complex self-phase- 
modulation is a result of the strong coupling of the 
real and the imaginary parts of the susceptibility in 
the semiconductor. If the gain (which is basically 
given by the imaginary part of the susceptibility) 
changes during a pulse emission, the refractive index 
(basically the real part of the susceptibilty) also 
changes considerably. This leads to a self-phase- 
modulation if a strong optical pulse is emitted. This 
strong phase-amplitude coupling is also responsible 
for the high feedback sensitivity of diode lasers, for 
complex spatio-temporal dynamics (e.g., self-focus- 
ing, filamentation), and for a considerable 
broadening of the emission linewidth. The phase~ 
amplitude coupling is often quantified with the 
so-called linewidth enhancement or a factor. This 
parameter, however, is a function of carrier density, 
photon wavelength, and temperature. 

Diode lasers are also suited for the generation or 
amplification of extremely short pulses with dur- 
ations below 1 picosecond. The concept used for such 
extremely short pulse generation is called mode- 
locking. The idea of mode-locking is to synchronize 
the longitudinal modes of the laser so that their 
superposition is a sequence of short pulses. The most 
successful concept to achieve mode-locking of diode 
lasers is to introduce a saturable absorber into the 
laser cavity and to additionally modulate the injection 
current synchronously to the cavity roundtrip freq- 
uency. A saturable absorber exhibits nonlinear 
absorption characteristics: the absorption is high for 
weak intensities and weak for high intensities so that 
high peak power pulses are supported. Such absor- 
hers can be integrated as a separate section into 
multiple-section diode lasers which have already been 
successfully used for subpicosecond pulse generation. 
Furthermore, electro-absorption modulators, passive 
waveguide sections, and tunable DBR segments for 
wavelength tuning can also be integrated into such 
multiple-section devices. 
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Figure 29-6. This table contrasts the characteristics of 
an N-channel JFET with those of an NPN bipolar transis: 
tar. 


Suppose the gate of an N-channel JFET is con- 
nected with the source, so that Vs.=0. Now if 
Vas increases, the current flowing through the 
channel ofthe JFETalso increases, approximately 
linearly with V,,. In other words, initially the JFET 
behaves like a low-value resistor in which the 
voltage across it, divided by the amperage flow- 
ing through it, is approximately constant. This 
phase ofthe JFET’s behavioris knownasits ohmic 
region. While the unbiased resistance of the 
channel in a JFET depends on the component 
type, it Is generally somewhere between 100. 
and 1K. 


If Vag increases still further, eventually no addi- 
tional flow of current occurs. At this point the 
channel has become saturated, and this plateau 
zones referred to as the saturation region, often 
abbreviated Ij. meaning "the saturated drain 
current at zero bias” Although this is a nearly 
constant value for any particular JFET, it may vary 
somewhat from one sample of a component to 
another, as a result of manufacturing variations 


If Vg, continues to increase, the component fi- 
nally enters a breakdown state, sometimes re- 
ferred to by its full formal terminology as drain- 
source breakdown. The current passing through 
the JFET will now be limited only by capabilities 


discrete semiconductor 


‘multi-junction > field effect transistor 


of the external power source. This breakdown 
state can be destructive to the component, and 
is comparable to the breakdown state of atypical 
diode. 


What if the voltage at the gate is reduced below 
the voltage at the source—such as V,, becomes 
negative? In its ohmic region, the component 
now behaves as ifit has a higher resistance, and 
it will reach its saturation region at a lower cur- 
rent value (although around the same value for 
Vga). Therefore, by reducing the voltage on the 
gate relative to the voltage at the source, the ef- 
fective resistance of the component increases, 
and in fact it can behave as a voltage-controlled 
resistor. 


The upper diagram in Figure 29-7 shows this 
graphically. Below it, the corresponding graph 
for a P-channel JFET looks almost identical, ex- 
cept that the current flow is reversed and Is 
pinched off as the gate voltage rises above the 
source voltage. Also, the breakdown region is 
reached more quickly witha P-channel JFET than 
with an N-channel JFET. 


MOSFETs 

MOSFETs have become one of the most widely 
used components in electronics, everywhere 
from computer memory to high-amperage 
switching power supplies. The name is an acro- 
nym for metal-oxide semiconductor field-effect 
transistor. A simplified cross-section of an N- 
channel MOSFET is shown in Figure 29-8. 


‘Two MOSFETs are shown in Figure 29-9, 


Like a JFET, a MOSFET has three terminals, iden- 
tified as drain, gate, and source, and it functions 
by creating a field effect that controls current 
flowing through a channel. (Some MOSFETS 
have a fourth terminal, described later), Howev- 
er, ithasa metal sourceand drain making contact 
each end of the channel (hence the term 
‘metal’ in its acronym) and also has a thin layer 
of silicon dioxide (hence the term “oxide” in its 
acronym) separating the gate from the channel, 
thus raising the impedance at the gate to at least 
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However, when subpicosecond pulses are gener 
ated or amplified in semiconductor laser amplifiers 
the dynamics of the pulse generation or pulse 
amplification is strongly governed by complex 
nonequilibrium carrier dynamics in the semiconduc- 
tor. The most prominent effects are spectral hole 
burning and carrier heating. Spectral hole burning 
occurs if an intense laser field removes carriers 
from a certain area in k-space faster than carrie 
carrier scattering can compensate for. This leads to 
nonthermal carrier distributions and a gain suppres- 
sion in certain energy regimes. As mentioned above, 
a nonthermal carrier distribution relaxes quickly 
(100 femtoseconds) into a thermal (qua 
brium) distribution if the intense laser 
switched off, but this carrier distribution may 
have a plasma temperature much higher than the 
lattice temperature. This effect, which is referred 
to as carrier heating, also leads to a transient 
reduction of the gain on a few picoseconds time- 
scale until the carrier distributions have cooled 
down to the lattice temperature by interactions with 
phonons. These ultrafast effects are of course 
particularly important for amplification and 
generation of short pulses but they generally 
influence the whole dynamical behavior of diode 
lasers including, e.g., the modulation behavior. 
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Introduction 


Under photoluminescence excitation, a luminescent 
center located inside a transparent material usually 
emits at a longer wavelength than the excitation. This 
is because of the existence of de-excitation losses 
inside the material. Thus, efficient down-conversion 
lasers can be built, for example, the commercial 
Nd?*:Y,Al,0,) laser which works at 1064 nm, 
under usual pumping near 800 nm. More surpris- 
ingly, it has been demonstrated that fluorescence can 
also be emitted at shorter wavelength than the 
excitation. This is possible if the losses are reduced 
and overcome by so-called ‘up conversion mechan- 
enerally speaking, a laser emitting at a shorter 
wavelength than the excitation is classified as an 
up-conversion laser. 

These lasers are able to generate coherent light in 
the red, green, blue, and uy spectral ranges. A point of 
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practical importance is that some of them can be 
pumped in the near-infrared range (around 800 nm or 
980 nm) by commercially available laser diodes. They 
can be based on all-solid-state technology and share 
its advantages: compactness of devices, low mainten- 
ance, and efficiency. They are needed for a variety of 
applications: color displays, high density optical data 
storage, laser printing, biotechnology, submarine 


communications, gas-laser replacement, etc. 
Because the emitted photons have higher energy 
than the excitation ones, more than one pump photon 


is needed to generate a single laser photon, so the 
physical processes involved in the up-conversion laser 
are essentially nonlinear. Two kinds of laser devices 
can be considered. In the first one, the excitation of 
the luminescent center up-migrates through the 
electronic levels and reaches the initial laser level 
This step is due to some luminescence mechanisms, 
Then, in a second step, lasing at a short wavelength 
occurs through a transition towards the final laser 
level. In the second kind of device, the pump 
excitation activates a down-conversion lasing, but 
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the laser wave is maintained inside the cavity, cannot 
escape, and is up-converted in short wavelengths by 
the second-order nonlinear susceptibility of the 
crystal host. This requires bifunctional nonlinear 
optical and laser crystals. The device is thus a self 
frequency doubling laser or a self-sum frequency 
mixing laser. If the nonlinearity is not an intrinsic 
property of the laser crystal but is due to a second 
nonlinear optical crystal located inside or outside the 
cavity, the device operates intracavity or extrac: 
up conversion. 


Up-Conversion from Luminescence 
Mechanisms 


‘The numerous ***"L, energy levels (4f" configuration) 
of the trivalent rare earth ions, inserted in crystals or 
glasses, offer many possibilities for up conversion, 
particularly from long-lived intermediate levels that 
can be populated with infrared pumping. Crystal field 
induced transitions between them are comprised of 
sharp lines, because the 4f" electrons are protected 
from external electric fields by the 
Their fluorescence spectra can exhibit cross-sections 
high enough (10~'” em’) to lead to laser operation in 
the visible range. For up-conversion purposes, the 
most popular ions are Er**, Pr*+, Tm**+, Ho**, and 
Nd**. Up conversion in Er’* was used for the first 
time in 1959, to detect infrared radiation, 


Energy Transfers 


‘Two ions in close proximity interact electrostatically 
(Coulomb interaction) and can exchange energy. The 
ion which gives energy is called the sensitizer S or 
donor, and the energy receiving ion is the activator A 
or acceptor. Two examples discussed below are 
shown in Figure 1. The most typical case of such 
nonradiative energy transfer in trivalent rare earth 
ions in insulating materials is due to electrical dipole- 
dipole interaction. For the latter, the transition 


(a) Sensitizer Activator (b) Sensitzer Activator 
Figure 1 (a) Up-conversion crass-relaxation energy transfer. 
(©) Down-convarsion cross-relaxation energy transfer. The 
‘examplein (a) is phonon assisted, the example in (b) is resonant. 


probability W(s~') takes the form: 
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where R isthe S—A distance, F is the photon energy of 
the transition operated by each ion, 1 the refractive 
index, and Qa is the integrated absorption cross- 
section of the A-transition: 


oy 


Le re 


y= | enibre, oe 


In eqn [1], Tau is the radiative emission probability 
of S for the involved transition calculated from the 
emission probability Ag: 
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The integral in eqn [1] is called the overlap integral 
and shows that the transfer is efficient if the 
luminescence spectrum of $ is resonant with the 
absorption spectrum of A (corresponding to the S and 
A transitions involved in the nonradiative transfer). 
The transitions are often not in perfect resonance but 
remain efficient enough to be used in practice. Then 
the energy mismatch is compensated by phonons, and 
the energy transfer is said to be phonon-assisted. 

The energy transfer visualized in Figure 1a is an up- 
conversion cross-relaxation. It is often met in the rare 
earth ions cited above when they are sufficiently 
concentrated in the material. The S and A ions can be 
of the same or of different chemical species. Succes- 
sive energy transfers can promote the activator from 
its ground state towards higher energy levels, up to 
the one from which lasing can occur. This is the so- 
called ‘Addition de Photons par Transferts d’Energic’, 
sometimes appointed ‘APTE’. Yb** is the most used 
ion as sensitizer and leads to the following transfers in 
examples of Er** or Ho** co-doping: 
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If several sensitizers give their energy simul- 
taneously to a single activator, promoting it directly 
from its ground state towards a high energy level 
without intermediate levels, the sensitization is said to 
he ‘cooperative’. 
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‘The energy transfer shown in Figure 1b is a down- 
conversion cross-relaxation. It is the inverse of the 
previous one. At first sight itis, of course, undesirable 
in an up-conversion laser. However, we notice that 
one ion in the upper level will lead to two ions in the 
intermediate level. This fact can be exploited in 
special conditions (see below) and be beneficial for up 

The dynamical study of the energy transfers, 
starting from the microscopic point of view contained 
in eqn [1], is very complicated because of the random 
locations of the ions or because of other processes, 
such as energy migration among sensitizers and back 
transfers. A popular method leading to useful 
predictions in practice is the rate equation analysis 
dealing with average parameters. The time evolution 
of the population densities m, of the various levels iare 
described by first-order coupled equations, solved 
with adequate initial conditions and including the 
pumping rate. As an example, the rate equations for 
levels 1 and 2 in Figure 1a take the form: 


dn 


Liye 
Sp tit [61 
dy _ im 
oS 71 
nyt +m = [8] 


where 71,2 are the lifetimes of levels 1 and 2, & is the 
up-conversion transfer rate, Ba is the branching ratio 
for the 2— 1 transition, and Wis the pump rate (not 
shown in Figure 1). 


‘Sequential Two-Photon Absorption 


Pumping the ground state of a luminescent ion 
(Figure 2a) with a wave at angular frequency « 


leads to population with density m, of an excited state 
in a first step. Because the rare earth ions have 
numerous energy levels, it is possible for the pump to 
also be resonant with the transition from level 1 
towards a higher energy level 2, and is further 
absorbed. Such a process leading to ny up-conversion 
population is a sequential two-photon absorption. If 
there is no 1—+2 resonant transition for the w 
frequency, it is possible to use a second pump wave 
at a different angular frequency wf resonant with the 
1 = 2 transition (Figure 2b). Of course, in practice, it 
is advantageous when a single pump beam is required 
for up conversion, 

Let us show the relevant terms of the rate equation 
analysis describing the process in Figure 2a: 


diy 
ia 19] 
Tea tle (10) 
my try tm =1 my 


where I is the photon density of the pump (photons 
stem) and ay and aj are the absorption cross- 
sections (em”) of the 0—+ 1 and 1 -+2 transitions, 
respectively. The m1, population density shows a 


nonlinear I dependence, most often close to 1”, 
Photon Avalanche 


In rare earth doped materials, an up-conversion 
emission, intense enough for visible lasing, can result 
from a more complex mechanism, In this case, 
absorption of the pump is not resonant with a 
transition from the ground state (weak ground-state 
absorption), but on the contrary, the photon pump 
energy matches the gap between two excited states 


LY (high excited state absorption). These levels are 
labeled 1 and 2 in Figure 3. Level 1 generally has 
a rather long lifetime in order to accumulate 
: o Loop 
a Pump power 
(@ % ©) % 


Figure 2. Two-photon absorption up-conversion. 


Photon avalanche up-conversion 


LASERS / Up-Conversion Lasers 511 


population and level 2 is the initial up-conversion 
laser level. When the pump light is turned on, the 
populations of levels 1 and 2 first grow slowly, and 
then can accelerate exponentially, This is generally 
referred to as ‘photon avalanche’. The term ‘looping 
mechanism’ also applies, because we can see in 
Figure 3 that the excited state absorption 1 2 is 
followed by a cross-relaxation energy transfer (quan- 
tum efficiency up to two) that returns the system back 
to level 1, So after one loop, the m: population density 
has been amplified, and is further increased after 
successive loops. This pumping scheme was discov- 
cred in 1979, with LaCly:Pr°* crystal used as an 
infrared photon counter. 

‘The rate equation analysis applied to the three-level 
system in Figure 3 leads to the following time 
evolutions: 


dn 
mm my+2kngmy (12 
=; nt2kngm (121 
113] 
nig tm +n 4} 


where the parameters have the same meaning as in 
eqns (6]-[11]. 

‘The steady state limit of the populations at infinite 
time, upon continuous excitation starting at t= 0, 
can be obtained from canceling the time derivative in 
the left-hand side of the equation. Let us point out the 
interesting result, Two different dynamical regimes 
and analytical expressions for n3(00) are obtained. In 
the usual case of low pumping rate in the ground state 
and if the parameters of the systems satisfy: 
k < 8, then the first regime is observed, whatever 
the pumping rate Icy, in the excited state. 

If the parameters satisfy: 


p> tBu 


U5) 


the first regime is still observed at low pumping rate 
To; in the excited state, more precisely at pumping 
rate low enough such that 


But interestingly, the second regime, the so-called 
photon avalanche, is obtained at high pumping rate 


Tor in the excited state, that is to say if: 


(16) 


So the right-hand side of eqn [16] appears to be a 
pump threshold separating two dynamical regimes 
when the condition in eqn [15] is satisfied, as the 
insert in Figure 3 shows. 

Another way to distinguish between the two 
regimes is given by linearization of the system of 
eqns [12][14] (ig = 1). Then the description will 
only be valid close to t = 0. We know from standard 
mathematical methods that the solutions of eqns 
[12]-[14] are then a combination of exp(at) terms. If 
the threshold condition in eqn [16] is satisfied, a 
parameter a in the combination becomes positive, so 
the population of level 2 increases exponentially 
(photon avalanche) at early times and the dynamics of 
the system is unstable. 

The physical meaning of eqns [15] and [16] is 
clarified by introducing the yield nop of the cross- 
relaxation process: 


— 17 
mR EF Tin Pee 
and the yield 7 of the 2—+ 1 de-excitation: 

en us} 


+ Um 


Then, the threshold condition in eqn [16] can be 
written as: 


Starting with one ion in level 1, the first parenthesis 
in eqn [19] is the yield with which it will be promoted 
to level 2, and the second parenthesis is the yield of 
the backward path 2+ 1. So, the left-hand side of 
eqn [19] is the new number of ions after a looping 
path 1 + 2— 1, which has to be higher than I for the 
avalanche to occur. If we consider a lot of successive 
loops, the origin of the exponential behavior is clear. 
The role of the first ion in level 1 (and the weak 
pumping rate in the ground state Log) is limited to 
initialize the process. Note that the value of the first 
parenthesis in eqn [19] is less than 1, so the second 
parenthesis has to be higher than 1. This condition is 
equivalent to eqn [15]. 


Io, 


itt 19 
a+ 093} 


Jeena tm >1 
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Materials: The Energy Gap Law 


‘As we can see from the above mechanisms, up 
conversion needs intermediate energy levels and is not 
efficient if these cannot accumulate populations due 
to a short lifetime. The spontaneous rate of de- 
excitation of an electronic level is the sum of a 
radiative part W"™ and of a nonradiative part W"™"“, 
The radiative part can be obtained through the 
absorption cross-section corresponding to the tran- 
sition or from the Judd-Ofelt theory which also 
exploits the absorption spectrum. The nonradiative 
rate is then obtained by subtracting W' from the 
measured fluorescence decay rate of the level. Based 
on the measurements in many hosts for the different 
trivalent rare earth ions, at different temperatures, the 
nonradiative decay rate of a Fevel towards the next 
lower J/-level was found to have the form: 


wast Bexp(—BAE)(1 3 ex( - 


where AEy is the energy gap between the two levels, 
P=AE ylonaas Ona being the energy of an effective 
optical phonon of the host. The values of B, 8 and 
‘ax are found by fitting with experimental data, An 
example of such a fit is represented in Figure 4. 

Equation [20] is the well-known and familiar 
‘energy gap law’. We have represented it for several 
oxide and nonoxide hosts at T = 300 K in Figure 5. Ie 
is clear that chloride, bromide, fluoride will be 
favorable hosts for up conversion due to their low 
phonon energy (LaBr3: @pax=175cm™', LiYFs 
max = 400 em!, YyAL,0 43! Wax = 700 em, sili 
cate glass: yg, = 1100 em), Let us mention also a 
fluorozirconate glass, ZBLAN, widely used in up- 
conversion fiber lasers. 


Mutipnonon emission rate (= 


a 
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Figure 4 Enorgy-gap dependence of nonradiative decay rates 
in YAO, 
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Energy-gap law for diferent hosts at 200 K. 


3000 «4000 «5000, 


Figure 5 


Up-Conversion from Second-Order 
Optical Nonlinearity 


The inter-atomic electric field acting on the electrons 
inside a medium has a magnitude of ~ 10 V/em and 
derives from a potential that is anharmonic. The 
electric field E of an electromagnetic wave propagat- 
ing through the medium drives the electrons beyond 
the quadratic region of the potential in the case of 
high E. So, the electron response and the associated 
polarization P take the form of a function of E: 


P(E) = f(y) 2 E+ XO: E ++) (21) 

The different terms in eqn [21] are responsible for 
many optical phenomena because in Maxwell elec- 
tromagnetic theory, the polarization is the source of 
the waves. We have selected in Table 1 the terms 
relevant for linear effects and for the purpose of 
frequency up conversions: second-harmonic gener- 
ation (SHG) and sum-frequency mixing, due to 
second-order terms, It should be noticed that the 
latter have a nonzero value only in noncentrosym- 
metric materials. 

Figure 6 visualizes the up conversion from SHG: 
two photons of the fundamental field at angular 
frequency w; are annihilated while one photon at 
twice the angular frequency is created. A similar 
picture could be drawn for sum-frequency up con- 
version: SHG is the degenerate case where w; 

The second-order nonlinear processes ha’ 
efficiency given by an effective coefficient du given 
hereafter: 


dest = Y edws)dinej(coren(wn) 
rr 


(22) 


where ¢;(«) is the ith component of the unit vector of 
the electric field of the wave / at angular frequency « 
and dy = (2)xj4- 
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Table 1. Relevant terms for frequency up-conversion 


Optical process Term ‘New wave 


Linear 
Refractive index, 
absorption, stimulated 

Second order nonlinear 
‘Second harmonic 
goneration 
Sum-frequency mixing 


xO wie) 
vues) oy = Zany 


x (wan, 02) oy = ay He 


IN) Waat 
—_—_—— 
§ 
2 hoy Won) 
Fundamental Second harmonic 


Figure 6 Up-conversion from second harmonic generation. 


Moreover, the wave propagation equations in the 
slow varying envelope approximation, given here- 
after for the Es electric field of the sum-frequency 
mixing wave: 


dE 
a ae 


isda 


EyEy explithy +2 — ks)2) 


23) 


(with b, = wr fc) 
impose that the frequency conversion is efficient in 
practice, only if the following phase matching 
condition is satisfied: 

oym 1(8.g) + orm 1(6,.9) = wsns (8.9) [24] 
where n,1 and 1; are respectively the upper and 
lower refractive index in the direction of propagation 
(4.9) (n, in eqn [23] are the same with a simplified 
notation). Equation [24] is restricted here for 
simplicity to collinear type I (waves 1 and 2 and the 
same polarization) and is the expression of photon 
momentum conservation, It is usually achieved from 


the birefringence of the crystals. When this is not 
possible, another technique can be used, namely 
quasi-phase matching, which involves reversing 
periodically the sign of the nonlinear optical 
coefficient. 

In bifunctional crystals, the laser effect and the 
interaction occur simultaneously inside the same 
crystal, In the case of the self-frequency doubling 
laser, the angular frequency @; = wy in eqn [24] is 
that of the fundamental laser wave. In the case of the 
self-sum frequency mixing laser, «, corresponds to 
the fundamental laser wave and w to the pump wave. 
As we can see from eqns [22|-[24], the polarization 
of the laser emission is crucial in order for the device 


to work. So, the laser stimulated emission cross- 
section @ for propagation in the phase matching 
direction (0, #) in the adequate polarization has to be 
evaluated. This can be performed with the formula: 


oxoyoz 


o(8.¢)= (25) 


where ox.y.z are the emission cross-sections for X, Y, 
Z-polarizations and ex y z are the components of the 
unit vector or the electric field of the laser wave. 

To summarize, the conditions necessary for a 


crystal to be a bi-functional material are: (i) it must 
he noncentrosymmetri; (i) it must accept fluorescent 
doping (usually with Nd** or Yb**); and (ii) it must 


be phase matchable for its laser emission, In practice, 
only a few crystals satisfy these requirements and 
have been tried with some success. The main ones are 
LiNbO, LaBGeOs, BazNaNbsO15, B'-Gd2(MoO4)s, 
YAL,(BO5)4, GdAl;(BO3)4, CaY4(BO,);0, and 
CaGd4(BO5);0. 


Up-Conversion Lasers Based on 
Luminescence Mechanisms in 
Materials 


Energy Transfers 


Up-conversion lasers from energy transfers have the 
advantage of using a single pump laser. This latter 
populates firstly a long-lived intermediate level. 
A typical example, based on LiYF4:Er** crystal, is 
provided by Figure 7. 

The pump at 802 nm from a GaAlAs diode laser, or 
at 969 nm, populates efficiently at the 8 ms lifetime 
“I, y level. The green laser, at $51 nm, corresponds to 
the 4832 “Iysi2 transition and it can be shown that 
energy transfer is an essential part of the mechanism 
by stopping abruptly the pump laser: green lasing 
continues to occur for several hundred microseconds 
hecause the *Sy> level is still fed (an excited-state 
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absorption would stop immediately). The involved 
energy transfer is: 


Aha + hua Fra + “ise 26] 


and leads to a 20 mW laser threshold and 2.3 mW 
green output power at 50K temperature upon 
95 mW of incident power. 

By using mirrors with high transmission in the 
green range but having high reflectivity at blue 
wavelengths, blue laser emission at 470.nm can be 
sustained, corresponding to the *Py.— ly tran- 
sition. It originates from a mechanism involving three 
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Figure 7 Energy level diagram of LIVF,:E#*". The dashed ines 
indicat the enorgy transfers responsible fr the green and blue 
up-conversion lasing. Reproduced with permission of American 
Instituto of Physics from Mactartane FIM, Tong F, Slvorsmith Ad 
and Lenth W (1968) Violet GW neodymium upconversion laser. 
‘Applied Physics Letors52(16): 1300 


up-conversion energy transfers: 


“tia + ha “Fra +4hisa 
“Tia + haa “Fan + his 


48y9 + "Fon = thse +7 Kise, 

The illustration in Figure 7 shows up-conversion 
energy transfers between ions of the same chemical 
species, but co-doping the laser host with two ions of 
different chemical species provides the opportunity of 
separating their roles: one species is devoted to pump 
absorption (this is the sensitizer) and the other one is 
devoted to lasing (this is the activator). Due to the 
development of efficient semiconductor InGaAs 
diodes emitting near 980 nm, the most widely used 
sensitizer is Yb**, Table 2 provides a list of several 
up-conversion lasers based on energy transfer mech- 
anisms, operating at room temperature, We can see 
that among the most efficient lasers, are those based 
on rare-earth ions doped glass fibers. The reason is 
that in fibers, the pump and laser waves remain 
confined inside a core (typically 5 um diameter) and 
have high energy densities over a long length (tenths 
of cms), which is favorable for all up-conversion 
mechanisms, 


‘Sequential Two-Photon Absorption 


An example of an up-conversion laser pumped by a 
two-photon absorption mechanism is represented in 
Figure 8. The material is LaFy:Nd** and violet lasing 
at 380nm corresponds to the “Ds — “Ini 
transition, 

Transition from the ground state up to the “Fy. 
level is firstly obtained from an infrared heam at 
790 nm in order to feed the *Fys intermediate level 
after a fast nonradiative de-excitation, The “Fs: level, 
has a rather long lifetime: 700 ys, so it accumulates 


Table 2_ Main room temporature up-conversion lasers operating from energy transfors 


Laser material ‘Laser wavelength (nm) ‘Pump wavelength (am) ‘Output power 
BaY  «YbassHOoiFs 670 1540 4 1054 

BaYYboaseTmoo02Fe 649 1054 1% 
BaYYbo asTmaoiFa 799-649-510-455, 960 

Bab aaTmaoFa 348 960 

LIYF:Er(19):Yb(9%) 551 966 a7mW 
LiYo mab sTMooiFs 810-792 969 20mW 
LiYo aa Tmo oF 650 969 5mW. 
LIKYF.Er (1%) 550 808 150 mW. 
Fiber:YePr 635 aaa 20mW 
Fiber:Ye:Pr 635 1016 62mw 
Fiber:Ye:Pr 521 aaa 0.7 mw 
Fiber:Ye:Pr 635 860 ‘4mW 
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Figure 8 Simpified energy level diagram of LaFNd°* and up 
conversion lasing from two-photon absorption. (a) Two diferent 
pump wavelengths, (b) doubly resonant single pump wavelength 
produced with permission of American Institute of Physics from 
Lonth W, Silversmith AJ and Macfarlane RM (1988) Green 
infrared pumped erbium up conversion lasers. In: TAM AC, Gole 
JL and Stwalley WC (eds) Advances in Laser Science ~ I AIP 
Conference Proceedings n'172: 8-12. 


enough population that a second yellow pumping at 
591 nm (Figure 8a) can efficiently populate the *D. 
initial laser level. With 110 mW of infrared pump and 
300 mW of yellow pump, 12 mW of violet output 
were obtained at 20 K temperature. 

A simpler device is obtained if a single-pump beam 
is used. This is the case in Figure 8b, where a yellow 
pump at 578 nm provides both ground state and 
excited state absorption. This doubly resonant 
scheme is less efficient in LaFy:Nd** than the previous 
one but in Figure 9, we show another example: 
LiYFy:Er**, working at room temperature. The 
lasing 455 + “Iysj transition at 5S1nm delivers 
20 mW upon 1600 mW pumping at 974 nm. 

The simplified Er’+ level scheme of Figure 9 
contains four main levels with population densities: 
no =Chsal, m =Cliaal, m2 = Chiah ms = U'Ssal. 
‘The rate equations of populations of this system can 


Table 3 Main room temperature up-conversion lasers operating 
‘rom two-photon absorption 


Laser material Laser Pump ‘Output 
wavelength (rm) wavelength (nm) power 
YoAlO2iEr 19% 561 647 + 810 
LIVFeEr 1% 581 647 + 810 0.95 md 
LIVFeEr 1% 581 B10 4omw 
LIYFeEr 1% 581 974 45 mW 
LvFeEr 551 974 20mW 
KVEGEr 1% 562 647 + 810 0.95 mJ 
LibuFeEr 552 974 70 mW 
LiuFeer 552 970 213mW 
LivF,cTm 1% 453-450 781 + 649 02m 
Fiber:Tm 480 1120 57 mW 
Fiber:Tm 480 1400-1180 45 mW 
Fiber-Tm 455 645 + 1064 3mW 
Fiber:Tm 203-816 1084 120 
Fiber:Tm 482 1123 s20mw 
Fiber'YosTm 650 1120 
FiberHo 540-853 3 38 mw 
FiberHo 544-549 685 2omw 
Fiber.Er 548 200 15mW 
FiberEr 548, 201 23mW 
FiberEr 544 a7 s2mw 
FiberEr 543, ‘800 
FiberPr 635, 1010 +835 180mW 
FiberPr 605, 1010 + 835 30 mw 
FiberPr 635, 1020 + 840 54 mW 
FiberPr 520 1020 + 840 20mW 
FiberPr 491 1020 + 840 7mW 
Fiber.Nd 381 590 74uW 
Fiber.Nd 412 590 500 _W 
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be written and solved because all the implied 
parameters (lifetimes, branching ratios, ground, and 
excited states absorption cross-sections) have been 
measured in this material. Predictive models of the 
up-conversion green laser are successful, matching 
experimental measurements, and confirm that the 
doubly resonant mechanism is realistic at low doping 
concentration. 

Table 3 summarizes the performances of the main 
up-conversion lasers based on sequential photon 
absorption and working at room temperature. 


Photon Avalanche 


Photon avalanche up-conversion was observed 
mainly in Nd*+, Tm*+, Er**, and Pr** doped 
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Figure 10 Experimental set-up for Yb-Pr-doped fiber up- 
conversion laser. M1: dichroic mirror, C1, C2: lenses, M2 dichroic 
input mirror. Reproduced with permission of Optical Society of 
‘America from Sandrock T, Schelfe H, Heumann E and Huber G 
(1997) High power continuous wave up-conversion fiber laser at 
room temperature. Optics Letters 22(11): 809, 


materials. As an illustration of this mechanism, let 
us consider the case of the continuous wave Pr*t— 
Yb'*-doped fluorozirconate fiber laser (3000 ppm Pr, 
20 000 ppm Yb). With two Ti:sapphire pump lasers 
operating at 852 and 826 nm (Figure 10), an output 
power at 635 nm as high as 1.02 W was obtained 
with an incident pump power of 5.51 W (19% slope 
efficiency). 

This remarkable result can be explained quantitat- 
ively by modeling the photon avalanche with a five- 
level diagram and restricted in Figure 11 to a single 
laser pump at 850 nm. The laser emission corre- 
sponds to the *Py + *F3 transition. The five relevant 
levels have the population densiti PHD), 
m=(GPO), mm =[PoPA], >a Yb)I, 
ny = PF5n(Yb)}. 

The two components of the mechanism are: 


0 


nn 


(i) the excited state absorption of the pump by the 
spin allowed transition: 'G4— Ig 

(ii) the process leading to the doubling of the 'Gs 
population, in this instance through two energy 
transfers: 


"To(Pr) + *Fra(¥b) + 'Ga(Pr) + *Fsa(Yb) 
‘a ¥b) + SHy(Pr) + *Fa(¥b) + 'Gy(Pr) 


The rate equation analysis predicts that the 
avalanche threshold occurs at about 1W pump 
and the long fluorescence rise time is somewhat 
shortened at higher pump power, as observed 
experimentally. 
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Figure 14. Energy evel iagram of fuorozirconate: Yb*':Pr>* fiber. The dashed lines indicate the energy transfers. Reproduced with 
permission ofthe Optical Society of America from Sancrock T, Scheife H, Heumann E and Huber G (1997) High power continuous wave 


up-conversion fiber laser at room temperature. Optics Letters 221 


11): 809, 
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‘Table 4 Main room tomperature up-conversion lasers operating from photon avalanche 


Laser material Lasor wavelength (om) Pump wavelength (am) Ouiput power 
BaY.FeYbPr 6075 B22 55 mW 
Bay.Fe Yb Pr 638.7 aa 26mW 
Livoeo¥be sPraoiFe 720 830 1% 
Li¥oeo¥bo sPraaiF 639.5 830 
Fiber ¥o:Pr 635-637 780-860 300 mW 
Fibor:¥o:Pr 605-622 780-860 4amW 
Fibor:¥o:Pr 517-540 780-820 20mW 
Fibor:¥o:Pr 491-493 780-860 4m 
Fibor¥e:Pr 635 850 102W 
Fibor:¥b:Pr 635 850 2.06 W 
Fibor:¥e:Pr 520 850 ow 
Table 5 Main results of Nd* and Yb** grean soltsroquency 
INYAB crystal doubling lasers near 530 nm (eqns [28] and [31]) 
Pump. 581.51 green Crystal input power Ouiput power Pumping 
(omy (nin 
LINDOSMgO:Nd 215 1 Dye laser 
YAs(BOs)«Ne 870 10 Lasor lode 
YA(B03)<Ne 280 3 Laser siode 
Figure 12 Scheme ofa sel-roquency doubling laser. Noto that YAl(B03),Nd 400 6 Lasor ciode 
in really tho three beams are superimposed. YAI(BO.)cNe 1380 si Lasor ciode 
YAI(BO)¢Ne 389 35 Lasor siode 
LINDOSMgO:Nd 850 16 Dye laser 
LINDOs:ScOsNd 65 014 Ti:sapphiro 
‘Table 4 summarizes the performances of the main ie 
up-conversion lasers based on photon avalanche LINBO,MgO:Nd 100 02 Lasor diode 
mechanisms. YA(B03)<Nd 1600 205 Lasor diode 
YAI(B03)<Nd 2200 450 Tisapphire 
laser 
i (Y,Lu)AL(BO.)«Nd_ 880 24 Lasor diode 
Up-Conversion Lasers Based on LINBOs:Zn0:Na 430 0.65 Ti:sapphire 
Bi-Functional Crystals lane 
Ba.NaNb,O.sNd 270 46 Tesapphire 
The laser stimulated emission in a bi-functional laser 
crystal was first obtained in 1969 with Tm'* in CaY,(B0,),0:Na 800 62 Lasor siode 
LINbOs but the most used ion is, of course, Nd**+ CaGd,(B0,),0:Nd__ 1600 192 Tisapphire 
laser 
‘working in the two channels CaGd,(BOs)0:Nd 1250 115 Laser diode 
, CaGd,(B0,);0:Nd 1560 225 Tisapphire 
Pua ‘Tin 29 laser 
YAK(BO)eYo 11000-1100 Lasor lode 
GdAl(BO.);N6__2.8muspulse 0.12 mulpulse Pulsed dye 
*Fya thse [30] taser 
and more recently Yb** working in the channel: 
[31] __ The laser beam cannot escape from the cavity and 


Channels in eqns [29] and [31] operate around 
1060 nm wavelength and the channel in eqn [30] near 
1338 nm, 

The Self-Frequency Doubling Laser 


A typical laser scheme is shown in Figure 12. 


dichroic mirrors are used. The input mirror has high 
transmission at the pump wavelength and is highly 
reflective at laser- and second-harmonic wavelengths. 
The output mirror is highly reflective at laser 
wavelength and has high transmission for second 
harmonic. Channels in eqns [29] and [31] generate 
green light near 530 nm and the channel in eqn [30] 
generates red light near 669 nm. 
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Figure 297. The top graph shows current passing 
through the channel af an N-channel JFET, depending on 
gate voltage and source voltage. The lower graph is for a 
P-channel JFET. 


100,000 gigaohms and reducing gate currentes- 
sentially to zero. The high gate impedance of a 
MOSFET allowsit to be connected directly to the 
output of a digital integrated circuit. The layer of 
silicon dioxide is a dielectric, meaning thata field 
appled to one side creates an opposite field on 
the other side, The gate attached to the surface 
of the layer functions in the same way as one 
plate of a capacitor. 


> field effect transistor 


How it W 


Body Terminal 


Figure 29-8. Simplified diagram of an N-channel MOS 
FET. The thickness of the silicon diaxide layer has been 
‘greatly exaggerated for clarity. The black terminals are 
‘metallic 


Figure 29-9. To MOSFETs. At left, the TO-220 package 
claims a drain current of up to 654 continuous, and a 
drain-to-source breakdown voltage 100V. At right, the 
smaller package offers a drain current of 175mA continu: 
‘ous, and a drain-ta-source breakciown voltage of 300V, 


The silicon dioxide also has the highly desirable 
property of insulating the gate from the channel, 
thus preventing unwanted reverse current. In a 
JFET, which lacks a dielectric layer, if source volt- 
age is allowed to rise more than about 0.6V high- 
er than gate voltage, the direct internal connec- 
tion between gate and channel allows negative 
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The most exploited bi-functional crystal is YAl, 
(BOs)4:Nd**, well-known as NYAB. Ir is a 
negative uniaxial trigonal crystal (extraordinary 
index lower than the ordinary one) and its laser 
emission is easily observed in ordinary polarization 
with a high 2x 10°" em? at 
1063nm. Type I phase matching occurs at a 
polar angle @=30.7° and 26.8 for channels in 
eqns [29] and [30] respectively. The effective 
nonlinear optical coefficient dur is close to 
14pm V~! at azimuthal angle 6= 0° 

The Yb** ion has some advantages over the Nd*+ 
ion due to its very simple energy level scheme: there 
is no excited state absorption at the laser wave- 
length, no up-conversion losses, no concentration 
quenching, and no absorption in the green, The 
small Stokes shift between pump and laser emission 
reduces the thermal loading of the material during 
laser operation. A self-doubling laser based on 
YAI,(BO,)Yb"+ of crystal has produced 1.1W 
green power upon 11 W diode pumping. 

The drawback of YAl;(BOs)q is that it is rather 
difficult to grow because it is not congruent. This 
difficulty was overcome by the discovery at Ecole 
Nationale Supérieure de Chimie de Paris of the rare- 
earth calcium oxoborate CaGd4(BO3)3O which can 
be grown to a large size by the Czokhralski method. It 
is a monoclinic biaxial crystal and doped with Nd**, 
it was firstly exploited (channel in eqn [29]) in 
the XY principal plane at @= 90°, @=46° with 
(dy = 0.5 pm V-*), It was soon recognized that the 
optimum phase matching direction (dq = 1.68 pm x 
V-) occurred out of the principal planes, in the 


ysonm | NYAB crystal 


pump 


440m blue 
> 


Figure 13. Scheme of a se-sum frequency mixing laser. Note 
that in realty the three beams are superimposed. 


direction @= 66.8, = 132.6, and high green 
power can be obtained: 225mW under 1.56 W 
pump. 

Table 5 summarizes the main self-frequency 
doubling results obtained with the channel in 
eqn [29]. 


The Self-Sum Frequency Mixing Laser 


The example in Figure 13 gives the main features of 
such a laser. The input mirror has high transmission at 
the pump wavelength and both mirrors are highly 
reflective at laser wavelength. The output mirror has 
high transmission at sum frequency mixing 
wavelength. 

The laser wave at angular frequency «, in Table 1 
corresponds to the channel in eqns [29] or (30] in the 
case of Nd**. The wave at angular frequency w in 
Table 1 has two different roles: first it excites the 
Nd** laser center and secondly its nonabsorbed part 
is up converted by the second-order nonlinear 
process. oy (corresponding to the wavelength Az) is 
then chosen to match the main Nd** absorption 
lines: 


Mya 'Gs ~7Gra (Aa = 590 nm) 


4 


— 483 (Ay = 750 nm) 


132] 


“lyn + *Fs2 — *Hop (A = 800 nm) 


iy —* Fay (Aa = 880 nm) 


The most efficient self-frequency mixing lasers 
based on channels in eqns [29]-[31] are gathered 
in Table 6. 


Materials Characterization Techniques: x). Nonlinear 
Optics, Applications: Phase Matching. Nonlinear 
Optics, Basics: y'°!-Harmonic Generation 


Table § Main results of Nd self-sum frequency mixing lasers based on eqn [29] 


Crystal Pump wavelength (rm) Generated wavelength (nm) (Output power 
YAl(BOa}eNd 740-760 496-443 0.16 mifpulse 
GaAl,(B0,),:Nd 740-760 496-443 0.403 mulpulse 
CaGd,(B0,),0:Na ait 465 mW 
YAIs(BO3)..Nd 585-600 377-383 0.25 milpulse 
GadAL(B0,),.Nd 587-597 378-382 0.108 mapulse 
YAIs(BOs)eNd 488, 515 330, 380 o2mw 
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Shortly after the invention of the laser, in the early 
1960s, it became apparent that laser performance 
was limited by the ability of optical materials to 
withstand high energy and power densities. Broadly 
speaking, laser damage arises from two caus 
(i) thermal effects, which are associated with high 
average power; and (ii) dielectric breakdown, which 
is associated with high values of the local electric 
field. Early researchers quickly recognized that most 
of the observed damage effects arose from extrinsic 
causes, such as impurities and inclusions in the bulk 
material, or particles or defects on exposed optical 
surfaces. At that time, optical materials had not been 
developed for high-power use, and lacked the quality 
needed for laser applications. In fact, in many 
situations, the laser provided the inspection light 
source used to assess the properties of the materials, 
such as absorption, defects, scattering centers, surface 
topography, and dynamic behavior. Thus, the field of 
laser damage studies was broadened to include many 
aspects of material preparation and characterization. 
At high-power densities, nonlinear effects become 
important, often limiting performance without creat- 
ing any irreversible change in the material's proper- 
ties. The most general definition of laser-induced 
damage includes all effects arising in optical materials 
and components that limit or degrade the perform- 
ance of laser systems. 

‘The pursuit of improved performance at high values 
of power and energy densities was motivated by 
several factors and applications. In general, improved 


tolerance to high flux and fluence leads to smaller, 
lighter, and more efficient systems. These are particu- 
larly important for military and energy applications. 
Since the 1970s, the laser fusion program alone has 
produced an extensive body of research on laser- 
induced damage in high-power nanosecond-scale 
systems, which has enabled orders of magnitude 
improvement in the damage resistance and extraction 
efficiency of glass lasers. More recently, with the 
development of fiber laser systems producing and 
transporting a kilowatt of average power in a fiber of 
less than 100 um diameter, laser damage phenomena 
on an entirely different spatial scale have become 
important. 

Since the early 1970s, the literature of laser damage 
research has been collected in a series of annual 
publications of the Boulder Damage Symposium, 
initiated by the authors of this article, which was first 


held in 1969. Recently the papers presented at the 
Damage Symposium in the years 1969 to 1998 were 
collected and published in CD form by the SPIE. A 
CD containing the proceedings of the next five years 
(1999-2003) will be released by SPIE this year. Also 
in the late 1960s, in the Soviet Union, Academician 
Aleksei Bonch-Bruevich launched a comprehensive 


research project on the nonresonant interaction of 


laser radiation with matter, opening up a new branch 
of photonics research, known in the Soviet Union as 
power optics. In 1969, he founded the All-Union 
Conference on Interaction of Optical Radiation with 
Matter (AURICOM), which was held every two to 
three years until 1990. After 1990, the conference 
was renamed Nonresonant Laser-Matter Interaction 
(NLMD), and chaired by Professor Mikhail Libenson. 
NLMI was held in St Petersburg in 1996, 2000, and 
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2003. The proceedings of the 1996 AURICOM and 
subsequent NLMI conferences have been published 
by the SPIE. We are saddened to note that Professor 
Libenson died in February 2004. 

‘The Boulder Damage Symposium grew out of a 
one-day Symposium convened in Boulder in 1969 
under the auspices of the ASTM Subcommittee on 
Lasers, to establish standards for laser materials. In 
their summary of the first Symposium, the conference 
organizers remarked: 


‘The entire question of the nature of the standards 
remains to be addressed. Should they take the form of 
energy density at which catastrophic damage is likely to 
‘occur, or should they be specified in terms of a mean 
‘number of shots at a given level of energy density before 
certain degradation of performance is measured? The 
latter would seem to express the kind of information that 
the buyer of laser materials would find most useful. Once 
a standaed is agreed upon, a meaningful test configur- 
ation must be established. Iti likely that this will be a 
well-controlled oscillator amplifier chain with the test 
specimen an active element of the system, but this is not 
certain. Another point to be determined is that of the 
accuracy to which its specifications should be written, 
‘This depends in part on the kind of quality control the 
producers of laser glass believe is feasible. 


‘The questions raised in this first Symposium remain 
at the core of laser damage studies today. How do we 
define damage, in terms of the physical effect on the 
material or in terms of the degradation of perform- 
ance of the system? How do we measure damage 
thresholds or values? How do we specify the proper- 
ties and preparation of the sample, including the 
relevant experimental and material variables? How 
can we ensure that damage values are reproducible, 
unless we make the measurements in a very well 


controlled and characterized system? With what 
precision should damage | 
be useful? Extensive research was required in order to 
answer these questions, and to elucidate the funda- 
mental nature of damage mechanisms. Many of the 
results of this research are documented in the 35 year 
record of the Boulder Damage Symposium and the 
corresponding Russian-based conferences. 

From the beginning of this area of research, 
investigators devoted a significant effort to establish- 
ing the ‘first causes’ of damage phenomena, However, 
they quickly realized that in most cases, damage 
occurred at surfaces and material interfaces, or was 
mediated by impurities or inclusions in bulk 
materials. As material fabrication processes 
improved, and higher-quality materials became avail- 
able, observed damage thresholds approached the 
intrinsic limits of the pure material. This was 


Is be stated, in order to 


particularly true of silicate glass, metal reflectors, 
and in some cases, polymers. In fact, silicate glass has 
become one of the purest noncrystalline materials 
available in bulk quantities. However, for practical 
purposes, most laser systems are limited by damage at 
surfaces, coatings, or impurities. Impurities aggregate 
at geain boundaries in crystalline materials, and 
coalesce into inclusions in glasses, resulting in 
absorption, scattering, and field enhancement. 

The coherent nature of laser light makes any 
scattering phenomena potentially damaging, because 
the scattered light interferes constructively with the 
laser beam, leading to the formation of intensity hot 
spots. Every interface in an optical system is poten- 
tially a source of constructive interference between the 
reflected and incident waves. Multilayer dielectric 
coatings are particularly vulnerable to damage, due to 
the presence of residual stress as well as field 
enhancement from Fresnel reflection. This has led to 
attempts to mitigate the problem by use of specific 
designs, such as avoiding AR coatings by using 
Brewster-angle surfaces, or use of nonquarter wave 
layers to move the peak field away from the vicinity of 
boundaries where impurities tend to collect. Other 
damage-sensitive design considerations can be found 
in the literature. Multiple reflections are the basis of 
photonic crystal optics, and applications of these 
devices to high-power density systems will undoubt- 
edly be limited by field-enhanced damage phenomena. 

In CW operation, of course, thermal effects 
dominate. They may be irreversible, creating perma- 
nent damage sites in the medium, or reversible, such as 
color centers that can be bleached out. As laser pulse 
durations vary from nanosecond to picosecond and 
femtosecond durations, the nature of the dominant 
damage mechanisms changes as well. As a rule of 
thumb, the scaling of damage thresholds as +", where 
ris the pulse duration, was established empirically, 
and was found to be valid over a wide range of pulse 
durations. This scaling implies the presence of diffu- 
sion effects, either of heat or of electrons, in the vicinity 
of a damage center. As might be expected, this scaling 
does not apply for very short pulses (femtoseconds or 
less), where the extremely high field values can lead to 
instantaneous breakdown of the material. 

‘Whether the damage is due to field enhancement or 
is impurity-mediated, it is difficult to establish a 
reproducible value for a damage threshold, unless the 
sample is macroscopic in extent, and the sampling 
laser beam is reproducibly of high spatial and 
temporal quality, preferably truly single-mode. 
Damage measurements on microscopic areas are 
unlikely to be representative of the entire sample. 
Damage will occur first at a point where the field is 
strongest or the material is weakest, and a sufficient 
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area must be tested to ensure that it includes such 
the beam quality of the laser used 
sting is well controlled and well characterized, it 
will not be possible to reproduce the test results. 
It is equally important to characterize the samples, 
including their method of preparation, cleaning, and 
test environment. For damage research, as opposed to 
simple threshold testing, postmortem examination is 
also required, to elucidate the mechanism of the 
observed damage effect. However, we now have 
several techniques, such as photothermal deflection, 
that can provide useful pre-catastrophic indicators of 
the onset of laser damage, and thus are appropriate 
for quality control. 

Professor Roger Wood had published a series of 
reviews and textbooks on laser damage in optical 
materials, which provide an overview of the field, 
with appropriate emphasis on measurement tech- 
niques, characterization of the test setup and sample, 
and implications for system design. He has also edited 
a collection of seminal publications in the field, 
published by the SPIE in 1990. 

It is gratifying to those working in this field to 
observe how much of the research carried out to 
elucidate and, if possible, avoid the deleterious effects 
of laser damage has been applied to the constructive 
purpose of laser-assisted material processing and 
manufacturing, The introduction of low-cost, reliable 
femtosecond lasers has stimulated activity in this field, 
since it enables the experimenter to control to exquisite 
precision the power and energy deposited on a 
material. With femtosecond pulses, one can ablate 
material from the surface of an object while minimiz~ 
ing any collateral damage to the interior material. 
Surface layers of dirt can be removed from pri 
works such as oil paintings, without concern for 
damage to the object itself. Objects with arbitrary 
shape can be built up from metal particles, using laser 
additive manufacturing techniques. Thin films and 
photonic crystal structures can be created using laser- 
assisted deposition, Laser irradiation provides a power 
tool for surface cleaning, conditioning, and annealing. 
Laser interaction with materials and laser-assisted 
manufacturing techniques comprise a vital area of 
research in the materials science community. 
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In both the US and Russia, study of the interaction 
of intense coherent light with optical materials began 
with a disarmingly simple objective; to understand 
the fundamental mechanisms of interaction. In the 
review and summary of the 1969 ASTM Symposium, 
the editors wrote: 


In view of the number of problems remaining to be 
resolved, itis suggested that another Symposium on laser 
damage be held in 1970. Hopefully, at that time a better 


understanding of the nature of damage in laser glass will 
have been obtained. Higher threshold values will have 
been reproducibly achieved, and some agreement can be 
arrived at regarding useful and realistic standards. 


Thirty-five years later, damage levels in optical 
materials have been significantly improved, and reali- 
stic and useful standards have been developed under 
the auspices of the International Organization for 
Standardization (ISO), and are now accepted globally. 
However, as the operating regimes of lasers have 
moved to femtosecond temporal scale and micrometer 
dimensions, new phenomena have arisen that require 
further research. An entirely new technology of last 
enabled manufacturing and materials conditioning 
has developed, based on the same physics as laser 
damage. Combining the disciplines of materials 
science and applied optics, the interaction of intense 
light with materials remains a scientifically challer 
ging and economically important field of research. 


See also 
Optical Coatings: Laser Damage in Thin Film Coatings. 
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Introduction 


Short Historic Overview 


During the second half of the nineteenth century, 
electric lighting became possible. In 1879, Edison 
demonstrated his incandescent lamp, and although 
some electric arc lamps competed with the incandes- 
cent lamp bulb for a few years, the first 50 years of 
electrical lighting was dominated by the incandescent 
lamp. Gas discharge lamps (both low- and high- 
pressure lamps) became more widely distributed only 
by the end of the third decade of the twentieth 
century, and widespread distribution of the fluor- 
escent lamp, that still dominates our offices and many 
other lighting applications today, was generally 
accepted only after the Second World War. 

‘The early incandescent lamps had an efficacy of a 
few Im/W, but by 1920 this could be increased by up 
to 10-15 Im/W. Gas discharge lamps started with 
approximately 30 Im/W, but by 1960 their efficacy 
increased to about 70 Im/W. Fluorescent lamps still 
provide only 70 to 100 Im/W; high-pressure lamp 
efficacy could be increased above this value. The 
different lamp types can be used, however, in different 
applications, depending on the size and the unit 
power of the lamp type. Nonincandescent light 
generation in solid-state materials dates hack to the 
1920s: a faint glow of a SiC crystal was observed 
when current passed through it at a point contact. In 
the 1930s, electroluminescence of ZnS powder layers 
was detected (Destriaux effect). By the mid-1960s, it 
became clear that by using the then available 
technology, good luminous efficiency could be 
expected only in IN-V compounds (GaAs, GaP, and 
their ternary and quaternary compounds using Al, 
In, and N in the compounds). Pure GaAs has a 
bandgap in the infrared (IR), thus one can build 
good IR-emitters using this material, but no visible 
light emitter. However, GaAs proved to be an 
excellent coherent light-emitting material and 
enabled the construction of IR-emitting semiconduc- 
tor lasers. 


First visible light-emitting diodes were fabricated 
using a GaAsP alloy. Figure 1 shows how the efficacy 
of II-V compound LEDs can be increased by 
introducing new compositions, and later, new 
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Figure 1 Increase of luminous efficacy of LEDs during the past 
40 years. Courtesy of Lumileds Lighting 


technologies and better light extraction techniques. 
In the figure we also show the efficacy values of 
average incandescent, high-pressure Hg- and fluor- 
escent lamps. The first LEDs emitted in the red part of 
the spectrum, and only by 1975 was the green LED 
invented. By 1985, practically any color between red 


and green became possible, and the efficacy of these 
lamps reached a level where for monochromatic light 
applications, their efficacy could compete favorably 
with filtered incandescent light. LEDs emit in a 
relatively narrow wavelength band (20 nm-30 nm 
bandwidth), and if one has to filter from the 
continuous spectrum of an incandescent lamp such 
a narrowband, the loss becomes considerable. LEDs 
needed only a few volts to function and it became 
general practice to build LEDs with approximately a 
20mA current load. These LEDs became very 
popular for interior signaling (on instruments, 
houschold appliances, and in similar applications). 


The goal was, however, to be able to produce white 
light, but the blue-emitting LED was still missing, 
Only after 1990 could the problem of producing p—n 
junctions from GaN, that had a bandgap large enough 
to emit blue light, be solved. Different ternary and 
quaternary compounds, as shown in Figure 1, 
enabled efficacies comparable to. incandescent 
lamp efficacy, and the race for producing white 
light began. 


Physical Fundamentals 


Figure 2 shows a forward-biased p-n junction, As 
injected free electrons and holes are driven towards 
the junction, they can radiatively recombine, emitting 
a photon, The probability of photon emission versus 
nonradiative recombination will depend on the band 
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Figure 2 Forward biased p-n junction, light generation via 
recombination of free charge carriers. 
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Figure 3 Bando band recombination in direct and indirect band 
semiconductor. 


structure of the semiconductor, Figure 3 shows the 
two possibilities of a direct and an indirect bandgap 
semiconductor. GaAs is, for example, a direct 
bandgap material. In this material free electrons at 
the bottom of the conduction band can recombine 
with free holes at the top of the valence band, as the 
momentum of the two ‘particles’ is the same and a 
photon emission takes care of the principle of energy 
conservation. GaP is an indirect bandgap material 
where the momentum of the free electrons at the 


hottom of the conduction band differs from the 
momentum of the free holes at the top of the valence 
hand, and thus the recombination needs not only the 
fulfilment of the conservation of energy, but also of 
momentum. Thus, besides photon emission, phonon 
emission or absorption has to take place. Thus, the 
probability of the transition will decrease and 
competing nonradiative processes will become 
important. Using N doping produces very shallow 
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Figure 4 Relative spectral power distribution of some LED 
structures. 
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Figure § Spectral power distribution of a red LED at diferent 
tomperatures. 


donor states and from these an efficient recombina- 
tion can take place. This enabled the production of 
carly relatively efficient green-emitting LEDs. 

GaN is ideal for producing LEDs, as it is a direct 
gap material and has a high bandgap. The techno- 
logical difficulties are, however, enormous. Modern 
high-efficiency LEDs use (Al)InGaN-based materials 
for shorter wavelength LEDs, and AllnGaP-based 
materials for longer wavelength LEDs. Figure 4 
shows a number of LED spectra of different 
wavelengths including a white LED. Its spectrum 
consists of a blue maximum produced by the LED 
emission and a yellow broader band produced by the 
luminescent material excited by the blue emission of 
the LED. 

LEDs are semiconductor materials, and as with 
every semiconductor the LED characteristics are also 
temperature dependent, Not only the efficiency of the 
current carrier—photon emission process depends on 
the temperature, but the handgap of the base material 
also depends on the temperature, and thus both the 
efficacy and the relative spectral distribution of the 
emission change with temperature. Figure 5 shows 
the spectral power distribution of a red LED at 
different temperatures. 
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Modern High Brightness LEDs 


Besides the high quantum efficiency of the semicon- 
ductor junction, two further requirements to achieve 
high luminous efficacy are the efficient light extrac- 
tion from the junction and keeping the temperature of 
the semiconductor chip low. 

All semiconductors for producing LEDs have a 
high refractive index, thus light reflection at the 
semiconductor—air interface is relatively high, and for 
obliquely impinging rays the critical angle for total 
internal reflection is soon reached, Different manu- 
facturers shaped the semiconductor chip in different 
forms to secure maximum light extraction, Figure 6 
shows the cross-section of an LED, where the side 
planes have been cut obliquely to secure good light 
extraction, 

‘The other problem that has to be solved is good 
heat conduction from the chip to a heat sink. At the 
time of writing, highest single chip power loads were 
in the order of SW. The structure of such a 
construction is seen in Figure 7. The GaN-based 
LED is grown on a visible light transparent sapphire 
(Al05) substrate. In modern LEDs the structure itself 


Figure 6 Truncated pyramid structure to secure good light 
extraction from the LED chip. Courtesy of Lumileds Lighting, 
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Figure 7_ Inverted, flip-chip structure for good heat-sinking of the 
LED. Courtesy of Lumileds Lighting, 


is quite complicated; in the vicinity of the p-n 
junction some nanometer thick layers are deposited 
forming quantum wells (QW(s)). The p-type original 
upper layer is metalized and soldered to the submount 
serving as heat-sink. The n-type layer gets a second 
soldered heat conducting current leading to the 
submount, As seen, the original structure grown on 
the sapphire substrate is inverted, and now the light 
can be extracted through the sapphire layer. The 
metalization on the p-type layer serves at the same 
time as a mirror, High brightness LEDs are now 
available in package sizes of over 100 lumen. 


White LED Structures 


The advantages of LEDs (low drive voltage, extreme 
long lifetime of 50000 to 100000 hours, robust 
shock-resistant construction) can open up a new era 
of lighting engineering, if white light emission can be 
obtained. The LED structure in itself is a narrowband 
emitter, thus — with inorganic LEDs — it is not 
possible to produce white light within one chip. 
Organic LEDs (OLEDs) promise the production of 
broadband and white light emission, but these are still 
in an experimental phase. At present they are used in 
smaller, portable displays, such as those used on 
portable phones, cam-coders, etc. To get further 
information, go to the Further Reading section at the 
end of this article. 

At present three techniques to generate white light 
get thorough investigation: first, mixing the light of a 
red, a green, and a blue LED. This should theoreti- 
cally give the highest efficiency; the problem is, 
however, that the three LEDs have different tempera- 
ture dependence and aging characteristics, and thus it 
is difficult to keep the chromaticity of the mixed color 
constant (the three colored LEDs can be used in LED- 
based displays to produce full-color reproduction). At 
present the following technique is widely used. A blue 
LED excites a yellow phosphor, so that the mixture of 
the blue and yellow lights produce a white appear- 
ance. The color rendering of such white LEDs is not 
too good, and therefore alternative techniques using a 
green and a red phosphor are receiving increasing 
attention, The third method uses the same principle, 
but with an LED emitting in the near ultraviolet. This 
has the advantage that it provides a greater selection 
of phosphors, but as the energy difference between 
the UV photon and the photon emitted by the 
phosphor is larger than in the case of a blue-emitting 
LED, the theoretical efficiency is lower. 

The phosphor layer is deposited on the chip 
surface, and for blue-emitting diodes special care 
has to be taken that the LED light and the phosphor 
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light are properly mixed so that the emitted light 
shows no directional color shift. Early white LEDs 
suffered much from the fact that the spectral 
distribution of the light changed considerably with 
viewing angle. 

‘The problems with phosphor-coated white LEDs 
are how a suitable correlated color temperature and 
color rendering can be obtained. Early white LEDs 
had very bluish chromaticity, their correlated color 
temperature was very high, above 7000 K. Preferred 
white light has different chromaticity in different 
cultural regions, in the Far East 6000 K to 6500 K is 
preferred, in Europe and North America for general 
lighting a correlated color temperature of 4000 K is 
well accepted and for social and home lighting even 
lower correlated color temperatures, 2800K to 
3200 K are preferred. Recently, white LEDs based 
on blue chips and special phosphor blends have been 
produced that meet these requirements. 

A further problem is the color rendering of 
the white LEDs. The Commission Internationale 
d’Eclairage (CIE), the International Commission on 
Illumination, provides standards, recommendations, 
and technical reports in the field of light and lighting, 
including vision, color, and image processing. 
Photometry and colorimetry are based on the 
standards and recommendations of the CIE. 

‘The CIE established a method of calculating a 
color-rendering index in 1965 and updated it in 1974. 
Despite several attempts, the lighting community has 
been unable to agree on a revision of this outdated 
document since the 1970s. Thus, color-rendering 
indices are still calculated based on this method, 
although several investigations have shown that the 
calculated indices do not correspond with the visual 
observation. CIE, therefore, established a technical 
committee (TC) dealing only with the question of 
LED color rendering. It is hoped that this TC will be 
able to come up with some recommendations soon 
and, therefore, that LED manufacturers can tailor the 
emission spectra of their LEDs for optimal efficacy 
and color rendering. Until this happens, however, the 
published color rendering indices, especially the 
General Color Rendering Index (R,) have to be 
handled carefully. The color appearance of objects 
under LED illumination might deviate considerably 
from what one expects based on the R, index. 


Application of LEDs 


LEDs are the solution for practically every signaling 
application. Figure 8 shows an LED traffic light. 
Here it is also shown that, despite the fact that LEDs 
have extremely long life expectancy, the failure of 


Figure 8 Groon LED trafic light. Due to an electronic failure 
some LEDs stay dark. 


the electronic circuitry can lead to unpleasant dark 
spots and rows in the display. 

LEDs are increasingly used in large active posters 
and displays. In such applications the highly saturated 
color of LED light is an advantage: LED displays can 
be very bright and emit saturated colors. 

LEDs have an advantage in every situation where 
colored light has to be produced. Thus, they become 
the preferred automotive stoplights, dashboard 
lights, and are widely used in other signaling 
applications on the roads, at airfields, and in other 
traffic situations; much decorative lighting is now 
using LEDs. 

Experiments are underway to find the best 
applications for white LEDs. Their drawback at 
the moment is still that their single unit power is 
below ten watts, as we often need ten to a hundred 
times larger units, For such applications, some LED 
clusters have been built, but these are still not 
competitive with other light sources. At places where 
the ruggedness of the LEDs is of an advantage, white 
LED lights are used — for example, in aircraft 
reading lights. One area where we will probably 
soon find higher-intensity white LEDs is car head- 
lamps. Both the efficacy and the luminous flux 
output of the single LED units is increasing 
continuously. Applications, unbelievable only a few 
years ago, can now be realized efficiently with LEDs. 
Thus it is very difficult to foresee in which 
applications — beyond signaling — LEDs will first 
supersede other light sources, but it is certain that 
within the next decade we will sce many new 
applications of LED sources. 
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Chromatic 
adaptation 


Chromaticity 


Color 


Color rendering 


ist of Units and Nomenclature 


Adaptation by stimuli in which 
the dominant effect is that of 
different relative spectral dis- 
tributions, 
Partial description of the color 
stimulus, describing only chro- 
matic aspects and not the 
‘intensity’ (the luminance) of 
the stimulus. In light sources, 
chromaticity is an important 
descriptor, as the level of illu- 
mination can be changed by 
changing the distance between 
the source and the illuminated 
object. The luminance of the 
object will depend on the 
illumination and the reflection 
(transmission) characteristics 
of the object. 

In color science one dis- 
tinguishes between color (per- 
ception), characteristic of 
visual perception that can be 
described by attributes of hue, 
brightness (or lightness) and 
colorfulness (or saturation or 
chroma), and color stimulus, a 
specification of the optical 
stimulus in terms of operation- 
ally defined values, such as 
three tristimulus values, or 
luminance, and chromaticity 
(or dominant wavelength and 
saturation). 

Measure of the degree to 
which the _ psychophysical 
color of an object illuminated 
by the test illuminant conforms 
to that of the same object 
illuminated by the reference 
illuminant, suitable allowance 


having been made for the state 

of chromatic adaptation. 
Correlated color The temperature of the Planck- 
temperature ian radiator whose perceived 
color most closely resembles 
that of a given stimulus at the 
same brightness and under 


specified viewing conditions. 

Efficacy (luminous Quotient of the luminous flux 
efficacy of a emitted by the power con- 
source) sumed by the source. 

Luminous Ratio of radiant flux weighted 
efficiency according to V(A), the spectral 


luminous efficiency of the 
human eye, to the correspond- 
ing radiant flux. 

Spectral luminous Ratio of the radiant flux at 
efficiency (of the wavelength Aj, to that at wave- 
human observer) length A, such that both radi- 

ations produce equally intense 
luminous sensations under 
specified photometric con- 
ditions and Am is chosen so 
that the maximum value of this 
ratio is equal to 1. 


Incoherent Sources: Lamps. Lasers: Semiconductor 
Lasers, 
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Introduction 


A complete understanding of the band structure of 
a semiconductor close to the Fermi energy requires 
information on the fundamental energy gap, the 
effective masses and the effective g-factors of the 
valence and conduction band. Magneto-optical 
methods in principle allow one to determine all 
these quantities; they are particularly well suited to 
measure the spin splittings of the energy bands. 

Faraday rotation is the rotation of the plane of 
polarization of linearly polarized light propagating 
through a sample parallel to an external magnetic 
field. The magneto-optical Kerr effect is the analog 
for reflection. Though in general it yields much 
smaller angles of rotation than the Faraday effect, it 
has to be applied in spectral ranges where the 
investigated sample is not transparent. 

Ifa semiconductor is excited by circularly polarized 
light with photon energies not too high above the 
energy gap a spin polarization in the conduction band 
can be obtained (optical pumping). A small transverse 
magnetic field reduces the degree of this spin 


polarization (the Hanle effect). Owing to the spin 
polarization of the photo-excited conduction elec- 
trons the photoluminescence radiation is partly 
circularly polarized. Thus mounting the sample in a 
microwave resonator and applying a longitudinal 
magnetic field, electron spin resonance transitions can 
be detected optically by monitoring the degree of 
polarization of the photoluminescence (ODCESR: 
optically detected conduction electron spin reson- 
ance). Via a ‘nuclear Hanle effect’ mediated by the 
hyperfine interaction, nuclear magnetic resonance 
transitions can also be detected optically (ODNMR). 
ODCESR and ODNMR are summarized under 
ODMR (optically detected magnetic resonance). 

In modern optics nonlinear optical effects have 
gained particular importance. Since electron spin 
resonances in semiconductors are Raman-active 


transitions, coherent Raman methods such as CARS 
(coherent anti-Stokes Raman scattering) or CSRS 
(coherent Stokes Raman scattering) are of great 
importance for the determination of spin splittings 
of energy bands and the investigation of magnetic 
structures in semiconductors. 

In the present contribution the physical basis for 
these methods will be discussed and typical examples 
for their application will be presented. 

For Faraday rotation and CARS the systems from 
which these examples will be taken are magnetic or 
dilute magnetic semiconductors. In these materials 
paramagnetic ions like Mn** or Eu** are incorpor- 
ated. There are two types of exchange interactions: 
(i) between the magnetic ions which in most 
cases causes an antiferromagnetic coupling; and 
(ii) between the ions and free carriers which causes a 


charges to flow freely from source to gate, andas 
the internal resistance will be very low, the re- 
sulting currentcan be destructive. Thisis why the 
JFET must always be reverse-biased. 


‘A MOSFET is freed from these restrictions, and 
the gate voltage can be higher or lower than the 
source voltage. This property enables an N- 
channel MOSFET to be designed not only as a 
depletion device, but alternatively as an en- 
hancement device, which is “normally off" and 
canbeswitched on by being forward-biased. The 
primary difference is the extent to which the 
channel in the MOSFET is N-doped with charge 
carriers, and therefore will or will not conduct 
without some help from the gate bias. 


Ina depletion device, the channel conducts, but 
applying negative voltage to the gate can pinch 
off the current. 


Inan enhancement device, the channel does not 
conduct, but applying positive voltage to the 
gate can make it start to do so. 


In either case, a shift of bias from negative to 
positive encourages channel conduction; the 
depletion and enhancement versions simply 
start from different points. 


This is clarified in Figure 29-10. The vertical (log- 
arithmic) scale suggests the current being con- 
ducted through the channel of the MOSFET, 
while the green curve describes the behavior of 
a depletion version of the device. Where this 
curve crosses the centerline representing 0 volts 
bias, the channel is naturally conductive, like a 
JFET. Moving left down the curve, as reverse bias 
is applied (shown on the horizontal axis), the 
component becomes less conductive until final- 
ly its conductivity reaches zero. 


Meanwhile on the same graph, the orange curve 
represents an enhancement MOSFET, which is 
nonconductive at 0 volts bias. As forward bias 
increases, the current also increases—similar to 
a bipolar transistor, 


To make things more confusing, a MOSFET, likea 
JFET, can have a P-doped channel; and once 
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Figure 2910. The current conduction of depletion and 
enhancement N-channel MOSFETs. See text for details 
(fluenced by The Art of Electronics by Horowitz and 
il.) 


again it can function in depletion or enhance- 
mentmode. The behavior of this variantis shown, 
in Figure 29-11, As before, the green curve shows 
the behavior of a depletion MOSFET, while the 
orange curve refers to the enhancement version. 
The horizontal axis now shows the voltage dif- 
ference between the gateand the drain terminal. 
The depletion component is naturally conduc- 
tive at zero bias, until the gate voltage increases 
above the drain voltage, pinching off the current 
flow. The enhancement component is not con- 
ductive until reverse bias is applied. 


Figure 29-12 shows schematic symbols that rep- 
resent depletion MOSFETs. The two symbols on 
the left are functionally identical, representing N- 
channel versions, while the two symbols on the 
rightrepresent P-channel versions, As inthe case 
of JFETs, the letter "S" should be (but often is not) 
added to the symmetrical versions of the sym- 
bols, to clarify which is the source terminal, The 
left-pointing arrow identifies the components as 
N-channel, while in the symbols on the right, the 
right-pointing arrows indicate P-channel MOS- 
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strong modification of the spin splittings of the 
energy bands with respect to nonmagnetic materials. 
Thus the Faraday effect or CARS are particularly 
well-suited methods for the investigation of such 
sy 


As examples of optical pumping and ODMR, 
results obtained with III-V semiconductors will 
be presented, which show the most important 
applications of these experimental methods. 


Faraday Rota‘ 
Kerr Effect 


n and Magneto-optical 


Basic Principles 


As already pointed out in the Introduction, the 
Faraday effect is the rotation of the plane of 
polarization of linearly polarized light traversing a 
sample parallel to a magnetic field. The angle of 
rotation ©,,, is proportional to the length / of the 
sample and to the strength B of the magnetic field: 


ry: = VIB a 


where Vis called Verdet’s constant. 

Fora phenomenological understanding of the effect 
one can consider plane polarized light as a super- 
position of right- and left-hand circularly polarized 
components. If the indices of refraction are different 
for both components, then at the end of the sample, 
when the two components are recombined, a phase 
shift occurs which manifests itself as a rotation of the 
polarization plane. The angle resulting from this 
consideration is 


lw 
ra = Ey) 2 


where w is the frequency, ¢ the velocity of light, and 
mand n,, are the refractive indices for left-and right- 
hand polarized light, respectively. If one neglects 
ellipticity of the light behind the sample only the 
real parts of the complex refractive indices 
important, 


2a ike BI 


The imaginary parts, however, are needed to under- 
stand the magneto-optical Kerr effect which occurs in 
the light reflected from the sample surface. According 
to Fresnel’s formula for vertical incidence the field 
amplitude of the reflected beam is: 


ai 


(41 


where the superscript ‘r’ refers to the reflected beam 
and ‘to the incident beam. The complex reflection 


coefficient can be split into an amplitude and a phase 
factor: 


Ts expliths) [5] 


By comparing eqns [4] and [5] the phase shifts during 
reflection can be expressed in terms of the refractive 
index: 


[6] 


Finally the Kerr angle of rotation is obtained from the 
phase shifts in an analogous way to the Faraday 
rotation: 


keer = FR — He) 7 


Itis seen that both effects can be understood in terms 
of the refractive index. In a simple oscillator model 
the refractive index has the form given in eqn [8]: 


= e.(w.B) 


with fw’, representing the transition energies 
between the energy levels i and j in o* and o 
polarization, respectively, and F; and I's, are the 


respective oscillator strength’ and_ linewidth 
parameter. 

From eqn [8] it is seen that when tuning the 
frequency, w, resonant enhancements of the 


rotation angles are expected whenever the frequency 
corresponds to an allowed electronic transition, ¢.g., 
an exciton in a wide-gap semiconductor. This is the 
reason why the Faraday and magneto-optical Kerr 
effect can yield information on interband transition 
energies. In the case of such a resonance, the 
refractive index will be dominated by the particular 
term in the sum, corresponding to that transition. 
By a Taylor expansion one can then show that 
the difference of the refractive indices for o* and 
polarization and thus the angles of rotation (see 
eqns [2] and [7]) are proportional to the difference of 
the transition energies for right- and left-hand 
circularly polarized light, and this difference depends 
on the spin splittings of the valence and conduction 
band. So we understand why the most important 
information obtained from Faraday or magneto- 
optical Kerr effect studies is on the spin splittings 
of the energy bands. 

A quantum mechanical description of the 
relation between the material properties and the 
magneto-optical effects beyond the simple oscillator 
model given here is published by Boswarva et al. 
and the reader is referred to this paper for 
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further studies, A matrix formalism to describe the 
effects for a multilayer system has been developed 
by Nies and Kessler. 


Examples of Experimental Results 


The straightforward method to measure Faraday 
rotation is to put the sample between polarizers 
and sweep the magnetic field. Then the transmitted 
intensity is proportional to a cos? function, 
Subsequent maxima demonstrate a rotation by 
180°, There have been numerous successful inves- 
tigations done in this way, but the possibilities of 
detecting small angles of rotation are very limited 
in this method, Therefore differential methods have 
been developed either using a polarizing beam 
splitter, or a photo-clastic modulator which period- 
ically switches the state of polarization. Rotation 
angles of the order of 10~* rad can be detected in 
this way. 

Figure 1 shows the Faraday 
epitaxial film of Pby.933Eupos7Te (thickness 11m) 
for two temperatures. The plot demonstrates beha- 
vior typical for a diluted magnetic semiconductor in 
its paramagnetic phase, The spin splittings of the 
valence and conduction band and accordingly the 
Faraday rotation are proportional to the magnetiza- 
tion of the sample which behaves like a Brillouin 
function, (The lines without noise are fitted Brillouin 
functions.) 

Examples of the application of the magneto-optical 
Kerr effect to the investigation of semiconductors, 
particularly multilayer systems, are published, e.g., 
by Poblt ef al, and Krenn et al. 
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Figure 1 Faraday rotation as a function of magnetic field of a 
PbEUSe epitaxial film for two temperatures. Lines with noise: 
experimental recordings; lines without noise: fitted Brillouin 
functions. 


Coherent Raman Scattering 


Basic Principles 


A more direct method for the determination of spin 
splittings of energy bands is provided by Raman 
scattering. There is a huge number of investigations 
of spin transitions in semiconductors using spon- 
taneous Raman scattering (for a review of spon- 
taneous Raman scattering in dilute magnetic 
semiconductors see the article by Ramdas and 
Rodriguez). However, there are several advantages 
in the spectroscopic application of the nonlinear 
Raman techniques compared to spontaneous Raman 
scatterin 


(i) The scattered radiation is emitted as a colli- 
mated beam which is more easily detectable 
than the light spontaneously scattered into 
the entire solid angle. This advantage is 
particularly important for the investigation of 
narrow-gap semiconductors which have to be 
investigated by infrared light, a spectral range 
where the detectors are less sensitive than in the 
visible, 

(ii) Fluorescence can be strongly suppressed by 

spatial filtering. 

The spectral resolution is determined by lasers 

instead of a classical spectrometer. 

Raman scattering cross-sections can be calcu- 

lated from the intensity of a collimated beam 

without taking care of the aperture of the 
detecting system, 


(iii) 


(iv) 


The coherent Raman techniques are special cases 
of optical four-wave mixing where two laser 
beams with frequencies wand ox (ay, > 0x) are 
superimposed in the sample. Due to nonlinear 
interactions radiation with new frequencies is 
generated, among them: 


cans = 2ey — ws 19) 


If one identifies wy, with the frequency of the pump 
laser and ws with that of the scattered Stokes 
radiation of a spontaneous Raman experiment, then 
‘cars is the frequency of the anti-Stokes radiation, 
For the intensity of the radiation generated at weans 
one finds: 


ans | 


Tears x x 
Mcansnsn, 


{10} 
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where ¢y is the velocity of light, is the length of the 
sample, I denotes the intensity, and m the refractive 
index at the respective frequency. x/3), is the third 
order nonlinear susceptibility of the scattering 
medium and 


ARS eat) 


is the phase mismatch. Ag =0 can be achieved by 
noncollinear alignment of the laser beams. However, 
for very thin epitaxial layers with [ < m/Ak the phase 
factor in eqn [10] can be approximated by 1. 

The information on the investigated material is 
contained in the nonlinear susceptibility. It can be 
calculated by time-dependent perturbation theory 
taking into account a ground state la> and 
intermediate, states |b>, le> and |d>. It turns 
out that x") is proportional to a sum over all 
states of the system as intermediate states; in the 
sum 24 terms like the one given in eqn [12] have to 
be added: 


or 
oF 


TaN es Tas Ty) 


fred) 


(Comey cans 


ij) iS a product of four dipole matrix elements 
hetween states la>:|b>; Ib>sle>; le>:|d> and 
ld>:la> with field polarizations as given by 
the indices. w,p=(Fa~Eg\/h and Pug is the line- 
width of the respective transition. Resonances of the 
susceptibility are found by inspection of the 
denominators. x?) exhibits Raman-like resonances 
whenever f(@—ws) is equal to the excitation 
energy of a Raman allowed transition (see the 
second factor in the denominator of eqn [12]). If in 
this case the laser beams are polarized according to 
the Raman selection rules then j1,,) is not zero, For 
spin transitions in a semiconductor in a magnetic 
field (free electron spin flip as well as transitions 
within the magnetic ions) this is the case if in the 
Voigt configuration (ks 1B) the beams with 
frequencies «, and ox are polarized perpendicular 
to one another. In the case of a spin transition «= 
g'unB (g* being the effective Landé-factor and py 
the Bohr magneton). Thus holding the frequencies 
, and wy fixed and tuning the magnetic field a 
resonance in Icaxs will be observed from the 
position of which the effective g-factor can be 
obtained. Using tunable dye lasers, of course, the 
laser frequencies can be tuned as well. 

Close to the resonance the real part of the 
susceptibility becomes small and the imaginary part 
is not negligible. Furthermore, one-photon reson- 
ances may occur if the laser frequency «,, corresponds 
to the energy of a real electronic transition, e.g., an 


allowed interband transition. If one-photon and 
Raman-like resonances occur simultaneously one 
talks about resonance CARS. 

As discussed in the literature x") can be split into a 
resonant part x, summing up all the resonant terms, 
and a nonresonant part Yqy.In a semiconductor there 
are contributions to Yq, due to free carriers and a 
background due to bound valence electrons. 
The background contribution in general is real. 
As can be seen from eqn [10], 


Tears & [XOhasl = Marl HP +he"P+2taex’ 1131 
y’ and y" being the real and imaginary parts of the 
resonant contribution. Depending on the relative 
strength of resonant and nonresonant contributions 
to x\°) the last term in eqn [13] may cause complicated 
lineshapes which make it difficult to find the correct 
transition energy in spectroscopic applications of 
CARS. If more than one resonance is not completely 
resolved the lineshape is even more complicated 
and a careful analysis has to be performed to get 
the correct resonance positions and linewidths of 
the transitions. 


Examples of Experimental Results 


Figure 2 shows a scheme of a CARS setup suitable to 
measure spin transitions in a semiconductor. The 
scheme is drawn for backscattering geometry; for- 
ward detection is accomplished by directing the 
incoming beams onto the sample from the opposite 
side to that plotted, 

Two dye lasers (frequencies w and ox) are 
pumped by a frequency-doubled Nd:YAG laser. 
A Glan—Thomson prism combines the two beams. 
The monochromator is set to 201, ~ as. The iris and 
the polarizer PZ3 reduce stray light. The experiment is 
performed either at fixed magnetic field and tuning one 
of the dye lasers (with the monochromator swept 
accordingly) or by keeping the laser frequencies fixed 
and sweeping the magnetic field. The latter method is 
also applicable in the mid-infrared using step-tunable 
CO or CO; lasers. 

As an example, in Figure 3 a spectrum obtained 
from a CdMnTe alloy crystal is reproduced. There 
are two peaks observed due to the paramagnetic 
resonance of the Mn 3d electrons and due to the 
spin resonance of photo-excited free electrons in the 
conduction band. The inset shows the paramagnetic 
resonance on an extended scale, The linewidth 
of 0.5 cm! is not limited by the experimental resolu- 
tion, which in the present case is about a factor of 
10 better. 
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Figure 2 Schome of the experimental arrangement for CARS. Bold flllines: light beams; dashed and dotted lines: data connections; 
BBS: beam splitter, PZ!,2: Pockels cells for rotation of linear polarization; PZ3: polarizer; GTP: Glan Thomson prism for superposition of 
beams polarized orthogonally to each other; L: lenses. 
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Figure 3 Coherent Raman intonsity of a CdMnTe bulk crystal as a function of frequency difference « ~ us. Inset: Region of 
paramagnetic resonance in an extended scale. Adapted from Ruprecht R, Miller B, Pascher H, of al. (1998) Coherent Raman 
scattering from magnetic excitations in diluted magnetic semiconductors: Bulk crystals of CdMnTe. Physical Review B §8: 16123, 
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Optical Pumping 


The basic principles of optical pumping have been 
developed by Kastler. A material (gas or solid) is 
excited by absorption of circularly polarized light. 
Lampel was the first to demonstrate the possibility of 
optical spin orientation of free electrons in a 
semiconductor. The method has the most important 
applications in zincblende materials. Thus it is 
explained here with the example of GaAs. 


Principles of Optical Spin Orientation 


Most of the III-V and II-VI semiconductors have 
direct gaps at the center of the Brillouin zone. The 
conduction band (cb) is doubly degenerate with spin 
The valence band consists of the heavy hole band 
(hh; m, = +3/2), the light hole band (Ih; m1, = + 1/2) 
and the split-off band (so; m, = +1/2), each doubly 
degenerate. In bulk material hh and Ih are degenerate 
at k=0. The transition probabilities for interband 
transitions between hh and ch are three times larger 
than for transitions between th and cb. Due to the 
selection rules, e.g., for the absorption of o* 
circularly polarized light, transitions ~3/2 — 1/2 
and -1/2 41/2 are allowed, the first having 
three times higher probability. The electronic spin 
polarization P is defined as: 


14] 


im 
where mr, and mare the densities of electrons with 
the two spin orientations with respect to the direction 
of propagation of light. These considerations yield 
P,=~0.5 as the initial spin polarization under 
excitation with o* circularly polarized light with 
a photon energy between the fundamental gap 
and the energy difference from the spin-orbit split 
valence band to the conduction band. Due to 
relaxation processes the actual electronic steady 
state polarization P is smaller than P; 


qh 


Papo 
‘Te 


115] 


with T, being the spin relaxation time, which in zero 
magnetic field is equal to the transverse relaxation 
time Tz, and r is is the lifetime of conduction 
electrons. 

The spin polarization of the electrons can be 
detected by analyzing the degree of circular polari- 
zation of the luminescence light which is defined as: 


[16] 


where L, and I_ are the intensities of o* and 
polarized light, respectively. Since for emission due to 
free-clectron/free-hole or free-exciton recombination 
the same transition probabilities as for absorption are 
obtained, one finds: 


TY, 
l= 0.5 P= 0.25, 
T+? 


71 


In the case of quantum wells, the Ih-hh degeneracy is 
lifted due to different confinement energies. Then the 
maximum polarization of ch— hh as well as for 
ch — Ih luminescence light is 0.5. 

Of course these considerations are only true for 
intrinsic or p-type materials where the number of 
photo-excited electrons is high compared to the 
equilibrium number of electrons. 


Hyperfine Interaction of Spin-Polarized Electrons 
and Atomic Nuclei 


In GaAs three isotopes exist with spin 3/2, namely 
Ga, Ga and 7SAs. Owing to the small energy 
separation of the nuclear spin levels in moderate 
magnetic fields, in thermal equilibrium no significant 
nuclear spin polarization exists even at a temperature 
of 2K. However, the hyperfine interaction between 
electrons and nuclei allows so-called flip-flop pro- 
cesses, that is a simultaneous reversal of electronic 
and nuclear spins. This causes a considerable 
dynamic spin polarization of the nuclei if the 
electronic spin system is polarized due to optical 
pumping. Under most experimental conditions and 
when nuclear spin relaxation mechanisms other than 
via the hyperfine interaction are negligible, the mean 
nuclear spin is approximately: 


_ +P 


= 35EHE 


118] 


where I and § are the operators for nuclear and 
electron spin. These dynamically polarized nuclei act 
on the electrons and shift their spin resonance 
magnetic field by an effective nuclear field (the 
Overhauser shift). This shift is proportional to (I) 
and to the probability of finding the electrons at 
the nuclear sites, and is inversely proportional to g* 
In GaAs due to the small value of g° this field can 
reach several tesla. 


Effect of a Constant Transverse Magnetic Field — 
The Hanle Effect 


In a transverse (with respect to the direction of 
propagation of light) magnetic field the spin- 
oriented electrons precess around the field with an 
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angular frequency © = g°upB/h. If the spin lifetime 
T. (IITs = 1/T; + 1/2) is long enough, this precession 
diminishes the average spin polarization and conse- 
quently the degree of circular polarization of the 
photoluminescence according to: 


1 

NG) = N02 119) 
This is a Lorentzian with a width at half height of 
AB = fil(g* ugTs). 


It is seen that by measuring I1(B) the spin lifetime 
can be determined if g° is known. Together with 
eqn [17] the spin and interband lifetime can be 
determined in a steady-state experiment. If, on the 
other hand, Ts is known from a time-resolved 
experiment, g* can be found from a Hanle effect 
measurement. 


Optically Detected Conduction 
Electron Spin Resonance (ODCESR) 


Optical spin orientation of conduction electrons is 
the presupposition for ODCESR. Suppose now, a 
longitudinal magnetic field By is applied on the 
sample (By parallel to k, the direction of propa- 
gation of light, which is parallel to the direction of 
the optically oriented spins). If the field is not too 
high the considerations of optical spin orientation 
remain unchanged. In higher fields the spin polar- 
ization may be modified due to the energy splitting 
of the spin levels. In this case the spin polarization is 
enhanced or diminished, depending on the direction 
of the field parallel or antiparallel to k. If now an 
additional transverse microwave field B, of freq- 
uency , which fulfills the resonance condition 
fhwy = g°4Bo, is applied, transitions between the 
two spin levels will occur which resonantly decrease 
the spin polarization. This decrease manifests itself 
in a decrease of the degree of circular polarization of 
the photoluminescenc 

The method has several advantages compared to 
conventional ESR. Microwave photons with freq- 
uency of about 10'°Hz change the state of 
polarization of optical photons with frequency of 
about 10'*Hz. Thus the sensitivity is that of the 
optical detection which is much higher than in 
conventional ESR. Even electrons in a single 
quantum well or heterostructure can be detected 
by the optical method. There is also the possibility to 
distinguish hetween electrons in different quantized 
levels in heterostructures due to the different 
spectral position of their photoluminescenc 
Another advantage is that the electrons are 


photo-excited; the sample does not need to be 
n-doped. High-purity samples can be investigated 
which exhibit narrower linewidths. 


Optically Detected Nuclear Magnetic 
Resonance (ODNMR) 


With the presuppositions provided in the pre- 
ceeding sections the basic principle of ODNMR 
is easily understood. As in ODCESR we assume 
that an external magnetic field By is applied 
parallel to k. Perpendicular to it a radio-frequency 
field By with frequency w is applied. The NMR 
resonance frequency is «= y,-Bo with y, being 
the gyromagnetic ratio of the nucleus under 
consideration. In the frame rotating with w around 
the direction of By an effective field Buy = Bo — 
o/y, + Bp acts on the nuclei. The nuclear magnetiza- 
tion is oriented parallel to Buy. It is seen that in 
resonance B,y is parallel to By, which means 
perpendicular to k. Via the hyperfine interaction this 
nuclear field acts on the electrons, diminishing their 
spin polarization via the Hanle effect. So the nuclear 
magnetic resonance can be detected as a reduction 
of the degree of circular polarization of the 
photoluminescence. 

The simplified model given above does not take 
into account several effects which influence the 
lineshape, position and intensity of the observed 
resonance lines, 


Examples of Experimental Results for 
Optical Pumping and Optically 
Detected Magnetic Resonances 


These experiments can be performed at liquid 
helium temperature in a standard photolumi 
cence setup. In addition one has to provide the 
possibility of applying transverse (Hanle effect) or 
longitudinal (ODCESR, ODNMR) magnetic fields. 
For ODCESR the sample is mounted in a microwave 
resonator with optical access; for ODNMR a radio- 
frequency coil is wound around the sample. The 
state of circular polarization of the exciting laser 
light has to be controlled. The measured quantity 
is the sign and degree of circular polarization of 
the luminescence light at a certain wavelength. 
The sensitivity can be enhanced by periodically 
o*/o° -modulating either the exciting light or the 
detection. Which one of these possibilities is used 
depends on whether or not a high nuclear spin 
polarization is wanted. 

As pointed out above the dynamically polarized 
nuclei, particularly in GaAs, strongly affect the 
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ODCESR resonant field. To get reliable values for the 
effective g-factor, the nuclear spin polarization must 
be completely suppressed. This can be achieved by 
o*/o -modulation of the exciting light with a 
modulation period much shorter than the nuclear 
aif 
light or their time 
intervals are not equal, residual optical fields may 


spin relaxation time. But due to imperfections, 


the intensities of o* and & 


remain. To get precise values for g° in addition the 
NMR has to be saturated by a suitable radio- 
frequency field. On the other hand, the strong 
Overhauser shift of the CESR can be useful for the 
determination of nuclear spin relaxation times. 
To perform such experiments the nuclei are first 


polarized by optical pumping with fixed circular 
polarization and afterwards, for the detection, 
Ja" -modulation is switched on, 

For the optical detection of NMR a high nuclear 
spin polarization is favorable. Thus for those 
experiments one uses fixed polarization of the 
exciting beam and modulates the detected light. 

Figure 4 shows examples of results obtained with 
a p-channel AIGaAs/GaAs single heterostructure. In 
this sample due to the doping profile a triangular 
potential well at the interface in the valence band of 


the GaAs layer is built, in which quantized hole 


levels exist. The luminescence hand shown in 
Figure 4a between 821 nm and 825nm is due to 
recombination of electrons with holes in these 
quantized states. For the experiments shown in the 
other panels of the figure the spectrometer is set at a 
position within this band. The other lines are due to 
excitons and impurities and are not interesting for 
what follows. 

In Figure 4b the results of a Hanle experiment are 
reproduced. The line without noise is the fitted 
Lorentzian. The fit yielded 7 = 8.1 nsand T; = 4.7 ns. 

In Figure 4c a typical ODNMR spectrum of the 
same sample is plotted. One observes resonances due 
to As at 1.36 MHz, Ga at 1.9 MHz and 7'Ga at 
2.4 MHz, In the inset the 7SAs resonance is plotted 
in an extended scale. A quadrupole splitting into 
three components is clearly resolved. This result 
demonstrates that the tetrahedral symmetry at the 
nuclear site is broken either due to local defects or 
due to the (rather small) lattice mismatch close to the 
AlGaAs/GaAs interface. 

Finally Figure 4d shows the ODCESR spectrum, 
For the experiment the exciting beam was o*/o”- 
modulated and in addition during the sweep 
the NMR of all three nuclei was permanently 
saturated to make sure that no Overhauser shift 


cy (a) B= 1050 mT ) 
. rere amy 
| P 
& \ a 
: | 4 oro 

0.0. 0.00 : 

a a “00 “a00 “sa tg0.0 
Wavelength (om) Magnetic field 7) 

z ee 020} 7.1815 cHe 
gti, Nl _ 08 
3 \ a & 
. 8 o16 
& Ss 
& \ © ons 4 
é (© (d 


12 16 ~~ 20 


Radio frequency (MHz) 


24 


oz 
060 1080 1100 1120. 1140 1160 
‘Magnetic field (mT) 


Figure 4 (a) Photoluminescence spactrum of a p-channel AIGaAs/GaAs heterostructure; (b) Hanle curve (luminescence polarization 
a a function of transverse magnetic field); (c) ODNMR recording; (d) ODCESR recording. Adapted from Schreiner M, Pascher H, 
Denningor G, ot al. (1987) Nuclear spin relaxation in AIGaAs/GaAs heterostructures observed via optically detected magnetic 
resonance (ODMA) experiments. Solid State Communications 102: 715. Copyright (1997), wth permission from Elsevier. 
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affects the result. The g-factor calculated from this 
plot is |g" = 0.468, which is larger than that found 
for bulk GaAs. This value was also used for fitting the 
Hanle curve. 


List of Units and Nomenclature 


[rad] 
rads] 
9.2742 x 10-4 JT! 


Angle 

Angular frequency @ 

Bohr magneton jus 

Degree of circular 
polarization of 
light I 


Electric field E Vm] 
Gyromagnetic ratio y [T~'s”"] 
Imaginary unit i 

Intensity 1 [Wm] 
Magnetic m1 


displacement B 

Permittivity of free 
space £9 

Planck’s constant 


8.854210 VsA7'm! 


1.0546 x 10-4 Js 
Refractive index 


Speed of light 2.9979 x 10° ms"! 


Spin polarization P 

Susceptibility x 

CARs coherent anti-Stokes Raman 
scattering 

srs coherent Stokes Raman 
scattering 

ODCESR optically detected conduc- 
tion electron spin resonance 

ODMR optically detected magnetic 

ODNMR optically detected nuclear 
magnetic resonance 
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Introduction 


The addition ofa magnetic field to an optical study of a 
semiconductor generally improves the specificity of 
the experiment, but in particular affects primarily the 
electrons rather than the lattice so that the magneto- 
optical properties are determined to a large degree by 
the electrons alone. The major interest has been in the 
determination of the electronic energy band structure 
of semiconductors, both in their bulk and low- 
dimensional (two-, one-, and zero-dimensional) quan- 
tum forms. The magneto-optical experiments fall 
mainly into two categories according to whether the 
effects are associated with intraband (within a single 
conduction or valence band) or interband (valence to 
conduction band) transitions; there are also hybrid 
(ie., higher-order) effects such as spin-lip Raman 
scattering or two-photon absorption where both inter- 
and intraband transitions are involved in a two-stage 
process. Interband transitions occur typically in the 
visible to mid-infrared (MIR) region, and intraband 
transitions in the MIR to far-infrared (FIR) region. 


Theoretical Background 


The most common band structure involved in 
semiconductor magneto-optics is the so-called 
quasi-Ge model, which gives an accurate description 
of group IV, and zincblende (III-V and II-VI) 
semiconductors, so it is convenient to describe the 
theory in terms of this model, In this model the small 
terms associated with inversion asymmetry are 
neglected to a first approximation. At the Brillouin 
zone center (i.¢., at k= 0) the conduction band has 
s-like symmetry and the triply degenerate valence 
band p-like symmetry. In the presence of strong 
spin-orbit coupling, part of this degeneracy is raised 
resulting in the doubly degenerate (at k = 0) heavy 
and light mass valence bands and a so-called 
spin-orbit split-off band, The reader should go to 
the general reviews quoted under ‘Further Reading’ 
for the equivalent coverage of other common systems 
such as the wurzite II-VI and the lead salt systems. 
The dynamics of a free electron subject to an 
external magnetic field have been given by a variety of 
authors, but the most universally used treatment is 


Flip 


that of Landau. For the motion of an electron in a 
semiconductor we treat first the case of a simple 
parabolic energy band. For the case of the magnetic 
field, B, along the z-direction, k, remains a good 
quantum number, but ky and ky are subsumed into the 
new magnetic orbital (Landau) quantum number, 1. 
The original three-dimensional energy band, E = 
hk*/2m’, is coelesced into a series of one-dimensional 
Landau sub-bands in the k,-direction (where the 
motion along k. remains unchanged): 


, hike 
x(k.) = (1+ 12) ho, + 55 


a 


The cyclotron frequency is a =eBlm* and py is 
the Bohr magneton, The resulting electron energy 
eigenvalues at k, =0 in an external magnetic field 
(ie. Landau sub-band extrema) are referred to as 
Landau levels, LLs. In practice each state is doubly 
degenerate with spin which results in an additional 
term + g"yugB on the right-hand side, where g’ is the 
effective g-factor, (Note that in the presence of strong 
spin-orbit coupling and small m”, there is a 
corresponding g” which becomes negative and sub- 
stantially different from the free-electron g-factor; the 
largest value for a binary elemental compound is that 
for InSb, where g* ~ —50.) The situation for a simple 
parabolic conduction band near k= 0 is shown in 
Figure 1a,b. Intraband optical absorption associated 
with direct transitions between successive Landau 
sub-bands is referred to as cyclotron resonance (CR) 
absorption. There are corresponding Landau sub- 
bands in the valence band, and direct transitions 
between valence and conduction sub-bands give rise 
to the so-called interband magneto-optical (IMO) 
effects. 

Expressions for the density of states (DOS) in three, 
two, and one dimensions in the absence of a magnetic 
field are given elsewhere (‘semiconductor basics’ — 
Pidgeon). In the presence of a magnetic field the 
three-dimensional energy band is reduced to one- 
dimensional sub-hands so that the energy dependence 
of the DOS has the one-dimensional form with the 
energy given by eqn [1]. Performing this substitution 
and multiplying by a term for the degeneracy of the 
Landau levels (LL) gives the following expression for 
the total DOS per unit volume: 


_ Om)? Bo i 
g(E) = Fer Flee (n+ 12) fiw.) 12] 
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Figure 1 (a) Landau sub-bands according to eqn [1] with the 
‘magnetic field applied in the 2direction. The dashed line shows 
the parabolic conduction band for k along k, and B=0. 
(©) Schematic outine of the density of states (DOS) for free 
electrons in a magnetic fold. It comprises the sum of identical 
‘contributions from each Landau sub-band. The density of states 
with B= 0 is shown dashed, 


Thus, the DOS for Landau sub-bands is quite 
different from the zero-field DOS, and is a series 
of square-root singularities with divergences at the 
energies (+ 1/2)hw,. The two cases are illustrated 
schematically in Figure 1b. Since the optical 
absorption strength for both interband and intra- 
band transitions is proportional to the joint densi 
of states for the initial and final states, this result 
shows the important advantage of the use of a 
magnetic field in semiconductor spectroscopy 
hecause it means that the absorption lines for CR 
or IMO transitions are strongly peaked at the sub- 
band extrema (ie., at A, = 0). This allows accurate 
differences for transitions 
observed in a single experiment, and hence, by 
comparison to theoretical models, leads to the best 
determination of fundamental energy-band par- 
ameters. The basic LL selection rule can be shown 
straightforwardly from time-dependent perturbation 
theory to be An =0, Am, =0 for IMO transitions 
and An = 1, Am, =0 for CR absorption, where m, 
is the spin quantum number (ie., +4, for spin up 
and spin down). The cyclotron resonance absorption 
occurs only for one sense of circularly polarized 
light, but the IMO effect can occur for all 
polarizations. The choice then of magnetic ficld 
direction, crystal orientation, and polarization of the 
optical radiation allows extremely detailed determi- 
nation of the energy band parameters for particular 
crystal symmetries. 

The data are often summarized in a so-called fan 
diagram of the energy levels, or transition energies, 
versus magnetic field. Such a plot is shown for 
hypothetical conduction and valence band LLs in 


(a) ‘Magnetic field (b) 
Figure 2 Fan plots ofthe conduction and valence band Landau 
levels versus magnetic field for simple parabolic bands: (a) a 
three-dimensional semiconductor; (b) quasi-wo-dimensional 
systems. Some CR and interband magneto-optical transitions 
are shown by vertical arows. 


Figure 2a, together with interband and CR tran- 
sitions. The states are labeled by the Landau 
quantum number, with selection rules An =0 and 
An = 1 for interband and CR absorption transitions, 
respectively (or An=—1 for CR emission). If the 
energies of the transitions themselves are plotted 
versus the magnetic field, then the intercept of the fan 
plots at B= 0 gives the zero-field energy gap. Note 
that in the presence of excitonic effects (see below) 
the intercept will give the energy gap plus the exciton 
binding energy. 

For a strictly two-dimensional system the DOS per 
unit area is independent of energy: g(E) = m’/arf?. In 
the case of quasi two-dimensional confinement in the 
z-direction the motion in the z-direction is quantized, 
and the total energy becomes (see Semiconductor 
Physics: Quantum Wells and GaAs-Based Structures): 


E 


ae eee 
srk) BI 


Equation [3] describes a set of confinement sub-bands 
(parabolas induced by geometric, as opposed to 
magnetic, confinement), the bottoms of which are at 
the energies E,, where i is the sub-band index. The 
energies, E,. depend on the shape of the confining 
potential. The DOS per unit area is in this case a series 
of step functions of height m’/zf?. From the point of 
view of magneto-optics, the main effect of the 
quantum confinement is to suppress the k, motion, 
so that in the presence of an external magnetic field 
along the z-direction, the motion is completely 
quantized, The energy cigenvalues are given by: 


E, 


ni = Ej + (8+ 12) hey 141 
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Figure 29-11. The current conduction of depletion and 
enhancement P-channel MOSFETs. See text for details 


FETs, The gap between the two vertical lines in 
each symbol suggests the silicon dioxide dielec- 
tric. The right-hand vertical line represents the 
channel. 
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Figure 2912. Schematic symbols for depletion MOS: 
FETs. These function similarly to JFETs. The two symbols 
ton the left are functionally identical, and represent N- 
channel depletion MOSFETs. The two symbols an the right 
are both widely used to represent P-channel depletion 
MOSFETs 


For enhancement MOSFETs, a slightly different 
symbol uses a broken line between the source 
and drain (as shown in Figure 29-13) to remind 


> field effect transistor 


How it Works 


us that these components are “normally off” 
when zero-biased, instead of ‘normally on” Here 
again a left-pointing arrow represents an N- 
channel MOSFET, while a right-pointing arrow 
represents a P-channel MOSFET. 

a s e s 


Figure 293. Schematic symbols for enhancement 
MOSFETs. The two on the left are functionally identical, 
land represent N-channel enhancement MOSFETs. The 
fhwo on the right represent P-channel enhancement MOS: 
FETs. 


Because there is so much room for confusion re- 
garding MOSFETs, a summary is presented in 
Figure 29-14 and Figure 29-15. In these figures, 
the relevant parts of each schematic symbol are 
shown disassembled alongside text explaining 
their meaning. Either of the symbols in 
Figure 29-14 can be superimposed on either of 
the symbols in Figure 29-15, to combine their 
functions, So, for instance, ifthe uppersymbol in 
Figure 29-14 is superimposed on the lower sym- 
bolin Figure 29-15, wegetan N-channel MOSFET 
of the enhancement type. 


Chapter29 259 
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The total DOS becomes: 


g(E)= S[E — (n+ 1/2) hex] 15] 


a series of delta-functions located at the energy 
positions of the LLs. The DOS is obviously more 
singular in two dimensions than in three dimen- 
sions, and leads to substantially sharper magneto- 
optical and magneto-transport effects. For confined 
structures the selection rules for interband and 
intersub-band transitions are identical to the bulk 
case for the electromagnetic (em) radiation polarized 
in the xy plane provided that the external magnetic 
field is along the confinement (z-) direction. The 
only difference is that the conservation of momen- 
tum in the z-direction (Ak, =0) is replaced by a 
selection rule on the sub-band index, Ai=0. A fan 
plot for this configuration is shown schematically in 
Figure 2b. For each confinement sub-band transition 
there is a set of LL transitions. When the energy 
positions are plotted against B, this leads to a set of 
Landau ‘fans’, each of which extrapolates to the 
sum of a valence plus conduction confinement 
sub-band energy at B= 0. Allowed transitions are 
shown for the lowest two confinement sub-bands in 
Figure 2b. Again this picture may be complicated in 
the presence of excitonic effects at low temperature. 

Turning again to the bulk semiconductor picture, 
eqns [1]-[5] apply for a single parabolic energy band 
and are valid for the conduction band in the quasi-Ge 
model. In actual semiconductors further compli- 
cations arise. Most importantly the triply degenerate 
p-like valence band (heavy hole, light hole, and split- 
off band) must be treated by so-called degenerate 
perturbation theory. In the quasi-Ge model the 
conduction and three valence bands are treated 
together as one coupled band system using the so- 
called k p method (described elsewhere by Zawdzki). 
With spin this results in an 8X8 matrix equation 
which has to be diagonalized for the eigenvalues and 
eigenvectors of the system. The spin-orbit coupling 
results in so-called complex, mixed-spin valence 
bands and anomalously spaced low quantum number 
LIs (the so-called quantum effects). The overall 
energy band scheme for InSb, near the fundamental 
direct gap in the center of the Brillouin zone for 
conduction and (heavy and light mass) valence bands 
is shown schematically in Figure 3, for no magnetic 
field and for an applied magnetic field. Each LL is 
doubly degenerate with spin, the a-set representing 
the so-called spin-up and the b-set the spin-down 
states. 
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Figure 3 (a) Schematic diagram of the conduction and valence 
bands for InSb (symmetry labels Ps and Is respectively at B = 0. 
(©) Computed Landau levels for the conduction and valence 
bands of InSb at 4K (E, = 0.23 eV) with B = 5 T along the [100] 
direction, grouped according to the so-called a- and bespin sets 
(s00 text 


Experimental 


The first serious use of magneto-optics to study 
effective mass and energy band structure of semi- 
conductors was in the microwave cyclotron reson- 
ance (ie, intraband) investigations of Ge and Si in the 
early 1950s. Classically it can be shown that the ratio 
of the radiation power absorbed, P, to power 
absorbed in zero magnetic field, Pp, is given by: 


Pe 1+ (w* + of)r? fa 
PO For Per 
where + is the collision time of the carriers, This 


expression for P/Po describes cyclotron resonance 
absorption and is plotted as a function of frequency 
in Figure 4 for different values of the parameter 7. 
Clearly the peak absorption occurs at w= 
namely at cyclotron resonance. Also evident is the 
very important requirement for observation of a 
clear resonance that @7> 1; this condition corre- 
sponds physically to a travel time between collisions 
of the particle of at least 1/27 of a revolution so that 
the particle can interact for a sufficiently long time 
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Figure 4 Ratio of the radiation power absorbed to the 
ower absorbed at zoro magnetic fold, PPP, plotted as a function 
Of wat, according to eqn [6], for diferent values of «s.r from 
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with the electromagnetic wave to absorb ener; 
pure materials and low temperatures (whe: 
condition w7>1 is achievable) this is the best 
technique for obtaining the details of the electron 
and hole band parameters of a semiconductor near 
k=0. The most thorough and successful studies of 
this type have been achieved in pure Si, Ge, and 
InSb where (with the aid of optical excitation to 
populate the levels shown in Figure 3) all possible 
electron, light and heavy hole cyclotron resonances 
have been resolved. In this way the valence band 
quantum effects, described above, have been 
observed in detail. The technique is equally appli- 
cable in low-dimensional systems where CR of both 
electrons and holes has been resolved in a large 
number of n- and p-type semiconductor hetero- 
structures and quantum wells. 

In interband — either absorption or photolumines- 
cence (PL) — spectroscopy at low temperatures, the 
photo-excited electrons and holes interact and form 
excitons (see Semiconductor Physics: Excitons). In 
many cases the excitonic state may be described in 
the so-called envelope function approximation as a 


hydrogenic system, in which the electron and hole 
are bound by their mutual Coulomb attraction. 
‘The energy spectrum of such a hydrogenic exciton 
is given by 

pet 
Wee 


E, 


71 


where m is the principal quantum number (n= 
1,2,3,..., but note that the symbol 1 is also used for 
the Landau quantum number above), 1 is the 
electron-hole reduced effective mass, and e is the 
background dielectric constant. In low-dimensional 
(ic., confined) semiconductor systems of the type 
described above the degeneracy of the valence bands 
at k =0 is removed, and two types of excitons are 
observed; these are referred to as ‘heavy’ and ‘light’ 
hole excitons in the literature, where heavy and light 
refer to the effective masses along the confinement 
direction, These excitons can move freely (in the 
remaining two unconfined directions) or be bound 
to an impurity or defect. In these systems exciton 
absorption may be observed involving not only the 
ground-state excitons, but also excitons associated 
with higher confinement sub-bands. This is shown for 
the so-called asymmetric quantum well system 
Al,Ga,_,As/In,Ga,_,AVGaAs in Figure Sa, The 
data are taken both by the direct PL method (where 
the exciting heam has an energy much larger than 
the bandgap and the electrons and holes de-excite 
instantaneously to the bottom of the bands before 
recombining as exiton recombination radiation), 
and so-called PL excitation spectroscopy (where 
the exciting beam is a tunable laser, tuned into 
resonance with the successive exciton resonances). 
‘The interband Landau transitions can be observed 
cither in PL or as excitations in a magneto-absorption 
or magnetoreflection experiment, Excitons are 
affected differently by the application of an external 
magnetic field depending whether the ratio 
y= hw,/2Ey (where Ey is the exciton binding energy 
with m= 1 above) is less than or greater than one, In 
the so-called magnetic limit where y>>1, the 
excitonic ground state moves approximately as 
$e, ic. linearly with B. In this regime the magnetic 
field energy is the dominant term in the exciton 
Hamiltonian. The various states of the exciton 
(ground and excited states) become associated with 
the interband LL transition, and exhibit an energy 
dependence that is nearly identical to the free carrier 
LL transitions. The energies of the various excitonic 
transitions are shifted down with respect to the 
corresponding LL transitions by an amount equal to 
the binding energy of the excitonic state to that LL. 
Typical PL and PLE (photoluminescence excitation) 
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Figure § interband transition data obtained in zero magnetic 
field (a) and folds of ST (b) and 10T (c) from asymmetric 
quantum wells. The dashed lines indicate data obtained trom PL 
and the solid lines data from PLE. The arrows in (a) indicate the 
calculated interband transition energies 1—~ 1, 2—> 1. and 2— 2, 
the latter being clearly resolved in PLE (the asymmetric wells 
‘mean that transitions with Ai 0 are allowed). In (o) and (c) the 
dovelopment of the spectra into LL transitions is clearly seen, 
although beyond 1.48 eV the analysis is obviously extremely 
complicated by the overlap of LL transitions associated with all 
three of the above sub-bands, 
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spectra for interband magneto-optical transitions 
are shown in Figure 5b,c for a fixed applied 
magnetic field in the asymmetric quantum well 
system Al,Ga;-,As/In,Gay-,AsGaAs. 


Spin Flip Raman Scattering 


In addition to the interband transitions discussed 
above, Raman scattering of intersub-band transitions 
between conduction or valence band LLs can also be 
studied. It provides a versatile means of probing band 
edge parameters of electrons and holes in semicon- 
ductors since the excitation (normally a laser pump) is 
not confined to the resonance frequencies under 
investigation, i.e., any pumping energy below the 


band edge will do. Electronic Raman scattering is 
then allowed between LLs via virtual interband 
transitions. In the presence of spin-orbit coupling 
strong spin-flip processes via electric dipole tran- 
sitions become allowed giving rise to the so-called 
spin-flip Raman (SFR) cross-section. This is a single 
particle process in which electrons or holes interact- 
ing with the radiation change their spin state. This 
process can be made to go stimulated particularly 
easily when the pump radiation is resonant with the 
bandgap of the semiconductor, forming the spin-flip 
Raman laser, The most important practical case 
has probably been that of InSb, resonantly pumped 
near 5 um with the CO laser. In this case the small 
effective mass of a narrow-gap semiconductor in the 
presence of substantial spin—orbit coupling leads 
to both an extremely large anomalous effective 
g-factor (g” ~ —50) — giving a large tuning range, 
AE = hax = g°BB — and a strong cross-section 
which is larger than that of the free electron by a 
factor (m/m")*. Efficient ew operation is possible 
with threshold powers less than 50 m| 

SPR scattering has enabled the observation of a 
great variety of excitations in nonmagnetic and 
dilute magnetic semiconductors, including: free 
electrons and holes, electrons bound to donors 
and holes bound to acceptors, scattering from 
bound magnetic polarons, and scattering due to 
SF transitions within the Zeeman multiplets of 
paramagnetic ions, In addition to pure SF. tran- 
sitions, combined resonances with combinations 
such as wcr * sp have also been detected. The 
process has also heen used in a similar manner to 
electron spin resonance to study coherent processes, 
including Raman photon echo spectroscopy in 
semiconductors. 


Magneto-Optics: Faraday Rotation, CARS, ODMR, 
ODSR, Optical Pumping. Semiconductor Physics: 
Outline of Basic Electronic Properties; Quantum Wells 
and GaAs-Based Structures. 
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Introduction 


Techniques used to measure second-order suscept 
bility 2 or nonlinear optical coefficients are 
described in this article, and some measured values 
are quoted. These are the parameters that describe 
the property of a material that is responsible for 
second-harmonic generation and other three-wave 
nonlinear optical interactions. These other inter- 
actions include sum- and difference-frequency 
generation in which two waves combine to 
generate a third wave of a frequency that is the 
sum or difference of the first two waves. Also 
included are optical parametric generation and 
optical parametric oscillation, in which a single 
pump wave generates two resulting waves with 
frequencies that sum to the frequency of the pump 
wave. The measurement techniques involve measur- 
ing the efficiency of nonlinear frequency conversion 
by these processes. 

‘The measurements require a great deal of care and 
precision, and it is advisable to perform a comparison 
with previous measurements and obtain correlation 
with accepted standards whenever possible. A great 
deal of effort continues to be expended by researchers 
to establish correlations between measurements and 
provide additional values that are accepted as 
standards. A number of techniques have been used 
for these measurements sometimes yielding results 


that disagree. There are, however, values derived 
from early measurements that have proven accurate. 
In these measurements it is necessary to accurately 
control and characterize the polarization, power, 
spectral distribution, and spatial and temporal 
intensity distribution of the incident radiation and 
measure the frequency-converted light, 
which can be many orders of magnitude smaller. 

The development and availability of single-longi- 
tudinal-mode and nearly diffraction-limited lasers has 
greatly reduced the ambiguity and_ simplified 
increased accuracy of measurements of second-order 
nonlinear optical coefficients. The improved optical 
quality of nonlinear-optical crystals has also been an 
important component of the increased accuracy of 
measurement. Measurement techniques have also 
improved, providing absolute measurements of opti- 
cal intensity over wide dynamic ranges at different 
wavelengths. Until the early 1990s, there was a range 
of measured values for nonlinear optical coefficients 
of common nonlinear materials, and numerous 
definitions were in use. Caution is required when 
consulting early publications on this topic, and some 
of this ambiguity is carried over to present time. 
Different definitions vary by factors of 2 and the 
permittivity of free space, e) = 8.854 x 10” C/N x 
m’. It is important that the definition of a nonlinear 
optical coefficient is clear before a value is used. This 
can be done through a statement of the nonlinear 
electric polarization or the coupled equations for 
nonlinear frequency conversion, 

The standard techniques that have been used to 
measure nonlinear optical coefficients are covered in 
detail in publications listed in the Further Reading at 
the end of this article. Brief descriptions of some of 
these techniques, such as Maker-fringe and wedge, 


accuratel 
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optical parametric fluorescence, and phase-matched 
second-harmonic generation, will be presented in this 
article. Each of these techniques has a unique set of 
advantages and disadvantages. There was some lively 
controversy over the technique that provided the 
most accurate measurements and those measure- 


ments that should be dismissed. Measurements 
based on phase-matched second-harmonic generation 
had the advantage of being most similar to practical 
application of nonlinear optical frequency conver- 
sion. However, the large divergence and multiple- 
longitudinal-mode operation of early lasers made this 
method unreliable. Even relative comparisons of 
nonlinear optical coefficients between different 
materials were inaccurate because highly structured 
laser pulses had different conversion characteristics 
due to differences in bandwidth acceptance, group 
velocity walkoff, and birefringent walkoff in different 
materials, 

Nonlinear optical coefficients of improved accu- 
racy were required for analysis of optical harmonic 
characterized laser 


stems used in inertial-confinement fusion research. 
The development of these systems provided a 
standardization on the value of d3. = 0.39 pm V_' 
(1 pm= 10°" m) for second-harmonic generation 
of neodymium laser radiation in the material 
potassium dihydrogen phosphate (KH:PO, or 
KDP). The development of injection-seeded Q- 
switched lasers provided single-longitudinal-mode 
laser output that allowed the phase-matched 
second-harmonic techniques to be extended to 
provide more accurate absolute measurements and 
relative comparisons on KDP and a number of 
other materials. Correlation was achieved on a 
larger number of relative and absolute measurements 
of nonlinear optical coefficients to provide some 
systematic agreement. It is not well understood why 
the earlier measurements referenced to optical 
parametric fluorescence produced values that were 
higher by about 60%. Measurement techniques have 
been further refined, and more exacting measure- 
ments are leading agreement, using different 
methods of measurement on an increasing number 
of nonlinear optical materials. 


Definitions 


The definition of the nonlinear optical coefficient can 
be specified in a number of ways. Examples given here 
are how the coefficient relates to the nonlinear electric 
polarization in a material, the coupled equations for 
nonlinear frequency conversion, and expressions 
describing second-harmonic generation with a mono- 
chromatic plane-wave fundamental. 


The second-order optical nonlinearity is reported 
as both the second-order susceptibility y? and the 
second-order nonlinear optical coefficient d, which 
usually differ in definition by a factor of two. 
These are third-rank tensors that relate products of 
components of the electric field vector E, and E, to 
the vector components of the nonlinear polarization 
PS". The second-order susceptibility typically is used 
to express instantaneous valu 


PR = 29 > NEE) 
rn 


a 


whereas the nonlinear optical coefficient more often is 
used to relate the vector amplitudes of frequency 
components of these quantities. The electric field at 
the fundamental angular frequency w can be 
expressed as 


1 
E(o.r,) = F{E (exp ilker ~ ot) tec} (2) 


and the nonlinear polarization at the harmonic 
frequency 2w can be expressed as 


1 


PS 20.,t)=5 {PS Qojexpi2k,-t-2wt)+ec.} [3] 


2 


The intensity is given by I=(nceo/2)IEP. The 
relationship between the complex amplitudes 
expressed in terms on the nonlinear optical coefficient 
tensor is 


PM Qo) [4] 


£0) diy(—2a:0.0)E,(o)Ey(w) 


When waves of three different frequencies are 
involved, the expression becomes 


PE (w3)=2e0 > die(— 302,01 )E(@2)Ex(on) [5] 
ie 


Expressing the coefficient as dj,(—ay;0,) allows 
for dispersion and indicates that fields at frequencies 
‘@, and @) interact to produce a nonlinear polariz- 
ation at frequency «3, the sum of the first two 
frequencies. The relationship between the second- 
order electrical susceptibility and the second-order 
nonlinear optical coefficient is 


(61 


The dispersion of nonlinear optical coefficients is 
approximated by the use of Miller’s delta: 


dyu(—ws:09.04) 


7) 
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The indices of refraction in the direction of the 
electric field components E,,(w,) are ty(w,) for 
m=i,k and n=1,2,3. There is some theoretical 
and experimental justification for treating the com- 
ponents of Miller’s delta as constants. Earlier 
definitions of Miller’s delta included multiplication 
by eo, the permittivity of free space. 

The nonlinear optical coefficient is usually 
reduced to a scalar quantity, the effective nonline: 
coefficient or dat, that relates only the specific 
vector components of the fields involved in the 
interaction. The effective nonlinear optical coe 
cient will be discussed in more detail later. The 
coupled equations for second-harmonic generation 

ing dei are 


dE: weg (aye z)exp(—i Mke) [8] 
de ue 

Met) E(e)expli Ak: 9) 

en TEE @expli dk) 19] 

Here w is the angular frequency of the funda- 


mental wave; z is distance in the direction of pro- 
pagation, m,, and n,, are the refractive indices of the 
harmonic and fundamental respectively; and c is the 
speed of light in free space. The complex electric 
field amplitudes of the harmonic and fundamental, 
E,() and E,(2), respectively, are assumed to be 
slowly varying functions of position compared with 
the oscillation of the carrier waves exp i(ky,-t — 2ot) 
and exp ik,-r — of), with ky, and k, the wave- 
vectors of harmonic and fundamental; the asterisk 
indicates complex conjugate. The quantity Ak 
is the wavevector mismatch and is given by 
Ak = ky, —2k,. These are simplified expr 
that apply to nearly monochromatic plane waves. 
‘Two solutions to the coupled equations are 


20d?" 120) sin®(Akz/2) 


Grae (NO 


Iy,(2) = - 

Maa ey 

for insignificant depletion of the fundamental 
amplitude and 


1,6) = 1,(0)tanb’, feet) 


2a yz Ta(0) 
om 


for the case of perfect phase matching Ak = 0 and 
allowing depletion of the fundamental. The quantity 
hh,(2) is the harmonic intensity after propagating a 
distance z in the nonlinear material, and [,(0) is the 
fundamental intensity at the input surface of the 
nonlinear material where [3,(0) = 0. 


G0 


The above relationships for nonlinear polariza- 
tion, the coupled equations for second-harmonic 
generation, or harmonic conversion of a monochro- 
matic plane wave, each determine the definition of the 
second-order nonlinear optical coefficient. 


Symmetry 


Symmetry has an important role in the measurement 
of nonlinear optical coefficients. Indeed the second- 
order nonlinear optical coefficient must be identically 
zero if the material has inversion symmetry. This 
restricts materials to noncentrosymmetric crystals or 
isotropic materials in which inversion symmetry is 
removed by such techniques as application of an 
electric field or polymeric materials in which align- 
ment of molecules is achieved by some poling process. 
The discussion here is limited to noncentrosymmetric 
crystals. 

The nonlinear optical coefficient is a tensor of 
rank 3. Representation of the tensor in a rotated 
coordinate system is described by 


in = I RiRnRerdlinn 


tn 


"21 


where Ry is the matrix that describes rotation of the 
initial coordinate system xyz to the new coordinate 
system xy/Z. The representation of a vector 7 in the 
original coordinate system becomes rf = Sy Ryry in 
the new coordinate system. A required ‘symmetry 
property of the nonlinear optical tensor, that 
exchange of the second two indices of a component 
does not change the value of the component di. = 
diy, allows the third-rank tensor to be written as a 
3 by 6 matrix: 


di di dis dig dis die 
dx dex dry dag dhs dag 113] 
ds dix dss dag dss das 


with the components of the matrix related to the 


tensor components by 


da=dir da = das = dis 
dx =dox ds =das=dei,i=1,2,3 (14) 
dis = diss dig = dix = dow 


A further property, tensor components with any 
permutation of the indices are equal diy. = dy, called 
Kleinman symmetry or Kleinman’s conjecture, is 
often applied if there is no absorption at any of the 
wavelengths involved. Kleinman symmetry assures 
that the amount of energy depleted from the 


18 MATERIALS CHARACTERIZATION TECHNIQUES / y") 


fundamental is equal to the amount of energy gained 
by the second harmonic. This reduces the number of 
independent components of the nonlinear optical 
matrix to 10: dy: dy, = dy 
sos dis = diss dis = dass = dn; 
and d33. Sometimes components equal, according to 
Kleinman symmetry, are measured individually, 
either as a check of the measurement or to check 
the validity of the conjecture. 

Crystal symmetry places additional constraints on 
the components of the nonlinear optical matrix. 
These constraints determine the components that 
must he zero and determine additional relationships 
between the nonzero components. Matrices for 
selected crystal point groups are given in Table 1. 
Effective nonlinear optical coefficients can be found 
by a coordinate frame transformation in which the 
rotated axes align with the direction of propagation 
and the eigen polarizations. Effective nonlinear 
coefficients for a few crystal point groups are given 
in Table 2, More complete listings of both the reduced 
matrices and effective nonlinear optical coefficients 
are given elsewhere, 


Table 1 Nonlinear coatfciont matrices for selected crystal point 
groups 
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Measurements 


Usually the symmetry of a nonlinear crystal is 
determined by techniques such as X-ray diffraction 
or surface morphology. Crystal symmetry determines 
the nonzero components of the second-order 
nonlinear optical tensor. Nonphase-matched second- 
harmonic-generation techniques, such as Maker- 
fringe and wedge measurements, allow selection of 
polarizations and propagation directions relative to 
the crystal lattice that isolates individual components 
of the tensor. Phase-matched measurement tech- 
niques usually require propagation in a direction for 
which an effective nonlinear optical coefficient 
applies and can involve more than one tensor 
component. Parametric fluorescence and sum- and 
difference-frequency-generation measurements are 
phase-matched processes that involve three wave- 
lengths. All of the measurement techniques have been 
used with pulsed and continuous-wave laser output. 
In all of these methods, except parametric fluor- 
scence, it is necessary to accurately characterize the 
incident radiation. Measurements relative to a 


standard material avoid some of the concerns of 
characterization of the fundamental radiation. Rela- 
tive measurements are important in that they allow 
correlation between different sets of measurements. 
Measurement sets, that include both relative and 
absolute measurements on a number of materials, are 
useful in developing correlations that achieve more 
accurate compilations of values. 

It is desirable to have an incident beam with a 
Gaussian-like transverse intensity distribution and 
close to diffraction limited propagation. Gaussian 
beams have advantages that they are most easily 
characterized and their propagation is described with 
relatively simple analytical methods. Accurate tem- 
poral characterization of the incident light is also 
essential. Here it is desirable to have stable single- 
mode laser operation to produce narrow bandwidth 
light that is well within phase-matching acceptance 
bandwidths and that has temporal structure slow 
enough to be easily characterized and slow enough 


Table 2 Effective nontinar optical costicint fora few symmetries 
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Figure 1 Schematic illustration of an experimental setup to rec 


that group-velocity mismatch will be of no concern. 
Generating such laser output usually requires special 
techniques, such as injection-seeded pulse operation 
or stabilized single-frequency cw operation. Often 
spatial filters are required to improve the beam 
quality on the laser output. Even though these topics 
are only mentioned here, the techniques are important 
and demand much effort. 

The 
complicated. Consider the Maker-fringe measure- 
ment technique (Figure 1). In this method a focused 
fundamental beam is incident on a thin slab of 
oriented nonlinear optical material for nonphase- 
matched second-harmonic generation. The thickness 
of the slab is large enough that the function 
sin(Akz/2) has gone through many cycles. As the 
crystal is rotated both the path length in the material 
F and the wave vector mismatch Ak change, and 
sin’(Mk-4/2) oscillates between maxima and minima 
(Figure 2). The coherence length L.=mAk is 
normally small enough that conversion remains in 
the region of small depletion of the fundamental. 
Knowledge of the material dispersion and birefrin- 
gence, required to calculate Ak, or L., can be 
obtained from the fringe spacing. Ideally, the 
incident fundamental beam will be focused to a 
spot size 1, small enough to provide measurable 
harmonic conversion but large enough that the near- 
field approximation, in which diffraction is not 
significant, can be used for analysis of harmonic 
generation. In this case integration over the incident 
fundamental intensity distribution I,(r,z= 0) 


analysis of measurements can also be 


By 


exp(—2r'/w}) yields an expression for the harmonic 
power: 
_ 807d (a W3L2(a) 
—Fubtee, 
uae ey) 


X correction factors 


ord Maker-fringe measurements. 


Harmonic intensity 


Angle 


Figure 2 The envelope and spacing of the fringes allow 
determination of the second-order nonlinear optical coaficient and 
the coherence length 


where a is the angle of incidence of the fundamental 
radiation, Ws,(a) is the second harmonic power, 
and W, is the incident fundamental power. This 
equation applies to cw radiation. It is necessary to 
integrate over the temporal distributions for pulsed 
fundamental light. The effective nonlinear coefficient 
daa), the path length in the crystal (a), and the 
coherence length L,(a) change with the angle of 
incidence a. The correction factors include Fresnel 
losses at the crystal surfaces, harmonic generation at 
the surfaces, multiple reflections between the sur- 
faces, absorption at either fundamental or harmonic 
wavelengths, and walkoff due to non-normal inci- 
dence and birefringence. 

‘The wedge technique (Figures 3 and 4) also uses 
nonphase-matched second-harmonic generation, A 
wedged sample is translated through a focused funda- 
mental beam, and the above equation applies with the 
angle a constant. The crystal length | varies with 
transverse position. It is important that the wedge 
angle and the fundamental beam spot size are chosen 
so that the entire beam fits well within a maximum of 
conversion and the beam is large enough to avoid 
divergence due to diffraction. Both the Maker-fringe 
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Figure 3 Tho setup for wedge measurements is similar to that used for Maker‘ringe measurements but with a wedged sample 


translated inthe fundamental beam to change path length. 


‘Second-harmonic power 


‘Wedge translation 


Figure 4 The harmonic intensity cycles between a minimum 
‘and maximum whan the pathis changad by one coherence length 


and wedge measurements have the advantage of 
being able to isolate individual components of the 
nonlinear optical tensor, Harmonic power can be low 
with ew beams requiring chopped, lock-in detection 
methods or even photon-counting techniques. Even 
with pulsed fundamental radiation, peak harmonic 
power may only be at the level of milliwatts. It is 
necessary to isolate the harmonic radiation from the 
fundamental radiation that could have peak power in 
the range of 10° W for a Q-switch laser. 
Phase-matched second harmonic generation 
(Figure 5) offers a measurement technique that is 
similar to practical applications. Harmonic signals 
are large, thus simplifying detection, However, it is 
helpful to keep conversion levels below a few percent 
to allow the use of small depletion approximations in 
data analysis. Good optical quality of the nonlinear 
optical material and good quality and accurate 
characterization of the fundamental radiation are 
important in this measurement technique, The 
analysis is simplified for low levels of conversion, 
spectral distribution well within the phase-matching 
bandwidth, no absorption or other losses and no 
significant diffraction or walkoff. If the fundamental 


intensity is a pulse with distribution of 4(r,0) = Lao 
exp(—f/1*) exp(—2r7/w}), integration yields second- 
harmonic energy: 


= (e dt f, 2ar drhdr.z =) 
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where Up,, is the second harmonic energy and U,, is 
the fundamental energy, ris the radial coordinate, t is 
time, and / is the length of the material. Harmonic 
conversion can be measured as Ak and varied, either 
by crystal rotation or temperature change, to confirm 
that optical quality of the nonlinear material and 
incident fundamental radiation are a level of tuning 
that is accurately predicted by theory (Figure 6). Even 
this simplified equation shows the importance of 
accurate characterization of the fundamental radi- 
ation and second-harmonic conversion in obtaining 
values of the nonlinear optical coefficient. Conversion 
efficiency is calculated more accurately with detailed 
analytical techniques or numerical methods, provided 
accurate and complete characterization of the funda- 
mental radiation is available. 

Parametric fluorescence, in principle, offers an 
experimental simplification over second-harmonic 
generation techniques. Parametric fluorescence 
(Figure 7) is a phase-matched technique in which a 
pump beam of angular frequency w, produces a 
signal beam and an idler beam of angular frequencies 
+0 =p by the process of spontaneous para- 
metric generation. It is only necessary to measure the 
ratio of the generated signal power W, and the incid- 
ent pump power W,. The signal power is given by 


2Ub/2myar edgar WO 
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where h is Planck's constant, (is the solid angle of 
detection (inside the crystal), and m,, m,, and my are 
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Figure § A setup fora relative measurement of second-order nanlinear optical coefficient based an phase-matched second-harmonic 
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‘Second-harmonic eneray 


Wavevector mismatch, Ak 


Figure 6 Observation of a theoretically predicted phase- 
‘matching tuning curve confirms required optical quality. 


the indices of refraction of the signal, idler, and pump 
respectively. The absolute value of the partial 
derivative of Ak = ky — k, ~ k,, with respect to signal 
frequency with the pump frequency held constant, is 
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It is still not well understood why the carefully 
performed earlier measurements by this method 
produced nonlinear optical coefficient values larger 
than those obtained by other techniques. 
Tabulations of measurements of nonlinear optical 
coefficients are included in handbooks. The Internet 
posting ‘SNLO’ listed in the Further Reading is a 
good source of up-to-date values. Table 3 lists some 
nonlinear optical coefficients obtained from several 
sources. Signs of these coefficients are not always well 
determined, and they are reproduced where given and 
may only indicate relative polarity. Point group 


symmetry is given with some comments about axis 
assignments for the mm2 point group. The funda- 
mental wavelength is given for second-harmonic 
measurements and twice the shortest wavelength is 
given for three-wave processes. Many of the values 
obtained by Shoji et al, are based on carefully 
performed wedge measurements with single freq- 
uency ew lasers and taking detailed account of 
multiple reflections in the analysis. Their measure- 
ments for congruent LiNbO, reported agreement 
between Maker-fringe and wedge measurements, and 
phase-matched  difference-frequency generation 
measurements, and finally agreement with parametric 
fluorescence. The measurements of Alford and Smith 
combined optical-parametric amplification and 
second-harmonic generation at a number of different 
wavelengths and correlation with values previously 
reported in the literature to examine the validity of 
using a constant Miller’s delta, and reported best-fit 
values for the second-order nonlinear coefficient. 
Constant Miller’s delta provided reasonably accurate 
wavelength scaling, with good agreement for most 
materials in recent measurements. 

‘The measurements of the nonlinear optical coeffi- 
cients of KNbO,, listed in Table 3 are of particular 
interest. These measurements were performed by the 
separated-beam wedge technique (Figure 8). With 
this technique, a large wedge angle is used in a 
relatively long crystal and with a larger fundamental 
beam than in the conventional wedge technique. The 
beam is large enough that many fringes are present in 
the second-harmonic at the exit surface. The fringe 
structure causes focused harmonic radiation to 
diffract into two clearly resolved spots. Integration 
of an earlier equation, with constant fundamental 
field amplitude £,(0), provides a simplified 
expression of the second-harmonic field E,(z,t) 
in terms of a free wave with propagation constant 


N-channel MOSFET 
‘Source relatively negative 
Drain relatively positive 
Gate relatively negative 


P-channel MOSFET 
‘Source relatively positive 
Drain relatively negative 
Gate relatively positive 
‘changes conductivity as. 
gate becomes more positive 


Figure 29-14. Either of the two symbols can be combined 
with either of the two symbols in the next figure, to create 
fone of the four symbols for a MOSFET. See text for details 


Depletion MOSFET 
normally ON 

Change of gate voltage 
(more negative for N-channel, 
more positive for P-channel) 
pinches off the current flow. 


QO 


Enhancement MOSFET 
Normally OFF 

‘Change of gate voltage 
(less positive for N-channel, 
less negative for P-channel) 
pinches off the current flow. 


Q 


Figure 29-15. Either of the two symbals can be combined 
with either of the two symbols from the previous figure, to 
Create one of the four symbols for a MOSFET. See text for 
details 


In an additional attempt to clarify MOSFET be- 
havior, four graphs are provided in Figure 29-16, 
Figure 29-17, Figure 29-18, and Figure 29-19. Like 
JFETs, MOSFETs have an initial ohmic region, fol- 
lowed bya saturation region where current flows 
relatively freely through the device. The gate-to- 


discrete semiconductor 


multi-junction > field effect transistor 


source voltage will determine how much flow is 
permitted. However, itis important to pay close 
attention to the graph scales, which differ for 
each of the four types of MOSFET. 


N-channel Depletion MOSFET 


‘Saturation region 


Gate Minus Source = +4V 


Current from Drain to Source, in mA 


5 io 4520 
Drain Voltage Minus Source Voltage, in volts 


Figure 29.16. Current flow through a depletion-type, N- 
channel MOSFET. 


Inall of these graphs, a bias voltage exists, which 
allows zero current to flow (represented by the 
graph line superimposed on the horizontal axis). 
In other words, the MOSFET can operate as a 
switch. The actual voltages where this occurs will 
vary with the particular component under con- 
sideration. 


The N-channel, enhancement-type MOSFET is 
especially useful as a switch because in its 
normally-off state (with zero bias) it presents a 
very high resistance to current flow. Itrequires a 
relatively low positive voltage at the gate, and 
effectively no gate current, to begin conducting 
conventional current rom its drain terminal toits 
source terminal. Thus it can be driven directly by 
typical 5-volt logic chips. 


Depletion-type MOSFETs are now less common- 
ly used than the enhancement-type. 


260 


Encyclopedia of Electronic Components Volume 1 


22 MATERIALS CHARACTERIZATION TECHNIQUES / 


Detector 


Polarizer 
Pump laser 


Calibration 
laser 


[rove poe ty 


Pump 


blocking fiter 


Mono- 
cchromator 


Figure 7 Spontaneous optical parametric fluorescence requires measurement ofthe ratio of the power ofthe signal fluorescent tothe 
power of the pump radiation. The calibration laser is used to measure the signal transmission of the fitering system used to block the 
pump radiation from reaching the photomultiplier tube (PMT). 


Table 3 Selected nonlinear optical coefficients 


Watery Point group ‘Nonlinear optical Wavelength ‘Source 
‘coeticient (pm V~") 
RaGas, am Ga de 706 um Fi 
ha ee 1064 nm - 
AgGaSes am he de 10.6 um 4 
BaB.0, (BBO) 3m oe 1064 nm ah 
dhe = dy = ~ dhe 1064 nm * 
ha = day = dae ae 1064 nm - 
ay 3064 nm s 
cas 6mm om 10.6 um . 
ds day = dag ae 10.6 um . 
ds 1064'nm ° 
dhs = hy 1064 nm . 
= dh 1064 nm . 
case 6mm ds 106 um * 
ha = dy dag = dae 10.6 um = 
cate iam he dg = as 1064'nm . 
he = dg = das 10.6 um i 
CSLBLO0 2m he = dhe = das 1064'nm 
Gaas 4am he = dhs das 10.6 um a 
064'nm . 
GaP jam he = dag as 10.6 um 4 
1064'nm B 
KO:PO« (KO'P) am bn 1064 nm “ 
KH:PO, (KDP) 2m oe 1064 nm snear 
KNBO. mm om 1064 nm ° 
Zadaxet hs 1064 nm . 
XaYazes hy 1064 nm ° 
YeX=-yem oe 1064 nm ° 
cm 1064 nm ° 
KTIOAO, (KTA) mma dhs = hy 1064 nm ° 
Zaezem he 2128nm e 
X=Ya-yes = dh 4064 nm . 
YeXmxet da 1064 nm 7 
KTIOPO, (KTP) mm de 1064 nm a 
Zaqezem hs 1064 nm : 
X=Ya-yes hy 1064 nm . 
YeXaxet oe 1064 nm . 
cm 1064 nm a 
B20 (LBO) mm dg 1064 nm 0 
Z=Z=yas ua = dy 1064 nm s 
X=Yaze=m hs 1064 nm ° 
YeXaxmt = dh 1064 nm s 
Lilo, 6 dg +1064 nm a 
dha = hy 1064 nm se 
congruent 3m ds 1064 nm 2 
LINDO. day = dh = daa = de 1064 nm “ 
den =~ tay = the 1064 nm a 
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Table 3 (Continued) 


Tiaterar Porat group ‘Noninear optical Taverna Sours 
cootticiont (om V-") 
‘Rgreament of measurements of i, by Maker fnge and wedge SHG (4.6 pm Vand parametic 
‘uorescence and parametic ampilication (4.3 pm V-") 
4064 nm . 
S52%4MgO:LINDO, 3am on 25 4064 nm d 
oy 44 4064 nm - 
Uitao, 3am on, 138 4064 nm 
oy 0.85 4064 nm . 
NH,H.PO, (ADP) dam ha = dhe = che 0.47 4064 nm “ 
«SIO, 2 4, 03 4064 nm 
2nGeP: 2m ha = dhe = dh 6 106 um ” 


"Roberts DA (1982) Simpliied characterization of uniaxial and biaxial nonlinear optical erystals: a plea for standardization of 
‘nomenclature and conventions. IEEE Journal of Quantum Electronics 28: 2057~2074 

"Dmitriev VG (1997) Handbook of Nonlinear Optical Crystals, 2nd edn. Berlin: Springer-Verlag. 

Sutherland RL (2003) Handbook of Nonlinear Optics, nd ed, chs 4 and 5. New York: Marcel Dekker. 

*Shoj |, Nakamura H, Ondaira K, et al. (1998) Absolute measurement of second-order nonlinear-optical coefcionts of -BaB.0, for 
visible fo ultraviolet second-harmonic wavelengths. Jounal ofthe Optical Society of America B 16: 620-624. 

Shoji (1997) Absolut scale of second-order noninear-optial coeficents. Journal ofthe Optical Society of America B14: 2268-2294. 
‘Shoj |, Nakamura H, to Fi, etal. (2001) Absolute measurement of second-order noniinear-optical coeficents of CsLiB,Oy for visible- 
to-ultraviolet second-harmonic wavelengths. Joumal of the Optical Society of America B 18: 302-307. 

Salford Wu and Smith AV (2001) Wavelength variation of the second-order nonlinear coeficients of KNbOs, KTiOPOs, KTIOASOs, 
LINDO, Lil0s, -BaB.0,, KH,PO,, and LiB0, crystals, atest of Miller wavelength scaling. Joumal ofthe Optical Society of America B 
18: 524-533, 

"Pack MV, Armstrong DJ and Smith AV (2003) Measurement ofthe x tensor ofthe potassium niobate crystal. Journal of the Optical 


Society of America B 20: 2108-2116. 
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Figure 8 In the separated-beam wedge measurement tech- 
nique, a fundamental beam of large transverse size generates 
harmonic radiation that is separated into a free harmonic wave 
and a driven harmonic wave atter exiting the crystal 
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The two beams with different propagation con- 
stants are refracted at different angles at the wedged 
exit surface. The detailed analysis must include losses 
due to absorption and reflections at the surfaces and 
also nonlinear effects at the surfaces. Precision again is 
required in characterizing the fundamental beam and 
incident and generated intensities or energies as well as 


the geometry of the measurement. The large wedge 
climinates problems of multiple reflections, andit is no 
longer necessary to carefully choose the beam spot size 
to fit within one fringe maximum, yet be large enough 
to allow use of the near field approximation. The 
accuracy of this measurement is demonstrated when 
the coefficients are expressed as Miller-delta 
values: 5y¢=0.153pmV~!, 532=0.150pmV"!, 6ys= 
0.195pmV"!, and 53;=0.192pmV-!. These values 
satisfy Kleinman symmetry, 6:4=632 and 5s=6s1, 
well within the reproducibility of the measur 
ment, which was about +3%. 

The nonlinear optical coefficients of BBO d33(1064 


nm) 3pmV! and KDP dy(1064 nm) 
0.39 pm V ! are gaining agreement from a number 
of independent measurements. The apparent 


disparity in the values for GaAs dy(10.6 wm) = 
83pmV! and d3(1064 nm) = 170 pm VV!" is 
resolved when the coefficients are converted to 
Miller’s delta 8, = 0.089 pm V-! and 
836 = 0.086 pm V-!, respectively. The same thing 
can be done for GaP, for which dy(10.6 wm) = 
37 pm V~! and d3<(1064 nm) = 70.6 pm V-! convert 
to 836 = 0.085 pm V1 and 634 = 0.077 pm Vt, 
respectively. However, the older and newer values 
for other materials such as CdTe and CdS do not 
achieve this ageeement. Other materials such as 
CLBO and LBO need additional investigation to 
resolve differences. The measurement of nonlinear 
optical coefficients is a continuing process. 


value 
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Other techniques for measurement involving differ- 
ent nonlinear-optical processes are possible. Para- 
metric amplification was mentioned above. Generally 
more complicated processes are less well suited for 
measurement of fundamental properties. Integrated- 
optical devices such as waveguides are even more 
complex. Often nonlinearity is measured in fractional 
conversion per unit of pump power to characterize 
overall device performance. There are survey tech- 
niques for evaluating materials such as grinding the 
material to a powder, illuminating with intense laser 
radiation, and looking for harmonic conversion. 
A surprising amount of information, such as a rough 
estimate of nonlinearity and the possibility of bire- 
fringent phase matching, can be gleaned by sorting 
the power and measuring the scattered harmonic 
radiation, Second-harmonic reflections from surfaces 
and thin film can be used in some instances. Electric 
fields can be use to orient molecules in polymers 
and solute molecules in solution to measure the 
hyperpolarizability of individual molecules. 


Reporting Frames 


Standardized axis specifications avoid confusion, but 
nonstandard axes can prove convenient in some 
applications provided care is used. The crystal 
KNbOs has mm2 point group; it could also be m2m 
or 2mm depending on the choice of axes to describe 
the crystal properties. The axis assignment for the 
orthorhombic class mm2, as it is used in Table 3, 
follows the IEEE/ANSI Std. 176-1987: Z is the polar 
axis, X is parallel to the shorter of the remaining 
unit cell dimensions, and Y is chosen to complete a 
right-handed coordinate frame. Polarity of the axes 
can be assigned by pyroelectric properties and piezo- 
electric properties of the crystal. The common 
assignments of the axes in the literature are given by 
Xz, Yi, Zz. in the table. Reference to the biaxial 
indices of refraction are given by the lower case x,y. 2 
with my <n, <7,. Finally the axes are identified by 
the unit cell dimensions s <m <. Either a plus or 
minus rotation about the Y axis will bring the crystal 
into an xyz frame. However, a +90 degree rotation 
will give coefficients that are opposite in sign from a 
=90 degree rotation. The signs of the nonlinear 
optical coefficients are often not well determined 
because sign is not obtained from conversion 
ciency in a single crystal. However, coefficient signs 
can be compared in the same crystal or between two 
crystals to determine if they are the same or opposite. 

‘The crystals KTP or KTA are used here as an 
example, A 90° rotation about the Z-axis gives a new 
coordinate system X'Y'Z' aligned with the xyz frame 
determined by the indices of refraction. In the new 


frame, the component of the nonlinear optical tensor, 
in terms of the standard frame, are di. =d3) and 
dy = ds,. All that is needed here is to exchange diy 
and d3, to change the standard frame to the one 
commonly used in the literature, X,, ¥z, Z,. When 
the largest index of refraction is not aligned with the 
polar axis, as is the case for LO and KNbO,, the 
specification of tensor components can become 
confusing if a standard frame is not used. 

Often crystallographers and crystal manufacturers 
can identify axes by surface morphology or by poling 
processes of ferroelectric crystals. With other crystal 
symmetries a change in the reporting frame that docs 
not change linear optical properties may change 
the sign of some of the nonlinear optical tensor 
components while leaving others unchanged. For a 
crystal of 3m point group, a 180° rotation about Z 
will change the sign of dap, day, and dyq and leave the 
other coefficients unchanged. The xyz frame with 
tg <n, <n, is convenient for calculations of optical 
propagation, and the standard XYZ frame is unam- 
biguous for reporting of tensor properties. 


Conclusion 


There is still a range of values for nonlinear optical 
coefficients of many materials. Standardization is 
evolving on more commonly used materials. Greater 
precision in measnrement and extension of measure- 
ment techniques are providing better accuracy. 
However, caution is still required when accessing 
values. It is necessary to scrutinize the sources of 
values to obtain the highest accuracy. Accurate 
measurements need to be extended to difficult 
spectral ranges of the ultraviolet and infrared. The 
ambiguity of the sign of tensor components needs to 
be resolved. In recent measurements, carefully exe- 
cuted wedge measurements are producing more 
reliable results. The separated beam wedge technique 
appears to be particularly promising, Phase-matched 
second-harmonic generation and other practical 
applications of nonlinear optical materials will 
continue to serve as techniques to verify accuracy. 
Current analytical and numerical techniques provide 
a method for precise modeling of nonlinear optical 
processes and the need for more accurate material 
characterization, 
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Introduction 


Over the past 30 years, several methods have been 
used to measure and characterize optical nonline- 
arities. With increasing interest in nonlinear opti 
beyond the traditional harmonic generation, third- 
order nonlinear processes have been shown to be 
responsible for self-focusing and defocusing of optical 
beams, phase conjugation, optical bistability, etc. 
Third-order nonlinear processes in Kerr materials 
arise from the cubic dependence of the polarization 
P= pl pXt, pNi = yS/E-E-E in a material on the 
optical field E, through the nonlinear susceptibility 
tensor x), The cubic nonlinearity in turn results in 
a nonlinear refractive index coefficient m, defined 
through: 


n= ng + mlEe a 
where E>” is the phasor part of E : E = Re[Es"exp X 
jwot]. The relation between y and ny can be 
expressed as: 
ny = (B/S8mg X13 ers phys 9) 2 
In some materials, an effective y or an effective 
ny can be defined as well. For instance, in a second- 
order nonlinear material, an effective y is 
established through cascading of y's, and in the 
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presence of phase mismatch between the funda- 
mental and the second harmonic. In other 
materials, such as liquid crystals, an effective m 
can be defined due to the nonlinear dependence of 
the reorientation of the director axis on the optical 
field. In photorefractive materials, the induced 
nonlinearity stems from the nonlinear dependence 
of the induced space charge distribution in the 
material on the optical field. Some of the techniques 
used to measure the third-order nonlinearity in 
materials include degenerate four-wave mixing 
(DFWM) or phase conjugation, interferometry, 
ellipse rotation, and beam self-refraction and/or 
distortion and bending, 

For instance, in DFWM, two contradirectional 
propagating pumps and the probe beam having the 
same frequency op interact to give rise to the 
conjugate, whose amplitude depends on the magni- 
tude of the cubic nonlinearity coefficient. The 
conservation of energy and momentum describes a 
parametric interaction of the form a+ wy ~ a) — 
y (in frequency space) and, Kpeobe + Kpumpt ~ 
Kpunip2 —* Keony (in k-space). The conjugate beam is 
clearly distinguishable by its spatial separation from 
the other interacting waves. However, alignment of 
the three waves is critical to obtain a good phase 
conjugate; furthermore, the sign of the nonlinearity 
cannot be determined. 

In the interferometric method, a laser beam is split 
into two parts, one serving as the reference, and the 
other being incident on the nonlinear sample. As in 
the case of interferometers, if the two beams are then 
recombined and introduced through a lens, an 
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interference pattern forms at the focal plane of the 
ens. While the information about the magnitude of 
the nonlinearity can be found from the fringes and 
their change when the incident power is varied, 
information of the sign of the nonlinearity is still not 
readily inferable. 

In this article, we will concentrate on self- 
refraction, particularly in light of the fact that it 
results in a sensitive and at the same time simple 
method called the z-scan®, requiring the propagation 
of a single beam through the nonlinear sample. We 
comment that self-diffraction does also cause self- 
bending of an asymmetric beam due to the asym- 
metric phase change induced through the cubic 
nonlinearity; however, extracting the information of 
the sign and magnitude of the nonlinearity can be 
effectively done only if the sample is thin, implying 
that there is negligible linear diffraction of the beam 
as it passes through the sample. In the rest of the 
article, we will therefore concentrate on the z-scan 
method, since it is an elegant and simple single 
(symmetrical) beam technique that yields information 
on the magnitude and sign of the cubic nonlinearity, 
as well as its real and imaginary parts. We will des- 
cribe in detail how the z-scan can measure the real 
part of the cubic nonlinearity, for both thin and thick 
samples, as well as showing its application in 
determining the reorientational nonlinearity of liquid 
crystals and the nonlinearity of photorefractive mate- 
rials, where photovoltaic effect and diffusion of charge 
carriers contribute to the effective nonlinearity. 

Since the mid-1990s z-scan has evolved as a 
standard method for determining effective non- 
linear refractive index coefficients of nonlinear 
materials. The name z-scan is derived from the 
fact that the nonlinear test sample is scanned along 
the direction of propagation (z) of a beam about 
the back focal plane of an external lens illuminated 
by an incident Gaussian beam from a laser. The 
far-field diffraction pattern yields information 
about the nonlinearity of the test material. The z- 
scan technique has been used to measure and 
characterize the nonlinear refractive index cocffi- 
cient and nonlinear absorption coefficient in 
materials such as CS, ZnSe, Cs atoms, multi- 
photon absorption in GaN, organic dyes, thermal 
nonlinearities in liquids, liquid crystals, photore- 
fractive materials, etc., to name a few. z-scan 
measurements have been made using non-Gaussian 
incident beams, and z-scans have been performed 
using both CW and pulsed laser sources. 

The first extensive series of work on the z-scan 
technique, including analysis and application to 
the measurement of the cubic nonlinearity, was 
performed by the group of Van Stryland at the 


Center of Electro-Optics and Lasers (CREOL) at the 
University of Central Florida. Other investigators 
later performed similar measurements and charac- 
terization during the study of nonlinear optical 
properties of a solution of chlorophyll in acetone, 
and Chinese tea. 


Theory of the Thin Sample z-Scan 


We will first analyze propagation of a (circularly 
symmetric) Gaussian beam which is initially focused 
by an external lens and is then incident on a ‘thin’ slice 
of a cubically nonlinear Kerr medium, This case is 
important because, as explained below, it provides a 
basis for the measurement of the nonlinear refractive 
index coefficient my. 

Figure 1 shows a simple ray diagram to demon- 
strate what happens if the cubically nonlinear 
material is thin, The propagating Gaussian beam 
induces its own lens, which is positive for a material 
having a positive 1, for reasons that will become 
clear to the reader later on in this section. Note that if 


the position of the induced lens is at the back focal 
plane of the external lens, the former does not affect 
the propagation of the beam behind the nonlinear 
material, The situation is thus the same as the 
propagation of the externally focused Gaussian 
beam in a linear diffraction-limited environment. 
However, if the separation between the external lens 
and the sample is less than the focal length f of the 
external lens, the beam in the far field is wider than 
the linear diffraction-limited case. Conversely, if the 
lens-sample separation is larger than f, the beam 
width is smaller. This is the basis of the z-scan: for a 
material with a positive m, the scanning of a thin 
nonlinear sample through the back focal plane of the 
external lens, starting from a position to the left of the 
focus, yields far-field profiles which are initially larger 
and eventually smaller than the width in the linear 
diffraction-limited case. The opposite is true for 
materials with a negative mp. For very large displace- 
ments of the sample from the back focal plane of the 
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Figure 1 Goomotrical optics picture of zscan setup for 
‘nonlinear refractive index n_.. Reproduced with permission from 
Banerjee PP (2004) Nonlinear Optics: Theory, Numerical 
‘Modeling, and Applications. New York: Marcel Dokker. 
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external lens, the beam power is small enough that 
nonlinear lensing is negligible, and hence the beam 
widths return to the linear diffraction-limited case. 
The variation of the on-axis intensity or transmit- 
tance as a function of scan distance is complementary 
to the variation of the width, due to conservation of 
power, to be explained further below. A sketch of the 
on-axis transmittance during a z-scan for a positive 1 
material, is shown in Figure 2. 

The simpler ray picture described above can be 
augmented by using a q parameter approach to 
Gaussian beam propagation, For the sake of 
simplicity, we prefer to introduce the q parameter 
approach here, instead of the more rigorous 
Gaussian decomposition of the induced phase as 
computed by Van Stryland’s group. The q of a 
Gaussian beam in air is defined through the relation 
Mg = UR ~ i(2/koww), where R and w denote the 
radius of curvature and the beamwidth, respectively, 
and ky is the propagation constant in air. Assume a 
Gaussian beam with a waist 1p (implying initially 
planewave fronts) incident on the external lens. The 
Gaussian can be described by q= qo = izgo, whe 
zen = kow3/2 is called the Rayleigh length of the 
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Figure 2 Typical zscan plots for positive (top) and negative 
(Gottom) cubic nonlinearities. The vertical axis is in arbitrary units 


incident Gaussian. The laws of q transformation of a 
Gaussian beam are: 


(i) for translation through a distance d, the q changes 
tog +d; and 

(ii) for a Gaussian with g-parameter q incident on a 
lens, the g immediately behind the lens, is given 


by (I/q — Uf)! 


Using these laws, the q = qos of the Gaussian at 
a distance d from the nonlinearly induced lens of 
the focal length f,,4, which is located at a distance 
s=f + As behind the external lens, can be found as: 


faldof +(F = a0oXf +4 _ 


0 + 0-405 


In deriving eqn [3], we have used the laws of q 
transformation on the initial Gaussian beam of 
grparameter qy passing through the external lens, 
being translated a distance f + As, passing through 
the induced lens, and finally being translated a 
distance d to the observation plane. 

To determine fina(As), assume a Gaussian of the 
form: 


LES*(x, ¥,2)1 = E(2) exp(—(? + y?Ve*(2)) [4] 
Since 
nam +1 P= ny 2p Ea? + yer) [5] 
the nonlinearly induced phase change is 
Ad=kondz=kolmy —2m E(x + y Vw Az_ [6] 
so that 
foal2)= note? (z/Ana-()Az 71 


Note that figg(2) is inversely proportional to 1)E*(z) 
and Az. The longer the sample length, the more the 
nonlinear induced phase, implying a stronger lensing 
(smaller fgq)- Also, the stronger the nonlinearity 
parameter 7) and/or on-axis intensity (E2(z)), the 
stronger the focusing since the change in m is larger. 

‘We must point out that the focal length fias of the 
induced lens is also a function of As, since it depends 
on the beam intensity at the location of the nonlinear 
sample, In fact, the focal length fig of the nonlinearly 
induced lens can be expressed in terms of the beam 
power P, the beam width w at the position As, f (the 
focal length of the external lens), the linear refractive 
index 1, the nonlinear refractive index coefficient m, 
defined through eqn [1] where |E$"| = E is the optical 
field in the nonlinear material of length L, assumed 
‘thin’ for now. The term ‘thin’ means that the sample 
length is smaller than the depth of focus of the 
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externally focused Gaussian beam. In this case, we 
can assume that the beam width isa constant through 
the sample, and the induced focal length is then only 
directly dependent on the total thickness L of the 
sample. The focal length of a nonlinearly induced 
‘thin’ Kerr lens can be written as 


f'n 
Ruy PL 


rte (As) 
Fats) = ToS) 


8 
4nlEFL eh 


for small As, where mp is the (linear) characteristic 
impedance of the nonlinear medium. Note that in 
eqn [8], the beam width w is given by 


4(Asy° 


428 at 


Row} 


w*(As) 


‘oW’o 


In eqn [9], ws denotes the waist size of the Gaussian 
beam at the back focal plane of the external lens. 
In deriving eqn [8], one has to use the power 
conservation relation |El’1* = (4/7) nP to re-express 
the dependence of the induced focal length on the 
field amplitude in terms of the corresponding width at 
the same point. 

Our final interest is to find the imaginary part of 
Uqop,(= —2kow2,,), in order to ascertain the width 
Wy, of the Gaussian beam on the observation plane. 
Simple but tedious algebra leads us to the relation: 


— had —P4+ Poa) + ft ~ DASE + zal fs ~ DSS + fas? 
oP 


(10) 


I can be shown simply that when As=0, and for 
Iaal>f. Woss=wodlf for large d. In other words, in 
the linear case, i.e., when fy =, as well as in the 
nonlinear case when As = 0, the far-field width of the 
Gaussian beam is what is predicted by geometrical 
optics. Furthermore, from eqn [10], the rate of change 
of the width with As around As=0, (assuming 
go > f, and for large d) can be found as 


divs 
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deno__ _ Wod 
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provided we invoke the relation for wat, derived 
above. In eqn [11], fina refers to the value of the 
induced focal length (eqn [8]) with As = 0. Equation 
[11] may be written as 
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This means that in a material with a positive 
(negative) 1, implying a positive (negative) induced 


lens, the rate of change of the observed width with the 
position of the nonlinear sample about the focal plane 
of the external lens will be negative (positive), in 
agreement with the results from geometrical optics. 
Furthermore, the rate of change is proportional to the 
angle of convergence wo/f of the externally focused 
Gaussian, and to the position d of the observation 
plane. 

In zscan, it is often important to relate the on- 
axis transmittance in the far field to the scan 
distance s for measurement purposes. Since for 
power conservation, the intensity is inversely 
proportional to the width of the beam in the far 
field, a positive m would imply a positive slope as a 
function of scan distance with increasing s, and a 
negative slope for negative 1. The value of the slope 
of the on-axis transmittance could give the infor- 
mation of the 1) of the material. Note that the 
zscan graph in this case is an odd function of 
the scan distance, measured about the back focal 
plane of the external lens. 

In practice, a detector with a finite aperture area is 
placed on-axis, and the detected power monitored as 
a function of scan distance. The transmitted power 
through the aperture is obtained by 
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where r, is the radius of aperture. The rate of change 
of Py with As can be found as 

dive 

‘dAs 


Substituting eqn [12] into eqn [14] and using 
the approximation wy, = wod/f, eqn [14] can be 
rewritten as 
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When r, approaches 0; 


u7i 


iy 


Therefore, m2 can be estimated as 


mm \(_ d_ \(f\ aPr 
(Fit) zeae) (F) as 
Thus, if one knows the slope of the z-scan graph 
around As ~ 0, the value of m2 can be found, Another 
way to state this result is to say that the mis related 
to the peak-to-valley change in the on-axis trans- 
mittance AT,,_,, which is proportional to dPy/dAs. 
In passing, we comment that the z-scan method 
can be also adapted to determine the nonlinear 
absorption coefficient a of a material, defined 
through the relation @= ay + ayl, where a is the 
total absorption coefficient and I denotes the inten- 
sity. In order to achieve this, the aperture is assumed 
to be completely open, in order to collect all the 
light behind the nonlinear absorptive sample, For 
a) >0, maximum absorption is experienced when 
the nonlinear sample, assumed thin, is at the 
hack focal plane of the lens since the optical 
intensity is a maximum due to the external focusing. 
The <-scan graph is an even function of scan 
distance, measured about the back focal plane of 
the external lens. 


Us} 


Thick Sample z-Scan 


Contrary to the thin sample case, a thick sample is 
defined as one whose thickness may be comparable 
to the depth of focus of the externally focused 
Gaussian beam. In this case, the beamwidth changes 
during propagation through the sample, so that the 
induced focal length also changes with propagation. 
This makes the problem substantially more involve 
Indeed, to track the far-field profile in this case, one 
needs to describe the propagation of the Gaussian 
beam inside the nonlinear sample using the q 
parameter formalism. Since both the width and the 
radius of curvature of the beam at the exit face of the 
sample are required to predict the far-field behavior, 
one can write a simple differential equation describ- 
ing the variation of the q through the nonlinear 
sample, This equation can be composed from the laws 
of q-transformation described earlier, and the effects 
of propagation and nonlinear lensing can be added 
assuming each is small over an infinitesimal distance 
of propagation, much like the numerical method 
called the split step beam propagation method (BPM), 


og 
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Figure 3 Plot of width of the beam inthe far feld asa function of 
the scan distance s. The light wavelength is 640 nm. Reproduced 
with permission from Banerjee PP (2004) Nonlinear Optics: 
Theory, Numerical Modeling, and Applications. New York: Marcel 
Dekker. 


often used to analyze such problems. We will not 
present details of the computation, rather show 
calculation results for a typical thick sample case, 
and point out differences with the thin sample 
predictions for z-scan. 

Figure 3 shows the beamwidth as a function of scan 
distance for the case where the observation plane is at 
a distance d= 1 m from the exit face of a 1 em thick. 
Assume that a hypothetical sample with mp = 1, 
+10" m“/V® is scanned about the back focal 
plane of an external lens with focal length = 5 em. 
For comparison, the case of a linear sample is also 
superposed on the same graph. Note that with the 
variation of s, the far-field width initially increases, 
and then decreases hefore starting to increase again, 
for a material with a positive 2. Note that around the 
point where the variations intersect the graph for the 
linear case, the slope of the curves are negative and 
positive for materials with positive and negative m2, 
respectively. The graphs for the variation of on-axis 
transmittance are opposite to the variation of the 
widths, as mentioned earlier. This is also in agreement 
with the results predicted from geometrical optics and 
the q formalism for a thin sample, described earlier. 

How do thick and thin sample z-scans differ? 
Important differences are: (i) the position of the points 
where the graphs for positive and negative, ms, 
intersect the graph for the linear case; and (ii) the 
slope of the graphs, predicted from thin and thick 
sample calculations. For instance, for the thin 
sample approximation, the value of the slope around 
s=f is about —4 for a material with a nm) = 10°! 
m7/V, Recall from the previous section, the z-scan 
plot for a thin sample always intersects the graph for 
the linear case at the back focus of the external lens, 
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and therefore, it is easy to determine the slope of the 
zscan at this point. From the graph in the thick 
sample case, it is perhaps difficult to ascertain at 
exactly which point one must determine the slope. 
A figure of merit would be the minimum value, which 
occurs for a value of s slightly smaller than f= 5 cm. 
A conservative estimate yields a slope of approxima- 
tely ~1 for this particular example. Note, however, 
that in the thick lens analysis, we have taken a 
paraxial approximation to the Gaussian at every 
stage of its propagation through the nonlinear 
sample. Strictly speaking, this is not true, and to 
alleviate this problem, Van Stryland’s group 
included a correction factor with the width of the 


Gaussian beam. 

We would like to mention that values of 1, = 
—10°'' m’/V* can indeed be measured for thermal 
nonlinearities in liquids. In fact, this is a typical value 
that we measured for our solution of chlorophyll in 
ethanol during our first experiments on z-scan, Values 
of effective m ~ 10" m?/V? can be measured for 
liquid crystals with orientational nonlinearities, and 
will be described below. 


Example of z-Scan: Effective Cubic Nonlinearity 
of Liquid Crystals 


The induced refractive index in a nematic liquid 
crystal, due to reorientational nonlinearity, is a 
function of position in the crystal and depends on 
the intensity of the incident optical plane wave, its 
angle with respect to the direction of propagation, 
and on the applied voltage. Because of the fact that 
the nonlinearity depends on the direction of propa- 
gation of the planewave and the director axis of the 
crystal, modeling Gaussian beam propagation is 
rather complicated, Moreover, the director axis has 
a certain distribution in the material due to the 
applied voltage, and hence, the electrostatic field in 
the material, as well as the optical field, This poses a 
level of complexity a degree higher than that 
discussed above for the simple thick sample case. 
Since the induced refractive index is not a constant, 
and more importantly, a function of the spatial 
frequency of the optical beam (which determines 
the angle between a planewave component of the 
Gaussian beam spectrum and the director axis 
distribution under external field), one is compelled 
to analyze optical propagation using split-step BPM. 
A typical set of simulated z-scan plots is shown in 
Figure 4, assuming one transverse dimension for 
simplicity, and the same parameters as in the 
experiment described below. Actual experimental 
results from a z-scan of a biased liquid crystal sample 
is shown in Figure 5 for transmitted power versus 


107 zscan cues for f=502mm, VIVg=1.01, 11,12,13, 14 
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Figure 4 zscan simulation results for f= 0.2mm and 
VV, =1.01, 11, 12, 13, 14 with E.=2> 108 Vim. zscan 
simulation results for f= 50.2mm and ViVq = 1.4, 1.8,2.2,26,4 
With Eq, =2% 10 Vim. Reproduced with permission trom 
Banerjee PP (2004) Nonlinear Optics: Theory, Numerical 
‘Modeling, and Applications. New York: Marcel Dekker. 


sample position in a z-scan experiment for a liquid 
crystal sample for applied voltages 0.8, 1.0, 1.2, 1.8, 
and 2.2 V. In this case, the focal length of the external 
lens is approximately 50 mm and aperture diameter 
on the observation plane is 1 mm, The scan range is 
0.15 inches or approximately 4mm. The scan step, 
AZ, is varied from about 0.002 inches to about 
0.01 inch, depending on the position of the sample, 
This is done so as to get the maximum information 
around the back focal plane of the external lens where 
the measurement values are to be used to find the 
slope of the z-scan graph, and hence the effective 
nonlinear refractive index coefficient. 

The plots of the effective m = rei (simulated and 
measured) are shown in Figure 6a and b, respectively. 
As seen from both plots, the 7. increases and 
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zscanfor f= 50.2 mm, aperturediameter=1 mm 


On-axis transmittance 
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Figure 5 Measured 2-scan graph for f= 50.2 mm and aperture diameter ~ 1 mm. Reproduced with permission from Banerjee PP 
(2004) Nonlinear Optics: Theory, Numerical Modeling, and Applications. New York: Marcel Dekker. 


reaches a maximum at V/V, = 1.4, before starting to 
decrease, Simulated and experimental mzey have 
similar trends. Furthermore, there is reasonable 
agreement between the calculated and measured 


values of mci 


Discussion: Effective nz of 
Other Materials 


‘The z-scan is a powerful tool in the measurement and 
characterization of effective cubic nonlinearities of 
different materials. The method is simple and easy to 
set up, and can be readily automated. We provide two 
other examples of z-scans below, as examples. For 
instance, photorefractive materials are commonly 
used for dynamic holography, in order to record 
and reconstruct volume holograms. Photorefractive 
materials are doped light-sensitive electro-optic 
materials in which optical radiation creates mobile 
charge carriers which redistribute themselves to 
create an induced space-charge field. This electro- 
static field in turn modulates the refractive index 
which phase modulates the optical beam. A figure of 
merit for the effectiveness of such a material, eg., 
lithium niobate, for holographic storage, is the donor 
to acceptor ratio in such materials. It turns out 
that this ratio, along with the photovoltaic coefficient, 
can be related to an effective mz in lithium niobate. 
This is also responsible in producing an elliptic beam 
in the far field by starting out from a circularly 
symmetric Gaussian beam focused onto the sample. 


The ellipticity stems from the tensor nature of the 
electro-optic coefficients. Typical simulated z-scan 
plots for lithium niobate are shown in Figure 7, and 
carries the signature variation of the scan in the varia- 
tion of the beam ellipticity with scan distance, From 
this plot, we are able to determine the effective ms and 
hence, the donor to acceptor concentration ratio. 

In other photorefractive materials, such as barium 
titanate, in which diffusion of charge carriers plays a 
dominant effect, the induced change in the refractive 
index is proportional to the gradient of the intensity, 
rather than the intensity itself, as was the case in all 
previous examples. In this case, as scen in Figure 8, it 
can be shown that the z-scan plot for on-axis 
transmittance with a small finite aperture on the 
observation plane is an even function of scan 
distance. This, however, should not be confused 
with the open aperture z-scan that is also even, but 
which yields information of the nonlinear absorption 
coefficient, as described earlier. Experiments with a 
new material, manganese aluminum oxide, which is 
thought to have both photovoltaic and diffusive 
contribution to space charge field distribution, yields 
a zscan that has both odd and even components. 
‘Through careful analysis of the z-scan results, one is 
able to determine the relative contributions of each of 
these effects. Care should be taken in the interpret- 
ation of the results in this case, since in an actual 
experiment, the aperture size cannot be infinitely 
small, and thus, an optimum aperture size must be 
determined that allows for sufficient detected power, 
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Figure 29-17. Current flow through a depletion-type, P- 
channel MOSFET. 


‘N-channel Enhancement MOSFET 


‘Saturation region 


“Gate Minus Source = +7V 


46v 


+5V 
“Vv 


Current from Drain to Source, in mA. 


feu 


i nn) 
Drain Voltage Minus Source Voltage, in volts 


Figure 29-18. Current flow through an enhancement. 
type, N-channel MOSFET. 
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Figure 29-19. Current flow through an enhancement: 
type, P-channel MOSFET. 


The Substrate Connection 

Up to this point, nothing has been said about a 
fourth connection available on many MOSFETs, 
known as the body terminal. This is connected to 
the substrate on which the rest of the compo- 
nent is mounted, and acts as a diode junction 
with the channel. It is typically shorted to the 
source terminal, and in fact this is indicated by 
the schematic symbols that have been used so 
far. It is possible, however, to use the body ter- 
minal to shift the threshold gate voltage of the 
MOSFET, either by making the body terminal 
more negative than the source terminal (in an N- 
channel MOSFET) or more positive (in a P- 
channel MOSFET). Variants of the MOSFET sche- 
matic symbols showing the body terminal are 
shown in Figure 29-20 (for depletion MOSFETS) 
and Figure 29-21 (for enhancement MOSFETS). 


A detailed discussion of the use of the body ter- 
minal to adjust characteristics of the gate is be- 
yond the scope of this encyclopedia, 
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Figure 6 (a) Calculated roa for f= 50.2mm with Ezy =2% 10 Vim: (b) Experimental nay for f= 502mm with aperture 


diameter = 1 mm. Reproduced with permission from Banerjee 
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Figure 7 Typical simulated 2scan plot showing variation of 
beam ellipticity as a function of scan length. Reproduced with 
permission from Banerjee PP (2004) Nonlinear Optics: Theory, 
‘Numerical Modeling, and Applications. New York: Marcel Dekker. 
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Figure 8 Typical zscan plots of a difusion dominated 
photorefractive material, with An = CVI. Different values of C 
fre written on the graph. 
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hut at the same time allows one to neglect any effects 
of nonlinear absorption. 

In summary, itis hoped that this article illuminates 
readers on the history of the z-scan, its application to 
thin and thick samples, its effectiveness in measure- 
ment and characterization of effective third-order 
optical nonlinearities for a wide class of nonlinear 
materials, such as _y°) materials, materials with 
cascaded second-order nonlinearities, liquid crystals, 
photorefractives, etc., and its potential for auto- 
mation, while at the same time pointing out areas 
where care should be taken in the interpretation of 
the measured data. With appropriate modification in 
the theory, it can also be applied to characterization 
of linear lenses, possibly voltage controllable lenses 
and lenslet arrays, suitable for dynamic imaging in 
biomedical applications. 


See also 


Materials for Nonlinear Optics: Liquid Crystals for NLO. 
Nonlinear Optics, Basics: Four-Wave Mixing; 
x®—Third-Harmonic Generation. 
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Introduction 


Liquid crystals are complex organic molecular 
systems that exhibit various mesophases character- 


ized by the degre 
shall focus mainly on thermotropic liquid crystals 
which exhibit various mesophases in the temperature 
range between the crystalline and the isotropic liquid 
states. In particular, we shall discuss the extraordi- 
narily large optical nonlinearities of nematic liquid 
crystals, as well as the electronic nonlinearities of 
isotropic-phase liquid crystals. Recent studies have 
shown that these materials are promising candidates 
for advanced photonic applications. 

Nematic liquid crystals (NLC) possess directional 
ordering, i.e., when placed in thin cells with surface 


of order. In this review, we 
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Director 


Figure 1 Nematic liquid crystals (NLC) which exhibit cirectional 
ordering characterized by the director axis. The lower figure 
shows ftow the NLC molecules are aligned in atypical cell with 
surfactant coated windows. 


treated boundaries, the NLC molecules will self- 
assemble into a birefringent crystal characterized by a 
so-called director axis f, cf. Figure 1. For light 
polarized parallel to f, the refractive index is 1, while 
for light polarized perpendicular to i, the refractive 
index is rg. Typically m, is ~1.7 and m is ~1.5. This 
large birefringence An =n, — 1 of NLC holds 
throughout the near UV to the far infrared spectral 
regime, cf. Figure 2. Perhaps the most important 
characteristics of NLCs is the easy susceptibility of 
the birefringent director (crystalline) axis orientation 
to externally applied fields, which has led to their ever 
increasing widespread use in various opto-clectronics 
information and image display and processing 


devices. In analogy to de and ac field effects, 
the director can easily be reoriented by an optical 
field, and thus cause a large optically induced index 
of refraction change. By doping the NLC with 
photosensitive or photo-charge producing agents, 
this process of refractive index change can be 
enhanced considerably. The refractive indices of 
NLC are also very strongly temperature dependent. 


Birefringence, 
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Figure 2. Broadband birefringence of nematic quid crystals from the near ultraviolet to far infrared. 
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Accordingly, a large refractive index change can also 
be generated with laser absorption induced density 
and order parameter changes. In the following 
sections, we will broadly classify these nonlinear 
optical processes originating from the collective 
response of NLC to external fields as nonelectronic 
nonlinearities. 

On the other hand, individual NLC molecules 
also respond to an optical field through the 
electronic dipolar interaction. A typical electronic 
energy level structure of liquid crystal molecules is 
shown in Figure 3. The dipolar interaction gives rise 
to the usual nonlinear polarization characterized 
by the second, third and higher-order nonlinear 


> 
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electronic igor 
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susceptibilities y etc. The complex imagin- 
ary parts of these linear and nonlinear suscept 
bilities account for the photonic absorption 
processes. Most liquid crystalline molecules possess 
small linear absorption in the visible region (400- 
700 nm), and begin to absorb near the UV region 
(<350 nm), ef. Figure 4. This absorption spectrum 
translates into a (usually) large nonlinear two- 
photon absorption spectrum in the visible. In some 
organic molecules, the intermediate absorption 
cross-section oj oF the excited state absorption 
cross-section is much larger than the ground 
state linear absorption og, giving rise to reverse 
saturable absorption (RSA) and excited state 
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processes. 
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‘Schematic depiction of the typical energy level structure of liquid crystal molecules and various linear and nonlinear optical 
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Figure 4 Molecular structure and absorption spectrum of typical isotropic liquid crystal molecules. 
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absorption (ESA), respectively. As we will sce 
presently, these so-called electronic nonlinearities 
are quite useful for optical limiting applications. 

Following photo-absorption, the liquid crystal 
molecules could undergo intersystem crossing, 
cis-trans or other conformational changes, and form 
isomers or charge transfer complexes. These pro- 
cesses will contribute to the nonelectronic nonlinea- 
rities such as reorientational, order parameter 
changes and thermal effects. 


Orientational Nonlinearities 


Purely Optically Induced Orientation 


Figure 5 depicts schematically various processes that 
could occur in an aligned nematic film upon 
irradiation by an optical field. The reorientation of 
the director axis ft is governed by the system's 
tendency to minimize the overall free energy, which 
consists of several bulk and surface interaction terms, 
and the interaction energy with the applied field. 
In purely dielectric nonabsorbing nematic liquid 
crystals, director axis reorientation is caused by the 
torque Pope between the anisotropic nematic and the 
optical electric field, 
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which competes with the clastic restoring torque Fy 
of the surrounding NLC molecules: 


uy 


d: 
+f, - Kin coi 


—e Surface alignment molecule 
Liquid crystal molecule 
—@ Tans dye molecule 
TS ciscye molecule 

© © Photoinduced charge 

48 Order parameter change 
4 
V Flow velocity 


‘ny. Initial director axis alignment 


= 


1’ Reoriented director axis 


Glass window 


where the K’s are the elastic constants, and Ae is the 
(optical) dielectric anisotropy. 

‘As a result of the director axis reorientation, an 
optical wave propagating through the medium 
‘see’ a refractive index change. A frequently employe 
method for measuring the refractive index change in 
nematic liquid crystal films is the grating diffraction 
setup, as shown in Figure 6a. Two polarized coherent 
writing beams are overlapped on a nematic film, 
which is probed by a polarized reading beam. If the 
writing beams are copolarized, they impart an optical 
intensity grating onto the nematic film [= Io(1 + 
cos qx), where q is the grating wavevector, cf. 
Figure 6b, On the other hand, if the writing beams 
are orthogonally polarized, the resulting intensity is 
uniform over the illuminated area, and instead a 
polarization grating is created, cf. Figure 6c. The 
polarization state of the light in the overlapped region 
varies from circular, through elliptical to linear in 
accordance to the phase difference between the two 
coherent writing beams. Using a linearly polarized 
probe beam, this setup allows one to distinguish 
various intensity and reorientation dependent effects, 
and assess their contribution to the induced refractive 
index change An. 

The magnitude of the induced reorientation angle, 
and therefore the extraordinary index change, 
depends on whether the interaction is transient or 
steady state, In the steady state case, to the first 
order of approximation, An is proportional to the 
optical intensity I, i.e., An=nfI. Under some 
experimental conditions, one can also show that 
the transient nonlinear index coefficient 1 
given by mz (7p) ~mSrp/te, where 7 
is the orientational relaxation time constant. For 
00 um, y = 0.1 poise and K = 10°° dynes, we 
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Figure § Schematic depiction of various laser-induced optical processes in a nematic liquid crystal fim. 
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Figure 6 (a) Schematic depiction of grating formation and probe difraction trom the index grating induced in a nematic film. (b) Optical 
intensity grating formed by interfering two coherent copolarized wiring beams. (c) Optical polarization grating formed by interfering 


‘wo coherent crossed-polarized writing beams. 


in the range of 10-*—10"4 em? W~*. In the transient 
case, if t= Ins, then m2 (7p) ~ 10! em Wt 
Ix? ~ 2x10" esul. 


Excited Dye-Dopant Induced Intermolecular 
Torque 


Studies of nematic liquid crystals doped with anthra- 
quinone or dichroic dyes have shown that the excited 
dye molecules could exert an intermolecular torque 
Tawte that could be much larger in magnitude than 
Ty» By considering the interaction energies between 
ground and excited dyes with the surrounding LC 
molecules, one can show that Pyoje may be written 


Proote = oT 


BI) 


where the proportionality constant £ can be much 
larger than unity. The nonlinear index coefficients 1 
these films are on the order of 
-!. The response times for the director 
axis reorientation and relaxation are similar to the 
optically induced reorientation process discussed in 
the preceding section. 


Photorefractive Effect 


Another mechanism, namely, orientational photo- 
refractivity, could also result in a very large optical 


nonlinearity. This effect occurs in nematic liquid 
crystals doped with photo-charge producing agents 
snch as fullerene Ceo or rhodamine 6G dye, in 
conjunction with a small applied de field. For a 
25 um thick film with a de bias voltage of ~1 V, the 
observed nonlinear coefficient m is in the range of 
10-10"? cm? W"?. Figure 7 illustrates the orien- 
tational photorefractive effect. An incident optical 
field excites the doped liquid crystals to form charge 
transfer complexes (CTCs). The CTCs subsequently 
dissociate and create de space charge fields through 
ionic diffusion, migration and other electrodynamical 
processes. The space charge fields, in combination 
with the applied de field, create a de field induced 
torque of the form: 


Ae, 
Pac ( i ) 
Here the total internal de field Ejs, contains the 
applied de field Ey. and the generated de space charge 
fields E,.. This causes director axis reorientation and 
refractive index change. 

The space charge fields consist of one photorefrac- 
tive and two anisotropy components. For an incident 
optical intensity grating function of the form [oy = 
Iy(1 + mcos qé), the photorefractive space charge 
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Figure 7 Schematic depiction of photo-induced space charge field formation in a nematic quid crystal luminated by a monotonic 


(upper curve) ora sinusoidal (ower curve) laser intensity function, 


field is given by: 


ler 


Eq =e mk 


where ky is the Boltzmann constant, ois the illumi- 
nated conductivity, a is the dark state conductivity, 

=(D, — D_\(D,, + D_), where D, and D_ are the 
diffusion constants for the positively and negatively 
charged ions, respectively; m is the optical intensity 
modulation factor, q =2a/A is the magnitude of the 
grating wavevector, and is the coordinate along q. 

‘Two other sources of space charge fields are also 
at work, and they arise from the conductivity and 
dielectric anisotropies of the nematic under the action 
of the de bias field Eye: 


Ex = ta( 


2 — e,)sin 8 cos 8 
(ees r ) [Se] 


zysin 20+ € cos 26 


(a — o)sin 0 cos @ ; 
‘sin 20-+ o7,cos 34) 1b] 
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where (7 ~ 0) is the low-frequency conductivity 
anisotropy and (e ~ e,) the dielectric anisotropy of 
the liquid crystal, and is the reorientation angle of 
the director axis. 

In addition to these space charge field induced 
effects, the flows of the charged ions and complexes 
under the applied de field and the generated space 


charge fields also contribute significantly to reorient- 
ing the director axis. For an interaction geometry 
similar to Figure 5, the flow creates a shear torque 
Pjeae OF magnitude proportional to the velocity 
gradient 


_ vig) 
shear = Gp 


ir 


r, 


(aysin?@—ascos*#) [6] 


where the a’s are the viscosity coefficients, and v(g) is 
the flow velocity. The combined action of the above 
space charge fields and the flow effects on director 
axis reorientation have been quantitatively formu- 
lated and shown to describe experimental results very 
well, including, in particular, the observation that 
maximal diffraction is obtained for a grating con- 
stant A, ~ 2d. Furthermore, the flow-reorientation 
and adsorption of the excited dopant molecules 
on the surfaces are believed to be responsible for 
quasi-permanent and permanent director axis reor- 
ientation in rhodamine 6G- and Cgo-doped nematic 
films, respectively. 


‘Supra-Nonlinear Methyl-Red Doped 
NLC - Observed Phenomena 


Recent studies in methyl-ted doped nematic liquid 
crystals (MRNLCs) have ushered in the era of supra- 
nonlinearity. Unlike photorefractive nematic liquid 
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crystals, no external bias field is needed. The observed 
ny values could be as large as 10cm*W~!. In 
MRNLC, a large photovoltage drop across the 
sample is also observed upon irradiation, The polarity 
of the photovoltage is reversed if the light impinges 
from the opposite cell window. The extremely non- 
linear optical response of MRNLC is attributed to 
nematic director axis reorientation by the optically 
induced space charge fields, similar to the effect 
discussed in the previous section, The unusually large 
response is possibly due to several factors, including 
the higher photo-charge producing abilities of methyl 
red, and the large difference in the positive and 
negative photo-ion diffusion constants. Another 
cause of director axis reorientation is the intermole- 
cular torque exerted by the photo-excited dye 
molecules on the NLC. This is particularly evident 
in experiments using an input polarization grating on 
planar aligned samples. Because the laser excited dye 
molecules are adsorbed and strongly ‘anchored’ on 
the cell walls, they cause permanent realignment of 
the nematic liquid crystal. This process usually occurs 
upon prolonged illumination of the liquid crystal cells 
with a low-power laser, and can be sped up with 
higher laser power. 


Trans-Cis Isomerization and Order Parameter 
Change 


Some nematic liquid crystals are azo-compounds, i.e., 
their molecular structures are analogous to the typical 
one depicted in Figure 8. An azo-compound when 
irradiated at its absorption wavelength will change 
from the trans to the cis form, ef. Figure 8. Trans—cis 
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Figure 8 Tians-cis isomerization of azo-molecules upon 
cptical illumination. The upper diagram depicts molecular 
structural changes; the lower diagram shows the excitation 
energy versus the molecular coordinate associated with these 
photo-excited processes. 


isomerization of these azo-nematic liquid crystals or 
azo-dopants in NLC’s could also give rise to a 
refractive index change through modification of the 
NLC’s order parameter and/or director axis reorien- 
tation. The trans species are oblong in shape, and 
align parallel to the director axis. On the other hand, 
the ‘bent’ structure of the cis species is incongruous to 
the nematic order, and thus causes an order parameter 
change, and therefore a refractive index modification. 
Such refractive index changes owing to order 
parameter modification are similar to thermal effects 
discussed in the next section. The response [on-] time 
for these trans-cis isomerization induced order- 
parameter changes can be quite fast (as fast as 
nanoseconds in some cases). The relaxation time 
(typically in the millisecond regime) is decided by the 
director axis relaxation rate as discussed earlier. 
The other index-changing mechanism is the ten- 
dency of the trans molecule to align with its transition 
moment perpendicular to the optical polarization in 
order to minimize the interaction (absorption) 
energies. This in turn causes the NLC director axis 
to realign through the intermolecular torque effect. 
Both mechanisms are characterized by a nonlinear 
index coefficient m on the order of 10°? cm*W-*, 


‘Thermal and Density Effect 


Laser induced temperature and density changes are 
described by time-dependent coupled hydrodynamics 
equations. In grating diffraction experiments, cf. 
Figure 6, the problem can be simplified to a one- 
dimensional one, i.e., along the grating wavevector 
direction, if the grating spacing is smaller than the 
nematic film thickness and the beam size. In that case, 
the thermal and Brillouin (sound wave) decay time 
constants are given by, respectively: 


[al 


{7b} 


where q=2n/Ay is the grating wavevector, po the 
unperturbed density, C, the specific heat, Ay the 
thermal conductivity, and 1 the viscosity. The values 
of these parameters depend on the director axis align- 
ment relative to the optical fields, thermal diffusion 
and sound propagation directions. 
of 7=7x10 “kgm ts, 
~1.6x 10°? m*s"! and a grating 
0 um, we have rr ~ 50 ps, whereas 
tn ~ 200ns, Such a vast difference between the 
relaxation times allows one to distinguish the contri- 
bution from thermal and density origins. 
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Table 1 Nonelectronic nonlinearities of nematic liquid crystals 


‘Nonlinear processes Typical magnitude Time-scale Liquid exystal 
(rientational nonlinearities 

Purely optically induced ns 10-¢em? W* ms pure 5CB 

Excited dopant assisted n, 10cm? W"* ms dyed 5CB 

Photoretractive 10 om? W"* ms 5CB 
Photoretractive + Methyl-red doped CB tom? Ww" ms 
Trans~Cis and order parameter modification 10 om? W"* ms dyed 5B 
‘Thermal nonlinearities 

me 10-Sem? Ww" ms a 

me 10" em? wt ns a7 
Density effect 

electrostictive ne 10°" om? wt ns a 


In the steady state, i.e., when the laser-nematic 
on time is much longer than ry and 73, the 


nonlinear index coefficient is given by: 
dn\ at, 
-( ae a 


‘ent. The absorption constant a of liquid ery- 
stals varies widely in the visibleinfrared spectrum. 
Near the phase transition temperature, dry, AT also 
changes dramatically. The magnitude of n$AT) 
could therefore vary by several orders of mag- 
nitude. For a= 100em™', day,dT~ 10> Ko, 
and Aq = 20 wm, we have n3$(AT) ~ 10° em? W>!. 
This is the typical value observed in wave mixing 
experiments with infrared [CO,] or visible lasers, 

In the transient regime (rp < ,.75), the nonlinear 
index coefficient is proportional to the laser 
pulse duration: 


interact 


1y(5p) = WPT) 79/7 19) 
With 7,~0.5X 104s and z= Ins, m(7) ~ 
5x 10°!" em* W"', Such nonlinearities have been 
observed in transient dynamic grating diffraction 
studies involving nanosecond laser pulses. In these 
studies, it is found that the contribution from the 
electrostrictive effect (movement of the nematic due to 
the optical intensity gradient) to the refractive index 
change can be as large as the absorptive thermal 
component. 

In Table 1, we give a concise summary of these 
nonelectroni¢ optical nonlinearities observed in 
nematic liquid erystals. 


Electronic Nonlinearities 


Second and Third Order Nonlinear Susceptibilities 


Electronic interaction involves the perturbation of the 
electronic wavefunctions by the impinging optical 
fields. The induced dipole moment of a molecule is 


given by: 


d=a:E+B:EE+y:EEE+: 


110] 


where @, B, and are the linear, second-order and 
third-order nonlinear polarizability tensors, E is the 
optical electric field and : denotes tensorial operation. 
The macroscopic polarization P (dipole moment per 
unit volume) is, 


P= cox!) :E +x :EE + x) :EEE + +++ i) 


where x"), x), and x!) are the linear, second and 
third-order nonlinear susceptibilities, respectively. 
The macroscopic parameters x are related to a, B 
and ¥ by the local field correction factors. 

A well-known process associated with the second- 
order nonlinear polarization is second harmonic 
generation, in which two incident photons of 
frequency w are converted into a photon of frequency 
2, Symmetry rules require that a material should be 
non-centrosymmetric in order to exhibit second- 
order nonlinear polarization. In centrosymmetric 
nematic liquid crystals, an applied de field or 
discontinuity at a surface or interface, or director 
orientational curvature, could provide the required 
symmetry-breaking mechanism. 

In ferroelectric or smectic C liquid crystals, the 
molecules possess permanent polarization, ive, the 
centrosymmetry is broken, and it is possible to 
observe second harmonic generation associated with 
the second-order nonlinear polarization. Typically, 
the observed nonlinear coefficients Buyyc are on the 
order of ~10°"* mV~'. In contrast to inorganic 
crystals of much larger dimensions, these thin liquid 
crystal films are not useful for practical devices. 
Nonetheless, hecause of the sensitivity of second 
harmonic generation to surface and interface 
conditions, second harmonic generation has been 
proven to be an effective spectroscopic tool. 

In de field induced second harmonic generation, 
the nonlinear polarization involved is actually the 
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‘Table 2 Electronic optical nonlinearities of nematic liquid crystals 


"Nonlinear optical phenomena and noniinearities ‘Magnitude Time-scale (pulse duration of laser used) 
Second harmonic generation (de ld induced), 
xP 27x 10-esu ne 
x? 0.55 x 10" esu ne 
Second harmonic generation Pans 10? mv" ps (Tertoelectrc) 
“Tworphoton absorption, 5cmGw” 80 ps 
Effective nonlinear absorption, fat 200 cm GW"! 10ns 
Degenerate four-wave mixing 
electronic xu «4 a, ) 10" osu ns 
third-order nonlinear polarization given by In Table 2, we give a concise summary of these 
P(2w) = x'"E(O)E(w)E(w). Typically measured electronic optical nonlinearities of nematic liquid 


values of x"! are ~10°"esu, expressed in the 
commonly used cgs units. The conversion factor 
hetween egs and SI unit is given by 

34x 10!7y [ST unit} 


x [esul (12) 


There is relatively little work done on measuring or 
studying the third-order nonlinear electronic polariz- 
abilities of nematic liquid crystals. Most of the 
studies are centered on the molecular correlation 
effects associated with the nematic—isotropic phase 
transition, The typical magnitude of electronic x") is 
10° esu. 

Nonlinear Absorption and Limiting 


Two-photon absorption occurs where the molecule 
is excited to a real electronic excited state by 
simultaneous absorption of two photons from the 
incident light. Since the absorption is proportional to 
the square of the optical intensity, the incident light 
will experience an increasing absorption effect, 
and its transmission at high intensity will be 
‘quenched’ to an almost constant level. Two-photon 
absorption is usually characterized by the two- 
photon absorption coefficient B, which is related to 
the imaginary part of x'*!. For liquid crystals, they 
are on the order of 5 x 10 107 mW" (eq 
valent to 0.5-SemGW"' in the more commonly 
used units). 

Liquid crystalline materials in their (less scattering) 
isotropic phase have been extensively studied in 
the last few years for application in optical 
limiting devices as a result of their large nonlinear 
absorption constant. In the nanosecond time 
regime, the RSA and ESA effects, ef. Figure 3, act to 
give rise to a very large effective nonlinear absorption 
coefficient B on the order of several hundreds of 
cm GW~!. In combination with special device 
structure such as a nonlinear fiber array, it has 
hecome possible to clamp the transmitted nano- 
second laser pulse energy to below the retina damage 
level (below 0.5 J). 


crystals. 


Concluding Remarks 


We have presented a concise review of the nonlinear 
optics of liquid crystals in their nematic and 
isotropic phases. Nematic liquid crystals in their 
various pure and doped forms possess. many 
interesting nonlinear optical responses, with non- 
linearities ranging over 16 orders of magnitude. 
Some of the extraordinarily large nonlinearities 
enable the performance of several all-optical switch- 
ing and limiting, image modulation and sensing 
processes at unprecedented low threshold power. In 
particular, self-defocusing and optical limiting effects 
with nanowatt-power lasers, and incoherentcoher- 
ent image conversion at pW cm~* optical intensity 
have been demonstrated. Liquid crystal films have 
heen used in selective attenuation of glares and 
blinding laser light. Stimulated scattering that used 
to be the domain of high-power lasers can now be 
performed in thin nematic films with mW-power ew 
laser. Readers can consult the Further Reading 
section for some of these advanced photonic devices 
and applications based on nonlinear optics of liquid 
crystals. Current active studies by several research 
groups worldwide are likely to result in even more 
interesting nonlinear optical effects and useful 
applications in the near future. 


List of Units and Nomenclature 


Absorption coefficient afem'] 
Density 0 tke m3] 
Eleastic constant K [dynes 
Intensity (optical) 1 [Wem 
Nonlinear susceptibility x [esul 
Second harmonic generation Batic [mV~"] 


coefficient 
Specific heat 
The nonlinear index coefficients 
‘Time constants 


Variants 


fe: s E s 
Figure 29-20. Schematic symbol variants for depletion 


MOSFETs, showing the body terminal separately accessi 
ble instead af being tied to the source terminal 


& €& 
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Figure 29-21. Schematic symbol variants for enhance 
‘ment MOSFETs, showing the body terminal separately ac: 
cessible instead of being tied to the source terminal. 


ints 


previously discussed. 


MESFET 

The acronym stands for MEtal-Semiconductor 
Field Effect Transistor. This FET variant is fabrrica~ 
ted from gallium arsenide and is used primarily 
inradiofrequency amplification, whichis outside 
the scope of this encyclopedia. 


discrete semiconductor 


multi-junction > field effect transistor 


V-Channel MOSFET 

Whereas most FET devices are capable of han- 
dling only small currents, the V-channel MOSFET 
(which is often abbreviated as a VMOS FET and 
has a V-shaped channel as its name implies) is 
capable of sustained currents of at least S0A and 
voltages as high as 1,000V. Itis able to pass the 
high current because its channel resistance is 
well under 10. These devices, commonly re- 
ferred to as power MOSFETs, are available from all 
primary semiconductor manufacturers and are 
commonly used in switching power supplies. 


Trench MOS 

The TrenchMOS or Trenchgate MOS is a MOSFET 
variant that encourages current to flow vertically 
rather than horizontally, and includes other in- 
novations that enable an even lower channel re- 
sistance, allowing high currents with minimal 
heat generation. This device is finding applica- 
tions in the automobile industry as a replace- 
ment for electromechanical relays. 


Values 


The maximum values for JFETs, commonly found 
listed in datasheets, will specify Vg, (the drain- 
source voltage, meaning the potential difference 
between drain and source); Vag (the drain-gate 
voltage, meaning the potential difference be- 
‘tween drain and gate); Vg, (the reverse gate- 
source voltage); gate current; and total device 
dissipation in mW. Note that the voltage differ- 
encesare relative, not absolute. Thusa voltage of 
50V on the drain and 25V on the source might be 
acceptable in a component with a Vg. of 25V. 
Similarly, while a JFET's “pinch-off” effect begins 
as the gate becomes “more negative” than the 
source, this can be achieved if, for example, the 
source has a potential of 6V and the gate has a 
potential of 3V. 

JFETs and MOSFETs designed for low-current 
switching applications havea typical channel re- 
sistance of just a few ohms, and a maximum 
switching speed around 10Mhz. 
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Nonlinear Medium Polarizat 


Macroscopic 


Photons are neutral, noninteracting bosons. Inter- 
action is possible only through a material medium. 
Indeed, photons can be absorbed by electrons leading 
to excited states. A reverse transition may go through 
radiative channels, with emission of photons, usually 
with a different energy than the excitation energy. 
Interaction of photons with matter may also lead to 
other types of excitation, such as vibronic, rotational, 
libronic, etc., or just to a change in the medium 
polarization. This change may be expanded in the 
power series of the electric forcing field strength with 
ith component given by: 


Py (6g) = Posleog) + €olK X04; Ef 


+ Kaye (te: 1, on)Ey ES 
+ Kyi (095 01, 02, OEP EES +--+] 
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where the expansion coefficients x" are (1 + 1) rank 
three-dimensional tensors, describing linear (= 1) 
and nonlinear (1 > 1) responses of the medium, 
Powe) is its permanent polarization (at frequency 
@,) and the coefficients K, (i=1,2,3,...) take 
account of the conventions for the Fourier transform 
of electric field and polarization vectors used, as well 
as the degeneracy of nonlinear optical process: 
For historical reasons two conventions in quantitative 
description of NLO processes are used: 


Er.) = S1E@e™+cc] (Convention) [2] 


and 


E(,0) = Ete +e. (Convention) [3] 


and similarly for the polarization field. As researchers 
often use different conventions, it is important to 
bear this in mind when comparing NLO properties of 
materials coming from different sources. The tabu- 
lated data and the formulas used here are within 
convention I, with the permutation factors included 
explicitly in coefficients K, (eqn [1]). In centro- 
symmetric media and in dipolar approximation, 
the static polarization Po, as well as all even order 
NLO susceptibilities, are equal to zero, as it follows 
from time reversal symmetry. 
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Relations Between Macroscopic 
and Microscopic Polarizations 


Microscopic Polarization 


Similar expansions to eqn [1] also obey the conver 
tions on a molecular level. Similarly, as for bulk 
polarization, the ith component of the molecule 
dipole moment can also be expanded into the series 
of the local field strength giving: 


HLO,) = Mo ilWg) + Ky e4y(— ey; wy Ee 
+ K2Byu(oy' 0, on)EV EP 


+ K3 yuu — e095 ey, y, ws) EEL 


= Miylp) + Hing War Os 
EM,E*,,..,.E) 


2s ys 0 B. 
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where ais the linear molecular polarizability, B is the 
first order and 7 is the second molecular hyperpolar- 
izability. 4, in eqn [4] denotes the induced dipole 
moment. The expansions [1] and [4] may be also 
considered as the Tamm—Dancoff perturbation 
development as functions of an increasing number 
of interacting photons. In this case, the second term 
on the right-hand sides of eqns [1] and [4] describes 
the interaction of two photons, the third term that 
of three photons, etc. The electric field in eqn [4] is 
the effective field experienced by the molecule and is 
given by 


E=fe 15] 
where f is the local field factor, depending on the form 
of molecule. In eqns [1] and [4] Einstein's notation 
is used. 

For a single crystal and for noninteracting mole- 
cules there exists a straightforward relationship 
between the macroscopic and microscopic quantities 
given by: 


Xie Oa 1 a) 


Pa fe Nw 


* Daa tee Bale a o) [6 
for the second-order NLO susceptibility and 
Nigh (ey 01.02.03) = > fe fe La hy 
XY ayaayacea Vins epi 4.02605) 7 
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for the third-order NLO susceptibility, respectively. 
The coefficients a), in eqns [6] and [7] are Wigner 
rotation matrix elements, N, denoting the number 
density of species (n). The subscripts (ikl) refer to the 


molecule, and (IJKL) to the laboratory reference 
frames, respectively. 

For disordered (or partly ordered) materials, 
the macroscopic NLO susceptibility depends on 
the orientation average of nonzero molecular 
hyperpolarizability components: 


Nik( eo: «1, 002) = > ff 6ENay 


XY < Aymara) > 


Is} 


and similarly for y°) susceptibility, The average in 
eqn [8] is taken over all NLO molecule orientations 
and all f tensor components. Fortunately, the number 
of the nonzero f tensor components (21 for f tensor) 
is limited by the molecular symmetry and in the case of 
charge transfer (CT) molecules, only the component 
in the charge transfer direction Bc. may be retained. 
The others are usually significantly smaller and can 
he neglected with respect to this one. 


Second-Order Nonlinear Optical 
Materials 


The re ear optical materials is boosted 
by the potentiality of their applications in photonics, 
and particularly in optical signal processing, image 
recognition, frequency conversion, and light amplifi- 
cation. New fields of applications open in biology. 
medicine (photodynamic therapy), material proces- 
sing (optical engineering), etc. Depending on the 
targeted application, the materials showing enhanced 
second-, third-, and/or higher-order nonlinear optical 
properties are developed and optimized. The optim- 
ization is performed on both molecular and macro- 
scopic levels. Indeed, the bulk nonlinear optical 
response depends not only on the individual hyper- 
polarizabilities but also on the way the molecules 
are assembled into the bulk material. As already 
mentioned, only the noncentrosymmetric materials 
exhibit the second-order nonlinear optical response. 


earch on nonli 


Molecules 


The most promising molecules for the application 
in second-order NLO devices are intramolecular 
CT compounds, composed from an electron 
donating (D), an electron accepting (A) part, linked 
by a m conjugated backbone (Figure 1). The CT 
molecules exhibit a large first-order susceptibility 
B tensor component esx, enhanced in the charge 
transfer direction x. The value of By. depends on 
the strength of electron donating and electron 
accepting groups (amount of the charge transfer) 
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Figure 1 Schematic representation of a charge transfer 
molecule, 


Table 1 Chemical structures of commonly used electran 
donating and electran accapting groups 


Donors Acceptors 
=N(CHs)= =NO 
-NHe =NO; 
-oc, =CHO 
OH CN 
~CH, ~SO-CH, 
=SCH, ~SO.CF 
=N(CHs)2 =C(CN) 


and on the conjugation length of the transmitter. 
Table 1 shows the chemical structures of typical 
electron donating and electron accepting groups. 
Chemical structures of selected CT molecules 
are given in Table 2, together with the values of 
the Bex tensor component, as determined by the 
electric field induced second-harmonic generation 
technique (EFISH). 

‘The dependence of Bi... on the conjugation length 
L of the conjugated transmitter is given by the 
scaling law: 


Bay 0 L" 191 


with a, > 1, Usually the conjugated backbone is 
composed of a number of alternate single/double (or 
single/triple) bonds and in this case, the scaling law is 
tested asa function of the number of double (or triple) 
bonds N: 


Boxy 0 N% (10) 


Fora number of CT oligomers with the same electron 
donating and electron accepting groups, differing 
only in the length of the conjugated transmitter, the 
exponent ay ~ 2.5. The Bax value saturates for a 
larger number of double bonds (N > 4, in the case of 
phenyl oligomers used as transmitter). 

‘A number of studies are in progress on octupolar 
molecules which exhibit large B hyperpolarizabilities. 
However, their processing into efficient, noncentro- 
symmetric bulk materials is still at its initial stage and 
up to now no practical application has been 
demonstrated. 


Bulk Materials 


In order to obtain noncentrosymmetric materials, 
different approaches are used such as: 


(i) single crystals growths 
(ii) epitaxy or heteroepitaxys 

(iii) Langmuir—Blodgett films, 

{iv) self-assemblies; 

(v) intermolecular charge transfer structures; 
(vi) poled polymers; and 


(vii) chiral structures. 


The growth of good-quality optical single crystals 
is costly and difficult, especially as the charge transfer 
molecules usually exhibit a large ground state dipole 
moment (Table 2). The strong dipole-dipole inter- 
action usually leads to their antiparallel alignment, 
and as a consequence, a centrosymmetric bulk 
structure. Only a few molecules crystallize in a non- 
centrosymmetric structure. One of the approaches 
used consists of design and synthesis of molecules 
with a negligible ground state dipole moment such 
as POM (Table 3). Therefore, a lot of effort has been 
put into forcing molecules to build into noncentro- 


symmetric bulk materials (ii)~(vi). Owing to the fact 
that most of applications are targeted in waveguiding 
configuration, a significant effort has been made to 
grow noncentrosymmetric thin films (ii)~(vi). While 
the chiral molecules form spontaneously noncentro- 
symmetric films, in other techniques, this is obtained 
more easily by application of an external electric field 
{poled polymers), by use of an adequate substrate 
(epitaxy, pseudoepitaxy, self assembly), intramole- 
cular charge transfer in ordered layered structures (v}, 
and interaction between molecules and molecules— 
substrate (Langmuir—Blodgett films). In the last case, 
three types of well-ordered structures, with control- 
lable thickness are obtained: X, Y, Z (Figure 2), 
Only X and Z type structures give noncentro- 


symmetric thin films exhibiting second-order 
NLO properties. 


Poled polymers 
Up to now, the best results in getting efficient 
materials for second-order NLO application are 
obtained with poled polymers. The materials consist 
of a polymer matrix, exhibiting excellent optical 


properties, functionalized with active NLO chromo- 
phores (CT molecules). Four kinds of structures, 
shown schematically in Figure 3, are realized: 


i) guest—host systems; 
(ii) side chain polymers; 

(iii) main chain polymers; and 

{iv) thermally or photo-crosslinked polymers. 


‘Table 2 Molecular frst hyperpolaizabiltios and dipole moments of selected CT molecules 
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Table 3 Bulk second-order nonlinear optical properties of selected organic materials 


Material ‘Chemical structure Fom Pott Ann ‘Rafracive «SHG Eiscrooptical 
group frm) indox suscoptibity cooticiont 
A (—2ar an 0) fom v"'] 
Ipmv"'} 
MINA HG Singlo—m sus 20 ros 
(2methy/-4-ntroaniine) crystal 1064 500 
HN Noe en 
Pom Sta Siglo 222 5451.71 40 
(@methy/-4-ntopyticino-t-oxido) crystal 600 1919 54 
No, 10600 1638, a7 
tos ayn 192 
ida = Nh 
= ihe 
COANP Singlo mm2S145 1672 99-15 
{2 cycooctylamino- nitropyridina) 5 crystal 600 1.781 1432 
¥O)-n0. fon eer 
Y 1064 
PNP CH,OH Singlo 2 545 1.990 son14 
{@:(N-protna)-Sntropycin) O. crystal 600 1.788 
10600 1.487 
i NO, 
O toot a 
55 
MNBA Singlo —m sus 2024 - 
(@-nitrobenzylidene-2-acetamino- —-"sCO" Ny No, crystal 600 1.585, 
4methoxyaniine) 10600 1.652 
ag 1064 a= 487 
107 
MONS Hae, Siglo mm2—«S145—— 1.569 1994 
(@MMethy-4-methony-4 crystal 600 1.699 39927 
nttostibone) nco—(C) 10600 2.129 
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Table 3_ (Continued) 


NR (-2ur 0, 0) fem v""] 
[pmv~') 
NNON + NAN. ° PPICL 1064 x, = 28 
3 
N. (TEs-mode) 
H OO 1068 v= 195 +25 


BP, poled polymer; GH, guest host system; SC, side chain polymer, CL, crass linked polymer; LB, Langmuir-Blodgett fim. 


Calibrated with KTP single crystal (x13 = 27.4 pV), 
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Figure 2 Schematic representation of X, ¥, Z ype Langmuir 
Blodgett films. The arrows symbolize the direction of dipole 
moments, which usually are ited with respect to the normal to 
film surface. 


) ) 

Figure 3 Schematic representation of functionalized polymers 
for second-order NLO effects: quest-host systems (a, side chain 
polymers (b), main chain polymers (c), photo and thermally 
‘cross-linking polymers (4). Arrows represent the NLO 
‘chromophores. 


‘The guest—host systems are just solid solutions of 
NLO chromophores in an inert matrix, The concen- 
tration of NLO chromophores is limited because of 
already-mentioned strong dipole-dipole interaction 
leading to antiparallel alignment, resulting in an 
increase in propagation losses and decrease of 
susceptibility. The polar order is obtained by applying 
an external field. In order to increase the rotational 
mobility of chromophores, the material is heated to 
the glass transition temperature of polymer. The 
interaction of dipole moments with the external field 
forces them to orient in its direction. The orientation 
is frozen by cooling the material (usually a thin film) 
to room temperature. However, the stability induced 


in this way results in a polar order that is poor. Better 
stability and higher concentration of chromophores is 
obtained by attaching chemically the NLO active 
molecules to the polymer hackbone (side-chain 
polymers). However, it requires a significant effort 
in chemical synthesis. The stability of induced order 
depends strongly on the difference between the glass 
transition and the operation temperatures. The larger 
the difference, the less relaxation is observed. 
Therefore, a lot of effort is going into developing 
functionalized high glass transition temperature 
polymers such as polyimides, polyurethanes, poly- 
vinyl carbazoles, etc. 

The main-chain polymers (iii) attract a relatively 
weak interest. This is due, not only to the difficulties 
encountered with chemical synthesis, but also with 
the efficient chromophore orientation. More promis- 
ing is the last class of functionalized polymers (iv). 
Here the active chromophores are used to link 
covalently the polymer chains through a thermal or 
photo-crosslinking process. However, the poling 
process is very delicate as the glass transition 
temperature is increasing with the poling time, so 
the time process has to be carefully monitored. Also 
the cross-linking may lead to shrinkage and crackling 
of thin films and as a consequence, to the increase of 
propagation losses. 

A special class of functionalized materials, similar 
to poled polymers, represent sol-gels. Here the active 
chromophores either fill the pores of sol—gel or are 
chemically bonded to the matrix. The poling process 
is very similar to that applied to the thermally and 
photo cross-linking polymers and also has to be 
carefully monitored. The main advantage of these 
materials consists of excellent optical properties, and 
the disadvantage on a relatively low chromophore 
content, limiting the bulk x! susceptibility value. 
The representative values of second-order nonlinear 
optical susceptibility y{7) for different materials for 
second-order NLO optics, are listed in Table 3. 


Poling efficiency 

The DC poling of functionalized polymers leads to 
birefringent noncentrosymmetric materials with two 
nonzero x tensor components: the diagonal: 


Nezaz— thy 00 102) = NF Bcea Wy 04,03) 


x (cos*@) ay 
and the off-diagonal: 
2 ee 
Akal 95 01,4) = ZN 
x (si 12) 
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where we assumed for simplicity, that only one 
nonlinear species, as is usually the case, Z, in 
eqns [11] and [12], is the direction of the appli 
external field and @ is the angle between the electric 
field and the molecule dipole moment. The efficiency 
of poling is measured by the ratio: 


Abeer 0) 


113) 


As 1.02) 


It varies between 1 and oo (perfect alignment). For 
isotropic poled polymers a = 3 +6 and for nematic 
liquid crystal side-chain polymers, values of aoc 18 
were obtained. 

Usually, the second-order NLO_ susceptibility 
is measured by the second-harmonic generation 
technique (w, = 2: w; =o, =o), giving the elec- 
tronic part of x! susceptibility, with ultrafast 
response time as the generated harmonic wave has 
to follow the fundamental one. This susceptibility is 
important, not only for frequency conversion through 
the second-harmonic generation, but also for sum and 
difference frequency generation as well as for optical 
parametric oscillation (OPO) and amplification 
(OPA). Another important effect described by 
X20; 0,0) susceptibility is the linear electro-optic 
effect (Pockels effect). It finds application in electro- 
optic modulation for signal transmission. Tradition- 
ally, this effect is described by the electro-optic 
coefficient r,, which is a third-rank three-dimen- 
sional tensor. The variation of the medium refractive 
index under the applied electric field is given by the 
following formula: 


2 
SE, 
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The electro-optic coefficient is directly linked to the 
xe; w,0) susceptibility: 


yar 0,0) 


115] 


Tia = cam 
The measured values of electro-optic coefficient for 
some selected organic single crystals and thin films are 
also given in Table 3. 


Third-Order Nonlinear Optical 
Materials 


There is no symmetry restriction on molecules and 
materials for third- (or higher-odd-) order nonlinear 
optical effects. These materials are used in signifi- 
cantly larger classes of applications than the materials 
for second-order NLO effects, particularly in logic 
systems, all optical switching, frequency conversion 


(eg, frequency tripling in third-harmonic gener- 
ation), light amplification, optical bistability, all 
optical switching, etc. In the case of organic 
materials, it was shown that the conjugated quasi 
1D m electron systems, such as semiconducting 
polymers (Figure 4) exhibit an enhanced third-order 
NLO response. 


Molecules 


Similarly, as in the case of second-order NLO 
materials, the NLO response depends strongly on 
the conjugation length. In the case of conjugated 
quasi 1D molecules, such as polymers with a chemical 
structure as shown in Figure 4, the y tensor 
component in the conjugation direction (largest 
hyperpolarizability) is strongly enhanced and 
described by a scaling law: 


«L* 


[16] 


Youre 


where L is the conjugation length and the exponent 
a> 1, The scaling law, eqn [16], can also be 
presented as dependent on y on a number of 
conjugated double or triple bonds N: 


Yas 0 N° 17] 


It was extensively studied for a series of conjugated 
oligomers polyenes, oligothiophenes, etc., and the 
exponential coefficients are listed in Table 4, together 
with the calculated values. For a larger value of 
double (or triple) bonds, a saturation in y) suscep- 
tibility is observed. 

The molecular second hyperpolarizability 
measurements are derived from solution measure- 
ments. Some typical values, obtained by the third- 
harmonic generation technique (THG) are listed in 
Table 5. Although other NLO property determi- 
nation techniques were used, the THG method 
gives the fast, clectronie part 
hyperpolarizability. 


of molecular 


Bulk Materials 


Importance of Order 


Similarly, as in the case of materials for second-order 
NLO effects for practical applications the value of y?) 
susceptibility is important, which on the other hand 
depends on the molecular second hyperpolarizability 
Although the noncentrosymmetry is not required in 
the case of third-order NLO materials, the values of 
the bulk x" susceptibility depend on the order, as it 
follows from eqn [7]. This is particularly clear in the 
case of conjugated molecules, with enhanced Yrxx 
component. In the case of parallel polarizations 
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Polypyrrole (PP) 


Polythiophene (PT) 


poly (8 alk! thiophene) (PAT) 


cis ~ poly acetylene (cis PA) 


Figure 4 Chemical structures of selected conjugated quasi 1D organic polymers. 


trans ~ poly acetylene (trans PA) 


poly (p ~ phenylene vinylene) (PPV) 


polydiacetylene — butatrienic form (PDA) 


ppolydiacetylene acetylenic form (PDA) 


Table 4 Calculated (calc) and measured (meas) values ofthe scaling low exponent << N" for diferent conjugated oligomers 


Oligomers| ab Remark 8 eae ‘Remark 
Polyene oligomers 5 tee electron model 282 CT polyenes (w = 0) 
INDO (w= 0) 35 Ay = 1.907 wm 
a SCFISTO.AG 23 ‘Symmetric A-A 
327 SCFIS-21G THG 1.907 um 
ang N=2 a3 ‘Asymmetric D-A 
367 N= 6, decrease THG 1.907 um 
3.98 For N'> 6 DVB-PPP 4a ‘Symmetric D-D 
EFISH 1.94 um 
no saturation up to N= 14 
a8 neutral solitons 
3.85 charged polarons 
632 trans form 
Ba cis form 
az 
Thiophene oligomers 45 cNDO <6 405 DFWM in solutions 
Saturation N> 6 458 EFISH in solid solutions N= 3,5,6 
a4 THG 1.907 ym 


discrete semiconductor > mult-junetion 


The datasheet for a MOSFET will typically include 
values suchas gate threshold voltage, which may 
be abbreviated Vg, (or Vj,) and establishes the 
relative voltage at which the gate starts to play 
an active role; and the maximum on-state drain 
current, which may be abbreviated lyon) and es- 
tablishes the maximum limiting current (usually 
at 25 degree Centigrade) between source and 
gate. 


How to Use it 


The combination ofa very high gate impedance, 
very low noise, very low quiescent power con- 
sumption in its off state, and very fast switching 
capability makes the MOSFET suitable for many 
applications. 


P-Channel Disadvantage 

P-channel MOSFETs are generally less popular 
than N-channel MOSFETS because of the higher 
resistivity of P-type silicon, resulting from its low- 
er carrier mobility, putting it at a relative disad- 
vantage. 


Bipolar Substitution 
In many instances, an_—_ appropriate 
enhancement-type MOSFET can be substituted 
for a bipolar transistor with better results (lower 
noise, faster action, much higher impedance, 
and probably less power dissipation). 


Amplifier Front Ends 
While MOSFETs are well-suited forusein the front 
end of an audio amplifier, chips containing MOS- 
FETs are now available for this specific purpose. 


Voltage-Controlled Resistor 

Asimple voltage-controlled resistor can be built 
around a JFET or MOSFET, so long as its perfor- 
mance remains limited to the linear or ohmic re- 
gion. 


Compatibility with Di 
AJFET may commonly use power supplies in the 
range of 25VDC. However, it can accept the high/ 


> field effect transistor 


How to Use it 


low output from a 5V digital device to contral its 
gate. A 4.7K pullup resistor is an appropriate val- 
ue to be used if the FET is to be used in conjunc- 
tion with a TTL digital chip that may have a volt- 
age swing of only approximately 2.5V between 
its low and high thresholds. 


What Can Go Wrong 


Static Electricity 

Because the gate of a MOSFET is insulated from 
the rest of the component, and functions much 
like a plate of a capacitor, itis especially likely to 
accumulate static electricity. This static charge 
may then discharge itself into the body of the 
component, destroying it, A MOSFET is particu- 
larly vulnerable to electrostatic discharge be- 
causeits oxide layeris sothin. Special care should 
be taken either when handling the component, 
or when it is in use, Always touch a grounded 
object or wear a grounded wrist band when han- 
dling MOSFETs, and be sure thatany circuit using 
MOSFETs includes appropriate protection from 
static and voltage spikes. 


A MOSFET should not be inserted or removed 
while the circuit in which it performs is switched 
‘on or contains residual voltage from undis- 
charged capacitors. 


Heat 

Failure because of overheating is of special con- 
cern when using power MOSFETs. A Vishay Ap- 
plication Note ("Current Power Rating of Power 
Semiconductors”) suggests that thiskind of com- 
ponent is unlikely to operate at less than 90 de- 
grees Centigrade in real-world conditions, yet 
the power handling capability listed in a data- 
sheet usually assumes an industry standard of 25, 
degrees Centigrade. 


On the other hand, ratings for continuous power 
are of little relevance to switching devices that 
have duty cycles well below 100%, Other factors 
also play a part, such as the possibility of power 
surges, the switching frequency, and the integ- 
rity of the connection between the component 
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of @,,01,4.03 fields, the bulk susceptibility is 
given by: 


NO'0y5 01, 02; 05) = NF Yeena 95 1s 0263) 
x (cos*) [18] 


where F is the total field factor and @ is the angle 
hetween the polarization direction of ,,,0, 0,3 
fields and a chosen direction in the laboratory 
reference frame. The value of (cos* ) varies between 
0.2 for an isotropic distribution of polymer chains 
and 1 for perfectly aligned, respectively. It gives a 


Table 5 Molecular off resonance second hyperpolarizabilty y 
for selacted organic molecules 


Molecule 8a 05a) TPN pags A 
Carbon tetrachionde 5.1 1088 
a7 1907 
Ciorotor 38 1088 
32 1907 
Acotone 25 1088 
26 1907 
Methanol 116 1088 
vat 1907 
Ethanol 18 1088 
24 1907 
Propanol 2a 1088 
25 1907 
Water 0.46 1088 
Nitrobenzene 92 1907 
Chiorobonzene 58 1907 


Calibrated wit siica value: x®"(—Su: uuu) = 3.9% 10°% m?N= 


factor of 5 difference in the macroscopic x 
susceptibility. Some examples of third-order NLO 
susceptibilities for representative conjugated poly- 
mers are given in Table 6. These were obtained by 
third-harmonic generation technique which measures 
the fast, electronic contribution to 


‘Two-Photon Absorbing Materials 


‘Two-photon absorbing (TPA) materials are a special 
class of third-order NLO materials exhibiting a 
complex Kerr susceptibility y!\(—w; a, —o, a). In 
this case, the nonlinear refractive index, derived 
from eqn [1] is complex too. 


n= Ng +m, 


mg + (5 + wy) 119) 


where [isthe light intensity, nis the real part and x 
is the imaginary part (nonlinear extinction coefficient) 
of the nonlinear index of refraction, respectively. 
The nonlinear index of refraction is directly related to 
the Kerr susceptibility "(0 @, —0, o): 

y= BE t ena) (20) 


Fe gen 
eM 


where ¢ is the light velocity. If yw; w, —0, 0) is 
complex (close to a resonance) then 1 is complex too 
and the light beam propagating in such a medium in 
direction z is attenuated through the two-photon 
absorption process: 


at 1907 nm. T(z) = Ip outer [21] 
Table 6 Resonant and nonresonant values of cubic susceptibility 1"! for selected organic materials 
Material Form Area Fi VPI Bur 0,0) 10% meV? Ramark 
PDAPTS ‘Single crystal 1890 119 (70) x 10° I chain, Sph 
<1400 chain 
2620 22.4 (14) x 107 I chain 
280 “chain 
PDA-TCOU Single crystal 1890 9.8 (7) x 10° Wenain 
70 4 chain 
2620 51.8 (20) x 10° Il chain 
40 4 chain 
DEANS Single crystal 1900 14x 10 I (ol. axis) 
127 4 (mol. axis) 
PDA-AFA 1B fim (blue) 1350 7.8(1.4) x 10° 2ph 
PDA-AFA LB fm (blue) 1907 11.6 (1.2) x 10" ph 
PA Isotropic oriented 1907 784 (22) x 10" ph 
2ax 10° ph 
PDA-CAUCy Oriented fim 1907 29x 10" Heal, sph 
3x10" “chain 
Coo Isotropic film 1064 11.5 (141) x 10 ph 
Cro Isotropic film 1420 131.4) x10? ph 
PPV tsotrapie fn 1450 1.96% 10° ph 


Numbers in brackets are standard doviations. Data calibrated with silica: y(—30;u,u,a) = 3.9 x 10° m?/V*; 2ph, two photon 
resonance enhancement; 3ph, three photon resonance enhancement; for chemical structures sce Figure 4 


Table 7 Two photon absorption cross-sections op,. maximum TPA wavelength (Ana.), measurement wavelength (Anges), pulse duration and measurements technique for a series of 


organic molecules 


‘Molecule/material ‘Chemical structure ‘Solvent ay oTeA Pulse Armoas ‘Measurement 
Sa Soe de eae 
WO Or—a ee 
> 5 Nnpu 290 4s 700 
(Bis(diphenyiamino)stilbene) Q 110 4ps 700 
Trans-stilbene ©) Toluene 514 12 5ns 514 TPF 
nd 725 635, 100 ts 725 
n-Bu. Nn-pu 
Sn ad 
Bu 


o- nay Tew 
‘o) 7OrnK 
Bu -” 
YOY 
nBu/ 
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Table 7 (Continuech 


Wolecule7matoral ‘Chemical stucture Sovent EE ayp,_—‘Palso Tran Measurement 
omy (GM) duration [om technique 
Bu ‘Toluene 7751250 Sas 775 TPF 
o- Z 
N 750 1270 «100fs 750 
Or \nu 
nBu. A 
: Sn 7 
nBu = 
) Toluene 6351940 Sno 835 TPF 
© N B10 3670 «100s 810 
© 
Toluene 625480 Sns 825 TPF 
HO ‘i 940 620 940 
Crates B15 «650«100fs 815 
NC OC Hos 
Toluene 9701750 ns 970 TPF 
Toluene 975 400 5ns 975 TPF 
945 3700 1001s 945 
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ozprt-cz 

(2,6 -Bis (2(9-ethylcarbaz0l-3yl) 
vinyl] thiopheno [3',2'2,3], 
{thiopheno [4,5-b] thiophene) 


CZDTT-Ox 

(2412-(4-(6-(4-toreButhyl 
‘phenyi-1,3,4-oxadiaz0l-2-y) 
pphenyi) viny!)-6-[2-(<thy 
‘carbazol-3-y) vinyl 
thiopheno (3.22.3), 
‘thiopheno [4,5-b] thiophene) 


TP.DIT-TP. 

(4-2-(6-(2-(4-Diphenyiamino) 
‘phenyi)viny)thiopheno 
[2:9/-4,5 thiopheno [3,2-b] 
thiophen 2-y-viny) phenyl) 
<iphenylamine) 


‘TP.DIT-OX 

(26246-4-tor- 
Buthyiphenyl-,3,4- 
‘oxaciazol-2-y)) phenyl) 
vinyl) thiopheno [234.5] 
thiopheno [8,2-b] 
thiophen 2-y)-vinyl) phenyl] 
iphenylamine) 


Biphenyl 


Terphenyl 


Toluene ~800 


1,1.2,2-Tetra 
chloro-ethane 


1,1.2,2-Tetra 
chloro-ethane 


1,1.2,2-Tetra 
chloro-ethane 


1,1.2,2-Tetra 
chloro-ethane 


450 


105.000 


33500 


199.000 


119.000 


390 


ans 


ans 


800 


ato 


ato 


ato 


ato 


TPF 


NUT 


NUT 


NUT 


NUT 


Theoretical 
ccaloulus 


Treoretical 
ccaloulus 
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Table 7 (Continued) 


‘Molecule/material ‘Chemical structure ‘Solvent BY] ‘Tea Pulse Ameas ‘Measurement 
a ee 
Sempron a ary eae 
OKO par 
_ Wigan, % Memeasir si? We 
HerCroCroHay Benzene 19300 
dee Tnitylacda Sam cepa” i. ol 
fiestas ea, Beh > Lean Bets 
. 
© ore 
re Mee aici «face Tasik 4 ee GE 
(4-[MethyN-2-nycroxyethy!) n-¢ a 
parc ninlansiaay won.crye7™* Oy (O)-no, 


(cispersed red 1)) 


KE, optical Kerr effect; NLT, nonlinear transmission; TPF, two photon fluorescence; TPS, two photon excitation spectroscopy. 
1.GM = 10 em s/photon-molecuie. 
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‘Table 8 Two photon absorption coaficients fr ctforent molecules and extrapolated bulk values 


Molecule rp, Cm/GW Ary 1M rpg FIM Concentration g/l Solvent ‘Bulk valuo em/GW 
DRI oa 490 895 70 THE 4 
DBANS ra 450 808 70 THE 187 
DoNP 08 460 920 30 THE 23 
DEANST o64 440 920 105 THE a1 
Dom or 480 950 1" pMso aa 
PDAPTS 80 620 1064 not max of Arex Bulk Single crystal 80 
PDAPTS 00 620 925 Bulk Single crystal 800 
Poly(3-0cty! 27 495 (142) 720(94) 25 THF 26 

thiophene) 
Poly(3-0cty! 08s 550(170) 730 (70) 12 THE 76 
thiophene) 

regioregular 


Angx corresponds to the maximum linear and Arex to the maximum nonlinear absorption wavelengths, respectively, DCNP. 
3:(1,1-dicyanoetheny))-1-pheny/-4,S:dihydro-1H-pyrazole, for other molecules see Figures 4 and § and preceding tables. 


where a, is the linear and apa is the two-photon 
absorption coefficient, respectively. The last coeffi- 
cient can be explicitly expressed by the imaginary 
part of the nonlinear index of refraction: 


ares = 


where Ay is the wavelength of the propagating 
heam. On the molecular level one also defines the 
two-photon absorption cross-section given by 


ho 


23) 


oma = 5p area 


where N is the number density of molecules. 
The values of TPA absorption cross-sections and 
two-photon absorption coefficients for selected 
organic molecules and solids are listed in Tables 7 
and 8, respectively. 


Photorefractive Materials 


The photorefractive effect consists of the gener- 
ation of a refractive index grating in an NLO 
material by its inhomogeneous illumination. This 
is a necessary condition but not a sufficient one. 
The sufficient condition consists of the possibility 
of creating the space charge field, which combined 
with the applied external field, leads to the 
refractive index modulation through the Pockels 
effect. In that case, the refractive index grating is 
phase mismatch with the intensity grating, leading 
to the transfer of photons from one beam to 
another, as occurs in two-beam coupling experi- 
ments, and thus applies to light amplification. 


Although the photorefractive effect was first 
observed in ferroelectric single crystals, the 
researchers at IBM demonstrated, at the beginning 
of 1990s, the photorefractive effect in organic 
composite materials. However, the main contri- 
bution in these materials comes from the 
rotational mobility of nonlinear optical (NLO) 
chromophores under the applied external electric 
field. Thus, to exhibit a photorefractive effect, the 
organic material has to possess the following 
properties: 


(i) charge generation and separation capacity; 
(ii) charge mobility; 

(iii) linear electro-optic (Pockels) effect; and 
(iv) rotational mobility. 


Composite Materials 


The different properties satisfying the above 
requirement to exhibit a photorefractive effect, 
are obtained by mixing together four types of 
molecules: 


{i) photoconducting polymer; 
(ii) highly second order nonlinear CT molecules; 
(iii) photoensitizer for charge generation under illu- 
mination; and 
(iv) plasticizer, lowering the glass transition tem- 
perature, thus increasing the rotational 
mobility. 


Some examples of different types of molecules used 
are shown in Figure 5. Although these structures 
exhibit large exponential gain coefficients T’ and high 
diffraction efficiencies y, their main disadvantage 
consists of slow, seconds-duration response times 
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Figure § Chemical structures of photoconducting polymers, CT chromophores, phatosensiizers and plasticizers commonly used for 
the fabrication of photorefractive polymers. 


Table 9 Photoratractive properties of selected single crystals at zero external field, compasite photorefractive polymers and liquid crystals 


‘Structure Form Thickness Composition Laser Exponential Electric Response Difraction — Nagy 
am w% intensity gain em! field Vium times eficioncy °% 
Wie? 
COANP: TCNQ Single crystal 0.08 100-1000 5148 
depending 
fon grating 
period A 
MINBA Single crystal on 2 10-100 5145 
DMNPAA/PVKITNFIECZ Composite 105 50: 99: 16:1 220 (polarized) 90 1 86 5145 
‘material — 40 (s:polarized) 
Dopod: § CB/Cso Composite 25 95:5 2890 0.07 03 5145 
‘material 
Doped: 8 OCB’ Composite 7 640 0.04 0.04 5145 
CB /PERINI ‘material 
SCLOPIE7ICip Composite 50 49.975: 600 07 35 exe 
material 49,975: 0.05 
PVAES4/Cea PDL 25 40 On: 8s 2 
Off: >3 days 
PMMAVESQ/ETZ/TNF PDL 53 45:99:21:1 at 22 8 675 
POTILC HPCPLC 10 965 06 oot 26 5145 
POT/DRILC HPCPLC 10 2600 06 0.010 at 5145 
PVK/TNFILC HPCPLC 10 3700 og 0.010 45 5145 


LC, liquid crystals; PDLC, polymer dispersed liquid crystals; HPCPLC, hybrid photoconducting polymer-liquid crystal: COANP-2-cyclooctalamino-S nitropyridine, TCNO, 7,7.8,8- 


tetracyanoquinodimethane; MNBA, nitrobenzyiidene-3 acetamino-4-methoxyaniine; 5-CB-4', (n-octyloxy)-4-cyanabipheny|; BOCB-4’, (mocthyloxy)- 


.cyanobiphenyl; PER, perylene: NI 


N.N-ci(n-oct!)1,4.5.8-naphtalenediimide; SCLCP, side chain liquid crystaline palymer (PMMA-4-cyanopheny/ benzoate); E7, E44, E49, commercial LC mixtures (Merck, Germany) othar 
‘molecules in Figure 5 and Tables 2 and 3 
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and require large external operation electric fields 
(~100 V/um). 


Photorefractive Liquid Crystals, 


In order to improve the performances of organic 
photorefractive materials the use of nematic liquid 
crystals was proposed as active media. These 
materials exhibit a large rotational mobility, 
requiring a relatively small electric field with 
response time of milliseconds. The reorientation 
of domains requires 2 +3 orders of magnitude 
electric fields as compared with the composite 
materials (reorientation of individual molecules). 
Several types of structures of liquid crystal based 
photorefractive structures are realized, such as: 


© composite materials in which the liquid crystals 
mesogens are NLO chromophores; 

«polymer dispersed liquid crystals (PDLCs); 

e hybrid photoconducting polymers — liquid 
crystals (HPCPLCs), in which the rotational 
mobility is separated from the charge mobility. 
Moreover the use of photoconducting polymer 
allows the modulation of the electric field on the 
liquid crystal layer, enhancing the effect. 


The performances of different, representative, 
organic photorefractive structures are listed in 
Table 9. 


Nonlinear Optics, Basics: Photorefraction; 
y®/-Harmonic Generation. Polarization: Introduction, 
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Introduction 


‘The basic construction and imaging properties of the 
optical microscope, one of the most important optical 
instruments, are described. But the restrictive mean- 
ing of a microscope as a device that the user looks 
down to see a magnified image is far from the present 
terminology that includes scanning systems (where 
the image is stored in a computer), nonvisible 
radiation, such as electrons or X-rays, and a variety 
of different contrast mechanisms. 

According to the Oxford English Dictionary a 
microscope is ‘an instrument magnifying objects by 
means of lenses so as to reveal details invisible to the 
naked eye’. Thus, basically a microscope forms a 
magnified image of an object. The first microscopes 
used visible light and formed an image showing 
variations in the intensity of light scattered by the 
object. This intensity is in general related to the 
optical properties of the object in a complicated way. 

Nowadays there are many different types of 
microscope. Our understanding of a microscope 
must therefore be generalized in the following ways. 


* The microscope may not be a conventional 
imaging system using lenses or mirrors. For 
example, it may be a scanning imaging system. 
A confocal system is a combination of a conve 
tional and a scanning system. Another important 
category of microscopes is that of probe micro- 
scopes, including near-field optical microscopes. 


Some probe microscopes, for example the atomic 
force microscope (AFM) do not even seem at first 
glance to rely on the direct use of radiation. 

© The microscope may not use visible light, but other 
electromagnetic radiation, or even other forms of 
radiation. 

# The image can be formed using a variety of different 
contrast mechanisms. Some of these, such as phase 
contrast, are designed to image particular optical 
properties of the sample. Others image the gener- 
ation of a form of radiation when the object 
is stimulated by another form of radiation. In 
particular, in principle, virtually any form of 
spectroscopy can be the basis of building up an 
image by measuring the spatial variations in the 
signal. 


Different Forms of Microscopes 
‘The Conventional Microscope 


Ina simple microscope, an objective lens forms a real, 
magnified, and inverted image of an object. In a 
compound microscope, an eyepiece is added, forming 
a virtual image that is viewed by eye to give real image 
on the retina. The eye can be replaced by CCD 
camera to record moving or still images. In early 
microscopes, the objective lens and eyepiece are 
mounted in the two ends of a brass tube. The 
objective screws into the tube using an RMS (Royal 
Microscopical Society) thread (0.8" Whitworth 36 
threads per inch), until its mounting face is flush 
with the end of the tube. The length of the tube is 
the mechanical tube length. The distance from the 
mounting face of the objective to the plane of the real 
image is the optical tube length, which varied 
according to different manufacturers in the range 
160-210 mm. Now most objectives have infinity 
tube length, so that they collimate the light from 


What Can 


0 Wrong 


and its heat sink. The heat sink itself creates un- 
certainty by tending to average the temperature 
of the component, and of course there is no sim- 
plewaytoknowtheactualjunction temperature, 
moment by moment, inside a MOSFET. 


Bearing in mind the accumulation of unknown 
factors, power MOSFETs should be chosen on an 
extremely conservative basis. According to a tu- 
torial in the EE Times, actual current switched by 
‘a MOSFET should be less than half of its rated 
current at 25 degrees, while one-fourth to one- 
third are common, Figure 29-22 shows the real- 
world recommended maximum drain current at 
various temperatures. Exceeding this recom- 
mendation can create additional heat, which 
cannot be dissipated, leading to further accu- 
mulation of heat, and a thermal runaway condi- 
tion, causing eventual failure of the component. 


Maximum Drain Current 
for a power MOSFET 


2 at selected case 
temperatures 
§ 40 
2 
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é 
§ 10 
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Figure 29-22. Maximum advised drain current through a 
power MOSFET, related to case temperature of the cam 
ponent. Derived from EE Times Power MOSFET Tutorial 


iscrete semiconductor 


multi-junction > field effect transistor 


Wrong Bias 
As previously noted, applying forward bias to a 
JFET can result in the junction between the gate 
and the source starting to behave like a forward- 
biased diode, when the voltage at the gate is 
greater than the voltage at the source by ap- 
proximately 0.6V or more (in an N-channel JFET). 
The junction will present relatively little resist- 
ance, encouraging excessive current and de- 
structive consequences. Itisimportant to design 
devices that allow user input in such a way that 
user error can never result in this eventuality. 


264 
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the object. The collimated light is brought to a focus 
by an additional tube lens. An objective of correct 
tube length should always be used as otherwise 
spherical aberration is introduced. As the objective, 
tube lens, and eyepiece are designed together as a 
system, great care should be exercised when mixing 
components from different manufacturers. 

Abbe showed that in order to form a perfect lateral 
image the objective must satisfy a different condition 
called the Herschel condition. Otherwise the image of 
an off-axis point will suffer from coma, An aberration- 
free system satisfying the sine condition is called an 
aplanatic system, A microscope produces a three- 
dimensional (3D) image of a 3D object. A point of the 
objectcloserto the lens appears further from the lensin 
the image. If the lateral magnification is M, the 
longitudinal magnification is approximately equal to 
‘M2. However, it can be shown that it is impossible to 
devise an instrument that can produce a perfect 3D 
image of a 3D object, because to have a perfect 
transverse image the system must satisfy Abe's sine 
condition, but to have a perfect axial image the system 
must satisfy the Herschel condition. These two 
conditions are not mutually compatible. Actually, we 
find that the longitudinal magnification is not exactly 
equal to M?, and is not even constant in spa 
Different depths of the object are imaged differently: 
the microscope objective only produces a good image 
for one plane of focus, and other planes will exhibit 
spherical aberration. However, all of these problems 
can be overcome by bringing the part of the object 
under observation into focus, without refocusing the 
eye or other detector. A 3D image can thus be 
generated by scanning the object stage in the axial 
direction, and recording a stack of images from 
different depths in a computer. For modern objectives 
of infinite tube length, focusing can be alternati- 
vely achieved by piezoelectric scanning of the 
objective lens. 


Resolution 

For an object consisting of a single bright point object 
in a dark background, the image produced by a 
perfect microscope, according to paraxial diffraction 
theory, is the so-called Airy disk, consisting of a bright 
central spot, surrounded by a series of rings. The 
intensity in a meridional cross-section through the 
Airy disk is the same for any aperture of objective, or 
wavelength of light, but its width varies. The intensity 
of the first bright ring is 1.75% of that at the peak. 
The radius of the first dark ring of the Airy disk is 


061A 


n= 


ul 


where A is the wavelength, 1 is the refractive index of 
the immersion medium, and a is the angle subtended 
at the edge of the objective aperture. The radius 
depends on mina, which is called the numerical 
aperture and should be as large as possible for good 
resolution, Thus, high-magnification lenses often use 
an immersion fluid, usually oil with a refractive index 
of 1.518 (ISO 8036/1). 
The optical coordinate » is defined as 


de 
v= 7 msina 21 
7 fea) 


so that the dark ring of the Airy disk occurs at a value 
of v of 27 X 0.61 = 3.83. Resolution is sometimes 
expressed in terms of the full width at half maximum 
(FWHM) of the image of a point object, which is 
3.232 in optical coordinates. A full nonparaxial 
theory does not give a very different figure. 

Resolution of a microscope is often specified by 
two-point resolution, which describes whether the 
image of two points can be distinguished from that of 
a single point. According to the Rayleigh criterion of 
two-point resolution, two points are just resolved if 
the second point is placed on the first dark ring of the 
first. The separation is then 0.61M(n sin a). A cross- 
section through the image in an incoherent optical 
system of two bright point objects of equal strength 
and different separations is shown in Figure 1. The 
intensity in the image between the points decreases as 
the separation is increased. The ratio of the intensity 
midway between the points to that at the points for 
the Rayleigh criterion to be satisfied is then found to 
be 0.735. 

The concept of resolution should be distinguished 
from sensitivity or precision. An object much smaller 
than the resolution limit can still be detected, perhaps 
weakly, in a microscope: this detection of weak 
contrast depends on the sensitivity of the microscope 
rather than its resolution, The size of an object can 
also be measured with a precision much greater than 
the resolution of the microscope. 


Mlumination 

If the object is not self-luminous, in order to be 
imaged in a microscope it must be illuminated. A 
semitransparent object, such as a biological slice, is 
illuminated in transmission. For observation of bulk 
objects, or surfaces, we use illumination in the 
reflection geometry, called epi-illumination. Either a 
tungsten halogen lamp or an arc source is usually 
used. In critical illumination, the source is focused on 
to the object by a condenser lens. The disadvantage 
of this approach is that variations in emission of 
the source are imaged directly into the image. 
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Cheaper microscopes avoid this problem by using a 
diffuser. Better microscopes use instead the Kohler 
illumination system, where the source is placed in the 
front focal plane of the condenser lens, Figure 2 
shows a Kohler illumination system in which the 
source is imaged into the front focal plane of the 
condenser lens by another, projector, lens. The system 
incorporates a separate field stop and aperture stop. 
In practice, the size of the field stop should be reduced 
to illuminate as small a region of the object as 
necessary in order to minimize stray light. An 
important part of setting up a microscope to operate 
properly consists in centering the aperture stop of the 
condenser. This is often done using a so-called 
Bertrand lens that allows imaging of the aperture stop. 
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Figure 1A cross-section through the image of two equal point, 
objects in an incoherent microscope. The separation of the points 
is that for the Rayleigh criterion to be satisfied, and for changes of, 
10, 20% of the Rayleigh separation. 


Source Projectorlens Field stop 


Image formation 

‘The Rayleigh criterion was originally specified for an 
incoherent optical system. It is thus applicable in 
fluorescence microscopy, as fluorescence is an inco- 
herent process as two fluorescent point objects 
fluoresce independently. But for the image of a 
trans-illuminated object, the resolution depends on 
the coherence of the illumination. This is controlled 
by the numerical aperture of the condenser lens as 
compared with that of the objective, The ratio of 
these numerical apertures is called the coherence 
parameter, S, so that 


S= BI 


For S=0 the illumination is purely coherent, while 
for S—+00 imaging becomes purely incoherent, thus 
corresponding to the Rayleigh criterion, so § should 
really be called an incoherence parameter. An 
important in-between case is when $= 1, when the 
apertures of objective and condenser are equal. This is 
termed matched, full, or complete illumination, 
According to the generalized Rayleigh criterion, the 
points are just resolved when the ratio of the intensity 
midway between the points to that at the points is 
0.735, which is called the generalized Rayleigh 
criterion. We require that the distance between the 
points is as small as possible when this occurs, The 
generalized Rayleigh separation is the same for 
incoherent illumination and for S=1, and corre- 
sponds to a distance of 2x) =3.83 in optical 
coordinates. Note, however, that for other separ- 
ations of the points, the ratio is different for these two 
cases: it is not true, but often erroneously stated, that 
S= I corresponds to incoherent imaging. Resolution 
improves as the aperture of the condenser is increased 
(2vp = 5.15 in optical coordinates for coherent 
illumination) reaching a maximum when S= 1.46, 
when resolution is 9% better than for incoherent 
imaging (2vp = 3.58). This maximum in resolution is 
achieved when the numerical aperture of the con- 
denser is larger than that of the objective, which is not 


Condenser lens 
Aperture stop 


th Object 


Figure 2 Geometry of the Kahler illumination system. In practice an arrangement with a smaller number of lonses is usually used. 
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physically achievable if the objective has the highest 
possible numerical aperture. Similarly, itis impossible 
to achieve incoherent illumination with very large 
objective numerical apertures. 

The effect of coherence on the resolution of an 
image depends on the form of the object, and on the 
particular resolution criterion employed. In practice, 
contrast also depends on the aperture of the 
condenser. Usually, opening the condenser improves 
resolution, but reduces contrast, so there will be an 
optimum condenser aperture size. 


Abbe theory of microscope imaging 

Abbe argued that for coherent illumination of a 
grating, the gating spectra can he observed in the 
back focal plane of the objective. The tube lens then 
forms an image from the grating components. Thus, 
this is an carly description of Fourier optics. The 
strength of the grating components can be altered in 
the back focal plane to give various optical effects, 
such as phase contrast, Abe's theory was not properly 
appreciated at the time because it was known that in 
practice, resolution could be improved by using a 
larger condenser aperture, which does not give 
coherent illumination, There was much controversy 
about the merits of Kohler versus critical illumination, 
and different sizes of condenser aperture. 

We now know that Kéhler and critical illumination 
are in principle equivalent. The aberrations of the 
condenser lens are not important, so that the source 
and condenser together behave simply as a partially 
coherent effective source. Imaging can still be 
described by Fourier optics within the framework of 
partially coherent imaging theory. 

Although Kohler and critical illumination are 
equivalent in principle, Kohler illumination is in 
practice better because of its improved illumination 
uniformity. 


Depth of focus 

The longitudinal image of a point object is found to 
be approximately invariant when expressed in terms 
of an optical coordinate 1, defined as 


87 oa 
an sin? i 


The axial resolution, and thus also the depth of focus, 
varies strongly with aperture, The FWHM for 
longitudinal imaging is 11.13 in optical coordinates. 


Microscope objectives 
Because microscope objectives often have large 
apertures, aberrations will be very strong, unless the 
objective is designed correctly. The basic design 


principle for a high aperture lens is the aplanatic 
front element (Figure 3). It is found that all rays from 
a point A in a sphere of refractive index m, where A is 
a distance ri from its center, appear to come from a 
point B, distance rm, without any aberration. This 
principle is used by employing a front element that 
has one surface of the same radius of curvature as the 
sphere. The front surface is a sphere centered on A 
(Figure 3b), so that the rays are not deviated on 
crossing it. 

A low-power achromat uses just two components 
with different optical dispersion to cancel chromatic 
aberration and correct for other aberrations (an 
achromatic doublet). For higher powers, two separ- 
ated doublets are necessary. For the highest apertures, 
an aplanatic front is used. However, this can never 
converge the light, but only makes it less divergent. It 
is thus used together with an achromatic doublet. For 
oil immersion, the interface between the oil and the 
front element is not very important, so it is made 
planar to simplify manufacture, In. practice, it is 


@) 
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Figure 3 The principle of the aplanatic front: (a) an aplanatic 
surface; (b) a meniscus lens that acts as an aplanatic system. 
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usually made planar even for a dry lens, and the 
resulting aberrations cancelled out elsewhere in the 
objective. Apochromats, corrected for three colors, 
use more elements, which may include two or more 
stages of aplanatic front. The final objective thus 
consists of a number of elements that must be 
accurately aligned relative to one another. The 
objective is adjusted by the manufacturer to give a 
good star image (image of a point object). First a 
spacer is selected to optimize spherical aberration. 
Then a sleeve is adjusted to make the objective 
parfocal with others. Finally a screw is used to center 
the assembly to remove coma, 


Conventional and Scanning Microscopes 


Conventional microscope 
Various different types of transmission microscope 
are illustrated in Figure 4. We consider image 
formation in a conventional microscope as illustrated 
schematically in Figure 4a, showing a microscope 
with critical illumination. A large area incoherent 
source is focused by the condenser lens on to the 
specimen, illuminating a comparatively large area of 
the specimen, corresponding to the whole field of 
view of the objective. Information from each illumi- 
nated point in the specimen is simultaneously 
transmitted by the objective lens to form the primary 
image. The objective is responsible for forming the 
image, with the condenser playing only a secondary 


Condenser Objective 


role in determining the resolution of the system, 
through control of the coherence of the illumination. 
Figure 4b shows a conventional microscope in which 
the image is measured point by point by a detector. 
In practice this could be achieved by using a CCD 
detector. 


Scanning microscope 
An image can be generated by a scanning system, as 
illustrated in Figure 4e. A probe of light is formed by 
demagnification of a source, and is scanned over the 
object in a raster. The transmitted (or reflected) light 
is detected by a photodetector and thus builds up an 
image. The size of the probe of light limits the 
resolution of the system, that is, the smallest detail in 
the object that can be seen in the image. It should be 
noted that the magnification of the image is given 
simply by the ratio of the distance scanned in the 
image to the distance scanned by the probe. It is thus 
unrelated to the demagnification of the source. The 
image magnification can be altered without changing 
the lens and is not in any way related to the 
resolution. 

It has been shown that the imaging properties of 
scanning and conventional microscopes are identical 
under analogous conditions, this being known as the 
principle of equivalence. This property is ased on the 
principle of reciprocity, which is a very general 
physical law that holds even with diffraction, 
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Figure 4 Different geometries of transmission microscope: (a) a conventional microscope; (b) a conventional microscope with a point 


detector; (c) a scanning microscope; (d) a confocal microscope. 
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absorption, multiple scattering, and stray light. The 
principle of equivalence is generally valid except if 
there are nonreciprocal magnetic or polarization 
effects, or energy losses involved (such as in fluor- 
escence microscopy, and with inelastic scattering in 
electron microscopy). 

Scanning systems exhibit a number of important 
advantages over conventional systems. Broadly, these 
are based on two classes of property. First, in a 
scanning system the image is in the form of an 
electronic signal. As a result, this is advantageous 
for quantitative measurements, as well as for 
image processing, including image enhancement, 
image restoration, and image analysis. Second, in a 
scanning system the object is illuminated by a focused 
spot, which extends the range of imaging modes 
available. 


Confocal microscope 

Finally in Figure 4d, we combine the arrangements of 
Figures 4b and c to give a confocal scanning optical 
microscope, in which a point source illuminates just a 
small region of the object, and a confocal point 
detector detects light from this illuminated region. If 
the point source and detector are scanned in unison, a 
two-dimensional image is generated. However, this 
system now behaves very differently from the 
previous ones. The confocal microscope is thus not 
a special case of the general partially coherent 
conventional imaging system. From the symmetry of 
Figure 4d, it is clear that the two lenses play an equal 
part in the imaging process. This results in an 
improvement in resolution. In fact, the confocal 
system behaves as a coherent imaging system, but 
with a sharper effective point spread function than in 
a conventional coherent microscope. 

Although Figure 4 is drawn for the transmission 
geometry, in practice most confocal systems operate 
in the reflection or epi-illumination mode, in which 
the same objective lens is used both for illumination 
and detection. For a specimen placed in the focal 
plane, the properties of confocal transmission and 
reflection systems are identical. However, once the 
object is moved from the focal plane, certain 
differences arise: in particular in confocal reflection 
a strong optical sectioning effect occurs that allows a 
single section through a thick object to be imaged. 
This is the major advantage of the confocal micro- 
scope arrangement. Figure 4 also applies equally well 
to fluorescence imaging. However, in this case, 
because of the incoherent nature of fluorescence 
emissions after excitation by coherent light, imaging 
is then incoherent. 

Confocal microscopes can be achieved by using 
either a point detector, in practice performed by 


placing a pinhole in front of a photodetector, or by 
using a coherent detector. Such a coherent detector, 
sensitive to the amplitude of the incident radiation, is 
not directly available for light, but is available for 
acoustic radiation, as in a scanning acoustic micro- 
scope. For light, a confocal effect can also be achieved 
by using an interferometric method to synthesize 
coherent detector. Thus, in interference microscopes 
using the high aperture condenser and objective 
lenses, an optical sectioning effect arises similar to 
that in the confocal microscope. Another way of 
producing a coherent detector is to use a single-mode 
optical fiber. 


Probe Microscopes 


Scanning tunneling microscope 

The scanning tunneling microscope was the first of the 
family of probe microscopes, relying on a fundamen 
tally different principle from the usual forms of 
microscope. A physical tip in the nanometer range is 
brought close, also in the nanometer range, to a 
conducting sample. If an electric potential is applied, 
electrons can tunnel across between the sample and the 
tip. By scanning the tip mechanically across the 
sample, an image can be generated with a resolution 
in the subnanometer range. The surface topography 
can also be measured with subnanometer sensitivity. 
While interference microscopy can measure surface 
topography with subnanometer sensitivity, in this case 
the profile is averaged over the lateral resolution of 
the microscope, of the order of the wavelength in 
dimensions. The scanning tunneling microscope can 
image individual atoms. The signal is related to the 
work function of the material. Altering the bias 
voltage allows the band structure of the material to 
be investigated. 


Atomic force microscope 

Inthe atomic force microscope, the force between the 
surface and the tip is measured using a cantilever beam 
and used to build up an image. Atomic force 
microscopy can be performed in either a contact or 
noncontact mode. It can be used with insulating 
specimens. Optical methods, often using a position- 
sensitive detector, are used to measure displacements 
of the cantilever. 


Near-field scanning optical microscope (NSOM) 

In a near-field scanning optical microscope, a very 
small tip or aperture is scanned relative to the 
specimen to attain resolution greater than the 
classical limit set by the wavelength of the radiation. 
As Figure 5 shows, various different designs of near- 
field microscope have been proposed. Itis evident that 
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Figure 5 Different forms of near-field microscope: (a lumina 
tion-mode NSOM; (b) collecion-mode NSOM: (c) a near-field 
probe used for both ilumination and collection in a confocal 
arrangement; (4) photon tunneling microscope (PTM). Repro~ 
duced with permission from Sheppard CJR (1978) The scanning 
optical microscope. The Physics Teacher 16: 648-651. © 1978 
‘American Association of Physics Teachers. 


these again form into the conventional/scanning 
categories described earlier. The sample can be 
illuminated using the near-field probe, as in 
Figure 5a. This is called the illumination-mode 
NSOM. Or the sample can be uniformly illuminated, 
and a signal detected using a near-field probe as in 
Figure 5b, giving a collection-mode NSOM. Or a 
confocal arrangement can be used, with a near-field 
probe used for both illumination and collection (¢). In 
this case, an uncoated tip can he used; as other 
the detected signal will be very small. Finally, 
Figure Sd shows the photon tunneling microscope 
(PTM), in which the sample is illuminated with 
evanescent waves produced by total internal reflec- 
tion and an uncoated tip used to probe the evanescent 
field in the presence of the sample, 


Different Types of Radiation 
Electromagnetic Radiation 


UV radiation and X-rays 

The first microscopes used visible light, but, in fact, 
we do not need to use visible light, but can use any 
clectromagnetic radiation, over a broad range of 
different available wavelengths. In Figure 6 we show 
the wavelength of the electromagnetic spectrum, 
illustrating how the wavelength in air varies with 
frequency. Instead of using visible light, shorter 
wavelengths allow greater resolution to be achieved. 
Ultra-violet light is commonly used to excite fluor- 
escence, X-rays have also successfully been used to 
image biological samples. 


IR and microwave radiation 
In the longer wavelength region, infra-red radiation is 
used for observation of semiconductors or for 
molecular spectroscopic imaging. Imaging of emitted 
midinfra-red radiation can show up variations in 
temperature, such as hot spots in semiconductors. 
Microwaves have also been used, but resolution is 
limited by the long wavelength. For this reason 
microwaves (and mid-IR) have also been used for 
near-field microscopy. 


Other Radiation 


Electron microscope 
The other important class of radiation that can be 
used for illumination is matter waves. The most 
common of these, of course, is clectrons, the 
wavelength of which, as a function of acceleration 
voltage, is shown in Figure 7. The bend in the curve at 
very high voltages is caused by relativistic effects. The 
wavelength of the electrons is very small: even for 
100 V electrons, the wavelength is only 0.1 nm. But 
aberrations caused by the electron lenses limit 
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Figure 6 The wavelength of different forms of electromagnetic, 
radiation and acoustic radiation. Reproduced with permission from 
Sheppard CJR (2002) The generalized microscope. In: Diaspro 
‘A (ed) Confocal and Two-Photon Microscopy: Foundations, 
Applications and Advances, pp. 1~18. New York: Wiley-Liss. 
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Figure 7 The wavelength of matter waves (electrons and 
protons) as a function of accelerating voltage. Reproduced with, 
permission from Sheppard CJR (2002) The generalized micro 
scope. In: Diaspro A (ed.) Confocal and Two-Photon Microscopy. 
Foundations, Applications and Advances, pp. 1-18. New York: 
Wiley-Liss. 
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resolution so that at present atomic resolution is only 
just achievable, even with much higher voltages. 

In a transmission electron microscope (TEM), a 
beam of electrons is produced by an electron gun. The 
specimen is illuminated via a condenser lens (or 
lenses). Usually these are magnetic lenses in which a 
current in a coil produces a magnetic field that focuses 
the electrons. The clectrons that are transmitted 
through the specimen are then focused by a series of 
lenses to form a final image that can be viewed 
directly on a phosphor screen. An X-ray detector can 
be used to characterize the elements in the specimen. 
An clectron-energy-loss spectrometer, together with a 
detector, can measure the energy of the electrons in a 
particular region of the image. 


Other matter radiation 
Instead of electrons, other particle beams can be used 
for illumination. Figure 7 shows the wavelength of a 
beam of protons, as function of the accelerating 
voltage, Because of the larger mass of protons, 
relativistic effects are not apparent for protons in 
the curve in Figure 7. Microscope images have also 
been formed using ions, and even neutral particles 
such as neutrons. Neutral atom microscopes are also 
under development. 


Acoustic radiation 

Instead of electromagnetic waves, acoustic radiation 
can be used to form a scanning acoustic microscope 
(SAM). Ultrasonic waves are focused into a water 
immersion medium, Mechanical scanning is again 
used to build up an image. Figure 6 shows the 
wavelength of the acoustic wave as a function of 
frequency. By using microwave frequencies, wave- 
lengths, and therefore resolution, in the submicron 
range, can be generated. The SAM acts as a confocal 
microscope because the detector is sensitive to the 
amplitude of the acoustic wave. The acoustic micro- 
scope provides information on variations in the elastic 
properties (viscosity and elasticity) of the sample, 


Different Contrast Mechanisms 


The bright field microscope detects the intensity of the 
light transmitted through the object. A microscope 
with a condenser aperture of appreciable size behaves 
as a partially coherent system, and the image will, in 
general, depend on the phase of the light coming from 
the object as well as its intensity. Many objects are 
weakly scattering, so the contrast of this phase 
information is weak. In this case, the microscope 
effectively images variations in the transmittance or 
reflectance of the sample. Different designs of 
microscope can be used to image various properties 


of the object, thus providing new and complementary 
information. Phase contrast microscopy provides but 
one example of a different contrast mechanism, In 
fact, in general, any physical or chemical interaction 
of the illuminating radiation with the sample can 
be used as the basis for a contrast mechanism. 
These different contrast mechanisms can be per- 
formed in either a conventional or scanning arrange- 
ment, or in a confocal system. 


Phase Contrast Microscopy 


Phase contrast is a widely used technique in both 
biological microscopy (in transmission) and materials 
microscopy (in reflection). Its importance in biologi- 
cal microscopy stems, firstly, from the fact that 
contrast may otherwise be too weak to be visible, 
but secondly because the phase variations are caused 
by changes in optical thickness, related to physical 
density. In reflection microscopy, phase is related to 
surface height variations, but also depends on the 
optical material properties of the sample. 


Polarization Microscopy 


The polarization state of light transmitted through or 
reflected from a sample can also be changed. This 
change is detected in polarization microscopy, for 
example by placing the sample between crossed 
polarizers, The birefringence detected can be either 
material birefringence, or form birefringence (caused 
by the shape of the microstructure). Polarization 
microscopy is widely used in biological microscopy, 
and in mineralogy. 


Fluorescence Microscopy 


In fluorescence microscopy, electrons excited by 
illumination decay to the ground state and emit 
photons of light. Autofluorescence is natural fluor- 
escence of the sample. Fluorescent dyes can be used as 
labels for particular biological or chemical constitu- 
ents, Fluorescence microscopy is usually performed in 
the epi-illumination geometry to assist rejection of 
light from the source. Often it is performed in a 
confocal microscope, allowing 3D localization of the 
fluorescent labels. 


Raman Microscopy 


Raman spectroscopy can be performed on a micro- 
scopic scale to produce images of presence of 
particular molecular bonds. It is usually performed 
in a scanning system, often of the confocal type. 

This is one example of the wider class of spectro- 
scopic microscopies: in principle, any form of 
spectroscopy can be used as the basis for a microscope 
contrast mode. 
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Nonlinear Microscopy 


Another class of contrast mechanisms is based on 
nonlinear optical interactions. Again, any nonlinear 
mechanism can be used as the basis for a contrast 
mechanism, These include two- (or multiphoton) 
fluorescence, second- (or higher-order) harmonic 
generation, sum or difference frequency generation, 
and coherent anti-Stokes Raman scattering (CARS). 
Probably other nonlinear optical mechanisms will be 
exploited in microscopy in the future. 


Other Contrast Mechanisms 


The contrast mechanisms described above, all rely on 
illumination and detection of light. But in many other 
modes, radiation of one form can be converted 
into another. These include cathodoluminescence 
microscopy (electrons to light), X-ray microanalysis 
(clectrons to X-rays}, photo-emission microscopy 
(light, usually UV, to electrons), photo-acoustic 
microscopy (light to ultrasonics), photothermal 
microscopy (light to thermal waves), optical or 
electron beam induced current (OBIC/EBIC). Again, 
in many of these, the illuminating or emitted 
radiation can be focused, or a combination can be 
used in a confocal arrangement. 


Microscopy: Confocal Microscopy; Imaging Multiple 
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Introduction 


It is probably fair to say that the development and 
wide commercial availability of the confocal micro- 
scope has been one of the most significant advances in 
light microscopy in the recent past. The main reason 
for the popularity of these instruments derives from 
their ability to permit the structure of thick specimens 
of biological tissue to be investigated in three 
dimensions. It achieves this important goal by 
resorting to a scanning approach together with a 
novel (confocal) optical system. 


Microscopy; Nonlinear Microscopy; Phase Contrast 
Microscopy. 
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‘The traditional wide-field conventional microscope 
isa parallel processing system which images the entire 
object field simultaneously, which is a severe require- 
ment for the optical components, We can relax this 
requirement if we no longer try to image the whole 
object at once. The limit of this relaxation is to 
require a good image of only one object point at a 
time. The price that we have to pay is that we must 
scan in order to build up an image of the entire field. 

A typical arrangement of a scanning confocal 
optical microscope is shown in Figure 1 where the 
system is builtarounda host conventional microscope. 
The essential components are some form of mechan- 
ism for scanning the light beam (usually from a laser) 
relative to the specimen and appropriate photodetec- 
tors to collect the reflected or transmitted light. 
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Figure 1. Schematic diagram of a confocal microscope. 


“Most of the early systems were analog in nature, but it 
is now universal, due to the serial nature of the image 
formation, to use a computer both to drive the micro- 
scope and to collect, process, and display the image, 

In the beam scanning confocal configuration of 
Figure 1, the scanning is typically achieved by using 
vibrating galvanometer-type mirrors or acousto-optic 
beam deflectors. The use of the latter gives the 
possibility of TV-rate scanning, whereas vibrating 
mirrors are often relatively slow when imaging 
an extended region of the specimen, although 
significantly higher scanning speeds are achievable 
over smaller scan regions. We should note that other 
approaches to scanning may be implemented, such 
as specimen-scanning and lens-scanning. These 
methods, although not generally available commer- 
cially, do have advantages in certain specialized 
applications. Since this article is necessarily limited 
in length much additional material may be found in 
other sources listed in the Further Reading at the end 
of this article. 


Image Formation in Scanning 
Microscopes 


We will not discuss the fine detail of the optical 
properties of confocal systems. However, the essence 


is shown in Figure 1 where we see that the confocal 
optical system consists simply of a point source of 
light which is then used to probe a single point on 
the specimen, The strength of the reflected or 
fluorescence radiation from the single object point 
is then measured via a point, pinhole detector 
The confocal — point source and point detector — 
optical system therefore merely produces an ‘image’ 
of a single object point and hence some form of 
scanning is necessary to produce an image of an 
extended region of the specimen. However, the use of 
single-point illumination and single-point detection 
results in novel imaging capabilities which offer 
significant advantages over those possessed by con- 
ventional wide-field optical microscopes. In essence, 
these are enhanced lateral resolution and, perhaps 
more importantly, result in a unique depth discrimi- 
nation or optical sectioning property. It is this latter 
property which leads to the ability to obtain three- 
dimensional images of volume specimens. 

The improvement in lateral resolution may at first 
seem implausible. However, it can he explained 
simply by the principle which states that resolution 
can be increased at the expense of field of view, which 
can then be increased by scanning. One way of taking 
advantage of this principle is to place a very small 
aperture extremely close to the object. The resolution 
is now determined by the size of the aperture rather 
than the radiation. In the confocal microscope we do 
not use a physical aperture in the focal plane but 
rather use the back-projected image of a point 
detector in conjunction with the focused point soure 
Figure 2 indicates the improvement in lateral resolu- 
tion that may be achieved. 

The confocal principle was introduced in an 
attempt to obtain an image of a slice within a thick 
specimen which was free from the distracting 
presence of out-of-focus information ftom surround- 
ing planes. The confocal optical systems fulfills this 
requirement and its inherent optical sectioning or 
depth discrimination property has become the major 
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Figure 2 The point spread functions of the conventional and 
confocal microscopes showing the improvement in lateral 
resolution which may be obtained in the confocal case. 
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Figure 3 The origin of the optical sectioning or depth discrimination property of the confocal optical system. 


motivation for using confocal microscopes, and is the 
basis of many of the novel imaging modes of the 
instruments. The origin of the depth discrimination 
property may he understood easily from Figure 3, 
where we show a reflection-mode confocal micro- 
scope and consider the imaging of a specimen with an 
undulating surface. The full lines show the optical 
path when an object feature lies in the focal plane of 
the lens. Ata later scan position, the object surface 
supposed to be located in the plane of the vertical 
dashed line. In this case, simple ray tracing shows that 
the light reflected back to the detector pinhole arrives 
as a defocused blur, only the central portion of which 
is detected and contributes to the image. In this way 
the system discriminates against features which do 
not lie within the focal region of the lens. A very 
simple method of both demonstrating the effect and 
giving a measure of its strength is to scan a perfect 
reflector axially through focus and measure the 
detected signal strength. Figure 4 shows a typical 
response. These responses are frequently termed the 
V(), by analogy with a similar technique in scanning 
acoustic microscopy. A simple paraxial theory models 
this response as 
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where is a normalized axial coordinate which is, 
related to real axial distance, z, via 
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where A is the wavelength and sin a the numerical 
aperture. As a measure of the strength of the 
sectioning, we can choose the full width at half 
intensity of the I(1) curves. Figure 5 shows this value 
as a function of numerical aperture for the specific 
case of imaging with red light from a helium neon 
laser. These curves were obtained using a high 
aperture theory which is more reliable than eqn [1] 
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Figure 4 The variation in detacted signal as a plane reflector 
is scanned axially through focus. The measurement was 
taken with a 1.3 numerical aperture objective and 633.nm 
radiation. 
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Figure & The optical sectioning width as a function of numerical 
aperture. The curves are for red light (0.6328 jm wavelength). 
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Schematic Symbols 


This section contains a compilation of schematic 
symbols for components that have been 
described in this volume. They are sequenced 
primarily in alphabetical order, as this section is 
intended for use as an index. However, symbols 
that havea strong similarity are grouped togeth- 
er; thus potentiometer is found adjacent to re- 
sistor, andall types of transistors are in the same 
group. 

The symbol variants shown in each blue rectan- 
gle are functionally identical. 


Where a component has mandatory polarity or 
is commonly used with a certain polarity, a red 
plus sign (+) has been added for guidance. This 
sign is not part of the symbol. In the case of po- 
larized capacitors, where a plus sign is normally 
shown (orshould be shown) withthe symbol, the 
plus sign is a part of the symbol and appears in 
black. 


This is not intended to be an exhaustive compi- 
lation of symbol variants. Some uncommon ones 
may not be here, However, the list should be suf- 
ficient to enable identification of components in 
this volume, 
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at the highest values of numerical aperture. We note, 
of course, that these numerical values refer to 
nonfluorescence imaging. The qualitative explanation 
of optical sectioning, of course, carries over to 
the fluorescence case but the actual value of 
the optical sectioning strength is different in the 
fluorescence case. 


Applications of Depth Discrimination 


Since this property is one of the major reasons for the 
popularity of confocal microscopes, it is worthwhile, 
at this point, to review briefly some of the novel 
imaging techniques which have become available 
with confocal microscopy. 

Figure 6 illustrates the essential effect: Figure 6a 
shows a conventional image of a planar microcircuit 
which has deliberately been mounted with its normal 
at an angle to the optic axis. We see that only one 
portion of the circuit, running diagonally, is in focus. 
Figure 6b shows the corresponding confocal image: 
here the discrimination against detail outside the 
focal plane is clear. The areas which were out of focus 
in Figure 6a have been rejected. Furthermore, the 
confocal image appears to be in focus throughout the 
visible band, which illustrates that the sectioning 
property is stronger than the depth of focus. 

This suggests that if we try to image a thick 
translucent specimen, we can arrange, by the choice 
of our focal position, to image detail exclusively from 
one specific region. In essence, we can section the 
specimen optically without having to resort to 
mechanical means. Figure 7 shows an idealized 
schematic of the process. The portion of the 
bechive-shaped object that we see is determined by 
the focus position, In this way it is possible to take a 
through-focus series and obtain data about the three- 
dimensional structure of the specimen. If we represent 
the volume image by I(x, y.2), then by focusing at a 


position z=, we obtain, ideally, the image 
Ix, y,21). This, of course, is not strictly true in prac- 
tice because the optical section is not infinitely thin, 

Itis clear that the confocal microscope allows us to 
form high-resolution images with a depth of focus 
sufficiently small that all the detail which is imaged 
appears in focus. This suggests immediately that we 
can extend the depth of focus of the microscope by 
adding together (integrating) the images taken at 
different focal settings without sacrificing the lateral 
resolution. Mathematically, this extended-focus 
image is given by 


les(x.9) = flex y.ode BI 


Asan alternative to the extended-focus method, we 
can form an auto-focus image by scanning the object 
axially and, instead of integrating, selecting the focus 
at each picture point by recording the maximum in 
the detected signal. Mathematically, this might be 
written as 


Tye. 9 


= MX, ¥.zZmax) (41 


where Zina, Corresponds to the focus setting giving the 
maximum signal. The images obtained are somewhat 
similar to the extended focus and, again, substantial 
increases in depth of focus may be obtained. We can 
go one step further and turn the microscope into a 
noncontacting surface profilometer. Here we simply 
display zinas 

Itisclear by now that the confocal method gives usa 
convenient tool for studying three-dimensional struc- 
tures in general. We essentially record the image asa 
series of slices and play it back in any desired fashion. 
Naturally, in practice itis not as simple as this, but we 
can, for example, display the data as an x — z image 
rather than an x — y image. This is somewhat similar 
to viewing the specimen from the side. As another 


Figure 6 (a) Conventional scanning microscope image ofa tited microcircult: the parts ofthe object outside the focal plane appear 
blurred, (b) Confocal image of the same microcircut: only the part of the specimen within the focal region is imaged strongly. 
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Figure 7 An idealization of the optical sectioning property 
showing the ablity to obtain a through-facus series of images, 
which may then be used to reconstruct the orginal volume object, 
at high resolution, 


example, we might choose to recombine the data as 
stereo pairs by introducing a slight lateral offset to 
each image slice as we add them up. If we do this twice, 
with an offset to the left in one case and the right 
in another, we obtain, very simply, stereo. pairs. 
Mathematically, we form images of the form: 


fie + ye yadz (31 


where y is a constant. In practice it may not be 
necessary to introduce offsets in both directions to 
obtain an adequate stereo view. 

Our discussion so far on these techniques has been 
by way of a simplified introduction. In particular, we 
have not presented any fluorescence images. The key 
point is that, in both brightfield and fluorescence 
modes, the confocal principle permits the imaging 
of specimens in three dimensions. The situation is, of 
course, more involved than we have implied. 
A thorough knowledge of the image formation 
process, together with the effects of lens aberrations 
and absorption, is necessary before accurate data 
manipulation can take place. 

In conclusion to this section it is important to 
emphasize that the confocal microscope does not 
produce three-dimensional images. It essentially 
produces very high-quality two-dimensional images 
of a (thin) slice within a thick specimen. A three- 
dimensional rendering of the entire volume specimen 
may then be generated by suitably combining a 
number of these two-dimensional image slices from a 
through focus series of images. 


Fluorescence Microscopy 


We now turn our attention to confocal fluorescence 
microscopy, because this is the imaging mode which 
is usually employed in biological applications. 


Although we have introduced the confocal micro- 
scope in terms of bright-field imaging the comments 
we have made concerning the origin of the optical 
sectioning, etc., carry over directly to the fluorescence 
case although the numerical values describing the 
strength of the optical sectioning are, of course, 
different and we will return to this point later. 

If we assume that the fluorescence in the object 
destroys the coherence of the illuminating radiation 
and produces an incoherent fluorescent field 
proportional to the intensity of the incident radiation, 
iv, 10, then we may write the effective intensity point 
spread function, which describes image formation in 
the incoherent confocal fluorescence microscope, as 


Tw, al F- =) 161 


where the optical coordinates # and v are defined 
relative to the primary radiation and B = A,/A, is the 
ratio of the fluorescence to the primary wavelength. 
We note that » = (27/A)rn sin a, where r denotes the 
actual radial distance. 

This suggests that the imaging performance 
depends on the value of B. In order to illustrate this 
we show in Figure 8 the variation in detected signal 
strength as perfect fluorescent sheet scans through 
focus. This serves to characterize the strength of the 
optical sectioning in fluorescence microscopy in the 
same way that the mirror was used in the brightfield 
case. We note that the half-width of these curves is 


10, 
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Figure 8 The detected signal as thin fluorescent sheet is 
scanned axially through focus for a variely of fluorescent 
wavelengths. We note that if we measure the sectioning by the 
half width of these curves, the strength of the sectioning is 
essentially proportional to ft 
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essentially proportional to B and so for optimum 
sectioning the wavelength ratio should be as close to 
unity as possible. 

We have just discussed what we might call one- 
photon fluorescence microscopy in the sense that a 
fluorphore is excited by a single photon of a particular 
wavelength. It then returns to the ground state and 
emits a photon at the (slightly longer) fluorescence 
wavelength. It is this radiation which is detected via 
the confocal pinhole. Recently, however, much 
interest has centered on two-photon excitation 
fluorescence microscopy. This process relies on the 
simultaneous absorption of two, longer wavelength 
photons, following which a single fluorescence 
photon is emitted. The excitation wavelength is 
typically twice that used in the one-photon case. 
The beauty of the two-photon approach lies in 
the quadratic dependence of the fluorescence intensity 
on the intensity of the illumination. This leads to 
fluorescence emission which is always confined to the 
region of focus. In other words the system possesses 
an inherent optical sectioning property. Other 
benefits of two-photon fluorescence over the single 
photon case include the use of red or infra-red lasers 
to excite ultra-violet dyes, confinement of photo- 
bleaching to the focal region (the region of exci- 
tation), and the reduced effects of scattering and 
greater penetration. However, it should also be 
remembered that, compared with single photon 
excitation, the fluorescence yield of many fluorescent 
dyes under two-photon excitation is relatively low. 

In order to make a theoretical comparison between 
the one- and two-photon modalities, we shall assume 
that the emission wavelength Aj, is the same, 
irrespective of the mode of excitation. Since the 
wavelength required for single-photon excitation is 
generally shorter than the emission wavelength, we 
may write it as yan where y < 1. Since two-photon 
excitation requires the simultaneous absorption of 
two photons of half the energy we will assume that 
the excitation wavelength may be written as 27 
which has been shown to be a reasonable approxi- 
mation for many dyes. 

If we now introduce optical coordinates u and v, 
normalized in terms of Ag, We May now write the 
effective point spread functions in the one-photon 
confocal and two-photon case as 


psa =1(5, S)te.m 71 
and 


[8] 


respectively. We note that although a pinhole is not 
usually employed in two-photon microscopy it is 
possible to include one if necessary. In this confocal 
two-photon geometry the effective point spread 
function becomes 


yaaa = P55 oe Hee) io 


If we now look at eqns [7] and [8] in the y=1 
limit, we find that 


[10] 


Dipcont = 


(33) 
We now see that because of the longer excitation 
wavelength used in two-photon microscopy the 
effective point spread function is twice as large as 
that of the one-photon confocal in both the lateral 
and axial directions. The situation is somewhat 
improved in the confocal two-photon case but it is 
worth remembering that the advantages of two- 
photon excitation microscopy are accompanied by a 
reduction in optical performance as compared to the 
single- 

From the practical point of view it is worth noting. 
that the two-photon approach has certain very 
important advantages over one-photon excitation, 
in terms of image contrast, when imaging through 
scattering media apart from the greater depth of 
penetration afforded by the longer wavelength 
excitation. In a single-photon confocal case it is 
quite possible that the desired fluorescence radiation 
from the focal plane may be scattered after generation 
in such a way that it is not detected through the 
confocal pinhole. Since the fluorescence is generated 
throughout the entire focal volume it is also possible 
that undesired fluorescence radiation, which was not 
generated within the focal region, may be scattered so 
as to be detected through the confocal pinhole. 
In either case this leads to a reduction in image 
contrast. The situation is, however, completely 
different in the two-photon case. Here the fluor- 
escence is generated only in the focal region and not 
throughout the focal volume. Furthermore since all 
the fluorescence is detected via a large area detector — 
no pinhole is involved — it is not so important if 
further scattering events take place. This leads to 
high-contrast images which are less sensitive to 
scattering. This is particularly important for speci- 
mens which are much more scattering at the 
fluorescence (\/2) wavelength than the excitation (A) 
wavelength, 


and 


yy (1) 
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The Use of Structured Illumination 
to Achieve Optical Sectioning 


An alternative approach to obtain optical sectioning 
is to use structured illumination in a conventional 
microscope. This approach is attractive since the 
conventional light microscope already possesses 
many desirable properties: real-time image capture, 
standard illumination, ease of alignment, etc. How- 
ever, it does not produce optically sectioned images 
in the sense usually understood in confocal 
microscopy. In order to see how this deficiency 
may be corrected via a simple modification of the 
illumination system let us begin by looking at the 
theory of image formation in a conventional 
fluorescence microscope and start by asking in 
what way the image changes as the microscope is 
defocused. We know that in a confocal microscope 
the image signal from all object features attenuates 
with defocus and that this does not happen in a 
conventional microscope, However, when we look 
closely at the image formation process we find that it 
is only the zero spatial frequency (constant) com- 
ponent which does not change with defocus 
(Figure 9); all other spatial frequencies actually do 
attenuate with defocus to a greater or lesser extent. 
Figure 10 illustrates this by showing the image of a 
single spatial frequency one-dimensional bar pattern 
object for increasing degrees of defocus. When the 
specimen is imaged in focus, a good image of the bar 
pattern is obtained. However with increasing defo- 
cus the image becomes progressively poorer and 
weaker until it eventually disappears leaving a 
uniform gray level. This observation is the basis of 
a simple way to perform optical sectioning in a 
conventional microscope. 

If we simply modify the illumination path of the 
microscope so as to project onto the object the 
image of a one-dimensional, single spatial frequency 


(8) 05} 
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Figure 9 The transfer function for a conventional fluorescence 
microscope for a number of values of defocus (measured in 
‘optical units). We notice thatthe response far all nonzero spatial 
{frequencies decays with defocus. 


—> 


Figure 10 The image of a one-dimensional single spatial 
‘frequency bar pattem for varying degrees of defocus. We note 
that for sufficiently large values of defocus the bar pattern is not 


imaged at al 


Defocus 


fringe pattern, then the image we see through the 
microscope will consist of a sharp image of those 
parts of the object where the fringe pattern is in 
focus together with an out-of-focus blurred image 
of the rest of the object. In order to obtain an 
optically sectioned image it is necessary to remove 
the blurred out-of-focus portion as well as the fringe 
pattern from the in-focus optical section, There are 
many ways to do this — one of the simplest involves 
simple processing of three images taken at three 
different spatial positions of the fringe pattern, The 
out-of-focus regions remain fairly constant between 
these images and the relative spatial shift of the 
fringe pattern allows the three images to be 
combined in such a way as to remove the fringes. 
This permits us to retrieve both an optically 
sectioned image as well as a conventional image 
in real time. 


Since the approach involves processing three 
conventional microscope images, the image for- 
mation is fundamentally different from that of the 
confocal microscope. However, the depth discrimi- 
nation or optical sectioning strength is very similar 
and this approach, which requires very minimal 
modifications to the instrument, has been used to 
produce high-quality three-dimensional images of 
volume objects which are directly comparable to 
those obtained with confocal microscopes. A sche- 
matic of the optical arrangement is shown in 
Figure 11a, together with experimentally obtained 
axial responses in Figure 11b. It will be noted that 
these responses are substantially similar to those 
obtained in the true confocal case. As an example of 
the kind of images which can be obtained with this 
kind of microscope, we show in Figure 12 two images 
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Figure 11 (a) Shows the optical system of the structured 
ilumination microscope together with experimentally obtained 
axial responses in (b) which confirm the optical sectioning abilty of 
the instrument 


ofa spiracle of a head louse. The first is an auto-focus 
image of greatly extended depth of field constructed 
from a through-focus series of images. The second is a 
conventional image taken at mid-focus. The dramatic 
increase in depth of field is clear when compared with 
a mid-focus conventional image. We note that these 
images were taken using a standard microscope 
illuminator as light source. Indeed, the system is so 
light efficient that good-quality optical sections have 
been obtained or transistor specimens using simply a 
candle as light source! 

Imaging using fluorescence light is also possible 
using this technique, However, an alternative 
approach that does not require a physical grid is 
possible if a laser is used as the light source. In this 


() 
Figure 12 Two images of the region around the spiracle of a 
head louse. As in the previous figure, (a) is an autofocus image 
and (b) shows a mid-focus conventional image. The scale bar 
dopicts a length of 10 wm. 


system the laser illumination is split into two beams 
which are allowed to interfere at an angle in the 
fluorescent specimen. This has the effect of directly 
‘writing’ a one-dimensional fringe pattern in the 
specimen. Spatial shift of the fringe pattern is 
achieved by varying the phase of one of the interfering 
beams. As before, three images are taken from which 
both the optically sectioned image and conventional 
image may be obtained. The beauty of this approach 
is that no imaging optics are required at the 
illuminating wavelength and system. 


Summary 


‘We have discussed the origin of the optical sectioning 
property in the confocal microscope in order to 
introduce the range of imaging modes which this 
unique form of microscope leads to. A range of 
optical architectures have also been described. By far 
the most universal is that shown in Figure 1 where a 
confocal module is integrated around a conventional 
optical microscope. Other, more recent, real-time 
implementations have also been described. A number 
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of practical aspects of confocal microscopy have not 
been discussed. This is because they are readily 
available elsewhere, such as advice on the correct 
choice of detector pinhole size or because they are 
still the focus of active research, such as 
the development of new contrast mechanisms for 
achieving enhanced three-dimensional resolution 
such as the stimulated emission depletion method, 
STED or 4-Pi which are still under development but 
offer great promise. 


See also 


Microscopy: Imaging Multiple Photon Fluorescence 
Microscopy; Overview. 
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Introduction 


The field of light microscopy started with Ernst 
Abbe’s introduction of the diffraction-limited objec- 


tive lens in the late nineteenth century. Over the last 
60 years, new imaging modalities, such as video, 
fluorescence, confocal, near field, and more recently 
multi-photon microscopy, have enabled the expe 
mentalist to observe a plethora of new phenomena 
in the biological and physical sciences. Of these 
techniques, multi-photon microscopy has emerged 
not only as a valuable imaging technique but it also 
forms the technology base for emerging fields of 
optical memory and microfabrication 

The history of multi-photon microscopy (MPM) 
began with Goppert-Mayer’s theoretical prediction of 
two-photon excitation in 1931. Although the theo- 
retical groundwork was established, it took another 
30 years for this process to be experimentally rea- 
lized when Kaiser and Garrett observed two-photon 
absorption fluorescence emission from CaF):Eu*?. 


Soon after this observation was made, Singh and 
Bradley witnessed higher-order multi-photon 
processes in 1964. 

Historically, three-dimensional imaging was first 
achieved using confocal microscopy. In contrast to 
MPM, photo-interaction and fluorescence emission 
occurs throughout the excitation light path in 
confocal microscopy. Confocal microscopy selects 
the signal from the focal plane by the use of a 
conjugated pinhole aperture. In order to construct 3D 
images, successive planes must be imaged. As a result, 
the entire sample volume is exposed to the excitation 
light multiple times, and inevitably, photobleaching 
and photodamage occurs throughout the imaging 
volume. Furthermore, the pinhole aperture in the 
emission path causes additional signal reduction in 
optically thick specimens where the emission photon 
is scattered. Consequently, the utility of confocal 
microscopy is limited for imaging living biological 
specimens. The introduction of multi-photon 
microscopy, by Denk and Webb in 1990, 
addressed many of these limitations. By combining 
the methodology of multi-photon excitation with 
scanning microscopy, MPM offered advantages such 
as 3D localized, femtoliter excitation volumes, 
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reduced scattering and absorption of the infrared 
excitation light by the specimen, and a large 
separation between the excitation and emission 
wavelengths. MPM can produce excellent three- 
dimensional images with increased signal to noise 
ratios. 


Theoretical Basis of Multi-Photon 
Microscopy 


‘Multi-photon Excitation Selection Rules 


Unlike direct ground state to excited state one-photon 
transitions, multi-photon transitions depend on the 
presence of virtual electronic intermediate states to 
reach an excited state (sce Figure 1). 

Using perturbative expansion, the probability of 
excitation for one-photon transitions is described by 
the first-order solution, and multi-photon transitions 
can be determined by including the higher order 
solutions. The interaction of an electric field vector Ey 
with a molecule’s dipole, 7, is described by the 
respective one-photon and two-photon transition 
probabilities: 


py = (PIE, FY? 
ira 
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where W,,,,, and W; are the initial, intermediate, 
and final transition states, E, is the electric field 
associated with the excitation light, 2, is the energy 
difference between the ground state and excited 
states, £,,, is the energy difference between the 
intermediate state m and the ground state, i, and the 
summation is over all possible intermediate states m. 
Although electronic transitions, that result from the 
on of a strong electric field with a molecular 
dipole, are affected by vibrational mode overlap 
(Franck Condon factors) and anharmonic perturba- 
tive effects, the presence of intermediate transition 


interact 


states creates a set of general selection rules for 
multi-photon absorption processes. 

Molecular states have eigenfunctions with a 
defined parity: ‘gerade’ describing even or symmetric 
states (no change in the sign of the wavefunction 
when the sign changes in the spatial coordinates) and 
‘ungerade’ describing odd or antisymmetric states 
(the sign of the wavefunction changes when the sign 
changes in the spatial coordinates). Selection rules 
arise from the physics inherent in these even and odd 
eigenfunctions and the odd dipole operator that 
couples transitions between ground and excited 
states, In one-photon excitation, transitions are 
allowed for ground state and excited state transitions 
of opposite parity, In contrast, two-photon excitation 
occurs between ground and excited states with the 
same parity, by coupling through intermediate states 
with opposite parity. In general, ground and excited 
states with the same parity have a high excitation 
probability for an even number of photons; ground 
and excited states with different parity have a high 
transition probability for excitations involving an 
odd number of photons. 

In the absence of major vibrational pertur 
bations, inductive effects, or solvent relaxation, 
the probability of the transition depends on the 
magnitude of the integral overlap between the 
ground, intermediate, and excited states. As a 
result, molecule absorption cross-sections for one- 
photon, two-photon, three-photon, or multi-photon 
excitation processes can he estimated. Choosing 
fluorophores with higher multi-photon cross-sec- 
tions allows more efficient excitation with lower 
excitation intensity. Finally, it should be noted that 
while the absorption cross-sections for one-, two-, 
and multi-photon excitation of a given fluoro- 
phores are different, the molecules rapidly relax to 
the same vibrational level in the excited electronic 
state. The 
lifetime}, and the fluorescence decay processes 
depend only on the molecular structure and its 
microenvironment. Therefore, the fluorescence 
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Figure 1 Jablonski diagram of a fluorescent dye molecule in one 


two- and mphoton excitation mode. 
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quantum yield and emission spectra is independent 
of the initial excitation process. 


Enhanced Microscope Resolution Based on 
Multi-photon Excitation 


‘The number of photons that are absorbed in a multi- 
photon process is proportional to the fluorophore 
concentration, C(F,t), the molecule’s absorption 
cross-section, oy, which depends on 1, the number 
of photons involved in the absorption process, and 
the intensity of the excitation source, such that 


Nasi = fadFihe.nC8.n0, 21 


When estimating Nuts(t), the spatial and temporal 
intensity distribution of the excitation intensity are 
considered independently: 


Ih.) = Soe) BI 


such that for an m-photon process, Ip(t) is the 
temporal dependence of the excitation intensity at 
the maxima of the spatial distribution and S() is the 
unitless spatial distribution of the excitation light. 
Combining eqns [2] and [3] gives 


Nant!) = i} FS HTOCE Nor, (41 


If it is assumed that fluorophore distribution is 
uniform and the system does not undergo. photo- 
bleaching or ground-state depletion, C(t) can be 
considered a constant and the previous equation can 
be rewritten as 


Navs() = Coulsin [SF Is] 


By expanding the incident laser beam and overfilling 
the back aperture of the objective lens, the paraxial 
form of the normalized intensity point spread 
function (PSE, 4?[1,v]) determines the properties for 
a diffraction-limited lens. The dimensionless radial 
distance, v, from the optic axis and the distance from 
the in-focus plane, u, are given by 
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where NA =n sin @ (@ being the half-angle of 
collection for the lens and ny is the index of refraction 
the medium) is the numerical aperture. Expressing the 
spatial distribution function with the optical units, v, 


u, and @ gives the following equation: 
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where Jo is the zero-order Bessel function. If an 
oil immersion objective with a NA < 1.0 is used, 
the paraxial approximation accurately estimates 
the spatial distribution, and the integral of SG) 


evaluates as 
ry? 
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where a, = [f 2av du [%. dulb(u, 9)? 
integral cannot be solved analytically, the values of a, 
are determined using numerical integrations of 
(u,v) over all space. Asa result, the volume integral 
of the spatial distribution is always proportional to 
NA“ and therefore independent of the number of 
photons involved in the excitation process. For higher 
NA objectives, the paraxial form of the normalized 
intensity PSF may no longer be an adequate approxi- 
mation. The expression for temporal part of eqn [5] 


can be written as 
NA? 
(2) 


where P(t) is the excitation power and A is the center 
wavelength of the pulsed excitation source. The 
temporal dependence can be described with the time 
average expression: 
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where T is an arbitrary time interval for continuous 
wave lasers and T= I/f, for a pulsed laser with a 
repetition rate, f,. Since multi-photon microscopy 
uses pulsed laser systems, the integral in eqn [11] 
must be evaluated accordingly. For a pulsed laser with 
a pulse width, 7, repetition rate, f,, and averaged 
power, Po, the pulse profile can be approximated as 


Py= 22 ford<t< 12) 
ht 
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such that eqn [11] can be expressed as 
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and evaluated as 


aNA2\" aa 
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Assuming no stimulated emission and no self- 
quenching, the quantity of emitted photons collected 
per unit time, F(t), is 


Fa= en) [16] 
where 1 and @ are the fluorescence quantum 
efficiency of the dye and collection efficiency of the 
system, respectively. Since n photons are needed for 
each individual excitation event, 1/n is a normaliza- 
tion factor for Nay which describes the total number 
of photons absorbed. Rewriting this expression in 
terms of the average number of absorbed photons, 
(Nata(2)), gives the average fluorescence intensity: 


FO) = Sons) 17) 
where (Naps(t)) is 
(anid) = CoyAl50O) Sond 18} 


such that the measured fluorescence intensity or time 
averaged photon flux is expressed as 
1 5 

(Fo) = FebnCenAt5) | S@dF (19) 
Since the time averaged fluorescence is proportional 
to (Is(t)), eqns [9] and [15] can be substituted into 
eqn [19] to give a practical expression that relates 
average fluorescence to measurable laboratory quan- 


tities, such as Pp, tp. fyr Cs Oy» m7, and 6, NA, and 
associated numerical constants such that 


(Fo) 
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As eqn [19] shows, the fluorescence intensity has an 
mth order dependence on the spatial and temporal 
distribution of the excitation power. Therefore, 
appreciable multi-photon probability occurs only at 
a region of high temporal and spatial concentration of 
photons. Confocal pinholes can be eliminated making 
this technique better suited for 3D biological imaging. 

‘The higher order (>2) dependence of the fluor- 
escence signal upon the excitation intensity distri- 
bution results in axial confinement. Experimentally, 


it can be shown that over 80% of fluorescence signal 
emanates from a 1 jm thick region about the focal 
point for objectives with a numerical aperture of 1.25 
under two-photon excitation. This confinement is 
significantly different from one-photon excitation 
where a spatially uniform fluorescent sample contrib- 
utes equal fluorescence intensities from each z-section 
above and below the focal plane (assuming negligible 
excitation attenuation). For an excitation wavelength 
of 960 nm, the typical point spread function of two- 
photon absorption has FWHM of 0.3 um in the 
radial direction and 0.9 jum in the axial direction. In 
comparison with confocal microscopy, the localiz- 
ation of the volume of excitation instead of the 
volume of observation, as in confocal microscope, 
allows 3D imaging with minimal photobleaching and 
damaging. 


Basic Imaging Applications of 
Multi-Photon Microscopy 


Multi-photon microscopy finds an_ increasingly 
broad range of applications, especially in biological 
and medical areas. For example, multi-photon micro- 
scopy has been utilized to study the physiological 
and biological states in various highly scattering 
tissues such as cornea, skin, and pancreas islet. Also, 
multiphoton microscopy is used in embryology to 
study the development of sea urchin, Caenorhabditis 
elegans, hamster, and zebra fish. Neurobiological 
applications include qualifying calcium dynamics 
dendritic spines, memory and structural plasticity, 
hemodynamics, and plaque evolution in Alzheimer’s 
disease. MPM has been applied to study pharmaco- 
logical distribution in tissues and in the quantification 
of transdermal drug delivery. Due to minimally 
invasive capability of multiphoton microscopy, 
intra-vital microscopy imaging into thick tissues of 
living animals is possible leading to applications in 
the study of cancer biology. 

Although the advantages of MPM are less compel- 
ling in studying cell cultures where the specimen is 
optically thin, a number of uniquely exciting uses 
have been identified. For instance, the significantly 
broader two-photon absorption spectra of many 
fluorophores allow convenient imaging of specimens 
labeled with multiple color fluorophores. The loca- 
lized excitation volume reduces photo-interaction 
with fluorophores outside the excitation volume 
allowing better 3D images to be obtained from 
cellular systems labeled with easily photobleachable 
fluorophores. The use of three and higher photon 
excitation has also allowed the excitation and imaging 
of important biomolecules with deep ultraviolet 
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absorption. Another interesting application of multi- 
photon excitation in cellular systems is based on the 
ability of this method to produce localized chemical 
reactions. Through the photoactivation or photolysis 
of ‘caged’ molecules, their chemical structures are 
altered to produce biologically active molecules, 
fluorescent species, or other observable chemical 
changes. Multi-photon excitation has been used to 
locally uncage neurotransmitter for mapping ion 
channels in neurons and to uncage calcium in 
studying signal transduction events. In cellular 
systems, MPM is being used to image normally 
nonfluorescent biomolecules, such as serotonin in 
neurons, based on multi-photon induced chemical 
conversion and multi-photon excitation. Finally, 
multi-photon microscopy has also found applications 
in studying the conformation, aggregation, diffusion, 
and transport of single molecules and proteins. Two- 
photon fluorescence correlation spectroscopy and 
photon counting histograms are powerful techniques 
that have been applied to study protein aggregation, 
conformation changes, and diffusion in vitro with 
applications ranging from cell biology to high 
throughput drug discovery. The large separation of 
excitation and emission spectra of two-photon 
excitation also allows high sensitivity detection of 
fluorescence from single chromophore; however, the 
higher photobleaching rate at the excitation volume 
for some chromophores may lessen or even reverse 
this advantage. 


Advanced Multi-Photon Microscopy 
Techniques 


As described in the previous sections, excitation 
processes involving multiple numbers of photons 
offers considerable advantages for the imaging 
process in fluorescent microscopy. 4Pi Confocal 
Microscopy and high-speed Multifocal Multi-photon 
Microscopy MMM. are advanced multi-photon 
microscopy techniques that capitalize on the: 
advantages to improve image resolution and acqui 
sition times in fluorescence imaging. 


4Pi Confocal Microscopy 


In contrast to near-field microscopy, far-field light 
microscopes, ie. confocal and multi-photon micro- 
scopes, can create three-dimensional images of the 
interior of cells. The lateral and axial resolution of 
these systems is limited between 180 nm and 300 nm 
and 500-1000 nm, respectively. This limitation is 
dictated by the Abbe theory where resolution is 
inversely proportional to the numerical aperture of 
the focusing lens. When focusing with a single lens, 


geometric constraints limit the numerical aperture to 
about 1. 4Pi microscopy was developed to overcome 
this limitation. By utilizing two opposing objective 
lenses whose spherical wavefronts are coherently 
combined, a greater total effective numerical aperture 
is achieved. This results in a higher axial resolution, 
while the lateral resolution of the 4Pi microscope 
remains unchanged with respect to its confocal 
counterpart. 

In the setup of a 4Pi microscope, the illuminating 
wavefronts emanate from a common point light 
source. The path is split by a beamsplitter, guided 
through two optically identical paths, and through 
two opposing high NA lenses that share a common 
focus. The fluorescence light is then collected through 
one lens and a confocal pinhole. In the axial direction, 
this arrangement yields a PSF with one main 
maximum lobe that is 3-4 times sharper along the 
optic axis than the PSF of a conventional confocal 
microscope, and two undesired side-lobes. 

These side lobes can produce artifacts in the image 
and their effect needs to be suppressed for unambigu- 
ous 3D imaging. Lobe suppression can be achieved in 
a 4Pi system using two-photon excitation resulting in 
a quadratic decrease in the ratio of the side-lobe and 
the main lobe amplitudes. Using an excitation 
wavelength of 800nm and 1.4NA oil-immersion 
objectives, a FWHM along the axial direction of the 
main lobe is about 145nm and side lobes are 
approximately 25-35% of the maximum lobe 
intensity. These side lobes can be further mathema- 
tically reduced by means of a linear filter after (or 
during) image acquisition. The filter can be applied at 
lobe heights below 50%, and an effective 3D PSF 
consisting of a single spot with a 250 nm lateral and 
145 nm axial FWHM js achieved. When combined 
with nonlinear image restoration, 4Pi confocal 
microscopy achieves a 3D resolution in the 100 nm 
range. This resolution is similar to that obtained with 
near-field optical microscopy in biological appli- 
cations with an added advantage of 3D imaging of 
the cell interior. 

Since resolution improvement in 4Pi microscopy 
can be negated by the presence of aberrations, the 
of oil immersion lenses requires the specimen to 
be fixed and mounted in glycerol to minimize 
aberrations resulted from index mismatch. The 
sample thickness is further limited in the range of 
20-30 um. Due to significant index mismatches 
between oil and water, the imaging of live cells in 
aqueous medium is extremely difficult, if not imposs 
ible. In order to circumvent this difficulty, water 
immersion objective lenses are introduced into the 
4Pi_ system. These lenses have a lower aperture 
angle a = 62° (NA = 1.2) than oil immersion lenses 
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Figure 2 (a) Two-photon confocal and (c) 4P confocal point deconvolved images of an immunolabelled microtubule networkin fixed 
NIH3TS colis. The 3D rendered images in (a) and (c) were generated out of a large XZ-image-stack, partly shown in (b) and (d) 
{As indicated in the XZ-images, the axial resolution is 820 nm and 190 nm forthe two-photon confocal and the two-photon 4Pi confocal 
Images, respectively. The images were taken with water immersion lenses (NA = 1.2). Reproduced from Bahimann K, Jakabs S, etal 
(2001) 4Pi-confocal microscopy of ive cells. Utramicroscopy 87(3): 155-164, with permission from Elsevier. 


a= 68° (NA= 1.4) and therefore are expected to 
produce higher side lobes, which are reduced by 35% 
with careful aberration studies such that linear 
filtering is possible. Nonetheless, the use of water- 
immersion lenses solves two major problems. First, 
they extend the possible sample thickness to the 
working distance of the objective lens (~200 um); 
second they allow the imaging of live cells in aqueous 
medium, As a result, microtubule networks (see 
Figure 2) and live bacteria can be imaged with a 
resolution of 280 nm in lateral and 190 nm in axial 
direction. The water immersion 4Pi microscope, 
utilizing two-photon excitation, is capable of the 
highest 3D resolution so far reported in live cell 
imaging to date, 


‘Multifocal Multi-Photon Microscopy (MMM) 


Improving imaging speed is critical for applying 3D 
microscopy in biological specimens. An MMM scans 
an object with an array of high-aperture foci whereas 
a conventional multi-photon microscope scans with a 
single beam. An MMM combines nonlinear fluor- 
excitation with parallelized 3D imaging. The 
technical design consists of a densely packed micro- 
lens array; each microlens transmitting a collimated 
beam at a slightly different angle, overfilling the back 
aperture of the objective. Consequently, from the 
arrangement of the microlenses, an array of foci is 
reproduced in the image plane. The foci are scanned 
rapidly across the image plane to ensure full coverage 
of the focal plane and real-time imaging (a stack of 50 
images of 30-70 pum diameter can be acquired within 
a few seconds). The foci’s movements are either 


generated by rotating a microlens array that is 
arranged in a Lasserie pattern or by rectilinear 
scanning of a square microlens matrix. 

MMM development was initiated because non- 
linear optical damaging processes limit the usable 
focal peak intensity to about 200 GW/em*, which can 
he reached by a tightly focused 7-15 mW femto- 
second laser beam. This power consumption makes 
use of only a fraction of the laser output of a typical 
mode-locked. titanium-sapphire laser light source. 
The MMM better exploits the 1-2 W of the beam 
power by dividing the power among 25-40 foci 
and scanning each in parallel, With this method, 
typical acquisition times are cut from ~1000 ms to 
10-50 ms. MMM provides an excellent method for 
real time 3D multi-photon imaging. 

A fundamental problem in parallelized 3D 
microscopy is that increasing density of the foci 
over a certain level decreases the axial resolution, 
The reduction of the distance between the foci 
increases not only the speed or image brightness, 
but it also increases the interference between 
neighboring focal fields; especially in planes shortly 
before and after the focal plane. For neighboring 
foci in high NA objective lenses, interference effects 
can be significant. The relatively short laser pulses 
that are commonly used in multi-photon excitation 
provide a means to reduce this interference by 
using time multiplexing. Experimentally, the fem- 
toseconds pulses of the Ti:sapphire laser, going 
through each lenslet, can be scheduled to arrive at 
the focal plane at different times by a mask of 
glass in front of each microlens, varying the optical 
path lengths of these beams. The different arrival 
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time climinates interference effects. The resolution 
of the parallelized system remains unchanged as 
compared with the conventional one foci system. 
In conclusion, the MMM enables increased image 
acquisition speed by a factor of the number of foci 
in the optical plane without compromising image 
resolution. 


Advanced Multi-Photon Microscopy 
Applications 


As described by the previous section, MPM techno- 
logy is undergoing rapidly development with 
improved resolution and increased. instrument 
throughput. Recently, MPM has also found appl 
cations in exciting new areas of optical memory and 
microfabrication. 


Multi-Photon 3D Optical Memory 


Researchers in the field of optical memory are 
challenged to develop instrumentation that records 
three-dimensional, high density, robust bitwise infor- 
mation in low-cost and readily available storage 
materials. Initially, early optical memory techniques 
relied on higher energy pulsed recording beams and 
red shifted reading beams. Aided by the development 
of the Tissapphire laser and high numerical aperture 
objectives that can confine laser light to a volume 
of the order, A°, the power of the focused femto- 
second pulses at the focal point can reach over 
10'S Wicm? with electrical field strengths reaching 
2.7 x 10"° Viem. These fields are substantial enough 
to locally change the optical properties of selected 
materials. Thus, multi-photon processes were int 
twined with the field of optical memory. Recent 
experiments showed that with properly chosen 
materials and instrumentation, high density, three- 
dimensional data storage was possible. 

Optical memory is based on photochromic 
material whose optical properties are changed upon 
irradiation such that initial and final chemical states 
have different absorption spectra or indices of 
refraction. In 1989, Parthenopoulos and Rentzepis 
first showed that 3D information could be stored in a 
polymer film doped with photochromic molecul 
Although the recorded information is lost when the 
photo-excited compound spontaneously reverts back 
to the original nonfluorescent compound, Dvornikov 
and Rentzepis later improved the material such that 
the stored information was stably recorded at room 
temperature. 

For photochromic materials, the recording and 
reading mechanisms often required multiple laser 
sources and complex optical setups. Kawata et al. 
addressed these issues with the development of an 


alternative optical method that used photorefractive 
cxystals as the storage media, a Ti:sapphire as the 
recording device, and a phase-contrast microscope 
configuration for data readout of bits separated by 
20 um. Using this method, Kawata avoided the 
complication of different recording and read-out 
laser sources, thereby simplifying the instrumenta- 
tion, However, in photorefractive material, poor 
refractive index matching, between the storage 
medium and the objective, results in aberration and 
degrades storage densities. Recent advances in 
objective lens design have attempted to address 
these limitations. Kawata and Kawata describe 
many of these optical memory devices in a recent 
review. A recent publication by Olson et al. describes 
a method for multi-photon data storage in molecular 
glasses and highly cross-linked polymers. These 
materials prove to be highly efficient and robust for 
long-term data storage. 

Although the field of optical memory has made great 
progress since 1989, further advances are required 
before this field becomes a widely adopted technology. 
For example, simpler recording and reading tech- 
niques are required to insure a cost-effective and 
reliable data storage technology. Consequently, 
further progress in the production of compact ultrafast 
lasers and high-speed scanning instrumentation will 
be needed before broader acceptance of optical 
memory storage devices. 


Multi-Photon 3D Microfabrication 


Another promising emerging application of 
multi-photon excitation is 3D microfabrication. 3D 
microfabrication processes can be performed with 
two-photon absorption. Maruo et al. and Sun et al. 
provide examples of microfabricated structures 
generated with femtosecond pulses to induce 
photopolymerization. Much like the optical memory 
techniques, this methodology relies on photo- 
initiators with large two-photon cross-sections. to 
initiate polymerization of surrounding monomer or 
polymer molecules. Kawata et al. and Sun et al. 
showed that two-photon photopolymerization 
could be used successfully to create intricate three- 
dimensional microstructures. These systems offer 
lower polymerization thresholds, higher polymeriz~ 
ation rates, and wider dynamic write ranges such 
that rapid fabrication and low-power writing 
are possible. Recently, Cumpston et al. described 
a class of conjugated compounds with large 
two-photon cross-sections, which can be effectively 
used for two-photon polymerization initiators 
in three-dimensional optical data storage and 
microfabrication processes. 
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As with most of these processes, the techniques 
have proven to be successful, but the mechanisms 
behind the multi-photon initiated chemical pro 
are not completely understood. With further work to 
optimize the reaction parameters, it is possible 
to design experiments that will allow new materials 
to be synthesized or patterned based on processes 
such as dielectric breakdown, microexplosions, 
optical damage, and pyrolytic effects. 


Conclusion 


Relying on femtoliter excitation volumes and large 
separations between excitation and emission wave- 
lengths, multi-photon microscopy has emerged as 
a powerful technology that allows for increased 
resolution and enhanced signal-to-noise ratios. It 
has also enabled scientists to avoid complications 
in imaging biological systems due to decreased 
sample photodamage and in some instances, 
photobleaching of fluorophores. Advancements in 
multi-photon imaging applications, such as 4Pi Con- 
focal microscopy and multifoci multi-photon 
microscopy, have further enhanced the resolution of 
imaging technology and improved the speed of data 
acquistion respectively. Furthermore, the application 
of multi-photon technology in the fields of micro- 
fabrication and optical memory promises to address 
some of the difficulties involved in designing three- 
dimensional high-density storage devices and micro- 
fabricated components. Overall, multi-photon 
microscopy provides the scientific community with 
an invaluable tool in the study and design of biological 
and physical systems, 
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Introduction 


Interference microscopy is a powerful noncontact 
metrology technique for reflection and transmission 
characterization of samples. The field can be divided 
roughly into two main categories, polarization- 
splitting interferometers and amplitude-splitting 
interferometers. In both cases, the light incident on 
a test sample is first divided into two beams and later 
recombined to form an interference pattern. This 
interference pattern is analyzed by one of a variety of 
methods to determine the difference in the optical 
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paths the two beams traversed. This optical path 
difference may be used to quantify surface shape, 
refractive index variations, or thickness variations of 
the sample to a very high accuracy. This article 
describes the background of the two categories of 
interference microscopy, specifics of their implemen- 
tations for different types of measurements, current 
state of the technologies, and examples of different 
measurements performed using these techniques. 


Background 


Interference fringes were first observed in a micro- 
scope by Robert Hooke in 1665. In the late 1800s, 
several practical versions of interference microscopes 
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entered use to examine transparent specimens, 
though none gained widespread commercial success. 
Then in the 1950s, differential interference contrast 
(DIC) microscopy was invented to increase image 
contrast when examining semi-transparent samples 
under a microscope, particularly biological speci- 
mens. As this technique does not require staining of 
samples, and avoids the halo effect common in phase 
contrast microscopy (see Microscopy: Phase Contrast 
Microscopy), such systems became widely used in a 
variety of biological applications. In the early 1960s, 
Krug, Rienitz and Shulz published a comprehensive 
hook to summarize all of the various interference 
microscope designs that had been produced thus far, 
showing the large depth and breath of research to 
that point. 

‘With the advent of affordable computers and 
cameras in the 1970s and 1980s, various commercial 
systems were developed using a variety of interfero- 
metric configurations to quantify the measured 
interference patterns from small samples. Due to 
their noncontact nature and ability to provide area 
measurements, as opposed to the two-dimensional 
traces produced by contact stylus techniques, such 
systems gained rapid acceptance in a variety of 
industries. Performance has steadily improved such 


that vertical resolution is sub-nm and accuracy on the 
nm-level is readily achievable, Lateral resolution is 
limited only by the optics of the microscope, with 
high numerical aperture objectives achieving resol- 
ution below 0.5 jm. Today, commercial systems are 
used in such measurements as index variations of 
biological samples, roughness of paper, microfluid 
channel volume, MEMS properties, hard drive head 
dimensions, drug coating thickness, and machine part 
characterization. 


Polarization-Division Interference 
Microscopes 


While the concepts behind polarization division 
interference microscopes have been known for well 
over a century, they did not gain widespread use until 
after Georges Nomarski invented the DIC micro- 
scope, also referred to as a polarization interference 
contrast microscope, in 1955. A schematic of a 
transmission-based and_reflection-based Nomarski 
setup is shown in Figure 1, where the displacement of 
the beams has been greatly exaggerated for clarity. 
The illumination in Nomarski systems is generally 
from an unpolarized broadband source, such as a 
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Figure 1 (a) Schematic of transmission-based Nomarski interferometer and (6) reflection-based Nomarsk interferometer. 
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tungsten—halogen bulb. A polarizer in the illumina- 
tion path is then used to set the polarization state of 
the light incident on a modified Wollaston prism pair. 
The modified Wollaston prism consists of two 
birefringent wedge prisms which divide the beam in 
two parts, each with orthogonal polarization states. 
The two beams travel in slightly different directions 
from one another. The condenser lens brings the light 
to illuminate the sample, with each of the two 
orthogonally polarized beams slightly sheared from 
one another. This shear is typically much less than the 
resolution limit of the microscope objective, typically 
from tens of nanometers to several hundred nano- 
meters, such that only one image is seen by the 
observer. After passing through or reflecting from the 
sample and the imaging microscope objective, a 
Wollaston prism pair is used to recombine the two 
polarized beams, Finally, an analyzer is used to bring 
both beams to a common polarization state, allowing 
interference between the two beams. 

As the system is very sensitive to the position and 
optical properties of the prisms, different Wollaston 
prism pairs are used for each objective, usually 
rotating into the path automatically on a turret as 
the objectives are changed. In a reflection system, this 
prism also recombines the displaced beams after they 
reflect from the test piece; a transmission system will 
usually have only one Wollaston prism pair after the 
sample that can handle all objectives, instead of 
requiring a different recombining prism for each 
objective. 

‘The observed interference pattern isan image of the 
gradient in the sample in the direction of shear 
created by the Wollaston prism pairs. In order to fully 
characterize the surface, the sample or optics must be 
rotated to capture shear images in both orthogonal 
directions. Essentially the technique acts as a high- 
pass filter, emphasizing edges and lines on the test 
piece. 

With a white-light source, dispersion effects will 
cause one side of a feature to appear brighter or in a 
specific color range whereas the other side appears 
darker or in different colors. This gradient effect 
confers a pseudo three-dimensional appearance to the 


specimen. The images are quite colorful, with 
different colors shearing differently; by adjusting the 
Nomarski prisms along the optical axis, one can vary 
the retardation between the two beams, producing 
more or less contrast or color variation in the 
observed images. 

The Nomarski system has several appealing qual- 
ities for surface and index characterization over other 
interferometric and polarization-based techniques. 
First, it is a common-path interferometer; with the 
exception of the slight shear, both beams pass through 
exactly the same optics. This means that these 
interferometers are mostly insensitive to vibration, 
as both interfering beams will be affected in the same 
manner. In addition, the common path nature of the 
system reduces the quality requirements on the optics, 
improving measurement quality and reducing overall 
system cost. In addition, Nomarski techniques do not 
suffer the halos associated with phase contrast 
imaging techniques (see Microscopy: Phase Contrast 
Microscopy) and provide better out of focus rejection 
and higher light levels since they can use the entire 
aperture of the microscope objective. 

For reflection-based systems, the observed fringes 
relate to the surface slope along the direction of 
shear; for transmission systems, index of refraction 
gradients or thickness variations are observed, 
producing much higher contrast images of biological 
samples than conventional bright-field techniques. 
The good out-of-focus rejection mentioned earlier 
makes possible more accurate optical sectioning of 
samples, where each vertical layer of the specimen is 
in focus while all others are out of focus. These 
features, combined with the fact that high contrast 
images can be obtained without chemical staining, 
have made these systems widely used in biology. In 
addition, the high sensitivity to slope has made DIC 
systems commonly used in semiconductor inspection 
applications and other precision surface characteriz- 
ation and defect inspection applications, where 
automatic image processing is combined with the 
highly sensitive measurements to quantify both sur- 
face and subsurface defects. For instance, Figure 2 
shows a bright-field image of a laser diode facet as 


Figure 2 Bright field (lft) and Nomarsk (right) images of laser diode facet defects. Courtesy of Royce Instruments, nc., Napa, CA. 
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well as a Nomarski image, with the facet defects 
greatly emphasized by the Nomarski optics. 

Initial systems using differential interference con- 
trast were strictly qualitative, with the user manually 
rotating the incoming polarization to produce the 
best contrast for a given sample and visually 
evaluating the resulting image. As mentioned above, 
visual inspection of biological specimens and defect 
review remain primary applications of these devices, 
though quantitative, By translating the Wollaston 
prisms laterally or rotating the analyzer in the system, 
one can phase shift the interference pattern. Storing 
multiple phase shifted images on a computer, one can 
obtain quantitative data about the shear using 
standard phase shifting interferometry equations. In 
addition to phase shifting through translation of the 
prism, quantitative data may be performed through 
analysis of the colors of the observed fringes or 
through geometric phase shifting techniques. 
More details on these methods can be found in the 
articles on Interferometry: Phase Measurement 
Interferometry; and Interferometry: White Light 
Interferometry. 

Once quantitative information about the shear 
between the beams is obtained, the resulting data may 
be integrated to get back the original surface or index 
profile. Performing this operation on data with shear 
in two orthogonal directions allows the complete 
surface profile to be obtained. Unfortunately, since 
Nomarski setups are typically employed as add-on 
modules to standard microscope platforms rather 
than custom-designed metrology instrumentation, 
such quantitative phase shifting capability has not 
heen widely commercialized; only a few custom or 
laboratory systems are in use when compared with 
white-light optical profilers described below. How- 
ever, many research groups report nm-level surface 
characterization, and have developed a variety of 
techniques to accurately quantify thickness and index 
changes. The primary limitation of the quantitative 
techniques comes from the depth of focus of the 
microscope objective, which limits the vertical 
heights, thickness range, and index gradients that 
can be measured in a single measurement. Phase 
shifting at multiple vertical locations can be per- 
formed, but unless greatly increases the complexity of 
the measurement and reconstruction algorithms. 


Amplitude-Division Interference 
Microscopes 
White Light Optical Profilers 


Probably the most common amplitude divi- 
sion interferometric microscopes are white-light 


interferometers, also often called optical profilers. 
‘These systems consist of three main elements: the base 
microscope, with illuminator and imaging optics; an 
interferometric element to divide and recombine the 
wavefront, and a scanning mechanism by which the 
optical path between the test and reference beams 
may be varied in a known manner. As the name 
implies, these systems typically employ. spectrally 
broad sources, generally from a tungsten—halogen 
bulb. Unlike Nomarski interferometers, white light 
interferometers are used only in reflection-mode, as 
their noncommon-path nature and low-coherence 
source preclude interference from thick samples 
measured in transmission, 

Figure 3 shows a schematic of a typical white light 
interferometer. Light from the illuminator arm, 
typically in a Kohler configuration, is coupled into 
the system with a first beamsplitter and passes 
through a second beamsplitter which is typically 
inside the microscope objective. This beamsplitter 
divides the beam into two parts, one of which travels 
to the sample and reflects from it, while the other 
reflects from a very high-quality reference surface. 
The reflected light is then recombined by the same 
beamsplitter and the resulting interfering light is 
imaged onto a camera. The static interferogram thus 
produced is usually by changing the optical path 
difference between the test and reference beams 
through translation of the objective with respect to 
the sample. The resulting signal is analyzed by one of 
a variety of methods as described below. 

White light interferometers generally have two 
distinct modes of operation. In the first mode, 
generally referred to as phase shifting mode, a filter 
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Figure 3. Schematic of white light optical profiler showing the 
lluminatar, and translating interferometric objective. 
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is used to produce quasi-monochromatic light for the 
measurement process. This produces a large number 
of high-contrast interference fringes that obey the 
classical interference formula: 


K(x.) = hony) + Ley) 
+2 TT (cos( dx, y) + a4) uy 


In the above I,(x, y) is the irradiance observed at any 
one point of the image, I(x, y) and I,(x,y) are the 
irradiances of the test and object beams, (x, y) is the 
optical path difference between the two beams, and a 
is a phase offset introduced by the interferometric 
instrument. By varying a, in a known manner and 
collecting at least three irradiance patterns, any of the 
three unknowns in the above equation can be 
determined; specifically, the optical path difference 
may be solved for every point. Assuming measure- 
ments are in a medium of known and constant 
refractive index, such that the only contributions to 
the OPD are height variations rather than index 
variations, surface height at each point is simply: 


Hex,y) 


a 
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Phase shifting techniques produce sub-nm repeat- 
ability and very high accuracy, but suffer from a 27 
phase ambiguity from the calculation of phase from 
irradiance data. Thus, this technique cannot handle 
surfaces with point-to-point steps greater than one 
quarter of the wavelength of the light used. Calibra- 
tion methods and further information may be found 
in the article on Interferometry: Phase Measurement 
Interferometry. 


In order to extend interference microscopy to cover 
large steps, steep slopes, and vertical ranges greater 
than the depth-of-focus of the microscope objectives, 
a second technique of fringe analysis may be 
employed, that of coherence sensing. In this method 
an incoherent light source is used, such as a tungsten— 
halogen bulb. Due to the wide spectral range of the 
source, as interference patterns from different wave- 
lengths add in the observation plane, the observed 
interference fringes will rapidly wash out for nonzero 
optical path difference between the two beams. See the 
article on Interferometry: White Light Interferometry, 
for further details and illustrations of this effect. 
With the localization of fringes only at the point of 
zero optical path, the instrument scans the inter- 
ference objective over the desired range and then 
calculates the position at which maximum fringe 
contrast occurs for each point. Calculating this 
position across all points within the field creates a 
height map of the surface; the interference fringes 
serve as a tool for depth discrimination in much the 
same way that the pinhole in a confocal microscope 
does (see Microscopy: Confocal Microscopy), 
another technique finding wide use in surface profil- 
ing. No phase unwrapping is required, with each 
pixel height calculated independently of all others, 
avoiding ambiguities associated with phase shifting 
methods. The vertical range is limited only by the 
scan range of the measurement and the working 
distance of the microscope objectives; current com- 
mercial instruments can achieve vertical ranges of 
over 8mm. Figure 4 shows the fringes one would 
observe at a given sean location during measurement 
of a test piece with three steps. As the OPD betwees 
the test and reference arms varies, the fringes will 


Figure 4 Localized fringes (lot) ofa tired surtace structure (ight). As the OPD is varied, the fringes will scan through the fied, with 
the point of maximum contrast corresponding to the relative surface height of each pixel 
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translate across the steps, and the surface plot at the 
right can be generated by calculating the scanner 
location of the peak contrast condition for each pixel. 

‘There are a variety of methods for calculating the 
position of maximum fringe contrast using the 
coherence-sensing method. These include center-of- 
mass calculations of the peak fringe position, various 
frequency-space techniques and correlation of the 
measured fringe pattern with a theoretical pattern. 
Calibration of these systems generally involves 
repeated measurement of a known step height 
standard and varying the scanner motion until the 
step height is accurately calculated, though some 
systems employ separate distance-measuring inter- 
ferometers to perform on-the-fly calibration for each 
scan. Generally speaking, coherence sensing tech- 
niques have repeatability in the range of a few nm, as 
opposed to the sub-nm repeatability of phase shifting 
techniques. This reduced sensitivity is the trade-off for 
avoiding the height and slope limitations of phase- 
shifting techniques. More details can again be found 
in the article on Interferometry: White Light Inter- 
ferometry. 

Recent advances in computing power have 
enabled an additional method of calculating surface 

ght by combining coherence sensing with phase 
shifting. Coherence sensing methods are used to 
determine the point of best fringe contrast, and uses 
this information combined with the phase calcu- 
lations to overcome ambiguities caused by large 
steps or steep slopes, Thus, one can obtain the sub- 
nm repeatability of phase-shifting methods without 
limitations on the vertical range or slope of the 
sample to be measured. 

‘New fringe analysis techniques are extending the 
utility of these systems even further. Strobed sources 
are now available which effectively freeze the periodic 
motion for the instrument; this allows dynamic 
properties of samples to be measured, from surface 
deformation under motion to resonance frequency 
and switching time calculations. By analyzing the 
multiple interference patterns generated by transpar- 
ent films deposited on a surface, film thickness, 
homogeneity, and differences between substrate and 
film surface properties may be determined. 


Interferometric Microscope Objectives 


One of the most critical elements in white light 
interferometers is the interferometric objective which 
splits and recombines the wavefront to form an 
interference pattern, Three primary interferometric 
configurations are used to divide and recombine the 
wavefront: Michelson, Mirau, and Linnik. Each of 
the three types of objectives is described below. 


For low-magnification objectives, typically SX or 
below, a Michelson interferometer configuration is 
typically used. A schematic of such an objective is 
shown in Figure 4. The illuminating beam passes 
through the objective and is divided by a beamsplitter 
placed just underneath the objective. A portion of the 
light travels to the test sample and the rest to a high- 
quality reference surface. The light reflected from 
each beam path is recombined by the beamsplitter 
and propagates to the observation plane, Note that 
it is important that the distance between the 
beamsplitter and reference surface match the distance 
hetween the beamsplitter and focus position of the 
sample, If the reference surface is defocused, 
fringe contrast will be reduced, aberrations 
increased, and overall system accuracy and repeat- 
ability will suffer. 

This objective configuration has several advantages. 
First, one can add a Michelson housing to almost any 
standard objective with sufficient working distance for 
the beamsplitter, making these objectives easy to 
produce and relatively inexpensive. Second, the 
reference surface can be easily changed by the user to 
closely match the reflectivity of the test piece, ensuring 
maximum fringe contrast in the interfered beam (see 
Interferometry: Phase Measurement Interferometry). 
Third, provided there is distance between the beams- 
plitter and reference, one can insert a dispersion- 
compensating plate into the reference arm to allow 
measurement of parts beneath a cover glass or other 
dispersive medium; without such compensation, 
fringe contrast is generally insufficient for accurate 
measurements for transmissive media beyond a few 
hundred micrometers thickness. 

‘As one moves towards higher magnifications, 
however, the working distance of the objective is 
typically insufficient to accommodate a large 
beamsplitter and still leave a reasonable distance 
between the objective and sample. In addition, a large 
cube beamsplitter will generally introduce unaccep- 
tably high aberrations in these higher numerical 
aperture objectives. For this reason, objectives from 
10X magnification to SOX magnification are typically 
of the Mirau configuration, shown schematically in 
Figure 5. 

Mirau objectives contain two additional plates 
compared to a standard bright-field objective: one 
is coated and acts as a beamsplitter, splitting the 
incident beam, while a second holds a small, 
high-quality reference surface and acts as a 
compensating plate so that optical paths in both 
arms of the interferometer are balanced (Figure 6). 
Such objectives are more expensive than Michelson 
designs, but maintain long working distances even 
at higher magnifications. Thermal stability becomes 
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Figure § Schematic of a Michelson interference abjective used 
for law-magnification applications. 
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Figure 6 Schematic of a Mirau interference objective used for 
‘medium-magnification applications. 


very important, as depth of focus is much reduced 
over lower-magnification objectives and the path 
from beamsplitter to reference still must be the 
same as from beamsplitter to in-focus test object, 
and most Mirau designs are therefore thermally 
compensated. 

As one moves to even higher magnifications and 
numerical apertures, such as 75X or 100X, the 
microscope objectives do not have sufficient working 
distance to allow for any reasonable beamsplitter 
after the objective unless the numerical aperture is 
greatly reduced. To maintain high numerical aperture 
and high lateral resolution, a Linnik configuration 
must be used. A schematic of this configuration is 
shown in Figure 5. In this configuration, two separate 
microscope objectives are used after a beamsplitter, 
with one beam again reflecting from a high-quality 
reference and the other from the sample. 

A Linnik objective is generally the most difficult to 
use and expensive interferometric configuration 


Beamspiiter Reference 
cube minor 
Microscope 
‘Sample objective 


Figure 7 Schematic of a Linnik interference objective used for 
high-magnification applications. 


(Figure 7), High numerical aperture typically limits 
working distance to a few hundred micrometers. In 
addition, depth of focus is very small, and thus these 
objectives must often actively adjust the reference 
mirror position to maintain focus over long periods of 
time and environmental conditions. Also, the dis- 
persion and aberrations in the two objectives must be 
closely matched to ensure good fringe contrast, as 
there are many noncommon-path optical elements in 
this design; typically many objectives must be 
evaluated to find two that suitably match, another 
contributor to cost. However, these objectives do 
have the highest lateral resolution, and with an NA of 
up to 0.95, can measure the steepest slopes due to a 
large collection angle. 


Applications 


White-light interferometers are noncontact, and thus 
will not damage samples under test. They provide 
true three-dimensional surface characterization with 
nm-level accuracy and repeatability, and can be 
employed in production and laboratory environ- 
ments. The various interferometric objectives allow 
for lateral resolutions and ranges to mect most 
needs; fields of view may even be stitched together to 
create surface maps whose extent is limited only by 
the range of the translation stage employed. In 
addition, each scan is typically quite fast, from under 
one second in phase-shifting mode to vertical scan 
rates of up to 100 m/sec in coherence-sensing 
mode, with no sample preparation time, While the 
systems must be properly calibrated, vibration 
minimized, contrast maximized, and potential error 
sources such as dispersion and phase change on 
reflection effects must be managed, they remain one 
of the most accurate surface characterization tools 
available. 

All of the above factors have enabled the use 
of white light interferometers in a variety of 
fields. The semiconductor and data storage industries 
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Figure 8 Surface plots froma white light optical profiler. (a) Human skin sample, (o) MEMS microgears, () binary optic, and (4) 1 Euro 


coin, Pictures courtesy of Veeco Instruments, 


perform critical dimension and surface characteriz- 
ation of various components using these systems, 
some of which are configured for full wafer-handling 
capabilities. Systems are also used to measure 
precision machine parts, optics, and medical instru- 
mentation and implants. The high sensitivity of the 
coherence sensing techniques allows surfaces with 
less than 0.1% reflectivity to be measured, so that 
characterization of paper, abrasives, and even differ- 
ent foods has been measured with these instruments. 
With the addition of the advanced technologies 
mentioned above, these systems are also now doing 
dynamic measurements of MEMS and thermal 
response characterization of precision surfaces, and 
also are measuring thicknesses of adhesives, drug 
coatings, photoresist, and a variety of other semi- 
transparent layers in various applications. Figure 8 
shows several surface measurements, including 
human skin, MEMS microgears, a binary optic, and 
1 Euro coin. 


Laser-based Interference 
Microscopes 

Another, less common type of amplitude-division 
interference microscope has recently been commer- 


Gialized, primarily for use in examining micro-optics. 
These laser-based systems employ a Tywman—Green 
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Figure 9 Schematic ofa micro-LUP! interferometer operating in 
reflection made, 


interferometric configuration combined with a micro- 
scope, and are generally called micro-LUPI (laser 
unequal path interferometer) systems. A schematic of 
a micro-LUPI interferometer is shown in Figure 9. A 
beamsplitter divides the incident laser beam, half of 
which travels to a generally flat reference surface, 
while the other half typically travels through a 


tle 


Inductor: Ferrite bead 


See ye 


Relay: SPOT, twocoll latching 


el pel 


Inductor: Solenoid or electromagnet 


TF od 


Inductor: Variable 


mle: ali, 
~~ OO 


Pushbutton: Normally open 


1 
Pushbutton: Normally closed 


=o 


—t1e- 210 
ee 
Pushbutton: OT 

ee 


2 2 


Pushbutton: DP 


ie 


Relay: SPST, normally open, nonlatehing, 


Bir ee ve 


Relay: SPDT, nonlatching 


be be ok 
i 


ak 
WN 
esto 


ark 
ww <2 
h 


Resistor: Potentiometer 


47K aK7 
Resistor: Variable resistor or rheostat 


se 


ATK ‘aK7 
Resistor: Trimmer 


— 


Switch: SPST 


—o~o— 


ois 


em 
Switch: SPOT 


a i 


Switch: POT 


{ 


Switch: SPOT 


Figure A-2. Schematic symbols, continued 


Index 


267 


92. MICROSCOPY / Nonlinear Microscopy 


microscope objective that acts as a diverger lens and is 
incident on the test sample. 

Due to the long-coherence length of the laser 
source, the two optical paths do not have to be 
equal in order to observe interference fringes, and 
samples may be measured either in reflection or 
transmission, depending on the desired test result. 
Collimated, diverging or converging illumination 
may be brought incident on the sample, depending 
on the optics in the test beam and their placement. 
The diverger elements are noncommon-path optics, 
and reduce the ultimate accuracy of the system to 
approximately lambda/10, similar to laser-based 
Fizeau interferomete 

Micro-LUPL-based systems have several advan- 
tages for testing small optics over other interference 
microscopes. First, the ability to measure both 
transmission and reflection properties of the optics, 
as well as different incident illumination schemes, 
means they can test the optics in their use configur- 
ation rather than inferring optical properties based 
solely on surface measurements. They can determine 
imaging properties, inhomogeneities and thickness 
variations in addition to characterizing the surfaces 
under test. Also, the curved test wavefront better 
matches spherical test surfaces, minimizing the 
number of observed fringes and making testing of 
small aspheres easier. Lastly, these systems can have 
curved reference surfaces as well as flat, and with the 
proper configuration aberrations in measurements 
due to the interferometric microscope can be 
minimized, ensuring high-quality measurements of 
the optic under test. 

‘These systems have only phase-shifting measure- 
ment capability, as the coherence length of the 
source is too long for white-light interferometric 
techniques. Transmission tests necessitate a more 
complex part handling structure, with both the 
test piece and reflective return optic needing 
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Introduction 


Nonlinear microscopy has become an important tool 
for the investigation of biological applications where 
high resolution and three-dimensional imaging are 


adjustment for tip/tilt and vertical and lateral 
translation. Therefore, such systems are more costly 
and not as versatile as a white light optical profiler, 
but do provide a valuable capability to the micro- 
optics community. 
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essential for understanding the underlying biological 
function. Two-photon excitation fluorescence (TPEF) 
microscopy has opened the way to nonlinear tech- 
niques and is now widely available. As this new 
technology enables noninvasive study of biological 
specimens with high resolution, the number of 
applications in biology and medicine is still increas- 
ing. By exploiting autofluorescence of cells or tissues 
components, or by coupling with genetically modified 
fluorescent indicators or small extrinsic probes, high 
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contrast and localization can be obtained. Different 
detection techniques (fluorescence lifetime imaging 
(FLIM), fluorescence correlation spectroscope (FCS), 
intensity, and spectral imaging) permits the analyze of 
several fluorescence properties and so obtains comp- 
Jementary informations. 

The successful development of two-photon 
techniques has generated substantial interest in the 
scientific imaging community in further developing 
and exploiting optical nonlinearities for generating 
new image contrast. All these new developments have 
strongly benefited from the major advances in ultrafast 
lasers which have become more compact and reliable. 
Second- and third-harmonic generation (SHG, THG) 
as well as coherent anti-Stokes Raman scattering 
microscopy (CARS) have thus benefited from the fact 
that it is now easier to generate ultrashort pulses at 
almost any desired wavelengths. Association of these 
new nonlinear techniques in the same instrument 
(TPEF-SHG/TPEF-CARS, TPEF/THG) is commonly 
encountered and provides a powerful instrumental 
tool for probing biological samples. 


Basic Principles of Two-Photon 
Microscopy (TPM) 


Two photon microscopy is preferred over single 
photon method in many biological applications due 
to several intrinsic advantages which arise from 
having a nonlinear intensity depend absorption. In 
general, the nonlinear polarization for a material can 
he expressed as 


P= XEN 4 


Fa iy 


where P is induced polarization, y(n) is the nth 
order nonlinear susceptibility, and E the electric 
field vector of the incident light. The first term 
describes normal absorption and reflection of light; 
the second term describes SHG, hyper-Rayleigh 
scattering, sum and difference frequency generation, 
and the third terms covers multiphoton absorption, 
third-harmonic generation and stimulated Raman 
processes. 

In 1931 Maria Goppert Mayer predicted that 
photons of lesser energy can together cause an 
excitation ‘usually’ produced by the absorption of a 
single photon of higher energy, in a process call 
multiphoton excitation. The hypothesis could not be 
confirmed until the invention of pulsed ruby lasers, 
in the 1970s, and was first applied to microscopy with 
the work of Denk et al. Two-photon microscopy 
used the simplest version of her theory: two photons 
of equal energy (from the same laser) can excite a 


molecule, and the excitation is similar to that 
obtained with a single photon possessing twice the 
energy (Figure 1). Thus, the molecule can emit a 
fluorescent photon just as if it was excited with 
a single higher energy photon (Figures 1 and 2). 
Of course, the absorption of the two photons must 
occurs nearly simultaneously (~10°** s), resulting in 
a quadratic dependence on the light intensity rather 
than the linear dependence of conventional one 
photon fluorescence. 
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Figure 1 Jablonski diagram for one and two-photon excitation 


Figure 2 Localization of excitation under two photon excitation 
(loft) compared to one photon excitation right 
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‘The nonlinear optical absorption property of two- 
photon excitation, limits the fluorochrome excitation 
to the point of focus. This localized excitation volume 
results in greatly improved axial resolution and image 
contrast compared with conventional microscopy, 
but also significantly decreases sample photoblea 
ing and photodamage by reducing the region of 
photointeraction (Figure 2). 

Another major advantage of TPEF is its ability to 
image deeper inside biological samples, owing to 
the reduced scattering and absorption of near 
infrared wavelength compared to UV and visible 
light. Near infrared light (700-1000 nm) is located 
within the ‘therapeutic optical window’ where the 
absorption of the main cells and tissue components 
is low. 

TPEF also permits a high rejection of residual 
excitation light: in standard one-photon microscopy, 
the excitation wavelength can be spectrally close 
to the fluorescence emission band. Filters used to 
climinate the leakage of excitation light into the 
detection channel often cuts off a part of the 
fluorescence emission. For TPEF excitation and 
emission band are well separated, and highly 
efficient filters can remove the residual excitation 
light without compromising the microscope 
sensitivity. 

Under two-photon excitation, the fluorescence 
photon flux depends on the square of incident 
photon flux: 


FocopCh 1 


where asp is the two-photon cross-section (cm* s) 
with 10-*” em? s, called a Goppert-Mayer (GM), C 
the fluorophore concentration, and P° the incident 
photon flux, The two-photon cross-section is a 
quantitative measure of the probability of two- 
photon absorption and as a second-order process is 
low. As it is difficult to directly measure two-photon 
cross-sections, we usually use the cross-section of two 
photon-induced fluorescence (ppp) as the product 
of two photon absorption cross-section (2p) with the 
fluorescence quantum yield dp o-rpee = oarde. 

Intrinsic fluorophore, such as nicotinamide 
adenine dinucleotide (NADH), have low cross- 
sections (<10-*GM), usual fluorescent dye in 
biology ranging between 1 and 300GM and quan- 
tum dots approaching 50 000 GM. As the probability 
of two-photon absorption is quiet low, high incident 
photon flux needs to be delivered to the sample to 
generate efficient absorption: 

1 
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I depends on the energy per impulsion E (mean 
power/pulse frequency), the pulse duration Av, and 
the beam waist a The expression of I clearly 
demonstrates that by using ultrashort pulses and by 
reducing the beam waist, one can maximize the 
incident flux. Currently the most commonly used 
laser source for multiphoton microscopy is the 
femtosecond titanium-sapphire (Ti:Sa) system. 
These pulsed femtosecond lasers deliver a 100 fs 
pulse train at a repetition rate of ~80 MHz with a 
tuning range from 700 to 1000 nm. The beam waist 
depends on the objective numerical aperture. If we 
consider a Gaussian beam profile, with radial and 
axial parameters of o and a respectively and for a 
high numerical aperture NA > 0.8: 
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with 0, = 0.52A/sin@ and a = 0.76A/(1 ~ cos a). 
where A is the excitation wavelength, «is the one-half 
of the objective angular aperture (NA =n sina, 1 
index of the immersion medium). So for a wavelength 
of 780m and an objective working with water 
immersion with a numerical aperture of 0.9, the 
excitation volume can be described as an obloidal 
shape with a radial axis of typically $00 nm and an 
axial axis of 1.90 um. It corresponds to an excitation 
volume of =1 fL ou 1 pm’. Higher resolution can be 
achieved using an immersion oil objective (NA = 1.3) 
at the cost of a higher cost and a shorter working 
distance. 

Typical powers used to generate two-photon 
excitation without damaging the sample are between 
1 and 10 mW for the mean incident power. For a laser 
beam of 1 mW, ata rate of 76 MHz with 100 fs pulse 
duration, and with an objective leading to a surface in 
the focal plane of 1m’, the peak power is 
0.13 x 10° W/em* at the focal plane of the sample. 
Of course each samples has its own limits regarding 
incident intensity, and the key to use TPEF safely is 
always to reduce the excitation intensity in order to 
avoid photodamage. 


Fluorescent Probes 


Biological systems often possess endogenous fluor- 
escent molecules that can be imaged, revealing 
important sample characteristics without the need 
of labeling (Figure 3a,b). Cells or tissues can be 
imaged through their autofluorescent, with the 
emission of several components, NADH, flavins, 
collagen fibers, etc. Pharmacology studies also exploit 
the natural autofluorescence of aromatic drugs, to 
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Figure 8 Applications showing various capabiltios of TPEF: (a) Hela collsn transmitted image and corresponding autofluorescenc 


image (b) under TPE (780 nm). (c) After adding 40 uM of an anti-HIV drug on similar cell, intrinsic Muorescence ofthe drug allows us to 


find its preferable localization inside the cytoplasm. 


localize drug inside cells and study their reacti 
without any labeling. 

However, for some specific applications where the 
autofluorescence is too low, or if one needs to 
specifically identify different cells components 
(Figure 3g), or follow protein mobility, the samples 
need to be labeled your with extrinsic fluorophores. 
Extrinsic fluorophores are organic molecules, first 
developed for one-photon excitation, and are used 
under two-photon excitation with more or less 
efficiency as OPE and TPEF have different quantum 
mechanical selection rules, and the TPE spectrum is 
not always scaled to the half of OPE spectrum. 
Current works are focused on the development of 
specific markers for TPE or SHG to enhance contrast 
and also reduce incident laser power. 

Two new generations of marker have been 
developed: the development of the green fluorescent 
protein (GFP) and its mutant introduces a con- 
venient method for monitoring gene expression in 
cells and tissues; quantum dots are the latest focus in 
fluorescence labeling. They are promising reporters 
as their size (1-100 nm) induces a specific narrow 
emission spectrum in the visible. Absorption can 
occur over a wide range of short wavelengths 
hecause of the existence of multiple electronic states. 
Time-domain measurement has been performed with 
CdSe quantum dots which shows multiexponential 
decay with fluorescence lifetime of 3.4 ns, 16.1 ns, 
and 35.6ns, much longer than autofluorescence 
lifetimes, hence providing greater sensitivity than 
intensity-based measurement. However, like GFPs, 
quantum dots display blinking behavior 


ity 


Two-photon Applications 


‘Two-photon excitation has become the technique of 
choice for fluorescence microscopy and is applied toa 
variety of imaging tasks on samples ranging from 
single molecules to thick tissues, Owing to the high 
NIR penetration depth, biopsies and living tissue can 
he noninvasively investigated by morphological and 
functional fluorescence imaging of endogenous 


(Figure 3b) or exogenous fluorophores to depths of 
more than 300 um. In genomics, multiphoton multi- 
colour fluorescence in situ hybridization (FISH) are 
used to label various specific regions of DNA, and 
identified different genes and chromosome regions. In 
pharmacology, a higher penetration and localization 
of photodynamic therapy is observed, detection of 
low drug concentration inside cells facilitates the 
reactivity comprehension (Figure 3b,c). Neurobiolo- 
gists investigate calcium dynamics inside brain slices 
and live animals, or follow neurotransmitter diffu- 
sion. Of course, these are only a few examples among 
the increasing number of applications, and some of 
them are illustrated in Figure 3. 


Two-photon Instrumentation 


Two-photon microscopes are now commercially 
available, however a large number of groups have 
built their own from separate components or by 
modifying an existing confocal microscope. Home- 
made microscopes present a higher configuration 
flexibility for excitation/detection at a much lower 


Femtosecond, picosecond, and continuous wave 
(CW) laser sources have been used for TPM. By 
using a ew laser sources such as ArKr and NdYag, 
the average power increases by ~200-fold to 
achieve the same excitation rate obtained with a 
femtosecond laser, which is not highly desirable for 
iological samples. So as previously shown, the 
TPE efficiency is higher with shorter pulses, so Ti: 
Sa femtosecond lasers are most commonly used. 

One of the drawhacks of TPM is that it is a 
laser scanning technique. To reconstruct an image 
you need either to move the sample or the laser 
hheam. Most commonly x-y mirrors driven by a 
galvanometer scanner are used to scan the laser at 
the focal plane of the sample. Lenses are used to 
expand the beam to overfill the objective back 
aperture and so obtain a diffraction limited focal 
volume. The excitation light enters the modified 
inverted epi-fluorescence microscope (Figure 4). 
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Figure 4 Schematic ofa typical two-photon microscope. 


A dichroic mirror transmits the excitation light and 
reflects fluorescence. High numerical aperture 
objectives are used to provide a high resolution 
but also maximize fluorescence collection. They are 
usually mounted on piezo-electric translators to 
provide a fast Z-scan. The fluorescence is collected 
by the same objective, reflected by the dichroic to 
the detector. A filter is placed in front of the 
detector to remove any residual excitation light. 
Typical detectors used are the photomultiplier tube 
(PMT), microchannel plate-PMT (MCP-PMT), 
avalanche photodiode or charge-coupled device 
(CCD) cameras. PMTs are the most commonly 
implemented because they are robust, low-cost, 
have large, active areas, and good sensitivity. 

As TPE is intrinsically confined to the focal volume, 
two-photon microscopy unlike confocal microscopy, 
does not need emission pinholes and descanning 
optics to achieve axial depth discrimination Some 
authors have, however, added a pinhole to enhance 
resolution but at the cost of important sign al loss. 
Concerning the design of the detection pathway, 
depending on the size of the sample scanned, the 
objective magnification and the detector area, one 
may need to use a lens to collect the fluorescence onto 
the detector. 


Fluorescence Detection 


Contrast in fluorescence imaging can be provided 
through several complementary parameters such as 
steady-state intensity, spectral dependence (at absorp- 
tion and emission), or fluorescence lifetime. 


Intensity Imaging 


Intensity images are obtained by summing all the 
incoming photons during an acquisition time (typi- 
cally ~1 to 10ms) which strongly depends on the 


Fluorescence 


fluorescence quantum yield of the sample. The whole 
samples intensity image is obtain by scanning the 
beam on the focal plane with the X-Y scanner, 
leading to an acquisition time of 25s for a 
50 X 50 um image (1 um step). 


Spectral Imaging 


Spectral imaging can be a powerful way to 
discriminate different molecules, and to identify 
cellular components or perform co-localization of 
different proteins. It can be performed by cither 
using an interference filter in front of the detector 
to extract the contribution in a specific band, or 
more precisely with a spectrometer. However, 
autofluorescent spectral bands are usually broad 
and sometimes it is difficult to separate the different 
emissions. Extrinsic trackers are thus used to labels 
specifically, for example, the nucleus, the plasma 
membrane, and mitochondria, and each tracker 
usually emits in a specific and well-known spectral 
band, allowing to easily discriminate and localize 
the different cellular components. Quantum dots 
offer narrow emission spectra and allow high 
spatial resolution, and with the rapid development 
of their functionalization, they should lead to rapid 
progress in intracellular imaging. 


Fluorescence Lifetime Imaging (FLIM) 


Imaging of fluorescence lifetimes is a useful contrast- 
enhancing method that provides information related 
to the microenvironment with spatial resolution. The 
fluorescence lifetime corresponds to the average 
time a fluorophore stays in its excited state is given 
by T= I(kj + kg) with ky the radiative decay and 
yy the nonradiative decay rate. 

The radiative decay rate is a characteristic property 
of a molecule and therefore may be used to 
contrast different chemical species or fluorophores. 
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The nonradiative decay rate is a function of the local 
environment of an excited molecule, and so fluor- 
escence lifetime measurements can provide infor- 
mation about environmental changes (e.g. PH, pO2, 
[Ca**]). Furthermore, different cellular probes or 
tissue components with similar emission spectra but 
different lifetimes can be distinguished. Another 
advantage of lifetime measurement is that as a 
relative measurement of the fluorescence intensity, it 
does not depend on a non-uniform intensity ex 
tation of the sample, and also does not depend on 
molecular concentration, allowing one to detect very 
low quantity of molecules, 

Following a delta excitation, the fluorescence 
intensity de-excitation is given byl(t) =o" 
with [p the initial amplitude. Fluorescence lifetime 
measurement has been demonstrated either in fre- 
quency or time-domains, Time-resolved measure- 
ments in the frequency domain are based on the 
determination of demodulation M and phase shift Ag 
and require modulated light sources (modulation 
frequency w= 27). 

The excitation source Ip(t) and induced fluor 
escence [y(¢) can be written as: 


0 + Hw COS(wst + Ge) 


5] 
Tey + Teg COSC + 


Excitation 


Figure 5 Time course of excitation and emission light in 
frequency domain fluorescence lifetime measurements 
techniques. 


In the case of fluorescence with mono-exponential 
decay, the lifetime z can deduced from the relations 
(Figure 


Teadllea 
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wr tan(Ag) 6) 


In order to translate the phase and demodulation 
information from the 80 MHz frequency to a lower 
kHz frequency, a modulated gain G(#) at the frequency 
a! can be applied to the detector (heterodyne 
detection): 


Gl) = Gy + Gy) costwlt + 96) 71 
‘The detector response S(¢) is thus proportional to the 
fluorescence intensity: 


Galley 1 
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AG) 


rol + 


wT? 
Xcosl(w—olt+eq- e+ Ag] [8] 
In the time-domain, the single point detection system 
is called time-correlated single-photon counting 
(TCSPC). The principle of the TSCPC system is 
shown in Figure 6, For each excitation pulse a trigger 
signal is sent to a time-to-amplitude converter (TAC) 
within which a capacitor starts charging linearly 
with time, Upon arrival of each fluorescence photon 
on the detector a second trigger pulse stops the 
capacitor charging. The charge is proportional to the 
delay between the excitation pulse and the fluor- 
escence photon. By repeating the measurement over 
many thousands of excitation pulse, a histogram of 
photon arrival can be build up. As each photon must 
he record individually, the incident power is reduce 
to avoid the detection of only photons from the 
beginning of the decay (pile-up) which would lead to 
shorter lifetimes. To match detector dead-time and 
TAC counting rate, the TAC is oftenly used in 
reverse mode: the fluorescence photon starts the TAC 
and the following pulse stops it. 
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Figure 6 Schematic of time correlated single photon counting systom, 
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Figure 7 Typical instrumental response of MCP-PMT (black 
curve), and fluorescence decay curve of rhodamine B (grey curve) 
with + 1.7 as. 


‘Typical detectors used are the photomultiplier tube 
(PMT), microchannel plate-PMT (MCP-PMT), and 
avalanche photodiode. 

‘Typical instrumental response of our MCP-PMT is 
represented in Figure 7 (black curve) leading to a 
resolution of 30 ps. Depending on the fluorescence 
quantum yield of the sample, in order to have a good 
signal to noise ration, acquisition time is ranging 
between 1 and 30s per point, Fluorescence decay of 
thodamine B with a lifetime r~ 1.7ns is also 
presented in Figure 7. 

For both detection approaches, single point lifetime 
measurements can be extended to lifetime imaging by 
synchronizing the sample scanning and the lifetime 
detection. However, due to the long time acquisition 
needed, images are only limited to small interesting 
areas rather than the whole sample, We will sce in the 
recent development section below, new ways to 
overcome this issue, 


Fluorescence Correlation Spectroscopy (FCS) 


FCS experiments are performed by recording fluor- 
escence intensity fluctuations (i.c., fluorescence bursts 
(Figure 8)) from the small focal volume (<1 fl). 
Applications include diffusion, chemical reactions, 
molecule concentration, or hydrodynamic flow-FCS 
under TPE benefits from all the advantages of TPE 
versus OPE. 

Various experimental parameters can be extracted 
through temporal analysis of fluorescence intensity 
fluctuations by calculating the autocorrelation or 
cross-correlation of the fluorescence signal defined as: 
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Figure 8 Fluorescence intensity aw data along the time. Bursts 
are abserved when molecules crass the focal volume. 
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Figure 9 Correlation function observed or microspheres placed 
in diferent viscous solution, 


where Ip is the time-dependent fluorescence signal. By 
considering that the fluorescence intensity fluctuates 
around a mean value: 


Te(t) = (Ip) + 81(t) fo) 
the autocorrelation function can be written as: 
(Ble(B1e(t + 2) i) 


y= 14 SoBe A) 
i (2) 


FCS have been extensively used to extract diffusion 


coefficient of small fluorescent latex bead in solution, 
showing the influence of the bead radius or solvent 
properties. Figure 9 clearly exhibits the influence of 
the viscosity of the solvent on the diffusion of 
microspheres. Single molecule detection has also 
been reached. FCS as also been extended to biological 
applications where the low background associated 
with TPE and the reduced autofluorescence is critical 
Diffusion of microbeads inside cells cytoplasm 
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or bacterial biofilms have been successfully 


demonstrated. 


Recent Developments in Two-Photon Microscopy 


Towards video microscopy 
All the nonlinear microscopies share an important 
limitation: the image build up pixel-by-pixel by 
scanning across the sample, leading to long-time 
acquisition. Depending on the sample’s emission 
and the area studied, scanning rates between 0.5 Hz 
and 30Hz can be reached for intensity images. 
To speed up this acquisition time, a first approach is 
based on a line excitation, in combination with 
widefield CCD detection. This provides real-time 
image acquisition rates at the expense of a reduced 
axial resolution (5 jum instead of 1 um). A more ideal 
way of spreading the available excitation power over 
the sample and speed up image buildup, is the 
simultaneous use of several well separated foci, each 
of them generating a diffraction limited spot. In 
‘combination with whole field detector, as with a CCD 
camera, image acquisition rates can be strongly 
enhanced without compromising resolution. The 
spacing between the foci must be carefully chosen in 
order to avoid out-of-focus interference. By introdu- 
cing time-delay between the different foci, larger than 
the pulse duration, each foci of a microlens array can 
be position very closed without loss of resolution. An 
alternative way has been proposed; a special beams- 
plitter has been developed to create multiple beams 
with a higher efficiency, furthermore this setup 
inherently induced time-delay between each foci. 
Time-domain has been demonstrated in both 
approach, and FLIM maps on cells imaging have 
been obtained in only few second with 200 ps time 
resolution. 


Sharpen the focal point 

Nonlinear microscopy facilitates 3D-imaging but the 
resolution is still limited to 180 nm in the focal plane 
and 500-800 nm along the optical axis. According to 
the diffraction theory, the resolution of a focusing 
light microscope is related to the size of its focal 
point. In the mid-1990s, new concepts appeared to 
break this diffraction theory and sharpen the focal 
volume. In 4-pi microscopy the sample is placed 
between two large NA objective lenses in a single axis 
at their common focus. Coherent interference of 
beams passing through the two lenses generate a 
point spread function whose central maximum is 3—4 
times narrower than in the normal confocal case, but 
which also has side lobes. This last issue can be 
overcome using two-photon excitation. A two- 
photon 4-pi microscopy can thus result in a resolution 


of ~100 nm in all directions, and has been demon- 
strated successfully on filamentous actin and immu- 
nofluorescently labeled microtubules. However, a 
4-pi microscopy requires the sample to be thin and 
mounted between two coverslips, unless one of the 
lenses is a dipping lens. Recent development on 
sample chambers allows one to overcome this issue, 
and results in live mammalian cells have been shown. 
A compact 4-pi commercial version has recently been 
proposed (Leica), achieving a seven-fold-improved 
axial resolution (80 nm) compared to the classical 
two-photon microscope. 

Another technique, also developed by Professor 
Hell’s group, is called stimulated emission depletion 
(STED) microscopy. The fluorophore in the fluor- 
escent state $1 is stimulated to the ground state SO 
with a doughnut-shaped beam. The depletion of the 
SI saturates with increased Igrep intensity, and 
therefore establishes a nonlinear relationship between 
the fluorescence and the intensity applied to the 
STED. The saturation of 1 depletion is the essential 
clement for breaking the diffraction limit as it 
confines fluorescence to the center. Spot size is not 
limited, but in practise depends on the quality and the 
saturation factor limited depletion. Using STED 
microscopy with wavelengths of 750-800 nm leads 
to a lateral resolution of up to 28nm on single 
molecules experiments. 

STED microscope has been successfully com- 
bined to 4-pi microscopy, and lateral resolution of 
30-40 nm has been demonstrated. 


Others Nonlinear Ima: 
Techniques 


The success of two-photon microscopy has opened 
the way for other nonlinear microscopy. As opposite 
to multiphoton fluorescence absorption techniques 
where the induced signal is incoherent fluorescence, 
the signal generated by harmonic generation and 
stimulated Raman scattering is coherent with specific 
directional and polarization properties, as such 
fluorescence and harmonic images are derived from 
fundamentally different contrast mechanisms. How- 
ever, both techniques share many features like 
intrinsic three-dimensionality, reduce photobleaching 
or deep sectioning, and require essentially identical 
equipment, allowing one to combine these two 
techniques as discussed further below. 


‘Second-Harmonic Generation Microscopy 


SHG is a second-order nonlinear optical process that 
can only arise from a medium lacking a center of 
symmetry, for example, an anisotropic crystal or at an 
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interface of a membrane. SHG can be used to image 
tissue, muscles, cells membranes, or protein array, 
and has been recently reported to enhance membrane 
potential by using voltage sensitive dye, 

SHG does not arise from an absorptive process, as 
the intense laser field induces a nonlinear, second- 
order, polarization in the assembly of molecules, 
resulting in the production of a coherent wave at 
exactly twice the incident frequency (half the 
wavelength). As represented in Figure 10, for an 
excitation at 800 nm, the SHG is observed at 400 nm 
and depending on the fluorescence properties of the 
molecule, a broadband fluorescent spectra is emitted 
in the visible. 

Contrary to TPEF, where the emission properties 
depend only on the molecular properties and are 
independent of the laser source, the spectral and 
temporal characteristics of SHG are derived from the 
laser source. The SHG is temporally synchronous 
with the excitation pulse and its bandwidth is 1/2 of 
the laser's bandwidth. As SHG is an instantaneous 
process, the signal is only generated during the 
duration of the laser pulse (Figure 11), in contrary 
to TPEF where de-excitation of the molecules can 
occur over several nanoseconds after the pulse 
excitation, 

‘A major difference between SHG and TPEF is that 
SHG requires a noncentrosymmetric environment to 
produce a signal. By examining the second term of 
eqn [1] P = xE? where the polarization and electric 
field are vector quantities and x” is a tensor, this 
condition is only satisfied for a birefringent crystal, an 
order array, or an interface. For example, the induced 
polarization from molecules in a dye cuvette (centro- 
symmetric sample) would be equal and opposite in all 
directions, leading to a vector sum zero. The SHG 
propagation is essentially in the forward direction, 
and the emission pattern is confined to twin lobes in 
the case of surface generation, or a cone in the case of 
volume generation. The off-axis of the two lobes 
critically depend on the tight focus of the driving field. 
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Figure 10 Wavelength domain for two-photon induced tuor- 
fescenca and second-harmonic generation: excitation macts 
the same cfteria and Ti: Sa aro typically used in the range 
7001000 nm. For a typical excitation at 800 nm, fluorescence 
willbe observed over ~450 nm, and SHG, at exactly 400 nm, 


The total radiated SHG power can be derived by 
integrating the radiation profile from all the emission 
directions: Psriq = $4)N? 2} with a 0 |yo!", Ip the 
driving field intensity at the focal center, N the 
effective number of radiative molecules, and 
0; = (O.1Alwo)? 

‘A schematic of a typical SHG/TPEF microscope is 
shown in Figure 12. The excitation source is a mode 
locked Ti:Sa laser which delivers ~ 120 fs at 76 MHz. 
The laser light is focused into the sample with a water 
immersion microscope objective (Olympus, LUM- 
planFl 60x) and the resultant SHG is collected in a 
forward direction, while TPEF is collected in the 
backward direction. 

Figure 13 illustrates SHG and TPEF images of 
Di-6-ASPBS molecules under 880 nm excitation, 
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Figure 11 Typical time-response for two-photon induced 
fluorescence and SHG. SHG signal is an instantaneous process 
Whereas fluorescence emission can occur several nanoseconds 
after the pulse excitation. 
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Figure 12. Schomatic of SHG setup combined with TPEF 
extracted from (DM aichroic mirror, MO microscope objective NA 
0.9 water immersion, C condenser, F colored glass fiter, BP 
bandpass filter, PMT photomultiplier tube). Repraduced with 
permission from Moreaux L, Sandre O, Blanchard-Desce M and 
Mertz J (2000) Membrane imaging by simultaneous second- 
harmonic generation and two-photon microscopy. Optics Lettars 
25: 320-922, «1 2000 Optical Society of America. 
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Figure 13. (a) SHG and (b) TPEF of two adhering vesicles labeled with D-6-ASPBS (equatorial sice) excited at 880 nm. (c) The 
‘orward-detacted SHG spectra (latpeak) andthe backwardbyroad band luorascence spectra (ight peak). The Stokes shiftin fluorescence 
leads to an important spectral separation between the two peaks. An expanded view of the SHG peak is presented in the inset 
Flaproduced with permission from Moreaux L, Sandre O, Blanchard-Desce M and Mertz J (2000) Membrane imaging by simultanaous 
second-harmonic generation and two-photon microscopy. Optics Letters 25: 320-322, © 2000 Optical Society of America, 


The total acquisition time for the images was 1.5 s for 
an excitation power less than 1 mW. The adhesion 
area where the membranes are fused exhibits a 
centrosymmetric molecular distribution wherein 
TPEF is allowed, but not SHG. The corresponding 
forward-detected emission spectra of SHG (left peak) 
and TPEF (right peak) is shown in Figure 13c. 


‘Third-Harmonic Generation (THG) 


Third harmonic generation takes advantage of the 
discontinuity of third-order nonlinear susceptibility 
x) at material interfaces. At the focus point of an 
input laser beam with wavelength A, this disconti- 
nity gives rise to a new wave in the forward direction 
at the third-harmonic, 4/3. This signal can be 
analyzed in the transmission mode cither with a 
single pixel detector or with a CCD camera. As with 
the other nonlinear techniques, THG offers a high 
3D sectioning capability. Since all materials hav 
nonvanishing third-order susceptibilities, THG 
microscopy can utilized as a general-purpose 
microscopy technique, with no ne« 
labeling or staining. Experimental setup for THG are 
very closed to SHG microscope. The need for efficient 
THG in the sample, together with low average laser 


for fluorescence 


power to avoid heating, dictates a laser source that 
operates with femtosecond pulses. The lasers that are 
often used THG microscopy are a synchronously 
pumped OPO at the wavelength of 1500 nm, a low 
repetition-rate OPA at 1200 nm and a Cr:Forsterite 
laser at 1240 nm, All these lasers are in the infrared 
above 1200 nm, thus generating THG signals in the 
visible range. These visible signals are compatible 
with the collection optics. A infrared laser undergoes 
low scattering, however absorption in water strongly 

THG have been demonstrated from subcellular 
to millimeter-size organisms with imaging of nerve 
cells, chloroplasts of a leaf, or Ca“ intracellular 
dynamics, 


Coherent Anti-Raman Stokes (CARS) 


Chemical imaging by use of inherent molecular 
vibration signals avoids the photobleaching problem 
and perturbations to cell function induced by 
fluorophore labeling. Confocal Raman microscopy 
can provide 3D spatial resolution but it requires high 
average power due to small cross-section of Raman 
scattering, or long-time exposure which is not 
desirable in studying dynamic living system. 
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Figure A-3. Schematic symbols, continued 
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The above difficulties can be circumvented by multi- 
photon vibrational microscopy based on coherent 
anti-stokes Raman scattering (CARS). CARS is a 
four-wave mixing process in which a pump field 
Eg(op), a Stokes field Es (os), and a probe field 
Ey (wy). Interact with a sample and generate an anti- 
Stokes field Eas, at the frequency was = a — ws + 
‘wy. In practise, the pump and the probe fields derive 
from the same laser) = wy and was = 2a — os. 
The energy diagram of CARS is shown on Figure 14. 

The CARS intensity is the square modulus of the 
induced polarization, P= ySIEZE,, with y°) the 
third-order susceptibility. 

The application of the CARS process to 
microscopy opens up a new method for chemical 
imaging. In CARS microscopy, the signal is also 
dependent on the square of the pump field intensity, 
so the temporally and spatially overlapped pump and 
Stokes laser pulses tightly focused into a sample, 
generate a signal of a small excitation volume 
(<Ipm'). As with all other nonlinear imaging 
techniques, the image is obtained by raster scanning. 
the sample or the laser beams. The vibrational 
contrast in CARS microscopy arises from signal 
enhancement when @, — w, is tuned to Raman-active 
vibrational frequency CARS signal generation 
needs to fulfill the phase-matching condition, 
I< le = aflAkl = cilk,, — 2kp — kyl, where I, ks, 
and k,, are wavevectors of the pump, Stoke and 
CARS fields, respectively, and Ak is the wavevector 
mismatch, 

CARS presents several advantages similar to TPEF: 
high 3D sectioning capabilities, a low scattering and 
absorption of the excitation beams. CARS signal is 
higher in frequency than one-photon fluorescence, so 
it can be detected in the presence of a strong 
fluorescent background. Vibrational contrast is 
intrinsic to biological samples. Fluorescent probes 
are not necessary and photobleaching is thus circum- 
vented. The coherent signal accumulation in the 
CARS process produces a strong and directional 
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Figure 14 Energy diagram for Coherent anti-Raman 
spectroscopy (CARS). 


signal, making CARS microscopy much more sensi- 
tive than the conventional Raman microscopy. 
Consequently, CARS microscopy requires only a 
moderate average power tolerable by biological 
samples and has a high data acquisition speed. 
However, CARS microscopy is not without short- 
comings. First, the intrinsically weak induced non- 
linear polarizability requires sophisticated laser 
excitation sources with high peak power and mo 
ate average power, and with low jitter. Second, unlike 
fluorescence imaging, CARS measurement is not 
background free, and the nonresonant signal limits 
the image contrast. 

The typical setup is very similar equipment 
compared to TPEF and SHG. The main difference 
arise from the excitation, two laser beams, the pump, 
and Stokes laser beams overlapping (in space and 
time) and are tightly focused into the sample using a 
high NA objective. The CARS signal can be detected 
in the forward (F-CARS) and the epi-detection 
(E-CARS). Unlike fluorescence emission and spon- 
taneous Raman scattering, the radiation pattern of 
CARS is dependent on both the size and shape of a 
scatterer. The two detection geometry are thus 
complementary, the forward detection is suitable for 
imaging objects of a size comparable to or larger than 
the excitation wavelength, 

For smaller objects, the F-CARS contrast is limited 
by the large nonresonant background from the 
solvent. Epidetected CARS (E-CARS) microscopy 
provides a sensitive means of imaging objects having 
an axial length much smaller than the excitation 
wavelength because it avoids the large background 
from the solvent. 

On the application side, CARS microscopy has 
been used for mapping the distribution, orientation, 
and diffusion of specific molecules in dynamic 
samples, for imaging lipids, proteins, and chromo- 
somes in unstained live cells, and for monitoring 
cellular processes. CARS is a very promising tech- 
nique to image small molecules such as lipids, 
hormones, and drug molecules, for which fluor- 
escence labeling is prone to alter their function in 
cells and tissues. As for SHG, CARS microscopy is 
often combined with TPEF in order to obtain 
simultaneously the complementary contrasts. 


Conclusion 


Since its introduction more than a decade ago, two- 
photon fluorescence microscopy has quickly become 
a standard tool in biophotonic with applications 
ranging from the study of single molecules to thick 
tissue imaging. TPEF has opened the way to new 
coherent nonlinear imaging techniques such as SHG, 
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THG, or CARS which all shared a high spatial 
resolution. Based on different contrasts these different 
approaches are often combined for a more complete 
diagnosis. With developments of new low cost, 
compact, and reliable lasers with tuning wavelength 
covering the spectra of a wide range of endogenous or 
extrinsic markers, nonlinear imaging will continue its 
successful implementation outside physics labs. 
Development of endoscopy systems in which ultrafast 
pulse duration is preserved, will open a new range of 
in vivo studies. Nonlinear imaging still has more to 
offer and will definitely be a powerful tool for 
biomedical applications. 


See also 


Microscopy: Overview. Nonlinear Optics, Basics: 
x-Harmonic Generation; y°!—Third-Harmonic Gener- 
ation. Nonlinear Sources: Harmonic Generation in 
Gases. Spectroscopy: Second Harmonic Spectroscopy. 
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Introduction 


Many biological specimens behave as phase objects, 
that is, they alter the phase of the light transmitted 
through them, rather than its intensity. Similarly, 
reflection from a surface with height variations alters 
the phase of the reflected light. Observation of phase 
objects requires special imaging techniques. These 
include defocusing, dark field, Zernike phase con- 
trast, Schlieren imaging, Hoffmann modulation con- 
trast, differential phase contrast, interference 
microscopy, shearing interferometry, Nomarski 
differential interference microscopy, and digital 
phase retrieval. The imaging performance of these 
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excitation fluorescence 


different methods are most easily appreciated and 
compared by consideration of the transfer function 
approach. In particular, we can consider weakly 
scattering objects and slowly varying phase objects as 
special cases. 

When a thin unstained biological specimen is 
illuminated, in general the transmitted light suffers 
changes in amplitude, phase, and polarization. The 
change in polarization is related to the birefringence 
of the sample, which is neglected in the following. 
Thus the object (complex) amplitude transmittance 
can be written: 

Hx, y) = ate, re” iy 
where a(x, y) is real and represents the modulus (also 
called amplitude) of the light wave on exiting from 
the sample, and (x,y), also real, represents the 
phase. In a perfect microscope, we observe the 
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intensity of the transmitted light, so the image is given 
by 
Jeo) 2 


Ix, 9) = la(x, ye 9) 21 


Thus the phase information is invisible in the image. 
A perfect microscope does not image phase 
variations in the object, but results in an image 
that depends on the amplitude of the transmittance, 
called amplitude contrast. Usually the change in 
modulus is also small, so that the image will exhibit 
weak contrast, which may not be discernable. 
In order to render the phase variations visible it is 
necessary to modify the microscope in one of a 
number of different w: 

This conclusion is also re 


evant in incident light 
microscopy of surface structures. Then phase changes 
result from variations in surface height, and can be 
made visible by phase contrast microscopy. Quanti- 
tative measurement of the phase allows quantitative 
measurement of the surface profile. But care must be 
taken to avoid errors caused by phase change on 
reflection from a conducting material, or from effects 
of the numerical aperture of the optical system. In 
transmission microscopy quantitative phase measure- 
ment can be useful too, for example giving the 
concentration of a solute. 

Some of these phase contrast methods are easily 
understood using the simple imaging model described 
above. Others are more easily appreciated by 
considering imaging in terms of Fourier optics, 
equivalent to Abbe’s theory of microscope imaging. 
We introduce the angular spectrum of the object 
amplitude transmittance: 


Ton.n) = J 


i} Hex, y) expl—i2r(mx + ny)ide dy 
B) 


where m,n are spatial frequencies in the x,y 
directions. We can write for the object amplitude 
transmittance: 


be) 


tx.) =e (41 
where b(x, y) is in general complex. For a weak object 
we have 


thx, y) = 1+ by) 15] 
and the spectrum is 
Tom, n) = (om) 5(nt) + Bern, n) 6] 


where 6 isa Dirac delta function and |B| <1. The 
problem with imaging of phase arises because a 
change in the imaginary part of b produces only a 
small change in the modulus of t. 


For a coherent imaging system, with coherent 
transfer function c(m,1), the image intensity is 


(m,n) T(r, 2) 


xo] Zemin 7 


where M is the magnification. The coherent transfer 
function e(m, 7), is equal to the scaled pupil function 
Pafm, Afn), where f is the focal length of the 
objective. Substituting eqn [6] into eqn [7] and 
dropping terms of second order we obtain: 


Tex, 9) = le(0, 002 + anfeoof i= 


X e(om, Bom, nex 


(mx + 1) fom an} [8] 


Normalizing the transfer function to unity at the 
origin: 


Ixy) = 1+ anf fe ie cm, n)BOn,n) 


x exp] Som +1) fom an 19 


For an axially symmetric aberration-free system, 
the coherent transfer function is real and even, so that 
a pure phase object is not imaged (only the Hermitian 
component of B is imaged). Many phase contrast 
methods in principle rely on appropriate modification 
of the coherent transfer function, either by making it 
complex or asymmetric. 

However, this theory is an approximation as 
microscope systems are in practice partially coherent. 
For a partially coherent system the image intensity is 


Kxy)= i ae i fe Ie: Compa) Tom) 


Zhi = preter any] dma [10] 


x Tepaerrt 


where C(m.n;p.q) is the partially coherent transfer 
function, sometimes called the transmission cross- 
coefficient, which can be calculated as an integral 
over the objective and condenser pupils. The partially 
coherent transfer function is nonzero over a finite 
region of m,n:p.q space, thus limiting the resolution 
of the system. Then eqn [8] for a weak object 
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becomes, normalizing so that C(0,0;0,0)=1: 


=f f i} Cn,21:0,0)B on) 


xen ‘Sina nto} my 


where C(m,r:0,0) is called the weak object transfer 
function. 

For the image of a general object that is not 
necessarily weak, eqn [10] is often difficult to 
interpret. We can gain much insight into the imaging 
process by considering another special form of object, 
this time a slowly varying object: 


where a and @ are assumed slowly varying. Thus, the 
object spectrum, assumed now as slowly spatially 
varying, is 


Ton) = a(n - 


Substituting in eqn [10], we then find: 


ym, ms) 


[4] 


in which C is called the phase gradient transfer 
function, and is real. For an ordinary bright field 
system, C is an even function. Thus a phase gradient 
results in a change in image intensity, but for an 
axially symmetric system the sign of the change is 
independent of the sign of the phase change. 


Defocused Imaging 


Historically, the oldest method of phase contrast is 
simply to defocus the object. The transfer function is 
then complex, and phase detail is imaged. If the 
system is aberration-free, the contrast of the phase 
information reverses on the opposite side of focus. 
The strength of the contrast increases with defocus, 
until eventually artifacts are introduced when the 
imaginary part of the transfer function becomes 
negative. If the relative condenser aperture is too 
large, contrast is reduced. 
Assume a pure weak phase object: 


Hx, 9) = 1+ id cos(2mx) U5) 


so that 


Tonn) 


d 
Bm) +15 80m — 0) + 


Then: 


Ix, y) = 1 ~ dC(x.0;0, 0) cos| 


where G, is the imaginary part of C. Thus the phase 
information is imaged by the imaginary part of the 


weak object transfer function. 


Dark Field Microscopy 


Dark field microscopy can be used to visualize weak 
amplitude and phase information. The constant 
background in eqn [5] is eliminated, so we obtain 
an image of b. Note that eqns [8] and [11] are no 
longer valid because we cannot neglect the second- 
order term, For a coherent system, the background 
can be eliminated by use of a central stop to intercept 
the nondiffracted light. For a partially coherent 
microscope, an annular condenser aperture (larger 
in diameter than the objective pupil) is used (Figure 1). 
In both cases, in practice a range of low spatial 
frequencies are climinated, resulting in the appear- 
ance of halo artifacts, 
For the pure weak phase object of eqn [12], the 
image in a coherent microscope is 
)| U8 


1x, 
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Figure 1 Schomatic diagram of dark field microscopy. 
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so that the spatial frequency is double that in the 
original object. For the partially coherent microscope, 
we have 


Mx, Pl cin. ¥,0,0) 


+ Cl, 160, Oy cos( 2248 )| 


9) 


in which the two terms represent difference and sum 
frequency components. However, it can be shown 
that for the annular dark field system the transfer 
function for sum frequencies is zero, so the image 
intensity is a constant, The system images only 
difference frequencies of pairs of spatial frequencies, 
and not sum frequencies. 

For a slowly varying phase object, zero intensity 
results from a region of constant phase, but the 
intensity rises quickly for small values of phase 
gradient, thus giving strong contrast. For larger 
phase gradients, the intensity falls off slowly. 


Zernike Phase Contrast 


The Zernike phase contrast method is similar to dark 
field except that the direct (nondiffracted) light has its 
relative phase changed by 90°, rather being elimi- 
nated. In practice this is achieved using an annular 
condenser aperture and an objective with a phase ring 
(Figure 2). The phase change can be +90°, giving 
positive or negative phase contrast. The phase ring is 
usually only partially transmitting, which has the 
effect of enhancing the sensitivity. From eqns [8] 
or [11], imaging of a weak object is linear in phase. 
The halo artifact is present, as in dark field 


or Phase ring 
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Figure 2 
microscopy. 


Schematic diagram of Zemke phase contrast 


microscopy. Weak amplitude information is imaged 
as in dark field microscopy. 
For the weak phase object eqn [12], we then have 


Ixy) = 1+ 24. 04x.0:0,0) eos (20) 


for positive or negative phase contrast, respectively, 
where g is the amplitude transmittance of the phase 
ring, The response of the weak object transfer 
function is improved as a result of the annular 
condenser aperture, 


Schlieren Imaging, Hoffman 
Modulation Contrast, and Differen 
Phase Contrast (DPC) 


In Schlieren imaging with coherent illumination, a 
half plane mask (a Foucault knife edge) is inserted to 
climinate say the negative spatial frequencies in x. 
Taking now c(0,0)= 1/2, eqn [8] becomes, after 
normalization: 


lena +anf if on, n)BOn,n) 


ide 


x exp (mx + vo) fom an} (21) 


For the weak phase object eqn [15], we then have: 


Tex, 122] 


= dew sin( 


ar) 


The image exhibits a variation in phase quadrature to 
the original phase variation, that is, itis related to the 
xderivative of the phase. The effect occurs because 
the coherent transfer function contains an odd (but 
real) part. 

For a partially coherent microscope a similar effect 
can be achieved simply by offsetting the illumination 
system, but now the transfer function is no longer 
single-sided. It can be resolved into odd and even 
parts that result in differential phase contrast and 
amplitude contrast, respectively. The amplitude con- 
trast component merely contributes to the back- 
ground for a phase-only object, and can be removed 
simply by contrast enhancement of a digital image. 
The offset can be introduced in practice by inserting a 
half-plane mask into the condenser aperture stop. 
Imaging of a slowly varying object can be explained 
by eqn [14], in which the transfer function is not 
symmetrical. The image shows a pseudo-three- 
dimensional bas relief effect. A 
implementation of an asymmetric transfer function 
is Hoffman modulation contrast, which uses offset 


MICROSCOPY / Phase Contrast Microscopy 107 


illumination together with an amplitude mask in the 
objective pupil (Figure 3). Advantages of Hoffman 
contrast are that it uses standard bright-field objec- 
tives and avoids problems from birefringent 
specimens. 

A similar method can be used in scanning laser 
microscopy. In a scanning microscope the effect of 
the illumination and detection systems are inter- 
changed. Thus DPC can be achieved in a scanning 
laser microscope by offsetting the detector. In 
practice this is conveniently done by using a split 
detector (Figure 4}, a detector divided into two 
semicircular elements, If the signal of one half is 
subtracted from that of the other, the amplitude 
contrast component cancels out, so that pure 
differential phase contrast results. For weak phase 
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Figure 3 Schematic diagram of Hoffmann modulation contrast, 
microscopy. 
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Figure 4 Schematic diagram of differential phase contrast 
(OPC) microscopy. 


gradients, the intensity varies linearly with phase 
gradient, again showing the bas relief effect. It is thus 
hi-directional, and the difference signal can become 
negative. A constant value is, therefore, usually added 
to it before display. The sum of the two detector 
elements results in a conventional bright-field image. 
From eqn [14], both difference and sum signals are 
proportional to a*(x, y), so that if the ratio of these 
two signals is extracted, an image of the phase 
gradient in the x direction results. The response to 
cither weak phase gradients or fine detail can 
he enhanced by modifications using annular split 
detectors. Use of a quadrant detector allows the phase 
gradients in the x and y directions to be imaged. DPC 
microscopy has been demonstrated to be sensitive 
enough to observe monomolecular films and atomic 
surface steps. 


Interference Microscopy 


Interference microscopy allows quantitative measure- 
ment of the object phase by interference of the object 
beam with a reference beam, In the transmission 
geometry, a Mach-Zehnder interferometer is used, 
which is effectively two parallel microscopes, each 
with matched condenser and objective lenses. In the 
reflection geometry we can use a Michelson, a Mirau, 
or a Linnik interferometer. The Michelson interfe- 
rometer has an inclined beamsplitter and the refer- 
ence mirror situated between the objective and object, 
and hence can be used only with low numerical 
aperture objectives. The Linnik interferometer has 
matched objectives in the object and reference beam 
paths. There is no limit to the numerical aperture that 
can be used, but it is not a common-path inter- 
ferometer and is hence sensitive to vibrations and 
air currents. Probably the most practicable system for 
interference microscopy in the reflection geometry is 
based on the Mirau interferometer that uses a 
beamsplitter with its normal parallel to the optic 
axis. Until recently, interference microscopes used a 
small condenser aperture giving nearly coherent 
illumination, The image consists of three com- 
ponents: an object beam term (noninterference 
image) a reference beam term, and the interference 
term. The phase (and amplitude) of the object 
beam can be extracted using phase stepping or 
heterodyning techniques. The measured phase is 
wrapped, and requires unwrapping to obtain the 
absolute phase. 

If the condenser aperture is opened up, the 
behavior is modified. The interference term is 
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given by 


afr ff nal TC, 1) 
ar Va ant 231 


where cias(n7,7) is the coherent transfer function for 
interference imaging, given by a convolution integral 
of the object path objective pupil with the product of 
the reference pupil and the source. The first thing to 
note is that for a high numerical aperture, the 
spacing of the interference fringes is increased by 
20-40%, and depends on defocus, tilt, and central 
obscuration, Thus accurate measurement of phase 
requires careful calibration. The objective pupil 
exhibits a phase variation when defocused that 
reduces the modulus of the coherent transfer 
function, resulting in the fringes being modulated 
by an envelope the width of which becomes smaller 
as the aperture becomes larger. The envelope is 
similar to that of the optical sectioning effect in 
confocal microscopy. This envelope allows the zero- 
order fringe to be identified, although simulations 
have suggested that fringe hopping could occur at 
phase jumps as a result of diffraction effects. 


Multiple Beam Interferometry 


The topography of a surface can be investigated by 
using a Fizeau interferometer formed by bringing a 
coated optical flat near to the surface. Then if the 
surface and flat have high reflectivity, multiple beam 
interference occurs and the width of the bright 
fringes can be much reduced. The system can be used 
with a tilted flat, to give fringes that are substantially 
straight, or with an almost parallel flat, so that the 
entire field of view is occupied by a single fringe. In 
the latter case, the sensitivity can be in the 
subnanometer range. Multiple beam interference 
also enhances the contrast of weak amplitude 
information. 


Shearing Interferometry 


In conventional interferometry, the object beam is 
arranged to interfere with a constant reference beam. 
In shearing interferometry, on the other hand, it 
interferes with a shifted version of itself. 


Later 


hearing Interferometry 


An approach that is suitable for quantitative optical 
path measurements is to use an interferometer that 
shears the microscope image. The Interphako system 
uses a Mach-Zehnder interferometer that can 


measure optical path differences as low as ~3 nm in 
cither the reflection or transmission geometry. 
The interferometer allows the shear distance to 
be varied. 


Differential Interference Microscopy (DIC) 


The most common form of shearing interferometry is 
differential interference microscopy, usually associ- 
ated with the name of Nomarski. DIC microscopy 
can be performed in either the transmission or the 
reflection geometry. A plane polarized illumination 
beam is split into two orthogonally polarized beams 
traveling at slightly differing angles by a Wollaston 
prism in the front focal plane of the condenser lens 
(Figure 5). The beams are thus sheared laterally in the 
object plane. The light from the sample travels 
through the objective and a second Wollaston 
prism, which recombines the two beams into one. 
In the reflection geometry, a single lens and Wollaston 
prism are used. An analyzer set at 45° allows the two 
beams to interfere. The shear is arranged to be 
smaller than the width of the point spread function. 
Different prisms are supplied for use with different 
magnification objectives. The system results in 
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Figure 5 Nomarski cifferantial interference cantrast (DIC) 
microscopy. 
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differential phase contrast, but there are differences as 
compared with the DPC microscope described above. 

‘There are two different implementations of DIC in 
use, In one implementation, the illumination polar- 
izer and analyzer are crossed. The relative phase 
difference between the two beams (the bias retar- 
dation) is adjusted by moving the Wollaston prism 
laterally. Its claimed that rotation of the analyzer can 
be useful when observing mixed phase/amplitude 
objects. In the second arrangement (the Sénarmont 
compensator) the position of the Wollaston prism 
is fixed, and the analyzer rotated to change the 
relative phase. 

A recent variation of DIC uses circularly polarized 
illumination, The Wollaston prism still produces two 
plane polarized components, but with an additional 
phase difference of 7/2. The advantage of using 
Gircular polarization is that the prism can then be 
rotated to change the direction of shear. 

If the shear is 2A, and the phase difference is 
a= 2do (i.e, if 6) =0 then the two beams are in 
anti-phase), then the effective object spectrum is: 


T.g(m,n) = -2 sin amd ~ by)TOnn) [24] 


‘Thus the effective transfer function can be writte! 


Cagle, n: p,q) = 4 sin(amA ~ dy) sina pA ~ bo) 

X Clm,m; p,q) 

2feosl2m (mn — p)A] 

= €0s 2p cos[2(m + p)Al 
2y sin[ 2am + p)Al} 
X Clm,n; p,q) 


125] 


It is the final term of the three in braces that, because 
it is an odd function, results in differential phase 
contrast. We can now examine imaging of special 
forms of object. For a weak object, putting p = 0 asin 
eqn [11]: 


Couto, 1,0,.0) = 24(1 ~ c08 269) cos|2rm A] 
~ sin 2p sinl2armA}}COm, 170.0) 
61 


‘The first term in braces corresponds to an amplitude 
contrast background component because it is real and 
even. The second term results in DPC, because it is 
real and odd. For zero bias retardation, dark-field 
imaging results. As the bias retardation is increased 
from zero, the strength of both the amplitude contrast 
and the DPC components increase, but that of the 
DPC component increases more rapidly. For visual 
observation we require good contrast, and hence we 
choose a small value of bias retardation, just large 
enough so that the background is large enough to 


avoid artifacts in the DPC image. In digital 
microscopy, contrast is not so important as it can 
be enhanced digitally, and hence we can increase 
toa value of 7/4, which maximizes the strength of the 
DPC component. Further increase in bias retardation 
decreases the DPC signal, until for 7/2 pure 
amplitude contrast results. The actual form of the 
weak object transfer function depends on the magni- 
tude of the shear. The condition mip = 1/4, where mg 
is the cut-off in spatial frequency, gives optimum 
performance for the imaging of weak objects. 
‘The phase gradient transfer function is: 


Cyg(n,nm.n)=4 sin? (22m ~ by)COn,n:m,n) (27) 
For the bright-field microscope the phase gradient 
transfer function falls off symmetrically from its value 
at zero phase gradient. The effect of the pre- 
multiplying factor in eqn [27] is to increase the fall- 
off for positive phase gradients and reduce it for 
negative ones. A bas-relief effect occurs, with high- 
lighting for negative phase gradients for some values 
of the parameters. Increasing the value of the shear 
increases the highlighting effect, but, unlike in DPC, 
the behavior is not anti-symmetric. 

Because interference is dependent on the wave- 
length of the light, useful and beautiful effects can 
be seen with DIC microscopy using white light. 
Usually it is regarded as a qualitative, rather than a 
quantitative, imaging method. However, as from 
eqn [14], the intensity can be written: 


Tx,y) = 2a°(x, y9[1 — cosa ~ by)]Clon, ns.) 


28) 
By recording images at different bias retardations, 


conventional phase stepping methods can be used to 
extract the phase gradient 22rm = ablax. 


‘Axial Shearing Interferometry 


Instead of shearing in the transverse direction, a shear 
in the axial direction can be used. In the reflection 
geometry, the complex amplitude from the point of 
observation is compared with the average over a 
defocused spot. This method has proved to be 
extremely sensitive, and can detect height changes 
smaller than 0.1 nm. 


Phase Retrieval 


Digital Phase Retrieval 


The phase of a single two-dimensional (2D) measure- 
ment of intensity can be retrieved by an iterative 
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procedure, if constraints such as nonnegativity and 
band-limitedness can be assumed. If the modulus of 
both an object and its Fourier transform are known, 
then the phases can also be recovered. In this case, the 
two 2D real data sets have information content 
sufficient to reconstruct the 2D complex object. This 
approach has been extended to the case of measure- 
ment of two defocused images, using the method of 
phase diversity. 


Imaging Using the Transport of Intensity Equation 


The transport equation of intensity can be used to 
recover the phase of a partially coherent wavefield 
directly (i.e., noniteratively) from two 2D intensity 
measurements. If the wavefield is represented in 
terms of its intensity I and phase @ in a plane, the 
transport equation can be written in the paraxial 
approximation and in the absence of phase 
singularities 


Vr lV rdl 129] 


where Vy is a 2D operator acting in the plane. This 
expression can be inverted to give @ quantitatively, if I 
and al/azare known. However, it gives the phase of the 
image field, rather than the phase of the object, so that 
obtaining quantitative values for a strong object may 
be difficult. The transport of intensity method is valid 
with partially coherent illumination: if the relative 
condenser aperture is too great then contrast becomes 
weak. Further, an effect similar to the variation in 
fringe spacing with aperture in interference 
microscopy is introduced because oblique illuminat- 
ing rays traverse the sample at an angle to the axis. In 
practice, a series of three images are usually taken at 
different focus positions. Then, from the quantitative 
phase data, various different contrast. mechanisms 
such as DIC, Zernike phase contrast, and so on, can be 
simulated. 


Surface Profiling Methods: 
Triangulation and Coherence 
Domain Methods 


Although strictly they are not phase imaging 
methods, other surface profiling methods can be 
used to measure optical path. These could also be 
adapted to measure optical path in transmission. It is 
important also to be aware of these methods, as they 
could affect measurements made using other phase 
contrast techniques. 

Apart from the phase measurement techniques 
described above, surface profiling methods fall into 


one of two categories: triangulation and coherence 
domain methods. An example of a technique that 
relies on triangulation is confocal microscopy. Con- 
focal microscopy exhibits an optical sectioning effect 
similar to that described for interference microscopy. 
The effect is stronger for higher numerical aperture. 
As a reflector is scanned through focus the intensity 
goes through a maximum. By locating the position of 
the maximum, the local surface height can be 
obtained. In a similar way, in a confocal transmission 
system, introduction of an object with some optical 
thickness has the effect of altering the axial position 
of the confocal pinhole, with a resultant drop in 
intensity. This effect can be used to image the optical 
thickness of the sample. 

Coherence domain methods rely on the finite 
coherence length of the light. In an interferometer, 
this results in an envelope that multiplies that arising 
from the nonzero relative condenser aperture. 
Measurement of the peak of the envelope allows 
local surface height to be measured. Unlike the 
confocal approach, the width of this coherence 
envelope is independent of the numerical aperture 
of the system. 


In reflection, both the confocal and the coherence 
domain methods have the advantage over direct 
phase imaging techniques that they allow measure- 
ment of surface height changes without errors caused 
by the phase change on reflection from a conducting 
medium. 


Interferometry: Phase Measurement Interferometry. 
Microscopy: Interference Microscopy. Phase Control: 
Phase Conjugation and Image Correction 
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Acousto-optics deals with the interaction of light 
waves with sound waves and has given rise to a 
large number of devices related to various laser 
systems for display, information handling, optical 
signal processing, and numerous other applications 
requiring the spatial or temporal modulation of 
coherent light. The basic principles and phenomena 
controlling these interactions were largely under- 
stood by the mid-1930s, but had little practical 
significance because very high acoustic power levels 
required to attain good optical efficiency and 
e were few good sources of well-collimated 
monochromatic light. During the period from 1960 
to the present, several key technologies we 
developing rapidly, at the same time that many 
applications of the laser were being suggested 
which require high-speed, high-resolution scanning 
methods. These new technologies gave rise to high- 
efficiency, wideband acoustic transducers capable of 
operation to several gigahertz, high-power wide- 
band solid-state amplifiers to drive such transdu- 
cers, and the development of a number of new, 
synthetic acousto-optic crystals with low-drive- 
power requirements and low acoustic losses at 
high frequencies. This combination of properties 
makes acousto-optics feasible for many systems, 
and for several is the method of choice to satisfy 


demanding requirements. This chapter will sum- 
marize the basic features of acousto-optic inter- 
actions and the operating principles of the most 
common acousto-optic devices. 


The Photo-Elastic Effect 


The change induced in the refractive index of a 
transparent material by the pressure change pro- 
duced by an acoustic disturbance is the underlying 
mechanism of all acousto-optic interactions. An 
acoustic wave produces periodic regions of com- 
pression and rarefaction in the material, which 
modulates the density. The Lorentz—Lorenz 
relation relates the refractive index to the density, 


for the simplest case of an ideal gas 
wat 
WD. 7 
FFD 


where sr is the refractive index and p is the density. 
This relation is followed to a good approximation 


for most simple solid materials as well. The 
clastooptic coefficient is 
pdn _ (rt — Df +2) 
= =p 2 
dp on ? Q 


The fundamental quantity given by eqn [2], also 
known as the photo-elastic constant p, is related to 


the pressure applied by 
1 (dn 

— 3 

B ( dp ) ei 


where P is the applied pressure and is the 
compressibility of the material. The photo-elastic 


p= 
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constant of an ideal material with refractive index 
of 1.5 is 0.59. The photo-elastic constants of a 
wide variety of materials lie in the range from about 
0.1 t0 0.6. 

The relation in eqn [3] follows from the usual 
definition of the photo-elastic constant: 


Alle) = A(In*) = pe il 


where e is the dielectric constant, e = 1, and ¢ is the 
acoustic strain amplitude. The induced change in 
refractive index, An, is 


nv 


=n'pe (51 


Strain amplitudes typically lie in the range of 10-* to 
10°, with An in the range of about 10~* to 10” (for 
m= 1.5). Devices based upon such a small change in 
refractive index are capable of generating large effects 
because these devices are configured in a way that can 
produce large phase changes at optical wavelengths. 

The more complete relation defining the photo- 
clastic interaction is more complex than the simple 
scalar eqn [5] in which the photoelastic constant is 
independent of the directional properties of the 
material, In fact, even for an isotropic material such 
as glass, longitudinal acoustic waves and transverse 
(shear) acoustic waves cause the photoelastic inter- 
action to assume different parameters. A tensor 
relation between the dielectric properties, the elastic 
strain, and the photo-clastic coefficient describes the 
interaction, particularly for anisotropic materials 
The tensor equation is 


AC?) = ¥ pyar ers = Ae, [6] 
ry 


where (/e), is a component of the optical index 
ellipsoid, e,; are the Cartesian strain components, and 
Pixs are the components of the photo-elastic tensor. 
The crystal symmetry of the photoelastic material 
places limits on the possible configurations of 
interaction geometry. 


Diffraction by Acoustic Waves 


For typical acousto-optic devices the acoustic wave 
acts as a diffraction grating, made up of periodic 
changes in optical phase, moving at sound velocity. 
‘These features determine the properties of acousto- 
optic diffraction. Using a quantum-based model, 
the light and sound may be thought of as particles, 
photons and phonons, undergoing collisions in which 
energy and momentum are conserved. Either of these 
descriptions may be used to obtain all the important 


diffraction effects, but some are more easily under- 
stood on the basis of one or the other. A description of 
both is given here. Consider Figure 1 in which the light 
wave, of frequency wand wavelength A, isincident into 
the material with an acoustic wave of frequency f and 
wavelength A. Ifthe refractive index of the medium is 
n+ Amin the presence of the acoustic wave, the phase 
of the optical wave will be changed by an amount 


Ad = 2n(Liayan 71 
where L is the length of the interaction region. Some 
typical values of Ag can be obtained by assuming 
L=2.5 cmand A= 0.5 wm, with An reaching a peak 
value of 10°. This yields a phase change of rad, 
which is, of course, quite large. It is large because L/A, 
the number of optical wavelengths, is 50 000, so that 
a very small An can still produce a sizable Ag. If 
the electric field incident on the delay line is 
represented by 


E=Eye™ 18] 


then the field of the phase-modulated emerging light 
will be 


E = By elitr 8) — clot e2eisaniny 19] 


where fis the acoustic frequency. 

‘A detailed derivation of the resulting temporal and 
spatial distribution of the light field is mathematically 
complex, but, analogy with radio-wave modulation 
can be used to arrive at the resultant fields. The 
spectrum of a phase-modulated carrier of frequency « 
consists of components separated by multiples of the 
modulation frequency f, as shown in Figure 2, 
Sidebands are produced about the carrier frequency, 
such that the frequency of the mth sideband is 


tt 
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Figure 1 


RF signal 


Interaction of light waves with acoustic waves. 
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Figure 2 Spoctrum of a phase-modulated wave of cartier 
frequency a, and modulation index A. 


w+ mf, where m may be positive or negative. The 
amplitude of each of the sidebands is proportional to 
the Bessel function of order equal to the sideband 
number, and whose argument is the modulation index 
Ag. The odd-numbered negative orders are 180° out 
of phase with the even-numbered ones, a feature that 
may be useful for certain signal processing appli- 
cations. The light emerging from the delay line is 
composed of a number of light waves whose 
frequencies have been shifted by mf from the 
frequency w of the incident light. The relative 
amplitudes will be determined by the peak change 
in the refractive index. The two extremes of the 
diffraction process are simplified in the ‘thin grating” 
and the ‘thick grating’ models. The ratio of the 
interaction length, L, to the acoustic wavelength, A, 
will determine the character of the diffraction 
process. The plane wave approximation in which 
the acoustic energy propagates as a plane wave is 
valid when this ratio is very large. However, when this 
ratio is small, the acoustic propagation can be 
described in terms of a sum of plane waves, the 
angular spectrum of which increases as the ratio 
decreases. In this phenomenological model the partial 
wave which is propagating at an angle MA to the 
forward direction may diffract the light second time 
into an angle 20=2AA, and the frequency of this 
light will once again be up-shifted, for a total 
frequency shift of 2f. If the spectrum of acoustic 
waves contains sufficient power of still higher orders, 
then this rediffraction process can he repeated, so that 
light will be multiply diffracted m times into higher- 
order angles, m= ntA/A each with a frequency shift 
mf. A similar argument holds for the negative orders, 
so that a complete set of diffracted light beams will 
appear as shown in Figure 3, where the deflection 
angle corresponding to the mth order is given by 
sin Q=mNA and the frequency of the light 
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Figure 3 Difraction of ight in the Raman Nath limit. 


deflected into the mth order is w= w+ mf. The 
intensity of the carrier wave, or zero order, will be 
zero when the modulation index Ad is equal to 
The first order will be a maximum for A 
corresponding to the maximum of the first-order 
Bessel function By, and decreasing for larger modu- 
lation indices. These phenomena were described by 
Debye and Sears and so are often referred to as 


Debye-Sears diffraction. An extensive theoretical 
analysis of the effect was given by Raman and Nath 
and is alternatively referred to as Raman—Nath 
diffraction. As the interaction length is increased 
the Raman-Nath diffraction gradually weakens. 
The weakening begins around an interaction length 
L~A*/4a. This value of L is expressed in the 
O parameter 


O=4LMA2 (0) 
which is known as the Raman—Nath parameter. 
A different regime of diffraction takes effect for values 
of the interaction length Q > 1 

The phenomena in this regime can be more easily 
understood in terms of the quantum description of 
the light and sound waves as collisions between 
photons and phonons. In this model, the dynamics 
of the collisions of the light and sound are governed 
by the laws of conservation of energy and momen- 
tum. The momentum vectors magnitudes of the light 
and sound, k and K, are given by the well-known 
expressions 


Ik] =2am/A and |K' 


2alA uy 
where the acoustic wavelength, A, is related to the 
acoustic velocity, V, by A = Vif 

Conservation of momentum is expressed by the 
vector relation 


k+K=ky (12) 
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the diagram for which is shown in Figure 3, where k;, 
and ky represent the momentum of the incident 


photon and the diffracted photon, respectively. In this 
notation 

amid, (13a 
and 

2amglA [13b] 


If the material is anisotropic (birefringent), 7, and mg 
may be different. 
Conservation of energy requires that 


buy = he, + bf 


14) 


in which b is Planck’s constant. Since a lies in the 
optical frequency range, ~10"* Hz, and f lies in the 
RF or microwave range, 10°10" Hz, then wy ~ 0 
This results, for isotropic materials, in the magnitudes 
of k, and ky being equal and resulting in the isosceles 
momentum triangle of Figure 4. The angles of 
incidence and diffraction (with respect to the planar 
acoustic wavefronts), called the Bragg angles, are 
equal for this case, and are 


Oy = (1/2) {15} 


A schematic diagram for this process is shown in 
Figure 5. The interaction will be large only if the 
light is well-collimated, and incident at this angle. 
Unlike the Debye—Sears regime, there is only a single 
diffracted beam. The energy of the phonon may either 
be added to that of the incident photon, increasing its 
frequency to wy = ox +f, or the reverse, resulting in 
04 = 0, —f. The sense of the momentum vectors 
determines which of these occurs. The Debye—Sears 


Figure 4 Momentum diagram for difraction of light. 
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effect and Bragg diffraction are not different phenom- 
ena, but are the limits of the same mechanism. The 
Raman-Nath parameter Q determines which is 
the appropriate limit for a given set of values A, A, 
and L. 


Anisotropic Bragg Diffraction 


In optically anisotropic materials, acousto-optic 
Bragg diffraction can occur between an ordinary 
and extraordinary optical beam, and vice versa. This 
is generally referred to as birefringent diffraction, and 
it offers additional design capabilities compared to 
the isotropic case, such as enhancing the angular 
aperture, and extending the aperture-bandwidth 
product. 

The theory of diffraction of light so far described 
has assumed that the optical medium is isotropic. 
A number of important acousto-optic devices make 
use of the properties of birefringent materials. It is 
different from diffraction in isotropic media in that 
the magnitude of the momentum vector of the light 
will in general be different for different light 
polarization directions. Thus, the vector diagram 
representing conservation of momentum will no 
longer be the simple isosceles triangle of Figure 4. 
The momentum vector for ordinary polarized light 
will, in general, be different from the momentum 
vector for light that is extraordinary polarized. To 
understand the effect of anisotropy on diffraction, 
it is necessary to mention another phenomenon 
which occurs when light interacts with shear 
acoustic waves, i.c., waves in which the displace- 
ment of matter is perpendicular to the direction of 
propagation of the acoustic wave. A shear acoustic 
wave may cause the direction of polarization of 
the diffracted light to be rotated by 90°. The 
underlying reason for this is that the shear 
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disturbance induces a birefringence which causes 
the plane of polarization to be rotated. The 
acousto-optic tunable filter (AOTF) is a particularly 
interesting birefringent device. It was first devel- 
oped for the case of collinear optical and acoustic 
beams, and was used for wavelength selection in a 
dye laser. 


Diffraction Efficiency 


The acoustic power required to diffract light will be 
determined by the geometric parameters as well as 
by the properties of the medium. A simplified 
calculation leads to results that are useful. 
Referring to the spectrum of a phase-modulated 
wave shown in Figure 2, we can see that the ratio 
of the intensity in the first order to that in the zero 
order is 


Iy/lg = [By(A4VBy(A4)) 16] 
By analogy this same result comes about for acousto- 
optically diffracted light. The acoustic power flow is 
given by 


u7 


where c is the elastic stiffness constant. The elastic 
stiffness constant is related to the bulk modulus 8, 
the density p, and acoustic velocity v through the 
expression 


4 = py [18] 
ria 
and the acoustic power density is 
1 vie 
= eve 19) 


The optical phase modulation of the medium result- 

ing from the change in refractive index, An, is 

Ad =2m(L/A)An [20] 

Using eqn [5] for An, the phase modulation is related 
to the acoustic power density by 

Ad = — LIA) np (2P,/pV?)? (21) 

The diffraction efficiency can now be calculated by 

using this value for the optical phase change in 


eqn [16]. The first- and second-order Bessel func- 
tions can be approximated for small modulation 


index by 


By(Ad) ~ cos(Ad) ~ 1 — (Ad) 
By(A) ~ sin(Ad) ~ AB 


The small signal approximation to the diffraction 
efficiency is then 


Typ ~ (Ad? 


PERM\(n'ppV?)P, (231 


The expression n°p7/pV° is known as the figure of 
merit of the material, and is designated as My; it is 
comprised entirely of intrinsic material properties. 


Acousto-optic Materials 


Acousto-optic device technology has matured to the 
point that performance is chiefly limited by material 
parameters, particularly the figure of merit and 
acoustic attenuation, Nature has arranged that 
materials with high figures of merit usually have 
high attenuation and vice versa. The widely used 
acousto-optic materials are fused quartz, tellurium 
dioxide, and lithium niobate. Development work on 
new infrared materials has been reported recently. A 
list of commonly used acousto-optic materials is 
given in Table 1, For materials with a low figure of 
merit, a higher drive power can be used to obtain the 
required efficiency. 

Experience has indicated that the upper limit for 
very small devices (active area ~0.1 mm”) is a drive 
power density of 100-$00 mW/mm*, provided there 
is proper heat sinking to transfer the heat energy. 
For larger devices, sizes greater than ~1em*, the 
limit is closer to a few Wycm*. At the high drive power 
levels, the acoustic attenuation may cause significant 
optical distortion, 


AO Devices 


Resolution, bandwidth, and speed are the important 
characteristics of acousto-optic scanners, shared by 
all types of scanning devices. Depending upon the 
application, only one, oF all, of these characteristics 
may have to be optimized. Consider the acousto-optic 
scanner in Figure 6 with a collimated incident beam 
of width D, diffracted to an angle Oy at its RF 
bandcenter, and whose bandwidth is Af. If the 
diffracted beam is focused onto a plane by a lens, or 
lens combination, at the scanner, the diffraction 
spread of the optical beam will be 


Ax = FAd~ F- AD 24) 
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Table 1 Selected acousto-optic materials 


Material Transmission range Acoustic mode & =v ‘Acoustic attenuation 1 Mz 
(um) mission propagation daction (emis x 10°) _(dB/em GHz" (s% x 10°") 
Visible-nearinfrared (VIS-NIR) 
LiNbO, 0.0445 Utoo}* 657 015 22 © 70 
sioo1?” 359 26 229292 
TiO, 045-6 Loot} 103 055 258152 
«SiO. 012-45 LUjoot} 6.32 24 1346148 
i100) 572 30 1552.38 
To0s 0.35-5 Loot} 420 5 226 345 
s{110), 0616 0 226 793 
FariR 
Ge 2-20 unt) 5.50 30 400 840 
THaASS, (TAS) 06-12 Loot} 25 29 263 510 
Gaas ttt Ltt) 515 30 337 104 
ZnTe 0.55-20 Ltt) 337 130 2718 
GaP 06-10 Ut} 632 60 331 30 
T1aPSee 0.85-8 Uit00) 20 150 29 2069 
To 5-20 100) 22 60 48 4400 
cds 05-11 Ut00) 417 0 204 12 
GaP 06-10 Ltt) 632 60 331 30 
2n8 04-12 Loot} 5.82 27 23584 
sioo1], 263 130 235 BA 


Longitudinal acoustic waves propagating along the [100] crystallographic direction. 
Spear acoustic waves propagating along the [001] crystallographic direction. 
Attenuation constant at 1 GHz; the frequency dependence of the attenuation for most crystals is quadratic. 


where F is the focal length of the lens. The light 
intensity will be distributed in the focal plane with a 
sinc” distribution by aperture diffraction. The number 
of resolvable spots, N, will be the angular scan range 
divided by the angular diffraction spread, 


nv) 


we 125] 


where A@ is the range of the angular scan. 
Differentiating the Bragg angle formula yields 


AO= (WV cos HAF 126] 


and 


N= Af(DIV cos 4) = Afr 27] 


where 4) is the Bragg angle at band center, and 7 is 
the time that it takes the acoustic wave to cross 
the optical aperture. The resulting expression is the 
time—bandwidth product of the acousto-optic 
scanner, a concept applied to a variety of electronic 
devices’ as_a measure of information handling 
capacity. The time-bandwidth product of an 
acousto-optic Bragg cell is equivalent to the 
number of bits of information which may be 
instantaneously processed by the system. In order 
to maximize the number of resolution elements, it 
is desirable to have as large a bandwidth as 
possible (i.e., large frequency range) and also as 
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Figure 6 Acousto-optic scanner. 


large an aperture delay time as possible. There are 
two factors limiting the bandwidth of an acousto- 
optic device: the bandwidth of the transducer 
structure (discussed later), and acoustic absorption 
in the delay medium, The acoustic absorption 
increases with increasing frequency; for high-purity 
single crystals the increase generally goes with the 
square of the frequency. For glassy materials, on 
the other hand, the attenuation will increase more 
slowly with frequency, often approaching a linear 
function. The maximum frequency is generally 
taken as that for which the attenuation of the 
acoustic wave across the optical aperture is equal to 
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3dB. A reasonable approximation of the maximum 
attainable bandwidth is 


Af = 0.7fias 28] 


Birefringent Scanners 


The birefringent scanner is a significant use for 
anisotropic Bragg diffraction. There are a number of 
advantages with the birefringent scanner over the 
anisotropic scanner, such as a larger angular scan 
range along with lower frequencies. There are also 
disadvantages, such as lower speed due to generally 
lower shear wave velocities, and the particular 
application will dictate whether an isotropic or 
birefringent scanner is better. Scanners represent a 
fairly important aspect of acousto-optic devices due 
to the widespread commercial use of laser 
beam deflectors for displays and laser printers. For 
applications where the required speed is beyond that 
of mechanical scanners, the acousto-optic scanner 
is an ideal candidate. However, unlike mirrors, 
acousto-optic deflectors are wavelength sensitive, and 
can only be used with single-wavelength laser beams. 

‘The birefringent scanner can be described with the 
wavevector diagram, as shown in Figure 7 for a 
positive uniaxial crystal where the extraordinary 
index of refraction is larger than the ordinary. The 
acoustic wavevector is tangent to the diffracted 
surface, which produces the largest scan angle for a 
given acoustic bandwidth. This is also the degenerate 
case, where only a single diffracted beam results, 
whereas two beams at two different acoustic 
frequencies will generally result from arbitrary input 
and acoustic propagation directions. The azimuthal 


Optic axis 


Figure 7 Wavevector diagram for birefringent scanner using a 
positive uniaxial crystal 


acceptance angles (angles normal to the plane of 
incidence) of the acoustic and optical wavevectors 
can be different, although propagation and polariz- 
ation directions must be selected that will produce 
high efficiency. 

For the positive uniaxial case, the acoustic and 
diffracted wavevectors will be perpendicular at the 
design point, which allows the center frequency to be 
calculated from geometry as 


fo = (VIAN = ng) 


29 
where 1, is the index of refraction at the incidence 
angle, Due to the typically low velocity of shear waves, 
this frequency can be much lower than an isotropic 
scanner, and the incidence angle can also be chosen to 
adjust the frequency. It is also possible to use the 
optical activity of certain materials such as TeO,, 
along with circularly polarized light to further reduce 
the acoustic frequency. It is important to maintain as 
low a frequency as possible due to acoustic attenu- 
ation, which is especially high with the soft materials 
typically used for birefringent applications. 

The bandwidth over which the scanner can 
efficiently operate is fairly large due to having the 
acoustic and diffracted wavevectors perpendicular, 
and is approximately Af = 2fy, assuming an octave of 
bandwidth for the isotropic scanner. This will 
produce a larger scan angle than an isotropic scanner, 
and more spots of resolution, The number of 
resolution spots is determined through diffraction 
by the aperture size and diffraction, along with the 
scan angle. Since a larger aperture requires a longer 
time for the acoustic waves to propagate across the 
aperture, the response time 7 to access the scanner 
will increase, and the product of rand fis related to 
the number of spots by eqn [27]. The advantage of the 
birefringent scanner is that it can operate at a lower 
frequency fy with better performance. However, since 
other factors such as acoustic attenuation are 
important in designing a scanner, for some appli- 
cations it might be better to operate an isotropic 
scanner at a higher frequency. 


AOTFs 


With anisotropic Bragg diffraction, the magnitude of 
the diffracted wavevector ky will differ from the 
incident wavevector ki, which cannot occur for the 
isotropic case. This is illustrated in Figure 8 for an 
AOTF utilizing a negative uniaxial crystal where an 
extraordinary input wave propagating at an incident 
angle 6, relative to the crystal axis is diffracted into an 
ordinary output wave at an angle @,. This occurs 
through an acoustic wave propagating at an angle 6, 
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Optic axis 


Figure 8 Wavevector diagram for an AOTF using a negative 
uniaxial crystal 


with wavevector K,, where all the wavevectors lie in a 
plane through the optic axis of the crystal. This 
diagram is identical to the index ellipsoid for the 
crystal, scaled by 27/A, where A is the vacuum 
wavelength. The acoustic wavevector is shown as 
adding to the incident wavevector, which increases the 
frequency of the optical wave by the acoustic 
frequency. It can also be represented in the reverse 
direction, which would reduce the optical frequency by 
the same amount. 

An AOTF spectrally filters the optical input, and 
maintains its spectral purity over a large angular 
aperture. These conditions are maximized when the 
power flow or ray directions of the input and output 
beams are collinear. This produces a parallel-tangents 
condition, where lines drawn tangent to the 
wavevector surfaces and connecting the input and 
diffracted wavevectors are parallel. For beams at 90° 
to the optical axis, it is referred to as the collinear 
case, whereas all other parallel-tangents conditions 
are noncollinear. The diffracted beam is rotated by 
90° during anisotropic Bragg interaction, so that 
crossed polarizers can be used to separate the input 
and diffracted heams. For the collinear case polariz- 
ation separation must be used, whereas angular 
separation can also be used for the noncollinear case. 

The AOTF design equations can be derived 
from the geometrical conditions imposed by the 
wavevector matching condition 


ky =k, +K 130] 


along with decomposing the acoustic wave into its 
Fourier components which result from the finite 
interaction length produced by the transducer. These 
components allow for phase matching over a range of 
input angles, and they also allow for a spectral spread 
of the interaction, The full width half maximum 
(FWHM) resolution is given by 


Bu 


where A is the vacuum wavelength, b is the dispersion 
term (essentially 2A, where the birefringence Av is 
the difference between the ordinary index mg and 
extraordinary index ne of refraction), L is the 
interaction length of the input beam defined geome- 
trically by the acoustic beam, and 6, refers to the angle 
of the central or cardinal ray of the input beam, and 
the AOTF is designed around this angle. Itis therefore 
a sensitive function of the incidence design angle, 
with the highest resolution occurring for the collinear 
case. The resolution is also narrower for larger 
birefringence. 

The geometry of a noncollinear AOTE is shown 
schematically in Figure 9. The acoustic waves 
propagate in the correct direction and are generated 
by a transducer of length L,, which is related 
geometrically to the interaction length. These waves 
are generally absorbed at the other side of the AOTF 
to prevent interfering reflections, and the sides may 
also be wedged to eliminate reflections into the 
interaction region, The optical beam enters the 
AOTF at the correct angle to the crystal optic axis, 
and either diffracts or passes through as the zero 
order. The input beam will have an angular spread, 
producing an acceptance angle that is a function of 
the interaction length, wavelength, and crystal 
parameters, and the external solid angular aperture 
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Figure 9 Noncalinear AOTF orientation of optical and acoustic 
beams, 
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is roughly given by 


md 


a= 


2) 


where n refers to the diffracted beam index of 
refraction, which can be cither ng or m. depending 
upon the design. The resolution and solid angle are 
therefore related through the transducer length, and 
the product of the resolving power times the solid 
angle is given by 


(AIMA(AQ) = 


mn? sin ,/IF_Fgl"? [33] 


where 


are form factors for the polar and azimuthal 
components of the optical field. Since all the 
wavectors lie ina plane containing the optic axis, 
the azimuthal components of the incident, diffracted, 
and acoustic wavevectors must always be identical 
under the parallel-tangents condition. 

‘The product (AA)(AQ) forms a figure of merit for 
spectrometers, and for the collinear case, the product 
is identical to a Fabry-Perot etalon having an index 
of n, and at other angles it is more complicated due to 
the angular dependence. The angular field is also 
symmetrical for the collinear AOTE, but nowhere else 
other than along the optic axis, where the resolving 
power becomes zero. 

‘The great advantage of the AOTF designed under 
the parallel-tangents condition is the large angular 
aperture compared to the general case. Under this 
condition, the dependence of the angular aperture on 
resolving power is second order rather than first 
order, and the angular aperture can be tens of degrees 
for a typical resolution, which is useful for imaging 
applications. At the special angle of 54.7°, the second- 
order dependence is also zero, and the aperture can be 
extremely large relative to the resolving power, 
although this requires a high-resolution device with 
a corresponding narrow field, since the condition 
would soon be violated at larger field angles. 

The efficiency of the AOTF under phase matching 
is given by 


n= sin?[ 7" M3P,L?/(2a°)|"? 135) 
which depends on @, and various material properti 
Since the interaction is anisotropic, Mz must be taken 
as a tensor quantity, in which both the polarization 
and propagation directions of the acoustic and optical 


waves must be accounted for. For acoustic waves, the 
polarization direction is the particle motion, which is 
perpendicular to the propagation direction for shear 
waves. In general, Mz is much larger for a specific 
configuration of a particular material, and AOTFs are 
designed around this condition. The range of useful 
design angles is also usually limited since Mz is 
generally a sensitive function of @. The angular 
dependence on Mz is important in designing an 
efficient device since it can be near zero at specific 
design angles for some materials, such as with TeO, 
for the collinear case. 

‘The AOTF must be designed to optimize perform- 
ance. The resolution is generally given as a system 
requirement, and the design angle along with the 
transducer length must be adjusted to optimize 
the throughput, or total optical power through the 
AOTE. This requires maximizing the efficiency, 
angular aperture, and aperture dimension. The 
maximum crystal size that can be grown ultimately 
limits these parameters, both in the interaction length 
and in the aperture size. 

AOTFs have been used for a wide range of spectral 
filtering applications for spectroscopy and laser 
applications. Both collinear and noncollinear devices 
have electronically tuned a variety of lasers, including 
dye, semiconductor, and Ti:sapphire lasers. The 
AOTFis placed within the laser cavity, which requires 
high transmission on the laser line, with enough 
resolution to separate nearby laser transitions. 
A related application is the multiplexing of optical 
communications systems, where the AOTF is used to 
separate the various laser diode wavelengths. Perhaps 
the most widely used application is spectroscopy, and 
single-point detection systems have been used for a 
variety of biological and chemical applications in the 
visible and infrared. These techniques have been 
extended to spectral imaging, again in the visible and 
the infrared. Due to a variety of AOTF aberrations 
the image quality will be somewhat degraded. 
Since the AOTF is electronically tunable, it can be 
rapidly modulated both in amplitude and wave- 
length, which allows for modulation spectroscopy to 
detect small signals in a large background. By 
applying multiple frequencies, the AOTF has also 
been used as a rejection filter, in which all wave- 
lengths other than that selected are allowed to pass. 


Modulators 


Acousto-optic modulators are used to vary and 
control laser beam intensity. A Bragg configuration 
gives a single first-order output beam, where intensity 
is directly linked to the power of RF control signal. 
The rise time of the modulator is the time required for 


120 MODULATORS / Acousto-Optic 


the acoustic wave to traverse the laser beam, For 
minimum rise time the laser beam will be focused 
down, forming a beam waist as it passes through the 
modulator. 

A Bragg configuration gives a single first-order 
output beam, the intensity of which is controlled by 
the RF signal power, and diffaction angle controlled 
by the drive frequency. Two deflectors can be used in 
series and at right angles to each other to give full 
two-dimensional scanning. 

One requirement in the design of acousto-optic 
modulators is that the diffracted beam and undif- 
fracted beam must be well separated. For an adequate 
extinction ratio, the Bragg angle should be at least as 
large as the divergence of the optical beam. This 
condition puts a minimum value on the center 
frequency. Equating the Bragg angle 


Afo 
Inv bi 
and the diffraction angle of the Gaussian beam 
4a 
8 = A, 371 
00 and) a 


where d is the beam diameter at the minimum, it 

follows that the lower limit of the acoustic frequency 
is given by 

8 

f= 


138] 


We may combine these expressions to determine a 
limit of modulator bandwidth of acousto-optic 
modulators, with the result 


Mm ah 


ie., the modulation bandwidth is approximately 
equal to 25% of the midband acoustic frequency, 
foe In. view of the present status of transducer 
technology, the modulation bandwidth of acousto- 


139] 


optic modulators is limited to several hundred MHz, 
A frequency shifter uses the shift inherent in the 
acousto-optic interaction to up- or down-shift a 
laser’s frequency. Two kinds of shifters can be 
distinguished: the fixed frequency shifter, and the 
variable frequency shifter. The frequency shift is equal 
beam:signalof [$=] siracted 
. La beam q 
Taser 
medium i = 
Acousto-optic 
mmiror — Acmustovo ritror 


Figure 10 An acousto-optic @-suitch in a laser cavity 


to the signal frequency applied to the transducer. 
Various device configurations can be used to shift the 
laser beam, such as multiple travels inside the shifter to 
double or triple the frequency shift, or a combination 
of two frequency shifters in series. Acousto-optic 
frequency shifters can be used, for example, in optical 
heterodyning and interferometry, or in laser Doppler 
velocimetry for particle velocity analysis. 


Q-Switches 


A Q-switch is a special modulator which introduces 
high repetition rate losses inside a laser cavity 
(typically 1 to 100KHz). They are designed for 
minimum insertion loss and to be able to withstand 
very high laser powers. In normal use an RF signal is 
applied to diffract a portion of the laser cavity flux out 
of the cavity. This increases the cavity losses and 
prevents oscillation. When the RF signal is switched 
off, the cavity losses decrease rapidly and an intense 
laser pulse evolves. A diagram of a typical acousto- 
optic Q-switched laser cavity is shown in Figure 10. 
Q-switches are the preferred method of intracavity 
modulation where high speed, high stability, and 
modest cost are important design factors. 


List of Units and Nomenclature 


b dispersion constant = 

€ clastic stiffness dynesem™* 

D.d optical beam diameters em 

e elastic strain = 

f acoustic frequency hertz 

F optical focal length em 

Fg,Fy angular form factors = 

k optical momentum, em 
wavevector 

K acoustic momentum emt 
wavevector 

My acousto-optic figure of merit sec’ gram! 

n refractive index 

Pp photo-elastic constant 2 

P pressure dynes em™* 

Py acoustic power wattsem~? 

Vv acoustic velocity emsec 

B compressibility em? dyne™* 

a diffraction efficiency = 

e dielectric constant = 

o optical frequency hertz 

2 solid angle steradians 

e density grams cm™> 

6 Bragg angles radians 

7 acoustic wave travel time see 
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See also 


Modulators: Acousto-Optics. Optical Amplifiers: 
Raman, Brillouin and Parametric Amplifiers. Scattering: 
Raman Scattering. Spectroscopy: Raman Spectroscopy. 
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The electro-optic (EO) effect can be described as any 
one of a number of phenomena that occur when an 
electromagnetic wave in the optical spectrum 
(c.g., characterized by wavelengths in the range 200 
to 2000 nm) interacts with an electric field, or with 
matter under the influence of an electric field. Two of 
the most important electro-optic phenomena are the 
Kerr effect (discovered by John Kerr in 1875) and the 
Pockels effect (discovered by Friedrich Pockels in 
1893), in which birefringence is induced or modified 
in a liquid (the Kerr effect) or a solid (the Pockels 
effect). Birefringence is the difference in refractive 
indices for light of orthogonal line polarizations, one 
of which is parallel to the induced optical axis. The 
Kerr effect involves creation of birefringence in a 
liquid that is otherwise not birefringent. The degree of 
birefringence is quadratically proportional to the 
applied electric field strength. Hence, the Kerr effect is 
frequently referred to as the quadratic electro-optic 
effect while the Pockels effect involves a linear 
dependence on the applied electric field and is 
referred to as the linear electro-optic effect. In 
considering practical applications of the electro- 
optic effect, a commonly encountered term is that of 
lectro-optic modulator’, which can be described as a 
device wherein a signal control element is used to 
modulate a beam of light. The control element is 
typically an electric field with frequency components 
in the zero (DC) to hundreds of gigahertz 
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(1 GHz = 10° Hz) range (or even tens of terahertz 
(1 THz = 10"? Hz). The modulation may be imposed 
on the phase, frequency, amplitude, or direction of 
the modulated optical beam. 

Electro-optic effects are one class of second-order 
nonlinear optical phenomena. Other important 
second-order nonlinear optical phenomena include 
sum (e.g., second-harmonic) and difference frequency 
generation. Such phenomena derive from the second- 
order term in the power series expansion of macro- 
scopic (material) polarization, P, in terms of applied 
electric fields: 


PE, + NPE Ee + NEE ++ (A) 


wher 


e xi)’, xij, and x13), are the linear, second-, and 
third-order optical susceptibilities, respectively. 
Second-harmonic generation (SHG) or frequency 
doubling (2) effects, where a beam at twice the 
frequency of the input beam is generated, can be seen 
by substituting a sinusoidal field, E,, cos(wt — kz); for 
E, and Ey. After using a well-known trigonometric 
identity, the equation for macroscopic polarization 
becomes (through second-order and dropping the 
subscript i): 


XE, cos(at — kz) + (122)¥! 
X [1+ cos(2ut — 2kz)] ++ pi 


The electro-optic effect can be appreciated by 
considering interaction of the medium with an optical 
field E,, cost — kz) and a low-frequency field Eo 
Note that although we have used the symbol zero to 


design of, 6 bulk metal foil, 83 clamp diodes, 230 


disposable, 7, 8 bushings, 38 closed-loop systems, 210, 217 
fuel cells, 8 button capacitors (see disk ca-__-- CMOS (complementary metal ox- 
function of, 5 pacitors) ide semiconductor), 253 
potential problems, 15 button cells, 5 code samples 
rechargeable, 7,9 bypass capacitors, 107, 154 digital access to, 3 
schematic symbols for, 6 bypass switches, 176 coded rotary switches, 53 
Use of, 14 cogging, 193 
values for, 11 coils, 66, 121, 135, 170 
voltage, 13 c cold cranking rating, 159 

battery acid, 9 collectors, 242, 246 

battery chargers, 8 clamps, 110 ‘common contacts, 38 

bearings Crate, 12 common-bus configurations, 78 
failure of, 189 ‘capacitance, 105, 115 common-collector amplifiers, 250 

beta value (8), 244 capacitive reactance, 106 common-emitter amplifier, 250 

biased relays, 67 capacitor arrays, 101 commutators, 179, 195, 198 

biased semiconductors, 241 capacitor clamps, 110 complement-coded rotary 

bifilar motors, 216 capacitor networks, 101 switches, 54, 

bipolar electrolytic capacitors, _-—caPacitors, 8, 97-111, 97 ‘complementary metal oxide sem- 

102 (see also variable capacitors) —_icgndluctor (see CMOS) 

bipolar junction transistor (BJT) as alternative to shorting coils, components 

(see bipolar transistors) 195, definition of, 2 

bipolar motors, 211 design of, 97 condensers (see capacitors) 

bipolar stepper motors, 213 function of, 97 contact bounce, 61 

bipolar transistors, 241-252 potential problems, 109 contacts 
design of, 241 schematic symbols, 97 burnout of, 63 
function of, 241 types of, 99 contamination of, 48, 73 
potential problems, 251 use of, 107 overloading of, 57 
schematic symbols for, 242 values for, 104 relays and, 66 
types of, 245 capacity, 11-14 vulnerability of, 57 
use of, 246 caps (see capacitors) continuous inductors, 122 

BLDC motors (see brushless DC _—-carbon-composite resistors, 82 contractors, 70 

motors) carbon-film potentiometers,95 control shaft encoders, 59 

blown fuses, 21, 27 carbon-film resistors, 82 conventional current, 7 

body terminals, 261 carriers, 183 inductors and, 120 

boost-type converters, 151,154 cartridge fuses, 23 converters (see DC-DC convert- 

boots, 43 cathode-ray tubes, 171 ens) 

break-before-make switches, 39, cathodes, 6, 221 cores, 119, 132, 137, 138 

53 cells, 5,6 coupling capacitors, 107 

breakdown state, 256 ceramic capacitors, 103 covered power supplies, 146 

breakdown voltage, 224 charging crossover networks, 130 

breakers, 160 incorrect voltage and, 15 crystal diodes (see diodes) 

breaking capacity, 22 reverse charging, 16 crystal sets, 125 

bridge rectifiers, 226 chatter, 72 cup (potentiometer), 93 

brushes, 179, 187, 198 chokes: 119) current, 5 

brushless DC motors, 183 chopper drives, 217 inadequate, 15 

buck converters, 150 circuit breakers, 15, 21 stall current, 184 

buck-boost converters (see fly-_ifCults current amplifiers, 243, 253 

back converters) RC circuits, 79 ‘current gain (hFE), 244 


270 Index 


122 MODULATORS / Electro-Optics 


denote the frequency of the low-frequency electrical 
field, actual frequencies can extend to hundreds of 
gigahertz or even tens of terahertz. Again substituting 
{and now keeping terms to third order), the equation 
for polarization can be written as: 


P=YYE, cos(wt — kz) +2yEoE,, cos wt — kz) 
+3 "ESE, cos wt — kz) + (3/4)x" Ecos wt ~ kz) 
= xe Ecos(at — kz) Gl 


The equation for the nonlinear index of refraction, », 
can be expressed as 


w= 1+4ayey 
144 aly 42 Eo + 3X 9ES + 3/4 YPEZ] [4] 


Denoting the linear index of refraction as ng, the 
above equation can be rewritten as 


wns = 8x Ey + 12x 


+3 5] 


which in turn leads to 


n=ng+(4 ming) Eg +(6r7Ing) x” 
+(3m/2ny)X9E2, 16] 
The definition of light intensity in cgs units is 


EQ=(8lenp)K(w), which when substituted into the 
above equation gives 


0+ (4 ming x Eg + (6no)X PED 


+(12alend)y (ea) 17] 
The index of refraction can now be written as 
n(w)=no(o)+m(w)Eo+na(O)E+nx(@)K(o) [8] 


where the terms 1 (), (0), 13(w) correspond to the 
linear electro-optic effect, the quadratic electro-optic 


effect, and the optical Kerr effect, respectively. 
The above equation can also be expressed as 
n= ng — (U2) rEg — (U2)ns ol 


where r and s are the linear and quadratic electro- 
optic coefficients, respectively. 

Unfortunately, a great deal of confusion exists 
concerning the use of the terms electro-optic effect 
and electro-optic modulator. First of all, the terms 
‘electro-optic’ and ‘opto-electronic’ are frequently 
confused and used interchangeably. Opto-electronic 


devices function as electrical-to-optical or optical-to- 
electrical signal transducers. Examples of commonly 
used opto-clectronic devices include light-emitting 
diodes (LEDs), photodiodes (PDs), injection laser 
diodes (ILDs), and integrated optical circuit (IOC) 
elements. An electro-optic device can also function as 
an electrical-to-optical signal transducer (e.g., 2 
Mach-Zehnder interferometer or a birefringent 
modulator employing polarizers at the input and the 
output); however, the mode of operation is entirely 
different for electro-optic and opto-electronic devices. 


For example, with LEDs or modulated lasers, the 
applied electric field produces modulation of trans- 
mission of light by altering the excited state popu- 
lation of the light emitting (lasing) state of the 
material. With electro-optic materials, no actual 
excited state population is generated. Electro-optic 
devices typically operate in regions of the optical 
spectrum removed from resonant transitions, 
i.e, regions of relatively high transparency. 
The applied electric field acts only to perturb the 
charge distribution of the material (the spatial 
positions of the electrons and nuclei). The altered 
charge distribution interacts with the optical beam 


transmitting the material with the result that the 
speed of light in the material (i.e., the index of 
refraction or birefringence) is altered. The response 
times of opto-electronic and electro-optic phenomena 
(and hence bandwidths of devices exploiting these 
phenomena) are quite different. In the former case, 
response will be limited by the lifetime of the relevant 
(emitting) excited state while in the latter case, 
response will be defined by the relaxation time of 
the material (e.g., reorientation time of a liquid or 
lattice relaxation time of a solid) following removal 
of the perturbing electric field. 

‘An even greater confusion can arise due to the 
jargon used in particular technologies, such as 
telecommunications. A telecommunications engineer 
frequently refers to ‘electro-optic switching’ when 
describing opto-electronic transduction of an optical 
signal to an electrical signal, followed by re-routing in 
the electrical domain, and finally opto-electronic 
transduction of the electrical signal back to the 
optical domain. Electro-optic switching (in the sense 
used in this article) involves quite a different operation 
and would be described by that same telecommu- 
nications engineer as ‘all-optical switching’ ~ a term 
reserved by physicists for the optical Kerr effect 
{control of one light beam by another light beam). 

A second point of confusion involves distinguishing. 
between the terms ‘electro-optic’ and ‘electro-absorp- 
tive’ modulation. Again, the terms are frequently used 


interchangeably. However, they involve quite diffe- 
rent physical mechanisms. An electro-absorptive 
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modulator is, like a modulated laser or LED, a 
‘resonant’ device. In a device such as a gallium 
arsenide (GaAs) or indium phosphide (InP) quantum 
dot electro-absorptive modulator, the position and 
width of an optical absorption (resonant transition) 
are defined by the physical dimensions of the 
quantum dot. Application of an electric field shifts 
the spectral wavelength of the quantum dot absorp- 
tion. This phenomenon can be used to dramatically 
change optical transmission through (or equivalently, 
absorption by) the material by choosing the wav. 
length of the propagating beam of light to be near the 
resonant absorption. With the electric field off, the 
material is reasonably transparent but becomes 
strongly absorbing when the electric field is applied, 
shifting the resonant absorption to the wavelength of 
the propagating beam. Obviously, the voltage 
required to achieve a desired change in optical 
transmission will depend on control of quantum dot 
dimensions in fabrication, which has been and 
continues to be a topic of research focus for electro- 
absorptive materials. Likewise, control of insertion 
losses of such devices is a concern as the wavelength 
used for the transmissive state of the device must be 
sufficiently close to the optical resonance to achi 
the desired attenuation with application of a modest 
control voltage. Another issue to be faced with 
electro-absorptive devices is that of ‘chirp’ (optical 
signal distortion arising from the fact that both 
absorption and index of refraction ~ the imaginary 
and real parts of the optical susceptibility ~ change 
with application of the electric control field). On the 
positive side, electro-absorptive modulators are 
‘polarization-insensitive’ modulators and are thus 
conveniently used with multimode (as well as single 
mode) optical transmission. 

Further confusion exists because widely different 
types of materials can be used in electro-optic and 
electro-absorptive devices. As these materials are 
frequently competing for the same applications 
(signal transduction, optical switching, etc.), the 
advantages and disadvantages of different materials 
are often compared without maintaining the con- 
text that quite different phenomena are involved. 
Even restricting our discussion to electro-optic 
materials, we note that materials can range from 
organic liquid crystalline materials (nematic, sme- 
tic, ferroelectric, etc.) to organic electro-optic 
materials (both crystalline and ‘macromolecular’ 
to inorganic crystalline materials (lithium niobate, 
LINbOs; barium titanate, BaTiO; barium borate, 
BBO; potassium dihydrogen phosphate, KDP; 
lithium tantalate, LiTaOs; zine telluride, ZnTe, 
etc.). The response times of these materials to 
transient application of an applied electric field 


will be quite different, reflecting the different 
types of lattice motion involved. With liquid 
crystalline materials, particularly nematic materials, 
considerable molecular reorientation is involved 
and due to the mass that must be moved, response 
times are quite slow although the index change will 
be relatively large. With use of liquid crystalline 
materials, device bandwidths will typically be 
limited to tens of megahertz (MHz) or In 
contrast, conjugated a-electron organic materials 
typically exhibit response times of tens to hundreds 
of femtoseconds, which translates to potential 
device bandwidths of tens of terahertz (actual 
device bandwidths may be less due to factors 
other than material response). For conjugated 7 
electron organics, the response time is the phase 
relaxation time of the m-electron system. Because 
only a slight change in bond length alternation of 
the conjugated electron system occurs with 
application of an applied electric field and because 
strong electron-phonon coupling and resonance 
stabilization of the z-electron system act to reduce 
the barrier to lattice relaxation, the response times 
of melectron organic materials are among the 
fastest observed in nature. With crystalline inor- 
ganic materials, the ionic constituents move to new 
locations with application of an electric field with 
the exact movement determined by the field 
strength, the charge on the ions, and the restoring 
force. Unequal restoring forces along the three 
mutually orthogonal (perpendicular) axes of the 
crystal lead to anisotropy in the optical properties 
of the material. The applied electric field will 
induce a change in the anisotropy (the principal 
refractive indices). The symmetry of the electro- 
optic tensor will be closely related to the symmetry 
of the piezoelectric tensor. The linear electro-optic 
effect requires that the crystal exhibit noncentro- 
symmetric (acentric or ferroelectric) symmetry. A 
centrosymmetric crystal possesses a center of 
symmetry defined by identical particles existing in 
the lattice at vectors r and —x, where r is a 
position vector measured from an arbitrary origin. 
A centrosymmetric crystal, like an isotropic liquid 
or gas, can exhibit a quadratic electro-optic effect. 

For the sake of completeness, it can also be noted 
that index of refraction changes can be induced by 
acoustic waves (acousto-optic modulation) and by 
heating (thermo-optic modulation). Also, elasto-optic 
and photo-elastic effects can produce index of 
refraction changes. 

To keep this article to a manageable length, 
discussion is limited to. solid-state electro- 
optic materials. Design principles being used to 
produce new organic electro-optic materials will be 
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illustrated. Since inorganic materials exist as crystals, 
limited chemical modification of such materials 
is possible, although processing techniques for 
fabricating thin films of such crystalline materials 
have been developed in a number of cases. For 
organic macromolecular materials, development of 
new materials is an on-going activity. Several 
representative devices being fabricated, using elec- 
tro-optic materials, will be discussed. Four of the 
most commonly encountered types of EO devices 
include: (i) stripline devices; (ii) prism, cascaded 
prism, and superprism devices; (iii) resonated devices, 
such as ring microresonator and photonic bandgap 
devices, and (iv) waveplates. Of course, devices such 
as stripline devices can be configured in a variety of 
ways to produce polarization-sensitive and polariz- 
ation-insensitive clectrical-to-optical signal transdu- 
cers, optical switches either using simple 1x2 or 
2X2 switch architectures or multimode interference 
(MMI) switches, optical gyroscopes, photonically 
controlled phased array radar systems, spectrum 
analyzers, optical digital signal processors, analog- 
to-digital (A/D) and digital-to-analog (D/A) signal 
converters, electromagnetic (radiofrequency to milli- 
meter wave) signal generators, voltage sensors, 
etc. Prism-type devices are typically used for 
spatial light modulation or laser beam deflection. 
Ring microresonator devices afford a rich array of 
applications ranging from active wavelength division 
multiplexing (WDM) to active optical interconnect 
reconfiguration, to voltage-controlled wavelength 
tuning of laser outputs. 


Basic Relationships 


The effect of the applied field is to deform the index of 
refraction ellipsoid, which can be represented as 
Gz) (a). +) 


2 +24) YZ 
7) 


+2(4) xz42(4) XY=1 [10] 
leading to the corrections 
3 
DY rEoj m1) 
1 


where thi 


electro-optic tensor components are related 
to the tensor components of the second-order non- 
linear optical susceptibility by 1, = —(87/nr3,n3,)x)?. 
The full tensorial equation for change of the 
Sindicatrix’ (index of refraction ellipsoid) can be 


expressed as 


mom M3 
Mm tn M3 
Eox 
Ty Tay 33 
= Eoy (12) 
Tay Tay a3 
Eoz 


The electro-optic tensor reduces considerably for 
specific materials reflecting the symmetry of the 
particular material. For inorganic crystalline 
materials, the electro-optic tensor can be reasonably 
complex (containing many nonzero elements). It is 
also helpful to note that for crystalline inorganic 
materials, the clectric-field-induced change in crystal 
shape leads to strain and the orientation of the 
indicatrix is altered, leading to an additional 
contribution to the change in index coefficients 


Air), = Y pase + Y rE, U3) 
cs 7 


where S, is a component of the strain and px is the 
clasto-optic tensor. At high frequencies, the inertia of 
the crystal prevents macroscopic straining so that the 
first term of the above equation vanishes. At low 
frequencies, clasto-optic effects cannot be ignored. 
Because the deformation leading to strain is generally 
caused by the inverse piezoelectric effect, it is linearly 
related to the applied electric field (the same 
dependence as the linear electro-optic effect). 
This can lead to a frequency dependence of the 
‘effective’ electro-optic coefficient for crystalline 
materials. 

A brief comment on the photo-elastic effect (the 
change in index coefficients produced directly by 
applied stress) is warranted. This effect has the form: 


dm 
T 


Ad. U4] 


where o} are the components of the stress and my are 
the piezo-optical coefficients. Note that this effect is 
independent of the applied electric field. 

For axially symmetric ‘charge-transfer type’ 
organic chromophores prepared by deposition or 
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electric field poling, only two unique tensor elements, 
ray and 113, survive: 


0 ns 
0 ns 
eed ts} 
ny 0 
hy 0 0 
o 0 0 


The electro-optic effect for organic macromolecular 
materials derives from molecules with conjugated 
melectrons confined within molecules (chromo- 
phores). The electro-optic tensor elements can be 
related to molecular first hyperpolarizability, B, 
and the chromophore number density, N 
(molecules/em'), by 


133 = —2Nf(O)B(cos* 6)/rye* 


ris = —-Nf(O)AXsin® Ocos indy, — MSI 
The expressions in brackets are ‘order parameters’ 
describing the degree of noncentrosymmetric order. 
(cos? #)=1 corresponds to all ‘dipolar’ (charge 
transfer type) molecules pointing in the same 
direction (perfect noncentrosymmetric or ferroelec- 
tric order) while (cos! @)=0 corresponds to 
complete disorder and no electro-optic effect. The 
reason that three angles appear in the order 
parameter is that an angle is required to represent 
the principal symmetry axis for the chromophore, 
the principal symmetry axis of the optical field, 
and the principal symmetry axis of the electric 
control field, Thus, averaging (denoted by brackets) 
must be carried out over each of these three angles. 
The tensor clement 733 corresponds to the electric 
control field applied along the principal axis of the 
ordered chromophores and the principal axis of the 
optical field vector, transverse magnetic (TM) 
polarized light. The tensor element 7); corresponds 
to the control clectric field applied along the 
principal axis of the optical field, transverse electric 
(TE) polarized light, and orthogonal to the 
principal chromophore axis. The notation 733 is 
contracted notation for rj3;. The factor /(0) takes 
into account the dielectric nature of the medium 
into which the chromophores (molecules with large 
first hyperpolarizability) are embedded. 

For organic electro-optic materials, elasto-optic 
effects do not appear to make significant contri- 
butions, Moreover, electro-optic activity can be 
systematically improved by improving 8 and by 


optimizing the product of chromophore number 
density and order parameter. Due to the presence of 
intermolecular electrostatic interactions, W, among 
chromophores, order parameters and number density 
are not independent, e.g. for materials that are 
prepared by electric field poling the order parameter 
relevant to the principal component of the electro- 
optic tensor can be expressed approximately as 


(cos @) = L3(uf(O)E/AT)[L — Ly (WAT)? 17) 


where L3, and Ly are Langevin functions, is the 
chromophore dipole moment, E, is the strength of the 
electric poling field, k isthe Boltzmann constant, and T 
is the Kelvin poling temperature. W is a quadratic 
function of chromophore number density, N. 
The above equation indicates that a maximum will 
be observed in the graph of rs; versus N. 


Materials 


With inorganic and organic crystalline materials, very 
little can be done to optimize electro-optic activity 
other than discovering new EO crystalline materials 
or employing isotopic (c.g., deuterium for hydrogen) 
or ion substitution with existing materials. 

As with organic liquid crystalline materials, the 
electro-optic activity of macromolecular organic 
second-order nonlinear materials can be system- 
atically improved by molecular modification. 
As shown in Figure 1, quantum mechanical 
calculations can provide useful guidance as to 
which structural modifications will lead to 
improvements in molecular (first) hyperpolarizabil- 
ity and ultimately electro-optic activity. The mol- 
ecular hyperpolarizability (long wavelength limit) 
can be increased by a factor of two by simple 
variation of the acceptor structure. The calculated 
values of wavelengths for the interband charge 
transfer transitions are 390nm, 403nm, and 
430nm. Since dipole moments do not change 
significantly with structure, intermolecular electro- 
static interactions should be similar for these thre 
chromophores and the improvement in B should 
translate to an improvement in electro-optic 
activity. This theoretical prediction has been 
experimentally verified. This is just one example 
of use of quantum mechanics to guide the 
improvement of electro-optic activity for organic 
materials. This figure also illustrates the typical 
structure of an organic electro-optic chromophore, 
which consists of an electron donor region (an 
amine donor in the example shown), a connective 
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conjugated electron bridge, and an electron 
deficient electron acceptor region. The theoretically 
predicted (by density functional theory, DFT, 
calculations) variation of molecular first hyperpo- 
larizability with molecular structure has been 
verified for the structures shown. However, the 
critical point is that electro-optic activity of organic 
materials (currently exhibiting a maximum value of 
182 pm/V at 1.3 microns wavelength) is likely to be 
improved for some time to come. This value is to 
be compared to a value of 32 pm/V for lithium 
niobate. Another factor influencing the value of 
macroscopic electro-optic activity realized for 
electrically poled organic materials is the effect 


of intermolecular electrostatic interactions on 
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structures. 
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optimization of N(cos* 6). Statistical mechanical 
calculations can provide guidance as to how this is 
achieved (sce Figure 2 where the role of chromo- 
phore shape is illustrated). Approximating the 
chromophore shape by a rigid prolate ellipsoid 
with embedded dipole moment yields nearly 
quantitative reproduction of the experimental 
data, If the melectron structure (dipole moment) 
is left unchanged but the shape of the chromophore 
is altered to a spherical shape, a significant 
improvement in electro-optic activity is predicted. 
The shape effect arises because there are two 
components to the electronic dipole-dipole inter- 
molecular electrostatic potential function describing 


the many body interaction of chromophores. 
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Density functional calculations (DFT) of molecular fst hyperpolarizability (f) and dipole moment (y) for three chromophore 
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Figure 2 Twotheoretica (statistical mechanical) simulations ofthe variation of electro-optic activity with chromophore number density 
are shown and compared with experimentally observed results for the CLD chromophore (structure shown) dissolved in an amorphous 


polycarbonate host polymer. 
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One component favors centrosymmetric ordering 
while the second component favors noncentrosy 
metric ordering, Their relative weighting in defi 
ing macroscopic order depends on chromophore 
shape. Theoretical calculations have also shown 
that embedding chromophores in nanoscopic 
macromolecular objects (such as dendrimers and 
dendronized polymers) can dramatically enhance 
electro-optic activity. This type of engineering can 
also be used to control auxiliary properties such as 
optical loss and stability. The exceptional proces- 
sability of organic electro-optic materials has 
permitted conformal and flexible devices to be 
fabricated and has permitted electro-optic circuitry 
to be integrated vertically on top of semiconductor 
VLSI (very large-scale integration) electronics. 
Mach-Zehnder modulators, with 3 dB operational 
bandwidths of 200 GHz, have been fabricated from 
organic electro-optic materials as have Mach- 
Zehnder devices with operational drive voltages 
of less than one volt. The major advantage that 
crystalline inorganic materials possess, relative to 


Table 1 Comparison ot electro-optic performance for inorganic 
and organic EO materials at 1.3 microns wavelength 
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macromolecular organic EO materials, is superior 
thermal and photostability. A comparison of 
lithium niobate and the best organic EO materials, 
is given in Table 1. Cost is a significant factor if 
electro-optic materials are to compete with modu- 
lated lasers and other opto-electronic devices for 
applications in communications, computing, trans- 
portation, and defense. Currently, manufacturing 
costs for both crystalline and macromolecular 


materials are very high (several thousand 
dollars per modulator). Recently, it has been 
demonstrated that organic macromolecular 


materials can be used with soft lithography 
techniques to mass-produce electro-optic circuitry. 
This could conceivably dramatically reduce manu- 
facturing costs. Also, the fact that organic macro- 
molecular materials can be directly integrated with 
silicon photonics and VLSI semiconductor elec- 
tronics, may influence future commercial utilization 
of electro-optic materials, which is currently 
dominated by lithium niobate. 


Representative simple device structures are shown in 
Figure 3. For a simple stripline phase (birefringence) 
modulator (Figure 3, upper left), the phase retar- 
dation produced by application of an electric field is 
given by 


es 


Ad = 2mAnL/A =m rELIA= mm rVLAd (18) 


where L is the electrode length (the distance over 


which the electrical and optical fields co-propagate), 
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Figure 3 Schematic representation of simple electro-optic device structures are shown: Upper lett (bretingent modulator), upper 
Fight (Mach-Zehnder interferometer), lower left (1 x 2 optical switch), lower right (ring microresonator) 
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Ais the optical wavelength, V = Eid is the electric 
field felt by the material, and d is the electrode 
spacing. Electro-optic device performance is fre- 
quently characterized by the voltage, V,, required 
to produce a phase shift of radians. For a TM 
polarized light propagating through a birefringent 
modulato 


V, = Ad/(nrs3L0) 19) 
where characterizes the overlap of the optical and 
electrical waves. 

A simple Mach-Zehnder interferometer (electro- 
to-optical signal transducer) is shown in the upper 
right of Figure 3. When such a device is constructed 
from clectrically poled organic electro-optic chromo- 
phores and a voltage is applied to one arm, a 
retardation of light propagating in that arm will be 
effected. This, in turn, will result ina change in the 
constructive/destructive interference of the beams at 
the output of the device, The consequence of applying 
an electrical signal to one arm of a Mach-Zehnder 
interferometer is that the applied voltage is trans- 
duced onto the optical output beam as an amplitude 
modulation of that beam. The voltage required to 
achieve full wave modulation for an optical beam of 
TM polarization is 


Va = Ad/(mjerssLT) 


120] 


Amplitude modulation can also be achieved using a 
birefringent modulator by placing polarizers at the 
input and output of the device. If an input 
polarizer is used to launch TM and TE modes, 
the birefringent modulator functions to produce a 
rotation of light, which is tuned into an amplitude 
modulation by inserting a polarizer at the output. 
For such a device, V, depends upon the difference 
in m3 and rs. Note that for poled organic 
chromophores, 733 ~ 3rs, (Ve)ana = 1.5(Vq)zet 
For the above devices, it is clear that V, will 
depend on the length over which the electrical and 
optical fields co-propagate in phase. For low 
electrical field frequencies, L. will be the electrode 
length. The electrode spacing d, that can be used, 
will depend on the index of refraction difference 
between the core (electro-optic material) and a 
cladding material used to prevent the optical field 
experiencing the metal electrodes (an event that 
would dramatically increase propagation loss). For 
poled organic macromolecular materials and stan- 
dard commercial claddings, d is typically in the 
order of 10 microns. Electrode lengths usually 
range from 1 to 3.cm. Two factors limit bandwidth 
in stripline devices: (i) velocity mismatch between 
the electrical and optical waves (which relates to 


the difference between ni} and e, where © is the 
dielectric permittivity of the material — see 
Table 1); and (ii) microwave and millimeter wave 
loss in the metal electrodes. For organic electro- 
optic materials, the latter defines operational 3 dB 
bandwidth of devices. 

Optical routing switches (see Figure 3, lower left) 
are more complicated to understand and typically 
require somewhat larger V, voltages to effect a 
switching operation 
1.7(V)atzm): 

Two conditions must be satisfied for light to be 
coupled into a ring microresonator device (see 
Figure 3, lower right): (i) the circumference of the 
ring must be a multiple of the wavelength of light, 
and (ii) the velocity of light in the ring must equal 
the velocity of light at the input. If a ring 
microresonator is fabricated from an electro-optic 
material, then an applied electrical voltage can be 
used to control coupling of light into and out of 
the ring microresonator. The same electrode struc- 
ture, that is used to achieve voltage-controlled 
wavelength selective filtering, can also be used to 
transduce electrical information onto the optical 
beam while it is in the ring resonator. The quality 
(Q) factor of a ring microresonator defines both 
the wavelength selectivity and the bandwidth of the 
device. Ring microresonator devices also have the 
advantage of permitting a long interaction length 
to be achieved in a very compact device structure. 
The dimensions (radii) of ring microresonator 
structures are defined by bending loss and thus 
by the difference between core and cladding 
materials. Typical radii can range from hundreds 
of nanometers to hundreds of microns. With ring 
microresonators, a reduction in drive voltage 
requirements can be achieved by trading off 
bandwidth. Another price paid in the use of ring 
microresonator device structures is that of bending 
loss, which is not present in the other device 
structure shown. Ring microresonators can be used 
for active wavelength division multiplexing 
(WDM), voltage-controlled optical signal routing, 
and wavelength tuning of optical sources. 

The interaction length of a prism optical beam 
deflector can be increased by cascading prisms 
together, For such a device structure, the angle of 
deflection becomes 


+ (Varsinpled2czosshar = 


0 = mirys(VidLIb) Ry 


where h is the height of an individual prism and L is 
the length of the prism array. For currently available 
electro-optic materials only small deflection angles 
{a few degrees or less) can be achieved with practical 
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voltage levels. Superprism structures may permit 
large deflection angles to be achieved but such 
devices have yet to be demonstrated in a convincing 


Interferometry: Overview. Modulators: Acousto-Optics. 
Optical Communication Systems: Wavelength Division, 
Multiplexing. 


Further Reading 


Butcher PN and Cotter D (1990) The Elements of 
‘Nonlinear Optics. New York: Cambridge University 
Press 

Dagli N (1999) Wide-bandwidth lasers and modulators 
for RF photonics. IEEE Trans. Microwave Theor. 
Techniques 47: 1151~1171. 

Dalton LR (2003) Rational design of organic electro-optic 
‘materials, Journal of Physical Condensed Materials 15: 
R897-R934. 

Dalton L, Harper A, Ren A, et al. (1999) Polymeric electro~ 
optic modulators: from chromophore design to inte- 
gration with semiconductor very large scale integration 
electronics and silica fiber optics. Ind. Eng. Chem. Res, 
38: 8-33, 

Hornak LA (1992) Polymers for Lightwave and Integrated 
Opties. New York: Marcel Dekker. 


Khazaei HR, Wang WJ, Berolo E and Ghannouchi F (1998) 
High speed GaAS/AIGaAs traveling wave electro-optic 
modulators. Proceedings of SPIE 3278: 94~100. 

Lawetz. C, Cartledge JC, Rolland C and Yu J (1997) 
Modulation characteristics of semiconductor mach- 
zehnder optical modulators. IEEE Journal of Lightwave 
Technology 15: 697-702. 

Lee KS (2002). Advances in Polymer Science, vol. 15 
Heidelberg: Springer. 

Lee M, Katz HE, Erben C, et af. (2002) Broadband 
‘modulation of light using an electro-optic polymer. 
Science 298: 1401-1403. 

Nalwa HS and Miyata $ (1997) Nonlinear Optics of 
Organic Molecules and Polymers. Boca Raton, FL: 
CRC Press, 

Noguchi K, Mitomi O and Miyazawa H (1998) Millimeter- 
wave Ti:LiNbOs optical modulators. IEEE Journal of 
Lightwave Technology 16: 615-619. 

Shen YR (1984) The Principles of Nonlinear Optics 
New York: John Wiley & Sons. 

Shi Y¥, Zhang C, Zhang H, et al. (2000) Low (sub-1 volt) 
haliwave voltage polymeric electro-optic modulators 
achieved by controlling chromophore shape. Science 
288: 119-122. 

Wise DL, Wnek GE, Trantolo DJ, Cooper TM and 
Gresser JD (1998) Electrical and Optical Polymer 
Systems. Fundamentals, Methods and Applications. 
New York: Marcel Dekker. 

Yariv A and Yeh P (1984) Optical Waves in Crystals. 
‘New York: John Wiley & Sons. 


Modulation and Demodulation of Optical Signals 


RA Minasian, University of Sydney, Sydney, NSW, 
Australia 


(© 2006, Elsevier Lt. All Rights Reserved, 


Introduction 


Since earliest times, light has been used for communi: 
cation purposes. In order to convey information, a 
physical variable of light, such as the optical intensity 
or field amplitude, must be modulated to encode a 
signal onto the optical carrier, and it must be 
demodulated or decoded after transmission. Laser 
sources provide the capability of extremely high 
modulation speeds, which result in high information- 
carrying capacity in optical communication systems. 
After transmission, semiconductor photodetectors 
demodulate the optical signals to recover the original 
information (see Optical Communication Systems: 
Basic Concepts). 

‘The modulation of optical signals can be classified 
into two types: field modulation and intensity 


modulation, which is illustrated in Figure 1. In field 
modulation, the physical variable that is modulated is 
the frequency, phase, or amplitude of the optical field. 
These three techniques are sometimes referted to as 
frequency shift keying (FSK), phase shift keying (PSK) 
and amplitude shift keying (ASK). Figure 1b shows an 
example of frequency modulation of light. Field 
modulation requires keeping track of the phase of 
the carrier, which imposes strict requirements on the 
optical coherence (see Coherent Lightwave Systems). 
Because the optical carrier is at an extremely high 
frequency of around 2x10" Hz at fiber-optic 
communication wavelengths of 1.5 um, the required 
optical coherence is very difficult to realize, and 
moreover the receiver requires complex optical 
heterodyne methods to detect the phase of the 
optical field. 

In intensity modulation, the physical variable that 
is modulated is the optical power. Figure 1c shows 
that itis the envelope of the light power that contains 
the information. The optical field oscillations at 
10'—10" Hz in this case are not related to the 


10 MODULATORS / Modulation and Demodulation of Optical Signals 


Time 


Time 


Envelope of optical power 


: | | | 


Figure 1 Typos of modulation of optical signals. (a) unmodu- 
lated optical field; (b) frequency-modulated field; (c) intensity or 
envelope madulation of the optical power. 


modulation and demodulation process, and only the 
optical power variation is important. This is a key 
advantage, and as a result intensity modulation 
systems are prevalent for optical communications. 
Here, we discuss how varying the injected current in a 
semiconductor laser or light emitting diode, or by 
operating the source with constant output and 
introducing an external modulator, can realize 
modulation of the optical power of the source. The 
process by which the optical power variations can be 
detected at the receiver with semiconductor photo- 
diodes are also discussed, including detection noise 
characteristics and means of enhancing the respon- 
sivity by introducing internal gain mechanisms or 
wavelength selectivity. The speed capabilities of 
optical modulation and demodulation in semicon- 
ductor lasers and photodetectors are discussed, based 
on the rate equations for carrier and photon 
dynamics. 


The Modulation of Semiconductor 
Lasers 

Townes, Basoy and Prokhorov, who shared the Nobel 
Prize in 1964, developed the principle of lasers. 


Semiconductor lasers emit light through a stimulated 
emission mechanism, The required optical gain for 
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Figure 2. Light-current properties and the dynamic modulation 
characteristics of semiconductor lasers. 


the lasing action is obtained by injecting a forward 
bias current into a heavily doped p-n junction, 
thereby injecting carriers into the active junction 
layer and creating a population inversion, Here we 
limit our discussion to the optical modulation 
characteristics of the laser in response to changes in 
the injection current. 

Figure 2 shows the typical light-current character 
istics of semiconductor lasers. For drive currents 
above the threshold value I,,, the emitted optical 
power is predominantly by stimulated emission and it 
increases linearly with the drive current up to 
moderate currents. The differential responsivity of 
the laser, defined by the ratio of optical power 
increase to electric current increase above threshold, 
is typically around 0.5 mW/mA. At high current 
levels, the light output deviates from a proportional 
dependence on the current because of saturation 
effects and the differential responsivity decreases. 

The dynamic response of the semiconductor laser 
to modulation of the injection drive current is 
governed by the rate equations for the carrier density 
and the photon density in the active junction region. 
Figure 3 shows the active layer under consideration 
(see Lasers: Edge Emitters). The electron concen- 
tration in the active layer is denoted N and the photon 
concentration in the active layer is denoted S. The 
dynamic behavior of the electron concentration and 
photon density is governed by the following rate 
equations: 
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Figure 3 Semiconductor laser. (a) intrinsic device; (b) active 
Fegion with injected current 1, electron concentration N, and 
photon concentration S. 
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where I is the injected current, q is the electronic 
charge, 1, is the volume of the active layer, D, is the 
diffusion constant, 7,, is the carrier lifetime, I is 
the confinement factor (defined as the fraction of the 
optical power in the active region), f is the fraction of 
the spontaneous emission power coupled into the 
lasing mode, 7) is the cavity or photon lifetime, and 

GG) = AN) — Nil BI 


where G is the net rate of stimulated emission, and 


NN, is the electron concentration at transparency 

Equations [1] and [2] are statements of the 
fundamental continuity equations for electrons and 
photons in the active layer. Hence, eqn [1] expresses 
the fact that the rate of increase of electron 
concentration in the active layer is given by the rate 
of increase of electron concentration due to injected 
current, the rate of increase of electron concentration 


due to diffusion current, the rate of decrease of 
electron concentration due to spontaneous recombi 
nation, and the rate of decrease in electron concer 


tration due to stimulated photon emission. Equation 
[2] expresses the fact that the rate of increase of 


photon density in the active layer is given by the rate 
of increase in photon density due to spontaneous 
emission coupled into the lasing mode, the rate of 
increase of photon density due to stimulated emission 
coupled into the active layer, and the rate of decrease 
of photon density due to cavity loss mechanisms. 

‘The actual electron and photon distribution varies 
across the active layer. However, for simplicity, it 
is convenient to use average values of N and S, and 
the simplified rate equations in terms of position 
independent variables are given by: 
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where the scaling factor (1 ~ eS) accounts for gain 
saturation arising from several phenomena such as 
spatial hole burning, spectral hole burning, carrier 
heating and two-photon absorption, and ¢ is a 
nonlinear gain parameter. 

‘The modulation response of the laser is obtained by 
solving the rate eqns [4] and [5] for a time dependent 
input current of the form 


M0) = Ty + nx) {61 
where I, is the steady-state bias current, I,, is the 
modulation current amplitude and x(t) represents the 
normalized shape of the modulation waveform. 

‘The small-signal modulation bandwidth of the 
laser is obtained by considering the response to small 
amplitude sinusoidal current modulation at fre- 
quency w, so that x(t) =sin(wt), around a steady- 
state bias current above lasing threshold. Under the 
small signal condition, the rate equations can be 
linearized and combined to result in a second order 
differential equation. The solution for the photon 
output exhibits a damped resonant type response. 
Hence the modulation response displays some peak- 
ing at the relaxation oscillation resonance frequency 
@,, and is flat for frequencies much lower than w,.. The 
resonance frequency «, o< yS,,, where S, is the photon 
density at the laser bias level, so the bandwidth can be 
increased by biasing the laser further above its 
threshold current. Semiconductor laser bandwidth 
to 30 GHz has been observed; however, it is often 
limited to around 10 GHz due to electrical parasities 
in the current drive circuit and interface. 

‘The large-signal modulation response of the laser is 
obtained by solving the differential eqns [4] and [5]. 
‘The response of the carrier-photon coupled system to 
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a step change of drive current has the potential for 
damped oscillation. This is caused by a resonant type 
of behavior in which, for example, an increase in 
photon density causes a depletion in population 
inversion which leads to a decrease in photon density 
enabling the carrier density to recover, thus producing 
a time lag between cause and effect resulting in 
damped oscillations before settling to the steady state 
value. These dynamic characteristics are illustrated in 
Figure 2. For a step modulation of the laser drive 
current, the optical output response exhibits a delay 
time, a risetime, an overshoot, and damped oscil- 
lations, The risetime of the laser output is typically in 
the range of 100-300 ps. The turn-on time of the 
laser and the overshoot are improved by ensuring that 
the minimum drive current does not fall below 
threshold. The damped oscillations in the optical 
output occur at the relaxation oscillation frequency 
of the laser. 

‘These laser pulse waveform imperfections cause 
deteriorations in the eye diagram of the laser 
transmitter that is modulated by very high speed 
digital bit streams (see Optical Communication 
Systems: Lightwave Transmitters). Figure 4 shows 
the eye diagram for the optical output of a 
semiconductor laser directly modulated by a 5 Gbit/s 
pseudo-random bit stream of length 2'*—1, The 
output waveform imperfections cause a partial 
closure of the eye, which ultimately limits the 
modulation speed that can be obtained by directly 
modulating the laser drive current. Although the 
semiconductor laser optical output does not exactly 


Power [mi] 


replicate the applied electrical drive waveform, the 
deviations are small enough so that these lasers can be 
used for data transmission up to around 10 Gbit/s. 
Another inherent consequence of direct modu- 
lation of semiconductor lasers is the production of 
laser frequency chirp. This arises from the fact that 
modulation induced changes in the carrier density in 
the active region of the laser cavity cause a change in 
the refractive index of the active layer, which results 
in a chirping in the output wavelength during 
modulation, Hence amplitude modulation of semi- 
conductor lasers is fundamentally accompanied by 
phase modulation from the basic physical mechanism 
of carrier induced changes in the refractive index. The 
resulting transient changes in the output wavelength 
of the laser causes a chirping phenomenon as it is 
being modulated. The order of chirp magnitude is 
about 0.1-1GHz/mA of drive current change. 
During digital pulse modulation, the laser wavelength 
shifts to the blue side near the leading edge and 
towards the red side near the trailing edge of the 
pulse. Chirp results in a broadening of the laser 
linewidth, This wavelength change effect in combi- 
nation with the dispersion characteristics of optical 
fiber (see Fiber and Guided Wave Optics: Dispersion; 
Light Propagation) causes an important limitation to 
the transmission capacity of fiber optic communi- 
cation systems, The chirp in semiconductor lasers 
can be reduced, but not entirely climinated, by using 
modulation-doped strained multiquantum-well 
lasers, which reduce the linewidth enhancement 
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Figure 4 Eye diagram for the optical output of a semiconductor laser directly modulated by a § Gbit/s pseudo-random bit stream. 
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The Modulation of Light Emitting 
jiodes 


The light emitting diode (LED) generates light 
through spontaneous emission. A semiconductor 
pn junction is pumped with a forward current, so 
that electrons are provided in the upper energy state 
that can recombine radiatively to produce incoherent 
light by a spontaneous emission mechanism. The rate 
of photon generation is directly proportional to 
the carrier injection rate, and hence the modulating 
drive current. 

Figure 5 shows the typical light-current properties 
and the modulation characteristics of a LED. The 
y of the LED, defined as the ratio of the 
al power to the injected current, is, 
typically in the range of 10 to 50 wWimA. The optical 
output power generated is linearly related to the 
injection (drive) current up to moderate currents, and 
is given by 


1 
P= yhv— 7] 
abe 71 


where 77s the emission quantum efficiency (defined as 
the ratio of the radiative recombination rate to the 
total recombination rate), b is Planck’s constant, 1 is 
the optical frequency, lis the injected current, and q is 
the electronic charge. For larger currents, the light 
output deviates from a proportional dependence on 
the current hecause of saturation effects and the 
responsivity decreases, 

‘The modulation response of the LED is governed 
by the rate equation for the carrier density N 
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Figure § Light-current properties and the modulation charac 
teristics of ight emitting diodes. 


where I is the injected current, q is the electronic 
charge, 1, is the volume of the active region, and 7, is 
the carrier lifetime. Equation [8] expresses the fact 
that the rate of increase of carrier concentration is 
given by the rate of increase of carriers through 
Current injection and the rate of carrier loss through 
radiative and nonradiative recombination. The small 
signal response arising from this first order differen- 
tial equation, exhibits a simple single pole response 
and the resulting modulation bandwidth of the LED 
is given by 


B=1Qz7,) 19) 


The pulse modulation response of the LED is shown 
in Figure 5. The output modulated optical waveform 
is not square but exhibits risetimes and falltimes 
determined by the carrier lifetime 7... This sets a limit 
to the maximum modulation rate that the LED can 
achieve, The bandwidth can be increased by decteas- 
ing the radiative lifetime, which can be controlled toa 
limited extent by the choice of doping level. Typical 
lifetimes for InGaAsP LEDs are in the range of 
1-5 ns, which corresponds to attainable modulation 
data rates of several hundred Mbit/s. 


The External Modulation of Lasers 


Modulation of lasers realized by changing the 
injection current, as described above, is classed as 
direct modulation. This is the simplest method of 
modulation; however, itis limited by several physical 
phenomena, These include bandwidth limitations 
due to cartier dynamics in the laser active region, 
waveform limitations due to relaxation oscillations 
and overshoot effects, and chirping which causes 
transmission limitations in optical fibers arising from 
dispersion effects. 

A superior modulation technique, classed as 
external modulation, operates the laser with continu- 
ous wave (CW) output and impresses the modulation 
by means of a device external to the laser. Although 
more complex, this approach has many modulation 
performance advantages. Because the laser is oper- 
ated CW, this technique removes chirping effects and 
also enables higher power lasers to be used. More- 
over, it is capable of much higher modulation 
bandwidths, larger on-off extinction ratios, and 
superior modulation spectral purity. 


Electro-optic Modulation of Light 


The linear electro-optic effect in materials was first 
described by Friedrich Pockels in 1893. The Pockels 
effect is the change in refractive index of the material 
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resulting from the application of an electric field, and 
is given by 
1 


n—sm'E 


z 


n(E) 10} 
where 1 is the refractive index, E is the applied 
electric field, and r is the electro-optic coefficient. 
‘Typical values of rlie in the range 10° '* to 10°" m/V, 
and the most common electro-optic materials used 
include LiNbO, GaAs, InP, InGaAsP, and syn- 
thetic polymers such as polymethylmethacrylate 
(see Modulators: Electro-optics). 

If light traverses an optical waveguide of length L, 
to which an electric field E is applied, it undergoes a 
phase shift given by 


feu) 


The electric field can be produced by applying a 
voltage V across the waveguide of width d, 
E=Vid. It is therefore possible to modulate the 
phase of the light by varying the voltage V that is 
applied to the material through which the light 
passes. The voltage required to produce a phase 
shift of aris given by 


112] 


The parameter V,, known as the half-wave voltage, is 
an important characteristic that expresses the applied 
voltage required to give a phase shift of 7. 

Intensity modulation of light can be obtained 
by placing the phase modulator in one arm of an 
optical interferometer. The structure, known as a 
Mach-Zehnder modulator, is shown in Figure 6a. The 
optical output is the phasor sum of two lightwaves 
that travel through the two arms, resulting in 
constructive or destructive interference depending 
on the optical phase difference. The electric field is 
applied to the optical waveguide in a direction 
perpendicular to the direction of light propagation 
using the metal electrodes, see Figure 6a. Hence the 
refractive index of the waveguide and thus the phase 
of the light can be modulated by varying the 
voltage V. When no voltage is applied, the optical 
fields in the two arms of the interferometer experience 
identical phase shifts, and hence interfere construc- 
tively at the output, When a voltage is applied, the 
waveguide index changes, and the light in that arm 
experiences a phase shift with respect to the light in 
the other arm. This destroys the constructive nature 
of the interference at the output, and reduces the 
transmitted light emitted at the output. The extreme 
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Figure 6 Mach-Zehnder electro-optic intensity modulator. 
(@) Structure; (b) transfer function and modulation characteristics. 


case is when the phase difference between the two 
arms equals 7, which causes complete destructive 
interference resulting in no light transmission. 

The modulation transfer function is given by 


P, 113) 


1 
Pall + cox(dd)] 


where Adis the phase difference encountered by light 
as it travels through the two arms, In terms of the 
applied voltage, the optical power transmitted 
through the modulator is given by 


of tor 


This transfer characteristic is shown in Figure 6b. The 
modulator may be operated as an analog optical 
modulator by operating in the nearly linear region 
around point Q. Alternately, it may be operated asa 
digital modulator by operating between points A and 
B, thus switching the light on and off as V is switched 
between 0 and V, 

Improved efficiency of modulation, and hence 
a reduction in the value of V,, (typically a few volts) 
can be obtained by placing a second electrode on the 
other arm of the interferometer, and using a push- 
pull configuration to drive the interferometer, 
Hence the phase modulators in both arms are 
driven with modulating voltages of opposite 
polarities so the phase is advanced in one arm and 
is retarded in the other arm. This produces a net 
phase difference, which is double that produced in 
either arm. 
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The Pockels effect is an extremely fast physical 
mechanism, hence in principle external modulation is 
capable of achieving extremely high speeds. In 
practice, the modulation speed of an electro-optic 
modulator is limited by the capacitive effects at the 
clectrodes and by the transit time of the light through 
the material. If the electric field varies significantly 
within the time it takes for light to transit through the 
waveguide, then the travelling optical wave will be 
subjected to different electric fields as it traverses the 
waveguide, and this results in a transit time limitation 
to the modulation bandwidth. A technique to avoid 
this limitation is to apply the voltage at one end of the 
waveguide and to design the electrodes to form a 
transmission line. By this means it is possible to make 
the velocity of the electrical wave match that of the 
optical wave to essentially climinate the transit 
time effects. These external modulators have 
demonstrated speeds well in excess of 100 GHz. 


Electro-absorption Modulation of 
Light 


Electro-absorption external modulators are based on 
the principle of semiconductor bandgap decrease 
that occurs upon application of an electric field (the 
Franz-Keldysh and Stark effect). With no applied 
voltage, the semiconductor waveguide is transparent 
to light having a photon energy smaller than the 
bandgap, and such wavelengths are transmitted with 
very little attenuation. When a voltage is applied, 
the bandgap of the semiconductor decreases and the 
material absorbs the light once the photon energy 
exceeds the bandgap energy, and this produces optical 
attenuation, Hence by applying a modulation voltage 
to the semiconductor waveguide, the absorption 
property of the waveguide and hence the output 
light intensity can be modulated. 

Improved modulation efficiency, and hence a 
reduction in the voltage required to decrease the 
bandgap energy, is obtained by using multiquantum- 
well semiconductor structures, which exhibit 
enhanced electro-absorption effects arising from the 
quantum confined Stark effect. The conventional 
technique of applying a transverse field across a 
multiquantum-well is to apply a reverse voltage 
across it. Modulator drive voltages of a few volts 
can be obtained. The on/off extinction ratio of 
modulation depends on the value of the field- 
dependent absorption coefficient at the operating 
voltage, and typical on/off extinction ratios are 
10-15 dB, 

The modulation bandwidth is determined by 
intrinsic factors related to carrier dynamics, such as 


exciton formation and dissociation times and the time 
taken to remove electrons and holes from the wells by 
thermionic emission and tunelling. It is also deter- 
mined by extrinsic factors related to the capacitance 
of the junction diode. These modulators can have 
bandwidths of around 50 GHz. They also enable low 
chirp modulation to be obtained. The optical power 
handling capability of electro-absorption modulators 
is lower than for electro-optic modulators. However, 
a principal advantage of the clectro-absorption 
modulator is that the semiconductor waveguide can 
he fabricated onto one substrate with the semicon- 
ductor laser, enabling the realization of monolithic 
integration on the same chip. 


The Demodulation of Optical Signals 


‘The process of demodulation converts the modulated 
intensity of an optical wave into an electrical signal to 
recover the information content. Semiconductor 
photodetectors are based on the principle of absorp- 
tion of photons to generate mobile electron-hole 
pairs, and the transport of these mobile carriers via an 
applied electric field to create a flow of current, 


Demodulation using PIN Photodiodes 


The PIN photodiode comprises a P-dopedfintrinsic! 
N-doped semiconductor structure, An applied reverse 
voltage bias creates a depletion region with a high 
electric field in the intrinsic layer. When the intrinsic 
layer is illuminated with light, photons are absorbed 
and electron-hole pairs are created, which are swept 
by the built-in electric field. The resulting flow of 
current is proportional to the incident optical power. 

The quantum efficiency of the photodetector is 
defined as the ratio of electron generation rate to the 
photon incidence rate, and is given by 


= 115] 


where J, is the photocurrent, P is the incident optical 
power, v is the optical frequency, h is Planck's 
constant and q is the electron charge. If the width of 
the absorbing intrinsic region is large enough to 
capture all the light, quantum efficiency values 
approaching 100% can be achieved. 

‘The current-voltage characteristics of the photo- 
diode under optical illumination are shown in 
Figure 7a. The dark current Ij, which is the current 
generated in the photodetector in the absence of light 
originates from thermally generated electron-hole 
pairs, and is typically extremely small (<5 nA). 
Figure 7b shows the transfer characteristic of the 
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Figure 7 Semiconductor photodiode. (a) Currentuight charac- 
teristics under optical ilumination; (6) transfer function and 
demodulation photocurrent versus incident optical power. 


photodetector. The current is linearly proportional to 
the optical power up to moderate power levels, when 
saturation mechanisms occur. The responsivity of the 
photodiode %, defined as the ratio of the generated 
electric current to the incident optical power, is 
given by 


R [16] 


be 


The responsivity is an important parameter, and 
provides a measure of the photodetection efficiency of 
the device for demodulating optical signals. Typical 
responsivity values for PIN photodiodes are around 
1AIW. 

The bandwidth B of demodulation of the photo- 
detector is determined by the speed with which it 
responds to variations in the incident optical power. 
This is limited by the transit time r,, and the RC time 
constant 7c and is given by 


Qn 
Tir + TR 
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The transit time limitation arises because of the time 
it takes for the generated carriers to traverse the 
absorption region and be collected. To maximize the 
bandwidth, the transit time needs to be reduced, 
which can be achieved by decreasing the width of the 
absorption region. However, this requires a trade-off 
with the responsivity, which drops because a smaller 
fraction of the light can be absorbed under these 
conditions. The capacitance C and the resistance R of 
the photodetector and its circuitry form the RC time 
constant. To maximize the bandwidth, the photo- 
diode capacitance needs to be reduced by decreasing 


the area of the photodiode. The demodulation 
bandwidth of PIN photodiodes can exceed 100 GHz. 

Photodetection shot noise is a fundamental noise 
mechanism that introduces noise in the demodulation 
process of optical signals. This leads to fluctuations in 
the photocurrent, even for a constant incident optical 
power, because the photocurrent actually consists of a 
stream of electrons that are generated at random 
times. The photodiode current generated by a 
constant incident optical power is given by 


HQ) = Tag + tahoe) U8} 
where Iyyg is the average photocurrent generated, and 
iugod(t) is the current fluctuation due to shot noise and 
which is described by a stationary random process 
with Poisson statistics. The mean-square noise 
current is given by 


< Bout) >= 2glaygAf (19) 


where Af is the effective noise bandwidth of the 
receiver. The shot noise degrades the signal to noise 
ratio of the demodulated signal, and causes a 
fundamental limit to the sensitivity of the PIN 
photodetection. 


Demodulation using Avalanche 
Photodiodes 


Demodulation using avalanche photodiodes detec- 
tors (APD) has the advantage of significantly 
increased responsivity. This is achieved by providing 
an internal current gain mechanism within the device. 
The APD operates by generating more than one 
electron-hole pair per absorbed photon. This is 
achieved by strongly reverse biasing the diode to 
create a large junction electric field, so photoelectrons 
accelerate and acquire enough energy to produce new 
by the process of impact ionization. These 
incorporate a modification to the PIN 
structure, by including an additional doped layer 
known as the multiplication layer, which under 
reverse bias provides a region of very high electric 
field that can produce avalanche breakdown. Hence a 
single primary electron generated through absorption 
of a photon, generates many secondary electrons and 
holes in the avalanche multiplication layer, and all 
these secondary carriers contribute to the photo- 
current. As a result of this current gain mechanism, 
the responsivity of the APD is increased by a 
multiplication factor M, and is given by 


120] 
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where M can range between 5-50 depending on the 
bias voltage. 

The bandwidth of the APD depends on the 
multiplication factor M. This is because the avalanche 
process takes additional time. The frequency response 
can be written 


My 


M(w) = ———__ 
[1+ (or, Mo?'}7 


R14 


where Mg is the low frequency gain and 7, is the 
effective transit time that depends on the ionization 
coefficient. The intrinsic APD bandwidth (assuming 
no RC limitations) is approximately given by 


1 


2at-Mo Pal 


Bary 
Hence the bandwidth decreases as the multiplication 
factor increases, and there exists a trade-off between 
the bandwidth and the responsivity. The demodula- 
tion characteristics of the avalanche photodiode can 
be expressed by means of a gain-bandwidth product 
Bapp*Mo, and this can exceed 150 GHz. 
Photodetection noise in APDs has an additional 
contribution because the avalanche gain itself is a 
random variable. Hence the secondary electron-hole 
pairs are generated at random times and this adds a 
noise component to the basic shot noise associated 
with the generation of primary electro-hole pairs. 
The total shot noise is given by 


<fhoarp@®) >= 24M FMIyAf [23] 


where Ing =P, and F is the excess noise factor 
expressed by 


p> 
a“ 24] 
SMS 
and is approximately given by F~ M*, where 


0.2 <x <1. Hence the excess noise increases with 
the multiplication ratio, so there exists an optimum 
avalanche photodiode gain that maximizes the signal 
to noise ratio of the demodulated signal. Despite the 
fact that additional noise is introduced, because of the 
higher responsivity, APDs can provide hi 
tivity in demodulating optical signals than PIN 
photodiodes. 


Demodulation using Metal- 
Semiconductor-Metal (MSM) 
Photodiodes 


Demodulation using MSM _ photodiodes enables 
extremely high bandwidths to be achieved. 


‘The MSM photodiode comprises two reverse-biased 
metal-to-semiconductor Schottky contacts formed on 
a semiconductor layer that prevents flow of electrons 
from metal to semiconductor. Photons incident 
between the contacts create electron-hole pairs that 
are collected by the electric field to generate a 
photocurrent proportional to the incident optical 
power. The metal contacts are usually fabricated on 
the same side of the semiconductor to create a planar 
structure, which is suitable for monolithic inte- 
gration. However, a drawback of the MSM device is 
that the electrodes block some of the light from 
reaching the absorption region, which results in a 
reduced responsivity. 

The bandwidth of demodulation of the MSM 
photodiode is determined by the transit time of the 
photogenerated carriers and the RC time constant. 
Since the electrode spacing can be around 1 wm, the 
transit time is extremely small. Moreover, since in the 
planar structure the parasitic capacitance is inher- 
ently low, the RC time constant is also extremely 
small. This results in demodulation bandwidths of up 
to 300 GHz. 


Wavelength Selective Demodulation 


A technique to obtain both wavelength selective 
demodulation and high-speed, high-responsivity 
demodulation involves the use of microcavity res 
onant photodetectors. This is useful for very high- 
speed detection in wavelength multiplexed systems. 

‘The microcavity photodiode comprises a Fabry- 
Perot cavity placed around the photodetector absorp- 
tion region, to enhance the responsivity. The mirrors 
are typically formed using Bragg reflectors or 
dielectric mirrors implemented in the semiconductor. 
A resonance is built up in the cavity at the 
wavelengths of incoming light for which the round- 
trip phase shift is 2m, which corresponds to 
constructive interference. Hence at the resonant 
wavelength, the incoming light is reflected at the 
two mirrors and permits the absorbing layer to be 
reused many times by effectively recirculating the 
optical signal, thus enhancing the absorption and the 
onsivity. However, the transit length can remain 
extremely small, because the photogenerated carriers 
only have to traverse the thickness of the absorption 
region to be collected. This solves the problem of the 
fundamental responsivity-bandwidth trade-off in 
normal photodetectors, in which increasing the 
absorption layer width to increase responsivity 
increases the transit time thus reducing the band- 
width. Microcavity resonant photodiodes enable 
the simultaneous achievement of large bandwidth 
and high responsivity possible. Also, the resonant 
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behavior leads to wavelength selectivity, which 
can be used to advantage in some wavelength 
division multiplexed WDM applications (sce Optical 
Communication Systems: Wavelength Division 
Multiplexing). This approach can provide demodu- 
lation of optical signals with quantum efficiencies 
close to 100% and with bandwidths in excess of 
100 GHz. 


Optical Receivers - Preamplification 
and Clock Recovery 


The front end of an optical receiver comprises the 
photodiode and a preamplifier to amplify the 
electrical signal for further processing. In order to 
obtain a high demodulation bandwidth, it is import- 
ant to minimize the photodetector capacitance and to 
minimize the input resistance of the preamplifier that 
acts as the load resistance. However, because the 
thermal noise current is inversely proportional to the 
load resistance, minimizing the load resistance causes 
excessive noise and degraded demodulation sensi- 
tivity. An alternative approach is to use a high- 
impedance preamplifier. This reduces the noise at the 
price of a lower bandwidth. Thus there is a trade-off 
between the bandwidth and sensitivity. The trans- 
impedance front-end, in which the load resistor is 
connected as a feedback resistor around an inverting 
amplifier, is often used as an optimum compromise 
that combines high sensitivity together with large 
bandwidth. This enables the use of a large resistance, 
which minimizes noise, but at the same time the effect 
of negative feedback reduces the input impedance by 
a factor equal to the amplifier gain, thus increasing 
the bandwidth, 

In digital optical transmission systems the data 
recovery section of the optical receiver comprises a 
clock recovery circuit and a decision circuit. Accurate 
timing (clock) information about the bit slot, in order 
to synchronize the decision process, is obtained 


from the amplified front-end waveform using a 
timing extraction circuit (see All-Optical Signal 
Regeneration). Typical clock recovery circuits 
comprise a high-Q resonant circuit which rings at 
the bit rate frequency or a phase locked loop. This 
enables precise data time sampling in the following 


decision circuit within the bit intervals of the original 
pulse train. 


All-Optical Signal Regeneration. Fiber and Guided 
Wave Optics: Dispersion; Light Propagation. Lasers: 
Edge Emitters. Modulators: Electro-Optics. Optical 
Communication Systems: Basic Concepts; Lightwave 
Transmitters; Wavelength Division Multiplexing 
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Introduction 


The pioneering experiments by Hanbury-Brown and 
Twiss, and the subsequent development of the 
quantum theory of electromagnetic radiation by 
Glauber and Sudarshan, raised the interest in 
the question of photon statistics. It followed from 
their theories that states of the electromagnetic field 
which can only exist in a quantum treatment. These 
nonclassical states show up in photon statistics 
through the phenomenon of antibunching. Later, 
farther nonclassical states of the radiation field were 
found in the so-called squeezed fields, which are fields 
with phase-sensitive quantum fluctuations being at 
certain phase angles smaller than those of a perfect 
classical coherent field. In order to achieve squeezing 
of laser radiation, various forms of nonlinear optical 
interactions can be used, 


Classical Versus Quantum Waves 


In classical electrodynamics, a monochromatic wave 
(e.g.,an extended light beam) is often described using 
the complex representation: 


EG.) =E 0.) +E 
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In classical theory, this complex description is 
merely a tool for the simplification of some calcu- 
lations. However, there is some physical significance 
when using the quantum description, where « and e* 


lead to the lowering and raising operators of the field. 
The above field can also be represented in the 


following way: 
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with real coefficients ©) =(e+e"V2 and e)= 
(e—e"2i. This description gives the state of the 
field in a two-dimensional phase diagram where the 
sin-component is plotted versus the cos-component. 
In this plot, the wave above is represented by one 
point giving phase and amplitude of the field. These 
phase diagrams will play an important role in 
characterizing the nonclassical fields in a quantum 
phase diagram, as discussed below. 

‘The properties of a field are described by the first- 
and second-order correlation functions. The first- 
order correlation function is given by 


GO tyra, ty) = (er e(r t)) fe) 


It is obtained by multiplying the electric field 
amplitudes at two spacetime points and taking the 
ensemble average. For ry =r and ty =f, G is 
proportional to the intensity at this point and is, 
therefore, called the first-order in intensity. The first- 
order correlation function is connected to the spec- 
trum [(w) of the field through its Fourier transform. 

‘The second-order correlation function is necessary 
to characterize the radiation field completely. It 
describes the intensity fluctuations, being the classical 
equivalent to photon statistics, and is given in the 
general form: 
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If G®) is considered for two spacetime points 
=r, the connection to intensity fluctuations 


becomes obvious: 


Pr) = 4(Ity)Mty)) = CeCe elt deel) [5] 


The subscript I indicates that we have to deal 
with intensity correlations; 7 stands fort ~t, 
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In connection with the Hanbury-Brown, Twiss 
experiment, in general, the normalized intensity 
correlation is given by 


al = ole + Wl)? [6] 


I(t) stands for the intensity which is given by the 
mean value (I(¢)) plus fluctuations Al(t) for which the 
mean value is zero. The mean value of the squared 
intensity is then (°) = (I)? + (AP). It follows for the 
normalized intensity correlation function: 


P(r) = (Oe + m/e) 


_ [1+ @P)An? forr=0 a 
1 for r+ 00 


For r—+00, the intensities are not correlated and 
g2\m) becomes 1. Otherwise (AP)/()* = 0; this 
means that g\”(7) is always equal to or larger than 1, 
and g/*(z) smaller than 1 is not possible classically. 
The photon correlation is usually measured by the 
classical Hanbury-Brown, Twiss setup shown in 
Figure 1. 

‘The maximum of g(r) at r= 0 is called intensity 
bunching and was first observed by Hanbury-Brown 
and Twiss. The decrease of gj(z) as a function of 
is a measure of the coherence length of the light 

When the experiment in Figure 1 is considered in 
the photon picture there is a principal difference 
compared to the classical intensity. In the classical 
case, the intensity on the two detectors is the same if 
the beamsplitter is dividing the light beam in equal 
portions, Both detectors, therefore, measure the same 
fluctuations. In the quantum picture, however, a 
photon can only be detected in one of the two 
detectors; this leads to the result that values for g(")(7) 
smaller than 1 can be found. The effect of photon 
bunching was initially thought to be an inherent 
property of light owing to the boson nature of 
photons. Therefore, it came as a big surprise when 
Glauber showed theoretically that for the quantized 


Light source 


Detector 1 


Tt) 


Detector 2 


(Kone 2)) 


Keer) 


Correlator 


Figure 1 Experimental setup for the Hanbury-Brown, Twiss 
experiment. 


radiation field gi?(7), <1 is possible. This effect, 
known as photon antibunching, and its experimental 
observation constitutes an unambiguous proof of the 
quantum nature of light. 

In the quantum description of the electromagnetic 
field, the electric field amplitudes © and e° are 
replaced by @ and @*, the photon annihilation and 
creation operators. 

In this case, the electric field operator is written as 


coswr inet 1s] 


In analogy, the operators 4 = (4+ a*)/2 and ay = 

a i, can be defined describing the amplitude 
of the cosine and sine parts of the wave. a and do 
not commute [4,41] = (/2)1, therefore, the expec~ 
tation values of the two operators @ and @ underlie 
an uncertainty relation given by 


— (aay? = 116 19] 


with (Aa?) = (47) —(Aa,)". In the corresponding 
phase diagram, the expectation values for 4, and 4) 
are represented by a shaded area defined by the 
uncertainty (Figure 2), The state of the radiation field, 
where both phase and amplitude fluctuations are 
symmetrically minimized, (Adj) = (Ad3) = 4. best 
approximates the classical wave with well-defined 
phase and amplitude. The state with symmetrical 
minimum uncertainty is the coherent state describing. 
laser radiation, It is an eigenstate of @ with a photon 
number fluctuation given by a Poissonian distribution 
with (Av) = (n). 

There are other minimum uncertainty states, 
however, with unsymmetrical uncertainty regions 


Amplitude fluctuations 
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Phase fluctuations 


Figure 2 Phase diagram of the quantum mechanical field 
‘amplitudes (@,) and (4) for coherent radiation. 
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with the uncertainty squeezed into mainly one 
component. These states, which are called squeezed 
states, are defined by (Aa?) < 0.25 or (Aa) < 0.25. 
Squeezed state may also refer to a state which is not a 
minimum uncertainty state but where, nevertheless, 
the mean square fluctuation in one of the two 
components is less than 0.25. 

‘A classical electromagnetic field consists of waves 
with well-defined amplitude and phase. This is not the 
case in a quantum treatment: fluctuations are 
associated with both conjugate variables, The case 
of a coherent state that most nearly describes a 
classical electromagnetic field has an equal amount of 
uncertainty in the two variables (when normalized to 
the field of a single photon). Equivalently, the field 
can be described in two conjugate quadrature 
components and the uncertainties in the two con- 
jugate variables satisfy an uncertainty relation. 
‘The coherent state represents a minimum uncertainty 
state with equal uncertainties in the two quadrature 
components. This case is usually called the shot-noise 
limit; i is represented in Figure 2 as a phase diagram. 

In a quantum treatment of radiation, it is also 
possible to generate states that are not present in the 
classical limit. They can show fluctuations reduced 
helow the classical limit in one of the quadrature 
components, while the canonically conjugate quad- 
rature component must display enhanced fluctu- 
ations in order to fulfill the uncertainty relation. 
Those states are called ‘squeezed states.’ An electro- 
magnetic field with fluctuations below the standard 
quantum limit in one of the quadrature components 
has, in principle, many attractive applications, for 
example, in optical communication, in precision and 
sensitive measurements such as gravitational wave 
detection, or in noise-free amplification. Therefore, 
there has been great interest in generating squeezed 
radiation. Optical measurements have three charac- 
teristics that enable them to reach the quantum noise 
level more readily than in other fields of physics: (i) 
optical signals are naturally immune to external 
sources of noise; (ii) thermal noise at room 
temperature is negligible in the optical domain; and 
(iii) the outstanding equalities of the optical sources 
and detectors allow a very-low-level instrumental 

Squeezed states with reduced photon number 
fluctuations (sub-Poissonian photon statistics) corre- 
spond to a light beam in which the photons arrive 
more equally spaced than in a coherent beam for 
which g/"(0) = 1. Therefore, sub-Poissonian number 
fluctuations correspond to photon antibunching. This 
shows that photon antibunching and squeezing are 
related. The state with the largest possible antibunch- 
ing is the number state, represented by a circle in the 


phase diagram. It has large fluctuations in both 
components a; and a; and, therefore, is not a 
squeezed state. Thus, it is obvious that antibunching 
does not imply squeezing. On the other hand, weak 
squeezing of a coherent state may result in anti- 
bunching. If the state is squeezed harder the a, 
component will be better defined. The amplitude 
fluctuations, however, will start increasing and there 
will be a transition from antibunching to bunching. 

The quantum calculation of the normalized 
second-order correlation function leads to the 
following result: 


FO) = 1+ (An?) = On) /Kn)?) to} 
A pure number state of the radiation field with 
(An?) = 0, leads to gi(0) <1, as discussed above. 
For a coherent state, (An) = (n) yielding gi(0) = 1, 
corresponding to the classical calculations. 

Itcan be concluded that although antibunching and 
squeezing are related and nonclassical phenomena, 
one does not imply the other. Thus, the detection 
schemes necessary to determine the existence of one 
or the other are quite different. Antibunching or sub- 
Poissonian statistics can be detected via intensity 
correlations, Squeezing, on the other hand, is a 
property of either (ay) oF (a2), and phase sensitive 
homo- or heterodyne detection is needed. 


Nonclassical states of the radiation field are very 
sensitive to linear attenuation. Coherent and thermal 
light fields are the only ones that do not change their 
photon statistics when attenuated. This is different 
for nonclassical light. The change depends on the 
particular case and has to be carefully evaluated. 

The first observation of squeezing was achieved in 
1985, in an experiment of parametric generation 
involving four-wave mixing in sodium vapor. 


Nonclassical Light from 
a Single Atom 


Resonance fluorescence of atoms is a basic process in 
radiation—atom interactions, and has therefore 
always generated considerable interest. The methods 
of experimental investigation have changed continu- 
ously due to the availability of new experimental 
tools. A considerable step forward occurred when 
tunable and narrowband dye laser radiation became 
available, These laser sources are sufficiently intense 
to easily saturate an atomic transition, In addition, 
the lasers provide highly monochromatic light 
with coherence times much longer than typical 
natural lifetimes of excited atomic states. Excitation 
spectra with laser light using well-collimated atomic 
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beams lead to a width, being practically the natural 
width of the resonance transition, therefore it 
became possible to investigate the frequency spec- 
trum of the fluorescence radiation with high resol- 
ution and to also study the photon statistics of the 
fluorescent light. 

Previous experiments to investigate antibunching 
in resonance fluorescence have been performed by 
means of laser-excited collimated atomic beams. 
The initial results obtained in 1977 showed for the 
second-order correlation function g(t), a positive 
slope characteristic of photon antibunching, but 
€(0) was larger than g(t) for t+ 00, This was due 
to number fluctuations in the atomic beam and to 


the finite interaction time of the atoms. In 1978, the 
analysis of the experiment was refined and in 1982, 
another experiment with a longer interaction time 
was performed, In the latter experiment, the photon 
correlation was also measured for very low laser 
intensities. The ideal experiment to study the 
photon statistics in resonance fluorescence is the 
investigation of a trapped ion since, in such an 
experiment, the fluctuations of the atomic number 
are excluded. 

The fluorescence of a single ion should also display 
the following property. The probability distribution 
of the photon number recorded in a finite time 
interval t is narrower than Poissonian, which means, 
that the variance is smaller than the mean value of the 
photon number, This is because the single ion can 
only emit a single photon. Antibunching and sub- 
Poissonian statistics are often associated. They are, 
nevertheless, distinct properties and need not necess- 
arily be simultaneously observed, as is the case in the 
experiment described here. Although there is evidence 
of antibunching in the atomic-beam experiments, the 
photon counts are not sub-Poissonian as a result of 
fluctuations in the number of atoms. In further 
experiments this effect was excluded by use of a 
special trigger scheme for the single-atom event. In 
the setup with a trapped ion these precautions are not 
necessary since there are no fluctuations in the atomic 
number. Figure 3 shows the photon correlation of a 
single trapped ion, The measurements are performed 
using the 3°S)—3*P 3 transition of the *Mg*-ion at 
a wavelength of 280 nm, The laser is tuned slightly 
below resonance in order to Doppler-cool the secular 
motion of the ion. 

The investigation of the photon correlation 
employed the ordinary Hanbury-Brown and Twiss 
setup with two photomultipliers and a beamsplitter 
(Figure 1). The time delay r between the photo- 
multiplier signals was converted by a time-to- 
amplitude converter into a voltage amplitude 
proportional to the time delay. A delay line of 100 ns 
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Figure 3 Antibunching signals of a single Ng'-ion for 
different laser intensities (decreasing from (a) to (c). At larger 
intensities (a) and (b) the Rabi osclations owing to a strong 
coherent coupling between ground and excited state are 
observed, 


in the stop channel allowed for the measurement of 
g°'(7) for both positive and negative 7 in order to 
check the symmetry of the measured signal. The 
output of the time-to-amplitude converter was 
accumulated by a multichannel analyzer in pulse 
height analyzing mode. Three typical measurements, 
each at small values of the laser intensity but with 
different detunings, are shown in Figure 3. The solid 
curve is a theoretical fit to the measurements. 
For small time delays (<20 ns), the nonclassical 
antibunching effect is observed, superimposed 
with Rabi oscillations being damped out with a 
time constant corresponding to the lifetime of the 
excited state. 

Recently it also became possible to combine a 
trapped ion with a cavity. In this way the emission of 
a photon in the cavity mode can be achieved. This 
leads to a directed emission of the photon being more 
efficient than the fluorescence occurring in the entire 
4m geometry. In this way, a deterministic single 
photon source is obtained. 
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Survey on the Experiments 
on Squeezing 


In order to produce squeezed light from nonlinear 
optical phenomena, a variety of methods has been 
used, depending on the type of nonlinearity and the 
number of interacting modes involved. The choice of 
optical nonlinearity reduces to either three-wave or 
four-wave mixing, leading to quadratic or cubic 
nonlinear response functions, respectively. Each of 
these methods has advantages and disadvantage 
Three-wave mixing requires a pump field at twi 
the frequency of the field-mode being squeezed. 
However, it has the advantage as any sidebands 
induced on the pump, owing to phase noise, have a 
large frequency offset from the squeezed fields. 
The other method, the much simpler four-wa' 
mixing, does not require any frequency-doubling 
step. This was, therefore, the first method used to 
obtain squeezing with quadrature noise below the 
vacuum level. 

Most of the early experiments on squeezing we 
performed with one or two cavity modes with the 
squeezed modes being transferred to propagating 
external modes via heamsplitters for measurement. 
This narrowband procedure is followed in more 
recent experiments commonly used for three-wave 
(parametric) squeezing. Also squeezing in waveguides 
was achieved leading to a relatively simple and 
broadband implementation of squeezing, with, 
mostly a four-wave mixing with short pulses or 
solitons being performed, 

‘The main limiting factors that remain include 
control over the driving laser phase and intensity 
noise, absorption in the dielectric material and 
associated devices, and phase fluctuations caused 
both by low-frequency technical noise in com- 
ponents, and by intrinsic material properties of 
phonon interactions and refractive index fluctuations. 
It appears not impossible to reach squeezing levels of 
10 dB or more below shot noise, over bandwidths of 
up to 1 THz. At this level of noise reduction, the main 
problem is the issue of improving detector technology 
to allow such low noise levels to be investigated. 


Squeezing in Lasers 


The quantum noise properties of the laser were 
studied intensively after its invention in the early 
1960s. The conclusion of these studies is that the laser 
output approaches quite closely the noise properties 
of a coherent state, provided the laser is operated well 
above threshold. That is, the spectral variance of the 
photon number and phase fluctuations at high 
enough Fourier frequencies will be at the Poissonian 


or quantum noise limit (also referred to as the shot 
noise level). On the other hand, the phase of the laser 
is unconstrained and drifts as a function of time, 
so-called laser phase diffusion. As a result, the phase 
fluctuations show excess noise at low frequencies. 

In the early 1980s, it was realized that if the 
pumping mechanism for the laser could be made sub- 
Poissonian then amplitude squeezing could be 
obtained at low frequency. A few years later it was 
shown that sub-Poissonian pumping could be realized 
in semi-conductor lasers by regularizing the pump 
current. An experimental demonstration of amplitude 
squeezing from semi-conductor lasers was soon 
achieved. Although still requiring rather specialized 
lasers, many groups now routinely obtain squeezing 
from semi-conductor lasers. 

There are a number of disadvantages to semi- 
conductor lasers, including their poor beam quality 
and short coherence length. As a result, interest in 
other possible squeezing mechanisms continues. It 
has been found that intrinsic dynamical effects can 
also lead to amplitude squeezing in the laser output. 

Laser squeezing is of a different character to that 
produced by more ‘traditional squeezers.’ For 
example, in parametric amplification, the de-ampli- 
fication of phase fluctuations is accompanied by an 
equal and opposite amplification of amplitude 
fluctuations which preserves the uncertainty relation- 
ship between them. However, in laser squeezing the 
reduction in amplitude fluctuations is not linked to 
any increase in phase fluctuations. Thus, in laser 
squeezing we take advantage of the fact that the laser 
output is not in a minimum uncertainty state to 
suppress amplitude noise. This means that laser 
squeezing is always amplitude or intensity squeezing. 


ht 


The applications of nonclassical light are numerous. 
The single photon sources discussed above have their 
main applications in quantum communication with 
single photons where they may be used to establish 
secure signal transmission. There is also a decisive 
advance in the field of quantum information expected 
from the combination of local atomic quantum 
processing with photonic transmission of quantum 
states. Conceptually, new possibilities would arise to 
enhance quantum computational capabilities. For 
example, separate local quantum. processors of 
moderate size could be linked in a quantum network, 
with quantum information being exchanged by 
means of photons. 

Although a large number of phenomena have been 
predicted in which the quantum nature of the 
squeezed vacuum plays an essential role in modifying 


Application of Nonclassical 
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atomic properties, only the linear dependence of the 
two-photon absorption rate of a three-level ladder 
atom has been confirmed experimentally but classical 
sources show a quadratic dependence. In 1998 an 
important series of experiments was reported which 
investigated the interaction of a beam of Cs atoms 
with squeezed light in the Fabry-Perot cavity 
environment. The principal phenomena examined 
were the modification of the transmission spectrum 
of a weak, tunable probe beam due to the presence 
of the squeezed light, and the variation of the 
transmission modulation with the phase of the 
squeezed vacuum relative to that of an applied, 
saturating, coherent field 

There have been many proposed practical appli- 
cations of squeezed light, and some experiments have 
already demonstrated its potential in precision 
measurements and improvement of spectroscopic 
sensitivity. Squeezed light may be used in optical 
communications to enhance signal-to-noise ratio, 
gravitational wave detection, and quantum non- 
demolition measurements. 

The wider applications of squeezed light are 
numerous. An idea of the range and variety of 
applications is provided by the following selection: 
the protective measurement of a single squeezed 
harmonic oscillator state, coherent nonlinear spec- 
troscopy using number squeezed light, the impro 
‘ment of quantum nondemolition measurements using 
a squeezed meter input, sub-shot-noise Doppler 
anemometry with amplitude squeezed light, noiseless 
transfer of nonclassical light through bistable sys- 
tems, generation of few photon states from squei 
atoms, and spin squeezing in a collection of atoms 
illuminated with squeezed light. 


Einstein-Podolsky-Rosen (EPR) 
Correlations and Entanglement 
of Photons 


In 1986, a quantum nondemolition experiment 
confirming the quantum correlation of the quad- 
rature phase amplitudes of two spatially separated 
fields, was reported. In 1987, two-mode squeezing 
with two spatially separated detectors was experi- 
mentally demonstrated using parametric oscillation. 
With the experimental realization of such two- 
mode squeezing and quantum nondemolition 
measurements, the possibility of testing for con- 
tinuous variable EPR-type correlations became 
apparent. In these proposals, the conjugate 
‘position’ and ‘momentum’ observables would be 
the two orthogonal quadrature phase amplitudes of 
the field. The high efficiency of detectors used in the 


quadrature phase amplitude squeezing experiments 
was an important issue in this connection. Experi- 
mental tests of EPR correlations at the time were 
based on Bohm’s version of the EPR paradox, and 
in fact, focused on Bell's extension of this work. 
These tests involved measurements performed on 
individual photon pairs, and used very inefficient 
detectors. 

‘A specific proposal and a criterion to demonstrate 
the continuous variable EPR correlations for real 
experiments by way of a realization of the 1935 EPR 
paradox, was put forward in 1989. This proposal 
employed the two-mode squeezed state as the EPR 
source. The first experimental achievement, using the 
parametric oscillator, of the 1989 EPR criterion, for 
efficient measurements with continuous variable out- 
comes, was reported in 1992. 

The EPR fields have proved significant in enabling. 
the experimental realization of continuous variable 
quantum teleportation, and may have application 
also to quantum cryptography. Again, because of the 
efficient nature of the measurement of field quad- 
rature phase amplitudes, and the intrinsic macro- 
scopic nature of the correlated fields, continuous 
variable teleportation and cryptography may provide 
large advantages over protocols using a finite number 
state basis, where signals of individual photons are 
sent. At the moment, several groups are working in 
this promising direction, 


Conclusions 


In this contribution the generation of nonclassical 
light was reviewed. The generation of nonclassical 
light became possible after stable and reliable laser 
sources were available. There are many sources of 
nonclassical light available now. It is clear that we 
will see many new applications in the future 
Especially in connection with optical communi- 
cation, rather interesting improvements can be 
expected. 
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Introduction 


It is now possible to produce, with compact lasers, 
intensities so large that the relativistic character of the 


electrons dominates laser-matter interactions. This is 
a fundamentally new regime in optics where optics, 
confined to the study of eV characteristic phenomena, 
are now addressing phenomena with characteristic 
energies vastly greater in the MeV-GeV (TeV in the 
near future) range. With relativistic optics, the field 


of nonlinear optics found a number of novel 
applications, including fast ignition of inertially 
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compressed fusion target, bright sources of energetic 
electrons, protons, ions, positrons, pions, etc., but 
also nuclear physics, high energy physics, astro- 
physics, and general relativity. 

Relative optics has been one of the most active 
fields of optics and it is impossible to describe all the 
applications here. So, this new regime will be 
illustrated with few examples of the key relativistic 
mechanisms ~ reminiscent of conventional nonlinear 
optics, such as relativistic harmonics, relativistic 
optical rectification (wake-field acceleration), and 
relativistic self-focusing in refraction and reflection. 
We finally show that relativistic optics offers a new 
and efficient gateway to attosecond physics and 
nonlinear quantum electrodynamics (QED). 

Optics is the study of how electrons respond to 
light. All material optical properties are the 
consequence of how light interacts with electrons 
in materials. Because, in the visible regime the 
photon energy is of the order of 1 eV, optics deals 
with phenomena with eV characteristic energy. 
Light is a wave composed of coupled electric and 
magnetic fields oscillating in synchrony at high 
frequencies. The electric and magnetic field oscil- 
late perpendicular to each other, and perpendicular 
to the direction of propagation, &. Because of the 
electric field E, electrons under the action of the 
Lorentz force, F=eE, moves a distance x= aiE 
transversally to the propagation direction. In 
classical optics, the oscillation amplitude x is 
small compared to the wavelength, and the 
electrons oscillate and radiate at the laser freq- 
uency. The radiated field amplitude and phase 
depend on how the electron is bound to the atom 
of the material. The invention of the laser in 1960 
gave access to much larger intensities and electro- 
magnetic fields. The laser field became strong 
enough that the electron displacement, x, in this 
field could no longer be considered as strictly 
proportional to the laser field. This departure 
from linearity is addressed by the addition of 
new terms in the Taylor series expansion of the 
displacement: 


mE +a3F* +axE +++ 


uy 


These additional terms are responsible for all the 
effects that form the field of nonlinear optics, Note 
here that the field is still not strong enough to 
ionize an electron from its parent atom and is 
therefore below the field that could irreversibly 
damage the material, Thus, the typical intensity 
must be kept to a value of less than ~10'* W/cm’, 
where the quiver energy Eq starts to challenge the 


ionization energy of a few eV, depending on the 


The bracket denotes the time average over one 
cycle and w is the laser angular frequency. Above 
this limit, the material response is dominated by 
multiphoton ionization or tunneling, as shown in 
Figure 1. During the ionization event, high harmo- 
nics are produced. Note here again that because the 
clectron is still bound to its nucleus during. the 
emission, we can consider the process of high 
harmonic generation as bound-clectron. nonlinear 
optics. As the intensity increases from 10'* to 
10'S Wem? (Figure 1), we are entering the 
regime of relativistic intensity or relativistic 
nonlinear optics. This is a regime that was predicted 
and discussed in the 1960s but that could 
be accessed only after the technique of chirped 
pulse amplification (CPA) was demonstrated, 
followed by significant progress in the areas of 
short pulse generation and pulse focusing. 
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Relativistic Optics 


In classical optics one always assumes that during a 
laser oscillation period the electron mass rig stays 
constant. It is a reasonable assumption since the 
quiver velocity v of the electron is small compared to 
the speed of light c. As the intensity is increased a 
point is reached where the electron quiver velocity 
approaches the speed of light. This has several 
implications; first, the mass of the electron changes 
to become 


m=ymy 13] 
where is the Lorentz factor given by 
a\-3 
1- £) i41 


Second, because v is close to c, the magnetic force 
component needs to be added and the Lorentz force 
becomes: 


cE + 2x 151 
Until recently, in classical optics and laser physics, the 
vXB component was totally ignored. However, in 
the relativistic regime, this component is as large as 
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Figure 1 Laser intensity versus years. Note the very staep slope in intensities that occurs during the 1960s. This period corresponds 
to the discovery of most nonlinear optics effects. Since 1985 after the CPA invention followed by the successive laser short pulse 


improvements, we 
relativistic character ofthe electrons. 


the electric one. It pushes the electron forward and is 
the tenet of the relativistic regime. 

At this point, it is convenient to introduce the 
normalized vector potential: 


a= BE 
0° Fg 


which represents the energy gain by the electron over 
one period (A) normalized to the electron rest mass 
‘energy. At dp = 1, corresponding to 10’ Wicem* for 
1am wavelength light, the laser—matter interaction 
is strongly dominated by the relativistic character of 
the electrons. At these intensities, the motion of the 
electrons becomes relativistic and the trajectory of 
the electron dramatically changes. Figure 2 depicts 
the difference hetween the two regimes. It can be 
shown that independently of the intensity regime, the 
electron transverse motion is always proportional 
to dy, while the longitudinal motion is always 
proportional to a3. This means that for classical 


[6] 


fencing a similar increase in intensity opening a nev regime in optics at 10" Wiem* dominated by the 


Figure 2 A comparison between classical optics and ralativistc 
‘optics. The transverse electron displacement scales as & and tho 
longitudinal scales as af. (a) In classical optics ay <1 tho 
transverse electron displacement is proportional to ay. tis largar 
than the longitudinal proportional to a. (b In eeatvstic opti itis 
the opposite, a > the transverse displacoment becomes 
‘smaller than 2 
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optics or even hound-electron nonlinear optics with 
ay varying from 10°!” to 10°‘, the longitudinal 
motion is ~ 10° '® to 104 smaller than the transverse 
motion. Of course, the situation reverses completely 
for dy > 1, where the longitudinal motion becomes 
larger than the transverse motion. The departure of 
the clectron motion from the linear regime, due to its 
relativistic character, gives rise to a new kind of 
nonlinear optical effects that constitutes the field of 
relativistic nonlinear optics. This area has become 
one of the most active in laser physics. In many cases, 
there are strong similarities between conventional 
and relativistic optics, and it is the purpose of this 
article to illustrate the field of relativistic optics by 
using some of the effects well established in bound 
electron nonlinear optics. 

Considering the rapid progress in laser intensities 
that the field experienced in the 1960s, as indicated 
in Figure 1, scientists expected to observe the 
manifestation of relativistic effects in the 1970s, 
Formidable intensities on the order of 10'* Wiem* 
for 1 am wavelength light were necessary, however, 
and could not be readily obtained, Such intensity 
levels could only be produced in the early 1980s with 
large-scale sources such as the Helios laser at Los 
Alamos National Laboratory (LANL) (Figure 3a). 
Work in relativistic optics virtually could not be 
conducted in university research laboratories, but 
rather only in government laboratories. The first 
relativistic harmonies produced by the critical sur- 
face nonlinear motion were observed in 1980 with a 
kJ-pulse-energy laser at mH repetition rates (one 
shot/20 m). 

‘The advent of CPA (Figure 4) revolutionized the 
field of relativistic optics, placing it within reach of 
more researchers through enormous reductions in 
laser size and cost. Further advances in the ultrashort- 
pulse duration of lasers and in laser focusing made 
relativistic optics more accessible, especially to 
universities. Relativistic intensities can be achieved 
with mJ energy levels at kHz repetition rates by 
university-size lasers (Figure 3b) instead of with large, 
kJ, sub-Hz-repetition-rate_government-type lasers. 
Figures 3a and b illustrate the revolution in the 
relativistic laser evolution representing the Helios 
(LANL) system. Figure 3b depicts the relativistic a* 
laser target chamber. The A° laser reaches its 
relativistic intensity (10"* W/em*) with pulse energy 
only on the order of 1 mJ and pulse duration on the 
order of 10 fs, ic., a few light periods. Its energy is 
concentrated on a single wavelength spot size using 
an #1 paraboloid corrected by a deformable mirror. 
Note that all the energy is contained in a focal volume 
of a few A’, hence its name, 


() 

Figure 3 Two relativistic lasers. (a) Helios at LANL, was 
the first relativistic laser with a) ~1 at mHz repetition rato. 
(©) The 4° at the University of Michigan has an ay ~ 1 at kHz 
ropetiion rate, 


‘Some Examples of Relativistic Nonlinear Optics 


We will illustrate the field of relativistic optics by 
comparing relativistic effects with some well-known 
nonlinear effects. 


(a) Relativistic optical rectification (laser wake-field 
acceleration of electrons and ions) 

One well-known bound-electron optical effect com- 
ing from the second-order term in eqn [1] is optical 
rectification. This effect, which takes place i 
noncentrosymmetric crystals, gives rise to a DC 
field transverse to the propagation direction, In the 
relativistic regime, a similar effect known as wake- 
field acceleration will also contribute to rectification 
of the optical field. We have seen that in vacuum, 
electrons are strongly pushed forward by vx B force. 
Ina plasma, the electromagnetic wave will also push 
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Figure 4 The concept of CPA is the key technique to gat relativistic intonit. An inital short pulse ists stretched out (chirped) by a 
factor ~ 10%, for instance by a pair of sitracion gratings. The siatched pulse infonsity becomes lowered by the same factor of ~10% 
‘Tho stretched pulse intensity can then be ampitied to a level 10" times highor. Once the laser energy has been extracted trom the 
ampiter the stretched puise is recompressed by the same factor (~10") tots inal value. This way the laser intensity has been boosted 
to 10 timos the peak intensity that the ampiifior could have withstood. 


forward the electrons, dragging the much heavier 
positive ions behind, as shown in Figures Sa and b. 
The charge separation that ensues will produce a 
strong electrostatic field that can be of the order of 
the transverse light electric field, which is huge. 
Unlike in classical optical rectification, in the 
relativistic regime the effect can be very efficient. 
Of the order of 10% or more of the transverse field 
may be rectified. For an intensity of 10'* Wlem?, the 
electric field can be on the order of 10"? V/m (CERN 
on one meter), or 10° times larger than the field that 
can be obtained by more conventional technology. In 
addition, the rectified field is flipped along the 
longitudinal direction. Note also that since the field 
is created within a plasma, the medium cannot be 
broken down further and can support these extre- 
mely high fields, This effect had to wait for the 
relativistic-intensity lasers to become a reality before 
ing demonstrated. Today energies up to 200 MeV 
have been demonstrated by using a SO TW laser 
focused on a gas jet. Because the electrons drag the 
ions, a beam of ions is also observed concomitant 
with the electron beam, The generation of protons 
with energy up to 56 MeV has been reported by 
LLNL. 


(b) Relativistic harmonic generation 

Harmonic generation in the relativistic regime can be 
produced in two ways, as a result of the laser plasma 
interaction with electron density 1,, either below or 
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Figure 5 Rolatvistic rectification in plasma. (a) The high 
intensity pulse before entering the plasma. (b) llustrate the vx B 
pushing first the plasma electrons. The electrons then dag the 
heavy ions behind them tke a horse puling a cart. The longitudinal 
lectrostatc field that is generated is almost as large as the 
transverse laser fold. 


above the critical density me. The first is for tte < me 
and corresponds to an underdense plasma where light 
can propagate. Harmonics generation was predicted 
in the late 1960s. Even-order harmonics are observed 
with linear and circular polarizations. This is the 
signature of relativistic effects since even-harmonics 
cannot occur in conventional nonlinear optics in 
centrosymmetric media. 


150 NONLINEAR OPTICS AT THE CRITICAL FIELD LIMIT 


Harmonic generation can also be produced in 
over-critical plasmas, where > 1,. In this case, 
the light cannot propagate and be reflected. The 
strong vx B oscillatory force applied to the critical 
surface will produce a self-modulated reflected 
beam, This effect was first observed using the 
Helios laser. The idea of the moving-mirror model 
was first put forward in the early 1980s. 
ation of frequencies up to the 70th harmonic has 
been demonstrated so this method could provide 
an efficient way to produce high harmonics, This 
technique has the advantage over conventional high 


Gener- 


harmonic generation in that it is capable of 
accommodating a pulse of large energy, since one 


can focus the beam over a small area, limited only 
by the laser wavelength, without fear of disrupting 
the plasma. 


{c) Relativistic self-focusing in refraction 
In bound-electron nonlinear optics, the third-order 
term in eqn [1] is responsible for self-focusing. A 
similar effect also exists in relativistic optics; it is 
described in Figure 6a. In the relativistic regime, the 
electron driven by the laser field changes its mass. In 


turn, this mass change will modify the index of 
refraction according to: 


71 


[8] 


where, is the plasma electron density, and m is the 
intensity-dependent mass according to eqn [1]. 

For w > wp, the index of refraction is positive and 
the pulse can propagate in the plasma. For the higher- 
beam-intensity part of the beam, ic., on the beam 
axis, the plasma frequency will be less than the 
frequencies corresponding to the pulse wing. This will 
cause a modification of the laser wavefront and the 
beam to self-focus, 


(d) Relativistic self-focusing in reflection and isolated 
attosecond pulse generation 

For w <p, (eqn [7]) is negative and the pulse 
cannot propagate and so is reflected at the critical 


surface. However, the large light pressure will push 
the plasma critical-density surface at twice the laser 
frequency, making it cancel out the beam spatial 
intensity profile. In the relativistic A’ regime, the 
laser is focused at one wavelength. If the light is 


@ 


/ 
~ 


Figure 6 Relativistic self focusing. (a) Relativistic seli-focusing 
in refraction. Here the index of refraction is modified by the 
change in the electron mass. The electron mass change will in 
tum modify the plasma frequency across the beam and 
consequently the index of refraction. (b) Relativistic selt-focusing 
In reflection showing the deformation ofthe eical surface by the 
light pressure from a strongly focused beam. The light is 
reflected in a series of ultrashort pulses in the attosecond 
domain. 


linearly polarized, the electron density will be 
collectively moved back and forth along the critical 
surface. This time-dependent deformation of the 
critical surface will produce a deflection of each 
electromagnetic half-cycle in a specific direction 
(Figure 7), providing a simple means for generating 
isolated attosecond pulses efficiently. The relativistic 
motion of the critical surface compresses (relativis- 
tic Doppler) the incident femtosecond pulse to the 
attosecond regime. To understand this compression, 
recall that the incident pulse travels opposite to the 
mirror motion formed by the critical surface (for a 
fraction of the cycle). As we have seen in this 
regime the critical surface moves also at close to the 
speed of light, v. Since the reflected light must also 
travel at c, it has no choice but to be compressed, 
producing an electromagnetic accumulation along 
the critical surface. The compression factor will 
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Figure 7 Compressed and deflected attosecond pulses. The combination of relativistic deflection and compression leads to 200 as 


isolated pulses. 


depend on the critical surface velocity and is 
dependent on the plasma stiffness, i.e., the plasma 
density. Low-density plasmas are softer than high- 
density ones; here, me is the plasma critical densi 
The compressed pulse duration has heen deter- 
mined by a particles-in-cell (PIC) simulation to be 
00/aq. From the PIC simulation, it 
ermined that the compressed pulse 
optimum duration is obtained for n, = agn/2 
This technique is an interesting alternative to the 
one based on high-harmonic generation due to 
hound electrons, which has been recently demon- 
strated. The advantage of the relativistic optics 
approach is that it can be scaled up to large 
energies, from the mJ to the several-joule level, in 
contrast with demonstrated attosecond schemes 
that can only compress mJ pulse energies with an 
efficiency of 10°*, For ay ~100, corresponding to 
incident intensities of ~10°* W/cm’, a 10-as pulse 
can be produced by relativistic compression and 
deflection, 


(c) Nonlinear QED on a table top 
Looking at Figure 1, we see that there is a regime 
around 10°" W/em* where it becomes possible to 


produce electronpositron pairs. The condition to 
fulfill this is given by 


Ed 


2mgc? 191 
Here Ac = bine is the Compton wavelength, E, the 
Schwinger field, and the Planck constant. 
This expression states that for pair creation the 
work of the laser field over a Compton wavelength 
must be equal to the electron-positron rest-mass 
energy. This field E,, also known as the critical field, 
E, ~10"* Viem, corresponds to a laser intensity of 
10? Wiem*, 

An alternative way to depict the process of 
electronpositron generation from vacuum is by 
considering the vacuum as a dielectric medium 
with a gap Eg=2mgc?, The field to produce an 
electron—positron pair is the one necessary to bend 
the bands so that an electron can tunnel from the 
Dirac sea into the vacuum states (Figure 8). The 
probability for such an event is given by 


Tr) 


Today, the intensity necessary to reach pair 
creation is more than six orders of magnitude higher 
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Figure 8 Pair creation, Electron tunneling from the Dirac sea 
into the vacuum state. 


than what we could produce, ~10** Wicem?. To 
bridge this enormous gap the clectric field has 
been enhanced by colliding a short and intense 
pulse with a Stanford Linear Accelerator Center 
(SLAC) super-relativistic, 50 GeV electron beam. 
The Lorentz factor is y= 10°, and the laser field 
of 210'° Vem (corresponding to an intensity of 
10"* W/cm?) can be enhanced by 10° to reach the 
critical field. 

The progress in relativistic compression described 
above could make possible the generation of 
lectron-positron pairs directly from the lase 
We are on the verge of having a tabletop laser 
that could produce an intensity close to 
10? W/em?, corresponding to ay > 100. From the 
scaling law described previously, we should get 
+ <6, where the wavelength of such a compressed 
pulse would also be reduced by ~100. The focal 
volume would then be reduced by six orders of 
magnitude. If we assume an efficiency of 107', an 
intensity close to the critical intensity of 107? W/em 
could be reached with a tabletop laser and boil 


Conclusion 


Today, laser intensities are such that during light~ 
matter interaction, the electron motion is dominated 
by relativistic effects responsible for a new type of 
nonlinear optics called relativistic nonlinear optics. 
Relativistic nonlinear optics is characterized by 
extreme field gradients (TV/m) and light pressure in 
the Ghar regime. Relativistic nonlinear optics offers 
an attractive and novel way for efficient attosecond 
pulse generation with intensities near the critical 
(Schwinger) field, opening optics to vast new 
horizons. 


Relativistic Nonlinear Optics. 
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Introduction 


Phase matching is important in any process that 
coherently transfers energy from one optical mode to 
another over a long interaction length. We will start 
by illustrating the principle, by imagining that the 
original mode is a single transverse mode of a 
waveguide, and that microscopic scattering centers 
distributed uniformly throughout the waveguide 
weakly scatter light into a second mode with 
orthogonal polarization. Then suppose that the 
scattering process preserves phase so the phase of 
the wavelet scattered at each point into mode two is 
the same as that of the original wave in mode one. 
Such a process is shown in Figure 1 where the 
propagation constant of the initially excited mode is 
ky and the propagation constant of the second mode 
is ky. At each z location the light scattered into the 
second mode has the phase ¢= iz, and after 
propagating to the end of the waveguide (z= L) 


H ky 


with the phase velocity characteristic of the second 
mode, it has the phase . = [kz +ky(L—2] 

[aL +2(ki — ka)]. Coherently summing the fields 
scattered at all of the z positions, gives the net output 
field in the second mode. Figure 2 shows how this 
field can be constructed graphically. The rotation 
angle of each phasor represents its phase, ¢., while 
the length of each phasor represents the magnitude of 
the field contribution from the corresponding z 
segment. It is apparent that the energy transfer is 
maximized if the contributions from all z positions 
have the same phase, in which case the phasors form a 
straight line, and the power in the second mode is 
proportional to L?, This corresponds to (k, — ka = 0) 
When this condition is met the waves in the two 
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1 ky 
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Figure 1 An input wave with propagation constant &) in a 
waveguide mode is weakly scattered into a second waveguide 
mode with propagation constant k:. The phase mismatch is 
he ha hy 
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Figure 2 Phasor diagram showing the not output fold 
‘contributions from sagments 1—11. The net field at the output 
fend, Ey. Js the vector sum of the phasors. The phasors are 
‘complex quantities whose angles represent ther relative phases 
according to E, = E, exp(ii,) where d= dy ~ Ak\Zq ~ 25) 
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modes have equal phase velocities, and the process is 
phase matched. 

‘The quantity (ky —k,) is called Ak, the phase 
mismatch. If Ak #0 the phasors curl to form a 
section of a circle, reducing the net field in mode two. 
fall the phasors have the same length, as they would 
if the wave in mode one is undepleted, the size of the 
mode two field at position z is 


_ pe sin(Ake/2) Ake 
B@) = Ke = Kesine( 2) mm 


where K is a constant describing the scattering 
strength, The corresponding power in mode two is 
plotted in Figure 3 for various values of Ak. When 
Ak =0 the power grows quadratically with z, but 
for Ak #0 it is proportional to sin(Akz/2)/Ak*. 
If-we plot the normalized output power in mode two 
(=) versus Ak, we have the curve shown in 
Figure 4 which is sinc?(AkL/2). 

When Ak=2n/L the phasors form a complete 
circle so the power in mode two first grows with z but 
then shrinks back to zero at z= L. For a given value 
of Ak the length for which the phasors form a 
complete circle is known as the coherence length, 

coh = 2A 

Reducing the z increments to infinitesimals, we can 
write the output field for mode two in integral form: 


1 
Ener =| Se dz (2) 
o 


This shows that when Ak is independent of z, the 
output field is the Fourier transform of a source term, 
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Figure 3 Plot of power in second mode versus z for diferent 
values of Ak For Sk= 0 the power is proportional to 2°. For 
Ak= 2nil the phasors form a closed circle so the net faldis zero 
at 2=L. For Ak= 4ziL the phasors trace two complete 
overlapped circles so again the field is zero at the z= L/2 and 
atz= 


10 


oa 


06 


ler 


04 


=10 s 0 3 70 
Aku 


Figure 4 The plotted tunction indicates the relative radiance of 
the output fala, |EI*, versus the phase mismatch Ak. The full width 
at half maximum is Ak 1.77 xiL= SS7IL. 


S(2), transformed into Ak space. Where S(z) has a 
constant value from z = 0'to z = L and iszero outside 
that range, the Fourier transform has the form given 
by eqn [1], with z= L, 

The L? sinc*(AkL/2) form for the output power 
is ubiquitous in functions that describe the 
efficiency of nonlinear optical interactions, as well 
as acousto-optic and electro-optic modulation of 
light waves. However, it should be kept in mind that 
L? sinc*(AKL/2) holds only when S(z) is independent 
of z. If the scattering is strong enough to alter the 
phase or amplitude of the driving wave, or if the 
coupling strength varies with z for any other reason, 
S(z) is not independent of z and the L? sine”(AkL/2) 
dependence is modified. 

Our simple example relied on scattering in a 
waveguide, with a source term that was linear in 
the field in mode one. In practice, most optical 
devices that couple light between modes, rely on 
nonlinear interactions among multiple optical fields, 
or between an optical field and an acoustic or an rf 
electric wave. These nonlinear interactions produce 
a polarization wave in a suitable material at a sum 
or difference frequency. Each point of this polariz- 
ation radiates a wavelet in all directions. These 


wavelets interfere constructively only in directions 
that are nearly phase matched. Examples include 
traveling wave acousto-optic filters, in which an 
acoustic wave traveling parallel to an input light 
beam of one polarization in a birefringent material, 
couples light into the orthogonal polarization via 
the elasto-optic effect. Traveling wave electro-optic 
modulators are similar but rely on the linear 
electro-optic effect for the coupling. Optical freq- 
uency mixing uses the nonlinearity of various 
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materials to mix multiple optical waves, creating 
polarization waves at sum and difference frequen- 
A wide variety of such nonlinear interactions 
is discussed in textbooks on nonlinear optics 
clectro-optics, and acousto-optics. In all of the 
cases the phase velocity mismatch of interest is 
that between an induced polarization wave and 
a radiated mode, and the phase mismatch is 
Ak ~ Kpolacization 

To find S(z) and Ak for these nonlinear mixing 
processes, we must construct the polarization wave. 
We consider only monochromatic plane waves here, 
considering beams with spatial or temporal structure 
in a later section, The electric field of a monochro- 
matic plane optical wave propagating in direction ry 
can be described by 


radiation 


E 


1p COS(Wol — Korty + by) 
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‘The complex notation is a convenience that simplifies 
algebraic book-keeping. Similarly, an acoustic field 
propagating in direction r, can be written: 

A= A, costayt — 
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BAA Ar ek tay 
Ina suitable material the polarization induced by the 
product of the optical and acoustic waves has a term 
of the form: 


sEA Is} 


P has components at both the sum and difference 
frequency. The sum frequency component is: 


1 
Pog = geA ctetnetllt 4 ot 16 
ql +e] (6) 


where ‘cc’ indicates the complex conjugate of the first 
term, The component at the difference frequency is 


1 ita, ~U ek, ky 
= qslEA eer ek ec] [7] 


An important point is that the k vector of the sum- 
frequency polarization is (ky +k,). Phase matching 
requires that the radiated sum-frequency wave has 
the same propagation vector. The radiated difference 
frequency wave must have the propagation vector 
(k, —k,) to be phase matched, Phase matching for 
these two cases is shown in Figure 5. Note the 
general rule that if the frequency of a wave appears 


Figure & An optical wave with propagation vector ke and an 
acoustic wave with propagation vector k, produce a polarization, 
‘wave at the sum frequency with the propagation vector k,, (OP 
clagram), and a polarization wave at the diference frequency with 
the propagation vector k,. (bottom diagram). 


as +w in the induced polarization, the associated k 
vector contribution to the polarization wave is +k, 
while if it appears as —o, the & vector contribution 
is k. For example, the acoustic wave in Py... is 
associated with +k, contribution to the polarization 
wave, while in Py,-, it is associated with a —k, 
contribution. 
Using the definition of k: 


[8] 


where v is the phase velocity, we can write Ak as 


Ak = Kyu ky hy 


Clearly, if all of the waves had equal phase velocities, 
phase matching would be achieved for collinear 
interactions, where all of the propagation vectors 
are parallel, because the frequencies inside the 
parentheses sum to zero. This is seldom the case as 
for example, the phase velocity of an acoustic wave is 
much less than that of an optical wave, making an 
acoustic wave’s k-vector disproportionately long 
compared with that of an optical wave. On the 
other hand, an rf wave usually has a disproportio- 
nately short k-vector compared with an optical wave. 
Even when all of the waves are optical, dispersion of 
the refractive index usually makes the k-vector of the 
bluer waves disproportionately long compared with 
those of the red waves, A wide variety of methods are 
used separately or in combinations to compensate for 
these effects in order to achieve phase matching and 
these are discussed below. 
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Phase Matching Techniques 


Noncollinear Phase Matching 


If one of the low frequency waves in a three wave 
mixing process, such as the acousto-optic interaction 
discussed above, has a lower phase velocity than the 
bluest wave, then noncollinear phase matching may 
be possible. Acousto-optic deflectors are often phase 
matched with a noncollinear geometry, such as that 
shown in Figure 6. An input optical wave of 
frequency wy reflects from a traveling acoustic wave 
with frequency w, in an optically isotropic material to 
produce an output optical wave of frequency @, + , 
The Bragg condition for efficient reflection is 


ky 
ke 


(10) 


which may be seen from the figure to be the same as 
the phase matching condition, assuming kaye and ky 
have the same magnitude, which is a good approxi- 
mation for typical acoustic frequencies less than a 
few GHz, 

Stimulated Brillouin scattering is another example 
of noncollinear mixing of acoustic and optical waves. 
One possible geometry has the input optical and 
acoustic waves traveling in opposite directions to 
create a reflected optical wave at the sum frequency. 
The phase matching condition is then 


2k, fea) 


pial 


which implies 
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(12) 


The acoustic frequency that phase matches such 
counter propagating Brillouin scattering is usually a 
few GHz in liquids and solids. 

If noncollinear phase matching in an isotropic 
material is not possible, as is usually the case for 
electro-optic modulation and for all-optical sum and 
difference frequency mixing, it is sometimes possible 
to use the properties of nonisotropic media to adjust 


Kocoutic 


Figure 6 Phase matching in an acousto-optic deflector. 


the phase velocity of one or more of the waves. There 
are several possibilities, such as natural birefringence, 
form birefringence, photonic band edge tuning, wave 
guide modal propagation, and various forms of quasi 
phase matching. Each is briefly described below. 


Birefringent Phase Matching 


Natural birefringence 

Naturally birefringent crystals can be categorized as 
either uniaxial or biaxial. In either case, light 
propagating along any direction (except along an 
optical axis) has two orthogonal eigen polarizations 
with different refractive indices. In uniaxial crystals, 
one of these indices is independent of the propagation 
direction and is called the ordinary index, 1,. The 
refractive index for the other polarization, known as 
the extraordinary polarization, is given by 


1 _ sin? @ | costa 
= = 13 
HO Wet ae ia 


where @ specifies the propagation direction measured 
from the z, or optical, axis, and m, and m, are the 
refractive indices for light polarized parallel and 
perpendicular to z. The two cigen polarizations are 
aligned with the lines of constant or latitude (o-wave) 
or constant longitude (e-wave). The variation of the 
two refractive indices with propagation angle 0 is 
shown in Figure 7 for a negative uniaxial crystal 
which is characterized by n, < my, and for a positive 
uniaxial crystal, characterized by 1, > my 

The acousto-optic tunable filter relies on natural 
birefringence to achieve a phase match. An optical 
and an acoustic wave propagate normal to the optical 
axis of a uniaxial crystal. If the crystal is negative 
uniaxial, with an input optical polarization of ‘e’, and 
an output optical polarization of ‘o’, the & vector 
of the acoustic wave must make up the difference 


Figure 7 The circle and ellipse represent the two refractive 
indices for a negative uniaxial crystal (left diagram) and a positive 
uniaxial crystal (ight diagram) for afferent propagation directions 
specified by the angles (#, 4) with ¢ fixed. These curves are 
Independent of the azimuthal angle 4, so in three dimensions the 
ordinary refractive index, n,, forms a sphere in both cases, while 
the extraordinary index, n,. forms a prolate ellipsoid for a nagative 
uniaxial crystal, or an oblate ellipsoid fora postive uniaxial crystal 
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A, ~ ke. This may be expressed as 


(oF on)rig wre 
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or, ignoring the difference between w and w+ w,, the 
optical frequency that is phase matched is 


Oe aan 
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where 1 is the phase velocity of the acoustic wave, 
and An=n, —1,. The phase matched optical fre- 
quency is seen to be tunable with w,. A typical 
acoustic frequency for a visible filter is a few hundred 
MHz, The phase matching bandwidth set by the 
sinc"(AKL/2) function can be quite narrow, with a 
subnanometer optical bandpass in a crystal a few 
em long 

‘Natural birefringence is also widely used to phase 
match all-optical sum and difference frequency mix- 
ing. To counter normal optical dispersion, the bluest 
wave is polarized in the direction associated with the 
smaller refractive index, while at least one of the two 
redder waves has the opposite polarization. By 
adjusting the propagation angle, @, the refractive 
index of the extraordinary waves can be adjusted 
until exact phase matching is achieved. If the two 
redder waves both have the high index polarization 
the process is sometimes called type I, whereas if they 
have opposite polarizations it is called type Il 

Figure 8 illustrates type I phase matched second 
harmonic generation in a negative uniaxial crystal, 
The fundamental wave with frequency w is 


Figure 8 Collinear phase matching of socond harmonic, 
{generation in a nogative uniaxial crystal. The second harmonic, 
lightis e;polarized with a refractive index indioated by the solid line 
while the fundamental ight is o-polarized as incicatod by the 
dashed line. The crossing point of the two refractive indices 
determines the phase matching angle ty, 


o-polarized, while the second harmonic wave at 
frequency 2w is e-polarized. The circle drawn in 
dashes represents the line swept out by the polariz- 
ation wave vector 2k,, as the propagation direction 
is swept, while the ellipse represents the loci of kz. for 
the same angle. Collinear phase matching is achieved 
at the point of intersection of the two curves. This sets 
the angle Om. For angles greater than Oy, dispersion 
is over-compensated and Ak <0 so noncollinear 
phase matching is possible. All @ angles have 
equivalent propagation properties, so the loci of 
phase matched propagation directions form a cone at 
= Opo.. Usually the propagation angle @ is chosen to 
maximize the nonlinear response of the crystal. 

Biaxial crystals share with uniaxial crystals the 
property of two orthogonal eigen polarizations 
with different refractive indices, but the angular 
dependence of the indices is more complex. The two 
indices associated with propagation along direction 
(4,6) can be found by solving 


sin? @ cost, sin®@ sin? cost 
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for the two possible values of n. Here m,, m, and 1, 
are the refractive indices for light polarized along the 
respective principal axes, where the convention is 
ny <n, <n,, There are two optical axes lying in the 
x-z plane at an angle determined by the values of me, 
nny, and 1. The phase matching loci are no longer lines 
of constant latitude as they were for uniaxial crystals, 
but instead are curves that encircle either the optical 
axes or one of the principal axes. Figure 9 shows an 


Figure 9 Calculated loci of propagation directions that achieve 
biretringent phase matching for type | collinear second harmonic, 
goneration of diferent wavelengths in the crystal CsBOs. The 
fundamental wavelengths are 2,700 nm (dotted curve looping 
around the x axis), 8,000 nm (dashed curve looping around the y 
axis), 1,000 nm (solid curve looping around the optical axis ‘oa’, 

and 800 nm (chained curve looping around the zaxis). For clay 
nly a single octant of the sphere of propagation directions is, 
shown, The loc! in the othar octants of the sphere are formed by 
reflections in the three principal planes. 


158 NONLINEAR OPTICS, APPLICATIONS / Phase Matching 


example of each type of phase matching curve 
associated with second harmonic generation of 
different wavelengths in the crystal CsB Os. 

Note that because these curves always intersect at 
least one of the principal planes, if phase matching in 
biaxial crystals is possible at all, itis also possible in a 
principal plane. Biaxial crystals are usually phase 
matched in a principal plane, but phase matching 
outside the principal planes can in some cases 
maximize the nonlinear response, minimize the 
temperature sensitivity, or adjust the relative group 
velocities. 


Form birefringence 

Some materials, such as GaAs, have a strong nonlinear 
optical response but are not birefringent, so optical 
frequency mixing cannot be phase matched using 
natural birefringence. However, form birefringence 
can be engineered by layered growth, and it can be 
used to phase match. If many alternating layers of two 
materials with different refractive indices are stacked 
together with a layer thickness comparable to the 
wavelength of light, the material is birefringent for 
light propagating parallel to the layers, Light polarized 
with its E field parallel to the layers will have a higher 
refractive index than light polarized with its field 
perpendicular to the layers, The strength of bire- 
fringence, (my — 1), can be engineered by varying the 
relative thicknesses and refractive indices of the two 
layered materials. This has been demonstrated in 
GaAW/AIAs waveguide structures in which the AIAs 
layers were oxidized to form AlOs, which has a 
refractive index of 1.6, compared with an index of 3.4 
for GaAs. The resulting large birefringence was used to 
phase match infrared difference frequency mixing. 


Photonic Lattice Phase Matching 


The propagation constant of a light wave can be 
controlled by tuning its frequency near the bandgap 
of a Bragg structure. The Bragg structure can be a 
stack of layers with alternating refractive index. If the 
stack consists of layers of thickness and refractive 
index J, m, and fy, 1, the Bragg condition at normal 
incidence is 


ean 
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where m is an integer. Frequencies near page are 
strongly reflected. The width of the reflective band of 
a structure with many layers is proportional to the 
refractive index contrast, (m1 —n3)/(m +p). At 
certain frequencies, on both sides of the bandgap, 
the reflectivity vanishes. The first transmission 
peak on the red side of the bandgap has an 


effective refractive index that is greater than the 
average (nm +13)/2, while the first peak on the blue 
side has an effective index less than the average. This 
effect can be used to adjust the effective value of Ak in 
the structure. As a bonus, operating on one of the 
transmission peaks near the bandgap enhances the 
optical field in the material, increasing the strength of 
the nonlinear interaction. 

It is also possible to use a Bragg structure in 
reflection mode, Tuning to the red side of the band 
center increases the effective refractive index of the 
reflected wave, while tuning to the blue side decreases 
it. The internal fields are not enhanced in this case and 
the interaction length may be quite short. 


Quasi-Phase Matching (@PM) 


Quasi-phase matching uses spatial modulation of the 
polarization source with a modulation period of 
Lod = 27/Mk to boost the efficiency of the mixing 
process even though Ak #0. We can consider the 
periodic modulation as another interacting wave that 
is included in the creation of the polarization wave. 
The modulation wave has @= 0 and is stationary 
with period Ljag: Because the modulation is usually a 
square wave rather than sinusoidal, it is made up of 
multiple sinusoidal waves with periods Liyay/r all of 
which can participate in generating a polarization 
wave. Like traveling waves, the stationary modu- 
lation waves can be oriented in any direction, and any 
Fourier component of the modulation wave with 
wave vector Ay =2rmilLyyg can participate in 
(quasi) phase matching, as shown in Figure 10. 
Usually the spatial modulation is achieved by 
periodically reversing the sign of the nonlinear 
coupling coefficient. Figure 11 shows the associated 
phasor diagram for perfect first-order QPM. The net 
fields from the first two modulation periods are 
labeled E; and E>. Ifthe sign of the nonlinearity in the 
first half of the modulation period were not reversed 
in the second half, the phasors would form a complete 
circle resulting in a null net field. All following 
periods would also produce null net fields. However, 
if the sign is reversed midway through the first period, 
the phasors from the second half are sign reversed and 
the net field is E, as shown. The magnitude of E, is 
smaller than fora truly phase matched segment by the 
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Figure 10 Quasi-phase matching vector diagram for sum 
frequency mixing. The mth Fourier component of the grating 
vector is Indicated by Am. 
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Figure 11 Phasor diagram for a quasi-phase matched 
interaction in a materal with altemating signs of the nonlinear 
oaficiont. The contributions from four segments, each of length 
‘Lgy/2ar@ shown, The not fold rom the frst OPM periods labeled 
; and that from the second period is E,. The dashed ine shows 
the path the phasors would trac ithe noninearcoeficent were 
not sign reversed in the even numbered segments 


ratio of the diameter of the circle to its circumference, 
or by 2/mr Coherence lengths in crystals are typically 
5-50 um so crystals that are several mm long have a 
large number of periods, in which case the net 
phasors E,,E,... can themselves be considered 
elementary phasors that form the net field for the 
full crystal, For example, if the modulation period 
Lyyad is not exactly equal to 27/Ak, QPM is imperfect 
and phasors E;,Fs,... curl up to give a net field of 
sinc(AM'L/2) where Ak’ =Ak—2niLyog. For all 
practical purposes, a QPM crystal containing many 
modulation periods performs the same as a phase 
matched crystal with its nonlinear coupling reduced 
by fm 

Referring to eqn [2], we note that periodic 
modulation of the source term S(z) produces peaks 
in the phase matching curves at Ak = m2m/Lmod 
where mr is an integer. If S(z) is a square wave of 
alternating sign over 0 < z < L, its Fourier transform 
is the convolution of sinc(AkL/2) with a picket fence 
function with spikes at Ak = m2t/Lyo- If Lynas © Ly 
the crystal contains many periods of the square wave 
and the spikes are separated by many times the width 
of the sinc(AkL/2) function. This results in well 
separated sinc functions centered at Ak = 2rrmfLgyats 
and any process with a coherence length of Lyygg/mt 
will be quasi-phase matched. That is, one of the 
Fourier peaks in Ak space will be centered on the 
corresponding value of Ak. 

‘The magnitudes of the QPM peaks are maximized 
if the modulation of S(z) is a sign reversal, as 
described above. If the positive and negative segments 
have unequal lengths, we can define the duty cycle as 
D=1,/(, +L). The heights of the pickets in the 
picket fence are then 


[8] 


by sin(rmD) 


‘The largest magnitude peak is for m= 1 and D = 0.5 
in which case hy = 2/m. 


Unlike birefringent phase matching, QPM can, in 
principle, phase match any set of polarizations for the 
interacting waves. This makes it possible to use a 
polarization set that maximizes the nonlinear 
response of the crystal. 


Ferroelectric poling 
There are various ways to achieve QPM. By far the 
most popular and versatile is by ferroelectric poling. 
Ferroelectric crystals have an internal electric field 
that can be reversed by the application of a 
sufficiently strong external poling field. Reversing 
the internal field also reverses the sign of the 
nonlinearity for some light polarizations but does 
not alter the refractive indices. Crystals of LiNbO; 
and KTiOPO,, with thickness up to 1mm, can be 
poled with periods as short as 5 jum. This is sufficient 
to quasi-phase match frequency mixing of visible or 
near infrared light, Figure 12 shows an example of 
the orientation of the internal fields of patterned 
ferroelectric domains. 

It is possible to pole a crystal aperiodically so that 
multiple mixing processes are quasi-phase matched 
simultaneously. To design the poling pattern for such 
a device, the Fourier transform of an initial trial 
pattern can be calculated and compared with the 
target spectrum in Ak space. Iterative algorithms can 
be used to modify the poling pattern, zeroing in on the 
target spectrum. 


Ferroelectric poling can also form two-dimensional 
poling patterns, corresponding to a two-dimensional 
set of Fourier components in Ak space. It can also 


produce chirped gratings which have a broad phase 
matching peak. Chirped gratings can he used to 
simultaneously frequency convert and tailor the 
temporal shapes of the output pulse when the input 
pulses are frequency chirped. Poling can also yield 
fanned poling patterns so the poling period and thus 
the phase matching wavelength can be shifted by 
translating the grating. 


LI ff L/L 


Figure 42 Diagram of a poled ferroelectric erystal. The four 
crystal segments represent four ferroelectric domains with internal 
crystal field directions indicated by the arrows. Reversal of the 
internal field is accompanied by reversal of the nonlinear 
Ccooficient, so this is a quasiphase matched structure with 
alternating signs of dy, 
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Wafer stacking and patterned crystal growth 
Another method of quasi-phase matching relies on 
stacks of thin plates oriented so the sign of the 
nonlinearity reverses in adjacent plates. Each plate 
hasa thickness of mLcou/2 where mis an odd integer. 
If all the plates are identically prepared crystals, it is 
often possible to reverse the sign of their nonlinearity 
by reorienting them. It is sometimes possible to 
optically contact the plates or even to diffusion bond 
them, avoiding reflective losses at the interfaces. This 
technique is conducive to large aperture QPM 
crystals. However, the plates are thin so fabrication 
is a challenge, 

Quasi-phase matched crystals of GaAs have also 
been epitaxially grown on patterned substrates. 
The patterning serves as a template for growth of 
zones with alternating crystal orientation and sign of 
the nonlinear coefficient. 


Total internal reflection 

Total internal reflection in a thin slab has also been 
exploited for QPM (Figure 13). Two effects 
contribute to the source modulation, one is the 
rephasing of the waves on total internal reflection; 
the other is the change in nonlinearity that may 
accompany the change in propagation direction. 
Usually plates much thicker than one coherence 
length are used, so the quasi-phase matching is of 
high order (m > 1), 


Wave Guide Modal Phase Matching 


In waveguides the size and shape of the guide 
influence the transverse field distributions and the 
propagation constants for the transverse modes. 
Generally the higher order transverse modes have 
higher phase velocities than the lower order modes. 
This can be used to counteract index dispersion in 
three wave mixing if the bluest wave propagates in a 
higher order mode than the redder waves. A problem 
frequently encountered in using this effect is that the 
transverse modes are orthogonal, or nearly so. 
Because the nonlinear response is proportional to 


Figure 13. Diagram of quasiphase matching based on total 
intemal reflection. Relative phases acquired by the waves upon 
total intemal reflection, combined with the path lengths and 
possible changes in the value of dus for alternating legs, can be 
‘combined to achieve quasi-phase matching. 


the overlap integral 
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where the F's are the transverse field distributions of 
the three waves, the nonlinear response is often quite 
small. If the local nonlinearity d(x.y) can be 
engineered to maximize the integral, this problem 
can be alleviated. This may be thought of as 
transverse quasi-phase matching. 

Waveguides can also be designed for Cerenkov 
phase matching where the phase velocity of the 
radiated wave is less than that of the polarization 
wave. Figure 14 shows an example. The emission 
angle is 
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where the v's are phase velocities. The transverse 
momentum A must be supplied by the waveguide. 
In other words, the source harmonic polarization 
must have a transverse Fourier component with 
spatial frequency A. This is another example of 
transverse quasi-phase matching. 

Another application of waveguide phase matching 
is in traveling wave electro-optic modulation, where 
the rf wave travels along an rf waveguide parallel 
to the light path. For maximum modulation band- 
width, the phase velocity of the rf wave should equal 
that of the light wave over the desired modulation 
bandwidth. Because the phase velocity of the rf wave 
in the bulk medium is usually faster than that of the 
light wave, the rf guide must be designed for a slow 
phase velocity. 


Compensated Phase Matching (CPM) 


Compensated phase matching is somewhat like QPM 
in that multiple crystal segments are used, but it 
differs by requiring that sequential crystal segments 
have AKL’s of equal magnitude but opposite sign. 
Ideally the nonlinearity would be the same in all 
segments. Figure 15 shows the phasor diagram for 
fone such arrangement, in this case with unequal 
nonlinearity in alternating segments. CPM is realized 
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Figure 14 Corenkov phase matched second harmonic gener- 
ation. The phase velocity of the fundamental wave in the 
waveguide is greater than the phase velocity of the harmonic 
wave in the cladding. 
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Figure 15 Phasor dagram for four segments of a device 
with compensaled phase matching device. Tho magnitude of 
Skt fs equal in eath segment but the sign of Sk alternates 
{The lengh of the , fed ftom segment. is proporional to 


sinc(AKL/2) so the net field ©, must also be proportional to 
this function 


in walkoff compensated geometries where a sequence 
of crystals is arranged so Ak=0 in each for a 
particular monochromatic plane wave. In the case of 
spatial walkoff compensation the walkoff direction in 
alternating crystals is reversed so the walkoff is 
exactly compensated in pairs of adjacent crystals. 
Tilting the input beams by a small amount changes 
the values of the Ak’s in such a way that CPM is 
achieved. In the case of temporal walkoff compen- 
sation, temporal walkoff is reversed in alternating 
crystals, in which case tuning the input frequency 
leads to CPM. The advantage of CPM is that the 
acceptance bands, which will be discussed in the 
next section, are those of the individual crystal 
segments which are larger than those of a single 
crystal of equivalent length without walkoff 
compensation. 


Spa 


| and Temporal Effects 


Acceptance Bands 


Our discussion to this point has been based on 
monochromatic plane waves. Real beams have spatial 
and temporal structure which means they can be 
decomposed into sets of monochromatic plane waves 
with tilted propagation directions relative to the 
nominal direction, and with detuned frequencies 
relative to the nominal frequency. As we showed 
above for monochromatic plane waves, there is a 
range of angles and frequencies, called the acceptance 
bands, over which AkL <27. If the interacting 
beams’ angular spectra and frequency spectra lie 
within these bands, the process is well phase matched 
for all angular and frequency components, and 
efficiency is maximized. This statement is equivalent 
to saying that if the spatial walkoff due to beam tilts 
and birefringence, and the temporal walkoff due to 
differing group velocities are small enough that the 
interacting beams stay well overlapped in space and 
time, the efficiency of energy transfer to the output 
channel does not suffer. Consider, for example, 
second harmonic generation of short pulses. The 
frequency acceptance bandwidth for the fundamental 


wave, Aw), is found using 
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Using the usual definition of the group velocity: 
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this can be written 
Sen = Tigi) mon ae (8 


where 7, and 7) are the passage times through a 
crystal of length L for the fundamental and 
harmonic pulses, and Ar = (7 — 7) is the temporal 
walkoff between the two. This shows that the 
acceptance bandwidth is approximately equal to the 
transform bandwidth of a pulse whose duration is 
equal to the temporal walkoff Av. Input pulses 
shorter than Ar will not convert efficiently because 
the fundamental and harmonic pulses do not remain 
overlapped as they propagate through the crystal. 
In the frequency domain it is said that pulses 
shorter than the Av have spectral widths larger than 
the acceptance bandwidth, meaning they are not 
well phase matched across their full spectra, and 
hence do not convert efficiently. Parallel arguments 
apply to spatial walkoff and angular acceptance 
bandwidths. Beams that do not remain spatially 
overlapped through the crystal do not convert 
efficiently. Equivalently, if the angular spectra of 
the beams exceed the acceptance angle, efficiency 
suffers. 

Sometimes these notions are described in terms of 
an effective interaction length or an effective crystal 
length. For short pulses the effective interaction 
length is that for which temporal walkoff is equal to 
the pulse duration. Equivalently it is the length for 
which the acceptance bandwidth is equal to the 
spectral width of the pulse. Crystals shorter than this 
will have mixing efficiencies nearly equal to that 
expected for a phase matched process, while longer 
crystals have efficiencies that fall short of this 
expectation. 


Focused beams 
Focused Gaussian beams are a particularly important 
class of spatially structured beams. In passing through 
a focus, a lowest order Gaussian beam acquires a 
phase shift relative to an unfocused beam. The phase 
velocity near the focus is higher for the focused beam, 
leading to a phase shift of 7 through the focus. 
For second harmonic generation the phase shift of the 
second harmonic polarization is twice this, or 27. 
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ohmic region, 256 
on-off switches, 37 
open circuit voltage (OCV/Vor), 
13 
open-frame power supplies, 146 
open-frame switches, 51 
‘open-loop systems, 210, 217 
operating point, 250 
optical mouse, 59 
oscillating, 220 
ounce-inches, 185 
output 

voltage regulators and, 166 
outrunner configuration, 184 
overcoat material, 117 


overheating 
DC-AC inverters and, 160, 
MOSFETs, 263 
potentiometers, 96 
transformers and, 142 
overshoot, 219 


P 


Player, 223 
P-channel, 253 
P-type semiconductors, 241 
paddle switches, 44 
panel-mount switches, 45, 49 
panel-mounted pushbuttons, 32 
parallel batteries 
high current flow, 16 
parasitic capacitance, 132 
parasitic inductance, 87, 103 
pass transistors, 161 
PC board rotary switches, 55 
PC mount switches, 45 
PC pushbuttons, 32 
PC terminals, 45 
peak inrush, 147, 17 
peak inrush current, 27 
permanent magnet stepper mo- 
tors, 211 
permeability, 122 
Peukert number, 12 
phase count, 209 
phases (steps), 209 
pick-offs, 90 
picofarads (pF), 104 
piles, 5 
pin configurations 
correct identification of, 167 
relays, 67, 72 
PIN diodes, 221, 226 
pitch, 18 
planetary gears, 182 
plastic-film dielectrics, 103 
plug fuses, 22 
plug-in transformers, 139 
plungers, 173 
PN junction diodes (see diodes) 
polarity 
danger of incorrect, 15, 110 


danger of reversed, 233 
DC relays and, 67 
mnemonics for, 123 
preventing reversed, 142 

polarized relays, 67 

pole faces, 173 

poles, 29, 30, 37, 38, 38 

polymeric positive temperature 

coefficient fuse, 24 

polyphase AC, 196 

positive charges, 98 

positive voltage regulators, 164 

potentiometers, 75, 89-96, 186 
design of, 90 
function of, 89 
potential problems, 95 
schematic symbols for, 89 
types of, 90 
use of, 94 

pound-feet, 185 

power cells, 5 

power cords 
correct choice of, 142 

power MOSFETs, 262 

power resistors, 76 

power transformers, 139 

power transistors, 245 

power wire-wound resistors, 83 

PPR (see pulses per rotation) 

precision resistors, 76 

precision wire-wound resistors, 

83 

press-twice pushbuttons, 33, 

primary cells, 7 

primary coils, 135 

programmable unijunction tran- 

sistor (PUT), 235, 239, 

protection diodes, 218, 228 

proximity effect, 133 

PTC/PPTC (see polymeric positive 

temperature coefficient fuse) 

pullin torque, 220 

pull-out torque, 220 

pulldown resistors, 85 

pullup resistors, 56, 85 

pulse-width modulation (PWM), 

144, 150, 158, 186, 199, 201, 217 

pulses per rotation (PPR), 61 
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A second harmonic wave also acquires a phase shift 
of 7, but this leaves a a phase shift between the 
harmonic polarization source wave and a freely 
propagating harmonic wave. The phasors represent- 
ing harmonic radiation from symmetrically located 
points well before and well after the focus will 
therefore be 180° out of phase. Point pairs closer to 
the focus will have less severe cancelation, but it is not 
surprising that the maximum efficiency is achieved, 
not at Ak =0, but for a slightly negative value Ak 
The phase matching function sinc(AkL/2) is shifted 
and distorted for focused beams. Its exact shape 
depends on the nature of the mixing process. For 
example, the phase matching peak is different for 
third harmonic generation and second harmonic 
generation, and it is different for mixing with small 
birefringence and mixing with large birefringence. 


Phase Conjugation 


Degenerate four-wave mixing 

Some wave mixing processes are automatically phase 
matched. One example is phase conjugation by 
degenerate four wave mixing. This process creates a 
polarization wave that is the time reversed image of 
one of the input waves. Figure 16 compares the 
reflection from a conventional mirror with that from 
a phase conjugate mirror. 

‘The mixing process shown in Figure 17 is one that 
can act as a phase conjugate mirror, Waves fand b are 
strong pump waves that are phase conjugates of one 
another. In their presence a weak signal field at the 
same frequency produces a polarization given by 


P= sEyE,E; @ tthe ke 124] 


ine 
Hg} 


Figure 16 Comparison of a normal and a phase conjugate 
mirror. The wavy linas represent the phases of the incident and 
reflected waves. 


Nonlinear medium 


= 


Figure 17 Phase conjugation via degenerate four wave mixing 
near a one photon resonance. Two counter propagating pump 
waves with fields &; and &, interact with a signal beam, E,, 
to produce a polarization wave P_ whore the frequencies obey 
1 ~ W, + =o (upper left, implying the k-vector of the 
polarization wave is given by K. ke + ky (upper tight) 
‘The lower diagram shows the grating induced by waves fand s 
that scatters wave binto the diection ofc. 


The two pump propagation vectors cancel one 
another leaving 


et 


P= sEyEyE; ey [25] 
The quantity in parentheses is the phase conjugate of 
the signal wave, so the polarization wave exactly 
phase matches a radiated conjugate wave. 


Brillouin scattering 
Other possibilities for automatic phase matching are 
processes that involve a stimulated wave in the 
nonlinear medium such as an acoustic wave (Brillouin 
scattering) or waves of coherent molecular vibration 
or rotation (Raman scattering). Phase conjugation, 
based on Brillouin scattering, is widely used to reduce 
phase distortions acquired on passing through an 
amplifier, for example. A single beam of light is 
focused into a material that has a high polarizability. 
Example media include high pressure gases Xe and 
SF, liquids acetone and freon, and fused silica. The 
conjugation process is not as simple to describe as it 
was in the case of four wave mixing because many 
acoustic waves can he generated. The key is that the 
phase conjugate wave has the highest gain under 
certain conditions and can dominate the Brillouin 
scattering process, so the reflected wave is nearly a 
phase conjugate of the incoming wave. 


Modulators: Acousto-Optic; Electro-Optics. Nonlinear 
Optics, Basics: Cascading; Four-Wave Mixing; Nonlinear 
Optical Phase Conjugation; x‘°—Thitd-Harmonic Gener- 
ation. Nonlinear Sources: Harmonic Generation in Gases. 
Optical Parametric Devices: Overview. Optical P: 
metric Devices: Optical Parametric Oscillators (Pulsed). 
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Phase Control: Phase Conjugation and Image Correction. 
Photonic Crystals: Nonlinear Optics in Photonic Crystal 
Fibers. Seattering: Raman Scattering 
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Introduction 


Ultrashort pulses have a great potential in several 
areas of research and application, such as measure- 
ments of ultrafast physical processes, infrared time- 
resolved spectroscopy, and sampling systems, but 
they are also invaluable for communications. With 
increasing demands being put on the performance of 
optical fiber communications, the emphasis now is on 
producing a source of ultrashort optical pulses that 
can be used in high-bit rate and long-distance optical 
communication systems. 

Several optical pulse compression techniques are 
described in the literature, These techniques utilize 
dispersion, possibly from gratings or prisms, simul- 
taneously to compensate for chirp and achieve pulse 
compression. In fact, when a chirped optical pulse 
propagates in a linear dispersive medium, it acquires a 
dispersion-induced chirp. If the initial chirp is in the 
opposite direction to that imposed by the group- 
velocity dispersion (GVD), the two tend to cancel 
each other, resulting in the compression of the optical 
pulse. 

Early work on optical pulse compression did not 
make use of any nonlinear optical effects. Only during 
the 1980s, when the use of single-mode silica fibers as 
nonlinear media became widespread, the self-phase 
modulation (SPM) effect was used to achieve pulse 
compression. It has led, in 1987, to the production of 
optical pulses as short as 6fs in the 620nm 
wavelength region, Such advances were possible, 


only after having understood the evolution of optical 
pulses in silica fibers. 

‘We can consider two main categories of pulse 
compressors which make use of nonlinear effects in 
optical fibers: grating-fber and soliton-effect com- 
pressors. In a grating-fber compressor, the input 
pulse is propagated in the normal-dispersion regime 
of the fiber, which imposes a nearly linear, positive 
chirp on the pulse through a combination of SPM and 
GVD. The output pulse is then sent through a grating 
pair where it experiences anomalous GVD and gets 
compressed. In the case of a soliton-effect compressor, 
the fiber itself acts as a compressor without the need 
of an external grating pair. The input pulse propa- 
gates in the anomalous-GVD regime of the fiber and 
is compressed through an interplay between SPM and 
GVD. This compression mechanism is related to a 
fundamental property of the higher-order solitons. 
These solitons follow a periodic evolution pattern 
snch that they go through an initial narrowing phase 
at the beginning of each period. If the fiber length is 
suitably chosen, the input pulses can be compressed 
by a factor that depends on the soliton order. 


Grating-Fiber Compressors 


The grating-fiber compressor is generally used at 
wavelengths A< 1.3m. At these wavelengths, 
optical pulses acquire a positive chirp across its entire 
width during their passage through conventional 
silica fibers. A schematic of a grating-fiber compres- 
sor in the double pass configuration is shown in 
Figure 1. After the propagation in the fiber, the optical 
pulse is sent through a grating pair, which provides 
the anomalous (or negative) GVD required to get the 
pulse compression, 


164 NONLINEAR OPTICS, APPLICATIONS / Pulse Compression via Nonlinear Optics 


Compressed 
pulse 


Figure 1 Schematic representation of a grating-iber compres 
sor in the dauble-pass configuration. (Reproduced with per- 
mission trom Agarwal GP (2001) Applications of Nonlinear Fiber 
Optics. San Diega: Academic Press.) 


Different frequency components of an optical pulse 
incident at one grating are diffracted at slightly 
different angles. As a consequence, they experience 
different time delays during their passage through the 
grating pair, the blue-shifted components arriving 
earlier than the red-shifted ones, In the case of an 
optical pulse with a positive chirp, the blue-shifted 
components occur near the trailing edge of the pulse 
and the passage through the grating pair provides its 
compression. 

A limitation of the grating pair is that the spectral 
components of the pulse are dispersed not only 
temporally but also spatially. As a consequence, the 
optical beam becomes deformed, which is undesir- 
able. This problem can be avoided simply by using a 
mirror to reflect the pulse back through the grating 
pair. Mirror My, in Figure 1, performs this function. 
Reversing the direction of propagation not only 
allows the beam to recover its original cross-section, 
but also doubles the amount of GVD, thereby 
reducing the grating separation by a factor of 2. 
The mirror My in Figure 1 is used to deflect the 
compressed pulse out of the compressor. 

‘The phase shift acquired by the spectral component 
of the pulse at the frequency @ passing through the 
grating pair can be written in the form: 


1 

be = by + uw oy) + 5 byw — a 
1 ae 

+ galway) + ul 


where a is the pulse center frequency, dy is a 
constant, , is a constant delay, and gy and q are 
parameters that take into account the GVD effects 
associated with the grating pairs. These parameters 
depend on the grating period (line spacing), as well as 
on the orientation and separation of the two gratings. 
In most cases of practical interest, the spectral width 
of the pulse satisfies the condition Aw < o» and the 


cubic and higher-order terms in eqn [1] can be 
neglected, 

To achieve optimum performance from a grating- 
fiber compressor, it is necessary to optimize the fiber 
length, as well as the grating separation. Concerning 
the first aspect, the effects of both GVD and SPM 
during the propagation of the pulse inside the fiber 
must be considered. SPM alone determines a linear 
chirp only over the central part of an optical pulse. 
Since the grating pair compresses only this region, 
while a significant amount of energy remains in the 
wings, the compressed pulse is not of high quality in 
this case. The effect of GYD turns out to be important, 
since it broadens and reshapes the pulse, which 
develops a nearly linear chirp across its entire width. 
In these circumstances, the grating pair can compress 
most of the pulse energy into a narrow pulse. 

The balanced effects of both GVD and SPM explain 
the existence of an optimum fiber length, Zypi. for 
maximum pulse compression. In fact, when the fiber 
length is less than zy, the SPM-induced chirp has not 
yet been linearized. On the other hand, when it is 
longer than zap, the SPM effects become negligible 
due to the GVD-induced pulse broadening. 

If the input pulse is unchirped and presents a 
hyperbolic secant shape, the optimum fiber length for 
maximum pulse compression is well approximated by 


12 


Zope = (Lp Lx) 2] 
where 
13] 
and 
1 
Im = > 141 


are length scales associated with the GVD and the 
SMP effects, respectively. In eqns [3] and [4], Ty is the 
input pulsewidth, A) is the fiber GVD parameter, yis 
the nonlinearity parameter of the fiber, and Pp is the 
peak power of the input pulse. 

If the input pulse presents a negative chirp, this 
must be compensated for by the positive chirp 
provided by the fiber. As a result, the optimum fiber 
length increases. The opposite occurs in the case of an 
input pulse with a positive chirp, 

The optimum compression factor, Fyy., in the case 
of a grating-pair compressor, is given by 


2 
= osas( 72) II 


NONLINEAR OPTICS, APPLICATIONS / Pulse Compression via Nonlinear Optics 165, 


where Tpyriy, is the full width at half maximum 
(FWHM) of the input pulse (Trwriny = 1.76Tp for a 
hyperbolic secant pulse) and Tiny is the FWHM of 
the compressed pulse. Equations [2] and [5] provide 
a good estimate even for pulse shapes other than 
a hyperbolic secant as long as 72 > 100. 

The previous results were obtained neglecting the 
higher-order nonlinear and dispersive effects, which is 
acceptable for pulsewidths Ty > 0.1 ps. However, 
when shorter pulses are used at the input, their 
spectral width Aw is large enough that the cubic term 
in the expansion [1] must be taken into account. In 
this case, the compression factor turns out to be 
smaller than that given by eqn [5] 

The third-order dispersion (TOD) of the grating 
pair, resulting from cubic term in en [1], has been 
compensated for in one experiment using a combi- 
nation of gratings and prisms. Performing such 
compensation, a reduction of the pulsewidth to 
about 6 fs has been achieved. Such a pulse at 
620 nm consists of only three optical cycles. 

Even though the compression factor F, oc Pa, the 
peak power of the input pulse must be kept below the 
Raman threshold to avoid the loss of pulse energy 
through the stimulated Raman scattering (SRS) 
process. If this condition is not then satisfied, besides 
the energy loss problem, the Raman pulse can interact 
with the input pulse through cross-phase modulation 
and deform the linear nature of the frequency chirp. 
As a result, the compression factor is reduced from 
the predictions of eqn [5]. 


Fiber Bragg Gratings 


A uniform fiber Bragg. grating (FBG) reflects light 
whose wavelength is within the stop-band centered at 
the Bragg wavelength. The GVD is anomalous on the 
high-frequency side of the stop-band and becomes 
normal on the low-frequency side. Near the stop- 
band edges, the grating exhibits large GVD. Since a 
FBG acts as a dispersive delay line, it can be used in 
place of the bulk-grating pair in a grating-fber 
‘compressor, providing a compact all-fiber device. In 
fact, a typical 1 cm long fiber grating may provide as 
much dispersion as a bulk-grating pair with more 
than one meter spacing. However, the grating induced 
TOD can affect significantly the quality of the pulses 
when the optical frequency falls close to the edges of 
the stop-band. 

‘The compression factor as well as the pulse quality 
can be significantly improved by using a FBG in 
which the grating optical period changes along its 
length ~ the so-called chirped fiber grating. In this 
case, different frequency components of the pulse are 


reflected from different regions of the grating. Such a 
device has been used since the mid-1990s to 
compensate for dispersion-induced broadening of 
pulses in fiber-optic communication systems, and 
‘compression factors above 100 have been achieved. 
In practice, the only disadvantage of a chirped fiber 
grating is that the compressed pulse is reflected rather 
than transmitted. 


Soliton-Effect Compressors 


Optical pulses at wavelengths exceeding 1.3 um 
generally experience both SPM and anomalous 
GVD during their propagation in silica fibers. Such 
a fiber can act as a compressor by itself without the 
need of an external grating pair. In the case of a 
fundamental or first-order soliton, the effects of SEM 
cancel the effects of anomalous GVD perfectly, and 
the soliton propagates whilst preserving its hyper- 
bolic secant shape in a lossless optical fiber. A higher- 
order soliton, on the other hand, changes its shape 
periodically as it propagates in a fiber. Such a soliton 
always experiences an initial pulse narrowing phase 
before recovering its original hyperbolic secant 
profile at integral multiples of the soliton period zo, 
and this behavior is exploited to achieve pulse 
compression. Optimum compression is achieved 
when the higher-order soliton leaves the fiber just as 
it attains its narrowest width. 

The evolution of a soliton of order N inside an 
optical fiber is governed by the nonlinear Schrédinger 
equation (NLSE), which can be written in the 
following form: 


(6) 


where q is the normalized amplitude, €= Lp, 
= T/Tp, and the parameter N is the soliton order, 
given by 


WoT 
= 7 
1a 71 
The soliton period, zo, is given by 
_m, _ at 
20= Fl= ae (8) 


In writing eqn [6], the fiber losses were neglected, 
since fiber lengths employed in practice are relatively 
small. Even though higher-order solitons follow an 
exact periodic evolution only for integer values of N, 
eqn [6] can be used to describe pulse evolution for 
arbitrary values of N. 
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In practice, soliton effect compression is carried out 
by initially amplifying optical pulses up to the power 
level required for the formation of higher-order 
solitons. The peak optical power of the initial pulse 
required for the formation of the Nth-order soliton is 
given by 


= 3.112! 19 


TFwein 


These Nth-order solitons are then passed through the 
appropriate length of optical fiber to achieve a highly 
compressed pulse. The optimum fiber length, Zopis 
and the optimum pulse compression factor, Fuss OF 2 
soliton-effect compressor can be estimated from the 
following empirical relations 


_ (032, 1a 
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These relations are accurate to within a few percent 
for N > 10, 

Compression factors as large as 500 have been 
attained using soliton-effect compressors. In fact, 
considering the same input pulse, the soliton-effect 
compressor provides a pulse compression that is 
larger with a fiber that is shorter than a grating-fiber 
compressor. However, the pulse quality is poorer, 
since the compressed pulse carries only a fraction of 
the input energy, while the remaining energy appears 
in the form of a broad pedestal. From a practical 
point of view, the pedestal is deleterious since it 
causes the compressed pulse to be unstable, making it 
unsuitable for some applications. Despite this, 
soliton-effect compressed pulses can still be useful 
because there are some techniques that can eliminate 
the pedestal. 

One difficulty faced, when using the soliton-effect 
compressor, is that pulses with high peak power are 
required for the formation of high-order solitons in 
conventional fibers. As suggested by eqn [9], the use 
of dispersion-shifted fibers (DSFs) with small values 
‘of By at the operating wavelength can reduce the peak 
power required for soliton generation by an order of 
magnitude. However, because the soliton period zp is 
inversely proportional to |o! (see eqn [8]), eqn [10], 
indicates that longer lengths of DSFs will be required 
for solitons to achieve optimum compression. As a 
result, the total fiber loss experienced by those 
solitons will be larger and the loss-induced pulse 
broadening will have a significant impact on the 
compressor global performance. 

Another problem introduced by the use of DSFs 
in soliton-effect compressors is the TOD, which 


generally degrades the quality of the compressed 
pulse. In the case of soliton-effect compressors using 
conventional optical fibers, the effects of TOD 
become significant only when the widths of the 
compressed pulse become very short (<1 ps). In 
DSFs, however, the relative importance of TOD is 
increased and those effects become more pronounced 
because the GVD parameter, B2, is small. In this case, 
TOD is detrimental in the compression, even of pulses 
with widths of a few picoseconds, resulting in serious 
degradation of the optimum compression factor Foye 

The result given by eqn [11] for the optimum 
compression factor holds only for the case of an ideal 
soliton-effect compressor, when high-order nonlinear 
and dispersive effects, such as intrapulse Raman 
scattering (IRS), TOD and self-steepening, are neg- 
lected. However, these effects cannot be neglected for 
the highly compressed pulses because of their 
subpicosecond widths and high intensities. 

For not-too-short optical pulses (widths >50 fs) 
propagating not too close to the zero-dispersion 
wavelength of the fiber, the dominant higher-order 
effect is IRS, which manifests as a shift of the pulse 
spectrum toward the red side — the so-called soliton 
self-frequency shift. As a consequence, the group 
velocity is reduced and there is a delay of the optical 
pulse. This delay affects substantially the interplay 
between GVD and SPM that is responsible for pulse 
compression. 

Interestingly, the IRS effect can be used to improve 
the quality of the compressed pulse, by removing the 
pedestal mentioned above. In fact, as a consequence 
of the change in the group velocity induced by the IRS 
effect, the sharp narrow spike corresponding to the 
compressed pulse travels more slowly than the 
pedestal and separates from it. Moreover, the pedestal 
can be removed by spectral filtering and a red-shifted, 
pedestal-free, and highly compressed pulse is then 
produced. 


Compression of Fundamental 
Solitons 


As described in the last section, the propagation of 
higher-order solitons provide a rapid compression 
method, but it suffers from the existence of residual 
pedestals. Some techniques can help to reduce or even 
climinate those pedestals, but energy is always wasted 
in this process. 

A less rapid technique that provides better pulse 
quality is adiabatic amplification of fundamental or 
first-order solitons, which are of primary importance 
in the domain of optical communications. Solitons 
have fixed area, so the increased energy from 
amplification is accommodated by an increase in 
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power and a decrease in width. To avoid distortion, 
the amplification per soliton period cannot be too 
great. 

The same effect as adiabatic amplification can be 
achieved using an optical fiber with dispersion that 
decreases along the length of the fiber. In fact, for 
optical solitons, a small variation in the dispersion 
has a similar perturbative effect as an amplification or 
loss: such a variation perturbs the equilibrium 
between the dispersion and nonlinearity in such a 
way that when, for example, the dispersion decreases, 
the soliton pulse is compressed. It can be seen from 
eqn [7] that if the value of By! decreases along the 
fiber and to keep the soliton order N (N = 1 for the 
fundamental soliton), the pulsewidth must indeed 
decrease as |B)|"". Hence, the use of fibers with 
variable dispersion is viewed as a passive and effective 
method to control optical solitons in soliton com- 
munication systems. Dispersion-decreasing fibers 
(DDFs), in particular, have been recognized to be 
very useful for high-quality, stable, polarization- 
insensitive, adiabatic soliton pulse compression and 
soliton train generation. These fibers can be made by 
tapering the core diameter of a single-mode fiber 
during the drawing process, and hence changing 
the waveguide contribution to the second-order 
dispersion. 

In a DDF of certain length, the dispersion is 
monotonically and smoothly decreased from an 
initial value to a smaller value at the end of the 
length according to some specified profile. Provided 
the dispersion variation in the DDF is sufficiently 
gradual, soliton compression can be an adiabatic 
process where an input fundamental soliton pulse can 
be ideally compressed as it propagates, while retain- 
ing its soliton character and conserving the energy. 

The evolution of the fundamental soliton in a DDF 
can be described by the following NLSE: 
ag Da a 
get Oger + lara = 0 
where the variable coefficient p(€) = |Bx(€V/B2(0) 
takes into account the variation of dispersion along 
the fiber. Using the transformations s = {§ p(y)dy and 
U = q/yp, eqn [12] assumes the form: 
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where 


1 dp 
tp ds 


[4] 


Equation [13] shows clearly that the effect of decrea: 
ing dispersion is mathematically equivalent to the 


effect of an optical amplifier, adding a gain term to 
the NLSE. The effective gain coefficient G is related to 
the rate at which GVD decreases along the fiber. 

Since decreasing dispersion is equivalent to an 
effective gain, a DDF can be used in place of a 
conventional fiber amplifier to generate a train of 
ultrashort pulses. To achieve such an objective, a 
continuous wave (CW) beam with a weak sinusoidal 
modulation imposed on it is injected into the DDF. 
The sinusoidal modulation can be imposed, for 
example, by beating two optical signals. As a result 
of the combined effect of GVD, SPM, and decreasing 
GVD, the nearly CW beam is converted into a high- 
quality train of ultrashort solitons, whose re 
rate is governed by the frequency of the initial 
sinusoidal modulation. 

Different approaches have been developed to 
determine the optimum GVD profile and its depen- 
dence on the width and peak power of input pulses. In 
the case of picosecond soliton pulse compression, 
direct numerical simulations of the NLSE show that 
linear, Gaussian, and exponential dispersion profiles 
may all be used effectively to provide ideal, adiabatic 
compression, where the input pulse energy is con- 
served and remains localized within the pulse. In this 
case, the final pulse compression factor at the end of a 
certain length L of DDF is equal to the ratio of the 
initial to the final second-order dispersions: 
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Compression factors larger than 50 are possible 
launching input pulses with peak powers correspond- 
ing to the fundamental soliton into a DDF whose 
length is about one soliton period. This technique 
takes advantage of soliton-effect compression but 
requires lower peak powers and produces compressed 
pulses of better quality. 

In the case of subpicosecond soliton pulses, the 
influence of higher-order nonlinear and dispersive 
effects must be accounted for. Some studies show that, 
in this case, the linear and Gaussian dispersion profiles 
are the most suitable to achieve high-quality, pedestal- 
free, adiabatic compression of fundamental solitons. 
However, in the presence of higher-order effects, the 
final compression factor is generally lower, and after 
reaching a maximum at a particular length of DDE, it 
decreases steadily. This can be explained in terms of 
pulse compression stabilization, which originates 
from a competition between the rate of dispersion 
decrease in the DDF and the rate of dispersion 
increase due to the combined effects of soliton self- 
frequency shift and third-order dispersion. 
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ist of Units and Nomenclature 
Fr compression factor 
Foge optimum compression factor 
G amplifier gain 
i fiber length (m) 
Lp dispersion length (m) 
In nonlinear length (m) 
N soliton order 
Py peak power of the Nth-order 
soliton (W) 
Py pulse peak power (W) 
q normalized pulse amplitude 
To input pulse (s) 
Ted compressed pulse FWHM (s) 
Tema pulse full width at half 


maximum (s) 
% soliton period (m) 
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By group-velocity dispersion 
coefficient (s* m=") 

y fiber nonlinearity coefficient 
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by phase shift induced by the grating 
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The Raman effect bears the name of the Indian 
scientist Chandrasekhara_V. Raman (1888-1970) 
‘ed the Nobel Prize in the year 1930 for the 
discovery, published in 1928, of this scattering 
phenomenon. 

The Raman effect is an inelastic light scattering 
process, occurring in gascous, liquid, and solid media. 
The frequency of the scattered photon can be either 
down-shifted or up-shifted and the result of the 
process is the generation of new radiation. Frequency 
down-shifted and up-shifted waves are respectively 
called Stokes and anti-Stokes waves. The energy 
difference between input and output photons is either 
absorbed by, or released from, the atoms or molecules 
of the medium, which are left in different energy 


who re 


optical frequency (rad s~*) 


do pulse spectral width (rad s-') 
See also 


Chirped Pulse Amplification. Fiber Gratings. Scatter- 
ing: Raman Scattering. Solitons: Soliton Communication 
‘Systems. Ultrafast Laser Techniques: Pulse Character- 
ization Techniques. 
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states; jumps can be between electronic states, but 
more often they are among vibrational or rotational 
states. The upper energy state involved in the 
scattering process can be either a true energy state, 
and this case is referred to as resonant Raman 
scattering, or a virtual one. The off-resonance effect 
has a lower probability to occur and high-power 
beams are needed to observe it. The emission of anti- 
Stokes waves requires cither an inverted Raman 
medium or particular four-wave-mixing phase- 
matching conditions to be satisfied in order to 
occur. The second condition is referred to as coherent 
anti-Stokes Raman scattering. Here we will consider 
mainly Stokes wave generation, which is the most 
common in Raman lasers. 

When pumping is very hard, or a seed wave is 
provided, stimulated Raman scattering can also occur 
and a high percentage of the input pump radiation 
can be converted into Stokes, or anti-Stokes, 
radiation. The stimulated process efficiency, defined 
as the ratio between the output Raman wave energy 
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and the input pump wave energy, depends on the 
imaginary part of the third-order nonlinear suscepti 
bility coefficient and on the pump intensity. Stimu- 
lated Raman scattering observation dates back to 
1962 during the pioneering studies with lasers sources 
by Woodbury and Ng; their experiment with a ruby 
laser was actually the first example of an intracavity 
Raman laser. 

Since its discovery, Raman scattering has become a 
valuable tool for spectroscopy and a practical 
technique to extend laser light emission to wave- 
lengths not directly generated by laser active 
materials. This fundamental property stems from 
the fact that Raman scattering does not require an 
upper energy state to occur. Hence, the frequency of 
the emitted radiation can be any, if a suitable incident 
radiation wavelength is provided, New frequencies 
are constrained only by the available powerful pump 
laser sources and by Raman medium shifts 

The frequency shifts provided by some of the 
materials that are most often used in Raman lasers are 
presented in Table 1. Finally, it is important to note 
that Raman scattering can also occur for the newly 
generated radiation through an identical process in 
which a Stokes photon is Raman scattered. This 
radiation, which is generated if the Stokes radiation 


intensity grows large enough, is referred to as a 
second-order Stokes wave. For very large pump 
intensity, a cascading process to several Stokes orders 
can take place, thus extending the range of generated 
frequencies to the far-infrared portion of the 
spectrum, 

‘We will describe the design of Raman lasers that 
are most commonly used, as well as their perform- 
ances, also taking into consideration the Raman 
medium that sets the main constraint to the laser 
characteristics. Continuous wave as well as pulse 
Raman lasers will be described and the tuning 
capability will be discussed. 


Raman Shifters 


The simplest conversion scheme is obtained when a 
Raman medium is placed at the output end of a laser. 
This single-pass setup, shown in Figure 1, provides a 
fairly efficient frequency shifter. 

Single-pass amplification of the spontaneous scat- 
tering or of an injected seed copropagating with an 
intense pump is usually modeled by a couple of 
equations whose derivation, under a plane, continu- 
ous wave approximation, can be found in the 


Table 1 Measured Raman frequency shifts and steady-state gain for some of the most important Raman media 


Medium Frequency shift [THz] Gain fomGW] 
Calcite (CaCO3) 92.58 550 

Lithium iodate (L103) 23,124.66" 43° 

Barium nitrate (Ba(NOs)) 31.48 18) 
Potassium gadolinium tungstate (KGd(WO,)z) 27.03 or 23° 6° 

Silica fiber (SiO3) 432 01” 
Hydrogen gas (H.) (p= 10 atm, T = 298 K) 128.65 153 
Nitrobenzene 40.35" 39 


‘Pump wavelength 684 nm; from Zverey PG, Basiev TT and Prokhorov AM (1999) Stimulated Raman scattering of laser radiation in 
aman crystals. Optical Materials 11: 335~352. 

Values refer toa propagation direction respectively perpendicular or orthogonal tothe crystal xi; from Guadalberto GM and Arguello, 
CA (1974) Raman spectra from oblique phonons in powdered samples. Sold State Communications 14: 911-914. 

Pump wavelength 1064 nm; from Falk J and Moshrefzadeh (1985) Oblique Raman and polariton scattering in kihium iodate, IEEE 
LJoumal of Quantum Electronics QE-21: 110-113. 

‘*\Pump wavelength 1064 nm; from Basiev TT, Sobol AA, Zverev PG, lvieva LI, and Osiko VV (1899) Raman spectroscopy of crystals 
{or stimulated Raman scattering. Optical Materials 11: 207-314, 

"Bump wavelength 1064 nm; from Basiev TT, Voitsekhovski VN, Zverev PG, et al (1987) Conversion of tunable racation from a laser 
Ltlzing an LiF erystal containing Fz color centers by stimulated Raman scattering in Ba(NOs)2 and KGd(WO,)e crystals. Soviet Journal 
(of Quantum Electronics 17: 1560-1561 

'\Values refer respectively to two linear and orthogonal pump beams at the wavelength 1064 nm; from Zverev PG, Basie TT and 
Prokhorov AM (1998) Stimulated Raman scattering of laser radiation in Raman crystals. Opvical Materials 11: 335~352. 

Pump wavelength 1064 nm; from Stolen FH (1978), Fibre Raman lasers. In Ostrowsky D (ed) Fiber and Integrated Optics, NATO ASI 
Series B41. New York, Plenum Pross, 157182, 

"From Bischel WK and Dyer Mu (1986) Temperature dependence of the Raman linewidth and lineshit forthe (0)~Q(1) transition in 
normal and para Hz. Physical Fleviow A’33: 3113-3123, 

Pump wavelength 1084 nm: from Ottusch JJ and Rockwell DA (1988) Measurements of Raman gain coefficients in hydrogen, 

deuterium and methane. IEEE Journal of Quantum Electronics 24: 2076~2080. 

""9}Pump wavelength 684 nm; from Bloembergen N (1967) The stimulated Raman effect. American Jounal of Physics 35: 8891028. 
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Figure 1 Experimental sotup of a single-pass Raman shitter. 
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Ig, Ip are the continuous wave intensities of the Stokes 
and pump waves, zis the propagation distance, gx the 
Raman steady-state gain coefficient, and as, ap are 
the attenuation coefficients at the Stokes and pump 
frequencies. The Raman gain coefficients, whose 
general expression as a function of the microscopic 
material properties can be found in many textbooks, 
of some of the most commonly used Raman laser 
media are listed in Table 1, 

For short propagation lengths the medium loss can 
usually be neglected, and if the pump beam is well 
collimated, the pump intensity can be considered asa 
constant. For a long interaction length or very 
absorptive media, the evolution of the pump intensity 
must also be considered. Though the pump beam is 
depleted by the scattering process an undepleted 
pump approximation is often used until high conver- 
sion is reached. Under this approximation, the 
evolution of the pump intensity is mainly governed 
by diffraction spreading, by losses or by both. In bulk 
media, single-pass scattered radiation has a coaxial 
component whose divergence is dictated by the 
geometry of the pump beam, because Stokes radia- 
tion is close to the diffraction limit. Besides this 
radiation, a nonaxial component can also be 
observed; this phenomenon stems from the well- 
known effect of conical emission, which is a phase- 
matched parametric process. If the Raman medium is 
within a waveguide, losses are usually the dominating 
effect. In the undepleted approximation, the evolu- 
tion of the pump heam intensity asa function of the 
propagation distance z, either dictated by diffraction 
or by losses, is known. Then the general solution of 
eqn [1] is: 


Is) = Is(Oexp| ex Juiced - ase] 21 


where Is(0) is either the input Stokes signal intensity 
or an equivalent spontaneous scattering intensity. 
Then, the amplification gain G of the Stokes beam 
in the single-pass shifter, for a medium of length L, 


is given by 


IL) 


H 
Fo of {, In(e/)d! = asl. 


| BI 
Though single-pass Raman shifters are appealing for 
their simplicity, their application is hampered by the 
high power necessary for reaching a sufficient 
efficiency due to the short interaction length that 
can be obtained, in particular in bulk media, where 
diffraction dominates, Q-switched pulsed. pump 
lasers are often required, but the propagation in the 
Raman medium of very powerful pulses requires 
special precautions to prevent other linear and 
nonlinear effects occurring. In fact, optical break- 
down, thermal and Kerr self-focusing, four-wave 
mixing, and Brillouin scattering can take place, thus 
reducing the efficiency of the converter. Precautions 
may include the optimization of the pump pulse 
duration, of the focusing, of the interaction length, 
and the control of the input beam spot size. The 
multipass configuration has also been exploited to 
avoid many of the single-pass configuration short- 
comings; the typical experimental setup is presented 
in Figure 2. Note that neither the pump nor the 
Stokes wave are resonant within the cavity. 

The primary advantage of the multipass configur- 
ation is the lowering of the pump power required to 
realize an appreciable conversion. This is due to the 
increased total gain coefficient, that has heen found to 
be equal to 


_R" 


+ (n= DlogR 14 
where G is the single-pass gain of eqn [3], R the 
reflectivity of the mirrors at the Stokes wavelength, 
and 1 the number of passes through the Raman 
medium, There are two main drawbacks of multipass 
Raman shifters that finally limit the conversion 
efficiency of this setup. The first is the simultaneous 
generation of many undesired and uncontrolled 
Stokes orders, because the first-order Stokes intensity 
grows rapidly during propagation, The second is the 
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Puy medium beams 
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Figure 2 Experimental setup of a multipass Raman shifter. 
Mirrors M, and M, reflect both Stokes and pump waves. 
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intensity decrease associated with the dispersion of 
pulses, in particular if the Raman medium is a solid. 
‘These problems have limited the applications of 
multipass shifters to hydrogen gas. 


Raman Lasers 


By placing the Raman medium into an optical cavity, 
Stokes radiation can be selectively enhanced and 
Raman oscillation takes place. The two main 
experimental setups, either with the Raman medium 
placed in an external cavity or within the pump 
laser cavity (intracavity), are represented in Figures 3 
and 4. In some cases, for the intracavity configur- 
ation, the Raman medium may also be the host of the 
doping laser active material. 

For the external resonator Raman laser, the 
reflectivity of the mirrors is such that they are almost 
transparent for the pump but highly reflective 
(resonant) for the shifted radiation. The threshold 
condition of Raman lasers can be obtained by 
requiring that the net round trip gain equals the total 
cavity losses. The net round trip gain, under the plane 
wave, steady-state, undepleted pump approximation, 
is given by the single-pass gain G, multiplied by a 
factor of two to account for the forward and 
backward amplification. In fact, Raman scattering 
takes place also between the pump and the counter- 
propagating Stokes wave reflected by mirror M2. 


= It 
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Figure 3 Experimental setup of an externally pumped Raman 
oscilator. Mirors M and M, are highly reflective for the Stokes 
‘wave but nat for the pump wave. 
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Figure 4 Experimental setup of an intracavity Raman oscilator. 
Mirrors Ms and Me are highly reflective for both the Stokes and the 
pump wave. 


Losses are given by the medium contribution, which is 
already accounted for in eqns [2] and [3], and by the 
energy leakage from the mirrors, Assuming that the 
mean reflectivities of the mirrors, at the Stokes 
wavelength, are respectively Ri, R2, then the threshold 
condition is GR,R3 = 1. Through eqn [3] we obtain 


1 
ee fi Ip(2)dd — ag =—log(RiR,) [5] 
Equation [5] can be used to evaluate the pump 
intensity because at threshold low depletion occurs 
and the approximation taken to obtain [5] is valid. 
Raman steady-state gain isnot very different for gases, 
liquids and crystals, as shown in Table 1 and 
oscillation thresholds depend more on the interaction 
length and the focusing properties of the pump and 
Stokes beams, Nonetheless, the type of Raman 
mediuim imposes many practical constraints for laser 
design, which are addressed in the next paragraphs. 

With gas media it is hard to maintain a high pump 
intensity over the entire length of the cell, which must 
be used to contain the gas. Usually gas cells can be 
from 5 to 30cm long; this means that Q-switched 
pump lasers are required to set intensities above 
10" GW m-%, that is the typical threshold value of 
Raman oscillation, Continuous wave oscillation of 
gas Raman lasers is, nonetheless, possible when the 
pump wavelength is near a medium resonance. In 
fact, the imaginary part of the third-order non-linear 
polarization coefficient, to which the Raman gain is 
proportional, is enhanced near energy transitions 
because of the resonance in correspondence of that 
photon energy. The main limitations of this setup are 
that pump wavelengths are dictated by the Raman 
medium transitions, and thus also Stokes wavelengths 
are fixed, and finally conversion efficiency is usually 
low (about 5% is reported) possibly because of the 
high absorption. Off-resonance, continuous wave 
operation can also be attained by using high finesse 
cavities in a doubly resonant cavity. In fact, by 
resonating both Stokes and pump wave with high 
reflectivity mirrors (R = 0.999), the threshold inten- 
sity is lowered and conversion efficiency is high 
(about 35% has been demonstrated). In spite of the 
relatively high Raman gain and the large Stokes shifts 
obtainable, the exploitation of gas cell Raman 
oscillators is mainly hampered by the need of a 
high-pressure-resistant vessel and a constant gas flow. 
The latter is needed because of the low thermal 
conductivity of gases that might cause local tempera- 
ture variations and thermal-optical distortions that 
diminish the output beam uniformity and stability. 
Moreover the repetition rate of pump pulses must be 
small (below 50 Hz) so as not to impose a too strong 
thermal load on the gas. 
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Liquid media suffer basically the same problems as 
gases and, moreover, they show higher non-linear 
refractive indices that result in strong self-focusing. 
This lens effect results in filamentation, optical 
breakdown, and high beam divergence. Often 
Raman liquids are also toxic and very volatile; their 
use has been slowly but steadily decreasing, 

Solid media, in particular crystals, do not show 
many of the problems listed above and present the 
advantages of solid-state technology such as com- 
pactness, low maintenance, and opportunity of 
integration. The high density and the restricted 
atom motion result in high Raman steady-state 
gains and minimal line broadening. Precise resonance 
enhancement, as well as low threshold intensities, can 
he obtained by choosing an adequate mirror reflec- 
tivity spectral response. Pump intensities as low as 
10° GW m* were reported for the oscillation of an 
external cavity Raman laser whose medium was a 
S-em-long, barium nitrate (see Table 1) crystal, with 
mirror reflectivity R = 0.49 at the Stokes wavelength. 
Though the intensity threshold is about an order of 
magnitude smaller than for gas Raman lasers, 
Q-switched input pump pulses are still required. 
Solid-state Raman lasers can be easily forced to 
oscillate on a TEMo,o mode with divergence close to 
the diffraction limit even with multimode pumps. 
Moreover the Stokes beam is subject to a very 
complex clean-up process; this can be basically 
explained by the fact that the Stokes beam, growing 
from the spontaneous emission, does not retain the 
pump spatial characteristics. Pulse duration is equal 
to or slightly less than the input one, Conversion 
efficiency, which depends strongly on mirror reflec- 
tivity, can reach 60%, where saturation occurs due to 
higher-order Stokes wave generation. Solid-state 
Raman lasers can be easily forced to oscillate also at 
these higher-order Stokes frequencies if mirror 
reflectivity is large enough ar the relative wavelengths. 
Second- and third-order Stokes conversion efficiencies 
of 30% and 20% have been reported. 

‘The theoretical determination of the cavity pump 
and Stokes fields does not have an analytical solution. 
For continuous wave or long Q-switched pulsed 
lasers, eqns [1] must be extended to include all 
forward and backward Stokes and pump waves and 
boundary conditions due to the mirrors must be 
imposed. This problem can only be solved 
numerically 

The experimental setup of intracavity Raman lasers 
is shown in Figure 4; both the Raman and the laser 
medium are placed within the cavity and sometimes 
the two media coincide. This is, for example, the case 
of potassium gadolinium tungstate which can be 
doped with neodymium ions (see Table 1). The cavity 


is usually resonant for both the pump and the Stokes 
waves; very high conversion efficiency (up to 80%) is 
attained when special dichroic coatings are provided 
such that pump output is suppressed (high-finesse 
cavity for the pump). Besides the nearly diffraction- 
limited property of output radiation and clean output 
beams that are common characteristics of all Raman 
lasers, enhanced brightness is also observed in this 
setup. This effect is probably due to the high thermal 
loading, the consequent linear and nonlinear lens 
effects, and also to a short pulse generation mechan- 
ism that increases output beam intensity. This regime 
can be reached by reducing the Stokes cavity length 
with respect to the pump cavity length. A first setup is 
to.use an additional dichroic intracavity mirror that is 
transparent for the pump but highly reflective for the 
Stokes; an alternative setup exploits a double ring 
cavity configuration as depicted in Figure 5. 

The principle governing the compression can be 
explained as follows. The optical paths of the pump 
and Stokes pulses are made different by an amount 
AL. Then the Stokes pulse generated within the 
Raman medium, once re-injected into the cavity from 
mirror Msi, will overlap with an undepleted portion 
of the recirculating pump pulse. Hence, another 
Stokes pulse is generated at each round trip, until 
the pump pulse is completely depleted; the Stokes 
output finally consists of a train of pulses of duration 
AL/c, at a repetition rate equal to the cavity round- 
trip. This mechanism leads to pulses as short as the 
limit imposed by the Raman gain bandwidth. In fact, 
when the pulse duration becomes comparable to the 
inverse of the gain bandwidth, transient effects take 
place because of the delay in the nonlinear medium 
response. Ring Raman lasers have been obtained with 
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Figure 5 Experimental setup of an intracavity, double «ing, 
Raman oscilator. Miors Ms2, Mss, Mp2, and Mp3 are highly 
reflective respectively for the Stokes and the pump wave. My, 
Mey are partially reflective respectively for the Stokes and 
ump wave. 
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gases (e.g., hydrogen) and crystal media (barium 
nitrate and lithium iodate). 

Another commonly used experimental setup is that 
of synchronously pumped ring Raman lasers. In such 
devices, whose typical setup is sketched in Figure 6, a 
new input pump pulse is synchronized with the 
output Stokes pulse thus enhancing the conversion 
within the Raman medium. 

‘Though electronic trigger detection is needed to 
lock the pump pulse time repetition rate to a multiple 
or submultiple of the cavity round-trip, synchro- 
nously pumped Raman lasers are relatively simple, 
stable, high repetition rate sources of radiation. Very 
compact and reliable synchronously pumped Raman 
lasers can be realized with optical fibers; in this case 
the feedback of the ring resonator can be realized by 
means of a fiber directional coupler. The device, 
besides the high integration achieved by the all-fiber 
technology, can also be continuously tuned over a 
large bandwidth. 

Continuous tuning of the same laser source isa very 
desirable property; the Raman lasers so far described 
can generate radiation at wavelengths restricted to a 
few values. In fact, output spectral lines can be 
changed either by replacing the Raman medium, or 
the pump laser, or by exploiting cascade Raman 
scattering or finally resonating a different vibrational 
line of the same material (if there are many as for 
example in hydrogen gas); all these cases require 
substantial cavity changes. Frequency switching 
without setup changes is attained only in case of 
potassium gadolinium tungstate. For this medium 
there exist two independent directions, orthogonal to 
the crystal optical axis, for which the Raman shifts are 
different if the pump polarization changes. Then, the 
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Figure § Experimental setup of a synchronously pumped, rng, 
aman oscillator. Mirors Mz and Ma are highly reflective for both 
the Stokes and the pump wave. Mi is partially reflective for both 
the Stokes and pump wave. 


wavelength selection is just a matter of controlling the 
input pump polarization. Though Raman lasers can 
greatly expand the wavelength range of available 
laser sources, controlled, continuous tuning of the 
same Raman laser over a certain frequency band can 
be obtained only in a few particular cases. 

‘Wavelength tuning can be attained by selecting the 
direction of propagation in polar crystals (like lithium 
niobate and lithium iodate). Different directions 
allow for wavevector matching of polariton scatter- 
ing at different frequencies. Also phase matching of 
parametric interactions, like four-wave mixing, is a 
possible technique to attain wavelength tuning. 
However, such Raman lasers cannot operate at 
maximum gain, and this fact decreases the output 
energy, the conversion efficiency, and the stability, 
and increases the pump intensity threshold. Continu- 
ous tuning with an external control parameter is 
attained in the spin-flip Raman semiconductor laser. 
Semiconductors are Raman media that can be 
exploited to build far-infrared or even submillimeter 
Raman lasers, with pump intensity thresholds that are 
comparable with those of gas and liquid media. 
Though frequency shifts are fixed, under normal 
conditions, tuneable operation can be achieved if the 
semiconductor is placed in a magnetic field, Each 
energy level of an electron in the solid is, in fact, split 
into two, depending on the orientation of the electron 
spin with respect to the magnetic field. When there is 
a transition involving Raman scattering, the electron 
spin can change its direction. Then the wavelength of 
the laser can be continuously varied by changing 
the magnetic field applied. Tuning over a range of 
several micrometers in the infrared has been attained 
and spin-flip Raman lasers have been developed with 
semiconductors like InSb, Hgo.77Cdo2sTe, and 
PhogkSto.12Te. Use of this technique is severely 
limited by the need for magnetic field sources. 

‘The simplest method to achieve tuneable radiation 
is through the use of a material that shows a broad 
Raman linewidth. Inhomogeneous broadening of the 
energy level is a well-known effect that takes place in 
noncrystalline solid media, such as glasses, Though 
line broadening is accompanied by a decrease in the 
steady-state Raman gain of about two orders of 
magnitude with respect to a crystalline medium, this 
disadvantage can be over-compensated by the 
increase in the Raman medium length that can be of 
3 or 4 orders of magnitude. In fact, glasses are 
commonly exploited to make optical waveguides, in 
particular optical fibers, that present very low optical 
absorption coefficients, in the near-infrared part of 
the spectrum (1200-1600 nm). 

Optical fiber Raman lasers based on silica tele- 
communication fibers are very versatile, compact, 
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and simple to implement. In principle the setup is not 
very different from the corresponding external cavity 
or intracavity Raman lasers so far presented; how- 
ever, fiber lasers show the great advantage of an 
integrated, all-fiber technology. 

Cavity mirrors can be replaced by fiber Bragg 
grating reflectors (Figure 7) that can be constructed 
with a very well-defined spectral reflectivity, thus 
allowing fine enhancement or suppression of the 
desired wavelengths. By splicing the Raman fiber, 
which can be several hundred meters long, with the 
gratings, the net losses are very low, finally decreasing 
the pump intensity threshold. The pump threshold for 
first-order Stokes generation can be easily as low as 
200 mW; this means that diode lasers can be used for 
pumping. Moreover, the need for cavity alignment is 
climinated, the laser stability increased and the 
construction simplified. This simplification allows 
us to build, much more easily than by using bulk 
optics, nested multiple resonant cavities, to generate 
higher-order Stokes beams (Figure 8). 

Continuous-wave lasing of up to six Stokes orders 
has been reported for a fiber Raman laser of this type, 
with a total injected power of about 7 W. Another key 
advantage of Bragg gratings is that their reflectivity 
can be adjusted by means of a piezoelectric stretching 
of the fiber support; this allows one to control the 
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Figure 7 Experimental setup of a continuous-wave, al-fber, 
Raman oscillator. FBGz, are finer Bragg gratings highly reflective 
for both the frst Stokes wave. 
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Figure 8 Experimental setup of a continuous-wave, aller, 
niworder Stokes, Raman oscilator. FBGa are fiber Bragg 
{gratings highly reflective forthe /th Stokes wave, 


output intensity of all waves. As previously men- 
tioned, ring cavities can also be constructed by 
exploiting an all-fiber technology, if feedback is 
provided by a fiber directional coupler (Figure 9). 
Pulsed operation of fiber Raman lasers has been 
obtained too; due to the long interaction length, 
Qswitched pump lasers are no longer needed but 
rather mode-locked sources can be used. This means 
that trains of very short laser pulses, down to the 
hundreds of femto-second regime, can be obtained 
from fiber Raman lasers, the limit being represented 
by the Raman bandwidth, which is as large as about 
7 THz, at the half maximum, in silica fibers. 
Propagation of short and intense laser pulses in an 
optical fiber may induce several other nonlinear 
effects, like self-, cross-phase modulation, and four- 
wave mixing. Besides nonlinearity, linear dispersion 
and velocity mismatch become important too, due to 
the long propagation, All these linear and non-linear 
effects limit the Stokes pulse quality. In more detail: 
self- and cross-phase modulations lead to the spectral 
broadening of both pump and Stokes waves; broad- 
ening is asymmetric, because of the contemporary 
action of group velocity mismatch. In fact during the 
propagation the Raman pulse walks off the pump 
pulse, because of velocity mismatch, and this induces 
an asymmetry in gain depletion and in nonlinear 
index modulation. The final outcome is that Stokes 
waves can be asymmetric both in time and in 
frequency, and also highly chirped. Four-wave mixing 
is usually negligible, if phase-matching conditions are 
not imposed and Brillouin scattering is not an issue 
for short pulses. Very symmetric and low chirped 
pulses are attained as soon as the fiber Raman laser is 
working in the soliton regime, that is when compen- 
sation between the dispersion and the nonlinear phase 
shift occurs. Synchronously pumped, fiber Raman, 
soliton lasers are able to provide 200-fs pulses, at 
various wavelengths and with very high conversion 
efficiency (50%). Intracavity fiber Raman lasers have 
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Figure 9 Experimental setup of an allfiber, ring Raman 
oscilator. 
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also been realized by doping the fiber with neody- 
mium, erbium, or ytterbium ions. 

The extremely broad Raman spectral linewidth of 
the glass allows for broadband tuning of the emitted 
wavelength. For continuous and pulsed wave ope 
ation the change in the peak Stokes wavelength can be 
attained through an intracavity frequency selective 
clement, like for example a prism or a grating. In this 
case tuning is not obtained in an all-fiber configura- 
tion but rather with bulk optical elements and thus 
additional lenses or objective are needed to collimate 
the Stokes wave at the fiber ends. The experimental 
setup is shown in Figure 10, 

The laser can be continuously tuned, over about 
6 THz, by adjusting the prism or grating rotation. 
AlLfiber Raman laser tuning is possible in a double 
ring configuration with an inserted optical filter, 
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Figure 10 Experimental setup of 2 tuneable, fiver Raman 
oscilator. Mirors My and Ms are highly reflective for the Stokes 
wave but not for the pump wave. L; and L; are collimating lenses, 
or objectives. The tuning prism is rotated to control wavelength 
selection. 


whose experimental setup is shown in Figure 11, 
Stokes and pump waves are counterpropagating in 
the Raman fiber; the Stokes wave frequency is 
selected by the tuneable optical filter. 

The devices of Figures 10 and 11 stop emitting 
Stokes radiation for frequencies at which the Raman 
gain has decreased to a level such that laser threshold 
is higher than the pump intensity. Due to the fact that 
Raman gain in fibers is almost constant over about 
3 THz, tuning within this frequency range does not 
lead to any sensible decrease in conversion efficiency. 
For synchronously pumped ring fiber Raman lasers 
another technique, named time dispersion tuning, can 
be used. The experimental setup is shown in 
Figure 12. 

‘The output fiber end is placed on a moveable 
mount, that controls the relative delay between the 
Stokes pulse and the new pump pulse at the fiber 
input. Since Stokes pulses are dispersed during fiber 
propagation, to each time slot within a pulse there 
corresponds a certain portion of the Stokes spectrum, 
By properly delaying the time of injection of the Stokes 
pulse back into the fiber the most powerful part of the 
pump pulse is overlapped to a different part of the 
Stokes pulse, and this causes a preferred amplification 
of certain frequencies with respect to others. The shift 
of the Stokes peak wavelength AA is given by: 


Al 


M= apa 


6) 


where Al is the translation step, ¢ the speed of light, 
L the fiber length, and D(A) the fiber dispersion at the 
Stokes wavelength A. A total tuning range of 10 nm 
can be obtained with this technique that can also be 
used asa test measurement of fiber dispersion, 
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Figure 11. Experimental setup of a double-ing fiber Raman 
oscillator. OC; and OC2 are fiber optic circulators, and TOF is a 
tuneable optical fier. 


fiber Raman oscillator. L; and Lp are lenses or objectives. The 
output collimating lons Lz and the fiber end are mounted on a 
translation stage to control wavelength selection by ime delaying 
the re-entrant Stokes pulse. 
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Applications 


Raman lasers have found a large variety of appli- 
cations. Gas and liquid Raman lasers are fundamen- 
tal tools for spectroscopic investigation. Solid-state 
Raman lasers have been shown to be very powerful, 
eye-safe sources for light detection and ranging 
(LIDAR) and medical applications. Fiber Raman 
lasers are exploited for long-haul fiber optics trans- 
mission. They can be either sources of short pulses 
and solitons or high-power continuous-wave sources 
at multiple wavelengths for subsequent link-distrib- 
uted Raman broadband amplification. 


List of Units and Nomenclature 


Amplification gain [dimensionless] 


Efficiency [dimensionless] 
Energy ii 

Frequency [Hz] 

Intensity [Wm] 
Length [rm] 

Loss coefficient [mt] 

Power [W] 

Raman bandwidth [Hz] 

Raman gain [mW'] 


[dimensionless] 
[m] 
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Introduction 


When an intense beam of light with axial symmetry 
propagates in a medium possessing a nonlinear index 
of refraction, it will induce its own lens in the medium 


and be focused. This phenomenon, first discovered 
just a few years after the invention of the laser, is 
called self-focusing. It is one of many phenomena 
under the general classification of self-action, which 
includes such effects as self-trapping, self-bending, 
self-phase modulation, and self-steepening. This 
general class of phenomena involves action on the 
beam of light induced by the beam itself: light causes 
a change in an optical property of the medium, which 
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in turn produces an effect back on the light beam, We 
will discuss the mechanisms responsible for self- 
focusing in nonlinear optical media and the resultant 
action on the optical beam, In this we will see how the 
topics of self-trapping and self-phase modulation are 
intimately connected to self-focusing. This will lead 
to a discussion of related effects as well as many 
potential applications. 

It is instructive to first review the properties of a 
conventional thin lens, illustrated in Figure 1. By 
‘thin’, we mean that just before and just after the 
lens, the beam size and shape are approximately the 
same. However, the phase of the optical wave is 
changed on passage through the lens, We apply the 
paraxial (aberrationless) approximation where only 
rays that lie near the lens axis are considered. In this 
treatment the spherical surfaces of the lens are 
approximated as parabolic surfaces. For a symmetric 
double-convex lens (as shown in Figure 1), this phase 
change is 


Ae = kor DE = = Fp 


2 
taqn- = 

fl=a-dE i 

where n is the index of refraction of the lens 


material, and R is the radius of curvature of the lens 
surfaces. The light beam has a wavevector k = ofc, 


Conventional lens 


lint 


it 


GRIN tens 


Nonlinear sel-focusing lens 


Figure 1 Focusing with a conventional lens, a graded.index. 
(GRIN) lens, and a nonlinear sel-locusing lens. 


where wis the frequency and c the speed of light in a 
vacuum, The phase retardation is a maximum on the 
lens axis(z)and decreases quadratically with the radial 
coordinate In other words, the phase advances 
quadratically with distance from the axis and 
forms a spherical, converging wave that comes to 
focus on the z-axis a distance f (the focal length) from 
the lens. 

‘Next consider a graded-index (GRIN) lens, also 
illustrated in Figure 1, This is a flat slab of material 
with thickness Land an inhomogencous index of 
refraction given by m(r) = mq(1 — 1/2a7r*). The index 
has a maximum (no) on the lens axis and decreases 
quadratically with radial distance from the axis. The 
constant ais a measure of the rate of the index change 
with r. Upon passage of light through a GRIN lens, 
the phase change is 


P 
Tz 


Ag(r) = —knge?L. 


Because of the parabolic nature of the index 
distribution, the phase retardation again decreases 
quadratically with r and thus forms a converging 
spherical wave. Notice that for both the convention- 
al and GRIN lenses, the optical thickness of the lens 
is parabolic. In the conventional lens the index is 
constant, but the physical thickness varies continu- 
ously. In the GRIN lens, the physical thickness 
remains constant while the index varies continu- 
ously. Both produce the same kind of focusing 
action. 

Finally, consider a flat slab of homogeneous 
material that has a nonlinear index of refraction. 
Light of intensity I induces a change in the refractive 
index given by An= mI. The parameter m is called 
the nonlinear refractive index coefficient and has 
physical units of cm” W~!. There are other definitions 
of mt given in the literature where the index change is 
given in terms of the square of the electric field, which 
would obviously have different physical units. We 
will adopt the intensity form of nz in this discussion. 
We now assume the light incident on this slab is a 
plane wave with a Gaussian intensity distribution 
given by I(r) = Ip exp(—2r ho”) as shown in Figure 1, 
Inis the peak intensity along the z-axis, and w is the 
radius of the beam at I/e* of the peak intensity. 
Consistent with the paraxial approximation, we 
expand the exponential function, keeping only the 
first two terms, to yield I(r) = Ig(1 — 2r°/w*), 
parabolic approximation to the intensity is sketched 
as the dotted curve in Figure 1. The index distribution 
induced in the medium by the intensity approxi- 
mately follows this parabolic shape, and the resultant 


178 NONLINEAR OPTICS, APPLICATIONS / Self-Focusing and Related Effects (Solitons and Multiphoton Absorption) 


phase change is 


Bp. 
x 


Ag(r) = —k4nglyp =. 


Anglol. 


fis 


Note the similarity to the GRIN lens, with the 
association of the peak index mm —+ mln, and a? — 
4fw?, We can say that the nonlinear medium acts like 
a GRIN lens with an intensity-dependent focal length. 
However, this correspondence is only accurate within 
the parabolic approximation, and the nonlinear lens 
can introduce significant aberrations to the focal 
properties of the full beam. 

In the paraxial approximation, the conventional, 
GRIN, and nonlinear lenses all have the same effect 
on an incident beam of light. Although we have 
considered only plane parallel incident waves, it 
should be obvious that the GRIN and nonlinear 
lenses will produce analogous effects on converging 
and diverging wavefronts as the conventional lens. 
The effect of a stack of nonlinear lenses in an optical 
train can also be analyzed in the same way asa stack 
of conventional lenses, with the exception that the 
focal length of each lens will depend on the local 
intensity and hence size of the beam, Finally, we note 
that if we change the sign of R, a*, or 2, we obtain a 
negative focal length. This is a diverging lens, and 
in the nonlinear optics realm the effect is called 
self-defocusing. 


Nonlinear Index of Refraction 


The concept of an intensity-dependent refractive 
index has its roots in the power series expression of 
the nonlinear dielectric polarization P in terms of the 
electric field E of the optical wave, which in its 


simplest form is 


4D y) 


P= og( XE + DYE? + 


Seo( YP EDOVMELD VE + JE A] 


where" (m= 1,2,3...) is called the m-th order 
susceptibility. The quantity D? is called the degen- 
eracy factor and is 3 for m= 3 in the self-focusing 
case. This leads directly to the definition of a 
nonlinear susceptibility y(E). All materials have 
first- and third-order susceptibilities, Centrosym- 
metric materials (e.g, gases, liquids, cubic crystals) 
do not possess a second-order susceptibility. Here, we 
a and briefly 


will consider only centrosymmetrie me 
discuss second-order materials later. 

The refractive index is m= [1+ x(E)]. Conse- 
quently, the linear index (small electric field) is 
ry = (1+ x)", The leading nonlinear term in 
ME) is generally small. Expanding the square root 
in a binomial series, the first nonlinear term in the 
refractive index can be approximated by 3y"E/2m 
Since I = ZegnocE*, we see that 


n= ng tml 15] 
where my =3y/4eqnfc.  Third-order (cubic) 
materials that exhibit an intensity-dependent refrac- 
tive index described by eqn [5] are called Kerr or 
Kerrlike. 

Several physical mechanisms produce a refractive 
index of the form given in eqn [5]. A list of the 
significant ones is presented in Table 1. We emphasize 
that these mechanisms lead to eqn [5] over a limited 
range of intensity. For example, in materials where 
the main mechanism is electronic state population 
redistribution, when the incident intensity becomes 
comparable with the saturation intensity, the index 
begins to saturate (i.c., the change of index with 


Table 1 Physical mechanisms responsible for the nonlinear index of refraction 


‘Mechanism 


Typical ns (em? W~') 


Typical sign Typical response time (seconds) 


eo 


10 


Electronic polarization 
Molecular oriantaton 
Isotropic liquids 
Liguid crystals 
Electrostriction 
Population redistribution 
‘Atomic vapors (w below resonance) 
‘Atomic vapors (w above resonance) 
‘Semiconductors 
‘Band filing (semiconductors) 
Exciton saturation (quantum wells) 
‘Thermal 


+ 10 


4 10" 
+ ~10 
+ 10-8 
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intensity hecomes sublinear). The simple expression 
in eqn [5] no longer applies. These types of effects can 
be important and will be discussed later. Finally, we 
mention that other mechanisms exist that produce 
self-focusing related effects, but they are not Kerr-like 
and will be briefly discussed later. 

‘We learn from Table 1 that values of mp range over 
several orders of magnitude. High-intensity lasers are 
required to observe the effects of small optical 
nonlinearities. Hence pulsed lasers are often used in 
self-focusing applications, Laser pulse widths can 
generally range from 100s of nanoseconds to 10s of 
femtoseconds. Consequently, one must keep in mind 
the response time of the mechanism/material when 
analyzing experiments. If the pulse width is long 
compared to the response time, a quasi-steady-state 
self-focusing regime results. If the pulse is too short, 
transient effects will appear. Also, as one goes to longer 
response time mechanisms, lower intensities can 
he used. In some cases it is even possible to use ew 
lasers. 


Self-Lensing 


Thin nonlinear media can be employed in self-lensing 
applications, where self-focusing is used to modify 
the far ficld properties of a beam, just as a 
conventional lens would do, but with effects de 
dent on the beam intensity. Gaussian beams are 
usually employed in the paraxial approximation. 

A popular technique employing this effect to 
measure the magnitude and sign of 7 is the Z-scan. 
A typical experiment is illustrated in Figure 2. A thin 
nonlinear medium is scanned axially between a 
focusing lens and an aperture in the far field. Consider 
a material with positive m. When the sample is close 
to the lens the intensity is too low to induce significant 
self-lensing. As the sample approaches the focal point 
of the lens, the intensity rises and a positive self-lens is 
induced that focuses the beam more strongly. This 
displaces the focus to the left, causing the beam to 
spread out more in the far field and less power to pass 


‘Scan direction (Z) 


through the aperture. As the sample passes to the 
right of the focal point, the positive self-lens reduces 
the divergence of the beam so that more power is 
passed through the aperture. Near the focal point the 
self-lens is strongest, but a thin lens at this point has 
no effect on the beam passing through the far-field 
aperture. The measured aperture transmittance as a 
function of scan-position Z is sketched in Figure 2. 
The peak and valley of this dispersion-shaped curve 
will be interchanged for a negative m2. For a small 
aperture and fixed power of the laser, the difference 
between the peak and valley transmittance is 
proportional |]. 

The same experimental configuration is also 
popular for measuring small absorption coefficients 
or thermo-optic coefficients (dn/dT <0 for most 
materials). Under steady-state conditions (ew 
beam), the thermal my is given by 


ar dn ie 
scar [6] 
where @ is the absorption coefficient, ris the thermal 
diffusion time, p is the mass density, and C is the 
specific heat. This technique is extremely sensitive 
and can easily be observed, for example, with a 
~1 mW laser pointer and a 1 cm cuvette filled with 
minute quantities of ink or food coloring dissolved in 
methanol. 

This combination of self-lensing and a hard 
aperture has also been put to use in devices. One 
such device is the optical power limiter. A typical 
configuration is similar to the Z-scan experiment in 
Figure 2, with the sample fixed near the lens focal 
point, Thick media in the focal region have also 
been used. At sufficiently low optical power, the 
medium acts like a flat window. As the input power 
rises, self-lensing sets in and spreads the beam out at 
the aperture, limiting the transmitted power. The 
higher the incident power gets, the more the beam 
spreads. The result is a transmitted power that is 
clamped below a preferred level. Thermal lensing 
has been used for ew beams, while positive Kerr 
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Figure 2 AZ-scan experiment. The transmittance through the aperture asa function ofthe postion (Z) ofthe thin nonlinear mecium is 


sketched at the right 
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self-lensing has been employed for Q-switched 
lasers. 

A less obvious but very important application of 
this configuration is for mode-locking lasers 
(see Figure 3). Mode-locking is a coherent phenom- 
enon that locks the relative phase of multiple 
longitudinal modes in a laser having a broadband 
gain profile, These stabilized modes interfere to form 
a train of short pulses with pulsewidth inversely 
proportional to the gain bandwidth. A common 
technique for passively mode-locking a laser is to 
insert a saturable absorber into the laser cavity. 
Assaturable absorber blocks low-power light, keeping 
the round-trip gain below the oscillation threshold, 
but transmits high-power light as the absorption 
coefficient saturates. Thus the mode-locked condition 
is favored for gain and oscillation since the peak 
power of the pulses is high. It turns out that transverse 
spatial modulation, due to self-focusing combined 
with an aperture, can produce the same type of effect 
in a laser cavity. The laser rod acts as both the gain 
medium and nonlinear lens. For example, titanium: 
sapphire (Ti:Al,O3) has m= 3% 10° '* cm? Wo). 
Thus, in a Ti:Al,O3 laser the rod produces self- 
lensing that modifies the beam shape propagating 
through an intracavity aperture. The loss due to the 
aperture is intensity dependent, as in the Z-scan. 
Therefore, the net round-trip gain of the cavity is low 
for low-power but high for high-power pulses, and 
the mode-locking condition is fulfilled. These types of 
lasers are called Kerr lens mode-locked (KLM) lasers. 
KLM lasers are generally not self-starting, but can be 
self-sustaining. They, therefore, require some active 
means of starting the mode-locking. Ultrashort pulses 
{<100 fs) have been obtained with a ew KLM 
Ti:AlO5 laser. For pulsewidths this short, the simple 


lor Gain medum Saturable absorber Output coupler 


Eiji 


‘Absorber prevents 
light oscilation/gain 


quasi-steady-state self-focusing picture is not entirely 
adequate to describe the dynamics. Other factors, 
such as group-velocity dispersion (GVD) and self- 
phase modulation (SPM), must be considered, More- 
over, since the laser rod is typically several millimeters 
long, it is more appropriate to model it as a thick 
rather than a thin nonlinear lens. 


Beam Trapping 


When an intense beam propagates in a thick non- 
linear medium, a question arises as to the ultimate 
fate of the beam. A possibility that has intrigued 
researchers for a long time is diffractionless propa- 
gation of a beam over long distances. In other words, 
self-focusing exactly balances diffraction to force the 
beam into a nonlinear waveguiding mode. This 
phenomenon is called beam trapping or self-trapping. 
A simplified analysis of a uniform beam captures the 
essential physics (see Figure 4). The refractive index 
inside the beam is higher than outside by eqn [5]. 
Therefore, light incident on the ‘interface’ at the edge 
of the beam can experience total internal reflection if 
its angle of incidence exceeds the critical angle, 
dependent on the value of the nonlinear index. If 
the complement of the critical angle matches the 
diffraction angle of the beam, the beam is trapped in 
its own self-induced waveguide. The critical power 
P21 at which this occurs is given in Table 2. The 
condition for beam trapping is independent of beam 
size since both diffraction and self-focusing depend 
on beam area, and these size effects cancel. 

‘A detailed solution of the wave equation for a 
Gaussian beam using the parabolic approximation 
yields a slightly different critical power .,1, also 
given in Table 2, Numerical analyses of the wave 
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High loss, below threshold, not mode-locked 
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High peak power pulses 
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Figure 3 Laser mode-locking using a saturable absorber (left) and seltlensing in combination with an intracavity aperture (right) 
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Figure 4 Selt-trapping consitions fora uniform beam of intensity 
Jand width 2w in a Kerr mecium, 


Table 2. Ciitical power for beam trapping (collapse) 


Gaussian beam 
(parabolic approximation) 
Gaussian beam 
(whole beam’ collapse) 


‘Townes soliton, lower bound 
for arbitrary beam shape 


‘Arbitrary beam (upper bound)* 


*GIf| defined intext 


equation for a whole Gaussian beam have shown for 
incident power such that Pea <% < Acq the beam 
comes to a ‘soft? focus and then diffracts (partial 
beam focusing), but for ? > Azz the whole beam 
catastrophically collapses (i.e., the beam approaches 
a singularity). Catastrophic self-focusing has been 
observed experimentally, but as the beam collapses 
the intensity becomes so large that additional non- 
linear effects, such as multiphoton absorption and 
stimulated Raman scattering, come into play. The 
effects rob the beam of energy and terminate the 
collapse. At this stage the beam will then spread by 
diffraction. 

A more rigorous analysis of this problem is 
obtained by examining the nonlinear wave equation 
in the slowly varying amplitude approximation 
(propagation along ), but including the transverse 
variation of the wave. If the electric field of the optical 
wave is of the form E(t) = A(r) explikz), where now 
k= ngule, then the wave equation can be written as 


A+ 4eonsck™lAPA 


o om 


where the transverse Laplacian V3 is 
@/ay? in rectangular Cartesian coordinates, or 


a¥ar? + (Linalar in cylindrical coordinates (assum- 
ing azimuthal symmetry). This equation is known as 
the nonlinear Schrodinger equation (NL 
xhw, 7 


normalized coordinates é 


»)!A, eqn [7] takes the normalized 
form of the NLSE: 


Is} 


Fra ap pip 
A waveguiding (i.e., diffractionless) solution of the 
form WAé,p) = expliQRip) exists for eqn [8], where 


Rip) is a solution of 


VIR-R+R*=0, R(O)=0, R(oy=0 19} 


R(p) is known as the Townes soliton. It has a radial 
profile similar to a Gaussian but differing in fine 
detail. Since the Townes soliton exactly balances 
diffraction and self-focusing, it carries a critical 
power Peer given by the expression in Table 2. For 
comparison, (1.22)°/8 = 1.83624. Therefore, Perr 
and P.,3 differ by only about 1%, However, the 
Townes soliton is unstable. An analysis of the 
solutions of the NLSE shows that a beam will not 
catastrophically collapse (i.e., its intensity will not 
blow up) if its power is less than Pees Thus Perr 
forms a lower bound for the critical power. An upper 
bound can also be found from analysis of the NLSE. It 
depends on the input beam profile [up, 0) o< f(p)| and 
is given as Az3 in Table 2. The quantity Gif] 
characterizes the input beam profile and is given by 


2 J IfP dp f IAP ede 
JifPede 


For example, a Townes soliton, a Gaussian beam, and 
a hyperbolic secant beam yield G = 1.86225, G=2, 
and G = 1.86257, respectively. Thus, if the beam 
power is such that Pars? S Pc, the beam may 
collapse, but it will definitely collapse if ? > P.,3. 
We note that if the input beam is elliptical, with 
ellipticity e = bla (where a and b are the semi-major 
and semi-minor widths, respectively), then 


(os+02! er 


This expression is accurate to within 1.5% of 
numerical simulations of the NLSE, and also holds 
well for Gaussian input beams. 

The conclusion is that there is no stable self-trapped 
(2+1)-D beam (two diffracting dimensions, one 
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propagating dimension) in a Kerr medium, The beam 
will diffract, blow up in a finite distance, or go 
through a single focusing—defocusing eyele. For an 
incident plane wave, the distance from the input plane 
to the blowup point is (assuming a Gaussian input) 
0.369 mw/A 
(PP a2)” — 0.858 
holds 


cy 112] 


where the approximation well for 
P>1LX Perr. 

Why, then, does self-trapping appear to occur in 
Kerr media? Time integrated photographs show what 
appears to be the formation of a filament, and laser 
damage tracks in solids follow the shape of a self- 
trapped filament. This can be explained in terms of 
the moving focus model. In the quasi-steady-state 
approximation, each time slice of the pulse comes to 
focus independently at different times and positions. 
Figure 5 shows a series of snapshots of a Gaussian 
spatial and temporal pulse (assume axial symmetry), 
where the peak power of the pulse is greater than 
Pa. Slices of the pulse with ? > Pa will come toa 
focus at a finite distance z(#), which can be 
approximated by eqn [12]. The time at which that 
focus appears is determined by the time it takes for 
that slice of power ? to propagate to the input plane 
(c=0) plus propagate to (). As illustrated in 
Figure 5, slice 1a takes the minimum time to come to 


a focus. Ata later time slices 2a and 2/ come to focus 
simultaneously but at different positions, 2a to the left 
and 2! to the right of 1a, since A(2a) > (1a) and 
P(2!) < (1a). The solid curves in the left of Figure § 
are the trajectories of the beam rays showing where 
each slice will come to focus. Slice 2b, having the 
same power as 2a, comes to focus at the same position 
as 2a, but later in time, and so on. The original focus 
thus ‘appears to split in two, with one branch 
propagating forward and the other backward. The 
backward branch comes to a turning point when slice 
4 of maximum power in the pulse center comes to 
focus, then propagates forward as time slices in the 
back part of the pulse come to focus. The motion of 
the foci traces out the U-shaped curve shown to the 
right in Figure 5. The time-integrated picture that 
appears like a filament is thus just the tracks of 
moving foci. 

The question remains, do conditions exist under 
which stable self-trapped beams can form? The 
answer is yes, and these types of beams are called 
spatial solitons, The (1+ 1)-dimensional NLSE 
admits the fundamental spatial soliton solution: 

A(x, z) = Apsech(x/w) exp(iz/2kw*) 
1 113) 
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Figure 5 Moving focus model of apparent flament formation by quasi-steady-state sel-focusing of a pulsed Gaussian beam. The 
series of snapshots on the lft illustrate when and where differant tia slices ofthe pulse came to focus. The tracks of moving foci trace 


fut the curve shown on the right. 
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The wave given by eqn [13] propagates along z with a 
constant width w along the x-axis. Such a (1 + 1}-D 
soliton can be formed in a slab waveguide, as 
illustrated in Figure 6, consisting of a nonlinear thin 
film deposited on a linear slab, where the wave is 
confined along y but can diffract along x. These types 
of solitons have been confirmed experimentally and 
shown to be quite robust. They are stable against 
perturbations and propagate as a self-induced wave- 
guide. Since a soliton changes the refractive index 
where it propagates, it can also attract and guide 
other beams. The interactions or ‘collisions’ of 
solitons are an active area of current research. 
Intriguing potential applications include all-optical 
reconfigurable interconnects for telecommunications 
and optical computing hased on the properties of 
soliton collisions. 

Although (2+ 1)-D spatial solitons are not 
stable in ideal Kerr media, they can be in Kerr- 
like media with a saturating nonlinearity. For 
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Figure 6 Spatial solton propagation in a nontinear slab 
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example, a two-level saturable absorber (e.g. an 
atomic vapor) at a wavelength tuned above the 
natural absorption frequency will exhibit a positive 
Kerrlike response at low intensity (<I), but 
then saturates as (1 +I/I,,)”' for I ~ I,y, or larger, 
where I,g, is the saturation intensity. This can form 
a stable trapped beam, as was first reported in 
1974 for a cw laser in Na vapor, because as the 
beam self-focuses and the intensity rises, the 
nonlinear index levels off asymptotically until a 
balance between diffraction and focusing is 
reached. This type of situation is stable against 
perturbations, but may undergo almost periodic 
focusing—defocusing cycles. 

Spatial solitons employing mechanisms other than 
the Kerr nonlinearity are also being vigorously 
studied. One of these is the photorefractive effect. 
An illustration of the generation of a slab soliton is 
shown in Figure 7. A Gaussian beam is focused to a 
line (e.g., by a cylindrical lens) and propagated as an 
extraordinary wave along the optic (z) axis of a 
uniaxial photorefractive crystal. A de electric field is 
also applied along z. Charge carriers are generated in 
the slab beam by photo-ionization of dopant atoms 
and drift in the de field. The lower resistivity in 
this region causes the voltage drop to be smaller 
and hence the field to be lower. The field induces a 
refractive index change by the Pockels effect 
(An=—nglryEl2, where re is the effective 
Pockels coefficient and 1g is the background index). 
The index change is negative, but is reduced in 
magnitude where the field is lower. The index 
change depends on the local intensity, and the 
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Figure 7 Mechanism of slab soliton formation in a phatoretractive materia. 
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photorefractive mechanism produces an effective 
saturable self-focusing nonlinearity. (There are a 
limited number of charge carriers, and the field 
cannot be reduced below zero.) This produces a 
waveguide that traps the slab beam, which then 
propagates without spreading. Thus the photorefrac- 
tive soliton is stable. This effect can be observed with 
milliwatt-level cw lasers, but the space-charge field 
takes time to build up to a steady state (typically of 
the order of seconds). Needle (circularly symmetric) 
solitons have also been observed by launching a 
TEMoo Gaussian beam in a photorefractive crystal, 
but the theoretical description is not as simple. Other 
types of spatial solitons and other mechanisms have 
been explored using the photorefractive and photo- 
voltaic effects. The reader is referred to the literature 
for a more in-depth discussion. 

Another mechanism useful for soliton formation 
is cascaded second-order (quadratic) effects. This 
includes such phenomena as second-harmonic 
generation (SHG) and other frequency conversion 
processes. Consider SHG with imperfect phase 
matching. (The reader is referred to other articles 
discussing harmonic generation and phase match- 
ing.) A fundamental (F) wave generates its second 
harmonic (SH), but because of dispersion mw), 
the two waves travel at different phase velocities. 
The SHQ2o) beats with the F(w) wave to generate, 
via the second-order nonlinear polarization, 
another wave at w that adds to the incident F 
wave. This produces a net phase shift of the F wave 
that accumulates continuously as the waves propa- 
gate together and periodically exchange power; this 
is called cascading. In the nondepleted pump 
approximation, this phase accumulation can be 


expressed as 
af) i 
[14] 


where yj) is an effective second-order susceptibility 
(dependent on crystal symmetry, polarization vectors, 
and propagation direction), Ak = 2k(w) — k2w) 
is the phase mismatch, I is the intensity of the F 
wave, and ng is the approximate refractive index 
for both F and SH waves. Although not due to a 
refractive index change, this phase change produces 
a self-focusing effect for a bell-shaped intensity. 
For a small enough pump intensity or sufficiently 
large phase mismatch, an equivalent », can be 


approximated by 
oi 

1 TOE Us] 
Note that the sign of ms depends on the sign of Ak. 
For I ~ (Ak/2«)* or larger, eqn [15] is not valid and 
eqn [14] must be used. Note that the equivalent index 
change is then sublinear with respect to I, and soliton 
formation is stable. When pump depletion cannot be 
ignored, the F and SH coupled-wave equations must 
be solved numerically to analyze soliton dynamics. 
Figure 8 illustrates the difference between a beam 
diffracting normally and a diffractionless quadratic 
soliton, When an F beam is launched in a nonlinear 
medium, it does not immediately form a soliton, but 
evolves into one, shedding some energy in the process. 
Note that this soliton does not consist of a single 
frequency beam, but depends on the nonlinear 
coupling between the a and 2a-waves that continu- 
ously exchange energy as the beams propagate. 
For this reason, these solitons are called simultons. 


Self-Focusing in Space-Time 


The moving focus model describing the self-focusing 
of optical pulses becomes inadequate when dispersion 
effects must be included. This is true in the case of 
ultrashort pulses (typically ~100 fs or less). To 
properly describe the propagation of a pulse with 
group velocity vg, eqn [7] must be modified by 
dAlez— [z+ (1/e,)8/at]A, In addition, to include 
the effects of GVD, a term —k)k(a Afr) is added, 
where ky =(ah/aw*) is the GVD coefficient. For 
anomalous GVD, k; <0. Taking this to be the case 
and defining another normalized coordinate r= 
(t-2lv,)/(UkIk)!1w, the normalized NLSE (eqn [8]) 
becomes 


au 

gt 

Note the complete symmetry in eqn [16] between the 
transverse space (£ 7) and time (r) variables. There is 
thus a correlation between diffraction (space) and 
dispersion (time). The corresponding phenomenon 
to self-focusing is self-phase modulation (SPM). This 
effect denotes the additional phase retardation 
experienced by a pulse in a Kerr medium due to its 
time-dependent intensity: Ag(t) = —(ap/e)mlit)z, 
where wp is the center (carrier) frequency of the 
pulse. SPM produces new frequencies (dg/dt) that 
are red-shifted on the leading edge of the pulse and 
blue-shifted on the trailing edge. The frequency shifts 
in a self-focused filament can be quite sizeable and 
create a large continuum (a white light pulse) that 
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Figure 8 Comparison of normal beam propagation to simuiton propagation ina quadratic nonlinear medium. Ina simulton, the F and 
SH waves periodically exchange energy as they co-propagate in the medium, 


can be used for ultrafast spectroscopy. In a medium 
with normal GVD the pulse spreads in time because 
blue frequencies in the trailing edge travel slower 
than red frequencies in the leading edge. However, 
for anomalous GVD the opposite is true, and the 
pulse can ‘focus’ or collapse in time. 

The simultaneous spatiotemporal collapse of a 
beam of ultrashort pulses leads to the consideration 
of (3+1)-D soliton generation, where the third 
‘transverse’ dimension is time. While the NLSE 
leads to unstable solitons for transverse dimensions 
>, a saturating nonlinearity could possibly bound 
the collapse and lead to the formation of stable, 
diffractionless, dispersionless pulses. These types of 
pulses are called light bullets. Light bullets have a 
particle-like nature and display many interesting, 
exotic properties that could lead to ultrafast 
switching rates for optical digital logic systems in 
telecommunications and computing. 

‘The saturable nature of self-focusing in quadratic 
nonlinear media makes them natural candidates in 
the search for light bullets, and (2 + 1)-D spatiotem- 
poral simultons have been observed in crystals of 
lithium iodate. The drawback of ultrashort pulse 
simulton generation in quadratic media is the added 
complications of requiring anomalous GVD at both w 
and 2w, and dealing with the effects of group-velocity 
mismatch (GVM). The phenomenon of GVM 
involves the different group velocities of the F and 
SH pulses, which makes them walk away from one 


another. Without the physical overlap of these two 
pulses, the simulton will cease to exist. By tilting the 
amplitude front of the pulses with respect to their 
phase fronts, it is possible (over a limited distance) to 
compensate pulse walkoff due to GVM with spatial 
walkoff due to the birefringence of the quadratic 
medium, Accomplishing this, however, requires the 
beam to be in the form of a narrow stripe, and the 
propagation distance over which pulse overlap is 
good is greater for a longer stripe. This can be 
achieved by focusing a beam onto the medium with a 
cylindrical lens, The simulton then propagates 
without a change of width temporally or spatially 
(in 1-D). This is not a light bullet, however, because 
the confinement is not in all three dimensions 
The elliptic nature of the diffraction-dispersion 
operator in eqn [16] makes pulse collapse a possibility 
in nonlinear media with anomalous GVD. With 
normal GVD, the operator is hyperbolic. For such a 
medium, it has been predicted and observed that 
instead of collapsing, a self-focused pulse in a Kerr 
medium will split in time. Since the red-shifted 
frequencies generated at the front of the pulse travel 
faster than the blue-shifted frequencies produced at 
the back, the front of the pulse separates from the back 
part. Collapse of the pulse, as well as self-trapping, is 
not favored under conditions of pulse splitting. 
Given this property of the NLSE, it is somewhat 
surprising that the reportedly first observation of light 
bullets was in a quadratic medium with normal GVD. 


186 NONLINEAR OPTICS, APPLICATIONS / Self-Focusing and Related Effects (Solitons and Multiphoton Absorption) 


Focusing a beam of Gaussian profile in both space 
and time near the entrance to a lithium triborate 
crystal under the condition of a large positive phase 
mismatch, the pulses propagated without spread 
temporally or spatially (2D) over a distance 
~20 mm (the length of the crystal). However, the 
pulse did not retain its shape, but evolved into a 
so-called *X-wave’, or X-shaped soliton, A generic 
X-shaped soliton (or, strictly speaking, simulton) is 
shown in Figure 9. The pulse has a conical (clepsydra, 
or hourglass-shaped) 3D structure with a central 
hump and slowly decaying conical tails. Interestingly, 
an X-shaped pulse has been shown to propagate 
without spreading in a linear optical medium 
exhibiting normal GVD. But such a pulse must be 
specially contrived at the input and may be impossible 
in many cases. In a quadratic nonlinear medium with 
normal GVD, the X-shaped light bullet appears to 
form spontaneously. The physics of this evolution lies 
buried in the coupled wave equations for the 
fundamental and second harmonic. In the strong 
phase-mismatched SHG process, weak perturbations 
in the waves at specific spatial and temporal 
frequencies can grow exponentially. The hyperbolic 
nature of the diffraction-dispersion operator with 
normal GVD leads to amplification of conical wave 
perturbations with frequencies approaching that of the 
X-wave. This amplification of the proper frequency 
components acts as a trigger that drives the evolution 
of the Gaussian spatiotemporal input pulse into the 
X-wave. This basic shape has been confirmed in 
experiments that outline the spatiotemporal intensity 
profile of the pulse exiting the rear of the crystal. 
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Figure 9 Generic shape of an X-wave light bullet as a function 
of space and retarded time (t — 2/v,) coordinates. The light bullat 
has radial symmetry. 
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Other Related Effects (Multiphoton 
Nonlinearities) 


At this point we should note that the susceptibility 
is frequency dependent. Optical waves couple 
principally to bound electrons, which can only 
occupy discrete energy levels. When the photon 
energy fw is nearly resonant with a difference 
between these energy levels, the dielectric response 
of the medium is enhanced. This well-known 
property of linear optics, accounting for absorption 
of light as well as normal and anomalous dis- 
persion, is also applicable in nonlinear optics. The 
third-order susceptibility is actually a complex 
number. A sketch of its real and imaginary parts is 
given in Figure 10, the real part relating to m:. The 
imaginary part is associated with optical loss, if 
positive, or gain when it is negative. In the present 
case the frequency dependence of the susceptibility 
displays a resonance (ic., peak of the imaginary 
part) at a frequency @ = 2w. Referring to Figure 10, 
when the optical frequency is significantly less than 
wy, the imaginary part of x is small compared to 
the real part and nonlinear refraction dominates. 
However, when the frequency is comparable to wn, 
the resonance at 2wy plays a major role. The real 


part of y*) is resonantly enhanced, but the 
imaginary part signifies loss: two photons are 
simultaneously absorbed. This is called two-photon 
absorption (2PA). The intensity-dependent absorp- 
tion loss per unit length is given by ay/, where ay is 
called the two-photon absorption coefficient (often 
designated by ) and has physical units of cm W~', 
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Figure 10 Sketch of the real and imaginary parts of the 
frequoncy-depandent third-order susceptibility y") ilustrating a 
two-photon resonance. 
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In many materials at a variety of optical frequen- 
cies, 2PA will naturally accompany self-focusing. 
Since these two phenomena are both intensity 
dependent, while one decreases the intensity and the 
other increases it, there is an obvious interplay 
between the two, We illustrate the effect of 2PA in 
Figure 11 by comparison of the phase retardance of a 
Gaussian beam (in the parabolic approximation) with 
and without 2PA in a ‘thin’ medium, for which the 
size of an optical beam is nearly constant (diffraction 
ignored). Obviously, Ag(r) does not reproduce the 
parabolic shape when strong 2PA is present. Actually, 
it is possible to haye multiphoton absorption (MPA) 
of m photons with corresponding coefficient a, 
(related toy"). The effects of 3PA and 4PA are 
also shown in Figure 11, 2PA, or more generally 
MPA, distorts the phase and modifies the focusing 
properties of the beam. This shows up in the Z-scan, 
for example, as a distortion of the dispersion-like 
transmittance curve: the valley is deeper and the peak 
is suppressed. 

The reason for this phase distortion is that 
nonlinear absorption changes the shape of the beam: 
absorption is stronger where the intensity is higher. 
For MPA, the intensity at position z ina thin medium is 


= 1,0) 71 


[ + (m = Vay lr, 0): 


Ter, 


The other obvious effect of MPA is that it reduces the 
strength of self-focusing since it robs power from the 
beam. The interplay of the two effects shows up more 
in thick media where the beam can diffract and change 
size. When self-focusing is dominant at the front of the 
medium, the intensity will start to blow up asthe beam 


collapses, but the intensity becomes so large that MPA 
becomes much stronger. This robs energy from the 
beam and can stop or reverse the collapse. When MPA 
is dominant at the start, the beam will still self-focus, 
but MPA flattens the beam in the center causing the 
edges of the beam to experience dramatic diffraction 
effects; for example, a ring structure can develop. 
The intensity of a self-focused filament can be quite 
high. Ata level ~10"! W cm ~* or higher, it is possible 
for MPA to lead to multiphoton ionization (MPI) of 
the medium. This is illustrated in Figure 12 where the 
absorption of m photons promotes an electron 
from the ground state to the continuum in a gas, 
or from the valence band to the conduction band in 
a solid. The ionization rate is o,,1”, where m depends 
on the optical frequency and the ionization potential 
cof the material. For example, at a wavelength of 
810nm, m=11 for nitrogen and oy, = 5.08 
10° 5-1 em Wo! We note that for intensities 
larger than ~10"* W cm~?, the dominant ionization 
mechanism is tunneling, where a ‘quivering’ electron 
has sufficient energy to tunnel through the coulombic 
barrier. MPI can create a plasma whose optical 
properties depend on the density of free electrons. 
‘The refractive index of the plasma is nonuniform, and 
for w > w, = (N.e*/eom,)"”, the plasma frequency is 
<1; N,,¢, and m, are the electron density, charge, and 
mass, respectively. Hence, plasma formation leads to 
defocusing. Consequently, self-focusing in air (which 
has a positive 7) can lead to plasma formation by 
MPI, and the resultant defocusing can stabilize the 
formation of a self-rapped filament of light propa- 
gating over a distance of meters. These filaments have 
been called ‘gas-induced solitons’. High peak power 
femtosecond pulses are typically used to generate 
these. The pulse width is short compared to the mean 
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Figure 11 The effects of two-, throe-, and fourphoton absorption on the intensity-induced phase retardation due to a Kerr sel- 
focusing nonlinearity. The racial dependence of Ay on MPA in the parabolic approximation is shown on the lft, and the peak of Ayas a 


{function of nonlinear absorption loss is plotted on the right 
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Figure 12. Muliphotan ionization in a gas (lft) and a solid (right) 


collision time of molecules, and the energy is low so 
that plasma heating is negligible. 

The electron density in plasmas induced by MPI in 
gases is typically low enough that absorption by free 
electrons can be ignored. This is generally not the case 
in solids. MPI can provide enough ‘seed? electrons to 
induce avalanche ionization, As illustrated in 
Figure 12, impurities may also supply these seed 
electrons by thermal ionization if they lie within an 
energy ~kxT of the conduction band (ky is the 
Boltzmann constant and T is the temperature). Free 
electrons can absorb electromagnetic energy while 
colliding with ions or atoms (a process called inverse 
bremsstrauhlung) and accelerate in a high-intensity 
field. They strip electrons from other atoms or 
molecules by impact ionization, The process multi- 
plies free electrons and avalanche ionization ensues. 
A plasma forms, absorbs more energy and expands, 
developing a shock wave that can lead to a permanent 
crack in the solid. This phenomenon is called optical 
breakdown. Typically observed with nanosecond and 
picosecond pulses, permanent laser damage of the 
material also robs energy from the beam and 
generally terminates the collapse of a self-focused 
beam, When the electron density is sufficiently high so 
that «, > a the plasma absorbs and scatters light, a 
process that can be put to use in optical power 
limiters. 

Many additional nonlinear phenomena play 
important roles when the intensity of a self-focused 
beam gets this large (c.g., stimulated Raman scatter- 
ing, stimulated Brillouin scattering, ete.), The reader 
is referred to the literature on nonlinear optics for 
more in-depth discussions of these effects. 
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Introduction 


Nonlinear optical three-dimensional_ microfabrica- 
tion (3DM) is a photolithographic technique that 
enables topologically complex 3D microstructures 
with feature size as small as 11m or less to be 
generated in a single exposure step by nonlinear 
photopatterning in a material, In the broadest 
context, 3DM_ encompasses schemes based on 
single-beam serial patterning and parallel patterning 
achieved by multiple-beam interference exposure. In 
both cases, the photopatterning is initiated by 
coherent multiphoton excitation (MPE). The 
material may be a glass, a polymerizable resin, or 
even a heterogeneous composite, such as a resin 
containing dispersed nano-particles. The limiting 
resolution, or the dimensions of the smallest feature 
that can be generated, is determined by the optical 
parameters of the excitation geometry and the 
physical and chemical response of the material 
to MPE. 

3DM offers great promise as a tool for generating 
complex microdevices, such as micro-electromecha- 
nical systems (MEMS), microfluidics, and micro- 
optical components. New frontiers in the technology 
of microdevices require that complex 3D structures 
can be produced in one or more materials that are 
optimized for a target application in terms of 
physical, chemical, and mechanical properties. 
Rapid and versatile fabrication is also essential. 


Extensive work has been done with conventional 
photolithography or electron-beam lithography, and 
more recently using soft-lithography approaches, 
such as microcontact printing. 3DM provides a new 
set of tools that overcomes some of the limitations 


inherent to other methods. 


Single-Beam Three-Dimensional 
Microfabrication 


3D Confinement 


The simplest form of 3DM involves patterning a 
microstructure within a material using a single tightly 
focused laser beam that can activate the medium or 
one of its constituents by two-photon excitation 
(TPE) (Figure 1). The TPE initiates a photochemical 
or photophysical process (e.g., a polymerization 
reaction or a phase change) within the focal volume 
and results in an irreversible change in the material. 
‘The pattern of the target structure is impressed point 
by point as the focus is translated within the volume 
of the material. For some applications the final 3D 
microstructure is obtained when the unexposed 
material surrounding the photopatterned regions is 
removed. In the first report of this type of 3DM in 
1990 two-photon-induced polymerization (TPIP) of 
an acrylate resin was used to fabricate free-standing 
3D micron-scale letters on a substrate (Figure 2). The 
unexposed material does not have to be removed in a 
post-exposnre process when the target structure 
consists of the phototransformed material supported 
within the matrix of the unexposed media, as in the 
case of 3DM of waveguide circuits embedded within 
a host slab. 

3DM is possible because, under tight focusing, TPE 
and the subsequent material transformation are 
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1. TPE patterning 


2. Development 


3. Completed structure 


2 


Figure 1 Genaral scheme for single-beam 3DM based on TPE. (1. TPE patteming): The 30M medium is supported on a substrate 
and translated in 3D-space relative to tightly focused laser beam. The laser transforms the material oly in the region around the focal 
Point through a photochemical or photophysical process inated by TPE. (2. Development): In cases where the final structure is needed 
free from the unexposed material, the sample is treated with a ‘developer’ that removes the unexposed matarial, for example by 
dissolving it in a solvent. (3. Completed structure): Following removal of the unexposed material, the final 9D structure is obtained 


free-standing on the substrate, 


Figure 2. Scanning electron micrograph of a structure obtained 
by TPIP-2DM in an acryiate-ester resin. The excitation wavelength 
was 630 nm. The vexel dwell time was 10 msalong the eters. The 
thin filaments connecting some of the letters are approximately 
100 nm wide. Reproduced from Strickler JH and Webb WW (1990) 
‘Two-photan excitation in laser seanning fuorscence microscopy. 
Proceedings of the Society of Photo-Optical Instrumentation 
Engineers 1988: 107-118. Copyright (1890), with permission 
of SPIE. 


confined at the focus within a volume of ~ (Wg), 
where A and ng are the vacuum wavelength of the 
exciting radiation and the refractive index of the 
material, respectively. Degenerate TPE is a resonant 
third-order nonlinear optical process in which a 
species is promoted to an excited electronic state by 
the simultaneous absorption of two photons of equal 
energy. Relative to conventional one-photon exci- 
tation (OPE), TPE is typically achieved using longer- 
wavelength radiation (often red or near infrared), for 
which the combined energy of two photons is 
sufficient to promote the species into one of its 
lower lying excited electronic states (Figure 3, left). 
The rate of TPE, that is the number of species excited 
per unit volume and time, Rj, , is proportional to the 
square of the intensity, I. For a focused Gaussian 
beam, the on-axis intensity attains its maximum, Io, 
at the focus and decreases with distance from the 


focal plane, z, approximately as Jocz™?, For a 
focused Gaussian beam, the on-axis intensity is 
given by I = Ip/[1 + (z/za)*}, where zp is the Rayleigh 
range of the focused wavefront. Thus, Ic z~ in the 
limit of 22> zg. Consequently, the excitation rate 
decreases as Ry, 0 z~*. Similarly, the excitation rate 
decreases rapidly away from the propagation axis. 
This results in a region of high excitation, and thus 
material transformation, that is tightly confined both 
laterally and longitudinally in space about the focal 
point (Figure 3, right), This situation may be 
contrasted with that for OPE, for which the 
excitation rate, Rj, is linearly proportional to 1, so 
Rip oc z 7, The weaker dependence of Rip, on z 
results in material being excited appreciably through- 
out the irradiation volume, with less longitudinal 
confinement at the focus than is achieved under TPE. 
Similar arguments can be used to describe 3DM 
involving higher-order excitation, for which the 
excitation is confined to an even smaller volume for 
a given A 

The rate for molecular n-photon excitation, Ryjry 
represents the average number of molecules that are 
excited per unit volume per unit time and is given by 


— "Nr" 1 
boy ” 


Rave 
where m is the order of the excitation process, 
4b is Planck's constant, v is the frequency of the 
exciting radiation, @ is a molecular n-photon 


absorption cross-section, which has units of 
fem” s"~" photon“""~")], Nis the number density 
‘of the photo-excitable species [em™*], and I is the 


intensity [W cm *]. The factor of 1/m accounts for the 
fact that 1 photons must be absorbed to promote a 
single molecule to an excited state. Note that o!™ is a 
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(One- and two-photon 
electronic excitation (OPE & TPE) 


Lower excited 


Ground state 


Figure 3. (Left) Jablonski representation of electronic one- and two-photon excitation (OPE and TPE, respectively). (Right) llustration 
ofa 30M medium undergoing OPE and TPE using focused shor- (black) and long-wavelength (dark gray) radiation, respectively. Tho 
rgions that are appreciably excited are shown in light gray. Under OPE the medium is excited throughout the length of the interaction 
volume. Under TPE the excitation is canfined in three dimensions to a small ragion around the facal point. 


molecular parameter that is independent of the 
intensity. The molecular cross-sections for OPE and 
TPE, o"! and @™, are respectively equivalent to the 
parameters o and 6 that are commonly encountered 
in the literature. 

For MPE to occur, the intensity must be sufficiently 
large that there is a high probability of more than 
one photon arriving simultaneously at the species 
to be excited. Typical magnitudes of the OPE and 
TPE cross-sections are! =10°'7cm* and 
= 107 cms photon”!, and under conven- 
tional excitation conditions, Ry,,, < Ryp,. To achie 
R2hy = Riby, 1 = Zhao is required. For the 
cross-sections’ given above, this condition corre- 
sponds to 1 = 500 GW cm? at A= 800 nm. Such 
peak powers can be achieved by focusing ultra-short 
laser pulses, so mode-locked femtosecond- or pico- 
second-pulse lasers are generally used for 3DM. Tight 
focusing in 3DM is desirable then, not only to provide 
a means for 3D confinement, but also to increase the 
intensity to a level that Ry, becomes large enough to 
produce a significant material change. 


Opto-Mechanical Implementation 


One method for implementing single-beam 3DM is 
illustrated in Figure 4. An excitation laser beam is 
directed onto a high numerical aperture (NA) 
objective, A beamsplitter, detector, attenuator, and 
shutter are placed upstream of the objective to 
measure and control the average power at the sample, 
(P). A substrate is coated with the photo-active 


medium and attached to a 3-axis nano/micro- 
positioner under the objective. The interior of 
the photo-active material is patterned during the 
exposure by translating the sample relative to the 
focus of the laser beam and shuttering the beam as 
needed, The process is automated as a computer 
controls the sample translation coordinates and the 
exposure conditions for each volume element (voxel). 
This configuration is well suited for patterning solid 
or semi-solid photo-media, An index-matching fluid 
must be used with high-NA objectives to achieve the 
smallest focal spot size. If the photo-medium is a 
liquid, a coverslip or other thin transparent barrier 
must be placed between the index matching fluid and 
the photomedium so that the latter does not become 
contaminated. 

Alternatively, an inverted configuration may be 
used. Here, the laser is focused through the substrate 
into the medium, The objective and the index 
matching fluid are kept out of contact with the 
medium by the substrate. In this case, the maximum 
depth that can be patterned is limited by at least two 
conditions: (i) The working distance of high-NA 
objectives is small, often no more than 200 um, so 
the substrate must be kept thin (~100 jum); and (ii) 
unless the viscosity of the medium is very high, 
patterning must begin at the medium/substrate 
interface and proceed layer by layer away from it, 
so that the structure remains anchored to the 
substrate. This could be disadvantageous, as the 
change in refractive index in the previously 
patterned layers could alter the intensity distribution 
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Figure 4 Optomechanical setup for single-beam SDM, 


at the focus. In all configurations, it is best to 
minimize the number of optical interfaces to main- 
tain the quality of the focus. 

A scanning confocal microscope system provides a 
convenient platform for single-beam 3DM. The 
nano/micro-positioner can be mounted directly on 
the sample stage of the microscope, and the optical 
components of the confocal system can be used 
directly for 3DM. The confocal system also enables 
the medium and the structure to be imaged in siti 
using confocal reflectance or fluorescence imaging. If 
the material is fluorescent under MPE, a 3D image 
can be obtained by scanning multiphoton fluor- 
escence microscopy. These imaging modes facilitate 
3DM by providing a means for locating the focus at 
an absolute position within the photo-active medium. 

3DM can also be realized by moving the focused 
beam relative to a fixed sample. One convenient 
implementation utilizes galvanometer-driven mirrors 
to scan the beam in planes parallel to the substrate 
(xy-plane). Motion in the z-direction is accomplished 
by raising and lowering the objective relative to the 
substrate. A galvo-based system typically enables 
faster fabrication, but may not afford motion as 
precise as that obtained using a multi-axis nano- 
positioner. 


Excitation Sources 


The most commonly used and arguably the most 
convenient and reliable laser for 3DM is the 
continuous-wave (CW) mode-locked titanium sap- 
phire (Ti:S) laser. Ti:S lasers routinely produce 


sub-100 fs 


high 
(~80 MHz) with single-pulse energies, Ey, of ~I nJ. 


pulses at repetition rates, 


The Ti:S laser emission spans the range of 700- 
1050 nm, making it particularly well suited for two- 
and three-photon excitation. (P) can be as high as 
several watts at the peak of the gain curve 
(A= 800nm) with high pulse-to-pulse and time- 
averaged stability (RMS ~ 1%). Such systems may 
also produce a nearly Gaussian TEMyg mode, which 
is helpful in achieving the tightest focus in the 
material. Note that focusing a 1 nJ, 100 fs pulse to 
a 1 um-radius spot generates a focused average peak 
ry of 320 GW cm 7, as is needed to achieve 
excitation rates of Roy, ~ Rypy- 

For higher peak powers, amplified femtosecond 
(AFS) lasers can be used for 3DM. These systems can 
produce ~100 fs pulses with Ey ~ 1 mJ or higher at 
repetition rates of 1-100 kHz. Given that a continu- 
ous microfabricated structure should be generated 
from partly overlapping voxels, a low repetition rate 
reduces the speed with which the laser beam may be 
scanned within the material. An AFS laser can be used 
to pump an optical parametric generator to extend 
the output wavelength range. 

Recently, some researchers have turned their atten- 
tion toward identifying compact solid-state turn-key 
lasers for 3DM that could be more convenient 
and cheaper alternatives to the complex systems 
described above. A commercial Nd:YAG microlaser 
(A= 1064 nm, E, = 5.4 wJ, 7) = 640 ps, 13.6 kHz) 
and a mode-locked erbium-doped fiber laser 
(A= 780nm, E,~0.SnJ, 7,= 100fs, 50 MHz) 
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have both been shown to be satisfactory for 3DM in 
certain acrylate-based media. 


Material Systems 
Structural Materials 


‘The most widely used materials for 3DM are based on 
acrylates that are patterned by multiphoton induced 
polymerization. The process begins when an initiator 
chromophore C is excited by n-photon absorption to 
CC’, with an efficiency specified by the n-photon cross- 
section o”. C° then generates an initiating radical I. 
Acrylate monomers (M) can react with F-and undergo 
a free-radical chain reaction that leads to high 
molecular weight polymer. With sufficient exposure, 
the starting material is converted to less soluble 
high-molecular weight polymer chains or densely 
cross-linked polymer networks. The photo-patterned 
structure can then be ‘developed’ by immersing the 
sample into a solvent that removes the unexposed 
material, leaving behind a free-standing structure that 
isa replica of the photopattern. 

Photo-polymerization starts when the MPE 
exposure generates enough TF to react with and 
consume all of the inhibitor in the local volume at 
point 7 within a homogeneous medium. In this 
discussion we assume that the local concentration of 
inhibitors is not changed by diffusion on the exposure 
timescale. The total number of I generated during an 
exposure at 7 per unit volume, Ny (7,1), is obtained 
from the time-integrated MPE rate: 


gia 
NG, t) = —— = 
Me) = aye 


fmere ei 


Here, N¢ is the number density of C, and @{” is the 
n-photon chemical quantum yield, defined as the 
number of I generated divided by the number of C” 
present after excitation. If we identify the initial 
number density of the inhibitors as Nia,, then 
polymerization occurs when Ny(F,t) > Nig. In 
multiphoton-induced polymerization, Nu(,t) is a 
nonlinear function of I, which generally involves a 
rapidly varying time envelope, as from a mode-locked 
ultrashort-pulse laser. 

Several different commercial acrylate systems have 
been used successfully for 3DM, such as Nopcocure 
800 (San Nopco}, NOA 72 (urethane acrylate 
oligomer, Norland Products), and SCR 500 (blend 
of urethane acrylate monomers and oligomers, 
Japan Synthetic Rubber Co.). Researchers have 
also. successfully developed custom formulations 
using blends of commercially available monomers, 


oligomers, and polymer additives to create resins 
with tailored physical, chemical, and optical proper- 
ties. This aspect of acrylates, and more generally 
polymer-based systems, makes them one of the 
most attractive classes of materials for 3DM. 
Conventional one-photon UV- or blue-sensi 
radical generators (e.g., benzil, benzoin methyl 
ether, 4,4'-bis(N,N’-dimethylamino)benzophenone, 
to name just a few) have most often been used, 
and these were activated by promoting the molecule 
into one of its low-lying electronic states by MPE 
over the range of 730-800 nm. 

3DM based on epoxide polymerization has also 
been demonstrated using commercial resins including 
linkable small molecular weight monomers 
(c.g., 4-vinyl-L-cyclohexene diepoxide) and epoxide 
oligomers (c.g., SU-8, first developed by IBM). 
Epoxide polymerization is most commonly initiated 
by molecules that, after excitation, generate a 
Bronsted acid, H*. The propagating species is a 
carbocation, and bases present in the medium act as 
inhibitors. Relative to acrylates, epoxides shrink 
substantially less upon polymerization, leading to 
less distortion of the microstructure after 
development. 

Acrylate chemistry has also been exploited for 
3DM of functional composite materials. Acrylamide 
resin mixtures were used to fabricate bi-layer micro- 
cantilevers that deflect from the surface when 
illuminated with UV light. This type of microstruc- 
ture could form the basis of a photo-activatable 
MEMS. 3D gratings were fabricated from an acrylate 
pre-polymer containing a dendrimer functionalized 
with cross-linkable acrylic L-phenylalanine groups. 
The dendrimer acts as a host encapsulation site 
that enables a laser dye to be loaded in the material 
at high weight-percent (see below). A variety of 
complex micro-structures have also been fabricated 
using ‘Ormocer-l, an ORganically MOdified CER- 
Ormocer-I is an inorganic-organic hybrid 
polymer consisting of a Si-O-Si (siloxane) backbone 
that is functionalized with organic moieties, including 
cross-linkable methacryloxypropyl groups. Ormocers 
are extremely promising for 3DM because of the 
thermal stability and chemical inertness of the back- 
bone and their attractive physical and optical 
properties. 

3DM could be a powerful tool for fabricating 
biologically active structures and devices. In this 
context, hydrogels and Ormocers should be useful 
material systems as some formulations are known to 
be bio-compatible. Microstructures can also be 
fabricated from proteinaceous material. 3D micro- 
structures were produced by patterned MPE of 
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solutions containing the dye rose bengal and the post-exposure development, so the final structure is 
proteins bovine serum albumin or fibrinoge a replica of the exposure pattern. In contrast, 

The material systems discussed thus far are ‘positive-tone’ media are solid-state systems for 
“‘negative-tone’ media. This means that only the which the exposed regions become soluble in a 


exposed regions of the material remain after the developer. The final structure is then the inverse of 


THPMA-MMA 


Groot 


BSB-S, 


<1) = 690 x 10° cm s photon” at 705 nm 
4, = 0.50 # 0.05, 


Figure § A 3D micro-channel structure fabricated by TPE-3DM using the postive-tone chemically amplified resist THPMA-MMA 
Containing the two-photon PAG BSB-S.. A50 \m-thick fim ofthe resist was exposedin the pattern of the target structure at 745 nm with 
tightly focused 80 fs pulses at (P) = 40 4W and a linear scan speed of 50 ym s~. (a) Target structure consisting of two rectangular 
cavities (width: 100 um, length: 20 um, depth: 20 ym) witha sloped side-wal that are connected by 12 channels (length: 50 wm; 4 ym 
by 4 um cross-section) lying 10 um below the surface and spaced apart by 8 um (center-o-center).(b) Scanning electron micrograph of 
the fina structure, viewed normal to the substrate. (c to ©) Two-photon-fluorescence images of the final structure (viewed normal to the 
substrate) (c) atthe surface ofthe film: (d) 10 um below the surface; (e) 19 wm below the surface. (*) Two-photon-fluorescence cross- 
sectional image ofthe buried channels. The scale bar in b tof corresponds to 20 tum. Reproduced from Zhou W, et a. (2001) Science 
296: 1106-1108. Copyright (2001), with permission of The American Association for the Advancement of Science. 
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the exposure pattern. Positive-tone 3DM was first 
demonstrated as early as 1992 with the generation of 
high aspect ratio trenches in thin layers of commercial 
photoresists. A positive-tone material system was 
designed for 3DM (Figure 5), is based on a chemically 
amplified resist and a high-sensitivity two-photon- 
activatable photo-acid generator (PAG) (discussed 
below). Using this medium, it was possible to 
fabricate subsurface microchannel structures and 
microgratings, using moderate laser scan speeds 
(50 um s~') and exceptionally low (P) (40 1W). 
Composites have been formulated that enable 3D- 
patterning of nanoscale metal features within a host 
matrix. A two-step process has been described that 
involves MPE of a Ag*-containing sol-gel followed 
by thermal development of the latent image with 
a AgClO, solution, Using this system, 3D spirals of 
silver nano-particles embedded within the sol-gel 
matrix were generated. A HAuCl,-doped poly(vinyl 
alcohol) composite was used to 3D-pattern gold 
nano-particles. It was shown that after TPE a 
particular sensitizer dye hosted in a poly(vinylearba- 
zole) matrix containing AgBF, and ligand-stabilized 
Ag nanoparticles, electron transfer from the dye 
to Ag* leads to nucleation of Ag® at the nano- 
particles and the formation of conducting bulk metal 


features (Figure 6). Material systems like these 
should find wide application for generating micro- 
and nano-scale structures, having unusual and useful 
optical and electronic properties. 

3DM in glasses is of great interest for photonic 
applications. Several groups have demonstrated that 
tightly focused infrared or visible amplified ultra- 
short laser pulses can be used to 3D-pattern pure and 
doped silica and other glasses. The patterned voxels 
can be generated as a result of photo-induced 
changes in the refractive index or extreme dielectric 
breakdown, resulting in pits within the material. The 
mechanisms for these two cases are not fully 
understood, but both are thought to be activated 
through an initial MPE event. The leading edge of 
the laser pulse generates a free-carrier plasma 
through MPE, The remainder of the pulse is 
increasingly absorbed by the plasma leading to 
avalanche ionization. The optical energy deposited 
into the local lattice results in cavitation, creating a 
pit at the focal point. Based on the electronic 
bandgap of silica, the process likely involves three- 
and six-photon absorption when 400- and 800-nm 
light is used, respectively. This approach has been 
used for the 3D-patterning fused silica and germa- 
nium doped glasses. 


Figure 6 Metalic structures fabricated by TPE-9DM using a silver nanopartcieipolymer composite. (a) Model of the ‘stack-of-logs’ 
target structure. (8) 30 image constructed from a serias of two-photon fluorescence miarascopy images of the silver structure 
immediately folowing 3DM. (c) Scanning electron micrograph of the free-standing siver structure folowing removal ofthe surrounding 
Lunexposed composite. The scale bar corresponds to 10 um. (d) Transmission optical microscopy image of the siver structure 
immediately following 3DM. The scale bar corresponds to 25 um. Reproduced from Stellacci F, et al. (2001) Advanced Materials 


14: 194-198. Copyright (2001), with permission of Wile. 
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Multiphoton initiators: 


For 3DM to develop into a widely used fabrication 
tool, material systems and patterning methods must 
be developed that enable rapid microfabrication at 
low cost. ‘Soft materials’, such as the polymer systems 
descrihed above, are promising in this respect, as both 
the initiating species and the host resin can be 
engineered to optimize the multiphoton response 
and the physical and chemical properties of the 
patterned medium. It may also prove possible to 
create doped glasses that have physical properties 
close to that of neat silica and yet offer higher 
multiphoton sensitivity. 

To develop this concept, let us consider 3DM in 
acrylates further. A high-sensitivity acrylate medium 
is one for which: (i) C strongly absorbs 1-photons 
(large o); (i) C” efficiently generates the initiating 
species I (large ¢"); and (iii) Fis an efficient initiator 
(high initiation rate). As criteria (i) and (ii) are 
predominantly determined by the molecular proper- 
ties of C, it should be possible to engineer soft 
materials for 3DM by optimizing multiphoton 
initiators and incorporating these into pre-polymer 
resins that once patterned have the correct properties 
for the target application. The sensitivity of materials 
can be compared on the basis of the minimum 
average laser power, (P)miny that is required to 
pattern a material using a fixed scan speed (or 
exposure time). Alternatively, we can use the product 
o(m)de(n) as a multiphoton initiator figure-of-merit 
(FOM) that accounts for the strength of the 
multiphoton absorption and the efficiency with 
which F is generated. 

The chromophores that have heen used most 
frequently for polymerization-based 3DM do effi 
ciently generate highly active initiating species once 
excited; however, they were developed for one- 
photon response to UV and blue radiation and 
generally have low multiphoton FOMs. The use of 
xanthene dyes was explored as initiators for free- 
radical polymerization of acrylamides and it was 
found that the multiphoton sensitivity was low. As a 
result, 3DM using conventional initiators requires 
high laser power (typically (P)qig = 10-100 mW) 
and slow laser scan speeds (~50 um s~'), Under 
tight-focusing conditions, the resulting peak powers 
are often near the damage threshold of the materials, 
rendering the process unreliable from a manufactur- 
ing stand-point. 

A series of D-w—D molecules was examined 
(Figure 7), where D is an electron-donating group 
and isa conjugated m-electron bridge. This class of 
D-m-D chromophores was found to have large TPE 
cross-sections (a?) > 200 x 107° cm* s photon!) 


and to initiate the polymerization of acrylates follow- 
ing TPE in the visible and near infrared, with (P)myy @ 
factor of 30-50 times lower than for conventional 
one-photon initiators. The sensitivity achieved with 
D-n-D initiators is so enhanced that TPIP-3DM 
was performed at laser sean-speeds as high as 
ems, using (P)= 3 mW, enabling a volume of 
180 um x 180 um X20 um to be polymerized 
in 200s. 

D-n-A molecules have also been examined for 
TPIP (Figure 7), where A is an electron accepting 
functionality. Such molecules can have large TPE 
cross-sections, and some have been shown to 
activate TPIP efficiently in acrylates at A= 800 nm, 
A derivative of Michler’s ketone was synthesized 
with an extended conjugated system (Figure 7). 
This molecule exhibited strong two-photon absorp- 
tion over the broad range of 800-1100 nm and was 
also shown to be active toward acrylate polymeriz- 
ation at 1064 nm. A strategy was implemented for 
enhancing two-photon sensitivity based on up- 
converted fluorescence and used for 3DM of 
waveguide structures. The strongly two-photon- 
absorbing dye AF-183 was incorporated into a 
commercial acrylate photoresist containing a rad- 
ical-generator that is activated by OPE at 
315-450nm. After AF-183 undergoes TPE at 
800 nm, it fluoresces efficiently at ~465 nm. The 
up-converted emission then excites the one-photon 
initiator and radicals are generated. 

The strategies discussed above are oriented 
toward enhancing multiphoton sensitivity by 
increasing o”) of the initiating chromophore. Little 
attention has heen paid to the need of ensuring 
that the MPE couples to a mechanism for 
efficiently generating an active initiating species. 
This problem was addressed with the design of a 
two-photon PAG by covalently linking a D-1-D 
chromophore and sulfonium moieties, which can 
generate H* when reduced by photo-induced 
electron transfer (BSB-S2 in Figure 5). BSB-S: 
features strong two-photon absorption and_ its 
quantum yield for the generation of H* per 
photo-excited molecule (du-) exceeds that of 
some commercial one-photon PAGs. Based on 
(P)yiny BSB-S2 was found to be 10 to 100 times 
more sensitive toward multiphoton epoxide polym- 
erization than one-photon UV/blue-sensitive PAGs. 

It should be understood that this discussion 
of multiphoton initiators is not comprehensive 
of all work that has been done in the field. Rather, 
it is intended as a highlight of the many 
outstanding examples of progress in this area. The 
use of inexpensive low-power lasers for 3DM 
should become more practical as high-sensitivity 
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Donor-s-Donor initiators 


n= 1: a2 = 900 x 10-% em? s photon at 730m 
=2: a2) = 1250 x 10% em! s photon” at 775m 


Donor-r-Acceptor initiators 


2) = 100 x 10° cm* s photon at 775nm 


Extended Michle's ketone initiator 


200 x 10-® cmt s photon at 950m 


iN 
o') = 880 x 10° cm* s photon” at ~830nm_ 
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Figure 7 Examples of high-sensitivity initiators for 30M based on TPIP of acrylates. 


3DM media are developed. This should, in turn, 
facilitate the widespread use of 3DM as a micro- 
fabrication tool. 


Resolution 


The resolution of single-beam 3DM is determined by 
the size of the smallest voxel that can be reliably 
produced. Both the optical parameters and the 
material response under MPE affect the size of the 
voxel. Given the wide range of physical and chemical 
mechanisms that can be involved, no single set of 
guidelines can be outlined regarding the effect of the 
material response on voxel size. Additionally, this 
aspect of 3DM remains relatively unexplored. How- 
ever, as 3DM based on TPIP of acrylates has been 
examined in some detail, an overview of this material 
response provides some valuable insight into the 
overall problem of resolution. The following simp! 
fied discussion is based on the local response of the 
material to photo-excitation. 

‘TPIP initiated in the vicinity of the focus could, in 
principle, propagate throughout the entire volume of 
the medium, were it not for termination by inhibitors. 


Let us consider further the expression for Nu.) 
expanding the intensity as: 


Mgnt) =i) BI 


Here, f(t!) is a time-dependent amplitude function, 
i(z,1) is the peak intensity, and the position vector 7 is 
expressed in cylindrical coordinates (z,7) with the 
origin at the focus. As before, z denotes the direction 
in which the beam propagates (longitudinal). The 
radial coordinate orthogonal to the z-axis (lateral) is 
denoted by r. The beam is taken to have cylindrical 
symmetry, so I does not depend on the angular 


coordinate. For a fixed exposure time t + 7y,, we can 
identify a polymerization-threshold peak intensity, 
Ty, for which i(z,r) > Iy results in Ny(z,7. 7.9) > 
Nig and polymerization occurs. The polymerized 
voxel consists then of all points within the volume 
centered at the focal point and bounded by the Jy, 
isophote. 

The shape of the Ig, isophote depends upon the 
optical parameters of the system. The tightest 
focusing is achieved when the highest NA objective 
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is used to focus parallel incident rays that overfill 
the entrance aperture. This situation generates a 
diffraction limited intensity pattern about the focal 
point. Within the focal plane the lateral intensity 
distribution follows the Airy pattern: 


40,7) = Ile\lpl lo (41 


where J; is the first-order Bessel function: 


p=2arNA/A 11 


and Ip is the peak intensity at the origin. Near the 
focus, the longitudinal intensity distribution is 
given by 


itz, 0) = [sin( 4M GAP Ly [6] 
where 
€= InNAZZ MA) 171 


Let us define the longitudinal and lateral widths of 
the focal spot, Z and R respectively, to be twice the 
distance along the corresponding z- and r-axes over 
which the peak intensity of the central bright fringe 
decreases to lo/2. If (P) is adjusted so that Io/2 = ley 
then to first order we can expect the polymerization 
voxel to be a solid of rotation centered about the 
focus having a longitudinal and lateral width of Z and 
R, respectively. Numerical evaluation shows that the 
Jo/2-points occur at p= +1.6154 and {= +5.5661 
For A= 800 nm, NA = 14, and my ~ 1.5, we find 
R= 0.29 wm and Z= 1.1 um. 

Several groups have demonstrated that voxels 
generated under conditions similar to those discussed 
above do indeed have dimensions comparable to 
those calculated, based on diffraction limited propa- 
gation. As shown in Figure 8, voxels with lateral and 
longitudinal widths below the diffraction limit can be 
fabricated by steadily reducing 7. (of Ig) so that an 
increasingly smaller portion of the central bright 
fringe exceeds Iy,. In this way, voxels having 
R~ 100 nm and Z < 800 nm have been generated, 
which convincingly demonstrates the potential of this 
technique as a nano-fabrication tool. 

Post-exposure material processing can also have a 
profound impact on the resolution. In the case of 
TPIP-3DM, material near the boundary of the [jy 
isophote may not have sufficient molecular weight or 
cross-linking density to resist removal in a develop- 
ment step. In this case, the final voxel will be smaller 
than the [y, isophote defined strictly in terms of a 


polymerization threshold. Additionally, a solvent- 
based developer can swell or otherwise distort the 
voxels, Overall, three important factors determine the 
final size of the voxel: (i) the exposure and focusing 
conditions; (ii) the response of the material to photo- 
excitation; and (iii) the behavior of the photocon- 
verted material during the development process. It 
should be emphasized that 3D confinement is due to 
the combined effects of nonlinear photo-excitation 
and the nonlinearity inherent in the photoconversion 
and post-exposure development of the material, 
More advanced treatments have also attempted to 
address the effects of radical and inhibitor diffusion 
on the size of the voxel. 


Previously, we assumed that the voxel is cylindri- 
cally symmetric. The intriguing result of some recent 
work has shown that the widths of the voxel in the 
transverse directions can actually differ by as much as 
10% when linearly polarized radiation is used 
because the symmetry of the electric field vectors in 
the x- and ions is broken in high-NA focusing 
geometries, Cylindrically symmetric voxels can be 
obtained by using depolarized or circularly polarized 
radiation, Clearly, study of the combined effects of 
optical parameters and material response remains an 
important area for further research in this rapidly 
advancing field. Although this discussion has centered 
on TPIP, similar arguments can be developed for 
3DM based on other photomaterials and higher- 
order processes. 
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Figure 8 Single voxels produced by TPIP-30M in an acrylate 
‘medium. (a) Scanning electron microscope (SEM) images of a 
single voxel showing its longitudinal (top) and lateral (bottom) 
Width. (6) Dependence of the longitudinal and lateral widths of 
voxels on exposure time, as measured trom SEM images following 
fabrication. Reproduced from Kawata S and Sun H-B (2003) 
‘Two-photon photopalymerization as a tool for making micro- 
dovices. Applied Surface Sciance 208-20: 153-158. Copyright 
(2003), with parmission of The American Institute of Physics. 
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Multibeam-interference (MBI) 3DM is an alterna- 
tive approach to 3DM that enables large volumes of 
material to be simultaneously patterned into a 3D 
periodic structure. In MBI-3DM, multiple coherent 
laser beams interfere within a photo-active medium. 
A periodic structure results because the material 
undergoes photo-induced changes that occur ma: 
mally in the regions of peak intensity across the 
periodic interference pattern. Depending on the 
number of beams utilized and their reciprocal 
orientation, periodic structures in one, two, or 
three dimensions can be generated, and the period- 
icity is of the order of A. This technique is often 
referred to as holographic lithography or recording. 

MBI-3DM has most often been achieved using one- 
photon-induced polymerization; however, higher- 
order excitation may be used as well. In this 
discussion we will focus on multiphoton MBI-3DM, 
with the understanding that most of the concepts 
apply equally well to the case of linear photo- 
excitation. When the power of the incident beams is 
adjusted so that the intensity at the peaks of the 
interference pattern just exceeds 1,,, polymerization 
only occurs in the local vicinity of these points, 
whereas the 3DM medium is not appreciably poly- 
merized in regions where the intensity is below Iy, and 
may be removed by dissolution in a solvent. The 
result is a periodic porous structure with highly 
interconnected parts, that extends over the whole 
volume where the beams overlapped. 

Let us assume that m-beams are directed onto a 
photosensitive material. The intensity of light at 


@ 


given point in the region where the beams overlap is 
proportional to: 


(8) 


where Eo; and K; are the electric field and wavevector 
of beam j, and w is its angular frequency (w= 2-0) 
Equation [8] indicates that the intensity distribution 
depends on the difference between pairs of wave- 
vectors of the interfering beams, K,—- Kj. This 
distribution is periodic in space and can be described 
asa crystal lattice with reciprocal lattice vectors equal 
to K,—K, and with a unit cell structure determined 
by the pre-factors Eo, Es). By choosing the intensity 
of the incident beams and the exposure time appro- 
priately, it is thus possible to generate a pattern in the 
medium that has the same periodicity and structure as 
the [y, isophote of the interference pattern. 

The simplest implementation of MBI-3DM 
involves interfering two linearly polarized beams at 
angles +82 with respect to the normal to the film 
heing patterned (8 is the angle between the two 
beams in vacuum). From eqn [8], it can be shown 
that the intensity is maximum if (Ky ~ Ky)-7 = 2q7r, 
where q is an integer, or K[sin(/2)Ir! = q7r, where K 
is the magnitude of both K; and Kp, and r’ is the 
component of F along (K, ~ Kz). Thus, the two beams 
generate an interference pattern with periodicity (in 
one dimension) given by A= /[2sin(6/2)], if A is the 


()'— 


Figure 9 (a) Relative orientation of the beams in a four-beam interference scheme to obtain a face-centered cubic lattice. The beams 


have wave vectors along the directions {-312, ~3/2, -312),|-512, 
the isophotes generated by the interference of the four beams in ( 


112, -1/2),[-12, 8/2, ~12}, and [—1/2, ~1/2, ~5\2].(b) One of 
(a). The inset represents the shape of the unit cel. Reproduced with 


Permission from Nature, Campbell M, et al. (2000) Nature 404: 5386. Copyright (2000), Macmilan Magazines Limited. 
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vacuum wavelength of the exciting beam (A = 27/K), 
When a film of a polymerizable material is placed at 
the intersection of the beams, a series of ridges is 
generated in the resist, spaced by A and with a width 
dependent on the beam intensity. For example, if a 
laser beam at 800nm is split in two components 
forming an angle of 30°, A= 1.5 um. The periodicity 
becomes smaller as the angle between the beams is 
increased 

By interfering three heams it is possible to obtain 
a two-dimensional periodic structure. For example, 
the interference of three beams forming an angle 6 
with respect to the medium normal and symme- 
trically arranged around it was used to generate an 
hexagonal lattice of rods that extends parallel to 
the normal, At least four beams must interfere to 
obtain a microstructure with 3D periodicity. The 
beam geometry shown in Figure 9a was used to 
produce a microstructure with the symmetry of a 
face-centered cubic lattice (Figure 9b). 
geometries for generating interference patterns 
having other symmetries, such as body-centered 
cubic and body-centered tetragonal, have also been 
described. 

An advantage of MBI-3DM is that it enables rapid 
patterning of large volumes during a single exposure 


Beam 


In fact, the polymerization takes place, in principle, 
throughout the region in which the beams overlap. 
When the process is activated by OPE, the beams 
can be attenuated significantly by absorption in the 
material. This can limit the thickness of the 
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Figure 10 (a) Optical image of a aifraction grating obtained by 
‘TPIP using a two-beam intarferance scheme (A = 810 nm). The 
spacing period is 3.4 wm and flm thickness is 40 wm. The grating 
is made of an acrylate-based resin. (b) Difraction pattem of the 
grating in (a) generated using a Hellum-Neon laser (632.8 nm), 
‘The maximum difaction ficiency was measured to be 57%. 
Reproduced from Guo H, et al. (2003) Chemical Physics Lettars 
374: 881~384. Copyright (2003), with permission trom Elsevier. 


fabricated structure or result in spatial variation in 
the filling ratio. The use of TPIP can overcome this 
limitation and allow for thicker media to be 
patterned uniformly, Structures with the same 
symmetry are generated if either one- or two-photon 
processes are exploited to induce the material 
transformation. However, the structures will be 
different for at least two reasons: (i) if the same 
initiator is used in both cases, the wavelength used 
for TPE is approximately twice that for OPE, and 
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Figure 11 Emission spectra of the laser dye DCM 
encapsulated in a dendrimer-based resin that was patterned 
into a grating microstructure by single-beam 3DM. The grating 
was pumped at 532 nm (8 ns pulses) with excitation energies 
of (a) 003, () 0.05, and (c) 0.20 uJ. Starting at excitation 
energies as in (b), a narrow band at 612nm appears over the 
spontaneous emission. The relative intensity of this lasing 
emission inareases with excitation intensity with respect to the 
spontaneous omission. Reproduced from Yokoyama S, et al 
(2003) Thin Solid Fiims 438-439: 452-456. Copyright (2003), 
With permission from Elsevier. 
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the periodicity of the structure is correspondingly 
different; and (ii) the [4 isophote, and thus the 
details of the polymerized structure inside each unit 
cell, is different under OPE and TPE because the 
excitation rate is proportional to I and P’, respect- 
ively. In principle, better defined features can be 
obtained using two-photon or higher-order ex 
tation because the transition between regions of low- 
and high-exposure is sharper than that under OPE, 
due to the nonlinear dependence on I. Interference 
fabrication techniques can enable the generation of 
features considerably smaller than the diffraction 


Figure 12 Example of a woad-pile PhC structure obtained by 
single-beam TPIP-3DM. The periodicity is 5 um. The change in 
the cross-section of the structure from top to bottom, is due to 
shrinking of the material during development, whose effect is 
largest inthe region farthest from the substrate. Reproduced with 
permission from Nature, Cumpston BH, Ananthavel SP, Barlow S, 
et al. (1999) Tworphoton polymerization initiators for three 
cdimentional optical data storage and microfabrication. Nature 398: 
51-54, Copyright (1999), Macmillan Magazines Limited 
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limit, when the beam geometry and excitation 
intensity are chosen appropriately. 

‘The beams used to generate the interference pattern 
are usually obtained by splitting the output of a single 
laser source into the desired number of components. 
The intensity and polarization of each beam are then 
independently controlled. Temporal overlap of the 
beams at the sample can be ensured by introducing an 
optical delay into each of the beam paths. As 
fluctuations in the heam intensity can cause changes 
in the lattice unit cell or its filling ratio, the use of a 
laser with good stability is imperative in cases where 
exposure time extends over more than a single laser 
pulse. 


Structures and Functional Devices 


The versatility of 3DM is easily appreciated by 
surveying the variety of microstructures that have 
been fabricated over the years. These may he divided 
into two categories: (i) structures whose character- 
istics lay in their form and in the interconnectivity of 
their parts; and (ii) structures that incorporate an 
active functionality that can be exploited in a specific 
application, Some of these microstructures are 
described below. 

Fabricating functional micro-optical devices is a 
promising application of 3DM. Figure 10 shows a 
grating fabricated by two-beam-interference TPIP in 
an acrylate with a period of 3.4 um, whose 
diffraction efficiency is 28% as fabricated and 
57% after annealing. The same method was used 
to generate a surface relief grating in a resin 
containing a polycationic peptide. In the presence 
of aqueous silicic acid, the peptide catalyzes the 
formation of ordered arrays of silica nanospheres in 
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Figure 13 (a) Cross-sectional optical mages of various planes of a diamond lattice fabricated in glass. The numbers tothe right are 
the relative postions ofthe planes, in units of the latice constant. (b) Diagram of the expected position of latice points in a diamond 
structure, Points located in differant planes have different shading. Reproduced tram Mizaikis V, etal. (2001) Journal af Photochemistry 
and Photobiology A 145: 41 ~47. Copyright (2001), with permission from Elsevier. 
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Figure 14 (a) illustration of a diamond lattice. (b) Scanning 
lection micrograph of a polymeric microstructure with the 
symmetry of a diamond lattice, obtained by single-beam TPE- 
‘DM. The letters A,B, C, D, A’ refer tothe lattice planes at 0, 1/4, 
1/2, 2/4, and 1 lattice units in the vertical direction. Reproduced 
from Kaneko K, et al. (2003) Applied Physics Letters 83: 
2081-2093. Copyright (2003), with permission of The American 
Institute of Physies. 


Figure 18 (Left) Images obtained by laser scanning confocal 
microscopy of linear defects generated by thrae-photon-induced 
polymerization of atriacryiate resin backilled into a silica colloidal 
Crystal. The spacing between the planes ofthe images is 0.5 ym. 
(ight) Cross-sectional image in the xzplane of the same 
structure. Reproduced with permission from Lee W, et al. (2002), 
Advanced Materials 14: 271-274. Copyright (2002), with 
permission of Wiley. 


the troughs of the grating, which increases the 
diffraction efficiency 50-fold. 3DM was used to 
fabricate a grating structure in an acrylate resin 
containing the laser dye 4-(dicyanomethylene)-2- 
methyl-6-(4-dimethylaminostyryl)-4H-pyrane (CM) 


() 


Figure 16 Microstructure of a bull fabricated by single-beam 
3DM. The scale bar corresponds to 2 um. Reproduced with 
permission from Nature, Kawata S, at al. (2001) Nature 412: 
697-688. Copyright (2001), Macmillan Magazines Limited, 


encapsulated in a host dendrimer (see above) as an 
active optical medium. When pumped at 532 nm 
above a certain threshold, lasing emission from 
DCM was observed at 612 nm, with a handwidth of 
0.15 nm (Figure 11). 

Several groups have explored the potential of 3DM 
as a tool for patterning waveguide-based optical 
circuitry. For example, a mixture of thermally and 
photocurable resins was used to generate embedded 
waveguides by photocross-linking within the ther- 
mally set medium. A Y-coupler was created in fused 
silica through the refractive index change generated 
by patterned MPE. 

3DM provides a powerful route to 3D photonic 
crystals (PhC). PhCs are structures in which a basic 
motif, or ‘unit cell’, is repeated within the material 
with a given periodicity. PhCs have attracted great 
interest, because the modulation of the refractive 
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Figure 17 Scanning elactron micrographs of two structures inthe form of (a) a hand and (b) a robot which were fabricated by single- 
beam 30M. Reproduced from Maruo S and ikuta k (2000) Proceedings ofthe Society of Photo-Optical Instrumentation Engineers 9837. 


106-112. Copyright (2000), with permission of SPIE 


Figure 18 Scanning olectron micrograph of a series of 
‘connected chain inks obtained by single beam TPIP-SDM in an 
‘acrylate resin. Notice the tit angle batween the central links, 
indicating that each link can move with respect to the 
‘others. Reproduced trom Kueblor SM, Rumi M, Watanabe T, 
ct al. (2001) Optimizing two-photon ‘niators and exposure 
‘conditions for three-dimentional ithographic microtabrication 
Lloumal of Phtpoiymer Science and Technology 14: 657-668. 
Copyright (2001), with permission ofthe Technical Association of 
Photopolymers Japan. 


index hetween the “filled” areas and the surround- 
ing space provides a means for controlling the 
propagation of electromagnetic radiation within the 
structure. PhC with periodicities in the submicron 
and micron range exhibit their peculiar properties 
in the visible and near infrared spectral region. 
Optical wavelength PhCs can he fabricated in a 
straightforward way by 3DM, either by serial 
patterning using the single beam approach or by 
parallel patterning using the interference method, 
for which the number and orientation of the beams 
is dictated by the symmetry of the desired 
structure. Typical examples are woodpile structures 
(Figure 12), which consist of layers of rods of a 
material fabricated side by side with a fixed 
spacing, and alternate layers are rotated by 90° 
with respect to one another. If the rods in one layer 
are displaced by half the lattice constant with 
respect to the previous layer with the same 
orientation, the structure obtained has the sym- 
metry of a face-center cubic lattice. PhCs with the 
symmetry of the diamond erystal have also been 
fabricated, cither by inducing changes in a glass 
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Figure 19 Optical image of a micro-whee! abtained by single-heam 3DM. (a) Structure before development. (b) When ethanolis used 
to remove the unpolymerized material, the wheel rotates around the axle in the solvent. Reproduced trom Maruo S and Ikuta K (2000) 
Proceedings of the Society of Photo-Optical Instrumentation Engineers 9937: 108-112. With permission of the Institute of Electrical 


Engineers of Japan. 
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Figure 20 Optical image of a micro-spring tethored to a 
polymer block. The structure in (a) is at its resting point 
in ethanol. In (b) the spring was elongated by displacing the 
polymer bead at the free end using laser trapping. Reproduced 
with permission from Nature, Kawata S, et al. (2001) 
‘Nature 412: 687-698. Copyright (2001), Macmillan Magazines 
Limite. 


Figure 21 Hollow micro-tubule generated by single-beam 
‘TPIP-GDM in a urethane acrylate. The inner diameter is 1.8 um. 
Reproduced fram S Maruo and S Kawata (1998) Journal of 
‘Microelectromechanical Systems 7: 411-415. Copyright (1998), 
With permission of IEEE. 


substrate at lattice points (Figure 13), or by 
constructing a network of polymeric rods connect- 
ing nearest neighbor points (Figure 14). It was 
showed that a PhC created by TPIP-3DM does 
exhibit a partial bandgap in the infrared spectral 
region. The position of the bandgap can be tuned 


by fabricating the structure with the appropriate 
periodicity. 

The ability to introduce defects in PhCs in a 
controlled fashion is of key importance for the 
application of these structures in optical circuitry, as 
they can act as waveguides for channeling light into 
preferential directions. Point, line, and plane defects 
can be generated easily, by locally altering the 
fabrication pattern in the PhC. Point-by-point MPE 
of a Ge-doped glass was used to pattern a cubic lattice 
containing systematic defects that defined a Y-shaped 
waveguide splitter in a [100] plane, 3DM can also be 
used to modify a structure that is created using 
another fabrication method, and additional materials 
can be introduced into the structure in this second 
fabrication step. A silica colloidal erystal was hack- 
filled with a polymerizable material and waveguides 
were generated by photocross-linking channels in the 
medium through three-photon-excitation 3DM 
(Figure 15). 

The full potential of single-beam 3DM can be 
appreciated by surveying some of the structures 
that have been fabricated, featuring topologically 
complex shape, high interconnectivity, and extreme 
under-cut. Examples include those of Figures 16, 17, 
and the diamond-lattice PhC of Figure 14. Struc- 
tures with freely movable parts, like those needed 
for MEMS, are difficult to obtain by other fabrica- 
tion techniques, but can often be made by 3DM in a 
single exposure step. The ability to generate 
structures with independent but interconnected 
parts is exemplified by the microchain of 
Figure 18, A further example is the microgear in 
Figure 19, which is shown to spin around its axle 
when the sample is flooded with a liquid. Other 
functional microstructures have also been reported, 
such as the microspring in Figure 20, fabricated in a 
urethane acrylate resin and characterized by a core 
diameter of only 300nm, When the sample is 
immersed in ethanol, the pendant mass can be 
captured and extended with optical tweezers. When 
the mass is released, the spring behaves like a 
damped oscillator. 

Promising results have also been obtained in the 
production of structures to be used in micro-fluidics 
applications. Of key importance, in this case, is the 
ability to pattern channels, cavities, and other hollow 
structures that can be used to store or transfer small 
amounts of fluids between different parts of a device, 
as needed to perform, for example, analytical pro- 
cesses on a femtoliter scale. Examples include the 
hollow microtubule (Figure 21), and the submersed 
channels structure fabricated in a positive-tone 
resist (Figure 5). 
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List of Units and Nomenclature 


Nd:YAG 


Electron accepting molecular 
fragment 

Amplified femtosecond 
Chromophore 

Excited chromophore 
Continuous wave 

Electron donating molecular 
fragment 
Three-dimensional 

The 
Spatial component of the electric field 
vector [Vm] 

Laser pulse energy [J] 

Normalized temporal distribution of 
the beam intensity [dimensionless] 
Figure of merit 

Planck’s constant [J s] 

Spatial distribution of the beam 
intensity [W cm~7] 

Intensity of a propagating 

beam [W cm™?] 

Maximum on-axis intensity for a 
Gaussian beam [W cm] 

Threshold intensity (minimum peak 
intensity at which polymerization 
occurs for a given exposure time) 
[Wcm"?] 

Initiating radical 

Integers [dimensionless] 

First order Bessel function 
[dimensionless] 

Amplitude of a beam wave vector 

(K = 2m/A) [m"] 

Wave vector of a beam [m_ 
Number of beams in a multi 
interference configuration 
[dimensionless] 

Monomer 


mensional microfabrication 


Multi-beam interference 
Micro-electromechanical systems 
Multi-photon excitation 

Number of photons involved in MPE 
[dimensionless] 

Linear refractive index of the 
medium [dimensionless] 

Number density (concentration) 

of a species [cm *] 

Numerical aperture of a lens 
[dimensionless] 

Number density of chromophores 
present [em] 
Neodymium:Yttrium aluminum 
garnet 


N 
Nu 
OPE 
Ormocer 


(Py 
(Phenin 


Number density of initiating radicals 
generated [em™ >] 

Number density of inhibitors 
present [cm™+] 

One-photon excitation 

Organically modified ceramic 
Average laser power [W] 

Minimum average laser power 

for patterning a material [W] 
Repetition rate (number of laser 
pulse per unit time) [Hz] 

Photo-acid generator 

Photonic crystal 

Radial coordinate (distance from 
optical axis) [m] 
Component or along a gi 
vector [m] 

Position vector in three-dimensional 
space [m] 

Twice the radial coordinate of the 
point at which the intensity 

is Io2 [rm] 

Molecular one-photon excitation rate 
(number of molecules excited per unit, 
volume and time via OPE) [em~*s~"] 
Molecular two-photon excitation rate 
(number of molecules excited per unit, 
volume and time via TPE) [em~} s~!] 
Molecular n-photon excitation rate 
(number of molecules excited per unit 
volume and time via n-order MPE) 
fem™? 3-1] 

Root-mean-square 

Time [s] 
Lowest order transverse 
electromagnetic mode of a laser 
Titanium:sapphire 

Two-photon excitation 

‘Two-photon induced polymerization 
Coordinate along the beam 
propagation direction [m 

Rayleigh range of a Gaussian beam; 
axial distance hetween the point of 
minimum beam waist and the point at 
which the waist has inereased by a 
factor of V2 [m] 

Distance between the points of inten- 
sity [p/2 along the coordinate z [ 
Longitudinal optical coordinate 
(¢ = 2mZ(NAP/npA) [dimensionless] 
Angle between a beam wave vector 
and the normal to a substrate [rad] 
Wavelength (in vacuum) [m] 

Period of a one-dimensional 

grating [ 
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» Frequency [s~'] 
7 sr-conjugated molecular fragment 
p Transverse optical coordinate 


(p= 20/NNA) [dimension 


ss] 


a One-photon absorption 
cross-section [cm?] 

o Two-photon absorption 
cross-section [cm* s photon” "] 

o n-photon absorption cross-section 
fem?" s"-! photon" "] 

Ten Exposure time [s] 

Tp Laser pulse duration [s] 

a n-photon chemical quantum yield 
[Gf of chemical species generated 

ous Chemical yield for the generation of 
H* (number of H* generated per 
excited molecule) [dimensionless] 

© Angular frequency (w = 2zrv) [Hz] 

See also 


Chemical Applications of Lasers: Nonlinear Spectro- 
scopies. Diffractive Systems: Applications of Diffractive 
land Micro-Optics in Lithography; Design and Fabrication 
of Diffractive Optical Elements. Holography, Techni- 
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for Nonlinear Optics: Organic Nonlinear Materials. 
Microscopy: Confocal Microscopy; Imaging Multiple 
Photon Fluorescence Microscopy; Nonlinear Microscopy; 
Overview. Photonic Crystals: Electromagnetic 

Nonlinear Optics in Photonic Crystal Fibers; 
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Ultrafast Laser Techniques: Generation of Femto- 
second Pulses. 
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Introduction 


Historically the field of nonlinear optics has evolved 
along two main axes, depending on the order of the 
nonlinearity used, The phenomena associated with 
the second-order nonlinearity y"?) have dealt with 
frequency conversion requiring wavevector matching 
(i.e, momentum conservation), such as second 
harmonic and optical parametric generation, On the 
other hand, effects associated with the third-order 
susceptibility y'*) have focused on inherently phase- 
matched phenomena at a single frequency, for 
example an intensity-dependent refractive index or 
degenerate four-wave mixing. 

In cascading, multiple sequential nonlinear 
events based ony) can mimic some well-known 
y°! phenomena, For example, it leads to nonlinear 
phase shifts AdN* reminiscent of those obtained 
through self-phase modulation over a distance L, i.e., 


ALD) 


oLngl tl 
where I is the irradiance, ko the vacuum wav 
vector, and m the Kerr coefficient or nonlinear 
refractive index. These can be used for all-optical 
switching, the generation of spatio-temporal 


solitons, etc. Some of these cascading effects have 
earliest days of 
nonlinear optics, but their effectiveness was not 


been known from the very 
realized until recently, when it proved possible to 
phase match second-order interactions with use- 
fully large nonlinearities. Note that the medium 
must be active, ie. noncentrosymmetric, 
which usually requires crystals rather than amor- 
phous materials (such as glass) 

Here we review the basic concepts, the character- 


istic interactions, some of the numbers involved and, 
finally, a few applications. 


Physics of Cascading 


Nonlinear Phase Shift in Collinear Second 
Harmonic Generation 


The most important cascading effect, the nonlinear 
phase shift, is rooted in the fundamentals of the 
parametric interaction when two or three waves of 
different frequencies (03 = a * 
the second-order susceptibility 
The simplest case is ‘Type I 
generation (SHG), in which one eigenwave at the 
fundamental (FF) and one at the harmonic freq- 
uency (SH) interact with w= a = }u;. When 
the waves have different phase velocities, this 
process involves simultaneously up-conversion 
(@, 40,03) and down-conversion (0; — 0,0), 


w») are coupled by 
(wn; or, tes). 
second harmonic 


By the latter the FF is regenerated from the 
harmonic after a characteristic propagation distance 
called the coherence length. This phenomenon is 
cyclic (see Figure 1a). 
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Figure 1 Phase-mismatched SHG. (a) Typical evolution of the 
generated second harmonic inadiance versus propagation for 
different mismatches. The period is twice the coherence length. 
(0) Intuitive picture of phase shift through cascading: the fraction 
Of the initial energy which is first up-converted (SHG) and later 
down-converted (DFG), having traveled at a different phase 
velocity due to the wavevector mismatch, recombines with the 
through-FF causing an overall phase shit. 
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‘The field amplitudes in normalized form are 


elk? 4 6 


and lay 
speed of light in vacuum, and mj, and k; are the 
refractive indices and wavevectors at angular fre- 
quencies «(j= 1,3), respectively. As is common in 
nonlinear optics, the efficiency of these processes 
depends on the irradiance of the different waves, 


where lay!" are power densities, ¢ is the 


and on the waveveetor mismatch between them, 


Ak = 2ky — ks for collinear beams, Since the phase 
velocities of the two waves, v= «/ky and 
U4, = wylks, are generally different and Ak +0, 
their phase fronts fall out of synchronism 


during propagation, This leads to a periodic oscil- 
lation with distance (coherence length = period = 
7/iAkl) in the irradiances of the fundamental and 
harmonic waves, conserving the total energy but 
giving rise to a cascading phase shift, as pictured in 
Figure 1b. 

The equations that describe the evolution of 
the fields stem from coupled mode theory, and are 
given by 


d * 
BO = —Taglare a) 
4 BI 
eal) = ~iPas(a)aj(ede 

where 

r 4) 
Pace, 
XG} is the ‘effective’ nonlinearity (for a specific crystal 


orientation and field polarization) and we assumed 
=m = ny, In the limit of a large mismatch, the 
energy conversion to the harmonic is negligibly small, 
and itis possible to find an analytical expression for 
an effective ‘7’, 2,4 In this limit lay(z)| = la,(0)l = 
constant, and, in the absence of loss, solving for the 
small SH wave and substituting back into the 
equation for day(z)/dz gives 


2 


ag lt ~ contake) 


— i sine) lay(0)!2ay(2) 


By comparing this with the corresponding equation 
based on my (<x""[—w; @,—c, a) and describing 
self-phase modulation, namely 
d o 2 
eu) = mim A lay@ay(2) [6] 


we can define an equivalent nonlinear refractive 
index 


71 


which turns out to be strictly nonlocal because it 

relies on propagation. Since the cos(Akz) term 

oscillates rapidly in space, the above averages to 
ela)” 


Tapen™ Ok (81 


Meth 


In this so-called ‘Kerr limit’ cascading leads to 
a Kerrlike nonlinear response, with either a 
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self-focusing (Ak > 0, m4 > 0) or a self-defocusing 
nonlinearity, depending on the sign of Ak 

It is worthwhile to link the above equations to the 
physics of cascading with a simple argument. The 
evolution of the waves on propagation depends on 
their fields (in both amplitude and phase) at the input. 
When only the fundamental beam at @= a is 
incident (the classical case of SHG), the harmonic is 
initially up-converted 7/2 out of phase with the input 
(first of eqns [3]) via y'°(—2w: ww). If Ak = 0, the 
phase fronts travel at the same velocity and the 
relative phase is locked in at 7/2. Difference 
frequency generation (DFG, second of eqns [3]) 
results in a down-converted fundamental which is 
an additional 7/2 out of phase, i.c., exactly out of 
phase with the original input field, This leads to the 
monotonic depletion of the input and the growth of 
the SH with distance. If Ak * 0, there is only partial 
and periodic conversion to the harmonic, the 
wavefronts travel at different velocities (0, and 034, 
respectively), and the relative phase between the two 
waves changes with distance. As a result, the down- 
converted FF is no longer = out of phase with the 
input, thereby changing the overall phase of the total 
input-frequency wave by a cascaded amount Ad“. 
This is the mechanism sketched in Figure 1b and 
buried in the better-known Maker-fringe effect 
represented in Figure 1a, Its magnitude depends on 
the irradiance and the mismatch, and its sign on that 
of Ak (see eqn [8]). The higher the input irradiance, 
the larger the harmonic conversion, and hence the 
larger AdN4, 

Alternatively, with a harmonic input at high 
irradiance and a weak seed at the FF, parametric 
amplification makes the fundamental grow via down- 
conversion. If Ak =k; — 2k; #0, self-focusing 
(defocusing) is obtained on the strong harmonic for 
Ak > 0 (Ak <0). These phenomena can be general- 
ized to the nondegenerate cases of sum and difference 
frequency generation, keeping in mind that when 
using three input waves their mutual phase relation- 
ship is essential in determining the details of the 
interaction. 

The solutions to eqns [3] can be obtained 
numerically or written in terms of Jacobi elliptic 
integrals subject to boundary conditions (a;(0) = 0, 
4(0) #0) at z=0, providing additional insight 
into the cascading phenomenon. In contrast to the 
Kerr case given by eqn [1], the variation in mz with 
distance implies a staircase-like increase in Ad ™* 
ith distance for various detunings AkL, as shown 
in Figure 2a. This is consistent with our intuitive 
picture above, the increase in Ad™* being may 
mized where the fundamental is the smallest (st 
Figure 2b for the oscillations in the fundamental 


amplitude), with the step-period corresponding to 
twice the coherence length. Conversely, for a fixed 
input irradiance, the evolution of A@N* exhibits 
two extrema with detuning AKL, as shown in 
Figure 3a, Note also that, for small AkL and large 


») Distance 


Figure 2 Calculated nonlinear phase (a) and throughput 
(©) of the fundamental field versus normalized propagation 
distance, for three values of phase mismatch. 
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Figure 3 Calculated FF phase shift (a) and generated SH 
fraction (b) versus phase mismatch, ie. the detuning curve, for 
three diferent nonlinear strengths (unitary FF irradiance). 
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(unrealistically high) irradiances, the increase in 
Ad tends to become proportional to the field 
amplitude, a clear indication that cascading 
depends on a different order of nonlinearity than 
x, namely y@!. On the other hand, for large 
AKL the growth of Ad™" is slower but linear with 
distance and irradiance, as in eqn [1]. 

There are trade-offs between the fundamental 
output and the net nonlinear phase shift. This is 
clearly visible in Figures 3a,b: the maxima in A Nt 
correspond to a reduced FF throughput, Although it 
is possible to operate ew at the zeros of the SHG, 
their location changes with the irradiances required 
for useful phase shifts (>x), complicating the 
trade-offs and the response to temporal pulses 
(encompassing a continuous irradiance distribution). 
The problem can be alleviated at the expense of 
reducing the net phase shift for a given irradiance 
and propagation length, by introducing regions with 
a nonuniform matching condition at both ends of the 
sample. The goal at the input end is to first 
adiabatically generate the SH required for optimum 
Ad**, At the output, this harmonic is adiabatically 
converted back to the FE. The corresponding output 
for wavelengths larger than the phase-matching 
condition exhibits a A@™* with negligible funda- 
mental depletion. This approach has been used in 
temperature-tuned and quasi phase matched (QPM, 
where a periodic modulation of the nonlinearity 
provides phase matching via the additional grating 
momentum) lithium niohate waveguides to generate 
phase shifts of = with less than 10% net loss of the 
fundamental wave to the harmonic. 

While the preceding discussion has focused on 
Type I SHG, it is also valid for Type Il SHG (ie, 
with two FF input waves), provided the two 
fundamental inputs have equal input energy. In 
fact, an input imbalance between the two funda- 
mental polarizations could give rise to a phase shift 
on the weaker field even when Ak = 0, leading to all- 
optical modulation and transistor action, as demon- 
strated in potassium titanyl phosphate (KTP) 
crystals. 
nally, due to the nature of the quadratic non- 
linearity, the phase and/or amplitude of a coherent SH 
seed can havea large effect on the cascaded outcome, 
bothin the phase and amplitude of the fundamental,as 
shown in Figure 4 for a fixed irradiance seed 1000 
times weaker than the FF input. This can be used in 
seed-controlled optical processors, 


Frequency Shifting 


In the nondegenerate case of y'“) sum and difference 
frequency generation, two successive operations can 
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Figure 4 FF transmission (solid line) and phase shift 
(dashed line) versus the relative phase of a much weaker (three 
‘orders of magnitude) SH seed. Here perfect phase matching was 
assumed. 


+———— 
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©) 0 t 
Figure Wavelength shifter: (a) single-pass and (b) double- 


pass configurations. In (b) a dichroic mirror reflects the second 
harmonic of the pump. 


perform the useful function of a frequency shifter 
(Figure 5). The idea is to shift the signal frequency 
(wy — 6) by first generating from the pump (w,) a 
second harmonic (2w,), followed by DFG involving 
the latter and the signal. This leads to an output at 
Wy + dthrough x°(—(w, + 8); 20, —(wy — 5). i.e. 
frequency shift of 26 with an output spectrally mirror- 
imaged about the pump frequency. This feature is 
useful in WDM (wavelength division multiplexing) 
systems, and guarantees a_protocol-insensitive 
wavelength shift with an additional phase con- 
jugation useful in dispersion-compensating schemes. 
Notice that, since w, + 6 wy — 5 and 8 << wp, the 
bandwidth is large because the interaction is near the 
degeneracy point. 
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Figure § shows two possible configurations for the 
same device length. The efficiency of the process can 
be increased in a double-pass geometry by using a 
back-propagating signal and a mirror-coated facet to 
reflect the SH, as sketched in Figure Sb. The best 
results to date were obtained at communica- 
tion wavelengths with single-pass waveguides. in 
periodically poled (QPM) LiNbOs, including 
shift of multiple wavelength-channels with low 
cross-talk, 


Multiple Beam Generation 


Two successive x processes can also be used to 
mimic three-wave mixing, a classic noncollinear y?) 
interaction where two photons are taken out of one 
eam and one out of the second, In cascading, first a 
second harmonic is generated by one of the inputs, 
and then difference frequency mixing (DFM) between 
that SH and the second input leads to the signal of 
interest. In the simplest configuration, two eq 
frequency (w) beams of wavevectors ky and ky are 
incident in slightly different directions close to phase- 
matching and overlap inside the sample, When wave 
1 is doubled (20) and wave 2 mixes with this 
harmonic via DFM, a new beam (at 20 ~ w+ 0) is 
generated with wavevector 2ki ~ kx. Of course the 
complementary output at 2k; — k; is also generated 
via the SHG of wave 2. If these two new beams are 
strong enough, they can generate another pair via 
cascading, and so on. The generation of more than six 
extra beams has been demonstrated in f-barium 
borate with 1064 nm inpu 

This interaction can be applied to the control of the 
frequency chirp in pulses. For example, if wave 1 has 
a frequency chirp a and wave 2 a chirp a, then the 
chirp of the beam scattered into the direction 2k ~ kz 
is 2a; — a2. This becomes especially interesting if 
= ~a, so that the chirp in the new beam is 3a, as 
observed and subsequently employed in enhancing 
pulse compression. Note that, since a cascaded phase 
shift occurs on the down-conversion step back to 
the original fundamental (wave 1), it is not present 
in the scattered beam resulting in a clean transfer 
of the chirp. 


Typical Numbers 


From eqn [8] it is clear that the figure of merit 
(FOM) for cascaded processes is the same as for all 
second-order processes, namely |y'*!F/i*, The key is 
to find materials phase-matchable at the wavelengths 
of interest, Therefore, basically any material that is 
suited for frequency conversion, either SHG or 
parametric generation, will work. The most versatile 


material, which also has the largest easily usable 
nonlinear coefficient (18 pm/V), is lithium niobate 
when QPM is employed. As a reference, Table 1 
gives the maximum m2. for 1-em-long samples, 
obtained by extrapolating eqn [8] to the AKL which 
maximizes the nonlinear phase shift. This is not 
strictly valid for such small AKL, but it is a useful 
estimate, 


Other Implications of Cascading 


A straightforward conclusion that could be drawn is 
that cascading with its m5 .g and Ad" can generally 
replace the Kerr my. This is true for self-phase 
modulation and the applications stemming from it, 
including all-optical guided-wave switches such as 
directional couplers, Mach—Zehnder interferometers, 
etc. However, this is not necessarily true for other 
applications, because all the waves have to be coupled 
through y’ interactions (at most three at a time) and 
must be nearly phase-matched for efficient effects. For 
example, cross-phase modulation between two input 
FF polarization components is feasible via Type Il 
SHG cascading, but specific wavelengths will require 
different crystals, or crystal cuts. The nonlinear phase 
shift can also be used in all-optical devices for analog 
processing, such as isolators, modulators, and tran- 
sistors, in laser mode-locking, ete. 

In the following subsections we discuss a few 
additional applications. Specifically, we describe a 
non-reciprocal device that operates as an isolator, and 
the cascading of beams of finite extent in space or 
time. The latter can counterbalance either spatial 
diffraction or temporal dispersion or both and gives 
rise to solitons of various dimensionalities. 


‘An Optical Diode 


A nonlinear response, when combined with a device 
structure that is asymmetric about its midpoint, can 
provide nonreciprocal behavior upon excitation of the 
structure (crystal, waveguide) from different ends. 


Table 1 Figures for cascading in various materials. The 
effective nonlinear cooficient is estimated under optimum condi 
fons and a 1 em propagation length 
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In analogy to the standard electronic element, we 
can refer to such device as a power-dependent 
optical diode. Dealing with quadratically nonlinear 
waveguides, simple ways to induce a directional 
asymmetry are variations in wavevector mismatch, 
or in QPM periodicity. A mismatch profile which 
depends on distance from one end, or localized defect 
(i.e., an isolated domain in a QPM grating), will give 
rise to different throughputs when the waveguide is 
excited from opposite sides, up to complete FF 
depletion in one direction, and complete transmission 
in the opposite one. This can be explained by the 
fact that the output depends on the evolution 
and interaction of the FF field with its harmonic. 
The amount and phase of the latter, however, do 
depend on the details of the propagation path and 
can substantially change the FF throughput as in the 
case of seeded SHG. 

The sketch of an all-optical diode in a QPM 
waveguide with its calculated response is shown in 
Figure 6a,b. Clearly, total depletion is obtained via 
SHG in backward propagation, whereas unity FF 
transmission is recovered by the insertion of a phase 
discontinuity (and seeded interaction) in the for- 
ward path. As demonstrated at 1.55 um in lithium 
niobate, different degrees of isolation are available 
at various excitations, with a large extinction ratio 
at a given power when launching FF waves from 
opposite ends. 


Quadratic Solitons 


When beams propagate in a two- (planar waveguides) 
or three-dimensional (bulk) medium with a quadratic 
response, cascading induces a nonlinear phase-front 
distortion which, coupled to the inherent parametric 
gain, can effectively counteract diffraction and lead to 
diffractionless propagation or ‘spatial solitons’ 
(Figure 7). In contrast to the Kerr case, such solitons 
are multifrequency solutions or ‘simultons’ with field 


Figure 6 All-optical diode: (a) sketch of implementation with 
an engineered ‘defect’ in a GPM grating (z-cut periodically poled 
Ithium niobate), and (b) example of FF transmittance T versus 
propagation for forward (solid line) and backward (dashed line) 
FF excitation of power P,, 


\<cnena ———__p 


FF4SH 


Figure 7 Top: sketch of a quadratic spatial soliton excited by an 
FFF input: when the irradiance is high enough, linear diffraction is 
‘overcome by parametric selfrapping and a two-color simulton is 
obtained. Bottom: sample photograph (top view) of a quadratic 
soliton experimentally observed in a potassium niobate crystal 
excited by a 1064-nm laser beam. 


components (FF and SH in the degenerate SHG 
process) bound together in propagation despite 
possible walk-off or transverse velocity mismatch. 
Moreover, since the second-order nonlinearity is 
inherently saturable, the solitons are stable and 
robust even in bulk media, and provide ‘clean’ filtered 
beam profiles at FF and SH frequencies, as has been 
demonstrated in KTP. Just like other cascading 
phenomena, quadratic solitons can be controlled by 
a weak seed, by polarization imbalance at the input 
(Type Il SHG), by direction of propagation (due to 
birefringence), by phase mismatch, etc. Employing 
quadratic spatial solitons, phenomena such as col- 
lisions, soliton fusion, spatial reshaping, and trans- 
verse light localization and instabilities have 
been studied and constitute an active field of 
investigation. 

When employing pulses, the cascaded phase 
shift can balance dispersion (material, chromatic, or 
photonics bandgap) leading to temporal simultons 
with frequency components locked together despite 
their individual group-velocity differences and dis- 
persion, This feature can also substantially broaden 
the bandwidth available for parametric generation 
Finally, in analogy to the cubic case, a combination of 
space and time effects is expected to lead to the 
formation of ‘light bullets’ in (3 + 1) dimensions. 


List of Units and Nomenclature 


Is © 
[FV'm"|  e9 


Angular frequency 
Dielectric constant 
of vacuum 
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Electric field E 
Irradiance, I 
intensity 
Length L 
Refractive index 0 n 
Speed of light Ims""] Ps 
Second-order [mv] xe 
electronic 
susceptibility 
‘Third-order Im? Vv?] x 
electronic 
susceptibility 
Wavevector in k= nole 
medium 
Wavevector in ky = ole 
Wavelength 
See also 


Solitons: Bright Spatial Solitons; Soliton Communi- 
cation Systems. Spectroscopy: Second Harmonic 
Spectroscopy. 
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Introduction 


Optical harmonic generation is nonlinear conver- 
sion of laser output to light, of a frequency that is 
an integer multiple of that of the fundamental. It is 
used over a wide range of applications, from 
battery-operated, pencil-sized pointers emitting less 
than a milliwatt of light to installations that occupy 
large buildings and generate thousands of Joules of 
ultraviolet energy in nanosecond-duration pulses. 
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The applications also range from frequency-stable 
continuous-wave light to generation of pulses a few 
femtoseconds in duration. Laser output with specific 
properties may only be available in narrow spectral 
regions, and harmonic generation is a method to 
convert the laser output to spectral regions of 
shorter wavelength. It is customary to call light 
of twice the frequency of the fundamental the 
second harmonic; three times the third harmonic, 
and so on. 


The conversion of light by harmonic generation 
is a process that is driven by the nonlinear electric 
polarization. The total polarization P(t), including 
the linear term, is a vector quantity related to 
the electric field E(¢) by the susceptibility tensors 
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x ofa material: 
P(t) = cox!" : E(t) + py” : EEC) 
+ ex): E(DEWE(H +... i) 


where ey = 8.854 10! C/Nem* is the permittivity 
of free space. The first-order tensor describes linear 
optical properties on the material, The second-order 
tensor ,' describes second-harmonic generation and 
sum- and difference-frequency generation. This is the 
term that is of interest here. The second-order 
nonlinear optical tensor, equal to half the second- 
order susceptibility, is used widely instead of the 
susceptibility: 


dig. = 


ayn 21 


In calculations of harmonic generation and sum- and 
difference-frequency generation, the coefficient is 
usually reduced to a scalar quantity dy, the effective 
nonlinear coefficient that expresses the relationship 
between only the specific vector components involved 
in an interaction. The second-order optical nonli- 
nearity, when present, is usually significantly larger 
than higher-order optical nonlinearities. When opti- 
cal frequency conversion is possible, using the 
second-order nonlinearity, it is generally preferred. 
Any material that has inversion symmetry, 
however, will have vanishing second-order non- 
linearity. Although there is continuing interest in 
developing other materials, such as poled polymers 
for future applications, materials for current 
practical applications are restricted to noncentro- 
symmetric crystals. 

This article will provide a description of the process 
of optical harmonic generation and discuss some of 
the concerns in the design of harmonic generation 
systems. In many cases, harmonic generation can be 
modeled accurately by analytic or numerical tech- 
niques. Some of the theoretical development that is the 
basis for this modeling will be presented along with 
examples. There are several essential considerations 
that must be made in selecting a harmonic generation 
process. These involve both material properties and 
conditioning of the fundamental radiation. 


General Considerations 


The nonlinear optical material must be highly 
transmitting at the fundamental and harmonic 
wavelengths and must have a laserinduced-damage 
threshold high enough to allow optical intensities 
that will provide adequate conversion efficiency. 
Phase matching must be possible in the material. 
Other material characteristics must be considered 


for specific applications. The harmonic generation 
process requires that the phase velocities of the 
fundamental and harmonic radiation be matched. 
Without phase matching, power converted to the 
harmonic is back converted to the fundamental in 
a rapid oscillation, and harmonic conversion 
remains at low levels. The material also needs to 
be of good optical quality to provide optical 
transmission without distortion, which would 
destroy the phase relationship. Continuous-wave 
harmonic generation may involve local intensities 
of the order of 1 megawatt per square cm 
(1MW/em*). Pulsed applications with Q-switched 
laser output of a few nanoseconds duration 
typically employ intensities of several hundred 
MW/cm*, and harmonic-generation applications 
with mode-locked lasers may involve pulse dura- 
tions of tens of femtoseconds with peak intensities 
of tens of gigawatts per square cm. Many other 
properties are desirable, but it is necessary to work 
within the limitations of available materials. 

Phase matching is an essential requirement. When 
harmonic and fundamental waves of different eigen 
polarizations are coupled through the nonlinear 
optical tensor, it may be possible to use crystal 
birefringence to provide phase matching. The bire- 
fringence, if large enough, can compensate dis- 
persion, The fundamental wave is introduced into 
the crystal with the polarization of the larger 
refractive index, and the harmonic is generated in 
the polarization of the smaller index. This is a 
description of type-I birefringent phase matching. 
Phase matching is achieved by selecting the direction 
of propagation in the crystal or by changing the 
temperature of the crystal. Type-II phase matching 
with the fundamental wave resolved into the two 
eigen polarizations is possible with large birefrin- 
gence. Quasi phase matching involves periodically 
structuring the nonlinear material in a way that 
spatial modulation of the optical nonlinear 
pensates for dispersion. Quasi phase matching is 
tuned by selection of the modulation period, and 
temperature control may provide a fine tuning. 
Periodic poling, one method of quasi phase matching, 
involves changing the orientation of ferroelectric 
domains after each coherence length of the harmonic 
generation process. These methods of phase matching 
are sketched in Figure 1. 

The physical arrangement of the harmonic gener 
ation process depends on properties of the available 
fundamental light and the properties of the selected 
nonlinear material. The single-pass techniques, 
shown in Figure 1, may have the advantage of 
simplicity, but expanding or focusing the fundamen- 
tal beam may be required. Crystal length and clear 
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Figure 1 Different methods of phase matching optical harmonic generation are illustrated. The arrows indicate the directions of 


clectric-eld polarization and directions of propagation. 


Harmonic 
output 
‘alive Nonlinear 
laser cysial—yior 
Mirror material Mere 


Figure 2 Placing a harmonic-generation crystal inside a 
laser cavity with mirors highly reflecting at the laser wave 
length is one technique of increasing the intensity of the 
fundamental beam. 


aperture need to be selected. Intracavity harmonic 
generation (Figure 2), or external-resonant-cavity 
harmonic generation, may provide advantages in 
other cases. Analysis of harmonic generation provides 
the means to select among the options. 


Basic Equations 


Much of the analysis of second-harmonic generation 
follows from the differential equations that describe 
the interaction between the fundamental and harmo- 
nic fields, and it is appropriate to describe the 
development of these coupled equations. The wave 
equation: 


1 IE PE) PEt) 
VEC. Hye = Hobo = ho 
BI 


is obtained from Maxwell's equations. Here py = 
417X107 is the permeability of free space, and ¢ is 
the conductivity, which later will be incorporated into 
the optical absorption coefficient a= pgar/2, and 
(eo) '? = c= 2.998x 10° mis is the speed of light 
in vacuum. The electric field of a planewave, at 
angular frequency , is expressed in complex nota- 
tion as the product of a slowly varying complex 


amplitude and a carrier wave: 
E,.0=(12)(E,expitkyr—at)tec) [4] 


The intensity of this plane wave is 


(nceq/2)IE, Is} 


Here m is the index of refraction of the material in 
which E is specified. The nonlinear polarization 
resulting from the second-order susceptibility driven 
by the plane wave E,(r.t) is expressed as 


PRE (r,t) =(1/2{PM exp i(2k,-r—2ot)+ec.) [6] 


The individual components of the polarization 
amplitude vector are 


PR = 20) dye(— 20 0. 0)E Est (7) 
‘F 


If the nonlinear polarization is produced by two 
distinguishable waves, such as for sum-frequency 
generation of the third harmonic by the second 
harmonic and the fundamental, the nonlinear polar- 
ization is 


PS (r,t) =(1/2){PS™ exp il(ky +k) 
~(otontltec} Is} 


where 


PR = en die(—as;or,en)EijE2. 19) 
rr 


and 


= 0, +0, 110) 

A number of simplifications are used to arrive at 
the coupled equations for harmonic generation with 
monochromatic plane waves. All waves are assumed 
to be propagating collinearly in the z direction. 
Only the vector components involved in the 
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interaction are retained, and the nonlinear optical 
tensor is replaced by the scalar effective nonlinear 
coefficient dy. Finally, the slowly varying envelope 
approximation is invoked and the higher-order 
derivatives of the amplitudes are ignored, as are 
time derivatives of the envelopes. The wave equation 
simplifies to 


dE@) 
Se take 


Hyco 
ti 


Pz) fea) 


where 1 is the index of refraction. 

With three distinguishable waves, as with sum- 
frequency generation and type-II second-harmonic 
generation, there are three coupled equations: 


dE) 
dz 


sds 

+ agEx(2) = i 2" E, Exe) exp(-idkz) 
me 

(12) 

ond, 


HE (@)ES(z)explidkz) 
me 


1131 


ends ‘ 
2" E(@)E{(@expGidke) 
me 


(14) 
Here the wave vector mismatch is 
Ak = ky — ky - 15] 
and 
=e tay (16) 


with the convention of w; = «; < as. The indices of 


refraction of the three waves are m,72, and 13, 
respectively, and a,,a), and a3 are the respective 
amplitude absorption coefficients. 

With type-I second-harmonic generation, the fun- 
damental field consists of only a single eigen 
polarization, and there are two coupled equations: 


SOE (IE (Z)exp(—idkz) 


ye 


71 


[18] 


Indices of refraction at the harmonic and funda- 
mental are mp,, and 7, respectively; a3, and a,, are the 
respective absorption coefficients; and the wavevector 


mismatch is 


Ak = ky, — 2k, (19) 


The equations for type-II second-harmonic gener- 
ation, where @; = ) and w; = 2«,, become equiv- 
alent for those for type-I second-harmonic 
generation, providing intensities of the two funda- 
mental polarizations are equal, I, = I, and a, 


Steady-State Solutions 


Three monochromatic planewave solutions for type-1 
second-harmonic generation are discussed. These 
solutions address type-I harmonic generation; first 
for low levels of conversion with arbitrary phase 
mismatch; next for high levels of conversion with 
perfect phase matching; and last for arbitrary levels of 
conversion with arbitrary amounts of phase mis- 
match. Near-field and focused-beam approximations 
also exist. Beyond that, numerical techniques, such as 
split-step Fourier transform methods can handle 
more complicated conditions. The simple approxi- 
mations of monochromatic planewaves, or steady- 
state solutions, however, yield useful information. 

The coupled equations for type-I second-harmonic 
generation can be solved by simple integration for 
low levels of fundamental depletion, where E,(2) is 
treated as constant and there is insignificant absorp- 
tion. Initial conditions are [,(0), incident on the 
crystal and I,(0) = 0. Integration of the equation for 
the harmonic electric field yields an expression for 
electric field after propagating a distance of / in the 
crystal: 


wd.yE2(0) 1 
Ex) = a ) sg lexp itkaal) ~ exp ik} 
(20) 
Expressed as intensity the solution is 
Tru(l) = 1,(0T7P sine*(ARI2) [21] 
where sine(x) = sin(x)/x and 
2e* diida(OMOraMae eo) 122] 


When Ak=0 and a, = «3, =0, conditions of 
perfect phase matching and no absorption, the 
coupled equations for type-I second-harmonic gener- 
ation can be combined into a single equation. This is 
done using conservation of energy, which requires 
E2(z) + E5,(z) = E2(0), in this case with no initial 
harmonic intensity. The equation can then be 
manipulated into a standard integral that yields the 
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inverse hyperbolic tangent. Rewritten and expressed 
in terms of intensity the result is 


Ty) = 1,O)tank*(P), (23) 


The two solutions for [1,(2) given above serve well for 
a number of applications. The sinc(Ak-I/2) function 
is widely used to determine phase-matching accep- 
tances. The tanh?(I/) function is a good appro- 
with 


ximation for local conversion 
well-collimated fundamental beams, 


large, 

‘An exact solution to the coupled equations, 
however, gives insight to conditions such as high 
initial fundamental intensity with small amounts of 


phase mismatch, After extensive algebraic manipu- 
lation, a solution in the form of a Jacobian elliptic 


function sn(zlm) is obtained: 
( ui |) 24) 


Uy = Asl4 + 1 + (As/4y 


As= Aur 


Tagl) = L,(O)ugsn 


where 


25) 


and Ak and T' retain the earlier definitions. This 
solution can be extended to provide the phase of the 
fundamental and harmonic as the conversion process 
evolves. Expressing the complex harmonic and 
fundamental field amplitudes as the product of a 
real amplitude and a complex exponential: 


E(z) = A@exp idz) 26) 


the harmonic phase is 


(4 Akzy2 p71 


The fundamental phase, however, is found to be 
dependent on the conversion process: 


Gulez) = (U2)are cos|Ara(Z)AKI2KAR))T 

~ (w= AkzVz 28] 
where «= wdel(nyc). Small amounts of phase 
mismatch significantly change the phase of the 
fundamental at high levels of conversion. This phase 
change is used for switching applications in wave- 
guide interferometers. It also makes phase-matching 
requirements more stringent at high levels of conver- 
sion. The three planewave solutions are illustrated in 
Figure 3. The narrowing of phase matching at higher 
conversion is illustrated in Figure 4. 
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Figure 3 Monochromatic plane-wave solutions of the coupled 
equations for second-harmonic generation are illustrated for 
aifferent amounts of wavevector mismatch. The solution takes the 
form tanh?{(F1) when Ak= 0 and (T/)?sinc*(AKF2) when conver- 
sion is small 


There is a Jacobian elliptic function solution for 
intensities with the coupled waves of type-II second- 
harmonic generation and sum-frequency generation. 
The phases of the individual waves can be recovered 
with elliptic integrals of the third kind. Both sets of 
equations, the two coupled equations for type-I phase 
matching and the three coupled equations for type-II 
phase matching, are amenable to numerical solution 
by Runge-Kutta methods. 


Phase Matching 


Phase matching is achieved in birefringent materials 
by balancing the dispersion of the material with the 
difference between the indices of refraction of the fast 
and slow waves. With adequate birefringence it may 
be possible to obtain phase matching by selecting the 
direction of propagation in the crystal. Equations 
describing the dispersion and birefringence of non- 
linear crystals, necessary for calculating phase match- 
ing, along with the nonlinear optical coefficients and 
expressions for the effective nonlinear optical coeffi- 
cients, are tabulated in handbooks. Values for a few 
examples are given here, 

‘The negative uniaxial crystal potassium dihydro- 
gen phosphate (KH:PO, or KDP) is used as an 
illustrative example. The harmonic wave is chosen to 
have extraordinary polarization with the smaller 
index of refraction in this crystal with negative 
birefringence. With type-I phase matching, the 
fundamental consists of only an ordinary polarized 
wave. To have phase matching, Ak = 0, itis necessary 
to choose a direction of propagation that makes an 
angle with the optic axis that satisfies: 


R29} 


M2) = Maes 
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Figure 4 High levels of overall second-harmonic conversion require higher levels of conversion at peak pulse intensity. Phase- 
matching bandwidths narrow at the higher levels of peak conversion. The broken curve is the (T')sinc*(Akl2) small conversion 


approximation 


The extraordinary index for propagation at an angle 
of @ to the optical axis in a uniaxial crystal (6) is 
given by 


1 _ costa | sine 
wots (30) 


where m, is the ordinary index and n, is the 
extraordinary index for propagation at 90° to the 
optic axis. The phase-matching angle is obtained 
by using the identity cos*# = 1 ~ sin?@ and solving 
for 0: 


12 
mB rglt2oy — tan) 

Oy, = sin} “pet Tae he) 31 

where the subscripts refer to ordinary and extraordi- 

nary indices at the fundamental and second-harmonic 


frequencies. 
The effective nonlinear cot 


icient is determined by 
crystal symmetry, the type of phase matching, the 
birefringence of the crystal, and the direction of 
propagation. For crystals of point group 42m with 
negative birefringence, such as KDP, the effective 
nonlinear coefficient for type-I phase matching is 
given by 


dye sin @sin 26 132] 


The azimuthal angle @ is measured from the crystal 
x-axis. The x-axis and y-axis are specified by X-ray 


diffraction and piezoelectric coefficients and can be 
determined from the growth morphology. The 
azimuthal orientation of a finished crystal, however, 
is not obvious, and requires X-ray orientation, 
piezoelectric characterization, or nonlinear optical 
measurements, if the record of crystal orientation is 
lost. The nonlinear coefficient dy is an abbreviation 
for the ds,» and d3p, tensor components, which are 
equal. For harmonic generation with a 1064nm 
fundamental in KDP, dy = 0.39 x 10-? m/V. The 
unit of 10°"? m/V is usually expressed as picometers 
per volt (pm/V). The effective nonlinear coefficient for 
type-II phase matching for this class of crystals is 


dese = dig sin 20 cos 2b (33) 


‘Type and type-II crystals cut from the same material 
are not interchangeable. The type-II phase-matching 
angle for KDP can be found by iterative solution of 
the equation: 


Me 2B) = 134] 


tose + Mea OW 


The birefringent walkoff angle, that is the angle the 
Poynting vector of an extraordinary wave makes with 
the wavevector, is another consideration for birefrin- 
gent phase matching. There will be no further 
harmonic generation when the extraordinary and 
ordinary fundamental beams of type-II phase match- 
ing no longer overlap. For type-I phase matching, 
birefringent walkoff can limit the interaction 
length, but there can be several interaction lengths 
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in a crystal. The birefringent walkoff of an extraordi- 
nary wave propagating at an angle @ to the optic axis 
ina uniaxial crystal is given by 


p=tan {2[2 i foo} 135] 


Refractive indices for 1064nm to 532 nm second- 
harmonic generation in KDP are 1, 4,= 1.4709, 
To2u = 1.5129, rey = 14603, and nay = 1.4944. 
The dispersion of KDP and indices at the phase- 
matching angles are shown in Figure 5. For type-I 
phase matching dy = 0.26 pV, Op, = 41.2°, and 
Po =28 milliradians (mr), and for type-II phase 
matching dei: = 0.34 pm/V, Bent = 59.1°, py = 20 mr, 
and p),, = 25 mr. Type-II phase matching in KDP for 
this application offers an advantage of larger effective 
nonlinear coefficient. Also the angular acceptance is 
larger for type-II phase matching. 

The angular acceptance is calculated from dis- 
persion equations by first evaluating the derivative 
@Ak/a@ and then finding the value of A@ correspond- 
ing to the full width at half maximum (FWHM) of the 
sine?(Ak-I/2) funtion: 


2 Newnan = 4x 1.39 radians/! 


(36) 


When @ is 0° of 90° for uniaxial crystals, or for 
propagation along one of the refractive index 
principal axes ina biaxial crystals, the first derivative 
aAk/ad becomes zero, and the angular acceptance 
must be calculated from the second derivative a°Ak/ 
a0, This case is called noncritical phase matching 
(NCPM), and the case for @ between 0° and 90° is 
called critical phase matching. 
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Figure 5 Dispersion of the biretringent nonlinear material 
KH.PO, with refractive indices indicated for type-! and type-t 
1064 nm to 532 nm second-harmonic generation. (Adapted from 
Byer RL (1977) Parametric oscillators and nonlinear materials. In 
Harper PG and Wherrett BS (eds) Nonlinear Optics, pp. 47-158 
San Francisco, CA: Academic Press.) 


Second-harmonic generation of 1064 nm funda- 
mental radiation in the crystal lithium triborate (LBO 
or LiB,O,) is an example of NCPM. At 149°C, this 
crystal will phase match for type-I SHG for propa- 
gation along the x-axis in the xyz frame determined 
hy the indices of refraction of this biaxial crystal 
ng <n, <M. The following are calculated from 
dispersion equations for this case: aAk/ad=0; 
a? Ak/ao?=2.04 x 104 (rad/emy/rad?;aAk/a=0;and 
a Ak/ag? = 6.45 x 108 (rad/em)/rad*, The FWHM 
angular acceptances for a 1.5 cm-long LBO crystal 
are Adpwny, = 1.09° and Adewriny = 1.94°. Angle- 
tuned CPM at 23°C in LBO occurs at @= 90° 
and $= 11°.5, For this case aAk/a6= 1.32 x 10* 
(rad/em)rad, and the azimuthal angular acceptance 
decreases to Adgyiys = 0.16%. Also there is a 
birefringent walkoff angle of py, =19mr, which 
results in a displacement of 0.29 mm of the extra- 
ordinary-like harmonic beam for a 1.5 em-long 
crystal, Both the larger angular acceptance and the 
absence of birefringent walkoff are advantages for 
harmonic generation. The effective nonlinear coeffi 
cient of LBO is reported as 0.85 pm/Vand 1.04 pm/V 
hy different sources. 

Quasi phase matching offers the possibility, in 
principle, of noncritical phase matching at any 
wavelength in the transmission range of a material, 
However, it may be difficult producing the periodic 
structure that is required for phase matching in a 
particular application. The ferroelectric crystals 
lithium niobate (LiNbOs), lithium  tantalate 
(LiTaO), and potassium titanyl phosphate 
(KTiOPO, of KTP) can be processed by electric- 
field poling to produce domains of alternating 
polarity. Lithography techniques are used to apply a 
patterned electrode structure on the surface of a wafer 
or thin slab. Domains are reversed by the application 
of a carefully monitored and controlled electric field. 
Thicknesses of several mm have been achieved in 
periodically poled KTP (PPKTP). The higher coercive 
field of 21 kV/mm has limited the thicknesses that can 
be achieved in periodically poled lithium niobate 
(PPLN), particularly at shorter wavelengths for which 
poling periods become small. Progress is now being 
made with zincblende materials such as gallium 
arsenide, These materials have large linearity and 
good transmission in the infrared, but they are not 
birefringent. Epitaxial growth on patterned sub- 
strates is now being used to produce periodically 
structured GaAs on a research basis, and bonded 
stacks of wafers of alternating orientation also have 
heen used. Harmonic conversion with quasi phase 
matching is compared with conventional phase 
matching and nonphase-matched harmonic genera- 
tion in Figure 6. 
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Figure 6 The growth of harmonic intensity is illustrated 
schematically for @ quasi-phase-matched process in which the 
polariy of the nonlinearity is reversed after each coherence 
length. Conversion for Ak=0, Ak~0, and a uniform effective 
nonlinear coefficient are shown for comparison. (Adapted from 
Fojer MM (1992) Quas-phase-matched second harmonic 
generation: tuning and tolerances. IEEE Journal of Quantum 
Electronics 28: 2631-2654) 


1 

Boon 

§ 

2 

8 
oot 


Relative pump power (log scale) 

Figure 7 Random vatiations in domain length will lower 
harmonic conversion efficiency and have offect on back 
conversion. RMS variations in domain length are indicated in 
the legend for this specific example. 


Quasi phase matching also provides access to 
tensor components that are not accessible with 
birefringent phase matching. This is the case for 
lithium niobate; the largest tensor component is 
ds33 =d33, which has a value of 25 pm/V. The 
effective nonlinear coefficient is the relevant Fourier 
component of the modulated nonlinearity: 


d, 


lu = 2a) d3s = 16 pm/V G7] 


This is a larger effective nonlinearity than is available 
with common birefringently phase matched materials 
in the visible and nearinfrared, A more accurate 
treatment of second-harmonic generation involves 
application of the Jacobian-elliptic-function solution 
to each domain. After nearly complete conversion is 


reached, the phase perturbations on the individual 
domains have effect, and back conversion takes over 
(Figure 7). Conversion is lower and back conversion 
can set in sooner with random differences in the 
domain length. There is some experimental evidence 
that this type of back conversion has been observed in 
guided-wave harmonic conversion devices. Guided- 
wave nonlinear optical interaction can have long 
interaction lengths not limited by diffraction. Quasi 
phase matching is particularly useful in waveguide 
second-harmonic generation because the direction of 
propagation is fixed. 


Gaussian Beams and Pulses 


A radially symmetric Gaussian light beam has 
transverse intensity of 


I(r) = Ip exp(—2r° hw”) 138] 


where r is the radial coordinate and w is called the 
spot size. Harmonic generation in the low-conversion 
limit by a Gaussian beam, with a focus of spot size wo 
at the center of a crystal with optimized phase 
matching, is described by 


Proll (0) 


uP hyp (OMRH(B, Wm e9e*) [39] 


The harmonic power after propagating distance / in 
the crystal is ps,(l), and p,(0) is the incident 
fundamental power. The function h(B,é) is the 
Boyd and Kleinman focusing factor. It is a function 
of the walkoff parameter: 


B= pviki2 140] 
and the focusing parameter: 
€=Ikup) [41] 


The spot size wy of the fundamental beam at its 
waist is used to described the fundamental 
intensity distribution at the focus at the center of 
the crystals 

Lal) = (2p.(OM(med)exp(—2r7/w3) [42] 
Values of the focusing factor for arbitrary focusing 
and walkoff are usually displayed in the form of a 
graph (Figure 8). In the case of weak focusing €< 1 
and relatively small walkoff wy > pl, the focusing 
factor is given by 


WB, €) = &1 — P12 + 8/120 — #51344 +...) 
143] 


where t = 2B(2€)!*. 


Nor 
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An example of continuous-wave second harmonic 
generation is used. This calculation models a conver- 
sion experiment published in the literature. External- 
resonant-cavity second-harmonic generation of 
6.5W of 532 nm radiation was reported. The 
1064nm fundamental radiation with 378 W of 
circulating power in a resonant cavity external to 
the laser was focused to a 32 1m spot size in the 
center of a 6 mm-long LBO crystal (Figure 9). This 
corresponds to a focusing factor of €= 0.62 in the 
index m = 1.6053 material, The value of the focusing 
parameter is h(0,0.62) = 0.58. The nonlinear optical 
coefficient for this process is reported as 0.85 pm/V 
and 1.04 pm/V by different sources. When these 
values are inserted into the earlier equation for 
Pra{l)/p,(0). the higher coefficient yields a conversion 
efficiency of 0.0273 and 10.3 W of 532.nm output, 
whereas the lower coefficient yields a conversion 
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Figure 8 Tho Boyd and Kleinman focusing factor (8,2) for 
type-I second-harmanic generation is shown as a function of the 
focusing parameter £for diferent values of the walkoff parameter 
B. The curves shown were generated with a splt-step Fourier 
transform calculation. (Adapted from Boyd GD (1968) Parametric 
interactions of focused Gaussian light beams. Journal of Applied 
Physics 98: 9597-9639.) 


efficiency of 0.0182 and 6.9 W of 532 nm radiation. 
Differences in published values of nonlinear optical 
coefficients are common. The reported precision of 
the experiment and the measured values tend to 
support the lower value. Practical applications are 
useful to check the accuracy of parameter values. 
With many variables and the added complication of 
operation at high intensity there is uncertainty that 
demands caution in accepting the derived parameter 
values. It is interesting to note that the power and 
heam size of the example result in a maximum 
intensity of 17 MW/cm? at the surface of this crystal. 
Many vendors will warranty antireflection coatings 
for only 1MW/cm? maximum continuous-wave 
intensity. 

For a pulsed fundamental with temporal shape 
Plt) = p.(0)exp(—t/7), integration over time gives 
a calculated energy conversion efficiency of: 


U,,(/U,,(0) 
= Vet 


where Up, (l) is the harmonic energy generated after 
propagation distance / in the crystal and U,(0) is the 
incident fundamental energy. This is still a low 
conversion approximation. An estimate of conversion 
efficient at arbitrary levels of depletion Mx. is obtained 
with the empirical expression: 


Maske 


UOURKB. EMV rege) [44] 


Nese = Neate! + Tate) (45) 


Returning to the example 1.064 nm to 532 nm, type- 
I SHG in KDP and using 1= 3m, U,(0)=0.3 J, 
and r= 3.6 ns for a 6 ns FWHM pulse duration, the 
above two relationships predict a conversion eff. 
ciency of 50%. These parameters give a peak 
intensity of 330 MWyem?, a value typical for efficient 
harmonic conversion, while avoiding laser-induced 
damage in a long-term, repetitive-pulse application 
using KDP. Single-shot  laser-induced-damage 
thresholds for KDP are about 10 times higher. 
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Figure 9 A bow-tie cavity for externally resonant second-harmonic generation i illustrated. The reflected fundamental beam is used 


to develop an error signal to drive the piezoelectric translator and 


hold the cavity in resonance. 
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Figure 10 Short crystals less than 1 mm in ength are typically used for second-harmonic generation with fundamental pulses that are 
only ten’s of femtaseconds in duration. Itis necessary to Separate fundamental and second-harmonic pulses and recombine them with 
appropriate delay to compensate for group-velocity mismatch before sum-frequency generation to the third harmonic. 


As a final example, consider second-harmonic 
generation of a 100 fs (1 fs= 10"! s) duration 
pulse from a mode-locked Ti:Al,0; laser operating 
at 800 nm. Typical laser output might consist of 10 nJ 
(10 x 10°” Joule) pulses at 80 MHz repetition rate. 
Group velocity walkoff is a concern for this short 
pulse duration (Figure 10), Barium borate (BaB2O. or 
BBO) is a common crystal for this application. The 
group velocity walkoff rate between the ordinary- 
polarization 800nm fundamental pulse and the 
extraordinary-polarization 400 nm harmonic pulse 
is 190 fs/em. A crystal length no longer than 0.5 mm 
is needed to avoid lengthening the harmonic pulse 
in time, Fortunately, the laser-induced-damage- 
threshold intensity increases approximately as the 
inverse of the square root of the pulse length between 
roughly 10:ns and 1 ps, and it is possible to focus the 
beam to achieve higher intensity without crystal 
damage and compensate for the short crystal length. 
However, the 68-milliradian birefringent walkoff of 
the harmonic will limit the size of the focus. A 20 um 
spot size will allow an interaction length that roughly 
matches the crystal length and provides a peak 
fundamental intensity around 16 GW/em* and a 
conversion efficiency of nearly 30%, Now suppose 
the 100 fs pulse is amplified to 100 mJ in a large 
chirped-pulse regenerative amplifier. A larger diam- 
eter crystal is required, and KDP is an appropriate 
choice. The group velocity walkoff rate in KDP is 
78 fsimm, and a crystal of 1.5 mm thickness could be 
used, With the beam spot size increased to 30 mm, the 
peak intensity will be 71 GW/em?, and the conversion 
efficiency will be about 40%. Material availability, 
such as the large sizes possible with KDP, often 
determines a choice. 


Conclusion 


Basic techniques for describing and modeling second- 
harmonic generation have been discussed. Birefrin- 
gent phase matching and quasi phase matching were 
reviewed. Three examples were used to illustrate 
considerations for implementing harmonic-gener- 
ation systems, There are many more parameters to 
be considered for other applications and for more 
detailed analysis. The examples presented illustrate 
the demands nonlinear optical frequency conversion 
places on materials. A few materials have been 
established as primary choices in common appli- 
cations. But for many applications, available 
materials or laser system performance are limiting 
and it is necessary to use the materials and systems 
that are available. The importance of using the 
analysis methods is stressed. It is possible to sacrifice 
performance by improperly specifying a crystal. 
Choosing the best crystal for a harmonic-generation 
application with an appropriate optical design will 
optimize harmonic conversion. 
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Spectroscopy: Second Harmonic Spectroscopy. 
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Introduction 


The invention of the ruby laser, in 1960, provided a 
revolutionary new light source, which emits an 
intense, highly collimated polarized beam of light. 
The new source opened the way for developments 
that have enabled new technologies, thus profoundly 
changing our way of life. One of these new frontiers 
opened by the laser was the field of nonlinear optics. 
In 1961, Franken et al. were the first to report the 
observation of second-harmonic generation from a 
quartz crystal, using ruby laser light. Third-harmonic 
generation (THG) was soon discovered by Terhune 
and co-workers in 1962. 

‘THG has found applications as a spectroscopic tool 
to probe optical properties of materials, but recently 
it has been developed asa microscopy tool and a pulse 
measurement technique. More efficient THG is 
possible by engineering the materials; for instance, 
one way to improve conversion efficiency is to use 
periodic structured dielectric materials, called photo- 
nic bandgap structures 


Polarization and the Third-Order 
Susceptibility 


THG is a nonlinear optical phenomenon, where light 
of angular frequency w is converted into light at an 
angular frequency 3 that is three times higher. Light 
is made of particles called photons and the nonlinear 
medium enables the process whereby three photons of 


Fejer MM (1992) Quasi-phase-matched second harmonic 
generation: tuning and tolerances. IEEE Journal of 
Quantum Electronics 28: 2631-2654, 

Shen YR (1984) The Principles of Nonlinear Optics 
New York: John Wiley & Sons. 

Sutherland RL (2003) Handbook of Nonlinear Optics, 
2nd edn. New York: Marcel Dekker. 

Yang SL (1991) 6.5 W, 532.nm radiation by ew resonant 
external-cavity second-harmonic generation of an 18 W 
Nd:YAG laser in LiBsOs. Optical Letters 16 
1493-1495. 

Yariv A (1989) Quantum Electronics, 3rd edn. New York 
John Wiley & Sons. 


frequency w are annihilated to create one photon of 
frequency 3, The nonlinear interactions are strongly 
dependent on the polarization or the dipole moment 
per unit volume, which is written as a series 


PU) =P XE +A: BO+VUBO + (1 
where is the susceptibility of the optical material, 
the superscript of in parentheses denotes the order 
of nonlinearity, ¢ is the time variable, and E is the 
electric field. Both the electric field and the polari- 
zation are vectors; therefore the susceptibilities are 
tensors. The first-order or linear susceptibility x, is a 
second-order tensor. This term constitutes the linear 
polarization of the medium denoted a P*. It has nine 
clements, but only up to three independent elements 
depending on the symmetry of the lattice. The other 
terms represent an expansion for the nonlinear 
polarization of the medium, PN‘. Note that the 
superscripts ‘L’ and ‘NI’ denote linear and nonlinear 
polarization contributions, respectively. The third- 
order susceptibility {2} is a four-rank tensor, which 
usually has 81 elements (3X3%X3X3=81). In 
asymmetric crystalline solids, all 81 elements can be 
of nonzero value and independent. With a higher 
degree of symmetry in other optical materials, the 81 
clements are no longer all independent, and thus the 
number of independent elements can be reduced to a 
lower number. For example, isotropic material such 
as glass, liquid, or vapor has only three independent 
elements. For illustration, we consider a general case 
where the applied frequencies « are arbitrary, and the 
third-susceptibility is given as 


iit = NGfy(4 = co + wy + 05) 1 


Note that the superscript has been removed. In the 
isotropic material, the coordinate axes must be 
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equivalent. Thus, the susceptibility has symmetry 
given by 


Naru = Nona: (Bal 
Xi = X33 = = ioass = Nas = [3b] 
Xie = Xa Font = X31 = an [Be] 
Xian = Xi331 = Xa = Yas = G3 = Kawa [3d] 


For the isotropic material, there are only 21 nonzero 
elements, as given in eqns [3a]-[3d], because these 
elements have a Cartesian index (1, 2, or 3) that 
appears an even number of times. The reason for 
nonexistence of the elements with an index appearing 
an odd number of times is because, for example, yi221 
would give a response in the £, direction due to a fie 
applied in the £) direction. This response must vanish 
in an isotropic material, because there is no reason 
why the response should be in the +; direction 
rather than in the —%; direction. In summary, the 
elements in the third-order susceptibility of the 
isotropic material have the relationship given by 


Nat = X1122 84/8. + X121254 8 + Xi221 8H 41 


where dis the Kronecker delta function; it has a unit 
value, 6, = 1, ifand only if i = j, otherwise, itis zero, 
5, =0. Thus, we see from eqn [4] that there are only 
three independent elements in the isotropic material. 
Crystalline materials have more independent com- 
ponents and they have been determined for the 32 
crystals classes. The relationships between the 
elements for these crystalline classes are tabulated in 
books by Boyd and by Butcher and Cotter. 

A block diagram of a material illustrates THG and 
its corresponding energy-level diagram is depicted in 
Figure 1. Figure 1a shows that fields of frequency w 
excite the y° optical material to generate the third- 
harmonic field with the residual of the fundamental 
harmonic field. Figure 1b shows that three photons of 
frequency w are destroyed to generate a photon of 
frequency 3w in the third-harmonic generation, 


For third-harmonic generation, the frequency 
dependence of the susceptibility is expressed as 
Xjni(3@ = w+ w+ o), With the intrinsic permutation 
symmetry of the nonlinear susceptibility, the elements 
of the susceptibility tensor has a relationship such 
that yii22 = Yi2i2 = Nuai- So we can further reduce 
eqn [4] for the third-harmonic generation as 


XyeBO= 0+ 0+0) =inBo= wt w+ o) 


X (jut 6451+ 834) 15] 


Therefore, we see that the third-harmonic suscepti- 
bility tensor has only one independent element, 


Wave Equation for y* Third-Harmonic 
Generation 


Theoretically, we have to use the wave equation to 
observe how an intense laser field interacts with the 
nonlinear material, so that the polarization of the 
medium could develop new frequency components 
that are not present in the incident field. Thus, these 
new frequency components of the polarization 
become the sources of the new frequency components 
of the electromagnetic field. 

To formally describe THG, we begin with 
Maxwell’s equations (in Gaussian units), and we have 


VxD=4np [6a] 

VxB=0 [6b] 

vxE= 18 [6c] 
a 

vxn= 12D , Sy 6d) 


where H is the magnetic field, B is the magnetic flux 
density, D is the clectric flux density, p is the charge 
density, and J is the current density. The desired 
solution is in the region of space in the nonlinear 
material that has no free charge (p=0), and 
therefore, there is no free current (J = 0). We assume 


A i 


LE J=: a 


(b) 


Figure 1 The third-harmanie (a) block diagram; and (b) energy level description, 
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that the nonlinear material is nonmagnetic, so that 
B=yH=H, where w=1 in a nonmagnetic 
environment. In nonlinear material, the electric flux 
is defined as 


D=E+4aP 71 


so that the polarization depends nonlinearly on the 
strength of E. Using eqns [6c] and [6d], we have 


vxvxE+ +2 <9 [8] 
= 


Substituting eqn [7] into [8], we have 


1 
VxVxXE+ 475 x 


at 19) 


Using an identity from the vector calculus, we have 


VxVXE=VVXE)-VE (10) 


In linear optics, we see from eqn [6a] that when 
there is no free charge in source-free isotropic 
material, VxD=VXE=0. Thus, the first term 
on the right-hand side of eqn [10] has no effect. 
Whereas in nonlinear optics, V XE # 0 in isotropic 
material, but the contribution from the first term 
on the right-hand side of eqn [10] is negligible, 
therefore, we can ignore it. Thus, eqn [9] can be 
simplified as 

2 1 aE _ 4aa°P 


VE-soy= 
Fe oe 


a uy 


For distinction of the linear and nonlinear contri- 
hutions, we modified eqn [7] to get 

D=E+4nPl + 4npNt 
where P=P*+ PS, Let Db=E+4nP*, and we 
rewrite eqn [11] as 
1 a2’ _ 4m a2 PML 


2 Tae 


vy 


12) 


Equation [12] is the most general form of the wave 
equation seen in nonlinear optics, and could be used 
as our starting point for our study of third-harmonic 
generation, 


Methods of Third-Harmonic 
Generation 


Since nonlinear optics is a popular research topic, 
there are a handful of existing methods that can be 
used for third-harmonic generation, and possibly new 
methods may be developed in the future. Here, we will 


discuss three methods using y3 material: (i) photonic 
exystal; (ii) defect mode using photonic crystal; and 
(iii) homogeneous nonlinear crystal. 


Photonic Crystal 


After the invention of electronic bandgap structure, 
the optical scientists and engineers saw the possibility 
to extend the operating waveband into the visible, 
and thus we have the photonic bandgap structure. 
The geometry and material choices of the photonic 
bandgap structure create a unique bandgap in 
frequency spectrum that has potential applications 
in laser optics, telecommunication, medical imaging, 
optical limiting, etc. A photonic bandgap structure is 
also commonly known as the photonic crystal. For a 
one-dimensional photonic crystal, two materials of 
certain thicknesses each, repeat themselves a number 
of times. For example, the first and second materials 
are of thickness ‘a’ and ‘b’, respectively, so that their 
combined thickness is ‘d’, and have a periodicity of 
10. The schematic of such a one-dimensional photo- 
nic crystal, with its corresponding dielectric function 
as a function of axial distance z, is depicted in 
Figure 2, 

By using y* materials for photonic crystal, and 
using method of multiple scales (MMS), we have the 
nonlinear polarization given as 


PM = ae? 13) 
where Ais the perturbation parameter. With reference 
to Figure 2, assume that ‘a’ is equal to ‘b” so that 
d= 2a, then the Fourier expansion of the dielectric 


ab deasb 
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Figure 2 The schematic of the one-dimensional photonic 
crystal 
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function is given as 
e(z, @) = &(w) + AAe(w) cos(2m2/d) 
4) 


Ladetweos6reid) + 


where e(w) is the zeroth-order coefficient, and Ae(w) 
is first-order coefficient of the Fourier series expan- 
ithout going through the mathematics of 
MMS, we use eqns [12] and [13] to obtain the 
solution of the wave equation and two sets of coupled 
mode equations. The solution to the wave equation 
in eqn [12] is given by 
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where A is the amplitude of the field, k is 
the wavenumber such that k}=o7e(w)/c?, and 
K}=(3a)*e(3w)/c where c is the speed of light, 
and ‘e..’ refers to the complex conjugate. Note that 
the subscript ‘f and ‘b’ refer to the forward and 
backward modes, respectively. Also, the subscript ‘0° 
refers to the slowest scale, and ‘3’ refers to 
the fastest scale chosen in the analysis using MMS. 
Let ay=NAge™4, ayy=NAye 4, a= 
NAge™®"4, and ay3=NAyse™ 
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The coupled mode equations for the fundamental 
field are given as 
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where, at the fundamental harmonic, v,, is the group 
velocity of the homogeneous medium, 4, is the laser 
detuning, «1 is the coupling coefficient, ay is the 
absorption coefficient, V2. is the transverse Laplacian 
and the whole term (Va; and V}.a,,) accounts for 
diffraction effects, and “*' denote the complex 


conjugate of the corresponding term. Similarly, the 
coupled mode equations for the third-harmonic field 
are given as 
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where at the third harmonic, u,; is the group velocity 
‘of the homogeneous medium, 6; is the laser detuning, 
x; is the coupling coefficient, and a; is the absorption 
coefficient, Note that in the limit when ks ~3ky, the 
coupling coefficient between the fundamental and 
third harmonics are related by 


118] 


Also, note that the laser detuning between the 
fundamental and third harmonics are expressed as 


8s (2)ac+s9, (19) 
where Ak=k,~—3k, x Equation [19] described the 
phase matching condition, which determines the 
efficiency of the third-harmonic generation. When 
the phase is completely matched (Ak=0), then we can 
achieved the most efficienct in third-harmonic genera- 
tion when 6; = 36). Equations [16] and [17] are useful 
equations which are commonly used for numerically 
simulation of beam propagation. 


Defect Mode Using Photonic Crystal 


A defect mode can be generated in the photonic 
crystal if we introduce a defect in the geometry of the 
photonic crystal. The schematic of the photonic 
crystal with a defect of length dy located at the center 
of the photonic crystal, where the subscript ‘d’ 
denotes defect, is depicted in Figure 3. For the 
convenience of the analysis, we divide the entire 
photonic crystal into three regions: (i) Region I; 
(ii) Region Tl; and (iii) Region IIL Since we arbitrarily 
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Region I 


Region | Region il 


Figure 3 The schematic ofthe photonic crystal with a detect of 
length 


put the defect in the center of the photonic crystal, 
Region I and II will be identical, thus it will be easier 
for us in our analysis. The strategy of our analysis is 
to solve the wave equation for Region I of the 
photonic crystal, and apply the result to the Region II 
analysis. Similarly, we apply the corresponding result 
of Region II to Region III. Thus, by breaking up the 
entire photonic crystal into three regions, we can then 
easily analyze the propagation of a field through the 
entire photonic crystal. 

Assume that Region I and IL are each of length L/2 
Using the coupled mode equations without consider- 
ing the effect of absorption, the fundamental fields 
in the forward and backward modes in Region I 
is given as 
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and the subscript ‘(REG)’ denotes solution in either 
Region I, Il, or IIL The boundary conditions for the 
fundamental harmonic field, at the interface between 
Region I and Il, are given as 


aryan(da) = eM *a¢yn(L2) (21a) 


atynan(da) = € ayy (LP2) (21b] 


where £ = nolc, The field that propagates through 
Region I can be determined using eqns [20] and [21]. 
Also, the boundary conditions at the front and end 
faces of the Region III of the photonic crystal are 
given as 


a4yay(O) = aran(da) [22a] 


ayyan(L2) = 0 (22b] 
Using eqns [20] and [22], we can determine the field 
that propagates through Region IIL. Similarly, we can 
use the same approach to analyze the third-harmonic 


field, 


Homogeneous Nonlinear Crystal 


If we examine Figure 2, we see that when Ae(w) = 0, 
the photonic crystal becomes a homogeneous non- 
linear crystal. In another word, «3 = 0 when we set the 
laser detuning to zero, thus there is no more coupling 
between the layers, and we are left with only the 
forward mode. Without going through the mathemat- 
ics of four-wave mixing to describe the THG in a 
homogeneous nonlinear crystal, we can obtain the 
fundamental and third-harmonic coupled mode 
equations from eqns [16] and [17]. This will make it 
easier to make comparisons between the photonic 
crystal and the homogeneous nonlinear crystal, rather 
than comparing the coupled mode equation with the 
four-wave mixing equations among them, Since no 
backward wave is generated in the homogeneous 
nonlinear crystal when there is no coupling between 
the forward and backward modes, eqn [16] can 
remove the coupling term and the backward mode 
equation, and the modification is given as 
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for the fundamental and third-harmonic fields, 
respectively 


Applications 


Generation of short wavelength radiation is possible 
using THG. Therefore, it becomes less expensive to 
generate green, blue, or ultraviolet light with the 
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infrared and the red light. In order to improve THG 
conversion efficiency, a beam with a tight focus is 
used, which results in an electric field of highest 
intensity, and has the highest possible y° polarization 
effect. Normally, due to the phenomenon of the Gouy 
phase shift at a tight focal point of the beam, third- 
harmonic generation is suppressed. However, in 
the presence of an interface within the focal volume, 
the phase is disturbed and a third-harmonic signal is 
generated. This phenomenon has been used to image 
cells in in vivo microscopy on a femtosecond time- 
scale. The ultrashort pulses have little energy and 
therefore little heat is deposited in the material. The 
cells can be continuously imaged without damage. 


Materials Characterization Techniques: x. Photonic 
Crystals: Photonic Crystal Lasers, Cavities and 
Waveguides. 
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Introduction 


Light waves propagate along straight lines in a 
vacuum and in materials. However, their amplitude 
and phase can only be affected by the intrinsic 
properties of the sample, such as absorption and 
refraction index. Experimental work from the early 
1960s, has deviated from this simple approach, 
mainly through propagating intense light beams in 
crystals and glasses. Among many puzzling new 
effects, frequency conversion and beam coupling 
have triggered intense studies and opened a whole 
new field, theoretically and experimentally. These 
various phenomena have been classified according to 
the order of their optical nonlinearity. The second 
order mainly occurs in frequency generation and has 
already been discussed in previous articles of this 
encyclopedia. Therefore, this article will be devoted 
to the higher order, in which self focusing, coupling, 
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and mixing of light beams will be explained. We will 
illustrate some simple ideas with a convenient model 
before describing a few applications. 

The framework of electromagnetic wave inter 
action with matter is embedded in the Lorentz force. 
The oscillating electric field drives the components, 
ions, and electrons, but due to the large mass 
differences, only the electron movement is strongly 
perturbed. In dielectric media, these carriers are 
connected with static bonds such that the applied 
electric field modulates the spatial position of 
equilibrium of the charges. As a result, a dipolar 
moment is created and oscillates quasi-adiab: 
at very high frequencies (between 10" and 10" 
for an applied optical wave. These collective oscil- 
lations of the induced dipoles compose the so-called 
matter polarization, proportional to the driving 
electric field amplitude. Magnetic field interaction is 
usually much weaker and so can be neglected in 
nonmagnetic media. 

As an_ electromagnetic lasers are a 
coherent source of very high intensity, ie, large 
electric fields. For example, in standard pulsed 
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lasers focused on a target, the light intensity can 
easily reach 10 Tw/em?, corresponding to an electric 
field of the order of magnitude of the internal 
bonding field (10"° Vim). At this level of inter- 
action, dipolar moments are no longer strictly 
proportional to the applied electric field, as depicted 
in Figure 1, In the weak field regime, the simple 
perturbation approach displaces the carriers in a 
power series of the applied electric field. The 
polarization is thus developed in series, in respect 
to this electric field. 


Formalism 


Relation Between Field and Polarization: The 
Response Function 


Although numerous works have been published with 
a frequency description of the material polarization, 
wwe will discuss here the study of nonlinearity in the 
time domain in order to follow the physical reality. In 
most processes, both spaces are equal and can be 
selected at will, as long as the entire requirements are 
fully understood; the electromagnetic field is classi- 
cally described. 

In the time domain, the polarization can be 
developed as 


PO) = Princar(? + Prontines(%st) (1D 


where the linear part of the polarization can be 
written as 


Puneet) = 0 ff RP rt) 
we Jou 
XEG—n.t—tdty dry (21 


Figure 1 Polarization for various field amplitude: (a) Weak field 
‘caso, linear response. (A) Strong field, distortion and nonlinearity. 


This general expression is rather complex but shows 
that the polarization, due to collective movement of 
carriers in a macroscopic volume (thousands of 
dipoles) centered at position r, always depends on 
the applied clectric field. This expression is also 
nonlocal as dipoles-dipoles interactions play an 
important role, 

In general, for the nonlinear (NL) part of the 
polarization, an approximation of the local inter- 
action is described for simplicity. For a second-order 
interaction, one can write: 


XEG.t— Q)E(r.t ty — ty)dty dt [3] 


For the other series expansion — at third order, one 
obtains 


PR0.8=00 Lt! ROVE taets)Elrat— 4) 
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[41 


This third-order polarization already combines three 
electric fields. This nonlinear polarization also 
radiates a fourth wave and is therefore the adopted 
framework for describing four-wave mixing experi- 
ments (Figure 2). 

‘As the physical properties of materials depend only 
on time intervals between the different pulse inter- 
actions, eqn (4) can be rearranged as 


Re.n=e0 ois) Reo ata mt) 
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If the sample response time is much shorter than 
pulse duration, the so-called adiabatic limit (as for 
electronic cloud deformation excited distant from 
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Figure 2 Three incoming beams E, E. Es create a polarization 
(nonlinear). The sample responds while radiating a fourth field E, 
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resonance) the polarization is written as 
PRL.) = ep E(r, NEC AE(,t) [6] 


We will see later how this expression is useful for 
third-harmonic generation and optical Kerr effects, 
etc. This expression is accurate for materials excited 
ata distance from resonances and care must be taken 
to reserve such a model for corresponding processes. 
In this case, the frequency approach is quite simple 
too and both spaces, time or Fourier, can be chosen 
at will. 

For very long response time, such as orientational 
or structural molecular reorganization, one can use 
the Born-Oppenheimer approximation and present 
the nonlinear polarization as 


PRL.) = egE(r OR) (71 


Similar is linear polarization, where the response 
function takes into account the changes of the 
molecular structure under the light intensity stress: 


Rw=[ AE ECA Et dey (8) 


The material response will then be mostly driven by 
the field amplitude rather than the frequency. 


Properties of Nonlinear Susceptibilities 


The third-order nonlinear susceptibility x) is the 
Fourier transform of the response function R and has 
proved to be a most practical tool in optical nonlinear 
theory. The symmetry properties of the material lead 
to simplification on the tensor of rank 4 (fourth rank 
tensor), involved in four-wave mixing: 
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The nonlinear susceptibility tensor must account for 
all the spatial and symmetrical order of the sample 
This will eventually reduce the number of indepen- 
dent elements from a possible 81. 


Wave Equation in Nonlinear Regime 


From Maxwell’s equations, with a sample without 
free carriers and current, one can deduce the wave 
equation in the time domain, as: 


(10) 


In the frequency domain, this equation reduces to 


AEG, «) + k(wP Er, 0) = — poe” P(r.) [11] 


In order to solve these (coupled) wave equations in 
relation to four-wave mixing, we must develop the 
electric field and the polarization in a slowly varying 
envelope approximation, using the following conven- 
tions: 
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Within the framework of small perturbations, dif- 
fraction can be neglected and the wave equation can 
be easily reduced to one dimension: 


pS (zayexp(-ik(w)z) [14] 
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where w represents the sum or difference permu- 
tations over all the frequencies «,, thus reflecting the 
law of energy conservation. 

In the case of four-wave mixing, one has to solve 
four coupled equations for the four interacting wave 
Using the polarization eqn [13], one gets: 
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This set of generic equations respectively represent 
indifferently, either the three incoming beams (j= 
1,2,3), or the radiated field Ey at w. The algebra used 
here associates at each complex conjugate field (*) 
with the counter propagating wave (—k). The 
amplitude variation of the j field at frequency «, is 
due to the coupling of the three other fields within the 
sample. The accumulated field is nevertheless always 
strongly dependent of the phase term and will vanish 
except when this phase term is zero. This is known as 
the phase matching condition which has to be fulfilled 
to ensure an efficient energy conversion. A more 
general approach of this condition can be found in the 
corresponding article of this encyclopedia. 


Example and Selected Applications 


When inserting the full material polarization (linear 
and nonlinear) into the propagation equation, even 
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restricted at third order, a whole set of processes must 
be considered. All of them are described by the 
generic equation already presented, but only a few 
very important processes — with increasing complex- 
ity — will be described here. 


Optical Kerr Effect 


We consider one single beam incident at frequency 
@ on a sample, The non-linear polarization is 
given by 


52 (EGP +E (rt) + 3E(rt) 


PRL) = “(rt) 


+3E(r E(t) [16] 


The polarization at frequency w reduces to 


PR = Fy IEC PEC. 


u71 


This term has the same phase as the incident beam 
and, therefore, the phase matching is automatic. 
Using eqns [12] and [13], one can rewrite the wave 
equation for the optical Kerr effect in the thin 
sample approximation: 


[18] 
‘The solution of this equation is 
31_ AO? 
AQ)=AMexp( eA)! :) 119) 


Along the beam, the amplitude of the input pulse 
stays constant for this process but its phase is 
affected by a nonlinear shift proportional to power 
density 1. 

In literature, one can find the concept of 1), the 
sample nonlinear index, in the following formula: 


dua) = Snalz 


20} 


In this way of describing the total phase along the 
beam, the index of refraction in the nonlinear regime 
can be expressed more conveniently as 

n= ng tml 1) 
One of the most significant demonstrations of this 
effect is the self-focusing phenomenon. The usual 
Gaussian transverse structure of a laser beam presents 
high intensity at the center of the beam, therefore 
creating an index variation in the isotropic sample 
due to this optical Kerr effect. An induced lens can 
then be applied to this refractive index gradient, 


following the field distribution. As a result, the beam 
focuses itself along the propagation and can result in 
a complete breakdown. 


‘Third Harmonic Generation 


In the third harmonic generation, ic., the third-order 
nonlinear process where the frequency of the gener- 
ated wave is three times the frequency of the input 
wave at w, only two waves are in the sample (at wand 
3w). For the nonlinear wave, the master equation is 
then: 


aa 


XA) exp((3ik(c)—ik(3e))z) [22] 
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Here, propagation effects have to be carefully 
considered as theses waves do travel at different 
velocities and will eventually be out of phase. 
Obviously this discrepancy of phase velocities pre- 
cludes the co-propagation and strongly affects the 
global efficiency. The only way to ensure a coherent 
generation of the harmonic wave throughout the 
material is to fulfill the relation: 


(30) =3k(o) 123] 


This is the so-called phase matching condition, 
Although difficult because the usual dispersion of 
materials is very large for such a frequency difference, 
this can be satisfied using either geometrical arrange- 
ment of, if possible, using the birefringent properties 
of the material. The efficiency of this method is poor 
and a better approach is implemented when two x” 
processes are cascaded (doubling and sum frequency 
mixing). 


Degenerate Four-Wave Mixing and Phase 
Conjugation 


One of the most popular and intriguing interactions is 
depicted in Figure 3. Where the sample is excited by 
three fields at the same frequency a in this particular 
geometry: two-waves, named pump beams E, and E, 
are exactly counter-propagating with opposite 
wave vectors of +k, and k> = —ky, while the third 
|) arrives at the sample with a given wave 
vector of k 

Of possible couplings, one contribution Ey corre- 
sponds to a re-emitted beam along ky =—k;, i.e. 
opposite to the Es wave. 
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The third-order nonlinear polarization is given 
here by 


PRL = By ME.) + Eilr.t) + Ente.) 
+E N+EGH+EWD) (24) 


This E, wave (along —k3) originates in this product 
from source terms including: 


Ey(r, NEy(r, NEYO. 1) {25} 
and thus present an evolution driven by: 
aAy _ Bia : 
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Figure 3 Two counter-propagating folds (E,, E,) and the third 
field create a polarization (nontinear). The sample responds 
hile radiating a fourth field E, opposite to the E, wave. 


APY 


Figure 4 (a) Snell ratraction in a conventional mirror; (b) Phase 
conjugate miro. 
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where the phase matching condition is automatically 
fulfilled. Interesting facts can be described using this 
expression. First, the radiated amplitude is pro- 
portional to the complex conjugate of the E} field. 
This nonlinear process is not only able to reverse the 
direction of propagation but also the whole phase of 
an arbitrary incoming beam of light. This ‘phase 
conjugator’ can be considered as a kind of mirror 
with very unusual reflection properties. Unlike a 
conventional mirror, where a ray is redirected 
according to the ordinary law of reflection, a phase- 
conjugate mirror (PCM) retro-reflects all incoming 
rays back to their origin (Figure 4), 

Second, the reflectivity of this mirror depends on 
the susceptibility and the amplitude of the first two 
fields, usually called pump beams, This will allow 
reflectivity that is much higher than the unity, unlike 
with conventional mirrors. 

‘The remarkable reflection properties of the PCM 
have found many important applications. The most 
useful undoubtedly is related to distortion correction, 
If the image information has been distorted by the 
transmitting medium on its way to the PCM, then 
these aberrations will be corrected when the reflected 
signal retraces its original path through the medium, 
Through this amazing ‘healing’ property of optical 
phase conjugation, a high-quality optical beam can be 
double passed through a distorting medium, such as 
an imperfect imaging device or a turbulent atmos- 
phere, without any loss of beam quality. Figure 
shows the basic two-pass geometry for imaging and 
aberration correction using a PCM. 

The spherical wave from the object point P is 
aberrated by the distorting medium, The wave-front 
is reversed by the PCM and a second passage through 
the same distorting path restores the initial field. The 
resulting spherical wave converges to the image point 
P, separated from P by the beamsplitter. 

Numerous other applications for PCM and the 
various underlying nonlinear optical interactions 
have been proposed. These include effects as diverse 


Distorting 
‘medium 


pf Image 


Figure § A basic two-pass system for imaging and distortion compensation using optical phase conjugation. 
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as parametric oscillation, optical tracking and point- 
ing, spatial and temporal image processing, optical 
computing, optical filtering, etc. The PCM is also 
successfully implemented for aberration correction in 
high-power laser resonators. 


Nondegenerate Four-Wave Mixing 


If the frequencies of the impinging fields build a 
nonlinear polarization with an oscillating term close 
to absorption (or emission) frequencies of the sample, 
the nonlinear susceptibility increases tremendously. 
The radiated field amplitude changes by orders of 
magnitude and allows spectroscopic studies of the 
sample. The most popular process used to perform 
gas spectroscopy is CARS, an acronym for coherent 
anti-Stokes Raman scattering (or spectroscopy). In 
this case, the three incoming beams have different 
frequencies and the phase matching condition is 
eventually fulfilled in the 3D space. 

Usually, two beams at the same frequency wp 
(pump beams), are mixed with a third beam at 
a tunable frequency ws, according to the energy 


Figure 6 Enorgy diagram for a CARS experiment. Four-wave 
mixing efficiency increases when the frequency diference sp — 
‘ag 8 close to a resonant frequency of the sample, wrscue 


Sample 


scheme in Figure 6, As the radiated frequency weans 
is higher, the Raman spectroscopic notation is used 
and the subscripts ‘S’ hold for ‘Stokes’ and ‘P” for 
“anti-Stokes’. 

Whenever wy — 0s = doisute, then an increase of 
the CARS intensity by many orders of magnitude is 
observed. Therefore, a Raman spectrum can be 
obtained by continuously changing, the Stokes laser 
and simultaneously recording the intensity of the 
CARS beam, This procedure is called scanning 
CARS, an interesting technique insofar as it allows 
taking high-resolution spectra, as well as measuring 
temperature of the sample while scanning over the 
Boltzmann distribution of the electronic ground state. 

Figure 7 displays a classical geometrical arrange- 
ment where the phase matching condition fully 
determines the directionality of the radiated field at 
‘cans. Although the alignment of the setup can 
become tedious, this technique has been widely used, 
even in hostile industrial environments. The coherent 
aspect of this four-wave mixing process, imbedded in 
the phase matching condition, has a huge benefit over 
classical spectroscopic techniques and thus isotropic 
techniques, such as laser-induced fluorescence or 
Raman spectroscopy. 

The CARS process is an interference process 
comparable to diffraction of a grating. The two fields 
at op and ox form a laser-induced moving grating and 
the third field, at wp, undergoes a Doppler shift at 
cans. This scattered field undergoes a coherent 
amplitude addition in the Bragg direction. 


Conclusion 


In this article, we have discussed a set of optical 
nonlinear processes occurring at the third order of the 
development in series of the material polarization, At 
this order, wave mixing obviously shows most 


Figure 7 Layout of the GARS beams near a sample (a flame here). This particular arrangement is called folded (ar 3D) Boxcars. 
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significant behavior and has been extensively 
studied and applied in many scientific areas. The 
general framework presented here can be further 


tigated using some books listed in Further 
Reading below. 
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Since their introduction nearly 75 years ago, the 
Kramers-Kronig (KK) dispersion relations have 
been widely appreciated and applied in the analysis 
of linear optical systems. Because they are a 
consequence of strict causality, the KK relations 
apply not only to optical systems, but also to any 
linear, causal system such as electrical networks and 
particle scattering. In this article, we review the 
formulation and application of these relations in 
nonlinear optical systems. Simple logical arguments 
are used to derive dispersion relations that relate 
the nonlinear absorption coefficient to the nonlinear 
refraction coefficient. More general formalisms 
are then derived that apply to all nonlinear 


susceptibilities including the harmonic generating 


Examples of recent successful application 
of these dispersion relations in analyzing various 
nonlinear materials will be presented. 

The mathematical formalism of the KK dispersion 
relations in nonlinear optics was studied in the 
formative days of the field. The great usefulness of 
these relations was appreciated only recently, how- 
ever, when they we 


¢ used to derive the dispersion of 
the optical Kerr effect in solids from the correspond- 
ing nonlinear absorption coetficients, including two- 
photon absorption. 

Before examining the details of KK relations in 
nonlinear optical systems, it is instructive to revisit 
the linear dispersion relations and their derivation 
based on the logic of causality. We will begin this task 
by introducing the definition of the linear as well as 
nonlinear susceptibilities. y"'. In most nonlinear 
optics texts, the total material polarization (P) that 
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drives the wave equation for the electric field (E) is 
expressed as 


Pome ROG DE ty dey +f J 
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where Ris defined as the mh-order, time-dep 
dent response function or time-dependent suscepti- 
bility. The subscripts are polarization indices 
indicating, in general, the tensor nature of the 
interactions. The summation over the various indices 
i,k, ...is implied for the various tensor elements of 
R\”. Upon Fourier transformation, we obtain: 


Poo=ef de X(e 


aa, )Ble— 


+e [den foam 


X N21 e2)E,(@)Eg(w2)6(@— 0 ~ 2) 


tea) de [odes dos 


xy2 (were fo Elo E ay) 


00) re 


X6(w~ 0 — 
where dis the Dirac delta-function. Here the E(w) are 
Fourier transforms of the corresponding electric field. 
‘The nth-order susceptibility is defined as the Fourier 
transform of the nth-order response function: 
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For simplicity, we drop the polarization indices 
i,j,.., and thus ignore the tensor properties of y"? 
as well as the vector nature of the electric fields. 

Let us for the moment concentrate on the linear 
polarization alone and derive the linear KK relations 
for the first-order susceptibility y'"(@). For this, we 
rewrite eqn [3] for n= 1 


x) 
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(As defined above, x'%(w) and R'"(7) are not a strict 
Fourier transform pair because of a missing factor of 
2m.) Causality means that the effect cannot precede 


the cause. This can be restated mathematically as: 
RMH = RO WOE) IS} 


i.e., the response to an impulse at ¢ = 0 must be zero 
for ¢< 0, Here @(t) is the Heaviside step function 
defined as @(t) = 1 for t > 0 and @(t) =0 fort <0. 
Upon Fourier transforming this equation, the product 
in the time domain becomes a convolution integral in 
frequency space 
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which is the KK relation for the linear optical 
susceptibility. The symbol stands for the Cauchy 
principal value of the integral. The KK relation is thus 
a restatement of the causality condition [5] in the 
frequency domain, Taking the real part we hav 
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Taking the imaginary part of eqn [6] leads to a similar 
relation relating the imaginary part to an integral 
involving the real part. It is conventional to write the 
optical dispersion relations in terms of the more 
familiar quantities of refractive index, mo), and 
absorption coefficient, a(w). For ly" <1 then 
n—1= Rely? V2 and a= wm{yW/c, and eqn [7] 
is transformed into 


ae) dad 18} 
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onally used the reality conditions of 
nw) =n(—@), and a(w)=a(—w) to change the 
lower integral limit to 0. More rigorous analysis 
shows that eqn [8] is general and valid for any value 
of ly), Although the KK dispersion relations and 
the extent of their applications in linear optics are 
well understood, some confusion sometimes exists 
about their applications to nonlinear optics. Caus- 
ality clearly holds for both linear and nonlinear 
systems, The question is: what form do the resulting 
dispersion relations take in a nonlinear system? The 
linear Kramers—Kronig relations were derived from 
linear system theory, so it would appear to be 
impossible to apply the same logic to a nonlinear 
system. The key insight is that one can linearize the 
system. This is illustrated in Figure 1 where a linear 
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Figure 1 (a) A causal linear system obeying KK relations. (b) 
The system in (a) wien externally perturbed by £. The dotted box 
now represents our new linear causal system whase altered y'"") 
obeys the KK relations. 


{and of course, causal) optical material is trans- 
formed into a ‘new’ linear system that now contains 
the material and an external perturbation denoted by 
& Although we are interested in perturbations of an 
optical nature, this formalism is general under any 
type of perturbation. It is important to appreciate the 
fact that our new system is causal even in the 
presence of the perturbation. This allows us to write 
down a modified form of the Kramers-Kronig 
relation linking the index of refraction to the 
absorption: 


[n(o) + An(w: 1 — 
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which, after subtracting the linear relation between m 
and a leaves a relation between the changes in index 
and absorption: 


[7 Aa) ay 
Anos 2) = Sof) de 110] 
where £ denotes a general perturbation. An equival- 
ent relation also exists whereby the change in 
absorption coefficient can be calculated from the 
change in the refractive index. It is essential that the 
perturbation be independent of frequency of obser- 
vation, wl in the integral (ie., the excitation £ must 
be held constant as «is varied). 

Equation [10] has been used to determine refrac- 
tive changes due to ‘real’ excitations such as thermal 
and free-carrier nonlinearities in semiconductors. In 
those cases, ¢ denotes either AT (change of tempera- 
ture) or AN (change of free-carrier density), respect- 
ively. In the former case, one calculates the refractive 
index change resulting from a thermally excited 
electron-hole plasma and the temperature shift of 
the band edge. For cases where an electron-hole 
plasma is injected (e.g., optically), the change of 


absorption gives the plasma contribution to the 
refractive index. In this case, the ¢ parameter in 
eqn [10] is taken as the change in plasma density 
regardless of the mechanism of generation or the 
optical frequency. 

Let us now extend this formalism to the case where 
the perturbation is virtual, occurring at an excitation 
frequency 0 that is below any material resonance. To 
the lowest order in the excitation irradiance In, we 
write 

ato; £) = Aa(w;) =2a;(0, Og [11] 


and 


Ano; £) = An(w;) =2n(w; gq [12] 


where m2 and a2 are the nonlinear refractive index 
and absorption coefficients of the material, respect- 
ively. By definition, these coefficients are related to the 
third-order nonlinear susceptibility _y°)(o,, 2,3) 
via (see Nonlinear Optics, Basics: Nomenclature 
and Units) 
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We can therefore write the dispersion relations 
between a and 13: 


pray: 
Sof Se 15] 
Note that even when the degenerate m(w)=(o:w) 


is desired (at a given w), the dispersion relation 
requires that we should know the nondegenerate 
absorption spectrum a9(o/;w) at all frequencies «. 
Let us pause here and discuss some physical 
mechanisms that can be involved for a given system 
of interest. Consider a material characterized by an 
optical resonance occurring at, say wo (i.e a 
degenerate two-level system). For a solid, this 
resonance can be regarded as that of the fundamental 
energy gap; oy = 0, = E,/h in a two-band system. 
Now, let us examine how the presence of an optical 
excitation at ©<) can alter the absorption 
spectrum (at a variable probe «). In the quantum 
mechanical picture, this gives rise to a ‘new’ material 
whose perturbed wave functions are ‘dressed’ by the 
intensity and frequency of the applied optical field. 
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The lowest-order correction to the absorption is 
given by a2(w/:0) which involves three major 
physical processes. Recalling that © < wp, these 
processes include (1) two-photon absorption (2PA) 
when o/ + — wy and (2) Raman-induced absorp- 
tion when wf — © — w», both implying an absorption 
of a photon at the probe frequency w’ (ie.,a3 > 0). 
The third process can be identified as resulting from 
the blue-shift (for © < oy) of the resonance (known 
as the quadratic optical Stark effect) caused by the 
excitation field. For our two-level system, the latter 
results in a decrease followed by an increase in 
absorption in the vicinity of wp. An example of the 
overall absorption changes due to such processes is 
shown in Figure 2 where ax(w/;) is qualitatively 
plotted for a degenerate two-level system. We should 
note that the relative magnitude of each contribution 
as well as the width and shape of the resonances are 
chosen arbitrarily for the purpose of illustration. 
Using the KK relation in eqn [15], we can now arrive 
at the nonlinear index coefficient 1(w; 0), The result 
of this transformation is also given in Figure 2, The 
above simple example elucidates the key concepts 
involving the relationship between nonlinear absorp- 
tion and refraction in materials for third-order 
processes. These concepts, when applied more 
rigorously to semiconductors, have been successful 
in predicting the sign, magnitude, and dispersion of 
rz due to the anharmonic motion of bound electrons. 
This will be briefly discussed later. Returning to the 
mathematical foundation of KK relations, we use 


eqns [13] and [14] to write eqn [15] in terms of the 
nonlinear susceptibility y'": 
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The above dispersion relation for y'*) was obtained 
using the physical and intuitive arguments that 
followed the linearization scheme depicted in 
Figure 1. General dispersion relations can be 
formulated following a mathematical procedure 
that is similar to the derivation of the linear KK 
relations. In this case we apply the causality 
condition directly to the nth-order nonlinear 
response R'", For example, without loss of general- 
ity, we can write 
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and then calculate the Fourier transform of this 
equation. Here j can apply to any one of the indices 
n, Following the same procedure as for a 


1,2, 


linear response, we obtain 


Xe, tr 
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Figure 2 Upper trace: the nonlinear absorption coefficient in a fictitious ‘degenerate’ two-level system. Lower trace: the resulting 
nonlinear refractive index obtained using the KK relations. The insets show the three possible physical mechanisms involved 
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By separating the real and imaginary parts of this 
equation, we get the generalized Kramers—Kronig 
relation pairs for a nondegenerate, nth-order non- 
linear susceptibility: 


Odes (20) 


‘J 


In particular, for y'") processes having, 0 = 0,00), 
and 36, this becomes identical to eqn [16]. 

Note that in describing the nonlinear suscepti- 
bilities, no special attention was given to the 
harmonic generating susceptibility (Nw) = 
XN(w,0,...0), i.e, the susceptibility generating 
the Nth harmonic at Nw It turns out that in 
addition to the KK relations given by eqns [19] and 
[20], the real and imaginary parts of y(No) can 
also be related in different sets of dispersion 
integrals that involve only the degenerate forms of 
the susceptibilities. A more general yet simple 
analysis gives the most general form of KK relations 
for any type of y": 
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for all p,Pay---Py 20. Setting «=a, 

and py=p2=""=P,=1 in eqn [21] yields an 


interesting form of the KK relations for the Nth- 
harmonic susceptibilities: 
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‘These dispersion relations have allowed calculations 
of ye) and y"\(3w) in semiconductors using full 
band structures. 

Ar the beginning of this article, it was noted that 
all the KK relations for nonlinear optics were known 
in the early days of the field. Their application in 


unifying nonlinear absorption (in particular two- 
photon absorption) and the optical Kerr effect (ma) in 
solids came only much later. More recent work 
demonstrated that the KK relations are a powerful 
analytical tool in nonlinear optics. Following the 
picture of a degenerate two-level system shown in 
Figure 2, a simple two-band model has been used to 
calculate the nonlinear absorption coefficient, 
@,(y;@), resulting from three mechanisms: 2PA, 
the Raman absorption process, and the ac Stark 
effect. The optical Kerr coefficient 7,(w,;«)) was 
then calculated using eqn [15]. Of particular 
practical interest is the degenerate _ case 
(w; =; =), from which the 2PA coefficient 
Blo) = a(w; @) can be extracted. Figure 3 depicts 
the calculated dispersion of 72 and i as a function of 
hulE, where E,, is the bandgap energy of the solid. 
The dispersion of m2 and its sign reversal shown in 
Figure 3 has been observed experimentally in many 
optical solids. 

Finally, let us discuss a related implication of 
causality in nonlinear optics. The KK dispersion 
relations are traditionally derived in terms of internal 
material parameters such as susceptibility, absorption 
coefficient, and refractive index. Similar to the case of 
electrical circuits, one can obtain dispersion relations 
that apply to an external transfer function of the 
system that relates an input signal to an output signal, 
In this case, the dispersion of the transfer function 
includes system structure as well as the intrinsic 
dispersion of the material. As an optical (and linear) 
example, consider a Fabry-Perot etalon. The optical 
transmission of this system has well-known spectral 
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Figure 3. The two-photon absorption coeficiant in semiconduc- 
tors (6) calculated fora two-band model. The resuitant nonlinear 
refractive index (nz) obtained using a KK transformation of the 
calculated nondegenerate nonlinear absorption coefficient 
includes all major mechanisms. 
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features that are primarily caused by structural 
dispersion (i.e., interference) in addition to the 
intrinsic dispersion of the material. Causality still 
demands that the transmitted signal has a phase 
variation whose value and dispersion can be deter- 
mined using a KK relation linking the real and 
imaginary parts of the transmission coefficient. In 
other words, the KK relations provide a spectral 
correlation between the real and imaginary com- 
ponents of the transfer function which in turn may 
translate to a spectral correlation between the phase 
and amplitude of the transmitted signal. However, the 
variations in phase do not necessarily imply the 
presence of a varying index of refraction, nor does an 
amplitude variation suggest the existence of material 
absorption (dissipation). Ultimately, this implies that 
any mechanism causing a variation in amplitude 
(including reflection, scattering, or absorption) must 
he accompanied by a phase variation. (One should note 
that the reverse of the previous statement is not 
necessarily true; ie, a variation in phase docs not 
have to be accompanied by an amplitude modulation.) 
In nonlinear optics with the ‘black box’ approach 
of Figure 1, the optical perturbation & (with freq- 
uency ©) can render an amplitude variation in 
the probe (at w) using various frequency mixing 
schemes in a noncentrosymmetric material (i.., with 
nonzero y")). For instance, the probe at w can be 
depleted by nonlinear conversion 0. im = 0+ 0 
via sum-frequency generation involving y7(w,Q) 
and/or to y= 0-2 via difference-fequency 
generation involving y7(w, ©). Such a conversion 
(or depletion) should be accompanied by a phase 
variation according to the KK dispersion relations. 
This type of nonlinear phase modulation is known as 
a x'l:x') cascaded nonlinearity. Such cascaded 
processes are routinely (and more simply) analyzed 
with Maxwell's equations governing the propagation 
of beams in a second-order nonlinear material. 
The KK relations, however, provide an interesting 
physical perspective of the process, We find that 
cascaded second-order nonlinearities are yet another 
manifestation of causality in nonlinear optics. 
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Nomenclature Associated the 


Excitation Light 


Particular care must be used when characterizing the 
excitation beam in nonlinear optical experiments 
compared to linear measurements. By definition, 
nonlinear optical phenomena depend on the electric 
field to high order. The higher the order, the more 
sensitive the observed behavior depends on the 
input. Extracting a representative nonlinear coeffi- 
cient from an experiment, for example, becomes 
progressively more difficult as the order of the 
optical nonlinearity increases. In other words: the 
errors associated with optical beam characterization 
get magnified by the order of the nonlinearity under 
study. 

There is an extensive nomenclature for character- 
izing the light (almost always laser light) interacting 
with the nonlinear optical medium. Different descrip- 
tions may be used depending on whether the 
excitation light is pulsed, continuous, or a continuous 
train of pulses. When a laser beam is constant or 
continuous, it is often described by its ‘ew power’. 
‘Cw’ stands for ‘continuous wave’, an acronym taken 
from the nomenclature of electronics. The cw power 
of a laser is determined by placing a power meter in 
the path of a beam. Repetitively pulsed lasers can be 
characterized in the same way, provided the response 
time of the power meter is slower than the pulse 
separation period. This will almost certainly be the 
case with a continuously pumped mode-locked laser 
such as a dye laser, fiber laser, or Ti:sapphire laser, 
which produce pulses at repetition frequencies of tens 
of megahertz. Cw power may also be suitable for 
describing pulsed flashlamp lasers, gas discharge 
lasers, or any laser that is excited in a periodic 
fashion. 

When the optical output can be distinguished 
as individual pulses, additional metrics are used. 
A pulse, by definition, exists during a window of time, 
there is a time when light is present and a 
time when light is absent. How one characterizes the 
time light is present ~ the pulse duration — is critically 
important and not always obvious. There are a 
myriad of ways the pulse temporal envelope can 
manifest itself; common examples include square 
pulses, triangular pulses, Gaussian pulses, and 


hyperbolic secant pulses. These names refer to the 
mathematical waveforms that map the pulse envelope 
as a function of time. 

A pulse waveform that exhibits symmetry about 
the peak in its temporal envelope is commonly 
characterized by its ‘full-width, half-maximum’, 
abbreviated FWHM. One obtains the full-width, 
half-maximum by locating the two points on the 
pulse profile that are at half the peak value. The 
temporal separation of these two points is the FWHM. 
‘One uses this measure because ina strict mathematical 
sense, waveforms such as the Gaussian or hyperbolic- 
secant exist even at times t= +00, A less common 
term is the ‘half-width, half-maximum’ or HWHM. 
As the name implies, the HWHM is exactly half the 
FWHM value. Not all light-pulses are temporally 
symmetric, however, so greater detail may be 

eded when giving a mathematical description of 
asymmetric pulses. 

Light pulses are also characterized by their energy 
and peak power. The temporal envelope recorded by 
a so-called square-law detector (all laboratory detec- 
tors are square-law detectors) shows the power of the 
pulse as a function of time, provided the detector 
response time is sufficiently fast. Integrating this 
waveform gives the pulse energy. It makes no sense to 
talk about the energy of a cw beam of light, unless 
that beam is composed of repetitive, distinguishable 
pulses. Each pulse in the train carries a distinct 
amount of optical energy. 

‘Ultrafast’ or ‘ultrashort’ laser pulses generally 
refer to light pulses that are of such small duration 
they cannot be measured directly with detectors and 
oscilloscopes because of bandwidth limitations. To 
infer the pulse duration, so-called intensity autocor- 
relation measurements are often made. The temporal 
power profile is then deduced from the autocorrela- 
tion signal with the appropriate mathematical 
conversion factor. Equally important is the spectrum 
of a short pulse. The optical bandwidth determin 
the lower limit of temporal compression; such ideal 
compressed pulses are said to be ‘transform limited’ 
If different components of the spectrum can be 
distinguished at specific positions on the pulse 
temporal profile, then the pulse is ‘chirped’. Infor- 
mation on the methods of ultrafast laser science can 
be found in Ultrafast Laser Techniques: Generation 
of Femtosecond Pulses. 

Nonlinear optical effects take place when light is 
concentrated on a target ~ there is a cross-section 
or ‘footprint’ of the beam on the medium. 
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‘The interaction of the light and material takes place in 
a region called the beam area, beam cross-section, 
focal area, or focal volume. One must then define the 
appropriate interaction area or volume. 

Specification of the beam area allows one to define 
two important quantities used frequently in nonlinear 
optics. The power/area is known as irradiance or 
power density. This quantity is commonly called the 
intensity, although the strict radiometric definition of 
intensity is power/(solid angle). The second important 
quantity is energy/area, which is called the energy 
density or fluence. 

‘The convention in nonlinear optics is to define the 
optical electric field as: 


1 
z 


E(z,t) = En explikz—op|tec. [1] 


where Eo is the peak field, k is the propagation vector, 
wis the angular frequency of the light, and c.c. stands 
for complex conjugate. This represents a forward- 
and backward-propagating (in the z-direction) infi- 
nite, transverse plane wave. Other definitions are also 
used. In SI/mks units and using the convention of 
eqn [1], the irradiance (J in units of W/m*) inside a 
material of refractive index» is related to the 
electric field vector of the light (E in units of V/m) 
as follows: 


rea 


cnegll 


Here cis the speed of light (2.998 x 10° m/s) and eo is 
the permittivity of free space (8.854 x 10"! Fim). 
Nonlinear optics has an unfortunate tradi- 
tion of mixing mks and cgs units, resulting in a lot 
of confusion. Irradiance is usually expressed in 
units of W/cm. One can calculate the peak electric 
field (in units of V/cm) of a laser beam given its 
irradiance (in units of W/cm*) by using this simple 


formula: 
ey =s800/1 (X) (31 


The root-mean-square value of the electric field is 
obtained by replacing the factor 38.82 by 27.45. In 
Gaussian/cgs units, irradiance is expressed in units of 
ergs/(cm” sec) and is related to the field as: 


r= Ser [41 


where the field is in units of statvoltlem and ¢= 
2.998 x 10!° cm/sec. Conversion between mks and cgs 
for the electric field is 3x 104 V/m = 1 statvolt/em; 


irradiance is converted using 1 erg/(em*sec) = 
1x103Wim?. The following point must be 
emphasized: depending on how the electric field is 
defined, there can be factors of 2 or even 4 
discrepancies in the irradiance values quoted by 
different authors. The common definitions are used 
here, although they 

Avery common realization of the spatial irradiance 
profile of a laser beam is the radially symmetric 
Gaussian function: 


are certainly not universal. 


wba) 8 
where Ip is the peak irradiance at the center of the 
beam (r= 0) and w is the ‘spot size’. The spot size 
changes continuously as the beam propagates and the 
minimum spot size is known as the waist. One often 
hears the spot size referred to as the radius, but the 
radius of a Gaussian beam traditionally denotes the 
curvature of the phase front. By definition, the phase 
front radius is infinite at the we The factor of 2 
appearing in the argument of the exponential in 
eqn [5] stems from the fact that the spot size w is 
conventionally defined for the electric field of the 
Gaussian beam. When the field is squared to 
obtain the irradiance, the factor of 2 appears. Using 
this function for the irradiance spatial profile leads 
to the common parameter ‘I/e? diameter’. The 
irradiance falls to 1/e* (0.1353) of its peak value 
when r= w. 

‘The Gaussian spatial profile or ‘Gaussian beam’ 
results when the laser has been designed to operate 
in the lowest-order transverse mode, usually 
denoted TEMgg. The TEMoy Gaussian beam is 
particularly convenient because the same relative 
power profile is maintained in the near- and 
far-field, whether or not the beam is collimated 


or focused. 

‘The cross-sectional area of a TEMgo Gaussian beam 
normally incident on a surface is found as follows. The 
power in the beam is obtained by integrating the 
irradiance profile (I) over the surface: 


p= [fra (61 


Referring to eqn [5], the integral becomes: 


p= fae ["rarteo(~25) nme 7 


Hence the effective area of a TEMoo Gaussian beam 
normally incident on a surface is: 
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There are many situations where the Gaussian 
formulation of eqn [5] is not suitable. Beams 
produced by unstable laser resonators, for example, 
are not Gaussian. A multitransverse mode beam 
profile obtained from a stable resonator does not 
usually lend itself to a simple mathematical 
characterization. 


Nomenclature Associated with the 
Nonlinear Optical Medium 


In nonlinear optics texts, the subject is often 
introduced by writing the macroscopic polarization 
in Maxwell’s equations as a power series expansion in 
the electric field. This approach, proposed by 
Bloembergen and coworkers in the early 1960s, has 
been spectacularly successful for interpreting experi- 
ments, though it has also led to confusion in the 
definition of nonlinear optical coefficients. The 
confusion, which stems from arbitrary definitions 
and nomenclature used by different authors, cannot 
be resolved here. The reader should, however, be 
alert for these discrepancies. Comparison of 
results published by different laboratories requires 
that the fundamental equations for extracting the 
nonlinear coefficients from their data are known. As 
the discipline has matured, the nonlinear optics 
community largely recognized the ambiguities and 
confusion; precise definitions of terms and coefficients 
are now commonly provided in the re 
literature. 

It should also be noted that the power-series 
framework may not always be the best formulation 
for modeling and characterizing nonlinear optical 
effects. A carefully designed optical limiter, for 
example, may exhibit an abrupt decrease of trans- 
mission at a specific ‘threshold irradiance’ or 
“threshold fluence’, perhaps at a given laser pulse 
duration. The physical phenomenon or phenomena 
driving this behavior may not readily succumb to 
characterization by an nth-order coefficient in a 
power series expansion. In this situation it may be 
appropriate to specify a threshold optical input 
parameter. Another example is a homogeneously 
broadened saturable absorber, in which the absorp- 
tion of an optical medium decreases with increasing 
input irradiance. The irradiance-dependent absorp- 
tion coefficient a (refer to eqn [26]) is characterized 
by a ‘saturation irradiance” Ine 


earch 


al) = i} 


T 


where ag is the linear absorption coefficient. 


Nonlinear Susceptibility 


The powerseries expansion of the macroscopic 
polarization is the standard approach for modeling 
nonlinear optical behavior and categorizing the 
various phenomena. A common way to write 
the polarization, nonlinear in the electric field, is 
(mks units 


P= eo(¥P-E4¥9 BE +YREE +...) [10] 
where the polarization P is a time- and space- 
dependent vector and the terms y’ are the various 
orders of the nonlinear susceptibility (the gs equation 
is obtained by dropping the free-space permitivitty 
coefficient ¢,). A second-order effect is associated with 
x"!,athird-order with y", and soon. In general, there 
are distinguishable electric field vectors (in eqn [10], 
the fields have not been individually designated for 
clarity). The susceptibility terms are generally tensors, 
which means the medium is sensitive to the orientation 
of the input fields. The dots in eqn [10] indicate tensor 
products. The input field vectors can have different 
frequencies and the presence of complex conjugates in 
eqn [1] indicates that the frequency components will 
have both + and — signs, i.e. the jth electric field term 
will have associated frequency factors exp( iat). 

The nomenclature used here can be illustrated by 
example. In the case of the second-order nonlinear 
polarization (mks units): 


eX BeEy feu) 
Note that subscripts have been introduced. The 
indices correspond to Cartesian space vectors. 
This equation says that the polarization in the 
direction results from the tensor product of the 
appropriate y'?’ with the input fields at E and E. 
The jth component of polarization has an oscillation 
frequency that is determined by mixing of the input 
fields. In this example, the indices j, k and I can each 
take the value of x, y, and z. Let each input field be at 
one of two possible frequencies, call them « and a). 
There are an enormous number of permutations 
(81 to be exact) of eqn [11]. One term is: 


Pers + 02) = 20X04 + Oy)E,(0,)E (2) 


Xexp[—i(w; + »)f] (12) 
Another possibility is: 
Play ~ 04) = eoX5 don — OE (OE 01) 

X expl ie, — ,)41 (13) 
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Equation [12] corresponds to sum frequency genera- 
tion (@: +2) and eqn [13] shows difference 
frequency generation (0, — @). 

‘Not explicitly written on the right-hand side of 
the above equations is the exponential containing the 
mixing of the propagation vectors. To maximize 
the nonlinear polarization, which is the source of 
nonlinear behavior in Maxwell’s equations, the 
vector sum Sk, for all the interacting fields should 
he close to zero. Arranging the propagation vectors to 
accomplish this is known as ‘phase matching’ 

It is important to point out that there are cight 
more terms describing the nonlinear polarization at 
P.(w, +4) in addition to eqn [12]; likewise for 
P(e — «). Also note that the indices k and may be 
identical, hence a nonlinear polarization driven by 
x3}, for example, is allowed. Higher-order nonlinear 
polarizations get progressively more complicated. 
‘The general third-order nonlinear polarization is 


P, 


OX ttn EXELE U4] 
Sometimes the second-order nonlinear suscepribility 
is written with the coefficient d instead of x”! 
The relation between the d-coefficient and x"? 
depends arbitrarily on how it is defined; a common, 
definition is 


Le 
3M 


but the reader is cautioned that the factor 4 is 
sometimes missing. In the preceding discussion it was 
pointed out how there can, in principle, be a large 
number of tensor components involved in the 
expansion of the nonlinear polarization. Simplifica- 
tion occurs when it is realized that there is no 
discernible physical difference between the frequency 
terms @, and —@, and that ordering of the fields in 
eqn [14] - which suggests a time order in the arrival 
of the fields — is irrelevant. These symmetry 
arguments show that diy) =djy, which reduces the 
number of independent d-coefficients from 81 to 18. 
A simpler subscript notation is then introduced that 
uses the integers 1-6 to represent pairs of Cartesian 
components & and I. This reduces the number of 
subscripts from three to two. An example of this 
notation is dye = dys 

In certain situations, one can take advantage of 
crystal symmetry to further reduce the complicated 
summations to a single scalar coefficient for the 
nonlinear susceptibility, which is referred to as 
“d-effective’. For these specialized cases, the nonlinear 
polarization is 


dus = us] 


P= god E\E (6) 


In Sl/mks units, the polarization is in units of coul/m?. 
The second-order susceptibility (i.e. y', dix) ust 
therefore have units of m/volt. The units of x" 
m’/volt, y) is m?/volt*, and so on. In Canta nies 
units, x’) has dimensions cm/statvolt, y'°) will 
be cm*/statvolt?, etc. although sometimes in the 
Gaussian system all the coefficients x are discussed 
with shorthand ‘electrostatic units’ or ‘esu’. 


Complex Quantities 
In linear optics, the susceptiblity has real and 


imaginary parts 


af? = Hest Haney 071 


‘The complex linear index is, in turn, written as the 


sum of real and imaginary components, derived from 
the linear susceptibility as follows (mks units): 


yi? 


where mm is the linear refractive index and « is the 
imaginary term leading to absorption of light. In 


[8] 


ng ike 


general, the nonlinear susceptibilty y" is also a 
complex number: 
2° = Kea + iXimagnay 119} 


As in linear optics, the complex notation is a 
bookkeeping method that conveniently accounts for 
what is known as ‘resonant enhancement’. Nonlinear 
optics research has revealed that the nonlinear 
susceptibility y"" can be a strong function of 
frequency. Specifically, this quantity will be strongly 
enhanced when sums and/or differences of the photon 
energies in the interacting light beams coincide with 
quantum mechanical energy resonances in the 
material. When a resonance condition is achieved, 
x" will be dominated by its imaginary component. 
Far from the resonances, v" behaves more like a real 
quantity. These complex terms directly enter the wave 
equations describing how light propagates in a 
nonlinear medium and are particularly important 
for x); the complex quantity y'?) determines 
whether light will be refracted or absorbed and by 
how much. The real part of x") drives nonlinear 
refraction while the imaginary portion characterizes 
nonlinear absorption (e.g., two-photon absorption) 
and the inverse effect ~ gain. This rich subject ~ in 
particular the critical importance of the wavelength 
dependence of the nonlinear phenomena - is 
considered in Nonlinear Optics, Basics: Kramers~ 
Kronig Relations in Nonlinear Optics. 
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Nonlinear Refraction 


The most common manifestation of nonlinear refrac- 
tion arises from the third-order nonlinear suscepti- 
bility, the so-called optical Kerr effect. In this case, 
the refractive index is linearly proportional to the 
irradiance (I) of a monochromatic light beam. 
The irradiance-dependent refractive index is 


(I) = np + mal (20) 
where ng is the linear, irradiance-independent refrac- 
tive index and m, is the nonlinear refractive index 
coefficient. Because 1 is a dimensionless quantity, m2 
must be in units of area/power. 

The optical Kerr effect is usually written in mks 
units with the expression shown in eqn [20]. In cgs 
units, the common (but by no means universal) 
convention is to write: 


Ru 


where the field is in units of statvolts/em. ‘The 
nonlinear coefficient jy (cgs) must therefore be in 
units of cm’/statvolt”, which is sometimes abbre- 
viated to ‘esu’. The conversion for m, between these 
two equations is: 


moe 


fon 122] 


An(cgs) -ny{mks) 


where 1a(mks) is in units of m’/W and c is in m/sec. 
Also useful is the relation between nm and y'°), 


written in mks units as: 


1 123] 


where ‘Re’ denotes the real part of y'°). In cgs units 
we have: 


4m Re(y) 


T [24] 


where /is in units of ergs/(cm?* sec) defined by eqn [4]. 
The reader is again advised that different authors will 
show discrepancies of 2, 4, or even 8 when writing 
these equations. The susceptibilities y'°) are related 
as follows: 


“Oegey 2108 
= ar 


XO CeRs (mks) 


125] 


If the coefficients mp and m2 exist, does the 
nomenclature imply there are terms m, m3, and 
others? These coefficients are certainly allowed, but 
not often seen in discussions of nonlinear refraction. 


When one refers to nonlinear refraction, the com- 
mon understanding is that the index depends linearly 
on irradiance, which is conveniently modeled by 
eqn [20]. But there are other physically relevant 
situations to consider. The coefficient m, for 
example, describes the linear electro-optic effect in 
which the change in index is linearly proportional to 
the electric field (although it is called the linear 
electro-optic effect, it is actually derived from the 
second-order nonlinear susceptibility). The electric 
field can be the oscillating field of a laser beam, for 
example, or a de field applied to an electro-optic 
crystal (e.g., Pockel’s cell). When other terms are 
added to eqns [20] or [21], the units of the 
coefficients must be chosen to keep the equation 
dimensionless. 

In the preceding discussion, there is an impli- 
cation that the nonlinear index is an instantaneous 
function of the irradiance or field. Although the 
material system can never respond instantaneously, 
this is a good approximation in many situations. 
Sometimes it is not. Consider a pulsed laser beam 
that heats the material. When the local temperature 
increases, the linear refractive index can change. A 
short, Q-switched laser can have a pulse duration 
far less than a microsecond, while the temperature 
change it induces can last many orders of magni- 
tude longer. This means optical modification of the 
refractive index may persist long after the exciting 
pulse has vanished, i.e. when the irradiance is 
at zero. 

Another example is when a laser beam promotes 
electrons from their ground state to higher energy 
states of the material system, These excited electrons 
may modify the refractive index of the material. In 
general, the excited electrons remain in high-energy 
states for some period of time before relaxing to 
the ground level — if this time is longer than 
the excitation, the change of the refractive index 
persists beyond the time the laser beam is present. 
In these situations, the model of nonlinear refraction 
suggested by the above equations is inaccurate. 
One cannot obtain the nonlinear refraction 
from a simple algebraic analysis. A system of 
time-dependent equations ~ describing the dynamics 
of excitation and relaxation — must be solved 
using numerical procedures. Such phenomena 
are sometimes loosely categorized as ‘dynamic 
linear optical effects’ or ‘effective third-order 
nonlinearities’. 


Nonlinear Absorption 


Consider a single-frequency light beam passing 
through an optically absorbing region of length L. 
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For simplicity, neglect reflections caused by surfaces 
that may define the region of interest, i.e., ignore 
reflections at surfaces that may be located on 
the optical axis z at points 7=0, z=L, or any 
other point in the path. Linear absorption means 
that the optical power extracted from the light 
beam as it traverses the absorbing medium is a 
direct function of the power at a given point. This 
is described mathematically by an clementary, 
linear differential equation known as Beer's law: 


d 
loa ale [26] 
The constant of proportionality is a, which is the 
linear absorption coefficient. Equation [23] is solved 
by direct integration: 


1 dt . 
Jin. T = pa 
This has the solution: 
TE) = poy al : 
Toy OPAL [28] 


which means the irradiance decreases exponentially 
as a function of propagation distance in a linearly 
absorbing medium. 

In the nonlinear regime, we don’t expect a classical 
Beer's law model to hold. By definition, the absorp- 
tion will be a nonlinear function of irradiance at a 
given point. One makes the following power- 
series expansion to describe nonlinear absorption of 
monochromatic light: 


P91 


The coefficient f corresponds to a two-photon 
absorption process and is the coefficient of three- 
photon absorption. What about fourphoton and 
even higher-order processes? These are rarely 
encountered, but certainly possible. To make these 
distinctions, eqn [29] is sometimes written with 
coefficients K, or a, instead of the sequential Greek 
alphabet: 


-KI-K,P -K;P-—K,-- [30] 


‘The units of the various absorption coefficients must 
maintain the dimensional consistency of eqns [29] 
and [30], which is irradiance/length or power/ 
(length)®. These are shown in Table 1. 

If there is linear absorption, the nonlinear processes 
at that wavelength are often (but not always) 


Table 1 Dimensions of optical absorption cooticonts 


Process Gooficient Units 
Linear absorption ak length)" 
“Tworphoton absorption BK lengthipower 
Threerphoton absorption, Ky length®/power? 
Four-photon absorption K length®/power* 


negligibly weak. This means we have the following 
inequalities: 

Kyl Kr, where i= 2 Bu 
Nonlinear absorption is generally observed in the 
wavelength region where the medium is transparent 
to low-irradiance light, .e., where linear absorption is 
negligible. It should be emphasized that there are 
situations where linear absorption is large and in fact 
a crucial component of the aggregate nonlinear effect. 
We will return to this point later in the discussion, For 
the moment, we neglect linear absorption. If the 
energy of the incident photons and energy levels of 
the system permit it, the lowest-order nonlinear 
process is two-photon absorption, described by 
the equation 


(32) 


which can be solved by elementary integration: 


Wy 4 


10) ~ THIOK, sy 


Unfortunately, the situation is rarely this convenient. 
The above integration has ignored the fact that 
nonlinear absorption may enable significant linear 
absorption. This is possible because nonlinear 
absorption promotes electrons ftom low- to high- 
energy states in the medium, The change in excited 
electron density associated with absorption of 
light (both linearly and nonlinearly) is called 
‘photocarrier generation’. These photocarriers (e.g. 
photo-clectrons) may modify the linear absorption as 
well as the refractive properties of the material. If 
two-photon absorption causes the linear absorption 
to increase, for example, the assumption that 
allowed us to ignore Ki when writing eqn [32] 
ceases to he valid. While eqn [32] was appropriate at 
the very start of the light-matter interaction, the 
generation of photocarriers after the passage of time 
may change that condition. The behavior of the 
system is therefore time-dependent, i.e., it is 
dynamic. Simple analytic solutions are almost 
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always not possible when dealing with nonlinear 
absorption, 


The time rate of change of the photocarrier 

population (N) is modeled by the following equation: 
a, Kl KP GP | Kr 
a Te” The * Siw * Tho 

+++ = recombination — diffusion [34] 

where w is the angular frequency (o = 2nf) of the 


incident light. Also included are place-holders for loss 
processes such as recombination and diffusion, which 
may themselves have complicated mathematical 
descriptions. The coefficients K, have exactly the 
same units, dimensions, and interpretation as in 
eqn [30] and Table 1; in the spirit of the preceding 
discussion, these coefficients may be time dependent. 
Note that the dimensions of eqn [30] describe 
absorption of light (irradiance/length), while 
eqn [34] models the photocarrier population density 
(length * time), The units of these two equations 
are very different. 


List of Units and Nomenclature 
CARS Coherent anti-Stokes 
Raman scattering 


cc. Complex conjugate 

CSRS. Coherent Stokes Raman. 
scattering 

DFG Difference frequency 
generation 

DFM Difference frequency mixing 

DFWM, FWM (Degenerate) Four wave 
mixing 

DRO Doubly resonant OPO 

EIT Electromagnetically induced 
transparency 

ESA Excited state absorption 

GVD Group velocity dispersion 

GVM Group velocity mismatch 

NLA Nonlinear absorption 

NLR Nonlinear refraction 

OFID Optical free-induction decay 

OPA, Optical parametric amplifica- 
tion/amplifier 

oPG Optical parametric genera- 
tion/generator 

oPL Optical power limiter 

oro Optical parametric oscillation’ 


oscillator 


2PA, TPA ‘Two-photon absorption 

PCM Phase conjugate mirror 

QPM Quasi phase matching, 

RIKES Raman-induced Kerr effect 
spectroscopy 

RSA Reverse saturable absorption 

SBS Stimulated Brillouin scattering 

SFG Sum frequency generation 

SHG Second harmonic generation 

SIT Self-induced transparency 

SRO Singly resonant OPO 

SRS Stimulated Raman scattering 

SRWS Stimulated Rayleigh wing 
scattering 

SVEA, SVAA Slowly varying _ envelope 


(amplitude) approximation 


THG Third harmonic generation 
TPF ‘Two-photon fluorescence 
See also 


Fiber and Guided Wave Optics: Nonlinear Optics. 
Nonlinear Optics, Basics: Ultrafast and Intense-Field 
Nonlinear Optics. Spectroscopy: Nonlinear Laser 
Spectroscopy, 
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Phase conjugation (PC) beams and their applications 
are best illustrated by Figure 1, which shows the 
passage of a coherent planewave incident upon a 
transparent optical element with inhomogeneities of 
refractive index (Figure 1a). Reversibility of light 
propagation implies the existence of such an ‘ant 
distorted’ beam, which reverts back to a planewave 
after reversing through the same inhomogeneities 
(Figure 1b). A real-valued monochromatic optical 
wave, Ejqu(R,1), may be represented by the complex 
amplitude E(R) via E,.(R,t) = 0.5{E(R)exp(—iet) + 
E*(Ryexplias)), where E*(R) represents the complex 
conjugate of E(R): 


E(R) = |E(R)| explig(R)] ff 
E‘(R) = |E(R)lexpl—ig(R)] 


Mathematical expression of time-reversal, Eyes, 
(R.t)—+ E,ga(R, 1), becomes the exchange E(R) = 
E*(R) for monochromatic waves. The reversibility of 
propagation means that the complex propagating 
field E(R) (for example, planewave explik-R)), is a 
wave equation solution equivalent to E"(R) (in this 
example, exp(—ik-R)). Conjugation of complex 
amplitude means reversal of the sign of the phase, 
and a mixed label PC has been coined and nowadays 
is firmly established, Terms such as ‘wave front 
reversal’ and ‘generation of time-reversed replica of 
the beam’ are also used to describe PC. 

Figure 1 also illustrates one of the most important 
applications of PC. If the element in question is a 
laser-type amplifier, then double-passage allows 
the extraction of energy from the optically 


PC device 
generates 


inhomogeneous laser medium in the form of a 
perfectly collimated beam of diffraction-limited 
divergence. A PC device may also serve as a mirror 
of a laser resonator, resulting in the same beam- 
correction purpose. 

One of the most practical and robust methods of 
PC is based on stimulated Brillouin back-scattering 
(SBS). The incident beam illuminates the SBS-active 
transparent medium, for example, liquids (C53, CCl, 
acetone, etc.), compressed gases (CH, SFs, etc.), or 
solids (fused or crystalline quartz, glass, etc.). This 
‘pump’ beam, E(R) = E(r,z), must possess well- 
developed transverse inhomogencities of intensity 
IE(,z)|*. Here, r= {x,y} is the part of coordinate 
vector transverse with respect to the central direction 
z of the beam in question, and R= {r.z}. These 
inhomogeneities may constitute a narrow focal waist 
in the case of weakly distorted focused beams, 
speckle-inhomogencities in cases of strong. distor- 
tions, or a combination thereof; see Figure 2, where 
solid lines symbolize the ‘rays’ of the incident pump. 

Spontaneous scattering of the pump results in a 
multitude of possible transverse profiles S(r.z = 0) of 
the signal, whose ‘rays’ are depicted via the dotted 
lines on Figure 2. The signal is amplified exponentially 
due to SBS processes. This exponent in a simplified 
form may be represented as |S(r,z)l* oc exp(J gdz), 
with the gain g(z) being the result of transverse 
overlapping of the intensity profiles of signal and 
pumps 


Py AISce, 


rea} 


g(z) = const: (IE(r, 2)1-1S(r.2 


Thus, the similarity of the intensity profile of 
the signal to that of the pump is rewarded by the 
exponential preference in the output signal level. 
However, this is not enough to guarantee that the 
output backward-scattered signal S(r,z) is phase 


‘antidistoned’ 
(PC) beam 


) * 


Figure 1 (a) Collated beam is distorted by propagation, 
through inhomogeneous medium. (b) Conjugate, a.k.a. antidis- 
torted beam becomes collated after backward passage through 
the same medium. 


Figure 2 Stimulated Brilouin Scattering (SBS) method of PC. 
Solid tines symbolize the rays of incident beam’, while dotted lines 
dopic the rays of the signal ampitied by the SBS process. 
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conjugate with respect to the pump. It is here that the 
mutual reversibility of propagation of strongly 
inhomogeneous signal and pump becomes crucial. 
Namely, good transverse overlapping is sustained 
along the entire interaction length z, only if 
S(r,z) &© E"(r, 2). This constitutes the “discrimination 
mechanism’ of SBS-PC: the ‘conjugate mode’ of 
the signal has a z-sustained advantage in exponential 
gain and, under appropriate conditions, suppresses 
all nonconjugate signal configurations in com- 
petition for pump power. Nonlinear-optical 
wave theory of this discrimination process has been 
developed further. 

‘The holographic mechanism of PC has a different 
nature, It may take the form of static holography or 
dynamic holography; the latter essentially may be 
considered as a part of nonlinear optics. Here is a 
simplified description of one of the variants, Suppose 
‘one wants to obtain a conjugate replica of the incident 
monochromatic signal, whose complex profile is S(R), 
A plane reference wave A(R) = expliky:R) is also 
directed to the registering medium. If S(R) and A(R) 
are mutually coherent, then an interference pattern 
of intensity is produced (S*(R)A(R) + compl. conj.} 
The medium records this pattern in the form of the 
modulation of refractive index and/or of the absorp- 
tion coefficient, 6e(R) o (¢) +ic)[S(R)A (R) +e.) 
(Figure 3a). At the ‘reconstruction’ stage, the holo- 
gram is illuminated by another plane reference 
wave, B(R) = By exp(iky'R). In the specific case, when 
ky =—ky, the source 6D; of the reconstructed 
wave ecomes, as shown by Figure 3b: 


BDoyui = (€1 + ie2)18"(RYA(R)}-B(R) 0 $°(R) 
X (ce) +ie)AoBy GI 


(l Acoxptike Ri) 


WY 


peers 


oy) 


Figure 3 (a) Recording of a hologram in a photosensitive 
medium by a reference wave A and signal wave S. (b) Fead-out of 
that hologram by the wave B counter-propagating to A results in 
{generation ofthe conjugated signal S. 


Reversibility of propagation laws guarantees that 
this source will indeed excite a conjugate wave with 
high efficiency. Both processes, recording of the 
interference pattern and reconstruction of the con- 
jugate wave, may occur simultaneously, if one deals 
with the dynamic holography. The same process may 
also be described as nonlinear-optical four-wave 
mixing (FWM) via cubic nonlinearity x": 


SDeoni(R)= X'S" RYARYBR)="S"(RAgBo 14] 


with the four waves; A, B, S,S*. 

Important characteristics of a PC device are: 
fidelity of conjugation, efficiency of returning back- 
reflected power/energy, and reaction time o build-up 
time. The fidelity parameter must show how close the 
output of the device E,y(r) is to the perfectly 
conjugate profile $°(R) of the incident signal (up to 
an arbitrary constant complex factor). Among other 
definitions, the square modulus of the normalized 
transverse overlapping integral of the fields is often 
discusses 


SS Boul, y)Stee, ydredy 
(i LE guel2t, y)l>dxdy > JJ 1S, y)Fdxdy) 


(51 


To achieve good (close to 1) fidelity of PC in 
the holographic or FWM scheme, one has to guar- 
antee that the reference waves, Ay explika-R) and 
Bo exp(ikg'R), are exactly conjugate to each other, 
ky = —kp. That, in turn, requires the absence of any 
distortions in the holographic or nonlinear medium. 
To the contrary, there are very modest requirements 
on the phase inhomogeneities of the medium in the 
SBS scheme of PC, and for that reason it is usually 
labeled as a scheme of self-phase conjugation. 

‘A hybrid scheme, Brillouin-assisted FWM, has 
heen suggested and implemented, where mutually 
conjugate reference waves are produced via SBS-PC, 
while FWM, in a separate medium, exploits SBS 
nonlinearity. This scheme has produced extremely 
high, up to about 10!°, reflectivity, accompanied by 
an extremely low-noise detection of incoming signals. 

‘A number of other PC schemes were first realized 
with the use of an important class of materials for 
nonlinear optics: photo-refractive crystals (PRC). 
These are crystals where ionization of the dopants 
by the incident light creates interference pattern of 
charge separation, The linear electro-optic (Pockels) 
effect transforms the resulting patterns of the 
electrostatic field into patterns of refractive index, 
thus creating dynamic holograms. A remarkable 
property of these crystals is that most of them act as 
very good electrical insulators. Therefore, the only 
source of conductivity, which tends to erase the 
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hologram, is photoconductivity, the value of the latter 
being proportional to the intensity of incident light 
itself, For this reason, the steady-state strength of the 
hologram turns out to be independent of the intensity. 
It is the build-up time that must be increased, if 
intensity is low. One can achieve various processes in 
PRC, including those similar to the y°)-type optical 
Kerr effect, stimulated scattering, ete. 

The simplest use of PRC for generation of PC waves 
isto devise a FWM scheme (see Figure 3 ). However, a 
multitude of other, nontrivial schemes have been 
devised and implemented, The most impressive use of 
PRC for PC is based on interactions of the beams in 
the vicinity of a corner of a rectangular crystal, 
typically BaTiOs, these interactions being of the 
stimulated scattering type. To honor J. Feinberg’s cat, 
whose image was reconstructed in the first demon- 
stration, this scheme is universally called ‘cat 
conjugator’. It turned out to be a very reliable and 
robust scheme of self-phase-conjugation (SPC). 

Another important group of the SPC scheme is 
called ‘tail-biting’, One of the variants of the latter is 
shown in Figure 4. Incident ‘pump’ wave A(R), whose 
transverse profile one wants to conjugate, enters the 
medium, and then is redirected by mirrors back into 
the same medium, to ‘bite itself. For the purpose 
of discussion, this redirected pump is labeled as 
wave B(R) on its second arrival into the medium. 
Spontancous scattering results in a seed for the 
amplification of the wave C(R) via the process of 
stimulated scattering (SS) A(R) + C(R). 

‘Wave C(R) is also redirected into the medium by the 
same mirrors, and is labeled as wave D(R) on its second 


A. incident 
‘pump’ 


Figure 4 


Ta-biting scheme of phase conjugation 


arrival into the medium, Both C(R) and D(R) are 
depicted in Figure 4 by white arrows. Wave D(R) is 
also amplified due to the SS process B(R) + DR). 

As it follows from the macroscopic description of 
SS process, volume gratings of refractive index are 
recorded in the medium, Sn(R) oc ~i[A*(R)C(R) + 
BY(R)DR)]. Among all the transverse profiles for the 
seed C(R), the one that happens to be proportional to 
BY(R) will be reflected by the mirrors into the medium 
in the form D(R) & A”(R). The latter case is again a 
consequence of the reversibility of propagation laws, 
where both gratings have the same profile and add 
coherently in the form A*(R)B*(R). What is even 
more important, the grating B"(R)D(R) « B*(R)A“(R) 
serves to close the feedback loop for seeding the 
appropriate C(R). This, and other variants of tail- 
biting schemes, have also proved to be reliable 
and robust. Quite often a laser amplifier is inserted 
in the path A+B and C—D, thus enhancing 
the feedback. 

Another important scheme is traditionally called 
‘double PC’; albeit it may be better described as 
‘mutual PC’, Figure 5 should help in understanding 
that scheme. Consider the beam A(R) incident 
toa medium active with respect to the stimulated- 
scattering-type process A(R)— C(R). This process 
originates from a random seed and results in a fan of 
different waves C(R). Such a process is characteristic 
of PRCs and is a consequence of recording dynamic 
gratings of refractive index 5n(R) o —i[A°(R)CIR)| 
Suppose another beam B(R), typically incoherent 
with respect to A(R), illuminates the medium from 
the other side, and also is engaged in the fanning 
process, this time B(R)— D(R), with the grating of 
refractive index 6n(R) oc —i[B°(R)D(R)] involved. 
Among all the transverse profiles for the seed grating 
C(R)A"(R), the one that happens to be proportional 
to B'(R)A*(R) will be supported by similar profiles in 
the B(R)— D(R) scattering, In this way, two fanning 


————__= 
aR) 


way = 


‘I 


Figure 5 Towards the mechanism of double PC (mutual PC). 
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processes enhance each other and close the feedback 
loop. An important consequence is that one obtains 
the following output waves: 


C(R) = const; x BR) 


D(R) = const x A(R) 8, 


One can say that the output wave C(R) presents a 
conjugate replica of B(R)-beam, while the output 
wave D(R) presents a conjugate replica of 
A(R)-beam; hence the label ‘mutual PC’. In some 
experiments the incident beams, A(R) and B(R), were 
of somewhat different colors (ie., from different 
lasers), or their pulses did not overlap in time in the 
medium, It is the grating memory that ‘informs’ one 
beam about the presence of the other. The mechanism 
of cat conjugator is considered to be a combination of 
tail-biting and double PC schemes. 

Pumped laser material with saturable gain often 
serves as an important nonlinear-optical medium for 
implementing PC. One of the evident advantages is 
that possible low efficiency of properly nonlinear 
process may be compensated by the gain in the same 
piece of material. 

Considerable attention is paid nowadays to the 
chirp reversal of optical pulses that are used in 
fiber optical communications. Such chirped pulses, 
S(t) = exp(—iwpt + iBP2 — C/7}), with the value of 
the ‘chirp’ dadt=—B and an increased pulse 
duration 7), arise as a result of propagation in a fiber 
which possesses group velocity dispersion (GVD). 
Pulse stretching and chirp are the consequences of 
different propagation times for the different frequency 
constituents of the pulse. If some device changes the 
sign of that chirp, then subsequent propagation of the 
pulse, through a piece of fiber with the same GVD, 
restores the duration of the pulse to original shorter 
value 79. A scheme has been suggested to use nonlinear 
optical FWM in a y"!-medium or three-wave mixing. 
(ThWM) in a y*-medium: 


BDeon(t) = 5" (HABU) 


BDeopi (0) = XS OCU) et 
Indeed, complex conjugation of the time dependence 
of the signal's field is equivalent to the change of 
the chirp sign. The second (ThWM) expression is, 
written assuming that the reference wave 
Cit) exp(—2iayt), so that is has the frequency 
double that of the signal. The same process of 
ThWM has been shown to yield the conjugation of 
transverse phase profile of the beams, but for a number 
of reasons it was not applied. 

‘As for the applications of PC, one of them was 
discussed above (Figure 1: double-pass scheme of a 


laser amplifier). Lasers with one or two PC mirrors, 
or with more complicated PC scheme, promise 
generation of high-transverse-quality beams with 
the use of realistic laser media, the latter inevitably 
possessing thermal and other distorting inhomo- 
gencities. Another important potential application is 
free-space optical communications: Earth—Earth or 
Earth-satellite through atmosphere, or_satellite— 
satellite communications. An ‘interrogating’ beam 
may be sent in one direction through an imperfect 
optical system and/or through turbulent atmos- 
phere. Conjugation of transverse profile of the 
‘interrogating’ beam at the other end of the 
communication link leads to an almost perfect 
redirection of the reflected beam towards the 
‘beacon’ source, while time modulation may carry 
the information. 

Readout of information data from a holographic 
storage is almost always performed in the regime of 
reading the conjugate wave, since it corrects for the 
most part of aberrations of optical systems in 
question, 

To conclude, one may use a citation from the two 
consecutive Scientific American popular papers on 
PC: ‘at present the number of applications would 
seem to be limited only by imagination.” 

Reviews of various aspects of phase conjugation 
may be found in monographs and Scientific American 
papers listed below. The author of the present article 
was introduced to PC by his colleague V. V. Ragulski 
and has greatly benefited from collaboration with 
V. V. Ragulskii and V. V. Shkunov, 


Microscopy: Phase Contrast Microscopy. Nonlinear 
Optics, Basics: Four-Wave Mixing. Phase Control: 
Phase Conjugation and Image Correction, Scattering: 
Scattering Theory. 


Further Reading 


Bespalov VI and Pasmanik GA (1994) Nonlinear Optics 
and Adaptive Laser Systems. Commack, NY: Nova 
Science Publishers. 

Feinberg J (1986) Self-pumped, continuous wave phase 
conjugator using internal reflection. Optics Letters 
7: 486. 

Fisher RA (ed.) (1983) Optical Phase Conjugation. 
New York: Academic Press. 

Gower M and Proch D (eds) (1994) Optical Phase 
Conjugation. Berlin: Springer Verlag, 

Hellwarth RW (1982) Optical beam conjugation 
by stimulated hackscattering. Optical Engineering 21 
257. 


NONLINEAR OPTICS, BASICS /Photorefraction 251 


Nosatch OYu, Popovichey VI, Ragulskii VV and 
Faizulloy FS (1972) Compensation of phase distortions 
in an amplifying medium by a ‘Brillouin mirror’. JETP 
Letters V6: 435. 

Pepper DM (1986) Applications of optical phase conju- 
gation. Scientific American 254: 74-83, 

Shkunoy VV and Zeldovich BYa (1985) Optical phase 
conjugation. Scientific American 253: $4~59, 

Yariv A’ (1978) Phase conjugate optics and real-time 
holography. IEEE Journal of Quantum Electronics 
14: 650. 


Photorefraction 
M Gronin-Golomb, Tufts University, Medford, MA, 


usA 


B Kippelen, University of Arizona, Tucson, AZ, USA 


© 2006, Elsevier Lia Al Rights Reserved. 


Introduction and Basics of the 
Photorefractive Effect 


In 1966 Ashkin and coworkers were pursuing 
research on optical devices using the electro-optic 
material lithium niobate. They noticed that the 
refractive index of lithium niobate would change 
when it was exposed to laser light, and upset the 
expected operation of their devices. They called 
the effect optical damage. Shortly thereafter, Chen, 
LaMacchia, and Fraser reported on the use of the 
optical damage effect for holographic data storagi 
Thus began the field of photorefractive nonlinear 
optics, which has been used in various applications 
such as real-time holography, optical data storage, 
optical image amplification, nondestructive testing, 
distortion compensation by phase conjugation, 
pattern recognition, and radar signal processing. 
Many inorganic and organic materials have been 
investigated for their photorefractive effects, includ- 
ing ferroelectrics, semiconductors, and sensitized 
polymers. The most well-known inorganic materials 
are lithium niobate, bismuth silicon oxide, barium 
titanate, and strontium barium niobate, Most organic 
photorefractive materials are based on polymeric 
photoconductors such as those used in xerography 
that are doped with electro-active molecules, some 
plasticizers, and sensitizers. 

While in its broadest interpretation, the photo- 
refractive effect occurs whenever light incident on a 
material causes a refractive index change, one usually 
applies the term to electro-optic index changes 
resulting from optically generated space charge fields. 


Zeldovich BYa, Popovichev VI, Ragulskii VV and Faizullov 
FS (1972) On relation between wavefronts of reflected 
and exciting radiation in stimulated Brillouin scattering, 
JETP Letters 16: 109. 

Zeldovich BYa, Shkunov VV and Pilipetsky NF (1985) 
Principles of Phase Conjugation. Berlin: Springer- 
Verlag. 

Zeldovich BYa, Mamaev AV and Shkunov VV (1995) 
Speckle-Wave Interactions in Application to Holo- 
graphy and Nonlinear Optics, Boca Raton, FL: 
CRC Press, 


Materials that are photorefractive in this sense share 
the following properties 


@ high transmission at the operating wavelengths; 

© linear electro-optic coefficients or orientational 
Kerr effects; 

© charge carriers that become mobile when optically 
excited; 

# trapping centers for these charge carriers to enable 
spatially non-uniform redistribution of charge. 


Consider two beams from the same laser crossing 
inside a photorefractive material such as barium 
titanate. The interference pattern will have bright and 
dark fringes. Charge carriers are excited where the 
light is bright, then drift and diffuse to regions of 
relative darkness where they preferentially recombine 
into trapping centers. In this way, a net excess charge 
develops in the dark regions, and a net deficit of 
charge develops in the bright regions. The spatially 
varying charge distribution has an electric field 
associated with it and this electric field causes a 
spatially varying refractive index profile. Because the 
space charge, its field, and resulting refractive index 
have the same spatial periodicity as the original 
interference pattern we have a holographic phase 
grating. The diffraction efficiency of the hologram 
can easily approach 100% for materials such as 
barium titanate and strontium barium niobate 
which have high electro-optic coefficients. Likewise, 
such high diffraction efficiencies are easily 
obtained in 100 micrometer-thick photorefractive 
polymer films. 


The Standard Rate Equation Model 


The development of photorefractive gratings can be 
modeled using standard semiconductor rate 
equations. Figure 1 shows two beams incident 


In fond memory of my father, Maurice Platt 
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Beam 1 Beam2 


Ia) = bp (1 + meoskye) 


Space charge 
pa} = mo0skye 


Figure 1 Diagram of two-beam coupling process showing 
optical interference pattem, space charge, resultant electric fold, 
and 2 phase shifted electro-optcally induced refractive index 
grating 


symmetrically on a photorefractive crystal or poly- 
mer. They form an interference pattern whose 
intensity may be written: 


Tx) = Ig(1 +m cos(h,x)) a 


where x is the direction perpendicular to the 
interference fringes, Ip is the average intensity, mt is 
the modulation index, and k, is the wavenumber of 
the interference pattern. 

The crystal may be considered a wide bandgap 
semiconductor containing electron donors in the 
bandgap with density Np and electron acceptors 
with density Ng. It is assumed that some electrons 
ionized from the donors permanently occupy these 
acceptors so that when charge in the crystal is 
distributed uniformly in the dark, the number density 
of ionized donors Np is equal to Na. Likewise, 
polymers contain donor and acceptor-like molecules 
that can be neutral or ionized. The spatially varying 
light distribution ionizes the donors at the following 
rate, assuming that Nj < Np 


aNy 
a 


INp ~ yerteN QI 


where s is a photoionization coefficient, yr is a 
recombination parameter, and re is the density of 
excited charge carriers, which we assume here to be 
electrons. The model can easily be generalized to 
include holes. We also use the equation of charge 
conservation: 


aNy _ an 
at 


1 
svi BI 


where ¢ is the charge of an electron, and j is the 
current in the conduction band. 


j= pen +kyTHVn, 14] 


where jx is the electron mobility, ky, is Boltzmann’s 
constant, and T is the temperature. The electric field 
obeys Gauss’s la 


VE 


e(ite + Na — NbVe (51 


where Na is the density of acceptors. These equations 
may be linearized by approximating the electron 
density, ionized donor density, and electric field with 
their first Fourier components: 


E=Ey+4(Ey expliktgx) +E} exp(-ik,)) 
Nb=Nbo+4(Nbi explikx) +Niy exp(—ik,x)) [6] 
n= Meg +H tes explikgx) +7 exp(—ik,x)) 


This assumption is strictly valid only when the 
modulation index m is much less than unity. 
Otherwise, a generalization to higher orders in the 
Fourier series is required. However, the linearized 
theory is sufficient to illustrate the most important 
features of the photorefractive effect. The solution for 
the space charge field E, for the case when the 
interference pattern is applied at time t=0 is 


‘Q(Eo+iEp) 


SHEE er!) 171 


where Ey is an externally applied or photovoltaic field 
(if any), Ep is the diffusion field 


ky Th, 
= [8] 
and Eq is the limiting space charge field 
eN, 
Fo=e 1 


Some photorefractive crystals, most notably LiNbO, 
exhibit the photovoltaic effect in which optical 
illumination induces a de field across the crystal. 

The sinusoidally varying space charge field Ex 
operates through the linear electro-optic effect with 
effective coefficient r to produce a sinusoidal variation 
in the refractive index 7 of the crystal: 


n(x) = ng + (mm, explik,x) +n} exp(—ik,x)) [10] 
where 
1 
m= zimoE [11] 


The effective electro-optic coefficient r may be found 
from tensor analysis of the electro-optic tensor and 
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the vector space charge and optical fields. Notice 
that there is a 90-degree phase shift between the 
interference pattern and the refractive index grating 
when Eq is zero. The time constant ris given by 


— pO 12] 
SNply FoF WE + Fg) Pe 
where E,, is a mobility field 
ywNa 
5= 7%, U3) 


When Ey is nonzero, there is an oscillatory com- 
ponent to the time constant, 

In contrast to the case of ordinary optical 
nonlinearities such as the optical Kerr effect, in 
which the nonlinear coupling strength is proportional 
to the optical intensity, the steady state strength of 
the photorefractive effeet is independent of optical 
intensity while the time constant is inversely pro- 
portional to intensity in the basic model described 
above. The time constant varies with the photocon- 
ducting performance of a given material. In the fastest 
polymeric and inorganic materials it is, at the time of 
writing, of the order of a few milliseconds at 
1 W em ~ of incident optical intensity. 

At low intensities (below the equivalent dark 
intensity, 1 Wcm™? in barium titanate), the above 
equations need to be modified to include the effect of 
dark conductivity. Even in the dark, there will be a 
few mobile charge carriers in the conduction band 
that tend to erase the grating. This will result in the 
effect appearing more Kerr-like, except still with the 
90-degree phase shift between the index grating and 
the interference pattern. 


Coupled Wave Equations 


‘The change in refractive index 1, can be large enough 
to produce substantial interactions between the 
writing beams. The writing beams generate a phase 
grating that diffracts the beams into each other. The 
grating influences the writing beams, which in turn 
influence the grating. In the cases where the diffusion 
field dominates, for example when the externally 
applied or photovoltaic field Ey is absent, one beam is 
amplified by in-phase diffraction of the other beam 
from the grating. As shown in Figure 2, this 
amplification results from a 90-degree phase shift 
due to diffraction from a phase grating coupled with a 
=90-degree phase shift from the spatial phase shift 
between the interference pattern and the index 
grating. The second beam is attenuated by destructive 
interference with the first beam diffracted by the 


Beam 2 Beam 1 


Figure 2 Two-beam coupling amplification. Beam 1 is amplified 
by constructive interference. Beam 2 is de-ampliied by 
destructive interference. 


grating. These interactions can be modeled by 
standard coupled wave theory. Let the electric field 
amplitude associated with the jth beam be 


Eye 


{Aw cexplitk; -r— wt) 
+A} exp(— ills -r~ wt))] 4) 


where ¢ is the polarization unit vector. Using the 
scalar wave equation 


VE+RE=0 1s) 
and the slowly varying envelope approximation 
16) 
we find 
07 
118) 


where @ is the half-angle between the writing beams 
and Arty is given by 


9} 


Equation [17] shows that beam 1 is amplified and 
beam 2 is attenuated. That beam 1 is amplified 
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instead of beam 2 is a result of the choice of crystal 
orientation and hence the sign of y. These nonlinear 
equations can be solved for normalized intensity 
11a 


iD eo memati 
12)" TEGO Opexpalo 
(20) 
ly 
h@ = 


T+ Ci OvOyexp(-T=) 


where [= y+ 7 is the intensity coupling constant. 
In the limit where I, <I, the weak beam, beam 1, 
experiences exponential amplification. This ampli- 
fication can be used to build optical oscillators with 
many of the same properties as conventional laser 
oscillators. The solution can be generalized to the 
case where y has an imaginary component due to an 
applied or photovoltaic field Eo. Linear absorption 
can also be included. 


Materials 


Photorefractive materials may be separated into two 
broad classes: inorganic and organic. The first 
materials investigated were inorganic oxides and 
semiconductors. Their success led to efforts to 
endow more easily produced organic materials with 
the required photoconductivity, charge trapping 
centers, and electro-optic coefficients. 


Inorganic Materials 


The first requirement in a classic photorefractive 
material is a linear electro-optic coefficient, such 
as appears in sillenites such as bismuth silicon 
oxide Bii2SiO2o and bismuth germanium oxide 
BijxGeOyo. These were some of the first photore- 
fractive materials used for image processing and 
phase conjugation applications. However, their 
electro-optic coefficients (a few pm/V) are not large 
enough to easily give rise to large diffraction 
efficiencies, or to photorefractive oscillators. 
Materials at a temperature near a phase transition 
generally have higher electro-optic coefficients 
because their crystal structures are on the verge of 
changing. They are extremely susceptible to the effect 
of any external influence such as the application of 
electric fields including photorefractive space charge 
fields. That is why ferroelectric materials are good 
candidates for photorefractive materials. These 
include barium titanate BaTiOs, potassium 
niobate KNbOs, and strontium barium niobate 
Sr,Bay-sNb:Og. The mean free path of charge 
transport is less than that in sillenites, so they require 
more photons to reach a steady state. Therefore, 


ferroelectric materials are typically less sensitive than 
sillenites 

The second requirement is for photoconductivity. 
This requires the existence of photoexcitable charge 
carriers, either from valence band to conduction band 
or from intraband trapping centers. The latter source 
of photocarriers is used most often because the 
absorption length of light whose energy is greater 
than the bandgap is usually only a few micrometer 
This places a severe restriction on the beams’ 
interaction length €. Thus there has been considerable 
research on suitable dopants, most commonly Fe?*and 
Fe**. These dopants also act as trapping centers. 

Lithium niobate is an example of a material with a 
large photovoltaic effect. When illuminated, this 
crystal develops a large de field, which acts to enhance 
the grating strength. In those cases where the photo- 
refractive effect is not wanted, such as in the design of 
lithium niobate waveguide devices, the photovoltaic 
effect can be greatly diminished by the addition of 
Mgo to the crystal melt during growth. 

For photorefractivity in the near infrared, semicon- 
ductors such as gallium arsenide and indium phos- 
phide have been used with success. These materials 
also have the advantage that they can be grown in 
layered structures to produce, for example, multiple 
quantum wells that can be used to tailor the 
characteristics of optical excitation and charge 
transport. 


Organic Materials 


First-generation photorefractive polymers were 
designed to mimic the properties of their inorganic 
counterparts. Owing to their rich structural flexi- 
bility, organic synthetic materials with suitable charge 
transport, trapping, linear electro-optic effects and 
low optical absorption, were developed. This 
approach did build on the know-how developed 
previously in making photoconducting polymers for 
xerography and electro-optic polymers for optical 
modulation. Current polymers are based on an 
orientational photorefractive effect that leads to 
higher refractive index changes compared with 
traditional photorefractive materials. In. materials 
with orientational photorefractivity, the refractive 
index change is produced by the field induced 
reorientation of anisotropic conjugated molecules 
that possess a permanent dipole moment and that 
have a high polarizability anisotropy. The photo- 
refractive space charge field together with the applied 
field will periodically reorient these molecules and 
produce a periodic refractive index modulation 
through an orientational Kerr effect. The build-up 
and dynamics of this space-charge field are similar to 


NONLINEAR OPTICS, BASICS /Photorefraction 255 


those of traditional photorefractive crystals and can 
be described by eqns [2]-[7]. The time constant of the 
hologeam is a convolution of the build-up time of the 
space-charge and the orientational diffusion time of 
the dipolar molecules in the total electric field, In 
contrast to crystals, polymers are nearly amorphous 
and the transport properties are described by 
charge hopping processes instead of band-type trans- 
port in crystals. Consequently, the photoconducting 
properties of polymers are strongly field dependent 
and photorefractivity is mainly observed under strong 
applied voltages. Numerous polymer composites 


have been developed using the hole transport polymer 
poly(N-vinylcarbazole). Several materials with a 
refractive index modulation amplitude of the order 


of a percent and two-beam coupling constants 
y>100cm~' have been reported. New polymer 
composites are continuously being tested. Photo- 
refractivity is also studied in other organic 
materials including organic crystals, liquid crystals, 
nanocomposites such as polymer-dispersed liquid 
crystals, or hybrid materials such as sol-gels. 


Applications 


Holographic Data Storage 


Holographic data storage takes advantage of the 
Bragg selectivity of thick gratings. This allows many 
hologeams to be superimposed in the same small 
volume, typically of the order of one cubic centimeter. 
A page of data is displayed on a spatial light modulator 
and a laser beam passing through the modulator is 
hologeaphically recorded in the crystal with a refer- 
ence beam at a specific angle. Many pages of data can 
be superimposed by recording many holograms with 
angularly multiplexed reference beams. Other multi- 
plexing schemes are implemented by changing the 
shape of the wavefront of the reference beam. In 
principle, the upper limit of recording density is 
determined by the wavelength of light: one bit per 
cubic wavelength. If the recording wavelength is 
0.5 um, then one cubic centimeter can contain 1000 
gigabytes of data. In practical circumstances, when 
noise is taken into consideration, the capacity is 
more realistically of the order of one gigabyte if 
1000 x 1000 spatial light modulator is used. 


Distortion Compensation by Phase Conjugation 


Photorefractive materials can be used to make high- 
reflectivity phase conjugate mirrors. The phase con- 
jugate ofa laser beam is produced when a hologram of 
the beam is read by another beam traveling in the 
opposite direction to the original reference beam. The 
phase conjugate reconstruction is a time-reversed 


copy of the original beam. If the original beam has 
passed through distorting optics, then the phase 
conjugate beam will retrace the path of the original 
beam through the distortion and emerge in its 
undistorted original state. In the standard nomencla- 
ture of phase conjugation, the input beam is called the 
signal, or probe, and the two reference beams are 
called the pumps. The output beam at z = 0 is called 
the phase conjugate beam and has zero amplitude at 
its input at = &, where £ is the interaction length. 
Applications for phase conjugation exist, for 
example, in signal transmission through distortions 
and laser cavity design. If a phase conjugate mirror 
is used as a cavity mirror, then the effects of 
intracavity distortions are removed. 

Since the photorefractive gratings can be very 
strong, the diffraction efficiency of the counterpropa- 
gating reference beam can be so high that the phase 
conjugate reflectivity can exceed unity. The simplest 
generalization of eqn [17] to the four-wave mixing 
phase conjugation case is when only transmission 
gratings are important, as occurs in many circum- 
stances depending on the mutual coherence proper- 
ties of the beams, and the material’s properties. 
‘The coupled wave equations are 


dA, _ 
oie 
AS (AA + A3A3)AS, 
ae Ry 
dA; (AA, + 3)Ay 
dz 
day (Ay + A3A3)A; 
de ih = 
In the undepleted pumps approximation, 


(hf > Iy.1y), the equations become linear and 
the solution for phase conjugate reflectivity 
R= 1, Oy/14(0) is 


sinh[ye2) 
coshl(ye + In 2] Pay 
where r = Ih/I; is the ratio between the intensities of 
the pumping beams. 

The fact that the reflectivity of the phase conjugate 
mirror can be greater than unity means that we can 
build an optical oscillator bounded by a regular 
mirror and a phase conjugate mirror only. Not only 
does it not require any additional optical gain, but it 
also compensates for intracavity distortions. The 
regular mirror can have any shape, provided that it 
is sufficiently reflective. 


256 NONLINEAR OPTICS, BASICS / Photorefraction 


Self-pumped Phase Conjugate Mirrors 


Ifa laser beam passes through a crystal placed inside 
an optical cavity formed by two facing mirrors, light 
scattered by imperfections in the crystal can be 
amplified through the photorefractive effect. The 
cavity provides feedback and optical oscillation can 
build up. The oscillation beams pump the crystal as a 
phase conjugate mirror for the incident beam, 
thus forming. a self-pumped phase conjugate mirror. 
The feedback can even be provided by total internal 
reflection in the crystal in which case the crystal by 
itself can become a phase conjugate mirror. 


Pattern Recognition and Image Filtering 


Photorefractive wave mixing can be used to perform 
pattern recognition by matched filtering. One 
example would be to identify a tank in a battlefield 
scene, another would be to identify all of the 
occurrences of a particular word on a page of text. 
Suppose the input beams contain the corresponding 
pictorial information, such as might be obtained by 
passing the beams through an image-bearing trans- 
parency or spatial light modulator. Equation [21] 
shows that the source for beam 3 contains a term 
proportional to the product of the amplitudes of the 
three input beams. If lenses are placed in the input 
beams so that the crystal receives the Fourier trans- 
forms of those beams, then the output beam at the 
crystal, beam 3, will be proportional to the product of 
the Fourier transforms of the input beams 1, 2, and 4. 
A lens may then be used to perform the inverse 
Fourier transform of the product of the Fourier 
transforms of the input beams, producing an output 
proportional to beam 1 convolved with beam 2 
correlated with beam 4. If beam 1 is a point source 
before its Fourier transforming lens, then it will be a 
plane wave at the crystal. Beam 3 after inverse Fourier 
transformation by its lens will be the correlation of 
beams 4 and 2. For example, suppose we want to find 
all the occurrences of a particular word, say ‘optics’ in 
a given page of text. Then we would make a 
transparency of the word ‘optics’ and place that in 
input beam 4, We would then place an image of the 
page of text in beam 2. Beam 3 would then contain a 
field with bright spots at the places containing the 
word ‘optics’ in the original text. 

The real-time holographic recording properties of 
photorefractive materials can also be exploited in 
medical imaging applications by performing time- 
gated holography. In this method, a hologram is 
formed by the temporal overlap in the photorefrac- 
tive sample of a reference pulse and the first-arriving 
(ballistic photons) light from a stretched image- 
bearing pulse that has propagated through a 


scattering medium. The filtering of the useful photons 
from the scattered ones is achieved by reconstructing 
the hologram formed with the ballistic photons in a 
four-wave mixing geometry. 


Optical Limiting, the Novelty Filter, and Laser 
Ultrasonic Inspection 


The attenuation of beam 2 in eqn [17] can be used in 
several applications including optical limiting and 
novelty filtering. If one wants to protect a sensor 
from high-intensity laser radiation, then one could 
split a small portion of the input beam directed at the 
sensor and use it as beam 1 in a photorefractive 
recording setup with the input beam acting as 
beam 2. If the laser intensity is above the equivalent 
dark intensity such that the optically excited charge 
density is greater than the thermally excited charge 
density, the photorefractive effect will be activated 
and the input beam will be de-amplified by 
destructive interference with beam 1, thus protecting 
the sensor. In materials with high gain—length 
products (y€ > 1), separate provision of beam 1 is 
unnecessary because light scattered from the input 
beam by imperfections in the material and other 
scattering centers will be greatly amplified, often to 
such an extent that the input beam is almost 
completely attenuated. This photorefractive ampli- 
fication of scattered radiation is known as the 
fanning effect, because the amplified scattered light 
often appears as a fan, ot brush of light, as can be 
seen in Figure 3, The effect can also be used to make 
a novelty filter, which transmits only the moving 
portion of a scene. The crystal is only fast enough to 


Figure 3 Photoretractive barium titanate exhibiting amplitied 
scattering. A helium neon laser beam is incident from the lower 
left, passes through the crystal toa screen where itis blacked out 
to prevent saturation ofthe camera. The screen shows brushes of 
‘amplified scattering, of fanning 
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respond to the slowly changing or static components 
of an image-bearing beam. Since the grating formed 
is Bragg-matched only to the slow component, the 
grating will only attenuate that slow component. 
Any rapidly changing parts of a scene pass through 
the crystal unattenuated. Such a filter is useful for 
picking out moving objects in a static cluttered 
background, for example a tank on a battlefield, or a 
micro-organism swimming against a stationary 
background. 

A related application is in laser ultrasonic inspec~ 
tion. Defects in industrial material processing such as 
welding have characteristic ultrasonic signatures. The 
part under test is pinged by a pulsed laser and a probe 
laser is reflected from the part. As the partis shaken by 
the ultrasound, speckle in the reflected beam vibrate 
A photorefractive recording is made of the speckle 
beam. Electrodes are placed on the photorefractive 
material, so that any optically induced currents can be 
detected. If the speckle pattern is not moving, or is 
moving more slowly than the speed of response of the 
photorefractive material, the photorefractive grating 
will be essentially at steady state: the drift currents 
balance the diffusion currents so there is no net 
current. There is no signal as the part moves through 
the process line. However, if the speckle beam is 
moving faster than the response time of the material, it 
will move photoexcited charge back and forth past the 
quasistatic grating and generate a net current for 
detection via the electrodes. 


Adaptive Signal Processing 


The relatively slow speed of photorefractive devices 
can be used to advantage in radio-frequency (RF) 
signal processing, such as signal extraction and 
coherent combination of signals from antenna arrays. 
‘The signal extraction application depends on grating 
competition in two-beam coupling. Suppose we wish 
to separate signals on two different RF carrier 
frequencies «@ and ox, respectively. The combined 
signal is applied to an optical carrier beam using a 
high-speed modulator. The resulting optical field may 
be represented as 


Sy(t) explianyt) + S(t) expliogt) [23] 

It is used to pump a unidirectional ring resonator 
so that grating competition allows oscillation only 
on the strongest component of the combined signal, 
say $1. The output of the oscillator is proportional 
to the extracted component S;. The effectiveness of 
the intersignal competition is enhanced by placing 
another photorefractive material in the cavity. A 
portion of the intracavity beam is picked off by a 


beamsplitter and used as a two-beam coupling 
pump in the second material. The crystal is oriented 
so that the photorefractive grating diffracts the 
picked-off beam back into the cavity. The return of 
the picked-off component is most effective for the 
stronger component S, thus decreasing its loss 
compared to that of the weaker component 52. 
This beamsplitter/crystal combination is known as a 
reflexive coupler. 


Photorefractive Solitons 


Under favorable conditions, a single beam incident 
on a photorefractive crystal will induce a positive 
refractive index change at the center of the beam. 
This provides a self-focussing tendency that counter- 
acts the beam’s divergence due to diffraction. When 
these two effects balance each other, the beam can 
propagate with a constant diameter. Such a beam is 
known as a spatial soliton in analogy with temporal 
solitons in optical fibers and can occur when there is 
a component of the photorefractive response due to 
drift. The drift component of the photorefractive 
effect appears when a de field Eo is applied to the 
material. Potential applications are optically written 
waveguides and couplers. 


List of Units and Nomenclature 


Amplitude gain [em] y 
Applied de field [Vvm"4) Ey 
Current [Am 7] i 
Dielectric permittivity [Farads m™'] e 


Diffusion field 
Electron acceptor density 
Electron charge 
Electron donor density 
Grating wavenumber 
Intensity gain 
Interaction length 
Ionized donor density 
Limiting space 
charge field 
Mobility 
Mobility field 
Normalized intensity 
Photo- 
Photorefractive time 
constant 
Pump ratio (1) r 
Radian frequency 
Recombination coefficient [mv 
Slowly varying optical 
electric field 


onization coefficient 


258 NONLINEAR OPTICS, BASICS / Ultrafast and Intense-Field Nonlinear Optics 


Holography, Applications: Holographic Recording 
Materials and Their Processing. Holography, Tech- 
niques: Holographic Interferometry. Imaging: Volume 
Holographic Imaging. Information Processing: Free- 
Space Optical Computing; Optical Neural Networks. 
Materials for Nonlinear Optics: Organic Nonlinear 
Materials. Modulators: Electro-Optics. Nonlinear 
Optics, Basics: Four-Wave Mixing; Nonlinear Optical 
Phase Conjugation. Phase Control: Phase Conjugation, 
and Image Correction. Scattering: Stimulated Scattering, 
Solitons: Bright Spatial Solitons. 


Further Reading 


Coufal HJ, Psaltis D and Sincerbox GT (eds) (2000) 
Holographic Data Storage. Berlin: Springer. 


Gunter Pand Huignard J-P (eds) (1988) Photorefractive Mat- 
erials and their Applications I Berlin: Springer-Verlag, 
Gunter P and Huignard J-P (eds) (1989) Photorefractive 
Materials and their Applications II. Berlin: Springer- 

Verlag, 

Nalwa HS and Miyata S (eds) (1997) Nonlinear Optics of 
Organic Molecules and Polymers. Boca Raton: CRC 
Press. 

Nolte DD (ed.) (1995) Photorefractive Effects and 
Materials. Kluwer. 

Pepper DM, Feinberg J and Kukhtarev NV (1990) 
‘The photorefractive effect. Scientific American 263: 62. 

Solymar L, Webb DJ and Grunnet-Jepsen A (1996) 
‘The Physics and Application of Photorefractive 
Materials. Oxford: Clarendon Press. 

Yeh P (1993) Introduction To Photorefractive Nonlinear 
Optics. New York: Wiley 

Yu F and Yin S (eds) (2000) Photorefractive Optics: 
Materials, Properties, and Applications. San Diego: 
Academic Press. 


Ultrafast and Intense-Field Nonlinear Optics 


AL Gaeta, Comell University, Ithaca, NY, USA 


RW Boyd, University of Rochester, Rochester, NY, 
USA 


© 2005, Elsevier Lt, All Rights Reserved 


Introdu 


The tremendous development of high-powered fem- 
tosecond laser systems since the 1980s, has opened up 
new areas of research in nonlinear optics, plasma 
physics, atomic and molecular dynamics, and intense- 
field physics. For many of these applications, it is 
important to understand how ultrashort light pulses 
propagate through a medium under conditions in one 
or more of the processes in which nonlinear optics 
play an important role. 

The starting point for the modeling of light 
propagation under these conditions is Maxwell’s 
wave equation for the electric field E(r,t) which is 
given in Gaussian units as 


°P 
ao iit) 


where the P(r,f) is the polarization inside the 
medium. Typically, the polarization is separated into 
a term P; that depends linearly on the field E and into 
a term P, that depends nonlinearly on the applied 
field. The Fourier transform of the linear polarization 
can be expressed as Py(r, 0) = x(w)Etr, w), where 


E(t, w) is the Fourier transform of electric field E(r, f) 
For the laser—matter interactions that we consider 
here, we assume that the linear susceptibility ¥"(w) is 
real, in which case the wave equation can be 
expressed as 


QI 


ves 


where m(o)=J1+4mx%@) is the frequency- 
dependent linear refractive index of the medium. 
For light pulses that are longer than an optical 
period, the envelope description is valid and the 
electric field can be described by an amplitude 
envelope A(r,f) and a carrier frequency wy such that 


aioe} f 


E(e,t) = Ate el" + ce 13] 


where ky = kup) = mole is the wavevector ampli- 
tude and ry = (wp). This envelope description is 
advantageous for performing analytical and numeri- 
cal studies of pulse propagation. However, for 
sufficiently short laser pulses, where the shape of the 
envelope function docs not depend on the carrier 
phase of the carrier wave, such a description is no 
longer applicable. Nevertheless the envelope descrip- 
tion can be made valid for pulses that are nearly as 
short as a single cycle or, alternatively, that have 
spectral bandwidths that are comparable to the 
central frequency «). To derive an equation for 
the spatio-temporal evolution of the pulse envelope, 
the relation for the electric field is substituted into the 
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wave equation (eqn [2]) and the following two 
approximations are made: i) kydAlaz <a Alaz’, 
which signifies that the envelope varies slowly in 
space over a distance compared to the central 
wavelength; ii) up ~uge where up, = clo is the 
phase velocity and ry, =(dk/dw)' is the group 
velocity. This latter approximation is invariably well 
satisfied when the frequencies contained in the laser 
ficld are highly nonresonant with any transition 
frequencies of the medium. 

For an input pulse at z= 0 with a peak amplitude 
Ag, and characteristic widths in space and time given 
by wo and 7p, respectively, the equation for the 
normalized amplitude u(r,, 2.) = A(r,,z,f/Aq can 
he expressed as 


[41 


dispersion length, {=2/Ly; is the normalized dis- 
tance, Ly = kw9/2 is the diffraction length, pai is the 
normalized nonlinear polarization, and V2 is the 
transverse Laplacian. The presence of the operator 
(1 +id/e9i7) in the diffraction term (V3.1) of eqn [4] 
leads to space-time focusing, while its presence in the 
nonlinear term results in self-steepening and 
oth these terms arise from not making the slowly 
varying envelope approximation in time (i.e., 
koaAlat <a A/at’) in deriving eqn [4]. For a sel 
consistent analysis of pulse propagation in the non- 
linear regime, both the effects of space-time focusing 
and self-steepening must be included. 


Nonlinear Refractive Index 


For an isotropic medium in the highly nonresonant 
limit, the third-order term is the lowest-order 
contribution to the nonlinear susceptibility. This 
term gives rise to the nonlinear refractive index, 
that is, the index of refraction depends on the local 
intensity of the laser field. For many materials there 
are two contributions to the nonlinear refractive 
i) an instantaneous part that arises from 
the electronic response of the medium; and ii) a 
noninstantancous contribution due to the nuclear 
motion of the molecules (i.e, the Raman 
contribution). For such a medium, the nonlinear 


inde: 


polarization may be expressed as 


— Lal 2 
paleo = 7 [a plug. ak 
+f f de'R(r— ayluté, 7° ke » 
15] 
where Lj = (clwyryly) is the nonlinear length, [p= 


ngclAg’/2m is the peak input intensity, f is the 
fraction of the Raman contribution to the nonlinear 
refractive index, and R(z) = {[1 + (Ogre) 1/Ox7e} 
exp(—7/rx)sin(Qg7) is the Raman response function, 
1m is the characteristic Raman response time, Op is 
the characterstic Raman frequency, and yg = "p/p. 
For example, for fused silica f = 0.15, 7, = 50 fs, and 
gr = 4.2. For a noble gas such as Xe, there is no 
Raman contribution and f = 0. 


Self Focusing, Supercontinuum 
Generation, and Filamentation 


The presence of the nonlinear refractive index with 
nz > 0 can lead to self-focusing of a laser beam. For 
sufficiently long pulses such that dispersion, self- 
steepening, and space-time focusing effects can be 
neglected, it is found that laser beams with input 
powers greater than the critical power P= 
@A?/4mnonz will undergo catastrophic self-focusing 
collapse. The dimensionless parameter a = 1.86 
depends on the spatial profile of the input beam and 
for a Gaussian input beam is given by a= 1.9, in 
which case the ratio of the input power P to the 
critical power satisfies the relation P/P. 
1.055Ly/L,. Extensive studies have been made on 
the dynamics of laser beams undergoing self-focusing. 
For example, it has been shown that the shape of the 
collapsing beam evolves to a radially symmetric 
profile as it approaches the collapse point and that 
the total power contained in the collapsing portion 
always corresponds to the minimum value (ie., 
a ~ 1,86) regardless of the initial power in the beam. 

For light pulses shorter than a picosecond, the role 
of material dispersion plays an important role and 
completely alters the dynamics of the self-focusing 
process. These dispersive effects lead to a temporal 
splitting of the pulse into two pulses and the arrest of 
its collapse. At even higher powers, other phenomena 
can occur, such as ‘optical shock’ formation at the 
rear edge of the pulse, due to self-steepening and 
space-time focusing. Shock formation leads to the 
emission of a broad spectrum of radiation extending 
from the ultraviolet to the mid-infrared, known as 
supercontinuum generation (SCG). This phenomenon 
was first observed in 1970, and since then it has been 
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observed in many different solids, liquids, and gases, 
under a wide variety of experimental conditions. 

If the peak intensity of the pulse approaches 
intensities of > 10! Wiem?, either through self- 
focusing or external focusing, multiphoton ionization 
occurs and a plasma is formed in the medium. (See 
section below on Plasma Nonlinearities and Relati- 
vistic Effects.) The generation of the plasma lowers 
the refractive index and effectively counteracts the 
self-focusing process, resulting in the spatial confine- 
ment of the pulse for distances far beyond what 
would be allowed by ordinary linear diffraction and 
has been observed in gases, liquids, and solids. A 
striking example of this apparent self-waveguiding is 
the observation of ‘light strings’ in air which can 
extend more than 10 km into the atmosphere. This 
phenomenon was first observed with 100 fs laser 
pulses in the near infrared (A = 800 nm). Researchers 
found that pulses with energies greater than 10 mJ 
undergo self-focusing collapse in air and produce a 
highly intense (> 10! W/cm") 100-micron-diameter 
light filament tens of meters long. 


Multiphoton Absorption 


Multiphoton absorption is a process in which an 
atom or molecule makes a transition from a ground 
state to an excited state by means of the simultaneous 
absorption of N photons. In the lowest order of 
perturbation theory, such a process can be described 
by means of a susceptibility of order (2N ~ 1), thatis, 
by x7"). Alternatively, this process can be described 
in terms of an N-photon cross-section a? defined 
such that the transition rate per atom is given by 


R% = NIN (61 
where I is the intensity of the laser field. Quantum 
mechanical expressions for the N-photon cross- 
sections are readily obtained. One finds, for instance, 
that 
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Incach of these expressions, the quantity p; represents 
the density of final states, or equivalently the atomic 
lineshape function, evaluated at the N-photon tran- 
sition frequency. 


Optical Damage 


High-intensity laser fields can produce unwanted 
damage to optical materials. As a point of reference, 
the threshold for laser damage to fused silica at a 
wavelength of 1.05 micrometers for a pulse of 30 ps 
duration corresponds to an intensity of 230 GW/em* 
or a fluence of 7 J/cm. Over a wide range of 
pulselengths (approximately 1 ps to Ips), the 
threshold intensity for laser damage decreases with 
pulse length T as T~' and correspondingly the 
threshold fluence for laser damage increases with 
pulse length T!2. In this range of pulse durations, the 
dominant mechanism of laser damage is avalanche 
breakdown. In this process, free electrons are 
accelerated by the laser field until they acquire 
sufficient energy to impact-ionize other atoms in the 
sample. These additional electrons are similarly 
accelerated and create still more free electrons. The 
combined action of the breaking of chemical bonds 
and the deposition of heat energy leads to the 
fracturing of the optical material. For pulses shorter 
than 1 ps, processes such as multiphoton absorption 
and multiphoton dissociation contribute to the 
mechanism of optical damage. For laser pulses longer 
than approximately 1 ps (including continuous wave 
laser beams), the dominant damage mechanism is 
direct heating of the optical material by linear 
absorption. 


High-Harmonic Generation 


Let us consider how nonlinear optical effects are 
modified when excited by a superintense pulse. 
Nonlinear optical effects are traditionally modeled 
using a power-series expansion, such as 


PHYPEL YOR + OR te 18] 


but this series is not expected to converge if the 
laser field strength E exceeds the atomic unit of 
field strength Ey, = elaj=2X 107 statvoltiem = 
6X 10° Viem. This field strength corresponds to 
a laser intensity of In = 4X10! Wiem*, which 
constitutes the threshold intensity for exciting 
nonperturhative nonlinear optical response. 

One of the consequences of excitation with 
intensities comparable to the atomic unit of intensity 
Ine is the occurrence of high-harmonic generation. In 
a typical experimental arrangement, a gas jet is 
irradiated by high-intensity laser radiation, and all 
odd harmonics of the fundamental laser frequency, 
up to some maximum value Nous, are observed. 
The various harmonics below Nyx are typically 
emitted with approximately equal intensity; such an 
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observation is incompatible with a perturbative 
explanation of this phenomenon. Recent work has 
demonstrated harmonic generation with Noga a 
large as 341. 

‘The phenomenon of high-harmonic generation can 
be understood in terms of a simple physical model. 
One imagines an atomic electron that has received 
kinetic energy from the laser field and is excited to a 
highly elliptical orbit. The positively charged atomic 
nucleus is at one focus of this ellipse, and each time 
the electron passes near the nucleus it undergoes 
strong acceleration and emits a short pulse of 
radiation. This radiation will occur in the form of a 
train of short pulses; the spectrum of the radiation 
will be the square of the Fourier transform of this 
pulse train, which will contain the odd harmonics of 
the oscillation frequency up to some maximum 
frequency, that is approximately the inverse of the 
time the electron spends near the atomic core. This 
argument can be made quantitative to show that the 
maximum harmonic number is given by 


Noraxtioo = 3.17K + U, (91 


where K = e7E*/mu* is the ‘ponderomotive energy’ 
(the kinetic energy of an electron in a laser field) and 
U,, is the ionization energy of the atom. 


Plasma Nonlinearities and 


Relativistic Effects 


The process of multiphoton ionization can liberate a 
sufficient number of free electrons to transform the 
optical medium into a plasma, that is, a fully or 
partially ionized gas. The process of plasma for- 
mation is described by the equation 


dN, 


Ny — No IN — rNN; 


[10] 


a dt 


where N, is the number density of 

ity of ions, Np 
atoms (both ionized and un-ionized) in the material, 
and r is the electron-ion recombination coefficient. 
The optical properties of plasmas are very different 
from those of typical dielectric materials; the plasma 
contribution to the dielectric constant is given by 


ectons, N, is the 


number dei the total number of 
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where w, =V4mNeim is known as the plasma 
frequency. 

‘Nonlinear effects can occur in the propagation of 
light through a plasma. One example is the nonlinear 
response resulting from the relativistic change in mass 


of the electron due to the large velocity that it can 
attain in the field of an intense laser beam. Detailed 
consideration of this effect shows that the nonlinear 
change in refractive 
An = ml where 


index can be described as 
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Nonlinear Quantum Electrodynamics 


One can imagine an electric field so intense that it 
could lead to the spontaneous creation of electron— 
positron pairs. Such a field would have a strength of 
the order of Egep = mc*/ex. where *. = hime is the 
reduced Compton wavelength of the electron. The 
intensity of a light beam with a peak field amplitude 
of Egen is Igen = 4% 10°? Wicm?. Detailed con- 
sideration shows that even for fields weaker than Tarp 
there will be a field-induced change in the dielectric 
tensor given by 


eth 
Baie 


in = Oa + [22 = B)3, +78,8,] 131 

Because of the unusual tensor properties of this 
relation, it displays a different polarization depen- 
dence than typical optical nonlinearities. Nonethe- 
less, to an order of magnitude one can describe the 
strength of this response as 


7e 1 
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See also 


Fiber and Guided Wave Optics: Nonlinear Optics. 
Quantum Electrodynamics: Quantum Theory of the 
Electromagnetic Field, 
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Introduction 


The generation of laser harmonics in gases provides 
high-brightness ultraviolet and soft X-ray radiation 
induced by an intense laser pulse. This phenomenon 
was discovered experimentally in the late 1980s, in a 
simple setup as that sketched in Figure 1. The laser 
pulse is focused in the interaction medium, which may 
bea gas jet formed by a pulsed electromagnetic valve,a 
capillary, or a small chamber filled with the gas. The 
beam leaving the interaction region includes a part of 
the laser pulse and a number of odd harmonics. 

The harmonic orders generated in this way may 
reach and exceed an order of 300, so that this 


mechanism, often referred as high-order harmonics 
(HHs) generation (HHG), directly up-converts low 
frequency radiation, usually in the near-infrared 
spectrum, to extreme-ultraviolet (XUV) or soft 
X-rays. An example of a HH spectrum is shown in 
‘igure 2, where several tens of discrete harmonic peaks 
are present. The striking difference with ordinary 
nonlinear processes is the flatness of the photon yield 
versus nonlinear order, up to a sharp cut-off point. 

The HHG is based on the sequence of three 
processes: the electric field of an intense laser pulse 
ionizes atoms placed near the laser focus; the 
liberated electrons are driven by the laser electric 
field in a trajectory which returns on the parent ion; 
and the electron recombines releasing a photon whose 
energy is the ionization potential plus the electron’s 
kinetic energy. The process is periodic in time, with the 
period of the laser pulse, and the emitted spectrum is 
then expressed by discrete components, multiples of 
the laser frequency. The emission is in the form of a 
traveling wave in the direction of the laser beam and 
so only odd harmonies are present. 
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Figure 1 Scheme of the interaction between a focused laser 
pulse and a gas jet. 2 axis originates at laser focus. 
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Figure 2 HHs experimental spectrum, obtained from helium 


gas, and a Ti:sapphire laser pulse at 790 nm, with 25 fs duration 
and 6x 10" Wem? intensity 


‘The individual processes in HHG have highlighted 
the coherent response of electrons in the laser field, 
that show up interferences between quantum trajec- 
tories, as well as a nonlinear phase-matching issue ~ 
which have provided a simple method to investigate 
the interaction of single particles with the electro- 
magnetic field, where plasma effects and bonds may 
be of minor influence. 


Background 


The interest to produce laser harmonics using gases 
instead of crystals was expressed by many. For the gas 
medium; the mass-density is three order of magnitude 
lower than for solids and the nonlinear susceptibility 
can be strongly enhanced for suitable resonance 
frequencies. Moreover, the phase-matching of the 


phase velocities may be achieved by tuning the gas 
pressure or by mixing diverse gases, so realizing a 
highly homogenous conversion region, free from 
walk-off and with an extension much longer than 
for crystals. In addition, gases have a high threshold 
for the intensity-induced damage, which is also 
non-permanent. 

This research was made possible with the introdue- 
tion of chirped-pulse laser amplifiers in the carly 
1980s, when picosecond lasers pulses reached inten- 
sities capable of directly ionizing solids and matter 
with their own electric field. This effect, known as 
optical ionization, was further enhanced when the 
laser pulses were reduced to subpicosecond duration, 
up to a few femtoseconds (10's), close to their 
natural limit, which is the optical cycle. The 
experimental observation of HHs and of the ejection 
of electrons with unexpected high energy, the above 
threshold ionization (ATI), dramatically changed the 
scenario of laser matter interaction and has indicated 
a new regime in the coupling of laser radiation with 
the matter. The ordinary nonlinear optics, using the 
perturbative approach, was not capable of interpret- 
ing the findings and so the request was made for new 
models for the description of the interaction, which 
has been now named nonperturbative. 


Typical Experimental Parameters 


In the experimental investigation of the HHG, 
many laser wavelengths and pulse durations were 
used, including radiation from excimer, visible, 
Tissapphire, Nd:YAG (first and second harmonics) 
and CO, lasers, and pulses of duration from hundreds 
of picoseconds to a few femtoseconds. Among these, 
the more effective strategy in the generation of high 
harmonic order with high conversion efficiency, has 
heen that of near infrared pulses with shortest 
duration. In order to induce optical single-ionization, 
the required laser intensity needs to span in the 
10'* Wicm? range. Different elements are a possible 
choice for the gas in the interaction medium, though 
noble gases are used for the generation of the highest 
orders, since these have the higher ionization poten- 
tial. Due to the very short duration of the laser pulse, 
the gas temperature is not relevant, while a pressure 
range of 10-500 mbar is usually chosen to balance, 
con one side, the needs of a large number of atoms that 
take part in the HHG and on the other side, the limit 
posed by the attenuation of the XUV and soft X-ray 
radiation after the generation, caused by the gas 
absorption. For the same reason, a powerful pumping 
system is needed, in order to reduce the ambient 
pressure in the apparatus below 10°* mbar level. 
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The Models for the High Harmonics 
Generation 


The physical processes involved in HHG are many 
the emission of the HH photons, the laser field 
interacts with a single atom of gas and induces the 
ionization, the electron’s motion and its recollision 
with its parent ion; besides, the beam of HHs is the 
result of the superposition of the radiation from all 
the ionized atoms, as in an ordinary nonlinear 
medium, where the phase velocity of the laser field 
and of HHs is a function of the position and of the 
laser intensity and phase; therefore, the phase- 
matching issue has to be addressed in order to 
understand the global yield of HHG. The more 
relevant causes for the mismatch are the geometrical 
phase shift at the beam focus, which for Gaussian- 
profile beams is the Gouy phase, the nonlinear phase 
from the atomic polarization, and the effects of the 
plasma induced by the laser pulse itself. In addition, 
other effects have to be considered, such as the 
nonuniform density distribution of the target gas or 
the fact that the propagation of XUV radiation 
through a gas is usually influenced by a strong 
absorption, which is frequency dependent. 

‘The study of HHG is first approached by introduc 
ing what is known as the simple man model, in which 
simplifications are introduced in order to treat the 
problem in a simple classical scheme, but from which 
the essential characteristics are derived. We then 
introduce the more complex quantum model based 
on the path integrals. 


t Step: lonization 


The first step in the HHG model is the process with 
which the laser electric field applies to an electron, 
belonging to an atom or a molecule, a force that 
causes its detachment. This takes place only if such a 
field is strong enough to liberate the electron from its 
atomic bond. This may happen when the laser, 
which is taken here as linearly polarized and periodic 
in time, has modified the potential well so that the 
electrons may tunnel through it or pass over it. In 
fact, the sum of the atomic potential with that 
associated to the laser, which can be thought of as a 
plane that swings between a positive and negative 
slope at the laser frequency, gives rise to a finite 
sized well, through which the clectron escapes by 
tunneling, or eventually to an aperture from which 
the electron is drawn away from the nucleus. In 
Figure 3, is shown such a well and the tunnel path 
for the electron. 

Once freed, the electron responds to the periodic 
force from the laser which makes it oscillate. The 


Figure 3 Electron potential when the laser pulse shines on the 
atom; |g) indicated the evel af the ground state; in red, a possible 
trajectory ofthe liberated electron after tunneling, 


average kinetic energy on such oscillations is known 
as the ponderomotive potential U,, and is related to 
the laser intensity and wavelength, according to the 
following: U, = e*E}/4muz, which reads numerically 
9.31,(10'4 Wiem")A*(um), where A is 


field and intensity. 


Second Step: Free-electron 
Trajectory 


On the freed electron are applied both the time- 
varying force due to the laser field and the ionic 
potential. Its motion can be approximated according 
to the simple man model as a nonrelativistic classical- 
mechanics trajectory; its initial velocity is set to zero, 
and its initial position is by the ion; finally, the laser 
exerts a force much stronger than that from the ion as 
well as from the laser magnetic field, thus these two 
latter forces are cancelled out. 

As mentioned above, the electron trajectories that 
induce HHs are those where the electron returns by 
the ion with strong kinetic energy. If the laser is 
linearly polarized, the induced trajectory takes place 
along a line, at which also belongs to the parent ion, 
Moreover, the electron final velocity is related to the 
actual instant of ionization, or phase of the field, with 
respect to the laser peak. Therefore, electron final 
energies span from zero to a maximum value Kau 
By considering the first semi-cycle, Kyyx Occurs at 
about 17° of field phase angle, while for the second 
semi-cycle it is at 197°. 

In Figure 4 the electron trajectories for different 
ionization in the first semi-cycle are shown: the 
electron displacement in the laser-field direction with 
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Figure 4 Eloctron trajectories relative to different fonization 

instant within the first semicycle: in dotted red, half-cycle, in 

‘continuous red, the whole optical cycle. Trajectories forlater times 

do not retutn to the ion, do nat contribute to HHG and correspond 

to ejected photoelectrons. 


respect to the ion position, which is the initial as well 
as the final position, is represented versus time, whet 
the time origin is at the laser peak, where field phase is 
equal to zero. The laser intensity directly influences 
the value of Kpus, according to the following 
expression: Kyyay = 3-17 Up, In the case shown in the 
figure, the peak laser intensity is I) = 8 x 10'* Wiem* 
and the ponderomotive potential is U, = 45 eV and 
Kas = 143 eV. 

Moreover, for a given final energy below Kyra 
there are more than one value of the phase of the laser 
field where the trajectory results with the same final 
kinetic energy. This indicates that multiple trajec- 
tories may produce a given HH, and this is relevant in 
terms of the interference between them. 


Third Step: Recombina' 


The final process which occurs in the HHG, is the 
recombination of the ionized electron with the parent 
ion. The energy conservation means that the kinetic 
energy and the ionization potential have to be 
delivered to the emitted photon. In the simple man 
model, the spectrum of HH then spans from I, to the 
maximum values of Epys =I +317 Kae In the 
case of Figure 2, obtained using helium gas at 
6x 10'* Wicem*, the spectral position of cutoff 
can be estimated at about 9nm, or 140 eV, which 
is in good agreement with the prediction’ of the 
relationship described above. 

The electron recombination is not a unique process 
occurring at this point: the electron may be scattered 
by the ion and be emitted with a kinetic energy of up 
to 10 U,, which is known as the rescattering plateau 


in ATI, or it may ionize the ion by collision, leaving a 
double ionized atom via sequential ionization, with a 
strong, increase in the observed cross-section of this 
process. 


Feynman Path-Integral Approach 


The ideas in the simple man model have been 
expanded in order to include the quantum mecha- 
nical description of the laser-electron-ion interaction, 
By using the Feynman path-integral approach, the 
evolution of the electron driven by the laser force is 
associated to a probability which depends on the sum 
of an infinite number of amplitudes f,. These are 
complex numbers and correspond to different trajec- 
tories, or quantum orbits, 1,(¢), followed by the 
electron. Their phase is proportional to the classical 
action of the electron motion, S{r,(#)), calculated 
along r,(¢), which begins at time f, and ends at a later 
time t=, +7. Here 7 defines the duration of the 
liberated electron trajectory. In our case, the action is 
the sum of three terms: 


SleW(0)1 = Shouse + Steen + Stina mM 


that correspond respectively to the electron ioni- 
zation: 
Shoundn = —Eotin 2) 


where Eo is the binding energy of electron in the atom 
ground state, Ey <0, to the free electron trajectory: 


Siw = [tk eaco*ide BI) 


where k is the electron momentum after ionization, 
directed parallel the laser electric field, and A(t) is the 
vector potential of the laser field, and to the final 
recombination with the parent ion: 


Stinaiye = (ily + En tn 14) 

‘The condition that normally points out the trajec~ 
tory made by the electron may be obtained from the 
principle of least action. Within the path integral 
approach, this principle can be used to deduce some 
equations which have to be obeyed by the quantum 
orbits, and that express the energy conservation in 
both the ionization and recombination process and 
the fulfilment of boundary conditions for electron 
trajectory. These are known as saddle-point 
equations, and reads as: 


ik — eA, 


Is} 
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fot the ionization process: 
kr=e! awa (61 


which compares the initial momentum with that 
exchanged with the laser field during the trajectory, 
and 


Ik = eA) 


Umlhuyy + Eo) 71 


for the recombination process which emits an 
harmonic of order 

From eqn [5] we note that the solution for the 
ionization time f, is a complex number, since the right 
hand side is negative. This suggests that the quantum 
orbits are complex as well. The reason for this is that 
the tunnel through the potential well is a nonclassical 
process. 

The orbits solutions to eqns [5]-[7] have different 
durations, and for some of them ris shorter than an 
optical cycle, while for the others the electron returns 
ina later cycle than the one where it was ionized. This 
latter solution is of minor influence, since the electron 
wavefunction spreads out along the trajectory, 
decreasing the recombination probability. Those 
within the initial optical cycle sum the amplitudes 
to give the probability of the generation of q-th 
harmonic, and their interference is evident from the 
irregular single-atom spectrum, 

‘The time evolution of the laser pulse as well as the 
interaction geometry are experimental tools that 
influence the relevance of the different trajectories. 
In particular conditions it is possible to set the 
condition for HHG from a single trajectory, with a 
very simple phase structure and clear spectrum; some 
cases are described below. 


HHs Generated by Few-Optical-Cycle 
Pulses 


The laser electric field considered so far has been 
taken as stationary, relying on the hypothesis that the 
pulse envelope has a duration much longer than the 
laser optical cycle. For the analysis of the electron 
trajectories, that last a fraction of the laser optical 
cycle, this hypothesis is valid for pulses down to 
about 20 fs. For shorter pulses, as those generated 
with the hollow fiber technique, there is a noticeable 
variation of the electric field between a cycle and the 
next. The generation process is now aperiodic, and 
the characteristics of HH spectrum and conversion is 
strongly influenced by the pulse actual duration. 

In order to show the striking changes in this regime, 
Figure 5 shows the laser electric field, the envelope and 
the ionization probability of helium gas in the case of a 


lonization rate (1s) 


Time (s) 


Figure 5 _lonization rate for holium gas shined by a 5 ts FWHM 
pulse of intensity 8x 10" Wiem?. The dotted line shows the 
normalized evolution of elacrc field of the pulse, Only the three 
central half-cycies induce ionization. 


pulse of $ fs of full width at half-maximum (FWHM) 
duration and a laser intensity of 9 x 10'* W/em?*. The 
atom can be ionized during only three intervals, of 
sub-fs duration but where only one is dominant. 

The HHG experiment in this temporal regime 
have revealed that the influence of the plasma in the 
interaction region is progressively reduced and 
eventually vanishes for pulses of duration of about 
S fs. This is because the atoms are exposed directly 
to the maximum electric field, and so there is no 
pre-ionization of the gas caused by the initial part 
of the pulse. This effect, which is present in the case 
of many-cycle pulses, causes a reduction in the 
HUG efficiency, due to a depletion of the neutral 
density available at the time of maximum electric 
field, where the higher HHs are produced with a 
large dispersion, which deteriorates the phase- 
matching. 

Morcover, the effect of the carrier-envelope-phase 
in the HHs spectrum has been demonstrated as an 
evident spectral shift of the cut-off harmonics 
generated with few-cycle pulses. The reason can be 
found in the variation of the phase of the emission 
from each electron after its trajectory. For the few- 
cycle pulses, this phase changes for every laser semi- 
eyele, due to the change in the actual electric field 
which drives the electron motion. 

This portion of the spectrum is also relevant to its 
phase structure, since here the HHs are generated by a 
single electron trajectory. This condition sets a 
constant phase difference between the subsequent 
harmonic orders. In this way, similarly to the mode 
locking laser, this effect allows the synthesis of a 
pulse, from the combination of several harmonic 
orders, which has a duration much lower than the 
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individual harmonics. This process has been 
exploited to produce a soft X-ray pulse of duration 
of 650 as (1 as, attosecond = 1x 107s). 


HHs Beam Characteristics 


‘The HHG is a coherent process, in that the emitted 
radiation has a direct relationship with the laser 
pump. The emitted HH beam also reflects this fact in 
its good directional characteristics and in its spatial 
and temporal coherence, as different experiments 
have demonstrated. 

Using a 110 fs laser pulse, the interference fringes 
produced in the far field of two spatially separated 
HH beams were measured as a function of the mutual 
delay. The HH coherence time f, resulted in agree- 
ment with the expected duration of the HHs, which is 
a fraction of that of the laser pulse. Moreover, it has 
heen observed at a different 1, in the central and 
external regions of the far field of harmonic 23rd, 
50 fs and 20 fs respectively. This is because different 
phase-matching in the HHG contribute to the on-axis 
and off-axis part of the HHs beam, where the more 
prominent quantum orbit is also different. 

‘The measurement of the beam divergence for 
different harmonic orders is relevant for both the 
estimate of the beam brightness and the irradiance 
available in the case of the HH applications. 
Moreover, it is useful for the understanding of 
the phase-matching which is realized in actual 
interaction geometry. The experimental measure- 
ments requires an astigmatic spectrometer, as_ is 
described later. In this kind of experiment, the 
focalplane images of the HH spectrum are taken 
for different generation conditions, usually moving 
the gas-jet position with respect to the laser focus, 
the z coordinate in Figure 1. The harmonic peaks 
appear as elongated spots, as shown in Figure 6 for 
helium gas and an intensity of 4 x 10"* Wem? and 
duration of 20 fs, whose length in a transverse 
direction to the dispersion plane can be related, by 
a optical calculation, to the beam divergence. 

A comparison between divergences for HHG 
driven by few- or many-optical-cycle pulses has 
revealed another aspect of the phase-matching 
condition. In this case, the laser pulse was compressed 
in time by means of the hollow fiber technique, and 
so the resulting phase front is of the Bessel-beam type, 
truncated at the first zero. The experiment indicates a 
divergence for plateau harmonics of about 3 mrad 
FWHM of the beam, in the case of the 7 fs pulse and 
larger values by more than 50% using the 20 fs pulse. 
In both cases, the beam divergence increase moving 
downstream the gas jet and with increasing harmonic 
order. The reduced divergence can be ascribed to a 


h rmrad 


Figure 6 Focal plane image obtained from the spectrograph 
shown in Figure 9, relative to the Hs spectrum of helium with, 
20's and 4 x 10" Wiem®. The bar in upper-left comer indicates 
the scale-length of vertical axis corresponding to a divergence ot 
the HH beam of 1 mrad, 


Harmonic order 
Figure 7 Peak brightness of the HHis beam determined from 
absoluteintensity and divergence measurements, using neon gas 


and a 780 nm laser pulse with 7 fs duration and 9 x 10"* Wiem® 
intensity. 


more regular wavefront of the harmonic beam, which 
can be related to the simpler phase structure of the 
few-cycle case. 

By using an intensity-calibrated detector, the 
number of photons per harmonic order per laser 
shot can be measured. Combining this measure with 
that of the divergence, the HH beam brightness can 
he calculated. The source size and the HH pulse 
duration can be easily modeled from the experimental 
parameters. The result for the case of neon with 7 fs 
pump-palse with intensity of 9x 10! Wiem? is 
shown in Figure 7, as a function of the gas-jet 
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position, with positive values when the jet is 
downstream with respect to laser focus. 

The large divergence reduces the brightness of 
downstream positions. Maximum values of about 
8x 10" Wisrad cm? are found close to the focus, 
relatively flat with respect to harmonic order. 

The conversion efficiency my: from the fundamen- 
tal intensity to that of the HHs can also be derived 
from this kind of measurement. The more convenient 
parameters for HHG in the range 41-71 were found 
using neon gas jet from a pulsed valve and a pulse 
duration of 7 fs, which leads to my in the scale of 
10°”, while for lower orders, from 17 to 31, a value 
about two orders of magnitude larger has been 
obtained using a short hollow fiber filled with argon 
gas. A remarkable intracycle optimization mechanism 
was introduced in this case, in order to maximize the 
given harmonic order of chosen. This was done by 
tailoring the shape of the pump pulse in spectrum and 
time, using an adaptive component in the laser 
compressor. In this case, the optimal pulse shape to 
maximize the efficiency in the driving of the electron 
ona trajectory producing the required harmonic order, 
is sought by means of a genetic algorithm, 

A strong efficiency enhancement has also been 
demonstrated by manipulating the laser wavefront by 
means of a deformable mirror (DM). In this case, the 
DM was controlled by a genetic algorithm, aiming to 
increase the HHs intensity in a given spectral interval. 
The purpose of this technique is the correction of the 
optical aberrations on the beam, introduced by both 
the optical components in the beam focusing line and 
the phase distortion caused by nonlinear effects 
leading to an optimum laser front. The effect is 
shown in Figure 8, where the spectrum obtained with 


Harmonic order 
7363 53 43 33 23 


Hs intensity (arbitrary units) 


HHs wavelength (rm) 


Figure 8 Comparison of the Hs spectrum obtained with and 
Without the wavefront correction using a deformable mirror. Neon 
gas was used and a 790:nm laser pulse with 6 fs duration and 
(0.4 mi energy. 


the original beam is compared with that optimized by 
the genetic algorithm. It can be noticed there is 
both a remarkable extension of the HHs spectrum, of 
about 20 orders, as well as a strong enhancement of 
the plateau intensity. 


Spectrometers and Monochromators 
for HHs 


The extended spectrum of HHs reaches the optical 
domains of the extreme-ultraviolet (XUV, 10- 
100 nm) and soft X-ray (1-10 nm). In these regions, 
the optical materials have very poor or zero 
transmission, and so the optical design of instruments 
for HHs analysis uses reflective optics only. Excep- 


tions sometimes used are the frequency-selective 
XUV transmission filters, whose thickness does not 
exceed a few tenths of a micrometer, and the 
diffracting zone-plates. Moreover, for the radiation 
of wavelength shorter than 30 nm, even the reflectiv- 
ity of optics becomes poor, and this forces the use of 
grazing-incidence mountings or the narrow band 
XUV and soft X-ray multilayer mirrors. 

On the other hand, HHs as optical sources have 
favorable characteristics, in that they are emitted in 
a region smaller than the laser waist focus, so usually 
of a few tens of micrometers, and their divergence is 
small, as seen above. In addition, the very short 
duration of the pump pulses broadens the HHs 
spectrum, due to time-bandwidth inequality, usually 
smearing details below 0.1 nm of width. 

The spectrograph is then realized wi 


the least 
number of components, usually combining in one or 
two optics of the spectral dispersion, the gathering of 
the HH beam and its focusing on the detector, 
Moreover, it is not feasible to collect with a single 
detector all the broad HH spectrum in once, so 
usually a spectral interval of interest is selected and 
acquired with a linear or bidimensional detector, or 
scanned sequentially by rotating the grating. 

‘An example of spectrograph with 2D-detector, is 
shown in Figure 9, the layout of the instrument 
developed for the simultaneous measure of the 
divergence and the intensity of HHs generated from 
few-optical-cycle pulses. 


HHs source Toroidal mirror VLS grating Focalplane 


Soup a 


Figure 9 Optical layout of the astigmatic spectrometer for the 
divergence measurement 
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‘The upper part of Figure 9 shows the optics in the 
dispersion plane, where the toroidal mirror gathers 
the HH radiation and relays it to the source point for 
the spherical grating. The latter has a varied line 
spacing (VLS) of the grooves, in order to image an 
erected spectrum in the focalplane. This feature is 
convenient in order to use a bidimensional detector. 
In the sagittal plane, the grating has negligible effect, 
and the toroidal mirror is designed to realize an 
astigmatic image of the source in the focalplane, from 
which the divergences can be extracted. The detector 
needs to be blind at the radiation of the laser and at 


the lower harmonics, and to have an extended linear 
response in the XUV and soft X-ray. A good solution 
can be obtained with an open micro-channel 
plate (MCP), with a suitable photocathode such as 
MgF:, placed in the focalplane, coupled with a 
high-resolution and a high dynamic CCD camera, 

For the selection of a single harmonic order or of 
a narrow spectral region, an XUV monochromator is 
used. This device is based on the spectral dispersion of 
the HHs beam by using a diffraction grating. The 
desired harmonic order is selected by scanning the 
wavelength which falls on the slit, usually by rotating 
the grating. This technique uses a single optical 
component, a concave grating, to reduce the reflection 
losses. On the other hand, the single-grating mono- 
chromator introduces a remarkable time broadening 
in the selected radiation. In fact, the grating 
diffraction is based on the optical path length 
difference for the rays diffracted by subsequent grating 
grooves. Therefore the selected beam, of wavelength 
A, is composed of rays whose difference in length is 
AL = Nya, where m is the diffraction order and Ng 
is the number of illuminated grooves, given by 
the beam diameter on grating multiplied by the 
groove density. The time broadening of the selected 
pulse is then Ar=AL/c. For a HH XUV pulse, 
the diffracted pulse results is 7 ps of duration, if 
heam size is of 3 mm and it is diffracted at 87° by a 
1200 gr/mm grating. 

The solution to this problem may be found in 
adopting a twin grating design. In this case, the 
dispersion induced by the first grating is used to select 
the desired spectral portion of the HH spectrum, and 
will be cancelled by the second grating. This latter 
grating has to be mounted in order to compensate for 
the different optical path length of different rays 
within the aperture of the HH beam, The layout of 
this optical scheme is reported in Figure 10. The ray 
tracing of this compensated monochromator in 
cates that for both the grazing incidence and the 
normal incidence regions, the residual broadening 
results is of the order of one femtosecond. 
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Figure 10 Scheme of the compensatod XUV monochromator, 
{or the selection ofa spectral portion ofthe Hs spectrum without 
introducing temporal broadening. See also Viloresi P (1999) 
Compensation of optical path lengths in extreme-uitraviolet 
and soft X-ray monochromators for ultrafast pulses. Applied 
Optics 98: 6040. 


HHs at Work: Applications and 
Perspectives 


‘The advantages of HHs with respect to other XUV 
and soft X-ray sources, as laser-plasma, synchrotron 
radiation or X-ray lasers, are mainly the very short 
duration of their emission, their high brightness, and 
the source compactness and their intrinsic synchro- 
nization with a laser pulse. These aspects have heen 
already exploited in a few experiments, based either 
on the detection of a photoelectron emitted in the 
time-dependent interaction of the matter with the HHs 
plus fundamental laser beams, or the observation of 
changes in the HHs XUV spectrum, 

As examples of direct application, the interfero- 
metry of a laser-plasma has been obtained with HHs, 
to determine spatial distribution of the electron 
density. In this case, two beams of harmonic 
radiation were generated by splitting in equal parts 
the laser pulse, with one of them passing through a 
laser-generated plasma from a solid aluminum 
target. By means of a grating monochromator, a 
single harmonic order is selected, of both beams, and 
their interference pattern in the far field is acquired. 
From the shift in the fringes pattern, the map of the 
plasma clectron density was estimated. Here, the 
broad spectrum of the HHs was exploited to operate 
the interference at the most convenient wavelength, 
far from atomic resonances and with fair fringe 
contrast. 

‘The direct monitoring of a chemical reaction at the 
surface was achieved by pumping, with a part of the 
laser pulse, a platinum surface with some adsorbed 
molecular oxygen. By observing changes in the 
spectrum of the photoelectrons generated by the 
delayed HHs beam, the oxygen-platinum bond 
switch from a superoxo (Oz) to a peroxo (O}-) 
state was observed in the time domain, 
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The electron bond in an atom may be dressed by a 
laser field, and the changes induced in its orbital are 
diagnosed by a HHs beam, which photo-ionizes the 
atom. This phenomenon have been exploited as a 
diagnostic of the temporal structure of a HHs beam: 
the sidebands in the photoelectron spectrum have 
been related to the phase of different harmonics. 
The findings indicate that HHs are locked in phase and 
their superposition produces a train of 250 as pulse 

By using the mixing scheme of some suitable orders 
of a HHs beam generated with few-optical-cycle 
pulses, mentioned already in section “Hs beam 
characteristics,’ a pulse with sub-femtosecond dur- 
ation may be generated. This was used in the detailed 
analysis of the photoelectron spectrum in a pump- 
probe experiment, with time resolution of 150 as. 
Again using the IR and HHs radiation together, this 
technique has accessed the direct probe of the laser 
field oscillation, as demonstration by the use of HHs 
in the new domain of attosecond spectroscopy and 
metrolog; 

Finally, the HH radiation can also be considered as, 
the seed for an amplifier of radiation in the soft X-ray 
region, as in the case of a free electron laser. 
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Introduction 


‘The transmission distance of a fiber-optic communi- 
cation system is limited by fiber loss and dispersion. 
For long-haul lightwave systems, the loss limitations 
have traditionally been overcome by periodic rey 
eration of the optical signals at repeaters applying 
conversion to an intermediate electric signal. Because 
of the complexity and high cost of such regenerators, 
the need for optical amplifiers became obvious in 
the mid-1980s. The optical amplifier is ideally a 
transparent box that provides gain and is also 
insensitive to the bit rate, modulation format, 
power and wavelength of the signal passing 
through it. 

Several means of obtaining optical amplification 
has been suggested since the 1970s, including direct 
use of the transmission fiber as gain medium through 
nonlinear effects, semiconductor amplifiers, or doping 
optical waveguides with an active material (rare-earth 
ions}, that could provide gain. Due to the spectacular 
results on erbium-doped fiber amplifiers, which are 
particularly suitable in the third transmission window 


iers for Lightwave Systems 
ission Systems 


(around 1.5m), an intense worldwide research 
activity on optical amplifiers has developed. As a 
consequence, the development of erbium-doped 
fiber amplifiers has reached an industrial level, and 
commercial devices are now available. 

Semiconductor amplifiers, on the other hand, 
have the same technical basis as semiconductor 
lasers. Although the strong nonlinearity of semi- 
conductor amplifiers degrades the performances of 
transmission systems, the state-of-art semiconductor 
devices seem to be the most interesting amplifiers for 
transmission in the second transmission window 
(around 1.3 wm), 


Amplifier Gain and Bandwidth 


In a perfect amplifier, the amplification process 
would be insensitive to the bit rate, modulation 
format, power, state of polarization, wavelength, and 
optical bandwidth of the signal passing through it. 
On the other hand, no interaction would take place if 
more than one signal were amplified simultaneously. 
In practice, however, the optical gain depends not 
only on the wavelength (or frequency) of the 
incident signal, but also on the electromagnetic 
field intensity at any point inside the amplifier. 
Details of wavelength and intensity dependence 
of the optical signal depend on the amplifying 
medium. 
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We consider a case in which the gain medium is 
modeled as a homogeneously broadened two-level 
system. In such medium, the gain coefficient (i.c., the 
gain per unit length) can be written as: 


g(,P) = a 


where gp is the peak value of the gain coefficient 
determined by the pumping level of the amplifier, » 
the optical frequency, m the atomic transition 
frequency, Arp the 3 dB local gain bandwidth, P the 
optical power of the signal, and P,,. the saturation 
power, which depends on the gain medium para- 
meters. It must be emphasized that Ary and Py refer 
to the local gain. However, from the communication 
system point of view, it is more desirable to use the 
related concepts of amplifier bandwidth and amplifier 
saturation power that will be evaluated below. 
‘The amplifier gain G is defined as 


Pout 
7, 


( 21 


where Pi, is the input power and Pyy the output 


power of a continuous wave (CW) signal being 
amplified. The amplifier gain G may be found by 


using the relation: 


dP 


a PP BI 


where P(z) is the optical power at a distance z from 
the amplifier input end. 

If the signal power obeys the condition P< Pyy, 
throughout the amplifier, the gain coefficient given by 
eqn [1] can be considered independent of the signal 
power, In such a case, the amplifier is said to be 
operated in the unsaturated regime and works as a 
linear device. The gain coefficient presents in this 
situation a Lorentzian profile that is characteristic 
of homogencously broadened two-level. systems. 
However, the gain spectrum of actual amplifiers can 
deviate significantly from the Lorentzian profile. 

‘The solution of eqn [3] in the unsaturated regime is 
an exponentially growing signal power, given by 


P(z) = Pin exp(gz) {41 


For an amplifier length L, we then find that the 
linear amplifier gain is 


ol 
G(x) = exp(gh) = exp] ———"—___, 5 
(v) = explgL) (| 151 
Both the amplifier gain G(x) and the gain coefficient 
(0) are maximum when v= 1%. However, Go) 
decreases much faster than g(x) with the signal 


Gain 


Figure 1 Gain cooffcient profile g(x) and the corresponding 
amplifier gain spectrum Gi), 


detuning »— 1p, because of the exponential depen- 
dence of G on g. As a consequence, the amplifier 
bandwidth Avy, which is defined as the FWHM of 
GQ»), is much smaller than the gain bandwidth Av 
(Figure 1). This can result in signal distortion in the 
case where a broadband optical signal is transmitted 
through the amplifier. From eqn [5] we can obtain the 
following relation between the amplifier bandwidth 
and the gain bandwidth: 


Ind 


Am = Mol Tad 


(61 


Gain Saturation 


An important limitation of the nonideal amplifier is 
related with the power dependence of the gain 
coefficient given by eqn [1]. This property is known 
as gain saturation and it appears when the signal 
power ratio P/P,x. is non-negligible. Since the gain 
coefficient is reduced when the signal power P 
becomes comparable to the saturation power Pi 
the amplifier gain G will also decrease. 

Assuming that v= 1% and substituting g from 
eqn [1] in eqn [3] gives 


lg oP. 


de THPP a # 


Considering the initial condition P(0) =P. we 
obtain from eqns [2] and [7] the following implicit 
relation for the amplifier gain: 


+) Pin _ yf © 
a-@)5* -() [8] 


where Gy =exp(goL). The input saturation power 
Pi, is defined as the input power for which the 
amplifier gain G is reduced by a factor of 2 from its 
unsaturated value Gy (Figure 2). Indeed, itis obtained 


by using G = Go/2 in eqn [8]: 
2 In(2)Paae 
py, = 2in@Pae 9 
G-D Pl 
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PE Input power 


Figure 2. Saturated amplifier gain as a function of the input 
power. 


As observed from eqn [9], the input saturation power 
P:, does not coincide with P,.. The output saturation 
power is given by P’,, = GoP%y/2. In practice, Go > 2 
and Pry is found to be smaller than Py, by 
about 30%. 

Gain saturation can be seen as a serious limitation, 
particularly for multichannel communication sys- 
tems. However, the self-regulating effect of gain 
saturated amplifiers can be useful in long-haul light- 
wave communication systems, including many con- 
catenated amplifiers. In fact, if the signal level in a 
chain of amplifiers is unexpectedly increased along 
the chain, the saturation effect causes a lower gain 
provided by the following amplifiers and vice versa 
for a sudden signal power decrease. 


Amplifier Noise 


Besides the bandwidth and gain saturation limi- 
tations, another property must be considered con- 
cerning practical optical amplifiers. In fact, optical 
amplifiers always add spontaneously emitted 
photons to the signal during the amplification 
process. Those photons are amplified besides the 
signal photons so that, at the amplifier output, an 
amplified spontaneous emission (ASE) noise is pre- 
sented. Since spontaneous emission always takes 
place, ASE noise is unavoidable and does not depend 
on the amplifier temperature. This is one of the most 
important differences between optical and electrical 
amplifiers, where amplifier noise is of thermal 
origin and can be reduced by lowering the amplifier 
temperatur 

‘The ASE determines a degradation of the signal-to- 
noise ratio (SNR). The SNR degradation is usually 
characterized by the amplifier noise figure, which is 
defined as the SNR ratio between input and output: 


SNRin 


NP= Row 


[10 


The SNR is usually referred to the electrical power 
generated when the optical signal is converted to 


electrical current by using a photodetector. Therefore, 
the noise figure as defined in eqn [10] would usually 
depend on several detector parameters, which deter- 
mine the shot noise and thermal noise associated with 
the practical detector. We will consider the case of an 
ideal detector, whose performance is limited by shot 
noise only. 

‘The SNR of the input signal is simply determined 
by the detection shot noise and can be written as: 


Pia 
«= ThvaF 


where Af is the detector bandwidth. 

To evaluate the term SNR,» one should add the 
contribution of spontaneous emission to the receiver 
noise. The ASE noise spectral density is assumed to 
be constant and can be written as 


SNR, uy 


S(t) =(G = Vnghv 12) 
where G the amplifier gain and 
Ni 

"= NG 113) 


is known as the spontaneous emission factor or the 
population inversion factor. In eqn [13] Ny and Ny 
are the atomic populations for the ground and excited 
states, respectively. 

Considering a low noise amplifier, the signal power 
impinging the photodetector is larger than the optical 
noise power and the shot noise power. As a 
consequence, the electrical noise, due to the signal- 
ASE beating, is the dominant contribution and the 
SNR of the amplified signal is given by: 


oe 4) 


at aga 


Using eqns [11]-[14], the amplifier noise figure 
defined by eqn [10] becomes: 


G-1 


NF = 2g 


ts} 


= 2h 


where the approximation holds when the gain is 
much higher than one. In the case of an ideal 
amplifier, 4) = 1 and eqn [15] show that the SNR 
is degraded by 3 dB. For most practical amplifiers, NF 
can be as large as 6-8 dB. 


The relative importance of the different limiting 
factors discussed above depends on the actual 
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Figure 3 Four generic configurations for incorporating optical 
amplifiers into transmission systems: (a) as a power amplifier 
(0) as in-ine ampiters; (c) as a preampitier (d) for compensation 
of distribution losses in local-area networks. 


amplifier application. Figure 3 shows the four basic 
system configurations envisioned for the incorpor- 
ation of optical amplifiers. The first configuration is 
to place the amplifier immediately following the laser 
transmitter to act as a power amplifier or booster 
(Figure 3a). The main purpose of such amplifiers is to 
boost the signal power, which can provide an increase 
of the transmission distance by 100 km or more. Since 
the signal input power is typically large (0.1- 
1.0 mW), the key parameter for the power amplifier 
will be to maximize the saturation output power and 
not necessarily the absolute gain. 

‘The second configuration is to place the amplifier 
in-line and perhaps incorporated at one or more 
places along the transmission path (Figure 3b), 
replacing the electronic regenerators. The in-line 
amplifier corrects for periodic signal attenuation 
and may exist in a cascade form. The use of in-line 
optical amplifiers is particularly attractive for multi- 
channel communication systems, since they can 
amplify all channels simultaneously. 

The third configuration consists of using the 
amplifier immediately before the receiver, so it 
functions as a preamplifier (Figure 3c). The purpose 
of such an amplifier is to improve the receiver 
sensitivity. The main figures of merit are high gain 
and low amplifier noise, because the entire amplifier 
output is immediately detected. 


In local-area networks (LANs), distribution losses 
often limit the number of possible nodes. The fourth 
application of optical amplifiers consists of using 
them for compensating such distribution losses 
(Figure 34). 


List of Units and Nomenclature 


£ peak value of the gain m? 
coefficient at peak 

gi) gain coefficient mt 

Go unsaturated amplifier gain 

GO) amplifier gain 

L amplifier length m 

I spontancous emission factor 

P signal power w 

Pig input signal power w 

Ph input saturation power Ww 

Poy output signal power Ww 

Pig output saturation power w 

Pra saturation power w 

Swy(2) ASE noise spectral density J 

af detector bandwidth Hz 

Ary bandwidth of the gain coefficient Hz 

” optical frequency Hz 

» atomic transition frequency Hz 

See also 
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Introduction 


The telecommunications industry has undergone a 
revolution since the 1980s, by using glass optical 
fibers for the transmission of information encoded as 
pulses of light. A. single telecommunications-grade 
optical fiber has been shown to support the propa- 
gation of more than 1 Tbit per second (1x 10? 
pulses per second) over distances comparable to 
typical city separations (>100 km). From this tech- 
nology, optical fiber links have evolved to become a 
network on a planet-wide scale, and form the physical 
backbone of the information age. 

Erbium-doped fiber amplifiers (EDFAs) are an 
enabling technology for optical fiber communication 
networks. They have several important properties 
that make them the amplification component of 
choice in long-distance commercial data transport 
networks, Erbium ions deposited in silica-based glass 
allow amplification in the lowest loss region of 
commercial-grade optical fiber (<0.25 dB/km from 
approximately 1530-1620 nm). Erbium-doped fiber 
(EDF) is manufactured in a form that allows for low- 
Joss fusion splicing to standard communications fib 
Compact semiconductor laser diodes are available to 
excite the erbium ions into an amplification state. The 
long lifetime of the excited state of erbium provides 
the ability to simultaneously amplify multiple wave- 
length channels without significant cross-channel 
interference. Multiple channel systems have been 
deployed with more than 100 optical channels (or 
wavelengths) through each EDFA, and this has 
allowed network capacities to be dramatically 
increased. The low noise properties of the EDFA 
also allow networks to be constructed with many 
amplified spans before the optical signal has to be 
electronically regenerated. Practically unlimited 
transmission distance has been demonstrated using 
a small number of optical soliton channels through 
periodically amplified EDFA lightwave systems. 

The development history of the EDFA can be traced 
back to the first optical amplifier. In 1962, 
a neodymium-based fiber amplifier was invented 
that operated at 1064 nm. During the 1980s, the 
need for an optical amplifier at telecommunications 
wavelengths initiated research at many locations 
throughout the world. In 1987, the University of 


Southampton (UK) was first to demonstrate an EDFA 
that had optical gain at 1550.nm, and during the 
following years the design of erbium-doped fiber was 
optimized for this application. In 1989, a practical 
semiconductor laser diode became available to pump 
EDE, and the first compact optical fiber amplifier 
modules soon appeared for commercial deployment. 
The traditional method of signal regeneration, prior 
to 1990, was to use electronics to detect the optical 
signal after each transmission span, recover the 
digital signal, and then retransmit using another 
laser diode. The EDFA allows practical wavelength 
division multiplexing (WDM) of multiple optical 
signals with all optical signal amplification, and 
provides significant performance and cost advantages 
over electronic regeneration. 

EDFAs have emerged from the laboratory to be 
widely deployed in communication networks. EDFAs 
are used to boost transmitted power of the signal 
lasers (booster amplifier), amplify signals in transit 
to compensate losses sustained in the fiber (line 
amplifier), or amplify signals before a receiver (pre- 
amplifier). Typically, the amplifier module is specifi- 
cally manufactured for particular systems that are 
mounted on electronic circuit boards. These circuit 
packs are then housed in central offices (local 
telephone exchanges), remote ‘repeater huts’, or 
even in undersea ‘bottles’ as part of a transoceanic 
cable. The high cost of network failure requires that 
the manufactured EDFA modules comply with 
stringent reliability criteria, to provide a useful 
operating lifetime greater than 25 years when subject 
to extreme environmental condition: 

Amplifiers are constructed for incorporation into 
either existing fiber links as part of an upgrade, or for 
newly planned systems. Because of the high cost of 
installing new fiber into the ground and securing 
property rights, it has become economically desirable 
to upgrade many existing fiber links rather than to 
build new systems. Transmission cables usually have 
many pairs of individual optical fibers, some of which 
will not initially be transporting data, and thes 
lit’ or ‘dark fibers’ can be activated as consumer 
demand increases over time. Typically, each fiber of a 
pair is used to carry either ‘east’- or ‘west’-bound 
traffic. Around city areas metropolitan area networks 
can be expanded in this way, but for long-distance 
links (long haul networks with distances >1000 km) 
operation is designed for a larger number of channels 
(40 to 120 wavelengths) at higher data rates (10 or 
40 GHz per channel) over specialized transmission 
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cables containing low numbers of fiber pairs. Typi- 
cally communication systems are designed to meet 
certain cost targets, expressed as dollars per Gbit/s 
per km, for total transmission distances. The total 
transmission distance is limited by the optical signal 
to noise ratio (OSNR) degradation after each fiber- 
amplifier link, with a smaller permissible degradation 
at higher bit rates. The required gain and OSNR 
performance for the system is then translated to an 
EDFA module specification. 

This article discusses EDFA design and appli- 
cations, and shows the elements involved in produ- 
cing reliable modules for commercial lightwave 
systems. 


Components for EDFAs 


EDFAs are comprised of passive optical components, 
erbium-doped fiber, and pump lasers. Passive 
components are chosen to meet optical and environ- 
mental specifications, while the erbium-doped fiber is 
selected based on the optical power, gain, and 
noise figure requirements. Pump lasers are a key 
influence on the price and performance of optical 
amplifiers. 

The amplifier module is typically connected to 
the transmission fiber using fiber connectors. 
‘These polished fiber connectors havea higher insertion 
loss and reflectivity than fusion splicing, but allow for 
easy deployment in the network. Internal optical 
components are fusion spliced together to provide low 
loss, low back reflection, high strength, and high 
reliability joins. Fusion splicing is tailored to parti- 
types, so that optical components with 
dissimilar fiber types are joined with the lowest loss. 

‘The signal and pump radiation is combined with 
low loss using optical components called wavelength 
division multiplexers (see Figure 1). These com- 
ponents are based on fused fiber or interference filter 
based technology. Fused fiber WDM offer the lowest 
insertion loss (<0.1 dB is commercially available) 
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Figure 1 Single-stage EDFA with features. 
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but is restricted to widely spaced wavelengths 
(e.g, 980nm pump and 1550 nm signal). Interfer- 
ence filter based WDMs are available for closely 
spaced wavelengths (e.g., 1480nm pump and 
1530 nm signal) and have a very low wavelength 
dependent insertion loss (flatness). Interference 
filters can be designed to produce sharp low-pass, 
high-pass, or bandpass type filters suitable for 
combining closely spaced wavelengths, as well as 
broader peaks suitable for lowering the gain in 
particular signal wavelength regions to produce gain 
flattened amplifiers. 

Signal reflections can cause an amplifier to act asa 
laser, and this detrimental effect is eliminated in 
EDFAs by using optical isolators, In an isolator the 
signal light is coupled out of the single-mode fiber 
through a graded index (GRIN) lens and passes 
through a nonlinear crystal before being coupled back 
into the optical fiber. The isolator consists of a 
birefringent rutile (TiO) or Yttrium OrthoVanadate 
(YVO,) wedge, followed by a Yttrium Iron Garnet 
(YIG) Faraday rotator, followed by another birefrin- 
gent wedge. The YIG crystal is surrounded by a 
permanent magnet that rotates the light’s polarization 
by 45 degrees. The 45-degree polarization rotation, 
coupled with the two birefringent wedges, ensures 
that light is efficiently coupled to the output fiber but 
not in the reverse direction, Commercial isolators are 
available with low insertion losses across the signal 
band, with some samples below 0.35 dB. Note that 
the YIG crystal works well for the 1480 nm pump 
and 1530-1620 nm signal bands, but currently there 
is no suitable isolator material that covers 980 to 
1550 nm and this puts some limitations on certain 
EDFA designs. 

The isolator design has been extended to make 
multiport circulators. A three-port circulator has the 
input into port 1 and output of port 2, light entering 
port 2 is directed to port 3, and light entering port 3 is 
blocked with an isolator. The circulator allows for 
adding and dropping of individual channels when a 
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narrow bandwidth reflective filter is placed on 
port 2. Circulators also can be used to separate co- 
propagating and counter-propagating traffic on a 
single transmission fiber before amplification is done. 

Erbium-doped fiber has two strong absorption 
bands around 980 nm and 1480 nm that are suitable 
for achieving a population inversion in the erbium 
ion, The 980nm wavelength allows low noise 
amplification, while 1480 nm lasers provide higher 
EDFA output. 980 nm pump lasers usually incorpor- 
ate fiber Bragg gratings to stabilize the laser 
wavelength to match the narrow EDF absorption 
peak, and also have lower drive current requirements. 
A 1480 nm pump can provide more amplification, 
since there are more photons in each mW of laser 
power at 1480 nm than 980 nm. High-output power 
pump lasers incorporate thermo-clectric coolers 
(TECs) within the pump laser package and can 
provide fiber coupled power greater than 500 mW. 
Both high-power lasers have been qualified to meet 
the most stringent reliability standards, with typical 
mean time before failure beyond 25 years. Low-cost 
980 nm pump lasers, that do not have TECs, are 
also available in smaller packages and can supply up 
to ~200 mW. By using wavelength division or 
polarization combining techniques, it is possible to 
further increase the available pump power in the 
erbium fiber. 

‘The EDFA module is assembled into a package that 
may contain passive optical components, several 
meters of coiled EDF, pump lasers, photo-detectors, 
and electronic circuit boards. In some cases, it is 
advantageous to thermally stabilize the components 
so that the amplifier performance can be maintained 
when exposed to extreme environmental conditions. 
This may occur when the central office’s environmer 
tal control is compromised (e.g., air conditioning 
failure). In particular, EDF can exhibit undesirable 
spectral gain changes if the ambient temperature 
changes by more than 5°C. 

Pump lasers with internal TECs can dissipate more 
than § Watts of heat per laser and since cooling fans 
usually do not have the required reliability, passive 
cooling is commonly used in the module in the form 
of a metal heat sink. The amplifier module’s size can 
be compact, limited by the height of optical com- 
ponents or pump laser diodes, or by the size of a built- 
in heat sink, The module is designed to survive 
conditions of electrostatic discharge, humidity, tem- 
perature, thermal shock, extreme vibration, and other 
stresses that may be inadvertently present during 
operation in the field. In addition, all material in the 
EDFA module is also qualified against problems with 
out-gassing (e.g., hydrogen release), combustion and 
chemical or biological exposure. 


The Single-Stage Amplifier 


A simple single-stage EDFA consists of an erbium- 
doped fiber spool with signal and pump combining 
multiplexer. The fiber is optically pumped by 980 nm 
and/or 1480 nm laser(s), whose light is coupled into 
the signal fiber by a passive component called an 
optical multiplexer. The pump wavelengths are 
readily absorbed by erbium ions embedded in silica 
raising them to an excited state. Amplification occurs 
when, stimulated by a nearby signal photon, an 
excited erbium ion relaxes back to the ground state 
producing a second, identical signal photon, The 
erbium ion can be approximated as a three-level 
atomic system that can be completely inverted by a 
980 nm photon, to provide the lowest noise amplifi- 
cation. In contrast, the 1480 nm pump will excite the 
erbium ion directly into the upper laser level as a two- 
level system, and because of rapid spontaneous 
emission from this level, the maximum inversion in 
this case cannot exceed approximately 75%. Note 
that as the pump photons are absorbed, the inversion 
will be nonuniform along the EDF length. 

‘There are two signal wavelength regions commonly 
amplified by EDFAs, the C-band (conventional band) 
from approximately 1528 to 1565 nm, and the L- 
band (long band) from approximately 1570 to 
1620 nm. Amplification in the C-band readily occurs 
when moderate pump power is available, and relies 
on the erbium ion’s spectral absorption and emission 
wavelength window that is suited to high levels of 
atomic inversion. L-band amplification is also 
achieved with moderate pump powers, but because 
of the lower absorption and emission cross-sections, 
similar gain is reached using approximately five times 
more EDF with a lower average inversion. The 
C-band amplifier is typically less costly because less 
EDF is used, while high-concentration erbium fibers 
are available specifically for L-band EDFAs. 

An EDEA’s most critical performance parameters 
are its amplified signal output power (typically 
stated in dBm) and its noise figure (stated in dB). 
Output power is mainly determined by total pump 
power and the amplifier internal loss. The noise 
figure (NF) is defined as the ratio of the signal-to- 
noise ratio at the input to the signal-to-noise ratio at 
the output. 

A single-stage amplifier typically has 1 or 2 
pump lasers but can have more if polarization- or 
wavelength-pump-combining is implemented for 
higher power. When the pump radiation propagates 
in the same direction as the signal, the amplifier is 
co-pumped, while counter-pumping denotes the 
case when the pump laser propagates against the 
signal. For a single pump, a co-pumping 980 nm 
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laser minimizes the NF (suitable for a pre- 
amplifier) while counter-pumped 1480 nm architec- 
ture optimizes output power at some expense to 
the NF (suitable for a booster amplifier). Recent 
semiconductor pump laser improvements have 
enabled 980nm pump lasers with output powers 
>500 mW to be commercially available, allowing 
most single- or dual-stage EDFAs to be energized 
by one laser. 

Single-stage designs can be enhanced, as shown in 
Figure 1. To control the network an optical signal 
may be used as a telemetry or network supervisory 
channel, and this is removed with a filter. Telemetry 
wavelengths are usually outside of the useful EDF 
amplification window, and commonly range from 
1500-1520 nm and from 1620-1640 nm. An iso- 
lator may be used at the input and/or output to 
prevent pump laser or amplified spontaneous emis- 
sion from the erbium-doped fiber ‘leaking’ into the 
transmission path. Optical taps may be included to 
provide information about signal spectra at the input 
and output sides. Their feedback can be used to 
control pump laser biases for tuning output power, 
monitoring amplifier performance, or simply to 
trigger alarms. In addition, a reflection monitor is 
sometimes placed at the output to observe backwards 
propagating optical signals arising from reflections. 
Electronics in the module will continuously monitor 
the pump lasers and photodetectors and, for example, 
can place the module in an ‘eye-safe’ low-output 
power (<10mW) mode within milliseconds if a 
transmission fiber break is detected through increased 
back-reflected optical power. 

‘The amplifier has a signal input power of —30 to 
10 dBm (1-100 mW) for each optical channel, and 
has a gain of 25 dB to compensate for a typical span 
loss of 100 km optical fiber link. This signal level 
allows high powers at the receiver photodetector for 
high-quality signal detection, yet is low enough to 
avoid nonlinear propagation effects in the trans- 
mission fiber. The typical total output signal power of 
an 80 channel (wavelength) C-band EDFA is less than 
200 mW (+23 dBm) to avoid stimulated Raman 
scattering (SRS) in standard transmission fiber. 
The use of improved low nonlinearity transmission 
fibers and longer transmission distances can lead to 
specified total EDFA output powers to be greater than 
400 mW (+26 dBm). To provide the best perform- 
ance, the amplifier usually will allow only a single 
direction of propagation, with bi-directional com- 
munications systems using one transmission fiber and 
circulators to separate ‘east’ and ‘west’ traffic into 
individual EDFAs, 

Figure 2 shows the results of a numerical simu- 
lation for a single-stage amplifier as a function of the 


input power and EDF length. The amplifier was 
assumed to have EDF with peak absorption of 
5.5 dB/m near 1530nm, and was pumped with 
100 mW at 980 nm, The amplifiers signal loss before 
and after the EDF was taken to be 0.8 and 1.2 dB, 
respectively. As amplifier input power increases there 
is a decrease in gain provided by the medium since 
there isa fixed amount of pump power available. The 
maximum gain is usually achieved near 1530 nm 
where the difference between the EDF's emission and 
absorption cross-sections is greatest. Selecting the 
length of EDF is critical to achieving the desired 
performance, and this can be examined using numeri- 
cal simulation for a wide range of design options. 

Undersea systems, with their long distances and 
large costs of network failure, place stringent design 
requirements on EDFAs. These systems mostly use 
single-stage designs with emphasis on low noise 
operation. This can be achieved by eliminating most 
of the optical components prior to the EDF, and also 
by co-propagating a strong 980 nm pump using a low 
loss fused fiber WDM. Undersea repeaters are spaced 
by 30 to 80.km, shorter than terrestrial networks, 
with each channel operated at higher power to 
achieve multi-thousand kilometer distances. For 
example, the trans-Pacific TPC-5] cable spans 
8600 km from Coos Bay, Oregon (USA) to Ninomiya 
(Japan), using EDFAs spaced every 33 km. The tight 
electrical power budgets available to each repeater 
(powered from land) necessitate using pump lasers 
without TECs. During installation, the EDFA will 
experience large mechanical shock, as the cable and 
metal repeater bottles are unwound aboard ship and 
dropped into the ocean, Other design considerations 
are done for operation at the constant ambient 
temperature of the ocean bottom (~+2 to 4°C) or 
for seasonal temperature changes on the continental 
shelves, where the optics and EDF will operate at 15 
to 30 degrees above ambient due to heating from the 
electronics. 

Single-stage optical amplifiers are suited for a 
wide range of applications such as single-channel 
amplifiers, simple WDM amplifiers, and low-cost 
amplifiers. Using high-power pump lasers or com- 
bined pump laser schemes allows such amplifiers to 

jeliver output powers >20 dBm. However, single- 
stage amplifiers cannot meet the requirements of all 
telecommunications architectures, leading to increas- 
ing demand for multiple-stage EDFAs that are 
discussed below. 


Multiple-Stage EDFAs 


The most common implementation of a multiple- 
stage EDFA is to improve the noise and output power 
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Figure 2. Typical single-channel performance of a single-stage EDFA, 


characteristics by imbedding an optical isolator 
between two sections of EDF. The isolator blocks 
hackward-traveling amplified spontaneous emission 
to improve the efficiency of the amplifier. This is 
shown in Figure 3 for two common single-pump 
designs. The first is the ‘pump by-pass’, design where 
the residual pump radiation from the first stage is 
redirected around the mid-stage isolator. This is often 
used when pumping with 980 nm since signal band 
optical isolators will not transmit 980 nm radiation. 
This design can introduce problems when using low- 
quality components as small signal levels can 
propagate around the pump by-pass fiber to create 
multiple path interference (MPI) effects. Although 
MPI effects can be eliminated by using a pump 
splitting coupler to directly pump each EDF section, 
the pump by-pass design makes the most efficient use 
of available pump power. The second design is called 
the ‘pump through’ design, and is used when 
pumping at 1480 nm since both the pump and signal 
hand (e.g., 1550 nm) photons will transmit through 


commercial isolators with only small loss. Note that 
for cost and space constraints within the module, it is 
sometimes advantageous to use hybrid optical com- 
ponents, ¢.g., an isolator and WDM can be combined 
into one compact package. 

An EDFA with multiple input signals will have a 
very nonuniform output gain profile. This is a 
consequence of the erbium ion’s wavelength-depen- 
dent emission and absorption cross-sections in the 
host glass material. Figure 4 shows gain spectra for 
both C-band and L-band EDFAs with and without 
gain-flattening filters (GFFs). The gain spectrum is 
dependent on the EDF's chemical composition and 
EDFA design features. For an amplifier with 25 dB 
gain, a GFF with peak loss less than 10 dB is usually 
needed to correct for these gain deviations. 
Although many technologies are available for GFFs 
(c.g, thin-filter interference filters, Bragg gratings, 
tapered fiber filters, etc.) the basis function of these 
technologies is usually not identical to the EDF's 
gain profile, and this mismatch results in gain 
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Figure 4 Gain spectrum of a muit-staged optical amplifier with and without gain flattening fas. 


flatness error. However, when using these techno- 
logies, manufactured EDFAs can have a gain error 
(flatness) less than 1.0 dB over bandwidths greater 
than 35 nm. 

Early EDFAs for WDM systems used 16 optical 
channels spaced by 200 GHz in the 1540 to 1560 nm 
part of the C-band. In this case, the EDF gain profile is 
relatively smooth and no GFFs are needed to achieve 
a 1.0 dB gain flatness specification. It is important to 
note that for a particular level of signal and pump 
power, a longer length of EDF in the EDFA will 


produce more gain at the long wavelength end of 
the spectrum, hence by shortening the EDF length 
in Figure 4 the result will be relatively flat gain 
from approximately 1540 to 1560nm, As EDFA 
technology has matured, the EDF can be the 
bandwidth-limiting component in a system, and it 
has become necessary to use GFFs to realize useable 
bandwidths of up to 5Snm when using regular 
silica-hased EDF. The most economic EDFAs operate 
in the C-band where relative to the L-band, pump 
laser efficiency is highest, EDF lengths are shortest, 
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and the chromatic dispersion of most installed 
transmission fiber limits nonlinear optical effects. 

In single-stage amplifiers, the gain-flattening filter is 
at the amplifier output, and this results in lost output 
power. Wideband gain-flattened amplifiers usually 
have a multiple EDF stage design, with the G 
component between two EDF stages. The EDF 
sections that follow the attenuating GFF provide 
additional amplification, to give high power out of 
the EDFA module that has large internal losses. 

In addition to GFF components inside the EDFA, 
an attenuator can be used to compensate for input 
signal power changes, which will produce a spectral 
gain rotation or tilt. The attenuator reduces the 
power on all optical channels equally and allows the 
amplifier to operate in a ‘fixed gain’ mode. In WDM 
systems, optical amplifiers may also need mid-stage 
access where the signal is fed into an external device 
between the amplifier stages. Reasons for doing this 
include monitoring, adding or dropping of individual 
channels, and dispersion compensation. Since 
additional losses up to 10 dB are introduced in the 
amplification path, the amplifier design has to be 
optimized for those losses. 


laser 


Typical two-stage gain-flattened optical amplifier 
architecture is shown in Figure 5. Input and output 
couplers and telemetry WDMs can be included if 
required. A single pump can be split and shared 
between stages to save cost. When multiple pumps are 
needed, the most common configuration is a 980 nm 
pump laser co-pumping the first stage (EDF1) for low 
noise and a 1480 nm laser counter-pumping the 
second spool (EDF2) for high gain. A significant 
loss element, ¢.g., a gain-flattening filter, add/drop 
module or dispersion compensation module, is situ- 
ated between the stages. Note that mid-stage access 
can be located before or after the gain flattening or 
between additional EDF stages. The gain spectrum of 
multistage gain-flattened EDFAs is shown in Figure 6, 
showing the gain equalization possible using a multi- 
stage amplifier design and gain-flattening filters. Using 
deeper GFFs can increase the usable bandwidth of the 
amplifiers, but this requires higher-power pump lasers 
to maintain the same gain and optical signal-to-noise 
ratio (OSNR) performance. 

‘The two-stage EDFA shown in Figure 5 highlights a 
common problem for amplifier design. Given high- 
grade optical components and pump lasers, what 
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Figure & Typical multistage gain-attened optical amplifier architecture, 
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Figure 6 Measured gain and noise spectra of multistaged gain-iattened C-band and L-band EDFAs. 
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length of erbium-doped fiber should be used to give 
the best amplifier performance? This question is hest 
answered by using the results of extensive numerical 
simulations of the optical amplifier. 

Figure 7 shows the results of numerical simulation 
for a two-stage amplifier as a function of the first and 
second EDF stage lengths. The amplifier was assumed 
to have EDF with a peak absorption of 5.5 dB/m near 
1530 nm, and was pumped with 130 mW at 980 nm 
in the first stage and 160 mW at 1480nm in the 
second stage. The total input power was assumed to 
be —2,5dBm for 80 channels distributed from 
1530 nm to 1563nm. Note that cach of the 80 
channels is separated by 100 GHz, and will generally 
support a long-distance communications system with 
each wavelength modulated at 10 GHz, 

Figure 7a shows that the optical output power is 
largest when both EDF stages are approximately 
20 meters. For this design, EDF lengths significantly 
longer than 20 meters will produce less output power, 
since the pump radiation will have been completely 
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absorbed in the first few meters of EDF, The spectral 
gain flatness is shown in Figure 7b. For this design, 
approximately 17 meters of EDF was needed to 
produce a flat gain spectrum, i.c., each optical 
channel had the same gain. Other combinations of 
EDF lengths were not matched to the particular gain- 
flattening filter and produced large gain variations 
across the band. In general as the amplifier’s total 
EDF length increases the gain spectrum exhibits a 
positive tilt (e.g., longer wavelength channels will 
experience more gain). Figures 7c, d show the average 
channel and maximum channel NE, respectively. 
From a system design perspective, a link can be 
limited by the optical channel with the lowest 
optical signal-to-noise ratio (OSNR) or highest 
noise figure, and this is a critical parameter of 
interest when designing optical amplifiers. In practice 
the best amplifier design is a compromise between 
high-gain, low-gain flatness, and low NE. From 
extensive numerical simulations, for the two-stage 
gain flattened amplifier example it was for 
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Figure 7 (a) Total output power, (b) spectral fatness, (c) average noise figure, and (d) maximum channel noise figure of a two-stage 


optical amplifier with a gain-fattening filter 
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approximately 4 meters in EDF stage 1, and 
13 meters in stage 2. 

Successful commercial EDFA products are more 
than a single amplifier design that can accommo- 
date all applications. In some cases an economical 
solution is a modular design approach, where 
smaller capacity, lower-cost amplifiers are initially 
installed in a network. Additional gain can be 
added to the basic amplifier for longer-distance 
spans or as network traffic increases over tim¢ 
This ‘pay as you grow’ approach can be done 
using additional gain stages, or pump lasers, and 
can be upgraded without interruption of re 
generating network traffic. 


Low-Noise Design of EDFAs 


A key design feature of commercial EDFAs is low- 
noise operation since the degradation of the OSNR 
limits the reach of the system. The NF of an EDFA can 
be defined as 


NF = SNRi/SNR a a 
The NF can also be calculated from 
NF=4 «[ eb a] 21 


where Pase is the amplified spontaneous emission 
(ASE) noise power at the signal frequency v, for an 
EDFA of gain G (b = Plancks constant). An alterna- 
tive equation for the NF for a single section of EDF is 


a 
nr=f 
0 


where y, and y, are the EDF emission and absorption 
factors at the signal frequency 1, at distance z along 
the amplifying fiber. Equation [3] shows that low NF 
can result from rapid signal gain in the initial fiber 
along the EDF. This result indicates that co-propagat- 
ing pump and signal photons, both into the same end 
of the EDF, combined with the maximum inversion 
obtained by using a 980 nm pump, will result in low- 
noise amplification. The NF is typically expressed in 
4B units, and using a full quantum mechanical theory, 
the lowest possible NF for a fully inverted EDF with a 
large signal gain can be shown to be approximately 
3dB. Actual EDFAs will only approach the ‘3 dB 
quantum noise limit” when the signal is significantly 
lower than the available pump power (e.g., low 
channel count applications) so that high inversion can 
be maintained along the EDF length. Optical 
components in the EDFA prior to the first EDF will 
attenuate the signal but not the noise, since ASE is 


HOD) = HD 


Pa x PO)dz + 1 


BI 


only generated in the EDF, and this input stage loss 
will directly add to the EDFA’s NE. 

The use of 1480 nm pump lasers can also result in a 
further NF penalty of 0.3 to 1.5 dB since complete 
inversion cannot be achieved when the erbium ions 
are operating as a two-level atomic system and more 
ASE is generated. The ASE, like the signal gain, has a 
wavelength-dependent spectral profile and this results 
in each channel having a different NF. Typically, the 
optical channel with the largest NF (lowest OSNR) is 
used to define the EDFA’s noise performance. EDFAs 
with low-input signal power (e.g, —15 dBm) and 
high gain (e.g., 25 dB) may be described as low noise 
when the NF is <4 dB. For large total input signal 
power (¢.g., +2.5dBm for high channel count 
operation) low noise may be NF <5 dB. 

For an amplifier with multiple EDF sections, the 
noise figure can be calculated from 


where L, is the signal loss prior to the gain G, of the 
EDF stage i. From eqn [4], multistage amplifiers with 
large inter-stage losses will have numerically larger 
NF, but the total module NF is dominated by the first 
EDF stage. Undersea EDFAs, with a single short EDF 
ery small L, and 980 nm pumping, can have 
NF <3.5 dB. 


Advanced EDFA Functions 


An important trend in optical amplifiers, and systems 
in general, is the move towards dynamic control. 
Several technologies are being considered and the 
primary idea is to dynamically control the intensity 
level of each optical channel or wavelength to correct 
for any gain/loss inequalities in the network. This is 
particularly important as channel counts and bit rates 
rise concurrently with the functionality demanded of 
optical communication networks. A common 
requirement in this category is fast amplifier response 
so that in a network where individual optical 
channels can be added or dropped there are no 
power distortions at other surviving wavelengths. 
Ina typical drop event, in less than 1 microsecond, 31 
of 32 wavelengths can be completely removed from 
the input to the EDFA by an add/drop module located 
elsewhere in the network. This event will cause a total 
input power decrease of 15 dB and without rapid 
pump power adjustment the remaining channel will 
be excessively amplified. 
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Erbium ions have an excited state lifetime of 
approximately 10 ms, and this sets the time-scale 
for the transient signal response. A network transient 
usually manifests as a sharp optical amplifier (OA) 
gain fluctuation lasting up to several tens of micro- 
seconds that will pulse large signal levels through the 
entire optical network. Dynamic network loading 
necessitates controlling temporal gain transients, and 
this may be achieved by using a microprocessor in the 
amplifier module. These intelligent EDFA modules 
can rapidly adjust the pump laser power based on 
feedback from internal photo detectors to control 
gain transients. 

The need for dynamic control also exists in the 
frequency domain. Wideband amplifiers have a gain 
variation among the optical channels of typically up 
to 1 dB over all operating conditions, and since these 
EDFAs are concatenated over many spans the 
electronic receiver circuit at the end of the network 
will have to detect optical channels with widely 
varying power levels. This can limit the number of 
spans that the network can bridge before electronic 
regeneration becomes necessary. This problem can be 
corrected using a dynamic gain equalizing filter 
(DGEF) to actively attenuate individual optical 
channels levels. A DGEF can be embedded inside an 
amplifier to create a loss-less component, and can be 
used to equalize channel powers for an entire 
network. 

The problems of accumulation of gain ripple 
become more apparent in systems that employ 
amplifiers based on stimulated Raman scattering. A 
conventional EDFA amplified system may have 10 
spans transmitting 100 optical channels at 10 Gbit/s 
each over a distance of approximately 800 km before 
electronic regeneration becomes necessary. To 
span longer distances with higher capacity, 
Raman amplifiers are used to amplify the trans- 
mission fiber along with EDFAs. This system archi- 
tecture has the advantage of a higher effective OSNR 
for the individual spans, and has been demonstr- 
ated for distances over 4000 km with 40 Gbit/s 
channels. However, the variability of the Raman 
amplifier gain, due to network loading and differing 
transmission fiber properties, necessitates the use of 
loss-less DGEFS. 

High-capacity transmission uses individual chan- 
nels that are each modulated up to typical 2.5, 10, or 
40 GHz, that requires that the optical amplifiers have 
low polarization mode dispersion (PMD) and low 
chromatic dispersion (CD). Polarization mode dis- 
persion distorts the temporal spread of an ultra-short 
pulse as different polarization states travel at different 
speeds through the transmission fiber and amplifier 
components. PMD is particularly a problem in the 


first generation of installed transmission fiber and 
through polarization components ‘olators) that 
are not PMD compensated. Without PMD compen- 
sation, 40 Gbit/s transmission, for example, can be 
limited to very short distances (several km). Fortu- 
nately, PMD compensators have been developed for 
upgrading aged installed networks, and also ampli- 
fiers are available with very low PMD. 

To achieve long-distance transmission, a chromatic 
dispersion map is produced for all the optical spans, 
and by using a dispersion compensating module in 
cach amplifier, the net dispersion across the channel 
wavelength window is controlled. Although optical 
amplifiers have approximately 1000 times less optical 
fiber in them compared to the transmission span that 
it is amplifying, chromatic dispersion in the amplifier 
can also be of concern for very long-haul networks. 
The CD of the amplifier is primarily in the EDF, and is 
specific to the EDF's geometric and chemical compo- 
sition. Furthermore, since the erbium ion is a resonant 
atomic system, there may be a pump and signal power 
contribution to the dispersion (resonant dispersion) 
that could degrade network performance. Characte 
ization of these optical effects is typically done on 
manufactured ‘field grade” amplifiers as part of a 
quality control process. 


Conclu: 


As optical networks evolve EDFAs will continue to be 
an enabling technology for higher capacity and more 
dynamic communications networks. EDFA technol- 
ogy has already advanced to accommodate multiple 
channels, to span several wavelength windows and to 
provide features such as dispersion compensation, 
gain-transient suppression, and dynamic gain flat- 
ness. As future network architectures are introduced, 
to incorporate Raman amplification and additional 
wavelength windows, the demands placed upon 
EDFA design will continue to expand. 


Optical Communication Systems: Architectures 
of Optical Fiber Communication Systems; Wavelength 
Division Multiplexing. Scattering: Raman Scattering. 


Further Reading 


Agrawal G (1989) Nonlinear Fiber Optics. San Diego, CA: 
‘Academic Press 

Agrawal G (1997) Fiber Optic Communication Systems. 
New York: John Wiley and Sons. 


OPTICAL AMPLIFIERS / Optical Amplifiers in Long-Haul Transmission Systems 285 


Becker PC, Olsson NA and Simpson JR (1999) 
Erbium-doped Fiber Amplifiers ~ Fundamentals and 
Technology. San Diego, CA: Academic Press. 

Desurvire E (1995) Erbium Doped Fiber Amplifiers 
New York: John Wiley and Sons. 


Pedersen B, Bjarklev A, Povlsen JH, etal. (1991) The design 
of erbium-doped fiber amplifiers. Journal of Lightwave 
Technology 9(9}: 1105. 

Sudo $ (1997) Optical Fiber Amplifiers: Materials, Devices 
and Applications. Boston, MA: Artech House 


Optical Amplifiers in Long-Haul Transmission Systems 


BM Desthieux, Xtera Communications, Inc., Allen, 
TX, USA 


(© 2006, Elsevier Lt. All Rights Reserved, 


Introduction 


Optical amplifiers have been a key element for 
enabling the development of optical transmission 
systems, which have reached total capacity in the 
order of a few terabits per second, The first type of 
optical amplifier to sce application in the telecom 
industry has been the erbium-doped fiber amplifi 
Following its invention in the late 1980s, the mid- 
1990s saw its industrial application in submarine and 
terrestrial transmission systems. 

Since then, optical transmission systems have been 
the predominant source for transmitting information 
over distances ranging from a few 100 km to more 
than 10 000 km, connecting cities, countries, and 
continents. 

This article will describe the applications of 
optical-fiber amplifiers in long-haul transmission 
systems, focusing on erbium-doped fiber amplifiers 
and Raman amplifiers, the most popular type of 
optical amplifiers used in modern transmission 
optical systems, 


Fundamentals of Long-Haul 
Transmission Systems 


This section explains the key elements and para- 
meters of an optical transmission system, 


Key Elements 


An optical transmission system consists of a trans- 
mitter, a receiver, one or more optical amplifiers, and 
one or more spans of transmission fiber. Figure 1 
shows a simplified schematic of a bidirectional 
transmission system using a fiber pair, 

Optical amplifiers are used to compensate for the 
loss of the transmission fiber and the other optical 
elements placed along the signal path. Boosters and 
pre-amplifiers refer to optical amplifiers which are 
located at, respectively, the input end and output end 


of the system. In-line amplifiers refer to optical 
amplifiers located between the transmission fiber 
spans. 

‘The transmitter includes laser diodes to generate 
the signal power and optical modulators to transfer 
the data stream from the electrical input signals to 
optical signals. The optical signal is transmitted to the 
receiver after traveling through the transmission fiber. 
At the receiver are located the photodiodes, which 
transfer back the information into electrical output 
signals, In order to increase the total bandwidth of the 
transmission system, time-division multiplexing 
(TDM) and wavelength-division multiplexing 
(WDM) can be used. TDM techniques combine the 
electrical domain data stream of several electrical 
channels, which is carried by a single optical channel. 
An optical channel refers to an optical signal located 
at a particular wavelength and modulated with the 
transmission data. TDM increases, therefore, the bit 
rate supported by the optical channel. Typical bit 
rates used in modern optical transmission systems are 
2,5 Gbit/s and 10 Gbit/s. With WDM, several optical 
channels are combined, in the optical domain, into a 
single optical beam, which is launched into the 
transmission fiber. For this technique, optical multi- 
plexers (Mux) and de-multiplexers (Demux) are 
required at, respectively, the transmitter and the 

Long-haul transmission systems typically operate 
at wavelengths around 1.5 yum, where the attenuation 
of fibers is the lowest. We label C-band the region 
located between 1530 nm and 1565 nm. Its lower 
bound is labeled S-band; the upper bound the L-band. 

Apart from attenuation, several other effects 
existing in fiber can be responsible for degrading the 
quality of the transmission. Among those is chromatic 
dispersion, which distorts the optical signal as it 
travels along the transmission fiber. Several types of 
fiber have been deployed with different chromatic 
dispersion characteristics. The most common one is 
the standard single-mode fiber (SSMF), which has a 
zero-dispersion wavelength — wavelength for which 
no chromatic dispersion is observed — near 1.3 um. 
The dispersion-shifted fiber (DSF) has a zero- 
dispersion wavelength near 1.55 jum, and the nonzero 
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Figure 1 Schematic ofa bidirectional long-haul transmission system. 
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ion shifted fiber (NZDSF) has a zero-dispersion 
ength close to 1.5 um. To remedy this effect, 
dispersion compensating modules (DCM) are placed 
along the link. These modules ~ generally a special 
type of fiber — have chromatic dispersion with 
inverted characteristics with respect to those of the 
transmission fiber. 


Key Optical-Amplifier Parameters 


Optical amplifiers spontaneously generate optical 
noise ~ referred to as amplified spontaneous emission 
(ASE) ~ that is added to the modulated signal and 
consequently degrades the quality of the trans- 
mission. It is essential to quantify the level of ASE 
for a given optical transmission system. 

We define the optical signal-to-noise ratio (OSNR) 
in the bandwidth Av as 


Priguat 


OSNR = a 


Pase 
where Pyigat is the signal power and Pase is the ASE 
power in the bandwidth Av. 

The required OSNR at a receiver, to detect the 
information with high quality, depends on the 
modulation format and on the other sources of 
noise or signal degradation existing in the trans- 
mission system. If we assume a nonreturn to zero 
(NRZ) modulation format, and signal detection 


limited only by ASE noise, an OSNR, in 0.1 nm 
bandwidth, of about 18 dB, is required at the receiver 
for a bit-error rate - number of erroneously 
transmitted bits divided by number of transmitted 
bits — of 10°", Introduction of other transmission 
degradation sources requires a higher OSNR to 
maintain the same bit-error rate. 

The decibel unit (dB) for a given ratio, R, is 
defined by 


Rag = 10 logioRiinese 21 
Similarly we defined the power decibel unit (dBm) as 
Patios = 10 logioP mw 3] 

where Paw is the power in mW. 
In order to quantify the amount of ASE generated 


by an optical amplifier, we define the equivalent input 
noise factor (req), in a linear unit, by 


tog = PASE 
“8 TelvG 


(41 


where Pasg is the output ASE power in one 
polarization state in the bandwidth Av, h the Planck’s 
constant, v the frequency of the ASE, and G the gain 
of the amplifies 

We also define the noise figure of the amplifier 
(NF) - a universal parameter to characterize 
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amplifier noise — as 
NF=2ng +4 (31 
= Ineg + & s 


If an optical component, having a loss Tix (Tis <1), 
is inserted at the input of the amplifer, the total NF 
of the amplifier becomes NFyiai = NF/Tiq. If an 
optical component, having a 108s Tour (Tou <1). is 
inserted at the output of the amplifier, NFiout 
NE+1UGU/T yy). When G1, we have 
NBjoeat = NE 

‘The OSNR in 0.1 nm bandwidth obtained after N 
fiber spans of loss, Lossriter (in dB), each having an 
amplifier, is in decibels: 


OSNR= Poiynat ~ Losspites “NF 10logigN+58 [6] 


where Psigaat is the signal power at the output of the 
amplifier. 

‘When the optical signal power is sufficiently high, 
nonlinear effects also become responsible for the 
degradation of the system performance. Therefore, 
choosing the value of the signal power launched into 
the transmission fiber results in a trade-off hetween 
increasing the OSNR, and reducing nonlinear effects. 


Optical Fiber Amplifier 


An optical fiber amplifier consists of fiber with an 
active medium and at least one optical pump source, 
which is launched simultaneously with the signal into 
the fiber by means of a dichroic coupler. 

‘We define as forward and backward pumping, the 
case where the pump is launched, respectively, in the 
same direction as the signal and in the opposite 
direction to the signal. We define as bidirectional 
pumping, the case where the fiber is pumped from 
both ends. The most commonly used pump sources 
are the semiconductor laser diodes. These lasers may 
use different technologies to meet the various 
performance requirements with respect to the ampli- 
fier types and applications. The most popular pump 
diodes are the distributed Bragg reflector (DBR), 
distributed feedback (DFB), or external-grating 
stabilized lasers, 


Erbium Fiber Amplifier 


Fiber doped with the rare-earth Er** ion can amplify 
a signal located at 1.5 jum with the appropriate fiber 
host material and if pumped near 0,98 um or near 
1.48 um. Silica is the most common material used for 
the fiber host. Er'* has three energy levels, as 
described in Figure 2. 

0.98 um pumping occurs between the upper level 
“Ly, and the ground level “ys, and 1.48 pm 
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Upper love 
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Figure 2. Energy level diagram for Er* ions. 


pumping occurs between the metastable level “Iy 3/2 
and the ground level. 

The signal amplification takes place between the 
metastable level and the ground level. With 0.98 um 
pumping, a rapid energy transfer occurs between the 
upper level and the metastable level via a phonon- 
assisted process. The lifetime of the upper level 
is much lower than the lifetime of the metastable 
level, about 10 ms. Therefore, with 0.98 jum pumping 
we can assume a two-level energy transfer, between 


the metastable and the ground levels, for the 
description of the amplification process in the Er’* 
medium. 

‘We define the normalized medium inversion (D) by 


7 


where No is the population of the metastable level, 
Ni the population of the ground level, and N, = 
Nz +N, the total population, D=+1 when the 
metastable level is fully populated and D = —1 when 
only the ground level is populated. 

‘A simple approach for calculating the gain (G) with 
erbium-doped fiber amplifiers (EDFA) is given, in 
decibel units, by 


D+1 


GO) = ((a(A) + 0) = aL 8] 
where A is the wavelength of the signal, a the 
absorption coefficient in dB unit length at the signal 
wavelength, g the emission coefficient in dB unit 
length at the signal wavelength, and L the length of 
the erbium-doped fiber (EDF). Here D is the norma- 
lized path-average medium inversion of the EDF. 
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‘The gain per unit length, G(A)/L, is equal to g(A) for 
D = +1 and to ~a(a) for D = ~1 

The absorption and the emission coefficients 
depend on the EDF host material and the codoping 
clement used for the realization of the EDF. With 
silicate EDF the most commonly used codoping 
elements are germanium, aluminum, and phosphorus. 

In Figure 3 we show the dependence of the gain per 
unit length on the normalized path-average medium 
inversion, for a signal wavelength ranging from 1500 
to 1560 nm, 

Fora more comprehensive description of the EDFA. 
characteristics we use the standard confined-doping 
model. This model, which is also based on the two- 
level system, uses the following differential equations: 
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Figure 3 Dependence of the gain per unit length on the 
normalized path-average medium inversion, D. D ranging from 
=1 to +4 with a 0.2 stop (alumino-slicate EDF; peak absorption of, 
1.dB m '; peak emission of 0.93 dB m~") 


where Ps(z), Pase(2), and Pp(z) in Ware, respectively, 
the signal power, the ASE power, and the pump power 
along the length (z-axis) of the EDF; * and ~ indicate, 
respectively, the hackward-traveling and the forward- 
traveling directions; a, and ap in m' are the 
absorption coefficients at, respectively, the signal 
and pump wavelengths, g, and g, in m”! are the 
emission coefficients at, respectively, the signal and 
pump wavelengths, 1, and 1, are the frequencies of, 
respectively, the signal and the pump beams; Av is 
the frequency bandwidth of the ASE; and h is the 
Planck’s constant. N,/N, is the medium inversion 
along the z-axis of the EDF, and is given by 


Py(zayt 
Din TEN 


Teena, + RF 
y,ByN, 


14) 


where the index k represents all the beams, ic. signal, 
ASE, and pump, traveling backward and forward 
along the EDF, ris the lifetime of the metastable level, 
and Bay is the effective erbium-doping area, For a 
typical silicate EDF, having a peak absorption 
coefficient of 1dBm~', we have r= 10ms, 
B.g= 12 pm’, and N,= $x 107? m=}. 

Using the standard confined-doping model we 
calculate the dependence of the EDFA noise figure 
on the normalized path-average medium inversion, as 
shown in Figure 4. We vary the path-average 
normalized medium inversion by changing the length 
of the EDFA, while adjusting the pump power so that 
the signal gain is kept constant. 

The noise figure decreases when the medium 
inversion increases, and approaches the quantum 
limit value of 3 dB when the path-average normalized 
medium inversion is close to unity. Near full inversion 


2 


Noise figure (48) 
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Figure 4 Dependence of the noise figure on the normalized 
‘medium inversion (aluminosilicate EDF with peak absorption of 
1 dB m™; EDF lengths ranging from 16 m to 60 m: gain equals to 
15.8; input signal power of ~40 fm at 1530 nm: backward 
pumping at 980 nm), 
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may be obtained with a pump located at 0.98 wm 
because the emission coefficient is null at this pump 
wavelength. However, this is not the case at 148 um 
where the ratio g,/ay is about 0.3. The maximum 
medium inversion that can be obtained with 1480 nm 
is D=0.8. Therefore, higher noise figures are 
obtained with 1.48 um pumping than with 0.98 um 
pumping. The pumping direction also has an effect on 
the noise figure, in particular with 0.98 um. Since at 
0.98 um the emission coefficient is null, when back- 
ward pumping configuration is used the 0.98 wm 
pump is quickly absorbed along the EDF length. This 
leads to a low-medium inversion at the input end of 
the EDF, resulting in high noise figures. However, in 
order to achieve forward pumping, a dichroic coupler 
must be placed at the input end of the EDF, thus 
inducing an additional loss at the input of the 
amplifier, This increases the noise figure and, there- 
fore, to some extent, counterbalances the NF 
improvement associated with forward pumping. 


Raman Fiber Amplifier 


Stimulated Raman scattering, an optical-phonon 
based nonlinear effect present in silica fiber, is used 
to convert energy from a pump located at a frequency 
jy, to a signal located at a lower frequency 1. The 
efficiency of the so-called Raman amplification 
depends on the frequency shift Ax, =v — % 
Figure 5 shows the dependence of the Raman gain 
on the frequency shift in standard single-mode fibers. 
The exact Raman gain spectrum depends on the 
doping elements used during the fabrication process 
of the fiber. With standard telecommunications fibers 
the Raman gain is maximum for Ar, close to 13 THz. 

Raman amplification can be achieved within the 
transmission fiber of the system - distributed 
amplification — or within a specific fiber, such as a 
dispersion compensation fiber — discrete amplifica- 
tion. Contrary to EDFA, Raman amplification has a 
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Figure § Raman gain spectrum in standard single mode fer. 


very fast response time — in the order of a few 
hundred femtoseconds — and is strongly dependent 
on the polarization state of the signal and the pump, 
the highest gain efficiency being obtained when the 
polarization states of the signal and the pump are 
parallel, Because of the nonpolarization-maintaining 
nature of standard telecommunications fibers, 
depolarized pump sources are preferable for Raman 
amplification. To avoid pump fluctuation being 
transferred to the signal, Raman amplifiers generally 
use backward pumping, which virtually averages the 
fluctuation, Forward pumping can also be employed 
with Raman amplifiers but with careful control of the 
pump characteristics. 

If the signal is sufficiently low the pump depletion 
can be neglected. In that case the gain of the Raman 
amplifier is given by 


where P, is the launched pump power, L is the length 
of the fiber, gx is the Raman gain coefficient, and Aug 
is the effective area of the fiber, We assume for the 
simulation examples given in this article that the peak 
value of ge is equal to 6 x 10-1 m/W. 

A more comprehensive model for Raman amplifi- 
cation is given by the following set of differential 
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Figure 6 Evolution of the signal power and pump power along 
fiber lngth with Raman amplification (standard single-mode fiber; 
fiber longth of 15 km; input signal power of ~10 dBm at 1860 nm; 
forward pumping with 400 mW at 1450 nm; total amplifier gain of 
9.5 a8), 
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Figure 7 Dependence of the Raman ampli gain and the 
‘noise figure on the pump power (standard single-mode fiber; fiber 
length of 15m; input signal power of ~10 dBm at 1850 nm 
forward pumping at 1450 nm with power ranging from 100 mW to 
B00 mW), 
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rs and rp are the Rayleigh backscattering 
coefficients at, respectively, the signal wavelength and 
the pump wavelength. 

‘An example of the evolution of the signal power 
and pump power along fiber length is given by 
Figure 6. 

Figure 7 shows the dependence of the Raman 
amplifier gain and noise figure on the pump power. 


Distributed and Discrete Amplification 


A system uses distributed amplification when the 
transmission fiber is used as the medium for genera- 
ting the optical signal amplification. It uses discrete 


amplification when an optical amplifier is located 
between the transmission fiber spans. 


Discrete Amplification 


Both EDFA and Raman amplifiers can be used to 
provide discrete amplification. Discrete amplifiers can 
be used as booster, pre-amplifier, or in-line amplifier. 
They can also be used to compensate for the loss of 
additional elements such as DCM, which may be 
located between the fiber spans. In Figure 8 we show 
the path of the signal when a discrete amplification is 
used to compensate for the loss of the transmission 
fiber and for the loss of a DCM. In this example, 
we assume that the discrete amplifier is made of two 
amplifiers, The first-stage amplifier compensates 
mainly for the loss of the transmission fiber, while 
the second-stage amplifier compensates mainly for 
the loss of the DCM. 

If a ‘lossy’ clement is inserted between two 
amplifiers, the noise figure of the composite amplifier 
increases the total noise figure of the dual-stage 
amplifier. 

The total noise figure of a dual-stage amplifier, 
NErorat is given by 


1 4 N 
Gi” GT na 


NFuoeai = NF) ~ 


where NF, is the noise figure of the first-stage 
amplifier, G, is the gain of the first-stage amplifier, 
NF, is the noise figure of the second-stage amplifier, 
and Tins is the loss of the optical clement inserted 
between the two amplifiers (Tia < 1). 


Distributed Amplification 


When fibers are deployed it is generally assumed, at 
least for terrestrial networks, that it can be used with 
different types of transmission systems, which may or 
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Figure 8 Schomatic of a transmission system using discrete 
amplification to compensate forthe loss ofthe transmission fiber 
and the dispersion compensating module. 
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transmission fiber. Figure 9 shows the schematic 
of a transmission system using distributed Raman 
amplification with backward pumping, 

Even if distributed amplification can be used to 
compensate fully for the loss of the transmission fiber, 
discrete amplifiers are generally required to compe 
sate for the loss of the transmitter and receiver 
terminals. In order to compare distributed amplifica- 
tion with discrete amplification we define the 
equivalent noise figure as follows: 

+1) 


where Pase is the total ASE power at the output end of 
the transmission fiber and where the on/off gain, 
Gone is given by 


Pase 


NP equ = Toke 
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where PQ!..1 and POS.) are the signal power levels 
at the output end of the transmission fiber when 
the distributed amplifier is, respectively, turned on 
and off. 

To illustrate the meaning of the on/off gain, we 
show in Figure 10 the evolution of the signal power 
along a fiber with and without Raman pump power. 
In this case, the on/off gain is 20 dB. 

‘The equivalent noise figure, which has no real 
physical meaning, is equal to the noise figure of an 
imaginary discrete amplifier that would be located 
at the output end of the transmission fiber and 
would lead to the same OSNR. Figure 11 shows 
the dependence of the equivalent noise figure on 
the Raman gain, with no Rayleigh backscattering 


Fiber lenath (km) 

Figure 10 Evolution of signal power along the fiber length with 
and without pump power (standard single-mode fiber; fiber length 
of 100 km; fiber attenuation of 0.2 dB/km at signal wavelength; 
input signal power of dBm at 1550nm; backward pumping 
1400 mW at 1450 nm). 


and with a Rayleigh backscattering level of 
=74 dBm", 

Once the on/off gain is higher than ~10 dB the 
equivalent noise figure becomes negative and it 
decreases when the on/off gain further increases. 
However, once the on/off is higher than 20 dB, 
Rayleigh backscattering limits the minimum equival- 
ent noise figure that can be achieved. The lowest 
equivalent noise figure is observed for an on/off gain 
of ~33dB. In addition, Rayleigh backscattering 
causes the reflected portion of the signal to be 
superimposed onto the transmitted signal, leading 
to multipath interference (MPI), which level increases 
with the gain. This results in an additional source of 
noise for the signal, and consequently degrades the 
system performance. 


Hybrid Amplification 


Discrete and distributed amplification can be used 
simultaneously in a same-transmission system. An 
example of the evolution of the signal power with 
hybrid amplification is represented in Figure 12, for 
the case where distributed Raman amplification and a 
dual-stage discrete amplifier are used to compensate 
for the loss of the transmission fiber and for the loss of 
a DCM. 
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Figure 11. Equivalent noise igure versus distributed on/off gain 
(standard single-mode fiber; fiber length of 250km; fiber 
attenuation of 0.2dBikm at 1550nm; input signal power of 
(dBm at 1850.nm; backward pumping ranging trom 0 to 1 W at 
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Figure 12. Evolution of the signal power using discrete and 
distributed amplification (standard single-mode fiber of 100 km 
fiber loss of 20 dB at signal wavelength; DCM loss of 8 dB; input 
signal power of 0 dBm at 1550.nm; Raman backward pumping 
With 200 mW at 1450 nm; Raman on/off gain of 10 dB), 


Similar to the case of distributed amplification, the 
total equivalent noise figure of a hybrid amplifier can 
be defined by 


Neto! = 


abst, NFM 1 
Eq! = NEB! + 


125] 
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where NEES" is the equivalent noise figure of the 
distributed amplifier and NF?“ is the noise figure 
of the discrete amplifier. 

In Figure 13 we show the dependence of the 
total equivalent noise figure on the on/off gain for 
a hybrid amplifier with fixed discrete noise figure. 
The dependence of the distributed equivalent noise 
figure on the on/off gain is also plotted on the 
same graph. 


Since the equivalent noise figure of the distributed 
amplifier is relatively low, the total equivalent noise 
figure is lower than the noise figure of the discrete 
amplifier once distributed amplification is used. 
Moreover, as the on/off gain becomes large, the total 
equivalent noise figure of the hybrid amplifier con- 
verges toward the distributed equivalent noise figure, 


Wavelength-Division Multiplexing 


The transmission of WDM signals over long distances 
requires meticulous control of the spectral character- 
istics of the amplifier gain. The amplifier gain 
excursion induces a power excursion between the 
channels of the WDM signal, which increases with the 
number of spans. Consequently, the available band- 
width for WDM transmission narrows with the total 
distance of the link. This is illustrated in Figure 14, 
where the power excursion observed after an amplifier 
chain is plotted for different numbers of amplifiers, 
a fiber span being included between each amplifier. 
With this example, the 1 dB-bandwidth drops from 
9nm after one span to 1.5 nm after 50 spans. 

For a comprehensive analysis of the spectral gain 
characteristic of EDFA and Raman amplifiers we 
generalize the single-channel model described in the 
amplifier section of this article to the multichannel 
case. The generalization of the models is obtained by 
adding a frequency dimension to each beam propa- 
gating in the amplifier, as described in Table 1, where 
each k element represents the signal, the ASE noise or 
the pump, A is the wavelength of the kth beam, Avis 
the frequency separation between the pump beam p, 
and the signal beam s, 
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Figure 13. Total noise figure of the hybrid amplifier and noise 
figure ofthe disibuted ampitier versus on/of gain (noise figure of 
the discrete ampitior equals to 5 dB; standard single-mode fiber of 
100 km; fiber loss of 20 dB at signal wavelength; input signal 
ower of 0 dBm at 1550.nm; Raman backward pumping ranging 
from 0 mW to 600 mW at 1450 nm), 
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Figure 14 Dependence of the power excursion on the number 
offiber spans. Number of spans equals, respectively 1,2,5, 10, 
20, 80, 40, and 0 (amplifier with 16 m long alumino silicate EDF; 
peak absorption of 148 m-'; D = 06; fiber loss of 8.5 dB; flat 
fiber loss spectrum). 


Table 1 Correspondence between parameters used for the 
EDFA and Raman amplifier models withthe single-channel and 
the multichannel approaches (the multichannel approach is also 
Used to describe the power evolution of pump beam when WOM 
pump scheme is used) 


‘Single-channel Multichannel 
mode! ‘mode! 

Power Pez) PI(a2) 

‘Sum of power Pra SiPia.2) 
+Pi(2) HPCUAZ) 

‘Absorption cooficont a ay 

Emission cosffcient o ox) 

Raman gain cooffcient gh GalAtye) 


‘With EDFAs, the main factors in the gain flatness 
are the path-average medium inversion, the EDF 
codopant composition, and fiber host material. 
Depending on the bandwidth and the wavelength of 
the WDM signal, the way the EDF is optimized 
may var 

In the following example, we focus on the path- 
average medium inversion for the case of C-hand 
applications. Figure 15 shows the output spectrum 
of a WDM signal amplified by an alumino-silicate 
EDFA having, respectively, a medium inversion of 
D= +04 and D = 0. The peak-to-peak gain excur- 
sion is, respectively, 2 dB and 14 dB for D= +04 
and D = 0. 
ication with C-band WDM signals requires 
ers operating with high-medium inversion. As 
can be extrapolated from Figure 15, if the WDM 
signal is centered around 1560 nm, a lower medium 
inversion is more suitable. Indeed, as shown in 
Figure 3, when the medium inversion is close to 
zero the peak gain wavelength changes from 1530 nm 
to 1560nm and higher; the optical window for 
L-band applications. 


Regarding the doping clements, we show in 
Figure 16 the gain spectrum for a germano-silicate 
and an alumino-silicate EDF, respectively. The 
peak-to-peak gain excursion is 8dB with the 
germano-silicate EDF compared to 2dB with 
the alumino-silicate EDF. 

With Raman amplifiers, the gain flatness can be 
adjusted by using wavelength-multiplexed pumps. In 
Figure 17 we show the power spectrum when a 
Raman amplifier is pumped with three wavelength- 
multiplexed pumps located, respectively, at 1430 nm, 
1455nm, and 1480nm. The maximum power 
excursion between the channels is 2 dB. 

For comparison, we also show in Figure 18 the 
power spectrum of the Raman amplifiers when only 
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Figure 18 Gain spectrum of an alumino-siicato EDF for 
D=044 and D=0 (C-band WOM signal made of 7 channels 
equally spaced ranging rom 1830 nm to 1560 nm: fatinput power 
of —10.dBm per channel; gain of channel located at 1545.nm 
of 108 for D = 0.4 and D = 0; EDF with peak absorption of 
1 6B m_*; EDF longth of 30 m for D = 0.4: EDF length of 100m 
for D = 0) 
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Figure 16 Gain spoctrum of an alumino-sicate EDF and of a 
germano-sicate EDF for D = 0.4 (C-band WDM signal made of 7 
‘channels equally spaced ranging trom 1530 nm to 1560 nm; flat 
input power of ~10 dBm por channel; gain of channel located at 
1545am of 1048 for D=0.4 and D=0; alumino-siicata 
EDF of 30m wth peak absorption of 1 dBm”; gormane-sicata 
EDF of 40.m with peak absorption of 1 3m") 
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Figure 17 Output power spectrum of a Raman amplifier 
pumped with three wavelength-muliplexed pumps (standard 
Single-mode flber of 100 km; WDM signal made of 6 channels 
equally spaced ranging from 150nm to 1880 nm: pumping in 
forward direction with 100 mW per pump located at 1430 nm, 
1455 am, and 1480 nm) 
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Figure 18 Output power spectrum of Raman ampitiors pumped 
at three diferent wavelengths (standard single-mode fiber of 
100 km; WDM signal made of 6 channels equally spaced ranging 
from 1530nm to 1580nm; pumping in forward direction with 
300 mW at, respectively, 1490 nm, 1485 nm, and 1480 nm), 


one of the three multiplexed pumps is used, with the 
same total pump power. The power excursion 
becomes 10 dB for the 1430 nm pump, 7 dB for the 
1455 nm pump, and 8.5 dB for the 1480 nm pump, 
which are much higher values than are obtained with 
the multiplexed pump scheme. 

To further reduce the gain excursion of the 
amplifiers an external gain equalizing filter can be 
used. The filter, which is located next to the amplifier, 
is manufactured so that its attenuation spectrum 
matches the gain spectrum of amplifier, as illustrated 
in Figure 19. Gain equalizing filters are generally 
made with thin film filters or fiber Bragg gratings 
(FBG). 


In order to obtain amplification over ultra-wide 
bandwidths, amplifiers of smaller bandwidths, 
eg., C-band and L-band EDFAs, can be operated in 
parallel by means of Mux and Demux, Another 
option is to use a Raman amplifier with multiple 
pumps having their wavelengths distributed over a 
very large bandwidth, 


Long-Haul Transmission 
System Types 


Long-haul optical transmission systems are appro- 
priate for different types of applications. We dis- 
tinguish here three types of transmission system: the 
submarine systems; the terrestrial systems; and the 
unrepeatered systems. Each of these applications 
requires a careful design of the system, with particular 
attention to the optical amplifiers. In this section we 
focus on the key points of their design. 


‘Submarine Systems 


Submarine systems are used to transmit information 
across the oceans, i.e., over distances of up to several 
thousand kilometers. The transmission fiber and the 
in-line optical amplifiers, which are packaged in the 
repeater modules, are deployed undersea at the same 
time. The drastic constraints imposed on the 
reliability of the repeaters lead to their high cost, 
and consequently minimizing their number in a link is 
essential. The optimum span length, and therefore the 
number of in-line amplifiers, depends on the total 
distance of the transmission system, To illustrate this 
point, we derive from eqn [6] which number of spans 
of a particular length can be used for a given received 
OSNR, launched signal power, amplifier noise figure, 
and span loss per km. Based on the number of spans 
and span length, we then calculate the maximum 
distance that can be reached. The result is represented 
in Figure 20. 

With the assumption made here regarding the 
amplifier characteristics, in order to reach distances 
of more than 5000 km, span lengths close to 50 km 
are required. 


Terrestrial Systems 


Terrestrial systems are used to connect traffic from 
cities to cities and from cities to submarine-system 
landing sites. Their total distances vary from a few 
hundred kilometers to several thousand kilometers. 
Generally with terrestrial systems, the deployments of 
the transmission fibersandthe transmission systemsare 
done at different times. During its lifetime, the same 
fiber plant might be used with a different generation of 
transmission system. Furthermore, because of the 
geographical constraints that can be imposed on the 
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Figure 19 Combination of optical ampitier and gain equalizing fiter to provide a flat gain amplifier. 
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Figure 20 Dependence of the maximum distance and span number of a system on its span length (signal power at the output of the 
amplifier of ~2 dBm; ampliiar noise figure of § dB; fiber loss of 0.2 dB/Km; required OSNR of 20 dB0.1 nm) 


locations of the terminals and the in-line optical 
amplifiers, the different span lengths may greatly 
vary in a given link, Consequently, an important 
characteristic of the terrestrial systems is their capa- 
bility to operate with different span parameters. 

For terrestrial systems using large numbers of 
WDM channels, maintaining the gain excursion of 
the optical amplifiers as little as possible under 
different operating conditions is crucial. Approaches 
to limit the gain excursion under these variations can 
be taken. With EDFAs of a given length, the medium 
inversion depends on its operating gain, The EDFA 
can be forced to operate at constant gain, indepen- 
dent of the span loss, by adding an adjustable 
attenuator to the amplifier, e.g., in the middle of a 
dual-stage amplifier, such that the sum of the 
attenuator loss and the span loss remains constant. 
With Raman amplifiers, the control of the gain 
excursion can be realized by adjusting the power of 
the pumps when a wavelength-multiplexed pumping 
scheme is used. Another possibility is to insert 
dynamically adjustable gain flattening devices along 
the link. The automatic adjustment of the gain 
flatness requires the need of a feedback generally 
provided by an optical channel power monitor. 


Unrepeatered Systems 


Unrepeatered systems are used to connect mainland 
sites separated by a water area, such as islands or 
cities located on the coast. Their main characteristic 
is that they do not use any electronic component 
along the transmission fiber; therefore optical 
amplifiers cannot be placed under water. The length 
of such systems is typically of a few hundred 
kilometers, meaning that, even for those systems 
where very low loss fiber is used, the loss of the 
transmission fiber is in the order of several tens of dB. 
To allow sufficiently high OSNR at the receiver, 
several options can be used. Among them are the 
use of very high-power boosters, distributed Raman 
amplification, and remotely pumped discrete 
amplification. Remote amplification is obtained by 
inserting, along the submerged fiber cable, a piece of 
EDF. A 1.48 um pump is launched into the EDF from 
the mainland via the transmission fiber or via a 
dedicated fiber running along the transmission 
fiber. Figure 21 shows a schematic of a possible 
configuration for unrepeatered systems when a very 
high-power booster, distributed Raman amplifica- 
tion, and remote discrete amplification are used 
simultaneously. 
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Figure 21 Schematic of unrepeatored systems using high-power booster, remote EDFA, and distributed Raman amplification. 


‘The total equivalent noise figure, NFESS", of an DBR distributed Bragg reflector 
unrepeatered transmission system, using remote DCM ersion compensating modules 
discrete amplification and distributed amplification, Demux optical de-multiplexers 
is given by DFB distributed feedback 

i DSF dispersion-shifted fiber 
NF Fao = TNFRMH EDF erbium-doped fiber 
GRemore EDFA erbium-doped fiber amplifiers 
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x(n > Gaee r) (261 ge Raman gain coefficient 
G gain 
where NF®"* and Gremose ate, respectively, the Gowor on/off gain 
noise figure and the gain of the remote amplifier; Tis Planck’s constant, 


the loss of the transmission fiber between the remote 
amplifier and the pre-amplifier (T <1); NI 


meter (m) 
multi-path interference 


and Gonow are, respectively, the equivalent noise Mux optical multiplexers 
figure and on/off gain of the distributed amplifier; and "eq equivalent input noise factor 
NEP** is the noise figure of the pre-amplifi NF noise figure of the amplifier 
Assuming that the gain and noise figures of the NRZ non-return to zero 
remote EDFA are, respectively, 10 dB and 7 dB, that NZDSF non-zero dispersion shifter fiber 
the remote EDFA is located at 100 km from the pre- N2/N; medium inversion 
amplifier, that the fiber loss per km is 0.2 dB/km, that OSNR optical signal-to-noise ratio 
the Raman distributed amplifier provides 30 dB of Power watt (W) 
on/off gain with an equivalent noise figure of —3 dB, SSMF standard single-mode fiber 
and that the pre-amplifier noise figure is 5 dB, the TDM time-division multiplexing, 
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system is —10 dB. WDM wavelength-division multiplexing. 
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Introduction 


Glass fibers for optical communications are made of 
fused silica, an amorphous material, to which dopant 
materials of various kinds can be added to produce 
changes in refractive index. A number of third-order 
nonlinear processes can occur; these can grow to 
appreciable magnitudes over the long lengths avail- 
able in fibers, even though the nonlinear coefficients 
in the materials are relatively small. The effects are 
particularly important in single-mode fibers, in which 
the small mode field dimensions result in substantially 
high light intensities with relatively modest input 
powers. 

Nonlinear optical effects, such as stimulated 
Raman scattering (SRS), stimulated Brillouin scatter- 
ing (SBS), and four-wave mixing (FWM), can cause 
some problems such as nonlinear loss, pulse distor- 
tion, and cross-talk between signals in wavelength 
division multiplexed (WDM) transmission systems. 
However, these effects are also useful for efficient 
amplification and frequency conversion of injected 
signals, as well as for generation of new frequencies. 
In this chapter the main properties of fiber Raman 
amplifiers (FRAs), fiber Brillouin amplifiers (FBAs), 
and fiber parametric amplifiers (FPAs) will be 
reviewed, regarding their applications in the field of 
fiber optic communications. 


Fiber Raman Amplifiers 


Stimulated Raman scattering is likely to occur in 
fibers, producing appreciable amplification for 


down-shifted signals when moderate pump power 
levels are used. This is largely because the process 
is phase-matched, so that the long interaction 
lengths available in fibers will enhance the 
process. Additionally, the small mode field cross- 
modest 


section yields high intensities for relati 
power levels. 
In the SRS process one has simultaneously the 


absorption of a photon from the pump heam at 


frequency w, and the emission of a photon at the 
signal (Stokes) frequency, stimulated by the incident 
signal beam at frequency , (Figure 1a). The 
difference in energy is taken up by a high energy 


Vibrational states 
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stimulated Raman scattering and (b) schematic diagram of 
a fiber Raman amplifier. 
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phonon (molecular vibration) at frequency w,. Thus, 
SRS provides for energy gain at the signal frequency 
at the expense of the pump. 

Figure 1b shows schematically a fiber Raman 
amplifier. The pump and the signal beams are 
injected into the fiber through a WDM fiber 
coupler. The case illustrated in Figure 1a shows 
the two beams co-propagating inside the fiber, but 
the counter-propagating configuration is also poss- 
ible. In fact, the SRS can occur in both directions, 
forwards and backwards. It was confirmed exper- 
imentally that the Raman gain is almost the same in 
both cases. 


Raman Gain and Bandwidth 


Figure 2 shows the Raman gain coefficient for fused 
silica as derived from the spontaneous Raman 
spectrum, At the peak, the Raman gain coefficient 
for silica fibers is 9.4 x 10“ m W-! for a pumping 
wavelength A, = 1.0m and varies as Ay 
At this wavelength, a shift of 15 THz corresponds 
to 50 nm. The most significant feature of the Raman 
gain in silica fibers is that gx extends over a large 
frequency range (up to 40 THz) with a broad 
dominant peak near 13 THz, This behavior is due 
to the amorphous nature of silica glass, whose 
molecular vibrational energy levels merge together 
to form a band. 


The use of oxide glasses as dopants for fiber 
fabrication is suitable to enhance the Raman gain 
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Figure 2 Measured Raman gain spectrum for fused silica at a 
pump wavelength A,=10ym. The Raman gain scales 
inversely with 4,. Reproduced with permission trom Stolen RH, 
and Ippen EP (1973) Applied Physics Letters 22: 276. © 1973 
‘American Institute of Physies 


coefficient, For example, in the case of pure GeO,, the 
Raman gain coefficient is about 9.2 times that for 
pure SiO, glass. In fact, doping the core of an SiO, 
Raman fiber amplifier with GeO. has two beneficial 
effects. First, the index difference A is raised, which 
increases the effective waveguiding and in turn 
reduces the effective cross-sectional area Ay. As a 
consequence, the rate of SRS is increased. Secondly, 
the Raman gain coefficient increases above that of 
pure SiO, in proportion to the concentration GeO, 
and is given by 


Bx = (1+ 80A)Eq 1 


where gq is the Raman coefficient for pure SiOx. 

In spite of the positive aspects mentioned 
above, doping with GeO, also increases the fiber 
losses, due to the concomitant rise in Rayleigh 
scatter and in the number of dopant-dependent 
loss centers. Thus, greatly increasing the GeO, 
concentration will not be worthwhile if the 
increased fiber losses outweigh the improvement in 
amplifier gain, 


Gain Saturation 


The interaction between the pump and Stokes waves 
is governed by the following coupled equations: 


se 

ar. + SEPP, 21 
Mp BR 

Pe ae el 


where A, is the effective cross-sectional area of the 
fiber mode, a, and a, are absorption coefficients 
which account for the fiber loss at the signal and 
pump frequencies, respectively, and the signal wave is 
considered to be co-propagating with the pump wave. 
Assuming that a, = ap =a (which is a reasonable 
approximation around the 1.5 jum wavelength region 
in a low loss fiber), the following approximate 
solutions of eqns [2] and [3] can be written when 
P,(0) > PO): 


P,(0) exp(—az) 


Pole T+F@ al 
P40) exp(T(l — 6°) = 
PAO) expT =) =a) hg 
T+Fe) I 
where 
guP (0) 
aA, [6] 
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The dimensionless parameter F(z) accounts for the 
effects of pump depletion and the attendant satur- 
ation of the gain seen by the signal. 

Figure 3 shows the output signal power P,(L) versus 
the input signal power P.(0) for a Raman amplifier 
with length [= 8 km and several values of the input 
pump power. Typical values gr = 6.7 10 mW}, 
a=0.2dBkm ',A,= 30X10"? ma, = 1.46 pm 
and A,=1.5Spm were assumed. The transfer 
characteristics are linear for P,(0)=0.1, 0.2, and 
0.4W, but the effects of pump depletion become 
discernible for input signal levels P,(0) > —15 dB m 
when P,(0)=0.6W. For a pump power P,(0) = 
0.8W the linear behavior of the Raman amplifier 
cannot be observed, even for signal power levels as 
low as — 25 dB m. 


Since, in the absence of Raman amplification, 
the signal power at the amplifier output would 
be PL) =P,(0)exp(—aL.), the amplifier gain is 
given by 


PAL) (gxPp(O)Le/Ac) 8) 
Oy exp - T$F) 
1 
Le= Sl ~ exp(-ab)] 19) 


is the effective interaction length and L is the actual 
fiber length. The gain given by eqn [8] is seen to be a 
function of the input signal power (i.e., a saturation 
nonlinearity) through the term F(L) 


‘When F(L) > 1 we have ftom eqn [5], that 


PAL) = *P,(0) exp(-aL) (10) 
& 

In this case, the amplifier output reaches the pump 
level irrespective of the input signal level. This implies 
that any spontaneous Raman scatter in the fiber will 
he amplified up to power levels comparable to that 
of the pump. This is obviously inadmissible in 
an amplifier application, thus this operating regime 
must be avoided. 

On the other hand, when F(L) <1 we have, from 
eqn [5], that 


PAL) 


CO) explgnlePy(O/Ap— aL) [11] 


In this case, the amplifier gain is 


PAL) 


= OI 2) 
PAD explmaly P(grLePo/A.) [12] 


Gr 
From eqn [12], the Raman gain in decibels is expected 
to increase linearly with the pump input power. 
Raman gains were experimentally confirmed to be 
almost the same for forwards and backwards 
pumping. 

Figure 4 illustrates the variation of the amplifier 
gain (full curves, left scale) and the saturation 
parameter F(L) (dashed curves, right scale) with the 
pump power P,(0) for a fixed input signal power 
PO) =0dBm and amplifier lengths L=2, 4, and 
8km. The full curve corresponding to L=2km 
shows a linear dependence of the gain on the pump 
power. However, the other two full curves show how 
the pump depletion limits the achievable gain. The 
black point on these curves marks the value of the 
pump power at which the depletion parameter F 
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Figure 3 Transfer charactorstics for a Raman ampltier with a 
length L=8 km and several values of the input pump power. 
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Figure 4 Raman ampltior gain (full curves, left scale) and 


parameter F(L) (dashed curves, right scale) against input pump 
power for three values of the ampiiar length. 
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becomes equal to unity. Only operating at pump 
powers sufficiently below each point ensures linear 
operation of the amplifier, whilst choosing to operate 
the amplifier significantly above that point will mean 
F>1 and spontaneous scatter will be amplified to 
intolerable levels. 


Noise Light Power 


The dominant noise light in fiber Raman amplifica- 
tion is due to the amplified spontaneously Raman 
scattered light. In fact, a part of the pump energy is 
spontaneously converted into Stokes radiation 
extending over the entire bandwidth of the Raman 
gain spectrum and is amplified together with the 
signal. The output thus consists not only of the 
desired signal but also of background noise extending 
over a wide frequency range (~10 THz. or more). 

It has been shown that, for both forwards and 
backwards pumpings, the noise light power is equi- 
valent to a hypothetical injection of a single-photon 
per unit frequency at the fiber input end for forwards 
pumping, and at some distance away from the 
fiber output for backwards pumping. Assuming that 
Gg 1 and a > 1, the noise light powers for 
forwards pumping, Pjj.o(L), and backwards pump- 
ing, Pyawp(L), are approximately given by 


Phap(L) = byAr(Ge- Dexp(-al) [13] 


Phasp(L) = by Arg(G ~ 1/In Ga (14) 
where Avg is the Raman gain bandwidth, h is Planck’s 
constant, and 1 is the signal frequency. We can 
‘observe from eqn [13] that the noise light power in 
the case of forward pumping decreases as the 
fiber length is increased. However, in the case of 
backwards pumping, it depends mainly on the 
Raman gain, being nearly independent of fiber length 
and loss. 


FRA Performance and Applications 


One main limitation affecting the operation of fiber 
Raman amplifiers is the requirement of a relative 
high-power laser as a pump source. The experiments 
near 1.55 um are usually carried out using color- 
center lasers for this purpose. However, such lasers 
are too bulky for communication applications and the 
use of compact high-power laser diodes (LDs) 
becomes desirable. This objective has recently been 
achieved with the advent of high-power multimode 
LDs. In some cases, the output lights from 
various LDs are combined to attain the necessary 
pump power. 


In a Raman amplifier, SRS has to compete 
frequently with other nonlinear effects. For example, 
since the intrinsic gain coefficient for SBS is two 
orders of magnitude larger than that for SRS, in some 
cases the SBS may occur at lower pump powers and 
may affect significantly the SRS process. In particular, 
the Raman gain may not only be reduced but also 
become unstable. However, the SBS can be sup- 
pressed taking into account its narrow linewidth, 
which is typically less than 100 MHz. Therefore, if a 
pump laser with linewidth broader than the Brillouin 
bandwidth is employed, the SBS effect would not be 
significant. When a semiconductor laser is used as 
pump source, its spectral linewidth can be artificially 
increased by direct frequency modulation, resulting in 
effective SBS suppression. 

Considering its broad bandwidth (>5 THz), fiber 
Raman amplifiers can be used to amplify several 
channels simultaneously in a multichannel communi- 


|. The same characteristic also makes 
rs suitable for amplification of short 


cation systei 


Considering a repeaterless transmission system, 
the FRA can be used in three different con- 
figurations: forwards pumping, backwards pumping, 
and bi-directional pumping. In the first case, the 
signal amplification occurs near the fiber input, where 
the signal power is relatively high. This configuration 
for the Raman amplification does not generally affect 
the transmission quality and can compensate for the 
transmission loss by approximately the value of 
the Raman gain, For example, 10dB Raman gain 
provides an increase in transmission distance of 
50 km when the fiber attenuation is 0.2 dB km” ', In 
the case of backwards pumping, the signal amplifica- 
tion occurs near the fiber output end before photo- 
detection, where the signal power may be very weak, 
comparable with the Raman noise power. This 
scheme for the Raman amplification can considerably 
reduce the minimum detectable signal power, which 
results in a corresponding increase of the transmission 
distance. However, the transmission quality is 
affected due to backwards noise light. The bi- 
directional pumping configuration uses both for- 
wards and backwards pumping simultaneously and 
its performance can be estimated from those for the 
respective unidirectional schemes considered above. 

The FRAs can also be used in nonregenerative all- 
optical multirepeater systems. In this case, the 
transmission loss is compensated for by both for- 
wards and backwards Raman gain providing the 
periodically injected pump light. This scheme can be 
used to overcome the fiber loss in soliton-based 
communication systems. In this case, the pulse 
broadening due to chromatic dispersion of the 
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fiber is also eliminated, which provides the possi- 
bility of achieving ultralong distance distortionless 
transmission, 


Fiber Brillouin Amplifiers 


The process of SBS can be described as a classical 
three-wave interaction involving the incident 
(pump) wave of frequency w,, the Stokes wave of 
frequency ,, and an acoustic wave of frequency @, 
‘The pump creates a pressure wave in the medium 
owing to electrostriction, which in turn causes 
a periodic modulation of the refractive inde: 
This process is illustrated schematically in Figure 5. 
Since the acoustic wavefronts are moving away from 
the incident pump wave, the scattered light is shifted 
downward in frequency to the Stokes frequen: 


The response of the material to the interference 
of the pump and Stokes fields tends to increase 
the amplitude of the acoustic wave. Therefore, the 
heating of the pump wave with the acoustic wave 
tends to reinforce the Stokes wave, whereas the 
beating of the pump wave and the Stokes waves tends 
to reinforce the acoustic wave. This explains the 
appearance of the stimulated Brillouin scattering 
process. 

In spite of the apparent similarity between SBS and 
SRS, these processes differ in three important aspects: 
i) Brillouin amplification occurs only when the pump 
and signal beams counter-propagate inside the fiber; 
ii) the Stokes shift for SBS is smaller by three orders of 
magnitude compared with that of SRS; and iii) the 
Brillouin gain spectrum is extremely narrow, with a 
bandwidth <100 MHz. These characteristics signit 
cantly affect the performance and the fiber Brillouin 
amplifiers. 


Brillouin Gain and Bandwidth 


Physically, each pump photon in the SBS process gives 
up its energy to create simultaneously a Stokes photon 
and an acoustic phonon. Since both the energy and 
the momentum must be conserved in this process, 


hit 


Figure 5 Schematic illustration of the stimulated Brillouin 
scattering process. 


a, <——_ 


the frequencies of the three waves must satisfy 
eqn [15], whereas the wave veetors are related by 


(16) 


where &, and k, are the wave vectors of the pump and 
signal beams, respectively. The frequency @, and the 
wave vector k, of the acoustic wave satisfy the 
dispersion relation: 


9, = lRgloy = 2vglhplsin( 0/2) 71 
where 1, is the acoustic velocity, dis the angle between 
the pump and signal waves, and  lky! ~ Ik, 
was used. Equation [17] shows that w, vanishes in 
the forward direction (@ = 0), whereas it is maximum 
in the backward direction (@ = 77). The frequency shift 
yy in the backward direction is given by 


(18) 


where eqn [17] was used with Ik] = 2am/Ay, Ay is the 
pump wavelength, and m is the refractive index. 
Considering n = 1.45 and v, = 5.96 kms" astypical 
values for silica fibers, we obtain my = 11.1 GHz at 
Ay = 1.55 pm 

"Assuming a monochromatic pump, the spectrum of 
the scattered light depends on the uniformity of the 
fiber parameters. For a uniform medium the spectrum 
is Lorentzian with a width Avy determined by the 
acoustic attenuation. For 1.5 um light the width is 
about 17 MHz. However, both the frequency shift 
and the gain bandwidth Av, can vary from fiber to 
fiber because of the guided nature of light and the 
presence of dopants in the fiber core. In particular, the 
inhomogeneities in the core section along the length 
determine an increase of the amplifier bandwidth, 
which can exceed 100 MHz, although typical values 
are 50-60 MHz for Ay = 1.55 um. 

The peak value of the Brillouin gain coefficient is 
given by 


2am’ Py 


£200) = 09} 


Apa AU, 
where py is the longitudinal clasto-optic coefficient, 
po the average material density, n the refractive index, 
¢ the vacuum speed of light, and y is a numerical 
factor that depends on the polarization properties of 
the optical fiber, which assumes the value + for long 
lengths of nonpolarization-preserving optical fiber. 
By using the parameter values typical of fused silica, 
gy is estimated to be about 2.5 X 10°"! m W~', which 
is two orders of magnitude larger than the Raman 
gain coefficient at Ay = 1.55 um. 
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The expression for the Brillouin gain in eqn [19] 
assumes that the spectral width of the pump 
beam (Ay) is much narrower that the Brillouin 
linewidth (Ar). When such condition is not 
verified, the Brillouin gain is reduced according with 
the relation: 


Any 
Salis) = 21 
B00) = aay at) (20) 


For this reason, fiber Brillouin amplifiers need to be 
pumped by narrow-linewidth semiconductor lasers 
(ay, < 10 MEX2). 


Gain Saturation 


The slowly varying steady-state Fourier amplitudes of 
the Stokes (E,) and pump (E,) electric fields are 
related by the following coupled-wave equations: 


aE | 


os 


+ a (221 


where I"! is the acoustic phonon lifetime resulting 
in a spontancous Brillouin scattering linewidth 
Av, = Tim, a= a, ~ a isthe absorption coefficient, 
and the coupling constants are 

3 : 
piel, X2) 
2p 


1231 


9 being the free-space permittivity and 2, and 2, the 
unit vectors in the directions of the pump and Stokes 
optical fields, respectively. In eqns [21] and [22] it is 
assumed that the pump wave is launched at z= 0 and 
propagates in the +z direction, whereas the signal 
wave is launched at z= L and propagates in the —z 
direction. The parameter 6 = w, ~ , — w, takes into 
account a possible detuning of the signal from the SBS 
gain line center. 

Equations [21] and [22] can be written in terms of 
optical power as follows: 


_ guild) 
ap, — STOP P, [24] 

Pp = _ 8068) 
Teal GPP 125] 


where A, is the effective core area and g9(6) is the 
Brillouin gain coefficient, given by 


809 = pest) 1261 
where gp(sy) is given by eqn [19]. 

Considering that a < 1, the following approximate 
solutions of eqns [24] and [25] can be written: 


PA) = PAOD Be" p27) 
Py(z) = PMODDH Ee 128) 
where 
[P.,(0) — PAO) 
[P,(0) — P.O)] 129) 


© [POH — P.(0)] 


expfgn[P,(0) = Poy] — exp(—aa)]/(A,a)} 
130] 


The Brillouin amplifier gain is given from eqn 
[27] as 


P.O) 1 


~ Bide = ~ Dy eu 


a 
Figure 6 shows the output signal power P,(0) 
versus the input signal power P,(L) for a Brillouin 
amplifier with length L=8km and several 
values of the input pump power. Typical values 
gx(0) =2.5X10 mW", @=0.2 dBkm ty Ay = 
30x 10° were assumed. The transfer 
characteristics are linear for P,(0)=0.2 mW, but 
the effects of pump depletion ‘become discernible 
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Figure 6 Transfer characteristics for a Brilouin amplifier with a 
length L= & km and several values of the input pump power. 
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for input signal levels P,(0)>2uW when 
P,(0)= 1 mW. For a pump power P,(0)=2 mW, 
linear behavior of the Brillouin amplifier cannot be 
observed even for signal powers as low as 10 nW. 

The dependence of the Brillouin amplifier gain on 
the input pump power is illustrated in Figure 7 for 
several amounts of the signal detuning and two values 
of the signal power. The fiber length is L = 5 km and 
the gain bandwidth is Av, = 30 MHz, whereas the 
other parameter values are equal to those assumed 
in Figure 6. The saturated gain shows a significant 
dependence on the input signal power. An input signal 
of 1 nW, which is comparable to the original value of 
spontancous emission, can be amplified by about 
60 dB for a pump power P,(0) = 5 mW. However, 
the amplifier gain can be considerably reduced when 
the signal is detuned from the gain peak. For example, 
for an input signal power P,(L) = 1 nW and a pump 
power P,(0) = 3 mW, a detuning of 15 MHz (which 
corresponds to a reduction of the gain coefficient to 
half of its maximum value) determines a reduction of 
about 25 dB on the amplifier gain. 

Substituting eqn [28] for Pp(z) in eqn [21], the 
following result is obtained for the Stokes field at the 
amplifier output: 


E,(0) = E(L)VGp exp{-aL2 — jb} 132] 


where 


13] 
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Figure 7 Brillouin amplifier gain against the input pump power 
{or an amplifier langth L = § km and diferent amounts of detuning 
from the gain center. The full curves and the dashed curves 
‘correspond to input signal powers P.(L)= 1 nW and P,(L)= 1 AW. 
respectively. Reproduced with permission from Ferreira MFS, 
ct al, (1994) Optical and Quantum Electronics 26: 35, with 
permission from Kluwer Academic Publisher. 


represents a nonlinear phase change, which depends 
on the SBS gain, input signal power, and frequency 
detuning. This nonlinear phase shift can impose a 
stringent limit on the pump- and signal-frequency 
stability when FBAs are used in some phase-sensitive 
detection schemes. 


Noise Light Power 


To describe the spontaneous emission noise we 
must add a spontaneous emission term to the 
equations describing the evolution of the Stokes and 
pump waves, The amplified spontaneous scattered 
power per unit frequency is then obtained in the form: 


Pyoglth2) = (HWA )ga(BMN + 1GO 2) 
1 
xf PZ z)) dz 34] 


where 


Gz [35] 


oof f [Pp(a)gn(3)/A, — axe} 


is the gain function, b is Planck’s constant, and N is 
the thermal equilibrium number of acoustic phonons, 
given by 


i 


= SapbogktyT ~ *T/h = 500 


6} 


where & is the Boltzmann constant and T is the 
absolute temperature. The total amplified signal and 
spontaneous powers are given by integration of 
(2,2) over the gain profile 

Similarly to the behavior of the gain, the noise 
power depends significantly on the signal magnitude 
in the saturation regime and becomes particularly 
high for low signal powers. This high noise level, 
which is about 20 dB above that of an ideal amplifier, 
imposes some limitations on the use of FBA as a 
receiver preamplifier. 


FBA Performance and Applications 


Fiber Brillouin amplifiers can provide high gains at 
low pump powers. However, the gain bandwidth is 
small and the amplified spontaneous emission noise is 
substantially larger than that observed with other 
amplifiers, leading to a noise figure that is quite large 
(>15 dB). This fact limits their usefulness as a 
preamplifier. Use as in-line amplifiers at high signal 
levels is possible in some configurations. Some 
problems in this application are concerned with the 
narrow bandwidth and the small saturation power of 
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the FBAs. In particular, the Brillouin linewidth strictly 
limits the bandwidth of data signals that can be 
amplified in a FBA. 

The Brillouin gain bandwidth can be intentionally 
extended by more than one order of magnitude by 
applying frequency modulation to the pump laser. Of 
course, the bandwidth enhancement is accompanied 
by a reduction of the peak gain. Consequently, a 
higher pump power will be necessary to achieve the 
same gain. 

‘The narrow bandwidth of the FBAs can be used to 
advantage in coherent lightwave systems to amplify 
selectively the carrier of a phase- or amplitude- 
modulated wave, thus allowing homodyne detection, 
using the amplified carrier as local oscillator. The 
scheme should work well at bit rates >100 Mb s-! 
because the modulation sidebands then fall outside 
the amplifier bandwidth, and the optical carrier can 
be amplified selectively. However, an inevitable 
accompaniment of this narrow-band amplification is 
the nonlinear phase shift induced by the pump on the 
signal, given by eqn [33]. This phase shift imposes the 
most stringent limit on pump- and signal-frequency 
stability when FBAs are used for self-homodyne 
detection. In the case of amplitude-shift keyed 
(ASK) signals, for example, a phase stability of 
about 0.1 rad for the amplified signal carrier may be 
required, which corresponds to a pump-signal fre- 
quency offset <100 kHz. The nonlinear phase shift 
can be used with advantage in some self-homodyne 
schemes which require some specific adjustment of 
the carrier phase. In the case of a self-homodyne 
coherent receiver for phase-shift keyed (PSK) signals, 
for example, a quadrature phase correction is 
required. Typically, this requires a detuning of only 
a few MHz from the SBS gain peak, well within the 
Brillouin gain bandwidth. 

Another application of the narrow linewidth 
associated with the Brillouin gain, is as a tunable 
narrow-band filter for channel selection in a densely 
packed multichannel communication system. A 
channel can be selectively amplified through Brillouin 
amplification by launching a pump beam at the 
receiver end so that it propagates inside the fiber in a 
direction opposite to that of the multichannel signal. 
Different channels can be selectively amplified by 
tuning the pump laser. The adjustable bandwidth and 
high out-of-band rejection can be used to advantage 
in this case. In another approach, the fiber 
Brillouin amplifier can be used to selectively amplify 
multiple subcarrier-multiplexed (SCM) channels car- 
tied by a single optical carrier within a WDM 
signal, or to amplify a backward-propagating super- 
visory signal. 


Fiber Parametric Amplifiers 


In both stimulated Raman scattering and stimulated 
Brillouin scattering, the optical fiber plays an active 
role through the participation of molecular vibrations 
or acoustic phonons. However, in many other non- 
linear phenomena, the fiber plays a passive role 
except for mediating the interaction among several 
optical waves. Since these phenomena involve the 
light-induced modulation of some medium para- 
meter, they are known as parametric processes. 

The parametric processes can be classified as 
second-order or third-order processes, depending on 
whether the second-order susceptibility or the third- 
order susceptibility is responsible for them, Concern- 
ing the second-order parametric processes, they are 
not significant in silica fibers, due to the small value of 
the second-order susceptibility. In contrast, some 
third-order parametric processes, namely third-har- 
monic generation, four-wave mixing, and parametric 
amplification, can exhibit relatively high conversion 
efficiencies. The parametric gain in optical fibers can 
be used to make fiber parametric amplifiers, which 
find some interesting applications for squeezing and 
optical fiber communications. 


Phase-Matching in Parametric Processes 


The efficiency of the four-wave mixing process 
depends on the relative phase among the interacting 
optical waves. A high efficiency requires matching 
of the frequencies as well as of the wave vectors. 
The latter requirement is often referred to as 
phase-matching. In contrast with SRS and SBS, 
where phase-matching is automatically fulfilled as a 
result of the active participation of the nonlinear 
medium, the phase-matching condition in parametric 
processes requires a specific choice of the frequencies 
and the refractive indices. 

Considering the case in which two photons at 
energies « and w) are annihilated with simultaneous 
creation of two photons at frequencies «3 and «4, the 
matching of the frequencies imposes the condition: 


oy +0, = 0; +04 (37) 


On the other hand, the phase-matching is given by the 
condition Ak = 0, where 


Ak =k +ky— ky — ky 
= (fo; + Ayeoy — yw, —Aywy)/e [38] 
where the ii, are the effective refractive indices of 


the fiber modes. It is relatively easy to satisfy the 
phase-matching condition when «, =). In this 
case, a strong pump at @ = «= w, generates a 
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low-frequency sideband at w; and a high-frequency 
sideband at 4, when we assume 4 > a3. These 
sidebands are referred as the Stokes and anti-Stokes 
bands, respectively, which are also often called the 
signal and idler bands. The frequency shift of the two 
sidebands is given by 


B9} 


2, = w — 03 = 4 ~ wy 


‘The effective indices 


in eqn [38] can be written as 
fy =n + Am, [40] 


where An, is the change of index refraction due to 
waveguiding. As a consequence, considering the 


eqn [40] and the case w; =o), eqn [38] can be 
written in the form: 
Ak = Ak, + Aky (41) 
where 
Akg = (30; + mga — 2m, 04)/e (42) 
results from the material dispersion and 
(Ansa + Angeng — (Amy + Amy)oy)/e [43] 


results from the waveguide dispersion. We must note 
that although the two pump waves have the same 
frequency, Am, and An; are, in general, different if 
these waves propagate in different modes. 
‘The material contribution Ak,, can be expressed in 
terms of the frequency shift ©, given by eqn [39], if 
we use an expansion of Ak,, about the pump 
frequency @, =o; =. By retaining up to terms 
quadratic in , in this expansion, one obtains 


Ak = PaO? 


[44] 


where By = d?k/dw* is the group-velocity dispersion 
(GVD) coefficient at the pump frequency. In the 
description of the evolution of the Stokes and anti- 
Stokes waves, an effective propagation constant 
appears, given by 


= Ak + Mkiyy, = Aki + Aky + Mk 1451 
Ineqn [45], Aku, represents a nonlinear contribution, 
given by 


Akyy = 2yP, [46] 


where P, ) is the power in each pump wave 


and 


7 (47) 


is the nonlinearity coefficient, being the nonlinear- 
index coefficient. 


Parametric Gain 


The evolution of the Stokes and anti-Stokes waves are 
governed by the following coupled equations: 


dEs be ine 
ae TP exp IER 148] 
oEs _ _ai9p, expGixcdE 49 
Te = 72 explincdEs 149) 
The general solution of eqns [48] and [49] is 


given by 


Es@=(crexplgn2)+exexpl—g2)) exp(—ixz/2)_ [50] 
EY(2)=(csexp(gez)+cyexp(—gp2)) exp(ixzl2) [51] 


where the coefficients c, are determined from the 
boundary conditions and the parametric gain gp is 
given by 


152] 
In the range 
—6yP,=Ak=2yP, 153] 
the radicand in eqn [52] is positive, so a gain 
occurs. The maximum gain is achieved when K=0 
and it is given by 
2P, 
Pax = Mk =2 yPp= fe 154] 
where 
155] 
Considering that 3.2x10°° m?> Wo! and 


assuming a pump wavelength Ay=1 pm, we find 
that the gain coefficient gp is larger by a factor of 2 
than the peak of the Raman gain coefficient gp 
Consequently, the threshold for the parametric 
process is lower than with the Raman. effect. 
However, the Raman effect dominates in general 
for long fibers, since it is difficult to maintain phase 
matching because of fluctuations of the core 
diameter. One can define a coherence length, 
given by 


=2alx, 


Leon = 271 Kan 156] 
where kay is the maximum tolerable phase 
mismatch. Significant four-wave mixing occurs 


only if LL, 
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In the case of a monomode fiber, Aky is very small 
and can be ignored. For A, below the zero of 
dispersion Ap = 1.3 um (B) > 0), one has to keep 
both Ak, and Akyy, small by using small frequency 
shifts ©, and low pump powers. When Akm 
dominates, we have 


Qe _ le 
Low ™ TET = EE 157] 
In the visible range, one has 8) ~ 50 — 60 ps* km”, 


and Len = 1km for f= 0,27~ 50 GHz. For a 
pump wavelength above the zero dispersion (B) < 0), 
the negative value of Ak,, must be compensated by 
Alyy. For phase matching one has 


= 0 = Akg + Mk = Br} + Ak [58] 


From this, we obtain 


159] 


which coincides with the frequency shift character- 
istic of the modulation instability. 


Amplifier Gain and Bandwidth 


Four-wave mixing can be used, for example, in a 
fiber-optical parametric amplifier. In fact, the main 
difference between the four-wave mixing experiments 
and the parametric-amplification experiments is 
whether a signal at the phase-matched frequency is 
co-propagated with the pump or not. In the absence 
of a signal, the signal and idler waves are generated 
from amplifications of noise. 

Let us consider the situation in which a signal 
wave with a power P; is launched at z=0, and 
simultaneously an idler wave appears, with P,(z = 
0) =0. In this case, considering the solution given by 
eqs [50] and [51] and taking into account eqn [52], 
we can write the following results for the signal and 


idler powers: 
S) somes | 


) site = Px(z) — P30) 


Paz) = rot + (1 + [60] 


Palz) = no(t ene 
4gp 


[61] 


The single-pass gain of the parametric amplifier 
becomes 


Pad) _ |, Pal BV 
= 3,01 * 7,07! +(e seen) 
(yyy 


= 5 


inh? (gpL) = (: + )intey 
162] 


The approximation holds for gpL> 1. According to 
eqn [52], amplification (gp > 0) occurs only in the case: 

Ki <4yP,, [63] 
Since lic! must be small, this also means good phase- 
matching. If one has complete phase-matching (x=0) 
and still gp. > 1,one obtains exponential behavior for 
the amplifier gain: 


2 1 
Gp=sink"(gpL) = zexpQgoL)= zexp4yPyL) 164] 


Zz 


From Eqs [44] and [45], we have that the phase 
mismatch « and the frequency shift , are related by 


k= BO) + Ak, + Ak [65] 
From eqn [65] we have 
AK 

Fea 2ealo, 166] 


In order to estimate the amplification bandwidth 4Q,, 
we set 


AK = Kina =49Pp (67) 
From Eqs [66] and [67] we obtain 
2p, 2 
40.= Bi Ew 168] 
where Ly =(yP,)! is the nonlinear length. Con- 
sidering typical values . 


0,27=10-100THz, and Ly ~ 1m, we obtain a 
bandwidth in the range ~10-100 GHz. This band- 
width lies between that of a fiber Raman amplifier 
(-STHz) and a fiber Brillouin amplifier 
(~100 MHz). 

For Ixi>4yP, the parametric gain becomes 
imaginary and there is no longer amplification, 
but rather a periodical power variation of the signal 
and idler waves. In particular, if Ixl>>4yP,, then 
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gp ~ jx/2 and the parametric amplifier gain is 


. sin®(«KL/2) 


G arpa [69] 


(QyP,Ly 


A convenient measure for the width in this case corre 
ponds to a wavevector mismatch Ax = 2a/L, where 
is the fiber length. Using eqn [66], we then have 


4°. TE, 


[70] 


Amplifier Performance and Applications 


Parametric amplification can induce considerable 
crosstalk in WDM communication systems. Such 
crosstalk affects the system performance, particularly 
for channel spacings less than 10 GHz. Considering 
a channel spacing of 5 GHz and —20 dB allowed 
crosstalk, calculations show that the input power per 
channel should be smaller than 1 mW for a 15 km- 
long monomode fiber, and 0.1 mW for 100 km-long 
fiber. However, this effect can be avoided by an 
appropriate frequency separation of the channels. 

Besides the limitation mentioned above, parametric 
amplification may be useful in the field of optical fiber 
communication systems. In fact, parametric ampli- 
fiers have a bandwidth of ~100 GHz, which is 
smaller that the bandwidth of fiber Raman amplifiers 
(~5 THz) but still sufficiently large for many appl 
cations. On the other hand, the frequency shift in 
FPAs can be as large as ~ 100 THz, which must be 
compared with the pump-signal frequency shift of 
~13 THz of FRAs. These characteristics of FPAs 
allow a considerable flexibility in the choice of the 
pump source. 

Parametric amplifier gains above 40 dB, with a 
30-m-long fiber for input signal powers less than 
1 mW and a pump power P, ~ 70 W, were already 
measured. Such large gain values show clearly the 
potential of fiber parametric amplifiers provided 
phase-matching can be achieved. In fact, this 
condition puts stringent limits on the control of 
frequency shift ©, between the pump and signal 
One method to satisfy the phase-matching 
ists in using large birefringence of 
polarization-preserving fibers. Several parametric 
amplifiers using this kind of fiber have been demon- 
strated. Moreover, the possibility to realize a 
parametric las also demonstrated, by 
placing the fiber inside a Fabry-Perot cavity. 
jber-optic parametric amplifiers have also 
attracted considerable attention in the context of a 
phenomenon known as squeezing. In contrast to 
coherent light containing equal minimum noise 


fluctuations in cophasal and quadrature components, 
in squeezed states one of these components acquires a 
noise fluctuation below the quantum-noise level at 
the expense of the other component. This phenom- 
enon can occur in a parametric amplifier for certain 
values of the relative phase between the signal and 
idler waves. In fact, spontaneous emission at the 
signal and idler frequencies generates photons with 
random phases. Four-wave mixing increases or 
decreases the number of specific signal-idler 
photon pairs, depending on their relative phases. 
The noise reduction below the quantum-noise level 
can be verified using a phase-sensitive detection 
scheme in which the phase of the local oscillator is 
conveniently adjusted. The phase-sensitive nature of 
parametric amplifiers can also be usefully exploited to 
reduce the timing jitter in soliton communication 
systems. 


List of Units and Nomenclature 


effective fiber core area, 


3 vacuum speed of light, ms" 

E, amplitude of the pump wave electric 
field, Vm“ 

E amplitude of the signal wave electric 
field, Vm" 

8 Brillouin gain coefficient, m W~* 

Gy Brillouin amplifier gain 


& parametric gain, m ! 


Gp parametric amplifier gain 

ge Raman gain coefficient, m W~! 

Ge Raman amplifier gain 

k wave vector of the acoustic wave, 

E rad”! 

k, wave vector of the pump wave, 

7 radm™! 

k wave vector of the signal wave, 
rad m=! 

L amplifier length, m 

Loon coherence length, m 

L, effective amplifier length, m 

Ix nonlinear length, m 

n refractive index 

fy nonlinear-index coefficient, m7 W~! 

po longitudinal elasto-optic coefficient 

Purp amplified spontaneous scattered 
power, W 

P, pump power, W 

P, signal (Stokes) power, W 

M% acoustic velocity, ms * 

% Brillouin frequency shift, s~! 

a absorption coefficient at the pump 


frequency, m ! 
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a, absorption coefficient at the signal 
frequency, m ? 

By group-velocity dispersion coeffi- 
cient, 3? m-! 

Y nonlinearity coefficient, W"! m-! 

r inverse acoustic phonon lifetime, 8? 

8 frequency detuning from Brillouin 
gain peak, 5! 

Any Brillouin gain bandwidth, >? 

Avy pump linewidth, $1 

Arg Raman gain bandwidth, s* 

£9 free-space permittivity, Fm" 

po average material density, kg m 

nonlinear phase shift, rad 

on acoustic wave frequency, rad 5? 

>) pump wave frequency, rads * 

o signal (Stokes) wave frequency, 
rads"! 

a, sideband frequency shift, rads”! 
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Introdu 


There has been rapid growth in the deployment 
and capacity of optical fiber communication net- 
works over the past 25 years. This growth has 
been made possible by the development of new 
optoelectronic technologies that can be utilized to 
exploit the enormous bandwidth of optical fiber. 
Today, systems are operational which operate at bit 
rates in excess of 100 Gb/s. Optical technology is 
the dominant carrier of global information. It is 
also central to the realization of future networks 
that will have the capabilities demanded by society. 
These capabilities include virtually unlimited band- 
width to carry communication services of almost 
any kind, and full transparency that allows 
terminal upgrades in capacity and flexible routing 
of channels. Many of the advances in optical 
networks have been made possible by the optical 
amplifier. 


Optical amplifiers can be divided into two classes: 
the optical fiber amplifier and semiconductor optical 
amplifier (SOA). The former dominates conventional 
system applications such as in-line amplification to 
compensate for optical link losses. However, due to 
advances in optical semiconductor fabrication tech- 
niques and device design, the SOA is showing great 
promise for use in evolving optical communication 


networks. It can be utilized as a general gain element 
but also has many functional applications, including 
optical switching and wavelength conversion. These 
functions, where there is no conversion of optical 
signals into the electrical domain, are required in 
transparent optical networks. 

We will review SOA basics, technology (materials 
and structures), signal transmission performance 
(pattern effects, crosstalk, and ultrashort pulse ampli- 
fication), and some important functional applications 
(optical switching and wavelength conversion). 


The SOA is based on similar technology as a laser 
diode. Optical gain is achieved by electrically pump- 
ing a suitable semiconductor material, such that a 


Principles 
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population inversion occurs between the material 
conduction and valence bands. An incoming photon 
can then be amplified when the resulting stimulated 
emission exceeds losses due to stimulated absorption 
and internal material losses. SOAs can be designed to 
operate in either the 1300 nm or 1550 nm optical 
communication windows. The principle of operation 
of an SOA with low residual reflectivities (R ~ 0) is 
shown in Figure 1. An input optical power expe 
ences a single-pass gain G = exp(gL) after traveling 
through the SOA active waveguide of length L. 
The net gain coefficient ¢=Tgq, — agg, where Tis 
the optical confinement factor (the fraction of the 
propagating signal power confined to the SOA 
waveguide), gm the material gain, and aia, the optical 
loss coefficient. g,, is a function of the injected carrier 
(clectron) density and wavelength. The single-mode 
active waveguide can support two orthogonal polar- 
ization modes: transverse electric (TE) and transverse 
magnetic (TM). 

The amplification process also adds broadband 
noise, amplified spontaneous emission (ASE) to the 
output signal. The amplifier noi NF) is a 
measure of the signal-to-noise ratio (SNR) degra- 
dation of the signal after amplification. It is defined 
as the ratio of the SNR of the input to that of the 
output when the input noise is shot noise limited. 
Expressions for the output SNR are usually calculated 
assuming that the SOA is followed by a narrowband 
optical filter and an ideal photodetector, such that the 
main source of detector noise is the beat noise 
between the signal and the ASE falling within the 
filter handwidth. In this case the SOA noise figure is 
given by 


NI 


= In K 


im 
sy 


with the excess noise factor K given by 


CL#RGYG ~ Dey 
T= RCT En — 


in) 


Active 
Axo waveguide 


where mm, is the effective population inversion 
parameter. To achieve a low NF, the internal losses 
must be small and a value of 1, close to one is 
required. A favorable value of my is achieved by 
operating the SOA at high gain. 

A low R is required to prevent the SOA from 
oscillating at high gains. The residual reflectivity is 
manifest as ripples in the amplifier gain spectrum and 
ASE spectrum. 


SOA Structures 
‘The key parameters required for a practical SOA are: 


@ low reflectivity (<10"*) to ensure low gain ripple 
(<0.5 dB); 

«# low optical loss coefficient to achieve a high gain; 

@ high material gain to allow low drive current 
operation; 

« low polarization sensitivity (<0.5 dB) because the 
polarization state of the optical signal coming from 
a link fiber is usually random; 

@ high saturation output power (P,..), defined as the 
output power at which the gain is reduced by 3 dB; 
and 


«low fiber-to-chip coupling losses (<3 dB per facet). 


A schematic diagram of a commercial SOA chip is 
shown in Figure 2. The active waveguide consists of a 
0,2. um thick InGaAsP bulk active layer sandwiched 
between 0.1 jm thick InGaAsP separate confinement 
heterostructure (SCH) layers. The central section of 
the active waveguide is 600 pm long with a constant 
width of 1.4 um, The mode-expanding active wave- 
guide tapers are 150 um long with a width that 
changes linearly from 1.4 um to 0.4 jum at the tip. 
The tapers allow optical coupling to an underlying 
passive waveguide enabling efficient coupling to the 
input and output optical fibers. The structure 
provides a high confinement factor because of the 
refractive index mismatch between the layers in the 
gain section. The p-n junction formed by the p-InP 
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Figure 1 SOA basic structure. 
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by InGaAsP SCH layers 
(a) Cross-section of the SCH SOA structure. 


Figure 2 SCH SOA with tensilo-strained bulk active layer. 


Table 1 Typical specifications of a commercial SOA 


Wavelength of peak gain 7850.am 


Peak fiber-to-ber gain 2208 
Noise figure 6508 
Saturation output power 108m 
Polarization sensitivity 0208 
Gain ripple 0.18 
dB bandwicth 40nm 
Drive current 200A 


and n-InP layers acts as a current block, thereby 
providing good confinement of the injected carriers 
from the drive current to the active layer. Very low- 
reflectivity (<10~°) is obtained by combining burik 
windows with antireflection-coated tilted facets 
(7° tilt angle). 

Because of the active waveguide asymmetry, the TE. 
confinement factor is larger than the TM confinement 
factor. gq is isotropic in bulk material. The introduc- 
tion of tensile strain, due to the lattice mismatch 
between the active layer and SCH layers, causes the 
bulk material band structure to change in such a way 
that the TM material gain is greater than the TE 
material gain. The introduction of the correct amount 
of tensile strain compensates for the difference in the 
TE and TM confinement factors leading to low 
polarization dependence. 

Other SOA structures that can achieve low 
polarization dependency are based on active wave- 
guides with near square cross-section having almost 
the same TE and TM confinement factors or the 
combination of compressively strained quantum 
wells (higher TE gain) and tensile strai 
wells (higher TM gain). Typical spi 
characteristics of a commercial SOA are listed in 
Table 1 and shown in Figure 3. 

As Figure 3 shows, gain saturation in conventional 
SOAs is manifest at output signal powers well below 
P.Because the gain recovery time (carrier lifetime) in 


InGaAsP buried 
‘AR coating active waveguide 


Buried 
window AF coating 


150um — 6O0umM 150mm 15 um 


(0) Top view of the active waveguide. 


SOAs is fast (typically 0.1-1 ns), this can lead to 
pattern effects in single-channel systems and severe 
crosstalk in wavelength division multiplexed (WDM) 
systems. This problem can be greatly reduced by the 
use of a gain-clamped SOA (GC-SOA). In a GC-SOA, 
lasing action is produced, ata wavelength remote from 
the operating wavelength range, by the introduction of 
wavelength specific feedback. Once lasing begins, the 
carrier density in the SOA active layer is clamped at a 
fixed value. Changes in the input signal power lead to 
opposing changes in the lasing mode power. This has 
the effect of keeping the carrier density fixed (i.e., 
clamped), thereby making the signal gain relatively 
insensitive to changes in the total input power. A 
common method of providing this feedback is the use 
of distributed Bragg reflectors (DBRs) as shown in 
Figure 4. A typical GC-SOA gain versus output power 
characteristic is shown in Figure 5. 


Basic Applications of SOAs in 
Optical Communication Systems 


The three basic applications of SOAs in optical 
communication systems are: booster amplifier, in- 
line amplifier, and preamplifier. The main require 
ments of SOAs for such applications are listed in 
Table 2. 

A booster amplifier is used to increase the power of 
a high power signal. Boosting laser power in an 
optical transmitter can be used to overcome external 
modulator losses, compensate for splitting and tap 
losses in optical distribution networks and to increase 
the power budget of optical links. The most critical 
requirement of a booster amplifier is a high Ps, to 
obtain a high output signal power and minimize 
pattern effects. SOAs with Par in excess of 10 dBm 
are now available commercially. 

The sensitivity of a conventional optical receiver is, 
limited by thermal noise. The sensitivity is the 
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Figure 3 Typical commercial SOA small-signal gain and noise figure versus bias current and gain versus output power 


characteristics, 


minimum signal power required at the receiver input 
toachieve a desired bit-error-rate (typically 10°). An 
optical preamplifier can be used to increase the power 


level of an optical data signal prior to detection and 


demodulation, leading to an increase in sensitivity. 
‘The performance of a preamplified optical receiver is 
dependent on the detector signal-to-noise ratio, 
SNR =f, / tye The signal photocurrent ing is 


proportional to the amplified signal power. The 
mean square noise current 7, 


ise includes circuit 


noise (thermal noise and detector dark current 


noise), signal shot noise, spontancous emission shot 
noise, signal-spontancous beat noise, and beat noise 
hetween the spectral components of the spontaneous 


emission, The best improvement in SNR occurs when 
the SOA is operated in the signal-spontaneous beat 
noise limit. In this regime, the signal power is 
sufficiently large such that the dominant receiver 
noise is the signal-spontaneous beat noise that falls 
within the signal bandwidth. This usually requires 
that the spontaneous emission from the SOA be 
reduced using a narrowband optical filter. The noise 
figure is a critical parameter in this application and 
should he as low as possible, 

In long-haul optical transmission systems, in-line 
optical amplifiers can be used to compensate for link 
losses thereby increasing the spacing between optical 
regenerators. The main advantages of in-line SOAs 
are transparency to data rate and modulation format 
(unsaturated operation), bidirectionality, WDM 
capability, simple mode of operation, low power 
consumption, and compactness. The latter two 
advantages are important for remotely located optical 
components. To avoid noise accumulation in the link, 
it may be necessary to follow each SOA by a 
narrowband optical filter, but this can prevent 
capacity enhancements using WDM. 

An example of a single channel optical trans- 
mission system utilizing booster, in-line, and 
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Figure 4 Schematic structure of a GC-SOA. 
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preamplifier SOAs is shown in Figure 6. The 
transmitter comprised a 1309nm_ gain-switched 
laser diode directly modulated with a 10 GHz 
sinusoid to produce a train of 40 ps wide pulses at a 
repetition rate of 10GHz. At 1309nm fiber dis- 
persion is small and the maximum. transmission 
distance is mainly limited by the link losses. The 
laser output was connected to an external modulator, 
driven by a 2*!-1 pseudo-random bit sequence (PRBS) 
to produce an optical data stream with an extinction 
ratio of 13 dB. A booster SOA was used to increase 
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Table 2 Requirements of basic SOA applications 


Foquirement ‘Booster amplfior Inline ampiier Preampitier 
High gain Yes Yes Yes 

High Pea Yes Yes Not critical 
Low noise figure Not eritical Yes Yes 

Low polarization sensitivity Yes Yes 

Optical iter Not eritical Yes 


Eye diagram at 
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Figure 6 _10 Gbit/s transmission experiment utiizing booster, in-line and preampitior SOAS. (Adapted from Kuindersma ot a. (1896) 
10 Gbivs RZ transmission at 1308 nm over 420 km using a chain of mutiple quantum-well semiconductor optical ampltier modules at 
38 km intervals. European Confarenca on Optical Communications 1996.) 


the average transmitted power to between 0 and 
2 dBm (7-9 dBm peak power). The transmission fiber 
length was 420 km with 12 in-line SOAs, used to 
compensate for fiber loss, spaced at 38 km intervals. 
At the receiver the signal was passed through a I nm 
bandpass filter, to reduce the accumulated sponta- 
neous emission, amplified by an SOA preamplifier and 
filtered by a 1 nm bandpass filter. The signal was then 
detected by a p-i-n photodiode followed by an 
electronic clock and data recovery circuit. The SOA 
preamplificrand filter increased the receiver sensitivity 
from —14 dBm to ~31 dBm for a BER of 10°". The 
receiver penalty after 420km was 5dB. In this 
experiment, the main limitation on transmission 
distance was the accumulation of spontaneous emis- 
sion within the optical filter bandwidth, 


Pattern Effects and Crosstalk 


When an SOA is operated in the unsaturated regime, 
the amplifier gain is independent of the number of 
input signals and signal data rate. Outside this 
regime, the SOA will cause distortion because at 


high input powers, the gain saturates and compresses. 
Dynamic gain saturation occurs on the same time 
scale as the gain recovery time. This leads to pattern 
effects where the power of an incoming bit affects the 
gain experienced by subsequent bits, This is particu- 
larly important when the bit rate is of the same order 
as the inverse of the gain recovery time as shown in 
Figure 7. In WDM systems cross-gain modulation 
(XGM) between the channels can lead to severe 
interchannel crosstalk. 

A further complication in WDM. systems using 
SOAs is interchannel crosstalk caused by four-wave 
mixing (FWM). FWM is a coherent nonlinear process 
between two optical fields within the SOA, resulting 
in gain modulation at the beat frequency between the 
fields, and in the process generating new sidebands. In 
WDM systems with equally spaced wavelengths, the 
net effect of FWM is the generation of crosstalk terms 
interfering with the desired signals. Although the 
crosstalk can be relatively low in power terms, it can 
produce significant power penalties due to the 
coherent beat noise phenomena, The level of 
FWM crosstalk increases as the channel spacing 
decreases and the channel output power increases. 
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Figure 7 Typical eye diagrams of 10 Gb’s nonretumn to zero data (a) before and (b) after amplification by an SOA. ASE noise is 


present in the output eye diagram. 


FWM crosstalk is of particular importance in dense 
WDM systems where the inter channel spacing is less 
than 100 GHz. Figure 8 shows a typical SOA output 
spectrum for an 8-channel multiplex with FWM- 
generated crosstalk signals, 


Ultrashort Pulse Amplification 


Optical time division multiplexing is an efficient 
method for increasing the bit rate of optical trans- 
mission systems. This requires the time interleaving 
of short optical pulses. The transmission distance is 
limited by the fiber group velocity dispersion, which is 
proportional to the pulse spectral width. Soliton 
transmission is also possible where the pulse shape is 
preserved as it propagates in the fiber. 

Because an SOA has a very large bandwidth 
(typically 5 THz) it is capable of amplifying pulses as 
short as 100 fs. An input pulse can be amplified 
without significant distortion if the pulse energy is 
much less than the saturation energy E,,, of the SOA. 
‘Typical SOA saturation energies are of the order of a 
few pico Joules. As the pulse energy approaches Esse, 
considerable spectral broadening and distortion 
can result. For an input pulse width 7, (full width 
at half maximum) of the order of 10-100 ps spectral 
broadening is primarily due to self phase modulation 
(SPM). SPM is caused by gain saturation, which 
leads to intensity-dependent changes in the SOA 
active layer refractive index in response to carrier 
density variations. The degree of spectral broadening 
and distortion also depends on the input pulse shape. 
If zp is much less than the carrier lifetime, the output 
pulse power Pax(t) and phase @yy(t) are given 
approximately by 
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Figure 8 Typical SOA output spectrum for an 8-channel WOM, 
‘multiplex with 100 GHz spacing. Channel 6 has been dropped to 
show the FWM crosstalk signal caused by channels § and 7. 
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where P,,(t) and dia(t) are the input pulse power and 
phase, respectively. Go and a are the amplifier 
unsaturated gain and linewidth enhancement factor, 
respectively. Typical values for @ are in the range 
2-10 and depend on the amplifier active region 
material and operating conditions. The output pulse 
spectrum can be obtained from 


sw=|f Poul dH! explidy()+ioop)th] (71 
= | 


where 1=w9/27 is the pulse optical frequency. The 
output pulse chirp (frequency variation) is given by 


1 Adour _ aah 
Tan ee 
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where Ara(t) is the input pulse chirp. Using the 
above theory the shape, chirp and spectrum of an 
amplified zero-chirp (transform limited) Gaussian 
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pulse of input power 


is shown in Figure 9. Ej, is the pulse energy and 
p= 1.6657. The amplified pulse is asymmetric 
because the leading edge of the pulse experiences 
a larger gain than the trailing edge. The amplified 
pulse spectrum is broader than the input pulse and 
also develops a multipeak structure. This is due to 
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Figure 9 Amplified pulse shape, frequency chirp and spectrum 
for a transtormlimitad Gaussian input pulse with E/E. = 0.1 
and a =5. v's optical frequency. The parameter is the amplifiar 
Unsaturated gain 


the SPM-induced frequency chirp imposed on the 
pulse as it propagates through the amplifier. In this 
case the chirp is linear around the peak of the 
pulse power spectrum, It can be compensated by 
transmitting the pulse through an optical fiber with 
anomalous group-velocity dispersion, In_ practice 
optical pulses can be far from Gaussian and can 
also have an initial chirp. In this case the induced 
chirp and resulting pulse spectrum can be more 
complex and more difficult to compensate. 

‘When the input pulse width is less than ~ 10 ps, the 
above theory is no longer adequate and other 
nonlinear effects within the SOA such as carrier 
heating and spectral hole burning must be taken into 
account. The resulting pulse power and spectral 
distortions induced by an SOA on such pulses can 
be very complex. 


Functional Applicat 


SOAs can be used to perform functions that are 
particularly useful in optically transparent networks, 
Recent advances in photonic integrated circuit and 
optoelectronic device packaging technology have 
made the deployment of SOA functional elements 
feasible. Two of the most important applications 
of SOAs are optical switching and wavelength 
An example of a2 x 2 SOA switch module used for 
optical routing is shown in Figure 10. Larger switch 
matrices can be constructed using this basic element. 
The moduleis based on a hybrid structure consisting of 
four integrated SOAs mounted on a silicon submount. 
The SOA-array is aligned to input and output polymer 
waveguides through V-grooves and alignment inden- 
tations, An incoming data packet can be routed to any 
output port by switching on the appropriate SOA. 
Switching times of the order of 1 ns are possible. 
Ultrafast switching (<100 fs) can be achieved by 
incorporating SOAs in non-linear loop mirror struc- 
tures, such as the terahertz optical asymmetric 
demultiplexer (TOAD) shown in Figure 11, Switching 
is achieved by placing an SOA offset from the 
center of an optical fiber loop mirror and injecting 
data into the loop via a 50:50 coupler. The two 


Suns 
a 
incoming 42% a Routed packets 

data packets —> > — 

inp eS Output 

fers ‘ere 

Polymer vary: 
waveguides 


Figure 10 2x2 hybrid SOA switch module. 
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Figure 12 SOA Mach-Zehnder wavelength converter. 


counter-propagating data pulse streams arrive 
asynchronously at the SOA. A switching pulse is 
timed to arrive after one data pulse but just before its 
replica. The switching pulse power is adjusted to 
impart a phase change of radians onto the replica, so 
the data pulse is switched out when the two counter- 
propagating components interfere on their return 
to the coupler. The TOAD can also be used to 
demultiplex high-speed time division multiplexed 
pulse streams. 

All-optical wavelength converters will play an 
important role in broadband optical networks. Their 
most important function will be to avoid wavelength 
blocking in optical cross-connects in WDM networks. 
Wavelength converters increase the flexibility and 
capacity of a network using a fixed set of wavelengths 
and can be used to centralize network management. 
In packet switching networks, tunable wavelength 
converters can be used to resolve packet contention 
and reduce optical buffering requirements. 

‘Wavelength conversion in SOAs can be achieved 
using XGM, cross-phase modulation (XPM), or 
FWM. The design of an SOA wavelength converter 
based on XPM requires that one or more SOAs be 
incorporated into an interferometer, an example of 
which is the Mach-Zehnder interferometer (MZI) 
shown in Figure 12. An input data signal at 
wavelength A, is used to modulate the upper SOA 
refractive index, which controls the phase shift 
experienced by a second unmodulated input signal at 


Ay in one of the interferometer arms. When the input 
data signal is low (logic 0), the arms are in phase and 
the Aj signal appears at the top output. When the input 
pump signal is high (logic 1) it produces an extra 
phase shift between the two arms, causing them to be 
totally out of phase and the A; signal to appear at the 
bottom output. Both outputs contain a copy of the 
original data signal imposed onto the new wavelength. 
Upand down conversion is possible. The lower SOA is 
used to equalize the gain experienced by the Ap signal 
in each of the arms. An optical filter is required at the 
output to remove Ay. Such wavelength converters can 
operate at very high bit rates (>10 Gb/s). An 
important advantage of the MZI structure is that it 
also gives 2R regeneration (re-amplification and 
reshaping) of the input data signal with wavelength 
conversion. This is because the interferometer non- 
linear response increases the converted signal extine- 
tion ratio compared to the input data. All-optical 3R 
(QR + retiming) regenerators are of great interest in 
future optical communication networks to restore 
degraded transmission signals, SOA-based interfero- 
metric structures can be used to achieve 3R (2R + 
retiming) regeneration at data rates >80 Gb/s. 
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Introduction 


Scientists are well known for the diversity of their 
interests. One topic that captures the interest of 
virtually all scientists, and people in general, is 
money. Not only are people engaged in obtaining 
money, but they are also fascinated about the 
manufacture of money and the protection of its value. 

The relationship between manufacturing tech 


niques and the protection of value documents 
(currency, stock shares, bonds, etc.) is not accidental. 
Technology has always been employed to counter the 


contemporary threats of counterfeiters. These threats 
vary, depending on the skill set and resources 
available to the criminal, as well as the counterfeiting 
strategy adopted. While we refer to banknotes 


i-Counterfeiting and Decorative Coatings 


repeatedly in this chapter, the information applies, 
as well, to passports, stamps, tax banderoles, identi- 
fication cards, visas, licenses, checks, and bankcards. 
Banknotes can be considered the most challenging 
application for optical anticounterfeiting technol- 
ogies. Stamps, banderoles, and checks are single-use 
items, and do not have to be as durable as currency. 
Identification cards, passports, and the like are used 
many times but are generally in protective covers and 
are examined by trained personnel. Currency must 
endure the rigors of commerce and travel, while still 
being easily authenticated by the average citizen 

The ever-increasing availability of low-cost com- 
puter hardware and software, along with color 
photocopiers and printers, has stimulated the use of 
optical and electro-optical technologies that were 
previously applied in a limited fashion or not at all 
The 
devices, such as watermarks and threads; luminescent 


optical techniques include: transmitted light 


materials; reflective, interference, and diffraction 
schemes; modulation techniques (Moiré, 
example); and light polarization effects. 


for 


Each of these concepts either has been ors likely to 
be applied to value documents to prevent counter- 
feiting. Each has its own set of potential benefits and 
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application challenges, Also, some of these effects 
have been successfully applied to commercial dec- 
orative products, It is important to understand the 
difference between commercial and security uses. 
Effects aimed at commercial uses are mainly decora- 
tive or aesthetic, whereas security devices are func- 
tional and integrated into a security strategy. To 
ensure economic success, decorative products must be 
easily manufactured and widely distributed. In 
contrast, security products are carefully controlled 
in both their availability and the diffusion of 
manufacturing expertise. 


Historical Perspective 


Paper currencies (banknotes) have been printed for 
hundreds of years. Their history has been marked by a 
succession of technical changes in an effort to prevent 
counterfeiting. Sophisticated manufacturing tech- 
niques, such as intaglio printing and watermarks, 
along with special papers, made it difficult for 
counterfeiters to. produce acceptable imitations. 
Intaglio is the centuries old method of printing, 
using incised or engraved metal plates. The tremen- 
dous pressure of the intaglio press forces the paper 
into an ink-coated plate engraving, forming patterns 
of ink on the paper. 

In the eighteenth and nineteenth centuries, bank- 
note printers often used unique engravings of 
guilloche patterns (intricate, overlapping curves), 
vignettes, and portraits as anticounterfeiting devices. 
These sophisticated patterns effectively discouraged 
early, relatively unskilled, counterfeiters. The devel- 
opment of photography and lithographic printing in 
the late nineteenth century created new opportunities 
for counterfeiting. Photochemical technology made it 
possible to produce suitable reproductions using print 
shop facilities throughout the world. 

Photochemical techniques had significant limi- 
tations, however. The printed notes were passable 
but not high-quality imitations of genuine intaglio 
notes, Making lithographic plates required specific 
skill, considerable equipment, and left behind mean- 
ingful evidence (films, plates, press blankets, etc.) for 
police to find. 


Table 1 


Until the 1980s, counterfeiting detection methods 
by governmental officials were relatively uncompli- 
cated, as three general perpetrators could be classified 
in fairly predictable ways (Table 1). 

Until the advent of home computers, optical 
scanners, color printers, and copiers, the challenge 
for law enforcement was difficult but focused. 
Amateur counterfeiting was virtually nonexistent. 
The effort required to make a few notes was daunting, 
the risk high, and potential profit meager. This meant 
that anticounterfeiting police efforts could be con- 
centrated on criminal counterfeiters. Government- 
sponsored counterfeiting was certainly known (both 
the Germans and the British attempted to de-stabilize 
their opponents’ national economies during World 
War II), but this was more an issue of foreign policy, 
diplomacy, and espionage and not the main province 
of national police. 

‘The situation changed quickly and radically in the 
late 1980s. Color photocopiers had improved in cost, 
quality, and size to the point that commercial 
establishments were buying hundreds of machines. 
‘The 1990s introduced numerous new technologies to 


seduce the casual counterfeiter. These included home 
computers, graphics editing software, color printers, 
and low-cost scanners. 

‘The amateur counterfeiter now had an array of 
sophisticated tools that could copy, edit, and repro- 
duce virtually any kind of document. Banknotes 
made by the techniques of ‘digifeiting’ (a term coined 
by Dr. Sara Church of the US Treasury Department) 
were not of high quality, but passable in small 
quantities in low risk situations. It was now possible, 
economical, and relatively safe to make one or a 
dozen bills, especially in low denominations. 

Police efforts were now severely challenged as 
the proliferation of amateur counterfeiters made 
investigation and prosecution costly. Especially in 
the United States, average citizens were lured by the 
prospect of augmenting their incomes by printing one 
or two notes a week. When apprehended, effective 
prosecution and punishment of such small-stakes 
criminals was expensive and unpopular 

Large-production criminal counterfeiting was 
augmented by new digital and electro-optical 


Glass of threat Typical volume of notes 


Resources and skils (1980) 


‘Amateur 
Criminal 


‘Small (<100) 
Medium to large (1000 to 1 000 000) 


State-sponsored Large (millions) 


Rolail paper, ink. Household chemistry 

Litho press, darkroom, plate making, cutting equipment. Skilled 
printing personnel 

Intaglio press, currency paper. Skilled engravers and printers, 
[Major distribution networks 
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breakthroughs. Lithographic plates could now be 
made without cameras or chemistry. Laser ablated 
plates made directly on the printing press (such as 
Heidelberg/Presstek) accurately duplicated features 
as small as 10 or 15 microns. Further, computer-to- 
plate technology with erasable plates presented an 
unusual opportunity for counterfeit production in 
small press shops. 

The use of new electronic and optical tools by 
amateur and criminal counterfeiters coincided with a 
rise in state-sponsored counterfeiting. The United 
States, in particular, was victimized in the early 1990s 
by high-quality, intaglio-printed notes. One such 
note, dubbed the ‘super $100" was allegedly produced 
in huge volumes in the Middle East and circulated 
widely in Europe, 

Various means of detecting counterfeits were 
promoted but remain largely ineffective today. The 
so-called ‘detector pen’ applies a small amount of 
iodine solution onto a banknote. The iodine reacts 
with starch (often used to stiffen paper to give it a 
banknote ‘feel’), turning the pen mark from light 
brown to black. Unfortunately, the presence or 
absence of starch in the paper is not a foolproof 
criterion, US currency paper contains no starch, while 
the currencies of other countries, such as Canada, 
have a starch component, 

Concurrent with the availability of new high-tech 
counterfeiting tools, optical science has been hard at 
work to create protection schemes, utilizing the latest 
optical effects and manufacturing technologies. These 
new technologies have been largely outside the 
skill set and resources of amateur, criminal, and 
even state-sponsored counterfeiters, 

An analysis ofall the types of optical materials used 
for anticounterfeiting purposes as well as for dec- 
orative purposes shows that all are based on the 
control of electromagnetic radiation in the ultra- 
violet (UV), visible, and infrared. Exploiting various 
degrees of light transmission, reflectance, absorption, 
or scatter controls this radiation. In particular, all 
anticounterfeit devices fall into one or more of five 
basic categories: light patterning, light re-emission, 
light diffraction, polarization, or light interference. 
Characteristics of an effective anticounterfeiting 


solution include: 


‘© quick verification by the average person; 

«ability to function in a variety of lighting 
situations; 

# deterrence of scanning and electronic photocopy- 
ings 

© compatibility with existing banknote production 
schemes and equipment; 

« ability to be verified by machines; 


© durable and reliable despite strenuous handling 
conditions; 

tight control of materials and manufacturing 
processes. 


Devices Based on Light Patterning 


Watermarks 


Images can be created in the paper substrate during 
the manufacturing process. Watermarks have been in 
use for at least 500 years and are produced by the 
arrangement of the paper fibers in the cylinder-mold 
paper machine or by impression in wet paper in the 
Fourdrinier paper machine. Because they are not on 
the surface of a document, watermarks are not readily 
visible in reflected light, but become apparent when 
light is transmitted through the paper substrate. 
Credible counterfeits, however, have been produced 
using images created by imprinting paper with waxy 
or oily substances. The fatty ‘ink’ is not readily 
detected on the surface of the document and serves 
to change the light transmission characteristics of 
the paper. 

Watermarks serve chiefly to authenticate the paper 
substrate and to deter the practice of ‘raising’ notes, 
that is, bleaching a genuine low-denomination note 
and re-printing it asa higher value. The most effective 
watermarks are produced by the cylinder-mold 
process and use an image that is a duplicate of that 
image printed in ink (Figure 1) elsewhere on the 
document. This gives the examiner a reference point 
to compare the watermark as, for example, on all 
high-denomination US currency. 

Watermarks are an effective counter 


ting deter- 
rent when the general population is educated about 
their presence and their function. The limited opport- 
unity to expose banknotes to a source of transmitted 
light (outdoors or in a dimly lit restaurant, for 
example) somewhat reduces their effectiveness. 


eal 


Figure 1 Watermark portrait of Clara Schumann, famous 
Pianist and wife of composer Schumann: far left ~ portrait in 
transmitted light; center — portrait in reflected and transmitted 
light; and right ~ banknote in reflection. Courtesy of Papiertabrik 
Louisenthal 
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Threads 


Thin strips of polymer or metallized polymer can be 
imbedded in the paper substrate during the paper- 
making process. Such strips are approximately 12 
microns thick and 1-5 millimeters wide, These strips 
are known as threads because Crane & Company 
developed the original concept in the 1860s, using 
colored silk thread. Typically, threads are installed 
horder-to-border in the narrow direction of the 
banknote. Because they are inside the paper, they 
are not seen in reflected light, but are readily visible 
when light is transmitted through the substrate. Such 
threads are effective deterrents against counterfeiting 
achieved by scanning or photocopying, as the scanner 
uses only reflected light and cannot duplicate the 
buried thread. Threads have evolved into several 


Figure 2 Windowed thread. Reproduced with permission from 
De La Rue Intemational Limited. 


Figure 8 Fluorescent thread embedded into US $100 note 
produced with permission from Crane and Co., nc. 


# De-metallized threads: Thin polymer coated with 
an opaque metal. The metal is selectively removed 
to create text or images. 

© ‘Window’ threads: Metallized polymer that is 
‘woven’ in and out of the paper to permit 
observation in both reflected and transmitted 
light (Figure 2). 

© Fluorescent threads: Polymer impregnated with 
ultraviolet inks that emit a specific color under UV 
irradiation (Figure 3). See the section ‘Devices 
Based on Light Re-emission’ later in this article. 

© Diffractive threads: Metallized polymer strips that 
have been embossed with diffractive or holo- 
graphic patterns and attached by hot-stamping or 
adhesive to the surface of the note. See the section 
“Devices Based on Light Diffraction. 


Potential drawbacks to the use of threads are 
durability and the temptation of the general public to 
try to extract them from the banknote. Also, some 
threads can be simulated by printing or by attaching a 
polymer film to the surface of the banknote. 


Laser Perforation 


A modern ‘watermark’ concept is laser perforation 
of the banknote substrate. Precise patterns of 
microscopic holes (ca. 100 microns diameter) can 
be drilled using a high-power laser apparatus. The 
200-Franc Swiss banknote features denomination 
numbers that are not readily visible in reflected 
light. However, when a light source is held behind 
the note, the numerals fabricated by laser perfor- 
ation are clearly visible (Figure 4). In addition to 
being easily authenticated by non-expert observers 
with no special viewing apparatus, laser perforation 
has forensic advantages. The penetrations made by 
laser beams have a particular shape, spacing, and 
dimension, which are not easily mimicked. By clever 
adaptation of laser scanning software, holes of 
different shapes can be made and inter-mixed for 
additional security complexity. As a result, manual 


Figure 4 Micropor laser holesin banknote. Lettimage in transmitted light right image in ratlacted light. Reproduced with perission 


‘rom Orell Fussii Security Printing Lia, 
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pin pricks and mechanically pierced holes can be 
discriminated as forgeries. 


Reflective Foils 


One of the earliest defenses against photocopying and 
digital scanning was the use of reflective metallic foils 
affixed to the surface of the document. Such foils yield 
>80% reflection during scanning and the resultant 
scanned image is usually a black field. 

Attachment of foils to currency paper or documents 
is carried out by applying a thermoset adhesive under 
heat and pressure and releasing the optical film from 
its carrier web by means of a separate polymeric 
release layer. This process is known as hot-stamping. 
Alternatively, an ultraviolet curing adhesive can be 
used to affix the foil to the paper substrate using a 
cold roll-on process. 

Foiling may impede the amateur counterfeiter; 
since decorative foiling of stationery and packaging is 
well known, it presents little challenge to the 
professional perpetrator. 


Planchettes 


Planchettes are small flakes or fragments a few 
millimeters in diameter and 10-25 microns thick. 
These are often colorful or reflective materials and can 
feature a variety of effects including iridescence, 
diffraction, fluorescence, magnetic properties, or 
thermochromic properties. These fragments are 
attached to the hanknote substrate by an adhesive 
(Figure 5). Planchettes discourage scanning and 
photocopying, since the copier cannot duplicate their 
special properties. Unfortunately, planchettes have 
been found to be non-durable and easy to simulate. 
The generally random placement makes it difficult 
for an examiner to authenticate a genuine note. 


‘Thermochromic Inks 


Inks that react to temperature changes have been 
employed on checks and identity cards. Thermo- 
chromic inks fluctuate from one color to another 


Figure § Peruvian 100 Nuevo Soles note showing iridescent 
planchettes. Reproduced with permission from Flex Products, Inc. 


when the temperature of the printed image is raised. 
While it is possible for body temperature to activate 
this change, the effect is more certain if infrared heat 
is used. Since the process requires several seconds to 
activate (depending on the heat source), thermo- 
chromic materials have not been widely used on 
banknotes where immediate authentication is 


Colored Fibers 


Extremely fine fibers (ca. 15 microns diameter) have 
been incorporated into currency papers for decades. 
The United States, for example, uses a few hundred 
grams of red and blue fibers per ton of paper in 
making currency. While of some forensic interest, the 
amount and size of the fibers makes them nearly 
undetectable by the average citi 

Alternatively, fibers may be impregnated with 
fluorescent materials, or with absorbers that selec- 
tively absorb the wavelengths of light typically used 
in copy machines, producing obvious forgeries when 
copied. 


Moiré Effects 


Images can be created with very fine details that 
produce aliasing errors when digitized. Aliasing is the 
creation of new and spurious patterns through the 
superposition of two patterns whose periodicities are 
unequal, It represents interaction hetween the spatial 
frequency of the genuine document and the sampling 
frequency of the copying device. Aliasing is com- 
monly known as moiré in the printing industry. 
Typical moiré generating patterns are constructed as 
closely spaced concentric circles, often found around 
the eyes in portraits on banknotes. When scanned 
digitally, the resulting copy will contain spurious 
images (scan traps) that are easily identified as 
fraudulent. 

For example, ifa genuine document is designed in a 
1000 dpi (dots per inch) printing process it can later 
be scanned on a 1000 dpi scanner and, theoretically, 
all the data can be reproduced accurately. If, however, 
the scanner and the document are not in synchrony, 
the scanner will miss pieces of data, depending on the 
registration error, resulting, in a digitized image that 
does not resemble the original. 

In the scanned section of a US $5 note (Figure 6), 
one can see patterns of curved lines intersecting in the 
background, whereas the authentic image consists of 
fine parallel lines that do not intersect. The curvature 
and intersections are artifacts of the moiré created by 
digital scanning. 
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Figure § Scanned section of US $5 note showing moiré effect. 
‘Authentic image has no intersecting lines. Courtesy of Flex 
Products, Inc. 


Modulation Techniques 


Images produced by offset lithography are based 
on patterns (screens) of fine dots. By varying dot 
density, an array of shadings and tones can he created. 
More progressive modulation techniques, such as 
amplitude modulation (varying dot sizes) and fre- 
quency modulation (varying dot spacing) are often 
used to produce high-resolution images. To deter 
counterfeiting, banknotes can be printed using pixels, 
which are lines of equal length but assorted angular 
orientation. This technique is known as screen angle 
modulation (SAM). 

SAM techniques can be used to defeat digital 
scanners by preventing the scanning of all available 
information due to under-sampling, or by concealing 
hidden patterns which are not demodulated by the 
human eye, but can be detected with suitable filters 
(Figure 7). A variant of this technology, called 
Scrambled Indicia, has been used to protect US 
postage stamps (Figure 8). 


Devices Based on Light Re-emission 


Ultraviolet Fluorescent Inks 


Ultraviolet (UV) inks are widely used on banknotes as 
semicovert deterrents, Images printed in UV inks are 
challenging to detect in normal lighting situations but 
are readily visible under UV (black light) illumina- 
tion. Such printed images require a special light 
source for authentication and are subject to degra- 
dation over time from the handling and chemical 
exposure of banknotes. Typically, these products are 
sensitive to either short UV at 254 nanometers or long 
UV at 366 nanometers. 

UV inks provide good protection against photo- 
copying but can be readily simulated by more 
advanced counterfeiters. 
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Figure 7 Top image — hikien mage as normaly seen; Bottom 


image ~ image decoded with visile line sereen. Courtesy of Joh 
Enschedé Security Printing Ltd 


Figure 8 Hidden image in 92¢ US postage stamp decoded by 
invisibie ine screen (left image ~ normal view; right image ~ with 
‘decoder in place). Courtesy of Flex Products, Inc. 


UV Fibers 


Several countries mix minute quantities of UV 
luminescent fibers into the paper substrate, In most 
cases, these are randomly placed and invisible to the 
naked eye. 


Devices Based on Light Diffraction 


Diffractive structures range from simple periodic 
surface relief structures (textured surfaces) to multi- 
level holographic structures that form a continuum of 
products ranging from decorative coatings to anti- 
counterfeit devices. Figure 9 shows a generalized 
structure for all known types of reflective-hased relief 
structures. 

Most devices are based on reflection; however, in a 
few instances where clear polymer is used, devices 
may also be based on diffractive light transmission. 
The sizes, shapes, and orientation of the grooves vary 
according to the exact device. The opaque aluminum 
layer insures that the design works in reflected light. 
Most of these structures exhibit a rainbow effect 
where the color moves from short to long wavelength 
as the viewing angle increases. This rainbow effect 
can be found for all types of structures with grooves 
that have sizes near that of light wavelengths. The 
color shifts in a direction opposite to that of a thin 
film interference structure. Further, the rainbow effect 
can only be seen in a direction perpendicular to the 
groove direction. In the special case where the groove 
dimensions are less than the wavelength of light, the 
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Figure 9 Cross-section a dfraction device. Courtesy of Flex Products, Inc 


rainbow effects disappear and are replaced by 
another type of diffraction (zero-order diffraction), 
where only specific colors are seen in reflection. 
Groove height and width for all diffraction products 
range from 0.1 to 10 microns. 

For a unique set of diserete angles and for a given 
spacing d, the diffracted light from each facet is in 
phase with the light diffracted from any other facet, 
so they combine constructively: 


Gma= sina + sin B i 


where G = 1/d is the groove density or pitch, eis the 
angle between the incident light and the normal to the 
grating, is the angle between the diffracted beam 
and the normal to the grating and 7 is an integer 
called the diffraction order. 

For m= 0, B= —a for all A, the grating acts asa 
mirror and the wavelengths are no longer separated. 
This is called specular or zero-order reflection. 

In contrast to grating structures (linear grooves) 
that only modify light intensities, holographic 


structures are complex surface contours that modify 
both the phase and intensity of the reflected light. 
Light reflecting off a metallized holographic structure 
is capable of producing an image in either two 
dimensions (2D) or three dimensions (3D). Heat and 
pressure may emboss the relief structure into a 
metallized polymeric film by hot-stamping. Alterna- 
tively, an embossing metal roller presses the relief 
image into a thermoplastic film or thin ultraviolet 
curable coating. The embossed structure is sub- 
sequently metallized with opaque aluminum or with 
a high-index dielectric material such as zine sulfide or 
zirconium dioxide. The latter layers allow printed 
information on the substrate to show, while at the 
same time provide a holographic image. However, 
such high-index holograms are not as bright, since 
some of the reflective light is lost in transmission. 
Polymethylmethacralate (PMMA), polycarbo- 
nate (PC), polyvinyl chloride (PVC), and polyester 
(type G) are typical materials that can accept such an 
embossing. 
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Thick metallized embossed plastic films of ca. 50 
microns are used for decorative labels. Thin metal- 
lized embossed hardcoats of ca. 7 microns, which can 
he released from cartier sheets or embossed thin 
plastic films, are used for the security field. 

Holograms used for high-security applications 
have one characteristic that distinguishes them from 
ordinary holograms or other diffractive devices used 
for decorative purposes. This characteristic finds itself 
in the complication of images, multilevel images at 
different focal depths, different images that appear at 
various viewing angles, images of 3D objects super- 
imposed with synthetic 2D images, micro-images, or 
images that appear to move as the device is tilted back 
and forth. Specific types of diffractive structures are 
described below. The list starts with simple holo- 
grams used in decorative markets and progresses to 
high-security devices. 


Diffractive grating: A structure comprised of square 
or sinusoidal linear grooves that breaks light into 
its component colors. An assemblage of abutting 
islands, each randomly oriented and with its own 
parallel grooves, gives the viewer a twinkling color 
effect (Figure 10). 

2D hologram: A relief structure that, upon viewing 
with a point source of light, shows a 2D image of 
objects, text, logos, or lines that emerge over a 
background. Such holograms are often referred to 


Figure 10 Picture of a typical diffractive assemblage of 
gratings. Reproduced with permission from Amagic Holographics 
IncJ/K-Lasar Technology, Inc. 


Figure 11 2D hologram. Courtesy of American Bank Note 
Holographies, Inc. 


as ‘cartoon images’ since they are images of 
original drawings (Figure 11). Because of their 
simplicity and frequent use as decorative packa- 
ging, these holograms are generally not used in the 
security market. 

Mattilevel 2D hologram: A relief structure that shows 
a simulated 3D effect. This is accomplished by 
creating an image with two or more layers of flat 
artwork, with each layer at a slightly different 
focal depth (Figure 12). These images are well 
suited for labels, cards, and other decorative 
products. They have also been used on coupons, 
gift certificates, and tickets. 

3D hologram: A relief structure that reconstructs a 
3D image from a real or computer-synthesized 3D 
object (Figure 13). A 3D dove has been used on the 
VISA credit card as a security device for many 
years, though many now consider it more of a 
marketing logo than a security feature. 

2D/3D hologram: A relief structure that reconstructs 
an image showing both a 3D and a 2D object, 
created from a 3D sculpture and flat art drawings 
(Figure 14). The artwork is created in such a way 
that the images appear at different depths of view. 

Stereo-hologram: A relief structure that reconstructs 
a 3D image such that upon tilting from side to side 
one can sce around the object, and additional 
features can then be viewed. At any given angle, it 
appears to be a 3D hologram. The image is created 
through multiple exposures of a 3D object during 
the holographic mastering process. 


Figure 12 Multilevel, 20 hologram. Courtesy of American Bank 
Note Holagraphics, In. 


Figure 13 3D hologram. Courtesy of Amarican Bank Note 
Holographis, Inc. 
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Figure 14 20/30 hologram. Courtesy of American Bank Note 
Holographies, Inc. 


Figure 15 True color hologram. Reproduced with permission 
from Light Impressions Intemational, Inc. 


True color hologram: In contrast to the holograms 
described above, a true color hologram is created 
by diffraction angle control of the colors red, 
green, and blue from a 3D object or color 
transparency. The relief structure, when viewed 
in white light, reveals a picture in true color, as 
opposed to the rainbow effect seen in regular 2D 
and 3D holograms (Figure 15). 

High-definition security hologram: A relief structure 
that produces an image composed of multiple 
elements, such as fine line text and complex 
patterns that simulate movement as the device is 
tilted back and forth. Different images also appear 
at different angles (Figure 16). These images occur 
because different images are recorded in the 
holographic mastering process at different angles. 
The complicated imagery and the use of multiple 
images is the major holographic technique in use 
today for anticounterfeiting. 

High-definition diffraction gratings: The relief struc- 
ture in Figure 17 shows a multitude of elements, 
each with colors that change upon tilting. It 
consists of a very fine line grating structure, 
1000 lines or greater per millimeter. These 
gratings are sometimes combined with holo- 
graphic images that change depictions upon 
tilting, thus providing a high level of security. 

Kinegrams™: This grating structure, based on com- 
puter-generated graphic images, is composed of 


Figure 16 High-definition security hologram. Number 50 
appears in various colors in first angle of view. Colored shells 
‘appear at another angle of view. Reproduced with permission 
from DeLaRue Intemational Limited 


mee 


Figure 17 Left and center images ~ Exelgram™ at two diferent 
Viewing angles. Reproduced with permission from CSIRO. Right 
Image ~ HiMax" OVD high security device showing portrait of 
Sir Isaac Newton. Reproduced with permission from Light 
Impressions Intemational, ne. 


light diffracting microstructures of less than one 
micron, with blaze (saw-tooth) contours. that 
when viewed display optokinematic movements. 
This security device was first used in 1987 on 
Austrian 5000 Schillings. When the orientation 
of the blaze grating changes across the device, 
two distinct images are possible, depending on 
the view with respect to the blaze angles. The 
images do, however, requite an aluminum reflec- 
tive layer deposited onto the relief structure in 
order to generate the highly reflective colored 
images, 

A 180° rotation of the device can lead to a 
marked change in the diffraction properties and, 
consequently, the image properties. This stands in 
contrast to holographic symmetrically based 
structures that yield identical images. An example 
of a Kinegram™ security device is shown in 
Figure 18. The letter “K’ on the front facet of the 
cube is filled with an asymmetric structure, 
whereas the background is realized by using the 
same structure rotated by 180°. When viewed 
from one side, the letter ‘K” appears bright on a 
dark background. Upon rotation in its plane by 
180°, the contrast between the letter “K” and the 
background is reversed, 

Zero-order diffraction gr: 
quite different from holographic or normal grating 
structures, as itis based on an abrupt change in the 


: This relief structure is 
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Figure 18 The Kinegram® security device as seen in two views 
differing from each other by a rotation of 180° in its plane, while 
illumination and viewing conditions remain unchanged. Repro 
duced with permission from OVD Kinegram Corporation. 


Figure 19 Zoro-ordor dracon images in a DID™ socurty 
device: two views 180" apart in planar rotation. Reproduced with 
permission trom Hologram Industries. 


refractive index ftom approximately 2.3 to 1. 
Rather than employing an aluminized layer for 
reflection, the structure uses a thin, high-index 
layer (= 2,3, for example) embedded in an 
organic polymer with a refractive index of about 
1.5. The high-index layer appears as a parallel 
series of lines, approximately 0.2 microns wide, 
with another parallel series of lines beneath the 
first set, but oriented under the spacing of the first 
set of lines at a depth of about 0.2 microns. 

This structure not only changes color as the 
device is tilted back and forth but also as it is 
rotated. In rotation, the color changes from red to 
green (Figure 19), Further, the light is polarized as 
it reflects. When a linear polarizer is inserted 
between the eye and the device, the color changes 
to black, The colors seen are based on specular 
zero-order reflection, unlike standard diffraction 
gratings where the reflected color is based on first- 
order reflection. The preeminent effect is when the 
device is placed over a black background. Over a 
white background the colors are subtler. Viewing 
reflection in zero order allows one to see the 
reflected colors in both point and diffuse lighting. 
The combination of polarization effects and color 
in rotation is ideally suited to high-security 
applications. 


Devices Based on Light Interference 


Thin-Film Foils 


There are two types of thin-film interference devices. 
The first is based on an all-dielectric filter, and the 
second is based on a Fabry-Perot resonance 
cavity structure of the type absorber/dielectric/reflec- 
tor. The all-dielectric filter uses pairs of high and 
low refractive index materials at a quarter-wave 
thickness. A typical filter is the one used initially on 
Canadian currency that employed the design: ZrO, 
IQWISIO, 3QWIZrO, IQWISIO, 3QWIZrO, 
1QW, where the QW (quarter-wave optical 
thickness) is centered at 585 nm. This design exhibits 
a gold-to-green color shift with viewing angl 

‘A Fabry-Perot filter also has a gold-to-green color 
shift and typically uses the design Cr 5 nm/MgF2 
4QW @ 604 nm/Al (opaque). This filter has slightly 
higher color saturation than the all-dielectric filter. 
The design is opaque and, therefore, the color 
observed is independent of the substrate color onto 
which it is affixed. This stands in contrast to the all- 


dielectric filter that must be laid over a black 
background for optical color saturation. If the all- 
dielectric filter is placed on a white background, the 
transmitted light passing through the optical filter 
will reflect off the white background and combine 
with the filter's reflection to give white light. 
However, with a varied colored background, the 
reflected color will vary depending on the combi- 
nation of reflected color from the substrate and the 
reflected color from the filter, 

The gamnt of reflected colors from a metal— 
dielectric foil covers all four-color quadrants in the 
CIE Lab color space. Brightness of the foil depends on 
the materials used and on the design. Figure 20 shows 
the theoretical gamut of colors as plotted on the a" b” 
plane for the design, using the materials Cr, MgF2 
and Al. 

Foils based on thin film interference layers contain 
a reflectance peak property moving from long 
wavelength to short wavelength as the viewing 
angle is increased. This is true across the UV, through 
the visible and into the near-infrared. To the human 
eye, the 
counterfeit foil shown in Figure 21 exemplifies this 
effect. 

Shifts from long to short wavelength occur because 
the path light difference (see the bold line in Figure 22) 
hetween the rays of light that reflect from the surface 
and the reflector are a function of the cosine of the 
incidence angle. 

The path length difference is shown by the term 
2d cos 8, where dis the angle of incidence within the 


color moves from red to blue. The anti- 
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Color a* b* Plot of OVD as a Function of Dielectric 
‘Thickness at 0 Degrees 
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= 4 QW 530nm-700nm 
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S— 6 QW 590nm-700nM 


100-80 


Figure 20 Gamut of colors at 0° incidence viewing under Iluminant C produced from Fabry-Perot designs as a function of 


(quarter-wave optical thickness. Courtesy of Flex Products, Inc. 


Figure 21 Anticounterteit interference foll on brake shoes. 
Reproduced with permission from November AG. 


filter and d is the distance between the surface of the 
filter and the reflector. The angle and the angle gare 
related by Snell’s law: ng sin & = mi sin 6. 

Light interference occurs where the wavefronts 
superimpose on one another, The fractional number 
of wavelengths that can fit into this path length 
difference is given by VW = 2md cos(@/A, where A is 
the wavelength of light. Waves reflected from these 
two surfaces will interfere constructively when W is 
an integral number of wavelengths and interfere 
destructively when W is at multiples of half wave- 
lengths. As the viewing angle (¢) increases, the angle 
also increases. Thus, constructive interference 


Incident ight Reflected light 


Figure 22 Diagram showing the principle of optical shift with 
Viewing angle. Courtesy of Flex Products, inc. 


translates into a reflectance peak that moves toward 
shorter wavelengths as the angle of viewing is 
increased due to its cosine dependence, 

The Fabry-Perot filter can use any transparent 
dielectric (colored or clear), a reflective metal, 
although optical metals are preferable since they 
have the highest reflectance (e.g., Ag, Al, Ni, Cu), and 
an absorber that is partially transmissive and partially 
reflective. Thin metals, absorbing dielectrics, and 
metal nitrides are typical materials used as an 
absorbing layer. 


Light Interference Inks 


Inks based on interference pigments have been 
developed over the last thirty years, starting with 
pigments based on high-index thin film coated micas 
(typically TiO, coated micas) and culminating with 
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Figure 23 Loft image ~ cross-section of interference mica; right image ~ cross-section of optically variable pigment (OVP*), 


Courtesy of Flex Products, Inc. 


OVP" pigments based on the Fabry-Perot structure 
(Figure 23). 

Inks created from micas are known as pastel or 
pearlescent inks, whereas inks formulated from 
OVP" are known as optically variable inks (OVI"). 
The latter inks are used as a primary defense against 
counterfeiting, defeating color copying and color 
printing from computer images. The difficulty with 
using interference micas for security features is that 
they can be readily purchased in the commercial 
world, In contrast, OVP™ is a tightly controlled 
material and cannot be purchased by the general 
publi 

OVI" security ink has been formulated into 
intaglio, silkscreen, flexographic and gravure appli- 
cations. Its use on security documents encompasses 
over 75 banknotes worldwide, including the newly 
issued Euro notes, post-1996 $10, $20, $50, and 
$100 US banknotes, and banknotes for China. With 
the use of such inks, postage stamps, tax stamps, 
identification cards, and other security documents 
have also been effectively protected against counter- 
feiting. Color control for OVI" is assured because 
OVP™ can be blended according to additive color 
theory to produce a desired color and color shift. Two 
examples of OVI"— the 100 Pula Botswana note and 
the new 100 Enro note ~ can be seen respectively in 
Figures 24 and 25. 

OVI" inks have been extremely successful for 
banknote protection and might even be a de facto 
standard, because they meet the seven characteristics 
of an effective anticounterfeit solution as described 
earlier. 


Devices Based on Light Polarization 


The use of light polarization as an anticounterfeit 
feature has taken several avenues, one as coatings or 
pigments, the other as invisible images that are 
detected with a linear polarizer. With the exception 
of the zero-order diffraction device described earlier, 
polarization devices are based on cholesteric liquid 
crystals, using either nematic (planar oriented) layers 
or helical twisted layers. 


Figure 24 100 Pula Botswana note showing green-to-blue color 
shift OVI" with latent images. Reproduced with permission from 
SICPA. 


Figure 25. 100 Euro note showing magenta-o-greon OV" 
Courtesy of Flex Products, nc. 


Liquid crystal pigments are constructed from 
cholesteric polysilozanes that have been oriented 
and cross-linked in place with photopolymerization. 
With this cross-linking, pigments are relatively stable 
to temperature changes. These materials can form 
helical structures in either right or left twist orien- 
tation. Such materials reflect 50% of a band of 
wavelengths, centered at wavelength, Ao, of the 
incoming light as circularly polarized light and 50% 
of the band centered at Ay as transmitted, circular 
polarized light, but with the opposite twist. The 
remaining wavelengths pass through the structure 
with no interaction, The amount and type of the 
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chiral phase (components that inherently orient into a 
helical structure) in the polymer determine the pitch 
of the helical structure, This, in turn, determines the 
wavelength of reflection, ie. Ay = nP where 1 is the 
average refractive index and P is the pitch length of 
the material (pitch length determined by 360° 
rotation of the helix). At tilted viewing angles, the 
color changes according to the formula A= Ap cos 
where @ is the viewing angle relative to the vertical, 
and Ap is the reflected wavelength seen perpendicular 
to the surface. By the judicious combination of 
left- and right-handed helical based layers, or by 
inserting a half-wave retarder layer between two 
layers having the same helical structure, the resulting 
pigments reflect nearly 100% at Ao. 

When these materials are properly processed and 
ground (particles 2-50 microns thick, with an 
aspect ratio of 3:1 in lateral/thickness dimensions), 
particles with the helical structure perpendicular to 
the planar surfaces can be realized, Such pigments, 
or liquid crystal polymeric coatings, when printed, 
have colorshifting properties with viewing angles 
that defeat color copiers and the like, since toners 
have no color-shifting properties (Figure 26). These 
pigments also have an additional security feature, 
namely, that when viewed through a circular 
polarizer having the opposite twist, the color- 
shifting pigments appear black. 


ore, 
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Shigtin? 
Figure 26 Anticounterfeit label showing liquid crystal 


coating viewed straight-on and at tit angles. Courtesy of Flex 
Products Inc 
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Image invisible 


detection with a I 
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A special technology known as linear photo- 
polymerization (LPP) is a process to produce 
photo-patterned liquid crystal polymer (LCP) \/4 
phase retarders, which, when combined with a 
series of layers involving a reflector, and a linear 
polarizer, shows positive and negative images. 
Without the diagnostic linear polarizer, however, 
the image is invisible (Figure 27). 

Adding a nematic liquid crystal layer, which 
exhibits a helical twist configuration, extends this 
technology. The latter technology can produce 
colored images when viewed with a linear polarizer. 
Such devices can be coated or hot-stamped onto a 
substrate containing viewable information. 


Combination Devices 


Beginning in 2000, combinations of holographic 
structures with liquid crystal or interference thin 
films were developed, which could make counter- 
feiting even more difficult. Such structures emerge as 
a hologram floating on a color shifting background. 
Magnetic layers, integrated into part of the optical 
interference stack, allow spatial orientation and 3D 
effects during printing. 


Decorative Coatings 


Coatings Based on Diffractive Pigments 


When pigments based on diffractive effects are 
created, individual flakes have surface contours 
of groove-like structures of 2000-3500 lines mm". 
In spray-out coatings using such pigments, diverse 
interplay of subtle rainbow colors results (Figure 28). 
The effect is particularly striking in full sunlight 
as, for example, on curved surfaces found on 
cars and motorcycles. Some manufacturers have 
successfully used finely shredded diffraction gratings 


sar polarizer 
negative invisible 
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Figure 27. Reflective optical LPP/LCP security device showing a complex LPP/LCP retarder image visualized with one polarizer; 
rotation of the polarizer changes the image from postive to negative. Reproduced with permission from Folic Research, Ltd 
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Figure 28 Motorcycle painted with difraction-based pigments. 
Courtesy of Flex Products, Inc. 


(ca, 25 microns thick) as flakes mixed in paints for 
decorative purposes. The use of such thick flakes 
seriously limits the applicability and uniformity of 
the coating. 


Coatings Based on Interference Pigments 


Pigment-based interference effects are widely known 
and have been used for decades in the paint, plastics, 
and cosmetic industries. These structures are based on 
TiO, coated mica, where the mica thickness is 
between 300 and 600nm with planar diameters 
ranging from 1 to 200 microns, depending on the 
application. 

Depending on the thickness of the TiO. different 
reflective colors of silver, gold, red, blue, and green 
are achievable. For maximum color reflection, a black 
substrate or viewing at a particular angle is required 
so as to prevent dilution of the reflected color from 
light reflected from the substrate surface. Colored 
mica pigments are platelets of mica coated with 
colored oxides. Metallic-like colors are also formed 


from iron oxide coated micas. In the first instance, 
two colors may be seen: the platelet color (due to 
absorption) and the interference color at one angle. 
Only the interference color may be seen at another 
viewing angle. If the substrate is colored, the color 
switches from the interference color to the substrate 
color as the viewing angle changes. More recently, 
laminar pigments with an all-dielectric optical stack 
have been produced with a low-index central core, 
encapsulated with high-index layers that cause 
interference. 

Interference pigments based on absorber/dielec~ 
tricimetal/dielectric/absorber have also been intro- 
duced into the decorative marketplace. These 
structures are based on aluminum as the central 
layer, a dielectric spacer layer, and either a wavelength 
selective absorber layer such as iron oxide (Fej03) or 
a nonwavelength selective absorber such as chro- 
mium (Cr). In Fess based pigments, the face-on 
colors are mainly found in the yellows and reds 
whereas for the Cr-based pigments, a full color gamut 
is possible. 


Diffractive Foils 


These foils are based on diffractive and grating 
surfaces where the contours are generally less than 
2000 lines mm” ', These materials show a glittering 
effect, i.c., multiple points of color, as the viewing 
angle is changed. 


Interference Polymeric Films 


These films are made from multilayer extrusions of 
pairs of polymers of 50 or more layers. Each pair is 
composed of two different polymers with a slightly 
different refractive index. Each layer is approximately 
one-quarter wave in thickness. Due to the small 
refractive index differences between layers, the 
resultant film is approximately 25 microns thick. 
Uniform color at a given viewing angle is generally 
not possible due to the lack of thickness control. 
Hence, they tend to look like oil slicks, with each 
color changing as the viewing angle changes 
(Figure 29). Interference polymeric films have found 
use as decorative gift wrapping material. 


Holographic Foils 


As indicated earlier, holograms designed for non- 
security markets may range from simple 2D holo- 
grams to more complex ones that function for either 
decorative or brand protection purposes. Another 
application of holographic foils is in hologeaphic 
fabrics, whereby small holograms approximating 
several millimeters in diameter are affixed in a pattern 
to the cloth (Figure 30). 


Aluminum Flake Based Inks and Coatings 


These inks are composed of leafing or nonleafing 
aluminum powders and a polymeric vehicle. The use 
of leafing pigments produces images and coatings of 
high brilliance, whereas nonleafing pigments produce 
a matte or satin-like finish, 


Figure 29 Visual effect rom multiayer extruded polymeric film, 
Reproduced with permission from Englehard Corporation, 
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Summary and Challenges for 
the Future 


Optical scientists have shown tremendous creati- 
vity in discovering and employing clever technical 
devices in the fight against counterfeiting of valu- 
able documents. Optical solutions have been created 
that meet the functional as well as the economic needs 
of the document security industry. A cadre of research 
institutions and manufacturing companies has 
accepted the challenge of protecting the instruments 
of our economic and physical security. 

This vigilance will have to continue in the future. 
Nearly as fast as new defenses are developed, 
criminals are illicitly using new tools to defeat the 
protection schemes. Financing for sophisticated 
counterfeiting efforts is likely to increase, whether 
sourced by international terrorists or drug dealers. 
Likewise, the more we move toward an information 


Figure 30 Fabrics showing holographic elfects. Reproduced 
With permission from Amagio Holographies, nc/K:Laser Tach- 
ology, Inc. 


Table 2 Internet sites: Banknote Design & Protection 


society, the more we depend on machines to count, 
sort, and verify documents and money. This machine- 
driven trend will mandate new features, especially in 
banknotes and cards. 

Itis likely that the future of optical anticounterfeit- 
ing technology will be strongly influenced by: 


© Active, rather than passive, devices. That is, 
devices that can be applied to a document and 
later stimulated or interrogated by a machine to 
elicit a specific effect or signal, 

Schemes that may be merged with new biometric 
technologies, especially for individualized docu- 
ments, such as passports and identification cards, 
In such applications, it will be necessary to confirm 
that a document is genuine, and that it is in the 
possession of its rightful owner. 

© The need to clearly differentiate security appli- 
cations from decorative or aesthetic uses. Effective 
security products must always be carefully 
controlled and their availability limited. 

The willingness of the public to accept regular 
changes in the appearance of value documents, 
Currency will have to undergo redesign on a three- 
to-six year cycle, rather than the long cycles typical 
in the past, 


This chapter was intended only as a survey of 
the issues involved in anticounterfeiting protection. 
To learn more about the optical methods discussed 
here, or to learn more about the science of anti- 
counterfeiting, please consult the “Further Reading” 
section and the Internet sites listed in Table 2. 


‘Sponsor 


Web Addrass 


‘Amagic Holographics, Inc. 
‘American Bank Note Holographics, Inc. 
Bank of England 

Bundesdruckeroi GmbH 

Crane & Co. 

Engelhard Corporation 

European Central Bank 

Flex Products, Inc. 

Giesooke & Devrient 

Graphic Security Systems Corp. 
Hologram industries 

Joh Enschedé 

Ke-Laser Technology, Inc. 

Light impressions International, Inc. 
November AG. 

OVD Kinegram Corporation 
Papiorfabrik Louisenthal GmbH 
Rolic esearch, Lid, 

SICPA Security Inks 

‘Thomas De La Rue 

United States Bureau of Engraving 


itp. amagic-usa.com/ 
bitp:/win abholographics.com! 

bit bankofengland.co.ukvbanknotesindex him 
hip bundescrickere.de/en/praducts/index hil 
bitpwv.crane.com/speciaty_papers/defaul.asp 
hitp/vaa.engolhard com! 

itp. ecb int 

itp: ook. commarkots/ex_products html 
hitp/v.gdm.de/eng/main/homelindex. php 
bitpu/w.graphiesecurty.com 

itp Rologram-industes.com/pagos/indax him 
itp job-enschede.nVlvisiesjess-engols. html 
tpl Klaser.com.tw 
hitp/lwenlghtimpressions.com! 

itp. novernbor-ag.de 

hit kinegram com! 

bit ouisenthal dof 

itp rlc.com) 

itp sicpa.comidefaut asp2lang-e 

hits delarue.com’ 

bitpu/war.bep teas. gov 


OPTICAL COATINGS / Diamond Optical Devices and Coatings 331 


The authors express their gratitude to Ms. Sue 
Spadini for the technical editing of this work, and 
to the many individuals and companies who provided 
exemplars and illustrations. Please see the figure 
captions and the reference lists for their names. 


List of U1 


and Nomenclature 


2D two-dimensional 
3D three-dimensional 
CIE Commission Internatio 


nale de 'Eclairage; Inter- 
national Commission on 
Ilumination 

(L" = Lightness; a°.b" = 
chroma coordinates) 


CIELAB color space 


CMYK cyan-magenta-yellow- 
black 

qw quarter wave 

See also 


Holography, Techniques: Color Holography; Holo- 
graphic Interferometry; Holographic Recording Materials, 
and their Processing; Sandwich Holography and Light in, 
Flight. Microscopy: Interference Microscopy. Optical 
Coatings: Thin-film Optical Coatings. Polarization: 
Introduction; Matrix Analysis. 


Further Reading 


Committee on Next-Generation Currency Design, National 
Materials Advisory Board (1993) Counterfeit Deterrent 
Features for the Next Generation Currency Design. 
‘Washington, DC: National Academic Press. 

Demus D, Goodby J, Gray GW, Spiess HW and Vill V (eds) 
(1998) Handbook of Liquid Crystals. Weinheim, 
Germany: Wiley-VCH. 

Fagan WF (1990) Optical Security and Anticounter- 
feiting Systems. Volume 1210. SPIE Conference ~ 
The International Society for Optical Engineering. 
Bellingham, WA. 


Faris SM (1994) US Patent 5,364,557: Aligned Cholesteric 
Liquid Crystal Inks. 

Glausch R, Kieser M, Maisch R, et al. (eds) (1998) Special 
Effect Pigments. Hanover, Germany: Vincentz Verlag, 

Hutley MC (1982) Diffraction Gratings. London 
‘Academic Press. 

Phillips RW and Bonkowski RL. (2000) Security Enhance- 
‘ment of Holograms with Interference Coatings. Volume 
3973. SPIE - The International Society for Optical 
Engineering, Bellingham, WA. 

Phillips RW and Nofi M (1999) Colors by Chemistry or by 
Physics? Society of Vacuum Coaters 42nd Annual 
Technical Conference Proceedings, pp. 494-499, 
Chicago, IL. 

Phillips RW, Nofi Mand Slusser R (1994) Color Effects From 
Thin Films Designs. Eighth International Conference on 
‘Vacuum Web Coating, pp. 270-284. Las Vegas, NV. 

Proceedings of the International Conference on Security 
Documents for the 21st Century (1987) San Diego, CA. 
Prepared by Oak Ridge National Laboratories, CONF- 
87040175, Conteact DE-A-COS-840R2140, Oak Ridge, 
TN 37831 

Rancourt JD (1987) Optical Thin Films, Users’ Handbook 
‘New York: Macmillan. 

US House of Representatives (1984) The Currency Design 
Act. Hearing Before the Sub-Committee on Banking, 
Finance, and Urban Affairs, Second Session on HLR. 
6005, Serial No. 98-98. Washington, DC: US Govern- 
‘ment Printing Office, 

Van den Assem B, Brongers D, Rath J, et al. (1994) Practical 
Guide for the Security Documents Printing Sector. 
‘The Hague: SDU Uitgevererij Koninginnegracht. 

Van Renesse RL (1994) Optical Document Security 
London: Artech House. 

Van Renesse RL (1996) Optical Security and Counter- 
feit Deterrence Techniques. Volume 2659. SPIE 
Conference - The International Society for Optical 
Engineering, Bellingham, WA. 

Van Renesse RL (1998) Optical Security and Counterfeit 
Deterrence Techniques Il. Volume 3314. SPIE. Confer 
ence ~ The International Society for Optical Engineering. 
Bellingham, WA. 

Van Renesse RL and Vliegenthart WA (2000) Optical 
Security and Counterfeit Deterrence Techniques IIL. 
Volume 3973. SPIE Conference - The International 
Society for Optical Engineering. Bellingham, WA. 


Diamond Optical Devices and Coatings 


DMAslam, Michigan State University, East Lansing, 
Mi, USA 


(© 2006, Eleever Lt. ll Rights Reserved, 


What do a human, a plant, the photoresist used in 
microfabrication, and a polymer have in common? 
Why has carbon become a crucial part of all known 
living systems? The answer to these questions may be 


embedded in carbon’s hybrid bonding structure (sp, 
sp? and sp C-C bonds). Carbon has 4 electrons in 
its outermost shell (the valence shell), which is the 
second shell. At first sight, one would expect that 
these 4 electrons are distributed among its one 2s and 
three 2p orbitals. However, it is well known that, in 
the diamond lattice, each carbon atom bonds with its 
four neighbors. Are the electrons in 2s and 2p orbitals 
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responsible for the four bonds? One possible answer 
is that the 2s, 2p,, 2p, and 2p. orbitals of the carbon 
atom form bonds with their neighbors. There are two 
problems with this answer. First, these bonds will 
have different strengths (s and p orbitals), which is in 
contradiction with the experimental fact indicating 
an equal strength for all the four C—C bonds in the 
diamond. Second, the computed strength of such 
bonds will be lower than that found experimentally. 
What is then the nature of C-C bonds found in 
organic compounds? 


2p,’ 
2p, 
ww . 
- ee 


Four sp° orbitals 
2p, 
Figure 1 Hybridization of s and p orbitals in carbon to form sp® 


orbitals, which form the so-called sigma bonds responsible forthe 
strong diamond lattice. 


The answer to this difficult question was provided 
in 1931 by Linus Pauling (1901-1994), the winner of 
two Nobel prizes. With the help of quantum 
mechanical calculations, Pauling showed how one 
s orbital and three p orbitals can mix, or hybridize, to 
form four equivalent atomic orbitals with tetrahedral 
orientation, The resulting hybrid orbitals are called 
sp’ orbitals as shown in Figure 1. The sp* or sp! 
orbital results if two or one p orbital combine with 
the s orbital, respectively, to form the hybrid. While 
sp’ C-C bonds lead to a 
C-C bonds lead to graphite, and a material which 
contains both sp? and sp’ C-C bonds is called 
diamond-like carbon (DLC). The optical properties, 
such as the bandgap, of DLC depend on the sp'/sp* 
ratio. Ifa sheet consisting of a monolayer of graphite, 
which consists of sp? bonds, is wrapped into a pipe, 
the resulting structure is called a single-wall nanotube 
(SWNT), as shown in Figure 2a, A multiwall 
nanotube (MWNT) has many such layers 
(Figure 2b-c). Other elements such as oxygen 
(in H,O) and nitrogen (in NHs) also form sp‘ 
orbitals but carbon seems to be only one which is 
capable of forming sp, sp”, or sp? bonds, depending 
upon the bonding environment (Figure 3). 
This may explain why nature has selected carbon 


Figure 2_ CNT: (a) drawing ofa single wall CNT showing sp* bonded layer; (b) a mat of mul-wall GNTS; and (¢) a TEM of MWNT 


showing 13 sp" bonded layors 
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TroMeterS 


Sp" C-C bonds, crystalline 
‘diamond inside the grain 


‘Sp? and Sp’ C-C bonds, 
‘non-diamand phases at the grair 
boundaries 


Figure 3 Polycrystaline diamond film; crystalline regions separated by grain boundaries containing non-ciamond phases. 


‘Table 1 Comparison of semiconductor properties 


Property Diamond Si Gaal BSC 
Poly-C Gystaline 

Fig. of merit 

‘Johnson, 108 W0s-= 73.856 625 10240 

Keyes, 10° Wom-'s*°C aaa 138 63 903 
Sat. electron vel, 107 cms" 27 1 1 25 
Carior mobities, (em? V's") 

Holes 1-165 1600 400 50 

Electrons 2200 8500 400 
Resistivity, cm 10-108 to-*-10" 10° 150 
Breakdown fild, MV em~* ott 10 6 4 
Band gap, eV 5.45 1.42 3 
Dielectric constant 67 55 125 97 
Thermal expan. coef, 10-®°O"! 26 4 59 47 
Thermal cond., W em” K- 20 4-20 15 05 5 
Lattice constant, A 357 543 5.65 4.96 
Density, glom? 352 232 5.31 3.215 
Motting point, -C 400° vate 1240 2540 
Hardness, kg mm" +10 000 +1000 600 3500 
Poisson ratio oat 015 023 0.815 
Young's modulus, 10'* Pa 08-12 14-12 0.185 0.085 o7 


"Diamond may convert to graphite well below 4000 °C depending upon the ambient and it oxidizes at 650 °C to form CO_/CO in O,. 


(perhaps due to its bonding flexibility, to form long 
C-C chains and rings) as the material of choice for 
building living systems. 

The sp* bonding in a diamond lattice makes it a 
very unique material with a combination of proper- 
ties not matched by any other known materials 
(Table 1), In fact, the C-C sp* bond in diamond 
is responsible for its remarkable properties leading 
to current and potential applications as shown in 
Figure 4. Although diamond (for centuries) and its 
bonding structure (for over 70 years) has heen known 
for a long time, the geowth of diamond films using 
chemical vapor deposition (CVD) took a long time to 
mature. Again, this delay relates to the difficulty with 


which the diamond lattice with sp’ C-C bonds is 
fabricated. 


Diamond Growth by CVD 


First evidence of diamond growth by CVD, by 
Eversole in 1952-1953, led to the use of Hz and 
CH, in the hot filament CVD (HFCVD) to grow 
diamond on diamond substrates (homoepitaxial 
growth) by Angus in 1971. The inexpensive CVD 
polycrystalline diamond (poly-C) was grown on 
non-diamond substrates by Deryagin in 1976, Spitsyn 
in 1981, and by Matsumoto et al. in 1983. Currently, 
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‘Sp” bonds 
in the diamond 
lattice lead to its 
unique properties, 


Mechanical; coatings, abrasives, 


Figure 4 Sp® bonds in diamond make ita unique material 


Table 2_ Different diamond deposition methods 


}—= Optical: windows, 
coatings, RFMEMS, 
Optical MEMS, switches, 


microlenses, spectrometers, etc 


tools, MEMS, otc. 


Electrical devices, semiconductor, packaging, sensors, ote. 
Thermal; heat sinks, sensors, bolometers, heaters, etc, 
Chemical electrodes, sensors, coatings, otc. 


Methods HFCVD MPCvD DC-are Jet CVD Combustion ‘Mute pulsed 
synthesis laser 

Deposition rate (unr) 0.110 1-10 30-150 4-40 3600 

Substrate temperature ((C) 300-1000 300-1200 00-1100 600-1400 50 

Deposition area (em?) 5-800 5-100 2 3 NA 

Advantages ‘Simple, large area Quality, stablity High rate, good quality Simple, high rate Ultra-high rate 

Disadvantages Contamination, Rate Contamination, ‘Small area Expensive 

‘fragile filament small aroa 


HFCVD, hot filament CVD. 


it is believed that, during the CVD of diamond, the 
CHs is responsible for deposition of C as diamond 
and non-diamond phases. The atomic hydrogen, 
present in the growth environment, removes the 
non-diamond phases leaving behind the diamond 
phase. Near the end of the 1990s, basic science of 
CVD diamond was well understood, and today 
diverse plasma and thermal techniques have been 
developed to produce poly-C films several mm thick 
and over 12 inches in diameter. Optically smooth 
300-micrometer thick undoped poly-C wafers are 
available on the market. Although there are some 
reports of n-type poly-C and crystalline diamond 
growth, the well-established techniques exist only for 
in situ doping of p-type diamond. 

A number of diamond growth techniques are 
currently available for the growth of diamond 
and carbon nanotubes. Microwave plasma CVD 
(MPCVD) can be used for the growth of both 
diamond and carbon nanotubes. As shown in 
Table 2, the deposition rate of diamond shows 
a large variation (01-3600 micrometers/hour) 
depending on the growth technique. For applications 
of diamond in optical coatings, optoelectronic devices 
and optical systems, the study of transmission, 
reflection and absorption of light for diamond is 
very important. These properties of diamond are 
responsible for its beauty and glamor. For appli- 
cations in optoelectronic materials, devices 
and systems, the micro-fabrication and -machining 


technologies are crucial, particularly in the case of 
inexpensive poly 


films. 


Absorption, Reflection, and 
Transmission in Diamond 


The optical properties, which have been studied for 
hundreds of years, of naturally occurring single 
crystal diamond have led to the gem commerce. The 
fundamental concept involved in the tremendous 
historical fame of diamond is its high refractive index, 
rq (in the range of 2.38-2.64 depending upon the 
wavelength of light). The refractive index of a 
material is a measure of decrease of velocity of light 
(which is also true for all electromagnetic waves) 
when the wave enters the material. Mathematically, 
iy is defined by 

ng = VvalVa m 
where Vee and Vy are velocities of light in vacuum 
and diamond, respectively. 

When a beam of light of intensity Iq in air is 
incident normally on the surface of diamond, the 
reflected part of the beam, characterized by the 
reflection coefficient R, depends on ng and R is 
given by 


21 
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where 1, is refractive index of air and ny is given by 
Sellmeier dispersion equation: 


=e tot fe i 
me = 001 * = 003 


where A is the wavelength of light expressed in 
micrometers. When the beam enters diamond, part of 
it is absorbed in diamond, The absorption, charac- 
terized by the absorption coefficient a, is caused by 
(i) impurities (such as nitrogen, boron, hydrogen, 
ete.); and/or (ii) intrinsic defects (such as dangling 
bonds, sp* bonds, and sp bonds). However, if the 
energy of light is close to or above the bandgap of 
diamond (5.5 eV), the absorption can be caused by 
electronic transitions from valence to conduction 
hands. The intensity I(x) at a distance x below the 
diamond surface is given by 
Tex) = Ig( — R) exp(—ax) (41 
The fundamental expressions for «are different for 
indirect and direct type semiconductors. However, 
the modeling of a, for energies close to the bandgap 
of diamond, can be accomplished empirically using 
Urbach’s rule according to the following equation: 


Is} 


where ay and o are Ubach tail parameters, and 
Eq (6.5 eV) is direct gap energy of diamond. K is 
Boltzmann constant and T is the temperature. As 


at T = 300 K, ag = 4.23 x 10" emt and a = 0.585, 
eqn [5] can be simplified: 
= 4.23% 10! 2268-65) 16] 


where the units for a and E are in em~' and eV, 
respectively. Using the expression E = 1.24/A, whe 
E is in eV and A is in micrometers, eqn [6] can be 
written as 


wa-524) 


a@=423x10"" 


71 


where A is in micrometers. The variations of «and my 
with wavelength and energy of light are shown in 
Figure 5, which are plotted using eqns [3] and [7]. 
Impurities and intrinsic defects in diamond strongly 
affect a, mg, and its other properties. 


Impurities in Diamond 


A pure diamond with perfect lattice structure is 
transparent to ultraviolet (UV), visible, infrared 
(IR), millimeter and microwave regions of the 


electromagnetic spectrum, However, even an impur- 
ity-free diamond has some absorption in the infrared 
due to phonon excitations and an ultraviolet cutoff 
due to band-to-band absorption. The defects, impur- 
ity-related and intrinsic, in single crystal diamond 
have been extensively studied because they strongly 
affect its properties. In fact, diamonds are classified 
according to the type of defects that are dominant. 
Impurities in diamond give rise to additional 
energy levels in its bandgap. If the density of these 
impurities is sufficiently high, they can cause 
absorption of electromagnetic radiation (including 
light) on one hand and break the lattice symmetry on 
the other. The breaking of the lattice symmetry 
can lead to one-phonon IR absorption, which is 
forbidden in pure diamond. The fact that impurities 
affect the optical properties of diamond led to its 
classification into types Ia, Ib, Ha, and Ib which 
correspond to pale yellow, golden yellow, no color, 
and blue, respectively. The transmission properties 
of these various types of diamond are depicted 
in Figure 6. The dominant impurities are nitrogen 
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Figure 5 Wavelength and energy dependence of absorption, 
‘coaficient and refractive index af diamond, 
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Figure 6 Transmission spectra of natural diamond and CVD 
polyerystallin diamond (paly-C). 
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{5-2500 ppm atomic) in type I and boron (10 ppm 
atomic) in type Il. It may be pointed out that 
boron-doped diamond is a semiconductor with 
p-type conductivity measured at room temperature. 
Nitrogen-doped diamond does not show n-type 
conductivity at room temperature as the donor levels 
are too deep to be ionized, 


Polycrystalline CVD Diamond 


Due to the lack of a reliable hetero-epitaxial diamond 
growth technique, the crystalline diamond films are 
very expensive (require single crystal diamond sub- 
strates for their growth) and, consequently, their 
widespread commercial use is severely limited. 
Polycrystalline diamond (poly-C) grown by CVD, 
which can be as inexpensive as any other material if 
mass produced, is very attractive for optical and other 
applications (Figure 2). The properties of high-quality 
(with high density of sp* C-C bonds) poly-C films are 
comparable to those of crystalline films. 

As shown in Figure 6, the transmission properties 
of poly-C are comparable to or better than those of 
type I and II diamonds for part of the energy range. 
Free-standing commercial poly-C films are typically 
polished and have thicknesses in the range of 50-300 
micrometers (the least expensive are 300 jm thick). 
White poly-C films transparent to visible light are also 


available. Such films, with optically smooth surface, 
can be considered free of scattering effects. These 
films can be considered as a transparent plate in 
air and, for normal incidence of light with energy 
less than the bandgap, the transmission coefficient 
is given by 


[8] 


191 


where , and ny are refractive indexes of air and 
poly-C, respectively, and 6 is phase change for a 
poly-C film with a thickness of f: 


an 


[10] 


nat 


x 


Using m, = 1.0003, ny = 2.4,and¢= 100 wm, eqn [8] 
can be written as 


T= 4 
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Figure 7 Transmission coafcient of a polished paly-C film 
With a thickness of 100 ym as a function of (a) wavelength and 
(0) wavenumber. 


1 


T= [pT MOO 


(12) 
where Ais in jum and k, the wavenumber, is in em” 
Variation of Tas a function of A and &, is shown in 
Figure 7. A similar behavior is observed for non- 
polished poly-C films if the wavelength is larger than 
the surface roughness of the films, For a sample with a 
very rough surface, scattering effects need to be 
included in eqn [8]. 


Electroluminescence in Poly-C 


Ina luminescence process, the electron must first be 
excited to higher energy, which can be accomplished 
by light (photoluminescence), electron beam (cath- 
odoluminescence) or electrical energy (electrolumi- 
nescence), A subsequent electron transition to lower 
energies leads to emission of light. A common 
example of electroluminescence is a forward biased 
p-n junction made out of direct bandgap type 
semiconductor such as GaAlAs. The light emitting 
diodes (LED) and LASERS are based on electro- 
luminescence. Red, green, and blue LEDs are made 
from GaAlAs, GaP, and SiC/GaN, respectively. 
Indirect bandgap type semiconductors, such as 
diamond, typically do not exhibit electrolumines 
cence. The fact that electroluminescence has experi- 
mentally been observed in crystalline diamond and 
poly-C seems to be, at first sight, a contradiction of its 
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indirect bandgap. In fact, defects in diamond are 
believed to be responsible for their luminescence 
properties. All types of diamond are found to have a 
number of defects related to vacancies and impurities. 
Due to a unique combination of properties of 
diamond (Table 1), its electroluminescence properties 
offer a very unique application potential in optical 
microelectromechanical systems (MEMS), displays 
and communication devices in IR, visible and UV 
regions. 

Electroluminescence (EL) in optoelectronic devices 
is produced by excitation of electrons by electronic 
current. Yellow-green EL has been observed in 
Schottky diodes made of boron-doped_poly- 
Blue-green and blue-violet EL has been observed in 
free-standing poly-C films, with thicknesses in the 
range of 15-400 micrometers, when the samples wer 
subjected to applied fields in the range of 2 V/um. 
The EL peaks are observed at energies in the range of 
3-3.85 eV, with the main peak occurring at 3 eV. 

Recently, a very interesting type of EL has been 
observed in poly-C and carbon nanotubes, which 
seems to have an application potential in displays and 
optical MEMS. Under applied electric fields in the 
range of 20-40 V/m, electrons are known to tunnel 
out of a poly-C film into vacuum and the process is 
called field emission. EL has been observed during the 
field emission process, and this new effect is called 
field emission EL (FEEL). A typical FEEL spectra is 
shown in Figure 8. It is believed that FEEL results 
from direct type defects in poly-C, which are 
populated during the field emission process. The 
electrons in these defects, instead of being field 
emitted, make transitions to lower energy levels 


leading to light emission. The main FEEL peak is 
observed at 2.6 €V which is in the visible range. 


Poly-C Applications 


‘The current applications of diamond, which include 
optical windows, temperature sensors, heat sinks, 
cutting tools, surgical instruments, and optical coat- 
ings, are based on natural, synthetic, and CVD 
diamond. The cost of producing diamond has always 
been prohibitive in widespread diamond appli- 
cations. Fortunately, over the past 20 years, the 
development of CVD diamond technologies has 
eradicated the fears of diamond being too expensive 
for its widespread applications. As the CVD poly-C 
can be as inexpensive as any other electronic material, 
widespread applications of diamond are expected for 
poly-C. In the area of micro- and nanostructures, 
the poly-C can provide a unique opportunity for both 
polycrystalline and crystalline microdevices. Using 
the present fabrication techniques, the grain size in 
poly-C can be varied in the range from a few tens of 
nanometers (nanocrystalline diamond) to hundreds 
of micrometers (commercial free-standing poly-C 
films). This leads to a whole range of device structures 
ranging from inter- to intra-grain devices. An intra- 
grain device made in poly-C will be an inexpensive 
single crystal device with properties better that those 
found in natural/synthetic diamonds, because an 
intra-grain poly-C device will have a higher degree 
of purity (because it is grown by CVD). 

The applications of poly-C in microsystems 
(current, in-progress, and future) include optical 
MEMS, biological/protective/hard coatings, sensors, 
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Figure 8 FEEL spectra in poly-C as function of wavelength and emission current (inset 
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field emission displays, and WIMS (wireless inte- 
grated microsystems). Intra-grain microlenses, 
RFMEMS, heat pipes, sensors, microabrasives, and 
spectrometers may lead the way for unique poly-C 
applications. 


Optical MEMS 


A basic MEMS structure, with electrostatic actuation 
mechanism, is shown in Figure 9. Currently, most of 
the Optical MEMS and RFMEMS (radio frequency 
MEMS) devices are made from poly-Si (polycrystal- 
line Si) using surface or bulk micro-machining 
fabrication techniques. The ability to integrate 
micro-optical elements with movable structures and 
micro-actuators has opened up many new opportu- 
nities for optical and optoelectronics systems, as 
MEMS allow a more effective manipulation of optical 


Electrostatic force 


1 


Figure 9 A simple MEMS structure with electrostatic moving of 
the cantiaver beam. 


Figure 10 A poly-C MEMS combdrive for high-quality factor 
resonators, inertial sensors, optical MEMS, etc. Poly-Cis superior 
to poly-Si as its Young's modulus is 4 times higher than that of 
poly-Si 


structures than the conventional methods. Optical 
MEMS have applications in displays, sensing, data 
storage, and communication systems. Some of the 
examples are optical switches, optical cross-connects, 
wavelength division add/drop mixers, tunable filters! 
lasers/detectors, dispersion components, polarization 
dispersion components, and spectrometers. 
Material-related limitations put some constraints 
on the current optical MEMS technologies and 
applications. Diamond is an excellent material for 
optical MEMS and can extend the application range 
and reliability. The use of poly-C in optical MEMS 
can also remove the traditional cost constraints 
associated with the use of single crystal diamond. 
Although the poly-C optical MEMS are in their 
infancy, recent developments are very exciting. 
shows a poly-C resonator structure 
fabricated using a poly-C fabrication technology 


compatible with Si processing techniques. Such 
structures, if used as filters and switches, can lead to 
a superior performance as compared to any other 
currently used material, Poly-C on-chip spec 
trometers are also expected to operate in a large 
wavelength range. 


Figure 11 Poly-C microabrasive structures two different 
densities of pyramids. (Courtesy of Dr. H. Bjorkman of Upsala 
University.) 
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Microabrasives 


Poly-C is also a very promising material for micro- 
abrasives. Micromachined poly-C MEMS structures 
have recently been fabricated for possible use for 
microabrasives. Figure 11 shows micromachined 
MEMS structures which are expected to enhance 
the life of a tool. Such abrasives by design are 
inherently cost-effective because they are batch 
fabricated. 


See also 
Light Emitting Diodes. 


Laser Damage in TI 
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Introduction 


Since the very beginning of laser technology, Laser- 
induced Damage Thresholds (LIDT) of optical 
components were always an obstacle for the devel- 
opment of laser systems operating at high power 
levels. In such systems, the surface or the bulk of the 
optical components can be damaged by laser radi 
tion of sufficiently high power or energy density 
resulting in an uneconomical standstill of the laser 
and its application. In the early days of high power 
laser development, mainly inclusions in laser rod 
materials were discussed as a major complication for 
an augmentation of the output power in solid state 
laser systems. Nowadays, in the course of the 
development of optical materials with excellent 
quality and power handling capability, the 
problem of laser-induced damage has shifted from 
the bulk to the surface of the optical component. The 
optical surface is subjected to various production 
steps and environmental influences, which modify 
its structure and composition. Especially, the thin 
film coating, which is deposited on the optical surface 
to adapt its reflectance and transmittance to the 
application, contributes predominantly to the 
reduction of the LIDT values. As a consequence, 
the measurement and optimization of the power 
handling capability of thin films is considered as one 
of the primary research areas in modern optics 
technology and is supported by an extensive scientific 
community. 


Further Reading 


Asmussen J and Reinhard D (2002) Diamond Handbook 
‘New York: Marcel Dekker. 

Kim U and Aslam DM (2003) Field emission electrolumi- 
nescence on diamond and carbon nanotube films. 
Journal of Vaccum Scientific Technology B 21(4) 
1291-1296, 

MeMurey J (1996) Organic Chemistry. New York: Brooks! 
Cole. 

Pan LS and Kania DR (1996) Diamond: Electronic 
Properties and Applications. Boston, MA: Kluwer. 

Spear KE and Dismukes JP (1994) Synthetic Diamond: 
Emerging CVD Science and Technology. New York: 
Wiley. 


iim Coatings 


In the following, a brief review will be given on 
selected fundamental damage mechanisms in thin 
films, considering also the scaling of LIDT values for 
different operation conditions. Also, current stan- 
dards for the measurement of LIDT will be described, 
and examples illustrating some practical aspects of 
high power optical coatings will be presented. 
Finally, a summary of the present state of the art 
will be given and recent trends in laser technology will 
he discussed in respect to research in laser-induced 
damage. 


Fundamental Damage Mecha 
in Thin Films 


During thirty years of intense research in laser 
damage of thin films, a broad spectrum of different 
damage and degradation mechanisms had been 
discovered and studied for a variety of laser operation 
conditions and wavelengths. For prominent high- 
power laser systems often applied in industrial 
production fields or fundamental research, specific 
models for laser-induced breakdown have been 
developed, which are also of practical relevance. In 
many experiments, damage sites with the mor- 
phology illustrated in Figure 1 are observed. The 
coating is delaminated from the surface of the optical 
component in the center of the laser beam area. 
Obviously, mechanical stress has built up in the 
coating by heating, which is induced by the absorbed 
laser power. At a certain stress level, exceeding 
the adhesion strength of the coating to substrate 
surface, the thin film cracks and may even delaminate 
from the component. In other cases of this absorp- 
tion-induced damage effect, the film reaches its 
melting point prior to the mechanical threshold and 
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ones S0un 
Figure 1 SEMpicture of a damage site on an alternating 
coating of SiO,/HIO,. Tho systom was inadlated by a NG:YAG- 
laser with an energy donsity of 45 Jfem*. As a dominant damage 
mechanism, a delamination ofthe coating by xtreme mechanical 
strass is suggested. Reproduced with permission trom Rstau D, 
Eben J and Weling H (1989) Optische Boschichtungen fir 
Hochleistungslaser. Lasar und Optooloktronk 21(8): 8.49. 


25KV 


Figure 2 Nomarski micrograph (magnification 250%) of a 
damage site on an antietlecting coating of SiO2/Ta,Os. The 
system was iradiatod with an energy dansity of 51 Jlom® at a 
wavelangth of 1.064 yum. A dlamination of the coating in the 
center of the beam is surrounded by a recrystalizatian zone. 


evaporates or changes its crystalline structure, The 
morphology of such damage sites exhibits a discolor- 
ing or an increased surface roughness in the center of 
the laser beam (sce Figure 2), Absorption-induced 
damage is dominated by the instantaneous heating of 
the coating material in the area of interaction with the 
laser beam and can be described on the basis of the 
heat diffusion equation. In this approach, the source 
term in the heat diffusion equation is given by the heat 


coupled into the system by the absorhed laser power, 
and the boundary conditions are determined by the 
geometry and the structure of the layer system as well 
as the spatial laser beam profile. Apparently, absorp- 
tion-induced damage has to be considered only for 
components with significant absorptance at their 
operation wavelength. Typical examples for coating 
materials and wavelength regimes, where absorption- 
induced damage is frequently observed, are the 
wavelength 10.6 um of the COs-laser with ZnSe, 
ZnS, and fluorides as coating materials, or the DUV/ 
VUV-wavelengths dominated by excimer lasers and 
fluoride coating materials. The effect of absorption- 
induced damage in optical materials is also of 
practical relevance for ew- and long-pulse operation 
conditions of the laser system corresponding to long 
thermal diffusion lengths. For ew-irradiation, the 
temperature rise in the component can be calculated 
by numerical methods involving finite elements or 
differences. For boundary conditions with circular 
symmetry and a Gaussian beam profile (beam 
diameter w, power P), an analytical expression can 
be derived for the temperature rise AT in the center of 
an irradiated circular component, 


2p.P “if 16xt; y" 


kao 


AT= 


In this model the temperature rise is dependent 
on the thermal properties (4: thermal conductivity, 
kz thermal diffusivity), on the surface absorption of 
the component (fs), and on the beam diameter. For 
irradiation times t,, long compared to the typical heat 
diffusion time w?/k, eqn [1] reduces to the asymptotic 
dependence 


BP 


kw 


aT 100 RI 
Obviously, the temperature rise AT scales with the 
Phu for these long-time irradiation conditions com- 
pared to the short pulse regime, where the scaling of 
the temperature rise is proportional to Phw?. For the 
application of optical components in high power 
ew- and long-pulse lasers, this P/tv scaling law has to 
he considered carefully, because the power handling 
capability depends critically on the size of the 
irradiated area, Also, the onset of damage may be 
delayed in respect to the start of irradiation by time 
constants in the range of several 10 seconds. 

In the course of the development of improved 
coating processes, optical absorptance could be 
reduced to very low levels in the near infrared and 
visible spectral region. For example, high reflecting 
mirrors for the wavelength of the Nd: YAG-laser with 
total losses below 1 ppm can be produced with 
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advanced ion beam sputtering processes nowadays. 
Therefore, another principal damage mechanism, 
which is based on inclusions or defects in the 
coatings, is often found in the near infrared spectral 
range. A detail of a damage site representing inclusion 
dominated damage induced by a pulsed Nd:YAG- 
laser in a coating of HfO,/SiO) is shown in Figure 3. 
In the laser beam area numerous craters are located, 
which extend from circular voids with different 
diameters in a range below 1pm. At the high 
magnification of the employed electron microscope, 
the multilayer structure of the coating system can be 
resolved indicating an origin of damage approxi- 
mately in the same depth of the layer structure at the 
substrate surface. The underlying damage mechanism 
is initiated by inclusions or other defects with an 
absorption, which is significantly higher than for the 
surrounding thin film material. As a consequence, the 
inclusion is rapidly heated during the interaction with 
the laser beam and explodes removing the covering 
layer structure. This inclusion breakdown can be 
modeled by calculating the temperature behavior T(7) 
at the radial position r of a sphere (radius g, thermal 
conductivity kp. diffusivity Kp) which is embedded 
in a medium with defined properties (see eqn [3]). 
The interaction of the sphere, which has a size in the 
range of the wavelength A and a refractive index 1, 
with the laser irradiation, is described by the Mie 
absorption coefficient Q. For the instant of damage, a 
critical temperature at the outer surface of the sphere 
(r=) is assumed, which is often related to the 
melting point of the layer material 
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Besides the thermal properties of the host material 
(thermal conductivity &, diffusivity x), the properties 
and the statistic distribution of the inclusions have to 
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Figure 3 SEM-picture of damage site on a high reflecting 
coating of SiO,/HIO., This inclusion-dominated breakdown 
mechanism was initiated at an energy density of approximately 
1190 Jem with a Nd:YAG laser. 


be known for a quantitative description of inclusion 
breakdown, 

In contrast to the nearly deterministic behavior of 
absorption induced damage, defect dominated 
damage mechanisms often exhibit a statistical nature, 
Since the inclusions are not homogeneously distri 
buted in the layer structure, a variation of the thres- 
hold value is observed for different damage sites on a 
single sample. The assessment of the inclusion para- 
meters is extremely difficult in practice. Therefore, the 
inclusion model is mainly employed for the prediction 
of tendencies for the LIDT as a function of the beam 
parameters and the properties of the layer materials. 

Different aspects related to the substrate polishing, 
cleaning, and deposition process have to be con- 
sidered for an investigation in the various origins of 
inclusions or defects in a layer structure. Besides 
contamination of the substrate surface prior to the 
deposition process, particles may be generated during 
the deposition process by mechanical abrasion of 
material from moving parts in the plant or by 
delamination of material coated on the inner walls. 
‘Also, the deposition source may contribute to the 
formation of defects by sputtering of particles or 
droplets from the melt or the target. Especially in low. 
energetic thermal deposition processes, defects are 
often the origin for the formation of nodules. These 
conical faults in the layer structure reduce the LIDT 
because they are less resistant against intensive laser 
radiation than the bulk of the coating system. 

Besides models, which are based on the transform- 
ation of laser radiation into heat, direct electronic 
excitation has to be considered as a breakdown 
mechanism for short-pulse lasers. In these intrinsic 
breakdown models for dielectric materials, the 


Descending Output .. 
Programmable Counters ... 
Examples 

Values... 

What Can Go Wrong. 
Lock-Out.. 
Asynchronous Artifacts . 
Noise. 


14. encoder.. 
What It Does..... 
Schematic Symbol. 

Similar Devices 

How It Works. 
Variants 
Values... 

How to Use It... 
Cascaded Encoders 

What Can Go Wrong. 


1S, decoder..... 
What it Does...... 

Input Devices 

LED Driver. 

Schematic Symbol. 

Similar Devices 

How It Works. 
Variants 


Values 

How to Use It... 149 

What Can Go Wrong. 149 
Glitches . 

Unhelpful Classification ..... . 149 

Active-Low and Active-High 149 

18. multiplexer ~ TA 

What It Does..... 151 

Differential Multiplexer. 152 

Similar Devices .. 152 

How It Works. - 153 

Schematic Symbol. - 153 

Pin Identifiers 154 

Variants - 155 

Values 155 

How to Use It. 156 

Other Application Notes . 157 

What Can Go Wrong . 187 

Pullup Resistors 2157 

Break Before Make 157 


xii Encyclopedia of Electronic Components Volume 2 


342 OPTICAL COATINGS / Laser Damage in Thin Film Coatings 


generation of a high electron density in the condue- 
tion band is assumed. This carrier generation can be 
explained by high field ionization of electrons in the 
valence band of the dielectric material, Many 
theoretical concepts introduce the avalanche effect 
as an important mechanism contributing to the 
generation of free electrons. Electrons excited by 
strong field ionization can interact with the electric 
field and accumulate excitation energy. By collisions 
with the lattice, this energy can be also transferred to 
the electrons in the valence band. Thus, when the 
energy of the free electrons exceed a critical value, 
other electrons can be excited to the conduction band, 
and a carrier generation like an avalanche arises. 
Another theoretical approach is the multiphoton 
model which is formulated on the basis of multi- 
photon absorption for the generation of free elec- 
trons. In most intrinsic models it is assumed, that 
laser-induced damage breakdown occurs when the 
electron density in the conduction band reaches a 
critical value of approximately 10°! 1/em®. At this 
high electron density, a plasma state is reached and 
the impinging radiation is coupled efficiently into the 
layer structure resulting in its destruction. 

Intrinsic damage is often characterized by a 
deterministic damage behavior with a well defined 
threshold value which is also characteristic for 
damage in bulk materials. As a prominent example, 
damage induced by ultra-short pulses with a duration 
below Ips can be often attributed to intrinsic 
mechanisms, because the diffusion length of thermal 
effects can be neglected in comparison to the intensive 
interaction of the laser radiation with the electrons of 
the coating materials. In this case, the generation rate 
dnidt of electrons in the conduction band can be 
described on the basis of the impact ionization rate 
and multiphoton excitation 


dn ad 
Fp = ema + Bo[ ato] (4 


In this model I(t) is the power density of the laser 
radiation, and q is a correction factor representing 
interference effects in the coatings, which may result 
in a local power exceeding the power density of 
the radiation impinging on to the layer system. The 
electron excitation mechanisms are described by the 
impact ionization coefficient @ and the m-photon 
absorption coefficient ,,. The relative contributions 
of both excitation mechanisms to laser-induced 
breakdown are depending on the pulse duration and 
the bandgap energy of the layer material. 

In a rough approximation, the damage threshold 
increases with the bandgap energy of the materials as 
a consequence of the photon absorption coe 


By, decreasing with its order m. For short pulse 
durations below a few 10 fs, multiphoton processes 
contribute significantly in the range of some 10% to 
the free-carrier generation. In most materials, ava- 
lanche ionization develops to the dominant gene 
ation mechanism for pulse durations above 100 
These tendencies could be demonstrated for single 
layers of selected oxide material deposited by ion 
beam sputtering on quartz substrates, which were 
tested in a pulse duration regime from 20 fs to 1 ps. 
According to the theoretical model, the expected 
increase of the damage also influencing values with 
the pulse duration was observed in the damage 
experiments. 

In practice, the power handling capability of 
optical components is also often limited by imperfec- 
tions like scratches, digs, and areas with high rough- 
ness on the optical surface. In most deposition 
techniques applied in optical technology, the layer 
system tends to replicate or even enhance surface 
imperfections of the substrate. In the application, 
additional weak points may be introduced by 
improper handling or contamination of the optical 
surfaces. If the contaminants are not removed by the 
impinging high-power laser radiation, they increase 
the surface absorption and act as initiation points for 
laser-induced damage. Voids, grooves, pores, or 
scratches reduce the power capability of the optical 
element, because they act as concentrators for the 
electric field. 


Units and Scaling of Laser-Induced 
Damage Threshold 


According to the theoretical models of laser-induced 
damage, the appropriate units of measurement for 
LIDT values are mainly given by the dominant 
damage mechanism and the irradiation time. For 
pulsed laser radiation and dielectric breakdown 
effects, the laser-induced damage threshold is usually 
reported in Wiem?. In the case of absorption-induced 
damage or inclusion dominated breakdown and a 
pulse duration short compared to the thermal 
diffusion time in the layer structure, LIDT values 
are often scaled in J/em*. The unit of linear power 
density (W/cm) is indicated for the LIDT of long- 
pulse, ew-lasers or other sources, which induce a 
temperature increase in the optical component with 
rise times in the regime of seconds. 

Laser-induced damage thresholds of optical thin 
films are critically dependent on the operation 
conditions of the applied laser system and on the 
design of the layer structure. For example, even the 
damage mechanism can change if the wavelength 
or the pulse duration is varied. Therefore, LIDT 
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values should be scaled with the irradiation 
parameters only for small intervals, in cases 
where the fundamental damage mechanism is 
clarified. In all other situations, the extrapolation 
of threshold values is extremely difficult and may 
lead to inaccurate results, Especially, an over- 
estimation of the LIDT value holds severe dangers 
in practical applications, where the replacement of 
a damaged component and the repair of other 
parts impaired by the damage event causes high 
expenses. If the damaged components consist of 
toxic materials (eg, ZnSe, GaAs, CdTe, ThE, 
chaleogenides, Be, Cr, etc.) severe health hazards 
may occur, and an expensive decontamination of 
the environment may be necessary. Therefore, the 
determination of the laser-induced damage 
threshold using the actual laser parameters under 
controlled environmental conditions is always 
recommended for unclear cases. 

In the present state of research in laser-induced 
damage mechanisms, only few tendencies are 
generally accepted as confident for sealing of LIDT 
values. As a function of the pulse duration, laser- 
induced damage thresholds increase for longer pulses. 
For inclusion and absorption dominated breakdown, 
a t!law is often used in the pulse duration regime 
hetween 10" to 10-*s. This dependency can be 
extended to other pulse regimes up to pulse lengths in 
the ms-range, if the exponent is replaced by a value 
hetween 0.5 to 2. In respect to the laser wavelength, a 
decrease of the LIDT value with decreasing, wave- 
length is observed for most materials and operational 
conditions. Investigations in the influence of the beam 
diameter have been performed by many research 
groups, indicating a decrease of the LIDT values for 
increasing beam diameters. Especially for inclusion 
dominated breakdown, the event of damage for a 
certain laser irradiated site will be dependent on the 
distribution of inclusions at that position, If the beam 
size is small, the probability for interrogating a defect 
vulnerable to damage is low. By increasing the spot 
diameter, this probability will asymptotically reach 
unity, hecause at a certain beam diameter, at least 
one defect will always be covered by the beam. 
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Therefore, the onset of laser-induced damage is not 
dependent on the beam diameter for inclusion- 
dominated breakdown, which is often encountered 
in conventional optical coating systems. Another 
special case is the scaling of the cw-damage threshold 
with the beam diameter. Since the cw-LIDT is 
expressed in linear power density, the power handling 
capability increases more slowly with the beam 
diameter for the ew-lasers than expected from the 
normal pulsed operation. For example, extrapolating 
the LIDT value of 100 Wat a beam diameter of 1 mm 
for a laser mirror to a beam diameter of 10 mm, 
results ina maximum power load for the component 
of 1kW according to the correct P/w-law. The 
threshold power would be extremely overestimated 
to approximately 3.2 kW, if the general P/w*-depen- 
dence is applied, 


Measurement of Laser-Induced 
Damage Thresholds 


As a consequence of the complicated relation 
hetween the laser damage mechanism and a broad 
spectrum of thin film properties and laser para- 
meters, laser-induced damage threshold measure- 
ments have to be performed under well-defined 
conditions. To investigate the comparability of 
LIDT measurements, an extended international 
round-robin experiment has been conducted on 
coated optics for the wavelength of 1.064 um at 
the beginning of the 1980s. This experiment 
indicated the need for a clearly specified LIDT- 
measurement procedure, and conceptual work was 
initiated to develop a corresponding ISO-Standard 
series, During recent years, an International Standard 
(ISO 11254) has been adopted covering testing 
conditions relevant for most typical laser appli- 
cations. In the first part of ISO 11254 1 on 1-testing 
of optical surfaces, in respect to laser damage, is 
described. The fundamental approach of the stan- 
dard measurement procedure is illustrated in 
Figure 4. A laser source operating in transversal 
and longitudinal single mode is employed for 
the irradiation of the sample surface, The beam 
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parameters of the laser are assessed by a beam 
diagnostic system which monitors the spatial and 
temporal profile as well as the energy of the laser 
radiation in the target plane. In order to achieve the 
high energy density levels necessary to destroy the 
surface of the specimen, a well characterized 
focusing system is installed. For adjustment of the 
laser energy in the target plane, an attenuating 
system is employed. In the 1 on 1 measurement 
protocol, each site on the sample surface is subjected 
to a single laser pulse once only, In a test sequence, 
the test surface is examined by pulses of different 
energies, covering low values without damage and 
high values causing damage. After the test, the 
specimen will be inspected with a Nomarski inter- 
ference contrast or a darkfield microscope at a 
magnification of 150X or higher to identify the 
damaged sites. For the evaluation of the damage test, 
the damage probability method is recommended. In 
this evaluation scheme, the ratio of the number of 
damaged sites to the total number of sites objected to 
a certain energy or power level is interpreted as the 
damage probability. The plot of these damage 
probability values as a function of energy or 
power, which is called the survival curve of the 
optical component, provides an insight into the 
damage mechanisms involved. The damage 
threshold is given by the highest quantity of laser 
radiation for which the extrapolated probability of 
damage is zero. A typical example for a 1 on 1 
damage test at the wavelength 1.064 um and the 
extrapolated LIDT value is depicted in Figure 5. 

In most catalogs of optics manufacturers, the 1 on 1 
LIDT values are used to illustrate the power handling 
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Figure 5 Survival curve of an anti-reflective layer system (two 
layer V-coating, Si0,/Ta;0,) on fused silica substrate for the 
Nd:YAG-aser wavelangth. The measurement was performed ata 
wavelength of 1.084 ym, a beam diameter of 420 um, and apulse 
duration of approximately 15 ns, respectively, 
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Figure 6 Characteristic damage curve of ahigh reflecting mirror 
of SiO, TIO, for fslaser systems. The layer structure was tested 
with @ high repetition (1 kHz ropettion rata) fs laser system 
‘operating at a pulse duration of 150 fs. 


capability of their products, even though 1 on 1 data 
are of limited importance for practical applications, 
where an optical component is always subjected more 
than one time to a laser beam. This customary 
situation is covered by Part 2 of the ISO-LIDT- 
Standard which describes a damage test procedure for 
a series of pulses (S on I-tests). For an assessment of 
the reliability, the concept of the characteristic 
damage curve is introduced by this standard. This 
curve is deduced directly from the § on 1 test data by 
plotting the energy density for a selected damage 
probability as a function of the number of pulses (see 
Figure 6). By an extrapolation of the characteristic 
damage curve to high pulse numbers in the order of 
10° to 10"? shots, the lifetime of the optical 
component can be roughly estimated. For a certifica- 
tion of optical components in respect to their power 
handling capability, a third part of ISO 11254 is 
under development, which is concentrated on differ- 
ent testing protocols of a defined surface fraction at 
power levels expected in the application. The funda- 
mental approach of these tests is a simulation of 
conditions at the upper limits of operation parameters 
encountered in practice. 


Optical Coatings for High Power 
Lasers 


For the development and application of coating 
systems with high LIDT values, several major aspects 
have to be considered. In the first approach, appro- 
priate materials and processes have to be selected 
which deliver coatings with sufficient power resist- 
ance. In many studies, a correlation of the LIDT 
values of the constituent single layers to the power 
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handling capability of a layer system was observed. 
Therefore, single layers of potential deposition 
materials were investigated at the wavelengths of 
prominent laser systems from the VUV- to the FIR- 
spectral region. For specific deposition processes, 
often a clear ranking of the coating materials in 
respect to their power handling capability could be 
demonstrated. An example for a Nd:YAG-laser 
with a pulse duration of 15 ns is illustrated by 
Table 1. With the exception of the ZrO,-layer, 
which exhibited severe inhomogeneity and a high 
inclusion density, a correlation can be assumed 
hetween the LIDT value and the melting point of the 
bulk materials under these operation conditions. This 
dependency can be attributed to absorption-induced 
damage as well as to the inclusion model, and 
therefore, the damage morphology has to be studied 
in each case to identify the dominating damage 
mechanism. In the fs-regime or the UV/VUV-spectral 
range, often a dependence of the power handling 
capability on the bandgap of the materials is found. 
According to the relationships of the avalanche and 
other dielectric breakdown models, materials with 
highest bandgaps are frequently encountered at the 
top of an LIDT ranking. 

For the influence of the coating process on the laser- 
induced breakdown of optical coatings, no clear 
tendencies can be detected. For example, lon Beam 
Sputtering (IBS), which is considered as the depo- 
sition process for coatings with extremely low losses 
and contamination, cannot always surpass conver 
tional thermal deposition processes in laser stability. 
In general, ion or plasma assisted deposition tech- 
niques produce coatings with lower LIDT values than 
conventional coating processes for most operation 
conditions. Sol-gel processes, which were developed 
for the deposition of removable coatings on large 
optics in laser fusion, can reach superior power 
handling capabilities, In general, as a consequence of 
the complicated relation between the production 


Table 1 Laser induced damage thresholds of selected singlo- 
layer coatings in relation to the melting points ofthe corresponding 
bulk materials. n the last column, LIDT values of anti-reflective 
‘coatings (AR-Coating) composed of the high index matarial and 
SiO, are compiladto illustrate the correlation between single LIDT 
values and the damage threshold of layer systems 


‘Material Melting point LIDT value UDT value 


fe) (diem?) single layer (diem) AP-coating 
TOs 1775 131 41 
Ta,0s 1918 prey 2=5 
HO, 2758 423 4626 
20, 2700 eet 2821 
AOs 2072 3921 
SiO, 1723 3427 


parameters and laser-induced breakdown, pro- 
duction processes for optical coatings have to be 
optimized separately for different wavelength regimes 
and irradiation conditions. 

Besides the fundamental production parameters, 
the design of the coating system is of similar 
importance for the achievement of high LIDT values, 
because damage is directly driven by the electric field 
strength in the layer structure. A standing wave field 
pattern is depicted in Figure 7 for a high reflecting 
stack of Ta, and SiO, The design consisting of 
layers with an optical thickness of 1 QWOT is typical 
for most standard laser mirrors. The power density 
reaches extreme values always at the interfaces 
between the layers and even exceeds the incoming 
irradiation power density (100%). Interfaces between 
the layers can be considered as weak points in a 
coating system, because additional contamination 
may occur during the switching of the material in the 
production process. Also, the adhesion between the 
adjacent layers may he reduced, and mechanical 
stress may be built up by the different materials. To 
improve damage thresholds of laser mirrors, the 
thickness of the first few layer pairs can be adjusted to 
shift the points of maximum field strength into the 
bulk of the layer with higher damage resistivity (see 
Figure 8). Also, a thick layer can be attached to the 
system in order to stabilize the outer layer pair in 
respect to thermal or mechanical stress. Another 
technique, which can be applied to enhance the 
stability of the interface is the codeposition of 
materials, resulting in a gradual interface with a 
mixing zone of materials between the layers. This 
region of codeposited material exhibits a higher 
resistance against mechanical stress resulting in an 
improvement of LIDT values of up to 20%. 

The effect of the internal electric field strength 
distribution on the power handling capability of a 
layer system should be most apparent for intrinsic 
damage mechanisms, which are dominant in the ultra 
short pulse regime below 1 ps. According to the 
fundamental model (see eqn [4]), a direct relationship 
of the damage threshold to the maximum. field 
strength value within the layer system is expected. 
As an example, an investigation in the threshold 
behavior of ion beam sputtered coating systems with 
different field strength values is illustrated in Figure 9. 
In this experiment, the maximum field strength in the 
last low index layer of SiOz has been adjusted to 
factors between 0.4 and 1.6 of the impinging field 
strength (see upper diagram in Figure 9) by depositing 
different designs on a basic 1-QWOT layer stack of 
TiO,SiO2. In the lower part of Figure 9, the Son 1 
LIDT values, measured with a fs-laser, are depicted 
for selected pulse numbers N. For all layer systems, 
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Figure 7 Distribution ofthe power density ina high reflecting layer stack of SiO_/T@,Os, The first nine layers of the system and a final 
thick stabilizing ayer of SiO next to the air interface are depicted. The incoming energy density is calibrated to 100%. Reproduced with 
pormission from Ristan D, Ebert J and Welling H (1989) Optische Beschichtungen fur Hochleistungslaser. Laser und Optoelektronik 
21(4): $53 
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Figure 8 Distribution of power density in a high reflecting layer stack of SiO,/Ta.0,, The frst nine layers of the systom, which is 
dosigned for reduced power density atthe interface inthe first layer pair are depicted. Reproduced with permission from Fistan D, 
Ebert J and Welling H (1989) Optische Beschichtungen fr Hochleistungsiaser. Laser und Optoelektronik 21(4): S53. 
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Figure 9 Damage thresholds (lower diagram) and internal field 
strength relative tothe field strength ofthe impinging wave (upper 
clagram). The damage thresholds were measured with an ultra- 
short pulse laser operating at a repetition rate of 1 kHz, a pulse 
duration of 150 fs, and a bam diameter of 100 um an the sample 
surface, Damage thresholds for selected numbers between N= 
30 to N= 30 000 of pulses are indicated by columns. The platted 
‘maximum field strength inthe last SiO,-layer is adjusted on the 
basis of design variation. 


which were deposited in separate deposition runs, a 
strong correlation between the maximum field 
strength and the laser threshold is observed. This 
experiment clearly demonstrates the role of the 
electric field strength distribution in. high-power 
coatings and the potential of advanced thin film 
design strategies. 

Besides the properties of the coatings, the quality of 
the substrate has to be considered in respect to surface 
imperfections and to the polishing procedure. For 
example, substrates for the production of high- 
guality optics with enhanced power handling capa- 
bility in the VIS/NIR-spectral range should be 
polished to a surface roughness of less than 1 nM, 
with a surface imperfection value 5/1X0,010 
according to ISO 10110. For an illustration of 
the effect of the polishing grade on the LIDT 
values, selected results are compiled in Table 2 for 
substrates of BK7-glass and high reflecting mirrors. 


Table 2 Lasor-induced damage threshold values of samples 
polished using compounds of different grain size. Besides the 
LIDT values of the uncoated surfaces, alsa data for ant-reflectwe 
coatings of selected materials on these surfaces are summarized 


Goating type LIDT vatuo LIDT value 
(Wem®) poishing ype | (dem) polishing type I 

Bare surtace 76 =1 

Ta,0ySi0, 

HiOwSi0. 

NdsOsIMoFs 


Substrates with the polishing Type I and Type I were 
processed with powder of different grain diameter 
(2. um and 3 pm) in conventional pitch polishing. For 
the LIDT values of the bare substrate and the 
coatings, a clear relation to the surface roughness 
can be observed. Especially for optical coatings with 
significant transmittance, subsurface damage in the 
substrate has to be taken into account. As a 
consequence of the chemical and mechanical inter- 
action of the surface with the polishing compounds, 
impurities and dislocation are introduced in the 
surface structure resulting in a reduction of the 
damage threshold. 


Summary 


In the course of the rapid development of laser 
technology, a large background in high power optical 
coatings had been built up during the last three 
decades. Nowadays, the corresponding experience in 
the production of high power coatings is mainly 
located at industrial companies and a few research 
institutes, which are also involved in the characteri 
ation of optical coatings. For an illustration of the 
present state in thin film technology, damage 
threshold values of advanced optical components 
are summarized in Table 3 for laser systems and 
operation conditions often applied in industrial 
production environments. 

Besides the spectacular experiments in laser fusion, 
isotope separation, and fundamental physics, indus- 
trial applications of lasers in material processing, 
medicine, information technology, and semiconduc- 
tor lithography are considered as major pacemakers 
for the progress of high power optics. Therefore, 
trends in these technology fields will dominantly 
govern the future development of thin film techno- 
logy. For example, in semiconductor lithography at a 
wavelength of 157 nm, which would open the way to 
feature sizes well below 100 nm, optical coatings 
with extended lifetimes are still on rank 6 of the list of 
challenges to achieve an effective lithographic pro- 
duction facility. In next generation lithography, optics 
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Table 3 Laserinduced damage threshold values of selected 
‘optical coating systems for laser applications (Types: HR: high 
reflecting miror, AR: antireflectve coating, th: thermal evaporation, 
IBS: ion beam sputtering) 


Laser system Type Laser-induced damage 
wavelength threshold ISO 11254 
193nm, ArF-excimer AR/th — 1=2,Jiem? (1 on 1, 201s) 
HRIth — 2=4,iem? (1 on 1, 2018) 
248m, KiF-excimer ARVMh 10 Jicm? (1 on 1, 30.ns) 
HAth — >20Jlem* (1 on 1, 301s) 
HRIBS >3 J/cm? (1 on 1, 30 ns) 
1,064 um, N&YAG —ARIth — >60Jiom® (12 ns, 0,25 mm) 
HRIth > 100 J/em? (121s, 0,25 mm) 
HRIBS 80 Jiem® (12 ns, 0,25 mm) 
10,6 um, COsLaser ARIth — >20,Jiom? (100s, 1,4 mm) 
>2 kulom® (1,2 ms, 250 um) 
> 3 kWNimm (cw, 100 um) 
HRIth — >25 lem (100s, 1,4 mm) 


> 2 kllom? (1,2 ms, 250 um) 


of even smaller wavelengths, around 13 nm, have to 
be optimized to achieve the 60 nm node. Ultra-short 
pulse lasers gain importance as innovative tools for 
material processing, laser medicine, and biology, as 
well as the analysis and control of chemical reactions. 
For the development of fs lasers needed in these 
applications, special high-power broadband coating 
systems are required. In addition to high LIDT values, 
these coatings have to fulfil demands with respect to 
their group delay dispersion for the compensation of 
dispersion effects in the laser systems. Other chal- 
lenges have to be expected from applications, where a 
combination of the high-power handling capability 
with additional properties has to be achieved. As a 
typical example, high-power laser coatings with 
improved mechanical or chemical stability for 
applications in laser medicine can be considered. 


List of Units and Nomenclature 


dnidt generation rate of electrons in the 
conduction band 

g radius of a spherical inclusion; (cm) 

i) power density of laser radiation, 

k thermal conductivity; (W/cm °C)) 

ky thermal conductivity of a spherical 
inclusion; (Wem °C)) 

LIDT laser induced damage threshold 
(Jlem?; Wiem?; Wiem) 

af refractive index of a spherical 
inclusion; (1) 

P output power of a laser; (W) 


correction factor representing inter- 
ference effects in coatings 

Q Mie absorption coefficient of a 
spherical inclusion; 


quarter wave optical thickness: unit 
for the thickness of the layer 


4 irradiation time for a cw-laser; (s) 


Tw temperature in a spherical inclusion 
at the radial position r; (°C) 

w diameter of a laser beam with 
Gaussian profile; (cm) 

a impact ionization coefficient; (1) 

Bu m-photon absorption coefficient; (1) 

Bs surface absorption of an optical 
‘component; (1) 

AT temperature rise in the center of an 
irradiated circular spot; (°C) 

« thermal diffusivity; (cm“/s) 

ke thermal diffusivity of a spherical 
inclusion; (em*/s) 

* wavelength of a laser; (cm) 

See also 


Optical Coatings: Thin-Film Optical Coatings. 
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Introduction 


Black surfaces play an important role in many, if not 
most, optical systems. Optical instruments and 
systems of all types often rely on black surfaces to 
help minimize the effect that stray or off-axis light can 
have in degrading optical system performance. The 
strategic selection and placement of appropriate 
black surfaces can often limit significant detrimental 
stray light effects in an optical systems, ther 
dramatically improving system performance. 
high emissivity of black surfaces also gives them an 
important role in the design and construction of black 
bodies, calibration surfaces, and radiator surfaces. 
The characterization and selection of black sur- 
faces is an important field of optics and optical syste 
design. However, the selection of black surfaces is a 
specialized undertaking requiring careful study to 
ensure the proper selection of particular surfaces for 
each optical system. A black surface that works well 
in one application may not be at all appropriate for a 
different application, where different systems per- 
formance goals are desired. The wavelength of 
operation of the system is an important consideration 
since a surface which has low reflectance at one 
wavelength band may have different reflective prop 
ties at another wavelength or range of wavelengths. 
Specialized measuring devices called goniophot- 
ometers are often used to characterize the reflectance 
and scatter of black surfaces for a given wavelength 
or set of wavelengths. Goniophotometric measure- 
ments can be used to create a specialized functional 
description of reflectance and scatter off a surface, 
called the Bidirectional Reflectance Distribution 
Function (BRDF) or Bidirectional Scatter Dist 
bution Function (BSDF). In practice, having the 
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BRDF or BSDF of a surface is extremely valuable 
for surface selection and is more useful than other 
reflectance and scatter measurement measurements 
or descriptions. Comparing the measured BRDF or 
BSDF of several surfaces helps to distinguish the 
general optical properties of these surfaces and allows 
a direct comparison of the value of these different 
surfaces in an optical system as they contribute to 
overall system performance. 

‘The BRDF distinguishes, at a particular wave- 
length, how a surface specularly reflects or how it 
scatters light in different directions when incident 
light from a particular direction relative to the surface 
(at a given angle of incidence) interacts with the 
surface. By understanding the BRDF of a surface, the 
optical designer can understand how the surface 
behaves in a given system location when illuminated 
from a specific direction. The BRDF of a black surface 
is also important because it can be used as a 
mathematical function in stray light analysis pro- 
grams to predict system performance. The BRDF and 
other properties of surfaces can be input into stray 
light codes so that the propagation of light from black 
surfaces can be modeled through Monte Carlo-based 
propagation models. Using these models, the stray 
light can be directed through the placement of black 
surfaces into directions less likely to degrade system 
performance. Thus a measure of stray light control 
can be gained through absorption by black surfaces 
or by redirection of the stray light into less critical 
directions. 

Black surfaces may be considered a subset of a class 
of surfaces known as spectrally selective surfaces. The 
term ‘spectrally selective surface’ indicates that the 
spectral properties of many surfaces are different 
when examined in various spectral regions. For 
applications such as the design of blackbodies, 
space radiators, and baffles, surfaces with unique 
spectral emissive and reflection properties are needed. 
Large databases of spectrally selective surfaces are 
available to allow the optical designer flexibility in 
choosing surfaces for applications where specific 
optical reflectance and optical scatter properties 
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are desired, Spectrally selective surfaces are import- 
ant for applications that range from solar energy to 
telescope design. In some applications, it is desirable 
for a surface to be highly absorbing at one wavelength 
and more reflective at another, rather than to be 
highly absorbing of light over a wide range of 
wavelengths. An analysis of the spectral properties 
of a large number of surfaces allows the optical 
designer to choose surfaces optimized for a particular 
application. 

Black surfaces come in many types, but may be 
generally characterized as being more shiny (specular) 
or more diffuse (Lambertian) in their reflective and 
scattering properties, depending on the form of their 
BRDF curve. Surfaces are often described in compu- 
ter models as a combination of their respective 
specular and Lambertian properties for a given 
wavelength, Many black surfaces have significant 
reflectivity at some region of the electromagnetic 
spectrum, even if they are highly absorbing at one 
wavelength. Some black surfaces are constructed to 
be remarkably nonreflecting over a range of wave- 
lengths; these surfaces are often used as baffle surfaces 
for telescopes and instruments that must operate over 
a wide range of wavelengths. No black surface can 
work well in all optical systems, Optical designers 
must understand the specific optical properties of a 
black surface to determine if the surface can work in 
their particular system. To characterize a surface, it is 
helpful to know at least the BRDF of the surface at the 
wavelength of interest as well as basic materials 
properties of the surface. The specific BRDF at the 
most appropriate wavelength for the system can be 
used with the optical system stray light model to 
determine if the surface can fulfill the designer's, 
expectations of it for the system performance. The 
placement and choice of black surfaces in an optical 
system are often critical decisions with highly 
significant effects on overall system performance, 

For this reason, optical designers rely greatly on 
databases of the reflection and scatter properties of 
black surfaces in order to make the right choice of 
surface, These databases have been created to provide 


the optical engineer with the information needed to 
understand a wide variety of candidate surfaces and 
select the most appropriate ones. These databases not 
only describe the optical properties of surfaces but 
also elucidate material properties so that the selection 
process can examine the heat resistance, outgassing 
rates, fade resistance, durability, and a myriad of 
other surface or material properties that may be 
relevant, 


The reflectance and scatter data on black surfaces 
are often taken using a variety of reflectance- 
measuring instruments and the data format often 
varies greatly. When published and unpublished data 
sets are compiled, they are often confusing and 
sometimes even contradictory. This has made the 
comparison of surfaces a difficult proposition. In 
recent years, there have been successful attempts to 
gather existing large amounts of existing data so that 
comparisons among black surfaces can be made in a 
data-rich environment so that anomalous data can be 
ignored. A significant amount of reflectance data on 
black surfaces has been created by private or 
governmental organizations such as NASA and 
NIST ~ the US National Institute for Standards and 
Technology. These data now appear in databases of 
BRDF and reflectance measurements. Designers are 
relying increasingly on databases of BRDF surfaces 
rather than the individual measurements that can be 
found in the optical physics and applied optics 
published literature. 


Uses of Black Surfaces 


Table 1 lists some of the major areas in which black 
surfaces or black coatings may be used in instruments 
and optical systems. The optical properties of 
desirable surfaces may be different for the specific 
categories in the table, Plausible surfaces for these 
different applications can be found in materials 
databases such as the SOLEXIS™ database which 
contains a useful compilation of data from private 


Table 1 Possible uses for black surfaces and black coatings in optical systems 


Apertures Battles Barrels Calloraton sereens Choppors 
Cold shields Detectors Dewars Diflusion screens Domes for telescopes 
and instruments 

Enclosures and Integrating sphere Lens edges Light traps Mounts 

curtains far rooms enclosures 

and instruments 
Radiators Radiometers Solar collector Standards and Targets 

absorbers and references of 


‘concentrators 


reflectance 
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and governmental data compilations from the US, 
Canada, and the former Soviet Union, 


‘The selection of appropriate black surfaces for a given 
application becomes progressively harder as the 
number of optical requirements (e.g., reflectivity, 
scatter, emissivity, ete.) and materials requirements 
(c.g., stiffness, coefficient of thermal expansion, etc.) 
increase. Because of this, the selection process for 
specialized surfaces for space applications can be quite 
involved, since there are a large number of criteria, 
each of which may be regarded as an essential 
requirement. 

‘The optical system designer must consider at least 
the following aspects of the system in selecting a 
surface: 


n of Optical Black Surfaces 


the wavelength(s) and waveband(s) of interest; 

the position of the surface in optical system; 

the general robustness required of the surface; 

the environment of the optical system; 

the cost including inspection, handling, and 

assembly; and 

© the production and delivery schedule, including 
spares. 


The selection process must carefully address the 
system needs as well. Poor decisions are often made 
when only a cursory study of potential black surfaces 
is made or when databases and the literature on the 
subject are neglected. Therefore, an important part of 
the selection process is the management of the timing 
of the selection, in order to give the designer time to 


access available information and to influence the 
system design in a timel 

If black surfaces are used for stray light control, 
then the use of these surfaces must be planned at the 
beginning of the optical system design process. If the 
placement of black surfaces and the array of potential 
surface treatments are examined early in the pro- 
gram, the optimal choices can often be determined in 
a careful manner that enhances the system perform- 
ance, If the selection is saved until the very end of the 
program, the choice of surfaces will be more limited 
and improvements in system performance may be 
minimal, even with the most excellent black surfaces. 
This is because the location of the surfaces in the 
system often proves to be as critical as the choice of 
surface. If the surface is in the wrong location, the 
hest optical black may not be able to improve 
the stray light performance. For best results, the 
layout of the system and the placement of baffles 
must be considered first, before the baffle surfaces 
are selected. 

An optimal flowchart of good system de: 
black surface selection is given in Figure 1. Figure 2 
describes a work flowchart where black surface 
selection is neglected until the end of the program, 
often with dire consequences for system performance, 
cost, and schedule, 

For space-based systems, the effect of atomic 
oxygen in a low-earth orbit environment is an 
important consideration, For space systems, the 
designer must also examine how black surfaces may 
be affected by or contribute to contamination and 
outgassing. Other considerations are the generation 
of particles during launch, the effect of solar 
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Figure 1 Diagram of he system dasign process which treats black surface selection as an important par of basic aystem design, tobe 
done early in the design process. This gives the designer an opportunity to conduct system tradeafts to optimize system performance. 
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Figure 2 Diagram of a poor system design process. This process addresses the selection of black surfaces late in the system design 


process, where selection is significantly more diffcul, expensive, 


fn schedule, 


ultraviolet radiation on black surfaces, and how 
spacecraft charging may affect conductive, dielectric, 
or insulating black surfaces. Since black surfaces may 
have a large surface area in an optical system, the 
designer must ensure that the black surfaces do not 
contribute significantly to the risk of system failure 
through some degradation process that may contami- 
nate other optical surfaces. For space-based systems, 
data on surface outgassing and the past performance 
of a surface in a specific space environment is 
essential. 

There are a variety of resources available to assist 
in the selection of black surfaces. The best databases 
allow the user to create 2-dimensional and 3-dimen- 
sional BRDF plots for extensive lists of potential 
black surfaces. For most surfaces, with no preferred 
directionality in the structure of the surface, a 
2-dimensional BRDF plot is adequate. Most of these 
databases provide information on a wide variety of 
spectrally selective materials including black, white, 
and reflective surfaces for thermo-optical appli- 
cations for ground and space-based instrumentation. 
The BRDF plots can be examined by the user or fed 
into existing, commercially available optical design 
and analysis software packages. The results of 
these models indicate whether the chosen surfaces 
give adequate performance or whether more 
specialized coatings are necessary to achieve the 
desired level of performance. 


‘and risky. Even with a late selection, there may be severe impacts 


A significant problem for many designers is that 
the formulations of many paints and other surface 
treatments often change. Sometimes the name of 
the coating remains the same even as the optical 
properties change, due to a change in the 
compounds or methods used to prepare the coat- 
ing. Sometimes the name changes with or without 
a change in the formulation. These often unpub- 
lished changes increase the risk of using older plots 
from the published literature as definitive optical 
modeling data. Experts in the optical blacks area 
continuously investigate these changes and their 
implications and can advise optical designers of the 
implications of recent changes in the paint and 
coating arena. These experts are often aware of 
situations where coating failures have occurred or 
where mission performance was degraded by 
unanticipated changes in coatings, even if reports 
of this incidents were never published. 

In summary, the selection process, by its very 
nature, must be a deliberate and careful effort to 
examine the best surface options. Some of the better 
surfaces which were considered laboratory standards 
(e.g. 3M Black) are no longer easily available and 
replacements must be found. For the most systematic 
decision-making process, access is needed to the best 
optical black surface databases, often commercial 
databases with hundreds to thousands of BRDF 
curves on several hundred materials. The use of 
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these optical surface databases can_ substantially 
reduce the costs, time, and scope of a measurement 
program, as well as streamline the selection process. 
Additionally it allows the designer to consider 
materials used successfully in other programs which 
may not be familiar to the designer. Finally, the 
designer may avoid using materials that have been 
rendered unreliable through changes in the manufac- 
turing process or in the coating chemistry. 


Characterization of Black and 
Spectrally Selective Surfaces 


Optical Characterization 


‘An understanding of black surfaces relies heavily 
upon an understanding of the meaning and use of the 
BRDE. While the optical properties of surfaces can be 
characterized through specular and diffuse reflectance 
measurements, the use of BRDF measurements has 
become extremely important. BRDE measurements 
are equally adept at characterizing highly specular 
and highly diffuse surfaces and the myriad of surfaces 
with both characteristics. The BRDF is often used in 
general to describe the angle-dependent optical 
scatter from these surfaces. This is important as the 
angular distribution of scatter can be used to calculate 
if the scatter from a black surface will be a limiting 
factor in the resolution or noise level of the system. 
BRDF measurements can even be used in computer 
graphics visualization programs that illustrate what a 
surface may look like under various illumination 
conditions. For example, the BRDF is used in 
computer graphics models to render a certain color 
for an automobile or a countertop in a kitchen. For 
some black surfaces, the angular distribution of 
scatter can be used to calculate a variety of surface 
parameters such as the surface roughness, given 
certain assumptions about the surface. For opaque 
black surfaces, BRDF measurements have proved to 
be one of the best overall descriptors of the optical 
properties of the surface. 

BRDF is defined as the ratio of scattered radiance 
(watts/(cm? sr)) to surface irradiance (watts/em?); its 
units are inverse steradians. Radiance is used in the 
definition, in order to make the BRDF independent of 
the parameters of the measuring instrument, such as 
the detector aperture and distance to the detector. 
BRDF measurements are made by a variety of 
instruments for a number of wavelengths. For 
example, BRDF measurements of surfaces have 
heen made in wavelengths ranging from the vacuum 
ultraviolet to the far infrared. The most common 


BRDF measurements made on black surfaces 
are made at laser wavelengths of 0.6328 and 


10.6 micrometers. However, these measurements 
may be of limited value if the system is operating at 
substantially different wavelengths, where the 
surface’s BRDF is significantly different, 

To make a BRDF measurement requires a light 
source, a sample mounted and illuminated by that 
source, a receiver (detector) to measure the scatter 
from the sample, and the computer/electronics 
package to accurately record the detection of the 
scattered light. Additionally the sample and/or light 
source must be able to be moved so that the sample 
can be illuminated from nearly every angle, and 
scattered light from the surface can be detected in a 
hemisphere around the sample. The geometry of the 
BRDF measurement is illustrated in Figure 3. 

‘To make a BRDF measurement on black surfaces, 
appropriate sources, detectors, and low-scatter optics 
must be used. This becomes more difficult for 
wavelengths less than about 0.25 micrometers. At 
longer, infrared wavelengths, diffraction effects 
become important. Despite the instrumental difficul- 
ties, it is often better to measure the amount of scatter 
at a specific wavelength A and angle 6,, rather than try 
to predict it from theoretical models. This is because 
the extrapolation to new angles or wavelengths using 
scaling theories is not always accurate or even 
possible. Methods for wavelength scaling (extra- 
polating from BRDF data for one wavelength to 
data for any other wavelength) or angle scaling 
(where data taken at particular incident and scatter 
angles are extrapolated to other angles) will not be 
discussed as BRDF curves are now widely available 
for many surfaces at a variety of wavelengths and 
angles. 

‘The definitions of BRDF are given in Table 2. 


Figure 3 Geometry of BROF measurement and the angle 
‘conventions accepted by the American Society for Testing 
Materials (ASTM). The plane of incidence isthe I0-ZB plane and 
the scatter plane is the S-0-28 plane. 
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Table 2 BRDF torn definitions 


Bidirectional reflectance 
dlstrbution function BRDF 


Scatter 


‘Sample coordinate system 


Plane of incidence, PLIN| 


Beam coordinate 
system, XB, YB, ZB 


Incident direction 
‘Angle of incidence, 4 
Incident azimuth angle, 


Scatter direction 


Scatter angle, é 
Scatter azimuth angle, ¢, 
Specular direction 

Datta theta, Ae 

Delta beta, 3 


Receiver solid angle, © 
‘Sample radiance, 1, 


‘Sample irradiance, E, 


“The sample radiance divided by the sample radiance. The procedures given in 
this practice are correct only ifthe field of view (FOV) determined by the receiver 
field stop is suficiently large to include the entire illuminated area 

‘The radiant flux that has been redirected (by interaction with the sample) over a 
range of angles 

‘A coordinate system is fixed to the sample and used to a specify position on the sample 
surface for the measurements. The sample coordinate system may be application 
and sample specific. A Cartesian coordinate system is recommended for fiat 
samples, wit the origin at the geometric center of the sample face with the Z axis, 
normal tothe sample 

“The plane defined as containing the central ray of the incident flux and the sample 
rormal 

‘A Cartesian coordinate system defined with the origin on the central ray ofthe incident 
‘ux at the sample surface, the XB axis in the plane of incidence (PLIN) and the ZB 
axis normal to the surface. The angle of incidence, scatter angle, and incident and 
scatter azimuth angles are defined with respect to the beam coordinate systom 

‘The central ray of the incident flux specifid by 6 and gi in the beam coordinate system 

‘Angle between the central ray ofthe incident flux and the ZB axis 

“The fixed 180° angle from the XB axis to the projection of the incident diection onto the 
XB-YB plane. Its convenient to use a beam coordinate system in which ¢\ = 180° 
since this makes ¢g, the correct angle to use directly in the familar form of the grating 
equation. Conversion to a sample coordinate systam is straight forward, provided the 
sample location and rotation are known 

‘The central ray of the scattered flux specified by #, and g, in the beam coordinate 
system 

‘Angle between the central ray ofthe scattored flux and the ZB axis 

‘Angle from XB axis to the projection of the scatter direction onto the XB-YB plane 

‘The central ray of the reflected flux that les in the PLIN with 4 = @, and g, = 0 

‘The angle between the specular direction and the scatter direction 

‘The projection of AW onto the XB-YB plane, that is, the AW angle measured in direction 
‘cosine space. For scatter in the PLIN, 4 = sin #,~sing, For scatter out of the 
LIN, the calculation of 48 becomes more complicated 

“The solid angle subtended by the receiver aperture stop tram the sample origin 

A aitferental quantity that isthe reflected raciant flux per unit projected receiver solid 
angle £1 per unit sample area. L, is often an average calculated from scattered 
power, P, collected by the projected receiver solid angle © cosé,. rom the 
iluminated area, A. The receiver aperture and distance from the sample determines 
and the angular resolution of the instrument 

“The radiant flux incident on the sample surface per unit area. in practice, E, is an 
average calculated from the incident power, P. divided by the iluminated area, A. 
“The incident flux should arrive from a single direction; however, the acceptable degree 
of collimation or amount af divergence is application specific and should be reported 


Table adapted from ASTM £1392-90 “Standard Practice for Angle Resolved Optical Scatter Measurements on Specular or Diffuse 
Surfaces,” American Society for Testing Materials, 1990. 


therefore referenced by the incident 


Given these definitions, BRDF, is mathematically The BRDF 


described by 


(PJQA cos 6) Pee ty 


BRD Ay PQcos, © 


The BRDF is a function of many measurable 
quantities. It depends on the angle of incidence of 
the incident flux and the wavelength of this radiation. 
Italso depends on the direction in which the scattered 
light is measured as well as the wavelength and 
polarization of the incident and scattered flux. 
The BRDF can be calculated for a given angular 
configuration of incident source and detector from the 
average radiance divided by the average irradiance. 


power. The cos 8, term in the formula accounts for 
the foreshortening of A as the angle @, increases, so 
that true radiance is being used in the calculation. 
Because of this, the BRDF is constant for a surface 
with Lambertian (uniformly diffuse) properties. The 
detector must have a field of view so that all of A can 


be viewed and such that P, includes the entire beam. 
In practice, P, is measured by removing the sample 
from the measurement position. Then the detector is 
moved into the straight-through pos 
reference detector is used to monitor the incident 
beam power so that any changes after the initial V,, 
measurement can be recorded. 


ion, Often a 
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For BRDF measurements to be meaningful, the 
instrument signature must be examined and under- 
stood. This is particularly important in the measure- 
ment of low-scatter surfaces. The instrument 
signature is the BRDF when the sample is removed 
and there is no sample scatter. In this case the stray 
light and scatter signature of the device will be 
apparent. Angular positioning errors and electronic 
noise can also be important. For example, as @, 
approaches 90° the accuracy of measuring @, becomes 
critical due to the I/cos 6, term in the BRDF equation. 
Ideally the instrument signature is a small fraction of 
the BRDF being recorded. An understanding of the 
instrument signature provides the needed information 
to decide where the BRDF data loses its meaning. 

The BRDF is most often displayed in a plot, 
where the BRDF value (vertical axis) and the angle 
of scatter (horizontal axis) are plotted on logarith- 
mic scales. In these ‘log-log’ plots it is easy to 
examine the scatter distribution close to the 
specular direction which, for shiny surfaces, re 
resents the bulk of the scattered light. For surfaces 
that are diffuse in nature, a log-log plot of the 
BRDF generally yields a straight line, The slope of 
this plot is characteristic of the surface of the 
process which is used to produce the surface. This 
straight-line plot is useful in comparing samples 
made with the same process. Deviations from the 
slope of the line or the value of the points on the line 
indicate that there may be problems with a sample. 


F25836R, RAW 


Thus the simplest scattering instrument can be used 
for quality control of black samples. For a fixed 
angle of incidence and a fixed detection angle, 
variations in the BRDF value may indicate changes 
in the materials or the processes which created their 
surfaces. The quality control process can be 
performed by looking for variations in the BRDF 
among the different samples. 

The BRDE can be used as a measure of surface 
roughness — an important attribute for a diffuse 
black surface. As random surface roughness fea- 
tures increase on a surface, the scatter from the 
surface also increases. Because of this, the BRDF 
can be used to characterize surface roughness 
parameters. If the surface roughness is all in the 
form of small, micto-rough surface features, the 
BRDF value then is very much proportional to 
the surface power spectral density function (PSD), 
which is a measure of the power plotted against 
spatial frequency. The characterization of surface 
roughness by BRDF scatter measurements only 
works if the scattered energy is due to surface 
micro-roughness. If the scatter is from larger sur- 
face features or from surface contamination, then it 
will be difficult to accurately characterize the 
surface roughness. Thus only smooth, mirror-like 
black surfaces can be used for this simple leap 
from BRDF values to surface roughness par- 
ameters. Some sample BRDFs of black surfaces 
are found in Figures 4~7. 
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Figure 4 BRDF at wavelength of 0.633 micrometers and 60° incidence angle of black anodize sample. Plot generated by SOLEXIS 
Using CASI software from Schmitt Measurement Systems, Portiand, OR, USA. 
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Figure § BRDF at wavelength of 10.6 micrometers of black anadize at 45° incidence. Plot generated by SOLEXIS using CAS! 
software from Schmitt Measurement Systems, Portiand, OR, USA. 
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Figure 6 _BRDF at a wavelength of 10.6 micrometer of Martin Optical Black at 45" incidence. Plot generated by SOLEXIS using CASI 
software from Schmitt Measurement Systems, Portiand, OR, USA. 
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Figure 7 BROF at a wavelength of 0.488 micrometers of a glossy black surface at 60" incidence. Plot generated by SOLEXIS using 
CASI software from Schmitt Measurement Systams, Portland, OR, USA. 


Examples of Black Surfaces 


Black surfaces appear in many forms. They may be 
either diffuse or specular in nature, or both. Black 
surfaces may be created by painting a surface, by 
altering a surface (such as through an anodization 
process), or by any number of other surface treatment 
effects. For example, absorbing compounds may be 
added to paint or to a surface to decrease reflection. 
Adding large (compared to the wavelength) craters or 
holes to a surface may result in multiple reflections 
within the surface leading to decreased reflection. 
Surfaces may be modified to increase their light- 
scattering ability, with the hope that reflection in a 
specific direction will be reduced. Sometimes surfaces 
may be created in such a way as to enhance thin-film 
interference effects, leading to reduced reflection. 
These and other techniques may be combined 
together in an attempt to reduce reflection and 
make the material appear blacker in a particular 
wavelength range of interest or in a particular 
direction, 

Some sample black surfaces are given in Table 3, 
although databases are much more current on current 
names and manufacturers. 

Many black surfaces use surface texture to enhance 
their light-absorbing ability. Scanning electron micro- 
graphs of surfaces reveal the surface morphology and 


how multiple reflections can be used for light 
trapping. Surface chemistry, changes in the index of 
refraction, and the use of particles of different sizes 
are also used to create better absorbers. A variety of 
other proprietary methods are used as well 
(Figures 8-11), 


Future Developments 


There are many new kinds of black surfaces being 
developed for specialized applications. Black surfaces 
can be created using a variety of new techniques and 
materials. For example, new surfaces can be created 
using laser ablation or chemical microetching of 
surfaces. Surfaces can also be created using new 
materials such as carbon nanotubes or by using the 
technology used to create flocked materials. These 
new kinds of surfaces generally have good absorption 
at a variety of wavelengths. Even with the creation of 
these new surfaces, the greatest gain in an optical 
system will probably be attained through a concerted 
effort to choose the appropriate black surfaces early 
in the program and to place them properly in the 
optical system, An early selection of surfaces and an 
analysis of their performance will lead to a higher 
level of system performance than a search for 
an exotic, ultrablack surface at a late stage 
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Table 3 Solected optical black surfaces 


Name ‘Manufacturer Notes Type 
‘Aeragiaze L300 Lord Corporation Erie, PA Formerly called Chemglaze L300 Paint 
‘Aerogiaze Z004 Lord Corporation Erie, PA Formerly called Chemgiaze Z004 Paint 
‘Acroglaze 2302 Lord Corporation Erie, PA Formerly called Chemglaze 2902 Paint 
‘Acroglaze 2306 Lord Corporation Erie, PA Formerly called Chemglaze 2306 Paint 
‘Acroglaze 2306 Lord Corporation Erie, PA Formerly called Chemglaze 2306 Paint 
with microspheres with microspheres 
‘Acroglaze 2307 Lord Corporation Erie, PA Formerly called Chemglaze 2907 Paint 
Acroglaze 2313 Lord Corporation Erie, PA Formerly called Chemglaze 2313 Paint 
‘Ames 24 NASA Ames Research Paint 
(Ames 2462) Center Moffett Fild, CA 
Cardinal 6450 Cardinal Industrial Finishes Formerly ‘Cardinal 6550" Paint 
‘South Elmonte, CA 
Cornell Black Comell University Paint 
DeSoto Fiat Black Courtaulds Paint 
Electrically Conductive Jet Propulsion Laboratory Has no trade name Paint 
Black Optical Paint Pasadena, CA 
IITRI Bone Black D-111 _linois Institute of Technology Paint 
(TRI D111) Chicago, IL 
LMSC Black Lockheed Martin Palo Alto Painted multilayer coating 
MHI Minois institute of Technology Paint 
Chicago, IL 
MHS, Winois institute of Technology Paint 
Chicago, IL 
M2200 lWinois institute of Technology Formerly GM's ECP 2200 paint, Paint 
Chicago, IL ‘ut sold to IT 
Solarchem Eastern Chem Lac Corporation Paint 
Malden, MA 
462-3-8 ‘Akzo Coatings, Inc. Orange, CA Formerly called Cat-a-lac 4639-8" Paint 
diffuse black paint 
449.3-8 ‘Akzo Coatings, Inc. Orange, CA Formerly called Cat-a-lac 4430-8" Paint 
glossy black 
4493-17 ‘Akzo Coatings, Inc. Orange, CA Formerly called ‘Skkens 449-3-17" Paint 
Infrablack Lockheed Martin Denver, CO For Al substrates only ‘Anodization process 
Martin Black Lockheed Martin Denver, CO ——_—For Al substrates only ‘Anodization process 
Martin Black, Lockheed Martin Denver, CO ——_—For Al substrates only ‘Anodization process 
Enhanced 
Inrablack Lockheed Martin Denver,CO —For Al substrates only ‘Anodization process 
Black Chrome Lockheed Martin Denver, CO For many kinds of metal Electrodeposition process 
Type Surfaces substrates 


Black Cobalt Type 
Surfaces (Cobalt 
Black) 


Black Nickel 


(NBS Black) 
(Bal Black) 


Black Kapton” Foil 
Black Tedlar™ Foil 
Boron Black 


Boron Carbide 
Silicon Carbide 


Textured Surfaces 


Lockheed Martin Denver, CO 
and many more companies 


-NisT 


~Ball Aerospace 
Lockheed Martin and others 


Lockheed Martin Denver, CO 


Lockheed Martin Denver, CO 
Lockheed Martin Denver, CO 
and other companies 
-NASA Ames Research Center 
Moffat Field, CA 
“SPIRE Corporation Bedford, MA 
Optics MODIL Oak Ridge 
National Laboratory 


For many kinds of metal 
‘substrates. References to Black 
Copper, Black Steel etc. are 
covered by Black Cobalt 

For many kinds of metal 
substrates 


Ball modifi the process 
developed by NBS 
For many kinds of metals 


For Ti substrates only 
For many kinds of metals 


For many kinds of metal 
substrates 


Electrodeposition process, 
and can be followed by 
‘chemical or thermal oxidation 


Deposition and etching 
process 


Foil 

Foil 

Plasma spray deposition 
process 

Proprietary process 

Chemical vapor 
doposiion 

Either: ~sputter coated 
on beam etched 
sputter coated then 

‘etched 


[Note that finish names and manufacturers change regularly. Table adapted from SOLEXIS™ database, Stellar Optics Research 
International Corporation (SORIC), 78 Normark Dr., Thomhil, Ontario, Canada L3T 3A 
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Figure 8 Scanning electron micrograph of Martin Optical Black 
surface on 606176 aluminum. This surface is a good absorber 
at ultraviolet, visible, and near infiared wavelengths. (Courtesy of 
‘Stephen Pompea and Donald Shepard.) 


Figure 9 Scanning electron micrograph of phosphoric acid 
etched electroless nickel surtace, This surface is a good absorber 
in the visible wavelength region. (Courtesy of Stephen Pompea 
and Donald Shepard.) 


Figure 11 Scanning electron micrograph of tungsten hexa- 
fluoride surface. This surface is a good absorber at visible and 
Near infrared wavelengths. (Courtesy of Stephen Pompea and 
Donald Shepard.) 


in the program. Although better black surfaces are 
constantly being developed, the most important 
future development in the area of black surfaces 
may be a wider realization of the importance of an 
early and comprehensive surface selection process. 
The value of starting the selection process carly 
using black surface databases has been confirmed 
repeatedly by optical designers. 


See also 


Instrumentation: Photometry; Telescopes. Scattering: 
Scatlering from Surfaces and Thin Films. 


Figure 10. Scanning electron micrograph of Aeroglaze Z-306 painted surface with embedded microspheres. This surface is used 
primariy at visible wavelength. (Courtesy of Stephen Pompea and Donald Shepard!) 
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Thin-film optical coatings are employed to adapt the 
properties of an optical surface to its specific 
application. Commonly, optical coatings comprise a 
sequence of single layers of different transparent 
materials with a thickness in the range of the 
operation wavelength. Depending on this coating 
design, the spectral characteristics of an optical 
surface can be tuned to nearly any required transfer 
function including a suppression of reflection for a 
broad spectral range by an antireflective coating or 
even the achievement of highest reflectance values up 
to 99.99% using a high reflecting layer stack. 
Besides these basic functions, optical coatings can 
be employed to realize a variety of transfer spectra 
specified for multiple wavelengths or wavelength 
ranges to manipulate radiation according to even 
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extremely sophisticated demands in optical systems 
for laser technology, communication, or fundamental 
research. Moreover, the desired optical properties can 
be combined with additional specifications, for 
example, concerning the mechanical or chemical 
stability of an optical surface by selecting adapted 
coating materials. Asa consequence of this enormous 
versatility, thin-film optical coatings can be found in 
nearly every product and development of modern 
optical technology today. Aside from the large market 
of consumer optics including ophthalmology, camera 
objectives, binoculars, and optical systems for data 
storage, progress in optical coating technology is 
predominantly driven by demanding applications in 
many future technology fields. As one prominent 
pace-setter, semiconductor lithography imposes new 
demands on optical coatings extending the operation 
wavelength of stepper systems in chip production to 
the extreme ultraviolet (EUV)-spectral range. Other 
examples can be found in communication technology, 
where thin-film filters with a bandwidth below 
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0.5nm are required, or also in laser material 
processing, where coatings with high power handling 
capability and lifetime are indispensable for the 
development of cost-efficient laser tools. 

In this article a concentrated review will be given 
on the design, production, and on specific properties 
of optical coatings. After an introduction to the 
fundamental principles of operation of coating 
systems, basic expressions for the optical transfer 
function ofa single layer will be derived and extended 
to layer structures on the basis of the matrix method. 
Selected conventional and ion processes for the 
production of coatings will be discussed with respect 
to the achievable optical and structural properties of 
the coatings. Also, the thickness control of the 
coatings during production will be considered intro- 
ducing the crystal monitoring technique as well as 
optical measurement strategies at a single wavelength 
or in a broad spectral range. The article will conclude 
with a review of the present state of optical coatings 
and an analysis of future trends, 


Design of Optical Coatings 


The colorful appearance of optical coatings and 
microstructures, which can be observed on some 
butterflies and other insects, was present in nature 
Jong before mankind invented them. The beginning of 
the technical evolution of optical surfaces may be 
dated back to Greek culture, where polished metal 
surfaces were used as mirrors. Considering the 
application of transparent coatings, the investigations 
of Joseph Fraunhofer in the reflectivity of aged glass 
surfaces during the year 1819 should be mentioned as 
a first approach towards an antireflective coating. On 
the basis of controlled etching, this technique was 
further developed for different glass materials by 
Dennis Taylor in 1891 to realize the first antireflective 
coatings on lenses for applications in optical devices. 
In 1899, the Fabry-Perot theory was developed as a 
milestone in the theoretical description of multilayer 
structures. This theory describes the interference of 
partial waves reflected from two parallel optical 
surfaces, which can be considered as the fundamental 
arrangement of a multilayer structure (see Figure 1). 
In an optical thin-film system, layers of different 
transparent materials are composed on a stack 
deposited on the surface of the optical component 
(substrate refractive index mr). In general, to adjust 
the spectral characteristics of the layer system to the 
demanded specifications, at least two layer materials 
with a high refractive index my and a low index m, 
have to be selected. The choice of the thin-film 
materials is dependent on the application wavelength 
and the desired stability of the coating system as well 


Figure 1 Basic structure of a thin-film system. Transparent 
layers of at least wo different materials (n,n) are deposited on a 
substrate with refractive index my. 


te Nlerife * teri? 
Figure 2 Schematic path ofa plane wave incident onto a single 
layer with refractive index 1). The reflection and transmission 
cooficients for the amplitudes at the interfaces m= 1.2 
are denoted by fy and fq, respectively. A prime added to the 
‘coefficients indicates a transfer of the wave opposite to the 
direction of incidence. 


as on their optical properties essential for the specific 
design and the targeted optical quality. Similar to the 
Fabry-Perot principle, the optical function of the 
layer structure is based on the interference of partial 
waves reflected and transmitted at the interfaces 
between the layers. The trace of the incoming wave 
and the induced partial waves are depicted in Figure 2 
fora single layer, which can be considered as the basic 
unit for coating systems even with highest complexity. 
For a theoretical description of the transfer function 
of this single layer, the contributions of the individual 
partial waves have to be calculated and accumulated 
to form the total transmitted and reflected wave. In 
this classic approach, the incoming wave can be 
described by the function of a plane wave with 
amplitude Eo, wavenumber k= 2q/A incorporating 
the wavelength A, and frequency w: 


Elx,t) = Eq expl—i(kx ~ of)] i 


At the first interface, a part of this plane wave is 
directly reflected with an amplitude of Ay =Eyr, 
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(order zero), which can be calculated using the 
reflection coefficient r1 given by the Fresnel formulas. 
After passing the first interface, a reflection and 
transmission of the incoming wave at the second 
interface has to be considered. Also a phase shift has 
to be taken into account, which is introduced by 
the path of the wave from the front to the rear 
interface of the single layer. This phase shift 8, is 
dependent on the thickness d, of the layer and the 
refractive index nm: 


5, = 2rd cos 0 


fea) 


x 


For oblique incidence also the angle of incidence 6, in 
the layer, which has to be calculated by Snell’s law, has 
to be taken into account. The index i has been chosen 
in this consideration for convenience to account for 
the layer number in coating systems, which will be 
discussed later. Following the wave reflected the first 
time inside the layer, a further phase shift for the path 
from the rear side to the front side has to be taken into 
account. This partial wave is then transmitted by 
the front surface resulting in an amplitude Ay of the 
first-order wave leaving the layer: 

Ay = tt! Eo expl-228) BI 
where t{ is the transmission coefficient for the 
amplitude of the wave passing the layer at the interface 
to the ambient. By following the wave further through 
the layer, the amplitudes Ag of each partial wave of 
order k can be determined: 


Ag = tt’ y2Eo exp(—i28) + (r' ry exp(—i28))*! [4] 


Obviously the contributions of the partial waves 
follow the rule of a geometric expansion, and therefore 
the total amplitude of the wave reflected by the layer, 
which is the sum of the amplitudes of the partial 
waves, can be expressed in closed form: 


[ne 


The reflection coefficient rs of the single layer is 
given by the ratio between the total amplitude of 
the reflected wave and the amplitude of the 


tythry exp(—i28)] 
en ps 6) 


incoming wa 


ry tra exp(-i28) 


Trin exp(-2d) le 


n= 


In this equation, the coeffi 
replaced by using the relations 


ts rand ¢, have been 


Af =A-7 =n) =A-n)dtr)=1-4 (71 


In principle, this method of compiling the contri- 
butions of the partial waves reflected at the layer 
interfaces can be extended also to the calculation of 
systems with more than one layer. But, considering the 
enormously increasing number of partial beams, the 
resulting equations become extremely complicated for 
multilayer structures. Therefore, the matrix formal- 
ism, which can be deduced from the boundary 
conditions of the electric and magnetic field at the 
interfaces, is usually employed for the calculation of 
thin-film systems. The major advantage of this 
approach, which was developed in the 1940s, is the 
representation of each layer by a single matrix M, 
containing all specific parameters of the film. The 
matrix M, of a thin film at position i within the layer 
system relates the electric (E,-:) and magnetic (H,-1) 
field strength at the front face to the field strength 
values (E, and H,) at the rear face of the layer: 


bs ‘) (:) cos, sing, (i) 
=M, i [8] 
Hi Hh) \ insind, oss, ) Mt 
By considering the boundary conditions for the field 
strengths at the interfaces, the matrix components 
given in eqn [8] can be determined. On the basis of 
the matrix formalism, the transfer function of a 
layer system can be simply accomplished by multipli- 
cation of the matrices M, representing the constituent 
single layers. Thus, the transfer matrix Ms of a stack, 
which is formed by a number K of single layers with 
layer 1 located at the first interface with respect to the 
incoming wave, is given by 


Ms=MiM2M3...M)Mis1...Mx 19] 


For calculating the reflection coefficient rsx of the 
entire arrangement including the substrate (index of 
refraction my) and the ambient medium (index of 
refraction nig), again the ratios of the amplitudes have 
to considered: 


yy + i7torty M2 —iMyy — ry Maa 


Tee eo (10) 
gM + iio Mya +iMo) +777 Moa 


As a consequence of its perceptible structure, the 
matrix method can be readily transferred into 
computer codes, which cover the calculation of all 
important properties of even extremely complicated 
layer systems. In particular, considering the funda- 
mental relations of the matrix method, also the field 
strength distribution within the layer structure can be 
determined. In software packages, which are commer- 
cially available as standard tools for optical thin-film 
technology, often the film thickness D, of the layers is 
expressed in the units of QWOT (quarter wave optical 
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thickness) at the design wavelength Az 


_ 4nd, 
dz 


uy 


Inthe case of normal incidence, the matrices M, reduce 
to simple expressions for layers of integer QWOT 
values, because the corresponding phase shift terms 
are multiples of 7/2. Clearly, an integer QWOT value 
of optical thickness also represents an extreme value in 
the spectral behavior at the design wavelength. This 
fact is often exploited for a precise thickness control by 
optically monitoring the reflectance or transmittance 
of the growing layer at the design wavelength Az: by 
recording the transfer behavior as a function of time 
during production, extreme values and accordingly 
thickness values of multiple QWOT can be accurately 
determined. Thus, if a layer structure is composed 
only of multiple QWOT layers, switching between the 
layer materials can always be precisely performed at a 
minimum or maximum read-out of the optical 
monitor tuned to the design wavelength. In respect 
of this advantage in production, most coating designs 
are based on QWOT layers indicating the practical 
importance of the unit QWOT, For an efficient 
description of the designs, often a notation in capital 
letters is used, which indicate a 1 QWOT layer of a 
certain coating material, For example an alternating 
QWOT-stack with 11 layers of a high-index material 
(H, refractive index mi) and a low-index material 
(L, refractive index m.) is described by the sequence 
HLHLHLHLHLH or even more condensed by 
(HLH. The QWOT stack is the fundamental design 
for dielectric high reflecting mirrors and represents the 


hasis for a variety of functional coatings in optical 
thin-film technology. By applying the matrix method, 
an approximate expression for the reflectance Rgatthe 
design wavelength can be derived for such a stack: 


nt 
nom NT 
my 


Rs=l 2) 


This expression is only valid for a large number N of 
QWOT layers and underlines the role of the materials 
for the practical production of optical coatings. 
Highest reflectivity with lowest number of layers can 
be achieved only by selecting materials with a high 
contrast of their refractive indices. This contrast also 
influences the spectral broadness of the high-reflecting 
region of the stack (Figure 3). 

Besides highly reflecting mirrors, antireflective 
coatings are another important class of functional 
coatings for modern optics and laser technology. 
Antireflective coatings often involve non-QWOT 
layer structures of more than two materials in order 
to accomplish the demands of lowest residual 
reflectivity for a broad spectral range. Eye glasses 
with antireflective coatings covering the entire visible 
spectral range can be considered as a prominent 
example for consumer optics, which impose require- 
ments on the coatings also in respect to their stability 
against cleaning and other environmental influences 
during normal use, In this context, the introduction of 
optical plastic materials is an additional challenge in 
consumer optics and ophthalmology, which has to be 
mastered by adapted designs and production pro- 
cesses. In contrast to the typical demands of consumer 
optics, antireflective coatings on laser windows are 
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Figure 3 Spectra calculated for high-relcting QWOT stacks (15 layers, substrate index ny = 1.52) composed of a low-index material 
(0, = 1.48) and different materials with high indices of refraction varying between ny ~ 1.7 (solid), 1.9 (dashed), 2.1 (dotted) and 
2.5 (dash-dotted). The spectral broadness and the reflectivity increase withthe ratio n/n. 
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Figure 4 Spectrum of an antirefiective coating for the wavelength 1.064 um, whichis designed as a V-coating with two layers of TazOs 
(7 = 2.03: dy = 0.983 GWOT) and SiO, (n= 1.48; d_ = 1.808 GWOT) for a quartz substrate (substrate index nm; = 1.46). 


Figure 5 Boat evaporation source in operation. The deposition 
‘material is put ito the boat which is made of a metal with high 
‘matting point. high electric currents conducted through the boat 
farheating o temperatures up to 2000 °C. 


often restricted to one wavelength, but have to fulfill 
extreme requirements with respect to optical losses 
and power handling capability. Therefore, most 
antireflective coatings in laser technology are com- 
posed only of two thin layers to minimize the total 
thickness, which is often a direct measure of the 
expected losses of the layer system. With such a 
coating, which is often called V-coating according to 
its spectral characteristic (Figure 4), the reflectivity of 
the window surface can be suppressed ideally for 
one wavelength. 


Production of Optical Coatings 


The industrial production of optical coatings 
started in the 1940s on the basis of glass bell jar 


Optical thickness monitoring Vacuum chamber 


Evaporation source 
(ees 


Figure 6 Outline of a modem box coater used forthe production 
of optical coatings with e-beam deposition processes. 


systems equipped with diffusion pumps and boat 
evaporators for the deposition of single layers of 
metals for mirrors and fluoride materials for 
antireflective coatings. Metal containers are used 
as boat evaporation sources. These containers are 
filled with the deposition material and heated by 
electric currents up to several 100A (Figure 5). In 
the course of the rapid improvement of vacuum 
systems and especially the development of the 
electron beam evaporator over the next three 
decades, new materials with improved optical and 
mechanical quality could be combined to form 
more complicated dielectric coating systems. The 
layout of an e-beam deposition plant of these times, 
which can still be considered as fundamental for 
the advanced deposition systems of today, is 
illustrated in Figure 6. In such a box coater, the 
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substrates are installed in a calotte which is rotated 
to achieve a uniform distribution of the layer 
thickness. The deposition materials are put in 
water-cooled crucibles and are subjected to an 
electron beam operated at currents in the range 
between 0.1.A to more than 10.A and voltage levels 
of several kilovolts. As a consequence of the 
interaction with the energetic electrons, the depo- 
sition material can be heated to high temperatures 
above 5000 K allowing the evaporation of most of 
the desired deposition materials. These achievable 
high temperatures in conjunction with the good 
controllability are the major advantages of e-beam 
sources (Figure 7) in comparison with the classical 
boat evaporation process. In particular, e-beam 
evaporation opened the way for the deposition of 
oxide materials and other optical materials with 
high evaporation temperatures, which exhibit opti- 
cal properties as well as a high mechanical and 
chemical stability superior to the material classes 
accessible with boat evaporation, However, the cost 
efficient boat evaporation technique is still applied 
today for the deposition of metals or temperature- 
sensitive materials for coating systems in the 
vacuum ultraviolet (VUV/JUV and mid-infrared 
(MIR) spectral ranges. If the shutter above the 
deposition is opened, the evaporated 
material reaches the substrates and forms the 
layer by condensation. This condensation process 
is sensitively dependent on the environmental 


Figure 7 Electron beam source in operation. The deposition 
material is put in a water-cooled crucible and subjected to an 
e-beam. Since the zone heated by the e-beam is entirely 
embedded in the surrounding deposition material, very low 
‘contamination levels and temperatures above 5000°C can be 
achieved. For the generation of the e-beam an arrangement 
similar to the system of a cathode ray tube is employed: the 
electrons emitted by a hot lament ae focused by an aperture and 
accelerated by a high voltage. 


conditions of the substrates and the deposition 
sources. Sufficient microstructural properties of the 
growing layer can generally be achieved only under 
fine vacuum below 100Pa and heating of the 
substrates to temperatures in the range of some 
100°C. Even under well-optimized conditions, the 
typical microstructure of such thermally evaporated 
coatings exhibits specific deficiencies (Figure 8) 
which influence the optical and mechanical proper- 
ties of the layer systems. Often, microcrystallites 
with diameters in the range of a few nm are 
observed, which are arranged in columns of a 
typical size growing from the substrate interface to 
the outer surface of the layer. For a simulation of 
the growing mechanisms for this low energetic 
deposition process, uncomplicated models with a 
few input parameters already lead to satisfactory 
results. Assuming a kinetic energy of 0.1-0.3 eV, 
which is typical for thermal evaporation according 
to the Boltzmann distribution, the impinging atoms 
can move only a small distance or even adhere 
directly at their position of incidence on the 
growing layer. As a consequence of this small 
mobility, the atoms are not able to reach their 
energetically optimum positions in the layer, and 
they even obstruct the path of the following atoms 
by shadowing. On the basis of these assumptions, 
computer simulations of the growing process result 
in structures which are comparable to the columnar 
growth observed in practice. The packing density of 
snch a columnar structure is significantly below the 
bulk values of the corresponding deposition 
materials, and it contains also a high number of 
defects and voids, which reduce the optical quality 
of the coating. In particular, the coating tends to 


Figure 8 Microstructure of a MoF single layer (geometric 
thickness approximately 780m) deposited by conventional boat 
‘evaporation. For the preparation of the TEM picture, the coating 
has been fractured and replicate. 


368 OPTICAL COATINGS / Thin Film Optical Coatings 


adsorb water from the normal atmospheric 
environment into its internal structure leading to a 
shift of the spectral characteristics as a function of 
the ambient conditions. Besides this loss of spectral 
stability, the adsorbed water also induces an 
increased optical absorption of the coatings in the 
VUV and the MIR spectral ranges. 

‘The increasing demand in laser technology and 
other optical applications for coatings far exceeds the 
quality level of conventionally deposited coatings and 
this was the driving force for the development of 
advanced concepts for the production of optical 
coatings during the last three decades. Considering 
the fundamental growth mechanism of conventional 
optical coatings, two basic approaches for an 
improvement of the microstructure are available. 
On one hand, the mobility of the atoms on the surface 
of the growing layer can be increased by the insertion 
of additional energy from other sources. This concept 
leads to the development of ion-assisted deposition 
processes, where the additional energy is transferred 
to the adatoms by collisions with ions generated 
directly in the plant by an ion source at energy levels 
of approximately 30-300 eV (Figure 9). Especially, 
by the deposition of oxide materials, which can be 
assisted directly with oxygen ions for balancing their 
stoichiometry, coating systems with high environ- 
mental stability and low optical losses can be 
achieved for the VIS up to the MIR spectral range. 
On the other hand, the energy of the adatoms can be 
directly increased in sputter processes which deliver 
deposition energies orders of magnitude higher than 
the thermal energy range. Besides adapted activated 
reactive magnetron sputter processes, particularly ion 


Figure 9 lon assisted deposition. An additional ion source is 
installed, which delivers inert or reactive ions impinging on the 
‘growing layer. The energy transfer trom the ions to the adatoms 
results in improved micrastructure of the produced coatings with 
higher packing density. 


beam sputtering (IBS) was developed for a coating 
process delivering high-end coatings mainly for laser 
technology with an unsurpassed optical quality 
(Figure 10). For example, mirrors with total losses 
below one ppm can be produced for the Nd:YAG 
laser (wavelength 1.064 um) with adapted IBS 
processes. 

In addition to stable deposition processes, precise 
control of the layer thickness with an accuracy below 
Inm is a further important step towards the 
realization of complex optical coatings. Most depo- 
sition plants are equipped with quartz crystal 
monitors, which measure the optical thickness on 
the basis of the resonance frequency shift of an 
oscillating quartz crystal induced by the increase 
in mass of the deposited coating. The relative 
accuracy of these monitors ranges from 2% to 10% 
and is well suited for the regulation of the deposition 
rate. In order to achieve the required precision for 
high-quality coatings, optical monitors are often 
employed, which record the transmittance of the 
growing layer system at a single wavelength or even in 
a broad spectral range. Since these systems account 
directly for the optical properties of the deposited 
layer system, an efficient and accurate control of the 
film thickness is possible allowing the production of 
extremely sensitive filters with bandwidths below 


1 nm for telecommunications or mirrors with defined 
group delay dispersion 
(Figure 11). 
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Figure 10 Principle of the jon beam sputtering (IBS) process, 
Inert ions with an energy in the range 1-2 KeV are generated in 
anion source and directed onto the target which consists of the 
sired deposition material. Material is sputtared from the targot 
and reaches the substrates. As a consequence ofthe high energy 
of the adatoms (5~90 eV) the formed layer exhibits a superior 
microstructure, 
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Quality Parameters of Optical 
Coatings 


Besides the spectral characteristics, a variety of 
specific parameters has to be considered for each 
application of optical coating systems (Table 1). For 
laser systems the laser-induced damage threshold and 
the optical losses have to be evaluated in the 
context of technical and also economic requirements. 
Absorption is a loss channel, which transforms a 
fraction of the impinging radiation energy into heat, 
inducing a temperature increase in the coating. This 
generated temperature profile influences the imaging 
properties of the optical component via thermal 
expansion and temperature-induced alterations. of 


Measurement 


— design | 


Transmittance 
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Figure 11 Example of a complicated layer system deposited 
Lundor the control of an advanced optical broadband monitoring 
device: double chirped mircor (56 non-QWOT layers of SiO 
‘TiO.). Only small deviations between the calculated spectrum and 
the spectrum of the produced coating can be observed. 


the refractive indi 


es of the coating as well as the 
substrate materials. Despite numerous technical 
problems, absorption always implies the loss of 
laser energy which is produced with high economic 
expens 

impurities, which are introduced during the pro- 
duction process into the layer by a variety of 


Absorption losses are related to defects and 


contamination mechanisms. Furthermore, an unba- 
anced stoichiometry with a higher metal content is 
often observed as a cause for increased absorption in 
dielectric optical coatings, which are mainly com- 
posed of binary metal compounds. Absorptance 
values of optical components are determined by laser 
calorimetric techniques described in ISO 11551. 
In this measurement scheme, the temperature increase 
in the sample is monitored during irradiation with a 
well-characterized laser beam. After this heating 
phase, the laser beam is blocked and the temperature 
curve during the cool-down cycle is also recorded. 
On the basis of the measured temperature 
development, the absorptance can be calculated 


taking into account the laser power and the heat 
capacity of the specimen, 

‘All mechanisms, which deflect radiation from its 
specular direction, contribute to optical scattering 
representing the second major loss channel in optical 
coatings. Since scatter losses are mainly attributed to 
microstructural imperfections and the surface rough- 
ness of the layers, a scaling with wavelength can be 
deduced from the corresponding theoretical models. 
Especially in the VUV/UV spectral range, high scatter 
values are apparent and may dominate the losses of 
the optical components. For longer wavelengths, the 
contribution of scattering is decreased to a point in 
the MIR spectral range where it can be neglected in 
comparison to the absorption losses. Scatter effects 


Table 1 Selected quality parameters of optical coatings and surfaces in conjunction with corresponding ISO standards and 


measurement principles 


‘Specification Parameter/Unit ‘Standard/Measurement principle 
Laser induced damage ow-LIDT Wier 1S0 11254-1: ew-laser radiation 
threshold (LIDT) Yon ‘-LIDT diem? 180 11254-1: radiation with single pulses 

Son 1-LIDT diem? ISO 11254-2: repetitive irradiation with pulses 
‘Assurance ‘lem DIS 11254-3:iradiation sequence 

Optical losses ‘Absorptanca ppm 180 11851: laser calorimetry 
Total scattering ppm ISO 13696: intogration of scattered radiation 

“Transfer function Roflectance %. CD 18887: precise laser ratiometric method 


Transmittance % 


Surface quailty SoratchiDigs 
Roughness 
Stability ‘Abrasion 


Environmental 
Stablty 


DIS 15368: spectrophotometry 
'SO 10110: 13 parts containing iferent types of imperfections 


180 9211: cifferent test methods 
180 9022: 21 parts containing a variety of conditioning methods 
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may impair the imaging properties or the resolution, 
and they reduce the efficiency of an optical system. 
Besides the economic aspect of each loss effect, 
scattering can also be considered as relevant for 
safety in high-power laser systems, where some 
100 ppm of scattered radiation carry enough power 
to injure or blind the operator. In the ISO. 13696 
standard, measurement procedures based on the 
collection or integration of the total radiation 
scattered by the sample are described. 

Depending on their application, coatings have to 
withstand also manifold mechanical, chemical, and 
environmental influences. Severe mechanical and 
chemical requirements are imposed onto coatings 
for ophthalmology or consumer optics, which are 
often cleaned with abrasive and aggressive cleaning 
solvents and tissues. To qualify coatings for these 
applications, various testing procedures have 
been developed and are routinely employed in 
industrial quality management. Coatings for laser 
systems and precision optics are predominantly 
certified according to conditioning methods 
described in the ISO standard series 9211, Test 
procedures with respect to environmental 
influences are extensively outlined in the more 
than 20 parts of ISO 9022, which is dedicated to a 
variety of climatic, mechanical, and chemical 
conditioning cycles. 


Summary and Outlook 


Optical coatings are the major tool for engineering 
the properties of functional optical surfaces for an 


extensive spectrum of applications. On the basis of 
the matrix algorithm, a comprehensive theoretical 
model for the spectral transfer characteristics of 
optical coatings is available, which has been trans- 
ferred to commercial computer programs. Now, most 
design problems can be solved with these computer 
codes, whereas the reproducible and precise pro- 
duction of optical coatings with high quality could 
only be partially achieved until today (Table 2). 
Besides conventional thermal processes, new ion- 
assisted deposition processes and sputtering concepts 
are gaining importance in optical thin-film technol- 
ogy. For the quality management of optical coatings, 
a variety of often standardized testing procedures 
has been developed during the last two decades 
including the determination of the power handling 
capability, the measurement of the optical losses 
and a broad spectrum of conditioning methods for 
optical coatings. 

Demanding future challenges will be imposed on 
optical coatings by the development of semiconduc- 
tor lithography in the EUV spectral range to achieve 
nodes well below 100nm in chip production. 
Another important trend is directed by new laser 
applications in material processing, medicine and 
communication technology, operating at extremely 
high repetition rates and power levels, or with 
ultrashort pulses in the fs-regime. Other requirements 
will be defined by the rapid development of optical 
technology towards a broad range of special products 
with short innovation cycles obligating significant 
progresses in thin-film technology in the direction 
towards flexible and reproducible process concepts 


Table 2 Selected qualty parameters of optical coating systems for laser applications 


Laser, wavelength Type Absorption ISO 11561 Total scattering ISO 13696 Laser induced damage threshold, ISO 11254 
187 nm, Fz excimer HAh 14% 
193m, AIF excimer AR/th 0.7-2.5% 02-05% 41-2 d/em? (1ont, 20.ns) 
HRth 04-20% 02-25% 2-4 Jem? (tont, 20 ns) 
248m, KeF excimer ARIth <0.025% 10 diem (1ont, 30 ns) 
HRth <0 ppm <0.2% > 20 diem? (ton, 30:ns) 
HRI. <0.1% > Jiem® (ont, 30 ns) 
633nm, HeNe laser HRMh <30 ppm <20 ppm 
HRB <5 ppm <5 ppm 
1.064 ym, N&YAG —ARIth <20 ppm <100 ppm > 60 Jem? (12 ns, 0.25 mm) 
HR <50 ppm 100 ppm > 100 Jiem® (12 ns, 0.25 mm) 
HRB <1 ppm <1 ppm > 80 diem? (12:ns, 0.25 mm) 
10.6 um, COzlaser —ARIth <0.16% - > 20 sien? (100 ns, 1.4 mm) 
> 2 kallem? (1.2 ms, 250 ym) 
> kWimm (ew, 100 jm) 
HRM <0.10% ~ > 25 diem? (100 ns, 1.4 mm) 


> 2 kalem? (1.2 ms, 250 ym) 


“Types: HR: highly reflecting miror; AR: antireflective coating; th: thermal evaporation; IB: ion beam sputtering, 
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for coatings with increasing complexity. In all fields of 
modern optics, optical thin films will represent an 
enabling technology which will play a key role for 
many future applications and products. 


List of Units and Nomenclature 


Ay amplitude of partial wave of order zero 
A amplitude of first-order partial wa 

Ae amplitude of the partial wave of order k 
d, thickness of layer number i 

D, film thickness expressed in units of 

QwoT 
Ey amplitude of a plane wave 
EH electric field strength and magnetic field 


strength at the rear front of layer 
number i 


IAD ion-assisted deposition 

IBS ion beam sputtering 

k wavenumber of a plane wave k = 27/A 

M, matrix of layer number i 

Ms ‘composite matrix of a layer stack of K 
single layers 

no index of refraction of the ambient 
medium 

my refractive index of a high-index 
material 

n refractive index of layer number i 

nm refractive index of a low-index material 

ny refractive index of the substrate 

QWOT —— quarter wave optical thickness: unit for 
the thickness of the layer 

n reflection coefficient at the layer- 
substrate interface 

rs ficient of a single layer 

13 ficient of a layer stack of 
K single la 

Rs reflectance of a QWOT stack 

tet transmission coefficients of the 


ambient—layer interface 


X-Ray Coatings 


P Dhez, Université Paris Sud, Orsay, France 
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In all spectral ranges, there exist two principal 
options for coating an optical clement. This may be 


6 phase shift of a plane wave in layer 
number i 

2 wavelength of a plane wave 

dz design wavelength 

6, angle of incidence in layer number i 

o frequency of a plane wave 

See also 
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a simple layer, as for example a metallic layer is 


frequently used in the visible spectral region. The 


second option is to use a multilayer coating, making 
use of the optical proper 
to achieve enhanced reflectivity over a limited spectral 
range. In both cases, a knowledge of the refractive 


of two or more materials 
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index of the materials (real or complex) is required, 
and of course one must choose materials that can be 
coated in a practical deposition process. A frequent 
side-advantage of coating is to make it possible to 
choose the material of the substrate for its mechanical 
or cooling properties without regard to the optical 
properties of the coatings. 

Originally (at the beginning of the twentieth 
century) the progress of X-ray optics was hampered 
by a poor understanding of the nature of these rays, 
and in particular by the observation that they are very 
weakly reflected and refracted. After the electromag- 
netic nature of these rays had been confirmed, the 
problem of producing polished surfaces that were 
sufficiently smooth on an atomic scale to reflect 
X-rays still remained. Optical coatings gave little 
hope of improvement due to the growth of roughness 
during the coating process, Thus early attempts to 
make X-ray mirrors produced poor results and little 
progress was made until the 1960s. However, in the 
past 30 years, much technical progress has been 
made, and now many optical principles used in the 
visible spectral region have been extended to very 
short wavelengths. Even refractive and diffractive 
focusing lenses (not treated here) have been 
implemented in the X-ray region, 

In the first section we outline the history of the 
discovery of the properties of X-rays, which were 
achieved mainly in experiments using crystals. This 
allows us to understand how their electromagnetic 
nature was discovered, and how they interact with 
materials. We then describe the phenomenon of the 
“total reflection’ of X-rays, which occurs only at very 
high angles of incidence (‘grazing incidence’) and its 
main applications in X-ray optics. Finally, we outline 
the principles of mirrors based on interference, their 
applications in the X-ray region, their advantages and 
their limitations. 


X-rays Compared to the Other 
Electromagnetic Spectral Regions 


Infrared radiation was discovered by W. Herschel in 
1800, and ultraviolet rays by J. Ritter in 1801. 
These were the only ‘invisible rays’ known before 
Maxwell’s contribution to the understanding of the 
electromagnetic spectra through the development of 
his equations in 1869. The discovery of radio waves 
by H. Hertz in 1887 confirmed that our eyes are blind 
to most of the electromagnetic spectrum, 

In 1895, W. Roentgen discovered some previously 
unknown ‘rays’ that had the surprising property of 
being able to penetrate low-density material opaque 
to visible light. This discovery was a side-effect of his 


studies of low-pressure electrical discharges, fashion- 
able at the time. The nature of these unknown or ‘X’- 
rays as Roentgen named them, remained unknown 
for 12 years or so. Were they electromagnetic waves 
or particles? Roentgen used lenses, prisms and 
mirrors to try to detect a reflective, refractive or 
focusing effect, with inconclusive results. Although 
the electromagnetic nature of the X-rays was favored, 
the magnitude of the frequency or the refractive index 
was unknown. We note that natural radioactivity and 
gamma rays were discovered a year after X-rays, and 
the same questions concerning their nature were 
raised. However, in neither case did the ignorance of 
the nature of the radiation impede their use in medical 
radiography or in cancer therapy. 

In 1906, the experiments of C. Barkla provided the 
first evidence of the electromagnetic nature of X-rays. 
In scattering X-rays from blocks of a light element (in 
this case, carbon), he was able to show that the 
scattered radiation was polarized, and therefore had 
the nature of a transverse wave. This kind of 
experiment had been performed almost a century 
previously to demonstrate the transverse wave nature 
of visible light. In 1916, following a suggestion by 
M. von Laue that X-rays might be diffracted from a 
grating of period comparable to their wavelength, 
Friedrich and Knipping succeeded in diffracting 
X-rays from the atomic planes of a natural 
crystal. This experiment established definitively the 
electromagnetic nature of X-rays and also the scale of 
their wavelength. 

In 1915 W. L. Bragg summarized the diffraction 
rules for crystals through his equation [1], now 
known as the simplified Bragg law: 

2d; sin 0; = Nay ra 
This equation relates the diffracted X-rays wave- 
length A, to a set of parallel atomic planes separated 
by a distance d, and to the incidence angle 6,..N is an 
integer indicating the order of diffraction, as in the 
grating equation. In using this equation, care is 
needed hecause of two peculiarities compared to the 
usual mirror or grating equations in the visible range. 
In the Bragg equation, the angle of incidence @ is 
measured from a given atomic plane to the incident 
rays. However, inside a crystal several different 
atomic planes exists, not only the planes parallel to 
the surface as indicated in Figure 1. In addition, @ is 
not measured from the normal as is usual in optics; 
hence the angle # is referred to as the glancing or 
grazing angle of incidence. 

‘We note that the Bragg equation is not restricted to 
X-rays, but is a coherent scattering phenomenon 
which is common to all cases where waves, such as 
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Figure 1 The geometry for the conditions leading to selective 
reflection on a periodic medium. 


sound waves or ripples on water, are diffracted by 
regular arrays of scattering centers, 

In order to visualize the phenomena, we refer to 
Figure 1 which is a schematic representation of a 
plane wave incident upon a two-dimensional array of 
scattering centers (electrons around nucleus, in the 
case of X-rays), shown here as dots. As the sine 
function has a maximum value of 1, the maximum 
wavelength A that can be reflected from a spacing d is 
given by A= 2dmay. As the largest value of 2d that can 
be found in natural crystals is about 2 nm (in natural 
muscovite mica, for example}, X-rays of 2 nm, with 
an equivalent energy of about 620 eV, are the “softest” 
(least energetic) that can be reflected in this manner. 

The model shown in Figure 1, similar to that 
proposed by M. von Laue, does not take into account 
the detailed interaction of the atoms with the X-rays, 
and therefore ignores effects such as absorption and 
refraction, and discrete atomic transitions. 
A.H. Compton attempted the first treatment of the 
interaction of matter with X-rays from an atomic 
viewpoint, In 1917, he developed a classical theory in 
which the electrons bound to the nucleus are treated 
as harmonic oscillators. In this way, he was able to 
derive an expression for the atomic scattering 
coefficients and to describe resonance effects at 
frequencies corresponding to specific atomic tran- 
sitions. A few years later, he was able to establish a 
link between these ‘atomic scattering factors’ and the 
macroscopic concept of refractive index. This new 
formulation allowed the use of the Fresnel equations, 
widely used in other spectral regions, to calculate the 
intensity of X-rays reflected from smooth, polished 
surfaces. These surfaces may be amorphous as well as 
crystalline. 

‘The refractive index can be written in several ways; 
since itis close to unity over the X-ray range, the most 
common form is complex: 


—8-ip 21 


where 6 is the refractive index decrement, and the 
imaginary part B the absorption index. For photon 
energies corresponding to X-rays, both have small 
negative values, typically 10°°-10"°, and are cor- 
recting factors to the vacuum index 1. As in other 
photon energy ranges, the absorption and the 
refraction coefficient variations are linked 
through the Kramers—Krénig relations, In the visible 
range the index values are usually larger than 1, being 
helow 1 only around specific optical thresholds. In the 
UV region, the index values become smaller 
than unity at energies above about 30 eV, which 
corresponds to the energy range for which atoms can 
he ionized. 

At an early stage, Roentgen demonstrated X-ray 
absorption by sheets of materials. The demonstration 
of refraction took much longer and was more 
difficult. The first direct X-ray refraction index 
measurement was achieved in 1924, using a prism 
and an X-ray tube. Figure 2 is the scheme of the 
experiment, which is easy to perform in the visible 
range to measure the refraction of a transparent 
material, The footprint of the direct beam on the 
photographic plate is made before inserting the prism. 
In the visible range for which > 1, the beam is 
refracted at larger angle than the glancing incidence 
angle, and so below the direct beam direction as 
shown in Figure 2a. At the contrary, as indicated in 
Figure 2b, the X-ray beam is refracted toward the 
prism surface and such an experiment effectively 
demonstrated that the index was slightly inferior to 
unity, as suggested by A.H. Compton, We will return 
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Figure 2 Tho geometry of the experiment used to evaluate the 
‘magnitude and the sign ofthe refractive index in the X-ray and the 
visible ranges. 
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to this peculiarity in the following section, when the 
total reflection phenomenon is describes 

More details about the successive steps in our 
understanding and the pioneering works on X-rays 
can be found in standard textbooks. 


Total Reflection X-Ray Mirrors 


Using Fresnel’s equations and tabulated values of the 
refractive index one can verify that, on any material, 
grazing incidence is necessary to reflect X-rays. 
Reflectivity calculations over the range from EUV to 
X-rays (30 eV to 10 keV), with approximations to 
allow calculations for rough surfaces, can be carried 
out using the web site of the Center for X-ray Optics 
of Lawrence Berkeley Laboratory http://www-cxro. 
IbL.gov, and curves similar to those presented below 
can be reproduced. 

In the case of normal incidence, Fresnel’s equation 
terial the X-ray reflectivity 
(or — yn + 1)! is very low, typically below 
10°*. This isa direct consequence of the X-ray index 
values, which are close to unity, as mentioned above. 

In the visible range, normal incidence reflectivity 
from the surface of a transparent medium is low but 
can be increased just by going to glancing incidence. 
This is also the case in the X-ray region but in 
addition as the real part of the X-ray refractive index 
is lower than that of the vacuum, we have an 
‘external’ total reflection phenomenon, From 
Figure 2 one can see how, for a sufficiently small 
incidence angle, the refracted wave becomes parallel 
to the interface. This is well known in the visible 
range (in which case it is the ‘internal’ reflection) and 
the phenomenon is used, for example, in fiber optics. 
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Figure 3. Examples of calculated reflectvty variations versus 
the incidence angle in the case of 8keV X-rays on perfect 
Platinum, nickel and glass surfaces. 


Figure 3 shows examples of calculated reflectivity 
variations versus grazing incidence angles, for per- 
fectly smooth glass (SiO), nickel, and platinum 
surfaces. Curves are drawn for the 8 keV energy 
photons, corresponding to the Cu Ka line produced 
by conventional X-ray tubes. One observes that for 
this energy the reflectivity is low beyond a grazing 
angle around 1°, then rises quickly at low angles. 
This is typical of the total reflection phenomenon. 
The grazing angle corresponding to a 50% reflectivity 
is called the critical angle @., its value being 
roughly proportional to the refractive index decre- 
ment at the relevant photon energy. Notice that 
weaker absorption materials, lower Z, lead to more 
abrupt reflectivity variation but with smaller critical 
angles. 

Such reflectivity variations at grazing incidence 
were systematically studied with X-ray tubes as early 
as the 1930s. The penetration depth of X-rays at 
grazing incidence was also studied. The evanescent 
wave inside the material, under total reflection 
conditions, is confined to a surface layer of a few 
tens of wavelengths. Hence, in the total reflection of 
X-rays, a coating having a thickness of a few tenths of 
a micron, on any substrate, is all that is required. 

Figure 4 shows examples of the variation in 
nickel reflectivity calculated over the energy range 
0.3-10 keV, for several grazing incidence angles. 
Nickel is one of the coatings commonly used for 
X-ray mirrors. The abrupt reflectivity variations and 
the dips correspond to the energies of the nickel 
atomic thresholds L (0.85 keV) and K (7.5 keV) for 
which the index tables predict a rapid change in 
absorption and refraction coefficients. Choosing an 
incidence angle provides a practical way of limiting 
the reflected spectral range. The energy cut-off of the 
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Figure 4 Calculated reflectivity variations versus photon 
energy, on a perfect nickel surface, for different incidence angles. 


OPTICAL COATINGS /X-Ray Coatings 373 


X-ray mirror acts as a filter for the higher-energy 
photons. That is effectively the method of suppressing 
the short wavelengths from an incident spectrum if 
they are not desired in an experiment. 

‘When using highly divergent sources such as X-ray 
tubes, the restriction to operation at grazing incidence 
leads to a strong limitation of the collected solid 
angle, and thus of the beam size and angular aperture 
‘These constraints are less stringent on highly coll 
mated beams emitted by synchrotron sources. Thus, 
most synchrotron beam lines use total reflection 
optics in the form of curved mirrors, to refocus the 
beams and remove the undesired high X-ray energies. 
Recently, X-ray imaging optics, consisting of a series 
of parabolic and hyperbolic nested grazing incidence 
mirrors to increase the collected aperture, have been 
launched on satellites, 

The reflectivity curves in Figures 3 and 4 are 
calculated for perfect surfaces. Real surfaces, even 
polished surfaces, have roughness created by 
defects over a large and continuous range of 
spatial frequencies, ranging from several cen 
meters down to the atomic scale. Coating a surface 
replicates the large period defects. Eventually new 
defects are added at near-atomic scale by nucle 
tion of the coating material, Interferometric 
methods have been developed to study the range 
of defects from centimeter to micron spatial 
periods, whereas the atomic force microscope 
(AFM) is able to measure roughness from the 
micron down to the 0.1nm scale, As waves are 
scattered most efficiently by asperities of a size 
comparable to their wavelength, scattering 
measurements are used in the X-ray region to 
probe defects of atomic scale, The prevalence of 
scattering explains why mirrors that reflect well in 
the visible range were disappointing when used in 
early X-ray experiments. The recent development 
of adaptive polishing methods has almost solved 
this problem, 

The main effect of scattering by an optical 
system is not to decrease the number of photons 
coming out, but to modify their angular distri- 
bution. Scattering measurements are experimentally 
studied to test and evaluate the spatial defect 
distribution. In X-rays, one first characterizes the 
incident beam angular distribution in measuring its 
angular variation intensity after a scanning slit. 
Performing the same measurement after the optic, 
across the reflected beam in the case of mirrors, 
provides the modified angular distribution. From 
such a measurement, a few theoretical models 
adapted to the X-ray range can be used to deduce 
the mirror spatial defect distribution and so to 
check progress in polishing methods. The simplest 


wey 
oa | 
z | 
8 06 | 
= =05) 
¥ oa 
° 02 
° 
° 10 20 30 40 


Photon energy (keV) 


Figure § Calculated reflectivity variations versus photon 
energy, on nickel surfaces having diferent roughness, for diferent 
incidence angles. 


model, coming from early crystal studies, is 
describing defects by a single parameter named 
roughness and denoted o. Figure 5 shows an 
example of calculated reflectivity; on nickel sur- 
faces versus photon energy and for increasing 
roughness; it shows how many photons have 
deviated from the symmetrical direction. Corres- 
ponding angular distributions can also be 
calculated. 

The coating systems used for X-ray mirrors are 
material dependent. Deposition methods are similar 
to those used for visible optics coatings, but specific 
effort has been devoted to avoid nucleation growth to 
achieve uniform smooth layers. In general, one tries 
to give the evaporated particles, ions or clusters a 
kinetic energy lying within a specific range, which 
promotes mobility on the surface but is below the 
energy needed for implantation. In the case of 
electron beam deposition the energy distribution is 
thermal, but an auxiliary ionic bombardment can be 
used during deposition to provide the necessary 
energy to the previously deposited atomic layer (ion 
assisted deposition). For each material, the specific 
sputtering deposition and ionic bombardment con- 
ditions need to be carefully studied. 

Until the 1970s, Bragg reflection by crystals and the 
total reflection phenomenon was the only way to 
reflect X-rays. 


Multilayer X-Ray Mirrors 


In the visible range, optics are frequently coated with 
stacks of dielectric multilayers obtained by periodic 
deposition of layers of two amorphous transparent 
materials, Such stacks are highly selective reflectors, 
or bandpass filters. They operate on the principle of 
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constructive interference between all the waves 
partially reflected by the successive interfaces. They 
can be regarded as analogous to two-dimensional 
Bragg reflectors, in which the interfaces play the same 
role as atomic planes in crystals. Hence the Bragg 
equation [1] can be applied, the relevant period d 
being the thickness of an individual bilayer, if the 
stack is truly periodic. 

‘The concept of using artificially deposited stacks of 
thin films, of alternating high and low clectron 
density, to reflect and diffract X-rays dates back at 
least to the 1920s. It was not until 1944, however, 
that DuMond and Youtz were able to demonstrate 
significant X-ray reflection from such an artificially 
layered structure. Their work used alternating layers 
of copper and gold, laid down by evaporation. 
Unfortunately these materials diffuse into one 
another, reducing the electron density contrast and 
hence the X-ray reflectivity. In 1967 Dinklage and 
Frerichs succeeded in making a structure of alternat- 
ing layers of iron and magnesium, which do not 
interdiffuse quickly, and thus produced the first stable 
X-ray reflecting multilayer. 

Since then, enormous progress has been made in 
the fabrication and application of such multilayer 
reflectors, principally hecause of the efforts of two 
pioneers. Troy Barbee, while at Stanford University, 
developed open loop sputtering methods for 
controlling the thickness of the many thin (~nm) 
layers required to make up such a stack, while 
Eberhard Spiller at IBM developed an evaporation 
method using in sitw X-ray monitoring to achieve 
similar thickness control. Almost all of the many 
multilayer deposition systems in use around the world 
are based on one of these two methods. 

As for the total reflection mirror, only recent 
progress in methods for deposition and controls has 
made this new kind of X-ray optics practical. Present 
applications range from the extreme ultra violet 
(30 eV) region to hard X-rays having energies of a 
few tens of keV. 

Prediction of the reflectivity variations can be 
simulated by calculations on the same web site 
mentioned in the preceding section. Multilayer 
mirrors are based on interference, so the reflectivity 
coefficient and the width of the reflected bandpass 
are determined by the amount of absorption inside 
the stack and the partial reflectivity at each 
interface. The more efficient pairs of materials 
have the lowest X-ray absorption and the highest 
refractive index difference at the required energy. 
The selection of real materials is constrained by the 
coating conditions and the need to achieve smooth 
interfaces. In particular, a low interdiffusion coeffi- 
cient between the successive material pairs is a 


requirement for temporal stability. Epitaxial depo- 
sition methods have been considered but no useful 
pair of materials has yet been found. 

‘An example of a flourishing application is multi- 
layer-coated normal incidence X-ray optics. Optical 
schemes used in the visible region for telescopes and 
microscopes have excellent optical performance and 
high numerical aperture but a very low reflectivity in 
the X-ray region if coated with a single layer. However, 
if coated with multilayers they can be used, providing 
that extremely low-roughness surfaces can be pro- 
duced. The interface qualities of the deposited thin 
layers presently limit normal incidence optics to the 
soft X-ray energy range, typically below 300 eV so 
around the carbon edge. This corresponds to periods 
ofabout2 nm, ora few atomic layers, and the resulting 
roughness seriously decreases the reflectivity. 

Figure 6 is a reflectivity curve versus energy for a 
quasinormal incidence Mo/Si multilayer mirror opti- 
mized to get the first-order peak at 93 nm. On Mo/Si 
mirrors, precise control of the layer period and the 
quality of the interfaces allow the manufacture of 
mirrors with reflectivity only a few percent below the 
theoretical limit shown here. Considerable effort has 


been invested in such mirrors, with a view to 
applications to EUV projection lithography. 

Itis possible to build polarizer mirrors over the soft 
X-ray range, An incidence angle of 45° corresponds to 
the Brewster angle, because the X-ray index is close to 
unity. X-ray multilayer and semitransparent selective 
beam splitters now permit the development of 
Michelson interferometers for newly developed soft 
X-ray lasers, 

Figure 7 is an example of a tungsten/carbon (W/C) 
reflectivity curve for a multilayer adapted to the 
8 keV energy of Cu Ka, mentioned before. The curve 
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Figure 6 Calculated reflectivity versus incidence angle for a 
typical Mo/Si multilayer, optimized around 93 eV, under quasi- 
normal incidence. 
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Figure 7 Calculated reflectiity versus incidence angle for a 
typical WIC muttilayer adapted to reflect 8 keV photons. 


of reflectivity versus glancing angle has been calcu- 
lated from the total reflection range to the second- 
order peak. This kind of multilayer is being used in X- 
ray tubes to premonochromatize the beam and make 
it parallel. In such an application, the period of the 
coating is continuously graded laterally to satisfy 
locally the Bragg law at each point of the curved 

Asa final example of the new possibilities offered 
by X-ray multilayers, we mention the possibility 
of widening the reflected bandpass by varying 
continuously the period from the bottom to the top 
of the deposited stack. This is the equivalent of 
multilayer neutron ‘supermirrors’. Such interference 
mirrors are usable at quite high X-ray energies, and 
give high reflectivity and a larger incidence angle than 
total reflection mirrors working over the same energy 


range. 

The continuous fast development of coating 
technologies and X-ray multilayer applications can 
be followed through the proceedings of dedi- 
cated meetings at, for example, on a web site like 
http//PXRM. 


Summary and Perspectives 


After the discovery of X-rays in 1895, almost 25 
years were necessary to understand their charac- 
teristics compared to the visible range. Only in 
1923 did F. Holweck and R.A. Millikan demon- 
strate the continuity of electromagnetic radiation 
from X-rays to ultraviolet. The selective Bragg 
reflection by natural crystals is limited to energy 
commonly larger than about 2 keV photons. Below 
this energy the total reflection mirror was the only 
optical device to reflect and focus wavelengths 


shorter than the far UV until the development of 
adapted interferential mirrors. 

During the 1960s, the EUV and X-UV ranges 
gained interest due to the spread of fusion research 
and in the astrophysics community studying the Sun 
and stars. For both communities, the continuum and 


the lines emitted at short wavelengths by ionized 
matter were a convenient tool to evaluate high 
plasma temperatures. At about the same time, the 
development of synchrotron radiation sources 
increased the need for X-ray optics. In addition, this 
last source offered the possibility to attempt new 
optical solutions with convenient intense and parallel 
beams from UV to X-rays. Finally, the concomitant 
progress in various microtechnologies afforded the 
necessary tools to produce new adapted optical 


devices for short wavelengths. At the present time, 
adapted optics are under development to take 
advantage of various applications from microscopy 
to interferometry 0% 
energy X-ray range. 

As a matter of fact, it is now possible to tailor a 


er the very large electromagnetic 


choice of mirror coatings adapted to each X-ray 
photon energy and application. Such coatings are 
specific because they must be optimized to take 
into account the inevitable absorption energy 
dependenc 

Progress achieved in blank polishing and evapor- 
ation methods has led to efficient and high-quality 
X-ray mirrors even able to keep the spatial coherence 
of synchrotron sources. Such technological advances 


are also steps to master surfaces and interfaces at the 
atomic scale. They are now becoming applicable to 
the other spectral ranges and to various micro- and 
nanotechnologies. 


List of Units and Nomenclature 


Inm=10-°m 


Crystal period = d-—[nm] 

Incidence Angle © — [degree] 

Photon Energy E [eV] (h/2m)ad = he = 
1239,842 eV.nm. 

Wavelength A [nm] Inm=10°?m 

See also 


Diffraction: Fresnel Diffraction. Geometrical Optics: 
Lenses and Mirrors. Incoherent Sources: Synchrotrons. 
Optical Coatings: Thin-flm Optical Coatings. 
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Introduction 


tion started in the 
1970s, extensive efforts have been made to increase 
data rate and transmission distance. Recently, the bit 
rates for single-channel and multichannel systems 
have exceeded 40 and 2Tb/s on single fibers 
respectively, for transoceanic distances. One revolu- 
tionary development in lightwave systems has bi 
the deployment of erbium doped fiber amplifiers 
(EDFAs). These amplifiers facilitate transmission of 
an optical signal over long distances, by providing 
periodic analog-like amplification rather than digital- 
like regeneration. The wide bandwidth provided by 
EDFAs has made possible the increased use of 


Since modern lightwave communi 
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EMS 


ber Communication Systems 


wavelength division multiplexing (WDM) in which 
multiple lightwave signals, each having a different 
wavelength, are co-propagated on a single fiber. 
EDFAs and WDM techniques can enhance the 
lightwave system capacity, both in terms of obtain- 


able transmission distance, and total number of data 
rates (see Figure 1). 


g10'f 9 wos omcaan 
Sor} $ once, Z 
fic) alae 
SB yosh © osummm ter 
8103 
B10? 
Bro! 
Et 
18701675 Tao 1865 18901955 BE 00s 
Year 


Figure 1 Bit rate product 
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Optical Fiber 


Most telecommunication fibers are made of silica, 
therefore following the attenuation of silica material. 
Figure 2 shows the silica fiber attenuation as a 
function of wavelength. The downward slope 
towards 1.6um and upward slope away from 
1.6 um, are the theoretical limits due to Rayleigh 
scattering and absorption of silica material, respect- 
ively. The absorption peak near 1.4 um is due to 
water molecule absorption. There are two low 
attenuation regions: ~1,3 um and 1.55 um, both of 
which are used for communications in general, and 
some other wavelengths are also used for shorter 
distance communications. Figure 2 also shows the 
comparison between gain bandwidth of EDFA 
(~3 THz) and the low attenuation window around 
1.55 wm (~25 THz). The typical values of attenu- 
ation at 1.3 qm and 1,55 um for single-mode 
fiber (SMF) are ~0.35 dB/km, and 0.2 dB/km, 
respectively. 

‘When an electromagnetic wave interacts with the 
hound electrons of a silica fiber, the medium response 
depends upon optical frequency (w). This property, 
referred to as material dispersion, manifests itself 
through the frequency dependence of the refractive 
index n(w). Fiber material dispersion plays a critical 
role in propagation of short optical pulses. since 
different spectral components associated with the 
pulse travel at different speeds, given by c/n(w). 
Consequently, the optical pulse at the output of the 
fiber is broadened in time. The commonly used system 
parameter is called the dispersion parameter D 
(the negative D value is called normal dispersion, and 
the positive D value is called anomalous dispersion), 
and is measured in ps/(nm-km); D for SMF is ~+ 
17 psi(am-km) at 1.5 um. However, because of 
dielectric waveguiding, the effective mode index is 
slightly lower than the material index m(w), with the 
reduction itself being w-dependent (waveguide dis- 
persion). This results in a waveguide contribution that 
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Figure 2 Silica fiber attenuation versus wavelength. 


must be added to the material contribution to obtain 
the total dispersion (sce Figure 3). 

Generally, the waveguide contribution to dispersion 
Dis to shift zero dispersion wavelength (Ap) to longer 
wavelengths. Furthermore, the waveguiding can be 
tailored to shift the Ap from 1.3 wm to 1.5 um, the 
wavelength at which the fiber has the minimum 
attenuation loss. The fiber having Ay in the neighbor- 
hood of 1.5 um, is called dispersion-shifted fiber 
(DSF); D for DSF is usually between —2.5 and 
+2.5 psinm-km, at a wavelength of 1.5 um, The 
typical dispersion parameter, D, as a function of a 
wavelength for both SMF and DSF, is shown in 
Figure 4. 
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Figure 3 Total dispersion (D) and contribution of material 
dispersion and waveguide dispersion in conventional SMF. 
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Figure 4 Dispersion versus wavelength for conventional SMF 
and DSF. 
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In addition to chromatic dispersion, optical fiber 
has another dispersion properties related to polariz- 
ation. An optical wave of arbitrary polarization can 
he represented as the superposition of two ortho- 
gonally polarized modes. In an ideal fiber, these two 
modes are indistinguishable, and have the same 
propagation constants owing to the cylindrical 
symmetry of the waveguide, However, in real fibers 
there is some residual anisotropy due to unintentional 
circular asymmetry, usually caused by noncireular 
waveguide geometry or asymmetrical stress around 
the core, as shown in Figure 5. 

In either case, the loss of circular symmetry gives 
tise to. two distinct orthogonally-polarized modes 
with different propagation constants (differential 
phase velocity) responsible for polarization mode 
dispersion (PMD) in the fiber, and can be related to 
the difference in refractive indices (birefringence) 
between the two orthogonal polarization axes. The 
differential phase velocity indicated is accompanied 
by a difference in the group velocities for the two 
polarization modes, therefore the pulse at the end of 
the transmission fiber is broadened by this differential 
group delay (DGD). DGD is usually expressed in 
units of psikm for a short length (1m to 1 km) of 
birefringent fiber, However, DGD does not accumu- 
late along a long fiber link in a linear fashion. Instead, 
because of random variations in the perturbations 
alonga fiber span, the DGD in one section may either 
add to or subtract from another section of the fiber. 
As a result, average DGD in long fiber spans 
accumulates in a random-walk-like process that 
leads to a square root of transmission-length depen- 
dence, Therefore, average DGD is expressed in 
psikm' in long fiber spans, referred to as the 
PMD of the fiber, and the typical PMD parameter 
has a value of 0.01 to 10 ps/km™, Because of 
the many perturbations that act on a real-world 
fiber (e.g., temperature, vibration, etc.), transmission 
properties typically vary with time. Therefore, 
the PMD of the fiber link fluctuates randomly, 
thus causing random fluctuations in system 
performance. 
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Figure 5 Origin of PMD, 


It is well known that optical fibers show nonlinear 
behavior under conditions of high power and long 
interaction length. The power-times-distance pro- 
ducts for amplified transmission systems can be 
large enough to make fiber nonlinear effects the 
dominant factor in the design of long-distance 
systems. 

There are two categories of fundamental optical 
nonlinear effects: stimulated scattering effects and 
refractive index effects. Stimulated scattering effects 
arise from parametric interactions between light and 
acoustic or optical phonons in the fiber. Two non- 
linear effects fall into this category: stimulated 
Brillouin scattering (SBS) and stimulated Raman 
scattering (SRS). The main difference between the 
two is that optical phonons participate in SRS, while 
acoustic phonons participate in SBS, In a simple 
quantum-mechanical picture, a photon of the inci- 
dent field is annihilated to create a photon at a longer 
wavelength, The new photon is co-propagated and 
counter-propagated along the original signal in SRS, 
while counter-propagated in SBS. Refractive index 
effects are caused by modulation due to changes in 
light intensity. There are three types of refractive 
index effects: self-phase modulation (SPM), cross- 
phase modulation (XPM), and four-wave mixing 
(FWM). SPM introduces the change of optical phase 
by its own intensity, and, this leads to frequency chirp 
of the pulse, depending on the relative position from 
the peak. When this nonlinear frequency chirp 
interacts with the fiber dispersion, the pulse either 
broadens or compresses, depending on the sign and 
the amount of dispersion along the fiber. In XPM, the 
phase of the signal in one wavelength channel is 
modulated by the intensity fluctuation of the other 
wavelength channels. In a WDM. system, XPM 
imposes far more damaging effects than SPM because 
XPM is stronger by a factor of two than SPM when 
the channel power is the same, and large number of 
WDM channels can contribute to XPM. FWM is the 
generation of modulation sideband at new frequen- 
cies, due to the phase modulation of channels 
between lights at different frequencies in_multi- 
channel system, FWM causes penalties in a WDM 
system if the newly generated frequency is cither 
equal to or close to the frequency of existing WDM 
channels. 

Fiber nonlinearities impose significant degradation 
in optical transmission system, and limit the system 
on allowable number of channels, channel power, and 
channel spacing (see Figure 6). But, the effects can be 
well suppressed by carefully designing the fiber 
dispersion profile (i.c., dispersion map) in the 
transmission system, and controlling the optical 
launch power for each fiber span. 
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Figure 6 Limitation due to fiber noniinearitias in a) maximum channel power and number of channels, and (b) channel spacing and 
dispersion. Reproduced with permission from Chraplyvy AR (1890) Limitation on lightwave communications imposed by opticalfiber 
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Figure 7 (a) EOM: MZ interferometer on LINBO2, (b) operation of EOM: constructive and destructive interference resulting in intensity 


modulation, 


Communication Components 


Distributed feedback laser (DFB) is widely used as a 
light source for metro, long-haul, and undersea 
applications, due to its narrow spectral width, and 
wavelength stability. Fabry—Perot (FP) lasers, and 
vertical cavity surface emitting lasers (VCSEL) are 
used for local area networks (LAN), and for access 
applications, because these are cheaper than DFB 
lasers. For an application, where the cost is the most 
important parameter with low data modulation 
speed, light-emitting diode (LED) is used as a light 

In optical data modulation, the simplest and easiest 
technique is turning ON or OFF the laser, depending 
on the binary logic ‘I’ or ‘0° (direct modulation). This 
type of modulation is simple and cheap compared to 
external modulation technique. But, its application is 
limited by the bandwidth of modulation, and the 
induced frequency chirp (ie., difference in optical 
frequency at the turn ON state and just before 
the turn OFF state of laser) that limits the 


transmission distance. Two different types of external 
modulators are widely used for digital optical data 
transmission, Electro absorption modulator (EAM) 
uses the Franz—Keldysh effect, where it is observed 
that the wavelength of the optical absorption edge ina 
semiconductor is lengthened by applying an electric 
field. Electro-optic modulator (EOM) utilizes the 
linear electro-optic effect, called the Pokels effect, 
which changes the refractive index of the material 
caused by and proportional to an applied electric field, 
so therefore changes the phase of the optical signal. 
This phase change is used to modulate the intensity of a 
lightwave through a Mach~Zehnder (MZ) interfero- 
meter (see Figure 7). Because the Pockels effect exists 
only in crystal, lithium niobate crystal (LiNbO2) or 
electro-optic polymers are used for EOM. 

EDFA is a wideband optical amplifier that 
has merits in that: (i) erbium ions (Er’*) emit light 
in the 1.55 jm loss-minimum band of optical fiber, 
(ii) a circular fiber-based amplifier is inherently 
compatible with a fiber optics system; (ii) it provides 
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Figure 8 Energy level and transition dlagram of EDFA. Reproduced with permission from Willner AE (1997) Mining the optical 
bandwicth fora terabit per second. /EEE Spectrum Apr.: 3241. Copyright © 1997 IEEE. 


amplification independent of bit-rate, modulation 
format, power, and wavelength; and (iv) it has low 
distortion and low noise during amplification. EDFA 
contains a gain medium (je., erbium-doped fiber) 
that must be inverted by a pump source. A signal 
initiates stimulated emission, resulting in gain, and 
spontaneous emission occurs naturally, which results 

Figure 8 shows the energy level and transition 
diagram of EDFA. A 0.98 um pump photon is 
absorbed and excites a carrier (Er** ions) into higher 
excited states, and the excited carrier decays rapidly 
to the first excited state that has a very long lifetime of 
~10 ms (metastable state). In contrast, a 1.48 pm 
pump photon is absorbed and excites a carrier into a 
metastable state. This long metastable state is one of 
the key advantages of EDFA, and intersymbol 
distortion and interchannel crosstalk are negligible 
asa result of these slow dynamics. Depending on the 
external optical excitation signal, this carrier will 
decay in a stimulated or spontaneous fashion to the 
ground state and emit a photon. Both absorption and 
emission spectra have an associated bandwidth 
depending on the spread in wavelengths that can be 
absorhed or emitted from a given energy level. This is 
highly desirable because (i) a pump laser does not 
need to be an exact wavelength; and (ii) the signal 
may be at one of several wavelengths, especially in a 
WDM system. Figure 9 shows the bandwidth in the 
1.48 um absorption and 1.55 um fluorescence spee~ 
trum of a typical erbium-doped amplifier. 

When the noise characteristics of EDFA are 
considered, noise figure (NF) is an important para- 
meter, which is defined by NF = SNRw/SNRouy 
where SNRiq (SNRou) is the electrical equivalent 
signal-to-noise ratio (SNR) of the optical wave going 
into (coming out) of the amplifier, if it were be 
detected. The typical value of NF in commercially- 
available EDFA is 4.5~6 dB. The importance of NF in 
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Figure 10 Typical EDFA diagram 


optical communication systems is presented later in 
this chapter, when the required optical SNR (OSNR) 
for error-free optical data transmission is considered. 
Figure 10 shows an example of EDFA diagram. 
Recent development of EDFA in longer wavelength 
regimes or L-band (1570-1620 nm) has doubled the 
useful transmission bandwidth over the conventional 
band or C-band (1525-1265 nm). L-band gain of 
EDFA is generally achieved by proper arrangement of 
pump lasers through longer lengths of erbium-doped 
fiber than conventional C-band EDFA. Figure 1a 
shows the concept of wideband EDFA. The incoming 


OPTICAL COMMUNICATION SYSTEMS /Basic Concepts 381 
1520-18600m (eneneenash ae 
(10m long) a Tea et, |g 
3 \ a) 
+4 > = ry a 
WOM Coupler & é 
1560—1600nm = Eads f ed 
(200m ong) Fok i 
ob 0. 
- rm Wavelength () 


Figure 11 Wide band EDFA. Reproduced with permission trom 


Rec 


Yanada M (1997) Electronics Letters. Copyright © 1997 IEEE. 


Data 
output 
Decision 
P} circuitry = 
Glock 
recovery 


Figure 12 Black diagram of functions performad in advanced receiver packages. 


WDM signal is split into two bands (C- and L- 
hands), amplified separately, and combined at the 
output. Gain and NF characteristics of this wideband 
EDFA is shown at Figure 11b. 

Because SRS transfers the energy of a lower 
wavelength channel into the higher wavelength 
channel in the optical fiber, the transmission fiber 
itself can be used as a gain medium on specific 
channel (or channels) when the proper pump signal 
(or signals) are provided in the fiber. Even though 
Raman gain is much lower than the gain of EDFA 
(ie., <0.1 dB gainémW pump in Raman amplifier 
(RA) compared to a few dB gainfmW pump in 
EDFA), RA has several advantages over EDFA (i) RA 
has the capability to provide gain at any signal 
wavelengths, (ii) the amplification window is expand- 
able by combining multipump wavelengths; and 
(iii) RA offers improved noise performance because 
the signal is amplified over transmission fiber (i.c.. 
distributed amplifier). Especially improved noise 
performance increases system OSNR, which can be 
used to extend system reach or create more wave- 
length channels on the system. The Raman pumps 
are typically located ~100.nm shorter than the 
wavelength of the signal to be amplified, and 
a few 100smW pump lasers are used to get a 
10-15 dB gain, 

In general, telecom receiver (RCVR) consists of 
photo diode (PD) with transimpedence amplifier 


(TIA), followed by limiting amplifier (LA) or auto- 
matic gain control amplifier (AGC), low pass filter, 
and clock data recovery circuit (CDR) (see Figure 12). 

Vertically illuminated positive-intrinsic-negative 
(PIN) photodiode and avalanche photo diode (APD) 
are the most common PD that is used in RCVR. In 
PIN, incoming light is absorbed in the n- (low doped 
or intrinsic) region and generates an electron-hole 
pair, which drifts to a depletion region and collected 
n* and p* regions, therefore generating clectric 
current. APD is used for high-sensitivity detection 
up to 10 Gbys, It is structured as absorption, grading, 
and multiplication layers. The multiplication layer of 
APD provides additional transit time delay compared 
to PIN, therefore the bandwidth of APD is smaller 
than PIN in general, TIA is a broadband low noise 
amplifier that is used to convert and amplify the weak 
current from PD to the desired output voltage. A low 
pass filter is used to suppress the noise and data 
distortion from high frequency components with a 
typical cut-off frequency ~0.7 bitrate, LA and AGC 
are amplifiers that limit the output voltage as a 
constant. LA is a nonlinear amplifier that makes a 
decision either to make logic “I’ or ‘0’ based on input 
voltage level, and limits output voltage as fixed 
values. AGC isa linear amplifier that limits the output 
voltage by adjusting the gain of the amplifier based on 
input voltage level. CDR consists of a phase lock loop 
(PLL) with a voltage controlled oscillator (VCO) 
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order to achieve higher spectral efficiency (i.e., ratio 
of individual channel bit rate to dense WDM 
(DWDM) separation), and to improve system 
performance over fiber impairments. A simple 
amplitude modulation of lightwave is still the 
most widely used method for optical communi- 
cation. The easiest amplitude modulation technique 
is to using a nonreturn-to-zero (NRZ) format. 
Figure 13a shows an example of NRZ binary 
sequence in time domain, and the corresponding 
frequency domain spectrum, In NRZ, data ‘I’ and 
‘0" correspond to the ON and OFF state of a 
lightwave transmitter, respectively, occupying entire 
bit time (i.e., binary symbol time). When the ON or 
OFF state of a lightwave transmitter does not 
occupy the entire bit time (Ty) (ise., when the data 
pulse duration (T,) is less then (Ty), it is called the 
return-to-zero (RZ). Figure 13b shows a binary 
sequence of RZ, and its frequency spectrum when 
Ty = 0.5 Ts. The Fourier transform of the square 
wave is the Sinc function. Therefore, the frequency 
spectrum of an ideal NRZ and RZ follows the 
pattern of a Sine square function, Note that the first 
null of frequency spectrum of RZ is about twice as 
high as the null of NRZ. 

Even though NRZ is better in spectral efficiency 
than RZ, RZ has an advantage over NRZ in 


Transmission distance (km) 


Figure 14 System performance of diferent modulation format 
(NRZ vs. RZ). 


tolerance of fiber impairments. Figure 14 shows an 
example on eye closure penalty comparison 
between NRZ and RZ data formats at a 16- 
channel WDM system at 40 Gb/s data rate. It is 
clearly seen that the penalty of RZ is much less 
severe than the penalty of NRZ, as the trans- 
mission distance increases. (Note, nonlinearities and 
dispersion increases as the transmission distance 
increases.) 

There has been much effort to increase the spectral 
efficiency, to improve the system performance over 
fiber impairments, or to achieve both simultaneously. 
Figure 15 shows some of examples of these. Chirped 
RZ (CRZ) is the modulation format inducing 
frequency chirp on conventional RZ, CRZ. is robust 
on fiber impairment at the cost of losing spectral 
efficiency. In carrier-suppressed RZ (CS-RZ), a strong 
un-modulated optical carrier is removed from con- 
ventional RZ, therefore suppressing the nonlinear 
effects. Duo-binary is a three-level signal modulation 
format generated by a series of delay and added 
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circuits in the transmitter. The advantage of 
duo-binary is that its bandwidth is reduced to one 
half of conventional NRZ, therefore having enhanced 
spectral efficiency, and has a high tolerance in 
chromatic dispersion, and suppression of fiber 
nonlinearites. 

Single-sideband (SSB) or vestigial singleside band 
(VSB) can be generated into either NRZ or RZ, by 
either optically utilizing optical filtering with a sharp 
cut-off filter, or electrically applying tapped-delay-line 
filter approximation on both amplitude and phase 
modulators. SSB (or VSB) has about a two times 
higher spectral efficiency and higher tolerance on 
chromatic dispersion than conventional modulation 
formats. 


Data Multiplexing 


At their most basic, optical networks can imitate 
electrical networks in which time division multi- 
plexing (TDM) is overwhelmingly used for digital 
data transmission, A fiber can carry many time- 
multiplexed channels, in which each channel can 
transmit its data in an assigned time slot. A typical 
TDM link is shown in Figure 16, in which N 
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Figure 18 Concept of bit.interieaving TDM. 


transmitters are sequentially polled by a fast multi- 
plexer to transmit their data, The time-multiplexed 
data are sequentially and rapidly demultiplexed at the 
receiving node. 

Time multiplexing and demultiplexing functions 
can be performed cither electrically with an ele- 
ctrical time (DE)MUX switch and an optical 
transmitter/receiver, or optically with multiple 
optical transmitters/receivers and an optical time 
(DE)MUX switch. The major advantage of TDM is 
that there is no output-port contention problem 
(cach data bit occupies its own time slot and there is 
only a single high-speed signal present at any given 


384 OPTICAL COMMUNICATION SYSTEMS / Basic Concepts 


instant). The disadvantage of TDM is that the scheme 
requires a ultra-high-speed switching component if 
the individual signals are themselves high-speed and 
if there are many users. 

In WDM, multiple wavelength channels are trans- 
mitted through a single fiber, therefore enabling the 
fiber to carry more throughput. By using wavelength- 
selective devices for the ON and OFF ramps, 
independent signal routing also can be accomplished. 
Figure 17a shows a simple point-to-point WDM 
system in which several channels are multiplexed at 
one node, the combined signals transmitted across a 
distance of fiber, and the channels demultiplexed at a 
destination node. As shown in Figure 17b, the 
wavelength becomes the signature address for either 
the transmitter o the receivers, and the wavelength 
will determine the routing path through an optical 
network, 

Many interesting challenges face the eventual 
implementation of WDM. systems and networks. 


Several of these challenges involve the control and 
management of the data through this novel high- 
speed network. Figure 18 shows a small subset of 
critical component technologies typically required for 
a WDM system, including multiple-wavelength 
transmitters, multiport star couplers, passive and 
active wavelength routers, EDFAs, and tunable 
optical filters. 

Some generic goals that a WDM-device technol- 
gist aims to achieve include; large wavelength tuning 
range; multi-user capability; wavelength selectivity 
and repeatability; low cross-talk; high extinction 
ratio; minimum excess losses; fast wavelength tun- 
ability; high-speed modulation bandwidth; low 
residual chirp; high finesse; low noise; robustness; 
high yield; potential low cost. Depending on system 
requirements, device availability and cost, WDM 
technologies divide into two; course-WDM 
(CWDM) and dense-WDM DWDM. Figure 19 
shows the wavelength allocation for CWDM and 
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‘Schematic of a small subset of enabling device technologies for a WDM system, 
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Figure 19 WDM wavelength allocation. 


DWDM. CWDM technology uses an International 
Telecommunication Union (ITU) standard 20 nm 
spacing between the wavelengths from 1310 nm to 
1610nm, Also DWDM technology uses an 
ITU standard 100GHz or 200 GHz between 
wavelengths, arranged in several bands at around 
1500-1600 nm. 


Dispersion Management 
and Compensation 


As mentioned previously, chromatic dispersion is one 
of the most basic characteristics of fiber, although it is 
possible to manufacture fiber that induces zero 
chromatic dispersion. But such fiber is incompatible 
with the deployment of a WDM system since harmful 
nonlinear effects are generated, therefore chromatic 
dispersion must exist, and must be compensated for. 
The effect of chromatic dispersion is cumulative 
and increases quadratically with the data rate 
(see Figure 20). 

‘The quadratic dependence of dispersion with the 
data rate is a result of two effects. First, a doubling of 
the data rate will double the Fourier-transformed 
frequency spectrum of the signal, thereby doubling 
the effect of dispersion. Second, the same doubling of 
the data rate makes the data pulse only half as long in 
time and therefore twice as sensitive to temporal 
spreading due to dispersion. The conventional 
wisdom for the maximum distance over which data 
can be transmitted is to consider a broadening of 
the pulse equal to the bit time period. For a bit 
period B, a dispersion value D and a spectral 
width AA, the dispersion-limited distance is given by 
Lp = WD-B-AA) (see Figure 21). 

In theory, compensation of chromatic dispersion 
for high-speed or long-distance systems can be fixed 
in value if each link’s dispersion value is known. A 
simple yet elegant solution is to create a dispersion 
‘map’, in which the designer of a transmission link 
alternates elements that produce positive and then 
negative dispersion (see Figure 22). This is a very 
powerful concept: at each point along the fiber 
the dispersion has some nonzero value, effectively 
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Figure 21 Dispersion-iimited (uncompensated) transmission 
distance in single-mode fiver (SMF) as a function of data rate for 
intensity-modulated optical signals. Courtesy of L.D. Garret, 
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Figure 22 Typical static management of chromatic dispersion. 
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Figure 23. Etfectof tunable compensation at 40 Gbis (00-768) 
it allows a wide range of transmission distance. On the contrary, 
the 80km fixed compensator allows only small range of 
transmission around 80 km, 


climinating FWM and XPM, but the total accumu- 
lated dispersion at the end of the fiber link is zero, so 
that minimal pulse broadening is induced. The 
specific system design, as to the periodicity of 
management, depends on several variables, but a 
typical number for SMF as the embedded base is a 
compensation at every 80 km in a 10 Gb/s system. 
Dispersion-compensating fiber (DCF) has been gen- 
erally used as a dispersion compensating element. 

However, there are several important aspects of 
optical systems and networks that make tunable 
dispersion compensation solutions attractive, includ- 
ing: (i) it significantly reduces the inventory of 
different required types of compensation modules; 

) it tunes to adapt to routing path changes in a 
reconfigurable network, (iii) it tracks dynamic 
changes in dispersion due to environment, and 
{iv) it achieves a high degree of accuracy necessary 
for 40 Gbis channels (see Figure 23). 

One brute-force method to achieve tunable dis- 
persion compensation is to build a module with 
optical switches used to add or remove sections of 
fixed DCF to achieve a discrete set of dispersion 
compensation. Many other elegant, yet viable, 
approaches have been developed for tunable dis- 
persion compensation, and these approaches 
include linearly chirped FBG with nonuniform 
heating, nonlinearly chirped Fiber Bragg grating 
(FBG) with a simple mechanical stretcher, virtually 
imaged phase array, electronic tap delay filter with 
weights, multiple stage all pass filter, ete. 


System Performance Parameters 


An eye diagram provides a simple and useful tool to 
visualize intersymbol interference between data bits. 
Figure 24a shows a perfect eye diagram. A square bit 
stream (ie., series of symbol “I's and ‘0's) is sliced 
into sub-bit stream with predetermined eye intervals 


(i.e., several bit periods), and displayed through bit 
analyzing equipment (e.g., digital channel analyzer), 
overlapping the sliced sub-bit stream in orderto obtain 
the eye diagram. When a perfect transmitter and 
receiver (ie., infinite receiver bandwidth with zero 
noise characteristics and jitter), and a perfect trans- 
mission media (i.e., no dispersion and nonlinearites) 
are used, the received eye diagram is shaped as a 
perfect rectangular. In reality, the transmitter and 
receiver have alimited bandwideh with noise and jitter, 
and the transmission media (i.e., optical fiber) has 
dispersion and nonlinearites. Therefore, the eye 
diagram deviates from the perfect rectangular shape. 
Figure 24b shows the eye diagram close to a real 
situation. The shape of the eye is generally broadened 
and distorted (i.e., eye is closed) due to limited 
bandwidth and fiber impairments, and noise and 
timing jitter are added onto this broadened and 
distorted eye shape, 

The Q-factor (q) is also an important system 
parameter widely used in long-distance optical 
transmission system design. It is defined as the 
electrical signal-to-noise ratio before the decision 
circuit at receiver. The Q-factor is directly related to 
bit-error-rate (BER: the percentage of bits that has an 
error relative to total number of bits received in a 
specific time) by: BER = 0.5-erfe(q/2"), where 
erfclx) is the complementary error function, The 
Qifactor is an unitless linear ratio, and is express in 
dB by 20-Jog(q). As a conventional relationship, 
Qfactor of 15.6 dB (i.c., linear ratio 6) is required to 
achieve BER = 10°”. Figure 25 shows the relation- 
ship of eye diagram, Q-factor, and BER. 
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Figure 24 (a) A portect square eye diagram, (b) a closed eye 
diagram due to bandwidth, fiber impairments, noise, and timing 
Iter. 
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Figure 25 The relationship of eye diagram, Q-tactor, and BER 
(U1, 12: mean levels of logic 1" and'0, 1, «2: standard deviation 
af logic 1’ and 0), 
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Figure 26 BER curve and power penalty, 


Power penalty (PP) is one of the most important 
system parameters, and is defined as the received 
optical power difference in dB with and without 
signal impairments at a specified BER (conventionally 
10°), from measured BER versus optical power 
curve. Therefore, 1 dB PP means that a system with 
signal impairments requires 1 dB more optical power 
at the receiver in order to achieve the same BER 
performance compared to the system without signal 
impairments. Figure 26 shows the typical BER curve 
as a function of received optical power and PP. Note 
that PP reduces from ~3.5dB to ~1dB with 
dispersion compensation. 

In long-haul and undersea transmission system 
with many EDFA chains, OSNR is an important 
system parameter to design and characterize the 
optical transport system. OSNR is defined as 
the ratio of the power of signal channel to the 
power of ASE in a specified optical bandwidth 
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Introduction 


This article describes the development of optical fiber 
communication systems. After describing some of the 
motivations for using optical fiber communications 
and the advantages of this technology, the key 
milestones and the principal people involved in 


(conventionally 0.1 nm). The OSNR (in dB) of a 
signal channel at the end of the system is approxi- 
mated by: OSNR (dB) =58 + Pou — Lapan — 
NEF = 10 logiNampls when the system has Namp fiber 
spans, span loss Lspan (in dB) followed by an optical 
amplifier with output power Py, (in dBm) per 
channel launched into the span and noise figure 
(NF) (in dB). As an example, a typical OSNR 
requirement for BER=10-? is about 17dB at 
10 Gbis data rate. The required OSNR should be 
increased by 6 dB when the data rate is increased by a 
factor of 4. Improving the amplifier’s NF can increase 
OSNR, and the improved OSNR can be used to 
increase the system reach, reducing the channel 
power in order to suppress the nonlinearities, etc. 
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developing optical fibers and compatible light sources 
are presented. Following this, the article looks at the 
evolution of fielded systems and the use of optical 
fiber links in undersea applications. 

One of the principal needs of people since antiquity 
has been to communicate. This need created 
interests in devising communication systems for 
sending messages from one distant place to another. 
Many forms of such systems have appeared over the 
years. The basic motivations behind each new one 
were either to improve the transmission fidelity, to 
increase the data rate so that more information could 
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be sent, or to increase the transmission distance 
between relay stations. Prior to the nineteenth century, 
all communication systems operated at a very low 
information rate and involved only optical or acous- 
tical means, such as signal lamps or horns. One of the 
earliest known optical transmission links, for 
example, was the use of a fire signal by the Greeks in 
the eighth century 8c for sending alarms, calls for help, 
or announcements of special events. 

The invention of the telegraph by Samuel FB 
Morse in 1838 ushered in the era of electrical 
communications. In the ensuing years an increasingly 
larger portion of the electromagnetic spectrum, 
shown in Figure 1, was utilized for the conveying of 
information from one place to another, The reason 
for this trend is that, in electrical systems, the data 
usually are transferred over the communication 
channel by superimposing the information onto a 
sinusoidally varying electromagnetic wave, which is 
known as the carrier. When reaching its destination 
the information is removed from the carrier wave and 
processed as desired. Since the amount of information 
that can be transmitted is related directly to the 
frequency range over which the carrier operates, 
increasing the carrier frequency theoretically 
increases the available transmission bandwidth 
and, consequently, provides a larger information 
capacity. Thus the trend in electrical communication 
system developments was to employ progressively 
higher frequencies (shorter wavelengths), which offer 
corresponding increases in bandwidth or information 
capacity. This activity led to the birth of communi- 
cation mechanisms such as radio, television, micro- 
wave, and satellite links. 

Another important portion of the electromagnetic 
spectrum encompasses the optical region shown in 
Figure 1. In contrast to electrical communications, 
transmission of information in an optical format is 
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carried out, not by frequency modulation of the 
carrier but by varying the intensity of the optical 
power, Similar to the radio-frequency spectrum, two 
classes of transmission medium can be used: an 
atmospheric channel or a guided-wave channel. 
Whereas transmission of optical signals through the 
atmosphere was done thousands of years ago, the use 
of a guided-wave optical channel such as an optical 
fiber is a fairly recent application, 

Fiber optic communication systems have a 
number of inherent advantages over theit copper- 
based and radio-transmission counterparts. Fiber 
optic cable can transmit at a higher capacity, thereby 
reducing the number of physical lines and the amount 
of equipment needed for a given transmission span. 
The lower weight and smaller size of optical fibers 
offer a distinct advantage over heavy, bulky copper 
cables in crowded underground cable ducts, in 
ceiling-mounted cable trays, and in mobile platforms 
such as aircraft and ships. Their dielectric compo- 
sition is an especially important feature of optical 
fibers, since this ensures freedom from electro- 
magnetic interference between adjacent fibers, elim- 
inates ground loops, and results in extremely low 
fiber-to-fiber crosstalk. In addition, an optical fiber 
affords a high degree of data security since the 
optical signal is well confined within the optical 
waveguide. 


Optical Fiber Development 


Since an atmospheric channel requires a line-of-sight 
link and because it can be adversely affected by 
weather conditions, a guided-wave channel is the 
preferred approach in most cases for communication 
system applications. A challenge in using an optical 
fiber channel is to have a flexible, low-loss medium 
that transfers the optical signal over long distances 
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without significant attenuation and distortion. Glass 
is an obvious material for such applications. The 
earliest known glass was made around 2500 uc and 
glass already was drawn into fibers during the time of 
the Roman Empire. However, such glasses have very 
high attenuations and thus are not suitable for 
communication applications. One of the first known 
attempts of using optical fibers for communication 
purposes was a demonstration in 1930 by Heinrich 
Lamm of image transmission through a short bundle 
of optical fibers for potential medical imagin; 
However, no further work was done beyond the 
demonstration phase since the technology for produ- 
cing reasonably low-loss fibers with good light 
confinement was not yet mature. 

Further work and experiments continued on using 
optical fibers for image transmission and by 1960 
glass-clad fibers had attenuations of about one decibel 
per meter. This attenuation allowed fibers to be used 
for medical imaging, but it was still much too high for 
communications. Optical fibers had attracted the 
attention of researchers at that time, because 
they were analogous in theory to plastic dielectric 
waveguides used in certain microwave applications. 
In 1961, Elias Snitzer demonstrated this similarity 
by drawing fibers with cores so small they carried 
light in only one waveguide mode. He published a 
classic theoretical description of single-mode fibers in 
May 1961. However, to be useful for communication 
systems, optical fibers would need to have a loss of no 
more than 10 or 20 decibels per kilometer. 

‘As a reminder, decibels measure the ratio of the 
output power to the input power on a logarithmic 
scale. The abbreviation for a decibel is “dB.’ The 
power ratio in decibels is given by the expression “10 
log (power out/power in),” As an example, a power 
loss of 20 dB over a 1-km distance in an optical fiber 
means that only 1% of the light injected into the fiber 
comes out of the other end. Table 1 gives some typical 
examples of various power ratios and their decibel 
equivalents. 

In the early 1960s Charles Kao pursued the idea of 
using a clad glass fiber for an optical waveguide, 


Table 1 Examples of some optical 
decibel equivalents 
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building on optical waveguide research being done at 
the Standard Telecommunication Laboratories in 
England, After he and George Hockman painstak- 
ingly examined the transparency properties of various 
types of glass, Kao made a prediction, in 1966, that 
losses of no more than 20 dB/km were possible in 
optical fibers. In July 1966, Kao and Hockman 
presented a detailed analysis for achieving such a 
loss level. Kao then went on to actively advocate and 
promote the prospects of fiber communications, 
which generated interest in laboratories around the 
world to reduce fiber loss. It took four years to reach 
Kao’s predicted goal of 20 dB/km, and the final 
solution was different from what many had expected. 

To understand the process of making a fiber, 
consider the schematic of a typical fiber structure 
shown in Figure 2, A fiber consists of a solid dielectric 
(glass or plastic) cylinder of refractive index n, called 
the core. This is surrounded by a dielectric cladding 
which has a refractive index nz, that is less than ny, in 
order to achieve light guiding in the fiber. This 
structure is then encapsulated by a buffer coating to 
protect the fiber from abrasion and outside contami- 
nants, The first step in making a fiber is to form the 
clear glass rod or tube called a preform, This 
normally is done by a vapor-phase oxidation process. 
‘The preform has two distinct regions that correspond 
to the core and cladding of the eventual fiber. 
Fibers are made from the preform by precision 
feeding it into a circular furnace that softens the end 
of the preform to the point where it can be drawn into 
a very thin filament which becomes the optical fiber. 

Most researchers had tried to purify the compound 
glasses used for standard optics, which are easy to 
melt and draw into fibers. A different approach was 
taken at the Corning Glass Works where Robert 
Maurer, Donald Keck, and Peter Schultz started with 
fused silica, This material can be made extremely 
pure, but has a high melting point and a low 
refractive index. Silica has the approximate attenu- 
ation versus wavelength characteristic shown in 
Figure 3. Note that for early silica fibers there are 
regions of low attenuation around 850, 1310, and 
1550 nm, which the literature refers to as the first, 
second, and third windows, respectively. The large 
attenuation spikes in the 1000-and 1400-nm spectral 
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Figure 2 Typical optical fiber structure. 
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Figure 3 Attenuation versus wavelength approximation for silica fibers. 


regions are due to absorption by residual water 
molecules in the glass. Although ultra-pure material 
processing techniques can eliminate these spikes to 
produce what are known as full-spectrum or low- 
water-peak fibers, most installed fibers still have a 
relatively large attenuation between 1350 and 
1500 nm. 

Note that since the attenuation spikes no longer are 
present in various types of fibers, the idea of operating 
windows has been replaced by the concept of spectral 
bands. The International Telecommunications Union 
(ITU) has designated six spectral bands for use in 
intermediate-range and long-distance optical fiber 
communications within the 1260 to 1675-nm region. 
The regions, which are known by the letters ©, E, 8, 
C, L, and U, are defined as follows: 


Original Band (O-Band): 1260 to 1360 nm 
Extended Band (E-Band): 1360 to 1460 nm 
Short Band (S-Band): 1460 to 1530 nm 
Conventional Band (C-Band): 1530 to 1565 nm 
Long Band (L-Band): 1565 to 1625 nm 
Ultra-long Band (U-Band): 1625 to 1675 nm 


The Corning team made cylindrical preforms by 
depositing purified materials from the vapor phase. 
To produce a fiber that has light guiding properties 
they carefully added controlled trace levels of 
titanium to the core to make its refractive index 
slightly higher than that of the cladding without 
raising the attenuation significantly. In September 
1970, they announced the fabrication of single-mode 
fibers with an attenuation of 17dB/km at the 633-nm 


helium-neon line. The fibers were fragile, but 
independent tests at the British Post Office Research 
Laboratories facility in Martlesham Heath, England 
confirmed the low loss. 

This dramatic breakthrough was the first among 
the many developments that opened the door to fiber 
optic communications. The ensuing years saw further 
reductions in optical fiber attenuations. By mid-1972, 
Maurer, Keck, and Schultz at Corning had made 
multimode germania-doped fibers with a 4-dB/km 
loss and much greater strength than the earlier brittle 
titania-doped fibers. In order to couple a sufficient 
amount of optical power into a fiber, early appli- 
cations used multimode fibers with a refractive-index 
gradient between core and cladding of around 2% 
and core diameters of 50 or 62.5 micrometers. 

Single-mode fibers have much smaller core diam- 
eters on the order of 9 micrometers in order to allow 
only one propagation mode. This type of fiber has a 
much higher transmission capacity since the effect of 
modal dispersion is eliminated. The first single-mode 
fibers were optimized to have a zero dispersion value 
at 1310 nm, since the silica material used at that time 
exhibited a low loss within a spectral band around 
this wavelength. Figure 4 shows the dispersion 
characteristic of this type of fiber as a function of 
wavelength in the S-, C-, and L-bands. As a result of 
its widespread use in early single-mode transmission 
systems, this fiber design has been standardized by the 
International Telecommunication Union (ITU-T) 
under the designation Recommendation G.652. 

Standard G.652 silica fibers provide the lowest 
attenuation at 1550 nm, but have a much larger signal 


OPTICAL COMMUNICATION SYSTEMS / Historical Development 391 


2 
eel 
F | oT _| 
é tort G.855. 
z = 
Bo a= 
5 = 
g - 77 Ges 
B sof 
% ‘S-Band C-Band) L-Band 
raha py 
14501480610 TGad 1570 TaD) v69c 


\Wavotenath (nm) 


Figure 4 Dispersion characteristics of three types of standard 
optical fibers. 


dispersion at this wavelength than at 1310 nm, Since 
system designers wanted to use fibers at a 1550-nm 
wavelength, in order to transmit high-speed data over 
longer distances, fiber manufacturers overcame the 
larger signal dispersion limitation by creating the so- 
called dispersion-shifted fibers. This was done 
through a clever manipulation of the core and 
cladding designs that allowed the zero-dispersion 
point to shift to longer wavelengths, In particular, 
the ITU-T created a specification for operation at 
1550.nm which is designated as recommendation 
G.653. Figure 4 also shows the dispersion character- 
istic of this type of fiber as a function of wavelength. 

Although the G.652 and G.653 fibers work well for 
single-wavelength operation, a different type of fiber, 
having non-zero dispersion within a broad spectral 
range, is needed when implementing systems that use 
many independent light sources. simultaneously 
within a particular wavelength band. This led to the 
specification of the non-zero dispersion shifted fiber 
(NZDSF) in the ITU-T Recommendation G.655 that 
are designated to operate around 1550 nm, The main 
purpose of having a positive dispersion value over the 
entire operating spectrum is to mitigate a nonlinear 
optical effect called four-wave mixing (FWM), 
which is analogous to intermodulation distortion in 
clectrical systems. Figure 4 shows the dispersion 
characteristic of the G.655 fiber in the S-, C-, and 
L-bands. 


Light Sources 


The fiber by itself is not practical unless there is a 
compatible optical source for launching light signals 
into it. The most suitable device for this is a 
semiconductor light-emitting diode (LED) or a laser 
diode. In the 1960s, a great deal of effort took place to 
achieve laser action in pn-junction diodes. The early 
devices were GaAs and GaAsP lasers that operated at 
a temperature of 77K, emitted at a wavelength 


around 850 nm, and had high lasing threshold 
current densities. To make devices that were more 
application-friendly by operating at room tempera- 
ture, structures consisting of sandwiched layers of 
AlGaAs and GaAs were investigated. Finally, in 1970, 
researchers at Bell Laboratories and a team at the 
Ioffe Physical Institute in Leningrad made the first 
semiconductor diode lasers based on a layered 
AlGaAS/GaAVAIGaAs structure that were able to 
emit continuous-wave light in the 850-nm region at 
room temperature. 

Major improvements in laser diode performance 
and reliability followed this achievement during 
the next decade. In addition, around 1976, room- 
temperature laser diodes operating at longer wave- 
lengths, in the 1100 to 1600-nm region, started to 
appear. Of particular interest were GalnAsP/InP- 
hased laser diodes emitting in the 1310-nm and 
1550-nm low-loss windows of optical fibers. 
The progressive development of ever-improving 
devices during the 1980s and 1990s, included 
single-frequency emission with narrow linewidths 
under continuous operation, low levels of chirp under 
direct modulation, high output power, and the ability 
to tune specially constructed laser diodes over a 
wavelength range of up to 30 nm, 


Fielded Systems 


The bit rate-distance product BXL, where B is the 
transmission bit rate and L is the repeater spacing, 
measures the transmission capacity of optical fiber 
links. Since the inception of optical her communi- 
cations in the mid-1970s, the link transmission 
capacity has experienced a tenfold increase every 
four years. Several major technology advances 
spurred this growth, Among the technology develop- 
ments are laser diodes emitting over an extremely 
narrow spectral hand, optical amplifiers, fibers with 
low losses and low dispersions, and the concepts of 
wavelength division multiplexing. 

Some of the initial telephone-system field trials in 
the USA were carried out in 1977 by GTE in Los 
Angeles and by AT&T in Chicago. These trans- 
mission links were largely for the trunking of 
telephone lines, which are digital links consisting of 
time-division-multiplexed 64-kb/s voice channels. 
imilar demonstrations were carried out in Europe 
and Japan. Applications ranged from 45 to 140 Mb/s 
with repeater spacings around 10 km, 

With the advent of high-capacity fiber optic 
transmission lines in the 1980s, service providers 
established a standard signal format called synchro- 
nous optical network (SONET) in North America 
and synchronous digital hierarchy (SDH) in other 
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parts of the world, These standards define a 
synchronous frame structure for sending multiplexed 
digital traffic over optical fiber trunk lines. The basic 
building block and first level of the SONET 
signal hierarchy is called the synchronous transport 
signal-level 1 (STS-1), which has a bit rate of 
51.84 Mb/s. Higher-rate SONET signals are obtained 
by byte-interleaving N STS-1 frames, which are then 
scrambled and converted to an optical carrier—level 
N (OC-N) signal. Thus the OC-N signal will have a 
line rate exactly N times that of an OC-1 signal. For 
SDH systems, the fundamental building block is the 
155.52-Mbis synchronous transport module—level 1 
(STM-1). Again, higher-rate information streams are 
generated by synchronously multiplexing N different 
STM-1 signals to form the STM-N signal. Table 2 
shows commonly used SDH and SONET signal 
levels. 

‘The development of optical sources and photo- 
detectors capable of operating at 1310 nm allowed a 
shift in the transmission wavelength from 850 nm to 
1310 nm, This resulted in a substantial increase in 
the repeaterless transmission distance for long-haul 
telephone trunks, since optical fibers exhibit lower 
power loss and less signal dispersion at 1310 nm. 
Intercity applications first used multimode fibers, but 
in 1984 switched exclusively to single-mode fibers, 
which have a significantly larger bandwidth. Bit rates 
for long-haul links typically range between 155 and 
622 Mb/s (OC-3 and OC-12), and in some cases up to 
2.5 Gis (OC-48), over repeater spacings of 40 km. 
Both multimode and single-mode 1310-nm fibers are 
used in local area networks, where bit rates range 
from 10 Mb/s to 100 Mb/s over distances ranging 
from 500 m to tens of kilometers. 

In the next step of system evolution, links operating 
in the low-loss window around 1550 nm attracted 
much attention for high-capacity, long-span terres- 
trial and undersea transmission links. These links 
routinely carry traffic at 2.5 Gb/s over 90-km 
repeaterless distances. By 1996, advances in high- 
quality lasers and receivers allowed single-wave- 
Jength transmission rates of 10 Gb/s (OC-192). 


Table 2_ Commonly used SONET and SDH transmission ratos 


In 1989, the introduction of optical amplifiers gave 
a major boost to fiber transmission capacity. 
Although there are GaAlAs-based solid-state 
optical amplifiers for the first window and InGaAsP 
amplifiers for the second window, the most successful 
and widely used devices are erbium-doped fiber 
amplifiers (commonly called EDFAs) operating in 
the 1530 to 1560-nm range and Raman fiber 
amplifiers that are used for operation in the 1560 to 
1600-nm region, 

During the same time period, impressive demon- 
strations of long-distance high-capacity systems were 
made using optical soliton signals. A soliton is a 
nondispersive pulse that makes use of nonlinear 
dispersion properties in a fiber to cancel out chromatic 
dispersion effects. As an example, solitons at rates of 
10 Gbis have been sent over a 12 200-km experimen 
tal link using optical amplifiers and special 
modulation techniques. 


Entrance of Wavelength Division 
Multiplexing 


The use of wavelength division multiplexing (WDM) 
offers a further boost in fiber transmission capacity. 
The basis of WDM is to use multiple sources 
operating at slightly different wavelengths to transmit 
several independent information streams over the 
same fiber. Although researchers started looking at 
WDM in the 1970s, during the ensuing years it 
generally turned out to be easier to implement higher- 
speed electronic and optical devices than to invoke 
the greater system complexity called for in WDM. 
However, a dramatic surge in WDM _ popularity 
started in the early 1990s, as electronic devices neared 
their modulation limit and high-speed equipment 
became increasingly complex. 

Figure 5 shows the concept of implementing many 
closely spaced wavelengths within a spectral band 
centered around 1552.524nm, This scheme is 
referred to as dense WDM or DWDM. Concep- 
tually, the DWDM scheme is the same as frequency 


‘SONET level Electrical level Line rate (Mos) ‘SDH equivalent ‘Common rate name 
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oc-24 STS.24 1248.16 STW8 
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Figure § Wavelength division muttiplexing (WDM) concept. 


division multiplexing (FDM) used in microwave 
radio and satellite systems. Just as in FDM, the 
wavelengths (or optical frequencies) in a DWDM 
link must be properly spaced to avoid interference 
between channels. In an optical system this int 
ference may arise from the fact that the center 
wavelength of laser diode sources and the spectral 
operating characteristics of other optical 
‘components in the link may drift with temperature 
and time, thereby giving rise to the need for a guard 
band between wavelength channels. 

Since WDM is essentially frequency division mul 
plexing at optical carrier frequencies, the ITU devi 
oped DWDM standards that specify channel spacings 
in terms of frequency. The ITU-T Recommendation 
694.1, which is entitled ‘Dense Wavelength 
Division Multiplexing (DWDM),’ specifies WDM 
operation in the S-, C-, and L-bands for high-quality, 
high-rate metro area network (MAN) and wide area 
network (WAN) services. It calls out for narrow 
frequency spacings of 100 to 12.5 GHz (or, equiva- 
lently, 0.8 to 0.1 nm at 1550 nm). This implemer 
tation requires the use of stable, high-quality, 
temperature-controlled and wavelength-controlled 
(frequency-locked) laser diode light sources. 

With the production of full-spectrum (lo 
content) fibers, the development of relatively ine 
pensive optical sources, and the desire to ha 
low-cost optical links operating in metro and local 
area networks, came the concept of coarse WDM 
(CWDM). In 2002, the ITU-T released a standard 
aimed specifically at CWDM. This is Recommen- 
dation G.694.2, which is entitled ‘Coarse Wavelength 
Division Multiplexing (CWDM).’ The CWDM grid 
is made up of 18 wavelengths defined within the 
range 1270 nm to 1610.nm (O-through L-bands) 


-water- 


spaced by 20 nm with wavelength-drift tolerances of 
nm. This can be achieved with inexpensive 
light sources that are not temperature-controlled. 
The targeted transmission distance for CWDM is 
50 km on single-mode fibers, such as those specified 
in ITU-T Recommendations G.652, G.653, and 
G.65s. 

Wavelength tunability of a source is an important 
property of WDM systems. Obviously it is not 
desirable or practical to maintain an inventory of 
dozens of lasers that emit at different wavelengths for 
WDM applications. The ideal tunable laser should be 
adjustable to emit at a specific wavelength across a 
broad spectral range. One such device is a distributed 
Bragg reflector (DBR) laser diode that can be tuned 
over a 10 to 20 nm spectral range. Work on perfecting 
such devices are still underway. 

Starting in the mid-1990s, a combination of 
EDFAs and WDM was used to boost fiber infor- 
mation capacity to even higher levels and to 
increase the transmission distance. A major system 
consideration in these super-high capacity links is to 
ensure that there is appropriate link and equipment 
redundancy, so that alternate paths are available in 
case of disruptions in communications resulting 
from cable ruptures (for example, caused by 
errant digging from a backhoe) or equipment 
failures at an intermediate node. Such disruptions 
otherwise could have a devastating effect on a large 
group of users. 


Undersea Optical Cable Systems 


The first transoceanic fiber optic cable systems were 
installed in the Atlantic and Pacific Oceans in 1988 
and 1989. Initially these systems operated at 
280 Mb/s per fiber pair using 1310-nm lasers and 
single-mode fibers. The links consisted of a series of 
point-to-point optical fiber segments between 
electronic-based undersea regeneration points that 
were located nominally 60km apart. Later the 
transmission capacity of these links was upgraded 
to 2.5 Gbls and the regenerator spacing was increased 
to 100km by converting the 1310-nm multiple- 
frequency light sources to 1550-nm single-frequency 
laser diodes. Later, the regenerator spacing was 
increased to 140 km. 

Although these cable systems significantly 
improved the quality of the international telephone 
service, the optical-to-electrical conversion process at 
each regeneration point remained a capacity bottle- 
neck. The introduction of erbium-doped optical fiber 
amplifiers (EDFA) eliminated this bottleneck from 
undersea lightwave systems by amplifying signals 
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directly in the optical domain, Since EDFAs operate 
over a 30-nm wavelength band, they are well suited 
for use with undersea WDM links, which have 
provided a further capacity increase. These undersea 
optical amplifiers are typically spaced about 45 km 
apart. 

One example of the many worldwide installations 
of optically amplified WDM networks is the SEA- 
ME-WE-3 Cable System. This undersea network runs 
from Germany to Singapore, connecting more than a 
dozen countries in between. Hence the name SEA- 
ME-WE, which refers to Southeast Asia (SEA), the 
Middle East (ME), and Western Europe (WE). The 
network has two pairs of undersea fibers with a 
capacity of eight STM-16 wavelengths per fiber. 


Lasers: Optical Fiber Lasers. Optical Communication 
Systems: Architectures of Optical Fiber Communication 
‘Systems; Wavelength Division Multiplexing, 
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Simple Optical Fiber Links 


The most asic optical fiber communication system 
architecture is a point-to-point link consisting of the 
elements shown in Figure 1. The key sections are a 
transmitter consisting of a light source and its 
associated drive circuitry, a cable offering mechanical 
and environmental protection to the optical fibers 
contained inside, and a receiver consisting of a 
photodetector plus amplification and signal-restoring 
circuitry. Very long links may include periodic optical 
amplifiers for boosting the level of the optical signal. 
In networks that use only simple point-to-point links, 
the optical fiber is used principally as a transmission 
medium and all the switching and processing of 
information bits is done by electronics. 


At the transmitting end of an optical fiber link, 
information bits consisting of electronic pulses are 
used to modulate the light output of the source. The 
resulting light pulses are coupled into an optical fiber. 
As they travel along the fiber these signal pulses 
become progressively weakened and distorted due to 
attenuation and dispersion mechanism that are 
characteristic of an optical fiber. At the end of the 
fiber link a photodetector converts the optical pulses 
back to an electrical format for switching to another 
link or for processing at the end station. 
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Figure 1 Basic elements of a point-to-point fiber optic ink 
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The cabled fiber is one of the most important 
elements in an optical fiber link, since it determines 
operational parameters such as transmission distance 
and achievable data rates. In addition to protecting 
the glass fibers during installation and service, the 
cable may contain copper wires for powering optical 
amplifiers or signal regenerators, which are needed 
periodically in long-distance links for amplifying and 
reshaping the signal. 

Analogous to copper cables, the installation of 
optical fiber cables can be either aerial, in ducts, 
undersea, or buried directly in the ground. As a result 
of installation and/or manufacturing. limitations, 
individual cable lengths will range from several 
hundred meters to several kilometers. Practical 
considerations such as reel size and cable weight 
determine the actual length of a single cable section. 
‘The shorter segments tend to be used when the cables 
are pulled through ducts. Longer lengths are used in 
aerial, ditect-burial, or undersea applications. Spl 
cing together individual cable sections forms con- 
tinuous transmission lines for these long-distance 
links. For undersea installations, the splicing and 
repeater-installation functions are carried out on 
board a specially designed cable-laying ship. 

One of the principal characteristics of an optical 
fiber is its attenuation as a function of wavelength, as 
shown in Figure 2. Early technology used the 800 to 
900mm wavelength band, since in this region the 
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fibers made at that time exhibited a local minimum in 
the attenuation curve, and optical sources and 
photodetectors operating at these wavelengths were 
available. This region originally was referred to as the 
‘first window’, By reducing the concentration of 
hydroxyl ions and metallic impurities in the fiber 
material, in the 1980s manufacturers were able to 
fabricate optical fibers with very low loss in the 1100 
to 1600nm region. Two windows are defined here, 
these being the ‘second window” centered around 
1310 nm and the ‘third window" centered around 
1550 nm. 

In 1998 a new ultra-high purifying process 
patented by Lucent Technologies eliminated virtually 
all water molecules from the glass material. The 
resulting fiber is designated as either a low-water- 
peak ora full spectrum fiber. By dramatically reducing 
the water-attenuation peak around 1400 nm, this 
process opens the transmission region between the 
second and third windows to provide around 100 nm 
more bandwidth than in conventional single-mode 
fibers. This particular fiber allows wider spectral 
tolerances on optical components, which reduces 
costs for moderate-distance metropolitan network 
applications. 

Since the attenuation of low-water-peak fibers 
makes the designation of transmission windows 
obsolete, the concept of operational spectral bands 
arose for the 1260-1675nm region. As shown in 


Attenuation spikes 
‘due ta water molecules 


Second window 


Hise 


Tid window 


600 


Wavelength (om) 


ye 140 


EBLE 


Figure 2 Attenuation versus wavelength for silica fibers and the concept of spectral bands, 


396 OPTICAL COMMUNICATION SYSTEMS / Architectures of Optical Fiber Communication Systems 


Figure 2, the regions are known by the letters O, E, 8, 
C, L, and U, which are defined as follows: 


Original band (O-Band): 1260-1360 nm; 
Extended band (E-Band): 1360-1460 nm; 
# Short band (S-Band): 1460-1530 nm; 
© Conventional band (C-Band): 1530-1565 nm; 
Long band (L-Band) 1565-1625 nm; 
 Ultra-long band (U-Band): 1625-1675 nm. 
Once the cable is installed, a light source that is 
dimensionally compatible with the fiber core is used 
to launch optical power into the fiber. Semiconduc- 
tor light-emitting diodes (LEDs) and laser diodes are 
suitable for this purpose, since their light output can 
be modulated rapidly by simply varying the bias 
current at the desired transmission rate, thereby 
producing an optical signal. The electric input 
signals to the transmitter circuitry for the optical 
source can be either of an analog or digital form. 
For high-rate systems (nominally greater than 
1Gb/s), direct modulation of the source can lead 
to unacceptable signal distortion, In this case, an 
external modulator is used to vary the amplitude 
of a continuous light output from a laser diode 
After an optical signal is launched into a fiber, it 
will become progressively attenuated and distorted 
with increasing distance because of scattering, 
absorption, and dispersion mechanisms in the 
glass material. At the receiver a photodiode will 
detect the weakened optical signal emerging from 
the fiber end and convert it to an electric current. 
The design of an optical receiver is inherently more 
complex than that of the transmitter, since it has to 
interpret the content of the weakened and 
degraded signal received by the photodetector. 
The principal figure of merit for a receiver is the 
maximum optical power necessary at the desired 
data rate to attain either a given error probability 
for digital systems or a specified signal-to-noise 
ratio for an analog system, The ability of a receiver 
to achieve a certain performance level depends on 
the photodetector type, the effects of noise in the 
system, and the characteristics of the successive 
amplification stages in the receiver. 


Networks of Links 


With the advent of fiber optic transmission lines, the 
next step in the evolution of the digital multiplexing 
scheme used by telecommunication providers was 
a standard signal format called synchronous 
optical network (SONET) in North America and 


synchronous digital hierarchy (SDH) in other parts 
of the world. In the mid-1980s, efforts started on 
developing a standard that would allow network 
engineers to interconnect fiber optic transmission 
equipment from various vendors through multiple- 
owner trunk networks. This resulted in a series of 
standards for SONET by the American National 
Standards Institute (ANSI) and a series of rec- 
ommendations for SDH from the International 
Telecommunications Union (ITU). Examples of 
particular interest are the ANSI T1.105.06 standard 
and the ITU-T G.957 recommendation, Although 
there are some implementation differences between 
SONET and SDH, all SONET specifications conform 
to the SDH recommendations. A key characteristic 
of SONET and SDH is that they are usually 
configured as a ring architecture. This is done to 
create loop diversity for uninterrupted service 
protection purposes in case of link or equipment 
failures. The SONET/SDH rings commonly are 
called self-healing rings, since the traffic flowing 
along a certain path can be switched automatically 
to an alternate or standby path following failure or 
degradation of the link segment. 

The basic building block and first level of the 
SONET signal hierarchy is called the Synchronous 
Transport Signal — Level 1 (STS-1), which has a bit 
rate of 51.84 Mb/s. Higher-rate SONET signals are 
obtained by byte-interleaving N STS-1 frames, 
which are then scrambled and converted to an 
Optical Carrier ~ Level N (OC-N) signal. Thus the 
OGN signal will have a line rate exactly N times 
that of an OC-1 signal. For SDH systems the 
fundamental building block is the 155.52 Mb/s 
Synchronous Transport Module — Level 1 (STM-1). 
Again, higher-rate information streams are generated 
by synchronously multiplexing N different STM-1 
signals to form the STMLN signal. 

Three main features, each with two alternatives, 
classify all SONET/SDH rings, thus yielding cight 
possible combinations of ring types. First, there can 
be either two or four fibers running between the nodes 
on a ring, Second, the operating signals can travel 
either clockwise only (which is termed a uni- 
directional ring) or in both directions around the 
ring (which is called a bidirectional ring) Third, 
protection switching can be performed cither via a 
line-switching or a. path-switching scheme, Upon 
link failure or degradation, line switching moves all 
signal channels of an entire OC-N channel to a 
protection fiber. Conversely, path switching can move 
individual payload channels within an OC-N channel 
(e.g, an STS-1 channel within an OC-12 channel) 
to another path. 
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Of the cight possible combinations of ring types, 
the following two architectures have become popular 
for SONET and SDH networks: 


© two-fiber unidirectional path-switched ring (two- 
fiber UPSR); 

© two-fiber or four-fiber bidirectional line-switched 
ring (two-fiber or four-fiber BLSR). 


‘The common abbreviations of these configurations 
are given in parentheses. They also are referred to as 
unidirectional or bidirectional self-healing rings 
(USHR or BSHR). 

Figure 3 shows a two-fiber unidirectional path- 
switched ring network. By convention, in au 
directional ring the normal working traffic travels 
clockwise around the ring, as indicated by the heavy 
arrows. For example, the connection from node 1 to 
node 3 uses links 1 and 2, whereas the traffic from 
node 3 to node I traverses links 3 and 4. Thus, two 
communicating nodes use a specific bandwidth 
capacity around the entire perimeter of the ring. If 
nodes 1 and 3 exchange information at an OC-3 rate 
in an OC-12 ring, then they use one-fourth of the 
capacity around the ring on all the primary links. 
Ina unidirectional ring the counterclockwise path is 
used asan alternate path for protection against link or 
node failures. To achieve this, the signal from a 
transmitting node is dual-fed into both the primary 
and protection fibers. This establishes a designated 
protection path on which traffic flows counter- 
clockwise, i.e., ftom node 1 to node 3 via links 5 
and 6 (in that order), as shown in Figure 3b. A heavy 
line and a dashed line indicate the primary and 
protection paths, respectively. 

Consequently, two identical signals from a particu- 
lar node arrive at their destination from opposite 
directions, usually with different delays, as denoted in 
Figure 3b, The receiver normally selects the signal 
from the primary path, However, it continuously 
compares the fidelity of each signal and chooses the 
alternate signal in case of severe degradation or loss 
of the primary signal. Thus, each path is individually 
switched based on the quality of the received signal. 
For example, if path 2 breaks or equipment in node 2 
fails, then node 3 will switch to the protection 
channel to receive signals from node 1 

Figure 4 illustrates the architecture of a four-fiber 
bidirectional line-switched ring. Here two primary 
fiber loops (with fiber segments labeled 1p through 
8p) are used for normal bidirectional communication, 
and the other two secondary fiber loops are standby 
links for protection purposes (with fiber segments 
labeled Is through 8s). In contrast to the two-fiber 
UPSR, the four-fiber BLSR has a capacity advantage 


Primary path 
1 
pe 
Node Node 
1 2 
7 Protection path 
H 8 ‘ 
4 eS 7 2 
¥ 6 i 
Node Node 
4 3 
3 
Protection 1% 
ath 
4 i —<—<<—<——— 
. 1 
5 
¥ Node 1 Vv 
Node Node 
4 2 
3 2 
rx 
© 


Figure 3 Schematic of a two-fber unidirectional path-switched 
Fing network 


since it uses twice as much fiber cabling and because 
traffic hetween two nodes is only sent partially 
around the ring. 

To see the function and versatility of the standby 
links in the four-fiber BLSR, consider first the case 
where a transmitter or receiver circuit card used on 
the primary ring fails in either node 3 or 4. In this 
situation the affected nodes detect a loss-of-signal 
condition and switch both primary fibers connecting 
them to the secondary protection pair, as shown in 
Figure 5, The protection segment between nodes 3 
and 4 now becomes part of the primary bidirectional 
loop. The exact same reconfiguration scenario will 
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Figure 4 The architecture of a foursber bidirectional, line- 
switched ring 
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Figure § Reconfiguration of a four-ber BLSR under transcei- 
ver failure, 


‘occur when the primary fiber connecting nodes 3 and 
4 breaks. Note that in either case the other links 
remain unaffected. 

Now suppose an entire node fails, or both the 
primary and the protection fibers in a given span are 
severed, which could happen if they are in the same 
cable duct between two nodes. In this case the nodes 
on either side of the failed span internally switch the 
primary-path connections from their receivers and 
transmitters to the protection fibers, in order to loop 
traffic back to the previous node. This process again 
forms a closed ring, but now with all of the primary 
and protection fibers in use around the entire ring, as 
shown in Figure 6. 


Single-Span WDM Links 


An interesting and powerful aspect of an optical 
communication link is that many different wave- 
lengths can be sent along a fiber simultaneously in 
the 1300-1600nm spectrum. The technology of 


combining a number of wavelengths onto the same 
fiber is known as wavelength division multiplexing or 
WDM. Figure 7 shows the basic WDM concept. Here 
N independent optically formatted information 
streams, each transmitted at a different wavelength, 
are combined with an optical multiplexer and sent 
over the same fiber. Note that each of these streams 
could be at a different data rate. Each information 
stream maintains its individual data rate after being 
multiplexed with the other streams, and still 
operates at its unique wavelength, Conceptually, the 
WDM scheme is the same as frequency division 
multiplexing (FDM) used in microwave radio and 
satellite systems. 

To see the potential of WDM, consider the 
characteristics of a high-quality optical source such 
a8 a distributed feedback (DFB) laser, which has a 
very narrow frequency spectrum on the order of 
1 MHz, which is equivalent to a spectral linewidth 
of 1075 nm, When using such a source, a guard band 
of 0.4~1.6 nm is typically employed. This is done to 
take into account possible drifts of the peak 
wavelength due to aging or temperature effects, and 
to give both the manufacturer and the user some 
leeway in specifying and choosing the precise peak 
emission wavelength. With such spectral band 
widths, simplex systems make use of only a very 
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Figure 6 Reconfiguration of a fourflber BLSR under node or 
fiber-cable failure. 
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Figure 7 The basic WOM concept. 
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small portion of the transmission bandwidth 
capability of a fiber. This can be seen from Figure 2, 
which depicts the attenuation of light in a silica fiber 
asa function of wavelength, The curve shows that the 
two low-loss regions of a single-mode fiber extend 
over the wavelengths ranging from about 1260 to 
1360 nm (the O-band) and from 1460 to 1625 nm 
(the S-, C-, and L-bands). 

These regions can be viewed either in terms of 
spectral width (the wavelength band occupied by the 
light signal and its guard band) or by means of optical 
bandwidth (the frequency band occupied by the light 
signal). To find the optical bandwidth corresponding 
to a particular spectral width in these regions, 
consider the fundamental relationship c= Av, which 
relates the wavelength A to the carrier frequency 1, 
where cis the speed of light. Differentiating this yields 
Av = (c/A")AA, where the deviation in frequency Av 
corresponds to the wavelength deviation AA around 
A. Thus the optical bandwidth is Av= 14 THz for a 
usable spectral band AA=80nm in the O-band. 
Similarly, Av= 15 THz for a usable spectral band 
AA = 120 nm in the region spanning the S-, C-, and 
L-bands, 

Since the spectral width of a high-quality source 
occupies only a narrow optical bandwidth, the two 
low-loss windows provide many additional operating 
regions. By using a number of light sources, each 
emitting at a different peak wavelength that is 
sufficiently spaced from its neighbor so as not to 
create interference, the fidelities of the independent 
messages from each source are maintained for 
subsequent conversion to clectrical signals at the 
receiving end. 

Since WDM is essentially frequency division multi- 
plexing at optical carrier frequencies, the WDM 
standards developed by the ITU specify channel 
spacings in terms of frequency. A key reason for 
selecting a fixed frequency spacing, rather than a 
constant wavelength spacing, is that when locking a 
laser to a particular operating mode it is the frequ- 
ency of the laser that is fixed. The ITU-T Recommer 
dation G.692 specifies selecting the channels from a 
grid of frequencies referenced to 193.100 THz 
(1552.524 nm) and spacing them 100 GHz (0.8 nm 
at 1552nm) apart. Suggested alternative spacings 
include 50 GHz and 200 GHz. 

Historically the term dense WDM (DWDM) was 
used somewhat loosely and generally referred to the 
spacings denoted by Recommendation G.692. In 
2002 the ITU-T released an updated standard aimed 
specifically at DWDM. This is Recommendation 
G.694.1, which specifies WDM operation in the S-, 
CC, and L-bands for high-quality, high-rate metro 
area network (MAN) and wide area network (WAN) 


services, It calls out for narrow frequency spacings of 
100 to 12.5 GHz (or, equivalently, 0.8 to 0.1 nm at 
1550 nm). 

Alternatively, by using the larger spectral window 
available in low-water-content fibers, one can relax 
the spectral tolerances on the optical components and 
space the individual sources much further apart, This 
is the basis of coarse WDM (CWDM), which is useful 
for metropolitan area networks where variations in 
attenuation between different wavelength channels 
is not critical over short transmission distances. 
In 2002 the ITU-T released Recommendation 
G.694.2, which is aimed specifically at CWDM. 
The CWDM grid is made up of 18 wavelengths 
defined within the range 1270-1610 nm (O- through 
L-bands) spaced by 20nm with wavelength-drift 
tolerances of +2 nm, 

A key feature of WDM is that the discrete 
wavelengths form an orthogonal set of carriers 
which can be separated, routed, and switched with- 
ont interfering with each other. This holds as long as 
the total optical power intensity is kept sufficiently 
low to prevent nonlinear effects such as stimulated 
Brillouin scattering and four-wave mixing processes 
from degrading the link performance. 

‘The implementation of WDM networks requires a 
variety of passive and/or active devices to combine, 
distribute, isolate, and amplify optical power at 
different wavelengths. Passive devices require no 
external control for their operation, so they are 
somewhat limited in their application in WDM 
networks. These components are mainly used to 
split and combine or tap off optical signals. The 
performance of active devices can be controlled 
electronically, thereby providing a large degree of 
network flexibility. Active WDM components include 
tunable optical filters, tunable sources, and optical 
amplifiers. 


Passive Optical Networks 


Another step towards realizing the full potential of 
optical fiber transmission capacity is the concept of 
all-optical WDM networks to extend the versatility 
of communication networks beyond architectures 
snch as those provided by SONET. These networks 
as either broadcast-and-select or 
wavelength-routing networks. In general, broadcast- 
and-select techniques employing passive optical stars, 
buses, or wavelength routers are used for local 
network applications, whereas active optical com- 
ponents form the basis for constructing wide-area 
wavelength-routing networks. Broadcast-and-select 
networks can be categorized as single-hop or multi- 
hop networks. Single-hop refers to networks where 
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information transmitted in the form of light 
reaches its destination without being converted to 
an electrical form at any intermediate point. On the 
other hand, intermediate conversion can occur in a 
multihop network. 

Figure 8 shows two alternate physical architectures 
for a WDM-based local network. Here N sets of 
transmitters and receivers are attached either to a star 
coupler or a passive bus. Each transmitter sends its 
information at a different fixed wavelength. All the 
transmissions from the various nodes are combined in 
a passive star coupler or coupled onto a bus and the 
result is sent out to all receivers. 

Each receiver sees all wavelengths and uses a 
tunable filter to select the one wavelength addressed 
to it. In addition to point-to-point links, this 
configuration can also support multicast or broadcast 
services, where one transmitter sends the same 
information to several nodes. An interesting point 
is that these passive WDM networks are protocol 
transparent. This means that different sets of 
communicating nodes can use different information- 
exchange rules (protocols) without affecting the 
other nodes in the network. This is analogous to 
current time-division-multiplexed telephone lines in 
which voice, data, or facsimile services are sent 
in different time slots without interfering with 
each other. 

Although the architectures of single-hop broadcast- 
and-select networks are fairly simple, there needs 
to be careful dynamic coordination between the 
nodes. For example, if the network is set up so that 
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Figure 8 Twoaltomate physical architectures for a WOM-based 
Jocal network, 
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Figure 9 Example of a four-node broadcastand-select mult- 
hop network. 


a transmitter sends its information at a unique fixed 
wavelength, then the destined receiver needs to be 
informed when a message is being sent to it, so 
that it can tune its selective filter to that wavelength. 
Also conflicts need to be resolved in cases where 
two stations transmitting at different wavelengths 
want to send information to the same recipient 
simultaneously. 

A drawback of single-hop networks is the need for 
rapidly tunable lasers or receiver optical filters. The 
designs of multihop networks avoid this need. 
Multihop networks generally do not have direct 
paths between each node pair. Each node has a small 
number of fixed-tuned optical transmitters and 
receivers. Figure 9 shows an example of a four-node 
broadcast-and-select multihop network where each 
node transmits on one set of two fixed wavelengths 
and receives on another set of two wavelengths. 
Stations can send information directly only to those 
nodes that have a receiver tuned to one of the two 
transmit wavelengths. Information destined for other 
nodes will have to be routed through intermediate 
stations. 

The flow of traffic can be seen from Figure 9. If 
node 1 wants to send a message to node 2, it first 
transmits the message to node 3 using A,. Then node 3 
forwards the message to node 2 using As. In contrast 
to single-hop networks, with this scheme there are no 
destination conflicts or packet collisions in the 
network, since each wavelength channel is dedicated 
toa particular source—destination link. However, for 
H hops between nodes, there is a network throughput 
penalty of at least 1H. 


Wavelength-Routed Optical Networks 


Wavelength-routed networks overcome the limi- 
tations of passive optical networks through wavi 
length reuse, wavelength conversion, and optical 
switching. The physical topology of a wavelength- 
routed network consists of optical wavelength routers 
interconnected by pairs of point-to-point fiber links 
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in an arbitrary mesh configuration, as illustrated in 
Figure 10. Each link can carry a certain number of 
wavelengths, which can be directed independently 
to different output paths at a node. Each node may 
have logical connections with several other nodes 
in the network, where each connection uses a 
particular wavelength. Provided the paths taken by 
any two connections do not overlap, they can use 
the same wavelength. Thereby the number of 
wavelengths is greatly reduced. For example, the 
connection from node 1 to node 2 and from node 
to node 3 can both be on A,, whereas the connec- 
tion hetween nodes 4 and 5 requires a different 
wavelength (Aa). 
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Figure 10 The physical topology of 2 wavelength-routed 
rretwork. 


A high degree of path modularity, capacity scaling, 
and flexibility in adding or dropping channels at a 
user site can be achieved by introducing the concept 
of an optical cross-connect architecture in the 
physical path structure (the so-called path layer) of 
an optical network, These optical cross-connects 
(OXCs) operate directly in the optical domain and 
can route very high-capacity WDM data streams 
over a network of interconnected optical paths, 

Contentions could arise when channels having the 
same wavelength but traveling on different input 
fibers enter the OXC and need to be switched simul- 
taneously to the same output fiber. This could be 
resolved by assigning a fixed wavelength to each 
optical path throughout the network, or by 
dropping one of the channels and retransmitting it 
at another wavelength. However, in the first 
case, wavelength reuse and network scalability 
(expandability) are reduced, and in the second 
case the add/drop flexibility of the OXC is lost. 
These blocking characteristics can be eliminated 
by using wavelength conversion at any output of 
the OXC. 

As an example consider the 4 x 4 OXC shown in 
Figure 11. Here two input fibers are each carrying 
two wavelengths. Either wavelength can be switched 
to any of the four output ports. The OXC consists of 
three 2X2 switch elements. Suppose that A, on 
input fiber 1 needs to be switched to output fiber 2 
and that A; on input fiber 2 needs to be switched to 
output fiber 1. Thisis achieved by having the first two 
switch elements set in the bar state (the straight- 
through configuration) and the third element set in 
the cross state, as indicated in Figure 11. Obviously 
without wavelength conversion there would 
be wavelength contention at both output ports. 


2x2 optical switch elements 
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Figure 11 Example of a 4 x 4 optical cross-connect (OXC). 
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Introduction 


Free space optical (FSO) communication is the 
wireless transmission of data via a modulated optical 
beam directed through free space, without fiber optics 
or other optical systems guiding the light. The 
fundamental idea goes back to ancient times, as 
light (or smoke) signals were used to transmit 
information. From a more modern point of view, 
Graham Bell’s patent on the photophone may mark 
the onset of modern FSO techniques, as it transmitted 
audio signals (ie., voice) via the modulation of 
sunlight. A renaissance of FSO systems started with 
the availability of lasers, light sources with high 
output power and high coherence, which allowed 
the accurate direction of the light beams over 
long distances. During the 1970s and 1980s the 
main proposed application of FSO systems was for 
secure and long distance (50-1000 km) communi- 
cation, mainly targeted for ground-satellite or 
satellite-satellite communication. This focus chan- 
ged drastically over the last decade as a new market 
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for FSO grew in the establishment of high bandwidth 
data link and their integration over a locally restricted 

The main competitors in this market are the fiber- 
based optical network, the RF communication 
system, as well as the low bandwidth copper cable- 
based system. In comparison to the closely related 
wireless radio frequency transmission, the higher 
frequency of the optical carrier (~10'*-10'° Hz) 
thereby allows for much higher transmission rates, 
comparable to those of typical fiber optic networks. 
On the other hand, the use of an optical carrier also 
results in much more directed beam propagation, 
which requires an undisturbed line-of-sight between 
emitter and detector. This restricts the application of 
most FSO systems to a range between a few hundred 
meters up to several kilometers, which are still 
favorable for distribution of high bandwidth net- 
works over a locally restricted area. This makes FSO 
a highly attractive candidate for the ‘last-mile’ 
distribution of high-bandwidth Ethernet to the 
individual home 

The simplicity of setup of FSO links, as well as their 
modularity, is thereby their biggest advantage, com- 
pared to fiber-based networks. It makes them not only 
highly cost efficient, but it eases the maintenance or 
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allows for fast and easy upgrades, as it does not 
require any extensive and time-consuming installa- 
tion — in contrast to the installation of fiber optic 
cables. This advantage makes FSO highly attractive 
for temporary installations (emergency or short-time 
high broadcast situations, such as the Olympic 
Games), as well as to overcome geometrical restraints 
(iver, seas, etc.). As most detector and emitter systems 
are typically based on the same electro-optical 
components used for fiber optic networks, they 
seamlessly integrate and expand an existing network 
without complications in data handling. 


Standard FSO System 


Figure 1 shows schematically the setup for a typical 
FSO system connecting two separate local networks. 
It consists of: an electronic data input; a small but 
powerful light source which can be modulated; emitter 
optics which shape the emitted beam to a highly 
directed beam; the atmosphere as transmitting device; 
detector optics which receive the transmitted light 
and focus it onto a photodetector; and an electronic 
amplifier which serves as data output. 

Compared to a fiber optical communication 
system, the main difference is the use of the 
atmosphere as the transmission medium, in contrast 
to guided optical propagation. The transmission 
properties are thereby determined by the atmospheric 
conditions, which can lead to degradation and/or 
redirection of the beam. The main influences which 
have to be taken into account are atmospheric 
scattering, molecular absorption, turbulence effects 
(including beam wander and fading), as well as the 
impact of low-visibility weather situations like rain, 
snow, or fog. These depend strongly on wavelength 
and linewidth of the used emitter system, distance 
between emitter and receiver, as well as the 
environmental conditions. As a consequence, the 
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Figure 1 Typical components of a FSO system. 
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characteristics of the atmospheric channel determine 
the layout of the other FSO components ~ and have 
to be considered first. 


Atmospheric Losses 


The overall losses of the atmospheric transmission are 
determined by the Beer-Lambert absorption law: 


1= Ip expl-aL] ii] 
where / is the intensity at the receiver, fo the intensity 
of the transmission beam after the emitter optics, and 
L is the range (i.e., distance between emitter and 
detector optics). The total extinction coefficient 
Agaytagh + Aytie + @xinorpron 8 based on three different 
contributions: Rayleigh scattering, Mie scattering, 
and absorption. 

In contrast to absorption, the losses due to 
scattering originate from redirection of light and 
will be discussed first. Depending on the size of the 
scattering partner, two separate regimes have to be 
taken into account. For scatter smaller than the 
wavelength, the effect can be described based on 
Rayleigh’s classical formula. The scattering cross- 
section of an element with mass m, charge q, natural 
oscillation wavelength Ao, is then: 


fax 1 
* Gaetmet M 
where e0 is the dielectric constant, ¢ the speed of 
light, and A the wavelength of the incident 
light, leading to an extinction coefficient of 
Agaytegh = Ne, Where N, is the concentration of 
the scattering elements. The A+ dependence in the 
scattering predicts stronger scattering for shorter 
wavelengths and Rayleigh scattering is therefore 
dominant for short and visible wavelengths (which 
gives the sky its blue color). For typical FSO 


Network 2 
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wavelengths in the region of near-infrared radiation 
(NIR, 800-2000 nm) or mid-infrared radiation 
(MIR, 2000-20 000m), the contribution of 
Rayleigh scattering is typically relatively low and 
can be neglected. 

On the other hand, Mie scattering is, in most 
cases, the strongest contribution for FSO systems — 
but also the hardest to predict. It is due to resonant 
scattering effects, where the particle size is of the 
wavelength of the scattered light. For the typical 
FSO wavelengths these particles include water 
and oil droplets, dust, smog, fly ash, and aerosols 
(which can originate from pollution). A correct 
calculation of the Mie scattering coefficient is 
possible, but requires knowledge of the exact particle 
concentration as well as their size distribution. As 
these numbers are not only difficult to measure, but 
also fluctuate continuously depending on weather 
situation, time of day, season, temperature, climate, 
pollution, and other factors, a numerically correct 
evaluation is not possibl 

Historically, most systems rely on an empirical 
formula, which estimates the attenuation coefficient to 


3.91 A ° 
om = (sin) ey 


where V denotes the visibility and the value of p 
ranges from 1.6 for high visibility (V > 50 km) and 
1.3 for average visibility (50 km > V> 6 km) down 
to 0.585 Vij3, respectively for low visibility. The 
formula is based on data collected in the 1950s and 


1960s, More accurate measurements show that the 
actual scattering cross-sections differ quite strongly, 
especially for low-visibility cases. Especially, the 
predicted dependence on wavelength is not correct. 
The failure of such a general model is not surprising, 
as the actual scattering properties are strongly 
dependent on the weather situation and the environ- 
mental conditions. It is the focus of ongoing research 
to find more accurate models describing the scatter- 
ing condition in multiple environments and con- 
ditions to provide the background for more accurate 
empirical models. 

Apart from the light redirection due to scattering, 
absorption either by molecules or aerosols is nearly as 
important for the transmission calculation of a FSO 
system. The strongest molecular absorptions are 
typically due to water, carbon dioxide, as well as 
ozone. A typical absorption spectrum can be easily 
calculated using standard software together with the 
publicly available HITRAN database, both available 
from ONTAR. The upper part of Figure 2 shows a 
low-resolution transmission spectrum for the inter- 
esting wavelength region for a path length of 1 km. 
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Figure 2 Upper: Low-resolution transmission spectrum of the 
atmosphere showing molecular absorption for a path length of 
km. Lower: high-resolution spectrum of the atmospheric, 
Windows around 9.5 um. 


Within this spectrum, several well-known atmos- 
pheric windows exist, which are naturally preferred 
for FSO applications. These include the region 
around $30 nm, 1550 nm, and from 8 wm to 12 um, 
For the exact selection of a wavelength, a closer look is 
needed. As an example, a high-resolution analysis of 
the atmospheric windows around 9.5 jum is shown 
in the lower part of Figure 2, which identifies 
additional absorption lines as well as highly trans- 
parent wavelength ranges within the window. Such 
substructure has to be taken carefully into account for 
the FSO wavelength selection, especially if lasers are 
employed, which have a linewidth comparable to the 
width of the absorption line. 

Besides the molecules, aerosol particles also con- 
tribute to the absorption spectrum. Calculation of 
their contribution can also be performed using 
available software package, such as Air Force’s 
MODTRAN and LOWTRAN program as well as 
OPAC from the LMU University in Munich, Figure 3 
shows a typical low-resolution transmission spectrum 
for 50% humidity as well as 99% humidity, where 
by scattering as well as absorption effects have 
both been included in the calculation, The occur- 
rence of sharp absorption features, as well as the 
increasing losses for wavelengths above 10 um, is 
typically due to the aerosol absorption, whereas the 
scattering dominates the function for wavelengths 
below 3pm. Losses due to the aforementioned 
Rayleigh scattering are also shown in the same 
diagram, demonstrating its low influence at longer 
wavelengths. 

MODTRAN and LOWTRAN also allow the 
calculation of transmission spectra under rain and 
snow conditions, where rain and snow consist of 
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Figure 3 Typical low-resolution transmission spectrum caleu- 
lated based on absorption and scattering asses from aarasols for 
50% humidity (dashed line) and 98% humidity (solid line). The 
dotted line shows additionally the losses due to Rayleigh 
scattering 


clusters of water and aerosol with diameters from 
200 um to 2mm and above. Depending on the 
severity of the precipitation, the losses can range 
from ~0.5 dB/km for light rain up to 13 dB/km for 
cloudbursts, requiring an additional power margin in 
the preparation of the FSO link. Significantly stronger 
is the impact of fog, as typically particles with much 
lower sizes are present. The losses inflicted by a 
moderate fog (visibility 500m) range above 
20 dB/km, surpassing the effect of a cloudburst; for 
thick fog the attenuation can even grow beyond 
200 dB/km, However, depending on the size distr 
bution within the fog itself, the losses can be highly 
wavelength dependent. Recent experiments show 
that long wavelength FSO systems operating in the 
MIR wavelength region have a much stronger 
stability under the influence of thick fog than one 
operating at NIR wavelengths. 


Turbulence and Scintillation 


In contrast to a static medium, the atmosphere is a 
dynamic mixture which undergoes continuous 
changes due to wind, temperature, and other 
influences. This creates a constant change in the 
parts of the atmosphere which are contributing to 
the FSO channel and therefore in the optical proper- 
ties of the beam path, The index of refraction can 


differ, not only in its total value, but also within 
subsections of it, creating a random fluctuation in the 
beam paths. Such localized changes in the refractive 
index of the air are schematically shown in Figure 4, 
where turbulences of different sizes modify the beam 
path and disturb the beam front. The turbulence in 
the atmosphere can be quantified by the refractive- 
turbulence structure coefficient C3, which can range 
from 107m” in the middle of the afternoon 
(highest value) to 10~'” m~~ one hour after sunrise 
or sunset. As the turbulence effect is typically due to 
strong temperature difference, C2 is strongest near 
hot surfaces (c.g, tar roofs or asphalt in the summer) 
and decreases with altitude. The effects of such 
turbulences on a directed light beam (such as used 
in FSO systems) include mainly beam wander and 
scintillation effects, 

Beam wander is thereby based on large size 
turbulences which act as a lens on the propagating 
eam. Consequently, a narrow focused beam could be 
randomly steered away from the detector area, 
creating a fluctuation in the detected intensity. 

Stronger impact for FSO links has scintillation, 
which is better known as the twinkling of a star or the 
heat shimmer of the horizon on a hot day. It is based 
on the continuous variation of the beam front which 
can lead to intensity fluctuations (like the twinkling) 
and loss in the image resolution (heat shimmer). 
Strong intensity fluctuations can thereby cause 
signal loss as well as receiver saturation, both 
resulting in downtime in the link. Such local 
intensity disturbances can occur up to sizes of VAL, 
reaching, for example, 4 cm for a 1.55 ym link after 
1 km, For small fluctuations, the intensity follows a 
classical stochastic behavior and can be described by 
the irradiance variation (normalized to its mean 
value) as 
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Figure 4 Schematic depiction of atmospheric turbulences 
with diferent sizes in FSO systems. Shown below are ilustrations 
of its main effects on a directed beam causing intensity 
fluctuations and beam wander. 
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with usual values in the range from S to 70% 
Nonetheless, it should be pointed out that actual 
turbulence effects can differ quite strongly from these 
predictions, due to local inhomogeneities in tempera- 
ture distribution. Consequently, test measurements 
are necessary for the correct evaluation of a specific 
installation 


What makes scintillation effects difficult to handle 
for communications systems is the relatively slow 
frequency of fluctuations in the order of a few 
hundred Hz or less. The corresponding downtimes 
fora link can range from 1 ms to 10 ms, or even up to 
seconds. This is magnitudes higher than typical 
downtimes in standard communications links and 
cannot be compensated by standard forward error 
correction systems. One possibility to reduce the 
influence of scintillation is the method of aperture 
averaging, whereby multiple beams originating from 
slightly different positions are deployed and targeted 
at the same receiver. Assuming that the variation in 
each of the separate beam paths is random and 
uncorrelated, the signal-to-noise ratio will decrease 
by the square root of the number of beams. Recent 
experiments have impressively demonstrated this 
effect and allow reduction of intensity fluctuation to 
an acceptable level. 

Another alternative to decreasing the scintillation 
effects is in the application of longer wavelength FSO 
systems. Whereas beam wander is relatively indepen- 
dent from the wavelength, scintillations effects scale 
with 0°, as turbulences smaller than the wavelength 
cannot obscure its beam front. Using a 2 times longer 
wavelength, for example, should have the same 
impact as signal averaging with 4 different beams. 


Beam Spreading and Pointing 


Based on optical diffraction theory, the beam leaving 
the emitter optics will be divergent and its beam 
diameter will consistently increase during trans- 
mission through the optical channel. Assuming an 
optimal alignment and using standard geometrical 
optics, the losses due to beam spreading can 
estimate the ratio of emitted power (Pp) to received 
power (Pr): 
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where Dy is the diameter of the receiving optics, Dp 
the diameter of the emitting optics, and @ the 
divergence of the beam. The minimal divergence of 
the beam is typically determined by the light source 
and is given by 6, = M/D1M?, where D1 is the initial 
size of the laser beam and M? the laser-mode structure 


parameter, for a typical semiconductor laser 6, below 
0.1 mrad. In many cases, the divergence of the emitted 
beam is commonly enlarged by slight defocusing of the 
emitting optics — if the power budget allows for the 
additional losses. The beam size at the receiver is 
typically several times larger than the receiving 
aperture, which not only eases the alignment of the 
system, but also reduces pointing losses. This includes 
the effect of beam wander due to turbulence as well as 
swaying of the buildings or the mount. If those effects 
are solely compensated for by an increased beam 
spread, divergence can easily reach values of 
2-20 mrad for short-distance links. Obviously this is 
not an option for longer-distance FSO links, as 
the losses will increase dramatically. In these case 
active tracking systems are incorporated in the emitter 
optics allowing for continuously adjustment to 
achieve and keep an optimal alignment. Typical 
tracking devices are thereby based on servo-driven 
Gimbal mounts, steering mirrors, or recently, MEMS 
devices. 


Laser Eye Safety 


As the atmospheric transmission channel of most FSO 
systems is not completely isolated, there exists the 
possibility of a human person intercepting the beam. 
To allow for this, most FSO systems are designed to 
be eye-safe following the voluntary ANSI standard, 
which limits the output irradiance to a certain value 
depending on the deployed wavelength. As radiation 
below 1400 nm is still being focused on the retina, it 
causes a higher irradiance, which results in a lower 
damage threshold. For 800 nm laser systems, the 
minimum permissible exposure (MPE) level for a 10s 
long exposure is therefore recommended not to 
exceed 1 mW cm™*, whereas for 1.55 um or longer 
wavelength systems, an MPE of 100 mW cm ~ is 
suggested. The recommendations for incoherent 
light sources such as LEDs are thereby less 
stringent as they cannot be focused quite as strongly 
as laser light. 


The Light Source 


Following the discussion above, the optimal light 
source for FSO system should be emitting at a 
wavelength away from any absorption line (or should 
be much broader then the absorption line), have a 
relatively long wavelength as well as a relative low 
divergence, be eye-safe, and allow for high modu- 
lation speed. In reality, most FSO systems use either 
GaAsAl laser diodes or LEDs emitting at 0.8 um, or 
the typically more expensive 1.5 um laser diodes 
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based on the InGaAsP semiconductor system. 
The output power of both laser systems is typically 
in the range of 1mW to 100 mW, which for the 
longer wavelength case can be boosted to 1-10 W 
using erbium-doped fiber amplifiers (or even higher 
for specific applications). The longer wavelength 
system has the additional advantage of higher ANSI 
standards as discussed above, allowing. stronger 
eye-safe emission power, but is typically far more 
expensive. 

Both laser types were developed and optimized for 
standard fiber-based communication systems allow- 
ing direct modulation up to 10 Gbit/s. To achi 
higher bandwidth in FSO systems, standard tech- 
niques known from fiber-based networks can easily 
be deployed, like wavelength division multiplexing 
which increases the bandwidth up to state-of-the-art 
levels of fiber-based networks. 

Contrary to semiconductor lasers, LEDs provide 
a much less expensive alternative, but allow only 
for modulation up to 10-100 MHz. Their broad 
emission spectrum is thereby an advantage, as it is 
less sensitive to sharp absorption lines which - 
as discussed earlier — can have a drastic impact 
on the FSO link performance. Consequently, LEDs 
have been successfully implemented in several com- 
mercial FSO systems targeted at the short-range 
market. 

Recently developed sources, which have also been 
applied for FSO systems, include vertical-cavity 
surface-emitting lasers as well as quantum cascade 
lasers (QCL) which emit in the mid-infrared regime. 
The latter devices have been predicted to have a 
strong impact on the FSO market, as they combine 
high-output power (up to 1W) together with 
fundamentally high modulation bandwidth 
(2.5 Gbit/s recently demonstrated and higher rates 
predicted) at wavelengths ranging from 3.5 um to 
12mm and beyond. They can access the long- 
wavelength atmospheric window atmospheric for 
the FSO systems (typically reserved for CO> lasers) 
with the convenience of direct semiconductor 


lasers like direct electrical modulation, small size, 
and low power consumption. Recently, first FSO 
experiments, employing experimental QCLs, 
demonstrated the predicted higher stability of the 
link in low-visibility situations, including strong fog 
as well as high dust concentration. Nonetheless, to 
date the high cooling requirement for QCLs restricts 
more general use of them, but their very fast 
development, recent reports of cw-operation of 
room-temperature QCLs as well as FSO links with 
TE-cooled QCLs in pulse operation, give hope for a 
solution to this problem. 


The Detector System 


Once the light reaches the receiver, it is typically 
collimated using a short focal length telescope or a 
single lens system. To optimize efficiency without 
sacrificing ease of alignment a compromise has to be 
made between a wide aperture for greater light 
collection and a short focal length. The concentrated 
light then hits the detector, which, depending on the 
wavelength, is either Si or InGaAs-photodiodes. Si- 
based devices can detect up to wavelengths of 
1100 nm and InGaAs systems are typically used for 
the 1.5 jm region, respectively. To enhance the 
sensitivity of the detectors, avalanche photodiodes 
are preferred which internally enhance the detected 
signal by a factor ranging from 20 to 100. To ensure 
high bandwidth operation (10 MHz-10 GHz), the 
size of the detecting device has to be kept relatively 
small (20 to 100 um) avoiding parasitical capacitance 
effects — but raising the requirement on the detecting 
optics. 

The sensitivity of these NIR detectors is typically 
limited by the shot-noise, which is due to statistical 
fluctuations of the received phonons and scales with 
the square root of its number. For practical purposes 
the internal noise of the detector is quantified 
using the corresponding amount of incident optical 
power leading to a comparable signal. The values for 
this noise equivalent power (NEP) can range from 
microwatts to tens of nanowatts. Other sources 
for detector noise can include a background current 
from the detector-amplifier combination, typically 
referred to as Johnson noise. 

Mid-infrared detectors are additionally objected to 
strong background radiation due to thermal emis- 
sion, which peaks around the 10 um at temperature 
of 300 K. The use of additional cold filters and high- 
resolution spectral filters can help to overcome this 
restriction, but still the sensitivity of those detectors is 
lacking compared to NIR systems. 

For communication system the noise is more 
commonly quantified as bit error rate (BER), quanti- 
fying the average percentage of wrongly received 
bits (submitted ‘1’, detected ‘0° or vice versa). A BER 
greater than 10° is usually referred to as an 
error-free system, as the residual errors can be 
corrected employing forward error correcting 
algorithms. In contrast, the performance of FSO 
systems can more easily be measured in its signal-to- 
noise ratio (SNR). Following standard communi- 
cation theory, a peak SNR of 12 and an average 
SNR of 6 is required to achieve a BER of 10°’, 
guaranteeing error-free communication. Con- 
sequently range limits for FSO links are typically 
based on SNR = 6. 
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ink Budget and FSO 
Range Equation 


Classical link budget estimation is a commonly used 
tool to access the performance of FSO systems. To 
take into account the losses due to atmospheric 
absorption, scattering, turbulence, and beam spread- 
ing, as well as optical losses in the used receiver and 
emitter optics, they are deducted from the starting 
power emitted from the FSO light source. The 
estimated intensity at the detector is then compared 
with the intensity needed to establish error-free 
communication (for example SNR = 6), the calcu- 
lated difference is the link margin of the specific 
system, i.e., the amount of additional losses under 
which the FSO link will still be working. 

Comparing this number to losses from nonpredict- 
able fluctuations (like heavy rain or fog) gives an 
insight under which implications the link will fail. 
Using weather station data, the frequency of such 
extremely low-visibility occurrences can be obtained 
and a number for the reliability of the FSO link be 
estimated. Typical well-installed FSO. systems esti- 
mate very high reliabilities, between 99.9% and 
99,999%, which have been obtained in installation 
and verified in long-term measurements. 

Another way to estimate the performance for a 
given system is based on the FSO range equation, 
where the received power on the detector (Pp) is 
calculated to 
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Pr=Pr 
T denotes the optical losses of the transmission and 
receiver system, and K denotes additional losses 
for incoherent lights sources and is given by the 
ratio of LED emitting area to detector area, and is 
K =1 for laser light sources. This equation can also 
be used to estimate losses for different weather 
situations and obtain the maximum range L of a 
specific FSO system. 


Recent Research and Future 
Considerations 


Existing FSO systems have impressively demon- 
strated their versatility and stability, as well as 
their seamless integration into existing networks, 
on multiple occasions. A prime example is the 
tablishment of communication links between 
Merrill-Lynch Brokerage and Wall Street in New 
York, in the aftermath of the terrorist attack on 
September 11th, which destroyed one of the central 
fiber optic hubs in downtown Manhattan. 


The installation of a commercial FSO system by 
Terabeam ensured a fast replacement and a stable 
continuation of their work. 

The demonstrated performance of such links 
compares to standard fiber-based links. The inclusion 
of wavelength division multiplexing as well as other 
standard or nonstandard techniques in FSO systems 
proves the strengths of a system, which is based on 
identical hardware for emitter and detectors as fiber- 


based networks. Nonetheless, FSO allows a multitude 
of applications not possible in fibers, which current 
research projects are targeted at. This includes, for 
example, long wavelength FSO communication 
systems, continuously ground-satellite links and 
free-space quantum communication for extreme 
secure data transmission ~ to list only a few of the 
possibilities. One very obvious example is extreme 
wavelength division multiplexing, which uses one 
link operating in all atmospheric windows at the same 
time. Such a FSO system would not only allow very 
high data rates and extreme stability against weather 
effects, but could also employ new kinds of wave- 
length-based modulation and encoding schemes 
increasing the security of the data link. Concluding 
the actual state of the FSO system as well as ongoing 
research, free space optical communication has all 
the ingredients needed to be one of the mayor 
key ingredients of future networks — and based on 
the increasing demand of bandwidths they will 
contribute strongly. 


List of Units and Nomenclature 


c speed of light 

C, _refractive-turbulence structure coefficient 

De __ diameter of the emitting optics 

Dy diameter of the receiving optics 

I intensity 

L range (ie., distance between emitter and 
detector optics) 

M laser-mode structure parameter 

N, concentration 

Pe emitted power 

Px received power 

q charge 

T optical losses of the transmission and recei- 
ver system 

V visibility 

@ extinction coefficient 

29 dielectric constant 

@ divergence of the light beam 

A wavelength 

Ay natural oscillation wavelength 

@, —_ scattering cross-section 
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See also 


Environmental Measurements: Doppler Lidar; Optical 
Transmission and Scatter of the Atmosphere. Imaging: 
Infrared Imaging; Lider. 
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Introduction 


Optical fiber telecommunications has changed 
human society forever, providing the capacity for 
affordable and ubiquitous communication. It pro- 
vides data rates and transport economies far in excess 
of those available using purely electronic means. It is 
doubtful whether the Internet and worldwide web, or 
the vast infrastructure of wireless cellular telephony, 
would be viable without optical fiber technology. Its 
rapid development and acceptance has been driven 
largely by contemporaneous successes in manufactur- 
able low-loss optical fiber cables, sensitive pin-FET 
photoreceivers, and reliable high-performance laser 
diode-based transmitters. The earliest developments 
in silica glass fibers at Standard Telecommunication 
Laboratories, UK, (then part of the US-based ITT 
Corporation) and Corning Glass Works (USA) in the 
1960s and 1970s, were pivotal in determining the 
directions of modern fiber technology, as wer 
later key inventions of rare-earth doped fiber 
amplifiers at the University of Southampton (UK) 
and AT&T Bell Laboratories (USA) in the 1980s and 
early 1990s. However, perhaps the greatest contribu- 
tors to the success of fiber optics have been 
semiconductor injection lasers, or laser diodes, 
which in various forms have made up the vast 
majority of all fiber optic transmitters, and the 
entirety of long-haul transmitters, as well as pump 


Killinger D (2002) Free Space Optics for Laser Comnuuni- 
cations Through the Air. Washington: Optics and 
Photonics News, Optical Society of America, p. 36. 

Measures R (1984) Laser Remote Sensing. New York 
John Wiley & Sons. 

Mecherle GS (ed.) (2003) Free-Space Laser Communication 
Technologies XV. Bellingham, CA: SPIE Optical Engin- 
ering Press. 

Weichl H (1990) Laser Beam Propagation in the Atmos- 
phere. Bellingham, CA: SPIE Optical Engineering Press. 

Willebrand H and Ghuman BS (2001) Free-Space Optics: 
Enabling Optical Connectivity in Today's Networks 
Indianapolis, IN: SAMS. 

Wolfe WL and Zissis GJ (1978) The Infrared Hand- 
book. Ann Arbor: Envicomental Research Institute of 
Michigan. 

Zuev VE (1988) Laser Beams in the Atmosphere. 
‘New York: Consultant Bureau. 


sources for the doped-fiber amplifiers which enable 
modern networks. The fascinating story of the 
development of fiber optics is to a large extent driven 
by the dramatic progress in the development of high- 
performance, reliable semiconductor lasers. These 
emitted at wavelengths near 1300 and 1550. nm, 
which respectively correspond to the dispersion and 
attenuation minima of single-mode silica optical 
fibers. 


Semiconductor Laser Principles 


Semiconductor lasers were first demonstrated 
in research laboratories at General Electric, IBM 
Corporation and the MIT Lincoln Laboratory (all 
USA) as early as 1962, although it took almost two 
decades for the basic science and engineering of 
materials, fabrication, reliability, and performance 
design issues to be developed sufficiently for their use 
in practical communication systems. Early successes 
were obtained using the GaAs/AlGaAs lattice- 
matched material system, in which a lightly doped 
GaAs or ternary compound AlGaAs active layer is 
sandwiched between two lattice-matched heterojunc- 
tions with n-and p-doped AlGaAs layers with higher 
Al fractions than the active layer, so that their 
refractive indices are lower and their bandgaps higher, 
providing optical and charge-carrier confinement. In 
all cases the material is epitaxially grown, meaning 
that the entire laser chip forms a single crystal. The 
gain, and hence the laser emission, occurs at the direct 
bandgap of the active layer, at wavelengths in the 
range 750-870 nm depending on the Al fraction. 
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Later evolutions used the quaternary compound 
GalnAsP clad by InP guiding layers, where the In and 
P fractions are chosen to match the lattice constant to 
the InP substrate. 

In general, optical gain in a laser diode is generated 
by creating an electron-hole plasma in the vicinity of 
the forward-biased junction, a situation correspond- 
ing to population inversion in a conventional laser, 
and with sufficient forward current the material 
becomes transparent, in that the gain exactly equals 
the absorption and scattering losses, at a particular 
wavelength. When this arrangement is enclosed 
within a suitable optical cavity, and the forward 
current is increased further, the system begins to lase, 
that is to oscillate continuously to produce coherent 
optical radiation at a wavelength which satisfies 
two basic conditions: it must be within the set of 
wavelengths at which the material produces 
sufficient gain, and it must be close to one of the 
electromagnetic modes at which the optical cavity is 
resonant. These conditions, which define lasing 
threshold, are characterized by the equality of the 
optical gain and the total losses, that is the material 
losses (absorption, scattering, and free-carrier plasma) 
and the cavity losses which include the light output. 

Early laser diodes in both the GaAs/AlGaAs and 
GalnAsP/InP systems were of the edge-emitting 
type, in which the light is emitted from the edge 
of the laser chip, perpendicular to the growth 
direction in the plane of the wafer. Although this 
geometry complicates laser production flow, par- 
ticularly the testing function which requires that the 
wafer be scribed into bars to define the laser output 
facets, edge-emitting lasers (EELs) make up the vast 
majority of optical fiber transmission sources. An 
alternative laser diode structure is the vertical 
cavity. surface-emitting laser (VCSEL), in which 
emission occurs in the growth direction perpen- 
dicular to the plane of the wafer. VCSELs offer 
major advantages in spectral stability, beam quality, 
manufacturability and cost, but their output powers 
are low (a few mW) and they are not yet available 
at the key telecommunication windows around 
1300 nm and 1550 nm, due to difficulty in forming 
the necessary high-reflectivity Bragg mirrors in the 
GalnAsP/InP material system. Major initiatives are 
currently underway to produce long-wave VCSELs 
in the GaAS/AlGaAs system using InAs quantum 
dots, or dilute nitrides such as InGaAsN, or hybrid 
approaches such as InP-based gain media fused to 
high-reflectivity mirrors using GaAv/AIGaAs, di 
tric coatings, air gaps, and others. At present, 
however, all long-haul optical fiber transmission is 
based on edge-emitting laser diodes fabricated in 
GalnAsP/InP. 


General Structure and Requirements 
of Optical Fiber Communication 
Systems 


The first optical fiber communication links were 
simple point-to-point affairs, consisting essentially of 
series-connected transmitters, fibers, and rec 
The transmitters were simple Fabry-Perot laser 
diodes, onto which data were encoded by direct 
digital modulation of the injection current at rates 
~100 Mbit/s. The first commercial optical fiber link 
was built in 1976, a single fiber cable linking two 
switching centers of the Illinois Bell Telephone Co just 
2.5 km apart in the Chicago metropolitan area, using 
850 nm GaAs laser technology. In 1988, the first 
transatlantic fiber link, AT&T's TAT-8, was com- 
pleted linking endpoints in New Jersey, England, and 
France with three fiber pairs carrying signals gener- 
ated by 1300 nm GalnAsp single mode lasers. In these 
carly systems, data were regenerated frequently by 
repeaters each consisting of a receiver, signal condi- 
tioner and transmitter. Each fiber in TAT-8 carried a 
single optical frequency modulated at 280 Mbit/s and 
the construction cost of the system was ~ $50 k/km, 
resulting in an economic figure of merit of over 
$600 k/Mbit/s. Twenty-five years later, current s 
tems cost the same per kilometer to build in absolute 
dollars despite inflation, a major effective cost 
reduction enabled largely by replacement of the 
expensive repeaters by doped-fiber optical amplifiers. 
Moreover, each fiber is now highly multiplexed, with 
the potential for hundreds of wavelengths each 
carrying 10 Gbit/s signals generated by 1550 nm 
laser transmitters, so that the unit cost has plummeted 
to ~$200/Mbit/s, a reduction of three and a half 
orders of magnitude. 

In the remainder of this article, we will describe 
transmitters for both short- and long-haul systems 
where the channel spacing is only tens of GHz in the 
optical carrier frequency. Modern short-haul systems 
either feed client networks as part of bi-directional 
transceivers, or drive metro and local access networks 
connected directly by photonic switches to terminals 
of the long-haul systems. 


DWDM Transceivers 


Modern practice uses modular units containing 
transmitters and receivers allowing bi-directional 
data flow. In the send mode, data are applied to a 
long-haul transmitter at the local (client) source and 
coupled through the external fiber network to the 
remote long-haul receiver. In the receive mode, 
data arrive from a remote long-haul transmitter and 
are coupled (via a regenerator including signal 
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conditioning, clock recovery, and error correcting 
steps) to a local short-haul transmitter leading to the 
client’s internal network. Each transceiver card 
therefore contains a long-haul transmitter and 
receiver set (known collectively as dense wavelength 
division multiplexing (DWDM) transport devices) 
and a short-haul transmitter and receiver set (known 
as client interfaces or local transport devices). 


Transmitter Requirements 


Short-haul transmitters may be simple Fabry-Perot 
edge-emitting laser diodes, or vertical cavity laser 
diodes, or even superluminescent LEDs for sub-Gbit/s 
data rates. They are generally not required to be at one 
of the minimum-loss telecom windows near 1550 nm, 
as the transmission distances are short. However, as 
client networks grow into large metropolitan net- 
works, itis likely that 1300 nm sources will be used to 
minimize dispersion. Power requirements are modest, 
a few mW peak, at data rates ~ 1-10 Gbit/s. Single 
mode laser emission and polarization control are 
not required by present day systems, although 
polarization-mode dispersion may limit transmission 
at higher data rates. Both return-to-zero (RZ) and 
nonreturn-to-zero (NRZ) coding may be used, and 
direct modulation of the laser amplitude is the norm. 

For long-haul transmitters the situation is dramati- 
cally different. Operation in one of the standard 
erbium-doped fiber amplifier (EDFA) bands near 
1550 nm is mandatory: the C (conventional) band 
extends from 1530-1565 nm, the $ (short-wave) 
band from 1460-1530 nm) and the L (long-wave) 
band from 1565~1625 nm. In the C-band, output 
~10 mW are generally sufficient, and powers 
ve ~30 mW are limited by nonlinear effects such 
as self-phase modulation and four-wave mixing in the 
fiber. In the S- and L-bands, where the available 
gain from EDFAs is less, lasers may need to operate 
close to the nonlinear limit, I tens of mW, 
although various schemes (differential pumping, 
gain-flattening filters, etc.) are being evaluated to 
flatten the global EDFA gain spectrum. 

In current practice, a single fiber utilizing DWDM, 
using only the C-band, can carry up to 1 Thit/s 
comprising 100 channels at 10 Gbit/s on each 
channel, the current standard. For such performance 
a channel spacing of 50 GHz in optical frequency is 
required. Using all three bands with similar density 
would enable ~3 Thit/s, which could be doubled by 
ing 25 GHz channel spacings. Ultimately, even 
higher channel densities and hence overall. syste 
data rates are possible, with a practical limit 
~10 Thit/s. The channel spacing is a key parameter 
in that it determines the laser design, specifically its 


spectral stability and linewidth, and the overall 
transmitter design in that laser chirp (modulation 
induced dynamic spectral shift) must be less than 
half the channel spacing. In practice, only single- 
wavelength and coarse wavelength division multi 
plexing (CWDM) systems may be modulated directly 
All modern DWDM systems require external modu- 
lation, for example using electro-absorption or 
Mach-Zehnder interferometric devices outside the 
laser cavity. For the latter cases, stabilization of the 
laser wavelength is required for example by on-chip 
gratings to form distributed feedback (DFB) or 
distributed Bragg reflector (DBR) lasers, or by 
external fiber gratings. 


Directly Modulated Lasers 


Direct modulation of semiconductor lasers is con- 
venient and effective: by modulating the laser injec- 
tion current, one modulates the carrier density and 
hence the optical gain, resulting in modulation of the 
laser output up to ~10 Gbit/s. The actual modulation 
bandwidth is determined by interactions between 
photons and carriers, whose respective decay life- 
times, 7, and 7p, are determined by cavity losses and 
total recombination rates. The simplest form of such 
interactions is described by the photon and carrier 
rate equations for the injected carrier density N and 
photon density S in a single lasing mo 


ANddt = Jled — gNS — Nis, iin] 


dPidt = gNS + BNIx, ~ Sip 21 


where / is the injected current density, e the electronic 
charge, d is the thickness of the active region (hence 
Jed is the rate of injection of carriers per unit volume), 
{g is the gain coefficient per unit length and is the 
fraction of the spontaneous emission coupled into the 
lasing mode, typically ~ 10 *-10"* for edge-emitting 
lasers (product of geometric and spectral overlap 
factors). These equations simply state that the rate of 
change of the carriers or photons is given by the rate of 
generation less the loss rate. Additional terms are 
required in the presence of optical feedback or 
coupling (in which case the photon density is replaced 
by the complex amplitude and phase of the optical 
electric field) or for extremely rapid modulation 
where the traveling wave nature of the disturbances 
in the photon fields is significant. These so-called 
traveling-wave rate equations for the photons are of 
the form: 


dS, /dt + edS,/dz= gNS,+ BNI, [3] 
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dS_idt ~ edS_idz = gNS_+BNi, [4] 


with the same carrier rate equation as [1] using the 
total photon number S made up of the forward- 
traveling component S, and the backward-traveling 
component S_:S=S, +S 

Both sets of rate equations are based on approxi- 
mations such as homogeneous gain broadening, 
neglect of transverse field effects, and diffusion. 
These are valid in most situations but care is 
required when analyzing lasers with large transverse 
apertures, or when ultrashort (picosecond) pulses 
are involved. 


‘Small-Signal Modulation 


Small-signal modulation may be analyzed by a linear 
perturbation analysis of the rate equations, leading to 
a conjugate pair of poles in the response function, 
with damped relaxation oscillations at frequency: 


fr = U2 mY (@So!t5) [5] 


on in terms of the injected current density J (assuming 
S~ GJ —JaJled with T the electromagnetic con- 
finement factor of the mode}: 


fa = 2m VIP g) — June) 


fx can be regarded as the resonant frequency for the 
interaction between the carriers and photons. As a 
practical matter, lasers can be modulated up to ~ 2fj. 
but the modulation response rolls off rapidly with 
increasing frequency above fx. Using explicit 
expressions for the threshold gain, we can write fx as: 


fa = 2m JUGNrat + Dex — Dit] 161 


where Ny is the transparency carrier density 
~10'* cm~4. fy can take values in excess of 
10 GHz for a well-designed laser. It should be 
noted, however, that high modulation bandwidth 
almost always requires high differential gain dg/dN 
and short 7). Increasing dg/dN requires p-doping 
(which increases optical loss) and/or some special 
quantum-confining structure such as wells, wires, or 
dots. Decreasing 7, inevitably leads to greater optical 
loss and thus a higher threshold. 

The damping rate of the relaxation oscillations is 
also important in limiting modulation bandwidth, 
and also (when increased) in reducing the sensitivity 
of the laser to optical feedback. For bulk or quantum 
well lasers, the condition for critical damping is 
A’ =4B with A=(Sigz) — oN —Neligt) and 
B= oll + (Solgx,) — (1 ~ BN ~ Ny)}. For quan- 
tum dot lasers there are additional damping terms 


due to carrier transport and thermalization which may 
restrict small-signal modulation bandwidths to a 
few GHz. 

Experimentally, small-signal modulation proper- 
ties may be determined using a simple sampling 
oscilloscope, low-noise tunable signal generator and 
spectrum analyzer. A combination of these elements 
with automated frequency sweeping may be found in 
a scalar network analyzer acting as an s-parameter 
test set. The modulated laser is connected to port 1 
and a high speed photodetector connected to port 2, 
then a swept-frequency measurement of the 
transfer characteristic sy1 is performed. In addition 
to the limitations on modulation response due to 
the carrier-photon resonance, practical lasers are 
limited by RC parasitics in the laser chip (junction 
impedance) and its package. For the highest 
modulation speeds, packages need to be designed 
as microwave transmission line components with 
effective impedance matching and low back reflec- 
tions, as characterized by the voltage standing wave 
ratio (VSWR). 


Large-Signal Modulation 


Large-signal direct modulation can be analyzed by 
numerical integration of the rate equations. In general, 
its results are beyond the scope of this review, but for 
effective high-speed response, digital modulation of 
laser diodes should be carried out with a pre-bias close 
to threshold. Modulation bandwidth also increases 
with laser power, which is limited for systems 
considerations by fiber nonlinearities, and for reasons 
of laser reliability. In pulse code modulation, care must 
be taken that the laser is near critical damping, to 
minimize thermal patterning effects due to long 
strings of ones (high power) or zeros (low power). 
Experimentally, large signal modulation is 
analyzed by constructing eye diagrams, in which 
pulse traces on a fast oscilloscope are continuously 
overlaid when the laser is modulated using pseudor- 
andom binary pulses. When the signal quality is high, 
the high and low digital levels are easily distinguish- 
able, resulting in an open ‘eye’ in the accumulated 
traces. 


Requirements for Externally 
Modulated Lasers 


The requirement for external modulation occurs when 
the laser chirp exceeds half the desired channel spacing 
in the communication system. Chirp occurs due to 
changes in the refractive index, and hence the optical 
phase, during modulation. This dynamic phase shift 
then results in an instantaneous frequency shift. 
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For direct modulation we have instantaneous 
wavelength 


AO) = AONE) (0) 71 


Where ju(t) is the refractive index at time t. 4. shifts 
with carrier density N due to combinations of several 
factors (free carrier plasma dispersion, thermal 
bandgap shrinkage, bandgap renormalization, dyn- 
amic Burstein~Moss effects) which give dy/dN ~ 
=3x10-% cm’, which for large signal digital 
modulation can result in tens of GHz. The actual 
degree of chirp depends on the so-called antiguiding 
or linewidth enhancement factor a given by 


—2Uko(duldNy(dgldN) [8] 


where ky = 2a/Ag is the free-space wavenumber. « as 
defined is positive, typically in the range 2-7 depend- 
ing on the material, operating carrier density, and 
wavelength relative to the gain peak. Distributed 
edback (DFB) or distributed Bragg reflector (DBR) 
lasers, which use integrated gratings to control the 
lasing wavelength, can have lower chirp by detuning 
from the gain peak but therefore are likely to require 
careful temperature stabilization. Quantum dot 
lasers, based on 3D nanoclustered active regions, 
have the potential for very low chirp, narrow line- 
widths, and reduced wavelength shifts, so that directly 
modulated DWDM transmitters may be possible. 

Integration of laser diodes with electro-absorption 
or Mach-Zehnder type modulators is achieved in the 
transmitter optical subassembly and may in some 
cases be accomplished by monolithic integration on 
the same chip. Using separate modulators allows each 
device to be optimized independently but requires 
optical assembly, alignment, and retention, Mach~ 
Zehnder modulators in X-cut lithium niobate, for 
example, have essentially zero chirp and can operate 
to 40Gbitls and above, with dynamic extinction 
ratios (ratio between fully on and fully off) of ~20 dB. 
Integrated semiconductor M-Z modulators ha 
chirp an order of magnitude less than those of directly 
modulated lasers, so that channel spacings ~25 GHz 
are possible in DWDM systems with suitable 
temperature and wavelength controls. Although the 
details of such modulators are beyond the scope of 
this article, the laser requirements are to generate 
~10 mW of continuous power with stable center 
wavelength and narrow linewidth. Such lasers are 
usually mounted in hermetic packages (e.g., the 
current 14-pin butterfly standard) with integrated 
thermo-electric cooler, power monitor photodiode, 
an optical isolator to suppress optical backreflections 
which cause instabilities and self-pulsing, and 
optional wavelength locking optics. 


Reliability of Lasers in 
Systems 


From the early days, when laser diode lifetimes were 
measured in seconds even at cryogenic temperature, 
enormous progress has been made in achieving 
materials purity and reducing crystalline defects. 
Today's fiber optic laser transmitters have projected 
lifetimes of decades. In common with electronic 
devices, diode lasers fail at a rate given by a ‘bathtub? 
curve, that is the failure rate r(t) defined as the 
probability of failure per unit time at time t, has 
relatively high values at low t (early failures) and high 
+ (wearout failures) and very low values in between. 
In terms of the population of lasers m(t) we have: 


iber Optic 


H(t) = (— Unto) dnceyidt 19] 
If Amis the number of samples which fail in time At, 
then assuming At begins at t=0, the effective or 


average failure rate ray over the interval is 


ra(t) = Mtrin(0) {0} 


In reliability science it is customary to define ri in 
FITS (failures integrated in time) with the time-span 
chosen to yield statistically significant numbers. For 
electronic and photonic devices, it is customary to 
select the time interval At = 10° h (1 billion operating 
hours), so that if 1% of the devices fail in 10 years 
(~10" hours) we have rey ~ 100 FITs, which is the 
order of magnitude required by modern fiber optic 
laser sources. 

In terms of actual statistical models, failure rates 
can be estimated using failure probability density 
functions f(#). This is related to r(t) by f(t) = r(e)S() 
where S(¢) is the cumulative probability of surviving 
until ¢, When r(¢) is nearly constant, as in early 
failures due to material defects or process errors, the 
statistics are approximately exponential: 


f(t) + (Ur) exp(-t7) uy 


or Weibull-distributed (an exponential is a Weibull 
distribution with 6 = 1): 


fe = (ply! expla)’ 12) 


but this description is not suited to wearout failures 
for which f(t) shows a significant increase as the 
population ages. For such cases, the lognormal 
distribution is often applicable: 


f(0) = WotJ2m) expl[—(nt —In7?207] [13] 


where in each case 7 is approximately the mean time 
to failure (MTTF). 
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Laser diodes undergo standardized qualification 
tests to demonstrate sufficient reliability prior to 
being used in commercial systems. Operationally, 
failure statistics must be tabulated and the best fit 
obtained. Burn-in procedures are used to screen early 
failures. Chip and module failures should be distin- 
guished clearly, as the latter includes many additional 
factors such as thermal and power management, light 
coupling, mechanical or chemical integrity. 

Given that effective lifetimes of decades are 
required, it is clearly necessary to accelerate aging 
to produce statistically meaningful failure rates in 
reasonable times ~10°h. For the most common, 
modes of laser chip degradation, due to recombina- 
tion-induced aggregation of defects in the crystalline 
epitaxial material, these are thermally activated and 
current driven, so that it is customary to use a 
modified Arrhenius law at temperature T: 


1 ~ (1) exp(E,/kgT) (14) 


where J is the operating current density, m is an index 
~2, B, is the activation energy, and kg is Boltzmann's 
constant. In terms of thermal acceleration, we have a 
factor F = r(T,)/r(Ty) with: 


F=exp[(Esks (Ts — VT») 15] 


Typical values of E, for laser diodes are ~1 eV so that 
acceleration factors ~10° are possible. 

Finally, it should be noted that laser diodes are 
generally subject to catastrophic failure in the event of 
overdriving or static discharge, the failure mode being 
thermal facet damage at ~1-10 MW/cm? for con- 
tinuous-wave operation, the exact value depending on 
the material, surface preparation and specifically surf- 
ace state absorption and its temperature coefficient. 


Conclusions 


Laser diodes are ideal sources for optical fiber 
communication systems and have propelled the 
development of fiber optics from its origins in the 
1960s to the present day. They are compact, rugged, 
efficient, and reliable sources of light at key wave- 
length ranges such as 1300-1310 nm (short haul high 
speed links) and 1500-1600 nm (long haul amplified 
systems). They are capable of direct modulation at 
gigabit rates for simple systems but require external 
modulation and careful wavelength control for dense 
wavelength division multiplexed terabit systems. 
Transmitter lasers for real systems must satisfy 
stringent reliability conditions. 
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Introduction 


Local area networks (LANs) are privately owned 
networks that are used to carry internal traffic 
loads within an organization. A LAN may exist on 
many levels categorized by its application and 
speed. This is illustrated in Figure 1 whereby, at 
the simplest requirement, a low-speed LAN may be 
used to interconnect a cluster of personal compu- 
ters and workstations, Such a scenario may exist in 
a department within a university campus, or a 
building within a technology park. If need be, these 
individual departmental or building LANs may be 
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interconnected using a moderately high-speed 
backbone LAN. The backbone LAN may also 
provide interconnection to servers which support 
mass storage devices that are shared by the individual 
lower speed LANs. In larger organizations, a much 
higher speed LAN is linked to the backbone LAN to 
support bulk data transfer hetween mainframes, 
supercomputers, and other office equipment. 

‘The common transmission mediums for traditional 
low-speed LANs are coaxial cable and twisted pairs. 
High-speed backbone LANs advocate the use of the 
optical fiber. The continuing progress in fiber-optic 
technology and devices, and the availability of 
appropriate standards have given rise to LANs that 
can span distances of hundreds of kilometers or more, 
and that operate at data rates in the order of hundreds 
to thousands of megabits per second (Mb/s). 


416 


OPTICAL COMMUNICATION SYSTEMS / Local Area Networks 


Moderately low-speed 
LAN existing within 
‘a building 


Figure 1 Interconnection of local area networks (LANS). 
The increase in demand, to extend LAN capabilities 
towards higher data rates and across larger geographi- 
cal areas, is fueled primarily by the need to provide 
new bandwidth intensive services such as multimedia 
teleconferencing, image processing, and streaming 
video, to a significantly higher number of end-users. 
This article focuses on three existing fiber-optic 
LAN standards, namely Ethernet, Fiber Distributed 
Data Interface (FDDI), and Distributed Queue Dual 
Bus (DQDB). While the current uses of FDDI and 
DQDB are not as widespread as Ethernet, both 
standards have significantly contributed to the initial 
deployment of fiber-optics for LAN applications, with 
standard-based products still commercially available. 
In general, standards are required to ensure inter- 
operability between components and equipment from 
different vendors and suppliers. Two key features are 
addressed by the standards: the physical topology, 
and the medium access control (MAC) protocol. A 
network's physical topology defines the way in which 
the users, or nodes, are interconnected to each other 
and to the transmission medium. Common optical 
LAN topologies are the star (e.g., Ethernet), bus 
(e.g, DQDB and Ethernet), and ring (e.g. FDI). 
In comparison, the MAC protocol controls network 
access such that its capacity is efficiently and fairly 
shared amongst all nodes. 
Access control can be ei 
tralized. In the former, a node wishing to transmit 
must wait until it receives permission from a 
controller, whereas in the latter, nodes collectively 
determine the transmission order. Further, capacity 


jer centralized or decen- 


High-speed LAN supporting 


Moderately high-speed 


supercomputers. 
mainframes 


‘backbone LAN 


allocation to each node can be either synchronous or 
asynchronous. The synchronous approach guarantees 
a specific capacity to each node, eg., using time 
division multiple access (TDMA), whereby nodes are 
allowed to transmit only during a designated time 
slot. In contrast, the asynchronous approach allows 
capacity to be dynamically allocated to each node. 
The asynchronous approach can be further categor- 
ized into round robin, reservation, and contention 
scheme 


With round robin, nodes take it in turn to 
transmit in a cyclic manner and a node may transmit 
up toa maximum amount of data during its turn, 
With the reservation scheme, time on the medium 
is divided into slots, and a node wishing to 
transmit must reserve future slots by transmitting 
additional control information into the network 
With the contention scheme, nodes randomly 
access the network. The Ethernet standard, dis- 
cussed in the following section, is based on the 
contention scheme. 


Ethernet 


Overview 


The IEEE (Institute of Electrical and Electronics 
Engineers) 802.3 standards committee first stand- 
ardized 10 Mb/s Ethernet in 1985, Itis now the most 
widely used technology for high-speed LANs, with 
standards extended to cater for operating speeds of 
100 Mb/s, 1 Gb/s and 10 Gb/s, and encompassing the 
use of the optical-fber transmission medium. Low- 
speed 10 Mb/s and 100 Mb/s Ethernet LANs use the 
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carrier-sense multiple access with collision detection 
(CSMA/CD) MAC protocol, whereas a. switched 
technique is used for the 1 Gb/s and 10 Gb/s options. 

In CSMAICD, a node wishing to transmit an 
Ethernet frame first listens to the transmission 
medium by detecting the presence of signals on the 
channel (i.e., carrier-sense). This process allows the 
node to determine if another transmission is in 
progress. If the medium is in use, the node continues 
to listen until the medium is idle, and then transmits 
immediately. While transmitting, the node continues 
to listen to the medium. It may happen that two or 
more nodes may attempt to transmit at the same time, 
If this occurs, there will be a collision, and data from 
both transmissions will become garbled. 

‘A collision can be indicated by a combined signal 
that exceeds a predefined CD threshold voltage at the 
carrier-sense receiver, taking into account the col- 
lision between frames from nodes that are located 
furthest apart. If a collision is detected during 
transmission (i.¢., collision detection), the transmit- 
ting node ceases transmission and proceeds to 
transmit a brief jamming signal to notify all nodes 
of the collision, After transmitting the jamming 
signal, the node must back off before attempting to 
transmit the same data frame again. The back-off 
period is random, and is determined by a binary 
exponential back-off algorithm. Every time a node 
attempts to retransmit, the mean value of the random 
hack-off period is doubled until the tenth attempt. 
After that the node is allowed to retransmit a further 
six times with the same mean random delay before 
discarding the frame and reporting an error to higher 
control layers. 

‘The transmission medium remains unusable when 
frames collide but only until the collision is detected. 
As such, the minimum transmission time of a frame 
must be longer than the maximum propagation delay 
of the network so that collision is detected prior to the 
end of transmission. If shorter frames are used, then 
collision detection does not occur, and CSMA/CD 
thus exhibits the same performance as its less efficient 
predecessor protocol, CSMA, Accordingly, the 
CSMAICD standards. specify a minimum frame 
length and maximum network size, which place 
fundamental limitations on the practical application 
of a pure CSMA/CD LAN. 


IEEE 802.3 10 Mb/s Ethernet 


In 1993, the IEEE 802.3 committee extended the 
10 Mb/s Ethernet standard to include the optical- 
fiber transmission medium, The standard notation 
of this option is 10BASE- 
link comprises a pair of grade 


Each transmission 
index 62.5 um core 


multimode optical fibers (MMF), one for each 
direction of transmission. The transmission wave- 
length is 850nm. 10BASE-F can be further categori- 
zed into three specifications. The first, denoted 
1OBASE-FP (fiber passive star), specifies a broadcast 
star topology that can interconnect up to 33 nodes 
and repeaters. Each of these devices is attached to a 
passive star coupler via two optical-fber links with 
distances up to 500 m. The passive star coupler splits 
the optical power of any incoming frame equally 
amongst its output links, allowing all nodes or 
repeaters in the network to receive the frame, albeit 
at a lower optical power level. 

The second and third specifications, denoted 
1OBASE-FL (fiber link) and 10BASE-FB (fiber back- 
bone) respectively, define point-to-point links over 
distances of up to 2 km. 10BASE-FL supports both 
nodes and repeaters, whereas 10BASE-FB supports 
only repeaters. A repeater is a device that detects the 
optical signals on its incoming link, performs 
electrical signal regeneration, and then optically 
retransmits the signals on its output link. Repeaters 
used in 10BASE-FB have an additional function in 
which the detected signals are retimed with a local 
clock before being retransmitted. This prevents the 
propagation of timing distortions, allowing distances 
of up to 15 cascaded repeater links to be 
implemented. The characteristics of the three speci- 
fications for 10BASE-F, along with the 100 Mb/s and 
1 Gbis specifications to be discussed in the following 
sections, are summarized in Table 1, 


IEEE 802.3 100 Mb/s Ethernet (Fast Ethernet) 


Fast Ethernet refers to the standard developed by 
the IEEE 802.3 committee to provide low-cost, 
Ethernet-compatible LANs operating at 100 Mb/s. 
The optical-fber transmission medium option is 
denoted 100BASE-FX. Originally defined for FDDI 
(covered in the section on FDDI below), 100BASE- 
FX specifies the use of two 62.5 am MMF links, 
each operating at a unidirectional rate of 100 Mb/s. 
While 10 Mb/s Ethernet can only operate in half- 
duplex mode, whereby a station can either 
transmit or receive a frame but cannot do both 
simultaneously, Fast Ethernet can operate in cither 
half- or full-duplex modes. A node operating in full- 
duplex mode can simultaneously transmit and receive 
data frames, 

In order to deploy full-duplex Fast Ethernet, all 
repeaters must be replaced with switching hubs. 
Figure 2a illustrates a repeater located in the central 
point in an active star topology. Each node is attached 
to the repeater via two optical links. The repeater 
retransmits frames received from any one of its input 
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Table 1 Summary of IEEE 802.8 physical and MAC layer specifications for 10 Mb/s, 100 Mb/s and 1 Gb/s Ethemet 


10BASEFP _10BASEFL ‘10BASE-FB ‘100BASE-FX 1000BASESX _1000BASELX 
Data rate 10 Mis TOMbis TOMbis 100 Mb/s 1abis 1Gbis 
Transmission 501m 500m asonm asonm 850 nim 1310nm 
wavelength 
Transmission 62.5 um 625 um 625 um 62.5 um 50 um or 10 hm SMF, 
medium MMF pair MME pair MMF pair MMF pair 62.5 nm 50 um or 
MME pair 62.5 um 
MMF pair 
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Figure 2 (a) Shared LAN repeater. (b) Colision ata shared LAN repeater due to simultaneous transmission of frames. (c) LAN switch 
(adapted from Wiliam $ (2004) Data and Computer Communications, 7h edn, Ch. 15-16. Upper Saddle River, NJ: Pearson 


Education) 


links to all of its output links. If more than one node 
transmits at the same time, then collisions will occur 
at the repeater, as illustrated in Figure 2b. A switching 
hub, on the other hand, switches an incoming frame 
from a particular input to an appropriate output line. 
The same switching function can be performed 
simultaneously on other input—output links without 
interference to the frames involved, as illustrated in 
Figure 2c. As such, each node has a dedicated 
capacity equal to that of the transmission rate of the 
LAN, and the switching hub can support mixed 
capacity links, e.g, 10 Mb/s and 100 Mb/s. With 
dedicated access to the medium and appropriate 
buffering at the switch to avoid contention of the 
same output link, there is no need to implement the 
CSMA/CD access algorithm, Nonetheless, the con- 
ventional Ethernet frame format is used to ensure 


interoperability between existing 10 Mb/s and 
100 Mb/s LANs. 


IEEE 802.3 1 Gb/s Ethernet (Gigabit Ethernet) 


The IEEE 802.3 1 Gb/s Ethernet standard, commonly 
referred to as Gigabit Ethernet, was finalized in 1998, 
An example of a Gigabit Ethernet backbone LAN is 
shown in Figure 3, whereby a Gigabit Ethernet 
backbone switch connects central servers to high- 
speed workgroup switches. In turn, each workgroup 
switch supports gigabit high-performance workgroup 
servers, as well as 100 Mb/s workstations and hubs. 
As in the 100 Mb/s standard, Gigabit Ethernet uses 
the conventional Ethernet frame format and allows 
both half-duplex and full-duplex operation, For half- 
duplex operation, the CSMA/CD access protocol is 
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1Gb/s backbone LAN 


Figure 3 Gigabit Ethernet backbone network (adapted from Wiliam $ (2004) Data and Computer Communications, 7th edn, 


Ch. 15-16. Upper Saddle River, Nd: Pearson Education). 


equipped with two additional features. The first 
feature, known as carrier extension, extends the 
propagation time of short frames by adding nondata 
symbols to the end of frames. The minimum length of 
a frame for Gigabit Ethernet is 512 bytes as opposed 
to the specified minimum of 64 bytes in the preceding 
two standards. The second feature, known as frame 
bursting, allows a node to transmit multiple consecu- 
tive frames, up to a specified maximum, without 
having to undergo the contention process for each 
transmission. Both features improve the efficiency of 
the protocol 

There are two optical-fber transmission medium 
specifications for Gigabit Ethernet. The short 
wavelength option, denoted 1000BASE-SX, is for 
850 nm transmission, Specified maximum link dis- 
tances are 275 m using 62.5 um MME, and 550 wm 
using 50 ym MME. The long wavelength option, 
denoted 1000BASE-LX, is for 1310 nm  trans- 
mission. Achievable duplex link distances are 
550m using 62.5 um or 50 um MME, and 5 km 
using 10 am SME. 


IEEE 802.3 10 Gb/s Ethernet (10GbE) 


The Ethernet standard was extended to incorporate 
10 Gls (10GbE) in 2002, fueled by ever-increasing 
Internet traffic and bandwidth intensive applications. 
10GDE fulfills not only LAN specifications, but also 
metropolitan and wide-area network specifications. 
It is envisioned that with the emergence of 
10GbE metropolitan and wide-area networks, the 
deployment of 10GbE LANs will enable a seamless 
transport of Ethernet frames across different network 


boundaries, thus simplifying network management 
and optimizing operational costs. 

Unlike its predecessor standards, the physical layer 
options for LOGE include only the optical-fiber 
transmission medium and allow only for full-duplex 
operation. Four specifications are defined for 10GE. 
1OGBASE-S is designed for 850 nm transmission on 
63.5 um MMF, while 1OBASE-L and 10BASE-LE use 
10 um single mode fiber (SMF) for 1310 nm trans- 
mission and 1550 nm transmission, respectively. The 
corresponding maximum achievable distances are 
300m, 10 km, and 40 km, respectively. An alterna- 
tive specification, 10GBASE-LX4, is designed for 
wavelength division multiplexed (WDM) trans- 
mission links, The specification caters for four 
2.5 Gb/s transmission channels within the 1270- 
1355 wavelength region on cither 10 um SMF, 50 wm 
MME, or 62.5 um MME. Single-mode transmissions 
can reach distances of up to 10 km, while multimode 
transmissions can reach distances up to 300m. The 
characteristics of these physical layer specifications 
are summarized in Table 2. 


Fiber Distributed Data 
Interface (FDDI) 


Overview 


‘The Fiber Distributed Data Interface (FDDI) standard 
was developed by the Accredited Standards Commit- 
tee X3T9.5, and approved by both ANSI (American 
National Standards Institute) and ISO (International 
Standards Organization) in 1989. While not as 
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Table 2 Summary of IEEE 802.3 physical and MAC layer specifications for 10 Gb/s Ethernet 
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Figure 4 (a) FDDI ring network. (b) Use of secondary ring for protection against link failures, 


widely deployed as the Ethernet family of LANs, due 
to the high cost of equipment and devices, it 
remains as the first to be standardized for high- 
speed fiber-optic LAN applications and is now 
mainly used to interconnect existing FDDI- 
compatible LANs. Extensions have been made to 
the FDDI standard to incorporate single-mode 
fiber operation for increased signal reach. 

FDDI specifies a dual counter-propagating ring 
network as shown in Figure 4a. Each ring operates at 
the speed of 100 Mb/s, and can reach a maximum 
length of 100km. The dual ring topology is self- 
healing against fiber-cuts and node failures. Under 
normal operation, frame transmission and reception 
are performed on a primary ring. The secondary ring is 
utilized to form a closed loop when a node or link 
failure occurs, asillustrated in Figure 4b, In FDDI, the 
interface between each node and the optical-fiber 
transmission medium is a repeater. Data frames, each 
of which carries its source and a destination address in 
a defined field in the frame header, are transmitted 
sequentially around the ring from one repeater to 
another. Each frame can vary in length by up to 4550 
bytes. Each repeater copies the destination address 
1d of all incoming frames and, upon recognizing the 
destination address as its own, additionally copies 


the remainder of the frame. The repeater attached to 
the source node also facilitates the removal of frames it 
has transmitted after a round-trip propagation around 
the ring. 

FDDI employs a distributed timer-controlled, 
token-passing mechanism, referred to as timed 
token rotation protocol, to control access to the 
shared optical fiber ring. While Ethernet-based 
LANs are highly suited to support throughput 
sensitive services which can sustain reasonable 
delay in return for high throughput, FDDI provides 
an additional capability to support delay sensitive 
services such as packetised voice and video. For 
such services, frames must be received within a 
certain time interval for quality of service require- 
ments. A node connected to an FDDI network can 
therefore transmit both classes of services: the 
former referred to as burst traffic and the latter as 
stream traffic. In addition, the timed token rotation 
protocol can limit the amount of frames that can be 
transmitted by a particular node for each class of 
jent and fair network access 


service, ensuring ¢f 
amongst all nodes and services. FDDI is thus well- 
suited to carry the mixture of burst and stream 
traffic expected in a backbone network which 
supports a number of smaller LANs. 
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MAC Protocol 


Token-passing mechanism 

In FDDI, access to the shared transmission medium is 
governed by a timed token rotation protocol, A token 
is a special frame created during network (re)- 
initialization by a pre-assigned node. The token 
circulates the ring network and gives the node that 
holds it the right to transmit. Figure 5 gives an 
example of a single frame transmission from Node A 
to Node C, and from Node B to Node A. Node A has 
a frame to transmit to Node C and thus waits for a 
token (Figure Sa). Upon recognizing that a token 
frame is passing through, it aborts the token 
transmission without regenerating the token bits. 
After Node A has completely received the token, the 
node hegins transmitting frame FA addressed to Node 
C, and appending a new token upon completion 
(Figure Sb). Meanwhile, Node B regenerates and 
retransmits FA as it circulates past. When FA reaches 
Node C, the node copies FA in addition to regenerat- 
ing and retransmitting FA. Node B captures the token 
issued by A and transmits FB to Node A (Figure Sc). 
Eventually FA recirculates back to its originating 
node, Node A, whereby it is removed from the ring 
(Figure Sd). At the same time, Node B finishes 
transmitting FB and releases the token, Nodes C 
and D, with no frames to transmit or receiv 
regenerate and retransmit both FB and the token. 
When FB reaches Node A, it is copied by the node. 
Node A also regenerates and retransmits both FB and 
the token. FB is finally removed from the ring by 
Node B (Figure Se), and the token remains in the ring 
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to be received by the next node with a frame to 
transmit (Figure Sf). 

Aside from source and destination address fields, 
each dataframe also contains a frame status field 
which comprises error detected (E), address recog- 
nized (A), and frame copied (C) indicator bits. Each 
node can check passing frames for errors and can set 
the E indicator if an error is detected using the 
standard cyclic redundaney check procedure. If a 
node detects its own address, it sets the A indicator, 
and upon copying the frame, the station may also set 
the C indicator, When a dataframe recirculates hack 
to its source node, the indicator bits are examined. If 
both A and C are not set, then the destination node 
does not exist or is inactive. On the other hand, if the 
frame has not been copied by an active destination 
node or an error has been detected, higher control 
layers are notified for future retransmission. 


Time-controlled mechanism 
FDDI uses a time-controlled mechanism to prevent 
nodes from dominating the network capacity. During 
initialization, a target token rotation time (TTRT) is 
established based on the shortest allowable time 
between token arrivals at each node. The same TTRT 
value is then stored at all nodes. In addition, each 
node has a maximum capacity guaranteed for the 
transmission of its stream traffic. The total trans- 
mission time of this stream traffic and the latency of 
the ring (ie., total round-trip propagation time, the 
transmission time of a maximum length frame and 
the token frame) must never exceed the TTRT. 
During network operation, each node measures the 


Figure Fiber Distributed Data interface (FDI) token passing mechanism 
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time interval between successive token arrivals, using 
a token-rotation timer (TRT). The TRT is enabled 
only upon a token arrival, and expires if the counter 
reaches the TTRT value. In turn, a late counter (LC) is 
incremented and TRT is reset to zero. The number of 
TRT expirations since a token was last received is, 
therefore, counted by LC. Any token that arrives at a 
node with a nonzero LC value is referred to as a late 
token. Likewise, an early token is one which arrives at 
a node with a zero LC value. 

‘The action of a node when it receives a token 
depends on whether the token is early or late. When a 
late token is received, LC is reset to zero but TRT 
continues to run, The node then transmits for the 
period of time which corresponds to the predeter- 
mined bandwidth for steam traffic transmission. The 
node is not allowed to transmit any bursty traffic 
frames, In the event of an carly token reception, the 
node transfers the current value of TRT to a second 
timer, the token-holding timer (THT) but does not 
enable it. TRT is reset to zero and is enabled to track 


the next rotation of the counter. The node then 
transmits stream traffic frames for the allocated 
period of time. After that, THT is enabled and bursty 
traffic frames are transmitted until THT reaches the 
TTRT value. The THT is then reset and the node 
releases the token into the ring. The transmission of 
bursty frames may be further controlled by two 
additional mechanisms. The restricted-token mech- 


anism allows only two nodes in the network to use all 
the available bursty bandwidth, and restricts all other 
nodes to their stream bandwidth. This is facilitated by 
the use of a restricted token which is issued by one of 
the two nodes. The priority mechanism provides each 
station with the capability to transmit bursty frames 
according to eight priority levels. Each priority level 
corresponds to a different time threshold in the THT. 

Note that the time-controlled mechanism of the 
MAC protocol guarantees a maximum response time 
for the ring because, in the worst case, the time 
between the arrival of two successive tokens will 
never exceed twice the value of TTRT. Most multi- 
media applications, such as video conferencing, real- 
time video, and entertainment video can be supported 
on FDDI with stream service and a small TTRT. 
However, since the TTRT cannot be less than the ring 
latency, applications requiring time bounds less than 
twice the ring latency cannot be supported by FDDI. 
Long and continuous isochronous services which 
must adhere to strict periodic access require FDDE-II. 


FDDL-II 


FDDEII provides the additional circuit-switching 
capability to support constant bit-rate telecommuni- 


cation applications. Like FDDI, the transmission 
bit-rate of FDDIII is 100 Mb/s. FDDIII can operate 
in cither complete isochronous mode, complete 
packet-switching mode, or in hybrid mode in which 
both isochronous as well as bursty and stream 
services are supported. Strict periodic access required 
by isochronous services are accomplished with 
transmission opportunities repeated every 125 ps. 
At 100 Mb/s, time on the ring is divided into several 
frames, each 1562.5 bytes long. Out of the 1562.5 
bytes, 1560 bytes are used for data transmission while 
the remaining 2.5 bytes are used as interframe gap. In 
turn, the 1560 bytes are divided into 16 wideband 
channels of 96 bytes each, Each wideband channel 
thus provides a bandwidth of 6.144 Mb/s, sufficiently 
adequate for television broadcast and multiple voice 
channels. For operation in the hybrid mode, some of 
the wideband channels are allocated for packet mode 
transmission. Likewise, if complete packet-switching 
operation is required, all wideband channels are 
allocated for packet switching transmission. 


IEEE 802.6 Distributed Queue 
Dual Bus (DQDB) 


Overview 


The IEEE 802.6 Distributed Queue Dual Bus 
(DQDB) standard, finalized in 1990, specifies a dual 
bus network with an operating speed of 150 Mb/s. 
DQDB is now mainly used for MAN applications, 
although it can be readily deployed for LAN back- 
bone interconnection. Figure 6 illustrates the basic 
architecture of a DQDB network with access nodes, 
Node 1 to Node N, distributed along two counter 
propagating buses, BUS A and BUS B. Each access 
node is considered to be connected to a lower speed 
LAN. At the head end of each bus, a slot generator 
continuously generates fixed-size time slots which 
propagate along its respective bus. The contents of 
each time slot are regenerated at each access node it 
passes, and upon reaching the end of the bus, a sink 
terminal receives and removes the time slots from the 
network. Data are transported across the network 
from one access node to another in the form of fixed- 
size segments. A node transmits a segment by 
changing the contents of a passing time slot. Each 
segment needs only be transmitted on one of the two 
buses, the choice depending on the locations of the 
transmitting and receiving nodes. For example, 
referring to Figure 6, a downstream transmission 
from Node i to Node i+1 requires the use of BUS 
A. On the contrary, an upstream transmission from 
Node i to Node i ~ 1 uses BUS B. 
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Figure 6 Distributed Queue Dual Bus (DDB) architecture. 
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Figure 7 Behavior of Node Fduring (a) idle stato; and during (b) countdown stato 


MAC Protocol 


In DQDB, permission to transmit segments into the 
network is determined by a global distributed 
queueing algorithm. The algorithm allows each 
node to continuously monitor both buses, counting 
the requests and available time slots that pass by. In 
addition to maintaining a global first-in-first-out 
queue (DQ) for each bus, the algorithm relies on 
information in the header of time slots, namely the 
BUSY and REQ fields, and counters at the access 
nodes to coordinate transmissions. A “BUSY = 0° 
field represents the availability of a time slot for the 
transport of a segment. For example, time slots 
generated at the head end of each bus have default 
“BUSY = 0" and ‘REQ =" fields. The BUSY field 
is set to 1 when a segment is transmitted into an 
available time slot. 

The REQ field is used in conjunction with 
the counters to inform nodes of an impending 


transmission from downstream. To simplify the 
explanation, consider only packets propagating on 
BUS A. A node wishing to transmit a segment 
downstream needs to queue the segment in the 
appropriate DQ. The node with an impending 
transmission must then notify all upstream nodes 
that it has inserted a segment in the DQ so that an 
available time slot can be reserved for the trans- 
mission. This is accomplished by setting the first time 
slot propagating in the opposite bus, BUS B, with 
REQ =0 to REQ = 1. As such, the node maintains 
the outstanding segments in the DQ belonging to 
downstream nodes via the value in the REQ field. 
To illustrate, Figure 7a shows an arbitrary node, 
Node i, in an idle state, whereby the node has no 
segments to transmit downstream on BUS A. With 
every ‘REQ=1’ observed on BUS B, a request 
counter, REQ_CNT is incremented by one. However, 
with every empty slot, i.e., ‘BUSY = 0”, observed on 
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Table 3 Comparison of standardized local area notworks 
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the BUS A, REQ CNT is decremented by one. When 
Node i has a segment to transmit, it enters the 
countdown state as illustrated in Figure 7b. The 
value in REQ_CNTis transferred into an independent 
countdown counter, CD_CNT, and REQ_CNTisreset 
tozero. Node i also sets ‘REQ = 1’ inthe opposite bus, 
BUS B. As in the idle state, each ‘REQ = I’ observed 
on BUS B increments REQ CNT while each 
“BUSY = 1” observed on BUS A decrements it. When 
CD_CNTreaches zero, Node itransmits its segment in 
the first time slot with “BUSY = 0° on BUS A and sets 
“BUSY = 1°. The node returns to the idle state if there 
are no other segments to transmit. The algorithm 
allows the node to determine the number of time 
slots reserved by downstream nodes and the time 
to transmit a segment into an available time slot. 
Note that both the idle and countdown states are 
replicated for transmissions on BUS B. 

The DQDB standard also specifies a limited 
support of isochronous services. Nodes which pro- 
vide and receive such services are reserved a certain 
amount of time slots which are indicated with 
additional header information. The remaining time 
slots are used by all other access nodes for the 
transport of packet-switched traffic, and access to 
these time slots is managed by the global distributed 
queueing algorithm. A priority mechanism based on 
using multiple DQs, each with a different priority 
level, may also be implemented to guarantee access to 
certain segments in the network. 


Summary 


Due to the explosive demand for high-bandwidth 
applications, fiber-optics has become an essential 
technology in LANs. Table 3 compares the various 
fiber-optic LAN standards discussed in this article. 
The Ethernet family remains the most prevalent of 
LAN technologies. Its widespread use is contributed 
by the availability of low-cost chipsets, mature and 
familiar management and analysis tools. The future 
of fiber-optic LANs operating beyond 10 Gb/s 
will depend upon WDM solutions. The current 
usage of one transmission channel per network is 
impeded primarily by the limitation of the speed of 


electro-optic conversion, and thus does not fully 
exploit the massive transmission bandwidth of the 
optical fiber. With WDM, multiple transmission 
channels are concurrently transmitted on a single 
optical fiber, thereby greatly increasing the capacity of 
an optical LAN, Ongoing research efforts have been 
directly towards advancing WDM component tech- 
nology and addressing prevailing issues such as 
polarization control, chromatic dispersion, and 
four-wave mixing among others. 


List of Units and Nomenclature 


CD_CNT countdown counter 

CSMA/CD carrier-sense multiple access with 
collision detection 

DQ global first-in-first-out queue 

DQDB distributed queue dual bus 

FDDI fiber distributed data interface 

LAN local area network 

Lc late counter 

MAG medium access control 

MAN metropolitan area network 

MMF multimode fiber 

REQ CNT request counter 

SMF single mode fiber 

TDMA time division multiple access 

THT token-holding timer 

TRT token rotation timer 

TTRT target token rotation timer 

WDM wavelength division multiplexing 

See also 
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Introduction 


As the demand for bandwidth continues to grow, 
driven by the massive increase in Internet usage, so 
will the necessity to have communications networks 
that can handle very high data rates. The use of optical 
fiber networks is the clear choice for such systems 
given the huge available bandwidth of the fiber 
transmission medium. However, in a basic optical 
communication system comprising a laser transmitter, 
an optical fiber transmission medium, and a receiver, 
the capacity is essentially limited by the speed at 
which light can be modulated at the transmitter. To 
overcome this limitation, which is basically due to the 
speed of available electronics, it is necessary to use 
optical multiplexing techniques, and one such tech- 
nique, known as optical time division multiplexing 
(OTDM), will be the subject of this article. 


Principles of Time Di 
Multiplexing 


‘Time division multiplexing (TDM) has long been the 
traditional method for electrically combining infor- 
mation channels. If we take the most fundamental 
data rate to be that of a simple voice call at 64 kbit/s, 
then the transmission of data at higher bit rates is 
achieved by electrically multiplexing a large number 
of 64 kbit/s channels in the time domain, With the 
evolution of standards, a number of different data 
rates have been specified as standard transmission 
rates. In Europe the synchronous digital hierarchy 
(SDH) has a basic data rate of 155.52 Mbit/s, which 
is known as the synchronous transport module — 
Level 1 (STM-1). This particular data rate is 
essentially obtained by electrically multiplexing over 
2000 voice calls in the time domain (with some of the 
capacity required for overhead information). By 
subsequently multiplexing a number of STM-1 


channels together we can obtain transmission at the 
higher standard data rates of STM-4 (622 Mbit/s), 
STM-16 (2.48 Gbit/s), and STM-64 (9.88 Gbit/s), as 
outlined in Table 1 

Figure 1 illustrates how basic electrical TDM is 
used in standard optical communication systems. 
Clearly as we approach the higher data rates of 
STM-64, a serious level of electrical multiplexing is 
required, and as the data rates increase so does the 
cost and complexity of the electrical equipment at 
the transmitter and receiver. Indeed the present state 
of the art in electronics seems to suggest 40 Gbit/s 
as the limit for electrically multiplexed communi- 
cation systems, However, as we stated earlier, 
communications traffic has been growing explo- 
sively over the last decade and will continue to do 
so. In order to meet this demand for capacity, and 
better exploit the massive available bandwidth of 
optical fiber, it is necessary to use optical multi- 
plexing techniques for communications systems. 
The two main optical multiplexing techniques 
available are wavelength division multiplexing 
(WDM) and optical time division multiplexing 
(OTDM). WDM essentially involves transmitt- 
ing data at a number of different wavelengths on 
the same fiber. Although electrical multiplexing may 
be limited to data transmission rates of around 
40 Gbit/s using one laser, by multiplexing together 
N different wavelength channels each carrying 
40 Gbit/s, we can achieve overall data rates up to 
and beyond a terabits. 

The second of these optical multiplexing tech- 
niques, OTDM, is the subject of this article. Whereas 
WDM multiplexes optical data channels in the 


‘Table 1 Standard data rates for SDH transmission systems 


‘SDH standard Data rate (Mbit/s) 
STM 15552 
STM4 622.08 
STM-16 aaa 

STM-64 9953 

STM-256 39.813 
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Figure 1 Electrical time division multiplexing (ETDM) in a basic optical communication systom, 
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Figure 2. Basic configuration for an OTDM transmission system comprising transmitter, transmission flber, and receiver, 


wavelength domain, the basic principle of OTDM 
communications is to increase the system capacity by 
multiplexing optical data channels in the time 
domain. This multiplexing is usually achieved by a 
process known as bit-interleaving. This process can 
be explained by considering Figure 2, which shows a 
basic schematic of an OTDM based transmission 
system, The main component of the overall system is 
a source of ultrashort optical pulses (pulse duration 7) 
at a certain repetition rate, R. The optical pulse 
source is initially split into N channels using a passive 
fiber coupler, and each pulse train is subsequently 
modulated by electrical data which is at a data rate 
of R. The resulting output from each modulator is 
essentially an optical data channel where the data are 
represented using ultrashort optical pulses (return-to- 
zero data format). The data from each modulator 
then passes through a fixed fiber delay line which 
delays each channel by a time equal to URN relative 
to its adjacent channel (as shown in Figure 2). The N 
modulated and delayed optical data channels are then 
recombined in another passive fiber coupler to form 


the OTDM data signal. We can consider that the 
delay lines essentially assign each data channel to a 
specific hit slot (of width 1/RN) in the overall 
multiplexed signal, The multiplexed data signal may 
then be transmitted over optical fiber before arriving 
at the receiver which is responsible for demultiplexing 
the optical signal into its discrete channels. 

The duration of the optical pulse source is 
extremely important in determining the maximum 
overall data rate which can be achieved. The overall 
data rate is basically defined by the temporal 
separation between channels in the multiplexor, but 
in order to avoid cross-channel interference, this 
separation must be significantly greater than the pulse 
duration. Thus to increase the overall data rate we 
must use shorter optical pulses. However, as we 
reduce the optical pulse width to raise the data rate 
we need to take into account the problems that may 
be encountered as this high-speed data signal 
propagates over optical fiber, and also the difficulty 
in demultiplexing a high-speed OTDM data signal, 
The following section will look in greater detail at 
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these key elements of the OTDM communication 
system, namely the optical pulse source, the 
transmission of the ultrahigh capacity signal, and 
the demultiplexing at the receiver 


Key Elements of an OTDM 
Communication System 


Ultra-Short Optical Pulse Sources 


As stated earlier, the optical pulse source is a key 
clement in any OTDM-based communication system. 
‘The important characteristics of the pulse source that 
will affect its usefulness in an OTDM system are the 
pulsewidth, the spectral width, and the temporal 
jitter. The pulse duration clearly has to be short 
enough to support the desired overall transmission 
rate. For example, if we wish to design an OTDM 
system with an aggregate data rate of 100 Gbit/s 
(which will have a delay of 10 ps between each 
channel in the multiplexed signal), then the pulse- 
width should normally be less the 30% of the channel 
spacing to avoid cross-channel interference (i 
around 3 ps). For terabit/s OTDM systems we 
would require pulsewidths less than 0.5 ps. The 
spectral width of the pulse source is also important, 
as it will have a major impact on how the pulse will 
evolve during propagation in the fiber. A standard 
figure of merit which is employed is the time— 
bandwidth product, and ideally we require the pulse 
source to be transform limited, which implies that 
the spectral width is as small as possible for the 
associated pulsewidth. The impact of temporal jitter 
on the pulses can be easily understood by considering 
the above example of a 100 Gbit/s system, employing 
3 ps pulses, with the multiplexed channels spaced by 
10 ps. Obviously if the jitter on the pulses becomes 
significant in relation to the channel spacing, then this 
can also lead to interference between adjacent 
channels in the overall OTDM system. A large 
number of techniques have been employed to develop 
ultrashort pulse sources suitable for use in 
OTDM systems, but the three main methods which 
will be described below are active mode-locking, 


gain-switching, and external modulation of a CW 
light signal. 
‘Active mode-locking of laser diodes normally 


involves modulating the amplitude of the optical 
field inside the laser cavity at a frequency which is 
equal to the mode spacing of the laser. This can be 
achieved by applying an electrical sinusoidal signal at 
the correct frequency, and results in the generation of 
optical pulses at the repetition rate of the applied 
signal. This technique has been successfully 
employed in the generation of subpicosecond pulses 


at repetition rates up to and beyond 40 GHz, with 
excellent spectral and temporal jitter characteristics. 
However, an inherent problem in all mode-locked 
pulse sources is the difficulty in synchronizing the 
mode-locked frequency to a specific SDH standard 
data rate, 

Gain switching of semiconductor laser diodes is 
probably the simplest and most reliable technique to 
generate optical pulses, The technique, which is 
presented in Figure 3, involves applying a high- 
power electrical pulse (or electrical sinusoidal signal) 
to the laser in conjunction with a certain bias current. 
By ensuring that the clectrical pulse signal and the 
bias signal have the correct level, the relaxation 
oscillation phenomenon of the laser results in the 
production of optical pulses with durations between 
10 and 30 ps, at the repetition rate of the applied 
electrical signal. The frequency of the electrical signal 
applied to the laser is essentially arbitrary (provided it 
is not larger than the modulation bandwidth of the 
diode), thus making it straightforward to synchronize 
the optical pulse train to a SDH line-rate, The main 
problem with this technique is that the spectral width 
of the pulses generated is such that the pulses are far 
from transform-limited, which would affect their 
subsequent propagation in the fiber. In addition, 
temporal jitter on gain-switched pulses can also be a 
problem. However, by using novel arrangements such 
as external injection into the gain-switched laser, this 
difficulty can be overcome, 

The third pulse generation technique mentioned 
above involves external modulation of a ew light 
signal with an clectro-absorption modulator. The 
experimental configuration for this pulse generation 
technique is shown in Figure 4. By biasing the 
modulator around its null point, and applying an 
electrical sinusoidal signal to it, the ew light passing 
through the modulator becomes shaped into optical 
pulses. The optical pulse train which is generated due 
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Figure 4 Pulse generation based on shaping of ew light using the nonlinear response of an external modulator biased about its 


null point 


the nonlinear response of the electro-absorption 
modulator is at a repetition rate of twice the applied 
electrical signal. The pulses generated are normally 
transform limited with extremely low temporal jitter, 
and the repetition rate is arbitrary as in the gain- 
switching technique (with the limit being ultimately 
determined by the modulation bandwidth of the 
modulator}. This method may be readily used to 
generate pulses at repetition rates up to 40 GHz with 
pulsewidth around 5 ps, and it has the advantage that 
the optical source and the modulator can be 
integrated in a single device to form a compact 
pulse source suitable for OTDM communication 
sys 

It should also be noted that in addition to the 
various techniques that have been outlined, it is 
possible to use pulse compression in order to reduce 
the pulse width. The main issues concerned with pulse 
compression are the shape and spectral width of the 
optical pulses after compression. One of the most 
attractive methods of achieving pulse compression 
involves using nonlinear compression in dispersion- 
decreasing fiber, with the main advantage of this 
technique being the ability to maintain a transform 
limited pulse after compression. By employing this 
compression scheme, optical pulse sources at 10 GHz 
with pulsewidths below 200 fs have been developed, 
and such pulsewidths would be suitable for use in 
Thit/s OTDM systems. 


Transmission of an OTDM Signal over Fiber 


The transmission performance of an OTDM data 
signal is vital in determining the distance over which 
the data can be transmitted successfully. The main 
fiber parameters, which will affect the signal trans- 
mission, are attenuation and dispersion. If we 
consider OTDM systems operating at a wavelength 
of around 1550 nm (minimum loss wavelength), to 
overcome the fiber attenuation and maintain a 
suitable optical power budget for the system, optical 


amplifiers are normally employed. If we thus assume 
that the amplifiers overcome the fiber loss problem, 
then the maximum transmission distance will be 
limited by the fiber dispersion. In a very basic OTDM 
system operating at 1550 nm, with transmitter and 
receiver linked using standard fiber (dispersion 
parameter of about 16 ps km™~' nm”), the maximum 
transmission distance will be limited by the overall 
data rate, and the pulsewidth and spectral width of 
the optical pulse source. For example, consider a 
40 Gbit/s OTDM data signal which is formed using 
8 ps optical pulses with a spectral width of 40 GHz 
(0.32 nm). From the spectral width we can calculate 
the signal broadening due to dispersion to be around 
5 ps km”, and as the pulses broaden and spread into 
adjacent channels of the OTDM signal then this 
interference will make it increasingly difficult to 
correctly detect the signal at the receiver. In this 
case after propagation through Skm of fiber, the 
signal pulses will have already dispersed to around 
25 ps duration, the same value as the temporal bit slot 
into which each channel is placed. This will clearly 
result in serious loss of signal integrity. A straightfor- 
ward possibility to increase the transmission distance 
of OTDM systems is to employ dispersion shifted 
fiber; the dispersion parameter is now around 
1-2 pskm™'nm™', at an operating wavelength of 
1550 nm. This reduction in dispersion will obviously 
increase the allowed transmission distance by about 
an order of magnitude for the example described 
above. However, to develop ultrahigh-speed, long- 
haul OTDM communications we require more 
complex transmission schemes. Two possibilities for 
this include dispersion compensation, and soliton 
transmission techniques. 

Dispersion compensation basically involves com- 
pensating for the dispersion that has been encoun- 
tered during transmission by using some fiber with a 
total dispersion of opposite sign but equal magnitude 
to the transmission fiber. Dispersion compensation 
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may also be achieved using a suitably designed fiber 
grating. For a long-haul OTDM system, a dispersion 
compensator may be used every 50 or 60 km, in 
conjunction with the optical amplifier, thus allowing 
us to compensate both fiber loss and attenuation 
periodically along the link. The main limitation, 
however, with the dispersion compensation technique 
is caused by the dispersion slope of the fiber, as for 
ideal compensation it is necessary to compensate 
completely for the dispersion slope in addition to the 
overall fiber dispersion. The second technique that 
may be employed to greatly extend the transmission 
distance of high-speed OTDM communication sys- 
tems is the use of soliton transmission. The basic 
principle of soliton transmission is to use optical data 
pulses with a particular shape, pulsewidth, and peak 
power, such that as the pulse propagates, the effects of 
fiber dispersion and nonlinearity counterbalance to 
allow the signal to propagate undistorted. By using 
optical amplifiers to ensure that the optical pulse peak 
power does not vary too much along the transmission 
link, OTDM transmission at data rates greater than 
100 Gbit/s, over distances approaching 500 km have 
heen demonstrated. 


Demuttiplexing of OTDM Signal at Receiver 


For OTDM communication systems with data rates 
above 40 Gbit/s, it is not feasible to use electrical 
switching. Indeed for ultrahigh-speed systems 


operating at 100 Ghit/s and beyond, the only solution 
for demultiplexing is to use all-optical switching in 
which optical control signals are used to switch the 
OTDM data signal. All-optical switches normally use 
nonlinear optical effects cither in optical fiber or 
semiconductors. A typical scenario (as presented 
in Figure 5) involves the injection of both the 
OTDM data signal and an optical control signal 
into the nonlinear device. The control signal 
consists of high-power ultrashort pulses at the repe- 
tition rate of the individual channels within the 
temporally multiplexed signal, and by synchronizing 
it with one of the OTDM channels it is possible to 
demultiplex this channel from the high-speed OTDM 
signal. 

“Two of the most popular all-optical demultiplexers 
are the nonlinear optical loop mirror (NOLM), and 
the terahertz optical asymmetric demultiplexer 
(TOAD). The NOLM is based on the nonlinear 
refractive index of optical fiber, It essentially 
consists of a 2.x 2 fiber coupler with its two outputs 
joined using a certain length of fiber. When an OTDM 
signal is injected into an input port of the coupler, it 
splits into two counterpropagating components in the 
fiber loop, and when these components recombine 
and interfere at the coupler, the overall signal is 
output through its initial input port. If we now inject 
a high-power control signal directly into the loop, 
such that it propagates unidirectionally, and is 
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Figure § Configuration of OTDM demultiplexers using (a) an interferometer based on nonlinear phase shit in fiber or semiconductor 
‘optical amplifiers, and (b) four-wave mixing in fiber or semiconductor optical amples. 
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synchronized with one of the OTDM data channels, 
then the phase shift induced by the control on the 
copropagating signal channel (via the nonlinear 
refractive index of the fiber) results in that particular 
channel being switched out to the second input port 
of the coupler. The remaining data channels of the 
OTDM signal are once again output through the 
same port that they entered the coupler. As this 
particular nonlinear effect in fiber (known as the Kerr 
effect) has a femtosecond response time, it should be 
possible to realize extremely high-speed switching 
with the NOLM. Demultiplexing at data rates in 
excess of 100 Gbit/s has already been achieved 
using this technique. One disadvantage of this 
method is that the nonlinear index coefficient of 
standard fiber is very small, so in order to achieve the 
required phase shift from the control pulse, it is 
necessary to use a fiber loop of around 1 km in 
length (depending on the power of the control pulse 
used). This length may affect the overall stability of 
the demultiplexer and its ability to be readily 
integrated into high-speed OTDM systems, However, 
it should be noted that recent developments in the 
design of high-nonlinearity fibers may reduce this 
problem. 

‘The second all-optical switch mentioned above is 
known as a TOAD, Whereas the NOLM is based on 
the nonlinear refractive index of the fiber, the TOAD 
is based on a nonlinear optical effect in semiconduc- 
tor optical amplifiers (SOA). The overall setup for a 
TOAD is very similar to that for a NOLM, except 
that a semiconductor amplifier, as shown in Figure 5, 
replaces the length of fiber in the loop. As for the 
NOLM, the OTDM data signal is injected into the 
TOAD using one input of the coupler, such that it 
splits into two counterpropagating signals, while the 
control signal propagates unidirectionally in the loop 
containing the SOA. By synchronizing the control 
with one channel in the OTDM signal, this particular 
channel is switched out. Although the response time 
of a TOAD-based switch may not be as fast as the 
NOLM, it does have the major advantage that it can 
be developed into a very compact demultiplexer, 
suitable for deployment in OTDM-based communi- 
cation systems. 

In addition to the NOLM and the TOAD 
structures, which are both interferometric-based 
switches, it is also possible to use four-wavemixing 
(EWM) in optical fiber or semiconductor optical 
amplifiers to carry out the demultiplexing of OTDM 
signals. In this case, the high-power control pulse is 
synchronized with one of the OTDM channels such 
that the wavelength of this channel is shifted as it 
passes through the nonlinear device. Optical filtering 


may then be used to select ont the demultiplexed 
channel. 

As we discussed in the section on demultiplexing, 
whatever specific all-optical switching technique is 
employed, we need to generate an optical clock signal 
for use as the control pulses. This implies that it is 
necessary to extract a clock at the base rate of the 
individual data channels from the high-speed OTDM 
signal. Depending on the base data rate, which may 
be anywhere from 2.5 to 40 Gbit/s for typical OTDM 
systems, different clock recovery techniques have 
been demonstrated. These range from basic electronic 
clock recovery schemes to more advanced techniques 
based on self-pulsating laser diodes and optical phase- 
locked loops. 


OTDM Networking Issues 


The previous section has predominantly dealt with 
the basic elements required to implement a high- 
speed OTDM transmission link. However, if we are 
to use OTDM technology for high-speed networking, 
then additional elements will he required, One of the 
most important of these is an add/drop multiplexer 
(ADM). The ADM allows us to switch out one 
channel from the OTDM signal, and then insert 
another data channel for transmission in the vacant 
bit slot. If we consider employing OTDM in a ring 
configuration network, then a typical architecture for 
the network will be as shown in Figure 6. The high- 
speed OTDM data signal propagates around the 
closed fiber loop, and each node in the network is 
responsible for switching out the data it requires, in 
addition to inserting the data it wishes to transmit 
onto the fiber ring. Add/drop multiplexing is 
thus imperative in developing such an OTDM 
ring network. 

The configuration for each node in an OTDM ring 
network is shown in Figure 7. At each node it is 
initially necessary to recover the base rate clock 
signal. The recovered clock is then used in conjunc- 
tion with the OTDM signal to switch out the required 
data channel from the multiplexed signal. When an 
add/drop multiplexer is used for this purpose we 
obtain two outputs, one being the demultiplexed 
data, and the other being the OTDM signal less the 
switched-out data channel. A simple fiber coupler can 
subsequently be used to allow this particular node to 
insert the data it wishes to send into the free bit slot of 
the overall OTDM signal, This obviously requires 
control of the relative delay between the OTDM 
signal and the local data channel to be inserted onto 
the fiber ring, to ensure that the local data are inserted 
into the vacant bit slot. A number of techniques have 
been used for implementing add/drop multiplexers in 
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Figure 7 Configuration of an addidrap multiplexing nade for use in OTDM-based communication systems. 


OTDM-based networks. These have used either fiber 
interferometers, or interferometers using semicon- 
ductor optical amplifiers, in which we obtain both the 
demultiplexed data signal and the OTDM signal less 
the switched-out channel (to which the local data 
channel is then added). The continuing development 
and enhancement of ADM devices for OTDM 
systems will be vital for the future implementation 
of OTDM communication systems. 


Conclusion 


In this article we have explained the main ideas 
involved in building OTDM communication systems, 
and also introduced the principal technologies which 


are required to do so. OTDM is an extre- 
mely wavelength-efficient technique for delivering 
high-capacity data signals, and it may be used both 
for long-haul transmission and networking around 
metropolitan areas, In addition, unlike WDM, it does 
not require a different wavelength source for each 
channel in the multiplexed signal. Despite these and 
other advantages, OTDM is still way behind WDM 
when it comes to commercial maturity, with no 
OTDM systems currently available in the telecom- 
munications market. However, the technologies 
required to implement high-speed OTDM systems 
(outlined in Table 2), including ultrashort pulse 
sources, clock extraction circuitry, and demultiplex- 
ing devices, are developing rapidly. It therefore seems 


How to Use This Book 


This is the second of three volumes. Its purpose 
is to provide an overview of the most commonly 
used electronic components, for reference by 
students, engineers, hobbyists, and instructors. 
While you can find much of this information dis- 
persed among datasheets, introductory books, 
websites, and technical resources maintained by 
manufacturers, the Encyclopedia of Electronic 
Components gathers all the relevant facts in one 
place, properly organized and verified, including 
details that may be hard to find elsewhere. Each 
entry includes typical applications, possible sub- 
stitutions, cross-references to similar devices, 
sample schematics, and a list of common prob- 
lems and errors. 


You can find a more detailed rationale for this 
encyclopedia in the Preface to Volume 1. 


Volume Contents 


Practical considerations influenced the decision 
to divide this encyclopedia into three volumes. 
Each deals with broad subject areas as follows. 


Volume 1 
Power; electromagnetic devices; discrete semicon- 
ductors 


The power category includes sources of electric- 
ity and methods to distribute, store, interrupt, 
convert, and regulate power. The electromagnet 


ic devices category includes devices that exert 
force linearly, and others that create a turning 
force. Discrete semiconductors include the pri- 
mary types of diodes and transistors. A contents 
listing for Volume 1 appears in Figure P-1. 


Volume 2 
Thyristors (SCRs, diacs, and triacs); integrated cir- 


cuits; light sources, indicators, and displays; and 
sound sources 


Integrated circuits are divided into analog and 
digital components. Light sources, indicators, and 
displays are divided into reflective displays, sin- 
gle sources of light, and displays that emit light. 
Sound sources are divided into those that create 
sound, and those that reproduce sound. A con- 
tents listing for Volume 2 appears in Figure P-2. 


Volume 3 
Sensing devices 


The field of sensors has become so extensive, 
they easily merita volumetothemselves. Sensing 
devices include those that detect light, sound, 
heat, motion, pressure, gas, humidity, orienta- 
tion, electricity, proximity, force, and radiation 


At the time of writing, Volume 3 is still in prepa- 
ration, while Volume 1 is complete and is avail- 
able in a variety of formats. 
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Table 2 Main elements of an OTDM communications system 


Device 


Principal function 


Technical implementation 


Optical pulse source 


Mutiplexer 


Optical amplifier 


Transmission fiber 


Clock recovery 


Demutiplexer 


|Addldrop demultiplexer, 


Generate ultrashort optical pulses suitable for 
transmission in high-speed OTDM systems. 

Multiplex individual pulse data channels 
in the temporal domain using appropriate 
dolays to achiove an OTDM signal 

Amplty the OTDM signal during flber 
‘transmission to overcome fiber loss 


‘Transmit the OTDM data signal from 
‘transmission site to required receiver 


Extract clock (at base rate of individual channels) 
‘rom OTDM data signal at receiver, for use 
in demultiplexing 

Demultiplex one of the channels from the overall 
OTDM signal 


Extract one channel from OTDM data signal 
and insert a local channel into the empty time 


Gain-switching, mode-locking, or extemal 
‘modulation techniques 

Passive couplers with fixed fiber delay 
lines, or planar waveguide circus 
(for accurate control of delays) 

Fiber doped with rare earth materials 
(e.g. erbium) in conjunction with 
ump laser 

‘Standard single-mode fiber, dispersion 
shifted fiber, or other specialty fiber 
may be used 

Electronic or optical phase-locked loops, 
self-pulsating lasers, or mode-locked 
«ing laser techniques 

Interferometric of four-wave mixing 
techniques based on fiber or 
‘semiconductor nonlinearity 

‘Similar technical implementations to 
<domutiplexer described above 


slat for transmission 


likely that in the future, OTDM technology may be 
used for enhancing the overall capacity of optical 
communication systems. 

One possibility for employing OTDM systems 
would be for upgrading installed WDM networks. 
The current method for improving WDM networks 
involves using more wavelength channels, but it may 
also be feasible to increase the overall capacity by 
developing hybrid WDM/OTDM communications 
systems. In such a system, each wavelength channel 
may carry aggregate data rates in excess of 
100 Gbit/s, achieved using OTDM. The design of 
these hybrid networks would permit switching of the 
optical data signals to be carried out at two different 
levels in the overall network. The WDM signals could 
be switched coarsely using passive filtering devices, 
and the OTDM data channels could be switched with 
fine granularity using one of the all-optical switching 
techniques available. 


List of Units and Nomenclature 


Dispersion [ps km=? n=] 

Transmission — [bits] 

data rate 

ADM Add drop multiplexer 

cw Continuous wave 

FWM Four-wave mixing 

NOLM Nonlinear optical loop mirror 
OTDM Optical time division multiplexing, 
SDH Synchronous digital hierarchy 
SOA Semiconductor optical amplifier 
STM Synchronous transport module 


TOAD Terahertz optical asymmetric 
demultiplexer 

WDM Wavelength division multiplexing 

See also 


All-Optical Signal Regeneration. Optical Communi- 
cation Systems: Basic Concepts; Wavelength Division 
Multiplexing, 
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Introduction 


Wavelength division multiplexing (WDM) has 
enabled a revolution in communications technology. 
This article describes the technology, critical com- 
ponents of WDM systems, and transmission impair- 
ment and limits to transmission distance and capacity 


Multiplexing 


There are three techniques used in fiber optics to 
multiplex the information that is transmitted from 
one point to another, The first is space division 
multiplexing (SDM), which simply consists of having 
multiple fibers in a cable or conduit. In a typical 
installation, there may be between 8 and 1000 fibers 
in parallel. The second approach is time division 
multiplexing (TDM) (see Optical Communication 
Systems: Optical Time Division Multiplexing), which 
consist of interleaving multiple data streams into one 
higher bit rate stream, For example, 672 voice 
channels (DSO) at 64 kbit/s are multiplexed into one 
TI data stream at 1.544 Mbit/s, Eighty-four of these 
T1 channels are then multiplexed into a SONET 
(Synchronous Optical NETwork) OC-3 signal at 
155 Mbit/s. The third multiplexing approach is 
wavelength division multiplexing (WDM), which 
consists of sending multiple signals at different 
wavelengths. These signals can be used to fill up the 
entire low loss transmission band of an optical fiber 
(Figure 1). The low loss transmission band extends 
from 1200 nm to 1600 nm, which corresponds to 
over 40 THz. One approach is to pack the signals 
densely together, as in dense wavelength division 
multiplexing (DWDM). This is a relatively expensive, 
but very high capacity approach. The other approach 
is to space the signals widely apart, (coarse WDM or 
CWDM) resulting in very low cost components, but 
with fairly limited transmission capacity 


network applications. In: Smith DW (ed.) Optical 
Networking Technology, pp. 54~77. London: Chapman 
and Hall, 

Tucker RS, Einstein G and Korotky SK (1988) Optical 
time-division multiplexing for very high bit rate trans- 
mission. IEEE Journal of Lightwave Technology 
6: 1737-1749. 


Dense Wavelength Di 
Multiplexing (DWDM) 


Most DWDM systems use multiple beams spaced at 
100 GHz spacing centered at 193.1 GHz as defined 
by an International Telecommunications Union (ITU) 
standard (Figure 2a). Some higher capacity systems 
use finer spacing, 50, 25, or even 12.5 GHz spacing to 
pack more information into the fiber. The 100 GHz 
spacing used in DWDM systems corresponds to 
0.8 nm spacing at 1.55 mm, In principle, 40 THz of 
information can be sent down an optical fiber. If high 
spectral efficiency (~1 bit/Hz) is maintained across 
the band, then this would correspond to 40 Thitis. 
Practical DWDM systems are limited by the band- 
width of erbium-doped fiber amplifiers (EDFAs) and 
by signal impairments discussed below. Conse- 
quently, most systems utilize a single band, typically 
the C-band extending from 1530 nm to 1565 nm, 
Additionally some transmission systems use multi- 
plexers to combine other bands, typically C and L 
hands for additional transmission capability. 
The wavelength definitions are shown in Figure 1, 
Subbands are often used within a band to facilitate 
adding and dropping a group of wavelengths within a 
hand. Typically 4010 Gbit/s signals spaced at 
100 GHz are used to fill the C-band. Higher capacity 
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Figure 1 Transmission spectrum of optical fiber. Also shown, 
are the standard transmission bands. 


434 OPTICAL COMMUNICATION SYSTEMS / Wavelength Division Multiplexing 


systems with 80 to 200 wavelengths have also been 
deployed commercially. 

‘The historical evolution of optical transmission 
systems can be seen in Figure 3. The lower line shows 
the increasing bit rate demonstrated in experimental 
TDM systems, which began in 1978 with 45 Mbit/s 
systems and has now reached 1.28 Thit/s. The upper 
line shows what has been demonstrated with DWDM 
with over 10 Thit/s transmission demonstrated. 


Coarse Wavelength Division 


Multiplexing (CWDM) 


The fine frequency requirements of DWDM systems 
result in significant cost for transmitters, multiplexers 


Optical frequency (THz) 
(a) Dense wavelength division multiplexing spectrum 


1471 
1851 


(Optical wavelength (nm) 
(©) Goarse wavelength division multiplexing spectrum 


Figure 2 (a) DWDM spectrum (b) CWDM spectrum. 


and other components. A low-cost approach is to 
space the colors widely apart. The ITU standard is 
20 nm spacing from 1271 to 1611 nm (Figure 2b). 
Note that the spacing is uniform in wavelength, but 
varies in frequency because the frequency spacing is 
related to the wavelength spacing by 


a 


The wide spacing of signal wavelengths means that 
temperature stabilization of elements is not needed 
and the yield of components is high, resulting in a 
lower-cost system. 


Point-to-Point DWDM Links 


Point-to-point DWDM links were widely deployed 
during the 1990s. The essential elements are shown in 
Figure 4, namely single frequency lasers, optical 
multiplexers and demultiplexers, optical amplifiers, 
optical add drop multiplexers (OADM), and optical 
receivers. These will be described in more detail in 
subsequent sections. Essential parts of the design of 
these links are managing the signal-to-noise ratio and 
managing the pulse broadening. With periodic 
amplification in EDFAs and dispersion compensation, 
links of 1000 km are common, The widespread use of 
forward error correction (FEC) circuits allows error- 
free transmission over a link with limited signal-to- 
noise ratio. With careful design, ultra-long-haul 
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Figure 3 Historical evolution of transmission systems 
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Figure § (2) WOM ring network. (b) DWDM mesh networks (after Basch B, Gringer! S, Goudreault Rand Ravinkumar S (2002) 
Evolution of the photonic core within matropoltan and regional networks. NFOEC. Tachnical Praceedings) 


transmission over $000 km is possible, even with 
many 10 Gbit/s channels. 


DWDM Networks 


Point-to-point DWDM links are widely deployed in 
opaque networks with electronic regeneration and 
switching at nodes. The next stage in optical net- 
works is the deployment of DWDM transparent ring 
and mesh networks. An example of a simple ring 
network is shown in Figure Sa where most of the light 


signals transit nodes transparently. The OADM 
elements drop particular wavelengths at each node. 
As more wavelengths are deployed in these ring 
networks, it becomes necessary to dynamically 
reallocate wavelengths and resources. Reconfigurable 
optical add/drop multiplexers (ROADMS) and opti- 
cal switches have been developed to allow for 
dynamic transparent mesh networks (Figure Sb). 
This allows service providers to provision their 
networks remotely and quickly adapt to changing 
demand and restore vital connections when service 
interruptions occur, 
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Critical WOM Components 


The previous sections described WDM _ networks. 
This section describes in more detail the critical 
components used in these networks. 


Multiplexers/Demultiplexers 


Multiplexers (MUXs) are used to combine multiple 
wavelength channels into a single fiber. They are 
usually wavelength selective and utilize wave 
phenomena such as diffraction and interference. A 
simple cascade of 3 dB couplers is not a practical 
multiplexer since the output power decreases expo- 
nentially with channel count. Due to the reciprocity 
of electromagnetic waves, most MUXs can also serve 
as a DEMUX. For high channel count systems, a 
multistage design may be necessary to overcome the 
limitations of a single MUX/DEMUX. This approach 
also provides a more flexible upgrading plan. In this 
case, wavelength channels can be grouped into bands 
or interleaved. Diffraction gratings and arrayed 
waveguide gratings (AWGs) are among the available 
technologies for MUX/DEMUX. 

In a diffraction grating, narrow slits or micro 
structures are spaced evenly on the grating plane and 
serve as a secondary light source for the input light. 
The transmitted or reflected light (depending on the 
design) forms a diffraction pattern on the image 
plane, The locations of peak intensity on the image 
plane depend on the wavelength and the grating 
pitch, Therefore, wavelength channels can be separ- 
ated in space and fibers can be positioned properly to 
couple individual channels. An AWG is a planar 
integrated and digitized form of diffraction grating as 
shown in Figure 6. It is usually fabricated on a silicon 
substrate with silica waveguides (silica-on-silicon). 
The input light is coupled into an array of waveguides 
with incremental difference in length. These tribu- 
taries are then combined in a free-propagating output 


Arrayed waveguides 


% a” 
Free-propagating 
couplers 


Input waveguide Output waveguide 


Figure 6 Schematic diagram of an AWG. 


coupler to several output waveguides. Due to the 
interference of these tributaries from the arrayed 
waveguides, different wavelength channels are 
focused to different output waveguides. 


Optical Add/Drop Multiplexer 


An optical add/drop multiplexer (OADM) provides 
critical networking capability for WDM systems. In 
an OADM, some of the wavelength channels are 
dropped from the input and are either terminated or 
routed. New channels at these wavelengths are then 
added with the through channels. This function can 
be done with the combination of a MUX and a 
DEMUX of any kind as shown in Figure 7a. 
However, if only one wavelength channel needs to 
he processed while others pass through, a simpler 
configuration can be used where a circulator drops 
the reflected wavelength from the fiber Bragg grating 
and a new channel is added with a coupler (Figure 7b). 

The two approaches described above are termed 
static since the wavelength processed is fixed. To 
enable a_more flexible network, reconfigurable 
OADM (ROADM) are required, where the wave- 
lengths to be added or dropped can be dynamically 
specified. Figure 7 shows a configuration of 
ROADM based on a high port-count optical switch 
and a set of MUX/DEMUX. A tunable laser is highly 
desirable in this scenario since the wavelength of the 
added channel can be reconfigured to resolve 
wavelength contention in the network. 


Optical Amplifiers 


Erbium-doped fiber amplifiers (EDFA) (see Optical 
Amplifiers: Erbrium Doped Fiber Amplifiers for 
Lightwave Systems) provide simultaneous amplifica- 
tion of wavelength channels in the entire C-band 
(1530 to 1565 nm) and part of the L-band (1565 to 
1605 nm), EDFAs were a key enabling technology for 
the deployment of WDM systems, especially for long- 
haul transmission where costly regenerators were 
climinated. Both 980 nm and 1480 nm pumps can be 
utilized to achieve gain in erbium-doped fibers. The 
980 nm pumps provide low-noise and high-gain 
operation while the 1480 nm pumps are more 
favorable for high-output power. One of the most 
significant advantages of an EDFA over a semicon- 
ductor optical amplifier (SOA) is that crosstalk 
among wavelength channels is much smaller in 
EDFA due to a millisecond-scale spontaneous emis- 
sion lifetime. One critical issue for EDFAs is that the 
gain is not flat over the operation wavelength range 
and peaks around 1532 nm. However, this can be 
equalized by specially designed filters. 
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Figure 7 (a) A parallel OADM architecture which allows multiple simultaneous add's and drop's; (b) a linear OADM architecture for 
processing a single channel; (c) an ROADM which enables reconfigurable processing of multiple wavelength channels. 


Outside the gain spectrum of EDFAs, Raman 
amplifiers can be used, where the gain peak is about 
13 THz (100 nm) below the frequency of the pump 
signal, Also, Raman amplification occurs in the same 
fiber used for transmission so that it can provide a 
distributed gain over the span of the fiber, which 
results in a better signal-to-noise ratio. This is 
particularly important for ultra-long-haul_trans- 
mission. A counter-propagating pump scheme is 
preferable to reduce the influence of pump noise 
and depletion. The biggest challenge for Raman 
amplifiers is the availability of high-power pump 
lasers at the required wavelengths. 


Optical Filters 


Filters can find many applications in WDM systems, 
such as in multiplexers, demultiplexers, OADM, 
receivers and optical amplifiers. Fiber Bragg grating, 
Fabry-Perot filter, and multilayer thin-film filters are 
among the most widely used filters and utilize the 
interference property of optical waves. There are 


some general requirements for filters in WDM 
systems. First, the top of the pass-band must be flat 
enough so that cascading of filters in the network does 
not lead to a significant decrease of bandwidth. In 
addition, the roll-off of the pass-band must be sharp 
so that cross-talk from other channels is minimized. 

A fiber Bragg grating has a periodic perturbation of 
refractive index made by exposing a photosensitive 
fiber to interfering ultraviolet lights. These pertur- 
bations reflect the input light as it propagates. At a 
specific wavelength, these reflected beams add in 
phase, which results in a strong overall reflection. The 
reflections at other wavelengths do not add up and 
these wavelengths will eventually pass through the 
grating. In short, the fiber Bragg grating acts as a 
wavelength-selective reflector and is usually used 
with a circulator or isolator to manage the reflected 
light. A Fabry-Perot filter is composed of two 
partially transmitting interfaces and acai 
between. The underlying mechanism is similar to 
the fiber Bragg grating but the transmission is 
periodic in optical frequency. The spacing is called 
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the free spectral range, which depends on the optical 
length of the cavity. The bandwidth of the passband is 
a strong function of the reflectivity of the partially 
transmitting interfaces. A multilayer thin-film filter is 
an extended form of Fabry-Perot filter where several 
layers of dielectric reflectors are formed with dielec- 
tric cavities in between, This allows for more tuning 
dimensions in the design of the passband shape in 
order to meet the requirements of WDM systems and 
the temperature tolerance is better than other kinds of 
filter. 


Laser Sources 


Semiconductor lasers (see Lasers: Semiconductor 
Lasers) are widely used in optical communication 
because they are compact, low cost and efficient. Asa 
light source for transmission, single frequency oper- 
ation is necessary for high-capacity WDM systems. 
Multilongitudinal mode lasers such as Faby 
lasers have excess bandwidth which causes 
penalty due to dispersion unless the transmission 
distance is short. They also result in crosstalk in 
DWDM systems. The most widely used single- 
frequency laser in WDM systems is the distributed- 
feedback laser (DFB), where a corrugated grating 
structure is fabricated on top of the gain region and 
only the wavelength which satisfies the Bragg 
condition can oscillate in the laser cavity and all 
other modes are suppressed. 

As WDM networks advance, tunable lasers are 
strongly desired to reduce the excessive inventory of 
fixed wavelength lasers for DWDM and also. to 
provide reconfigurability in the network. One poss- 
ible structure is the distributed Bragg reflector (DBR) 
laser, in which the Bragg grating is decoupled from 
the gain region and the Bragg wavelength can be 
tuned independently by isolated current injection. 
More complicated variations of this concept such as 
the three-section DBR laser and the sampled grating 
DBR laser can provide more continuous and wider 
tuning in wavelength. 


Photonic Switches 


Photonic switches are 


jecessary in transparent net- 
works to allow reconfigurability in networks, and 
allow rapid provisioning and fault recovery. They 
provide connectivity between rings and between 
point-to-point links without requiring the DWDM 
signal to be broken into individual wavelengths 
and to be electronically regenerated. Photonic 
switches can be used to switch fibers, wavebands, 
or individual wavelengths. They are inherently 
transparent to bit-rate and data format. A number 
of different technologies have been developed. 


Figure 8 3D MEMS optical switch. 


Microelectromechanical system (MEMS) switches 
are widely used for 2x2 protection switches, 
wavelength selective switches and for nonblocking 
crossbar switches with sizes from 8X8 to 
1024 x 1024. The technology usually used for large 
switches is called 3D MEMS switches (Figure 8), in 
contrast to 2D technologies where the optical beams 
are confined to a two-dimensional plane. 


Transmission Issues 


Chromatic Dispersion 


Chromatic dispersion (see Fiber and Guided Wave 
Optics: Dispersion) means that the group velocity, 
which is the propagation speed of an optical signal, 
changes with wavelength. Since every real pulse has a 
finite bandwidth, each slice of wavelength within this 
bandwidth propagates with a different speed and 
results in the distortion of the pulse as it propagates 
along the fiber. Depending on the sign of the 
dispersion and the initial phase distribution, the 
pulse can either be broadened or compressed. 
However, if the fiber is long and nonlinear effects 
are small, the pulses will eventually he broadened and 
result in intersymbol interference. Dispersion com- 
pensating fibers (DCFs), which have an opposite sign 
of dispersion, can be used to reverse this process and 
restore the original pulse shape. In general, itis advan- 
tageous to minimize the length of DCF by keeping the 
dispersion low. Dispersion-shifted fibers (DSF) have a 
zero-crossing of dispersion around 1,5 um and hence 
a reduced dispersion for the C-band. 

For a WDM system, a very low dispersion will 
result in more severe nonlinear impairments since the 
distance pulses can overlap with each other along 
the fiber is long. Nonzero-dispersion-shifted fibers 
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(NZ-DSF), which introduce a suitable amount of 
dispersion, can be used instead to solve this issuc 
Chirped fiber Bragg grating can also be used, w! 
different wavelengths are reflected at different pos- 
itions in the grating so as to compensate the 
dispersion caused by transmission. It is capable of 
compensating a given amount of dispersion with a 
much shorter length when compared to DCF. For 
high channel count WDM systems, the dispersion 
experienced by each channel may be different and 
dispersion compensation needs to be implemented on 
a perchannel basis after a demultiplexer. 


Polarization Mode Dispersion 


Polarization mode dispersion (PMD) means that the 
group velocity dispersion of the two orthogonal 
polarizations in the fiber are different and cannot be 
simultaneously compensated by a single DCF. It is 
usually manifested as the splitting of a pulse at the 
receiver even after chromatic dispersion comper 
sation and causes intersymbol interference. PMD can 
originate from the imperfections in the fiber or 
environmental factors like temperature and mechan- 
ical pressure. Therefore, the amount of PMD can vary 
with time for a given link, which means that dynamic 
compensation is necessary. Traditional electrical 
equalization after the optical signal is detected can 
be used for compensation but the highest bit-rate 
achievable is limited by the speed of electronics. 
Optical compensation is another choice. The optical 
signal is split into fast and slow components and the 
fast component is delayed properly before being 
recombined with the slow component. 


Nonlinear Impairments 


The most important nonlinear impairments for 
WDM systems are the cross-phase modulation 
(CPM) and the fourwave mixing (FWM). They are 
both third-order nonlinear effects, where the non- 
linear dielectric polarization is proportional to the 
third power of the electric field of the signal. In CPM, 
the phase of a wavelength channel can be modified by 
other channels, which increases the chirp and results 
in more dispersion penalty. On the other hand, FWM 
can generate new waves at other wavelengths, 
causing unwanted crosstalk if the generated wave 
happens to coincide with another channel. The 
existence of dispersion in fiber can help to reduce 
the effects of both impairments since the pulses at 
different wavelengths propagate at different speeds 
and walk away from each other so that nonlinear 
interactions are reduced. This is why NZ-DSF is 
preferred over DSE. Self-phase modulation (SPM) is 
another third-order nonlinearity, where the phase 


distribution of a pulse is altered by its intensity 
profile. It will lead to the distortion of the pulse. 
Other nonlinear effects include stimulated Brillouin 
scattering and stimulated Raman scattering. Both 
originate from the interactions of phonons and 
photons in the fiber and cause power fluctuations at 
different wavelengths. 


Forward Error Correction 


To reduce the errors of a transmission link, extra 
information relating to the data can be sent by the 
transmitter and used by the receiver to detect and 
correct errors in the received data. This technique is 
called forward error correction (FEC) and imposes 
redundancy to the transmission which means that the 
bit-rate transmitted will be higher than the actual 
data rate. A measure of performance for FEC is the 
coding gain, which is defined as the decrease in 
receiver sensitivity at a given bit-errorrate. Reed~ 
Solomon codes are one of these codes. With a 7% 
redundancy, up to 6dB of coding gain can be 
achieved. This could correspond to more than 9 
orders of magnitude improvement in bit-error-rate. 
Therefore, the use of FEC can increase the spacing 
between regenerators in ultra-long-haul transmission 
and reduces the cost. It is also useful to overcome 
error floor problems due to crosstalk in a WDM 
system, where a further increase in received power 
cannot reduce the bit-error-rate. Crosstalk among 
wavelength channels can happen due to nonlinear 
impairments during fiber transmission or due to 
imperfect channel isolation in components like multi- 
plexers, demultiplexers, filters, and switches. The use 
of FEC can greatly increase the system margin. 


Conclusions 


WDM technology has enabled a huge increase in the 
transmission capacity of optical fibers and a huge 
reduction in the cost of fiber optic transmission since 
the cost of the installed fiber is shared between the 
signals traveling on different wavelengths. As new 
components have been developed, WDM technology 
has expanded simple point-to-point links to trans- 
parent networks. Great progress has been made over 
the past 20 years to solve transmission impairments 
and extend the reach and bandwidth of these systems. 
This is likely to continue to meet the increasing 
communication needs of our so 
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Bit rate (bit/s) 
Wavelength (nm) 
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Introduction 


Optical filter and absorbing glasses can be categor- 
ized by either the optical behavior of the filter, for 
example, bandpass, shortpass or longpass, neutral 
density, or interference filters — or by the method used 
to filter the light, i.e., glasses which absorb light 
themselves and those which serve as high quality, 
transparent substrates for coatings which either 
absorb or reflect light. The term ‘filter’ usually refers 
to glasses used in optical systems, to either transmit 
or prevent transmission of specific wavelengths. 


The term ‘absorber’ is usually reserved for glasses 
which are used for controlling light to provide 
protection from damage to humans, for example, 
for eye protection, as in sunglasses, or welder and 
laser goggles, or to materials exposed to light, for 
example, plastics and other components in the 
passenger compartment of automobiles. Manufactur- 
ing technology is normally based on the method 
used to produce the device, such as control of 
absorbing species in the glass or method of appli- 
cation of optical coatings. Terminology for optical 
applications is almost always based on optical 
behavior and not on the method used to produce 
that behavior. 


Bandpass Filters 


The first glasses used to filter light were colored by 
inclusion of ions from the first row of transition 
metals. These colored glasses still provide most of 
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Figure 1 Transmission spectra for bandpass fiters with a large 
bandwidth (solid ine), medium bandwidth (dashed tine), and 
narrow bandwidth (dot dash line). 


the glasses used to control the wavelength of light. 
They are widely used as absorbers in windows in 
buildings and automobiles, to control the entrance of 
ultraviolet and infrared light into these environments. 
These filters allow the passage of light over a 
significant range of wavelengths, while absorbing 
wavelengths outside that range. They are designated 
by the peak transmission wavelength, or central 
wavelength, and the bandwidth, or wavelength 
range, over which light is transmitted with at least 
some designated transmission value. Filters based on 
absorption by transition metal or rare earth ions 
usually have larger bandwidths and somewhat diffuse 
cutoffs at the edges of the transmitted spectral region 
(Figure 1). 

‘The most common bandpass filters absorb ra 
ation in a desired wavelength region. Historically, the 
first bandpass filters, which are still the most 
common, relied on absorption of light as a result of 
ligand field (also known as crystal field) effects and/or 
charge transfer processes within a glass, to create 
absorption bands in the spectrum. 

Ligand field effects will produce optical absorption 
bands in glasses which contain transition metal 
(usually row 3d) or rare earth (lanthanide, or 4f) 
ions. The differences in the electronic structures of the 
transition metal and rare earth ions result in very 
different absorption spectra. Absorption spectra, due 
to transition metal ions, are characterized by broad 
hands and are frequently accompanied by charge 
transfer bands, due to the same ions, while the bands 
due to absorption of light by rare earth ions are very 
sharp and are not accompanied by charge transfer 
absorption bands. 

Iron oxide was probably the first, and is still the 
most widely used additive for production of glasses 
which primarily transmit light in the visible portion of 
the spectrum. A large, broad absorption band due to 


ferrous ions is centered at =1050 nm in common 
soda-lime-silica glasses. The tails of this band extend 
into the visible portion of the spectrum, allowing 
passage of the blue-green portion of the spectrum, but 
absorbing much of the red light, and to wavelengths 
in excess of 2000 nm, absorbing much of the near 
infrared spectrum. 

Ferric iron produces relatively small ligand-field 
absorption bands in the region from 380 to 40 nm. 
These bands remove most of the blue part of the 
spectrum, allowing passage of light with longer 
wavelengths. Both ferrous and ferric ions also display 
charge transfer bands in the ultraviolet, effectively 
climinating transmission of light with a wavelength 
<300 nm, Glasses containing enough iron oxide, to 
effectively eliminate both ultraviolet and near infra- 
red transmission, exhibit various shades of green, 
depending on the ratio of ferrous to ferric ions 
present. Melting under strongly reducing conditions 
yields blue-green glasses, whereas melting under 
strongly oxidizing conditions yields yellow-green 
glasses. Glasses containing =0.5 wt% iron oxide 
are used in windows of automobiles to minimize the 
amount of ultraviolet and infrared radiation entering 
the passenger compartment. 

Copper oxide is also used to remove a portion of 
the near infrared spectrum from sunlight and to 
produce glasses which transmit in the green and blue 
region. The primary ligand-field absorption band of 
copper is due to cupric ions and is located near 
800 nm. This band in similar in shape to that due to 
ferrous ions, with tails extending into the visible and 
near infrared regions of the spectrum. The shift in 
band position toward the visible, however, results in 
less absorption in the infrared and more in the visible 
than for ferrous iron, As a result, glasses containing 
copper are more strongly colored than those contain- 
ing ferrous iron and are less effective filters for 
infrared light. Glasses colored with cupric ions can be 
used to produce a transmission window from about 
350 to 600 nm in soda-lime-silica glasses. Cuprous 
ions do not create any significant absorption bands. 

Glasses containing hexavalent chromium, which 
must be produced in a strongly oxidizing environ- 
ment, effectively remove ultraviolet light between 300 
and 400 nm, but allow transmission of ultraviolet 
light in a narrow range centered around 300 nm, 
A small tail of the charge transfer band due to 
Cr**textends into the visible, producing a yellow- 
green glass. The presence of a set of much weaker 
ligand-field bands, centered around 650 nm due to 
trivalent chromium, also contributes to the green 
color of these glasses. Combining chromium with 
copper ions in a glass yields a filter with a small 
transmission window centered at about 520 nm. 
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Combination of chromium with iron results in 
suppression of both hexavalent chromium and 
ferrous iron, yielding a green glass without either 
the strong ultraviolet absorption of hexavalent 
chromium or the strong near infrared absorption of 
ferrous iron. 

Manganese oxide can be used to produce bandpass 
filters which block most of the visible, but allow 
transmission of ultraviolet and infrared light. 
Addition of manganese ions to a glass results in a 
set of absorption bands with a maximum intensity at 
about 500 nm and a tail extending to around 900 nm. 
Since these ions do not absorb in the ultraviolet, the 
transmission spectra of these glasses has a window 
between about 300 and 400 nm, which overlaps the 
transmission window due hexavalent chromium. The 
absorption bands due to manganese ions are rela- 
tively weak, so that concentrations of manganese 
oxide in excess of 1 wt% are needed to effectively 
block visible transmission. 

Cobalt oxide is the strongest colorant of the oxides 
of 3d transition metals. A small addition of cobalt 
oxide to silicate glasses creates strong absorption 
bands between about 450 and 700 nm. The optical 
window of these glasses in the ultraviolet is centered 
near 380 nm and is somewhat broader than that of 
glasses containing manganese oxide, which have 
similar spectra. Since cobalt oxide is such a strong 
absorber, black glasses are easily produced by use of 
cobalt oxide in combination with other oxides. If 
cobalt oxide is combined with nickel oxide, the 
resulting glass retains a bandpass in the ultraviolet, 
while combining cobalt oxide with iron oxide, which 
has a complementary absorption spectrum, yields a 
black glass which also effectively eliminates trans- 
mission in the ultraviolet and near infrared. 

The optical spectra of glasses containing most rare 
earth ions are characterized by sharp absorption 
bands. Some rare earth ions create spectra with many 
absorption bands, while others display only a few 
bands. The band structures which result from rare 
earth ions are not particularly useful for creation of 
bandpass filters, although Yb** ions do effectively 
remove light around 1100nm, without absorbing 
light in the rest of the spectrum. 

While not commonly used for filters, glasses 
containing rare earth ions have been used for 
wavelength calibration standards for uv-vis spectro- 
photometers. A common wavelength standard called a 
“didymium’ glass contains a combination of neody- 
mium and prasedymium oxides. Since the optical 
spectrum from each of these ions contains many sharp 
bands, these glasses provide known wavelengths for 
absorption bands over a wide region of the spectrum. 
Neodymium ions, which have absorption bands near 


the D line of sodium, are used in goggles for eye 
protection for glassblowers, to remove the intense 
yellow light resulting from the sodium in the glass. 


Interference Filters 


Interference filters are a. special case of bandpass 
filters which are created by application of dielectric 
films to glass substrates. The dielectric films are 
deposited on a glass substrate in alternating layers of 
high and low refractive index materials. The combi- 
nation of refractive indices and thickness of the 
dielectric films determines the wavelength regions 
where constructive and destructive interference occur, 
i.e., those wavelength regions which will transmit or 
reflect the incident light. Since the choice of materials 
will control the indices, production of filters for 
different wavelengths usually relies on deposition of 
layers of differing thicknesses. 

These filters can be produced with very narrow 
bandwidths (+10nm) or with broader bandwidths 
{commonly +50 or +80 nm). The peak transmission 
frequently does not occur at the midpoint of the 
bandwidth. Since the wavelengths for constructive 
and destructive interference depend upon the path 
length through the dielectric layers, these filters are 
extremely dependent upon the incident light angle, 
with a shift toward lower wavelengths for incident 
angles other than normal to the filter surface. 
Interference filters typically reduce throughput of 
light as compared to absorption-based bandpass 
filters, but provide for much narrower transmission 
windows. If the dielectric layers are deposited in such 
a manner that their thickness varies along the length 
of the substrate, interference filters can be produced 
with a continually varying central transmission 
wavelength along the length of the substrate. While 
convenient for applications, which might otherwise 
require several filters of different central wavelengths, 
these linearly variable interference filters are much 
more expensive than those designed to block specific 
wavelengths. 


Dispersion Filters 


Dispersion filters are based on the passage of light 
through a medium consisting of a matrix material and 
dispersed, very small particles of a material which has 
a very different dispersion curve. The original version 
of these filters, called a Christiansen filter, consists of 
small glass particles with a controlled particle size 
suspended in a liquid. The dispersion curve for the 
glass is much less wavelength-dependent than that of 
the liquid. Transmission of light occurs at the 
wavelength where the refractive index of the glass 
and the liquid are equal, while light of other 
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wavelengths is scattered. Since the refractive index of 
a typical liquid is highly temperature sensitive, the 
transmitted, or peak, wavelength can be shifted over a 
wide region by controlling the temperature of the 
mixture. The bandwidth of dispersion filters can be 
very narrow (< 10 nm). 

The large temperature dependence of the tra- 
ditional dispersion filter can be useful in that it 
provides an optical filter with an adjustable peak 
wavelength. On the other hand, this sensitivity to 
temperature also results in a serious control problem, 
since a temperature change of only a few degrees can 
shift the transmission window by up to 100 nm. This 
problem can be decreased or even eliminated by 
making a solid dispersion filter using two glasses of 
different dispersions, with one glass distributed in the 
other, or a glass dispersed in some other transparent 
solid’ such as a polymer with a similar thermal 
expansion coefficient, Since the refractive index of 
solids tends to vary with thermal expansion coeffi- 
cient, these solid state dispersion filters can he almost 
temperature independent. 


Neutral Density Filters 


Neutral density filters are used to reduce the 
throughput of light to some desired value over a 
wide spectral region. Gray glasses are used to reduce 
the intensity of light from a bright source such as the 
sun, Black glasses are used to completely block light 
in the visible region. Neutral density filters can be 
produced using a combination of transition metal 
ions or by use of optical coatings. They are 
characterized by their percent transmission, range of 
wavelength where the transmission is constant, and 
the ‘ripple’, or spectral flatness, within the designated 
spectral region (Figure 2). 
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Figure 2 Transmission spectra for noutval density fiters with 
different ® transmission, 


An approximation to a neutral density filter for 
visible light is often created by combining the 
absorptions in the ultraviolet and near infrared 
from ferrous and ferric ions, with the multiple 
absorption bands centered in the region of S00 to 
600nm due to divalent cobalt ions. While the 
resulting absorption spectrum displays small ripples 
throughout the region from 350nm to beyond 
1200 nm, the transmission of the glass can be 
controlled to within a few percent by the proper 
balance of ferric and ferrous ions combined with the 
desired concentration of CoO. These glasses are 
generally gray, or if enough of iron and cobalt oxides 
are present, black. Combination of CoO with NiO 
can produce similar filters covering a smaller wave- 
length range which maintain transmission in the 
ultraviolet, Filters with different transmission values 
can be produced by either varying the composition of 
the glass or by use of different glass thicknesses. A 
continuously graded neutral filter can be produced 
from a single piece of glass by etching or polishing to 
form a wedge. With more effort, a step-graded filter 
can be produced by etching or polishing to form 
sharply delineated thickness steps along the length of 
a glass plate. 

‘Neutral density filters can also be produced by 
coating a glass substrate with a metal film. Coated 
neutral density filters have less ripple than absorptive 
filters based on iron and cobalt oxides dissolved in the 
glass. In order to produce a constant transmission 
throughout the desired wavelength region, the metal 
used (commonly inconel) should have a constant 
reflectance across the desired wavelength region. Use 
of a metal with a varying wavelength dependence in 
its reflectivity, such as silver, will result in a 
wavelength dependent transmission. Continuously 
graded neutral filters can be produced by varying 
the thickness of the film along the length of a strip 
of glass. 


Longpass/Shortpass Filters 


Longpass filters are designed to pass light with 
wavelengths longer than the specified cutoff value. 
They are frequently used to block ultraviolet light 
while transmitting visible light or to block visible 
light while transmitting infrared light. Shortpass 
filters provide the opposite effect, i.e. they pass light 
with wavelengths shorter than the specified cutoff 
value, while blocking light with longer wavelengths. 
Shortpass filters are often used to block passage of 
heat (infrared light), while allowing transmission of 
visible light (Figure 3). 

Ultraviolet blocking longpass filters can be pro- 
duced by varying the basic composition of a glass or 
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Figure 3 Transmission spectra for longpass titers with diferent 
cutof wavelengths. 


by addition of specific ions which absorb strongly in 
the ultraviolet. Varying the primary glassforming 
oxide can alter the ultraviolet cutoff frequency of a 
glass. Vitreous silica, for example, has an ultraviolet 
cutoff beyond 200 nm, so that it is a very effective 
transmitter of ultraviolet light. Vitreous germania, on 
the other hand, has an ultraviolet cutoff near 400 nm, 
so that it acts as an effective longpass filter for most 
ultraviolet light. While vitreous silica is widely used 
asan optical material, the poor chemical durability of 
vitreous germania prevents its use in most optical 
applications. 

‘The ultraviolet cutoff wavelength of silicate glasses 
is shifted toward the visible by addition of alkali and 
alkaline earth oxides to silica. The addition of these 
oxides creates nonbridging oxygens in the vitreous 
network, which shift the ultraviolet cutoff toward the 
visible. These glasses are effectively opaque beyond 
their cutoff wavelength, creating longpass filter 
glasses with cutoff wavelengths which vary with the 
nonbridging oxygen concentration. Impurities such 
as iron or copper can also reduce the ultraviolet 
transmission of silicate glasses due to the creation of 
charge transfer bands, producing longpass filters with 
cutoffs in the range of 250 to 300 nm. 

Longpass filters with tightly controlled ultraviolet 
cutoff wavelengths are often made by adding either 
cerium or a combination of cerium and titanium 
oxides to silicate glasses. Additions of cerium oxide 
result in a strong absorption band near 320 nm, 
which provides protection from ultraviolet light. 
Cerium also is routinely used to reduce radiation- 
induced coloration of glasses exposed to high energy 
radiation. An absorption band due to trivalent 
titanium also serves to cut off ultraviolet light, while 
producing a yellow glass. The use of a combination of 
cerium and titanium produces a very effective 


ultraviolet filter which eliminates transmission of 
almost all ultraviolet light. 

Long bandpass absorption filters can also. be 
based on precipitation of colloids of metals or 
semi-conductors in an otherwise colorless glass. 
The glasses are initially prepared in a colorless 
state, with the materials which will form the 
colloids dissolved as ions. The glasses are then 
reheated into the glass transformation region, 
where the desired ions are reduced to the atomic 
state and precipitated as colloids. Since this process 
is known as ‘striking’, these filters are known as 
striking filters. Colloids can be produced by 
striking from several elements, including silver, 
gold, copper, arsenic, antimony, lead, and bismuth, 


and from a number of compounds, including the 
cadmium chalcogenides and ZnS. 

Formation of silver colloids in common soda- 
lime-silicate glasses results in a very strong optical 
absorption band centered near 400 nm. Glasses 
containing silver colloids are yellow, with a 


bandpass window in the ultraviolet. Since these 


glasses absorb so strongly at a wavelength com- 
monly used to irradiate photosensitive polymers in 
the production of electrical circuit boards, they are 
frequently used for the production of heam masks. 
A pattern of silver colloids is easily produced in the 
surface of common float glasses by depositing 
metallic silver through a mask onto the surface of 
the glass and then heating the glass to 500°C for a 
short time, 

Copper can also be used to form longpass filters 
with a cutoff in the red portion of the spectrum by 
a similar process to that used to form the silver 
colloid filters, In this case, it is necessary to use a 
copper salt in place of the metallic silver, but the 
remainder of the process is essentially the same 
(Figure 4). 
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Figure 4 Transmission spectra for longpass fiters containing 
silver or copper colloids. 
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Precipitation of semi-conducting colloids contain: 
ing CdS, CdSe, and CdTe in silicate glasses results in 
sharp cutoffs in the range from the near ultraviolet to 
the near infrared. The cutoff is the direct result of the 
bandgap of these crystallites. Since these materials 
form a broad series of solid solutions, the desired 
cutoff wavelength can be obtained by use of an 
appropriate mixture of two of these compounds in 
the glass batch. Glasses containing only CdS, for 
example, have cutoffs in the range of 400 to 500 nm. 
Combining CdS with CdSe will shift the cutoff 
toward the infrared, with cutoffs in the range of 
500 to 700 nm. Combining CdS with CdTe produces 
glasses with cutoffs near the edge of the visible region. 
Use of CdTe alone results in filters with cutoffs 
around 800 nm. 

While the most common explanation for the shift 
in the cutoff in glasses containing the cadmium 
chalcogenides is based on solid solution arguments, 
it has been shown that the size of the particles also 
strongly affects the position of the cutoff for glasses 
containing CdSe. In this case, the energy gap, which 
determines the cutoff wavelength, varies inversely 
with the square of the particle size. 

Glasses containing CdS and ZnS can be heat- 
treated to form filters with cutoffs in the range from 
340 to 518 nm, Heat treatment at lower temperatures 
yields CdS colloids, with a cutoff around 500 nm. At 
higher heat treatment temperatures, the absorption 
edge shifts toward the ultraviolet, approaching the 
value of 340 nm representative of the lattice absorp- 
tion of ZnS. This behavior has been interpreted as 
indicating that CdS crystals precipitate at lower 
temperatures, while at higher temperatures, solid 
solution crystals of Zn$ and CdS are formed. 

Colloids of arsenic, antimony, bismuth, and lead 
form less interesting filter glasses. The optical proper- 
ties of these metals are such that there is no sharp 
cutoff wavelength. Growth of colloids produces 
wavelength-dependent scattering, with a long tail 
extending into the visible or infrared. These glasses 
can be produced in colors ranging from light tan to 
black by progressive heat treatments of the originally 
colorless glasses in hydrogen. The hydrogen serves to 
reduce the ions to the atomic state. The atoms then 
diffuse to form colloids. The growth process creates a 
sharp interface between the colored and colorless 
region of the glass, which can be used to produce 
windows for visible light of highly transmitting glass 
surrounded by essentially opaque glass. 


Absorber Glasses 


Glass filters are used to remove unwanted wave- 
lengths from light. When the application is less 


demanding than those of complex optical devices or 
systems, the glasses are commonly called ‘absorbers? 
rather than filters. These applications usually involve 
protection of humans or materials from damage by 
light, for example, sunglasses and goggles for welders 
and glassworkers, or to enhance the environment by 
controlling the entrance or exit of ultraviolet and 
infrared light. Most of these applications are vari- 
ations on the filters discussed above. 

The most common use of glass as an absorber 
for both protection from damage and enhancement of 
the environment is found in the soda-lime-silicate 
glasses used as windows in buildings and auto- 
mobiles. The presence of a relatively large concen- 
tration of iron oxide provides absorption in both the 
ultraviolet and infrared regions of the spectrum. Since 
glasses containing iron do absorb some light in the 
visible, a compromise between total absorption of 
unwanted, nonvisible light and the desired visible 
light must be made. As a result, these glasses usually 
contain between 0.5 and 2 wt% iron oxide. Changes 
in melting conditions which alter the ratio of ferrous 
to ferric ions in the glass are used to tune the glass for 
specific applications. While these glasses are techni- 
cally broad bandpass filters, their common appli- 
cations are based on the favorable location and 
bandwidth of their transmission window, which 
roughly corresponds to the visible region. 

Iron is also used for protection from ultraviolet and 
infrared radiation in welder goggles. These glasses 
contain much more iron (up to 8 wt% or more) than 
those used for windows, since the demand for 
protection from the intense light created in welding 
is much greater. The high absorption coefficient for 
infrared light results in considerable heating of the 
glass during lengthy use. A thin film of gold is often 
applied to the glass to reflect infrared radiation and 
reduce heating of the glass. 

Other absorber applications are more demanding 
in terms of absorption wavelength. As mentioned 
earlier, glasses containing neodymium have a strong 
absorption band at the wavelength of the yellow 
sodium emission line. These glasses transmit visible 
light at other wavelengths, allowing their use by 
glassblowers, who need to be able to see the unheated 
part of the glass and their immediate surrounding 
area, while simultaneously reducing the intense 
yellow light given off by the sodium in the glasses 
normally used for glassworking. 

Protection of the eye from laser radiation is even 
more demanding due to the very high intensity over 
very narrow wavelength ranges, Common ultraviolet 
longpass filters are usually satisfactory for absorption 
of light from ultraviolet lasers. Specific ions must be 
added to glasses to provide protection from many 
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visible and near infrared lasers, since the glass must 
simultaneously permit transmission of visible light of 
other wavelengths and total absorption at the laser 
sngths. Light from lasers which operate in the 
far infrared is readily absorbed by most glasses, since 
the infrared cutoff of oxide glasses lies around 5 
micrometers. Great caution should always be used in 
selecting glasses for eye protection from lasers. No 
assumptions regarding the degree of protection 
should ever be made without insuring that the 
glass is designed for the conditions under which it 
will be used. 


Optical Coatings: Thin-Film Optical Coatings. Optical 
Materials: Optical Glasses. 
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Introduction 


The term heterogeneous materials ~ being a quite 
diffuse classification of matter with discrete building 
units of different kinds, irrespective of their sizes ~ is 
defined here by scaling these inhomogeneities in 
relation to optical light wavelengths. Matter consist- 
ing of atoms in a regular structural order (on 
alternatively, in fully statistical disorder) is classified 
as homogeneous since the inhomogeneities are too 
small to effect optical fields. This applies to crystal- 
line, liquid, and glassy or amorphous matter likewise. 

All geometrical/topological and chemical hetero- 
gencities on a larger length-scale than the atomic 
scale, ic., single crystallites, organic macromolecules, 
domains, extended lattice defects, clusters, and 
nanoparticles of chemical compositions differing 
from their host material, etc., result ina macroscopic 
material that is heterogeneous, in optical properties 
and optical experiments. Examples are multilayer- 
structures, heterogeneous in one dimension, three 
dimensional heterogeneous composites, ic., isometric 
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building units distributed in some homogeneous host 
(photographic systems, drugs, cosmetics, color pig- 
ments in binders, etc.), and three-dimensional het- 
erogeneous densely packed systems (poly- or 
nanocrystalline materials, ceramics, or nanoceramics, 
etc.) 

The materials most inte: 


ely investigated, in the 
field of nanoscience, represent a subclass of hetero- 
geneous materials. 

Most of the common materials in our everyday 
environment have heterogeneous structures, often on 
larger characteristic size-scales. More generally, 
heterogeneous materials are so widespread that they 
are much more frequent than homogeneous 
materials. Some more examples, relevant for their 
optical properties, may illustrate this: pigment colors, 
photovoltaic composites, aerosol-systems, hydrosol- 
systems, many minerals, photonic crystals, island 
film devices, nanosensors, special biosystems, and 
polymer-systems. Most interesting optical features 
arise when these inhomogeneities are below or of the 
order of light wavelengths. Recent research has 
concentrated on a narrow size region on the lower 
nanometer scale where many-atoms 
from molecular to solid-state beha 
sing sizes. This ‘transition’ is accompanied by 
drastic changes of almost all physical and chemical 
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properties, hence these properties develop strong 
dependences on particle size in that size region, and 
materials with uncommon properties can be 
developed. 

In contrast to the widespread applications and 
research perspectives, the basic theoretical under- 
standing of heterogeneous material is generally still 
poor. One reason is that, since the beginning of the 
development of optics as a science, the homogeneous 
materials like glass, water, etc, were preferentially 
treated since they were easier to describe theoret 
cally. Another reason is the extremely wide variability 
of existing heterogeneous structures usually based 
upon low symmetries. This variability is too large, 
and the resulting optical properties too complex and 
multifarious to enable a general and uniform descrip- 
tion of heterogeneous matter on a quantitative level, 
like the one successfully developed for the much 
simpler topology of homogeneous crystals. 

Qualitative general features, however, can be 
obtained from investigations of model systems, with 
especially simplified topological structures. In the 
following we describe the model system of nanopar- 
ticle/host-matter (or, synonymously, cluster-matter), 
which is based upon nanoparticles/clusters packed 
closely in a host material, thus forming macroscopic 
or microscopic heterogeneous many-particle systems. 


(Chemical composition 


Even this model system exhibits broad variability of 
topologies and of chemical compositions, as shown in 
Figure 1. 

‘The restriction in the present contribution to this 
topologically simple model system appears to be 
justified by the fact that the optical properties 
discussed below for this system are also qualitatively 
characteristic of other arbitrary heterogeneous 
materials. We also admit that the nanos may consist 
of a nucleus and a surrounding shell of different 
structure and/or different material. 

Heterogeneous matter can be defined by its 
heterogeneous building units and by the borders of 
these units and by the host material and the borders 
between building units and host, i.e., the internal 
interfaces. 

It is a general feature that structures are visible 
because of property changes at their terminating 
borders: borders create structures, and structures 
require borders. The more refined the structures are, 
the more increases the topological extent of the 
borders. This means that when sizes of building units, 
for example, in cluster matter decrease, the relative 
amount and the effects of surfacefinterface regions 
increase. Such interfaces in heterogeneous matter 
are not two-dimensional (as suggested by the 
term ‘interface’) but consist of three-dimensional 
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Figure 1 Examples of heterogeneous nanopartcla/host materials. Left: possible material combinations of the three bulding units 


cluster, shell, matrix. Right: some examples of sample topologies. 
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interlayers, the atomic and electronic structure and 
the chemical composition of which are usually in 
complex disorder. In the case of very small particles 
the interface volume can easily exceed the volume of 
the building units themselves. There are, however, 
also examples where the atomic arrangement forms 
regular interfaces, such as at coherent grain 
boundaries. 

Hence, heterogeneous materials are characterized 
by various building units, homogeneous matrices and 
the interface regions. To describe them, we will focus 
on our introduced model system of nanoparticle/host 
matter, where we further specialize to spherical 
shapes of the particles. 

‘The investigation and description of optical proper- 
ties of heterogeneous materials have to deal with the 
interior of the building units, ¢.g., characteristic 
optical size effects, and with the interfaces, e.g., 
optical interface effects. The importance of both 
increase with decreasing characterizing structural 
lengths. The role of the host materials, when present, 
can be different, depending on their concentration: 
dilute particle systems they may act as bulk-like 
homogeneous matter (e.g., the electrolyte in colloi- 
dal liquid systems); at low amounts, the host may 
also develop size effects (e.g., the water layers in 
the opal). 


General Optical Properties 


Among the experimental characterization methods 
most frequently applied to heterogeneous matter, the 
optical ones are essential, ranging from spectroscopy 
in the frequency domain (from FIR to UV), to 
femtosecond analysis in the time domain. 

Optics can mean physical optics, ic., the science of 
optical material properties, including light emission 
{the ‘active’ properties) and light absorption (the 
passive’ properties), and instrumental optics, i.e., 
special experimental techniques based upon propa- 
gation of light to analyze such samples. 

‘The most usual experiments for the investigation 
of linear optical response are refraction, absorption, 
reflection, and elastic scattering. Also, there are the 
emission responses and the broad field of nonlinear 
optical responses. 

Refraction, reflection, and absorption are typical of 
homogeneous matter. Elastic light scattering, on the 
other hand, can be used to define optical hetero- 
geneous matter, since elastic scattering is a direct 
consequence of the existence of interior interfaces 
forming deviations from the homogeneous structure. 
While the grainy structure on the atomic level in 
homogeneous matter does not give rise to disturb- 
ances of the shape of a plane interacting optical wave, 


this does occur with heterogeneous matter, Each 
inhomogeneity gives rise to a wavefront deformation 
and, hence, to light scattering, Scattering spectra and 
intensities provide important information about the 
heterogeneous material, so such optical methods are 
frequently used for its identification. 

Besides scattering, the electrical charging of the 
interior interfaces induced by the light field, can lead 
to spectacular multipolar optical absorption features, 
unseen in related macroscopic homogeneous 
materials, such as Mie resonance, discussed below. 

The optical properties of our model system are 
composed of various contributions which all act 
together in a complex way, which can be described as: 


1. the optical properties of the single building units. 
In the case of solid state units, they are characte 
ized by the optical material properties, frequency 
dependent and, generally, complex dielectric 
function e(w) or, alternatively, the (generally 
complex) refraction index mw), which, in the 
nanometer-size region, both develop strong vari- 
ations with size. 

2. the optical interactions among all building units in 
the sample. There are different effects: 


# interference effects among the scattering radi- 
ation of the units; 

# clectromagnetic coupling effects; 

¢ the contributions of host materials, if present; 
and 

« the interactions between heterogeneous build- 
ing units and host. 


The Optical Nanoparticle Resonances 
(Mie Resonances) 


Metallic and semiconductor nanoparticles can exhi- 
bit special, spectrally selective absorption and scatter- 
ing bands which do not have counterparts in the 
molecular state, in thin film structures, or in the 
extended bulk, They represent the most spectacular 
optical properties of matter with nanosized hetero- 
gencities. Therefore they will now be treated in more 
detail in the frame of our model material of spherical 
inclusions in a homogeneous embedding medium. We 
begin with a comparison to thin film structures. 

The interband transitions (in Ag below 325 nm) are 
almost equal in both spectra shown in Figure 2, of a 
thin Ag film and spherical Ag nanoparticles, respect- 
ively, while above 325 nm the flat relaxator spectrum 
of the conduction electrons in the metal film differs 
strongly from the oscillator spectrum of the same 
electrons in the clusters. The inset demonstrates the 
excitation of the dipolar surface oscillator mode by 
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Figure 2 Comparison of absorbances of a thin Ag film and 
spherical small Ag nanoparticles. 


incident polarized light. This figure exemplifies the 
above-mentioned effect that charging of interfaces by 
the incident electromagnetic lightwave can give 
to electromagnetic multipole resonances, the Mie- 

The monotonic conduction electron absorption 
spectrum of the thin film, ranging from UV to zero 
frequency (the de current), is thereby compressed in 
the nanoparticles into the narrow Mie-absorption 
band with peak position in the blue, containing 
almost the whole oscillator strength of the conduc- 
tion electrons. In particular, the Ag-spheres are 
therefore transparent in the low frequency region, 
and if we assume the conductivity according to the 
Drude model as being definitive for a metal, we must 
assume that these particles are no longer metallic. The 
conduction electrons no longer follow the Drude 
relaxator behavior; instead the narrow peak indicates 
the properties of an oscillator. 

The origin of this oscillator and its excitation can 
be described, being a quantum phenomenon; due to 
the incident electrical field, the electron plasma, the 
‘electronic particle’, is shifted against the fixed ionic 
background, the ‘ionic particle’, causing surface 
charges modulated with the light frequency. The 
surface charges produce restoring forces to the 
plasma, following the periodic field strength, which 
is the condition required for oscillator behavior. As 
every free oscillator the particle develops resonances 
at special eigenfrequencies, and in the case of our 
metal clusters these are close to the peak frequency of 
the Mie-absorption, the oscillations of which not 
being free but forced by the incident field. Analogous 
to the mechanical case, the resulting resonance 
frequencies of free and forced oscillations differ 
slightly. To distinguish them, Mie resonances in 
metallic particles, coupled to the external electro- 
magnetic field, are called plasmon polaritons. 

In the frame of classical electrodynamics each 
single particle in the heterogeneous material acts as 
a spherical nano-antenna. This acts as receiving 


antenna by absorption and, as with every other 
kinds of antenna, simultaneously becomes a transmit- 
ting antenna by re-radiating elastically scattered light. 

In the case of Cu, Ag, and Au, and many other 
metals, these absorption frequencies are in the visible, 
hence beautiful colors appear. However, there are a 
lot of metals where this oscillator is overdamped due 
to low electron mobility. Under particular conditions, 
such resonances also occur in semiconductor nano- 
particles, but due to the lower charge densities, in the 
IR. At weak fields, the optical response of the 
oscillator is linear. At higher fields it becomes 
nonlinear, and thus second and higher harmonics 
can be excited. 

Such unique collective excitations are not restricted 
to electrons but also spherical surface phonon 
polaritons can be excited if the particles are non- 
metallic (in this case, free electron excitations do not 
cover the spectral region of phonon excitations). 
Only in the most simple case of particles which are 
extremely small compared to wavelength (R/A = 
1/20), the dipolar mode of excitation described so 
far (i.e., homogeneous polarization of the whole 
particle) comprises the whole response. For larger 
particle sizes, a complicated, nonhomogeneous 
polarization of the whole particle occurs, which can 
be described by an orthogonal multipole expansion, 
multipolar oscillations. The according size (R-) 
dependent multipolar contributions, which are 
excited simultaneously and sum up to the total 
optical response. Further complications arise in larger 
particles by retardation-induced phase shifts of the 
lightwaves along the particles. 

‘A complete description of this complex multipole 
excitation was given by Gustav Mie on the basis of 
classical electrodynamics. Mie’s theory is the exact 
solution within the frame of Maxwell theory for 
spherical symmetry, as are the Fresnel-formulae for 
the planar geometry. However Mie’s theory does not 
describe exactly the conditions which we observe in 
real heterogeneous systems, hence several extensions 
of Mie’s theory will be presented in the section 
entitled Beyond Mie’s Theory, below. 

Mie’s theory also gives some qualitative insight into 
the optical behaviour of other kinds of heterogeneous 
matter. A highly abridged summary of this theory will 
be presented below. 


The Theory of Mie 


In the following, an outline of the Mie theory for one 

spherical particle is given by listing the mathematical 

steps: 

1. Introduction of spherical coordinates r, 6, . 
Particle radius R; 
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2, Incidence of a plane, monochromatic, harmonic 
electromagnetic wave (circular frequency o, 
wavelength A); 

3. Solution of Maxwell’s equations for the incident 
and scattered fields in the surrounding 
diclectric host medium with (real) dielectric 
constant émarxy and in the interior of an arbitrary 
spherical particle of (complex) dielectric 
function e(«). 

There are two solutions for transverse fields: 
one with the radial component of the electric field 
E, = 0, called ‘transverse electric (TE) solution’, 
and one with the radial component of the 
magnetic field H, = 0, called ‘transverse magnetic 
(TM) solution’, These solutions can be obtained 
in terms of vector spherical harmonics which can 
be derived from corresponding scalar potentials 
Tl and Thy. These are solutions of the Helmholtz 
equation: 


Vile + Kiransverse %Ue.s1 = 0, fii 
Kjanevere = Stranerenet 1 
In spherical coordinates, the Helmholtz equation 
is solved by a separation of variables ansatz and a 
multipole expansion, yielding an infinite number 
‘of independent partial solutions with multipolar 
order L, the TM partial waves or ‘electric partial 
waves’, and the TE partial waves or ‘magnetic 
partial waves’. 
A third solution, the potential T, that only 
affects the electric field, can be found as the 
solution of 


vr =0, 0 {1b} 
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and represents longitudinal excitations in the 
particle. 
4. Boundary conditions at r 
for the transverse fi 
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(Sauter—Forstmann condition) 


The linear response function of the particle 
material used here, is e, where © =e +ie) is 
averaged over the particle volume, including the 
surface—interface region. 
‘The magnetic permeability px is set 1 for the 

investigated high frequency regions. 

5. Computation of cross-sections for extinction, 
scattering, and absorption from Poynting’s law: 


Extinction, i.e., the sum of absorption and 


scattering loss 


de & 
Ee Y QL + Rela, + b1} (4) 
i 


# Elastic scatt 


ing: 


ase = YAL+VllaP + lb?) 1S] 
& 


‘* Absorption, i.e., the energy dissipation (pro- 
duction of heat and thermal radiation): 


ea (61 


Obs = Fox — 


L indicates the multipolar order of the Mie 


The coefficients a, and by, following from the 
Maxwell boundary conditions for transv 


Pe Cems W' (20) = Won 


a Comyn) — Won) 


ie a Con) 1 ¢) — map’ mx) (x) \7bI 
Wm) 1G) = PH I) 
with om = 2x/tyjauixs Where m denotes the complex- 
valued index of refraction of the particle e = 1!" and 
Mazin the real-valued index of refraction of sur- 
rounding medium. & is the wavevector and x = k-R, 
the size parameter. W,(z) and m,(z) are Riccati— 
Bessel functions of the first and third kind. The prime 
indicates differentiation with respect to the argument 
in parentheses. Including longitudinal fields, eqn [7] 
will be slightly modifie« 
Applying Lambert-Beer’s law, these cros 
are related to the absorption-, scattering-, and 
extinction-constant A(w), Sw), and E(w), respect- 
ively, and the resulting intensity loss AI of a 
many-particle system of number-density Z of the 
(noninteracting) particles, is 


sctions 


A= hi(1 ~ exp(-Z-aed)), 
[8] 


d= sample thickness 
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Figure 3 Mie extinction spectra of various particle materials. 2 = 10 nm. The clusters are embedded in matrix materials with 
diolectric constants between 1 and 10, which are indicated for each spectrum. Obviously, the peak structure of the spectra strongly 


depends on the matrix. 


Figure 3 gives a compilation of some spectra of 
general interest determined by evaluating Mic’s 
theory. 


Beyond Mie’s Theory 


Application of Mie’s theory to experimental results is 

disappointing because, in most cases, quantitative 

coincidence is not obtained, One reason is that the 

simple assumptions incorporated either in Maxwell's 

theory or in Mie’s derivation are not met by reality. 
Mie’s theory does not apply, if: 


1, particle sizes in a diluted cluster matter sample are 
not uniform; 
. particle shapes differ from the sphere; 
- Ematie Varies with frequency, Enans() 
4, cluster-dependent dielectric functions differ from 
the according functions of the bulk; 


5. the (step-function like) Maxwellian boundary 
conditions at the particle-matrix interface are not 
applicable; 

6. dielectric functions of particles and/or matrix are 
nonlinear; 

7. surrounding/embedding matrix material is 
absorbing; 

8, particle structures are heterogeneous (core-shell 
structures, multi-grain clusters, etc); and 

9 particles form close-packed aggregates instead of 
being well-separated, and hence, electromagnetic 
coupling among particles is important. 


Of course, this list may be continued. Regarding 
realistic samples, it is obvious already from these 
deviations that quantitative correspondence hetween 
experiment and Mie theory usually cannot be 
expected. But, over time, each of these extra effects 
has been treated and included into extensions of Mic’s 


Organization 


Reference versus Tutorial 

Asits title suggests, this is a reference book, not 
a tutorial. A tutorial begins with elementary con- 
cepts and builds sequentially toward concepts 
that are more advanced. A reference book as- 
sumesthat youmay dip intothe textat any point, 
learn what you need to know, and then put the 
book aside. If you choose to read it straight 
through from beginning to end, you will find 
some repetition, as each entry is intended to be 
self-sufficient, requiring minimal reference to 
other entries. 


My books Make: Electronics and Make: More Elec- 
tronics follow a tutorial approach, They don't go 
into as much depth as this Encyclopedia, be- 
cause a tutorial inevitably allocates a lot of space 
to step-by-step explanations and instructions. 


Theory and Practice 
This book is oriented toward practicality rather 
than theory. | assume that the reader mostly 
wants to know how to use electronic compo- 
nents, rather than why they work the way they 
do. Consequently, | have not included proofs of 
formulae or definitions rooted in electrical theo- 
ry. Unitsare defined only to the extent necessary 
to avoid confusion. 


Many books on electronics theory already exist, 
if theory is of interest to you. 


Entries 
This encyclopedia is divided into entries, each 
entry being devoted to one broad type of com- 
ponent. Two rules determine whether a compo- 
nenthas an entry all to itself, oris subsumed into 
another entry: 
Rule 1 
‘component merits its own entry if tis (a) 
widely used, or (b) notsowidely used but has 
aunique identity and maybe some historical 
status, The bipolar transistor entry is an 
example of a widely used component, 


whereas the unijunction transistor entry 
is an example of a not so widely used com- 
ponent with a unique identity. 


Rule2 

Acomponent does not merit its own enti 
it Is (a) seldom used, or (b) very similar in 
function to another component that is more 
widely used. For example, a rheostat is sub- 
sumed into the potentiometer section, 
while silicon diode, Zener diode, and germa- 
nium diode are combined together in the di 
ode entry. 


Inevitably, these guidelines required judgment 
calls which in some cases may seem arbitrary. My 
ultimate decision was based on where | would 
expect to find a component if was looking for it 
myself. 


Subject Paths 

Entriesare not organized alphabetically. They are 
‘grouped by subject, in much the same way that 
books in the nonfiction section of some libraries 
are organized by the Dewey Decimal System 
Thisis convenient if you don'tknow exactly what 
you are looking for, or if you don't know all the 
options that may be available to perform a task 
that you have in mind. 


Each primary category is divided into subcate- 
gories, and the subcategories are divided into 
component types. This hierarchy is shown in 
Figure P-2, Itis also apparent when you look at 
the top of the first page of each entry, where you 
will find the path that leads to it. The diac entry, 
for instance, is headed with this path 


discrete semiconductor > thyristor > diac 


Any classification scheme will run into excep- 
tions. You can buy a chip containing a resistor ar- 
ray, for instance. Technically, this is an analog in- 
tegrated circuit, but a decision was made to put 
it in the resistor section of Volume 1, because it 
can be directly substituted for a group of resis- 
tors. 


Preface xxii 
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theory, which should therefore be applied, instead of 
the original theory. In the following several of these 
effects will be treated in some detail. 


Particle Shapes Deviating From the Sphere 


Even metals of high structure-symmetry, like the fec- 
Au, can yield nanoparticles with low symmetry 
habits. Figure 4 shows Au nanoparticles with exotic 
shapes ranging from triangle and hexagonal platelets 
over fivefold symmetry multitwin-particles to rodlike 
shapes. The majority of particles are multigrain 
structures of irregular isometric shapes. 


Multishell Particles 


In experiments, particle surfaces often react chemi- 
cally with the surrounding media, thereby forming 
compound shells. Core/shell structures can be clearly 
visible in the optical absorption spectra, Figure 5 
shows, as an example, the absorption spectra of 
nanoparticles of Ag core/Au shell and of Au core/Ag 
shell, respectively with varied shell thicknesses. 


Figure 4 Chemically (Esiguondy mothod) produced Au clusters 
with extraordinary varity of diferent shapes. (Of special interest 
are the small parc of five-fold symmetry.) Mean sizes of the 
Inreguiar, almost spherical particles: 36 nm 


Resonances will also occur, e.g., in metal-coated 
dielectric particles. An example is shown in Figure 6, 
with extinction spectra of silver-coated titanium- 
dioxide particles, computed by an extension of Mic’s 
theory. 


Aggregates of Nanoparticles with Electrodynamic 
Particle-Particle Coupling 


The optical extinction and scattering spectra of 
many-particle systems with dense packing forming 
aggregates (see Figure 4) are strongly influenced by 
electromagnetic interactions: each particle feels the 
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Figure 5 Measured extinction spectra of (a) siver-coated gold 
particles (gold core 2F'= 17 nm, shell thickness varying from 
d=0 to d=36nm from top to bottom), and (b) gold-coated 
silver particles (siver core 2A = 18m, shell thickness varying 
from d = 0 to d= Sm from bottom to top. 
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Figure 6 Calculated extinction spectra of spherical siver-coated 
titanium dioxide particles. The shel thickness is kept constant at 
d= 10nm. the core sizes amount to 2A = 30Am, 50nm, and 
£80 nm, respectively, as indicated inthe graph, 
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scattering near fields of all its neighbors, which give 
rise to splitting, broadening, and shifts of resonances. 
Thisis clearly demonstrated with colloidal Ag and Au 
particles in Figure 7, 

The splitting, broadening, and shifts can be 
assigned to the shape and size of the resulting 
many-particle aggregates. An example for the influ- 
ence of the topology of the many-particle system is 
given in Figure 8 with extinction and scattering 
spectra of silver particle aggregates of N = § identical 
silver particles with 2R = 40 nm, which were com- 
puted by the Generalized Mie Theory (GMT). As a 
rough rule-of-thumb, such electrodynamic coupling 
effects of the oscillators only can be ignored if the 
smallest next neighbor center-to-center distance dec 
exceeds dae = 5R. 


Size Effects 


‘The extraordinary practical success of Mie’s theory is 
based upon the fact that this example of classical 
electrodynamics enables us to compute numerically 
the optical response for arbitrary realistic particle 
materials. In contrast quantum theoretical calcu- 
lations are restricted, beyond the molecule-solid state 
transition, to jellium and jellium-related hypothetical 
material, 

Classical electrodynamics, being a phenomenolo- 
gical theory to describe light propagation, does not 


Photon energy [eV] 
43 2 


yield information about optical material properties. 
‘These enter via the dielectric functions inserted into 
the Maxwell boundary conditions. They must be 
taken from elsewhere, such as from experiments or 
from quantum solid state theory model calculations. 
This twofold basis of Mie’s theory is illustrated in 
Figure 9. 

There are two different sources for particle size 
dependences of the optical extinction spectra: 


1, The electrodynamics: the larger the particles, the 
larger are the number of contributing multipoles 
and the influences of retardation effects, both 
influencing strongly the optical spectra; 

2, The optical material properties describing the 
particle material which, in the nanoscale size 
region, exhibit size dependences. These size 
dependences can be treated by corrections entering 
the bulk material function, 


In general, the dielectric function e(w) of a metal or 
semiconductor is the sum of susceptibility contri- 
butions of the lattice, of the conduction electrons, and 
of the interband (electron—hole) excitations: 


(wo) = &y(w) + iex(w) 


f(a) 4 gE ero 45) 


a yatetand yy (9) 


Photon energy [eV] 
3 2 


Sige A 


particles, 


Increasing state: 
‘of aggregation 
on 


A 


Increasing stato 
of aggregation 


. 501 
= z 
i i 
a1 Sigle 
partes 
. 01 a 
13 
300 400 500 600 700 800 400 500 600 700 800 900 


Wavelength (om) 


Wavelength tom) 


Figure 7 Measured extinction spectra of aggregated samples of (a) siver particles with 2A = 28 nm, and (b) gold particles with 
2 = 38 nm. The samples contain random distributions of aggregates of various topologies, but with increasing state of aggregation 


{rom bottom to top. 
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Figure 8 Calculated extinction and scattering spectra of aggregates with N= 5 almost touching identical silver spheres of 2R = 
40:nm. From top to bottom, the spectra belong tothe following particle arrangements inthe aggregate: = sme rg oe mf of ow. 


The dashed line represents the single particle spectra 
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Figure 9 Scheme ofthe basics of Mie's theory. 


A detailed expression was given by Bassani (here, the 
lattice contributions, mainly important in the IR, 
were disregarded): 
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In this equation, the quantity n is the conduction 
electron density, k the wavevector of the electrons 
with norm &, and BZ denotes the Brillouin Zone. 
The vector ¢ is the polarization vector of the 
incident light. My is the transition matrix element 
with j = initial and f = final states. 

To which degree of approximation a single 
dielectric function can describe the optical response 
of a nanoparticle consisting of inner core and surface 
with differing local optical properties (ie., polariz- 
abilities), and how this function has to be modelled 
as an average, is still a problem. An easy, but 
only approximate answer is to identify terms in the 
eqns [10] and [11], which may change if the cluster 
size is reduced down to the nanometer scale, and to 


introduce correction terms. 

In the case of the conduction electrons of eqn [10], 
these are the electron density 1, the effective electron 
mass mg, and the relaxation frequency y. In the 
terms of the interband transitions (index inter), these 
are the transition matrix elements My and the band 
structure energies of the initial and final states E, and 
Ey. All of these quantities change, when the particle 
size is reduced, in different size regions and to 
different amounts, and detailed quantum theoretical 
investigations are required to derive proper correc- 
tion terms. 

The application of the continuum-based dielectric 
functions and of Mie’s theory fail when the molecule- 
solid state transition region is reached. 
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The effects of size-dependent dielectric functions 
upon cluster absorption spectra are demonstrated in 
the series of absorption spectra of Figure 10, 
measured on highly diluted heterogeneous systems 
containing spherical Ag, Au, and Cu particles which 
were embedded in a glass matrix. If ew) we 
independent of size, then the spectra should be 
identical, in the investigated particle size region. 
So, their differences reflect clearly that ¢ = e(R). 

To describe the size effects of the conduction 
electrons, the relaxation frequency y of eqn [10] has 
been modified introducing a parameter that is called 
A-parameter which also contains size effects and also 
particlehost interface effects, To explain the 
electronic size effects in detail, quantum effects have 
to be considered taking the discretization of the 
handstructure into account, but they can also be 
treated by a simple classical approach: this is the 
mean free path effect (FPE), assuming the mean flight 
time of the effective conduction electrons (i.e., those 
with Fermi energy Ey) between subsequent surface 
collisions amount to 


12) 


‘The A-parameter is a measure of the effectiveness of 
the single collision in view of relaxation. Complete 
‘memory loss’ of the drift momentum in each collision 
would lead to Aype = 1. Taking electron correlation 
effects and energy relaxation into account, A-values 
larger than 1 may also be realistic. Values larger than 
unity also occur in multigrain particles, due to grain 
boundary ‘collisions’. 

Various quantum mechanical models of electronic 
particle size effects result in relations, formally 


Ag clusters: Au clusters: 


coinciding with the 1/R-dependence in eqn [12]. 
Most relevant is the value of A for particles int vacuo 
with clean surface. This value has been determined 
25 for 


theoretically and experimentally to A 
Ag particles. 


Properties of Internal Interfaces 


Structures of Surfaces/Interfaces 


Only mathematical interfaces in geometry can, in 
fact, be two-dimensional planes separating two 
different volume elements. This is assumed in the 
frame of Maxwell boundary conditions entering 
Mie’s theory. In real nanostructured matter, however, 
the interface regions are three-dimensional layers 
formed by disturbances of atomic and/or of electronic 
structures, and/or of chemical compositions. In 
addition, due to the finite wavelengths of the 
conduction electrons, the according electron density 


‘spills out’ and, as a consequence, we find electron 
density beyond the geometric surface. It should be 
kept in mind that these effects hold, with proper 
changes, for interfaces in nanostructured materials in 
general. Hence, an understanding of the interface 
regions is of key importance for all nano-material. 


Electronic Interface States 


Up to now, this discussion has been restricted to 
particles with uncovered, ‘clean’ surfaces. In most 
practical examples of heterogeneous materials how- 
ever, the building units are embedded in a host 
matrix, deposited upon the surface of a substrate, or 
are in close contact to neighboring crystallites, etc., 
to stabilize the samples. Then, special electronic 
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Figure 10 Measured extinction spectra of Ag, Au, and Cu cluster 
Cu-partcies, measurements at 1.5 K are added. 


FS of various mean sizes, grown in glass matrix. In the case of 
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interface states are created by contributions of 
particle electrons and host electrons, which are 
(disregarding their density on the surface) similar to 
adsorbate states. 

‘One might assume that the broad knowledge about 
these states in surface science, obtained from samples 
with extended crystallographic planes, should be very 
useful here. However, the surface of a cluster, in 
principle, differs from the planar surface of a single 
crystal by containing a multitude of different local 
surface structures, atomic sites, and varying atomic 
coordination numbers. Even if the surface structure is 
not irregular (as is usual in nanoparticles), the surface 
consists of several facets of different orientation 
separated by edges and comers. The coordination 
numbers of surface atoms, thus, vary strongly 
(c.g. between § at a corner and 9 on a plane), 
indicating surface sites to have different energies. 

We have shown that, if the particles are metallic, 
the ‘particle/host’-interface states give rise to two 
different electronic charge transfer processes of 
particle conduction electrons, the static and the 
dynamic charge transfer. This will be demonstrated 
qualitatively for metal particles by the example 
presented in Figure 11. 


The Static Interface Charge Transfer and its 
Effects Upon Mie Resonance Positions 


At the left side of Figure 11, the conduction band of 
the metal cluster close to its surface is shown, which is 
occupied with electrons up to the Fermi energy Ex 
Chemisorption of a free atom (one energy level E, of 
which is plotted at the right-hand side) is assumed to 


Lao 


occur by approaching the atom to the cluster surface, 
The resulting energy states are also shown. Let us 
assume the marked electronic level E, in the free atom 
is nonoccupied. During the chemisorption process, 
this level is shifted and broadened, developing density 
of nonoccupied states below the particle Fermi 
energy, which is localized at the three-dimensional 
interface region. After complete the process is, such a 
state will be occupied permanently by electrons of the 
cluster (static charge transfer), and the nanoparticle 
will have lost electrons, thus its electron density being 
reduced. The driving impact of this process is the 
equilibration of the chemical potential in the whole 
cluster-matrix system, 

Now assume we embed a cluster into some 
surrounding material. Then all those atoms of the 
latter, which are situated directly at the interface, 
become chemisorbed at the cluster. Hence remarkable 
amounts of charges can be transferted into the 
interlayer region and an clectrical double layer is 
created. As an example, a very strong amount of 
static charge transfer was observed experimentally 
when applying solid Fullerite (Ceo molecules) as 
embedding matrix for Ag-nanoparticles: here, each 
Cay in direct contact with the Ag particle attracts one 
electron, forming (Cgo). Hence, in this experiment 
with 500 atoms large particles, in total about 20% of 
the conduction electrons of the Ag-particle were 
transferred into the interlayer. Strictly speaking, such 
a nanoparticle of the heterogeneous material is no 
longer a silver particle because of the remarkable 
changes of electronic properties by static charge 
transfer. 


ii 


‘Atom at a 
metal surface 
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Figure 11 Electron energy scheme for atomic adsorbation at a metal particle surface. The free atom (energy spectrum: right) 
approaches the particle surface (left; conduction band with Fermievel E;). Its energy level E, is thereby shifted and broadened 
{Including ensemble broadening of many atoms deposited at many clusters). The atoms are assumed tobe separatod from the metal by 


a tunnel barrier (see text) 
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Some consequences are listed in the following: 

In a first step, let us assume that the electronic 
bandstructure is not altered by the charge transfer. 
Then we expect: (i) changes of level occupation; 
(ii) changes of Fermi energy and Fermi velocity; 
(iii) changes of effective masses close to Eys (iv) 
changes of surface ‘spill out’; (v) additional adsorbate 
levels and special surface states; and (vi) changes of 
the optical interband transition edge. 

Ina second step, we may consider possible changes 
of electronic bandstructure (e.g., energies) and, 
finally, also changes of atomic structures (i.e., lattice 
structures and/or surface structures). 

Since plasmon frequencies depend on the conduc- 
tion electron density, the resulting Mie resonance can 
monitor and give quantitative information of this 
effect. We find shifted by the static charge transfer: 


Mo evonsnce = (VA — Jt) 


U3} 


eget 


with m being the conduction electron density in the 
cluster in vacuo, and 1m; being the clectron density 
after contact with foreign material (adsorbate, sub- 
strate, or host-matrix). This peak shift of the Mie 
resonance, however, is superimposed in the experi- 
ment by a much larger shift, following simply from 
the change of Maxwell boundary conditions by the 
altered dielectric constant of the particle surrounding 
Eman When going from vacuum to a matrix 
material, Hence, the experimental determination of 
static charge transfer processes is rendered more 


difficult, 


‘The Dynamic Interface Charge Transfer and its 
Effects Upon Mie Resonance Widths 


After the static charge transfer in Figure 11 has taken 
place, electrons close to Ey can fluctuate between the 
cluster and empty adsorbate levels, if present at Er. 
‘The residence times in these levels, which are usually 
separated from the Fermi sea of the metal cluster by 
some tunnel barrier, vary statistically. Ifa plasmon is 
excited, i.e., mainly a collective, phase ordered 
motion of all conduction electrons superimposed to 
their statistical motion, we may assume that, after 
such electron transfer back and forth, the reminis- 
cence to the primary drift momentum, and the phase 
of this excitation, has been lost. Thus, the phase 
relaxation of the plasmon is increased. 

The consequences of this dynamic charge transfer 
effect (‘chemical interface damping’) have been 
investigated in detail. Here, we only state that 
the directly observable main consequence is the 


broadening of Mie resonances. If the particles are 
sufficiently small to neglect radiation damping (this 
is the case for Ag clusters smaller ~15 nm), band 
broadening is only due to internal energy dissipation 
and the band width can be modeled quantitatively 
with the modified relaxation frequency y in eqn [10] 
which yields an additive correction term: 
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with the A-parameter extended to the additional 
electronic excitations in the particle/host interlayer: 


x 


4) 


A= aise eters + Aimertace fees U5) 
The A-parameter of eqn [15] now expresses both 
the strengths of the particle size effects and of 
the chemical interface damping, due to statistically 
varying occupation of interface states near Er. 

An important feature of this model is that the 
dependence on the kinds of materials is described 
by specific material parameters (Asize cites and 
Apucrfce efiesss and the direct size dependence effects 
are given by an 1/R-dependence, for both the direct 
size effects and the interface effects. For one fixed 
cluster size R, the magnitude of Aigrertaceetecs directly 
characterizes the probability of the single temporal 
charge transfer, including the number and energies of 
contributing interface states; hence, important prop- 
erties of the adsorption process can be investigated by 
determining the A-parameter. 


Experimental Results 


In the experiments presented in the following, we deal 
with the interfaces between clusters and a more or less 
homogeneous solid embedding medium. We selected 
very small silver nanoparticles of about 2 to 4 nm size 
with accordingly large ratio of surface- to volume- 
atoms, in order to optimize the sensitivity of the 
measurements. Silver is unique in having the most 
pronounced Mie resonance of all known materials. 

In Figure 12 two classes of matrix materials are 
presented, fluorides and oxides. The absorption 
spectrum of the free particles with uncovered ‘clean’ 
surface (measured in a cluster beam in UHV) is added 
in both diagrams which is only influenced by size 
effect. General features are, that embedding in a host 
medium causes: 


© drastic Mie resonance peak shifts toward IR, 
depending on the dielectric constant of the matrix 
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Figure 12 Measured optical extinction spectra of 2 nm Ag nanoparticles, embedded in various diferent embedding material. 
For comparison, the spectrum of the free nanoparticle beam is added. Left side: oxidic materials, right side: fluoridic materials. 


Ematsixy Which classically follow from Mie’s theory 
and by comparingly small additional shift due to 
static charge transfer; 

# drastic broadening (exceeding, in some cases, all 
known size effects), which according to eqn [14], 
can be described by characterizing values of the 
A-parameter. Recently, these parameters have been 
experimentally determined for Ag nanoparticles 
embedded in a broad variety of host materials 
Their interpretation is rendered difficult, however, 
due to inhomogeneous broadening of varying 
magnitude, 


We can immediately judge from Figure 12 that both 
shift and broadening are larger in the case of oxidic 
matrices than of fluoridic ones, i.e., oxides possess 
more interface states close to Ep of the material. 
In Figure 13, observed peak positions bo, and 
broadenings expressed in the resulting A-parameters, 
are summarized for a broad variety of different 
embedding materials. 


Comparison of Plasmon Polariton 
es with Femtosecond 
Experiments 


In the last section, experimental examples were 
presented to show how fundamental physical proper- 
ties are changed by forming heterogeneous materials. 
Because the Mie resonance widths are mainly a 
consequence of finite plasmon polariton life times 7, 
(in addition, there are interband contributions, in 
larger particles radiation damping, and dispersion 
influence}, the latter can be evaluated from measured 
optical absorption spectra. This supposes the 
bandwidth to be essentially homogeneous. From 
a width analysis fitting Mic’s theory numerically we 
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Figure 13 Silver nanoparticles (2A = 2nm) embedded in 
various solid host matrices: measured Mle peak positions and 
resonance halfwidths expressed by the A/parametors. 


obtained for Ag particles, free flying in UHV with 
uncontaminated free surfaces and 2nm in size, a 
plasmon lifetime of 7=6 fs. Under these experi- 
mental conditions, the measured bandwidth is the 
homogeneous on 

Concerning the size dependences, we can extra- 
polate to larger particles. The longest lifetimes are 
expected for 15 nm particles, for which r= 15 fs was 
obtained by extrapolating the experimental data for 
2nm particles to this size. The same width analysis 
was performed for the nanoparticles embedded in 
matrix materials, and as a result, the lifetimes 
drastically decrease down to 1-2 fsec. The observed 
increase of the A-parameter, as shown in the previous 
section, is thus directly correlated to the measured 
decrease of the plasmon polariton lifetime. Hence, we 
conclude that the decrease of the lifetime is mainly 
due to increased phase relaxation caused by the 
dynamic charge transfer effect. 
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These results can be compared with recent femto- 
second spectroscopy experiments which have recently 
given much impact on the experimental investigation 
of the dynamics of Mie resonances in silver and gold 
nanoparticles. In these experiments data between 
6 and 10 fsec were obtained for deposited Ag and Au 
particles of different sizes and different substrate 
Regarding the complexity of the different exper 
iments the correspondence of the data appears 
convincing. 

Obviously the lifetimes evaluated in the frequency 
domain, from our spectra of particles in vacuo, 
coincide with the lifetimes determined in the time 
domain. The latter, though, were measured with 
larger particles deposited on substrates (i.e., not from 
free particles but including interactions with sub- 
strates). 

As a concluding remark, it may be pointed out 
again, that the optical properties and the heterogen- 
city effects presented here for the model system of 
nanoparticle/host-matter, are also to be found in 
other examples of the large field of heterogeneous 
materials. 


List of Units and Nomenclature 


Absorption bandwidth r 

circular frequency [s o 

dielectric constant/dielectric e 
function [-] 

effective electron mass [kg] mee 

electric field [V m~] E 

(clectron) relaxation frequency -y 
is] 

electron state energies for E,, Ey 


initial and final state [J] 

elementary charge [C] & 

extinction, scattering, Grenay Tscas Fabs 
absorption cross 
section [m*] 


Fermi energy [J] Ep 

Fermi velocity of electrons Veen 
[ms] 

intensity [W m~?] I 

Kronecker energy distribution 6B) 
ul 

magnetic field [A m™'] H 

norm of wave vector of k 
electrons [m~"] 

number density of conduction n 
electrons [m~*] 

Riccati-Bessel functions of Wud) 
first kind [-] 

particle radius [m] R 


(phase-) life time [s] 1 


Planck constant [J] h 

Riccati-Bessel functions of ml) 
third kind [-] 

scalar electromagnetic nr 
potentials [V] 

susceptibility [-] x 

transition matrix element My 
[kgms~'] 

vacuum permittivity e 
[cve'm] 

vacuum velocity c 
of light [ms~"] 

vacuum wavelength a 
of light [m] 

wave vector of electrons [m k 


‘Scattering: Scattering Theory. Semiconductor Physics: 
Polarons. 
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The desire to probe the heavens is as old as humanity; 
the realization that the human eye could be aided in 
these investigations is somewhat more recent. In May 
1609, Galileo Galilei, while visiting in Venice, heard 
about the new ‘telescope’ invented by the Dutch lens- 
maker Hans Lipershay and decided that it would be 
useful in his astronomical investigations. He returned 
to his home in Padua and made his own telescope 
comprised of 4.2cm diameter plano-convex and 
plano-concave lenses. With this telescope, Galileo 
discovered the satellites of Jupiter; got tenure; had his 
salary doubled — and the race was on! It did not take 
too long to realize that ‘bigger’ was ‘better’, and from 
this point forward, there has been a continuous 
striving to increase collecting area and resolution, 
thereby enabling the astronomer to ‘see’ farther and 
farther into the heavens. 

The optics 
prompted investigations into reflecting optics. — 
mirrors. In 1668, Isaac Newton produced the first 
reflecting telescope having a 2.5 cm diameter mirror 
made of speculum (copper (6), tin (2), and arsenic 
(1)). A little over 100 years later, in 1789, William 
Herschel constructed his ‘Great Telescope’, having a 
1.22 m diameter mirror made of bronze, Of course 
as telescopes grew, so did mirror weight. In 1845, 
William Parsons’ ‘Leviathan’ was built. It had a 
1.84m diameter mirror made of speculum that 
weighed 3600 kg — a whopping 1354 kgm. 

Problems with corrosion in speculum and bronze 
mirrors led to a renewed interest in glass, and the 
development of highly reflective coatings soon made 
metal mirrors obsolete. In 1917, the mirror for 
the Hooker telescope arrived on Mount Wilson. 
Made by the Saint Gobain glassworks in France 
from the same material used for wine hotles, the 
mirror was 254m in diameter, 33cm thick and 
weighed over 4000 kg (789 ky m ~*). 

‘The increasing weight of larger and larger mirrors 
produced practical problems for telescope makers 
and astronomers. Herschel’s telescope was so 


limitations of refractive soon 


van de Hulse HC (1957) Light Scattering by Small Particles. 
New York: Wiley 
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unwieldy that he found it almost impossible to use 
and returned to smaller telescopes for most of his 
observations, and the 2.54m Hooker telescope 
required a 100ton mount and drive system. 
Obviously, if telescope apertures were to increase, 
steps had to be taken to make mirrors lighter. The 
first major success in this arena was accomplished 
for what was to become the Hale Telescope 
commissioned at the Palomar Observatory in 
1948. In 1936, Corning cast a mirror made of a 
new borosilicate glass blend called Pyrex, The blank 
was lightweighted by placing hexagonal shaped 
obstructions in the mold which created correspond- 
ing voids in the glass. The finished mirror (Figure 1) 
was 5.08 m in diameter, 61 cm thick at the edge and 
weighed approximately 13 000kg (641 kgm“). 
Even with this degree of ‘lightweighting’ the 
mounting and drive mechanisms still weighed 
around 182 000 kg. 

Although the desire for larger ground-based 
telescopes provided the initial impetus for develop- 
ing lightweight mirrors, the advent of the space 
program and the desire to put telescopes in space 
became the main driver in the pursuit of ‘serious’ 
lightweighting techniques. The cost of launching 


Figure 1 5.08m Pyrex™ mirror made by Coming/Caltech for 
the Hale Telescope. Reproduced with permission from the 
Palomar Observatory/Califomnia Institute of Technology. 
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large telescopes into space quickly becomes prohi- 
hitive as aperture size increases. Consequently, the 
current emphasis is on developing ultra-lightweight, 
deployable telescopes that permit ever-increasing 
apertures to be placed in orbit. Fortunately, the zero 
gravity environment of space permits satisfactory 
operation of such ultra-lightweight telescopes and 
therefore the extent to which a mirror can be 
lightweighted is primarily dependent upon the 
mirror material and the manufacturing techniques 
utilized. 


Manufacturing 


Mirror manufacturing can, in some sense, be divided 
into two general classes, one that removes material 
(direct generation) and one that deposits material 
(replication). The two classes have significantly 
different limitations relative to producing lightweight 
mirrors. Direct generation encompasses the more 
traditional methods of mirror manufacturing, blank 
fabrication, and optical surface generation, i.c., 
grinding and polishing. Many innovative techniques 
have been developed over the past decade that have 
not only made significant strides in improving 
fabrication times, optical figure, and surface finish, 
but have also made possible the reduction of weight 
to unprecedented levels. 

Although extremely lightweight mirrors are 
ing fabricated using direct generation, in the end, 
there are limitations in the fabrication processes that 
are not present in replication, This process offers the 
fascinating potential to create mirrors that are only a 
few molecules thick, thereby bringing a new meaning 
to the term ‘lightweight optics’. 


Direct Generation 


Mirror blank fabrication 

Casting lightweight glass mirror blanks has evolved 
substantially since 1936. Four 8.2m diameter 
Zerodur™ mirror blanks were spun cast for the 
European Southern Observatory’s Very Large 
Telescope Interferometer. The largest mirror cast to 
date was the 8.4m borosilicate mirror cast in a 
spinning oven for the Large Binocular Telescope on 
Mount Graham. Although not exactly lightweight by 
space standards - the blank weighs 15 455 kg 
(266 kg m+) — it is substantially less than a 
conventionally cast solid blank. 

It has been postulated that an areal density of 
around 64 kgm? probably represents the limit of 
lightweight glass castings. Therefore, as the demand 
for lighter and lighter mirrors increased, methods 


other than casting had to be developed. Investigations 
in the 1960s indicated that mirrors could be 
lightweighted to about 180 kg m”* by first fabricat- 
ing a ‘honeycomb’ core and then fusing plates on the 
front and back of the core using a high-temperature 
fusion process. This process was used to produce 
the Hubble Space Telescope mirror (Figure 2). 
Hubble had a 2.5m thick face-sheet and back- 
sheet and a honeycomb interior constructed of 
individual pieces 0.5cm thick, These pieces were 
assembled and placed in a large furnace where the 
temperature was increased until they fused together. 
The resulting 2.4m diameter mirror weighed 828 ky, 
(183 kgm 

During the 1980s, Frit bonding technology was 
developed. Unlike the fusion process, Frit allowed 
the bonding of glass elements at a lower tempera- 
ture. This allowed the cross-sections of the glass 
clements to be significantly reduced. The thicknesses 
of face-plates were typically reduced to around 
7mm and areal densities in the 40-50 kgm? 
range became routine. New advances were also 
made in core manufacturing. Diamond tooling was 
developed along with computer controlled systems 
to machine cores from solid blanks. High-pressure 
water jets were developed that allowed cores to be 
made much faster than with diamond tooling. In 
addition, the water jet cutting provided the ability 
to create very flexible geometries optimized to 
minimize weight while retaining stiffness. Water 
jets could machine core walls that could be held to 
a thickness of around 1.5 mm over a core depth of 
20cm. Computer controlled diamond machining 
has created even thinner cores (less than Imm in 
thickness) but the process requires longer generation 
times. 


Figure 2. 2.4 mULE™ mirror made by Coming/Perkin Eimer for 
the Hubble Space Telescope. Photography courtesy of NASA. 


Some components have hybrid functions. A 
exer, for instance, may pass analog sig- 
nalsand may have “analog' in its name. However, 
itis digitally controlled and is mostly used in con- 
junction with other digital integrated circuits. 
This seemed to justify placing it in the digital cat- 
egory. 


Inclusions and Exclusions 

There is also the question of what Is, and is not, 
a component. Is wire a component? Not for the 
purposes of this encyclopedia. How about a DC- 
DC converter? Because converters are now sold 
in small packages by component suppliers, they 
are included in Volume 1 as components. 


Many similar decisions had to be made ona case- 
by-case basis. Some readers will disagree with 
the outcome, but reconciling all the disagree- 
ments would have been impossible. The best | 
could do was to create a book which is organized 
in the way that would suit me best if| were using 
it myself, 


Typographical Conventions 
Within each entry, bold type is used for the first 
‘occurrence of the name of a component that has 
its own entry elsewhere. Other important elec- 
tronics terms or component names may be pre- 
sented in italics. 


The names of components, and the categories to 
which they belong, are all set in lowercase type, 
except where a term is normally capitalized be- 
cause it is an acronym or a trademark. The term 
Trimpot, for instance, is trademarked by Bourns, 
but trimmer is not. LED is an acronym, but cap 
(abbreviation for capacitor) is not. 


The European convention for representing frac- 
tional component values eliminates decimal 
points, Thus, values such as 3.3K and 4.7K are ex- 
pressed as 3K3 and 4K7. This style has not been 
adopted to a significant degree in the United 
States, and is not used in this encyclopedia, 


In mathematical formulae, | have used the style 
that is common in programming languages. The 


* (asterisk) is used as a multiplication symbol, 
while the / (forward slash) is used as a division 
symbol. Where some terms are in parentheses, 
they must be dealt with first. Where parentheses 
are inside parentheses, the innermost ones must 
be dealt with first. So, in this example: 


A=30/(7+(4*2)) 


You would begin by multiplying 4 times 2, to get 
8; then add 7, to get 15; then divide that into 30, 
to get the value for A, which is 2 


Visual Conventions 

Figure P-3 shows the conventions that are used 
in the schematics in this book. A black dot always 
indicates a connection, except that to minimize 
ambiguity, the configuration at top right is avoi- 
ded, and the configuration at top center is used 
instead. Conductors that cross each other 
without a black dot do not make a connection. 
The styles at bottom right are sometimes seen 
elsewhere, but are not used here. 


All the schematics are formatted with pale blue 
backgrounds. This enables components such as 
switches, transistors, and LEDs to be highlighted 
in white, drawing attention to them and clarify- 
ing the boundary of the component. The white 
areas have no other meaning. 


Photographic Backgrounds 

All photographs of components include a back- 
ground grid that is divided into squares measur- 
ing 0.1", Although the grid is virtual, it is equiva- 
lent in scale to physical graph paper placed im- 
mediately behind the component. Ifthe compo- 
nent is photographed at an angle, the grid may 
be reproduced at a similar angle, creating per- 
spective on the squares. 


Background colors in photographs were chosen 
for contrast with the colors of the components, 
or for visual variety. They have no other signi 
cance. 
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Material removal 

The evolution in blank manufacturing required a 
corresponding evolution in the process of material 
removal. Many new grinding and polishing tech- 
niques were developed over the years to more accu- 
rately and rapidly generate precision optical surfac 
These included adaptive force grinding, electrolytic 
in-process dressing (ELID), water jet figuring, 
computer controlled polishing, stress lap polishing, 
magneto-rhelogical figuring (MRF), plasma-assisted 
chemical etching (PACE), ion figuring, and vacuum 
lap figuring. Most of these processes induce localized 
forces on the face-sheet in the process of material 
removal, and for a ‘honeycomb’ mirror, the face-plate 
deflects away from the grinding/polishing tool as the 
tool reaches the center of the cell. This means that less 


material will be removed in the center of the cell than 
at the edge of the cell where the core wall holds the 
face-sheet against the tool. This creates a ‘quilted’ 
pattern in the surface that must be removed in 
subsequent steps. As face-sheets become thinner, 
quilting becomes more pronounced and the process 
of removing ‘quilting’ becomes exacerbated. For a 
number of years, this was the limiting factor in the 
development of high-precision lightweight mirrors. 
Ion figuring is a noncontact process that has 
climinated the problems associated with mechanical 
material removal. It bombards the surface of the optic 
with neutralized ions causing atoms to be dislodged. 
The process creates no deflection of the surface and 
therefore can remove quilting and other irregularities 
without generating further distortion in the surface. 
This has permitted 2-3 mm thick face-plates to be 
manufactured without concern for quilting effects. 
Primary limitations now being encountered are in 
face-plate generation and the various associated 
handling processes. Great care must be taken to 
avoid fracture. Spin casting ultra-thin face-plates is 
being investigated as a means of further reducing 
problems in the generation process. The 0.75 m 
mirror made for IKONOS, the high-resolution 
imaging satellite, represents the state-of-the-art in 
all-glass lightweight mirrors (28 kgm 


Replication 


Replication techniques are quite common in low-cost 
production mirrors and lenses for commercial pur- 
poses. However, there are also a number of tech- 
niques that hold great potential for precision mirrors 
as well. Chemical vapor deposition (CVD), plasma 
vapor deposition (PVD), plasma spray deposition, 
and electro-forming are all being investigated for 
producing lightweight precision mirrors. This class of 
mirror generation does not start with a mirror blank 


er se, rather it replicates a ‘mandrel’ that has the 
appropriate surface finish and the inverse of the shape 
desired in the final mirror. The mandrel can be made 
very rigid and therefore unperturbed by either 
gravitational forces or the localized forces generated 
by grinding and polishing. Extremely thin mirrors 
with areal densities on the order of 0.1 kgm? are 
currently being manufactured using replication 
techniques. These ‘membrane’ mirrors are currently 
being used for solar energy collection; however, recent 
advances in membrane quality and wavefront correc- 
tion techniques hold out the promise of producing 
high-resolution, membrane imaging systems. 


The Future? 


Theoretically, single-molecule thick mirrors could be 
manufactured in space using self-replicating nano- 
technology systems that ‘grow’ mirrors according toa 
mathematical description of the desired optical sur- 
These ‘smart’ mirrors could self-correct in the 
esence of physical disturbances and sel 


eal when 


ig limited only by the availability of 
raw material. Such mirrors, however, are definitely of 
the future and should merit re-examination 20 years 
hence. 


Materials 


A variety of materials have been developed over the 
years that have led to lighter and lighter mirrors. 
Recently, metals are coming back into play as means 
of fabricating stiff, lightweight mirrors. These metals 
include beryllium, nickel, nickel alloys, aluminum, 
and aluminum alloys. Composite materials are also 
playing a large role in lightweight mirror fabrica- 
tion, both as a support structure and also as a 
reflecting surface (with appropriate coatings). 
Hybrid mirrors comprised of a combination of 
glass and composites have also been developed, as 
well as combinations of glass and beryllium. Various 
forms of silicon carbide have been extensively 
investigated and lightweight mirrors of pure silicon 
are being manufactured. Glass still plays a signifi- 
cant role in large lightweight mirrors, and various 
plastics are under investigation for the production of 
ultra-thin membrane mirrors. 


Glass, Glass Ceramics, and Hybrids 


The most common glass/glass ceramic materials used 
in large telescope mirrors are fused silica, ULE™ 
(Ultra-Low Expansion) glass, and Zerodur™, a glass 
ceramic. As was mentioned earlier, there are a variety 
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Figure3_ 1.5 mULE™ mirormadeby Coming/Kodak for NASA's 
Next Generation Space Telescope Advanced Mirror System 
Demonstrator technology program. Photograph courtasy of NASA. 


of methods available for the manufacture of glass 
mirrors depending upon the extent of lightweighting 
desired. Most of the current effort in lightweight 
mirrors is centered around hybrid mirrors. One 
method bonds very thin (2-3 mm) glass face-sheets 
to composite cores to form ‘sandwich’ mirrors. 
Another method attaches face-sheets to composite 
hack-plane structures via actuators. In the latter case, 
the actuators can be used to actively control 
mirrors to correct for distortions. These mirrors 
were developed as part of the James Webb Space 
Telescope technology program, and typically have 
areal densities on the order of 15 kgm * (including 
hack-plane structures). An all glass face-sheet and 
core is shown in Figure 3. 


Silicon Carbide 


Silicon carbide has long been a promising material for 
lightweight mirrors, It has many of the desirable 
properties of beryllium and is nontoxic. Until recently 
difficulties were encountered in producing mirrors 
larger than ~0.5 min diameter. Of late, several manu- 
facturers have produced large (<1 m) lightweight 
mirrors using different processes; sintering, liquid 
silicon infiltration and chemical vapor deposition. 
‘The sintering process consists of preparing a finely 
ground silicon carbide powder mixed with organic 
hinders and additives and then compacting the 
powder by isostatically pressing it at high pressu 
‘The resulting compact is then machined to the desire 
shape and weight and the blank heated to cause 
agglomeration of the particles. The resulting material 
is known as reaction-bonded silicon carbide; it can be 
polished to around 30 angstroms and can be ion 
figured. If smoother surfaces are required, then a 
layer of CVD or PVD silicon carbide can be added. 
A135 m diameter mirror has been fabricated as a 


demonstration for the European Space Agency's 
Herschel Space Observatory. The mirror was fabri- 
cated in nine segments that were then brazed together 
to form a unified 26 kg m~* blank. This mirror was 
not designed to test the limits of lightweight and, 
consequently, there is no reason to believe that this 
process could not achieve an areal density compar- 
able to the 7.8kgm * of Cesic™ described in the 
following paragraph. The size of mirrors produced 
using this technique is currently limited to around 
4m due to the availability of the furnaces required for 
segment brazing. 

The liquid infiltration process is used to create a 
hiphase carbon, silicon carbide material known as 
Cesie™. This material is manufactured by creating 
a block of chopped carbon fibers embedded in a 
phenolic resin. The block is machined to the desired 
shape and then put into a furnace where the 
temperature is elevated until the resin is turned to 
carbon, The temperature is further elevated and 
liquid silicon infiltrated to produce silicon carhide, 
Bare Cesic™ can be polished to approximately 
100 angstroms. Ina subsequent step, a silicon carhide 
slurry can be applied to the blank that can be polished 
to around 30 angstroms. It is also possible to add a 
CVD or PVD silicon carbide layer to the blank that 
can be polished to obtain angstrom-level surfaces. A 
1.04 m diameter Cesic™ mirror has been constructed 
for the NASA program, Solar Lite. The mirror weighs 
approximately 60kg for an areal density of 
56 kgm. Again, this mirror was not designed to 
test the limits of lightweighting, but in a separate 
demonstration, an areal density of 7.8 kgm~* was 
achieved. The size of mirrors produced using this 
technique is also currently limited to around 4 m due 
to the availability of existing furnaces required for 
infiltration. 

The CVD process produces a SiC material that is 
highly polishable, yielding surface finishes on the 
order of angstroms. Ir has been used quite successfully 
as a coating layer, and has the potential to provide a 
means of replicating very lightweight mirrors by 
depositing a thin layer of SiC onto a mandrel. In one 
approach, the mandrel has the appropriate shape, but 
not the surface finish. In this case, once the SiC has 
heen deposited, the mandrel is hurned away and a SiC 
mirror blank is left. The blank is then ground and 
polished to produce the desired figure and finish. If 
the blank is too thin, this can present a problem in 
achieving a high-performance mirror. A second 
approach involves the deposition of SiC onto a 
figured and polished mandrel. In principle, both the 
figure and surface finish can be replicated. Success in 
this approach, however, has been somewhat limited, 
and although 20-angstrom surface finishes have been 
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replicated, they have not been repeatable. A 1m 
diameter blank was manufactured using the first 
approach, but it too has not been repeated and the 
lack of success appears to be due to high stress 
developed in the deposition process. The residual 
stress in the blank causes large-scale deformation and 
frequently fracture. 


Beryllium 


The extremely high stiffness of beryllium makes it a 
highly desirable candidate for lightweight mirrors. 
Unfortunately, it is a highly toxic material and there 
are only a very few companies involved in the 
manufacture of beryllium mirrors and even fewer 
that produce the raw material. Blanks are manufac- 
tured by isostatically compressing beryllium powder 
at high temperature and pressure. The blanks are then 
machined and subsequently geound and polished. 
Early beryllium mirrors often exhibited interesting, 
mysterious changes in figure after seemingly benign 
handling events. Unpredictable changes in figure also 
occurred as they were cycled between ambient and 
cryogenic temperatures. These problems appear to 
have been resolved with the production of spherical 
powder. The older powder consisted of irregularly 
shaped particles and when the powder was com- 
pressed, small, irregularly shaped voids were created 
throughout the material. It is hypothesized that these 
voids changed in size and shape as the blank was 
stressed, thereby causing unpredictable dimensional 
changes in the blank. The spherical powder permits 
uniform, high-density packing yielding homogeneous 
blanks that do not appear to exhibit unpredictable 
dimensional changes. 

The lightest-weight beryllium mirror to date 
(11.8 kgm?) was made for NASA's James Webb 
Space Telescope technology program. This tech- 
nology was selected for the flight mirror. The weight 
reduction was achieved by machining the blank to 
create an open back honeycomb structure with an 
integral face-sheet. The ability to fabricate large 
beryllium mirrors is limited by the availability of 
facilities capable of isostatically pressing the material 
at the requisite pressures and temperatures. Cur- 
rently, blank sizes are limited by available isostatic 
presses to around 1.2 m in width and 1.6 m in length. 
The expense of construction of larger facilities 
combined with limited need make it highly unliki 
that any larger mirrors will be manufactured in the 
near term, A brazing process, however, has been 
demonstrated for joining segments to form a large 
blank. This process could, in principle, permit the 
fabrication of mirrors several meters in diameter. Bare 
beryllium can be polished to around 30 angstroms 


surface finishes. If smoother surfaces are required, 
beryllium can be vacuum deposited on the blank. 
Nickel may also be deposited on the blank; this has 
the added benefit that it can be polished without the 
special facilities required for the hazardous beryllium 
polishing operations. The drawback of using nickel is 
that of the bimetallic effect if the mirror is to be 
operated over a wide temperature range. The Vavilov 
Institute in Russia has developed an alternative 
approach to obtaining good surfaces by creating a 
glass that matches the coefficient of thermal expan- 
sion (CTE) of beryllium over a $0° temperature range. 
The glass is then fused to the beryllium blank. 
There have been numerous attempts over the 
years to produce replicated mirrors using a CVD 
process to deposit beryllium on a mold. So far these 
attempts have been unsuccessful, the process produ- 
cing a material structure that no longer has high 
stiffness. 


Silicon 


Silicon as a mirror material has the advantage of 
being a very homogeneous material that can be 
polished to very smooth surfaces (angstrom level) 
very rapidly. A lightweight mirror has been 
fabricated using a silicon face-sheet brazed to a 
central core of silicon foam. This mirror 
‘sandwich’ has demonstrated an areal density of 
<15 kg m >. Technology has been developed to braze 
segments together in a manner that has been shown to 
have no adverse effects on either polishability or 
cryogenic performance (i.¢., no distortion across the 
braze). Consequently, it should be possible to 
manufacture lightweight silicon mirrors of 1m 
diameter or larger. 


Composites 


There have been many attempts to manufacture 
mirrors from composite materials, beginning 
initially with graphitelepoxy and more recently with 
graphite/cyanate-ester. These mirror are produced by 
laying up graphite sheets impregnated with epoxy, or 
cyanate-ester on a near net shape mold and then 
curing the material at elevated temperatures. The 
optical surface is typically created by coating another 
mold (this time with the desired optical surface) with 
a passivation layer and then with epoxy and placing 
the near net shape composite substrate on the epoxy. 
When the epoxy cures, the completed mirror is 
separated from the mold and the epoxy surface ion 
milled to remove residual errors such as fiber print- 
through. These mirrors can be very lightweight 
(~Skgm +), but typically have problems with 
large-scale distortion due to inhomogeneities due to 
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the lay-up process. The epoxy surface replication can 
also be a problem if the mirror is subjected to 
temperature extremes. A 3.5m diameter composite 
mirror was made as a demonstration for the FIRST 
program. It has suitable performance for submilli- 
meter and infrared wavelengths, but not for shorter 
wavelengths. At this time, the accuracy required 
for large (> m) visible imaging systems has not yet 
heen achieved. 


Gossamer Mirrors 


The term ‘gossamer’ refers to that category of mirrors 
that in and of themselves have no structural rigidity 
heyond spatial scales of fractions of millimeters. 
Several materials are currently being used for these 
types of materials including Kapton™ and various 
other polyimide films. The initial shape of the 
membrane is formed by a variety of techniques 
including vacuum forming, pressure forming, spin 
casting, hot forming, and others, Early mirrors we 
manufactured by joining together triangular-shaped 
segments (gores) to form the desired shape. When 
deployed, these mirrors require some means of 
applying pressure to achieve the desired shape. 
Some methods have involved applying force at the 
edge to put the mirror in tension; some involve using a 
clear membrane as a face-sheet and then pressurizing 
the combination to create a ‘lens’ with a reflecting 
inner surface. Most recently, techniques have been 
demonstrated involving various forms of electrostatic 
deflection to achieve the desired shape after deploy- 
ment. At present the primary applications are in the 
area of solar collection, power beaming, and thermal 
propulsion. The mirrors are approaching the quality 
required for imaging telescopes, particularly for small 
sizes. Techniques for correcting these mirrors with 


Figure 4 15m antenna made by Garde for NASA’s Inflatable 
‘Antenna Experiment. Photograph courtesy of NASA. 


‘downstream’ active optics have reached the 
point where it is not unrealistic to imagine that 
membrane optics could soon reach the accuracy 
required for imaging. There have been two space- 
based demonstrations, one by the Russians — a 20 m 
reflector — and the other by the USA ~ a 14m 
inflatable antenna (Figure 4). 


Grazing Incidence Mirrors 


Broadband X-ray telescopes make use of the reflec- 
tion property of materials at angles of grazing 
incidence. The most common design is based on the 
X-ray microscope objective designs of Wolter in the 
early part of the twentieth century. These mirrors 
are hyperboloids and paraboloids of revolution, 
This configuration provides a structural rigidity not 
present in normal incidence mirrors; consequently, 
X-ray mirrors can be made much lighter. The largest 
mirror of the Chandra X-ray Observatory is made 
from Zerodur™ (Figure 5). It is a 1.2m diameter 
0.9 m long cylindrical mirror with a wall thickness of 
only 24mm. Such a thickness in a normal incidence 
mirror of this size could be easily deformed. 
Lightweight approaches in grazing incidence optics 
are almost all concentrated in various forms of 
replication. Recent developments in electroformed 
nickel alloy mirror technology have resulted in a 
0.5 m diameter 0.6 m long mirror that weighs only 
1.2kg (Figure 6). A similar-sized mirror in the 
Chandra telescope weighs over 100 kg. Extremely 
lightweight cylindrical mirrors have been made from 
graphitelepoxy and from CVD SiC. Various investi- 
gations are underway in producing segments of 
cylinders that are then mounted to form a complete 


Figure § 1.2m Zerodur™ made by Schott Glass Werken/ 
Hughes Danbury Optical Systems for NASA’s Chandra X-ray 
‘Observatory. Photograph courtesy of NASA. 
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Figure 6 0.5m electro-formed nickel~cabalt technology miror 
made by NASA's George C. Marshall Space Flight Center 
for NASA's Constellation X-ray Mission technology program. 
Photography courtesy of NASA. 


cylindrical mirror, These techniques involve a variety 
of materials including aluminum foil, and beryllium 
plates. In segment replication, the mandrel is passi- 
vated and then coated with the desired reflecting 
material of the final optic (the passivation process 
prevents the coating from adhering too strongly to the 
mandrel.) After the mandrel has been coated with the 
reflecting material, an epoxy coating is applied and a 
preformed shell segment is placed on the epoxy. After 
the epoxy cures, the segment can be removed from the 
mandrel along with the desired reflective surface 
(typically gold). In this case, the preformed shell does 
not have to have as precise a figure, or surface as the 
mandrel, since the epoxy will accommodate minor 
difference 


Geometrical Optics: Lenses and Mirrors. Imaging: 
‘Adaptive Optics; Wavetront Sensors and Control (Imaging 


through Turbulence). Instrumentation: Astronomical 
Instrumentation; Telescopes. Optical Materials: Smart 
Optical Materials. 
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Introduction 


The interaction of light with solids takes place 
through different mechanisms, depending on the 
type of material and the range of wavelength 
investigated. Insulators or dielectrics are typically 


transparent to visible light while most semiconduc- 
tors are opaque to visible light yet transparent to 
infrared radiations; in contrast metallic solids appear 
shiny because they reflect all wavelength up to the 
ultraviolet region. The optical properties of a solid 
depends on its chemical composition and its struc- 
tural properties and vary for every material, though, 
one parameter, the complex refractive index n, is suffi- 
cient to characterize entirely the optical properties 
of a specific material. 
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In this article we will briefly review the physics 
underlining the nature of the refractive index n, in 
order to understand its relationship to the observable 
quantities such as absorption, reflection, and trans- 
mission routinely measured in optics experiments. 
A description of the experimental techniques, as well 
as a physical interpretation of the data, will also be 
presented. 


Origin of Light Interaction 
with Matter 


Light is described as a transverse electromagnetic 
wave consisting of an electric and magnetic field 
oscillating perpendicular to the direction of propa- 
gation at optical frequencies within 10'? — 10'7 Hz. 
This range of frequencies comprises the ultraviolet, 
visible, and infrared domain, On the other hand, solid 
mediums are composed of charged particles, negative 
electrons, and positive ions producing electric 
dipoles, which can be polarized under the action of 
an electric field. Hence, when electromagnetic radi- 
ation impinges upon a material it interacts by 
polarizing the molecular units, producing oscillating 
dipole moments. This interaction results in several 
observable optical phenomena such as reflection, 
transmission, absorption, or scattering, which will be 
described in more detail in a following section. The 
classical model of light propagation assumes that the 
oscillating electric field can interact with several 
different types of dipole oscillators within the 
material, Different dipoles are usually accessed by 
light wave from different frequency range depending 
on their mass. 


Electronic Oscillators 


Lorentz originally proposed that the electrons bound 
to the nucleus of an atom behave as oscillators. In this 
representation, electrons behave as if they were held 
by springs and subjected to a linear restoring force, 
therefore oscillating up and down (Figure 1a). This 
representation of an atom might seem to contradict 
the conventional picture of electrons orbiting around 
the nucleus; however, it is valid as far as light-matter 
interactions are concerned. The resonant frequency of 
such an oscillator is proportional to the inverse of its 
reduced mass yz defined as 


i 


nom 
where my and m, are the mass of the nucleus and 
electrons, respectively. The resonant frequency a is 
then related to 1 according to 


mele 2) 


Viorational oscillator 


(@) Electronic oscilator. ——(b) 
Figure 1 (a) Classical oscilator model af a polyelectronic atom, 
“The electrons depicted as black dats are bound to the positive 
ruclous by springs, which represent the electrostatic restoring 
forces between the charged particles. The electronic oscillators 
are distorted under the affect of an electric field. (6) Classical 
‘modal of a diatomic vibrational ascilator. The chemical bond is 
represented as a spring and the charged ions vibrate around their 
cequilrium position under the effect of an oscilating elect fied 


Considering that my <m, we can assume that 
=m, and show that the smaller mass of the 
electron determines the resonant frequency of 
the oscillator. Hence, resonant electronic oscillations 
are accessed at higher frequencies in the ultraviolet 
and visible region of the spectrum. In solids, the 
quantum theory shows that these resonances 
correspond to excitation of electrons across the 
gap between a full valence band and an empty 
conduction band. 


Vibrational Oscillators 


The second type of dipoles contained in the medium 
are based on pairs of charged atoms vibrating around 
their equilibrium position in the solid, Every atom 
has a different electronegativity, hence the electronic 
density on atomic pairs is distorted and result in a 
charge imbalance, which can couple to the electric 
field of light. This generates oscillating dipoles, which 
involves the motion of atomic nucleus (Figures 1b). 
‘The nuclear mass being several orders of magnitude 
larger than the electronic mass, we can show by 
analogy with eqns [1] and [2] that the resonant 
vibration will occur at lower frequencies in the 
infrared region. In solids, the quantum theory 
shows that the lattice atoms vibrate cooperatively 
and generate quantized lattice waves called phonons. 


Free Electron Oscillators 


In contrast with the bound electrons from the 
electronic oscillator model, free electrons can move 
without being subjected to a restoring force, These 
correspond to the conduction electrons present in 
metals and to a smaller extent in doped semiconduc- 
tors. The free electron oscillator model is therefore 


468 OPTICAL MATERIALS / Measurement of Optical Properties of Solids 


Distortion 
Electronic 


Radio microwave 


Infrared Visible Ultraviolet 


Figure 2 Contributions to the polarizability of a medium as a 
function of light frequency. At optical frequencies, the molecules 
ccannat re-orient fast enough to folaw the reversing electric fala 
and the contribution of dipole orientation is lost 


principally used to describe the optical properties of 
metals such as reflectivity. The free electrons are well 
described as conventional oscillator with a natural 
resonant frequency 1 = 0. 

‘The relationship between the applied electric field 
E and the resulting polarization of the medium P is 
expressed through the dielectric susceptibility y as 


P= coxE BI 


where e9 is the permittivity of vacuum. We can 
generally recognize three contributions to the dielec- 
tric susceptibility or the polarizability of an optical 
material (Figure 2). Applied fields in the radio or 
microwave region oscillate slowly enough that polar 
molecular units can reorient and align in the direction 
of the field, The characteristic time for orientational 
motion is fairly long and this contribution is quickly 
lost when the molecules cannot follow the field 
oscillating at higher frequency. When the field reaches 
optical frequency, the two remaining contributions 
are the vibrational and electronic dipoles mentioned 
above. The vibrational dipoles involve a distortion of 
the chemical bond and are the slowest process 
occurring only in the infrared region, This contri- 
bution is lost at visible frequencies and leaves only the 
fast electronic polarization processes. 

If we treat it rigorously, the polarization P is 
actually expressed as a function of higher order terms 
according to 


P = eo(xE + YEE + y EEE + (41 


This gives rise to nonlinear effects such as self- 
focusing and second or third harmonic generation. 
However, the higher order susceptibilities y"" are very 


small and these effects are only significant for very 


high intensity light source such as lasers. In the 
following text we will only consider linear optical 
processes. 


The Dipole Oscillator Model 
(Lorentz Oscillator) 


In the Lorentz model, the bound electrons behave as 
harmonic oscillators and are constrained to vibrate at 
their natural resonant frequency a. These oscillators 
are also submitted to a damping force corresponding 
to a resistance to the motion due to collisional 
processes. The equation of motion is then 


Coes ee 
o( = +7§ +s) =gE 15] 


where x is the displacement along E, yis the damping 
factor, m is the mass of the electron and q its charge. 
The passage of an electromagnetic wave through a 
medium exerts an oscillating force on the electrons 
causing them to vibrate up and down. In other words 
these electronic dipoles are submitted to a forced 
oscillation induced by an electric field varying 
periodically with time. The electric field felt by the 
atomic dipoles is written as 


[6] 


where w is the frequency of the light. 

The electric field of the light wave then drives the 
dipole oscillations at its own frequency w and the 
dipoles displacement oscillates according to 


71 


Solving eqn [5] for xin terms of E gives the expression 
for the displacement of the electrons 


aim 
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The atomic dipole moment p induced by the electrons 
displacement is therefore 
im 
=qx= 57 _eE 9 
DO a ti Rl 
And for a medium with N atoms per unit volume the 
total polarization P is 


im 
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Our result in egn [10] only contains one natural 
frequency wy and therefore only accounts for one 
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single type of oscillator in the medium, However, 
normal optical mediums are composed of different 
kinds of atoms, each with several characteristic 
resonant frequencies o,. In our model, we can 
simply treat these multiple resonances by considering 
that each oscillator acts separately and add the 
contributions of all oscillators. 


Nj 
£ E ca} 


Comparing eqns [3] and [11] then gives an expression 
for the polarizability y of the medium 


Additionally, the polarization P is associated with 
Maxwell's displacement vector, D, through the 
relationship 
D=E+P and D=ecE 113] 
where © is the permittivity of the medium. The 
permittivity © is normally expressed relative to the 
permittivity of vacuum ey in terms of the dimension- 
less quantity ©, =e/ey. Where ¢, is the familiar 
dielectric constant of a material, which is related 
to the refracted index mas n = fa,. 
Combining eqns [3] and [13] 
important relationship linking y to e,, and in turn 
ton. 


we obtain an 


lty or wP=1+yx 4) 


Finally, combining eqns [12] and [14] we obtain the 
expression for 1 in terms of the oscillator model. 


The Refractive Index 


‘Two important points should he made concerning the 
result of eqn [15]. The refractive index is a 
wavelength-dependent quantity and is a complex 
quantity. The complex refractive index n is indeed 
usually expressed as 


nantix [6] 


where mis the real refractive index also defined as the 
ratio of the wave velocity in vacuum to the velocity in 
the medium n=cv. And « is the extinction 


coefficient, which is directly related to the absorption 
coefficient a as we shall sce in the next section. 

As we mentioned in the introductory section, the 
complex refractive index m is sufficient to characterize 
the optical properties of the solid. The real part of the 
index describes the change in velocity or wavelength 
of a wave propagating from a vacuum into a medium 
while the imaginary part is a measure of the 
dissipation rate of the wave in the medium. 

By inspection of eqn [15] we can predict the form of 
the variation of m with wavelength. At frequencies @ 
below the resonant frequency w,, the terms w” and 
im are much smaller than 7 and to a first 
approximation m is constant. When w reaches a 
resonant frequency «,, the term (a7 —w") goes to 
zero and since the term ya is very small, the value of 
increases very sharply and exhibits a resonance line 
as depicted in Figure 3. 

On closer inspection of eqn [15] however, we can 
see that 7» is not exactly constant in between 
resonance lines. As a rises, the denominator slightly 
decreases and therefore 7 rises slowly with frequency. 
The refractive index is then slightly larger for wave of 
higher frequency. This is why a glass prism bends blue 
light more strongly than red light. This phenomenon 
is called dispersion as waves of different frequencies 
are ‘dispersed? by the prism. 

Another important point raised by eqn [15] is that 
because (w—*) goes to zero at a resonant 
frequency, the damping term iyo dominates and m 
becomes almost entirely imaginary. n is then mostly 
governed by the extinction coefficient x. The damping 
associated with the coefficient +; corresponds to a 
friction force causing a loss of energy, which becomes 
the dominant effect during resonance. The resonance 
region is then associated with strong attenuation or 
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Figure 3 Variation of the refractive index of a hypothetical 
lolectr solid in the optical frequency range. Athigh frequency, « 
is larger than all resonant frequencies and the refractive index 
reaches unity. 
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absorption of the wave. In contrast, between resonant 
frequencies, the refractive index is almost entirely real 
as the imaginary part iy, is negligible in comparison 
with (w? = 2), Absorption is then very small and 
that region corresponds to the transparency domain 
of the material. In fact, we can assume that n= in 
the transparent region, that is why tables of optical 
constants of transparent optical materials only list the 
real part of the refractive index 7». However, at 
resonant frequencies on cither side of the transpar- 
ency domain, absorption becomes significant and the 
imaginary part of the refractive index must be taken 
into account so that n= 1 + ix. 

‘The refractive index n being a complex quantity 
it ensues that e, must also be complex, sin 
Hence we also define the complex dielectric 
constant as 


=e tHe U7) 
Both parameters describe equivalently the optical 
properties of a solid so that n or e, are called the 
optical constants of the material, Note that it is an 
unfortunate misnomer since they vary distinctly with 
wavelength (Figure 3) 

Using equation [17] and m= Jé;, we can establish 
the relationships between the real and imaginary 
parts of n and e,. 


ger 2 


118) 


#6) =2nk (19) 
We can see that n and e, are not independent variables 
but that the real and imaginary part of e, can be 
calculated, knowing the real and imaginary part of n 
and vice versa. 

Moreover, it can be shown that the real and 
imaginary parts of each individual parameter are 
not independent either but can be computed from one 


another with use of the following Kramers—Kronig 
relations. 
exo!) 
exw) =14 = = fe tas (20) 
2w fee) 
aw =-= |, ae (21) 


In these equations, only the principal value of the 
integral is calculated so that e, can be computed if e) 
is known over all frequencies and vice versa. 
The same equation connect m and x together. 

This analysis shows that it is only necessary 
to know one real or one imaginary part over a 
wide frequency range to determine all others. 


The interaction of light with matter is in fact 
characterized by a single independent real quantity. 


Absorption 


All electromagnetic phenomena are governed by 
Maxwell’s equations. The form of an electromagnetic 
wave propagating through a medium is obtained by 
solving Maxwell's equation, For a wave propagating 
along z through a homogeneous, optically isotropic 
medium the form of the oscillating electric field is 
given by: 


E 


ee [22] 


where & is the wave vector and @ the angular 
frequency of the light. For a wave traveling into a 
transparent medium of refractive index 1, the 
relationship between k and a is 


kate 


1231 


However, for an ordinary optical material there are 
regions of absorption and the refractive index is 
therefore complex. We should then rewrite eqn [23] as 

katie 124] 
By substituting this value of & in eqn [22] we obtain an 
expression with two exponential terms 


E= 


(ae 


Ege 25) 
The term e! ) represents a wave traveling at a 
speed v= c/n, while the term Eye “*" represent the 
amplitude of this wave which decays exponentially 
with distance z, The intensity I of the wave is 
proportional to the square of the amplitude so that 


Toe or Tce 126] 


where avis the familiar absorption coefficient routinely 
measured by absorption spectroscopy. Hence we 
obtain an important relationship relating the obser- 
vable quantity ato the imaginary part of the refractive 
index x according to 


2nas 


_ R71 


Local Field Correction 


It should be pointed out that the derivation of our 
refractive index expression eqn [15] assumes that 
only the electric field of the light affects the 
polarization of the dipole oscillators. However, this 
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assumption is not correct in dense materials because 
of the contribution from the electric field of neighbor- 
ing atomic dipoles. The field generated by each dipole 
will affect all other dipoles in the vicinity. It is possible 
to approximate this contribution by accounting for 
the effect of dipoles within a local sphere. The result 
of this approximation is known as the Clausius— 
Mossotti equation, which is accurate for isotropic 
medium such as glasses and cubic crystals 


2 
we [28] 


Measurable Optical Parameters 


Four things can happen to a beam of light propagat- 
ing through a thick slab of optical material (Figure 4). 
Some of the light can be reflected at the surface of the 
solid, some can be absorbed by the sample, some can 
he scattered in different directions, and some of the 
light can be transmitted through the sample. The 
effect on the light beam, resulting from the: 
phenomena, can be quantified by a number of optical 
coefficients, which characterize the macroscopic 
properties of the material. 

Reflection of light at the surface of a solid is 
described by the reflectance R defined as the ratio of 
the reflected intensity I to the incident intensity Ip. For 
a beam falling perpendicularly on a flat surface, the 
reflection is called specular and is governed by the 
complex refractive index according to the Fresnel 
equation 


_ (29) 


This provides us with a second important formula 
relating a measurable quantity (R) to the optical 
constant of the material. For measurements 


Figure 4 Representation of the four main optical processes 
happening to a beam as it propagates through a slab of 
transparent material 


performed within the transparency region of a solid, 
the value of x is much less than mand eqn [29] reduces 
to the more familiar form 


[30] 


Absorption occurs when the light frequency reaches 
the natural resonance of some dipole oscillators in the 
medium, The energy of the electromagnetic wave is 
partly transferred to the material and generally 
dissipated in the form of heat. The light intensity is 
therefore attenuated as it propagates through the 
material and the attenuation efficiency is quantified 
by the absorption coefficient a. The intensity 
decreases exponentially with pathlength z according 
to Beer's law 


ye (31) 


where Ip is the incident intensity. The imaginary part 
of the optical constant can then be directly obtained 
from measurements of « using eqn [27]. 

Scattering is the process whereby light is redirected 
in different directions due to microscopic density 
fluctuation in the sample produced by defects, 
impurities, or structural inhomogeneities. The inten- 
sity of light propagating in the forward direction 
is attenuated by the scattering event and it can be 
quantified in a way equivalent to absorption. 
The intensity has an exponential dependence on 
pathlength z analogous to Beer's law 


I@) = Ibe™™ [32] 
where § is the scattering coefficient. When the 
scattering center is smaller than the wavelength of 
light this phenomenon is called Rayleigh scattering 
and the scattering coefficient § vary with the inverse 
fourth power of the wavelength 


d. 
Saye 133] 
By measuring light attenuation we cannot tell the 
difference between absorption and scattering and 
the total attenuation is ara =a+S. However, the 
scattering contribution is generally much weaker 
than the absorption and can be neglected so that 
Oty = a. 

‘Transmission occurs when the light is neither 
reflected, absorbed, or scattered. The beam is then 
transmitted through the sample and the fraction of 
light exiting the back surface is quantified as the 
transmittance T. If we disregard scattering in com- 
parison to absorption then conservation of energy 


Component Availability 

Because there is no way of knowing if a compo- 
nent may havea long production run, this ency- 
clopedia is cautious about listing specific part 
numbers. To finda specific part thathasa narrow 
function, searching the websites maintained by 
suppliers will be necessary. The following sup- 
pliers were checked frequently during the prep- 
aration of the book: 


+ Mauser Electronics 
+ Jameco Electronics 


‘To show there is a connection 
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‘This style 


This style is used ieneebeee 


To show there is no connection 


+ +4 


This style 


Bed These styles are not used 


Figure P-3. Visual conventions that are used in the sche 
‘matics in this book. 


When seeking obsolete parts, or those that are 
nearing the end of their commercial life, eBay can 
be very useful. 


Issues and Errata 

If you believe you have found an error in this 
book, you will find guidance on how to report it 
here: http://bit.ly/eec_v2_errata, 


Before posting your own erratum, please check 
those that have been submitted previously, to 
see if someone else already reported it. 


I value and encourage reader feedback. Howev- 
er, before you post feedback publicly to a site 
suchas Amazon, |havearequest. Please beaware 
of the power that you have as a reader, and use 
itfairly. A single negative review can createa big- 
ger effect than you may realize. It can certainly 
‘outweigh half-a-dozen positive reviews. If you 
feel you have not received a prompt or adequate 
response from the OReilly errata site mentioned 
here, you can email me personally at: 


‘make.electronics@gmailcom 


check thataddress irregularly —sometimesonly 
‘once in a couple of weeks. But | do answer all 
messages. 


Safari® Books Online 


Safari Books Online is an on-demand digital li- 
brary that delivers expert content in both book 
and video form from the world's leading authors 
in technology and business. 


Technology professionals, software developers, 
web designers, and business and creative pro- 
fessionals use Safari Books Online as their pri- 
mary resource for research, problem solving, 
learning, and certification training, 


Safari Books Online offers a range of plans and 
pricing for enterprise, government, education, 
and individuals. 


Members have access to thousands of books, 
training videos, and prepublication manuscripts 
in one fully searchable database from publishers 
like Maker Media, O'Reilly Media, Prentice Hall 
Professional, Addison-Wesley Professional, Mi- 
crosoft Press, Sams, Que, Peachpit Press, Focal 
Press, Cisco Press, John Wiley & Sons, Syngress, 
Morgan Kaufmann, IBM Redbooks, Packt, Adobe 
Press, FT Press, Apress, Manning, New Riders, 
McGraw-Hill, Jones & Bartlett, Course Technolo- 
gy, and hundreds more. For more information 
about Safari Books Online, please visit us online, 
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require that 


R4T+A 


1 B4] 


where A is the fraction of light absorbed. The 
transmittance can then be compiled from R and « 
for an incident beam [p traveling across a sample of 
thickness 1 In this case we must consider the 
reflection of the light on the front surface as well as 
on the back surface when it exits the transparent 
medium, The expression for the transmittance 
accounting for dual reflection is 


T=(1-R (35) 
It should be noted that a rigorous treatment of 
eqn [35] should account for multiple reflections 
between the front and back surface in the interior of 
the sample. In this case, interference effects compli- 
cate the determination of n and a modified version of 
eqn [35] can be computed by summing up the 
intensities due to the contribution of the multiple 
reflections. 

Transmission and reflection measurement are 
readily obtained using conventional spectrometers. 
‘Two types of spectrometers must be used to cover the 
entire optical spectral region, FTIR (Fourier Trans- 
form Infra Red) spectrometers use a glow bar as the 
light source, which enable it to cover the infrared and 
near infrared domain. The UV-VIS (ultraviolet 
visible) double beam spectrometers use a tungsten 
and deuterium lamp and cover the spectrum from the 
ultraviolet down to the near infrared. Using eqns [27], 
[29] and [35], the reflection and transmission 
measurements thus obtained are used to calculate 
the real and imaginary component of the optical 
constant over the entire optical frequency range. 

An example of transmission measurement is shown 
in Figure 5, for a dielectric and a semiconductor. 
The two spectra have the same principal features, At 
short wavelength the edge of the transparency 
window is due to absorption of energy by the valence 
electrons. In classical terms this corresponds to the 
resonance of electronic oscillators, and in quantum 
mechanical terms to the excitation of electrons from 
the valence to the conduction band. This edge is due 
to a sharp increase of x, which extends over a 
significant range of frequency corresponding to the 
domain of opacity or high absorption. The wave- 
length at the edge determines the minimum energy of 
the photon necessary to promote an electron across 
the bandgap E,. Insulators have a large bandgap and 
appear transparent to the human eye because visible 
light is not energetic enough to promote an electron 
across E,. In contrast, semiconductors have a smaller 
bandgap and appear black (opaque) because all the 


Infrared 


Diolectric: SiO, glass 


‘Semiconductor: GeSe, glass 
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Figure 5 (a) Transmission spectrum of SiO, glass, a standard 
lolectic solid. (0) Transmission spectrum of GeSes glass, a 
semiconductor (E, = 1.6 eV). (c) Reflectance spectrum of silver 
metal 


visible light is absorbed to induce electronic tran- 
sitions. On the low frequency side the transparency 
window is limited by atomic vibrations in the solid 
structure. The wavelength of the vibrations increases 
with the mass of the atomic oscillators. Semiconduc- 
tor compounds have higher atomic masses and 
therefore transmit at longer wavelength in the 
infrared while insulator have lower atomic mass and 
exhibit their vibrational absorption edge at shorter 
wavelength, 

In between the two absorption regions, « is very 
small and the material is transparent. The refractive 
index is almost entirely governed by the real part 1, 
Eqn [15] shows that 1 is proportional to the number 
N of electronic oscillators. The refractive index will 
then be higher for heavy atoms with a high electronic 
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Figure 6 Refraction of a beam propagating across the interface 
betwaen two mediums of diferent refractive index. The incident 
angle and the refraction angle are related tothe index of refraction, 
‘through Snel's Law. 


density. Consequently, semiconductors exhibit a 
maximum transmission of only 60% because of 
significant surface reflectivity (eqn [35]) resulting 
from their higher refractive index m (eqn [30]. 

Most applications of materials in optics are only 
concerned with the transparency domain so that the 
useful optical constant is reduced to the real part 1. 
Hence a number of experimental techniques have 
heen developed to obtain n, often by measuring 
angles of refraction with the use of Snell’s law 


ny sin 8, =m, sin Oy (36) 


where 0, is the angle of the beam incident in the 
medium of index 1, and @ the angle of the beam 
refracted at the interface with a medium of index 
(Figure 6). The basic principle is to compare the 
sample with a standard glass of known refractive 
index and measure the refraction angle at their 
interface, The sample's index can then be obtained 
following eqn [36]. Since m varies with wavelength, 
these techniques are normally performed with 
monochromatic light and provide at a single 
wavelength. Among these methods are: the Abbe 
refractometer, using a glass hemisphere as a standard, 
the V-block refractometer, using a V shaped prism as 
a standard, and the prism goniometer based on the 
relative deviation between a known glass prism and a 
prism shaped sample. 

Ellipsometry is another technique widely used to 
measure the index 7, This technique is normally used 
on thin films deposited on substrate, as it allows to 
simultaneously measure the thickness and the refrac- 
tive index. However, the method can also be applied 
to bulk samples. The principle of ellipsometry is 
based on measuring the change in polarization of a 


beam reflected off the sample surface as a function of 
incidence angle. The reflected light is elliptically 
polarized to an extent depending on 7. This technique 
is especially useful to measure 7 at frequency range 
above the absorption edge where the sample is highly 
absorbing. 


Metals 


The optical properties of metals are mainly charac- 
terized by their very high reflectivity, which causes 
their shiny appearance. All metals reflect light in the 
infrared and visible region up to a cutoff frequency in 
the ultraviolet. This critical frequency is called the 
plasma frequency w). The physical significance of 
the plasma frequency can be understood using the 
Drude—Lorentz model of the free electron oscillator. 
As mentioned previously, the free electron can be 
described accurately as dipole oscillators with a 
resonant frequency wy = 0. If we consider a system 
with negligible damping, we can introduce y= 0 and 
by assuming all free electrons to be equivalent we can 
consider only one type of oscillators so that eqn [15] 
reduces to 


B71 


where 


8} 


Equation [37] means that in the low frequency 
domain <u), the refractive index must be 
imaginary (77° < 0) and in the high frequency domain 
@ > p,m is a real positive number. The low 
frequency region is therefore dominated by the 
extinction coefficient x and the reflectance R, given 
by eqn [29], is essentially unity. In the high frequency 
limit, R decreases and i is real, These features are 
shown in Figure 5c. Metals are opaque and highly 
reflective below the plasma frequency, while they 
become transparent in the ultraviolet 


List of Units and Nomenclature 


A absorbance 
c light velocity in vacuum 

D electric displacement 

E electric field 

i intensity of light (power per unit surface) 
k wave vector 

me mass of electron 

my mass of nucleus 

n complex refractive index 

n real refractive index 
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P dipole moment 
P polarization 

q charge of electron 

R reflectance 

s scattering coefficient 
T transmittance 

y phase velocity 

« absorption coefficient 


£9 permittivity of vacuum 
& relative dielectric constant 
« extinction coefficient 

a wavelength 

reduced mass 

x dielectric susceptibility 

o angular frequency 

ony resonant frequency 

oe plasma frequency 

See also 


Instrumentation: Ellipsometry; Spectrometers. 
Scattering: Scattering from Surfaces and Thin Films. 
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Introdu n 


While advances continue in this field, some optical 
glasses have histories which can be traced to the 
seventeenth century. These glasses are produced by 
direct melting of raw materials of relatively high 
purity. Modern, or nontraditional, optical glasses are 
more commonly used to transmit light outside the 
visible region and are often made by nontraditional 
methods, including many variations on chemical 
vapor deposition, reactive melt processing, and sol— 
gel techniques. These glasses are used for ultraviolet 
and infrared lenses and other optical components, for 
optical fibers, for glass lasers, and for photonic 
devices such as optical isolators. Purity requirements 
and production demands for these glasses are 
significantly greater than those for traditional optical 
glasses. 


Traditional Optical Glasses 


Traditional optical glasses are primarily used as 
components such as lenses, prisms, or windows 
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for optical systems operating in the visible region. 
These applications require glasses of high homo- 
geneity, with precisely known refractive indices 
and dispersions. Glasses, as defined in this 
article, are nonmetallic, inorganic materials which 
have no long-range atomic structure and which 
display a temperature region of time-dependent 
proper 


Crown and Flint Glasses 


Traditional optical glas 


es are designated as either 
crown or flint glasses. Crown glasses were originally 
based on the soda-lime-silica ternary system and were 
developed for use as window glass. The crown 
process involved spinning a spherical gob of molten 
glass to form a flattened disk which was much thicker 
in the center than at the edges. The edges of these 
disks were used for window panes, while the ‘crown’ 
in the center was often used as a crude lens. Crown 


glasses have low refractive indices and low to 
moderate dispersions. 

The first flint glasses were potash-lead-silicate 
glasses prepared using English ‘flint’ as the source of 
silica. The presence of lead in these glasses results in 
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higher refractive indices and dispersions than those of 
crown glasses. 

‘The designations of crown and flint have since been 
expanded to include glasses from many other 
compositional systems. Glasses with lower refractive 
indices and dispersions are designated as crowns, 
while those with higher refractive indices and 
dispersions are designated as flints. Modern crown 
glasses are based on silicate, phosphate, and boro- 
silicate systems. Additions of fluorine are particularly 
useful for production of low refractive index, low 
dispersion glasses, and for adjusting these parameters 
to mect specific needs. The lowest combinations of 
refractive index and dispersion are found for glasses 
hased on BeF2, while the highest combinations of 
refractive index and dispersion are found in rare earth 
borate systems, Other common optical glasses con- 
tain barium or lanthanum, which can be used to 
produce either crown or flint glasses, depending on 
the other components of the glass. 

The need for glasses with different combinations of 
refractive index and dispersion can be traced back to 
the development of the telescope. Use of lenses made 
of a single glass made it difficult to obtain sharp 
images. Newton recognized that this problem was 
due to divergence of light of different wavelengths 
while passing through a lens, He felt that this problem 
was inherent to lenses and could not be eliminated. 
Others eventually recognized that a compound 
lens containing a positive crown glass and a negative 
flint glass would result in cancellation of the 
divergences and produce a sharper image. While 
this development did not totally eliminate the 
colored fringes in telescope images due to the 
presence of the secondary spectrum, it did lead to 
major improvements in optical imaging. Binary 
compound lenses are still fashioned from a combi 
nation of crown and flint glasses, with much greater 
flexibility today due to development of glasses with 
much more varied combinations of refractive index 
and dispersion. 


Notation for Optical Glasses 


Since the refractive index and the dispersion are the 
two most important characteristics of an optical glass 
for use as a lens, a notation system has heen 
developed to designate any glass by a six digit 
number. This notation system requires that the 
dispersion be expressed by the Abbe number, 1, 
which is defined as 


ng = (ng — D/tine = me) a 


where d, F, and ¢ indicate the value of the refractive 
index measured at the yellow helium line at 


587.6 nm, the blue hydrogen line at 486.1 nm, and 
the red hydrogen line at 656.3 nm, respectively. Since 
the Abbe number is a reciprocal dispersion, a large 
Abbe number indicates a low dispersion, while a 
small Abbe number indicates a larger dispersion. 
A glass is then designated by the expression. 


1000(14 ~ 1)(10%) 2) 


where each term is rounded to 3 significant digits, A 
common crown glass known as BK7, for example, 
which has a ny of 1.516 800 and 1 of 64.17 is 
designated as 517 642. A very high index flint glass, 
1.807410 and 1 =31.61 would be 
designated as 807 316. This system can be used for 
all but the exceptional glasses with my = 2.00, Some 
tabulations are based on the green mercury line, or 
e line, at 546.1 nm instead of the yellow helium (d) 
line. The choice of the d or e line results in a small 
difference in the reported refractive index and Abbe 
number for any given glass (Figure 1). 


Dispersion Formulae for Optical Glasses 


The combination of a refractive index near the 
middle of the visible region of the spectrum and 
the Abbe number describe the contribution of an 
optical glass to the refractive power and chromatic 
aberration of a lens. This information was sufficient 
for many early applications of lenses and is still 
sufficient for the design of optical devices of modest 
expectations. More sophisticated optical devices 
require more information for proper design. The 
simple Abbe number is often insufficient for expres- 
sing the dispersion, since it is necessary to provide a 
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Figure 1 Relation between the retractive indax and Abbe 
‘number of optical glasses. Commerical optical glasses le in the 
rogions labeled flint and crown above the curve. 
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detailed set of values of the refractive index as a 
function of wavelength across the entire visible 
region. The refractive index can be listed at a 
number of wavelengths, or described by an equation 
covering the entire wavelength range of interest. 
Although there are a number of expressions for the 
wavelength dependence of the refractive index, the 
most commonly used are the Cauchy dispersion 
formula, or 


n=a+ba?ter* BI 


where a, b, and c are constants derived from a best 
fit of the data to this expression, and variations of 
the Sellmeier dispersion formula, which is often 
simplified to the expression 


WHAgtA\P+A,A7+A3A T+AQA S+ASA® [4] 


where the six A, constants are tabulated. The Cauchy 
dispersion formula is accurate to ~10~*, while the 
modified Sellmeier dispersion formula is accurate 
to =3X 10°. The validity of the latter expression 
can be extended further into the ultraviolet by 
adding a A~™? term and into the infrared by adding 
aM term. 


Annealing of Optical Glasses 


Much of our knowledge of the behavior of glasses in 
the glass transformation region is based on studies of 
the annealing of optical glasses. Glass-forming melts 
have much higher thermal expansion coefficients 
than those of solid glasses of the same composition. 
During cooling of a melt, the density increases rapidly 
so long as the melt is relatively fluid. As the viscosity 
increases, the rate of structural rearrangement of 
the melt slows and eventually becomes fixed at 
some effective, or fictive, temperature. If the melt is 
cooled rapidly, the structure of the glass will be 
representative of a high temperature melt. If the melt is 
cooled more slowly, the structure will have time to 
equilibrate at lower temperatures and the glass 
formed will have the structure of a lower temperature 
melt and hence will be more dense. Since the 
refractive index of a solid is related to its density, 
the refractive index will be less for the glass 
produced by rapid cooling than for one produced by 
slower cooling, 

‘There are two ramifications of the cooling effect on 
refractive index. First, the refractive index will be 
different for different cooling rates, even though the 
composition is identical. Statements regarding the 
refractive index of a glass are only applicable for a 
known thermal history. Second, but less obvious, the 
outside of a piece of glass will cool more rapidly than 


the inside due to the kinetics involved with removing 
heat from the glass. As a result, a refractive index 
gradient will exist in the glass, with a lower refractive 
index at the surface. If the glass is ground and 
polished to form a lens, the lens will not perform as 
expected if the shape is based on the assumption that 
the refractive index is constant through the entire 
lens. While cooling-induced differences in refractive 
index between the surface and center of a large block 
of glass are usually of the order of 0.000 1, they can be 
=0.001 for a rapidly cooled block. 

Control of the cooling rate is essential for the 
production of a block of glass of uniform refractive 
index. The cooling rates used to reduce stresses to 
acceptable levels in the production of nonoptical 
glasses are much too fast for the production of 
optical glasses. Use of a constant cooling rate 
throughout the glass transformation region will not 
yield a block of uniform refractive index. Ideally, 
the cooling rate should be decreased gradually as 
the temperature decreases throughout the glass 
transformation region. The production of a fine 
annealed glass requires a very slow cooling process, 
with a gradually decreasing cooling rate with 
decreasing temperature within the temperature 
region where permanent changes in the structure of 
the glass can occur 


Athermal Lenses 


While the thermal expansion coefficient of many 
glasses is relatively low, it is not zero. As a result, the 
dimensions and refractive index of a glass are 
functions of temperature. Temperature changes in 
an optical system therefore result in changes in optical 
path length. While changes in optical path length of 
this magnitude may be unimportant for optical 
systems used within a narrow temperature range, 
those used over ranges exceeding 10 to 20 K must be 
designed to minimize thermal effects. Production of 
athermal optical systems, ie., systems of constant 
power over a range of temperatures, requires use of 
glasses where the thermal changes in refractive index 
are exactly offset by the changes in dimensions, ic. 
the optical path length is independent of temperatur 
This condition is met if the temperature coefficients 
of the index and the thickness are equal and of 
opposite sign. 

The overall effect of changes in temperature on the 
optical path length are tabulated in terms of the 
thermo-optical constant, G, given by 


G = a(n — 1) + dnldT 151 


where a is the linear thermal expansion coefficient, 
is the refractive index, and dn/dT is the thermal 


OPTICAL MATERIALS / Optical Glasses 477 


coefficient of the refractive index. Perfect compen- 
sation between changes in index and dimensions are 
obtained when G =0. Since a is positive for most 
optical glasses, with values in the range of 3 to 
15 ppmiK, this condition requires a negative dr/dT. 
Negative values of da/dT are found primarily for 
glasses containing some fluorine, such as fluoride 
glasses and those in which oxygen is partially 
replaced by fluorine, such as fluorosilicates, fluoro- 
borates, etc., or for some phosphate glasse 
Silicate glasses rarely, if ever, have a negati 
value of dn/dT. For the same glassformer, e.g., 
P,Os, use of modifier ions with large diameters and 
low field strengths favor increasingly negative values 
of dnldT. 

The value and sign of dn/dT is determined by the 
‘competition between the decrease in refractive index 
induced by an increase in molar volume and the 
increase in the refractive index induced by an increase 
in polarizability of the ions in the glass with an 
increase in temperature. Equation [5] indicates that 
the absolute value of the refractive index is also 
important in determining the value of G. If the 
refractive index is high, then dn/dT must be more 
negative to yield G=0. As a result, most athermal 
glasses are crown glasses. The value of dr/dT is also 
wavelength-dependent, generally decreasing with 
increasing wavelength. In particular, dn/dT becomes 
more positive at wavelengths near the UV edge of the 
glass. An athermal lens is only perfectly athermal at 
the design wavelength. 

A few special glasses and glass-ceramics used for 
optical applications, e.g., vitreous silica, titanium- 
doped silica, and some aluminosilicate glass- 
ceramics, have thermal expansion coefficients 
which approach zero or are slightly negative. 
Vitreous silica has a very low refractive index and 
thermal expansion coefficient and can be used to 
produce lenses which, while not truly athermal, have 
relatively low temperature sensitivity. These low 
thermal expansion materials are often used as 
substrates for coated reflective optics (mirrors), 
where dimensional stability is far more important 
than any change in the refractive index of the 
substrate. 


Production of Traditional Optical Glasses 


Quality requirements for optical glasses are much 
greater than those for other common glasses. A 
constant refractive index throughout the glass 
requires an extremely high degree of homogeneit 
The glass must be free from defects such as striae 
(regions of refractive index variation due to density/ 
composition variations) and stones (undissolved 


material) and the bubble content must be as low as 
possible. The thermal history of the glass must be such 
that the refractive index variation, due to differing 
fictive temperatures, is minimized. Internal stresses 
must be minimized to yield a low birefringence. The 
glass must also be free of any species which contribute 
to absorption in the desired spectral region. 

The quality demands of optical glasses require use 
of much higher quality, and thus more expensive, raw 
materials. Concentrations of third-row transmission 
metal ions must be held to rigid specifications, with 
maximum values usually in the ppm, or even in the 
ppb range, for the highest quality glasses. Defects are 
reduced by melting in platinum containers instead of 
the oxide containers used in the past. Stirring the 
melt, using platinum wherever possible, is essential 
for obtaining acceptable homogeneity. Control of the 
melting atmosphere may be essential for controlling 
the redox state of the melt. Rigorous annealing 
schedules must be used to produce glasses with the 
desired thermal history so that the problems of str 
induced birefringence and refractive index gradients 
are reduced to acceptable levels. 


Non-Tradi 


While most traditional applications of optical glasses 
involve transmission in the visible, many modern 
applications require high transmission in the ultra- 
violet, near-infrared, or infrared regions of the 
spectrum, Transmission in each of these regions is 
determined by both the bulk composition of the glass 
and by the concentration of impurities present. Most 
nontraditional applications place even more stringent 
requirements on the purity of the materials used in 
manufacturing the glass. An extreme example of the 
demand for purity is found in the glasses used for 
telecommunication optical fibers, where concen- 
trations of some impurities must be held to the low 
ppb level. 


nal Optical Glasses 


Ultraviolet-Transmitting Glasses 


The ultray 
by the intrin: 
by charge transfer absorption bands due to impu- 
rities, and by surface and bulk scattering. The first of 
these is determined by the electronic bandgap of the 
material, while the other two are controlled by the 
care taken during production of the glass. These 
glasses are used in spectroscopy for windows, lenses, 
UV-lamps, and sample cuvets, for microlithography, 
and for lenses in excimer laser optical systems. 
Vitreous silica is widely used as an ultraviolet 
transmitting glass for transmission optics at 


let transmission of a glass is determined 
electronic transitions of the material, 
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wavelengths well below 200 nm. The lowest energy 
absorption band for this glass occurs at 10.2 eV, or 
122:nm. Many UV-VIS spectrometers, which nor- 
mally are capable of measurements extending to 185 
to 190nm, use vitreous silica as optical elements. 
Additions of alkali or alkaline earth oxides to 
silica produce nonbridging oxygens in the network. 
Nonbridging oxygens do not bind the excitable 
electrons as tightly as bridging oxygens, which shifts 
the absorption edge to lower energies, ie., longer 
wavelenths. These glasses are incapable of high 
transmission beyond 5 eV, or about 250 nm, and are 
not used for applications requiring good ultraviolet 
transmission. 

Addition of elements which eliminate nonbridging 
oxygens favors good ultraviolet transmission. 
Alumina and/or boric oxide are frequently used in 
conjunction with alkali or alkaline earth oxides to 
counter the formation of nonbridging oxygens and 
preserve the ultraviolet transparency of silicate 
glasses. This approach can be taken to its logical 
conclusion by eliminating silica from the composition 
and producing alkali/alkaline-earth-aluminoborate 
glasses with good ultraviolet transparency. 

In theory, fluoride glasses should provide better 
ultraviolet transmission than oxide glasses due to the 
larger bandgaps of fluorides. This assumption is true 
for single crystals, where fluorides such as CaF are 
under development for transmission to higher ener- 
gies than those obtainable with oxide crystals or 
glasses. In practice, the superiority of fluoride glasses 
for ultraviolet transmitting glasses has proven diffi- 
cult to achieve. Vitreous BeF and related glasses have 
superior ultraviolet transmission when compared to 
silicate glasses. Unfortunately, BeF2 is very volatile 
and quite toxic, which restricts production of glasses 
based on BeF;. Some fluoroaluminate and fluoro- 
phosphate glasses also have excellent ultraviolet 
transparency, but difficulties in producing these 
glasses in large sizes and of optical quality has limited 
their application. 

Impurities are particularly important in production 
of ultraviolet transmitting glasses. The third-row 
transition metals, platinum, and cerium are all 
known to absorb strongly in the region from 200 to 
300 nm when dissolved in glasses. Ferric iron has 
such a strong absorption band at ~230nm that 
concentrations of ferric ions must be kept in the low 
ppm range in glasses used for ultraviolet trans- 
mission. Since iron is a very common impurity in 
the sands used to produce silicate glasses, special care 
must be taken to minimize the Fe’ content of 
ultraviolet-transmitting silicate glasses. Since ferrous 
iron has lower absorption in the ultraviolet, the effect 
of iron can be reduced by melting under reducing 


conditions. Platinum can enter melts from the melting 
unit and can be present as either ions or metallic 
particles. The ionic form of platinum absorbs 
ultraviolet light, while the metallic form scatters the 
same light. 


Near-Infrared-Transmitting Glasses 


Most glasses have good intrinsic optical transmission 
in the near-infrared. Absorption in this region is 
primarily due to impurities. Ferrous iron is especially 
detrimental to transmission in this region as a result 
of an extremely broad ligand field absorption band 
centered at about 1050 nm and extending into the 
visible and out to over 2000nm. Reduction of 
absorption due to ferrous ions is obtained by careful 
control of raw materials to minimize the amount of 
iron oxide present and by melting under oxidizing 
conditions, which converts the ferrous ions to ferric 


ions. Conversion from ferrous to ferric ions increases 
the ultraviolet absorption of the glass. If good 
transmission in both the ultraviolet and near infrared 
regions is required, the iron content must be held to 
very low levels. 

Although many rare earth ions also have absorption 
bands in this re e elements are rarely found as 
impurities in sufficient levels to impair transmission in 
the near-infrared region for lenses and other common 
optical components. A more serious problem occurs 
for glasses used as optical fibers, where the greater 
optical path length magnifies the effect of impurities 
which may be undetectable in the spectra of samples 
only a few mm thick. The same can be said of 
absorptions of other ions which have very weak 
absorption bands in this region. Even higher order 
overtones/combination bands of infrared. vibration 
absorption bands due to hydroxyl become important 
in optical fibers. While the hydroxyl absorption in 
infrared-transmitting glasses used in mm thicknesses is 
insignificant for concentrations less than 1 ppm, the 
hydroxyl concentration of optical fibers must be 
reduced to levels of a few ppb to reduce the effect of 
the overtone/combination bands to acceptable levels. 


Infrared-Transmitting Glasses 


Infrared transparency is limited by the intrinsic 
vibration, or multiphonon, edge of the glass and by 
the presence of impurities, primarily hydroxyl and 
carbon dioxide, which absorb in the infrared. The 
position of the infrared edge is determined by the force 
constant, which is proportional to the bond strength, 
and the masses of the ions. The best infrared 
transmission is found for materials with weak bonds 
and heavy ions. Infrared transmitting glasses are 
used in infrared spectrometers, lenses for pyrometers, 
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infrared transparent domes for aircraft and missiles, 
and optical components for many systems using 
infrared lasers. 

‘The fundamental absorptions of B1Os, SiO2, POs, 
and GeO; lie in the region from 7.5 to 12 um. TI 
bands have such strong absorptions that the first 
overtone, at half the wavelength of the fundamental 
vibration, effectively determines the infrared edge for 
samples of more than a few hundred micrometers in 
thickness, The best infrared-transmitting oxide glasses 
do not contain significant amounts of BO, SiO, or 
P,Os. The lower fundamental vibrational frequency 
of GeO, allows production of some glasses of limited 
use for infrared transmission to about 5 um, Com- 
parable transmission is obtained for calcium alumi 
nate glasses. Better transmission has been obtained for 
glasses combining the oxides of lead, bismuth, or 
cadmium with gallium oxide. These gallate glasses are 
termed heavy metal oxide, or HMO, glasses and 
transmit to ~7 pm in mm thicknesses. The HMO 
glasses transmit into the visible, with a cutoffat 400 to 
500 nm. Since these glasses are transparent to visible 
light, they offer advantages over many other infrared- 
transmitting glasses which are opaque in the visible. 

Recently, heavy metal halide (HMH) glasses have 
heen found to exist in a wide range of compositional 
systems. HMH glasses transmit much further into the 
infrared than the best oxide glasses, with cutoff 
wavelengths extending beyond 20 jum. These glasses 
are much more difficult to prepare than oxide glasses 
and are highly prone to crystallization, less durable in 
water, and mechanically weaker than the HMO 
glasses. Improvements in infrared transmission cor- 
relate with degradation in the other properties needed 
for most applications. Oxide impurities severely 
degrade the infrared transmission of these glasses. 
While much greater infrared cutoffs can be obtained 
in the laboratory, glasses currently produced com- 
mercially transmit to =8 um. 

Chalcogenide glasses contain either S, Se, or Te as 
the glassforming anion and are free of oxy; 
Commercial compositions transmit to 16 yum, while 
laboratory samples transmitting beyond 20 pm can be 
made. These glasses have refractive indices in the 
infrared in the range of 2 to 3, very low glass 
transformation temperatures, which limit their tem- 
perature range of application, and are, with few 
exceptions, opaque in the visible. Toxicity is also a 
problem for Se and Te. Oxygen impurities must be 
kept below the 1 ppm level to avoid unacceptable 
absorption bands. 

All infrared-transmitting glasses suffer from trans- 
mission interference in the region from 2.5 to 6 um, 
due to hydroxyl in the glass. Since hydroxyl readily 
forms in any melt exposed to an atmosphere 
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Figure 2 Infrared transmission spectra of several optical 
lasses showing the affect of glass composition on the infrared 
‘cutoft frequency. 


containing water vapor, great care must be used to 
reduce the hydroxyl content to acceptable levels. 
Glasses can be melted in sealed containers, under 
reactive atmospheres containing fluorine or chlorine, 
or under vacuum, Some glasses are prepared under dry 
conditions and then remelted under a vacuum to 
reduce the hydroxyl content. Similar care must be used 
to exclude CO, from HMH glasses, where a band at 
4.25 um has been assigned to the asymmetric stretch- 
ing vibration of the dissolved molecules (Figure 2). 


Optical Isolators 


Optical isolators based on the Faraday effect contain 
high concentrations of rare earths for paramagnetic 
devices and lead for diamagnetic devices. The highest 
concentrations of rare earth ions are obtained in 
aluminosilicate, aluminoborate, and aluminogerma- 
nate systems, where excellent quality glasses can be 
produced, while the best diamagnetic isolators are 
obtained using the lead bismuth gallate glasses. 


See also 


Optical Materials: Color Filter and Absorption Glasses. 
Magneto-Optics: Faraday Rotation, CARS, ODMR, 
ODSR, Optical Pumping. 
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Introdu 


Injection molded precision plastic optics in high 
volumes were first produced during the 1960s. After 
the development of sophisticated measuring and 
manufacturing methods in the late 1960s, precise 
aspheric surfaces were as easy to make as spheric 
contours in plastics. Today plastic is a widely used 
low-cost option compared to glass with even more 
degrees of freedom for optical and component design. 
Polymer optical systems are used in sensor appli- 
cations, visual systems, cameras, mobile phones, 
video-conferencing cameras, scanners, security sys- 
tems, and so on. 

‘The physical and chemical properties of plastic 
materials are very different from those of glass. 
Generally speaking, glass materials are harder, more 
durable, and more stable against temperature and 
humidity than plastics. The variety of optical glasses 
comprises hundreds of different materials. Compared 
with this the choice for plastic materials is limited 
only to about 10 different materials (and even less 
optical parameter variations). However, plastic optics 
offers other design freedoms that are not achievable 
with glass optics. 

‘The manufacturing technologies for glass and 
plastic optics are totally different. Glass lenses are 
made by a grinding and polishing process 
whereas precision plastic lenses are usually made by 
injection molding, compression molding, or casting. 
Because of the material’s characteristics and the 
manufacturing process, plastic optics have some 
unique advantages. 
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London: 


High production numbers at low costs 

Injection molding is ideal for high-volume production 
with low-unit costs. Moderate raw material costs 
and multicavity mold designs (up to 32 cavities) allow 
large production volumes at a reasonable unit price. 
In spite of considerable tooling costs, these 
costs compared to glass design versions, can be 
relatively low. 


Lightweight and hardiness 
For a given volume glass is much heavier than plastic 
(by a factor of 2.3 to 4.9). However, plastic materials 
are relatively shatter and impact resistant. These 
features are important for head-mounted systems and 


other weight-sensitive applications (mobile phones, 
cameras, etc.). 


Design potentials 
Injection molding makes it economical to produce 
sophisticated optical shapes such as aspheres, 
diffractive optical elements, or even freeform surface 
structures. From the design point of view, the more 
sophisticated surface shapes reduce costs or obtain 
better performance (Fresnel structures, lens arrays, 
diffractive optical elements, etc.). 


Optical systems and component assembly 
For typical optical system designs optical components 
(mirrors, lenses, prisms, etc.) must be fixed in a 
mounting. With plastic optics it is possible to mold 
mounting elements, posts, or alignment notches 
integrally with the optical component. This can 
reduce part and assembly costs considerably. 
Technologies adapted to plastic materials, such as 
ultrasonic and laser welding, gluing and integrated 
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snap-in structures, allow fast and cost-efficient auto- 
mated and manually operated assembling solutions. 


History of Transparent 
Plastic Materials 


‘A Material With No Use 


In 1840, the Austrian chemist Redtenbacher (1810- 
1870), a student of Justus Liebig, discovered during a 
chemical experiment a malodorous transparent 
liquidity, the acrylic acid. It was an unwanted 
byproduct which was not further analyzed at that 
time. Nevertheless, that discovery can be considered 
to be the origin of today’s plastic optics. 

The development of plastics began in the US in 
1860 as people were searching for an alternative for 
ivory in the production of billiard balls. 

In 1869 John Wesley Hyatt developed from 
cellulose nitrate and camphor the first plastic 
material: celluloid. At first it was used for dental 
plates and afterwards for shirt collars and as a film 
base material. Despite its flammability and its lack of 
light resistance, it was a first economical success. 

In the following decades the first synthetical 
plastics were developed, for example, the material 
with the trade name Bakelite in 1906. 


Otto Réhm’s Doctorate 


The basis of acrylates was rediscovered in the records 
of Redtenbacher in 1900. From 1901 onwards, Prof. 
Pechmann (1850-1902) asked his postgraduates to 
do more research into the acrylic acid. The acrylic 
acid is an acetylene compound which can be 
extracted from carbon, petroleum, or lime. 

In 1901 Otto Rohm, a student of Pechmann, wrote 
his dissertation ‘About polymerisation products of 
the acrylic acid’ — the basis of the methacrylate 
chemistry. 

Hermann Staudinger (1881-1965), head of the 
Institute of Chemistry in Freiburg started theoretical 
investigations into the structure and natural charac- 
teristics of natural and synthetical polymers in 1920. 
He assumed that the molecules of plastic materials 
consist of numerous small molecule units. Exper- 
iments as proof of the theory led to a rapid 
development of scientific research and to significant 
breakthroughs in plastic chemistry. Staudinger won 
the Nobel Prize for Chemistry for his work in the field 
of macromolecules in 1953. 

In 1928 methyl methacrylate was synth 
the first time and patented. Acrylic resin was used asa 
binder in multi-layer glass. 

In the 1920s and 1930s a number of plastic 
materials were developed, including cellulose acetate 


ized for 


CA (photo film, synthetic fiber); polyvinyl chloride 
PVC (pipes, coatings, isolations); urea formaldehyde 
resin (dishes, electrical equipment). 

Polystyrene resins were commercially produced for 
the first time in 1937. Polytetrafluoroethene (PTFE) 
was produced for the first time in 1938, and 
distributed as ‘Teflon’ since 1943. Another key 
development was the synthesis of Nylon, the first 
technical high-performance plastic material. 


Plexiglas Captures the World 


The industrial production of methacrylic acid methyl 
ester began in 1934. With its polymerization toa hard 
and transparent plastic material, polymethyl- 
methacrylic (PMMA or acrylic) was developed. It 
was patented in 1936 and caused, under the 
registered trade name Plexiglas”, a sensation at the 
world exhibition in Paris in 1936, almost 100 years 
after the discovery of acrylic acid. 

Plates of Plexiglas were manufactured by means of 
effusion and polymerization between glass plates. At 
first it was used for watch glass, cockpits, and the 
construction of street lighting and luminous advertis- 
ing. People already experimented with Plexiglas 
injection moulding in 1935. Arthur Kingston, the 
founder of Combined Optical Industries Limited 
(COIL) had invented and patented the first plastic 
lens in 1933. 


The First Plastic Lenses in Cameras 


The first camera, incorporating plastic optical parts, 
to be mass produced was the ‘Purma Special’ 
introduced by RF Hunter Ltd., in 1937, using 
‘Perspex’ (another brand name for Acrylic), for the 
direct-vision viewfinder. 

Due to the scarcity of natural raw materials at the 
beginning of World War I, the plastic industry 
became a source of outstanding substitute materials. 
This development had a lasting effect far into the 
post-war period. Results were mainly achieved with 
technical plastics, such as polycarbonates, acetates, 
and polyamides. Other plastics were developed as a 
substitute for metals as well as for hardhats, for high- 
temperature constructions, and for products which 
are resistant against acids and bases. 

The German chemist Karl Ziegler discovered 
polyethylene (Polyethen, PE) in 1953 and the Italian 
chemist Giulio Natta Polypropylene (PP) in 1954. 

‘The Eastman Kodak company is credited with 
giving birth to the modern-day plastic Fresnel lens. In 
1946 Kodak developed a tooling and manufacturing 
process to mass produce plastic Fresnel lenses. 
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The circular Fresnel lenses made at that time had 
spiral grooves like music records. 

It took another 10 years of improvement in 
injection molding techniques to the first plastic lens 
camera ~ the Kodak Brownie 44A from 1959. 

Between 1953 and 1959 the Polycarbonate poly- 
mer was developed by Bayer and General Electrics. 
Currently acrylics and polycarbonates are still the 
most important materials for plastic optics. 

But not only thermoplastic materials were deve- 
loped over this time. In May 1940. research 
work resulted in the monomerallyl diglycol carbonate 
(ADC). In the following years more than 180 different 
compounds of this monomer were investigated and 
examined. 

During World War I Columbia Southern 
Chemical Company (a subsidiary of Pittsburgh 
Plate Glass) began research into ways of obtaining 
nonthermoplastic materials. The project was given 
the name ‘Columbia Resins’. The 39th tested (CR 39) 
turned out to be the most significant due to its unique 
properties and was used since 1947. 

At first, solely the low-refractive CR 39 was 
available for organic eyeglasses, Only in the mid- 
1980s did the development begin in the field of high- 
refractive nonthermoplastic materials. 


Properties of Plastics for Optics 


As already mentioned, the choice for plastic optical 
material is limited only to about 10 different types of 
material. Optical properties (abe value, refractive 
index, transparency) as well as mechanical, thermal, 
and humidity boundary conditions are decisive for 
the material choice. Different to glass during plastic 
processing (injection molding, casting, etc.) the 
process affects not only the geometry but also inner 
properties like refractive index, transparency, and 
birefringence, 


Optical Properties 


Fundamental optical properties are defined by optical 
transmission, refractive index, and dispersion. For 
plastic optics birefringence is an important parameter 
too. 

Although the total number of plastic materials has, 
increased in recent years, the range of refractive index 
and dispersion characteristic is limited to almost two 
major groups ~ crown-like materials such as Acrylic 
(PMMA), Polyolefin (COC, COP) and flint-like 
materials such as Polystyrene (PS), Polycarbonate 
(PC) and Styrol-Acrylnitril-Copolymer (SAN). 


This strongly limited variety of plastic optical 
materials significantly restricts the optical design 
freedom (Figures 1 and 2). 


Physical Properties 


Important physical properties are weight, impact, and 
abrasion resistance — and thermal properties like 
temperature resistance and thermal expansion. 
Already, during system design, both mechanical and 
thermal properties have to be taken into consider- 
ation. The thermal expansion of optical plastics is 
approximately ten times higher than that of glass 
materials. In an optical system this effect has to be 
compensated for by optical design or mounting, 

Typically most optical plastics can withstand 
temperatures up to 90°C. The maximum service 
temperature of Polycarbonate and Poly-Olefin 
materials reaches 120°C. 

The specific gravity of plastic optical materials 
ranges from 1 to 1.3. 

Polycarbonate has the highest impact resistance of 
all optical plastics and so is used for windshields and 
crash helmets. Acrylic has the best abrasion resistance 


(Table 1). 


Common Materials 


‘Thermoplastics 


Thermoplastics are polymers with a linear molecule 
structure — with or without side chains — which 
can be deformed reversibly without any modifi- 
cation of their thermoplastic characterization by 
means of the impact of heat. Optical elements can 
be manufactured by injection molding or hot 
embossing. 
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Figure 1 Abbe diagram. 
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Figure 2. Transmission characteristics. 


Typical optical thermoplastic polymers are listed 
below. 


Acrylic or PMMA (Polymethyl methacrylate) 
Acrylic is the most commonly used optical plastic. 
It is moderately priced, easy to mold, scratch 
resistant, and not very water absorptive. Its 
transparency is greater than that of most optical 
glasses throughout the visible range of the spec- 
trum (organic glass). PMMA can replace glass in 
every application as long as the service temperature 
is less than 90°C and a low chemical resistance is 
required. Additives to acrylic (as well as to several 
other plastics) considerably improve its ultraviolet 
transmittance and stability. 


PC (Polycarbonate) 
Polycarbonates are linear polyesters of the carbonic 
acid which combine many characteristics of metal, 
glass, and plastic 

Polycarbonate is very similar to styrene in terms of 


optical properties such as transmission, refractive 
index, and dispersion. Polycarbonate, however, has a 
much broader operating temperature band of up to 
more than 120°C. It is used as the flint material for 
systems that have to withstand severe thermal 
conditions. 

Another advantage is the high-impact resistance of 
polycarbonate. Safety glasses and systems requiring 
durability often consist of polycarbonate. Because of 
its high ductility polycarbonate isnot easily machined. 


Table 1 Material properties 


Materar Characteristics ‘Aayiic Polystyrene Polycarbonate Styrot.__Gyelc Olefin Cycle Olefin Polyeher- Acr/tarButadien- CRS9 Optical 
(Puma) (5) (0) ‘Acryl Polymer Copolymer sulfone _‘Styrolco-poiymere glass (87) 
(SAN) (COP) ——(COC)—(PES)—_—(ABS) 
Optical Spectral Passing 390-1600 400-1600 360-1600 $85-1600 300-1600 
Band (nm) 
Rotactve index at_ 1.4918 1.5905 1.5855 15674 1.5261 1.6600 1.5380 1.501 1517 
'587 am and 20°C 
‘Abbe value 57.268) 908 34299) 348858 58 194 58 oad 
(nd — 1)(aF — n0) 
Transmittance (%) 92 87-92 85-91 88 22 2 80 85 
thickness 3.2 mm 
Hazo% thickness. 1.3 23 ww 15 15 15 15 
32mm 
Physical Speciic Gravity 1.18 1.06, 125 107104 1.08 1371.05 192 253 
(gem 
Max. Service 2 2 124 95 123 130 200 80 130 400 
Temperature (0) 
Linear Expansion 68x10 80x10 66x10 70x10" 70x10 70x10 55x10 85x10 ttxt04 
Coofciont (1K) 
Abrasion 10 4 2 6 6 
Resistance (1-10) 
Environmental dnidT (x 10-*) 35-12 =118..-143 -8 -10.4 
Sensitivity to high low tow medium low high medium 
Humidity 
Water Absorbtin 0.30» 0.20 0.15 00 <001 070 045 ° 
(weight %6) 286, 
18061 
Manutacturabilty Processabilty excellent good poor excellant good 
Biretrigence tow high high low 
Chemical Resitance to limited good lites good 
‘Alcohol 
Costs approx. Material 3.3 25 44 44 24 200088 250 


costs (EURa) 
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PS (Polystyrene) 
Polystyrene or Styrene is a low-cost material with 
excellent molding properties. Styrene has a higher 
index and a lower numerical dispersion value than 
other plastics. It is often used as the flint element in 
color-corrected plastic optical systems. 

Compared with acrylic, styrene has lower trans- 
mission in the UV range of the spectrum, It has a 
lower resistance to UV than acrylic but is more easily 
scratched than acrylic. 

Because its surface is less durable, styrene is more 
typically used in nonexposed areas of a lens system. A 
styrene lens, when paired with an appropriate acrylic 
lens, offers an effective achromatic solution, 


SAN (Styrol-Acrylnitril-Copolymer) 

SAN is a copolymer of certain fractions of Poly- 
styrene and Acrylic (typically 70/30), which allows 
adjusting refractive indexes. It is a glassy polymer 
with a low tendency to stress cracks. SAN has slightly 
more chemical durability than PS and is a low-cost 
material with excellent molding properties. 


ABS/MABS (Acryl-Butadien-Styrol-Copolymer) 
ABS is developed from polymerization of styrene and 
actylnitrit on polybutadien during the emulsion 
process. Process variations lead to different material 
characteristics. Compared to PS, the chemical resist- 
ance and temperature stability of ABS is considerably 
better. ABS has a natural color so it cannot be used for 
every optical application. 


PES (Polyethersulfon) 

PES shows a remarkable temperature stability, a low 
transmission against UV-light, a limited transmission 
with a natural yellow color, and cannot be used for 
every optical application. Because of its excellent 
temperature stability, PES is suitable for assembling, 
even on electronic motherboards by reflow soldering. 
This process causes temperature stress up to 220°C 
(Figure 3). 


COP and COC (Cyclic olefin polymer 

and copolymer) 

Cyclic olefin (co-)polymer provides a high-tempera- 
ture altemative to acrylic. Its refractive index and 
transmittance are similar but the heat distortion 
temperature is about 30°C higher than for acrylic. 
Ithas a remarkably low water absorption value of less 
than 0.01% (compared with Polycarbonate 0.2% 
and PMMA 0.3%). 

Cyclic Olefin Polymer (COP) is a family of 
amorphous plastic resins with low native stress 
birefringence properties. Zeonex is a resin developed 
hy the Nippon Zeon Company ~ one grade, E48R, 


‘Transmission (9%) 
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Figure PES. 


has a heat distortion temperature of about 122°C. 
Zeon Chemicals has another class of polymers called 
Zeonor, that can be provided as a lower-cost 
alternative to Zeonex. 

Cyclic Olefin Copolymer (COC), with the trade 
name of Topas, is another high-temperature alterna- 
tive to acrylic. Generally, itis a lower-cost alternative 
to COP. Particularly favorable is the high flowability 
(good injection moldability) of these thermoplastics, 


PMP (Polymethylpenten ~ TPX") 

PMP has a structure similar to PE, except that only 
the methyl groups are replaced with isobutyl groups. 
The chemical resistance can be compared to PP, 
although it tends to stress crack under the impact of 
ketones or chlorinated solvents, The main advantages 
of PMP are its excellent transparency and its good 
mechanical characteristics, even at high service 
temperatures of up to 150°C. 


PE-HD (high density polyethylene) 

If polymerization is controlled catalytically, mol- 
ecules with a low number of side chains will be 
received. Compared to PE-LD (low density), the 
molecules are quite compact with a higher stability 
and chemical resistance and service temperature can 
he up to 105°C. PE shows a bad transparency (mil 
appearance) in the visible spectral range. However, 
this material is permeable for infrared beams and so is 
frequently used for motion detectors. 


Elastomere 


Elastomeres are plastics with loose and networked 
molecules which are rubber elastic at a normal 
temperature. The most popular elastomeres are 
natural rubber and silicone rubber. These materials 
are optically used as flexible light guides. 
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Duromeres 


Organic glass is a fully synthetic plastic material 
available in a vitreous state. It consists of macromol- 
ecular organic compounds which do not follow any 
principle of periodic arrangement and are hence 
amorphous. 

Duromeres are plastics with spacial closely 
networked molecules which are very hard and 
refractory at a normal temperature. Impact of heat 
causes an irreversible induration. In most cases, 
duromers are used to produce plastic lenses made of 
organic glass. Once they have been thermally treated 
after production, their shape can no longer be 
change: 

‘The well-known plastic CR 39 is one of the organic 
materials used for plastic lenses 

CR39 plastic is made by polymerization of the allyl 
diglycol carbonate (ADC). It is a transparent, 
thermosetting resin which combines an exceptional 
range of qualities which are not available in other 
plastic transparent materials. The CR39 plastic is 
colorless and completely transparent to the visible 
light and almost completely opaque in the infrared 
and ultraviolet region of the spectrum. For these 
reasons, it is largely used for the production of sun- 
glass lenses. They can be colored by surface dyeing or 
bulk tinting, have high abrasion resistance, and high- 
quality optical propert 
as much as glass, they keep their excellent optical 
properties despite long-term exposure to chemicals 
and resist heat distortion up to 100°C. These 
qualities, combined with the exceptional optical 
characteristics, make CR39 the best choice for 
applications where sev 
all other optical materials. 


conditions of use exclude 


Additives and Colors 


The characteristics of many plastics, particularly of 
thermoplastic materials, can be changed by adding 
so-called additives. 

UV-filter materials are frequently added to 
improve the stability of materials in the sunlight. 
Sometimes nonstabilized plastics tend to yellow 
(transmittance decreases). Color filters can also be 
generated by coloring. Infrared coloring permits 
the production of optical elements which appear 
black in the visible spectral range. These materials 
are particularly used for sensors, optical scanners, 
or remote control front windows. Even character- 
istics, such as temperature stability, can be influenced 
by additives. 


Manufacturing Methods 


The manufacturing processes for glass and plastic 
optics are totally different. Glass lenses are made by a 
grinding and polishing process. By contrast, typical 
manufacturing methods for precise technical plastic 
optical parts are diamond turning of plastic blocks, 
injection, and compression molding of granulates. 
Other methods, such as casting, have their appli- 
cation in special fields like ophthalmics (eyeglasses). 
In any case, processing transparent plastic materials 
for optical purposes should take place in a clean 
environment. 


Diamond Point Turning 


Diamond point turning is an ultra-precision machin- 
ing process carried out on special high-performance, 
ultra-precision diamond CNC-machining systems. 

In combination with vibration isolation systems, 
digital signal processor-based machine control and 
integrated measuring systems with nanometer pro- 
gramming resolution manufacturing of optical sur- 
faces is possible. This method can be expanded to full 
3D-milling systems. With such an arrangement the 
generation of free-form surface profiles is possible. 

Because of the long production time and the high 
machine costs, this technology is used for prototyping 
in plastics and nonferrous metals, mold inserts, and 
series production plastic parts ~ which cannot be 
manufactured by injection molding (because of size 
or precision demands). 


Injection Molding 


Injection molding produces several parts per shot 
(molding cycle) in single or multicavity tools. This 
production method is used for most of the plastic 
optic parts. Other fabrication techniques are used 
only when molding is inappropriate. 

A plastic injection-molding machine consists of a 
fixed platen, a moving platen, a clamping unit, and 
an injection unit. Molding of optical parts requires 
special machine configurations and auxiliary 
equipment, 


‘Compression Molding 


Compression molding is used in the making of Fresnel 
lenses or other micro-optical structures. The material 
is pressed between heated platens with accurately 
defined temperature cycling during pressin; 
Mold inserts are formed by electroplated copie 
replicated from master structures. These masters can 
be, for instance, diamond turned structures or 
diffraction gratings made by holographic methods. 
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The compression molding process allows realizing 
small structures with high aspect ratios and tight 
angular and positioning tolerances. 


Manufacturing Process 


Optical and System Design 


On the one hand, optic design for plastic optics in 
principle uses the same mathematical algorithms 
as optic design for glass. On the other hand, 
designing plastic optics requires a profound under- 
standing of the material properties and the manufac- 
turing processes. Knowledge of production 
technologies, material characteristics, and assembling 
methods, together with design expertise, are needed 
to fully exhaust what precision plastic optics can be. 
Simply substituting the indices of refraction and 
re-optimizing, the design will not succeed. Expert 
design assistance is essential at this stage. 

Designing plastic optics with modern design tools 
allows greater design freedom. The advantage of 
combining integral mounting structures with the 
optical surfaces to create mounting flanges, align- 
ment, and snap features, provides the ability to 
automated assembly, Aspheric, cylindric, or toroidal 
surfaces are as easy to realize as spherical ones. 
Microstructures such as diffractive optical elements 
can be integrated too. 


Prototyping 


After designing a plastic optical system, lens proto- 
types can be made by diamond point turning in 
various plastic materials. The best surface finishes can 
he obtained with PMMA. Materials such as poly- 
carbonate, pleximid, or Zeonex do not yield smooth 
surface finishes. 

A major problem is the availability of semi-finished 
plastic blocks in various materials. For PMMA, a 
wide variety of bars or plates are available. For other 
materials or colored options, semi-finished items have 
to be made by injection molding. Because of the high 
manufacturing costs, diamond point turning is only 
recommended for making a limited number of 
prototypes to verify functionality of the optical design 
and to perform first tests. 

In this stage optical systems are normally 
assembled from single elements. Housing parts 
often are made from aluminum. The resulting surface 
quality and system performance cannot be a val 
dation of the manufacturability by injection moldin; 
To get reliable knowledge about this, making a 
molded prototype from a single-cavity prototype 
mold is recommended. 


The Injection Mold 


A high-quality injection mold is obviously essential 
for precise plastic optic parts. The parts can never be 
better than the tool ~ but good tooling, however, does 
not guarantee good parts. A strong understanding of 
the whole manufacturing process is the key to 
producing precision plastic components. 

Any injection mold consists of three main parts. 
The upper half, which is affixed to the injection-side 
platen, the lower mold half, which is affixed to the 
ejector-side platen, and the mold-ejection mechanism, 
Guide pins and taper locks ensure proper alignment 
of the mold halves. 

Production volume and precision required from a 
tool influences the selection of mold materials and 


built-in maintenance featur 

Single-cavity and multi-cavity molds from two 
to eight, 16, or even 32 cavitys are used for plastic 
optic parts. 

‘Thermoplastic materials shrink during cooling in 
the mold. This geometric effect has to be compen- 
sated for in the injection mold, Exact shrink rates can 
be calculated and the tool can be modified. 

For manufacturing optical plastic parts by injection 
molding, the optical surfaces (plano or aspherical 
shapes, diffractive, conical, lenticular, and cylindrical 
surfaces) are generated as separate inserts in the tool. 

Aspheric inserts are manufactured by two steps. 
First a best-fit curve is generated on a stainless steel 
substrate, The substrate is then subjected to a nickel- 
plating process (electroless nickel) that deposits a thin 
layer of nickel (up to 500 ym), In the second step, 
single-point diamond turning produces the final 
aspheric or diffractive curve in the nickel. Because 
the hardness of a nickel-plated insert is less than that 
of a steel spherical insert, it will be more susceptible 
to scratch defects (Figure 4). 


Pre-Production 


A pre-production stage is recommended to check the 
manufacturing process. Typically this is done by using 
a single-cavity prototype mold. This mold can be used 
to find optimal molding conditions. 

Optical and mechanical design can be verified with 
real molded components and design revision is 
possible to affordable conditions. Often the proto- 
type molds is used to start limited production since 
production tooling may take much more time. 


Series Production 


For series production of high volumes, multicavity 
production molds are required. Depending on quality, 
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Figure 4 Injection mold 


volume, throughput, and cost, the production tool 
may have 2, 4, 8 or even up to 32 cavities. 
The production molds function for at least several 
hundred of thousands of injection cycles. 


Coating and Component Assembly 


Coating 


Because of their limited temperature and UV 
resistance, plastic lenses must not be coated in an 
elevated temperature and radiation environment. 
During the deposition of thin films onto plastic, the 
coating chamber temperature is significantly lower 
than that for glass optics. This requires deposition 
techniques such as ion-assisted deposition to apply 
antireflective, conductive, mirror, and beamsplitter 
coatings. 

Today, multi-layer dielectric coatings are routinely 
deposited on plastic components. Typical broadband 
antireflection coatings reduce reflection to about 
0.5% per surface across the entire visible spectrum. 
Narrowband, multilayer antireflection coatings can 
achieve surface reflectances less than 0.2%. Multi- 
layer dielectric coatings can be modified easily to 
scratch-resistant designs for front lenses and 
windows. 

Several front and back surface reflector coatings 
are available for plastic substrates. Standard 
coating metals include aluminum, silver, and gold. 
Aluminum coatings provide surface reflectances 
greater than 88% across the visible spectrum and 
gold coatings greater than 95% for the near-infrared 
region. 


‘Component Assembly 


Many advantages of using plastic optics will come out 
in manufacturing components. The integration of 
optical, mechanical, and electronic elements allows 
building low-cost polymer optical components such 
as small camera lenses or scanner heads. 

Plastic optical assemblies are usually carried out in 
a clean room environment by manual, semi-, or fully 
automated processes. The components have to be 
designed to ensure ease of assembly. Snap-on features, 
UV-cementing, heat-staking, and ultrasonic and laser 
welding, can also be employed with plastic materials. 

Since most optical tolerances are additive, it is 
essential to establish quality check points in the 
manufacturing process to sort out nonconforming 
sub-assemblies. 

Automatic in-line optical performance, monitoring 
such as MTF testing, can be implemented. SPC 
techniques should be used here to ensure the process 
is not drifting out of the controllable range. 


Summary 


For centuries, glass proved to be the material of 
choice for all optical applications. During the 
twentieth century, applications for glass clements 
and complex optical systems greatly expanded. Early 
uses of plastic molded elements included toy objec~ 
tives, gauge windows, and watch crystals. Through- 
out the 1970s and up to the present day, high-grade 
polymers were developed specifically for optical 
applications. These advancements in materials, 
coupled with improved mold design have enabled 
plastic optics to replace glass optics in a wide and 
growing number of applications. 

Plastic optic technology permanently expands their 
traditional limits and fields of application. On the one 
hand, plastic optic is still limited by material proper- 
ties but, on the other hand, design and assembling 
freedoms allow new approaches. 


Diffraction: Fresnel Diffraction. Geometrical Optics: 
Lenses and Mirrors. Optical Coatings: Thin-Film Optical 
Coatings. Optical Materials: Color Filter and Absorption 
Glasses. 
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Introduction 


Optical materials, like all materials, ultimately derive 
their physical properties from their chemical compo- 
sition and physical form, Aluminum behaves differ- 
ently from copper because of a chemical difference, 
while graphite behaves differently from diamond 
hecause of a crystallographic difference. For materials 
that are not infinite perfect crystals, an important 
contribution to their electromagnetic (optical) 
response comes from the morphological form of the 
material. Morphological form describes the physical 
structure of the material: a perfect crystal is one type 
of morphological structure, a porous fibrous bundle is 
another. An example of a morphological difference is 
that between snow and ice. Snow and ice are 
chemically identical, composed of solid water, but 
they exhibit different optical properties because of a 
difference in morphology. The polished glasses and 
large perfect crystals that comprise most optical 
components have morphologies more like ice than 
snow; their morphologies are dense and crystalline, 
with few and small disordered ‘defects’. Unlike ice, 
snow is rich with morphological structure (see 
Figure 1) arising from the complex growth of each 
flake in the clouds, and the aggregate growth of snow 
on the ground, The morphology of snow scatters all 
colors of visible light, giving it an opaque white 
appearance, while ice is transparent and nearly 
colorless. 

Sculptured thin films (STFs) are materials with 
controlled and designed morphology that exhibit a 
rich behavior unlike that of the constituent materials 
in bulk; they are the snow to most optical materials? 
ice. Unlike snow, sculptured thin film morphology is 
designed to scatter light in a controlled manner to 
produce a desired optical response. A sculptured thin 
film could be a coating applied to an optical element 
where the coating converts polarizations of light, 
circular or linear, but is composed entirely of an 
optically isotropic material (which doesn’t usually 
affect the polarization of light). The film morphology 
is designed to create the desired optical properties. 


Sculptured thin films are also useful for magnetics, 
where an example of a sculptured thin film is the metal 
film coated onto plastic tape for video, audio, and data 
recording. The film is deposited under conditions that 
impose an elongated shape onto the magnetic 
domains, altering the magnetic properties. The mor- 
phological form of a sculptured thin film defines the 
way it responds in electromagnetic, chemical, and 
biological interaction, and there is hope that these 
unique materials will someday form the core of 
technologies that make the world a better place. 


Structure in Thin Films 


As chemical composition and morphology determine 
the electromagnetic response of materials, it would be 
wonderful to have a technique where we could build 
materials atom by atom, placing each exactly where 
we wished, and varying the element at will. With this 
level of control it would be possible to design and 
fabricate materials for almost any conceivable optical 


application, In some sense this is what is done now to 
fabricate lasers and optical switches, Microelectronic 
and micromachining processes have produced fantas- 
tic optical devices by controllably mixing materials 
(mostly semiconductors) and patterning designed 
structures. These techniques typically employ a 
repeated series of thin-film depositions and photo- 
lithographic patterning. Examples of thi 
ings include antireflection coatings on eyeglasses, 
hard coatings on grocery store barcode scanners, 


film coat 


Figure 1 Photograph of snow accumulating at -20°C. Photo 
courtesy of Chelsea Eliot, 
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ultraviolet blocking aluminum inside potato chip 
bags, and all integrated electronic circuits. Thin films 
are usually produced by vapor deposition in vacuum, 
and can be made with most elements and inorganic 
compounds (and a growing list of organics). Most 
thin films grow as uniform, dense, two-dimensional 
(2D) layers, and three-dimensional structure (3D) is 
produced by removing portions of the film with 
photolithography and etching. Photolithography is a 
process where ultraviolet light is projected through a 
mask and microscope system onto a photosensitive 
polymer layer atop the thin film, The light hardens 
areas of the polymer in the pattern of the mask, 
preventing them from dissolving in a chemical 
developer solution. Exposed portions of the thin 
film can then be etched away with chemical or other 
means. Repeating as desired, many steps can create 
complex 3D designed structures. Computer chips and 
other integrated circuits are semiconductor crystals 
covered with a layered structure of conductors 
(aluminum, copper, platinum) and insulators (metal 
and semiconductor oxides) patterned with thin film 
deposition and lithography. Semiconductor lasers and 
many other optical devices are made this way as well, 
usually employing compound semiconductors (GaAs, 
AlGaAs, GaAsP, InP, etc.) The micrometer-scale 
patterning made possible with thin-film deposition 
and etching techniques has produced a wealth of 
semiconductor optical d 

Optical lithography, however, is limited in size 
scale to dimensions comparable to the wavelength of 
light used to expose the photomask. Modern UV 
lithography can pattern 100-200 nm_ structures. 
Visible light has wavelengths from 400 nm (violet) 
to 700 nm (red). Shrinking the dimensions of physical 
structures is a great benefit for optical devices as it 
allows light to be controlled coherently without 
strong random scattering, Structures with dimensions 
comparable to the wavelengths of light strongly 
scatter light waves; scratches on optical components 
or imperfections in materials with dimensions com- 
parable to the wavelength are considered defects, and 
are usually deleterious. However, materials with 
morphology much smaller than the wavelength 
(nanometer structure, or nanostructure) are seen by 
propagating light as homogeneous, with polarization 
and dispersion effects characteristic of the underlying 
structure. Sculptured thin films are materials 
where complex nanostructure has been created by 
controlling growth parameters dynamically during 
deposition of a thin film. The simplest sculptured thin 
film might be one where the temperature is periodi- 
cally varied during thin-film deposition (although this 
is a very simple example, lacking the anisotropy 
central to the sculptured thin-film concept). Variation 


in the growth process with temperature affects film 
density, producing a porosity variation (periodic 
inhomogeneity) as a function of film thickness. 
Varying porosity produces varying refractive index, 
and this film would be an optical interference filter. 
The largest limitation of sculptured thin films is that 
all attainable structures must be characteristic of the 
growth process. As all morphological control is 
accomplished by varying film growth parameters, 
structure that is not characteristic of thin film growth 
is not possible. Fortunately, thin film deposition and 
growth is sufficiently complex to allow the fabrica- 
tion of a large range of useful structures. As with 
lithographic patterning, the structural control is two 
dimensional, but now the third dimension is con- 
structed by continuing the deposition, not by repeat- 
ing the deposition and lithography cycle. Complex 
structures can be produced on the scale of tens or 
hundreds of atoms (approximately tens of nano- 
meters) with controlled 3D morphology. This 
reduction in size scale compared to lithographic 
patterning is a huge benefit. Materials can now be 
designed and created with subwavelength structure to 
coherently scatter light. Because the morphological 
structure (<100nm) is much smaller than the 
wavelength of visible light (~500 nm), light traveling 
ina sculptured thin film sees a medium with averaged 
properties. The material can be designed to control 
refractive index through a wide range, and birefrin- 
gence and circular polarization effects are 
controllable. 

The morphological structure of thin films is a vast 
topic. Thin films are produced with a nonequilibrium 
growth process, somewhat like the growth of clouds, 
and the mechanics of the growth determine the 
structure, which is often very different from that 
seen in a bulk sample of the same substance. Crystal 
and morphological structure vary with deposition 
process conditions, and vary during deposition to 
record a history of growth much like the rings of a 
tree, or stratified rock. If chemical composition is 
varied during the deposition, that change will be 
reflected in layers in the film. If vapor energy or 
temperature is varied, variations in density and 
crystal structure will result. Thin film growth is an 
aggregation process (the film accumulates over time}, 
and exhibits many of the features of similar processes, 
sometimes producing materials with structures simi- 
lar to broccoli or clouds. This self-affine (self-similar) 
structure is observed over a large range of sizes under 
some film deposition conditions. Under other depo- 
sition conditions, crystallographic effects dominate 
growth and films become layers of faceted crystals. In 
sculptured thin films, these growth characteristics are 
controlled and exploited in a functional manner to 
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design material properties. For example, magnetic 
video and audio tapes that have the symbol ME, 
abbreviating ‘metal evaporated’, employ a structured 
magnetic thin film that has superior magnetic 
response for recording, Similar effects are observed 
in optical materials, and sculptured thin films appear 
promising for improving existing optical devices or 
enabling new ones to be developed. 

‘The most studied form of sculptured thin films is 
that produced by an asymmetric deposition process. 
In deposition by vacuum evaporation, a thin film is 
fabricated by evaporating some source material in 
vacuum, and condensing a vapor onto a substrate. 
Eyeglasses, mirrors, television phosphor screens, etc. 
are coated this way. In most thin films the vapor 
arrives straight down (perpendicular) to the plane of a 
flat substrate. The film structure reflects the symmetry 
of the vapor, and is typically composed of a dense 
layer with some defects or voids oriented perper 
dicular to the substrate surface. A thin film exhibiting 
this morphology is shown in the scanning electron 
microscope image of Figure 2. When vapor arrives 
asymmetrically onto a substrate, however, that 
asymmetry is reflected in the growth, producing 
structural asymmetry in the resulting film, and altered 
physical properties. A second scanning electron 
microscope image is shown in Figure 3, of a 
sculptured thin film where the orientation of the 
substrate relative to the vapor is changed twic 
producing three layers with different morphologies. 
The thin uniform gray at the absolute bottom of the 
image is the edge of the silicon crystal substrate which 
has been cleaved to reveal an interior section of the 


film. The bottom and first film layer is inclined to the 
right, toward the vapor source for the duration of this 
first part of the deposition, The middle and second 


= 100 nm 


Figure 2 Micrograph of MgFe film deposited onto a 75mm 
silicon wafer substrate, then fractured to reveal the edge shown. 


film layer has a twisted structure created by slowly 
rotating the substrate relative to the vapor, while 
keeping the tilt fixed. The top layer has a vertical 
structure created by rapidly rotating the substrate. 
The entire film was produced with the vapor arriving 
at an angle of 45°, measured from either the plane of 
the substrate or its perpendicular. Varying the tilt 
angle has a profound effect on the morphology of thin 
films. The void structure in these films records the 
geometry of the deposition, When we cleave a film we 
are able to observe a 2D slice of this rich morphology. 
At large tilt angles, glancing angle deposition (GLAD) 
produces films with highly porous and complex 
structure, At these angles, the film structure becomes 
isolated columns of material where growth variations 
are now reflected in variations in the shape of 
individual columns. At less oblique vapor angles, 
growth variations are reflected in the shape of 
networks of atomic-scale voids within a largely 
dense film. Indeed, for the best optical devices fabri- 
cated to date (with the serial bideposition technique 
described later) it is difficult to distinguish any 
variation in structure even using a high-resolution 
scanning electron microscope. The film deposition 
process can be designed to control the morphology 
of the growing film, and to vary the structure as a 
function of time and thickness. The morphology of 
these films determines their optical properties; optical 
birefringence, second harmonic generation, filter 
bandwidth and attenuation, etc. can all be controlled 
in sculptured thin films. 


Figure 3 Micrograph of SiO film deposited with tit angle of 45° 
with ane layer of no rotation, one layer with one rotation, then ane 
layer with rapid rotation, 


Williams, Tim: The Circuit Designer’s Companion, 
2nd edition. Newnes, 2005. 
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—Charles Platt, 2014 


Preface xxvii 


4 OPTICAL MATERIALS / Sculptured Thin Films 


Optical Thin Films 


Light can be described as a traveling wave with 
electric and magnetic fields oscillating perpendicular 
to each other, and to the direction of propagation. If 
the orientation of the electric field remains constant as 
the wave propagates, the light is said to be linearly 
polarized. If the orientation of the electric field rotates 
through a circular path, the light is circularly 
polarized, and can be left or right handed. In the 
most general description, the electric field traces an 
ellipse during propagation and the light is said to be 
elliptically polarized. The experimental study of light 
polarization is called ellipsometry. When light pro- 
pagates through vacuum or air, the state of polariz- 
ation remains constant. When light propagates 
through some types of materials, however, crystal- 
lographic or morphological asymmetry (or more 
correctly, anisotropy) results in different propagation 
conditions for different polarizations. Upon passage 
through these materials, the orientation and form of 
the state of polarization is changed, for example from 
left circularly polarized (LCP) to right circularly 
polarized (RCP). When multiple layers of anisotropic 
materials are combined into an optical circuit, as in 
the sculptured thin film concept, highly controlled 
optical response characteristics can be created. 

The discussion of the optical properties of thin 
films begins with definitions of isotropic, uniaxial, 
and biaxial materials. Isotropic materials have optical 
properties that are independent of the direction that 
the light propagates through them. Vacuum and air 
are isotropic, as is glass. Rotation of the optical 
material relative to the light propagation direction 
has no effect on how the light propagates, and the 
state of polarization remains constant. Uniaxial 
materials have properties that vary with direction, 
but with one preferred direction (or axis) where 
response is independent of rotation, Biaxial materials 
have properties that are even more dependent on 
propagation direction, and require two axes to 
describe their optical properties, For biaxial materials 
there is no propagation direction where the optical 
response is independent of rotation. The mineral 
calcite is an example of a uniaxial material where the 
refractive index, and therefore the speed of light 
propagation, varies with direction relative to the 
crystal structure. This is a direct consequence of the 
trigonal crystal structure of calcite, and is an example 
of linear birefringence. Birefringence is the effect 
caused by anisotropic materials whereby light of 
different polarizations, even within one ray of light, 
travel with different speeds. When light propagates in 
a birefringent material, the orientation of the light’s 
electric field relative to the material’s optical axis 


determines the speed of propagation. Light with 
different polarization (orientation) propagates at 
different speeds, and a beam’s polarization state is 
altered on passage through the material, Thin films 
can be isotropic, uniaxial, or biaxial, depending on 
the conditions under which the film is deposited. 
Sculptured thin films are films fabricated in a manner 
that controllably enhances the anisotropic optical 
response to produce materials with designed optical 
properties based on control of their morphological 
structure. As in calcite where the anisotropic crystal 
structure yields a uniaxial optical response, aniso- 
tropic morphological structure in sculptured thin 
films yields biaxial optical response. A plan view 
scanning electron microscope image of an anisotropic 
thin film is shown in Figure 4. The film was deposited 
with two vapor sources with the substrate placed 
between and the vapor arriving from both sides at an 
angle of 70° from the substrate perpendicular. This 
film is similar to those produced with the serial 
bideposition technique, and is optically birefringent, 
Polarization filters and other optical components can 
be constructed by designing the morphological 
structure of the thin film. 

As discussed above, when a thin film is deposited 
from a vapor arriving perpendicular to a flat substrate 
surface, a structure composed of small (tens of 
nanometers diameter) columns of film material 
grows, with the columns oriented perpendicular to 
the substrate (Figure 2). This film is optically uniaxial, 
with the preferred axis perpendicular to the substrate, 
and parallel to the vapor flux. Light propagating 
along this optical axis (perpendicular to the substrate) 
travels at one speed regardless of polarization, and 
independent of rotations of the substrate around this 
axis, Light propagating along other paths will travel 
ata speed that depends on the polarization of the light 


Figure 4 Micrograph of MgF2 film, viewed from above, 
deposited with simultaneous growth from two vapor sources. 
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(orientation of the electric field relative to the 
propagation direction). The effect is small, and arises 
from the morphological structure of the film. More 
pronounced optical response is produced when the 
vapor arrives onto the substrate at an angle from the 
substrate perpendicular, producing optically biaxial 
materials, and enabling exciting polarization and 
filtering effects. If thin film of magnesium fluoride is 
deposited onto a polished piece of glass with the 
vapor arriving at 45° (relative to an axis perpendicu- 
lar to the substrate), a slanted columnar film is 
produced. The morphology of the film is tightly 
packed columns of polycrystalline magnesium fluor- 
ide with diameters between 50 and 200 nanometers 
(nm), inclined toward the vapor source, and pene- 
trated by a network of atomic-scale voids. Because of 
the anisotropic nature of the deposition, the voids are 
anisotropic, and the film is optically biaxial. If the 
substrate is then held at that tilt angle and is rotated 
during deposition, the anisotropy in the structure 
rotates with the deposition, and an important type of 
sculptured thin film is produced. The electromagnetic 
description of this type of film is a ‘helicoidal 
hianisotropic medium’, describing both the helix 
shape of the rotation of the structure and the local 
hianisotropic (biaxial) physical, and optical, struc- 
ture. Films with helicoidal symmetry are ideally 
suited for studies involving circular polarizations of 
light, and many demonstrations of sculptured thin 
films have involved these films and circularly polar- 
ized light. Like many organic molecules and some 
mineral crystals, these film are chiral, existing in two 
mirror image forms, called enantiomers. A right- 
handed structure rotates clockwise traveling away 
from an observer; a left-handed structure rotates 
counterclockwise. Also like some organic molecules 
and mineral crystals, helicoidal films are optically 
active - they affect the polarization of light. The 
observed effect depends on the wavelength of light 
relative to the physical helicoidal structure. If these 
two lengths match, a strong resonance effect is 
observed where the light wave coherently scatters 
from the anisotropic structure. Filters to produce and 
convert circular polarized light have been constructed 
with sculptured thin films of this type. 

The range of structural control over the mor- 
phology of thin optical films limits the ability to 
tailor optical response for desired applications. 
While optical systems must always be treated as a 
whole to determine response properties, the descrip- 
tion of some basic elements is useful. A film deposited 
at normal incidence will be uniaxial with the axis 
perpendicular to the substrate. For light propagation 
along this axis (common for optical systems), the 
material exhibits no birefringence. This structure is 


often called an isotropic element even though the 
columnar structure is slightly optically anisotropic. 
A truly isotropic layer could be produced by 
ion bombardment or elevated temperature during 
deposition, either of which would have the effect of 
eliminating the columnar structure and reducing 
anisotropy in the film. The second elemental structure 
isa slanted columnar film that is commonly described 
as a matchstick morphology. It is produced by 
changing the vapor incidence away from the substrate 
normal, leading to an inclination of the column 
structure toward the vapor source, as described 
above. Further structures can include: helicoidal 
structure where the anisotropy rotates through the 
thickness of the film, and periodically bent nematic 
structure where the anisotropy tilts in an s-shaped 
pattern through the film (fabricated with a complex 
pattern of rotations and depositions), These four 
elementary microstructures are shown in Figure 5. 
Electrical, optical, and magnetic anisotropy can also 
he increased by depositing obliquely from two sides 
instead of one, and this technique (called serial 
hideposition) can be used to increase the anisotropy 
in sculptured thin films, At extremely oblique 
deposition angles, a regime called glancing angle 


(2) Matchsticks. 


() Zigzags 


(6) Coils (HEM) 


(@) Periodically 
bent nematics 


Figure § Elementary microstructures of sculptured thin films. 
From Lakhtakia A, Messier R, Brott MJ and Robbie K (1996) 
‘Sculptured thin flms (STFs) for optical, chemical and biological 
applications. Innovations in Materials Research 1(2): 165~176, 
reproduced with permission. 
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Figure 6 Micrograph of MoFs fim deposited witha tit anglo of 
85" and substrate rotation clockwise for tho first hall-and 
counterclockwise for the second, 


deposition, a rapid increase in porosity with approxi- 
mately constant column tilt results from a compe- 
tition between deposition processes. Films deposited 
here are highly porous and strongly scatter light, 
limiting their usefulness for conventional optical 
devices, though some application has been seen in 
these highly porous films when impregnated with 
liquid crystals, and switched similarly to liquid crystal 
displays. An example of a highly porous optical filter 
with circular polarization effects is shown in Figure 6, 
where two layers of helicoidal porous films are 
deposited with different handedness and pitch, 
Sculptured thin films for most optical devices are 
deposited at less oblique angles to reduce porosity 
and therefore diffuse light scatter (haze) as well as 
sensitivity to humidity and other environmental 
changes. 

Combining the concepts of film growth and optical 
response to morphology leads to the hoped-for vision 
of sculptured thin films: optical circuits in a chip. 
Combining the elementary microstructures described 
above, and employing powerful computer growth 
modeling and optical design programs, researchers 
are currently defining and producing sculptured thin 
films with increasingly complex optical response 
characteristics. There are substantial steps required 
to move from the fairly simple optical filters fabricated 
today to large-scale devices with complex function- 
ality, but continuing success and increasing interest 
suggest that sculptured thin films could become a 
dominant optical technology in years to come. 


Current Research 


While thin films deposited at off-perpendicular 
incidence angles have been studied for many years, 
the last decade has produced significant new insights 
into these materials, leading to the concept of 
sculptured thin films, Understanding that morpho- 
logically rich materials can be used to produce new 
optical effects has yielded some impressive demon- 
strations. Research is also underway to explore these 
materials for chemical, magnetic, biological, and 
other applications. 

Significant research has been conducted in the past 
few years to develop and extend the concepts of 
sculptured thin films. Optical studies, both theoretical 
and experimental, have revealed a range of remark- 
able properties including circular birefringence and 
Bragg reflection, liquid crystal alignment and switch- 
ing, optical interconnection, and even suggestions of 
photonic bandgaps. Studies of optical sensing of gases 
and other materials is progressing, and simulation 
and modeling of the growth processes is ongoing. The 
following are two examples of optical materials that 
have been fabricated with sculptured thin-film 
techniques; one is a polarization discriminatory 
light-handedness inverter and the second is a liquid 
crystal switching cell that can be used to electrically 
modulate the transmission of polarized light. The 
handedness inverter converts left circularly polarized 
light to right circularly polarized within a spectral 
band, and blocks right circular polarized light. It is 
constructed by combining a layer with vertical 
columnar, or matchstick, morphology together with 
a layer with helicoidal morphology. In keeping with 
the sculptured thin film concept, the films are 
deposited sequentially during the same deposition, 
and optical properties are monitored during growth, 
The transmission spectrum for the devices is shown in 
Figure 7, where Ty. and Tx are the light transmit- 
tances of right circularly polarized light when the 
incident is LCP, and of LCP when the incident is RCP, 
respectively. LCP light is almost entirely converted to 
RCP upon transmission, and RCP light is blocked. 
The bandwidth of the devices is about 50 nm, 
determined by matching of the circularly polarized 
light with the layer with helicoidal morphology. 

‘When films are deposited with helicoidal mor- 
phology at glancing angles, i.e., glancing angle 
deposition, highly porous structures are produced 
where the columns stand alone and are individually 
shaped by the deposition process. Optical devices can 
be constructed by filling these porous films with gases 
or liquids, and there have been demonstrations of 
display-type switching with liquid crystals, 
and discussions of chemical sensing possibilities. 
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Figure 7 Transmission spectrum for visible light through 
a polarization-discriminatory  light-handedness _ inverter. 


‘Adapted with permission from Hodgkinson W, Lakhtakia A and 
‘Wu GH (2000) Experimental realization of sculptured:thin-film 
polarization-ciscriminatory light-handedness inverters, Optical 
Engineering, 39: 2831 ~2834, 


_ olass with transparent conductor 
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BEET pass storan 


with transparent conductor 


bottom electrode 


cop etocroas: FORT ater filing wth quid crystal 
Figure 8 Liquid crystal switching cell schematic with highly 
porous glancing angle deposited (GLAD) film between glass 
Plates coated with transparent olectrodes. Reproduced with 
permission from Sit JC, Broer Du and Bratt MJ (2000) Alignment 
and switching of nematic liquid crystals embedded in porous chiral 
thin fms. Liguid Crystals 27387281, wvw.tandt.co.uk/journals. 


The device shown in Figure 8 is a liquid crystal 
switching cell where the space between the electrodes, 
usually composed solely of liquid crystalline material, 
is now filled with a highly porous helical structured 
film, The film structure is somewhat similar to 
helicoidal film produced for the handedness inverter 
discussed above, but glancing angle deposition has 
produced a film of individual formed columns instead 
of a more dense film with a helicoidal void 


‘Transmission difference 
[RCP-LCP 9%) 
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Figure 9 Transmission spectrum fo visible light through aliquid 
crystal cell where the diference between right and left-citcularly 
polarized light transmission is eliminated with applied electric fied 
Adapted with permission from Sit JC, Broer DJ and Brott MJ 
(2000) Alignment and switching of nematic liquid crystals 
embedded in porous chital thin films. Liquid Crystals 27 
387-391, www-tandf.co.ukjjournals. 


morphology. When the porous portions of the film 
are filled with simple nematic liquid crystalline 
material, the orientation of the rod-like molecules is 
strongly influenced by the helical columns. An 
orientational phase occurs in the liquid crystals 
mirroring the helical structure of the columns in the 
film, and producing optical properties similar to 
chiral nematic liquid crystals. The discrimination of 
loft and right circularly polarized light increases 
relative to the unfilled film, When an electric field is 
applied across the liquid crystal cell, dipole moments 
in the liquid crystal molecules force them to align 
with the field, and chiral optical properties vanish 
(see Figure 9). Used as an electro-optic filter for 
circularly polarized light, this cell can switch light 
transmission on and off. Initial work has not shown 
clear benefits of this system over conventional 
liquid crystal display technology, but control of 
liquid crystal orientation throughout the cell 
instead of just at the glass plates appears promising. 
Possibly more complex optical circuits, incorporating 
layers of porous films filled with liquid crystals, will 
¢ useful, 

Theoretical and experimental study of sculptured 
thin films is in its infancy, and many exciting uses for 
these materials are expected in coming years, Con- 
tinning study of thin film growth dynamics will 
improve and expand the range of structures attain- 
able. Theoretical investigations will aid in the design 
and understanding of the optical response. 


List of Units and Nomenclature 


Aluminum (Al) — white metal used in airplanes, 


mirrors, and microelectronic 


circuits 
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Anisotropic 


Biaxial 


Chiral 


Diamond 


Electromagnetic 


Epitaxy 


Etching 


Graphite 


Inhomogeneity 
Isotropic 


Lithography 


Magnesium 
fluoride 


Morphology 


Nanometers (nm) 
Nematic liquid 
crystal 


Pitch 


Polarization 


Refractive index 


Substrate 


having properties that vary with 
orientation (rotation) 

having anisotropic _ optical 
response characteristics that 
require two axes to describe 
having a shape that exists in 
two mirror image forms, called 
enantiomers 

carbon crystallographically 
ordered in a face-centered-cubic 
lattice, and used in cutting tools 
and jewelry 

traveling waves of energy that 
compose light, x-rays, radio- 
waves, etc. 

growth of a thin film that pre- 
serves the crystal structure of ‘the 
underlying film or substrate 
removing material with chemical 
or physical atomic scale process 
carbon crystallographically 
ordered in hexagonal sheets, and 
used in pencils and lubricants 
varying with translation 
(position) 

having properties that are identi- 
cal in all directions 

process where patterns are pro- 
duced in a sensitive layer by 
irradiating the layer through a 
mask with the desired pattern 
ceramic (MgF,) that is used in 
thin-film or single-crystal form in 
many optical systems 
microstructural shape, or physi- 
cal arrangement of atoms in a 
material 


one billionth of a meter, 10-% m 
optical material composed of rod- 
shaped organic molecules that 
usually exhibits uniaxial optical 
properties 

physical period for one full 
rotation of a helical structure 
orientation and phase of the 
electric and magnetic fields in a 
traveling electromagnetic wave; 
can be linear, circular, or gener- 
ally, elliptical 

the ratio of the speed of light in 
vacuum to the speed of light in a 
material 

object that a thin film is deposited 
onto, often polished glass or 
semiconductors 


Ultraviolet (UV) electromagnetic radiation (light) 
with wavelength shorter than 
visible light and longer than 
Xrays 

Uniaxial having optical response charac- 
teristics that are anisotropic, but 
are rotationally symmetric about 

Vacuum absence of matter, typically pro- 
duced inside sealed glass or steel 
chambers by removing air with 
pumps 

Vapor flux moving gas-like collection of 
material, emitted from a source 
such as an evaporator or effusion 
cell, that will condense to form a 
thin film 
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Introduction 


Smart optical materials are those materials whose 
optical properties (transmittance, reflectance, absorp- 
tance, emittance, fluorescence) can be controlled by 
external stimulis either by an applied electric field or 
voltage, mechanical stress, incident light or electro- 
magnetic field intensity, temperature variation, or 
time duration. This includes electrochromic, photo- 
chromic, thermochromic, nonlinear optical, light 
emitting, fluorescing, emissive, and_piezochromic 
materials. These materials can be in various states, 
such as solids, gels, composites, and mesophases. 
Electrochromic and photochromic materials, 
however, are used most extensively. 

The mechanism for adaptive control of light must 
be reversible, have a well-defined response time, and 


have an activation thr 
is considered passive. The primary mechanisms that 
can cause variations in optical properties are crystal 
phase transitions, nonlinear effects in the polariz~ 
ability, optical energy band transitions and band 
bending, compositional changes, defect and color 
center formation, and lattice strain. Crystal phase 
transitions change the bonding morphology of a 
material, which affects the energy bandgap. Most 
optical materials have several possible crystalline 
phases, depending on temperature. The optical 
properties of the anatase and rutile phases of TiO2, 
for example, are very different, and result from 


shold, otherwise, the material 
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different energy bandstructures (recall that the energy 
bandstructure depends on lattice spacing and crystal- 
line plane orientation). The crystalline phase of 
several thermochromic materials changes from the 
martensite structure to the austenite structure with 
change in temperature, and an associated change in 
optical properties. Compositional changes are caused 
by chemical or physical reactions in the material, such 
asa metal ion bonding to an atom in the lattice, or 
loss of an atom in the lattice. The reaction can be 
caused by an energetic photon or ion driven by an 
electric field; electrochromic materials fit into this 
category. If their energy is high enough, incident 
photons can create defect states in the bandgap of 
materials, which in turn form color centers that 
absorb light. Modulated electric and electromagnetic 
fields can cause changes in the linear and nonlinear 
polarizability of the atoms in a lattice. Nonlinear 
optical and piezochromic effects are based on this 
mechanism. 


Photochromic Glass 


Photochromic glass is one of the most widely used 
smart optical materials, and definitely the most 
widely marketed. It has been around for over 30 
ars with hundreds of associated patents. The 
transmission of photochromic materials adjusts to 
the light level of their environment, but these 
materials give no output information for data 
processing or communications. They do, however, 
require no other external control mechanism other 
than the intensity of light (characteristics of a true 
smart material). Photochromic materials darkei 
reversibly when exposed to sunlight or a specific 
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optical (UV-LWIR) wavelength band. Absorption in 
specific narrow or broad wavelength bands is due to 
the formation of color centers, or point defect states 
in the lattice. The kinetics of darkening has been 
described by a two-color center model with two rate 
constants. Energy (usually in the ultraviolet wave- 
length range) of the incident photons, ionizes atoms 
in the glass, thus forming ‘F* centers. F centers are 
highly absorptive and the absorption generally occurs 
in a broad wavelength band. The earliest photo- 
chromic glass developed utilized a dispersed and 
sensitized colloidal silver halide as the darkening 
agent. Copper oxide was a typical sensitizer and AgCl 
is also a fairly common impurity used in PC glass. 
This material darkens by the equation 


Ag! + Cul = Ag’ + Cul! mW 


This type of reaction is fairly typical of these 
materials. The defect state is created in the silver 
and copper, creating optical absorption. Photo- 
chromic glass can darken down to 22% transmittance 
in sunlight and become nearly clear indoors, trans- 
mitting 85% of visible light. Figure 1 shows the 
transmittance of the darkened and normal states. 
Temperature, however, does have an effect on the 
lenses. The glass will not darken completely at 
temperatures above 32°C, and at cold temperatures 
the lens will get extremely dark in a shorter period of 
time, Recently, BaO-R,O;-SiO, (R= Al, B, La) 
nanoparticles have be 
photochromicity. 


introduced to enhance 


Thermochromic Materials 


Thermochromic materials darken and lose transmit- 
tance when heated above a critical temperature. 
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Figure 1 Transmitance of photochromic glass in darkened and 
normal states. (Reproduced with permission from Jorgenson GV 
and Lee JC (1985) Optical Materials for Energy Efficiency and 
Solar Energy Conversion IV, SPIE Proceedings, vol. 562. 
Bolingham, CA: SPIE.) 


They can be as sophisticated as a multilayer thin 
film optical interference coating or as mundane as a 
cereal bow! that changes color when heated. 
Thermochromic products are used to darken 
windows of automobiles, for example, when the 
internal temperature gets above a specific value. The 
conductivity of these materials also decreases with 
darkening in many cases because additional electrons 
are excited into the conduction band due to the 
increased number of defect states in the bandgap. The 
most common inorganic thermochromic thin film 
materials are transition metal oxides, and among 
these, the vanadium oxide family (V20s, VO.) shows 
the best performance. Figure 2 shows the transmit- 
tance of a VO2 thin film before and after heating. 
Here T, is the transition temperature. When heated 
above T,, the film darkens. Stoichiometric VO2 
darkens at a temperature near T, = 68°C due to a 
semiconductor to metal transition. The resistivity of 
VOz decreases by three orders of magnitude and the 
emittance can be increased up to 90% at the 
transition temperature. This material has promising 


applications for thermal control of space structures, 
where surfaces are exposed to intense solar radiation 
and periods of darkness at very low temperatures. 
The transition temperature can be engineered 
(increased or decreased) by doping with metals such 
as Wand Ta. 

Loss of transmission can be achieved by absorption 
or increased reflectance. Reflectance increases with 
heating are observed in substoichiometric WO, films 
and absorptance increases in stoichiometric films. 
The reflectance increase is attributed to a decrease in 
W/O ratio and an associated increase in the refractive 
index (n) and extinction coefficient (k). 
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Figure 2 Change in transmittance of a thermochromic VO. fm 
with heating. T=, for normal transmission and T >, when 
heated. (Reproduced with permission from Jorgenson GV and Lee 
LIC (1985) Optical Materials for Energy Efficiency and Solar Energy 
Conversion!V, SPIE Proceedings, vo.562. Belingham,CA: SPIE.) 
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Electrochromic Materials 


Electrochromic materials, also called switchable 
materials, are usually used in the form of thin film 
devices. Electrochromic windows, or smart windows, 
have finally reached maturity and promise to be the 
next major advance in energy-efficient window 
technology. These devices are used in architectural 
glazings, automotive mirrors, rear view mirrors, 
sunroofs, sunglasses, and other high-end appli- 
cations. Electrochromic devices are well suited for 
both solar and thermal control, A window can be 
controllably darkened during periods of bright sun- 
light and switched back to transparency during the 
evening or during cloudy periods. Windows with 
multilayer thin film electrochromic coatings change 
color and darken with an applied voltage, and bleach 
with a reverse bias. The magnitude of the applied 
voltage determines the degree of coloring and 
bleaching. In addition to a change in visible trans- 
mission, the NIR transmission and reflectance, and 
the associated thermal properties, can also be 
controlled. The major advantages of electrochromic 
devices are: (1) power is used only during switchin 
(2) switching voltages are small (1-5 V); (3) reflec- 
tance and transmittance is always specular; (4) gray 
scale variations are possible; (5) polarization is 
minimal (reduces birefringence and distortion); and 
(6) the memory is adjustable in many cases. 

The clectrochromic effect occurs in inorganic 
compounds by dual injection (cathodic) or ejection 
(anodic) of ions (M) and electrons (e-). A typical 
reaction for a cathodic coloring material is 


WOs(colorless) + yM* + ye” = MyWO,(blue) [2] 
where M is H*, Lit, Na*, Ag*, ete. 
Atypical anodic reaction is 


In OH), (colorless) = IrO, (black) +XH* + xe" [3] 


Movement to the right creates color or darkening, 
and movement to the left results in bleaching. Figure 3 
shows the spectral data for the switching of a 
tungsten oxide film over the solar spectrum; the 
spectral response of the coating in the bleached and 
colored (or ‘switched’) states, and Figure 4 shows 
the bleached and darkened states of an actual 
clectrochromic window. 

Figure 5 shows the design of a simple electro- 
chromic coating. The basic electrochromic coating 
consists of a transparent top electrode (usually 
indium tin oxide ~ ITO), which also injects electrons 
into the electrochromic layer beneath. By far the most 
studied and most promising electrochromic material 
is tungsten oxide (WO), which can have either an 


Bleached state (+2 V) 


Colored state (-2 V) 
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Figure 3 Spectral switching of an electrochromic window for 
darkened (~2V bias) and bleached (2V bias) states. (Reproduced 
{rom Kre J, Topic M, Smole F, etal. (2002) Solar Energy Materials 
and Solar Cells 71: 987-395, with permission trom Elsevier) 


Figure 4 Bleached (left) and darkened (right) states of an 
electrochromic window. 


amorphous or crystalline microstructure. WOs has a 
high coloration efficiency and capacity. Other inor- 
ganic materials that are presently being developed for 
solar control applications are various forms of WO, 
NiO, WMoO;, MoO3, and IrO,. Many of these are 
doped with a conduction ion such as Li* or H*. The 
ion conductor layer is used to transport protons (H™*), 


which are supplied by the ion storage or counter- 
electrode layer, into the electrochromic material. The 
most promising ion conductors are certain immobile 
solvent polymer systems, ionic glasses, and open- 
channel metal oxide structures such as perovskites. 
Oxides of Ta and Nb also show promise. The bottom 
layer is another transparent conducting coating. It is 
possible to inject both electrons and protons into the 
electrochromic material, thereby inducing a strong 
absorption band in a given region, e.g., the visible 
spectrum, that results in a color change. In an 
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Figure § Basiclayer design of electrochromic coating for use on 
a window. 


Table 1 Electrochromic device structures 


Ten conductor or Ten storage 
electrolyte 
Lilo, + PC Redox Cple!NiO 
TasOs Irs80,02F 
Licio, + PC Prussian blue 
Polymer Polyaniline 
Si0,/metal WO; 
PMMA + organic none 
Ta,0; a0. 
L-B-SiO Glass ICMLV20s 
U-PEO C20, 
PPG-LICIO,-MMA V0 
Ta;O; Nio 
U-PEO Nio 
a-PEO copolymer 'Nb-0,, WOy-Mo 
aWOs ‘a-PEO copolymer Polymer 
Polyaniline Hel i 


a, amorphous; ¢, crystaline; IC, ion conductor; MMA, methyl 
methacrylate; PC, polycarbonate; PEO, poly (ethylene oxide); 
PMMA, paly (methyl methacrylate); PPG, poly (propylene glycol) 


electrochromic device, an externally applied electric 
field is used to control the injection process (voltage 
is applied across the two transparent electrodes). 
The coloration remains for some time, even after the 
external field is removed. The system returns to the 
initial state upon reversing the polarity of the external 
field, It is interesting to note that electrochromic 
windows being developed by NREL now employ 
solar cells to facilitate optical switching. 

There are two major categories of electrochromic 
materials: transition metal oxides (including inter- 
calated compounds) and organic compounds (includ- 
ing polymers). Table 1 shows a few of the most 
common electrochromic materials. Organic electro- 
chromic materials are based on the viologens, 


anthraquinones, diphthalocyanines, and tetrathiaful- 
valenues. With organic compounds, coloration is 
achieved by an oxidation—reduction reaction, which 
may be coupled to a chemical reaction, The viologens 
are the most studied of the organic electrochromics. 
Originally, organic electrochromics tended to suffer 
from problems with secondary reactions during 
switching, but recently more stable organic systems 
have been developed. However, their reliability in 
harsh environments is questionable, and protective 
encapsulation may be required, 

Electrochromic nickel oxide (NiO) is also being 
developed. NiO has been combined with manganese 
oxide, cobalt oxide, and niobium oxide in all alkaline 
devices. 


Nonlinear Optical Materials 


Nonlinear optical materials have evolved slowly over 
the past 20 years, At relatively low light intensities, 
the properties of most optical materials are indepen 
dent of intensity of illumination, There is no 
interaction between the light waves in the medium. 
However, if the intensity of illumination gets high 
enough, nonlinear optical effects can occur and the 
optical properties become intensity dependent. 
When an electromagnetic field oscillating at optical 
frequencies (~10'?-~10"" Hz) is applied to the 
lattice of a dielectric material, the electrical charges 
in the lattice become polarized and form electric 
dipoles. The positive ion cores do not move signifi 
cantly, but the electrons are displaced in a harmonic 
motion. The polarization P is defined as — NeX, 
where N is the number of electric dipoles, X is the 
displacement of the electrons, and e is the charge on 
an electron. Here X is a complex number. Now, P is 
related to the electric field E by P= eoxE, where x is 
the susceptibility and e9 is the permitivity of free 
space. 

The linear dielectric constant is Re(1 +X)", 
which is just the index of refraction, The imaginary 
part causes optical absorption. 

When the intensity of illumination is high, the 
clastic limit of the electron’s displacement is exceeded 
and the harmonic restoring force becomes nonlinear 
in X, which adds quadratic and higher order terms to 
the expression for X and P. In addition to the 
fundamental resonance, the dipoles now also oscillate 
at twice and thrice their fundamental resonant 
frequency (second and third harmonics). The polar- 
ization then is also nonlinear in displacement and can 
be expressed by the well-known relation 


PHeg(XVEFXOR +X%E +...) (4d 
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where x’?! and x!*)... are called the nonlinear 
susceptibilities. The second-order polarization P™) 
causes optical mixing phenomena, involving sums 
and difference frequencies. When mixed with a DC 
field, the refractive index of the x°! material can be 
controllably varied by varying the DC field. This is 
the well-known Pockels effect and is used in 
optical modulators. Figure 6 shows one method 
that is used to modulate the refractive index by the 
photorefractive effect. Here two laser beams (Ay and 
A2) are mixed in the y'*! material with the resulting 
intensity 1 = [,(1 + m cos(kx)). The material is polar- 
ized in phase with the mixed beams p= pg(1+ 
m cos(kx)), which results in a modulated electric field 
Eg. The refractive index (An in the figure) is 
modulated in phase with the mixing signal. The x'?) 
materials are also used for frequency doubling. 
Barium titanate (BaTiO,), lithium niobate 
(LiNbO), KH2PO; (KDP), lithium  tantali 
(LiTaO) and potassium niobate (KNbOs) are x' 
optical switching and frequency doubling materials 


are 


f= (1 + meos(kx)) TZ -\_Z NZ NY 


p= (t +meostta)) | I 


=Ipledx 


An= 12 Ege 
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Figure 6 Modulation ofthe refractive index of a nonlinear optical 
material with incident laser madulation. From top to bottom: 
‘modulated laser intansty J, density p, electric field Ez. rfractive 
index An, and phase angle 32. (Reproduced with permission 
from Bass M (ed.) (1995) Handbook of Optics Il. New York 
McGraw-Hil) 
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Figure 7 Optical switching behavior of a Fabry-Perot fier. 
| and J; ara the incident and transmitted intensities respectivly. 
(Reproduced with permission from Butcher PN and Cotter D 
(1990) The Elements of Nonlinear Optics. Cambridge, UK: 
Cambridge University Press.) 


that have heen studied for decades. Note that because 
they can be easily polarized, these are also excellent 
piezoelectric/ferroclectric smart materials. 

The x"! effects are sought after for applications 
such as laser eye protection, optical sensor protection, 
optical switching, optical limiting, and signal proces- 
sing. In this case the refractive index (real and 
imaginary) depends on the intensity of the incident 
radiation, Figure 7 shows how this nonlinear effect is 
used in an optical switching device. It is all based on 
the change in the optical path length of a Fabry-Perot 
filter. At normal intensities, the refractive index of 
the spacer layer is no and the filter is in the ‘off 
state. The refractive index becomes 1p + ml and the 
optical thickness (nt) of the spacer layer changes 
at high illumination intensities, which in turn 
shifts the resonant wavelength (frequency) of the 
Fabry-Perot filter and creates the optical switch 
(‘on’ state). 

‘There are a large number of x'*) and x! organic 
materials, including dyes, dimethylamino nitro- 
stilbene, methyl nitroanaline, poly-BCMU, poly- 
diacetylenes, and urea, Because they are essentially 
chains, many organic molecules can be easily 
polarized and possess higher order susceptibilities. 
The polarizability of organic materials is often 
enhanced by the mobility of delocalized 7 electrons 
in C-C bonds in aromatic rings. Hybrid nonlinear 
materials have even been formed by combining 
organic and inorganic components such as metallo- 
phthalocyanines which display very strong excited 
state absorptions. Most of these materials are 
deposited by spin casting. 


ay ) 


Emissive Materials 


Two of the newest applications of smart optical 
materials are emissive displays and electronic ink. 
This encompasses light-emitting polymers and small 
molecules, light-emitting diodes, and quantum cas- 
cade lasers. Organic light-emitting device (OLED) 
technology is leading the revolution in the flat panel 
display industry. This device was first invented by 
Tang and Van Slike and first reported in Applied 
Physics Letters in 1987. Figure 8a shows the layer 
structure of the OLED and Figure 8b shows a blue 
OLED pixel. The device is deposited onto an indium 
tin oxide (ITO)-coated glass or plastic substrate, with 
the ITO acting as the anode. The active layers can be 
either light-emitting polymers or small molecules. 
About 500 A of a hole transport material (hole tran- 
sport layer, HTL), here a tertiary amine, is deposited 
over the ITO. An aluminum trisquinalate (Alq), 
which transports electrons (electron transport layer, 
ETL) is deposited next. The device is topped off with 
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Figure 8 (a) Layer diagram of an OLED. (b) Blue OLED pixel 


Figure 9 Simple energy level diagram of an OLED showing the 
relationship between the ETL and LUMO, and HTL and HOMO. 


a low work function cathode, usually Ag:Mg or Ca. 
The entire device thickness is about 1000 A. Even a 
dust particle can ruin the operation of an OLED by 
creating inactive regions or shorting out the 
electrodes. 

The OLED emits light in a blue, green, or red 
wavelength band when activated by an electric 
current, i.e., electron and hole injection. The device 
functions by injecting holes from the ITO into the 
HTL, As shown in the simplified energy band 
diagram (Figure 9) for an OLED, the hole moves 
into the HOMO (highest occupied molecular orbital), 
which loosely corresponds to the valence band of a 
semiconductor, Electrons are injected from the 
cathode into the ETL, where it is transported into 


the LUMO (lowest unoccupied molecular orbital), 
which loosely corresponds to the conduction band of 
a semiconductor. When a voltage is applied between 
the anode and cathode, an electron flows and the 
holes and electrons combine in the ALQ layer and 
form excitons. Light is emitted when the excitons 
decay back a lower energy state. The color of the 
emitted light (green, red, or blue) can be changed by 
changing the HTL and ETL material composition. 
Light is emitted by fluorescence processes, from both 
singlet and triplet states if the material chemistry is 
correct, which results in 100% internal quantum 
efficiency. Twenty percent external quantum ffi- 
ciency results from using all available exciton state: 
Photons can be lost through absorption in the layers, 
scattering, reflection between layers, and waveguide 
modes. These factors must be minimized to maximize 
the external quantum efficiency. 

OLED video displays now have outputs near 
100 cd/m (20 Im/W), which is about twice the 
normal video brightness. Red, green, and blue 
OLEDs now emit with very high efficiencies. For 
comparison, a 100 W light bulb emits at 17 Im/W 
and the best fluorescent light emits at 80 lm/W. 
Today, OLEDs are already sitting at intensities of 
50-60 Im/W, and could easily push 150 Im/W in 
the near future. Another advantage of OLED 
displays is their wide viewing angle, up to 160°. 

There are several types of OLED display 
configurations. Figure 10 shows a passive matrix 
display geometry and placement of the OLED 
layers. Here the OLED is sandwiched between 
crossed cathode and anode contacts. By injecting 
current between sets of crossed anode and cathode 
rows, the OLED will light up, each contact point 
forming a pixel. Displays can typically have as 
many as 3 million pixels. OLED displays seem 
brighter and livelier to the eye because the colors 
are additive, rather than subtractive as with LCD 
displays. For a full-color passive matrix display 
green, red, and blue pixels must be located very 


close together, Sony has developed an active matrix 
13-inch diagonal display with 800 x 600 pixels 
{~150 000 functioning OLEDs). 
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Among the more promising pixel geometries is 
the SOLED, the stacked OLED, where, red, green, 
and blue pixels are stacked on top of each other. It 
is mandatory that the pixels and the electrical 
contacts be transparent for this design, or light will 
not be transmitted through each layer. Very thin 
Mg contacts are used with a top sputtered ITO 
cathode. The emitted color is simply changed by 
applying current across the pixels, with white being 
obtained when all pixels are activated. 

The future of OLED displays is plastics, or the 
flexible OLED (FOLED). Plastic substrates are light- 
weight, low cost, and rugged. However, they have an 
inherent problem of being very permeable to oxygen 
and water vapor, both of which severely degrade 
performance of the OLED by reacting with the anode 
layer. For displays to be practical, they must have 
lifetimes in excess of 10000 hr and preferably 
20 000 hr. Barrier coatings are now being developed 
for plastics to prevent oxygen and water ingress and 
extend the life of the OLED to this goal. 

Electronic ink is a display medium that can be 
formatted using a passive matrix. It consists of 
millions of tiny negatively charged microcapsules, 
about 100 microns in diameter, floating inside a 
liquid medium. Each microcapsule is filled with 
hundreds of pigmented chips. One half of each 
microcapsule is white and the other half is dyed 
blue. When an electric charge is applied to the 
microcapsules, the chips are drawn either to the 
bottom or top of the microsphere. The viewer sees 
dark areas when they are drawn to the top. In 
another version being developed by Xerox Cor} 
half the chip is white and half the chip is dark. 
When an electric charge is placed on the chip, the 
dark side is oriented up and the white side down, 
creating dark regions where charge is placed. This 
can be easily erased and reformatted into text, 
symbols, signs, and pictures. 

Future smart optical materials will simulate bio- 
logical systems such as an insect’s eye and will employ 
quantum structures to achieve optical switching, 
emission, and control of optical properties. 


List of Units and Nomenclature 


Absorptance (A) The amount of light absorbed by 
an optical element divided by the 


incident intensity. 
1-T-R. 
Active matrix A display geometry in which the 
display voltage to the pixel is controlled 
individually by a transistor. 
Candela (cd) Formerly known as a candle. The 


luminous intensity equal to 1/60 


Exciton 
FOLED 


LCD 


Lumen (Im) 


NIR 


Passive matrix 
display 


Piezoelectric 


Polarization. 
(coulomb/m*) 


Quantum 


efficiency 


Reflectance (R) 


Susceptibility 
(no units) 


‘Transmission 


(1) 


uv 


Visible 


Wavelength 
(um or nm) 


of the luminous intensity per 
square meter of a black body 
radiator operating at the tem- 
perature of freezing platinum. 

An electron-hole pair, usually 
generated by a photon. 

Organic light emitting device on a 
flexible plastic substrate. 

Liquid crystal diode. 

A unit of luminous flux equal to 
the luminous flux emitted in a 
solid angle of one steradian for a 
point source having an intensity 
of one candela. 

The near-infrared spectral region, 
consisting of — wavelengths 
between 700 and 2500 nm. 

A display geometry consisting of 
a grid of horizontal and vertical 
wires. At the intersection of each 
grid is an active clement (LCD or 
OLED) which constitutes a single 
pixel, either letting light through 
or blocking it 

Capable of generating a voltage 
when a force or stress is applied. 
A vector quantity equal to the 
electric dipole moment per unit 
volume. 

The number of electrons, holes, 
or electron-hole pairs generated 
per incident photon at a given 
optical wavelength. 

The intensity of light reflected 
from an optical clement divided 
by the incident _ intensity. 
R=1-T-A. 

A scalar quantity equal to the 
ratio of the electric polarization 
of a material to the electric field 
strength. 

The intensity of light transmitted 
through an optical element 
divided by the incident intensity. 
Note that transmission + 
reflection + absorption = 1 
(T+R+A=1). 

The ultraviolet spectral region 
consisting of wavelengths 
between 200 and 400 nm. 

The spectral region consisting of 
wavelengths between 400 and 
700 nm. 

The length of one oscillation of a 
light wave. 
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Materials for Nonlinear Optics: Organic Nonlinear 
Materials. Optical Coatings: Thin-Film Optical Coatings. 
Optical Materials: Optical Glasses. 
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Introduction 


Sol-gel optics represents a methodology for fabricat- 
ing optical materials in fiber, thin film, and bulk 
geometries. Defined broadly, sol-gel optics encom- 
passes a variety of optical devices that contain sol-gel 
processed components. The optical device may be 
based wholly on sol-gel processing or incorporate a 
sol-gel material, along with conventional optical 
materials. Principally, the optical devices prepared 
by sol-gel processing or assembled with sol-gel 
materials are traditional optics or, in some cases, 
opto-electronics. Among the current sol-gel optical 
materials, by far the most common are oxide 
Further, the majority of sol-gel optics is for trans- 
parent components, which typically means glasses, 
and, consequently, silicates. 

In fact, most sol-gel materials have been developed 
to duplicate conventional silica optical material 
While glass melting technology is highly advanced for 
making quality lenses, an equivalent material can be 
made using a sol-gel route. Similarly, ultralow-loss 
optical fiber can be made by chemical vapor 
deposition (CVD). Now sol-gel processing can be 


Gobin P-F and Friend CM (2000) Smart Structures and 
Materials, SPIE Proceedings, vol. 4073. Bellingham, 
CA: SPIE. 

Janocha H (1999) Adaptronics and Smart Structures, 
Basics, Materials, Designs, and Applications. Berlin: 
Springer. 

Jorgenson GV and Lee JC (1985) Optical Materials 
for Energy Efficiency and Solar Energy Conversion IV, 
SPIE Proceedings, vol. $62. Bellingham, CA: SPIE. 

Goff AH-L, Grangvist C-G and Lampert CM (1992) 
Optical Materials Technology for Energy Efficiency 
and Solar Energy Conversion XI: Chromogenics for 
Smart. Windows, SPIE Proceedings, vol. 1728 
Bellingham, CA: SPIE. 

MeDonuch A, Gardiner APT and McEwen KS (1994) In: 
Culshaw B (ed.) Second European Conference on 
Smart Structures and Materials, SPIE Proceedings, 
vol. 2361. Bellingham, CA: SPIE 

Zetbi G (ed.) (1993) Organic Materials for Photonics, 
European Materials Research Society Monographs, V6. 
Amsterdam: North-Holland, 


used to prepare comparable fibers for telecommuni- 
cations. In cases where sol-gel processing produces an 
exact duplicate of optical materials produced other 
ways, the perceived advantage is that sol-gel pre- 
cursors have a higher purity and better level of mixing 
than powder raw materials. Perhaps, a more signifi- 
cant advantage is that sol-gel formulations can be 
designed to promote a particular geometry in the final 
material, essentially making near-net shape materials. 

While sol-gel processing is not designed to produce 
new optical phenomena, it does offer new ways to 
assemble materials to produce new optical designs, 
such as filters, Bragg gratings, amplifiers, and beam 
splitters. One noted case of sol-gel materials in 
nonlinear optics is the case where semiconductor 
particles are trapped in nanometer-sized pores. This 
leads to so-called quantum dots. The microporosity 
of the gel, no doubt, assists in this effect, but it is not 
the gel itself that has produced the optical effect. The 
optical effect is derived from the nanometer size of 
the particles. The gel serves as a transparent host 
that restricts the size of the particles and provides for 
their uniform distribution. 


Sol-Gel Chemistry of Oxide Optical 
Materials 


The sol-gel process for oxides is the name given to any 
one of a number of processes involving a solution or 
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sol that undergoes a sol-gel transition Solution 
refers to a single-phase liquid, while a sol is a 
kinetically stabilized suspension of colloidal particles. 
At the transition, the solution or sol becomes a 
rigid, porous mass by destabilization, precipitation, 
or supersaturation. Once the solution or sol goes 
through a sol-gel transition, it is a rigid two-phase 
system of solid and solvent filled pores. The sol-gel 
transition is not reversible. 

In using a sol-gel process, it is important to be 
familiar with the reagents, the intermediates and the 
products. The most important reagent in this case is a 
hydrolyzable organometallic which is called a metal 
alkoxide, M(OR)x where (OR) is an alkoxy group. 
Alkoxides are the precursors for SiO», GeO: or BOs, 
among others. Hydrolysis occurs when the metal 
alkoxide and water are mixed in a mutual solvent. 

The first step is choosing the right reagents. Since 
most of the glasses are silicates, we start with the 
silica precursor. Of the available silicon alkoxides, 
tetracthylorthosilicate (TEOS) is used most often, 
hecause it reacts slowly with water and comes to 
equilibrium as a complex silanol. The colorless liquid 
Si(OC,Hs)4 has a density of about 0.9 g/cm’, is easy 
to handle safely and is extremely pure when distilled. 
Most metal alkoxides are prepared by the reaction of 
halogenated species or pure metals with alcohol. 

‘The two other ingredients in a typical formulation 
are alcohol and distilled water. In the case of TEOS, 
ethanol serves as the mutual solvent for TEOS and 
water. Once TEOS is dissolved in ethanol to make it 
soluble in water, the chemical reactions hydrolyzation 
and polymerization begin. The chemical reactions are 
approximately: 


Hydrolyzation 

L 1 
$i-O-G)Hs+H,0 > 7Si-OH+GHjOH [1] 
Polymerization 


1 1 
1, + Si-OH — ~Si-O-Si+C)H,OH_ 
1 1 


21 


An acid is usually added to control the rates of 
these reactions. The temperature is often ambient, 
and mixing is continued for between 1 and 3 hours. 
Complete hydrolysis does not occur. Instead, conden- 
sation occurs between silanol and ethoxy groups to 
give bridging oxygens or siloxane groups. The 
intermediates that remain soluble in the alcohol— 
water medium are silanols, ethoxysilanols, and 
polysiloxanes. 

The equipment needed for laboratory-scale pro- 
duction consists of a narrow-necked glass flask with 


magnetic stir bar on a stirring hot plate. The reactants 
are added volumetrically to the flask in the order: 
solvent, TEOS, water, and acid, When everything is 
dissolved and the solution is clear, the hot plate may 
be turned on to accelerate reactions or a reflux 
condenser may be attached. 

‘The parameters that influence the chemical reac- 
tions are temperature, pH, amount of water, solvent, 
and precursor. More complex compositions are easier 
to mix in longer chain alcohols, and longer chain 
organic groups give slower reaction rates. Low pH 
favors a polymerization scheme that gives linear 
molecules and the solution remains clear. High pH 
favors cluster growth and the solution may become 
cloudy. At high pH or high water, solutions produce 
cross-linked polymers or branched clusters. A small 
volume fraction of branched clusters restricts flow, 
when the same volume fraction of linear polymers 
does not. At a higher volume fraction, the linear 
polymers become tangled, and then low water 
solutions will gel. The result of these reactions 
under all conditions is an increase in the molecular 
weight of the oxide polymer, Eventually, the solution 
reacts to a point where the molecular structure is no 
longer reversible, and the sol-gel transition has been 
reached. 


Shapes, Compositions and Precursor 
Concentrations 


A sampling of compositions and precursors is given 
in Table 1. Some compositions such as SiO, and 
TiO,—SiO, have been prepared in bulk, to duplicate 
materials made by melting for lenses and mirror 
blanks. Other compositions such as B,O,-SiO, have 
heen prepared for thin-film applications, The dis- 
tinguishing aspect between the solutions formulated 
for bulk objects and those formulated for thin films is 
the oxide concentration in the solution, An indication 
of the solution concentration is the molar ratio of 
water to alkoxide. The higher ratios are used when 
bulk objects are desired. 

Table 2 gives a sampling of the geometries for 
sol-gel silica. For each geometry, an example of a 
shape is given, with an application for each shape 
and the approximate dimensions of the sol-gel 
material. 

In terms of near-net shape processing, when the 
material goes through its sol-gel transition, it 
proceeds to dry and shrink. This phase is character- 
ized either by isotropic shrinkage or anisotropic 
shrinkage. Monoliths fall into the first category with 
isotropic shrinkage following molding, Thin films on 
substrates fall into the second category with aniso- 
tropic shrinkage following dipping. Fibers also show 
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Table 1 Typical compositions of sol-gel optical materials 


Oxides Precursors (Compositions in mol % a 
Single oxide 
SiO, Si(OCHs), 100 SiO, 16 
Two oxides 
B,0,-Si0 Si(OCH.), 80 SiO;-20 BO; 18 
BIOCH:)s 
Ge0,-Si0; Si(OCHS), 90 Si0,-10 Geo, 4 
Ge(OC-H:), 
Ti0s-SiOz Si(OCsHs)s 94 SiO:~6 TOs 50 
Ti(OCaH:)« 
P.0s-SiOz Si(OCH3), 90 SiO,-10 PO, 16 
HPO, 
Three oxides 
LiO~AlO,-SiO, Si(OCHs), 82 SIO;-3 Al,O3~15 U0 8 
A(OCiH)3 
LINO, 
NajO-B,05-SiO, Si(OCHs), 82 SiO;-12.4 B,0~5.6 Na,O 10 
BIOCH:)s 
NaNO, 


“Approximate ratio of water to alkoxide, ¢.g., F = 16 means 16 moles of HzO per male of Si(OCzH), 


Table 2 Geometries and approximate dimensions for selected applications of sol-gel sca 


Geometry ‘Shape Dimensions Application 
Monolith Flat disk 100m diameter Lens 
4.6m thick 
Cylinder (0.5m diameter Rigid host for chromophores 
2m long 
Thi fim Film on Si water ‘500 nm thick Antiefiection 
Film on Hollow tube 10 000 nm thick Solar collector panel 
Fiber Rood 0.8m diameter Proform for drawing 
25cm long 
Filament 4150 micron dlameter/100 m length Lightguide 


anisotropic shrinkage, though it depends on whether 
or not the fiber is drawn from a preform many times 
its diameter or produced from a filament that is closer 
to its diameter. 


Sol-Gel Monolith Processing 


Monoliths formed from an alkoxide solution are 
eved only in dilute solutions. Therefore, alkoxide 
gels are somewhat difficult to dry because of their 
small pores (<10 nm). To avoid cracking in alkoxide 
gels, different treatments have been tried. Aerogels 
are dried in an autoclave by hypercritical technique 
That is, the solvent is removed above its critical point. 
The resulting gel is about 10% dense and shows no 
shrinkage. Xerogels are dried by natural evaporation 
Xerogels are 60% dense and have reductions 
40-60% in volume. 

Alternatively, monoliths can be formed from 
colloidal solutions. These particles coalesce at 


gelling. Colloidal gels are easily dried, and they 
are less likely to crack than alkoxide xerogels. While 
alkoxide gels have small pores, colloidal gels 
have larger pores or voids between particles. 
For the same reason, colloidal gels densify at 
higher temperatures than alkoxide xerogels. The 
higher temperature for colloidal gels may lead to 
undesirable crystallization. 

By either route, a serious problem for sol-gel 
processing is the presence of water. Especially when 
monoliths are used for fiber drawing, residual OH 
ions have a deleterious effect on optical properties. 
That is why non-aqueous solvents, as well as 
fluorination or chlorination treatments, have been 
investigated to reduce the OH content. 


Sol-Gel Fiber Processing 


While monolithic pieces need high water content, 
fibers can be drawn out of low water content 
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solutions. The sol-gel process allows one to bait and 
draw a string of gel about the same diameter as the 
desired fiber directly from the solution. This has been 
shown where the water to alkoxide ratio was 
controlled to give the property of spinnability. The 
time and manner in which the system loses fluidity 
depend on composition and catalyst. Low water 
solutions show a gradual increase in viscosity before 
losing fluidity, while high water solutions lose fluidity 
more abruptly from a lower viscosity. A problem with 
this method is the shape of the fiber, which tends not 
to be cylindrical. 

Another approach to making near-net shape fibers 
from a sol-gel process involves coating a shell or 
concentric shells of sol-gel glass on a filament of 
textile fiber. This approach is referred to as the 
volatile host method, where a plastic filament is used 
as a template. Multiple dipping or adjustment of 
the viscosity can lead to different thicknesses. 
Upon exposure to atmospheric moisture, the films 
gel. After gelling, a rigid, continuous shell runs the 
length of the filament. 

Once the shell has hardened, solvent and water can 
escape through interconnected pores. The shell 
shrinks in the radial dimension, but remains conti- 
nuous along its axis. During heat treatment and 
desiccation, little if any densification occurs at 
temperatures well below the glass transition. The 
interconnected pore structure remains open until the 
volatile host is eliminated and undesirable gases are 
removed. This method is capable of producing optical 
fibers, but is more suitable for hollow fibers or ion 
exchange media. 


Sol-Gel Thin Film Processing 


Like sol-gel fibers, sol-gel thin films are prepared 
from low water content solutions. The process is 
exceedingly simple. A solution containing the desired 
oxide precursors is applied to a substrate by dipping 
or spinning, 

At this time, the majority of sol-gel coatings are 
applied by dipping. This is an approach that allows 
the properties of the solution to control the depo- 
sition. A substrate is lowered into a vessel containing 
the solution. A meniscus develops at the contact of 
the liquid and the substrate. As the substrate is 
withdrawn, the meniscus generates a continuous film 
on the substrate. The process is able to apply a 
coating to the inside and outside of complex shapes 
simultaneously. 

‘The equipment is inexpensive, especially in com- 
parison to any deposition techniques that involve 
vacuum. Coatings can be applied to metals, plastics, 
and ceramics. Typically, the coatings are applied at 


room temperature, although most need to be calcined 
and densified with heating. Dip films are typically one 
micron, uniform over large areas and adherent. The 
time-to-gel is especially important when it comes to 
coatings because film formation, drying, and creation 
of pores must be rapid. Optimum film formulations 
correspond to those solutions that lose tackiness 
quickly. 

In most cases, the effect of the viscosity is far 
greater than the surface tension. Two simple relation- 
ships are that the film thickness increases with 
increasing withdrawal rate and, for a given with- 
drawal speed, the film thickness increases with an 
increase in oxide content. The process is frequently a 
batch process, certainly on the laboratory scale. 
However, the batch process can be scaled up. 
Repeated dipping builds up a thicker film. 

For one-side coating, a technique that is often used 
is spin coating, In this case, the substrate, usually a 
silicon wafer, is placed on a spinner, rotated at 
perhaps 200 rpm while solution is dripped on the 
As with dip coatings, a film 
50 and 500 nm results. 


Having selected a shape and designed the formu- 
lations accordingly, there are several further steps 
common to monoliths, fibers, and films. First of all, 
the gels must be dried. Using the example of silica, 
TEOS is less than 30% by weight silica and the 
solution is even less. From the time the solution is 
applied to the time it gels, there is about 50% weight 
loss. Then, as the gel dries there is another reduction 
in weight by one-half. To go along with the weight 
loss there is about 70% volume reduction. 

Films can be dried quickly in air because of the one 
thin dimension. It has been shown repeatedly that all 
shrinkage is taken up in the thin dimension and not in 
the plane of the substrate, Yet, the films remain 
adherent and continuous and maintain complete 
surface coverage. To go from a tacky film to a hard 
film may take only a few minutes. 

Following drying and shrinkage comes the heat 
treatment. It would be inaccurate to say that glass has 
been formed at room temperature by simply reacting, 
gelling, and drying the solutions. In this state, the 
materials have many of the characteristics of the 
corresponding glass, but they are more or less porous. 
Water and solvent escape through interconnected 
pores that remain open at the surface until the gels are 
fired to temperatures well above 600°C. When needed 
to fulfill the requirements of an application, the 
hard gel is heated to various degrees of collapse. 
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The microporosity in silica xerogels is not removed 
entirely until 1000° 


Applications of Sol-Gel Optical 
Coatings 


Sol-gel processing has a special relevance to optical 
coatings. In most cases, the applications are substi- 
tutions of a sol-gel coating for a coating obtainable by 
other means. Most optical coatings achieve their 
effect by selective absorption and interference. By 
depositing 1-14 or more layers of dielectric thin 
films, using two or more different compositions, a 
variety of antireflection (AR), half-mirror, hot-mirror 
and cold-mirror coatings can be designed. An carly 
design was for rear-view mirrors for cars, where the 
coatings consisted of titania-silica-titania interference 
filters that gave the effect of total reflectance and 
replaced conventional metallizing. Another early 
application was solar reflecting films for windows. 
These coatings consisted of Pd-containing titania 
films which show selective absorption. 

A sampling of optical coatings is given in Table 3. 
The application, the mechanism, and the oxide 
composition are listed. Generally, these coatings 
can be prepared by other deposition techniques. 
Those applications which are specific to sol-gel 
coatings relate to the microporous nature of the 
sol-gel processed films, In Table 3, there are anti- 
reflective coatings of several types. Both borosilicates 
and titania silicates have been developed for this 
application. Changes in the composition, changes in 
the microstructure, and changes in the porosity can 
be used to grade the index of refraction. Antireflec- 
tion in the ultraviolet range has been accomplished 
with thoria and hafnia films. Broadband antireflec- 
tion has been used for laser optics, The sol-gel 
coating technique provides control over composition 


Table 3 Thin-film applications 


Optical application — Mechanism Typical compasition 
Color fiters Selective (Cr02-Si0z 
‘Absorption 
Mirror Interference t4slayer 
TiO: SiO, 
Antigiare ‘Absorption C00-SiOe 
Anticetlection 
Narrow Graded porosity Sis 
Broadband Interference —Threodayer 
1/4 wavelongth —Si0,—TiOzZ0,: SiOz 
Graded porosity SiO, 
IR reflector Interference —‘Throovlayer 
TiOzAgTO, 


and deposition thickness. The layers, being quarter 
wavelength in thickness, require precise control. 


Sol-Gel Rigid Hosts 


An exciting way of looking at sol-gel materials is to 
use the gel as a host. The important point to note is 
that the sol-gel materials are transparent. While most 
of the materials are porous, the porosity is on a scale 
that does not scatter visible light. Therefore, most 
light is transmitted. The appeal of the bulk shape host 
is that it can be molded to near-net shape and can be 
cut and polished. 


Hybrids 


Several approaches have been taken to prepare so- 
called hybrid gels incorporating organic and inor- 
ganic components. Those methods that mix the 
components on the nanometer scale include the 
infiltration of previously formed oxide gels with 
monomers, reacting of alkoxide and organic mono- 
mers, or organic polymers with alkoxides in mutual 
solvents, The products of these processes are var- 
iously called ormosils (organically modified silicates), 
ceramers (ceramic polymers), interpenetrating 
networks (IPNs) and nanocomposites. 

The original route to hybrids was one where a gel 
was formed first as a rigid matrix. Monomer was 
infiltrated into the open porosity of the shaped gel and 
polymerized inside the gel using UV curing, for 
example. Since silica gel is the easiest gel to prepare 
in monolithic form, one combination that has 
heen investigated widely is silica gel/polymethyl 
methacrylate (PMMA) 

Silica and PMMA, which both have good visible 
light transmission and similar index of refraction, 
have been used in hybrids, although it turns out that 
the match in index of refraction is less critical on the 
nanoscale. They are also glassy materials with similar 
strength, PMMA has much higher fracture energy 
than silica and is often used as glazing in applications 
where impact resistance is a priority. However, 
PMMA has a much lower hardness than silica and 
is less resistant to abrasion. Ideally, silica-PMMA 
hybrid nanocomposites have the strength and impact 
resistance of PMMA, and the hardness of silica 
in one. One obvious application is transparent, 
lightweight windows. 


Encapsulation 


Sol-gel hosts have been used to encapsulate a 
variety of organic and inorganic molecules, chro- 
mophores, and biological agents. Whatever is 
incorporated into the gel can act in two ways, to 
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give information about the gel host or to be 
influenced by the gel in its interaction with light. 
For example, spiropyrans have been incorporate for 
photochromics, CdS for nonlinear optics, Nd for 
tunable lasers, and various enzymes for sensors. 
Early on, silica gel hosts were used to encapsulate 
the electro-optically active organic compounds 
2-methyl-4-nitroaniline (MNA). In comparison to 
conventional optical cells, MNA doped silica hosts 
retained optical quality at higher temperature and 
were more abrasion resistant. Since this discove 


silica hosts, in particular, and sol-gel processing, in 
general, has been used extensively for encapsulating 
molecules and species that cannot be heated, but 
need to be protected in a rigid matrix. 


Future Directions 


As more and more is learned about the sol-gel 
process, the greater the number of possibilities for 
useful optical devices. In the selected examples given 
above, a key feature is that the sol-gel material is 
transparent. In addition, the sol-gel material is 
suitable for application to a variety of substrates. 
Also, the process is a low-temperature process that is 
compatible with polymers and organic chromo- 
phores. In summary, sol-gel processing has had a 


number of successes in its application to optical 
materials, and its use is likely to expand. 


See also 
Optical Coatings: Thin-Film Optical Coatings. 
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Introduction 


In today’s world of information processing the role of 
optics and optoelectronics is expected to become 
increasingly important as the performance of com- 
munication, processing, sensing, and display 
technologies is continuously evolving. Making these 
photonics technologies faster and smaller requires, at 
the same time, the introduction of massive parallelism 
and miniaturization. As a result, high-quality, high- 
precision, and low-cost microlens arrays are 
becoming indispensable components. Moreover, the 
introduction of micro-optics provides new degrees of 
freedom for the system design and, therefore, also for 
the functionality. It allows solutions which are not 
possible with purely conventional optics such as the 
integration of different micro-optical components 


and systems, hence reducing the additional mechan- 
ical assembly cost as required in conventional optics. 

Since the beginning of the 1990s, several research 
groups and industrial research labs have been 
focusing their attention on the development of 
fabrication techniques for refractive and diffractive 
microlenses. Microlenses and microlens arrays are 
used for beam shaping purposes such as collimation 
and focusing (e.g., in combination with laserdiode 
arrays, detector arrays, and fibers), for illumination 
(c.g., in display systems and projection systems), and 
for imaging purposes (e.g., in photocopiers) 

In this article we will mainly focus on refractive 
microlenses and we intend to provide an introductory 
guide to those basic geometrical and optical para- 
meters that are used to characterize refractive 
microlenses. Indeed, some elementary principles of 
geometrical optics (the geometrical laws for optical 
propagation without the inclusion of diffraction) and 
wave optics (in wave optics the imaging is studied asa 
result of the propagation of a wavefront to the image 
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plane; diffraction effects can be explained on the basis 
of this wave theory) are required to understand the 
characterization and performance evaluation of these 
lenses. We, therefore, bring forward the basic 
nomenclature of refractive micro-optics and will 
highlight how the performance of an optical lens is 
affected when reducing its physical dimensions. 

We start this article by introducing the imaging 
properties of both thick and thin lenses in the paraxial 
approximation, In the section on lens aberrations, we 
discuss the different primary aberrations that influ- 
ence the imaging properties of a lens. Combined 
effects of aberrations and diffraction give rise to some 
frequently used lens performance criteria which we 
discuss in the section on diffraction. Different aspects 
have to be considered when discussing the quality of a 
lens, because each type of microlens application 
requires specific performances. It is, therefore, not 
possible to come up with a single figure of merit 
which satisfactorily evaluates the overall quality of a 
microlens. Moreover, one needs specific information 
about the characteristics of the light sources and 
detectors that are used in the system and also details 
about the imaging system geometry and the required 
imaging contrast. We review them in the section on 
quality criteria. 

In the section on interference, we describe these 
phenomena and focus on two-beam interference that 
forms the basis of the photonic instrumentation that 
can be used to characterize discrete microlenses and 
microlens arrays, For a complete evaluation of a 
microlens it is essential to measure both its geometri- 
cal properties (diameter, sag, surface profile, etc.) and 
its optical performance (focal length, wave aberra- 
tions, etc.). In the final section of this article we 
introduce three interference-based instruments which 
are crucial to the full quantitative characterization of 
refractive microlenses: a noncontact optical profiler 
based on a Mirau interferometer, a transmission 
Mach-Zehnder interferometer, and a Twyman— 
Green interferometer. 


Geometrical Optics 


Introduction 


Within the paradigm of geometrical optics or ray- 
optics, light travels from the source along straight 
lines or rays. When a light ray traverses an optical 
system consisting of several homogeneous media in 
sequence, the optical path is a chain of straight-line 
segments. Discontinuities in the line segments occur 
each time the light is refracted or reflected. The laws 
of geometrical optics that describe the direction of the 
rays are described below. 


The law of refraction, also called Snell's law 
The refraction of a ray at a ‘well-polished’ surface 
between two isotropic media, with indices of 
refraction m, and ny, is given by 


my sin gy =m sin @ i} 


where gy and g are the angles between, respectively, 
the incident and the refracted ray and the normal to 
the surface. 


The law of reflection 

When a ray is reflected on a flat ‘polished’ interface 
dividing two uniform media, the reflected ray remains 
within the plane of incidence and the angle of 
reflection equals the angle of incidence. 

Geometrical wavefronts can then be constructed 
from the optical rays propagating through the system. 
Locally they are orthogonal to the rays and the 
optical path lengths along all rays from one wave- 
front to another are equal. In regions where the 
wavelength is considered to be negligible, as com- 
pared to the dimensions of the relevant components 
of the optical system, geometrical wavefronts are 
close approximations of the physical wavefronts. 


The Paraxial Approximation 


The basic optics of image location and magnification 
is demonstrated by the application of paraxial or first- 
order optics, also called Gaussian optics. In the 
paraxial approximation, only those points and rays 
will be considered which lie in the immediate vicinity 
of the optical axis, so that all angles @ are small 
(g= 15°). This assumption is true in lens systems 
with small object and image field sizes and small 
apertures of pupils. The terms involving squares 
and higher powers of the off-axis distances or of 
the angles, which the rays make with the optical axis, 
will not be discussed here. This leads to: 


sin g=tan = 9+ 0-19) = ¢ 21 


With this assumption we can write the refraction law 
by the linear relation: 


me = me BI 


Refraction at a spherical surface 

In Figure 1 a spherical surface with a radius of 
curvature R forms an interface between two materials 
with indices of refraction m, and mj. Two rays are 
shown emanating from an axial object point S. One is 
an axial ray, normal to the surface of the lens at its 
vertex V. The vertex of a lens is defined as the point 
on the refracting surface at the center of its free 
aperture. This assumes that the aperture is circular 
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Figure 1 Retraction at a spherical surface, 


and centered and the surface is spherical. More 
generally, if the surface is not spherical but has 
rotational symmetry, the vertex is the point where the 
axis of symmetry intersects the optical surface. It is 
refracted without any change in direction. The other 
ray is an arbitrary ray incident at O and refracting 
there according to Snell’s Law. 

‘We can rewrite the paraxial refraction law (eqn [3]) 
and derive a relation between the object and image 
distances, s,, and s,, respect 

From the wiangles SOC and POG, we have: 


esate l= lBlte 141 
where || and [fl represent the absolute values of @ 
and B. 


‘We also have: 


Fart 5] 
As discussed above, for paraxial rays we may 
approximate the sine and tangent of an angle by the 
angle itself and one can show that the small distance 5 
may be ignored. In accordance with the sign 
convention the object distance, being to the left of 
the refracting surface, is to be taken as negative. 
Inserting eqns [4] and [5] into [3] results in: 


6) 


This equation does not contain the angle a, so the 
image distance s, is the same for all paraxial rays 
starting from S. 

The spherical surface power » is now defined as: 


71 


‘We can relate this power of the surface g to the object 
and image distance, by combining eqns [6] and [7]: 


Is} 


The distance from the object point to the vertex of the 
refractive surface is called the front focal length fer, 
if the image is at infinity (s, = 00). Equations [6] and 
[8] then give: 

nm 


R=- 
in—m ? 
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fn = — 


Similarly, if the image is placed at the back focal 
length fyi, such that the object distance equals 
infinity (s, = 00), then: 


for. = (10) 


mom 


Thick lenses 

A thick lens can be treated asa component consisting 
of two spherical refracting surfaces separated by a 
distance d between their vertices Vi and V2, as shown 
in Figure 2. The determination of the focal length asa 
function of the object and image distance and of the 
radii of curvature can also be solved using the matrix 
formalism. 

‘The first and second focal points or the object and 
image foci, F, and F,, can be measured from the two 
vertices or poles and are called the front and the back 
focal length denoted by fer, and forts respectively 
(Figure 2). The incident and the emerging rays will 
virtually meet at points that belong to two curved 
surfaces. These surfaces, approximating planes in the 
paraxial region, are termed the primary and second 
ary principal planes, PP, and PP,, Points where 
the primary and secondary principal planes 
intersect the optical axis are known as the first and 
second principal points, H, and Hp, respectively. 


Figure 2. The thick lens geometry 


discrete semiconductor > thyristor > SCR 


SCR 


The acronym SCR is derived from silicon-controlled rectifier, which is a gate-triggered 
type of thyristor, A thyristor is defined here as a semiconductor having four or more 
alternating layers of p-type and n-type silicon. Because it predated integrated circuits, 
and in its basic form consists of a single multilayer semiconductor, a thyristor is consid- 
ered to bea discrete component in this encyclopedia. When athyristoris combined with 
‘other components in one package (as in a solid-state relay), itis considered to be an 
integrated circuit, 


Other types of thyristor are the diac and triag, each of which has its own entry. 


Thyristor variants that are not so widely used, such as the gate turn-off thyristor (GTO) and 
silicon-controlled switch (SCS), do not have entries here. 


OTHER RELATED COMPONENTS 


+ diac (see Chapter 2) 
+ triae (see Chapter 3) 


What It Does 


In the 1920s, the thyratron was a gas-filled tube 
that functioned as a switch and a rectifier. In 
1956, General Electric introduced a solid-state 
version of it under the name thyristor. In both ca- 
ses, the names were derived from the thyroid 
glandin thehuman body, which controls therate 
of consumption of energy. The thyratron and, 
subsequently, the thyristor enabled control of 
large flows of current. 


The SCR (silicon-controlled rectifier) is a type of 
thyristor, although the two terms are often used 
asif they are synonymous. Text thatrefers loosely 
to a thyristor may actually be discussing an SCR, 
and vice versa. In this encyclopedia, the SCR, di- 
ac, and triac are all considered to be variant 
types of thyristor. 


‘An SCR is a solid-state switch that in many in- 
stances can pass high currents at high voltages. 


Like a bipolar tran: is triggered by volt- 
age applied to a gate. Unlike the transistor, it al- 
lows the flow of current to continue even when 
the gate voltage diminishes to zero, 


How It Works 


This component is designed to pass current in 
one direction only. It can be forced to conductin 
the opposite direction if the reversed potential 
exceeds its breakdown voltage, but this mistreat- 
ments likely to cause damage. 


By comparison, the diac and triac are designed 
to be bidirectional, 


The SCR has three leads, identified as anode, 
cathode, and gate. Two functionally identical 
versions of the schematic symbol are shown in 
Figure 1-1. Early versions sometimes included a 
circle drawn around them, but this style has be- 
come obsolete. Care mustbe taken to distinguish 
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They provide a set of very useful references from 
which to measure several of the system parameters. 
To fully describe a system by its cardinal points, two 
more points are needed in addition to the two focal 
points, F, and F, and the two principal points, Hi and 
Hy, These points are called the nodal points. 
However, they coincide with the principal points 
when the lens is surrounded on both sides by the same 
medium, for example, air. Note that fy and hy 
determine the positions of the principal points 
relative to the vertices V, and V3, while f determines 
the focal point position relative to the principal 
points. One can show that these distances are given 
by: 


bes Riad 
Im(Ry — Ry) + OH — gd 
Re Ryrind 
2 (Ry — Ry) + Oy — Hd (1) 
t Pog 


~ Tai _ 1, dm 
(— tal Re Ry + mR Re 


We now derive the Gaussian formulae that describe 
imaging through two surfaces which are rotationally 
symmetric about the same axis. We assume here that 
the lens, with refractive index m, faces the same 
medium of refractive index mmm on both sides 


(Figure 3). We can correctly use this hypothesis 
since the microlenses which we discuss throughout 
this work are mainly surrounded by air. Let Ry and Ry 
be the radii of curvature of the surfaces at their axial 
points, measured as positive when the surface is 
convex towards the incident light. 

‘The image of a given object, formed by refraction 
at the first surface with radius of curvature Ry, 
becomes the object for refraction at the second 
surface. The image formed by the second surface 
with Ry as radius is then the final image due to 
the action of the thick lens. We know from eqn [6] 
that the paraxial rays issuing from S at a distance 5,1 


Figure 3 Retraction at both spherical surfaces of a tick lens. 


from V, will meet at P', ata distance which we call 5, 
This gives: 


112] 


Sa So 


Thus, at the second sphei 
becomes: 


m 


+e-@ 


As discussed above, we have: 


14] 


where ferii is the front focal length of the first 
refracting surface and fyri2 the back focal length of 
the second refracting surface. 
Eliminating s, in eqns [12] and [13] and inserting 
[14] yields: 
nm m 


d= - 


scr Femur 
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where s,, is measured with respect to V, and si is 
measured with respect to V2. After some calculations 
this equation may also be put in the form: 


forta(rifers + dri) 


Soo anlfeeus + fara) + dg 
ferus(mfuriz + dri) 16] 
1 nlfeeta + fara) + ay 
sat tafe shes 


mi(ferts + far.) + drt 


Obviously eqn [16] is much too cumbersome to find 
image locations. However, we can transform and 
reduce the latter equation to the form: 


a 7] 
say Ff 


where hy, by and f are the unknowns. 
Indeed, rewriting eqn [17] gives: 


(f+ b2)501 Uf —badsin + fey — ba) + by. =0 
(18) 


SaiS2— 


Equations [16] and [18] will be identical if the 
coefficients of their corresponding terms are equal; 


OPTICAL MICROLENSES 25 


that is when: 


(Feria + fai2) + dry, 
feet (tifurrs +4tt) 


tts fer. ifo 
n(fvris + far2)+ drm, 


fobs 


foh= 


9} 


filo, ~ bs) + yh: 


These three equations may be solved for the three 
unknowns fy, h2, and f: 


(tN Re RR 
- =Ritind (20) 
1 Ra — Ri) + (mn rind 
by Rota 


R= RF OH Hd 


Thus we see that the relation between the object 
position and the image position (eqn [16]) is 
expressed in the more convenient form of eqn [17] 
with the values of fi, hz, and f given by eqn [20]. 
Here 4, hy and f depend on the constants of the 
system where, as shown in eqn [11], hy represents the 
distance between the vertex V, and the principal point 
H, and f isthe focal length measured from a principal 
point on the axis and not from the vertex of the lens. 
If we now assume that: 


Sq = Sot — hy, 


e can write the thick lens equation 


[22] 


where the object and image distance, s, and s, 
respectively, are measured from the principal points 
of the lens, We can conclude that the formula that 
describes imaging through two surfaces may be 
simplified to the thick lens formulation given in 
eqn [22] by choosing the principal points H, instead 
of the vertices V,, from which S and P are to be 
measured. 


Thin lenses 

The preceding eqn [20] takes a particularly simple 
form when the lens is so thin that the axial thickness 
of the lens d may be neglected. But obviously there 
exists no real lens with a thickness equal to zero. A 
thin lens is only a concept which is an extremely 
useful tool in optical system design, When a lens or an 


optical system has a zero thickness, the object and 
image calculations can be greatly simplified. In this 
case, the two principal points are coincident and are 
located where the thin lens is situated. 

‘As a further simplification, we assume that the 
surrounding medium of the lens is air which means 
that ry = 1. When 1 = 1, we find: 


1 toa 
= 2-0 - ) 


These equations are often called the thin-lens 
equation and the lensmaker’s formula, respectively, 
because the latter predicts the focal length of a lens, 
fabricated with a given refractive index and radii of 
curvature. This formula is very useful in the optical 
design process as a first-order approach to calculate 
the features of the thin lenses and results in a set of 
lens powers (or focal lengths) for the different lenses 
and in the spacings between them. Once the thin lens 
optical system is solved and the primary aberrations 
are corrected for, one can design the thick lens system, 
‘The corresponding thick lens system must have the 
same component powers and the lenses must be 
spaced apart by the same distances as for the thin lens 
design, but the thick lens spacings must be measured 
from the principal points of the lenses instead of from 
the vertices of the lenses, 


23] 


Other lens characteris 
Another basic parameter of a refractive lens is its 
focal number f#. The f-number, also called the speed 
of the lens, is defined as the ratio of its effective focal 
length and the lens aperture diameter D (Figure 4): 


(24) 


Figure 4 A lons with an aperture diameter D. a focal length f, 
and a semi-angle «. 
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‘The effective focal length f of a lens or often called 
the focal length is defined from a principal point on 
the axis of the lens and not from its vertex. Typical 
focal numbers for refractive microlenses range 
between 0.8 and 30. 

‘The numerical aperture (NA), is another way of 
defining the same characteristic. It is described as the 
sine of the angular semi-aperture a in the object space 
multiplied by the refractive index m of the object space 
(Figure 4): 

NA=nsina 125] 
Both the focal number (f#) and the NA are related in 
the paraxial approximation by 


126] 


Lens Aberrations 


Introduction to Third-Order Monochromatic 
Aberrations 


An exact ray trace or a measurement on a real lens 
will certainly disclose inconsistencies with the corre- 
sponding paraxial description. Such deviations from 
the idealized Gaussian optics are known as aberra- 
tions. For monochromatic light there are five third- 
order or Seidel aberrations: three of them, namely 
spherical aberration, coma, and astigmatism, deterio- 
rate the image by blurring it, while the remaining two, 
curvature of field and distortion, deform the image. 
An additional aberration, chromatic aberration, 
results from the wavelength dependence of the 
imaging properties of an optical system. We will not 
discuss the latter as this aberration can be minimized 
by selecting a lens material with a refractive index 
that only varies by a negligible amount over the 
wavelength range of interest. 

Fora brief discussion of aberrations we consider the 
case of a perfect lens focusing a collimated light beam. 
In this case, the lens transforms the incoming 
planewave into a spherical wave, also called the 
reference sphere. Fora lens with aberrations, however, 
the real wavefront behind the lens shows deviations 
from the ideal spherical shape (Figure 5). The optical 
path length [AB] may be called the wavefront 
aberrations yx, y) and can be calculated as: 


Wx, y) = Wer y) — Ry) 271 
where Wx, y) represents the spherical wavefront in 
the Gaussian approximation and R(x, y) depicts the 
real wavefront. The wave aberration is given by 
the optical path difference along a ray between the 


Wavetront aberration 


Ray aberration 


y 
Image relerence 
point 


Paraxial image 
plane 


Figure 5 Relation between wavetront and ray aberration, 


reference sphere and the real wavefront behind 
the lens. Alternatively, the aberrations can be 
described in terms of the ray aberrations. In this 
case, not all the rays intersect the paraxial image plane 
at the same point and the distribution of the ray 
intercepts around the paraxial image point can be used 
tomeasure the amount of light blur. These two ways of 
quantitatively describing the aberrations are appar- 
ently not independent of each other, the ray aberra- 
tions being the derivate of the wavefront aberrations. 

There are several sets of suitable polynomials over 
which the wavefront aberrations can be expanded. 
The Zernike polynomials will be further used in this 
work (see, for example, the Mach-Zehnder and 
Twyman—Green interferometers in the section on 
Microlens testing). 

For rotational symmetric optical systems, the most 
common approach is to expand the aberration 
function yf to the fourth order as a power series in 
polar pupil coordinates. This corresponds to the 
third-order ray aberrations or primary aberrations. 
The different terms in the aberration polynomial yrare 
to the fourth power of the object coordinate h and 
the pupil coordinate r. In that case, the wavefront 
aberration polynomial #, as a function of the object 
coordinate h’ and the polar pupil coordinates r and 
(Figure 6), is given by 


Hr, 8) = oCagr’ + Cyrb'r cos 8+ Crrh*P* cos?e 


28] 


$2Cagh? P+ Chr cos @ 


The ,C coefficients are subscripted by the numbers 
that specify the powers of the term dependence on bi, 
rand cos @, respectively. These terms comprise the 
five monochromatic or Seidel aberrations as shown in 
Table 1. 

Each aberration is characterized by its dependence 
on the deviation from the optical axis h', on the 
aperture of the refracting surface r, and on the 
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Figure 6 (a) Imaging of an of-axis point P; (b) frontal view of a 
portion ofthe wavefront. 


Table 1 The five monochromatic or Seidel aberrations 


F Spherical aberration 
He cose Coma 

WAP? cost 0 Astigmatism 

re ‘Curvature of field 
Wreoso Distortion 


symmetry around the optical axis @ Equation [28] 
can be used to estimate how the aberration blurs 
change if the aperture or field of view of a lens is 
changed. In the following section we briefly describe 
each of these aberrations in terms of their visual 
effects. 


Spherical Aberration 


‘The first term in eqn [28], Cyr’, is the only term in 
the third-order wave aberration that does not depend 
on the deviation ’ from the optical axis. Thus, 
spherical aberration (SA) is the only monochromatic 
aberration that occurs on the optical axis and that 
exists even for axial object and image points. As 
shown in Figure 7a, SA results from the rays that 
enter via different zones of the aperture and are 
focused at different distances from the lens. It is 
evident from Figure 7a that the best focus is not at the 
paraxial plane. The best focus, however, is found at 
the location where the circular image blur is the same 
over the entire field of view and is called the circle of 


least confusion. 

Because most applications consist of 
illuminated planoconvex microlenses, we will firstly 
focus our attention on how microlenses have to be 
positioned to minimize SA. When we consider a 
planoconvex lens with the curved surface towards the 
infinite conjugate for an incident parallel beam, both 
surfaces are contributing approximately equal 
amounts of ray bending. Figure 8a shows the ray 
diagram for a planoconvex lens as obtained with the 
ray-tracing program Solstis, Solstis is a commercial 
photonics design software, consisting of different 


Secondary 
image 


© 0 


Figure 7 The primary aberrations: (a) spherical aberration — 
negative SA: the rays through the outer zones of the lens focus, 
Closer to the lens than the rays through the central zones; 
(0) coma — positive coma: the rays through the outer zones of 
the lans form a larger image than those going through the center 
(c) astigmatism - negative astigmatism: the tangential or vertical 
fan of rays is focused to the loft ofthe horizontal or sagittal fan; 
(6) curvature of fold ~ negative curvature af field: images farther 
{rom the axis focus nearer to the lens than the on-axis Images: 
(6) positive distortion ~ the magnification increases as the field 
angle increases; () negative distortion, 


) 


Figure 8 Ray diagram of a planoconvex lens (D= 200 um: 
= 249 m) with planewave illumination incident on (a) the curved 
surface and (b) on the plane surface. LSA (longitudinal SA) 
represents the difference between the paraxial and the marginal 
focus while TSA (transversal SA) shows the radius of the spot in 
the paraxial focal plane. 


modules, each of which is dedicated to a certain 
optical modeling approach. If, however, the flat 
surface is turned toward the incident rays, then the 
first surface does not bend the rays and all the ray- 
hending work is done by the second surface 
(Figure 8b). We can conclude here that the best 
orientation is that which distributes the ray hending 
equally between the two surfaces of the lens. 
Because the ray blur varies with the third power of 
the lens aperture, lowering the aperture diameter will 
cause a rapid decrease in the extent of the spherical 
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(a) (b) 


Figure 9 Ray diagram of a planoconvex lens (a) with a focal 
length fand (b) witha focal length 21 


Figure 10 (a) Ray diagram for a planoconvex lens 
(D= 200 um; f= 249 um). (b) The spherical aberration is 
reduced with a factor 4 by spiting the optical power of the 
original lans and using a doublet (D= 200 um; f= 621 um for 
both lenses). 


aberration blur. For a given aperture of the lens, the 
spherical aberration is a function of the focal length 
of the lens and increases with a decreasing focal 
length or an increasing NA (Figure 9). 

‘A change in SA, contributing to the wave aberra- 
tion, fora variation of the lens diameter D or the focal 
length f can be estimated with the following rules: 


Spherical aberration + D* for a constant f 


Spherical aberration + 1/f? for a constant D 
However, by preserving the focal length and hence the 
optical power of the lens, the SA can be changed by 
varying the radii of the surfaces. This would be the 
same as physically bending a lens made of flexible 
plastic. In Figure 10 we have reduced the spherical 
aberration with a factor of four by splitting a lens into 
two elements, each with a longer focal length, 
keeping the total optical power of the elements the 
same as the original lens. This means that, in practice, 
high NA microlenses can be replaced by a number of 
microlenses reducing the SA significantly. 

However, in optical systems, where only a small 
number of surfaces are allowed, aspherical surfaces 
can be used to correct the SA. In Figure 11 we show 
that making the lens shape elliptical while maintain- 
ing the other characteristics of the microlens 
(D = 200 um; R= 150 um) results in a reduction 
of the SA. The most common form of an aspheric 
surface is a rotationally symmetric surface with the 
sag, defined as: 


Zeonie = 29] 


where R is the radius of curvature, K the conic 
parameter, and x and y the coordinates in the 
substrate plane. The meaning of K is given in Table 2. 

In egn [28] we have shown that the wavefront 
aberrations can be written as the sum of the Seidel or 
third-order aberrations. Furthermore, we have seen 
that only the SA contributes to the wavefront 
aberration when we illuminate the microlens on- 
axis (// = 0), When we limit our experiments to on- 
axis illumination during the optical characterization 
of the microlenses, the wavefront aberrations are a 
measure for the SA. To prove this, we have calculated 
and plotted in Figure 12, the SA and the wavefront 
aberrations asa function of the focal length for a 
200 jum lens (n= 1.48), 

Both the SA and wavefront aberration values are 
obtained with the ray-tracing software Solstis. The 
wavefront aberration is calculated here as the optical 
path difference [BA] between a real wavefront 
surface and a spherical reference surface, From 
these results we can observe that for microlenses 
with an f > 330 um or an NA lower than 0.3 only 
the spherical aberration contributes to the root-mean- 
square (RMS) wavefront aberration. The RMS or 
standard deviation & of a number N of data x, 
N) with a mean value X can be written as 


/N. For smaller focal length 
es, however, we notice that higher-order 
aberrations appear and compensate the SA, resulting 
ina lower wavefront aberration compared to the SA. 
‘We can conclude that the wavefront aberration values 
represent the optical performance of the microlenses 
with a main contribution from the SA for on-axis 


illumination, 


oO 


Figure 14. (a) Ray diagram of a spherical planoconvex ions 
(D= 200 um; R= 150 um; K= 0) with planewave illumination, 
(0) The spherical aberration is reduced by making the lons shape 
olliptical (k= -0.57) 


‘Table 2 The surface type for diferent conic parameters 


Conie constant K Surface type 


‘Sphere 
Hyperboloia 
Paraboloid 
Elipsoid 
Oblate etipsois 
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Figure 12 The spherical aberration SA and the RMS wave aberration as a function of the focal length for a 200 jm lens (n= 1.48), 


Other Seidel Aberrations 


Coma is an image-degrading aberration that increases 
rapidly with the lens aperture r. It indicates an off-axis 
aberration (b! # 0) that is nonsymmetrical around 
the optical axis (cos @# constant). Figure 7b illus- 
trates the aberration due to a vertical fan of parallel 
rays refracted by a spherical lens. It results from a lens 
having different magnifications for rays passing 
different zones of its aperture. Each circular zone of 
the lens forms a circular image called the comatic 
circle, Every other fan of rays forms images that 
complete the comatic circle. The combination of all 
these circles causes a comet-shaped flare. 
Astigmatism is the imaging of an off-axis point as 
two perpendicular lines at different distances. In this 
aberration the rays from a point object converge at a 
certain distance from the lens to a line which is called 
the primary image. This line lies in the sagittal plane 
and is perpendicular to the plane defined by the 
optical distance and the object point, At a somewhat 
different distance from the lens they converge to a 
second line, called the secondary image, which is 
parallel to the tangential plane. This effect is shown in 
Figure 7c. The elimination of astigmatism requires 
that the tangential and sagittal surfaces be made to 
coincide. The resulting surface is then called the 
Petzval surface. Although in that case astigmatism 
has been eliminated, the associated aberration, called 
curvature of field, remains. So off-axis images are 
focused on a curved saucershaped surface as drawn 
in Figure 7d, instead of on an ideal flat image surface. 
‘The last of the five primary aberrations is distortion 
and causes straight lines which do not intersect the 


axis to be imaged as curved lines. This effect is not 
related to a lack of sharpness of the image but results 
from the fact that the magnification varies across the 
field and induces the image of a square object to be 
bowed outward (Figure 7e) or sagged inward 
(Figure 7f). 

We have shown that three of the five Seidel 
aberrations (namely SA, coma, and astigmatism) are 
responsible for a lack of sharpness of the image. The 
other two (i.c., curvature of field and distortion) are 
related to the position and the form of the image. In 
general, it is impossible to design a system which is 
free from all the primary as well as the higher-order 
aberrations, and therefore, a suitable compromise as 
to their relative magnitude has to be made, In some 
cases, the effects of the Seidel aberrations are reduced 
by balancing them against aberrations of higher 
orders, In other cases, one has to eliminate certain 
aberrations completely, even at the price of introdu- 
cing aberrations of other types. So far we have studied 
the aberration effects on the basis of geometrical 
optics only. However, if the aberrations are very small 
(wave aberrations of the order of a wavelength or 
less), diffraction starts to play an important role. That 
is why, in the next section, we will discuss the role of 
diffraction on the imaging quality of a lens. 


Diffraction 


Introduction 


So far we have used simple geometrical optics to 
evaluate the effects of aberrations — deviations of the 
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wavefront behind the lens from the ideal shape — that 
influence the quality of an image generated by a lens. 
However, we know that even for an aberration-free 
lens, blur of the spot in the image plane occurs. This 
means that diffraction effects at the lens aperture can 
also influence the spot size and the point spread 
function (PSF), certainly because diffraction gains 
importance when miniaturizing optical components. 
Therefore, we have to introduce diffraction before we 
can bring forward the most important figures of merit 
for microlens performance and study its effects on 
imaging quality. 


Fraunhofer and Fresnel Diffraction 


In certain regions of space occupied by our optical 
lens system, the simple geometrical model of energy 
propagation is inadequate. In particular, deviations 
from this model can be expected in the immediate 
vicinity of the boundaries of shadows and in regions 
where a large number of rays meet. These regions are 
of great practical interest, as they include that part of 
the image space in which the optical image is situated. 
These deviations are manifested by the appearance of 
diffraction fringes. Also, the phenomena involving the 
superposition of coherent wavefronts cannot be 
treated with a geometrical model of energy propa- 
gation. Thus a more accurate treatment is necessary 
where the wave nature of light and diffraction are 
taken into account, Wave optics is such an approach 
with which the actual light intensity, that will be 
observed as a result of the propagation of a wavefront 
to the image plane, can be constructed, According to 
Huygens’ construction, every point of a wavefront 
may be considered as a center of secondary disturb- 
ance, which gives rise to spherical wavelets. The 
wavefront at any later instance may be regarded as 
the envelope of these wavelets. Fresnel was able to 
account for diffraction by supplementing Huygens’ 
construction with the postulate that the secondary 
wavelets mutually interfere. We discuss diffraction 
here, on the basis of wave theory, by the application 
of Huygens’ construction together with the principle 
of interference. The latter principle, also called the 
Huygens—Fresnel principle, sufficiently describes the 
propagation of light in free space. 

This Huygens—Fresnel principle may be regarded 
as an approximate form of the integral theorem of 
Helmholtz. and Kirchhoff. Kirchhoff’s theory makes 
an approximation to the diffraction of scalar waves. 
This scalar theory is adequate enough for the 
treatment of problems in instrumental optics where 
polarization effects are of minor importance and can 
be neglected. If we consider a strictly monochromatic 
electric field e(x, y,2,¢) = Ee, y,2)e"™ in any ideal 


isotropic dielectric, the space-dependent part will 
satisfy the homogeneous time-independent wave 
equation: (V2+)E=0, also known as the 
Helmholtz equation where k= le. This theorem 
expresses the solution E of the Helmholtz equation at 
an arbitrary field point P, in terms of its solution E 
and its first derivatives aE/an at all points on an 
arbitrary closed surface surrounding P, provided the 
medium is a homogeneous dielectric 


E(P)= -efle(S ) - 


Here, s is the distance from point P to the point on 
surface S, nis the outward normal to S, and k = wle is 


130} 


the wave number in vacuum, 
When we consider a monochromatic wave, from a 
point source P,, propagating through an aperture @ in 
a plane opaque screen, and P is the point at which the 
light disturbance has to be calculated, the theorem 
can be reduced to an approximate but much simpler 
form (Figure 13a) on condition that we can assume 
that the linear dimensions of the aperture Q, although 
large compared to the wavelength, are small com- 
pared to the distances of both P, and P from the 
Asa result of Kirchhoff’s theorem we obtain: 


cp ewe 
EW)= ={{, [cos(n.r) —cos(nrs)]4S [31] 


where A is a constant, A the wavelength, and rand s 
are the distances from clement dS on 0 to P, and P, 
respectively. Equation [31] is known as the Fresnel~ 
Kirchhoff diffraction formula. In case a more general 
field E,, is incident at the aperture ©, replacing the 
point source Ae “'/r, an equivalent formulation, 
known as the Huygens integral, can be found: 


costn,s\dS_— [32] 


@ 


Figure 13. Geometry for evaluating (a) the Fresnel~Kirchhott 
uiffraction formula and (b) the Huygens’ integral 


) 
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In the case of the Huygens integral an alternative 
Green's function is chosen, namely G(P) 
exp(-iksVs—exp(—jkryr instead of G(P) 
exp(—iks)/s used in the Fresnel—Kirchhoff diffraction 
formula. This then results in an obliquity factor 
cos(1,8) instead of cos(n,s) — cos(r,r). If the distances 
of the points P, and P are large compared to the 
dimensions of the aperture, the factor [cos(x,7)— 
cos(r,5)} in eqn [31] will not vary appreciably over 
the aperture and may be replaced by 1. In this case, 
the optical heams are close to the optical axis and this 
is considered as the paraxial diffraction theory. In the 
phase factors, we can expand r(x,y,z) and stx,y,2) as 
power series. If the quadratic and higher-order terms 
may be neglected in the series expansion (r,s >A), one 
speaks of Fraunhofer diffraction, when the previous 
assumption is not fulfilled (r,s=A), the quadratic 
terms cannot be neglected and one speaks of Fresnel 
diffraction, The regions where the Fresnel and 
Fraunhofer diffraction integral may be applied are 
called the near-field (NF) and far-field (FF) diffraction 
regions respectively. The Rayleigh range za marks the 
boundary between the NF and FF regions for the 
beam emerging from the aperture (Figure 14). 

‘As an example, we discuss the diffraction of a 
uniform planewave by a circular aperture of diameter 
2a. The Rayleigh range for this circular aperture is 
given by 


[33] 


‘The FF diffraction pattern (2 zg) for a uniformly 
illuminated circular aperture is the well-known Airy 


Figure 14 The Rayleigh range zr marks the boundary between 
the NF and FF regions for a beam emerging from the aperture 0. 


disk pattern and is given by 


24, Q-madld) 


E2) ~ rama) 


Ba) 


where Jy is the first-order Bessel function. This 
pattern has single dominant central lobe surrounded 
by a series of increasingly weaker circular rings. The 
first zero of this pattern occurs at a half angle @ or a 
radius 7, in the FF, given by 


a 
8 
2 


nod 
Stas 5 
a= ba Bs] 


‘The NF or Fresnel diffraction patterns for a uniformly 
illuminated circular aperture (¢ < za) consist of a 
series of circular rings modulating a constant- 
amplitude background, When moving even closer to 
the aperture, the beam profile becomes more and 
more square and the frequency of the Fresnel ripples 

We now know that light is diffracted at the 
apertures of optical elements (lenses) and that this 
diffraction can affect its performance, Ideally, the 
focus of a planewave should be infinitely small, being 
the image of a point source located at infinity. But 
even in the ideal case, when no geometrical aberra- 
tions are introduced, diffraction will limit the lens 
performance and the focus of such diffraction-limited 
lenses will have a finite extension, 


Quality Criteria for Lens Performance 


In this section we discuss some of the most important 
figures of merit for diffraction-limited lens perform- 
ance. This survey raises the problems related to this 
issue. A more detailed overview can be found in the 
literature. 


Diffraction in a Lens Syster 
Function (PSF) 


he Point Spread 


Diffraction at the lens aperture D causes a blur of the 
focus. The light distribution in the focal plane of an 
aberration frec lens essentially arises from Fraunhofer 
diffraction at the aperture of the lens. From eqn [34] 
we know that the diffraction image for an aberration- 
free lens with a circular aperture D is the scaled Airy 
disk, given by 


_ theDhf) 


EW.) ~ “apy 
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where A denotes the wavelength of the illuminating 
light beam and f the focal length. 
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The normalized intensity of this pattern is called 
the diffraction-limited (PSF) of the lens: 
PSF(r, 2) = IEG. 2)” B71 

Although irradiance replaces nowadays the word 
intensity in optics, we will still use intensity to 
nominate the flow of energy per unit area per unit 
time, We can define the irradiance as I= Leqc(E2), 
with eo and c the electric permittivity in vacuum and 
the speed of light, respectively. The radius of this 
pattern is known as the Rayleigh diffraction limit or 
Rayleigh resolution and is compared to the measured 
spot size in the image plane. 

To include the effects of aberrations in the 
diffraction computation, we have to include both 
the phase profile and the amplitude of the real 
wavefront in the pupil of the lens. The pupil function 
T(x, y) may be written as: 


T(x, 9) = E(x, ye”) 138] 


where E(x, y) represents the amplitude distribution 
over the exit pupil and yAx,y) is the wavefront 
deformation on this pupil. Starting from the 
Huygens—Fresnel approach, the diffraction integral 
can be rewritten in the form of a Fourier transform: 


E(r,z) ~ FT) 139] 
The PSF at the focal position can then be found by 
calculating the Fourier transform of the wavefront 
error # or the pupil function T(x, y) of the lens and 
taking the complex square of the latter, Figure 15 
shows the shape of the PSF of an ideal or diffraction- 
limited lens. When the lens aperture D decreases, the 
extension of the PSF increases proportionally, which 
means that it becomes easier to achieve diffraction- 
limited performance. Since the extension of 
the diffraction-limited PSF becomes larger, the 
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Figure 15 The 1D point spread function of an ideal iens. 


constraints on the shape of the phase profile become 
less stringent. This has important consequences on 
the scaling behavior of lenses. In the extreme case, the 
microlens diameter becomes so small, that diffrac- 
tion-limited imaging is possible without any specific 
phase profile in the lens pupil. This is also one of the 
reasons why small water droplets often form rela- 
tively good lenslets. For systems including micro- 
optic lenses, we therefore will have to find better 
criteria than the PSF of a diffraction-limited lens to 
evaluate or compare these optical components. 


‘The Rayleigh and Maréchal Criterion 


The widely used Rayleigh criterion states that a 
system is difftaction-limited, as long as the maximum 
wavefront deviation lisa.(2)! is less than one quarter 
of a wavelength (Figure 16). It was shown by 
Rayleigh that for a system which suffers primarily 
from SA such that the wavefront deviation is less than 
a quarter wavelength, the intensity at the Gaussian 
focus is diminished by less than 20%; a loss of light 
that can usually be tolerated. Also in the presence of 
other commonly occurring Seidel aberrations is the 
quality of the image not seriously affected when the 
deviation is less than A/4. This criterion, which 
determines the amount of aberration that can be 
tolerated in an image-formation system is, of course, 
only a rough guideline since the light distribution in 
the image does not only depend on the maximum 
deformation but also on the shape of the wavefront, 
and even more on the type of aberration. Moreover, 
the loss of light that can be tolerated depends on 
the particular use to which the optical component is 
put and more stringent tolerances have to be imposed 
for certain applications. 


wx) 


Figure 16 Illustration of the Rayleigh criterion. 
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Low-order aberrations merely cause a shift of light 
from the main lobe of the PSF to the side lobes. 
Higher-order aberrations additionally cause a broad- 
ening of the PSF and the correlation between the 
image quality and the maximum value of the 
wavefront aberration is usually lost. In the latter 
case, it seems more appropriate to formulate toler- 
ance criteria restricting the average amount of 
aberration. Criteria of this type were considered by 
Maréchal, who used the relation that exists between 
the intensity at the center of the reference sphere and 
the RMS deviation of the wavefront from a spherical 
form, 

This Maréchal criterion uses the following RMS 
wavefront aberration Yuis to define the lens quality: 


a 
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This criterion is sensitive to statistical noise on the 
measured phase profile, while a criterion such as the 
Rayleigh criterion is little affected by it. 


Strehl Ratio 


For some applications not the imaging quality but the 
maximum deposited energy is the most essential 
feature, In such a situation, the Strehl ratio S is a 
suitable figure of merit. The Strehl ratio is defined as 
the normalized peak intensity of the PSF of the lens: 


Tees 0,0) |[ feteores d 
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Trea(0,0) and Iijea(0, 0) denote the intensities at the 
center of the real point image and the ideal PSF 
without aberrations, respectively. Even for small 
aberrations, which do not affect the extension of the 
PSF, the light intensity in the center peak can drop 
significantly (Figure 17). A Strehl ratio $= 0.8 is 
generally considered to correspond to diffraction- 
limited performance. 

By a Taylor expansion of eqn [40], the relation 
between the Strehl ratio § and the Maréchal criterion 
can be written as: 


la 
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If only low-order aberrations are taken into account, 
Rayleigh’s 4/4 criterion also results in a Strehl ratio of 
0.8. For large aberrations (S = 0.3), however, the 
behavior of the Strehl ratio becomes uncorrelated to 
the image quality due to interference effects. 


[42] 
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Figure 17 Strohl ratio erterion 
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Figure 18 Modilation transfer function for a pertectlens and for 
small amounts of spherical aberration (4/2 and 4/4). 


‘Transfer Functions 


Transfer functions are most commonly used for 
evaluating the image quality in lens design. As 
discussed above, the PSF is the Fourier transform of 
the wavefront error For simplicity we can assume 
that the modulus of the pupil function is 1. The PSF 
then follows from the Fourier transform: 


PSF(p, v) = |FT(e**)?- (43) 


The optical transfer function (OTF) is calculated 
from the PSF data by means of an inverse Fourier 
transformation: 


OTF(#, p) = FT” '[PSF(, »)] 


44] 


The OTF is a spatial frequency-dependent complex 
quantity whose modulus is the modulation transfer 
function (MTF) and whose phase is, of course, the 
phase transfer function (PTF). The former is a 
measure for the reduction in contrast from the object 
to the image over the whole spectrum. Figure 18 
shows the normalized MTF for both a perfect lens 
and a lens subjected to some small amounts of 
spherical aberration. The PTF is, in most cases, 
not so conclusive concerning the optical behavior 


between the SCR symbol and the symbol that 
represents a programmable unijunction tran- 
istor (PUT), shown in Figure 1-2. 


Anode Anode 
ene + — # 
Cathode Cathode 


Figure 1-1. Two functionally identical schematic symbols 
fer an SCR (silicar-controlled rectifier). The symbol on 
the left is more comman, 


‘Anode 


wy 


Cathode 


Figure 1-2. The symbol shown here is for a programma 
ble unjunctian transistor (PUT). Care must be taken to 
distinguish it from the symbol for an SCR. 


Switching Behavior 
When the SCR is in its passive or nonconductive 
state, it will block current in either direction be- 
tween anodeand cathode, although a very small 
amount of leakage typically occurs. When the 
SCRis activated by a positive voltage at the gate, 
current can now flow from anode to cathode, al- 
though itis still blocked from cathode to anode. 
When the flow reaches a level known as the 
latching current, the flow will continue even after 
the triggering voltage drops tozero. This behav- 
ior causes it to be known asa regenerative device. 


Ifthe current between anode and cathode starts 
to diminish while the gate voltage remains zero, 
the current flow will continue below the latching 
level until it falls below the value known as the 
holding current. The flow now ceases. Thus, the 
only way to end a flow of current that has been 


emiconductor > thyristor > SCR 
initiated through an SCR is by reducing the flow 
orattempting to reverse it. 


Note that the self-sustaining flow isa function of 
current rather than voltage. 


Unlike a transistor, an SCR is either “on” or “off” 
and does not function asa current amplifier. Like 
a diode, itis designed to conduct current in one 
direction; hence the term rectifierin its full name, 
When it has been triggered, the impedance be- 
‘tween its anode and cathode is sufficiently low 
that heat dissipation can be managed even at 
high power levels. 


The ability of SCRs to pass relatively large 
amounts of current makes them suitable for con- 
trolling the power supplied to motors and resi 
tive heating elements. The fast switching re- 
sponse also enables an SCR to interrupt and ab- 
breviate each positive phase of an AC waveform, 
to reduce the average power supplied. This is 
known as phase control. 


SCRs are also used to provide overvoltageprotec- 
tion. 


SCR packages reflect their design for a wide 
range of voltages and currents. Figure 1-3 shows 
an SCR designed for on-state current of 4A RMS 
(ie, measured as the root mean square of the 
alternating current). Among its applications are 
small-engine ignition and crowbar overvoltage 
protection, so named because it shorts a power 
supply directly to ground, much like a crowbar 
being dropped across the terminals of a car bat- 
tery (but hopefully with a less dramatic out- 
come). See Figure 1-15. 


In Figure 1-4, the SCR can handle up to 800V re- 
petitive peak off-state voltage and 55A RMS. Pos- 
sible applications include AC rectification, crow- 
bar protection, welding, and battery charging. 
The componentin Figure 1-Sisrated for 25A and 
SOV repetitive peak off-state voltage. To assess 
the componentsizes, bearin mind thatthe graph 
line spacing is 0.1” 
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Therefore the wave aberrations, the PSF, the MTF, 
and the Strehl ratio are the characteristics that are 
usually provided as an output of lens design 
programs. 


Interference 


Many of the processes for the manufacturing of 
microlenses are not fully understood nor perfectly 
controlled. It occurs that one generates a microlens 
array and then measures its performance, hoping that 
by accurately repeating the processing conditions, 
a consistent result can be achieved. To achieve 
optimum conditions, it is therefore crucial to measure 
the geometrical and optical parameters of the 
microlenses. Most of the microlens measurement 
instruments are based on two-beam interference, the 
phenomena where light from a source is divided into 
two beams which are later on superposed again. The 
intensity in the region of superposition is found to 
vary from point to point between maxima which 
exceed the sum of the beam intensities and minima 
which may be zero. 


Two-Beam Interference 


We consider the interference of two waves, a 
reference and an object wave, represented by Eret 
and E,,; respectively, where we take into account the 
vector properties of the electric fields. In the case of 
interference, both waves typically originate from a 
single source and recombine after traveling along 
different paths. For the moment we will consider only 
monochromatic linearly polarized waves of the form: 


Bret = Bonet eh? 


Eouj = Evan eM [45] 
The total electric field intensity E at the output of the 
interferometer, according to the principle of super- 


position, is given by: 


E = Ens + Eoty 146] 


The total intensity at the output, being the time 
average of the square of the wave amplitude, can be 
written as 

= Irae + lay + let 147] 
with Ioeg ~ (B25 Loy ~ (E2yj) and Lptiohj ~2(Eret Eos) 
Notice that if both E-fields are perpendicular to one 
another, the interference term Iyejaij Vanishes, while if 
‘we assume that both fields are parallel, we can restrict 
our discussion to scalar theory. Under the latter 
condition we can write the total intensity as: 
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where the presence of the third term is indicative of 
the wave nature of light which can produce enhance- 
ment or diminution of the intensity through 
interference. 

‘We can rewrite eqn [48] in Michelson’s manner of 
writing: 


T= To + V cos(Pony ~ Pri) 
2a 
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149] 
where Ip = Iyer + Loris 


with V the visibility or fringe contrast indicating the 
degree of modulation. 

‘We can conclude that the measured intensity of a 
two-beam interferogram depends on the mean 
ry Igy the visibility V, and the phase difference 
= yc. There are a number of techniques to 
: the mean intensity, the 
visibility, and the interesting spatial phase variation. 
In the optical instrumentation, further discussed in 
this article, phase shifting interferometry (PSI) is used 
which requires a measurement of the intensity in each 
point of the aperture for at least three different 
reference phase values, in order to obtain three 
equations for the three unknowns (Ip, V, and ®o1 — 
®,,.). In practice, the reference phase values are 
obtained by a piezodriven transducer (PZT) mirror 
and should be equally spaced over one phase cycle of 
2m. It has been shown that the five-phase algorithm is 
the optimal choice as the calculation still remains 
simple and the second-order nonlinear response of the 
detector is eliminated. A charge coupled device 
(CCD) sensor then records the intensity of the 
resulting interference pattern for different relative 
phase shifts and converts the intensity data to 
wavefront phase data through integration. 


Microlens Testing 


In microlens (lens with a diameter lower than several 
millimeters) testing, itis essential to measure in a first 
step the shape or the surface profile of the microlenses 
or in cases where gradient-index lenses are concerned, 
index distribution. In addition, the 


their refracti 
paraxial parameters, such as the focal length, and the 
more complex properties like the wave aberrations 
and surface quality have to be characterized. As 
discussed in the introduction, massive parallelism and 
miniaturization ask for the fabrication of microlenses 
and microlens arrays. The most critical features of 
these lenslet arrays are the uniformity of the micro- 
lenses and their mutual positioning accuracy. As a 
variation of these properties deteriorates the optical 
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performance in most applications, dedicated test 
instrumentation is needed. 

In the following, we discuss different measurement 
instruments designed to characterize all the geomet 
cal and optical parameters of microlenses. First, we 
introduce an optical noncontact profiler which can be 
used to determine the diameter and the sag (the 
maximum height of the spherical lenscap) of the 
surface profile microlenses. In addition, it allows us to 
quantify the surface roughness on the top of the 
microlenses, With a transmission Mach-Zehnder 
(MZ) interferometer the wave aberrations and the 
focal length of the microlenses can be measured, 
while a Twyman—Green (TG) interferometer can be 
used for the measurement of the surface deviations of 
a microlens from an ideal spherical shape and for the 
measurement of the radius of curvature of the surface, 


‘Surface Profile Measurements 


Optical noncontact profiler 


Principle, The surface profile of a microlens can 
he measured with a Wyko NT2000 noncontact 
optical profiler (Figure 19a). This surface profiler 
system uses two approaches to measure a wide range 
of surface heights. The PSI mode allows measuring 
fairly smooth and continuous surfaces (0.1 nm < 
heights < 160 nm) while the vertical scanning inter- 
ferometry (VSI) mode can measure rough surfaces 
and heights ranging between 160 nm and 2mm, We 
only discuss here the vertical scanning mode because 
the principle on which PSI is based has been explained 
above. As shown in Figure 19b, this noncontact 
profiler is based on a Mirau interference microscope 
where a white light beam passes through a beam- 
splitter which reflects half of the incident beam to a 


f@ o 


reference surface and transmits the other half onto the 
sample. The light reflected from the sample and from 
the reference surface then recombine at the beam- 
splitter to form interference fringes. The system 
measures the degree of the fringe modulation or the 
fringe contrast. Because white light has a short 
coherence length, interference fringes are present 
only over a very shallow depth for each focus 
position. The coherence length can be described 
here as the optical path distance (OPD) between 
two wavefronts of an interferometric system for 
which the phase remains correlated, Or in other 
words it is a measure of the range of heights over 
which the instrument will be able to obtain measur- 
able interference fringes. Fringe contrast at a single 
sample point reaches a peak as the sample is 
translated through focus. During a measurement, 
the reference arm containing the interferometric 
objective moves vertically to scan the surface at 
varying heights. A linearized PZT precisely controls 
this motion, As the system scans downward, an 
interference signal for each point on the surface is 
recorded. Finally, a series of advanced computer 
algorithms is used to demodulate the envelope of the 
fringe signal and to extract the surface information. 
‘The vertical resolution is approximately 3 nm RMS 
for a single measurement. The lateral resolution is a 
function of the total magnification, of the cursor 
position accuracy, and of the detector array size, 


Measuring the geometrical lens dimensions. This 
profiler provides us with information on geometrical 
dimensions of microlenses. For each microlens we can 
derive from the contour plot (Figure 20) the sag and 
the diameter of the microlenses along the x and the y 
direction. As an example, we show in Figure 21, the 


Microscope 
objective 
Reference 
surface 
Beamspiiter 


Figure 19 (a) Vertical scanning noncontact profiler (WYKO NT2000);(b) Working principe. 
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profiles of the cross-section of a 200 um fused silica 
microlens (NA = 0.05; D = 200 um) along the x and 
y directions. 

‘The surface roughness on top of the microlens 
can also be derived from measurements with the 
noncontact profiler. As an example, we show the 
fringes on the vertex area (65 X 61 jum") of a 200 wm 
diameter lens as well as the average and RMS 
roughness on the vertex of the lens (Figure 22). 


Measurement of the Optical Lens Performance 


To investigate the optical properties of discrete 
microlenses one of the most accurate and reliable 
techniques is interferometry. It is well known that 
microlenses can be tested in transmitted light 
using instruments with a single pass geometry 
(e.g, MZ interferometer) as well as in reflected light 
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Figure 20. Contour plot of a 200 um fused silica microlens as 
‘obiained withthe noncontact profiler. 


interferometers using a double pass configuration 
(e.g. TG interferometer). The interferometers pro- 
posed in this section have been especially designed 
and constructed for microlens testing. 


Mach~Zchnder (MZ) interferometer for 
transmitted light measurements 


Principle. A MZ interferometer, constructed at 
the Erlangen—Narnberg University, is used in this 
work for the measurement of microlenses in trans- 
mitted light. The interferometer is installed in a 
commercial Carl Zeiss Jena microscope, while fiber- 
optics is used for beam delivery, The scheme is shown 
in Figure 23. A polarizing beamsplitter (PBS) cube 
splits the beam of a HeNe laser while a halfwave plate 
at the entrance enables the balancing of the two 
interfering beams. The fibers are polarization preser- 
ving in order to keep the polarization in the two 
beams of the interferometer. The planewave of the 
object arm is either focused by an illumination 
microscope objective so that a spherical wave 
impinges onto the microlenses (this is the so-called 
spherical wave illumination) or the first microscope 
objective is removed so that a planewave illuminates 
the object (this is the so-called planewave illumina- 
tion). By using a telescope consisting of the imaging 
microscope objective and an achromatic doublet, the 
expanded planewave then enters a second beamsplit- 
ter and is superimposed on a reference planewave 
generated by the second fiber and an expansion lens. 
This second beamsplitter is a nonpolarizing one. To 
force the two beams to interfere, the plane of 
polarization of the reference beam must be rotated 
by 90° which is achieved by twisting the fiber end 
accordingly. This solution has been chosen to avoid a 
polarizer in front of the CCD camera as it has been 
shown that the latter would decrease the optical 
quality. In addition one of the mirrors in the object 
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(@) 20 tons profile of the microlens shown in Figure 20 along the x direction and (b) along the y direction, 


OPTICAL MICROLENSES 37 


Floughness values (om) 
‘Average roughness Fy 1.55) 
IMS roughness Ry 194 


@) 


a" 


0 
(©) 0.5 10152026 3085 40.4550 556065 


Figure 22 (a) Different roughness values on the vertex area of a 200 jm lens; (b) Fringes in this vertex area (85 x61 ym’). 
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Figure 23. (a) Scheme and (b) picture of the Mach-Zehnder interferometer for measurements in transmitted light. 


arm of the MZ. is mounted on a PZT driver to enable 
phase shifting interferometry. 


Focal length and array uniformity through plane- 
wave illumination. The MZ. interferometer with 
planar wavefront illumination offers for slow lenses 
(NA < 0.1) the opportunity to measure also the total 
phase lag introduced by the lenses, as shown in 
Figure 24, This makes it possible to determine the 
focal length and hence the NA of the microlenses. 

For certain applications of arrays of microlenses it 
is also important to know the uniformity of the lens 
array or at least of a part of the lens array. There are 
several different test methods (e.g., Smartt test, 
shearing test) which can provide a measure of the 
uniformity. One can even obtain the total phase 
retardation for a subsection of the microlens array 
(sce Figure 25b). 


Measuring the aberrations with spherical wave 
illumination. Wave aberrations of refractive micro- 
lenses can be determined with a spherical wavefront 
illumination (Figure 26). The measurement of the 
wave aberrations is carried out by using a PSI 
algorithm. This requires a measurement of the 
intensity in each point of the aperture for five different 
reference phase values. The result of a PSI evaluation 
is the phase distribution «b(x, y) in the exit pupil: 


(x,y) = Zucx, 9) 150] 
where ix, y) are the wave aberrations of the lens 
under test. 

From these data, the software calculates the 
unwrapped phase distribution and by subtracting 
the tilt and defocus, the deviation from an ideal 
wavefront (phase/lambda) can be found. Fitting this 
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deviation to a fourth degree Zernike polynomial then 
gives the aberrations (phase/lambda). Besides the 
aberrations we also derive from the measured phase 
distribution other optical lens characteristics such as 
the modulation transfer function and the PSF. 

Finally, we emphasise that the measurements 
should preferably be done in a cleanroom environ- 
ment as the smallest dust particle on the lens surface 
decreases the optical performance. 


‘Twyman—Green interferometer 


Principle. For most applications microlenses have 
to feature a spherical or nearly spherical shape. The 
measurement of the deviations of the microlens 
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Figure 24 interferogram of a 200 um lens with an NA of 0.05 
under planewave ilumination 
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surface from an ideal sphere is therefore very 
important. The basic principle comes down to a 
planewave which is focused by a high NA microscope 
objective in such a way that the focus coincides with 
the center of curvature of the microsphere under test. 
The light rays are reflected, and behind the micro- 
scope objective a nearly planewave carrying the 
surface deviations and misalignment errors, results. 
The vertex of the test surface is then imaged onto a 
CCD camera and the nearly plane object wave 
interferes with the plane reference wave. The 
evaluation here is also done with phase shifting 
interferometry by axially shifting the reference mirror 
with a piezo transducer. 

The use of laser illumination allows us to obtain 
high contrast fringes. However, the high spatial and 
temporal coherence of the laser light also has 
important drawbacks, such as speckle noise and 
spurious fringes across the field. It is convenient to 
divide coherence into two classifications, temporal 
and spatial. The former relates directly to the finite 
bandwidth of the source, the latter to its finite extent 
in space. Therefore, polarization beamsplitter optics 
is commonly used to reduce the contribution of 
spurious reflections. The polarizing beamsplitter 
group additionally allows balancing the intensity 
between the object and the reference arm of the 
interferometer. Even so, the remaining scatter leads to 
poor and rough interference fringes. To further 
increase the fringe quality, the spatial coherence has 
to be reduced while the temporal coherence of the 
laser is preserved. This can be done by introducing a 
rotating scatterer in the light beam which gives a 
smoothing effect of the interference fringes. 


Measurement of the deviations from sphericity. To 
determine the surface deviation of a microlens 
from a perfect sphere we make use of a TG 


”, / a 


aii 


‘ant 


Q 
ff if 


yr 


me ia 


iN gu 
wie a 


Figure 25 (a) interferogram of an array of 200 um diameter microlenses with an average NA of 0.05 and illuminated with a plane 


wavefront; (b) 3D representation of the phase lag (RMS 1.264, PV 4.974) for the same microlens array. 
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interferometer, constructed by the Erlangen-Nuirn- 
herg University (Figure 27). In this interferometer, 
the light of a HeNe laser is imaged onto a rotating 
scatterer by a microscope objective and the 
scattered light is collimated by an achromat. The 
collimated laser beam then passes a field stop 
which is sharply imaged by a 4f system onto the 
lens under test. The image of the field stop can be 
focused onto the surface under test by moving the 
ficld stop along the optical axis. Once the image of 


Figure 26 Inierferogram of a microlens under spherical 
‘wavetrant ilumination: the resulting planewave is a measure for 
the wave aberrations. 


the field stop is sharply imaged onto the CCD 
array, one can translate the reference mirror until 
the reference image of this stop in its turn becomes 
sharp onto the CCD camera, Thus, two conditions 
have to be met to achieve high contrast fringes: the 
surface under test and the image of the field stop 
of both arms of the interferometer have to be 
sharp on the detector. The half wave plate in front 
of the PBS adjusts the splitting ratio at the PBS 
while the polarizer after the beamsplitter is 
necessary to force the two orthogonally polarized 
beams to interfere. Finally, the optics at the output 
of the interferometer gives a sharp image of the 
intermediate image of the lens surface onto the 
CCD camera, Analogous to the MZ interferometer, 
five phase images are grabbed and subjected to 
different algorithms, leading to the desired 
information. 

‘A condensor objective transforms the radius of 
curvature of the spherical wavefront such that it 
matches the radius of curvature of the microlens. 
Hence, the wavefront impinges everywhere perpen- 
dicularly on the lens surface. This means that the 
sensitivity to surface deviations is independent on the 
surface position leading to high accuracy measure- 
ments. The TG interferometer allows us to test the 
sphericity of microlenses with diameters ranging 
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Figure 27 (a) Twyman-Green interferometer setup. (b) Detailed schematic overview of this interferometer. 
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(a) Measured doviaton trom an ideal sphere (phase/lambda) for a 200 wm lens with an NA of 0.05 as obtained with a 


‘TwymanGreen interferometer. (b) Polynomial fited surface deviation (phase/lambda) ofthis microlens. 
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Figure 29 Necessary adjustments of the spherical microlens for 
radius measurements. 


from 50 to 1000 wm and with a maximum radius of 
curvature of 1960 um. 

An example of a 200 um fused silica microlens, 
with an NA of 0.05, is shown in Figure 28. The 
deviation from an ideal sphere can be derived from 
the unwrapped phase after subtracting the tilt and 
defocus. Fitting the deviation to a fourth degree 
Zernike polynomial then gives the surface 
deviation. 


Measuring the radius of curvature. Using the TG 
interferometer it is also possible to determine the 
radius of curvature R of a microlens. To do this, the 
test object has to be shifted axially from the basic 
position, where the light rays impinge perpendicu- 
larly onto the surface and the focal length of the 
condensor objective coincides with the center of the 
sphere under test, to the so-called cat's eye position, 
where the focus of the impinging spherical wave is at 
the vertex of the sphere (Figure 29). For both 


positions straight, parallel, and equidistant interfer- 
ence fringes are obtained, only perturbed by 
aberrations due to the lens surface and the condensor 
objective. This forms the criterion for the adjustment 
of the two positions. The difference between these 
two positions then gives the radius of the micro- 
sphere. It should be mentioned that the cat’s eye 
position causes an inversion of the object wavefront 
with respect to the reference wavefront, which results 
in a vanishing contrast with the partially coherent 
illumination, The latter can only be avoided by 
providing the necessary coherence. This implies that 
the rotating scatterer will have to be removed. 


‘Summary of the Interferometric Instrumentation 


Figure 30 summarizes the various instruments we 
discussed in this section: a noncontact optical 
profiler, a MZ and a TG interferometer. For each 
of these instruments, we highlight the measurands, 
the assumptions that are made, and the resulting 
optical lens characteristics, From this figure, it is 
clear that one can obtain a measure for the focal 
length and hence the numerical aperture and the 
focal number of a refractive microlens, with all 
three instruments. However, only the focal length 
obtained with the MZ interferometer is a. direct 
measurement. The focal length obtained with the 
optical profiler is derived from the sag of the lens 
under the assumption of an ideal sphere while the 
radius of curvature measured with the TG inter- 
ferometer allows to calculate the focal length as 
well. Nevertheless, the three values make an 
interesting comparison possible. 
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Instrumentation Measurands ‘Assumptions Derived optical 
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Figure 30 Overview of the instruments that we will use to quantitatively characterize the refractive microlenses: the measurands and 


the resulting optical lens characteristics. 


Conclu: 


ns 


In this article we introduced geometrical optics to 
discuss the imaging properties and the aberrations 
of refractive lenses, while wave optics was used to 
explain the effects of diffraction on the imaging 
properties of lenses. Next we put forward some 
commonly used quality criteria to assess lens 
performance and we pointed out the unique 
properties of microlenses. Finally, interference was 
briefly introduced to clarify the working principle 
of various instruments to quantitatively character- 
ize refractive microlenses and microlens arrays: a 
noncontact profiler, a transmission MZ interferom- 
eter and a TG interferometer. 

We can conclude that micro-optics is a key 
technology with many applications in various areas 
of tomorrow's information society. It enables new 
functionalities and applications previously unachie- 
vable with conventional optics and improves product 
performance, stability and robustness while reducing 
cost, volume, and weight. While in conventional 
optics discrete lenses are mounted to form optical 
systems using mechanical alignment equipment, for 
microlenses new integration approaches are avail- 
able, For most of the applications, the integration of 


micro-optical components into fully functional sys- 
tems is very important. 

‘Thus micro-optics is a generic technology that 
allows the manipulation of light with micron and 
submicron scale structures and components. Micro- 
optics is therefore the technology to help provide the 
necessary tools to interface the macroscopic world we 
live in with the microscopic world of opto- and nano- 
electronic data processing. Micro-optic processing 
and fabrication technologies can be adapted to a wide 
variety of specialty optical materials such as plastics, 
polymers, semiconductors, sol-gels, and doped 
glasses. The application of these modified materials 
permits the widening of the field of photonic function- 
alities to virtually any region of the optical spectrum 
and beyond, such that a wealth of novel optical and 
photonic applications can be realized. Micro-optic 
processing technologies can be made compatible 
with scalable industrial mass-manufacturing and 
replication techniques. 
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ist of Units and Nomenclature 


[AB] optical path length 


c speed of light 

d lens thickness 

D lens aperture diameter 

E electricfield 

f focal length 

fost. back focal length 

fee front focal length 

ft focal number 

F image focal point 

F, object focal point 

hy position of the first principal 
point relative to the vertex VI 

hy position of the second principal 
point relative to the vertex V2 

uv vviation from the optical axis 

Hy, st principal point 

Hy second principal point 

I intensity 

k wave number in vacuum 

n index of refraction 

n index of refraction of medium i 

Co) object point 

P arbitrary field point 

P image point 

P lens pitch 

° spherical surface power 

r aperture of the refracting surface 

R radius of curvature 

Ro.) real wavefront 

s axial object point 

s Strehl ratio 

50 object distance 

5 image distance 

v lens vertex 

v visibility or fringe contrast 

Wey) spherical wavefront in the Gaus- 
sian approximation 

Yo object height 

% image height 

ze Rayleigh range 

a angular semi-aperture 

6 symmetry around the optical axis 

a wavelength of light 


o standard deviation 
e angle between the incident ray 

and the normal to the flat surface 
angle between the refracted ray 


and the normal to the flat surface 
phase difference 

phase distribution 

wavefront aberration 

angular frequency 

aperture in a plane opaque screen 
Back focal length 

Charge coupled device 

Farfield 

Front focal length 

Modulation transfer function 
Mach-Zehnder 

Numerical aperture 

Near-field 

Optical path difference 

Optical transfer function 
Polarizing beamsplitter 
Principal plane 

Point spread function 

Phase shifting interferometry 
Phase transfer function 
Piezo-electric transducer 

Root mean square 

Spherical aberration 

Vertical scanning interferometry 
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Interferometry: Overview; Phase Measurement Inter- 
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Introduction 


Many forms of optical parametric device (OPD) 
play significant roles as three-wave nonlinear- 
optical sources of tunable coherent light for laser- 
based science and technology. Any such device will 
fall into one of three categories, in increasing order 
of sophistication: optical parametric generator 
(OPG); optical parametric amplifier (OPA); and 
optical parametric oscillator (OPO). This article 
concentrates largely on nanosecond-pulsed OPOs, 
with particular emphasis on designs that facilitate 
their wavelength control and their optical power- 
or energy-efficiency. The two other important 
temporal manifestations of OPOs (ultra-fast pulsed 
and continuous-wave) are briefly outlined. OPDs 
serve as versatile of tunable, intense, 
coherent radiation covering the infrared, visible, 
or ultraviolet spectral regions. Their most obvious 
uses are associated with laser wavelength-conver- 
sion and/or tunability, resulting in a variety of 
Four-wave nonlinear- 


spectroscopic applications 
optical parametric contributions, such as those 
involved in stimulated Raman’ scattering and 
highly nonlinear optical fibers, are also. briefly 
considered. 


al Parametric Oscillators (Continuous Wave) 


al Parametric Device? 


What is an Op' 


An optical parametric device (OPD) is a source of 
coherent, laser-like radiation that is typically intense 
and tunable over a wide range of wavelengths. 
Its mechanism invariably depends on nonlinear 


optics, usually through a three-wave mixing process 
mediated by the nonlinear-optical susceptibility x"! 
in a noncentrosymmetric crystalline medium, Three 
forms of OPD are illustrated in Figure 1, and also 
illustrated is a closely related (but distinct) nonlinear- 
optical device. Coherent light waves are represented 
by arrows, with their associated optical frequency 
@, and wave vector k, (which are defined below). 
In Figure 1, input and output waves are shown as 
arrows on the left and right, respectively, with 
their breadth intended to indicate typical relative 

intensities. 
An optical parametric generator (OPG) is the 
simplest form of OPD, with a single input wave 
ent 


(pump, P) from a laser generating two cohe 
output waves (signal, S; idler, I; ws = a), as depicted 
in Figure 1a, The nonlinear-optical process itself is 
initiated by low-intensity parametric spontaneous 
emission/noise/fluorescence processes that occur 
naturally, effectively ‘splitting’ a pump photon into 
two new photons. Once a signal and/or idler wave has 
heen generated, it can be coherently amplified by 
passing it through an optical parametric 
amplifier (OPA) together with input pump radiation, 
as depicted in Figure 1b. A further order of 
sophistication is reached in an optical parametric 
oscillator (OPO), as depicted in Figure 1c, where the 


discrete semiconductor> thyristor > SCR 


jure 1-3. SCR rated for 400V repetitive offstate volt 
‘age, no greater than 4A RMS. 


jure 1-4. SCR rated for 80OV repetitive off-state volt 
‘age, no greater than SSA RMS, 


Internal Configuration 


The function of an SCR can be imagined as being 
similar to that of a PNP transistor paired with an 
NPN transistor, as shown in Figure 1-6. In this 
simplified schematic, so long as zero voltage is 
applied to the “gate” wire, the lower (NPN) tran- 
sistor remains nonconductive. Consequently, 
the upper (PNP) transistor cannot sink current, 
and this transistor also remains nonconductive. 


Internal Configuration 


When voltage is applied to the “gate,” the lower 
transistor starts to sink current from the upper 
transistor. This switches it on. The two transistors 
now continue to conduct even if power to the 
gate’ Is disconnected, because they have cre- 
ated a positive feedback loop. 


HBSSGESEG GEESE 


Figure 1-5. Stud-packaged SCR rated for 50V repetitive 
off-state voltage, no greater than 25A RMS, 


anode 


gate 
cathode 


Figu [An SOR behaves similarly to an NPN and a 
PNP transistor coupled together. 


Figure 1-7 showsthe same two transistors in sim- 
plified form as sandwiches of p-type and n-type 
silicon layers (on the left), and their combination 
inan SCR (on the right). Although the actual con- 
figuration of silicon segments is not as simple or 
as linear as this diagram suggests, the SCR can be 
described correctly as a PNPN device. 


Ghapterl 3 
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Figure 1 Schematic diagrams of three forms of optical 
Parametric device (OPD): (a) optical parametric generator 
(OPG); (b) optical parametric amplifier (OPA); (c) optical 
parametric oscilator (OPO). Note that, by convention, optical 
frequencies of the signal (S) and idler (1) output waves are defined 
such that «= ay. Also shown is a fourth closely related device: 
(@) ifference-frequency generator (DFG). Nonlinear-optical 
media are denoted by their susceptbilly x. Arows are used 
to represent input and output waves, together with their optical 
frequencies wand wave vectors k,. An OPO requires an optical 
resonator, comprising at least two aligned reflectors (Ms, Mz). 


functions of an OPG and an OPA are combined by 
multipassing the optical waves involved inside a 
resonant optical cavity, formed by two or more 
appropriately aligned reflectors (M1, Ma). 

A difference frequency generator (DEG), as 
depicted in Figure 1d, is not an OPD, although the 
DFG source term is central to the nonlinear-optical 
mechanism of an OPD. In a DEG, two input waves 
(labeled 1 and 2) are combined coherently to generate 
a third output wave at the difference frequency of the 
two input waves: there are now two relatively high- 
power driving waves, rather than one, and photons 
are effectively ‘joined’, rather than ‘split’ as in the 
OPD case. Nevertheless, the outcome and utility of a 
DFG can be similar to that of an OPD. For instance, if 
coherent radiation is required at a particular infrared 
(IR) wavelength, it can be generated either as the idler 
wave of an OPD, with frequency ; = (wp — ws) or as 
the output wave of a DFG, with frequency w; = 
lan, = oy 


Many of the desirable attributes of OPDs in 
general, and OPOs in particular, arise from the fact 
that any such instrument is a nonlinear-optical 
device, not a laser, This allows versatile, flexible 
design features, such as methods of temporal and 
wavelength control that are not possible with lasers. 
The latter generally depend on population inversion 
of an optical gain medium, with associated optical 
lifetime and saturation limitations. On the other 
hand, optical parametric gain, oscillation and ampli- 
fication are more amenable to modular system design 
because (as is explained below) they depend on 
nonlinear-optical coefficients and phase-matching 
conditions. 


is of OPDs 


Nonlinear optics involves interaction of a number 
(o> 2) of optical waves in a medium with a 
nonlinear-optical susceptibility tensor !°-"), For 
inelastic optical processes, these waves (each 


Nonlinear-Optical O1 


with an angular frequency ,02,...,@%) obey 
two conservation conditions, one for energy 
(or frequency) 

oy tan ton toy =0 m 


The other conservation condition (expressed in terms 
of wave vectors k,, with i= 1,2,...,0, that have 
magnitudes k= moe =2amld,, where m is the 
refractive index at vacuum wavelength A, and cis the 
speed of light) is for momentum: 


kth +... +k, +4k RI 
where Ak is the phase-mismatch between the o 
interacting waves. Each frequency component and 
wavevector is ascribed a positive or negative sign, 
according to their phase relationships. Equation [2] 
defines phase-matching conditions in which Ak must 
be minimized to optimize the efficiency of the 
nonlinear-optical process of interest. 

‘We shall consider below the two specific three- 
wave nonlinear-optical processes that are particu- 
larly relevant to this article, namely, those for an 
OPD (i.e. OPG, OPA, or OPO) or a DFG. Each of 
these is mediated by the nonlinear-optical suscep- 
tibility tensor ¥, which is nonzero in a crystalline 
medium only if it is noncentrosymmetric. Many 
such crystals are available. For example, lithium 
niobate (LiNbO,) has been popular since the early 
days of pulsed tunable OPOs. Subsequent interest 
and activity in OPD technology have been stimu- 
lated by the availability of new nonlinear-optical 
materials such as BBO (f-barium borate, BaB.O4) 
and KTP (potassium titanyl phosphate, KTiOPO,). 
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Additional recent impetus has come from quasi- 
phase-matched (QPM) nonlinear-optical media, 
such as periodically poled lithium niobate (PPLN) 
and PPKTP, tailored for specific wavelengths by 
periodic optical structuring of domains. QPM media 
offer compact, efficient, low-threshold alternatives 
to. conventional birefringently _phase-matched 
(BPM) media. Characteristics of BPM and QPM 
nonlinear-optical crystalline media are accessible 
via Arlee Smith's SNLO software package, 
accessible by internet at www.sandia.gov/imrl/ 
XWEBI128/xxtal.htm, 

For a three-wave OPD, which is of principal 
interest in this article, the energy and momentum 
conservation conditions of eqns [1] and [2] become: 
ey —as—0y=0, kp —kg—ky-AK=0 [3] 
where a laser input wave (‘pump’, frequency wp, 
wave vector kp) yields two coherent output waves 
(‘signal’, frequency os, wave vector ks; ‘idler’, 
frequency w, wave vector ky; «s = wy). Note that 
the idler frequency a equals the difference lwp — 
‘x! between pump and signal frequencies, Equation 
[3] should be viewed in the context of sections 
(a-c) of Figure 1. 

Equation [2] and the second half of eqn [3] 
apply strictly only to the conventional case of BPM 
media. In such media, the phase-matching con- 
dition Ak ~0 is achieved by adjusting the angle 
and/or temperature of a birefringent nonlinear- 
optical crystal via its ordinary- and extraordinary- 
ray refractive indices, Such adjustments are used to 
optimize OPD conversion efficiency and thereby 
control the output signal and idler wavelengths, 
As and A. If it is assumed that the three waves are 
collinear and that Ak is exactly zero, then the 
signal frequency/wavelength is given simply in 
terms of the pump frequency/wavelength and the 
refractive indices 1, (= P,S.D) as: 


5 = wplrtp — m) flrs — ms 
(4) 
As = Ap(nts — m) (rtp — my) 


An alternative to birefringent phase matching is 
the quasi-phase-matching approach first suggested 
by Nobel Laureate Nicolaas Bloembergen and 
co-workers in 1962. This approach has been 
realized experimentally only in the last few years, 
via QPM nonlinear-optical media such as PPLN or 
PPKTP. Equation [2] and the second half of eqn [3] 
need to be slightly modified to include QPM 
grating contributions. 

In the corresponding case of a DFG (which, we 
repeat, is not an OPD), the energy and momentum 


conservation conditions of eqns [1] and [2] become: 


lay — on! — wnat = 0, 


ky — kz — keyg — Ak = 0 


IS] 


where two laser input waves (frequencies wy, 0 
wave vectors ki, ka) yield one coherent output wave 
at the difference frequency aus = lan — onl (with 
wave vector kaa), as depicted in Figure 1d. As above, 
phase matching is defined by Ak ~ 0 for BPM media 
and, in the case of QPM media, there is an additional 
grating contribution in the second half of eqn [5]. 

Finally, we mention briefly two other important 
forms of nonlinear-optical device arising from four- 
wave mixing processes that are mediated by the 
nonlinear-optical susceptibility x which can be non- 
zero, even in isotropic or centrosymmetric media such 
as gases, liquids, optical fibers, and all classes of 
crystal. Optical parametric processes of this type 
contribute to stimulated Raman scattering (SRS), 
involving an optical medium with Raman-active 
resonance frequencies a that coincide with the 
difference between two optical frequencies. This is 
particularly useful in providing a relatively straight- 
forward source of coherent radiation, Raman-shifted 
at discrete intervals from the frequency w, of an input 
pump laser (either tunable or fixed-wavelength). 
Four-wave parametric processes are involved, such 
as that in eqn [1] with oy! =los!= oy, log! = 
= wg, and lal = lay! +1a3! — lon! = 0, + oR, 
where wy is the characteristic Raman frequency of 
the nonlinear-optical medium used in the Raman 
shifter (e.g., high-pressure hydrogen, deuterium or 
methane gas). These Raman-shifted intervals, both 
added to (anti-Stokes) and subtracted from (Stokes) 
the laser frequency «, are integer multiples of wp. 
Other nonlinear-optical Raman parametric processes 
give rise to various forms of nonlinear Raman 
spectroscopy, such as CARS (coherent anti-Stokes 
Raman spectroscopy), and to Raman fiber-optical 
amplifiers, used in optical telecommunications. 

Another promising area of developing OPD tech- 
nology entailing y*) nonlinearities concerns OPGs, 
OPAs, and OPOs based on highly nonlinear optical 
fibers, with either pulsed or ew pump lasers. Such 
processes use two pump waves (P) to generate 
tunable signal (S) and idler (I) output waves, such 
that 0 = 2op — ax. 


Nanosecond-Pulsed OPOs - Design 
and Wavelength Control 


Here we consider pulsed OPOs that operate on 
nanosecond (ns, 10°") time-scales, and design 
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Table 1 Some elements of OPO applications to spectroscopy 


Key properties Options 


‘Comments on instrumentitechnique 


Wavelength range: what 
forms of spectra need 
to be measured? 

OPO phase matching: 
BPM or PM? 


UViisible (0.2-0.7 wm) 
Near IR (0.74.0 um) 
Longwave IR (>4.0 um) 


‘Temporal: continuous-wave (cw) 
or pulsed? 


Optical bandwidth: broad 


‘or narrow? Single longitudinal mode 


Mode of recording of spectra: 
continuous tuning or multiplex? 


Wavelength contro: intracavity 
‘elements or injection seeding? 


coherent light source 


Birefringent phase matching (BPM) 
(Quasi-phase matching (QPM) 


Pulsed for power and timing 
(Cw for narrowest bandwidth 


Broadband (free-running) 


‘Scan narrowband signalidlor 
(OPO output wavelength 
Froe-running OPOs operate 
broadband in multiplex case 
Intracavity gratings or étalons 
Injection seeding of signal or 
Idler by a tunable low-power 


Many nontinear-optical OPO materials 
are available, but less well daveloped 
for longwave IR applications 

[BPM is woll established and preferred 
for high-power operation. Various 
lowthreshold QPM media are now 
available for both pulsed and ew OPOs 

Uttrafast (ps, fs) OPO output pulses: 
are relatively broadband, owing to the 
Fourier transform limit 

‘The Fourier transform limit is 44 MHz 
(0.0018 em”) for an ideal 10 ns pulse 
Gw OPOs offer even lower As. 
Uttratast-pulsed OPOs are inevitably 
broadband: e.g,, Av = 0.44 THz 
(=15¢m-') fora 1 ps pulse 

‘Wavelength control yields continuously tuned 
narrowband spectra. Muliplex spectra use 
dispersed detection or multiwavelength 
spectroscopic taloring 

Intracaviy-elemant designs yield broad 
tunability but can be complicated. 
Injection seeding faciltates narrowband, 
‘mode-hop-tree spectra and talored 
‘muitiawavelength experiments 


‘The above options datermine ways to use OPOs for spectroscopic applications, such as: (1) linear absorption (e.9., with a multipass. 


cel); (2) cavity ringdown (CRD) absorption spectra; (3) high-resolution spect 


(Ar = MHz o kHz); (4) nonlinear-optical (e.g., coherent 


Raman); (5) atmospheric remote sensing (e.., DIAL); () fast (us, ns) and ultrafast (ps, ts) processes, 
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Figure 2 Schematic diagrams of three forms of optical 
Parametric oscilator: (a) free-running OPO (with no active 
Wavelength contral), similar to Figure 1c; (6) OPO with an 
intracavity tuning element (7); (c injection-seeded OPO. 


features that make them fit for one of the principal 
applications of OPDs, namely, spectroscopy. Options 
that determine ways to use OPOs for spectroscopic 
applications are summarized in Table 1. Some design 
and wavelength-control features used in ns-pulsed 


OPOs are depicted schematically in Figure 2. Some of 
these applications and features are shared with other 
forms of OPO, notably the ultrafast-pulsed OPOs 
and ew OPOs that are considered much more briefly 
in later sections. 

The first OPO, demonstrated by Giordmaine and 
Miller in 1965, was ns-pulsed; it was based on 
LINDO, tunable over the range ~0.96-1.16 wm, 
spanning a signal- and idler-wavelength range of 
0.1 wm on either side of the degeneracy point 
defined by the 529nm pump radiation (from a 
frequency-doubled, Q-switched Nd:CaWO, laser). 
This advance occurred soon after lasers were 
discovered and the potential of nonlinear optics 
had been realized through harmonic-generation 
processes such as frequency doubling, Pioneering 
work by Stephen Harris, Robert Byer and their 
co-workers at Stanford University soon established 


ns-pulsed OPOs as practical sources of tunable 
coherent light for significant applications such as 
spectroscopic sensing of chemical processes, in 
industrial or environmental diagnostics and in basic 
science. Such ns-pulsed OPOs had an impressive 
impact in the 1970s, followed by sporadic 
progress in much of the 1980s, and a dramatic 
resurgence of interest and activity since the late 1980s. 
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This irregular rate of progress is attributable to 
the availability of suitable high-quality nonlinear- 
optical crystals (as mentioned above), as well as high- 
performance pump lasers and advanced tunable OPO 
system designs. 

Ina typical ns-pulsed OPO, the pump laser delivers 
sufficient optical energy to enable parametric gain to 
build up from noise during the pump—pulse duration, 
exceeding the threshold for oscillation, To maximi: 
gain, the parametric (signal and/or idler) waves are 
amplified by multipassing them during the pump pulse 
in an optical resonator, as depicted in Figures Ie 
and 2, Light travels ~3 m during a 10 ns pump pulse, 
so that the parametric waves can make ~15 round 
trips of a 10 cm linear OPO cavity. 

‘A simple free-running OPO, comprising an optical 
cavity with input and output mirrors My and M2 but 
ith no wavelength-selective elements, is depicted in 
Figure 2a, The output radiation from such an OPO 
generally has a relatively broad optical bandwidth — 
typically ~$ em (~150 GHz) or more ~ depending 
on several factors: refractivity, dispersion, and 
absorption of the OPO medium; wavelengths Ap, Asy 
and Ay type of phase matching (BPM or QPM, 
whether collinear or not); crystal dimensions and 
orientation; cavity reflectivity and effective number of 
passes of the resonated wave; optical bandwidth, 
divergence, pulse duration and pulse energy of the 
pump radiation, Free-running pulsed OPOs represent 
one extreme of operational simplicity, yielding 
relatively broadband output radiation suitable for 
low-resolution or multiplex spectroscopy. Additional 
OPO wavelength-control measures are usually 
necessary for higher-resolution spectroscopic 
applications. 

At the other extreme of operational complexity, 
intracavity wavelength-selective elements, such as 
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gratings and/or étalons, provide a traditional way to 
control OPO output wavelength and to achieve 
narrow optical bandwidths. One such approach is 
depicted in Figure 2b, where a tuning element T 
(in this case, a tilted étalon or filter; in other designs, 
an intracavity diffraction grating replacing the output 
'y mirror Mz) is inserted in the cavity, Such 
approaches were used in early pulsed LiNbO; OPO 
designs that were continuously tunable in the near IR 
with an optical bandwidth of ~0.1 em” (~3 GHz), 
but these were often difficult to operate and were 
damage-prone (with intracavity losses from gratings 
and étalons causing the operating threshold to 
approach the damage threshold of OPO nonlinear- 
optical materials such as LiNbOs). 

Continuous narrowband tunability, preferably on a 
single-longitudinal-mode (SLM) basis, is a desirable 
performance characteristic of pulsed OPOs amenable 
to high-resolution spectroscopy. A commercially 
viable approach to this ideal was achieved by Walter 
Bosenberg and Dean Guyer in their advanced KTP 
OPO/OPA system, which includes a master OPO 
stage with a grazing-incidence grating. This is 
continuously tunable under computer control in 
the near IR (1.3-4 yum) with narrow optical band- 
width ~ ~0.02 em! (~600 MHz) or better. Such a 
high-performance tunable coherent IR source has 
heen used for various forms of laser spectroscopy 
(cavity ringdown, degenerate four-wave mixing, 
long-path absorption, etc.), including investigations 
of chemically reactive media, combustion diagnos- 
tics, and studies of processes in molecular beams. 

A popular alternative approach to OPO wave- 
length control is injection seeding by a low-power 
tunable coherent source such as a tunable diode 
laser (TDL). This approach is depicted in Figure 3; 
in practice, a ring cavity is often used to avoid 
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‘Schematic diagram of an injection-seeded tunable PPLN OPO system with active cavity control, developed in the author's 
photodetector, PZT = piezoelectric translator, TDL = tunable diode laser, My-s ~ cavity reflectors; the inset 


shows the GPM mult-grating structure of the PPLN nonlinear-optical crystal 
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feedback from the OPO to the seed laser. A significant 
advantage of injection seeding is that OPO 
construction is simplified by putting the wavelength- 
control function into a module that is effectively 
separate from the optical generation and amplifica- 
tion functions. For example, a high-performance, 
TDL-seeded PPLN OPO system developed in the 
author's laboratory is illustrated in Figure 3. It 
features a multigrating QPM gain medium that is 
temperature-adjustable up to 250°C, and is pumped 
at a wavelength of 1.064 um by a ns-pulsed, SLM 
Nd:YAG laser. An active cavity control scheme 
devised by Yabai He enables the SLM near-IR signal 
and idler outputs from this OPO (at ~1.5 um and 
~3.5 um, respectively) to be tuned continuously 
without mode hops over optical frequency ranges of 
~250 em™* (~7.5 THz) with a SLM optical band- 
width of <0.004cm~' (<120 MHz), as has been 
confirmed in assorted applications to molecular 
spectroscopy. The PPLN OPO can by itself generate 
only moderate output pulse energy (~0.1 mJ, 
approximately 70% of which is signal radiation), 
since the 1.064 um Nd:YAG pump laser pulse energy 
is limited to ~1 mJ to avoid the optical damage 
threshold of the PPLN crystal. For higher-power 
applications, a further portion of the Nd:YAG laser 
energy (~200 mJ/pulse) can be used to pump an OPA 
stage based on BPM LiNbOs, thereby generating 
SLM signal and idler output pulse energies of 
~1.3 mJ and ~0.7 mJ, respectively. 

An alternative approach to injection-seeded 
tuning of ns-pulsed OPOs (used extensively by 
the author’s group in the context of BPM media 
such as BBO and LiNbOs) entails passive control 
of the OPO cavity by slightly misaligning one of its 
reflectors. This facilitates continuous tuning of the 
injection-seeded OPO signal and idler outputs by 
decreasing the effective finesse of the OPO cavity, 
so that it is then not necessary to lock the OPO 
cavity length to the seed wavelength. This mode of 
operation is simpler optically and electronically 
than active control of the OPO cavity. The method 
depends on the OPO cavity having a series of high- 
order transverse modes to smooth out the sharp, 
widely separated resonances that occur when the 
OPO cavity is well aligned; a resulting disadvan- 
tage is that the multiple transverse modes tend to 
cause some degradation of output beam quality. 
Nevertheless, this approach has proved useful for 
many applications of tunable OPOs, with seeding 
by cither pulsed dye lasers or SLM TDLs. 

This passive, misaligned-cavity approach to injec~ 
tion seeding of ns-pulsed OPOs is particularly well 
suited for spectroscopic applications requiring a 
coherent source that simultaneously generates 


two or more adjustable output wavelengths, Such a 
TDL-sceded, dual-wavelength BBO OPO has been 
used in the author's laboratory for coherent-Raman 
spectroscopic measurements of nitrogen (Nz) in 
furnace air; the relative intensity of the two spectro- 
scopic features provides an instantaneous, turbu- 
lence-immune estimate of the temperature of gas in 
the furnace, within a single shot of the OPO's pump 
laser (ie., within ~10 ns). This is an example of 
so-called spectroscopic tailoring, in which an OPO 
generates a structured set of two or more discrete 
output wavelengths, each of which is set to be on- or 
off-resonance with characteristic features in spectra 
of molecular target species of interest. 

Dual-wavelength injection seeding of ns-pulsed 
OPOs is relevant to atmospheric remote sensing by 
DIAL (differential absorption lidar), with TDL- 
seeded OPO output switched between on- and off- 
resonance IR wavelengths on alternate shots of the 
pump laser; range-resolved measurements have been 
made of key atmospheric species such as methane 
(CH) and water vapor (HO). Figure 4 illustrates 
a proposed extension of the spectroscopic 
tailoring concept, applicable to dual- and multi- 
wavelength remote sensing applications by long-path 
absorption or DIAL. This multiplex system comprises 
a multi-wavelength passive-cavity pulsed OPO, 
injection-seeded by a set of single-mode TDLs and 
a computer-controlled fiber-optic switch to code 
and decode the resulting multiplex spectroscopic 
signals. 

‘A. significant frontier for narrowband pulsed 
OPOs entails extending the spectral output range 
beyond the present readily attainable near-IR limit 
of ~4 um (as provided by materials such as BBO, 
KTP, LiNbOs, PPLN, and PPKTP), This extension 
yields high-performance tunable coherent spectro- 
scopic sources at longwaveIR wavelengths where 
many of the strongest molecular fundamental IR 
absorption bands are located. OPOs that target the 
longwave IR depend on availability of suitable 
nonlinear-optical materials and coherent pump 
sources at sufficiently long wavelengths (typically 
>2 um). One of the most promising longwave-IR 
OPO materials is zine germanium phosphide 
(ZnGeP2), pumped at 2-3 um by solid-state crystal 
lasers such as those based on holmium or erbium, 
An étalon-tuned narrowband (~0.1 em~') ZnGeP> 
OPO, itself pumped at 2.55 um by a broadband 
(~15cem~') Nd:YAG-pumped LiNbO; OPO, is 
able to cover the wavelength range 3.7-8 um and 
has been used to record spectra of H2O vapor in 
the 6.2 um region. Pulsed OPOs based on gallium 
arsenide (GaAs) also have great potential; they can 
he pumped at wavelengths as short as 1 um and 
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Figure 4 Schematic diagram of a multiwavelength pulsed OPO system employing spectroscopically tailored injection seeding 
This design has been propased by the author for atmospheric remote sensing by DIAL (diferential absorption lidar) or long-path 


absorption, 


offer (so far unrealized) tunability out to ~16 pm. 
Despite its cubic structure and lack of birefrin- 
gence, GaAs serves as a QPM nonlinear-optical 
medium in the form of orientation-patterned films. 

Another approach to operating continuously tun- 
able OPOs is to vary the wavelength of the pump 
laser, while fixing other phase-matching parameters 
such as temperature of the gain medium and crystal 
angle or QPM grating pitch. Suitable tunable pump 
laser sources that have been used to pump ns-pulsed 
OPOs include Ti:sapphire and tunable fiber lasers. 

‘The various wavelength-control strategies outlined 
above illustrate some of the distinctive attributes of 
OPOs. It should be recognized that the signal and 
idler wavelengths of an OPO are distinctly different 
from that of the pump laser itself, thereby opening up 
fresh regions of the electromagnetic spectrum. Even if 
an OPO is injection-seeded (e.g., by a cw TDL) at 
its signal or idler wavelength, it still generates 
complementary idler or signal radiation at a new 
wavelength and (in the case of a pulsed OPO) it also 
pulse-amplifies the original seed light. Moreover, the 
nonlinear-optical parametric relationships between 
the pump, signal, and idler waves in an OPO 
allow various wavelength-control approaches 
(e.g, spectroscopic tailoring by multi-wavelength 
injection seeding) that are simply not attainable in 
tunable lasers. 


Ultrafast-Pulsed OPOs 


Given the relatively high peak power of very short 
(sub-ns) pulses of coherent laser light, it might seem 
quite easy to use such light to pump the gain medium 
of an OPD and to exceed its OPO threshold. 
However, such a task is not at all straightforward, 
hecause an ultrafast light pulse, on the time-scale of 
picoseconds (ps, 10°'*s) or femtoseconds (fs, 
10-8 s), does not stay in one place long enough to 
enable a coherent parametric wave to build up from 
noise in the nonlinear-optical medium. Light travels 
a distance of only ~0.3 mm in 1 ps, which does not 
allow it to make multiple traversals of the nonlinear- 
optical medium and build up coherent signal and 
idler waves. This problem is overcome by synchro- 
nous pumping (also used in some ultrafast lasers), in 
which a train of many consecutive ultrafast pulses 
from a pump laser interact sequentially with a single 
signal or idler pulse circulating within the OPO 
cavity. The mode-locking interval of the pump laser 
(essentially the round-trip transit time in the laser 
cavity) must therefore equal the round-trip time of 
the down-converted (signal or idler) pulse in the 
OPO cavity. The situation is aggravated when sub-ps 
(c.g, ~100 fs) pump pulses are used, because the 
pump and signal (or idler) waves have sufficiently 
different group velocities that they undergo 
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temporal walk-off’, becoming separated in time 
after traversing a relatively short length (typically 
1-10 mm for 100-fs pulses) of the nonlinear-optical 
medium, 

Practical ultrafast OPOs were introduced around 
1990 and their utility grew as improved pump lasers, 
nonlinear-optical materials (e.g., KTP, PLN), and 
OPO cavity designs became available. Research on 
ps- and fs-OPOs is now a hot topic, and numerous 
broadly tunable commercial systems are on the 
market, Ultrafast OPO-based spectroscopy is becom- 
ing extremely important in applications to biology 
and medicine, where many key processes occur on 
ps- and fs-time-scales. 


Continuous-Wave OPOs 


The first ew OPO, reported in 1968, operated in the 
near-IR and was based on barium sodium niobate 
(BazNaNb.Os — known popularly as ‘banana’); it 
was soon followed by visible cw OPOs based on 
LiNbO}. However, there was not much more 
substantial progress on practical cw OPOs for 
another 20 years, until several technological 
advances had been made: low-threshold QPM 
nonlinear-optical gain media, such as MgO:LiNbO; 
and KTP; efficient, wavelength-selective cavity 
designs; all-solid-state cw pump lasers (e.g., diode- 
pumped crystal lasers or MOPA diode systems). More 
recently, QPM media (such as PPLN and PPKTP) 
have provided a further stimulus to efficient, compact 
ew OPOs. 

Most ns-pulsed OPOs use singly resonant 
{SROPO) designs in which the cavity resonates at 
either the signal or idler wavelength (but not both), 
doubly resonant (DROPO) schemes in which both 
signal and idler resonate are often needed to meet the 
more demanding pump threshold requirements of ew 
OPOs, Continuous tuning of a DROPO without 
longitudinal mode hops needs multiparameter 
approaches, either dual-cavity (with separate signal- 
and idler-resonant arms) or concerted tuning of pump 
and signal/idler wavelengths. Efficient cavity designs 
for ew OPOs include those that are pump-enhanced 
(ie., the cavity is resonant at the pump wavelength as 
well as the signal and/or idler) and intracavity 
arrangements in which the laser and OPO gain 
media share a common cavity. Progress is also being 
made on ew OPOs based on highly nonlinear optical 
fibers. With such developments, cw OPOs now have 
great potential as tunable spectroscopic sources, 
through their narrow optical bandwidth and their 
compactness. 


OPGs and DFGs - Dispensing with 
the Optical Cavity 


Most of this article has focused on OPOs, in which 
parametric processes are generated by pumping a 
nonlinear-optical medium in an optically resonant 
cavity. As already explained, such a cavity is used to 
enhance the optical parametric gain by multipassing 
the signal and/or idler radiation. In some cases, the 
cavity also contributes to wavelength control, tem- 
poral characteristics, beam quality, etc. However, not 
all optical parametric and related devices need a 
cavity, as is evident from the OPG, OPA, and DFG 
schematics in Figures 1a, b, and d. 

The use of one or more OPA stages, to supplement 
the intracavity amplification already present in an 
OPO itself, is widespread in tunable OPO/OPA 
systems. Moreover, in some applications (e.g., spectro- 
scopic measurements where optical power is not at a 
premium) of pulsed OPDs, itis found that asingle pass 
ofa (relatively long) nonlinear-optical crystal resultsin 
a useful OPG (without an OPO cavity). For instance, 
Scott Bisson, Thomas Kulp, Peter Powers and 
co-workers have developed and used several OPD 
systems of this type. A cavity-free OPG/OPA system 
that is pumped by a 1 kHz Nd:YAG laser, based on 
fan’ PPLN (tuned by continuous transverse variation 
of the QPM grating pitch), and spectrally filtered by a 
high-finesse étalon, generates ~10 uJ/pulse of idler 
radiation, This OPG/OPA radiation has been used to 
measure narrowband (Av < 0.1 cm~1) cavity-ring- 
down spectra of CH, gas. 

Likewise, various tunable DFG devices (closely 
related, but not identical, to OPDs) have been used in 
many spectroscopic applications. For instance, a DFG 
system developed by Frank Tittel and colleagues at 
Rice University took the near-IR output of two room- 
temperature TDLs (at 1.55pm and 1,32 um, 
respectively), mixed them in a BPM nonlinear-optical 
medium such as AgGaSex, and generated 8.7 um 
mid-IR radiation for long-path absorption studies of 
sulfur dioxide (SO,), an important atmospheric 
pollutant. The same group has also used QPM 
media (e.g., PPLN) for DFG mixing of TDL outputs 
in the 0.8 4m—1.6 um range, yielding output at 
~3.5 um to monitor gases such as H2O, CHy, and 
formaldehyde (HCO); such DFG devices have been 
used in NASAs Lunar-Mars Life Support Test 
program. 

Relative to OPGs and DFGs, OPOs and OPAs offer 
higher output power and coherence, both of which 
are advantageous in some applications (e.g., remote 
spectroscopic sensing of the atmosphere). Never- 
theless, OPGs and DFGs still have a useful role to 
play, as indicated above. 
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Concluding Remarks - When to Use 
an OPD? 


Coherent light sources based on optical parametric 
generation, amplification, and oscillation represent a 
significant application of nonlinear optics. Such 
devices can in turn address as many applications as 
lasers themselves, at least in principle. However, the 
fact that OPDs need to be pumped by a laser tends to 
limit their use to situations that take advantage of 
their wavelength-conversion and tunability capabili- 
ties. The most obvious areas of application of an 
OPO or any other OPD are therefore those in which 
the wavelength of the output radiation is critical (e.g., 
spectroscopy, as indicated in various parts of the 
above text). 

From time to time, there have been suggestions that 
OPOs would largely displace established tunable 
lasers such as dye and Ti:sapphire lasers. In the early 
1990s, one major laser manufacturer ventured to 


advertise its new OPO-based instrument with the 
slogan, “Goodbye to Ti: and Dye”. However, such a 
projected monopoly for OPOs has not eventuated 
and most laser spectroscopy facilities now depend 
upon a balanced combination of OPOs together with 
various forms of tunable laser (including semicon- 
ductor lasers, which are almost ubiquitous). 
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Introduction 


A continuous-wave optical parametric oscillator 
(cwOPO) is a frequency conversion device in which 
a continuous-wave (cw) laser field (pump) of fre 
quency w, is partially converted into two ew waves of 


lower frequencies «,, « (historically denoted by 
signal and idler) inside an optical cavity. The three 
frequencies are related by @, + 0, = w. The cavity 
contains a nonlinear medium with a second-order 
susceptibility and the mirror reflectivities are chosen 
such that at least one of signal and idler resonates in 
the cavity. The conversion efficiency from pump 
power to signal or idler power or both can be larger 
than 10%. The frequencies of signal and idler waves 
can be tuned by means similar to conventional lasers, 
i.e., by changing the spectral dependence of the cavity 
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loss and by tuning the cavity length, Additional 
tuning parameters specific to OPOs are the pump 
frequency and the refractive indices of the nonlinear 
medium for pump, signal and idler. CwOPOs provide 
a unique combination of features that makes them 
suitable sources for a variety of spectroscopic 
applications. Today's ewOPOs can exhibit the 
following features: 


© spectral coverage from the near-infrared (0.7 um) 
to the mid-infrared (5.2 um); for a single device 
two optical octaves can be covered without change 
of optical components; 

¢ high output power (up to several W); 

# high pump power conversion efficiency (>30%) 
and good wall-plug efficiency; 

« nearly diffraction-limited output beams (modes are 
close to lowest-order transverse electromagnetic 
(TEMoo) modes) 

@ single-frequency output, absence of frequency 
jumps (mode hops); 

© narrow free-running linewidth (<6 kHz); 

high absolute frequency stability (<100 MHz drift 
per hour); 

# continuous frequency tuning exceeding 10 GHz; 

# rapid, stepwise tuning over several THz; and 

« transportability. 


ewOPOs complement their pulsed relatives (see 
Optical Parametric Devices: Optical Parametric 
Oscillators (Pulsed)) nanosecond and synchronously 
pumped pulsed parametric oscillators (see Optical 
Parametric Devices: Overview). 


Basic Principle 


The operation of a ewOPO is most simply described 
for a singly resonant OPO (SRO) (see Figure 1 and 
Figure 2a). 

Without loss of generality we take the signal wave 
to be the resonant wave. When a higher-frequency 
pump wave (power P,, angular frequency «,) and a 
lower-frequency (signal) wave (power P,, angular 
frequency w) traverse a " medium (see Fiber and 
Guided Wave Optics: Nonlinear Optics), a transfer of 
power from the pump wave to the signal wave occurs, 
described by a power gain: 


AP, = GP, = EP,P, fi 


This parametric amplification expression is valid as 
long as AP, < P,,Pp, ie., in the limit of small gain 
and small pump depletion. The (unsaturated) gain 


coefficient E is a function of: the medium’s indices of 
refraction, orientation and length L, the frequencies 
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Figure 1 Schematic ofa singly resonant ewOPO (SRO) in rng 
configuration. The signal wave (a, i resonated, the idler wave 
(.9) 8 not. n the nonlinear crystal, the pump wave overiaps with 
the sighal and idler waves; here they are shown displaced with 
respect to each other for clariy. The signal wave's atonvation 
coefficient per roundtrip, S,, is the sum of loss inside the nonlinear 
crystal, V, (indicated by’ arows), and transmission through 
mirrors, here represented by a single mirror of transmission T,. 
Scatter and absorption losses at miors (indicated by artows) are 
included in Vi 
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Figure 2 Common types of ewOPOs. (a) basic SRO. (b) Doubly 
resonant OPO (DRO). Sianding-wave cavities are shown. (c) 
‘SRO with enhancement of the pump wave (PR-SRO); a common 
cavity configuration is shown. 


«,0p, and the spatial modes and overlap of the 
two beams. 

If the wave «, is made to circulate inside a cavity 
and the power attenuation per roundtrip, 5,P. is 
smaller than the power gain per roundtrip (eqn [1]}, 2 
sustained oscillation is possible. This is satisfied when 
the input pump power P,, exceeds the threshold: 


Phin = SUE 121 


As the pump power P, is increased above P%.,, 
conversion of pump power to idler power occurs, 
implying that the pump power decreases within the 
medium. Qualitatively, the average pump power (P,) 
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along the medium remains at the level P,,, so that 
the roundtrip fractional power gain remains constant, 
G = E(P,) = EP' = §,. This ensures that the device 
reaches 4 stationary state. The circulating signal 
power P, increases steadily with increasing pump 
power, and so does the signal power emitted from the 
OPO, T,P,, which is equal to the ‘useable’ fraction of 
the roundtrip power gain, (T./S,)GP, 

‘The parametric process that allows the signal wave 
to experience gain (eqn [1], also generates an idler 
wave (difference frequency generation). Its power at 
the end of the medium is given by the Manley-Rowe 
relation: 


BI) 


An OPO also requires a process that starts the 
oscillation. Spontaneous parametric fluorescence 
provides this trigger. Due to this quantum effect, a 
pump wave traversing ay” medium will generate a 
flux of signal photons even if there is no signal wave 
present at the crystal input face. In the photon 
picture, a tiny fraction (on the order 10~* for a 1 W 
pump) of the pump photons spontaneously annihi- 
late, creating pairs of signal and idler photons 
(photon splitting). The idler photons have a frequency 
0, = w ~ @, So that photon energy conservation 
holds. "The process may be thought of as being 
stimulated by the vacuum fluctuations of the electro- 
magnetic field at the signal and idler frequencies. 
Some of the signal photons are emitted into the c 
mode, so that after a roundtrip they can serve as a 
seed for further (stimulated) photon splitting. The 
process repeats, and the signal wave builds up 
exponentially in time to a macroscopic level if the 
pump power is above threshold. The spontaneous (as 
well as the parametric amplification) process is 
strongest when momentum conservation is essentially 
fulfilled, ky ~ k, +k, where k = wn(w)fe. 

In the photon picture, the relation (eqn [3]) is a 
statement that signal and idler photons are always 
created in pairs. 


Types of OPOs 


OPO types may be classified according to the number 
of waves that resonate within cavities. Typically, a 
realizable roundtrip loss coefficient is on the order of 
5,=1% (to which the linear absorption of the 
nonlinear crystal and mirror transmissivities contrib- 
ute) and the gain coefficient E ~ 0.1%/W—1%/W for 
Gaussian waves, depending on the pump wavelength, 
exystal type, etc. This leads to SRO threshold powers 
on the order of 1 to 10W. Until the early 1990s, 
solid-state pump lasers of this power level and 


single-frequency output were unavailable, This led 
to the interest in and development of ewOPOs in 
which more than one of the three waves is resonated 
(Figure 2), The corresponding external threshold 
powers are 


ph 


Hh. ~ S,S/4E for a doubly-resonant OPO 


(DRO, Figure 2b) 
PIs, = S,S)/E for a pump-resonant SRO 
(PR-SRO, Figure 2c, see eqn (35]) 
Pis,, = S,9)8,/E for a triply-resonant OPO (TRO) 
14] 


Here § = T+ Vis the fractional power attenuation 
per roundtrip, arising from the mirror transmission T 
and absorption/scatter loss V. While the mirror 
transmission maintains power in a given spatial 
mode, the loss V removes optical power completely 
and is the fundamental cause for the nonunity 
efficiency of the frequency conversion process. 
Typically, each additional resonant enhancement 
lowers the threshold power by one to two orders. 
Examples for threshold values reported in the 
literature are: 1.9W for a 920 nm-pumped SRO, 
4 mW fora 0.5 um-pumped DRO, and 140 mW fora 
1 m-pumped common-cavity PR-SRO. DROs can 
therefore be pumped even by low-power diode lasers. 
TROs (where pump, signal, and idler are resonated) 
are not of importance due to their higher complexity. 


Output Power 


As an example, the signal and idler output powers for 
a PR-SRO that resonates the signal are (for a 
derivation, see Appendix B): 


TPO), Phau = (wla,)S,P 


Prout 


where the circulating signal power is 


PO) IS] 
P, 


PO) = aoe Phi (fe = ' 6) 


T, is the input mirror transmission for the pump 
wave, and T, is the output mirror transmission of the 
signal wave. Signal and idler output powers have the 
same dependence on pump input power and 
monotonically with P,j,. The conversion efficiencies 
reach a maximum four times above threshold, ie. 
when Pq = 4Pt. There, the signal and idler photon 
(quantum) conversion efficiencies @P.juj/Ppint, and 

epP nul P print, exceed 25% and $0%, respectively, if 
the mirror transmissions T,, T, for pump and signal 


Internal Contig 


‘An SCR is comparable with an electromagnetic 
latching relay, except that it works much faster 
and more reliably. 


‘Two bipolar transistors ‘SOR 
‘anode 
cathode. cathode 


Figure 17. The two transistors fram the previous figure 
are shown here in simplified form as two stacks of p-type 
‘and o-type silicon layers. These layers are combined in an 
‘SCR, on the right. 


Breakdown and Breakover Voltage 
The curves in Figure 1-8illustrate the behavior of 
a hypothetical SCR, and can be compared with 
the curves shown for a diac in Figure 2-5 and a 
triac in Figure 3-10. Beginning with zero voltage 
applied between anode and cathode, and zero 
current flowing (ie, at the center origin of the 
graph), if we apply a voltage at the anode that is 
increasingly negative relativeto the cathode (ie., 
we attempt to force the SCR to allow negative 
current flow), we see a small amount of leakage, 
indicated by the darker blue area (which is not 
drawn to scale). Finally the breakdown voltage is 
reached, at which point the negative potential 
‘overcomes the SCRand its impedance drops rap- 
idly, allowinga surge of current to flow, probably 
damaging it. 


Alternatively, starting once again from the cen- 
ter, if we apply a voltage at the anode that is in- 
creasingly positive relative to the cathode, two 
consequences are possible. The dashed curve 
assumes that there is zero voltage at the gate, 
and shows that some leakage occurs until the 
applied potential at theanode reaches the break- 
overvoltage,atwhich pointthe SCRallowsalarge 


discrete semiconductor 


> thyristor > SCR 


current flow, which continues even when the 
voltage decreases. 


forward > 


Leakage 


Current 


+ reverse 


<n Voltage positive 


Figure 1-8. The solid curve shows current passing be 
tween the anode and cathode of a hypothetical SCR for 
varying voltages, while a triggering voltage (= applied to 
the gate. The dashed curve assumes that no triggering 
valtage is applied to the gate. 


In practice, the SCR is intended to respond to a 
positive gate voltage. Under these circumstan- 
ces, its behavior is shown by the solid curve in 
the top-right quadrant in Figure 1-8. The SCR be- 
gins to conduct current without having to reach 
the breakover voltage at the anode. 


+ When used as it is intended, the SCR should 
not reach breakdown or breakover voltage 
levels. 


SCR Concept Demo 
In Figure 1-9, pushbutton S1 applies voltage to 
the gate of the SCR, which puts the SCR in self- 
sustaining conductive mode. When S1 is re- 
leased, the meter will show that current contin- 
ues to pass between the anode and the cathode, 
‘The X0403DF SCR suggested for this circuit hasa 
holding current of 5mA, which a SVDC supply 
should be able to provide with the 1K resistor in 
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are chosen larger than the respective loss Vy V,. This 
can be achieved in practice, of course, at the expense 
of a higher threshold. 


Nonlinear Materials 


While the fundamental developments in ewOPOs 
were performed using birefringently phase-matched 
nonlinear crystals (MgO:LiNbO3, LBO, KTP, 
KNbOs) (see Materials for Nonlinear Optics: Liquid 
Crystals for NLO), and substantial spectral coverage 
is possible with these crystals, most ewOPOs are now 
operated with quasi-phase-matched (QPM) nonlinear 
crystals (see Nonlinear Optics, Application: Phase 
Matching). The most commonly used material is 
periodically poled (PP) LiNbOs (PPLN), other 
crystals used are PPKTP and PPLiTaQs, crystals. 
Their use has led to a substantial widening of the 
spectral coverage, opening in particular the wave- 
length range A > 1.6 um, a reduction of the required 
pump powers thanks to their much higher nonlinea- 
rities compared to birefringently phase-matched 
crystals, and a simplification of (gross) tuning 
through the use of multigrating structures (containing 
several sections of differing A periods side by side 
within the same crystal). The above PP crystals 
exhibit a loss of 0.1%/cm at wavelength around 
1 um, and can be coated with broadband dielectric 
antireflection coatings, in order to maximize the 
overall transmission, Another important aspect is 
that the crystals withstand long irradiation times with 
high-power focused cw light. For PPLN, operation 
temperature above 100°C is chosen in order to 
prevent photorefractive effects. 


Spectral Coverage 


An example of particularly wide spectral coverage 
reported in the literature is a ewOPO pumped by a 
frequency-doubled Nd:YVO, laser (A, = 532 nm) 
using a multigrating PPLN crystal. With grating 
periods A =6.5-9.6 um, the range 660-1030 nm 
(signal wave) and 1100-2800 nm (idler wave) was 
covered, A cwOPO with a Nd:YAG pump source 
emitting at the fundamental wavelength (Ay = 1064 
nm) and a multigrating PPLN crystal (A= 25.5— 
31.2 um) achieved a range of 1.45-1.99 jm (signal) 
and 2.3-4.0 1m (idler). 

For idler wavelengths beyond 4 um, idler absorp- 
tion by the crystals types above becomes relevant, 
Ieading to a reduction in the gain G (this effect is not 
considered in the treatment given in the Appendix) 
and to an increase of the threshold. To a certain 
extent, this can be compensated with powerful 
ew pump lasers. For example, a 1064 nm pumped 


PPLN-SRO achieved idler emission in the range 
3.6-4,7 um at 11 W pump power. Also, an 850 nm 
pumped PR-SRO covered an idler range 4.3-5.3 pm 
when pumped with 750 mW. 

In the future, ewOPOs will certainly profit from 
the development of novel QPM materials with wider 
IR transparency range. 


Frequency Control 


The small-signal gain Gw,) of a parametric inter- 
action in a ewOPO is analogous to the homogenously 
broadened gain in a laser medium. In contrast to it, 
however, spatial hole-burning cannot occur. There- 
fore, mode competition is generally strong in a 
ewOPO, which will oscillate on a single longitudinal 
mode: the one for which the difference (or ratio) 
between ‘unsaturated’ parametric gain G and total 
loss S is largest (Figure 3). This is equivalent to the 
condition of minimum threshold. 

The functions G(w,) and S(w,) are therefore 
important characteristics of a ewOPO. Oscillation 
can only occur for a frequency ws, that is very close to 
a cavity mode frequency wy = 27gc/OPL(w,), where 
q is the integer mode number, and OPL(a,) is the 
round-trip optical path length at the frequency w,. 

To tune a cwOPO to a particular signalfidler 
frequency pair, a coarse tuning is initially performed 


frequency change 
‘Frequency of resonant wave 


Figure 3 Frequency selection and tuningina SRO (or PR-SRO) 
containing an etalon. Oscillation occurs on the signal cavity mode 
(Gitcied) closest to the frequency where the difference between 
the small-signal gain Gand the loss Sis largest (dashed|ine). The 
frequency ofthis mode or the mode number gan be changed by 
changing the parameters indicated near the thick double arrows. 
‘The parameter changes shift the line(s) ‘attached’ to the 
corresponding double arrow. Changing the temperature leads to 
a rough setting of the oscillation frequency. Titing the etalon 
allows mode-hop tuning of signal and idler frequencies. Fine 
tuning by a small amount can be done by changing the cavity 
length. The frequency of the idler is not shown here; tis always 
given by the difference between pump frequency and the 
frequency of the oscilating mode. Thus, tuning of the pump 
frequency generally leads to a tuning of the idler frequency. For 
modest pump tuning the amount of signal tuning however 
dopends on SRO type: no signal tuning in a basic SRO and in a 
dual-cavity PR-SRO, while in a common-cavitly PR-SRO pump 
and signal frequencies are correlated and thus pump tuning leads 
to signal tuning. FSR: free spectral range. 
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by tuning the corresponding phase mismatch A&L 
(L is the crystal length) approximately to zero. 
Taking into account a modulation of the nonlinear 
susceptibility of the crystal with period A, the quantity 
Ak =ky—k,—ki+2m/A describes the deviation 
from momentum conservation in the photon splitting 
process. When using a multigrating QPM crystal, the 
first tuning consists in the selection of a grating of 
appropriate period A, which is moved into the pump 
wavepath. This is followed by tuning the photon 
momenta via the refractive indices of the nonlinear 
medium, which is usually accomplished by tempera- 
ture tuning, or alternatively by angle-tuning of the 
crystal, These steps place the maximum of G(,) to 
the vicinity of the desired frequency. Options for 
tuning the emission exactly to the desired frequency 
are described below for the different OPO types. 

Because external perturbations change parameters 
that enter in G(w,), S(w,), and ,, the value of the 
oscillating frequency will also change in tim 
The change will be continuous over a certain range 
of the parameters, but if their perturbation is large 
enough, a mode hop can occur: the oscillation on 
the initial mode q will eventually cease and another 
mode q', for which G(wy) — Soy) is larger, will 
oscillate instead. A variety of parameters is affected by 
perturbations: pump power, pump beam direction, 
cavity length, crystal temperature, and pump 
frequency. 

‘When such perturbations are applied on intention- 
ally, the OPO output frequencies can be tuned, 
scanned, or adjusted. The tolerable change in the 
various parameters before a mode-hop occurs, and 
the sensitivity of the output frequencies to changes in 
the parameters depends on the particular cwOPO 
type. One important approach to suppress mode- 
hops consists in adding elements into the cavity, such 
as an etalon, that modify the function S(o), typically 
by modulating it spectrally. 


SRO 


In the following, we assume that the signal wave is 
resonated. The SRO is the simplest ewOPO type. The 
oscillation nominally occurs at the cavity frequency 
that is closest to the gain maximum, as described 
above. In practice, environmental disturbances will 
cause mode-hops on a time-scale of minutes. For this 
reason, an etalon is added to the cavity. Mode-hop- 
free oscillation, for several hours, is then achieved. 
‘Typical nonlinear crystals exhibit parametric gain 
with spectral widths of hundreds of GHz. In contrast, 
the cavity mode spacing (free spectral range, FSR) 
CIOPL is on the order of 1 GHz. The tuning range 
achievable by a cavity length change (using, eg., a 


piezo translator) is therefore, at most, one free 
spectral range (equal but opposite for signal and 
idler); then a mode-hop to the neighboring cavity 
mode occurs, with a signal/idler frequency jump by 
one FSR in the opposite direction to the previous 
tuning. This process repeats itself as the cavity length 
is tuned further, It is, therefore, not possible to easily 
and reliably access a large frequency range by using 
the cavity length as tuning parame! 

As shown in Figure 3, if an etalon of linewidth 
smaller than the gain bandwidth is added to the 
cavity, it becomes the dominant influence (etalon 
FSRs on the order of one hundred to a few hundred 
GHz have been used). This means that shifting the 
etalon’s transmission maximum (i.., the cavity loss S) 
in frequency space (by tilting a solid etalon or 
changing the spacing of an airspaced etalon) as 
indicated by the double-headed arrows in Figure 3, 
forces the signal to mode-hop to an adjacent mode, 
with a corresponding idler frequency hop in the 
opposite direction. As the etalon is tuned further this 
occurs repeatedly. This discontinuous ‘mode-hop 
tuning’ is useful for tuning the SRO output frequen- 
cies over a significant range (e.g. 100 GHz) and 
allows to reach a desired frequency within one cavity 
free spectral range. 

Continuous tuning of both signal and idler waves is 
obtainable, if the pump laser is not frequency tunable, 
by changing the cavity length and synchronously 
tuning the etalon, This can be achieved by a feedback 
or feedforward system that controls the etalon angle 
or spacing. Up to 38 GH tuning for signal and idler 
were achieved in this way. 

‘When a tunable pump is available, one can tune the 
pump frequency while keeping the cavity length and 
the etalon angle fixed. This keeps the signal cavity 
mode fixed, and thus the nonresonant wave’s 
frequency (usually the idler) is tuned by an amount 
equal to the pump frequency change. Continuous 
tuning ranges exceeding 50 GHz have been obtained 
in this way. For such pump tuning ranges, the shift of 
the gain curve, indicated by a double-arrow in 
Figure 3, is usually sufficiently small that it can be 
neglected. The use of a widely tuneable pump laser is 
also possible. A (discontinuous) idler tuning of 9 THz 
around 3.3 um has been demonstrated, covered in 
just 0.3 ms thanks to a large pump tuning rate. In 
such a case of large pump tuning range, the gain shift 
is important, causing a significant tuning also of 
the signal. 

‘The advantages of the basic SRO as compared to 
other ewOPOs are mainly the simpler tuning beha- 
vior, the possibility of continuous tuning without 
necessitating a tunable pump laser, and the possibility 
to achieve a very wide tuning range without optics 
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change, since only the spectral range covered by one 
of the two parametric waves must be provided as a 
high reflectivity coating on the cavity mirrors. More- 
over, in the simplest implementation, it is possible to 
operate without any electronic servo control of cavity 
elements, at the expense of a reduced power and 
frequency stability. In terms of spectral properties 
linewidth, frequency stability, time between unde- 
sired mode-hops) the SRO does not offer particular 
advantages compared to other cwOPO types, even if 
actively stabilized (see below). The disadvantage of 
the basic SROs based on Gaussian modes is the 
high threshold, necessitating expensive high-power 
(several W) cw lasers. This disadvantage is likely to 
disappear with progress in laser development. The 
alternative of waveguide SROs is mentioned below. 


PR-SRO 


In a PR-SRO, the pump wave is also resonated, 
leading to a substantial reduction of threshold. For 
example, it is possible to generate mid-IR radiation 
(3um range), even with much more affordable 
1 Welevel Nd:YAG pump lasers. 

One implementation is the common-cavity PR- 
SRO (Figure 4). The cavity length is either locked to 
the pump laser frequency or vi If a 
frequency-stable pump laser is used, the first solution 
is favorable, since then both signal and idler waves 
have a stability comparable to that of the pump laser. 
With an etalon (coated so as to be transparent for the 
pump wave) inside the cavity, mode-hop-free oper- 
ation for several hours has been demonstrated. 


Refecied 
unconverted Nonlinear 
pump wave cystal que), Mitor 
Pain ASO) Po(O) 82) AL) PycLy anernts 
inpurf]_A.(0).P;(0) FD 7 
coupling vane i Pt 
ve Yp 
\ Signal 
output 
fp ior 


[eawee 


Figure 4 Schematic of a pump-resonant SRO with a common 
cavity for pump and signal waves. The inset shows the pump 
wave fields incident on and leaving the input coupling mirror. The 
arrow symbolizes pump wave loss during the round Wp. 


Mode-hop tuning in a PR-SRO with cavity-to-laser 
lock can be achieved: 


(i) by tuning the etalon at constant pump frequency: 
the signal mode-hops from mode to mode, the 
idler tunes equally but in opposite direction; 

(ii) by tuning the pump frequency at constant etalon 
position: the cavity length must follow and 
therefore the signal tunes by Aw, = («/4)Mtyy 
while the idler frequency tunes by Aa, = (1/0) 
wp. This continues until the signal must mode- 
hop back, causing an equal but opposite fre- 
quency jump in the idler. The pump tuning is thus 
completely transferred to the idler. 


Continuous signal and idler tuning is performed by 
tuning the pump frequency and synchronously 
adjusting the etalon angle. Thus, a limitation of the 
common-cavity PR-SRO concept is that continuous 
tunability necessitates a tunable pump laser. 

In a dual-cavity, PR-SRO pump and signal waves 
resonate in separate cavities. The pump cavity is 
usually stabilized to the pump frequency and an 
etalon is placed into the signal cavity for better 
stability against mode-hops. This configuration com- 
bines the tuning simplicity of a basic SRO with a low- 
threshold power. For example, a threshold for a 
1_m-pumped PPLN dual-cavity PR-SRO at the 
0.4 W level was obtained. 

Mode-hop tuning (in opposite directions) of the 
frequencies of both parametric waves in steps of the 
cavity’s FSR can be performed by changing the etalon 
angle (Figure 3). A range exceeding 50 GHz (at 
constant output power) has been achieved. Continu- 
ous signal and idler wave tuning (by equal but 
opposite amounts) is possible by changing the signal 
cavity length (Figure 3). However, the range is limited 
to the FSR of the cavity, typically on the order of 
500 MHz, then the frequencies mode-hop back. It is 
expected that wider continuous tuning should be 
possible by synchronous etalon and cavity length 
scan. If a tuneable pump laser is employed, continu- 
ous tuning of only the idler frequency is possible by 
keeping the etalon and signal wave cavity length 
fixed; the pump tuning range is fully transferred to 
the idler. 


DRO 


In contrast to an SRO, this device type requires both 
parametrically generated waves to be resonant in the 
cavity. Here we consider only DROs with a common 
cavity for both signal and idler waves (dual-cavity 
DROs have also been demonstrated). 
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Because of the added resonance condition, mode- 
hops of the oscillating mode pair occur already upon 
a very small change (~I nm) in the cavity length. 
Under normal environmental conditions such 
changes are unavoidable and therefore a “fre 
running’ DRO does not produce frequency-stable 
output. However, by active control of one additional 
parameter of the OPO system the mode-hops can be 
effectively suppressed. A practical solution is to 
actively control the length of the cavity via the 
position a of one of the cavity mirrors so that a 
particular mode pair, q,, 4i, continues to oscillate; this 
is achieved by maximizing the OPO output power or 
by minimizing the detuning of one of the two 
resonant waves from its respective cavity mode 
frequency. This control system ensures that energy 
conservation and the two resonance conditions are 
simultaneously satisfied: 


+0; = oy 
req JOPL(d, «,,T) 71 
mreq/OPL(d, «,T) 


Experimentally, mode-hop-free oscillation exc: 
10 h was achieved by such active stabilization. 

Another system parameter may then be used to 
tune both signal and idler frequencies. The tuning 
coefficient for the crystal temperature T is small, 
but tuning the pump frequency is an efficient 
way. The tuning coefficient is approximately 
Aw, = (w/o,)Ae,, and accordingly for « 

Continuous tuning of signal and idler frequencies 
over 10 GHz by pump tuning was achieved. This 
range was limited by the available continuous tuning 
range of the pump laser. Mode-hop tuning can be 
induced by mechanical perturbations: by tapping on 
the DRO cavity, mode-hop tuning over 220 GHz has 
been demonstrated. 


Linewidth and Frequency Stability 


For high-resolution spectroscopy a narrow linewidth 
for signal or idler is desirable. One contribution to the 
linewidth of a ewOPO arises from the unavoidable 
spontaneous parametric fluorescence, similar to the 
Schawlow-Townes limit in lasers due to spontaneous 
emission. This contribution is negligible if the OPO 
operates at power levels of practical interest. Thus, 
other sources of classical noise dominate the line- 
width of ewOPOs. As discussed above, the frequency 
of ewOPOs depends (on a fine scale) on pump 
frequency and cavity optical path length. Both 
parameters fluctuate: the pump laser has a finite 
linewidth as well as frequency jitter, and the cavity 


optical path length fluctuates due to acoustic noise 
affecting the mirror positions, to air pressure fluctu- 
ations, temperature fluctuations of the crystal and of 
the cavity structure. 
‘With careful construction and shielding, many of 
these noise sources can be minimized, Furthermore, it 
is highly favorable to use pump lasers of narrow 
linewidth and high intrinsic frequency stability (e.g., 
diode-pumped monolithic solid-state lasers), or 
actively frequency-stabilized lasers. Note that this 
special requirement on the pump source does not 
exist for lasers. 
Inan SRO, the linewidth and frequency stability of 
the signal are mostly determined by the stability 
properties of the cavity. The idler spectral properties 
then follow entirely from the signal and pump 
spectral properties through w, =, ~ @,. Since the 
idler is usually the wave of interest, this implies that 
the SRO cavity and the pump laser must both have a 
stability appropriate to the spectroscopic application. 
If the SRO cavity is not sufficiently stable 
(c.g, because of insufficient temperature stability of 
the oven containing the nonlinear crystal), the 
frequency fluctuation/drift of the signal and idler 
can be substantial, tens to hundreds of MHz within 
minutes being typical. 
To avoid mode-hops also on long time-scales, the 

ity length (or the etalon angle) can be actively 
stabilized so as to maximize the idler’s output power. 
This ensures that the cavity mode position and the 
frequency of maximum difference between gain and 
loss are kept equal. 

If a frequency-stable pump wave is used, it is 
possible to transfer these characteristics by stabilizing 
the SRO cavity length to the pump wave frequency. In 
an SRO without resonant pump one can make use of 
the residual reflection of the pump wave by the cavity 
mirrors that leads to interference with the pump wave 
reflected from the pump input mirror. This was 
implemented in a SRO pumped by a high-power 
diode-pumped internally doubled Nd:YVO, laser 
(532 nm) of high intrinsic frequency stability. Signal 
and idler drifts of less than 50 MHz/h were achieved. 
At the same time, a very small 20 kHz linewidth of 
the (resonant) signal radiation was obtained. Similar 
levels were obtained for a PR-SRO with a common 
cavity for pump and signal wave. 

Ina PR-SRO with dual-cavity configuration, the 
same requirements of minimization of disturbances to 
the parametric wave's cavity arise as in a basic SRO. 
Using a highly frequency-stable kHz linewidth 
monolithic pump laser, together with the above- 
mentioned idler power maximization control, fre- 
quency drift values for both parametric waves at the 
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level of 30 MHz/h were obtained and a short-term 
linewidth below 6 kHz. 

In a single-cavity DRO, the linewidth and fre- 
quency stability of the parametric waves are essen- 
tially determined by the pump wave properties (see 
discussion in the section on DRO above). Here, too, 
the use of narrow-linewidth, high-frequency-stability 
pump lasers has led to excellent signal/idler charac- 
teristics. For example, less than 40 kHz linewidth and 
<40 MHz per hour drift were obtained with a DRO 
pumped by an externally doubled monolithic 
Nd:YAG laser of 10 kHz linewidth. 

If further narrowing of linewidth or reduction of 
frequency drift is desired, the OPO output frequen- 
cies can be stabilized to a stable cavity, atomic, or 
molecular transition. Locking to a cavity has be 
demonstrated for a DRO. 


Applications 


GwOPOs are most interesting as sources of radiation 
in the IR range beyond 2 jm, especially in the 3— 
5m range, where vibrational transitions of many 
molecules occur. In comparison to other sources of 
coherent radiation (color center laser, quantum 
cascade laser, lead-salt diode laser, CO overtone 
laser, difference frequency generation), cwOPOs 
provide a unique combination of desirable feature: 

A simple application of cwOPOs would be as 
a source providing a power level/output wa 
Iength/mode quality combination not available from 
other sources. Possible applications are vibrational 
spectroscopy in the condensed phase, where a narrow 
linewidth is not required. The excellent beam quality 
provides a high spatial resolution. 

Concerning high-resolution spectroscopy (mostly 
in the gas phase), methods demonstrated in conjunc- 
tion with ewOPOs include: 


‘© Absorption spectroscopy; 
© Doppler-free saturation spectroscopy; 

© Photo-acoustic spectroscopy (PAS); 

¢ Hole-burning spectroscopy; 

‘© Coherent atomic spectroscopy; 

© Cw cavity ring down spectroscopy (ew-CRDS). 
Trace gas detection using PAS or ew-CRDS is a 
particular application where ewOPOs have reached 
excellent sensitivity (minimum detectable concen- 
trations as low as 1 part in 10"), The high output 
power and/or the narrow linewidth are specific 
features that make such sensitivity possible. 


Quantum-Optical Properties 


The pairwise production of signal and idler photons is 
at the heart of the parametric process. This perfect 


quantum correlation is to a certain extent also 
maintained in the output waves of a ewOPO. In 
particular, the intensity fluctuations of signal and 
idler waves emitted by a DRO are strongly (albeit 
never perfectly) quantum correlated if their output 
coupler transmissions significantly exceed their 
respective roundtrip losses. For these ‘twin beams’ 
the spectral density of the fluctuations of their power 
difference can be less than the spectral density of the 
fluctuations of the power of an individual wave 
(squeezing). Making use of this correlation permits to 
increase the obtainable sensitivity in spectroscopic 
measurements for a given power level of the wave 
interacting with the sample. 


Device Development Trends 


CwOPOs using solid-state pump lasers have become 
commercially available. In the near future, some 
likely developments will be miniaturization and 
optimization in order to reduce the influence of 
perturbations, further extension of continuous and 
mode-hop tuning ranges and the wider use of diode 
lasers as pump lasers, leading to cost reduction. 
To access a larger range of molecules in spectroscopy, 
extension of the emission range well beyond 5 jm is 
also of significant interest. Novel nonlinear materials 
and pump lasers of wavelength longer than the often 
employed Nd:YAG lasers will become of importance 
in this development. 

Two specific lines of development complementary 
to the bulk ewOPOs described above are waveguide 
and intracavity ewOPOs (ICSRO). If pump, signal and 
idler waves are confined in a waveguide (see Photonic 
Crystals: Photonic Crystal Lasers, Cavities and Wave- 
guides) the parametric gain coefficient is a few orders 
higher than for free-space Gaussian waves, due to the 
small mode cross-section and the scaling with the 
square of the crystal length, compared with the linear 
scaling in case of Gaussian beams (see eqn [36]). 
Values are on the order of E ~ 1/W at Ay = 1.5 pm 
leading to low thresholds even for SROs, with pump 
lasers of comparatively long wavelength. For example, 
in a SRO consisting of a 9.cm long titanium:PPLN 
waveguide, a threshold below 300 mW fora 1.5 um 
pump was achieved. The idler emission range was 
3.1-3.4 um, The potential for mass production and, 
therefore, cost minimization is clear. 

An ICSRO consists of an SRO internal to the cavity 
of a ew laser, where the high circulating laser power is 
taken advantage of for pumping. An ICSRO is thus 
similar to a PR-SRO but there is no need to 
implement a control system for the frequency lock 
between pump laser and pump cavity nor to 
mode-match the pump wave to the SRO cavity mode. 
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Appendix A 


Three-Wave Mixing in a x?) Medium 
with Focused Waves 


‘The wave equation in a nonlinear medium reads 


The displacement field Dy, is related to the electric 
field E by linear response. Py, is the nonlinear 
polarization. We deal with nonmagnetic media (11, 
1) and choose the principal axis system as coordinate 
system. The Fourier transform of, for example, the 
x-component of the wave equation then reads: 


AE (0,7) + Wow 898,(W)E (0,7) 
= Hye" Pri xo?) 191 


In the following, we take into account only second- 
order nonlinear effects, so the nonlinear polarization 
reduces to Py, = P°). The fields to be considered are 
monochromatic, propagate in the ion and are 
linearly polarized along x. The notation can then be 
simplified to: 


E(o,F) = EG ec, Py (w,7) = POF) (10) 
with the wavevector £ = wn(w)/c and the refractive 
index for the polarization under consideration 17 = 
E,(@). The electric field is obtained as 
PREF eM 3. 

Since the parametric gains are 
conversion, the derivative of the envelope E(7) 
changes only little over a propagation distance on 
the order of a wavelength 2/k. Inserting eqn [9] 
into eqns [6] and [8] and neglecting the term 
~dE(P)/dz*, yields the paraxial or slowly varying 
envelope wave equatic 
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The electric field envelope can be expanded in a 
complete set of Gaussian TEM,,,, ~ mode functions 


Yon 
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These mode functions are defined to satisfy the 
paraxial wave equation in absence of nonlinearity 
(vanishing right-hand side in eqn [11]) and the 


orthonormality properties 


J ao Pn 7 inne 7 dee dy = Brunt Bue (13) 

A particular mode function set is characterized by 
position (along z) and size of the waist, which can be 
chosen arbitrarily. The functions A,,,(z) are slowly 
varying amplitude functions. The power in a particu- 
lar mode can be calculated from: 
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where c is the speed of light in vacuo. Inserting 
eqn [12] into eqn [11], multiplication with Wy4(7), 
and integration over x, y yiel 
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If all electric fields are linearly polarized, the Fourier 


amplitudes of the nonlinear polarization can be 
written as: 


Pa (7) = 2eod (Eu, MEAT) 


7) = 2eod Eu, PEF) 16) 


F) = epd(2)Eu, PEu 7) 
where d is the tensor clement appropriate to the 
particular combination of linear polarizations of the 
three waves. (In eqn [16], 0, +0, =p.) 

The mode amplitude equations for the three 
interacting waves follow from eqns [10], [15], and 
[16] as: 
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The quantity Ak=k,—k,—k; is the wavevector 
mismatch. Here, the envelope of each wave has an 
expansion of the form in eqn [12] with its respective 
(independent) set of mode functions. 
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Appendix B 


Steady-State Description 
of the cwOPO 


The general eqns [17] are applicable to any type of 
ewOPO, Below and at threshold at least two of the 
three waves have given modes, ie, the corresponding 
function E(7) is known up to a slowly <-dependent 
amplitude: the resonant parametric wave has a mode 
defined by the cavity geometry and mirrors, while the 
pump wave mode is defined by the used focusing 
optics. This knowledge allows to obtain an analytic 
expression for the threshold of any OPO type and for 
an arbitrary cavity. 
Above threshold two cases can be distinguished: 


(i) in a basic SRO the pump mode itself becomes a 
function of pump power, due to its depletion by 
signal and idler wave, and only a numerical 
solution can be given; and 

(ii) if two or more waves resonate in one or more 
cavities (DRO, PR-SRO, TRO), an analytic 
solution is possible even above threshold. 


In the following, the PR-SRO is treated, Figure 4 
shows a schematic of a common cavity PR-SRO and 
the notation; the treatment below also holds for the 
dual cavity PR-SRO. Without loss of generality, the 
signal wave is taken to be the signal. For the sake of 
simplicity, below a further assumption about the 
spatial mode of the idler will be made. 

‘The pump and signal waves are given by TEMoo 
modes of the cavity (or cavities): 


E,(7)= 4] Acopl2dbvop(7) 
\ntm 


EG) = J Agosledoas7) 
7m 


In the case of a common-cavity PR-SRO, pump and 
signal resonate in the same cavity and therefore their 
modes have the same waist position and Rayleigh 
ranges zx = kww"/2, (w is the waist). In the case of a 
dual-cavity PR-SRO the modes are in principle 
independent. 

Although the idler wave is in general not purely 
TEMq, it may be approximated by a TEMgg mode, 
whose mode parameters are determined by an 
optimization criterion, We can then introduce the 
overlap function: 
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Under these assumptions, the infinite set of mode 
eqns [17] reduces to just three coupled equations 
(A= Ago}: 


dA,(z) ie 
= “142A A (Ze OF 20] 
E 2)AC)A (2) =) 120) 
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where 
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Two phasematching cases have to be considered: for 
birefringent phasematching, d=const and & is 
independent of z. In QPM, the d-coefficient 
is modulated periodically along z with period A. It 
suffices to consider only the particular term of its 
Fourier series expansion that gives the smallest 
Wwavevector quasi-mismatch, When only the first 
term is relevant, this is referred to as first-order 
QPM and d(z) = $digye?*"* + c.c.). This case can 
be taken into account by replacing d(z) in eqn [23] by 
day = $dg,, and in eqns [20]-[22] the relevant wave- 
vector mismatch becomes Mk = ky — k, — ky + 27/A, 
where, for usual materials, the minus sign applies 

‘We solve eqns [20]-[22] by expanding in powers of 
the nonlinearity & This is appropriate due to the small 
gain and implies that the resonant pump and signal 
wave amplitudes do not change substantially (relative 
to the respective average amplitude) along the crystal 
Jength and around the cavity. 

Integrating eqn [22] after approximating the 
amplitudes on the right-hand side by their values at 
2=0 yields: 


iA (O)AS(OE (2) 
1p ' (241 
Ig) = + dZO@ye 
zJo 


We insert this result into eqns [20] and [21] and 
approximate A(z) and A,(z) by their values at z = 0. 
The result is 


1 *, 2 
Ap(2) = Ap(0) — z(&)D (AMMA? — [25] 


Le 2 
A= AMO) + FEPD@AMAO! [26] 


OPTICAL PARAMETRIC DEVICES / Optical Parametric Oscillators (Continuous Wave) 61 


2 
DO=> 
z 


pt 21@0G'y eM" 27) 


This completes the calculation of the propagation 
through the nonlinear medium. Now we proceed to 
calculate the propagation around the cavity. 

Since the signal wave is resonant with the cavity, we 
can immediately write the self-consistency equation 
for the roundtrip: 


|A(O)| = VR — VAL)! 


The roundtrip cavity reflectivity and roundtrip loss 
for the signal wave are denoted by R, and V,. At the 
input mirror (see lower part of Figure 4), character- 
ized by a transmission T, = 1 — Ry the interference 
of the injected pump wave Apia and the internally 
circulating pump wave must be considered: 


Ay) = VTpApin + YRp(l — VpdAp(Le* 291 


is the pump roundtrip loss. Evaluating eqn [26] at 
Land comparing with eqn [28] yields: 


(28) 


14,0)!" [30] 
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Here the imaginary part of D(z) was neglected since 
l€LA,(O)I" <1. Expression [30] shows that the 
intracavity pump power is clamped at a fixed value, 
equal to the value at threshold, independent of the 
input power. 
In eqn [29] we can assume Ajj, to be real without 
loss of generality, yielding the relation: 
Asin 4 RT Waele Ah 
va) 1 VR Vile ay BU 
where d= ,OPL(w,.Tyc. The pump wave is 
assumed to be exactly resonant; this means that 
A,(0) is maximum. The phase g must therefore be 
such that: 


is At) 


2 
Ay eS 
Together, with eqn [25], we obtain: 
AMP |, 1 prsans 
|r| Z(ELPD "(LIA (O)l (33) 


The right-hand side is evaluated neglecting the 
contribution proportional to £4; inserting the result 


in eqns [31] and [32] gives: 
~ \R,a=V,) 
+R, — Vi) (EL Re DIA (OV? 


Ba) 


Equations [30] and [34] represent the steady-state 
solution of the PR-SRO: they give the circulating 
pump and signal powers, from which all desired 
quantities can be computed. 

‘The external threshold is found by setting A,(0) = 0 
and assuming small losses, Ty, Vp << 1 


i 
Prin B35] 
with the nonlinearity 
pa 2Hed 0 DRED) 36) 
me Tyr 


Note that Re D(L) = |I(L)|*. The second factor in eqn 
[35] is responsible for the reduction of threshold due to 
pump resonance. The last factor is the internal pump 
threshold and constant circulating pump power level: 
~ tv 
E 
which is also equal to the threshold of a basic SRO. 
The nonlinearity may be written as 


P,(0) B7] 


8} 


with the dimensionless focusing function hp,. A 
detailed calculation shows that the value of hpa cannot 
exceed 1.1 and is close to its maximum when the phase 
mismatch AKL is approximately zero and the pump 
and signal focusing by the cavity is such that their 
Rayleigh range za ~ L/2. 

The OPO will select the signal cavity mode 
frequency w, and idler spatial mode that minimizes 
the threshold eqn [35]. Note that this is not 
necessarily equivalent to a maximization of E, since 
T, and V, may also be dependent on signal frequency, 
for example, because of the presence of an etalon 
inside the cavity. 

The circulating signal power as derived from eqns 
[30] and [34], is given in eqn [6]. 

The signal power extracted from the cavity is 
Paoue = T.Pa(L) ~ TsP,(0), while the (fully extracted) 
idler power is given by 


Prow = PL) = 2S EP(O)P,(0) 139] 
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Advantages and Applications of 
Ultrashort Pulsed OPOs 


The advantages of ultrashort pulsed optical para- 
metric oscillators (OPOs) are twofold: on the one 
hand, it is possible to generate tunable laser radiation 
with a pulse duration in the femtosecond and 
picosecond time domain; on the other hand, the 
short pulses give rise to a high peak intensity of the 
electric field of the pump wave inside the nonlinear 
medium, Due to the fact that the OPO single-path 
gain coefficient reads as: 


Prignat _ 877d2¢L7Ip sin?(ARL/2) m 
7 = Prony Bottettsmcde (ARLE 
where Ip is the pump intensity, Ak is the phase 


mismatch between pump, signal, and idler, mp, rs, my 
are the refractive indices at the pump, signal, and 
idler wavelengths, respectively, and L is the length 
of the nonlinear medium with an effective nonlinear 


coefficient deg, the efficiency grows proportional to the 
intensity of the pump. 

Ultrashort pulsed OPOs can provide widely tun- 
able femtosecond or picosecond pulses, covering the 
spectral range ftom the visible to the mid-infrared, 
which have many applications, such as time-resolved 
spectroscopy, pump-probe measurements, semicon- 
ductor analysis, photochemistry, optical ranging, 
data transfer, and data processing with high carrier 
frequency, white-light generation, etc 


Synchronous Pumping 


The key issue in operating ultrashort-pulse OPOs is 
synchronization between the pump pulses and the 
signal pulses. Consider the following sequence: 
a pump pulse enters the OPO cavity and generates 
spontaneously downconverted light at the signal 
wavelength (sce Figure 1, inset). These signal photons 
travel inside the OPO cavity, entering the nonlinear 
medium again after exactly one cavity round trip. 
This light will act as seed light for another down- 
conversion process if a second pump pulse enters the 
nonlinear medium at exactly the same instance (see 
Figure 1), The presence of the signal pulse will lead to 
a much more efficient stimulated downconversion 
process. 
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Figure 1 Synchronous pumping of a typical ring-cavity OPO: P, pump pulses: S, signal pulses; OC, output coupler; wr, we, ur 
‘frequencies of the pump, the signal, and the idler, respectively. Inset: energy level diagram for optical parametric oscillation. 


This requires the repetition rate of the pump 
oscillator and the OPO to be synchronized precisely. 
Therefore, this pump scheme is called synchronized 
pumping. If the temporal separation between the 
pump pulses does not exactly equal the roundtrip time 
of the signal pulses inside the OPO cavity, the 
generation efficiency will decrease dramatically as 
the temporal pulse overlap is reduced. 


Dispersion in Nonlinear Media 
and Optical Glasses 


Maintaining synchronicity between the pump pulses 
and the signal pulses is a necessary, but not sufficient 
prerequisite for successful operation of an ultrashort- 
pulse OPO. The signal pulses will be temporally 
broadened during their repeated trip through the 
nonlinear medium. This will lead to problems, as the 
newly generated signal pulses are still rather short (as 
they have heen generated by a short pump pulse), but 
the previously generated signal pulses, which should 
act as seed pulses and ideally have a similar pulse 
duration as the pump pulses, have already been 
broadened temporally, due to dispersion in the non- 
linear medium and other intracavity optical elements. 
Meanwhile, temporal walk-off between the signal 
(idler) and the pump pulses will take place, resulting in 
reduced conversion efficiency and broadened signal 
pulses. Group velocity dispersion (GVD) and group 
velocity mismatch (GVM) are normally used to 
characterize the dispersion in nonlinear medium. 

‘The group velocity of the laser pulses propagating 
in a nonlinear optical medium is defined as: 


21 


where ¢ is the velocity of light in vacuum, m is the 
refractive index of the nonlinear medium at the center 


wavelength A of the laser pulses. Then the GVD can 
be written as: 


dug _ Avi, Bn 
Ge ae 
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In most cases, we evaluate the GVD of the optical 
materials using the group velocity dispersion para- 
meter ("), which is defined as: 


1 Pk OB Bn 
OS IF 7 Int OE Bh 


where k = asc is the wave vector, «is the frequency 
of the incident wave, and consequently: 
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Due to GVD in the nonlinear medium, the spectral 
components in the broadband spectrum of an 
ultrashort pulse will travel at different group velocities 
and will consequently be delayed differently in the 
crystal, therefore the pulses will become temporally 
broadened or become chirped. This linear chirp 
induced pulse broadening effect can be characterized 
quantitatively by the following formula: 


fa(z 
n=mlt+(=) {61 
Vite 


where 7p) is the incident pulse duration, zp is the pulse 
duration after the pulse propagates in the nonlinear 
medium over a distance of z, and zy is called the 
characteristic length and defined as 


z= 0 
%> Fin 2 Me 


In frequency conversion processes, such as 
second-harmonic generation (SHG), sum-frequency 


discrete semi 


nductor> thyristor > SCR 


the circuit. If necessary, this resistor can be re- 
duced to 6800. 


Now if pushbutton 2 is pressed, the flow is in- 
terrupted. When S2 is released, the flow will not 
resume, Alternatively, ifpushbutton $3 is pressed 
while the SCR is conducting current, the flow is 
diverted around the SCR, and when the push- 
button is released, the flow through the SCR will 
not resume. Thus, the SCR can be shut down ei- 
ther by a normally closed pushbutton in series 
with it (which will interrupt the current), ora nor- 
mally open pushbutton in parallel with it (which 
will divert the current). 


de iliamps) 


Figure 19. In this test circuit. SI triggers the SCR, while 
‘S2 or S3 wil stop it. See text for additional details. 


The test circuit is shown installed on a bread- 
board in Figure 1-10. In this photograph, the red 
and blue wires supply a minimum of SVDC. The 
two red buttons are tactile switches, the one at 
top left being 51 in the schematic while the one 
at bottom right is $3. The large switch with a rec- 
tangular button is S2; this is normally closed, and 
‘opens when pressed. The X0403DF SCR is just 
below it and to the right. The square blue trim- 
mer is set to the midpoint of its range. 


AC Current Applications 

Ifthe SCRisused with alternating current, itstops 
conducting during each negative cycle, and is 
retriggered in each positive cycle, This suggests 
one ofits primary applications, as a controllable 
rectifier that can switch rapidly enough to limit 


Variants 


the amount of current that passes through it dur- 
ing each cycle. 


Figure 110. A breadboarded version of the SCR test cir 
cuit. The two red buttons correspond with S1 and $3 in 
the schematic. while the large rectangular button at top 
right opens S2. See text for details. 


Variants 


SCRs are available in surface-mount, through- 
hole, and stud packages, to handle increasing 
currents and voltages. Some special-purpose 
SCRs can control currents of hundreds of amps, 
while high-power SCRs are used to switch thou- 
sands of amps at more than 10,000V in power 
distribution systems. They are too specialized for 
inclusion in this encyclopedia. 


Typical power ratings for SCRs in general use are 
summarized in the next section. 


Values 


Any SCR will impose a forward voltage drop, 
which typically ranges from around 1V to 2V, de- 
pending on the component. 


Because SCRs are often used to modify AC wave- 
forms, the current that the component can pass 
is usually expressed as the root mean square 
peak value. 


Ghapterl 5 
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generation (SEG), difference frequency generation 
(DFG), optical parametric oscillation (OPO), or 
optical parametric amplification (OPA), three waves 
interact with each other while propagating through 
the nonlinear medium. Due to dispersion of the 
material, different waves propagate at different 
group velocities. This effect is generally called group 
velocity mismatch. In cases of interaction on the 
femtosecond scale, the interacting pulses may get 
separated after propagating some distance in the 
medium, which means that there isa reduced effective 
interaction length, The GVM is a quantitative 
evaluation of this effect, which is defined as: 


1 ryt 
ane=( - x) 18) 


and vg, are the group velocities of the two 
interacting waves i and j, The effective interaction 
length L.-for wave i and wave j can thus be calculated 
by the following formula: 


where 1 


Lay = tid D1 


where mis the incident pulse duration at full width at 
half maximum (FWHM). It is assumed that wave i and 
wave j have a similar pulse duration, This temporal 
walk-off will lead to two effects. First, the interacting 
pulses will get separated and the conversion efficiency 
will be reduced. The second effect is the broadening of 
the signal pulses. In the case of sub-100 fs operation, to 
restrict the broadening in pulse length to less than 
~10%, the crystal length should be smaller than L.q/2. 

Figure 2 shows the GVD of some typical OPO 
crystals, including KTP, KTA, RTA, CTA, PPLN, 
PPKTP, and LBO. Their Sellmeier equations are as 
summarized in Appendix A. In addition to the 
wavelength of the incident beam, the GYD is also 
dependent on the polarization of the incident beams 
and the type of phase matching. 

We give the GVM values between the pump and the 
signal (P-S), the signal and the idler (SI), and 
between the pump and the idler (P-I) for a KTP 
crystal in Figure 3. 


Intracavity Dispersion Compensation 
and Extra Cavity Pulse Compression 


In order to tackle the problem of intracavity dis- 
persion, corrective elements have to be placed inside 
the cavity in order to compensate the chirp. There have 
been several solutions to this problem, namely the 
combination of intracavity prism pairs, chirped 
mirrors, chirped grating periods (for quasi-phase 
matching) with oppositely chirped pump pulses, and 
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Figure 2 Group velocity aispersion characteristics of some 
typical OPO crystals, 
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Figure 3 GVM betwoon the interaction waves of a KTP OPO 
versus pump wavelength (1). 


glass plate dispersion compensators. Certainly, a 
shorter crystal length will yield a smaller GVM 
and GVD, but will also give a smaller nonlinear 
conversion efficiency due to the shorter crystal length 
(see eqn [1]). 


Pump Sources 


As pump pulses, mode-locked femtosecond or pico- 
second lasers are used. The requirements on pulse 
durations are determined by the desired pulse 
durations of the OPO signal and by the phase- 
matching bandwidth of the correspondingly used 
crystal. Shorter pump pulses normally lead to higher 
pump power thresholds due to shorter temporal 
overlap between the interacting pulses. It can also 
lead to higher instability of the OPO operation due to 
its higher sensitivity to the cavity length fluctuations, 
Generally, larger pump bandwidth means larger 
bandwidth of the signal. Consequently, a potentially 
shorter signal pulse duration can be achieved if the 
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intracavity dispersion is perfectly compensated. 
Sometimes it is advantageous for stability to operate 
the OPO in the slightly negative total GVD regime. In 
a quasi-phase-matched (QPM) OPO, the phase- 
matching bandwidth is so large that only a narrow 
pump bandwidth is required to phase-match a large 
bandwidth of the signal. Therefore, a pump depletion 
hole can be commonly observed with the oscillation 
of the OPO. 


Design of Ultrashort Pulsed OPOs 


Design of an OPO device may involve the design of the 
cavity length, cavity mirrors, focal length for focusing 
the pump beam, intracavity dispersion compensation 
scheme, frequency stabilization module, crystal 
length, and some other design depending on the 
special configuration of the OPO, for example, a 
heating module (an oven) is required for a PPLN OPO 
and temperature control module is required for a 
temperature phase-matched LBO OPO. For an ultra- 
short pulsed OPO, the most important designs include 
the design of the crystal length, the design of 
intracavity dispersion compensation components, 
and the frequency stabilization control. 


Crystal Length 


Several factors have to be taken into account when 
designing a crystal length. The design of a crystal 
length should be a compromise of all of these 
considerations. What is special for a femtosecond or 
picosecond OPO is the dispersion and temporal walk- 
off between the interacting pulses in the crystal: 


1. Effective interaction length: Pump pulse duration, 
estimated signal pulse duration, temporal walk-off 
between the pump and the signal give a limit of the 
crystal length that is characterized by eqn [9]. 

2. Pulse broadening due to GVM and GVD from the 
OPO crystal and other intracavity optical glass 
elements should be estimated. It is reasonable that 
shorter crystal length is always favorable for 
ultrashort pulse generation. The crystal length 
should be as short as possible while maintaining 
an acceptable conversion efficiency. When design- 
ing the crystal length, the available dispersion 
compensation device should be considered 
simultaneously. 


Dispersion Compensation 


For a crystal with a given material and length, the 
intracavity dispersion can be calculated. The compet 
sation device should introduce an amount of negative 
GVD such that the total intracavity GVD is equal to or 


slightly smaller than zero at the desired center 
wavelength of the signal pulses. Meanwhile, the 
compensation should be relatively uniform (for 
instance having a GVD fluctuation of <50 fs*/mm) 
over the bandwidth of the expected signal spectrum. 
Then a compensation method (as described above) 
should be chosen and corresponding device should be 
designed. 


Piezo-Driven Mirror and Frequency Stabilization 


To achieve fine tuning of the cavity length, one of the 
cavity mirrors should be mounted onto a piezoelectric 
translation stage. When feeding back the signal output 
of the OPO to this piezo-driven mirror, forming a 
closed loop to compensate for the drift of the cavity 
length, a stabilization of the OPO repetition rate is 
achieved. If the signal is dispersed by a grating, a 
change in cavity length will also lead to a change in the 
output spectrum. Using a split photodiode, the 
difference signal of the dispersed spectrum can be 
utilized as the measured signal in the feedback loop. 


Tu 


Tunability is one of the most important advantages of 
the OPO over other ultrashort pulsed lasers. A large 
variety of tuning methods make the OPO more 
practical and versatile in many applications. For 
birefringently phase-matched OPOs, the tuning of the 
signal wavelength can be achieved through changing 
the pump wavelength (pump wavelength tuning), 
using an intracavity wavelength selection element 
(such as a birefringent filter), changing the tempera- 
ture of the crystal when its refractive index is sensitive 
to the temperature change (temperature tuning), or 
changing the orientation of the OPO crystal (angle 
tuning). Some more methods can be utilized for a 
QPM OPO, for example through changing the poling 
period of the crystal (grating period tuning). A special 
method for an ultrashort pulsed OPO is the so-called 
cavity length tuning. 

As has been discussed above, in synchronous 
pumping, the OPO must have the same cavity length 
as the pump laser, so that the signal pulse arrives 
simultaneously with the pump pulse at the crystal to 
get the most efficient interaction. Because of dis 
persion of the nonlinear crystal, the signal will be 
delayed differently at different wavelengths. In other 
words, signal pulses have different round-trip times in 
the cavity at different center wavelengths. When the 
cavity length of the OPO is changed slightly, the 
signal has to change its wavelength to keep constant 
optical path length or constant round-trip time. 
Cavity length tuning can be achieved easily by tuning 
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the voltage on a piezoelectric transducer (PZT), onto 
which one of the cavity mirrors is mounted. There- 
fore, this method is the most common and frequently 
used to tune the signal wavelength of a synchronously 
pumped OPO. This is also the basis for stabilizing the 
operation of a synchronously pumped OPO. 


High-Repetition-Rate (HRR) 
Operation 


Synchronously pumping an OPO at high repetition 
rate produces a high-repetition-rate signal pulse train 
which extends the application fields of the OPO. 
Using high-repetition-rate laser pulses (e.g., >1 GHz) 
as the pump is a straightforward method to run the 
OPO at a high repetition rate. But a high repetition 
rate means an extremely short cavity length. For 
instance, the cavity length is about 30 em at 1 GHz 
repetition rate. Such a short cavity length leads to a 
large mode of the signal beam waist in the crystal. 
Mode matching between the signal and the pump 
beams requires that the transverse mode of the 
pump beam should be slightly larger than that of 
the signal beam within the interaction zone to 
maintain stable and efficient oscillation of the OPO. 
Large modes of the signal and the pump beams mean 
low interacting intensities, increasing the pump 
threshold significantly. Using smaller curvature radius 
of the curved mirrors and shorter focal length of the 
focusing lens might reduce the mode sizes at the focus 
in the nonlinear medium, but this will introduce 
extremely serious astigmatism when the signal beam 
is reflected from a strongly tilted curved mirror with a 
quite small curvature radius. In addition to exact 
synchronous pumping, there are at least two methods 
to realize high-repetition-rate operation of an OPO. 
First, pumping at low repetition rate while using a 
shorter cavity length of the OPO (Lovo) than the 
pump laser (Lp) with Long = Lpm/N, where m and N 
are both integers and m<N, as demonstrated in 
Figure 4a, which is called lower-order synchronous 
pumping. However, applying this technique, the 
signal pulses experience more round-trip losses, also 
resulting in a much higher pump threshold and 
periodically varying intensities of the output pulses. 
Second, pumping the OPO at high repetition rate 
while using a much longer cavity length of the OPO 
than the pump laser with Lopo = LpNém, where m 
and N are both integers and m <N, is called higher- 
order pumping, as demonstrated in Figure 4b, In 
higher-order synchronous pumping, the signal pulse 
train has the same repetition rate as the pump, while 
the mode-matching problem is removed through a 
long OPO cavity. 
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Figure 4 _(a)7-ordersynchronous pumping. Thre signalpulse 
trains (S183) are produced, each having a repetition period (Ts) 
377 thao the pump pulsetrain(P): Ts = 97. The pump repetition 
rate is muitipiod by a factor of 7 inthe signal pulse train (S).(b) 
Fourth-order synchronous pumping at 1 GHz. The signal pulse 
train(S)is a combination offour pulse trains ($1 ~S4), each having 
repetition period (47) 4 times that ofthe pump pulse train (P) 
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Appendix A 


Sellmeier Equations for some Typical 
Crystals and Optical Glasses 


In the equations, m denotes the refractive index; A is 
the wavelength of incident light in um; A, B,C, D, Ay, 
Ay, As, Ay, As, Ag By, By, By, By, oo, ate the Sellmeier 
coefficients; the subscripts X, Y, Z, stand for the 
directions of the principal axes of the biaxial crystals, 
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Introduction 


Modern optical systems find many applications in 
sensing, recording, storage, and transmission of data. 
These applications stimulate the development of 
many new optical devices, components, materials, 
and applied technologies. The basic element of an 
optical system is the light. The physical implications 
of the light in optical systems are very analogous to 
those of electricity, hence, light signals are quite 
similar to electric signals. High-speed spatial light 
components are being developed for more stringent 
applications in coherent optical processing systems, 
where they may be used in the input plane or in the 
Fourier transform plane. Research in this area is 
directed towards the design of robust and compact 
correlators. 

Novel transforms for information processing (also 
known in electronics) include Fourier and wavelet 
transforms. Such optical transformations serve as the 
basic platform for linear optical system processing 
Optical devices and systems for information proces- 
sing include spatial light modulators, which are used 
to implement optical information processing systems. 
There are holographic applications in information 
processing, display systems, memory systems, optical 
computing systems, and imaging systems. Such 
devices and systems are based on applications of 
novel materials for information processing. Optical 


and digital techniques are used for optical system 
design, optical computing, image processing, and 
even for encryption and security systems. 

‘The imaging system is an optical system and 
integrates hardware as well as software. Figure 1 
presents a general model of an extensive imaging 
system. The starting point of the system is the object 
(or the light source). An imaging device, such as 
camera or optical sensor detects the energy radiated 
in electromagnetic waves from the light source. 
‘The image (or series of images — video) formed in 
the imaging device depends on the received irradiance 
of the image propagated through the imaging path 
and is correspondingly diminished from that in the 
object plane. The properties of the optical medium 
(transmission path) such as atmospheric properties, 
background light, motion, and vibration in both the 
object and the image planes, and the quality of the 
imaging device, all affect the quality of the images. 
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Figure 1 General description of an imaging system. 
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There are atmospheric phenomena that give rise to 
attenuation of the irradiance of the propagating 
image, thus reducing the contrast of the final image, 
as well as atmospheric phenomena that cause 
blurring of detail. Both types of phenomena degrade 
image quality. 

Image blurring caused by vibration is a factor 
whose influence on resolution is often significant in 
imaging systems that involve mechanical motion. In 
order to obtain a well processed imaged, as similar as 
possible to the ideal image (the source), image 
processing techniques such as image enhancement, 
restoration, and filtering are implemented in an 
optical processing system which is a combination of 
software (algorithms) and hardware (electronic and 
optical components). The processing procedure 
involves mathematical and especially optical trans- 
formations. The output of the processing system is 
presented by using a display device or hardcopy. The 
development of imaging systems (imaging devices and 
displays) which include integrated optical com- 
ponents and processing units, assist in improving 
image quality at early stages, and as a result reduce 
the need of unique processing systems and may serve 
as the standalone device. 

The key issues which must be addressed in the 
design, evaluation, and implementation of practical 
‘stems for optical processing, are provided here in a 
d review. Thus, the review is focused on 
imaging where considerations such as optical 
transformations, optical computing, effects of diffrac- 
tion, scatter, absorption, and design on the perform- 
ance of optical systems, imaging and the optical 
transfer function (OTF) for image restoration, and 
filtering, are all discussed in detail 


The Fourier transform properties of Fraunhofer 
diffraction permit data processing operations carried 
out optically that can, in many situations, be more 
advantageous than digital signal processing. The 
primary advantages of optical techniques over 
electronic analog and digital signal processing, are 
best realized when the information to be processed 
has two degrees of freedom. Optical systems corre- 
spondingly can have two degrees of freedom. Thus, 
for handling pictorial data, they can be intrinsically 
superior to electric or electronic systems, which 
have only time as an independent variable. This 
two-dimensional (2D) processing property can be 
particularly valuable in radar applications where 
previously velocity and position data had to be 
processed separately in order for sufficient 
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accuracy in the estimation of each set of data to be 
obtained. 

Many of the basic operations that can be 
performed by optical computers can also be done 
with electronic systems. However, if large quantitis 
of wideband data are to be processed, the electronic 
techniques can often be prohibitively expensive and 
time consuming. The optical computer is faster than a 
digital computer because it operates on signals that 
are functions of positions, not time. The input to an 
optical data processor is a pattern of light irradiance 
that varies over some area, not light irradiance that 
varies as a function of time. 

Thus, optical data processing can be very appro- 
priate for such lengthy operations as the calculation 
of complicated Fourier transforms and the processing 
of side-looking radar signals. In addition to mathema- 
tical operations such as differentiation, integration, 
and producing Fourier transforms, the two classes of 
applications for which optical signal processing is 
most often used are filtering and correlation. 


Optical Computing 


Optical computing (OC) means the use of light as a 
primary means for carrying out numerical calcu- 
lations, reasoning, artificial intelligence, etc. The 
history of OC is linked to that of radar systems. OC 
systems received a great push from the invention of 
laser in 1960. In the 1960s, the first schemes for 
all-optical digital computers were proposed. Since the 
1990s, researchers have been pursuing the develop- 
ment of computers based on optical technology, and 
emphasis has shifted to optical interconnection of 
arrays of semiconductor smart pixels. OC provides 
the first in-depth review of the possibilities and 
limitations of optical data processing. The partial 
listing of those points that make OC appealing are 
direct image processing, massive parallelism and 
connectivity, immunity to electromagn 
ference (EMI), speed, size, and cost. There are three 
distinct trends in OC: special purpose analog optical 
systems, general purpose digital optical systems, and 
hybrid optical/electronic systems. 

Innovations such as the electro-optic spatial filter, 
the 2D spatial light modulator, and the variable 
electro-optic mirror provide the fundamental build- 
ing blocks for both analog optical computing (AOC) 
and digital optical computing (DOC) technologies. 
Optical techniques can provide solutions and a 
number of ways of extending the information 
processing capability of electronics. The optical 
processors have to be compatible with existing 
electronic systems. Free space digital optics is one 
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direction that provides some valuable solution, DOC 
requires the use of nonlinear optics. 

AlLoptical processing refers to optically based 
processors employed nonlinear optical resources 
either of liquid crystal spatial light modulators 
(SLMs) or nonlinear interference filters (NLIFs). 
Electro-absorption devices are a bridge between all- 
optical demonstrators and optically interconnected 
smart pixels (logic and local on-chip interconnection 
is electrical whereas chip to chip interconnection is 
optical). Optically interconnected smart pixels have 
several advantages like faster data acquisition and 
low power consumption. A major breakthrough in 
nonlinear optics is essential to increase the use of 
optics within computing and the manufacture of 
optical digital computers. 

An optically bistable device used for photonic 
switching is the self electro-optic effect device 
(SEED). It is the analogous component for the 
transistor in optical processing. A SEED consists of 
multiple clements, biased by an external voltage, 
which creates an external field that shifts the 
wavelength of the onset of absorption, thus varying 
the intensity of the transmitted light. SEEDs rely on 
changes in the optical transmission of a semiconduc- 
tor induced by an applied electric field. SEEDs can be 
configured in pairs (connected electrically) so that a 
beam of light switching one device can cause a 
complementary switch in the transmission of the 
other. Hence, a small change in the intensity of 
one beam can cause a large change in intensity of the 
other. This kind of configuration is known as 
symmetric SEEDs, and acts like an electronic 
flip-flop and permits logic operations NAND and 
NOR to be carried out on pairs of optical input 
signals. With symmetric SEEDs, the higher the input 
optical power, the faster the switching speed. Cellular 
logic image processor (CLIP) is implemented using 
the symmetric SEEDs. CLIP computer architecture is 
designed to permit parallel information processing, in 
which logic operations are performed on each 
clement of the array simultaneously. 


Holography 


Holography is a photogeaphic method of recording 
information (two mutually coherent beams) about 
an object, in which one beam is the object beam and 
the other a reference beam, which enables the 
construction of objects in three dimensions. Holo- 
graphy relies on the encoding of the object 
formation in a set of complex interference fringes 
formed by the interaction of a plane coherent 
reference wave with the wavelets diffusely scattered 
by the object. 


‘The microscopic interference fringes recorded on a 
high resolution photographic plate after development 
and processing become a hologram. Hologram 
applications assist the study of small deformations 
of objects, to replace conventional optical elements 
such as lenses and beamsplitters, for data/information 
storage, and use of photo-refractive materials in 
analog computing, object recognition, and corre- 
lation, ete. 

‘The purpose of recording a hologram is not optical 
data processing but rather a lensless method of 
forming an image. The uniqueness of a hologram as 
compared to an ordinary photographic image, for 
example, is that the latter contains amplitude 
information only. A hologram, because it involves 
interference of the complex field amplitude (CFA) of a 
given scene with a reference beam, records both 
amplitude and phase of the CFA of the given scene as 
seen within its field of view (FOV) by a square-low 
photosensitive device such as a film. 

The film is exposed within its region of linearity 
whereby transmission is proportional to irradiance 
for a given time exposure. The transparency resulting 
from the film is the hologram. To view the holo- 
graphic image, the hologram is illuminated with a 
reference wave, which causes the CFA of the given 
scene (both amplitude and phase) to be reconstructed. 
Since hologram reconstruction involves the CFA of 
the given scene in its entirety, depth information is 
included as well. Furthermore, it is even possible to 
view the holographic scene from different physical 
points of view and to see around objects in the 
scene. This ability, however, is limited by the solid 
angle subtended by the object when the hologram 
is recorded. Hologeam reconstruction cannot 
supply more information than that recorded in the 
hologram itself 


Image Processing 


Figure 1 demonstrates a general behavior of an 
imaging process. The ‘Processing System’ block in 
Figure 1 is expanded and presented in more detail by 
Figure 2, Figure 2 demonstrates in a flow chart, a 
general process occurring within the processing 
system. The input to the processing system is a 
degraded image (or set of images or video signal) such 
as blurred image, noisy image, image with clutters, 
multi-spectral image, etc. The input depends on 
exterior (environmental conditions) and interior 
(optical, electronic, and mechanical) effects of the 
imaging system. It may be generated as an analog 
signal or digital signal. As a result, the output of the 
imaging system is expected to be a processed (filtered, 
enhanced, estimated, restored, cleared, etc.) image. 


72. OPTICAL PROCESSING SYSTEMS 


iia 
Tega soa 

Ohta Sl peg 

errs te poe el 

Cea onsen eget tn ens 

Too tas 

ghee nape 


+" Presentation 
rocessad image >t 
Processed image >! 6 Data analysis and storage 


Figure 2. Image processing. 


Implementations and applications deper 
output obtained by the imaging system. The output 
can be presented by a display device and/or hardcopy. 
The output can be stored for future assignments and 
may also serve for data analysis such as detection, 
recognition, and identification of patterns and other 
details of interest (mapping, target acquisition, 
defects and imperfections in the human body, 
meteorology, security, intelligence, etc.). 

Spatial units are reciprocal to time, and are 
cyclevseconds or Hz. The spatial units are also 
reciprocal to the domain of the information being 
sought. Spatial signals are 2D or even 3D on 
occasions. 2D spatial transforms may actually exist 
physically in the spatial plane. Novel transforms for 
information processing include Fourier and wavelets 
transforms. Such optical transformations serve as the 
basic platform for linear optical system processing. 
Image processing techniques are based on the image 
spatial frequencies. In most techniques the degraded 
image is transformed using an optical transformation, 
as a primary stage before any other process is being 
conducted. Optical (inverse) transformations also 
serve as the last processing tool before the output. 
Practically, optical transformations are involved and 
integrated in most processes related to image 
processing. 

Image processing refers to both digital and optical 
image processing, and also considers algorithms and 
techniques, which are implemented by an integration 
of software and hardware. Image processing is an 
extremely broad field. It considers digital image 
processing, 2D and 3D image processing and pattern 
recognition, real-time processing, neural networks, 
image enhancement/improvement, image restoration, 
estimation, filtering for noise removal, linear and 
nonlinear filtering techniques for variety of 
implementations, optimum filtering, etc. Image pro- 
cessing also include varieties of algorithms such as 


linear and nonlinear algorithms, algorithms for 
pattern recognition, linear and nonlinear techniques 
for pattern recognition, neural networks based 
algorithms, etc. Both optical and_ electronic 
implementations (hardware) are still under investi- 
gation. Nevertheless, image processing based on 
software presents reliable results and hence, can be 
transformed into hardware components, which may 
become an integrated part of the processing 
hardware. 


Optical Transformations 


Mathematical transformations are applied to signals 
to obtain further information from the signal that is 
not readily available in the raw signal. Most of the 
signals, in practice, are time-domain signals in their 
raw format. That is, whatever that signal is measur- 
ing, is a function of time. In many cases, the most 
important information is hidden in the frequency 
content of the signal. The frequency spectrum of a 
signal is basically the frequency components (spectral 
components) of that signal. The frequency 
spectrum of a signal shows what frequencies exist in 
the signal. 

There are many transforms that are widely used, 
often by engineers and mathematicians, in solving 
problems in science and engineering. Fourier, 
Laplace, Hilbert, Wigner distributions, Radon, and 
wavelet transforms, constitute only a small portion of 
a huge list of transforms that are available. Every 
transformation technique has its own area of 
application, with advantages and disadvantages. 


Fourier Transform 


The Fourier transform (FT) is probably the most 
popular linear transform being used. The FT, a 
pervasive and versatile tool, is used in many fields 
of science as a mathematical or physical tool to alter 
a problem into one that can be more easily solved. 
It is used in linear systems analysis, antenna studie: 
optics, random process modeling, probability theory, 
quantum physics, and boundary-value problems 
and has been successfully applied to restoration 
of astronomical data. Some scientists understand 
Fourier theory as a physical phenomenon, not simply 
asa mathematical tool. In some branches of science, 
the FT of one function may yield another physical 
function. The FT, in essence, decomposes or separates 
a waveform or function into sinusoids of different 
frequency which sum to the original waveform. It 
identifies or distinguishes the different frequency 
sinusoids and their respective amplitudes. There are 
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functions for which the Fourier transform does not 
3 however, most physical functions have a FT, 
especially if the transform represents a physical 
quantity. Other functions can be treated with Fourier 
theory as limiting cases. Many of the common 
theoretical functions are actually limiting cases in 
Fourier theory. 


Wavelets 


Wavelets were developed independently in the fields 
of mathematics, quantum physics, electrical engin- 
ering, and seismic geology. Interchanges between 
these fields have led to many new wavelet appl 
cations including image processing. Wavelets are 
mathematical functions that cut up data into different 
frequency components, and then study each com- 
ponent with a resolution matched to its scale. Wavelet 
transforms comprise an infinite set. The different 
wavelet families make different trade-offs between 
how compactly the basis functions are localized in 
space and how smooth they are. Within each family 
of wavelets are wavelet subclasses distinguished by 
the number of coefficients and by the level of 


iteration. 

‘The wavelet transform (WT), which is also a linear 
operation, provides the time-frequency repre: 
tation. Often a particular spectral component occur- 
ring at any instant can be of particular interest. In 
these cases it may be beneficial to know the time 
intervals at which these particular spectral com- 
ponents occur. WT is capable of providing the time 
and frequency information simultaneously, hence 
giving a time-frequency representation of the signal. 
‘The WT was developed as an alternative to the short- 
time FT (STFT). The WT was developed to overcome 
some resolution related problems of the STFT. The 
frequency and time information of a signal at some 
certain point in the time-frequency plane cannot be 
known. What spectral component exists at any given 
time instant is a mystery. Therefore, it is best to 
investigate what spectral components exist at any 
given interval of time. This is a problem of resolution, 
and it is the main reason why researchers have 
switched to WT from STFT. STFT gives a fixed 
resolution at all times, whereas WT gives a variable 
resolution as follows: higher frequencies are 
better resolved in time, and lower frequencies are 
better resolved in frequency. This means that a 
certain high frequency component can be located 
better in time (with less relative error) than a 
low frequency component. On the contrary, a low 
frequency component can be located better in 
frequency, compared to high frequency component. 


Wavelet versus Fourier Transforms 


Both transforms are linear and the mathematical 
properties of the matrices involved in the transforms 
are similar, The inverse transform matrix for 
both transforms is the transpose of the original. 
Wavelets have advantages over traditional Fourier 
methods in analyzing physical situations where the 
signal contains discontinuities and sharp spikes. 
‘The most interesting dissimilarity is that individual 
wavelet functions are localized in space, Fourier sine 
and cosine functions are not. This localization 
feature, along with wavelets localization of 
frequency, makes many functions and operators 
using wavelets ‘sparse’ when transformed into the 
wavelet domain. This sparseness, in turn, results in a 
number of useful applications such as data com- 
pression, detecting features in images, and removing 
noise from time series. One way to see the time- 
frequency resolution differences between the FT and 
the WT is to look at the basis function coverage of the 
time-frequency plane. In order to isolate signal 
discontinuities, some very short basis functions are 
needed. At the same time, in order to obtain detailed 
frequency analysis, some very long basis functions are 
needed. A way to achieve this is to have short high- 
frequency basis functions and long low-frequency 
ones. This happy medium is obtained with WT. FT 
utilizes just the sine and cosine functions (single set of 
basis functions). Therefore, its new domain contains 
basis functions that are sines and cosines. On the 
other hand, WT includes an infinite set of possible 
basis functions. Hence, its new domain contains more 
complicated basis functions called wavelets, mother 
wavelets, or analyzing wavelets. The basis functions 
are localized in frequency, making mathematical tools 
such as power spectra and scalegrams useful at 
picking out frequencies and calculating power 
distributions. Thus wavelet analysis provides 
immediate access to information that can be obscured 
by other time-frequency methods such as Fourier 
analysis. 


Physical Properties and Analog/Digital 
n Processing in Nonideal 


The weakest link in most imaging systems is time 
varying distortions, such as the Earth’s atmosphere, 
motion, or vibrations. To obtain clear imaging 
through time varying distortions, it is useful to 
characterize the physical degradation phenomena 
using an OTE, It is often important to use the 
appropriate filter based on the OTF magnitude, 
modulation transfer function (MTF), to correct 


How to Use It 


Commonly Used Abbreviations 


Vprm Maximum repetitive forward voltage 
that may be applied to the anode while no 
voltage is applied to the gate (i., when the 
SCR is not in conductive mode). 


Veam Maximum repetitive reverse voltage 
that may be applied to the anode while no 
voltage is applied to the gate (ie, when the 
SCR is not in conductive mode). 


V;m Maximum on-state voltage while the 
SCR is in conductive mode. T indicates that 
this value changes with temperature. 
Vey Forward maximum gate voltage. 


Ver Minimum gate voltage required to trig- 
ger. 

Veo Maximum gate voltage that will not trig- 
ger. 

loam Peak repetitive forward blocking cur- 
rent (i, maximum leakage). 

Ina Peak repetitive reverse blocking current 
(ie, leakage in the off state). 

lem Maximum forward gate current. 

yams) Maximum RMS current between 
anode and cathode while the SCR is in con- 
ductive mode, T indicates that this value 
changes with temperature. 

yay) Maximum average current between 
anode and cathode while the SCR is in con- 
ductive mode. T indicates that this value 
changes with temperature. 

lor Maximum gate current required to trig- 
ger. 

| Typical holding current. 

|, Maximum latching current. 

T; Casetemperature, usually expressed as an 
acceptable range. 

T, Operating junction temperature, usually 
expressed as an acceptable range. 


emicond 


> thyristor > SCR 
Surface-mount variants may tolerate maximum 
anode-cathode currents that typically range 
from 1 to 10A. Maximum voltages as high as 
500V are allowed in some cases. Leakage in the 
“off” state may be as high as 0.5mA or as low as 
SUA. Gate trigger voltage is likely to range from 
O.8V to 1.5V, and trigger current of 0.2mA to 
15mA is typical. 


Through-hole variants may be packaged in 
0-92 format (like discrete transistors) or, more 
commonly, in TO-220 format (like a typical 1A 
voltage regulator). They may be rated for a max- 
imum of 5A up to 50A, depending on the com- 
ponent, with maximum voltages ranging from 
50V to S00V. Leakage is similar to surface-mount 
variants, The gate trigger voltage is typically 
around 1.5V, and trigger current ranges from 25— 
50mA. 


A stud-type SCR may have a maximum 50A to 
500A currentrating, although somecomponents 
ate capable of tolerating even higher values. 
Maximum voltages of SOV to S00V are possible, 
Leakage is likely to be higher than in other for- 
mats, with SmA to 30mA being common. The 
gate trigger voltage is typically 1.5 to 3V, and 
trigger current may range from around 50mA to 
200mA. 


How to Use It 


Although other applications are possible, 
practice SCRs have two main applications: 


+ Phase control, which interrupts each posi- 
tive phase of an AC power supply. It can 
moderate the speed of a motor or the heat 
generated by a resistive load. 

+ Overvoltage protection, This can safeguard 
sensitive components in a circuit where 
there isa DC power supply. 


SCRs are often incorporated in ground-fault ci 
cuit interruptors (although not usually as di 
crete components) and in automotive ignition 
systems, 
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(restore) the degraded image (using software or 
hardware). On the other hand, it may be useful to 
incorporate real-time phase correction into the 
imaging system such as adaptive optics. 


Optical Transfer Function for Incoherent Imaging 


In electronics, the transfer function is redefined as the 
Fourier transform of the impulse response. The OTF 
is defined similarly, but is normalized to its own 
maximum value which normally occurs at zero 
spatial frequency, that is: 
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where S(w,,0,) is the FT of the spread function or 
impulse response s(x',y). Ordinarily, for artificial 
imaging systems, the OTF is maximum at zero 
frequency. The magnitude of the OTF is called the 
MTF. The name refers to spatial modulation of light 
irradiance. If there is no such modulation, irradiance 
is uniform and there is no image. Thus, spatial 
modulation is related to image quality and MTF is a 
measure of the ability of an imaging component or 
system to transfer such spatial modulation from input 
(object plane) to output (image plane). 

There is also a phase transfer function (PTF) 
whose importance in resolution is not nearly as 
widespread as that of MTF but which, nevertheless, 
cannot be neglected. Spatial phase determines image 
position and orientation, rather than amount of 
detail. If a target is displaced bodily in the image 
plane such that each part of the target image is 
displaced by the same amount, the target image is 
not distorted. However, if portions of the target 
image are displaced more or less than other portions, 
then the target image is distorted. This information 
is contained in the PTF. 

The physical implications of the OTF are very 
analogous to those of electronics transfer functions. 
Both permit determination of output for any given 
input. In both cases, since the FT of the delta function 
isa constant (unity) amplitude, a delta function input 
permits indication of the frequency response of the 
‘stem, that is, which frequencies pass through the 
‘stem unattenuated and which are attenuated and by 


how much, Perfect fidelity or resemblance between 
input and output requires infinite bandwidth so that 


an impulse function is obtained at output for impulse 
function input. In imaging, an impulse formation at 
output is a point image. This means that, to obtain a 
point image for a point object, infinite spatial 
frequency bandwidth is required of the imaging 
system. Physically, this means that because of 
diffraction effects optical elements such as lenses, 
field stops, and mirrors must be of infinite diameter so 
as to eliminate diffraction at the edges. This, of 
course, is not attainable. 


Pixel Modulation Transfer Function 


To measure the point spread function (PSF), it is 
important to determine which size object can be 
considered a point object. This is affected primarily 
by instrumentation pixel size. The pixel is the smallest 
element recordable in image space. The brightness 
value represents average irradiance over that small 
portion of the image scene. Pixel size is often related 
to detector size. If only a portion of the detector is 
illuminated, the output current is equivalent to that 
obtained for the same total radiant power absorbed 
by the detector but averaged over the entire detector 
area. No detail smaller than a pixel can be resolved in 
the image. In practice, dead space between pixels 
violates isoplanaticism (spatial stationarity), which is 
a requirement for linear systems. Nevertheless, dead 
space is small and such effects are often neglected in 
image system characterization. However, it is 
possible to overcome distortions in MTF measure- 
ments arising from this lack of isoplanaticism by 
using a ‘white’ spatial noise random object. This 
gives rise to a white noise random image. The ratio of 
the image power spectral density to object power 
spectral density is equal to the square of the system 
MTF, In this way the lack of isoplanaticism is 
overcome by the spatial randomness of the object 
and image. 

Pixel size strongly affects system MTF. If a pixel 
represents a point image, then pixel size and shape are 
minimum spread function. A best case OTF for such 
an imaging system is then a normalized FT of the pixel! 
shape. For example, a square pixel yields a two- 
dimensional sinc MTF whose width increases as pixel 
size decreases. 


Optical Transfer Functions for Image Motion 
and Vibration 


Image blurring caused by vibrations is a factor whose 
influence on resolution is often significant in imaging 
systems that involve mechanical motion. A stabilized 
system, which obtains image motion corrections 
by moving optical elements so as to counteract 
sensor motions, has a residual error typically on the 
order of 2500 prad/s involving pitch, roll, yaw, and 
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forward motion compensation errors. The greatest 
errors usually result from rotational vibration. A 
stabilized mount-type system has a combined error 
typically on the order of 100 prad/s. Even where 
no motion is involved, as in large fixed-position 
astronomical telescopes, vibrations deriving from 
thermal gradients in the walls and other parts of the 
telescope can be the limiting factor in image 
resolution. 

As a consequence of such image motion, in many 
high-resolution systems, despite the use of high- 
quality sensors, resolution is limited by image motion 
and, as a result, the high-resolution capability of the 
sensor may be wasted. It can be a significant waste of 
means to use an expensive high-resolution sensor in 
such a situation unless the blur can be corrected with 
image restoration. In imaging system design, a 
convenient engineering tool is OTF. The overall 
system OTF is limited by the OTF of the weakest 
link. The formulation of such image motion blur into 
an OTF format is thus very convenient for system 
design and system analysis purposes, as well as for 
image restoration. 

OTFs can describe image quality for many 
forms of image motion such as linear (uniform) 
motion, sinusoidal vibrations at high vibration 
frequencies, sinusoidal vibrations at low vibration 
frequencies, acceleration, etc. The OTF for any type 
of image motion can be calculated numerically in 
real time provided the motion function is known. 
This is usually determined easily via a gyroscope or 
microelectronic accelerom 

In general, the motion of interest is not the actual 
relative motion between object and imager, but 
rather the relative motion between imager and 
image plane. The latter motion is that observed in 
the image plane. Both of these motions are related to 
each other by the image system magnification. 
Hence, image plane relative motion is usually much 
less than the actual relative motion. However, any 
motion during an exposure gives rise to blurring of 
image plane detail. One question to be considered is 
how much blur can take place as a result of motion 
and still not be noticeable because of inherent blur 
deriving from the PSF of the rest of the imaging 
system. In other words, assuming that image motion 
and vibration blur cannot be removed completely, 
how much is tolerable before resolution and target 
acquisition capability are affected? This depends on 
focal length and system zoom. 

A general method of OTE calculation is obtained by 
the line spread function (LSF) derived from image 
motion transverse to the optical axis. The MTF is 
derived as the modulus of the MTF or FT of the LSF, 
and the PTF is derived asthe phase of the OTE. The LSF 


is the probability density function (PDF) of the 
histogram of the relative transverse displacement 
between object and sensor beginning at time f, and 
ending at time t, + f, where f, is measured from the 
instant the sensor is first exposed and f. is exposure 
time. 

Recently a method of calculating motion OTF 
analytically has been developed for any type of 
motion. Also, methods to calculate motion OTF 
without a motion sensor have been derived for a 
sequence of consecutive images and even from a 
single motion-blurred image. All three methods have 
been used successfully in image restoration. 


Optical Transfer Functions for the Atmosphere 


Many properties of the atmosphere affect the quality 
of images propagating through it. There are atmos- 
pheric phenomena that give rise to attenuation of the 
irradiance of the propagating image, thus reducing 
the contrast of the final image. There are also 
atmospheric phenomena that cause blurring of detail. 
Both types of phenomena prevent small detail from 
being resolved in the final image, thus degrading 
image quality. 

Electromagnetic (EM) wave absorption and scat- 
tering by the constituent gases and particulates of the 
atmosphere and airborne particulates give rise to 
attenuation. Scattering of photons by airborne 
particulates is manifested as deflections of the 
photons to directions other than that of the original 
propagation. If such scattering causes the deflected 
photons to miss the imaging receiver, then the 
scattering is manifested as attenuation. The received 
irradiance of the image propagated through the 
atmosphere is correspondingly diminished from that 
in the object plane. However, if the light scattering is 
at very small angles with respect to the original 
direction of the propagation, and several such small- 
angle scattering events take place, then forward- 
scattered radiation can take round-about paths and 
still be received by the imaging system together with 
the unscattered radiation. The net effect is image 
blurring caused by a multitude of angles of arrival at 
the imaging receiver of radiation emanating from the 
same point in the object plane. Many multiple- 
scattering paths give rise to a relatively large 
blurred-point image rather than a fine sharp-point 
image. Adjacent image plane points can then appear 
for a single object plane point, thus degrading image 
resolution. Such aerosol scatter blur is known as the 
adjacency effect. 

Another effect of light scattering, particularly at 
large angles, is increased path radiance. The atmos- 
pheric background irradiance at wavelengths less 
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than 2—4 um, consists through the day of scattered 
background light such as sunlight. This atmospheric 
background radiation is imaged over the same 
image space as the received irradiance from the 
target plane. The result is decreased contrast of 
the target plane scene. At wavelengths larger than 
4m, most of the path radiance is not scattered 
sunlight, but rather thermal emission of the atmo- 
spheric constituents, gases in particular. This thermal 
path radiance decreases contrast in thermal imaging 
systems, particularly in the longwave infrared 
(8-13 pm). 

Turbulence results from variations in the atmos- 
pheric refractive index, which are random in both 
time and space. These refractive index fluctuations 
are caused by local fluctuations in atmospheric 
temperatures, pressure, humidity, etc., all of which 
are affected by wind speed, which in itself is also 
random in time and space. Generally, the larger the 
temperature and humidity gradients, the more serious 
the image resolution degradation caused by turbu- 
ence. The lower the wind speed, the stronger the 
impact of turbulence. Scattering and turbulence are 
basically two very different physical mechanisms, 
each exhibiting quite different properties. Time 
dynamic properties such as scintillations and image 
dancing derive from turbulence, while aerosol scatter 
light changes only slowly with time. 

‘A point that must be strongly emphasized is that 
there is no such thing as a purely turbulent, purely 
scattering, or purely absorption atmosphere. All three 
properties occur simultaneously in the real-world 
atmosphere. Modeling and interpretation of experi- 
mental results must relate to all three processes. Any 
attempt to pretend otherwise is not realistic. In 
general, blur is caused by turbulence and small- 
angle scatter of light by aerosols and particles. 
Attenuation is caused by large-angle scatter and by 
absorption. 

Generally turbulence blur is dominant for images 
near the ground, where ground heating gives rise to 
the turbulence. Aerosol blur is usually dominant at 
higher elevations, even as little as several meters 
above ground, depending on weather conditions and 
wavelength. 

The product of both aerosol and turbulence 
MTFs (in the spatial frequency domain, after FT) 
yields approximately atmospheric MTF. The atmos- 
pheric MTF can be predicted according to 
atmospheric (meteorological) parameters. Aerosol 
MTF calculation is based on optical depth, which 
includes parameters such as scattering and absorp- 
tion coefficients through the atmosphere over the 
imaging path. Turbulence MTF calculation is based 
on the refractive index structure coefficient, which 


includes parameters such as temperature, humidity, 
wind speed, ete. 

By referring to the edge response in a gi 
scene the atmospheric MTF may be calculated. 
The edge separating the wide white and black bars 
is imaged from the scene. The image of the edge is 
not a step function because of atmospheric blur. 
The gradient of the edge image is the LSF, from 
which the overall atmospheric MTF can be 
obtained after the FT of the LSF is divided by 
the hardware MTF. 


Spatial Filtering 


Spatial filtering is a process by which we can alter 
properties of an optical image by selectively 
removing certain spatial frequencies that make up 
an object, for example, filtering video data received 
from satellite and space probes, or removal of 
raster from a television picture or scanned image. 
In digital image processing, the term image refers 
to a two-dimensional light-intensity function, 
where amplitude at spatial coordinates (x,y) 
gives the intensity (brightness) of the image at 
that point. 

Digital image processing techniques are oriented to 
transform, enhance, restore, or encode an image. 
Digital image restoration is on the basis of the OTF or 
even MTF alone describing the image degradation. 
Resolution is limited usually not by electronics or 
optics, but by image motion and vibration. For long- 
range imaging, the image quality may be limited by 
atmospheric effects. 

By image restoration filters we refer primarily to 
spatial frequency filters placed in the spatial fre- 
quency plane in the optical data processor. Although 
data processing is done optically, the same math- 
ematical concept is usually carried out with a digital 
computer. It is also possible to do restoration in the 
spatial domain. The simplest image restoration filter 
is the inverse filter. When noise becomes a problem, 
there are often used three classes of minimum mean 
square error estimations (MMSEE), which are the 
noncausal Wiener filtering, causal Wiener filtering, 
and Kalman filtering. Kalman and Wiener filters are 
proposed to obtain the optimum solution for the 
MMSEE problem in linear systems. Wiener filters are 
applied in linear time invariant systems, and Kalman 
filters in linear systems which may be either time 
invariant or time variant. A novel area of application 
for Wiener filtering is image restoration. On the other 
hand, if the estimation processes are partial and an 
ideal image is not obtainable, a Kalman filter 
may present better restoration results than a 
Wiener filter. 
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Figure 3 An example for satelite image restoration. (a) Original image of Beer-Sheva, Israel, from Landsat 7 satelite; (b) restored 
image aftar Kalman iter using aerasol and turbulence MTFs. Repraduced with permission of the American Socily for Phatagrammetry 
and Remote Sensing from Arbel D, Cohen E, Citroen M, Blumberg DG and Kopeika NS (2004) Landsat TM satelite image restoration 
using Kalman fiters. Photogrammetric Engineering and Remote Sensing (PEBRS) 70(1): 91-100. 


Figure 3 demonstrates the restoration result for a 
satellite image. Figure 3a presents an original 
Landsat 7 enhanced thematic mapper plus (ETM+) 
image of the city of Beer-Sheva, Israel. The image was 
recorded from 750 km satellite elevation. The image 
was recorded using an ETM+ sensor with 15m 
ground resolution, and its wavelength range is 
20-900 nm (Panchromatic band). Figure 3a is of 
256 x 256 pixel size, which is a segment defined as 
a region of interest (ROI) in the original image. 
‘The scene was recorded on August 7, 1999 and was 
degraded (blurred) as a result of the meteorological 
conditions, which were measured and recorded 
(as data) at the same time, Figure 3b shows the 
restored image using the Kalman filter, which was 
based on the atmospheric MTF, which is obtained by 
using aerosol MTF with turbulence MTF. The 
restored image (Figure 3b) is more detailed. For 
example, roads and buildings were deblurred and 
became more accurate than in the original image 
(Figure 3a). 


See also 


Environmental Measurements: Optical Transmission 
land Scatter of the Atmosphere. Fourier Optics. Holo- 
graphy, Techniques: Computer-Generated Holograms. 
Quantum Optics: Quantum Computing with Atoms. 
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Introduction 


The concept of radiation pressure or pressure from 
the propagation of light is not new. In the early 
seventeenth century, Johannes Kepler proposed that 
radiation pressure from the sun accounted for the fact 
that tails of comets always point away from the sun 
In 1873, James Maxwell, on the basis of electromag- 
netic theory, showed that pressure should result from 
the absorption or reflection of a beam of light. 
However, early studies in the beginning of the 
twentieth century that attempted to detect and 
quantify the effects of radiation pressure were 
unsuccessful, mainly frustrated by thermal forces 
from temperature gradients that tended to obscure 
the weak effects of radiation pressure. It was only in 
the 1960s, that the advent of lasers provided a light 
source with the power to generate sufficient radiation 
pressure to overcome forces due to thermal effects. 

As lasers became generally available in the early 
1970s, Arthur Ashkin from the Bell Labs pioneered 
the development of optical tweezers. He showed that 
the forces of radiation pressure from focused laser 
beams could be used to affect the dynamics of small 
transparent micrometer-sized particles. According to 
Ashkin, his early experiments were motivated by 
simple back of the envelope calculations of the 
magnitude of the radiation pressure force of light 
on a totally reflecting mirror. Let us consider such 
a calculation: a photon of frequency w has a 
momentum of falc. For a total power of I, we have 
a flux of I/tw photons per second incident on the 
mirror. When the photons are reflected, they 
transfer a momentum of 2I/c to the mirror. 
1W, is 
approximately 10-° N. If the mirror is a 1 wm size 
particle weighing 10” kg, this force will induce an 
acceleration of 10° gt 

In the following decade, Ashkin demonstrated that 
by focusing laser light using a high numerical aperture 
microscope objective, strong intensity gradients could 
he created to optically trap small dielectric particles 
such as microspheres, Ashkin named this trapping 
scheme a ‘single-beam gradient force trap’, now more 
commonly called optical tweezers. 

Today optical tweezers are well-established and 
extremely versatile tools for the physical and life 


The force exerted on the mirror for I 


sciences. Using optical tweezers, forces up to 200 pN 
can be applied with a resolution of 100aN on 
particles with dimensions on the order of the 
wavelength of light. Even particles as small as 5 nm 
can be trapped, rotated, positioned, and arrayed. 
Optical tweezers have been used in single molecule 
studies of biopolymers (DNA, RNA), in the manipu- 
lation of various types of cells and in cell sorting, in 
microsurgical procedures, as well as in viscoelastic 
studies of membranes, and protein, Optical tweezing 
has also been the key tool in the understanding of the 
workings of molecular motors such as myosin, 
kinesin, RNA polymerases, etc. 


Theory 


Optical tweezers trap dielectric particles using radi- 
ation pressure generated by a tightly focused beam of 
light from a laser. Depending on the size of the particle 
in relation to the wavelength of the trapping beam, 
there are two different mechanisms responsible for 
trapping small particles in a single beam gradient trap. 
For particles in the Mie regime, where the particle size 
is large compared to the laser wavelength, a simple 
geometric-optics model serves best. Figures lac, 
illustrate possible cases of a Mie particle in an optical 
trap. Here, the particle is assumed to bea sphere that is 
transparent with a refractive index higher than that of 
the surrounding medium. The particle behaves as a 
convergent lens refracting and deflecting the beam 
when its center is displaced from the laser focus. In 
Figure 1a, the sphere is axially displaced from the 
focus, away from the microscope objective, Ray A is 
then refracted toward the surface normal as it enters 
and exits the sphere, causing a change in the 
momentum of the ray. Due to conservation of 
momentum, the sphere reacts with a force F, in the 
opposite direction. The situation is similar for ray 
B. The gradient force, F, obtained from the vectorial 
addition of F, and Fi, is directed toward the light 
source. At the same time, the scattering force, arising 
from back and scattered reflections, is directed away 
from the light source. It can be seen that above the 
focal point, the scattering and gradient forces act in the 
same direction, pushing the particle away from the 
light source (Figure 1b). For a particle in the focal 
plane, but transversely displaced from the trap center, 
the gradient force acts in a restoring direction pushing 
the head into the trap focus (Figure 1c). At a location 
just below the focus, the scattering force balances the 
gradient force and stable optical trapping is achieved. 
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Figure 1 Ray diagram sketches showing three cases of particle trapping in the Mie regime. Rays A and B border the cone of light 
{focused by a high numerical aperture microscope objective. The refraction of these rays gives rise to forces F, and Fr, the resultant 
{force Ftends to restore axial ad transverse displacements of the particle from the trap focus (at the intersection of dotted rays A and). 


This simple ray optics model can also be used to 
estimate the trapping force, an example of such a 
calculation is shown in Box 1. 

For dielectric particles in the Rayleigh regime, 
where the size of the particle is small compared to the 
wavelength of the incident light, the particle acts as a 
simple dipole, The electromagnetic light wave 
polarizes the particle, inducing a set of oscillating 
dipoles. The dipoles respond to the electric field of the 
incident light in the direction of the gradient, 
resulting in the movement of the particle towards 
the focal point. Additionally, there is also a scattering 
force, acting in the direction of beam propagation, 
from light that is scattered or absorbed. While the 
scattering force is proportional to the electromagnetic 
ficld, the gradient force is proportional to the gradient 
of the electromagnetic field. Therefore, stable optical 
trapping can be achieved for a field with a gradient 
large enough to overcome the scattering force. This 
can be obtained by using a microscope objective with 
a high numerical aperture. 

Stable trapping is achieved when the energy 
associated with the trapping significantly exceeds 
the thermal energy of the trapped particle, $k,T per 
degree of freedom. Since the optical gradient is 
weakest in the axial direction of the trap, the trap 
stiffness in this direction limits its stability. Further- 
more, the trap is weakened in the axial direction by 
the scattering force, which pushes the microsphere 
away from the objective. To overcome this, two 
counterpropagating laser beams can be used, not only 
to increase the axial gradient of the trap, but also to 
provide a compensating scattering force in the 
opposite direction, 


Force Measurement 


Optical tweezers can be used as picotensiometers 
or highly sensitive force sensors. Measuring the 


displacement of a particle in a trap with known 
stiffness k, yields the force F given by 


Fo-kx i 


The displacement can be measured in different ways, 
ranging from video microscopy to light-scattering 
techniques. Some of these methods are discussed in 
the instrument design section below. 

The trap stiffness is generally not known a priori as 
it depends on the shape and intensity of the trap, as 
well as the relative refractive index, shape, and 
position of the object in the trap. Since theoretical 
approximations are usually not accurate enough, the 
trap stiffness must be empirically determined and 
calibrated, 

Various force calibration strategies have evolved 
over the years, however, they can be broadly divided 
into two types: (i) schemes that rely on the interaction 
of the optical trap with viscous forces; and (ii) those 
that exploit the thermal fluctuations of the trapped 
object. 


Force Calibration by Viscous Drag 


The conceptual basis for calibration by viscous drag is 
simple. A known force is exerted on a trapped object 
and the deviation in its position is measured as a 
function of the applied force. The trap stiffness can 
then be calculated from eqn [1]. Force can be exerted 
hy either flowing liquid past the trapped object, 
translating the microscope stage while keeping the 
trap fixed, or translating the optical trap while 
keeping the sample fixed. 

Ina situation where the Reynolds number is small, 
inertial forces can be neglected and Stokes’ Law gives 
the viscous drag force on a sphere of known radius 7: 


Fy = (6amv= pv 21 
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Box 1 


Optical Tweezers in the Ray Optics Model 


Ina simple ray optics model, the trapped microsphere acts like a small lens on the incident laser beam. If 
the microsphere is not centered on the beam axis, the beam will be refracted. The corresponding change 
in the momentum of the laser beam gives rise to a restoring force on the microsphere. 


Figure BI 


A photon of frequency in a medium of refractive index 1 that is deflected by an angle 8, as shown in 
Figure B1, acquires a lateral momentum of 
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Momentum conservation requires a counteracting force on the microsphere, which is for a laser beam of 
intensity [ 
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Assuming that the deflection angle @ is given by the deflection of a beam that is incident on biconvex lens 
with curvature R and refractive index m at an off-axis displacement Ax, we find for the restoring force on 


the microsphere: 
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which describes a linear spring with a stiffness of the optical trap of 
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Here, 1, the viscosity of the sample fluid, is known 
and immediately allows the determination of the 
friction coefficient B of the sphere. The fluid velocity, 
y, can be measured in the case of external fluid flow 
by either tracking the trapped object when the trap is 
switched off or measuring the speed of some other 
marker in the sample. If the stage is moved to 


generate the fluid flow, the velocity of the fluid 
surrounding the trapped object can be estimated from 


the motion of the stage. In either case, the drag 
coefficient, from eqn [2] may need to be corrected if 
the trapped object is close to the walls of the sample 
cell, This correction is well known as Faxen's Law, 
which accounts for hydrodynamic interactions 
between the trapped particle and the wall. 
These effects are particularly significant when the 
center of the trapped particle is less than a diameter 
away from the wall. The advantage of these fluid-flow 
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calibration methods is that the trap stiffness at regions 
far from the trap center can be measured. The 
drawback is that, in general, only transverse trapping 
forces can be measured and the trapped objects have 
to be approximated as spherical or ellipsoidal. 


Thermal Motion Methods 


These methods measure the Brownian motion of a 
trapped particle to deduce the trap stiffness. A 
trapped particle experiences three forces: (i) the 
thermal forces due to collisions with surrounding 
solvent molecules; (ii) forces from viscous drag; and 
(iii) the restoring force of the trap, For low Reynolds 
numbers, where the inertial effects can be neglected 
for the microsphere, the equation of motion is 


Bi + ke = Fit) BI 


Where Bis the viscous drag, k is the trap stiffness, and 
F(d) is a randomly fluctuating Langevin force due to 
thermal fluctuations, This motion of the microsphere 
in the trap at a temperature T is characterized by a 
Lorentzian power spectrum of the form: 


2 AT 
1 2B +P) 


l4) 


where fo = k/(2mB) is the corner frequency, above 
which the motion of the particle is Brownian, 

To calibrate the optical trap by the corner 
frequency method, the motion of a trapped particle 
is observed and its power spectrum, which is the 
Fourier transform of the autocorrelation function, is 
calculated. Fitting the power spectrum to a Lorent- 
xian function will yield the corner frequency fo, which 
can be directly related to the trap stiffness k, provided 
that the drag coefficient can be estimated. 

Alternatively, the trap stiffness can he obtained 
directly from the time constant of the exponential 
decay of the autocorrelation function of the 
particle motion. The spring constant is the ratio 
of the drag coefficient to the time constant of the 
trap. 

Another approach known as the mean square 
displacement method does not require the estimation 
of the drag coefficient but does require a well- 
calibrated position detector, In this method, the 
mean square displacement (x) of the fluctuations of 
a trapped particle is computed from position data and 
then by the Equipartition theorem: 


(2) = by Tih (51 


This enables a simple, straightforward calculation of 
k, the trap stiffness. 


Optical tweezing stations broadly fall into three 
categories: (i) stand-alone systems; (ii) systems 
incorporating an optical microscope; and (iii) com- 
pletely configured commercially available systems. 
Stand-alone systems feature optical tweezers built 
around a microscope objective and suitable optical 
components. These systems provide the maximum 
flexibility and can be easily reconfigured to adapt to 
different experimental needs. Furthermore, they also 
tend to provide the best mechanical stability, if 
configured properly. Figure 2a shows a picture of a 
stand-alone optical tweezing setup from our labora- 
tory. This system is capable of the basic tasks of 
trapping, holding, and positioning microscopic 
objects. The most common optical tweezing stations 
are integrated into commercial light microscopes as 
sketched in Figure 3. The advantage of these hybrid 
systems is that the commercial microscope provides a 
flexible, optimized optical imaging platform, in 
which the optical trapping system can be integrated 
with only moderate difficulty. Figure 2b shows a 
picture of a typical optical tweezing station built 
around a commercial inverted microscope and 
mounted on a vibration—isolation table, This system 
includes an acousto-optic modulator that enables 
beam scanning for line-tweezing experiments. At the 
time of this writing, optical tweezing systems range 
from less than $10 000 for basic demonstration 
stations to between $50 000 to $100 000 for more 
sophisticated hybrid systems. 

Commercial fully integrated systems are available 
from P.A.L.M. Microlaser Technologies AG (Bern- 
ried, Germany), Cell Robotics, Inc (Albuquerque, 
NM, USA), and Arryx (Chicago, IL, USA). Figure 2c 
shows a commercial optical tweezers set-up available 
from P.A.L.M. Microlaser Technologies. 

‘When designing an optical tweezing station, the 
first item to consider is the choice of laser system. A 
simple single beam tweezing system can be built 
around a laser with less than 100 mW of power. Even 
though the minimum power required for trapping is a 
few milliwatts in the laser focus, there is considerable 
power loss in the tweezing and microscope optics. 
Also, the trap stiffness and thus the maximum 
trapping force decreases linearly with intensity, 
therefore most optical tweezers typically use lasers 
with an output power of 1W. In some special 
applications, when beam scanning or multiple traps 
are required, the power requirement can be signifi- 
cantly larger. The wavelength of the laser also affects 
the capability of the trap in that the optimum 
wavelength depends on the size of the objects that 
are to be trapped. In general, the strongest traps occur 
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Vibration olation table 


Data acquisition 
system 


‘Quadrant photo diode 


Figure 3 A sketch showing the instrumentation of atypical optical 


for particles of size comparable to the wavelength of 
the laser. Another important concern in the choice of 
wavelength is possible damage to the sample from 
absorption and heating. In general, biological 
material is more transparent to the longer wave- 
lengths of the IR spectrum, Studies on living cells have 
shown that generally, a range of wavelengths of 
700nm to 1100 nm, termed ‘the optical window’ 
of cells and tissue, is most suitable. Importantly, at 
higher wavelengths there is a reduced possibility 
of damage from multiphoton effects. DNA (260 nm) 
and proteins (280 nm) are strong absorbers in the 
ultraviolet range. Due to multiphoton effects, wave- 
lengths between 700-800 nm have been seen to affect 
cell metabolism and lead to cell death within seconds. 
However, at wavelengths greater than 1000 nm, the 
simultaneous absorption of four photons required is 
unlikely at typical laser intensities used in trapping 
experiments. 

The beam quality of the laser also restricts the 
choice of laser system. Diode lasers, in particular, 


‘weezing system Incorporated into a commercial microscope. 


have poor beam quality since the beam is often 
elliptical in shape and astigmatic, leading to a larger 
inefficient trap. Over the years, Nd-YAG lasers, at 
1064 nm, have emerged as the lasers of choice, 
providing the best balance between price, power, 
and quality. 

To achieve stable trapping itis essential to create an 
optical potential in which the gradient forces dom- 
inate the scattering force as discussed in the 
Theory section above. This suggests that the higher 
the numerical aperture (NA) of the microscope 
objective the stronger and more stable the trap will 
be. Oil or water-immersion microscope objectives 
with NA> 12 are commonly used. Further, this 
requirement also implies that the back aperture 
(rear entrance) of the microscope objective needs to 
be completely filled or, in the case of a Gaussian 
beam, overfilled to a’ certain degree to achieve 
optimal trapping efficiency. Since most commercial 
objectives are corrected for achromatic and spherical 
aberrations in the visual region of the spectrum, only 


Figure 2 (a) A stand-alone tweezing station bult around a microscope objective mounted on a vibration isolation table. (b) A typical 
‘weezing station incorporated into a standard commercial microscope. This setup features dual-steerable optical traps and includes a 
‘CCD camera. Position detecting instrumentation can be mounted on the existing microscope stage. (c) The commercially available 


PALM® Combisystom utiizes an I laser (wavelength 1064 nm) and 


{2 UV laser (wavelength 377 nm) coupled via the epifluorescence 


path toa research microscope. The system advertises automated and noncontact laser microdissection as wall as trapping, sorting, and 
positioning. (Figure 2: (c), courtesy of P.A.LM. Microlaser Technologies, Bemntied, Germany.) 


discrete semiconductor> thyristor > SCR 
Phase Control 

Phase control is a convenient way to control or 
limit the AC power delivered to a load by abbre- 
viating each pulse in the AC waveform. This is 
done by adjusting the gate voltage so that the 
SCR blocks the first part of each positive phase, 
then conducts the remainder, and then stops 
conducting below its holding level. The SCR will 
then block the reversed flow in the negative 
phase of the AC waveform, but an additional SCR 
with opposite polarity can be added. 


This is a form of pulse-width modulation. It is 
highly efficient, as the effective internal resist- 
ance of the SCR is either very high or very low, 
and the component does not waste significant 
energy in the form of heat. 


On a graph showing the fluctuating voltage of 
an AC waveform, a single cycle is customarily 
divided into four stages:(1)zero voltage, (2) max- 
imum positive voltage, (3) zero voltage, (4) min- 
imum negative voltage, all measurements being 
made between thelive side of the supply andthe 
neutral side of the supply. 


The cycle then repeats. Its transitions are often 
referred to as phase angles of 0 degrees, 90 de- 
grees, 180 degrees, and 270 degrees, as shown 
in Figure 1-11, 


The fluctuating voltage in an AC power supply is 
proportional with the sine of the phase angle. 
This concept is illustrated in Figure 1-12. If an 
imaginary point (shown as a purple dot) is mov- 
ing in a circular path counterclockwise at a con- 
stant speed, its vertical distance (shown in green) 
above or below the X axis (horizontal centerline) 
can represent an AC voltage corresponding with 
the angle (shown as purple arcs) of the circle ra- 
dius to the point, each angle being measured 
from at the center relative to a start position at 
right on the X axis. 


When an SCRis used for phase control, the point 
at which it starts to conduct may be anywhere 
from 0 to almost 180 degrees. This is achieved by 
diverting a small amountof the AC power intoan 
RC network attached to the gate of the SCR, as 


0 Use It 


shown in Figure 1-13, The capacitor in this sche- 
matic introduces a delay that can be varied by 
the potentiometer. This enables the SCR to be 
triggered even after the peak of the AC power 
signal. In Figure 1-14, the AC power is shown by 
the center (green) curve, and the slightly de- 
layed, reduced voltage at the gate is shown by 
the upper, purple curve. When the gate voltage 
rises to the trigger level, it causes the SCR to be- 
gin conducting current, creating an abbreviated 
‘output shown in the bottom curve. In this way, 
triggering from an AC phase angle of 0 degrees 
to almost 180 degrees is possible. The phase an- 
gle where the SCR begins to allow condu 
known as the conduction angle. 


If two SCRs with opposite polarity are placed in 
parallel with each other, they can be used to pro- 
vide phase control on both the positive-g} 
and negative-going sections of an AC cycle. This, 
configuration is used in high-powered devices. A 
triac is used for the same purpose with lower 
current. 


Six SCRs may be used to control three-phase 
power. 


Overvoltage Protection 
The tolerance of an SCR for high current makes it 
suitable for use in a crowbar voltage lim 
circuit. 


In Figure 1-15, the SCR does not conduct current 
(other than a small amount of leakage) until the 
Zener diode senses a voltage above the maxi- 
mum level considered safe, The diode then al- 
lows power to reach the gate of the SCR. Its im- 
pedance drops immediately, and the resulting 
surge of current trips the fuse. After the cause of 
the overvoltage condition is corrected, the fuse 
canbe replaced and the circuit may resume func- 
tioning. 


Acapacitoris included so brief spikesin the pow- 
er supply will be passed to ground without trig- 
gering the SCR. Aresistor of around 100M ensures 
that the gate voltage of the SCR remains near 
zero during normal operation. When the Zener 
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a small fraction of the working distance is usable for 
viable trapping. Normally this is limited to within 
40 um of the cover slip. 

In addition to providing a beam large enough to 
overfill the back aperture, there are two other criteria 
that the external optics have to satisfy: first, the 
optical trap should be parfocal with the specimen 
plane. This enables the visualization of trapped 
objects. Second, the laser beam should be able to 
pivot around the back aperture without moving 
laterally to maintain the same degree of overfilling. 
This allows for a stable two-dimensionally movable 
trap. In practice, these requirements are fulfilled by 
using a telescopic system of lenses and Gimbal 
mounted mirrors. The latter are special mounts that 
enable a mirror to be tilted around its center position 
without lateral displacement, The telescope expands 
the incoming beam to fill the back aperture of the 
microscope objective and also images the back 
aperture onto the center of the Gimbal mounted 
mirror. As scen in Figure 4, since the back aperture of 
the microscope objective and the Gimbal mounted 
mirror are in conjugate planes, a small tilting of the 
mirror will only result in a change in the angle of 
the laser beam entering the microscope objective. The 
position of the beam will be unchanged, as will 
the degree of overfilling. 

More sophisticated optical tweezer designs use 
acousto-optic modulators and galvanometer scan- 
ning mirrors to create scanning line tweezers and/or 
multiple traps. The basic approach is to deflect the 
laser beam to create multiple traps or to scan a single 
trap to create a one-dimensional potential well. 
Additionally, a new generation of holographic optical 
tweezers, capable of creating three-dimensional 
arrays of trapped particles, has emerged. Computer 
generated holograms that modify the phase and 


amplitude of the trapping laser are reverse engineered 
from the desired two- or three-dimensional optical 
trapping patterns. Furthermore, constructing. such 
holograms from liquid crystal light modulators 
allows for dynamic control of the trapping pattern, 
yielding a fully computerized reconfigurable trapping 
system, An interesting example of the application of 
holographic optical tweezers to colloidal transport is 
shown in Figure 5, the first demonstration of 
“kinetically locked-in states’ where particles traveling 
across a potential mesh display a preference for 
certain paths. 

It is to be noted that the optical tweezer is 
fundamentally a constant-extension technique, that 
is, itattempts to maintain the extension of a stretched 
molecule whereas the force is varied. However, it is of 
interest to study the action of molecular motors under 


constant force conditions. A basic optical tweezers 
setup can he modified to include an electronic 
feedback loop to provide constant force conditions, 
More recently, scanning-line optical tweezers have 
been adapted to implement all-optical constant force 
schemes that dispense with the need for electronic 
feedback. 

An important aspect of any force measurement is, 
the ability to accurately image and measure the 
position of a trapped particle. Standard digital video 
microscopy techniques yield a resolution of ~S nm 
but have limited bandwidth and thus cannot be used 
for systems that employ feedback control of laser 
intensity or trap position. In these systems, the 
forward- or back-scattered trapping laser light from 
the trapped particle can be imaged onto a calibrated 
quadrant photodiode to provide sensitive position 
detection at high bandwidths (~1 kHz). If the 
photodiode is fixed in a plane conjugate to the back 
focal plane of the microscope objective, the trap can 
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Figure 4 A sketch showing the working ofa gimbal mounted mitrorin two positions (shown as shaded and as unshaded). For small 
tits ofthe miror, the beam is seen to ‘pivot’ about the back aperture of the microscope objective resulting in the displacement of the 
‘optical trap in the focal plane. Note that for both beams the degree of overfiling of the back aperture of the microscope abjective is 


tunchanged, a crucial requirement for movable traps. 
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Figure & Data showing the superimposed paths of approx 
mately 18 000 micron-sized particles flowing across a 10 x 10, 
ard of optical traps created by holographic optical tweezers. The 
particles are deflected laterally assuming a path dictated by the 
potential energy landscape and display kinetically locked-in 
states. Ths technique can be used o sor particles based on size, 
refractive index or charge. (Picture courtesy of D. Grier.) 


be moved without having to move or recalibrate the 
photodiode detector. Using the quadrant photodiode 
method 2- and 3-dimensional position sensing is 
possible. A further improvement is found in schemes 
that use an additional laser dedicated to position 
sensing. The most sensitive method, however, for 
position sensing is interferometry. In this scheme, the 
trapping laser beam is split into two orthogonally 
polarized beams that are recombined after passing 
through the microscope objective and the sample. For 
a particle perfectly centered in the trap, the resulting 
combined beam has a circular polarization. In other 
cases, the bead displacement is sensitively reflected in 
the ellipticity of the polarization. 


Applications 


Colloids 


Optical tweezers have been widely used to probe the 
interaction in colloids and other complex fluids. In 
fact, an optical tweezer apparatus was included in the 
instrumentation on the International Space Station 
for use with colloidal crystallization experiments in 
space. Various aspects of colloidal interactions have 
been studied using optical tweezers including mutual- 
and self-diffusion coefficients, the effects of hydro- 
dynamic and electrostatic interactions, and depletion 


layer effects. More sophisticated scanning-line tweez- 
ing setups have been used to probe entropically driven 
self-assembly and interactions of colloids in polymer 
suspensions. 

Blinking optical tweezers provide an elegant 
method for positioning colloidal particles in configur- 
ations of interest in a solution. When the tweezers are 
switched off the colloids respond to their environ- 
ment, reacting to thermal forces and interacting either 
with other colloids or interfaces. The trajectories of 
the released colloids can be tracked and analyzed in 
2D using digital video microscopy or 3D if combined 
with an evanescent illumination scheme. Switching 
on the tweezers again results in a return to the initial 
configuration, yielding a reproducible and tightly 
controlled experiment to examine colloidal behavior. 


Biopolymers 


The study of biopolymers has benefited from the 
development of optical tweezers. By chemically 
attaching a trappable latex microsphere to a biopo- 
lymer of interest, the molecule can be stretched, 
positioned, or moved. Measuring the response of the 
biopolymer to these external forces yields useful 
information such as elasticity, rigidity, and domain 
unfolding characteristics. This information obtained 
at a single molecule level has provided invaluable 
insight into the relationships between the structure 
and function of biopolymers. For example, in an early 
tweezing experiment, characterizing the intrinsic 
elasticity of A-phage DNA, it was discovered that 
the double-stranded DNA undergoes a reversible 
structural transition when stretched at forces greater 
than 65 pN, extending to about 1.7 times its crystal- 
lographic contour length. These studies comple- 
ment well-established structural techniques, such as 
X-ray crystallography and NMR, which provide 
information in a force-free environment. Further- 
more, by anchoring one strand of DNA to a surface 
and pulling on the other strand, unzipping forces for 
DNA have been measured. Optical tweezers have also 
been combined with other mechanical tools, such as a 
micropipette, and used as sensitive tensiometers. 
Protein folding and unfolding experiments are 
generally harder, as their contour length is shorter 
than that of typical DNA fragments. Nevertheless, 
the folding and unfolding behavior of single giant 
muscle protein, titin has been probed by attaching a 
different latex bead to either end of the molecule. The 
first bead is held by a movable micropipette and the 
second bead is optically trapped. As the micropipette 
is moved, the position of the optically trapped bead 
provides information about the forces required to 
unfold the membrane domains of the protein. 


86 OPTICAL TWEEZERS 


Optical trap 


@) 


40h 


Displacement (rm) 
i 
i 


08 04 05 06 
() Times (s) 

Figure 6 Observation of the stepping motion of the molecular 
‘motor kinesin. (a) A microsphere attactied to a kinesin molecule is 
optically trapped; as the kinesin steps along a microtubule track 
Which is immobilized onto a glass substrate, it pulls on the 
‘microsphere, whose motion is followed by an electronic feedback 
‘mechanism. (b) Motion ofa single kinesin motor stepping against 
‘2 5pN force. The data shows the discrete & nm stops of kinasin, 
(Figures courtesy of S. Block.) 


Molecular Motors 


Molecular motors (proteins that transduce chemical 
potential energy in to mechanical motion) have been 
the subject of intense attention since the early 1990s. 
Optical tweezers have played a crucial role in 
furthering the understanding of the mechanisms of 
molecular motors. The characteristics of molecular 
motor systems that have been studied with optical 
tweezers include speed, step-size, processivity, 
ATPs consumed per stroke, stall force, and static 
force. In fact, many of the advances in optical 
tweezers technology have been motivated by the 
study of molecular motors and have lead to 


spectacular results. An impressive example is the 
observance of the stepping motion of kinesin, as 
shown in Figure 6. Other experiments on molecular 
motors with optical tweezers have measured the stall 
force of motors as they move along their polymer 
track, or observed the transcription of DNA and 
RNA polymers, yielding interesting observations of 
the pauses during the transcription process. 


Cells 


The application of optical tweezers to cell biology 
was first demonstrated by Ashkin and co-workers 
in the late 1980s, by successfully trapping living 
objects: large viruses and bacteria. Since then, optical 
tweezers have heen widely used to study various 
aspects of cellular biology. These include cell repro- 
duction, growth, adhesion, mobility, and membrane 
elasticity. Additionally, the noninvasive nature of 
optical tweezers enables manipulations in the 
interior of an unopened object, allowing for the 
study of intracellular mechanisms by subcellular 
manipulations. 

Optical tweezers have also been combined with 
various techniques to yield application-oriented tools 
for cell biologists. For instance, the combination of 
optical tweezers and state-of-the-art image recog- 
nition algorithms has been used to develop micro- 
fluidic cell sorters. In reproductive medicine, two of 
the major problems are penetration of the egg and 
sperm motility. A promising new solution combines 
laser zona drilling to pierce the egg envelope and 
optical tweezing to transport the sperm cells to the egg. 


See also 
Modulators: Acousto-Optics. 


Further Reading 


Ashkin A (2000) History of optical trapping and manipu- 
lation of small-neutral particle, atoms and molecules. 
IEEE Journal of Selected Topics in Quantwn Electronics 
6(6}: 841-856. 

Greulich KO (1999) Micromanipulation by Light in 
Biology and Medicine: The Laser Microbeam and 
Optical Tweezers, Basel; Boston; Berlin: Birkhauser. 

Grier DG (2003) A revolution in optical manipulation. 
Nature 424: 810-816, 

Lang MJ and Block SM (2003) Resource letter: LBOT=1 
Laser-based optical tweezers. American Journal of 
Physies 71(3) 

Sheetz MP (1998) Methods in Cell Biology. Volume 55: 
Laser Tweezers in Cell Biology. San Diego, CA: 
Academic Press. 

Svoboda K and Block SM (1994) Biological applications of 
optical forces. Annual Review of Biophysics Biomole- 
cular Structure 23: 247-285. 


PHASE CONTRO 


Contents 


Phase Conjugation and Image Correction 
Wavefront Coding 


Phase Conjugation and Image 
Correction 


EN Leith, University of Michigan, Ann Arbor, Ml, 
USA 


© 2006, Elsevier Lia Al Rights Reserved 


Introduction 


Phase conjugation of a wave is a process that has long 
heen recognized. However, the technique for produ- 
cing high-quality phase conjugation is relatively new. 
Also, the principal use of phase conjugation, the 
correction of phase errors in waves that have 
propagated through phase-distorting media, is rela- 
tively new, having originated in holography in the 
1960s. Today, phase conjugation is an important area 
of modern optics. This article describes the conju- 
gation of a wavefield by the process of holography 
and the holographic phase conjugation method of 
removing phase distortions from a wavefield, thereby 
permitting high-quality images to be produced from 
phase-distorte 

The basic meaning of a conjugated wave is 
explained with the aid of Figure 1. Figure 1a shows 
a wavefield propagating to the right. For simplicity, 
we show only one wavefront, ie., one contour of 
constant phase. It is understood that a wavefield 
consists of a sequence of such wavefronts, with each 
wavefront differing in phase by 27 from the adjacent 


one, and separated by the wavelength A. Of the two 
points, A and B, on the wavefront, we say that the 
wavefront at A lags that at B, since when the 
wavefront crosses a plane normal to the direction of 
travel, point A of the wavefront crosses that plane 
behind point B. The wavefield produces, at the plane 
P, a field ae", where a is the amplitude and is the 
phase of the wavefront at the plane P. 

We place a phase conjugator in the path of the 
The wave passes through the conjugator, 
emerging as a phase conjugated wave, in which the 
point B, which formerly led point A in phase, now lags 
behind it by a corresponding amount. This illustrates 
the basic meaning of the term ‘phase conjugation’. 
This device could be considered as a forward phase 
conjugator, since the phase conjugated wave travels in 
the same direction as the original wave. 

Next (Figure 1b) we describe a backward phase 
conjugator. The conjugate wave travels in a direction 
opposite to that of the incident wave. The conjugate 
wave emitted by the phase conjugator seems to be 
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Figure 1 A phase conjugator. (a) shows a forward phase 
Conjugator, (b) shows a backward phase conjugator. For clarity in 
(©) the conjugated wave is shawn with dotiad lines. PC is phase 
Conjugator, and P isthe entrance plane of the conjugator. 
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Figure 2 Light reflected from mirors. (a) Light fang on a conventional mirror and being reflected; (b) light reflected from a 
conjugating mirror; (c) as in (b), except tha lustration is with wavetronts instead of rays. 


Figure 3 A ray of ight reflected trom a retrorefiector (or comer 
cube). 


identical to the incident wave; we show the two 
waves to be in coincidence, or more precisely, for 
purposes of clarity, almost in coincidence, The points 
A on the two wavefronts coincide, as do the points 
B, As before, om the incident wave, point A lags 
behind point B. On the exiting wave, since the wave is 
traveling in the opposite direction, point B is now 
lagging point A, ic., is lagging in phase. In cither case, 
forward or backward conjugation, the wave 
emerging from the conjugator has the complex 
amplitude a(x, ye '**”, 

‘A phase conjugator (backward variety) is like a 
mirror, in that it obeys the basic mirror law, that the 
angle of reflection equals the angle of incidence, but in 
a rather different way, as Figure 2 shows. In fact, the 
reflected ray travels back on itself. A simple way to 
generate a conjugate wave, and one that has been 
known fora very long time, is with the use of an array 
of retroreflectors, or comer cubes. As shown in 
Figure 3, each ray undergoes two reflections and 
emerges traveling in exactly the opposite direction, 
although with some displacement. If we considered 
the third dimension, there could be three reflections. 
The amount of displacement depends on where the 
tay strikes; if it strikes near the apex of the comer 
cube, the ray displacement will be slight; if at the 
edge, the displacement is greatest. Thus, the image 
formed in reflection is degraded. This geometrical 


degradation is greater for larger corner cubes. Thus, 
why not make the cubes very small? Then, however, 
the image is degraded by diffraction effects, since each 
corner cube constitutes a small aperture. Thus, there 
is an optimum size for the cubes; if too large, 
geometrical factors degrade the image; if too small, 
diffraction effects degrade the image. 


Phase Conjugation by Holography 


With holography, however, came a method of 
conjugating a wavefront that yields high-resolution 
imagery. The holographic process inherently pro- 
duces a phase conjugate image, as was noted by 
Gabor in his early papers on holography. 
The holographic process is illustrated in Figure 4. 
For simplicity, we assume the object to be a planar 
transparency s(x, y). A coherent light wave, generally 
a plane or spherical wave, passes through the 
transparency and a diffracted field 1 is produced at 
the recording plane P, as in Figure 4a, The field 1 is 
typically the Fresnel diffraction pattern of the object 
s, but if the propagation distance is sufficiently great, 
u could be the Fraunhofer pattern of s. Of course, 
lenses can be placed between the object and recording 
planes, thus modifying the diffraction pattern, 

The field u is combined with a reference wave 1, 


which is generally an off-axis planar or spherical 
wave. The two beams produce an interference pattern 
with intensity 


to ul? = lng? + lal 


2Renye — [1] 


where the final term can be written as aye ttt"; 
the’ denotes complex conjugate. The process of 
forming the interference of the two beams, i.e. 
forming the intensity of their sum, has generated 
the conjugate term u°, When the intensity is 
recorded, as on photographic film, for example, 
both terms are stored on the film. Suppose for 
simplicity that #, is a plane wave age", where ag, 
isa constant, and f, = (sin ®)/A, where @ is the angle 
that the reference wave makes with the optic axis 
and A is the wavelength of the light. Also, « can be 
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Figure 4 The holographic process. (a) Making the hologram; (b) 
reading out the hologram, using a readout beam that duplicates, 
reference beam; (c) reading out with reversal of reference beam. 


written as a product of an amplitude term a and a 
phase term e, or #=ae"®, Let the photographic 
plate, after exposure and development, have a 
transmittance ¢ proportional to the intensity I, or 
+ =A, with & a constant; this is an oversimplifica- 
tion of the recording process, but preserves the 
essence of the holographic process. Now let the 
photographic plate, which after development 
becomes a hologram, be illuminated with a readout 
wave that, for simplicity, we let be ty, a duplicate 
of the reference wave. Then, the field emerging 
from the hologram is 


My = tuk ug? +h nite + tet 


Only the last two terms are of interest, These can 
be written as klual?w and kugu", respectively, or 
alternatively, as kalac'* and katae**-#, The 
term kilu,|?u represents a wave that is, to within a 
constant, identical to the object wave 1; the other 
term represents a wave that is, to within a constant 
and a linear phase term, a conjugate of the original 
wave. The factor ¢4”* has the physical meaning 
that the wave is propagating in a direction 20 given 
hy sin 20/A=2f,. The readout waves are shown 
in Figure 4b. 

The so-called true wave # and the conjugate wave 
u’ thus propagate angularly away from each other 


and from the direct transmitted beam, which carries, 


the uninteresting components lil? and lit! 

However, a more suitable way to form the 
conjugate wave is to illuminate the hologram with 
a readout wave that is, again, a duplicate of the 
original reference wave, but propagating in the 
opposite direction, as in Figure 4c, The conjugate 
wave is now propagating along the z axis, along the 
path of the original object wave. It is readily shown 
that this counterpropagating wave is identical in 
shape to the original object wave recorded by the 
hologram, except that it travels in the opposite 
direction, exactly the situation portrayed in Figure 2, 
This wave propagates so as to form an image that is, 
to within a constant, identical to the original object, 
except for the counterpropagation, which produces a 
conjugate image s*(x,y). The image intensity, how- 
ever, is |sI*, which is identical to the original image 
intensity. 

This conjugate wave was, in the early days of 
holography, a detriment, since without the use of the 
off-axis method (reference wave introduced at an 
angle to the object wave) the two images were 
inseparable, and the true image could be observed 
only against the background of the defocused 
conjugate image. Thus, an out-of-focus image over- 
Jaid the true image, making it noisy. 

In 1962, the same year that the off-axis reference 
wave for separating the two images was introduced, a 
possible use for the conjugate image was suggested. If 
the original propagation path of the object wave were 
aberrated, as would occur if the wave propagated 
through an irregular medium, then the conjugate wave 
propagating through the medium would undergo a 
correction and would arrive at the original object 
position perfectly corrected, resulting in a sharp 
image, a process sometimes called wavefront healing. 
The idea lay dormant for 3 years, until in 1965, 
experimental demonstration of this idea was reported. 
In one case, the object was a transparency containing 
opaque lettering against a transparent background 
and the inhomogeneity was a piece of frosted glass, 
which resulted in extremely severe aberrations, so that 
the object wave, having traversed the diffuser, was no 
longer capable of forming an image. However, when 
the distorted wave was recorded hologeaphically, 
conjugated, and sent back through the same diffuser, 
the result was a highly legible image. 

The principle of wavefront healing is illustrated in 
Figure 5, when the inhomogeneity is an extended, 
or three-dimensional, structure. A point object O 
sends a spherical wave into the inhomogeneity. 
As the wavefront propagates, it becomes distorted, 


and loses its sphericity. When it emerges from the 
inhomogeneity, the wavefront is highly distorted. 
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Figure 5 The wavelront healing process. C isthe conjugato, | isthe inhomogeneity, and O is a point object, 


The wave is conjugated at the conjugator C and 
emerges as a back-propagating wave that retraces the 
original wave path through the inhomogeneity, 
gradually losing its aberrations and looking more 
like a spherical wave. When it emerges from the 
inhomogeneity, it is a perfect spherical wave that 
converges to a point image that coincides with the 
original object. At each plane throughout the 
inhomogeneity, the back-propagating conjugate 
wave (dashed lines) has the same shape as did the 
original wave when it crossed that plane (solid line). 

This interesting wavefront healing property of 
holographic phase conjugation was the beginning of 
a new branch of optics, called phase conjugation, 
giving rise to a number of applications. However, the 
holographic method had the problem that it did not 
occur instantaneously, but had to await the proces- 
sing of the photographic film on which the hologram 
was recorded. This delay limited the range of 
potential applications. Later, in the 1970s, nonlinear 
crystals became available that did the equivalent of 
holography, but in real time, or near real time — a 
process known as four wave mixing. There are yet 
other types of real-time phase conjugators with 
nonlinear devices. 


Pseudoscopic Image 


As long as the object is only two-dimensional, a 
function of x and y only, with no extent along the 
axial dimension, z, the intensity distribution of the 
true and conjugate images is identical. The conjug- 
ateness, being a pure phase phenomenon, disappears 
when the observable is the image intensity |s!*, and 
not the complex amplitude s. Since the intensity is 
always the observable, whether the image is viewed 
by eye, or with a camera, the conjugateness generally 
is of no significance, 

However, when the object for holography is three- 
dimensional, the situation is different, and the 


conjugate image exhibits some strange properties. 
These arise from conflicting cues pertaining to the 
three-dimensionality of the image. To explain, we 
review some basics about how a three-dimensional 
world is perceived by a viewer. First, there is the 
stereo effect, resulting from the viewer having two 
eyes, with each eye seeing an object from slightly 
different positions, a phenomenon called binocular 
disparity. The mind uses this stereo effect to perceive 
three-dimensionality. But there are other cues that 
also contribute to perception of three-dimensionality. 
Another is parallax; as the viewer moves his head, 
objects farther from the observer change their angular 
position more slowly than objects close by. The 
observer can sense the three-dimensionality of an 
object, even with only one eye, by moving the head, 
thereby inducing parallax. Also, there is interposi- 
tion, whereby near object portions block the viewing 
of object portions lying behind them, again giving a 
sense of depth, There are still other cues, more 
subjective, such as perspective, parallel lines conver- 
ging toward infinity, shadowing, etc. With these 
observations in mind, we consider the hologram 
under illumination and the two images that it forms 
(Figure 6). As depicted in Figure 6, these two images 
lie in mirror symmetrical positions relative to the 
hologram. Both images have the same side facing the 
hologram. It must be this way, because when 
the hologram was recorded, it was side a that faced 
the recording plane. And both images must therefore 
have side a closer to the hologram. 

When a viewer observes the true image (a virtual 
image), he views it looking through the hologram, 
and he sees the image at the position where the 
original object was when the hologram was recorded, 
and it is, in its visual properties, indistinguishable 
from the actual object; it has all of the three- 
dimensional and the parallax properties that the 
original object would exhibit. However, when the 
viewer observes the conjugate image, he must view it 
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Figure 6 Formation ofthe true and conjugate images trom a hologram. 


from the side of the image opposite from the 
hologeam, ic., he views the image from the back 
side. When a viewer observes the conjugate image, he 
sees it from the back side (side b). All of the above 
cited cues are in agreement about the orientation of 
the image, viz,, that side b is closer to the observer 
than is side a. That is, all cues but one. The conjugate 
image is formed as the hologram recording plate saw 
it, with side a being closer. Thus, all interpositions are 
formed with the same relation that the object had 
with respect to the recording plate. The side a is the 
part of the object that was closer to the hologram, so 
that when interpositions occur, side a blocks side b. 
Since the observer thus sees side a partially obscuring 
side b, he must conclude that side a is closer than is 
side b. However, this observation is in direct conflict 
with the other cues, especially the stereo and the 
parallax cues, which are themselves strong cues, as is 
the interposition cue. The conflict of these cues, with 
two of them interpreting the image as being formed 
with one depth orientation, the other with the 
opposite, gives a number of strange effects. For 
example, as the viewer moves his head so as to 
induce parallax, the object appears to rotate. If the 
image is that of a human head, for example, the 
observed effect is that as the viewer changes his 
position, the head appears to rotate in synchronism 
with the observer, as if the image had its gaze fixed 
on the viewer, an effect that is often perceived as 
being eerie. 

Similarly, if the object were two flat plates, 
(Figure 7) in the situation depicted, the planes have 
no overlap, ie., no interposition, as seen by the 
observer. And the observer unequivocally perceives 
plate A as being closer than plate B. However, if 
the viewer moves his head to a position where 


Figure 7 Pseudascopic conjugate image formed fram an abject 
‘consisting of two plates. The viewer V perceives plate A as being 
‘loser than B and there are no conflicting cues, since there is no 
interposition. However, if the observer moves his head upward, 
there's paral interposition, thus conflicting cues, and the sense ot 
three-cimensionaliy is lost 


interposition occurs, the conflict of cues arises, 
A becomes partially blocked by B, which is quite 
correct as observed at the position of the hologram, 
but is quite incorrect from the viewer's vantage point. 
The result of this conflict is that the viewer, who 
previously perceived the three-dimensionality, now 
sees the three-dimensionality perception suddenly 
collapse, and the sense of three-dimensionality is 
lost. Other strange perception anomalies can also be 
produced. Such images, with conflicting depth cues, 
are called pseudoscopic, as opposed to orthoscopic 
images, where the cues do not conflict. 


One Way Phase Conjugation 


A significant limitation of phase conjugation aberra- 
tion correction is that the image and object are on the 
same side of the inhomogeneity. One would usually 
want them to be on opposite sides. In a modified form 
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Figure 8 One-way phase conjugation. Top: Making the hologram. Bottom: The viewing process. We show three points on the abject. 
“The center point forms a wel-corrected image, but the other two points produce imperfectly corrected images. 


of the phase conjugation process, shown in Figure 8, 
this result is achieved. The first step of the process is 
carried out by passing a plane wave, instead of the 
object wave, through the inhomogeneity. This plane 
wave originates from a point source located at the 
focal plane of a collimating lens. The plane wave thus 
carries information about the inhomogeneity to the 
recording plate, where it is combined with a reference 
wave and a hologram of the distorted plane wave is 
recorded. Thus, information about the phase defect is 
stored on the hologram. 

Next, the hologram is read out, not with a 
counterpropagating replica of the reference wave as 
before, but instead with an object-bearing wave that 
passes through the hologram. This wave emerges 
from the hologram and now has on it the recorded 
aberration information. As it counterpropagates 
along the path of the original object wave, it passes 
through the inhomogeneity, whereupon the aberra- 
tion is cancelled and a corrected image forms at the 
focal plane of the collimating lens, where previously 
the point source had originated. The goal is achieved; 
the object and the corrected image are now on 
opposite sides of the inhomogeneity. 

This correction is only approximate. To explain, 
we think of the object as being a collection of many 
points. The radiation from each point is converted 


into a plane wave by the lens, with different object 
points producing plane waves propagating at differ- 
ent angles. These plane waves then impinge on the 
hologram and emerge with each one bearing the 
aberration stored on the hologram. They continue 
on their paths and enter the inhomogeneity. 
The plane wave component, whose path direction 
matches that of the reference wave used in recording 
the hologram, will emerge from the inhomogeneity 
as a perfectly corrected wave, thus forming a well- 
corrected point image at the position of the original 
point radiator. However, another plane wave com- 
ponent, traveling in an incorrect direction, will be 
laterally displaced from the proper position for 
entering the inhomogeneity, and the aberration 
correction will be imperfect, the degree of imperfec- 
tion being in direct relation to this displacement 
error. The displacement error is the product of the 
angular error and the propagation distance 
between hologram and inhomogeneity. If the 
inhomogeneity is slowly varying as a function of x 
and y, and if the object does not have a large extent, 
so that the range of angles is small, the image 
degradation will be small. 

If the last two conditions do not apply, two 
options are available. First, the distance between 
inhomogeneity and hologram can be reduced, either 
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by bringing the hologram closer to the inhomogen- 
city, or by imaging the hologram onto the inhom- 
ogeneity. The correction is now valid over a wider 
extent of the image, especially if the inhomogeneity 
can be treated as planar rather than extending over a 
volume. Alternatively, a scanning process can be 
carried out on the object beam falling on the 
hologram, so that in sequence, each plane wave 
component assumes the proper angle to counter- 
propagate along the path for perfect correction, and 
will form a well-corrected image point. This output 
spot then falls on a pinhole positioned to separate it 
from other, imperfectly corrected points. Then, over 
time, all points of the object will form well-corrected 
image points, and the entire object will thus be well- 
imaged. The one way phase conjugation method was 
first used to correct the spherical aberration of a lens, 
and the result was quite successful, 

Phase conjugation has become an important 
branch of modern optics. The process is often carried 
out using photographic materials. More often nowa- 
days, it is carried out using nonlinear crystals. Some 
of the crystal methods are essentially holography in 
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Introduction 


We describe a new paradigm for designing imaging 
systems that have performance that is otherwi 
unobtainable. These are hybrid systems that use the 
optics of the system to acquire an ‘intermediate? 
image, which is processed to produce the final image. 
The optical components of the system are designed 
jointly with signal processing to optimize overall 
performance. It is possible to extend the depth of field 
of an imaging system, for example, by a factor of 
eight to ten. On the other hand, by concentrating on 
the increase of the depth of focus in the detector 
plane, itis possible to use that increase in the depth of 
focus to make the system invariant to focus-related 
aberrations. By doing this, it becomes possible to 
design a single-lens imaging system with small f 
number and large field of view. Another example of 
the sort of new imaging system that can be designed is 


real time, but others, such as phase conjugation by 
Brillouin scattering, go beyond holography. 
See also 


Nonlinear Optics, Basics: Nonlinear Optical Phase 
Conjugation. Phase Control: Wavefront Coding, 
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a two-lens zoom lens that images with a large field 
and a very short overall length. 

First, the term ‘Wavefront Coding’ is defined as 
employed with imaging systems, and a description is 
given of how such coding is achieved. Examples of 
means of applying Wavefront Coding are given along 
with the analysis and design tools that are useful in 
designing hybrid optical/digital imaging systems. 
Finally, some potential future applications of Wave- 
front Coding in imaging systems are suggested. 


Background and Basic Concepts 


Some early suggested modifications to imaging 
systems can be viewed as wavefront modification, 
even though they were not described in that manner 
at the time. These include the work of Ojeda- 
Castafieda that described masks to block portions 
of the lens to extend the depth of field. In addition, it 
has long been known that the depth of field is slightly 
greater in lenses that have spherical aberration. In 
both of these cases, the wavefront is modified, in one 
case by changing the wave amplitude, and in the other 
by a deviation from the traditional ideal phase front. 
However, in both cases, the increase in the depth of 


What 


-an Go Wrong 


diode starts to conduct current, the resistor acts 
as a voltage divider with the diode, so that suffi- 
cient voltage reaches the SCR to activate it. 


This circuit may be unsuitable for low-voltage 
power supplies, because the Zener diode has to 
be chosen with a high enough rating to prevent 
small power fluctuations from tripping it. Bear- 
ing in mind that the real triggering voltage of the 
diode may be at least plus-or-minus 5% of its rat- 
ed voltage, the diode may have tobe chosenwith 
at least a 6V rating in a SV circuit, and it may not 
beactivated until the voltageis actually 6.5V. This, 
may be insufficient to protect the components 
being used with the power supply. 
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Figure 2-11. An AC waveform is customarily measured in 
degrees of phase angle. 


What Can Go Wrong 


Like other semiconductors, an SCR can be ad- 
versely affected by excessive heat. Usual precau- 
tions should be taken to allow sufficient ventila~ 
tion and heat sinking, especially when compo- 
nents are moved from an open prototyping 
board toan enclosure in which crowdingis likely. 


fe semiconductor > thyristor > SCR 


Unexpected Triggering Caused 

by Heat 

Ona datasheet, the values for triggering current 
and holding current are valid only within a rec- 
ommended temperature range. A buildup of 
heat can provoke unexpected triggering. 
Unexpected Triggering Caused 

by Voltage 

A very rapid increase in forward voltage at the 
anode caninducea triggering voltagein the gate 
by capacitive coupling, As a result, the SCR can 
trigger itself without any external application of 
gate voltage. This is sometimes known as dv/dt 
triggering. If necessary, a snubber circuit can be 
added across the anode inputto prevent sudden 
voltage transitions, 
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Figure 1.12. The fluctuating voltage of an AC power sup 
ply (shown as vertical green lines) is proportional with the 
Sines of the angles (purple arcs) in this diagram. The an- 
gles are referred to as phase angles. 


Confusion of AC and DC Ratings 

The on-state current for an SCR is averaged only 
overthe width of each pulse thatthe SCRactually 
conducts. It is not time-averaged over an entire 
AC cycle, and it will be different again from a DC 
rating, Care must be taken to match the current 
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field was only a few percent. Hausler extended the 
depth of field by requiring that the focus be 
continuously changed during the exposure time of 
the camera. This resulted in a modulation transfer 
function (MTF) for the imaging system that was the 
incoherent superposition of a spread of MTFs for the 
different foci during the exposure. To form an 
acceptable image, signal processing was used. 

The use of Wavefront Coding here refers to new 
optical systems arrived at by designing the modu- 
lation of the wave and signal processing to achieve 
previously unobtainable imaging modalities. These 
new imaging systems can have more than an order of 
magnitude increase in depth of field, for example. The 
coding of signals so that particular information is 
optimally conveyed is not new. For example, in radar, 
coding of the pulses is done to optimally provide 
information concerning a target’s range. At the radar 
receiver, signal processing is required to extract the 
range information. In a similar manner, an imaging 
system can have a coded wavefront in order to 
provide range or misfocus information in a manner 
such that signal processing can easily extract the 
desired information in the scene. Alternatively, the 
wavefront can be modified so that the imaging system 
is invariant to object depth or to misfocus of the 
system, so that, after processing, good resolution can 
be obtained over a large image depth. 

A primary feature of Wavefront Coding in imaging. 
is that the optical image-gathering portion of the 
system can be designed in combination with the 
design of the signal processing. This is normally not 
done in the design of imaging systems. It is done, 
however, in tomography, coded aperture imaging, 
and sometimes, interferometric imaging. In 1984, a 
group pointed out the potential of increasing the 
performance of imaging systems by jointly designing 
the optics and the signal processing. Since that time, 
major advances have been made in doing this. Now, 
several analysis and design tools are available, and are 
described in the following section. 


Theory and Applications of 
Wavefront Coding 


Wavefront Coding refers to a modification of the 
imaging system by placing specialized phase plates (or 
phase and amplitude masks) in the aperture stop, or 
in an image of the aperture stop, of the imaging 
system. This could be a phase plate as a separate 
optical element, or, if a surface of a lens is close to the 
aperture stop, the Wavefront Coding surface can be 
superimposed onto the normal lens surface. Proces- 
sing to decode the image that is formed by the 


detector array (the intermediate image) is related 
to the coding that is impressed on the wavefront. 
The term ‘signal processing’ also includes the spatial 
integration provided by the width and height of the 
pixels. The final image is hence a function of the 
optics that form the intermediate image and the signal 
processing that produces the final image. 

In the following section, we discuss the Woodward 
function as used in analysis and design of hybrid 
imaging systems, and show visualizations of the effect 
of Wavefront Coding on the image performance of 
two dramatically different types of systems. Then, 
other design techniques are discussed for imaging 
systems using Wavefront Coding and several 
examples of systems are given where the depth of 
field of imaging systems is extended by at least an 
order of magnitude. By concentrating on the increase 
in the depth of focus, rather than the depth of 
field, very simple imaging systems can be designed 
where Wavefront Coding makes the imaging system 
invariant to focus-related aberrations, and the 
shape of the lens is used to minimize the other 
aberrations. 


Wavefront Coding Theory 


‘The Woodward function 
P. M. Woodward showed that the capability of a 
radar system to estimate both the range and the 
velocity of a target can be described by a mathemat- 
ical function that became known as the Ambiguity 
Function. The Ambiguity Function shows how well 
systems that use different types of radar pulses can 
measure the transit time of the pulse (hence the range 
to the target) and the Doppler shift in the frequency of 
the returned pulse (hence the velocity of the target). 
Because the parameters, range, and Doppler, are 
measured with different accuracy, there is ambiguity 
in the measurement, and the Ambiguity Function is a 
display of the tradeoffs that are possible, Brenner, 
Lohmann, and Ojeda-Castafieda showed that the 
same mathematical function, with differently defined 
variables, can represent the Optical Transfer Function 
(OTF) of a one-dimensional imaging system. 

The Ambiguity Function for a radar system is given 


by 


Aw,v) 


fre + wl2)P*(x ~ ul2) exp(i2avx)dx [1] 


where i = sqrt(—1), * denotes complex conjugate, u is 
time, v is frequency, x is a dummy variable, and P(x) 
is a complex function representing the transmitted 
waveform of the radar system. The OTF of a one- 
dimensional imaging system for different values of 
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misfocus can be written as 


Howdy = [fee +uldyexplics+ul2yw} 
x{P'Ge—ul2)exp(—te—w2y'wyfdx [2] 
where P(x) represents the complex pupil function of 


the imaging system. The misfocus parameter yfean be 
shown to be equal to the physical parameters: 


aL24A)\ Af — Ud, — Ud) 
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where L is the one-dimensional length of the aperture, 
and A is the center wavelength of the narrowband 
illumination, The distance d, is measured hetween 
the object and the first principal plane of the lens, and 
d, is the distance between the second principal plane 
of the lens and the image plane. The focal length of 
the lens is given by f. The wavenumber is given by k 
and the traditional misfocus aberration constant is 
given by Woy. A comparison of the form of the 
ambiguity function and the OTF shows that: 


Hu.) = Alusuld 14) 


‘The mathematics of the Woodward function as 
used for the Ambiguity Function has been studied 
extensively. Hence one can apply the theory that was 
worked out for the Ambiguity Function to the study 
of imaging systems. This gives a tool that is, in many 
ways, more powerful than other forms of three- 
dimensional optical transfer functions. For example, 
it can be shown that the squared volume under the 
Woodward function is a constant. This means that 
whatever one does to modify the Woodward func- 
tion, there is a constraint on what can be done. 
Another constant is the power under a vertical cut of 
the Woodward function at a particular value of 
spatial frequency. This means that there is constant 
power for all misfocus values at any given spatial 
frequency. It can be bunched up about the normal in- 
focus position, or it can be spread out as shown 
below, but the squared area does not change. 


Examples of the Woodward function for different 
imaging systems 

A display of the Woodward function for a high- 
quality, one-dimensional lens is shown in Figure 1a. 
The horizontal line and the slanted line represent in- 


focus and out-of-focus slices through the Woodward 
function, A projection onto the horizontal axis gives 
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Figure 1 (a) The Woodward function for 2 high-quality one-dimensional lens with slices that represent in-focus and out-of focus 
imaging. (b) The corresponding values of the modulation transfer function for those two cases. 
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the OTFs for those two focal conditions. The 
magnitudes of those two OTFs, the MTF, is shown 
in Figure 1b. Note that the out-of-focus MTF goes 
through a zero, where there is a phase shift, which 
gives a contrast reversal in the image. 


Extended depth of field. Figure 2a shows the 
corresponding display of the Woodward function for 
a one-dimensional lens with a cubic phase function, 
= ax’ added in the aperture stop. The appearance 
of the Woodward function immediately shows that 
this imaging system will have an increased depth of 
field, because the Woodward function shows that 
the energy is spread over a larger misfocus region. 
‘The slices in the Woodward function are taken for the 
same misfocus values as were used for the images in 
Figure 1, Notice that the MTFs of Figure 2b are very 
similar, and that the MTF for the misfocused case 
does not go through a zero. This implies that the 
imaging system will have an extended depth of focus. 

The analogy to the Ambiguity Function of radar 
was key in selection of the cubic function for early 
demonstrations of extending the depth of field of an 
imaging system. Work in the radar field had shown 
that a radar pulse, where the carrier frequency 
increases quadratically with time, has an Ambiguity 


Function that is identical to the distribution in 
Figure 2a. Because a quadratic in time is a cubic in 
phase, the cubic phase function: 

=ax 15] 
was selected as one that will provide the same 
Woodward function, and hence an increase in the 
depth of field. Many families of phase distributions 
have now been found that extend the depth of focus 
of an imaging system. 


Antialiasing. When the resolution of the optics of 
an imaging system exceeds the resolution of the image 
detector array, the high spatial frequencies cannot be 
detected. They are not lost, however. When a spatial 
frequency is sampled below the Nyquist sampling 
rate, the high spatial frequency shows up, or aliases, 
asa lower spatial frequency. This aliased frequency is 
equal to the sampling frequency (determined by the 
pixel spacing) less the difference between the high 
frequency that has been undersampled and the 
sampling frequency. This results in an image with 
broad bands (low spatial frequencies) across the 
image as is often seen in television images of patterns 
with high spatial frequency content, such as striped 
shirts. Because the signal power at a given spatial 
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Figure 2 The Woodward function and tha modulation transfer functions fora high-quality ona-<simensional lens that has a phase plate 
with a cubic profile in the aperture stop. (a) The Woodward function showing a broadened pattern that is indicative of an increased depth 
of field. (0) The MTFs that are associated with the slices that represent in focus and out of focus. 
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frequency over all misfocus (the squared area under a 
vertical slice of the Woodward function at that spatial 
frequency) is constant, these frequency components 
cannot he removed. They can, however, be reduced at 
a given focus value by spreading the Woodward 
function vertically. Figure 3 shows a Woodward 
function that would be ideal. Below the cutoff spatial 
frequency, all of the signal power is in the focal plane, 
and beyond the cutoff frequency, the power is spread 
as much as possible over a large misfocus region. 
‘There is no assurance that a phase distribution can be 
found to give a desired Woodward function, however. 
Figure 4 shows the effect of one phase function, 
given by 


Str, 8) = Peosi34) [6] 


upon the MTF of the imaging system. The dashed 
vertical line shows the cutoff spatial frequency that is 
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Figure 3 The Woodward function for an ideal antialiasing fier. 


due to the sampling rate of the pixels. Note that in 
Figure 4, the magnitude of the Wavefront Coded 
spatial frequencies that are aliased have lower values 
than do those that are passed by a traditional full 
aperture F/2.5 system. Stopping the traditional 
system down to F/25 reduces the aliased MTF to an 
amount close to that obtained with the wide aperture 
and Wavefront Coding, but it also reduces the 
amount of light by a factor of 100. 


Wavefront Coding in Imaging Systems with 
Extended Depth of Field or Focus 


Figure 2 shows the Woodward function for one phase 
distribution (cubic in x and y for a two-dimensional 
imaging system) that increases the depth of field of an 
imaging system. The cubic function was selected by 
using analogies to the Ambiguity Function of radar. 
Even though it is doubtful that this phase distribution 
could have been found by using conventional lens 
design techniques, it is instructive to show the ray 
traces and point spread functions that are obtained 
when this phase distribution is used in the aperture 
stop. 


Ray trace analysis 

Figure 5 shows the ray trace from a point object 
through a conventional (one-dimensional) lens and 
through a lens that has been modified with the cubic 
profile of eqn [5]. Figure 5a shows the rays through a 
conventional lens coming to a focus, and Figure 5b 
shows the corresponding rays as they go through a 
lens with a cubic profile added. In the latter case, the 
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Figure 4 Normalized MTFs for traditional optics and Wavetront Coding. The full aperture F/2.5 system has a large amount of optical 
power beyond the detector cutof irequency of 50 Ipimm. With Wavefront Coding the allased optical power can be greatly reduced. Tho 
{radtional system aperture needs to be reduced to F/25 to compare to the antialiasing performance of the Wavefront Coded system. 
“This reduction reduces the ligt level by a factor af 100 in comparison with the F/2.5 system, 
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rays cross, but have a relatively constant ray density 
in the region of what was the focal region. Figure 6 
shows experimentally acquired point spread func- 
tions (PSF) for both cases. Note that the PSF changes 
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Figure 5 Ray traces from a point object through (a) a 
conventional one-dimensional lens, and (b) a lens that has been 
‘modified to have a cubic profile on the surface, 


very little over the region of misfocus. After signal 
processing, the PSF can be brought back to that of the 
conventional imaging system when in focus. Figure 7 
illustrates the effect of the signal processing upon the 
intermediate image that is acquired by the optics. The 
object is a tilted bar pattern, so that a portion is in 
focus, and the remainder of the bar pattern is so far 
out of focus that there is a contrast reversal in the 
image. With the system that has a coded wavefront to 
give an extended depth of field, the entire image 
appears to have the same blur, no matter which part 
of the tilted bar pattern is observed. This is because 
the same PSF is convolved with the object distribution 
for all regions of misfocus. Signal processing removes 
the effect of the modified PSF, resulting in the image of 
Figure 7b. Figure 7c shows a trace through the image 
of Figure 7b. The amount of the misfocus that can be 
tolerated isa design parameter, and is discussed in the 
next section. 


Signal processing requirements 
Itis necessary to do signal processing when using an 
imaging system that employs Wavefront Coding; the 
signal processing is needed to ‘decode’ the image that 
is formed by the detector array. This intermediate 
image is not a clear image. To obtain an intermediate 
image, the object distribution is convolved with a PSF, 
or impulse response, that has a shape similar to that 
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Figure 6 Point spread functions fora conventional lens in focus (a) and with large misfocus (b), anda lens that has been modified to 
have a cubic profile on the surface when in focus (c) and witha large misfacus (A). 
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of Figure 6c and d. To obtain the final image, the 
intermediate image must go through a deconvolution 
with the PSE, Because of the square law detection that 
occurs in the detector array, this deconvolution does 
not simply undo the effects of the convolution with 
the PSF that describes image formation. A straight- 
forward digital convolution is required in most cases, 
and has been shown to run at video frame rates in 
software, 


Parameter trade offs in imaging systems with 
extended depth of field 

Depth of field and signal-to-noise ratio. The 
greater the phase modulation by the phase plate 
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Figure 7 Image of ated bar pattom with an extended depth ot 
fold imaging system. (a) Image with a conventional imaging 
systam. (b) Final image from the imaging system with Wavefront, 
Coding. (c) Traces through the images to give quanttatve 
‘comparisons of the image quality. 
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(with a cubic profile in this example), the greater the 
extension of the depth of field. The greater the phase 
modulation for extending the depth of field, the larger 
the PSF, and the greater the drop in the MTF, as seen 
in Figure 2b, which show the MTF of the imaging 
system. The use of the phase function to extend the 
depth of field causes portions of the MTF to sag as 
compared with the MTF of the in-focus conventional 
system. This reduces the signal-to-noise ratio. If there 
is a greater phase alteration, the MTF sags more. 


Focus budget and focus-related aberrations, 
Another set of trade offs can be seen by considering 
the imaging systems from the detector plane. Here, 
we see an increase in the depth of focus of the system. 
All of this increase in the focal depth can be used to 
increase the depth of field if the optics of the system 
are of high quality. Otherwise, the increase in the 
depth of focus can be used to compensate for focus- 
related aberrations. For example, chromatic aberra- 
tion occurs when different colors focus to different 
planes. Figure 8 shows that if the depth of focus is 
extended, then there is a region where red, blue, and 
green, for example, are in focus. Figure 9 shows the 
red, blue, and green images of a US Air Force test 
pattern, as formed with a two-element imaging 
system with severe chromatic aberration, and with 
the same system when a Wavefront Coding element is 
used to extend the depth of focus. 

Compensation can also be seen for the case of 
curvature of field, where the image of a plane object 
falls onto a curved surface. If an extension of the 
depth of focus causes the focal region to resemble a 
curved bar instead of a curved line, then it is possible 
to place a flat detector array in the curved region, and 
therefore obtain a good image after signal processing. 
Similar arguments can be made for other focus- 
related aberrations. This leads to the concept of a 
focus budget, where a portion of the increased depth 
of focus can be allocated to extend the depth of field 
by some amount, and other portions of the depth of 
focus allocated to provide invariance to focus-related 
aberrations. 
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Fay traces showing different focal planes for red, blue, and green, and the elfect of extending the depth of focus for each 
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Figure 9 Color images of a US Air Force test pattem. (a) Images from a two-olement lens ofthe center portion ofthe test pattern. 
(0) Images from an extended-depth-of-focus imaging system of the center portion ofthe test pattem. (c) Images from a two-element 
lens ofa small number ‘three’ onthe test pattem. (4) Images from an extended-depth-of-focus imaging system of a small number ‘three’ 


(on the test pattern. Some residual effects remain due to diferent magnifications at diferent wavelengths 
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Figure 10 Schematic ofa tool for designing imaging systems with Wavetront Coding. A ray trace determines the distribution inthe exit 
aperture, and software determines the effect of the detector array and the signal processing. Then the ray trace and signal processing 


can be modified to optimize the entire system. 
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New design tools for imaging systems with wavefront 
coding 

The Woodward function is a very good tool for 
analyzing imaging systems with a coded wavefront 
and is a good guide for someone who is expert in 
designing such systems. However, another approach 
is better for those designers who are more familiar 
with conventional lens design tools. If one combines a 
conventional ray-tracing tool with custom software, 
it is possible to jointly design the optical and the 
signal processing portions of the system. A schematic 
of such a system is shown in Figure 10, The ray- 
tracing tool is used to trace the rays and determine the 
distribution in the exit aperture. Various software 
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Figure 11 
signal processing for the same object positions as in (a). 
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tools then are used to take into account the effect of 
pixel size and spacing, and the signal processing. The 
criteria for optimizing the design can include the size 
of the digital filter, acceptable noise gain, and other 
parameters related to signal processing as well as the 
parameters of the optical elements. 


Example applications of hybrid imaging systems with 
an extended depth of field or focus 

Barcode and label readers. The images of Figure 7 
show that image-based bar code reading is a good 
application for imaging systems that are based on 
Wavefront Coding. A bar code or label reader need 
not be positioned nearly as accurately as without the 


Images of a 2D bar cade as the object positon is varied for (a) conventional images and (b) Wavefront Coded images aftar 
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Figure 12. Images of aniris taken wit infrared illumination. The top row shows images with a traditional CMOS camera. The lower row 
is taken with a camera using wavelront coding to extend the depth of field. The misfocus distance in the right and laft columns is 


the same. 
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Figure 13. Images from a digital camera (a) Conventional camera with the lens wide open and focused on the white crayon. (b) 
Conventional camera withthe lens stopped down to increase the depth of field, with the resulting increase in noise due to a lower light 
level, (c) Intermediate image of a camera that was modified with Wavefront Coding to have an extended depth of field. (4) Final image 


with the modified camera. 


extended depth of field, Images of 2D bar codes 
imaged with and without Wavefront Coding are 
shown in Figure 11, Images in Figure 11a show the 
image of a 2D bar code formed by a conventional 
imaging system as the position of the object is varied. 
As with most imaging systems with fast optics and 
moderate magnification, the depth of field of the 
system is smaller than the application would prefer. 
Images in Figure 11b show the Wavefront Coded 
images of a 2D bar code after signal processing for the 
same object positions as (Figure 11a). These images 
are sharp and clear over a very large change in the 
distance to the bar code. 


Biometric imaging systems. Biometric imaging 
applications, such as fingerprint or iris recognition, 
provide the means to eliminate passwords, secure 

commerce, and securely identify humans or animals. 
In traditional imaging technology, quite often the 
trade-off between light throughput and depth of field 
makes conventional biometric systems difficult to use 


or not sufficiently reliable, By using Wavefront 
Coding, the depth of information gathered can 
greatly increasing the ease of use and possibly 
reducing the cost of the systems, 

Figures 12a,b, and ¢ shows example images of an 
iris taken with near IR illumination and a traditional 
CMOS imaging system at three different planes of 
focus. At best focus (Figure 12b) the detail of the iris 
is sharp and clear. This iris detail is used by iris 
recognition algorithms to accept or reject the person. 


Figure 14 Aschematic ofa fast single-lens imaging system that 
has good performance over a wide field of view and the full visible 
range. 


With slight movement towards (Figure 12a) or away 
(Figure 12c) from the imaging system the detail of the 
iris is lost. Figures 12d,e, and f show example iris 
images taken with the same near-IR illumination and 
a CMOS Wavefront Coded imaging system. At best 
focus (Figure 12e), the iris detail is as high as that 
from the traditional system. Movement towards 
(Figure 12d) or away (Figure 12f) from the imaging 
system results in images with essentially a constant 
level of iris detail. The size of the iris changes through 
magnification change. Increasing the range at which 
clear images can be made extends the useful image 
capture volume, enabling a more flexible system that 
is easier to use. 
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Color images with digital cameras. A convention- 
al digital camera has a small depth of field as shown in 
Figure 13a, where the camera was focused on the 
white crayon. In a conventional imaging system, the 
only way to increase the depth of field isto stop down 
the lens. As seen in Figure 13b, this reduces the light 
that is available, and results in a very noisy image. 
The intermediate image of an imaging system that has 
an extended depth of field is shown in Figure 13c, 
where itis seen that the result of convolving the object 
distribution with the modified PSF is an intermediate 
image that appears to have the same blur over the 
entire image. After signal processing of the inter- 
mediate image to obtain the final image, a clear image 
is seen with good signal-to-noise ratio. 


Inexpensive imaging systems with high-quality 
imaging characteristics. By exploiting the extension 
of the depth of focus that is made possible with 
‘Wavefront Coding techniques, one can design imaging 


Figure 15 A schematic of a fast two-element zoom system with 
{00d performance over a 2.5 x zoom and a wide viewing angle. 


systems that have fewer optical elements than tra- 
ditional designs that do not use Wavefront Coding. In 
high-volume applications, reduction in the number of 
optical elements can lead to greatly reduced costs. 
Figure 14 shows a schematic of a fast, single-lens 
‘Wavefront Coded imaging system that is very compact 
and has the performance of a longer lens that 
traditionally requires two or more optical elements. 
In this example, the entire focus budget was used to 
compensate for focus-related aberrations, and the 
shape of the lens was used to compensate for distortion 
and coma, Even zoom systems can be greatly 
simplified with the new design techniques. Figure 15 
shows a fast two-element Wavefront Coded zoom lens 
that images over a wide field with performance that is 
traditionally obtained only with three or more optical 
elements. Both of these imaging systems use non- 
rotationally symmetric forms of phase functions and 
are different from the ones of eqns [5] and [6]. 


Large depth of focus microscopes. A microscope 
‘can be modified to employ Wavefront Coding by either 
modifying the surface of one of the lenses in the 
objective, or by inserting a phase plate into the system 
at some appropriate position. One easy means of 
doing the modification isto place a Wavefront Coding 
phase plate in the slider position of a microscope, as 
shown in Figure 16. In this case, the optics is of high 
quality, and the entire focus budget was allocated to 
increasing the depth of field. A modified Zeiss 
microscope was used to obtain the images shown in 
Figure 17. An image of a diatom in Figure 17 shows the 
comparison with a conventional microscope in (a) and 
as with a Wavefront Coded microscope in (b). Notice 
that the greater depth of field gives more of an 
appearance of depth in the image. 
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Figure 18 Schematic of a modified Zeiss microscope to employ Wavotront Coding to extend the depth of fel. 


discrete semiconductor> thyristor > SCR 
rating with the way in which the component will 
actually be used. 


Maximum Current versus 
Conduction Angle 

Current-carrying capability will be very signifi- 
cantly affected by the length of the duty cycle 
when the SCR is being used to abbreviate each 
positive AC pulse. When the SCR imposes a 120- 
degree conduction angle, it may be able to han- 
dle twice the average on-state current as when 
itisimposing a 30-degree conduction angle. The 
manufacturer's datasheet should include a 
graphicalillustration of this relationship.|fan SCR 
is chosen for a high conduction angle, and the 
angle is later reduced, overheating will result, 
and damage is likely. 


Load 


JE 


Figure 113. in this schematic, an SCR is used to apply 
phase control, adjusting the power that passes through a 
Jad. 


Confusing Symbols 
When reading a schematic, unfortunate errors 
canresultfrom failureto distinguish between the 
symbol for a programmable unijunctiontran- 
sistor (PUT) and the symbol for an SCR. The 
characteristics of a PUT are described in Volume 
1 of this encyclopedia. 


What Can Go 
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at gate 
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Output 


Figure 114, If the AC power applied to the anade of an 
‘SCR (center) is reduced in voltage and delayed slightly by 
‘an RC network, it can trigger the SCR (top), causing it fo 
pass only an abbreviated segment of each positive AC 
pulse (bottom), 
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Figure 17 A100 x image of diatoms made with (a) conventional and (b) modified Zeiss microscope to give an extended depth of fel. 
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Figure 18 Imaging 0.5 micron diameter fluorescent beads at diferent sample distances. The images were taken with a 63x 
NA= 1.4 imaging system in one micron steps. (a) Three image planes taken using a traditional system. They show that individual beads 
are sharp only in a single plane. The images in (b), which were taken with a Wavefront Coding system at the same image planes, show 
all beads are imaged clearly at each plane. 
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Other modes of microscopy are also possible. In 
fluorescence microscopy, ultraviolet light illuminates 
objects that have fluorescing compounds in them. The 
images are formed using the fluorescence that is 
excited by the ultraviolet illumination. Figure 18 
shows images of fluorescing beads having a 0.5 
micron diameter. The beads are at various depths 
within the sample. The traditional system, operating 
at 63 X with an immersion objective having a NA of 
1.4, has a depth of field that is too small to image all 
of them, The images in Figure 18a were taken with 
the same microscope but with a wavefront coding 
phase clement placed in the slider and signal 
processing of the captured images. All beads are 
clearly seen at all three of the focus positions. 


Potential Future Applications 


Wavefront Coding should be useful in many imaging 
system where signal processing is to be done anyway; 
in that case, optimizing the optics and the signal 
processing to the purpose of the imaging system. 
Examples where an extended depth of field may be 
desired are endoscopes, video cameras, and lithogra- 
phy. In designing an imaging system to take advan- 
tage of a large depth of focus to produce inexpensive 
digital cameras, high-quality images can be formed 
with fewer optical elements and much lighter 
cameras. In lithography, a larger process window is 
possible. 

Because an increase in the depth of focus can permit 
wide spectral imaging, wide band infrared images can 
be formed. In systems that are used to provide images 
for machine interpretation, it is possible to design the 
optics and signal processing so that the desired 
process can be optimized globally, with the optics 
and the signal processing. For example, if the object is 
to classify cells as cancerous or noncancerous, it may 
he that the optics should be modified so that the 
information of primary importance is acquired and 
transmitted to the detector array. This modification 
would be done in conjunction with the optimization 
of the signal processing. 


Conclusion 


‘The mathematics and concepts that underlie a new 
approach to lens design were summarized. The 
technique has thus far been useful in enhancing the 
performance of some imaging systems such as 
microscopes, and in making simpler systems for 
inexpensive cameras. This new approach requires 
that some signal processing be done, but in digital 
cameras, some signal processing is being done 
already. 


List of Units and Nomenclature 


Modulation transfer ‘The magnitude of the optical 

function transfer function of an imaging 
system. 

The response of an imaging 

system as a function of the 

spatial frequency of a sinusoi- 

dal object distribution. 

‘A measure of spatial variation 

in the form of sinusoids in 

cycles per millimeter, 


Optical transfer 
function 


Spatial frequency 


Imaging: Wavetront Sensors and Control (Imaging 
Through Turbulence). Microscopy: Imaging Multiple 
Photon Fluorescence Microscopy; Overview. 
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Introduction 


The photon nature of light is the central topic in the 
field of quantum optics, which has developed into a 
leading area of research. The possible technological 
impacts of this field to many areas, such as imaging, 
computing, and lithography, have greatly expanded 
interest into the nature of the photon. A photon 
description of light goes well beyond the particle 
nature of light, to include any optical phenomena that 
cannot be adequately described by classical physical 
optics. This article will introduce the nature of the 
photon through a discussion of many such phenom- 
ena, covering topics from the beginning of quantum 
mechanics, including black-body radiation and 
Compton scattering, to areas of modern interest, 
such as squeezed light and entangled photons. 


The Origins of Quantum Optics 


One of the earliest theories in the development of 
quantum physics was the description of black-body 
radiation by Max Planck (1858-1947). Using the 
model of a radiating body as a collection of 
oscillators, he postulated that the amount of energy 
emitted or absorbed was proportional to its freq- 
uency, v, and that these oscillators could only 
have energies corresponding to integer multiples of 
such a packet of energy, where one unit of energy 
was given by 


by a 


where = 6.626 x 10° * Js is the universal constant, 
now known as Planck's constant, He then assumed a 
Maxwell—Boltzmann distribution to describe the 
probability of such oscillator states heing occupied: 


ye mak ot 
where k= 1,381 x 107? JK“! is Boltzmann's con- 
stant and Tis the temperature of the blackbody. The 
energy density in the radiation field, at a given 
frequency, is given by the oscillator density (at that 
frequency) times the average energy of the oscillators. 
Previous models had not only failed to quantize the 
oscillator energies, but in doing so also assumed equal 
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occupation probabilities that led to a prediction of 
infinite energy densities at short wavelengths, the so- 
called ultraviolet catastrophe. The oscillator density 
is given by 


n(x) = Save BI 
where c= 3X 10% m s~! is the speed of light. This 
value can be found by a mode density calculation 
within a box, as is often done in an introductory 
electromagnetics text. The average energy of the 
oscillators is found by calculating the sum of the 
occupation probability times the state energy and 
dividing by the sum of the occupation probabilities: 


y [Penbon/ y Pin) (41 


E, 


Evaluating the above expression for E,, and multi- 
plying by n(v), one finds the Planck radiation law: 


(51 


The black-body curve described by Planck’s law is 
shown in Figure 1. By introducing quantization to 
solve a problem that classical physics had failed to 
explain, Planck paved the way for quantum physics. 

Albert Einstein (1879-1955) made use of Planck's 
quantization for two important results that will be 
described here. The first is the photoelectric effect, a 
process by which electrons are released from a metal 


surface when exposed to light, The process has 
several traits that could not be explained by 


Energy density 


‘Optical frequency 


Figure 1 The spectral density omitted by a blackbody at a given 
temperature as given by Planck’s law. 
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classical physics. A given metal will only release 
electrons if the incident light is above a certain 
frequency, regardless of the intensity. However, once 
sufficient frequency components are present, elec- 
trons are immediately released, with their number 
dependent on the intensity of the light and indepen- 
dent of its frequency. Contrarily, the maximum 
potential energy of the released electrons depends 
only on the maximum frequency of light present, 
independent of intensity. Einstein was able to satisfy 
all of these conditions by saying that the light energy 
comes in quantized amounts as described by Planck, 
and that the electrons in the metal require a minimum 
energy, or work function W, to he ejected. Then for 
each quantum of light, which we now call a photon, 
with energy greater than W that strikes an electron, 
the electron will be released with kinetic energy 
given by 


K=hy-W 6) 


It is historically important to note that, although 
Planck introduced the idea of a quantized release of 
radiation from oscillators, he still believed the light 
field itself to be continuous and classical. Planck's 
approach of quantizing energy levels of matter while 
treating light classically has since become known as 
the semiclassical method, and is adequate for solving 
many problems. Thus, it was also in quantizing light 
itself that Einstein took the next step, and thus can be 
viewed in many respects as the father of the modern 
photon, although the term photon was not used until 
two decades later. 


‘The second area in which Einstein used the idea of 
energy quantization is in predicting radiative tran- 
sition probabilities. A radiative transition is a process 
by which a photon is either absorbed or emitted to 
satisfy conservation of energy when an atom moves to 
a higher or lower energy state. Einstein assumed three 
such processes existed, as shown in Figure 2: absorp- 
tion of a photon raising the atom to a higher energy 
level; spontaneous emission of a photon, where the 
atom emits a photon in going to a lower energy level; 
and stimulated emission, a process in which a photon 
interacts with the atom and causes it to emit a second 
photon (in phase with the first) and thereby go to a 
lower energy level. For each of these processes he 
defined a corresponding coefficient, now known as 
the Einstein A and B coefficients. They are labeled By2 
for absorption, Az, for spontaneous emission, and 
By, for stimulated emission, Note that there is no Ayz 
as absorption by its very nature is stimulated 
process. Einstein further stated that the rate of 
spontaneous emission was only dependent on his 
material dependent coefficient and the number of 
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Figure 2 Energy level diagrams representing the processes of 
absorption, spontaneous emission, and stimulated emission. 


atoms in the upper energy state, with the rate given by 


R. 


Nz 


However, he said that the rates of the stimulated 
processes were also dependent upon the strength of 
the optical field seen by the atoms, I(x), and were 
given by 


Ray = BN, 71 
for absorption and 
Ry = Bay [8] 


for stimulated emission, The full absorption rate is 
given by Ry, as defined above, whereas the full 
emission rate is the sum of the spontaneous and 
stimulated rates, given by 


Rew = [Arr + Bail(]No 19) 


Einstein was primarily interested in a system in 
equilibrium, for which Ry, = Rem. If one then looks 
at the limit where the optical field is very large such 
that spontaneous emission is negligibly small and the 
population is equally divided between the upper and 
lower state, the relationship By) = Bp, is found. 
Applying the same Maxwell-Boltzmann occupation 
statistics that Planck used to find his black-body 
expression, one can find that in thermal equilibrium 
the ratio of probability of finding an atom in state I to 
finding an atom in state 2 is 


E,WAT _ hut 


NN, =e 110) 
Note that for a two-level system in thermal equili- 
brium, the population in the upper level can at 
most equal, never exceed, the population in the lower 
level, regardless of the strength of the applied field. 
This is important in showing that the B coefficients 
are equal, and will also be a crucial point when 
discussing the theory of the laser later in this article. 
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Appropriately combining the above expressions 
leads to 


Iv) = Ay, /[Bx(e"** — 1)] (1) 


Equating this with Planck’s radiation law yields the 
relation: 

An (By, = 8abv3 ic 112) 
Thus, to fully specify the transition probabilities for a 
given system, one needs only to find A or B. It is rather 
straightforward using only atomic quantization to 
calculate B (such a derivation can be found in many 
introductory quantum mechanics textbooks). Direct 
calculation of A is more involved, requiring quantiza- 
tion of both the optical field as well as the atomic 
system. 

Arthur Compton (1892-1962) used the idea of 
quantized radiation to explain the presence of longer 
wavelength components present when X-rays are 
scattered from matter, an effect which now bears his 
name. The amount of scattering is independent of the 
scattering material and the wavelength of the source, 
depending only on the angle of scattering, 8. If the 
scattering is treated as a collision between a particle- 
like photon and a massive particle (taken to be 
initially at rest) as shown in Figure 3, the result can 
then be found simply by applying conservation of 
energy and momentum, where the photon energy is as 
given above and the photon momentum is given by 


p =hia (13) 


Recalling that the momentum isa vector quantity, the 
conservation laws provide a set of three coupled 
equations. Solving them directly one finds that 


AA= (ble — cos 0)(2K)/[p* — (Kier ] [14] 


where K and p correspond to the final kinetic energy 
and momentum of the massive particle. It is 
important to allow for the possibility of very high 
velocities for the massive particle, thus implying that 
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Figure 3 Schematic representation of Compton scattering, 


relativistic expressions for K and p are needed. In 
terms of the kinetic energy, the relativistic expression 
for momentum is 


p= y2Km + (Kio? [15] 
where m is the mass of the scattering particle. Using 
this relation, the above expression can be simplified, 
giving the wavelength shift to be 
AA= (1 ~ cos Mbime 1161 


The scaling factor is known as the Compton 
wavelength: 


de = hme 


. (17 
For the case of an electron, the Compton wavelength 
has the value 0.02426 angstroms. For a massive 
particle, the Compton wavelength is often used 
when wanting to discuss and analyze wavelike 
properties. As a final note on this process, if the 
calculation would have been done nonrelativistically, 
there would have been an extra factor of 
[1—0.2S(eP]-', where v is the velocity of the 
particle. The appearance of the factor (a/c) in any 
result implies the need for a relativistic treatment, 
though often (as in this case) taking the limit of 
nie = 0 yields the proper result. 

Another area in which the photon nature of light is 
revealed is a form of inelastic scattering of light now 
known as the spontaneous Raman effect. Discovered 
by CV Raman (1888-1970), this is a process in 
which a material illuminated by a light source scatters 
light into frequency components not found in the 
source. The frequency shift is due to the energy 
difference, AE, between two energy states in the 
material, There are two possible cases, each of 
which is represented in Figure 4. In the first, known 
as Stokes scattering, an atom in the lower state 
absorbs a source photon, raising it to the upper 
state via a virtual level, during which it emits a 
photon at the Stokes frequency, v,, as represented by 
the relation 


by 


y= hy, + AE 118] 
where 1, is the frequency of the incident photon from 
the source. The second case, anti-Stokes scattering, 
has an atom in the upper state absorb the source 
photon and simultaneously fall to the lower 
state, again through the virtual level during which it 
emits a photon at the higher anti-Stokes frequency, v4, 
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Figure 4 Energy level diagrams for Stokes and anti-Stokes Raman scattering 


given by 


bu, = by, ~ AE 19) 
Since the anti-Stokes scattering requires the atom to 
be initially in the upper state, the probability of such 
scattering is generally much less than that for Stokes 
scattering. This can be quantified by the same 
occupation statistics used above, giving the ratio of 
probabilities as 

BP, = ¢ aT [20] 
It is important to note that the energy difference can 
cither be based on the electronic structure of an 
atomic system as has been discussed thus far, or other 
energies such as the vibrational energies in a 
molecular system. The ability to probe a variety of 
energy structures without having to tune the source 
to a particular wavelength has led to wide use of 
Raman scattering for spectroscopy. A related effect, 
known as stimulated Raman scattering, will be 
discussed later. 


The Photon in Modern Physics 


As an indication of the widespread importance of the 
results discussed thus far, they led to four Nobel 
prizes in physics: Planck in 1918; Einstein in 1921; 
Compton in 1927; and Raman in 1930. Our initial 
understanding of the photon comes from the 
results, but it was with the development of modern 
quantum mechanics by Erwin Schrodinger (1887- 
1961), Werner Heisenberg (1901-1976), and Paul 
Dirac (1902-1984); quantum electodynamics by 
Richard Feynman (1918-1988) and others; and the 
invention of the laser by Charles Townes (1915-) and 
others, that the field of quantum optics and our 
modern view of the photon began to fully take shape. 
In this section, the basics of modern quantum optics 
will first be introduced. A brief discussion of the 
theory of the laser as related to photon transitions 
will then be given, followed finally by examples of 
important areas of experimental quantum optics that 
have been made accessible by the laser. 


It is now common to treat the photon with a very 
similar formalism as that originally created for 
massive particles in the development of quantum 
mechanics. That is, one describes the photon by a 
wave function, |W), which contains all the infor- 
mation about the photon and must satisfy the 
Schrddinger equation 
8 iy = HIN 
its WW) = HIW) 21 
where = b/2@= 1.054x 10" Js and H is the 
Hamiltonian for the photon. Just as in classical 
clectromagnetics, the Hamiltonian is related to an 
clectric and magnetic field. Clearly, for this treatment 
to be in agreement with the well-established classical 
clectromagnetic theory, these fields must satisfy 
Maxwell's equations. There are several possible 
representations of the Hamiltonian, but for the 
purposes of this discussion a convenient choice is 


H= hve +0.5) (22) 


where fr is called the number operator as it returns 
the average number of photons in the state, (f), 


represented by the operation 


(a) = (Wal) 


23) 


Explanations of the notation used can be found in any 
elementary quantum mechanics text. Note that in 
defining the Hamiltonian, a single frequency v was 
used. This implies a single mode field. For a more 
general case, one would simply sum over the modes 
Corresponding to various frequencies. 

In addition to obeying the Schrédinger equation, 
the photon is also restricted by the Heisenberg 
uncertainties as for massive matter, given in a general 
form as 


AgAp =f 124) 


where q and p are any set of canonically conjugate 
variables, such as position and momentum or energy 
and time. Note that, depending on the exact 
definitions used for q and p, there can be extra 
factors such as 0.5, and sometimes normalized 
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variables are used such that the inequality is with 
respect to 1. However, it is interesting to note that, 
unlike for massive particles that were considered well 
localized in classical theory, the idea of uncertainty 
for light had been accepted in some form long before 
the development of quantum mechanics. Neglecting 
the scaling factor fi, which is purely quantum in 
origin, an uncertainty principle can be derived for any 
wavelike phenomena simply using the relationship 
between Fourier transform pairs. 

Using the basic ideas of a photon state and the 
uncertainty principle, some important properties of 
light will now be explored. There are several possible 
forms the wave function can take. It is often 


convenient to write the wave function in terms of 
states containing a certain number of photons. Such 
states are known as Fock or number states and are 
represented as In), with n being the number of 
photons in the state and are said to be eigenstates of 
the number operator. The energy of a Fock state is 
given by 


E, = bv 40.5) 25) 


Notice that this predicts a background, or vacuum, 
energy for the electromagnetic field, even when the 
average number of photons in the field is zero. This 
vacuum energy is given by 0.5 by. Correspondingly, 
due to the uncertainty principle, there must be some 
uncertainty in this energy as well as with any energy. 
The fluctuations in the vacuum energy are known 
as vacuum fluctuations. Many processes, such as 
spontaneous emission that cannot be adequately 
described by a simple semiclassical approach, where 
matter is treated quantum mechanically and light is 
treated classically, can be treated by the addition of 
vacuum fluctuations, without requiring a full quan- 
tum mechanical treatment of the electromagnetic 
field. Such an approach is used in many texts, but 
there are several important physical phenomena 
that do require the fully quantized approach dis- 
cussed here, 

‘The state most resembling a classical field is known 
as the coherent state, represented here as a sum of 
Fock states: 


IW) = Ja) =e way 
= ve 


where a isa parameter describing the field, with the 
average number of photons in the field given by 


in) 126] 


(i) = lal? R71 


One key property of coherent states is that they 
exhibit minimal uncertainty. That is, the uncertainty 


relations become equalities, Also, the uncertainty is 
equally divided between quadrature components. 
Before applying the above principles to explore 
some of the dramatic results of quantum optics, 2 
brief discussion of the laser will be given due to its 
importance in the field. The theory of operation of the 
laser is based directly on Einstein’s transition prob- 
abilities. For the transition of interest, one wants to 
generate a large number of coherent photons (that is, 
photons in phase with one another), Recall that in the 
process of stimulated emission, one photon leads to 
two coherent photons, whereas spontaneous emission 
leads to photons which are not phase referenced to 
anything else in the system, Also, if a significant 
number of the photons are to escape the region where 
they are generated, it is important to minimize the 
absorption. Thus, a laser requires that the stimulated 
emission rate exceed both the spontaneous emission 
rate and the absorption rate. The first condition 
places lower limit on the optical field density present 
at the lasing frequency. This density can be reason- 
ably large, but presents no fundamental difficulties. In 
practice, mirrors are placed around the emission 
region to confine the photons and counteract losses, 
thereby building up the energy density until the above 
condition is satisfied. The second condition, however, 


can be written as 


Ny >N, 128] 
and is the more restrictive requirement. Such a 
condition is referred to as inversion and, as was 
previously mentioned, cannot be sustained in a two- 
level system once equilibrium is reached. Therefore, 
to be able to maintain lasing, additional levels are 
needed. Two typical laser energy diagrams are shown 
in Figure 5. In such multilevel systems, it is possible to 
create an inversion in the levels of interest and thus 
allow lasing. Further details on lasers (both in theory 
and practice) are widely available, though it should 
be noted that the output of a laser is a good 
approximation of a coherent state described above. 
The invention of the laser revolutionized optics, as 
well as the whole of modern physics, by making 
readily available electromagnetic fields of a vastly 
different nature than that from any previous source of 
light. This quickly led to the birth of a new field 
known as nonlinear optics. Nonlinear optics 
describes interactions between light and matter 
which have properties dependent on the field 
strength, Although some nonlinear processes can be 
described adequately without the use of a photon 
picture, most nonlinear process can be best described 
as some combination of annihilation (absorption) 
and creation (emission) of photons. Two such 
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Figure & Energy level diagrams for throe-level and four-level lasers. 


processes, that are of great interest in quantum optics, 
are stimulated scattering and parametric down 

Earlier, the process of spontaneous Raman scatter- 
ing was discussed. For such a process, it is assumed 
that the incident field driving the process is relatively 
weak such that the scattering process generates very 
low photon densities in the various modes of the 
electromagnetic field. However, just as there are both 
stimulated and spontaneous emission processes in the 
radiative transitions discussed previously, in the 
presence of strong fields there can also be stimulated 
scattering. The total Raman scattering rate can be 
expressed as 

R= nha +1) 29) 
where 7 is a scaling factor, including the gain of the 
process for a given material, J, is the strength of the 
incident optical field (generally a laser field to be 
sufficiently strong to cause stimulated scattering), and 
Jy is the Raman field strength. Note that for Ig, the 
rate is just linear with the applied field, representing 
the spontaneous process. However, with a strong 
pump, the generated field will quickly become large 
enough such that the stimulated process will domi- 
nate, The spontaneous scattering is not directional 
dependent, but since the stimulated process grows 
along the length of the scattering material in the path 
of the incident beam, it will tend to be generated 
along the path of the incident laser. Due to linear and 
nonlinear dispersion effects, however, the light will 
form ina narrow cone about the pumping laser rather 
than exactly collinear. Unlike the spontaneous scat- 
tering, a significant percentage of the incident 
photons can be converted to the Raman frequencies, 
making stimulated Raman scattering an extremely 
powerful spectroscopic tool. 

Possibly the most important nonlinear optical 
process for quantum optics is parametric down 
conversion. This process is interesting both in the 
nature of the process itself, as well in the properties of 
the generated light. In parametric down conversion, 
shown schematically in Figure 6, one photon (known 
as a pump photon) of frequency y, is annihilated 
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Figure 6 Schematic representation of parametric down 


and two new photons (generally referred to as signal 
and idler) are created with frequencies v, and v, 
respectively, given by the conservation of energy 
relationship: 

by, 


hy, + hy, (30) 


In the case where », = 1, the process is referred to as 
degenerate. Down conversion can either be spon- 
taneous, in which only pump photons are externally 
applied, or stimulated, in which both pump photons 
and signal photons are applied. In the stimulated case, 
the signal is amplified and idler photons are generated 
as a byproduct. Parametric down conversion is one of 
the leading sources of nonclassical states of light. The 
term nonclassical is used rather than quantum, 
because all states of light can be accurately described 
by a quantum picture, but while most can also be 
described very well with a classical picture the states 
referred to as nonclassical cannot. Two of the most 
common nonclassical states of light are entangled 
states and squeezed states. 

Entangled states are multiphoton states in which 
the state cannot be written as a product of the states 
of the individual photons. For simplicity, only two- 
photon entangled states (commonly referred to as 
EPR states for Einstein, Podolsky, and Rosen) will be 
discussed. More extensive and general material, 
including discussions of higher-order entanglement, 
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Figure 7 Uncertainty diagrams for squeezed and unsqueezed 
vacuum and coherent states 


such as the three-photon entangled states (commonly 
referred to as GHZ states for Greenberger, Horne, 
and Zeilinger), can be found in a variety of textbooks 
on modern quantum optics. One of the simplest ways 
to generate a two-photon entangled state is by the 
process of spontaneous parametric down conversion 
described above. If the product of the pumping 
intensity, generation length, and generation gain is 
of an appropriate level, individual pairs of photons 
are emitted. The states of these photon pairs are 
entangled, with the position, momentum, wave- 
length, polarization, and all other properties of the 
photons completely correlated and inseparable. Such 
states have been a powerful tool for the experimental 
verification of many of the predictions of quantum 
mechanics and quantum optics. Entangled states can 
also act as a source for many of the newer tech- 
nologies in quantum optics, including cryptography 
and teleportation. 

Another important form of nonclassical light is 
known as squeezed light. The principle behind 
squeezed light is that, unlike for coherent states 
where the uncertainty is equally distributed, the 
uncertainty in one quadrature can be reduced at the 
expense of increased uncertainty in the other quad- 
rature, This is shown schematically in Figure 7. As 
opposed to entangled states which tend to be very 
weak, containing only a few photons, squeezed states 


of light can be quite intense, This makes squeezed 
light more desirable for many applications. 

In conclusion, it should be noted that while the 
photon description of light can explain a wide variety 
of physical processes and is now leading to many 
exciting technological developments, much is still 
unknown about the photon at the fundamental level. 
Any accurate description of the photon must be in 
agreement with experimental evidence, including that 
discussed in this article, but one should be aware that 
the accepted picture of the photon nature of light is 
still constantly evolving and growing. 
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Introduction 


The fabrication and study of dielectric structures 
whose refractive index is periodically modulated on a 
micron or submicron scale, known as photonic 
crystals (PCs), are attracting considerable interest at 
present. One-, two-, or three-dimensional (1D-, 2D-, 
or 3D-) periodic PCs exhibit photonic band gaps 
(PBGs), analogously to electronic band gaps in 
ordinary crystals, and can incorporate defects, 
designed to form localized narrow-linewidth (high- 
Q) modes at PBG frequencies. The advent of such 
structures opens up new perspectives in atomic 
physics and quantum optics, since they are expected 
to allow an unprecedented control over the spectral 
density of modes (DOM) and the spatial modulation 
of narrow-linewidth (high-Q) modes, in the micro- 
wave, infrared, and optical domains. An interesting 
situation arises when foreign atoms or ions - 
dopants — with transition frequencies within the 
PBG, are implanted in the PC. Then light near one of 
these frequencies resonantly interacts with the 
dopants and is concurrently affected by the PBG 
dispersion. Consequently, highly nonlinear processes 
with a rich variety of unusual PC-related features are 
anticipated. Such nonlinear optical processes, 


involving near-resonant transitions in PCs, undergo 
basic modifications as compared to the corresponding 
processes in free space, which are attributed to the 
strong suppression of the DOM within PBGs, to 
sharp bandedges and to intra-gap narrow lines 
associated with high-Q defect modes. 

Results are detailed below for spontaneous emis- 
sion of radiation in PCs and for the resonant 
interaction of atoms with the field of a single high- 
Q defect mode. These results stem from the failure of 
perturbation theory and the onset of strong field- 
atom coupling near sharp bandedges or narrow 
defect-mode lines in 2D and 3D PCs. 3D-PBGs are 
needed, in order to extinguish spontaneous emission 
in all possible directions of propagation and dipole 
orientations. If only one polarized atomic transition is 
involved in the spontaneous emission, 2D-PCs suffice 
for its suppression. For controlling strictly uni- 
directional field propagation, it is sufficient to resort 
to PBGs in 1D-periodic structures (Bragg reflectors or 
dielectric multi-layer mirrors) 

Asa further example of field—atom interactions in 
doped PCs, we will show that two ultraweak 
electromagnetic fields (or photons), coupled to appro- 
priate transitions of the dopants in a PC, can mutually 
induce large phase shifts or drastic changes in 
absorption. Appreciable photon-photon correlations 
can then be established, which can be utilized in 
both classical and quantum optical communications. 


Radiative Decay and Photon-Atom 
Binding in a PC 
The interaction of a two-level atom with an arbitrary 


field-mode continuum can be described by the 
following second-quantized Hamiltonian in the 
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rotating-wave approximation (RWA) 
H=he, lel +A Sa aay 


+#Y [xw,)ajle)(el + hermitian constant] 
i 
a 


Here le) and |g) are the excited and ground atomic 
states, respectively, w, is the atomic transition 
frequency, a’ and a, are the creation and annihilation 
operators of a field mode with wavevector &, and 
frequency @;, and fix(w;) is the resonant coupling 
energy of this mode with the atomic dipole. The 
E-summation can be replaced by an integral over 
the continuum DOM in the frequency domain, 5 —> 
Ji’ dup(w), avoiding, for the sake of simplicity, the 
study of direction-(angle-)dependent DOM effects. 

‘We consider a two-level atom that is excited at time 
1 =0 in an empty, periodic dielectric structure. The 
wavefunction of the combined system field + atom 
can be cast in the general form: 


IW) = aityle, (0,}) + Jpucie. 1,)aw)do [2] 


where (0,,} signifies the completeness of field modes in 
the vacuum state and |1,,) denotes single-photon 
occupation of the wmode. The corresponding 
Schrodinger equation can be solved with the initial 
condition |W(0)) = le,{0,,}) by means of the con- 
tinuum spectral response: 

Glow) = Ix(w)!? pw) BI 
The analysis of eqn [2], with G(w) appropriate for 
photonic bandstructures, is aimed at revealing the 
prominent features of the atomic excitation decay 
a(t) and the corresponding emission spectrum. 

In what follows, we consider a photonic band- 
structure with several PBGs, separated by allowed 
bands. Each PBG is labeled by index i and has lower 
and upper cutoff frequencies oy, and a, respe 
Then G(w)=0 for w, << wy. Naively, one 
might expect that an excited atom would either be 
stable against single-photon decay, if w, is within a 
PBG, or decay completely at + 09, if «, is anywhere 
in an allowed band. However, both statements turn 
out to be inaccurate. 

Incomplete decay of a(t») occurs if there is a 
stable eigenvalue (energy level) fiw, of the total (field- 
atom) Hamiltonian egn [1]. Such an energy level is 
possible only if G(w,)=0, ie, for w, in a PBG. 


Ie must satisfy: 


Gla Bly 4 
sto) =f" SO dol +f SO ao! 51 
ow ia 


Here the integrals are the frequency shifts of the 
atomic resonance fw, induced by the spectral parts 
of the reservoir situated, respectively, below and 
above the ith PBG (Figure 1). If eqn [4] holds, 
then the corresponding term in a(t) is proportional to 
exp(—iwt), and does not decay, Physically, such a 
stable level can be interpreted as representing the 
binding of the photon to the atom (photon-dressed 
atom), without the ability to leave the atomic vicinity, 
due to Bragg reflection in the PBG. 

Assuming that «, occurs in the ith PBG, we observe 
that the first shift is positive whereas the second shift 
is negative, ic., each part of the continuum repels the 
atomic level from its PBG edge. Equation [4] has a 
solution if w, falls between the minimum and 


maximum values assumed by its left-hand side in 
the ith PBG, ic, if 


= AMa,) < 0, < A(an) {61 


(@) Oh Oy 


4 ao 


Figure 1 Froquoncy shifts of the atomic resonance a, (dashed 
line) due to ‘repulsion’ (arrows) by asymmetric spectral parts of the 
Continuum below and above the PBG: (a) Incomplete decay for w, 
inallowed band. The interaction wth the continuum spits the state 
into a superposition ofa stable part in the PBG (sold line) and a 
decaying part above w, (shaded peak). (b) Complete decay for 
‘same uy. due to large shits that spit the state into decaying parts 
in two allowed bands. 


@) 
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Incomplete decay occurs if this condition holds at 
least for one PBG. There may be, at most, one stable 
state in a single PBG (Figure 1). However, a two-level 
atom in a periodic structure can have several stable 
dressed states simultaneously, when conditions hold 
for several PBGs. It is quite extraordinary that the 
conditions (eqn [6]) for incomplete decay can be 
fulfilled with w,, not only in a PBG, but even in an 
allowed band, e.g., when A(oy,) is negative or when 
A(w,) is positive (Figure 1a,b). 

Equally counterintuitive is the converse possibility, 
of complete decay for w, within a PBG. When there is 
a single PBG and one of the inequalities in eqn [6] is 
violated, complete decay will occur for w, <u, < 
on; — Man), if Mors) <0, oF ony — Mou) <0 < 
wy. if Mwy,) > 0. 

‘The possibility that one or several discrete, stable, 
states exist yields the corresponding wavefunction in 
the form: 


IW) = Value + CD) 71 


Here the summation is over all discrete atomic 
photon-dressed states with energies fiw,, Iy;) is a 
discrete-(dressed-)state eigenfunction of the Hamil- 
tonian (eqn [1]) normalized to unity, and weighted by 
the amplitude J@=[1+ Jf dwG(w)(w — w)?)- 
The dressed state |y) consists of an excited-state 
component and a photon-bound ground-state 
component. 

The population of the excited state for long times: 


lac? = ¥ cye7 costo, — wy )t for t+ 00 [8] 
7 


is a nonzero time-constant if there is one discrete 
stable state, whereas in the case of several such states, 
it undergoes heats at the frequencies corresponding to 
their energy differences. The splitting of an excited 
state le) into superposed stable states, oscillating at 
bandgap frequencies w,, whose amplitudes ¢,, and 
cigenfrequencies w, are controllable by the atomic 
transition detuning from cutoff, constitutes spon- 
taneous coherence control. 

If, however, w, is far from the cutoff, then eqn [2] 
results in an exponentially decaying amplitude: 


at) = eta pl 


where @, =, +A,, dy and y, being the effective 
spectral shift and width of the decaying atom. 


This regime holds for a locally smooth G(w = ,) 


such that 


Iepal Wale 1s bysAal ya: Yas lal long — cog! [10] 


where wis the handedge frequency nearest to w, and 
the primes denote differentiation with respect to 

‘We now apply the foregoing general results to a 
model DOM distribution, This distribution is 
derived on keeping the lowest term in the Taylor 
expansion of the dispersion relation w(k) near a 
photonic bandedge ax (the effects of the further 
PBG edge are neglected). This yields the effective 
mass approximatio 


way DY (k-kyrlm, my 


with I/m, = (1/2)(27@/3k?)|,-,,,- In a structure with 
period L, ky satisfies the Bragg condition ky, = aL. 
‘The corresponding DOM in a 3D-periodic structure 
with an allowed symmetry may be approximated as 


<1 py, 112) 


pho) ~ (w= oy)!" ea = ey) 
where @ is the step function and D is the dimension 
of the Brillouin-zone surface spanned by bandedge 
modes with vanishing group velocity. In realistic 
photonic structures D = 2, D = 2 corresponding to 
completely isotropic dispersion (spherical Brillouin- 
zone surface) and D=0 corresponding to an 
anisotropic three-dimensional Brillouin zone, Both 
cases can be represented, respectively, as the limits 
£0 and ero of the functic 


C arm 
Go) = 2 wo) 113) 
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where ¢ is the ‘cutoff-smoothing’ parameter and C 
is the continuum coupling constant. Depending 
on whether C*/e is greater or less than one, 
the continuum is close to the case © = 0 (D = 2) o 
£— 00 (D = 0), respectively. 

Using the properties of the model DOM (eqn [13]), 
we can infer the criteria for the two regimes discussed 
above: 


(i) The conditions for incomplete decay, eqn [6], are 
now (Figure 2) A, = wy < Ce, Hence, 
the abrupt, singular cutoff of the DOM with D = 
2.(e— 0) implies the existence of a discrete state 
for any @,, either inside or outside the PBG. The 
energy of the discrete state, fay, which must lie in 
the PBG, is found to be a real and positive root of 


the equation w, ~ a) = Cl jay ah + Ve) 
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Cc) Frequency 
Figure 2_ (a) Incomplete decay ofthe excited state population as, 
a function of yt, whore ye = Cr~"®. fore = 10%, ateutof A. = 0 
‘The beat period is 2n(wy — ea) and the nondecaying probability 
is cj = 4. (6) The corresponding spectrum. The frequency is 
normalized 10 
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(ii) The conditions for nearly exponential decay, 
eqn [10], can be shown to reduce now to 
the requirement that @, be in the allowed 
zone sufficiently far from cutoff, A. > 
min{C™3, Ce}. Under this condition, the inter- 
mediate-time exponential decay of the excited 
state (Figure 3) is given to first_approximation 
by eqn [9], with y,=CV/RMe+A.) and 
A, CYel(e + A). 


The resulting atomic frequency shift A, is negative 
in the present model, vanishing for e— 0 (D = 2), 
The long-time behavior of a(t) can be shown to 
exhibit a tail decaying asf? (or ¢! at 
A, = Ce!) and oscillating at the cutoff frequency 
‘oy (Figure 3). 

With the increase of e, the smoothing inhibits the 
decay more strongly for «, at cutoff, A, = 0, because 
Glw, ~ oy) is now weaker and the stable-state 
prohability cy (eqn [7]) is correspondingly larger. 
By contrast, at a large detuning from cutoff A, the 


large-e smoothing allows the decay to become 
complete, and the corresponding spectrum is entirely 
Lorentzian. 
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Figure 3 As in Figure 2, fora large detuning from the sharp 
cutoff, e= 10°*. A, = 03. (a) logyelat!*is plotted as a function of 
i. The nearly complete decay (c) ~ 10-*) is modulated by beats 
with frequency ,. A power tall obtains for t => y,' = A!/C, 
decreasing as t-" for t= ASIC? and as 1-3 for t=» A2/C2, (o) 
‘The nearly Lorentzian spectrum, w(a), has a small peak near sry, 
due to the sharply peaked DOM near the cutoft 


A defect in the periodic structure can produce a 
narrow-linewidth local mode in the PBG, whose 
spectral response is describable by a Lorentzian: 


yw th 


4s 14] 
7 Tt ay ee 


Gao) = 


where yy characterizes the coupling strength of the 
atomic dipole with the defect field, whereas oy and 'y 
stand for the line center and width, respectively. The 
presence of a nonvanishing DOM in the PBG, due to 
a defect, causes spontaneous emission in the PRG 
spectral range. This broadens the discrete state oy, 
which becomes metastable (see Figure 4). The 
oscillator strength of the line at w» is then pro- 
portional to co. 


EIT and Cross-Coupling of Photons in 
Doped PCs 


Nonlinear effects, whereby one light beam influences 
another, require strong fields or else light confinement 
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in a high-O cavity. The analysis above has shown that 
hy choosing an appropriate detuning of an atomic 
transition from the PBG cutoff, the spontaneous 
coherence is established between the states of an 
initially excited atom. The ability to control this 
coherence, by varying the detuning, opens interesting 
perspectives for optical processes in PCs containing 
multilevel atoms with a resonant transition near a 
handedge. From among such processes, we discuss 
here electromagnetically induced transparency (EIT) 
and its applicability to nonlinear photon switching or 
giant cross-phase modulation. 

Let us examine the nonlinear coupling of two weak 
(single-photon) optical fields E, and Ej, with the 
frequencies o, and ap, respectively, propagating 
along the z-axis in a PC dilutely doped with identical 
four-level atoms (Figure Sa). These fields interact with 
the atoms via the transitions |1)—+ |2) and |3)—+ 4), 
respectively, while the transition |2)—+ [3) is coupled 
to the structured mode-continuum pla) in the 
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Figure 4 Spectrum w(a)(same units as in Figures 2 and 3) for 
‘oat cutof, A= 0, in the presence of a defect in the P&G, 
y= 10. y= 01, T'y=3, e= 10-2 The oscilaor strength is 
ow roughly equally shared betwoen the isinbution above cutott 
(same asin Figure 2b) andthe defect pak atu 
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PG (Figure Sb). Initially the atoms are in the 
ground state |1) and the continuum is in the vacuum 
state (0,,). Then the wavefunction of the system at the 
position z; of the /th atom reads: 


IM(=1,£)) = a4! {0,}) + 212, {0,)) 


+f Ai.13.1pwido 


+ [ Bsal4 1 plaidea 5) 


The consecutive terms in eqn [15] denote the atom 
being in states |1),|2), 13), or 14), with zero (0,,} oF one 
I.) photon in mode w whose DOM is p(w), and ai, 
@}, Bi, OF Bj are the corresponding probability 
amplitudes. Upon making the weak-field linear- 
response approximation, we can set a ~ 1 and 
solve the set of equations for the slowly varying 
(compared to an optical cycle) probability amplitudes 
a and B, using the perturbation theory. Under these 
conditions, we effectively obtain a free-space propa- 
gation of the Ey field. By contrast, the evolution of the 
E, field in the slowly varying envelope approxi- 
mation, is given by E,(z,t) = E4(0,t — z/u)exp(ip2). 
We thus see that the real part of the macroscopic 
complex polarizability p is responsible for the phase 
shift &, of the E, field, @,=Re(p)z, while the 
probability of the absorption .0f of the field depends 
on the imaginary part of p, of = 1 — exp|—2Im(p)zl 
The polarizability is expressed by 


_ 2 
= 0772 id, +A, 


p [16 
where dy = oN is the linear resonant absorption 
coefficient on the atomic transition |1) + [2). with a 
the resonant absorption cross-section and N the 
density of doping atoms, yy is the radiative width of 


Figure 5 (a) Photonic crystal diutely doped with atoms located at black dots. (b) Four-level atom coupled to structured continuum 


‘/hw) near the band-edge or defe 
‘weak fields E, and E,, atthe sideband transitions 1) 2) and i3) 


mode frequencies (DOM plotted) via the intermediate transition 12) 2) and interacting with two 


4), respectively. 
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state 12), A, =w,— wn is the detuning from the 
atomic resonance wy), and I(A,) is the integral of 
the saturation factor over the structured DOM. The 
group velocity v, is expressed as 0, = a, 00, 
Insle+au,Re(pl-!, where nm, is the (averaged) 
refraction index at the frequency 

To calculate 1(A,), we assume the isotropic PBG 
model, eqn [13] with e— 0, with the atoms doped at 
the positions of the local defects in the PC separated 
by a distance d from each other. These defect modes 
in the PBG are localized around each atomic site in a 
volume Vy ~ (rL)° of several (r)' lattice cells L*, with 
L = mcluys, and serve as effective high-O cavities, 
eqn [14] with Py <1. Assuming |g! > IA, 1A,|, ys. 
where Ay = oy — 043 and A=w— ons, the inte- 
gration leads to 


B: 
ya — AY Ay 


By 


1A)= 
A.) =F) 


where Agu = ay ~ 023 < on; are the detunings of 
the defect-mode and PBG-edge frequencies from the 
atomic resonance 03, ¥41 the |1) +13) decoherence 
rate, 53 = (uiy/f2AjIEyl is the Ey field-induced ac 
Stark shift of level |3) (jy is the atomic dipole matrix 
element on the transition |i) —j)), and By and By are 
the coupling constants of the atom with the struc- 
tured reservoir, whose main contributions are near wy 
and wy 

To illustrate the results of the foregoing analysis, 
we plot in Figure 6 the imaginary and real parts of the 
polarizability (eqn [16]). Consider first the case of one 
incident field E,(E,=0). Clearly, two frequency 


regions, A, ~ Ay and A, ~ Ay, where the absorption 
vanishes and, at the same time, the dispersion slope is 
steep, are of particular interest. One can see that there 
is, however, a substantial difference between the 
spectra in the foregoing frequency regions, for the 
following physical reasons. First, in the vicinity of As, 
the atom interacts with the defect mode as in a high- 
Q cavity. This strong interaction ‘dresses’ the atomic 
states |2) and 13), thereby splitting the spectrum 
around A, ~ Ag by the amount equal roughly to 2B,. 
Near the two-photon Raman resonance A, = Ay, the 
two alternative transition paths |1)—+ |2) (the direct 
transition) and |1)—[2)—+13)— [2) (transition via 
state |3)) interfere distractively with each other, 
cancelling thus the absorption of the E, field and 
the medium hecomes transparent to the radiation. 
This effect has been widely studied in atomic vapors, 
where the transition |2)— |3) is strongly driven by a 
coherent laser field, and is called electromagnetically 
induced transparency (EIT). The transparency win- 
dow is rather broad and is given by the inverse 
Lorentzian (see the first term on the right-hand side of 
eqn [17]). Due to the steepness of the dispersion 
curve, the corresponding group velocity is much 
smaller than the speed of light, v, = 2B]/(y249) < ¢, 
which leads to a large delay time Ty = (/vy at the 
exit z= {from the medium, One has to keep in mind, 
however, that the absorption-free propagation time is 
limited by the EIT decoherence time Tya < yj. 
which imposes a limitation on the length { of the 
active PC medium. Second, in the vicinity of Ay, the 
strong interaction of the atom with the continuum 
near the bandedge wy causes the Autler—Townes 
splitting of level |2) into a doublet with a separation 
equal roughly to By. One component of this doublet 
is shifted out of the PBG, while the other one remains 
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Figure 8 (a) Imaginary and (b) real part of the complex polarzabilty p asa function of the detuning A. for the case &, ~ 0 (solid ines) 


and &, 0 (dashed lines). The parameters (normalized by y2) are: Ay 


a; = Tem '. The insets magnity the important frequency regions. 


=1, Ay =1, yar = 0.001, B= By =1, ) = —0.1, and 
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within the gap and forms the photon-atom bound 
state. Consequently, there is vanishing absorption and 
rapid variation of the dispersion at A, ~ Ay. Since the 
transparency region is very narrow with a width 50 ~ 
‘yii(&y2, By), for an absorption-free propagation of 
the E, pulse, its temporal width 7, should satisfy the 
condition r, > 7/6w. Simultaneously, a small dev 
ation from the condition A, = Ay will lead toa strong 
increase in the absorption of the E, field. 

Let us now switch on the Ey field. As seen from 
eqn [17], its effect is merely to shift the spectrum by 
the amount equal to s; (Figure 6). This shift, 
however, will have different implications in the two 
frequency regions distinguished above: if s; <By, 
i.e., the Stark shift is smaller than the width of the 
EIT window at Ag, the medium will still remain 
transparent for an E, field with the detuning A, = 
‘Ay, but its phase will experience an appreciable 
nonlinear shift @,, given by = Re(p)z = 
=ynatys3z(2B}). On the other hand, for an E, field 
with the detuning A, = Ay, the medium, which is 
transparent for E,=0, Im(p)<ap, will become 
highly absorptive (opaque) even for such a small 
frequency shift as s; (provided s;<0 and 
ssl > Aa), Im(p) = yyagyls31/2Bi) and thus acting 
as an ultrasensitive, effective switch. 

‘The remaining question is how to maximize the 
interaction between the E, pulse, which propagates 
with a small group velocity, and the E,, pulse, which 
propagates with a velocity close to the speed of light. 
The interaction between the fields is maximized 
they enter the medium simultaneously; the transverse 
shapes of their envelopes overlap completely; and the 
pulse length |, of the Ey, field satisfies the condition 
(l, + f)lc = Gv, Then the E, pulse leaves the 
medium not later than the E, pulse. The effective 
interaction length between the two pulses is, there- 
fore, ze ~ Isugle = f, after which the two pulses slip 
apart. Thus, the presence of the Ej, (control) field 
induces cither strong absorption or a large phase shift 
of the E, (signal) field, depending on the frequency 
region employed. 

The effects surveyed above reveal unusual features 
of spontaneous emission and photon—atom binding in 
PCs, atomic interaction with the field of a high-O 
defect mode, and nonlinear coupling of two fields via 
four-level dopant atoms in PCs. These effects are of 
fundamental interest. In addition, they can serve as the 
basis for highly efficient optical communications and 
data processing, in either the classical or the quantum 
domain, by providing two key elements: ultrasensitive 
nonlinear phase-shifters and photon switches. 
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Reservoir spectral G 
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Resonant absorption ay 
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Spontaneous emission w 
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Wave veetor [m~"] k 
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Introduction 


Photonic crystals are periodically structured electro- 
magnetic media, generally possessing photonic 
bandgaps: ranges of frequency in which light cannot 
propagate through the structure. This periodicity, 
whose lengthscale is proportional to the wavelength 
of light in the bandgap, is the electromagnetic analog 
of a crystalline atomic lattice, where the latter acts on 
the electron wavefunction to produce the familiar 
band gaps, semiconductors, etc., of solid-state phy- 
sics. The study of photonic crystals is likewise 
governed by the Bloch-Floquet theorem, and inten- 
tionally introduced defects in the crystal (analogous 
to electronic dopants) give rise to localized electro- 
magnetic states: linear waveguides and_point-like 
cavities, The crystal can thus form a kind of perfect 
optical ‘insulator’, which can confine light around 
sharp bends, in lower-index media, and within 
wavelength-scale cavities, among other novel possi- 
bilities for control of electromagnetic phenomena. 
Below is introduced the basic theoretical background 
of photonic crystals in one, two, and three dimensions 
(schematically depicted in Figure 1), as well as hybrid 
structures that combine photonic-crystal effects in 
some directions with more-conventional index guid- 
ing in other directions. (Line and point defects in 
photonic crystals are discussed in another article.) 
Electromagnetic wave propagation in periodic 
media was first studied by Lord Rayleigh in 1887, 
in connection with the peculiar reflective properties of 


Periodic in 
‘one direction 


Periodic in 
two directions 


Periodic in 
three directions: 
Figure 1 Schematic depiction of photonic crystals perio in 
tone, two, and three directions, where the periodicity is in the 
material (ypicaly dielectric) structure of the crystal. Only a 3d 
periodicity, with a more complex topology than is shown here, can 
Ssuppart an omnisiractonal photonic bandgap. 


a crystalline mineral with periodic ‘twinning’ planes 
(across which the dielectric tensor undergoes a mirror 
flip). These correspond to one-dimensional photonic 
crystals, and he identified the fact that they have a 
narrow bandgap prohibiting light propagation 
through the planes. This handgap is angle-dependent, 
due to the differing periodicities experienced by light 
propagating at non-normal incidences, producing 
a reflected color that varies sharply with angle. 
(A similar effect is responsible for many other 
iridescent colors in nature, such as those of butterfly 
wings and abalone shells.) Although multilayer films 
received intensive study over the following century, it 
was not until 100 years later, when Yablonovitch and 
John, in 1987, joined the tools of classical electro 
‘magnetism and solid-state physics, that the concepts 
of omnidirectional photonic bandgaps in two and 
three dimensions was introduced. This generaliza- 
tion, which inspired the name ‘photonic crystal’, led 
to many subsequent developments in their fabrica- 
tion, theory, and application, from integrated optics 
to negative refraction to optical fibers that guide light 


Maxwell's Equations in Periodic Media 


The study of wave propagation in three-dimension- 
ally periodic media was pioneered by Felix Bloch in 
1928, unknowingly extending an 1883 theorem in 
one dimension by Gaston Floquet. Bloch proved that 
waves in such a medium can propagate without 
scattering, their behavior described by a periodic 
envelope function multiplied by a planewave. 
Although Bloch studied quantum mechanics, leading 
to the surprising result that electrons in a conductor 
scatter only from imperfections and not from the 
periodic ions, the same techniques can be applied to 
electromagnetism by casting Maxwell's equations 
as an eigenproblem in analog with Schrédinger’s 
equation. By combining the source-free Faraday’s and 
Ampere’s laws at a fixed (angular) frequency «, i.e., 
time dependence e~™, one can obtain an equation in 
‘only the magnetic field A: 


tx lex 


speed of light. This is an eigenvalue equation, with 
eigenvalue (w/c)" and an eigen-operator V x (1/e)V X 
that is Hermitian (acts the same to the left and right) 
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under the inner product J FI - Fi’ between two fields 
Fi and FH. (The two curls correspond roughly. to 
the ‘kinetic energy’ and We to the ‘potential’ 
compared to the Schrodinger Hamiltonian V2 + V.) 
It is sometimes more convenient to write a general- 
d Hermitian eigenproblem in the electric field 
E,¥X¥XE = (w/eek, which separates the kinetic 
and potential terms. Electric fields that lie in higher 
8, ise,, lower potential, will have lower o this is 
discussed further in the context of the variational 
theorem of eqn [3] 

‘Thus, the same linear-algebraic theorems as those 
in quantum mechanics can be applied to the 
electromagnetic wave solutions. The fact that the 
cigen-operator is Hermitian and positive-definite (for 
real ¢ > 0) implies that the eigenfrequencies w are 
real, for example, and also leads to orthogonality, 
variational formulations, and perturbation—theory 
relations that are discussed further below. An 
important difference compared to quantum mech- 
anics is that there is a transversality constraint: one 
typically excludes V-H #0 (or V-eE #0) ci 
solutions, which lie at © = 0; .¢., static-field solutions 
with free magnetic (or electric) charge are forbidden. 


Bloch Waves and Brillouin Zones 


A photonic crystal corresponds to a periodic dielee- 
tric function ef e(§+R,) for some primitive 
lattice vectors R; (i= 1,2,3 for a crystal periodic in 
all three dimensions). In this case, the Bloch—Floquet 
theorem for periodic eigenproblems states that the 
solutions to eqn [1] can be chosen of the form. He) 

“FL :(2) with cigenvalues w,(k), where Fz isa 


periodic envelope function satisfying 


é, a5 Ape, he 
(V+ik) x (8 + ik) x, = rea 


yielding a different Hermitian cigenproblem over 
the primitive cell of the lattice at each Bloch 
wavevector . This primitive cell is a finite domain 
if the structure is periodic in all directions, leading to 
discrete eigenvalues labeled by m= 1,2,.... These 
eigenvalues o,() are continuous functions of &, 
forming discrete ‘bands’ when plotted versus the 
latter, in a ‘band structure’ or dispersion diagram — 
both w and & are conserved quantities, meaning that a 
hand diagram maps out all possible interactions in the 
system. (Note also that £ is not required to be real; 
complex k gives evanescent modes that can exponer 
tially decay from the boundaries of a finite crystal, but 
which cannot exist in the bulk.) 

Moreover, the eigensolutions are periodic functions 
of & as well: the solution at & is the same as the 


solution at k + G;, where G, is a primitive reciprocal 
lattice vector defined by Rj-G) =276,;. Thanks 
to this periodicity, one need only compute the 
cigensolutions for & within the primitive cell of 
this reciprocal lattice — or, more conventionally, one 
considers the set of inequivalent wavevectors closest 
to the k =0 origin, a region called the first Brillouin 
zone. For example, in a one-dimensional system, 
where Ry =a for some periodicity a and G, = 2r/a, 
the first Brillouin zone is the region k = —arla...7r/a; 
all other wavevectors are equivalent to some point in 
this zone under translation by a multiple of Gy 
Furthermore, the first Brillouin zone may itself be 
redundant if the crystal possesses additional sym- 
metries such as mirror planes; by eliminating these 
redundant regions, one obtains the irreducible 
Brillouin zone, a convex polyhedron that can be 
found tabulated for most crystalline structures. In the 
preceding one-dimensional example, since most 
systems will have time-reversal symmetry (k—+ —k), 
the irreducible Brillouin zone would be k = 0...77/a. 

The familar dispersion relations of uniform wave- 
guides arise as a special case of the Bloch formalism: 
such translational symmetry corresponds to a 
period a—0, In this case, the Brillouin zone of the 
wavevector & (also called B) is unbounded, and 
the envelope function H,,, is a function only of the 
transverse coordinates. 


‘The Origin of the Photonic Bandgap 


A complete photonic bandgap isa range of win which 
there are no propagating (real k) solutions of 
Maxwell’s eqn [2] for any &, surrounded by propa- 
gating states above and below the gap. There are 
also incomplete gaps, which only exist over a 
subset of all possible wavevectors, polarizations, 
and/or symmetries. Both sorts of gaps are discussed 
in the subsequent sections, but in either case, their 
origins are the same and can be understood by 
examining the consequences of periodicity for a 
simple one-dimensional system. 

Consider a one-dimensional system with uniform 
© = 6, which has planewave eigensolutions wk) = ck, 
as depicted in Figure 2(left). This © has trivial 
periodicity a for any a =0, with a=0 giving the 
usual unbounded dispersion relation. One is free, 
however, to label the states in terms of Bloch envelope 
functions and wavevectors for some a # 0, in which 
case the bands for [kl > ra are translated (folded) 
into the first Brillouin zone, as shown by the dashed 
lines in Figure 2(left). In particular, the k= — la 
mode in this description now lies at an equivalent 
wavevector to the k= ala mode, and at the same 
frequency; this accidental degeneracy is an artifact of 
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Figure 2 Left: Dispersion relation (band diagram), frequency 
versus wavenumber k, of a uniform one-dimensional medium, 
Where the dashed lines show the ‘olding’ effect of applying 
Bioci's theorem with an arifcial periodicity a. Right: Schematic 
effect on the bands of a physical periodic dielectric variation 
(inset), where a gap has been opened by spliting tne degeneracy 
at the k= = za Brilouin-zone boundaries (as wall as a higher- 
order gap at k = 0). 


the ‘artificial’ period that has been chosen. Instead of 
writing these wave solutions with electric fields 
E(x) ~ e“™, one can equivalently write linear 
combinations e(x) = cos(mx/a) and o(x) = sin(am/a) 
as shown in Figure 3, both at w= cwla/é. Now, 
however, suppose that one perturbs ¢ so that it is 
nontrivially periodic with period a; for example, a 
sinusoid e(x) = €+[1+A-cos(2nx/a)], or a square 
wave as in the inset of Figure 2(right). In the presence 
of such an oscillating ‘potential’, the accidental 
degeneracy between e(x) and o(x) is broken: suppos- 
ing A > 0, then the field e(x) is more concentrated in 
the higher-e regions than o(x), and so lies at a lower 
frequency. This opposite shifting of the bands away 
from the mid-gap frequency w * emayé creates a 
bandgap, as depicted in Figure 2(right). (In fact, from 
the perturhation theory described subsequently, one 
can show that for A < 1 the bandgap, asa fraction of 
mid-gap frequency, is Aw/o = A/2.) By the same 
arguments, it follows that any periodic dielectric 
variation in one dimension will lead to a bandgap, 
albeit a small gap for a small variation; a similar 
result was identified by Lord Rayleigh in 1887. 
More generally, it follows immediately from the 
properties of Hermitian cigensystems that the 
eigenvalues minimize a variational problem: 
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Figure 3. Schematic origin of the band gap in ona dimension, 
‘The degenerate ka = + nia planewaves of a uniform medium are 
splt into cos(x/a) and sin(=x/a) standing waves by a dielectric 
periodicity, forming the lawer and upper edges of the bandgap, 
respectively ~ the former has elactricfield peaks in the high 
dlolectric (rh) and so will ie ata lower frequency than the latter 
(which peaks in the low dielectric). 


in terms of the periodic electric field envelope E, ;. 
where the numerator minimizes the ‘kinetic energy’ 
and the denominator minimizes the ‘potential energy” 
Here, the > 1 bands are additionally constrained to 
be orthogonal to the lower bands: 


eed 


for m<n. Thus, at each k, there will be a gap 
between the lower ‘dielectric’ bands concentrated in 


(41 


the high dielectric (low potential) and the upper 
bands that are less concentrated in the high dielectri 
the air bands are forced out by the orthogonality 
condition, or otherwise must have fast oscillations 
that increase their kinetic energy. (The diclectric/air 
bands are analogous to the valence/conduction bands 
in a semiconductor.) 

In order for a complete handgap to arise in two or 
three dimensions, two additional hurdles must be 
overcome. First, although in each symmetry direction 
of the crystal (and cach & point) there will be a 
bandgap by the one-dimensional argument, these 
bandgaps will not necessarily overlap in frequency 


(or even lie between the same bands). In order that 
they overlap, the gaps must be sufficiently large, 
which implies a minimum e contrast (typically at lea: 


4/1 in 3d). Since the 1d mid-gap frequency ~ ema. 
varies inversely with the period a, it is also helpful if 
the periodicity is nearly the same in different 
directions ~ thus, the largest gaps typically arise for 
hexagonal lattices in 2d and fcc lattices in 3d, which 
have the most nearly circular/spherical Brillouin 
zones. Second, one must take into account 
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the vectorial boundary conditions on the electric 
ficld: moving across a dielectric boundary from ¢ to 
some e! < ¢, the inverse ‘potential’ e/E|? will decrease 
discontinuously if E is parallel to the interface (Ey is 
continuous) and will increase discontinuously if E 
is perpendicular to the interface (eF , is continuous). 
This means that, whenever the electric field lines cross 
a dielectric boundary, it is much harder to strongly 
contain the field energy within the high dielectric, and 
the converse is true when the field lines are parallel to 
a boundary. Thus, in order to obtain a large bandgap, 
a dielectric structure should consist of thin, continu- 
ous veins/membranes along which the electric field 
lines can run ~ this way, the lowest band(s) can be 
strongly confined, while the upper bands are forced to 
a much higher frequency because the thin veins 
cannot support multiple modes (except for two 
orthogonal polarizations). The veins must also run 
in all directions, so that this confinement can occur 
for all & and polarizations, necessitating a complex 
topology in the erystal. 

Ultimately, however, in two or three dimensions 
there are only rules of thumb for the existence of a 
bandgap in a periodic structure, since no rigorous 
criteria have yet been determined. This made the 
design of 3d photonic crystals a trial and error 
process, with the first example by Ho et al. of a 
complete 3d gap coming three years after the initial 
1987 concept. As is discussed by the final section 
below, a small number of families of 3d. photonic 
crystals have since been identified, with many 
variations thereof explored for fabrication. 


Computational Techniques 


Because photonic crystals are generally complex, 
high index-contrast, two- and three-dimensional 
vectorial systems, numerical computations are a 
crucial part of most theoretical analyses. Such 
computations typically fall into three categori 
time-domain ‘numerical experiments’ that model the 
time-evolution of the fields with arbitrary starting 
conditions in a discretized system (e.g., finite-diff 
ence); definite-frequency transfer matrices whe 
the scattering matrices are computed in some basis to 
extract transmission/reflection through the structu 
and frequency-domain methods to directly extract the 
Bloch fields and frequencies by diagonalizing the 
eigenoperator. The first two categories intuitively 
correspond to directly measurable quantities such as 
transmission (although they can also be used to 
compute igenvalues), whereas the third is more 
abstract, yielding the band diagrams that provide a 
guide to interpretation of measurements as well as a 
starting-point for device design and semi-analytical 
methods. Moreover, several band diagrams are 


included in the following sections, and so the 
frequency-domain method used to compute them is 
outlined here. 

Any frequency-domain method begins _ by 
expanding the fields in some complete basis, Hg(@) = 
Yi hybp(&), transforming the partial differential 
eqn [2| into a discrete matrix eigenvalue problem 
for the coefficients h,. Truncating the basis to N 
elements leads to NXN matrices, which could be 
diagonalized in O(N?) time by standard methods. 
This is impractical for large 3d systems, however, and 
is also unnecessary — typically, one only wants the 
few lowest eigenfrequencies, in which case one can use 
iterative eigensolver methods requiring only ~ O(N) 
time. Perhaps the simplest such method is based 
directly on the variational theorem eqn [3]: given 
some starting coefficients h,, one iteratively mini- 
mizes the variational ‘Rayleigh’ quotient using e.g. 
preconditioned conjugate-geadient descent. This 
yields the lowest band’s eigenvalue and field, and 
upper bands are found by the same minimization 
while orthogonalizing against the lower bands 
(‘deflation’). There is one additional difficulty, how- 
ever, and that is that one must at the same time 
enforce the (V+ik)-H; =0 transversality con- 
straint, which is nontrivial in three dimensions. The 
simplest way to maintain this constraint is to 
employ a basis that is already transverse, for 
example planewaves hge''* with transverse ampli- 
tudes bg,(G +k) = 0. (In such a planewave basis, 
the action of the eigen-operator can be computed via 
a fast Fourier transform in O(N log N) time.) 


inalytical Methods: Perturbation Theory 


As in quantum mechanics, the eigenstates can be the 
starting point for many analytical and semi-analytical 
studies. One common technique is perturbation 
theory, applied to small deviations from an ideal 
system — closely related to the variational eqn [3], 
perturbation theory can be exploited to consider 
effects such as nonlinearities, material absorption, 
fabrication disorder, and external tunability. Not 
only is perturbation theory useful in its own right, 
but it also illustrates both old and peculiarly new 
features that arise in such analyses of electromagnet- 
ism compared to scalar problems such as quantum 
mechanics. 2 

Given an unperturbed eigenfield E, ; for a struc- 
ture e, the lowest-order correction Aoi!) to 
the eigenfrequency from a small perturbation Ae is 
given by 


Is] 


discrete semiconductor > thyristor > diac 


Adiacis a self-triggering type of thyristor Its name is said to be derived from the phrase 
“diode for AC; and because it is not an acronym, itis not usually capitalized. 


A thyristor is defined here as a semiconductor having four or more layers of p-type and 
‘n-type silicon. Because the thyristor predated integrated circuits, and in its basic form 
consists of a single multilayer semiconductor, itis categorized as a discrete component 
in this encyclopedia, When a thyristor is combined with other components in one pack- 
age (as in a solid-state relay) itis considered to be an integrated circuit. 


Other types of thyristor are the SCR (silicon-controlled rectifier) and the triac, each of 
Which has its own entry in this encyclopedia. 


Thyristor variants that are not so widely used, such as the gate turn-off thyristor (GTO) and 
silicon-controlled switch (SCS), do not have entries here 


OTHER RELATED COMPONENTS 


+ SER (see Chapter) 
+ trlae (see Chapter 3) 


What It Does 


The diacis a bidirectional thyristor with only two 
terminals. It blocks current until itis subjected to 
sufficient voltage, at which point its impedance 
drops very rapidly. It is primarily used to trigger 
a triac for purposes of moderating AC power to 
an incandescent lamp, a resistive heating ele- 
‘ment, or an AC motor. The two leads on a diac 
have identical function and are interchangeable. 


By comparison, atria and an SCR are thyristors 
with three leads, one of them being referred to 
asthe gate, which determines whether the com- 
ponent becomes conductive. A triac and a diac 
allow current to flow in either direction, while an 
SCR always blocks current in one direction. 


Symbol Variants 
The schematic symbol for a diac, shown in 
Figure 2-1, resembles two diodes joined togeth- 
er, one of them inverted relative to the other. 
Functionally, the diac is comparable with a pair 
of Zener diodes, as tis intended to be driven be- 
yond the point where it becomes saturated. Be- 
‘causeitstwoleads are functionally identical, they 
donot require names to differentiate them. They 
are sometimes referred to as A1 and A2, in rec- 
‘ognition that either of them may function as an 
anode; or they may beidentified as MT1 and MT2, 
MT being an acronym for “main terminal.” 


u 
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where the integral is over the primitive cell of the 
lattice, A Kerr nonlinearity would give Ae ~ IE, 
material absorption would produce an imaginary 
frequency correction (decay coefficient) from a small 
imaginary Ae, and so on. Similarly, one can compute 
the shift in frequency from a small A& in order to 
determine the group velocity da/dk; this variation of 
perturbation theory is also called k+p theory. All 
such first-order perturbation corrections are well 
known from quantum mechanics, and in the limit of 
infinitesimal perturbations give the exact Hellman— 
Feynman expression for the derivative of the 
cigenvalue. However, in the limit where Ae is a 
small shift Mh of a dielectric boundary between some 
1 and ¢2, an important class of geometric 
bation, eqn [5] gives a surface integral of IEF 
the interface, but this is ill-defined because the field 
there is discontinous. The proper derivation of 
perturbation theory in the face of such discon- 
tinuity requires a more careful limiting process from 
an anisotropically smoothed system, yielding 
the surface integral: 


where Mey) =e) — £2, Mey? = 2)! — ©) ',and Ey/D, 
denotes the (continuous) interface parallel/perpen- 
dicular components of the unperturbed electric! 
displacement cigenfield. A similar expression is 
required in high index-contrast systems to 
employ, e.g., coupled-mode theory for slowly-varying 
waveguides or Green’s functions for interface 
roughness, 

Standard perturbation-theory techniques also 
provide expressions for higher-order corrections to 
the eigenvalue and eigenfield, based on an expansion 
in the basis of the unperturbed cigenfields. This 
approach, however, runs into immediate difficulty 
hecause the eigenfields are also subject to the 
transversality constraint, (V +ik)-2E; = 0, and this 
constraint varies with ¢ and k - the cigenfields Ez 
are not a complete basis for the cigenfields con- 
strained at a different e or k. For e perturbations, this 
problem can be eliminated by using the H or D 
cigenproblems, whose constraints are indepen- 
dent of ©. For & perturbations, one can employ a 
transformation by Sipe to derive a corrected higher- 
order perturbation theory (for e.g., the group-velocity 
dispersion), based on the fact that all of the non- 
transverse fields lie at « = 0. Such completeness issues 
also arise applying the variational eqn [3], as was 
noted in the previous section: in order for a useful 


variational bound to apply, one must operate in the 
constrained (transverse) subspace. 


Two-Dimensional Photonic Crystals 


After the identification of one-dimensional bandgaps, 
it took a full century to add a second dimension, and 
three years to add the third. It should therefore come 
as no surprise that 2d systems exhibit most of the 
important characteristics of photonic crystals, from 
nontrivial Brillouin zones to topological sensitivity 
toa minimum index contrast, and can also be used 
to demonstrate most proposed photonic—crystal 
devices. The key to understanding photonic crystals 
in two dimensions is to realize that the fields in 2d can 
be divided into two polarizations by symmetry: TM 
(transverse magnetic), in which the magnetic field is 
in the (xy) plane and the electric field is perpendicular 
(2); and TE (transverse electric), in which the electric 
field is in the plane and the magnetic field is 
perpendicular. 

Corresponding to the polarizations, there are two 
basic topologies for 2d photonic crystals, as depicted 
in Figure 4(top): high index rods surrounded by low 
index (top) and low-index holes in high index 
(bottom). Here, a hexagonal lattice is used because, 
as noted earlier, it gives the largest gaps. Recall that a 
photonic band gap requires that the electric field 
lines run along thin_veins: thus, the rods are best 
suited to TM light (E parallel to the rods), and the 
holes are best suited to TE light (E running around the 
holes). This preference is reflected in the band 
diagrams, shown in Figure 4, in which the rods! 
holes (top/bottom) have a strong TM/TE band gap. 
For these diagrams, the rod/hole radius is chosen to be 
0.2a/0.3a, where a is the lattice constant (the nearest- 
neighbor periodicity) and the high/low e is 12/1. The 
‘TMITE bandgaps are then 47% /28% asa fraction of 
mid-gap frequency, but these bandgaps require a 
minimum ¢ contrast of 1.7/1 and 1.9/1, respectively. 
Moreover, it is conventional to give the frequencies 
in units of 2e/a, which is equivalent to a/A (A being 
the vacuum wavelength) — Maxwell’s equations 
are scale-invariant, and the same solutions can be 
applied to any wavelength simply by choosing 
the appropriate a. For example, the TM mid-gap 
w in these units is 0.36, so if one wanted this 
to correspond to A=1S5pm one would use 
4 = 0.36: 1.55 um = 0.56 wm, 

‘The Brillouin zone (a hexagon) is shown at left- 
center, with the irreducible Brillouin zone shaded 
(following the sixfold symmetry of the crystal); the 
comers (high symmetry points) of this zone are 
given canonical names, where I’ always denotes the 
origin &=0, K is the nearest-neighbor direction, 
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Figure 4 Band diagrams and photonic band gaps for hexagonal latices of high dielectric rods (e ~ 12. r = 0.2a) in ae (op), and air 
holes (r= 0:32) in dielectric (bottom), whore a is the center ~cente periodicity. The frequencies are plotted around the boundary ofthe 
ireducible Brilouin zone (shaded triangle, let center), with soldldashed lines denoting TE/TM polarization (elect field 
paralleVperpenciculr to plane of porosity). The rodsholes have a gap in the TMTE bands 


and M is the next-nearest-neighbor direction. The 
Brillouin zone is a two-dimensional region of 
wavevectors, so the hands w,(&) are actually 
surfaces, but in practice the band extrema almost 
always occur along the boundaries of the irreducible 
zone (i.e., the high-symmetry directions). So, it is 
conventional to plot the bands only along these zone 
boundaries in order to identify the bandgap, as is 
done in Figure 4. 

Actually, the hole lattice can display not only a TE 
gap, but a complete photonic bandgap (for both 
polarizations) if the holes are sufficiently large (nearly 
touching). In this case, the thin veins between nearest- 
neighbor holes induce a TE gap, while the interstices 
hetween triplets of holes form ‘rod-like’ regions that 
support a TM gap overlapping the TE gap. 


Photonic-Crystal Slabs 


In order to realize 2d photonic-crystal phenomena in 
three dimensions, the most straightforward design is 
to simply fabricate a 2d-periodic crystal with a finite 


height:a photonic-crystal slab, as depicted in Figure 5. 
Such a structure can confine light vertically within the 
slab via index guiding, a generalization of total 
internal reflection — this mechanism is the source of 
several new tradeoffs and behaviors of slab systems 
compared to their 2d analogs. 

The key to index guiding is the fact that the 
2d periodicity implies that the 2d Bloch wavevector 
& is a conserved quantity, so the projected band 
structure ~ all states in the bulk substrate/superstrate 
(the uniform regions far below/above the slab) versus 
their in-plane wavevector component (projected 
wavevector) — creates a map of which states can 
radiate vertically. If the slab is suspended in air, for 
example, then the eigensolutions of the bulk air 


are o = ey/i which when plotted versus &y 
forms the continuous light cone w = clky|,shown asa 
shaded region in Figure 5. Because the slab has a 
higher e(12) than the air (1), and frequency goes as 
1/Je, discrete guided bands are ‘pulled down’ in 
frequency from this continuum ~ these bands, lying 
beneath the light cone, cannot couple to any vertically 
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Figure § Projected band diagram fr a finite-thickness (0.Sa) slab of alr hole in dielectric (cross section as in Figure 4 bottom), with 
the reducible Brilouin zone at lower left. The shaded region is the light cane: the projection ofall states that can radiate in the air. 
Solididashed lines denote guided modes (confined tothe slab) that are eveniodd with respect tothe horizontal mirror plane of the slab, 


whose polarization is TI 


radiating mode by the conservation law and so are 
confined to the slab (exponentially decaying away 
from it). If the horizontal mid-plane of the slab is a 
mirror symmetry plane, then just as there were TM 
and TE states in 2d, here there are two categories of 
modes: even (TE-like) and odd (TM-like) modes 
under reflections through the mirror plane (which are 
purely TE/TM in the mirror plane itself). Because the 
slab here is based on the 2d hole crystal, which had a 
TE gap, here there is a 26% ‘bandgap’ in the 
even modes: a range of frequencies in which there 
are no guided modes. It is not a complete photonic 
bandgap, not only because of the odd modes, but also 
because there are radiating (light cone) modes at 
every w. The presence of these radiating modes means 
that if all in-plane translational symmetry is broken 
by a localized change in the structure, say a 
waveguide bend or a resonant cavity, then vertical 
radiation losses are inevitable; there are various 
strategies to minimize the losses to tolerable levels, 
however. On the other hand, if only one direction of 
translational symmetry is broken, as in a linear- 
defect waveguide, ideally lossless guiding can be 
maintained. 

Photonic-crystal slabs ha 
parameters that influence the existence of a gap. 
First, it must have vertical mirror symmetry in order 
that the gaps in the even and odd modes be treatable 
separately — such symmetry is broken by the presence 
of a substrate that is not the mirror image of the 
superstrate, but in practice the symmetry breaking 
can be weak if the index contrast is sufficiently high 
(so that the modes are strongly confined in the slab). 
Second, the height of the slab must not be too small 


two new critical 


ca/TM-lke, respectively. There is a"bandgap’ (region without quided made) inthe T 


ce guided modes only 


(or the modes will be weakly confined) or too large 
(or higher-order modes will fil the gap); the optimum 
height is around half a wavelength ny (relative to 
an averageleffective index may that depends on the 
polarization). In Figure 5, a height of 0.5a is used, 
which is near the optimum (with holes of radius 0.34 
and ¢ = 12 as in the previous section). 


Three-Dimensional Photonic Crystals 


Photonic-crystal slabs are one way of realizing 2d 
photonic-crystal effects in three dimensions; an 
example of another way, lifting the sacrifices imposed 
by the light cone, is depicted in Figure 6. This is a 3d- 
periodic crystal, formed by an alternating hole-slab/ 
rod-slab sequence in an ABCABC stacking of bilayers — 


equivalently, itis an fcc (face-centered cubic) lattice of 
air cylinders in dielectric, stacked and oriented in the 
111 direction, where each overlapping layer of 
cylinders forms a rod/hole bilayer simultaneously. 
Its band diagram is shown in Figure 6 along the 
boundaries of its irreducible Brillouin zone (from a 
truncated octahedron, inset), and this structure has a 
221% complete gap (Aw as a fraction of mid-gap 
frequency) for = 12/1, forbidding light propagation 
for all wavevectors (directions) and all polarizations. 
Not only can this crystal confine light perfectly in 3d, 
but because its layers resemble 2d rod/hole crystals, it 
turns out that the confined modes created by defects 
in these layers strongly resemble the TM/TE states 


created by corresponding defects in two dimensions, 
One can therefore use this crystal to directly transfer 
designs from two to three dimensions while retaining 
omnidirectional confinement. Its fabrication, of 
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Figure 6 Band diagram (bottom) for Sd:periodle photonic 
crystal (top) consisting of an alternating stack of rod and hole 
2d-periodic slabs (similar to Figure 4), with the corners of the 
irreducible Brilouin zone labeled in the inset. This structure 
exhibits @ Aaluiggg = 21% omnidirectional bandgap. 


course, is more complex than that of photonic-crystal 
slabs (with a minimum e contrast of 4/1), but this and 
other 3d photonic crystal structures have been 
constructed even at micron (infrared) lengthscales, 
as described below. 

There are three general diclectric topologies that 
have been identified to support complete 3d gaps for 
= 12/1 (e.g. Siair) contrast: diamond-like arrange- 
ments of high dielectric ‘atoms’ surrounded by low 
dielectric, which can lead to > 20% gaps between the 
2nd and 3rd hands; fec ‘inverse opal’ lattices of 
nearly-touching low dielectric spheres (or similar) 
surrounded by high dielectric, giving gaps around 
10% between the 9th and 10th bands; and cubic 
‘scaffold’ lattices of rods along the cube edges, giving 
~7% gaps between the 2nd and 3rd bands. It is 
notable that the first two topologies correspond to fee 


lattices, which have the most nearly spherical 
Brillouin zones in accordance with the rules of 
thumb given above. Many variations on these 
topologies continue to be proposed — for example, 
the structure of Figure 6 is diamond/graphite-like — 
mainly in conjunction with different fabrication 
strategies, such as the following three successful ap- 
proaches. First, layer-by-layer fabrication, in which 
individual crystal layers (typically of constant cross- 
section) are deposited one-by-one and etched with a 
2d pattern via standard lithographic methods (giving 
fine control over placement of defects, ete.); Figure 6 
can be constructed in this fashion (as well as other 
diamond-like structures with large gaps). Second, 
colloidal self-assembly, in which small dielectric 
spheres in a fluid automatically arrange themselves 
into close-packed (fce) crystals by surface forces — 
these crystals can be back-filled with a high-index 
material, out of which the original spheres are 
dissolved in order to form inverse-opal crystals 
with a complete gap. Third, holographic lithography, 
in which a variety of 3d erystals can be formed by an 
interference pattern of four laser beams to harden a 
light-sensitive resin (which is then hack-flled and 
dissolved, as with colloids, to achieve the requisite 
index contrast). The second and third techniques are 
notable for their ability to construct large-scale 3d 
crystals (thousands of periods) in a short time. 


Photonic Crystals: Atomic Physics; Photonic Crystal 
Lasers, Cavities and Waveguide. 
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Photonic Crystals 


Photonic crystals are materials that have a period- 
ically varying dielectric constant that results in a 
bandgap, or range of frequencies where electro- 
magnetic waves are unable to propagate. A simple 
one-dimensional example is the Bragg mirror, or 
quarter-wave stack, in which periodic layers of 
alternating dielectrics reflect photons within a fre- 
quency band determined by the thickness and 
refractive index of the layers. Photonic crystals are 
the extension of this concept into two or three 
dimensions. They are constructed as a lattice of two 
different dielectrics, and examples include a triangu- 
lar lattice of circular rods, or a diamond lattice of 
spheres. Certain geometries will produce a bandgap, 
within which propagation is impossible in any 
direction, These materials are the photonic analog 
of semiconductors, in that their periodic dielectric 
function provides a bandgap for photons in much the 
same way that the periodic atomic potential of a 
crystal lattice can provide a bandgap for electrons. 

While most photonic crystal research has focused 
on optical wavelength structures, many of the first 
experimental studies were performed on scale models 
at microwave frequencies, where fabrication and 
measurements were simpler. Operating at microwave 
frequencies also allowed a new class of materials to 
emerge, based on metals and lumped circuit elements. 
The nearly infinite dielectric contrast provided by the 
use of metals, and the ability to make complex 
subwavelength scale structures at radio frequencies, 
allows photonic crystals with ultra-wide bandgaps to 
he produced. Furthermore, the use of lumped circuit 
elements allows the electromagnetic properties to 
be easily tuned, resulting in unique microwave 
structure 


Wire Mesh Photonic Crystals 


At optical frequencies, conductive losses preclude the 
use of metals for many applications. However, at 
microwave frequencies, metals are nearly ideal 
materials, since they have low loss and are easily 
formed into complicated geometries. The simplest 
metallic photonic crystal is a three-dimensional wire 
mesh, shown in Figure 1, This example resembles a 


diamond crystal lattice, in which metal wires have 
been substituted for atomic bonds. It can be 
constructed using zig-zag-shaped metal strips that fit 
together to form a continuous conductive network. 
The electromagnetic properties of this wire mesh 
can be understood by considering a traditional 
microwave analog: an array of metal waveguides. 
Open tunnels permeate the mesh in various direc- 
tions, and it behaves as an interpenetrating fabric of 
waveguides, whose walls are defined by the wires. 
Shorter wavelengths, that fit between the wires, can 
propagate through the crystal, while longer waves see 
the mesh as a continuous metal surface, and are 
reflected. As for a conventional waveguide, the cutoff 
frequency occurs approximately where one half 
wavelength fits between the rows of wires. Similarly, 
for a diamond lattice of wires, the cutoff frequency is 


scott = a 
where mis the refractive index of the material between 
the wires, and a is the length of the unit cube of the 
diamond lattice. Because the cutoff frequency is 
primarily determined by the diameter of the open 
tunnels, and it is largely inde 
arrangement of the wires, other mesh geometries can 


) 


Figure 1A wire mesh photonic erystal with diamond geometry. 
(@) The mesh forms continuous conductive structure that is 
permeated with open tunnels. (6) A diagram of one of the 
Interlocking metal parts that fit together to form the crystal 
(Reproduced with permission from Sievenpiper D, Sickmilor M 
and Yablonovitch E (1996) 30 wire mesh photonic crystals. 
Physics Rleview Letters 78: 2480. Copyright (1996) by the 
‘American Physical Socity.) 
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Figure 2 The transmission magnitude through @ conductive 
‘wire mesh photonic crystal as a function of frequency, w. Shorter 
wavelengths can propagate through the open tunnels, while 
longer wavelengths see the mesh as a continuous block of metal 
“The cutoff frequency is determined largely by the lattice constant, 
4, and the refractive index, n, ofthe material between the wires. 
‘Accut wire forms a defect state within the band gap. 


be expected to give similar results. However, the 
cutoff frequency can vary by a constant of order unity, 
depending on the lattice and the unit cell chosen. 

‘The transmission magnitude, as a function of 
frequency for such a mesh, is depicted in Figure 2. 
Experimentally, it is found that a typical wire mesh 
structure attenuates roughly 6 dB per layer for 
frequencies below cutoff, However, because the 
exact transmission magnitude above cutoff depends 
on details of the measurement, such as impedance 
matching at the crystal boundary, the vertical scale 
shown here is arbitrary, and the intent is simply to 
give the qualitative behavior of these and similar 
crystal structures. Waves just below the cutoff 
frequency can penetrate a crystal with finite thick- 
ness, as depicted by the finite slope of the trans- 
mission edge. 

‘We can better understand the behavior of waves 
within the crystal by examining the dispersion 
diagram, shown in Figure 3, in which we plot the 
allowed frequencies as a function of wave vector k 
2nfA, the spatial frequency of waves inside the 
material, A band of allowed frequencies is bounded 
by upper and lower band edges, corresponding to 
high and low cutoff frequencies, beyond which 
propagation is forbidden. The reflective nature of 
the crystal below cutoff is shown as a bandgap that 
extends down to zero frequency. The slope of the 
dispersion curve corresponds to the group velocity of 
waves within the allowed band, and states at the 
handedges represent standing waves. The upper edge 
of this band occurs where the wavelength matches the 
periodicity of the crystal, and for a diamond mesh, it 


Figure 3 The dispersion diagram for a wire mesh photonic 
‘oystal, plotted as frequency, w, versus wave vector k. The 
bandgap extends to 2or0 frequency. The lower bandedge of the 
allowed band is determined largely by the lattice constant. Like 
ther photonic crystals, the wire mesh also supports higher 
frequeney bands, which are not shown. A point defect such as a 
‘cut wire creates a mode ata single frequency, which contains all 
wave vectors. 


is approximately 


= RI 


ance = Fy 


Like traditional dielectric photonic crystals, these 
wire mesh structures also have higher order bands 
and gaps that occur at higher frequencies, The nature 
of the higher band structure depends on the detailed 
geometry of the mesh to a much greater extent than 
the lowest order gap, which is our primary interest for 
radio frequency materials, 


Defect States 


As in semiconductor crystals, we can alter the 
behavior of photonic crystals by adding defects to 
create localized states within the bandgap. For the 
wire mesh photonic crystal, a defect may be a cut 
wire, or a lumped circuit element inserted into the 
mesh. For example, replacing one of the wires with a 
capacitor creates a parallel resonant circuit, which 
acts as a small electromagnetic cavity within the 
mesh, Its resonance frequency is given by 
a 


Te BI 


geloot = 
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where Cis the capacitance of the defect, and L is the 
inductance of the surrounding wires. The inductance 
depends logarithmically on the wire diameter, so it is 
largely fixed for a given mesh lattice. However, the 
capacitance can be easily changed, since it is a simple 
lumped circuit element. Thus, by adding capacitive 
defects we can create tunable local states within the 
bandgap. The presence of a defect is seen as a narrow 
transmission band within the bandgap, shown in 
Figure 2. Because a point defect contains all wave 
vectors, it is shown as a horizontal line in the 
dispersion diagram in Figure 3. 

If two defects are located in close proximity, their 
modes overlap, and they interact with each other. For 
example, two neighboring defects with identical 
capacitance will exhibit a split pair of resonances, 
corresponding to a lower frequency symmetric mode, 
and a higher frequency anti-symmetric mode. The 
modes are highly localized at the defects, and this 
interaction is limited to defects that are within one or 
two lattice constants of each other. If one member of a 
pair of nearby defects is tuned with respect to the 
other, the frequencies the two modes exhibit are an 
avoided crossing behavior, as is typical in many 
systems of coupled oscillators. The resonance fre- 
quencies for more complex arrangements of defects 
can be calculated by assigning an interaction energy 
to each neighboring pair, and solving the resulting 
Hamiltonian matrix to find the energy levels of the 
complete system. In this way, the interaction among 
defects in small clusters is analogous to atoms in 
simple molecules, and the resulting energy level 
structure is similar, 

‘As more defects are added periodically throughout 
the mesh, they form a superlattice, and their states 
merge into an additional band within the original 
bandgap. The upper frequency of this band depends 
on the LC resonance frequency of the defects. The 
lower frequency depends on the density of the 
remaining wires, since waves at the lower handedge 
must be able to fit through the open regions in the 
mesh. In the extreme case, where every wire is cut and 
replaced by a capacitor, the mesh is no longer a 
continuous conductive network. These structures 
have an allowed band that extends to zero frequency, 
and they will be explored in greater detail in the next 
section. Not every wire must be cut to reach this limit, 
and the conditions for this to occur are the subject of 
percolation theory. 


Capacitive Mesh Photonic Crystals 


Ina capacitive mesh photonic crystal, small isolated 
metal islands are distributed on a lattice, and 
they are capacitively coupled to their neighbors. 


This represents the extreme case of the wire mesh 
photonic crystal, where every wire has been cut, and 
replaced by a capacitor. An example of such a 
structure, built as a stack of printed circuit boards, 
is shown in Figure 4. A diamond lattice can be 
approximated using planar circuit boards, with 
printed tetrapodal structures consisting of two 
orthogonal metal strips connected by a metal plated 
via. Each metallic island couples to its four nearest 
neighbors through their overlapping capacitor plates. 

The capacitive mesh photonic crystal is transmis- 
sive at low frequencies because it is not traversed by 
conducting paths, like the continuous wire mesh 
version. The crystal supports a lower band that 
extends from zero frequency, up to an LC resonance 
frequency: 


Te ro 
which marks the lower edge of the bandgap. This is 
determined by the capacitance between the metal 
islands, and the inductance associated with each 
island. At higher frequencies, the capacitors appear as 
shorts, and the crystal behaves similarly to the 
conductive wire mesh structure described previously, 
with an upper edge given by 


(Oggper = oT 
At this frequency, the waves can again fit through the 
open areas between the metallic islands. The trans- 
mission magnitude, as a function of frequency for the 
capacitive mesh photonic crystal, is shown in Figure 5, 
and the additional band is illustrated in the dispersion 
diagram in Figure 6. Like the conductive wire mesh, 
the capacitive mesh also has a rich upper band 
structure, that is outside the scope of this article. 
With these capacitive mesh structures, itis possible 
to create materials with finite, but arbitrarily large 
bandgaps, because the upper and lower edges of the 
bandgap are controlled independently by the lattice 
constant and the capacitance, respectively. In con- 
ventional dielectric photonic crystals, the width of the 
bandgap depends on the dielectric contrast between 
the constituent materials. Waves at the upper edge 
primarily reside in the lower dielectric material, and 
waves at the lower edge inhabit the higher dielectric 
material. This reasoning can also be applied to 
capacitive mesh structures. The lower dielectric is 
the substrate material that fills the open spaces 
between the metal islands, and modes at the upper 
edge of the gap primarily fill these open spaces. 
However, for modes at the lower edge of the gap, the 
electric field is primarily concentrated within the 
capacitors, The metal regions and the capacitors can 
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Circuit board 
substrate 


Figure 4 A capacitive mesh photonic crystal, built as a diamond lattice of capacitively coupled metallic islands. It can be built by 
stacking printed circuit boards. (a) One ‘atom’ ofthe crystal, which is made of two small orthagonal metal strips connected by a metal- 
Plated via. (b) A side view, showing how the metal strips overlap to form a capacitor. (c) Several periods of the completed crystal 
structure, shown without the substrate. (Reproduced with permission from Sievenpiper D, Yablonovitch E, Winn J, ot al. (1998) 
3D metallo-dielectric photonic crystals with strong capacitive coupling between metalic islands. Physics Review Lett. 80: 2829, 


Copyright (1986) by the American Physical Society) 
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Figure § The transmission magnitude through a capacitive 
‘mesh photonic crystal, as a function of frequency. The crystal is, 
transparent at low frequencies, because the conducting paths are 
broken by capacitors. At higher frequencies, the capactors 
appear as shorts, and crystal behaves like a solid wire mesh, 


be considered as an effective medium, or artificial 
dielectric whose properties depend on the density, 
arrangement, and values of the capacitors. By using 
large capacitors, the dielectric contrast can be made 
arbitrarily large, and the bandgap arbitrarily wide. 

Within the bandgap, these materials can support 
surface waves, which are modes that are bound to the 
interface between the crystal and free space. Surface 


waves propagate along the crystal surface, and they 
have their own band structure. In the following 
sections, we examine these waves, and we will 
introduce periodically textured surfaces that suppress 
them, much like three-dimensional photonic crystals 
suppress internal plane waves. 


Surface Waves 


Electromagnetic waves that are bound to the interface 
between two materials are known as surface waves. 


They exist on ordinary metals, and at optical 


frequencies they are often called surface plasmons. 
They also exist on photonic crystals within the 
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Figure 6 The dispersion diagram of the capacitive mosh 
photonic crystal. The two edges of the bandgap can be adjusted 
Independently by varying the lattice constant and the capacitance, 


bandgap region, as well as on other impenetrable 
materials. They cannot propagate into the crystal 
because of Bragg reflection, yet they are prevented 
from escaping into free space by total internal 
reflection. They typically interact strongly with the 
top layer of the crystal, and they can often be 
manipulated or suppressed by adjusting the geometry 
of that layer. At radio and microwave frequencies, 
these waves are usually called surface currents, 


because the associated fields are only loosely bound 
to the surface, and extend a great distance into free 
space. Their presence can be seen in antenna radiation 
patterns and other phenomena, and by suppressing 
them we can make a variety of unique radio 
frequency devices. However, we must first understand 
the nature of these waves. 

‘To understand the nature of these surface currents, 
we begin by examining surface waves on metals, 
where we assume a wave confined to a dielectric 
interface, and then insert the complex dielectric 
constant of a metal. Consider a surface in the YZ 
plane, where X <0 is filled with dielectric e, and 
X > Oisfilled with vacuum. A wave propagates in the 
Z direction with propagation constant k. For 
transverse magnetic (TM) polarized waves, which 
are illustrated in Figure 7, the transverse electric field 

= 0. The electric field has the form 


E, 


[6] 


(@E jy +2) 


oy 


©) 


Figure 7 Surface waves canbe classified into two polarizations. 
(a) ATM wave, shown on a metal surface; (b) ATE wave, shown 
on a textured surface, TM waves consist of electric charges on the 
‘metal surface that oscillate along the direction of propagation. 
“They have nonzero electric field components bath perpendicular 
to the surface, and parallel to the direction of propagation. TE 
waves are associated with transverse currents in the surface, 
‘They are similar to TM waves, but withthe electric and magnetic, 
fiolds exchanged. 


for X > 0 and 


Ey +28, te m1 


for X<0, where @ and y are the attenuation 
constants into free space and dielectric, respectively. 
The fields of such a wave are shown in Figure 7. We 
can solve the wave equation for the electric 


VxVxb=e [8] 
2 
by matching E, and ,E,, at the interface to yield 

k= = 19] 

=1 
«lit (10) 

Ttec 
tt (y 


A solution for transverse electric (TE) waves, where 
H, =0, can be found by applying the principle of 
duality, by exchanging the electric and magnetic 
fields, and substituting 4 for e. 

For surface waves on a metal surface, we insert the 
dielectric constant of a metal, which is 
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The conductivity, A, is 


_ ngtaim 


~ THier Hs) 


where 7 is the mean electron collision time, q is the 
electron charge, m and m are the effective mass and 
the density, respectively, of the conduction electrons. 
For frequencies much lower than 1/7, which includes 
microwave and radio frequencies, we can substitute 
eqns [12] and [13] into eqn [9] to find 


[4) 


Thus, surface waves on metals propagate at nearly the 
speed of light in vacuum, and they travel for many 
wavelengths with little attenuation, We can also solve 
for the decay constants into free space using eqn [10]: 


ae 


a-a2 (1s) 
S [omer _ (+i 
y= (1+ py HF = Se (16) 


where 6 is recognized as the skin depth. Thus, we 
have derived the skin depth of a metal from the 
penetration depth of surface waves. 

From the skin depth, we can derive the impedance 
of a metal sheet. Assuming that Eo is the electric field 
at the surface, the surface current is given by 

Jdx) = 0E(x) = cE ge +08 


u7i 


The magnetic field at the surface is found by 
integrating along a path that surrounds the surface 
current: 


Hy= §)cide= Fy —U18) 
The surface impedance of the metal is therefore 
z 1+i 19) 


i, 


ws 


We can see that the resistance of a metal surface is 
accompanied by an equal amount of inductance, 
because the real and imaginary parts of the surface 
impedance are equal, and have the same sign. 

‘The part of the wave that extends into vacuum is 
very loosely bound to the metal surface, but the 
currents in the metal occur in a well-defined 
skin depth. For example, copper has a surface impe- 
dance of 0.03(1 +) ohms/square at 10 GHz, Using 
eqns [15] and [16], a surface wave at that frequency 


extends about 70 meters, or 2300 wavelengths into 
free space, but less than 1 micron into the metal. For 
this reason, surface waves are often described simply 
as surface currents at microwave and radio frequen- 
cies, although they are the same phenomenon as the 
more tightly bound surface plasmons that occur at 
optical frequencies. Nonetheless, their presence can 
be scen in a variety of phenomena at RF frequencies, 
such as antenna radiation patterns. 

‘The above discussion can be generalized to a simple 
impedance surface, and it can be shown that TM 
waves are supported on inductive surfaces having an 
impedance of 


Z,(TM) = 


(20) 


while TE waves are supported on capacitive surfaces, 
having an impedance of 


ion 


ZTE) = (24) 


Thus, while ordinary metals, which are inductive, 
support TM waves, they do not support TE waves, 
which require a capacitive surface. 

Surface waves on metals can be suppressed over a 
finite frequency band by applying various kinds of 
periotic textures. For example, at optical frequencies, 
a lattice of small bumps on a metal surface can create 
a surface wave bandgap. Surface waves are scattered 
by the bumps, and form standing waves when one- 
half wavelength fits between the rows of bumps. Two 
modes occur, in which the wave nodes lie either on the 
bumps or between them. These two modes have 
slightly different frequencies, separated by a narrow 
bandgap. 

At microwave frequencies, more elaborate struc- 
tures can be built to control the surface properties. 
One example is a corrugated metal surface, shown in 
Figure 8, The corrugations can be considered as 
transmission lines running into the slab, and shorted 
at the bottom. They are typically one-quarter 
wavelength deep, so that the short circuit at the 
bottom is transformed into an open circuit at the top. 
Because of these resonant structures built into the 
surface, it has high impedance for waves that are 
polarized with the electric field transverse to the 
corrugations, but it has low impedance for waves that 
are polarized in the orthogonal direction, with the 
electric field parallel to the metal ridges. For waves 
propagating transverse to or parallel to the corruga- 
tions, the surface can be described as hard or soft, 
respectively, by analogy to the acoustic surfaces of the 
same names. Both of these boundary conditions are 
used in antennas to control scattering properties or 


How It W 


Figure 2-1. Symbol variants to represent a diac. All four 
are functionally identical 


The symbol may be reflected left toright, and the 
black triangles may have open centers. All of 
these variants mean the same thing. Occasion- 
ally the symbol hasacirclearound it, butthis style 
is now rare, 


When only moderate voltageis applied (usually 
less than 30V) the diac remains in a passive state 
and will block current in either direction, al- 
though a very small amount of leakage typically 
occurs. When the voltage exceeds a threshold 
knownasits breakoverlevel, current can flow, and 
the diacwillcontinueto conductuntil the current 
falls below its holding level. 


‘A sample diac is shown in Figure 2-2. 


Figure 2-2. Because a diac is nat intended to pass signif- 
cant current. itis typically packaged in a small format. 
The graph squares in the photograph each measure 0.1 


discrete semiconductor > thyristor > diac 


How It Works 


Figure 2-3 shows a circuit that demonstrates the 
conductive behavior of a diac. 


1Nq002, 


a70K 


Meter 
{DC volts) 


Figure 2-3. A test circuit fa demonstrate the behavior of a 
diac. See text for details 


When the pushbutton isheld down, currentfrom 
the positive side of the AC supply flows through 
the diode and the 470K resistor to the capacitor. 
The diac is not yet conductive, so the capacitor 
accumulates a potential that can be monitored 
with the volt meter. After about 30 seconds, the 
charge on the capacitor reaches 32V. This is the 
breakover voltage for this particular diac, so it 
becomes conductive. The positive side of the ca- 
pacitor can now discharge through the diac and 
the 1K series resistor to ground. 


Ifthe pushbutton is released at this moment, the 
meter will show that the capacitor discharges to 
a potential below the holding level of the diac. 
The capacitor now stops discharging because 
the diac has ceased being conductive. 


If the pushbutton is held down constantly, the 
meter will show the capacitor charging and then 
discharging through the diac repeatedly, so that 
the circuit behaves as a relaxation oscillator. The 
1k series resistor is included to protect the diac 
from excessive current. fastandard quarter-watt 
resistor is used, it should not become unduly 
warm because current passes through it only 
intermittently. 
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Figure 8 A corrugated metal surface containing quarter-wave 
resonant grooves presents a soft boundary condition to waves 
propagating transverse to the grooves, and a hard boundary 
Condition to waves propagating along the grooves. 


Table 1 Four basic boundary conditions in electromagnetics, 
and the surface impedance for each polarization 


‘Boundary condition ZAT™) ZTE) 
Electric conductor 0 0 
Soft suriace °° 0 
Hard surface o « 
Magnetic conductor 2 


field profiles. These two surfaces, along with the 
electric and magnetic conductors, describe four basic 
boundary conditions for electromagnetics, which are 
summarized in Table 1. Like the soft and hard 
surfaces, the magnetic conductor does not exist in 
nature, but it can be produced artificially over a finite 
frequency band, using a kind of two-dimensional 
photonic crystal known as a high-impedance surface 


High-Impedance Surfaces 


Just as three-dimensional photonic crystals forbid 
internal plane waves, two-dimensional photonic 
crystals can be designed to suppress surface waves. 
ike the capacitive mesh described earlier, they can be 
constructed with lumped circuit elements. They can 
be understood as corrugated surfaces, in which the 
resonant corrugations have been folded up into 
resonant LC circuits, and distributed on a two- 
dimensional lattice, An example of such a structure 
is shown in Figure 9. It can be built using printed 
circuit boards, in which flat metal patches are 
connected to a common ground plane by metal 
plated vias. 

When the plates are small compared to the 
wavelength, we may treat the surface as an effective 


@ 
Metal plates Vertical vias 
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Figure 9 A high-impedance surface, constructed as a printed 
Circuit board. (a) The top view shows an array of hexagonal metal 
patches; (0) the side view shows metal-plated vias that connact 
the patches to the ground plane; (c) the effective surface 
Impedance can be modeled as a parallel resonant LC circut. 


medium, with a surface impedance defined by a 
parallel resonant LC circuit. The proximity of the 
neighboring metal plates provides capacitance, while 
the current paths, through the vias and the ground 
plane, provide inductance. The surface impedance is 
given by 


% 12] 
and the resonance frequency is 
1 

a= 23 

0 = Te 123] 


The sheet capacitance, C, is equal to the value of the 
individual capacitors, multiplied by a geometrical 
factor that is related to their arrangement. It can be 
shown that for nonmagnetic materials, the sheet 
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inductance L is equal to 


L= pot [24] 
where ¢ is the total thickness of the high-impedance 
surface. The surface is inductive for frequencies 
below resonance, and capacitive for frequencies 
above resonance, Near the resonance frequency, the 
magnitude of the surface impedance is very high 
(Z, >> n, where = 3770 is the impedance of free 
space). 

For a normally incident wave, the reflection 
coefficient of the surface is 


Zn 
pe Z 
Zn 


The phase = Im(Ln(R)) of the reflection coefficient 
is plotted as a function of frequency in Figure 10. 
While a low impedance surface such as a conven- 
tional electric conductor reflects with a phase shift of 
a high-impedance surface or artificial magnetic 
conductor reflects with a phase shift of 0. This can be 
used to build low-profile antennas, because radiating 
elements can lie very near to a high-impedance 
ground plane without being shorted out. For 
example, a thin wire antenna can be placed within a 
small fraction of a wavelength of the high-impedance 
surface, yet retain high radiation efficiency. While 
image currents in a metal ground plane would 
normally oppose the antenna current, the currents 
in a high-impedance ground plane reinforce the 
antenna current because of the opposite reflection 
phase. This effect occurs when the reflection 
phase falls between m2 and —m/2, and the corre- 
sponding frequency range defines the practical 
bandwidth of a low-profile antenna on such a surface. 


al. 
we 


Figure 10 The reflection phase of a high-impedance surface 
‘erasses through O atthe resonance frequency, where the suriace 
appears as an arificial magnetic conductor. The reflection phase 
{alls between mi2 and — n/2 for requencias corresponding roughly 
to the edges of the surtace wave bandgap. 


Experimentally this bandwidth is found to be roughly 
equal to the surface wave bandgap, to be described 
later. 

The reflection phase properties of these materials 
can also be used to build unique microwave reflectors. 
Since the phase depends on the resonance frequency, 
one can vary the local resonance frequency in order to 
tune the reflection phase as a function of position on 
the surface. For example, a linear phase gradient can 
he used for beam steering, or a parabolic phase 
function can be used for focusing. The resonance 
frequency can be adjusted by tuning the capacitance 
of the individual unit cells, using varactors or 
mechanical motion, to build actively controlled 
microwave reflectors. 

The other important property of these textured 
ground planes is their surface wave bandgap, which 
can be used to control the radiation pattern of 
antennas near the surface. We examine the surface 
wave properties by considering a wave that decays 
into free space, as in eqn [6]. From Maxwell's 
equations, we can obtain 


Moz +a (26) 
which can be combined with eqs [20] and [21] to 
obtain the dispersion relations for TM and TE waves 
ona general impedance surface, respectively. For TM 
waves, which occur where w < wy, we have 


keTM) = 2/1 - 
“VF 


27) 


and for TE waves, which occur where @ > wy we 
have 


A(TE) = 8} 


eV Zz 
‘These functions deseribe, to Bist order; the dispersion 
of waves on a high-impedance surface. However, they 
do not predict the bandgap, which can only be 
obtained by including the effects of radiation 
damping. 

Consider an oscillating sheet of current that sees 
the impedance of the textured surface on one side, 
and thé impedance of free-space om the olfier side. At 
very low, or very high frequencies, the current is 
shunted through the surface. Near the resonance 
frequency, whert the surfice’ impedance 4k high, 
power is delivered to free space through radiation 
damping. The half power bandwidth of this radiation 
is defined by the frequencies where the magnitude of 
the surface impedance is equal to the impedance of 
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free space: 


We solve for A to yield the frequencies of the two 
bandedges: 


fs tifa 1 
wet aclictae 80 


The terms in 1/7°C? are typically small compared to 
the terms in 1/LC, so we neglect them to obtain 


Bu 


where 


1321 


is the characteristic impedance of the surface. For 
structures that are thin compared to the wavelength, 
the characteristic impedance is small compared to 7, 
We can expand the square root in eqn [31], 
to approximate the fractional bandwidth of the 
radiation as 


Sf a tis SOE 133] 
on Vee 


Using eqn [23], this can be rearranged to obtain 


do 
ey 
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where Ap is the free space wavelength at the resonance 
frequency. This defines a surface wave bandgap that is 
centered at the resonance frequency, between a lower- 
frequency TM band and a higher-frequeney TE band. 
From eqn [34], we see that the bandwidth of a high- 
impedance surface, or of an antenna on that surface, 
is limited by its thickness with respect to its free space 
wavelength at resonance. The term Ap/2z is recog- 
nized as the radian length, described by Wheeler, who 
showed that the fractional bandwidth limit of a small 
resonant antenna is given by its volume with respect 
to a notional sphere of this radius. Equation [34] 
represents the equivalent bandwidth limit for a 
two-dimensional resonant surface. 

The surface wave bandgap can be measured 
experimentally with a pair of small probes placed 
near the surface. A surface wave probe can be 
constructed from the end of a coaxial cable with a 
short section of the inner conductor exposed. Fields 
from the probe excite surface waves when they are 
placed near the surface, and the transmission 


magnitude between the probes can be used to analyze 
the surface wave band structure. For a high impe- 
dance surface, the bandgap can be seen as a range of 
frequencies with a significant reduction in surface 
wave transmission magnitude, shown in Figure 11. 
Within the bandgap, waves are not bound to the 
surface, and currents on the surface readily radiate 
energy into free space. The upper edge of the bandgap 


T 
Band gop 
TH TE 
Loaky 
cs e 
we 


Figure 11 The surface wave transmission magnitude as a 
function of frequency fora high-impedance surface. TM waves are 
supported at low frequencies, and TE waves are supported at high 
frequencies. Leaky TE waves, which are damped by raciation, 
‘can occur within the bandgap 


P.4 
a3 
Figure 12 The dispersion diagram for surface waves on a high 
impedance surface. The bandgap spans from the upper edge of 
the TM band, tothe point where the TE band crosses the light lino. 
Within the bandgap, electromagnetic waves are not bound to the 
surface. Modes to the left ofthe igh ine represent leaky waves, 
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is typically less abrupt than the lower edge, due to the 
presence of leaky TE waves. 

The dispersion diagram for surface waves on a 
high-impedance surface is illustrated in Figure 12. 
The TM band begins at zero frequency, and bends 
over flat below the resonance frequency. The TE band 
hegins at the resonance frequency, and slopes upward 
through the light line, The bandgap, which is the 
region where bound surface waves are not supported, 
extends from the upper edge of the TM band to the 
point where the TE band crosses the light line, This 
boundary, where w= ck/n, represents waves in free 
space propagating parallel to the surface. TE modes, 
that lie to the right of the light line, are bound to the 
surface while those that lie left of the light line lose 
energy to radiation damping. They are not bound to 
the surface, and are described as leaky waves. The 
approximate dispersion functions of eqns [27] and 
[28] are similar to the curves shown in Figure 12, but 
hecause they neglect radiation damping, they do not 
describe these leaky modes. Furthermore, like other 
photonic crystals, high-impedance surfaces also have 
higher-order bands and gaps that are not explained by 
the effective medium model 

‘The suppression of propagating surface modes can 
be used for a variety of applications, such as antennas 
and other microwave structures, One example is to 
change the radiation pattern of an antenna by 
covering its ground plane with a textured surface. 
Figure 13 shows a simple monopole antenna, along 
with the radiation patterns produced by the mono- 
pole when it is placed on a flat or textured ground 
plane, These plots show the relative magnitude of 
radiation from the antenna as.a function of angle. TM 
surface currents on the finite metal ground plane form 
standing waves, which scatter from the edges and 
corners of a finite ground plane. This causes ripples in 
the radiation pattern as radiation from the edges 
interferes with the direct radiation from the antenna. 
Scattering of the surface currents from the ground 
plane edges also allows the antenna to radiate power 
into the backward hemisphere, which would other- 
wise be shadowed by the ground plane. On the high- 
impedance ground plane, the suppression of surface 


Figure 13 (a) A monopole antenna on a ground plane, used for 
testing the effec ofa textured surface on the radiation patter. (0) 
The E:plane radiation pattern of the monopole on a flat metal 
{ground plane shows ripples duo to standing surface waves. (c) On, 
2 high-impedance ground plane, within the bandgap, surface 
wavas are forbidden, and the radiation pattern is smooth. (A) 
Outside the bandgap, in the TM band, there is a high density of 
surface modes. 
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currents within the bandgap results in a smooth 
radiation pattern in the forward hemisphere, and very 
little power in the backward hemisphere. For 
frequencies outside the bandgap, such as within the 
‘TM band, the high density of TM modes can be seen 
as fine ripples in the pattern, and significant power in 
the backward hemisphere. 

‘The monopole is useful for illustrating the suppres- 
sion of TM surface modes, but many other antenna 
designs are possible. For example, the suppression of 
both TM and TE surface waves can be used to build 
patch antennas or aperture antennas with a high 
degree of symmetry between the E and H planes. 
Because these materials behave as artificial magnetic 
conductors, they can also be used to design a variety 
of thin antennas that would be impractical on 
conventional metal ground planes. Finally, by incor- 
porating active elements into the surface, tunable or 
steerable antennas are possible. 
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Introduction 


Photonic crystal fibers (PCFs) are very similar to 
normal optical fibers in that they consist of a core 
surrounded by cladding, such that light is guided 
within the core of the fiber. The primary difference 
hetween PCF and standard optical fibers is that PCFs 
feature an air-silica cross-section, whereas standard 
optical fibers have an all-glass cross-section. An 
electron micrograph of a typical PCF is shown in 
Figure 1. The air holes extend along the axis of the 
fiber for its entire length and the core of the fiber is 
formed by a defect, or missing hole, in the periodic 
structure. The core is formed of solid glass, whose 
refractive index is that of pure silica (or whatever 
other glass is chosen), and the cladding is formed by 
the airglass mixture, whose effective refractive index 
depends on the ratio of air-to-glass, also known as the 
airfill fraction, that comprises the structure. The 
resulting effective-index of the cladding will be lower 
compared with that of the core and, as such, will 
provide the refractive index variation necessary to 
support total internal reflection at the core-cladding 
boundary, and guide light in a manner similar to that 
of standard optical fibers. The fiber design (ie., size, 
shape, and the air-ill fraction) dictates solutions to 
Maxwell’s equations for light propagating within 
the fiber. Valid solutions are referred to as ‘modes’ 
which propagate along the fiber in a known manner, 
and have a well-defined shape in the transverse 
direction (ie, they have a well-defined transverse 
mode structure). 

Nonlinear-optical effects in fibers result from the 
interaction of optical fields with the glass via the y"?, 
or Kerr nonlinearity. The phenomenon of nonlinear 
refractive index is a manifestation of a light-material 


interaction mediated by x"), The magnitudes of the 
‘components of the third-order susceptibility tensor in 
glass, x"), are generally quite small compared with 
the analogous second-order (y”!) terms for materials 
exhibiting such nonlinearities (e.g., lithium niobate, 
beta-barium borate (BBO), etc.). The relatively small 
x nonlinearity in optical fibers makes them ideal for 
wavelength-division multiplexed optical communi- 
cation where light propagation subject toa minimum 
of nonlinear effects is critical. Nonlinearity does, 
however, eventually hecome an issue in wavelength- 
division multiplexed systems as the launched optical 
power increases and as the channel spacing decreases. 
On the other hand, one can utilize nonlinear-optical 
effects in soliton communication systems and to build 
useful photonic devices. Despite the weak x 


Figure 1 An electron micrograph showing the periodic 
microstructure of a typical PCF. The core is formed by the 
‘missing hole’ in the center of the microstructure. (Reproduced 
with permission from lanka JK, Windeler RS and Stentz AJ 
(2000) Visiole continuum generation in air-slica microstructure 
‘optical fibers with anomalaus dispersion at €00nm. Optical Letters 
25: 25-27. ©2000 Optical Society of America, courtesy of OFS.) 
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nonlinearity, the net nonlinear-optical effect in fibers 
can be large due to the ability to tightly confine 
intense fields within the core of an optical fiber and 
maintain the interaction over a long distance as the 
guided fields propagate through the fiber. 

The study of nonlinear-fiber optics has benefited 
from dramatic improvements in optical fiber and 
fiber-optic device fabrication. The importance of 
understanding nonlinear-fiber optics is driven by the 
need to develop fiber-integrated devices, and also by 
the need to understand and mitigate the problems 
that these nonlinearities cause in optical communi- 
cation systems. 

This section introduces the unique linear- and 
nonlinear-optical properties of PCFs in order to 
understand the reasons why nonlinear-optical effects 
are often enhanced in such fibers. These discussions 
pertain to PCFs which are “highly nonlinear’, It is 
essential to clarify that ‘highly nonlinear’ in this 
context does not mean that the y” is any larger than 
that of standard telecommunication fibers, rather that 
the effect of this nonlinearity is enhanced due to the 
fiber's very small core, 


PCF Properties 


Photonic crystal fibers feature a variety of interesting 
properties. From the standpoint of nonlinear-fiber 
optics there are four very useful fundamental proper- 
ties of PCFs: 


¢ a mechanically robust optical fiber can be fabri- 
cated with an extremely small core (a few pm”); 

# a fiber can be made to guide in a single transverse 
mode over an extremely broad wavelength range 
(370 nm-1600 nm); 

«# there are new degrees of freedom that allow one to 
manipulate the fiber’s group-velocity dispersion 
(GVD) properties; and 

© many, but not all, PCFs are polarization maintain- 
ing as a result of form birefringence present in the 


‘The fact that small-core PCFs can be fabricated is 
clear from Figure 1 by taking note of the fact that the 
center defect region which comprises the core is about 
1.7 pm in diameter. Photonic crystal fibers with even 
smaller cores have been fabricated, 


Transverse Mode Structure 


A widely accepted model used to describe the 
transverse modal behavior of PCFs is called the 
cffective-index model. The effective-index model can 
be used to understand why some PCFs are ‘endlessly 


single mode’, meaning that the fiber guides in a single 
transverse mode over an exceptionally wide wave- 
length range (370 nm-1600 nm). In the effective- 
index model, the refractive index of the core, rgg(A), is 
that of glass, and the refractive index of the cladding, 
ngi(A), assumes a value in between that of glass and 
air. In the context of PCFs, one makes a modification 
to the standard expression describing single-mode 
behavior in step-index fibers: 


QnA 


AP < Vewott U1] 


where A is the spacing between air holes, A is the 
wavelength of light, and Vig is the cutoff condition 
for the PCF. A similar expression for the V parameter 
is commonly used to understand the modal behavior 
of standard fibers where the larger the V is, the more 
transverse modes are supported within the fiber. In 
standard fibers the cutoff condition below which only 
a single mode can propagate within the core of a fiber 
is given by Vewo < 2405. In the case of PCFs, a 
numerical method should be used to determine Ve, 
Mechanically robust PCFs can be fabricated where 
the dispersion in ny(A) (ie., the variation of 1.4 
with A) offsets dispersion in m,,(A) and compensates 
for the 27A/A coefficient in eqn [1]. Therefore, the 
light within the fiber propagates in a single, Gaussian- 
like mode because for all wavelengths Vay < Veit 
A graph of the variation of V.q with A/\ is shown in 
Figure 2, where d represents the size of an air hole. 

Conceptually, the effective index model can be 
understood by noting that at short wavelengths the 
mode field is confined well within the all-silica core, 
but as A increases the mode field extends further into 
the air-glass cladding and Viy and ny(A) both 
decrease. 


Dispersion in PCF 


Other critical differences between PCFs and standard 
optical fibers lie in the dispersion properties. When 
light propagates through a fiber its behavior depends 
on the light’s optical frequency: 


E(t.) = Att, ze 0 21 


Equation [2] describes the mode as it propagates 
through the fiber. It is decomposed into a slowly 
varying envelope, A(t,z), and a rapidly varying 
exponential component where w is the frequency of 
the mode, ¢ is time, z is the position along the length 
of the fiber, and Bw) is called the mode-propagation 
constant. The general term used in describing the 
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Figure 2 Variation of Vay for diferent relative hole diameters 
IN. The caloulation assumes a fiber with an air—glass cross- 
section where the refractive index af air and glass was taken to be 
1 and 1.45, respectively. The dashed line marks Viy ~ 2.405, the 
Ccutoft value for a step-index fiber. (Reproduced with permission 
from Birks TA, Knight JC and Russell PSiJ (1997) Endlessly 
single-mode photonic crystal fiber. Optical Letters 22: 961-963, 
1©1997 Optical Society of America.) 


frequency dependence of B is chromatic dispersion, 
which includes contributions from the material as 
well as the waveguide. Other types of dispersion 
present in optical fibers include multi-modal (arising 
from multiple guided transverse modes) and polari- 
zation-mode dispersion. 

One way to understand the chromatic dispersion of 
a mode propagating through an optical fiber is to 
study the Taylor series expansion of the mode- 
propagation constant, f, about the center frequency 
of the field, oy: 


1 
Bw) By + Bio ey) + 5 Balio— 13] 


where B,=d'p/de'. The physical significance of the 
various f, in eqn [3] are as follows: the phase-fronts 
of the electric field move at a speed given by w/fy =p, 
and the envelope, A(z), moves at a group velocity 
given by 1/B;. A GVD term, which governs temporal 
spreading of the envelope, is given by By. Higher- 
order i terms are usually negligible for propagation 
of pulses of =1 ps duration in optical fibers and are 
lumped into the category of ‘higher-order chromatic 
dispersion’. 

The notation ‘fy’, as defined above, is often used in 
the literature with dimensions of ps“/km. However, 
another expression is frequently used because of its 
direct relationship to measured quantities. It is 
straightforward to measure the relative delay, T, 
between two pulses having different center wave- 
lengths. Choosing a particular wavelength as a 
reference, one can then measure relative delay as a 
function of an injected pulse’s center wavelength. 
The first derivative with respect to A of the relative 


delay curve gives the GVD according to 


(i) _s 
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where 1, is the group velocity, and L is the length of 
the fiber under test. The dimension commonly used 
for D is ps/(nm km). 

Chromatic dispersion in single-mode optical fibers 
results from two different wavelength-dependent 
fiber parameters. The medium itself, glass in this 
case, has a wavelength-dependent refractive index. 
This ‘material’ contribution has the same magnitude 
regardless of the various parameters associated with 
the waveguide. A second contribution has to do with 
the design of the optical fiber. This ‘waveguide’ 
contribution to dispersion arises from the fact that 
the wavelength-dependent mode depends on the 
properties of the waveguide (i.e., the core size and 
refractive index contrast between the core and 
cladding). Empirical models can be used to describe 
the material, waveguide, and total GVD for standard 
communication fibers. Such a set of curves is given in 
Figure 3 where it can be seen that it is possible to have 
positive, negative, or zero values for D. For historical 
reasons, the regions where D is negative (Bp is 
positive) exhibit ‘normal GVD’, while those where 
D is positive (By is negative), exhibit ‘anomalous 
GVD". The wavelength corresponding to D=0 is 
referred to as the zero-dispersion wavelength (Ap), 
which for most silica glass fibers is about 1,300 nm. 

In contrast with standard optical fibers, where the 
waveguide contribution to D is always less than zero, 
small-core PCFs can be fabricated where the wave- 
guide contribution to GVD is positive and quite large. 
As such, in PCFs, Ap can he shifted to wavelengths 
shorter than the intrinsic dispersion zero of glass. 
Control over the GVD is essential for phase matching 
certain nonlinear-optical interactions involving light 
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Figure 3 Plots of the theoretical dispersion coefficient, D. as a 
function of wavelength for a standard optical communication fiber. 
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of different colors co-propagating within a fiber. 
Indeed, several exciting applications of nonlinear 
optics in PCF require a fiber with a Ay ~ $00 nm. The 
GVD is also of great importance when working with 
pulsed light in PC, because GVD results in temporal 
pulse broadening. It also governs pulse temporal 
walkoff effects, limiting the effective interaction 
length between pulses of different colors. This new 
flexibility to manipulate the GVD curve, by varying 
waveguide design parameters, is a key advantage 
associated with using PCFs for nonlinear optics. 


Birefringence in PCF 


The core of an optical fiber often exhibits some 
amount of anisotropy. The core may be elliptical in 
form (shape) which leads to a phenomenon referred 
to as form birefringence. Since mode propagation 
depends on the fiber structure, a fiber with an 
elliptical core will exhibit mode propagation that 
field’s polarization with 
respect to the axes of the elliptical core. As a result 
of birefringence, the polarization of the mode varies 
as it propagates through the fiber (unless care is taken 
to align the polarization of the injected light with 
respect to a principal axis of the birefringence 
Polarization-maintaining (PM) fibers are designed 
to include birefringence in a particular axis of the 
fiber. By including a well-defined birefringence 
throughout the length of a fiber that is larger than 
that induced by external perturbations, fast and slow 
axes of the optical fiber are created for all guided 
wavelengths, giving two orthogonal ‘polarization 
modes’. If light is injected into one of the polarization 
modes (i.e., with its linear polarization along one of 
the axes) it remains linearly polarized along that axis 
as it propagates along the fiber. The two polarization 
modes generally have different group velocities, so 
pulsed light in each mode will take a different amount 
of time to propagate through a given segment of fiber. 
Most PCFs exhibit strong birefringence due to a 
slightly elliptical core combined with a large core- 
cladding index difference, and so they behave 
larly to PM fibers. Special care must be taken when 
working with PCF to be sure that the polarization of 
the light launched into the fiber is aligned with one of 
the birefringent axes. 
In practice, there are a few other features of PCF 
that are of importance when discussing nonlinear- 
optic interactions: 


* propagation losses are generally larger in PCFs 
than in standard optical fibers; and 

« free-space coupling and splicing are difficult and 
can result in large coupling losses. 


Nonlinear Phenomena 


The basic principles determining nonlinear effects in 
PCFs are the same as those for standard optical fibers 
(see Fiber and Guided Wave Optics: Nonlinear Effects 
(Basics)). It is the new flexibility in PCFs to obtain 
transverse-modal and GVD behavior diffe 
that of standard optical fibers that makes PCFs truly 
interesting for nonlinear optics. The relevant non- 
linear-optical effects are: self-phase modulation 
(SPM); cross-phase modulation (CPM); third-harmo- 
nic generation (3HG); four-wave mixing (FWM); 
Raman scattering; and Brillouin scattering. 

Self-phase modulation (also known as the optical 
Kerr effect) refers to the self-induced phase shift 
experienced by an optical field as it propagates 
through a fiber. It becomes particularly important for 
the case of pulses of light propagating through optical 
fibers. In small core PCFs, SPM is enhanced due to 
the high-intensity light propagating within the core. 
Self-phase modulation can lead to substantial spectral 
broadening of pulsed light propagating along an 
optical fiber. 

When a pulse of light experiences normal GVD 
(ie., D <0) as it propagates, the longer-wavelength 
components travel faster than the shorter-wavelength 
components. Anomalous GVD (i.e., D > 0) leads to 
the opposite, short-wavelength components traveling 
faster than the long-wavelength components. Group- 
velocity dispersion generally leads to temporal 
broadening of pulses as they propagate along a 
fiber. Under ideal conditions, however, SPM. in 
combination with anomalous GVD, leads to pulses 
which propagate without any temporal or spectral 
broadening. These self-sustaining pulses are called 
“optical solitons’ 

‘When waves of light having different wavelengths 
co-propagate along a fiber, CPM can occur. It can be 
understood as a phase shift induced on one wave, 
due to the presence of the other wave. Cross-phase 
modulation also leads to spectral broadening and 
solitonic pulse propagation. 

In 3HG and FWM, one or more photons are 
destroyed and others are created. In 3HG, three 
‘fundamental’ photons are destroyed to create one 
with three times the energy of the fundamental 
photons. In FWM, two fundamental photons are 
destroyed while two others are created. While it is 
straightforward to conserve energy in 3HG and 
FWM, these interactions must be “phase-matched’, 
meaning that the interacting waves must be made to 
propagate in-phase over a meaningful length. Such 
phase-matching conditions need to be carefully 
considered when studying 3HG and FWM. Never- 
theless, 3HG and FWM can be used to obtain 


ent from 
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frequency shifts and all-optical amplification. In 
comparison with other types of optical fibers, PCFs 
are particularly useful for 3HG and FWM appli- 
cations. The small core of the PCF allows interactions 
to occur at much lower input powers, and the new 
flexibility associated with the GVD properties permits 
phase matching in cases which are not possible using 
standard optical fibers. Finally, the fiber’s endlessly 
single-mode behavior permits very good transverse 
mode overlap between interacting waves having 
widely different center wavelengths. 

Self-phase modulation, CPM, 3HG, and FWM are 
photon-photon interactions wherein no energy is 
exchanged with the medium itself. In contrast, 
Raman scattering and Brillouin scattering result 
from photon-phonon interactions. The differences 
between Raman and Brillouin scatterings lie in the 
energy of the phonons involved and the direction in 
which the interactions occur, Raman scattering is an 
interaction between a photon and an optical—phonon 
mode of the molecules making up the material. In the 
case of Raman scattering in glass, the energy shift, 
associated with molecular vibrational (Raman) 
modes, corresponds to frequencies of 1-12 THz. 
Raman scattering occurs in the forward and back- 
ward directions. With pulsed light, stimulated Raman 
scattering can occur when the lower-frequency 
spectrum of the pulse overlaps with the spectrum of 
the Raman resonances excited by the higher- 
frequency spectrum. When this happens, energy can 
he efficiently shifted in spectrum towards the peak of 
the Raman resonance. In the forward direction, this 
‘Raman self-frequency shift’ builds up. Additionally, 
if the Raman self-frequency shift occurs in the 
presence of anomalous dispersion, a ‘Raman soliton 
self-frequency shift’ can result, As the injected 
power is increased, the spectral shift between the 
injected pulse and the resulting Raman soliton 
increases. The principal advantage associated with 
PCF is the ability to generate Raman solitons for a 
broader range of wavelengths than was previously 
possible. 

For Brillouin scattering, interaction with the 
acoustical phonons results in frequency shifts of 
about 10 GHz and the interaction only occurs in the 
backward direction, Brillouin scattering is generally a 
nuisance in fiber-based devices, leading to intensity 
noise and other problems. The interesting feature of 
Brillouin scattering in PCFs is that the threshold 
intensity where problems begin to occur is higher for 
PCFs than for standard optical fibers. The higher 
threshold permits further optimization of fiber-based 
devices wherein Brillouin scattering limits the 
performance, 


Experiment Examples 


In the following subsections, a selection of experi 
ments, demonstrating a few of the relevant nonlinear- 
optical phenomena, are briefly described. 


‘Supercontinuum Generation 


One of the most exciting demonstrations of non- 
linear optics in PCF is that of supercontinuum 
generation. In a typical experiment, 100 femto- 
pphire laser 
operating at a wavelength of 800 nm were injected 
into the PCE. As the injected power was increased, 
a broad continuum of spectrum was generated from 
wavelengths of 400nm up to 1,600.nm. Typical 
data showing the input and output optical spectra 


second pulses from a mode-locked 


are given in Figure 4, where it can be seen that well 
over an octave of frequency spectrum is generated 
from an input pulse whose spectral width is only 
about 10 nm. 

It is widely accepted that supercontinuum gener- 
ation results from a combination of linear and 
nonlinear optical effects conspiring to generate the 
broad spectrum, As the pulse propagates through the 
PCE, SPM, FWM, and Raman scattering are all likely 
to occur with relative efficiencies depending heavily 
on the input pulse’s spectral and temporal character- 
istics, as well as the fiber’s properties. Indeed, efficient 
supercontinuum generation can occur in PCFs for 
pump wavelengths lying near the zero-dispersion 
point in the normal or anomalous dispersion regime 
of the PCF, and for fibers as short as a few millimeters 
in length. 

Spectral broadening, due to SPM, is common 
in standard optical fibers, but what makes this 
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Figure 4 In suporcontinuum generation one observes a broad 
‘continuum generated after short pulses of light from a Ti:Sapphire 
laser propagate through a 7 cm section of PCF. The spectrum 
Of the input pulse is shown as a dashed curve, while the 
output isa solid curva. (Reproduced with permission from Ranka 
JK, Windeler RS and Strentz AJ (2000) Visible continuum 
generation in air-siica microstructure optical fibers with anom- 
alous dispersion at 800nm. Optical Letters 26: 25-27. ©2000 
Optical Society of America.) 


discrete semiconductor > thyristar > diac 


+ Because this circuit uses 115VAC, basic pre- 
cautions should be taken. The fuse should 
not be omitted, the capacitor should be rat- 
ed for at least SOV, and the circuit should not 
be touched while itis connected to the pow- 
er source. Breadboarding a circuit using this 
voltage requires caution and experience, as 
wires can easily come loose, and compo- 
nents can be touched accidentally while 
they are live. 


Figure 2-4 shows the test circuit ona breadboard. 
The red and blue leads at the top of the photo- 
graph are from a fused 115VAC power supply. 
The live side ofthe supply passes throughadiode 
to a pushbutton switch that has a rectangular 
black cap. A470K resistorconnects the other side 
of the switch to the positive side ofa 100uF elec- 
trolytic capacitor, and also to the diac (small blue 
component). A 1K resistor connects the other 
end of the diac back to the negative side of the 
capacitor, which is grounded. The yellow and 
blue wires leaving the photograph at the left are 
connected witha volt meter, which is not shown. 


Figure 2-4. A breadboarded version of the diac test cir 
cuit. See text for details. 


The behavior of a diac is also illustrated in 
Figure 2-5, which can be compared with the 
curves in Figures 3-10 and 1-8, depicting the be- 
havior of a triac and an SCR respectively. 


Variants 
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Figure 2-5. The curve shows current passing through a 
diac when various voltages are applied. 


Switching AC 

The diac cannot function as a switch, because it 
lacks the third terminal which is found in a triac, 
an SCR, or a bipolar transistor. However, itis well 
suited to drive the gate of a triac, because the 
behavior of a diac is symmetrical in response to 
opposite voltages, while the triacis not. fan AC 
voltage applied to a diac is adjusted with a po- 
tentiometer in an RC circuit, the diac will pass 
along a portion of each positive or negative 
pulse, and will delay it by a brief amount of time 
determined by the value of the capacitor in the 
RC circuit and the setting of the potentiometer. 
This is known as phase control, as it controls the 
phase angle at which the diac allows current to 
flow. 


See Figure 3-13 for a schematic showing a diac 
driving a triac. See Figures 1-14 and 3-11 for 
graphs illustrating phase control. See “Phase 
Control” for a discussion of phase in AC wave- 
forms. 


Variants 


Diacs are available in through-hole and surface- 
mount formats. Because they are not intended 
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particular experiment interesting is the remarkable 
width of spectrum generated with a short piece of 
fiber (~1m) and with comparatively small optical 
powers 


Optical Switching in PCF 


Cross-phase modulation can be used to build an all- 
optical switch, Such a switch can be implemented asa 
three-port device where the output port for a given 
optical bit (the signal pulse), is determined by the 
presence of an optical control (the pump pulse). 
Switching can then be achieved by dividing the signal 
pulse equally on two arms of an interferometer and 
injecting the strong pump pulse only on one arm. 
Because the pump pulse co-propagates with only one 
of the two signal pulses, there exists a CPM-induced 
phase difference dy =2yP,L at the output of the 
interferometer, where P, is the peak power of the 
pump pulse and Lis the interaction length. By varying 
the intensity of the pump pulses one can vary the 
magnitude of this phase difference. If a a-phase shift 
is achieved, one can switch the interference from 
destructive to constructive, or vice-versa, thus reali- 
zing an all-optical switch. 

Figure 5 shows an experimental setup used to 
observe switching near 1,550 nm (a similar apparatus 
using bulk-optic rather than fiber-optic components 
can be used to conduct experiments near 780 nm). 
The pump and signal are synchronous few-ps- 
duration pulses with a tunable wavelength separation 
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Figure & Experimental setup used to demonstrate all-optical 
switching near 1,550nm. (EDFA, erbium-doped fiber ampifer 
BWDM, bandpass wavelength-division muliplexor; PBS, polariz- 
ation beamsplitter; FPC, fer polarization controller) (Reproduced 
with permission from Sharping JE, Fiorentino M, Kumar P and 
Windeler RS (2002) AlLoptical switching based on cross-phase 
‘modulation in microstructure fiber. IEEE Photonics Technology 
Letters 14: 77-79. ©2002 IEEE), 
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Figure 6 Switching curves (open boxes and filed circles), 
showing the relative power measured in each port of the switch 
vs. the pump peak power, for experiments conducted near 
(@) 1,550 nm and (b) 780 nm. The curves accompanying the data 
are generated from numerical solutions of coupled wave equations 
for CPM. (Reproduced with permission from Sharping JE, 
FlorentinoM, KumarPandWindeler RS (2002) All-optical switching 
based on cross-phase modulation in microstructure fiber. EEE 
Photonics Technology Letters 14: 77-79, ©:2002 IEEE.) 
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Figure 7 A schomatic of the experimental sotup used to 
Investigate FWM in PCFs. (Roproduced with permission from 
‘Sharping JE, Fiorentino M, Coker A, Kumar P and Windeler RS 
(2001) Four-wave mixing in microstructure fiber. Optical Letters 
26: 1048-1050. :2001 Optical Society of America.) 
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Figure 8 A typical FWM spectrum observed atthe output ofthe microstructure fiber. The inset shows a spectrum where higher-order 
‘cascaded mixing is evident. (Reproduced with permission from Sharping JE, Fiorentino M, Coker A, Kumar P and Windeler RS (2001) 
Four-wave mixing in microstructure fiber. Optical Lettars 26: 1048-1050. ©2001 Optical Society of America.) 


of 5-15 nm, The switching characteristics for this 
implementation are shown in Figure 6, The apparatus 
has the advantage of requiring short fiber lengths, low 
switching powers, and allows switching of weak 
pulses. It demonstrates the feasibility of using non- 
linear optics in PCF to perform essential functions in 
high-speed all-optical processing. 


Parametric (Mixing) Processes 


‘The first set of experiments with controlled FWM in a 
PCF achieved nondegenerate parametric gains over a 
30 nm range of pump wavelengths near the Ag of the 
PCE. The experiments also confirmed the wavelength 
dependence of the GVD coefficient of the PCE near 
Ap. Since the dispersion characteristics of these fibers 
can be adjusted during the fabrication process, the 
experiments demonstrate the potential for the use of 
PCFs in broadband parametric amplifiers, wave- 
length shifters, and other optical communication 
devices. 

‘The experimental setup used to demonstrate phase- 
matched FWM in PCF is shown in Figure 7. The 
pump and the input signal are two synchronous 
pulsed beams having 3-5 nm wavelength separation 
with the center wavelength tunable over a 720- 
850 nm range. The maximum peak power of the 
pump pulses is ~12 W. The two synchronous beams 
are then combined and injected into the PCF. The 


pump and signal’s optical paths are adjusted to obtain 
temporal overlap in the PCF and their polarizations 
are aligned by fiber polarization controllers. 

Figure 8 shows a typical FWM optical spectrum at 
the output of a 6.1m long PCE. Here the strong 
pump beam and the weak signal beam have 
wavelengths of 753nm and 758 nm, respectively. 
The spectrum shows the undepleted pump, the 
amplified signal, and the generated idler at 747 nm. 
‘The spectra in Figure 8 show that large gain is 
achievable for a pump-to-signal spacing of 5nm, 
Gain values of more than 20 (13 dB) were obtained. 


Conclusion 


In summary, the advantages of using photonic crystal 
fibers for demonstrating nonlinear-fiber optical effects 
arise from four novel properties: 


@ the nonlinear coefficient is enhanced in small-core 
PCEs (core area of a few um”); 

© PCFs can support a single transverse mode over 
an extremely broad wavelength range (370nm— 
1600 nm); 

© PCF design parameters allow one to manipulate 
the fiber’s GVD properties; and 

« nonlinear interactions are enhanced due to the 
polarization maintaining properties of PCFs which 
result from form birefringence present in the core. 
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These four properties combine to allow efficient 
interactions to occur in PCFs which are either 
inefficient or not possible at all in standard optical 
fibers. 


Optical Amplifiers: Raman, Brillouin and Parametric 
Amplifiers. Photonic Crystals: Electromagnetic Theory. 
Scattering: Raman Scattering. 
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Introduction 


Photonic bandstructure engineering, in which the 
electromagnetic dispersion relations are intentionally 
modified, can be accomplished by creating one-, two-, 
and three-dimensionally periodic dielectric materials. 
These periodic materials, called photonic crystals, can 
be used to confine and guide light. This article 
describes the formation of optical resonant cavities 
and waveguides in these materials. Most of the 
discussion will focus on two-dimensional photonic 
crystals. One-dimensionally periodic systems are 
treated elsewhere in this volume. This article will 
begin with a short review of the relevant electromag- 
netic properties of photonic crystals. The formation 
and properties of resonant cavities will follow this, and 
the article will conclude with waveguides formed by 
linear defects in two-dimensional photonic crystals. 


Electromagnetics of Photonic Crystals 


A two-dimensional photonic crystal consists of a 
dielectric material in which the dielectric constant is 
periodic in two dimensions. The period of these 
materials is on the order of a half-wavelength of the 


operating optical wavelength. In this section, we 
briefly review the electromagnetic properties of two- 
dimensional photonic crystals. For more details, see 
the article entitled Spectroscopy: Raman Spectroscopy 
in this volume. 

There are five Bravais lattices in two dimensions. 
Most of the research on photonic crystal resonant 
cavities and waveguides has focused on square and 


triangular lattices, and in this article we will 
consider examples based on the triangular lattice. 
Since these structures are usually defined litho- 
graphically however, there is, in principle, no need 
to confine the investigation to naturally occurring 
Bravais lattices. Due to the limitations of current 
nanofabrication technology, much of the research 
has focused on photonic crystals that have a finite 
thickness. The important feature of photonic 
crystals is that the bandgaps in the electromagnetic 
spectrum opened up by all of the Bragg planes 
overlap spatially and spectrally, so that a frequency 
region exists in which no electromagnetic propa 
gation is allowed. These electromagnetic bandgaps 
can be used to confine optical modes in very small- 
es and in waveguides. In 
high-contrast dielectric systems, such as a semi- 


volume resonant cav 


conductor/air periodic system, only a few lattice 
periods may be necessary to confine an electro- 
magnetic mode. 
photonic crystals, this periodicity has the effect of 
limiting the bandgap formed to the in-plane 


In the case of finite thickness 
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directions and in the case of a two-dimensional 
photonic crystal in a high-index dielectric slab to 
the formation of a bandgap in the guided modes of 
the slab. In this case there are still radiation modes 
of the slab. 

Consider a two-dimensional photonic crystal that 
is periodic in the x—y plane. To start, we can consider 
materials that are uniform and infinitely extended 
in z, Electromagnetic fields propagating in the x- 
plane are Bloch states. These can be written as: 


tithe 


Fra. ii, (2) a 
where f labels the in-plane coordinates and ky labels 
the in-plane wavevectors. iy, 4, is a periodic function 
in the x—y plane. Modes propagating in the x- 

plane in such a system can be classified as transverse 
electric (TE) waves or transverse magnetic (TM) 
waves. TE waves have nonzero Ex, Ey, and H, field 
components, and TM waves have nonzero E., Hy, 
and H, field components. A triangular lattice of air 
holes patterned into a high refractive index dielectric 
can be used to create a bandgap for both the guided 
TE and TM modes of the membrane for a range of 
hole radii. The TE and TM bandgaps that are formed 
can be over different spectral ranges, however. For 
laser applications this is unimportant since in practice 
the emission occurs from electron-hole recombina- 
tion in a semiconductor quantum well, and for 
unstrained or compressively strained quantum well 
materials this emission is TE polarized. In most cases, 
waveguides have also been designed to work for a 
single optical polarization. It is generally true that a 
photonic lattice that consists of a connected high 
dielectric region is likely to exhibit a TE. bandgap, 
while a lattice formed by disconnected high dielectric 
regions is more likely to exhibit a TM bandgap. 
‘The bandgap in the TE modes is formed between the 
first and second bands. The first band is called the 
dielectric hand because the field at the Brillouin zone 
boundary is a standing wave with its intensity 
concentrated in the high dielectric regions. The 
second band is called the air band because at the 
Brillouin zone boundary this field is a standing wave 
with its intensity localized in the low dielectric 
regions. Over a reasonable range of lattice para- 
meters, the bandwidth of the TE bandgap can be 
changed by changing r/a where r is the radius of the 
holes and a is the lattice constant of the triangular 
lattice. As r/a gets larger the dielectric band moves up 
in frequency. This can be thought of as being due to 
the fact that this mode has a decreasing effective index 
as ria increases. The air hand frequency increases as 
ria increases. Since more of the electric field of the air 
hand is located in the low dielectric regions than the 


field of the dielectric band, the air band increases in 
frequency with increasing r/a faster than the dielectric 
hand and the bandgap therefore increases with 
increasing r/a. This trend holds in photonic crystals 
of finite thickness as well. 

For photonic crystals of a finite thickness, the 
ability to simply classify modes as either TE or TM 
is lost. In the most simple finite thickness photonic 
crystals, that of a high index dielectric slab in 
which a two-dimensional photonic crystal has been 
patterned surrounded above and below by the 
same low index material which may be air of 
sapphire, or silicon dioxide, the modes can be 
classified as being either even or odd modes with 
respect to the mid-plane of the high index slab. In 
this mid-plane, however, modes can be classified as 
being either TE or TM, with each containing the 
same nonzero vector field components as in the 
infinite case, Away from this mid-plane, however, 
modes have in general six nonzero electromagnetic 
field components. The photonic bandgap that is 
created in this case is in the guided mode spectrum 
of the high index dielectric slab. There is no gap 
formed in the radiation modes of the slab. The 


radiation modes consist of modes with a ray vector 
that is not totally internally reflected at the high 
index slab/low index cladding interfaces. Figure 1 
shows the dispersion relation, plotted over the 
irreducible Brillouin zone, of the even modes for 
dielectric slab with a refractive index of 3.4 in 
which a two-dimensional triangular lattice of holes 
has been patterned. The surrounding material is 
air. The figure shows an electromagnetic bandgap 


Normalized frequency (al) 


Figure 1 The photonic band diagram for a photonic crystal slab 
with @ triangular lattice of air holes perforating a high-index 
diolectic slab. The slab, which assumes a refractive index 
‘n= 844, suspended in the air witha thickness of dia = 0.6. The 
air holes have radi of r/a = 0.3, where a isthe latice constant 
Only the lowest three eigenmodes are shown inthe plot. 
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formed between the first and the second guided 
modes of the slab. Radiation modes of the slab 
have real valued propagation vectors in the z- 
direction. These modes lie above the in-plane 
dispersion relation for air and exist inside the 
shaded region in the figure. This dividing line 
between the guided modes and the radiation modes 
is referred to as the light line. 

If the upper and lower cladding layers of the high 
index slab are different and therefore have different 
indices of refraction, then the ability to classify modes 
as being either even or odd about the mid-plane of the 
slab disappears and it is possible to lose the bandgap 
in the guided modes altogether. In cases where the 
refractive index of the bottom cladding is not 
significantly different from that of the top cladding, 
such as a case where air serves as the top cladding 
layer and a material such as sapphire or silicon 
dioxide forms the bottom cladding, it is found that 
the even and odd modes describe the field reasonably 
accurately. To emphasize the approximation involved 
in the model, these modes are most often referred to 
in the literature as even-like or odd-like. Overall, 
there are three primary effects of having asymmetric 
cladding layers such as an air top cladding and 
sapphire bottom cladding case. These are a reduction 
in the effective bandgap width, an increase in the area 
of the radiation modes on the dispersion relation, and 
the loss of a rigorous bandgap in the guided modes of 
the slab, The first two of these effects are the most 
serious for device designers. 


Photonic Crystal Resonant 
Cavities and Lasers 


Photonic crystal resonant cavities can be formed at 
frequencies inside the bandgap or at the bandedges. 
Modes in the bandgap are formed as a result of a 
defect in the lattice. Modes at the bandedge are also 
sometimes used because the fields with wavevectors 
at Brillouin zone boundary are standing waves. These 
standing waves are analogous to the resonant modes 
that are formed in distributed feedback (DFB) laser 
structures. Here we will focus on modes confined in 
the bandgap. Allowed modes in electromagnetic 
bandgaps in photonic crystal slabs can be introduced 
by introducing one or more defects into the lattice. By 
perturbing a single lattice site, we can permit a 
localized mode or modes that have a frequency in the 
gap. This phenomenon is similar to the formation of 
deep levels in an electronic bandgap of a solid due to 
impurities and identical to the formation of resonant 
modes in vertical cavity surface emitting lasers 
{VCSELs) and phase-shifted DEB lasers. In each of 
these last cases, a defect in the periodicity of a precise 


thickness occurs between two one-dimensional dis- 
tributed Bragg reflectors. Defect modes in photonic 
crystal resonant cavities can be engineered to radiate 
in a particular direction by trading-off the in-plane 
versus out-of-plane losses, and the resonant freq- 
uency is determined by the parameters of the lattice, 
Very small mode optical mode volumes can also be 
obtained in these resonant cavities leading to the 
possibility of modifying spontaneous emission. 

Simple models exist which illustrate the formation 
of localized modes inside the bandgap as a result of 
defects in the otherwise periodic lattice. One of these 
was applied to the formation of deep levels in solids, 
This model can also be applied to the electromag- 
netics of defects in periodic structure. For a simple 
one-dimensional case, assuming that the defect exists 
ata single unit cell and that the dispersion of the band 
is dominated by nearest neighbor interactions, this 
can be solved exactly. Figure 2 shows the allowed 
frequencies of a ten unit cell chain with a single defect 
located at the center unit cell. Notice that one mode, 
called a donor mode, drops out of the band for 
positive values of Ae and one mode, called an 
acceptor mode, rises out of the band for negative 
values of Ae. Thisis true in general. A perturbation of 
the lattice in which the defect has a higher index than 
the unperturbed lattice will cause a mode to drop out 
of the air band while a perturbation that has a lower 
dielectric constant than the background lattice will 
cause a mode to rise into the bandgap out of the 
dielectric band. In practice, resonant modes and 
frequencies in photonic crystals are modeled 
numerically. 

A great deal of variety exists in resonant modes 
formed by defects in two-dimensional photonic 
crystal slabs. The simplest examples consist of a 


single missing hole in a two-dimensional square or 


Band 
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Figure 2 A one-dimensional Slater-Kaster model for a single 
dofect in a 1O-unit-coll chain, showing the allowed states as a 
function of the defect perturbation 
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triangular lattice patterned into a high-index 
dielectric slab. However, the resonant mode size, 
shape, frequency, and polarization can be engin- 
cered by tailoring the local dielectric in the region 
of the resonant mode. Losses in these cavities can 
be conceptually separated into losses in-plane 
through the photonic crystal and radiation losses 
out-of-plane. The in-plane losses are a result of 
having only a finite number of lattice periods 
surrounding the localized mode. A finite number of 
periods results in a finite loss due to tunneling of 
the fields through the lattice. This loss can in 
principle be made arbitrarily small by increasing 
the number of lattice periods surrounding the 
resonant mode. For a fixed number of lattice 
periods, the in-plane radiation loss will be reduced 
as the bandwidth of the photonic bandgap is 
increased because the magnitude of the in-plane 
decay constant increases with increasing bandgap 
width. A resonant mode formed by a defect in a 
truly three-dimensional photonic crystal will have 
losses limited by the number of achievable lattice 
periods and the bandwidth of the photonic crystal 
bandgap. 

Photonic crystal cavities formed by two-dimen- 
sional photonic crystals of finite thickness suffer from 
an out-of-plane radiation loss. Optical confinement in 
the direction perpendicular to the two-dimensional 
photonic crystal is due to total internal reflection of the 
mode that occurs in the high index photonic crystal 
slab surrounded by lower index materials, Out-of- 
plane losses are due to the presence of wavevector 
components in the resonant mode that lie above the 
light line inside the radiation cone of the claddiny 
Figure 3 shows the Fourier transform of the magnetic 
field at the mid-plane of photonic crystal slab in which 
the resonant mode is formed bya single missing hole in 
a two-dimensional triangular lattice. In this cavity 
geometry, a doubly degenerate pair of modes is 
introduced into the photonic bandgap. The figure 
shows the Fourier transform of the field for one mode 
of this double degenerate pair. The boundary of the 
radiation cone in the figure is marked by the solid 
circle, Components of the mode inside this circle are 
not confined to the slab and contribute to out-of-plane 
radiation losses. These losses can be reduced by 
engineering the mode so that it has a smaller overlap 
with the radiation cone. This can be accomplished by 
allowing the mode to expand in real space in directions 
in which the wavevectors of the mode extend into the 
radiation cone. This reduces the spread of the Fourier 
transform of the mode and reduces the overlap of the 
mode with the radiation cone. 

Symmetry can also be used to reduce the coupling 
to the radiation fields of the slab. Reducing the 
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Figure 3 (a) The spatial Fourier transform of the magnetic field 
‘component, Hz, of a defect cavity mode at the mid-plane of a 
‘Wiangularlatice suspended membrane single-defect photonic 
‘erystal micracavity. The inner circle indicates the light cane inside 
hich mode components radiate vertically. (b) The spatial Fourier 
transform of a modified defect cavity mode. The overlap of 
the mode with light cone has been reduced by modifying the 
detect cavity 


resonant frequency of the mode can also reduce out- 
of-plane radiation losses. This has the effect of 
reducing the size of the radiation cone in k-space. 
One way to accomplish this is to reduce r/a in the 
photonic crystal lattice. This will generally reduce 
frequencies of all of the photonic crystal modes. It 
will also, however, generally be accompanied by a 
reduction in the bandwidth of the photonic bandgap 
which will increase the in-plane losses. As a result, 
care must be taken in designing photonic crystal 
resonant cavities. Nevertheless, in the smallest mode 
volume photonic crystal resonant cavities, the optical 
losses will generally be dominated by out-of-plane 
radiation loss. 

Quality factors have been predicted to exceed 
100 000 in carefully designed photonic crystal 
resonant cavities in which the optical mode volume 
is on the order of a few cubic half-wavelengths in the 
material, Larger resonant cavities formed by introdu- 
cing multiple defects in the lattice are often less well 
confined in the real space lattice leading to a 
reduction in the components overlapping the radi- 
ation cone in k-space and a reduction in out-of-plane 
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radiation loss, These cavities also are much more 
likely to support multiple resonant modes for a given 
index perturbation. 

In analyzing resonance modes of photonic crystal 
resonant cavities, one of the most important para- 
meters is the quality factor Q of the cold cavity. 
Practically, a theoretical prediction of the quality 
factor requires the use of numerical methods and 
finite-difference time-domain and finite element 
techniques are commonly used. There are basically 
three numerical approaches that can be used to 
calculate the quality factor of the cavity modes. Two 
of these methods calculate the quality factor from the 
time domain fields while the third is a frequency 
domain approach. The first method is to calculate the 
slope of the exponential decay of the energy of a giv 
cavity mode with time. This decay of energy from the 
cavity is described by exp(—t/t;y) where ty is the 
photon lifetime which is related to the quality factor 
Q, by O= ory. This method is most useful for 
relatively low Q modes where the slope of energy 
decay is visibly greater than zero. 

Another method is to calculate the ratio of the full 
width at half magnitude (FWHM) of the cavity 
resonance in the frequency domain, Ae to the center 
frequency, wy. However, distortion to the spectrum is 
often introduced because the numerical simulation 
terminates before the impulse response is fully 
evolved. This has the effect of viewing the true time- 
domain response through a rectangular window, 
which translates mathematically into the convolution 
of the true spectrum with a sinc function, This must be 
accounted for in the determination of the quality 
factor. 

A third method calculates the ratio of cycle- 
averaged power absorbed in the boundary to the 
total energy in the cavity mode, This last method has 
the advantage of by being able to separate the 
radiation losses into different directions: 
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in which, the effective vertical quality factor Q, is 
given by the ratio of power lost to the absorber at the 
top and bottom P, to the total cavity energy U(#), and 
the effective in-plane quality factor Oy is similarly 
given by the ratio of in-plane power loss P to the 
total cavity energy. 

Photonic crystal lasers and resonant cavities have 
been demonstrated experimentally. The first demon- 
stration of lasing in a two-dimensional photonic 
crystal laser occurred in a cavity formed by a single 


defect in a triangular lattice that was patterned into 
an InGaAsP membrane. The laser operated under 
optically pumped conditions at 143 K. Room tem- 
perature pulsed operation of photonic crystal defect 
lasers was reported shortly thereafter. Figure 4 shows 
an electron micrograph of such a resonant cavity. In 
the figure, the resonant cavity is formed in a 
suspended membrane in which a triangular lattice 
photonic crystal with a defect has been patterned. The 
fabrication of these devices involves pattern definition 
by electron beam lithography and pattern transfer by 
a series of wet and dry etching steps. The observed 
quality factors are, of course, sensitive to fabrication 
imperfections. Many other cavity designs and dem- 
onstrations have also been reported. 

To operate a photonic crystal laser continuously at 
room temperature, it is necessary to design a high-O 
resonant cavity that dissipates heat well. Poor heat 
dissipation is a major drawback of suspended 
membrane resonant cavities. One strategy for 
improving the heat dissipation in photonic crystal 
laser cavities is to form the two-dimensional photonic 
crystal membrane cavity on top of a low-index high- 
thermal-conductivity substrate. Figure 5 shows an 
electron micrograph of a photonic crystal cavity 
formed by leaving out 37 holes from a triangular 
lattice patterned into an InGaAsP membrane. This 
membrane is honded to a sapphire substrate, which 
facilitates heat dissipation. This cavity is capable of 
room temperature continuous wave operation. 

It is believed that these lasers are capable of 
electrically-pumped room temperature operation, 
This is based on the fact that large quality factors 
have been demonstrated in optically-pumped photo- 
nic crystal lasers and some quality factor reduction 
due to free carrier absorption and absorption at 
metal contacts can be tolerated and still lead to 
lasing. A reasonable assumption would be that the 
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Figure 4 The scanning electron micrograph of a triangular= 
lattice suspended membrane photonic crystal single defect 
cavity. 


Figure 5 The scanning electron micrograph of a triangular- 
lattice, 37-missing-hole, photonic crystal defect cavity, bonded 
(on sapphire which serves as lower cladding to Improve heat 
‘lssipation. CW operation of the laser cavity was demonstrated, 


performance of these electrically-pumped photonic 
crystal lasers would have much in common with the 
performance of VCSELs. Both VCSELs and photonic 
crystal cavities have small mode volumes with the 
cavity formed in some directions by distributed Bragg 
reflection, The emission direction of photonic crystal 
lasers can he engineered to be vertical or in-plane, but 
the basic resonant cavities do have important 
similarities. The free carrier absorption loss in 
photonic crystal laser cavities may be expected to be 
larger than in VCSELs since a photonic crystal laser 
mode lacks the standing wave behavior in the vertical 
direction that allows doping at the nodes of the 
standing wave to reduce the absorption loss. If free 
carrier absorption loss leads to larger internal losses 
for photonic crystal lasers than for VCSELs, then 
some reduction in the achievable slope efficiencies 
will also occur for photonic crystal lasers. 


Photonic Crystal Waveguides 
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Another important optical element for integrated 
photonic circuitry is a linear waveguide. Conven- 
tional dielectric waveguides confine propagating 
heams by an index of refraction difference between 
the waveguide core and the waveguide cladding. 
Photonic crystal waveguides are most often formed 
bya linear defect, which consists of a row of modified 
unit cells of the lattice, patterned into a high index 
dielectric membrane. The guiding in this case is due to 
a mixture of total internal reflection at the high index 
membrane/low index cladding interfaces and distrib- 
uted reflections from the photonic crystal in-plan 
Because this confinement does not exclusively dep 


dent on total internal reflection, the transmission loss 
through small bending radius waveguide branches 
and bends can be made very small. Predictions and 
experimental demonstrations exist which show that 


Figure 6 (a) The top view ofa triangular latice photonic crystal 
single-line defect waveguide with airhole radius r/a ~ 0.3. (b) The 
2D spatial Fourier transform of the waveguide dielectric 
‘distribution. (c) The photonic band diagram for a suspended 
membrane single-ine photonic crystal waveguide. The mam- 
brane has a refractive index of n=34 and its thickness is 
dla ~ 06. The surrounding material is air. The light gray and dark 
tray area indicate the regimes where field radiates through the air 
and photonic erystals, respectively 


photonic crystal waveguides are capable of support- 
ing small bending radius waveguide bends with 
almost total transmission, This makes photonic 
crystal waveguides a candidate for waveguides in 
densely integrated photonic circuits. 

Figure 6a shows an illustration of the top view of 
a two-dimensional photonic crystal waveguide. 
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This is a triangular lattice in which one row of unit 
cells has been modified. Shown in Figure 6b is the 
Fourier transform of index of refraction for the 
situation in which the photonic crystal consists of low 
index holes in a high index semiconductor. The 
presence of the linear defects modifies and broadens 
the reciprocal lattice from a simple reciprocal 
triangular lattice, before the creation of linear defect, 
to the distribution shown in the figure. This Fourier 
transform has components along the direction of 
propagation at (b, ~ b,)/2 as shown in the figure 
where by and by are reciprocal lattice unit vectors. 
These reciprocal lattice components at (by ~ by)/2 
couple a planewave with wavevector B to other 
planewaves with wavevectors + (by — bs)/2. The 
result of this coupling is that the electric field of the 
waveguide mode is a Bloch wave. In a photonic 
crystal waveguide in which the waveguide axis is the 
e-direction, the Bloch wavefield in the waveguide can 
be written in the form: 


zt) = Delo 
sa Call 


In this expression the periodic function of the Bloch 
wave has been explicitly expanded as a Fourier series 
and each term in the Fourier series is called a spatial 
harmonic. Note that these fields differ from that of a 
photonic crystal fiber because the cladding of a 
photonic crystal waveguide has a periodicity along 
the direction of a waveguide. A photonic crystal fiber 
does not. 

Most of the realizations of photonic crystal 
waveguides occur in two-dimensional photonic crys- 
tals formed in high index dielectric slabs. The 
membrane is usually located a few microns above a 
high index substrate. Because the fields of the guided 
modes decay exponentially outside the membrane, 
the effect of a substrate several microns away is very 
nearly negligible. The photonic band structure for 
rla = 0,3, normalized membrane thickness d/a = 0.6 
and refractive index of n = 3.4 is shown in Figure 6c. 
Only the modes with even symmetry along the mid- 
plane of the membrane are shown. A bandgap opens 
for modes with odd symmetry only for large low 
index filling factors in the triangular lattice, Filling 
factors large enough to create a bandgap for the odd 
modes are often impractical so that the odd modes are 
rarely considered. The even and odd modes are 
orthogonal, so that plotting the dispersion relation 
for the even modes only is justified. In reality, even 
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and odd modes may he weakly coupled as a result of 
fabrication imperfections. The horizontal axis of the 
dispersion relation covers the in-plane wavevector B 
along the propagation direction of the irreducible 
Brillouin zone. The vertical radiation light cone and 
transverse radiating region of the photonic crystal are 
mapped as light gray and dark gray areas, respect- 
ively. They correspond to the regimes in which light 
radiates through the air cladding and photonic crystal 
cladding, respectively. Waveguide dispersion relations 
can be calculated using two-dimensional approaches 
in which case the guiding due to the high index slab is 
accounted for by using an effective index of refraction 
for the mode. The effective index is the ratio of the 
propagation coefficient to the free space wavevector 
of the guided mode of the slab. The two-dimensional 
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Figure 7 The photonic band diagram for a triangularlatice 
ssapphire-bonded single-line photonic crystal defect waveguide, 
‘The cialectric membrane has a refractive index of n= 3.4 and 
thickness of d/a = 1.0. The index of the sapphire bottom cladding 
is assumed to be 1.6. 
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Figure 8 The photonic band diagram for a trangular-latice 
deeply etched single-line photonic crystal dafect waveguide, The 
top cladding, guiding membrane, and bottom cladding have an 
Index of refraction of 3.0, 34, and 2.0, respectively. Their 
normalized thicknesses ala are 1.0, 1.0, and 6.0, respectively 
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calculation then uses the effective index of the mode 
as the high index of material in the photonic crystal. 
To obtain accurate results, the effective index for each 
mode calculated separately and the two-dimensional 
calculation of the photonic crystal waveguide dis- 
persion must be repeated for each waveguide mode. 

Examples of photonic crystal waveguide dispersion 
relations are shown in Figures 7 and 8 for waveguides 
formed by photonic crystals in dielectric slabs on high 


index lower cladding layers. Figure 7 is the dispersion 
relation for an oxide lower cladding layer. The area of 
the light gray region, which is the projection of the 
oxide cladding light cone onto waveguide propa- 
gation direction, increases as a result of higher index 
of refraction. Figure 8 shows the dispersion relation 
for a waveguide with an even larger lower cladding 
index. In this case the air holes of the two- 
dimensional photonic crystal are patterned all the 
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Figure 9 The outot 
istratedin Figures 6-8. Thelatice constant a = 450 nm for deo 
‘calculated values and ines are B-spline curve fits. 


Jane radiation loss as a function of normalized frequency for the photonic crystal defect slab waveguides 


ply etched waveguide and 420 nm for the resto the cases. Points are 


Values 


to handle significant current, no heat sink is 
included. 


Asidac behaves very similarly to a diac, its name 
being derived from “silicon diode for alternating 
current! Its primary difference from generic di- 
acs is that it is designed to reach its breakover 
voltage at a higher value, typically 120VAC or 
240VAC. 


Values 


When performing its function to trigger atriac, a 
diac is unlikely to pass more than 100mA. 


The breakover voltage of a diac is usually be- 
tween 30Vand 40V, witha few versions designed 
for up to 70V. When the diacstarts to conduct, its 
on-state impedance is sufficient to reduce the 
voltage significantly, with 5V being atypical min- 
imum output voltage. 

Although the rise time when a diac responds is 
very brief (around 141s), the componentis not ex- 
pected to runata high frequency. twill normally 
be used with 50Hz or 60Hz AC to trigger a triac. 
For this reason, its repetitive peak on-state cur- 
rent is usually specified at no more than 120Hz. 


Abbreviations in datasheets are likely to include: 


+ Veo Breakover voltage (sometimes may be 
specifiedas latching voltage, which fora diac 
is the same thing). 

+ Vpo1 - Vaca Breakover voltage symmetry. The 
hyphen is intended as a minus sign, so that 
this value is the maximum difference be- 
tween breakover voltage in each direction. 

+ Vo Minimum output voltage. 

+ raw Repetitive peak on-state current. 


+ po Breakover current, usually the maximum 
required, and less than 20uA. 


discrete semiconductor > thyristor > diac 


+ Ig Maximum leakage current, usually less 
than 20nA. 


+ T, Operating junction temperature, usually 
expressed as an acceptable range. 


What Can Go Wrong 


Like other semiconductors, a diac is heat sensi- 
tive, Usual precautions should be taken to allow 
sufficient ventilation and heat sinking, especially 
when componentsare moved froman open pro- 
totyping board to an enclosure in which crowd- 
ing is likely. 


Unexpected Triggering Caused by 
Heat 

On a datasheet, a value for breakover current is 
valid only within a recommended temperature 
range. A buildup of heat can provoke unexpec- 
ted triggering. 


Low-Temperature Effects 
Ahigher breakover voltage will be required by a 
diac operating at low temperatures, although 
the variation is unlikely to be greater than plus- 
or-minus 2% within a normal operating range, 
Temperature has a much more significant effect 
onatriac. 


Manufacturing Tolerances 
The breakover voltage foradiacisnotadjustable, 
and may vary significantly between samples of 
the component that are supposed to be identi- 
cal. The diac is not intended to be used as a pre- 
cision component. In addition, while its break- 
cover voltage should be the same in either direc- 
tion, a difference of plus-or-minus 2% is possible 
(1% in some components). 
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Table 1 Photonic crystal defect slab waveguides considered in the calculations 


Waveguide structures ‘Suspended membrane (Oxidized lower cladding ‘Deeply etched 
Deep undercut Shallow undercut Thin oxide Thick oxige 

Layer description: Material Air (23.0) 

(normalized thickness d/a) 
= = - - AIGaAs (1.0) 
GaAs (0.8) GaAs (0.6) GaAs (0.6) GaAs (0.6) GaAs (1.0) 
Air (8.0) Ai (1.0) A,Oy (2.0) ALO,(5.0) AlGaAs (6.0) 


GaAs substrate (2.0) 


Refractive index of 3.4 is assumed for GaAs, 3.0 for AIGAAS, 1.6 for Al,O,, and 1.0 for alr. 


Figure 10 The scanning electron micrograph of a photonic 
caystal Y-branch fabricated on InP material system, 


way through the lower cladding layer, with an index 
of 3.0, on a high index substrate. The defect modes 
lying within the in-plane photonic bandgap are all 
above the cladding light line in this case. Propagation 
losses are predicted to increase by over two orders of 
magnitude from the structure with very low index 
cladding layers shown in Figure 6 to the high index 
lower cladding structure of Figure 8. 

Figure 9a and b shows the results of a fully three- 
dimensional calculation for the propagation loss of 
the three structure shown in Figures 6-8. The details 
of these structures are shown in Table 1. This 
calculated loss is due to coupling between the guided 
mode and the radiation modes of the high index 
substrate. A wavelength scale is also included using 
a= 420 nm in Figure 9a and 450 nm in Figure 9b. 
The suspended membrane suffers the least vertical 
radiation loss among all of the waveguides considered 
and has a minimum loss around 0.2 em”. Low-loss 
waveguides formed on high index cladding layers 
may be possible, but care should be taken to eliminate 
coupling between the guided modes and the radiation 
modes of the cladding. In this case, the design strategy 
for reducing the optical loss is to reduce the 
magnitude of the Fourier component of the electro- 
magnetic field inside the light cone. It should also be 


noted that deeply-etched waveguides formed by 
removing multiple rows of holes have been 
demonstrated with significantly lower radiation loss 
than is predicted for the single line defect waveguides. 
However, these waveguides are multi-moded at all 
frequencies. Itis also important to remember that the 
nanofabricated waveguides will suffer additional 
losses due to fabrication imperfections that were not 
included in the numerical model. Figure 10 shows a 
nanofabricated photonic crystal waveguide. The 
image is an electron micrograph of a y-branch 
component of a Mach-Zehnder interferometer 
formed in a two-dimensional photonic crystal wave- 
guide patterned into a suspended InGaAsP 
membrane, 

Finally, itis worth noting that the group velocity of 
photonic crystal waveguide modes, where the group 
velocity is given by the geadient of the dispersion 
surface: 


1, = Vw i 


is very small near the zone boundary. This can be seen 
from the dispersion relations shown in Figures 6-8. 
In fact, the slope of the dispersion relations is likely to 
be a parameter which can be engineered by careful 
waveguide design. This property may allow photonic 
crystal waveguides to find applications in optical 
processing functions such as delay lines. 


Photonic Crystals: Atomic Physics; Electromagnetic 
Theory. 


Further Reading 


Baba T (1997) Photonic crystals and microdisk cavities 
based on GalnAsP=InP system. IEEE Journal of 
Selected Topics in Quantum Electronics 3: 808-830. 

Joannopoulos JD, Meade RD and Winn JD (1995) 
Photonic Crystals: Molding the Flow of Light. 
Princeton: Princeton University Press. 


PHOTONIC CRYSTALS / Self-Assembled and Functionalized Photonic Crystals 155 


Mekis A, Chen JC, Kurland I, Fan S, Villeneuve PR and 
Joannopalos JD (1996) High transmission through sharp 
hhends in photonic erystal waveguides. Physics Review 
Letters 77: 3787-3790. 

Painter O, Lee RK, Yariv A, et al. (1999) Two-dimensional 
photonic crystal defect laser. Science 284: 1819-1821. 

Sakoda K (2001) Optical Properties of Photonic Crystals 
New York: Springer. 

Slater JC (1967). Insulators, Semiconductors, and Metals, 
Vol. 3. New York: McGraw-Hill Book Company. 


Srinivasan K and Painter © (2002) Momentum space design 
of hhigh-Q photonic crystal optical cavities. Optics 
Express 10: 670-68: 

Villeneuve PR, Fan S and Joannopoulos JD (1996) 
Microcavities in photonic crystals: mode symmetry, 
tenability, and coupling efficiency. Physics Review B 
54: 7837-7842. 

Yariv A and Yeh P (1984) Optical Waves in Crystals: 
Propagation and Control of Laser Radiation. New York: 
John Wiley & Sons. 


Self-Assembled and Functionalized Photonic Crystals 


S Bhandarkar, Alfred University, Alfred, NY, USA 


© 2006, Elsevier Lid Al Rights Reserved. 


Introduction 


Photonic crystals mimic the role of the atomic 
structure of a semiconductor in manipulating elec- 
trons, in this case for light. Hence, called semicon- 
ductors of light, these crystals are not generally found 
in nature and have to be designed and fabricate 
Research and development in this field is taking place 
at a feverish pace to both understand the various 
nuances of this concept, as well as to evolve new 
methods to fabricate such crystals in the laboratory 
and ultimately on a commercial scale. The driving 
force behind this is the tremendous potential of the 
systems. They promise to revolutionize the way light 
can be used for future devices: from forming perfect, 
omnidirectional mirrors to the smallest ever lasers, 
and ultimately, complex optical chips with a wide 
range of functionality arranged in three-dimensional 
(3D) circuits. 

This article seeks to elaborate on a specific 
technique to make photonic crystals called colloidal 
self assembly. Here, we will review the fundamental 
concepts underlying photonic crystals and see how 
the above process can lead to a versatile platform in 
making such systems, We will discuss the basic 
aspects of this method and look at the various 
innovative manifestations that have been used 
to fabricate many types of photonic bandgap 
materials. 


Photonic Bandgap 


A key attribute of a semiconductor is the formation of 
a bandgap, a band of energy states that the electrons 
cannot acquire. They may exist in the so-called 
valence band where their energy levels are less than 
that of the bandgap. Or they may be energized to 


states above the bandgap, i.e., to the conduction 
hand, but the bandgap is the forbidden region. The 
continuous band of states that constitutes this 
bandgap is a result of the long-range order imposed 
by the crystal structure of the semiconductor, where 
the atomic lattice presents a periodic potential to a 
propagating clectron, The tremendous usefulness of 
semiconductors comes from their ability to perform 
switching and logic functions, which in turn is a result 
of controlling the availability of electrons above and 
helow the bandgap. 

The propagation of light as an electromagnetic 
wave is influenced by the dielectric properties of the 
medium, For a waveguide aligned in the z direction, 
the field is the sum of the two propagating transverse 
modes, each with the form E(x) = (x, y)e**, where 
x,y) is the field distribution and k, is the 
propagation constant. The wave equation for the 


transverse mode reduces to 


B(x, y) 


aes ytntx, 


iil] 
Here, iis referred to as the effective refractive index 
and is given by it = k,A/2m. 

Equation [1] has the same form as the Schrédinger 
equation, which describes the wave functions of 
quantum particles such as electrons. This equivalence 
helps us to understand the similarity between the 
attractive potential well structures that bind electrons 
to the wells created by a local increase in the 
refractive index that confines light into optical modes. 

The creation of a structure with a 3D periodic 
change in the refractive index (Figure 1) opens a gap, 
due to Bragg scattering off the dielectric interfaces 
whereby a set of frequencies of light becomes 
forbidden to propagate in any direction — a photonic 
bandgap. To understand the formation of the 
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Figure 1 Schematic representation of a three-dimensional 
photonic crystal. The structure formed isa periodic variation in the 
dielectric properties ofthe matrix. Here, the two diferent dielectric 
regions are represented by C1 and 


bandgap, one needs to consider the complex pattern 
of overlapping beams that results from the refractions 
and reflections from the numerous interfaces. This 
pattern is determined by the characteristics of light- 
waves (wavelength and direction of travel) and those 
of the periodic dielectric variation (pitch and magni- 
tude of the contrast). Thus, for a select band of 
wavelengths, complete cancellation through destruc- 
tive interference occurs in all directions. 

One way to breach this restriction is by creating a 
defect or a disturbance in the periodicity, which 
would allow localized photonic states in the gap. This 
defect can be a point defect to form a microcavity, or 
have a ID trace that behaves as a waveguide or a 
planar defect. Thus, a photonic crystal with a specific 
defect structure can be used to manipulate light in 
unique ways that can be used for a variety of 
applications, including lasers, filters, switches, 
waveguides, and for 3D integrated optics circuits. 
These structures are also interesting because the 
have been predicted to exhibit enhanced optical 
nonlinearities. 


Photonic Crystals 


The lattice constant for the photonic crystal must be 
comparable to the wavelength of light, typically in the 
range of 0.5 to 2 um. This range is three orders of 
magnitude greater than the lattice constants found in 
solids and hence photonic crystals need to be 
synthesized. A common example of such a structure 
isa diffraction grating in a waveguide, which serves as 
a 1D photonic crystal. There are also examples of 
photonics crystal structures found in nature, such as 


the iridescent colors seen in certain butterflies and 
opal gemstones. The structure of opal is a 3D 
photonic crystal consisting of small spherical particles 
of hydrated silica (SiO2). These spheres tend to be 
irregular in size but in rare precious opals, they are 
monosized. Diffraction from these spheres leads to 
the remarkable colors seen in opal 

Fabrication of 3D photonic crystal structures, with 
two materials with sufficiently different dielectric 
properties, has been extensively investigated over the 
past several years. Given the requirement of a tightly 
controlled periodicity, one obvious means of doing 
this is to use the microlithographic patterning 
processes that are so well developed for very large- 
scale integration (VLSI). Since these are planar and 
not volumetric techniques, several iterations of laye 
by-layer deposition, lithography, and etching are 
necessary. A popular second method is that of 
colloidal self assembly. 


The Self-Assembly Technique 


The term ‘self assembly’ is usually used to describe the 
act of spontaneous and controlled agglomeration of 
some basic moieties. These basic units could be 
molecules, supramolecules, nanoclusters, or particles. 
It is similar to what is seen in living systems, where 
organic and inorganic materials are assembled into 
useful configurations mediated by various protein: 
Since there is no intrinsic restriction on the number of 
such building blocks that can spontaneously organize 
into periodic structures, this process is readily 
scalable to large dimensions, and is the main 
attraction of this process. 

The self-assembly technique is well suited for 
making periodic structures such as photonic crystals. 
Starting with particles of the appropriately uniform 
size (in the range 0.5 to 2 um), one can conceive of 
organizing them into a periodic 3D array. Particles, 
rather than molecules or nanoclusters, are the 
preferred starting materials for photonic crystals 
because their larger size provides periodicity on the 
Iength-scale of optical wavelengths. Large block 
copolymer molecules have also been used instead, 
but they are limited in their scope. 

The following sections will discuss the salient 
details of using self assembly to form photonic 
crystals. The sequence of the discussion follows the 
path increasing process complexity. To begin, we will 
examine the simplest of photonic crystals made by 
neatly packing uniform particles called a colloidal 
lattice. Given the limited range of monosized particles 
available, such lattices are inadequate as useful 
photonic crystals but can be used as templates into 
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which other materials can be incorporated. We shall 
discuss one particularly attractive incorporation 
technique, namely electrochemical deposition, in 
more detail, Finally, since the process is dominated 
by surface interactions, diverse classes of particles can 
he generated by simply functionalizing the particle 
surface. Looking ahead to the future, this is an 
important aspect that can vastly increase the capa- 
bility of a colloidal assembly. 


Formation of Colloidal Lattices 


Colloidal crystallization has been studied for several 
decades but has received renewed attention due to 
both the availability of more uniform powders as well 
as new applications such as photonic crystals. Fine 
particles are unwieldy in their dry state due to 
high solid—gas interfacial energy and are typically 
dispersed in a liquid. Particle concentration is kept 
low to avoid agglomeration. Further stabilization of 
the particles may be achieved by either charging the 
particles’ surface (clectrostatic stabilization) or by 
adsorbing a neutral shielding molecule (steric 
stabilization). A preferred approach is to induce 
monosized spherical particles to settle into a tightly 
packed lattice, The settling rate, v, of particles of 
diameter dp is given by the well-known Stokes 
equation: 


21 


where is the acceleration due to gravity (or a 
centrifugal field), Ap is the density difference between 
the particle and the liquid, and cis the viscosity of the 
liquid. Whereas settling is a popular means of self 
assembling, other methods such as centrifugation, 
filtering, pressing, or dip coating can be used 
(Figure 2). For charged particles, electrophoresis, 
where an electric field induces flow, is applicable. 

The typical lattice types in these domains are 
hexagonal close-packed planes (hep) as shown in 
Figure 3 or face-centered cubic (fec) structures 
(Figure 4). In fcc crystals, the layer stacking follows 
the order ABCABC; in hep it is ABAB. In both 
stacking sequences, hard spheres occupy a volume 
fraction of 0.7404 and can be shown to have little 
entropic differences, However, it is experimentally 
observed that the preferred ordering of spheres is the 
fee close-packed arrangement, which is also the case 
in high-quality opals. 

This method clearly has the advantage of being a 
simple, cost-effective platform to make 3D photonic 
crystals that can be readily scaled to various levels. 
There are no repetitive steps as would he the case in 
layer-wise lithographic pattering. However, there are 
still some outstanding challenges. The primary one is 
the difficulty in ensuring that the organization of the 
particles does not incur the formation of unwanted 
defects and domains. Also, introduction of inten- 
tional defects such as waveguides is not trivial, 
although this is being demonstrated in diff- 
erent laboratories. Another shortcoming is the 


Figure 2_ Diagram showing some ofthe tachniques to use so assembly of spherical partici to make colloidal latices, These include 
setting (a); canttuging (b);elactrophoresis (c);cip-coating (A) and fiter-pressing (). 
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Figure 3. The arrangement of spheres in a hexagonal closed 
packed (hcp) arrangement (a). The unit cell is shown in 
(©) whereas the stacking abab sequence can be seen in (c). 


Figure 4 The arrangement of spheres ina face centered cubic 
(fec) arrangement with spheres of radius r (a). The unit cell is 
shown in (b). The stacking follows an abeabe order. The a and ¢ 
sites relative to sphores populating the b sites are seen in (c). 


unavailability of uniformly sized particles of various 
different chemical compositions. 

The formation of monosized spherical particles is a 
complex problem in its own right. Usually, such 
particles can be made from specific polymeric 
materials such as polystyrene or latex, whereas SiO, 
is the best-known inorganic system, These particles 
are not perfectly uniform but the typical deviations 
from the mean size of a few percent are acceptable 
for most applications. Given the attractiveness of 
photonic crystals for a wide array of applications 
in optics, research in this field is burgeoning and 
more breakthroughs are bound to come. Already 
first-generation photonic bandgap devices, such as 
fiber gratings or photonic crystal optical fiber, are 
commercially available. 


Colloidal Lattices as Photonic 
Crystals 


Due to the limited range of composition of the 
particles available, the particle-to-air refractive index 
contrast provided by straightforward colloidal lat- 
tices is small, This results in low diffraction efficien- 
cies and hence colloidal lattices do not have photonic 
bandgap in all directions. However, these structures 
can then be used as templates for various additional 
modifications, as seen later. 

On the other hand, a simple colloidal lattice can he 
more easily modeled. An analytical solution can be 
achieved for this system using dynamical diffraction 
theory for a low diffraction efficiency approximation. 
For a close-packed stacking of spheres in a fee array, 
there exists a minimum in the transmission band at 


a wavelength A, which is given by the Bragg—Snell 


equation: 
Ae = Adin — sin? BI 


where d, is the d-spacing between the planes in the 
(111) direction, ny is the effective refractive index of 
the assembly and @ is the angle between the incident 
beam and normal to the (111) plane. This minimum 
in the transmission is referred to as the primary 
stop-band, 

Photonic crystals are characterized using a 
Michelson or Mach Zehnder interferometer to obtain 
the phase and amplitude of the transmission (or 
reflection) as a function of the wavelength of light 
(Figures 5 and 6). Ideally, the whole band structure 
can be calculated from these data. In addition to A., 
the close-packed structures also exhibit a transmission 
threshold at a wavelength A,, as seen in Figure 5. Both 
A, and A, depend on the particle diameter and increase 
with particle size. In a close-packed structure, 
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Transmittance 


Figure 5 The typical profiles observed from transmission 
measurements on a photonic crystal. The stopband wavelength 
(Ac) inereases with dp, where (d,); >(d;)» >(dh}a. The polariz~ 
ation of light is fixed at s or p polarized, 


Reflectance 


Figure 6 The typical profiles of the reflectance peaks 
‘corresponding to the transmission plot saen in Figure 5. 


Transmittance 


4 ——— > 


Figure 7 The transmittance profiles as a function ofthe angle of 
incidence of light of a fixed polarization. Typical values of # would 
be # =0, t= 10", = 30", 4 = 50°, t, = 60" 


the lattice d-spacing d, is related to the particle 
diameter d, as d, = d,V2/3. So when the incident 
light is orthogonal to the structure, eqn [3] can be 
simplified to: 


VBd tee) [4] 


Thus, mj can be obtained from the slope of a plot of 
the stop-band wavelength A, as a function of the 
particle diameter d. The angular dependence of 
the reflectance spectra is illustrated in Figure 7. These 
results depend upon the polarization state of the 
incident light and hence need to be obtained 
separately for s and p polarized light. 


More Complex Colloidal Lattices 


While the use of SiO, and polymer microspheres is 
ubiquitous, they are optically passive materials. New 
methods are being developed for making uniform 
spherical particles from other more optically active 
systems. The zine oxide (ZnO) system is one such 
example. The higher refractive index (~2.2) and the 
light emission ability of this system make it particu- 
larly interesting. Monosized particles in the size range 
of 100 to 600 nm can be made using a two-stage 
reaction method, which allows extra control over the 
particle formation. Other optically active systems 
include rare-earth doped SiO, dye doped PMMA 
spheres, or composite spheres comprised of core— 
shell configuration with SiO, or zine sulfide (ZnS) 
cores and gold (Au) or SiOz shells, respectively. 

Whereas the above discussion focuses on mono- 
sized particles, binary crystals can be made using 
spheres of two different sizes. The strategy here is to 
vary the particle size during the deposition of every 
alternate layer. For instance, a first layer of closely 
packed spheres is followed by the deposition of layers 
of smaller particles. The resultant crystal structure 
depends primarily on the concentration of the smaller 
particles in the dispersion, As seen in Figure 8, the 
second layer can vary from having three to six 
particles around every underlying larger particle. 
Thus the large-small (LS) stoichiometry of these 
binary crystals can be varied from LS to LS: to LS; 
by increasing the concentration of the smaller 
particles in the suspension phase. Such crystals open 
up interesting new avenues for complex photonic 
crystals. 


Colloidal Lattices as Templates 


By using the colloidal lattice as porous host for a 
second material, a greater range of photonic crystals 
can be synthesized. Here, the role of the colloidal array 
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Figure 8 Binary crystals formed using spheres of two diferent sizes. The large-small (LS) ratio in (a) is 1:1 whereas in (b) itis 1:2. 


Figure 9 Schematic representation of the templating process 
sing infiltration (a). Upon removal ofthe particles, a macroporous 
photonic crystal is formed (b). This is the inverted opal 
configuration. 


is simply as a scaffolding structure, The second 
material to be infiltrated may be either a liquid (in 
the form ofa dispersion, a solution, ora molten liquid) 
or a vapor. Both eventually deposit a solid material 
inside the template. Subsequent selective removal of 
the template yields 3D photonic crystal in the form of 
an inverted opal (Figure 9). This is one of the best and 
most versatile means of achieving high index contrast, 
which is required for true photonic bandgap behavior. 

It must be noted that to use self-assembled particle 
arrays as a template, the whole structure has to be 
often heat treated to confer greater mechanical 
strength. As assembled, the particles are normally 
attached by short-range Van der Waals forces and 
hydrogen bonding, which in the case of SiO, is silanol 
(Si-OH) mediated. Both of these are relatively weak 
bonds, By heating the assembly, a greater number of 
siloxane (Si-O) bonds can be formed which addition- 
ally strengthens and stabilizes the particulate 


network. This is important to retain the periodic 
structure of the assembly during the exposure to high 
stresses during the infiltration step, for instance. At 
temperatures around 750°C, there is significant 
generation of siloxane bonds but minimal sintering 
so that the lattice does not change dimensions and 
retains its original open porosity. With latex particles, 
the annealing is done just above the glass transition 
temperature T, of the polymer for no more than a 
critical period of time, Longer treatments can destroy 
the ordering of the spheres. 

A template thus strengthened by heat treatment is 
now ready for infiltration. For example, a template 
comprised of polystyrene spheres can be infiltrated 
with a hydrolyzed sol of titanium alkoxide to 
ultimately form titania in the interstitial regions. 
Upon standing, the alkoxide sol gels in the interstitial 
regions leading to a polymeric network called a 
xerogel. This entire composite can then be further 
heated to high temperatures (>300°C). All organics 
are removed by decomposition and combustion so as 
to leave behind a titania matrix with periodic voids 
{in place of the polystyrene spheres). The templating 
spheres may also be dissolved, rather than com- 
busted, in solvents such as toluene. The refractive 
index of titania depends on the crystalline phase that 
results after heat treatment — anatase is ~2.5 while 
High indices can also be achieved with 
semiconducting materials such as selenium (Se) with 
an index of ~2.5 or cadmium selenide (CdSe), ~2,9. 
‘These chalcogen-derived materials have low absorp- 
tion in the visible and near infrared, so they are 
suitable candidates. 

When SiO2 particles are used for templating, they 
are eventually removed by etching, typically with 
dilute, buffered hydrofluoric acid at low tempera- 
tures. Given the thermal and chemical stability of the 
SiO, particles, molten Se (or other low melting 


rutile is ~ 
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metals) can be used to rapidly fill the interstitial space. 
Vapor phase deposition has also been used to fill the 
porous templates. Examples include the backfilling 
with silicon (Si) using chemical vapor deposition 
(CVD), or indium phosphide (InP) using metal- 
organic chemical vapor deposition (MOCVD). 

A variety of structured, macroporous carbon 
matrices has been made with remarkable optical 
properties. The templates are artificial opals 
assembled using SiO microspheres, which are filled 
with carbon by either: (a) infiltrating with phenolic 
resin followed by anaerobic pyrolysis of the resin to 
glassy carbon; (b) CVD of graphitic carbon; and 
(©) growing diamond-seeded CVD graphite from a 
plasma. The resultant carbonaceous ‘inverse opals’ 
are highly conductive, show intense opalescence due 
to the ordered arrays of holes, and have a photonic 
bandgap in the infrared region, 


Electrochemical Deposition 


One particularly effective backfilling technique is 
clectrodeposition, which has been successfully used to 
deposit most of the different classes of materials — 
semiconductors, metals, and polymers. Here, a 
conducting substrate serves as the appropriate elec- 
trode where deposition occurs. By placing a colloidal 
lattice template on this electrode, the electrochemical 
deposit is used to fill the interstitial voids in the 
template (Figure 10). This method has been 
successfully applied for a host of different metals 
such as gold (Au), nickel (Ni), platinum (Pt), and 
alloys such as tin—cobalt (Sn—Co). Likewise, con- 
ducting polymers can be efficiently deposited by 


Figure 10 
an electrolytic solution on a conducting electrode. The solution 
contains sulfuric acid (HeS0.), CdSOs, and SeOs. A potentiostat 
is used to generate the electric filds. 


{An electrochemical cell for deposition of Cae from 


this method. Although these polymers suffer from 
inherently low indices, they have favorable electro- 
optic properties that can be tuned by controlling the 
composition. In the case of II-VI semiconductors, 
galvanostatic or potentiostatic deposition can be 
used: for instance, interstitial CdSe has been depos- 
ited (Figure 10) using an acidic solution of electrolytes 
such as cadmium sulfate (CdSOx) and selenium 
dioxide (SeO2). 

Electrochemically deposited structures have mini- 
mal porosity leading to densities close to bulk density. 
Hence, they have a higher refractive index and are 
generally more robust than those made by simple 
infiltration. Also, they exhibit little change in dimen- 
sions and a lower tendency toward cracking during 
the various physicochemical processes such as drying 
and sintering that occur en route to forming the 
photonic crystal. Hence, it is a preferred technique in 
many cases. 


Functionalization 


The self-assembly process, whether used directly or as 
a template to synthesize a photonic crystal, is 
dominated by surface interactions between particles 
starting from the organization process through to the 
thermal stabilization step. These interactions can be 
tailored by specially treating the surface of the 
particles with functional groups. Functionalized 
colloidal templates can enhance the infiltration of 
the high index material and its properties such as 
smoothness, density, or optical nonlinearity. Latex 
spheres can be surface functionalized with sulfate and 
carboxylic acid groups to increase their surface 
charging capability, which can lead to more robust 
self-organization. These spheres can also be coated 
with a layer of SIOH, which gives them a SiO,-like 
appearance on the surface and allows them to be used 
in conjunction with SiO, microspheres. The infiltra- 
tion of metal (such as Au) nanoparticles into a 
template crystal of SiOz microspheres can be signifi- 
cantly enhanced by functionalizing the SiO, surface. 
This can be achieved using long-chain organic 
molecules with polar groups on one end that bond 
with silanols on the SiO, surface and thiol groups on 
the other that strongly latch onto the gold nanopar- 
ticles. Simulations of light interaction with ordered 
three-dimensional arrays of these metallodielectric 
spheres, show that they are promising starting 
points for the construction of full photonic bandgap 
materials in the visible part of the optical spectrum. 
Also, in these systems, the plasmon resonance of the 
Au shell particles can be controlled over the visible 
and infrared region by varying the thickness of the 
Au shell. 
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The site-selective attachment ability of biological 
moieties can also be used effectively here by attaching 
them onto particle surfaces. DNA oligomers are well 
known to form conjugate specific bonds ~ adenine to 
thymine and guanine to cytosine. Thus particles 
functionalized with these oligomers can be made to 
organize in specific sequences that are differentiated, 
depending on the surface group. These particles can 
have variable sizes or compositions but their surface 
properties are controlled largely by the attached 
biomolecules. Likewise, the antigen—antibody 
attachment ability can be exploited to improve 
surface bonding. 


Positioning Defects in Photonic 
Crystals 


Much of the work on photonic crystals involves the 
making of a long-range periodic microstructure with 
high dielectric contrast because the underlying 
materials engineering aspects are very challenging. 
However, the usefulness of photonic crystals depends 
on the successful placement of defects in precise 
locations within the crystal, The placement of a point 
defect leads to a photonic microcavity and that of a 
line defect, a waveguide for propagation of a light- 
wave (Figure 11), However, there are certain unique 
advantages to this style of propagation, such as the 
possibility of bending light around sharp corners. 
Line defects in the form of air cores have been 
introduced in a photonic crystal using a combination 
of lithography and self assembly. First, ridges are 
defined in a photoresist on top of the substrate by 
optical lithography (Figure 12), Upon forming a 
colloidal lattice on top, the ridges are converted to 
linear voids by removing the photoresist using 
combustion or etching. Another technique is to 
infiltrate a photopolymerizable monomer into a 
colloidal crystal and preferentially polymerize the 
liquid by focusing a light beam inside the crystal. 
Thus the locus of the focused beam defines the 
waveguiding region that is formed upon removal of 
the unpolymerized liquid, 


Line detect 
Figure 11 Two common dofects in colloidal lattices, 


Photoresist ridge 


Air-€ore 
Figure 12. Formation of intentional defect using a ithographic 


process to define an ait-core. This structure can also be used as a 
template for backiiling a high dielectric materia. 


Tunable Photonic Crystals 


The holy geail in many photonic devices is tunability, 
and photonic crystals are no exception. Given the 
wide spectral range that constitutes the domain of 
light, the ability of devices to switch or translate their 
performance to another wavelength through an 
external stimulus is indeed very attractive. The two 
parameters that can be externally tuned are the 
dielectric contrast, which would result in a change in 
the ny of the crystal and the periodicity of the 
grating. One technique to tune the former is to form 
an interference pattern that organizes liquid crystals 
dispersed in a polymer matrix into droplets to form 
the photonic crystal. Applying an electric field that 
changes the refractive index of the droplets can 
therefore alter the transmission spectrum of the 
photonic crystal. 

To control the lattice parameter, the size of or the 
spacing between the spheres need to be varied. This 
concept has also been demonstrated using self- 
assembled hydrogel-based nanoparticles, which are 
made of a thermo-responsive material such as poly- 
‘Neisopropylacrylamide. These particles are soft and 
conformable and their sizes can be tuned depending 
on the water content of the system. This ordered 
matrix is in the form of gel that can be made to swell 
and compress upon changing the temperature as 
water is exchanged between the gel and the ambient. 
Wavelength tunability of one nanometer has been 
achieved this way. Tunability has also been sought 
using methods such as straining the lattice. Caleu- 
lations show that a 2 or 3% shear strain ought to 
create a 52-73% distortion of the bandgap. In one 
novel approach, SiO2 or polystyrene microspheres 
were strongly surface charged and ordered with a 
less than dense packing within a poly-acrylamide 
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‘Comprescion 


Figure 13 Tunable photonic crystal. Spherical particles are 
assembled in a compressible media like a hydrogel, which 
doforms upon applying a stress. The deformation can be used to 
tune the lattice parameter and hence the optical properties of the 
photonic erystal 


hydrogel housing (Figure 13). Due to the strong 
charging the arrangement tends to be body centered 
cubic (bec) with the lattice spacing that depends on 
the concentration of the particles. When the hydrogel 
is deformed by applying mechanical stress, the 
diffraction peaks were shown to be tunable over 
almost the whole visible light wavelength spectrum. 

Photonic crystals made from self-organized hydro- 
gels have been used as sensors. Here, they are 
functionalized with chemical recognition agents that 
cause the gels to swell upon binding to the analyte. 
‘The resultant change in the lattice parameters causes 
a measurable change in the color. Specific examples 
include the detection of the toxic organophosphate, 
parathion, using acetylcholinesterase or of glucose 
using boronic acid and polyethylene glycol. Utilizing 
the same principle, even metal ions such as copper can 
he detected using a hydroxyquinoline-based hydro- 
gel. These serve as a good illustration of the multi- 
faceted potential of photonic crystals. 


Summary 


Photonic crystals have aroused tremendous interest 
with their promise to lift the field of photonics to a 
new level of capability. These crystals are concep- 
tually analogous to electronic semiconductors in their 
function and hence are called photonic bandgap 
materials. The big challenge lies in synthesizing them 
artificially without defects. One of the few methods to 
synthesize these crystals is by self assembly of micron- 
sized building units. Self assembly leads to formation 
of a uniform array of monodispersed particles, 
typically silica or latex. This process can be further 
embellished by permeating a second, high-index 
material using the particulate assembly as a template. 
Useful applications of photonic crystal require them 
to have specifically positioned defects and 
tunability. These aspects, which currently constitute 


the state-of-the-art research in this field, promise to 
deliver unique devices and applications. 


List of Units and Nomenclature 


a Acceleration (typically due to gravitational 
or applied centrifugal force) 

d, Diameter of the particle 

d, d-spacing or distance between lattice planes 

E Electric field 

kz Propagation constant for travel in z direction 

n Refractive index of the medium 

a Modal effective refractive index 

ng Effective refractive index of the colloidal 
assembly 

v Settling velocity 

Ap Density difference between the particle and 
the fluid in which it is suspended 

@ Angle between the incident heam and normal 
to the lattice plane in question 

a Wavelength of the lightwave 

Ae Stopband wavelength 

4, Threshold wavelength for the photonic 
crystal 

2 Viscosity of the suspending fluid 

Electric field distribution 

See also 


Photonic Crystals: Atomic Physics; Electromagnetic 
‘Theory; Phatonic Crystal Lasers, Cavities and Waveguide, 
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discrete semiconductor > thyristor > triac 


A triac is a gate-triggered type of thyristor. Its name was probably derived from the 
phrase “triode for AC’ and because itis not an acronym, itis not usually capitalized. 


A thyristor is defined here as a semiconductor having four or more layers of p-type and 
n-type silicon. Because the thyristor predated integrated circuits, and in its basic form 
consists of a single multilayer semiconductor, itis categorized as a discrete component 
in this encyclopedia, When a thyristor is combined with other components in one pack- 
age (as in a solid-state relay) itis considered to be an integrated circuit. 


Other types of thyristor are the SCR (silicon-controlled rectifier) and the diac, each of 
which has its own entry in this encyclopedia. 

Thyristor variants that are not so widely used, such as the gate turn-off thyristor (GTO) and 
silicon-controlled switch (SCS), do not have entries here 
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OTHER RELATED COMPONENTS 


+ SER (see Chapter) 
+ diac (see Chapter 2) 


What It Does 


The triacis ubiquitous in AC dimmers for inean- 
descent lamps. It is also used to contro! the 
speed of AC motors and the output of resistive 
heating elements. It is a type of thyristor which 
contains five segments of p-type and n-type sil- 
icon and has three leads, one of them attached 
to a gate that can switch a bidirectional flow of 
current between the other two. Its name was 
originally a trademark, generally thought to be 
derived from the phrase "triode for AC" A triode 
was a common type of vacuum tube when thyr- 
istors were first introduced in the 1950s. 


By comparison, a diacisa thyristor with only two 
leads, allowing current to flow in either direction 
when the component reaches a breakover volt- 
‘age. Its name was probably derived from the 


phrase “diode for AC." Itis often used in conjunc- 
tion with a triac. 


An SCR (silicon-controlled rectifier) is a thyristor 
that resembles a triac, as it has three leads, one 
of them agate. However, it only allows current ta 
flow in one direction. 


Symbol Variants 
The schematic symbol for a triac, shown in 
Figure 3-1, resembles two diodes joined togeth- 
er, one of them inverted relative to the other. 
While a triac does not actually consist of two di: 
codes, itis functionally similar, and can pass cur- 
rent in either direction. 
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Introdu 


The topic of this article is a survey on the main 
applications of free-electron lasers (FELs) in physical 
sciences. The merits of FELs are discussed with 
respect to other available laser sources. For the 
wavelength ranges, where FELs contributed signifi- 
cantly to advances in physical sciences, specific 
examples of the research with FELs are given. 

‘The basic physics of FELs, their historic develop- 
ment, and the state of the art of these laser sources are 
described in detail in this Encyclopedia (see Lasers: 
Free Electron Lasers). The present article covers the 
applications of FELs in physical sciences, but 
excludes all phenomena involved in the physics of 
FELs themselves. From the application point of view, 
ard an FEL as any other laser, as a 
source of coherent electromagnetic radiation with 
high power, narrow bandwidth, and a diffraction 
limited beam. Thus, the radiation produced by an 
FEL significantly differs from that generated by 
synchrotrons (see Incoherent Sources: Synchrotrons). 


The specifications of the FEL, such as wavelength, 
temporal structure of the output intensity, and peak 
power, determine the possible applications of the 
laser. One might now ask, why it is worthwhile to 
write — and read — an article on its own devoted to 
the applications of FELs. The answer to this question 
is the uniqueness of the radiation produced by 
FELs, which enables certain classes of experiments 
and applications in specific wavelength ranges not 
covered by other laser sources, such as gas, solid state, 
or semiconductor lasers 

Since the construction and operation costs of an 
FEL facility are usually orders of magnitude higher 
than those for the equipment of a conventional laser 
spectroscopy laboratory, FEL facilities have been 
built, and are planned for the future, in different 
places all over the world as dedicated-user facilities. 
These user facilities allow researchers from unive 
sities and industry to exploit the unique properties 
of FEL radiation for their research and provide the 
basic infrastructure and support for setting up the 
experiments. Usually potential users apply using a 
standard procedure for beam time at an FEL by 
submitting a short proposal to the facility. The 
proposals are judged by a panel which distributes 
the available beam time to the different users. So 
researchers active in the field of optics should keep 
in mind that these facilities exist and are available to 
anyone who has specific needs which can be fulfilled 
by an FEL facility, A list of all major FEL facilities is 
given in Table 1. 
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Table 1 FEL user facilities. Faciltios marked with an asterisk 
are under construction at the ime of publication 


Facilty name Wavelength ranges 


IFEL (Osaka, Japan) 230 am—1.2 um 
4-6 um, 5~22 wm 


20-60 yim, 50-100 wm 


Duke University Free Electron 4193-400am 
Laser Laboratory (US) 2-9 um 
Vanderbilt University Free Election 2.1-9.8 um 
Laser Center (US) 
FELIX-FOM (Rijnhuizen, 45-250 um 
Netherlands) 
Stanford Picosecond FEL Center. = 315 um 
(us) 15-65 um 
CLIO-LURE (Orsay, France) 3-90 um 
<Joferson Lab (US) 3-62um 
FEL-SUT-Science University of 5-16 um 
Tokyo (Japan) 
UCSE Center for Terahertz 63-398 wm 
‘Science and Technology (US) 338 um-2.5 mm 
ENEA Compact FEL (Frascati, aly) 2-3.5mm 


FELBE (Dresden, Germany) 
SCSS SPring-8 Compact SASE 


Source Japan)" 

Insitute for Plasma Research 
(naiay" 

BESSY FEL (Germany)” deo UV-X-ray_ 

Brookhaven-NSLS SDL, deop UV 
DUV-FEL (US)" 

University of Maryland-MIRFEL farinfrared 
(sy 

University of Hawaii (US)* Uv-farintrared 

SLAC SSRL X-ray FEL-LCLS (US)" X-ray 

TESLA X-ray FEL, DESY (Germany) X-ay 

Daresbury 4GLS (UK)" IR, Xray 

MIT Bates Lab X-ray FEL (US)* Xray 

INFN SPARX X-FEL (Italy)" Xray 

Tel Aviv University Israel)” far-infrared 


Canter for Advanced Technology 
(indiay" 


‘The basic principles of an FEL are briefly summar- 
ized here, while for an in-depth description the reader 
is referred to the article on free electron lasers 
(see Lasers: Free Electron Lasers). As with any other 
laser, the FEL consists of a laser cavity and a gain 
medium. The gain media are free electrons, which 
travel with a velocity close to the speed of light in 
vacuum through a periodic array of magnets called an 
undulator or wiggler. The magnets are arranged in a 
way that the electrons feel an alternating magnetic 
field. Due to the Lorentz force, the electrons perform 
an undulating or wiggling motion perpendicular to 
the magnetic field, which gives rise to spontaneous 
electromagnetic radiation into the forward direction. 
The radiation, emitted in due course of the passage of 
the electrons through the undulator, superposes 
constructively. The FEL may operate in such a way 
that the gain from one passage of an electron bunch 
is high enough to produce a coherent light pulse. 


This regime is known as selfamplified spontaneous 
emission (SASE) regime which is especially desirable 
for short wavelength operation in the UV and X-ray 
region, where the manufacturing of adequate 
resonator optics is difficult, At longer wavelengths, 
a laser cavity provides the feedback for the build-up 
of the coherent light field. The laser starts lasing when 
the amplification exceeds the losses of the cavity, 
including the light intensity coupled out of the cavity 

One of the distinct properties of FELs, in comp- 
arison to other laser sources, is their continuous 
tunability. The emission wavelength of an FEL is 
given by the following relation (see Lasers: Free 
Electron Lasers) 


a 


with d the period of the magnet array, the 
parameter is the relativistic factor related to the 
electron velocity u via y= 1/(1 —a7/c*)"?, and the 
K-parameter is given by d, and the magnetic field B as 
K = 0.934 x BIT] x diem]. From eqn [1] it becomes 
obvious that the emission wavelength of the FEL can 
he continuously tuned via the electron energy and the 
magnetic field. This is in distinct contrast to other 
laser sources, where the emission wavelength is fixed 
by the energy separation of electronic levels in atoms 
or by the bandgap energy of semiconductor 

The main advantage of FELs concerns the high 
power, both average and peak, which can be obtained. 
In addition, an FEL provides short optical pulses due 
to the fact that the electron beam passing through 
the undulator consists of short electron bunches. The 
temporal width of these electron bunches can be 
below one picosecond (10” ! s), so that optical pulses 
in the sub-picosecond to picosecond range are 
obtained. These pulses are extremely adjuvant for 
performing nonlinear optical experiments (see Spec- 
troscopy: Nonlinear Laser Spectroscopy) and pump- 
probe experiments with high temporal resolution 
(see Chemical Applications of Lasers: Pump and 
Probe Studies of Femtosecond Kinetics). Typically the 
optical pulses are Fourier transform limited, ie., the 
product of the spectral bandwidth Av times the pulse 
duration Ar equals a constant, which depends on the 
specific shape of the pulse. For a pulse of Gaussian 
shape in frequency and time, this so called time- 
bandwidth product is given as Av Ar = 0.441. From 
this equation the minimum spectral width (temporal 
duration) can be calculated for a given temporal 
duration (spectral width) of the laser pulse. When the 
clectron beam driving the FEL is produced by a 
superconducting radio frequency linear electron 
accelerator, the repetition rate of the pulses is in the 
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range of some tens of MHz. The energy per optical 
pulse is obtained by dividing the average power of the 
FEL through the repetition rate. The peak power 
within an optical pulse is obtained by dividing the 
energy per pulse through the pulse duration, which 
can be in the picosecond to sub-picosecond range. 
‘Typical values for FELs are energies per pulse in the J 
to mJ range, pulse lengths from some 100 femto- 
seconds to a few picoseconds, and accordingly peak 
powers in the range of kW to GW. Depending on the 
type of electron accelerator employed, the pulse 
structure of an FEL may have further peculiarities. 
Superconducting radio-frequency accelerators. pro- 
vide a quasi continuous-wave (CW) train of electron 
pulses, thus enabling the FEL to emit a continuous 
optical pulse train. Electrostatic accelerators provide 
macropulses of electrons at some Hz. repetition rates 
with a duration of several us. These macropulses 
consist of micropulses with MHz repetition rates and 
picosecond or sub-picosecond duration. Hence the 
FEL output has the same temporal characteristics with 
the FEL turning on at the beginning of each 
macropulse. 

Another important development is the synchroni- 
zation of table-top short-pulse laser systems to FELs. 
This is accomplished by stabilizing the repetition rate 
of the table-top laser system via a movable intracavity 
mirror accurately to the repetition rate (or a higher 
harmonic of the FEL) of the FEL. Using a high- 
frequency electronic phase-locked loop, a_timing 
jitter, down to 500 femtoseconds between the FEL 
pulses and those from a mode-locked titanium- 
sapphire laser, have been obtained. Nonlinear 
frequency conversion of the near-infrared pulses 
from the synchronized titanium-sapphire allows one 
to perform multi-color pump-probe measurements in 
a broad spectral range in combination with the FEL. 

In the following, FELs will be discussed with 
respect to the wavelength range which they cover. For 
each wavelength range alternative laser sources are 
given and compared to FELs. It should be noted that 
these alternative sources evolve very rapidly and thus 
pose challenges on the justification of FELs in certain 
wavelength and power ranges. For each wavelength 
region selected scientific achievements obtained from 
experiments performed with FELs are give 


FELs in the Far Infrared Region 


The far infrared region is roughly defined as the 
wavelength (energy) range from 20 wm to 300 pm 
(62 meV to 4meV). At the long wavelength end 
(wavelengths larger than 220 um) radiation can be 
obtained from pure electronic devices, so-called 
backward wave oscillators (BWO). Furthermore, 


optically pumped gas lasers operate at certain discrete 
wavelengths in this range where there exists one 
fundamental problem for realizing a semiconductor 
laser based on transitions between the conduction 
and the valence bands. Auger recombination, where 
an electron and hole combine by transferring another 
electron high into the conduction band, becomes 
increasingly important for smaller bandgaps. Recent 
advancements in this field are based on quantum 
cascade lasers, which use inter-sub-band transitions 
of quantum structures for achieving lasing in the 
wavelength range from 105 wm to 3.4 um. Another 
possibility to generate coherent radiation in this 
wavelength range is optical rectification or difference 
frequency mixing of femtosecond laser pulses at near- 
infrared wavelengths. However, none of the: 
outperform FELs in terms of peak or average power, 
making FELs the most important tunable laser source 
in this wavelength range. 

In the far-infrared, several scientific opportunities 
exist. In condensed matter many important elemen- 
tary excitations exist in this frequency range, e4 
phonon-polaritons, plasmons, polarons, and mag- 
nons. The quantum confinement in semiconductor 
heterostructures leads to the formation of discrete 
electronic levels with energy separation typically in 
the far-infrared. The associated radiative transitions, 


so-called inter-sub-band transitions, can be arbitrarily 
tuned by varying the materials and the dimensions of 
the confining potential. In surface science, intramo- 
lecular vibration of molecules adsorbed to surfaces 
are of large interest. They can be studied by resonant 
nonlinear optical experiments such as sum-difference 
frequency generation or second harmonic generation, 
giving information about the energy transfer between 
the molecules and the surface. In biophysics, low- 
frequency modes of large bio-molecules lie in the 
far-infrared, whose dynamics can also be studied. 

Important scientific results have been obtained 
with FELs in the following fields, which exclude the 
important fields of molecular science, chemistry, 
biology, and medical research. 


‘Scanning Near-Field Optical Microscopy (SNOM) 


Increasing the spatial resolution is an important task 
in spectroscopy. Free-space focusing of a laser beam is 
diffraction-limited to a spot with the dimensions of 
the wavelength. Especially in the far-infrared region 
this would allow to resolve objects larger than 10 um 
only. However, the imaging of elementary excitations 
in solid state or of collective excitation in biomol 
cules on a sub-m scale, would be highly desirable, 
SNOM allows to circumvent the diffraction limit. 
Several different SNOM techniques have been 
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introduced in recent years, most of them working 
with apertures smaller than the wavelength. Imaging 
is performed by scanning the aperture over the sample 
or vice versa. An evanescent electromagnetic field is 
present at the aperture which can couple to the 
specimen brought into the proximity of the apertu 
Since the aperture is smaller than the wavelength, the 
light intensity drops by order of magnitudes. It is here 
that the high power available from FELs becomes 
advantageous. Usually, the end of a fiber is tapered 
and metalized, leaving a small aperture at the tip of 
the fiber. In the far-infrared region the problem exists 
in the absorption of the fiber material. Chalcogenide 
fibers are capable of transmitting in the 2-12 um 
range, while hollow glass capillaries coated with 
metals inside work also at longer wavelengths. Recent 
approaches try to work without apertures, ¢.g., by 
coupling the light locally via a nanometer metal tip to 
the sample. Another interesting approach is to use the 
focus of visible laser light to create a small highly 
reflective spot on a material. By creating free-carriers 
with the visible laser light in the material, the 
reflectivity of the far-infrared light of the FEL can 
be strongly increased, thus a reflecting spot is created 
which is diffraction-limited by the wavelength of the 
visible light rather than that of the infrared 
light. The techniques described here are, of course, 
not limited to the far-infrared region but may 
also be applied successfully, for example, in the 
mid-infrared region. 


Rabi Oscillations 


Rabi oscillations are a fundamental phenomenon in a 
quantum mechanical two-level system driven by a 
light field. The light field promotes electrons from the 
lower to the upper state and back, depending on the 
duration and intensity of the light field, ic., the popu- 
lation oscillates between the lower and upper state of 
the two-level system with the oscillation period 
depending on the intensity of the light field. This 
phenomenon has been studied extensively in atoms. In 
semiconductors, scattering processes strongly aggra- 
vate the observation of Rabi oscillations. By using the 
Santa Barbara FEL Rabi oscillations between the 
ground and excited state of a hydrogenic, impurities in 
GaAs could be observed. From the excited state of the 
impurity, electrons are transferred to the conduction 
band, thus changing the photoconductivity of the 
crystal, which is measured as a function of time delay. 
Overdamped oscillations with frequencies changing 
with the laser intensity could be clearly resolved. 


Optical Nonlinearities in Semiconductors 


An important concept of nonlinear optics is based on 
the nonlinear susceptibility x‘! of a material, where n 


denotes the order of the nonlinearity. The nonlinear 
susceptibility has tensorial character and determines, 
for example, the efficiency of second harmonic 
generation and difference frequency mixing (y'”!), 
third harmonic generation, and the Kerr nonlinearity 
(y")), etc. Hence the knowledge about the dispersion 
and the absolute value of y'"'s is both of fundamental 
and practical importance. Due to the lack of tunable 
laser sources, these values are not well known in the 
far-infrared. Especially close to fundamental lattice 
resonances in the far-infrared, a strong dispersion is 
theoretically expected. Here FELs play an important 
role in the determination of these values, For 
example, in GaAs, the dispersion of the x) has 
heen recently determined from second harmonic 
generation experiments below the fundamental opti- 
cal phonon resonance at 8 THz, ive., wavelengths 
larger than 37 jum, where a resonance enhancement 
at half the phonon frequency could be observed. 


Relaxation Kinetics in Semiconductor Quantum 
Structures 


‘The investigations of intersub-band transitions in 
semiconductor heterostructures have opened the 
pathway for the realization of the quantum cascade 
laser. In these devices, the radiative and nonradiative 
transition rates between different electronic quantum 
levels are of prime importance for a working device. 
The relevant time-scales have been obtained from 
pump-probe experiments with FELs. In semiconduc- 
tor quantum dots, the strong coupling of phonons to 
inter-sublevel transitions could be observed and the 
polaron lifetime could be determined. 


Bloch Oscillations in Semiconductor Superlattices 


Bloch oscillations are an intriguing concept of solid 
state physics. When an electron experiences the force 
of an electric field in a periodic potential, the resulting 
dynamics is oscillatory in the absence of scattering 
events. However, since in real solid state the scatter- 
ing rates are much higher than the expected 
oscillation period, such oscillations cannot be 
observed and the application of an electric field 
leads to a net electric current. However, in artificial 
semiconductor superlattices, the Bloch oscillation 
period can be tailored to be smaller than the 
scattering rate, leading to the observation of Bloch 
oscillations and the associated THz emission. The 
inverse effect of a Bloch oscillator, ic., the generation 
of a photocurrent by tuning an FEL to the Bloch 
oscillation frequency, could be observed. 


Cluster Physics 


FELs can be an important tool for studying the 
dynamics of clusters and molecules in the gas phase by 
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infrared resonance enhanced multiphoton ionization 
(IR-REMPI), In IR-REMPI, the species of interest are 
irradiated by pulsed, tunable IR radiation from a free 
electron laser. When the radiation is resonant with a 
vibrational mode of the molecule or cluster, the 
absorption of many - up to several hundred — 
photons can take place. When the internal energy is 
high enough, the thermal emission of an electron can 
take place. The resulting ions can be detected mass 
selectively in a time-of-flight mass spectrometer. 
Monitoring the mass specific ion yield as a function 
of IR wavelength then yields the IR spectrum of that 
species. This technique has given important infor- 
mation on the IR absorption spectra of interstellar 
dust. 


FELs in the Mid-Infrared Region 


This wavelength (energy) range extends from 20 um 
to 2 um (62 meV to 0.62 eV). Alternative sources in 
this wavelength range are nonlinear optical 
parametric generators and amplifiers (OPGs/OPAs) 
which compete against FELs in terms of peak 
power. However, there still exists a large number of 
interesting phenomena where FELs are better suited, 
e.g., due to their higher repetition rate in the MHz 
range as opposed to the kHz repetition rate of 
OPGSOPAs and their higher average power exceed- 
ing several W up to kW as compared to mW for 
OPGYOPAs. These high-power levels find appli- 
cations in material processing and recently in 
surgery. Since these applications cover such a wide 
variety of different materials, we refer the reader to 
publications from users of the Jefferson Laboratories 
FEL and the Vanderbilt University FEL (see Table 1). 
The advantage of FELs in this context is that their 
wavelength can be tuned exactly to a resonance of 
the material under preparation. The following 
significant spectroscopic application was performed 
with FELs. 


Vibrational Relaxation of Dé 
Semiconductors 


cts in 


The heat dissipation in submicron electronic devices 
is of prime importance for the failure behavior of such 
devices. As the device size shrinks to the nanometer 
scale, atomic defects play an important role. In 
silicon, hydrogen passivation of defects is a standard 
process step in the production of metal-oxide- 
semiconductor electronic devices, Hence detailed 
knowledge about the stability and heat dissipation 
of hydrogen defects is very important. By employing 
nonlinear optical methods such as four-wave mixing 
or a transient bleaching technique, the vibrational 
lifetime of hydrogen vibrational modes in silicon 


(around a wavelength of 5 um to 6 um) could be 
determined and important information on the depen- 
dence of the local atomic arrangement and the 
vibrational lifetime could be obtained. 


FELs in the Near-Infrared to the UV 
Region 


The wavelength (energy) range from 2 jum to 200 nm 
(0.62 eV to 6.2 eV) is the realm of solid state lasers. 
Especially diode pumped solid state lasers have made 
tremendous improvements in terms of power and 
stability in the past years, Nonlinear frequency 
conversion of ultrashort optical pulses generated 
from titanium-sapphire lasers and amplifiers cover 
almost all of this wavelength range, Hence there is no 
specific need for operating FELs in this wavelength 
range for applications in physical sciences. 


FELs in the Extended UV to X-ray 
Region 


In the wavelength (energy) range shorter than 200 nm 
(larger than 6.2 eV) the availability of laser sources is 
very scarce. In this wavelength range, solid state 
lasers have the problem of the reabsorption of the 
laser light by the crystals’ hosts. Also nonlinear 
frequency conversion processes are hampered by the 
absorption of the nonlinear crystals in this wave- 
length range. The generation of ultrashort pulses at 
the wavelength of the Cu K, line has been obtained 
on the basis of amplified femtosecond titanium- 
sapphire pulses, thus enabling the study of the lattice 
vibrations in the time domain via a modulation of the 
X-ray diffraction, Since these sources are limited in 
their wavelength and output power, the development 
and operation of FELs in this wavelength range is 
truly important. 

Only recently the first experimental verification of 
the feasibility of a SASE FEL at short wavelengths 
was obtained at the DESY facility. The lasing 
wavelength was 110mm. Since several of these 
sources are presently under construction worldwide, 
there are as yet no experimental results published. 
However, the future development of short-wave- 
length FELs will enable new types of time-resolved 
experiments in atoms, solid state physics, chemistry, 
and biology. One prominent example is protein 
crystallography with X-ray pulses. The high intensity 
of FELs in this wavelength range should allow one to 
obtain a diffraction pattern of a single protein or 
other important bio-molecules in a single shot on a 
subpicosecond time-scale, i.e., before the protein is 
fragmented. The short-pulse duration opens the 
pathway to study the dynamical behavior of such 
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structures in pump-probe experiments with solid- 
state lasers synchronized to the FEL. In solid state 
physics, such experiments could yield important 
insights into the dynamics of phase transitions. 


Other Developments 


Beyond the use of an FEL as a light source in the 
above described wavelength ranges, there exists the 
possibility of using FEL facilities in a broader way. 
One example is the development of a high-intensity 
y-ray source which can be accomplished by Compton 
backscattering of FEL photons from the relativistic 
electrons driving the FEL. This work has been 
performed at a storage ring FEL (OK-4/Duke 
University), where 12.2 MeV y rays were obtained 
by backscattering 379.4nm free-electron laser 
photons from 500 MeV electrons circulating in the 
storage ring, The advantage of these yrays is that they 
are highly monochromatic and linearly polarized, 
thus making them an ideal source for nuclear 
spectroscopy and investigations in cancer therapy. 


Incoherent Sources: Synchrotrons. Lasers: Free 
Electron Lasers. Spectroscopy: Nonlinear Laser Spec- 
troscopy. 
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enabling advances in laser technology. Core laser 
technology advances are based on robustness, per- 
formance, and cost. A combination of gas and solid- 
state lasers currently see application across the 
spectrum, from the extreme ultraviolet (EUV) to the 
infrared (IR). Industrial applications continue to 
emerge across the spectrum and are being extended 
to the extreme ends of the spectrum at terahertz 
(THz) and X-ray frequencies (see Figure 1). 
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Where a step in level of performance is offered by a 
laser based tool, that is robust enough and cost- 
effective for industrial application, it can be antici- 
pated that new applications and markets will emerge. 
For this reason, many established laser manufacturers 
and new entries in the 1980s and 1990s were driven 
in part by the exploitation of laser technology 
advances, as opposed to market application demand. 
As markets mature for lasers applied to materials 
processing and diagnostics, so the driver across 
industry is beginning to shift from being predomi- 
nantly set by the capability of emerging laser 
technology, to a combination of laser technology 
drive and application demand. 

Figure 2 shows the current and emerging picture of 
laser technologies across a core range of wavelengths 
and pulse durations. Current technologies are shown 
along with emerging technologies expected to see 
industrial application in this decade, opening up new 
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Figure 1 Industrial laser applications across the spectrum. 


applications and markets. Currently established 
technologies include: COz gas lasers at 10 um; 
excimer and KrF gas lasers emitting in the ultraviolet 
at 248 and 193 nm, respectively; direct diode lasers 
emitting in the near infrared and visible; and solid 
state lasers emitting in the near infrared and visible. 
Current technology developments are centered on 
extending the range of performance of both gas and 
solid-state lasers: gas lasers are being extended to the 
ultraviolet with gases such as F2; diode lasers are 
being extended to the ultraviolet with materials such 
as nitride-based semiconductors and to the infrared 
with the incorporation of quantum cascade technol- 
ogy; and solid-state diode pumped lasers are being 
extended to the infrared and ultraviolet via nonlinear 
conversion. In essence, achievable laser parameter 
space is seeing continued expansion, not only in terms 
of pulse duration and wavelength, but also in terms of 
average power, pulse energy, beam quality, robust- 
ness, and cost. Laser technology has now arrived as a 
major driver for industrial and social change through 
this decade and into the next. 

Infrared wavelengths directly stimulate nuclear 
motion, coupling to heat without necessary recourse 
to electronic excitation. Visible wavelengths couple to 
electronic transitions and at high laser intensities can 
ionize via multiphoton absorption. Ultraviolet wave- 
lengths couple to electronic transitions and for 
wavelengths in the region of or below 200 nm, 
ultraviolet radiation can directly result in bond 
breaking. For materials processing applications, 
ultraviolet radiation can have advantages in reducing 
the laser threshold required for ablation, translating 
to reduced thermal load imparted to the material. 
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Figure 2 Current and emerging laser technologies across the spectrum as a function of laser pulse duration. Currently established 
technologies (light gray) are shown with technologies expacted to emarge during this decade (dark gray). 
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Nuclear motions in materials cover a range of 
timescales of dynamics from 100 ps (0.3m) to 
10 fs (3000 cm” '). As the laser pulse duration is 
reduced below 1 ss, the effects of thermal diffusion are 
mitigated in solids and as the pulse duration is further 
reduced below 100 ps, the interaction hetween radi- 
ation and matter is scen to adopt impulsive behavior. 
Reduction in pulse duration below the microsecond 
regime can lead to increased efficiency for material 
ablation combined with improved quality. 


Materials Processing - Photochemical 


Lithography in Semiconductor Manufacture 


Laser technology's role in semiconductor and micro- 
clectronics fabrication is growing as manufacturers 
move towards producing smaller, more powerful 
devices. The overriding commercial driver for a 
generation has been to increase the number of 
integrated components per area of silicon, This has 
heen achieved by reducing the feature size of a 
transistor on silicon and this trend is anticipated to 
remain in place through to 2010. 

Features on silicon are chemically etched following 
lithographic exposure, To mect the increasing 
demand in resolution and throughput, lasers have 
heen applied with a trend in development towards 
shorter (ultraviolet) wavelengths, with increasing 
power and reliability. 

The semiconductor industry is currently in 
transition from 248nm (XeCl gas) to 193 nm 
(ArF gas) ultraviolet (UV) pulsed laser technology 
to expose silicon wafers of diameter 30cm. A 
typical laser power available at this time at 
193 nm, is 40 W at a repetition rate of 4 kHz, To 
continue the reduetion of feature sizes by a factor 
of two every four to five years, the industry is 
considering moving to 157 nm (F; gas) pulsed laser 


technology. As wavelengths reach the deep ultra- 
violet (DUV), transmission through gas is signifi 
cantly reduced, requiring a move to vacuum-based 
systems, Associated technologies relating to trans- 
lation (stepper), mask, and image relay optics also 
require significant advancement. A technology also 
heing considered at this time is to image the mask 
to silicon through a medium with refractive index 
greater than unity, thereby reducing the minimum 
feature size afforded by diffraction theory, whilst 
maintaining the same laser wavelength and numeri- 
cal aperture. 

It is estimated that at a feature size of approxi- 
mately 80 nm, the above technologies will be reach- 
ing their resolution limit. This will necessitate a 
switch to electron beam projection lithography or 
extreme ultraviolet (EUV, 13 nm) technology. Elec- 
tron beam projection carries a disadvantage in terms 
of projected rates of wafer throughput and as such, 
emphasis has been placed by the industry on the 
current development of EUV technology. EUV 
radiation can be produced by laser interaction with 
a gaseous volume, 


Computer to Plate Printing 


A common advantage where lasers are replacing 
current technologies is to reduce the number of 
associated processes and thereby reduce the cost of 
process ownership. Computer to plate (CTP) printing, 
involves the laser exposure of a printing plate without 
the use of a film intermediate. This technology is 
finding fast traction within the printing industry and 
is applicable to drum or flat bed platforms. CTP first 
gained serious attention in the 1990s and has since 
substantially advanced, with a wide range of tech- 
nology suppliers (Figure 3). 

Traditional methods have involved offset printing 
plates, imaged used traditional film, and high-power 
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Figure 3 Moore's Law: continuing growth in computing power, showing a doubling in the number of transistors per unit area of silicon 
every 2 to 25 years, Also shown are 110 nm dense lines on silicon (state ofthe art in 2002). Source: International Sematech. 
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UV lamps. In contrast, CTP exposes the plate directly 
with laser radiation. The major saving reported by 
users of CTP is a faster turnaround time. For color 
printers, CTP gives almost instant color register on 
the press and there is a reduced requirement to stop 
the press to delete dust marks and scratches, as 
was the case with film, As the industry sees transition 
to reduced press run lengths, so the importance of 
CTP is increasing. 

Digital plates generally use a high-quality, grained, 
and anodized aluminum substrate, as for analog 
plates (sce Figure 4). High tolerance electrochemical 
graining and anodizing ensure stable ink/water 
balance and good-quality printed results and trans- 
lates to predictable press behavior. Multiple coatings 
are applied for CTP, in contrast to a single coating for 
offset printing, and these take the form of a 
photopolymer or silver halide and a thermally 
responsive layer. 

On the press, ink and water rollers are continually 
rolled over the plate. The grained and anodized 
aluminum substrate serves as a hydrophyllic surface 
volume to attract water. Ink is oil based and is repelled 
from areas of water absorbed into the substrate, but is 
attracted to the hydrophobic dot material. 

Silver halide is rated for runs up to 350 000, 
proving a popular choice for commercial and news- 
paper applications. It is straightforward to sensitize 
for a range of writing wavelengths and is the fastest to 
write, 

Thermal plates offer high resolution, equivalent to 
silver halide and can be baked to enable the longest 
application lifetimes. Typically the plates are exposed 
to 830nm radiation on the external surface of a 
drum, This technology has served the industry well, 


but has struggled to find full application in the 
newspaper business, due to its disadvantage in 
writing speed. 

The most common CTP technology used for 
newspapers uses a photopolymer coating, which is 
fast to write and durable. Resolution has traditionally 
been limited, with Agfa, for example, rating their 
N91 photopolymer plate to a maximum of 175 lines 
per inch (LPI), whilst thermal and silver plates are 
able to image at 200 LPI and above. However, recent 
advances in shorter wavelength violet diode lasers 
and violet sensitive polymers have improved resol- 
ution, Launched in 2000, violet technology is seeing 
widespread takeup. This technology is a spinoff from 
the DVD industry and with laser lifetimes estimated 
at 10 to 20 years, cost of ownership is one of the 
drivers. Both silver halide and photopolymers can be 
sensitized to violet. Current typical laser parameters 
are for: silver halide, 2-3 pJ/cm* at 405 nm; photo- 
polymer, 0.2 mf/em? at 488 or 532 nm; and thermal, 
0.1 J/cm? at 830 nm. 

The chemical composition of the CTP surface 
layers is balanced to determine the response to 
different laser wavelengths, as well as performance 
characteristics in different print applications. The 
plate coatings undergo a photochemical change 
during laser exposure. This is a critical stage since it 
is important that the plate surface is not under- or 
overexposed. 

Chemical post processing after exposure is gener- 
ally required for CTP to date, with the exception of 
ablative CTP, to remove unexposed material. After 
imaging, thermal plates go through a pre-bake step, 
during which the system heats the plate to 130°C 
(266 °F) for about 30 seconds. The energy from this 


Figure 4 Three typical polymer dots of a few microns depth on an anodized aluminum substrate. Also shown is a further 
‘magnified electron microscope image of the substrate material, with the anodized layer cut away for presentation. The porous structure 


increases water retention. Ol 
tony-king! @agia.com), 


Lbased ink is repelled fram’ areas other than the dots. Figure courtesy of Agia (Tony King, 
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heating stage completes cross-linking of polymer 
chains in the exposed portions of the emulsion. 
Chemical processing consists of processing the plate 
through an alkaline developer solution where the 
polymer that is not cross-linked washes away. 
Following the wash is a rinse and application of a 
coating. After chemical processing, some plates 
require baking to 200°C. (392°F) for 35 minutes. 
Afterwards, the plate continues on to rinsing. 

‘The machine tools required for these processing 
steps measure 30 feet long and take up to 7 minutes to 
process a plate after imaging. For both polymer and 
thermal plate processing, the temperatures are care- 
fully controlled to prevent the aluminum substrate 
from deforming during the baking stages. 

‘The effluent from thermal and other photopolymer 
plate processors is fairly benign and is typically 
directly disposed without significant environmental 
concern. Spent photopolymer chemistry can, however, 
pose problems with waste flow, it being a plastic sludge 
that can solidify and overtime, clog plumbing systems. 

Silver diffusion plate processors are relatively 
compact and tend to process plates in less than a 
minute, Environmental precautions are required with 
the disposal of accumulated silver particulat. 
Relatively simple systems are available, which net 
tralize the pH of the effluent and filter out silver until 
concentration levels are below 3 parts per million. 
Under these circumstances, most jurisdictions allow 
drain disposal. 

Ablative plates do not require post processing, 
other than a rinse to remove residues. This is an 
emerging technology that has not taken hold at this 
time in the printing industry and requires more 
powerful lasers to ablate a layer from the plate. 
‘These plates use layers of ink-repellent silicon on top 
of an aluminum substrate to provide the non-inking 
portion of the plate. Variations of this technology use 
a laser to ablate the silicon from the substrate in the 
image areas of the plate, or to transfer material from a 
donor layer to the aluminum substrate, A weakness of 
this technology has been the limited durability of the 
plates in press, There is continuing development to 
produce ablative plates with other surface layers that 
are more durable on press. 


Materials Processing - Heating 


One way in which lasers can be applied to materials 
processing is as a directed source of heating. With 
material quickly raised in temperature to the point of 
melting and vaporization, applications lie in drilling, 
welding, cutting, and scintering. 

The exploited characteristics of a laser source are 
its directionality and discrete color. Directionality 


enables the formation of a restricted area for heating 
as well as an extended working distance, whilst a 
discrete color enables absorption to be optimized for 
the material being worked, Laser technologies typical 
in application to materials processing through heat- 
ing, range from diodes at 808 and 940 nm to flash- 
lamp or diode pumped solid state lasers at 1 um, and 
COz gas lasers at 10 um. A recent entry technology is 
in diode pumped fiber lasers, reaching output powers 
in the kilowatt regime at a wavelength of 1 ym and 
typically being continuous in emission or pulsed with 
a pulse duration in the millisecond regime. 

Direct diode lasers (see Figure 5) have advantages 
in simplicity and robustness and with the minimum of 
additional assembled optical components, costs can 
be expected to continue to reduce, fed by Moore’s law 
for the cost of semiconductor manufacture. Typical 
powers range from 1 to 10 kW and light can be fiber 
delivered to the work piece. A disadvantage of direct 
diode emission is the reduced directionality in 
comparison with alternative laser sources. For 
example, a current typical numerical aperture of 
emission from a diode bar array emitting a power of 
60 W, is 10 and 60 degrees in directions parallel 
and perpendicular, respectively, to the array. 
These divergences can be reduced to a numerical 
aperture of approximately one degree with the 
addition of micro-opties, at a device cost increment 
of approximately 20%. For an array of diode bars 
with emitting powers in the kilowatt regime and with 
emitting dimensions sided 2cm, a typical optical 
quality is one thousand time diffraction limited, 
translating to working distances are on the order of 
centimeters for a laser spot size at a work piece that is 
on the order of 1 mm. 

CO, gas lasers and solid state lasers offer the 
advantage of reduced divergence and corresponding 
greater working distance, combined with a smaller 
laser spot size at the work piece for finer processing. 


Figure § Diode bar array, with an output power exceeding 
500 W. Courtesy of Fofin. 


What It Does 
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‘Anode 2 M2 
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‘Anode 1 MT 


Figure 34. The schematic symbol for a triac, with four 
naming conventions that are used for its leads. The differ 
tent conventions do not indicate any functional afference. 


An appended bent line represents the gate. The 
labels for the other two leads are not standar- 
dized, and can be referred to as Al and A2 (for 
Anode 1 and Anode 2), or T1 and 72 (for Terminal 
Vand Terminal 2), of MT1 and MT2 (for Main Ter- 
minal 1 and Main Terminal 2). The choice ofterms 
does not indicate any functional difference. In 
this encyclopedia entry, A1 and A2 are used, 


The AI terminal (or T1, or MT1) is always shown 
closer to the gate than A2 (or T2, or MT2). This 
distinction is important because although the 
triac can pass current in either direction, its be- 
havior is somewhat asymmetrical. 


+ Voltages are expressed relative to terminal 
Al (orT1, or MT1, if those terms are used). 


The schematic symbol may be reflected or rota- 
ted, the black triangles may have open centers, 
and the placement of the bent line representing 
the gate may vary. However, terminal A1 isalways 
nearer to the gate than terminal A2. 

Figure 3-2 shows 12 of the 16 theoretical possi- 
bilities. All of these variants are functionally iden- 
tical. Occasionally the symbol hasa circle around 
it, but this style is now rare. 


discrete semiconductor > thyristor > triac 


Figure 3-2. Interchangeable variants of the schematic 
symbol for atria. 


Triacs with various characteristics are shown in 
Figures 3-3, 3-4, and 3-5. 


Figure 3-3. The BTAZ08X-10008 triac can conduct 8A 
continuaus on-state current RMS, and withstands peak 
off-state voltage of up fo LO0OV. This is a “snubberiess” 
trac. 
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Both laser technologies can operate in the kilowatt 
regime, for application to sheet metal cutting and 
welding, 

Jith the interaction process involving high tem- 
peratures and the ejection of material, a high-pressure 
gas bathes the area of illumination to remove smelt 
and either reduce exothermic chemical reactions, or 
where process acceleration is required, to utilize an 
assist gas to increase heating through exothermic 
reaction, Oxygen is typically used as an assist gas for 
the processing of low-alloy steels, with the process 
being typically known as laser flame cutting. The gas 
is, in general, injected coaxially with the laser beam. 
Laser flame cutting is used in industry for material up 
to 4em thick, albeit the width of the cut becomes 
significant at this thickness. Both CO, and Nd:YAG 
lasers are applied for this application, the choice of 
which is dependant on the cut geometry, the cycle 
time, and the material. Typical cutting speeds are, for 
example, in the region of 10 meters per minute for 
1 mm, 3 meters per minute for 6 mm, and I meter per 
minute for 15 mm thick material. 

In the case of high-alloy steels and aluminum, in 
particular, the material is bathed with an inert gas 
such as nitrogen or argon. The material is heated 
solely by the energy in the laser beam, and is typically 
referred to as laser fusion cutting (see Figure 6). The 
laser power required is higher than for laser flame 
cutting. Laser fusion cutting reduces oxidization to 
the cut edges, which is particularly important where 
welding is the next process step after cutting, 

Laser fusion cutting is used in industry for material 
up to 25mm thick, albeit the width of the cut 
becomes significant at this thickness. 


Figure 6 


Laser fusion cutting. Courtesy of Rofin. 


swith laser flame cutting, both CO, and Nd:YAG 
lasers are suitable for this application, the choice of 
which is influenced by the geometry of the cut, the 
cycle time, and the material. Typical cutting speeds in 
steel are, for example, in the region of ~8 meters per 
minute for 1 mm, 4.5 meters per minute for 3 mm 
and 1,5 meters per minute for 8 mm thick material. 


Materials Processing - Localized 
Heating 


As a material is heated in a localized volume to the 
point of vaporization, so also is the surrounding 
material, which can melt and experience cracking or 
changes in phase, Such heating is mainly considered 
deleterious, reducing process tolerances and reducing 
the tensile strength of the surrounding material. 

As the pulse duration is reduced for a localized laser 
heating source, so are the dimensions that experience 
heating around the interaction volume (the heat 
affected zone), translating to improved part quality, 
with the length for thermal diffusion, fy, given by: 


a 


where D is the thermal diffusivity and ¢, the time of 
diffusion, As the pulse duration is reduced, the pulse 
energy required to ablate material is also reduced, with 
the laser pulse energy required to raise the material 
temperature to the point of vaporization being 
proportional to the volume heated. For an example 
such as silver, a pulse duration of 200 fs is associated 
with a diffusion length of 6 nm. Extrapolating, a pulse 
duration of 100 ps, 100 ns, and 100 jis are associated 
with diffusion lengths of 0.1, 4, and 130 pm, 
respectively. For typical metals and dielectrics, the 
process quality and pulse energy threshold for ablation 
become decoupled from variation in pulse duration for 
pulse durations less than a few picoseconds. In this 
regime, the volume for heating is dictated more by the 
depth for optical absorption and further, the physical 
mechanism for absorption changes to that of material 
breakdown and multiphoton ionization (Figure 7). 

Additional advantages of operating in the short- 
pulse regime are a sharpening of threshold to 
ablation, enabling the processing of features of 
dimension less than that of the laser spot size and 
an increase in the number of materials that can be 
processed by the same color laser source. 

Given the advantages of the short-pulse regime, it 
should be noted that this is currently juxtaposed with 
the complexity and cost of the required laser source: 
Solid-state laser technology is, however, advancing, 
significantly reducing the number of optical com- 
ponents required to deliver short pulses at multi-kFlz 
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Figure 7 Pulse duration dependence of threshold damage 
fluence for fused silica. Reproduced with permission from Stuart 
BBC, Feit MD, Herman S, Rubenchik AM, Shore BW and Perry MD 
(1996) Nanasecond-to-femtosecond laser-induced breakdown 
in diolecrcs. Physics Review 8 53: 1749. Copyright (1996) by 
‘The American Physical Society 


repetition rates and multi-m] pulse energies. At this 
time of evolution in laser technology, solid-state, 
diode-pumped high repetition rate (>10 kHz), high 
pulse energy (>40 mJ) nanosecond (1-200 ns) lasers 
at a wavelength of I um are secing increasing 
application, Such laser sources offer a combination 
of robustness and cost-effectiveness, combined with a 
process quality improvement over sources with 
longer pulse duration. 

In the nanosecond regime, the nature of light- 
matter interaction remains dependent on the wave- 
length of the laser source and the material properties. 
In particular, wavelengths in the UV exhibit reduced 
pulse energy threshold and can offer improved 
process quality. UV wavelengths less than 300 nm 
are currently produced by excimer and ArF gas lasers, 
emitting at 248 and 193 nm, respectively, or soli 
state sources that are wavelength converted with 
nonlinear optical parametric materials to emit at 354 
or 256 nm, Significant laser development effort is 
underway to improve optical parametric materials for 
nonlinear conversion, to enable greater robustness for 
solid-state UV sources that then offer reduced overall 
laser tool cost and complexity. 


‘Semiconductor Lithography 


The advantage of nanosecond and shorter pulsed 
lasers for materials processing extends from 


localization of heating, With heating being localized, 
a greater temperature can be achieved. This behavior 
is fundamental to the production of EUV radiation 
for application to next-generation lithographic 
processing. 

EUV lithography is considered as an attractive 
candidate to succeed deep DUV-hased optical litho- 
graphy within this decade. EUV wavelengths around 
13 nm will allow the reduction of structure sizes to 
less than 80 nm in semiconductor devices. 

For such a high-power light source that emits at 
a wavelength of 13nm, solutions are currently 
being pursued by multiple industry players in 
electrical plasma discharge and laser produced 
plasmas (LPP) (Figure 8). Electron beam and 
synchrotron sources could, in principle, satisfy the 
application requirements, but suffer from restric- 
tion relating to cost, size, and throughput. The 
choices of technologies remain to be finalized. It is, 
however, accepted across the industry that Moore’s 
Law should remain intact and that a solution is 
required that is scalable to high throughput rates 
for wafer exposure. 

For a laser-produced plasma, the peak wave- 
length of the light emitted from a plasma is 
determined by its temperature, T, where according 
to the blackbody formula: 

T ~El3 2 
where Ey, is the photon energy associated with the 
wavelength of maximum emission, Liner photo- 
polymerization (LPP) schemes use pulsed laser 
radiation to heat a target to the optimum 
temperature required for efficient EUV production. 
For plasma-emitted light which peaks at a wave- 
length of 13.Smm, the optimum temperature is 
approximately 3.5 x 10° Kelvin (30 eV). 

A laser is focused onto a target, transferring its 
energy into the target in such a way that a plasma is 
formed and heated. A range of targets have been 
investigated for use in LPP schemes ranging from 
gascous and cluster targets, to liquid targets and 
macroscopic solid targets. The interaction begins 
with the production of free electrons via multiphoton 
ionization, which is strongly dependent on the peak 
intensity of the laser. As heating progresses, there is 
further ionization from inelastic collisions between 
heated electrons and ions to reach a pseudo-equili- 
brium state, where cooling competes with heating on 
nanosecond timescales. Given this time-scale for 
cooling and requirements on source size and tem- 
perature, the optimum laser pulse duration lies in the 
regime of nanoseconds and the optimum laser pulse 
energy is hundreds of millijoules. Laser technology 
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Figure 8 Light source roadmap to 2010. Courtesy af Intel Corporation. 


suited to this application is diode-pumped Nd:YAG, 
emitting at a wavelength of 1m and pulsed at 
multikilohertz repetition rates. 


Fine Control Material Removal 


Localized heating afforded with the application of 
lasers with pulse durations in the nanosecond regime 
and shorter, is seeing increasing takeup to replace 
processes ranging from wet etching and electro- 
discharge machining (EDM) in applications such as 
scribing, drilling, and differential layer removal. 
Laser methods are seeing advantage in direct ablation 
of material, for feature sizes on the order of microns 
to hundreds of microns. Large areas on the order of 
2m? are now becoming cost-effective to process with 
direct laser ablation, with the advent of high average 
power laser sources of hundreds of watts of average 
power, combined with nanosecond regime or shorter 
pulse durations. Typical sources are gas excimer or 
diode-pumped solid-state. 

‘The finest processing is advantaged by the appli- 
cation of pulse durations in the picosecond regime. A 
restriction in application of this technology has been 
robustness and cost of the laser sources to date; 
however, such technology is continuing to see rapid 
improvement and may be expected to see wider 
takeup in industry by 2010. 

Also seeing application, are wavelengths in the UV 
regime combined with nanosecond pulse durations. 
UV radiation in general offers a reduced threshold of 
ablation, translating to reduced heating and 
improved process quality. High absorption at UV 


Figure 9 KrF laser micromachined microfuidic channels in 
polyester for application to lab-on-a-chip technologies or sensing 
dovices. Courtesy of Exitech Ltd 


wavelengths in most materials, combined with 
photon energies that can exceed bond energies of 
the material, contribute to the removal of material 
with the minimum of heating, Excimer, KrF, and ArF 
gas lasers are applied here (Figure 9), but it is 
expected that solid-state lasers will emerge by 2010 
to capture a large part of the UV market. CO. gas 
lasers are used for fine processing where the material 
being ablated is of low thermal diffusivity, which is 
typical for dielectrics or ceramics. Materials of low 
thermal diffusivity are associated with a low heat 
affected zone (see eqn [1]). 
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Scribing is required for dicing of wafers such as 
silicon and other low-k materials, both for computing 
device manufacture and for solar cell manufacture, 
Nanosecond and shorter pulsed lasers have seen 
recent application in this area, enabling higher aspect 
ratio scribing and a reduced material affected zone. 
This application has seen laser wavelengths applied 
from the UV to near-infrared. Short pulse laser 
scribing can sce advantages of high throughput yet 
reduced or eliminated chipping, delamination, and 
film peeling. 

Fine drilling is required for a wide variety of 
applications and markets ranging from constructing 
vias for through-layer interconnects in printed circuit 
hoard (PCB) fabrication, to ink jet nozzles (Figure 10) 
and high aspect ratio holes in hard materials, such as 
steel or alloys for application to combustion engines. 


Figure 10 A laser dillad hole in steel and an array of shaped 
holes in polyamide for inject nozzle application. Courtesy of 
Exitech Lid. 


Excimer and CO, laser drilling has seen industrial 
application in the drilling of via holes for electronics 
interconnection packages, since early investigations 
in the 1980s. More recently, high repetition rate 
diode-pumped solid-state lasers, nonlinearly con- 
verted to emit in the UV, are seeing application, In 
parallel with the increasing density of transistors in 
silicon processors, the density of packaging of multi- 
chip modules (MCM) and PCB components has also 
heen increasing, requiring the drilling of blind vias on 
the order of 100 microns in diameter to enable 
interconnects between multiple conducting layers 
(Figure 11), Also, as processor power increases, so 
does the number of connections required to devices. 
Microvias have enabled the application of two- 
dimensional grid array connections to the underside 
of devices, reducing overall package size, including 
processor electrical connections, by a factor of five, 

Laser drilling of microvias in PCBs is expected to 
increase as packing density increases. PCBs remain 
cheaper than MCMs and traditionally have been 
mechanically drilled. As via sizes are reduced below 
100 um, however, itis expected that pulsed COs and 
Nd:YAG lasers will be applied. 

Thin layer ablation is required for applications 
ranging from surface cleaning to display manufacture 
and for polymers, dielectrics, and metals. For 
example, manufacture of plasma displays currently 
incorporates lithography combined with wet etching, 
to pattern layers of thin conducting oxide onto a 
substrate. Multiple process steps can be replaced by 
application of direct laser ablation and increased laser 
average power combined with pulse durations in the 
nanosecond regime are allowing millions of cells to 
he processed per minute, with the accommodation 
of process areas currently greater than 2.5 m* 
(see Figure 12). 


Figure 11 Cross-section of 14-layer copper plated MCM board showing 80 um diameter microvias dled by a KrF laser in acrylic 
resin-polyimide and, fully assembled MCM package. Courtesy of Siemens AG. 


178 PHYSICAL APPLICATIONS OF LASERS / Industrial Applications 


Laser-Based Diagnostics 


With continuing increase in reliability, perform- 
ance, and range of specifications, lasers are seeing 
growing industrial application for process monitoring 
and diagnostics, ranging from gas phase detection 
of molecular specific concentrations to iit vitro 
microscopy in the life sciences. Markets are emerging, 
driven in a large part by advances in laser technology. 
Chemical sensing with application of lasers is a vast 
field, which is difficult to cover here completely. 
Following, are some applications seeing current 
industrial application and growth. 


Microscopy 


Confocal microscopy has seen large uptake, in 
particular, for the application to imaging of cell and 
membrane function, with more than fifteen manu- 
facturers now supplying confocal microscope tools 
including Zeiss, Biorad, Leica, Olympus, and Nikon. 
Confocal microscopy enables increases in resolution 
and contrast compared to standard microscopy. 
Techniques such as fluorescence resonant energy 
transfer (FRET), fluorescence recovery after photo- 
bleaching (FRAP), fluorescence loss in photobleach- 
ing (FLIP), fluorescence lifetime imaging (FLIM), or 
fluorescence correlation spectroscopy (FCS), where 
married with confocal microscopy and, in particular, 
where relevant molecular structures are known in 
advance, can offer the additional advantages of 
specific molecular and structural specificity through 
the incorporation of tracer fluorophores. This is seen 
as color coding of the resultant image, with sophis- 
ticated microscopes currently offering. differential 


imaging stimulated by three laser colors and with 
six selectable colors for detection, 

‘The confocal microscope operates with advantage 
over a standard microscope, by illuminating only a 
small area in the sample with dimensions of the 
resolution limit of the objective and re-imaging 
emission from that area through a pinhole spatial 
filter (Figures 13 and 14). Structures outside of the 
illuminated area or at a depth outside that of the 
focus, are suppressed from detection. Fluorophores 
(tracers) can be inserted into protein sequences at 
predetermined locations and are stimulated by either 
single or two-photon absorption of the stimulating 
laser light. 

‘Two photon absorption has the additional advan- 
tages of increased resolution and detected contrast 
cover single photon absorption. Laser sources applied 
are generally modelocked oscillators operating near 
800 nm, with a pulse duration on the order of 100 fs. 
This technology is continuing to improve in robust- 
ness, with fiber and direct diode pumped solid-state 
sources available from multiple vendors. 

FRAP and FLIP monitor diffusion or transport of 
fluorescent labeled molecules into or out of the laser 
focal volume, respectively, FCS monitors the fluctu- 
ations in detected signal from emissions within the 
laser focal volume, to determine the rate of diffusion, 
with sensitivity achievable to the single molecule level 
(Figure 15). 

FRET is sceing application for the probing of 
protein interactions in cells or at cell membranes. 
FRET involves the nonradiative transfer of excitation 
energy from one fluorophore to another, which 
subsequently emits at a different wavelength. The 
fluorophores are inserted into molecules, the 


Figure 12 Plasma display manufactured by direct laser ablation of thin 


im indium tin oxide (ITO). Courtesy of Exitech Lt. 
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Figure 13. Confocal microscope principle of operation. Courtesy of Leica Microsystems Heidelberg GmbH. 
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Figure 14 Image (a): Drosophila melanogaster, fluorescence 
nonconfocal configuration and Image; (b): Drosophila melanoga- 
stor, fluorescence confocal 3D projection. Courtesy of Leica 
Microsystems Heidelberg GmbH. 


interaction of which is being investigated. FRET 
effectively enables sensitivity to relative position at 
fluorophore separations less than 10 nm; a significant 
advance over the 200 nm resolution provided by a 
standard optical microscope. Concentrations of bind- 
ing events can be monitored over time (Figure 16). 


Figure 18 Spectral selective imaging with three fluorescence 
channels showing triple labeled mouse fibroblast: green: actin 
fibers, red: microtubules, blue: vimentin. Courtesy of Leica 
Microsystems Heidelberg GmbH. 


Raman Methods and Microscopy 


Raman spectroscopy sees broad application in 
chemistry in the analysis of chemical composition 
and molecular structure, being used, for example, in 
pharmaceuticals, polymer materials science, bioclini- 
cal science, and forensic science. 

The history of Raman scattering stems from 
theoretical predictions in the early 1920s, 
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Figure 17 Timeline of Raman spectroscopy from the frst incorporation of a laser source. Courtesy af Jobin Yvon. 


accompanied also in the 1920s by early measurements, 
notable being those of C.V, Raman for which he was 
awarded the Nobel prize, soon followed in the 1930s 
by hundreds of chemistry papers describing this 
technique. Raman used for his early experiments 
filtered sunlight, a prism spectrometer, and visual 
observation, This was followed by application of 
filtered Hg emission and photographic plates. Lasers 
first saw application to Raman scattering in the 1960s, 
shortly after their innovation (see Figure 17). 


In the simplest form of application of the Raman 
effect, UV or visible radiation illuminates a sample, 
coupling to excite electronic transitions near or on 
resonance, Spontaneous emission is shifted to a 
longer wavelength than that of the excitation (Stokes 
emission) and this is filtered and detected. In general, 
a broad spectrum of fluorescence is superimposed by 
weaker, narrow features that originate from 
vibration-electronic coupling (Raman emission). 
Inclusion of laser excitation increases the rate of 
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data collection and also enables nonresonant inter- 
action of the stimulating radiation with the sample 
whilst maintaining data collection rates. Nonreso- 
nant interaction preferentially reduces electronic 
emission of fluorescence relative to that of the narrow 
featured Raman emission. Lasers applied to spon- 
taneous Raman spectrometers in general emit in the 
visible or near-infrared running nonpulsed, such as 
Arion, Nd:YAG or He:Ne. 

Further enhancements are made to deliver spatial as 
well as vibration-specific information, through tight 
focusing of the stimulating radiation on to the sample 
in a confocal microscope arrangement, delivering 
spatial resolution down to 200 nm (Figure 18). 

‘A limitation of standard Raman spectrometers and 
microscopes is the rate of signal collection, requiring 
concentrated samples for interrogation. The 
restricted signal level derives from a typical cross- 
section for the spontaneous emission of Raman 
radiation being 10°*°cm*; 10" to 10" times 
less than that typical for spontaneous electronic 
fluorescence. Enhancements in the level of signal 
and the ratio of signal to background noise may be 
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made through coherent laser stimulation of anti- 
Stokes Raman emission, known as coherent anti- 
stokes Raman scattering (CARS) (Figures 19 and 20). 

It can be anticipated that bond-specific imaging 
will see wide industrial application in future, employ- 
ing Raman as well as resonant infrared techniques. 
Application of CARS to microscopy involves two 
laser colors. Avibration transition is exited at the beat 
frequency of the two laser frequencies and the shorter 
laser wavelength is subsequently scattered from the 
sample to a yet shorter wavelength of emission, Such 
a coherent process has the advantage of signal scaling 
proportional to the square of emitters at the sample, 
thereby increasing the signal over that of spontaneous 
Raman scattering. Typical laser pump and Stokes 
powers range from less than 1 mW to 10s of mW, 
with laser repetition rates ranging from multi-kHz to 
greater than 100 MHz and typical pulse durations 
from 10s of picoseconds to 100 fs. 


Infrared Methods 


Infrared absorption spectroscopy provides a wealth 
of information on bond-specific sample concentration 
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Figure 18 Confocal Raman image ot semicrystalline polypropylene fm. Two typical Raman spectra are shown. The ratio of the 
aman lines at 809 and 841 cm increases with the degree of crystalline order, dalvering a two-dimensional image (Hendra et al, 1995). 


Courtesy of Witec GmbH. 
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Figure 19 CARS image ofa NIH ST3 colin metaphase, where 
Raman vibration stimulation is tuned to the POs symmotic 
stretching vibrational frequency at 1090 cm” '. Reproduced trom 
Cheng 4X, Kevin JYK, Zheng G and Xie X-S (2002) Laser- 
seanning coherent ant-Stokes Raman scattering microscopy and 
applications to cell biology. Biophysical Joumal83: 502-608, with 
parission from The Biophysical Socal. 


Figure 20 CARS microscope image of an erythrocyte ghost, 
consisting of a single lipid bilayer, with a Raman shift of 
2845 cm. The scale bar is of length 2 um. Reproduced from 
Potma EO and Xie X-S (2003) Detection of single lipid bilayers 
With coherent ant-Stokes Raman scattering (CARS) microscopy. 
Journal of Raman Spectroscopy 36: 642-650, with permission 
from Wiley InterScience. 


and has become a standard tool for the chemistry 
laboratory. Interaction between the radiation and 
sample is via resonant vibrational absorption and is 
otherwise analogous to the operation of a standard 
optical absorption spectrometer. Applied to a micro- 
scope arrangement, resolution on the order of 10 sm 
is standard, One restriction associated with infrared 
absorption spectroscopy applied to solution, is that 
absorption lineshapes are broadened and the spectra 
lose detail at room temperature, hindering identifi- 
cation of the contributing species. 

A technique showing early promise for application 
in bond-specific molecular detection in solution, is 
coherent resonant infrared wavemixing. Here, cross 
coupling between vibrational modes are detected, 
promising information more detailed than that of 
infrared absorption. Figure 21 shows an example of 
triply vibrationally enhanced four-wave mixing, 
where two infrared laser beams mix to deliver cross 
peaks representing vibration mode coupling. Here, 
the 2D spectrum contains two sets of cross-peaks 
corresponding to the couplings of the two strong IR 
modes at 1943 and 2002em~' of Ni(CO)2(PPhs)2 
and 1996 and 2068 em” * of Ni(CO)sPPhs. Concen- 
trations in solution are on the order of 10 mM. Such 
methods provide a means sensitive to chemical 
structure without a requirement for fluorophores. 

Current application requires complex laser equip- 
ment delivering microjoule pulse energies, tunable 
between 3 and 10 microns, with pulse durations on 
the order of 1 ps. However, following the example of 
other laser diagnostic techniques in application 
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Figure 21 Triply vibrationally enhanced four-wave mixing of 
Ni(CO),{PPh,)2 and Ni(CO),PPh. Reproduced from Meyer KA, 
Besemann DM and Wright JC (2003) Coherent two dimensional 
spectroscopy with triply vibrationally enhanced infrared four-wave 
mixing. Chemical Physics Lettars 981: 642-649, with permission 
of Elsevier 
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Figure 22 DIAL trace of sulfur dioxide distribution from Mount 
Etna. Reproduced with permission from Weibring P, Ednor H and 
‘Svanbarg S (2003) Versatile mobile lidar system for enviranman- 
tal monitoring. Applied Optics 42: 9583-9594. © 2003 Optical 
Society of America. 


across industry today, as laser technology advances 
over this decade, we can expect such methods of 
probing chemical systems to see significant uptake, 
in particular in the bio-industries. 


Laser Diagnostics and Treatment of Tumors 


For clinical medicine, fluorescent detection is applied 
in the visualization of malignant tumors. Important 
natural chromophores emitting fluorescence in the 
blue-green region are elastin, collagen, NADH, and 
NAD*, whilst administered agents such as porphyrins 
and phthalocyanines yield sharp peaks in the dark red. 

Excitation is via UV or violet light. Where emission 
is monitored in both the blue-green and red regions of 
the spectrum and the ratio taken, an enhanced tumor 
differentiation is possible from that of normal tissue 
whilst simultaneously reducing sensitivity to geome- 
try, illumination, and detection efficiency. Fiber optic 
probes are generally applied for delivery and collec- 
tion of radiation, 

Such detection can be combined with techniques of 
laser photodynamic therapy (PDT) to preferentially 
remove cancerous tissues. Typical laser wavelengths 
for photodynamic therapy are in the visible region of 
600 to 700mm with a pulse fluence of tens of 
joules/em?, a pulse duration in the nanosecond regime 
and a repetition rate from single shot to 10 Hz, Where 
combined with diagnostic detection, the PDT can be 
carried out by exciting the same administered 
sensitizer, with subsequent transfer of ground-state 
triplet oxygen to a toxic singlet state. 


Remote Chemical Sensing 


‘The atmosphere can be monitored by absorption and 
laser-induced fluorescence (LIF). Three-dimensional 


mapping of chemical distribution can be achieved 
with light detection and ranging (LIDAR), using a 
pulsed laser as a transmitter and an optical telescope 
as a receiver. Information collated includes pollution 
concentration, temperature, humidity, and wind 
velocity. Strong quenching prohibits LIF at atmos- 
pheric pressures; however, it does become practical to 
monitor for example, Li, Na, K, and Ca layers in the 
mesosphere. Pollution monitoring in the troposphere 
is most frequently performed with differential absorp- 
tion LIDAR (DIAL). Range resolved optical transi- 
ents are taken as a ratio of two laser wavelengths; on 
and just off resonance for the species of interest. 
Typical ranges for detection of SO2, 03, NO2, NO, 
and Hg are 500m to Skm, making this technique 
suitable for urban and industrial monitoring. Sulfur 
dioxide is the most common pollutant emitted when 
fossil fuels are burned or sulfide ores are roasted and 
this technique sees application for the monitoring of 
industrial emissions, Figure 22 shows a DIAL trace 
recorded from Mount Etna, from which emissions of 


SOz are estimated at 75 tonnes/h. Laser wavelengths 
used are 300,02 and 299,30nm for on and off 
resonance for absorption, respectively. 

Important to the widespread application of LIDAR 
and LIF for atmospheric chemical monitoring, has 
heen the advance in robustness and flexibility of the 
associated laser technologies. The laser technology 
applied for the above measurement is based on 
solid-sate Nd:YAG, nonlinearly converted via optical 
parametric amplification to wavelengths tunable 
between 220 nm and 4 um, delivering up to 20 mJ in 


the mid-infrared at a repetition rate of 20 Hzand with 
bandwidths of less than 0.2 em™', ina pulse duration 
of 4s, 

See also 


Imaging: Infrared Imaging. Lasers: Carbon Dioxide 
Lasers. Microscopy: Confocal Microscopy. Scattering: 
Raman Scattering. Spectroscopy: Raman Spectroscopy. 
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discrete semiconductor> thyristar > triac 


Figure 3-4. The BTBO4-600SL triac can conduct 4A con: 
tinuous on-state current RMS, and withstands peak off- 
state voltage of up fo 600V. 


Figure 3-5. The MAC97A6 triac can conduct 0.84 contin 
uous on-state current RMS, and withstands peak aff-state 
voltage of up to 400V. 


How It Works 


When no gate voltage is applied, the triac re- 
‘mains in a passive state and will block current in 
either direction between Al and A2, although a 
very small amount of leakage typically occurs. If 
the gate potential becomes sufficiently positive 
or negative relative to terminal A1, current can 


How It Works 


begin to flow between Al and A2 in either direc- 
tion. This makes the triac ideal for controlling AC. 


Quadrants 

While a gate voltage is applied, four operating 
modes are possible. In each case, A1 is the refer- 
ence (which can be thought of as being held at 
aneutral ground value). Because the triacis con- 
ducting AC, voltages above and below ground 
will occur. The four modes of operation are often 
referred to as four quadrants, and are typically 
arranged as shown in Figure 3-6. 


In some reference sources (especially education- 
al text books), current is shown with an arrow in- 
dicating a flow of electrons moving from nega- 
tive to positive. Because the type of current flow 
is often undefined, diagrams should be inter- 
preted carefully. In this encyclopedia, current is 
always shown flowing from a more-pasitive lo- 
cation to a more-negative location. 
Quadrant 1 (upper right) 
‘A2 is more positive than Al, and the gate is 
more positive than A1. Conventional current 
(positive to negative) will flow from A2to Al. 
(This behavior is very similar to that of an 
SCR) 


Quadrant 2 (upper left) 
‘A2 is more positive than Al, and the gate is 
more negative than Al. Once again, conven- 
tional current (positive to negative) will flow 
from A2to Al. 


Quadrant 3 (lower left) 
‘A2is more negative than Al, and the gate is 
more negative than A1. Conventional cur- 
rent is reversed from Al to A2. 


Quadrant 4 (lower right) 
‘A2is more negative than Al, but the gate is 
more positive than A1. Conventional current 
is reversed from Al to A2. 


+ Note that two positive symbols or two 
negative symbols in Figure 3-6 do not 
mean that both locations are of equal 
voltage. They simply mean that these 
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Introduction 


Under sufficiently intense illumination the optical 
properties of a material system depend nonlinearly on 
the strength of the electromagnetic field. Related to 
this nonlinear optical res 
phenomena and fundamental processes which are 
discussed in various articles of this encyclopedia. This 


ponse is a large number of 


article will focus on second-harmonic generation 
(SHG) and sum-frequency generation (SEG) for the 
investigation of surfaces and interfaces. The intrinsic 
surface sensitivity of these techniques allows for 
investigations of surface properties not readily 
accessible by other spectroscopies. Here, the basic 
principles of these optical processes as well as their 
experimental implementation are discussed, and a 
summary of the applications to different material 
systems is given. 

Among the various techniques employed for the 
characterization of surfaces and interfaces, those 
using light are particularly attractive. They are 


applicable in situ to all interfaces accessible by 
light, are nondestructive, and offer unprecedented 
time resolution. However, the penetration depth of 
optical radiation in matter is generally of the order 
of a wavelength, which makes isolation of the 
surface or interface contribution to the optical 
response from the bulk contribution difficult. In 
contrast, for reasons of symmetry, SHG and SFG 
are intrinsically surface sensitive in media with 
inversion symmetry, and hence the signal generated 
mainly originates from the topmost surface layer 
where the inversion symmetry is broken. By means 
of electronic or vibrational SHG or SEG spec- 
troscopy, information on surface structure, chemi- 
cal composition and bond or molecular orientation 
at solid and liquid interfaces can be deduced. To 
date, SFG and SHG have been well established as 
important tools for the investigation of surfaces 
and interfaces of solids ranging from metals and 
semiconductors to insulators and magnetic 
materials, liquids, polymers, biological membranes, 
and other systems. The studies are motivated by 
fundamental interests as well as applications in 
many areas such as heterogeneous catalysis, 
electrochemistry, device fabrication, epitaxial 
growth, and environmental science. 
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Theory 


The nonlinear optical response of a material, in the 
electric-dipole approximation, can often be described 
by an induced polarization in the form of a power 


Plo) = ely! (w)Eo) 
+12"(w= 0 + 0 )E(o E(w) 
4% 


y+ a +03)E(@ )E(@2)E(os) +. 
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where Ew) is the optical field with frequency o; 
and y'" is the nth-order linear (n=1) or nonlinear 
(u>1) susceptibility tensor. The second term, being 
the lowest-order nonlinear optical response, is 
responsible for sum-frequency generation and 
second-harmonic generation (with w=w)). In the 
clectric-dipole approximation, all even-order terms 
|. etc.) are forbidden in media with inversion 
symmetry. At the surface or interface, however, 
the inversion symmetry is necessarily broken and 
hence y"!0. This makes SHG and SFG surface- 
sensitive and specific. While electric-quadrupole and 
magnetic-dipole contributions from the bulk may 
not be totally negligible, in many cases it has 
heen shown that the surface contribution clearly 
dominates. 

Surface SFG and SHG is best described by radiation 
from a surface polarization P?(w) induced in a thin 
sheet with dielectric constant « sandwiched hetween 
two linear media (1) and (2) as shown schematically 
in Figure 1. This surface polarization has an in-plane 
wavevector component equal to the sum of the in- 
plane wavevector components of the incident fields: 


Figure 1 Schematic of SHG and SFG geometty in reflection 
and transmission from an interface, 


ky(os) = ky(wy) + kyo). The ratio of ky(w) to k(w) 
then determines the direction of the sum-frequency 
output that appears in both transmission and reflec- 
tion. The reflection geometry is often used in order to 
minimize the bulk contribution. 

‘With P2) as the source term, the sum-frequency 
output can be obtained from the solution of the wave 
equation. With the proper boundary conditions the 
sum frequency (SF) intensity is given by: 
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In this expression, y{' is the surface nonlinear 
susceptibility defined by PO) = egy?) : E(o,)E(w)s 
the quantities e(w,) correspond to the unit polariz- 
ation vectors after the appropriate Fresnel correction, 
e(o,) = Flo)&@)), with F(w,) being the transmission 
Fresnel factor and @w;) the unit polarization 
vector of E(w); 6,, denotes the SF output angle with 
respect to the surface normal, e(w,) is the dielectric 
constant at frequency w, and J, is the input pump 
intensity at «, 

‘The surface nonlinear susceptibility {2 is a third- 
rank tensor. In Cartesian coordinates it has 27 tensor 
elements (x'j)). many of which could vanish or 
depend on ‘others due to the surface structural 
symmetry. As an example, y{j(@= «; +0) for 
an isotropic surface, with the’ z-direction defined 
hy the surface normal, has only four indepen- 
dent nonvanishing elements: = i 
x@h.x2h = v2), and 2). Different combinations 
of inpur and output beam polarizations in SFG 
measurements are often used to deduce values for the 
non-vanishing elements. Such measurements. then 
allow the determination of surface symmetry or 
surface molecular orientation. Being a third-rank 
tensor, v2) can reflect up to three-fold rotational 
symmetry. x), is related to the molecular nonlinear 
polarizability or hyperpolarizability a{;)., where & 7, 
and £ define the molecular coordinates, through the 
coordinate transformation 


x Sh = NEL GI E)) a 13 


The angular brackets denote an average over the 
molecular orientational distribution, and N, is the 
surface molecular density. For simplicity, micro- 
scopic local-field correction is neglected in eqn [3]. 
Knowing x), and a). thus permits deduction of 
information’ én the orientational distribution. 
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An explicit expression for the nonlinear optical 
polarizability is obtained from a second-order 
quantum mechanical perturbation calculation: 
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This expression shows how the nonlinear polariz- 
ability or susceptibility depends on material para- 
meters such as the dipole transition moments (rl7;!g) 
and energy levels. It contains a sum over eight 
resonant terms, The quantities w,, and T',, are the 
frequencies and half-widths for the transitions 
between quantum states In) and |g), and pf” denotes 
the population in |g). It can be seen that a), and 
hence the SF output, should be resonantly enhanced 
when the pump frequency «; oF w: and/or the sum 
frequency «w; + w approach resonance. The resonant 
enhancement provides spectral information and 
makes SHG and SFG effective spectroscopic tools. 
The resonances could be electronic or vibrational, 
or more generally, any surface characteristic 
transition, 


Experimental 


Here we deal with basic considerations concerning 
the optical setup for SHG or SEG experiments in 
reflection from a surface as is shown schematically in 


aperture 


Figure 2. In general, the pump radiation from 
pulsed laser sources is directed onto the surface. 
High-power tunable light pulses can be obtained 
from optical parametric generation and amplifica- 
tion (OPG/OPA) together with harmonic, sum- or 
difference-frequency generation, preferably pumped 
by picosecond or femtosecond lasers with high 
repetition rates. By this means radiation tunable 
from near UV at ~200 nm to mid IR at ~18 wm can 
be generated. For SFG the input pulses with 
frequencies w, and w; are directed to overlap 
spatially and temporally on the sample. The sample 
could be the surface of a liquid or solid in air, a 
single crystalline surface in ultrahigh vacuum, buried 
interfaces, ete. Polarizers and half-wave plates allow 
for tuning of incident power and polarizations at the 
sample. Together with the polarizer in the output 
path, different input/output polarization combi- 
nations can be chosen. In the detection system the 
signal has to be discriminated against reflected and 
scattered pump light. This is achieved by spatial and 
spectral filtering with apertures, dielectric mirrors, 
and interference and color glass filters. An optional 
monochromator can also be used for additional 
stray-light suppression. The signal is then detected 
by a photomultiplier tube and gated electronics are 
used for signal integration or photon counting. 
From eqn [2] the expected signal strength for 
SHGISEG can be estimated. With a typical value of 
x2 of 10°71 m? Vv"! a single 1-um pump pulse, 
incident at @=45° having pulse energy E=I 
Ar=100pJ, beam cross-section A=1mm?, and 
pulse duration += 10 ps, can generate about 10° 
photons per pulse of SHG. By means of photon 
counting a minimal count rate of 10-> photons/pulse 
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Figure 2 Schematic of experimental setup for second-harmonic and sum-trequency generation. 
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can be achieved which allows the detection of x2) as 
small as 10° m*V~'. The spectral resolution is 
limited by the spectral width of the pump pulses. 
In order to obtain accurate spectral data over a wide 
tuning range or to obtain absolute values for ©), of 
the material investigated, a reference material such 
as z-cut quartz with known values of y is to be 
measured for comparison. 

‘The simplest kind of experiments are SHG at a 
fixed pump frequency. From the signal variation in 
response to surface modification one can probe 
kinetics and dynamics of adsorption, desorption, 
diffusion, surface melting, phase transitions, etc. 
By tuning the pump wavelength, second-harmonic 
spectroscopy can give information on surface elec- 
tronic states. For surface vibrational spectroscopy, 
however, IR-vis SFG must be employed. In the latter 
case, tunable IR input is mixed with visible input to 
yield a SF signal in the visible region. 


Surface Specificity 


In many cases, the surface contribution to SFG 
or SHG from a centrosymmetric medium clearly 
dominates over the bulk contribution. This generally 
occurs when the surface or interface is composed of a 
polar oriented molecular layer. An example is shown 
in Figure 3, where the vibrational spectra in the CH 
stretch region of three buried solid—liquid interfaces 
are presented. The spectrum for hexadecane 
(CygH,)/fused silica shows no C-H peaks. This is 


SFG signal (arbitrary units) 
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Figure 3 SFG spectra of different interfaces obtained 
with ssp polarization combination: hexadecane/silica (dashed), 
CCu/ OTSstca (solid circles), and hexadecan/OTS/slica (open 
squares). OTS refers to a monolayer of octadecyhrichlorosilane. 


in spite of the fact that liquid hexadecane has strong 
infrared and Raman activity in this spectral range. 
‘The result indicates that the bulk signal contribution 
is negligible, In contrast, strong resonances are 
observed from the hexadecane/OTS/silica system, 
where OTS is a monolayer of octadecyltrichlorosilane 
(CHy(CH2)17SiCls) chemisorbed on the fused silica 
plate. A similar spectrum is obtained for the CCly/ 
OTSisilica interface. This clearly indicates that it is 
the contribution from the OTS monolayer that 
dominates the spectra. 

Another example is described in Figure 4 where 
the SEG spectrum in reflection from a free liquid 


water surface is shown, The resonant features 
between 3000 and 3600cm' are due to the O-H 
stretches of hydrogen-bonded OH groups. The sharp 
peak at 3700 em” can be identified with the free OH 
honds. Since no dangling OH bonds can exist below 
the surface its presence indicates that the spectrum 
must originate from the topmost layer of water 
molecules. Furthermore it can be shown that the 
surface water molecules are oriented with one of the 
OH bonds directed out of the liquid. In addition to 
the above examples, the surface sensitivity and 
specificity has been demonstrated and successfully 
applied to a large number of systems as will be 
shown below. 

Annote on the definition of surface or interface is in 
order. In SHG and SF‘ 
refers to a thin layer between two adjacent bulk 
media that has a different structure from the bulk 
media and lacks inversion symmetry. If molecules in 


3, the surface or interface layer 


the surface layer are polar-ordered, then SHG and 
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Figure 4 SFG spectrum of the liquid-vapor interface of pure 
‘water (ssp polarization combination). The mode at 3700 cm * is 
due to the dangling OH bonds at the surface. 
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SFG are often dominated by contributions from the 
surface layer. However, the bulk contribution is not 
strictly zero even if the media have inversion 
symmetry, as x" can arise from electric-quadrupole 
and magnetic-dipole contributions. Separation of 
surface and bulk contributions in SHG and SFG is a 
subtle problem in general. Experimentally, how 
surface modification affects the signal can be used 
to evaluate whether or not the surface contribution 
dominates. 

‘A special case concerns materials that lack bulk 
inversion symmetry, for example, II-V and I-VI 
semiconductors such as GaAs and ZnSe. In this case, 
the bulk contribution to SHG and SFG is electric- 
dipole allowed and may be very significant. With an 
appropriate choice of polarization combinations and 
surface orientation, it can nevertheless be well 


suppressed, leaving the surface contribution 
dominant. 
Applications 


Both SEG and SHG have been applied to a wide 
variety of surface and interfacial systems. To illustrate 
their capabilities and versatility as surface spectro- 
scopic tools, the focus of this summary will be on 
examples where the information deduced cannot 
readily be obtained by other techniques. (For details, 
readers are referred to the review articles cited in 
Further Reading and the original papers cited 
therein.) 

SFG and SHG have been used for the study of 
adsorbates at surfaces even under ambient con- 


ditions. The adsorbate alters electronic or structural 
properties of the substrate and the signal is thus 
related to the surface density of the adsorbate and its 
orientation, 

Elementary surface reactions, in particular adsorp- 
tion, dissociation, or desorption of simple molecules 
such as CO, hydrogen, oxygen, or water on metal and 
semiconductor single-crystal surfaces under ultra- 
high-vacuum conditions, have been investigated. 
Sensitivity into the sub-percent monolayer regime is 
achieved and allows the identifictation of competing 
reaction channels and adsorbate dynamics on sur- 
faces. Such studies can help to understand epitaxial 
growth or heterogencous catalysis because the 
techniques are applicable at any gas pressure and 
surface temperature. Related to this is the study of 
surface diffusion, which can be probed following 
the temporal decay of a diffracted SHG signal 
off a submonolayer adsorbate grating formed by 
laser-induced desorption. 


Making use of the spectroscopic capabilities of 
SHG, the surface clectronic structure of selected 
metals and semiconductors, in particular silicon, 
were studied with an emphasis on the effects of 
temperature, crystallographic orientation and diffe 
ent adsorbates. Among buried interfaces, the Si/SiO, 
interface has been the subject of intense investigations 
and the sensitivity of SHG to static electric fields at 
the interface and to inhomogeneous strain was also 
demonstrated. 

Different in-plane surface symmetries associated 
with different crystallographic orientations or surface 
reconstructions yield different SHG and SFG 
responses. This allowed for the investigation of 
surface reconstructions (e.g., S(111)2X 1+ 7X7), 
order—disorder transitions (e.g., S(111)7 x7 1X 1, 
Aw/Si(111)) and surface melting (e.g., single-crystal 
ice, Si(111), Ge(111)), providing information on 
latent heat, superheating, and its dynamics using 
pump-probe techniques. Magnetization-induced 
SHG was also used for probing surface and interface 
magnetism of ferromagnetic metals and bimetallic 
systems. 

Many unique applications of spectroscopic SFG 
have been developed based on its capability to study 
large molecules, in particular under ambient con- 
ditions. Surface vibrational spectra with different 
input/output polarization combinations and sample 
geometries provide information on orientation, 
conformation and alignment of surface molecules 
and the composition and structure of the surface 
layer. The study of self-assembled monolayers (e.8.. 
OTS on quartz) to deduce the orientation and 
conformation of the alkyl chains in the monolayer 
is an example. The effect of molecular density and 
temperature on the spectrum gives information on 
intermolecular interactions and phase transitions. 
Another example concerns the adsorption of liquid 
crystal molecules on nanostructured polymer sub- 
strates. Both the chain orientation at the polymer 
surface and its effect on the alignment of adsorbed 
liquid crystal molecules can be addressed. 

Surface structures of liquids, especially those of 
pure liquids, are of great interest in science and 
technology, and SFG is a unique spectroscopic tool 
for probing liquid surfaces and interfaces, For 
example, the SFG vibrational spectrum for the 
water—vapor interface in Figure 4 gives information 
on the density and orientation of the surface water 
molecules at the water-vapor interface. The surface 
layer was found to be more ordered compared to the 
bulk as was also observed for various other organic 
liquids studied with SEG. In other cases soluble and 
insoluble organic molecules at a liquid—vapor, 
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liquid-liquid, or liquid-solid interface have also 
been studied. They appear as adsorbed monolayer 
films and their structure and phase behavior are 
relevant to many applications. Identification of the 
adsorbed molecular species at solid-liquid interfaces 
is also important for understanding electrochemical 
processes. Various studies with SFG have addressed 
bonding of, e.g., CO, CN”, and SCN” at electrodes 
and its variation with electrode potential. 

SEG spectroscopy also finds unique applications 
in studies of polymer surfaces and interfaces 
most relevant to modern science and technology. 
The observed surface vibrational spectra of poly- 
mers provide information on surface composition, 
molecular orientation, and conformation of neat and 
blended polymers. The effect of environment and 
surface treatment on the surface structure can also be 
studied. Investigation of the biological functions of 
complex molecular systems has attracted increasing 
interest, and SHG and SFG have been applied 
successfully to selected systems ranging from the 
isomerization of retinal — a molecule involved in the 
jon process — to functional aspects of model 
membranes. 

Both SHG and SFG can be combined with 
microscopy techniques for surface microscopic 
studies. Microscopic imaging can be achieved by 
rastering the probe beam or, preferably, the sample 
position. Near-field SFG/SHG spectroscopy has 
recently been developed. 

Performing surface SHG and SFG experiments in 
the time domain can provide information on surface 
dynamics. Pump-probe experiments allow for mea- 
surements of energy relaxation and phase coherence 
of excitations such as surface electronic states and 
surface phonons and vibrations. 


Outlook 


Although SHG and SFG were established as surface 
analytical tools more than 15 years ago, itis still an 
active field of research with much potential that has 
not yet been explored. As an example, it has only 
recently been demonstrated that doubly resonant 
infrared—visible SFG, as a two-dimensional spec- 
troscopy, can give access to couplings between 
vibrational modes and surface electronic transitions. 
With the commercial availability of suitable laser 
sources, the techniques can be extended to a much 
wider range of applications. This includes possible 
investigations of ultrafast. surface dynamics, 
nanostructures, and biological systems. 
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Introduction 


Polarization is one property of light waves and will be 
defined after a brief overview of the properties of 
light. Light is part of the electromagnetic spectrum of 
waves that have both particle-like and wave-like 
properties. Light waves carry energy in the form of 
photons which act like particles; the photon energy 
increases in proportion to the frequency of the wave 
The particle-like properties of light and other 
electromagnetic waves are described by quantum 
mechanics. Light also acts like transverse waves that 
travel in straight lines in air and vacuum and can be 
described by classical electromagnetic theory. Polari- 
zation deals with the wave-like properties of light, 
and is described mathematically by Maxwell’s 
equations, the key relations in. electromagnetic 
theory. Polarization effects occur when light interacts 
with matter. In order to understand polarization, 
there will be a brief introduction to the subject of 
electromagnetic waves. 

For a more in-depth treatment of the material in 
this article, the reader is directed to the Further 
Reading list at the end of this article and in particular 
to the two chapters on ‘Polarization’ and ‘Polarizers’ 
written by the author in Bass M (ed.) Handbook 
of Optics, Ind edn, vol. 1, chapter 5 and vol. Il, 
chapter 3. New York: McGraw-Hill Inc. 

Electromagnetic waves have both electric and 
magnetic fields associated with them. These are 
vibrations in directions perpendicular to the direc- 
tion the wave is traveling, i.e., the direction of 
propagation, F represents the vector of the electric 
field and H, perpendicular to E, represents the 
magnetic field vector. Both these vectors are complex 
and have real and imaginary parts. Polarization 


effects are always associated with the E vector. 
Specifically, the plane of polarization is defined as the 
plane in which the E vector is vibrating. Waves 
having different amplitudes, phases, or angular 
orientations (azimuths) of their electric or magnetic 
vectors can be combined by conventional vector 


addition methods. Also the E vector of a particular 
vibration can be resolved into two components in 
mutually perpendicular directions that are vibrating 
in phase. 

Ifa light source such as the sun, a candle flame, or 
an electric light bulb is considered on a microscopic 
scale, each vibrating atom or molecule emits linearly 
polarized light (see the definition below). But the 
individual atoms or molecules do not act together, so 
their vibrations have no fixed phase relationships to 
each other and they cannot be added into a single 
linearly polarized beam. Thus, we call light from 
these sources unpolarized. In an unpolarized light 
beam, the E vector vibrates in all directions perpen- 
dicular to the direction of propagation. If a snapshot 
is taken at a particular instant of time, different parts 
of the beam will have E vectors vibrating with 
different amplitudes and phases at different angles to 
each other, but all in a plane perpendicular to the 
direction of propagation. In the most common 
convention used in optics, the wave travels in the 
+2 direction in a right hand coordinate system and 
the E vectors are all vibrating at various angles in the 
x-y plane. The angle of vibration is measured from 
the positive x axis in a counterclockwise direction 
when the observer is looking against the direction of 
propagation of the light beam. 

For linearly polarized or plane polarized light, if a 
snapshot of a light beam is taken at a particular 
instant, the E vector will be vibrating at a certain 
angle in the x-y plane. As time (or position on the 
traveling wave) varies, the amplitude of the E vector 
will vary in a sinusoidal manner, but the vibration will 
remain at the same angle in the xy plane. As an 
example, the real part of the electric vector of a 
linearly polarized beam that is vibrating in the +x and 
=x directions and traveling in the +z direction is 
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given by the relation: 
Ex(z,t) =iEy cos(kz ~ ot) a 


where f is the time, 7 is a unit vector in the +x 
direction, Ep is the amplitude of the vibration, k is the 
propagation vector in the dircetion the wave is 
traveling, i.e., the z direction (its magnitude is 
2n/A), and w= 2arf where fis the vibration frequency 
of the wave. In free space, w= 2mclA where ¢ is the 
velocity of light and A is the wavelength of the 
vibration. 

Light can also be circularly or elliptically polarized 
Circularly polarized light is produced by adding the 
electric vectors of two waves, each having the same 
amplitude but which are 90° out of phase; the 
resulting vibration sweeps out a circle in the xy 
plane. When the first wave is vibrating in the +x and 
=x directions (eqn [1]), the second wave is vibrating 
in the +y and ~y directions: 


E,@0) = jEp sin(kz — at) 21 
and is added to the first wave. The resultant wave is 
the sum of egns [1] and [2]: 


E = Eolicostkz ~ wt) +jsin(kz wt] [3] 


The direction of vibration of this wave will rotate in a 
circle as either the time increases or as the distance 
along the wave increases, but the amplitude of the 
vibration will not change. As time increases, the 
vibration will make a circle in the clockwise direction 
(to negative angles). This light is defined to be right 
circularly polarized. If the + sign between the two 
parts of eqn [3] is changed to a minus sign, as time 
increases, the vibration will make a circle in the 
counterclockwise direction (to positive angles) and 
the light is now defined to be left circularly polarized. 
‘These definitions are for conventional (traditional) 
optics. However, the opposite definitions with right 
(left) circularly polarized light defining circles in the 
counterclockwise (clockwise) direction are also in 
use. In modern physics, there is still another 
convention that defines right (left) circularly polari- 
zed light as having negative (positiv 

Right and left elliptically polarized light beams 
have the same angle conventions as for circularly 
polarized beams but are produced by adding two 
electric vectors that have different amplitudes. In 
eqns [1] and [2], the amplitude terms will be, for 
example, E, and Ey instead of Ey and eqn [3] can no 
longer be used. There is now a major axis and a minor 
axis of the ellipse. If E, > Ep, the major axis will be 
along the x axis; for E, <>, the major axis will 
coincide with the y axis. 


The preceding discussion has dealt entirely with the 
clectric vector of the electromagnetic field. However, 
fone cannot observe the E vector. The irradiance 
(energy per unit area per unit time), 

he observed visually and measured by electronic 
detectors. Thus, measurements of the polarization are 
irradiance measurements. Light transmitted by a 
polarizer is called the transmittance of the polarizers 
similarly, light reflected from a polarizer is called the 
reflectance of the polarizer. 

One of the most important parts of the subject of 
polarization is how to produce linearly polarized light 
starting with unpolarized light. This is done by using 
polarizers, as discussed in the section on polarizers 
helow. Certain materials have special properties that 
make them able to polarize light. Depending on the 
application, different kinds of polarizers are pre- 
ferred. Optics textbooks by Hecht and Guenther 
discuss the most important polarizers and two articles 
by Bennett describe many kinds of polarizers includ- 
ing special ones (see the Further Reading at the end of 
this article for full references). Only the basic 
principles will be described he 

Sunlight scattered by air molecules in the atmos- 
phere (Rayleigh scattering) is also partially linearly 
polarized. The air molecules act like tiny dipoles and 
vibrate when they absorb sunlight. They emit 
radiation that is polarized in certain directions 
relative to the vibration direction. When the viewer 
is at a 90° angle with respect to the sun, the 
polarization of the skylight is a maximum, Rayleigh 
scattering is the subject of several books and will not 
be further discussed here. 

Retarders are used to change linearly polarized 
light into circularly or elliptically polarized light and 
compensators, which are a form of retarders, can 
analyze an unknown type of polarized light and 
determine its composition. They are discussed below. 

Polarimetry and ellipsometry are closely related 
techniques that are used to determine the optical 
properties of a material by shining a known type of 
polarized light on the material at non-normal inci- 
dence and analyzing the polarization properties of 
the light after it has been reflected from the material. 
These subjects are treated in other articles in this 
encyclopedia and in several references at the end of 
this article. 

Changes can be produced in the optical properties 
of some materials by applying an electric field, a 
magnetic field, an acoustic field, or another form of 
variable pressure. The materials changed in these 
ways are said to be electro-optic, magneto-optic, or 
piezo-optic. The changes in the optical properties 
modify some parameter of a light wave 
passing through a material or reflecting from it. 


E*, is what can 
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The amplitude, phase, frequency, polarization, or 
direction of the light wave can be modified. In this 
article, we are only concerned with modifications that 
produce changes in the polarization; these are 
discussed towards the end of this article. 

Matrix methods have been developed to handle 
problems involving polarization and there is also a 
visual representation of the matrix algebra that is 
based on the Poincaré sphere. Both topics are covered 
at the end of this article. 


Polarizers 


Basic Relations for Polarizers 


A linear polarizer is anything which, when placed in 
an incident unpolarized beam, produces a beam of 
light whose electric vector is vibrating primarily in 
one direction with only a small component vibrating 
in the direction perpendicular to it. The transmittance 
Tof the linear polarizer is 


T=4T+T) i 


where T), the principal transmittance of the polarizer, 
is 2>T), the transmittance of the polarizer at 90° to 
the principal transmittance. Thus, a perfect polarizer 
would transmit only 50% of an incident unpolarized 
beam. 

Ifa linear polarizer is placed in a linearly polarized 
beam and is rotated about an axis parallel to the beam 
direction, the transmittance will vary between a 
maximum value T, and a minimum value T; 
according to the law: 


T= (1, ~ Ta) cos'0+ Te (51 
where @ is the angle between the plane of vibration of 
the principal transmittance and the plane of vibration 


of the electric vector in the incident beam. 
The extinction ratio pp of a polarizer is defined as 


[6] 


and the degree of polarization of a polarization P is 


T- 


PS ah mi 


When two identical polarizers are placed in an 
unpolarized beam, and the directions of their 
principal transmittances, T, and Ty, are inclined at 
an angle # to each other, the transmittance of the pair 
will be 


cosO4+T)T2sin@ [8] 


Thus, when the directions of the principal transmit- 
tances are aligned, Ty = 4(T? +3), and when they 
are perpendicular, T, = T, 


Birefringent Materials (Calcite) 


The majority of high-quality polarizers are made 
from calcite, This is a birefringent (doubly refracting) 
crystalline material that is uniawial (i.c., there is one 
preferred direction in the crystal). A birefringent 
material acts differently for light going in different 
directions through the crystal. For example, if an 
unpolarized light beam passes through the crystal in a 
certain direction, it will be split into two spatially 
separated beams that are parallel but are linearly 
polarized at right angles to each other, A uniaxial 
crystal has an optic axis (ie., a certain direction in the 
crystal). When light rays travel parallel to the optic 
axis, they travel at the same velocity and there is no 
difference between them. When light passes through 
the crystal in other directions, the ray whose vibration 
direction is perpendicular to the optic axis is governed 
by the ordinary laws of geometrical optics (the same 
as for isotropic materials) and is called the ordinary 
ray. The ray whose vibration direction is parallel to 
the optic axis does not follow the normal geometrical 
optics laws and is called the extraordinary ray. One 
ray travels faster than the other, so there is a phase 
retardation for one ray relative to the other. This is 
the principle of a retarder or retardation plate (see the 
next section). 

Calcite is a negative uniaxial crystal which means 
that the refractive index for the ordinary ray is larger 
than the refractive index for the extraordinary ray. 
When the ordinary ray enters a block of calcite from 
air at non-normal incidence, it is hent more than the 
extraordinary ray. 

Calcite can be easily cleaved along three distinct 
planes, making it possible to produce rhombs of the 
form shown in Figure 1. The optic axis, going in the 
HI direction, makes equal angles with all three faces 
at point H. Any plane, such as DBFH, which contains 
the optic axis and is perpendicular to the two 
opposite faces of the rhomb ABCD and EFGH is 
called a principal section. If the plane of incidence of 
light on the rhomb coincides with a principal section, 
the light entering the crystal will be split into two 
components polarized at right angles to each other 
which travel in slightly different directions and leave 
the crystal as two beams slightly displaced but 
parallel to each other. 

The large birefringence of calcite and its excellent 
transmission through the visible spectral region and 
into the ultraviolet and infrared regions has made it 
possible to make excellent high extinction ratio 
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polarizers with different designs. Some of these are 
shown in Figure 2. There are two main types: Glan 
types with rectangular shapes and Nicol types with 
thombohedral shapes. The polarizers are made of two 
pieces of calcite cemented together. Glan types have 
their optic axes in the plane of the entrance face. In 
the Nicol types, the principal section is perpendicular 
to the entrance face, but the optic axis is neither 
parallel nor perpendicular to the face. The two halves 
of conventional polarizing prisms are cemented 
together with cement that has a refractive index 


Optic axis 
IH 


Figure 1 Schematic representation of a rhombohedral calcite 
crystal showing the angles between faces. The optic axis passes 
through comer H and point | on side BF. (Rlaproduced with 
Permission from Bonnett JM (1985) Polarizers. In: Bass M (ed) 
Handbook of Optics, 2nd edn, vol. ll, chap. 3. New York 
McGraw-Hil, Inc.) 


intermediate between the ordinary and extraordinary 
refractive indices. This enables one ray (generally the 
extraordinary, or e ray) to be transmitted and the 
other to he reflected at the cut, so that only one ray 
exits from the prism in the direction of the incoming 
ray. The Glan types are also used without cement 
with only an air space between the two halves. They 
can be used at shorter wavelengths in the ultraviolet 
where the cement absorbs. The extinction ratio can 
be very high for air-spaced prisms. For example, 
for a Glan—Foucault prism (an air-spaced Glan 
Thompson prism, Figure 2), the extinction ratio 
can be better than 1X 10-5 and the prism is usable 
from about 


214 wm in the ultraviolet to 2.3 um in 
the infrared. However, air-spaced polarizers have 
very small field angles, so they are mainly used with 
laser sources where the beam is parallel, 

The extreme paths of light through a cemented 
Glan-Thompson prism are shown in Figure 3. This 
prism has a length that is three times the width of the 
entrance aperture (i.e., an L/A ratio of 3). The optic 
axis is perpendicular to the plane of incidence which 
is in the plane of the paper. In the first half of the 
polarizer, the paths of the ordinary and extraordinary 
rays, both of which follow the conventional law of 


refraction (Snell’s Law, eqn [8] above) nearly 
coincide, Ray A is incident on the entrance face of 
the polarizer at an angle such that the angle of 
incidence on the cutis the smallest angle for which the 
o ray is totally internally reflected. Ray B is incident at 
an angle such that the angle of refraction in the first 
half of the prism is essentially equal to the cut angle, 
S, so that the ¢ ray just passes through the cut. The 
field angle of the polarizer is twice the smaller of 
angles @, and Gs. Thus, all rays having angles of 
incidence between rays A and B will be polarized 


@ e 


0 


Figure 2 Types of polarizing prisms. Glan types: (a) Glan-Thompson, (b) Lippich, and (c) Frank-Fitter; Nicol types: (d) conventional 
Nicol, 2) Nicol, Halle form, and (f) Harinack-Prazmowsky. The optic axes are indicated by the double-pointed arrows. (Reproduced 
with permission from Bennett JM (1995) Polarizers. In: Bass M (od,) Handbook of Optics, 2nd edn, vo. Il, chap. 3. New York: 


McGraw-Hill, In.) 


locations are at potentials that are sig- 
nificantly different from A1. 


2] « Je 


Figure 3-6. The “quadrants” of triac behavior. Positive 
and negative symbols indicate which terminal is “more 
positive” or “more negative” than Al. The ground symbol 
represents a potential midway between positive and nega- 
tive, See text for detals. 


Suppose that gate current increases gradually. 
When it reaches the gate threshold current of the 
triac, the componentsstarts conducting between 
Aland A2.|fthe currentbetween A1 and A2rises 
above the value known as the /atching current, it 
will continue to flow, even if gate current disap- 
pears completely. 


If the self-sustaining current through the triac 
gradually diminishes, while there is no voltage 
applied to the gate, conduction between the 
main terminals will stop spontaneously when it 
falls below a level known as the holding current. 
This behavior is similar to that of an SCR. The triac 
now returns to its original state, blocking current 
until the gate triggers it again. 


The triac is sufficiently sensitive to respond to 
rapid fluctuations, as in SOHz or 60Hz AC. 


discrete semicanductor > thyristor > tr 


Threshold, Latching, and Holding 
Current 

Figure 3-7 shows the relationship between the 
gate threshold current, the latching current, and 
holding current. In the upper half of the figure, 
gate current is shown fluctuating until it crosses 
the threshold level. This establishes current flow 
between the main terminals, shown in the lower 
half of the figure. Prior to this moment, a very 
small amount of leakage current occurred 
(shown in the figure, but not to scale). 


Inthishypothetical scenario, the triac starts pass- 
ing current between external components—and 
the current exceeds the latching level. Conse- 
quently, gate current can diminish to zero, and 
the triacremains conductive. However, when ex- 
ternal factors cause the current between the 
main terminals to diminish below the holding 
level, the triac abruptly ceases to be conductive, 
and current falls back to the leakage level. 
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Figure 3-7. The relationship between gate current of a tr 
fac and the current between its main terminals. See text 
for details. 


Unlike a bipolar transistor, a triac is either “on” 
or‘off" and does not function asa current ampli- 
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when exiting the prism, The paths of similar rays can 
be traced through the other prism designs. 
Inaddition to conventional polarizing prisms, there 
are also polarizing beamsplitter prisms and Feussner 
prisms. In polarizing beamsplitter prisms, the two 
beams that are polarized at right angles to each other 
both emerge from the prism but are separated 
spatially. Figure 4 shows a diagram of several types 
of polarizing beamsplitter prisms and Figure 5 shows 
the paths of rays through side views of these prisms. 
A Feussner prism is made of isotropic material but 
the film separating the two halves is birefringent. 


a AB 


Figure 3 Extreme rays (A and B) that can pass through a 
‘cemented Gian-Thompson prism. Both rays change to ordinary 
and extraordinary rays in the calcite. Both ordinary rays are 
reflected at the boundary between the two halves ofthe prism and 
the extraordinary rays exit in the directions indicated. Rays 
entering the prism between rays A and B would be transmitted by 
the prism. The field angle ofthe prism is twice the smaller of the 
two angles of incidence (ray A). 


These prisms have the advantage that much less 
birefringent material is required but they have a more 
limited wavelength range when calcite or sodium 
nitrite (another birefringent material) is used 
because the transmitted ordinary ray has a shorter 
transmission range than the extraordinary ray which 
is transmitted by the conventional and air-spaced 
polarizing prisms. 


Dichroic Absorbers 


A dichroic material is one that absorbs light polarized 
in one direction more strongly than light polarized at 
right angles to that direction. Dichroic materials are 
different from birefringent materials because the 
latter usually have negligible absorption coefficients 
for both the ordinary and extraordinary rays. 
Stretched polyvinyl alcohol sheets treated with 
absorbing dyes or polymeric iodine are the most 
common type of dichroic absorbers and are primarily 
sold under the tradename Polaroid. These polarizers 
do not have as good an extinction ratio as the calcite 
prism polarizers (see above), but they are inexpensive, 
come in large sizes, are easily rotated, and produce 
negligible beam deviation. Also, they are thin, light- 
weight, and can be made in any desired shape. One of 
their main advantages is that they are insensitive to 
the degree of collimation of the beam and can be 
used in strongly convergent or divergent light. 
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Figure 4 Throe-dimensional views of various types of polarizing beamspitter prisms: (a) Rochon; (b) Sénarmont; (c) Wollaston; 
(@) Foster (shaded face is sivered); and (e) beamspliting Glan-Thompson. (Reproduced with permission from Bennott JM (1995) 
Polarizers. In: Bass M (ed.) Hanabook of Optics, 2nd edn, vol. Il, chap. 3. New York: MeGraw-Hl, Inc.) 
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Figure § Side views ofthe polarizing beamsplitter prisms in Figure 4. The directions ofthe optic axes are indicated by the dots and the 
heavy double-pointed arrows. When the Foster prism is used as a microscope illuminator, the source, specimen, and eyepiece ae in the 
positions indicated. (Reproduced with permission from Bennett JM (1995) Polarizers. In: Bass M (ed.) Handbook of Optics, 2nd edn, 


vol. I, chap. 3. New York: McGraw-Hil, Inc) 


Depending on the density and type of absorbing dye 
used to make the polarizer, the transmission can be 
maximized for the visible or near infrared spectrum. 
The extinction ratio of the Polaroid HN-22 sheet 
compares favorably with that of the Glan—Thompson 
prisms throughout the visible spectral region, but the 
transmission of the Glan—Thompson prism is 
superior, As the dichroic polarizer transmission 
increases, the extinction ratio becomes worse. Trans- 
mission and extinction ratio curves for various types 
of dichroic polarizers are shown in Bennett JM (1995) 
Polarizers. In: Bass M (ed.) Handbook of Optics, 2nd 
edn, vol. II, chap. 3. New York: McGraw-Hill, Inc. 

A wite grid polarizer is another kind of dichroic 
absorber. It is made of a series of equally spaced 
conducting bars or wires that are either free standing 
or deposited onto a transparent substrate (backing 
plate}. Energy that is polarized parallel to the length 
of the bars is absorbed out of the incoming wave by 
inducing oscillations in the electrons in the metal. 
Thus, only light polarized perpendicular to the bars 
will be transmitted. In order to have an appreciable 
degree of polarization, the wavelength must be at 
least twice the spacing between grids in the polarizer. 
Because of the difficulty of making wire grids with 
small enough spacings, these polarizers are limited to 
the mid- and long-wavelength infrared spectral 
region, beyond about 5 am. The polarizer will have 
the best extinction ratio if the substrate has a low 
refractive index; if a high refractive index substrate 
such as silicon or germanium is used, it must be 
covered with an antireflection coating before the grid 
is deposited. 


Most of the wire grid polarizers have been used 
with microwaves, so the theory is in the form for 
transmission lines. Similar transmission line theory 
has been applied to infrared polarizers in the form of 
bars and wires. 


Reflection and Transmission 


Light can be polarized by reflecting it from the flat 
surface of a material inclined at non-normal incidence 
to the light beam or by transmitting it through a 
transparent plate at non-normal incidence. These 
polarizers work because light has different reflec- 
tances when the electric vector is linearly polarized 
parallel and perpendicular to the plane of incidence. 
‘The plane of incidence contains both the incoming 
light beam (incident beam) and the reflected light 
beam. The angles for both the incident and reflected 
light beams are measured relative to an axis 
perpendicular to the surface (the surface normal). 
‘The reflection coefficients are given by the Fresnel 
equations and, for nonabsorbing materials, are: 


tan?) — 01) 


=s5 (10) 
tan"(@y + 4) 


where R, and Rp are called the reflectances (pre- 
viously called the intensity reflection coefficients), 
and r, and , are the amplitude reflection coefficients. 
E, (E,) is the incident or reflected electromagnetic 
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wave vibrating perpendicular (parallel) to the plane 
of incidence and #y and 0, are the angles of incidence 
and refraction, respectively. The angle of refraction is 
the angle of the light beam in the material, measured 
from the surface normal. For a nonabsorbing 
material, it can be obtained in terms of the refractive 
index 1, of the material from Snell’s Law: 


fea) 


where mig and m are the refractive indexes of the 
incident medium (usually air with my =1) and 
the material, Sometimes the refractive index of the 
material is expressed as a ratio measured relative 
to the refractive index of the incident medium: 


m= mJng. The reflectances of absorbing materials 
are similar to eqns [9]-[11] but involve complex 
refractive indexes and angles of refraction. 

Figure 6 shows curves for R, and R, as a function 
of angle of incidence for four nonabsorbing materials 
that have different refractive indexes. In all cases the 
reflectance is higher for the s component than for the 
P component except at 0° and 90° angles of incidence 
where they are the same. At the so-called Brewster 
angle, j, Rp =0, tan =m/m, and incident 
unpolarized light is now completely linearly polarized 


perpendicular to the plane of incidence (s-polarized 
light). Note that high refractive index materials 
produce more intense polarized beams (iJe., have 
higher reflectances) than low refractive index 
materials, 
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Figure & Reflectance of light polarized parallel, and perpendicular A tothe plane of incidence from materials of diferent refractive 
index n as a function of angle of incidence: (a) n ~ 1.5 (alkali halides in the ultraviolet, glass (approximately) in the visible, and sheet 
Plastics in the infrared), (b) = 2.0 (AgCI in the infrared), (c) n= 2.46 (Se in the infrared), and (d) n= 4.0 (Ge in the infrared. 
‘The Brewster angle My (at which A, goes to 0) and the magnitude of A, at ty are also indicated, (Reproduced with permission from 
Bonnett JM (1995) Polarization. In: Bass M (ed,) Handbook of Optics, 2nd edn, vol. I, chap. §. New York: McGraw-Hill, Inc.) 
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Figure 7 (a) Reflectance A and (b) extinction ratio R,/A for 
materials of aiffrent refractive index at angles near the Brewster 
angle th. A single surface ofthe materalis assumed, (Reproduced 
with permission from Bennett JM (1995) Polarization. In: Bass M. 
(ed,) Hanabook of Optics, 2nd edn, vol. |, chap. 5. New York 
McGraw-Hil, Inc.) 


Figure 7 shows the reflectances and extinction 
ratios for materials having different refractive 
indexes. Each curve is for a single reflection. Since 
plates have two surfaces, there will be two reflections 
from an actual reflection polarizer so the reflectance 
and extinction ratios will increase. If the plates are 
thick, the reflection from the back surface of the plate 
will be displaced from the reflection from the front 
surface of the plate. A reflection polarizer is normally 
used close to the Brewster angle because a high degree 
of polarization (i.e., a very small extinction ratio) is 
desired. Because the extinction ratio changes rapidly 
for angles of incidence close to the Brewster angle, the 
incident beam must be well collimated to obtain a 
high degree of polarization. A main disadvantage of 
reflection polarizers is that the reflected beam is no 
longer parallel to the incident beam and two 
additional reflections are required to align the beam. 

Light transmitted through a plate will only be 
partially linearly polarized at any angle of incidence 
including the Brewster angle because both s- and 


P-components are partially transmitted. Trans- 
mission polarizers are thus made of several plates to 
increase the degree of polarization. Figure 8 shows 
the transmittance and extinction ratio for a stack of 
four plane parallel plates assuming multiple incoher- 
ent reflections within each plate and no reflections 
between plates. At the Brewster angle the p-transmit- 
tance is theoretically 1 (assuming that there is no 
absorption within the material) but the extinction 
ratio greatly depends on the refractive index of the 
material, A stack of low refractive index plates (n= 
1.5) has a poor extinction ratio, while a pile of high 
refractive index plates (n =4.0) has a much better 
extinction ratio. The plates are often inclined at small 
angles to each other so the light multiply reflected 
between plates (which decreases the polarization) is 
removed from the transmitted beam, The sides of 
each plate are plane parallel to increase the polariza- 
tion, but the plates are too thick for the amplitudes of 
the multiple internally reflected beams to add or 
subtract. If the amplitudes of the beams could be 
added, there would be interference effects and the 
transmittance would vary with the thickness of each 
plate and with the wavelength. These are so-called 
interference polarizers and are mentioned below. 

Transmission polarizers do not have the angle 
deviation problem of the reflection polarizers, but 
the transmitted beam may be slightly displaced 
parallel to the incident beam if the plates are thick. 
The main problem with transmission polarizers is 
that the light is not completely polarized even with 
several plates in a stack. If the plates are slightly 
absorbing, the transmission of the polarizer is 
reduced. 


Miscellaneous Types 


There are numerous other types of polarizers that 
mostly use thin films. Interference effects in thin films 
can increase the polarization efficiency at certain 
wavelengths depending on the thicknesses of the films 
and the design of the multilayer coating. Many of the 
applications involve non-normal incidence designs. 
For example, a single high refractive index film or a 
multilayer coating evaporated onto a low refractive 
index substrate increases the degree of polarization of 
reflection and transmission polarizers. Polarizing 
beamsplitters also use multilayer dielectric coatings. 
Free-standing films of different thicknesses were 
formerly used for infrared polarizers before wire 
grid polarizers became available. 

Dichroic absorbers have been made from two- 
phase lamelar eutectics of thin needles of a conduct- 
ing material embedded in a transparent matrix. 
Thin sheets of pyrolytic graphite material also act 
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Figure 8 (a) Transmittance and (b) extinction ratio offour plane-parallel plates of refractive index nas a function of angle of incidence, 
for angles near the Brewster angle. Assumptions are multiple reflections but na interference within each plate and no rellections 
between plates. (Reproduced with permission from Bennett JM (1985) Polarization. In Bass M (ed.) Handbook of Optics, 2nd edn, vol. 


chap. 5. New York: McGraw-Hil, Inc.) 


as dichroic absorbers. There are also numerous 
miniature polarizer designs for fiber optics and 
nanotechnology applications, 


Retarders or Retardation Plates 


Retarders, or retardation plates, are devices that can 
change linearly polarized light into circularly or 
clliptically polarized light. They can also rotate the 
plane of polarization of linearly polarized light. 


A retardation plate is made from a uniaxial crystal 
that has an optic axis (as discussed above); the light 
travels in a direction perpendicular to the optic axis, 
as described below and shown in Figure 9. The 
ordinary and extraordinary rays travel at different 
velocities through the crystal depending on their 
refractive indexes: n = clv, where c is the velocity of 
light in a vacuum and v is the velocity of light in the 
material. The larger the refractive index, the slower is 
the velocity of light in the material, The ordinary ray 
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with a refractive index , and the extraordinary ray 
index n, have mutually perpendicu- 
ions. If the ray has a vibration 
direction at another azimuth in the crystal, the 
refractive index is intermediate between mm and 
For a positive uniaxial crystal 1, >1, so the 
extraordinary ray travels slower than the ordinary 
ray through the crystal. Thus, the designation ‘fast 
axis’ is often used for the ordinary ray and ‘slow axis? 
isused for the extraordinary ray, as shown in Figure 9. 
In a negative uniaxial crystal, m <a), ie, the 
velocities along the two axes are reversed. 

Because there is a velocity difference between the 
ordinary and extraordinary rays traveling through a 
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Figure 9. Light indent nomaly on the font sutace of a 
ftardton plate showing the viraton deco ofthe onary 
and oxtanainary rays In a postive una! cyst east and 
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txt he vo aes ar erchenge. (Adapted wih pomiston 
FromBonnet JM (199) Polarzaion In Bass (ed) Handbook of 
Opts, 2a ed, ol chap. 5. New Yor: McGraw, ne) 
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uniaxial crystal, they get out of phase. Depending on 
their velocities and the optical thickness of the 
material (the refractive index times the physical 
thickness), the addition of their amplitudes results 
in a wave whose vibration direction is either: 


(a) perpendicular to the original vibration direction; 
(b) rotates in a circle (right or left circularly polarized 
light); or (c) rotates in an ellipse (right or left 
elliptically polarized light). The path difference N 
between two rays in the crystal, measured in terms of 
the wavelength of the light, is NA = +d(n,—1,), 
where d is the physical thickness of the material. The 
corresponding phase difference 8 between the two 
rays is 8=27N md /A)(01, ~ my). The quantity 
N is important because if beams of light vibrating 
along the fast and slow axes of a crystal get out of step 
hy one quarter of the wavelength of the light, the 
device is called a quarter wave (or \/4) retardation 
plate, or simply a quarter-wave plate. There are also 
half-wave (4/2) plates that rotate the plane of 
polarization, and full-wave (A) plates that rotate the 
plane of polarization through 180°, If light passes 
through a full-wave plate, theoretically it is indis- 
However, 
materials are normally temperature sensitive so that 
as the temperature changes, the retardation is no 


tinguishable from the original beam. 


longer exactly one wave, but may be slightly less than 
or greater than one wavelength. Other thicknesses of 
retardation plates produce elliptically polarized light. 

Figure 10 shows what happens to a beam of 
linearly polarized light when the axis of vibration 
is at 45° to the fast and slow axes of a positive 
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Figure 10 Stato of polarization ofa light wave after passing through a crystal plate whose retardation is indicated in fractions of a 
wavelength (phase retardation 2m/A times these values) and whose fast axs is indicated by the double arrow. In all cases the incident 
light is nearly polarized at an azimuth of 45° to the direction of the fast axis. (Adapted with permission from Bennett JM (1995) 


Polarization. In: Bass M (ed.) Handbook of Optics, 2nd edn, vol. c 
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Figure 11 State of polarization ofa light wave after passing through a 4/4 plate (whose fast ais is indicated by the double arrow) for 
different azimuths ofthe incident linearly polarized beam. (Adapted with permission trom Bennett JM (1995) Polarization. In Bass M (ed.) 


‘Handbook of Optics, 2nd edn, vol. I, chap. §. New York: McGraw-Hill, Inc.) 


uniaxial crystal. The fast axis is in the horizontal 
direction, the same as in Figure 9. 

‘The main purpose of a quarter-wave plate is to 
change linearly polarized light into circularly polar- 
ined light. However, as Figure 11 shows, the state of 
polarization of the light will be quite different 
depending on the orientation of the plane of 
polarization of the incident beam relative to the fast 
axis of the quarter-wave plate. 

‘A half-wave plate is used to rotate the plane of 
polarization of a linearly polarized beam. The plane 
of polarization is always rotated through an angle 
that is twice the angle the initial plane of polarization 
makes with the fast axis of the uniaxial crystal. A 
linearly polarized beam always remains linearly 
polarized. 

Retardation plates are often made of mica, stretched 
polyvinyl alcohol, or erystal quartz, although they can 
also be made of other stretched plastics, sapphire, 
magnesium fluoride, and other materials, 


Variable Retardation Plates 
and Compensators 


Variable retardation plates are devices whose retar- 
dation can be varied in a variety of ways. They can be 
used to modulate or vary the phase of a beam of 
linearly polarized light or to analyze a beam of 
unknown polarization (often elliptically polarized 
light) such as might be produced by transmission 
through a birefringent material or by reflection from a 
metal or film-covered surface. The term compensator 
is often applied to a variable retardation plate since it 
can be used to compensate for the phase retardation 
produced by a material. Common types of compen- 
sators include the Babinet and Soleil compensators, in 
which the total thickness of a birefringent material in 
the light path is changed, the Sénarmont compensator 
which consists of a fixed quarter-wave plate and 
rotatable analyzer to compensate for varying 
amounts of ellipticity in a light beam, and tilting- 
plate compensators, which change the thickness of 
birefringent material in the light beam by changing 


the angle of incidence. Electro-optic and piezo-optic 
modulators can also be used as high-frequency 
variable retardation plates since their birefringence 
can be changed by varying the electric field or 
pressure (see next section). 

The Babinet compensator, shown schematically in 
Figure 12 consists of two crystal quartz wedges, each 
with its axis in the plane of the face but with the axes 
at right angles to each other. One wedge is stationary, 
and the other can be moved in the direction indicated 
by the arrow, so that the total amount of quartz 
through which the light passes can be varied. The 
total retardation is proportional to the difference in 
thickness between the two wedges. This type of 
compensator was used extensively when the light 
source was a vertical slit and visual measurements 
were made of the state of polarization of a beam. 
However the bands representing different phase 
retardations were too narrow to be used effectively 
with a photoelectric detector, so the Babinet com- 
pensator was replaced by a Soleil compensator 
(Figure 13). This device, sometimes called a 
Babinet—Soleil compensator, is similar to the Babinet 
compensator except that the field of view has a 
uniform tint if the compensator is constructed 
correctly. This is because the ratio of the thicknesses 
of the two crystal quartz blocks (a movable wedge 
and a fixed wedge attached to a plate with the two 
axes perpendicular to each other) is the same over the 
entire field. The Soleil compensator will produce light 
of varying ellipticity depending on the position of the 
movable wedge. It is used in the same way as a 
Babinet compensator with the uniformly dark field of 
the Soleil compensator corresponding to the black 
zero-retardation band in the Babinet compensator. 

Itis sometimes necessary to accurately measure the 
azimuth of a beam of linearly polarized light using a 
photoelectric detector with a rotatable analyzer (i.e., 
a polarizer) directly in front it. The obvious method is 
to rotate the analyzer until the detector signal is a 
minimum and then read the analyzer angle, which 
equals the extinction angle (perpendicular to the 
azimuth of the linearly polarized beam). However, the 
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Figure 12. Arrangement of a Babinet compensator, polarizer, and analyzer for measuring the retardation of a sample. The 
appearance of the field after the light has passed through the compensator is shown tothe lft ofthe sample position. Retardations are 
indicated for alternate regions. Aiter the beam passes through the analyzer, the field is crossed by a series of dark bands, one of which is 
shown to the left of the analyzer. (Adapted with permission tram Bennett JM (1995) Polarizers. In: Bass M (ed.) Handbook of Optic, 


2nd edn, vol. I, chap. 3. New York: McGraw-Hill, Inc.) 


angle can be determined more precisely if the analyzer 
is offset by a small angle from the extinction angle 
and the transmittance noted. Then the analyzer is 
offset by a small angle on the other side of the 
extinction angle at the angle where the transmittance 
isthe same. One half the difference between these two 
azimuthal angles gives a more accurate value of the 
extinction angle than can be obtained by measuring it 
directly. 

Before the days of photoelectric detectors, half- 
shade devices were extensively used to determine the 
azimuth of a linearly polarized beam. The device 
consisted of two polarizers with their axes inclined at 
a small angle to each other. As the device was rotated, 
one part of the field became darker and the other part 
became lighter. At the match position, both parts of 
the field appeared equally bright. There were a variety 
of these devices as well as ellipticity half-shade 


devices that could detect very small amounts of 
ellipticity in a nominally linearly polarized beam 
and hence could verify when a compensator had 
completely converted elliptically polarized light into 
linearly polarized light. 


Electro-Optic, Magneto-Optic, 
and Piezo-Optic Devices 


The state of polarization of light can be rapidly 
altered by passing it through a material that has 
electro-optic, magneto-optic or piezo-optic proper- 
ties. The voltage, magnetic field, or pressure are 
varied to make the material birefringent (see above). 
Some materials are isotropic without the applied 
field, i.c., the refractive index is the same in all 
directions. Other materials have an optic axis 
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Figure 13 Arrangement af a Soleil compensator, polarizer, and analyzer for measuring the retardation of a sample. The appearance 
ofthe field after the light has passed through the compensator is shown to the lft of the sample position. After the beam passes through 
the analyzer, the field appears as one ofthe shades of gray shown to the left ofthe analyzer. (Adapted with permission from Bennett JM 
(1995) Polarizers. In: Bass M (ed.) Handbook of Optics, 2nd edn, vol. II, chap. 3. New York: MeGraw-Hil, Inc.) 


(uniaxial materials) or two optic axes (biaxial 
materials). In these cases, the applied field creates 
further asymmetries in the material. 

The most common electro-optic, magneto- 
optic and piezo-optic effects are the Pockel’s effect 
(depending on the electric field), the Kerr effect 
(depending on the square of the electric field), the 
Faraday effect (depending on the magnetic field), 
the Cotton—Mouton and Voigt effects (depending on 
the square of the magnetic field), and stress birefrin- 
gence or the photoelastic effect (depending on 
pressure changes). These effects are shown in 
Table 1 along with order of magnitude strengths 
needed to produce changes in the refractive index, 
and materials that most strongly exhibit the effects. 
The mathematical descriptions of the effects involve 
tensors and are too involved to present here, 
However, simple physical descriptions will be given. 

If a varying electric field acts on an electro-optic 
material, electrons, ions, or permanent dipoles in the 
material are made to reorient, inducing an electric 
polarization. The induced polarization creates 


birefringence that modifies the optical polarization 
of a light beam passing through the material. The 
electric field strength determines how the polarization 
is changed (see Figure 10). 

Linearly polarized light passing through a mag- 
neto-optic material will be rotated in a direction 
parallel to the direction of the applied magnetic field. 
This phenomenon, called the Faraday effect, or 
Faraday rotation, is similar to what happens in 
optically active materials (see the next paragraph) 
except that the Faraday effect depends on the 
direction of the magnetic field, but not on the 
direction the light is traveling, 

There are naturally optically active materials such 
as camphor, nicotine, sugar solutions, and crystal 
quartz that can rotate the plane of linearly polarized 
light passing through the material. For example, the 
Si-O bonds in crystal quartz form a helical path 
around the optic axis. This crystal structure interacts 
with an incoming linearly polarized beam traveling 
parallel to the optic axis and rotates it in a clockwise 
direction, A 1 mm-thick piece of quartz will rotate a 
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Table 1 Electro-optic, magneto-optc, and piezo-optic fects 


Ettect Device Effect proportional to__‘Sirength (An) ‘Materials, 
Pockets (electro-optic) Pockels cell E 10" BaTiO, LINBO; 

kor Kerr call e& 10-96? Nitrobenzene, Benzonitile 
Faraday (magneto-optic) Faraday tation =H 10-8 Zns, GaAs, CS. 
Cotton-Mounton a He 10H CChiorafarm, acetone 
Photoolastic effec; stress Pressure - Fused silica, polystyrene, 


biretringence 


Ge, KOP, ruby 


Too smal tobe of technological importance. 
Depends on the mounting othe processing ofthe material 


‘Adapted with permission from Guenther RD (1990) Modern Optics. New York: John Wiley and Sons. 


linearly polarized beam by 21.7°. Other materials 
have asymmetric structures that have mirror images. 
A mirror image structure cannot be obtained by 
simply rotating the group of atoms in space. These 
materials are also optically active. The amount of 
rotation produced by an optically active material is 
proportional to the thickness (optical density) of the 
material that the light passes through. Dextrose 
(a form of glucose) and levulose (also known as 
fructose) rotate the plane of linearly polarized light 
in clockwise and counterclockwise directions, 
respectively. Many other organic molecules have D- 
(right handed, dextro-rotary) and 1- (left handed, 
levo-rotary) mirror image forms. 

An isotropic material can become anisotropic when 
stress or an induced strain is applied because of an 
clasto-optic interaction known as stress. bire! 
gence, or the photoelastic effect. This effect is usually 
bad because it reduces the performance of optical 
components and devices by introducing phase distor- 
tions caused by improper mounting or unequal 
thermal expansion between the mounts and com- 
ponents. Another source of distortion is strain that 
has been frozen into optical components during 
manufacture. French curves are excellent examples 
that show colored strain birefringence patterns when 
viewed between crossed polarizers. In one appl 
cation, strain birefringence has been used construc- 
tively to produce a variable phase retarder made from 
crystal quartz and fused silica. A block of electro- 
optic crystal quartz, is cemented to a block of 
isotropic fused silica. When a variable electric field 
is applied to the crystal quartz, its length changes at 
the resonant frequency of the block. This produces 
strain in the fused silica block which in turn produces 
a variable retardation of light passing through the 
strained fused silica. Depending on the magnitude of 
the varying electric field, the device can act like a 
variable quarter-wave plate, a variable half-wave 
plate, or have other applications. 


Matrix Methods for Computing 
Polarization 


An optical system containing various polarizing and 
retarding devices can be modeled using matrices. In 
general, there is an incident beam (in matrix form), 
that has some state of polarization. It interacts with a 
device called an instrument (also in matrix form) that 
alters the state of polarization, so that the exiting 
beam (a third matrix, the product of the first and 
second matrices) has another state of polarization. 
‘There can be more than one instrument matrix acting 
on the same incident matrix to produce the final 
matrix. The two most common matrix methods are 
the Mueller calculus and the Jones calculus. 

The 
a Poincari 


also a visual representation of this process, 


sphere, on which vectors represent 
different states of polarization. The polarization 
instrument moves the vector representing the incident 
polarization around the sphere in a prescribed 
manner, The vectors are called Stokes vectors and 
are used in the Mueller calculus. The various states of 
polarization are repre: 
follows: The equator represents various forms of 


rnted on the Poincaré sphere as 


linear polarization, the poles represent right- and left- 
circular polarization, and other points on the sphere 
represent elliptically polarized light. Every point on 
the sphere corresponds to a different polarization 
form. The radius of the sphere represents the incident 
irradiance of the light beam (which is usually assumed 
to be unity). The effects of various polarization 


instruments are determined by displacements on the 
sphere. Partially polarized light or absorption may be 
dealt with approximately by ignoring the irradiance 
factor, since the state of polarization is generally the 
quantity desire 
for visualizing problems involving nonabsorbing 


The Poincaré sphere is most useful 


materials, various polarization instruments including 
polarizers, retarders, compensators, half-shade 
devices, and depolarizers, and has also been applied 


discrete semiconductor> thyristor > triac 
fier. When it has been triggered, the impedance 
between A1 and A2 is low enough for heat di 
sipationto be manageable evenatrelatively high 
power levels 


Triac Testing 

Figure 3-8 showsa circuit which candemonstrate 
the conductive behavior of a triac. For simplicity, 
this circuit is DC powered. In a real applic 
the triac is almost always used with AC. 
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Figure 3-8. A test circuit to shaw the behavior of a triac 
when varying positive and negative potentials are applied 
to the gate and to the A2 terminal, relative to Al 


Note that this circuit requires at least a +12VDC 
and -12VDC power supply (higher values may al- 
50 be used). The ground symbol represents a 
midpoint voltage of OVDC, applied to terminal 
Al of the triac, which is an MAC97A6 or similar. If 
a dual-voltage power supply is unavailable, the 
gate of the triac can be connected directly to 
+12VDC, omitting potentiometer P2; but in this 
case, only two operating modes of the triac can 
be demonstrated by turning potentiometer P1 


Each potentiometer functionsasa voltage divid- 
er between the positive and negative sides of the 
power supply. P1 applies a positive or negative 


How It Works 


voltage to A2, relative to A1.P2 applies a positive 
or negative voltage to the gate, relative to Al 


Ifthetest begins with both potentiometersat the 
top ends of their range, Al and G both have a 
positive potential relative to Al, so that the triac 
is now in quadrant 1 of its operating modes 
Pressing the pushbutton should cause it to start 
conducting current limited by the 1K resistor, 
and the meter should change from measuring 
OmA to around 12mA. If the pushbutton is re- 
leased, the triac should continue to conduct cur- 
rent, because 12mA is above this triac’s latching 
level. if P1 is slowly moved toward the center of 
its range, the current diminishes, ceasing when 
itfalls below the holding level.{fP1 isnow moved 
back to the top of its range, the current will not 
resume until the triac is retriggered with the 
pushbutton. 


The test can be repeated with P1 at the top of its 
range and P2 at the bottom of its range, to op- 
erate the triac in quadrant 2; P1 at the bottom of 
its range and P2 at the bottom of its range, to 
operate the triac in quadrant 3; and P1 at the 
bottom of ts range and P2 at the top of ts range, 
to operate the triac in quadrant 4, The function- 
ality should be the same in each case, The push- 
button will initiate a flow of current, which will 
diminish when P1 is turned toward the center of 
its range. 


Inany ofthese quadrants, P2 can be turned slow- 
ly toward the center ofits range while the push- 
button is pressed repeatedly. This will allow em- 
pirical determination of the gate threshold cur- 
rent for this triac, The meter, measuring mili- 
amps, will measure the current if it is inserted 
between the wiper of the potentiometer and the 
gate of the triac. 


The test circuit is shown installed on a bread- 
board in Figure 3-9. In this photograph, the red 
and bluewiresatleft supply +12VDCand -12VDC 
relative to the black ground wire at top right. The 
yellow and green wires connect with a meter set 
to measure milliamps. The red button is a tactile 
switch, while the MAC97A6 triac is just above it 
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to ellipsometric and 
‘measurement 

The Poincaré sphere is used with Stokes vectors, 
which are often designated Sp, S,, Sp, and 83. Sp is the 
incident irradiance of the light beam, corresponding 
to the radius of the Poincaré sphere. S; is the 
difference in irradiances between the horizontal and 
vertical polarization components of the beam; for 
example, when S; is positive, the preference is 
for horizontal polarization. S indicates preference 
for +45° or ~ 45° polarization depending on whether 
it is positive or negative, and S, gives the preference 
for right or left circular polarization. Thus, the Stokes 
vectors S;, Sp, and S; are simply the three Cartesian 
coordinates of a point on the Poincaré sphere. S; and 
Sy are perpendicular to each other in the equatorial 
plane, and S; points toward the north pole of the 
sphere. Any state of polarization of a light beam can 
be specified by these three vectors. The irradiance 
vector So is related to the other three by the relation 
S}=S}+53+5% when the beam is completely 


problems stress-optical 


polarized. If the beam is partially polarized, 


Sh > Sp+ S34 

In the Mueller calculus, the 
represented by the four-component Stokes vector, 
written as a column vector. This vector has all real 
elements and gives 
properties of the beam. Thus it is not able to handle 
problems involving phase changes or combinations of 
two beams that are coherent. The instrument matrix 
is a 4x 4 matrix with all real elements. 

In the Jones calculus, the Jones vector representing 
the incident beam is a two-component column vector 
that generally has complex elements. It contains 
information about the amplitude properties of the 
beam and hence is well suited for handling problems 
involving the phases of light waves. However, it 
cannot handle problems involving depolarization, as 
the Mueller calculus can. The Jones instrument matrix 
is a 2x2 matrix whose clements are generally 
complex. The Jones calculus is well suited to problems 
involving a large number of similar devices arranged 
in series in a regular manner and makes it possible to 
obtain a result expressed explicitly in terms of the 
number of such devices. The Jones instrument matrix 
ofa train of transparent or absorbing nondepolarizing, 
polarizers and retarders contains no redundant 
information. The matrix contains four elements, 
each of which has two parts, so that there are a total 
of eight constants, none of which is a function of any 
other. The Mueller instrument matrix of such a trai 
contains much redundancy; there are 16 constants but 
only 7 of them are independent. More information 
about the Poincaré sphere and the Mueller and Jones 
calculus is available in other references. 


incident beam is 


information about irradiance 


Electromagnetically Induced Transparency. Magneto- 
optics: Faraday Rotation, CARS, ODMR, ODSR, Optical 
Pumping; Interband Magnetoabsorption, Cyclotron 
Resonance, Spin Flip Raman Scattering, 
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Introduction 


Hooke postulated, in the seventeenth century, that 
light waves must be transverse but his idea was 
forgotten. Young and Fresnel put forward the same 
idea in the nineteenth century and accompanied their 
postulation with a theoretical description of light 
based on transverse waves. Forty years later, Maxwell 
proved that light must be a transverse wave and that 
E and H, for a plane wave in an isotropic medium 
with no free charge and no currents, are mutually 
perpendicular and lie in a plane normal to the 
direction of propagation, k. 

Convention requires that we use the electric vector 
to label the direction of the electromagnetic wave’s 
polarization. The direction of the displacement vector 
is called the direction of polarization and the plane 
containing the direction of polarization and the 
propagation vector is called the plane of polarization. 
The selection of the electric field is not completely 
arbitrary, except in relativistic situations, when v ~ c, 
the interaction of the electromagnetic wave with 
matter will be dominated by the electric field. 

Assume that a plane wave is propagating in the 
direction. In complex notation, the plane wave is 
given by 


Baby clerk <p, glee) m 
The procedure used to decompose an arbitrary 
polarization into components parallel to two axes of 
a Cartesian coordinate system, is a technique used 
extensively in vector algebra to simplify mathematical 
calculations. According to the mathematical forma- 
lism associated with this technique, the polarization 
is described in terms of a set of basis vectors, ¢: 
An arbitrary polarization would be expressed as 


E=) ae 21 
Et 
The set of basis vectors, ¢,, are orthonormal, ie. 


isj 
} BI 
i4j 


where we have assumed that the basis vectors could be 
complex. We mention this mathematical formalism, 


because an identical formalism is encountered in a 
description of spin. 

In a Cartesian coordinate 
unit vectors i,j, k. The summation in eqn [2] extends 
over only two terms because the electromagnetic 
wave is transverse, confining E to a plane normal to 
the direction of propagation (according to the 
coordinate convention we have selected, the E field 
is in the x,y plane}. 


stem, the e's are the 


Polarization Ellipse 


Following the formalism of eqn [2], a polarized 
wave can be written in terms of the x and y 
components of Ep 


= Fgy HHI Be, olrtthh A] 


We will use only the real part of E for manipulation, 
to prevent errors. We divide each component of the 
electric field by its maximum value, so that the 
problem is reduced to one of the following two 
sinusoidal varying unit vectors: 


= costot ~ kz + by) 


= cos(wt — kz)eos by — sin(wt ~ kz)sin dy 


Evy 


= cos(ut — kz)cos dy — sin(wt ~ kz)sin by 
Is] 


When these unit vectors are added together, the 
resulting equation will describe the path taken by the 
tip of the resultant vector. The path will create a 
Lissajous figure. 

To obtain the equation for the Lissajous figure, 
we eliminate the dependence of the unit vectors on 
(ot ~ kz). First, multiply the equations by sin ¢ and 
sin 1, respectively and then subtract the resulting 
equations. Second, multiply the two equations by 
cos @y and cos dy, respectively and then subtract the 
new equations. These two operations yield the 
following pair of equations: 


Ex 
Ene 


Ey 
sin dy — 


cos(ot ~ kz)[cos $y sin $y — sin 4, cos dy] 


sin dy 


[6] 
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= sin(ut ~ kz)[cos 4, sin dy — sin dy cos dy] 

71 
The term in brackets can be simplified using the trig 
identity 


sin = sin(ds ~ 4) 


= cos dy sin gy —sin gy cosdy [8] 


After replacing the term in brackets by sin 6, the two 
equations are squared and added yielding the 
equation for the Lissajous figure: 


Broke 


EqxEoy 
The trig identity 


Jes Bain? 


191 


0s by ~ 1) = cos y cos dy + sin dy sin dy 


was also used to further simplify eqn [9]. 
Equation [9] has the same form as the equation of 


A: 


Bxy + Cy" + Dx + Ey+F=0 
Geometry defines the conic as an ellipse because, 
from eqn [9] 


This ellipse is called the polarization el 
orientation of the ellipse, with respect to the 


__ 2BaxEoy cos 5 
Ege — Eoy 


The tip of the resultant electric field vector 
obtained from eqn [4] traces out the polarization 
ellipse in the plane normal to k, as predicted by 
eqn [9]. The ratio of the length of the minor to the 
major axis of the ellipse is equal to the ellipticity, 
@, ie., the amount of deviation of the ellipse from 
a circle 


6 — Eoy sin dy cos 6 


=F, cos Gc OE, cog, ang {1 


Figure 1 General form of the lips described by eqn [9] 
Reproduced with permission from Guenther RD (1990) Modern 
Optics. New York: John Wiley and Sons. 


In particle physics, the light would be said to have 
a negative helicity if it rotated in a clockwise 
direction. If we look at the source, the electric vector 


seems to follow the threads of a left-handed screw, 
agreeing with the nomenclature that left-handed 
quantities are negative. However, in optics the light 
that rotates clockwise, as we view it traveling toward 
us from the source, is said to be right-circularly 
polarized, The counterclockwise rotating light is 
left-circularly polarized, The association of right- 
circularly polarized light, with ‘right-handedness’ 
in optics, came about by looking at the path of 
the electric vector in space at a fixed time, then 
tan y= tan(d — kz) (Figure 1) 


Stokes Parameters 


In the formalism associated with eqn [2], the 
expansion coefficients, a), can be used to form a 
2-2 matrix which, in statistical mechanics, is called 
the density matrix and in optics, the coherency 
matrix (Table 1). The elements of the matrix are 
formed by the rule 


Py = aa 


112) 


The matrix is Hermitian, so that p, = p. We will not 
develop the theory of polarization using the coher- 
ency matrix, but simply use the coherency matrix to 
justify the need for four independent measurements to 
characterize polarization. There is no unique set of 
measurements required by the theory, but normally 
measurements made are of the Stoke's parameters 
which are directly related to the parameters of the 
polarization ellipse of eqn [9]. 

The Stokes parameters of a light wave are 
measurable quantities, defined as: 


9 => Total flux density 
51 = Difference between flux density transmitted by a 
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Table 1 Typical Stokes vectors 


Horizontal 7 Vertical polarization [1 
polarization 1 = 
0 0 

0 
1-45 polarization [? —45° polarization : 
0 ° 
1 es 
° 0. 
Right circular s) Lett circular 1 
polarization o polarization ° 
o o 
1 4 


linear polarizer oriented parallel to the 
and one oriented parallel to the y-axis. The x and 
yraxes are usually selected to be parallel to the 
horizontal and. vertical directions in the 
laboratory. 

2 = Difference between flux density transmitted by a 
linear polarizer oriented at 45° to the x-axis and 
one oriented at 135°. 

53 = Difference between flux density transmitted by a 
right-circular polarizer and a. left-circular 
polarizer. 


Ifthe Stokes parameters are to characterize the pol- 
arization of a wave, they must be related to the 
parameters of the polarization ellipse. It is therefore 
important to establish that the Stokes parameters 
are variables of the polarization ellipse (eqn [9]).. 

In its current form, eqn [9] contains no measurable 
quantities and thus must be modified if it is to be 
associated with the Stokes parameters. The time 
average of the Poynting vector is the quantity observed 
when measurements are made of light waves. We 
must, therefore, find the time average of eqn [9] if we 
wish to relate its parameters to observable quantities. 

The time average eqn [9] can now be written as 


(2) EB) EE) 
EE Ez 27 EE oa é (13) 
where time average is denoted by () 
on 1 pest 
(B)= rf, 2. [eos(ut — kz}cos by 
= sin(wt — kz)sin by de 4) 


With the time averages, eqn [13] can be written as 


(Ej, + Ety)” — (Eby ~ Ety) ~ 2Eo,Egy cos 8)” 


= (2EnEvy sin 6)" (5) 


Each term in this equation can be identified with a 
Stokes parameter: 


= (Epe) + (Edy) 51 = (EG) — (Ey 
‘ YE) 61 = KE) ~ Ei) 
$2 = (2EocE0y €08 8) $5 = (2BayEoy sin 8) 
Equation [15] can now be written as 
a7) 


For a polarized wave, only three of the Stokes 
parameters are independent. This agrees with the 
requirement placed upon elements of the Hermitian, 
coherency matrix, introduced above. 

With this demonstration of the connection between 
the Stokes parameters and the polarization ellipse, the 
Stokes parameters can be written in terms of the 
parameters of the polarization ellipse. 


51 = 5) cos 2g cos 20 


5) = 5 €08 2g sin 20 11s} 


5 = 5 sindp 


Mueller Calculus 


Mueller pointed out that the Stokes parameters 
can be thought of as elements of a column matrix 
or a 4-vector (Table 2) 


9} 


3 


Each element of the Stokes vector represents a 
measurable intensity. The vector can represent not 
only polarized light, but unpolarized or partially 
polarized light. 

In 1929, Soleillet discovered that an optical device 
performed a linear transformation on the input wave 
and, in 1942, Perrin put this fact into a matrix 
formalism involving the Stokes vectors: 

8, = M-8q 120) 
Mueller used experimentally derived 4X 4 matrices, 
the M in eqn [20], to describe the effect of an 
optical device on a light wave’s polarization. The 8°s 
in eqn [20] are column matrices whose elements 
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Table 2 Muollor matrices for polarizers 


Table 3 Mueller matrices for retarders 


Polarizer Transmission axis Mueller mat Rotarder Transmission axis Muellor matrix 
Linear Horizontal arava 8 Quarterwave plate Horizontal ie aa 
1]1 100 01 00 
Zlooo00 oo 01 
0000 00-10 
Vertical 4-100 Vertical oo 0 
1f-1 100 o10 0 
2] 0 000 000-1 
0 000 001 0 
145° facie aaa 100 0 
1Joo00 ooo +4 
2]: 010 carrer 
0000 Gere) 
as 10-10 - 1 000 
s[ oo 00 ok cavae 
2]-10 10 Ce er 
00 00 oe Shane 
Sensi Fight Halt-wave plato 0° or 90° Va 6 
1 o1 0 
‘ a oo 
4 oo 0 ~ 
Lot area ore 1 00 0 
1] 000 0 eek 
2] 000 0 is 16 
1004 0 00 - 
are the Stokes parameters (eqn [16]). The matrix contains no information about absolute phase 


matrices are based upon an assumed linear relation- 
ship between the incident and transmitted beams 
(Table 3). 

‘The analysis of the effect of a number of polarizers 
and retarders is made easier by the use of the 
MuellerStokes matrix calculus, coupled with the 
use of the Stokes vectors. To determine the Mueller 
matrices, one must measure the effect a device has 
on unpolarized, horizontally polarized, linearly 
polarized at +45°, and right-circularly polarized 
light. It is then an algebraic exercise to generate the 
elements of the matrix. A few optical devices and 
their Mueller matrix are listed in Tables 2 and 3. 

The Mueller matrix contains 16 parameters but 
there are only seven independent parameters. The 


but it handles partially polarized and unpolarized 
light without modification (Table 4). 


Jones Vector 


There is one other representation of polarized light, 
complementary to the Stokes vector, developed 
by Clark Jones in 1941 and called the Jones vector. 
It is superior to the Stokes vector in that it handles 
light of a known phase and amplitude with a reduced 
number of parameters. However, it is inferior to the 
Stokes vector in that, unlike the Stokes. represen- 
tation, which is experimentally determined, the Jones 
representation cannot handle unpolarized or partially 
polarized light. The Jones vector is a theoretical 
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construct that can only describe light with a well- 
defined phase and frequency. The density matrix 
formalism can be used to correct the shortcomings of 
the Jones vector, but then the simplicity of the Jones 
representation is lost. 

‘Assuming the coordinate system is such that the 
electromagnetic wave is propagating along the z-axis, 
it was shown earlier that any polarization could be 
decomposed into two orthogonal E. vectors, i.c., 
parallel to the x and y directions. The Jones vector is 
defined as a two-row, column matrix consisting of the 
complex components in the x and y direction: 


Egy ofetkett 
Ey, etki) Pal 


Table 4 Jonas vectors 


Horizontal 
polarization 


Vertical 
polarization 


1-45 polarization 


Right circular 


1 
polarization polarization 


] 
| —45° polarization 
] 


Loner = 4 1] 
L~J 


Table 5 Jonas matrices for retarders 


If absolute phase is not an issue, then we may 
normalize the vector by dividing by that number 
(real or complex) that simplifies the components but 
keeps the sum of the square of the components equal 
to one, For example, assume that Ep, = Eoy, then 


1 


The normalized vector would be the terms contained 
within the bracket, each divided by +. 
‘The general form of the Jones vector is 


[| 
E= Et =[A'B"] 
B 


Some examples of Jones vectors are shown in Table 4. 


E=E 


Jones Calculus 


The Jones calculus is complementary to the Mueller 
calculus and operates on the Jones vector, (eqn [23], 
similar to the way the Mueller matrix operates on the 
Stokes vector (Table 5). 

The Jones matrix contains eight independent 
parameters with no redundancy, making it simpler 
than the Mueller calculus. However, the Jones 
calculus only applies to polarized light. The Jones 
calculus can be extended, using the density matrix 
formalism to allow manipulation of unpolarized 


Table 6 Jonas matrices for polarizers 


otardeor Transmission as Jones mairx Polarizer Transmission axis “ones matric 
Horizontal emo Linear Horizontal ae 
0 
Vertical aa Vertical oo 
o oe o1 
+45° afte +45" 14 
2li 1 14 
Quarterwave plato —45* | _ ‘Paced 
2,71 1] 2]-1 1 
Halt-nave plate © or 90" 1 0 Circular Right apt 
1 = Zi 4 
+45" ot Loft apt 
10 2L-1 4 
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light, but with a loss of simplicity. The matrix 
equation for Jones calculus is 

Bou = WEnn (241 
A few optical devices and their Jones matrices, W, 
are listed in Tables 5 and 6. 

For every matrix in Jones calculus, there is a matrix 
in Mueller calculus, but the converse is not true. 
For example, it is possible to construct a depolarizer, 
by using a thick piece of opal glass in the visible or by 
using gold covered sandpaper in the infrared. Such a 
device can be described in Mueller calculus, but there 
is no matrix for such a device in Jones calculus 


(Tables 5 and 6). 


See also 
Polarization: Introduction. 
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The quantization of the free electromagnetic field is 
explained by analogy with the quantization of a 
collection of harmonic oscillators. 


Brief History 


The first step in the formulation of the quantum 
theory of the electromagnetic field (EMF) was the 
‘quantum hypothesis’ put forward in 1900 by Planck. 
According to this hypothesis the exchange of ene1 
between the EMF and the cavity walls occurs in 
portions hy, where h ~ the quantum of action ~ is a 
new fundamental constant (the Planck constant) and v 
is the frequency of the material oscillator in the wall. 
ith the help of this hypothesis Planck explained 
the spectrum of the electromagnetic radiation in 
thermodynamic equilibrium with the cavity walls. 
The second step was made in 1905 by Einstein, who 
postulated that the quantum hypothesis of Planck 
should be applied directly to the EME. The assump- 
tion that the energy of the electromagnetic radiation 
is carried by light quanta (named photons by Lewis in 
1926), each of energy hy, enabled Einstein to explain 


the puzzling properties of the photoelectric effect, 
namely, the gross disparity between the tiny classical 
energy flux delivered to an electron and the amount of 
energy needed to eject the photo-electron from the 
metal. After the formulation of quantum mechanics, 
it became possible to complete the quantum theory of 
the EMF (Dirac 1927) by applying the general rules 
of quantization to the classical Maxwell theory. 
However, this theory ran into difficulties when it 
was applied to the interaction of the EMF with 
charged matter. 

‘The lightest carriers of the electric charge are the 
electrons and their dynamics determines to a very 
large extent the electromagnetic properties of ordin- 
ary matter. The main principles of quantum electro- 
dynamics (QED) ~ the theory unifying the quantum 
theory of the EMF and the relativistic theory of 
electrons (Dirac 1928) — have been set forth by 
Heisenberg and Pauli already in 1929 but the proper 
tool (renormalization theory) to perform highly 
accurate calculations was developed by Feynman 
and Schwinger in 1949. In 1967 QED was unified by 
Weinberg and Salam with the theory of weak 
interactions. Later, after the unification with the 
theory of strong interactions, QED became part of the 
so called ‘standard model’ — the present day theory of 
elementary ingredients of matter: quarks, leptons, 
gluons, intermediate bosons, and photons. Therefore, 
the modern quantum theory of the EMF is not a self- 
contained theory but part of a much more encom- 
passing theory. Often it requires some input from a 
more general theory or from phenomenology. How- 
ever, the quantum theory of the EMF with only a very 
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crude description of its coupling to the rest of the 
world (for example, in the form of boundary 
conditions or constitutive relations) is still not only 
a good starting point to a more elaborate theory but 
also a source of important information about the 
behavior of photons under realistic conditions. The 
main reason why treating photons as free particles 
gives a reasonably good approximation is the 
smallness of the Sommerfeld fine structure constant 
a=e'/4mephc ~ 1/137 that measures the strength of 
the clectromagnetic interactions between photons 
and charged particles. 


Electromagnetic Field as a Collection 
of Harmonic Oscillators 


In order to apply the same quantization procedure as 
in quantum mechanics, it is useful to formulate 
classical electrodynamics in a way that exhibits its 
close relationship with mechanical systems. Many 
properties of the electromagnetic field may be 
described and understood in the simplest case of the 
free field. Therefore, in this article we restrict 
ourselves to the quantum description of the free EMF. 

It was discovered by Rayleigh and Jeans that the 
electromagnetic field may be viewed as a collection of 
harmonic oscillators. This analogy enables one to 
apply well-established methods of simple quantum 
mechanics to describe the much more complicated 
problem of the quantum field. The dynamics of 
a single, one-dimensional harmonic oscillator is 
governed by the Hamiltonian: 


ph, mag? 


Ho.g= $+ 


The equations of motion for the position and 
momentum of a harmonic oscillator have the same 
form in classical and in quantum theory: 


dat) _ pe) pte) 


eas. a = Tm gtt) 


The solutions of these equations describe harmonic 
oscillations with the frequency w 


lt) = 40 coset) + (Pome) sin(ot) 
pit) = ~magy sin wt) + py cos(ot) 


A complete description of a multidimensional 
harmonic oscillator may be obtained in terms of 
normal modes. The transformation to normal 
modes leads to a decomposition of the Hamiltonian 
of the system into the sum, one term for each 


mode, 


bi, moka 
nay (fi + meiat) 
z Bm 2 


Thus, each mode may be viewed as a separate 
system — a one-dimensional harmonic oscillator 
with characteristic frequency @, — noninteracting 
with the remaining oscillators. 

The Maxwell equations for the free EMF read 


Bo.) = —Vx De, ple, VBE.) = 0 
aD.) = Vx Be, H/u, VDE,1) = 0 


Inthe vacuum, the constants ¢ and z must be replaced 
by e and pio. The Maxwell equations lead to the 
wave equation for the vector D(r, t) 


; 3)pe. n=0 


and to the same equation for the vector B(r,). The 
solution of this equation obtained by the separation 
of variables has the form 


De.) = attyu(r) 


where a(t) satisfies the harmonic equation 


p 


d 2, 
itera 


0 


and u(r) satisfies the Helmholtz equation 


(A+ (w/e? utr) = 0 


Without going into mathematical details we shall 
assume that there exist a complete set of vector 
functions uj(r), called the mode functions, satisfying 
the Helmholtz. equations 


(A+ (ole?) = 0 


the divergence condition V-uj(r)=0, the ortho- 
normality conditions 


fern u(t) = Sy) 


and also the appropriate boundary conditions. In 

most cases of physical interest such a set does exist. 
Given the set of mode functions uy(r) one may 

expand the vector field D(r,t) at each f into the series 


De.n= 


Trou 
7 


The minus s 


n is purely conventional; it makes the 
correspondence with the harmonic oscillator a closer 
one. The same procedure may be repeated for the 
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vector B with a different complete set of functions 
y(t), resulting in the decomposition 


Bort) = ¥ gultvatr) 
= 


The Maxwell equations are satisfied if the coefficient 
functions p(t) and qy(t) obey the equations of motion 
for harmonic oscillators, 


dgult) _ alt) dpgit) 
dr e a 


-ew'ge(t) [1] 


and the functions vg(r) are related to up(r) by the 
formulas 


vp(t) = VX u(r) 


Note that the electric constant e plays the same role as 
the mass for a mechanical oscillator. The calculation 
of the Hamiltonian, the total field energy, 


completes the reduction of the electromagnetic field 
toa collection of harmonic oscillators. Upon inserting 
the representation of the field vectors in terms of the 
complete set of functions uy(r) into the integral, one 
obtains the following formula 


= (ei , ota 
ux (# ‘s) 


which differs from its mechanical counterpart only by 
the replacement m—, The time dependence has 
been omitted here because the Hamiltonian is a 


constant of motion. 


Mode Functions 


The simplest example of a complete set of mode 
functions is that obtained for a rectangular metallic 
cavity. In this case the functions uy(r) may be expressed 
in terms of trigonometric functions. In order to write 
them down, itis convenient to replace one label k by a 
collection of three numbers 1 = (Ky, Ky» Kz} and an 
additional index A taking on the values 1 and 2. The 
mode functions t,(r) satisfying the proper boundary 
conditions have the following components 


a2 cos(ex) sin(gy) sin(2) 


tea(t) = N]_ al? sin(x,x) coste,y) sint.2) 


al” sin(,x)sin(,y) cost2) 


where N= /8L,L,L), the coefficients {x,, «,,«} 
have the form (xy, Ky. Kg} = (arMg/Lg, WMy/Ly, T/L) 
and all the n’s are natural numbers. The components 
of both vectors al” are subjected to the conditions 
real" = 0 (vanishing divergence) and orthonormali- 
zationa”-a\*) = 8,,. For each set {x,, Ky, K,} one must 
choose two independent solutions of these conditions 
al” and a. These two vectors define two states of 
linear polarization. The mode function u(t) is a 
solution of the Helmholtz equation for the value of 
‘ole equal to the length of the vector «. The expansion 
of the EMF vectors into the mode functions in a 
rectangular cavity has the form 


DEE.) = — Y Pealttealt) 


BED =F galOV Xteale) 


where the summation extends over all allowed 
values of « and two values of A. One may explicitly 
write down mode functions also for a cylindrical 
and for a spherical cavity. They involve Bessel 
functions and are obtained by solving the Helmholtz 
equation in cylindrical and spherical coordinates, 
respectively 

One often uses another set of mode functions that 
does not correspond to any physical boundary 
conditions but is very helpful in the theoretical 
analysis. It is obtained by imposing the so-called 
periodic boundary conditions that were first intro- 
duced by Born in the study of crystal lattices. 
The periodic boundary conditions require that the 
electromagnetic field is periodic in space; it does not 
change when the coordinates are displaced by the 
‘period of the lattice’ in all three directions. Assum- 
ing, for simplicity, that this period is the same, equal 
to L, in all directions, one obtains the following 
conditions for the mode functions 


g(r) = u(r + Li) = uy(e + Liy) = u(r + Li 


where i, are the unit vectors in the directions of 
the coordinate axes. The complete set of solutions 
of the Helmholtz equation satisfying the periodic 
boundary conditions is labeled by the wavevector 
k= (2an/L,2an/L,2nJL}, where all the n’s are 
arbitrary integers, and by the polarization index A. 
The value of wie in the Helmholtz equation is 
equal in this case to the length of the vector &. 
Each member of the set ty, has the form 


1 
Bu) = Tren expt) 1 


How It Works 


and to the left. The square blue 10K trimmers are 
set to opposite ends of their scales, so that the 
meter will show current flowing when the tactile 
switch is pressed. 


Figure 3-9. A breadboarded triac test circuit. 


Breakover Voltage 
Hfamuch higher voltages applied to A2, the triac 
can be forced to conduct current without any 
triggering voltage being applied tothe gate. This 
‘occurs when the potential between Al and A2 
reaches the triac’s breakover voltage, although 
the component is not designed to be used this 
way. The concept is illustrated in Figure 3-10, 
which can be compared with the behavior of an 
SCR illustrated in Figure 1-8 and the behavior of 
adiac shown in Figure 2-5. While the term break- 
down voltage defines the minimum reverse volt- 
age required to force a diode to conduct, break- 
over voltage refers to the minimum forward volt- 
age that has this effect. Because a triac is de- 
signed to conduct in both directions, it can be 
thought of as having a breakover voltage in both 
directions, 


In Figure 3-10, the numbers in yellow squares are 
the quadrants referred to in Figure 3-6. The soli 
curve represents current flow if triggering volt- 
age is applied to the gate while a positive or neg- 
ative potential is applied to A2, relative to Al. If 
the gate is not triggered while the voltage be- 


discrete semiconductor > thyristor > triac 


tween Al and A2 gradually increases, the dashed 
section of the curve illustrates the outcome 
when the component reaches breakover volt- 
age. Although this may not damage the triac, the 
component becomes uncontrollable. 


+ In normal usage, the voltage between Al 
and A2 should not beallowed to reach break- 
over level 


Voltage 
between Al and A2 


positive > 


Figure 30. The solid curve shaws current passing be 
tween AI and A2 ina hypothetical tric. for varying votag- 
es, while triggering voltage is applied to the gate. The 
dashed curve assumes that na triggering voltage is ap 
piled to the gate. The numbers in yellow squares are the 
‘quadrants of triac operation. 


Switching AC 
“Switching” AC with a triac means interrupting 
each pulse of current so that only a portion of it 
is conducted through to the load, Usually this is 
done with the triac functioning in quadrants 1 
and 3. In quadrant 3, the polarity of the flow be- 
tween Al and A2 is opposite to that in quadrant 
1, and the gate voltage is also reversed. This 
enables a relatively simple circuit to control the 
duration of each half-cycle passing through the 
triac. The theory of this circuit Is shown in 
Figure 3-11. 
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where V = L?. The polarization vectors e,, must be 
orthogonal to the wave vector k. It is convenient 
to impose the unitary orthonormality conditions e,* 
€{4 = dy and also to assume that ¢{, = 4. The 
expansion of the EMF vectors into the mode 
functions obeying the periodic boundary conditions 
has the form 


Den) 


1 
a7 YPawene™* 
m BI 


Bo.) = we Quik Ene 


where the sum extends again overall allowed values of 
the vectors k and over two values of A. The expansion 
coefficients Py, and Qy, are now complex. In order to 
guarantee that the field vectors are real, they must obey 
the conditions 


Pia = Pata, Qin = Qa 


These conditions are satisfied if Py, and Ox, are 
parametrized by the real (but otherwise arbitrary) 
variables py, and qua 


Py = Plat Poa, 20d ~ Fa) 
BESS 2h 2 
data , Pa Pa) 
Qu = z ew, 


The energy of the EMF splits again into a sum of 
independent contributions from all the modes 


H=Yoa 


ry 


PraPia , 8 Aba gba 
Zee 2 


An important property of the periodic mode 
functions [2] is that not only the Hamiltonian but 
also the total momentum of the field splits into a sum 
of independent contributions. The total momentum P 
of the EMF is 


p= [airpxe 


Upon substituting into this expression the expansions 
[3] of the field vectors, one obtains, with the use of the 
orthonormality conditions, 


PraPia . 20udadin 
BS Dee + 2 ) 


Canonical Quantization 


The canonical quantization in quantum mechanics 
consists in replacing the c-numbers representing 
the classical canonical variables q, and py by the 
operators 4 and fy. These operators are assumed to 
obey the canonical commutation relations 


[Ge Pr] = ih ur 4) 


The canonical quantization of the EMF may 
proceed along the same lines as in quantum mech- 
anics. All the variables q, and py appearing in 
the decomposition into normal modes are replaced 
by the operators. When this is done, the field vectors 
B and D become the field operators B and D and 
the expression for the energy of the field becomes the 
Hamiltonian operator FT 


A= ree 


2 


The only difference between quantum mechanics and 
quantum field theory is that in the second case the 
number of canonical variables is infinite but this may 
cause complications only when one wants to give the 
quantum theory of the EMF a firm mathematical 
foundation. In physical applications one may think 
of the number of field oscillators as being very large 
but finite. 

Time evolution of a quantum system is described 
by associating the time dependence either with the 
operators (the Heisenberg picture) or with the 
state vectors (the Schrodinger picture). In both 
pictures the time dependence is governed by the 
system Hamiltonian. In the Heisenberg picture 
the time dependence of the operators is given by the 
commutators with FT 


djl) _ Ve py _ belt) 

a (xc. fn) = 
di) 1 2 
PO = Tio. M1 = ~eukn 


These equations have the same form as in the classical 
theory (cf. eqn [1]). Therefore, in the Heisenberg 
picture the field operators will also obey the same 
equations as in the classical theory ~ the Maxwell 
equations: 


a,Ber.) = -Vx De, dle, VB) =0 


a,De.) =VxBo,t/u, VDo,t) = 0 
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Of course, the average values of the field operators 
evaluated in both pictures are the same and for every 
quantum state they obey the classical Maxwell 
equations. 

‘The commutation relations [4] for the canonical 
operators and the completeness of the mode functions 
imply the following equal-time commutation 
relations for the field operators 


[B,0,0, De, 91 = it Y 2,48, — 2) 
rs 


These relations do not depend on the choice of the 
mode functions. They summarize in a universal 
manner the canonical properties of the electro- 
magnetic field operators. 


Annihilation and Creation Operators 


The canonical variables qy and py are convenient for 
bringing home the analogy between mechanical 
oscillators and wave fields. However, there exists 
also a complementary, corpuscular aspect of the 
quantum theory of the EMF and that is most easily 
expressed in terms of photons. The best way to 
describe photons in quantum field theory is in 
terms of annihilation and creation operators. These 
operators were introduced by Schrodinger in the 
context of the quantum-mechanical harmonic 
oscillator but they have become really indispensable 
in quantum field theory. Formally, the annihilation 
4 and the creation a, operators are defined as the 
following complex combinations of canonical 
operators 


15] 


Annihilation and creation operators are dimension- 
less, one is the Hermitian adjoint of the other, and 
they obey very simple commutation relations: 


(ae. = bur 6) 


The Hamiltonian expressed in terms of annihilation 
and creation operators reads 


: ie 
= Shonda + 5 Yh 71 
t F 


This Hamiltonian determines the following time 
dependence of the annihilation and creation operators 


g(t) = & exp(—ieyt), Gye) = a), explicyt) 


‘The field operators expressed in terms of annihila- 
tion and creation operators corresponding to the 
periodic boundary conditions are 


hace M+ He. 


tak X qe" + Hc. 


where H.c. stands for the Hermitian conjugate of the 
first term. In the limiting case for infinite empty space, 
when V—+00, the Fourier sum becomes the Fourier 
integral: 


Ben= id fers FA latome 
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In this case, the commutation relations involve the 
(three-dimensional) Dirac delta function 


[a,(),4/(K)] = 88% —K) [3] 


The field operators may also be expressed in terms of 


the vector potential operator A(r,) 
Der.) = 2a, Acr,1), Bo.) = Vx AC) 
F se Lt x 
Aa.o fee (@y(k)eyye rt 
0=¥ | Pky aca aes 
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The vector potential is needed for the description of 
the interaction with charged particles. 


Space of Quantum States 


The standard basis in the space of quantum states 
consists of the state vectors of stationary states ~ the 
eigenvectors of the Hamiltonian. 
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Vacuum State 


The lowest energy state of the EMF - the ground 
state of the system — is often called the vacuum state. 
The state vector describing the vacuum state is 
denoted by 10). The vacuum state is the common 
ground state of all harmonic oscillators making up 
the EME. Since the ground state of a single harmonic 
oscillator has the energy fuy2, the energy of the 
ground state for an infinite number of oscillators is 
infinite (last term in eqn [7]). This infinity has no 
physical consequences because only the energy 
differences are observable. In the presence of 
obstacles (mirrors, resonators, beamsplitters, etc.), 
owing to the change in the mode structure, there will 
be a change in the energy of the new ground state 
relative to the energy in empty space. The energy 
differences between various ground states do have 
physical significance. 


Fock Basis 


It follows from the commutation relations [6] and 
from the form [7] of the Hamiltonian that the operator 
4, decreases the energy of the EMF by the Planck 
quantum of energy fiw. Therefore, all operators ay 
must annihilate the ground state vector, 4,l0) = 0, 
because there is no state with a lower energy. Each 
creation operator 4, acting on any state vector adds 
‘one excitation with the energy fiw,. These excitations 
of the electromagnetic field with characteristic ener- 
gies fiw, are interpreted as photons. The state vectors 
of the form 4,10) describe one-photon states, the state 
vectors of the form 4,a)l0) describe two-photon 
states, etc. All the vectors generated from the vacuum 
state vector by acting with the creation operators form 
a basis, called the Fock basis. The general state vector 
of this basis is characterized by a sequence of natural 
numbers {, 71), ...} and is generated from the vacuum 
state according to the formula 


Iya rtys es.) = (ory ge) P@GY®...10) [9] 
where the prefactor is needed for normalization. The 
number ny tells us how many photons of type & are 
present in this state. The spatial structure of a field 
excitation created by a, is described by the mode 
function u(r). Thus, this mode function plays the 
same role as the wavefunction yr) of a massive 
particle and the set of indices labeling the mode 
functions is the analog of quantum numbers for U(). 
In particular, for the mode function [2], the photons. 
have a definite momentum fk. In a cylindrical 
waveguide the photons may have a definite momen- 
tum only along the axis of the cylinder. In a spherical 


cavity the photons may have the definite value of 
square of the total angular momentum and its projec- 
tion on a given axis. The Fock states are highly 
nonclassical; all average values of the EMF in these 
states vanish. 

All states of the EMF are either pure or mixed 
Pure states are described by all linear superpositions 
of the basis states. In particular, by superposing 
photon states with a range of energies, one may 
form nonmonochromatic photon wavepackets. All 
superpositions are allowed since photons do not have 
any absolutely conserved quantum numbers (like, 
e.g., charge). Mixed states are described by the 
density operators. Among the mixed states the 
prominent role is played by the thermal state 
describing the EMP in equilibrium with a reservoir 
at temperature T. 


Coherent States 


The one-mode coherent states la) are obtained from 
the vacuum state by the action of the unitary 
displacement operator D(a,a") 


la) = D(a,a’)l0) = e%# 410) = ee 0) 

where @ and a’ are the annihilation and creation 
operators corresponding to a given mode. Coherent 
states are superpositions of an infinite number of 
Fock states. The multimode coherent state is 
generated by the product of displacement operators 


De (andy ~ ajau) 

ley, é \ 

In reality, the coherent states are generated by the 
action of an external (strong) time-dependent electric 
current. In that case the coefficients a, are the 
projections of the current on the mode functions. 
The average values of the field operators (B,(r, #)) and 
(D\(e,0) in coherent states are the solutions of the 
Maxwell equations in the presence of an external 
electric current. 


Entangled States 


The states of the EMF describing photons in different 
modes may exhibit correlations. The simplest such 
state is a two-photon state of the form Id)= 
2>(a)4) + @a4)10). In this case, when one photon 
is found, say, in the state 1, the other will be found 
with the probability 1 in the state 2. The states that 
exhibit correlations between photons belonging to 
different modes are called the entangled states. 


QUANTUM ELECTRODYNAMICS / Quantum Theory of the Electromagnetic Field 217 


Correlations occur also in the classical theory, 
but only for statistical mixtures when there is a 
loss of information. In quantum theory the 
correlations may arise even without a loss of 
information, i.e., for pure states. A striking feature 
‘of entangled states is that the decomposition of 
such a state into a sum of Fock states is not 
unique. For example, the state vector |) may also 
be written in the form Id) =2~!(ayay, + yay 10), 
ra — a), 
+4). Entangled 
states play a crucial role in quantum information 
theory, especially in quantum cryptography. 


Quantum Fluctuations and the 
Uncertainty Relations 


It follows from the basic principles of quantum theory 
that there are no states of the system for which both 
canonical variables q and p have sharply defined 
values. The limits on the quantum fluctuations 
(variances) of these values are determined by the 
uncertainty relation. The most stringent form of this 
relation obtained from the commutation relations [4] 
(for a single mode) reads 


n> (898) + ap 84)? 
HP, 4848p + Bb8ay 


(agape = 7 [10] 
where 84 =4— (9), 8) (B), (Ag? = ((89)"), 
and (Ap)* = ((8p)"). The states for which this inequal- 


ity is saturated play a distinguished role in quantum 
theory. Since the uncertainty relation expresses the 
limitations on the quantum fluctuations of q and p, 
the best one can do in approaching the classical 
regime is to achieve equality in the uncertainty 
relation. That is why the quantum states that saturate 
[10] are viewed as the counterparts of the classical 
states. In the quantum theory of the EME, the 
uncertainty relations express the complementarity 
hetween the magnetic and electric fields. The better 
cone knows the magnetic field, the more uncertain is 
the electric field, and vice versa, However, the 
projections of the field operators B and D on the 
same direction commute (cf. eqn [5]). Therefore, 
there are no limitations on the magnetic and electric 
field values in a given direction and only the values in 
different directions are subjected to the quantum 
uncertainty relation. 


In the vacuum state the variances of q and p for 
each mode are 


(Agy uy 


h 
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and they saturate the uncertainty relation. These 
fluctuations are called the shot noise. Very often 
one uses_dimensionless quadrature operators 
X, =qGvlewlh and X, =pV2Uewk, whose fluctu- 
ations in the vacuum state are equal to 1. All coherent 
states have the same fluctuations as the vacuum 
state. They may be viewed in the phase space as 
the vacuum state displaced from the origin (corre- 
sponding to the vacuum state) by the mean values 
of qand p. 

Coherent states are not the only states that saturate 
the uncertainty relations. The other states with this 
property are called the squeezed states. The fluctu- 
ations of Xy and X2 for squeezed states are different 
from 1 but their product is still equal to 1, 
(AX PAX, 

Fock states have well-defined energies and 
numbers of photons since they are the eigenstates 
of the Hamiltonian. However, the phases of the 
EMP are maximally uncertain; they are evenly spread 
over the whole range from 0 to 27. That is why the 
average values of the field vectors vanish in all 
Fock states. 


Photon Picture of Light. Quantum Electrodynamics: 
Cavity QED. 
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Modit 
Tran: 


ication of the Spontaneous 
ion Rate in Confined Space 


In order to understand the modification of the 
spontaneous emission rate in an external cavity-like 
structure, it must be remembered that in quantum 
electrodynamics this rate is proportional to the density 
of modes of the electromagnetic field, ie, the vacuum 
field fluctuations above the atomic transition fre- 
quency wy. As a consequence the spontaneous emis- 
sion rate is increased if the atom is surrounded by a 
cavity tuned to the transition frequency. Conversely, 
the decay rate decreases when the cavity is mistuned 
This fact was already recognized in the pioneering 
days of nuclear magnetic resonance by Purcell. 

The spontaneous decay rate of the atom in the 
cavity, 7%, will then be enhanced in relation to that in 
free space, 1, by a factor given by the ratio of the 
corresponding mode densities 


2mQ _ _QAj 
Vows FaVe 


where V- is the volume of the cavity and Q is the 
quality factor of the cavity which expresses the 
‘sharpness’ of the mode. For low-order cavities V. = 
A} this means that the spontaneous emission rate is 
increased by roughly a factor of Q. As mentioned 
already, when the cavity is detuned, the decay rate will 
decrease. In this case the atom cannot emit a photon, 
since the cavity is not able to accept it, and the energy 
will stay with the atom, i.., its decay is inhibited. 

To change the decay rate of an atom, in principle no 
resonator has to be present; any conducting surface 
near the radiator affects the mode density and, 
therefore, the spontaneous radiation rate. Parallel 
conducting planes can alter the emission rate some- 
what but can only reduce the rate by a factor of 2 
owing to the existence of modes, independent of the 
plate separation with an electric field perpendicular to 
the planes. 

In order to demonstrate experimentally the modi- 
fication of the spontaneous decay rate, it is not 
necessary to go to single-atom densities. The experi- 
ments where the spontaneous emission is inhibited 
can also be performed with large atom numbers. 


However, in the opposite case, when the increase of 
the spontaneous rate is observed, a large number of 
excited atoms may disturb the experiment by induced 
transitions. The first experimental work on inhibited 
spontaneous emission was done by Drexhage, Kuhn 
and Schafer in 1974. The fluorescence of a thin dye 
film near a mirror was investigated. A reduction of 
the fluorescence decay by up to 25% was observed. 
Later experiments with microcavities filled with dye 
solutions were performed by de Martini et al. These 
experiments demonstrated that thresholdless lasing is 
possible in such systems. 

Inhibited spontaneous emission was observed by 
Gabrielse and Dehmelt. In these neat experiments 
with a single electron stored in a Penning trap they 
observed that cyclotron orbits show lifetimes which 
are up to 10 times longer than that calculated for free 
space. The electrodes of the trap form a cavity which 
decouples the cyclotron motion from the vacuum 
field leading to the longer lifetime. 

‘A new stage in experiments on cavity QED was 
reached when it was recognized that highly excited 
alkaline atoms are very suitable for these experi- 
ments. The main quantum numbers are in the range 
n= 20-60. Those so-called Rydberg atoms couple 
very strongly to the radiation field as will be discussed 
later. The transitions to neighboring states are in the 
microwave region. The cavities can therefore be built 
as low-order cavities with dimensions on the order of 
the wavelength of the transitions being in the mm or 
em regions. The spontaneous rate of these transitions 
in free space is small owing to the low value of 
their transition frequency, therefore an enhancement 
is possible. Experiments with Rydberg atoms on the 
inhibition of spontaneous emission have been per- 
formed by Kleppner and coworkers and by Haroche 
and coworkers. In the latter experiment a 3.4 pm 
transition of the Cs atom was suppressed. 

The first observation of enhanced atomic spon- 
taneous emission in a resonant cavity was published 
by Haroche et al. This experiment was performed with 
Rydberg atoms of Na excited in the 23s state 
in a niobium superconducting cavity resonant at 
340 GHz. Cavity tuning-dependent shortening of 
the lifetime was observed. The cooling of the 
cavity had the advantage of totally suppressing the 
black-body field. The latter effect is completely absent 
if optical transitions are observed, however, in this case 
it is more difficult to obtain low-order cavit 
The first experiments on optical transitions were 
performed by Feld and collaborators. They succeeded 
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in demonstrating the enhancement of spontaneous 
transitions even in higher-order optical cavities. 

In modern semiconductor devices both electronic 
and optical properties can be tailored with a high 
degree of precision. Therefore, electron-hole systems 
producing recombination radiation analogous to 
radiating atoms can be localized in cavity-like 
structures, ¢.g., in quantum wells. Thus optical micro- 
cavities of half or full wavelength size are obtai 
Both suppression and enhancement of spontaneous 
emission in semiconductor microcavities were 
demonstrated in experiments by Yamamoto and 
collaborators. Yablonovitch et al. proposed the use 
of photonic band gap structures in semiconductors. In 
those systems spontaneous emission is forbidden in 
certain frequency regions owing to the special 
material properties 


Energy Shift in Confined Space 


In the previous section we focused on changes of 
radiation rates of atoms near conducting walls or in 
cavity-like structures. Next we will discuss the more 
subtle phenomenon of energy shifts. While radiation 
rates are modified by the influence of the vacuum field 
on the real emission of photons the energy shifts are 
caused by the modification of a virtual photon 
interaction. 

Resonant and nonresonant phenomena have to be 
distinguished. The resonant self-energy shift of a 
decaying atomic dipole in the vicinity of a conducting 
wall can be determined from the average polarization 
energy produced by the image dipole field. For 
distances comparable to the wavelength the ne: 
field condition is satisfied, resulting in the 7 
dependence of the static dipole-dipole interaction 
characteristic for the van der Waals energy; under 
far-field conditions the distance dependence is given 
by z'. The polarization of the atom by the 
nonresonant parts of the broadband electromagnetic 
field causes energy shifts, of which the Lamb shift is 
the most prominent. In the sense of the nonrelativistic 
treatment by Bethe the major contribution of that 
shift can be described as being a result of the emission 
and reabsorption of virtual photons. It is plausible 
that just as the real emission of a photon is modified 
in confined space, so also is the virtual process. The 
latter ‘real’ radiation energy shift is thus a conse- 
quence of vacuum fluctuations only. It is identical 
with the energy shift predicted by Casimir and Polder 
and is analogous to the better-known result of 
Casimir on the force between two plane neutral 
conducting plates. 

The question of modification of atomic energies in 
confined space has recently found considerable 


interest and many calculations of the phenomenon 
have been performed. Direct application to the energy 
shift of Rydberg atoms, which are of special interest 
for experimental studies, was performed by Barton in 
1987. He calculated the direct electrostatic inter- 
action with a conducting wall and the radiation 
induced (retarded) effects. The result is that in the 
case of two parallel plates the electrostatic effect is 
dominant when the distance L between the conduct- 
ing plates is small, L <ag/a (n is the principal 
quantum number of the Rydberg atom, ay the Bohr 
radius, and @ the fine-structure constant), and the 
radiative effect plays the major role when large 
distances are used, L > maga 

Experiments to measure the van der Waals force of 
conducting planes have been performed by Hinds and 
coworkers. They could clearly demonstrate the 2-* 
dependence of the van der Waals force. The retarded 
effects were not detectable at large distances but at 
small distances from the wall a deviation from the z-* 
dependence was found which was attributed to the 
retarded QED potential. 

The energy shift of rubidium Rydberg atoms in 
confined space has been measured by Marrocco et al. 
in an experiment with extreme high-resolution using 
the Ramsey experiment two-field method. The atoms 
are excited in s-Rydberg states (= 30) by two- 
photon transitions using the light of an ultrastable 
dye laser, the linewidth of which was less than 10 Hz. 
The laser intensity was enhanced in a folded cavity 
locked to the laser frequency. Both interaction zones 
necessary for the Ramsey method were enclosed in 
this cavity. Between the two interaction regions the 
atoms pass through a pair of conducting plates, the 
distance between which can be changed. The shift of 
the Ramsey interference was measured as a function 
of the plate distance. Using the Ramsey method has 
the advantage that the shift can be determined 
without a direct probing of the atoms in the space 
hetween the plates. A level shift on the order of about 
150 Hz could be measured, in very good agreement 
with theory. 


Maser Operation 


If the rate of atoms crossing a cavity exceeds the 
cavity damping rate w/Q, the photon released by each 
atom is stored long enough to interact with the next 
atom. Here w stands for the cavity frequency and Q 
for the quality factor of the cavity. The atom—field 
coupling becomes stronger and stronger as the field 
builds up and evolves to a steady state. Using Rydberg 
atoms with a large field-atom coupling constant 
leads to a new kind of maser which operates with 
exceedingly small numbers of atoms and photons. 
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The photons corresponding to transitions between 
neighboring Rydberg atoms are in the microwave 
region at about 20-100GHz. Atomic fluxes as 
small as a few atoms per second have generated 
maser action, as could be demonstrated by Walther 
et al. of the University of Munich in 1985 using a 
superconducting cavity. For such a low flux there is 
never more than a single atom in the resonator ~ in 
fact, most of the time the cavity is empty of atoms. It 
should also be mentioned that in the case of such a 
setup a single resonant photon is sufficient to saturate 
the maser transition. 

‘The scheme for this one-atom maser or micromaser 
isshown in Figure 1, The setup represents the simplest 
system in radiation—atom interaction: a single atom is 
interacting with a single mode of the radiation field. 
This device was used to verify the complex dynamics 
ofa single atom in a quantized field predicted by the 
Jaynes—Cummings model. All of the features are 
explicitly a consequence of the quantum nature of the 
electromagnetic field: the statistical and discrete 
nature of the photon field leads to new characteristic 
dynamics such as collapse and revivals in the exchange 
of a photon between the atom and the cavity mode. 


Fubidium oven 


Velocity selective 
angle tuned 
UV laser 


The frequency of this exchange is usually called the 
Rabi flopping frequency. The field in the cavity is 
measured through the number of atoms in the lower 
state of the maser transition. Due to the strong 
coupling between the atom and maser field both are 
entangled. The strong coupling can also be used to 
entangle subsequent atoms. 

The steady-state field of the micromaser shows sub- 
Poisson statistics. This is in contrast to regular masers 
and lasers where coherent fields (Poisson statistics) 
are observed. The reason for nonclassical radiation 
being produced is that a fixed interaction time of the 
atoms is chosen, leading to careful control of the 
atom—field interaction dynamics. 

Under steady-state conditions, the photon statistics 
P(x) of the field of the micromaser are essentially 
determined by the pump parameter © = Ni2Of 
denoting the angular rotation of the pseudospin vector 
of the interacting atom. Here, Nex is the average 
number of atoms that enter the cavity during the decay 
time of the cavity 7.yy, © the vacuum Rabi flopping 
frequency, and ti is the atom—cavity interaction 
time. The normalized photon number of the maser 
(1) =(nYINq shows the following generic behavior 


‘Superconducting 
‘ioblum cavity 


State selective 
field ionization of 
yaberg atoms 


Figure 1 Micromaser setup of rubicium Rydberg atoms in he 63p stato. The velocity of the atoms is controlled by exciting a velocity 
subgroup of atoms in the atomic beam. The atoms in the upper and lower maser levels are selectively detected by field ionization. 
“The number of photons depositad in the cavity is determined through the number of atams in the lower state (61¢). 
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Figure 2 One-atom maser or micromaser characteristics. The 
Upper part of the figure shaws the average phaton numer versus 
interaction time (solid curve) and the photon number fluctuations 
represented by the Qactor (dotted line). Both curves are 
determined by the photon exchange dynamics batween atom and 
fiold. The pump parameter gives the angular rotation of the 
ppseudospin vector of the interacting atom (e.9.,2ar corresponds to 
a ull tation, ., the atom is again in the upper leven the lower 
part of the igure the steady-state photon number distribution Pin) 
Is shown for three values of f,.. The distribution on the left side 
‘corresponds to the maser threshold, that on the right gives an 
example of the double-peaked distribution associated with the 
{quantum jump behavior. In this situation, the atom is back in the 
excited state and can again emit, leading toa higher steady-stato 
photon number n, With increasing f. this part wil grow and ny wil 
decrease and disappear. A new jump occurs in the region Sb. 


(see Figure 2). It suddenly increases at the maser 
threshold value © = 1 and reaches a maximum for 
© =2 (denoted by 1 in Figure 2). The behavior at 
threshold corresponds to the characteristics of a 
continuous phase transition. As @ increases further, 
the normalized averaged photon number (v)/Nox 
decreases to. a minimum slightly below @ = 27, 
and then abruptly increases to a second maximum 
(Ba in Figure 2). This general type of behavior 
recurs roughly at integer multiples of 27, but 
hecomes less pronounced with increasing ©. The 
reason for the periodic maxima of the average photon 
number is that for integer multiples of © = 2m the 
pump atoms perform an integer number of full Rabi 
flopping cycles, and start to flip over at a slightly larger 
value of @, thus leading to enhanced photon emission, 
The periodic maxima for @ = 21,47, and so on may 
be interpreted as first-order phase transitions. 

‘The photon statistics of the maser radiation is 
usually characterized by the Q-parameter introduced 


by Mandel: 


Oras ={(o")— eH?) Aen} -1 


It can be seen that Qs =0 corresponds to a 
Poissonian photon distribution. Qgay for the micro- 
maser is plotted as a dotted line in Figure 2. The value 
drops below zero in the region 2a, 2b, etc. This 
shows the highly sub-Poissonian character of the one- 
atom-maser field being present over a large range of 
parameters. 

The reason for the sub-Poissonian atomic stat- 
istics is the following. A changing flux of atoms 
changes the Rabi frequency via the stored photon 
number in the cavity. Adjusting the interaction time 
allows the phase of the Rabi nutation cycle to be 
chosen such that the probability of the atoms 
leaving the cavity in the upper maser level increases 
when the flux, and hence the photon number in the 
cavity, is raised. This leads to sub-Poissonian atomic 
statistics since the number of atoms in the lower 
state decreases with increasing flux and photon 
number in the cavity. This feedback mechanism can 
he neatly demonstrated when the anticorrelation of 
atoms leaving the cavity in the lower state is 
investigated. Measurements of this anticorrelation 
phenomenon could be made. 

‘The fact that anticorrelation is observed shows that 
the atoms in the lower state are more equally spaced 
than expected for a Poissonian distribution of the 
atoms in the beam. This means, for example, that 
when two atoms enter the cavity close to each other, 
the second one performs a transition to the lower 
state with reduced probability. 

‘The interaction with the cavity field thus leads to an 
atomic beam with atoms in the lower maser level 
showing number fluctuations which are up to 40% 
below those of a Poissonian distribution found in 
usual atomic beams. This is interesting hecause atoms 
in the lower level have emitted a photon to 
compensate for cavity losses inevitably present. 
Although this process is induced by dissipation 
giving rise to fluctuations, the atoms still obey 
sub-Poissonian statistics. 


Generation of Number States (Fock 
States) of the Radiation Field 


When the micromaser is operated at low tempera- 
tures, a very interesting feature is observed in the 
inversion of the population of the two maser levels 
called trapping states. They are a steady-state feature 
of the maser field; they occur in the micromaser as a 
direct consequence of field quantization in a cavity. At 
low cavity temperatures the number of black-body 


222 QUANTUM ELECTRODYNAMICS / Cavity QED 


photons, iy, in the cavity mode is reduced and 
trapping states begin to appear; at higher tempera- 
tures they are washed out by the thermal photons. 
The trapping states show up when the atom—field 
coupling © and the interaction time tiye are chosen 
such that in a cavity field with m, photons the atoms 
undergo an integer number k of Rabi cycles. This is 
summarized by the condition 


Mtyaafng +1 = ker iit) 


for the trapping state, denoted by (74,4). When 
eqn [1] is satisfied, the cavity photon number is left 
unchanged after interaction of an atom and hence the 
photon number is ‘trapped’. This will occur regard- 
less of the atomic pump rate N.x. The trapping state is 
therefore characterized by the upper-bound photon 
number n, and the number of integer multiples of full 
Rabi cycles &. In this situation the field is stabilized. 
Whenever a photon disappears, e.g., due to dissipa- 
tion, the next incoming atom experiences a changed 
Rabi nutation frequency and emits a photon with 
high probability. At the trapping condition a quan- 
tum nondemolition situation is present. Through the 
dynamics of the Rabi nutation the field is measured, 
without any net change of the field. 

‘The build-up of the cavity field can be seen in 
Figure 3, where the emerging atom inversion is 
plotted against the interaction time and pump rate. 
At low atomic pump rates (low N,,) the maser field 
cannot build up and the maser exhibits Rabi 
oscillations due to the interaction with the vacuum 
field. At the positions of the trapping states, the field 
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Figure 3 Behavior of the micromaser at low temperature 
showing the trapping states, manifested as valleys along the 
"Ng: axis. For the designation ofthe trapping states see text. 


increases until it reaches the trapping-state condition, 
This is manifested as a reduced emission probability 
and hence as a dip in the atomic inversion, Once in a 
trapping state, the maser will remain there regardless 
of the pump rate. 

Under ideal conditions the micromaser field in a 
trapping state is a Fock state, but when the micro- 
maser is operated in a continuous wave mode, the 
field state is very fragile and highly sensitive to ext- 
emal influences and experimental parameters. How- 
ever, in contrast to continuous-wave operation, in 
pulsed operation trapping states are more stable and 
more practical and can be used over a much broader 
parameter range than in continuous-wave operation, 

To demonstrate the principle, Figure 4 shows a 
simulation of a sequence of 20 pulses of the pumping 
atoms in which an average of seven excited atoms per 
pulse are present. Under the trapping condition only a 
single emission event occurs, producing a single lower 
state atom which leaves a single photon in the cavity. 
Since the atom-cavity system is in the trapping 
condition, the emission probability is reduced to zero 
and the photon number is stabilized, Consequently, 
excited state atoms following the emitting atom stay 
in the upper maser level. The variation of the time 
when an emission event occurs during the atom pulses 
in Figure 4 is due to the Poissonian spacing of upper- 
state atoms entering the cavity and the stochasticity of 
the quantum process. 

The lower part of Figure 4 shows the photon 
number distribution resulting from this process. 
It was demonstrated experimentally by Brattke et al. 
that a single photon number state could be generated 
with a success rate of 85%. By improving the 
experimental parameters one can expect to prepare 
single-photon Fock states in 98% of the pulses by 
this method. 


Other Cavity Experiments 


Besides the micromaser, there are also other experi- 
ments using Rydberg atoms in cavities and the 
strong interaction of these atoms with cavities 
which lead to interesting applications. One example 
is an experiment by S. Haroche, J. M. Raimond et al., 
who succeeded in realizing a Schrédinger cat state in a 
cavity. Studies on the decoherence of this state could 
be conducted. The experiments are quite important in 
exploring the boundaries between the quantum and 
classical worlds. Another example is the quantum 
nondemolition detection of a single photon in a cavity 
by S. Haroche employing the dispersion level shift of 
probing atoms. 

There is an interesting equivalence between an atom 
interacting with a single-mode field and a quantum 
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Figure 4 A simulation of a subset of 20 subsequent atom 
bunches generated by pulsed laser excitation with the associat 
probabilty distribution for photons in the cavity or lower-state 
atom production (filed circies represent lower-state atoms and 
‘open circles represent excited-state atoms). The start and end 
of each pulse is indicated by the vertical dotted lines marked 0 
and puso, fespectvely. For details, see Battke S, Varcoe BTH 
land Walther H (2001) Generation of photon number states on 
demand via cavity, quantum electradynamics. Physical Review 
Lottors 86: 3534-3597. 


particle in a harmonic potential, as was first pointed 
out by D. F. Walls and H. Risken; this connection 
results from the fact that the radiation field is 
quantized on the basis of the harmonic oscillator. 
The Jaynes~Cummings dynamics can therefore also 
be observed with trapped ions, as recently demon- 
strated in a series of beautiful experiments by 
D. Wineland et al. They also produced a Schrédinger 
cat state by preparing a single trapped ion in a 
superposition of two spatially separated wavepackets 
which are formed by coupling different vibrational 
quantum states in the excitation process. 

Besides the experiments in the microwave region, 
a single-atom laser emitting in the visible range has 
also been realized by M. Feld et al. Furthermore, 


cavity quantum electrodynamic effects have been 
studied in the optical spectral region by J. L. 
Kimble et al. 

Today’s technology in microfabrication of semi- 
conductor diode structures allows the realization of 
low-order cavity structures for diode lasers. In these 
systems the spontaneous emission is controlled in the 
same way as in the micromaser. Since spontaneous 
decay is a source of strong losses, control of this 
phenomenon leads to highly efficient laser systems. 
Quantum control of spontaneous decay thus has 
important consequences for technical applications. 
This topic will be briefly described in the next section. 


Microlasers 


The simplest approach to fabricating an optical 
microcavity is to shrink the spacing between the 
mirrors of a FabryPerot resonator to An (where 1 
stands for the refractive index) while reducing the 
lateral dimensions to a range of the same order of 
magnitude. This structure provides a single dominant 
longitudinal field mode that radiates into a narrow 
range of angles around the cavity axis. 

‘The first optical microcavity experiments used dye 
molecules between high-reflectivity dielectric mirrors 
in the Fabry-Perot configuration. Because spon- 
taneous emission is a major source of energy loss, 
speed limitations, and noise in lasers, the capability to 
control spontaneous emission is expected to improve 
laser performance. If the fraction of spontaneous 
emission coupled into the lasing mode is made close 
to one, the ‘thresholdless’ laser is obtained, in which 
the light output increases almost linearly with the 
pump power instead of exhibiting a sharp turn-on at 
the pump threshold. 

Semiconductor microcavities provide high-Q 
Fabry-Perot cavities for both basic studies and 
potential applications. Molecular beam epitaxy or 
organometallic chemical vapor deposition techniques 
are used to deposit high-reflectivity mirrors 
consisting of alternating quarter-wavelength layers 
of lattice-matched semiconductors. For example, 15— 
20 pairs of quarter-wave layers of Ale.>GaosAs and 
AIAs result in a reflectivity greater than 99% and Q 
values greater than 500. The optically active layer in 
such a microcavity is typically a GaAs quantum well 
located at the midplane of the cavity, where the field 
strength is maximum. 

Since the microcavities have an extremely low 
threshold, their efficiency will also be high. Low- 
cost, high-density light source arrays and photonic 
Circuits are made possible by the small size and low 
power consumption of such resonators. It will be 
possible to produce entire wafers containing millions 
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Figure 3-11. To moderate the power of AC current, a triac 
can black a section of each AC pulse. 


The upper section of Figure 3-11 shows alternat- 
ing voltageto the triacin green. The purplecurve 
represents the gate current of the triac, reduced 
by avariable resistor. (The figureis for conceptual 
purposes only; the alternating power supply 
voltage and the fluctuating gate current cannot 
actually share the same vertical scale of a graph.) 


Figure 3-11 can be compared with Figure 3-7, ex- 
ceptthatthe negative thresholdlevelforthe gate 
is now shown as well as the positive threshold 
level. Remember, either a positive or negative 
voltage can activate the gate. 


In Figure 3-11, initially the triacis nonconductive. 
As time passes, the gate current reaches the 
threshold level, and this triggering eventenables 
current to flow between the main terminals of 
the triac, as shown in the lower part of the figure. 


This current exceeds the latching level, so it con- 
tinues to flow, even though the gate current di- 
minishes below its threshold level. Finally the 
current between the main terminals falls below. 
the holding level, at which point the triac stops 
conducting. Itwaits forthe next triggering event, 
which occurs as the power supply swings to 
negative. 


This simple system blocks a section of each AC 
pulse, which will vary in length depending how 
much currentisallowedto flow throughthe gate. 
Because the blocking process occurs rapidly, we 
notice only the reduced overall power passing 
through the triac (in terms of the brightness of a 
light, the heat emitted by a resistive element, or 
the speed of a motor). 


Unfortunately, there isa problemin this scenario: 
the triac doesnot quite behave symmetrically. Its 
gate threshold level for positive current is not 
exactly equal and opposite to its gate threshold 
level for negative current. The upper part of 
Figure 3-11 shows this flaw in the differing verti- 
cal offsets of the positive and negative thresh- 
olds from the central zero line. 


The result s that negative AC pulses through the 
triac are shorter than positive pulses. This asym- 
metry produces harmonics and noise that can 
feed back into power supply wiring, interfering 
with other electronic equipment. The actual dis- 
parities in gate response, in each quadrant of op- 
eration for two triacs, are shown in Figure 3-12. 
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Figure 3-12. Because the internal structure of a triac is 
asymmetrical, it requires a different trigger current in 
teach ofits operating quadrants. This table, derived tram a 
Littelfuse technical briefing document, shows the ratio of 
the minimum trigger current in quadrants 2, 3, and 4 rela 
tive to quadrant 1 
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of microlasers with a multipole arrangement instead 
of having to cleave each individual semiconductor 
laser as at present. This improvement will lead 
to higher yields and lower cost per element. Another 
advantage of surface-emitting microcavity sources is 
the efficient optical coupling of their stable sym- 
metric mode patterns into optical fibers or wave- 
guides. These lasers are thus certain to spark 
a revolution in optical communication in the future. 


Conclusion 


This article reviewed experiments in cavity quantum 
electrodynamics. The experiments shed new light on 
our understanding of the radiation interaction of 
atoms. The achievable strong coupling between 
atoms and radiation leads to the possibility to 
generate entanglement between the generated radi- 
ation field and the atoms, presenting a basis for 
interesting applications in connection with, ¢.g., 
quantum computing and quantum information 
processing, Furthermore Fock states of the radiation 
field can be generated. The control of spontancous 
decay finally leads to interesting new laser systems 
offering high efficiency. 


Quantum Electrodynamics: Cavity QED in Semicon- 
ductors; Quantum Theory of the Electromagnetic Field. 
Quantum Optics: Quantum Computing with Atoms. 


Cavity QED in Semiconductors 


M Kira, W Hoyer and S W Koch, 
Philipps-University, Marburg, Germany 


G Khitrova and H M Gibbs, 
University of Arizona, Tucson, AZ, USA 


© 2005, levi Lic. Al Rights Reserve. 


Introduction 


According to classical electromagnetism, propagating 
light fields obey Maxwell’s equations under which 
electric and magnetic fields exchange their strength in 
an oscillatory manner. If a propagating field is 
followed at a single reference point, it is convenient 
to represent the electric field as a complex number 
|E(2)| exp(—iast) where IE(#)| is the magnitude of the 
field and the phase of the field exp(—iwt) oscillates 
in time ¢ with the optical frequency w Figure 1 
illustrates how the classical field is determined by 
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one single point in the complex plane; consequently, 
the phase and amplitude of the field are known 
exactly. According to quantum mechanics, this simple 
picture has to be altered because the Heisenberg 
uncertainty relation states that complementary 
quantities like phase and amplitude cannot be 
determined precisely at the same time, As a result, 
the real and imaginary parts of the field can be 
determined only with accuracy ARe(E] and Alm|E }, 
respectively, and the Heisenberg uncertainty principle 
determines the best possible accuracy ARe[E ] 
Alm[E]= 1. To incorporate the fundamental 
inaccuracy, the electric field has to be defined by 
using complex-valued distributions or equivalently 
wavefunctions as shown in Figure 1. This quantiza- 
tion procedure leads to the Schrodinger equation 
for light analogous to that for particles. The field 
called quantum optics investigates the quantum 
electrodynamics (QED) features of light. 
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Figure 1 (a) The classically described light feld E(t) isa single 
point in the complex XY-piane; the corresponding (X.Y) vector 
hhas a definite phase and angle. (b) Quantum mechanically 
described light is a distrbution with fluctuations AX and AY 
described by the shaded circle, 


In general, light does not propagate freely in space, 
but it interacts strongly with the surrounding matter. 
For example, light can be absorbed, and its energy can 
be converted into excitation of the matter. Asa result, 
the light may be slowed down, reflected, scattered, or 
diffracted. In order to explain the implications of the 
light-matter interaction in detail, one obviously hasto 
apply a quantum mechanical description also for the 
matter. This approach determines the so-called eigen- 
states of the matter, so that the matter may occupy only 
certain discrete states with discrete energies. The 
Rydberg series of a hydrogen atom is a typical 
example. Similar discrete energy levels are also 
found for the quantized light; these levels are often 
referred to as photons which heuristically describe the 
particle properties of the light. The lowest-order 
light-matter interaction consists of processes where 
one photon is absorbed (emitted) while the matter is 
simultaneously excited (de-excited) from one ci 
state to another. This generic type of interaction 
leads toa microscopic description of the optical effects 
mentioned above. The magnitude of these effects 
depends on the strength of the interaction. By 
implementing different cavity configurations, the 
reflected light can be forced to travel across the same 
matter many times. As a result, the light-matter 
interaction is enhanced by a factor proportional to the 
multiple passes of the light. Thus, a cavity can be 
efficiently used to amplify optical phenomena. Figure 2 
shows cavity configurations commonly used for 
semiconductors. Semiconductor cavity QED investi- 
gates quantum optical effects in semiconductor 
systems by enhancing them with cavity mirrors. In 
general, quantum optical features produce classically 
unexpected effects which typically stem from: (a) the 
discrete nature of eigenstates of light and matter; 
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Figure 2 (a) A typical vertical-cavity surtace-emiting laser 
(VCSEL) structure; a stack of quarter-wavelength layers with 
different refractive index provides a mirrar such that the lig 
intensity (solid line) is strongly confined inside the cavity 
A quantum well (QW) is positioned atthe field maximum. (b) In a 
mmictodisk laser, light encounters ideal total reflection when the 
ledge of the disk is reached. The so-called whispering gallery 
‘mode emits (leaks) light from the edge. (c) A schematic illustration 
of semiconductor band structure, bandgap, and Coulomb 
interaction for an elactro-hole system, 


(b) the superposition principle of quantum mechanics; 
and (c) the Heisenberg uncertainty principle. In this 
article, we review both theoretical and experimental 
advances made so far to predict, observe, and control 
quantum optical effects in semiconductors with 
respect to effects (a)—(c). 

During the last few decades, atomic quantum 
optics has already developed toward QED investi- 
gations, and semiconductor optics is developing 
rapidly into the same regime. Advanced atomic 
QED theories have successfully explained and guided 
intriguing experimental developments like laser cool- 
ing, atom condensation, and photon teleportation. 
However, the atomic approach can mostly be applied 
to describe dilute and only weakly interacting atomic 
gases since relatively simple models of few- 
level systems are used to describe the material. 
The elementary electronic excitations in semiconduc- 
tors consist of electrons and holes (missing electrons) 
lifted into the conduction and valence bands, respect- 
ively. The corresponding eigenstates form continuous 
energy bands with the band-gap energy separation 
indicated in Figure 2. Since electrons and holes have 
opposite charges, they experience Coulomb attrac- 
tion whereas bare electrons or holes repel each other. 
Under favorable conditions, the attractive Coulomb 
interaction prevails and atom-like bound electron— 
hole pairs (excitons) may be formed. However, since 
the Coulomb force has an infinite range and an 
electron-hole system is typically dense, excitons 
cannot be treated as weakly interacting quasiparti- 
cles. As a result, the atomic QED approaches cannot 
be used to describe quantum optics of semiconductors 
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in general, Thus, this article concentrates mostly on 
semiconductor QED theory which fully includes the 
interaction of charge carriers, ic., electrons and holes, 
as well as quantum features of light. 

The development work on quantum devices and 
processes is vital for advancements in several key 
technologies such as computers and telecom- 
munications. The continuous decrease in component 
dimensions leads to a microscopic structure size (less 
than 1 um); at the same time, increase in the device 
performance is accompanied by ultrafast operation 
time (faster than 1 ps). Due to these development 
trends, the properties of components and processes 
are becoming more and more quantum mechanical. 
Although the description of the quantum processes is 
complicated, the microscopic behavior offers entirely 
new operational functionality such as massively 
parallel quantum computers, These possibilities are 
based on the controlled manipulation of the quantum 
mechanical state of the light and matter. Due to rapid 
recent developments, optically coupled semiconduc- 
tor devices have a great potential to become 
technologically successful and commercially viable 
quantum components. 


Quantized States: Observation via 
Strong Light-Matter Interaction 


In order to enhance the light-matter interaction, we 
choose a system where the semiconductor is placed 
inside a cavity in the position where the field intensity 
is maximum. For an empty cavity, the field intensity 
has a strong dependence upon frequency with a 
strong resonance at om when the cavity length is an 
integer number of light wavelengths in the material. 
The width of the resonance is directly related to the 
quality of the cavity as determined by the number of 
back-and-forth reflections of light inside the cavity. If 
fone chooses a vertical-cavity surface-emitting laser 
(VCSEL) structure, the most efficient coupling is 
obtained by placing a thin planar semiconductor 
structure at the field maximum as shown in Figure 2. 
If the semiconductor is planar and thin, the structure 
is called a quantum well because electrons and holes 
are confined in one direction in analogy to the 
standard particle-in-a-box problem of fundamental 
quantum mechanics. As a result, the energy levels of a 
quantum well are discrete in the confinement direc- 
tion, If the structure is narrow enough, the system 
dynamics is confined to the lowest quantum-well level 
such that the carriers are quasi-two-dimensional due 
to the free in-plane motion, The optical response of 
such a system to a weak classical probe beam has 
been successfully analyzed with the so-called semi- 
conductor Bloch equations. For the quantum-well 


system alone, the absorption spectrum may have a 
sharp resonance; this is often referred to as an 
excitonic resonance since it is located below 
the fundamental bandgap energy at a position 
corresponding to the exciton binding energy. 
Obviously, the light-matter coupling becomes large 
when the exciton and cavity resonances coincide. 
However, since these resonances are coupled, the 
optical response is altered; we observe a splitting into 
two absorption peaks instead of the original degen- 
erate resonances, This phenomenon is commonly 
referred to as normal-mode coupling; in general, it is 
a quite common feature in quantum mechanics that 
degenerate states split due to an additional inter- 
action, Figure 3 shows the first experimental obser- 
vation of normal-mode coupling in semiconductors. 

Since a semiconductor is a strongly interacting 
many-body system, several effects alter the specific 
character of an excitonic resonance when electrons 
and holes are excited, The attractive interaction 
between electrons and holes becomes weaker for 
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Photon energy (ov) 
Figure 3 Probe reflectivity of a seven-quantum-well microcavity 
structure. The various curves correspond tothe energy diference 
botween exciton and cavity resonances. When these resonances 
become degenerate, the reflectivity shows two resonances 
corresponding to the normal-mode spliting. From Weisbuch C, 
Nishioka M, Ishikawa A and Arakawa Y (1992) Observation of 
the coupled exciton-photon mode spitting in a semiconductor 
quantum microcavity. Physical Review Letters 69: 3314 
Copyright (2004) by the American Physical Society. 
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increased carrier density since the surrounding 
charges screen the bare Coulomb interaction. 
A particular exciton may also experience scattering 
from nearby electrons, holes, or other excitons via the 
Coulomb interaction. Furthermore, electrons and 
holes are Fermions, which requires that any given 
carrier state can only be occupied once. This poses 
fundamental limits on how many carriers can coexist 
in a specific volume; above a certain limit, additional 
occupation is prevented, and so-called Pauli blocking 
is observed. Since an exciton consists fundamentally 
of Fermionic constituents, eventually Pauli blocking 
effects become important even for excitons. Due to a 
ody effects, the excitonic 


combination of these many- 
resonance is weakened by an increasing carrier 
density. Figure 4 shows a comparison between theory 
and experiment of the excitonic absorption spectrum 
for different carrier densities. For elevated densities, 
the exciton resonance is broadened and its height 
reduced. When the same investigations are repeated in 
amicrocavity, we observe that the normal-mode peaks 
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decrease in height but their separation is roughly 
unchanged for moderate densities. In general, the 
normal-mode spitting is proportional to the oscillator 
strength of the excitonic absorption, i.e., the area 
under the resonance. Thus, the observed constant 
splitting suggests an unchanged oscillator strength for 
moderate densities. The invariant oscillator strength 
was unexpected and can only be explained by using a 
theory which includes the Coulomb interaction of 
carriers microscopically. When the carrier density is 
increased even further, the exciton resonance is 
completely bleached, and the microcavity trans- 
mission has only a single peak, at the cavity 
mode energy; this is commonly referred to as the 
weak-coupling regime, in contrast to the nonpertur- 
bative strong coupling with two transmission 
peaks. The strong coupling regime provides several 
intriguing phenomena; for example, parametric 
amplification of emission has been demonstrated 
by applying simultaneously multiple light beams to 
the sample, 
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Figure 4 Left column: (a) microscopically computed bare quantum-well absorption spectrum, i.e, the imaginary part of the 
susceptibility, as a function of carrier density. (b) Calculated transmission of the quantum-well microcavity for corresponding densities. 
The right column shows experimentally determined (a) absorption and (b) microcaviy transmission for the same conditions as in the 
calculations. From Jahnke F, Kira M, Koch SW, ef al, (1986) Excitonic nonlinearities of semiconductor microcavities in the 
onperturbativa regime. Physical Review Letters 77: 5257. Copyright (2004) by the American Physical Society. 
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The ultimate cavity QED limit of normal-mode 
coupling follows when the light-matter interaction is 
so strong that even a single photon leads to splitting 
(genuine strong coupling). We briefly outline some 
aspects of the quantum statistical limit known from 
atomic physics. This situation can be analyzed with 
the so-called Jaynes—Cummings model where only 
two states of the atom are included together with a 
single light mode. In this case, the interaction between 
a single photon and an atom leads to a normal-mode 
splitting gy. If two photons interact with one atom, 
the splitting increases to 2'"go; more generally 
coupling between m photons and an atom leads to a 
splitting of ng. In the QED limit, the matter 
response is very nonlinear because one can detect the 
quantized nature of light directly from the energy 
splitting. This limit has already been reached in 
atomic cavity QED, whereas this regime is hard to 
approach with semiconductors because they behave 
more like multi-atom systems. Ifone has N atoms in a 
cavity, the first photon excites one atom, but there are 
N different ways of doing this, so the splitting is 
N!?gp. If a second photon arrives, it interacts with 
the remaining unexcited atoms rather than the 
excited one, so that the splitting remains N"gy as 
long as the number of photons is much smaller than 
NN. Thus, in an N-atom system, or equivalently in 
semiconductors, the quantized light effects are much 
harder to observe than for a single atom. Currently, 
the normal-mode splitting in a semiconductor micro- 
cavity is explainable by the classical features of light, 
so that only the quantized nature of the matter is 
observed. In order to approach the ultimate cavity 
QED limit, one obviously has to reduce N and 
increase the light-matter coupling. In the future, 
this objective might be possible in quantum-dot/ 
nanocavity systems where the semiconductor is 
confined in all spatial directions. 

When an excited semiconductor is not under any 
influence of external classical light fields, it can still 
emit light via spontaneous emission resulting from 
the recombination of electron-hole pairs. The 
resulting light emission is called photoluminescence. 
Since the emission process takes place in a strongly 
interacting many-body system, one has to system- 
atically include the Coulomb interaction and Fermio- 
nic features. The emission properties can be 
consistently described by the so-called semiconductor 
luminescence equations. When the microcavity 
photoluminescence spectrum is investigated, one 
observes a similar normal-mode splitting as for the 
transmission studies. However, this normal-mode 
coupling is not in the ultimate cavity QED limit 
even though the quantum fluctuations of the light 
field trigger the spontaneous emission. Nevertheless, 
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Figure § Measured microcavity luminescence intensities 
(a) and peak energies (c) versus excitation intensity for the high 
tenergy peak (solid line) and the low-energy peak (dashed line). 
‘The results of the microscopic theory are shown in (b) and (d) 
From Kira M, Jahnke F, Koch SW, et al. (1997) Quantum theory of 
nonlinear semiconductor microcavity luminescence explaining 
“baser" experiments. Physical Raview Letters 79: 8170. Copyright 
(2004) by the American Physical Society 
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the luminescence shows an interesting new transition 
as a function of the excitation level. Figure 5 contains 
a comparison between theory and experiment of 
normal-mode peak heights and positions as a func- 
tion of carrier density. For low densities, the high- 
energy peak is lower in height but it overtakes the 
low-energy peak for moderate carrier densities that 
are still below lasing threshold. This threshold-like 
overtaking was attributed to Boser action, involving 
exciton formation, final-state stimulation, and Bose 
condensation. The inset shows an estimate of just 
how Bosonic the excitons are, ie. how much they 
actually behave as independent atoms; the value unity 
corresponds to the fully Bosonic situation. The 
nonlinear luminescence transition takes place at a 
density regime where the underlying Fermionic 
electron and hole contributions become important 
(commutator is roughly 0.5). A more detailed 
analysis with the semiconductor luminescence 
equations shows that Fermionic carrier nonlinearities 
in a detuned cavity are responsible for the experi- 
mental observations. This example of a misinter- 
pretation hased on a Bosonic analysis stresses how 
important it is to include the Coulomb interaction 
and Fermion character of carriers when analyzing the 
properties of semiconductors. 


Superposition Principle: Observation 
of Quantum Optical Correlations 
The above normal-mode-coupling investigations have 


shown interesting nonlinear effects, but they also 
revealed that the ultimate QED limit ~ demonstrating 
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discrete states of light directly — has not yet been 
reached. Alternatively, a QED investigation may 
concentrate on other fundamental features of quan- 
tum mechanics. One possibility is to study the 
implications of the superposition principle which 
states that the joint properties of a light-matter 
system can always be expressed as a superposition 
that combines light and matter wavefunctions. The 
most dramatic consequence can be observed in so- 
called entangled wavefunctions which cannot be 
factorized into light and matter parts, In a factorized 
wavefunction, the light and matter parts are inde- 
pendent whereas entangled wavefunctions con- 
ditionally connect light and matter wavefunctions. 
To elaborate the subtle details of entanglement, we 
first analyze a simple example. Assume that light 
can be in two different polarization states, la*) or 
lo), and the matter part is either excited lup) or de- 
excited Idown). A wavefunction, [lup) + ldown)] 
[lo*)+ lo], is clearly a superposition of the 
fundamental states, and at the same time the light 
and matter parts are completely factorized. However, 
the wavefunction [lup) lo*) + !down)lo~)] is 
entangled, since the light and matter parts cannot 
he separated. In the entangled state, measurement on 
the light state will conditionally determine a definite 
state of the matter, whereas the factorized state has no 
such conditionality. The entanglement has far-reach- 
ing consequences which cannot be understood with a 
classical analysis. For example, the principles of 
teleportation and quantum computing follow directly 
from the controlled manipulation of different parts of 
the entangled wavefunction. For atomic systems, 
wavefunction entanglement has been demonstrated 
and utilized in several experiments. For semiconduc- 
tors, the direct manipulation and detection of the 
wavefunction seems difficult due to the overwhelming 
complexity of the many-body wavefunctions. Once 
again, the entanglement and the wavefunction are 
simplest for low-dimensional structures; direct entan- 
glement effects have been demonstrated recently in a 
single quantum dot and between a pair of dots. Also 
for more complicated semiconductor systems, such as 
a quantum well in a microcavity, the entanglement 
can be observed as correlations between light and 
matter. In this case, the existence of QED correlations 
hasically means that light and matter properties 
depend conditionally on each other. In general, 
the direct entanglement and QED correlation 
investigations have a large development potential 
for semiconductors. 


‘When a semiconductor is excited with an external 
light pulse, entanglement-related correlations couple 
the classical and luminescence emission dynamics. 
The resulting dynamic interplay between the 


semiconductor Bloch and luminescence equations is 
mainly mediated by the correlation between photons 
and electron-hole densities. In the following, we 
analyze a microcavity configuration where a strong 
pump pulse generates large QED correlations. The 
effect of the correlations is then measured by the 
response of a weak probe beam. Figure 6 shows a 
comparison of theory and experiment of probe 
reflection in a configuration where the pump and 
probe do not have any spectral overlap. The 
measured probe reflection displays long-living oscil- 
lations as a function of time delay, ice., phase 
difference, between the pump and the probe. 
Only by including the QED correlation in the theory 
can the oscillatory probe reflection be explained 
When the QED contributions are omitted from the 
theory, the phase difference does not have any effect 
on the probe reflection. Thus, this experiment-theory 
example represents a direct observation of the cavity 
QED effects in semiconductors. Figure 6 also shows 
more pronounced oscillations when two phase- 
locked pump pulses provide the excitation; again 
the full QED theory explains the enhanced oscillation 
features. 

‘The QED features can also alter the normal-mode 
coupling characteristic of a weak probe beam. 
Figure 7 shows a comparison of theory and experi- 
ment for a situation where the pump spectrum is 
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Figure 6 (a) Measured diferental reflectivity and (b) computed 
reflection probability ofthe probe pulse as function of probe delay 
with respect to the excitation pulse. For two-pulse excitations 
+190" relative phase shifts are used, The dotted line is computed 
without the QED correlations. From Lee Y-S, Nortis TB, Kira M, 
et al (1999) Quantum correlations and intraband coherences in, 
semiconductor cavity QED. Physical Review Letters 83: 5338, 
Copyright (2004) by the American Physical Society 
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Figure 7 Dependence of probe transmission on probe intensity 
(oJ cm~*) at a constant pump intonsity of 380d em-* for the 
rmicrocavity. (a) Experiment, and (b) theory. The shaded regions 
indicate the pump spectrum. From Ell C, Brick P, Hilbner M, ot a 
(2000) Quantum correlations in the nonperturbative regime of 
Semiconductor microcaviies. Physical Review Letters 85: 5392. 
Copyright (2004) by the American Physical Society. 


located between the two normal-mode coupling 
resonances. Both the theory and experiment show a 
new third resonance which follows the energetic 
position of the pump. The third peak is a direct 
consequence of the QED correlations. Since the third 
peak is generated from the QED field-carrier 
correlations generated by the pump pulse, its magni- 
tude follows the intensity of the pump. As the probe 
intensity is decreased the relative effect of the QED 
correlations is increased so that the third peak grows 
in the probe transmission. 

In these QED investigations, the cavity plays an 
important role since the mirror feedback leads to a 
significant amplification of the QED effects through 
the enhanced light-matter coupling. From a practical 
point of view, normal-mode coupling also provides 
well-separated spectral features which can be used as 
classical-emission reference points. 


Heisenberg Uncertainty Principle: 
Squeezing of Light Emission 


Quantized light effects can also be investigated by 
measuring the light fluctuations of the field directly. 


To maximize the quantum effects, we analyze the field 
fluctuations in the emission directions where the 
classical field vanishes. This situation can be realized 
in planar quantum-well structures which are nearly 
free of disorder. In such systems, a light pulse 
propagating perpendicular to the structure leads to 
transmission and reflection of classical light only 
along the excitation axis. Ifthe detection is performed 
at an angle, the so-called secondary emission is purely 
quantum mechanical. However, the classical and 
quantum emissions are coupled in the same way as 
for the QED correlation study. The resulting fluctu- 
ations of secondary emission obey the Heisenberg 
uncertainty principle; in the following, the special 
quantum features of these fluctuations are 
investigated. 

In the full analysis, we determine the variance AX 
and AY of the emission as shown in Figure 8 
(see also Figure 1). The Heisenberg uncertainty 
principle requires that the quadrature fluctuations 
obey AXAY=1, For a specific quadrature, the 
minimum uncertainty limit is usually defined to be 
AX =1 or AY=1. If AX and AY are different, the 
observed light field is squeezed; and if the variance in 
one quadrature is less than one, the field is squeezed 
below the minimum uncertainty limit. In both cases, 
the field has a strong quantum nature; in particular, 
squeezing below unity suggests that measurements 
can be more accurate than the standard quantum 
limit for that quadrature, 

To illustrate the behavior of the quantum fluctu- 
ations, we excite the quantum well resonantly with a 
relatively strong pulse. The emission is detected at an 
angle of 45° away from the excitation axis. Since the 
excitation pulse is relatively strong, the carrier density 
starts to oscillate during the pulse because Fermionic 
carriers can be excited only once; thus, further 
excitation actually leads to de-excitation, In other 
words, when these states become almost fully excited, 
the pulse can no longer excite the system, and we 
observe periodic de-excitation and excitation analo- 
gous to the Rabi-flopping of a strongly excited two- 
level system. Figure 8 shows the exciting pulse and 
corresponding quadrature fluctuations during the 
excitation process. As long as the pulse is present, 
the squeezing is at the 4% level and oscillates with the 
Rabi-flopping frequency. The quadrature fluctuations 
clearly show squeezing below the minimum 
uncertainty limit. Hence, the field has obvious 
quantum prope! 

Similar squeezing and quantum characteristics 
statistics have been predicted and observed in the 
photon statistics of resonance fluorescence from two- 
level atoms subjected to an intense coherent light 
beam. The quantum properties of the scattered light 
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Figure 8 (a) Time-resolved maximum (solid line) and minimum, 
(dashed line) deviations of the mode quadratures from the 
‘vacuurn value of unity. (b) Corresponding time-resolved carrier 
donsity (solid ine) and excitation pulse (dashed line). From Kira 
IM, Jahnke F and Koch SW (1998) Quantum theory of secondary 
‘emission in optically excited semiconductor quantum walls 
Physical Review Letters 82: 3644. Copyright (2004) by the 
‘American Physical Society. 


in both quantum-well and atomic emission are 
enhanced when the driving field forces the system to 
oscillate between the excited and de-excited state. 
Just as described above, when the system becomes de- 
excited, it can no longer emit an additional photon; 
this inhibition manifests itself as sub-Poissonian 
photon statistics and squeezing in the mode quad- 
atures. When the excitation pulse re-excites the 
system, such restrictions are no longer imposed. 
Thus, the field properties show quantum features 
oscillating with the Rabi-flopping frequency. Squeez- 
ing effects can also be observed with excitation by an 
electric current; for example, amplitude squeezing of 
diode laser emission has been demonstrated by 
controlling the electron statistics of the current flow. 

‘The squeezing investigations demonstrate that 
some QED effects are expected to be seen without a 
cavity. Figure 9 shows the quadrature fluctuations 
when the cavity is added to the squeezing analysis. We 
observe qualitatively similar squeezing, but now the 
level of squeezing is enhanced up to 30% compared 
to the minimum uncertainty. This is once again a 
demonstration how QED effects can be amplified by 
using an increased light-matter coupling provided by 
the cavity. 
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Figure 9 Squeezed light from a quantum well inside a 
rmicrocavity: (a) the time evolution of maximum and minimum ot 
the quadrature fluctuations; () the corresponding density and 
light field intensity at the quantum well 


Summary 


This article overviews some of the most intriguing 
features of cavity quantum electrodynamics in 
semiconductors. Even though the related research 
has started only recently, several important quantum 
phenomena have already been predicted and 
{a) the discrete quantum mechanical states 
of light and/or matter can be measured with strong 
coupling; (b) the consequences of the superposition 
principle have been detected as light-matter entan- 
glement; and (c) the Heisenberg uncertainty principle 
has been tested via the squeezing of light. In all cases, 
the cavity enhances light-matter coupling leading 
to more pronounced quantum effects. Compared 
to atomic systems, the semiconductor has strong 
Coulomb correlation effects due to the relatively high 
density, which makes the analysis challenging. 
However, the semiconductor can also provide new 
mechanisms like the photon/carrier-density corre- 
lations which trigger new unexpected quantum 
phenomena. 

The field of semiconductor quantum optics is very 
active and is developing rapidly. It benefits both 
from advances in computer capabilities and in 
semiconductor crystal growth. The increasing com- 
puter capacity allows more profound, accurate, and 
realistic modeling of semiconductor structures. At the 
same time, advances in crystal growth technology 
provide us with improved samples which are almost 
disorderless. In particular, the growth of quantum 
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wells with narrower exciton linewidths and quantum 
dots with larger dipole moments and reduced 
dephasing rates may be achieved, which is certain to 
make quantum features increasingly apparent and 
unavoidable, 

All these research efforts eventually focus on 
producing devices utilizing quantum mechanical 
principles. One of the main objectives endeavors to 
develop quantum logic components for building 
blocks of quantum computers. Similar expanding 
possibilities can be expected, e.g., for accuracy of 
detection, device efficiency, and component design 
in general. Considering all of this, we 
almost guaranteed to see new astonishing advance- 
ments; in this bright future, semiconductor cavity 
QED research will most likely be a pre-eminent 
element. 


See also 
Quantum Electrodynamics: Cavity QED. 
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In 1923 Louis de Broglie suggested that particles of 
matter propagate as waves with a wavelength 


das = hip ul 


where b is Planck’s constant and p is the particle’s 
momentum, This breakthrough idea motivated 


Schrodinger’s equation, which is the equation of 
motion of quantum mechanics. 

Schrodinger’s equation is a wave propagation 
equation, and therefore implies the existence of a 
whole new type of optics ~ matter wave optics - in 
which electron waves, neutron waves, atom waves, 
and entire molecule waves can be manipulated 
coherently. Such optics enable new measurement 
technologies and devices that depend on matter 
wave interference. 

Guided by a knowledge of light waves, one can 
understand that the de Broglie wavelength of a 
particle sets the scale for focusing, diffraction, and 
interference. However, there are differences between 
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matter and light. For example, the vacuum is 
tremendously dispersive for matter waves. In other 
words, the group velocity for a particle depends on its 
de Broglie wavelength, while for light waves the 
group velocity is independent of wavelength. 

To illuminate the mathematical connection with 
light optics, we note the wave equation for light is 


VE = pe 21 


ar 


where 


E(%, 1) is the optical electric field, and the 
parameters gs and © may vary throughout space, 
describing an index of refraction. The wave equation 
for matter waves is Schrédinger’s equation: 


hv a 
( tv) =the BI 
where Y= i,t) is the probability amplitude, or 
wavefunction, for a particle of mass m. Here, the 
potential energy V can vary throughout space, and 
thus control the phase and amplitude of propagating 
atoms. Just as density for photons is proportional to 
Ey, the probability density for particles is given 


by We 


and (je9)”"” = c, and if we 
assume that both y and E have a time dependence 
described by e~**, the wave equations become 
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which look similar, but have a critical difference 
stemming from the single time derivative in 
Schrddinger’s equation. To see how this makes the 
vacuum dispersive for matter waves, but not for light, 
consider a propagating plane wave of either or E 
described by e** (for cither kind of wave, 
2m(a)!). Using the wave equation for light 
waves, the dispersion relation is 


ck 6) 


where c is the phase (and group) velocity of light, 
which is independent of &. The same plane wave 
substituted into Schrédinger’s equation for matter 
waves yields the dispersion relation 
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This is quadratic for matter waves, which means the 
group velocity v, = dosdk is twice the phase velocity 
¥% = otk, and both still depend on k 

From an engineering perspective, matter wave 
optics consists of lenses, mirrors, beam-splitters, 
and other components of an optics toolkit. The fact 
that electrons and neutrons can be transmitted 
through solid material, and that electrons can be 
reflected or refracted by static electromagnetic fields, 
has enabled optical elements to be created for these 
kinds of matter waves. For atoms, however, finding 
suitable materials for lenses or mirrors is a daunting 
task, since with rare exceptions (e.g., cold Hon liquid 
He) atoms thermalize on surfaces rather than 
elastically bouncing off or passing through them. 
This was the major obstacle which delayed the 
blossoming of atom optics until the mid-1980s. 

This obstacle has now been circumvented, but only 
with difficulty. Electromagnetic fields (whose spatial 
configurations are severely constrained by Maxwell’s 
equations) can change the potential energy of neutral 
atoms, but since an atom’s net charge is zero, provide 
only a weak and highly dispersive index of refraction 
based on the atom’s polarizability or magnetic 
moment. However, these effects are tremendously 
enhanced if the electromagnetic fields oscillate near a 
transition frequency of the atom. Hence, propagating 
waves and standing waves of single-frequency laser 
light have become standard tools in atom optics. 
Standing light waves are often referred to as a light 
cxystal, because the periodic potential can diffract 
atom beams. 

An alternative source of atom optical components 
is based on nanofabrication. Thin sheets of material 
with patterned holes serve as absorptive atom optics 
by transmitting atom waves only through the 
nanometer scale openings. A variety of techniques 
have been used to make physical diffraction gratings, 
zone plates, and holograms for atom waves. Methods 
such as electron beam lithography and ultraviolet 
photolithography both rely on sophistocated etching 
procedures to make the final free-standing structures. 
Thus, in either approach ~ near-resonant light, or 
miniature physical structures — current technologies 
such as the tunable laser or nanofabrication tech- 
niques have been required for the development of 
useful atom optic 

While coherent manipulation of atom wavesis often 
the goal, incoherent manipulations are possible also, 
, if photons are spontaneously scattered. Dissipa- 
tive processes offer an additional class of possibilities 
such as increasing the brightness of an atom source, 
and are therefore an important part of atom optics. 
This article excludes atom slowing and trapping, and 
focuses instead on atom diffraction — a coherent 


See Figure 1-14 for a graph illustrating phase 
control in the SCR. See “Phase Control fora dis- 
cussion of phase in AC waveforms generally. 


Triac Triggered by a Diac 
The problem of asymmetrical triggering can be 
overcome if the triac is triggered with a voltage 
pulse generated by another component that 
does behave symmetrically. The other compo- 
nent is almost always a diac, which is another 
type of thyristor. Unlike an SCR or a triac, it has 
no gate. It is designed to be pushed beyond its 
breakover voltage, at which point it latches and 
will continue to conduct until current flowing 
through it diminishes belowits holding level, See 
Chapter 2 for more information about the diac. 


In Figure 3-13, the diac is shown to the right of 
the triac, and is driven by a simple RC network 
consisting of a fixed resistor, a potentiometer, 
and a capacitor. (In an actual application, the RC 
network may be slightly more complex.) The ca- 
pacitor takes a small amount of time to charge 
during each half-cycle of AC. The length of this 
delay is adjusted by the potentiometer, and de- 
termines the point in each AC half-cycle when 
the voltage to the diac reaches breakover level. 
Because the delay affects the phase of the AC, 
this adjustment is known as phase control, 


As the voltage exceeds breakover level, the diac 
starts to pass current through to the gate of the 
triac, and triggers it. The holding level of the diac 
is lower than its latching level, so it continues to 
pass current while the capacitor discharges and 
the voltage diminishes. When the current falls 
below the holding level, the diac stops conduct- 
ing, ready for the next cycle. Meanwhile, the triac 
continues to pass current until the AC voltage 
dips belowits holding level. Atthis point, thetriac 
becomes nonconductive until it is triggered 
again. 


This chopped waveform will still create some 
harmonics, which are suppressed by the coil and 
capacitor at the left side of the circuit in 
Figure 3-13, 


semiconductor 


> thyristor > triac 


Figure 3:13. A minimal schematic showing typical opera 
tion of a triac. with 2 diac supplying pulses to the triac 
gate. The potentiometer adjusts the delay created by the 
‘capacitor. 


Other Triac Drivers 


It is possible, although unusual, to drive a triac 
from a source other than a diac. 


‘Simple on-off control can be achieved by using 
a special optocoupler such as the MOC3162 by 
Fairchild Semiconductor. This emits a switching 
signal toa triac only when the AC voltage passes 
through zero. A zero cross circuit is desirable be- 
cause it creates much less interference. The use 
of an optocoupler helps to isolate the triac from 
other components((("zero cross circuit") 


Phase control can be achieved using an opto- 
coupler such as the H11L1, which can be driven 
by rectified but unsmoothed AC after it passes 
through a Zener diode to limit the voltage. The 
output from the optacoupleris logic-compatible 
and can be connected with the input to a timer 
suchas the 555,setto one-shot mode. Each pulse 
from the timer passes through another optocou- 
plersuchas the MOC3023, which usesan internal 
LED to trigger the gate of a triac. 


Yet another possibility is to use the programmed 
output from a microcontroller, through an opto- 
coupler, to control the gate of a triac. An online 


22 Eneyclopedia of Electronic Components Volume 2 


234 QUANTUM OPTICS / Atom Optics 


process which can be used to make beam splitters for 
atom interferometers. 


Nanofabricated Atom Optics 


Because atoms stick to surfaces, mechanical struc- 
tures are absorptive atom optics. Yet the de Broglie 
waves transmitted through slots of a mask are nearly 
unaffected, provided the mask is thin enough, This is 
because the van der Waals potential energy of 
interaction with nearby surfaces falls off rapidly for 
neutral atoms. 

Consider, for example, an atom wave packet 
being diffracted by a mechanical grating made with 
physical bars and slots as shown in Figure 1. Initially, 
let the atom wave packet have a slowly varying 
spatial envelope, f=/(x,y,2)_ and momentum 
only in the S-direction, p =fiky = b(Aya) ', so 
the wavefunction can be written as 


a fetonwn 18] 


Immediately after the grating, only the portions of 
the wavefunction passing through slots remain 
nonzero, as depicted in Figure 2. Here, the wavefunc- 
tion is now periodic both due to the grating lattice 
vector k,§ and the initial wavevector ky. According 
to the Schrodinger equation, a periodicity in any 
direction implies a momentum in that direction. 
‘Thus, variation of yin the § variation gives rise to a 
new momentum distribution. 


Front view 


The square wave modulating the envelope of the 
wave packet can be described by a Fourier sum times 
the incident wavefunction 


w= fer Yay cos(nkyy) 19] 


where ky = 2m(d,)! is the grating lattice vector. The 
only other physical parameter of the grating is the 
open fraction, y, and this determines the Fourier 
amplitudes a, 


a, = my {10] 


From the principle of superposition (which is 
applicable here because the Schradinger equation is 
linear) the wavefunction can be written as a sum of 
traveling waves with wavevectors k,: 


=f Sah ny 


12) 


where, just as in standard optics, the factor N serves 
to keep Ik! on a spherical shell, ic., the grating docs 
not add energy to the atom. 

Inserting this expression for the wavefunction into 
Schrédinger’s equation we get the dispersion relation 


Silicon 
water 


Side view 


Figure 1 Scanning electron micrascope image of a silicon nitride diffraction grating for atom waves. The bars (light) absorb, and 
the slots (dark) transmit atom waves. The grating period is 100 nm, the open fraction is 0.67, and the free-standing bars are supported 
‘every 5 ym with a thicker strip of slicon nitride material. The grating was fabricated by Tim Savas and Henry | Smith at MIT 


NanoStructures laboratory. 
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Figure 2 Schematic dlagram of an atom wavepacket passing 
through an absorbing grating, as seen from above. Tha atom 
wavepacket is depicted before and after passing through the 
grating from left to right 


0=- 


for matter waves and a different group velocity, v, 
for each k,, 


U3) 


[im 4) 


Thus, diffraction through a grating puts an atom 
into a coherent superposition of different momenta, 
each separated by ~fik,5. Some time later, the atom 
will be in a coherent superposition of multiple 
locations, and the far-field probability density will 
he peaked at integer multiples of the diffraction angle 


Ae U5} 


ing 


where dering is the lattice spacing of the grating and 
the small-angle approximation for sin(@) has been 
used. Exactly as in light optics, these diffraction 
gratings are good momentum spectrometers, 
i.e,, the diffraction angle is a measure of longitudinal 
momentum. (Contrary to light optics, group 
velocity can also be used to measure matter wave 
momentum.) Coherence between the diffraction 
orders remains until a perturbation occurs which 
would (even in principle) be sufficient to determine 
which path the atom took, This assertion has 
been tested with atoms in an interferometer 
(discussed below). 

‘Atom flux in the th diffraction order is given by 


ton (Se? y 


[6] 


To resolve the diffracted orders the initial transverse 
momentum distribution of the atoms must be smaller 
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Figure 3 Difraction data from a beam of sodium formed by 
passing atoms through two collimating slits followed by a 
hanofabricated diffraction grating. The momentum of the atoms, 
dotermines their de Broglie wavelength, and thus thelr diffraction, 
angle sin(®>p) = Age/dyang- These data wore obtained at MIT by 
the authors. 


than ky, and the time until the far-field observation 
must be sufficiently large given the beam width, At 
intermediate times, the atom waves are in the Fresnel 
diffraction region where the Talbot effect can be 
observed. This effect causes the atom waves to form a 
replica of the grating in free space at integer multiples 
of the Talbot length, Zr = 2d 2earing Mat 

Figure 3 shows the far-field diffraction pattern from 
a beam of sodium (7°Na) atoms using a material 
grating with a period of 100nm. The atom beam 
velocity peaked at 1500 ms‘ corresponds to a 
de Broglie wavelength of 0.11 A; thus, @p = 10-4 
rad. (The beam of 3000 ms~* atoms diffracts at half 
this angle.) The spread in longitudinal velocity of 
a,Jv = 6% can be deduced from the data because 
it slightly increases the width for higher order 
diffraction peaks. The open fraction of the grating, 
y = 60%, can also be determined from the diffraction 
data, because it determines the relative intensity 
of the orders. Effects of the atoms’ finite size 
and interaction with the grating bars make small 
corrections to this simple theory. 
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Figure 4 Diffraction data using a mixed beam of sodium atoms 
(Na) and sodium dimer molecules (Na,). From this source 
molecules have the same speed as atoms, thus twice the 
momentum. Thus, molecule waves ara diffracted at half the 
diffraction angle compared to atom waves. These data were 
obtained at MIT by the authors. 
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Figure 5 Diffraction of helium atoms and helium molecules 

through a nanofabricated grating. These data, reproduced with 

Pormission from Wieland Schoellkopf, were obtained at the 

Max-Planck-Insttute in Gottingen. 


Nanofabricated atom optics differ from those 
they are 
amplitude structures (with corresponding loss of 
dependent, 
their scale size can be several times smaller than 
attainable with light, and they can be arbitrarily 
patterned since they are fabricated by electron beam 


based on light forces in a number of wa 


transmission intensity), they are species 


lithography. Insensitivity to species is demonstrated 
in Figure 4, where a beam of Naz molecules and Na 
atoms is diffracted and separated by a nanofabricated 
diffraction grating. The flexibility of electron beam 
lithography has allowed fabrication not only of 
diffraction gratings, but also of spherical and 
cylindrical zone plates, as well as a combination of 
lens and a hologram that generates a focused atom 
image, One stunning application laid to rest a 
long-standing argument concerning whether a 


stable bound state of the *Hey dimer exists. For this 
a diffraction grating was used to separate and 
resolve 4He, and more massive clusters (Figure 5). 
Subsequently a nano-sieve was used to estimate the 
size of the “Hey dimers to be 62 + 10 A. 


Standing Waves of Light 


In contrast to nanofabricated structures, standing 
waves of near-resonant light are phase gratings for 
atoms, The optical electric field dynamically polarizes 
the atoms and causes a shift to the ground state 
energy (the ac-Stark shift). For optical electric fields 
oscillating above (below) the atomic resonance 
frequency, the ac-Stark shift increases (decreases) 
potential energy for atoms and in either case perturbs 
the de Broglie wave phase. 

In many respects, the interaction of an atom with a 
standing light wave is richer than the more familiar 
topic of lightatom interactions in a traveling light 
wave. Part of this richness reflects two ways in which 
a standing wave can be considered, either as two 
counter-propagating traveling waves or as a single, 
stationary standing wave. The standing wave-atom 
interaction is capable of transferring momentum in 
well-determined quantities, coherently splitting 
atomic wave packets, and generating forces much 
larger than possible with spontaneously scattered 
light. Not surprisingly, this interaction has many 
distinct facets that only appear in different regimes of 
the interaction parameters (intensity, detuning, and 
pulse duration) and atomic parameters (mass, initial 
momentum with respect to the standing wave, and 
excited state natural lifetime). 

‘We begin with the Bragg scattering of atoms from a 
standing wave light grating. Although it can be 
difficult to realize the physical conditions that assure 
its occurrence, pure Bragg scattering is simpler than 
intermediate cases involving spontaneous decay 
(from light too close to resonance) or Kapitza— 
Dirac diffraction (from shorter interaction times). 

Consider a standing wave light grating formed by 
two counter-propagating plane waves (traveling 
parallel to the z-axis) of equal amplitude, Ey, 
wavevector, k, frequency, w, polarization vector, 2 
and temporal envelope function, f(t): 


E(t) = Ef sin(kz — ote 
+ Eof(t)sin(ke + wt) 171 
2Eof (t) sin(kz) cos(wt)2 [18] 


We would like to work with momentum states as our 
atomic basis, thus it is easiest to consider the 
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description of the electric field driving the transitions 
in terms of two counter-propagating traveling 
waves of definite momentum (eqn [17]), as opposed 
to the single standing wave they jointly form 
(eqn [18}). 

Momentum is transferred by paired stimulated 
absorption and emission processes, resulting in a 
transfer of photons between the traveling waves. An 
Ni order diffraction process transfers Ng photons 
from one traveling wave to the counter-propagating 
traveling wave and changes the atomic momentum by 
2Npfk=. Furthermore, atomic population is trans- 
ferred only between lg,—Nofik) and |g, +Nofik), 
where Ig(e), Nik) denotes a two-level atom in its 
ground (excited) state with momentum +Nhk 
parallel to the standing wave axis. The excited 
state remains nominally unpopulated so long as 
the temporal envelope function, f(t), does not 
have strong frequency components near the laser 
detuning 


b=0- 119) 


where ay is the unperturbed frequency of the atomic 
transition. Furthermore, for a given initial state 
(lg, -Nohk)) the uniqueness of the final state 
(ig, +Npftk)) occurs because of the fundamental 
assumption that makes Bragg scattering so simple to 
describe; the uncertainty in the photon energy driving 
the transitions is small compared to the ener} 
separation between neighboring momentum states. 
A quantitative discussion of the validity of this 
assumption will be given later. 

We now calculate the probability, P(x), of the 
first order (Np =1) Bragg process. Scattering 
transfers an atom from |g.—fik) to |g, +hk) when 
the atoms interact with a constant light inter 
for a time r(i.e., in eqns [17] and [18] f(®) is a square 
wave of unit amplitude and duration 7). The 
geometry for Bragg diffraction from a standing 
wave of light is shown in Figure 6, and the energy/ 
momentum states involved in the transition are 
depicted in Figure 7. 

Considering the electronic degree of freedom, we 
rewrite the Schrédinger equation as 


(Hy + Hil) = hl) 20} 


where the total Hamiltonian H=Ho + Hine 
is a matrix. The wavefunction is a vector of 
coefficients c; in the basis {Ig. —Ak).le,0).|g. +hk)}, 
with normalized population amplitudes for each 
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Figure 6 Two counter-propagating running waves of light 
superimpose to form a standing wave of ight. This ight crystal’ 
acts as a aifraction grating for atoms, shown here in the 
‘configuration for Bragg difraction, 
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Brink 
Figure 7 Energy vs. momentum diagram describing atomic 
states involved in Bragg difraction. The total energy is due to 
the electronic state (ig), |e)) plus the kinetic energy associated 
With the recoil from photon emission (or absorption). In Bragg 
diffraction, atoms make a coherent transition trom Ig.—Ak) = 
\g.+Ak). Reprinted from Gupta S, ef al. (2001) Coherent 
‘manipulation of atoms with standing ight waves. Comptes Rendus 
do L’Academie des Sciences ~ Series IV ~ Physics-Astrophysies 
2:479-495, copyright (2001) with permission from Elsavier. 


component: 


ca) 


IW =] cate 21 


eu) 
In the electric dipole approximation, the inter- 
action Hamiltonian is Hit) =—/- E(t), where 


= (elgfig)-@ is the electric dipole matrix element 
connecting the ground (\g)) and excited (le)) states 
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of the atom. é is the polarization vector of the light 
and q is the charge of the electron. By momentum 
conservation, only the plane wave traveling in the 
+2 direction couples the le,0) lg, hk) tran- 
sitions. By using this argument, we are effectively 
viewing the electric field as a quantum mechanical 
operator. Expanding the sinusoidal variation of the 
electric field in terms of complex exponentials and 
treating the spatially dependent complex exponen- 
tial terms as quantum mechanical momentum 


translation operators yields the interaction 
Hamiltonian: 
0 ie 0 
hog ‘it jut 
Hor = | ie 0 ie [22] 


0 ie 0 


For example, e**|g, nik) = le,(n + 1)hk) describes 
absorption, and for stimulated emission, 
ele, nhk) = |g, (0+ kk). This procedure inclu- 
des the rotating wave approximation. In addition, 
we have neglected any frequency components 
associated with the sudden switch on of the fields 
and the finite duration of the light-atom inter 
action. In formulating Hq, the strength of the 
light-atom interaction is parameterized by the 
single-photon Rabi frequency: 


1231 


Without loss of generality, we will take and hence 
‘og to be positive, real-valued quantities. 

‘The total Hamiltonian follows simply by including 
the electronic and kinetic energy terms: 


We 0 0 
Ho=h} 0 om 0 (24) 
0-0 eee 
where the single-photon recoil energy, Ey, of an 
atom of mass m is given by 
Enc = fiteec 125] 


Making the ansatz for the solution wavefunction as 


c-a(te 
W =] cote [26] 
cue mt 


and substituting into the Schrodinger equation yields 
three coupled first-order differential equations: 


ea) = Fecal, (271 
elt) = Se Mew i(t) — e410). [28] 


where A= 3+ 0. =(W~ 0p) + Wc. Differentiat- 
ing eqn [27] and substituting eqn [28] into the result 


yields two coupled second-order differential 
equations: 
Bay) ~ iMes(t) + SE (ci) ~ e=1(0) 29) 
With the initial conditions: 
e-1(0) 130] 
e9(0) = 0 > &.,(0) = 0 (31) 
41(0) =0 (32) 


and the assumption A? > wR, the solutions to 
eqn [29] are 


2, (a 
cugsettt co #,) 


133] 
“ 2 
el) = ie" sn( 21) 134] 
where the two-photon Rabi frequency is 
OR Eg) oy 135] 


FEAF. > O.6 
with both transitions driven at equal single-photon 
Rabi frequencies, we. 

Substituting the solution of eqn [33] or [34] into 
eqn [27] yields an expression for the excited state 
amplitude: 


ej PR ihe -inpt 
colt) = ~i 5K 136) 


This will be important in calculating the rate of 
spontaneous emission events later. 

The solutions for c-1(t) and c,,(¢) oscillate with the 
interaction duration, 7, yielding the result for the 
Ig, hk) = |g, Hk) transition probability: 


PRC) = ato? =sint( 2) 37] 


2 
Thus, the system oscillates between the two momen- 
tum states Ig, fk) and |g, +k) ina manner analogous 


to the Rabi oscillation of atomic population between 
two resonantly coupled states. This solution with 


QUANTUM OPTICS / Atom Optics 239 


oscillatory probabilities for the two Bragg coupled 
states is known as the Pendellésung and has been 
observed for atoms, neutrons, and X-rays (Figure 8). 
The nice feature here is that the strength of the 
grating can be actually controlled by the intensity of 
the light. 

Viewing Bragg scattering as a two-photon tran- 
sition from the initial ground state to the final ground 
state with opposite momentum, illuminates the close 
connection with a Raman transition between two 
internal sub-states of the ground state manifold, each 
ith its own external momentum state. The formal- 
ism describing the Raman transition is basically the 
same as that presented here, except the two tran- 
sitions can be driven at different single-photon Rabi 
frequencies, we and waa, so that the generic two- 
photon Rabi frequency is given by wt) = wp, @p2/2A, 
where A is the detuning from the intermediate state. 

An Ni} order Bragg process (similar to a 2Ny- 
photon Raman process) is a coherent succession 
of Np two-photon transitions from |g,—Nghk) to 
Ig. +Nefk) with 2Ny—1 intermediate states of 
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Figure 8 Bragg scattering of an atom beam trom an optical 
standing wave. First-order Bragg scattering at (a) lower power, 
(©) higher power of the laser beams (Pendallésung has set 
in, increasing the amplitude of the undeflected peak), (c) second 
lofdier Bragg scattering. Reprinted with permission from Physical 
Reviow Letters 60(6): 515-518. Copyright (1998) by the 
‘American Physical Socity. 


the form: 
le.(—Np + 1k), gs (Na + 2k)... 
sales (Np — 20h), le, (Np — Lyfe) 


Such a process is characterized by a 2Ng-photon Rabi 
frequency given by 

Log PN* 
TA, Ay: 


aX = 
(No) = 


8} 


‘AaNy-1 


where A, is the detuning from the n" intermediate 
state. Figure 9 shows what this process would look 
like for an Nj order Bragg transition where the 
intermediate state detunings are given by 


nodd 
Ba} 


Vora 


8+ (2Non 

4 — [8+ ONe 
Nan — 1 eee 
Substituting these detunings into eqn [38] yields 
the N# order Bragg transition 2Np-photon Rabi 


(aN) 
frequency, wf; 


oN loa)" 140) 
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where we have assumed 161 > Nj. 

To ensure that the system truly undergoes 
Bragg scattering, and validate the assumption that 
only states of equal kinetic energy and opposite 
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Figure 9 Energy vs. momentum diagram describing atomic 
states involved in higher-order Bragg difaction. Reprinted from 
Gupta 8, et al (2001) Coherent manipulation of atoms with 
standing light waves. Comptes Rendus de L’Academia des 
Sciences — Saries IV ~ Physies-Astrophysics 2:479~495, 
‘copyright (2001) with permission from Elsevier. 
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momentum are coupled, the overall exposure time, 7, 
of the atoms to the fields must be limited both from 
helow and above. 

The lower bound on r is necessary to resolve the 
final momentum state (Ig, Naf) from neighboring 
‘momentum states (|g, (Nj + 2)h&)) two photon recoil 
momenta away. Avoiding population transfer into 
these states requires that the energy separation be 
resolvable, or 


+(3E)>b 141] 
For first-order Bragg scattering processes (Nz = 1) 


the nearest lying momentum states that may be 
mistakenly populated are |g, +3hk), for which 


pa Pes _ Ph 
aft = Bes = Shoe 1421 
Therefore 
b 7 
"? Kha Fare ae 


For sodium atoms (Na) in 590 nm light, 7 > 6 ps is 
the lower bound required for first-order Bragg 
scattering. 

For all higher-order (Nx > 1) Bragg scattering 
processes, the nearest momentum states are 
lg, +(Np — 2)hk), which limits the interaction time to 


m= Wp Dow = Tine 144] 
which for Ng > 1 reduces to 
°° Toe ee 


‘The upper bound on the interaction duration is 
necessary to avoid spontaneous emission. The inter- 
action duration must be short enough so that the 
expected number, N,, of spontaneous emission events 
per atom during the time ris negligible. N, is simply 
given by the product of the excited state fraction 
(eqn [36}) and the probability of spontaneous decay 
given that the atom is in the excited state: 


ere oh 
N= le(QP0 r= SE Pr 1461 
where I” is the natural decay rate of the excited state. 
Avoiding spontaneous emission (N, <1) while stil 
having a significant probability. for transitions 
Niz— a) forces one to work in the 
regime where A> T’, which is a practical requirement 
to avoid spontaneous emission and maintain 
coherence. For sodium atoms on the 590 nm tran- 
sition, T= 6.3% 107 s“!, and a typical choice in 
Bragg diffraction experiments is A= SOP, or 
Aim = 500 MHz. 


Briefly, to relate Rabi frequency to optical intensity, 
the transition rate W on resonance with a Lorentzian 
spectral line is given by Fermi’s golden rule: 


1471 


where the last term can be regarded as the cross 
section for absorption multiplied by intensity in units 
of photon flux. Hence 


Brown 
aa 


For Na atoms in 12 mW(cm)~ resonant light, o = 
T=6.3x10"s"!. Both the probability of Bragg 
scattering and the spontaneous emission increase 
linearly with wp7I"~', However, spontaneous emis- 
sion decreases as A? while the Bragg scattering pro- 
bability decreases as A. Thus, as shown in Figure 10, 
at sufficient detuning and laser power, Bragg scatte 
ing occurs with no spontaneous emission. For 
reference, 12 mW(cm) *x10 ps corresponds to 
ep! = 630 for sodium atoms. 

Bragg scattering of atoms from a standing light 
wave was first observed at MIT in 1988, A supersonic 
atomic beam was diffracted from a standing wave 
of near-resonant laser light as depicted in Figure 6. 
The angle between the atomic beam (of thermal 
wavelength Ayp) and the light grating (of periodicity 
A,/2) was tuned to the appropriate Bragg angle, 6p, 
where 


ok =T 


148] 


Ada = My, sin(Op) 149] 


Population transfer corresponding to both first- and 
second-order Bragg scattering was observed 
(Figure 7). The experiment required a sub-recoil 
transverse momentum spread of the atomic beam in 
order to resolve the different momentum states in 
the far field and limit the final state to only one 


No spontaneous 
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Figure 10 The conditions for which N, >0.02(0.10) are hashed 
Inlight(dark) gray. fis proportional to optical intensity. The line 
labeled pulse indicates the parameters which cause complete 
first-order Bragg difraction, The line labeled 2-pulse indicates 
conditions where population is completely transferred back to the 
inal state (Pendelldsung oscillation). 
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diffracted order. The Pendellsung was observed as 
an oscillation in population transfer as a function 
of standing wave intensity, [oc wi, for a fixed 
interaction time, 7. 

Atomic beam diffraction from an optical standing 
wave is a continuous-wave (CW) experiment in 
which the selectivity needed for the Bragg process is 
imposed by good angular resolution of the particle 
beam and a high degree of parallelism between the 
light crystal planes. This ensures that of the various 
final Bragg orders allowed by momentum conserva- 
tion, only one conserves energy (energy conservation 
is exact in a CW experiment). For atoms scattering 
from a light crystal, parallelism of the crystal planes 
requires highly parallel photon momentum that 
implies a minimum width of the standing wave (the 
diffraction limit for the collimated photons). The 
transit time, 7, of the atoms across this width then 
exceeds the lower bound given in eqn [44]. 

The excellent collimation required of the atomic 
beam to ensure resolution of the Bragg scattered 
atoms reduces the intensity of the source by many 
orders of magnitude. A Bose-Einstein Condensate 
(BEC) is an attractive alternative source of atoms 
because its momentum spread is typically an order of 
magnitude below a single-photon recoil momentum. 
To Bragg diffract atoms initially in a stationary BEC, 
it is easier to move the light crystal than to accelerate 
the condensate. This is done by simply frequency 
shifting one of the traveling waves so that the 
resultant standing wave formed by its interference 
with the unshifted traveling wave moves with the 
proper velocity (Ngfk/m) relative to the stationary 
atoms to impart the necessary momentum, The Bragg 
scattered atoms will then have momentum 2Npfik in 
the laboratory frame. The resonance condition thus 
becomes a condition on relative detuning, 3y,, 
between the two laser beams forming the diffraction 
grating. For Nf-order Bragg diffraction, the relative 
detuning is given by 


2Nphk> 


Np ere [50] 


The first demonstration of Bragg scattering in a 
BEC was at NIST in 1999. They used Bragg scattering 
mainly as a tool to manipulate the momentum of the 
BEC, observing up to sixth-order processes. At MIT 
the interaction time was lengthened (to ~100 times 
the lower bound of eqn [44] for first-order Bragg 
scattering), creating a new type of spectroscopy called 
Bragg Spectroscopy. It is a spectroscopic measure- 
ment of the shift of the Bragg scattering frequency 
due to the Doppler shift (k+v) from the atoms’ 
motion together with any mean field interaction. 


(These effects can be separated by going to higher- 
order Bragg scattering to enhance the Doppler shift.) 

Bragg Spectroscopy was used to observe the 
momentum distribution of a BEC in a magnetic 
trap. The width of the Bragg resonance curve was 
primarily due to a 2 kHz Doppler-broadening that 
yielded the momentum distribution of the conden- 
sate. The spread in the corresponding velocity 
distribution was very small (0.5 mms"), even 
smaller than allowed by the Heisenberg uncertainty 
limit for a particle confined in the ground state of a 
harmonic trap. This reflects the increase in size of the 
condensate due to the mean field repulsion (?*Na, 
used in the MIT experiment, has a positive scattering 
length). The distribution was Heisenberg uncertainty 
limited at the observed size of the BEC, establishing 
for the first time that the coherence length of the 
condensate was equal to its size. In addition, the 
narrow Bragg resonance was shifted by the repulsive 
interactions within the condensate, resulting in a 
spectroscopic measurement of the mean-field energy. 


Kapitza-Dirac Scattering 


Diffraction of neutral atoms from a standing wave of 
near-resonant light with a short interaction time 
(rap < Moye.) has come to be called Kapitza—Dirac 
scattering, in honor of their pioneering suggestion. In 
1933, Kapitza and Dirac predicted that an electron 
beam propagating in a standing light wave would 
undergo stimulated Compton scattering and be 


reflected. This process has a tiny cross-section, equal 
to the classical electron radius squared: oumpion = 
8n/3eImc) = 6x10 cm, and has only 


recently been observed using extremely high laser 
intensities. If the electrons are replaced by atoms, 
however, the scattering cross-section for resonant 
Hight 419m = (W2MAFpo10n = 4X 10-1 cm? is 15 
orders of magnitude larger. This large cross- 
section, together with the ready availability of 
tunable lasers, has allowed stimulated scattering, 
both in the Kapitza—Dirac and Bragg regimes, 
to become the primary tool for the coherent 
manipulation of atoms. 

In Kapitza—Dirac scattering, atomic motion during 
the interaction time is small compared to the 
characteristic dimensions of the interaction potential. 
This is equivalent to the eikonal approximation for 
scattering or the thin-lens approximation in optics. 
The idea is that the phase of the incident particle 
changes along each classical trajectory, but not 
the amplitude. Thus, there may be momentum 
transfer perpendicular to the trajectory, but the 
trajectory is not significantly displaced (until after 
the interaction is over). Mathematically, this regime 
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can be treated by neglecting the atomic kinetic 
energy term in the Hamiltonian (the Raman—Nath 
approximation). 

‘The standing wave interaction may be treated by 
considering the standing wave (ac-Stark shift) poten- 
tial resulting from the applied fields given in eqn [18]: 


fag 
o 
where we have assumed 5 > I’, because the constraint 
1N, <1 (eqn [46]) holds in this regime as well, where 
N, is the expected number of spontaneous emission 
events per atom during the time r. Although we 
neglect the kinetic energy term in the Hamiltonian, 
we continue to will treat z in eqn [51] as an operator. 

Given the initial atomic wavefunction in momen- 
tum space, ih(pp). the atomic wavefunction immedi- 
ately after the interaction is given by 


Ve.) = AP wsin“ke) fea) 


Wp) =e FHM Yipy 152] 


EBM Hp) 153] 
where r= f dt'f*(t') and the integral is over the 
on duration. With the use of the identity 
Bessel functions of the first kind, 
= Ye. i"J,(a)e"*, the atomic wavefunc- 
tion can be written as 


oR a 
v1 (hx) 4) 


nes -)av +2nhk) [55] 
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States with 2Nfk of momentum are populated with 


1571 


is the pulse area, This leads to a 
momentum of the diffracted atoms that is linearly 
proportional to the pulse area: 


transverse rms 


> aiky 


Pras = 2" nk [58] 
The maximum and minimum bounds on the inter- 
action time, 7, and the amount of momentum transfer 
to the atoms are discussed in the next section. 
Kapitza—Dirac diffraction of atoms was first 
observed at MIT in 1986. Diffraction of a 


well-collimated (subrecoil) supersonic atomic beam 


was observed after passage through the tightly 
focused waist of a near-resonant standing wave 
(Figure 11). Significant diffraction into momentum 
states Ig, +10hk) was observed (Figure 12). 


Standing wave of light 


‘Atom beam 


Mirtor 


Figure 11 Two counter-propagating running waves of light 
superimpose to form a standing wave of light. The more narrow 
beam shown here represents the configuration for Kapitza~Dirac 
diffraction, 
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@ 
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: 
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A0-8-6-4-2 02 4 6 8 10 
Figure 12 Kapitza~Dirac diffraction of an atomic beam from a 
standing wavelight grating. The solid lines are experimental data, 
the dashed lines are theoretical curves. (a) = 1.89, (b) 9= 2.33, 
(©) 92.84. Reprinted with permission from Physical Reviow 
Lotters 56(8): 827-830. Copyright (1986) by the American 
Physical Society 
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Even higher diffracted orders should be observable in 
the future using laser beams directed at small BECs 
for somewhat longer times. 


Comparison of Atom-Standing Wave 
Interactions 


The atomic motion induced by interaction with a 
standing light wave varies qualitatively with the 
interaction parameters. Figure 13 summarizes the 
various interaction regimes of an atom with a 
standing wave in terms of the two most 
basic parameters: the two-photon Rabi frequency, 
jx/26, and the duration of the interaction, 
To render the plot independent of atomic species, wi? 
is given in units of the single-photon recoil frequency, 
ec, and 7 is given in units of the inverse single- 
photon recoil frequency, w!. Thus, for **Na the 
point (1,1) on Figure 13 corresponds to (6.4 us, 
2X25 kHz). The product of the two-photon Rabi 
frequency and the duration of the interaction is the 
pulse area, @= wt'r (eqn [57]), which is likewise 


the product of the pair of coordinates forming a 
point on the pk 

The lines KD 1(KD 10) on Figure 13 show where the 
first maxima of Piio =Jfo(@) (eqn [56]) occur, 
corresponding to the maximum possible population 
transfer into the first and tenth Kapitza—Dirac 
diffracted order respectively. Since the momentum 
distribution of diffracted atoms depends only on the 
pulse area (4), all Kapitza—Dirac orders are parallel to 
cach other and further offset from the origin in 
increasing order number. 

‘The Kapitza—Dirac regime ends at large interaction 
times where the Raman-Nath approximation fails 
due to motion of the atoms down the slope of the 
standing wave potential. We show these lines dashed 
as the interaction time approaches the beginning of 
the classical oscillation regime, and terminate these 
lines where the oscillation produces its first focus, at 
the first focus line. This line corresponds to the atoms 
completing a quarter period of oscillation in the 
standing wave potential, T= Tox/4, where the 
oscillation time is derived from the approximation 
that the potential (Viz,t)), (eqn [S1]) is harmonic 
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Figure 13 Atomic fraction from a standing ight wave. The vertical axis isthe two-photon Rabi frequency, w/26. in units ofthe 
single-photon reco frequency, «4. and the horizontal axis the pulse duration, sn unis ofthe inverse single-photon rocolfrequoncy, 
se. The scaling is chosen to eliminate the atomic species dependence ofthe plat. All coherant momentum transfer processes are 
destroyed by spentaneous decay, which occurs wih probability N, ~ 0.1 along the nes labeled accordingly and parameterized bythe 
given rato ST. Lines KD1 and KD10 show conditions forthe maximum transfer into the first and tenth Kapitza~Diracdifracted ordor 
respectively. As the interaction ime is increased the Raman Nath approximation is violated (termination of Kaptza~Dirac curves) and 
the atoms enter tne oscilatory regime, executing at least a quarter period of osclation above te first focus line (shaded area). Cures 
B1, B2, 83, B10, and B20 correspond to conditions that ganerate complete Bragg reaction inthe fst, second, tie, tonth-, and 
‘wentcth-order respectively. Experimental conditions are shown as points. Filed circles: Kapitza~Dirac difraction of an atomic 
beam (Pritchard 1986). Filed squares: Bragg ifracion of an atomic beam (Pritchard 1988). Open squares: Bragg difracion of 
BEC (Philips 1999). Open cices: transition trom Kapitza-Diracdifraction to oscilation of @ BEC in a standing wave light puise 
(Philips 1998) Reprinted from Gupta S, eal. (2001) Coherent manipulation of atoms withstanding ight waves. Comptes Rendus do 
LAcademio des Sciences ~ Series IV ~ Physics-Astrophysics 2:479~495, copyright (2001) with permission trom Elsevier. 


discrete semiconductor> thyristor > triac 
search for the terms "microcontroller" and “triac” 


will provide some additional suggestions. 


Charge Storage 
While switching AC, the internal charge between 
Al and A2 inside the triac requires time to dissi- 
pate before the reverse voltage is applied; other- 
wise, charge storage occurs, and the component 
may start to conduct continuously. For this rea- 
son, the triac is normally restricted to relatively 
low frequencies such as domestic 60Hz AC 
power. 


When a triac controls a motor, the phase lag be- 
tween voltage and currentassociated with an in- 
ductive load can interfere with the triac’s need 
fora transitional momentbetweena positiveand 
negative voltage cycle. In a datasheet, the term 
‘commutating dv/dt defines the rate of rise of op- 
posite polarity voltage that the triac can with- 
stand without locking into a continuous-on 
state, 


‘An RC snubber network is often wired in parallel 
with A1 and A2to control the rise time of voltage 
to the triac, as shown within the darker blue rec- 
tangle in Figure 3-14, where a resistor and ca- 
pacitor have been added just to the left of the 
triac. The highest resistance and lowest capaci- 
tance, consistent with trouble-free operation, 
should be chosen. Typical values are 470 to 
1009 for the resistor, and 0.01pF to 0.1pF for the 
capacitor. 


Variants 


Triacs are available in through-hole and surface- 
mount packages. 


‘Some components that are referred to as triacs 
actually contain two SCR components of oppo- 
site polarity. The “alternistor” range from Littel- 
fuse is an example. The SCR will tolerate faster 
voltage rise times than a conventional triac, and 
is more suitable for driving inductive loads such 
as large motors. 


Variants 


Figure 3:14, Ta prevent a triac from locking itse inta a 
continuaus-an state while driving an inductive load such 
as a motor, a snubber circuit can be added (shown here 
{38a resistor and capacitor in the darker blue rectangle fo 
the left of the trac). 


A snubberless triac, as its name implies, is de- 
signed to drive an inductive load without need 
for a snubber circuit. An example is the 
STMicroelectronics BTA24. Datasheets for this 
type of component impose some limits that may 
be stricter than fora generic triac. 


Values 


Surface-mount triacs are typically rated between 
2A to 25A of switched AC current (RMS), the 
higher-current versions being as large as 10mm, 
square, The necessary gate trigger voltage may 
range from 0.7V to 1.5V. Through-hole packages 
may be capable of slightly higher currents (up to 
40A), with gate trigger voltages of 1V to 2.5V be- 
ing common. 


Asnoted previously, the majority of triacs are re- 
stricted to relatively low frequency switching, 
60Hz being very common. 


Abbreviations in datasheets are likely to include: 


+ Voaw OF Vasu Peak repetitive reverse off-state 
voltage. The maximum reverse voltage that 
the component will withstand in its “off” 
state without experiencing damage or al- 
lowing current to pass. 


Ghapter3_23 
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about the minimum: 


~-2(2)" 


In the shaded region of Figure 13, the atoms will 
oscillate classically about the potential minimum, 
causing a periodic focusing of the atoms alternately in 
position and momentum space. However, anharmo- 
nicities of the potential away from its minimum will 
degrade the quality of the focusing effects. 

The maximum diffracted order that can be 
significantly populated by the light~atom interaction 
is limited by energy conservation. Classically, the 
maximum momentum transfer to the atoms due to 
the sudden switch on of the standing wave is delivered 
to atoms that convert the full height of the standing 
wave potential (fwR/6), into kinetic energy. This gives 


159] 
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Equating the maximum absorbed momentum, Pinas 
to an integer number of two-photon recoil momenta 
yields the maximum expected diffracted order, Nyx’ 
ox 


5) 12 
J (Heed) 


Prsax = 2Nenadtk = Nona * 161) 
This is just half of the square-root of the standing 
wave potential height measured in units of the single- 


photon recoil energy: 


> \12 
(2%) ypgaye 
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As the two-photon Rabi frequency is reduced, Nuxx 
falls below unity. As a result, there is no longer time 
for the higher-order multi-photon processes to gen- 
erate significant amplitudes in diffracted orders with 
N> I before dephasing due to the kinetic energy 
term (eqn [24]) becomes significant and the higher- 
order processes become negligible. Only a small 
population is ever transferred to the N= +1 orders 
and it does not oscillate at «,.. Therefore the classical 


oscillation regime does not extend below Nyuax ~ 1 
where it is terminated on Figure 13. 

Classical oscillation would result in atoms with 
momentum from zero up to the maximum allowed by 
energy conservation. Therefore, the classical focusing 
of atoms must be manifest as an atomic population 
distribution over many of the quantized momentum 
states (separated by 2k) allowed by energy con- 
servation (eqn [61]). However, as the interaction time 
lengthens and extends into the Bragg regime, the 


populated momentum states hecome restricted by 
energy conservation until only the oscillatory Pendel- 
losung into and back from only one final state 
remains. Therefore, we have ended the classical 
oscillation regime where the Bragg condition 
{eqn [44]) is satisfied. The Bragg regime presupposes 
a smooth light pulse shape. For a pulse with sharp 
edges, classically oscillatory behavior can still be 
observed at longer times than included in the shaded 
region of Figure 13, which is why we show the large r 
boundary of the classical oscillation regime as 
dashed. 

In the Bragg regime, transfer of population is 
restricted to (and back from) only one final momen- 
tum state. The allowable final states are restricted by 
limiting the frequency bandwidth (i.e., energy uncer- 
tainty) of the light fields in the atomic rest frame. This 
is accomplished by lengthening the interaction time 
and smoothing the rise and fall of the electromagnetic 
fields. The parameters for a first-order Bragg tran- 
sition (Table 1) are typically 6 ~ 50, 'r~ 1, and 
‘oR /T ~ 10 giving N, = 10- and wif'r ~ 1. Obtain- 
ing significant population transfer with higher-order 
Bragg processes requires larger intensities. Various 
orders (1, 2, 3, 10, and 20) of Bragg diffraction are 
shown as lines on Figure 13 corresponding to 
tie"); ry, where wl?” is given in eqn [40]. The 
lines are terminated at the appropriate interaction 
time determined from the final momentum state 
resolution condition (eqn [44]). The Bragg regime 
extends indefinitely to larger interaction times, which 
might be termed the region of Bragg spectroscopy. 
In experiments in this regime with 7*Na, atomic 
velocity resolution below 1mm s~? was obtained at 
0w,.. The study of adiabatically expanded 
BECs would require larger interaction times to 
resolve their smaller velocity spread and weaker 
mean field shifts. 

The Kaptiza—Dirac and Bragg regimes assume a 
different initial atomic momentum (in the rest 
frame of the standing wave) parallel to the standing 


Table 1 Natural paramotors and typical experimental par- 
ameters involved in standing wave difraction. The relevant 
frequencies together with the corresponding times (t/a) are 
tabulated. The parameters for “*Na have been used for system 
dopendent quantities 


« wan Ve 
9 500 THz osts 

5 (Braga) +500 MH2 ans 
‘uy (Bragg) 4100 MHz 1.6 ns 
a (K-D) 400 MHz 16ns 
r 10MHz tens 
ge 25 kHz 64 ys 
ee MHz 160 ns 
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wave axis. Kapitza—Dirac scattering assumes no 
component of the initial atomic momentum along 
this axis. The efficiency of Kapitza—Dirac diffraction 
falls rapidly as the initial momentum in units of the 
photon momentum approaches 1/7. To observe 
Ni}-order Bragg scattering, the initial atomic momer 
tum along the standing wave axis must have 
(nonzero) magnitude Ngfk. Without adhering to 
this constraint, no final momentum state will be 
energetically degenerate with the initial state and the 
atomic sample will not respond to the presence of the 
standing wave, even if the interaction parameters 
are appropriate (wit "r= 1) for N#-order Bragg 
scattering. 

The condition N, = 0.1 (eqn [46]), where N, is 
the expected number of spontaneous emission 
events per atom during the light-atom interaction, 
is drawn on Figure 13 for two ratios (30 and 1000) 
of standing wave detuning, 8, to the atomic excited 
state natural lifetime, I. For fixed IP, we see that 
NN, cc @, thus conditions with an increased pulse 
area (above and to the right of the N, =0.1 lines) 
result in a proportionally increased N,. These N, = 
0.1 lines are extended across all regimes of 
Figure 13 because restricting spontancous emission 
is required for both Kapitza-Dirac and Bragg 
scattering. As N, approaches unity, the correct 
optical potential describing the light—atom inter- 
action no longer is eqn [51], and scattering of 
atoms becomes an incoherent process which can 
lead to new possibilities such as a complex valued 
optical potential. Thus, while the standing wave 
fields in pure Bragg or Kapitza—Dirac scattering 
hchaved as phase gratings for atoms, light gratings 
on resonance can effectively become amplitude 
diffraction gratings. 


Atom Interferometry 


Inthe 19th century, Fizeau (1853), Michelson (1881), 
Rayleigh (1881), and Fabry and Perot (Fabry 1899) 
exploited the interference properties of light waves to 
create the light interferometer which has since 
resulted in many beautiful experiments and prec 
measurements. Using technologies invented since the 
Second World War, the initial ideas of de Broglie and 
Schrédinger have evolved into construction of inter- 
ferometers for neutrons, electrons, and atoms. These 
new interferometers are proving to be valuable tools 
for probing fundamental physics, for studying quan- 
tum mechanical phenomena, and for making inertial 
measurements. 

The scientific value of interferometry with atoms 
and molecules has long been recognized. In fact, the 
concept of an atom interferometer was patented in 


1973 and it has been extensively discussed since. 
Atom interferometry offers great richness stemming 
from the varied internal structure of atoms, the wide 
range of properties possessed by different atoms (e.g, 
mass, magnetic moment, absorption frequencies, and 
polarizability), and the great variety of interactions 
hetween atoms and their environment (e.g., static 
E-M fields, radiation, and other atoms). 

Light interferometers are generally based either on 
achromatic beamsplitters such as half-silvered mir- 
rors or on other semi-transparent membranes whose 
structure is small compared to the wavelength of the 
wave they are splitting. Lacking material structures 
that are cither transparent to atoms or smaller than 
their de Broglie wavelength, diffraction gratings have 
been pressed into service both as beamsplitters and 
mirrors for atom waves. This means that atom 
interferometers are constrained to designs which 
somehow compensate for the dependence of diffrac- 
tion angle on the wavelength of the individual atoms. 
In spite of this challenge, a surprising variety of atom 
and molecule interferometers have been built since 
1991, A majority have used the three-grating 
configuration in which the first grating splits the 
incident beam, the second reverses the differential 
momenta given by the first, and the third recombines 
the two beams at the location where they overlap. 
Both material gratings and standing waves of light 
have been used in the Raman-Nath, Bragg, and 
adiabatic regimes to obtain interference fringes. Some 
designs render the interference fringes in position 
space, others in internal state space. 

Figure 14 shows the MIT setup for a three-grating 
atom interferometer which features sufficient separ- 
ation between interfering paths to accommodate an 
interposed metal foil. This allows different fields or 
media to act on atom waves only in one of the two 


vert 


{_10hm cooper ot 
Interaction region 


Figure 14 An interferometer for atoms built with three 
rnanofabricated gratings. Each atom propagates in a superposition 
of two paths, shown in bold. The beam of atoms is well enough 
collimated, and the diction angle is large enough, that a metal 
barrier can be inserted between the two paths inside the 
interferometer. The interference fringes are obsorved by translat- 
ing one grating transverse to the atom beam. See for example: 
Berman PR (ed.) (1997) Atom Interferometry. San Diego, CA 
‘Academic Prass. 
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arms of the interferometer, Such an interaction 
region has been used to measure phase shifts due to 
an electric field applied to only one of the inter- 
fering paths. The phase difference between the two 
paths is then given by the Feynman path integral: 


o= = J Vixde 163] 


where 


164] 


is the potential energy due to the electric filed E, 
and a is the electric polarizability of the atoms. The 
resulting phase shift of the interference fringes 
(Figure 15) has been used to measure the polariz- 
ability of sodium atoms to unprecedented accuracy. 

Phase shifts have also been measured due a dilute 
target gas in one arm of the interferometer. In this 
case there is a complex index of refraction for the 
forward scattered atoms (some attenuation, and some 
phase shift) which depends on matter wave wave- 
length. Recent measurements reveal glory oscillations 
in the matter wave index of refraction due to passing 
through a dilute gas, and are a sensitive probe of 
interatomic potentials, 

In the domain of inertial sensing, atom interferom- 
eters have been used to the local gravitational 
acceleration, % Newton's constant, G, gravity gra- 
dients, Vg, and rotations ©, each with sensitivity 
rivaling if not exceeding any other method, The 
Sagnac phase shift, due to rotations, for a two-path 
interferomet 
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where v is the velocity of atoms, A is the enclosed 
area of the interferometer, and {is the rotation rate. 
The two factors in the denominator, Ayg and v, are 


‘Atom flux (keounts/ 


as 


a S ¢ § i 1 
Grating phase (rad) 
Figure 15 Interference fringes from atoms. 27 of grating phase 


corresponds to translating the grating one grating period, or 
100 nm. These data were obtained at MIT. 


both ~105 times larger for light than for atoms, 
which is why atom interferometers have the potential 
to be 10"? times more accurate than optical interfero- 
meters. In practice, atom interferometers only 
outperform laser gyros by a small amount because 
they have dramatically smaller enclosed areas and 
particle flux than optical interferometers. 

Since the first atom interferometers for Na and He” 
began working in 1991, others have been made for Li, 
Ar’, Ca, Cs, K, Mg, Ne’, Rb, and Lis, Naa, Ib, Ceo 
and Czy molecules, interferometers starting with 
trapped atoms have been made for Cs, Ca, He’, 
Mg, and Rb, Interferometers using Bose-Einstein 
condensates have been demonstrated with Na and 
Rb. These lists are still growing. Diffraction from a 
single grating has been observed for molecules as 
large as Cp buckyballs, which may someday be used 
ina three-grating interferometer. 


Conclu: 


The manipulation of atoms using light forces from 
standing light waves is a rich subject. The seminal 
suggestion of Kapitza and Dirac laid dormant for 50 
years due to lack of experimental technology. 
However, in the 1980s this suggestion was realized 
with atomic sources and considerably extended both 
experimentally and theoretically. In the early 1990s, 
coherent standing wave manipulation and nonofab- 
ricated atom optics became the two major routes to 
making atom interferometers. As the new century 
begins, these techniques are being refined further with 
improved sources, new detection schemes, and better 
atom optics. Replacing thermal atomic beams by 
Bose-Einstein condensates (BECs), as sources of 
atoms, will revolutionize the field of atom optics 
just as lasers did in light optics. 

Conversely, stimulated light scattering and nano- 
structures provide new ways to study atomic and 
molecular properties, such as Bragg spectroscopy for 
BEC characterization. As progress continues, exciting 
developments should be forthcoming, such as defini- 
tive measurements of the fine structure constant, a, 
atom gyroscopes that are far superior to the best laser 
gyroscope technology, and improved studies of BECs. 
Another area that is on the brink of spectacular 
development is the confinement of coherent matter 
waves in atom waveguides and the development of 
the scientific and technological opportunities that 
these represent, in analogy to fiber optic waveguides 
for light. 

While we have described the application of 
nanofabrication techniques to atom optics, it is 
possible to imagine technology transfer in the other 
direction, The fundamental problem of fabricating 
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ever smaller structures might be tremendously 
advanced by atom optics because the de Broglie 
wavelength of atoms is so much smaller than that of 
light, permitting them to be focused to directly 
deposit much smaller features than possible with 
photolithography. 


See also 
Interferometry: Overview. Scattering: Scattering Theory. 


Further Reading 


Cohen-Tannoudji C, Diu B and Laloe F (1977) Quantum 
‘Mechanics. New York: Wiley and Sons. 


Atomic Coherence Effects 


ABelyanin, G R Welch and M O Scull 
‘Texas A&M University, College Station, TX, USA 


© 2005, Elsavier Lc, Al Fights Reserved. 


History and Perspective 


Quantum optics and laser physics have entered a new 
era. This started with the invention of the laser and 
the associated theoretical developments such as the 
theory of photon correlations and statistics, and the 
quantum theory of the laser. Later, new and novel 
lasers such as the free electron laser and tunable dye 
laser fueled many new research directions. With the 
development of the micromaser, quantum optics 
hecame a beautiful new test bed for the study of 
nonequilibrium statistical physics of photons inter- 
acting with matter in a controlled environment. 
The realization that a deeper understanding was 
needed to understand the measurement process led to 
the utilization of the laser as a probe of gravity, and to 
insight into nonclassical processes such as quantum 
nondemolition measurements and the production of 
squeezed states of light. 

Effects of atomic coherence in quantum electronics 
have a long history. One of the first examples was 
the Hanle effect: excitation by polarized light 
creates atomic coherence that can evolve in a 
magnetic field, causing the change of polarization of 
the resulting fluorescence. Another important 
example is the interference of decay processes, first 
suggested by Fano, Modern schemes utilizing 
quantum coherence in atomic vapors or solid media 
usually involve strong coupling laser fields (laser 
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drives). In each case, the effect of quantum coherence 
can be understood as interference of multiple 
(usually two) transition paths between quantum 
states of a system. 

In the past decade, the concepts of atomic 
coherence and interference have led to many new 
and surprising innovations in laser physics such as 
electromagnetically induced transparency (EIT), 
refractive index enhancement, lasers without popu- 
lation inversion, ultra-slow light group velocity, 
storage of the quantum states of light, teleporta- 
tion of quantum states, and nonlinear optics at an 
ultra-low intensity level. 


Electromagnetically Induced 
Transparency 


One of the most vivid manifestations of quantum 
coherence effects is the reduction of absorption in a 
three-level system that is driven by a coherent laser 
field. This effect is known as electromagnetically 
induced transparency, or EIT. We consider in more 
detail the case when the probe and drive fields are in a 
so-called A-configuration (Figure 1a) named after the 
appearance of the level scheme. In the conventional 
usage, the two lower levels are coupled to the upper 
level with two lasers. One of the lasers may be strong 
and is called the driving or coupling laser, and the 
other is weak and is called the probe laser, 

onsider a quasi-monochromatic laser field Ey 
(called the ‘driving’ field, or ‘coupling’ field) and 
probe field E, interacting with a three-level medium 
of Figure 1a, This interaction is described by a density 
matrix pj, where i, j take the values a, b,c. Within the 
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Figure 1 Real and imaginary parts of the susceptibility as 
functions of the frequency of the probe laser for (a) three-level 
A-type atoms, and (b) tworlevel atoms. 


density matrix approach, quantum coherence in the 
system has the precise meaning of an off-diagonal 
clement of the density matrix at the two-photon 
transition cb. To have strong quantum coherence in 
a A-system, one must excite a large value of pj. 

It is convenient to simplify the equations from the 
very beginning by using the rotating-wave approxi- 
mation. We introduce slowly varying complex 
amplitudes of fields and polarizations and neglect 
their second derivatives. For example, for the probe 
field applied at the a— b transition we write 


Exe) = Feytead expl-iagt + iho) tee. (1) 


After introducing the complex Rabi frequency 
O4(,1) = dyep(z, f/2h, the wave equation for waves 
propagating in the z-direction can be written as 


a, My AD, _ 2nd iN 
ae EGE t= Ea 12) 


Here d, is the dipole moment of the probe transition 
ab, N the total volume density of atoms in the active 
region, kp represents cavity losses, and np = kyc/ap is 
the refraction index. The variable oy, is the slowly 
varying amplitude of the corresponding off-diagonal 
clement py, =o, exp(—ingt) of the density matrix. 
The same representation is assumed for thi field 
Eq, with parameters n, d, v, « having index ‘d’. 

‘The functions 05, dj, and o,;, which determine 
the polarization response of the medium at the 
frequency of the external field, should be found 


from the density matrix equations 


doe, anny 
SE tac = iM. +iMjoy 
do, 
Feet Pave = iM pry +r, TAY 
ose 7 
dt + Pactra = igre + Apo, [5] 
where 
Tes = ye + ives — Up + a), 
Ta = Yab + i(Yas — Hp) [6] 


Tac = Yoo +iltae — Ha) 


Here the ys are relaxation rates of the polarizations 
at the corresponding transitions (the so-called homo- 
geneous broadening). The population differences 
pu ~ pix are defined from eqns [2|-[6] together 
with the three equations for p,.i= a,b,c, with 
phenomenological rates of population relaxation 
and pumping: 


poi, 7 
SE = 21m 95041 + resPec + PabPas ~ ToaPov 

pce 

pee = — DI jer) + Pacha — FebPec 71 
pas . "i 

7 = Um[O}o,y] + Um[Qjo. + raPoo 


Cab + TacdPaa 


Here we have included only the pumping term 
Tq between levels b and a for simplicity. Later, we 
will consider the effect of incoherent pumping on 
gain, but in this section we put ri, =0. The sum 
of populations is evidently conserved in this model. 


Analysis of open systems with, e.g., flow of atoms 
through a cavity, leads to qualitatively similar 
conclusions. 

Suppose that the probe field is 
IOSP € yeuYucs and the drive-field intensit 
stant in a sample. The complex susceptibility at the 
probe-field frequency, which is proportional to 


weak, 


asl ps is given by 


1 
——c 


[8] 


This expression can be further simplified if there is 
no pumping to the states lc) and la), so that we can 
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assume that 1,,=0 and drop the second term in the 
brackets. The behavior of y as a function of 
detuning from resonance 1,=y, is shown in 
Figure 1a. In the absence of the drive field 94, we 
retrieve the usual two-level susceptibility, shown in 
Figure 1b, 

There are two remarkable features in the suscep- 
tibility of Figure 1a. The first one is the transparency 
window at the point of two-photon resonance. 
‘The absorption coefficient at resonance is, 


Lanpd; 
Bl Yap + 14/40) 


Clearly, absorption can be arbitrarily small when 
Yeu & Yab and 10) P > Ye Fabs since it is proportional 
t0 ,,/Q41°. For any value of IQ", the absorption is 
much smaller than that resulting from simple Stark 
splitting of two Lorentzians, Moreover, in the most 
interesting case 


19) 


eb Ya © MOP yy 

the Stark splitting is negligible while the deep and 
narrow EIT feature remains, with width 
Heb + MAP ape 

‘Note that the intensity of the drive field required 
for the coherent bleaching of the medium is a factor 
rus/'Yoo > 1 smaller than the intensity needed for 
usual saturation bleaching, 

EIT is closely related to the phenomenon of 
coherent population trapping (CPT). This can be 
illustrated by transforming from states la), |b), Ic) toa 
new set of states la), IB), |D), where 


ID) = (1b) — Ogle) /aflgP + 10, 


IB) = (4416) + Mple))/Af4!* + 10," 


Tt can be easily found that under the condition of 
two-photon resonance ,—%j= v4, the dipole 
matrix element from |D) to la) goes to zero. This 
means that the population in state |D) does not 
interact with the coherent radiation field and does not 
contribute to absorption. That is why this state is 
called a non-absorbing or dark state. Under the 
condition IQ4!/.u-yu» > 1 practically all the popu- 
lation of states |b) and Ic) is optically pumped into the 
dark state, and only a small fraction ocy,,, remains in 
the absorbing state |A) and contributes to absorption. 

The second remarkable feature of a driven 
A-system is sharp variation of the real part of y 
near the resonance, which can be used for manipu- 
lation of the group velocity of light, as discussed in 
the next section. 


Slow, Ultra-Slow, Stored, and Frozen 
Light 
Introduction 


There are five useful definitions for the velocity of a 
traveling wave 


«# the phase velocity, which is the speed at which the 
zero crossings of the carrier wave move; 

© the group velocity, at which the peak of a wave 
packet moves; 

© the energy velocity, at which energy is transported 
by the wave; 

# the signal velocity, at which the half-maximum 
wave amplitude moves; 

© the front velocity, at which the first appearance of a 
discontinuity moves. 


Although these can all be different, in most cases 
(linear, passive, dispersive media) the last four 
coincide, and are usually less than the phase velocity. 
By using the very steep frequency dispersion in the 
vicinity of the narrow resonance associated with 
electromagnetically induced transparency (EIT), it 
has been shown that the group velocity of light can be 
reduced by approximately 100 million compared 
with its velocity in vacuum. 

In order to understand the concept of group 
velocity, it is useful to consider the superposition 
of two waves of the same amplitude E, and E) where 
E, = Egcos(k,z — nit) with i= 1,2, Addition of these 
waves gives rise to the modulation shown in Figure 2: 


o(cos(kyz — 041) + costae 


vst) 


Ey cos(Akz — Avt)cos(kz — vt) 


where Ak =(k,—ky)/2, Av= (ny —09)/2, k= 
(ki + k2)/2, and v= (04 + ¥2)/2. This superposition 


& 


& 


5+ — 
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Figure 2 Interference of two monochromatic waves with 
different frequencies results in a wave modulated in time and 
space. 
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displays an interference pattern consisting of a rapid 
oscillation propagating with the so-called phase 
velocity, 


Uae =f 110) 


and a slowly varying envelope propagating at the 
group velocity, 


Av 


“= FE 1] 


Usually, the group velocity of wave packets consisting 
of more than two harmonics is given by transforming 
the ratio Av/Ak into dv/dk 


Slow and Ultra-Slow Light 


In ordinary absorption and refraction of light, it is 
sufficient to consider only two atomic energy levels 
interacting with the light. However, in multilevel 
systems, coherent excitation of more than one 
transition can dramatically alter the dispersion and 
hence the group velocity. The first experiments of this 
effect demonstrated a group velocity of c/13. How- 
ever, this was progressively lowered in later experi- 
ments as the steepness of the dispersion was 
increased, culminating in a group velocity as low as 
1300 000 000 (1 mis) in a Bose-Einstein condensate 
of ultra-cold sodium atoms. Slow light has been 
observed in a wide range of systems, from the 
Bose-Einstein condensates just mentioned, to hot 
optically dense gases of atoms and molecules, and in 
solids ranging from rare-earth doped crystals to solid 
hydrogen, 

Most of these experiments occurred in a A system. 
The susceptibility of this medium has very steep 
dispersion without absorption, as shown in Figure 1. 

‘The minimum possible group velocity slowed by 
the steep dispersion in EIT is given by 


where y= Yu = Yc. The driving field © should 
be strong enough to meet the condition 27 > yy,. 
for coherent effects. It can be shown that the 
group velocity approaches its minimum min 
8:ry;,,/(3A°N) when 2? = yyy. 


Bringing Light to a Halt: Frozen Light 


Consider a laser pulse propagating through a medium 
with ultra-slow group velocity while the medium 
itself is moving with some velocity v in the opposite 
direction to the direction of laser pulse propagation. 
Let us denote the group velocity of the light in the 


frame co-moving with the atoms as #,. In this frame, 
atoms are at rest, and hence, there is no spatial 
dispersion. The Galilean transformation to the 
laboratory frame, — kv, where v is 
the atomic velocity, yields the group velocity 
Ug = Re(dv/dk) =, — v. This simple transformation 
shows that the light pulse is ‘dragged’ by the moving 
atoms. If the velocity of the atoms with respect to the 
laboratory frame is exactly equal and opposite to 
the group velocity of light in the frame where atoms 
are at rest, then we find that the group velocity in the 
laboratory frame is zero, We refer to this as “freezing 
of light, We may even make the group velocity 
negative so that the propagation direction is opposite 
to the wavevector (that is, that v, <0). The simplest 
example of spatial dispersion is the so-called drift 
dispersion corresponding to a mono-velocity atomic 
beam or moving sample with velocity v. 

Slow light experiments in Doppler broadened 
systems such as warm gases allow group velocities 
that are much lower than the mean thermal speed (1) 
of the atoms in the thermal sample (Figure 3). This 
means that freezing of light can occur without 
actually moving the atomic sample, When the 
experimentally obtained group velocity is less than 
or about equal to the mean thermal speed of the 
atoms, a pulse of light can be stopped in a stationary 
cell, In this case the delay time for a pulse passing 
through the medium would tend to infinity (contrary 
to the case of a finite atomic heam) in the sense that 
this pulse would never leave the cell. 

This is accomplished by using a single velocity 
group from the Maxwellian thermal distribution of 
atomic velocities, and adjusting the frequency of the 
driving field to be resonant with that velocity group 
(see Figure 4). In this case it is mainly the atoms in this 
single velocity group that support the ultra-slow 
group velocity as.a slow EIT polariton, and the atoms 


Ci 


-2 a oO 1 
Avgiksvr 
Figure 3 Ultra-siow and negative group velocity of EIT polariton 


versus detuning of drive laser; 2=025y, kyvy ~ 100y, 
Yay = 0.001, (a) N= O.6N,,;(b) N= Nl (c) N= 1.5, 
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Figure 4 The velocity aistribution of atoms in a cell (solid line). 
Effective driting beam (dotted) selected by drive laser. 


then act as an effective atomic beam, If the driving 
field is on resonance with the velocity group of atoms 
moving into the light with speed equal to 7, we will 
have v, = 01, ~ vy, where 7}, is the group velocity of 
the light defined by the effective atom beam if those 
atoms were at rest. This requires that the intensity of 
the drive is strong enough to provide EIT for the 
resonant velocity group of atoms, ic, 22> yy 
(see Figure 4) but at the same time weak enough to 
avoid interaction with off-resonant atoms moving 
with the ‘wrong’ velocities (ie. © < kup Yad¥)- 


Storing and Retrieving Quantum Information 


Photons are potentially the best particles for use 
in quantum computing and quantum information 
processing, They are the fastest, and perhaps the 
simplest and most robust carriers of quantum 
information, but their storage and manipulation is 
difficult without destroying their quantum state. 
However, for application to quantum cryptography, 
quantum teleportation, and quantum computation it 
is necessary to achieve a strong coupling between 
electromagnetic waves and a large nonlinear suscep- 
tibility with small losses. For this task, it may be 
resonant coherent media that offer the promise of 

Recently, new coherent and reversible methods 
based on EIT have been found for the transfer and 
manipulation of photons and their quantum infor- 
mation. Quantum states of photons are trapped in 
coherently driven atomic media in which the group 
velocity is reduced adiabatically toward zero. The 
methods allow for an ideal transfer of quantum 
correlations between light fields and metastable states 
of matter. Currently, interesting applications such as 
quantum state memories and quantum information 
processing including transporting and time reversing 
the state of light are being investigated. 


Although experiments have not yet been conducted 
with single quanta, proof-of-principle experiments 
using classical laser fields have demonstrated the 
technique. In these experiments control and signal 
light pulses propagate in a gas of three-level A-type 
atoms and excite a spatial profile of a long-lived 
coherence of ground spin states. This spin coherence 
profile contains quantum information about the 
‘writing’ pulses. When the control field is switched 
hack on, the signal pulse is restored via Raman 
scattering on the atomic coherence. Ideally, the 
scattered pulse is in the same quantum state as the 
input signal pulse, preserving entanglement, quantum 
statistics, etc. 

Similar experiments have also shown that different 
reading pulses (rather than switching back on the 
same control pulse) can be used to obtain new tools 
for quantum information storage and processing. 
Time reversing, teleportation, color switch and 
multiplexing of the signal pulse of light have all 
heen demonstrated. These new operational possibi- 
lities arise as a result of the reading of the stored 
information with a light pulse that is spatially 
separated from, has different frequency from, and 
propagates in the opposite direction to the signal 
beam. 

To demonstrate these effects, one pair of control 
and signal pulses (the ‘writing’ fields) prepares a spin 
coherence of the lower level (Figure 5). A second 
control pulse (which can be thought of as a ‘reading 
field) scatters from this coherence resulting in 
the generation of a new, or ‘recovered’, field. 
This recovered field acquires some properties of the 
reading field because it is a Raman scattered 
component of the reading pulse. If the reading field 
pulse is centered about a frequency other than that of 
the writing fields, and propagates in the opposite 
direction to the writing fields, then the recovered field 
propagates in the same direction as the reading field 
and has a different frequency from the incident 
writing fields. Even if the writing and reading pulses 
are separated in space as well as time the scattering 
effect will persist. This allows the transportation of 
the coherence grating to another point in the atomic 
cell via the atomic center-of-mass motion, 

In the ideal case the signal pulse profile and 
quantum statistics are exactly stored by the atomic 
coherence grating. Thus, reading by a backward 
propagating pulse results in a generated pulse that is 
also backward propagating, That is it represents an 
exactly time-reversed copy of the signal pulse. 
Similarly, atomic motion in the direction transverse 
to the light propagation moves the coherence grating 
to another spatial position. Reading the light by a 
spatially shifted laser results in the equivalent of 
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Figure § (a) Energy level scheme used in experiments for 
‘multiplexing, transporting, and time-roversing stored light, 
(0) ‘Storage of light intensity of the signal field versus time 
for efferent switching times (T) of the reading and writing fields. 


‘teleportation’ of light by atoms in the same spirit as 
the teleportation of the quantum state of light by 
It is also 
possible for the frequency of the ‘restored’ pulse to be 
easily shifted by switching the frequency of the 
reading pulse. This means that the use of a frequency 
comb of reading pulses propagating in different 
spatial modes should result in multiplexing of the 
signal light. 


Novel Laser Sources Based on 
Quantum Coherence 


Introduction 


In the previous sections we have seen how quantum 
coherence can be used to overcome resonant absorp- 
tion on a transition of interest, leading to EIT. 
A natural question arises whether it is possible 
to achieve gain without population inversion at 
this transition, i.e. lasing without inversion (LWI). 
This subject has been intensively investigated since 
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Figure 6 LWI schemes in a three-level system coherently 
driven by a laser fold 


the carly 1990s, and the first proof-of-principle 
experiments have been successful, 

Besides the fundamental physical beauty of this 
phenomenon, the research effort has been motivated 
by potentially important applications. It is clear that 
LWI could be particularly useful in situations where a 
population inversion is difficult to maintain due to, 
e.g., very fast relaxation or inefficient pumping, The 
obvious examples are high-frequeney UV, X-ray and 
gamma-ray lasers, or semiconductor mid/far-infrared 
lasers based on intersub-band transitions. Another 
promising application of LWI is efficient frequency 
up- or down-conversion, Furthermore, if resonant 
absorption can be eliminated, resonant nonlinear 
optical interactions become a reality. Since all non- 
linear coefficients are maximized at resonance, highly 
efficient nonlinear optical generators of light can 
be created. 

In this section we discuss the simplest possible 
schemes of inversionless lasing which allow one to 
clarify the physical origin of LWI and to see the 
shortcomings which have so far prevented LWI-based 
schemes from reaching the level of practical laser 
devices. 

Consider a three-level system, coherently driven by 
a strong quasi-monochromatic field nearly resonant 
with one transition, and probed by a field that is 
nearly resonant with an adjacent transition. Some 
possible configurations are shown in Figure 6. We 
consider in detail the case when the two fields are 
ina A-configuration (Figure 6a). This is probably the 
most popular and well-studied scheme since it can 
provide probe-field gain for a very low pumping 
rate, when most of the population is at the lowest 
energy level. However, we will see that the gain 
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condition for the A-scheme is actually rather restric- 
tive and does not allow one to realize large frequent 
up-conversion. For the latter purpose, ladder-type 
schemes (Figure 6c,d) turn out to be more favorable, 


Weak-field gain in the A-scheme 
From the general formalism presented earlier, it is 
straightforward to get the amplification condition 


1 
{> Tat Fry ( e 


2rd 
Tene 

‘The physical meaning of the two terms in 
brackets in eqn [13], which originate from the 
two terms on the right-hand side of eqn [4] for 
a, can be easily understood. The first term is just 
the resonant one-photon absorption proportional 
to the population difference m,,. It can be strongly 
reduced in the presence of a drive field Qy, as 
explained earlier, However it can change sign and 
give rise to the field amplification only if m, <0, 
meaning there is a population inversion! 

The second term, originating from the product 
Qyery in eqn [4], is due to the mixing of the 
drive field Qj and polarization ay where the 
latter is parametrically excited by a. two-photon 
process: yy & e073, ©, It is this term that 
can overcome one-photon absorption to provide 
amplification without inversion in the A-scheme. As 
we see, the possibility of LWI depends crucially on 
our ability to excite a sufficiently large polarization 
«ry, at the transition resonant with the beat frequency 
of the probe and drive fields, This conclusion is 
universal for all LWI schemes with a coherent drive. 
We see that the sometimes loosely defined term 
“quantum coherence’ has a precise meaning here as 
the polarization @,, at a two-photon transition c~ 
It is clear that the effects of quantum coherence are 
maximized when is small, ic, the transition ¢—b 
is long-lived. 

We are of course interested in the case of weak 
incoherent pumping. ‘The typical dependence of 
gain on detuning from two-photon resonance is 
shown in Figure 7. At resonance, where the gain is 
maximized, the amplification condition K" < 0 yields 
{in the absence of nonresonant losses): 


[4] 
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Figure 7 Gain without inversion in scheme. 


because yy =ry4/2. Here we assumed that the 
incoherent pumping is weak, r,<ry, so that it 
does not produce population inversion at the probe 
transition, 

Equation [14] isa simple and very important result, 
which is valid for all three-level laser schemes in the 
absence of inversion at both probe and drive 
transitions: the relaxation rate at the drive transition 
should exceed that at the probe transition. This 
result is an immediate consequence of the fact that the 
long-lived coherence oy, is inevitably destroyed by 
incoherent pumping, and yy, is now bounded from 
below. One can follow how the EIT regime is 
transformed into lasing as follows. With increasing 
incoherent pumping rate r,,, EIT is actually destroyed 
due to the growth of yp = riu/2- In terms of CPT 
states, this means increase of population of the 
absorbing state |B). At the same time, the resonant 
Raman term in [13] also grows since m,. is 
proportional to r,,. With increase in the incoherent 
pumping rate, the contribution to gain overcomes the 
contribution to absorption if ry. > rai 


Propagation effects 
Inequality [14] has important implications for the 
problem of co-propagation of probe and drive fields. 
Indeed, to provide a significant amplification of the 
probe field, the absorption length Ly = yycl(nutts) 
of the drive field should be larger than the ampli- 
fication length Ly ~ Yc/(npt4) of the probe. 
This requirement gives simply 
nln > 1 5) 
which in the absence of nonradiative relaxation can 
he rewritten as 


What Can Go Wrong 


+ Vg The maximum voltage difference be- 
tween Al and A2, measured with a short 
pulse width and low duty cycle 

+ Vor Gate trigger voltage necessary to pro- 
duce the gate trigger current. 

+ lpaiy Peak repetitive blocking current (i 
maximum leakage). 


+ Joy Maximum gate current. 

+ Igy Minimum gate trigger current. 

+ I Holding current. 

+ I, Latching current. 

+ Irags) On-state RMS current. The maximum, 
value passing through the component on a 
continuous basis, 

+ Irs Maximum non-repetitive surge current. 
Specified at a stated pulse width, usually 60 
Hz. 

+ TcCasetemperature, usually expressedasan 
acceptable range. 


+ T, Operating junction temperature, usually 
expressed as an acceptable range. 


What Can Go Wrong 


Like other semiconductors, a triac is heat sensi- 
tive, Usual precautions should be taken to allow 
sufficient ventilation and heat sinking, especially 
when components are moved from an open pro- 
totyping board to an enclosure in which crowd- 
ing is likely. 


Unexpected Triggering Caused 
by Heat 

On a datasheet, a value for triggering current is 
valid only within a recommended temperature 
range. A buildup of heat can provoke unexpec- 
ted triggering. 


discrete semicanductor > thyristor > tr 


Low-Temperature Effects 
Significantly higher gate current will be required 
by a triac operating at low temperatures. It is 
quite possible that the component will need 
twice as much current at 25° C compared with 
100°, junction temperature. Ifthe triac receives 
insufficient current, it will not turn on. 


Wrong Type of Load 
Ifan incandescent lamp is replaced with a flu- 
orescent light or LED area lighting, a pre- 
existing triac may no longer work as a dimmer. 
Fluorescent lamps will have some inductance, 
and may also provide a capacitive load, either of 
which will interfere with the normal behavior of 
atriac. 


The light output of an LED varies very differently 
compared with the light output of an incandes- 
cent bulb, in response to reduction in power. 
Thereforean LED shouldbe dimmed using pulse- 
width modulation that is appropriate for its out- 
put characteristics. A triac is generally not 
suitable. 


Wrongly Identified Terminals 
A triac is often thought of as a symmetrical de- 
vice, because itis designed to switch AC current 
using either positive or negative voltage at the 
gate. In reality, its behavior Is asymmetrical, and 
if itis installed "the wrong way around” it may 
function erratically or not at all. 


Failure to Switch Off 

As already noted (see “Charge Storage" on page 
23), a triac will tend to suffer from charge stor- 
age if there is insufficient time between the end 
of one half-cycle and the beginning of the next. 
A component that works with a resistive load 
may cease to function if it is used, instead, to 
power an inductive load. 
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In view of the gain condition given in eqn [14], the 
above requirement can be satisfied only if 1y > ry, 
i.e., up-conversion is impossible. 

An interesting solution to this problem is to 
realize population inversion at the driving transition. 
Then up-conversion can be realized with a lower 
relaxation rate at the drive transition as compared 
with probe transition. In this case in the A and 
V-schemes the two-photon term contributes to 
absorption at resonance, and gain is only possible 
far off-resonance. At the same time, in the ladder 
schemes shown in Figure 6c and d the gain is achieved 
at resonance, as discussed below in more detail. 

It should also be noted that to excite laser 
oscillations in a high-Q cavity, large one-pass gain is 
not required at all, so that a A-scheme could still be 
employed for up-conversion, 

Now, consider a probe field of arbitrary intensity. 
An important question is where the energy for 
amplification of the probe field comes from. It is 
known that for parametric processes in a transparent 
medium the Manley-Rowe relations are satisfied. 
Therefore, it might seem that the drive field is also the 
ultimate energy source for LWI, However, this is the 
case only for very large detunings of the drive 
and probe fields from the corresponding transition 
frequencies. In that case, we can neglect one-photon 
absorption, and the wave equations take the form 
typical for stimulated Raman scattering. They possess 
the first integral 


[16] 


which expresses the conservation of the total number 
of quanta in both waves (Manley—Rowe conditions). 

However, in the case of exact resonance, one can 
show that one-photon absorption of the drive field is 
always important, and the Manley-Rowe-type con- 
servation law does not exist at all, The optimal 
condition for the probe field amplification is 
ay/ng > 1. In this case the stage of exponential 
amplification of the probe is maintained over a long 
distance, and the probe field intensity can grow to 
much larger values than the sum of initial intensities 
of the drive and probe fields. Apparently, the energy 
for the probe field amplification comes mainly from 
the medium, namely from the upper-level population 
as supported by incoherent pumping. 


V-Scheme 


The V-scheme, shown in Figure 6b, is qualitatively 
similar to the A-scheme. An important difference is 
that there is now no long-lived coherence at the 


mixing transition c—a, Indeed, even if the transition 
a—c is strongly forbidden, the coherence y,. is 
destroyed by fast relaxations at the c—b and ab 
transitions. We can immediately suggest that for the 
V-scheme inversionless lasing takes place at large 
driving field intensities exceeding the saturation 
value, However, one must be careful: although it 
appears that the reduction of absorption in the 
absence of pumping cannot be greater than a factor 
of 2, this turns out to be incorrect. Rather, almost 
complete transparency can be achieved, as confirmed 
by calculations and recent experiments. Analysis of 
the laser gain condition shows that the V-scheme 
shares with A-scheme the same negative feature: 
relaxation at the driving transition should be much 
faster than at the probe transition. 


‘Schemes with Population Inversion at the Driving 
‘Transition 


The above analysis illustrates the common problem of 
LWI schemes: the requirement of rapid relaxation at 
the driving transition and the resulting strong absorp- 
tion of the drive field. This difficulty can be overcome 
in schemes with population inversion at the driving 
transition. Then, of course, all this makes practical 
sense only if the relaxation at the drive transition is 
much slower than that on the probe transition, so that 
it is easy to provide population inversion for the drive 
transition as compared with the probe transition, 
Luckily, such schemes do exist in principle, and seem 
to have many potential applications. The simplest 
possibility is the so-called ladder (or cascade) schemes 
shown in Figure 6c,d. LW1 in ladder schemes is usually 
studied in the regime when there isno inversion at both 
probe and drive transitions, In this case gain is 
achieved at large detunings from two-photon reson- 
ance and under the same unfortunate condition of fast 
relaxation at the drive transition as compared with the 
probe transition. In the opposite case, population 
inversion at the driving transition is required for LWI 
at the probe transition. In ladder schemes the 
maximum gain of the probe field is achieved when 
both fields are at resonance with atomic transitions, 
while in V and A-schemes the resonance point 
corresponds to maximum absorption, and the gain is 
achieved in sidebands. 

Note that population inversion at the driving 
transition means that the drive field can be amplified. 
This immediately puts forward the possibility to use a 
drive field which is self-generated in the same active 
medium, In other words, the system supports lasing 
with inversion at the drive frequency and LWI at the 
probe frequency. This situation is especially beneficial 
for dense gases or solids where the problems of 
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external drive absorption, reflection, and inhomogen- 
city may become otherwise insurmountable. One 
specific example considered in the literature is LWI 
on rapidly decaying UV and soft X-ray transitions in 
gas lasers in the presence of lasing with inversion on 
long-lived adjacent transitions in the visible range 
(as in Figure 6c). Another example is LWI on 
rapidly decaying mid/far-infrared intersub-band 
transitions in semiconductor quantum wells in the 
presence of lasing with inversion on the interband 
transition, as in Figure 6d. These interband tran- 
sitions have 10* times longer lifetime than the 
intersub-band transitions. 


Experiments 


Experimentally, amplification without inversion has 
heen observed in rarefied atomic vapors in the early 
and mid-1990s. In particular, amplification of a probe 
beam in the A-configuration was realized in atomic 
samarium, sodium, and cadmium, while the V- 
scheme was successfully implemented in atomic 
rubidium, Inversionless laser oscillation was observed 
ina V-scheme in rubidium vapor and a A-scheme in a 
sodium atomic beam. In all of these proof-of- 
principle experiments, the frequencies of the probe 
and drive fields were very close to each other, and the 
coherence was excited between two hyperfine states 
or Zeeman sublevels, One-pass gain of a few per cent 
was observed. 


Nonlinear Optical Sources Based on Quantum 
Coherence 


Excitation of a strong coherence has a profound 
impact on nonlinear optical interactions. Strong 
scattering on the polarization wave excited at the 
beat frequency of two or more laser fields allows one 
to achieve huge nonlinear coefficients and conversion 
efficiencies. A particularly impressive example is 
ultra-broadband collinear Raman generation in a 
resonant A-scheme, that has been observed exper 
mentally. A pair of strong laser pulses propagating in 
molecular deuterium excites a strong polarization 
wave at a beat frequency close to a vibronic transition 
in deuterium, Asa result, a comb of Raman sidebands 
from the infrared to the deep-UV region of the 
spectrum has been observed. 

Another example is an extremely efficient simul- 
taneous blue light and mid-infrared generation in a 
four-wave mixing experiment in rubidium vapor. 
Here, all four fields are resonant with corresponding 
transitions, 

‘A final example illustrates the use of self-generated 
drive fields for nonlinear generation. It has been 


suggested that one can use two intracavity generated 
laser modes in a semiconductor quantum-well 
laser for the difference frequency, sum. frequency, 
and second-harmonic generation in fully resonant 
three-wave mixing processes. This idea has already 
heen successfully realized in two-wavelength quan- 
tum-cascade lasers, and experiments with other types 
of semiconductor lasers are under way. 

The whole field of resonant nonlinear optics, 
stemming from original ideas of LWI in systems 
with quantum coherence, is now in explosive 
development. 


Summary 


Atomic coherence effects have already found many 
important applications in metrology and low- 
intensity nonlinear optics. Novel applications in 
quantum nonlinear optics, laser physics, and quantum 
information processing seem to be feasible. The 
coherence allows the storage of information about 
the probe light, its transportion in space, time 
reversing, and multiplexing the light. Moreover, the 
coherence allows an increase of the coupling between 
light fields such that it becomes possible to study the 
interaction between single photons. New coherent 
radiation sources based on the ideas of LWI and 
coherent nonlinear optics are at the stage of active 
research, There are surely many other applications 
ahead. 
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Quantum information is an emerging field of tech- 
nology that encompasses the application of funda- 
mental quantum mechanical phenomena, such as 
entanglement, to tasks in information processing and 
communications. The importance of optical technol- 
ogy in quantum information is not surprising, given 
the success of quantum optics in the investigation of 
these fundamental phenomena and the pre-eminent 
role of optics in modern communications. This article 
describes some of the important advances in photonic 
quantum information and discusses the prospects for 
the future. 


Basic Notions: Qubits and 
Entanglement 


Qubits 


Quantum information is usually confined to two-level 
quantum systems, which are referred to as quantum 
bits, or qubits. The qubits form the register of a 
quantum computer or carry the information in a 
quantum communications channel. Physical 
examples of qubits under active study include the 
spin degrees of freedom of an electron or spin-1/2 
nucleus, two well-isolated energy levels of an atom 
or trapped ion, and the polarization degrees of 
freedom of a photon; here we concentrate on the 
latter.' The two states of each qubit are generically 
denoted by 10) and !1) (although, because of our 
concentration on optical polarization, we shall use 
the horizontal and vertical states IH) and IV) 
interchangeably with |0) and |1) when describing 
experiments). An arbitrary state of a single qubit, 
ly) = al0)+ Bll), is specified by the complex 
probability amplitudes a and f associated with the 
two possible states, constrained by lal? + |pl? 
States for which a and B are deterministic quantities 
are referred to as pure states; when they are 


* Recently some attention has heen devoted to. quantum 
information based on continuous variables, such as those arising 
in connection with squeezed light’ However here we wil foes on 
discrete systems, ic, quits 


stochastic, the state is mixed, and must be described 
by a density matrix, e.g., p = 5, pilds ul, where py is 
the probability of the pure state ly). Pure states are a 
useful but unattainable ideal, just like a perfectly 
coherent laser beam; in reality even the best- 
prepared quantum states have some level of mixed- 
ness, which can be quantified by the entropy: 
S=—Triplnp)=—Y,A,Ind,, where A, are the 
eigenvalues of the matrix p. 


‘Multiqubit States and Entanglement 


For two qubits, the possible pure states of the 
system are specified by four probability ampli- 
tudes:* 


@0) denoting the state in which the 
second qubits are both in state 10). In general, 2” 
amplitudes are needed to characterize a pure state 
of m qubits. Immediately we can see one advantage 
of quantum systems for information storage: if 
cach distinct probability amplitude is regarded as a 
data register, the size of the memory grows 
exponentially with the number of qubits. Further, if 
fone were to flip just one qubit, for example the 
second, the state would be transformed into 
|) = 100) + al01) + 3110) + 11), where all of 
the amplitudes have been affected. This simple 
example demonstrates the notion of quantum 
parallelism, one of the most powerful properties of 
quantum information processors. 

If the two-particle state can be written as a product 
of two single-particle states, i.e., if al00) + Bl01) + 
yil0) + 8111) = (Ald) + BI1))@(Cl0) + Dit), then 
these two particles can be considered as separate, 
unconnected entities: the state is said to be separable.? 
When the state cannot be written in this form, it is 
called an entangled state. Entanglement is one of the 
most fascinating fundamental properties of quantum 
systems: Erwin Schrodinger described it as ‘the 
characteristic trait of quantum mechanics ... that 
enforces its entire departure from classical lines 


of thought.’ Consider performing a measurement on 
the second of the two qubits, to establish which of its 
two states the particle was in, leaving the first qubit 


2 Quis are asumed to he ditnguishale particles, and so the 
wavefinctions describing their states need not be symmetrized 
Under exchange of paris 

© When mixture is also present, the state is separable if it ean be 
witen as p=5,pu @ ph, vey ava sum of product states for 
Systems A and B 
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untouched. The result would collapse the state of 
the first qubit into one of two possibilities: either 
Iq) = (al0) + yl1))/JPq if the outcome of the 
measurement were 0 (which occurs with probability 
Po = lal + ly?) or lib) = (B10) + 811))/JPy if it 
were 1 (with probability P, = Ig? + |é!*). Thus the 
state of the first qubit is instantaneously projected 
into a specific state by performing a measurement on 
the second qubit, which can be in a completely 
different location. This example demonstrates the 
nonlocality of quantum mechanics, which has been 
confirmed experimentally in some depth by a number 
of elegant quantum optics experiments over the last 
30 years. 

The fidelity F = |(bIW)I* characterizes the overlap 
of two states.* The fidelity of ld) and Id) is a way to 
quantify the amount of entanglement in the initial 
two-qubit state. If the final two states are identical, 
the fidelity will be unity, and the initial state is 
separable; conversely if the two final states are 
orthogonal and occur with equal probability, then 
in a sense the initial state is maximally entangled, 
since the largest possible nonlocal influence would 
occur due to the measurement, Mathematically, 
the fidelity of the two final states is \(bol,)I" 
1—C24P,P,, where C= 2lad — Byl is called the 
concurrence of the state. If C=0, the state is 
separable; if C = 1, the state is maximally entangled. 

‘As discussed below, entanglement forms the heart 
of a number of quantum information protocols, such 
as dense coding, teleportation, and one type of 
quantum key distribution (also known as quantum 
cryptography), and large-scale entangled states of 
many qubits seem to be a requirement for the more 
ambitious goal of practical quantum computing. 


Creating Entangled States Experimentally 


Entangled states can currently be created in a 
controlled manner using technologies such as ion 
traps, cavity quantum electrodynamics, and optical 
spontaneous parametric down-conversion (SPDC). 
Down-conversion is a nonlinear optical process by 
which an incident ‘pump’ photon can be split (or 
down-converted) into a pair of longer-wavelength 
daughter photons (historically called ‘signal’ and 
‘idler’) in a crystal possessing ay‘?! nonlinearity, 
such as beta-barium borate (BBO). Mathematically, 


the process is described using the creation 


* "The peneralined fidelity between mized states pa and py is 
= Tey Papa 

The tomcience can alg be geocrtied to wed mes, 
although it haz-n much more complicated expeenan, The 
Grist of entanglesicar foe mbeedsetes with woe than 
fa subeytem x presently am active area of recur, 


and annihilation operators of the field modes (a, @,), 
thus: 


le, 


where the triple sum is over all field modes (subscripts 
p, s, and i refer to pump, signal, and idler modes, 
respectively) and c,, is a coefficient linearly depen 
dent on the second-order nonlinear susceptibility y‘/ 

and also on the birefringent properties of the ty Rt 
Further, cp, will be negligibly small unless both 
total photon energy and momentum are conserved 
(i.e. @ = 0, +, and % =, +X, where & is the 
intracrystal momentum) 

One particularly efficient method for using this 
phenomenon to create entangled states is as follows. 
For a specific geometry (type-I phase matching), the 
daughter photons emerge from the crystal with 
identical polarizations (perpendicular to the parent 
polarization and the crystal optic axis) on opposite 
sides of a cone that is centered about the pump beam 
(Figure 1a), Because each photonis ina definite state of 
polarization, the two photons are not in an entangled 
state. Two crystals, aligned with their axes of 
symmetry oriented at 90° to each other, as shown in 
Figure 1b, can then be used to create an entangled 
state.” With crossed crystals, two processes are 
possible: the parent photon can down-convert in 
the first crystal to yield two vertically polarized 
photons, or it can down-convert in the second 
crystal to yield two horizontally polarized photons. 
Because it is impossible to distinguish which of 
these processes has occurred, the state of the 
daughter photons is a coherent quantum-mechanical 
superposition of the states that would arise from each 
crystal alone; the output of the crossed crystals is 
photons in the maximally entangled state 
lo) = 4dHH)+IVV)? 

Figure 2 shows how this basic source can be 
adapted to produce any pure quantum state of two 
photons by placing rotatable half- and quarter- 
wave plates (which can be used to transform the 


© Another widely used method employs typell phase matching 
ina single crystal, The down-comersion photons ae eid with 
perpendicular polaizations along a pair of cone, Pais emited 
Along. parclar directions are in tae maximally polation 
totangled state I=) = 4: (HV) —I1V)), Such a source as used 
im the fet Comenmaitin of mpentone codig snd quaatem 


teleportation, 

"Note that in an arbitrary basis Id) = cosflld) + sinélV) and 
|a*) = ~sindldt) + cosélV), this maximally entangled state has the 
form by) = (100) +|°8*)), demonstrating that the nonlocal 
correlations afe present regardless of the hases used to represent 
the sate 
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Figure 1 An entanglod-photon source. (a) For a given orientation of the noniinear crystal, a horizontally polarized parent photon 
produces a pair of vertically polarized daughters. The daughters emerge on opposite sides of an imaginary cone. The cone’s axis is 
parallel tothe orginal direction taken by the parent photon. The two daughter photons are notin an entangled state. Reorianting the BBO 
crystal by 90° will produce a pair of horizontally polarized daughters ita vertically polarized pump beam is used. (b) Passing a photon 
polarized at 45° through two crossed BBO crystals can produce two photons in an entangled state. Because of the Heisenberg 
Uncertainty principle, there is no way to tell in which crystal the parent photon ‘gave birt,’ and so a coherent superposition of two 
possible outcomes results: a pai of vertically polarized photons ora pair of horizontally polarized photons. (Adapted with permission 
from James DFV and Kwiat PG (2002) Quantum state entanglement: creation, characterization, and application. Los Alamos Science 
21: 52-67.) 
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Figure 2 Creating and measuring two-photon entangled states. The ‘pump’ photons are created, for example, in an argon ion laser 
and are linearly polarized with a polarizing beamspitier (PBS). The half-wave plate (HWP) rotates the polarization state before the 
[photon enters the pair of nonlinear crystals that constitute the entangled:-photon source; the intial angle of pump polarization controls tho 
‘entanglement ofthe pair produced. Each photon’s polarization state can be altered at will by the subsequent HWP and quarter-wave 
plate (QWP). The decoherers following the state selection allow the production of mixed photon states. The optical olements (QWP, 
HWP, and PBS) inthe tomographic analyzer allow the measurement of each photon in an arbitrary basis. Coincidence measurements of 
photons allow the quantum state to be determined. (Adapted with permission from James DFV and Kiviat PG (2002) Quantum state 
fentanglement: creation, characterization, and application. Los Alamos Science 27: 52-67.) 


polarization state of a single photon) before the crystal 
pair and in the paths of the two daughter photons. 
To create mixed states, a long birefringent crystal can 
be used to delay one polarization component with 
respect to the other. If the delay is longer than the 
coherence time of the photons, the horizontal and 
vertical components are effectively decohered; that is, 
the phase relationship between the different states is 
destroyed. 

‘The figure also shows schematically the apparatus 
required for measuring the quantum state. In classical 


optics, four Stokes parameters are required to specify 
the polarization of a single beam (i.e., an ensemble 
of uncorrelated photons); for a pair of photons, 16 
projective measurements, each with different wave 
plate settings, is required. From these 16 measure- 
ments, all of the elements of the 4x4 density 
matrix describing the (in general, mixed) state of 
the photon pairs can be deduced. This is an example 
of quantum state tomography, a technique that has 
found application to a number of quantum optical 
systems. 
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Quantum Key Distribution 


‘Two parties, historically known as Alice and Bob, 
want to havea secret conversation. A generic, classical 
encryption protocol would begin when Alice and Bob 
convert their messages to separate binary streams of 
0's and 1's, which are then encrypted and decrypted 
with a set of secret ‘keys’ known only to the two. Each 
key isa random string of 0’sand I'sthatisaslongasthe 
binary string comprising each message. To encrypt, 
Alice (the sender) sequentially adds each bit of the key 
to cach bit of her message, using addition modulo 
She then sends the encrypted message over a public 
channel to Bob, who decrypts it by simply repeating 
the addition modulo 2 of the key to the message. This 
type of encryption, known as a one-time pad, is 
currently the only provably secure encryption proto- 
col, But the one-time pad is effective only if Alice and 
Bob never reuse the key, and more obviously, ifthe key 
remains secret. A potential eavesdropper, Eve, cannot 
be allowed to glean any part of the bit stream that 
makes up the key. Therein lies a central problem of 
cryptography — how can secret keys be created and 
then securely distributed? 

Quantum key distribution (QKD) exploits the 
fundamentally indivisible nature of photons to 


perform this task. There are a variety of QKD 
protocols; here we describe one that employs 
entangled photon pairs (see Figure 3). Alice and Bob 
use a source such as the one described above to 
produce maximally entangled photons in the state 
I.) = UHH) +|VV))= (48°45) +1—45°,—45°), 
One phiton goes to Alicd and the other to Bob. For 
each pair, Alice and Bob randomly and independently 
analyze their respective photons (using a polarizing 
beamsplitter) in the H/V or the 45°/—45° basis. They 
record a bit value of 0 for all H or 45° results, and a 1 
for all Vor ~45° results. After a sufficient number of 
measurements (dictated by the length of the key), 
Alice and Bob have a public discussion, e.g., over the 
internet. For each detected photon, they announce 
which basis they used for the measurement, but not 
the actual measurement result. Whenever they made 
the same basis choice (50% of the time), the 
correlations of the entangled state ensure their 
measured bit values agree. By contrast, they discard 
the results when they used different bases, because 
their measurements are completely uncorrelated 
(see Table 1). 

‘An eavesdropper (Eve) cannot tap the line, as she 
might with conventional communications, because of 
the indivisibility of individual photons and the fact 
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Figure 8 Quantum cryptography using entangled photons. Entangled photons can be used to create a pai of identical cryptographic 
keys. One member of an entangled pair (1) is sent fo Alice, and the other to Bab. Alice and Bob each randomly and independently 
analyze their respactive photon in one of twa linear polarization bases with a polarizing beamsplitter (PBS); the basis can be actively 
‘chosen using a Pockels call before the PBS, as shown, to rotate the polarization (alternatively, the ‘choice’ could be made by directing 
the photon onto a nanpolarizing 50/50 beamsplitter; inthe transmitted path, one analysis basis s used, in the reflected path the other is 
used). In the example shown, Alice usod the 45"/~45° basis (2), and measured 45° polarization (8), thus projecting Bob's photon into the 
identical state (4). Since he chose the H/V analysis basis (2), he is equally likely o detect a 0 or a 1. By subsequent public discussions 
‘Alica and Bob determine the events for which they used the same analysis basis (and discard the other events). For these events Alice 
and Bob will have obtained identical measurement results, which they may interpret as raw key material. After classical error correction 
and privacy ampitication techniques are appli, the remaining string isthe sought-after shared secret key. (Adapted with permission 
{rom James DFV and Kwiat PG (2002) Quantum state entanglement: creation, characterization, and application. Los Alamos Science 
27: 52-67.) 
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Table 1 Polarization entanglement-based quantum eryptography protacal 


‘Rice's analysis basis HAV eae 
‘Alice's measurement result” He 45" 
Alice's bit value ° 

Bob's analysis basis HV 

Bob's measurement result H 

Bob's bit value ° 

Public discussion: Both photons yes. yes 
tected and same basis used? 

Remaining secrot key o 1 


HV 77-45 HV 
Vv 4s v 
1 f) 1 
457-45" 457-45 HIV 
45 7 v 
° = 1 
no no yes 


in some cases Alice or Bob may not detect a photon due to loss or detector inefficiency, These events simply do nat contribute to the 


key data 


that arbitrary quantum systems cannot be accurately 
cloned.* If Eve steals Bob’s photon (a ‘denial-of- 
service’ attack), the photon’s information never 
becomes part of the key. Thus, although a wiretap 
would reduce the rate of the transmission, it would 
not jeopardize the security of the key. Eve can try to 
intercept the photon, measure it, and send another 
one to Bob. But any measurement Eve would make to 
determine the photon’s polarization state would 
perturh the photon and collapse the entangled state. 
The photon she sends to Bob would therefore only be 
‘classically’ correlated with Alice’s photon. Conse- 
quently, Eve's intervention necessarily induces 
additional errors into Bob's key, which Alice and 
Bob can detect by publicly revealing a small subset of 
their actual key. Unfortunately, even with no 
eavesdropper, the encryption keys created by any 
real-world quantum cryptography system typically 
possess a few-percent errors, To make sure their key is 
secure, Alice and Bob ascribe all errors to Eve and 
then estimate the maximum amount of information 
available to the eavesdropper. They then use a 
classical privacy amplification protocol to reduce 
Eve’s knowledge of the secret key to less than one bit 
by reducing the length of the key. It has been proven 
that if the initial error probability per bit is greater 
than ~15%, no secret bits will remain after error 
detection and privacy amplification, 

Researchers are working to make entanglement- 
based quantum cryptography more practical. Also, a 
number of longer distance quantum cryptography 
demonstrations using weak pulses have been carried 
out, over tens of kilometers in fibers and in free space. 
In fact, the first commercially available systems 
have recently been announced (in Europe and the 
United States). 


The no-claning gob ix very simmple, IE we have'a copyhig 
operation such that i) 10) and le) IDTV) is 
the initial state of the copier), then by linearity 
superposition becomes an entangled ste, instead of wo copies 
UW) Ty 0) Ti) 0) + 0) +) 
ar air 


Table 2 Method to convert the inital state I, 
Into any of the four Bel states 


(00) + 119)) 
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Quantum Superdense Coding 


Itis possible for Alice to send Bob two bits of classical 
information using a single qubit in the quantum 
superdense coding protocol. Suppose that Alice and 
Bob share one qubit each of an entangled pair in the 
maximally entangled state I.) = 4(100) +111), 
where we have returned to the generic labeling 
scheme for the qubit states. Alice has two classical 
bits of information, which is equivalent to one of four 
choices. She can encode this information by applying 
one of four possible transformations on her qubit; a 
suitable set of transformations are the three Pauli 
matrices and the identity (i.e., do nothing). This set of 
operations can be performed experimentally on 
photon qubits quite easily, e.g., using waveplates, as 
indicated in Table 2. The four resultant two-qubit 
states are all maximally entangled and are ortho- 
normal. They form a special basis for the two-qubit 
states, the Bell basis, which is of particular use in 
analyzing entanglement. 

Alice now sends her qubit to Bob, e.g., through an 
optical fiber. Bob can then perform a Bell state 
analysis’ on his qubit pair, i., a projective measure- 
ment of the two-qubit state in the Bell basis. The result 


smplete discrimination of al four Bell states is presently an 
unsolved technical problem: for photons one needs either a 
nonlinear interaction (which is typically very weak) or to exploit 
so-called ‘hyperentanglement’ involving other entangled degrees of 
freedom of the photons, 
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immediately reveals the choice of operation Alice 
made, and in effect, two bits of classical information 
have been encoded on a single qubit. 


Quantum Teleportation 


Another application of entanglement is quantum state 
teleportation (Figure 4), in which the infinite amount 
of information contained in an arbitrary qubit state 
|y) = ald) + it) is transferred by communication of 
two bits of classical information between Alice and 
Bob, if they also share two qubits in the maximally 
entangled state IW_). The three-photon initial 
state (ie., the input photon plus the two entangled 
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which can be rewritten with the first two photons (the 
input plus the first half of the entangled pair) 
represented by the Bell state basis: 
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Figure 4 Quantum state teleportation. (a) Toleportation requires an entangled photon source, a Bell state analyzer and a classical 
‘communications channel. One entangled photon goes to Bob and the other to Alice, who also receives a photon of unknown polarization 
state. (b) Alice performs a joint polarization measurement of the two photons and relays the result to Bob using two classical bits of 
information. The photon going to Bob is projected into a pure state as a result of Alice's measurement. (c) Upon receiving Alice's 
Cassical information, Bob performs a simple transformation on his photon (which he has been storing), such as a rotation of 


the polarization vector. The resulting state of his photon is then identical 


the unknown stata Alice wished to teleport. (Adapted 


with permission from James DFV and Kwiat PG (2002) Quantum state entanglement: creation, characterization, and application. 


Los Alamos Science 27: 52-67.) 
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is immediately projected into one of four possible 
states, which can be transformed back into the state of 
the original input photon by a simple operation, 
with a waveplate. For example, if the Bell state 
measurement produced the result M,), the third 
photon is immediately ‘collapsed’ into the pure state 
Is) = —alH) + BIV). By applying a m-phase shift to 
the horizontal polarization (relative to the vertical), 
Is) can be transformed into the original input state: 
lw) = alH) + BIV). Alice (who does the Bell state 
measurement) need only communicate to Bob (who 
wants to receive the teleported photon) which of the 
four Bell states she measured. Note that during the 
entire teleportation procedure, neither Alice nor Bob 
can obtain any idea of the values of the parameters a 
and B, which specify the state. Also, because Alice’s 
measurement collapses the unknown state, there is 
only a single copy at the end of the protocol. 

Quantum state teleportation was first demon- 
strated experimentally by Zeilinger and coworkers 
(University of Innsbruck, Austria). The group was 
able to determine two of the four Bell states 
unambiguously (the other two states gave the same 
experimental signature) and proved for those cases 
that the state of the input photon could indeed be 
transferred to Bob. Other experiments have realized 
modified forms of quantum tel 
systems. For example, Kimble’s group (California 
Institute of Technology) teleported the coherent state 
of an optical mode using squeezed (rather than 
polarization-entangled) light. Researchers have 
recently suggested how teleportation might form the 
basis of a distributed network of quantum communi- 
cation channels, and how it might enable quantum 
computing in all-optical systems. 


Other Application of Optical 
Entanglement 


Quantum Computing 


The most challenging and powerful application of 
quantum information is large-scale quantum comput- 
ing. Two features that make quantum information 
processing potentially powerful are the exponentially 
large Hilbert space, which gives quantum registers 
very large capacities, and quantum parallelism, which 
means that data processing tasks can be performed 
very efficiently. One fundamental drawback, which 
severely constrains useful applications of quantum 
computers, is that the final measurement can only 
produce a number of classical bits equal to the 
number of qubits. Thus, quantum computers are 
limited to performing tasks in which a small amount 
of information is meant to be gleaned from 


processing a large amount of data; examples include 
searching an unstructured database for a specific 
entry (Grover's algorithm) or finding the periodicity 
of a function (the quantum Fourier transform). 
This second task is central to Shor’s factor-finding 
algorithm, the most famous quantum computing 
algorithm to date. 

‘A practicable quantum computer technology must 
have at least the following features, first identified by 
DiVincenzo: 


A set of well-characterized, distinguishable qubits 
to form a quantum data storage register. 

«The ability to initialize the qubits of the register in a 
simple fiducial sta 

‘¢ Decoherence times that are much longer than the 
time needed to perform logical operations. 

The ability to perform any single qubit operation on 
any qubit in the register, and the ability to perform 
two-qubit conditional logic gates (such as the 
CNOT gate:al00) + Bl01) + yil0) + 111) 
al00) + Bl01) + yl11) + 8110)). Together,these 
operations constitute a universal set of quan- 
tum gates, from which all other gates can be 
synthesized. 

The ability to measure each qubit. 


All-optical schemes have been used to implement 
small quantum algorithms. However, most of the 
approaches are not scalable, due to the limitations 
of non-linear optics to perform a CNOT gate at 
the single-photon level. Recent proposals have 
suggested that very high efficiency single-photon 
detectors, along with sources of single photons 
‘on-demand,’ allow scalable quantum computing 
with only linear optics; preliminary two-qubit gates 
have been experimentally demonstrated. A number of 
other promising candidate technologies that meet 
DiVincenzo’s five requirements are being pursued 
vigorously. For example, the ability to create multi- 
qubit entanglement and perform reliable measure- 
ments on trapped ions cooled and manipulated by 
lasers has recently been demonstrated. Solid state 
systems offer the possibility of scalability, and a 
number of schemes, such as quantum dots, isolated 
impurities with nuclear spins, and superconducting 
quantum interference devices (SQUIDs), are being 
investigated. It is possible that the final quantum 
computing technology may take the form of a hybrid 
between various present approaches. 


Lithography 


Lithography, in which a pattern is optically imaged 
onto some photoresistive material, is the primary 
method of manufacturing microscale or nanoscale 
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electronic devices. An inherent limitation of this 
process is that details smaller than a wavelength of 
light cannot be written reliably. However, quantum 
state entanglement might circumvent this limitation. 
Under the right circumstances, the interference 
pattern formed by beams of entangled photons can 
have half the classical fringe spacing. Quantum 
lithography requires two beams of photons, a 
coherent superposition consisting of the state in 
which two photons are in beam A while none are in 
B, and the state in which no photon is in beam A while 
two photons are in B. Such number-entangled states 
can be made in the laboratory, and the predictions 
about fringe spacings have been verified. However, 
other obstacles must be overcome to surpass current 
classical-lithography techniques. 


‘Two-Photon Imaging and Microscopy 


At present, two-photon microscopy is widely used to 
produce high-resolution images, often of biological 
systems. However, the classical light sources (lasers) 
used for the imaging have random spreads in the 
temporal and spatial distributions of the photons, and 
the light intensity must be very high if two photons 
are to intersect within a small enough volume to cause 
a detectable excitation, Such high intensity can 
damage the system under investigation. Because the 
temporal and spatial correlations may be much 
stronger between members of an entangled photon 
pair, much weaker light sources could be used, which 
would be much less damaging to the systems being 
observed. The development of such systems is 
currently an active area of research. 


List of Units and Nomenclature 


Entanglement: a property of quantum systems con- 
sisting of two or more distinct subsystems, often 
separate particles. When transformations on one 
system do not affect the other, the state is said to be 
separable; when this is not the case, and the 
quantum state of the overall system cannot be 
resolved into separate states of the individual 
pieces, the system is entangled. 

Pure and mixed states: when the probability ampli- 
tudes specifying a quantum state are deterministic, 
the state is said to be pure; when the amplitudes 
are random quantities, the state is mixed. 
‘The distinction is similar to that of coherent and 
partially coherent optical fields. 

Quantum computer: an information processing 
device that exploits quantum mechanical phenom- 
ena to greatly enhance computational power for 


certain problems. Some mathematical problems 
thought to be intractable on conventional compu- 
ters can, in theory, be performed efficiently on a 
quantum computer. 

Quantum crytography (also known as quantum key 
distribution): a quantum information protocol 
by which two parties acquire a shared series 
of random numbers (a cryptographic key) by 
exploiting the quantum nature of light. 
Absolute security can be proven by virtue of 
the indivisibility and uncopy-ability of 
individual quanta. 

Quantum state tomography: a means by which 
quantum states can be determined experimentally 
by performing a series of appropriate measure- 
ments on multiple identically prepared systems. 
From such measurements, the elements of the 
density matrix, which fully specifies the state, may 
be inferred. 

Quantum superdense coding: A quantum infor- 
mation protocol by which two bits of classical 
information may be communicated by a single 
quantum bit, initially part of an appropriate 
entangled quantum state. 

Quantum teleportation: a quantum information pro- 
tocol by which the unknown quantum state of one 
particle can be transferred to another distant 
particle, using a pair of entangled particles, a 
projective measurement, and exchange of two bits 
of classical information. 

Qubit (quantum bit): a two-level quantum mechan- 
ical system, which constitutes the building blocks 
of quantum information processing devices. 
Examples include a spin-1/2 particle, an atom 
with two well-isolated levels, or the polarization 
of a photon. 


See also 


Nonlinear Optics, Applications: Three-Dimensional 
Microfabrication. Quantum Optics: Quantum Computing 
with Atoms, 
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integrated circuit > analog > solid-state relay 


solid-state relay 


A solid-state relay is less-commonly referred to by its acronym, SSR. It is sometimes 
regarded as an optocoupler, but in this encyclopedia the two components have sepa- 
rate entries. An optocoupler is a relatively simple device consisting of a light source 
(usually an LED) and light sensor, in one package. Itis used primarily forisolation rather 
than to switch a high current. A solid-state relay can be thought of as a substitute for an 
electromagnetic relay, usually has additional components in its package, and is intend- 
ed to switch currents of at least 1A. 


‘A component that works like a solid-state relay but only switches a SV (or lower) logic 
signal may be referred to as a switch, even though itis entirely solid-state. This type of 
component is included in this entry because it functions so similarly toa solid-state relay. 


OTHER RELATED COMPONENTS 


sctromagnetic relay (see Volume 1) 
«+ optocoupler (see Chapter 5) 


What It Does 


A solid-state relay (SSR) is a semiconductor 
package that emulates an electromagnetic re- 
lay (see Volume 1). It switches power on or off 
between its output terminals in response to a 
smaller current and voltage between its input 
terminals, Variants can switch AC or DC and may 
be controlled by AC or DC. An SSR functions asa 
SPST switch, and is available in normally open or 
normally closed versions. SSRs that function as 
an SPDT switch are relatively unusual and actual- 
ly contain more than one SSR. 


No single schematic symbol has been adopted 
to represent a solid-state relay, but some alter- 
natives are shown in Figure 4-1: 
Top 
‘An unusually detailed depiction of an SSR 
that switches DC current using MOSFETS. 
‘Symbols orthis device often omitthe diodes 


on the output side and may 
MOSFET symbols. 


Bottom left 
An SSR that uses an internal triac to switch 
AC. The box labeled Ox indicates that this is 
a zero-crossing relay, meaning that it 
switches when alternating voltage crosses 
the 0V evel from positive to negative or neg- 
ative to positive. 


plify the 


Bottom right 
‘A generic SSR, showing a symbol for a nor- 
mally open relay, although whether itis de- 
signed for AC or DC is unclear. 


Advantages 


+ Great reliability and long life 


+ No physical contacts that are vulnerable to 
arcing and erosion or (under extreme con- 
ditions) that could weld themselves 
together. 
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Introduction 


The fact that light can exert a mechanical force on 
atoms by the transfer of linear momentum was 
recognized as long ago as the 1930s, when Frisch 
demonstrated the deflection of an atomic beam using 
resonant light. With the advent of tunable laser light 
in the early 1970s, a much larger excitation rate for 
atoms was achieved, leading to a much stronger 
deflection. A little earlier it was also observed that in 
addition to the force resulting from photon recoil, a 
dipole force is also produced in a focused light beam 
so that even small solid particles can be trapped and 
manipulated. The original proposal for laser cooling 
of atomic gases was put forward in 1975 and later 
laser cooling of trapped ions was proposed. The 
principle of laser cooling is very simple. The ion is 
excited by laser light below a resonance frequency; in 
order that a transition can be made, the residual 
energy has to be taken from the kinetic energy of the 
particle, leading to cooling of the particle. In this 
article, we will discuss this cooling process in more 
detail. 


Laser Cooling of lons in a 
Radiofrequency Trap 


Of the various proposed and realized methods for 
laser cooling of atoms or trapped ions, sideband 
cooling is conceptually the simplest and most 
efficient. It allows a trapped particle to be cooled to 
the quantum-mechanical ground state of a harmonic 
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trap potential. The process can be regarded as anti- 
Stokes Raman scattering of the pseudomolecule 
formed by the ion and the trap. If the linewidth of 
an optical transition in this atom is smaller than the 
vibrational frequency of the trapped ion, both 
electronic levels of the transition split into a ladder 
of resolved vibrational levels. The absorption spec- 
trum consists of a carrier at the resonance of the free 
atom and sidebands at multiples of the vibrational 
frequency. With a laser tuned to the m-th lower 
frequency sideband, each absorption of a photon will 
reduce the vibrational energy of the atom by m quanta. 
Since the subsequent spontaneous re-emission will, on 
average, not change the vibrational excitation, 
repeated photon scattering processes lead to efficient 
cooling of the atom. This cooling will continue until 
the absorption probability for the low-frequency 
sidebands decreases when approaching the vibrational 
ground state of the ion in the trap. The final 
temperature is limited by the heating process caused 
by photon recoil. However, after the ion is cooled to 
the vibrational ground state this heating process 
disappears, when the vibrational energy of the ion is 
larger than the recoil energy of a photon. In this case, 
the recoil is taken up by the entire trap setup, asit is the 
case in the Mossbauer effect. 

Despite these obvious advantages of sideband 
cooling, relatively few experiments have been made 
using this method. This is because the regime, where 
the oscillation frequency o is larger than the natural 
linewidth T’ of an optical transition (the so-called 
‘strong binding regime’), is not easily accessible. 
Vibrational frequencies of ions in standard electro- 
magnetic traps are of the order of 1 MHz, whereas 
linewidths of electric dipole transitions in positive 
ions are in the range 20-50 MHz. In this ‘weak 
binding regime’ with T > o, laser cooling of trapped 
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ions is essentially analogous to Doppler cooling of 
free atoms. The minimum temperature is given by the 
Doppler limit kyT = AT/2, and the mean vibrational 
quantum number is (rt) = [/2w > 1. The first exper 
ments with cooling on resolved sidebands, therefore, 
used a strongly forbidden optical transition or 
stimulated Raman transitions. In these cases, how- 
ever, sideband cooling is inevitably slow and it was 
used only to extract a few vibrational quanta from 
Doppler-precooled ions. In both experiments the 
vibrational ground state was reached to a very good 
approximation (mean quantum number (7) ~ 0.05). 
Raman sideband cooling has also recently been 
applied to neutral atoms in optical traps. 

Laser cooling of trapped ions was motivated by 
their possible use for optical frequency standards 
where the relativistic Doppler shift, as well as the 
Stark shift due to the trap potential, are eliminated at 
low temperatures. Cooling to the ground state also 
opens up the possibility of studying a well-controlled 
mechanical quantum oscillator experimentally. This 
led to the realization of nonclassical states of motion, 
investigation of quantum decoherence phenomena, 
and the demonstration of a quantum logic gate for 
quantum computing. 


Sideband Cooling 


Most theoretical treatments of sideband cooling 
consider a static harmonic trap, whereby the time 
dependence of the potential of the radio-frequency 
(rf) ion trap is neglected. In such a model a running 
laser wave ccexptikr) of wave number & induces 
transitions between the eigenstates In) and In!) of a 
harmonic oscillator. The relevant transition matrix 
elements are 


Uyn = (lexptike)in) a 
Use = exe) tL snp mca?) (2) 
jen = exe aM EROP) (2d 


Here = kxy = kyh72mu is the Lamb-Dicke para- 
meter for the spatial extension x9 of the ground 
state, m, the smaller of the two numbers 1 and 1, 
An=In—vl, and Lt denotes the generalized 
Laguerre polynomial. In the case of high vibrational 
excitation 71,2! > 1, Uy, can be approximated as 


Uns snoe =O" Ian avr) BI 
with the Bessel function of n-th order J,,. The argument 
of the Bessel function is the product of the wave 
number and the classical vibration amplitude of the 


highly excited state. This isthe result one would expect 
for the frequency-modulated spectrum of a classical 
oscillator. For arguments Bamong the Bessel functions 
JAB), those of order n = B have the largest modulus. 
Consequently, during the initial stages of cooling itis 
most efficient to tune the laser so that it induces 
transitions with An = nya > 1 

For the final stages of cooling one can usually 
assume that the ion is in the Lamb—Dicke regime, 
that it is localized within dimensions of the 
optical wavelength. A detailed study of the limits of 
sideband cooling in a static trap was carried out in 
1984, The final distribution of population over the 
vibrational states is thermal and can be characterized 
by a mean occupation number (n) or a temperature 
T = hotky In(1 + 1/(n)). The number (1) isa rational 
function of the four frequencies involved, ie., the 
natural linewidth T, the oscillation frequency in the 
trap w, the laser detuning 3, and the Rabi frequency 
‘ox. For certain limiting cases, simple expressions 
for the mean vibrational excitation (x) can be 
derived from the general result. The lowest 
ibrational excitation is achieved in the case of 
well-resolved sidebands (w>>T) and under weak 
laser excitation (og <I), tuned to the first 
sideband (6 = 0) 


11% 
ie 4 
‘The constant @ depends on the geometry of excitation 
and photon re-emission and is of the order of 1. In the 
case of strong saturation (on >>I) of the first 
sideband (5=—w), the mean vibrational quantum 


a= («+ 


number is proportional to the laser intensity: 
n) = 5 
(ny Sa? [5] 


This case is of practical relevance if one wants to 
detect a fluorescence signal on the cooling transition, 
for example, to measure the internal state of the ion in 
a double-resonance experiment, while keeping the ion 
cooled. For the choice of parameters wp 6, 
the ion is still predominantly in the vibrational 
ground state ((n) ~ 1/8), but photons are scattered 
from the wing of the saturation-broadened carrier at 
a rate P=Tup/(l? + 20k +482) ~ 1/6, which is 
already one-third of the maximum scattering rate. 
Finally, in the case of large laser detuning (5 > T, 
@, 0%), the energy is proportional to the detuning 
because the lower vibrational levels are no longer 
depleted by the lase 


[6] 
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If the Lamb-Dicke parameter satisfies <1, the 
strength of the sidebands can be calculated from a 
power series expansion of the matrix elements of 
eqn [2] and the thermal distribution of population 
the oscillator levels. The Uy.x are evaluated to 
first-order in 7 only. In this approximation, the height 
of the first lower-frequency sideband in the absorption 
spectrum relative to the carrier is 7°(n) and that of the 
first higher-frequency sideband 7°({n) +1). This 
information can be used to determine experimentally 
the vibrational quantum number from the absorption 
spectrum. The strengths of the higher-order sidebands 
contain higher powers of 77 and therefore decrease 
rapidly. 

Let us now briefly review some facts about the 
motional spectrum of an ion in a Paul trap, which is 
not just a static system but possesses an explicitly 
time-dependent potential. The equation of motion 
for a classical particle of charge e and mass m 
in the quadrupole potential of the trap d(r,2) 


(Vo — Up cos Der? — 22*)/2r5 is given by the 
Mathieu differential equation: 
er 
et + @~ 24, cos 2097 = 0 7 
with dimensionless parameters: 
_a 2eUy 
r= 5h b= see) 


Here a static voltage Vp and an alternating voltage 
with amplitude Up and frequency © are applied to 
a Paul trap with the radius of the ring electrode rp 
The equation of motion for the z coordinate is 
obtained by multiplying the parameters a and q by 
the factor —2. The general solution of the Mathieu 
equation in the first stability region of the (a,q) 
parameter space can be written by using the 
Floquet ansatz: 


r= A Dc; cos +B, + BY sinQj+B,)r 191 


where A and B are constants determined by the 
initial conditions, and the ¢ and B, depend on a 
and q. In the first stability region, where most of 
the experiments are carried out, the value of B, is 
between 0 and 1. According to eqn [9] the 
motional spectrum of the ion has resonances at 


m= (i Bo. 


In the adiabatic approximation, which is valid for 
a,q? <1, the motion of the ion can be separated 


0,12... 10) 


into an oscillation at the driving frequency ©, the 
so-called micromotion, and a slower oscillation, 
called the secular motion, describing the oscillation 
in the time-averaged pseudopotential. This pseudo- 
potential describes the effect of the ponderomotive 
force of the oscillating trapping field that drives the 
ion to the field minimum at the center of the trap. 
Since, in the quadrupole trap the pseudopotential is 
harmonic, the solution to the equation of motion 
can be approximated as 


= rcosB,7(1+ Lcos2r 
10) = rocosp,r(1+ eos?) ut 
The approximate expression for B, is B, = 47/2 + a, 
and the secular frequencies are given by 
a 
a= Vt Ha, (12) 


which are the lowest-order resonances «, 2 
in the Floquet ansatz, eqn [9]. From eqn [11] it is 
seen that the amplitude of motion at the resonances 
1+ @ is a factor q,/4 smaller than those at the 
resonance w. It is noteworthy that the frequency 0 of 
the driving field does not appear directly in the 
motional spectrum, but only in combination with the 
secular frequency «. This changes, however, if there is 
an additional static force acting on the ion, displacing 
it from the center of the quadrupole. The approxi- 
mate solution to the equation of motion then 
becomes: 


Ho=nLt coup 1 He Feox2s) 113) 


and a resonance at © appears. The force that 
displaces the ion by ry may be due to static electric 
stray fields or the presence of a second ion in the 
trap. These effects can have a strong influence on 
sideband laser cooling of the trapped ions. A number 
of theoretical studies have been published on the 
quantum-mechanical treatment of the Paul trap. The 
explicitly time-dependent potential does not allow 
stationary states with time-independent energy 
eigenvalues. One can, however, as in the case of 
the pseudopotential model, distinguish between two 
time-scales and construct wave functions of the 


harmonic secular oscillator that show some 
additional breathing motion at the trap frequency. 
A quantum-mechanical theory of sideband cooling in 
the time-dependent potential of the Paul trap thus far 
exists only for special cases; in 1994 there was a case 
where the ion was localized in the Lamb-Dicke 
regime at the node of a standing laser wave and time 
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averaged kinetic energies were calculated. Minima of 
the energy that agree with the results of the theory 
for the static harmonic trap to within a factor of 2 
were found. The strongest modifications to the 
predictions of the cooling theory for the static trap 
arise in the dependence of the energy on the laser 
detuning. The influence of the micromotion gives ris 
to heating for certain regions of negative laser 
detuning (on the high-frequency side of a low- 
frequency micromotion sideband) and to cooling 
for some positive detunings (on the low-frequency 
side of a high-frequency micromotion sideband). 


Trapped LASER-cooled ions have a variety of 
applications in spectroscopy and other fields 
In the following, a phenomenon will be discussed 


where observations during the cooling process of ions 
in traps is interpreted as phase transitions between 
chaotic and ordered ion structures during the cooling 
process. 


Generation of Chaos During the 
Cooling Process and Phase 
Transitions to Ordered Configurations 


Using a Paul trap, it is possible to study the physics of 
a few-body phase transition of ions. The ordered state 
of the trapped ions can be observed directly 
by monitoring their resonantly scattered light. 
‘The transition to an ordered or ‘crystalline’ configura- 
tion is expected when the Coulomb coupling constant 
which corresponds to the ratio of Coulomb energy 
to the kinetic energy of a particle, is larger than 1. 
The ordered structures represent configurations of 
‘maximum density for the ions, they are determined by 
the trap potential pushing the ions towards the trap 
center, and by the Coulomb repulsion between the ions 
acting in the opposite direction, so that minimum 
energy configurations are finally adopted. The system 
corresponds to an ordered one-component plasma ora 
strongly coupled plasma. 

In the following, computer simulations of the phase 
transition in the Paul trap will be reviewed. In the trap 
the ions are subjected to five different forces. These 


are the force F"""), arising from the dynamical rf 


trapping field, the Coulomb interaction between the 
ions F‘“™"), the laser cooling force F"***"!, a random. 
force F"™“ arising from the recoil of the sponta- 


neously emitted photons, and a parasitary force 
Fe" arising from a contact potential, which may 
be generated unintentionally by locally coating the 
electrodes with the trapped atoms. 

The potential generated by the rf voltage 
applied to the hyperbolic electrodes of the trap is 


given by 


40,1) = AOL? + — 227] 
_ Up + Vo cost) 
HO" re 


4) 


where Up and Vp are the de and ac components of the 
voltages applied to the trap. From eqn [1] we obtain 
the trapping force and the resulting equation of 
motion of a single ion in the trap: 
FO?) = mk = eVdUr,t) = —2egiir—3ze] [15] 
where m, r, and ze, denote the mass of the ion, the 
position, and the ze.-component of the position 
vector, respective 

The Coulomb interaction between the particles 
results in the fore: 


Feo 


In the process of laser cooling, every scattered photon 
changes the momentum of an ion on the average by 
an amount fi 

‘The ensemble average of the resulting laser cooling 
force acting on the i-th ion is thus: 

FS = AkRin(2): £4] 7 

The number Nl) of spontaneously emitted 
photons from the i-th ion during the /-th cycle of 
period T= 20/0 is 


NO] |, Risdost¢oide 118) 


Ju-or 


N, 
spontaneous photons are emitted one by one, at 
the end of each rf cycle, rather than emitting them 
one by one, according to the appropriate photon- 
statistics during the cycle. The orientation of the 


In the simulations, it is assumed that these N; 


unit vector @, which points in the direction of the 
j-th emitted photon, is chosen at random, but 
weighted with a cos? distribution (dipole charac- 
teristic) with respect to the laser polarization axis. 
This way, only the linearly polarized spontaneously 
emitted photons have been simulated in the 
calculations. The circularly polarized ones, which 
occur with a sin? distribution, have been neglected. 


Fen) 


The random force is thus: 


19} 


Se 


Fey = ak at ay 
a 
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In some of the calculations, a contact potential has 
been taken into account which is generated 
experimentally by a coating of the quadrupole 
electrodes by the trapped particles. Close to the 
center of the trap, the contact potential gives rise 
to an approximately homogeneous electric field. 
Altogether, the motion of the i-th particle is 
governed by the sum of the above forces, that is 


sn08, =F?) BCom 4 loser) pean) pcan) (29) 
Given appropriate initial conditions, the eqns of 
motion [20] are integeated forward in time to obtain 
the trajectories of the n-ion system. These trajectories 
provide all the information necessary to find the 
quantities of interest, such as the occupation 
prohability density of the i-th ion in phase space 
(ie. the probability density of finding the i-th ion at a 
given position, and with a given velocity), the (total) 
kinetic energy, and the fluorescence intensity. 

Some of the results of the described simulations will 


be summarized below. Figure 1 shows the excitation, 


spectrum of the ions as a function of laser detuning. 

The experiment 

simulations. 
Owing to the Coulomb interaction of the ions at 


confirms the results of the 


particular phases of the cooling process, chaos in the 
ion cloud is observed leading to a heating process of 
the ions by the applied field of the trap. This heating 
mechanism was investigated in the simulations in 
detail and the summary of the results is given in 
Figure 2. 

For zero laser power and large r, there is no net 
heating of the ions. This is confirmed by the 
experiments, in which, even in the absence of a 
cooling laser, large clouds of ions can be stored in a 
Paul trap over several hours without being heated out 
of the trap. The ions are far apart, the Coulomb force 
is small, and on short time-scales the ions behave 
essentially like independent singly stored ions. For 
this reason, this part of the heating diagram is called 
the ‘Mathieu regime’ as it is well described by the 
Mathieu equation [7]. Turning on a small laser power, 
the rms radius r reduces drastically due to laser 
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Figure 1 Excitation spectrum offive ions asa function of laser detuning. When the laser detuning is changed the cooling rte ofthe fon 
Js varying. Two phase transition points (and bistablity) are apparent. Insets show the results of the molecular dynamics calculations 
shorly bofore and after the jump, which demonstrates directly the existence of a transition from a cloud phase toa crystalline state. The 


Units given at the insets are ym. 
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Figure 2 Average heating rato of five fons in a Paul trap versus the ms radius ofthe fon configuration. The insets show the power 
spectrum and the corresponding stroboscopic Poincaré sections in the x-z plane of relative separation for two ions in three 
‘characteristic domains: the quasiperiodic regime, the chaotic regime and the Mathieu regime. All length scales are in units of 


micrometers. Units gives at the x-2 ais ofthe insets are in ym. 


cooling, but comes to a halt at about 14 wm where 
chaotic rf heating sets in and balances the cooling 
power of the laser. Increasing the laser power results 
in an even smaller cloud. The smaller cloud produces 
more chaotic rf heating, as seen clearly by the 
negative slope of the heating curve (Figure 2) in the 
range 8 <r-< 14pm. 

In the range 4 um <r <8 um, there is still chaotic 
heating, but the slope of the heating curve is positive. 
Asa consequence of the resulting triangular shape of 
the heating curve, at about 8 jum, the chaotic heating 
power can no longer balance the cooling power of the 
laser, and the cloud collapses into the ‘crystalline’ state 
located at r= 3.8 um; a ‘phase transition’ has 
occurred. Due to this collapse, the behavior of the 
heating rate in the range 3.8 wm <r <8 pm cannot 
be studied by equilibrating laser cooling and rf 
heating, In this case, we start out from the crystal 
state and slightly displace the ions to explore the 
‘vicinity’ of the crystal. We observe no heating for 
3.8 um <r <4 ym, but quasiperiodic motion, and 


thus name this regime the ‘quasi-periodic’ regime. We 
call the upper edge of the quasiperiodic regime 
um) the ‘chaos threshold’. An initial condition 
yond the chaos threshold, i.e. satisfying r > 4 um, 
leads to heating and expansion of the ion configura- 
tion and numerical data relevant for the shape 
of the heating curve can be taken during this 
‘explosion phase’. The laser power P is set to zero 
for this type of experiment. We conjecture that, 
apart from the trivial case of a single stored ion, the 
heating curve is ‘universal’, i.e., its qualitative 
shape, including the existence of the chaotic regime, 
does not depend on the number of simultaneously 
trapped ions. 

For the quasiperiodic, the chaotic and the 
Mathieu-regime, respectively, the corresponding 
type of power spectrum are shown in the insets 
above the abscissa of Figure 2, The data were 
actually taken from the case of two ions, but would 
look similar in the five-ion case. A discrete spectrum 
in the quasi-periodic regime and a complicated 


270 QUANTUM OPTICS / Laser Cooling of lons 


Figure 3 Ordered ion configuration of two, three, four, and seven laser-caoled Mg' ions confined in a Paul trap and observed using 
resonantly scattored light. The average fon separation is 20 um. The structures of four and seven ions are slighlly deformed owing to 


contact potentials inthe trap. 


noisy spectrum in the chaotic regime is obtained 
The spectrum in the Mathieu regime is again quite 
simple and dominated by the secular motion 
frequency. Stroboscopic pictures of the locations of 
two ions in the x-y plane of the trap characterizing 
the three regions, are shown on the insets below the 
abscissa of 

Some of the ordered ion structures observed 
experimentally are shown on and 4. The 
structures in were obtained in a Paul trap; the 
others are measured in a storage ring leading to quasi- 
linear structures of the ion configurations, depending 
on the symmetry of the trap. Ordered ion structures 


have also been observed in Penning traps. Due to the 
symmetry of this trap rotationally symmetric struc- 
tures are observed, 


Conclusion 


Laser cooling of ions in traps provides an excellent 
tool for numerous experiments, varying from tests 
of basic physics to important and new applications 
in quantum information processing. The linear ion 
structure shown on is presently investigated 
in many laboratories in order to realize gates for 
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Figure 4 Crystalline structures of laser-cooled **Mg" ions in 
the quadrupole storage ring. Ata low ion density the ions form a 
string along the field axis (upper). Increasing the ion density 
transforms the configuration to a zigzag (middle). At stil higher 
jon densities, the ions form ordered helical structures on the 
surface of a cylinder, e.g., three interwoven helices (lower). AS 
the fluorescent light is projected onto the plane of observation in 
this case the inner spots are each created by two ions seated on 
opposite sides of the cylindrical surface, resulting in a single, 
bright area. (Reproduced by permission of Nature from Birk! G, 
Kassner S and Walther H (1992) Mutiple shell structures of laser 
cooled **Ng* fons in a quadrupole storage ring. Nature 367: 
310-313.) 


quantum computing. Single trapped ions in 
cavities may be used as deterministic light sources 
for secure single photon communication links. 
Furthermore, in many laboratories single laser- 
cooled ions are investigated as the basis for new 
time and frequency standards, being several orders of 
magnitude more accurate than our present 
atomic clock. 


See also 


Chaos in Nonlinear Optics. Quantum Optics: Entan- 
glement and Quantum Information; Quantum Computing 
with Atoms, 
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Introdu 


It is a well-known fact that the speed of commercial 
microprocessors is doubling, roughly, every 18 
months (Moore’s law). This speedup is achieved 
mainly at the expense of reducing the size of the 
microchip. If this tendency is to continue, it seems 
unavoidable that quantum mechanical effects will 
eventually become important. 

Remarkably, far from being a technological 
nuisance, the fact that information carriers are 
truly quantum mechanical systems offers an 
entirely new paradigm for computation. As opposed 
to classical bits, with logical values 0 and 1, 
quantum bits (qubits) can be prepared in arbitrary, 
normalized superpositions of the logic values. In 
addition, quantum states of multiqubit systems can 
be entangled, i.e, cannot be written as tensor 
products of states of the individual components. 
The theoretical description of entanglement 
requires a huge number of parameters which, in 
fact, grows exponentially with the number of 
particles that are involved. This exponential number 
of new degrees of freedom is responsible for the 
computational potential that quantum systems 
offer. Recently it has been demonstrated theoreti- 
cally how we can harness this potential in the 
form of quantum algorithms, including Shor’s 
factorization algorithm and Grover’s protocol for 
data base search. 

From a theoretical point of view, the implemen- 
tation of quantum computation is greatly simplifi 
by the fact that any unitary transformation involving 
an arbitrarily large number of qubits can be decom- 
posed into two building blocks: single qubit 
operations and two-qubit controlled-NOT gates 
(CNOT gates). We only need to identify two-level 
systems whose interaction can be mediated in a way 
that allows for conditional dynamics, that is, the 
second system undergoes certain operation (a NOT 
operation in our case), conditional on the state of the 
first qubit. However, it is easy to convince ourselves 
that from the experimental point of view, the 
challenge is going to be formidable. The following 
(DiVincenzo)-checklist summarizes the necessary 
requirements for the potential physical realization 
of a quantum computer: 


© The system needs to provide a well-defined 
qubit, with two robust levels to represent the logical 
values 0 and 1. Moreover, the system should be 
scalable. 

Both the initial preparation and the final readout of 
the system has to be done with sufficient accuracy. 
The system has to allow the implementation of a 
universal set of gates (single-qubit rotations and 
CNOTS gates) with sufficient high fidelity. Implicit 
in this requirement is the ability to address 
individual qubits. 


From the above list it is clear that the practical 
realization of a quantum computer relies on the 
ability to achieve a delicate equilibrium: the system 
needs to interact strongly with selected external 
agents, typically laser light, both during the gate 
operations and the preparation and readout steps, but 
should be shielded from any unwanted interaction if 
the desired dynamics is to be preserved. Perfect, 
selective, shielding from the environment is not 
possible in practice and unwanted interactions with 
the surroundings will unavoidably result in some 
form of decoherence. In this article we will review the 
fundamentals of the implementation of a universal set 
of quantum gates using (i) atomic system coupled toa 
resonant field sustained in a microwave cavity and 
(ii) trapped ions confined in an electromagnetic trap. 
Atomic and ionic systems provide a good means for 
storing quantum information in long-lived electronic 
states. In addition, both neutral atoms and ions can be 
detected with high efficiency. While none 
ssented schemes is expected to be scalable to 
a very large number of qubits, they constitute the first 
prototypes for quantum registers and are expected to 
play an important role in applications where only a 
moderate number of qubits are required. These 
applications range from the development of new 
frequency standards to quantum communication 
protocols. We will discuss in the following sections 
how a set of universal gates can build within these 
systems and will present the state of the art of the 
experiments performed to date. 


Quantum Computation: Basic 
Definitions 


As stated before, the basic unit of quantum infor- 
mation is a qubit, an arbitrary quantum mechanical 
two-level system. We will associate logical values 
0 and 1 with quantum states 0) and |1), the 
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eigenvectors of an observable such as the energy, and 
refer to such states as the computational basis. Any 
unitary operation on a qubit will be called a single 
gubit gate. Joint operations on more than one qubit 
will be denoted as multi-qubit gates. Using the fact 
that any two-level system is isomorphic to a spin-1/2 
particle (e.g., an electron), we can always think of a 
gubit in terms of a certain pseudo-spin whose 
dynamics can be represented as rotation of the 
associated Bloch vector within the Bloch sphere. 

For instance, as depicted in Figure 1, a qubit 
initially prepared in state |1), after experiencing 
a single qubit gate will be represented by certain 
Bloch vector §, whose location on the Bloch sphere is 
a function of the gate parameters. Note that a 
classical system can only assume two positions 
(upwards and downwards), while a quantum system 
can explore the whole surface of the sphere. 

Itisalso quite standard in quantum computation to 
use a diagramatic representation in terms of quantum 
circuits. Quantum circuits are built up of wires to 
denote the quantum bits and boxes to represent the 
gates, or quantum operations. Figure 2 shows two 
hasics elements of a quantum circuit, The element on 
the left is the so-called Hadamard transformation, a 
particular example of single-qubit gate which trans- 
form each clement of the computational basis as 
follows: 


0) F (0+ 10) 


v2 a 


1 
I) 5 (0) - '1)) 


Figure 1 Geometrical representation of qubit systems using the 
Bloch sphere formalism. See the text for detals. 


@ ) 


Figure 2 Examples of single qubit gates (a) Hadamard 
transformation and two qubit gates (b) CNOT gate as customarily 
represented in quantum circuits diagrams. 


Part (b) of Figure 2 depicts a CNOT-gate. This is now 
an operation involving two qubits. The first one, the 
control qubit, remains unaltered after the gate 
operation while the second qubit, referred to as the 
target, undergoes a spin flip (logical NOT operation) 
only when the control is in the state |1). Specifically, 
the action of a CNOT-gate is defined by the following 
transformation rule: 


CNOT 
100) — 100) 
01) 101) Ry) 
10) 111) 
[11)—+ 110) 


We have already mentioned that single qubit 
rotations and CNOT gates provide a universal set 
of gates, Our aim now is to show how such 
operations can be built when the so far generic 
gubit are realized in terms of real atomic systems. In 
the two experimental scenarios we are going to 
analyze here, the CNOT operation will be achieved 
by means of a different type of gate, a controlled- 
phase gate supplemented by two  one-qubit 
Hadamard gates on the target qubit. The arrange- 
ment is showed in Figure 3. The controlled-phase gate 
is again a two-qubit operation defined by the 
following transformation rule: 


cNOT 
100) — lo) 
lo1) + Io1) 
10) 110) 
I) 111), 


BI 


i.e.,a global phase equal to aris acquired if, and only 
if, the two basis states are in the logical state 1. It is 
easy to check that when the target bit is rotated by a 
Hadamard gate prior and subsequently to the action 


Figure 3° Controlled-phase gate with both inputs, control, and 
target qubt, in stato I). The fst Hadamard gate rotates the 
target to state (10) ~|1))//2. The acon ofthe contrlled-phase 
gate with ¢= yields the joint state 11) + (0) ~I1)/V2 and a 
final Hadamard rotation on the target leaves the system in the 
product stato 1). 


rks 


Very fast response, typically 11s on and0.5us 
off. 

Very low power consumption on the input 
side,as low as SmAatSVDC. Many solid-state 
relays can be driven directly from logic chips. 
Lack of mechanical noise, 

No contact bounce; a clean output signal. 


No coil that would introduce back EMF into 
the circuit. 


Safe with flammable vapors, as there is no 
sparking of contacts. 

Often smaller than a comparable electro- 
magnetic relay. 

Insensitive to vibration 


Safer for switching high voltages, as there is 
complete internal separation between input 
and output. 

Some variants work with input control vol- 
tages as low as 1.5VDC. Electromagnetic re- 
lays typically require at least 3/DC (or more, 
where larger relays are required to switch 
higher currents). 


Disadvantages 


Less efficient; its internal impedance intro- 
duces. fixed-value voltage drop on the out- 
put side (although this may be negligible 
when switching higher voltages). 

Generates waste heat in its ‘on” mode, in ac- 
cordance with the voltage drop. 

Passes some leakage current (usually meas- 
ured in mictoamps) on the output side when 
the relay is supposed to be “oft” 
ADCsolid-state relay usually requires obser- 
vation of polarity on the output side. An 
electromagnetic relay does not. 

Brief voltage spikes on the input side, which 
would be ignored by a slower electromag- 
netic relay, may trigger a solid-state relay. 


circuit > analog > solid-state relay 

+ More vulnerable than an electromagnetic 
relay to surges and spikes in the current that 
is switched on the output side. 


bv] 


Figure 4-1. Schematic symbols for solid-state relays have 
not been standardized. See text for details. 


How It Works 


Almost all modem SSRs contain an internal LED 
(light-emitting diode, see Chapter 22) which is 
switched on by the control input. Infrared light 
from the LED is detected by a sensor consisting 
of one or more phototransistors or photodio- 
des. Inarelaythatcontrols DC current, the sensor 
usually switches a MOSFET (see Volume 1) or an 
SCR Gsilicon-controlled rectifier—see Chapter 1). 
In relays that control AC current, a triae (see 
Chapter3) controls the output. Because the input 
sideand the outputside of the SSRare linked only 
by a light signal, they are electrically isolated 
from each other. 


Encyclopedia of Electronic Components Volume 2 


274 QUANTUM OPTICS / Quantum Computing with Atoms 


of the joint phase gate, the resulting state is 
tantamount to the action of a single CNOT gate. 
Therefore, to prove that our atomic system allows for 
the implementation of a universal set of gates, it 
suffices to show that both single qubit rotations and 
controlled phase gates can be implemented with 
sufficient accuracy. 

‘The next section analyzes a typical cavity QED 
setup and presents the basic physical ideas to under- 
stand how single and two-qubit gates can be 
implemented within atomic systems interacting with 
radiation fields. Subsequent sections will rely heavily 
in this analysis. 


Quantum Computing with Atoms I: 
Cavity QED 


A simplified cavity-QED arrangement for perform- 
ing both single- and two-qubit gate operations is 
depicted in Figure 4. This configuration is well- 
known to quantum opticians and it is often referred 
to as a Ramsey interferometric setup. For conerete- 
ness, we will focus here in the experimental set up 
currently in operation at the ENS in Paris. There, 
the atomic system is a highly excited Rydberg 
atom initially prepared in a long-lived circular 
state, The relevant atomic states are represented in 
Figure 5, with the qubit being stored in levels li) and 


Figure 4 Cavity QED sotup for single-qubit and two-qubit 
‘operations. Rotations ofthe atomic pseudo spin are performed via 
Interation with classical radiation (Zone R), while the interaction 
with a resonant cavity fold sustained in C allows the realization of 
2 phase gate where the cavity photon acts as the control qubit 


Figure § Circular Rydberg levels involved in the ENS 
‘experimental setup. The qubit is stored in levels |) (logical value 
0) and Ig) (logical value 1). The radiative lifetime of these levels 
lias in the millsecond range. Dissipation can then be neglected 
along the 20 cm path inside the apparatus. 


|g) which will play the role of the general basis 
states (0) and |1) 

Regions denoted by R represent the interaction 
of the atomic system with classical microwave 
radiation. As detailed below, this interaction will 
allow arbitrary rotations of the atomic pseudo spin. 
Region C represents the interaction of the atomic 
system with a single mode cavity field resonant the 
atomic transition g — e. The highest Q value reported 
to date is of the order of 10°, which corresponds to a 
photon storage time of a few milliseconds, Therefore, 
the relaxation time of the cavity field is much longer 
than the atom-cavity interaction time, which defines 
the two-qubit gate operation time and is of the order 
of a few tens of us. The cavity field can be prepared in 
either of the Fock states 10), or |1), and will play 
the role of the control qubit for the realization of 
a phase gate, as detailed below. This set up is 
completed with a detection scheme (SD in the figure) 
that allows the selective detection of the atomic 
electronic state, 

We will start our discussion showing how to 
perform an arbitrary single-qubit gate by means of 
irradiating the atomic system with classical radiation. 
We will keep the analysis in very general terms 
with the aim of using it later in the description 
of the implementation of quantum logic with 
trapped ions. 


‘Single-Qubit Rotations 


Let our qubit be a two-level atomic system with 
frequency separation wy. We will show that an 
arbitrary rotation can be achieved by means of 
irradiating the system with classical light, eg., 
microwave radiation or a laser field, with tunable 
frequency w,. The radiation field will be specified by 
two controllable parameters, its Rabi frequency 
and its phase 6. The atom-field Hamiltonian can be 
written as 


n=" (inal- \o)¢0l) 


+A(gel* louie ge lol) 4] 
where the first term corresponds to the atomic 
internal energy and the second describes the coupling 
with the external field. The coupling constant g can be 
written in terms of the field parameters as 


ia 
g=z¢ 


(51 


In order to write down a time-independent Hamil- 
tonian, we will move to an interaction picture with 
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respect to Hy = fie, /2(11)(11 ~ !0)(0l. In this frame, 


H, 


= Bema - lon(0l) +A( lot +8°l1X0l) 


‘The interaction Hamiltonian can be read 
in terms of the Pauli spin operators 


hs AD 
Hin = yor 


[8] 


(sindox — cosa) 


where 5=«,— denotes the detuning from the 
atomic transition and we have taken into account 
the explicit form of g as given by eqn [5]. We can 
now easily derive the time evolution operator by 
noting that Hig: can be written in a compact form 
as H, where the vector 7 has cartesian 
coordinates 7 = (0/2 sing, 0/2 cosg, 8/2). Note that 
lil = 0, = 1/2/02 + 3. The time evolution operator 
can then be written as follows: 


Use 


cos(lile) 11 —isin(lileya-filll [9] 


In matrix form: 


all 


a “af 


In the limit of large Rabi frequency, where 0>8, 
we can write the following approximate expressions 
for the time evolution of the computational basis 
states 


U10)=cos(%4)oy~sin( Seep 
uit)=sin( See i410) +e0s( See Vin 


The transformed states by U are eigenstates of the 
spin operator along the direction i which is a 
function of the external field parameters. Therefore, 
by adjusting the Rabi frequency and the field’s phase, 


iy 


it is possible to transform the basis states into spin 
eigenstates along any arbitrary direction, and to 
perform an arbitrary rotation of our qubit, we 
simply have to tailor appropriately the parameters 
of the driving field. For example, when the Rabi 
frequency and the interaction time are chosen such 
that 4/2= m/4, and the field’s phase is taken equal to 
ar, we get 


(0)+11)) 
(12) 


(io)—1)) 


This relationship defines the Hadamard transform- 
ation H introduced before. Alternatively, using 
quantum optics jargon, we have performed a m/2- 
pulse. Note that using the Bloch sphere represen 
tation, we can visualize the action of a Hadamard 
gate on the computational basis states as a rotations 
that brings them to the equatorial plane of the Bloch 
sphere, the transformed states by H now lying in 
opposite directions along the x-axis. 

‘The next step is to show that our system also allows 
the implementation of conditional dynamics and, in 
particular, allows to build a controlled-phase gate. 


Conditional Dynamics: Controlled-Phase Gate 


The interaction of the atomic system with the cavity 
field sustained by the microwave cavity is described 
by the Jaynes~Cummings (JC) Hamiltonian. We can 
see this Hamilton operator as a generalization of the 
operator defined by eqn [4], where the radiation field 
is now quantized and the terms e*'* are replaced by 
the operators a and a’ corresponding to the annihila- 
tion and creation of a cavity photon of frequency w. 
The interaction with the quantized cavity field 
couples levels le) and |g), while the far detuned level 
li) will now play the role of a passive spectator. 
Remember that our atomic qubit is stored in levels li) 
and |g). To avoid confusion with the notation, we will 
write the Hamilton operator in terms of the atomic 
states e and g. Explicitly: 


Hyc =! leX(el — Ig) + few’ a 


AQ 


~ 1 (aleXel ~ a'lexel) 113} 


where the coupling constant g has been taken to be 
= —i(/2), proportional to the Rabi frequency 
averaged over the mode structure, @. Using the same 


techniques employed in the previous section, we can 
derive the corresponding JC time evolution operator, 
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which yields, for exact resonance, the following 
transformation rules: 


\g)10), —le)l0), 


(ght), eosSElg)It), — sin), 14) 


or i 
1e)10), —+ cos le)l0), + sin 5" lg), 


where states |), refer to the cavity field, Note that: 


The cavity field will play the role of our control 
qubit in the performance of a phase gate, the target 
qubit being the atomic system with computational 
states defined as before. The computational basis 
for the photonic qubit is provided by the Fock 
states |0), and I1),. 

@ Strictly Speaking, the time ¢ entering in the 
equations above corresponds to an effective inter- 
action time which accounts for the spatial variation 
of the coupling along the field mode, 

¢ When the atom enters the cavity in state li) it will 
acquire a global phase proportional to the ratio 
07/8,, where 5, denotes the detuning between the 
atomic transition ej and the mode frequency w. 
In conditions of resonance, or quasi-resonance, this 
factor can be safely neglected, which justifies the 
term passive spectator used before. 


We now have all the ingredients to understand how. 
we can perform a controlled phase gate. Consider the 
situation where Ot = 27, so the system experiences a 
full Rabi oscillation. According to the previous 
discussion, the basis states of two-qubit system 
atom-cavity field will transform as follows: 


110), — plo), 
\l1),— !2)10), 
Ig)10),— |g)l0), 
ig)l1),— — 1), 


1151 


That is, whenever the atomic system enters the cavity 
in state li), it will be left unaffected, irrespective of the 
photon state. However, if the atom enters the cavity in 
state Ig), the system will undergo a phase shift equal 
to conditional to the photon number. And that is 
precisely the dynamics required for a controlled phase 
gate as defined earlier. 

A detailed account of the experiments in cavity 
QED, showing coherent gate operation, can be found 
in Further Reading. These experiments prove the 
working principle of a universal set of quantum logic 
gates with neutral atoms and provide the basic 


elements for the development of a cavity QED 
quantum register in the near future, 


Quantum Computing with Atoms I 
lon Traps 


Charged atomic particles, ions, provided the first 
atomic system where conditional dynamics was 
demonstrated experimentally. The theoretical propo- 
sal in 1995, by Cirac and Zoller, for performing a 
two-qubit controlled NOT gate between trapped ions 
cooled to their motional ground state, was followed a 
few months later by a pioneering experiment at NIST, 
in Colorado. While the physics involved in the 
description of laser cooled and trapped ions is 
conceptually more involved than the dynamics ruled 
by a purely JC Hamiltonian, we can review the 
rudiments of the CiracZoller scheme on the hasis of 
the techniques developed in the previous sections, 
Nevertheless, as discussed briefly at the end of this 
section, we should point out that the exact procedure 
followed in the actual experiments departs from the 
analysis presented here. 

Figure 6 depicts a linear ion trap where a string of 
ions is confined in an essentially 1-D structure. 
Quantum bits are stored in two long-lived hyperfine 
states which can be driven with laser light of 
controllable Rabi frequency © and phase 4). Ideally, 
the separation d between ions exceeds the wave- 
length of the external field so that ions can be 
addressed individually. Detection of the atomic state 
relies on the well mastered quantum jump technique 
which provides an efficiency close to 100%. From 
our previous discussion, it is clear that we already 
have all the ingredients for performing arbitrary 
single qubits gates, but we still need to provide a 
procedure to achieve two-qubit gate operations. As 
detailed in the next section, this will be achieved 
using the motional degrees of freedom of the ions asa 
bus for information transfer between an arbitrary 
pair of ions. 


Figure 6 Schematic representation ofa linear fon trap. ons are 
Individually addressed by extemal laser fields to perform single 
qubit operations, while two-qubit gatas are mediated by the 
coupling to the motional degraes of freedom, depicted here as 
‘mechanical strings linking the chain of ions in the trap. The exact 
duration of a two-qubit gate operation and the characteristic daca- 
erence time depend very much on the trap design, but orientative 
values are in the range of 50 us and 100 — 1000 ys respectivaly. 
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‘The Cirac and Zoller Quantum Computer 


At sufficiently low temperatures, the process of 
absorption and emission of photons produces a 
non-negligible recoil of the atomic system and the 
ion’s motion can no longer be treated classically. In 
this regime, we can think of the string of ions as a 
system of coupled quantum harmonic oscillators 
whose normal mode configurations correspond to 
the collective motional states of the ions, The lowest 
energy solution corresponds to an oscillation whe 
all ions are in phase (center of mass (CM) mode) and 
will be the one considered in our description. Figure 7 
depicts the level scheme for ions initially cooled down 
to the motional ground state, illustrating both 
internal levels, le) and |g), and motional (vibrational) 
states, denoted by 0,1,... Laser radiation can be 
tuned to be resonant with the |g)l0)iq + le)I0)mq 
transition (carrier transition), but may also be tuned 
to drive transitions with different vibrational states 
(sideband transition), as represente 
arrows in the figure. The realization of single qubit 
gates simply involves tuning the laser towards the 
carrier transition, The interaction is ruled by essen: 
tially the same Hamiltonian discussed above. There- 
fore, choosing appropriately the laser parameters, itis 
possible to induce an arbitrary rotation of the ion 
pseudo-spin. 

To prove that the system allows the implemen- 
tation of a universal set of gates, we will now show 
that it is possible to operate a controlled phase gate 
between two arbitrary ions. For that we need to 
couple internal and motional degrees of freedom 
which will be done by means of tuning the laser 
light to a sideband transition. The corresponding 
Hamiltonian will not be derived here in detail but it 
can be understood as describing a Jaynes~Cummings 


by the external 


Motional states la) 


qusiri 


uair) 


Motional sidebands 


Figure 7 Relevant intemal and motional atomic fevels for the 
realization of a controlled NOT gate between two arbitrary ions 
within a chain. See the text for details. 


form of dynamics where the quantized clectro- 
magnetic field within a cavity is replaced by the 
quantum mechanical oscillator describing the 
vibrational states of the ion, Explicitly: 


H= BD (cede! +e'leXel) (16) 


where ¢ and c’ denote the annihilation and creation 
operators of vibrational quanta and 7 is the so-called 
Lamb-Dicke parameter, a measure of the recoil 
energy. The gate operation involves the following 
sequence: 


© Mapping the internal state of the control ion into 
the collective motional state of the chain, 

© performing an operation on the target ion con- 
ditional to the excitation number of the vibrational 
state and 

@ reverse the initial operation restoring the 
vibrational state to its ground state. 


Imagine ion i, which will play the role of the 
control, and j, the target, initially prepared in 
arbitrary superpositions of the corresponding 
internal states, with the whole system cooled down 
to their motional ground state 10)... The joint state 
of the two particles can be written as a product state 
of the form: 


(cule), + B.le),) @ 10).m®(a;le), + Bile) 171 


‘When ion iis irradiated by a laser tuned to the first 
motional side band lg)l1)iq + le)IO).q, and the 
timing is such that the system undergoes a Rabi 
rotation, the internal state of the ion i is mapped 
onto the vibrational state (Note the transformation 
rules given in eqn [14]. Asa result, the joint state of 
the system is still factorizable as 


(|g); @ 250). + Bien) ® (ay), + Bile))) 118) 


The second step of the protocol consists of 
applying an operation on ion j conditional on the 
vibrational state of the joint system. For that we 
apply a laser pulse resonant with the transition 
le);IDam 7 la))|0)q With an auxiliary level la), so 
that ion j undergoes a full Rabi oscillation. This 
results in acquiring a phase shift equal to 7 only 
if the system is state le}l1).., (see eqn [15]). This 
step entangles the internal and vibrational degrees 
of freedom of ion j, leading to a joint state of 
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the form: 


1g), ® (4{O).n(0j|2); + Ble) 


+ Bil1)em(ayle); ~ B,le),)) 119) 

Applying a final laser pulse on ion i identical to 
the initial one, the state of the vibrational mode is 
transferred back to ion i and the atomic systems are 
left in the, generally, entangled state 


,c;lg)s1g), + a%B)lg)ile): + Biayle)ilg); — B:Bile)le),. 

120] 
which completes the controlled-phase 
operation, 

A simplified version of this scheme shortly followed 
the theoretical proposal by Cirac and Zoller, proving 
the working principle of the ions trap quantum 
processor. Since then, both theoretical and experi- 
mental progress have allowed the development of 
schemes for implementing faster gates as well as 
protocols which do not require cooling to the 
motional ground state. We will briefly revise the 
current state of the art and future prospects of this 
technology in the last section of this article. 


gate 


Frequency Estimations as a Quantum 
Computation: Building Frequency 
Standards with Entangled States 


Recently, it has been proposed to make use of 
entangled states of trapped ions for performing 
high-resolution spectroscopy beyond the shot noise 
limit, This boundary is the ultimate limit achievable 
when performing a frequency measurement using 
uncorrelated particles. Consider 1 atomic two-level 
systems with frequency separation wp initially pre- 
pared in their ground state |0). The aim is to lock a 
certain oscillator of frequency «, to the atomic 
frequency. To do that, the currently employed 
protocols use the so-called Ramsey method of 
separate oscillating fields, where each atomic 
system undergoes two 7/2-pulses (or Hadamard 
transformations) separated by a free time evolution 
of duration t, much larger than the duration of 
the pulse. Looking at the Hamiltonian describing the 
interaction between the ion and the field, eqn [1], 
one can easily see that the free time evolution can 
be understood as a controlled phase gate in the 
following sense. If we set g=0 in eqn [1] and for 
simplicity re-scale the ion internal energies so that 
H-=féllX1l, the free evolution operator can be 
written as U=—Aall)(I|, so that the atomic basis 


states evolve as: 


uly =e™I1) 


In other words, the ground state remains invariant, 
whereas the upper levels pick up a phase which is 
proportional to the detuning from the atomic 
transition. The state of each particle after the time 
evolution can then be written as 


1 
VE 

After the second pulse, which again mixes popu- 
lations of levels 10) and |1), one measures the 


population of, say, level |1). The signal is therefore a 
sinusoidal function of the form 


(0) +e) 122) 


(1 + cost60)) (23) 


which is symmetrical with respect to 6=0. 
This procedure is repeated a number of times to 
accumulate a sufficient data, Let us call T the total 
duration of the procedure, so that we accumulate 
N=nT/t experimental data. Finally, whenever stat- 
istics in the populations are different from 50:50 at 
half maximum are detected, the oscillator frequency 
is steered to achieve exact resonance. The ultimate 
resolution Aw achievable with this technique is 
limited simply by projection noise and can be 
written as 


1 
Vatt 


After time T, the oscillator’s frequency is steered 
towards the resonance and new sequence starts. We 
will now illustrate how the use of entanglement can 
yield an uncertainty in the measurement beyond the 
shot noise limit eqn [24]. Consider the quantum 
network depicted in Figure 8. The 1 particles are 
now initially prepared in a maximally entangled state, 
This is achieved by means of subjecting the first ion to 


Aw [24] 


oO 
lo». ’ 
lo». 


mw 


Figure 8 Quantum circuit representation for an experimental 
setup for a frequency estimation using maximally entangled 
states. 
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a Hadamard transformation followed by a cascade of 
CNOTs between the first ion, which acts as a control, 
and each of the remaining (71 ~ 1) particles. 

‘The resulting state is of the form 


1 
Re 


The systems now evolve freely for a time t and, in 
light of the discussion above, we can represent this 
evolution in terms of a quantum gate which will leave 
state |0) invariant while introducing a phase factor 
proportional to the detuning if the system is in state 
I). Asa result, the joint state of the m particle after the 
free time evolution is given by 


((0...0) + 11...1)) 2s) 


1 
We 


with a phase factor amplified by a factor m 
as compared with the single particle state given by 
eqn [22]. The second part of the network disentangles 
the 7m particles, leaving the first ion in the state 
(1/V2)(10) +e" 1)). If we now subject it to an 
additional Hadamard gate, the probability for the 
ion to be excited is, 


(10...0) + e**I1...1)) R61 


Pron = (1 + cos(né)) p71 


z 


which oscillates m times faster than the signal eqn [23]. 
The corresponding uncertainty for the estimation of 
the atomic frequency is now 


ep, ent = 128] 


mvt 


This corresponds to an increase in the resolution of 
i beyond the shot noise bound. In practice, the 
achievable resolution using entangles states is limited 
by the decoherence time of the system fy, which sets 
the condition T < ty./2 for the procedure to be vali 
Remarkably, entanglement is still advantageous in a 
situation where T is chosen such that it exceeds the 
decoherence time. However, maximally entangled 
states should now be replaced by certain partially 
entangled ones to overcome the precision achievable 
with uncorrelated particles. 

The application of entangled states in precision 
spectroscopy is a nice illustration of the potential of 
the ideas developed in quantum information beyond 
the ultimate task of building a large-scale quantum 
computer. The first experimental results showing the 
enhanced performance of entangled states have been 
reported by the NIST group in Boulder. 


Conclusion and Perspectives 


We have revised the fundamental concepts for the 
practical realization of quantum computation using 
atomic systems. We have showed how single qubit and 
two-qubit controlled-phase gates can be implemented 
using atoms interacting with the cavity field sustained 
by a microwave resonator and ion traps. We have 
illustrated how a very simple quantum computation 
can be used for the development of more 
precise frequency standards, emphasizing the poten- 
tial of the ideas developed in quantum information 
beyond the implementation of large scale quantum 
computation. 

Cavity QED technology has so far allowed the 
generation of entangled states of two and thre 
particles and has demonstrated coherent gate opera~ 
tion. Ion trap technology has pushed controllable 
multi-particle entanglement to four particles and has 
showed the possibility of implementing forms of error 
correction. The combination of these two techno- 
logies offers interesting prospects for the near future. 
Surrounding traps by optical cavities and networking 
these devices via optical fibers is expected to allow 
the construction of the first prototypes for a quantum 
communication network. 


Quantum Optics: Entanglement and Quantum. Infor- 
mation, 
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Introduction 


The reduction of noise is crucial for measurements 
requiring high accuracy and, often, for the obser- 
vation of new phenomena. Among noise sources, 
noise inherently related to the quantum nature of an 
object persists even after all the classical sources of 
noise are removed. Quantum noise is a fundamental 
limitation, loosely related to the Heisenberg uncer- 
tainty principle, which imposes a lower limit to the 
fluctuations of any pair of conjugated variables, like 
position and momentum. For conjugated variables Ay 
and Ay we have 


aa,aa, = 4 


z a 


where 


While quantum mechanics does not forbid reducing 
the noise in one of the conjugated observables down 
to zero, the noise for the other variable will increase 
according to eqn [1]. Squeezing refers to the reduction 
of noise of a quantum variable at the expenses of its 
conjugated variable. The term originates from quan- 
tum optics. Nonlinear interactions of the electromag- 
netic field with passive and active atomic media have 
been successfully used to generate squeezed photons, 
opening new possibilities for essentially noiseless 
optical communications and precision measurements. 
The electromagnetic field is not the only quantum 
object that can be squeezed. By performing appro- 
priate manipulations of the internal quantum state of 
a system, it is, in principle, possible to squeeze an 
arbitrary variable. In the past few years, vibrational 
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states have also been experimentally squeezed in 
molecules and solids, by exciting the system with 
ultrafast optical pulses. The concept of squeezing 
can also be extended to an ensemble of classical 
objects for which the fluctuations are of thermal 
origin. 

Squeezing applies in particular to situations where 
the relevant variables are the position Q and 
momentum P of a harmonic oscillator. Consider the 
Hamiltonian of a particle of mass m in a harmonic 
potential of frequency 


Hy = BI 


In” 


The ground state wavefunction is 


1 e ) 
7 exp( - 2 (41 
” [ope] o( KOD 


where (03) = fi/2mQ. The stationary probability, 
Igo, is represented in Figure 1a, This state is also 
a minimal uncertainty state in that AQAP = fi2 
(Q3) gives a measure of the quantum noise and it is 
known as the vacuum noise level, 

Let us now discuss the behavior of a harmonic 


oscillator that interacts with an external source. 
There are two types of quantum states for which 
the Gaussian shape of the wavefunction is preserved 
after interacting with an external driving force. These 
are the coherent state and the squeezed state. If the 
interaction places the system in a state of the same 
form as eqn [4] but displaced with respect to the 
center, the wavepacket will oscillate periodically, with 
period r= 27/M, without changing its shape as 
shown in Figure 1b. This quantum state is known 
as the coherent state. It has the same uncertainty as 
the ground state but the expectation value (Q(t) 
depends on the time following the classical trajectory 
in the harmonic potential. If, instead, we introduce a 
sudden change in the spring constant at t =0, the 
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wavepacket will begin to ‘breathe’ for t>0, so 
that its width will vary periodically with a period 
given by 7/2, This is the squeezed state. Here the 
noise of one of the variables is periodically reduced 
below the level of the vacuum noise (Figure Ic). A 
state that is a combination of a coherent and a 
squeezed state is shown in Figure 1d. The wavepacket 
follows the classical trajectory and breathes at the 
same tim 

The results in Figure 1 apply only to harmonic 
oscillators. While the concept of squeezing can be 
extended to anharmonic potentials, there are ad. 
tional features to consider such as, for example, 
wavepacket revivals, 


Dynamics of a Parametrically 
Excited Crystal 


Harmonic oscillators describe a wide range of 
physical systems. In particular, the dynamics of a 
crystal lattice can be described in terms of a set of 
independent harmonic oscillators, the quantum 
nature of which is described in terms of phonons. In 
this section we discuss interactions of a harmonic 
oscillator with external sources that produce 
squeezing. 

‘The normal modes in a crystal obey equations of 
the form: 


0, +950, =0 15] 
where Q, and 9, are the phonon coordinate and 
frequency, and q is the wavevector. 

As briefly mentioned in the previous section, a 
sudden change in the spring constant produces a 
squeeze state. To do this, we need what is known as 
time-dependent parametric coupling. As in the 
experiments on phonon squeezing, using ultrashort 
optical pulses, we consider an impulsive driving force 
proportional to Q. The relevant equation is: 


Oy +. 03. Q, = Ay O,64t) [6] 
where a(t) is the Dirac delta function, and A 
accounts for the strength of the external impulsive 
force. This impulsive excitation induces a sudden 
change in momentum, proportional to the normal 
coordinate Q at t=0, as can be shown by 
integrating eqn [6]. Explicitly, AO, = AP, = 
4,0,(0). AP, = P,(0") — P,(O"), where 0-(0*) is 
the time immediately before (after) the excitation. 
This result is illustrated in Figure 2. The main effect 
of the interaction is to change the width of the 
Gaussian packet or variance of the distribution. 
This leads to a time-dependence of the noise 


defined in eqn [2], AO%(t)=(O%(0) reflecting the 
‘breathing’ of the wavepacket. Since P, is the 
conjugated variable of Q,, (P3() shows the same 
time-dependent behavior as (Q3(t)) but in quad- 
rature with it, so as to fulfil eqn [2] at all time. 
Assuming an oscillator initially in its ground state, 
the solution of eqn [6] is 


It is then clear that the fluctuations of Q, 
periodically fall below the vacuum quantum noise 
level, determined by (3), and that the oscillations 
have a frequency that is twice the frequency of the 
oscillator 

The considerations above apply to a quantum 
harmonic oscillator at temperature T=0. In the 
classical case, we need to consider an ensemble of 
© tors in equilibrium with a thermal bath at 
temperature T. It can be shown that eqn [7] also 
applies to the classical case, provided f/2mQ is 
replaced by kpT/Q2m, where kg is the Boltzman 
constant. In classical squeezing, the external pertur- 
bation is applied simultaneously to the ensemble, 
leading to a sudden change of the momentum of 
all the oscillators. The jump in momentum is 
proportional to the position of the particle at 
t= 0. After the interaction, the noise of the ensemble 
will fall periodically below the thermal noise at 
temperature T given by kyT/@2m. A pictorial 
representation of classical squeezing is shown in 
Figure 3. 

To describe a more realistic situation, it is necessary 
to take into account effects due to dissipation. 
Theoretically, this is usually accomplished by con- 
sidering the coupling with a continuum of external 
modes simulating a thermal bath. The solution to this 
type of problem is nontrivial even for the simplest 
case of linear coupling to the bath. 

‘The impulsive excitation of eqn [6] is a parametric 
excitation containing all the frequencies. A more 
common way to parametrically excite an oscillator is 
to use a monochromatic source, as described by the 
equation 


O+ (0? + ecos(Mh]O = [8] 
where the parametric excitation is characterized by 
the amplitude © and the modulation frequency Qy. 
Notice that the excitation induces a time-dependent 
frequency o°(t)= 0 +ecosMt), and, hence, it 
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Figure 1 (a) Ground state probability density Iyy|* for a quantum harmonic oscillator of frequency £2. @ is the position, P is the 
‘momentum and cis the standard deviation of the Gaussian wavepacket, orthe square root of (Q3). The phase-space diagram onthe left 
shows the uncertainty region for the ground state. (b) Coherent state. The uncertainty (@#) does not change in time and it is always 
‘equal to (G3), but the wavepacket osciates withthe period rf the harmonic oscillator. The phase diagram shows the evoltion of the 
Uncertainty region, starting from the ground state (dashed line). A sudden constant change in momentum at time t = 0 produces a 
change in the equilibrium position and the wavepacket begins to oscillate. (c) Squeezed state. The wavepacket evolves by changing its 
width periodically with period 72. The uncertainty, (Q(t), takes values smaller than (3) fora fraction of the cycle. Due to the 
sudden change on momentum, proportional to Q. at t= 0, the distribution becomes ellipsoidal and rotates with frequency 20. 
(@) Coherent-squeezed state. Its a combination of both (b) and (c). The wavepacket oscillates and breathes at the same time. 
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Figure 1 Continued. 


-aP aP=@ 


Q 


Figure 2 Schematic representation of the effect of an impulsive 
excitation on the ground state of the harmonic oscillator. At ¢ = 0, 
the pulse induces a change in momentum P. proportional to the 
Position Q. As a result, the wavepacket width in momentum space 
changes suddenly and starts to oscilate. 


shows squeezing effects. The complete set of solutions 
with and without dissipation has been obtained by 
Zerbe and Hanggi for the quantum and classical 


Physical Interac 
Squeezing 


ns Giving Phonon 


The considerations above are rather general and 
specific to any physical system that behaves like a set 
of harmonic oscillators. Here, we consider proposals 
for phonon squeezing. 

Equations [6] and [8] show that we need a driving 
force proportional to the phonon coordinate Q to 
achieve squeezing. One way to do this is for the 
external interaction to produce time-dependent 
correlations between two modes. Prior to the 


©) 


Figure 8 (a) Classical representation of a coherent phonon. An 
impulsive horizontal force acts on all members of a thermal 
distribution of pendula, displacing the group in phase space 
along the momentum axis. The ensemble precesses with an 
average position (x) ~ sin($2). (b) Classical representation of a 
squeezed phonon. An impulsive vertical force produces an 
impulse proportional to the pendulum’s displacement trom 
equilbrium. Those pendula farthest from equilrium receive 
the largest kick. The phase space distribution becomes 
elliptical and processes with an ensemble averaged variance 
Ge) ~ sing2nn. 


experimental achievement of phonon squeezing in 
1997, using stimulated second-order Raman scatter- 
ing, models based on (a) three-phonon parametric 
amplification and (b) polaritons had been proposed. 


ated circuit> analog > solid-state r 


The MOSFETs require so little power, it can be 
provided entirely by light falling on an array of 
20 or more photodiodes inside the SSR package. 


Typical solid-state relaysare shown in Figures 4-2 
and 4-3. 


Figure 4-2. A solid-state relay capable of switching up to 
7ADC. See text for a detailed description. 


The Crydom DC60S7 accepts a control voltage 
ranging from 3.5VDC to 32VDC, with a typical in- 
put current of less than 3mA. Maximum turn-on 
time is 0.1ms and maximum turn-off time is 
(0.3ms, This relay can switch up to 7A and toler- 
atesa surge ofuptotwicethatcurrent. Itimposes 
a voltage drop of as much as 1.7VDC, which can 
become a drawback when switching voltages 
that are significantly lower than its maximum 
G0VDC. The electronics are sealed in thermally 
conductive epoxy, mounted on a metal plate ap- 
proximately 1/8” thick which can be screwed 
down onto an additional heat sink. 


The Crydom CMX60D10 tolerates a more limited 
range of control voltages (3VDC to 10VDC) and 
requires higher input current of 1SmA at SVDC. 
However, its very low maximum on-state resist- 
ance of 0.0189 imposes a much smaller voltage 
drop of less than 0.2 volts when passing 10A. This 
results in less waste heat and enables a single- 
inline package (SIP) without a heat sink. The 


Variants 


CMX60D 10 weighs 0.4 ounces, as opposed to the 
3 ounces of the DC60S7. Relays from other man- 
ufacturers use similarpackaging and have similar 
specifications. 


Figure 4-3. A solid-state relay capable of switching up fo 
0A. Its lower internal resistance resufts in less waste heat 
land enables a smaller package. See text for a detailed 
description, 


Variants 


Many solid-state relays have protective compo- 
nents builtinto the package, suchasa varistoron 
the output side to absorb transients. Check 
datasheets carefully to determine how much 
protection from external components may be 
necessary when switching an inductive load. 


Instantaneous versus 

Zero Crossing 

‘A zero crossing SSR is one that (a) switches AC 
current and (b) will not switch "on" until the in- 
stant when the AC voltage crosses through OV. 
The advantages of this type are that it does not 
have to be built to switch such a high current, 
and creates minimal voltage spike when the 
switching occurs. 


AI SSRs that are designed to switch AC will wait 
for the next voltage zero crossing before switch- 
ing to their “off” state. 


Chapter4 27 
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These proposals have not yet been implemented 
experimentally. 

The scheme proposed in (a) is 
three-phonon parametric amplification, similar to 
photon squeezed states that are generated by optical 
parametric amplification. Specifically, the proposal 
relies on a two-step process. First the generation by 
external excitation with two lasers of a ‘pump’ 
longitudinal optical phonon (LO) and, second, the 
decay of the optical phonon into two longitudinal 
acoustic phonons (LA), which will he squeezed. This 
is the kind of parametric oscillator described by 
eqn [8], for which the parametric control is driven by 
the coherent optical phonon field. 

In case (b) it has been shown that mixed 
polarization modes known as phonon polaritons are 
intrinsically squeezed. These hybrid objects, some- 
times referred to as dressed photons, are a mixture 
between phonons and photons that cannot be 
separated once they are formed. 

Squeezing of vibrational states in molecules 
was confirmed experimentally earlier than in solids. 
Here, a molecule initially in the ground electronic and 
vibrational state is excited by an ultrafast optical 
pulse tuned with an electronic resonance. After the 
pulse arrives, the molecule is placed in a excited 
electronic state and the nuclei in a new (excited) 
potential with a new set of discrete vibrational 
modes. In Figure 4 we show, as an example of a 
diatomic molecule, the potential of a sodium dimer. 
For the sake of simplicity, we consider a single 
vibrational mode in the excited state and we disregard 
effects due to anharmonicity. If the optical pulsewidth 
is much shorter than any vibrational frequency, and 
the frequencies are different in the ground and excited 
state, the sudden change in frequency produces a 
vibrational squeezed state. On the other hand, even if 
the frequencies in the ground and excited state are 
equal, but the laser pulse is finite or chirped 
(frequency sweep on time), the final vibrational 
state may be squeezed. The formal demonstration of 
this is not trivial. Analytic solutions for the 
vibrational wavefunction for an arbitrary external 
field excitation are known for a very limited number 
of cases 

Squeezing of a wavepacket in an excited 
sodium diatomic molecule was achieved by Dunn 
and coworkers, measuring the time and frequency- 
resolved spectrum of the spontaneous emission. In 
this experiment, the molecule can return at any time 
to its electronic ground state by emitting light, the 
wavelength of which depends on the internuclear 
separation at that time, As shown in Figure 4, this is 
because the equilibrium position for the potential 
surfaces in the ground and excited states are different. 


based on 


Potential energy (10 em”) 


2 3 4 §& 6 
Na-Na displacement (A) 

Figure 4 Potential curves for a Na; molecule, showing the 

(ground and first excited states. The dashed line represents 

the ground state wave function. The equilrium position of 

both potentials are shifted and the vibrational frequencies are 

different 


Thus, the time-dependent average wavelength of the 
emitted light oscillates as the atom vibrates, giving 
a signature of the dynamics of the wavepacket. 
Dunn observed oscillations in the signal strength 
that are consistent with a wavepacket expanding 
and contracting. 


Experimental Generation and 
Detection of Squeezed Phonons by 
Second Order Raman Scattering 


The first experimental demonstration of phonon 
squeezing was performed in 1997 by exciting a 
KTaO; (potassium tantalate) crystal with an ultra- 
fast pulsed laser and coupling the light to the 
phonons through second order Raman Scattering. 
The squeezed phonon field produced by an intense 
optical pulse, referred to as the ‘pump’, is detected 
by a second low intensity pulse, known as the 
‘probe’. Phonon squeezing was also reported for 
SrTiO3 (strontium titanate). In addition, corre- 
lations between pairs of phonons of different 
frequencies was reported in a closely related 
experiment on KTaQ3. 
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The simplest Hamiltonian describing this experi- 
ment contains the harmonic contribution from the 
lattice and a Raman-type interaction term. Raman 
scattering (RS) refers to light-crystal interaction in 
which the initial quantum of radiation energy, fiw, is 
divided into a vibrational excitation of the crystal 
with energy A@ and a scattered photon with energy 
fey. Here, the total energy and momentum are 
conserved. The interaction energy is proportional to 
the second-order electronic susceptibility which can 
he expanded in terms of the atomic displacement Q. 
‘The mth term of the Taylor expansion is associated 
with RS of order 1. Two phonons participate in the 
second order RS process. Although the absence of 
first-order RS is not required for achieving squeezing, 
KTaO, and SrTiO3 (above ~100 K) show no first- 
order Raman active modes. As a result, the leading 
contribution is 


1 2 
7EOr Ya 191 


with yo(q) = (0?x/903)07, where 474/903 is the 
second order Raman tensor, E(t) is the magnitude of 
the light electric field, and y is the linear electronic 
susceptibility. The Hamiltonian eqn [9], reflecting 
contributions from pairs of modes at +g, represents a 
change in the phonon frequency 40,(#) = ~(1/40,) 
@; 2 ys 8 )IE(E)!* that results in a time-< dependent 
variance (O7(t)) and thus, squeezing. We note that, 
while individual scattering events produce a two- 
phonon state, the coherent ensemble of these corre- 
lated two-phonon states modulates the variance of O. 
Notice that second-order RS excites phonons 
throughout the whole Brillouin zone instead of just 
the zone center at q ~ 0, as in first-order RS. This 
means that the light couples to a continuum of modes. 
The strength of the scattering at any particular 
frequency is proportional to the number of modes, 
i.e., the density of states, which is inversely pro- 
portional to the gradient V,, and thus, exhibits 
singularities at points where the gradient vanishes 
These so-called critical points lead to associated 
singularities in the density of states referred to as 
van Hove singularities. KTaO; and SrTiO; show a 
sharp peak in the density of states at frequencies 
associated with certain van Hove singularities and, 
therefore, the continuum of modes becomes 
quasimonochromatic. 

In the experiments, the period of the relevant 
phonons, 27/,, is large compared with both the 
pulsewidth and the time the pulse takes for traversing 
the sample. Then, the time-dependent electric field 
can be approximated by the delta function |E()/" = 
(Arlo/nc)at), where Ip is the pulse energy density, 
the refractive index and c the speed of the light. 


Hig = — 


Within this approximation, the dynamics of the 
system at T’=0 is described by eqn [6]. To lowest 
order in Ip, we have 


AO, = (Rt)? 
~(aion'[1+/ )snan.o] (10) 
with A= 2a(Ip/ney(a*y/aQ3). 


‘As before, the variance drops below the 
quantum limit (Q3(0)) for some fraction of the cycle. 
‘This zero-temperature description is only accurate for 
temperatures such that kyT is very small compared 
with the phonon energies. For T # 0, the conditions 
overcoming the thermal contribution and produce 
quantum squeezing at low intensities are 


a 
n«<1 and (A)>2 
7 (a) 


my 


where ny = 1/[exp(iM/kpT) — 1] is the Bose factor. 

‘Next we discuss the detection of the squeezed field. 
As mentioned earlier, the pump pulse creates the 
squeezed phonon state and the probe is affected by 
the changes in the material produced by the pump. 
‘The scattering of the probe by the squeezed phonon is 
also described by the nonlinear polarization of the 
material PNY = 2V)'E'(E,x2q). where E(t) is 
the probe field, and V is the scattering volume. If the 
probe pulse is Gaussian-shaped of width 7 and 
centered at w = wp, the total normalized change in the 
probe transmission AT is 


AT 


LirrjaXw — on) 
Spey — RY oe 


Px pp 
mc oot 


cer 
x MOHD) cox20,As exp(-202) : 
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where J is the length of the sample. Equation [12] 
can be obtained from well-known results. in 
coherent phonon detection. Comparing eqn [12] 
with eqn [10] it follows that the change in 
probe transmission is proportional to the derivative 
of the total time-dependent variance (O%(t)) = 
¥, (Qo). Accordingly, the integral of AT/T 
probes (O7(t)). 


KTaO3 


The perovskite KTaO; was the first material for 
which phonon squeezing was achieved. This com- 
pound has no first-order Raman active modes. The 
time-domain data in Figure Sa shows behavior 
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Figure § (a) The normalized transmitted probe intensity as a 
function of the probe dolay for KTaO; at T= 10K. Reprinted 
with permission from Garrett GA, Rojo AG, Sood AK, Whitaker 
JF and Merlin A (1997) Vacuum squeezing of solids: 
Macroscopic quantum states driven by light pulses. Sciance, 
275(5906): 1638-1640. Copyright 1997 American Association 
for Advancement of Science. (b) Fourier transform of the 
time domain data in (a). The narrow peak appears very close 
to twice the frequency ofthe TA (transverse acoustic) mode at the 
X point of the Brilouin zone. (c) Second order Raman cross 
section, 


consistent with eqn [12]. The Fourier transform Fer 
in Figure 5b, is dominated by a narrow peak, strongly 
dependent on temperature, that appears very close to 
twice the frequency of the TA (transverse acoustic) 
mode at the X point of the Brillouin zone. 
The comparison with the spontaneous Raman scat- 
tering data, Figure Sc, indicates that the Frr peak is 
due to the 2TA overtone. The squeezing factor 
defined as S = 1 —[(07()|(O7(0))]", is depicted 
in Figure 6. Notice that, whereas the squeezing factor 
in a quantum optics experiment can reach values as 
large as 70%, phonons in a solid can be squeezed by 
no more than, say, 0.01%. This is because larger 
values may lead to collapse of the solid since, 
according to the Lindemann criterion, solids melt 
when the root-mean-square displacement of an atom 
is a fraction of 0.2-0.25 of the lattice parameter. 


275(5906): 1638-1640. Copyright 1997 American Association for 
the Advancement of Science. 
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Figure 7 Fouriertransform ofthe time domain data (inset) of the 
probe diferentialtransmitvty of KTaO; at room temperature. The 
fexcited phonon combinations are indicated in the figure 
Reproduced with permission ftom Bartols A, Dekorsy T and 
Kurz H (2000) Impulsive excitation of phonon-pair combination 
states by second-order Raman scattering. Physical Reviow 
Lotters 84(13): 2881-2984. Copyright 2000 by the American 
Physical Society 


15 20 


In KTaO; it was also possible to induce a time- 
dependent between two different 
independent modes by using second order RS 
to couple the two oscillators, In Figure 7 we show 
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function of the probe delay for SITIO, at T=7K. (o) Fourier 
transform of the time domain data, The 1.3 THz peak is the soft 
Ajgphonon (coherent), and the 69THz is the 2TA overtone 
(squeezed). The second order feature is dominated by a sharp 
peak very clase to twice the frequency of TA modes at X and M. 
Points ofthe Brillouin zone. 


data revealing correlations between transverse optical 
(TO) and transverse acoustical (TA) modes. 


SITIO, 


This material undergoes a structural phase transition, 
called antiferro-distortive, at Tc ~ 110K. Second- 
order RS is allowed at all temperatures, but 
first-order RS is only allowed for temperatures 
below Tc. Figure 8 shows data at low temperatures, 
revealing both first and second order features. From 
the comparison with spontaneous RS, the peak 


appearing in the Fpy at ~1.3 THz is due to first- 
order RS, while the peak at ~6.9 THz is due to 
second order RS (2TA overtone). The quantum state 
created by the utrafast pulse is then a mixture of a 


coherent and a squeezed state. Hence the phonon 
wavefunction will evolve qualitatively as in the 
picture shown in Figure 1d. 
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Gaussian units 


Ty energy density [Jem 
Electric field [statvolt em~* 
See also 


Scattering: Stimulated Scattering; Raman Scattering, 
Semiconductor Physics: Light Scattering. Ultrafast 
Laser Techniques: Generation of Femtosecond Pulses. 
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Introduction 


Immediately after the invention of the laser in 1960, 
light could be focused to sufficient intensity to cause 
nonlinear optical effects in atomic media. In conves 
tional nonlinear optics, where the electric field of a 
light wave E is much smaller than an atomic field, 
Ey, = 310° V/em, various nonlinear phenomena, 
such as self-focusing, harmonic generation, and 
Raman scattering, arise due to the anharmonic 
motion of electrons in the combined fields of atom 
and laser. Approximate analytical solutions can be 
obtained by means of perturbation expansion 
methods, using E/E,, as the expansion parameter. 
At higher light fields, when E approaches E,., this 
method breaks down and the medium becomes 
photo-ionized, creating a plasma, as illustrated by 
Figure 1. Further increases in light intensity enabled 
nonlinear optical effects of even these free plasma 
electrons (sce Figure 2). The nonlinearity arises, in 
this case, because the electrons oscillate at relativistic 
velocities in laser fields that exceed 10" V/cm, 
resulting in relativistic mass changes exceeding the 
electron rest mass and the light’s magnetic field 
hecomes important. The work done by the electro- 
magnetic field (E) on an electron (eEA) over the 
distance of a laser wavelength (A), then approaches 
the electron rest mass energy (m,c*), where ¢ is the 
elementary charge of an electron, m, is the electron 
rest_mass, and c is the speed of light. Effects 
analogous to those studied with conventional non- 
linear optics — self-focusing, self-modulation, har- 
monic generation, and so on ~ are all found, but 
hased on this entirely different physical mechanism. 
Thus, a new field of nonlinear optics, that of 
relativistic electrons, has been launched, as illustrated 
by Figure 1. 


One outcome of accessing this new optical regime 
is the generation of frequency-shifted light in a 
spectral region where there are no other compact 
sources. Another is the acceleration of other types of 
particles, such as positrons, ions, and neutrons. These 
novel radiation sources have properties (femtosecond 
duration, micron source size, MeV energy) that make 
them suitable for numerous applications in imaging 
and spectroscopy in basic research, as well as medical 
diagnostics, cancer therapy, energy production, and 
space propulsion. Rapid advancement is underway 
and new research tools, subfields, and commercial 
products are on the horizon, e.g., compact and ultra- 
short pulse duration laser-based electron accelerators 
and X-ray sources. 

Another physical regime will be encountered at 
even higher intensities (IA? = 10° W/em?), when 
even protons will quiver relativistically, i.e., the 
work done on a proton over the distance of a laser 
wavelength approaches its rest mass energy. This 
might be called the nuclear regime of laser- plasma 
interactions, because of the fusion and fission reac- 
tions and the generation of pions, muons, and 
neutrinos that should occur as nuelei collide in such 
energetic plasmas 

‘The recent dramatic increase in light intensity was 
partly made possible by the development, in the last 
decade, of compact lasers that have the ability to 
amplify shorter light pulses. For instance, solid-state 
lasers use the technique of chirped-pulse amplifica- 
tion to generate femtosecond duration pulses. To 
accomplish this, an ultrashort, low-energy laser pulse 
is first stretched in time before itis amplified and then 
recompressed. Gas or dye lasers, using solid-state 
switches, have produced picosecond duration pulses. 
Present day advanced laser systems now have multi- 
terawatt peak powers and, when focused to micron 
spotsizes with adaptive optics, can produce electro- 
ic intensities [A> = 10°! Wem’, as illustrated 


magni 
by Figure 3. An example of a modern ultra-high- 
power (0.9 PW) solid-state (Ti:Sapphire) laser 
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Figure 1 The various regimes of laser~matter interactions, represented by the ideal laser pulse. As the intensity of lasor light 
increases, so does the energy af electrons accelerated in the light field and the regime af conventional nonlinear optics with electrons 
bound to atoms is replaced by the regime of relativistic nonlinear optics with free electrons in relativistic plasmas. At the highest 
Intensities, even protons become relativistic, giving rise to what might be called the regime of nuclear optics, in which various nuciear 
processes, such as fusion, can take place, (Fleproduced from Umstadter D (2003) Relativistic laser~plasma interactions. Journal 
Physics D: Applied Physics 36: R151-R165, with permission from |OP Publishing Ltd) 


system, located at the Advanced Photon Research 
, Kansai Research Establishment, Japan 
arch Institute (JAERI), can be 
seen in the photograph shown in 

This paper will discuss the fundamental concepts 
underlying what might be referred to more broadly as 
the field of high-field science, For more detailed 
descriptions of recent progress in experiment or 
theory, several review papers have been published 
on related topics: (i) relativistic nonlinear optics; 
(ii) high-intensity laser development; (iii) laser 
accelerators; (iv) intense laser—plasma interactions; 
and (v) relativistic scattering, 


Definitions 


For an infinite plane wave for the light wave 
propagating in the 2 direction (shown in , 


the fields may be described by 
E=8,Ey expli(ke — of] =2,Eye [1] 


and 


B=2,By expli(ke — of] =2,Bye* — [2] 
where wand k are the frequency and wavenumber of 
the laser light, respectively. For the ultrashort pulse 
durations of the lasers typically used to produce 
high fields, it is assumed that the ions do not have 
time to move because of their greater inertia. In this 
case, m(dv/dt) ~ ~eE and the term vic can be used as 
an expansion parameter. At even higher fields, 
electrons can be accelerated to nearly the speed of 
light as they quiver in the oscillating fields of the light 
wave. In this case, the force due to the magnetic field 
can no longer be ignored and the mass of the electron 
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Figure 2 History of light sources over the last century. Each 
advance in laser power enables a new rogime of optics. 
(Reproduced from Umstadter D (2003) Relativistic laser—plasma 
interactions. Joumal Physics D: Applied Physics 96: R151-R165, 
with permission from IOP Publishing Ltd) 


‘yim, where mg is the electron 
rest mass and the relativistic gamma factor is given by 


Ge 
au) 


The threshold for the relativistic regime of optics is 


BI 


crossed when the electron momentum p exceeds the 
product of the electron rest mass mip and c. 

For problems involving charged particle motion in 
intense electromagnetic fields, itis often convenient to 
introduce the vector potential: A(r,t) = Re(Ag e} 
From Maxwell’s equation V-B = 0, it can be seen 
that without loss of generality, the magnetic field can 


be written as the curl of a potential B= Vx A. 
Further, from Faraday’s law in vacuum: 


_1 axa) 


aE [4] 


it is clear that E = ~(1/c)A/ét. To include the space- 
charge field of the plasma, as we will do in the section 
on collective plasma response below, we introduce 
the potential ®, and the definition: 


E=-ve- 12 (1 
cu 
Assuming the Coulomb gauge: 
V-A=0 (61 


or A, = 0 in 1D, then A 
If we neglect & for now, then, by Fourier analysis: 


represents the laser field. 


71 


Figure 3. Laser light has become concentrated to ever-smaller 
rogions of space (r) and time (1), dramatically increasing the peak 
electric field (E) at the laser focus. Prior to the development of 
chirped-pulse amplification (CPA), the energy of light was 
produced in long-duration pulses, as shown in the pulse of the 
bottom figure. After CPA, the pulse duration decreased dramat 
cally as shown inthe pulse inthe middle. The latestimprovernent in 
laser technology has been the use of deformable mirrors, which 
has allowed lasers to be focused to a spatial dimension that is as 
small as the temporal dimension, a few laser wavelengths, as 
shown in the pulse on top. (Reproduced from Umstadter D (2003), 
Rolativistic laser~plasma interactions. Journal Physics D: 
Applied Physics 96: R181-RY65, with permission from IOP 
Publishing Ltd.) 


B =Refike x Ape" 


[8] 


The light intensity is given by the time-averaged 
Poynting’s vector, which can be written for linear 
Agéy and circular polarizations (CP), 


WcEXBI\ wk 
= (= aes 
It is often the combination IA° that matters, which 
has units of power and for linear polarization can be 


19] 
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Figure 4 Photograph of the 334s duration 0.9-PW-peak power laser system at JAERI. (Reproduced with permission from 
‘Yamakawa K (2004) Table-top lasers create ultrahigh peak powers. OYOBUTUAI 73: 186-193.) 


written as 


a= Feat 


= [197108 Sum? fs 110) 


where the normalized vector potential is defined as, 


uy 


Relativistic effects become significant when ay 
approaches unity, which, as can be seen from 
eqn [10] occurs for 1 um wavelength light at a laser 
intensity of ~1.37 x 10"* W/cm’, corresponding to a 
electric field strength of 6 x 10° V/cm, which is four 
orders of magnitude greater than Ey. 


Single-Particle Motion 


The electron orbit, subject to a linearly polarized elec- 
tromagnetic wave propagating in the +z direction, is 


governed by the Lorentz equation: 


dv y 
mo (e+ 2x3) 12) 
where vis the electron velocity, and E and B are the 
light’s electric and magnetic field. 

‘A zeroth order solution to eqn [12] is found by 
setting vlc < 1, which allows the term (vie) x B to be 
neglected and y from eqn [8] is set to unity. 
Integrating eqn [12] in this limit once over time (¢) 
yields for the velocity: 


=% i 
© | (e.cos.¢ ¥@, sind), CP 


1131 


An electron in low-intensity light oscillates with this 
velocity in a straight line along the polarization vector 
(@,), which when normalized to ¢, is the normalized 
vector potential dy. Integrating again yields for the 
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Figure 5 Classical optics versus relativistic optics. (a) In 
‘classical optics, the amplitude ofthe light wave is small, electrons 
oscilate in the rection ofthe electric field atthe lights frequency, 
and there is no displacement along the lights propagation 
direction. Note that only the E field acts on the electron and the 
clectron-oscilaton velocity is very small compared with the speed 
Of ight. (o) In relativistic optics, the amplitude ofthe light wave is, 
very large, the ight’s magnetic field becomes important and the 
‘combined action of the electric and magnatc fields push the 
electron forward. In this case, the electron velocity becomes close 
to the spaed af light and its mation isa fiqure-eight superimposed 
upon a steady diff. (Reproduced from Umstadter D (2003) 
Folativisic laser-plasma interactions. Journal Physics. D: 
Applied Physics 98: R1S1-AY65, with permission from 1OP 
Publishing Lic.) 


transverse displacement: 
& } 


4% LP 
=% ~p (U4 
we | (2, sine @ cosy). CP 


Thus, for the ay ~ 1, the electron excursion during its 
oscillation is approximately A. 

‘A first-order approximation for the electron 
motion can be found by substituting the zeroth 
order velocity eqn [13] into the v/¢xB term of 
eqn [12]. The latter then becomes proportional to 

EX Boe 211 + coson)lée [15) 
In the frame in which the electron is on the average at 
rest, the relativ motion of an electron is thus 
described by a figure eight, oscillating twice in the@, or 
E direction for every once in the polarization direction 
(@.);i.e., a figure of eight motion, This originates from 
the fact that vx B oc E x B oc Eh, which is a product 
of two functions that vary sinusoidally at frequency » 
and thus varies itself at frequency 2. In the lab frame, 


& ©. 
YW vo 


Figure 6 Harmonics driven by relativistic Thomson scattering as, 
the electrons in high-intensity laser fields (a) undergo figura- 
eight motion display unique angular distributions. (Reproduced 
‘rom Umstadter D (2003) Relativistic laser~plasma interactions. 
Journal Physics D: Applied Physics 98: RIS1~R165, with 
permission from IOP Publishing Ltd.) 


this transverse motion is superimposed upon a steady 
drift in the (@,) direction (shown in Figure 5), 
originating from the DC term in eqn [15]. The next 
order approximation would include the mass shift 
m= yin. As the field strength increases (a > 1), the 
longitudinal motion (eca}) begins to dominate the 
transverse motion (ody), as shown in Figure 5. This is 
described more formally below. 

In the regime ao = 1, electrons radiate photons at 
harmonics of a modified laser frequency wy, with each 
harmonic order having its own unique angular 
distribution, as shown in Figure 6, The radiation at 
the fundamental is the usual donut pattern, with a 
maximum in the direction perpendicular, and a 
minimum along, the polarization vector (@,). The 
second harmonic has two emission lobes with 
maxima pointing at an angle between @, and @,. An 
additional lobe is added for each additional harmonic 


order. This is referred to as nonlinear or relativistic 
Thomson scattering. The unique angular distri- 
butions of the second and third harmonics emitted 
from nonlinear relativistic Thomson scattering were 
observed experimentally and are shown in Figure 7. 
As will be shown in detail in the section on radiation 
from relativistic electrons, below, the situation is 
more complex for ay = 1, and the scattered light is no 
longer simply harmonic. 


Constants of the Motion 


Several constants of the motion can be found from an 
exact treatment for the motion, The starting point is 
the relativistically correct Lagrangian, which is 
written as 


Ler,v.t) = —me 


St tvatad (16) 
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Figure 7 Angular pattern of higher-order harmonic light. Shown 
are polar plots ofthe intensity of the second-harmonic light (top), 
and third harmonic (bottom) as a function of azimuthal angle. 
Filled circles, experimental data; solid and dashed lines, 
theoretical results. (Reproduced with permission from Chen S-Y, 
Maksimchuk A and Umstadter D (1998) Experimental observation 
of relativistic nonlinear Thomson scattering, Nature 396: 653.) 


where @ is the scalar potential associated with 
electrostatic fields. The Lorentz equation, eqn [12], 
is derived from the Euler-Lagrange equation: 


dab _ a 


tmoms? u71 


For an infinite plane wave, in which the Lagrangian 
is independent of space in the transverse direction, 
eqn [17] yields the conservation of transverse 
canonical momentum: 


aL 
ae 


p. + 2A, = constant [1s] 


The sum of the transverse momentum and field 
strength remain constant. The next constant follows 


from dH/dt = —aL/at, yielding the relation: 
GE ak (hd a hey 
dt ar dr 


where E is the time-dependent energy of the particle, 
which yields our second constant of the motion: 


E = ep, = constant (20) 


For a particle initially at rest, the kinetic energy Exin 
becomes 
Ekin = 


E-mc=p.c (21) 


which yields 


Ph 


Ekin = Fy 


= pre =me(y-1) 
Thus, the electron scattering angle is related to the 
transverse and longitudinal momenta or the kinetic 
energy by 


me-(f) 


mE yn _ 2 
Exley? ~ Y= 
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The angle of electrons produced by photo-ionization 
with intense lasers has been shown experimentally to 
obey the conservation of canonical momentum, as 
demonstrated in experiments that studied the angular 
distribution of relativistic electrons emitted from 
barrier-suppression ionization of atoms in intense 
laser fields (shown in Figure 8). The transverse 
normalized vector potential, a= eA, /mc>, is thus 
equal to the transverse normalized momentum: 
=Pa 


B= ae 


(O,ay.a3) [24] 


The normalized kinetic energy can also be written in 
terms of a: 


Exin 


This can be rewritten as 


145 


> 


126] 


From eqn [25], the normalized momenta in each 
direction can be found: 


yde . 
oa 227) 
(28) 
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Note that the momentum in the longitudinal (@.) 
direction is proportional to a* while in the two 


Variants 


NC and NO Modes 

Solid-state relays are SPST devices, but different 
models may have a normally closed or normally 
open output. If you require double-throw oper- 
ation, two relays can be combined, one normally 
closed, the other normally open, See Figure 4-4. 
‘A few manufacturers combine a normally closed 
relay and a normally open relay in one package, 
to emulate a SPOT relay. 


Switching 
Power ‘Signal 
‘Switched Power Output 


Figure 4-4. A normally closed solid-state relay can be 
paired with a normally open solid-state relay to emulate a 
‘SPDT switch. This cambination is available in a single 
package from some manufacturers. 


Packaging 
High-current solid-state relays are often pack- 
aged with screw terminals and a metal base that 
is appropriate for mating with a heat sink. Some 
are sold with heat sinks integrated. Spade termi- 
nals and crimp terminals may be optional. The 
Crydom DC60S7 shown in Figure 4-2 is an exam- 
ple. This type of package may be referred to as 
industrial mount. 


Lower-current solid-state relays (5A or less), and 
those with a very low output resistance, may be 
packaged with single-inline pins for through- 
hole mounting in circuit boards. 


Solid-State Analog Switch 

DIP packaging may be used for solid-state relays 
that are designed for compatibility with the low 
voltages and currents of lagic chips. This type of 


analog > solid-state re 


component may be referred to simply as a 
switch. The 74HC4316 is an example, pictured in 
Figure 4-5. 


Figure 4-5. This DIP package contains four “switches” 
that function as solid-state relays but are restricted to low 
voltages and currents, compatible with logic chips. See 
text far details 


Typically the control voltage and the switched 
voltage are limited between +7V and -7V, with 
a maximum output current of 25mA. Each inter- 
nal switch has its own Control pin, while an ad- 
ditional Enable pin forces all switches into an 
“off” state if its logic state is high. The simplified 
functionality of this component is illustrated in 
Figure 4-6, without showing internal optical 
isolation, 


The ‘on’ resistance of each internal pathway will 
be approximately 2000 when the component is 
powered with +5VDC on the positive side and 
OVDC on the negative side. This resistance drops 
to 1000 if the negative power supply is -SVDC. 


ifall of the outputs from the chip are shorted to- 
gether, it functions as a multiplexer (see Chap- 
‘er 16). In fact, this type of switch component is 
often listed in catalogs as a multiplexer, even 
though it has other applications. 


Because the component tolerates equal and op- 
posite input voltages, itis capable of switching 
AC. 
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Figure 8 Top: Experiment to measure the angle of electron 
ejection during photo-ionization. Bottom: Kinetic energy versus 
angle during the production of 3° through 8! of neon, 
(Reproduced with permission from Moore Cl, Knauer JP and 
Meyerhofer DD (1995) Observation of the transition from 
‘Thomson to Compton scattering in multiphoton interactions 
with low-energy electrons. Physics Review Letters 74: 2439 
Copyright (1995) by the American Physical Society.) 


transverse directions itis proportional to a. Equations 
[26]-[29] indicate that in the limit of large a, the 
normalized velocities are given by 


a2 
Tra 


1 


=_*,_-0 
Bs 14a7/2 


This indicates that in the deeply relativistic regime, 
the electron is accelerated to near cin the longitudinal 


direction, while in the transverse directions its 


velocity goes to zero. It follows that, as a increases 
and the electron moves in phase with the light wave, 
relativistic Thomson scattering will be significantly 
reduced. Integrating eqn [29] in the variable 


which allows the equations for the displacement to be 
written simply as 


82] 


3) 


= cay 134] 


For a box-shaped pulse, ay = ay cos(w7) for 0 < 7 < 


NQqlw), a, =0, a? =a? cos*(w7), the trajectory 
for an electron initially at rest at Oat 
7= is then 


x(n) = 0 f cos (wind? 
lb 


_ a 1 ] 

= Bes sinden BSI 
= caf 2 in(en 

1) = exp [ costwnd?= Seinen) (361 


Thus, as we saw from the first-order appoxima- 
tion above, eqn [15], the motion consists of a drift 
along £ 


x)= et 7 
Gh a+4 


and a figure-eight motion in the drift frame of 


ky = ay sin(wr), 
138] 


ke - 2) = FPsinQun 


In the strongly relativistic regime, because the 
electron is strongly accelerated in the direction of 
the light wave, the harmonic emission from relati- 
vistic Thomson scattering loses its dependence on the 
laser frequency, w, but instead depends only on 
the direction of observation, the amplitude ay and 
the initial phase of the electron, relative to the light 
wave. Electrons that do not begin their trajectories at 
zero or 7 phase with respect to the light wave can 
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drift in the transverse direction. For pulses with finite 
spatial width, such as a Gaussian pulse with field 
strength peaked on axis, the ponderomotive force of 
the light can also act to expel the electrons 
transversely from the axis. 

For circular polarization 


a(t.) = Relap(@, + i@)e7™"} 139] 
the electron drifts as it did in the case of linear 
polarization and described in eqn [37] but orbits in a 


helical trajectory: 


SO sin(ot!y) 


[40] 
iw fel 


w= 


et 
M0) = FE costa! 


(41) 
Rather than oscillate in amplitude, the relativistic 
factor remains constant: 


y=14+2 


7 1421 


In either polarization case, the light pulse eventually 
overtakes the electron, leaving the latter at rest. 
However, net acceleration in vacuum can be obtained 
only under special circumstances, described by the 
Lawson-Woodward criterion, such as in the near 
field of metallic surfaces; with high-order focusing 
modes instead of infinite plane waves; or with mixed 
frequencies, or with optics to terminate the light but 
not the electrons. Regions of a tightly focused 
Gaussian pulse, where the accelerating field propa- 
gates at sub-luminal velocities also exist, but they are 
effective for only extremely large values of a and thus 
only very short acceleration lengths. 


Role of Initial Phase 


If we wish to understand the role of the electron’s 
initial phase, the relativistic Lorentz equation 
(eqn [12]) may also be written, for an Z-polarized 
wave traveling in the 2 direction, as 


) 143 


2X Ba costt 


d = 
P= 


where we normalize time by 1/ay, velocity by c, and 
distance by clay. In eqn [43], a= eEg/mune is the 
dimensionless parameter measuring the electric field 
strength, y= (1 — Bz — 63 — B2)”" is the relativistic 
mass factor, and B= (Bs, y,f.) is the electron 
velocity (in units of c). The electron orbit, subject to 
the following general initial conditions at time t = 0: 


w 144] 


Be= Bo By =Byor Be = Bao 145] 


Ben = By =O 146] 


has a closed form solution when it is expressed 
parametrically: t= (0), r= 10), B= BO), where 0 
is the phase of the wave, defined by 


147] 


Note that By = (8,0: Bo, B.0) is the unperturbed 
velocity of the electron (a= 0 limit) and that the 
initial phase that the electron sees is hy 
according to eqns [44] and [47]. This phase can be 
important in the ionization of the gas by an intense 
laser. 

For the special case By =0, By 
B, = 0, and the orbital equation yields the following 
closed form solution: 


=0, one finds 


(sin @— sin 8)” 


sat 48] 
yee Tyo Bead 
2B. = ¥~ yll ~ Bod 149] 
= — 1 alsin 0~ sin 4) 150) 
We T= Bay ha) — 1501 
ai(cos ty ~ cos = (B= Aa)sn Bal 454 
wl — Bad P 
20+ bof _ sin2e 
A+ Ball _ sin20 1 9 cosa sin a 
T= Boo) za e 
3 sin 20, : 
— Senta | 152) 


In eqns [48]-[52], yw = (1 — Be) and By may 
cither be negative (counter-propagating against the 
laser), or zero (Thomson scattering), or positive (co- 
propagating with the laser). Note that the velocity 
components 8, and f, are given as explicit functions 
of @ according to eqns [49] and [50], upon using 
eqn [48]. They are periodic functions of @ of period 
2m. The period, T, of this periodic (Figure 8) motion 
is thus equal to the increase in ¢ as @ increases by 27. 
Thus, we obtain from eqn [53]: 
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‘The parametric solution for the z-coordinate of the 
electron orbit is given by z= t ~ 6, in which tis given 
by eqn [52]. Over one orbital period, T, the electron 
undergoes a net displacement ro = (x9,0, Zn) where x9 
is given by the increase in eqn [51] as @ increases by 
2m, and zp is simply T — 2m: 


z=T-20 


+sin* «)] 154] 


=A ma sin Ay Iss) 
© WT = Bod 


Note that the electron trajectory depends on a, B.o, 
and @, in a rather complicated manner. Accordingly, 
the fundamental frequency w; of the radiation 
spectrum depends on these three quantities. For 
backscattered radiation (f= —2), the dependence 
on electron beam and on the laser becomes 
decoupled. 

Following is a useful formula relating the change of 
t with respect to 0: 


a6 1p, = mi Bad [561 


«@ y 


which may be verified from eqns [47] and [49]. 
Equation [56] is also valid for arbitrary values of Bo, 
Byo, B.o. and Bq, in which case yp is the electron’s 
relativistic mass factor in the absence of the laser. 


Radiation from Relativistic Electrons 


An electron with displacement r(t) and velocity v(t) 
carries a current density J(r,t) = ev(t)ér ~ ri), 
whose Fourier transform Jr(k,@) may easily be 
obtained. The total work done, W, in ergs, performed 
by the current J(r,1) on the electric field Etr,t) is 
given by 


ew 
fw aor 


w 


= Jaw do [hte of = In-Jetk.onl*] (571 


where the k-space differential volume d?k = k? dk d 
is expressed in terms of the solid angle () in the 
direction of the unit vector n = ck/w. We immediately 
obtain from eqn [56], under the far-field approxi- 
mation: 


= Spex ta xFool! 


Wie sy 


Fw) =| dt pigeon 159] 
Equation [58] gives the energy radiated by the electron 
in the direction of the unit vector, per unit solid angle, 
per unit frequency w. Radiation damping is ignored 
throughout. 

Let us consider the simplest case where the electron 
orbit is strictly a periodic function of time with period 
Tanda net displacement rp per period. Thus, we have 
for all integers mt (positive, negative, or zero): 


B+ mT) = BW), rt+mT) =m +x) [60] 


Equation [59] may then be written as, because of 
Thomson scattering the energy of the scattered 
photon is much less than the electron rest mass in 
the average rest frame of the electron, i.e.: 


fi 
mis! [61] 

oot 

F(w) = de pipett-aeore 
=F fuyertt-nee teat 
where 
a 

lw) = f, ade puayeseee eat 


and we have used eqn [60]. Upon using ¥,, = 
Son 27r8(xr — Inv) in the last infinite sum in eqn [64] 
and the property of the Dirac delta function, (ax) = 
(1/a)8{x), we obtain from eqns [62] and [63], the 
following expression for the spectrum: 


Fo) = >. F,dXw— may) [64] 
Qn es 
OF Tole [65] 
m (714 
F, pal dt Beimaltetotel 166) 
I Jo 


Note from eqn [64] that the radiation spectrum is 
discrete, for strictly periodic motion of the electron. 
The base frequency of this spectrum, «,, depends on 
the periodicity (T) of the electron, on the electron’s 
net displacement (F) in one such period, and on 
the direction (ji) in which the radiation is observed. 
‘Thus, the radiation spectrum is, in general, not at the 
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harmonic frequency of the laser (nor at the harmonics 
of the electron orbital frequency, 27/T). It would thus 
be wrong to simply insert « = ry in eqn [63] and to 
replace the electron’s orbital period T there by the 
laser’s optical period 2/ey and consider the resultant 
value of that integral to give the spectral amplitude of 
the radiation at the nth harmonic of the laser 
frequency. Erroneous conclusions regarding genera- 
tion of high laser harmonics have appeared in the 
literature based on such an intuitive (but incorrect) 
substitution. 

The power, py (in erg/s), radiated at the harmonic 
frequency w= ma per unit solid angle in the 
direction of the unit vector fr is then given by (from 
eqns [58] and [64]): 


xF,,|° 167] 


where the dimensionless spectral amplitude F,, is 
given in eqn [66]. It is easy to show from eqns [60] 
and [65] that the integrand in eqn [66] is a periodic 
function of t of period T. Integrals of this type are 
readily evaluated by the Romberg method. The 
radiation spectrum observed exactly in the forward 
direction of the laser ( always has only one 
discrete frequency, w= =p, which is easily 
shown from eqn [65] upon using the first equality of 
eqn [53]. This statement is true regardless of the 
velocity of the electron or the laser intensity, and may 
easily be deduced from eqn [66] for this case. 
However, for an energetic electron beam that is 
almost co-propagating with the laser, such as that 
produced by the laser itself, high harmonics at the 
laser frequency may be observed in the direction just 
slightly off the laser direction, 

In the backscattering direction of the laser (n= 
=2), if we set Oy =0, one obtains the following 
expressions for « and pq, the backscatter power at 
= may (from eqn [67]): 


=(~ep) Raho? 1681 
mn sera) I 


G9{ACL pm)]~? exgls, Syp 
and for m= +1, +3, +5, 


Sm = (am FI 1 (8) ~Fagar(omo 170] 


7) 


~ Fa 42) 

The J,(x) above are Bessel functions of the first kind 
of order v. They also appear in the quantity ‘[J/J’ or 
“F,,(K)’ in the FEL/synchrotron literature, where K is 
the undulator/wiggler parameter K. Setting K =a, 
‘one finds S = 47(1 + K7/2)"Fy:(K). It is easy to show. 
that s,, =s_y, for all odd integers m. Note that the 
relative spectral shape of s,, depends only on a, and is 
independent of the electron beam energy. The discrete 
spectrum for small a approaches a continuum for 
ae 

The maximum values of s,,. occurring at m = M 
with a value sy, are shown in Figure 9. Note that the 
frequency component w = May contains the highest 
backscattered power, In terms of the laser frequency, 
the frequency component w= Noy would contain 
the highest backscatter power, where N = May/wp, 
The total backscatter power, Py (in ergs/s), per unit 
solid angle in the n = —z direction is then given by 
Py = Sp,,, where the sum is taken over all odd values 


of m: 
{ 13.74°, 
x 
1a, 

To summarize, due to the rapid acceleration of 
lectrons in the direction of the light wave and 
decrease of the oscillation frequency in the deeply 
relativistic regime, the photon energy from relativistic 
nonlinear scattering scales only linearly with laser 
field strength, ~a, However, the relativistic motion of 
the electron results in a reduction in the angle of the 
scattered light, such that the harmonics are generated 
in a low-divergence-angle forward-propagating 
beam. There is also a relativistic Doppler shift 
(~y°). For instance, this mechanism will be used in 
high-energy physics experiments to cleanly make 
constituent particles in the gamma-gamma (yy) 
collider, in which gamma rays with energy 200 GeV 
will be generated by Compton scattering 1 eV 
photons from 250 GeV energy conventionally 
accelerated electron beams (y= $x 10"). 

Using a much smaller, laser-based accelerator 
(discussed in the following section), a 1 eV photon 
can be upshifted by this Doppler shift to an energy of 
50 keV, corresponding to subatomic spatial resolu- 
tion and of interest in medical diagnostics, by an 
electron beam with only y= 200 (100 MeV). In this 
case, the maximum efficiency is obtained for laser 
fields a of order unity. When compared with 
conventional light sources based on em-wavelength 
magnetostatic wigglers, the electromagnetic wigglers 


py ~ Vila Bal (a<03) 


172] 
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Figure 9 Normalized spectral distribution of s,, at frequency 
= may. Here, Sq is normalized with respect to the maximum 
‘value Sy, occurring at m = M. (Reproduced trom Lau Y, He F and 
Umstadter D (2003) Nonlinear Thomson scattering: A tutorial 
Physics Plasmas 10: 2155, wih permission from the American 
Institute of Physics.) 


of such all-optical-laser-based EUV sources have ten- 
thousand times shorter wavelength (micron-scale). 
Thus, the total length of the wiggler region is 
correspondingly smaller (only mm in length). 
Another consequence of this is that the frequency 
upshift required to reach a given output wavelength is 
also ten thousand times smaller. Also, given that the 
required electron energy scales as the square root of 
the upshift, the required electron energy can be one- 
hundred-times lower (10-100 MeV). It follows from 
this, and the fact that the field gradients of these 
accelerators can be ten thousand times higher 
(1 GeV/em) than convention RF-based accelerators, 
that the size of the accelerating region can, in 
principle, be a million times smaller (only mm in 
length). Besides its small size, this EUV source can 
produce femtosecond duration pulse and be synchro- 
nized with a relatively low jitter with another 
femtosecond light pulse having a different wavelength 
(by virtue of the possibility of deriving the two pulses 
from the same laser pulse); this is advantageous for 
the study of ultrafast pump-and-probe photo- 
initiated processes. The exceptionally low transverse 
emittance of laser-accelerated electron beams may 
even make it possible to generate coherent XUV 
radiation by means of the self-amplified sponta- 
neous emission (SASE) free-electron lasing (FEL) 
mechanism. 


Collective Plasma Response 


The above equations apply to electron motion in 
vacuum. In the case of electrons in plasmas, the 
collective plasma electron response needs to be 
considered. A theory for the 1D nonlinear interaction 
of intense laser fields with electrons has been 
developed. 

The variables are normalized such that 


a= Abc b= ebm 173] 
u=pimc, u=yB [74] 
yas? =a-py'? (751 


The relativistic force equation (Lorentz equation) is 
given by 


d=ve+2 


z wa Bx(Vxa) 


(76) 


‘The energy equation (u- force equation) is given by 


d ay2 
dy=e-(Lo+ 2a) 71 


ae" oF 
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The transverse force equation (1D) is 


d 


fu, 178] 
Since a = a(e,t): 
° 79) 
oma. 1791 
hence: 
4 
Sea, -ay=0 180] 
This is just conservation of transverse canonical 
momentum, Assuming uy —0 price to the laser 
interaction gives 
usa 181] 


which is the same as eqn [24]. 

‘The electron response to the normalized scaler and 
vector potentials of the form = 6(z— ct) and a= 
a(z ct), which are a function of only = z~ ct, is 
completely described by the following constants of 
the motion: 


Bi -a./y=0, [82] 
n1- B)-o [83] 
n(l — B.) = no, [84] 


where y= (1 — °) " is the relativistic factor and n 
is the electron density. This allows the various 
electron quantities to be specified solely in terms of 
the potentials: 


_ 2+ ea, 
e=qraptaser 
(+ai)- +46" [86] 
G4a tds 
Gtaiy++y 
a a i 87] 
I+ d) Bal 
a 2 
(i+ai)++ oF 183] 
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In the single particle limit, = 0, eqns [26] and [30] 
are retrieved. For a long pulse interacting with a dense 
plasma, 7. >, ' (i.e., neglecting wakefield effects) it 
can be shown that (1+ 4) = (1 +4})!® for circular 
polarization and (1+ 6) = (1 +a9/2)' for linear 
polarization. 


Propagation 


To understand the propagation of high-intensity light 
in plasma, we need to understand how the dielectric 
properties of a plasma medium are affected by the 
relativistic electron mass change. A wave equation is 
found by taking the curl of Faraday’s law: 


1B 


VxE = [89] 
a 
and using Ampere’s law: 
1 aE 
VxB=4nJ/e+ = [90] 
aves 
VxVxXE=—-VWE+VWV-E) 
if, a 
= Tt — 91] 
[+ ae 


where J = ¥7,q,v; and the summation over the index 

iis done over all charged species of electrons and ions. 

Using Coulomb's law: 
V-E=4np (92) 


where p= 57g, and assuming a uniform plasma, 
the second term on the left vanishes. Substituting 
eqn [13] for the velocity, we find 


-# 2g \p= 
( at+ev a)e 0 


193] 


where 


w, = Amnggiim)'? 194] 
is the plasma frequency. Assuming again plane 
waves and Fourier analyzing, yields the well-known 
dispersion relation for electromagnetic waves in 
plasma: 


wt ek 195] 


The index of refraction 
relativistically as 


can be written fully 


where vy is the phase velocity of the li 
Assuming infinitely massive ions, the plasma 
frequency can be written as 


197] 
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where wo is the plasma frequency in a quiescent 
plasma, ¢ is the electron charge, mg is the electron rest 
mass, and 7, is the plasma electron density. A change 
in mass changes the plasma frequency, which in turn 
modifies the index of refraction and the velocity of the 
light wave. The light’s phase velocity then depends on 
the laser intensity. This can be seen clearly if we 
expand the phase velocity for small field strength 
(a <1): 


= < ~ {ru (1 ®)) [98] 


An on-axis minimum of the phase velocity [i.c., 
var) > vg(0)] can be created by a laser beam with 
an intensity profile peaked on axis, such as with a 
Gaussian beam, causing the wavefronts to curve 
inward and the laser beam to focus, as shown in 
Figure 10. When this focusing effect just balances the 
defocusing caused by diffraction, the laser pulse can 
propagate over a longer distance than it could in 
vacuum, while maintaining a small cross-section. This 
mechanism is referred to as relativistic self-guiding. 


Relativistic Self-Focusing 


The threshold for relativistic self-focusing can be 
obtained using the fully relativistic formalism with 
the vector potential, as in our previous discussion of 
electron motion in vacuum. In this case, we can 
rewrite eqn [91] as 


ney 


[99] 


where 1g =, is the uniform background density. 
For a Gaussian beam focused in vacuum, where 


a(r,t) = Re (ap(r, Hexplider ~ w)]} 


PR 


Figure 10 Relativistic selfocusing occurs when an on-axis, 
peak in light intensity (lef) produces an on-axis dip in the phase 
Velocity (middle), which acts like @ positive lens to cause the 
phase fronts to curve inward (right). (Reproduced from Umstadter 
(2003) Relativistic laser~plasma interactions. Journal Physics 
: Applied Physics 36: R151—F1165, with permission trom !OP 
Publishing Lic.) 


{100} 


and the amplitude a(r, ) varies much less less in rand 
t than does the phase: 


laaofael < landgl, —l@ap/zl-<Ihkag! [101] 


then 


i arctan( i) 


[102 


satisfies the envelope equation (assuming second 
deriviatives are small compared to first derivatives), 
where Lg is the Rayleigh range and rp is the focal 
radius. In plasma, eqn [99] can then be written in this 
envelope approximation as 


a 


[visa d= ha 1103) 


The power at which the first and last terms of 
eqn [103] are in balance is 


_ AR? Iy 


[104) 


An equation for the beam radius R can thus be found: 


oe a] {105} 


Self-focusing occurs when the two terms in the 
brackets in eqn [105] are equal, which gives for the 
critical power: 
Pay ~ 174+ (w/a) GW (106 
This corresponds to 1 TW for 1 um light focused into 
a gas with clectron density of 10!°/em’, Note that this 
is a power threshold, not an intensity threshold, 
hecause the tighter the focusing, the greater the 
diffraction (the first term in eqn [103]). Numerous 
recent experiments have confirmed this focusing 
mechanism when P > Poe 
Any spatial variation of the laser intensity will act 
to push an electron to regions of lower intensity 
through the so-called ponderomotive force: 


F=Vy= Wi +a" =(2y) 'Va" (107) 
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Food = + i)e 2m, x) 


[108] 


where 


9 
ia [109] 
and F and E are the elliptic integrals of the first and 
second kind, respectively. In the low intensity limit, 
ie., when a} << 1 


Front =~ “3 Vap (110) 


That is, the laser ponderomotive force is roughly 
proportional to the gradient of laser intensity. 

A Gaussian-shaped laser’s ponderomotive force 
will tend to expel electrons radially from the region of 
the axis, so called ‘electron cavitation.’ If the 
ponderomotive force is high enough for long enough, 
the charge displacement due to expelled electrons 
{in either the lateral or longitudinal direction) will 
eventually cause the ions to move as well through the 
Coulomb electrostatic force, forming a density 
channel. Because (0) < (7), and thus vg(0) < 
ug(7), this enhances the previously-discussed relati- 
vistic self-guiding and can itself guide a laser pulse. 

For plasmas created by photo-ionization of a gas by 
a Gaussian laser pulse, the density will be higher on 
the axis than off the axis. If we instead expand the 
phase velocity in terms of changes in density: 


Ye 14 M0 Ane my 


The phase velocity will thus be higher on axis, 
which will tend to defocus the light and increase 
the self-guiding threshold. In order to avoid this, 
gases with low atomic number and thus fewer 
available electrons, such as Hs, are commonly used 
as targets. 


Raman Scattering, Plasma Wave Excitation and 
Electron Acceleration 


The local phase velocity, described in eqns [98] and 
[111], can also vary longitudinally if the intensity 
and/or electron density does. Local variation in the 
index of refraction can ‘accelerate’ photons, i.c., shift 
their frequency, resulting in photon bunching, which 
in turn bunches the electron density through the 


ponderomotive force (F), and so on, When the laser 
pulse duration is longer than an electron plasma 
period, 71>) =2z/u,, this photon and electron 
bunching grows exponentially, leading to the stimu- 
lated Raman scattering instability. Energy and 
momentum must be conserved when the electro- 
magnetic wave (wp,ky) decays into a plasma wave 
(ap, ky) and another light wave (ax — wp, ky — kp). 

From an equivalent viewpoint, the process begins 
with a small density perturbation, Are, which, when 
coupled with the quiver motion, eqn [13], drives a 
current J = Av,ev,. This current then becomes the 
source term for the wave equation (eqn [91]}, driving 
the scattered light wave. The ponderomotive force, 
due to the beating of the incident and scattered light 
wave, enhances the density perturbation, creating a 
plasma wave and the process begins anew, In three 
dimensions, a plasma wave can be driven when 
transverse self-focusing and stimulated Raman 
scattering occur together, a process called the 
self-modulated wakefield instability. 

Two conditions must be satisfied for self-modu- 
lation to occur in the plasma. First, the laser pulse 
must be long compared to the plasma wave, L > Ay. 
This allows the Raman instability time to grow, and it 
allows for feedback from the plasma to the laser pulse 
to occur. Second, the laser must be intense enough for 
relativistic self-focusing to occur, P > P., so that the 
laser can be locally modified by the plasma. Under 
these conditions, the laser can form a large plasma 
wave useful for accelerating electrons. 

‘As the long laser pulse enters the plasma, it will 
begin to drive a small plasma wave due to cither 
forward Raman scattering or the laser wakefield 
effect from the front of the laser pulse. This small 
plasma wave will have regions of higher and lower 
density with both longitudinal and radial depen- 
dence. That is, the plasma wave will be three- 
dimensional in nature with a modulation along the 
propagation direction of the laser and a decay in the 
radial direction to the ambient density (see Figure 11). 
The importance of this lies with how it affects the 
index of refraction in the plasma. In the regions of 
the plasma wave where the plasma density is lower, 
the radial change in the index of refraction is 
negative, an(/ar <0. This means that this part of 
the plasma acts like a positive lens and focuses the 
laser. Whereas regions of the plasma wave where the 
density is higher, a(ry/ar > 0, the opposite occurs 
and the laser defocuses. This has the effect of breaking 
up the laser pulse into a series of shorter pulses of 
length Ay/2 which will be separated by the plasma 
period. The instability occurs because of how the 
plasma responds to this, Where the laser is more 
tightly focused, the ponderomotive force will be 
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Figure 11. The plasma wave generated by a SMLWFA is thrae-dimensianal in nature. Note that the darker ragions correspond to 
areas of higher plasma densily. The graphs to the right represent lineauts of the plasma density longitudinally and radially at the 
indicated points. (Reproduced with permission from Wagner R (1988) Laser-plasma electron accelerators and nonlinear relativistic 


optics. PhD thesis, University of Michigan.) 


greater and will tend to expel more electrons. This 
decreases the density in these regions even further, 
resulting in more focusing of the laser. This feedback 
rapidly grows, hence the instability. 

The phase velocity of the plasma wave in the case 
of forward scattering is equal to the group velocity of 
the beat wave, which for low-density plasma is close 
to the speed of light, as can be seen from the relation: 


Aw/Ak 2} 
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where eqn [94] and a2 < a? were used to show that 1 
is close to unity. Such relativistic plasma waves can 
also be driven by short pulses (r ~ 1p). In this case, 
the process is referred to as laser—-wakefield genera- 
tion, referring to the analogy with the wake driven by 
the bow of a boat moving through water, but the 
mechanism is similar (except it has the advantage that 
the plasma wave is driven linearly instead of as an 
instability). 

In either case, the resulting electrostatic plasma 
wave can continuously accelerate relativistic elec- 
trons with enormous acceleration gradients. The 
gradient can be estimated from eqn [92] and the 
fact that because 


V-E ~ Euyle oc Eying (113) 
then 
E~ yfigeViem (114 


corresponding to 1GeV/em for n, = 10'* m3. 
Because this gradient is four orders of magnitude 
greater than achieved by conventional accelerators 
(based on fields driven by radio-frequency waves 
pumped into metal cavities), laser-driven plasma 


accelerators have received considerable recent atten- 
tion. They have been shown to accelerate an amount 
of electron charge (100 nC) comparable to that from 
conventional accelerators and to have superior 
transverse geometrical emittance (product of di 
gence angle and spotsize, similar to the f/# in light 
optics). However, their longitudinal emittance is 
currently much inferior, energy spreads of 100%. 
They have been shown to be useful for much of the 
same applications: radio-isotope production, radi- 
ation chemistry, as well as X-ray, proton, and neutron 
generation. Once the longitudinal emittance can be 
reduced, they may be advantageous for, among other 
applications, injectors (especially of short-lived 
unstable particles) into larger conventional accclera- 
tors for high-energy physics research and light 
sources, and, as discussed in the section on radiation 
from relativistic electrons about, as stand-alone 
all-optically driven ultrashort-pulse duration X-ray 
The SIMLAG code has been used to study 
wakefield generation and laser propagation in the 
limit a” < 1. It draws from nonlinear optics models 
and treats propagation in the group velocity frame. In 
this idealized model (which assumes perfect Gaussian 
beams), the pulse and wake are maintained over long 
enough propagation distances to accelerate an 
electron to GeV energy, as shown in Figure 12. A 
three-dimensional envelope equation for the laser 
field was derived that includes nonparaxial effects, 
wakefields, and relativistic nonlinearities. 


The resonant wakefield has been characterized 
experimentally by temporal interferometry, as shown 
in Figure 13. However, this was done only for the 
tight-focusing case in which the laser spotsize is much 
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Figure 12 The ‘standard’ resonant wakefield simulated with SIMLAC, a code that moves at the light pulse's group velocity. 
(Reproduced with permission from Umstacter D (2001) Review of physics and applications of relativistic plasmas driver by utravintense 


lasers. Physics Plasmas 8: 1774.) 
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Figure 13. Typical result of a phase shift measurement to study 
a resonantly excited laser wakefield plasma wave by means of 
time-domain interferometry. Parts (A) and (B) have different color 
scales. The batiom graph is a line out of part (B) along the laser 
axis. (Reproduced with permission from Marques JR, Dorchios F, 
‘Audebert P, Ceindre JP, Amiranoft F, Gauthier JC, Hammoniaux 
G, Antonetti A, Chessa P, Mora PTM and Antonson J (1997), 
Frequency increase and damping of nonlinear electron plasma 
oscilations in cylindrical symmetry. Physics Review Letters 78: 
‘3463. Copyright (1985) by the American Physical Society.) 


smaller than the plasma wave wavelength (7 < Ay) 
and thus the transverse wakefield was much greater 
than the longitudinal wakefield. 

A typical experimental setup, used to study 
electron acceleration, is shown in Figure 14, 

Dramatic reduction of the angular divergence of 
a laser accelerated electron beam was observed 
with increasing laser power above the relativistic 
self-focusing threshold, as shown in Figure 15. 


Interactions with Solid-Density Targets 


The generation of electrons by high-intensity laser 
light interacting with solid targets can generate 
energetic X-rays, accelerate other types of particles 
and induce nuclear reactions, as illustrated in 


Figure 14 Artisticaly enhanced photograph of the acceleration 
of an electron beam by a laser interacting with a gas jt inside a 
vacuum chamber. The laser crosses the picture from left to right 
and is focused by a parabolic mirar (right side ofthe picture). The 
supersonic nozzle (shown in the middle of the picture) is 
postioned with micron accuracy with a S-axis micropositioner. 
‘The e-beam makes a small spot on a white flourescent (LANEX) 
screen, shown in the upper left-hand corner of the picture. 
(Reproduced with permission from Umstadter D (2001) Review 
ff physics and applications of relativistic plasmas driver by 
ulta-itense lasers. Physics Plasmas 8: 1774, with permission 
from the American Insttuta of Physics.) 


Figure 16. For instance, high-order harmonics have 
been generated by the oscillation of the critical 
density surface, in the so-called moving mirror 
model. Bright X-rays, originating from Bremstrah- 
lung caused by electron collisions with high-Z atoms 
in solid targets, have created isotopes by means of 
photofission, Laser-accelerated electron energies and 
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Figure 4-6. The functionality of a chip containing four 
solid-state analog switches. & high state on a Control pin 
closes its associated switch, The Enable pin must be held 
low for normal operation: a high Enable state forces all the 
switches into the “oft” position. Ifthe outputs are ted fo: 
gether, this component can function as a multiplexer. 


Values 


Industrial-mount solid-state relays typically can 
switch currents ranging from 5A to 500A, with 
50A being very common. The higher-current re- 
lays mostly require DC control voltage; 4V to 32V 
are typical, although some versions can go much 
higher. They contain an SCR or triac to switch AC. 


Smaller solid-state relays in SIP, DIP, or surface- 
mount packages often use MOSFETs on the out- 
put side, and are often capable of switching up 
to 2A or 3A. Some can switch either AC or DC, 
depending on the way the output is wired. The 
LED on the input side may requireas little as 3mA 
to 5mA for triggering. 


How to Use It 
Solid-state relays find their primary uses in tele- 


communications equipment, industrial control 
systems and signalling, and security systems. 


The component is very simple externally. Power 
on the input side can come from any source ca- 
pable of delivering thevoltageand current speci- 
fied by the manufacturer, and any device that 
doesn't exceed maximum current rating can be 
connected to the output side, so long as provi- 
sion is made for suppressing back-EMF from an 
inductive load, as shown in Figure 4-7. Often a 
solid-state relay can be substituted directly foran 
electromagnetic relay, without modifying the 
circuit. 


TIT AE Nel 


Figure 47. Use of 2 diode around an inductive load, to 
protect a solid-state relay from back-EMF. 


Solid-state relays are heat sensitive, and their rat- 
ing for switching current will diminish as their 
temperature increases, Manufacturer datasheets 
will provide specific guidance. Using a heat sink 
will greatly improve the performance. Bear in 
mind that the relay generates heat continuously 
while it is in its “on” mode—about 1 watt per 
ampere. 


Because it requires so little current on the input 
side (typically no more than 15mA), a solid-state 
relay can usually be driven directly by chips such 
as microcontrollers that would not be able to ac- 
tivate an equivalent electromagnetic relay. 


Applications may take advantage of the solid- 
state relay's reliability, immunity to vibration, 
lack of contact sparking, freedom from coil- 
induced surges on the input side, and lack of 
contact bounce on the output side. A solid-state 
relay isideal within digital equipment thats sen- 
sitive to power spikes. It may switch a fuel pump 
that handles volatile, flammable liquids, or a 
wastewater pump in a basement subject to 
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angular distributions have been inferred from analyz- 
ing (yn) and (y,2n) reactions in composite Pb/Cu 
targets and in Ta/Cu targets. Positrons were created 
by colliding laser-accelerated electrons with a 
tungsten target. 

‘When electrons are heated to high temperatures or 
accelerated to high energies, they can separate from 
plasma ions. Such charge displacement creates an 
electrostatic sheath, which eventually accelerates the 
ions. The ions are pulled by the charge of the electrons 
and pushed by the other ions’ unshielded charges 
(similar to the ‘Coulomb explosion’ that can occur 
during the ionization of atoms). When the charge 
displacement is driven by thermal expansion, as in 
long-pulse (low-power) laser-plasma experiments, 
the maximum ion energies are limited to less than 
100 keV. However, when the charge displacement 
is driven by direct laser heating, as in short-pulse 
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Figure 15 Images of the spatial profiles ofthe electron beam 
measured by a ced camera imaging a LANEX soreen ata distance 
cof 15 om from the gas jt for various laser powers, The divergence 
angle of the beam decreases to a value of A”) = 1" at a power of, 
2.9 TW, corresponding to a transverse geomtrical emittance ot 
just ©, = 0.06 mm-mrad. (Reproduced with permission from 
Umstadter D (2001) Review of physics and applications of 
folativisic plasmas driver by ultrarintense lasers. Physics 
Plasmas 8: 1774, with permission from the American Institute 
of Physics.) 


high-power laser—plasma experiments, multi-MeV 
ion energies are possible. This was first shown with 
gas jet targets, in which case the ions were accelerated 
radially into 277, and then later with thin solid-density- 
films, in which case the ions were accelerated into 
collimated beams. In the latter case, hydrocarbons and 
water on the surface of the film can become ionized 
and provide a source of protons to be accelerated. 

An intense laser can ponderomotively heat elec- 
trons. If the laser contrast is high, vacuum heating can 
occur in the following manner. When light encounters 
a sharp interface between vacuum and solid density, 
the electromagnetic field becomes evanescent in the 
region above the critical density. The instantaneous 
‘vx B’ force can push electrons in the direction of the 
light’s propagation vector; it also has a frequency 
twice that of the pump and a magnitude proportional 
to the square of the normalized vector potential, aj 
Thus, electrons can only complete half of their 
figure-eight orbits, on the vacuum side, gaining 
relativistic energies; they move through the overdense 
region without the electromagnetic field to pull them 
back. An electrostatic sheath can thus form, which 
will accelerate the ions left behind. Another import- 
ant heating mechanism is stochastic heating, which 
occurs when the light that is reflected from the critical 
surface beats with the incoming wave to create a 
standing wave. The motion of electrons in such a 
wave can become chaotic, resulting in a large increase 
in electron temperature (>100 keV). 

As the heated electrons propagate through a solid, 
they can instantaneously field-ionize the neutral 
atoms of the solid. This will both modify the solid’s 
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Figure 16 Ilustration of the various mechanisms of particle acceleration and X-ray generation in highsintensiy laser interactions with 


solid-density targets. (Courtesy of R. Sauerbrey.) 
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conductivity and provide a source of protons on the 
rear-side of the target. If the film is thin enough, 
the electrons can pass through, and create a sheath 
on the rear-side of the target. This latter mechanism 
has been dubbed the target normal sheath accelera- 
tion mechanism, The ions from thin foils have been 
claimed to originate from both the front and rear-side 
of the foil. 

Several groups have reported the observation of 
ions originating from thin-film solid-density targets. 
Unlike previous long-pulse experiments, the ions 
were accelerated along the direction normal to the 
side of the target, that is opposite to that upon which 
the laser was incident. The ions generally originate 
from water or hydrocarbons on the surface of the 


material. The acceleration results from several 
different mechanisms, which may be occurring 
simultaneously, Charge-displacement is again 
common to all, with the electrons being heated 


Figure 17 Artistically enhanced photograph of the typical setup 
sed to observe the acceleration of ions. The laser (shown in the 
foreground) is focused with an off-axis parabola onto a thin-ol 
hold by a mesh that is positioned by a 3-axis micropositioner. CR 
39, a nuciear track detector (shown in the background) is used to 
{detect the ons. An actual proton-produced pattern is shown in red 
(Reproduced from Umstadter D (2001) Review of physics and 
applications of relativistic plasmas diver by ultra-intense lasers. 
Physics Plasmas 8: 1774, with permission from the American 
Institut of Physics) 


ponderomotively, such as by Brunel, J x B or stochas- 
tic heating. In one case, the electrostatic sheath is 
formed at the backside of the ionization layer formed 
on the side of the target upon which the laser is 
incident (front side). In another case, the electrostatic 
sheath is formed by field ionization of the ion layer on 
the opposite side of the thin film target (back-side), 
the target normal sheath acceleration (TNSA) hypo- 
thesis. Numerical simulations show evidence for both 


front- and back-side acceleration. 

The results of these experiments indicate that a 
large number of protons (10! p) can be accelerated, 
corresponding to source current densities (10® A/cm?) 
that are nine orders of magnitude higher than pro- 
duced by cyclotrons, but with comparable, or even 
= 1.07mm-mrad). 
Proton energies up to 60 MeV have been observed in 
experiments at intensities exceeding 10° W/em* 
(using a petawatt power laser). The high end of the 
proton spectrum typically has a sharp cut-off, but is a 
continuum. In one experiment, protons were 
observed to be emitted in ring patterns, the radii of 
which depend on the proton energy, which was 
explained by self-generated magnetic fields. 

A typical experimental setup used to observe 
the acceleration of ions is shown in 


lower, transverse emittances (¢, 


The production of radionuclides have been used as 
an ion energy diagnostic. In another example of a 
nuclear reaction initiated by an intense laser, neutrons 
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Figure 18 Photograph of a laser interacting with a deuterium 
Cluster jet emanating ftom cooled gas nozzle. Fusion neutrons 
are produced with relatively low laser intensities. (Reproduced 
with permission from Ditmire T (2002) Laser fusion on a tablotop. 
Optics and Photonics Nows 13: 28, with permission from IEEE.) 


RELATIVISTIC NONLINEAR OPTICS 307 


have heen produced by the He fusion reaction in the 
focus of 200 mJ, 160 fs Tissapphire laser pulses on a 
deuterated polyethylene target. Optimizing the fast 
electron and ion generation by applying a well- 
defined prepulse led to an average rate of 140 
neutrons per shot. Neutrons have also been generated 
from cluster plasmas, which were produced by the 
cooled-nozzle depicted in Figure 18, but with 
significantly lower laser intensities than required 
with planar solid targets. 


Concluding Remarks 


The field of nonlinear optics, with electrons bound to 
atoms, has over the last forty years given rise to many 
scientific discoveries and technologies that are now 
commonplace. The relatively young field of relativis- 
tic nonlinear optics has already begun to do the same. 
Some of the exciting phenomena and applications 
that have already been identified have been discussed 
in this article. Others await discovery as ever higher 
laser intensities are reached, with no foreseeable limit. 
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When an electromagnetic wave passes over a small 
elastically bound charged particle, the particle will be 
set into motion by the electric field. Scattering takes 
place for frequencies not corresponding to the natural 
frequencies of the particles. Ifthe particle is bound by a 
force obeying Hooke’s law, this vibration will have the 
same frequency and spatial direction as that of the 
electric force in the electromagnetic wave. The phase, 
on the other hand, of the forced vibration will differ 


from that of the incident wave, which causes the basis 
of dispersion. If the charged oscillation is bound by a 
force which does not obey Hooke’s law, but some more 
complicated law, it will reradiate not only the 
impressed frequency, but also various combinations 
of this frequency with the fundamental and overtone 
frequencies of the oscillator. 

‘The Raman effect was discovered by C.V. Raman 
(1888-1971). Ordinary Raman spectroscopy is used 
as a tool for studying the vibrational energy levels of 
molecules and of lattice optical branch vibration in 
crystals. A spectroscopic measurement of the scattered 
light reveals the existence of frequencies shifted down 


by increments corresponding to vibrational frequen- 
of the material. This down-shifted scattering is 
rred to as Stokes scattering, Frequencies shifted up 
by the vibrational frequencies are also present in the 
scattered radiation, which are the so-called anti- 
Stokes scattering. 

Stimulated amplification of scattered Stokes radi- 
ation occurs through a third-order nonlinear process. 


To introduce stimulated Raman scattering (SRS), first 
we describe the steady-state stimulated scattering 
theory. 

In general, nonlinear optical processes are 
described by the classical Maxwell equation with 
the nonlinear polarization of a material PN 


ve apn 
VXV XE + epg = Ho 1 
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where © and pig are the linear dielectric constant 
of the material and the magnetic permeability of 
the vacuum. We consider a relatively intense exci- 
tation radiation E, (frequency «;) and a weak 
signal radiation Es, having the carrier frequency 
@, corresponding to the scattered light frequency 
(o, = @, ~ may) 
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where B, (r,1), Bs(r,t) are a slowly varying envelope of 
the complex clectric fields. Assuming that the 
variation of the electric field during the time-scale 
shorter than the decay time of the induced oscillation 
in the material is negligible, nonlinear polarization 
induced by the excitation radiation is described as 
follows: 


Dg F108 (0.9 exp tks xr ~ ast) +e) i41 
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where e9 is the vacuum dielectric constant and 
XS}(— as, wy, ws) is the third-order nonlinear 
susceptibility, of which the real part corresponds to 
the variation of the diclectric constant depending on 
the optical radiation, whereas the imaginary part 
describes the stimulated scattering. In steady-state 
approximation, substituting eqns [3]-[5] into [1], 
we obtain 
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where we ignore the higher-order differential of 
amplitude. ns is the refractive index at ws, and a is 
the linear absorption coefficient of the signal radi- 
ation. When ignoring the decay of the excitation 
radiation along the z direction in the material, for 
making the right-hand term of eqn [6] positive, the 
next condition must he satisfied: 
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The signal radiation is then amplified along the z 
direction at an amplification constant of g, 
G=ath - I) [8] 
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Stimulated Raman Scattering 


In SRS, the frequency difference «, — ws corresponds 
to the resonance frequency of vibrational oscillation 
‘oy. Therefore, the vibrational oscillation mode is 
excited in the material as well as the generation of 
scattered radiation. In the following section, we 
consider the SRS by optical phonon. In general, 
nonlinear polarization under the optical excitation is 
described as follows: 
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where q is the basic coordinate of molecular 
vibration, Ty is the decay rate of the vibrational 
oscillation, a! = (Wafag)y is the Raman polarizability 
of a molecule, and No is the molecule density. We can 
obtain the steady-state nonlinear polarization from 
eqns [4], [5], [10], and [11] as 
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where = 01, — as. Thus, the gain coefficient can be 
obtained from eqns [9]and [12] under the assumption 
of wy > Ty, as follows: 
NolaPors 
(0s) = 5 
a IEpngn,anyTy 
. rye : 
(or — 0 ¥ oP + TRF 
In general, Raman scattering is characterized by the 
scattering cross-section dad, which is defined for 
one of the optical polarization dircetions in terms of 
the optical power density: 


ER(, — ory) 
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hoy 

i) (14) 
The value of (dofdQ)Ty! can be characterized as a 
peak intensity in the measured spontaneous Raman 
scattering spectrum. 

When the conversion to the first Stokes wave is 
large, we must consider both pump depletion and 
conversion to higher-order Stokes waves (Figure 1a). 
Pump depletion in first Stokes generation can be 
accounted for by solving the following coupling 
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Figure 1 Energy clagrams of stimulated Raman scattering: (a) 
first Stokes scattoring; (b) cascaded second Stokes scattering 
and (¢ first ant-Stokes scattering, 
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equations between pump power and Stokes power: 


[5] 


(6) 


where 


SL = TER 


In SRS the power generated in the first Stokes 
serves as. pump fora second Stokes wave (Figure 1b). 
Cascade shifts of this type, in which the Stokes wave 
of order m serves as.a pump for the generation of the 
Stokes wave order m+ 1, can result in the generation 
of radiation at several frequencies, each one shifted 
from the original pump frequency by a multiple of the 
vibrational mode frequency. In addition to the 
cascade higher-order Stokes generation, multiple 
Stokes orders can also be generated by four-wave 
mixing interactions (Figure 2), of the form: 


= 6 — O41 


4 


Figure 2 Vector diagram of mutiple Stokes generation through 
four-wave mixing in positively dispersive media, 


‘These interactions are important when the wavevector 
mismatch among the various waves is small. In most 
media exhibiting positive dispersion, the phase match- 
ing of the various interactions involves off-axis 
components of the generated waves. Thus, these 
four-wave mixing interactions are stronger for tightly 
focused beams than for collimated pump beams, 

SRS can be realized in a variety of configurations, 
including single pass Raman generation, or using a 
variety of extra-cavity or intra-cavity Raman resona- 
tor. Variation of the Raman cross-section for the 
wavelength is shown in Figure 3 for various gaseous 
Raman media. The Raman gain coefficient simply 
increases with decreasing wavelength, as indicted by 
eqn [13]. Therefore, higher conversion efficiencies 
are obtainable with UV lasers such as rare-gas 
halide excimer lasers in a single pass configuration, 
Note that in some gases, such as Hp, the Raman 
gain pressure at 
higher pressures since the increase in linewidth, due 


becomes independent of 
to pressure broadening, cancels the increase in gain 
originated from number density. Typical SRS gains for 
some gas, liquid, and solid media are listed in Table 1. 

Although SRS in high-pressure gases has been 
widely employed for frequency conversion, SRS in 
crystalsis currently a growing area of research activity. 
Table 2 lists SRS frequency shifts of various crystals. 
Since a very high pump laser power ~1 GW/em*, 
which is already close to the laser damage threshold 
of many crystals, solid-state Raman lasers are 
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Figure 3 Variation of the Raman cross-section with pump wavelength for various gases. Source: AIP Conference Proceodings 
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Table 1 Typical Raman media and their parameters 
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designed with an intra-cavity, coupled cavities, or an 
extra-cavity. Efficient Raman lasers have been demon- 
strated using external resonator configuration when 
the pumping pulse is intense enough. For example, 
~ 40% conversion efficiency to S1 was reported with a 


Qswitched frequency doubled Nd:YAG laser in a 


Ba(NOs)2 crystal using a pump fluence of 1.4 Jem 
and a pulse repetition rate of 30 Hz. The resonator 
mirror characteristics can be designed to enhance the 
desired Stokes-order radiation by completely confin- 


ing the lower-order Stokes radiation inside the cavity. 
For a lower power pump source, such as ew-pumped 
Qswitch lasers, a Raman crystal is placed inside a 
pump laser resonator to reduce the effective threshold 
for SRS. The resonator configuration has a significant 
influence on the Stokes output performance. The 
optimum spot size in the resonator and power density 
in the Raman crystal is a compromise betwe 
maximizing the conversion efficiency and avoiding 
optical damage. It is noteworthy that the thermal lens 
in the Raman crystal is caused by the energy 
dissipation of the phonon and thus depends on the 
power density of the Stokes field. 

A fiber Raman laser is an optical fiber with pump 
light focused into one end and SRS light appearing at 
the output. By injecting a weak frequency-shifted 
signal light together with the pump light, the signal 
light experienced substantial amplification along the 
length of the fiber. This fber Raman amplifier has been 
actively developed to extend the wavelength band for 


optical fiber communication. The fiber Raman lasers 
have utilized fused silica (SiO), germanosilicate, or 
phosphosilicate optical fibers for which the Raman 
frequency shifts are ~ 440-490 cm’, In contrast to 
Erbium-doped fiber amplifier (EDFA), since the single 
mode 


fiber itself can act as an amplifier, the Raman 
amplifier can be distributed over optical transmission 
lines in lengths of >20km, which can keep the 
transmission power always nearly constant and 
consequently reduce the signal noise. Moreover, by 
preparing multipumping wavelengths, the number of 
signal wavelengths can increase without the limitation 
of an amplification gain bandwidth. High-power light 
sources around 1480 nm developed for EDFA can be 
utilized by the fiber Raman amplifier. By tailoring the 
power levels among multiwavelength pump lights, a 
flat amplification gain spectral width of ~ 100 nm is 
obtainable. 


Transient Effects 


In the steady-state SRS analysis, we assume that the 
pump pulse duration is much longer than the 
vibrational mode dephasing time (Av, <T'y). In a 
transient regime, when the pump pulse duration is 
shorter than the dephasing time (Av, > T'y), the effect 
of the transient response of the medium reduces 
the gain and delays the Stokes pulse relative to the 
pump pulse. With no pump depletion, the analy- 
tical expression for the Stokes intensity for large 
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‘Table 2_Typical solid-state Raman materials and parameters 
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amplification gain is given as 
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Here, Ty is the dephasing time (Ty = 7'y'), and tp is 
the pump pulse width. One can see that the Raman 
gain is proportional to the square root of the 
multiplication of the pump pulse energy fh, x 7p, the 
crystal length @, and the total integral Raman 
scattering cross-section (da/dQ), but does not depend 
on the Raman linewidth Ty. 


Anti-Stokes Raman Scattering 


From eqn [13] the gain coefficient is negative at 
w=, +05. However, anti-Stokes scattering 


(Figure 1c) is stimulated through a four-wave mixing 
interaction of the form: 
4 = 2on, — 0 9) 


The equations describing anti-Stokes Raman 
scattering in the absence of pump depletion are: 


py (20) 
2a) 
PS = egySfIB, PEs + ERE} exptidkeat — (22) 


DRY = soy" fE;2Bs exp(—idke) + IE,PEX} (231 
Here, Ak is the wavevector mismatch, given by 
Ak = ky + ka — 2k Ra 


Then, power gain per unit length is obtained to give 
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The interaction of the anti-Stokes wave with the other 
waves is stronger when the wavevector mismatch is 
small, The exact value of the phase-matching angle 
depends on the dispersion of the medium. At the 
tightly focused pumping condition, strong ant 
Stokes radiation is generated so that the wave- 
vector mismatch is minimum. Just as in Stokes 
scattering, multiple anti-Stokes orders can be gener- 
ated (Figure 4). 

So far, Stokes and anti-Stokes Raman scattering 
have been used to generate radiation over much of 
the UV and VUY, ranging from 138 to 400 nm. The 
shortest wavelength achieved in this manner is at 
138 nm, generated by a seventh-order anti-Stokes 
shift in Hy using 139nm radiation of an ArF 
laser. In general, the pump intensity used in 
experiments with rare-gas halide excimer lasers was 
in the range of 100 MW/em* to 5 GW/cm*. The 
conversion efficiency and the distribution of 
power among the various Stokes and anti-Stokes 
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Figure 4 Vector diagram of anti-Stokes Raman scattering in 
positively dispersive media, 
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components depend on the focal geometry, and the 
extent of the spectrum could be varied by changing 
the gas pressure. 


Magneto-Optics: Cyclotron Resonance, Interband Mag- 
rnetoabsorption, Spin Flip Raman Scattering. Nonlinear 
Optics, Applications: Raman Lasers. 
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Introdu 


The quality of optical components can be critically 
limited by light scattering. The majority of these 
components, such as lenses, mirrors, beamsplitters, 
and polarizers are covered with thin film optical 
coatings. To reduce scattering losses, their main 
sources and mechanisms must be known and, 
whenever possible, be controlled. Moreover, light 
scattering techniques have been widely recognized as 
a powerful tool for roughness and defect analysis as 
well as for general quality assessment. 

Scattering can be divided into surface/interface 
scattering (SIS) and volume scattering (VS), attributed 
to the following scatter sources: 


roughness and surface defects of the substrate: SIS, 

«# surface/interface roughness and defects of the thin 
film coating: SIS, 

‘ imperfections in the bulk substrate material: VS, 

intrinsic thin film morphology and defect struc- 
tures: VS, 

‘¢ surface contamination 


Even though in particular cases and applications, 
VS can constitute the main scattering source, SIS 
largely dominates both substrate and thin film 
scattering losses. Studies into light scattering have 
widely focused on SIS effects from surface and 
interface micro-roughness. The theor 
given in the next section will also follow this concept 
in describing scattering from surface and interface 
roughness. It is emphasized, however, that volume 
scattering theories are accessible in the literature. 


ical outline 


Light Scattering Models 


Scattering from Rough Surfaces 


A randomly rough surface can be considered as a 
Fourier series of sinusoidal waves with different 
amplitudes, periods, and phases. Following the 
grating equation, a single grating with spacing D 
causes scatter into the angle @ according to 


sin @ = VD ia} 


where A is the wavelength of light. D represents one 
spatial wavelength in the Fourier series. Accordingly, 
f =D represents one single spatial frequency. 
‘A randomly rough surface contains many different 
spatial frequencies. This is quantitatively expressed 
by the power spectral density (PSD), giving the 
relative strength of each roughness component of a 
surface microstructure as a function of spatial 
frequency: 


PSDIF) If. a) exn-2mitrat RI 


ane 


) represents the height of the surface 
profile, r is the position vector, and f is 
the spatial frequency vector in the xy plane. A is the 
area of the measured region A. We confine our 
discussion to isotropic surfaces, which represent the 
majority of cases in optical surface and thin film 
scattering studies. Thus, a PSD(f) independent of 
the surface direction @ of vector f is obtained by 
averaging the two-dimensional function PSD(f) over 
all surface directions after transformation into 
polar coordinate: 


a 
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Well-established vector scattering theories devel- 
oped, for instance, by Bousquet et al. or Elson provide 
the link between the PSD and the scattering intensity 
per solid angle of a surface: 


ap 


Feat = Fn. 0,0)PSD(/) 14) 


This theory is valid for surfaces whose rms 
roughness is small compared to the wavelength. 
dP/(Po dM) denotes the differential power scattered 
into the direction (@, @) per unit solid angle 
dQ1= sin @ dO d® divided by the incident power 
Po, @ and @ are the polar and azimuthal angles of 
scattering, respectively. The optical factor F contains 
all information on the corresponding perfect surface 
(without the roughness properties), i.c., the refrac- 
tive index m, wavelength, and the conditions of 
illumination and observation, Both backscattering 
and forward scattering can be expressed by eqn [4], 
according to the illumination and observation 
conditions chosen. Without loss of generality, all 
formulas have been written here for normal 
incidence. The formalism, however, allows consider- 
ation of all possible cases, including oblique angles 
of incidence and arbitrary polarization properties. 
dPPo dO) is called angle resolved scattering (ARS) 
which is related to the well-established term BRDF/ 
BTDF (bidirectional reflectance/transmittance distri- 
bution function) by multiplication with cos @: 


ap 
Pd 


= ARS = BRDF (or BTDF)-cos @ [5] 


Total scattering (TS), which is defined as the 
power P scattered into the backward or forward 
hemisphere divided by the incident power Po (see 
also section on scattering measurement below}, is 
obtained by integrating eqn [4] over the forward or 
backward hemisphere: 


= (_aP 
=20 sin 
es? fr (on) ede. 6) 


If the correlation length of surface roughness is 
much larger than the wavelength, scalar scattering 
theories like the one from Carniglia can also be 
employed. Moreover, in this case, the well-known 
simple approximate formula for total backscattering 
can be derived from both vector and scalar theories: 


ey om 


where o is the rms roughness and Ro the specular 
reflectance, 

It must be emphasized that this formula is only 
valid if the above-mentioned condition is met and as 


TShack = 


long as only single surfaces without coatings are 
considered. 


‘Scattering from Dielectric Thin Films 


For surfaces coated with a dielectric single layer or 
multilayer, ARS for a system of N layers is given by 


ae . EE PSD,(f) 8) 
at pee ff) 8} 


where F, is the optical factor at the i-th interface and 
F, is the conjugate complex number of the optical 
factor at the j-th interface. The optical factors include 
both the conditions of illumination and observation 
and the characteristics of the ideal multilayer (refrac- 
tive indices, film thickness). PSD, are the power 
spectral densities of the corresponding interfaces. For 
i+ j, they describe the roughness cross-correlation 
between two interfaces. 

From eqn [8] it becomes obvious that the scattering 
mechanism of coated surfaces is considerably more 
complex as compared to single surfaces. 

The amplitudes of the scattered fields from all 
individual interfaces add up to the total scatter. 
In particular, the cross-correlation properties 
between the interface roughness profiles significantly 
determine the overall total scatter. So even for 
coatings having the same statistical roughness, the 
scatter losses can differ drastically when the cross- 
correlation between the interfaces is different. An 
example is demonstrated in a model calculation of 
total backscattering for A= 632.8 nm in Figure 1. 
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Figure 1 Calculated ratio of the total backscattering ofa single 
high index layer (= 2.4) on BK7 substrate (n= 1.52) to the 
scattering of the bare substrate as a function of optical thickness, 
1d. (QWOT: quarter wave optical thickness). rms roughness was 
‘Tom, correlation length 1 um for both the substrate—film and 
film-air interfaces. Full line: full interface cross-corralation. 
Dashed line: zara interface cross-correlation. Lower dashed line: 
bare substrate 


What 


‘an 


0 Wrong. 


flooding (where long-term zero-maintenance re- 
liability isnecessary, and contact corrosion could 
be a risk in electromagnetic relays). Small solid- 
state relays can switch motors in robots or appli- 
ances where vibration is common, and are often 
used in arcade games. 


What Can Go Wrong 


Overheating Caused 
by Overloading 

Relays must be derated when used at operating 
temperatures above the typical 20 or 25° C for 
which their specification applies. In other words, 
the sustained operating current must be re- 
duced, usually by an amount such as 20% to 30% 
for each 10-degree increase in ambient temper- 
ature. Failure to observe this rule may result in 
failure of the component. Burnout may also oc- 
cur if a high-current solid-state relay is used 
without a heat sink, or the heat sink isn't big 
enough, or thermal compounds not applied be- 
tween the solid-state relay and the heat sink, 


Overheating Caused by Bad 
Terminal Contact 

If the screw terminals on the output side of a 
high-current solid-state relay are not tightened 
sufficiently, or if there is a loose spade terminal, 
or if a crimped connection isn't crimped tightly 
enough, the poor contact will create electrical 
resistance, and at high currents, the resistance 
will create heat, which can cause the solid-state 
relay to overheat and burn out. 


Overheating Caused by Changing 
Duty Cycle 

Ifa high-current solid-state relay is chosen for an 
application where itis in its “on” state only half 
the time, but the application changes during 
product development so that the solid-state re- 
lay is in its "on" state almost all the time, it will 
have to dissipate almost twice as much heat. 
Any time the duty cycle is changed, heat should 
be considered. The possibility of the relay being 


‘cult 
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Used in an unconventional or unexpected man- 
ner should also be considered. 


Overheating Caused by 
Component Crowding 

Overheating increases dramatically when com- 
ponents are tightly crowded. At least 2cm (3/4") 
should be allowed between components. 


Overheating in Dual Packaging 
When a package contains two solid-state relays, 
the additive effects of the heat created by each 
of them must be considered. 


Reverse-Voltage Burnout 
Because a solid-state relay Is more sensitive to 
back-EMF than an electromagnetic relay, greater 
care should be used to protect it from reverse 
voltage when switching inductive loads. A pro- 
tection diode should be used, and a snubber can 
beadded between its output terminal 
included inside the relay package. 


Low Voltage Output Current May 
Not Work 

Unlike electromagnetic relays, solid-state relays 
require some voltage on the output side to en- 
able their internal operation. If there is no volt- 
age, or only a very low voltage, the SSR may not 
respond to an input. The minimum voltage re- 
quired on the output side is usually specified in 
a datasheet. 


To test a solid-state relay, apply actual voltages 
on input and output sides and use a load such as 
an incandescent light bulb, Merely applying a 
meter on the output side, set to measure con- 
tinuity, may not provide sufficient voltage to en- 
able the relay to function, creating the erroneous 
impression that it has failed. 


Inability to Measure AC Output 
When a multimeter is used to test continuity 
across the output of an AC-switching solid-state 
relay of zero-crossing specification, the meter 
will generate enough voltage to prevent the 


30 Encyclopedia of Electronic Components Volume 2 


316 SCATTERING / Scattering from Surfaces and Thin Films 


A thin film with refractive index m= 2.4 (typical for 
Titania films), and continuously increasing thickness, 
was modeled onto a BK 7 substrate (n= 1.52). 
Gaussian autocovariance functions with an rms 
roughness @=Inm and a correlation length 
=m were chosen for both the substrate—film 
and film-air interfaces. Only the cross-correlation 


function was varied. The two extreme cases of 
fully uncorrelated and fully correlated interfaces are 
depicted in the figure and related to the scattering of 
the bare substrate (TSp). As a result of scattering 
interference effects, in both cases the scattering 
varies periodically with optical film thickness. The 
appearance of maxima and minima as well as the 
total amount of scattering crucially depends on 
the type of cross-correlation. 

These effects have to be taken into careful deli- 
eration whenever scattering in dielectric thin film 
coatings is considered. Otherwise, misinterpretation 
of the scatter loss origin is possible and may result 
in unsuitable technological attempts to minimize 
scatter losses. 


Instrumentation for Light Scattering 
Measurement 


‘Types of Measurements 


Light scattering experiments on optical surfaces 
and thin films are, in most cases, either performed 
as ARS measurements using goniophotometers, 
or the scattering is collected over the backward 
and forward hemispheres yielding total integrated 
scattering (TIS) or TS. The latter can be measured 


either by using a Coblentz sphere or an 
integrating sphere (see schematic picture in 
Figure 2). 


Coblentz sphere 


As Coblentz spheres image the scattered radiation 
directly onto the detector, they are much less sensitive 
to scattering by air particles than integrating spheres. 
So if super-smooth samples with scattering levels in 
the visible range of 1 ppm and lower shall be 
measured, integrating spheres require operation in 
vacuum or He-gas atmosphere whereas Coblentz 
spheres can still be used under usual clean room 
conditions. 


Angle Resolved Scattering (ARS) 


Sophisticated instruments for ARS measurements 
have been established in a number of laboratories. 
Most frequently the systems are operated at the 
He-Ne laser wavelength 632.8 nm, but also at 
10.6 wm (CO> laser), 325 nm (He-Cd laser), and 
yet other wavelengths. These techniques are versatile 
and powerful, but rather unsuitable for routine 
measurements, For single surfaces, PSD can be 
calculated from such measurements. A standard 
procedure for ARS measurements is defined in ASTM 
standard E 1392 and was successfully verified in 
various round-robin experiments at different wave- 
lengths. Figure 3 shows the photograph of a typical 
instrumentation. 

The main parts of this setup are the illumination 
system and a double goniometer. The sample holder 
and the detector are each mounted on a precision 
goniometer, The detector head is located on the outer 
goniometer and can be revolved 360 degrees around 
the sample with an angular resolution of 0.01°, The 
performance of a scatterometer depends also con- 
siderably on the quality of the illumination system. 
Laser radiation passes several optical elements, such 
asa spatial filter, diaphragms, polarizers, and mirrors 
providing the high beam quality necessary for 
precision measurement. 


IST 


Integrating sphere 


Figure 2 Schematic picture of types of scattering measurement. ARS: angle resolved scattering, TIS, TS: ota integrated scattering, 


total scattering 
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Figure 3 Instrumentation for angle resolved scattering meas 
lurement (courtesy of Fraunhofer institute for Applied Optics and 
Procision Engineering, Jena, Germany). 


Total Scattering (TS) 


TIS measurements collect the light scattered into the 
backward hemisphere and are defined as the back- 
scattered radiation divided by the total reflectanc 
The TIS measurement procedure is prescribed in 
ASTM standard F 1048 which applies to opaque 
reflective surfaces, Transparent or semi-transparent 
samples such as substrates, AR coatings, and 
heamsplitters cannot be measured without 
ambiguous additional assumption. The new inter- 
national standard ISO 13696 defines TS as the 
backscattered and forward scattered radiation P 
divided by the incident radiation Py. TS is hence 
equivalent to the scattering loss of the component. 
Opaque as well as transparent surfaces and coatings 
can be measured both in the backward and forward 
directions. TS and TIS can, however, be converted 
into one another, if the reflectance of the sample 
is known, This standard procedure was proved in an 
international round-robin experiment at 632.8 nm. 
An example of a facility for TS measurements, in a 
wide range of wavelengths, is given in Figure 4. 


‘The apparatus for total backscattering and forward 
scattering measurements is operated from 193 nm to 
10.6 um by using several lasers. The setup is based on 
a Coblentz sphere imaging the light scattered into the 
backward or forward hemisphere within an angular 
range from 2° to 85° onto the detector unit. This 
angular range complies with the specification given in 
ISO 13696. 

‘A special arrangement allows easy change from the 
backscatter to forward scatter operation modus. The 
detector unit consists of the detector (photomultiplier 
in the UV, VIS, NIR, and HgCdTe-element in the IR) 
and a small integrating sphere, The latter is used for 
homogencously illuminating the detector. At all 
wavelengths, the light beam is modulated by a 
chopper and passes a beam-cleaning element. The 
incident radiation hits the sample surface at 
nearly zero degrees and the specular beam is 
guided back through the entrance/exit aperture of 
the Coblentz sphere, While performing the measure- 
ment, the sample is scanned across its surface by a 
positioning system, yielding one- or two-dimensional 
scattering diagrams. Calibration is performed with a 
commercial diffusing (Lambertian) standard, Filters 
are used for attenuating the beam during measure- 
ment of high-scatter samples and diffuse reflectance 
standards. Background levels smaller than 0.1 ppm at 
632.81nm were achieved without the necessity of 
He-gas flow or operation in vacuum. 

‘Whereas in the past the majority of such facilities 
were designed for the visible, infrared, and near- 
ultraviolet spectral regions, the increasing demands 
for low-scatter optical components in the vacuum 
ultraviolet (VUV) region for application in photo- 
lithography has driven the development of scattering 
facilities for wavelengths as short as 157 nm. Because 


of the enhanced technical effort needed for the 
development of VUV scattering measurement instru- 
mentation, only few setups exist that can be operated 
at 157 nm, 


Applications 


Fields of Applications 


There exists a diversity of purposes for light-scatter- 
ing investigations of surfaces and thin films, which 
requires proper selection of the particular method. 
For a number of purposes, routine measurements 
without detailed understanding of the scatter sources 
can be sufficient, while other problems need deeper 
insight into the scatter mechanisms and hence, 
require the combination of measurement with theo- 
retical modeling, It is up to the engineer or scientist 
to decide in each particular case, to which level the 


318 


‘SCATTERING / Scattering from Surfaces and Thin Films 


Beam dump 


Sample 


née 


‘Spatial fiter 


sation sour 


Attenuator] 


HH 


Chopper 


ZZ incident radiation 
detector 


Figure 4 Schematic picture of an instrument for total scattering measurement (courtesy of Fraunhofer Institute for Applied Optics 


and Precision Enginearing, Jena, Germany), 


light-scattering study has to be extended. Examples 
for typical application tasks arising in industry and 
institutes are: 


# determination of total scattering as an optical 
loss limiting the performance of a thin film 
component; 

© surface finish assessment (roughness, defects) of 
optical substrates; 

« study into the relation between scattering and the 
morphology and roughness of optical thin films as 
a precondition for optimizing deposition processes; 

«assessment of cleanliness of coated components; 

© detection of degradation effects in coatings and 
substrate materials; 

«separation of interface scattering from the film and 
substrate; 

# distinction of volume scattering from interface 
scattering in substrates and films. 


Scattering measurements are noncontact, do not 
require sample preparation, enable rapid mapping of 
large sample areas, and are highly sensitive. This 
makes them usable for a large variety of applications 
extending from super-smooth substrates with surface 
roughness below 0.01 nm, thin film structures in the 
nanometer range, and small and large defect features 
up to rough engineering surfaces with micron 
roughness. 


Ts/te4 


Figure 5 TS measurement (backscattering) on conventionally 
polished fused silica at 632.8 nm (2D-mapping) for suriace quality 
assessment. Measurement performed with the TS instrument 
shown in Figure 4 


Examples of Measurements 


Surface finish assessment 

The result of a scattering measurement (TS, back- 
scattering) at the He-Ne laser wavelength 
(632.8 nm), on conventionally polished fused silica, 
is shown in Figure 5. Symmetric defects, as well as 
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scrateh-like features, can be recognized in this 
diagram. The minimum and averaged rms-roughness 
determined from the minimum (defect-free) and 
averaged (including defects) scattering levels are 
0.51 and 0.72 nm, respectively. 


Scattering from thin film components 

Figure 6 shows a TS measurement (backscattering) 
performed ona polished CaF, sample. Half of the area 
of one surface of this sample was coated with a 
fluoride multilayer mirror system designed for 


Ximm 


Figure 6 TS measurement (backscattering) at 248nm on a 
CaF; substrate half of which was coated witha fluoride multilayer 
mirror system designed for 248 nm, Measurement performed with, 
the TS instrument shown in Figure 4. 


1605. 


248 nm, The area mapping of the TS measurement 
at 248 nm delivers information of both the bare 
substrate quality and the increase in scattering after 
coating. According to the explanations in the first 
section, this increase has to be interpreted asa result of 
two influences: the increased reflectance (i.e., changed 
optical factors) and the roughness growth during 
deposition of the multilayer (i.e., changed PSD). 

On the basis of such measurements, detailed 
interpretation can be accomplished by additional 
roughness analysis using scanning force microscopy, 
subsequent scattering modeling employing the for- 
mulas given above, and comparison of the modeled 
and measured results. 

ARS techniques can, for example, be employed to 
compare the angular distribution of the scattering of 
a coating to that of the bare substrate, Figure 7 
displays ARS measurements in the backward hemi- 
sphere at 325 nm (He-Cd laser) on a fused silica 
substrate before and after deposition (magnetron 
sputtering) of a Ta,O,/SiOy quarterwave multilayer 
mirror (325 nm design wavelength). As with the 
example discussed above, the higher scatter of the 
multilayer is caused by both the optical factors and 
increased roughness. The slight bump at large 
scatter angles in particular reveals high spatial 
frequency roughness attributed to the film 
morphology. 

Figure 8 displays TS measurements at 157 nm. The 
diagram contains one-dimensional scans of forward 
scattering from an uncoated CaF) substrate and an 
antireflective (AR) coating on CaF. The background 
signal level is also included. 
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Figure 7 ARS measurement at 325 nm (backward hemisphere) on a fused silica substrate before (lower curve) and after (upper 
‘curva) deposition of a Ta,0,/SiO. quartarwave multilayer mirror with 325 nm design wavelength. Measurements performed with the 


[ARS instrument shown in Figh 
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Figure 8 TS measurements at 157 nm (forward scattering): bare CaF, substrate, AR coating on CaF and background scattering 
level. Measurements performed with the VUV total scattering instrumentation at the Fraunhofer Institute for Applied Optics and 
Procision Engineering, Jena, Germany. 
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Introduction 


Nonlinear phenomena that result from interaction 
of intense light beams with dielectric media can be 
broadly divided into two main categories: namely, 
parametric effects and scattering phenomena. Para- 
metric effects arise whenever the state of the matter 
is left unchanged by the interaction, whereas 
scattering phenomena imply transitions between 
vibrational or rotational energy levels in the 
medium. The two dominant scattering phenomena 
in optical fibers are stimulated Raman. scattering 
(SRS) and stimulated Brillouin scattering (SBS), 
which are nonlinear processes in which a part of 
the energy propagating at a given frequency is 
converted into one or several down-shifted Stokes 
beams, through interaction with the vibrational 
modes of the materials. Although SBS and SRS 
phenomena are beneficial for developing all-optical 
fiber lasers and amplifiers for long-haul fiber 
transmissions, they are detrimental to transmission 
of ultrashort light pulses in silica fibers. In. this 
article we describe the fundamental aspects of SBS 
and SRS, 


General Features 


Three well-known kinds of scattering phenomena 
in optical fibers are Rayleigh, Raman and Brillouin 
scattering. Although these three phenomena mani: 
fest themselves in qualitatively different ways, all of 
them originate fundamentally from the effects of a 
light wave on the atomic and molecular charges of 
the dielectric medium. The Raman and Brillouin 


scattering phenomena involve the vibrational 
modes of the material that are associated with 
the optical and acoustic branches of the dispersion 
curve of the material, respectively. Such vibrational 
modes, called phonons, are schematically rep- 
resented in Figure 1 with the help of typical 
dispersion curves of a one-dimensional atomic 
lattice. 

In standard silica fibers (SiO2), the phonons 
associated with the optical branch correspond to 
intramolecular vibrations, which give rise to the 
Raman scattering phenomenon, whereas those 
associated with the acoustic branch correspond to 
intermolecular vibrations, which are responsible for 
Brillouin scattering. In either of these two scattering 
processes, part of the energy of the incoming light, 
which propagates at a given frequency w, is 
converted into downshifted (Stokes) or upshifted 
(anti-Stokes) light waves, at frequencies @~ 0 
and +2, respectively. The frequency shift © is 
determined by the vibrational modes involved in the 
scattering process. Figure 2 represents schematically 
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Figure 1 Schematic representation of the dispersion curves for 
material waves, 
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Figure 2 Schematic representation of the diagrams of energy 
transfer between incoming photons with frequency w and the 
‘material, leading to (a) generation of the Stokes radiation ui, and 
(©) generation ofthe anti-Stokes radiation oe. 


these energy conversion processes with the help of 
only two vibrational states, to simplify matters. 

As Figure 2a shows, the material, which is 
initially in the ground state, absorbs a fraction AO 
of the energy hw of incoming photons, to move up 
to the excited state, As a result, the frequency of the 
photons involved in this process is downshifted to 
©, =~ Q, Those photons that are generated at 
frequency w, are commonly called ‘Stokes radi- 
ation’. On the other hand, when a sufficiently large 
number of molecules is excited, they can interact 
with the incoming photons and return back to 
the ground state. As Figure 2b shows, in this 
process the energy is transferred from the material 
to the incoming photons, which thereby generates 
an upshifted anti-Stokes radiation at frequency 
w= +0, The Raman (Brillouin) frequency 
shift © is of the order of Oy ~13THz 
(Oy = 10 GHz), 

In fact, the Raman and Brillouin effects may 
lead to so-called spontaneous processes, which 
occur in the limit of low-amplitude for all waves 
other than the incoming wave. For example, 
when a laser beam is injected in the fiber with a 
sufficiently low intensity, one can observe a 
spontaneous scattering process as schematically 
represented in Figure 3a. 

One can clearly identify in Figure 3a the Raman 
and Brillouin radiation, as well as radiation 
scattered at the same frequency as the incoming 
wave, that is, Rayleigh radiation. Now, when the 
incoming wave propagates together with light waves 
whose intensity is no longer negligible with respect 
to that of the incoming wave, the Raman and 
Brillouin effects can lead to stimulated processes, in 
which energy is continually converted from higher 
to lower frequency photons. As a result, the number 
of Stokes photons is continually amplified at the 
expense of anti-Stokes photons, as schematically 
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Figure 3 (a) Schematic representation of the frequency spectra 
for spontaneous and stimulated Raman and Brillouin scattering 
processes. (a) Fluorescence spectrum; (b) gain spectrum for 
stimulated Raman and Brilouin scattering processes. A pump and 
a probe waves are injected together in the fiber. 8 isthe frequency 
spacing between the pump and the probe wave. 


represented in Figure 3b. The stimulated process can 
be obtained by either launching the incoming wave 
together with a probe wave at frequency w — 0 
(which corresponds to the situation represented in 
Figure 3b), or by using a sufficiently intense 
incoming light beam. Indeed, above a certain 
power threshold (which depends strongly on the 
fiber length and the amount of dopants in the fiber), 
for which the gain corresponding to the Stokes 
amplification compensates for the linear fiber losses, 
the energy conversion from the incoming wave to 
the scattered waves can become sufficiently import- 
ant for the scattering process to become stimulated, 
This process is commonly referred to as a self- 
stimulated process, as it does not require the use of 
a probe wave. Although the SRS and SBS exhibit 
some common general features as those mentioned 
above, there exist however some major differences 
between these two phenomena, from a fundamental 
point of view as well as for their practical 
applications to optical communication systems, 
We discuss separately these specific features for 
SRS and SBS. 


Stimulated Raman Scattering 


Under adiabatic following by the electrons of the 
optical-field-induced nuclear motions, the third-order 
nonlinear polarization in optical fibers may be 
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Figure 4 Schematic representation of the Raman susceptibilly 
in an optical ber. The solid curve represents the imaginary part of 
the susceptibiity, that Is, the Raman gain. The dashed curve 
represents the real part of the suscepttbilty. 


written as 
P(t) = olEW)PE() + Bf dsog(t ~ 9IE(s) [1] 


where o and og represent the instantaneous (Kerr) 
and noninstantaneous (Raman) parts of the fiber 
response, respectively. Here, we consider linearly 
polarized waves, for simplicity. Figure 4 shows 
schematically the Raman susceptibility of the fused 
silica, yx() = 0, (0)/2, which is quite close to that of 
standard silica fibers. 

In Figure 4, the real and imaginary parts of xg are 
represented in solid and dashed curves, respectively. 
The imaginary part of the Raman susceptibility, 
which corresponds to the Raman gain Gy = Im(yg), 
is an experimentally measurable quantity. For 
example, at a pump wavelength A= lym, the 
maximum value of the Raman gain in standard 
silica fibers is ~10-" mW-!, In fact the Raman 
gain Gp(@) depends on the type and amount of 


dopants used in the fabrication of the fiber. In 
contrast to crystalline silica where the Raman gain 
occurs at a well-defined frequency of 13.2 THz, the 
Raman gain of silica fibers extends over a large 
frequency range, as can be seen in Figure 4, with a 


broad prominent peak around 13.2 THz. In the 
absence of an input signal the broadband noise is 
amplified within the Raman Stokes components, 
which are centered about the frequency detuning of 
13.2 THe, 

If the power of the Stokes wave becomes large 
enough, the Stokes wave serves as a pump to 


spontaneous noise), as recorded for a peak pump power Py = 
150 W and a fiber length L = 10m. 


generate a second-order Stokes wave. This process 
of cascade SRS can generate multiple Stokes waves 
whose number depends on the input pump power 
and fiber length. Figure 5 displays a typical 
experimental Raman spectrum generated from a 
Qswitched, frequency-doubled Nd:YAG laser, emit- 
ting 5 ns duration (30 GHz spectral width) pulses at 
$63.63 THz (532.26 nm). The laser output was 
injected along one birefringence axis of a 14m 
length of polarization-maintaining single-mode 
fiber. At an estimated injected peak power of 
200 W, several higher-order Raman Stokes orders 
5) (j= 1,4) (separated by 13.2 THz) are generated 
between 510 and 550 THz (588 and 545 nm). The 
spectral profile of each resulting Stokes line is near- 
Lorentzian with a full width at half maximum 
ranging from about 2 THz for the first Stokes to 
about 3.5 THz for the fourth Stokes. The broad- 
ening of the Raman Stokes wave, as the Stokes 
order increases, is due to several competing non- 
linear processes. 

This broadband gain is due to the amorphous 
nature of fused silica, in which the molecular 
vibrational frequencies spread out into bands 
which overlap and create a continuum. This out- 
standing feature has been fully exploited to develop 
wide-band amplifiers for multichannel optical com- 
munications, Recent work demonstrated the 
achievement of a Raman amplifier with a bandwidth 
of 100 nm, by use of a set of height pumps and an 
appropriate choice of the frequency separations 
hetween the pumps. Another important application 
of the Raman gain in optical fibers lies in the 
development of fiber-Raman lasers, which can be 
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tuned over a wide frequency range (~10THz). Such 
lasers can be obtained by inserting a piece of single- 
mode fiber inside a Fabry-Perot cavity formed by 
two partially reflecting mirrors. A rotating output 
mirror and an intracavity prism allow one to select 
the Stokes light that provides the laser wavelength. 
Another example is that the Raman gain can be 
used to assist non-phase-matched parametric 
interactions. 

A large powergain enhancement was recently 
demonstrated for nonphase-matched waves in a 
three-wave mixing interaction. The Raman-assisted 
three-wave mixing can be used to achieve wide- 
bandwidth frequency conversion processes without 
having to satisfy the strict conditions imposed by 
phase-matching conditions. The above discussion 
clearly illustrates some useful effects of the SRS in 
optical fibers. On the other hand, the SRS may 
represent a drawback for some optical communi- 
cation systems, as we discuss below. 

Let us consider a pump wave injected in the fiber at 
frequency wy, The total electric field in the fiber may 
be written as follows: 
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where A is a slowly varying field envelope. By 
expanding the wavevector ky of the electric field in 
a Taylor series around wp, the amplitude A of the 
electric field is found to satisfy the generalized 
nonlinear Schrédinger equation (NLSE): 
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In eqn [3], C)=—-7.9X10™ ps, C)~—1.28x 


10*ps?, C;=9x10~Sps?, and the parameter p, 
which measures the fractional contribution of Raman 
effects to the total nonlinearity, is ~0.18 for standard 
silica fibers. 

When the wave propagation involves only a 
relatively small frequency range around the pump 
frequency (less that 1THz) then only the term 
proportional to C; in eqn [3], i.c., the leading term 
of the Raman contribution, plays a significant role. 
Most high-capacity transmission systems using a 
single channel fall into this situation, as long as 


picosecond pulses are used. The term proportional to 
C, induces a continuous frequency shift of the pulse 
frequency, as a result of a small transfer of energy 
from higher- to lower-frequency waves. This pheno- 
menon, known as the soliton self-frequency shift, 
constitutes one of the undesirable effects of SRS in 
optical communications. 

On the other hand, when the wave propagation 
involves a relatively large frequency region (of the 
order of a few THz), then higher-order terms that are 
proportional to C; and C; begin to play a significant 
role. In particular, the term proportional to C; 
indicates a strong transfer of energy from higher- to 
lower-frequency waves. In optical communications, 
this effect causes higher-wavelength channels of 
wavelength-division multiplexing systems to be 
amplified while depleting the lower-wavelength 
channels. This effect can be reduced by using filters 
and more amplification to compensate for the 
depletion at lower wavelengths (but this is achieved 
at the expense of a degradation of the signal-to-noise 
ratio). 


Stimulated Brillouin Scattering 


In optical fibers, the SBS occurs at input power le 
that are much lower that those needed for SRS, and 
manifests itself through the generation of a back- 
ward-propagating Stokes wave. Although SBS is not 
(strictly speaking) a parametric process, the gener- 
ation of the Brillouin Stokes radiation is commonly 
described as a parametric interaction between the 
pump wave, the Stokes wave and an acoustic wave 
(material wave). Indeed, one assumes that the 
annihilation of a pump photon creates simul- 
taneously a Stokes photon and an acoustic phonon, 
with the following conservation laws for the energy 
and the momentum: 


Dy = wy i 


Kn = ko — ky (5] 


where «ay and w, are the frequencies, and kp and k, are 


the wavevectors of the incoming and Stokes waves, 
respectively. Then, assuming Ik,| ~ Ik|, the acoustic 
wave is found to satisfy the following dispersion 


relation 


Op = Kyu = 2vikolsin(o/2) (6) 
where v is the phase velocity of the acoustic wave, and 
@ is the angle between the pump and Stokes 
wavevectors. As eqn [6] shows, the frequency shift 
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Mp depends on the scattering angle. Oy isa maximum 
for ic. in the backward direction) and 

=0 (forward direction). Thus, 
although eqn [6] predicts that Brillouin scattering 
should not occur in the forward direction, spon- 
taneous Brillouin scattering can occur in the forward 
direction in optical fibers. But this phenomenon is 
quite negligible. In optical fibers, SBS occurs 
mainly in the backward direction with a frequency 
shift given by 


15 = Mylar) = Qvlkol = Ingvldy 71 


where mp is the refractive index and Ay is the 
pump wavelength (incoming wave). In silica fibers, 
v~6kms"! and my ~ 1.45; which leads to 1 ~ 
10GHz at dp=1.55 um. Thus, the Brillouin 
frequency shift is smaller by three orders of magni- 
tude compared with the Raman frequency shift 
(=13 THz). The amorphous nature of fused silica 
leads to a Brillouin-gain coefficient Gp(x) which 
extends over a frequency range of = 10 MHz, with 
a peak value at v= vp. The Brillouin gain can be 
approximated by a Lorentzian profile given by 


(Ani2? 
Ga(v) = ———_—_,,, G ), 
8) ae + ama OM 
ne [8] 
2amnipin 
Gal) = Sa 
BOW TEA, 


where Avy is the full width at half maximum, py) is 
the clasto-optic coefficient and dp is the material 
density. 

The Brillouin gain has been exploited to develop 
fiber-Brillouin lasers. Such lasers are obtained by 
inserting a piece of fiber inside a (ring or Fabry- 
Perot) cavity. Another useful application of the 
Brillouin gain of an optical fiber lies in the 
amplification of a weak signal. Fiber-Brillouin 
amplifiers allow one to amplify signals with a 
frequency shift that corresponds to the Brillouin 
frequency shift 7p. Fiber-Brillouin amplifiers can 
provide up to 40 dB gain at pump powers of a few 
milliwatts. But the bandwidth of such amplifiers is 
relatively narrow. 


Conclusion 


In fact scattering phenomena can be beneficial as 
well as detrimental for optical communication 
systems. If signals are transmitted in a commun 
cation channel with a power above the threshold of 
a given scattering phenomenon, this phenomenon 


will induce a transfer of energy from the signal to 
the Stokes radiation. The resulting signal depletion 
would then require more amplification. In multi- 
channel communications, the SBS (SRS) can induce 
cross-talk between two bidirectional channels if 
their frequency separation happens to be close to 
the Brillouin (Raman) shift, ~10 GHz (~13 THz). 
However, those undesirable effects can be avoided 
by inline control techniques for pulse transmission 
in fiber-optics communication systems. On the other 
hand, the Raman and Brillouin effects are useful for 
generating light at new frequencies as well as for 
amplifying weak light signals. In particular Raman 
amplifiers are one of the key devices for high-speed 
telecommunication systems. 
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Group velocity dispersion coefficient By [ps? km™! = 


10°73 m !] 
Nonlinear parameter y[W~! m=] 
NLS (E): nonlinear Schrodinger (equation) 
Optical intensity J [GW cm 10° W cm] 
stimulated Brillouin scattering 
SRS: stimulated Raman scattering, 
WDM: wavelength division multiplexing 


Fiber and Guided Wave Optics: Light Propagation; 
Nonlinear Effects (Basics). Optical Amplifiers: Raman, 
Brilouin and Parametric Amplifiers. Solitons: Soliton 
Communication Systems. 
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rated circuit> analog > solid-state relay 


solid-state relay from finding zero voltage across 
its output terminals, and consequently the solid- 
state relay won't switch its output. 


Relay Turns On but Won't Turn Off 
When a solid-state relay controls a relatively 
high-impedance load such as a small solenoid 
(see Volume 1) ora neon bulb (see Chapter 19), 
the relay may switch the device on but will seem 
unable to switch it off. This is because the leakage 
current of the solid-state relay, in its “off” state, 
may be just enough to maintain the load in its 
“on' state. 


Ifan SSR containing a triacis used erroneously to 
switch DC, it will not be able to switch off the 
current. 


Relays in Parallel Won't Work 

Two solid-state relays usually cannot be used in 
parallel to switch twice as much current. Because 
of small manufacturing variances, one relay will 
switch on a moment before the other. When the 
first relay is on, itwill divert theload currentaway 
from the second relay, The second relay needs a 
small amount of current on its output side, to 
function. Without any current, it will not switch 


What Can Go Wrong 


on. This means the first relay will pass the total 
current without any help from the second relay, 
and will probably burn out, while the second re- 
lay does nothing. 


Output Device Doesn't Run at 

Full Power 

A solid-state relay imposes a voltage reduction 
onits outputside. This will bea fixed amount, not 
a percentage, When switching 110Y, this differ- 
ence may be negligible; when switching 12V, it 
may deliver only 10.5V, which represents enough 
ofa drop to cause a motor or a pump to run no- 
ticeably more slowly. The internal switching de- 
vice inside the relay (MOSFET, triac, SSR, or bipo- 
lar transistor) will largely determine the voltage 
drop. Check the manufacturer's datasheet before 
using the relay. 


Solid-State Relays and 
Safety Disconnects 

Because a solid-state relay always allows some 
leakage inits “off” state, itcan still delivera shock 
when used to switch high voltages. For this rea- 
son, it may not be suitable in a safety disconnect. 
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Lord Rayleigh (John William Strutt) 
(1842-1916) 


In the nineteenth century, Lord Rayleigh offered the 
first explanation for the sky’s blue color (on a clear 
day!). From Rayleigh’s initial theory, representing a 
simplification of Maxwell’s electromagnetic theory 
for the case of particles very small compared to the 
wavelength of the incident light, the theory was 
extended to describe the scattering of light by larger 
macromolecules in solution. 

Scattering theory has played a central role in 
twentieth-century mathematical physics. From 
Rayleigh’s explanation of why the sky is blue to 
modern medical application of computerized 
tomography, has attracted both scientists and 
mathematicians for over a hundred years. Scattering 
theory is concerned with the effect an inhomo- 
geneous medium has on an incident wave. 
In particular, if the total field is viewed as sum of 
an incident field and a scattered field, then the direct 
scattering problem is to determine the scattered field 
from a knowledge of the incident one, obstacle 
properties, and the equations governing the wave 
motion. In contrast, the inverse scattering problem 
consists of reconstruction of the inhomogeneity from 
the knowledge of asymptotic behavior of the 
scattered field. An everyday example is human 
vision: from the measurements of scattered light 
that reaches our retinas, our brain reconstructs a 
detailed three-dimensional map of the world around 
us. In summary, the task of direct scattering theory is 
to determine the relation between the incident and 
scattered waves. The task of inverse scattering theory 
is to determine properties of the obstacle. 

Light propagating can be described in terms of an 
electromagnetic field, which is composed of two 
related vector fields, the electric and the magnetic 
fields. This means that the vectors of electric (E) and 
magnetic (H) field have values defined at each point in 
space and time. The vector fields E and H interact 
through the material parameters: electric permittivity 
e and magnetic permeability y. The behavior of 
electromagnetic fields can be described by Maxwell’s 
equations. 


Maxwell Equations. James Clerk 
Maxwell (1831-1879) 


Consider the electromagnetic wave (light) propa- 
gation in a homogeneous, isotropic medium with 
electric permittivity e > 0, electric conductivity o= 
0, and magnetic permeability 4 > 0, containinga local 
obstacle. We assume that = 0 outside an obstacle. If 
J is a current density, the electric field E(x, 1) and 
‘magnetic field H(x,1) satisfy the Maxwell equations: 


vxhan + ne, n=0 
fe 
Vx Ale.) — 


Also, in an isotropic conductor, the electric field 
satisfies Ohm’s law: 


oF(x,t) = ]ex,t) red] 

The speed of wave propagation for the electric and 
magnetic fields is c= Iyeq and in free space c= 
WU Jegpm = 2.99792458 x 10° m s~!. Assume that the 


electromagnetic field is time-harmonic, i.e., of the 
form: 


i 1 
Eqx,t) = L BG ™ 
a 
: BI 
A.) = Hee" 
is 


where w > 0 is the frequency. Many phenomenon of 
light scattering can be described based on monochro- 
matic wave propagation. Let us consider a local 
obstacle occupying a bounded domain D. Inside the 
obstacle we introduce relative complex permittivity: 


e 2(e+i2) 14) 


Then E(x) and H(x) obey the time-harmonic 
Maxwell equations: 


Vx E(x) = jkH(), 


Vx Hos) = 


jkeE(x) [5] 
where k? = eguow”, 


Helmholtz Equation. Herman Ludwig 
von Helmholtz (1821-1894) 


A wave equation for vector E can be readily derived 
from the Maxwell equations. We obtain: 


(V? + k(x) = 0 (61 
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This is known as the homogeneous Helmholtz 
equation. A general planewave solution of the 
equation can be written as 


E(x) = Ey el** 71 


here Eo is a constant vector independent of spatial 
coordinates and k-% is_a scalar product of the vectors 
(x1.22,%3} and k= {ke1,ky,k3}, the so called 
wavevector. Equations [6] and [7] yield the dispersion 
relation: 


B= equ +B4K [8] 

For a given & vector, a constant phase front is 
determined by £-% = const, which indicates that the 
front is perpendicular to the wavevector. So, the phase 
front is a plane and the amplitude of the electric field 
oon the plane is a constant. 

‘The Maxwell equations for the plane wave solution 
become: 


EXE) =k), Ex Ha) = 


RH=0 


ok 


Therefore, vectors E and H belong to the constant 
phase plane perpendicular to vector & and are 
orthogonal each other. 


Poynting’s Vector. John Henry 
Poynting (1852-1914) 


For time 


lependent fields, the Poynting vector is 
introduced as 


Sixt) = Eta.) x He,t) [0] 
It is interpreted as the power flow density with the 
dimension of watts/m?, The time-average Poynting’s 


vector power density is given by 


Lite 
(= Ff Seoae uy 
For the time-dependent planewave fields: 
E(x,t) = Ep cos(k-% — wt) 
(12) 


Fix, t) = Hy cos(k-% — wt) 


The vector Poynting’s power density shown in eqn 
[10], accepts the form: 


Six, t) = IBp!? cos*(h-3 — ot) U3) 


‘The time-average vector power density gives 


2 di cf 
Ge.) = 51Bal® 14) 
which shows that Poynting’s power density is also 
propagating in the direction of the wave vector & 


Boundary Conditions 


Let us consider a bound obstacle D; with a 
smooth closed surface $. The Maxwell eqn [5] 
has been written in differential form. It must be 
supplemented with boundary conditions enforced 
at the obstacle surface. The boundary conditions 
can be derived from the integral form of 
Maxwell equations. The field vectors E, Hare 
assumed to be finite but may be discontinuous 
across the obstacle surface S. In cases where there 
is no surface current density (which is so for a 
perfect conductor) the boundary conditions accept 
the following form: 


U5} 


AXE, -E)=0, Ax, -H)=0 
where subscripts i and e correspond to the total 
fields inside and outside the obstacle, respectively, 
and fi is unit outward normal to S. Essentially the 
boundary conditions state that tangential com- 
ponents for electromagnetic fields are continuous 
across the boundary. 


Silver-Milller Radiation Conditions 


Analysis of a direct scattering problem on a local 
obstacle involves Maxwell eqn [10] and boundary 
conditions as in eqn [15] and some infinity con- 
ditions, which provide the uniqueness of the scatter- 
ing problem solutions. Let us assume that a local 
obstacle is excited by an incident electromagnetic 
field (Ep, Ho), given as entire solution to the Maxwell 
equations. Total field outside the obstacle can be 
represented as 


E,=E)+E, H,=Hy)+H, 16) 


where scattered field (E,,H,} in the exterior domain 
D,=R°ND, satisfies the Silver-Miller radiation 
conditions: 


DHE 
i lxel — 00 71 
Axe-H=o(d) 


uniformly for all directions x/le! 
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Scattering Amplitude 


The following result is valid: every radiating solution 
{E,,H,) to the Maxwell equations has the following 
asymptotic form: 


il 
B@= 5 {rac +of 
18] 
its 
109 2 few 0 


where the vector functions Ex and Ha defined on the 
unit sphere w € M=(0 = 0= m0 = g =2n} are 
known as the electric far field pattern (scattering 
amplitude) and magnetic far field pattern, respect- 
ively. They satisfy: 


19) 


with the unit outward normal # on Q The latter 
means that E,, and H. have only tangential 
components at the unit sphere. 

Far field pattern represents real value analytic 
functions on a unit sphere. Reillich’s lemma 
establishes one-to-one correspondence between 
radiating electromagnetic field and their far field 
pattern. It means that there exists only one 
scattered field (E,,H,) corresponding to a given far 
field pattern E., 


Reciprocity Relations 


Examine the set of far field pattern corresponding to 
the scattering problem including: Maxwell eqn [5], 
boundary conditions in eqn [15], and radiation 
conditions in eqn [17] at the infinity for the scattered 
Let the incident electromagnetic field is given 
by the planewave: 


Eg(x) = 2) eM, Hy) = Rx ep el [20] 
where 0 is a unit vector giving the propagation 
direction and @) € R° is a constant vector responsible 
for the polarization. From the previous consideration 


one can see that: 


itt 


Eye: aS feaconins +0 


Furthermore, the following reciprocity relation for 
the scattering amplitude holds: 


Try Eso: Reg) =Bo-Eoa( —Ri— hg) 


for all vectors w,@€Q and Wéy.h) ER? 
Optical Theorem 
Far field pattern enables us to evaluate scattering 


cross section, which is defined as 


a= Ja B(@) ide 122) 


For the planewave given by eqn [20] and excitation of 
nonabsorbing obstacle (c= 0), the following relation 
holds: 


a, = “2 im(E.()%0) 


E 


This is so-called optical theorem. 


123] 


Huygen’s Principle (Green’s Theorem). 
Christian Huygens (1629-1695) 


‘The Huygens’ principle shows that a wavefield on the 
surface determines the wavefield off the surface. Let 
us introduce the scalar Green’s function which 
satisfies the Helmholtz equation: 


(V? + FP )g(x, y) = —8( = y) [24] 


where (x — y) is the Dirac delta function. For three- 
dimensional problems, the scalar Green’s function 
g(x,y) for isotropic media accepts the form: 


125] 


Let electromagnetic fields {E,,H,} be a radiating 
solution to the Maxwell eqn [5] in D,. Then for any 
x € D, we have the Stratton—Chu formulas: 


Eo) = Vx) eons, XE,O)ds, 


k 
Hw= Vx{ aeons, xH,()ds, 


+ EPH eons, XH,(y)ds, 
[26] 


~prxrx{, gC.) XEQ)ds, 
here S is a smooth closed surface, and i is the 
unit normal vector to § directed into D.. Similar 
relations are valid for an electromagnetic field 
inside a bounded domain D,. The Stratton—Chu 
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formulas are extensively employed to construct 
boundary integral equations for scattering problems 
investigating. 


Homogeneous Obstacle 


Consider a mathematical statement of the scattering 
problem by a bound homogeneous obstacle. Let 
external excitation be a planewave (Eo,Ho}: (eqn 
[20}). In this case the boundary-value scattering 
problem can be formulated in the form: 


VXE,(x) = jkH(x), VX H,(x) = —jke E(x), 
x€ Dy t=ie 
IX (E+E) = PRE, ey 
3x (H, +H.) = 7XHy on S 
x 1 
TX Het Ee (a) lxl + 00 


where e¢=1, ¢,=e and (Ee,H.} corresponds to 
scattered field. For a smooth surface and the case 
Im e = 0, the problem has a unique solution, 


Lippman-Swinger Integral Equation 


Assume we deal with the local inhomogencous 
obstacle that can be described by dielectric permit- 
tivity e(x), which is a continuous complex-valued 
(Im e(x) = 0) function in D,. The correspondent 
scattering problem can be formulated as below in 
eqn [29]. In this case, the boundary-value scattering 
problem can be reduced to the solution of the 
Lippman—Swinger integral equation 


Ew 


By +VXVX] gush) — 1) 


X Edy, x €D, 28] 


Volume integral eqn [28] is equivalent to the 
corresponding scattering problem. Once the solution 
is found, the associated scattered field outside the 
inhomogeneous obstacle can be represented as 


E(x) = VxVx fe ge, IR *(e(y) — 1) 


XEQ)dy, xD, 29 


‘The Lippman—Swinger integral equation plays an 
important role under analysis of a wave scattering by 
local inhomogeneous obstacle. 


Born Approximation 


In the case where k*le(x) — IlmesD, <1, or wl 
the second term on the right-hand part of the 


Lippman-Swinger integral eqn [28] is small com- 
pared to the first term, one can write E\(x) ~ E(x). 
Then the scattered field can be approximately 
evaluated as, 


Eo) = vxvxf, ge, EEC) — 1) 


XEyo)dy, x ED. [30] 
The above representation for the scattered field is 
known as the first-order Born approximation. It is 
also the first-order approximation in the Neumann 
series for the integral eqn [28]. The Born approxi- 
mation plays an important role in diffraction 
tomography. 


Rayleigh Scattering 


Rayleigh scattering characterizes the scattering of 
electromagnetic waves by particles much smaller then 
an exciting wavelength. Consider a spherical particle 
with constant permittivity ¢ and radius a deposited 
at the origin of a coordinate system. Let linear 
polarized planewave be incident upon the particle 
E,(x) =2, eM, and @, be unit vector Cartesian 
coordinate system. It is polarized in x-direction and 
propagates along z-axis. In this case, for the scattered 
intensity, we g 


Bu 


CN ie" ae 
=) ea 


wher 


¢ r is distance from the origin and 9 € [0, 7] 
Corresponding scattering cross-section is. calcu- 
lated as 


8m(e-1) p46 
S (Ea) 


Thus the total scattered power is proportional to the 
fourth power of the wave number (minus fourth 
power of the wavelength — Rayleigh’s Law). The 
scattered power is also proportional to the sixth 
power of the radius. 


12] 


Mie Scattering 


The Mie theory is a complete mathematical- 
physical theory of the scattering of electromagnetic 
wave by homogeneous spherical particles, developed 
by Gustav Mie in 1908. In contrast to Rayleigh 
scattering, the Mie theory embraces all possible 
ratios of the particle radius to wavelength. It relays 
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upon the exact solution to Maxwell equation for 
spherical homogeneous obstacle with planewave 
excitation. In the frame of Mie theory, the scattered 
field is represented as an infinite series of fields of 
spherical multipoles, which are orthogonal at a 
sphere surface. Mie solution plays an. important 
role in light scattering by clouds of particles. 


Scattering: Raman Scattering; Scattering from 
Surfaces and Thin Films; Scattering Phenomena in 
Optical Fibers; Stimulated Scattering, 


Stimulated Scattering 
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Laboratory, Washington, DC, USA 
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Scattering of light involves conversion of an incoming 
light wave in one mode to an outgoing wave in a 
different mode. Scattering can involve changes of 
wavelength, direction, and polarization, and can 
occur in all types of materials. Without scattering we 
would not be able to see objects in the world around 
us. Scattering processes involving particular physical 
interactions are often given distinctive names. Fam- 
iliar examples include Rayleigh scattering from the 
random distribution of air molecules, which makes 
the sky blue, and Tyndall scattering from small 
suspended particles, which makes the sunset red. 
Other types of scattering, e.g., Raman, Brillouin and 
Rayleigh-wing scattering, are important spectroscopic 
tools that provide insight into atomic and molecular 
properties. In their most commonly encountered 
form, where the intensity of the scattered light is 
proportional to the intensity of the incident light, the 
scattering processes are termed spontaneous. With 
the intense radiation provided by lasers, however, the 
intensity of the scattered light can grow exponentially, 
and the processes are termed stimulated scattering. 
Stimulated scattering is a subset of the larger 
discipline of nonlinear optics. The term was first 
used to describe nonlinear optical interactions (e.g. 
Raman, Brillouin, Rayleigh) in which the intensity of 
the scattered light grows exponentially, in a manner 
similar to the exponential growth of light intensity 
associated with lasers. These interactions involve 
exchange of energy with a second mode that is an 
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internal mode of the scattering medium, and the 
scattered light wave is at a different wavelength from 
the incoming light. The use of the term stimulated has 
subsequently been expanded to include a wider class of 
nonlinear optical interactions, such as parametric 
fluorescence or certain aspects of self-focusing, in 
which the second mode is itself a light wave, with 
cithera different frequency or direction of propagation 

In the wider sense, scattering of light occurs 
through interaction of the incoming light wave with 
an ‘idler’ mode in a material. Stimulated scattering 
occurs when the idler mode is itself driven by 
interference of the incoming and scattered light 
waves. Under these circumstances, exponential 
growth of the scattered wave results. Depending on 
the interaction, the idler mode may be an internal 
mode of the material or another light wave. Most 
linear scattering processes have stimulated counter- 
parts. However, there are stimulated scattering 
interactions that have no spontaneous analogs. 

The elements of stimulated light scattering can be 
summarized mathematically as follows. The scatter- 
ing process is modeled as an incoming laser or pump, 
an outgoing scattered wave and an idler mode. The 
interaction of the laser with the idler mode to produce 
the scattered light wave is described by the equation 


Ase.t+ Aas Dab 


where Agand A, are the slowly varying amplitudes of 
the scattered and laser light waves whose electric 
fields are defined as 


[Acqyellosut-Asuel + ccf 21 
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‘xy is the frequency of the scattered (laser) light, 
ksi) is the corresponding wavevector, « is a coupling 
coefficient, cc denotes complex conjugate, and b is the 
amplitude of the idler mode given by 


+ect BI 


‘The interaction of the laser and scattered wave to 
drive the idler mode is described by the equation 


L£(b') = KAAS [41 


{oe ant hye| 


where £ is a differential operator that describes the 
dynamics of the idler mode, e.g., a damped oscillator 
or a propagating wave, and x’ is a second coupling 
coefficient. For the class of stimulated processes that 
involve excitation of an internal mode of the medium, 
Chas the form 


Is] 


where T> is the damping time of the coherence of the 
internal mode. When interaction times are long 
compared to internal response and decay times, 


bY ~ KARAS 
and the scattered wave obeys an equation of the form 


Hagen = FIA Ase.0) 


which has an exponential-gain solution for the 
scattered wave intensity: 


Is, 0) = 150, He" 


When the idler mode is a light wave, as in stimulated 
parametric fluorescence, [4] has the same form as [1] 
and they can be solved as a coupled pair, leading to 
transcendental or hyperbolic solutions. Within the 
framework of nonlinear optics, interactions of these 
types can be expressed as arising from a nonlinear 
optical polarization, which forms the right-hand side 
of [1]. The dynamics of the nonlinear polarization are 
then described by [4]. 

Stimulated processes are often associated with 
pumping thresholds. When these processes are con- 
figured with cavity resonators, they possess a 
threshold in pumping intensity just as with lasers or 
other oscillators. When they are operated in single or 
multipass scattering cells, they have no true threshold. 
However, they still have a practical useful threshold 
when the growth from quantum noise raises the 
scattered signal to a level comparable to the pump. By 
convention, this is taken to be the incident light 
intensity at which the scattered intensity reaches 
approximately 1% of the pump intensity, typically 


involving gains of the order of e7-e°°, At this level, a 
small increase in pump intensity raises the scattered 
intensity to levels at which the pump starts to be 
depleted. 

‘Attenuation of the scattered light can be accounted 
for by replacing yg in the above expression by 
hg— a, where @ is the attenuation coefficient. 
Exponential gain is now experienced when the 
pump intensity exceeds the level given by 


Les 


This value can serve as an estimate of threshold 
pumping in cavity configurations, although in free 
propagation situations, net gain must still approach 
©? to exhibit threshold behavior, 

A list of stimulated scattering interactions is given 
in Table 1. 


Stimulated Raman Scattering 


Stimulated Raman scattering (SRS) involves conver- 
sion of an incoming light wave at one frequency, 
termed the laser or pump wave, into a scattered 
wave of different frequency, along with excitation or 
de-excitation of an internal mode of the medium, 
The frequency difference between the pump and 
scattered waves is equal to the frequency of the 
material mode and is characteristic of the material, 
When the frequency of the scattered wave is lower 
than that of the incident wave, the scattered wave is 
termed a Stokes wave, and the internal mode of the 
medium is excited in the scattering process. When 
the frequency of the scattered wave is higher than 
that of the incident wave, the scattered wave is 
termed an anti-Stokes wave, and the internal mode 
of the medium is de-excited in the scattering 
process. 

‘The internal mode of the medium that is involved 
in Raman scattering is a nonpropagating collective 
mode. Many different types of internal modes in all 
types of materials can be involved in Raman 
scattering. Examples include molecular vibrations 
and rotations in gases, liquids, or solids, electronic 
states that are of the same parity as the ground 
state in gases or solids, optical phonons or 
polaritons in solids, and Langmuir waves in 
plasmas. Raman frequency shifts can range from 
tens of wavenumbers for lattice vibrations to tens 
of thousands of wavenumbers for electronic 
transitions. 

Spontaneous Raman scattering was first described 
theoretically by Smekal in 1923 from a quantum 
mechanical study of light scattering, and was 
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Table 1 List of stimulated scattering interactions 


‘Stimulated scattaring process 


Internal material mode 


Light mode change 


‘Stimulated Raman scattering 


"Nonpropagating internal energy mode: 
‘molecular vibrations and rotations, 


Change in wavelength, polarization, 
direction 


‘same parity electronic states, 
‘optical phonons and Langmuit 


‘Stimulated Brillouin scattering 


‘Stimulated Rayleigh scattering 


Propagating sound waves 


‘Temperature and density fluctuations 


Change in wavelength, polarization, 
and direction 
Change in direction 


‘due to light absorption 


‘Stimulated Rayleigh wing scattering 
fluctuations 

‘Stimulated concentration scattering 
‘gas mixtures 

Photoretractve stimulated scattering 

‘Stimulated Thomson/Compton scattering 


‘Stimulated parametric fluorescence 


Sal-focusing 


Molecular distribution and orientation 

Fluctuations of concentration in 

Diffusion of photo-excited cartirs 

‘Momentum changes in bunched 
fee electrons 

Nonrasonant nonlinear polarization 


Nonresonant nonlinear polarization 


Change in wavelength and 
direction 
Change in direction 


Change in direction 

Change in wavelength and, 
direction 

Change in wavelength and 
direction 

Change in direction 


demonstrated experimentally by Raman, and 
shortly after by Landsberg and Mandelstamm in 
1928. Stimulated Raman scattering was first 
observed in 1962 by Woodbury and Ng, and 
Eckhardt et al. soon after the development of 
pulsed lasers. 

Stimulated Raman scattering can be observed in 
many different configurations including cavity reso- 
nators, single or multiple-pass generator cells or 
amplifiers. It can be observed as forward scattering, 
with the scattered light propagating in the same 
direction as the pump light, or backward scattering, 
with the scattered light propagating in the opposite 
direction to the pump light. Its most widespread use is 
for generation of coherent light at frequencies 
different from the pump light. Other applications 
include phase conjugation, optical gating, beam 
cleanup, and pulse compression. 

‘The equations describing SRS when depletion of 
the pump light and diffraction of the optical beams 
are neglected a 

)- N 


aor mY i a . mn 
ap tho ran(38) 4 (71 


Oe Uys 
Here As and Ay are the slowly varying optical field 
amplitudes of the Stokes and laser waves as given in 
[2], ws are the optical frequencies, ksuy are the 
corresponding k vectors, vsi_) are the group velocities, 
and Q is the amplitude of the idler mode, in this 


case the normal mode coordinate of the material 
excitation, defined by: 


1 tk) 
QWuy.z=F (Oley, ze “4ec) [8] 


(@alaQ)s is the Stokes hyperpolarizability, a= 
‘ ~ 6x is the Raman transition frequency, and ky 
is the & vector of the material excitation. The 
¢ matching relation ks= ky — ko is automatically 
fied for SRS because the material mode that 
is involved is nonpropagating. Tis the half 
width at half maximum of the Raman linewidth 
given by P= 1/T2, where T) is the dephasing time. 
N is the number of molecules in the ground state 
and m is the effective reduced mass of the material 


oscillation. 

When the fields are constant or vary slowly 
compared to the response time of the material, the 
Stokes intensity is given by 


Ig(@) = Ie(Qpel#7 191 


where the intensity Tis given by 


1 2 
Ly = 7 Cemsay20dlAsay!? 


and 


Na, aa 
i a used (10) 
8 > Tangy maneey (35 ) 
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where mi) is the index of refraction of the Stokes 
(laser) in the material and ey is the dielectric 
permittivity of the vacuum, 

The Stokes wave grows exponentially with zat a 
rate that depends on the pump intensity. If the Stokes 
wave becomes intense enough, its power can become 
comparable to that of the original pump wave. In that 
case depletion of the pump wave must be taken into 
account with an equation for the pump wa 
amplitude similar to [6]. The Stokes intensity is now 
given by 


T(Oe! 
2 EO) ioe 
@ 10) 


Is@) = ty 


which is valid when 1s(0) << I,(0). 

In the limit of strong interactions all of the laser 
energy can be depleted. The maximum Stokes energy 
is given by Is = I (os/a,), where as/a. is termed the 
Manly~Rowe ratio. The energy that is removed from 
the laser but not converted to Stokes radiation is 


transferred to the material. 

For each photon produced in the scattered wave, a 
corresponding quantum of energy is given to the 
material mode and a photon is removed from the 
laser. In principle, 100% of the laser photons can be 
converted to Stokes photons, but complete conver- 
sion is not achieved in practice. Photon conversion 
efficiencies greater than 90% have been reported in 
some pulsed laser experiments. 

SRS frequency shifts and gains of some materials 
are shown in Table 2. 

‘When pulses are used with durations comparable 
to or shorter than the response time of the material, 
ranging from picoseconds to femtoseconds 


Table 2. List of frequency shifts and gains of selected materials 
{or stimulated Raman scattering 


‘Material, 4, (om) ‘Shit (orn ') Gain (emia) 
Hz gas (20 atm), 532 4185 25 

Dz gas (60 atm), 532 2987 045 

CH (115 atm), 532 2913 1.28 

H,0, 694 3290 ong 

C82, 694 6556 28 

LINDO, 694 637 a4 

Ba(NOs), 582 1047 47 


Table complied in parts from: Kaiser W and Maior M (1972) 
Stimulated Rayleigh, Brilouin and Raman Spectroscopy. In 
‘Arecchi FT and Schuiz-DuBbois EO (eds) Laser Handbook, vol. 2 
pp. 1077-1150. Amstardam, The Netherlands: North Holland and 
Reintjes J and Bashkansky M (2001) Stimulated Raman and 
Brillouin Scattering. In: Bass M (ed.) Optical Society of 
“America Handbook of Optics, Ch. 18, 2nd ed., vol. IV, Now York 
McGraw-Hill 


depending on the material, the interaction is 
transient and the effects of the time derivatives in 
[6] and [7] must be accounted for. Under these 
conditions the Stokes intensity is given as a 
temporal integral with Bessel function dependence 
on the laser intensity. When the pulse duration is 
much shorter than the material dephasing time 
and the incident Stokes functional form is the 
same as the pump, the amplified Stokes intensity is 
given by the expression 


2 ! 
Is(z, venti wef (rd!) 12) 


where Ip is a modified Bessel function. In this 
regime, the Stokes intensity depends only on the 
integrated pump energy. The Stokes gain is reduced 
from its steady state value for pulses of constant 
intensity, but for pulses of constant energy the 
highest Raman gain is obtained in the limit of 
transient interactions. 

One of the most important applications of 
Raman scattering is the generation of new coherent 
waves at frequencies shifted from the pump. In this 
case, an incident Stokes wave is not supplied as the 
starting term in [9] or [12]. Rather, the process is 
initiated by the vacuum fluctuations in the Stokes 
and material oscillator fields. Quantum field crea- 
tion and annihilation operators must replace the 
classical field amplitudes of [6] and [7]. The 
intensity of the generated Stokes wave is given by 
the expectation value of the normally ordered 
number operator and in the extreme transient 
regime is given by: 


1 
IG.dr) = sy hos Gul (dri: 
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where A is the cross-sectional area of the interaction 
geometry. The Stokes light generated in this fashion 
has all the characteristics of amplified spontancous 
emission of lasers operated below threshold until 
the Stokes intensity becomes high enough to deplete 
the laser. 

The stochastic nature of the SRS quantum 
mechanical source is manifest in the macroscopic 
Stokes light when the Stokes generator is operated 
well below pump depletion levels. For a single 
spatial mode the probability density distribution of 
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Figure 1 SRS level diagram showing generation of multiple Stokes and anti-Stokes frequencies. 


the Stokes energy has the form of a negative 
exponential: 


w 


n= se 
PW) = of, 


Statistical fluctuations in pulse energy, spatial 
profile, pointing, and in the spectral and temporal 
structure of the Stokes signal have all been observed. 

If the intensity of the generated Stokes light 
becomes comparable to the pump intensity, it can 
serve as a pump wave for its own Raman interaction, 
producing a wave termed the second Stokes wave, 
shifted from the pump by frequency 2w,. If the 
process is driven hard enough third- and higher-order 
Stokes waves can be produced. 

In addition to the interaction between the pump 
and Stokes beams described above, stimulated 
Raman scattering can also involve an anti-Stokes 
wave whose frequency is given by was = a1 + oy 
The relationship of various Stokes and anti-Stokes 
waves is depicted in Figure 1. If a population 
inversion exists between the energy levels of the 
Raman process, then the anti-Stokes wave experi- 
ences exponential gain in a manner similar to that 
described above for the Stokes gain. 

When all the population is in the ground state, 
which is usually the case, the anti-Stokes wave has 
exponential loss. The anti-Stokes wave can still grow 
without population inversion if the phase-matching 
condition 


Ww). 


Ak = kys + hs — 2hy 


is approximately satisfied. Because of normal dis- 
persion in the material this condition is usually not 
satisfied for collinear beams. However, if the Stokes 


Figure 2 Phase matching diagram for Stokes-anti-Stokes 
coupling in a medium with positive dispersion, 


and anti-Stokes beams propagate at small angles as 
shown in Figure 2, then the phase-matching condition 
can be met. For angles near but not exactly at phase 
matching the anti-Stokes wave grows exponentially 
as part of a mixed Stokes/anti-Stokes mode with a 
gain given by: 


g= Ref ky —KylALP 
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At exact phase matching the interaction of Stokes and 
anti-Stokes waves serves to suppress the exponential 
gain of either wave. 

As with Stokes waves, multiple-order anti-Stokes 
waves can be generated. Stokes and anti-Stokes 
orders up to at least 13 have been reported. 


Stimulated Brillouin and Rayleigh 
Scattering 


Light scattering can also occur through. interac- 
tion with material density variations. Spontaneous 
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scattering through interaction with this type of 
internal mode produces a triplet of spectral lines. 
The up- and down-shifted lines are known as 
Brillouin anti-Stokes and Stokes lines, respectively, 
and are due to interaction with acoustic waves. The 
central peak is termed Rayleigh, or thermal Rayleigh 
scattering and is due to stationary density fluctu- 
ations arising from light absorption. A broad skirt 
around the central peak, which can be observed in 
anisotropic media, is due to the fluctuation of 
molecular distribution and orientation and is termed 
Rayleigh wing scattering. Each of these processes 
can give rise to stimulated scattering in the presence 
of intense radiation. 

Density fluctuations are induced directly by light 
intensity through electrostriction, and indirectly by 
temperature fluctuations when optical absorption is 
important. A general classical model of the inte 
action, including both electrostriction and absorptive 
heating effects, is described by three equations: 

‘The Navier-Stokes equation: 
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The continuity equation: 
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py+Ap, T=Ty+AT, v is the volume 
clement, v is the acoustic wave velocity, 5=Cy/Cy is 
the ratio of heat capacities at constant pressure and 
at constant volume, 7=(2n,+7g) where 7, is the 
shear viscosity and ny is the dilational viscosity, 
polae/dp)r, Ar and B are the thermal conductivity 
and thermal expansion coefficients, ¢ is the dielectric 
constant, and a is the linear absorption coefficient. 
E, is the pump field and Ewa is either the Rayleigh or 
Brillouin field. 


Equations [15] and [16] can be combined to 
climinate the v dependen 
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‘Together with the equations describing the effect of 
the medium on the optical fields [19a,b], this coupled 
set of equations describes simultaneously stimulated 
Brillouin and Rayleigh scattering: 


#) aa | [19b} 


where the slowly varying envelope approximation [2] 
is used for the waves described by A, Aws, Ap, and 
AT. The nonlinear polarization term is related to 
density and temperature wave amplitudes in the 
following way: 


20} 


Without the driving terms involving the optical fields, 
[17] and [18] describe broadband damped fluctu- 
ations in the variables Ap and AT. When the optical 
driving terms are included, resonant behavior 
emerges. Steady state solutions can be obtained 
assuming strongly damped material excitations, 
allowing neglect of Ap and AT derivatives. Separate 
contributions of the Rayleigh and Brillouin inter- 
actions to Ap can be identified: 


Rayleigh contribution: 


Apr 
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where y, is the absorptive coupling constant given by 


anv 
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The Brillouin contribution is: 
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In [21] and [22] the frequencies and wavevectors 
satisfy the following relations: 


1 =oRp tO (23a) 


ki=kenta [23b] 
where wy, is the incident laser frequency, wnye is the 
frequency of the scattered Rayleigh or Brillouin 
wave, and ky, kw are the corresponding wavevec- 
tors. Q and q are the frequency and wavevector of 
the density fluctuation, Equations [23a,b] can also 
be described as energy and momentum conserva- 
tion relations among incident and scattered pho- 
tons and a phonon in the quantum mechanical 
picture. 

‘The Rayleigh and Brillouin contributions exhibit 
resonant behavior at different frequency shifts. The 
Rayleigh contribution has its resonant frequency at 
Qq = 0, resulting in typical diffusion behavior. The 
Rayleigh linewidth I'p = 2Arq"/poCp is the inverse of 
the decay time of the isobaric density fluctuations. 
The Brillouin contribution has its resonance at a 
frequency shift given by 


= qv 


where v is the sound velocity. Thus at resonance the 
density fluctuations associated with the Brillouin 
effect correspond to sound waves. The Brillouin 
linewidth 


is the inverse of the phonon lifetime 7. 

In general Brillouin and Rayleigh interactions 
involve noncollinear scattering with the outgoing 
wave propagating at an arbitrary angle to the incident 
wave. In this case [23b] is a vector relation and the 
interaction geometry can be represented as shown in 
Figure 3. 

The resulting relations among the k-vectors and 
frequencies of the various waves can place restrictions 
on the values of frequency shifts that are observed 
under various circumstances, 

‘The coupled equations for the optical intensities in 
the steady state take the following form: 


dh. 


Swale ~ aly [24a] 
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Figure 3. SBS phase matching diagram depicting relations 
between laser, k., sound wave, qe, and Stokes and ant-Stokes, 
a, ky Kovectors. 


dla, 


2 
qi [24b] 
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where < is the direction of propagation of the 
incoming wave, ¢ is the direction of propagation of 
the scattered wave, and gre is the gain coefficient of 
the Rayleigh or Brillouin effect. Equations [24a,b] 
describe interactions that have exponential gain. 
Stimulated Brillouin and Rayleigh scattering can be 
used in both a self-generator and an amplifier mode, 
but are used most often in a self-generator mode. 
Because the frequency shifts are small in these 
interactions, the starting signals for self-generators 
are thermal excitations of the internal modes rather 


than vacuum fluctuations, 


Stimulated Brillouin Scattering 


Stimulated Brillouin scattering (SBS) occurs through 
interaction with acoustic waves in solids, liquids, 
and gases and with ion-acoustic waves in plasmas. 
The Stokes or anti-Stokes frequency shifts for SBS 
are much smaller than for SRS, with typical values 
on the order of 0.1-100 GHz, depending on the 
excitation wavelength and interaction geometry as 
well as on material properties. Because the internal 
mode in SBS is a propagating wave, the phase 
matching condition shown in Figure 3 places 
restrictions on the frequency of the sound wave 
that is involved at various scattering angles. SBS is 
used most often for pulse compression and for 
correction of phase distortion in propagating light 
beams through phase conjugation. Although SBS is 
normally associated with high-power lasers in 
laboratory experiments, it is also a major factor in 
limiting the intensity of low-power lasers that can 
be used in optical fibers because of the long 
interaction lengths. SBS is also a prominent source 
of damage in solids and crystals caused by high- 
power lasers. It can also be used for generation and 
study of coherent hypersonic waves. 
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The SBS gain coefficient has both electrostrictive 
and absorptive contributions, gy = gh +h where 
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The SBS gain from electrostriction has a maximum 
value of 


A ony Oy 1 
=a SP 127) 
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For this condition the interaction is with a sound 
wave in the material. The frequency of the sound 
wave, and the gain, depend on the angle hetween 
the incident and scattered light. Using the vector 
relation 


ky=k.-q 


depicted in Figure 3 and the approximations 
My << op, oy, [kyl = Iky| we obtain 


q = ky |sin(@2) (29) 
‘The Brillouin frequency shift is then given by 
Dy, = In, wy (w/e) sin( 6/2) (30) 
and the Brillouin linewidth is given by 
Th= 4 nay 
=T"sin?(@2) Bu 


‘The peak Brillouin electrostrictive gain is then given 
by 
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where we have used the approximation oy = 0, = 

‘The maximum electrostrictive SBS gain is inde} 
dent of the laser frequency because the Brillouin 
linewidth is proportional to the square of the laser 
frequency. 


As a function of angle the maximum Brillouin 
gain is usually observed in the backward direction. 
This is consistent with the form of the gain 
coefficient given in [32a], which indicates that the 
gain is proportional to sin(@/2). However, when the 
angular variation of the Brillouin linewidth is also 
accounted for, the gain coefficient is actually 
minimum in the backward direction [32b]. Typical 
laboratory experiments involve pencil-like geome- 
tries in which the interaction length is significant 
only in the backward or forward directions. In these 
situations, the total gain is actually maximum in the 
backward direction, where the interaction length is 
longest. Although the formulas appear to indicate 
that the gain goes to infinity in the forward 
direction, the damping time, which is proportional 
to Ty', also goes to infinity and the interaction 
hecomes transient. Under these conditions the gain 
parameter is proportional to sin(@/2) and the 
Brillouin gain goes to zero in the forward direction. 
Under some geometries Brillouin scattering at 90° to 
the laser can also be significant. It can be a source 
of damage to large glass components in high-power 
lasers. 

For thermal Brillouin scattering the gain has a 
dispersive shape centered on the frequency shift 
=O, with loss occurring on the low-frequency 
side and gain occurring on the high-frequency side, 
peaking at a frequency Q =, +Ty/2. The maxi- 
mum absorptive SBS gain depends on the laser 
frequency as." 

Table 3 shows representative values of the Brillouin 
linewidth and gain coefficients for a selection of 
substances. 

Brillouin-enhanced four-wave mixing is a related 
effect that involves both a downshifted wave and an 
upshifted wave in which the coherent interaction is 
enhanced by the resonance associated with the sound 
wave. Gains of the order of 10° can be realized. 
Systems based on this effect are often used for phase 
conjugation. 


Stimulated Rayleigh Scattering 


Stimulated thermal Rayleigh scattering (R) can be 
observed in liquids while Stimulated Rayleigh wing 
scattering (SRWS) is observed in liquids with 
anisotropic molecules. Additionally, stimulated Ray- 
leigh scattering due to fluctuations of concentration 
in gas mixtures can also occur. For R the internal 
mode obeys a diffusion equation. The R gain is 
given by 


Bx = 8k +g 
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Table 3 Propertos of stimulated Brillouin scattering for selected materials 


‘Substance “Laser wavelength (nm) Frequency shift (Ghz) Av (MHz) tw(ns) ga (em/GW) giv (emiGWy" 
Liquid 

Acetone 592 5.93 361 04g 129 22 
Benzene 532 333 515 ost 123 24 
cs, 592 77 120 19 130 20 
col, 592 572 890 oi a7? 13 
Chloroform 532 5.75 635 02517 

Ethanol 532 591 546 029012" 10 
Methanol 532 547 325 049106 13 
Water 532 74 607 026284 og 
Gas 

Xenon (7599torr) $32 0.654 + 0.024 e81=89 © O65\P 1.98 

‘SF,(20 bar) 1320 o2 35 

N2(100 bar) 1320 Os 20 

Solid 

BK7 532 34.65 = 0.039 215 

CaF: 592 37.164 + 1.185 an 

Plexiglas 592 15.687 + 0.036 253.7 = 12.6 

SiO, 488 356 156 4402 


“Absorplive maximum gain SBS values at 694 nm, with permission from Boyd RW (1992) Nonlinear Optics. Academic Press: New York. 
Reproduced from Reinijes J and Bashkansky M (2001) Stimulated Raman and Brillouin scattering. In: Bass M (ed,) Optical Society of 
‘America Handbook of Optics, Ch. 18, 2nd ed., vol IV. New York: McGraw-Hill 


where gk and gk are the electrostrictive and 
absorptive contributions given by 
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Both contributions to the STRS gain have dispersive 
forms. The electrostrictive contribution is maximum 
for a down-shifted wave with O=4T, 
Its maximum value scales linearly with laser 
frequency. For the absorptive process the gain 
depends inversely on the laser frequency, and is 
maximum for an upshifted wave with Q= —4T,. 
Table 4 shows representative values of the Rayleigh 
linewidth and gain coefficients for a selection of 
substances, 


Parametric Fluorescence 


Some types of stimulated interactions do not 
involve exchange of energy with the material. 
These include parametric down-conversion and 
self-focusing. In parametric down-conversion an 
incident wave at frequency ay. scatters into two 
longerfrequency light waves at signal and idler 
frequencies w, and w, They satisfy the frequency 


Table 4 Propertias of stimulated Rayleigh scattering for some 
materials at a wavelength of 694 nm 


‘Substance Calculated maximum steady stato —_Linewiath 
gain factor Si (M2) 
Biman) (emIMAW) gelmaxya (or) 

co, 2ex10* 082 7 

Methanol 84x10* 0.92 20 

cS: 60x10 0.62 38 

Benzene 22x10 0.57 24 

Acoton 20x10 0.47 21 

HO 02x10 0.019 275 

Ethanol 0.38 18 


Reproduced from Kaiser W and Maier M (1972) Stimulated 
Rayleigh, Blouin and Raman Spectroscopy. In: Arecchi FT and 
‘Schulz-DuBois EO (ods) Laser Handbook, vol. 2, pp. 1071150. 
‘Amsterdam, The Netherlands: North Holland. 


and wavevector relations 
w= 0,40, 
ky = het hy 


The equations for the waves are: 


where A, and A, are called the signal and idler 
fields. The solution for the signal field takes the 
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following form: 


A) = A,(0) cost inlay) 
510) sinh( Yin? lA, Pe) BSI 


where 
lal? = (wyen/4ngye2)IX2 


The stimulated parametric interaction provides 


gain for input signal_and idler waves. For 


large values of xl z the gain becomes 
exponential in character, similar to the gain in 
SRS and SBS. When no incident signals are 
supplied, the source terms in [35] are the vacuum 
fluctuations at the signal and idler frequencies. 
Stimulated parametric fluorescence is the basis for 
parametric oscillators that provide tunable coherent 
radiation over a wide wavelength range in the 
visible and infrared. 


Stimulated Photorefractive Scattering 


Stimulated light scattering also takes place in 
photorefractive materials. These materials include 
crystals such as LiNbOs, BaTiOs, Bir2SiOzo, and 
others. They possess a unique property of photo- 
induced index change with very low light inte 
sities. Some of the potential applications include 
real-time holography, information recording, phase 
conjugation, parallel signal processing, and ultra- 
fast optical gating. The nonlinearities leading to 
stimulated scattering are very large and can 
produce a significant gain in millimeter thick 
crystals. In order for amplification of scattered 
light to take place the nonlinearities have to have a 
nonlocal character due to diffusion or drift fields. 
Figure 4 shows a two-beam interaction effect in a 


Photoretractive 
crystal 


Signal 


ad 


Figure 4 Stimulated photorefractive scattering diagram show- 
ing incident pump and signal beams, amped signal beam, and 
an index grating formed in the photorefractive crystal 


[eer 


photorefractive medium leading to stimulated 
scattering. Solid lines represent intensity maxima 
of interfering light beams while dashed lines 
represent diffused index change maxima. The fact 
that the two do not overlap allows amplification of 
the signal beam, with the maximum gain occurring 
at w/2 phase shift. 


Stimulated Compton and Thomson 
Scattering 


Light scattering from free electrons is described by 
‘Thomson scattering in the low-energy limit, with a 
cross-section of (8m)/(3)\(e*V(4aeyme)*), and by 
Compton scattering in the relativistic limit. Stimu- 
lated Thomson or Compton scattering is the source 
of light emitted from free electron lasers. In these 
interactions, the electron scatters incoming radi 
ation in its rest frame to a backscattered wave. The 
ponderomotive force resulting from the interaction 
with the scattered waves increases the periodic 
electron bunching, which in turn increases the 
efficiency of scattering. In some cases, the incoming 
electromagnetic wave is provided by a microwave 
source, while in others it arises from a. static 
magnetic wiggler, which appears as an incident 
electromagnetic wave in the electron rest frame 
hecause of a relativistic Lorentz transformation. 


Free electron lasers are a source of tunable coherent 
radiation from the microwave region to the 
ultraviolet. 


Self-focusing 


In the presence of a strong laser field with intensity I, 
the refractive index of many materials changes 
according to the relation 


n=no+ml 


where mz is termed the nonlinear index. This change 
in refractive index gives rise to several effects, 
depending on the temporal and spatial properties of 
the light. In one type of interaction, a strong 
forward beam couples to two weaker beams that 
propagate at small forward angles, providing gain 
for the weaker beams. One of the weak beams 
interferes with the strong forward beam to form a 
phase grating through the nonlinear index, provid- 
ing gain for the second weak beam. The interference 
of the second weak beam with the forward beam 
forms a second phase grating, providing gain for the 
first weak beam, thereby completing the coupling 
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for the stimulated process. This effect is similar to 
Stoke/anti-Stokes Raman scattering, except that the 
coupling is between waves propagating in different 
directions rather than between waves with different 
frequencies. 

For interactions with an instantaneous relaxation 
time, the gain for waves propagating at a small angle 
to the forward direction is given by 


= SR 


where K, = VRE +& is the transverse wavevector, 
corresponding to the angle 


and 


Kay = 42 ng] 


is the largest transverse k-vector for which gain is 
observed. The maximum gain is given by 


K. 


Sonax = GE 


TE 


and occurs for an angle corresponding to 


= Kea 
Wr 


When the physical interaction that causes the 
refractive index to change with light intensity has a 
nonzero relaxation time, gain can be observe: 
angles larger than that given by Kmax. 

This stimulated fourphoton effect can be inter- 
preted as the initiating stage of self-focusing. In the 
self-focusing effect, a laser beam with a normal 
mode profile (more intense in the center than at the 
edges) creates a positive lens in the material, 
focusing the beam. As the beam intensifies, the 
power of the lens increases, causing the beam to 
focus more tightly and eventually coming to a 
catastrophic focus if other nonlinear effects do not 
limit the intensity. The four-photon stimulated effect 
described above results in the spread of k-vectors of 
the forward beam, corresponding to a reduction in 
its diameter. 

Self-focusing is responsible for breakdown and 
damage in many solids. Self-focusing in high-power 
lasers is commonly suppressed by restricting 


K 


transverse k-vectors to values well below those of 
maximum gain. 


Nonlinear Optics, Applications: Selt-Focusing and 
Related Erfects (Solitons and Multiphoton Absorption). 
Nonlinear Optics, Basics: Photorefraction. Scattering: 
Scattering Theory. 
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Introduction 


Amorphous semiconductors comprise several classes 
of materials having a range of useful properties that 
have made many of them commercially important. 
Their special characteristics are derived from the 
particular techniques used in their synthesis, and 
include the ability of some to change their structure 
under the influence of heat or illumination. Many 
are photoconductive, making them valuable for 
photodetectors when large area devices are required 
(e.g., xerography), or photovoltaic, hydrogenated 
amorphous silicon being widely used in thin-film 
solar cells. 

‘Amorphous’ means noncrystalline, thus encom- 
passing glassy materials and disordered covalent- 
bonded materials. Glasses, such as the amorphous 
chalcogenides (glassy sulfides, selenides, and tel 
urides), melt to viscous liquids when heated, 
whereas disordered semiconductors like amorphous 
silicon are metastable thin films that vaporize or 
crystallize when heated. Two other groups of 
glassy semiconductors, the _covalent-bonded 
I-IV-V, compounds and ionic-bonded oxides 


rostructures 


(e.g, V20sP20s) will not be discussed here. 
Amorphous organic semiconductors are receiving 
much interest now, because of their potential use in 
low-cost display devices, but are more logically 
treated as polymer materials. 

The following sections explain the main prep- 
aration methods and the structures that result, the 
importance of defects and the influence these have on 
optical and electrical behavior, and some of the most 
important applications. 


Amorphous Structure 


The common property that distinguishes all amor- 
phous materials from crystalline ones is the absence 
of long-range order in their atomic structure. These 
disordered solids have no periodic or translational 
symmetry. The term is sometimes loosely applied, and 
it should be noted that elements and compounds that 
are able to form several structures might contain 
different phases. An example is ‘hard carbon’ which 
in thin-film form may contain tetrahedral amorphous 
carbon and hydrogenated amorphous carbon, as 
well as microcrystallites of graphite and diamond. 
Interestingly, the prediction in 1989 by A.Y. Liu 
and M.L. Cohen, that crystalline cubic-C;N, would 
be even harder than diamond, has not been confirmed 
by experiment. Only a hard amorphous C.Ny has 
been produced, even by nitrogen ion beam assisted 
sputtering of graphite, which it was thought would 
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have provided sufficient energy to form the close 
C-N bonds. 

When the common crystalline semiconductors, Si 
and Ge, melt they become liquid metallic conduc- 
tors. This is because the solid is formed by 
directional covalent bonds that produce tetrahedral 
packing of the atoms. In the liquid the bonds are 
weakened and a closer packed structure found in 
metals results. However a less ordered atomic 
arrangement results from condensing vaporized Si 
or Ge on to a cold substrate. In this case the atoms 
cannot move into their preferred positions for either 
tetrahedral or close packing arrays and instead are 
frozen almost wherever they land. Nonetheless, the 
arrangement of atoms is closer to that of the 
tetrahedral crystalline semiconductor than that of 
the metallic liquid. The radial distribution function 
of an amorphous semiconductor provides the num- 
hers of atoms versus distance from an arbitrary 
atom. It shows that the nearest-neighbor distance is 
the same as in the equivalent crystalline material, 
although with some spread of values, but that the 
separation of atoms further away has a less well- 
defined value, Thus pure amorphous Si and Ge retain 
the directional covalent bonds between nearest 
neighbors but have distorted bond angles that 
make next nearest neighbors lie in different positions 
from the equivalent crystalline solid. Consequently 
there is only short-range order and the atoms form 
a continuous random network, a concept intro- 
duced by W.H. Zachariasen in 1932 for glasses. The 
deposition conditions generally lead to further 
disruptive effects that will incorporate small voids 
where the distortion is too large to allow a bond 
between atoms. These voids together with broken 
bonds give a defective network that is far from the 
ideal random tetrahedral ‘lattice’. 


Amorphous Semiconductor Energy 
Bands 


A frequently asked question is ‘Why can amorphous 
materials show semiconducting behavior? since they 
do not have the periodic structure that leads to the 
allowed energy band scheme in crystalline semicon- 
ductors. However, note that metals do not become 
insulators when they melt, demonstrating that 
electrical conductivity does not require a periodic 
atomic structure. In fact, electron energy levels in 
solids may also be derived by considering chemical 
bonds when discrete atoms are brought closer 
together, The valence hand in a semiconductor arises 
from the electron bonding orbitals and the conduc- 
tion band from the antibonding electron orbitals. 


The forbidden energy gap (bandgap) is the separation 
between these two bands, which are only partially 
filled in semiconductors at room temperature. Thus 
amorphous semiconductors will have bonding and 
antibonding energy bands, and a more or less 
well-defined bandgap according to the defect content. 

In fact, pure amorphous Si and Ge are extremely 
poor semiconductors due to an ill-defined bandgap 
and the large concentration of defects. Distorted 
bonds produce allowed electron energy levels that lie 
adjacent to the well-defined bands in crystals, 
producing tails of energy levels extending into the 
bandgap. Electrons that take up these ‘tail state’ 
energies are not entirely free to move through the 
solid but can only hop from one defective site to 
another. Additional defects arise from unsatisfied 
covalent bonds that ‘dangle’ in the spaces between the 
atoms. These produce electron energy levels within 
the forbidden gap (Figure 1). Indeed, their concen- 
tration is so high in amorphous silicon produced from 
a condensed silicon vapor, that they fix the position of 
the Fermi level at approximately the middle of the 
bandgap and the semiconductor has a high resistivity. 
The usual option of reducing a semiconductor’s 
resistivity by adding small amounts of dopants from 
adjacent columns of the periodic table has little 
effect in this case. A donor atom from group V 
(e.g. phosphorus) may have all five valence electrons 
satisfied by a locally distorted arrangement of silicon 
atoms, instead of having only four bonded electrons 
and a loosely bound electron as in crystalline silicon. 
A similar picture exists for an acceptor atom from 
group III (c.g., boron). 

Semiconductors containing group VI elements, 8, 
Se, or Te, have two-fold coordination instead of the 
tetrahedral arrangement of the group IV elements, Si 
and Ge. The bonding between atoms in the solid is 
formed from four of the six p-electrons, which give 
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Figure 1 Schematic density of states for hydrogenated 
amorphous silicon. 
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rise to the bonding and antibonding energy bands of 
the solid, and the two remaining p-electrons from 
each atom form a non-bonding ‘lone pair’. The lone 
pair energy band lies between the bonding and 
antibonding bands, and is the highest filled band in 
the solid, thus being the valence band. 

Just as in amorphous Si or Ge, dangling bond 
defects will have energies between the valence and 
conduction bands, but in lone-pair semiconductors 
such disturbed energy states will now produce energy 
levels that fall within the lone pair band instead of 
within the bandgap. This makes it difficult to dope 
chalcogenide semiconductors, especially by donors, 
since the additional energy levels often lie within an 
existing energy band. Similar considerations apply to 
ternary chalcogenide alloys: these will have lone-pair 
bands arising from the group VI element, with 
additional energy levels from the other components 
(eg., from group IV or V). However, amorphous 
chalcogenides will also contain three-fold coordi- 
nated chalcogenide atoms and these defects can 
associate in pairs or may interact with an adjacent 
two-fold coordinated atom. Defect centers with two 
oppositely charged chalcogens may form a ‘valence 
alternation pair’ (VAP). 

So it may be seen that the semiconducting 
behavior of solids arises from the nearest-neighbor 
interactions of the atoms giving rise to allowed 
electron energy bands, and that long-range order is 
not necessary to produce the semiconductor’s 
forbidden energy gap. Defects then produce loca- 
lized energy levels that usually lie within the 
forbidden gap. 


Preparation of Amorphous Silicon 


Despite the early use of selenium as a photoconduc- 
tive semiconductor in xerography, most amorphous 
semiconductors might have stayed as curious 
but technologically impractical materials, if an 
alternative preparation method to physical vapor 
deposition had not been discovered. 

In the 1950s the preparation of high-purity 
single-crystal silicon was not yet established, and 
work at Standard Telecommunication Laboratories, 
UK, was attempting to use radio-frequency heating 
to produce silicon from low-pressure silane gas 
(SiH). It was noticed that a side effect was a 
deposit of resistive, noncrystalline material on cool 
parts of the container, close to unwanted plasma 
‘glow discharges’. In following up this observation, 
the technique was developed to produce a variety 
of other useful compounds from electrical di 
charges in appropriate gas mixtures, particularly 


silicon nitrides and oxides. With new scientific 
interest in amorphous semiconductors, the silicon 
coatings from silane were examined in more detail, 
and were shown to be significantly different from 
amorphous silicon produced by evaporating and 
condensing silicon. This new form was very 
photoconductive and could be doped n-type by 
adding phosphine to the silane. A more detailed 
study of doping led to the seminal papers by W.E. 
Spear and P.G. LeComber of Dundee University, 
UK, and to an explosive growth in the whole 
subject, once the potential commercial applications 
became apparent. 

Despite many alternative synthesis methods, 
plasma chemical vapor deposition (CVD) remains 
the most widely used, and produces material that has 
not been surpassed in quality. The key features are a 
vacuum chamber into which a controlled flow of each 
of the gaseous sources is fed, and a heated plate on 
which the substrate is placed for coating. The 
decomposition of the gases is driven by an electrical 
discharge between two electrodes, which enables the 
gas temperature to be much lower than in conv. 
tional pyrolysis (thermal CVD). An important aspect 
of the process is the incorporation of hydrogen into 
the deposited material, which is thus more accurately 
known as hydrogenated amorphous silicon, a-Si:H. 
Inthe best material, hydrogen is mainly bonded singly 
as Si-H, but if the preparative conditions are not 
optimum then there may also be large amounts of 
H2 (as may be seen from the infrared absorption 
spectra). Alternative source gases usually contain 
hydrogen (e.g., SizH), and hydrogen may be added 
asa diluting agent for the doping gases (e.g., BaF or 
PHD). Other precursors include fluorinated gases, but 
these have failed to give the predicted improvements 
in performance of the semiconductor in such appli- 
cations as solar cells, and have greater chemical 
reactivity. 

Since silane is spontaneously flammable in air, 
and the dopant gases are not only flammable but 
also very toxic, efforts have been made to produce 
a-Si:H by other means. Sputtering from undoped or 
doped silicon targets has been a popular choice, but 
it is still necessary to incorporate hydrogen into the 
deposited material, for instance by adding it to the 
usual argon sputter gas. This is because hydrogen 
serves to passivate unsatisfied ‘dangling’ Si bonds 
and to reduce the stresses that would occur in a 
pure silicon network. Photo-CVD, using ultraviolet 
light to drive the reaction without raising the 
temperature, can produce high-quality material 
but has the problem of unwanted silicon deposits 
on the illuminated reaction chamber window. 
Although conventional silane pyrolysis is not 
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suitable for producing a-Si:H, because the tempera- 
tures needed for useful deposition rates also remove 
much of the hydrogen if the substrate is too hot, it 
is possible to heat the gas separately from the 
substrate by means of a hot filament and so 
produce good-quality films. 

Other hydrogenated silicon alloy semiconductors 
are synthesized by additions to silane of ammonia 
(giving amorphous silicon nitride, a-Si:N:H), or a 
hydrocarbon gas such as methane (giving a-Si:C:H), 
or germane (giving a-Si:Ge:H). 


Preparation of Amorphous 
Chalcogenides 


Unlike the tetrahedral group IV elements, useful 
members of this class of amorphous semiconductors 
may be produced by vacuum evaporation and 
condensation on to a relatively cool substrate. 
Compounds, such as As,Ses, do not evaporate 
congruently and so the deposit will change compo- 
sition as the evaporation proceeds. More uniform 
compositions may be obtained by sputtering with 
argon, and glassy oxides may also be obtained in this 
way with oxygen added to the inert gas. Chalcogenide 
glasses may also be prepared by rapid cooling from a 
melt, or by chemical vapor deposition from heated 
vapor precursors. Since glasses are thermodynami- 
cally unstable, they will tend to transform to a more 
stable, sometimes crystalline structure. The rate for 
this process depends on the temperature and may be 
effectively too slow to observe. 


Optical Properties of Amorphous 
Semiconductors 


Optical absorption spectra of amorphous semi- 
conductors clearly show a forbidden energy gap. 
By plotting a suitable function of the absorption 
coefficient, a, versus photon energy, hy, usually 
that given by J. Tauc, (abv)!®, the ‘optical gap’ 
may be determined from the intercept of the 
linear portion of the plot with the x-axis. Unlike 
crystalline semiconductors, amorphous ones have 
no k-selection rules to give indirect and direct 
transitions across the bandgap, thus a-Si:H behaves 
as a direct gap material. This ‘optical gap’ is 
greater than the bandgap determined from electrical 
conductivity measurements, since the latter will have 
contributions from both localized bandtail states 
(low electrical mobility) and extended states 
(high electrical mobility) (Figure 2). 

The absorption spectra also have a portion at lower 
photon energies having an exponential dependence 
on photon energy, known as the Urbach tail. This is 
related to the structural disorder in the material and 
the tail states. Transitions involving defect bandgap 
states lie at even lower photon energy, and the density 
of defects can be determined from the weak absorp- 
tion in this region of the spectrum, perhaps by using 
photothermal deflection spectroscopy to detect the 
weak optical absorption, 

Photoluminescence also provides a probe of the 
defect content of many materials. Interpretation and 
identification of the actual defect (e.g., chemical 
impurity or structural imperfection) is aided by 
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Figure 2 Typical optical absorption spectra of hydrogenated amorphous silicon and arsenic sutide. 
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reference to the crystalline form. Both crystalline and 
amorphous forms of chalcogenide have a wealth of 
special effects, including reversible photoinduced 
bleaching and darkening, and laser-induced crystal- 
lization and amorphization. In addition the creation 
and dispersal of defects by appropriate illumination 
of some amorphous chalcogenides is accompanied by 
changes in the electron spin resonance (ESR) signal. 
Some of these effects have been the basis for 
applications in optical memories. More prosaically, 
chalcogenide glasses. are important infrared 
transparent materials and amorphous chalcogenide 
thin films have had historical importance as the 
photoconductive layer in xerography, although 
here they are now being supplanted by less toxic 
amorphous silicon alloys. 


Electrical Properties of Amorphous 
Semiconductors 


The electrical conductivity of amorphous semicon- 
ductors is often controlled by the defects that are 
introduced by impurities or by structural flaws. For 
i:HI this provides alternative conduction mechan- 
isms, via extended state electron and hole conduc- 
tion (as in crystalline silicon), and via hopping of 
electrons or holes through localized energy levels 
within the bandtails or within the bandgap. The 
relative importance of each route depends on the 
temperature and on the density of states (DOS) in 
each energy range, as well as on the mobility of the 
charge carriers. 

These different conduction mechanisms are 
clearly seen in the temperature dependence of the 
conductivity of a-Si:H and of many amorphous 
chalcogenides, since a semilog plot of conductivity 
versus 1000/TK will have portions with different 
slopes as each mechanism dominates a particular 
temperature range. Near room temperature, good- 
quality a-Si:H films in the dark exhibit a well: 
defined Arrhenius relationship with an activation 
energy that is the energy separation of the Fermi 
level from the conduction band extended states, 
electrons dominating the conductivity. The conduc- 
tion band extended states do not have the high 
electron mobility found in crystalline silicon, due to 
the disruption of long-range order and the conse- 
quent increased electron scattering. Typical electron 
mobilities in a-Si:H are ~1cm*v's', and hole 


mobilities are even lower. 


The band tail states have even worse carri 
mobilities, since movement is by hopping to vacant 
sites that might lie at some distance, and hopping 
is unlikely between sites that have a large energy 


difference. (The process has an inverse exponential 
dependence on the energy difference between the 
initial and final states.) Hopping of carriers between 
states that lie within the bandgap is a significant 
contribution to the conductivity only at low tem- 
peratures, unless the density of such defects is high. 
In materials having weakly localized states, nearest- 
neighbor hopping is supplanted by variable range 
hopping, as carriers prefer to hop toa more distant 
site if it has a smaller energy difference from the 
starting site than do the neighboring sites. As the 
temperature is lowered, this hopping distance 
will increase and the conductivity has N.F. Mott’s 
characteristic exp(— B/T *) dependence on tempera- 
ture, T. Lower-quality films deposited by plasma 
CVD on to unheated substrates tend to be p-type due 
to hopping conductivity through the high density of 
defect states. The link between substrate deposition 
temperature and material quality is caused by the 
way in which hydrogen is incorporated into the 
growing material: high temperatures allow only 
singly bonded hydrogen, which passivates dangling 
bonds thus removing bandgap defect energy levels. 
Low temperatures also allow hydrogen to be 
incorporated as Si-Hz and this disrupts the Si-Si 
lattice bonding, producing more defect levels. 
Confirmation of this effect is obtained from sput- 
tered amorphous silicon, with and without hydrogen 
added to the argon. 

When a-Si:H is illuminated it may show strong 
photoconductivity, depending on the preparative 
conditions. Free carriers are generated by the 
illumination but may fall into defect states (energies 
within the band gap) where they can be released or 
can recombine with the oppositely charged carriers. 
The detailed response to light (wavelength, intensity, 
duration) and temperature thus depends on the 
distribution and concentration of defects. Lumi- 
nescence effects are similarly influenced. Most 
amorphous chalcogenides are only weakly photo- 
conductive due to their high density of gap states, 
those near the middle of the gap (e.g., VAPs) being 
highly effective recombination centers. 

The electrical properties of other hydrogenated 
amorphous tetrahedral semiconductors based on 
silicon are determined by their defect populations, 
and in general they are less well behaved. a- 1 
and a-Si:Sn:H have reduced bandgaps and 
aSi:C:H_ and a-Si:N:H have increased bandgaps, 
which offer many possibilities for multilayer device 
design, provided that their normally high defect 
contents can be reduced or controlled. 

The study of glassy semiconductors was stimu- 
lated in the 1960s by the discovery of electrical 
switching in sputtered multicomponent thin films. 
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optocoupler 


Somet 
isolator. 


yesknownasan optoelectronic coupler, opto-isolator, photocoupler, or optical 


Asolid-staterelay is sometimes referred toasan optocoupler, butin this encyclopedia 
it has a separate entry. An optocoupler is a relatively simple device consisting ofa light 
source (usually an LED) and a light sensor, both embedded in one package. It is used 
primarily for isolation rather than to switch a high current. A solid-state relay can be 
thought of as a substitute for an electramagnetic relay, usually has additional compo- 


nents in its package, and is intended to switch currents of at least 1A, 


OTHER RELATED COMPONENTS 


sctromagnetic relay (see Volume 1) 
«+ solid-state relay (soe Chapter 4) 


What It Does 


‘An optocoupler allows one section of a circuit to 
be electrically isolated from another. It protects 
sensitive components, such as logic chips or a 
microcontroller, from voltage spikes or incom- 
patible voltages in other sections of a circuit. Op- 
tocouplers are also used in medical devices 
wherea patient has to be protected from any risk 
of electric shock, and are used in devices which 
conform with the MIDI standard for digital con- 
trol of music components. 


In Figure 5-1, three possible applications for an 

optocoupler are suggested: 

Top 
The output from a logic chip passes through 
‘an optocoupler to an inductive load such as 
a relay coil, which may create voltage spikes 
that would be hazardous to the chip. 


Center 
The noisy signal from an electromagnetic 
switch passes through an optocouplerto the 
input of a logic chip. 


Bottom 
The low-voltage output from a sensing de- 
vice on a human patient passes through an 
optocoupler to some medical equipment, 
such as an EEG machine, where higher vol- 
tages are used. 


Internally, an optocoupler works on the same 
principle as a solid-state relay. An LED is em- 
bedded on the input side, shining light through 
an interior channel or transparent window to a 
sensing component that is embedded on the 
output side, Because the only internal connec- 
tion is a light beam, the input and output of the 
optocoupler are isolated from each other. 
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These simple devices changed from a nonconducting 
to a conducting state when the applied electric field 
exceeded a certain threshold, and returned to their 
initial state when the current fell below a certain 
value. A variety of other switching types was 
discovered, especially under pulsed operation, 
including those having a memory effect based on 
the reversible crystallization and vitrification of a 
narrow filament between the contacts. A theoretical 
model of these devices comprises both electronic and 
thermal effects, which are responsible for initi- 
ating the switching event and for memory effects. 
A practical problem has been the variable jitter in the 
switching time. 


Applications 


Amorphous silicon alloy films are valuable as the 
active layers in thin-film photovoltaic cells, two- 
dimensional optical position detectors, linear image 
sensors (optical scanners), and thin-film transistors 
used in liquid crystal display panels. They also have 
uses as antireflection coatings and planar optical 
waveguides. Amorphous chalcogenide films have 
been used as electrical switches and memory devices, 
for optical data storage, and as dry photoresists and 
electron beam resists. Both types of amorphous 
material have been used in xerography and medical 
X-ray imaging detectors. 

Amorphous silicon solar cells have power con- 
version efficiencies of ~12% for the most compli- 
These are tandem cells that use 
different alloys (including a-Si:C:H) for the various 
layers, in order to enhance effective absorption of 
the solar spectrum. A serious drawback of using 
amorphous semiconductors in electronic devices is 
their short carrier diffusion length. In solar cells this 
is circumvented by ensuring that there is a built-in 
field to separate photogenerated electron-hole pairs 
before they can recombine. Because doped amor- 
phous silicon alloys have high defect densities, it is 
difficult to. make the effective pn junctions that 
provide such built-in fields in conventional crystal- 
line silicon cells. Instead, amorphous silicon cells 
use pin structures, where the ‘layer is effectively 
undoped and provides an extended electric field 
between the p-i and i-n junctions. Long periods of 
illumination increase the dark current in these 
devices, as additional defects are generated. This 
“Staebler-Wronski effect’ is believed to be associated 
with hydrogen movement at a passivated dangling 
bond (Si-H) and a nearby weak Si-Si bond. 


cated structure: 


It is a cause of slow degradation in unstabilized 
solar cells although the change may be reversed by 
thermal annealing. 

In contrast to ‘minority carrie 


photovoltaic 
devices, thin-film transistors necessitate the control 
of majority carriers alone. To address each pixel ina 
liquid crystal display, a switching element is needed 
and simple thin-film transistors fulfill this role. 
Although low carrier mobilities in amorphous 
semiconductors restrict the current passed and 
switching speeds, the requirement for coating 
large area glass panels at low temperatures make 
a-Si:H with a-Si:N:H gate dielectric almost the only 
options. Improved performance is possible by using 
pulsed laser irradiation to change the amorphous 


semiconductor to polycrystalline material. 
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Introduction 


Direct gap semiconductors have many unique proper- 
ties which are advantageous for optical and electronic 
applications, and in particular for detectors and 
emitters of infrared radiation associated with inter- 
hand optical transitions. Gallium arsenide, GaAs, 
hased structures have principally been used in the 
near-infrared, and so-called narrow gap semiconduc- 
tors in the mid-infrared (MIR) spectral regions. More 
recently systems based on intersub-band transitions 
have shown great promise for MIR devices, with the 
obvious advantage for some applications that they 
can be constructed from large gap, better controlled 
materials (mainly InP- and GaAs-based to date) and 
have a peak operating frequency which is determined 
simply by the design of the particular quantum 
structure. Both approaches have been substantially 
advanced by band structure engineering techniques, 
reducing Auger losses and phonon losses, respect- 
ively, which is the subject of the present work. 

The classic examples of narrow gap materials 
are the III-V semiconductors (InSb, InAs, and 
their related alloys), II-VI semiconductors (mainly 
Hg:-.Cd,Te), and the lead salt alloys. As a direct 
result of the small energy gap, these materials have a 
very low electron effective mass, very high electron 
mobility, even at room temperature, and a high 
saturation velocity. In addition they have a high ratio 
of stimulated to spontaneous transition probabilities 
and a large nonlinear susceptibility. However, they 
have the disadvantage of a high intrinsic carrier 
density at room temperature and thermal generation 
rate, so that a fundamental limitation to the 
performance of devices at elevated temperatures 
(preferably room temperature) is nonradiative 
losses resulting from Auger recombination processes. 
One solution is to cool these systems to 80 K or below 
which involves expensive and bulky cooling methods 
such as Stirling-cycle coolers, negating their advan- 
tages over other, otherwise inferior, devices. In the 
past 10 years there has been an intensive effort to 
circumvent this limitation by quantum structure and 
so-called ‘band structure engineering’ techniques 
made possible by epitaxial growth techniques, 
whereby the Auger processes are suppressed. Since 
the emphasis of the band structure engineering work 


has been mainly towards the optimization of II-V 
semiconductor lasers rather than detectors, we reflect 
that emphasis here. Although developed more 
recently than the bipolar diode lasers, the unipolar 
quantum cascade (QC) lasers provide perhaps the 
hest example of systems that can be conveniently 
optimized by band structure engineering techniques. 
In this case, phonon processes dominate so that 
the design is to do with phonon suppression. Thus, 
we are concerned principally with suppression of 
Auger processes for interband devices, and phonon 
processes for intrahand devices. 


Nonradiative Processes and Band 
Structure Engineering 


Suppression of Auger Recombination 


Electron recombination processes are dealt with in 
detail elsewhere in the Encyclopedia (see Semiconduc- 
tor Physics: Recombination Processes) but we briefly 
summarize the main points here. It is well known that 
there are three principal interband recombination 
mechanisms by which thermodynamic equilibrium is 
established in semiconductors: Shockley-Read 
recombination, radiative recombination, and Auger 
recombination. These are shown schematically in 
Figure 1. The Shockley~Read recombination occurs 
via extrinsic energy levels produced by lattice defects 
and impurities, Figure 1a, and can in principle be 
controlled by the procedure used to grow the material; 
hence it does not provide a fundamental limit to the 
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Figure 1 Electronic processes in semiconductors: (a) 
Shockley-Read recombination; (b) radiative recombination; 
(6) Auger recombination; (4) impact ionization 
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carrier lifetime. The radiative and Auger mechanisms 
(Figure 1b,c, respectively) are, however, fundamental 
and are determined by the electronic structure of the 
material. The former is central to the operation of 
light-emitting diodes and is approximately inversely 
proportional to the electron and hole concentration. 
Optimum detector operation is achieved in materials 
that are limited by the radiative lifetime mechanism. 
Thus, in both cases it is desirable to minimize Auger 
processes. 

By contrast with the two-particle radiative recom- 
bination process, Auger recombination is a three- 
particle interaction. For example in one so-called 
CHCC (or Auger-1) process an electron collides with 
a second electron; the first electron recombines with a 
hole in the valence band and the energy produced by 
the clectron-electron collision excites the second 
electron higher up into the conduction band. This 
second electron eventually de-excites by phonon 
emission, and can cause observable heating of carriers 
by an Auger type of up-conversion. However, for the 
present article we are only interested in the first part of 
the process, so we do not consider the heating further 
here. The Auger process is the inverse of impact 
ionization where an energetic conduction electron 
collides with a valence electron, thereby creating an 
electron-hole pair as shown in Figure 1d. The final 
state consists of two low-energy electrons and one 
hole. Analogously, in Auger recombination the initial 
state has three particles (e.g., two electrons and one 
hole) and the final state one (e.g., one electron). Due 
to this three-body nature, the collision probability 
(or transition rate) per unit volume, R, varies with the 
cube of the carrier concentration and (if n= p) may 
he written R= Cn}, where m is the electron density 
and C is referred to as the Auger coefficient. Note 
that the Auger rate is sometimes defined per carrier as 
Rg 2 = 1/r,, where 7, is the Auger lifetime. 

Narrow gap III-V semiconductors have the 
familiar three-band (so-called Kane energy band 
structure — (see Semiconductor Physics: Band 
Structure and Optical Properties) consisting of an 
slike conduction band separated by a small energy 
gap from a triply degenerate p-like valence band, part 
of whose degeneracy is raised by spin—orbit splitting 
as shown in Figure 2. Thus, a large number of 
permutations of Auger processes become possible for 
n- and p-type semiconductors. Those which are 
initiated by a collision between two electrons are 
referred to as conduction, or n-n, Auger processes 
(e.g. the CHCC process), and those by a collision 
between two holes as valence, or p-p, Auger 
processes. It can he shown that the n-n_ process 
(so-called CHCC or Auger-1) illustrated in Figure 3a 
is dominant in bulk n-type and the p-p process 


Figure 2 Schematic diagram of the conduction and valence 
band structure of InSb showing the energy bands around the 
T-point (k= 0) that are involved in Auger transitions. 


(so-called CHLH or Auger-7) shown in Figure 3c is 
dominant in bulk p-type semiconductors, and so these 
have received the most attention, For larger gap 
(shorter wavelength) semiconductors there is some- 
times a significant resonance between the bandgap 
and the spin-orbit splitting and the p-p process 
(CHSH) shown in Figure 3b becomes important. 
Clearly these simple descriptions require extension 
when the more complex band structure of strained 
layer superlattice quantum systems is considered. 
With certain approximations, some analytic solu- 
tions for the Auger recombination rates are possible, 
This model is, while not appropriate for higher levels 
of band structure engineering, very important for 
giving an insight into how Auger effects should be 
studied, and how they themselves might be engineered. 
The approximations generally used are parabolic 
bands and Boltzmann statistics, but some further 
analytic results may also be obtained when these 
restrictions are relaxed. Bloch functions and Fermi’s 
golden rule are utilized (see Semiconductor Physics: 
Recombination Processes) to describe the particle 
states, so obtaining the general expression for the 
Anger rate per unit volume. Energy and momentum 
conservation provide strong constraints on the result- 
ing integral, and give rise to a considerable reduction in 
the Auger transition rate, However if, for example, the 
momentum conservation constraint is relaxed due to 
occupied levels existing with a broad range of 
momenta, such as at some band extremum with a 
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(a) coc 


(0) CHSH 
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Figure 3 Important Auger recombination mechanisms for mid-infrared (MIR) semiconductor detectors and lasers: (a) CHCC or 


‘Auger-1; (b) CHSH; (c) CHLH or Auger-7. 


large effective mass, then the Auger rate will be 
strongly enhanced. Or to put it the other way round, 
the Auger rate can be reduced by engineering the band 
structures such that the heavy hole effective mass is 
reduced (e.g., by stress — see below) to approach that of 
the conduction band. Furthermore, since we are 
concerned with nonradiative recombination across 
the bandgap with energy E,, any energy levels (again 
band extrema in particular) separated from the 
conduction or valence band edges by E,, are particu- 
larly susceptible to the excitation part of the Auger 
process. The Auger rate may therefore be reduced by 
designing the structure so that there are no band 
extrema at energies E, from the conduction and 
valence band edge: 


Interband (Bipolar) Lasers 


The technology of band structure engineering, which 
includes superlattices, quantum confinement, and 
intentional incorporation of strain, has now become 
sufficiently advanced that it can be employed in a 
routine manner. As originally proposed, the modified 
band structure of strained II-V quantum-well 
structures can lead to significant benefits for diode 
laser performance, including reduced threshold 
current density, improved efficiency, and enhanced 
dynamic response and speed. Predicted advantages 
have been demonstrated, although for near-infrared 
devices these have not been quite as subs- 
tantial as originally hoped because of the presence 
of phonon-assisted Auger processes which are not so 
susceptible to band structure engineering techniques. 
Strained layer lasers are now commercially available 
at a variety of MIR wavelengths, where the dominant 


nonradiative loss is via the direct interband Auger 
scattering routes. 

From the point of view of the present article the 
main contribution of ‘designed? strain splittings and 
quantum confinement is in the reduction of the Auger 
coefficient itself, by removing states that easily satisfy 
the momentum and energy conservation conditions 
required for the process to take place. However, in 
addition to this there can be a substantial reduction in 
the threshold carrier injection level required for 
population inversion in a laser. In real II-V semi- 
conductors the heavy hole valence band mass, 1m, isso 
much greater than the electron mass, m,, that the usual 
laser picture of degenerate electron and hole distri- 
butions does not apply. At normal carrier injection 
levels the quasi-Fermi level of the holes isabove the top 
of the valence band resulting in a classical heavy hole 
distribution. Thus, the lower laser levels are almost 
completely filled with electrons, by contrast with the 
ideal situation of two mirror bands. This leads to an 
injection level for the laser threshold of greater than 
2:1 required for the actual case compared to the ideal 
case, Since the Auger recombination rate per unit 
volume is approximately proportional to the cube of, 
this factor of ~2 reduction in injection le 
produce a factor of almost an order of magnitude 
reduction in this loss mechanism. Large biaxial 
strains, either compressive or tensile, can lead to a 
considerable reduction in the hole mass and hence in 
the density of states at the top of the valence band, so 
that the laser characteristics may then approach those 
of an ideal semiconductor, with m, = mi, 

A further important loss mechanism is free hole 
absorption of the heavy holes resulting from inter- 
valence band transitions. This can be effectively 


el can 
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eliminated, and other improvements made to laser 
performance, by the introduction of a strained layer 
structure which raises the degeneracy of the light and 
heavy hole at & = 0 and reduces the mass of the heavy 
hole. One example of this comes just from the 
symmetry of the problem, where clearly the cubic 
symmetry of the p-like valence band is not matched to 
the uniaxial symmetry of the laser beam. Application 
of biaxial or uniaxial strain removes the cubic 
symmetry, changing the relative energies of the Psy 
Py, and p. valence states, and making it possible for 
almost all of the injected holes to be in the states of 
the correct symmetry to take part in the lasing action. 
The one parasitic phenomenon in semiconductor 
lasers which is hardly affected by band structure 
engineering is spontaneous emission, which will 
always make some contribution to the current density 
required at threshold. 

‘The band structure of a bulk unstrained direct gap 
tetrahedral semiconductor is shown again for com- 
parison in Figure 2. The effect of biaxial tension and 
compression is shown respectively in Figure 4a,b. In 
each case the lowest conduction band is approxi- 
mately parabolic near the zone center, but becomes 
anisotropic with the electron dispersion at small k. 
The axial strain breaks the cubic symmetry of the 
semiconductor, introducing a tetragonal distortion 
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Figure 4 Schematic representation of the band structure of a 
direct gap tetrahedral semiconductor: (a) under biaxial tension the 
hydrostatic component of the tension reduces the mean bandgap, 
While the axial component splits the degeneracy of the valence 
band maximum and introduces an anisotropic valence band 
structure (the highest band being light along the strain axis, k; and 
comparatively heavy perpendicular to that axis, k.); (b) under 
biaxial compression the mean bandgap increases and the valence 
spitting is reversed. 


which splits the degeneracy of the light and heavy 
hole states at the valence maximum, I, typically by 
about 60-80 meV for a 1% lattice mismatch. The 
resulting valence band structure is highly anisotropic 
(Figure 4a,b), with the band which is heavy along the 
strain axis, wavevector k ,, being comparatively light 
in the plane, along ky, and vice versa. The in-plane 
mass, my, determines the density of states, and thus, 
under compression (Figure 4b), can be reduced 
according to the principles described above to 
improve conditions towards those for ideal laser 
operation: viz, (1) that there is only one band at the 
valence band maximum; (2) that it has an effective 
mass as close to that of the electron as possible; and 
(3) that above the Bernard~Duraffourg transparency 
condition, the polarization of the gain is anisotropic, 
with spontaneous emission and gain being suppressed 
along all directions except along the axis contributing 
to the laser beam. 

Since the Auger recombination involves three 
carriers, the Auger current Jyx in a device with an 
undoped active region varies approximately as 
Iwa(T) % C(Tynj,, where C(T) is the temperature- 
dependent Auger coefficient per unit volume and nth 
is the threshold carrier density. The influence of 
strain on Auger recombination has two aspects, as 
discussed above. First, Jive is very sensitive to any 
reduction in 7, brought about by strain either 
through a decrease in h (heavy hole) mass or an 
increase in the optical transition strength. Secondly, 
strain may change the magnitude of C(T) for the 
interband Auger processes described earlier (Figure 3). 
A simple calculation of Auger recombination in a 
quantum well heterostructure, assuming parabolic 
bands and Boltzmann statistics, shows that the 
coefficient increases exponentially with temperature 
as CIT) =Cyexp(—E,/kT), where the activation 
energy, E,, is approximately dependent on (r,) ' 
Thus, both of these should be reduced by several 
orders of magnitude due to a reduction in the heavy 
hole mass, m,, resulting from the strain effects 
discussed above. 


Phonon Scattering: QWIPs and QC Lasers 


Sub-band transitions are useful for MIR detectors and 
emitters because they make it possible to covera broad 
range of MIR wavelengths using the same combi- 
nation of large gap, InP-based and GaAs-based state 
of the art semiconductor alloys that are used for 
high-speed electronics and optical communications. 
They are the most advanced of the low-dimensional 
solids from the point of view of demonstrated 
detector performance. This superior control of 
materials results in high uniformity and has thus 
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allowed the demonstration of large 128 x 128 arrays 
with excellent imaging performance. Detectivities 
D* > 10 cmHz!2W"', low noise equivalent 
temperature differences, and excellent infrared video 
imaging can be achieved at 10 1m for temperatures 
=10-80K. 

Although the QWIP (quantum well infrared 
photodetectors) detectors showed promise for many 
years as alternatives to HgCdTe systems, the first 
intersub-band laser was not realized until the 
demonstration of the quantum cascade (QC) laser. 
Intersub-band (QC) lasers differ fundamentally from 
bipolar diode lasers in that they rely on only one type 
of carrier and on electronic transitions between 
conduction sub-band states arising from size quant 
zation in semiconductor quantum heterostructure 
‘These in-plane sub-bands have the same curvature (by 
contrast with the interband devices which have 
conduction and valence bands of opposite curvature), 
so that the joint density of states and corresponding 
gain spectrum (collision limited) is much narrower 
and approximately symmetric. Thus, the arguments 
which show that the Kane-type band structure is 
particularly disadvantageous for the overall Auger 
loss mechanism in interband diode lasers do not 
apply; the problems resulting from having m, < my, 
are removed and the inversion is much less sensitive 
to thermal broadening of the electron distribution. In 
addition, there is no free hole absorption, and, since 
the component semiconductor materials are of 
comparatively wide bandgap, there is negligible 
intrinsic carrier concentration. However, the 
threshold current density tends to be rather large 
owing to the rapid nonradiative phonon relaxation of 
the population inversion. 

In the original QC laser structure the electrons 
streamed down a potential staircase, sequentially 
emitting photons at the steps, consisting of coupled 
quantum wells in which the population inversion 
between discrete conduction band excited states was 
achieved by control of tunneling. The laser structure 
was grown with the Alg.4slno,s2AsiGap.47lng s3As 
heterojunction material system lattice matched to 
InP. Electrical pumping was achieved by alter- 
nating 25 undoped coupled-well active regions with 
compositionally graded layers. The coupled- 
well region was essentially a four-level laser system, 
where a population inversion was achieved between 
the two excited states, m= 3 and n= 2. While the 
nonradiative phonon emission lifetime is short (132 ~ 
43ps at the electric fields used in the 
tunneling process), strong coupling to an adjacent 
GalnAs well gives an even shorter lower state lifetime 
(741 ~ 0.6 ps) from optical phonons with nearly zero 


momentum transfer between the strongly overlapped 
and closely spaced m = 2 and = 1 states. Thisenables 


(Note that the separation between the 
n=2 and m=1 states, E21, is designed to be 
-qual to the optical phonon energy.) 

efficiency of these QC devices is 
unavoidably low (<103) because most of the 
electrons in the upper sub-band relax within ~1 ps 
through nonradiative optical phonon emission before 
radiative transitions with a lifetime in the nanosecond 
range have a chance to occur. An alternative 
configuration has been proposed, the type II inter- 
band cascade laser (T2ICL), which retains the 
advantages of cascaded tunneling injection and 
wavelength tuneability but eliminates the nonradia- 
tive phonon path between valence and conduction 
bands of opposite curvature. In addition, band 
structure engineering ideas discussed above are 
incorporated to suppress the unwanted Auger pro- 
cesses; the design results in a light in-plane hole mass 
and the removal of resonances between the energy 
gap and intervalence transitions. 


‘Semiconductor Materials: Group IV Semiconductors, 
Si/SiGe; Type-l| Quantum Wells and Superlattices. 
Semiconductor Physics: Band Structure and Optical 
Properties; Outline of Basic Electronic Properties; 
Quantum Wells and GaAs-Based Structures; Recombina- 
tion Processes. 
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Introduction, General Remarks 


Semimagnetic semiconductors (SMSs) are a group of 
solids at the interface between semiconductors and 
magnetic materials. Semimagnetic semiconductors, 
also referred to as dilute magnetic semiconductors, 
are semiconductor-based solid solutions where some 
of the cations are replaced by transition metals or 
rare earth elements, The crystallographic structure 
of the semiconductor is conserved; the lattice 
constant is a function of composition. From a 
magnetic point of view SMSs are disordered 
magnetic materials, since magnetic atoms are 
randomly distributed in the cation sublattice of the 
semiconductor compound. Table 1 presents the 
most complete list of bulk ternary SMSs. Quatern- 
ary SMSs are also investigated (e,g., PbSnMnTe or 
CdMnSeTe). 

Generally speaking, in SMSs there coexist two 
interrelated and interacting subsystems: mobile 
delocalized charge carriers and localized magnetic 
moments connected with paramagnetic ions. Elec- 
tronic (mainly optical) properties of SMSs have been 
the subject of intensive studies since early in 1970. 
Due to the strong spin exchange interaction between 
mobile carriers and localized magnetic moments (the 
exchange constant of the sp-d interaction is of the 
order of 1 eV for II-VI SMSs) significant changes of 
the band structure and behavior of the carriers were 
observed. A number of new physical phenomena 
were discovered, such as giant Faraday rotation 
(now important in magnetic field sensors and other 
applications in, for example, the automobile indus- 
try based on this strong magneto-optical effect), the 
magnetic field induced metal—insulator transition, 
the bound magnetic polaron and quantum thermo- 
magnetic oscillations. Investigations of the influence 
of the electron subsystem on the magnetic properties 
of SMSs are connected with the observation of a 
ferromagnetic phase in PbSnMnTe induced by 
carrier concentration. 

Molecular beam epitaxy (MBE) grown GaAs 
with Mn opened a new chapter of III-V SMSs 
showing ferromagnetic behavior with the highest 
transition temperature T.= 110K. In 1987 the 
first paper devoted to layered structure and 
magnetic properties of low-dimensional (LD) 


SMSs was published starting intensive studies 
of superlattices and other LD structures made 
of SMSs. 


Energy Band Structure, Optical and 
Magneto-optical Properties of SMSs 


Replacing cations such as Cd or Hg with a 
paramagnetic ion such as Mn in the same crystal- 
lographic structure does not markedly disturb the 
semiconductor properties of the material. The 
energy gap changes (increases) but the conduction 
and valence bands conserve their symmetry and 
character as in nonmagnetic semiconductor mixed 
crystals. The spin momentum of paramagnetic ions 
is connected with the 3d or 4f shell, for transition 
metals or rare earth elements, respectively. The 
energy level of 3d or 4f electrons lies below the top 
of the valence band and thus has negligible 
influence on its shape or that of the bottom of the 
conduction band. Thus all basic semiconductor 
optical properties connected with the band sym- 
metry and topology are the same as for a typical 
semiconductor. These are described, for example, in 
articles on the lead salts (MS641) involving direct 
optical transitions at the L-point of the Brillouin 
zone, and on mercury cadmium telluride (MS639) 
with direct optical transitions at the F-point. The 
only influence of the magnetic subsystems on 
electrons comes from the spin exchange interaction 
between mobile carriers and localized magnetic 
ions. This interaction can be represented by a 
Heisenberg term 


He = > Sie —R,) a) 


where a and 5 are spin operators of the band 
electron and magnetic ion, respectively, the sum- 
mation is over all lattice sites occupied by the 
magnetic ions, and J is the exchange constant. 

Assuming mean field and virtual crystal approxi- 
mations this term can be rewritten in the form which 
is periodic with a lattice constant: 


Hex = x(S)av FY Je — RB) (21 
tr 


where x is the molar fraction of magnetic ions, (5),, is 
the average over all magnetic ions and is directly 
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Table 1 Composition and crystal structure of ternary 
bulk SMSs 


‘Material Crystal structure Composition range 

N=Vi (Mn 

Zn).Mn,S zB o<x=0:10 
w 0.10 < x= 0.45 

Zny_.MnSe 2B 0=<x=0.0 
w 030 < x= 0.87 

Zn,_4Mn,To 2B 0<x= 086 

Cd, Mn, w 0< x5 045 

Cd,_Mn,Se w 0<x=050 

Go,-xMnaTo zB O77 

Hg,aMn,S 2B 037 

Hg, Mn,Se 2B 0.38 

HgiaMn,Te 2B 0.35 

=v (any 

(Cay.MnJsAs, tar. 018 

Zny2Mn)sAs, tet. 0<x5015 

IV-VI (Min, Eu, Gd) 

Pb,_.Mn.S RS 0<x= 005, 

Pbs-.Mn.Se RS O<x=017 

Pb,_.Mn,Te RS O<xs012 

Sny-.Mn,Te RS 0<x=040 

Gey-.Mn,Te RH 0<x=018 
RS 018< x= 050 

Pb, ,EuSe RS 0<x= 008 

Pby-.Eu.Te RS 

Sn, Eu,Te RS 

Pb;_.Gd,Te RS 

Sn,_1Gd,Te RS 

I-VI Fe, Co, Cr) 

Zny_.F0,S zB 0<x=026" 

2n,-.Fe,Se zB 

2n,-Fe,To zB 

Cay. eS w 0= x< 0.09" 

Cd. Fe,Se 2 0<x<020 

Cd, -.Fe,Te zB 

Hg,_.Fe,s 2 

Hgi-Fe,Se zB 

Hg,-.Fe,Te ZB 

Zn\-.C0.S zB 

2n,-.Co,Se 2B 

Zn,-.Co,Te 2B 0 x= 0.08" 

Cd -.C0,S w 

Cd,-.C0,Se w 

Cd,-.Co,Te 2B 

Hgi-.Co.S zB 

Hg,-.Co,Se 2B 

2ny-.Cr,8e zB 

2n,-.Cr,Te zB 

Cay CoS w 0< x= 0,002" 


ZB ~ zinc blende, W ~ wurtzite, RS ~ rock sal, RH — 
Tombohedral. Asterisks denote SMSs with the highest 
reported x value; tet, totragonal structure, 

oprinted in part from Galgzka RR (1995) Influence of electron 
subsystem on magnetic properties of semimagnetic semi- 
‘conductors, In: Trdo R, Morkowski J and Szymozak M (eds) 
Proceedings of the Intemational Conference of Magnetism, 
Warsaw 1994. Joumal of Magnetism and Magnetic Materials, 
118-116. Copyright Elsevier Science. 


related to the magnetization of the sample: 
M=NogpS)ay BI 


No is the number of unit cells per unit volume, g is the 
Lande factor for magnetic ions, and is the Bohr 
magneton. 

The Heisenberg term must be added to the 
effective-mass Hamiltonian to solve the energy 
eigenvalue problem for SMSs. Realizing this was 
the turning point in understanding their properties 
and provided a basis for this group of alloys to be 
distinguished from other semiconductor mixed 
crystals. Since that time SMSs have become the 
subject of intensive studies in Europe and 
elsewhere. 

‘The exchange interaction depends on the ion spin 
and the exchange constant. The spin of Mn is the 
highest for transition metals and equals five Bohr 
magnetons, and whilst a typical value for the 
exchange coupling between magnetic ions Jya is 
10°* eV, the exchange constant for electrons and 
holes with magnetic ions Jyp-a is about 1 eV in SMSs. 

‘The exchange interaction is also strongly tempera- 
ture and magnetic field dependent. As the macro- 
scopic magnetization of a sample is proportional to 
the thermodynamic average value of the magnetic 
ion spin, to a good approximation we can replace 
the ion spin operators in the Hamiltonian by their 
average value, calculated or taken from measure- 
ments of the magnetization. From typical magnetic 
functions we can thus obtain information on the 
electron behavior. 

In semiconductors, an external magnetic field acts 
on both the orbital motion and the spin of electrons 
producing Landau quantization and spin splitting, to 
an extent dependent on the effective mass of the 
carriers. The exchange interaction acts on their spin 
only and is, in effect, mass independent. Because of 
this, and also the large value of J4yg, the band 
structure in turn changes drastically under the 
influence of an external magnetic field and depends 
strongly on temperature. From Figure 1 we can see 
that the very typical structure of the degeneracy of 
the light and heavy hole valence bands disappears in 
SMS when a magnetic field is applied. The change 
is accompanied by a drastic increase of hole mobility 
like that observed in low-dimensional structures. 
In SMS such as Hgi-sMnyTe or Hg:—.Mn,Se 
(for x= 0.07) (Figure 2), the magnetic field 
produces an overlap of the valence and conduction 
hands, an effect never observed in nonmagnetic 
semiconductors. 

Impurity levels are also influenced by exchange 
interactions: the ionization energy of an acceptor 
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Figure 1 Conduction and valence band quantization in an external magnatic field for Cay ssMno 9;T@ and CdTe. Spin spliting, which is 
very weak in Cade, is the main effect in CdMnTe. Notice the almost equal spliting of the heavy- and light-hole bands in CdMnTe. The 
Influence of exchange interaction is visible even at 100 K. The picture of CdTe over this range of temperature is practically unchanged. 
Reproduced from Galgzka RI (1987) Semimagnetic semiconductors. Europhysics Nows 18(6): 90-92. 


010 0.10} i I] 
0.08 0.08} \ | 
3 008 & 008) 
uw uw \ / 
0.04 0.04} 
0.02 0.09] 
52 0 1 23 
@ yoo [10% on™] © Kop (10° eo 


Figure 2 Energy band structure of Hg,_.Mn,Te, x = 0.02, calculated at 14 K (a) and 30 K (b) in a magnetic field of 47. After Galazka 
[RR (1978) Semimagnetic semiconductors based on HgMnTe and CdMnTe. Reproduced from Wilson BLM (ed) IOPS 14th, Edinburgh 


Institut of Physics, Conference series no. 43, 1978, p.133-140. 


decreases and its wavefunction becomes anisotropic 
under the influence of a magnetic field. Both effects 
produce a giant negative magnetoresistance and a 
ion. Indeed. all 


field-induced insulator-metal tran 
(particularly optical) properties susceptible to being 
changed by a magnetic field are very different in 
SMSs from those of standard semiconductors: the 
Faraday effect, Shubnikov-de Haas oscillations, 
interband magnetoabsorption, luminescence and 


spin flip Raman scattering (see below) become 
strongly dependent on temperature and magnetic 
field. 

In the absence of a magnetic field, the average 
value of the ion spins is zero, the magnetization 
is zero too, and SMSs should behave as typical 
non-magnetic semiconductors. Whereas this is true 
for delocalized band electrons, when an electron is 
localized around an impurity, a bound magnetic 
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polaron can be observed. This concept was first 
introduced to explain the behavior of magnetic 
semiconductors (Eu chalcogenides) and then later 
was applied also to SMSs. A localized electron 
can produce a spontaneous magnetization within 
the range of its wavefunction via the exchange 
interaction. Local ferromagnetic ordering in this 
range produces a Stokes shift in spin-flip Raman 
scattering even in the absence of an external 
magnetic field and other related phenomena. Local 
fluctuations of magnetization and a detailed know!- 
edge of electronic states are essential for a 
theoretical description of this effect. The bound 
magnetic polaron is a subtle example of the f 
hack between electronic and magnetic subsystems 
present in SMS. 


Magnetic Properties 


Magnetic properties of SMS connected with the 
exchange interaction between paramagnetic ions are 
similar to those of other dilute magnetic materials. 
The broad range of possible magnetic ion conce 
trations (up to x=0.80 in Zny_,Mn,Te and 
x =0.70 for Cdi-sMn,Te) allows us to observe the 
evolution of magnetic interactions in the same 
crystallographic structure as a function of magnetic 
ion concentration, A continuous transition from 
diamagnetic behavior (for x = 0.005) of the host 
semiconductor, to paramagnetism, spin-glass (for 
0.02) and finally antiferromagnetic order has 
heen observed. Type III antiferromagnetic ordering is 
observed for x > 0.6 indicating that the magnetic 
elementary cell contains two elementary cells of the 
cation sublattice. From a crystallographic point of 
view the magnetic subsystem is disordered; the dis- 
tribution of magnetic atoms on the cation sublattice 
is random. 

A spin-glass-like state is observed in SMSs in the 
broadest range of paramagnetic ion concentrations 
(0.02 = x = 0.60) below and above the percolation 
threshold (Figure 3). Indeed the temperature dey 
dence of the magnetic susceptibility below and above 
the transition temperature and their dynamic prop 
ties at low and high magnetic fields suggest rather the 
existence of two spin-glass phases arising from the 
competition between spin-glass and clustering beha- 
vior. Below the percolation threshold (x = 0.17 for 
fee lattice) the mechanism responsible for a spin-glass 
phase is even less clear, although, for such a dilute 
system it must be long-range to produce freezing of 
the spins. 

‘The antiferromagnetic order has been inferred 
from specific heat and magnetic susceptibility 
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Figure 3 Magnotic phase diagram for the listed SMSs. 
P indicates the paramagnetic region, SG indicates the spin- 
glass region. Roprinted in part from Galgzka RR (1995) 
Influence af electron subsystem on magnetic properties of 
semimagnetic semiconductors. Reproduced with permission 
trom Tréc R, Morkowski J and Szymezak M (eds) Proceedings 
Of the International Conference of Magnetism, Warsaw 1994 
Joumal of Magnetism and Magnetic Materials, 113-116. 
Copyright Elsevier Science. 


measurements, and additional information concern- 
ing this phase has come from neutron diffraction 
studies: only a certain fraction of the total number of 
magnetic ions (e.g., about 50% for CdMnTe, 
x=0.65) is well ordered; the rest remain in a 
disordered spin-glass phase. Thus a mixed phase 
(antiferromagnetic and spin-glass coexisting together) 
rather than a truly antiferromagnetic phase is 
observed. 

The influence of carrier concentration on mag- 
netic properties has been extensively investigated 
in metallic alloys. Several IV-VI semiconductors 
like SnTe can exhibit quite high metallic-like 
carrier concentrations. In the quarternary alloy 
PbSnMnTe, the concentration of holes can be 
varied by annealing in the range 10° to 5x 107! 
In Pho.2sSno.72MnoosTe an abrupt transition 
from the paramagnetic to ferromagnetic phase has 
been found for p>3x10%cm-3, The Curie 
temperature is a function of hole concentration, 
but the Mn ions conserve their magnetic moment 
of five Bohr magnetons, The magnetic phase 
diagram for this first ferromagnetic SMS (Figure 4) 
is thus three dimensional (T.x,n) in contrast to the 
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Figure 5-1. Possible applications for a photocoupler. See 
text for details 


Isolation transformers were traditionally used for 
this purpose prior to the 1970s, when optocou- 
plers became competitive. In addition to being 
smaller and cheaper, an optocoupler can also 
pass slow-changing signals or on-off DC states 
which a transformer would ignore. 


More recently, inductive and capacitive coupling 
components have become available in surface- 
mount packages that are competitive with op- 
tocouplers for high-speed data transfer. They al- 
soclaim to be more durable. Because of the grad- 
ual reduction in output from an LED, the perfor- 
mance of an optocoupler degrades over time, 
and is typically rated for up to 10 years. 


How It Works 


The LED in an optocoupler almost always emits 
light in the near-infrared part of the spectrum, 
and is matched to the sensitivity of a photo- 
transistor, or a photodiode, or (less often) a 
photoresistor that provides the output. Photo- 
sensitive triacs and SCRs are also sometimes 
used. 


The most common type of optocoupler uses a 
bipolar phototransistor with an open-collector 


optoc 


1d circuit > analog upler 


output. Schematic symbols for this type are 
shown in Figure 5-2: 
Top left 
The most common generic form. 
Top right 
Two diodes on the input side allow the use 
of alternating current. 


Centerleft 
An additional terminal allows addition of 
biasto the photosensitive base of the output 
transistor, to reduce its sensitivity. 


Center right 
An Enable signal can be used as the input to 
the NAND, suppressing or enabling the out- 
put. 


Bottom left 
A photodarlington allows higher emitter cur- 
rent. 


Bottom right 
Relatively uncommon, and is also used for a 
solid-state relay. 


In each symbol, the diode is an LED, and the zig- 
zag arrow indicates light that is emitted from it. 
A pair of straight arrows, or wavy arrows, may al- 
tematively be used. 


‘An optocoupler in through-hole DIP format is 
shown in Figure 5-3. 


‘An optical switch can be thought of as a form of 
optocoupler, as it contains an LED opposite a 
sensor, However, the LED and the sensor are sep- 
arated by an open slot, to allow a thin moving 
object to pass through, interrupting the light 
beam as a means of detecting the event. It is 
categorized as a sensor in this encyclopedia, and 
will be found in Volume 3. 
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Figure 4 Magnetic phase diagram for PbSnMnTe (e) and 
‘SnMnTe (a). The ferromagnetic phase is observed in the region 
above the critical carer concentration p, and the straight line 
dofined by the equation x/p = const. Away from this region a spin- 
lass state is observed. Calculated phase boundaries between 
the ferromagnatic and spin-glass state are also shown for two 
theoretical models: SK: Shorrington-Kirkpatrick model and 
RMF: random mean field model. Canonical metallic spin-glasses 
are also shown. Reproduced from de Jonge WJM, Story T, 
‘Swagten HJM and Eggerkamp PUT (1992) Carrer-induced 
breakdown of ferromagnetism. Europhysics Letters 17: 631-636, 


two-dimensional diagram (T,x) usually presented 
for magnetic alloys. Even a low concentration of 
spin polarized carriers when optically pumped can 
change the magnetization of HgMnTe owing to the 
strong exchange interaction of carriers with mag- 
netic ions. 


Low-Dimensional (LD) SMSs: 
Magneto-optical and Spintronic 
Effects 


Modern technology such as MBE makes it possible 
to obtain quasi-3D SMSs in the whole range of x 
from 0 to 1. It also gives broad possibilities to 
create different combinations of semiconductor, 
SMS, and magnetic materials. In addition the 
dimensionality of LD structures influences the proper- 
es of both electronic and magnetic subsystems. 
Further there is almost always some strain in the 
system which also influences the properties of super- 
lattices and other LD structures. Studies of LD SMSs 
not only extend the material base but open a new area 
of dimension-dependent phenomena and interactions 
in SMS systems. 

Among many effects observed in LD SMS structures 
we will mention only a few phenomena, where 
exchange interaction is essential and which cannot 
be observed in nonmagnetic LD semiconductors. 


In all cases the giant (magneto-optical) Zeeman 
splitting caused by the exchange interaction plays a 
key role. 

In superlattices made of ZnSe/ZnMnSe with a 
small amount of Mn, the band offset of conduction 
and valence bands is negligible at zero external 
magnetic field. In the presence of an external field 
the conduction and valence bands of ZnMnSe split 
creating a spin-superlattice because the spin-split 
states allow only one spin configuration. The 
possibility of the existence of such a spin super- 
lattice was earlier suggested for SMSs and later 
experimentally observed. 

If the superlattice, quantum well or heterostructure 
is made of SMS and non-SMS material (e.g. ZnTe/ 
CdMnSe or CdTe/CdMnTe) one can exploit the 
drastic differences in the Zeeman splitting occurring 


in different layers to pinpoint the localization in space 
of specific electronic states. If one (hole or electron) or 
both states involved in optical transitions originate 
from the SMS layer, this state will show a very strong 
Zeeman splitting in the external magnetic field 
Thus the SMS component can be used as a ‘marker’ 
in order to bring out the general properties of the 
wavefunction distribution, 

Excitonic Zeeman splitting in non-magnetic 
quantum wells with SMS barriers can be applied to 
studies of the shape of interface profile and the 
influence of the growth conditions on the shape of 


the interface. If the interface is not completely flat, 
even a small fraction of magnetic atoms in the well 
close to the interface can significantly enhance the 
Zeeman exciton splitting in the quantum well. 
The sensitivity of this method allows one to detect 
the sharpness of an interface with one monolayer 

The MBE technique opens up possibilities of 
creating hybrid structures with SMSs, useful for 
spintronic devices such as spin filters, spin transistors 
and tunneling magnetoresistance sensors. Very 
importantly, it has been realized that SMSs are highly 
suitable to form the ferromagnetic spin injecting 
electrodes in such systems where simple metallic 
electrodes fail because of the large electrical resist- 
ance mismatch between the electrode and the 
semiconductor in which the spin is being processed. 
A further possibility is to fabricate hybrid metallic 
ferromagnetic—SMS structures. In such a case one can 
make use of the magnetic field exerted by the metallic 
ferromagnet positioned very close (on an atomic 


scale) to the SMS layer or quantum structure, thus 
affecting the spin splitting in the latter. One could use 
such a fringe field to shape the band edges in such a 
fashion that an additional localization of the carriers 
in a two-dimensional quantum well is induced 
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leading to formation of quantum wires or dots. 
In other applications a spin-coherence storage 
effect has been obtained for core electron polarization 
in Mn-doped ZnSe quantum wells. The optically 
pumped conduction electron spin polarization gen- 
erates a nonequilibrium spin polarization of the 
paramagnetic core electron spins(3d in the case of 
Mn) through the core—conduction-electron coupling. 
This core electron spin polarization persists long after 
the conduction electron spin polarization has decayed 
away and presents an interesting avenue towards 
information storage. 

The physics of SMSs is currently a well-established 
part of solid state physics. In the investigations of bulk 
crystals and LD structures many problems are solved 
and new problems are waiting further research. 
Particularly important seems to be investigation of 
layers and LD structures because of the broad 
technological possibilities and because of the new 
important factor (i.e., dimensionality) whereby 
spin-dependent phenomena can be intentionally 
regulated. 


List of Units and Nomenclature 


g Lande factor for paramagnetic ion 

Hex Heisenberg spin exchange Hamiltonian 

Jan exchange constant for coupling between 
paramagnetic ions (transition metals) 

Jar—R) exchange constant 

Joa exchange constant for electron or hole 
coupling with paramagnetic ions 

LD low dimensional 

M magnetization 

MBE molecular beam epitaxy 

No number of unit cells per unit volume 

SMS _semimagnetic (diluted magnetic) 
semiconductor 

Sy average value of spin operator 

T. Curie temperature 

Vi hybridization energy 

x molar fraction of paramagnetic ions 

» Bohr magneton 

aS spin operators 


Magneto-Optics: Interband Magnetoabsorption, Cyclo- 
tron Resonance, Spin Flip Raman Scattering. Semicon- 
ductor Materials: Lead Salts; Mercury Cadmium 
Telluride. Semiconductor Physics: Spin Transport and 
Relaxation in Semiconductors; Spintronics. 
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Background 


Gallium Arsenide (GaAs) is an important semicon- 
ductor that has come to dominate the field of 
optoelectronics by virtue of its favorable electro- 
optical properties and the ease by which it can be 
controllably modified by extrinsic means; combining 
it with its large family of related alloys (AlsGar—<As, 
InyGay 2As, GaAS.P(1-xjp (IGaj1—x))yAsNi-y) and 
via the growth of hetero-structures with reduced 
dimensionality (Quantum Wells-2D, Wires-ID, and 
Dots-OD). In such low dimensional semiconductor 
nanostructures, quantum mechanical effects are 
directly exploited to customize and dramatically 
enhance electro-optical properties. Such inv’ 
gations of the fundamental electro-optical properties 
of GaAs-based compounds has resulted in the 
emergence of several new device concepts such as 
the Quantum Cascade laser, led to the discovery of 
new physical phenomena like the fractional Quantum 
Hall effect, and may pave the way for an entirely new 
class of opto-electronic devices with true quantum 
functionality. 

In the following, we explore the fundamental 
physical and electro-optical properties of GaAs and 
its related alloys and illustrate the considerable 
impact this remarkable family of materials has had 
on modern semiconductor devices. 


Fundamental Phy: 


The crystal structure of GaAs (Figure 1 — inset) 
consists of two interpenetrating face centred cubic 
lattices that accommodate the group III and V atoms 
respectively. The sub-lattices of Ga and As are shifted 
from each other by a/4 along the [111] body diagonal, 
where a is the lattice constant, forming the well- 
known zincblende crystal structure, For stochio- 
metric GaAs, the lattice constant is a = 0.56536(1) 
nm at room temperature which translates to a Ga—As 
nearest neighbor separation (bond length) of 
0.2308 nm. 

Figure 1 summarizes the variation of the lattice 
constant for a number of GaAs related III-V 
semiconductor alloys, plotted as a function of their 
fundamental electronic bandgap. Particularly rele- 
vant is ALAs, which also crystallizes in the zincblende 


al Properties 


form and has a lattice constant (a(AIAs) = 0.5660(2) 
nm) almost identical to that of GaAs (Aa < 1%). The 
sole fact that the Al,Gay,_,)As alloy can be almost 
perfectly lattice matched to GaAs over its entire 
compositional range, whilst exhibiting near continu- 
ously variable electronic and optical properties, is the 
principal reason for the key role GaAs-related 
materials play in semiconductor opto-electronic 
devices. We continue by investigating the electronic 
and optical properties of the Al,Gay-.)As family of 
materials and discover why they are particularly 
suited to opto-clectronic device applications, 


Summary of Electronic Properties of 
GaAs and Al,Ga,_,As 


The optical properties of semiconductors are deter- 
mined principally by inter-hand radiative transitions 
involving electronic states in the vicinity of the 
conduction (CB) and valence band (VB) extrema, 
Consequently, in the following we focus on electronic 
properties of GaAs close to these points and 
substantiate our discussion using experimental data 
obtained from optical spectroscopy. 


GaAs Bandstructure 


GaAs is a direct-gap semiconductor (E, = 1.42 eV at 
300K), both the conduction band minimum and 


Bandgap (eV) 
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Figure 1 Fundamental bandgap of selected compounds within 
the Ill-V semiconductor family plotted as a function ofthe cubic 
lattice constant ~ a. The inset depicts the zincblende crystal 
structure within the GaAs unit coll. Data obtained trom various 
Sources, see for example Brozel MR and Stillman GE (eds) (1996) 
Properties of Gallum Arsenide, INSPEC, emis Datareviews 
Series No.16 and Loffe Insitute, on NSM semiconductor data 
repository at http://www jofe.rssi.ru 
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valence band maximum occurring at the center of the 
Brillouin zone (F-point). Figure 2 summarizes our 
discussion of the electronic structure of GaAs, 
depicting the bandstructure schematically within the 
first Brillouin zone. The valence electron configur- 
ations of Ga and As atoms result in the band edge CB 
states being two-fold degenerate due to the electron 
spin and characterized by an almost isotropic 
effective mass of mi: = 0.068 m. For GaAs hetero- 
structures with reduced dimensionality, the very weak 
anisotropy of the conduction band states can 
generally be ignored when calculating the lowest 
energy confined electron states but has a significant 
impact on higher quantized levels and must, there- 
fore, be included. In addition to the fundamental CB 
minimum at the zone center or [point of the 
Brillouin zone, satellite minima occur at the six 
equivalent X-points (k= (1/a,0,0)) and eight equi 
alent L-points (k = (1/a, /a, 1a)). The X-point and 
L-point minima lie AErx = 0.49 eV and En, 

0,32 eV above the F-minimum at low temperatures 
(T = 4.2K) and are characterized by strongly direc- 
tion dependent effective masses parallel (ll) or 
perpendicular (1) to the principal axes. Electronic 
states in the vicinity of these minima are termed the X 
and L-valleys respectively and have a significant 
impact on high-energy electron transport in devices 
such as HEMTs and in avalanche carrier multiph 
cation processes, but do not generally play a 
significant role in the optical properties of the 
binary — GaAs, However, satellite CB minima can 
strongly influence the optical properties of GaAs~ 
AIAs superlattices and QWs that can exhibit a type-II 
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Figure 2 Schematic representation of the bandstructure of 
GaAs showing ust a singla conduction band aver whole Brillouin 
zone in TL and I-X directions only and neglecting the spit of 
band that does not significantly influence electrical or optical 
properties. 


Table 1 Low temperature GaAs effective masses for electrons 
(upper panel) and holes (lower panel). Values marked with * are 
inforced from measurements on GaAs based heterostructures and 
values marked “ are caloulated 


‘Grystallographic axis Effective Mass (m,) 
CBT minimum Isotropic 0.0882) 
CBX minimum — | [100} 19 
[100] 019 
CBL minimum’ 9 [111] 19 
4m 075 
Ve-HH ny) 0.72(8) 
[100] 0.33(6) 
Ve-LH i114] 0.08(a) 
[100] 0.09(4) 


band alignment for GaAs layer thicknesses <6 nm. In 
this case, the electrons (holes) are localized in the 
AIAs (GaAs) layer and the nature of the AIAs X-states 
dominates the optical properties. 

The valence band (VB) states of GaAs are four- 
fold degenerate at the bandedge and, characteristic 
of most zincblende semiconductors the valence 
handstructure, is significantly more strongly aniso- 
tropic than the CB states discussed above. Away 
from the T-point, the four-fold degeneracy of the 
valence band states is lifted into 2 doubly degen- 
erate sets of bands termed the heavy (HH) and light 
hole (LH) bands by virtue of their zone center 
effective masses (Table 1). The HH band is 
considerably more strongly anisotropic than the 
LH band and is characterized by a much larger 
effective mass along the [100] direction when 
compared with [001], mj(111] > mj{001}. The 
anisotropy of the LH states is much weaker than 
for the HH band, with approximately equivalent 
effective masses along [100] and [111] crystal- 
lographic directions. Typical values for the CB and 
VB effective masses are summarized in Table 1, 
obtained using a variety of experimental techniques 
at low temperature. 


‘Temperature Dependence 


Quantitative values given above relate specifically 
to the bandstructure at liquid helium temperatures 
(T=42K), Increasing temperature results in a 
narrowing of many of the conduction-valence band 
gaps discussed above and lowering of the effective 
masses. This temperature dependence of the funda- 
mental bandstructure arises from the anharmonic 
dilation of the lattice and from interactions with 
phonons, the population of which becomes signifi- 
cant at elevated temperature. In the simplest picture, 
one can visualize the effect of increasing temperature 
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Table 2 Varshail costicients for the T', L, and X CB minima 
InGaAs relative to the top of the VB. Forthe [minimum a number 
of experimental works are available and the value cited is the 
average 


‘a(l-* eViK) B(K) 
T point 545 210 
X point 7.20 205, 
L point 6.05 204 


asa shrinking of the first Brillouin zone as the lattice 
constant increases, and with a subsequent increase of 
the band curvature leading to ~5-10% lighter 
effective masses at room temperature than at 
4.2K. In addition, the dramatic increase of the 
phonon population at elevated temperatures results 
in a narrowing of the fundamental bandgaps. 
Phenomenologically, the temperature dependence of 
the fundamental bandgaps can be well described by 
the well-known Varshnii relation 


ul 


where @ and B are experimentally determined con- 
stants which are sensitive to the bandgap of interest 
(c.g. P, X, of L, etc.) as summarized in Table 2. 


GaAs/Al,Gay_.)As ~ The Most Significant Alloy 


Incorporation of aluminum into the GaAs crystal to 
form Al,Gaj1.As results in a number of profound 
and important modifications of the electronic proper- 
ties compared with pure GaAs. Aluminum is more 
strongly electronegative than Gallium and conse- 
quently the clectron charge distribution along the Al- 
As bonds are more strongly localized towards the 
group-lIl site than for Ga—As bonds which qualitat- 
ively results in a widening of the fundamental 
bandgap with increasing aluminum composition (x). 

‘The variation of the Al,Gay_.As energy gaps for 
the T, X, and L conduction band minima at low 
temperature are summarized in Figure 3 as a function 
of the alloy composition up to x ~ 0.8. The data of 
Figure 3 reflect the results of optical emission and 
absorption measurements and are most reliable for 
more dilute compositions since crystalline AIAs and 
high Al content Al,Gaj1»As oxidize rapidly under 
atmospheric conditions.’ With increasing Al content, 


"The ease by which high Al content Al,Gaq—yAs can be 
oxidized is of great technological benefit for device fabrication, 
[Examples include the formation of current apertures in injection 
lasers, Al,Gay1As etch stops etc. For a summary Brozel MR and 
Suillman GE (eds) (1996) Properties of Gallium Arsenide, INSPEC, 
‘emis Datareviews Series No. 16. 
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Figure 3 The absolute energy (at 4.2 K) of the I, X and L CB 
minima for Al,Ga,,—As as a function of aluminum composition 
Up to x ~ 08, Higher compositions are not given due to the well- 
known unralablity of experimental data due to instabilty of high 
AAI content Al,Ga,,_As due to oxidation. Polynominals describ- 
ing each curve are also plotted. Data taken from the following 
sources: I-minimum, Basio C, Staehii JL, Guzzi M, Buri G and 
Logan RA (1988)'Direct-energy-gap dependence on Al 
concentration in Al,Ga,_,As. Physical Review 38: 3263-3268, 
X-minimum, Guzzi M, Grili E, Oggioni S, Staehit JL, Bosio C 
‘and Pavesi L (1992) Indivect-energy-gap dependence on Al 
concentration in Al,Ga;-,As alloys. Physical Reviow 
B45: 10951, and L-minimum, Henning JCM, Ansens JPM 
and Roksnoer PJ (1986) Spectroscopic determination of L6 
conduction-band minima in Al,Ga,-,As. Joumal of Physical 
Chemistry, L836. 


the [-minimum shifts rapidly to higher energy whilst 
the shift of the L and X-minima is significantly less 
pronounced. At x ~ 0.4 the I’ and X minima intersect 
and for x > 0.4, the lowest energy conduction band 
minimum shifts to the X-point and the fundamental 
bandgap becomes indirect. This effect is responsible 
for the short wavelength cutoff of Al.Gay1_»As/GaAs 
based multi-quantum well LEDs at A ~ 630 nm since 
the transition to an indirect bandgap is accompanied 
by a drastic reduction of the radiative efficiency. 
Shorter wavelength LED operation region of the 
spectrum is possible by moving to other related alloys 
in the II-V family such as (Al,Ga1-xJo.slno sP (5S20— 
630 nm) and (GaAs}o,sPo.« (~ 600 nm). We return to 
discuss the optical properties of Al,Gaj1—x)As below 


in Section 4. 
As expected, the pronounced modifications of the 
bandgap induced by Al incorporation are 


accompanied by modifications of the cartier effec- 
dependence of 
the bandgap. These compositional dependence of 
the T, X, and L conduction band and HH and 
LH valence band effective masses are summarized 
in Table 3. 

It should be stressed that the relationships given in 
Table 3 should be considered to be accurate at the 


tive masses and temperature 
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‘Table 3 Compositional variation ofthe electran and hole effective masses for Al,Ga\,_AS taken from various sourcas: Data drawn 


{rom the following sources: Lautenschlager T-P, Garriga M, Logotheti 
E, Guzzi M and Zamboni F (1992) Physical Review B4S: 1638. Thi 


ids S and Cardona M (1997) Physical Review B36: 9174 and Gril, 
wurmand CD (1975) L:minimum. Journal Electrochemical Society, 


122: 119 and Aspines DE (1976) L-Minimum. Physical Review B14: 5331 


rystallographic Axis Al.Gayy_»/As Effective Mass (m°) 
CB-P minimum Isotropic 0.0682 + 0.0835x 
B-X minimum IN t100), 1.9 1.02% 
[100] 0.19 0.06% 
CB-L minimum Wen 19-058 
41m 0.075 + 0.075%. 
Ve-HH Dos 0.62 40.14 
VB-LH Dos 0.087 + 0.09 


4 level, since reliable experimental data only 
tists far the GaAs binary endpoint and more dilute 
alloy compositions (x < 0.3), 

‘The Varshnii coefficients of the temperature depen- 
dence of the bandgap vary with x(0 <x < 0.5) 
according to a(x) =5.5+3.35x(10-4 eV/K) and 
lx) = 225 + 88x(K) respectively. Recent photo- 
reflectance measurements have indicated that these 
simple linear relationships do not hold well over the 
entire compositional range with evidence for some 
bowing of a(x) and lx) closer to the AIAs binary 
endpoint. 


GaAs/Al,Gai,_,As Hetero-interfaces 


Modern epitaxial growth techniques now enable the 
routine fabrication of semiconductor heterostruc~ 
tures consisting of a well-defined sequence of atom- 
ically precise layers of different materials, which 
together manipulate the opto-electronic properties to 
suit a particular device or application. Of particular 
technological relevance is the GaAs/Al,Gaj1-)As 
hetero-interface since both materials are lattice 
matched for 0 < x < 1 (Figure 1), and multiple layers 
of GaAs and Al,Gaj1-.As can be readily deposited 
without introducing defects into the crystal which 
seriously degrade optical performance. In this section, 
we summarize the most salient features of the GaAs/ 
AleGai1-»As_hetero-interface, with particular 
emphasis on the electronic properties before continu- 
ing to discuss the optical properties of Al,Gay,_,)As 
in Section 4. 

‘The most important parameters that characterize a 
semiconductor hetero-interface are the magnitude 
and sign of the conduction (AE,) and valence band 
(AE,) offsets. These parameters determine how 
effectively electrons and hole are localized within 
specific epilayers and are related to the total 
difference in the bandgap (AE, = Ef'*s — EG:As) 
via AE,=|E.+AE,| Taking the mean of 21 
separate optical and electrical investigations 


hetween 1985 and 1995, the currently accepted 
value for the band-offset ratio is AEJAE, ~ 64/36, 
with an associated variance over the body of the 
data of approximately +8%. It should be stressed 
that the majority of the experimental investigations 
of the band offsets at the GaAs—Al,Gaj1oAs 
hetero-interface have been performed for alloy 
compositions x <0.4 and much less experimental 
data exists regarding the variation of AE, : AE, 
with higher Al composition. A rather old review 
(c. 1992), collating data available, at the time has 
indicated that the absolute energies of the conduction 
and valence band offsets vary with composition 
800 + 30)xmeV for (x<04) and 
510 + 40)x(0 <x < 1), It is widely assumed 
that the band offsets do not change appreciably with 
temperature. 


Optical Properties of GaAs and 
Significant Alloys 


Optical Absorption 


Monochromatic light of energy Ep = fe incident on 
the surface of GaAs may stimulate interband optical 
transitions in which a photon is absorbed and an 
electron from the valence band is promoted into the 
conduction band, In processes involving a single 
photon, the photon momentum is entirely negligible 
compared with the electron and optical transitions 
are vertical in k-spac 

Following excitation, the electron-hole (eh) pairs 
relax extremely rapidly (7,9 ~ 150 fs) by sequential 
emission of multiple longitudinal optical (LO) pho- 
nons until their energy becomes close to the bandedge 
and further LO-phonon emission is forbidden by 
energy conservation requirements. This initial phase 
of the carrier relaxation can be extremely rapid, the 
LO-phonon scattering time in GaAs being due to the 
semi-polar nature of the crystal. After this initial 
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rapid relaxation phase, the electron and hole 
populations relax principally via acoustic phonon 
emission (AE <2 meV) over much longer timescales 
(~ 10-300 ps), which depend upon the lattice tem- 
perature, carrier type and density. Finally, the electron 
and hole populations form thermal distributions via 
carrier-carrier and Auger scattering over longer 
timescales up ~500 ps. During these final relaxation 
and thermalization phases, e-h pairs are depleted 
from the conduction and valence bands by interband 
radiative recombination. 

For energies less than the bandgap, the semicon- 
ductor normally appears transparent, although the 
presence of impurities and defect levels can result in a 
weak absorption ‘tail’ below the gap. Optical 
absorption by impurities results in only electrons in 
the conduction band or holes in the valence band. The 
wavelength of light that just causes the creation of an 
electron-hole pair is given by A= be/E,, where b is 
Planck’s constant, c the speed of light and E, the 
fundamental bandgap. As described in Section 3.1, 
this corresponds to approximately A= 870nm at 
room temperature, depending on the type and level of 
the doping. Light with wavelength much shorter than 
this, corresponding to energies much larger than E,, 
will create electron-hole pairs higher up the band 
structure with higher energy and be strongly 
absorbed, These carriers, however, will rapidly lose 
this excess energy by interacting with the lattice and 
relax to the minima of the conduction and valence 


bands. 

The optical absorption is usually quantified by 
the absorption coefficient, a, which is a function of 
the photon energy or wavelength and is shown for 
GaAs in Figure 4. The fraction of the light 
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Figure 4 Variation of the absorption coefficient, a, as a function 
‘of wavelength in GaAs at room temperature. 


intensity that is absorbed in the semiconductor 
after passing through a thickness x is given by 
f = (1 —exp(—ax)) and the fraction of light inten- 
sity that is transmitted is then simply exp(—ax). a is 
usually expressed in units of em”! and at energies 
above the bandgap has values typically between 
10*-10° cm~'. Light with wavelength correspond- 
ing to energies above the bandgap is usually 
absorbed very efficiently (>90%) within a few 
microns, Increasing the bandgap, say by adding 
aluminum, would have the effect of making the 
material more transparent at a given wavelength. 


Optical absorption is an important process as it 
allows light to be converted to free carriers, and hence 
a current in the semiconductor. This forms the basis 
of optical detection by most types of semiconductor 
photodetectors. 


Refractive Index 


The speed (more precisely the phase velocity) of light, 
of all wavelengths, in a vacuum is constant at 
~3.10 ms. The speed of light in a medium such 
as a semiconductor is slower due to the microscopic 
interaction of the electromagnetic wave with the 
crystal. The refractive index, Ry, is defined as the ratio 
of the speed in a vacuum to the speed in the 
semiconductor. Increasing the density of the medium 
decreases the speed, Changing the semiconductor, for 
example by adding aluminum, not only increases the 
bandgap as discussed above, but also decreases Ry for 
a given wavelength. 

‘At wavelengths corresponding to an energy just 
below the handgap of the semiconductor, the material 


is essentially transparent, i.e., the absorption coeffi- 


cient is low. 

Light can be made to travel in a waveguide 
comprising this semiconductor, provided that it was 
surrounded by semiconductor material of a lower 
R,. Light is totally internally refracted at the 
interface between the GaAs and Al,Gay—.As and 
so cannot escape, The semiconductors with a 
smaller R, usually have a larger bandgap, so are 
even more transparent at the operating wavelength 
and help to physically confine the electrons and 
holes within the GaAs. 

The Ry can be changed by injecting charge 
{electrons or holes) into the semiconductor, by 
changing the temperature (which changes the 
bandgap), and by applying an clectric field. This 
forms the basis of operation of devices such as 
optical modulators. Unfortunately it also can cause 
‘chirping’, ive, the unwanted change in light 
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intensity or wavelength as the charge or temperature 
changes. 

‘The Ry which is a function of the wavelength, is 
sometimes expressed as a complex number: 


Ry=ntik Ry 


where 1 is the real part and k is the imaginary part 
called the extinction coefficient, which is related to 
the absorption coefficient. Typical room temperature 
values of m for GaAs vary from about 3.37 at 
~1.55 um to 3.87 at 620 nm. 


Common GaAs Based Alloys for Novel 
Technological Applications 


GalnP/AIGalnP ~ ‘Red, Orange and Green Emission’ 
The alloy (AlsGa1~z)o.s2lno.ssP is becoming techno- 
logically important as it has the same lattice 
parameter as GaAs for all values of x, so can grow 
lattice matched on GaAs. This alloy system offers the 
largest direct bandgap of virtually any II-V 
(excluding the Nitride family), so has attracted 
considerable interest for visible lasers and LEDs in 
the wavelength range 530nm-670 nm, At room 
temperature the direct T bandgap increases almost 
linearly from ~1.85 eV for Gao,s2lnp.4sP to ~2.3 for 
(Alo.sGao s)a.salno4sP. For values of x > 0.5, the 
bandgap becomes indirect as in Al,Ga,_,As (x > 
0.4) when the X-level indirect bandgap becomes 
lower than the F-level direct bandgap. Earlier work 
in this alloy suggested that the point at which it 
became indirect was at x=0.66. The X-level 
bandgap appears to be relatively insensitive to the 
aluminum composition and has a value of ~2.3 eV 
at room temperature, 


GaAs/GalnAsN ~ ‘1.3 pm and 1.55 pm for 
telecommunication applications’ 
One limitation of GaAs is that most of the 
compounds that are lattice matched to it, such as 
Al,Gay_xAs or (Al,Gar—s)o,salno.4sP, have bandgap 
energies that are large, making them unsuitable for 
telecommunication applications which require 
narrow bandgap materials capable of operating in 
the range 1.3 um to 1.55 um. Adding indium (In) to 
GaAs can decrease the bandgap but also causes 
strain as the lattice parameter increases, which limits 
the amount of indium and total thickness of the 
structure, 

Recently, it has been shown that while adding In 
to GaAs increases the lattice parameter, adding N to 


GaAs decreases it. Consequently GalnAsN can be 
made to be lattice matched to GaAs by controlling 
the In and N content. Unlike conventional alloy 
semiconductors, adding In or N both result in a 
reduction of the bandgap energy. Furthermore, 
GalnAsN is found to be a direct bandgap material 
with a type I band lineup when combined with 
Al,Gay_xAs, which is a wide bandgap material also 
lattice matched to GaAs. These properties make 
GalnAsN ideally suited for lasers and there have 
heen several reports of devices operating at 1.3 um 
in the literature. 


Semiconductor Physics: Quantum Wells and GaAs- 
based Structures. 
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Introduction 


SiGe is now a mature materials system with 
electronic circuits on the market place, While no 
optical devices are available yet, there isa substantial 
amount of research in the field. In this article, the 
fundamental materials properties will be reviewed. 
As SiGe is a strained system, we shall start with the 
basic material properties as this determines the Ge 
content and layer thicknesses which are available for 


use. The band structure and electronic behavior will 
then be reviewed before the optical properties of the 
material. 

‘The main drive for SiGe research in optical systems 
is the ability to use the extensive Si processing 
knowledge and to integrate a number of components 
onto a Si chip. Conventional Si transistors may also 
be used as driver circuits for the optical components, 
reducing chip counts in systems and therefore 
reducing costs. As Si processing is substantially 
cheaper than other semiconductor materials, if SiGe 
devices can be made on Si processing lines, they have 
the potential to be substantially cheaper than 
comparable III—V or II-VI devices. The SiGe material 
properties that will be reviewed in this article should 
be considered as an expansion of bulk silicon. 


Material Properties and Strain 


Ge has.a 4.2% larger lattice constant that Si (Table 1). 
When growing epitaxial films of germanium or the 
alloy Siy_,Gey (0 <x <1) on a silicon substrate, 


Table 1 Materials properties of Si, Ge and relaxed Si,_, Gey 


i/SiGe 


there exists a maximum thickness called the critical 
thickness above which it costs too much energy to 
strain additional layers of material into coherence 
with the substrate, Instead defects appear, in this case 
misfit dislocations, which act to relieve the strain in 
the epitaxial film, Relaxed Si, Ge or SiGe films form 
diamond, diamond and zincblende lattices respect- 
ively while strained heterolayers below the critical 
thickness form a tetragonal symmetry arrangement. 
The strain therefore will substantially modify the 
electronic and optical properties of the material as 
will be discussed later, 

Most SiGe films are produced by either chemical 
vapor deposition or molecular beam epitaxy. Both 
these techniques allow the deposition of films at low 
temperatures (typically 670-970 K) which is essen- 
tial to prevent strained layers relaxing and forming 
defects. Chemical vapor deposition uses a number of 
different gases such as silane, disilane, dichlorosilane, 
and germane (occasionally with a hydrogen carrier 
gas) as the main species, while phosphine or arsine are 
used as n-type dopants and diborane is the typical 
p-type dopant. With the high melting point of both 
silicon and germanium, molecular beam epitaxy 
requires clectron beam evaporators for the host 
materials silicon and germanium while effusion cells 
of antimony (occasionally phosphorus) and boron are 
used for n- and p-type dopants, respectively. 

There are a number of models used to calculate the 
equilibrium critical thickness, The most often quoted 
is the Matthews and Blakeslee model (Figure 1), 
Experimentally it has been shown that defect-free 
films with thicknesses above the critical thickness 
may be grown (Figure 1) although these layers are 
metastable and will relax if temperatures above the 


Foment a Ge Buk reared 5.08, 
iatice Diamond Diamond Zineblende 

Lace constant as (am) O43 0.5857 0.5431 + 0.0226" 

Lattice mismatch tha (7%) oO 417 0.04115x — 0.02500x? + 0.05826x* — 0.03379x* 
Donsty team) 2228 5325 2309 + 2904x 

‘Sound velocity ms ' (300K) 8440 4900 8440 — 3540x 

Poisson s rato 7 0260 ©0278 0.280 0.007" 

Mating point iw) 168s 1210 

Elaste modu 6 (GPa) 16581285 

Elaste modu 2 (GPa) 639 433, 

Etaste mod eu (GPa) 796 8 

‘Thermal conductivity —_« (Wm ' K-*) (300K) 140 60 

Dieloctre constant 119 2 N9+4tx 
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Figure 1 Thectiticalthicknesses for growingastrainedSiy_,Goy 
epitaxial layer on a bulk slicon substrate. The white area 
‘corresponds to the region below the ecullbrium citical thickness 
as calculated with the Matthews and Blakeslee made while the 
gray region corresponds to a metastable layer which may relax 
after thermal treatments. The black area will have dislocations and 
strain relaxation using any growth technique or temperature, 


growth temperature are applied to the heterolayers. 
For any manufacture, the layers cannot be metastable 
as high-temperature processes are normally employed 
in processing. The Matthews and Blakeslee equil 
brium critical thickness, he for strained-Si, Ge, on 
bulk Si is given by 


0.55 


he In{10b,] i 


while an approximate value can be obtained from 


hb, = 1.7793x'3!(nm) (21 
Figure 1 clearly demonstrates that for thick SiGe 
films, low Ge contents must be used. 

There is also a substantial interest in producing 
low-defect relaxed Si,_,Ge, films or strained-Si on a 
relaxed Si,_,Ge, substrate which can provide band- 
gaps and band discontinuities not available to 
pseudomorphically grown alloy layers. Ideally the 
relaxed Si1-yGey substrate is grown on a Si substrate 
as this allows integration with conventional comp- 
lementary metal oxide semiconductor (CMOS) 
To date no high-quality bulk single- 
crystal Si, Ge, substrates are available due to the 
strong segregation of Si and Ge phases as liquid SiGe 
crystallizes. Growing a thick Si; Ge, layer on Si well 
above the critical thickness so that it relaxes produces 
a threading dislocation density of about 10'? em 
which is far too large to produce device-quality 


electronic: 


material for electronics or optics. By growing a 
linearly geaded Sij-,Gey with the grading rate 
sufficiently low (typically 10% per wm), the strain 
relaxation mechanism changes from a_ nucleation 
relaxation mechanism to a glide relaxation mechan- 
ism resulting in dislocations with comparatively long 
misfit segments. The defect densities are typically 
10°-10° cm (Figure 2) although recent thermal 
processes and other techniques have now reduced this 
to 100m ">, 

Substantial work has appeared in the literature on 
self-organized growth of islands, Such islands are of 
interest in many materials systems as the quantum 
confinement they may offer can potentially enhance 
luminescence properties in numerous opto-clectronic 
devices. The dots are formed by the Stranski— 
Kranstanow growth mode in a strained system. 
Planar epitaxial layers grown under stress conditions 
can lower their elastic energy by morphological 
changes. For the growth of strained-Ge or Si, Ge, 
on bulk Si, this corresponds to the formation of 
islands when the growth parameters in the system are 
correctly set. While the islands may have well-defined 
shapes, the formation of the dots relies on random 
nucleation followed by ripening and coalescence. 
‘These mechanisms have produced large distribution 
of sizes (up to 30% of the mean size), densities and 
positions. It is quite common to have distributions of 
two or more sizes of islands and the densities are 
typically of order of 10°-10" islands per em*, While 
the heights of these islands may be as low as 3 nm, the 


Figure 2 A transmission electron micragraph of a strain 
rolaxation buffer grown by DERA, Malvern. The dense region of 
dislocations corresponds to an approximately 4 um thick Siy Ge, 
layer which is graded trom y = Oto y = 0.23. Above thisisa 1 wm 
thick Sis7/Geaos buffer which has no dislocation segments 
threading to the surface, 


integrated circuit> analog > optocoupler 


Figure 5-2. Six variants of schematic symbols that may 
bbe used to represent an optocoupler. See text for details. 


Figure 5-3. An optocoupler in through-hole 8-pin DIP 
format. 


Variants 


Internal Sensors 

Historically, a photoresistor (often referred to as 
aphotocell| was thefirsttype of sensorto beused. 
It has a more linear response than other sensor 
types, but its response is much slower. It is still 
found in audio applications. "Stomp box" pedals 


Variants 


used by guitarists typically contain an optocou- 
pler that employs a photoresistor, and are valued 
for their linearity and their immunity from the 
mechanical wear, contamination, and “scratchi- 
ness” that builds up over time in a potentiom- 
eter. Optocouplers also eliminate ground loops, 
which tend to be induced by small differences in 
ground potential, introducing hum or buzz in 
audio applications when two or more power 
supplies are tied together. 


The type of optocoupler that contains a photo- 
resistor and is commonly used by musicians was 
initially trademarked as a Vactrol, and that term 
is still used generically. Vactrols have also been 
used to provide audio compressionin telephone 
voice networks, and were used in photocopiers 
and photographic exposure meters, but these 
applications are now obsolete. 


Photoresistors are becoming uncommon be- 
cause of their cadmium content, which is unlaw- 
ful in many countries (especially in Europe) be- 
cause of its environmental toxicity. 


photodiode provides the fastest response time 
in an optocoupler, limited primarily by the char- 
acteristics of the LED that shines light upon it. A 
PINVdiode can respond in less than a nanosecond; 
its acronym is derived from its fabrication from 
p-type and n-type semiconductor layers with an 
intrinsic layer connecting them. This additional 
layer can be responsive to light. When the diode 
is slightly reverse-biased, a photon entering the 
intrinsic layer can dislodge an electron, enabling 
currentto flow. The reverse bias enlarges the ac- 
tive area and enhances the effect. In this mode, 
the PIN acts like a photoresistor, appearing to re- 
duce its resistance in response to light. 


When the PIN is used in photovoltaic mode, no 
biasis applied, and the component actually gen- 
erates a small voltage (less than 1VDO), likeasolar 
cell, in response to incoming light. Where an op- 
tocoupler uses a MOSFET on its output side, as 
many as 30 photodiodes may be connected in 
series to develop the necessary threshold volt- 
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widths of the islands are typically 20 nm or greater, 
which is not yet small enough to produce the 
quantum confinement properties useful for significant 
improvements in opto-clectronic devices. 


Electronic Properties and Band 
Structure 


As many of the optical properties and responses are 
derived or result from the band structure of materials, 
this section will concentrate on the band structure 
and electronic properties of SiGe layers. The bandgap 
of SiGe whether strained or unstrained is always 
below that of bulk Si. This potentially allows 
applications at longer wavelengths than comparable 
Si devices. Figure 3 shows the appropriate bandgaps 
for both the unstrained and strained Sir Ge, grown 
on relaxed Si. For the unstrained case with a Ge 
fraction x < 0.85, the band structure is Si-like with 
six A-valleys forming the conduction band 
(Figure 4a). For x > 0.85 the band structure is Ge- 
like with four L-valleys. When strain is applied, both 
the conduction band and the valence band are split. 
Figure 4b shows the splitting of the conduction band 
with the A, valleys lower in energy and the Ao valleys 
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Figure 3. The bandgap energy for strained Siy_,Ge, on a 
rolaxed Si substrate and unstrained Si)-.Gex. For the unstrained 
there is a discontinuity at x~085 whore the band structure 
changes from Si-ke with A-valleys to Ge-lke with L valleys (see 
Figure 4), 


higher, In addition the valence band is split with the 
heavy-hole band being higher in energy than the light- 
hole band (Figure 3). The split-off band is also moved 
further away from the light and heavy hole bands as 
the strain in the system is increased. The indirect 
energy gap for the strained Si,_,Ge, at 4.2K as 
measured by photoluminescence is given by 

E, 


1,155 ~0.43x+0.0206x" [eV] for x<0.85 [3] 


Fg=2.010~1.27x[eV] forx>0.85 [4] 


while the direct bandgap is given by 
E,=3.395 ~ 1.287x-+0.153x(1 —x)[eV](300K) [5] 


Due to the critical thickness, measurements of the 
bandgap of strained Si,_,Ge, grown pseudomorphi- 
cally on bulk Si substrates has been limited to low Ge 
concentrations. Using photoluminescence measure- 
ments at 4.2K, Robbins has obtained a value for 
the exciton bandgap for strained Si; Gey layers for 
x <0.25 to be 

Eg= 1.155 —0.874x-+0.376x"[eV]—_ [6] 
The bandgap for any strained Si:_,Gex layer grown 
ona relaxed Sis yGe, substrate is shown in Figure 5, 
If the active strained Si, ..Ge, layer is compressively 
strained then the conduction band is split into Ay 
valleys being lower in energy and the A, valleys being 
higher (Figure 4b). For tensile strain (such as strained 
Sion a relaxed Si; -yGey substrate), the Aa valleys are 
lower in energy and the A, valleys are higher 
(Figure 4b). 

The band alignments for typical heterolayer 
structures are shown in Figure 6. Pseudomorphically 
grown strained Si;_.Ges layers are only useful for 
forming quantum wells in the valence band 
(Figure 6a). Photoluminescence measurements do 
suggest a type I band alignment for these structures 
(quantum wells in both the conduction and valence 
bands) although it was later shown that the material 
is type II but due to charges producing hand bending, 
the photoluminescence wrongly suggests a type I 
transition. For a quantum well for electrons, strained 
Si layers are grown on a relaxed Si, yGe, substrate. 
Inaddition, quantum wells in the valence band can be 
produced for strained Si,_,Ge, layers with high 
Ge content grown on relaxed Siy_,Ge, substrates 
for x > y. In almost all cases the band alignments are 
type Il although a small region exists where theory 
suggests type I is possible but this has not been 
demonstrated experimentally at present. 
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Figure 4 (a) A schematic diagram ofthe valleys for Ge-ke and Si 
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ce material (b) A schematic diagram ofthe valley structures and 


energy levels of the conduction bands for relaxed, tensile strained (strained Si on relaxed Si,Ge,) and compressively strained 


(strained Si,_,Ge,on ralaxed Si,_/Ge, (x > y)) material 


The valence band discontinuity is given by 
AE, = (0.74 — 0.06y)x — y) [eV] 71 


while the conduction band discontinuity for strained 
Sion a relaxed SiGe, substrate is 


Al for x<0.6 Is} 


=0.6yleVI 


The complete set of AE-and AE, values for all x and y 
are shown in Figures 7 and 8 respectively. Table 2 
gives some of the electronic data on Si, Ge, and 
relaxed SiGe. including mobilities, bandgaps, and 
effective masses. 

‘The mobilities for electrons and holes in relaxed 
Si,_,Ge, layers are below the bulk Si and Ge layers 


due to alloy scattering (Table 2). For strained 
layers, mobility enhancements have been demon- 
strated in a number of different systems. Electron 
mobility enhancements result from the splitting of 
the valleys reducing intervalley scattering. Hole 
mobility enhancements result from the splitting of 
the valence band and reduction of effective masses. 
The hole mobilities for pseudomorphically grown 
strained Siy_,Ge, quantum wells have shown 
values as high as 17000.cm* V's at a carrier 
density of 2x10" cm? for Siog7Geo.r3 layers. 
Higher Ge contents reduce the mobility due to 
alloy scattering. At room temperature, only modest 
mobility improvements of about 20% have been 


observed giving 220 cm? V~!s~! at the high carrier 
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Figure § The bandgap energy (in meV) for strained Si,_.Goy 
{grown on a relaxed SiGe, substrate. Theoretical curves from 
Rigar and Vog! have been calforatadto the experimental data from 
seudomorphic layers. 


densities required for electronic devices of about 
2x 10cm 7. To remove alloy scattering, pure 
strained Ge channels grown on relaxed Si,_,Ge, 
substrates have shown low-temperature mobilities of 
$5000cm*V~'s~? for densities of 5x10" cm * 
the room-temperature reaching 
1665 cm? V~'s~, For electrons, a strained Si layer 
on relaxed Six_yGe, substrates (0.2 < y < 0.3) also 
reduces the alloy scattering in the channel and 
produces much higher low-temperature mobilities 
0390000 cm* V's"! fordensities of 4 x 101! cm 
while room-temperature values have peaked at 
2830 em? V's". All these values correspond to 
Enhanced 
mobilities have also been observed for strained Si 
metal oxide semiconductor field effect transistors 
(MOSFET) where electron mobility enhancements 
of 75% compared to the bulk Si devices has been 
reported on relaxed Sip,yGeo2 although intrinsic 
transconductances are only increased by 60%. 
For holes, a strained Si layer on a Sio.xGeo.2 
relaxed substrate has demonstrated a 50% mobility 
enhancement over a bulk Si MOSFET. 

The ef 
on relaxed Si; -yGey substrates for 0.1 <y < 0.4 has 
produced a very small spread of effective masses with 
values of 0.19 my (where mo is the free electron 
mass) for the longitudinal mass as measured by 
cyclotron resonance and the temperature dependence 
of Shubnikov-de Haas oscillations. The electron 
effective masses are very similar to the bulk values for 
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Figure 6 A schematic diagram of some typical SiGe heterolayer 
structures showing the bandgap, conduction band discontinlty, 
AE,, and tha valence band discontinuity, AE,. (a) shows a 
{quantum wollin the valence band using a pseudomorphic strained 
SipsGen2 layer, (b) shows a quantum well in the conduction 
band using a strained Si layer on a relaxed Sig Go, 3 substrate; 
and (¢) shows a quantum well in the valence band using a 
high Ge content layer on a relaxed substrate with lower Ge 
content. 


strained Si quantum wells. Hole effective masses in 
pseudomorphically strained Si,_.Ge, layers have 
produced a large spread of data even for similar 
alloy and strain values mainly due to the large 
nonparabolicity of the valence band (Table 3) and 
many of the measured samples having metastable 
Siz-2Gey quantum wells. The in-plane hole mass is 
theoretically expected to decrease as the strain in the 
system is increased but to date the experimental 
values have been much lower than theoretically 
calculated values. Experimental data (Table 3) 
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Rolaxed Si, ,Ge, substrate 


oo 8402 «048 


Strained Si,_,Ge, active layer 


Figure 7 The conduction band discontinuity (in meV) for 
strained Siy_,Ge, grown on a relaxed Siy_,Ge, substrate 
Positive numbers correspond to potential barriers to electrons 
while negative values represent quantum wells. The general 
trends and unknown experimental regimes are trom the 
theoretical work of Rieger and Vogl while the quantum well data 
for 01<y<04 and x=0 has been recalibrated from 
experimental work. No experimental data are known to allow 
calration of the barrier regime. 
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Figure 8 The valence band discontinuity (in meV) for strained 
Si-,Ge, grown on a relaxed Si,_,Ge, substrate. Positive 
numbers correspond to quantum wells for holes while negative 
values represent potential barriors. The values from theory in 
the quantum well region agree woll with experimental values 
but ltl experimental data exit to compare the barrir data from 
the theorertical values (plot from Rieger and Vog)) with 
experiment 


snggests that strained Sip gyGep,13 layers have a heavy 
effective mass of about 0.3 mo compared to the bulk 
value of 0.55 mg. 


Optical Properties 


Due to the problems of producing high-quality 
single crystals of Siy,Ge,, there are relatively 
little data on the optical properties of relaxed 
Sir_,Gey in the literature. The situation is even 
worse for strained Si, .,Ge, as the layer thicknesses 
are limited to below 30 nm for Ge contents above 0.1, 
a value much smaller than the penetration depths in 
the system at most optical frequencies. There is, 
however, substantial interest in the optical properties, 
particularly the refractive index, as they suggest 
that SiGe can be used as a waveguide on Si substrates. 

For the relaxed Siy_,Ge, layers, most of the 
published work in the field has been from crystals 
grown by liquid phase epitaxy using melts of indium 
or tin, The samples had free hole concentrations of 
10'” cm along with indium or tin impurities and 
details can be found in the reviews by Humlicek. 
Some of the data are also from thick epitaxial layers 
grown well above the critical thickness where the 
threading dislocation density is likely to be about 
10' cm ~*. The data below 2 eV were obtained by 
absorption measurements, those between 2 and 
5.6 eV have been obtained using ellipsometry and 
the values between 6 and 12 eV were obtained by 
reflectance measurements. 

Figures 9 and 10 show the real and imaginary 
parts of the complex dielectric function defined as 
2 =e; + iey wher V=1 for a number of different 
Ge contents. Figures 11 and 12 show the real and 
imaginary parts of the complex refractive index 
defined by N=n+ik= Je. The peak starting at 
3.395 eV and decreasing as the Ge content is 
increased corresponds to the E, transition across the 
direct gap and may be used to find the Ge content 
using the expression 


x= 4.707 — J6.538E, — 0.0397 19] 
The refractive index is high owing to the strong 
electronic interband absorption in the visible and 
ultraviolet regions of the spectrum, 

The other important optical property of the 
material is the absorption, The absorption coefficient 
is defined as K=4zk/A where & is the extinction 
coefficient for a wavelength A. The intensity of a wave 
traversing a distance d in a homogeneous medium of 
extinction coefficient, k, is attenuated by a factor 
exp(— Kad). Therefore 1/K is the penetration depth. 
‘The absorption coefficient is shown in Figure 13. 


370 SEMICONDUCTOR MATERIALS / Group IV Semiconductors, SU/SIGe 


Table 2 Eloctronic properties of Si, Ge and relaxed Siy_,Goy 


Element si Ge ‘Bulk unstrained SiGe, 
Direct bandgap (eV) at 300 34 080 3.995 — 1.287x-+0.183x(1— x) 
Indirect bandgap (ev) at 300 1.11 (0) 0.684 (L) 1.185 — 0143x-+ 0.0206? (x < 0.85) 
2.010 ~ 1.27x(x > 0.85) 
Spin-orit sping ‘Aus (meV) “4 290 Discontinuity atx ~ 0.85, 
Electron mobility neler’ V's") 1450 3900 Ha = 1486.2 — 6425,9x + 6601.8x" 
‘at 300K F7718.5x° — 10844x'(x < 0.6) 
Ha = 29285 x 10°2%2"" 8 4. 4780.1 
—14246x4 11117<2(x > 08) 
Hole mobility afer? V's!) $05 1800 my = 188.42 — 925.7x + 5455.5x¢ — 85537x" 
‘at 300K + 8751.7x(all x) (Ny = 1 ~ 50% 10" om) 
Longitudinal electron mass mi 0.1905 0082—_—Discontinuity at x ~ 0.85, 
Transverse electron mass my 09163 1.58 Discontinuity at x 0.85 
Heavy-hole mass as 0537 0.284 Discontinuity at x ~ 0.85 
Light-nole mass iin 0.153 0.044 Discontinuity at x ~ 0.85 
Spin-orbit mass my 0.234 0.095 Discontinuity at x ~ 0.85 


Table 3 A comparison of effective masses in modulation-doped samples as measured by the temperature dependence of the 
‘Shubnikov-de Haas oscilations (SdH) or by cyclotron resonance (CR) at liquid helium temperatures. All samples have strained 
Sip 42a 12 OF SiyarGeo 1a quantum walls grown on bulk Si substrates. Therefore only the heavy-hole band should be populated 
at these low temperatures and strain values. € is the mean free path which isthe mean scattering distance ofa hole in the system and 


Js 2 quantitative measure of disorder 


‘Mobility (om? V~" s~') p(x 10" cm*) & (nm) mt (mo) SdH m* (mo) CR 
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Figure 9 The real part (e,) of the complex dielectric function 


Figure 10 The imaginary part (e:) of the complex dielectric 


function 
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11 The real part (n) of the complex retractive index 
ik. 


FerSi,_6e, 


Refractive index (real part k) 
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Figure 12 The imaginary part (A) ofthe complex refractive index 
N=n+ik 


Determining the optical properties of strained 
Sir_.Geg layers has been substantially more difficult. 
‘The major problem is that the absorption coefficient 
is about 10-20cm~' around the fundamental 
bandgap (Figure 6) and therefore any shift due to 
strain effects becomes very difficult to observe using 
absorption techniques in thin SiGe layers. Additional 
complexity results as the substrate material has a 
fundamental bandgap close to the strained layer. 
Therefore photoluminescence is one of the few 
methods for extracting experimentally the optical 
changes due to strain. 


Energy (eV) 
Figure 18 The absorption coefficient K: 


The splitting of the conduction (Figure 8) and 
valence bands (Figure 9) has already been discussed. 
The photoluminescence signals will also shift with 
strain for the lowest lying bandgap energy. Almost 
all the experimental data for strained layers have 
been obtained for pseudomorphically grown 
strained Sii-.Gey alloys on bulk Si substrates and 
the data agree well with the bandgaps shown in 
Figures 3 and 5. The quantum well photolumines- 
cence signal is found to shift by ~1.4 meV per kbar of 
pressure. After removal of nonhydrostatic com- 
ponents, a value of —1.52meV per kbar for the 
pure hydrostatic shift has been reported. 


Conclusions 


A review has been presented of the fundamental 
properties of relaxed and strained Si;_.Ges alloys. 
‘The materials properties were first reviewed and 
demonstrate the limitations imposed by the critical 
thickness. The electronic properties including the 
bandstructure were then discussed and demonstrate 
the lowered bandgap for Si:.Gey alloy compo- 
sitions compared to bulk Si. This property has been 
used in Si;-.Ges p-i-n photodetectors to move the 
absorption to longer wavelengths in an attempt to 
compete with III-V photodetectors for the import- 
ant 1.3 um and 1.55 um fiber optic frequencies. In 
the final section the optical properties of relaxed 
and strained Siy.Ge, material were reviewed. The 
difference in refractive indices has opened research 
into SiGe on Si waveguides. 
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ist of Units and Nomenclature 


fem] 


Absorption coetficient (K) 
Band gap energy (E,) [eV] 
Conduction band [meV] 
discontinuity (AE) 
Critical thickness [am] 
Density [kgm™4] 
Dielectric constant (e) 
Effective mass [my where 
my = 9.11 X 10>" kg] 
Elastic moduli (¢,) [GPa] 
Extinction coefficient (k) fem] 
Lattice constant (ao) [nm] 
Mean free path (I) [nm] 
Melting point IK] 
Mobility (1) fem? V's“ 
Pressure [kbar] 
Refractive index (N) 
Sheet carrier densities [em™?] 
Sound velocity [ms] 
Temperature (K] 
Thermal conductivity (x) [Wm ' KU!) 
Valence band discontinuity (AE,) [meV] 
Wavelength (A) [nm] 


Nitrides 
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Introduction to InGaN 


The optical properties of wurtzite GaN are of interest 
mainly to band-structure theorists. Luminescence 
from pure InN has probably never been detected, It 
is therefore surprising that the combination of these 
binary II-N compounds produces a solid solution, 
InGaN, which has revolutionized blue-green opto- 
electronics in the last 10 years, and may form the 
basis of a new lighting technology to replace the 
tungsten lamp in the first half of the twenty-first 
century 

InGal 
diode, which will be used for future generations of 
optical data storage and for many other applications 
that require a compact source of short-wavelength 
coherent light. The market for nitride light emitters 
has been growing at a rate of ~20% a year since the 
introduction of the first blue nitride light-emitting 
diode (LED) by Nichia Chemical in 1993. The first 


is also the material basis of the blue laser 


Semiconductor Physics: Band Structure and Optical 
Properties; Outline of Basic Electronic Properties; 
Recombination Processes. 
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commercial lasers, with lifetimes in excess of 10 000 
hours, were released in 1998. 

So what is InGaN? The naive response-that it is a 
semiconductor alloy—ignores the theoretical demon- 
stration, based on simple equilibrium thermo- 
dynamics, that InN is insoluble in GaN at the 
temperatures usual for growth (using metalorganic 
vapor phase epitaxy, MOVPE). If we imagine a cation 
lattice, on which we distribute Ga and In atoms, in a 


fixed numerical proportion, in order to form a solid 
solution of given composition, it is thermo- 
dynamically probable that the In atoms will associate 
to form agglomerations in certain regions of the 
lattice. The size, shape, and properties of the resulting 
concentration fluctuations have been a topic of 
intense speculation. 

Practically speaking, InGaN layers are grown 
either as rather thin (<3 nm) quantum wells (QWs) 
immersed in GaN or AlGaN or as thicker epilayers 
(10-500 nm) on top of thick GaN templates. Only 
the QWs are of use in devices, whereas the 
composition and structure of the thick epilayers 


are easier to measure in research applications. 
It is dangerous to suppose that the material retains 
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the same properties when grown in thicker layers. 
Recently, a third class of sample has emerged, in the 
form of self-organized ‘quantum boxes’ (originally 
French bdites), which we shall call QBs. These 
samples, grown at low temperatures by molecular 
beam epitaxy (MBE) comprise pancake-shaped disks 
of uncertain composition, about 50 nm across and 
3-5 nm high. 


Optical Spectra of Devices 


There have been several ‘generations’ of nitride 
LED. We refer here to the Nichia Blue, Extrablue 
(actually turquoise) and Green diodes which set the 
scene in 1996, and the Amber diode which first 
appeared in 1998, although not yet available 
commercially. The spectral properties of the: 
devices have been stable while their efficiencies 
have improved in the intervening years, The basic 
design appears to incorporate a single quantum 
well. Up to a point, the wavelength tuning depends 
upon the incorporation of different amounts of 
indium in the well. (Green and amber devices may 
have the same amount.) 

In what follows, we prefer to specify composition 
by quoting the indium nitride content, x, according to 
the formula unit 


In,Gay.N=xlnN+(—29GaN [1] 


Electroluminescence (EL) spectra of blue and green 
diodes are shown in Figure 1. Spectra are broad 
(compared to kyT at room temperature) with 
exponential tails to high and low photon energies. 
The linewidth tends to increase as the device peak 
wavelength shifts further to the red. 

Whereas it is difficult to measure directly the 
optical absorption spectrum of an ultrathin layer of 
material, an equivalent measurement can be made on 
an LED by monitoring the photocurrent (PC) 
generated by incident monochromatic light. PC 
spectra of the blue and green diode are shown in 
Figure 1, together with the absorption and photo- 
luminescence (PL) spectra of a thick violet-light- 
emitting epilayer. 

‘The spectra of Figure 1 transform into each other 
by ‘stretching’ the x-axis, using the bandgap energy of 
GaN as an anchor point. Comparison of many pairs 
of spectra produces evidence of a universal scaling 
behavior, which relates the details of each spectrum to 
a single controlling parameter. In the case of 
epilayers, this is undoubtedly the InN fraction, as 
we shall see later. 


(a) Greon 
lode 


EL and PC 
(arbitrary unit 
Se 


EL and PC 
(arbitrary units) 


(c)InGan 
cepilayer 
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Figure 1 ELand PC (quasi-absorption) spectra of nitride LEDs, 
‘compared to PL and absorption spoctra of a thick InGaN epliayer. 


In order to describe the form of the absorption! 
excitation curve, we introduce the formal expression 


a=—_®_ 21 


Le en( AS ) 


where ay is the plateau absorption, observed exper- 
imentally, but not yet theoretically explained, E, is 
the (effective) bandgap energy of the sample, E is the 
photon energy, and AB is an energy broadening term, 
similar to the well-known Urbach parameter. 


Optical Energy Relationships 


The spectral universality pointed out in the previous 
section requires the existence of certain relationships 
hetween the optical energies. We list the defining 
energies as the bandgap, E, the peak energy of EL or 
PL, Ep, and the difference between these energies, 
measured for a particular sample, which we call the 
Stokes shift: 


SS=E, - 


BI 


(While the energy broadening tends to increase in a 
regular fashion with the Stokes shift, there are 
irregularities in both AE and the PL linewidths of 
samples from different sources. Hence AE and PL 
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Figure 2 Linear dependence of luminescence peak energy on 
fective bandgap. 


linewidth appear to be local rather than universal 
parameters.) 

‘The relationship between E, and Ey for a wide 
range of emitters is found to be linear (Figure 2): 


Ey = 14SE,~ 1.54 i 


The bandgap energy and luminescence peak energy 
coincide at 1.54/(1.45 — 1) = 3.42 eV, which corre- 
sponds to the energy bandgap of pure GaN. The 
simple linear dependence of E, upon Eg implies a 
linear increase of the Stokes shift energy with 
increasing detuning from the GaN band edge. 


Dependence of Optical Energies on x, 
the InN Fraction, for Thick Epilayers 


As stated above, it is usual to measure the compo- 
sition of thick layers, rather than quantum wells, for 
reasons of experimental convenience. Several tech- 
niques can be used to this end, including measure- 
ment of the lattice constants by X-ray diffraction 
(XRD) (one asymmetric and one symmetric reflec- 
tions are required to take into account the strain state 
of the layer), Rutherford backscattering spectrometry 
(RBS), wavelength-dispersive (preferable) or ener 
dispersive X-ray fluorescence (XRF), sputtered ion 
mass spectroscopy (SIMS), and extended X-ray 
absorption fine structure (EXAFS). 

Allusable techniques provide comparable results if 
carried out with sufficient care. We plot the peak 
energy of PL emission against the measured indium 


nitride fraction for a range of epilayer samples in 
Figure 3. Once more, the dependence appears to be 
linear in a restricted composition range. The best-fit 
line to a linear function E,(x) has an x-intercept 
which is close to the bandgap of GaN. The 
dependence of the optical energies on the indium 
nitride fraction can now be summarized by three 


PL peak energy (eV) 
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Figure 3 Linear dependence of the PL peak energy on the InN. 
content of InGaN eplayers, 


interdependent linear relations, which are valid in the 
composition range 0 <x < 0.4: 


E, =34-44x 
= 34-30% oT 
SS= 14x 


The measurements described above rely on separ- 
ate determinations of composition and an optical 
energy for each sample. Since all samples are to some 
extent inhomogeneous, it would be preferable to 
make such measurements at one and the same time. 
This can be done by using an electron probe 
microanalyzer, modified to allow simultaneous 
cathodoluminescence (CL) spectroscopy. CL is 
analogous to PL. A recent study of samples with 
0.05 <x < 0.25 has yielded the result: 


Ey = 3.40(1) ~ 3.91(5)x {61 


with error bars (shown) that are about ten times 
smaller than those of the previous work. 
Bandgap of InN 


jentally deter- 
of measure- 


It is dangerous to extrapolate exper 
mined relationships beyond the range 
ments used to derive them. 

The bandgap of an alloy is best represented by a 
quadratic function of x, with the deviation from 
linearity described by a bowing parameter. The above 
measurements suggest a small bowing parameter for 
the InGaN alloy system. If we ignore bowing and 
equate Ep with E., the InN bandgap obtained by 
setting x=1 is calculated to be 0.71 eV. This is 
certainly an underestimate, but is similar to 
recent values obtained experimentally for layers of 
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pure InN grown by Molecular Beam Epitaxy. Before 
the year 2000, the generally accepted value of the InN 
bandgap was close to 2 eV. 


Origin of the Stokes Shift 


Stokes shifts originate in systematic energy loss during 
the excitation—luminescence cycle. While the band- 
gap, as defined above, is the mean energy of electron— 
hole pairs across the bandgap, the PL peak is the modal 
energy of electron-hole recombination. The large 
Stokes shift in the InGaN system is probably due to the 
influence of giant internal electric fields that separate 
the carriers prior to recombination, 

In the absence of a microscopic model, itis difficult 
to provide a quantitative description of energy loss in 
the excitation-emission cycle. Experiment shows 
that the shift can be as large as ~0.6eV in an 
epilayer with x= 0.4. If such a layer were 100 nm 
thick and uniform in composition, it would be 
strained by about 4% when pseudomorphic to a 
GaN template, with an estimated vertical electric field 
of 6x 10° Vm !. Unit strain would correspond to a 
15-eV shift (equivalent to a piezoelectric deformation 
potential). While these numbers are large, they seem 
reasonable in the light of sophisticated theoretical 
calculations of the magnitude of the piezoelectric 
effect in InGaN. But itis an unfortunate experimental 
fact that layers grown with different thicknesses, and 
presumably under different states of strain, may show 
the same value of the Stokes shift. 

If the material has composition fluctuations, 
accompanied by strain variations, the recombination 
energy will be much more sensitive to the local 
environment. One can imagine a situation in which 
recombination always takes place at the lowest 
available energy, as carriers diffuse under the action 
of local strain/electric fields. This situation would be 
rather similar to that which pertains in quantum wells 
with spatial energy disorder, caused by well width 


ca 


ve 


Figure 4 Excitaion-emission cycle in the presence of an 
clectric fold. CB and VB are conduction band and valence band, 
respectively. 


fluctuations. A theoretical treatment of localization in 
three dimensions would be very difficult. 

Inany case, the physical situation of excitation and 
recombination in the presence of an elect 
that sketched in Figure 4. 


Quantum Wells and Quantum Boxes 


The incorporation of quantum wells has several 
advantages for light-emitting devices. In nitrides, the 
expected increase of oscillator strength for radiative 
transitions, due to the reduced dimensionality, is 
mitigated to some extent by the opposing effect of the 
internal electric fields, but the quantum well still acts 
as an energy sink for mobile excitations and as a site 
for carrier localization. 

Quantum confinement can also act as a wavelength 
tuning mechanism in QW devices. The effect in blue- 
emitting nitride devices is rather small until the QW 
width falls below 3nm, It should be clear that a 
reduction in the photon energy of recombination with 
increasing well width will accompany vertical separ- 
ation of carriers in a piezoelectric model, Usually, as 
mentioned above, wavelength tuning in nitride 
devices is accomplished by changing the composition. 
What should we make of the fact that amber and 
green diodes apparently have the same composition? 
It would appear that the well widths are different. On 
the other hand, the amber emitters have anomalously 
narrow linewidths, which may imply that some other 
mechanism is in force. Here, we must let the matter 
rest, in the absence of detailed structural information. 

Quantum boxes should be distinguished from 
quantum dots (QDs). The former are mesoscopic 
objects that form spontancously under certain growth 
conditions, which usually involve the influence of 
strain. The best-characterized example in semicon- 
ductor physics is the Stranski—Krastanow growth of 
InGaAs structures on GaAs. While GaN in AlGaN 
forms recognizable nanocrystals, InGaN forms less 
well-defined structures of indeterminate shape, some 
30-50 nm in lateral extent and 3-10 nm high. QDs, 
on the other hand, are truly zero-dimensional objects, 
in the sense that carrier motion is quantized simul- 
taneously in three spatial dimensions. The utilization 
of reduced dimensionality to enhance recombination 
probabilities in active devices is only valid when QB 
structures meet the criteria of low dimensionality: the 
carrier motion must be restricted to a distance smaller 
than the appropriate Bohr radius. 


Structure of InGaN Epilayers 


The state of strain of InGaN epilayers is usually 
determined by XRD. Both symmetric and asymmetric 


Values 


age to trigger the transistor. This arrangement is 
common in solid-state relays. 


A bipolar phototransistor is a slower-speed de- 
vice but is still usually capable of a Sus response 
time or better. Its open collector requires exter- 
nal voltage and a pull-up resistor to deliver a pos- 
itive output so long as the phototransistor is 
nonconductive. When the LED turns on, the pho- 
totransistor sinks current, effectively creating a 
low output. In this way, the optocoupler func- 
tions like an inverter, although some variants in- 
clude a noninverting output. 


Basic Optocoupler Types 
An optocoupler with high linearity will respond 
more proportionally to variations in current to its 
LED. High Speed optocouplers are used for high- 
frequency data transfer. Logic-output optocou- 
plers have a clean high/low output transition, 
rather than an analog output, which varies with 
fluctuations in the input. Linearity is of impor- 
tance only where an optocoupler is being used 
to transmit an analog signal with some fidelity, 
Some logic-output optocouplers provide the 
function ofa Schmitt trigger on their output side. 


optocouplers are availablein various pack- 
age formats, the DIP style with six or eight pins 
remains popular, providing sufficient physical 
space for the LED, the sensor, anda lightchannel, 
while providing good electrical isolation. 


Variants may havetwo or four optocouplers com- 
bined in one package. A bidirectional optocou- 
pler may consist of two optocouplers in parallel, 
inverted with respect to each other. 


Values 


Ina datasheet, the characteristics of primary im- 
portance in an optocoupler ai 


+ CTRis the Current Transfer Ratio, the ratio of 
maximum output current to input current, 
expressed as a percentage. With a bipolar 
phototransistor output, 20% isa typical min- 
imum CTR. With a photodarlington output, 


rated circuit > analog > optocoupler 


the CTR may be 1,000% but the bandwidth 
is much lower—the response time may be 
measured in microseconds rather than 
nanoseconds. Optocouplers with a photo- 
diode output have a very low CTR, and their 
‘output is in microamps. However, they pro- 
vide the most linear response. 

+ Veeiuan 5 the maximum collector-emitter 
voltage difference (in an optocoupler with a 
bipolar phototransistor output). Values from 
20 to 80 volts are common, 

+ Visois the maximum potential difference, in 
VDC, between the two sides of the optacou- 
pler. 

+ lax is the maximum current the transistor 
can handle, generally in mA. 

+ Bandwidth is the maximum transmittable 
signal frequency, often in the range of 20kHz 
to 500kHz, 


The LEDinan optocouplertypically requires 5mA, 
ata forward voltage of 1.5V to 1.6V. 


The maximum collector current on the output 
side of an optocoupler is unlikely to be higher 
than 200mA. For higher output currents, a solid- 
state relay should be considered. It provides 
photo-isolation on the same basis as an opto- 
coupler, but high-current versions tend to be 
considerably more expensive. 


How to Use It 


The primary purpose of an optocoupleris to pro- 
vide protection against excessive voltage—from 
transients, incompatible power supplies, or 
equipmentwith unknown characteristics. fa de- 
vice is designed to be plugged into a USB port 
on a computer, for instance, the computer may 
be isolated via an optocoupler. 


Aseries resistor for the LED is not built into most. 
optocouplers, because the value of the resistor 
will depend on the input voltage that is used. 
Care must be taken to determine what the max- 
imum voltage on the input side will be, and a 
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reflections are required to calculate the actual values 
of the out-of-plane and in-plane lattice constants, c 
and a, respectively. These can then be compared with 
those predicted for a relaxed alloy by Vegard’s law, 
for exampl 


e(in,GaysN) = x¢ncan + (Sean (71 
The composition itself, as well as the state of 
strain, can be determined from measurements of ¢ 
and a with one additional assumption: that the 
Poisson ratio of the alloy also obeys Vegard’s law. 
If the composition is known from an independent 
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Figure 5 EXAFS-determinad local structure parameters of hick 
InGan films, 


chemical measurement, this assumption can be 
tested. 

InGaN epilayers are usually grown on thick GaN 
formers. In pseudomorphic growth, the constraint, 
a(layer) = agay applies. This is sometimes assumed to 
be the case when layers are thinner than about 50 nm, 
but nothing should be taken for granted when dealing. 
with this material. Each layer is different. A similar 
warning applies to the assumption that thick InGaN 
layers will be relaxed. It has recently been shown 
that partially relaxed and pseudomorphic regions 
may actually coexist within the same InGaN 
film, which nevertheless has a composition that is 
uniform throughout. Other films may show a 
concentration gradient due to compositional pulling 
during growth. 

The local structure of InGaN films has been 
measured using In-edge EXAFS. Using a tetrahedral 
two-shell model that does not distinguish the wurtzite 
and cubic crystal structures, we find that the In-N1 
bond length is more or less independent of the alloy 
composition in the range 0.17 < x < 0.38 of samples 
measured, having a value of 2.11(1) A (compared to 
2.16 A in pure InN). The M1 shell of mixed In and Ga 
atoms is located on average at about 3.28 A, as 
shown in Figure 5. 

The straight line on the figure connects the values 
of the a lattice parameters (of GaN at x = 0 and InN 
at x=1) and hence represents the predictions of 
Vegard’s law for a relaxed or bulk alloy. The 
measured In—M1 separations are less dependent on 
x than Vegard predicts. 
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Figure 6 Fourier transform of the EXAFS spectrum yields the radial distribution function of an InGaN QB sample, 
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Local Structure of InGaN QW and QB 


There has been a great deal of speculation in the 
literature concerning the local structure of InGaN 
alloys in the active layers of light-emitting devices 
Much of this discussion paddles in the shallows of 
invalid comparison, as researchers extrapolate their 
findings from the results of measurements and 
calculations that can be made to those that cannot. 
One example is the large theoretical effort devoted to 
the defect physics of GaN, which is supposed som 
how to ‘explain’ the optical properties of InGa 
(‘Let us first suppose that all the horses in the race are 
spherical.’) 

‘We will try to avoid invalid comparisons in the 
brief discussion that follows. Recently, a Strathclyde 
University/Daresbury Laboratories/CHEA-CNRS 
Valbonne collaboration has succeeded in measuring 
the local structure of an InGaN QB sample, grown on 
a thick GaN template by MBE. The radial distri- 
bution function (RDF) around the target In probe 
atom is shown in Figure 6, together with a three-shell 
fit to the data. 

‘The first shell of neighbors comprises four N atoms 
at 2.10(2) A, the second shell is pure Ga at 3.22(3) A, 
and the third shell pure In at 3.56(3) A. These results 
suggest that there are two distinct In environments in 
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Background 


The chemical reaction of group IIA (Be, Mg), IIB(Zn, 
Cd) and group VI (O, S, Se, Te) atoms produces solid 
crystalline materials which are classified as semicon- 
ductors. The archetypal compound is ZnSe and this 
material will be used as the main example in this 
article. These are termed II-VI binary (involving two 
elements) compounds. It is also possible to grow alloy 
materials where more than one atom from each group 
is used; an example is Zn,Cds_,Se where x is the 
proportion of Zn in the material. In general, there is a 
random arrangement of the Zn and Cd atoms within 
the crystal structure. Both binary and alloy semi 
conductor materials are single crystals so that the 
atoms are arranged in a periodic three-dimensional 
system called a lattice. The lattice may he represented 
by a unit cell; simply by repeating the pattern of the 
unit cell, we can generate the entire crystal lattice. 


|-VI Semiconductors 


such samples, One resembles the InGaN alloy, 
encountered in the epilayer samples, while the other 
is an environment of pure InN. 

On the basis of these results, it is extremely likely 
that InGaN phase-separates in QB growth to form a 
two-component mixture comprising an In-poor and 
an In-rich phase. The manner in which these phases 
interpenetrate is a matter for speculation. 


See also 


Semiconductor Materials: Quantum Dots. Semi- 
conductor Physics: Infrared Lattice Properties; Light 
Scattering; Outline of Basic Electronic Properties; 
Quantum Wells and GaAs-Based Structures. 
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At the atomic level, the zinc (selenium) atom is 
bonded to 4 selenium (zinc) atoms which are 
arranged at the corners of a tetrahedron, The unit 
cell formed by this tetrahedral arrangement is termed 
the zincblende structure and is illustrated in Figure 1a. 
The dimension shown is called the lattice constant a 
and is characteristic of a particular II-VI semicon- 
ductor material, Some I-VI materials crystallize 
with a different unit cell which is termed the wurtzite 
structure, though again the atoms are bonded to four 
others in a tetrahedral arrangement as shown in 
Figure 1b. In this case, two lattice constants denoted 
aand care required to characterize the unit cell. Some 
of the II-VI materials can occur in either of these two 
structures depending on how they were grown, The 
lattice constants of several I-VI compounds are 
given in Table 1. 


VI Materials Growth 


All of the II-VI family of semiconductors have high 
melting points due to the strong bonding that exists 
between the atomic species; values are given in 
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Figure 1 
the lattice constants as given in Table 1 


(a) Zincblende lattice; (b) wurtzite latice. a and care 


Table 1. The crystals can be grown either by cooling a 
liquid (often called a melt) or by condensation from a 
gas (vapor). Crystal growth is a very precise and 
difficult process requiring the control of a large 
number of variables most notably temperature and 
pressure. As many of the II-VI materials can exist in 
either the zincblende or wurtzite structures, produ- 
cing single crystals with only one structure is often 
quite difficult. Many of the crystals are ‘twinne 
zincblende structure, a twin produces a wurtzite 
structure in one plane. The photograph in Figure 2 
shows a ZnSe single crystal. This crystal took 
several days to grow indicating that very stable 
growth conditions must be maintained over long 
periods of time. The vapor phase technique takes 
advantage of the high vapor pressure of the I-VI 
compounds that allows for the growth of large single 
crystals at temperatures much below the melting 
point of these materials, Vapor growth is helped also 
by the congruent evaporation of the two constituents 
into the vapor state in a dissociated form. These two 
vapor constituents also recombine stoichiometrically 
into the solid crystal. The melting points and vapor 
pressures at the melting points of some II-VI 
semiconductors are given in Table 1. 

It is also possible to grow materials in a layer-by- 
layer fashion onto an existing substrate; this is termed 
epitaxial growth. Recent developments have allowed 


the growth to proceed one atomic layer after the 
other. As a result, materials can be grown that are less 
than 100A in size. At these small sizes, the funda- 
mental electronic and optical behavior of these 
materials is altered due to quantum mechanical 
effects. These materials are termed quantum wells. 
Growth temperatures in these cases are much below 
the melting point of these materials and allow for 
uniform single crystals without any ‘twin’ formation. 
In molecular beam epitaxy (MBE), atomic beams of 
the constituents impinge onto a heated substrate 
where they combine to form the crystalline material. 
Growth of ZnSe onto III-V substrates such as GaAs 
is well developed. The quality or purity of the single 
crystals can often be deduced from their optical 
properties as we will sce later. 

The addition of small amounts of other atoms into 
the crystal during the growth procedure is called 
doping. Semiconductors are materials whose electri- 
cal conductivity can be drastically altered by the 
addition of small amounts of dopants. This ability to 
control the electrical conductivity is the key to 
their use in the high-speed devices used in modern 
optical communications systems (see Semiconductor 
Physics: Impurities and Defects). In ZnSe, doping 
with Cl produces n-type material while doping with 
N produces p-type material, The ability to form a pn 
junction (a thin region between n and p type material) 
is the precursor for the production of optical devices 
such as light-emitting diodes (LEDs) or laser diodes 
(LDs) based on I-VI semiconductors. Doping also 
changes the optical properties of I-VI materials. 

All materials are defective to some degree, and 
these II-VI materials are no exception. The number 
and type of defects are determined by thermodynamic 
and purity considerations during the growth process. 
There are native defects such as vacancies (missing 
atoms) and dislocations (extra or missing layers 
of atoms). There are also impurities present; foreign 
atoms due to the impurities in the starting growth 
materials. These impurities have an important effect 
on the ability of the material to emit light. Dopants 
and impurities may help to increase the amount of 
light emitted while dislocations usually reduce the 
emission efficiency in II-VI materials. 


Optical Properties of II-VI 
Semiconductors: Basic Concepts 
Introduction 


When light is incident on a solid material, its electric 
field interacts with the electric field within the atoms 
comprising the solid. This interaction leads to a 
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‘Table 1 Structural, thermodynamic and optical properties of II-VI compound semiconductors 


Material Lattice «Crystal structure Melting point Vapor pressure at mp Relvactive index Bandgap Bandgap 

constant (A) (mp) (°C) (atm) OK) (300K) 
ZO 3.250 w 1975 22 20 244 ar 

5.207 
ZS 3.820 w 1718-1850 3.7 28 aor 30 

26.260 

25.410 Zz 24 83 366 
ZnSe 5.668, Zz 1520 10 28 22 287 
ZoTe 6.104 Zz 1300 os at 239 225 
Cis ad.ta3 w 1405-1475 3.8 25 258 242 

6.710 

a5.ag2 Zz e & - 
CdSe 24.200 w 1239-1284 0.4 268 1.84 1.74 

07.015 

26.057 Zz - 1.7 - 
cate 46.477 z 7 - 275 1.60 149 
Mgs 25.89 Zz - - 26 7 45 
MgSe 25.62 Zz 7 - 26 - a6 
BoTe 25.627 Zz = ~ 7 - 28 


Data taken from many sources mentioned in the bibliography but primarly trom Bhargava, R. (1997) (ed) Wide Bandgap II-VI 
‘Semiconductors, The Institute of Electrical Engineers, London, Table 1 of Chapter 5.4 with permission. 


Figure 2 ZnSe single crystal grown by vapor transpor. 
Photograph courtesy of NASA. 


number of effects that we ean observe. The light will 
be reflected or scattered from the surface of the solid, 
depending on whether the surface is smooth or rough 
on a length-scale similar to the wavelength of light. 
‘The materials of interest here are high-quality crystals 
with a smooth reflective surface. When light enters a 
material, it is refracted, i.c., it changes direction 
within the material. The simplest example of this is 
when a stick is placed in a jug of water, it appears to 
be bent. It is of course the light that is bent due to its 
different interaction with the air and with water. 


Snell’s law states that: 


sin a 


i) 


where «is the angle of incidence of the light and a, is 
the angle of refraction. n is known as the refractive 
index of the material and is characteristic of it. As 
well as being refracted, any light that enters the 
crystal is either absorbed within the material or 
transmitted through the material to emerge on the 
other side. If the light is absorbed the material will 
look colored if the absorption takes place in the 
visible region where our eyes are sensitive. The ZnSe 
crystal in Figure 2 is such a material; the orange color 
is due to the absorption of blue light from the white 
light shining on the material. Other materials look 
transparent; ZnO is such an example. Following 
absorption, some materials produce light of their 
own; the color of the light is characteristic of the 
material and this process is termed luminescence. 
Light may also be scattered within a crystal by 
imperfections and by vibrations of the atoms in the 
crystal, 

‘When light enters a solid material, the electric 
field polarizes the atoms within the structure. The 
positive and negative charges within the atoms 
move slightly from the equilibrium positions. All of 
the optical effects mentioned above are related to the 
induced polarization. As the constituent atoms in 
the structure are unique, the induced polarization 
and the resulting optical properties are specific 
to particular materials, and this makes optical 
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characterization a very important tool for the 
investigation of semiconductor materials. 


Reflection at the Air-to-Material Interface 


Our experience of looking at reflection from glass 
tells us that these are weakly reflecting materials; the 
same is true of single crystal I-VI materials such as 
that in Figure 2. The interface between air and an 
optical material is a fundamental aspect of optical 
physics. The amount of light reflected can be 
determined from Maxwell’s equations. The simplest 


equation is found where light is incident 
perpendicular to the surface of the material: 
geet ‘ay 
wy 


where R is the reflection coefficient and 7m is the 
refractive index of the material. The value of m is 
characteristic of the particular material. Values of 1 
for several II-VI materials are given in Table 1. The 
refractive index 1 for all these II-VI materials is not 
constant but varies slowly with the wavelength of 
the light impinging on the material. In Figure 3, 
we show the wavelength dependence of the refractive 
index of ZnSe. 


‘Transmission and Absorption of Light within 
H-VI Materials 


Once the light has passed through the interface with 
the air, it can cither be transmitted through the 
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Figure 3. Retractive index n of ZnSe versus wavelength and 
photon energy at T3900 K. Adapted trom Madelung E (ed) 
(1982) Numerical Data and Functional Relationships in Science 
and Technology, New Series, Group Il Crystal and Solid 
State Physics, vol. 17b: Physics of II-VI and II-Vil Com 
pounds, Semimagnetic Semiconductors, Berlin: Springer-Verlag, 
Figure 52, with permission. 


material to emerge on the other side at a second 
material-air interface or be gradually absorbed 
within the body of the material, The ZnSe sample in 
Figure 2 
orange in color to our eyes, i.c., the orange 


illuminated with white light, but it appears 


component within the white light is transmitted 
through the material to our eye. The other com- 
ponents in the light, mostly green and blue, are 
absorbed within the material, 
quantitative information, we take a spectrum of 


To obtain more 


the absorption within the material, We illuminate 
the sample with light of different wavelengths and 
determine how much is transmitted or absorbed at 
each wavelength, The transmission spectrum of ZnSe 
is shown in Figure 4. 

The visible spectral region extends from 0.4 to 0.7 
microns and we sce that there is a large change in 
transmission around 0.5 microns that is responsible 
for the color of the ZnSe crystal as scen in Figure 2, 
This spectral region around the onset of a large 


reduction in transmission at 0.5 microns is termed 
the bandgap of the material. As in the case of the 
refractive index, the value is unique to the material. 
I-VI materials are termed wide bandgap materials 
as they possess larger values of the bandgap energy 
than for Si, Ge and the III-V semiconductor 
materials, If we shine light of wavelength 0.5 
microns onto ZnSe material, the transmission is 
very low. Under these conditions, the material would 
look black to our eyes. Once the light has been 


ZnSe transmission spectrum 
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Figure 4 ZnSe transmission spectrum versus wavelength. 
Courtesy of II-VI Incorporated. 
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Figure 6 A seven-segment II-VI LED with blue emission 
taken at room temperature. Reproduced with permission from 
Hagerott M, Jeon H, Nurmikko AV, et al. (1992) Indium tin oxide 
‘as transparent elactrode material for ZnSe-based blue quantum 
‘wolllight emitters. Applied Physics Letters 60: 2825~-2827. 


absorbed by the II-VI semiconductor, it can in turn 
produce light of its own. This light, known as 
luminescence, is again characteristic of the particular 
material and is the basis for the use of such materials 
in light-emitting diodes (LEDs) and laser diodes 
(LDs). In Figure 5 we show the luminescence from a 
I-VI LED. We see also from Figure 4 that at very 
long wavelengths, the ZnSe material also exhibits a 
large reduction in light transmission. This spectral 
region is termed the far infrared and the light 
absorbed at this spectral region produces vibrations 
of the atoms within the material, referred to as 
lattice absorption, 


Light Scattering 


Within the bulk of the material, small areas may have 
a different arrangement of atoms or may contain a 
substantial number of foreign atoms known as 
impurities. A large grouping of these impurities is 
known as an inclusion, In these regions, the optical 
properties will be different from the bulk of the 


material, Differences in both absorption coefficients 
and refractive indices can be found. These different 
refractive indices cause the light passing through the 
material to be scattered. Poor-quality material will 
often contain many inclusions. Even to the eye, these 
crystals will not look highly transparent. Changes in 
the refractive indices can also occur in highly pure 
materials due to vibrations of the atoms in the 
crystals. The lattice vibrations change the distance 
hetween the atoms in the material which alters the 
electric fields within the material and thereby changes 
the optical properties. Light can also be scattered due 
to these vibrations; experimental measurements of 
light scattering can provide useful information on the 
vibrations in these materials. 


Optical Properties of II-VI 
Semiconductors: More Advanced 
Concepts 


Light-Semiconductor Interactions 


Light is an oscillating electromagnetic field whose 
interaction with semiconductor materials is in terms 
of the complex dielectric constant e, = 12 where nis 
the complex refractive index defined as n, =n — ik 
kis known as the extinction coefficient and the value 
of & determines the amount of absorption in a 
material. The optical processes of reflection and 
absorption in semiconductors are governed by this 
complex dielectric constant. It turns out that there is a 
strong relationship between these processes. If the 
absorption spectrum is determined at all frequencies, 
then we can determine the refractive index spectrum 
at all frequencies by what is known as the Kramers— 
Kronig relations. From this description, we can now 
refine eqn [2] presented above: 


(n= $e 
ore Bl 
If the material is transparent at a particular wave- 
length, then k=0 and we can determine the 
refractive index m. This is the case for values 
given in the table, The technique of spectroscopic 
ellipsometry can be used to determine the optical 
response of materials over a large wavelength range. 
This technique relies upon the change from linear 
polarization to elliptical polarization for light 
reflected from a material. From these measurements, 
the dielectric response can be determined. 
If we look again at Figure 3, we see that there is a 
strong change in sample transmission around 
0.5 um. This corresponds to an energy of 2.18 eV 
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and is the bandgap energy of ZnSe. According to the 
details presented above, transitions are now being 
made from the full valence to the empty conduction 
bands of the semiconductor material. Once we have 
exceeded the bandgap energy, we can make further 
transitions between the bands. The spectrum shown 
in the figure is a broad band, reflecting the change 
from sharp atomic transitions to broad transitions in 
the solid state. Light with a wavelength greater than 
0.5 um does not have sufficient energy to effect the 
transitions between the bands. These wavelengths 
are not absorbed in the material. The material 
is transparent and the value of the extinction 
coefficient & is zero. The orange color of the 
crystal in Figure 2 corresponds to this transparent 
spectral region. 

Cooling samples to low temperatures close to 
absolute zero has a profound effect on the optical 
properties of materials, particularly the absorption 
spectrum, In Figure 6, we show the absorption 
spectrum of a ZnSe sample at a temperature of 
2K. The absorption spectrum is determined from 
the measured transmission by the following 
equation 


lI 


where @ is the absorption coefficient, I the length 
of the sample, Jo the light intensity incident on 
the sample and J, the light intensity transmitted 
through the sample. In addition to the broad band 
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Figure 6 Low-temperature optical absorption spectrum of a 
ZnSe layer showing the 18 and 2S exciton features, the 
184 1LO-phonon transition and the splitofl (SO) exciton. 
Repraduced with permission from Bhargava A (ed,) (1997) 
Wide Bandgap I-VI Semiconductors, The Institute of Electrical 
Engineers: London, Figure 2 of Chapter 4.1 


spectrum there are now a number of sharp spectral 
lines near the bandgap energy. 

These lines are due to exciton formation. An 
exciton is an electron-hole pair bound together 
by their mutual Coulomb interaction, It is the 
solid state equivalent of the Hydrogen atom 
(see Semiconductor Physics: Excitons). The bandgap 
energy at 2K has increased from its value at 
300K. This is due to the thermal changes in the 
interatomic distance and the vibrational properties of 
the materials. Values of the bandgap energies 
determined from the position of the exciton lines in 
absorption spectra at low and at room temperatures 
are given in Table 1. At low temperatures, the 
luminescence is dominated by excitons, and we 
observe sharp line transitions, The width of the 
exciton transition is an excellent indicator 
of the quality of the material, and is often used 
by crystal growers to determine the quantity of 
defects in their materials. 

It is possible for excitons and for free carriers 
{those that are not bound together) to recombine 
without giving out light. This nonradiative process 
usually involves the creation of local vibrations of 
the crystal lattice in the vicinity of defects in the 
material. We can define the radiative efficiency 7, as 
follows 


(51 


Ret Row 


where R, is the radiative transition rate and Ry, is 
the nonradiative transition rate. In order to develop 
new optical devices based on II-VI semiconductors, 
it is essential that the value of Rye be as small as 
possible, As Rae is directly related to the concen- 
tration of defects in these materials, one can see why 
it is essential to make semiconductors with as few 
defects as possible. We can study these effects using 
a pulsed light source. Carriers are created during the 
pulse of light and recombine after the pulse has 
stopped. If we measure the luminescence intensity 
versus time, we can deduce the lifetime, which is 
given as 


[6] 


where 7, is the radiative and 7,, the nonradiative 
lifetime, respectively. By varying the carrier density 
we can separately determine the contribution to the 
lifetime from radiative and nonradiative effects. In 
II-VI materials at room temperature, lifetimes are 
of the order of 1 ns. 
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Quantum Wells, High Carrier Density Effects, 
and Lasers 


Recent developments in the growth of semicondue- 
tor materials has allowed the production of 
samples with monolayer accuracy (3-5 A). If we 
grow a layered structure with materials of high 
bandgap on cither side of a material of lower 
bandgap, we can observe quantum mechanical effects. 
‘These materials are called quantum wells (see Semi 
conductor Physics: Quantum Wells and GaAs-Based 
Structures). Asan example,a 75 A ZnSe quantum well 
can be grown between layers of Zn$Se. Due to the 
small size of the active material, quantum mechanical 
effects come into play, most notably an increase in 
the bandgap energy as the width of the quantum 
well decreases. The effect of placing this material 
hetween ZnSSe layers that have a larger bandgap is to 
confine the electrons and holes to the small region of 
the well. In this small region, they are less likely to 
encounter defects and so quantum well materials 
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Figure 7 (a) Absorption and (b) luminescence from a single 
ZnSe quantum well at T=10K in the vicinity of the = 1 
{quantum well exciton transtion. Reprinted from Nurmikko AV, 
Joon H, Gunshor RL and Han J (1996) II-VI lasers ~ directions. 
‘Joumal of Crystal Growth, 159: 644-651 with permission from 
Excorpia Media Inc. 


usually have a higher radiative efficiency than 
bulk II-VI materials which are grown by standard 
techniques. In Figure 7, we show the exciton absorp- 
tion and luminescence from a ZnSe quantum well at 
low temperature. 

If we increase the excitation level in these 
materials, we can eventually cause them to operate 
as lasers. At high carrier densities, nonradiative 
transitions become saturated and radiative efficiency 
increases. indices in II-VI 
materials are quite large, the reflectivity of the two 
ends of the sample are usually sufficient to act as the 
mirrors for the laser cavity. All the II-VI semi- 
conductor materials have exhibited laser action due 
to their direct bandgap. Most of the early studies of 
lasing were carried out at low temperature. In 
recent times, lasing action has been observed at 
room temperature in CdZnSe quantum well 
materials and there are attempts at present to 
develop commercial II-VI lasers for use in optical 
storage devices and flat panel displays. In Figure 8 
we show the transition from luminescence through 
gain and into lasing action for a CdZnSe quantum 
well material. 


As the refractive 
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Figure 8 Emission spectra above and below lasing for a 
440A Cdozx/Zn 72 Se/ZnSe system at room temperature, 
100% corresponds to 1.1 times lasing threshold. Reprinted tram 
Donegan JF, Jordan C, Rees P, Logue F. Heffeman JF and 
Hogarty J (1998) A study of internal loss in GdZnSe/ZnSe multiple 
quantum well materials. Journal of Crystal Growth, 159: 653-658 
vith permission from Excerpta Media Ino. 
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Dopants and Impurities 


The key to the large-scale use of semiconductor 
materials is the large change in the electrical 
conductivity of the materials with the incorporation 
of small amounts of other elements. This process is 
known as doping and the foreign elements are 
known as dopants. The recent development of 
I-VI laser diodes in ZnSe materials is based on 
the p-n diode junction. Electrons injected into the 
n-type material recombine with holes injected into 
the p-type material at the junction between these 
two materials. A particular type of luminescence 
transition unique to semiconductor materials is 
the donor-acceptor pair (DAP) recombination. 
As donor and acceptor atoms are located in specific 
crystalline sites with respect to one another, we 
observe that the recombination energy is dependent 
on separation. Pairs that are close together often 
exhibit sharp lines while those far apart merge into a 
broad band. In Figure 9 we show the DAP 
recombination in ZnSe at 1.6 K. 

It is also possible to incorporate forcign atoms in 
I-VI materials that have a small effect on the 
electrical properties but significantly change the 
optical properties. Such foreign atoms are termed 
impurities to distinguish them from dopants. An 
example is Mn** in ZnS. The Mn ions take the place 
of a small number of Zn atoms in the lattice. The 
luminescence from such a material is a broad 
emission in the visible region due to optical tran- 
sitions on the Mn ions. ZnS:Mn materials are used as 
phosphors in flat-panel displays. 
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Figure 9 DAP recombination spectra of Ini pairs in ZnSe 
showing pair lines, pair band (Q;) and LO-phonon replicas 
(Q; and Q,) at two diferent intensities (a) and (b). Adapted with 
permission from Marz JL, Nassan K and Shiover JW (1973) Pair 
Spectra and the shallow acceptors in ZnSe. Physical Review B 
&: 14441452. 


Effects of Temperature, Pressure, Electric, 
and Magnetic Fields 


The optical properties of II-VI materials are 
subject to variation due to temperature changes, 
external pressure and fields. Increasing temperature 
is found to lead to a decrease in the bandgap of 
II-VI materials. This decrease is due to the 
combined effects of an increase in the lattice 
spacing with temperature and the electron—phonon 
interaction, As the population of phonons is 
temperature dependent, this effect increases strongly 
as temperature increases and is the major con- 
tributor to the change in bandgap with tempera- 
ture, A second effect of increasing the temperature 
is the change in the luminescence properties. In 
particular, it is found that the luminescence 
efficiency decreases and this is reflected in a reduced 
luminescence lifetime at room temperature com- 
pared with low-temperature values. Looking again 
at eqn [6], it is the nonradiative lifetime that 
changes rapidly with temperature and results in the 
decrease in the luminescence efficiency. 

Pressure changes may he hydrostatic or uniaxial, In 
the hydrostatic case, the atoms are all brought closer 
together, and for the II-VI materials, this results in 
an increase in the bandgap energy. On the other 
hand, a uniaxial stress results in a decrease in the 
bandgap in the direction of the stress and an increase 
in the transverse directions. In II-VI materials 


with a wurtzite structure, the situation is more 
complex with two longitudinal and four transverse 
deformations possible. 

External electric and magnetic fields can also be 
applied to II-VI semiconductors and thereby the 
optical properties can be changed. Electric fields 
polarize the materials and can lead to a reduction in 
the optical strength of transitions due to this 
polarization-induced carrier separation, Magnetic 
fields, on the other hand, lead to a splitting of the 
conduction and valence bands into Landau levels due 
to the circular motion of the carriers around the 
direction of the field. 


Semiconductor Physics: Band Structure and Optical 
Properties; Excitons; Impurities and Defects; Outiine of 
Basic Electronic Properties; Quantum Wells and GaAs- 
Based Structures. 
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Introduction 


‘The binary IV-VI compounds formed from Pb and 
group-VI elements like S, Se, and Te are among the 
oldest known semiconducting materials, and have 
been used for many years for electronic and opto- 
electronic device applications. The first ever reported 
solid state diode was made from single crystalline PbS 
and its rectifying properties ‘xploited in early 
radio receivers. Later on, interest in IV-VI semicon 
ductors shifted to mid-infrared opto-electronic device 
applications such as photon detectors operating in the 
3-14 um wavelength range, taking advantage of the 
narrow energy gap between the valence and conduc- 
tion band of the IV-VI compounds. Soon after the 
demonstration of lasing in II-V semiconductor 
diode structures, the first mid-infrared p-n junction 
laser was reported using Pb; .Sn.Te, and since then 
efficient mid- and far-infrared IV-VI compound 
diode lasers have been fabricated, finding their main 
applications for remote sensing of gaseous pollutants 
in trace gas sensing devices, for toxic gas analysis 
systems, for human breath analysis in medical 
diagnostics, and for fabrication process control. 
Recently, IV-VI multiquantum-well structures have 
also attracted a lot of attention for their potential as 
efficient thermoelectric devices. 
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Basic Properties 


In lead salt compounds, both the valence band 
maximum and the conduction band minimum occur 
at the L-points of the Brillouin zone. Thus these many- 
valley semiconductors have a direct gap, but not in the 
center of the Brillouin zone. In addition the small 
values of the energy gaps (Eg<410meV at 
T= 300K) lead to a strong k-p interaction which 
in turn results in a strong nonparabolicity of the E(t) 
dispersion relations. The small energy gaps also lead 
to small effective masses of electrons and holes, 
and the strong spin-orbit interaction (Pb is a very 
heavy element) leads to large values of the g-factors. 

The bandgaps of the lead compounds have a 
positive temperature coefficient (dE,/dT > 0) and a 
negative pressure coefficient (dE,/dp <0), ic., the 
gaps increase with temperature and decrease with 
hydrostatic pressure. These anomalous properties are 
related to peculiarities of the band structure, among 
them the fact that in the lead compounds the Pb 6s 
levels are below the top of the valence band, and thus 
are occupied, in contrast to the group IV, II-V and 
I-VI compounds. 

Almost all optical device applications of the IV-VI 
semiconductors are based on the materials subgroup 
of cubic lead chalcogenides PbTe, PbSe, and PbS, and 
their quasibinary alloys with other chalcogenide such 
as compounds, like PbSnTe, PbSnSe, or ternary alloys 
like PbEuTe, PbSrTe, PbEuSe, PbSrSe, etc. These 
compounds all crystallize in the rocksalt structure 


ated circuit> analog > optocoupler 


series resistor should be chosen to reduce cur- 
rent appropriately. Allowance should be made 
for some degradation in the performance of the 
LED over time. 


For an optocoupler with an open-collector out- 
put, a pull-up resistor is necessary in most appli- 
cations. The voltage from the optocoupler must 
be matched to the input requirements of other 
components, and the collector current must re- 
main within the specified limits. Some trial and 
error in resistor selection may be necessary. 


In Figure 5-4, a schematic shows typical compo- 
nent values in a test circuit using a pushbutton 
as input. The separation of the two power sup- 
plies is emphasized by the different color shades 
used for the positive and negative symbols. Al- 
though the input side and the output side of an 
optocoupler may be used with a common 
ground, this defeats its purpose in providing 
complete isolation between the sections of the 
circuit. 


The pinouts for an optocoupler must be checked 
carefully in the manufacturer's datasheet. While 
the input for an 8-pin DIP chip is usually applied 
to pins 2 and 3, the output pin functions are not 
standardized and will vary depending on the in- 
teal configuration of the chip. An optocoupler 
such as the Optek D804, with an enable function 
using an internal NAND gate, requires its own 
power supply. 


Where an optocoupler allows an external con- 
nection to the base of its internal bipolar output 
phototransistor, reverse bias applied to this pin 
will decrease the sensitivity of the optocoupler 
but can increase its immunity to noise on the in- 
put side, 


What Can Go Wrong 


Overload conditions on the input or the output 
side of an optocoupler will be the most likely 
cause of failure. 


What Can Go 


Age 
Because optocouplers are typically rated for only 
10 years of average use, the age of a component 
may cause it to fai 
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Figure 5-4, Typical values for a series resistor (to protect 
the LED) and pull-up resistor (to cantrol current and volt 
‘age on the output side) in an optocaupler test circu. 


LED Burnout 

Because the LED ishidden insidethe component, 
there is no immediate indication of its perfor- 
mance. A meter can be inserted into the circuit 
on the input side to determine if current is pass- 
ing through the LED. Ameterset tomeasurevolts 
can be used to discover whether the LED is im- 
posing a normal voltage drop. While significant 
overload will cause immediate burnout, slightly 
exceeding the currentrating of the LED may have 
more pernicious consequences, as the LED may 
not fail until days or weeks have passed without 
any sign of trouble. The failure ofthe optocoupler 
will be unexpected and difficult to determine. 


Transistor Burnout 

Here again the damage caused by excessive cur- 
rent may be progressive, occurring over a pro- 
longed period. The easiest way to test an opto- 
coupler that may have failed is by removing it 
from the circuit. A socketed DIP package is pref- 
erable for this purpose. 


Chapters 37 
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with sixfold coordination and lattice constants in the 
$.9 to 6.5A range. Mechanically, the lead salt 
compounds are much softer than the tetrahedrally 
bonded semiconductors, which has significant 
implications for device fabrication processes. 

A further unusual property of the lead compounds 
is their huge static dielectric constant ¢9. In particular 
PbTe is close to a structural phase transition from the 
NaCl structure to a rhombohedral modification with 
ferroelectric properties. GeTe and SnTe are indeed 
ferroelectric with Curie temperatures of about 700 K 
and 145 K respectively, and also PhGeTe and PbSnTe 
become ferroelectric when the Ge or Sn content 
exceeds 1% or 20%, respectively. PbTe exhibits a 
softening of the transverse optic phonon mode with 
decreasing temperature. Although PbTe remains 
cubic, the temperature dependence of the static 
dielectric constant ¢9 CT — 4) can be associated 
with an extrapolated negative Curie temperature 8 of 
=75K. As a consequence, the static dielectric 
constant increases strongly with decreasing tempera- 
ture, reaching a value of e) = 1350 at 4 K. This is the 
reason for the strong increase of the static dielectric 
constant at low temperatures as shown in Table 1, 
in which important properties of PbTe, PbSe, and PbS 
are summarized. 

Also, the high-frequency dielectric constants ea. of 
the lead salts are extremely high, which leads to 
refractive indices of about 4.4 for PbS, to 5.0 for 
PbSe and to about 6.0 for PbTe at T= 300K, for 
photon energies just below the respective energy gaps. 

Asa result of the huge static dielectric constants, the 
hydrogen-like impurity binding energies are in 
the range of eV, and the carrier scattering at ionized 
impurities is effectively screened. Consequently, the 
low-temperature carrier mobilities are high, exceeding 
10° cm7/Vs in PbTe. For doping of the lead salts two 


Table 1 Physical properties of some of binary IV-VI 
semiconductors 


Parameter PoTe  PbSe POS 
Lattice constant ay (A) 6462 6.124 5.936 
Matting point °C) 930 10801113 
Energy gap Ea 

at 900 K (meV) aig 278410 

at 77 K (meV) 217 76307 

at 4K (meV) 490 147286 
Static dielectric constant eo 

at 300K 44 210 169 

at 77K +1000 207 tat 

atak 1350 280 ~ 
High-frequency dielectric 
constant 2. a4 21 7 
TO phonon mode frequency 18(4K) 37 65 

33 (900 k) 


Table 2 Expansion cooticients (10°® K™) 


Compound Expansion coefficient 
Pos 203 

PeSe 194 

Pete 198 

GaAs 6 

Si 26 

BaF, 18a 


alternative methods are used, namely (1) adjustment 
of the stoichiometry of the compounds, or (2) doping 
with various kinds of impurities. Because the elec- 
tronic states of these vacancies are resonant within the 
conduction or valence bands, each metal (Pb or Sn) 
vacancy acts as a doubly charged acceptor, and each 
chaleogen (Te, Se, or S) vacancy acts as a doubly 
charged donor. Asa result, background doping levels 
below 10'’cm~* are difficult. For doping with 
impurities, atoms from group Ila (In, Ga, Tl), group. 
Va (As, Sb, Bi), as well as group Ib elements (Cu, Ag) 
are used. These dopants are amphoteric p- or 
n-type, depending on whether they are incorporated 
substitutionally on metal or chaleogen lattice sites. 

‘Other important aspects of the lead salts are their 
rather large linear thermal expansion coefficients of 
around 20x 10-*K~! which are about a factor of 
three larger than that of GaAs, and six times larger 
than that of Si as shown in Table 2. The thermal 
conductivity is much lower than that of other 
semiconductors, which is favorable for their use in 
thermoelectric devices but causes problems in the 
removal of the dissipated heat in IV-VI compound 
diode lasers, 


Band Structure 


A main property of the electronic band structure of 
the lead salt compounds is the small and direct energy 
gap of less than 410 meV (sce Table 1). Since the 
maxima of the valence band and the minima of the 
conduction band are located at the same wavevector 
in reciprocal space, optical photons can be directly 
absorbed or emitted at the band edges. This makes 
the lead salts very well suited for opto-clectronic 
applications such as infrared photon detectors or 
emitters. The band extrema are located at the edges 
in the <111> direction of the Brillouin zone 
(L-points). In contrast to most other semiconductors, 
the conduction and valence bands are nearly mirror 
symmetric with almost equal effective masses for the 
electrons and holes. Because of the narrow energy 
gaps, the energy bands are strongly nonparabolic and 
the effective masses of electrons as well as holes are 
rather small (0.02—0.08 mg for the transverse masses, 
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Table 3 Band edge values of effective masses (in units of ms) 
and grfactors (absolute values), T= 2K 


Parameter Pore Pose PbS 
= 0.0207 0.037 0.081 

mee 0.0213, 0.0687 0.108 

me 0.0241 0.036 0.076 

me 0.263 0.066 0.108 

a 167 925 is 

ad 66.1 444 12 

@ 135 308 = 

ae 656 - 13 


Table 4 Prossure and temperature cosficients of the energy 
aps 


Poe Pose POS 
aE japev Pa") 75x10" 81x10 —91x10™ 
aE aT (meV Kk") 0.457 0.457 0.462 


see Table 3), In addition, the bands are anisotropic, 
ie, the Fermi surfaces are elongated ellipsoids of 
revolution around the <111> axes, characterized 
by a longitudinal and transverse effective mass mm 
and m, parallel and perpendicular to the four-fold 
<111 > directions. 

For PbTe the effective mass anisotropy is very large 
with a ratio of about 10 between longitudinal and 
transverse masses, whereas for PbSe and PbS this 
ratio is only 1.8 and 1,2, respectively (Table 2). 
Furthermore, in the alloy system PbSe:-.Tey the 
energy gap shows a bowing, but not with a minimum 
value but rather a maximum gap for x at about 0.7. 
This is in contrast to the behavior found in direct-gap 
zineblende semiconductors: the bandgap E,(x) of an 
Ay_Be alloy can generally be represented by E,(x) = 
(1 = 9E,(A) + xE,(B) — bx(1 — x) where b denotes 
the bowing coefficient. For III-V and II-VI 
compounds b > 0; whereas, for PhSeTe alloys b < 0. 

Apart from the above-mentioned negative pressure 
coefficients of the direct gaps and their positive 
temperature coefficient which are tabulated in 
Table 4, there is a further intriguing anomaly in the 
chemical trends of the fundamental gap at the 
L-points: it decreases from PbS to PbSe, but increases 
from PbSe to PbTe, ie. the direct gaps do not 
decrease monotonically with increasing atomic num- 
ber of the anions. This decrease of the energy 
bandgap with decreasing temperature is substantial: 
i.e, it decreases from room temperature to 4K by 
about 130 meV (see Table 1). This represents a large 
relative change with respect to the absolute value of 
the bandgap, and thus the emission of lead salt based 
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Figure 1 Energy bandgap versus lattice constant for several 
IV=VI compounds and alloys. 


diode lasers can be tuned over a broad wavelength 
range just by changing the operation temperature. 
This effect is actually utilized for spectroscopic 
applications of these lasers. 

For adjustment of the fundamental absorption edge 
of infrared detectors as well as the adjustment of the 
wavelength emission of lead salt diode lasers, alloying 
of the lead salt compounds with other chalcogenide 
compounds is used. As illustrated in Figure 1, for this 
purpose many different ternary and quaternary alloys 
have been used. Important alloy systems for far- 
infrared applications are the lead-tin chalcogenide 
alloys. The tin chalcogenides (SnS, SnSe, SnTe) form 
single-phase pseudobinary alloy systems with the lead 
salts for all compositions. They have similar band 
structures as compared to the lead salt compounds; 
however, the arrangement of valence and conduction 
bands is exchanged. As a result, with increasing Sn 
content the energy bandgap of the ternary lead-tin 
chalcogenide alloys decreases and a zero bandgap 
semiconductor is reached for a certain ternary 
composition, For an operation temperature of 77 K, 
the bandgap is zero for a Sn content of x5q ~ 40% in 
the case of Pby-.Sn,Te, and of xs, ~ 20% in the 
Pb, _,Sn,Se case. 


Optical Properties 


‘The strong fundamental absorption in the lead salt 
compounds reflects the particularly high joint density 
of states at the direct gap at the L-points of the 
Brillouin zone, The main advantage of the lead 
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compounds with respect to other direct narrow-gap 
semiconductors like InSb, or HgCdTe alloys, with 
band extremes at the center, ic., the F-point of the 
Brillouin zone, is related to the differences in the 
effective masses. Whereas the transverse effective 
masses of the IV-VI compounds have comparable 
values to the effective masses of the narrow-gap III-V 
and II-VI compounds, the longitudinal effective 
masses of the lead compounds are much larger. 
Thus the mass anisotropy together with the four- 
fold valley degeneracy at the L-point of the Brillouin 
zone leads to the substantially higher joint density of 
states and corresponding large absorption constants. 
Due to the rapid change of a(w) in the fundamental 
absorption range, a peak appears in the refractive 
index, n(o), as shown in Figure 2 for PbTe, PbSe and 
for PbS. The shift of the peak with increasing 
temperature to higher photon energies reflects the 
increasing energy gaps. 

In two-dimensional structures the changes of the 
absorption constant with frequency are particularly 
steep for energies which correspond to the onset of 
absorption between quantum confined electric 
subbands in the valence and conduction band, Such 


o1 02 «03 04S 
Photon energy (eV) 


Figure 2 Rotractive indices of PbTe, PbSe, and PbS as a 
function of photon energy at 77, 300, and 373 K. Reproduced with 
permission from Zemal JN, Jensen JD and Schaolar RB (1965) 
Electrical and optical properties of epitaxial films of PbS, PbSe, 
Poe and SnTe. Physical Review 140: A330~A337. Copyright 
1965, American Physical Society 


step-like features have indeed been observed in the 
absorption of PbTe/PbEuTe multiquantum-well 
(MQW) structures by Yuan et al. In Figure 3 the 
absorption constants and refractive indices are shown 
for a series of three MQW samples with different 
PbTe well widths. The steps in the absorption 
coefficients for the interband transitions associated 
to the longitudinal valleys with their main axis 
parallel to the [111] growth direction, denoted by ‘T 
as well as those associated by the oblique valleys, 
denoted by ‘o’ are accompanied by corresponding 
cusp-like enhancements of the refractive index. These 
cusps are of importance for the proper design of 
MQW laser structures. 

Because of the extremely high values of the 
refractive indices, the lead salts can easily be combined 
with materials of much lower refractive indices like 
EuTe, EuSe, or BaF, for efficient multilayer Bragg 
mirror structures. The high reflectivity of Bragg 
mirrors is caused by constructive interference of 
electromagnetic waves reflected at the subsequent 
interfaces of a multilayer structure. To obtain con- 
structive interference, all interfaces have to be parallel, 
and, depending on the refractive indices of the media 
inside the Bragg mirror, the distance between sub- 
sequent interfaces should be an even or odd multiple of 
one quarter of the optical wavelength A. In practice, 
stacks of two alternating layers with different refrac- 
tive indices mand mz and with a thickness equal to a 
quarter optical wavelength are used. 

If for these A/4 layers Phy 9 Eu o7Te and EuTe are 
used, a high index contrast of 68% is obtained 
and therefore very high reflectivities can be achieved 
already by a very small number of layer pairs. It was 
shown that a Bragg mirror with 3.5 periods of 
EuTe/Pbp,9;Et97Te layer pairs for a target wave- 
length of 3.8 wm has only a total thickness as small 
as 2.55 um. For comparison with results obtained 
for other material combinations it is useful to relate 
the stop bandwidth AA to the center wavelength Ay of 
the Bragg mirror. For EuTe/Pbo,s;Eupo7Te this 
relative stop bandwidth AM/Ay is as large as 50%. 
An even wider stop bandwidth of 59% was demon- 
strated for a mirror with PbTe and EuTe /4 layers. 
This value represents, to the best of our knowledge, 
the highest relative stop bandwidth obtained for 
molecular beam epitaxy (MBE) grown Bragg 
reflectors. 


Infrared Lasers 


Among the infrared diode lasers, those hased on 
IV-VI compounds play a particularly important 
role. They cover a wavelength range from 2.5 jum to 
about 30 um. In fact, up to now most commercially 
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Figure 3. Left panel: (a) transmission versus energy for a PbTe/Pb, ,Eu,Te multiquantum-well sample A (6.2 nm/62.1 nm, 
X= 0.026, 46 periods). Dots: experimental data; full ine: calculation based on an envelope function model. (b) Frequency dependence 
Of the absorption constant (fll line) and of the refractive index (dotted lines). The arrows indicate interband transitions betwoen 
electric sub-bands associated with valleys with main axis parallel to the [111] growth direction (1) and oblique to it (0). Right panel 
(@) Comparison of the absorption constant of three PbTe/PbEuTe MQW samples (B: 9.3nm/55.4.nm, x=0.03, 30 periods: 
C: 11.8 nm/48.6.nm, x= 0.024, 30 periods). (b) Retractve index versus energy. Steps in the absorption constant due to onset ot 
interband transitions are associated with cusps in the refractive index. Reproduced with permission from Yuan S, Springholz G, Bauer G 
and Kriechbaum M (1994) Electronic and optical properties of PoTe/Pb, ,Eu,Te mutiple-quantum-well structures. Physical Review B 


‘49: 5476-5489, Copyright 1994, American Physical Socioly. 


available mid- and far-infrared laser diodes are 
made from IV-VI compounds. The main material 
properties which are advantageous in this respect 
are (i) the electronic band structure with mirror-like 
bands at the L-point of the Brillouin zone and the 
resulting high joint density of states; (ii) the lower 
nonradiative Auger recombination rate in IV-VI 
compounds as compared to III-V and II-VI 
materials, and (iii) the high dielectric constant and 
the resulting weak detrimental influence of defects 
on nonradiative recombination losses. At_wave- 
lengths longer than 3 ym, IV-VI interband diode 
lasers are superior to their III-V counterparts for 
reaching high operating temperatures. So far IV-VI 
compound lasers hold extreme high cw operating 


temperature at wavelengths larger than 3 um. With 
PbSe/PbSrSe diode lasers pulsed operation up to 
60°C was reported, whereas cw operation up to 
223K was achieved with separate confinement 
buried PbTe/PbEuSeTe heterostructure laser. Embed- 
ding PbTe quantum wells as the active medium 
in PbEuTe two dielectric 
Bragg mirrors optically pumped pulsed lasing was 


barriers between 


observed up to 65°C. The recently developed II-V 
based quantum cascade lasers are rapidly improving 
and are becoming important competitors for IV-VI 
lasers. The commercial IV-VI lasers, however, are 
still based on conventional designs like homo- 
junction, heterojunction, or single and multiple 
heterojunction lasers. 

A unique property of lead salt laser diodes is the 
case of tuning of the emission wavelength due to the 
strong change of bandgap of the IV-VI materials with 
increasing temperature. This, together with their 
narrow linewidths, makes these lasers ideally suited 
for spectroscopic applications, including research 
in molecular spectroscopy of ions or radicals in 
heterodyne and acoustic spectroscopy, or Doppler 
spectroscopy of molecular beams. So far the main 
applications are in time resolved combustion analysis 
in the automotive industry, in the monitoring of 
emissions of power plants, in exact monitoring of gas 
compositions in chemical plants, and spatially and 
time resolved in sitt analysis. 

Apart from the significant advances with IV-VI 
edge emitting diode lasers, vertical cavity surface 


390 SEMICONDUCTOR MATERIALS / Lead Salts 


2m PLE UT DUM layer i 


Figure 4 (a) Schematic cross-section of a PaSe quantum-dat VCSEL structure; (b) corresponding cross-sectional scanning electron 
‘micrograph; and (c) cross-sectional and plan-view transmission electron micrographs of a PbSe/PbEUTe dot superlattice sample 
reference sample. Fleproduced with permission from Springholz G, Schwarz! T, Heiss W, et al (2001) Midinfrared surface emitting 
PeSe/PbEuTe quantum dot lasers. Applied Physics Letters 79: 1225-1227. Copyright 2001, American Institute af Physics. 


emitting lasers (VCSELs) have been successfully 
produced with optically pumped pulsed mode 
operation up to 50°C. These lasers have attractive 
features like low-divergence circular output beam, 
low active volumes, and low thresholds, 
High-finesse vertical cavity structures have also 
made it possible to realize mid-infrared surface- 
emitting PbSe/PbEuTe quantum dot lasers. As 
shown in Figure 4 in this case a self-organized PbSe/ 
PbEuTe quantum dot superlattice was introduced 
into the active cavity region between Bragg mirrors 
consisting of three A/4 layer pairs of $13 nm EuTe 
alternating with 253mm Pho s4EtpoeTe. Optically 
pumped VCSEL emission at A= 4.23.9 um was 
achieved up to 150 K. The PbSe dots exhibit a face- 
centered cubic three-dimensional stacking in the 
superlattice. Lasing occurs simultaneously at the 
m = 28" and 29" order cavity modes, which shifts 
with increasing temperature to the m= 29" and 
m= 30" mode as shown in Figure 5. This simul- 
taneous stimulated two-mode laser operation is a 
result of the inhomogencously broadened quantum- 
dot gain spectrum, due to PbSe dot size fluctuations. 


Infrared Detectors 


‘The photoconductive properties of PbS and PbSe 
have been used for the detection of infrared 
radiation already since about 1930. These detectors 
are still mass produced either by vacuum deposition 
or precipitation from aqueous solution in the 
presence of an oxidizing agent. The polycrystalline 
films deposited on glass or similar substrates are 
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Figure 5 PbSe dot VCSEL emission spectra at various 
temperatures between 1.5 and 100 K for pump power twice 
the threshold, showing the stitching of the lasor emission to 
higher cavity modes as the temperature increases. The arrows 
and the dashed line indicate the low-energy edge of the quantum- 
dot gain spectrum given by E,ppse(T) + AEoo, where 
AEyo = 141 meV. Fleproducad with permission from Springholz 
G, Schwar2IT, Heiss W, ofa. (2001) Midinfrared surtace omiting 
PoSe/PbEuTe quantum dot lasers. Appliad Physics Letters 79: 
1225-1227. Copyright 2001, American Insitute of Physics 


usually about 1 um thick with grain sizes of 
about 1 ym. 

Apart from polyet 
single crystalline films have been used for infrared 
detection. In particular, the photoconductive response 


stalline thin-film detectors also 
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of a sequence of n- and p-doped PbTe multilayers 
(so-called nipi structures) was shown to come close 
to that for the theoretical limit for the detectivity DV 
of an ideal photodetector at temperatures between 
77 and 90 K. Recently, lead selenide detectors have 
been used in advanced focal plane array (FPA) 
detectors and are commercially available as linear or 
bilinear FPAs with up to 526 detector elements. 
These elements are coupled to CMOS multiplexer 
readout circuits. The PbSe detector elements are 
thermoelectrically cooled, with power 
requirement for the FPAs and the cooler of less 
than 5 W. These structures are a low-cost alternative 
to the more elaborate FPAs based on HgCdTe 
technology. 

‘The importance of thermal imaging by using focal 
plane arrays of many detector elements has recently 
stimulated further work with IV-VI epitaxial layers. 
In particular, the possibility of using Si substrates, as 
first shown by Zogg et al., has brought a new 
impetus to the field of IV-VI infrared devices. With 
the use of Si wafers it is possible to integrate the 
detector of an infrared camera which consists of 
thousands of pixels to the read-out electronics which 
is usually based on standard silicon CMOS devic 
In this case, the active lead salt infrared detector 
elements are grown by molecular beam epitaxy on 
CaF,/BaF, buffer layers deposited on the Si (111) 
substrates after the fabrication of the electronic 
circuitry for the read-out. Conventional HgCdTe 
focal plane technology relies on hybrid structures 
with In bump bonds between the infrared devices 
and the Si substrate for each of the pixels. Due to the 
rather high dielectric constants of the IV-VI 
compounds as compared to HgCdTe, the high- 
frequency operation of IV-VI detector structures is 
limited to about 100 MHz. This upper frequency 
limit is, however, sufficient for infrared focal plane 
arrays. With IV-VI active epilayer thicknesses of few 
um internal quantum efficiencies close to 100% and 
external efficiencies of about 60% have been 
achieved. Using materials like PbS, PbTe, PbEuSe, 
PbEuTe, or PbSnSe, the cutoff wavelength of the 
detector array can be varied from 4 to 14m at 
77K. The sensitivity of these detector structures 
is limited by generation-recombination noise for 
T <100K, whereas for higher temperatures these 
sensors are diffusion limited. The variation of 
quantum efficiencies between different pixels was 
shown to be less than about 3% for a 256 pixel 
device. Since all growth steps for these infrared 
sensors are performed at temperatures below 450°C, 
a processing compatibility exists with standard 
Si-VLSI technology. 


entire 


Summary 


The peculiar structural, electronic, and optical 
properties of IV-VI semiconductors as compared to 
other semiconductor materials are a consequence of 
the ten valence electrons per atomic pair instead of 
the eight valence electrons typical for the tetrahed- 
rally bonded group IV, III-V, and II-VI semiconduc- 
tors. The most important group of IV-VI materials is 
the so-called lead chalcogenide (lead salt) compounds 
and their ternary and quaternary alloys. Their 
electronic band structure with the narrow direct 
minimum gap not at the center but at the edges of the 
Brillouin zone (L-points) exhibits a number of unique 
properties. The minimum energy gap increases with 
increasing temperature and decreases with hydro- 
static pressure. The refractive indices are particularly 
large. As compared to narrow-gap III-V or II-VI 
semiconductors the Auger recombination rates are by 
two orders of magnitude smaller. All these properties 
provide the lead salts with great advantages for 
achieving infrared p-n junction lasing operation at 
comparatively high temperatures. Furthermore, effi- 
cient microcavity designs with extremely high 
reflectivities of 99% were realized with only thre 
layer periods of combination like PbSrTe/BaF2 or 
PbEuTe/EuTe due to their extremely high refractive 
index contrast. Further applications of the lead 
compounds are high sensitive infrared detectors, 
including focal plane array detectors which can be 
fabricated with comparatively low cost technologies, 
as well as thermoelectric devices. 


List of Units and Nomenclature 


Absorption constant « 
Absorption index k 
Composition x 
Damping parameter Tp 
Detectivity D 
Dielectric function e 
Energy E 
Energy gap Ey 
Free electron mass my 
High frequency dielectric 

constant ba 
Kramers Kronig relations KKR 
Longitudinal effective mass my 
Longitudinal g-factor g 
Pressure P 
Refractive index n 
Static dielectric constant zo 
‘Temperature T 
Transverse effective mass my 
Transverse g-factor & 
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Nonlinear Optics, Basics: 
Nonlinear Optics. 
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Introdu n 


Mercury-cadmium telluride (HgCdTe or Hgi—xCdy 
Te) is a pseudobinary alloy semiconductor that 
crystallizes in the zincblende structure. The energy 
bandgap Eg(x,T) varies continuously, and nearly 
linearly, with alloy composition parameter x, ranging 
from 1.6 eV for the wide-gap semiconductor CdTe 
to -0.3 eV for the semimetal HgTe. The bandgap 
passes through zero at an alloy composition of 
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x= 0.16 (for T =0K). This broad range of energy 
bandgap provides a continuum of materials whose 
absorption edge can be tailored to provide high- 
performance quantum detectors for wavelengths over 
the 1-30 1m spectral range. Direct allowed valence- 
to-conduction band transitions are responsible for 
large values of the optical absorption coefficient, 
which enable quantum efficiencies approaching 
100% to be achieved in practical device designs. 
Long minority carrier lifetimes result in low thermal 
noise, and permit high performance to be achieved at 
operating temperatures that are the highest reported 
among infrared detectors of comparable cutoff 
wavelengths. HgCdTe is well-established today as 
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the most broadly applicable high-performance 
infrared detector material. 

This article summarizes the fundamental properties 
of this versatile alloy semiconductor, and relates the 
material properties to its success as an infrared 
photoconductive and photovoltaic detector material. 


Historical Background 


It is noteworthy that HgCdTe is probably the first 
example of a semiconductor material that was 
intentionally created to satisfy well-defined theoreti- 
cal device requirements. The importance of the 
infrared atmospheric transmission window at 
8-12 um was well known for thermal imaging 
systems, which enable night vision by imaging 
emitted infrared radiation from the scene rather 
than reflected visible radiation, The only available 
infrared detectors with the required sensitivity at 
8-12 pm were extrinsic photoconductors such as 
copper-doped germanium, in which the photoin- 
duced transitions were between a donor or acceptor 
level and the adjacent band extremum. However, 
such extrinsic detectors required cooling to prohibi- 
tively low temperatures, such as 10-15 K, which 
made thermal imaging systems bulky and 
impractical. 

Theory showed that the reasons for such a low 
operating temperature were fundamental to the 
extrinsic detector material itself ~ essentially a short 
carrier lifetime that resulted in a large thermal 
generation rate and a correspondingly large thermal 
noise. Theory also showed that an intrinsic detector, 
in which the photoinduced transitions were direct 
(vertical) transitions between the valence band and 
the conduction band, could have significantly longer 
carrier lifetimes. This meant that an intrinsic detector, 
with a bandgap of 0.1 eV that matched the 8-12 um 
hand, could achieve the required sensitivity at much 
higher operating temperatures, as high as 77 K, that 
of liquid nitrogen. These theoretical and practical 
considerations motivated the search in the late 1950s 
for a semiconductor with a direct bandgap of 0.1 eV. 

The first report of the synthesis of the semimetal 
HgTe and the wide-bandgap semiconductor CdTe to 
form the semiconductor alloy HgCdTe was published 
in 1959 by the Royal Radar Establishment in 
Malvern, England. This seminal paper reported 
both photoconductive and photovoltaic response at 
wavelengths extending to 12m, and made the 
understated observation that this material showed 
promise for intrinsic infrared detectors. 

Soon thereafter, working under a US Air Force 
contract with the objective of devising an 8-12 um 


hackground-limited semiconductor infrared detector 
that would operate at temperatures as high as 77 K, 
the group led by Paul Kruse at the Honeywell 
Corporate Research Center in Hopkins, Minnesota 
developed a modified Bridgman crystal growth 
technique for HgCdTe. In 1962 they reported both 
photoconductive and photovoltaic detection in 
rudimentary HgCdTe devices. 


Fundamental Material Properties 


Three fundamental properties determine the degrce to 
which a semiconductor will make a successful 
infrared detector. First, the energy bandgap must be 
approximately equal to the smallest photon energy to 
he detected. There can be severe cooling penalties if 
the bandgap is significantly smaller than the smallest 
photon energy of interest. Second, the optical 
absorption coefficient must he large enough so that 
nearly all incident photons of interest are converted to 
clectron-hole pairs for practical values of device 
thickness. Third, the inherent recombination mecha- 
nisms must allow long carrier lifetimes to be realized 
so that thermal generation rates, and hence thermal 
noise, can he minimized for practical devices and 
operating conditions, 

The three key features that make HgCdTe the 
nearly ideal infrared detector material — tailorable 
energy band gap over the 1-30 um range, large 
optical absorption coefficients that enable high 
quantum efficiency, and favorable inherent recombi- 
nation mechanisms that lead to high operating 
temperature — are direct consequences of the energy 
band structure of this zincblende semiconductor. 
They apply no matter whether the device embodiment 
is a photoconductor, a photodiode or a metal~ 
insulator-semiconductor detector. In addition, 
HgCdTe has many other favorable material pro- 
pertics, summarized in this article, that are techno- 
logically important for realizing practical infrared 
detectors. Tables 1 and 2 summarize various material 
properties for Hgi-.Cd,Te. Table 1 summarizes 
material properties for Hgi-<Cd,Te that vary with 
alloy composition x and temperature T: lattice 
constant a, energy hand gap Eq, cutoff wavelength 
Aco (= 1.24/Eq), intrinsic carrier concentration ri, 
conduction band effective mass ratio me/m, conduc- 
tion band g-factor gc, static and high frequency 
dielectric constants e/eq and eq/e, index of 
refraction ng = (€,/e9)'", electron and heavy hole 
mobilities jie and juni, mobility ratio b, radiative and 
Auger-I lifetimes Tap and TAugert, and typical 
lifetimes ypicat observed in n-type HgCdTe of low 
carrier concentration (<1 x 10'cm™). 
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Table 1 Material properties for selacted compositions of Hg ,Cd,Te, including the binary components HgTe and Cae, and several 
technologicaly important alloy compositions. The radiative and Auger-1 lifetimes rao aNd Tpygen1 aF@ Calculated for n-type HgCdTe 


with No = 1x 10" em? 


Property HoTe —Hg,-,Cd,Te care 
x 0 0.194 0.205 0.225 0.31 aaa 062 10 
a(a) 6.461 6.464 6.464 6.464 6.465 6.468 6472 6.481 
TK) 7 7 7 7 140 200 250 300 

Eq (eV) 0.261 0.073 0.091 0.129 272 474 0.749 1.490 
Aco (wm) 169 196 10.1 46 26 47 oa 
nem) 19x10" saxto!? ¢6axto'? a7x10 71x10" 31x10" — 41x 10° 
mel 0.008 0.007 010 0.021 0.035 0.053, 0.102 
9 150 118 -84 33 18 7 42 
eden 200 182 181 179 cial 159 142 106 
ealeo 144 128 127 125 119 108 93 62 
™ 3.79 3.58 357 3.54 3.44 329 3.06 250 
a (om"lV-s) 48x10" 30x10? 1.0.x 10" 

nn (EmPIV8) 450 450 450 

D> halt 1000 667 222 

trae (us) 165 13.9 104 ns n2 108 

Trager (8) 045 8s 18 49 450 4x 10° 

Tiycns(8) 4 08 1 7 

Table 2 Material properties for Hg,_,Cd,Te that are independent of or relatively insensitive to alloy composition 

Property ‘Symbol Value 

Kane matrix element & ev 
Splt-off band energy ry 0.93 8v 
Heavy-hole effective mass ratio Moly 040-059 
Valence band offset HgTe) ~ E(CaTe) 035-055 eV 


Energy Band Gap and Band Structure 


The energy band gap Eg(x, T) of Hgy_,Cd,Te varies 
continuously, and nearly linearly, with alloy compo- 
sition parameter x, ranging from 1.6 eV for the wide- 
gap semiconductor CdTe to —0.3 eV for the semi- 
metal HgTe, as shown in Figure 1a, Also plotted in 
Figure 1a is the cutoff wavelength Ago(x.T) 
(= belEg(x, T), where b is Planck’s constant and c is 
the speed of light), defined as that wavelength at 
which the photoresponse falls to 50% of its peak 
value. The energy bandgap Eg(x, T), defined at the 
difference between the I’, and Ty band extrema at 
T = 0, passes through zero at an alloy composition of 
x=0.16 (for T=0K), as illustrated in Figure 1b. 
This broad range of energy bandgap provides a 
continuum of materials whose absorption edge can 
be tailored to provide high-performance quantum 
detectors for wavelengths over the 1-30 um spectral 
range. 


Optical Absorption Coefficient 


Optical absorption coefficient data for several alloy 
compositions of Hg;_,Cd,Te are plotted versus 


wavelength in Figure 2. Several trends are evident. 
The absorption strength generally decreases as the 
gap becomes smaller due both to the decrease in the 
conduction band effective mass and to the a”! 
dependence of the absorption coefficient on wave- 
length A. There is an exponential tail at energies just 
below the bandgap energy. 


Carrier Lifetime Mechanisms 


that 
determine the minority carrier lifetime in defect- 
free HgCdTe: radiative recombination and Auger 
recombination (Auger-1 in n-type and Auger-7 in 
p-type). Because they involve only interactions 
among electrons and holes in the valence and 
conduction bands, and do not require the 
intermediary of defect states, these mechanisms are 
regarded as inherent to the material itself, depending 
only on the band structure, the donor or acceptor 
concentration, and the temperature. The important 
advantage that HgCdTe enjoys as a high-perform- 
ance detector material is that these fundamental 
mechanisms provide, for practically achievable 


There are two fundamental mechanisms 
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Figure 1 (a) Enorgy bandgap Ea(x.7) and cutof wavelongth Aco(x, T) for gs .Cd;Te, plotted versus alley composition parameter 
2 for temperatures of 77 K (solid curves) and 300K (dashed curves). Horizontal bars indicate important cutoff wavelengths for HgCdTe 
dbtector technology. (b) Band diagrams near the point calculated for HgTe, for two compositions of Hg, ,Cd,Te, and for GaTo, 
illustrating the transition trom negative to positive energy bandgap. The energy bandgap is defined atthe dtfrence betweon the I, and 
Tgband extroma at’ = 0. Part () reproduced with permission rom Chadi DJ and Cohen ML (1973) Electronic structure of Hg, ,C4,Te 
alloys and charge-densiy calculations using representative K points. Physical Review B 7: 692-699. 


carrier concentrations, lifetim 


that are long than for other classes of infrared detectors, 
enough (and hence thermal generation rates that such as extrinsic detectors (As-doped Si, Cu-doped 
are low enough) that background-limited sensitivity Ge) and quantum-well infrared photodetectors 
is achieved at temperatures substantially higher (QWIPs). 
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Figure 2 Optical absorption cooficiont data for several Hg,_,Cd,Te alloy compositions, for photon energies near the fundamental 


absorption edge, plotted versus wavelength. 
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Figure 3 Calculated dotecivity (0°) for Hg, ,04,Te infrared detectors for four technologically important wavelongth regions, plotted 


versus operating tomperature. 


Figure 3 illustrates the sensitivities and operating 
temperatures that can be achieved for HgCdTe 
infrared detectors for four important wavelength 
regions. Detectivity, D", is the normalized signal- 


tomoise ratio that is the key figure of merit for 
the sensitivity of an infrared detector. At lower 
temperatures, detector thermal noise is negligible, 
and D” is limited by detector noise due to 


‘SEMICONDUCTOR MATERIALS / Mercury Cadmium Telluride 397 


fluctuations in the arrival rate of photons from the 
thermal room-background radiation. This limit is 
referred to as the BLIP (hackground-limited infrared 
photodetector) limit, and is indicated in Figure 3 by 
the horizontal dashed lines. As detector temperature 
increases, the detector thermal noise increases 
exponentially, and eventually overcomes the back- 
ground noise, causing D” to decrease exponentially 
for further increases in temperature. Detector 
thermal noise is proportional to the thermal 
generation rate, which is inversely proportional to 
the carrier lifetime. 


n-Type and p-Type Doping 


HgCudTe can be made n-type or p-type by a number 
of relatively convenient methods, at carrier concen- 
trations required for high-performance n-type photo- 
conductor and p-n junction photodiode architectures. 
Common donors are indium and iodine. Arsenic has 
become the most commonly used acceptor dopant, 
although copper and gold are used in some cases. 
Some HgCdTe photodiode designs still employ 
native metal-vacancy point defects as acceptors, 
although the clear trend is toward the use of extrinsic 
acceptor doping to avoid the strong Shockley-Read 
recombination associated with the Hg vacancy. 
Residual electrically active impurity concentrations 
are generally less than 1x 10'*cm~*, which 
allows controllable doping at low-10'4 cm~* 
concentrations. 


Crystal Growth Methods 


The first growth methods for HgCdTe were bulk 
growth. Liquid phase epitaxy (LPE) began to be 
developed around 1975, followed by metalorganic 
chemical vapor deposition (MOCVD) and molecular 
beam epitaxy (MBE) in the early 1980s. Bulk growth, 
LPE, MOCVD, and MBE. techniques have been 
refined through the years, and each is still in use 
today. Each technique has found application for 
certain types of HgCdTe devices. Bulk growth 
methods are used for production quantities of 
n-type wafers, with diameters of 12-20 mm, for LW 
and VLW photoconductive arrays, which are more 
tolerant of dislocations. LPE is in use today for 
production quantities of photovoltaic (PV) HgCdTe 
arrays, and has also been used for certain photo- 
conductive HgCdTe arrays. Vapor-phase epitaxy 
(VPE) methods such as MBE and MOVPE are 
in use for engineering and prototype quantities. 
Both run-to-run reproducibility and control as 
well as intra-wafer uniformity of HgCdTe alloy 


composition are well in hand, meeting or exceeding 
requirements. 

LPE-based one-layer and two-layer photodiode 
technology is well established today, offering the 
lowest defect densities and highest operabilities for 
production quantities of high performance FPAs. The 
VPE methods, MBE and MOVPE, will probably not 
entirely replace LPE in the near future, but will 
continue to improve, particularly with respect to 
lower defect densities, offering in situ growth of 
advanced bandgap-engineered detector designs that 
are unwieldy or impossible with LPE, such as dual- 
band detectors, avalanche photodiodes, and planar 
buried junctions with in situ CdTe passivation. MBE 
has shown the potential for rapidly switching from 
growth of one HgCdTe alloy composition to another 
in successive growth runs, without the necessity of 
preparatory calibration growth runs. This compo- 
sitional agility, important for the rapid and cost- 
effective adjustment from product to product, will be 
further enhanced by the ongoing efforts to implement 
and improve int situ real-time monitors and feedback 
controls. 


Substrates for Epitaxial Growth 


The lattice mismatch between HgTe and CdTe 
is small, approximately 0.3%. This allows 
epitaxial growth of high-quality HgCdTe films on 
IR-transparent CdTe or nearly-lattice-matched 
IR-transparent Cdi_,Zn,Te (z= 0.04) substrates, 
with dislocation densities in the mid-10* em ~ 
range. It also allows the in situ growth of various 
isotype and anisotype heterojunctions with tolerably 
low or negligible densities of misfit dislocations. This 
has led to an increasing number of bandgap- 
engineered HgCdTe photodiode structures, such as 
dual-band or two-color detector arrays and Auger- 
suppressed photodiodes with the potential for greatly 
increased operating temperature, 

Sapphire and silicon are IR-transparent substrates 
that are less costly, that are available in much larger 
areas, and that are more rugged than CdTe and 
CdZnTe. Both sapphire and silicon can be used for 
epitaxial growth of HgCdTe films with dislocation 
densities that are acceptably low (mid-10° em”) for 
many important photodiode applications, such as 
for the MW and SW spectral ranges, and for the 
LW spectral range for high background photon 
fluxes. LPE growth of HgCdTe(x = 0.4) is done on 
3-inch diameter sapphire substrates with MOCVD- 
grown CdTe buffer layers. MBE growth of 
HgCdTe(x = 0.3) on 4-inch diameter (211) silicon 
substrates, with ZnTe/CdTe buffer layers, has recently 
been reported. 
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Dielectric Constant 


The relatively low dielectric constant (es = 18g) of 
HgCdTe, in contrast to those of PbTe and PbSn'Te, 
permits low junction capacitance. This is important 
for fast response in laser pulse detectors where small 
R-C time constants are needed. It is also important 
for suppressing preamplifier noise below the detector 
noise, and thereby achieving high detectivity (D°), in 
photodiodes operating at low temperature and low 
background fluxes, where the junction resistance is 
sufficiently high that the junction capacitance 
becomes an important contribution to the junction 
impedance at frequencies of interest. 


Surface Passivation 


Passivation of the exposed HgCdTe surfaces is critical 
for both device performance and long-term stability. 
The favorable surface properties of HgCdTe have 
enabled practical surface passivation schemes to be 
developed for both n-type photoconductors and p-n 
junction photodiodes of both planar and mesa 
configurations. 

n-type HgCdTe photoconductors are commonly 
passivated with a native oxide that accumulates the 
surface, resulting in surface recombination velocities 
as low as 50.cms~', along with low If noise (knee 
frequencies less than 50 Hz). The surface accumu- 
lation layer also provides a layer of surface electrons 
with high mobility, though lower than the bulk 
electron mobility, such that the shunt conductance of 
this layer is tolerably low compared to the bulk 
conductance of the detector itself. Several methods 
have been used for growing this native oxide, 
including plasma deposition and clectrochemical 
(anodic) oxidation. 

HgCdTe photovoltaic detectors require quite 
different passivation because usually both n-type 
and p-type surfaces are exposed as well as the 
depletion region. The CdTe/HgCdTe heterostructure 
is an important passivation for HgCdTe photovoltaic 
detectors and arrays. CdTe passivation has enabled 
arrays of HgCdTe photodiodes with negligible Uf 
noise (knee frequencies less than 1 Hz), radiation 
hardness well in excess of the 20-40 kRad{Si) usually 
encountered in Earth-resource space missions, and 
excellent stability to thermal bake and to exposure to 
moisture. 

CdTe has a number of important advantages as a 
passivant for HgCdTe junctions. It is a ‘native’ 
passivant that is chemically compatible with 
HgCdTe. Adhesion is excellent. The valence band 
edge of CdTe is approximately 0.4 eV below that of 
HgTe, thereby allowing repulsive barriers to form in 


the underlying HgCdTe for both electrons in the 
conduction band and holes in the valence band. 
Both mesa and planar photodiodes have been 
successfully passivated with CdTe. A wide variety 
of methods has been reported for deposition of 
CdTe passivating layers, including MBE, MOVPE, 
e-beam evaporation, sputtering, and hot wall 
epitaxy. 


Electron-to-Hole Mobility Ratio 


The small values for the conduction hand effective 
mass ratio lead to large values for the electron mobi- 
lity, as large as 4.5 x 108 em*/V-s for x = 0.195 at 
77K. The heavy hole effective mass ratio is quite 
large, approximately 0.5 for all alloy compositions, 
leading to low values for the heavy hole mobility, on 
the order of 500 cm’/V-s. This gives large values for 
the electron-to-heavy hole mobility ratio, b, as high as 
1000 for x= 0.194 at 77K. 

These large values of b were of great benefit to n- 
type HgCdTe photoconductors. Most such devices 
have small active areas, on the order of 50x 50 pm?, 
and the drift length for minority carriers (holes) 
becomes comparable to the interelectrode spacing at 
modest bias voltages. In this case, when the contacts 
have a high recombination velocity, the photocon- 
ductive gain saturates to the value b/2. High values of 
b in HgCdTe allowed sufficiently high photoconduc- 
tive gains to be achieved to raise the detector noise 
above the preamp noise, an essential condition for 
achieving BLIP sensitivity. 


HgCdTe Infrared Detector 
Configurations 


Three different types of infrared detectors can be 
realized in the Hg, _,Cd, Te alloy semiconductor: the 
photoconductive (PC) detector, the photodiode, also 
referred to as the photovoltaic (PV) detector, and the 
metal—insulator-semiconductor (MIS) detector. 
These are illustrated in Figure 4, 

Inall three types of HgCdTe detector ~ PC, PV, and 
MIS — excess electron-hole pairs are photogenerated 
by the same mechanism: valence-to-conduction band 
absorption of infrared radiation with photon energy 
greater than the bandgap energy Eq. All three types 
can achieve high quantum efficiencies, approaching 
100% for well-designed devices. All three types have 
the same fundamental recombination mechanisms 
(Auger-1 and radiative) that determine the highest 
possible operating temperature to achieve a given 
sensitivity (signal-to-noise ratio). 
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Figure 4 Three diferent types of infrared detectors have been realized in the Hg, ,Cd,Te alloy semiconductor: the photoconductive 
(PC) detector, the photodiode or the photovoltaic (PV) detector, and the metal-insulator~ semiconductor (MIS) detector. HgCdTe PC 
and PV detector arrays are being manufactured for a wide variety of applications. The MIS detector was abandoned in the mid-19B0s 


because it placed unachievable demands on material quay 


‘The differences among PC, PV, and MIS HgCdTe 
detectors are due to the way in which the photo- 
generated electron-hole pairs are manifested cle. 
trically in the terminal characteristics of the device. 
In the PC detector, the excess electron-hole pairs 
are sensed as a small increase in the conductivity of 
what is basically a two-terminal resistor. In the PV 
detector, the excess electron-hole pairs are sensed as 
a photocurrent in a short-circuited p-n junction 
photodiode. In the MIS detector, the excess elec- 
tron—hole pairs are sensed as a small change in the 
voltage due to minority photocarriers filling a 
transient charge storage well that has been biased 


PC HgCdTe Detectors 


The HgCdTe PC detector is a low-resistance 
two-terminal device. Resistances are typically 
25-100 ohms per square. A de bias current is applied 
to convert the conductivity change to an observable 
voltage change. The device operates under near- 
equilibrium conditions, with small de bias voltages 
typically on the order of 0.1 V. The de bias electric 
field within the photoconductor is quite small, 
generally in the 20-50 Vem"! range. The low- 
resistance device requires a low-noise bipolar p 
amplifier, usually external to the dewar. Each PC 
detector element requires one lead through the dewar 


wall, thus limiting the practical number of PC 
elements in an array to about 200-300. 

‘The basic HgCdTe photoconductor is a rectangular 
area, photolithographically defined in an n-type 
HgCdTe layer approximately 8-15 um thick, with 
two ohmic contacts on opposite edges. Surface 
passivation is straightforward: a thin native oxide 
strongly accumulates the surface of n-type HgCdTe, 
thereby reducing the surface recombination velocity 
to negligibly small values. 

Many useful variations on the simple rectangular 
geometry are possible because of the favorable 
material properties of HgCdTe. Several contact 
geometries have been devised to minimize the 
recombination of photocarriers at the contacts. 
Serpentine designs have been used to increase detector 
resistance and reduce bias power dissipation, 
especially important issues for large-area and very 
long-wavelength detectors. The SPRITE (signal pro- 
cessing in the element) design reduces the number of 
electrical connections and dewar leads for scanned 
arrays by performing both detection and integration 
within an elongated HgCdTe bar. 


PV HgCdTe Detectors 


The HgCdTe photodiode is a more complicated 
device than the photoconductor, requiring both 
n-type and p-type layers, and having a surface 
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depletion region that makes stringent demands on 
surface passivation technology. 

The PV detector is a high-resistance p-n junction 
device. The photodiode is operated very close to 
equilibrium conditions, either at zero bias voltage or 
at a small reverse bias voltage whose magnitude is 
several kT, typically 20-30 mV. The absorber layer is 
usually n-type HgCdTe about 5-15 xm thick, with 
the thicker values required for longer-wavelength 
radiation. A p-n junction is formed by a thin p-type 
layer. A wide variety of junction formation methods 
are used. Wide-gap-p on narrow-gap-n heterojunc- 
tions are formed by two-layer LPE. Planar p-on-n or 
n-on-p junctions are formed by arsenic or boron 
implantation into n-type or p-type layers grown by 
LPE or MBE. Vertical-geometry p-on-n junctions are 
formed by a damage mechanism during ion beam 
milling. Both single-junction and multijunction 
devices are grown in situ by vapor phase epitaxial 


Infrared 
radiation 


NxN 
HgCaTe array 


Interconnects 


CMOS silicon 
mutiplexer chip 
vith NN unit ces 


Figure Sa Backilluminated bump-interconnect 


methods such as MBE and MOVPE. Surface passiva- 
tion is generally accomplished by CdTe. The high- 
resistance PV device can match well with low-noise 
silicon CMOS preamplifiers that can be integrated 
with two-dimensional arrays to form large back- 
illuminated hybrid focal plane arrays (FPA). Typical 
array formats for HgCdTe FPAs are 256 x 256 and 
480 x 640, and can be as large as 1024 x 1024 
and 2048 x 2048, 


MIS HgCdTe Detectors 


The metalinsulator-semiconductor (MIS) detector, 
also referred to as a photocapacitor, is usually formed 
onan n-type HgCdTe absorber layer. The insulator of 
choice is a thin native oxide. The gate electrode is a 
thin semitransparent metal film. 

In contrast to the PC and PV detectors, the MIS 
detector operates in a strongly nonequilibrium mode. 


Indium 


Interconnects 


HgCdTe FPA architecture. The SEM photo shows an LPE P-on-n HgCdTe mesa 


photodiode array with 60 x 60 um* unit cells and 33 x 33 wm? mesa (junction) areas. 
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A bias voltage pulse of several volts is applied across 
the capacitor to drive the HgCdTe surface into deep 
depletion. Excess electron-hole pairs are photoger 
erated in the absorber layer and diffuse to the edge of 
the depletion region, where the holes are collected in 
the charge well. After a period of time, called the 
integration time, the voltage across the capacitor is 
sensed, giving a measure of how much charge was 
collected, and the cycle is repeated. 

Because of the nonequilibrium operation of the 
MIS detector, much larger electric fields are set up in 
the depletion region than in the p-n junction, resulting 
in defect-related tunneling dark current that is orders 
of magnitude larger than the fundamental dark 
current. The MIS detector requires much higher 
material quality than PV or PC detectors, which still 
has not been achieved. For this reason, all develop- 
ment of the HgCdTe MIS detector was abandoned in 
the mid-1980s. 


Two-Dimensional HgCdTe Infrared 
Focal Plane Arrays 


Among the most important applications of HgCdTe 
are large two-dimensional electronically scanned 
hybrid arrays, referred to as focal plane arrays 
(PAs). A hybrid HgCdTe FPA consists of a two- 
dimensional HgCdTe photovoltaic detector array 
that is interfaced electrically, thermally and mechani- 
cally with a matching two-dimensional array of input 
circuits in a silicon CMOS ROIC chip. Each HgCdTe 


Doped volume Via interconnection. 
(retype) \ 


Silicon 


Figure 6b Front-iluinated loophole HgCdTe FPA architecture, 
are on 20 jum centers, 


CdHgTe monolith 


detector element in the array has one electrical 
connection to its matching input circuit node in the 
silicon ROIC. 

The thermal expansion coefficient of HgCdTe is 
sufficiently close to that of silicon to allow several 
technologically viable hybrid arrangements of 
HgCdTe detector arrays and silicon multiplexer chips. 

‘There are two main types of hybrid HgCdTe FPA 
being developed and manufactured today: the back- 
illuminated bump-interconnected configuration, 
shown in Figure Sa, and the front-illuminated or 
‘loophole’ configuration shown in Figure Sb. Each 
configuration successfully solves the problem of the 
thermal expansion mismatch between silicon and 
HgCdTe in different ways, and each requires funda- 
mentally different HgCdTe photodiode designs and 
processing 

Inthe back-illuminated configuration, illustrated in 
Figure Sa, the HgCdTe detector array is bump- 
mounted onto the silicon ROIC by cold-welded or 
thermally reflowed indium interconnects. Incident 
radiation reaches the detectors through an infrared- 
transparent substrate such as CdTe, CdZnTe, 
sapphire, or silicon, 

In the front-illuminated (or ‘loophole’) FPA archi- 
tecture, shown in Figure 5b, the thin HgCdTe layer is 
epoxied to the silicon ROIC chip, and undergoes 
elastic deformation when the FPA is cooled. This 
allows large arrays to be made without need for 
engineering the thermal expansion of the silicon 
ROIC chip. Low-temperature processing techniques 


(p-type) 
7 
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‘The SEM photo shows one comer of a FPA. The metalized via holes 
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for junction formation and passivation are required 
because of the presence of the epoxy. 


Conclusions and Trends 


There has been enormous progress in HgCdTe 
material science and device technology over the 
past 45 years. This progress has been fueled by 
the many military and space applications for which 
HgCdTe PC and PV infrared detectors provide 
nearly ideal solutions. It is important to recognize 
that the progress so far in HgCdTe detector 
technology has been possible only through advances 
in basic materials growth and processing 
technology. 

Further progress can be expected. The fundamental 
performance limits of HgCdTe photodiodes have not 
yet been reached. Continued reduction of material 
defects, both grown-in and process-induced, will 
reduce thermal generation rates, increase junction 
impedance, and allow higher operating temperatures 
for a number of important applications. Continued 
development of the int situ VPE growth methods — 
MBE and MOVPE — will allow bandgap-engineered 
heterojunction devices of increasing quality and 
complexity. Continued development of VPE growth 
on alternative substrates such as silicon will reduce 
the cost of two-dimensional arrays, and will make 
larger arrays practical. 


st of Units and Nomenclature 
BLIP 


Background limited infrared 
photodetector 


CaTe Cadmium telluride 

CdZnTe Cadmium zine telluride 

Mos Complementary metal-oxide- 
semiconductor 

FPA Focal plane array 

HgCdTe Mercury cadmium telluride 

Hg:-.Cd.Te Mercury cadmium telluride 

IR Infrared 

LPE Liquid phase epitaxy 

lw Long wavelength 

LWIR Long wavelength infrared 

MBE ‘Molecular beam epitaxy 

MCT ‘Mercury cadmium telluride 

MIS ‘Metal-insulator-semiconductor 

MOCYD Metal-organic chemical vapor 
epitaxy 

MOVPE ‘Metal-organic vapor phase 
epitaxy 


MW ‘Medium wavelength 

MWIR Medium wavelength infrared 

PC Photoconductive 

Pv Photovoltaic 

Qwip Quantum well infrared 
photodetector 

ROIC Readout integrated circuit 

SPRITE Signal processing in the element 

sw Short wavelength 

SWIR Short wavelength infrared 

VLW Very long wavelength 

VLWIR, Very long wavelength infrared 

VPE Vapor phase epitaxy 

See also 


Semiconductor Physics: Band Structure and Optical 
Properties; Impurities and Defects; Outline of Basic 
Electronic Properties. 
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Introduction 


Modulation spectroscopy is a versatile and powerful 
optical technique for obtaining valuable information 
relevant to a large variety of semiconductor systems 
including bulk/thin films, surfaces/interfaces [semi- 
conductor/air (vacuum), semiconductor/electrolyte, 
semiconductor/metal, semiconductor/semiconductor 
(homo- and heterojunctions)], micro- and nano- 
structures (quantum wells, multiple quantum wells, 
superlattices, quantum wires, quantum dots), the 
effects of growth/processing, as well as the charac- 
terization of actual device structures [heterojunction 
bipolar transistors (HBTs), pseudomorphic high 
electron mobility transistors (PHEMTs), edge-emit- 
ting and vertical-cavity surface-emitting (VCSEL) 
quantum well lasers, etc 

Modulation spectroscopy deals with the measure- 
ment and interpretation of changes in the optical 
response of a sample which are effected by the 
modification of the measurement conditions. This 
can easily be accomplished by periodically modulating 
either (1) the measurement conditions them- 
selves (‘internal’ modulation) or (2) some parameters 
applied to the sample (‘external’ modulation). 
The observed normalized changes are usually small 
so that the difference signals are closely related to a 
derivative of the absolute spectrum with respect to 
the modifying parameters. The derivative nature of 
modulation spectroscopy emphasizes structure loca- 
lized in the photon energy region of the interband 
(intersub-band) transitions of semiconductors (semi- 
conductor microstructures) and suppresses uninter- 
esting background effects. As a result, weak features 
that may not be detected in the absolute spectra 
are often enhanced. Because of this derivative-like 
nature a large number of sharp spectral features may 
be observed, even at room temperature. 

The ability to perform a lineshape fit is one of the 
great advantages of modulation spectroscopy. Since 
for the modulated signal the features are localized 
in photon energy it is possible to account for the 
lineshapes to yield accurate values of energies and 


inductor 


broadening parameters of the associated interband 
transitions. For example, the energies of various 
interband (intersub-band) transitions may be evalu- 
ated to within a few meV, even at room temperature. 
Thus, the effects of static external perturbations such 
as electric and magnetic fields, temperature, hydro- 
static pressure, uniaxial stress, ete., can be con- 
veniently studied. 

A particularly useful form of modulation spec- 
troscopy is electromodulation (EM) since it is 
sensitive to surface/interface electric fields and can be 
performed in contactless modes that require no special 
mounting of the sample. Under appropriate con- 
ditions the EM spectrum may exhibit above bandgap 
oscillatory features, called Franz—Keldysh oscil- 
lations (FKOs), which are a direct measure of the 
relevant electric field (built-in and/or applied). 

‘Two of the most widely used forms of EM are 
photoreflectance (PR) and contactless electroreflec- 
tance (CER). In PR, modulation of the built-in 
electric field is caused by photo-excited clectron— 
hole pairs created by a pump source of ~3-5 mW 
power of either (1) an internally modulated laser 
diode or (2) a mechanically chopped de laser. The 
modulating frequency is typically ~100-200 Hz. 
CER utilizes a condenser-like system consisting of a 
front wire grid electrode with a second metal 
electrode separated from the first electrode by 
insulating spacers, which are ~0.1 mm larger than 
the sample thickness. The sample is placed hetween 
these two capacitor plates. Thus, there is nothing in 
direct contact with the front surface of the sample. 
‘The probe beam is incident through the front wire 
grid. EM is achieved by apply an ac voltage (~1 kV 
peak to peak at ~200 Hz) across the electrodes. 


Instrumentation 


Shown in Figure 1 is a schematic drawing of the 
experimental arrangement for a general ‘external’ 
modulated reflectance experiment (except for PR). 
Light from an appropriate light source (xenon arc or 
tungsten halogen lamp) passes through a monochro- 
mator. The exit intensity at wavelength A, 1,(A), is 
focused onto the sample by means of a lens 
(or mirror). The modulation (electric field, stress, 
temperature) is applied to the sample at frequency 
Ma The reflected light is collected by a second lens 
(mirror) and is focused onto an appropriate detector 
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Figure 1 Schematic representation of external modulation, 
‘experimental apparatus. 


{photomultiplier or photodiode). For the sake of 
simplicity the two lenses (mirrors) are not shown. 

‘The light striking the detector contains two signals: 
the de is given by [u(A)R(A), where R(A) is the de 
reflectance of the material while the modulated value 
{at frequency Qa) is Lo(A)AR(A), where AR(A) is the 
change in reflectance produced by the modulation 
source. The ac signal from the detector, proportional 
to L(A)AR(A), is measured by a lock-in amplifier. 
Typically [,AR is 10-4-10°® of I,R. In order to 
evaluate the quantity of interest, ie,, the relative 
change in reflectance AR/R, a normalization pro- 
cedure must be used to eliminate the uninteresting 
common feature [,(A). This can be done in several 
ways, one of which is shown in Figure 1, where the 
normalization is performed by a variable neutral 
density filter (VNDF) connected to a servo mechan- 
ism. The de signal from the detector, which is 
proportional to [4(A)R(A), is fed into the servo 
which moves the VNDF in such a manner as to 
maintain a constant [,(A)R(A), ie., [,A)R() = C. 
Under these conditions the ac signal [,A)AR() = 
CAR(YRA). Subsequently, the signal to the lock-in 
amplifier is proportional to the quantity of interest, 
ies, AR(AY/R(A). 


Bulk/Thin-Film Material 


Modulation spectroscopy has been used to study the 
properties of bulk/epitaxial layered semiconductors 


such as ordering in GalnP., piezoelectric fields in 
strained GaN, the influence of isotopes, the proper- 
ties of low-temperature grown GaAs, the space 
charge region, carrier concentration, the nature of 
the band bending (carrier type), impurity effects, 
deep levels, alloy composition, the influence of static 
external or internal perturbations such as tempera- 
ture, external uniaxial stress, lattice-mismatch strain, 
hydrostatic pressure, the effects of crystal growth/ 
processing/annealing procedures, and amorphous 
and microcrystalline materials. 

The dashed lines in Figure 2 are the piezoreflec- 
tance (PZR) spectra in the region of the direct gap of 
ReSy in the temperature range 25K <T < 450K. 
The data at low temperatures exhibit two well- 
resolved features labeled Ej* and E3*. The solid lines 
are lineshape fits to the first derivative of a Lorentzian 
profile which yields the energies indicated by arrows 
and also the related broadening parameters. The 
solid/open squares and circles in Figure 3 are the 
temperature dependence of F¥/E§* of ReSy and 
ReSe2, respectively. The solid, dot-dashed, and 
dashed lines in the figure are fits to the Varshni, 
O'Donnel-Chen, and Bose-Einstein expressions, 
respectively. The Varshni equation is: 


ES() ~ aT? 


Em = 


a 


where i= 1 or 2, E%(0) is the excitonic transition 
energy at 0K and a, i are the Varshni coefficients. 


The O'Donnel—Chen expression is: 
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Figure 2 The PZA spectra (dashed ines) in the region of 
the direct gap of ReS2 in the temperature range 25K < T< 
450K. The solid lines are lineshape fits yiolding the energies 
indicated by the arrows, 
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Figure 3. The temperature dependence of the excitonic tran 
sition energies of ReS, and ReSe,. The sald, dot-dashed, and 
dashed lines inthe figure are fits to the Varshni, O’Donnel~Chen, 
and Bose-Einstein expressions, respectively 


where Ew is the excitonic transition energy at 0K, 
S, is a dimensionless coupling constant related to 
the strength of the electron-phonon interaction, 
and (i@,) is the average phonon energy. The 
Bose—Einstein-type expression can be written as 


*(T) = Eq — a, 2 
E®(T)= Eq ul + eae | 131 


where diy represents the strength of the electron 
(exciton)—phonon interaction, and Ej, corresponds 
to the average phonon energy. 

‘The temperature dependence of the broadening 
parameters, ['(7), is due only to the electron—phonon 
interaction and can also be described by a Bose- 
Einstein-type equation. For the lowest lying direct 
gap only the longitudinal optic (LO) phonon is 
involved. In Figure 4 the solid/open squares and 
circles are the temperature dependence of the 
broadening parameters of E®/ES’ of ReS: and 
ReSes, respectively. The solid lines are fits to the 
Bose—Einstein-type expression: 


10) +0 ing 


Ml) = Spo) 


l4) 


where i= 1 or 2. The first term of eqn [4] corresponds 
to broadening mechanisms due to intrinsic lifetime, 
electron—clectron interaction, impurity, dislocation, 
and alloy scattering effects. The parameter Ty is an 
electron (exciton)-phonon coupling coefficient and 
E,o is the zone-center LO phonon energy. The 
obtained values of Pep for these materials have been 
compared with those for the direct gap in GaAs 
and ZnSe. 
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Figure 4 The solid/open squares and citcies are the tempera 
ture dependence of the broadening parameters of ENVES* of 
FieS, and ReSes, respectively. The solid lines are fits to the 
Bose~Einstein-ype expression. 


Surfaces/Interfaces 


Almost since the inception of modulation spec- 
troscopy it has been recognized that EM could be 
used as an effective probe of surfaces and interfaces. 
For EM this is true not only because of the sharp, 
derivative-like spectral features but also due to its 
sensitivity to electric fields, i.e., FKOs. In addition, PR 
and CER are of considerable interest and usefulness 
since they are contactless, employ low light levels, 
require no special mounting of the sample, and can be 
performed in any transparent ambient including 
ultrahigh vacuum (UHV). 

Of particular usefulness in the study of Fermi 
level pinning at surfaces are UN(SIN)/UP(SIP) 
and é-doping configurations. The UN(SIN)/UP(SIP) 
structures are made by fabricating an undoped layer of 
thickness L(~1000 A) on a buried doped n*ip*) 
buffer on a doped n*(p*) substrate. In the n*(p*) 
buffer/substrate the Fermi level occurs near the con- 
duction (valence) band edge. At the surface the Fermi 
level is pinned at some value, Vp. Therefore, 
there exists in the undoped region, which has a small 
broadening parameter, a large, almost constant 
electric field, F. A similar constant field can be created 
by placing a Sdoping layer a distance L from the 
surface. 

The relation between F as observed from the 
FKOs, and Vp is given by: 


FL = Vp ~(kTIq)—SCC-V,T) [5] 


where the second, third, and fourth terms on the 
right-hand side are the Debye length, space charge 
layer, and temperature dependent photovoltaic effect 
corrections, respectively. 


integrated circuit > analog > comparator 


comparator 


Although a comparator has the same schematic symbol as an op-amp, their applica- 
tions differ and they are described in separate sections of this encyclopedia, 


This entry describes an analog comparator. A digital comparator is very different, being 
alogicchip that compares two binary numbers that can bereferredtoas Aand B, Outputs 
from the chip indicate whether A>B or A<B or A=B, The digital comparator does not have 


an entry in this encyclopedia, 


OTHER RELATED COMPONENTS 


+ op-amp (see Chapter 7) 


What It Does 


‘A comparator is an integrated circuit chip that 
compares a variable voltage on one input pin 
witha fixed, reference voltage on a second input 
pin. Depending which voltage is higher, the out- 
put from the comparator will be high or low. 


The output will make a clean transition between 
two fixed values, even if the input is infinitely 
variable. Thus the comparator can function as an 
analog-digital converter, as shown in Figure 6-1. 


Because the output voltage range can be adjus- 
ted up or down independently of the input 
range, a comparator can also function as a volt- 
age converter. 


Hysteresis 

If positive feedback is added through external 
resistors, hysteresis can be introduced. We may 
imagine a hysteresis zone extending above and 
below the reference voltage level. Small input 
variations that occur within the zone will be ig- 
nored. The comparator only reacts when the in- 
putsignal emergesabove or below the hysteresis 
zone. When the input signal returns intothe hys- 


teresis zone, this event also will be ignored. The 
concept is illustrated graphically in Figure 6-2. A 
circuit to create hysteresis is shown in 
Figure 6-10. 


How It Works 


The schematic symbol fora comparatoris shown 
in Figure 6-3. This seems identical to the symbol 
foran op-amp, described in Chapter 7, butan op- 
amp is traditionally a dual-voltage device using 
positive and negative power sources that are 
equal and opposite, in addition to a zero value 
midway between the two. Modern comparators 
mostly use a conventional single voltage, and 
therefore the negative symbol used in compara- 
tor schematics throughout this section of the en- 
cyclopedia represents 0 volts. It has the same 
meaning as the ground symbol found in many 
schematics elsewhere. 


The two inputs toa comparator are described as 
inverting and noninverting (for reasons explained 
later). Confusingly, these are identified with plus 
and minus symbols inside the triangle that rep- 
resents the component. These plain black-and- 
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The properties of the metal-semiconductor inter- 
face have been reported by a number of investigators 
using PR and/or ER. Jonker et al. have demonstrated 
that an epitaxial Fe film on GaAs (UN structure) 
provides a ferromagnetic contact, suppresses midgap 
state formation, and does not pin the Fermi level. Four 
samples were investigated: a native oxide reference 
sample, the same sample after sulfur passivation, 
AUGaAs-(2 x 4), and Fe/GaAs-(2 x 4). The width of 
the undoped GaAs layer was 1070 A for the first three 
samples and 1500 A for the last sample. These results 
are shown in Figure Sa-d, respectively. The fields 
obtained from the FKOs are 58 kV/em, 61 kV/cm, 
55 kViem and 60 kViem, For the first three samples 
the measured barrier height is about 0.64 eV (not 
corrected for the photovoltaic effect) while for the Fe/ 
GaAs material it is about 40% higher (~0.9 eV). 
Another significant feature of the Fe/GaAs spectrum is 
the large number of FKOs (in relation to the other 
samples) extending to about 2eV. The significant 
reduction in damping indicates a substantial increase 
in carrier lifetimes. 


Micro- and Nanostructures 


Modulation spectroscopy is a very powerful tool for 
investigating many of the fundamental aspects of 
compositional single quantum wells (SQWs)/multiple 
quantum wells (MQW5), superlattices (SLs), quantum 
wires, and quantum dots (QDs). Various phenomena 
can be studied, including band offset, well and barrier 
widths, excitons, strain, coupling and decoupling 
between wells, miniband formation, two-dimensional 
electron gas (2DEG) effects, zone-folding in short- 
period SLs, built-in electric fields, ete. Work on a 
large variety of GeSi, III-V and II-VI systems has 
been reported, including both lattice-matched and 
strain-layer configurations. In addition the effects of 
various external perturbations can be evaluated. 

‘The properties of a vertically coupled InAsGaAs 
QD-based laser structure fabricated by a self- 
assembled technique have been investigated by CER 
(300K and 20K). Signals have been observed 
from all the relevant regions of the sample. The 
dotted lines are the CER spectra at 300 K and 20 K in 
Figure 6a,b, respectively. The solid lines are lineshape 
fits which yield the energies indicated by arrows. 
The low-energy features, labeled QDo (lateral coup- 
ling), QD, (vertical coupling) and QD, (vertical 
coupling), originate from the QDs while the reson- 
ances designated W; and W2, correspond to the first 
conduction to first heavy- (1C-1H) and light-hole 
(IC-IL) transitions, respectively, in the QW 
{approximately one monolayer) formed by the 
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Figure § Tho PR spectra at 300K for (a) a native oxide 
relerence sample, F = 58 kViem: 2) the same sample following 
sulfur passivation, F = 61 kV/cm: (¢) AllGaAs‘(4 2) sample, 
F=55kViom, and (8) FelGaAs-2% 4) sample, F — 60kViem 
“The thickness of he undoped spacer region is 1070 A or a}-(c) 
‘and 1500 A for (d). 
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Figure 6 CER spectra (dotted lines) of an InAsiGaAs quantum 
dot-based laser structure a (a) 900 K and (b) 20 K. The solid tines 
are a lineshape ft to a first derivative Gaussian. 


ing layer (WL). Although the oscillator strength 
of the QD features is small compared to the WL 
resonances, they are clearly visible even at 300 K. The 
GaAs; and GaAs) features are attributed to GaAs- 
related transitions. The former at both 300K and 
20 K corresponds to the bandgap energy of GaAs and 
probably comes from the undoped 400 A-thick GaAs 
layers which envelop the QD region. The GaAs, 
feature is most likely related to the p-doped 6000 
thick GaAs cap layer. The heavy doping of this layer 
induces a Burstein—Moss blue shift of the bandgap. 


Device Structures 


The methods of PR and CER are valuable tools in 
the evaluation of important device parameters for 
structures such as heterojunction bipolar transistors 
(HBTS), pseudomorphic high electron mobility tran- 
sistors (PHEMTS), edge-emitting and vertical cavity 
surface-emitting (VCSEL) quantum well lasers, 
multiple quantum well infrared detectors, solar 
cells, superlattice optical mirrors, resonant 
tunneling structures, metal-oxide-semiconductor 
(MOS) configurations, among others. 

The dashed lines in Figure 7a,b are the 300K 
CER spectra of a GalnP2(emitter)/GaAs(collector) 
HBT (fabricated by metalorganic chemical vapor 
deposition) for incident light with electric field vector 
El1 10] (polarization A) and E110] (polarization B), 
respectively. Both collector and emitter signals 


bandgap energies denoted by arrows, 


exhibit well-pronounced FKOs, The solid lines are 
Ieast-squares fits to a function which contains 
Lorentzian broadened electro-optic functions, 
yielding 1.873 + 0.001 eV and 1.885 + 0.001 eV for 
the GalnP, bandgaps for polarizations A and B, 
respectively, as indicated by the arrows. The ordering 
parameter of 0.3 deduced from the differences in the 
measured bandgaps for the two polarizations was 
consistent with transmission electron microscope 
measurements. The electric fields evaluated from the 
emitter and collector region FKOs were compared 
with a computer simulation of the field profiles using 
a comprehensive, self-consistent model, including the 
photovoltaic effect. The deduced emitter and collec- 
tor doping densities were in good agreement with the 
intended growth conditions. 


Summary 


Modulation spectroscopy is a very powerful tool for 
investigating many of the fundamental and applied 
aspects of a wide variety of semiconductors and 
semiconductor micro- and nanostructures, including 
bulk/thin films, surfaces/interfaces, single quantum 
wells, multiple quantum wells, superlattices, quan- 
tum wires, quantum dots, etc. In addition the effects 
of various perturbations such as alloy composition, 
temperature, electric and magnetic fields, hydrostatic 
pressure, internal and/or external stain, processing, 
etc., can be evaluated. Recently these methods have 
also been applied for the characterization of actual 
device structures such as HBTs, PHEMTs, quantum 
well lasers, etc. 
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Introduction 


Quantum dots are nanometer-sized clusters of semi- 
conductor material. An island of low-bandgap 
material is embedded in a sea of high-bandgap 
material so that both electrons and holes are spatially 
confined in all three directions. In an unstructured 
semiconductor, the electron energy levels of the 
individual atoms hybridize to form energy bands. In 
a quantum dot, however, there are discrete energy 
levels. This can be understood from the band 
structure of the unstructured material where there is 
a so-called dispersion relation connecting the energy, 
E, and the momentum, k. The confinement potential 
of a quantum dot quantizes the k-values, giving rise to 
discrete energy levels. If the energy levels of a 
quantum dot are separated by more than the typical 
energy level broadenings and by more than the 
thermal energy then the quantum dot will behave 
quite differently to the bulk material. The quantum 
dot will exhibit atom-like properties ~ discrete energy 
levels with small degeneracies despite the fact that it 
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is embedded in a semiconductor matrix. It is this 
ability to prepare a variety of atom-like systems in a 
semiconductor environment which has driven the 
research into semiconductor quantum dots. 

In some sense, nanosized quantum dots have been 
the subject of research for quite some time. Color 
filters, for instance, consist of nanosized particles 
dispersed in a glass matrix, and this is a very mature 
technology. Also, lithography of layered semiconduc- 
tor systems already possessing confinement in one 
dimension has been pursued for at least 15 years. 
However, developments in the past few years have 
been rapid, all based on the discovery of self-assembly 
of quantum dots directly in the growth of semicon- 
ductor heterostructures. These quantum dots can be 
produced with standard materials in standard growth 
systems, and this allows an easy integration of 
quantum dots into devices such as diode lasers. 
Furthermore, the self-assembled quantum dots are of 
extremely high quality and this is of great value not 
just for devices but also for fundamental physics 
experiments, aimed at studying or exploiting the 
coherence of excitons confined in the quantum dots. 
For these reasons, this short review concentrates on 
the properties of self-assembled quantum dots, giving 
just brief descriptions of other systems. It should be 
noted that the bibliography is extremely limited and 
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in no way does justice to the large number of research 
groups which have made valuable contributions 
to this field. Instead, the bibliogeaphy is simply a list 
of suggestions for finding out more about this 
fascinating research area. 


Quantization in Quantum Dots 


Quantum dots are on the one hand large enough that 
the bulk band structure of the host material can be 
used to describe the material’s electronic properties. 
In the effective mass approximation, this amounts to 
giving both electrons and holes a quadratic dispersion 
on momentum, just as for a free electron, but with an 
effective mass, typically about 0.1 for the electrons, 
and 0.3 for the holes. On the other hand, quantum 
dots are small enough that confinement effects are 
important. For instance, the energy of an exciton in a 
nanometer-sized quantum dot is a strong function of 
the quantum dot size. As the dots become smaller, 
confinement effects become larger, and the energy 
separating electron and hole levels increases. This 
does not increase indefinitely, however. There is a 
finite-size energy barrier to the matrix surrounding 
the dot such that in the limit of small dot sizes, the 
wavefunction spreads out into the barrier region and 
confinement effects become very weak. Ideally, an 
electron in a quantum dot has a confinement energy 
of at least several meV, and an energy barrier to the 
surrounding matrix of several 100 meV so that 
confinement effects are visible even at room 
temperature. 

‘The motivation for the study of quantum dots is to 
combine the atom-like properties with the flexibility 
of a solid-state environment. This is perfectly 
illustrated by considering a quantum dot as the gain 
medium for a laser. In a conventional semiconductor 
diode, a band of levels has to be inverted in order to 
achieve population inversion. This is costly in terms 
of the threshold current and the temperature stability. 
Ina quantum dot, inversion can be achieved simply 
by inverting the population of the two-fold dey 
erate ground state, which is clearly trivial. Furth 
more, a strong confinement energy and a large barrier 
to the surrounding matrix imply that this population 
inversion is stable against rises in temperature, 
implying better room-temperature performance. 
This example also exemplifies the motivation for 
investigating quantum dots using well-developed 
inorganic semiconductor technology as in this case 
the dots can be integrated into established device 
geometries. Generally speaking, the important con- 
Cept in quantum dot physics is spatial confinement of 
electrons in all three directions, giving rise to discrete 
energy levels. 


Lithography for Quantum Dots 


Developments in semiconductor growth technology, 
largely during the 1970s and 1980s, enabled thin 
layers of different semiconductors to be grown on top 
of each other. There are two principal growth 
techniques, molecular beam epitaxy (MBE), in 
which a heated substrate is bombarded with pure 
species in a high vacuum, and metal organic chemical 
vapor deposition (MOCVD), in which chemical 
precursors flow over a heated substrate and react. In 
the simplest structure, termed a quantum well, a thin 
layer of low-bandgap material is sandwiched between 
high-bandgap material. The discontinuities in the 
potentials at the interface give rise to confined 
electronic states for both carrier types, electrons and 
holes. The quantum well is an example of a two- 
dimensional system: there is confinement in one 
direction, the growth direction, but free dispersion 
in the other two directions. To make a quantum dot, 
it is necessary to confine the electron and hole in all 
three directions. An obvious approach is to take a 
quantum well, with perfect confinement in one 
direction, and process it laterally with lithographic 
techniques to complete the quantization, Note that an 
analogy can be made to the physics of the quantum 
Hall effect, where a two-dimensional electron gas is 
subjected to a very high magnetic field. The magnetic 
field quantizes the lateral motion in a similar way to 
the electrostatic potential in a quantum dot. 

This approach to the formation of optically active 
quantum dots obviously has some advantages, 
notably that the shape and position of the quantum 
dots can be chosen in the lithography. However, there 
are some significant problems associated with these 
techniques. As most of these problems do not plague 
the properties of self-assembled quantum dots, self- 
assembled quantum dots are more suitable for 
advanced photonic devices. 

‘A number of different lithographic techniques has 
been used to process quantum-well heterostructures 
into quantum dots. For research applications, elec- 
tron-beam lithography is the method of choice. The 
sample is coated with a resist, for instance PMMA, 
and exposed with electrons in an area with nanometer 
size. A protective layer, either a metal or insulator, is 
transferred to the exposed area by developing the 
resist, by depositing the protective layer material, and 
by removing the unwanted material with a lift-off 
step. The wafer is then etched, typically in a dry 
environment, to produce a free-standing column. 

The photoluminescence of these quantum dots has 
been measured by various research groups, and 
although the results vary quite widely there are 
some systematic trends. The photoluminescence 
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efficiency decreases rapidly for pillars smaller than a 
few microns. This is somewhat improved at low 
temperature, where reasonably strong emission can 
be observed down to 100-nm diameter pillars. For 
pillars with micron diameters, the lateral confinement 
effects are weak, and it is debatable if true quantum 
dots have been achieved. There are a number of 
effects which degrade the emission. First, pinning of 
the Fermi energy by surface states generates large 
electric fields near the surface, which can ionize 
electron-hole pairs. This is well known for quantum 
wells: if a GaAs quantum well for example is placed 
less than about 25 nm from the surface, the photo- 
luminescence is very weak because of the surface 
electric field. In an etched pillar, these effects are 
clearly magnified by the new surface area generated. 
Secondly, the etching process damages the material to 
a greater or lesser degree, and the damaged region 
contains centers for nonradiative recombination, 
Other lithography techniques have also been used 
to generate semiconductor quantum dots for optical 
experiments, An elegant idea is to deposit small 
regions of a highly strained film onto the sample 
surface. In this way, laterally varying strain film in an 
underlying quantum well can be set up, generating 
quantum dots through the effect of strain on the band 
gap. (This idea has also been married with self- 
assembly, by using Stranski—Krastanow-grown InP 
stressors on a GaAs surface, generating lateral 
confinement in an underlying InGaAs quantum 
well.) A further idea is to generate a quantum dot by 
deliberately growing a quantum well with rough 
interfaces. In such a system, there will inevitably be 
regions which confine an electron-hole pair through 
localization. Both of these approaches clearly cireum- 
vent the problems generated by the exposed surface in 
an etched quantum dot. However, they generate small 
lateral confinement potentials, typically a few meV. 
This is of value in a research environment where 
fundamental experiments can be carried out at low 
temperature, but in a possible device at room 
temperature, where the thermal energy is 25 meV, 
quantization effects will not be discernible. 
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Self-Assembled Quantum Dots 


A solution to the difficulties inherent in quantum dots 
made by lithographic techniques hegan to emerge in 
the early 1990s. It was discovered that quantum dots 
can be produced directly in the semiconductor 
growth by depositing a material onto a substrate 
with a substantially smaller lattice constant. The most 
well-known example is the growth of InAs (lattice 
constant 6.05 A) on GaAs (lattice constant 5.65 A) 
where In-rich quantum dots form. Because billions of 
dots form spontaneously in this process, the dots are 
referred to as self-assembled quantum dots. Since the 
carly experiments, considerable progress has been 
made, such that the state-of-the-art quantum dots 
possess many of the hoped-for properties: they are 
coherent (meaning that they contain no dislocations), 
highly homogeneous (meaning that fluctuations in 
shape and composition from dot to dot are small), 
and have large quantum efficiencies for the emission 
of light. 


Growth of Self-Assembled Quantum Dots 


When growing one material on top of another, three 
principal growth mechanisms have been identified: 
Frank-van der Merwe, Volmer—Weber, and 
Stranski—Krastanoy. In the Frank—van der Merwe 
mode, material is deposited layer by layer, as in the 
growth of the lattice-matched pair GaAs and AIAs. In 
the Volmer-Weber mode, island formation occurs: 


the material does not wet the surface because it is 
energetically unfavorable, Another possibility arises 
if there is a lattice mismatch. In this case, the epilayer 
is strained, and the strain energy obviously increases 
with increasing epilayer thickness. In the Stranski- 
Krastanow mode, the initial growth is layer by layer, 
as in Frank-van der Merwe, but beyond a certain 
thickness, islands form, as shown schematically in 
Figure 1. On the one hand, the islands limit the strain 
energy, because some strain relaxation is allowed, 
which is not possible in a thin film. On the other 
hand, island formation results in an increase of the 
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Figure 1A schematic ofthe Stranski~Krastanow mode. The material deposited has a substantially larger latice constant than the 
substrate, for example InAs on GaAs. Initaly, a thin and uniform layer's deposited. At the critical thickness (1.5 monolayers for InAs on 
GaAs), islands spontaneously form. Further growth results in an increase in the number of islands. At large coverages, large and 


dislocated islands appear. 
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Figure 2. An atomic force micrograph of InAs quantum dots on a 
GaAs substrate. The InAs dots were grown by MBE at a growth, 
temperature of $30 °C. The image was taken by Axel Lorke. 


surface energy. This means that there isa size at which 
the total energy is minimized. 

It is now well established that many combinations 
of semiconductors grow in the Stranski—Krastanow 
mode, and this can be utilized for self-assembly of 
quantum dors. The most studied example is InAs on 
GaAs where high-quality quantum dots can be grown 
with both MBE and MOCVD. Dots form at the so- 
called critical thickness of 1.5 monolayers, corre- 
sponding to just 4 A of material. For thicknesses less 
than the critical thickness, the covering is not 
completely uniform; there are island-like structures, 
elongated along the [011] direction. At the critical 
thickness dots form, leaving a thin InAs layer (the 
wetting layer) between the dots. As more InAs is 
added, the density of dots increases with only small 
changes in the dot size. As an example, Figure 2 
shows InAs dots on a GaAs substrate, 

The dots grown in this Stranski—Krastanow mode 
are free of dislocations, which is an essential 
prerequisite in III-V compounds for a high quantum 
efficiency for optical emission. Furthermore, the dots 
are remarkably homogeneous. Statistical fluctuations 
during growth will always give rise to a distribution 
in dot size and height. Nevertheless, the fluctuations 
in dot size can be as small as ~10%. The dots are 
randomly arranged in the lateral plane if the growth 
proceeds ona flat substrate, and densities are between 
10° and 10!' cm +. The shape and composition of the 
dots depend on the growth parameters. For instance, 
InAs/GaAs dots can have facets along. particular 
erystal directions, or they can be lens-shaped without 
facets, depending on the growth technique, and in 
particular the growth temperature. In fact, measuring 
the shape and composition is a very challenging task, 
particularly for buried dots. 


Stranski—Krastanow growth has turned out to be a 
robust phenomenon for III-V materials; quantum 
dots have been produced in this way for a number of 
material combinations. The most important con- 
dition is that the deposited material has a substan- 
tially larger lattice constant than the substrate. 
InAs forms dots not just on GaAs but also on InP. 
‘The InAs/InP dots are particularly interesting because 
they emit at the technologically important 1.5 um 
wavelength. InP can also form the dot material by 
using GalnP substrates where the bandgap is pushed 
up into the red region of the spectrum. Dots can also 
be grown with II-VI materials; the growth of CdSe 
on ZnSe is analogous to the growth of InAs on GaAs. 
These II-VI dots emit in the green. Finally, dots can 
also be formed in the nitrides, for instance by 
depositing InGaN on an AIGaN surface. In fact, the 
high emission efficiency of GaN, despite the large 
defect density, has been attributed to the formation of 
quantum dot-like structures in the active layers. 

Itis a challenge to arrange the dots in the plane of 
the substrate, An easy route with self-assembly has 
not been found to accomplish this. Nevertheless, dots 
can be encouraged to grow at particular positions by 
pre-patterning the substrate. This obviously limits the 
separation of the dots in any such array to the limits 
set by lithography. However, self-assembly does 
provide a means to order the dots in the growth 
direction: if the separation between successive layers 
is small enough (less than 15 nm for InAs/GaAs) then 
the dots grow directly above one another, as shown in 
Figure 3. In a new layer, the residual strain field from 
the dots in the layer below is sufficient to seed the 
dots. In this way, vertical stacks of dots can be built 
up. In fact, it has been argued that the dots tend to 
become more laterally ordered with each layer. The 
point is that if two dots are close together in one layer, 
their strain fields overlap, and provide only one 
seeding center in the subsequent layer. 


Optical Properties 


The main interest in quantum dot physics is the 
quantization in all three spatial directions, giving rise 
to atomic-like energy levels. For a system of self- 
assembled quantum dots, it is important to measure 
the fundamental bandgap, the energetic separation 
between the confined states both for electrons and for 
holes, the barriers to the electron continuum and hole 
continuum, and the oscillator strengths for the 
various interband transitions. All this information 
can be gleaned with optical spectroscopy. 

Perhaps the simplest experiment to perform, if 
not to understand, is photoluminescence in which 
electron-hole pairs are excited with a laser beam. 
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Figure 3 A transmission electron micrograph of two layers of InAs quantum dots in GaAs showing how the dots in the upper layer ie 
directly above the dots in the fist. The image was taken by Gio Medeiras-Ribeiro, 


The laser energy can be tuned to lie just above the 
bandgap of the wetting layer in which case the 
electron-hole pairs are excited in the wetting layer 
itself. Alternatively, if the laser energy is larger than 
the bandgap of the barrier material, electron-hole 
pairs are excited in the barrier. In both cases, the 
carriers relax into the dots, and then down the ladder 
of states in the dot, so that the dot electron and hole 
ground states are occupied. Emission is detected when 
an electron and a hole recombine. As such, the 
experiment measures only the energy of the ground- 
state exciton. However, if the pump intensity is 
increased such that electron-hole pairs are generated 
faster than they can recombine, the excited states of 


the dots are also occupied and recombination can also 
occur from excited states. An example of such an 
experiment is shown in Figure 4. At low pump 
powers, only the ground state emission is detected; 
at higher pump powers, the first excited state emerges, 
and athigher powers till, the second excited state also 
emerges, and so on. The spectra are broadened by the 
inhomogeneous broadening, i.e., from fluctuations 
fom dot to dot, but the broadening is small enough 
that the excited state emission can be easily distin- 
guished from the ground state emission. For these 
particular quantum dots, the energetic separation 
between the ground and excited state emission is 
15 meV, and this corresponds to the sum of the 
electron and hole confinement energies. The separ- 
ation between the other emissions is also about 
15 meV, implying that the states are approximately 
equally spaced, implying in turn that the confining 
potential is approximately parabolic. Furthermore, in 
this experiment, emission from the wetting layer can 
also be made out, and this enables the electron and 
hole confining potentials to be estimated. 
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Figure 4 Photoluminescence from an ensemble of quantum 
dots as a function of laser excitation power. The measurement 
temperature was 12K. The quantum dots are induced in an 
InGaAs/GaAs quantum well by a strain field generated by InP 
stressors on the sample surface. The stressors are grown in 
the Stranski-Krastanow mode, and are 1nm away from the 
quantum well. At low excitation power, only the ground state 
emission is observed. As the power increases, emission from 
excited states is also observed through state filing. Reprinted with 
permission from Lipsanen H, Sopanen M and Ahopetto J (1995) 
Luminescence from excited states in strain-induced In,Ga,_,AS 
quantum dots. Physical Review 1: 19868. Copyright 1995 
American Physical Society. 
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Photoluminescence invariably yields the sum of 
electron and hole energies. In order to measure just 
the electronic properties, it is possible to occupy the 
dots with, say, two electrons (so that in each dot the 
two-fold degenerate ground state is fully occupied) 
and to excite electric dipole transitions between the 
electron levels. This has been accomplished with so- 
called charge-tunable heterostructures, with which 
electrons can be controllably loaded into the dots 
from an electron reservoir. The interlevel absorption 
lies in the far-infrared region of the spectrum; for 
InAs/GaAs quantum dots for instance, the transition 
isat a wavelength of 25 um (an energy of 50 meV), as 
shown in Figure 5. The results of this experiment also 
point to an approximately parabolic confining 
potential from the fact that as electrons are added 
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Figure § Transmission in the far infrared of an ensemble of 
InAS/GaAs quantum dots where each quantum dot is occupied 
with two electrons. The data ware taken at a temperature ot 
4.2K. The shaded transmission minima correspond to absorption 
{rom the quantum dots. The transitions are between the electron 
ground state and the first excited state, Two peaks are observed 
even at zero magnetic field, suggesting that the dats are slightly 
oval in shape. In a magnetic field, the two peaks move apart, 
which is a consequence of tha Zaeman effect. The strong feature 
at 45 meV arises fram an electronic interaction with an interface 
Phonon. Reprinted with permission from Fricke M, Lorke A, 
Kottnaus JP, Medeiras-Riboiro G and Petro! PM (1996) Shell 
structure and elactron-electran interaction in self-assambled InAs 
quantum dots. Europhysics Letters 36: 187. Copyright 1996 
European Physical Socioty. 


to the dots, the energy of the far-infrared absorption 
does not change much. (In the limit of a perfect 
parabolic potential, a famous result known as Kohn’s 
theorem states that the long-wavelength absorption 
should show no energy dependence on the electron 
occupation.) 

In self-assembled quantum dots, the confining 
potential can he thought of as very steep in the 
growth direction, and relatively shallow in the lateral 
plane, In other words, the dots are essentially two- 
dimensional disks. The electron ground state is, in 
analogy with atomic physics, s-like, and the excited 
state p-like, However, because of the disk-like nature 
of the dots, the p-state is four-fold degenerate, and 
not six-fold degenerate as in a conventional atom. 
One way to demonstrate this is to perform interband 
absorption experiments on charge-tunable structures, 
as shown in Figure 6. The first transition corresponds 
to the transition from the hole s-state to the electron 
s-state, and disappears when the dots are occupied 
with two electrons. This is simply because the Pauli 
principle forbids the transition once the final level is 
fully occupied. The second transition corresponds to 
the transition from the hole p-state to the electron 
prstate, and disappears when the dots are occupied 
with four electrons, confirming the degeneracies of 
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Figure 6 Transmission in the near infrared of an ensemble of 
InAs/GaAs quantum dots at 4.2 K. Spectra are shown for diferent 
values of N, the electron occupation. At N= 0, there are three 
transitions corresponding to transitions from a valence state to an 
lectron state. These are thes~s, p-pandd=dtransiions, where 
the states are labeled in analogy to atomic physics. At N = 2. the 
electron ground state Is fully occupied, and the s~s transition 
isappears because itis blocked, a consequence of the Paull 
principle, Similarly, the p-p transition is blocked at N=6 
when both the electronic s and p states aro fully occupied 
Reprinted with permission trom Warburton RJ, Darr CS, Karrai K 
¢t al. (1997) Charged excitons in self-assembled semiconductor 
quantum dots. Physical Review Lettars 79: 5282. Copyright 1997 
‘American Physical Society. 
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the confined states. This experiment, unlike a photo- 
luminescence experiment, also yields a value for the 
oscillator strength. The result can be understood 
simply in terms of the overlap integral between the 
hole and electron states. In other words, these dots 
are in the strong confinement regime where the 
confinement energies are larger than the exciton 
binding energy. In the other limit, the weak confine- 
ment regime, the exciton binding energy dominates 
over the confinement energies, and it makes sense 
only in this limit to think of an exciton moving 
as.a coherent entity throughout the dot. In the weak 
confinement regime, the oscillator strength is actually 
larger than in the strong confinement regime. 

An important issue in interpreting photolumines- 
cence experiments is the rate at which a highly excited 
electron-hole pair can relax to the ground state of a 
quantum dot. Relaxation in the continuum is known 
to occur on a picosecond time-scale: electrons and 
holes relax by emitting LO-phonons if possible; and if 
not, acoustic phonons. Capture by a dot also occurs 
quickly (apart from in low-density samples where 
capture may take a few hundred picoseconds). It was 
initially thought that relaxation of carriers once 
captured by a quantum dot would be hindered by 
the discrete nature of the density of states. The 
argument is that the energy separation between the 
levels is too large for acoustic phonon emission; 
and there is no reason why the separation between 
the levels should match the LO-phonon energy 
(which has a very weak dispersion). Noneth 
experiments have shown that relaxation from excited 
dot states to the ground state is rapid, occurring on a 
picosecond time-scale, pretty much as for quantum 
wells. Auger processes can be important, whereby 
an electron in a dot loses energy by promoting 
an electron in the continuum to a higher energy. 
But relaxation can also be fast without a large 
population of mobile carriers in the wetting layer, 
and this is thought to arise through multiphonon 
processes. The radiative lifetime is typically 1 ns for 
self-assembled quantum dots, depending to some 
extent on the size and material system. As for 
quantum wells, relaxation occurs much faster than 
recombination. 


Lasers and Self-Assembled Quantum Dots 


The motivation for using quantum dots as the gain 
medium for semiconductor lasers is that they should 
have advantageous properties over quantum wells. 
These include a lower threshold current, better 
temperature stability, and a higher modulation 
frequency. All of these possible advantages stem 
from the quantization. In a quantum dot, there are 


discrete levels each with low degeneracy so that 
population inversion is easy to achieve. Also, there 
are large potential barriers to the continuum of states 
in the surrounding matrix, and an energy separation 
between levels in the dot at least comparable to the 
thermal energy at room temperature. This should 
make a quantum dot device relatively insensitive to 
temperature. The threshold current of a semiconduc- 
tor laser usually behaves as I = [ge where T is the 
temperature, Ty is the characteristic temperature, and 
Ip the low-temperature threshold current. Generally 
speaking, lasers are desirable with a small Ip and a 
large To, 

The main obstacle to realizing the benefits of full 
spatial confinement in self-assembled quantum dots is 
the inhomogeneity. For a particular lasing wavelength 
only a fraction of the dots can contribute to the lasing 
signal. Additionally, the dot densities are typically 
about 10'! cm” for these applications, implying that 
in the layer plane there is more unoccupied space than 
dot material. All in all, the gain at a particular 
wavelength is limited. Nevertheless, it would appear 
that even with inhomogeneous dot ensembles 
the advantages inherent in zero-dimensional states 
can be exploited. 

In addition to the density of states, there is an 
important difference in the nature of the gain 
spectrum between quantum well and quantum dot 
lasers. In a quantum well, gain exists over a range of 
energies through band filling. If an electron-hole pair 
is stimulated to emit by the lasing field, then the 
vacancies will be quickly filled by carrier—carrier 
scattering in the bands, maintaining a quasi-thermal 
equilibrium in the conduction and valence bands. In 
quantum dots at low temperature, capture into a 
particular dot is a random process, and given the 
rapid relaxation and the high barriers to the 
continuum, an electron-hole pair is very likely to 
emit from the dot where it was created. In other 
words, the system is not in thermal equilibrium. At 
higher temperatures, thermal escape out of the dots 
becomes likely, enabling the system to come into 
thermal equilibrium. The transition into thermal 
equilibrium will depend critically on the barrier 
height, and with appropriate design may take place 
close to, or even above, room temperature. 

Quantum dot lasers have now been realized, and 
emit continuous wave at room temperature. Progress 
has been rapid in the past few years. In fact the best 
quantum dot lasers now have the lowest Ip and the 
highest Ty of any semiconductor laser diode. 

Even if the intrinsic advantages of quantum dots are 
largely offset by the inhomogeneous broadening for 
laser applications, there are some other advantages. 
The InAsGaAs quantum dot emission wavelength is 
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significantly higher than that of InGaAs/GaAs 
quantum wells, and with subtle changes in the 
growth can be increased to 1.3 um, corresponding 
to one of the low-loss windows in optical fiber. 
Also, much higher powers have been realized with 
quantum dot lasers than with quantum well lasers. In 
quantum well lasers, device failure occurs at high 
current, often due to degradation of the end mirrors. 
It would appear that the carrier localization in 
quantum dots is sufficiently strong to prevent 
diffusion to the end facets, allowing the devices to 
withstand higher currents. 


Colloidal Quantum Dots 


Progress has been made recently in making inorganic 
quantum dots with techniques from organic chem- 
istry. Organometallic precursors are employed. The 
growth temperature is typically below 200 °C which 
has been found to give material with quite high 
crystalline quality. A crucial development has been 
the use of various organic groups to passivate the 
surface so that the quantum dots have bright 
photoluminescence. The II-VIs, being more polar 
than the III-Vs, are easier to produce with these 
techniques, and most work has concentrated on CdS 
and CdSe quantum dots which emit in the visible, 
Nevertheless, it is also possible to produce III-V 
quantum dots with this technology, and although the 
bulk GaAs bandgap lies in the near-infrared, the 
quantum confinement effects can be so high as to push 
the photoluminescence into the visible. Furthermore, 
HgCdTe has also been developed as a material system 
for quantum dots, and the emission can be tuned to 
the all-important 1.5 yum. 

‘The spectral width of emission from these colloidal 
quantum dots tends to be very large because of a large 
spread in particle size. However, techniques are being 
developed to isolate a specific size. With a selective 
precipitation technique for instance, the spectral 
width can be reduced considerably to the extent 
that a fine structure can be observed in the optical 
response, 

‘The advantage of these quantum dots lies in the 
possibility of mass-production for applications such 
as solar cells. The ease with which one material 
system can be used to cover a large spectral 
bandwidth is already attracting a lot of interest, for 
instance in using passivated and water-soluble quan- 
tum dots as biological labels. By using different 
materials, a huge spectral range can be covered with 
this technology, as illustrated in Figure 7. Of course, 
there are still challenges to be met in this field, The 
quantum dots tend to degrade in the course of time, 
losing their high quantum efficiency for emission, 
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Figure 7 Room temperature emission spectra of surfactant- 
‘coated colloidal quantum dots. The quantum dots consist of InAs 
(loft), InP (middie), and CdSe (right). Selection of the size has 
been used to give a particular wavelength in each band. Reprinted 
(abstractediexcerpted) with permission from Bruchez M Jr, 
Moronne M, Gin P, Weiss S and Alivisatos AP (1998) 
Semiconductor nanocrystals as fluorescent biological labols. 
‘Science 281: 2013. Copyright 1998 American Association for the 
‘Advancement of Science, 


presumably as a result of changes to the surface 
structure, Improvements have been made recently by 
capping the dots with a high-bandgap semiconductor, 
sch as ZnS, which hinders interactions of the exciton 
with the surface states. The emission from organic- 
hased dots also tends to show temporal fluctuations 
in wavelength, revealed experimentally from the 
emission of a single dot. This is thought to come 
about through the charging and discharging of traps 
in the vicinity of the quantum dot. Fundamentally, 
there are difficulties injecting carriers across an 
interface into the colloidal dots. However, progress 
can be expected in all these areas, and these 
quantum dots may well find applications in novel 
photonic devices. 


Single-Dot Spectroscopy 


No matter how quantum dots are prepared, there 
is always a distribution in emission energy. 
This constitutes an inhomogeneous broadening 
mechanism. For self-assembled InAs dots on GaAs, 
the lowest emission width from an ensemble of dots is 
about 20 meV. This energy is large compared to 
several other energies in the system. For example, the 
binding energy of a charged exciton, or of an 
exciton-exciton complex (a biexciton), is about 
2 meV in this system. Also, the width of single dot 
emission is two to three orders of magnitude smaller 
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Figure 6-1. The basic behavior of a simple comparator is 
shown here, 


Often, in schematics, the power supply is not 
shown, because it is assumed to be present. 
However, all comparators requirea power supply 
in order to function 


The basicinternal and external connections used 
in conjunction with a typical comparator are 
shown in Figure 6-4. 


The potentiometer at top left is often a trimmer, 
to fine-tune a reference voltage. The variable in- 
put can come from a sensor or any other device 
‘capable of delivering a voltage up to the limit set 


byV1. 


The output is often an open collector from an in- 
ternal bipolar transistor, as shown in the figure. 


Note that as many as three different voltages can 
be used, as indicated by the different colors as- 
sociated with V1, V2, and V3. However, they must 


Integrated circuit> analog > comparator 


share a common ground to enable the compa- 
rator to make valid comparisons. 


When the noninverting input exceeds the volt- 
age of the inverting input, the output transistor 
goes into its “off” state, and blocks current from 
an external pullup resistor. Because the current 
from the resistor now has nowhere else to go, it 
isavailable to drive other devices attached to the 
comparator output, and the output appears to 
be high. 
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Figure 6-2. The performance of a comparator shown in 
the previous figure can be modified by the addition of hys: 
teresis. Small variations that occur within the hysteresis 
zone are ignored. 


When the noninverting input falls below the 
voltage of the inverting input, the transistor be- 
comes conductive, and sinks almost all the cur- 
rent from the pullup resistor, assuming other de- 
vices attached to the output have a relatively 
high impedance. The output from the compara- 
tor now appears to be low. 
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than the ensemble width at low temperature. The 
width of single-dot emission is inversely related to the 
time over which the exciton maintains its coherence, 
and this should be as long as possible for future 
applications of quantum dots which manipulate the 
phase of the excitonic wavefunction. In order to 
investigate the properties of quantum dots in detail it 
is clearly necessary to measure the optical response of 
a single quantum dot rather than the response of a 
large ensemble of dots. The development of this field 
has been aided by the techniques developed for single- 
molecule spectroscopy which was first reported in the 
late 1980s and has subsequently become almost a 
standard experimental technique. 

Typical densities of self-assembled quantum dots 
correspond to 100 per um”. Given that the emission 
wavelength is around 1 uum, itis clear that an optical 
technique with subwavelength spatial resolution is 
required to excite and detect a signal from just one 
quantum dot. The techniques employed include 
cathodoluminescence, where a focused electron 
beam provides the spatial resolution, and near-field 
optics where a subwavelength-sized aperture in a 
metal mask determines the spatial resolution. In the 
latter case, the aperture is cither permanently 
connected to the sample surface, or it is formed on 
a tapered optical fiber positioned just a few nano- 
meters away from the sample surface. An example is 
shown in Figure 8: with a confocal microscope the 


spatial resolution is not high enough to isolate 
spectroscopically a single dot. With increased spectral 
resolution, however, just a small number of peaks 
remain, each corresponding to the emission from a 
single dot. A further technique is to etch nanometer- 
sized mesas in the sample such that each mesa 
contains on average just one quantum dot, In some 
cases, single quantum dot emission has been detected 
with a conventional optical microscope (usually a 
confocal microscope) by adjusting the growth con- 
ditions to give particularly low dot densities. This can 
be achieved with colloidal nanocrystals by spinning a 
dilute suspension of the dots onto a substrate, a 
technique which has been frequently used in single- 
molecule spectroscopy. In each case, the photolumi- 
nescence signal from a single quantum dot is not 
large, and a detector capable of counting individual 
photons with a high quantum efficiency is required. 
A cooled silicon CCD camera is very convenient, 
giving not only a very low dark count and high 
quantum efficiency, but also a huge multiplexing 
advantage. However, the response of a Si detector 
tails off in the visible, and decreases rapidly at about 
1050 nm in the near infrared, so it is by no means a 
universal solution. 

The most striking feature of the emission from a 
single inorganic quantum dot is its spectral purity. 
Linewidths as small as a few weV (a few hundred 
MHz) have been reported at low temperature for 
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Figure 8 Emission from quantum rings from a 1 ym area of the sample, and trom a 0.07 um? area ofthe sample, both taken at 
4.2 K. The quantum ingsare generated witha Stranski-Krastanow growth procedure using InASand GaAs, Thefirst specirumwastaken, 
witha low-temperature confocal microscope; the second witha near-field technique. itcan be seen how large statistical fluctuations arise 
inthe first spectrum, because the numberof rings probed isnot suficiont to give a smooth distribution function. Inthe second spectrum, 
just afew peaks can be discemed abave the noise evel, each arising trom the emission from an individual quantum ring, 
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quantum dots formed in a localizing potential in a 
quantum well. These linewidths can be interpreted as 
de-phasing times of the excitons, The maximum 
possible de-phasing time is obviously the radiative 
lifetime, in which case the line is homogeneously 
broadened. This limit has been observed at low 
temperature on natural quantum dots, but not at 
elevated temperature: as the temperature increases, 
scattering of the excitons by phonons decreases the 
coherence time, observed through a broadening 
of the emission. 

‘The sharp lines observed in single-dot spectroscopy 
give access to fine structure on a meV energy scale, 
Most of this fine structure arises through Coulomb 
interactions between the clectrons and holes. For 
example, two recent experiments have explored the 
emission as a function of electron occupation, and 
exciton population. In both cases, new lines emerge 
when a single dot is populated by more than one 
electron-hole pair 


Perspectives 


The field of semiconductor quantum dots has made 
rapid advances in the past decade largely through the 
discovery of self-assembly in the growth of lattice- 
mismatched inorganic semiconductors. The most 
immediate application of these defect-free nanostruc- 
tures is as the gain medium for semiconductor laser 
diodes, the aim being to reduce the threshold currents 
beyond those achievable with quantum wells. 
This approach is already proving highly successful, 
However, there are also other possibilities for novel 
photonic applications of quantum dots. These include 
memory elements for image processing, detectors and 
sources for single photons, and perhaps even elements 
for the coherent manipulation of wavefunctions. 


See also 


‘Semiconductor Materials: Band Structure Engineering; 
GaAs Based Compounds. Semiconductor Physics: 


Band Structure and Optical Properties; Excitons; 
Outline of Basic Electronic Properties; Quantum Wells, 
and GaAs-Based Structures; Recombination Processes. 
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Introduction 


When thin layers of two semiconductor materials are 
combined to form a heterojunction, quantum well 


(QW), or superlattice, the properties of the resulting 
‘quantum heterostructure’ are to a large extent 
governed by the alignment of the conduction and 
valence bands at the interfaces. Usually the overall 
conduction-band (CB) minimum lies in the same 
material as the overall valence-band (VB) maximum, 
as for example in the GaAs/Alp sGay7As QW 
illustrated in Figure 1a. In such a type-I structure, 
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Figure 1 Conduction band (CB) and valence band (VB) profes along with selected sub-band energies and wavetunctions for: (@) 
50 GaAs/AlyGag7As type-1 quantum well (GaAs substrate), (b) 50 A/50 A Gag Ing AS\Gag<Asy<Sb type-ll staggered-gap 
superlattice (InP substrate} (c) 100 4/100 A InAs/GaSb type-I broken-gap semimetalic superatce (GaSb substrate); () 50 ASO A 
GaAs/AiAs types superlattice (GaAs substrata) e) 20/80 A GaAsIAIAs typeI superatice wth indirect band alignment both in eal 


‘and momentum spac 


and (f) 90 A/90 A InAs/GaSb typeI semiconducting superiattice. E1, H1, and X1 represent the frst sub-band in 


the T-valley conduction band, I-valley valence band, and X.valley conduction band, respectively. The overlap between the electron and 


hole wavefunctions is shown in gray. 


the electrons and holes both reside mostly in the GaAs 
and their wavefunctions overlap almost perfectly as 
shown in the figure. 

‘There are cases, however, when the CB minimum is 
in one layer while the VB maximum is in the other. 
For this so-called type-I alignment, which is 
exemplified by the Gag,s7Ino.¢3As/GaAso,Sbo,s 


superlattice of Figure 1b, the electrons and holes 
tend to separate spatially. It should not be surprising 
that this significantly influences many of the basic 
optical and electronic properties. Just one example is 


the band-edge absorption, whose strength is propor- 
tional to the square of the wavefunction overlap 
integral. 
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In contrast to the staggered type-II heterostructure 
of Figure 1b, another possibility is the broken-gap 
type-II alignment of the InAs/GaSb superlattice 
shown in Figure 1c. Since the CB minimum in InAs 
actually lies below the VB maximum in GaSb, this 
combination becomes a semimetal even though the 
bulk constituents are both semiconductors. 

The nature of the band alignment can also be 
strongly influenced by shifts of the electron and hole 
energy levels induced by quantum confinement. 
Figure 1d illustrates a type-I GaAs/AIAs superlattice 
with relatively thick GaAs layers. Notice that the 
same superlattice becomes type-II if, as in Figure 1e, 
the GaAs layers are thin enough that the GaAs 
F-valley electron level (center of the Brillouin zone) is 
pushed toa higher energy than the AlAs X-valley level 
(boundary of the Brillouin zone), Similarly, quantum 
confinement can turn the broken-gap (semimetallic) 
type-I InAs/GaSb superlattice of Figure 1¢ into 
a staggered (semiconducting) type-II superlattice 
as in Figure 1f. 

Although many different type-II heterostructures 
have been identified over the last three decades, only a 
few are likely to have long-term technological 
importance for optics or electronics. The system 
that has received the most attention in terms of both 
fundamental scientific studies and opto-electronic 
device development is InAs/GaSb and related alloy 
combinations such as InAs/GalnSb, Following a brief 
overview of wider-gap type-II heterostructures, this 
article will concentrate primarily on that interesting 
narrow-gap system. 


Wide-Gap Type-Il Heterostructures 


The best-known wide-gap type-II heterostructure is 
the GaAVAIAs superlattice of Figure Le. The band 
lineup is type-II provided the GaAs thickness is no 
greater than ~10 monolayers (28 A) and the ALAs 
layer is no thinner than the GaAs layer. Since the CB 
minimum is in the AIAs X-valley and the VB 
maximum is in the GaAs F-valley, this structure has 
an indirect energy gap in both real space 
and momentum space. In type-II GaAs/AIAs, the 
X-valley states at the CB minimum form one or more 
superlattice minibands, which display relatively low 
resistance at small biases, negative differential 
velocity, etc. A related structure is the GaAs/AIAs/ 
GaAS/AIAs/GaAs double-barrier intervalley resonant 
tunneling diode, in which resonant or sequential 
phonon-assisted tunneling proceeds via intervalley 
transitions whenever the Fermi level in the GaAs 
emitter lines up with the X-valley minimum in AIAs. 
Structures containing AlGaAs do not necessarily 
need quantum confinement to establish a type-II 


alignment, since it occurs naturally in Al,Ga,_,As/ 
AIAs heterojunctions with x > 0.3, 

The device potential of wide-gap type-II hetero- 
structures is rather limited, owing to their low 
luminescence efficiencies (due in large part to the 
doubly indirect band alignment) and low mobilities 
(due to the heavy X-valley effective mass). A few 
proposals have focused on modulation of the band 
alignment between the type-I and type-I regimes. 
The Gap.gzlno ssAs/GaAsp sSho.s superlattices of 
Figure 1b and related structures have been investi- 
gated as alternative active regions for semiconductor 
lasers emitting in the important 1.3-2 um wave- 
length range. 


InAs/GaSb/AISb-Based Type-lIl 
Superlattices and Quantum Wells 


Molecular beam epitaxy (MBE) was used to fabricate 
the first InAs/GaSb-based superlattices in 1977, only 
a few years after the initial GaAs/AIGaAs superlattice 
growths. It was quickly demonstrated that for 
relatively thick layers the band alignment is broken- 
gap type-I, with 100-150 meV overlap between the 
conduction band minimum in InAs and the valence 
band maximum in GaSb. In this semimetallic super- 
lattice, GaSb valence-band electrons spill over into 
the InAs and leave behind holes (see Figure 1c). It was 
also observed that at equal layer thicknesses of 
=90 A quantum confinement induces a semimetal- 
to-semiconductor transition (Figure 1f), and that the 
gap becomes increasingly positive when the thickness 
is reduced further. This is no mere scientific curiosity, 
since being able to tune in a wide range of energy gaps 
spanning 0 to >0.5 eV has enormous practical 
consequences for infrared (IR) emitters and detectors. 
Such a capability cannot he replicated by any other 
MI-V heterostructure system. 

Another happy accident is that the lattice con- 
stants of InAs (6.058 A) and GaSb (6.096 A) are 
matched closely enough to allow them to be grown 
together by MBE or metalorganic chemical vapor 
deposition (MOCVD). A third binary member of the 
‘antimonide’ or ‘6.1-A’ family of growth-compatible 
heterostructures is AlSb (6.136 A), which is valuable 
in that it serves as a quantum barrier to both InAs 
conduction states and GaSb valence states, The 
extended family includes a variety of ternary alloys 
(GalnSb, GaAlSb, InAsSb, AIAsSb, etc.), whose 
energy gaps as a function of lattice constant are 
given by the curves in Figure 2, and also at least 
three quaternary alloys: GalnAsSb, AlGaAsSb, and 
InAIASSb. Taken together, this menagerie of materials 


420 SEMICONDUCTOR MATERIALS / Type-l Quantum Wells and Superlattices 


T=0K 


valley energy gap (eV) 


Latice constant (A) 


Figure 2 Direct energy gaps at zero temperature for II|-V 
‘compound semiconductors and their teary alloys with lattice 
constants in the vicinity of 6.1 A. 


provides the type-II IR device designer with an 
exceptional degree of configurational flexibility. 

Type-ll IR structures are typically grown on 
either a GaSb or InAs substrate. Since even a 
small amount of strain build-up can produce 
dislocation defects that seriously degrade the 
performance, one usually balances the net tensile 
strain (associated with layers having a lattice 
constant slightly larger than that of the substrate) 
with a compensating amount of net compressive 
strain (from layers whose lattice constant is slightly 
smaller than that of the substrate). 

Band structures for complicated type-II layering 
configurations have been calculated by a variety of 
methods, including k-p, tight-binding, and empirical 
pseudopotentials. While all reproduce the main 
features of the electron and hole sub-bands and 
dispersion relations near the center of the Brillouin 
zone, the relative merits of the different approaches 
remain controversial. Due to the small energy 
gaps, band-mixing effects are especially important 
in this system, 

One consequence of the small type-II antimonide 
energy gap is that the electron and hole bands repel 
each other and both effective masses can be lighter 
than in any other III-V semiconductor (e.g., smaller 
than in the bulk constituents). This leads to high 
mobilities at room temperature, and promising 
possibilities for high-clectron-mobility transistors 
(HEMTS). Also of interest are resonant tunneling 
diodes (RTDs) based on InAs/AISb/GaSb/AISb/InAs 
and related structures, in which interband tunneling 
via the GaSb valence states results in negative 
differential resistance with a very high peak-to-valley 
ratio. Since these devices are primarily electronic 


rather than optical, we will not discuss them 
further here. 

While interfaces play an important role in any 
semiconductor heterostructure, they are especially 
crucial in InAs/GaSb and related type-II systems 
because the two materials on opposite sides of the 
interface have neither a common cation nor a 
common anion (unlike GaAs/AlGaAs, for example, 
in which both wells and barriers have As anions). By 
timing the shutter sequences in the growth, one can in 
principle end the InAs on an In layer and begin the 
GaSb on Sb, to produce InSb-like interface bonds. 
Alternatively, one can end the InAs on As and begin 
the GaSb on Ga to form GaAs-like bonds, Detailed 
characterizations by a variety of methods have shown 
that the device properties and even the band structure 
can be relatively sensitive to whether the interface 
bonds are InSb-like or GaAs-like. 

With regard to opto-electronic devices, a potential 
limitation of InAs/GaSb superlattices is that in order 
to reach a long wavelength (small energy gap), the 
layers must be rather thick (e.g., =90 A for zero gap). 
In such a structure the overlap between the electron 
and hole wavefunctions becomes quite small (see 
Figures 1c and 1f), and consequently the interband 
optical interactions are weak. However, Mailhiot and 
Smith pointed out that this issue can be circumvented 
to a large extent by employing Gay_,In,Sb (with 
x <04) rather than GaSb for the hole QWs. 
Compressive strain in the GalnSb produces a large 
splitting of the heavy and light hole sub-bands, along. 
with a substantial increase of the type-II offset energy. 
The result is that much thinner layers (with large 
wavefunction overlaps) may be employed in conjunc- 
tion with energy gaps corresponding to long IR. 
wavelengths. In fact, the overlap for a short-period 
InAs/GalnSb superlattice such as that illustrated 
schematically in Figure 3 can be large enough to 
yield interband optical interaction strengths compar- 
able to those in bulk materials and type-I 
superlattices. 

While practical constraints on the minimum 
reproducible layer thickness set a lower wavelength 
limit on the order of 2 um, the upper limit governed 
by uniformity considerations is quite high, perhaps in 
the A= 25-100 xm range. This makes type-II anti- 
monide quantum heterostructures a natural choice 
for mid-IR to far-IR photodetectors and lasers. 


Type-Il IR Photodetectors 


Because IR detectors sense the radiant black-body 
emission from warm objects rather than relying 
on reflected visible light, they can be used for 
‘night vision.’ Both photoconductive (PC) and 
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Figure 3 Conduction and valence band profiles along with 
electron (E1) and hole (Ht) sub-band energies and wavefunctions 
for a 19A/19A InAs/Ga,.Inj3Sb type-II superlattice (GaSb 
substrate) with an energy gap equal to that of the InAs/GaSb 
superiatice in Figure 1d, 


photovoltaic (PV) IR detectors are now being 
developed with type-II active regions, usually 
consisting of simple InAs/GalnSb- superlattic 
The PV geometry, in which a reverse bias is 
applied to a p-n junction, is ultimately preferred 
since it is easily adaptable to pixelation in a 2D 
array with many discrete detector elements, That 


allows an IR camera to construct a detailed 
thermal picture of any given scene. 

An optimized PV photodetector must have high 
absorption in the active region, unimpeded vertical 
transport to assure collection of the photogenerated 
carriers, and a low dark current. The thin layers of a 
type-Il InAs/GalnSb active region help to satisfy the 
first two criteria, since they assure both a large 
wavefunction overlap (Figure 3) and rapid electron 
and hole tunneling through the superlattice 
minibands. 

The dark current in a high-quality diode tends to 
be dominated by generation-recombination currents 
at low temperatures and diffusion currents at higher 
T. However, trap-assisted tunneling via dislocations 
and other macroscopic defects can significantly 
increase the dark current, Figure 4 plots the 
resistance—area product (RyA) for diodes with and 
without macroscopic defects. Surface leakage result- 
ing from inadequate sidewall passivation can also 
ead to a substantial contribution that is pro- 
portional to the perimeter of the mesa. The diffusion 
current scales as Vr'?, where 7 is the recom 


nation lifetime. To date, the defect-mediated Shocl 
ley-Read lifetimes of <100ns have been 
significantly shorter than in competing HgCdTe IR 
materials (>1 ps). However, Auger lifetimes are 
substantially enhanced, as will be discussed further 
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Figure 4 Temperature dependence of the dynamic impedance 
at zero bias FA for two diferent InAs/GalnSb superiatice dodes 
with cutoff wavelengths of 8.7 jm. The generation-recombination, 
(GA) and difusion-imited AyA values are indicated by the 
dashed lines. Reproduced with permission from Burkle ot al 
(2000) MAS Symp. Proc., 607, pp. 77-82. 


in the context of type-I IR lasers. In an Auger 
event, the energy and momentum of the recombin- 
ing electron-hole pair is transferred to a third 
carrier, which scatters to a higherlying state in 
cither the same or a different band. Because three 
different carriers must interact simultaneously, the 
recombination rate scales with the cube of the 
carrier density. Usually Shockley-Read recombina- 
tion dominates at lower temperatures and Auger 
processes at higher T. 

‘Typically the n-side of a type-II diode is heavily 
doped (10"* cm~* range) and relatively thin, while 
most of the absorption occurs on the lightly doped 
(10'cm~* range) p-side. A standard figure of 
merit is the detectivity (D’), which is essentially 
the signal-to-noise ratio in a device of standard 
size. For 77K operation, type-II PV detectors with 
cutoff wavelengths of 7.5 um and 12 um achieved 
D of 1X10" cm He7/W and 5 x 10! em Ha"/W, 
respectively. Those values are nearly as high as 
typical results for the much more mature HgCdTe 
FPA technology. 

It is anticipated that type-I d 
particularly attractive at very long wave IR 
(VLWIR), at which it becomes increasingly difficult 
to maintain adequate control over the HgCdTe 
compositional uniformity. Recent PC detectors oper- 
ated out to 22 jum, and PV devices to 16 um. Due in 
part to the strong suppression of Auger recombina- 
tion, type-II detectors are also expected to be 
advantageous at noneryogenic temperatures where 
future systems will increasingly operate. 


ectors will be 
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Type-ll IR Lasers 


At visible and near-IR wavelengths out to ~2 jum, the 
QW diode laser is by now a mature technology that 
dominates the commercial marketplace due to its low 
cost (<$1 per laser in some cases), compactness, 
and reliability. However, the technical challenges 
become much more severe in the mid-IR spectral 
region (3-5 wm). Before the advent of the type-II 
laser, no interband III-V semiconductor device 
emitting at A= 3m had ever operated at room 
temperature. Alternatives are the lead salt laser, 
which is limited to very low-output powers, and the 
quantum cascade laser (QCL) that is based on optical 
transitions between two electron QW sub-bands 
rather than interband electron-hole processes. 
Mid-IR lasers are needed for high-power military 
applications such as IR countermeasures against heat- 
secking missiles and for the sensitive detection of 
trace chemicals using the spectroscopic ‘fingerprint’ 
that distinguishes each species from any other. 

From the 1960s to the late 1990s, conventional III— 
V double heterostructure (DH) and type-I QW lasers 
for the mid-IR never achieved the desired levels of 
performance because they failed to overcome certain 
fundamental limitations. Those included: 


1, inadequate band offsets, which at higher tempera- 
tures made it difficult for the QW or DH active 
regions to retain the injected electrons and holes; 

2, rapid Auger nonradiative decay, which led to 
excessive threshold current densities at higher 
temperatures; and 

3. restricted spectral range, limited to wavelengths 
shorter than the cutoff for bulk InAs,_,Sb,. 


However, it has more recently become apparent 
that all of these limitations can be either minimized or 
removed by employing a type-II InAvGaSb-based 
active region. 

For example, electrical confinement is far more 
effective because the GaSb conduction band confines 
InAs electrons and the InAs valence hand confines 
GaSb holes (see Figure 1f). Auger recombination is 
also significantly suppressed, in part because the holes 
are nearly as light in the plane as the electrons, 
making it much more difficult to conserve both 
momentum and energy in the three-carrier process. 
Nearly an orderof-magnitude suppression of the 
room-temperature Auger rate has been reported, 
which translates directly into a similar reduction of 
the threshold current density. And as was discussed 
above in connection with IR photodetectors, very 
long wavelengths are readily attainable because the 
energy gap in a type-II active region can be arbitrarily 


small, Type-II lasers have already operated ew at 
A> 7m, and cryogenic operation out to wave- 
lengths as long as 100 um has been projected 
theoretically 

In 1986 the first type-II semiconductor laser, which 
emitted at A=1.86 um from single liquid-phase 
epitaxy (LPE)-grown heterojunctions, was demon- 
strated. Since the mid-1990s, 3-4 pm GalnAsSb/ 
InAs-based single-interface type-II diodes have been 
developed that operate up to 205 K in pulsed mode. 

In 1995, lasing at A= 3.2—3.5 um was reported 
from type-II InAs/Gao,75lno.2<Sb superlattice diodes 
grown by MBE. Subsequent work on these devices 
extended the temperature range to 255K in pulsed 
mode and 180 K for ew operation, and the emission 
wavelength to 4.3 um. 

While the wavefunction overlap and hence the gain 
for a two-constituent type-II superlattice active region 
can be quite favorable, penetration of the electron 
wavefunctions into the thin GalnSb layers is in fact so 
great that a wide miniband forms along the growth 
axis. The electrons then have strong energy dispersion 
in all three dimensions, whereas present-generation 
near-IR and visible semiconductor lasers nearly 
always have QW active regions with 2D carriers. 
The stepped quasi-2D density of states yields a much 
higher differential gain per injected carrier at 
threshold, and also narrower spectral emission lines 
than are attainable with a 3D electron population. 
The most straightforward approach to blocking the 
formation of a miniband in the superlattice is to add a 
high electron barrier between the periods, e.g., 
InAs/GalnSb/AISb. However, the drawback of that 
approach is that the wavefunction overlap becomes 
much smaller than in the simple superlattice, resulting 
in significantly lower gain. 

On the other hand, if a second electron well is 
added on the other side of the hole well, the resulting 
structure with four constituents per period (c.g., 
InAs/GalnSbiInAs/AISb) combines the large wave- 
function overlap of the two-constituent superlattice 
with 2D electron and hole confinement. Figure 5 
illustrates band profiles, energy levels, and wavefunc- 
tions for the ‘W” laser, which takes its name from the 
shape of the conduction-band profile. 

Optically pumped type-II W lasers display high- 
power pulsed operation at temperatures well above 
ambient. Wavelengths have spanned the range 
2.6-7.3 wm, and mid-IR vertical-cavity surface- 
emitting lasers (VCSELs) were also fabricated. 
Optical pumping is viewed primarily as a means of 
achieving high cw or quasi-cw output powers in the 
mid-IR, and in that regard W lasers have exceeded all 
other semiconductor approaches with 1.5 W peak 
output power being obtained at 71K for 100 ps 
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Figure 5 Conduction and valence band profiles along 
with selected sub-band energies and wavefunctions for InAs/ 
Gag ny sSb/InAS/AISb type-II W" structure (GaSb substrat). 
Electron (E1), heavy hole (Ht, H2, H9), light hole (L1), and barrior 
heavy hole (HB) sub-bands are indicated 


pulses with a 10% duty cycle. The average output at 
82K for that device was up to 360 mW for 20 ps 
pulses and a $0% duty cycle. 

Cw operation at A= 3.0 um was observed nearly 
to room temperature (290K), and even a 6.1 um 
emitter operated cw to 210 K, The ew output power 
of 540 mW/facet from a device with 80W QW 
periods was the highest ever reported for 78K 
operation in the mid-IR. Despite the rather high 
output power, however, the differential power con- 
version efficiency was only 2.5% at 78K and fell to 

% at 140 K. Much higher efficiencies were obtained 
using the optical pumping injection cavity (OPIC) 
approach, in which the active region was surrounded 


by semiconductor quarter-wave mirror stacks that 
formed an etalon cavity resonant at the 2.1 um pump 
wavelength. For pulsed operation, OPIC devices with 
uncoated facets and only 10 active QWs yielded 
lower thresholds, lower internal losses, and higher 
power conversion efficiencies than any previous 
results at T= 200K. Figure 6 illustrates that the 
efficiencies were 7.1% at 220K for one device and 
4% at 275 K for another. 
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Figure 6 Power conversion efficiency per uncoated facet as a 
{function of temperature for two diferent W-OPIC lasers emitting 
in the wavelength ranges of 3.1-24,um (filed circles) and 
3.4-3.7 um (filed squares), respectively. For comparison, 
‘conversion oficioncies for a typical 'W' laser without an OPIC 
emitting in the same spectral range (open circles) are also shown, 
Al of the lasers were optically pumped in pulsed mode by a 
2.1 um Ho:YAG laser, and the cavity length for all three devices 
was 0.5 mm. 


An alternative approach to maximizing the pump 
absorbance despite a small number of QWs is the 
‘integrated absorber’ (IA) concept. In this approach, 
the W QWs are separated by intermediate-gap 
GalnAsSb absorbing layers which donate optically 
generated electrons and holes to the active wells. At 
80 K with 35 ys pulses at 2.5% duty cycle, an IA laser 
with only five QWs separated by =1600-A-thick 
absorber layers had a power conversion efficiency of 
9.8% and peak output power of 2.1 W. Thus far 
the IA has not done as well as the OPIC at high 
temperatures, due mostly to an inadequate valence 
band offset between the absorber layers and the 
active QWs. 

‘The beam quality for optically pumped type-II lasers 
was substantially improved by using the angled- 
grating distributed-feedback («-DFB) approach 
pioneered at shorter wavelengths. Since both the 
grating and the facets are needed to produce optical 
feedback, only a narrow angular cone is fed back into 
the tilted cavity. Fora pump-stripe width of 50 jum, the 
near-diffraction-limited output beam had 15 times 
narrower angular divergence (1.4° full width at half- 
maximum (FWHM)) than the double-lobed beam 
emitted from a conventional Fabry-Perot laser 
occupying an unpatterned portion of the same bar. 
Even more promising results have been reported using 
the photonic-crystal distributed-feedback (PCDFB) 
laser, in which the grating is defined on a two- 
dimensional rectangular lattice that is tilted with 
respect to the facetsasin the a-DFB. Fora pump-stripe 
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width of 200 jm, the beam quality for the direction 
along the laser stripe was four times the diffraction 
limit. 

Although optical pumping is the simplest way 
to inject electrons and holes into the active region, 
type-II diode lasers will ultimately be much more 
inexpensive, convenient, compact, and energy effi- 
cient. However, generalization of the W configuration 
to electrical pumping is not entirely straightforward. 
This is because holes injected from the p-type 
cladding layer may have poor growth-axis transport, 
and hence hole populations in the various GalnSb 
QWs could be highly nonuniform. Whereas the 
holes in a superlattice are required to tunnel 
through only one InAs electron well at a time (sce 
Figure 3), the barrier for the structure in Figure 5 
consists of two InAs layers in addition to the AISb 
barrier. To overcome this problem the AlSb was 
replaced with a specially designed quaternary 
Alo,isGao,ssAso,osSbo.ss barrier, which raised the L1 
light-hole sub-band to within ~100 meV of the Hi 
heavy-hole valence band maximum, That permitted 
thermally excited light holes to provide the needed 
tunneling transport to all of the QWs. Another key 
design element was the insertion of relativ 
thick (0.6 um) undoped Alo.ssGao.sso,03Sbo.97 
sbroadened-waveguide’ layers on each side of the 
active region, in order to minimize free-carrier 
absorption in the doped Alp sGay, 18g 97Sbo95 clad- 
ding layers. Some of the devices also contained InAs! 
AlSb ‘hole-blocking’ layers, which prevented hole 
Ieakage into the n-type broadened waveguide layer. 

A pulsed A = 3.27 um W-diode of this type with 10 
active QW periods achieved the first room tempera- 
ture operation (to 310 K) of an electrically pumped 
III"-V interband laser in the mid-IR. Another device 
with five QWs operated in cw mode to 200 K, the 
highest Tis to date for any interband III-V laser 
beyond 3 um. The threshold at 78 K was 63 A/cm”, 
and Figure 7 shows that the ew output was 140 mW 
at 78 K and 20 mWat 180 K. Following optimization 
of the turn-on voltages, series resistances, and 
internal losses, ew diodes with one-three QWs are 
projected to operate in the thermo-electric cooler 
range and ultimately at room temperature. 

A more exotic variation on the type-I diode 
emitter is the interband cascade laser (ICL) that was 
first proposed by RQ Yang. Like the intersub-band 
QCL, the ICL generates multiple photons per injected 
electron by making an optical transition at each step 
of a staircase-like QW structure. While the threshold 
current density for the QCL is high because of the 
inherently short lifetimes associated with intersub- 
band phonon scattering, the interband configuration 
of the ICL eliminates that nonradiative relaxation 
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Figure 7 Cw output power as a function of injection current at 
temperatures betwoon 78 K and 180 K for a'W' diode laser with a 
2-mm-long cavity and 100-ym-wide stripe emitting at a 
wavelength of 3.3 um. 


path, Early projections that the ICL should display 
low thresholds, high ew operating temperatures, high 
output powers, and high differential quantum 
efficiencies (well above the conventional limit of 
fone photon/electron) have all been confirmed 
experimentally. 

Figure 8 illustrates conduction and valence band 
profiles for a typical single stage of the ICL staircase, 
While this example employs a W configuration, in 
which two InAs electron QWs (19A and 13 A) 
surround the active GalnSb hole QW (32. A), some 
designs employ only a single InAs active well. 
Electrons tunneling into the InAs QWs from the 
preceding injection region at left emit a photon by 
making spatially indirect radiative transitions to the 
GalnSb valence band. They next tunnel into the 
valence states of the adjacent GaSb and GalnSb hole 
wells, whose function is to provide a thick barrier to 
prevent electron leakage from the active InAs QWs 
directly to the 70.A InAs well that begins the next 
injection region. From the final GalnSb hole QW 
(40 A), the carriers undergo near-elastic interband 
scattering into conduction states of the 70A InAs 
QW, Electrons traversing the superlattice miniband of 
the injection region, which in this case consists of 
eight digitally graded InAs wells, finally tunnel into 
the active electron QWs of the next period. This series 
of events is repeated at each step of the ICL staircase. 

Following the first ICL demonstration in 1997, 
there have been reports of threshold current densities 
13 Alem? at 80 K, maximum operating temperatures 
of up to 300 K for pulsed operation and 150 K for ew 
(with epitaxial-side-up mounting), pulsed output 
powers of 6 Wifacet and slope quantum efficiencies 
exceeding 600%. A ew wall plug efficiency of 22% 
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Figure 8 Conduction and valence band profiles for one period of an interband cascade laser with a W active region and three hole 


‘wolls. Sub-band energy levels aro also indicated 


at 80K was recently reported. While substantial 
further improvements are expected, the primary 
disadvantage of the ICL is its complexity. 

Despite numerous dramatic advances by type-II 
mid-IR lasers since their first demonstration in 1995, 
the performance has not yet progressed to the level 
that will be required to support a robust commercial 
technology. One key issue is the cw operating 
temperature, which must increase to at least the 
thermo-electric cooler range if the potential market 
is to extend beyond niche applications. Higher- 
temperature operation will result automatically 
once the number of QWs, and hence the threshold 
current density, can be reduced. Further suppression 
of the Auger decay rate would also be highly 
beneficial if it is proven possible. 

The laser output power and efficiency are governed 
by the internal loss, which in type-II QWs tends to be 
dominated by resonant free-hole intersub-band tran- 
sitions. The details of the valence sub-band structure 
are not well known at present, although recent exper 
ments have apparently identified a number of the 
transition energies. As in the case of the threshold, 
reducing the number of QWsis highly beneficial since it 
reduces the number of free carriers that can absorb the 
lasing photons. The optically pumped OPIC and IA 
structures discussed above achieved dramatic reduc- 
tions in the internal losses by following that strategy. 

‘The beam quality attainable from a semiconductor 
laser is governed by the linewidth enhancement factor 
(LEF), which is proportional to the variation in the 
refractive index induced by a small change in the 


carrier density. A large positive value of the LEF leads 
to filamentation in broad-area lasers as tiny peaks in 
the optical intensity cause carrier depletion anda local 
increase in the refractive index, which in turn 
stimulates further focusing of the output beam. The 
output then consists of an incoherent superposition of 
many rapidly diverging filaments, resulting in a beam 
quality that is several orders of magnitude worse 
than the diffraction limit. While theoretical LEFs for 
optimized type-II W structures can be in the 1.5-2 


range even at room temperature, recent Hakki-Paoli 
measurements have yielded values in the 2.5—5 range. 
This is possibly due to additional inhomogeneous 
broadening of the gain spectrum induced by interface 
roughness. 
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ated circuit > analog > comparato 


This can be summed up as follows: 


+ When a variable voltage is applied to the 
noninverting input, and it rises above the 
reference voltage applied to the inverting in- 
put, the output transistor turns off, and the 
comparator delivers a high output. 

+ When a variable voltage is applied to the 
noninverting input, and it falls below the ref- 
erence voltage applied to the inverting in- 
put, the output transistor turns on, and the 
comparator delivers a /ow output. 


Inverting Input V+ (positive DC 
(positive voltage, power supply) 
may be higher or 


lower than V+) 
Output 
Noninverting Input 


(positive voltage, 
may be higher or OV (negative 
lower than V+) ground). 


Figure 6-3. The symbol for a comparator is the same as 
the symbol for an op-amp, even though they often require 
different types of power supply and their functions are sig 
nificanty diferent. 
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Figure 6-4, Connections to a comparator, and their 
functions. 


Other 


Components, 


How It Works 


If the reference voltage and the variable voltage 
are swapped between the input pins, the behav- 
ior of the comparator is reversed. This relation- 
ship is illustrated in Figure 6-5. When a voltage 
transition is applied to the inverting input, the 
transition is inverted at the output. 
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Figure 6-5. Depending which input pin is used for the ret: 
ference voltage, and which input carries a variable voltage, 
the comparator autput either follows the variable voltage 
or invert it 


Placement of the plus and minus signs inside the 
comparator symbol may vary. Most often, the 
minus sign is above the plus sign, as shown in all 
the schematics here. Sometimes, however, for 
convenience in drawing a schematic, the plus 
sign may be shown above the minus sign. Re- 
gardless of their placement, the plus sign always 
identifies the noninverting input, and the minus 
sign always identifies the inverting input. To 
avoid misinterpretations, schematics should be 
inspected carefully. 


Where a power supply for the comparator is 
shown, the positive side is always attached to the 
upper edge of the symbol, while OV ground is 
always attached to the lower edge. 


Chapter6 4 
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We briefly introduce the main concepts underlying the 
detailed treatment of specialist aspects of semicon- 
ductor physics in ensuing sections, viz: the free 
electron model, density of states, Fermi-Dirac 
statistics, energy bands and energy gaps, effective 
mass, electrons and holes, intrinsic and extrinsic 


conductivity, direct and indirect interband optical 
transitions, excitons and low-dimensional systems. 


Introduction 


A proper treatment of optoelectronic devices 
needs to include the physical properties of the 
materials from which the devices are made, and 
this subject is covered under the section of the 
Encyclopedia entitled ‘Semiconductor Funda- 
mentals’. This includes sections on the basic 
physics common to all semiconductors useful in 
optoelectronic applications, the experimental tech- 
niques used to investigate the optical properties of 
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these semiconductors and the more detailed 
properties of the most widely used semiconductors, 
and semiconductor systems. The properties of 
greatest importance here are those of electrons in 
crystalline solids, but the interaction between the 
electrons and the atoms of the crystal lattice is also 
significant. The combination of these microscopic 
effects is responsible for determining the macro- 
scopic optical and electrical properties of semicon- 
ductors, and in this section we give the necessary 
background to these topics. 

The classical treatment is extremely useful in 
describing the electrical conductivity of solids; the 
electrons are regarded as charged particles obeying 
Newton's laws of motion, and electrical resistance is 
assumed to arise from collisions with the vibrating 
lattice and/or impurities. However, the classical 
theory does not give a method of predicting the 
natural frequencies, or energies, of these electronic 
oscillators. To do this we need to use quantum 
mechanics, and the elements of this are reviewed 
here. We start with the free electron theory of 
metals, where the clectrons are treated as particles 
constrained to move in a potential box. For con 
ience we begin by considering the situation in one 
dimension (1D). 


Free Electron Theory of Metals 


Free electrons in a 1D potential hox of length L in the 
x-direction are described by a plane wave function 
that is normalized within the box, y= (1/L)e"**, and 
satisfies the Schrodinger equation in the x-direction: 


= ba +EW=0 ir] 
where E is the electron energy. This gives the familiar 
parabolic E-k dispersion relation (see Figure 1), 
E=fr'k’/2m (with clectron momentum p = fk). In 
order to evaluate physical problems it is necessary to 
define the boundary conditions for the wave function. 
We assume fixed boundary conditions (i.e., = 0 at 
x=0,L) leading to the quantization condition 
k = n7lL where nis a positive integer. 


Density of States 


Physical properties of solids depend on the number of 
allowed k-values per unit range of k (or E-values per 
unit range of E), a quantity referred to as the density 
of states, D(k) or D(E) ~ for example, the number of 
allowed states between & and k + dk = D(k)dk. From 
the fixed boundary condition (k = na/L, the number 
of allowed values of k per unit range of k in 1D is just 


nla 0 


Figure 1 Schematic representation of energy bands in one 
dimension, characterized by gaps atthe high symmetry points at, 
the Brilouin zone. 


Dik) = Lim. In terms of energy, using the E-k 
dispersion relation, we can write (including the factor 
2 for two possible spin states): 


D(E)E = D(k)(dk/dE)dk 
= (L2m\QmiyPE dE [2 


ie., the density of states depends on E~“? for the 1D 
situation. 

For a cube of side L, in three dimensions we 
generalize the identity for fixed boundary conditions: 


mdr tat BI 
where ky =nyqw/L etc., and the states fill up the 
positive quadrant of a sphere of radius (R = Lk/7) in 
k-space. Thus, the number of states in a given volume 
of k-space is numerically equal to that volume, so that 
the number of states between R and R+4dR in the 
positive quadrant (hence 1/8") of a spherical shell of 
radius R in k-space is 


D(R)AR = 4R7dR(1/8) [4] 


ite., (1/8)"" of the surface area of the shell multiplied 
by the thickness of the element. Changing the variable 
to k, the number of states between & and k + dk is 


dR 
Dikydk = D(R) Fe dk 
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where the volume V = L3, and a factor of 2 has again 
been included to account for the two possible spin 
states of the electron. This in turn, through the 
relation between E and &, can be expressed in terms 
of the density of states per unit energy so that the 
number of states between E and E + dE is given by: 


71 


(ry 
Therefore D(R)dR = (27R/4) dR, where the factor 


1/4 implies the positive quarter of the 2D ring 
between R and R + dR in k-space, A = L* and 


D(kydk = Dia) Sed = Anat [81 


From the E~k relation we have the number of states, 
between E and E-+dE as: 


D(E)dE Dw sed (Free 19) 


e 


Thus, in 2D systems we have the important result that 
D(E) is a constant. 


Fermi-Dirac Distribution of Electrons 


At zero temperature an atom exists in what is known 
as the ground state. All the electrons rest in the lowest 
energy states allowed to them by the Pauli principle, 
and fill the allowed states up to an energy known as 
the Fermi energy, Ep. Above absolute zero of 
temperature this is no longer the case, and thermal 
energy allows some electrons to exist in higher energy 
states. The probability /(E) that a state of energy E 
will be occupied for an ideal electron gas in thermal 
equilibrium (thermal energy kT) is governed by 
Fermi-Dirac statistics: 


1 


t+ emn( =r) 


For a metal at room temperature the difference 
hetween the Fermi energy and the energy of the 
conduction band minimum is much greater than the 
thermal energy, (Ep — Eq) > kT: this is also true for 
a strongly n-type semiconductor (see below) and the 
distribution is said to be degenerate. 


AE) = Ho} 


Energy Bands and Energy Gaps: Semiconductors 


In the presence of the (perturbing) periodic crystal 
potential, V(r), the above simplicity is lost: this is the 
so-called ‘nearly free electron model’, and the 
perturbed Schriidinger equation is now: 


24 


In be 


+ Vier Ew ni 


for the x-direction. This topic is discussed in all 
undergraduate texts on solid state physics, but we list 
the main results of the model as follows: 


1, The electrons that we are concerned with are 
confined within a periodic lattice. Consequently 
the wave function y is modulated with the 
periodicity of the lattice, By symmetry arguments 
the correct wave function can be shown to be: 


u(x) 


1 
(x) 12 
WO) = 112] 


where (x) is a function that has the symmetry of 
the lattice. Ju(x) is known as the Bloch function 
and is a satisfactory solution to the Schrodinger 
equation. Because of the periodic nature of the 
Bloch equation, it is always possible to select the 
wavevector index k of any Bloch function to lie 


within the range mia <& < ala, This region is 
referred to as the first Brillouin zone, and the 
representation where the E-k dispersion is 
mapped back entirely into the first Brillouin 
zone is called the ‘reduced zone scheme’ (Figure 1). 
Regions of E appear where solutions v(x) are not 
allowed, corresponding to Bragg reflections of the 
electron waves by the lattice; these are the so- 
called energy gaps (forbidden energy regions) 
which separate energy bands (allowed energy 
regions). In 3D these discrete hands of energy 
form the conduction and valence bands within 
materials, The forbidden energy gap separates 
these bands. An additional quantum number mis, 
required to label the individual energy bands 
corresponding to successive Brillouin zones in the 
wavevector, 2nmfa (where =0,1...). The pos- 
ition of the Fermi level determines the electron 
population of the energy bands, and the character 
of the solid (see below). 

3. The parabolic E-k dispersion relation is 
retained near k = 0, and at other symmetry points 
of the Brillouin zone, but with the substitution of 
an effective mass, m” (see below) for the free 
electron mass, i.e, E=APk*2m™ for k< mia. 
This is referred to as the effective mass 
approximation. 
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The nearly free electron model is one limit for the 
description of the formation of energy bands and 
energy gaps in a solid. In real crystals the energy 
bands derive from, and retain the symmetry of, the 
parent atomic states of the host atoms. In this limit, 
the model that starts out from the wave functions of 
the free atoms is known as the tight binding model or 
the LCAO (linear combination of atomic orbitals) 
approximation. As neutral separated atoms are 
brought together to form a crystal, their wa 
functions overlap and the Coulomb interaction 
between the atom cores and the electrons splits the 
atomic energy levels, spreading them into bands. 
Each state of given quantum number of the free atom 
is spread in the crystal into a band of energies; a given 
s, py dstate in N separate atoms will produce the 
corresponding N-orbital s, p, d-energy band in the 
solid. Including the factor of 2 for spin, a full s-band 
would contain 2N electrons, a full p-band 6N 
electrons and so on. The width of the band is 
proportional to the strength of the overlap interaction 
between neighboring atoms. Each energy band will 
not have the same energy as any other band over any 
substantial range of the wavevector. 


Metals, Insulators and Semiconductors 


‘The position of the Fermi level distinguishes whether 
the solid is a metal, insulator or semiconductor. 
Generally those bands that derive from full atomic 
orbital states will be fully occupied with electrons, 
those that derive from empty atomic states lead to 
empty energy bands, and those from partially full 
atomic states lead to partially full energy bands. The 
highest band of those that are filled with electrons is 
called the valence band; the next highest band is 
called the conduction band (the fundamental energy 
gap, Ec, is the valence/conduction band separation, 
referred to from now on as simply the energy gap). 
For a metal, Ey is in the conduction band at all 
temperatures; for an insulator, Ey is close to the 
middle of the energy gap. Semiconductors are a class 
of crystals with small energy gaps; they are insulators 
at T= OK, but are conductors at finite temperatures 
due to cither thermal excitation of electrons across 
the gap or doping, n- or p-type (see below). 


Effective Mass 


Consider what happens to an electron when an 
external electric field F is applied. Suppose the 
electron is initially in a state k. When the field has 
.ctron for a small time df, it has gained 


acted on thi 
an energy: 


dE = eFvdt = (eFih)(dE/dk)de 31 


since the group velocity of the de Broglie wave 
(energy, E = fiw) is v= hk '(dE/dk). Or simplifying 
we have: dkidt = eF/A. This gives for the resulting 
acceleration: 


= duide = (Liha? kid? ydkidey 


= (cFihi*)(d E/dk?) (14) 


Comparing this result for the acceleration of a free 
electron of mass m under the influence of F, a = eFlm, 
it follows that the electron behaves as if it had an 
effective mass, m’, given by 


1 1@E 
wr dE ts) 
Thus, the electron effective mass m” gives a measure 
of the conduction band curvature near the minimum 
at k= 0, We note that the same result is achieved by 
differentiating twice the ‘nearly free electron’ E-k 
relation, E = A7k°/2m", 


Electrons and Holes 


Consider the situation where a single electron is 
excited either optically or thermally from the top of 
the filled valence band to the bottom of the 
conduction band of a 1D lattice, and consider the 
collective behavior of the valence band when an 
external electric field is applied. Denoting the charge 
of an electron by ~e and the velocities of the electrons 
by v,, we may write for the current associated with all 
electrons in the completely filled valence band in the 
absence of an external field: 


ye, 


Thus, if the electron j were missing, we should have 
current 


1 


ely + vl =0 


(6 


u7} 


Applying an external field F, the rate of change of the 
current due to the field is: 

dI'/dt = e(duj/dt) = —e* Fim; (18) 
Since the holes are at the top of the valence band, m} 
is negative and the right hand side of the equation is 
a positive external field F gives a 
change of current at the top of the valence 
band. Thus, a band in which an electron is missing 
chaves as a ‘positive hole’ with an effective mass 
my, = —m,, and positive charge +e. Since m, is nega- 
tive near the top of the valence band, m, is positive. 
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Impurities, Intrinsic and Extrinsic Conductivity 


The key point about semiconductors from a device 
point of view is that one can control their conduc- 
tivity. The basic method is by doping the host crystal 
with impurities either of valence greater than the host 
(donors giving excess electrons, called n-type) or of 
valence less than the host (acceptors giving excess 
holes, called p-type). The conductivity is referred to 
as intrinsic conductivity (from intrinsic carrier 
concentration, N,) and extrinsic conductivity (from 
extrinsic carrier concentration, N-) for undoped and 
doped material, respectively. 

‘The impurities are chosen to have very low binding 
energies, so that the electrons (holes) are substantially 
ionized at room temperature to provide n-type (or p- 
type) conductivity. These shallow impurities can be 
treated using the simple Bohr theory of the hydrogen 
atom, substituting the electron orbiting around the 
proton in the hydrogen atom under the Coulomb 
potential e/r, by the electron in the crystal (electron 
effective mass m’) orbiting round the ionized 
(donor/acceptor) impurity atom under the Coulomb 
potential e/er in the crystal - where ¢ is the static 
dielectric constant of the crystal. As with the 
hydrogen atom, this gives a set of discrete energy 
levels: 


mim, 


91 


where 13.6 eV is the binding energy of the H-atom 
and 7 is the principal (Bohr) quantum number. The 
binding energy is then 


melo 13.6 120] 
For typical semiconductors (Ge, Si...) we have 


m'Im, ~ 0.05, e ~ 16. Thus, Ey is in the range of a 
few meV (ie., much less than Eg, and kT at room 
temperature). The energy level scheme for a doped 
semiconductor is shown schematically in real space 
{at room temperature) in Figure 2. 

The total conductivity will be o oe, where 
the intrinsic conductivity o;= nem" and the 
extrinsic conductivity of, =,e%rm*. 7 is the so- 
called carrier scattering time. The intrinsic carrier 
concentration is related to temperature by 1; = ty * 
exp(-Eg/2kT), where ng is a constant. In the 
extrinsic regime (rie > m;), at temperatures such that 
AT > E, (so that the impurities are all ionized), the 
conduction (valence) carrier concentration n,—* ny 
{or n,), the donor (or acceptor) concentration. 


Paype 


oo 
——<—$= 
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Figure 2 Doping in semiconductors. In rvtype material (a, 
cartiars are excited thermally from the donor states to the 
Conduction band where they can contribute tothe conductivity. In 
p-type material (b), electrons are effectively ‘captured’ by the 
acceptor states, leaving behind holes in the valence band which 
can also contribute to conduction. Ny and MN, are the 
concentration of donor and acceptor impurities, respectively. 


Infrared Absorption ~ Interband Optical 
Transitions, Excitons 


Apart from thermal promotion of electrons and holes 
via interband (valence to conduction band) tran- 
sitions responsible for intrinsic conductivity, it is 
possible to directly excite such transitions optically by 
subjecting the sample to radiation with hw > Eg. If 
the lowest conduction band minimum is situated 
vertically above the valence band maximum (usually 
at k=0), then the optical transition process is 
referred to as a direct transition. If the lowest 
conduction band minimum is situated at some other 
point in k-space than that of the valence hand maxi- 
mum, the process is referred to as an indirect transi- 
tion; this requires the participation of optical phonons 
(ie., quantized lattice vibrations) to satisfy momen- 
tum conservation, and is therefore a weaker (higher 
order) process. The semiconductors are respectively 
referred to as Direct Gap and Indirect Gap Semi- 
conductors. Simplified energy band diagrams for 
direct and indirect transitions are shown in Figure 3. 

The optical spectrum corresponding to the onset of 
interband electric dipole transitions is referred to as 
the absorption edge. The most widely used indirect 
gap materials are the group IV semiconductors Si and 
Ge. The best known direct gap materials are the II— 

"s (InSb, GaAs, GaP, etc.), II-VI’s (HgTe, CdTe, 
ZnSe, ete.) and IV-VP's (lead salts PbTe, PnSe, SnTe} 
and alloy combinations of all these. An important 
additional effect, which becomes progressively stron- 
ger as the energy gap becomes larger in a semicon- 
ductor is the Coulomb interaction between the 
electrons and holes created by interband optical 
transitions. The electron is raised into an excited 
state but remains bound in a hydrogen-like orbit 
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around the positive hole creating a two particle 
excitation called an exciton. The composite particle 
can then move throughout the crystal. In an ideal 
crystal, therefore, the absorption spectrum should 
consist of a series of discrete lines corresponding to 
the ground and excited exciton states, followed at 
somewhat high energies by the continuum associated 
with interband electronic transitions. The energy 
levels of the exciton spectrum measured from the 
beginning of the ionization continuum will be given 
by the Bohr formula: 


Ruy 


where is the reduced mass given by: Iw 
Vm, + Un, (m., rm, are electron and hole effective 
masses). A schematic diagram of the absorption edge 
is shown in Figure 4 (dashed line ~ in the absence of 
excitons; solid line — in the presence of excitons). 


e e 
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Figure 3 (a) Direct and (b) indirect gap semiconductors. Direct, 
(gp transitions involve only the absorption or emission ofa single 
Photon and are therefore very nearly ‘vertical transitions in 
space. On the other hand, indirect transitions have a ‘two-stage’ 
nature, involving the participation of both a photon and an optical 
Phonon that cartias sufficient momentum iq to allow the 
‘conduction band electron created in the absorption process to 
have a large non-zero wavavector. 


(no) 
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Figure 4 Absorption edge spectra without (dashed curve) and 
with (solid curve) the excitonic effect. 


Conduction and Valence Band Parameters in 
Typical Semiconductors 


As has been described earlier in real semiconductors 
the conduction and valence bands retain the sym- 
metry of the parent atomic states from which they 
derive. For example, the conduction and valence 
bands of silicon can be regarded as deriving from 3s 
and 3p electrons, and it is generally true that for all 
group IV, III-Vand I-VI semiconductors commonly 
used in electronic applications the conduction band 
has s-like symmetry and the valence band has p-like 
symmetry. This means that the valence band has the 
additional complication that it is triply degenerate 
(cf, the p,. py, Pl, components of the hydrogen atom 
prorbital); and further, in the presence of spin-orbit 
coupling (familiar from atomic physics) part of 
this degeneracy is raised, resulting in doubly degen- 
erate (at k = 0) so-called heavy hole (bb) and light 
hole (dh) bands, and a band split-off by the spin-orbit 
splitting, A: 


2 yy + Ey = —W my, 5 


Ey = 
= A=W (22) 


The resulting conduction and valence bands near 
k= 0 are shown in Figur 


Low Dimensional Systems: Quantum Wells 


So far we have been concerned almost entirely with 
the bulk properties of crystalline solids. Such proper- 
ties can normally be specified in terms of coefficients 
that are independent of the shape and size of a 
particular specimen. Thus, for example the electrical 


Figure § Energy bands (s-ike conduction and p-like valence 
bands) of a direct gap semiconductor near the Brilouin zone 
center. 
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conductivity and resistivity, or the optical absorption 
coefficient and refractive index are properties only of 
the material and not of the sample dimensions. When 
one or more dimensions of a solid are reduced 
sufficiently, the properties are no longer given by 
these bulk coefficients. The sample is then described 
as a low-dimensional system (LDS). Such systems 
form the basis of many optoelectronic devices. LD 
systems can be classified according to the number of 
dimensions that are small: thin films (and heterojunc- 
tions) are two-dimensional since only the thickness is 
reduced, and these form so-called quantum wells; fine 
wires are one-dimensional since two dimensions are 
reduced, forming quantum wires; dots or specks are 
zero-dimensional, forming quantum dots. 

From an optoelectronic point of view, the most 
important example is that of electrons confined to a 
semiconductor film or junction; this system is called 
the two-dimensional electron gas (2-DEG) and the 
structure a quantum well. Thus, itis possible to create 
a narrow electric potential junction region so that the 


electrons are restricted in 1D (say z) according to the 
quantum mechanics of a particle in an infinite 
potential well (described earlier), but ‘free’ within 
the xy junction plane. 
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Introduction 


The purpose of this article is to describe the influence 
of the electronic energy band structure of semicon- 
ductors on their optical properties. By the band 
structure one understands the energy—wavevector 
dispersion relation e(k) for the electron energy bands 
and the relative positions of band maxima and 
minima in the Brillouin zone. 

‘The main problem in calculating the band structure 
of a semiconductor is that of the periodic potential of 
the lattice in which the electrons move. It is, in fact, a 
self-consistent problem since the moving electrons 
partly screen the potential. Different approximations 
have been developed to deal with the question, and in 
all of them the symmetry of the lattice is of funda- 
mental importance. Thus, in the so-called empty- 
lattice approximation one deals exclusively with the 
symmetry and periodicity of the lattice without 
specifying the potential. This can give qualitative 
ordering and symmetry of the bands but no quanti- 
tative results. In the opposite limit one uses the 
tight binding approximation, in which the bands are 
constructed from the atomic states of separate atoms. 


This method gives quite a good description of lower 
(valence) bands but poor results for higher (conduc- 
tion) bands. A powerful way to describe real energy 
bands is obtained by various forms of pseudopoten- 
tial calculation, where one approximates the poten- 
tial near actual atoms by simple parametrized forms 
and then adjusts the parameters to fit experimental 
(mostly optical) data. The pseudopotential methods 
give a good overall description of various bands in 
the entire Brillouin zone, but they do not provide 
sufficiently precise results near the band extrema. A 
semi-empirical way to serve the latter purpose is 
called k-p theory which we describe below. Various 
methods of band structure calculation are reviewed in 
books on solid state physics as outlined in the sug- 
gestions for Further Reading at the end of this article. 

In the majority of important semiconductor 
materials (Si, Ge, many III-V and II-VI compounds) 
the maxima of the valence bands are atthe center of the 
Brillouin zone (T' point). The minima of the conduc- 
tion bands in Si and Ge are not at the I’ point. This 
means that the fundamental optical interband tran- 
sitions in these materials are indirect (in the e-k 
diagram), i.e, they require phonon assistance. On the 
other hand, the minima of conduction bands in 
important III-V and II-VI compounds are at the 
point, so that the interband optical transitions 
are direct and they do not require phonon assistance. 
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Both systems are utilized in opto-electronic devices, 
particularly for detectors. However, for emitters 
(light-emitting diodes and lasers) we are mostly 
concerned with the second case, on which we 
concentrate here. 


Bloch States 


The Bloch theorem states that if the potential V(r) in 
which the electron moves is periodic with the 
periodicity of the lattice, then the solutions (r) of 
the Schrodinger wave equation 


[z + veo ve = eV) mM 


Im 


are of the form W(r) = explik-r)up(r), where my(r) is 
periodic with the periodicity of the direct lattice, and 
kis the wavevector (fk is the pseudomomentum). The 
proof of this theorem can be found, for example, in 
undergraduate textbooks on solid state physics. 


k-p Theory 


The underlying idea of semi-empirical k-p theory is to 
describe the energy bands in the vicinity of a given 
point of the Brillouin zone (usually near a band 
extremum). Symmetry properties are used to mi 
mize the number of unknown band parameters 
(effective mass, energy gap, etc.) which are then 
determined by experiment. The initial Schrodinger 
equation for an electron in the periodic potential V(r) 
of the crystal lattice reads 


Ip’/2my + Vir) + Ho lY = eV 21 
where my is the free electron mass and H,, is the 
spin-orbit interaction. Since H.o(t) is also periodic 
ith the lattice periodicity, the solutions of eqn [2] are 
given by the Bloch states above. 

We use k-p perturbation theory, as follows, to 
describe the energy bands near k= 0 {ie., the so- 
called T point of the Brillouin zone). Since we are 
interested in small values of k, we expand our 
unknown cell periodic functions, uq(r), in terms 
of the set of T-point functions, uj,(r), whose 
symmetry we know. One defines a representation 
y= explikeruic(r), where w(t) is the periodic 
k-independent function satisfying the equation 


[pimp + V+ Holts = extn BI 
whose solution we know in terms of the band-edge 
energies, 7. This representation is sometimes 
referred to as the Luttinger and Kohn (LK) repre: 
tation. The 1, functions are in general mixtures of 


spin up and spin down states because of the 
spin-orbit interaction. One looks for the solutions 
of eqn [2] in the form 


a = expliker) Ye} (karl) (41 
7 


where the sum is over all bands and c{”(k) are the 
coefficients to be determined. Inserting the above 
form into eqn [2], performing the operation p* (i.e., 
operating twice on the Bloch product function with 
the operator p = if) and using the property [3] 
one eliminates the unknown potential V(r). Multi- 
plying the resulting equation from the left by 1, 
integrating over the unit cell © and using the 
orthonormality of uj», one finally obtains 


h 
3 = ont Ski |r =0 [5] 
7 


for I= 1,2,3,... Here 6, is the Kronecker delta 
function, e' = © — i7k*/2m, and prt is the so-called 
matrix element of the momentum given by 
Pri = (1/0) Joy u},,puj, dr. The index !' runs over all 
energy bands. 

Equation [5] formulates the famous kp theory. 
‘The nondiagonal part kepy; can be eliminated by the 
perturbation procedure, and the method is referred to 
as kip perturbation theory. In the second order of 
perturbation the bands are separated and in each 
hand the carriers are described by a_dispersion 
(@22)K(Limj, kk where (Wmi,) is an 
inverse effective mass tensor at the band edge in 
question. The inverse mass is generally a 3X 3 tensor, 
hut for cubic materials in the center of the Brillouin 
zone it is a scalar, so that e(k)=A°k*/2mj, 
(where Um, = Vm + 2/m3) S20 (Phe ~ ero) 
We then say that the band is spherical and parabolic. 
The second order of perturbation is a good approxi- 
mation if the energy e (as counted from a non- 
degenerate band edge) is small compared to 
forbidden energy gaps. For the triply degenerate 
prlike valence band one has to do degenerate 
perturbation theory and treat the bands together as 
3x3 matrix equation. 

In the same approximation the wavefunction for a 
given hand is: W(t) = exp(ike-r) aj,(r). In the absence 
of spin-orbit coupling, Hyg, the 1, function would 
just have the symmetry of the parent band (i.e. 
labeled $ for the s-like conduction band, and X, Y or 
Z for the triply degenerate p-like valence band ~ each 
with a single spin up or spin down component). In the 
presence of Ho, the triply degenerate valence band 
states become mixtures of X, Yand Z with mixed spin 
character and part of the degeneracy is raised. 


relation ¢; 
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In atomic notation the presence of H,, has trans- 
formed the basis from the (I,s) to the (J,my) 
representation, This results in the well-known light 
and heavy hole bands (degenerate at & = 0) and the 
spin-orbit split-off band, 

Under the influence of a radiation field, of vector 
potential A’ and frequency w, the optical transition 
probability for an electron to be raised from state V, 
{initial) to Wy (final) is proportional to the square of 
M=(elme\¥/{A'-pf,) ic. it is determined by the 
same momentum matrix clement, pj Which governs 
the effective mass. For interband transitions one 
immediately gets the selection rule Ak = 0 (i.e, direct 
transitions). The polarization selection rules are 
determined by the 1(r) components of the initial 
and final states, through the momentum matrix 
elements. 


Narrow-Gap Semiconductors 


Semiconductors such as InSb and Hgy—.Cd,Te (with 
x < 0.3) have small energy gaps and are referred to as 
narrow gap semiconductors (NGSs). They are com- 
monly used in opto-electronic applications which 
may be accessing energies in the conduction or 
valence band which are a significant fraction of the 
energy gap. Under these circumstances it is not valid 
to cut off the expansion to order &”, and one has to 
deal with so-called nonparabolic bands. Thus, in 
NGSs (or indeed in any situation where the energy 
becomes an appreciable fraction of 4) the 
above procedure is not valid and an alternative 
approximation is in order. Following semidegenerate 
perturbation theory one includes exactly in eqn [5] a 
finite number of bands (near each other in energy) and 
neglects distant bands, This is referred to as the Kane 
model, and the energy bands near & = 0 are shown 
for InSb-type II-V compounds and for HgTe-type 
II-VI compounds in Figure 1. In this ease we include 
only the conduction and valence band in our set of 
states (eqn [5]). Including spin and degeneracy of the 
Ty symmetry the set [5] then has eight equations. 
They can be solved analytically and the resulting 
energies are given by 


(eseer23)et 


eelte je +e| +A) =0 [6] 
where e'=e-A7k*/2my. We see that for this 
restricted set of states the only unknown parameters 
are the energy gap, ¢,, the spin—orbit splitting energy, 
A, and «=—i(fi/ing)(S|p-|Z) (note that this is the only 
non-vanishing matrix clement of the momentum). 
The fourth energy is e’=—e,. All four energies are 
spin degenerate. In NGSs one may neglect the free 


@) ©) 


Figure 1 Three-level model of band structure near the F point ot 
the Brilouin zone: (a) InSb-type semiconductors; (b) HgTe-type 
semiconductors 


electron term, i.e, set e! =e. For <<, +(2/3)A the 
resulting quadratic equation for the conduction and 
the light-hole bands is, 


Pk mi, 71 


ell +e/e,) 


where Unig =(4x7/3h72,)e,+24/3)e,+A) defines 
the effective mass at the band edge. The root for the 
heavy holes is e=—e, i.e., this band is not correctly 
described within the three-level model. The bands 
given by eqn [6] are spherical but nonparabolic. 
For e<<e, one recovers the standard dispersion, 
=m). 

For HgTe-type materials, setting the zero of energy 
at the Py edge and replacing «, by —eo (cf. Figure 1), 
one obtains 


2a 


ele! tenyel +a)— (e+ Jee? =o 8] 


3 


For e! <(2/3)A the dispersion [7] is valid with 
Umi, = 412/3h7e9. In this case the conduction and 
the heavy hole bands (« = 0) are degenerate at k = 0, 
i,e., the thermal gap is zero. 

The important property of the above model is that 
it holds also in the limit of e,—+0 (ic., for mixed 
Hg, _,Cd,Te crystals). The effective mass in eqn [7] 
tends to zero, but the dispersion described by eqn [6] 
is valid and it gives © = (2/3)k, ie., a linear band. 

The electron and hole wavefunctions in NGSs 
resulting from semidegenerate perturbation theory 
are given by eqn [4], in which the sum runs over 
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all the included states. Thus they involve truly 
k-dependent amplitudes of the Bloch states, cf. 
eqn [1]. In addition, these functions are mixtures 
of spin-up and spin-down states. These features 
have important consequences for optical and de 
transport phenomena. 

If the conduction band minimum is not at the T 
point (Ge and Si), there are at least two different 
matrix elements of momentum and the resulting band 
is ellipsoidal. 


Effective Mass 


The nonparabolic dispersions e(k) in NGSs requi 
generalizations of important relations. The momen- 
tum mass fi" is introduced as a connection between 
the psuedomomentum and the velocity: hk = fi"v. 
Since v; = de/8(fik;), one obtains for a spherical hand 


14 


de 


bak 19) 


The above mass is a scalar, but it depends on the 
energy (or momentum). This mass is more useful 
than the one usually defined in textbooks, relating 
force to acceleration. The latter is not a scalar even 
for a spherical band. However, for the standard 
parabolic hand, e = A7k/2mi, both masses are the 


naturally in transport phenomena (also free carrier 
optics). In particular, this mass enters the 
definition of mobility x= qr/m", where q is the 
charge and 7 is the relaxation time. It enters 
the density of states (see below). Finally, it is 
the momentum mass [9] which is measured in 
cyclotron resonance, 

For the dispersion [7] (the so-called two-level 
model), the mass [9] in the conduction band is 


moani(1+) 


[0] 


Again, for e/e, <1 the energy dependence of the 
mass is negligible, which represents the standard 
regime. Figures 2 and 3 illustrate energy dependences 
of the electron masses in InSh and HgSe, as 
measured by various optical and transport methods. 
‘The increase of the mass with energy is very strong in 
both cases. 


Density of States 


The density of states in energy space is calculated 
beginning with pseudomomentum space. For the 
spherical band one obtains 


same and are equal to mj. The mass [9] is related a = Fak 11 
via velocity to the electrie current, so that it enters Me) = 2 de ) 
gx108 eV) 
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Figure 2. Electron effective massin InSb at room temperature versus free electron concentration. The soli line, calculated forthe two- 
level model, rapresents the mass value at the Fermi energy, as indicated on the upper abscissa, The experimental results of various 
authors are also indicated. Reproduced from Zawadzki W (1974) Electron transport phenomena in Sm all-gap semiconductors, 


Advances in Physics 23: 495-512. 


Differences from an Op-Amp 

Saturation versus linearity 
The output of a comparator is optimized for 
saturation (high or low, without intermedi- 
ate levels, using positive feedback). The out- 
put of an op-amp is optimized for linearity 
(faithful reproduction of nuances in the in- 
put, using negative feedback). 


Output mode 
The majority of comparators have open- 
collector outputs (or open-drain outputs i 
CMOS devices) where the voltage is estab- 
lished by a pullup resistor. This can be adjus- 
ted for compatibility with other compo- 
nents, especially SVDC logic. Only a minority 
have push-pull amplifier outputs that re- 
quire no pullup resistor. By comparison, 
among op-amps, a push-pull output that 
functions asa voltage sources the tradition- 
al default. 


Faster response 
‘A comparator responds more quickly than 
anop-amp to changes in input voltage, if the 
op-amp is used in the role of a comparator. 
The comparator is primarily a switching de- 
vice, not an amplifier. 


Hysteresis 
This is generally desirable in a comparator, 
for reasons already explained, and some 
components are designed with hysteresis 
builtin. This feature is undesirable in an op- 
amp, ast degrades sensitivity. 


Open-loop operation 
(ve, without feedback) this can be used with 
a comparator. An op-ampis intended for use 
in closed-loop circuits (ie, with feedback), 
and manufacturers will not specify its per- 
formance in an open loop. 


As previously noted, a comparator usually re- 
quires a single-voltage power supply, while an 
op-amp often requires a dual-voltage power 
supply. 


Integrated circuit > analog > comparator 


Variants 


Where a comparator usesa MOSFET output tran- 
sistor, it may have an open-drain output, which 
requires a pullup resistor, as with an open- 
collector output. 


Some comparators have a push-pull output, ca- 
pable of supplying output current (usually a 
small amount). In these instances, no pullup re- 
sistor is necessary or desirable. The output volt- 
age range will be closest to rail-to-rail values (ie, 
the range of the power supply) where MOSFETs 
are used for the output, as MOSFETs impose a 
smaller voltage drop than bipolar transistors. 


The advantage of an open collector (or open 
drain) relative to a push-pull output is that it al- 
lows the output voltage to be set independently 
of the power supply voltage. Another advantage 
is that multiple outputs can be connected in par- 
allel, asina window comparator circuit described 
below). 


Some comparators incorporate a reference volt- 
age on the chip, based on the power supply to 
the chip. In this case,a separate reference voltage 
does not have to be supplied, and the compo- 
nent will draw less current. 


Many chips are available containing two or more 
comparators. This is often expressed as the num- 
ber of channels in the component. A dual com- 
parator typically allows two different voltage 
sources for the outputs of the comparators. They 
will share the same OV ground, however. Chips 
such as the LM139 and LM339 contain four com- 
parators, and are available in through-hole or 
surface-mount formats. They have become a 
generic choice, costing less than $1 apiece. 


‘An LM339_ comparator chip is shown in 
Figure 6-6, This is a quad chip, meaning that it 
contains four comparators. They share a com- 
mon power supply. The chip is TTL and CMOS 
compatible, is typically powered by SVDC, but 
can be driven by up to 36VDC. The input differ- 
ential voltage range also extends up to 36V. 


42 Encyclopedia of Electronic Components Volume 2 
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Figure 3 Electron effective mass in zero-gap material HgSe 
versus free electron concentration. The sali line is calculated for 
the three-level model. Experimental results of various authors are 
also indicated. Reproduced from Zawadzki W (1874) Electron 
transport phenomena in Sm all-gap semiconductors. Advances in 
Physics 23: 495-512, 


The momentum mass [9] enters naturally into this 
important quantity. For the parabolic 
m =const. and k~ el, so that the standard 
result is recovered. In the general case one should 
use eqn [10] for m°(e) and determine & from eqns [6] 
or [7]. 


Electron-photon Interaction 


The electron—photon interaction can be introduced 
into the theory on two levels. If one replaces in the 
initial equation [2] the momentum p by p + (e/c)A', 
the interaction term is obtained in the scalar form 
Hay = (elmigc)Al-p, where A’ is the vector potential of 
radiation. The wavefunctions to be used for the 
calculation of matrix elements are of the form [4], i.e. 
they include the periodic LK amplitudes. In fact, the 
matrix elements of momentum for optical transitions 
are identical to those of the k-p theory, as pointed out 
earlier. Since (as noted above) the wavefunctions for 
all bands have the same form [4], differing only by the 
coefficients c/"(k), the matrix elements for interband 
and intraband optical transitions have the same form. 

The clectron-photon interaction can also be 
introduced directly to the kip theory of eqn [5] 
replacing fik by fik + (e/c)A'. If the free electron term 
72k2/2mg is neglected, the interaction matrix invol- 
ving A! terms is a number matrix. In this procedure 
the wavefunctions for initial and final states are 
simply columns and rows of ci") coefficients and LK 
amplitudes no longer come into play. Here the 
Py elements of kip theory determine directly the 
electron—photon interaction. Both procedures 
described above give the same results. 


Quantum Wells 


If charge carriers are placed in a quantum well 
described by a potential U(z), the motion in the 
z-direction is quantized while the motion in the x-y 
plane remains free. One takes the same LK basis (cf. 
eqn [3]), but the general form of solution is given by 


W= Shr 
T 


112] 


since, in the presence of an external potential, k is not 
a good quantum number and the envelope functions 
file) are unknown. If U(z) isa slowly varying function 
within the unit cell the potential appears only on 
the diagonal of the set [5] and fk is replaced by p. 
One obtains 


by (cot +0 i+ BP yiy=0 113) 
2 rig iy 


One can now eliminate the nondiagonal terms 
applying the standard Luttinger and Kohn scheme 
of second-order perturbation theory and arrive at the 
decoupled band equations with effective masses. This 
results in the standard quantization due to electric 
{and magnetic, if present) fields, and wavefunctions 
are of the form Wjq,=fyttiy for the m-th sub-band of 
the -th band. 

For NGSs this procedure is a poor approximation 
and one should proceed as before including exactly a 
finite number of bands (cf. eqn [12]). This results in a 
set of coupled differential equations for the envelope 
functions fi(r). In some important cases one can find 
the eigenenergies without finding the functions by 
using the semiclassical approximation (the so-called 
WEB method). 

We shall omit the calculations with coupled 
differential equations by using a. semiclassical 
procedure also in another sense. Namely, we shall 
generalize the nonparabolic dispersion relation [7] to 
include the presence of external fields. To this end we 
observe that, including the potential U(r) on the 
diagonal of eqn [13], one replaces —e by -e + U. 
Further, if a magnetic field is introduced to the k-p 
theory one replaces fik by P= p + (e/c)A, where A is 
the vector potential of the magnetic field. Thus the 
semiclassical equation resulting from eqn [7] is 


It can be seen that for ¢ — U << eg one recovers the 
standard one-band approximation mentioned above. 
However, below we consider the general situation 
described by eqn [14]. 


~ outs 
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Let us first consider the case of no magnetic field, 
ie, P=p. For U(r)= Ut) one can separate the 
variables by looking for solutions in the form 
W = explik,x +ik,y)®(2). One can now transform 
eqn [14] into 


1 - Ullegtete, — wfro=o 


Us} 


yo 


in which &} =k2+42, Equation (15) is suitable for 
the WKB semiclassical quantization with which one 
determines the eigenenergies © by one integration. 
For a magnetic field applied along the z-direction 
(parallel electric and magnetic fields) the effects of 
hoth fields are separated and the form of eqn [15] is 
valid, with #7k1/2mj in eqn [18] replaced by 
fex(n+ 1/2) * (12)gi|unB. Here w, = eBimisc is 
the cyclotron frequency, n= 0,1,2,... is the Landau 
quantum number, gj is the spin splitting factor, and 
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Figure 4 Electron effective mass versus two-dimensional 
electron density in GaAs/GaAlAs heterostructures, as measured 
by far infrared cyclotron resonance. The solid ines are calculated 
Using the effective two-level madel for GaAs. Reproduced from 
Zawadzki W, et al. (1994) Cyclotron emission study of electron 
masses in GaAs-GaAlAs heterostructures. Semicanductor 
Science and Technology 8: 320-328 


by is the Bohr magneton. This results in nonequal 
spacing of Landau levels for a fixed value of B and in 
nonlinear B dependence of the Landau energies as 
functions of B (similarly but not identically to the 
bulk case). These features are illustrated by the 
cyclotron resonance experiment and theory shown 
in Figure 4, 


Selection Rules for Intersub-band 
Optical Transitions 


For the one-band effective mass approximation 
the electron—photon interaction is Hy, ~ Ap 
(cf. above), and the wavefunctions for the initial 
and final sub-bands are V,, = explik,x + iky)® (2), 
in which the ®,(z) must be orthogonal to each other 
since they describe different energies. It is then clear 
that the matrix element (fnJA-plin) is finite only if A’ 
is polarized along the z-direction (also called the 
growth direction) since for A’ parallel to x or y the 
integral over z is (Py|®,,) =0 giving a vanishing 
matrix element. Experimentally this is a serious 
problem for spectroscopic applications involving 
intraband (i.¢., intersub-band) transitions in n-type 
semiconductors, since it is not possible to access these 
using normal incidence radiation. 

This selection rule is somewhat relaxed for p-type 
semiconductors as a result of the mixed spin states of 
the complex valence band. In addition the narrow- 
gap band structure introduces interesting new possi- 
bilities into the selection rules. The wavefunctions 
have the form [12] and for the light polarizations A’, 
or Al, the momentum operators p, or py act also 
on the periodic amplitudes mo(r), which leads to a 
nonvanishing transition probability for intersub- 
band transitions. This has indeed been observed in 
narrow-gap materials. 


See also 


Magneto-Optics: Interband Magnetoabsorption, Cyclo- 
tron Resonance, Spin Flip Raman Scattering. Semi 
conductor Materials: Mercury Cadmium Telluride; 
Quantum Dots. Semiconductor Physics: Outline of 
Basic Electronic Properties; Quantum Wells and GaAs- 
Based Structures. 
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In semiconductors electron-hole pairs can lower 
their energy by correlating their motion in an exciton 
state. Such states dominate the bandedge optical 
properties of direct-gap semiconductors. The resul- 
tant absorption peaks are affected by quantum 
confinement, electric, and magnetic fields and carrier 
scattering. 


Introduction 


In the simplest, single-particle picture, the ground 
state of a semiconductor consists of a full valence 
band and an empty conduction band. The lowest 
lying excitation above the ground state in such a 
scheme is produced by excitation of one electron from 
the valence band to the conduction band. To achieve 
this optically requires a photon energy greater than 
the bandgap, E,. However in many semiconductor 
materials this simple picture is unable to explain the 
observed absorption spectrum in the neighborhood of 
the fundamental bandgap. The origin of the discre- 
pancy lies in the neglect of the Coulomb interaction 
between the negatively charged excited electron and 
the hole which is left in the valence band. 

‘The term exciton refers to a two-particle exci- 
tation, consisting of a bound electron and hole. 
Such excitations dominate the bandedge optical 
spectra of most direct gap semiconductors, especially 
at low temperatures. In particular there exists a series 
of hydrogen-like bound states lying below the 
bandedge. These states are bound by energies 
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where pp m,l(m, +m), is the reduced mass, 
may) the electron (hole) effective mass, ¢ is the 


In: Bauer G, et al. (eds) Tivo-Dimensional Systems, 
Heterostructures, and Superlattices, pp. 211 
Berlin: Springer. 

Zawadzki W (1991) Intraband and interband 


‘magneto-optical transitions in semiconductors. In: 
Landwehr G and Rashba EI (eds) Landau 
Level Spectroscopy, pp. 483-512. Amsterdam: 
North-Holland. 


electronic charge, b is Planck’s constant, e9 is the 
permittivity of free space, ¢, the relative permittivity 
of the material and m= 1,2,3,...00 is the principal 
quantum number 

The binding energy of the lowest lying exciton state 
varies considerably from one semiconductor to 
another being, e.g. 0.5 meV in InSb and over 
60 meV in ZnO. Similarly the spatial extent of the 
1s electron-hole relative wave function or effective 
Bohr radius is giver 


5 fh 
a? 2) 

ye; 
and ranges from 750 um in InSb to =2.nm in Zn0. 


Typically, in semiconductors the exciton spatial 
extent is much larger than the lattice constant of 
around 0.6nm, and such excitons are classed 
‘Wannier excitons. At the opposite limit, which occurs 
in many molecular materials, the exciton is localized 
around a particular atomic site and is termed a 
Frenkel exciton. Wannier excitons are characterized 
by the hydrogen-like quantum numbers of their 
relative motion and an overall center of mass 
momentum which describes the wave-like motion of 
the bound entity through the crystal. 

Another type of exciton is often referred to as a 
bound exciton. This consists of an electron-hole pair 
bound to a neutral impurity center. Such excitons 
are localized around the impurity and cannot 
move through the crystal in the same way as a free 
exciton. 


Opt 


Excitons manifest themselves primarily as strong 
modifications to the bandedge optical properties of 
semiconductors. In particular the bound states give 
rise to discrete absorption lines at lower energy 
than the bandgap energy. Several peaks correspond- 
ing to the different hydrogen-like bound states 
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(is, 2s, etc.) can be seen provided the lines are 
sufficiently narrow. A theoretical calculation of this is 
shown in Figure 1. 

Associated with these absorption changes are 
concomitant changes in the refractive index. Contri- 
butions to the spectral width of the absorption peaks 
are characterized as either homogeneous or inhomo- 
geneous. Homogeneous broadening refers to broad- 
ening associated with the finite lifetime of a particular 
state, e.g., due to phonon scattering. Inhomogeneous 
broadening is due to non-uniformity in the system, 
eg, in a sample having a spatially non-uniform 
strain field, 

There is also enhancement of the absorption at 
photon energies above the bandgap due to the 
residual influence of the Coulomb attraction on the 
electron-hole scattering states. Although not bound, 
electrons and holes in these states still have an 
enhanced probability of being found close togethei 
This is called the Sommerfeld Enhancement Factor 
(see Figure 1). 

Itis important to note that although there may be 
an excitonic peak in the absorption spectrum this 
does not imply that excitons form a stable population 
in such a sample. Often, especially at room tempera- 
ture, the lifetime of an optically generated exciton is 
determined by the scattering time with optical 
phonons which may be very short (<1 ps). In this 
case the excitons are quickly ionized and the quasi- 
thermal equilibrium which is formed is dominated by 
essentially plasma-like behavior. In photolumines- 
cence experiments, where carriers are generated high 
in the band and the spectrum of the resulting emitted 
luminescence is measured, peaks associated with the 
free exciton are often observed and taken as a 
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Figure 1 Calculated bulk absorption spectra including (solid- 
line) and neglecting (dashed lina) the Coulomb interaction. The 
‘Sommerfeld enhancement is seen as photon energies above the 
bandgap. Also shown isthe spectrum with an applied electric field 
of one exciton Ryaiberg per Bohr radius. 


signature of the presence of excitons. This view has 
been challenged recently by theoretical calculations 
which show that a photoluminescence peak at the 
exciton energy can be also be produced from 
an uncorrelated plasma if proper account of the 
Coulomb interaction is taken, This issue remains 
controversial. 

In bulk samples, experiments such as absorption 
and reflectivity are complicated by the existence of 
polariton effects, An exciton-polariton is a quantum 
mixture of the propagating photon inside the 
semiconductor sample and the material excitation. 
Where the photon dispersion and the exciton energy 
dispersion mect there is an anti-crossing and this is 
manifested in, for example, the appearance of two 
lines in the reflectivity spectrum. 

It was hoped during the 1970s that laser action in 
wide bandgap material such as ZnSe would be 
possible based on excitonic lasing, In this process a 
quasi-equilibrium exciton population would form the 
injected excitation and stimulated recombination 
would occur with the associated emission of a 
scattering partner which would take up the necessary 
momentum to ensure overall momentum conserva- 
tion, This leads to a light emission wavelength 
below the absorption edge which is advantageous 
for minimizing losses. In fact, this process has 
only been seen at low temperature for scattering 
with LO-phonons, electrons and other excitons. 
Each mechanism has its own characteristic lasing 
threshold and temperature dependence. 


Influence of Quantum Confinement 


The advent of Molecular Beam Epitaxy enabled the 
growth of semiconductor layers of thickness similar 
to the electronic de Broglie wavelength. By sandwich- 
ing a low bandgap semiconductor between two high 
bandgap layers, one can make quantum well struc- 
tures in which the electronic motion is effectively 
confined to the plane of the layer. In such structures 
the excitonic properties are also radically altered by 
this confinement. An example of the absorption 
spectrum of a ZnCdSe quantum well embedded in 
ZnSe is shown in Figure 2, The heavy and light hole 
excitons correspond to different spin quantum 
numbers for the electron and hole making up the 
exciton, 

‘The exciton binding energy is enhanced by a factor 
of 4 compared to the bulk case and the spatial extent 
of the 1s wavefunction is also reduced by half: 
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Figure 2 Heavy and light hole exciton absorption spectrum for 
ZnCdSe quantum wells embedded between ZnSe barriers. Also 
‘shown is the bulk exciton of the ZnSe barriers. 


This enhancement can be understood since the 
particles are confined to lie in the plane and are 
hence closer together on average than in the 
three-dimensional case. In practice, a four-fold 
enhancement in the binding energy is never observed 
since the quantum wells are neither infinitely deep nor 
infinitely thin, Both these limitations lead to a 
reduction in the actual enhancement from 4 to 
about 2, depending on the structure. For example, 
the binding energy in a realistic quantum well 
corresponds to the bulk value of the well material 
for very wide wells and to the bulk value of the barrier 
material for very narrow wells. In between the value 
is enhanced by the quantum confinement. The 
maximum enhancement typically occurs when 
the well width is around half the bulk Bohr radius 
for the well material. 

Accurate calculation of the exciton binding energy 
is complicated by the fact that the quantum confi 
‘ment influences the band structure, making it strongly 
anisotropic and splitting heavy and light holes. A 
complete inclusion of these effects is at the limit of 
current computational power due to the need to 
calculate the electron-hole interaction matrix 
elements. Approximate schemes, including 
ational approaches, have proved successful in fitting 
a variety of samples, including GaAs and ZnSe based 
quantum wells, The limitation to such calculations 
is often the requirement for accurate values of the 
material parameters such as effective masses and 
energy band offsets. 


The Sommerfeld enhancement of the absorption 
into the continuum states of quantum wells leads to a 
doubling of the absorption at the bandedge. This 
enhancement reduces only slowly as the photon 
energy is increased. 

If multiple quantum wells with very thin barrier 
layers are used, the electronic states in the neighbor- 
ing wells couple together to form a superlattice. The 
superlattice dispersion in the growth direction 
behaves like a heavy mass and the resulting exciton 
is three-dimensionai but strongly anisotropic. 

More extreme quantum confinement is possible 
making quantum wires, by etching or selective 
growth of quantum well samples. In these quasi- 
one dimensional structures, as in quantum wells, the 
exciton binding energy is again increased further. 
The Coulomb problem in one-dimension is patho- 
logical in that the ground-state binding energy 
diverges logarithmically, and higher states are pair- 
wise degenerate. However, accounting for the finite 
cross-section of realistic wires eliminates this pro- 
blem and recovers a finite binding energy. One 
consequence of this is that there is no simple 
enhancement factor which corresponds to the 
four-fold enhancement in going from bulk to two- 
dimensional excitons. The density of states in one- 
dimensional systems diverges at the bandedge, 
implying the existence of an infinite absorption in 
a perfect quantum wire. However, the influence of 
excitonic correlations cancels this divergence, result- 
ing in an enhanced, but not divergent, bandedge 
absorption feature. 

The ultimate limit in quantum confinement can be 
achieved in quantum dots, where the carriers are 
confined in all three directions. In this case the term 


exciton should be used with some care as there are 
no bandedge states to compare with. The discrete 
energy levels dictated by the confinement are affected 
by the Coulomb interaction and the energy is 
renormalized — in some cases substantially. The 
absorption spectrum should consist of a series of 
sharp atomic-like transitions corresponding to s-s, 
p-p, dé-d,... transitions and indeed luminescence 
spectra obtained from single quantum dots do display 
such fine structure. Even in the best controlled 
material systems, such as InAs quantum dots, the 
spectra are strongly inhomogencously broadened due 
to variations in the dot size, shape, and alloy 
composition. 

In large quantum wells, where the width is larger 
than the exciton Bohr radius the center-of-mass part 
of the wavefunction can be confined by the barriers. 
This leads to a quantized motion for the exciton asa 
whole, rather than for the individual electron and 
hole separately. One implication of this is that for 


‘SEMICONDUCTOR PHYSICS / Excitons 441 


such excitons the center-of-mass momentum is no 
longer a good quantum number 

The above effects are a controlled case of disorder 
induced effects in semiconductors. This is an area 
which is only now beginning to be understood. The 
presence of local potential fluctuations will influence 
the energy spectrum of excitons in that vicinity. 
Clearly both the depth and spatial extent of these 
fluctuations will be important — very short range (less 
than Bohr radius), shallow potential fluctuations will 
not have any influence on the exciton. While deep 
potentials can lead to the center of mass confinement 
above. 


Influence of Electric and Magnetic 
Fields 


Just as an externally applied electric field affects 
the absorption edge via the Franz—Keldysh Effect, 
broadening the edge itself and inducing oscillations 
in the continuum part of the spectrum, so, in the 
case of an excitonic bandedge, there is substantial 
modification due to the presence of the field. At low 
fields, when the Coulomb interaction is strong 
compared to the potential drop across the exciton 
diameter, the exciton will be little affected by the 
applied field. At higher fields the exciton will 
hecome gradually more polarized by the field until 
the exciton is field ionized. This ionization process is 
manifested in the field broadening of the exciton line 
(see Figure 1). 

Of more technological importance is the influence 
of an electric field applied perpendicular to the 
plane of a quantum well. The field forces the electron 
and hole in opposite directions leading to a reduction 
in the exciton binding energy. This would lead to a 
blue shift in the exciton absorption peak were it not 
for an even larger reduction in the single particle 
electron and hole energy levels within the quantum 
wells. Overall a strong red-shift of the excitonic 
absorption peak is observed with increasing field. 
This is accompanied by a reduction in the oscillator 
strength due to the reduced electron-hole overlap. 
This is termed the Quantum Confined Stark Effect 
and is the basis for the operation of some semicon- 
ductor electro-optic modulators. An electric field 
applied in the plane of the quantum well gives rise 
to Franz—Keldysh oscillations analogous to the 
bulk case. 

The influence of magnetic fields on excitons is more 
subtle and richer than the electric field. This is 
hecause the magnetic field seeks to induce a circular 
cyclotron orbit motion on the carriers, but this is 
influenced by their mutual Coulomb interaction. 


‘Two regimes exist where either the cyclotron energy: 
ho, = (eBiy) (41 


or the exciton binding energy dominates. In the 
former strong field case, one can treat the Coulomb 
interaction as a small perturbation on the electron 
and hole states in the presence of the magnetic field. 
In exciton states, which have a finite magnetic 
moment at zero field, we find a linear Zeeman shift 
in the magneto-exciton energy. In the other case we 
must use the magnetic field as the perturbation which 
produces a mixing of the zero-field exciton states. For 
example, for the ground state the magnetic field 
induces an admixture of the p-like excited state with 
the s-like ground state, The total angular momentum 
of the mixed state is proportional to B and as the 
energy of a magnetic dipole in a magnetic field is also 
proportional to B the shift of the magneto-exciton is 
proportional to B2, This distinction between linear 
and quadratic shifts has been used to identify the 
nature of carrier populations (excitons or unbound 
free carriers) in a variety of samples. Clearly there 
exists an intermediate regime where both the mag- 
netic and Coulomb energies are comparable and in 
this case the precise energy shifts need to be evaluated 
numerically. 

In quantum well samples the orientation of the 
magnetic field with respect to the confinement 
direction is crucial in determining the physics. 
When the field is perpendicular to the confinement 
plane the cyclotron orbits exist as before and 
essentially the same phenomenon as in the bulk 
emerge. For other orientations, the behavior is much 
more complex and beyond the scope of this article. 


Exciton Scattering 


An electron and hole in an excitonic bound state 
execute a correlated motion which can be disturbed 
by scattering of either partner. This may lead to the 
ionization of the exciton and the destruction of the 
correlation or, alternatively, it may change the center 
of mass momentum of the exciton asa whole. Almost 
all of the important scattering mechanisms for 
excitons arise from the charged nature of the 
electron and hole. Via the Coulomb interaction, 
excitons can scatter with lattice phonons, other 
excitons, free carriers, and impurities, Each of these 
scattering processes has its own regime of dominance, 
dependent on, for example, temperature or material 
quality. 

‘When the scattering rate with other particles is 
much larger than the recombination rate for electrons 
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and holes, a quasi-equilibrium state is reached. The 
detailed nature of such an interacting electron/hole 
plasma remains a a long-standing open question. The 
reasons for this can be traced to interplay between the 
intrinsic Coulomb interactions within the plasma, 
which give rise to both bound and scattering states, 
and Pauli exclusion arising from the fermionic nature 
of the electrons and holes. This leads to a complex 
phase diagram which encompasses, e.g., electron- 
hole droplets, the ionized electron-hole plasma, 
biexciton phase, and the exciton gas which, some 
suggest, may undergo Bose-Einstein condensation. 
The parameters of this phase diagram are carrier 
density, temperature, and the semiconductor material 
parameters. Interest in this essentially fundamental 
question has remained high, stimulated by the stream 
of technological benefits that even partial answers 
have brought. 

In this context it is worth mentioning that there 
have been two theoretical approaches to exciton 
physics which each have their advantages and 
problems. One approach is to treat excitons as 
bosonic quasi-particles and derive results from 
Hamiltonians formulated using bosonic operators. 
This approach has the appeal of simplicity and 
produces acceptable results in the low-density regime. 
It does, however, omit a key feature of the constituent 
particles making up an exciton namely the fermionic 
nature of electrons and holes. A more rigorous 
approach based around electron and hole operators 
has been followed but this is considerably more 
complex and numerically invol 


Excitonic Molecules 


Just as two hydrogen atoms can lower their total 
energy by forming a bound hydrogen molecule, so 
two excitons can make a bound complex which 
has lower energy than the two isolated excitons. 
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Introduction 


A simple definition of a defect is any feature that 
disturbs the periodicity of the perfect lattice. This 
definition is sufficiently broad to encompass a whole 
range of different entities, which are normally divided 


Such complexes are called biexcitons and are mostly 
important in high quality material and at low 
temperatures. Their binding energy is less than that 
of the exciton by a factor of about 0.1-0.3, 
depending on the ratio of electron to hole effective 

Three particle complexes have also been observed 
consisting of two electrons bound to a hole. These are 
termed trions or charged excitons. Their binding 
energy lies intermediate between excitons and 
biexcitons. 


Semiconductor Materials: GaAs Based Compounds; 
Large Gap II-VI Semiconductors; Type-I Quantum Wells 
and Superlattices. Semiconductor Physics: Outline of 
Basic Electronic Properties; Quantum Wells and GaAs- 
Based Structures. 


Further Reading 


Bastard G (1998) Wave Mechanics Applied to Semicon- 
ductor Heterostructures. New York: Halstead John 
Wiley. 

Haug H and Koch SW (1993) Quantum Theory of the 
Optical and Electronic Properties of Semiconductors. 
Singapore: World Scientific 

Klingshien CF (1997) Semiconductor Optics 
Springer. 

Rashba EI and Sturge MD (eds) (1982) Excitons. 
‘Amsterdam: North Holland, 

mitt-Rink S, Chemla DS and Miller DAB (1989) Linear 
and nonlinear optical properties of semiconductor 
quantum wells. Advances in Physics 38: 89-188. 

Ueta M, Kanzaki H, Kobayashi K, Toyozawa Y and 
Hanamura E (1986) Excitonic Processes in Solids. 
Berlin: Springer. 

Yu PY and Cardona M (1999) Fundamentals of Semicon- 
ductors. Berlin: Springer. 


Berlin: 


into three categorie: 
extent in real spaci 

OD defects are those which have an extent of the 
order of only a few atomic spacings at most in any 
direction. They include all cases where one, or at most 
a few, atoms are removed or displaced, or are 
replaced by atoms of a different type. 

1D defects are linear features within the crystal that 
extend over many atomic dimensions. The most 


based on their dimensionality, or 
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important type of 1D defect is the dislocation and in a 
single crystal it is possible for a dislocation to extend 
from one side of the crystal to the other. 

2D defects include a variety of different features 
that occur primarily in one plane. Any junction 
between two different types of crystal in an 
epitaxially grown layer (a heterointerface) fits this 
description, as of course does the sample surface. 
There are also crystal defects which exist in two 
dimensions of which the most important is the 
stacking fault. 

Finally, there are also 3D defects. This category 
includes voids and inclusions, which are both major 
perturbations in a crystal structure. In most pure 
crystals grown by modern techniques these are 
climinated and they will not be discussed further. 

In the sections below the main types of defect will 
he discussed according to the scheme described 
above. Despite the substantial research effort to 
understand the basic properties of many semiconduc- 
tors, and of course the huge effort devoted to 
producing semiconductor devices, it remains true 
that the defect structure of most semiconductors is 
still poorly understood, with the exceptions of silicon 
and gallium arsenide. This is especially true in the 
case of the nitride semiconductors with the wurtzite 
have recently been the subject of 
much commercial interest. In the following sections 
examples will mainly be taken from gallium arsenide. 

Lastly, it is important to note that defects of 
different dimensionality interact. Several possible 
interactions are discussed in the last section. 


structure whic 


OD Defects 


Dopants 


There are two basic types of OD defects to consider: 
chemical defects, or impurities, and native or point 
defects caused by missing or misplaced atoms. Table 1 
gives the major types of OD defect found in 
compound semiconductors together with the symbol 
used in the common notation for point defects and 
impurities. 

Impurity atoms are those which are introduced 
either accidentally during the production of the bulk 


‘Table 1 Impurities and point defects in a compound AB with the 
_incblende lattice structure 

‘Symbo! Description 

XRXB Impurity atom, X, on A or B sit with charge 


xe Interstitial impurity atom with charge 


Vg. vp Vacancy on A or Bite with charge n 
Aer Interstitial Aor B atom with charge n 
As Ba atom on B site or B atom on A sito (antisite) 


crystal or epitaxial layer, or deliberately by the crystal 
grower in precisely controlled amounts to modify 
some property of the material. Usually, this means 
that the material added is a dopant, and has been 
added to create a surplus of cither free electrons or 
holes in the semiconductor. Typically, the amounts of 
dopants added are between 10°® and 10 : role 
fragtiom, giving doping levels between 10° m~* and 

In general, any atom added to a material will 
introduce a localized state into the hand structure of 
the semiconductor, This state may rarely occur in 
cither the conduction or valence band, but is more 
likely to be located in the bandgap. If the localized 
energy level is within a few kT of the valance or 
conduction band edge, then the state is an electron 
acceptor or donor. If itis much further from the band 
edge then it is usually known as a deep level. In this 
case its main effect on the electrical properties will be 
to act as a trap for electrons or holes, and introduce 
noise into the current flow. Is effect on the optical 
properties of the material will be to reduce 
the radiative recombination rate for band-to-band 
transitions by acting as an alternate recombination 
pathway for either radiative or nonradiative 
transitions. 

It is generally assumed that dopant atoms occur 
only on the site of the appropriate sublattice and are 
well behaved. While it is true that some elements are 
well behaved substitutional dopants, such as sulfur in 
gallium arsenide, which can be denoted Si, when 
acting as a singly charged donor, the behavior of other 
species is more complex. In many III-V compounds, 
silicon is an amphoteric dopant, occupying sites on 
both the metal and nonmetal sublattices which ionize 
as shows 


Sig, = Sig, te 
Sik, = Sig, + ht 


In molecular beam epitaxy (MBE) growth on 
GaAs(100) the ratio between the donor Sig, and the 
acceptor Sia, varies as the concentration of doping is 
increased. At low levels silicon is a donor, while at 
high concentrations the fraction which is an acceptor 
increases rapidly. The semiconductor is therefore 
compensated, effectively limiting the maximum 
concentration of free carriers, 

Another type of behavior occurs with beryllium in 
III-V semiconductors and lithium in II-VI semicon 
ductors. Here, the dopant atom is so small that it can 
easily be displaced from the lattice site. Thus, for 
example, in InGaAs, it is energetically favorable for 
the acceptor Be;, atom to move from the lattice site to 
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an interstitial position: 


The interstitial Be ion is a donor and causes some 
compensation, but even worse, is highly mobile. It 
can move a substantial fraction of a micron in an 
epitaxial device and in so doing completely destroys a 
carefully engineered abrupt p-n junction. It can 
be seen therefore that dopant interactions with the 
host lattice are important in determining device 
performance. 


Native Defects 


A large variety of native defect species are possible in 
semiconductors. Interstitial atoms and vacancies are 
found in both the diamond structure (silicon) and the 
zincblende structure (most II-V and I-VI. semi- 
conductors). In zincblende structures there is also the 
possibility of placing an atom on the wrong atomic 
site, or sublattice; for example in GaAs a Ga atom 
may be found on an As site. This type of defect is 


known as an antisite, 

Bulk semiconductor crystals are grown under 
conditions close to equilibrium. In the long periods 
of time needed to grow the crystals, equilibrium 
concentrations of point defects are established. 
Epitaxial growth techniques (in particular molecular 
beam epitaxy, MBE and metalorganic chemical vapor 
deposition, MOCVD) operate under conditions far 
from equilibrium and the point defect concentrations 
may differ markedly from the equilibrium values. 
Some semiconductor processing operations can also 
increase point defect concentrations. Etching semi- 
conductors with ion beams or energetic plasmas is a 
very efficient way of creating in the subsurface region 
high concentrations of point defects well above the 
equilibrium values. 

Itis possible to anneal crystals in the vapor of one of 
the constituent elements to alter the point defect 
concentrations. Interstitial and vacancy concentra- 
tions can be changed relatively rapidly over the course 
of several hours (interstitials) or days (vacancies) as 
these species are much more mobile than dopant 
atoms, Usually, annealing is done to reduce point 
defect concentrations, but on occasions, for example 
with the alloy HgCdTe, it is done to increase the 
concentration of a type of defect, in this case mercury 
vacancies which are used to dope the material. 

Like dopant atoms, point defects can also intro- 
duce defect levels into the band structure of the 
semiconductor, and some defects, for example the 
gallium vacancy Va, exist in multiple charge states. 
In some materials, the native defects act either as 
dopants or as compensating traps, and are present in 


concentrations that can severely limit the maximum 
obtainable doping levels. The gallium vacancy, for 
example, is believed to limit the maximum doping 
level obtainable in n-type GaAs, and its concentration 
increases dramatically as the concentration of n-type 
dopant is increased. 

It should be noted that the concentrations of the 
various types of defect are not independent of one 
another, and at any given growth (or annealing) 
temperature and applied partial pressures of the 
constituent elements, the equilibrium concentrations 
of the defects are fixed. Examples of the interactions 
between the types of defect may be seen by consider- 
ing the displacement of a gallium atom from its lattice 
site to create a vacancy and an interstitial (the Frenkel 
reaction): 


Gad, = Ga? + Ve, 


and the interaction of an arsenic interstitial with a 
gallium vacancy to create an arsenic antisite: 


As! + Vea = Asc 


The relative importance of the types of defect varies 
between semiconductors. In compounds where one of 
the elements is very volatile, then high concentrations 
of vacancies on that particular sublattice are to be 
expected. Antisites occur only at very low concen- 
trations in the ionic II-VI compounds, as the energy 
involved in placing an atom on the wrong sublattice is 
very high. However, in the more covalent II-V 
compounds, there is not such a large energy penalty, 
and it has been suggested that in GaAs the Asc. 
antisite may be the most common point defect. 

In addition to the simple defect types described 
above, there are other possibilities. One of these is 
that complexes of defects may form, The hest known 
are the complexes that occur between dopant atoms 
and vacancies, for example the [Tea.Vca] complex 
found in Te doped GaAs (Figure 1). In this material, 
partial compensation of the n-type dopant occurs 
with the formation of gallium vacancies, as described 
above: 


)= Vea + Asa, 


Vis = Vea + 2h7 


These vacancies are mobile and diffuse in the 
material. In the vicinity of Tex, they experience a 
strong Coulombic attraction and the complex forms 
when the vacancy and dopant atom are on nearest 
neighbor sites: 


+ Tek. = [VosTeas] 
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Figure 1 Diagram of the telluium atom-vacanay complex in 
GaAs, Gallum and arsenic atoms are shown in mid-gray and 
white, spectively, while the tellurium atom is shown in dark gray. 


Figure 2 Diagram of the silicon atom-vacancy complex in 
GaAs, Gallum and arsenic atoms are shown in mid-gray and 
white, respectively, while the silican atom is shown in dark gray. 


A similar complex also forms in Si doped Gad 
[Sic.VGal” (Figure 2), although here both species 
exist on the same sublattice, and consequently occur 
as next nearest neighbors in the complex. 

In the description above it is assumed that all atoms 
which are located on a particular site are centered on 
that site. However, itis possible for a dopant atom to 
replace an atom of the host semiconductor, but not 
occupy the lattice site. Ab initio calculations of the 
bonding around the dopant atom suggest that it can 
be displaced away from one of its nearest neighbors 
towards the other three atoms (Figure 3). The dopant 
can be considered as having one bond weaker than 
the other three. 

In the case of n- and p-type doped semiconductors 
the corresponding defects are known as DX and AX 
centers respectively. DX centers occur in many 
semiconductors but are particularly important in 
AlGaAs, where Si (or other n-type dopant) atoms 
form DX centers that partially compensate the 
material and reduce the electron mobility. However, 
irradiation with white light excites the DX center and 
converts it back to a normal dopant centered on the 
lattice site. In AlGaAs the DX center is the stable 


Figure 3A GaAs crystal shown with [111] oriented vertically. 
‘Two Ga atoms have been substituted by silicon atoms which are 
shown in dark gray. One Si atom is on a substitutional site (top 
atom) and the other is displaced along [111] away from one ofits 
nearest neighbors (bottom atom). This is one of the structures 
suggested for the DX centr. 


species and the dopant atom is a higher energy state. 
Conversion back to the DX center requires surmount- 
ing an energy barrier and thus the normal dopant is 
metastable. The irradiated semiconductor has a lower 
concentration of DX and a higher doping concen- 
tration than before, and consequently has a higher 
conductivity than the unirradiated material. This 
results in persistent photoconductivity in the irra- 
diated material, which is a characteristic feature of 
semiconductors containing DX centers. At low 
temperatures, this effect can persist for many hours. 


1D Defects 


Within any crystal, there must exist a set of planes 
where the interplanar bonding is weakest. In both the 
diamond and zincblende crystal structures these are 
the {111} planes, When a crystal is subjected to a 
shear stress above its elastic limit, then the material 
accommodates that stress by changing shape, alter- 
nately breaking and reforming bonds across these 
planes where the bonding is weakest. The resulting 
movement is easily observable under a microscope in 
many materials and is known as slip or glide; the 
planes on which this happens are known as slip or 
glide planes. 

Movement on a slip plane does not happen over the 
whole crystal at once, and there is always a boundary 
between the material in which slip has occurred and 
material where it has not. This boundary is the 
dislocation, A section through a piece of material 
where slip has occurred is shown in Figure 4. The 
curved line DD! marks the dislocation and slip has 
occurred in the region marked DQD’. Because it 
marks a boundary, the dislocation may not end within 
the crystal and the only permitted ways that a dis- 
location may terminate are to finish at the surface of 


integrated circuit> analog > comparator 


Figure 6-6. The LM339 quad comparator chip, shawn 
here, was introduced fong ago but remains widely used, 


Some comparators have an internal latch func- 
tion that is accessed by a dedicated pin. The 
latch-enable signal forces the comparator to as- 
sess its inputs and hold an appropriate output 
which can then be checked by other compo- 
nents. 


Values 


In a datasheet, Vig (also referred to as Vos) is the 
input offset voltage. This is a small voltage, in ad- 
dition to the reference voltage, which the com- 
parator will require to toggle its output in either 
direction, up or down. Figure 6-7 shows this 
graphically. Vio sets the limit of resolution of the 
comparator, which will not respond unless the 
input voltage exceeds the reference voltage by 
this amount. A smaller value for Vig is better than 
alarger value. Common values for Vigrange from 
ImV to 15mV. The actual offset voltage tends to 
vary between one sample of a component and 
another. Vig is the maximum allowed value for a 
component. 


Because the comparator will not respond until 
the reference voltages exceeded by Vio, the out- 
put pulse width will be narrower than if the com- 
parator reacted at the point where the variable 
voltage input was precisely the same as the ref- 
erence voltage. 


Values 


Comparator 
Input 


Reference 
Level 


Comparator 
Output 


‘Output Voltage > 


Tine > 


Figure 67. The input offset voltage is the very small vot 
‘age that a comparator requires. additional to the refer 
fence input voltage. before it will toggle its output from low 
to high or high to low. 


Vyaps and Viqp. ate the rising and falling voltag- 
es, respectively, that will rip the comparator out- 
put where the comparator exhibits some innate 
hysteresis without an external feedback loop. 
They are also referred to as Lower State Transition 
Voltage (LSTV) and Upper State Transition Volt- 
cage (USTV). 


Vursr is the hysteresis range defined as Vrpjp, mi- 
Us Vyaip- The relationship is shown graphically 
in Figure 6-8. 


‘Ayp is the voltage gain of a comparator, in which 
the letter “A” can be thought of as meaning “am- 
plification.” The gain is measured as a maximum. 
ratio of output voltage to input voltage. Typically 
it ranges from 40 to 200, 


Supply voltage for modern comparatorsis often 
low, as the components are used in surface- 
mount format for battery-powered devices 
where low power consumption is a primary con- 
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the crystal (as shown) or to meet another dislocation, 
forming either a closed loop or a junction. 

Across the slip plane, the material has moved by a 
certain amount, which is, typically, a lattice vector 
within the crystal, The direction of slip is known as 
the Burgers vector of the dislocation, and it is a 
constant for any one dislocation. The Burgers vector 
at any point may be determined by describing a 
simple loop in the crystal passing through adjacent 


Figure 4 Diagram af a crystal showing a region where slip has 
‘occurred. Far clarity only the latice points are shown. The slip 
plane is PORT and the slipped region is DOD. The curve DD’ is 
the line ofthe dislocation and has a Burgers vector b. 


Figure 5 A schematic diagram of an edge dislocation. Only the 
lattice points are shown for clay. The slip plane is PORT and 
contains the Burgers vector denoted b. The line of the edge 
dislocation is EE’, which can be thought of as terminating a 
haif-plane of atoms denoted ABEE- 


lattice points lying in one plane. If a dislocation lies 
within the loop then the ends will not close, and the 
displacement needed to close the loop is the Burgers 
vector, This can be seen in Figure 4 on the left-hand 
face of the crystal around point D, where the Burgers 
vector is parallel to the line of the dislocation. It can 
also be seen on the right hand face of the crystal at 
point D’, where the Burgers vector, which has not 
changed direction, now lies perpendicular to the 
dislocation line. Dislocations where the Burgers 
vector is parallel or perpendicular to the dislocation 
line are known as screw and edge dislocations, 
respectively. 

Examples of edge and screw dislocations are shown 
in Figures 5 and 6, respectively. Edge and screw 
dislocations are considered to be ‘pure’ types of 
dislocations. If the Burgers vector makes any other 
angle to the dislocation line, the dislocation is 
referred to as a mixed dislocation. In semiconductors 
mixed dislocations are the most common type. There 
are many different ways of describing dislocations; 
however, the most common one is to give the angle 
between the dislocation line and the Burgers vector. 
In this system screw and edge dislocations are referred 
to.as 0° and 90° dislocations. 

At the core of the dislocation there is a small 
region, typically only one or two atoms wide, where 
the atoms have highly distorted bonding. Around this 


Figure 6 A schamatic dlagram of a screw dislocation. Only the 
lattice points are shown for clarty. The slip plane is PORT and 
contains the Burgers vector denoted b. The line of the screw 
dislocation is SS. 


‘SEMICONDUCTOR PHYSICS / Impurities and Defects 447 


core the atoms adopt the normal (tetrahedral) 
bonding, although they are strained for many 
nanometers around the dislocation. The strain field 
around the dislocation means that low dislocation 
densities are very easy to detect using a technique 
such as X-ray topography, which images the strain 
introduced locally in a set of crystal planes by a 
dislocation. Using this technique, individual disloca- 
tions may be determined within crystals. Currently, 
it is possible to obtain silicon crystals which are 
essentially dislocation free, while the best GaAs 
crystals 
10°m~*. In other materials the densities may be 
100-1000 times higher. 

The highly distorted bonding at the core of the 
dislocation inhibits dislocation motion, Under the 


have dislocation densities of <10°— 


action of an external stress, dislocations normally 
move on their glide plane to relieve the stress and 
deform the material plastically. This is dislocation 
glide. In covalent semiconductors, such movement 
means breaking and reforming strong bonds, and 
does not occur in silicon below the crystal growth 
temperature. Dislocations are also immobile in GaAs 
at room temperature, although they can be induced to 
move in softer, more ionic II-VI semiconductors. 
Dislocation densities are therefore usually considered 
“frozen in’ at room temperature, 

In addition to macroscopic shear forces, each 
dislocation experiences the stresses introduced by 
other dislocations and point defects present in the 
crystal, and is either attracted or repelled by them. 
At high densities, therefore, the motion of disloca- 
tions is inhibited by the presence of the surrounding 
defects — the dislocations are said to be pinned. 

Generation and movement of dislocations occurs 
in most semiconductors easily at their growth 
temperature, and is important in the relief of strain 
introduced in growing a material on a substrate 
with a different lattice constant. Edge dislocations 
always introduce, or remove, extra planes of atoms 
(Figure 5), and so an array of dislocations can add or 
remove atoms to accommodate the strain between 
two semiconductor layers of different lattice constant. 
These are known as mismatch dislocations and they 
occur frequently in epitaxial growth when strain 
relief has occurred. 

‘Typically, growth in MBE or MOCVD occurs on 
the (001) surface. Mismatch dislocations lie on the 
{111) planes, which intersect this plane, and at low 
densities occur in crystals regularly spaced along 
[110] and [110] directions. The Burgers vectors are 
also of (110) type and are typically at 60° to the 
dislocation line. The edge component of this vector, 
projected on to the (001) plane, gives the amount of 
strain relief to be expected. 


Despite the distorted bonding that exists around 
the dislocation core, there are thought to be 
remarkably few broken bonds there. An exception 
to this is thought to be when the dislocation line is not 
straight, but kinked, the atoms at the kinks having 
broken bonds. As a result, nonradiative transitions 
involving dislocations are not strong. They are 
important, however, during operation of lasers and 
LEDs. Dislocations can be seen in electrolumines- 
cence of light-emitting devices as dark lines, These 
so-called dark-line defects (DLDs) are the result of 
nonradiative recombination occurring at disloca- 
tions. Not only do they reduce the efficiency of the 
device, but the energy released by the recombination 
of the electron and hole is deposited at the dislocation 
core as thermal energy. Under these conditions, 
dislocation movement becomes easy and DLDs 
propagate, eventually destroying the device, 


2D Defects 


In a simple description of metallic structures, the 
hexagonal close packed structure is described as a 
sequence of hexagonal sheets with the stacking 
pattern ABABABAB..., while that of the face 
centered cubic structure is ABCABCA... In a similar 
manner, we can describe the wurtzite crystal structure 
by the stacking sequence ABABABAB..., although 
the layers are no longer close packed and the stacking 
units comprise one metal and one nonmetal atom. 
The corresponding stacking sequence for the zinc- 
blende structure then becomes ABCABCA... These 
structures are shown in Figures 7a and b, respectively. 
It can be seen that the two atom units are oriented 
perpendicular to the stacking sequence, and it is 
possible to rotate the structure about the vertically 
oriented bonds between any two given planes. A 
rotation of 180° would place all the atoms back in 
registry but on the wrong site. For example, in a 
zincblende crystal, a rotation after the third layer 
in the sequence ABCABCA... would result in 
ABCBCAB... This means that the top part of the 
crystal is related to the bottom half by a rotation of 
180°, and the two parts are said to be twinned. The 
twin plane extends throughout the crystal, and is a 
two-dimensional defect. Both above and below the 
twin plane, the stacking sequence is the usual ABC... 
found in the zincblende structure; however, at the 
junction there isa region denoted BCB. This region is 
three planes of the wurtzite stacking sequence, and is 
an example of what is called a stacking fault. In 
incblende crystals, stacking faults introduce small 
regions of the wurtzite structure, while the reverse 
happens in wurtzite crystals. 
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Figure 7 Diagrams of the stacking sequence of layers for two 
different semiconductor structures. In both cases the metal atoms 
are small and dark wile the larger pale ones are the nonmetal 
atoms. The structures are: (a). The wurtzite crystal structure. The 
atoms which occupy the A, B and C sites are marked. Here the 
vertical direction in which the planes stack is the [0001] direction. 
(0). The zincblonde crystal structure. The atoms which occupy the 
‘Aand B sites are marked and the vertical direction corresponds to 
(one of the (111) directions in the crystal 


The density of stacking faults in a material is 
primarily a function of the ease of placing the crystal 
planes in the wrong order. Under nonequilibrium 
growth conditions, this can occur easily for many 
different materials, but for slow growth near 
equilibrium, the prevalence of stacking faults is 
governed by the stacking fault energy. This is a 
measure of the wrong stacking sequence occurring 
and is also related to the energy of transformation 
between the zincblende and wurtzite crystal struc- 
tures. For GaAs, the energy is high and stacking faults 
are rare, while for II-VI semiconductors the stacking 
fault energies are low and stacking faults are 
relatively common. 

Typically, stacking faults are observed in TEM 
planar view micrographs, and on (001) oriented 
epitaxial samples are clearly visible as triangular 
regions lying on {111} planes, as described above, 
nucleated at the interface between the substrate and 
epitaxial layer. 

While stacking faults are accidental introductions 
in a crystal structure, other 2D defects are introduced 
deliberately. Heterojunction between different semi- 
conductor alloys are an obvious example and are 
responsible for most of the useful properties of 
advanced semiconductor devices. However, by far 
the most important 2D crystal defect is the surface of 
the crystal. This creates a high density of broken 
bonds, each of which can introduce a defect level in 
the band structure. Surfaces usually lower their free 
energy by moving atoms from the bulk equilibrium 
positions to new sites and forming extra bonds in the 
plane of the surface. This removes some of the defect 
levels, but it is still possible to have surface defect 
densities as large as 10'* m~? which are associated 
with enhanced rates of nonradiative recombination of 


electrons and holes. 


Interactions of Defects 


Earlier it was assumed that the Burgers vector 
associated with a dislocation is a lattice vector. The 
energy of a dislocation per unit length is proportional 
to the magnitude of the Burgers vector squared: 


Fob 


In some crystals, however, it is possible for the 
displacement to be composed of two smaller steps, 
neither of which is a complete lattice vector: 


by +b 


where b is a lattice vector and by and b2 are the 
smaller displacements. In this case, the total energy 
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Partial dislocations 


B layer atoms 


Figure 8 An example of a close packed structure where a region with a stacking faut lies between two partial dislocations, 


can be reduced if the dislocation splits into two: 
Ey + Ey cbt + b<E 


These dislocations are known as partial disloca- 
tions. A normal dislocation splits into two partial 
dislocations if it is energetically favorable to do so. 
Figure 8 shows an example in a close packed 
structure, which illustrates the point without the 
problem of introducing two different types of atoms. 
‘Two partial dislocations run through the top lay 
The material lying between them has a different 
stacking sequence (AC) from the material around it 
(AB) and must contain a stacking fault. This shows 
that a 2D defect, such as a stacking fault, is bounded 
by two ID defects, in this case partial dislocations. 
There also exists an intimate relationship between 
point defects and dislocations, which may be seen 
by examining the edge dislocation shown in Figure 5. 
‘The edge dislocation may be considered as an extra 
half-plane of atoms, ABEE! which terminates along 
line EE’. The last row of atoms in the plane can be 
removed from the sheet by one of two processes. 
Firstly, the atoms at the dislocation core can become 
interstitials and diffuse away from the dislocation, 
Alternatively, vacancies can diffuse towards the 
dislocation, In either case the result is the same; 
the dislocation line EE! moves upwards towards AB. 


The opposite sequence of events (diffusion of inter- 
stitials towards the dislocation or vacancies away 
from it) is also possible and results in a movement of 
line EE’ downwards. Such processes are known as 
dislocation climb. Climb is not as common as glide, 
but it is important as the dislocation acts as a source 
or sink for point defects. This process contributes to 
the reduction in radiative efficiency in LEDs and 
lasers, particularly as the devices age. 


See also 


Semiconductor Physics: Outline of Basic Electronic 
Properties; Quantum Wells and GaAs-based Structures. 


Further Reading 


Beanland R, Kiely CJ and Pond RC (1992) Dislocations in 
heteroepitaxial films. In: Mahajan S (ed.) Handbook on 
Semiconductors, Materials, Properties and Preparation, 
vol. 3a, pp. 1149~1225, Amsterdam: North-Holland. 

Fukuda M (1991) Reliability and Degradation of Semi- 
conductor Lasers and LEDs. Boston, MA: Artech House 

Hirth JP and Lothe J (1982) Theory of Dislocations. 
New York: Wiley 

Hull D (1965) Introduction to Dislocations. Oxford, UK: 
Pergamon Press. 

Hurle DT] (1999) A comprehensive thermodynamic 
analysis of native point defect and dopant solubilities 


450 SEMICONDUCTOR PHYSICS / Infrared Lattice Properties 


in gallium arsenide. Journal of Applied Physics 85 
6957-7022. 

Kelly A, Groves GW and Kidd P (2000) Crystallography 
and Crystal Defects, revised edn. Chichester, UK: Wiley 

Kossevich AM (1999) The Crystal Lattice. Berlin: Wiley- 
VCH 

Malloy K] and Khachaturyan K (1993) DX and related 
defects in semiconductors. In: Willardson RK and Beer 
AC (eds) Semiconductors and Semimetals, pp. 235-291 
New York: Academic Press. 


Infrared Lattice Properties 


T J Parker and S RP Smith, University of Essex, 
Colchester, UK 


© 2005, levi Lid. Al Rights Reserve. 


Introduction 


The vibrations of atoms in solids were first studied 
theoretically at the beginning of the twentieth century 
to explain the observed temperature dependence of 
the heat capacity. Following earlier work by Einstein 
and Debye, Born and yon Karman showed in 1912 
that the vibrational properties of a linear chain of 
alternate light and heavy atoms connected by springs 
account very well for the observed thermal behavior 
of solids. It was shown many years later that, if the 
atoms are alternately positively and negatively 
charged, the model also gives a good description of 
the optical properties. 

In this article the vibrational properties of a linear 
diatomic chain of atoms are first described. The 
model gives a good description of the basic 
vibrational properties of solids with two atoms per 
unit cell, such as Si, Ge, and the binary III-V (e.g., 
GaAs) and II-VI (e.g. CdTe) semiconductors, and 
explains the origin of optic and acoustic branches of 
the phonon dispersion curves. This leads naturally to 
an understanding of the basic far-infrared reflectivity 
of binary semiconductors. The model is then further 
developed to account for the effects of impurities and 
the optical properties of alloys. 

‘The far-infrared properties of semiconductors 
are then reviewed. We begin with the group IV 


Schubert EF (1993) Doping in III-V semiconductors. In: 
Ahmed H (ed.) Cambridge Studies in Semiconductor 
Physics and Microelectronic Engineering, vol. 1 
Cambridge, UK: Cambridge University Press. 

Skowronski M (1992) Impurity- and defect-centres in 
compound semiconductors. In: Mahajan § (ed.) Hand- 
book on Semiconductors. Materials, Properties and 
Preparation, vol. 3a, pp. 1343-1398. Amsterdam: 
North-Holland. 


semiconductors Si and Ge in which there is no first- 
order interaction with infrared radiation, and explain 
the origins of second-order interactions, and the 
effects of disorder and impurities. Examples of the 
first-order reflection spectra of bulk single crystal 
binary semiconductors and their alloys are then 
presented. Localized vibrational modes and phonon 
combination bands are discussed next. We finish with 


a brief review of more exotic excitations that occur in 
layered semiconductors: confined optic modes, sur- 
face phonon polaritons, guided waves, and interface 
modes. 


Background Theory of Phonons in 
Semiconductor Materials 


Phonons in a Diatomic Linear Chain Lattice 


Consider a line of atoms of alternating type A and B, 
separated by a distance a, as shown in Figure 1. 
Suppose that the nth A atom is displaced by a small 
amount 14. from its equilibrium position. The forces 
attempting to return it to its equilibrium position will 
be proportional to the distance it has moved relative 
to the neighboring atoms. If we assume that the only 
significant force involves the nearest neighbor B 
atoms m and +1, the equation of motion for the 
mth A atom is 


= Clit + Hyatt Uta) 


FMF DL DU Wo 


Figure 1 Atomic displacements in a diatomic linear chain. 
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where My is the mass of the atom, and C is the 
Hooke’s law nearest-neighbor force constant. There 
isa similar equation 


Pt 
sae 


Cet + Mae — Dito) [2] 
for the motion of the nth B atom. We assume that the 
solution of the equations of motion has the wavelike 
form 


gy = Us expli(gan — xt) 
B31 


gn = Up explilgan — xt) 
in which Us and Us are amplitude factors, w is the 
angular frequency, and q is the wavevector, so that ga 
is the phase factor by which the phase of the wave 
changes from one site » to the next site 2 +1. The 
equations of motion are satisfied so long as the 
angular frequency w is given by 


c 
My 


+ ly + Mg —4MQMy sintqar |) 141 


There are two possible solutions here because there 
are two ions in the unit cell. A plot of was a function 
of q is shown in Figure 2a, with q in the range — n/a to 
+ala. In the lower branch, the acoustic phonon 
branch, the vibrations at long wavelength (equivalent 
to small q) are essentially the same as ordinary sound 
waves. The A and B atoms vibrate in phase, and at 
Jong wavelength there is a linear relation between 
and q: 


om ng Is] 


Density of states Dio) 


08 gan 4 


Figure 2 (2) Phonon frequency w versus wavevector, , in a 
‘one-dimensional diatomic lattice; (b) three-dimensional density of 
states D(a), 


where v 


= wpal2. is the velocity of sound of the 
acoustic phonons. 

‘The upper branch in Figure 2a, which is of more 
interest in the present context, is called the optic 
phonon branch, Here the A and B atoms vibrate in 
antiphase, and because the A and B atoms have equal 
but opposite charges there is an electric field 
associated with the vibration. The optic phonon 

ibrations will consequently affect the propagation of 

electromagnetic waves through the medium — hence 
the name — although the vibration frequencies 
(around 10 THz) are in the far infrared rather than 
the visible part of the electromagnetic spectrum. At 
this frequency, the infrared wavelength A is about 
30 um. The propagation of the infrared will be 
affected only by phonons whose wavevector q 
matches the infrared wavevector k=27/A. Since A 
is around 10* times larger than the typical lattice 
spacing a in semiconductor materials, it follows that 
the optical properties of the material may be largely 
understood merely by considering the long- 
wavelength phonons with wavevector q = 0. Thus, 
in the diatomic case, only the optic phonon of 
wavevector g = 0 and frequency 


6) 


is of importance to the propagation of clectro- 
magnetic radiation. 

Many semiconductor materials are of the diatomic 
AB type — for example group III-V materials such as 
GaAs, and II-VI semiconductors such as CdTe. Their 
phonons are described in detail by three-dimensional 
versions of the simple linear chain model discussed 
above. The most basic semiconductor materials, Si 
and Ge, are clearly monatomic, but their crystal 
structure is identical to the zincblende structure of 
GaAs, and they show two phonon bands as in 
Figure 2a. However, because there is only one type 
of atom, these materials differ from the diatomic 
materials in that the optic phonon branch has no 
electric dipole moment. In Si and Ge, there is no 
dielectric anomaly around the frequency wy of the 
type discussed in the following section. In these 
materials, the only significant optic effects occur 
when phonons combine in pairs with equal but 
opposite wavevector q, so that the resultant has very 
small wavevector that can match the infrared 
wavevector k= 2n/A. The significant factor here is 
the density of states D(w), representing the number of 
phonon states per unit frequency range. In Figure 2b, 
we show D(w) for the diatomic lattice. This is 
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obtained as 
= dq 
Diw) =D 71 


where D(q) is the density of states with respect to 
the wavevector, which is proportional to q° for a 
three-dimensional lattice. Note that D(w) has peaks 
at frequencies corresponding to the zone boundary 
phonon frequencies because the dispersion curves are 
flat in these regions. These features are known as 
critical points, and they have well-defined 
shapes. Their spectroscopic importance is discussed 
later. 

In bulk three-dimensional crystals, both transverse 
and longitudinal optic and acoustic phonons occur, 
each represented by different branches of the phonon 
dispersion curves, and the transverse branches in 
cubic materials are doubly degenerate. In three 
dimensions, more elaborate theoretical models are 
required, such as the rigid ion model and the shell 
model, and improved results can sometimes be 
achieved by including next-nearest-neighbor atoms 
in the model, As an example, the phonon dispersion 
curves of GaAs are shown in Figure 3. 

It should be noted that the dispersion curves, and 
hence the associated optical properties, differ for 
propagation in different crystallographic directions, 
eg., [100], [110], and [111] 


Born-Huang Optic Phonon Model 


The infrared lattice properties of materials at long 
wavelength are usually described by using the relative 
permittivity e (often called the ‘dielectric constant’), 


which is defined through the relation 
D= eek 8] 


between the electric field E in a medium and the 
displacement field D (here, e is the permittivity of 
free space). D is the sum of the field E and the 
polarization P of the medium: 


D=P+oE 19) 


P has contributions from lattice displacements 
(phonons), free electrons (plasmons), and the basic 
atomic polarizabilities. Since these quantities depend 
on frequency, e is also a function e(w) of angular 
frequency w, The charges of the A and B sites are 
taken as +Q and —Q respectively, and their 
equations of motion [1] and [2] are extended to 
include the electric forces +EQ. As a result of these 
considerations, the dielectric function can be written 
in the form 


nyse fist] epi" 10) 
ae a 
Here, 2 is the high-frequency dielectric constant due 
to the atomic polarizabilities, and 1 and wr are 
frequencies that are close to the natural vibrational 
frequency a) that occurs in the absence of electric 
field effects; the difference (wi, ~ 0%) is of order 
wh O7 (Ca e9). 

Figure 4 shows a plot of e(w) as a function of w. 
Note that e(w) diverges at o = wy, and that w= 0 at 
w=, (wy/oy = 1.25 in Figure 4). wy is called 
the transverse optic (TO) phonon frequency: it is the 
resonance frequency of propagation of transverse 
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Figure 3. Phonon dispersion curves of GaAs determined by nautran spectrometry (points) compared with calculation (dotted and 
solid lines). Reproduced with permission from Waugh JLT and Dolling G (1863) Crystal dynamics of gallium arsenide. Physical Review 


192: 2410. 
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Figure 4 Dielectric function e(w) as a function of angular 
frequency, 
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Figure § The dispersion curves for phonon polaiton modes 
{s0ldfines) fora diatomic near chain of atoms showing the gap in 
bulk phonon modes Between the frequencies a and. 


electromagnetic waves in the material. «1 is called 
the longitudinal optic (LO) phonon frequency: it is 
the frequency of the longitudinal electrostatic wave 
Physically, the dielectric constant determines the 
velocity v of propagation of electromagnetic waves 
in the material 


FF ww my 
where cis the velocity of light. Equation [11] has two 
solutions for « as a function of wavevector: the two 
solutions are shown in Figure 5. Note that there is 
no solution with w in the range between wy and «), 
‘The excitations in the region where the graphs are 
curved are called ‘polaritons’ — a combination of 
polar phonon and photon. 

The refractive index m of the material is the ratio 
of v, the velocity of light in the medium, to c, the 


ot 

os 15 20 
Figure 6 Calculated reflectivity plotted versus angular fre 
quency for a diatomic linear chain of atoms for the case of zero 
damping, 


10 


‘ali, 


velocity in free space; thus m= JB. 1 is often found 
from a measurement of the optical reflectivity R. 
At normal incidence 


| = 112) 


Tn 


A graph of R is shown in Figure 6; note 
that the reflectivity is 100% for @ in the range 
oy <0 < wy 


Impurity Phonon Modes 


Impurity atoms in crystal lattices can significantly 
affect the infrared properties. The simplest case is 
when an impurity atom has the same binding but a 
different mass. Consider the monatomic, one- 
dimensional case, in which the impurity atom has 
amass M + 6M, where M is the normal mass. Let the 
impurity be at the site m=0. The equations of 
motion are 


Ma ty = Clty + tinst — tty) for n #0 


(M+ SM)ur' ug = Cl, + 0 — 2tty) for n =0 
013 


These equations have a solution provided that & 
satisfies the equation 


an pecan U4) 


Moon a@ 


where N is the number of atoms in the linear chain, 
and w, the unperturbed normal mode frequencies. 
This equation has solutions w that lie close to the bulk 
phonon frequencies w,. However, if 5M <0 (ie. the 
impurity atom is lighter than the bulk atoms), one 
additional mode is possible at a frequency w that is 
higher than the maximum frequency wy = VCIM of 
the bulk phonons. This is the so-called impurity or 
localized vibrational mode (LVM ~ see Figure 7). 
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Figure 7 Representation of TO and LO phonon frequencies ina 
mixed crystal A,B;-.C plotied versus composition x 


‘The impurity atom, being lighter than the material 
atoms, vibrates at a higher frequency than the bulk 
frequencies; the amplitude of the vibration is greatest 
at the impurity site, and decreases the further away 
one goes from the impurity site, If the impurity atom 
is heavier than the bulk atoms (6M > 0), there is no 
distinguishable local mode. In the case of diatomic 
if the 
impurity is lighter than the bulk atoms, an impurity 
mode is distinguishable above the top of the optic 
phonon band; if the impurity is heavier, there is the 
possibility that a distinct impurity mode may appear 


lattices, an analogous situation pertains: 


in the gap between the acoustic and optic phonon 
branches. 


Mixed Crystals 


Mixed compound semiconductor crystals are in 
widespread use because the bandgap can be adjusted 
by varying the composition. For example, the ternary 
material A,Bi-.C is an alloy of a fraction x of the 
material AC with a fraction 1 — x of the material BC. 
Atypical example is AlGai_,As. The infrared lattice 
properties of these materials are classified as ‘one- 


mode’ or ‘two-mode’ depending on how many 
distinct optic phonon frequencies are observed. The 
distinction can easily be understood in the context of 
the discussion above of impurity modes. If an A atom 
in the bulk material BC has a distinct local impurity 
optic phonon mode frequency, and similarly for a B 
impurity in AC, then there will usually be two distinct 
optic phonon modes throughout the whole compo- 
sition range 0 <x < 1: one mode is AC-like, and the 
other BC-like, as shown in Figure 7. On the other 
hand, if neither A in BC, nor Bin AC, provide distinct 
optic phonons, there is only one distinguishable optic 
phonon in the alloy A,B,C. 


Review of Far-Infrared Properties of 
Semiconductors 


Group IV Semiconductors 


We begin with Si and Ge, both of which crystallize in 
the diamond structure. As mentioned earlier, there is 
no first-order interaction between far infrared radi- 
ation and the TO mode. However, there are several 
other mechanisms that result in absorption. The 
dipole moment of the zone center TO phonon in an 
ionic solid is an example of a symmetry property that, 
in group theory, is described by a set of selection rules 
for each different crystal lattice. Other mechanisms 
that can lead to the creation of a dipole moment are: 


Disorder 

Disorder destroys the translational symmetry, and 
hence the selection rules. Consequently, phonon 
modes that, in a perfect lattice, are not infrared active 
will become active. The most general case occurs if 
the crystal becomes completely disordered, in which 
case all phonon modes become dipole-active and the 


far-infrared absorption spectrum resembles the pho- 
non density of states. This is illustrated in Figure 8, in 
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Figure 8 Top: infrared absorption coefficient (solid line) and 
Raman spectrum (dashed line) of amorphous Si. Bottom: 
calculated density of states (solid line), and broadened density 
of states (dashed lin). Reproduced with permission from 
Bradskyn Hand Lunio (1974) Infrared virational spectra of 
‘amorphous Si and Ge. Physical Review B®: 1646, ADS. 
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which measured infrared and Raman spectra of 
amorphous Si are compared with the calculated 
one-phonon density of states. 


Phonon combination bands 
A combination of the lattice distortions due to 
two phonons excited simultaneously can produce 
a resultant displacement of the ions in the lattice 
with a dipole moment. Such phonon combinations 
can be excited simultaneously by a. far-infrared 
photon, and they are observed as weak bands in the 
infrared absorption spectrum. Apart from the dipole 
moment selection rule, it is also necessary for 
wavevector conservation to occur. Since q ~0 for 
the photon, the two phonons must either be at the 
zone center, or have equal and opposite wave- 
vectors. An additional consideration is that, if the 
process is to lead to observable absorption, it 
should have a high probability as determined by 
the density of states, so observable absorption 
features usually arise from critical-point phonon 
combinations. An example of phonon combination 
hands in Si is shown in Figure 9, Assignment of the 
features in the spectrum is usually possible by 
inspection of the phonon dispersion curves at the 


zone boundaries, a procedure known as critical- 
point analysis. Alternatively, the two-phonon 


density of states can be calculated, taking into 
account the selection rules, and then compared with 
the measured spectrum. Similar considerations 
apply to higher-order phonon combination bands, 
e.g three or four phonons, etc., but the strength of 
the combination bands usually decreases rapidly as 
the order of interaction increases. 


The presence of impurities 

As mentioned above, dipole-active 
ibrational modes (LVMs) can occur if the sample is 
doped with lighter elements as this destroys the local 
translational symmetry. For instance, an LVM occurs 
if Si is doped with B, as shown in Figure 10. The LVM 
frequency is proportional to the ratio (C/M)!* as seen 
earlier where C is the force constant and M is the 
isotopic mass of the substituted atom. As such modes 
have narrow linewidths, the features in the spectrum 
due to different isotopes of the same clement are 
easily distinguished, as shown in Figure 10. 


localized 


Group Ill-V and II-VI Semiconductors: Bulk 
Crystals 


The group I-V and group I-VI semiconductors 
crystallize in either the cubie (zincblende) structure, 
or the hexagonal (wurtzite) structure, Many mixed 
crystal materials, such as Al,Ga1-.As, are grown for 
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Figure 9 Measured lattice combination bands in a single crystal of silcon at 290 K (top), 77 K (middle), and 20 K (bottom). (Note that 
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How to Use It 


cer. Thus, 3VDC is common asa power require 
ment, and 1.5VDC comparators are available, 
Still, older chips can use as much as 35VDC. 
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Figure 6-8. The value of Vrayp shows the hysteresis in a 
comparator—the range of input voltages, relative fo the 
reference voltage. in which it will not respond. 


Supply current can range from 7mA down to be- 
low 1pA. 

Ignx is the recommended typical or maximum 
sink current that the component will tolerate, ifit 


has an open-collector output. This value should 
in relation to the power dissipa- 


The propagation delay ina comparator is meas- 
ured from the moment when an input (usually a 
square wave) reaches the triggering value, to the 
time when the consequent output reaches 50% 
of its final value. 


When a comparator is driving CMOS logic using 
a 5VDC power supply, a typical value for a pullup 
resistor is 100K. It does not have to be lower, be- 
cause CMOS has such a high input impedance. 


integrated circuit > analog > comparator 


How to Use It 


In Figure 6-1, a hypothetical comparator re- 
sponds immediately when the input voltage 
equals the reference voltage value. However, this 
is an idealized scenario. A magnified view, in 
Figure 6-9, suggests that the comparator is likely 
to respond with jitter when the input signal is 
very close to the reference voltage, because of 
tiny variations in heat, current, and other vari- 
ables. This jitter will cause significant problems if 
the comparatoris drivinga device such asa relay, 
directly or indirectly. 


Hysteresis eliminates this uncertainty around the 
transition level of the input, by telling the com- 
parator to ignore small irregularities in the input 
voltage. Hysteresis is also useful in many situa- 
tions where larger variations in a sensor input 
should be ignored. In Figure 6-2, for instance, 
suppose that the input voltage comes from a 
‘temperature sensor. The small bump in the right- 
hand section of the curve is probably unimpor- 
tant; it could be caused by someone opening a 
door, or a person's body heat in brief proximity 
to the sensor. There's no point in responding to 
every little event of this type. In this application, 
the larger, longer-term temperature trend Is 
what matters, and significant hysteresis is 
appropriate. 


‘A\so, if a comparator is being used as a thermo- 
stat, to switch a heating system on and off, we do 
not want the comparator to respond as soon as 
the temperature rises just a small amount. The 
heating system should run for a while before it 
elevates the temperature beyond the hysteresis 
zone. 


The usual way to create hysteresisis with positive 
feedback. In Figure 6-10, a connection from the 
‘output of the comparator runs back through a 
1M potentiometer to the variable (noninverting) 
input. The effect that this has is to reinforce the 
input voltage with the output voltage, as soon as 
the comparator input goes high. Now the input 
can diminish slightly without switching off the 
comparator, But ifthe input declines significant- 
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electronic applications that require materials with 
bandgaps not found naturally. Furthermore, a host 
of low-dimensional structures, such as epilayers, 
multiple quantum wells (MQWs) and superlattices, 
are fabricated by molecular beam epitaxy (MBE) or 
metalorganic vapor phase epitaxy (MOVPE) to create 
devices that exploit the novel properties which occur 
when one or more of the physical dimensions are 
small, 


Reflectivity from a bulk single crystal 

In the reststrahl frequency range bulk phonon modes 
cannot propagate and incident radiation is perfectly 
reflected, ie. R=1, as shown in the calculated 
spectrum in Figure 6. Figures 4 and 6 represent the 
ideal case of a harmonic crystal, in which there is no 
interaction between the phonon modes, so that all 
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Figure 10 The farinfrared absorption spectrum of Si doped 
with 8 ("°B 4 '"B). Reproduced with permission from Angress JF, 
Goodwin AR and Smith SD (1965) A study of the vibrations of 
boron and phosphorus in silicon by infrared-red absorption, 
Proceedings of the Royal Sociaty A 287: 64 
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modes have infinite lifetime or, equivalently, spectral 
features have zero linewidth, corresponding to zero 
damping. This is close to the behavior of a crystal at 
absolute zero but, in practice, the phonon modes are 
coupled, so each mode will decay into combinations 
of other phonon modes. This leads to finite phonon 
lifetimes and finite linewidths of all features in the 
measured spectra. This damping has the effect of 


Ga,_,Al,AS 


Reflectance (%) 


so 


(a) Wavenumber (om?) 


420 


Wavenumber (em) 


Retlectvity (%) 


12 16 20. 24 2 92 36 40 
(um) 


Figure 11. The reststrahien band reflectivity of GaP, measured 
(Points) and calculated from a damped simple harmonic oscillator 
(line). Reproduced with permission from Kleinman DA and Spitzer 
WG (1960) Infrared lattice absorption of GaP. Physical Reviow 
118: 110. 


) 
Figure 12 (a) Reflection spectra for GaAs, AlAs, and five 
Ga,_,Al,As mixed crystals. The curves have been displaced for 
clarlly.(b) TO and LO mode frequencies obtained analytically from 
the spectra, plotted versus alloy composition. Reproduced with 
permission from llegens M and Pearson GL (1970) Infrared 
reflection spectra of Ga,_,AL, As mixed crystals. Physical Reviow 
BI: 1576, 
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rounding off features in the reflectivity compared with 
Figure 6, and it can be represented analytically by the 
equation: 


(e(0) — B..)ar, 
20) = Eo + S— 5) 
Ba — ie 


This differs from eqn [10] only by the addition of the 
damping coefficient, y, which takes account in a 
phenomenological way of the interactions hetween 
the phonon modes. Here (0) is the dielectric function 
at zero frequency, and e(0)— eq, is the oscillator 
strength (i.e., the dipole strength) of the mode. We 
shall consider y again later. 

The reflectivity of GaP is shown in Figure 11, and 
this should be compared with Figure 6. In pure 
diatomic crystals like the simple ionic solids, 
NaCl and KCl, or the binary semiconductors, e4., 
GaAs and CdTTe, this is the only region of high 
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Figure 13. Localized vibrational mode (LVM) absorption band 
for "0 in GaAs measured at 80 K. The numbers in brackets are 
estimated band strengths. Repraduced with permission from 
Theis WM, Bajaj KK, Litton CW and Spitzer WG (1982) Direct 
evidence for the site of substitutional carbon impurity in GaAs, 
Applied Physics Letters 41: 70. 


reflectivity at frequencies below the visible or 
ultraviolet, and it is often described as the reststrahlen 
band, from the German term for residual ray. 


Reflectivity from mixed crystals of binary 
semiconductors 

The spectra of mixed crystals were discussed above 
and an example is shown in Figure 12a, which 
shows the reflection spectra of GaAs, AIAs and five 
Ga;_,Al,As mixed crystals. The TO and LO phonon 
frequencies were obtained from the spectra using a 


Kramers—Kronig analysis and classical dispersion 
theory. Changes in the mode frequencies with 
composition are interpreted using the so-called 
random clement _isodisplacement (REI) model. 
In Figure 12b, the TO and LO frequencies are plotted 
versus composition, x, and it can be seen that this 
system displays typical two-mode behavior, following 
closely the behavior shown in Figure 7. 


Localized vibrational modes due to impurities 

LVMs have been widely investigated in binary 
semiconductors because they offer a useful diagnostic 
tool for the investigation of impurities. In addition to 
the identification of isotopic species, high-resolution 
transmission spectroscopy can be used to determine 
the sites of the impurity atoms in the lattice, In 
Figure 13 the LVM absorption band for '*C in GaAs 
is shown at different resolutions, The '*C atoms are 
substitutional impurities on the As sites and the 
different components of the band arise from the 
different nearest-neighbor isotopic arrangements 
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Figure 14 High-resolution far-infrared absorption spectra of 
GaP and InP with the frequency scale normalized in each case to 
the reststrahi frequency (0/1 =1 corresponds to w= wr). 
Reproduced with permission from Koteles ES and Datars WR, 
(1976) Two:phonon absorption in InP and GaP. Solid Stato 
‘Communications 19: 221 
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surrounding the different '*C atoms in the lattice. 
Note that °C is much lighter than either of the host 
lattice atoms, Ga or As, as required theoretically. 


Phonon combination bands 
Weak features due to the simultaneous excitation of 
two or more phonons are observed in the spectra of 
all semiconductors, and there are two excitation 
mechanisms. The first is direct excitation of two or 
more phonons by an incident photon via nonlinear 
terms in the dipole moment, The second process is 
indirect: the incident photon first excites a zone center 
TO phonon and the TO phonon then decays into a 
combination of phonons elsewhere in the Brillouin 
zone, a process described as anharmonic decay of the 
TO phonon. Mathematically, it is described by a 
complex frequency-dependent damping coefficient, 
y(w), in the oscillator equation [15]. Clearly, the 
latter mechanism is not available in Si and Ge as the 
TO phonons are not dipole-active. Anharmonicity is 


very important in strongly ionic crystals like the alkali 
halides (i.e,, group I-VII compounds like NaCl), 
leading to prominent phonon combination bands, but 
it becomes progressively less important in semicon- 
ductors as the interatomic bonding becomes less ionic 
and more covalent, which is the case in the sequence 
through group II-VI (e.g., semiconductors like CdTe 
or ZnSe), group III-V (e.g., GaAs or InP), and group 
IV (Ge and Si), which are entirely covalent. Nearly all 
two-phonon combinations are dipole-active in zinc- 
blende structure crystals with the result that the 
transmission spectrum either side of the reststrahlen 
band is very rich in weak phonon combination bands, 
as shown in Figure 14 for GaP and InP. 


Layered Semiconductor Structures 


Confined optical phonons 
Semiconductor superlattices are fabricated for a 
variety of electronic and optical applications, and the 
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Figure 18 Measured (solidlines) and calculated (dashed lines) abique incidence (45°) reflectivity spectra at77 K ofthrae short-paviod 


(GaAs)/(AIAs), superiatices on GaAs substrates: n denotes the 


pspolarization. Note that the strong reststrah reflectivity is from the GaAs substr 


number of monolayers. Left curves: s:polarization, right curves: 
1S and the fine structure is due to confined modes. 


“The subscripts 1, 2, and 3 denote the orders ofthe confined modes. Reproduced with permission rom DumelowT, Hamilton AA, Parker 
‘TJ, Tiley DR, Foxon CT, Hilton D and Moore Ki (1980) Far infrared measurements of bulk and surface phonons in GaAs/AIAS 
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quality of the interfaces in such structures is important 
as it determines the amount of electronic scattering at 
the interfaces. Some structures are fabricated from 
alternate layers of materials such as GaAsand AIAs, in 
which there is no overlap between the frequencies of 
the optical branches of the phonon dispersion curves. 
This has the effect that optical phonons excited in one 
type of layer, e.g., in GaAs, cannot propagate into the 
other type of layer, i.e., AIAS, and vice versa, so that the 
optical phonon modes are confined in their respective 
layers. The confined modes behave like standing 
waves, with frequencies determined by the thicknesses 


of the layers and the bulk optical phonon dispersion 
curves, Thus, if the superlattice structure is of poor 
quality, and the interfaces are broad due to alloying, 
rather than abrupt, there will be a change in the 
effective widths of the layers. This leads to small shifts 
in the frequencies of the confined phonons which can 
be measured and used to obtain a quantitative estimate 
of the amount of interface broadening. An example is 
shown in Figure 15. The degree of interface broad- 
ening determined from these spectra was 1.4 atomic 
spacings, in agreement with estimates using other 
techniques, 


Surface phonon polaritons and guided waves 
The reststrahl reflection band (Figure 6) occurs 
because there is a gap between wy and win the 
polariton dispersion curves (Figures 4 and 5), with no 
solutions for bulk phonon modes. Surface phonon 
polaritons can, however, propagate in this frequency 
hand, but they have wavevectors that are larger than 
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Figure 16 ATR reflection spectrum with dips due to surface 
Phonan polaritons (S) and guided waves (G) in a GaAs/Alp a 
GaygeAs MQW. Inset: schematic diagram of the ATR stage. 
Reproduced with permission from Dumelow 7, Hamiton AA, 
Patker TJ, Tiley DR, Foxon CT, Hiton D and Moore KJ (1980) 
Far infrared measurements of bulk and surface phonons in 
GaAs/AIAs superlattices. International Journal of Infrared and 
Milimeter Waves 11: 901 


those, wc, of far-infrared radiation, so special 
techniques are required to observe them. The 
necessary wavevector enhancement can be obtained 
in two ways. Prism coupling can be used, as shown in 
Figure 16. When the angle of incidence of the incident 
beam at the base of the prism exceeds the critical 
angle for total internal reflection an evanescent wave 
with advanced wave vector, q > wle, is set up at the 
base of the prism. This wave can couple to a surface 
polariton, and the energy used to excite the polariton 
results in a dip in the reflectivity at the frequency of 
the surface polariton, hence the name of the 
technique: attenuated total reflection (ATR). An 
example is shown in Figure 16, Alternatively, 
wavevector enhancement can be achieved by placing 
a grating on the surface of the sample. The incident 
photon wavevector is then enhanced by +2nra/d, 
where d is the grating period and mis an integer. 


Interface phonons 

Under certain conditions phonons can propagate 
along the interface between two different media that 
are in intimate contact, as for instance, in the case of 
thin epilayers on substrates, or in multilayered 
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Figure 17 Farintrared reflectivity of a GaN epilayer on a GaAs, 
substrate at 290 K with dips due to a Brewster mode at C and a 
Borreman mode at D. Reproduced with permission from Mall 
G, Parker TJ, Farjami Shayesteh S, Bulbul MM, Smith SRP. 
Cheng TS and Foxon CT (1998) Far infrared and Raman analysis, 
cf phonons and phonon interface modes in GaN opilayers on 
GaAs and GaP substrates. Physical Reviow B 57: 4656. 


460 SEMICONDUCTOR PHYSICS / Light Scattering 


structures, There are two common sets of criteria for 
the existence of such interface modes. The first, 
leading to so-called Brewster modes, is when the 
numerator of the Fresnel reflection coefficient passes 
through zero due to impedance matching in the two 
media, The second, leading to a Berreman mode, is 
when the real part of the dielectric constant has a zero 
crossing in one of the media at a frequency where it is 
negative in the other medium. Both modes are 
observed as dips in the reflectivity. A reflection 
spectrum for a GaN epilayer on a GaAs substrate is 
shown in Figure 17. The two interface modes occur at 
frequencies close to the frequencies of GaN LO 
phonons; the Berreman mode is close to the GaN LO 
phonon frequency at the hase of the GaN epilayer, 
which is shifted down by about 50.cm~! from the 
bulk GaN value (735 em”) due to disorder arising 
from the large lattice mismatch between the epilayer 
and the substrate. Both interface modes couple 
strongly to free carriers (i.e., plasmons) propagating 
normal to the interface, and thus act as useful probes 
of the structural and electronic properties of the 
epilayer. No other technique is available for 
probing the electronic properties of the epilayer for 
propagation normal to the layer. 
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When a monochromatic light beam passes through 
a transparent medium, a small part of the light is 
scattered out of the incident direction with a change in 
frequency. The scattering processes are usually classi- 
fied into three groups. The light scattering is named: 


Brillouin scattering when the light is scattered with a 
small frequency shift that varies continuously with 
scattering angle. 
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Raman scattering when the light is scattered with a 
relatively large frequency shift that is independent 
of scattering angle. The possibility of observing a 
given transition, however, depends on the orien- 
tation of the crystal relative to the polarization of 
the incident light. 

Rayleigh scattering when the light is scattered 
without frequency shift. In this case the 
scattering is clastic with the incident and scattered 
frequencies equal: o, = «,. Rayleigh scattering 
is particularly useful in the study of critical 
phenomena or aspects related to the size and 
polarizability of particles. 
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Brillouin Scattering 


Brillouin scattering is caused by the interaction of 
light with the acoustic modes of vibration of the 
crystal, Consider an acoustic wave of frequency «, 
propagating with velocity +v as shown in Figure 1. 
Light with incident frequency w, interacts strongly 
with acoustic waves satisfying the Bragg condition 
@, = 2ay(v/e)nsin(@/2), where n is the refractive 
index of the material and @ is the angle of deviation 
of the scattered beam. Since the acoustic waves are 
moving with velocity +» the scattered light suffers a 
Doppler shift in frequency and exhibits a frequency 
doublet at the angle @ given by the Brillouin equation 


oy + wy = uy * Day(vleyn sin( 2) 


In terms of the quantum picture, Brillouin scattering 
corresponds to scattering of incident photons of 
frequency w, and wavevector k, into scattered photons 
of frequency «, and wavevector k, with the emission 
or absorption of an acoustic phonon of frequency 
@, and wavevector q. The predicted Brillouin 
spectrum is shown in Figure 2. It consists of Stokes 
(@,=,—0,) and  anti-Stokes (o, =, +0) 
components corresponding to phonon emission and 
absorption, respectively. 
The frequency shift lw, 
scattering angle @ directly gives the acoustic phonon 
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Figure 1 Light scattering at angle and Bragg reflection at 
angle # by moving thermal waves. 
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Figure 2 Schematic diagram of a Brifouin spectrum 


frequency and velocity, The width P of the Brillouin 
component of the spectrum is a measure of the 
damping or attenuation of the wave. 


Raman Scattering 


The essential difference between Brillouin and 
Raman scattering is that in Raman scattering the 
incident light beam is scattered with relatively large 
frequency shift independent of the scattering angle. 
The same basic considerations apply to Raman 
scattering that apply to Brillouin scattering. The 
Raman spectrum has Stokes and anti-Stokes branches 
corresponding to the emission and absorption, 
respectively, of an elementary excitation. A variety 
of elementary excitations are important. They include 
optical phonons and, in the case of magnetic 
materials, magnons. Also of interest are electronic 
excitations such as intraband single-particle excita- 
tions, interband excitations, and collective excitations 
(plasmons). 


Raman Scattering by Phonons 


An inelastic light scattering event involves the 
destruction of a photon of frequency a incident 
froma light source, the creation of a scattered photon 
of frequency w, and the creation or destruction of an 
optical phonon of frequency ay. 

Destruction of a photon involves interaction of the 
radiation field with matter by which a pair of free 
carriers is created in the semiconductor correspond 
ing to a virtual transition between the valence and 
conduction bands. The excited state, free electron in 
the conduction band, interacts with the lattice via the 
optical deformation potential. This interaction results 
in the creation or annihilation of an optical phonon of 
frequency w,. When the resulting process corresponds 
to the creation emission of a phonon, the frequency of 
the scattered photon is , = a; ~ @, and is referred to 
as the Stokes component of the spectrum. When the 
process is the annihilation or absorption of a phonon 
the scattered frequency is «, = «, + ,, referred to as 
the anti-Stokes component. 

These two first-order scattering events can be 
described in terms of Feynman diagrams as shown 
in Figure 3. 

Considering these elementary processes one can 
calculate, using time-dependent perturbation theory, 
the Raman amplitude and hence the differential 
scattering cross-section, The remarkable feature 
here is that for incident frequencies approaching the 
frequencies of an electronic excited state of the 
material the Raman amplitude diverges. This leads 
to the phenomenon of resonant Raman scattering. 
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Figure 3 Feynman diagrams for two first-order scattering 
events, 


The Raman scattering efficiency, which is the 
scattering cross-section per illuminated area can be 
calculated numerically, Numerical estimates give 
efficiencies typically of order 10~® or 107”. 

In polar semiconductors the macroscopic electric 
field leads to an additional contribution to the 
scattering cross-section for the longitudinal optical 
(LO) phonon modes. The macroscopic field is a 
consequence of the Coulomb field of the ionic charges 
and gives rise to an electron-phonon interaction. 

There is no simple relationship between the 
scattering intensities for transverse optical (TO) and 
LO phonons in polar semiconductors, 

When the probing frequency coincides with the 
transverse optical mode frequency, ie., for the regime 
€q * wro (where c is the light velocity, q the photon 
wavevector and ro the transverse optical phonon 
frequency) in polar semiconductors it is necessary to 
take into account the polariton nature of the coupled 
photon-TO-phonon modes and their associated 
macroscopic electrical field. The dispersion relation 
of the coupled photon~TO mode, called a polariton, 
consists of two branches: an upper branch w,, in 
which the electro-optical contribution dominates, 
and the lower branch w., which contains essentially 
the mechanical contribution, This leads to a contri- 
bution to the Raman amplitude from both mechan- 
ical and electro-optical origins. An exception occurs 
for the lower polariton branch with w= «yo: then 
the electro-optic contribution is very small compared 
to the mechanical contribution. If cq > wr as 
in the upper polariton branch, destructive inter- 
ference between the mechanical and electro-optic 
contributions can occur. 


Selection Rules in Raman Scattering 


Not all elementary excitations in semiconductors 
scatter light. The Raman active modes are 


determined by selection rules established using 
group-theoretical methods. The various normal 
modes in a given crystal correspond to various 
symmetries of the vibrations of the atoms in the 
crystal and are characterized by the irreducible 
representations of the space group of the crystal 
lattice, One can show that a normal mode can parti- 
cipate in a first-order Raman transition if and only if 
its irreducible representation is the same as one of 
the irreducible representations that occur in the 
reduction of the representation of the Raman tensor. 

‘An important result of group theory is the rule of 
mutual exclusion which states that, in crystals with a 
center of inversion, excitations that are active in the 
first-order infrared spectrum are inactive in the first- 
order Raman spectrum, and conversely, excitations 
that are active in the first-order Raman spectrum are 
inactive in the first-order infrared spectrum, In 
particular, the first-order spectra due to optical 
phonons in NaCI are infrared active, but Raman 
inactive, whereas in Si they are infrared inactive, 
but Raman active. This difference is related to the 


fact that each atomic site in NaCl is a center of 
inversion and the active optical phonons have odd 
parity whereas each midpoint between two nearest- 
neighbor atomic sites in Si isa center of inversion and 
the active optical phonons have even parity. 

Ina crystal with the zinc blend structure, there is 
no center of inversion, and the crystal is both 
infrared and Raman active. The only non-vanishing 
elements of the Raman tensor R(@) with éllz are the 
xy and yx elements. To observe the Raman effect 
of an LO phonon propagating in the z-direction, 
fone can arrange the polarization of the incident 
light parallel to the x-axis and observe the 
scattered light with its polarization parallel to the 
yraxis or vice versa, An analogous set of con- 
straints applies to TO phonons. A typical spectrum 
is illustrated in Figure 4. 

For higher-order Raman processes in which several 
phonons participate, it is the product of the irredu- 
ible representations of the phonons involved that 
must be the same as the irreducible representation of 
the Raman tensor. 
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Figure 4 Raman spectrum for optical phonons. 
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Geometrical Aspects of First-Order Raman 
Scattering 


The observation of light scattering by optical 
phonons in transparent crystals is usually done in a 
geometry in which the linearly polarized incident 
light beam is directed along, say, the x-axis and 
the scattered beam is observed along the y-axis 
(see Figure 5), When the crystal is not transparent, 
asis often the case in semiconductors, the observation 
is made in the backscattering geometry in which the 
scattered beam is observed in the opposite direction to 
the incident beam. 

‘The scattering geometry affects the range of 
phonon wavevectors that is accessible in first-order 
Raman scattering. The condition of wavevector 
conservation is 


K,-K=* 


where q is the phonon wavevector and the plus 
(minus) sign refers to the Stokes (anti-Stokes) process. 
‘The Stokes geometry is shown in Figure 6 and satisfies 
the following relation: 


PH=H+K — 2k, k, cose 
Forward scattering is characterized by @=0 and a 
minimum value of q given, for isotropic media, by 


na, 


n(wr)or, 
in = 


where n(w,) and n(w,) are the refractive indices of 
the crystal for the incident and scattered light, 
respectively, and kys) = mars) )eria/. 

Back scattering is characterized by the maximum 
value of q when #= 180° and is given by 


— meses ~ n(o.)o. 
ree 


Figure 5 Geometry for light-scattering experiments in 
transparent crystals. 
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Figure 6 Diagram for Stokes processes. 


For typical light-scattering experiments in the 
visible region the range of the incident wavevector 
is 0< 4, <10°cm™!. This implies that for first- 
order scattering processes the accessible range of q 
under conditions of wavevector conservation is 
small compared to a nonzero reciprocal lattice 
wavevector. Light-scattering experiments yield the 
frequencies of optical modes at essentially the 
center of the Brillouin zone. 


The energy and momentum conservation rules 
have to be modified when the lifetime of the crystal 
excitations are strongly limited by their decay into 
other crystal excitations. Momentum conservation 
breaks down in imperfect crystals, in solids lacking 
translational symmetry like amorphous materials, 
and in crystals which are opaque to incident and 
scattered light. 

In those cases where the incident and scattered 
waves are damped inside the scattering volume, such 
as occur in small-gap semiconductors that are opaque 
at the light frequencies involved, kj and k, are 
complex. The inelastic scattering is due to excitations 
having a range of wavevector 


Ag = lim kj! + lm ky 


about q = Re(k, ~ k,). Effects associated with such 
a wavevector uncertainty have been reported in 
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Raman scattering spectra of III-V semiconductor 
compounds. 


‘Second-Order Raman Scattering 


Second-order Raman scattering involves two pho- 
nons rather than a single phonon as in first-order 
scattering. The possible second-order proc 
the following: two phonons may be created, giving a 
Stokes component in the scattered light, or one is 
created and the other destroyed, giving a Stokes or 
anti-Stokes component, or both may be destroyed 
giving an anti-Stokes component. For each of 
these cases there are the possibilities of a pair of 
first-order electron-phonon interactions or a single 
second-order electron-phonon interaction. 

In the case of second-order Raman scattering the 
ector conservation condition is qy + q: = 0, 
where q; and q2 are the wavevectors of the phonons 
involved. This condition places no restriction on 
the magnitudes of the individual wavevectors, other 
than Ig;|= Iqol, which is in contrast to first-order 
scattering where q = 0. 

The possible phonon frequency pairings associated 
with second-order processes are w+ (combi- 
nation band), o: ~ 2 (difference band), and 201, 
(overtone band). The second-order scattering spec- 
trum covers a broad range of frequencies. The 
overtone spectrum provides a measure of the phonon 
density of states. 


Resonant Light Scattering 


General Formulation, 

Resonant Raman scattering occurs when the incident 
or scattered photon energy is close to the energy of 
an intermediate electronic state relative to the 
ground electronic state. Certain terms in the 
Raman amplitude then diverge leading to a very 
large scattering cross-section. Divergences occur in 
the Stokes spectrum when ho,=ha,, and 
hw, = bay: the photon energies resonate with the 
excitation energies of the intermediate states a or b. 
If a and b are the same state, resonance occurs nearly 
simultaneously for both «, and a4, and gives rise to a 
particularly strong enhancement of the scattering 
efficiency. It is thus clear that the resonance 
phenomenon is specific to the nature of the 
intermediate state, and its investigation leads to 
basic information concerning the electronic states of 
the system. We shall now examine the resonance 
behavior in several cases where the intermediate 


states are carrier Bloch states, free excitons, or 
bound excitons. 


Resonance at the Fundamental Bandgap 


The divergent behavior of the Raman amplitude is 
associated with the factor (bw; — E,)' where Ey is 
the lowest direct bandgap of the material. 


Resonance at Free Exciton States 


The Raman intensity as a function of the incident 
photon energy has a Lorentzian line shape in the 
range of a single intermediate state. It is centered at 
the resonance frequency and has a width determined 
by the lifetime of the intermediate state. The 
distinction between scattering at resonance and 
scattering off resonance in the wings of the Lorentzian 
is that at resonance the intensity is determined by the 
exciton lifetime, whereas off resonance it is det 
mined by the frequency separation from resonance. 
Since in many instances excitons have very long 
lifetimes, they can lead to a very large Raman 
cross-section at resonance. 


Resonance at Bound Exciton States 


Scattering induced by the presence of impurities 
involving bound exciton states has the following 
essential features: (a) observation of sharp resonance 
at the energies of the bound exciton which form 
discrete levels below the free exciton resonance; (b) 
dependence upon impurity concentration; (c) involve- 
ment of LO phonons of wavevector of the order 
of the inverse of the impurity state radius. Resonance 
at bound exciton energies has been observed in 
impurity-induced resonant Raman scattering by LO 
phonons in CdS. The resonance is centered at the 
absorption peak for the impurity state and has 
approximately Lorentzian shape. If the impurity 
gives rise to a localized vibrational mode, bound 
exciton resonance in Raman scattering due to the 
local mode can occur. 


Anharmonic Effects on Raman Spectra 


In a perfect crystal whose vibrations are harmonic 
and which is transparent to the incident and 
scattered light, the Raman lineshape is a delta 
function centered on the optical phonon frequency. 
Experimentally one finds that even in crystals of very 
high quality, the Raman line is broadened into a 
roughly Lorentzian shape with a width that increases 
with increasing temperature. This width can be 
attributed to anharmonic terms in the vibrational 


Hamiltonian, 

The temperature dependence of the line width is 
determined by the phonon occupation factors. 
As the temperature approaches zero, the phonon 
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occupation factor approaches zero also, and the 
width approaches the value due to the zero-point 
motion of the nuclei. At temperatures above the 
Debye temperature, the width due to cubic anharmo- 
nicity becomes proportional to T. Quartic anharmo- 
nicity imparts a T~ dependence to the width which 
becomes significant at very high temperatures, 

In addition to line broadening, anharmonicity 
causes a shift of the frequency of peak intensity to 
lower values as the temperature increases. Contri 
butions to the shift proportional to Tand T? arise in 
the high-temperature regime from cubic and quartic 
anharmonicity, respectively. 


Light Scattering due to Electronic 
Excitations 


Light Scattering by Plasmons 


Plasmons are similar to LO phonons in that they have 
a macroscopic electric field associated with them. The 
field modulates the electric susceptibility and gives 
rise to Raman scattering. The difference in frequency 
of the incident and scattered light is equal to the 
plasma frequency w, specified by @, = e*nleyeqm", 
where 1 is the electron concentration, m” is their 
effective mass, and e™ is the high-frequency dielectric 
constant. 

‘When the plasma frequency is close to the LO 
phonon frequency, there is a plasmon—phonon inter- 
action via the macroscopic electric fields that leads 
to coupled modes and forces the frequencies apart. 


Light Scattering Associated with Interband 
Transitions 


The plasmons dealt with in the preceding section are 
an intraband type of excitation, Also of interest are 
interband transitions in which a carrier undergoes a 
transition ftom one band to a different band during 
the scattering process. An example is provided by p- 
type silicon in which an electron makes a transition 
from an occupied state in the light-hole band to an 
unoccupied state in the heavy-hole band via the 
conduction band as shown in Figure 7. 

For the case of isotropic bands the scattering 
efficiency spectrum at 0K has sharp edges. If the 
anisotropy of the valence bands is taken into 
account, the sharp edges of the spectrum are 
smoothed out. 

The experimental Raman spectrum for p-type Si 
exhibits a broad continuum due to the electronic 


Conduction 
bands 


‘s, 


Figure 7 Electronic transitions occurring in intervalence band 
scattoring 


transitions but in the same spectral range there are also 
Raman active optical phonons which superpose on 
the electronic continuum and distort it. The resulting 
distortion of the spectrum is associated with resonant 
interference that occurs between the discrete phonon 
line and the electronic continuum. 


See also 
Scattering: Raman Scattering. Semiconductor 
Physics: Outline of Basic Electronic Properties. 
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analog > comparator 
ly, even the feedback from the output voltage 
won'tbe sufficientto maintain the variable input 
ata higher level than the reference voltage. (Re- 
member, the “high” output voltage from the 
comparator isa fixed value; it does not changein 
proportion with the input voltage.) Consequent- 
ly, the output toggles to low. Now the variable 
input is deprived of help from the comparator 
output, so it will be low enough thatiit has torise 
considerably to toggle the comparator back on 
again, During that period, once again, small var- 


iations will be ignored, 


- 
& 
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Figure 6-9. In reai-world applications, tiny variations 
where the variable input voltage crosses the reference 
voltage can induce jitter in the output from a comparator 
that has no hysteresis. 


Inthe schematic,a phototransistor (PT1, at left) 
isinseries witha 3.3K resistorto adjustits voltage 
output to a suitable range. A 1M potentiometer 
at upper-left is wired as a voltage divider, so that 
itcan establisha reference level that matches the 
ight level that we wish to detect with the pho- 
totransistor. 


How to Use It 
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Figure 6:10. A simple circuit to achieve hysteresis with 
positive feedback to the variable input of a camparator. 


The 4700 resistor is the pullup resistor, which 
protects the LED from excessivecurrent. The low- 
er 1M resistor adjusts the amount of positive 
feedback, which determines the width of the 
hysteresis zone. 


Values for components may have to be adjusted 
depending on the supply voltage, the variable 
inputvoltage, and other factors. But the principle 
will remain the same. Note that in the example 
shown, all the positive voltage sources are iden- 
tical. In practice, different voltages could be used, 
so long as they share a common ground. 


AND gate 

Asetofopen-collector comparators can function 
jointly as an AND gate, when their outputs are 
tied together with one pullup resistor. So long as 
all the output transistors are nonconductive, the 
output will be high. If just one comparator tog- 
gles into conductive mode, the output will be 
low. See Figure 6-11. 
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The Polaron Concept 


If an electron (or hole) is placed in a polarizable 
medium (like an ionic crystal or a polar semiconduc- 
tor), it induces a deformation of polarization field 
around itself. On the other hand, the electron is 
attracted to the potential well of this disturbed 
polarization field. Thus, a feedback loop between 
the electron and the polarization field arises, which 
leads toa highly correlated state of the charge carrier 
and the polarization field. A conduction electron 
(or hole) together with its self-induced polarization in 
an ionic crystal or in a polar semiconductor forms a 
quasiparticle, which is called a polaron, The polaron 
concept was introduced by Landau in 1933. 

The physical properties of the polaron differ from 
those of the band carrier. In particular, the polaron is 
characterized by its binding (or self-) energy Eo, 
effective mass m” and by its response to external 
electric and magnetic fields (e.g., de mobility and 
optical absorption coefficient) 

If the spatial extension of the polaron is large 
compared to the lattice parameters of the solid, the 
latter can be treated as a polarizable continuum. This 
is the case of a ‘large polaron’, to which most of 
this article is confined 

‘The polaron characteristics are determined by 
the coupling between an electron and the long- 
wavelength longitudinal optical (LO) phonons. 
The strength of this coupling is expressed in terms 
of the constant introduced by Frohlich: 


1) 


measures the polaron effective mass m” rather than 
the band mass, because of the polaron effect. The 
problem of determining the band mass is therefore far 
from trivial and should be tackled on the basis of the 
results of polaron theory. In Table 1 the coupling 
constants are indicated for a number of crystals. 

Landau and Pekar were the first to investigate the 
self-energy and the effective mass of the strong- 
coupling polaron, when a > 1. As seen from Table 1, 
in substances with large values of the clectton— 
phonon coupling constant (like alkali halides, TIBr, 
CAF, SrTiO5) @ ranges between 2.5 and 4.5. 
Though, strictly speaking, polarons in such materials 
are of intermediate coupling, their properties 
can be approached within the strong-coupling 
approximation. 

The cases when @ < 1 (like InSb, InAs, GaAs) are 
referred to as the weak-coupling regime. Polarons in 
many other substances with a < 1 (e.g., GaP, CdTe, 
ZnSe, CdSe, CdS, CdO) are well described in the 
weak-coupling approximation, 

In the weak-coupling regime, the states of the 
polaron can be imagined as those of a band carrier 
perturbed by the electron-phonon interaction. 
Frohlich provided in 1954 the first weak-coupling 


perturbation theory results for the polaron 
characteristics: 
~ahwaro (21 
-_ om, 
m 3 
Tai By 


Feynman formulated the polaron problem in 
the Lagrangian (path integral) form of quantum 
mechanics and obtained an upper bound for the 
polaron self-energy at all values of the a, which at 
weak and strong coupling gave accurate limits. 
Over the years the Feynman all-coupling model 


Table 1 Electron-phonon coupling constants, 


In this definition, oro is the frequency of LO 
phonons, c is the velocity of light, and ew and e9 
are, respectively, the electronic and the static dielec- 
tric constant of the polar crystal. 

In order to find the coupling constant according to 
eqn [1], it is crucial to know the electron (hole) band 
mass mm,. This unknown parameter can, in principle, 
be determined from experiment. However, in ionic 
crystals and polar semiconductors, experiment 


Material @ ‘Material @ 
Insb 0.02 gc 18 
nas 0.052 KI 25 
GaAs 0.068 Ter 255 
GaP 0201 KBr 3.05, 
Cate 0.286 Rl 3.16 
ZSe 043 CaF; 32 
Case 49 Kel 35 
cas 052 cal 367 
cio 074 BCI 3a 
Agar 16 SrTiO, 45 
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for the polaron has been proven to be in many respects 
the most successful approach to the polaron problem. 


Optical Properties and Internal 
Structure of Polarons 


Optical Absorption of Polarons at Weak Coupling 


At zero temperature and in the weak-coupling limit, 
the optical absorption is due to the following 
elementary polaron scattering process, schematically 
shown in Figure 1. An incoming photon is absorbed 
bya polaron, The polaron emits a phonon during the 
absorption process and takes recoil energy from the 
incident light. At zero temperature, the absorption 
coefficient for absorption of light with frequency 
can be expressed in terms of elementary functions in 
two limiting cases: in the region of comparatively low 
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Figure 1 The elementary polaron scattering process leading to 
absorption of an incoming photon and to generation of an outgoing 
phonon, 


frequencies (HQ — wyo)/é < 1) 
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and in the high-frequency region (f(—o1o)/é > 1) 


1 2Neta (w~ 1)!" 
Bune TMOG 


Tw)=. (w-1) [5] 


Here w=W/ano, 0 is the diclectric permittivity of 
the vacuum, 1 is the refractive index of the medium, 
Nis the concentration of polarons, and £ is the Fermi 
level for electrons, The step function 

1 if o>1 

0 ifw<t 
reflects the fact that at zero temperature absorption of 
light accompanied by emission of a phonon can occur 
only if the energy of a photon is larger than that of a 
phonon (w>1). In the weak-coupling limit, according 
to eqn [4], the absorption spectrum consists of a 
one-phonon line. 

Experimentally, the one-phonon line has been 
clearly seen for free polarons in the infrared absorp- 
tion spectra of CdO-films (see Figure 2). In CdO, 
which is a weakly polar material with a ~ 0.74, the 
optical absorption band is observed in the spectral 
region between 6 and 20 um (above the LO phonon 
frequency). As seen from Figure 2, this optical 


absorption band can be attributed to the weak- 
coupling polaron absorption as described by eqn [4]. 


Ow-1 61 


+ Wavenumber 


490-300 emr* 200 


1000 500 
7.104 
Zs 
8 
§ 
i 
2 44.. 
* 0 2 


30 40m 50 
Wavelength ———> 


Figure 2 Optical absorption spectrum of a CdO film withthe cartier concentration N= 5.9.x 10" cm” at T = 300 K. The theoretical 
results are shown with (solid curves) and without (dashed curves) the polaron contribution of eqn [4], and compared tothe experimental 
data (sold dots). (Reproduced with permission from Finkenrath H, Uhle N and Waidelich W (1869) The influence of phonons and 
polarons on the infrared absorption of cadmium oxide". Solid State Communications 7: 11~14.) 
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With strengthening coupling, it becomes possible 
that absorption of a photon is accompanied by emis- 
sion of two, three, .... K phonons, thus giving rise to 
two-, three-,..., K-phonon sub-bands in the optical 
absorption spectra. At high temperatures, absorption 
of a photon can be accompanied not only by emission, 
but also by absorption of one or more phonons. 


Optical Absorption of Polarons at Arbitrary 
Coupling 


The theoretical absorption spectrum of a single large 
polaron (at all electron-phonon coupling strengths) 
is given by the expression 


1 ImX(w) 


{Qs 
meg [a — ReX(w)] +[Im3(o)] 


7] 
The so-called memory function ¥(w) contains the 
dynamics of the polaron and depends on a and a 
This function is related to the impedance function 
Z(o) of the polaron through ~iZ(w) = w ~ X(w). 


Optical Absorption of Polarons at Strong Coupling 


The absorption of light by free large polarons was 
treated by Kartheuser, Evrard and Devreese using 
the adiabatic strong-coupling method by Landau 
and Pekar, The polaron ground state in this scheme 
has the energy 


E, 


~F hoo =-0.106a7w5 [8] 


If the lattice polarization is allowed to relax or adapt 
to the electronic distribution of the excited electron 
(which itself then adapts its wavefunction to the new 
potential, etc., leading to a self-consistent final state), 
the so-called relaxed excited state (RES) results. 
Its energy is 

Eggs = —0.041 a7 iw 19) 


It was argued by Kartheuser, Evrard and Devreese, 
that for a sufficiently large « (a > 3), the (frst) RES of 
a polaron is a stable state, which can participate in 
optical absorption transitions. This idea was import- 
ant in order to understand the optical absorption 
spectrum in the strong-coupling regime. In particular, 
the following scenario of a transition, which 
leads to a zero-phonon peak in the absorption by 
strong-coupling polaron, can be suggested. If the 
frequency of a photon is equal to 


Ents ~ Fo = 9. 065atwo 


Dees = fo} 


then the electron goes from the ground state (follow- 
ing the analogy with the hydrogen atom, let us call it 
“Is}) to an excited state (‘2p"), while the lattice 


polarization in the final state is adapted to the ‘2p" 
state of the polaron. 

Each RES of the polaron can be accompanied by 
1, 2, 3, ... free optical phonons in the lattice. Such 
states are called scattering states (ScS). They are 
shown in Figure 3. Starting with the photon energy 


uy 


a transition of the polaron towards the first SeS, 
belonging to the RES, becomes possible. In the course 
of this transition, while absorbing a photon, the 
polaron goes from the ground state to the RES with 
emission of one extra phonon. This process is called 
one-phonon sideband absorption. 

‘The one-, two-, ..., K-phonon sidebands give rise to 
the broad structure of the absorption coefficient. 
These transitions occur without lattice relaxation, 
The (unstable) polaron state, in which the lattice 
polarization corresponds to the electron ground state, 
while the electron is excited (‘a frozen lattice’), is 
referred to as the Franck-Condon (FC) state of a 
polaron. Within the adiabatic approach, the energy of 
the lowest FC state is 


Opes + Lo 


2 syhoro =0.035ahw,> — [12] 


‘The superposition of the one-, two-, ..., K-phonon 
sidebands is centered at the FC transition frequency 


O14la%e9 [13] 


Scattering states | 


Figure 3 intemal excitations of a polaron at strong coupling 
,~ the ground stata, Excs ~ the (irs) relaxed excited stato; the 
Franck~Condon states (E-c) are shown with a set of horizontal 
lines above the zero energy. In fact, both tha Franck~Candon 
states and the relaxed excited states lie in the continuum and 
strictly speaking, are resonances. 
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‘The optical absorption spectrum at strong coupling 
is, thus, characterized by the following features. 


{a) There is an intense absorption peak (‘zero- 
phonon line’), which corresponds to a transition 
from the ground state to the first RES at Ones. 

(b) At Qkes +1, a phonon sideband structure 
appears (namely, a K-phonon sideband at 
Oyes+ K). The maximum of this structure 
occurs at the FC transition frequency rc. 


The qualitative behavior predicted by Kartheuser, 
Evrard and Devreese, namely, an intense zero-phonon 
(RES) line with a broader sideband at the high- 
frequency side, was revealed using a general all- 
coupling expression for the optical absorption 
coefficient [7] at a= 5, 6,7. 


Internal Structure of Polarons at Arbitrary Coupling 


The optical absorption spectra calculated according 
to the theory of Devreese et al. are displayed in 
Figure 4 for values of a in the range from 1 to 6. 
‘The absorption spectrum for a =1 consists of a 
one-phonon line, similar to the weak-coupling result. 
The absorption peak for a = 3 might correspond to a 
one-phonon peak at this intermediate coupling. It was 
also argued that part of the oscillator strength in the 
absorption for a = 3 is due to lattice relaxation in the 
final states, be it to a smaller extent than for a= 5 


Absorption (arbitrary units) 


tlerx0 


Figure 4 Polaron optical absorption spectra at zero 
temperature, calculated within the path integral method (according 
toegns [1 taj [12], [19] ofthe paper (Devroese JT, De Sitter J and 
Goovaerts M (1972) Optical absorption of polarons in the 
Foynman-HellwarthIddings~Piatzman approximation. Physical 
Review B 5: 2967~2381)) for diferent values of the electron 
phonon coupling constant a. The peaks are labeled inthe picture 
according to their physiol origin as discussed in the text. Alike 
central peak is schematically shown by a vertical line. 


It is remarkable that from [7] the three different 
kinds of polaron excitations appear in the calculated 
optical absorption spectra for polarons at a 


© scattering states where, e.g., one real phonon is 
excited (the structure starting at @ = 1); 

# relaxed excited state (RES); 

« Franck—Condon (FC) states. 


Besides that, at zero temperature, the optical 
absorption spectrum for one polaron contains a 
central peak [~A(w)] at the origin, For nonzero 
temperature, this central peak smears out and 
the optical absorption spectrum consists of both a 
broad envelope and an anomalous Drude-type 
low-frequency component. 

For example, in Figure 4 the main peak of optical 
absorption for a= $ at w = 3.51 is interpreted as due 
to transitions to RES. The shoulder at the low- 
frequency side of the main peak is attributed to one- 
phonon transitions to scattering states. The structure 
centered at about w = 6.3 is attributed to a FC band, 
As seen from Figure 4, when increasing the electron— 
phonon coupling constant to a = 6, the RES peak at 
w=4.3 becomes very intense compared with the 
FC peak centered at w= 7.5. 

The free-carrier polaron effects were revealed 
through measurements of optical constants, of cyclo- 
tron resonance and of mobility in semiconductors 
and insulating photoconductors. Experimentally, 
only the scattering states have been seen for free 
polarons. However, the full structure of eqn [7] 
has been revealed through cyclotron resonance 
measurements, 


Magneto-absorption of Polarons 


Polaron Cyclotron Resonance 


A polaron in a magnetic field is referred to as a 
magnetopolaron. The most powerful technique to 
study the electron-phonon coupling in semiconduc- 
tors is cyclotron resonance, Changing the magnetic 
field B allows one to vary the cyclotron frequency 
@, = eBlmyc. When it is brought closer to resonance 
with the phonon frequency wo, a strongly renorma- 
lized magnetopolaron state is formed. This results in a 
splitting of the cyclotron resonance, which is a 
measure of the electron-phonon (polaron) coupling 
constant a. 

A theory of the polaron effects in cyclotron 
resonance was proposed by Larsen. In particular, 
the variational approach of Larsen is based on an 
intermediate-coupling theory to calculate the energy 
levels (modified Landau levels) of a polaron in a 
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magnetic field. The polaron mass is then defined from 
the energy differences between the polaron (Landau-) 
energy levels. 

A rigorous way to find the polaron cyclotron mass 
is to calculate the magneto-optical absorption spec~ 
trum of the polaron (the quantity which is actually 
measured) and to define the polaron mass, in the same 
way as the experimentalists do, from the peak 
positions in the spectrum. The magneto-optical 
absorption of polarons for all «and «at T = 0 was 
calculated by Peeters and Devreese, They extended 


the memory-function formalism described above to 
study the response of a polaron in a magnetic field. 
‘The magneto-absorption was then obtained from 


lim RR 


= 


4) 


z=otie 


where «@, = eBlm, is the cyclotron frequency for a 
rigid-lattice band mass my, and 2(z) is the memory 
function, which takes into account all the polaron 
internal states as well as all the Landau levels and 
depends on the coupling constant « and on the 
magnetic field. The explicit results for 3(z) depend on 
the optimal parameters of the anisotropic Feynman 
polaron model, which are found by a variational 
calculation of the polaron ground-state energy. 

At T=0 and when w<1, it follows that 
Im3(w) = 0. According to eqn [14], the position of 
the cyclotron resonance line is determined by the 


equation w —w, ~X(w)=0. If solutions of this 
equation are denoted as w= of then the polaron 
cyclotron mass m, is calculated from the relation 
wy = eBlm, 


Cyclotron Resonance of Polarons in Silver Halides 


In pioneering experimental studies, Brown and co- 
workers have combined mobility experiments and 
cyclotron resonance measurements to clearly demon- 
strate the polaron effect in AgBr. From a theoretical 
plot of polaron mobility versus band mass compared 
to experimental Hall mobility data at a given 
temperature, they estimate the band mass. 
This allows them to calculate @ and the polaron 
mass m”. This value of m” can then be compared to 
the measured cyclotron mass in order to test the 
polaron theory. For AgBr, the experimental value 
im’ Int, = 0.27 + 0.01 obtained from the cyclotron 
resonance at millimeter wave frequencies and at 18 K 
is shown to agree well with the value m*/n.= 
0.27 + 0.05 determined by comparison of mobility 
experiment and theory. 

Precise cyclotron mass measurements in AgBr and 
AgCl covered the range from zero magnetic field to 
16T (see Figure 5). Several polaron theories were 
compared in analyzing these experimental data, It 
should be pointed out that the weak-coupling theories 
(Rayleigh-Schrodinger perturbation theory, 
Wigner-Brillouin and its improvements) fail (and 
are all off by at least 20% at 16T) to describe the 
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Figure § The polaron cyclotron mass in AgBr (a) and in AgCI (b): comparison of experiment and theory. Larsen: (Larsen D (1974) 
Joumal of Physics C7: 2877-2888); PD: (Posters FM and Devreese JT (1986) Physical Review B G4: 7246-7258) (P) ~ with parabolic 
band, (NP) ~ with corrections of the two-band Kane model. In each case the band mass was adjusted to fit the experimental point at 
'525 GHz. (Reproduced with permission from Hodby JW, Russell G, Peeters F, Devreese JT and Larsen DM (1987) Cyclotron resonance 
of polarons in the silver halides. Physical Feview Lettars 58: 1471~1474). ©(1987) American Physical Society. 
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experimental data for the silver halides. The vari- 


imates the 
T. It tums 
out that the magneto-absorption calculated by 


ational approach by Larsen unde 
polaron cyclotron mass by 2% at 15. 


Peeters and Devreese leads to the best quantitative 
agreement between theory and experiment as was 
analyzed for AgBr and AgCl. This analysis provides 
a clear confirmation of the Frahlich description of 
the polaron in the case where weak-coupling 
approximations are adequate. 


Cyclotron Resonance of Polarons in CdTe 


The early infrared transmission study of hydrogen- 
like shallow donor impurity states in n-CdTe was 
reported by Cohn, Larsen and Lax (see Figure 6). 
By studying the Zeeman splitting of the (Is— 
2p,m = +1) transition in the Faraday configuration 
at magnetic fields up to ~160 kOe, they performed 
the first quantitative determination of polaron 
shifts of the energy levels of a bound electron. 
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Figure 6 Plot of the experimentally determined magnatic field 
dependence of the (15—2p. m= =1) transtion frequencies in 
Cafe. The solid lines represent the theoretical results for the 
effects of the elactron-LO-phanon interaction upon the shallow 
donor impurity levels. a treated as afiting parameter is taken to be 
(0.4. (Reproduced with permission from Cohn DR, Larsen DM and 
Lax B (1972) Polaron Zeeman effect in Cae. Physical Review B 
6: 1367-1974). ©(1972) American Physical Society. 


The experimental data were shown to be in good 
agreement with the weak-coupling theory of the 
polaron Zeeman effect. In this comparison, however, 
the value @=0.4 was used instead of a= 0.286, 
which comes from the definition [1]. Similarly, the 
value a ~ 0.4 was suggested to explain the measured 
variation of the cyclotron mass with magnetic field 
in CdTe. This discrepancy gave rise to a discus- 
sion where important contributions have been, in 
particular, due to Harper and Zawadzki. 

Grynberg et al, applied the far-infrared photocon- 
ductivity technique to study the energy spectrum of 
shallow In donors in CdTe layers and obtained 
experimental data over the energy range relevant to 
study the magnetopolaron effect, as shown in 
Figure 7. An overall good agreement is found between 
experiment and the theoretical approach, where 
the electron-phonon interaction is treated within a 
second-order improved Wigner—Brillouin  pertur- 
bation theory and a variational calculation is 
performed for the lov 1 donor states (1s, 
3d 7, 4f~), It is to be stressed that 
this agreement is achieved with the coupling constant 
286 as follows from eqn [1] with the known 
material parameters of CdTe. 
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Figure 7 Pict of the experimentally determined magnetic fel 
dependence of the 1s 2p" transition energies in CdTe layers 
grown by molecular beam epitaxy. The sold lines represent 
the resulis of the calculation described inthe text without any iting 
parameters. The solid dots are the experimental data ofthe present 
Work and the open circles represent the data of Cohn, Larsen 
and Lax. (Reproduced with permission from GrynbergM, Huart 
Martinez G, et al. (1996) Magnetopolaron effect on shadow 
Indium donors in CaTe. Physical Reviow B 54: 1467-1470), 
16(1996) American Physical Society 
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Figure 8 The cyclotron resonance postion plotted as a function 
‘of magnetic fild for InSe. (Reproduced with permission trom 
Nicholas RJ, Watts M, Howell DF, ef al (1992) Cyclotron 
resonance of both magnetopolaron branches for polar and 
neutral. Physical Review B45: 12144-12147). ©(1992) American 
Physical Society 


Polarons in the Layered Compound InSe and in 
Superlattices 


Nicholas et al. provided a clear demonstration of the 
polaron coupling by the cyclotron resonance in a two- 
dimensional clectron gas (2DEG), which naturally 
occurs in the polar semiconductor InSe. One clearly 
sees, overa wide range of magnetic fields (B = 18-34 
T), the two distinct magnetopolaron branches separ- 
ated by as much as 11 meV (~0.4«,0) at resonance 
(Figure 8). The lines show the results of theoretical 
calculations for coupling to the LO phonon in bulk 
(3D), sheet (2D) and after correction for the quasi-2D 
systems at a = 0.29 (for motion perpendicular to the 
c-axis), The agreement is reasonable for the 3D case, 
and is better for the quasi-2D system, where the finite 
spatial extent of the 2D electron gas in the symmetric 
planar layer is taken into account. 

For GaAVAl,Gay_.As quantum wells and super- 
lattices, the polaron effect is found to decrease the 
energy of the shallow donor states at low magnetic 
fields and to lead to a resonant splitting of the energies 
at high magnetic fields. The results are in very good 
agreement with available experimental far-infrared 
optical data in the whole magnetic-field range. 


Optical Properties of Quantum Dots: 
Effects of the Polaron Interaction 


In order to interpret the phonon-assisted optical 
transitions in semiconductor quantum dots, a theory 
was developed by Fomin, Gladilin, Devreese et al. 
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Figure 9 Fluorescence spectra of CdSe quantum dots with 
wurtzite structure at the average radius (A) = 125nm. The 
dashed line represents the experimental data of Nirmal M, Murray 
CB, Norris DJ and Bawendi MG (1899) Z. Phys. D26:361~389, the 
dot-dashed line displays a Franck-Condon progression with the 
Huang-Rhys parameter S ~ 0.06 calculated using the adiabatic 
approximation, the dotted line shows another Franck~Condon, 
progression with the Huang-Rhys parameter $= 1.7. which is 
‘biained by fiting the ratio of one-phonan and zero-phonan peak 
heights tothe experimental value, and the solid line results trom the 
nonadiabatic theory. (Reproduced with permission from Fomin 
YM, Gladiin VN, Devreese JT, eta. (1988) Photoluminescence of 
spherical quantum dots. Physical Reviews B 57: 2415~2425), 
1©(1998) American Physical Society. 


comprising the exciton interaction with both adia- 
batic and Jahn-Teller phonons, and also the 
external nonadiabaticity (pseudo-Jahn—Teller effect). 
‘The effects of nonadiabaticity of the exciton-phonon 
system are shown to lead toa significant enhancement 
of phonon-assisted transition probabilities and to 
multiphonon optical spectra which are considerably 
different from the Franck-Condon progression (see 
Figure 9). The calculated relative intensity of the 
phonon satellites and its temperature dependence 
compare well with the experimental data on the 
photoluminescence of CdSe quantum dots, both 
colloidal and embedded in glass. These results clearly 
demonstrate a breakdown of the adiabatic approxi- 
mation when describing the polaron interaction in 
quantum dots. 
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Figure 10. Experimental and theoretical conductivity data at 
250K for PraNiO,.2> and four contributions to the theoretical 
curves resulting from the transitions between the following polaron 
states: «ry ~ small small ~ large — small, cz ~ small — 
large; 7% ~ large — large. (Reproduced with permission from 
Eagles DM, Lobo RPSM and Gervais F (1986) Infrared absorption 
In oxides in the presence of both large and small polarons. 
Physical Reviow B §2: 6440-6450). (1995) American Physical 
Society. 


‘Small Polarons 


An electron or a hole trapped by its self-induced 
atomic (ionic) displacement field in a region of linear 
dimension, which is of the order of the lattice 
constant, is called a ‘small polaron’, As distinct 
from large polarons, small polarons appear due to 
short-range forces. 

Experimentally small-polaron_ effects have 
been analyzed, e.g., in KCl, Lif, NiO, MnO, 
TiO2, BaTiOs, SrTiOs, LaCoOs. More recently, 
Alexandrov and Mott (1996) surveyed both the 
principles and the main results of the small-polaron 
theory in the context of the (bi}polaronic approach to 
describe the physics of high-T. superconductors. 

Spectroscopic manifestations of both large and 
small polarons have been found by Eagles et al. in the 
infrared optical absorption spectra of PryNiO,.2>- 
The infrared reflectivity spectra on a crystal of 
this material were measured between 30 and 
20000cm~'. Mid-infrared conductivity data for 
frequencies between 1000 and 16000cm™' were 
obtained by Kramers—Kronig transformation of 
those reflectivity spectra. The resulting optical 
absorption spectrum was quantitatively interpreted 
(sce Figure 10) using the assumption that in 
Pr2NiOy22 two types of polarons, small and 
large, coexist but do not mix with each other. 


The contribution due to the transitions between the 
large-polaron states, which dominates the absorption 
in the low-frequency region, was calculated using the 
arbitrary coupling theory by Devreese et al. for the 
coupling constant a = 3, 

In summary, the polaron concept has been proven 
to be one of the cornerstones of modern solid-state 
optics. 
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Introduction 


A quantum well is a potential minimum within a 
semiconductor structure which is sufficiently thin to 
localize charge carriers on a length-scale similar to 
their de Broglie wavelength which, for an electron in 
GaAs at room temperature, is about 30 nm. 
When clectrons are localized in this way their 
electronic and optical properties are determined by 
quantum mechanical aspects of their behavior which 
are not apparent in larger-scale structures. The 
potential well is usually formed by a sandwich of 
a thin layer of narrow-gap semiconductor hetween 
two layers of a wider gap material as depicted in 
Figure 1, Typical quantum wells have widths of 
about 5nm and the key to their routine production 
has been the development of advanced epitaxial 
semiconductor crystal growth techniques such as 
metalorganic vapor phase epitaxy (MOVPE) 
and molecular heam epitaxy (MBE). The most 
significant application of these structures has been 
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Figure 1 Electron energy diagram ilustrating the formation of a 
potential well by sandwiching a layer of narrow gap semiconductor 
‘material (B) between two wider gap layers (A). 


in opto-clectronic devices, especially laser diodes, 
and in this article I describe how electrons behave in 
quantum wells with particular reference to optical 
properties. 

The optical properties of semiconductors are 
usually considered in terms of transitions of elec- 
trons between quantum mechanical energy levels, as 
in the Bohr atom. An alternative description is to 
consider the spatial displacement of electrons in the 
oscillating clectric field of the electromagnetic 
radiation, These two descriptions are linked through 
Schriidinger’s equation. For each energy state there is 
an associated wavefunction which determines the 
spatial probability distribution of electrons in the 
state. Consequently, a change in quantum state 
implies a change in spatial distribution and energy 
of the electron system. Both approaches are used: 
here I adopt the viewpoint of transitions between 
energy states. 

‘We begin with a quantum mechanical description 
of electrons in a ‘bulk’ material, as appears in many 
textbooks. Here electrons are constrained by a three- 
dimensional potential well of extent given by the 
sample dimensions, typically millimeters or centi- 
meters and therefore large compared with the de 
Broglie wavelength. Then we examine what happens 
when the size of the sample is reduced in one 
direction: in the limiting case of a quantum well 
electrons are able to move in only two directions. 
Quantum confinement is also possible in two or three 
dimensions to produce a quantum wire or quantum 
dot, respectively, and it is easy to use the concepts 
developed in this article to determine the properties of 
such systems. 


Electron States in Bulk Material 


We first consider the behavior of an electron in one 
direction (the x-direction) within a potential well 
with large dimensions (side length L), then general- 
ize this to three directions (see Figure 2). The 
wavefunction J, and energy E,, (measured with 
respect to the bottom of the well) are given by 
solutions of Schrédinger’s equation, which within 
the well is: 


i 


It is assumed that the potential is infinitely deep 
compared with the energy of the electrons. 
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Figure 2. The properties of electrons in a large cubic sample (a) can be obtained by solving Schrédinger’s equation for the potential 
wall formed by the sample in each direction (b}. This potential well keops the electrons within the material. The wavefunctions +x) 
shown in part (c) satisfy cyclic boundary conditions as described in the text, leading to a seria of electron energy levels, E>, given by 


eqn [3], shown in (b) ofthe figure, 


Within the sample the electrons are described by 
plane waves of the form ty = Ay sin(k,x), where k, 
is a wavevector (=2q/A,, where Ay is the wave- 
length), and substitution into eqn [1] gives the 
corresponding energy eigenvalues as 


(21 


where mis the mass of the electron. [Substituting 


y= kyT at room temperature (0.025 eV) and using 
an effective mass of 0.067n (for GaAs) in eqn [2] 


gives k, =2.1x 10° m! and A= 30nm_] Applying 
cyclic boundary conditions which permit traveling- 
wave solutions of eqn [1] the wavelength must 
satisfy the condition A,=aL, ic., ky =2nn/L, 
as illustrated in Figure 2, where n is an integer. 
The dimensions of a typical sample are much 
greater than the ‘size’ of an electron som can be a 
very large number. The energy eigenvalues are 
therefore given by 


How to Use It 


Figure 61. if the outputs of multiple open-collector 
comparators are tied together with a suitable pullup resis: 
tor, they will function as an AND gate 


Bistable Multivibrator 

If positive feedback to the noninverting input of 
the comparator is sufficiently high, a voltage al- 
most at OV ground will be required to counter the 
high output from the comparator—after which, 
avoltage almost equal to the supply voltage will 
be needed to tur it back on. In other words, the 
comparator is behaving like a bistable multivi- 

brator, or flip-flop. 


Relaxation Oscillator 

A relaxation oscillator, which is a form of astable 
multivibrator,can be created using direct positive 
feedback in combination with delayed negative 
feedback. In Figure 6-12, positive feedback goes 
tothenoninverting input,as before, butnegative 
feedback also passes through a 220K resistor to 
the inverting input of the comparator. A 0.47UF 
capacitor initially holds the inverting input low, 
while the capacitor charges. Gradually the ca- 
pacitor reaches and exceeds the charge on the 
noninverting input, so the output from the com- 
parator toggles to its low state. This means that 
its internal transistor is now sinking current, and 
it discharges the capacitor. Because the nonin- 
verting input is being held at a voltage midway 
between supply and ground by the two 100K re- 


circuit > analog 


integrate > comp: 
sistors forming a voltage divider, eventually the 
voltage on the inverting input controlled by the 
capacitor falls below the noninverting voltage, 
so the cycle begins again. 


200K 


200K: 


Figure 6-12. A comparator can be used to create a relax- 
ation oscillator, 


Level Shifter 

Wherea comparatoris used simply to change the 
level of an input voltage, it can be referred to as 
a level shifter. An example of a level shifter is 
shown in Figure 6-13, in which a high/low 3VDC 
logic input is converted to a high/low logic out- 
put at SVDC. 


Window Comparator 

‘A window comparator is a circuit (not a single 
component) that will respond to input voltages 
that deviate outside an acceptable “window” of 
values. In other words, the circuit responds any- 
time the variable input is either unacceptably 
low or unacceptably high, 


‘An example could be an alarm that will sound if 
a temperature is either too low or too high. In 
Figure 6-14, two comparators are used to create 
awindow comparator circuit, both sharing a vari- 
able voltage input from a sensor. A voltage di- 
vider is necessary to establish a higher voltage 
limit atthe noninverting input of the upper com- 
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This treatment can be extended by solving eqn [1] 
for motion in three orthogonal directions, x, y, and z. 
In this case electron motion is described by a 
wavevector k comprising components kx, yy hes 
each of which satisfies the cyclic boundary condition 
in the respective direction. We take the sample to 
he of dimension I in each direction with no loss 
of generality. Thus (representing unit vectors by 
(x), ete.) 


k= kets) + ky(y) + bole) 


Qa, , 2aMy 


2am, 
T Ot Fl 


(x) + 


the energy is 


Tle + ef Is] 


and the wavefunction takes the vector form 
g(r) = Ay sin(k-r) {61 


Rl) represents the probability of an electron being 
at the location x. Each allowed electron state 
obtained by solution of Schrddinger’s equation is 
specified by a unique combination of the numbers 
(nzn,n,), which take both positive and negative 
values corresponding to plane waves traveling in 
positive and negative directions, The Pauli exclusion 
principle states that only one electron of each spin 
can occupy a given quantum state so the amplitude 
of each wavefunction is normalized such that 


fujeee = fs sin(k-yP de = 71 


where the integrals are evaluated over the volume of 
the sample. Since the amplitude of these solutions is 
constant throughout the sample electrons may be 
anywhere in the sample with equal probability. The 
motion of an individual electron of momentum fk is 
represented by a wavepacket formed by combination 
of a number of wavefunctions having similar values 
of k. 

Because the sample dimensions are large 
energies of the states allowed by Schrédinger’s 
equation take a series of very closely spaced values 
for increasing integer values of as shown in 
Figure 2b, Substituting a typical sample size of L = 1 
mm into eqn [3], the m= 1 and 2 states are separated 
by only 7x 10° '' eV in GaAs and these values are 
very small compared with thermal energies: at room 
temperature, kyT = 0.025 eV. The allowed values of 
kand E are discrete and there isa finite but very large 
number of allowed states in the sample. Since these 


are very closely spaced we can regard k and E as 
continuous variables and the allowed energy states 
form a continuum. We can calculate the number of 
allowed energy states dN in a small energy interval, 
dE, and hence determine the density of states in 
energy ¢=(AN/dE) (the number per unit energy 
interval) at any value of energy. 


Electron States in Quantum Wells 


Now imagine a sample where the length of one side is 
reduced in the z-direction (L.), as illustrated in 
Figure 3. Gradually the allowed values of k, become 
more widely spaced as a consequence of the boundary 
conditions (eqn [4]). Eventually the width of the 
potential well becomes similar to the wavelength of 
the plane-wave state corresponding to the lowest 
energy level in the well. In these circumstances 
electron motion is not possible in the z-direction 
and the wavefunctions become standing waves with 
boundary conditions n(A,/2)=L, in an infinitely 
deep potential (where n, takes only positive values) 
and the amplitude of the wavefunction outside the 
well must be zero. The lowest energy state, given by 
eqn [5] with my = ny =m: = 1, no longer lies near the 
bottom of the potential well. Since the energies 
associated with motion in the x and y directions 
remain very small (of order 10° *” eV derived earlier) 
because L and L, are large, the energy of the lowest 
state is effectively determined by the z-dimension 
because it is very small, so eqn [5] gives 


- 
anil 
for the lowest energy state in the well. For L, = 5 nm 
(and m = 0.067) E; is 0.22 eV above the bottom of 
the well. Equation [8] shows that this energy can be 
changed by choice of the well thickness. A simple 
interpretation of this behavior is as follows. When 1. 
becomes very small it is no longer possible for the z 
component of the wavefunction of the lowest energy 
state to satisfy the boundary condition of zero 
amplitude at opposite sides of the sample, The 
condition can only be satisfied by wavefunctions 
which have a smaller wavelength, and consequently a 
ole 

Electrons can occupy states defined by all values of 
(ngn,n.), thus for ,=1 there is a continuum of 
allowed states at increasing energies corresponding ta, 
increasing values of (mi, ,) and corresponding ta 
motion in the (x, y) plane (Figure 4a). Since L, and Ly 
are both large these states are closely spaced and form 
a continuum, There is a similar continuum of energy 
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Figure Electron energy diagram (b) fora sample (a) in which one dimension, Lis very small. The electron motion in the z-direction 
is constrained and the associated energy levels become widely spaced, defined by the integers n, = 1.2.... in eqn [8]. The 
wavefunctions in the z-direction, (2), are also illustrated for the first two electron levels. 
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Figure 4 (a) Electron energy diagram showing the energy states associated with unconstrained motion in the (x, ) plane for each 
subband formed by localizing the elactrons in the 2-irection, defined by n, = 1.2.3, etc. When all thase allowed states are summed at 
any energy and expressed as a number of states per unt energy interval we obtain the density of states function gao(E) shown in (b) 
This has a series of steps corresponding to each sub-band edge. 
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states above the energy levels for n, = 2,3, ete. Thus 
the energy level diagram is a series of sub-hands, each 
defined by m. and with a continuum of states 
associated with motion in two dimensions in the 
(x,y) plane, as shown in Figure 4. The number of 
continuum energy states in a given sub-band in a 
small energy interval gives the density of states for 
both spin directions 


gop(E) = a 1 


per unit energy interval per unit sample area. 


and 


The density of states is independent of 1 
therefore the same for all sub-bands, and is indey 
dent of energy. The density of states function is 
therefore a series of steps of height given by eqn [9] at 
each sub-hand energy as illustrated in Figure 4b. The 
density of states per unit area within a given sub-band 
is independent of L, as a consequence of dealing with 
a two-dimensional system, 

In real samples the quantum well is not infinitely 
deep: typically the well depth is in the range 100- 
400 meV, consequently electrons are not totally 
confined to the well but are able to penetrate into 
the barrier material by quantum mechanical tunnel- 
ing. Solution of Schrédinger’s equation for a finite 
well (treated in many quantum mechanics textbooks) 
again yields a series of sub-bands, finite in number 
and with an energy spacing smaller than that given by 
eqn [8]. Ina typical GaAs well the lowest energy state 
may be about 100 meV from the bottom of the wel 
‘The density of states in each sub-band, which is due to 
the (x, y) motion, remains unchanged. The wavefune- 
tion in the z-direction F(z) comprises a sine wave-like 
standing wave within the well and an exponentially 
decaying wave in the barrier representing tunneling 
(Figure 5). The wavefunction is therefore made 
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Figure §  Ilustration of the envelope wavefunction Fiz) in the 2 
direction for an electron localized in the n, = 1 sub-band of a well 
of finite depth, The electron is able to penetrate the bartior by 
tunneling and this is represented by the decaying part of the 
‘wavefunction outside the well, 


up of (x, y) plane-wave components and the localized 
= component and is of the form 

We(e) = Ay sink, -t)F(@) 10) 
where ky and ny are the wavevector and position 
vector in the (x,y) plane. This wavefunction is again 
normalized according to eqn [7] such that each state 
is occupied by one electron of a given spin direction, 
We see from Figure 5 that we cannot regard the 
electron as being localized in the well: the electron 
distribution in the z-direction is specified by the 
probability distribution F*(z). 


Occupancy of States in Quantum Wells 


The density of states function describes the energy 
distribution of allowed states in the quantum well. 
Whether or not particular states are occupied by 
electrons is determined by the electron concentration 
and the temperature through the thermodynamic 
properties of the system. In most cases electron— 
electron scattering is sufficiently rapid to bring the 
electron population into an internal equilibrium. 
Furthermore the interaction between the electrons 
and the crystal lattice is able to redistribute energy 
hetween the two systems so that the lattice and the 
electron distribution have the same temperature. The 
electron distribution can therefore be described by 
Fermi—Dirac statistics for which the probability of a 
state at energy E being occupied with an electron is 


Leoof 


where Ey is the chemical potential (which can be 
equated with the Fermi level for electrons), T is the 
lattice temperature and all energies are positive 
quantities measured with respect to the same arbi- 
trary zero. The energy distribution of electrons in the 
well, 1(E), is then the product of the density of states 
function, gop(E), and the occupation probability, 
AE), as depicted in Figure 6. The total number of 
electrons, n, is the integral over energy. Combining 
eqns [9] and [11], for a single sub-band gives: 


(B= (1) 


mibsT 64 4 exp( — Ea 
engl texp( — 


per unit area, single sub-band. 


We cannot specify the carrier density in the well ‘per 
unit volume’ since the extent of the distribution in 
the z-direction is not defined because electrons 


14 SEMICONDUCTOR PHYSICS / Quantum Wells and GaAs-Based Structures 


Electron 
energy 
& 
| 
| n 
5, | 
apoNcct | Peo 
+ 
Ea) He mE) 
| 
| 
@ ©) © 


Figure 6 (a) The density of states function fora quantum well, withthe value of gan(E) on the horizontal axis indicating how the density 
of states varies with increasing electron energy. (b) isan illustration of the probably that a state is occupied by an electron, shawing 
how (8) varies with increasing electron energy, given by eqn [11]. The actual density of electrons in a given energy interval at any 
energy n(€) is given by the product of the density of available states and the probability that the state is occupiod as shown in (c) 
‘The integral of n(&) over energy gives the total density of electrons given for each sub-band by eqn [12] 


may tunnel into the barrier material. The electron 
distribution is properly specified as a number per unit 
area having a probability distribution in the z- 
direction given by the function F(z). Where more 
than one sub-band is populated the total electron 
density is obtained by adding the contributions from 
each sub-band each given by eqn [12] with the same 
mi energy and the appropriate sub-band energy. 
We always use Fermi factors to specify the probability 
of occupation of a state by an electron, The 
probability that a state is empty is (1 — f). 


Formation of Quantum Wells 


A quantum well is formed by sandwiching a narrow 
gap semiconductor layer (E,1) between two layers of 
wider gap material (E,2). To avoid the formation of 
defects and dislocations, which have a deleterious 
effect on many properties of the structure, the 
constituent materials must have the same lattice 
parameter. Figure 7a is an energy band diagram for 
an n-type double heterostructure with layers of 
cron dimensions. At each interface there are 
continuities in the conduction and valence bands, 
AE. and AE, respectively, which account for the 
difference in the band gaps of the two materials, AE,. 


While the value of AE, is known for any system, the 
manner in which this difference is apportioned 
between the two band edges is not known a priori 
and the values of AE. and AE, must be obtained from 
experiment. The discontinuities are often expressed 
as fractions Q., Qy of the band gap differenc 


AE,=Q.AF,, AE, =Q,AE, 113] 
In equilibrium the Fermi energy is constant across the 
diagram and there is a band-bending region on each 
side of the discontinuity such that the conduction 
band edges return to their equilibrium energy values 
at large distances from the interface, The extent of 
these regions is determined by the discontinuity and 
the doping level and is typically 200-1000 nm. At 
each single interface a triangular well is formed which 
localizes electrons and whose precise shape is 
determined by the doping density, the carrier distri- 
bution and discontinuity through simultaneous sol- 
ution of Schrédinger’s equation and Poisson’s 
equation, Single heterointerfaces only localize the 
majority carrier. Quantum confinement of both types 
of carrier can he achieved by a very thin narrow gap 
semiconductor layer. 

When the layer of narrow gap material is 
made thinner than the band-bending regions, the 
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Figure 7 Electron energy diagrams showing the formation of 
materials of band gaps Ey and E,.. When the layers are thick the 


2 quantum well as a vory thin double heterostructure made up of 
energy diagram is influenced by band bending atthe interfaces as 


shown in (a). When the narrow gap layer is made thinner than the band-bending distances a rectangular wellis formed inthe conduction 
and valance bands with depths determined by the respective band offset as shown in (b). On the small distance scale ofthe well the 


bands are fat in each region of the structure, 


conduction band edge in this layer is not able to 
regain its bulk equilibrium position and the two 
triangular wells coalesce as illustrated in Figure 7b. 
When the well is sufficiently thin, say L, less than 
20-nm, the band-bending across this layer is neg] 
gibly small and the well becomes effectively rectangu- 
lar. This well accumulates electrons from the 
surrounding barrier material and its potential relative 
to the Fermi level rises such that there is band bending 
in the barrier material on each side of the well 
inhibiting further accumulation, Since the band 
bending in the barrier occurs on a distance of 


hundreds of nanometers (being determined by the 
doping density) it is not apparent over the distance 
scale of the diagram of the quantum well, which is on 
the order of 10mm. Consequently, as shown in 
Figure 7b, the well can be drawn as a rectangle to a 
good degree of approximation, This thin, narrow gap 
layer localizes both electrons and holes. The form of 
the well is determined by the respective band 
discontinuities, AE. and AE, and the thickness of 
the layer. 

Potential wells formed in this way are the basis 
for most quantum-confined device structures. 
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Other forms are possible. In certain material combi- 
nations AE. or AE, may be negative, meaning that, at 
the interface, both discontinuities are in the same sense 
and only one carrier type is confined in the thin narrow 
gap material. These are knowns ‘type II’structures. If 
there isan electric field across the well due to doping or 
strain (piezoelectric) effects the well becomes triangu- 
lar, Wells can also be engincered with steps in the 
potential profile and multiple well systems can be 
grown in which the states are quantum mechanically 
coupled. All these variants provide opportunities to 
engineer the properties of the structure. 

One important development of the rectangular 
quantum well deserves mention. It is possible for 
the well material to have a different lattice 
parameter to that of the surrounding barrier 
material provided that the strain energy can be 
accommodated elastically within the structure, This 
means that the strain energy in the layer must be 
below the energy necessary for formation of 
dislocations and this translates into an upper limit 
on the layer thickness (the critical thickness) for a 
given mismatch. Incorporation of elastic strain is 
significant because relaxing the lattice match 
requirement widens the choice of well and barrier 
materials and because strain modifies the properties 
of the electronic states in the quantum well and 
these effects can be used to advantage in the design 
of devices. 

Here we concentrate on the rectangular potential 
well. Such wells are widely used, particularly in 
opto-electronic devices, and this structure provides 
the basic concepts which lie at the heart of all 
quantum-confined systems. We consider the ‘model’ 
lattice-matched quantum well system: a GaAs well 
bounded by AlGaAs barriers. 


GaAs/AIGaAs Quantum Well 
Structures 


As Alis substituted for Ga in the Al,Gay_.As alloy 
system the direct band gap increases from 1.424 eVin 
GaAs (x= 0) to 3.018 eV in AIAs (x = 1) (Figure 8) 
while the lattice parameter remains unchanged. A 
quantum well is formed using a narrow GaAs layer 
sandwiched between barrier layers of Al,Gay_.As 
having a composition chosen to give the desired 
well depth. The whole structure is grown on a 
GaAs substrate, The band discontinuity ratio 
between GaAs and Al,Ga,_,As is independent of 
alloy composition (AE, and AE, are constant frac- 
tions of AB, as x is varied) with Q.= 0.66 and 
Q, =0.33. For a typical barrier composition of 
0.3,AE, =0.374eV and AE. and AE, are 
and 0.127 eV, respectively. 
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Figure 8 Variation ofthe direct band gap of Al,GayyAs with 
Al content (x 


Optical Properties of AlGaAs/GaAs 
Quantum Wells 


General Principles 


Figure 9 illustrates a transition of an electron between 
an occupied state at Ey in the n, = 1 sub-band in the 
conduction band and an empty state (i.e., a hole) at 
2 in the n:=1 sub-band in the valence band, 
resulting in emission of a photon of energy br = 
— Ey as required by energy conservation. This is 
the process of luminescence (or spontaneous emis- 
sion), which requires external excitation such as 
illumination (photoluminescence) or biasing a p-n 
junction (clectroluminescence, as in a light-emitting 
diode). Alternatively, incident light may promote an 
electron from an occupied state in the valence band to 
an empty state in the conduction band with the 
consumption of the energy of a photon. This is the 
process of optical absorption, 

At typical temperatures the electrons and holes are 
at energies near to their respective band edges so the 
photon energy hv is close to the separation of the 
1, = 1 sub-bands, Since these energies are determined 
by the well width it is possible to change the photon 
energy for emission or absorption by changing the 
well width. As the well width is reduced the energy 
separation increases and the wavelength of light 
emitted by the structure is reduced. This ability to 
engineer the emission wavelength by simply adjusting 
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‘the n= 1 conduction sub-band to an empty stato 


(hole) in the n, = 1 valence sub-band resulting in emission of a photon of energy hv = E, ~ E,. The spatial probability distrbution of the 
electron and hole is specified by their spective envelope functions F.(2) and F,(2) and the probabilty ofthe transition accurring is 


proportional to thelr overlap integral, eqn [14]. 


the well width, without changing the chemical 
composition of the constituent materials, is one of 
the major attractions of quantum-confined structures. 
The shortest wavelength possible for a given material 
combination is determined by the band gap of 
the wide gap barrier material alongside the well. 
‘The strength of the luminescence signal or the 
absorption is determined by the rates at which the 
electronic transitions occur. In general these rates 
are determined by the following intrinsic factors. 


1, The quantum mechanical probability of an 
electron making a transition between a full and 
an empty state. This depends upon the ‘matrix 
clement’ for the transition, which is a fundamen- 
tal property of the well material and the overlap of 
the envelope functions. The electron and hole in 
the initial and final states must be in the same 
region of space and if the spatial distributions of 
electrons and holes, determined by F. and Fy, do 
not overlap the probability for an electron to 
make a transition to the hole state is very low. The 
overlap is almost complete in a rectangular well 
(see Figure 9), but is only partial in a triangular 
well, The transition probability is proportional to 


Toyerap = { J Reore@ard 


[4] 


B 


. The probability of occupation of initial and final 


states by electrons, specified by the Fermi factors 
(eqn [11]}. The initial state must be occupied 
and the Pauli exclusion principle prohibits an 
electron entering a final state which is already 
occupied. Thus for a downward transition result- 
ing in emission of light the rate is proportional to 


£0 ~ fy). 


. The density of initial and final states (eqn [9]). The 


more states there are within a given small energy 
interval, the greater the emission rate per unit 
energy. 


. Photon distribution. For processes such as optical 


absorption, which are ‘induced’ by the presence of 
a photon, the transition rate is also proportional 
to the photon density in the region of the well. 
Because the electrons are not wholly localized in 
the well, and because the spatial extent of the 
optical field is larger than that of the carriers, the 
coupling between the photon field (intensity 
Ipu(z)) and the carrier probability distributions is 
expressed as 


7 {Lol worn@dy 


loupe = Ty dg 


5} 


. Optical mode density. The emission rate also 


depends upon the density of optical modes 
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available to receive the recombination radiation. 
In most situations the emission occurs into the 
cavity of free space which is very large compared 
with the wavelength of the radiation so the modes 
are very closely spaced and the cavity can accept 
radiation at any transition energy (this is the well- 
known Raleigh—Jeans theory of cavity radiation). 
However, in some special situations the cavity has 
dimensions comparable with the wavelength of 
the radiation (microcavities) and then the modes 
are widely spaced. In such a microcavity, the 
optical cavity effectively controls the electronic 
transitions, 


Optical Absorption 


Figure 10 is an optical absorption spectrum for a 
GaAs quantum well measured with light incident 
normal to the plane of the quantum wells. A series of 
steps can be seen which correspond to absorption at 
increasing photon energy between increasing orders 
of sub-bands, Eye— Ey, Exg— Enh, etc. Normally 
n,=1 to n,=2 transitions are forbidden in rec- 
tangular wells, At each step there is a pair of peaks 
{not always resolved) and above each step the 
absorption is roughly constant, following the step- 
like density of states function sketched in Figure 4. 
The peaks are due to the formation of excitons 
which are weakly bound electron-hole pairs. In 
bulk materials excitons are only observed at low 
temperatures whereas in quantum wells the locali- 
zation increases the binding energy (Eyx, typically 
6-8 meV) such that they are observed at room 
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Figure 10 Absorption spectrum of a multiple quantum wall 
structure having 10 nm GaAs wells measured at room tempera 
ture, The absorption edges corrasponding to transitions between 
1, = 1.2, and 3 pairs of sub-bands can be identiied. The peaks 
are due to absorption by formation of excitons. 


temperature. The excitonic peak is at an energy Eyx 
below the sub-band separation. There are in fact two 
different kinds of electrons in the valence band with 
ferent masses so there are pairs of 1, 
sub-bands due to the different confinement energies 
for the different valence electrons. Spectra of this kind 
provided the first evidence for the distinctive sub- 
band structure of quantum well systems produced by 
carrier confinement. Absorption measurements pro- 
vide data on the energy spacing of the sub-bands in 
the well, and itis possible to determine the well width 
and depths, from which the band offsets can also be 
determined. 

The strength of the absorption is also of interest 
hecause it provides a measure of the optical matrix 
clement if the Fermi factors f and f, are known. If 
the incident optical eam is very weak such that the 
absorption process excites very few electrons then 
the system remains close to thermal equilibrium so 
the upper states are empty (f= 0) and the lower 
states are full (f, = 1). 

In bulk material the change in photon flux over a 
small distance Aw is proportional to the flux ® and the 
distance traveled 


Ab = —badx [16] 
where a is the absorption coefficient which has 
units L~!. This results in an exponential decrease of 
photon flux with distance traveled through the 
material 
(x) = p exp(—ax) 7] 
For a quantum well structure with light incident in 
the zdirection perpendicular to the plane of the 
quantum well, the fraction of light absorbed by a 
single well by transitions between a single sub-band 
pair (c.g., transitions between the #. = 1 conduction 
and valence sub-bands) is independent of the thick- 
ness of the well because the density of states for a 
single sub-band is independent of well thickness. 
The strength of the absorption cannot be expressed 
by an absorption coefficient but by the fraction of 
light absorbed per well: 
Ad = —y, {18} 
This arises because the quantum well is effectively a 
sheet in the z-direction: changing its thickness 
does not change the density of states per unit area 
{eqn [9]) and we cannot specify the electron 
concentration along the z-direction. This behavior 
also occurs because the well is much thinner than the 
wavelength of the light and it is not possible to 
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specify the variation of photon flux on a distance 
scale smaller than the wavelength. The barrier 
material surrounding the well has a wider band 
gap and does not absorb at the photon energies 
absorbed by the well. The well thickness does affect 
the sub-band spacing and at a fixed photon energy 
the absorption increases as the well width is 
decreased as light is absorbed by transitions between 
more sub-bands. Equation [18] applies individually 
to each sub-band because the density of states is the 
same for each sub-band. 

In a multiple well system, the fraction of light 
transmitted through N independent wells is 


Ty ={1— y0}% 19) 


so the fraction of light absorbed by such a system is 
[20] 


which is proportional to the number of wells when 
Ye <1 

‘The fraction of light absorbed by transitions 
hetween a single pair of sub-bands for a rectangular 
GaAs quantum well is predicted to be about 0.01, 
and a similar value has been obtained from 
absorption measurements. In a rectangular well the 
envelope function overlap is complete; however, in a 
triangular well of the same material the absorption 
is reduced by the smaller overlap of the envelope 
functions, 


Photoluminescence and Spontaneous Emission 


We turn now to discuss the optical emission from 
quantum wells as a result of external excitation, An 
external light source with photon energy above the 
effective band gap produces excess electron-hole 
pairs by excitation of electrons from the valence 
hand. These rapidly lose their excess energy and 
thermalize to the sub-band edges to take up 
Fermi energy distributions. The electrons. sub- 
sequently recombine to vacant valence band states 
by spontaneous emission. The low energy edge of this 
spectrum corresponds to the sub-band separation and 
the shape of the spectrum at higher energies 
corresponds to the thermal distribution of carriers 
in the bands. At very low excitation intensities where 
the excess electron population is small the lumines- 
cence may be due to recombination of electrons 
within an exciton and occur at an energy Fux below 
the sub-band separation, Generally the sub-hand 
separation is several kyT so only the lowest sub- 
band is populated and photoluminescence is not seen 


from higher sub-bands. In this respect absorption 
measurements provide a more complete characteriz- 
ation of the structure. 

While the energy position of features in the 
photoluminescence spectrum provides useful infor- 
mation, it is difficult to use the strength of the 
photoluminescence signal to provide quantitative 
information about the rate of optical transitions 
within the material because the excitation power 
and volume within the sample must be known and a 
known fraction of emitted light must be collected 
and measured with a calibrated detector. The 
relative intensity of photoluminescence under stan- 
dard conditions does provide comparative infor- 
mation and the linewidth of the spectrum at 
low intensity provides a qualitative indication of 
‘quality’ (c.g., well width variations in the struc- 
ture). A quantitative determination of the internal 
recombination rate can be obtained by measuring 
the decay of the luminescence signal following 
short-pulse excitation, Fuller discussion can be 
found in books dealing with the characterization 
of semiconductor structures. 


Concluding Remarks 


We have shown that an understanding of the 
electronic structure of quantum wells follows natu- 
rally from quantum mechanical treatments of elec- 
trons in bulk materials. When one of the dimensions 
of the structure is reduced to be similar to the de 
Broglie wavelength, quantization of the electron 
motion in this direction becomes apparent. The sub- 
hands which are formed have a profound effect on the 
electronic and optical properties when their spacing 
exceeds thermal energies such that only one band is 
significantly populated with carriers. The density of 
states function isa series of steps, each corresponding 
to a sub-band, and this produces characteristic step 
features in the optical absorption spectrum. The 
effective band gap of the structure is controlled by the 
width of the well. Quantum confinement also 
increases the binding energy of excitons compared 
with bulk materials and under low excitation 
conditions absorption and luminescence spectra are 
dominated by excitonic features even at room 
temperature. 

One of the most successful application areas of 
quantum well structures has been in laser diodes. 
Figure 11 shows experimental data for laser emis- 
sion wavelengths as a function of well width, 
showing the dramatic reduction which can be 
achieved simply by changing the width of the 
quantum well. Furthermore the step density of 
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Figure 11. Measured values of the emission wavelength of 
GaAs/AIGaAs quantum well lasers as a function of well width, 
showing how the wavelength can be engineered by choice of the 
Well with. Data from: squares: Woodbridge K, Blood P, Fletcher 
ED and Hulyer PJ (1984) Short wavelength (visible) GaAs 
quantum woll lasers grown by molecular beam epitaxy. Applied 
Physics Letters 45: 16-18; and triangles: Chen HZ, Ghaffari A, 
Morkog H and Yariv A (1987) Effect of substrate titing on 
‘molecular beam epitaxial grown AIGaAs/GaAs lasers having very 
low threshold current densities. Applied Physics Letters 5t 
2094-2096. 


states function, characteristic of quantum wells, is 
one of the fundamental reasons for the reduction in 
threshold current of quantum well lasers relative to 
bulk GaAs devices. 

We have considered GaAs because it is a model 
material system for production of quantum well 
structures. The concepts developed in this chapter 
are, however, quite general and can be applied to 
other material systems, other forms of quantum well 
and quantum wires and dots. 


List of Units and Nomenclature 


E energy 

E ermi energy 

Ey bandgap 

F envelope wavefunction 

fe) Fermi-Dirac distribution function 

rau two-dimensional density of states 
[energy]! [area]! 

h Planck’s constant divided by 2 

Ton optical field intensity 

k wavevector 

ke Boltzmann's constant 

m electron mass 


n carrier density, expressed per unit area in 
quantum well structures 

heterostructure band offset ratios 
position vector 

t time 


Ty fraction of light transmitted at normal 
incidence through N quantum wells 

x) unit vector along x-direction, similarly for 
94 directions 

« optical absorption coefficient in a bulk 
material, per unit length 

y fraction of light absorbed by a quantum 
well at normal incidence to the plane of 
the well 

a wavelength 

® photon flux (photons per unit time cross- 
ing unit area) 

v electronic wavefunction 

» light frequency 

See also 


‘Semiconductor Materials: Band Structure Engineering; 
Quantum dots; Type-II Quantum Wells and Superlattices. 
Semiconductor Physics: Excitons; Outline of Basic 
Electronic Properties. 
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ated circuit comparator 


analog > 


parator, while a separate voltage divider would 
establish a lower limit at the inverting input of 
the lower comparator. If an alarm has an appro- 
priate resistance, it can be used instead of a pull- 
upresistor. Thealarm willsoundwhen the output 
from either comparator is low, which happens if 
the inverting input has a higher voltage than the 
non-inverting input. 


Figure 6-13. A comparator can be used to convert high 
and fow 3V logic inputs into high and! law 5V logic outputs. 


Other Applications 

As previously noted, a comparator can be used 
as a simple analog-digital converter. it has “one 
bit” accuracy (i, its output is either high or low). 


‘A comparator can be used as a zero point finder 
when its variable voltage input is attached to an 
AC signal. The output from the comparator will 
be toggled whenever the AC signal passes 
through zero volts. The output will be a square 
wave (approximately) instead of a sine wave. 
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Figure 614. A basic, simplified circuit for a window com: 
parator. See text for details. 


A continuous converter changes its output 
promptly in response to a change in input. This 
requires continuous current consumption. Be- 
cause many applications only need to check the 
output froma comparator at intervals, power can 
be saved by using a clocked or latched 
comparator. 


What Can Go Wrong 
Oscillating Output 


The high input impedance of a comparator is 
vulnerable to stray electromagnetic fields. If the 
conductors leading to and from the comparator 
are relatively long, the output can couple capac- 
itively with the input during voltage transitions, 
causing unwanted oscillations. 


The commonly recommended solution to this 
problem is to add 1F bypass capacitors to the 
power supply on either side of the comparator. 
However, some manufacturers recommend al- 
tematives such as introducing just a small 
amount of hysteresis, or reducing the value of 
input resistors to below 10K. 


Ifa chip contains multiple comparators, and one 
of them is unused, one ofits input pins should be 
tied to the positive side of the voltage supply 
while the other should be tied to OV ground, to 
eliminate the possibility of an oscillating output. 
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Introduction 


In studies of recombination there occur considerable 
complications; many are associated with interactions 
hetween electrons, electrons and phonons, excitons, 
bi-excitons, impurity centers, etc. Most of these are 
not required in the present exposition. Modern work 
normally assumes that the basics of recombination 
physics are understood and the present exposition 
offers an appropriate outline. 


Basic Assumptions 


Electron-Electron Interactions for Electrons 
in Bands 


The recombination problem in semiconductors is 
greatly complicated by the interaction of the electrons 
with each other. This allows one to speak only of the 
quantum states of the semiconductor crystal as a 
whole, However, as in metals, so also in semiconduc- 
tors, a simplified picture is successful. In this, the 
electron interactions, and other interactions, are first 
neglected, but are later taken into account as a 
perturbation. Thus, the electrons are first treated as if 
they can move through each other; the fact that they 
collide and deflect each other by virtue of their 
Coulomb interaction is treated as a perturbation. 
The transitions are still described within the frame- 
work of the single-particle states of the unperturbed 
problem. 


The Effect of Electron-Boson Interactions 


Our first approximation is to neglect most (but not 
all) electron interactions. Later we take into account 
the two-electron transitions that arise. This two- 
particle recombination process is referred to as Auger 
recombination and its inverse as the generation of 
current carriers by impact ionization, In addition, 
electrons interact with the radiation and lattice 
fields and emit or absorb photons or phonons. 


Petkowitz § (1993) Optical Characterisation of Semicon- 
ductors. London: Academic Press. 

Wolfe CM, Holonyak N Jrand Stillman GE (1989) Physical 
Properties of Semiconductors. Englewood. Clitts, N} 
Prentice Hall 


These clectron—boson interactions result in tran- 
sitions of single electrons in an energy band scheme. 
We shall attach a superfix ‘S' (for single-electron) to 
the recombination coefficients for such processes. 
‘These are then denoted by BS or T* depending 
whether only bands are involved or whether traps are 
also involved. They are illustrated in Figure 1, where 
the solid horizontal lines represent the conduction 
and valence band edges and the dashed line refers 
to traps. Note that the two-electron transitions do 
not have the superfix ‘S*, while 1 and p refer to the 
clectron and hole concentrations; Ny and Nj are the 
concentration of unoccupied and occupied trap 
states, respectively. 


Electron-Electron Interaction in Traps 


Electron—electron interactions can at least formally 
be taken into account in connection with electrons 
trapped in a center: the spectrum is a function of the 
number, r(=1,2,3,....M), of electrons captured. 
The ‘irremovable’ electrons can be included with 
the ion core. Given that the center captured r 
electrons (say), it can still be in a variety of quantum 
states, and they will be denoted by the symbol &, 
yielding a set of quantum states (£,) for a center. The 
energy of such a state, divided by kT to make it 
dimensionless, is denoted by m(€,r), yielding the 
canonical partition function 


Z, = Sexpl-n€.)] a 
¢ 


The location of a center in space will here be 
considered to be of no significance. 

Centers can capture several electrons. This brings 
ina need for the chemical potentials (or Fermi levels) 
for relectron centers. They are here denoted by y 
(when divided by &7) and the suffix ‘eq’ denotes an 
equilibrium value. Thus, the equilibrium probability 
of finding an electron center in state £ is given by: 


Pesreg = 2 MEPL 
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Figure 1 Definition of recombination coefficients. Transition rates per unit volume are stated with each process, and, in 
brackets, for the reverse process. Thus By, B., T)~T, reler to Auger processes; B*, T7, TZ refer to single-electron recombination 
Y*, X7, X2 tefer to carrier generation processes; ¥;, Ye, XX, refer to impact ionization processes. Arrows indicate transitions 


made by electrons. 


One can identify the dominant energies from optical 
or electrical experiments. 

To understand the properties of these centers, 
suppose we can arrange for the equilibrium Fermi 
level to rise from the valence band to the conduction 
band. At first practically no electrons are captured 
(r= 0). As the Fermi level rises the states correspond- 
ing tor = 1 begin to appear. The states £ of the center 
which correspond to the ground states in equilibrium 
are always more highly populated than the states £ 
corresponding to excited states, so that we can often 
confine attention to them. As the Fermi level rises, the 
ground states for r= 2 become more important, and 
there may now be hardly any centers which have 
captured fewer electrons. If a larger number of 
electrons cannot be captured, by the time the Fermi 
level reaches the conduction band, then states of the 
center with r>2 can (normally) be neglected as 
unstable. That this is a satisfactory picture is our 
second approximation. 


Assumptions for Nonequilibrium Statistics 


The now much simplified recombination problem is 
still complex because of the many states available to 
electrons in bands and centers. A key simplification 
arises from the fact that it is often possible to talk 
about a small number of groups of quantum states: let 
1,2,...) label quantum states in a group é, let 
) label quantum states in a group j, etc. 
Within each group it is supposed that the transitions 


are much more rapid than they are between groups. 
In that sense electrons in each group are in 
equilibrium among themselves. Their quasi-equili- 
brium is then characterized by what is called a quasi- 
Fermi level. The dimensionless version, obtained 
by dividing it by kT, is denoted by ,, ¥), etc. 
for groups i, j, etc. That this is reasonable is our 
third assumption. Thus y%, % are quasi-Fermi levels 
which refer to the quasi-equilibrium of the 
conduction and valence band, respectively, and 1 
to an Lelectron center. Groups of states with 
different quasi-Fermi levels are not in equilibrium 
with each other. 

Recombination problems can now be discussed by 
neglecting transitions within one (quasi-equilibrium) 
group, because they proceed at exactly the same rate 
as their reverse transitions. The number of transition 
types to be considered is thereby greatly reduced. 
Away from equilibrium we shall adopt eqn [3] 
instead of [2] in order to allow for distinct 
quasi-Fermi le 


explr en 
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Equation [3] is not always correct, but is an 
approximation arising from the quasi-Fermi level 
assumption. Among the improved theories are, for 
example, the ‘cascade’ theories. 
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The assumption of a quasi-Fermi level for each 
state of charge of a center implies that all the excited 
states of an electron center are populated according 
to eqn [2]. 


The Main Recombination Rates 


General Results and The Two-Band Case 


Recombination and its converse, generation, consist 
of a transition of an clectron from one state to 
another. The observed rate is the net rate of 
recombination and is the algebraic sum of the 
recombination and generation processes, During 
these processes both total energy and total momen- 
tum must be conserved. This is achieved by creation 
or absorption of photons, or phonons, excitation of 
secondary electrons, etc. 

‘The transition probability per unit time, Sy, for a 
single-electron transition from state I in a band to 
state J requires that state I should be occupied, with 
probability py say, and state J should be vacant with 
probability qy say. The general expression for the 
average rate of the transition from Ito J then takes the 
form p,Syqy. For the reverse process electron state J 
has to be occupied and state I vacant. Thus the rate of 
this reverse process is f/Syiqi. The net recombination 
rate per unit volume of the process I to J can then be 
written as: 


yy = (P1819) ~ P/SaDV* 141 


By the principle of detailed balance, this expression 
vanishes at equilibrium. If one puts Xj = 
Sybi4/Subyqs. one has ty = pySpq(Xp — WV. 
In equilibrium Xjy — (Xj7)oq = 1,and the recombina- 
tion rate is zero. 

One can say allitle more if one assumes that states I 
and J are in conduction or valence bands, each with a 
quasi-Fermi level (divided by kT to make it dimer 
sionless). If these are denoted by ye and y,, then Py 
[1 +exp(m — y)1! for a conduction band. For the 
total recombination rate per unit volume between the 
hands i and j one finds: 


[Zn Poo 8) a] 
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where @ is essentially the difference between the 
quasi-Fermi levels: y, — y. The first factor depends 
on the bands involved and it has been assumed that 
the transition probability ratio Sy/Sj is independent 
of the excitation. 

A transition rate, when multiplied by the charge of 
current carriers, is a current, and when divided by the 


area of the surface involved, is a current density. If i 
and j denote the states of the conduction and valence 
hands of a semiconductor, excitation independence 
may often be assumed, and one then expects a current 
density proportional to exp(lel/kT) — 1. This is 
characteristic of the current through pn junctions, 
metal semiconductor junctions, etc. In these configur- 
ations the Fermi level difference between the ends of 
the device determines the voltage across it. When 
radiation is involved, however, excitation dependence 
of some of the parameters introduced above (e.g. Sjr) 
tends to spoil this simple story. 


The Case of Defects 


So far we have considered only two bands, When a 
trap is involved matters are rather different. Because 
of the interactions among the electrons on a center it 
is not possible to talk of the same level being occupied 
or vacant. Consequently, identification of forward 
and reverse processes in terms of levels becomes 
impossible. Instead one deals with a center, say an 
electron center, as a whole; we then need the 
probability that a given center is an relectron center. 
For example, the capture of an electron converts an 
(r= 1)-electron center into an relectron center. Thus 
the p’s and q’s must be replaced by more complicated 
expressions. Itis convenient to denote 1 by se in the 
simple two-band case and its structure is given (with a 
sign change) by a recombination coefficient: 


Uy = Bnpll — exp, — Ye) = Bup—Y* 6] 


using Figure 1a. Here, m and p are the electron 
and hole concentrations. Auger effects in Figures 1b 
and 1¢ can also be included, at least formally. Then 
B® has to be replaced in eqn [6] by BS + Bin + Bop. 
Analogous replacements are found for recombination 
processes involving defects. 

In the simplest case of one type of localized defect 
one finds a steady-state recombination rate per unit 
volume of the form: 


Tall + Pi) + Fat +m) 


71 


Here 749, 70 are parameters with the dimension of 
time and py, m, are parameters with the dimension of 
concentration, The recombination increases with the 
defect concentration, which is actually in the denomi- 
nators of 19 and 79. This is an old and much used 
result associated with the names of W Shockley and 
WT Read. 
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Radiative Transitions 


Spontaneous and Stimulated Emission 


Quantum theory was initiated by Planck’s law for 
black-body radiation at temperature T. This gives the 
spatial energy density as a function of frequency v in 
this system as 


8m hy 
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For low frequencies one finds the Rayleigh~Jeans law 
which makes [8] proportional to kT in agreement 
with the classical equipartition theorem, For high 
temperatures [8] diverges, as required. 

The result [8] may also be obtained by writing 


N=[A+ Bf, TIN, 11 


for the emission rate of photons by atoms, where Ny 
is the number of atoms in the upper of two states 
which are separated by the energy hv. The first term 
on the right-hand side is due to the normal decay of 
an excited state (‘spontaneous emission’). The second 
term refers to additional emission (‘stimulated emis- 
sion’) induced by the radiation of frequency hy itself. 

‘The first factor in [8] is due to the density of states 
and the second factor is due to the fact that the energy 
is considered. If one considers the number of photons 
of energy by at temperature T one comes up with 


aa 


(Bose—Einstein distribution) 


[10] 


Here pis a possible chemical potential of the 
radiation which is non-zero only in nonequilibrium 
situations such as in a semiconductor laser. 

In a pn junction the two bulk materials several 
diffusion lengths away from the junction are approxi- 
mately in equilibrium even if a modest current is 
flowing. On one side one has then just one quasi- 
Fermi level, say 4x, and on the other side one has just 
one quasi-Fermi level, say 4y. Then the difference 

B= My Hy =9e (uy 
corresponds to the applied voltage g. This is in 
agreement with eqn [10], in that ¢ =0 implies no 
current and hence thermal equilibrium is possible. 

Statistical mechanics teaches one the rule that, in 
equilibrium, occupation probabilities of individual 
quantum states are always less for states of higher 
energies. This ensures that the total energy of a 
quantum system converges, the occupation prob- 
ability p being a kind of convergence factor. However, 


if one is away from equilibrium, the above rule can be 
suspended and one can have population inversion. 

For bv = pe there is trouble with [10] because the 
steady-state photon occupation diverges. This does 
not correspond to a ‘death ray’, but is the result of 
imperfect modeling; for example, the leakage of 
photons from the cavity may have been neglected. 
A formula of type [10] is also needed in connection 
with solar cells, 


Donor-Acceptor Pair Recombination 


A striking demonstration of radiative donor-accep- 
tor transitions in GaP at low temperature (1.6 K) was 
revealed by sharp lines (Figure 2) at photon energies 
hy; given by 


EpteeR,[-E] [12] 


where R, is the distance between the ith-order nearest 
neighbors. 

The discrete nature of the peaks is due to the fact 
that the impurities involved settle in general on 
lattice sites so that only definite separations R, are 
possible, The energy gap is Eq; the value of E, + Ep 
can be inferred from the experimental lines by 
extrapolation to R,—+09, The energy term E is 
sometimes neglected. 

The ZnS phosphors. we: 
which donor-acceptor radiation was hypothesized. 
However, it is hard to control its stoichiometry and its 
impurity content, and it has relatively large carrier 
mass and hence relatively large impurity activation 
energies. In such cases spectra such as those shown in 
Figure 2 are hard or impossible to obtain, This applies 
in general to many II-VI compounds. 


the first materials in 


Quantum Efficiency 


The quantum efficiency is the radiative recombination 
as a fraction of the total recombination. It can also 
be regarded as the average number of electrons 
produced per incident photon. Consider an intrinsic 
semiconductor, i.e., one in which the electron and 
hole concentrations are equal. Then with the notation 
of Figure 1 the radiative band—band recombination 
rate is B*n*, The nonradiative rate is (By + By) 
We shall add another nonradiative rate, An say, 
proportional to the injected carrier density m ~ p. 
‘The quantum efficiency is then 
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Figure 2 Comparison of the positions and intensitias of the sharp line spectra at 1.6 K corresponding to bath ZnS and CaS acceptor-donor pairs withthe predicted pair distioution, 
The lower scales show the pair separation (F}) and the Coulombic energy derived from R. The emission energy scales forthe two measured spectra are shown at the top. Reproduced 
with Gershenzon M, Logan RA, Nelson DF, et al. (1968) Proceedings of the international Conference on Luminescence. Budapest, Hungary: Akademia Kiada, 
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Traps are here neglected, and one finds a maximum 


2 in yo 
Max = fi + ABs +ay'"} (14) 


For a high-quality epitaxial AlGaAs/GaAs double 
heterostructure of great purity we may take 


A~05x 108s, 


B, +B, ~ 10°" em*s 


B~ 10" cm’ s 


i us] 


whence 1, ~ 210!” cm 


Detailed Balance 


It is clear that the radiative recombination rate from a 
material should be obtainable in terms of its optical 
‘constants’, the absorption coefficient a(A) and the 
refractive index (A). Both are functions of the 
wavelength, This connection can be formalized by 
comparing the optical absorption process with the 
emission process and this can be done by using the 
principle of detailed balance. This equates the rate of 
disappearance by absorption of photons with the rate 
of production of photons by radiative recombination. 
The radiative recombination rate can thus be 
obtained as an integral over the optical functions. 
This relationship, pioneered by van Roosbroeck and 
Shockley in 1954, has been used a great deal because 
the optical quantities are often known with some 

This result corresponds to balancing the rate B*np 
and the rate Y* in Figure 1a, Analogous detailed 
balance results are obtainable for the other pairs of 
processes in Figure 1. Thus, the Auger recombination 
rate can be related to an integral over the impact 
ionization rate. However, this connection is 
less useful since impact ionization data are generally 
less well known than the optical absorption 
information. 


Nonradiative Processes 


Auger Effects 


The Auger effect was discovered in 1925 in gases by 
Pierre Auger. An atom is ionized in an inner shell, An 
electron drops into the vacancy from a higher orbit 
and a second clectron takes up the energy which is 
used to eject it from the atom, In solids the effect is 
roughly analogous. One of its characteristics is that it 
is not radiative. Since radiation is what is seen in 
many experiments, the Auger effect is suspected if 


and when there is less radiation than expected in the 
first place. It is rather harder to investigate than 
radiative transitions. 

The effect has proved to be important as it 
limits the performance of semiconductor lasers, 
light-emitting diodes and solar cells, and it can be 
crucial in transistors and similar devices whose 
performance is governed by lifetimes. When heavy 
doping is required, as it is in the drive towards 
microminiaturization, its importance tends to 
increase, since the ‘Auger recombination rate 
behaves roughly as np or p'n (see Figure 1) 
compared with the radiative rate which behaves 
more like mp. The inverse process is impact ioniz- 
ation, and is important in the photodiode, the impact 
avalanche transit time (IMPATT) diode, and hot 
electron devices. 

Impact ionization can be regarded as an auto- 
catalytic reaction of order one: 

es2eth or ha2h+e (16) 
i.e., one extra particle is produced of the type present 
in the first place. This is a key feature for impact- 
induced nonequilibrium phase transitions in 
semiconductors. 

In the theory one needs wavefunctions for four 
states of two electrons which are relevant after the 
many-electron problem has been reduced to a two- 
electron problem. In a matrix element calculation the 
four wavevectors imply a 12-fold integration in k- 
space to cover all possible states of the two electrons. 
However, momentum and energy conservation 
usually reduce this to an eight-fold integration. Such 
a calculation is hard, for it requires (1) good 
wavefunctions and (2) accurate integrations. 

Here we shall merely concentrate on the broad 
principles. In addition, the many-electron nature of 
the problem implies that another approximation is 
often inherent in the treatment apart from the use 
of perturbation theory. This is clear if one considers 
that the electron interactions are screened twice: 
once by an exponential screening factor and a 
second time by the dielectric constant. So there is 
some double counting, and the treatment of the 
effect as 
mediated by screened Coulomb interactions is 
another approximation. The collective effects that 


uncorrelated electronic transitions 


enter require more sophisticated field theoretic 
methods which take care of electron-hole corre- 
lations, plasmon effects and the effect of free 
excitons, the so-called excitonic Auger effect. 
These calculations broadly confirm the results 
obtained by the simpler methods used for energy 
gaps large compared with the plasmon energies, 
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provided the high-frequency dielectric constant is 
used and doping is not too heavy. Significant 
corrections are required for the narrow gap lead 
compounds, for example, and a considerable 
computational effort is required. 

Let us now consider lifetimes for high carrier 
concentrations, as limited by band-band processes. 
They are best studied by looking at the emitted 
radiation. In this connection we recall the striking ris 
of the threshold current density J in a semiconductor 
laser as the material is changed from a direct material 
like GaAs to an indirect material, by mixing it with a 
compound such as GaP. Figure 3 shows this 
spectacular rise for GaAs;Py at 77K near x 
0.38. It is due to the drop in the radiative transition 
probabilities, as the substance becomes indirect, thus 
requiring a higher current density for threshold. So 
we should start with band-band processes in direct 
materials as most favorable for the experimentally 
accessible radiative transitions. 

‘The essential point here is that the injected carrier 
density behaves as: 
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where J/q is the particle current density at threshold, 
Tris the lifetime of the carriers, and d is the thickness 
of the active layer. As active layers are made thinner 
‘Muy; increases to 10" em > 
the defect concentration in the (undoped) material. 


or so, far in excess of 


‘Threshold current density, A/om® x 10% 
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Figure 3 Lowest values of laser threshold current density at 
77K as a function of mola fraction of GaP for Ga(As,_,P,) 
junction lasers. Reproduced from Neill Cu, Sillman GE, SirkisMD, 
ct al. (1966) Gallium arsenide-phosphide: Crystal, difusion and 
laser properties. Solid-State Electronics 9: 735-742, with 
permission from Elsevier. 


This brings in band—band Auger effects. These have 
also been invoked to explain the undesirable increase 
in J with temperature. Thus the interest in direct 
hand-band Auger effects in III-V compounds is 
fuelled by the need for better and smaller opto- 
electronic devices which work at long wavelengths 
(1.3-1.5 xm), It matches the interest in indirect 
hand-band Auger and impurity Auger effects in 
silicon due to the importance of heavy doping in 
VLSI (very large scale integration) and transistor 
technology. Figure 4 shows a typical Auger process, 
called CHHS, as the conduction band (C) and the 
split-off band (S) are involved. Two relevant states 
are in the heavy hole band (H). State 2! is referred to 
as the Auger carrier, as it has more kinetic energy 
than the others. 
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Figure 4 Conduction band, heavy hole and splt-oft valence 
bands of GaAs, all treated as parabolic with f?AS/2m, = Ea ~ A. 
x denotes a quadruple of states for a most probable 
‘ransition, The two states in the heavy hole band are not 
shown separately. The arrows indicate electron transitions 
Reproduced from Neill QJ, Stilman GE, Sirkis MD, ef al. (1966) 
Gallium arsenide-phosphide: Crystal, difusion and laser 
properties. Solid-State Electronics 9: 735~742, with permission 
from Elsevier. 
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Impact Ionization 


The CHHS and CHG 
can be written as 


processes and their inverses 


ect hy th, 2ec+hy ec (18) 
where the suffix refers to the band. Viewed from 
left to right these are Auger processes. Viewed from 
right to left they are autocatalytic and impact 
ionizations. 

Such processes are important for the impact- 
induced nonequilibrium phase transition in semicon- 
ductors. Also reaction rates with autocatalytic 
elements imply nonlinear equations in the concen- 
trations and this gives rise to. much interesting 
behavior as regards stability and bifurcation 
phenomena. 

Momentum and energy conservation are very 
restrictive conditions on the four states involved in 
[18], and it is easily seen that they cannot normally be 
satisfied if in a direct band semiconductor the 
recombining electron drops from the band 
minimum to the valence band maximum. This effect 
raises all the kinetic energies of possible processes. 
‘The Auger electron (on the right-hand sides of [18]) 
must also have a minimum energy in order that 
the impact-ionization process can proceed. This 
leads to an activation energy for the process. For 
Figure 4, for example, and in the case of nondegene- 
racy, the energetic hole has a kinetic energy at 
threshold of 
mig + 2am, 

mm, + lm, — mi, G31 


(Eg — A) (CHSS) 


As the band gap increases we see that Ey, goes up and 
so the Auger rate for simple parabolic bands 
decreases. Values of Ey, for other transitions can be 
obtained from equation [19]. 

‘The total kinetic or threshold energy Ey, can be 
converted to an activation energy by subtracting the 
basic energy which must under all conditions be part 
of the Auger particle energy. In the case of eqn [19] 
one finds for Eg > A: 


E,, — (Eg — A) 


= _ egw 
mim ms 


1201 
This can result in a strong temperature dependence in 
accordance with an Arrhenius factor exp(—EyJ/kT). 
However, this is again lost, and the direct band—band 
Auger effect will certainly be important and only 


weakly temperature dependent, if Eg ~ A. This can 
occur, for example, for InAs, GaSh and their solid 
solutions. 

The connection between Auger processes and 
impact ionization has also been formalized. Of all 
Auger quadruplets of states in a set of nondegenerate 
bands, the most probable Auger transition involves 
the quadruplet, which yields the threshold for 
impact ionization. The three crosses in Figure 4 
indicate such a quadruplet (the central cross rep- 
resents two states). 


Identification of Auger Effects 


How does one know that an Auger effect has 
occurred? In pure but highly excited materials there 
is the original solid-state Auger effect which leads to a 
lifetime broadening of the electronic states at the 
band edge. For a semiconductor this effect causes 
fuzziness in the band edge which is a contributory 
factor to the overall bandgap shrinkage. The mech- 
anism is illustrated in Figure 5, which shows how the 
lifetime of a vacant electron state near the band edge 
is shortened by the Auger processes within this band. 
Under normal conditions this effect is small in a 
semiconductor. But under degenerate conditions the 
effect leads by lifetime broadening to a low-energy 
tail in emission. 

The blanket term ‘Auger effect’ for all Coulombi- 
cally excited two-particle transitions has been used 
here. In semiconductor device work the Auger effect’ 
has become associated with transitions in which one 
electron bridges an energy gap. But there is no need to 
limit the concept in this way. Its competition with 
radiative effects means that it is often detrimental and 
a full discussion of means of suppressing it has 
recently been given by Pidgeon et al. 

More spectacular and more convincing is the 
detection of the energetic Auger electron or hole, 
For this purpose one may look for the weak 
luminescence emitted when this carrier recombines 
radiatively. This has been done for the band-band 
process in Si and for the band-impurity process 


Figure § The filing ofa state k by the Auger offct. The arrows 
indicate electron transitions. 
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emission. Its rate- 


in GaAs, It leads to so-called 2F 
limiting step is the rate of the Auger process per unit 
volume, Byp, which populates the high- 


energy level. The radiative process then proceeds 
ata rate B'7°p? per unit volume with B'y ~ 10-**— 
10-5! em? st 


More usual is the identification of the band—band 
Auger recombination mechanism from the minority 


R41 


where B: and By are Auger coefficients when the 
Auger particle is an electron or hole, respectively. A 
more complete expression allows also for trapping 
process 

The departure from parabolic bands plays an 
important part for the energetic Auger particle 
(in state 2/). Theory shows that when this effect is 
taken into account, it tends to lower the band-band 
Auger coefficient. In fact in GaAs the CHCC process 
is ruled out altogether at 0K for nonparabolic 
bands, suggesting that it should be an ideal material 
for radiative transitions. However, the possibility 
of phonon participation brings the effect back 
again, though it is still comparatively weak. The 
difficulty of conserving electron energy and momen- 
tum, which gives rise to the activation energies 
(eqn [20]) is greatly alleviated if phonons can take 
up some of the momentum in a direct gap 
semiconductor. 

‘We have seen that the activation energy barrier 
against the band—band Auger effect can be overcome 
by a suitable disposition (Eg =A) of the three 
direct bands and by phonon participation. It can 


also be overcome if there is an indirect minimum, 
near a Brillouin zone edge at about half the direct 
energy gap. 
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Control of the generation and transport of coherent 
electron spin in semiconductors suggests new ways to 
probe the fundamentals of quantum decoherence in 
solids and to explore device applications that rely 
on coherence, including quantum computation. 


The focus here will be on the physical phenomena 
that govern spin transport and relaxation, with a 
particular emphasis on those phenomena that are 
amenable to direct manipulation. Manipulation of 
material properties in general has been taken to its 
most advanced level in the design of semiconductor 
electronic devices, in which operations are performed 
by perturbing the motion of electrons through their 
electric charge; hence, ‘spintronics’ is a term intro- 
duced to describe both the manipulation of electrons 
by their spin and control of their spin properties, such 
as g-factors. 
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‘The study of the evolution of spin coherence first 
requires the generation and detection of spin coher- 
ence. Here the ultrafast optical technique for 
generating and detecting spin-polarized populations 
will be emphasized. The next logical component to 
treat will be the persistence of spin coherence, 
followed by the transport of spin coherence from 
one region of a material to another. Finally the direct 
ultrafast manipulation of spin-polarized populations 
will be described. These components are likely to 
play a prominent role in any attempt to apply the 
fundamental physical phenomena of spin coherence 
to specific device technologies. 


Optical Generation of Spin-Polarized 
Distributions 


Optical pulses with definite circular polarization can 
he used to generate spin-polarized distributions of 
excited electrons in crystals. In order for this process 
to work one of the energy bands involved in the 
optical transition must be characterized by a sub- 
stantial spin—orbit interaction. The selection rules for 
circularly polarized photons require a change in the 
orbital angular momentum of the electron projected 
along the propagation direction of the photon, For 
the optical transitions of an atom in free space this 
azimuthal orbital angular momentum [, must increase 
or decrease by fi, permitting the coupling of the 
pstate with /,=1 to an s-state for left circular 
polarization, and of the p-state with |, = —1 to that 
s-state for right circular polarization. Thus the optical 
selection rules pick out a particular orbital angular 
momentum projection. 

‘These sclection rules by themselves do not explain 
how spin-polarized populations are generated, for 
both spin directions are possible for each value of 1 
In the presence of spin-orbit interaction, however, 
the energy of a state with a particular I. is correlated 
with the spin orientation. The six p-states, which are 
degenerate in the absence of spin-orbit interaction, 
split into two groups: one of four degenerate states 
and the other of two degenerate states. The higher- 
energy group of four degenerate states consists of two 
states with Land § parallel and two states with a one- 
third probability for L and $ to be antiparallel and a 
two-thirds probability for L and $ to be perpendicu- 
lar. Thus for a transition involving the four degen- 
erate states, a circularly polarized photon (that selects 
a particular initial J.) is three times more likely to 
generate a carrier with spin parallel to the initial J, 
than antiparallel to it, 

In a solid, although full rotational symmetry is 
lost, the band symmetries preserve some of these 


selection rules. In crystals of tetrahedral symmetry, 
such as zincblende semiconductors, the selection 
rules for transitions from the valence to the conduc- 
tion band are identical to the selection rules between 
p and s states for the atom in free space. For 
example, the valence heavy-hole states are those 
for which L and § are parallel. Thus by setting 
the optical photon energy to the fundamental gap, 
the resulting excited conduction electrons and 
valence holes will be spin polarized. In quantum 
wells, where the energy of the heavy hole is split 
from that of the light hole by quantum confinement 
(and, sometimes, strain), fully spin-polarized carrier 
distributions are possible. Commonly used group IV, 
II-V, and I-VI semiconductors have a sufficient 
spin-orbit interaction to permit the straight- 
forward optical generation of spin-polarized distri- 
butions. Shown in Figure 1 are the selection rules 
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Figure 1 Solection rules for bulk zincblende crystals. Circularly 
polarized light changes the azimuthal orbital quantum number /_ 
by +1 or ~1. Here Al,=—1 is shown. The orbital and spin 
{quantum numbers for the two degenerate conduction band edge 
states and the four degenerate valance band edge states are 
shown ~ unshaded areas correspond to spin up and shaded to 
spin down. A transition with Al, —1 couples one heavy-hole 
slate to the conduction band up-spin state, and one light-hole 
sate to the conduction band down-spin state. The orbital angular 
momentum of the heavy-hole state is entialy paralll to its spin 
angular momentum. In contrast only one-third of the light-hole 
state has antiparallel orbital and spin angular momentum. The 
rest of the light-hole stato has perpendicular orbital and spin 
angular momentum. Thus the oscilator strength of the transition 
creating the conduction up-spin state is three times larger than 
that of the transition creating the conduction down-spin stato, 
Yielding 2 50% spin polarized distribution. In quantum wells for 
Which the heavy-light spliting is larger than the linewidth of the 
light source driving the transition, only the heavy-hole transition is 
excited and the spin polarization approaches 100%. 


What Can Go Wrong 


Confused Inputs. 
A comparator will function if its two inputs are 
swapped accidentally, but its high and low out- 
putstates will be the inverse of whatis expected 
Aso, if positive feedback is used, transposed 
puts can create oscillations. Because the compa- 
rator symbol may appear ina schematic with the 
noninverting input either below or above the in- 
verting input, the inputs are easily transposed by 
accident. 


‘One way to remember which way the inputs 
should be connected is to use the mnemonic: 
“plus, high, positive! The plusinput createsahigh 
output when the input becomes more positive 
than the reference voltage on the other input. 
The opposite is less intuitively obvious: the mi- 
‘nus input creates a high output when the input 
becomes more negative than the reference volt- 
age on the other input. 


Wrong Chip Type 

Different comparators offer different outputs: 
open collector, open drain, and push-pull. While 
open collector and open drain function similarly, 
the pullup resistor value is likely to be different 
in each case. Ifa push-pull output is mistakenly 
connectedas ifitis open collector or open drain, 
it will not work correctly, if at all. Different types 
of comparators must be sorted and stored in 
clearly labeled bins. 


Omitted Pullup Resistor 

Itis relatively easy to forget to include the pullup 
resistor on an open-collector output. In this case, 
when the transistor inside the comparator is in 
its nonconductive state, the output pin will be 


integrated circuit > analog > comparator 
floating, with an indeterminate voltage that will 
create confusing or random results. 


CMOS Issues 

As usual when using CMOS chips, it is bad prac- 
tice to allow unconnected, floating inputs. This is 
an issue where a chip contains multiple compa- 
rators, some of which are not being used. The 
solution recommended by some manufacturers 
is to tie one input of an unused comparator to 
the supply voltage, and the other input of the 
same comparator to ground. 


Erratic Output 

IF positive feedback is insufficient, the compara- 
tor output may show signs of jitter. Conversely, if, 
the positive feedback is excessive, the compara- 
tor may get stuck in an on state or an off state. 
Feedback must be chosen carefully. 


Swapped Voltages 
‘A comparator is often capable of controlling an 
‘output voltage that is much higher than that of 
its power supply. Because both voltages are ap- 
plied to different pins on the same chip, mistakes 
can be made quite easily. The chip is likely to be 
damaged if the voltages are swapped acciden- 
tally between the relevant pins. 


Heat-Dependent Hysteresis 
Remember that the voltages at which the com- 
paratorturns onand offwill vary slightly with the 
‘temperature of the component. This drift should 
be tested by running the comparator at higher 
temperatures. 
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Figure 2 Diagram of the experimental geometry for time-resolved Faraday rotation. A pulse of circularly polarized light iluminates the 
‘sample, followed by a probe of linearly polarized light. The linearly polarized ight can be considered as a sum of equal parts left and right 
circularly polarized light. The spin-polarzation ofthe electron population (along the phaton propagation direction) induces a differance in 
index of refraction forleft and right circularly polarized ight (circular dichroism). This produces a phase change between the left and right 
polarized components of the probe, which is measured as a rotation (é) of the linear polarization direction. Monitoring the angle 
Of rotation of the probe asa function of ime directly indicates the spin polarization along the propagation axis ofthe photon as a function 
of time. Reproduced with permission trom Awschalom DD, Samarth N and Loss D (eds) (2002) Semiconductor Spintronics and 


‘Quantum Computation. New York: Springer 


which permit circularly polarized optical pulses to 
generate spin-polarized carriers in the conduction 
and valence band. 

The evolution of a coherent spin-polarized 
population can be monitored through optical 
means as well. If the optical transitions used to 
generate the spin-polarized population are pumped 
hard enough, the transitions will be bleached. By 
measuring the polarization dependence of this 
bleaching the decay of the spin-polarized population 
can be determined. This can be done either by 
monitoring the transmission of time-delayed probe 
pulses of circularly polarized light, or by monitoring 
the rotation angle (Faraday rotation) of a pulse of 
linearly polarized light. The first of these depends 
directly on the imaginary component of the spin- 
polarized dielectric function, whereas the second 
depends directly on the real components. Shown in 
Figure 2 is the geometry for observing Faraday 
rotation from a spin-polarized distribution in the 
presence of an applied magnetic field perpendicular 
to the spin polarization, 


Mobile Electron Spin Time Evolution: 
Decoherence and Precession 


‘Two natural phenomena in the time evolution of a 
coherent spin-polarized population are decay of that 
population (decoherence) and rotation of the macro- 
scopic magnetization in the presence of an applied 
magnetic field (precession). The time-scale of decay 
of the spin coherence can be very much longer 
than time-scales for the decay of other coherent 
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Figure 3 Time-resolved Faraday rotation measurements on 
bulk GaAs at several doping levels, indicating a sensitive doping 
dependence ofthe transverse spin coherence time Tz. Ts for ideal 
doping densities can exceed 150s at SK. The magnatic field 
is 47, and the sample is 50ym thick Reproduced with 
permission from Kikkawa JM and Awschalom DD (1998) 
Resonant spin amplification in mtype GaAs. Physical Reviow 
Letters 80: 4313-4316. 


phenomena in solids. Typical orbital coherence times, 
for example, are 100 fs, whereas spin coherence times 
can exceed microseconds, In Figure 3 are shown time- 
resolved Faraday rotation data for three bulk GaAs 


32 SEMICONDUCTOR PHYSICS / Spin Transport and Relaxation in Semiconductors; Spintronics 


crystals with different doping levels. The oscillations 
are characteristic of the spin precession, and the 
oscillation frequency is the Larmor frequency of 
the electron spin in this crystal. The crystal with the 
middle doping level, 10" cm~*, has oscillations that 
persist for the longest time, and therefore this 
material has the longest spin coherence time. 

The dominant mechanism for the decay of these 
spin polarized distributions works via the same spin— 
orbit interaction that permits the generation and 
detection of these spin-polarized distributions. 
For mobile electrons in homogeneous environments, 
the mechanisms of spin coherence relate to the crystal 
momentum-dependence of the cigenstates of the 
electronic system. Because of time reversal invariance 
the electronic states with zero momentum (at the 
point in the Brillouin zone) are doubly degenerate. 
The electronic states for momentum k near the T 
point occur in nearly degenerate pairs. Although it is 
common usage to refer to these eigenstates as 
degenerate spin eigenstates (correct in the absence 
of spin-orbit interaction), with spin-orbit inter- 
action the states are not spin cigenstates and are not 
necessarily degenerate. As a consequence, when a 
spin-polarized carrier is scattered by ordinary, non- 
spin-dependent scattering from one momentum 
state k to another k’, and then back again to k, the 
effective orientation of the carrier spin will have 
rotated by an angle dependent on the intermediate 
momentum state k’, For a population of carriers in 
thermal equilibrium this process will lead to misor- 
ientation of the individual spin moments from the 
mean, and thus a decoherence of the spin population. 
This process is characterized by an increasing 
decoherence rate with increasing orbital scattering. 
Thus the dirtier a material is made, the faster the spin 
orientations decohere. 

In crystals with inversion symmetry the pairs of 
nearly degenerate states are precisely degenerate. 
Lack of inversion symmetry, and the consequential 
energy splitting, can be viewed as an effective (crystal) 
magnetic field, in which the approximate spin 
cigenstates precess. The magnitude and direction of 
this effective field depends on the orbital momentum 
k, and because of time reversal invariance, the 
effective fields for k and —k are opposite. Thus an 
initially spin-polarized population will dephase due 
to experiencing different effective magnetic fields. 
Ordinary spin-independent scattering can now be 
seen as randomly changing the precession axis for the 
spin in this effective field. Once the information about 
the precession axis orientation has been lost the 
dephasing is not reversible and the spin orientations 
have decohered. As the precession angle increases 
linearly between scattering events, the longer the time 


between such scattering events the faster the spin 
population decoheres. Thus for this process the 
cleaner a material is made, the faster the spin 
orientations decohere. This precessional decoherence 
process dominates for mobile conduction electrons in 
bulk and quantum-well III-V semiconductors near 
room temperature. 

The influence of the spin-orbit interaction is far 
stronger for the valence electrons than the conduction 
electrons for two reasons. First, as the effective 
magnetic fields come from relativistic transform= 
ations of internal electric fields, and the electric fields 
are largest near the nucleus, the valence electrons, 
which are closer to the nucleus than the conduction 
electrons, experience a stronger spin-orbit inter- 
action, Second, the valence electrons have a dominant 
plike character, whereas the conduction clectrons 
have dominant slike character (and thus lack orbital 
angular momentum to be coupled to the spin). 
Thus the spin coherence times of valence electrons 
(or holes) are commonly much shorter than the 
coherence times of the conduction electrons, Spin-flip 
exchange between conduction electrons and valence 
holes can therefore be the dominant source of 
decoherence for conduction electrons. This process 
can dominate at low temperatures in clean II-V 
semiconductors, and even up to room temperature in 
TI-V quantum wells grown along the unusual (110) 
growth direction. 

As a consequence one would expect the spin 
coherence times of electrons in n-doped semiconduc- 
tors to be longer than those of electrons in p-doped or 
undoped semiconductors (in which excess holes must 
also be optically generated). This expected trend is 
present in Figure 3, for the n-doped materials have 
longer spin coherence times than the semi-insulating 
material. However, as the effect of the spin—orbit 
interaction increases with increasing momentum k, 
the spin coherence times of the more heavily doped 
material are shorter than those of the lightly doped 
material. The doping corresponding to the longest 
spin coherence times may lie near the metal—insulator 
transition, although the theory of spin coherence 
times on the insulating side of that transition is not as 
well developed as on the metallic side. 


Transport and Manipulation of Spin 
Coherence 


An essential component of the motion of spin 
coherence in semiconductors is the response of 
carriers to electric fields. Outside of very unusual 
electronic states in semiconductors, such as the 
quantum Hall state, there is no spin-charge 
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separation of elementary carriers, The carriers in the 
semiconductors will move under the influence of an 
electric field, and if they happen to be spin-polarized, 
then a spin current will exist. Although there are 
numerous possible regimes of spin transport (at least 
as many as there are regimes of charge transport), 
only two will be presented here, both in the low-field 
diffusive limit. 

Mobilities and diffusion constants are the material 
properties that describe the low-field charge transport 
in a homogeneous material, Spin transport can be 
described similarly, and the spin mobility and 
diffusion constant can be related to those of charge 
motion. The relationship between the two emerges 
from the nature of carrier packets that can be 
maintained under low-field conditions. Deviations 
from local charge neutrality cause very large space- 
charge fields in the semiconductor, and thus under 
low-field conditions approximate local charge net 
trality must be maintained, Shown in Figure 4 are 
charge and spin packets in an n-doped semiconductor. 
‘The charge polarization packet, incorporating extra 
conduction electrons and valence holes, is shown in 
Figure 4a. The electron spin polarization packet 
shown in Figure 4b is qualitatively different from the 
charge packet as well as the hole spin polarization 
packet (shown in Figure 4c). Only the electron 
spin polarization packet does not incorporate both 
conduction electrons and valence holes. 

The difference in packet structure profoundly 
changes the mobility and diffusion properties of the 
packet. For packets consisting of both electrons and 
holes the low-conductivity carrier species dominates 
the packet motion (in this case, the holes). For the 
electron spin packet, however, majority carriers 
dominate the packet motion. Thus motion of this 
spin packet is very rapid, and also sensitive to the 
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Figure 4 Inhomageneous carrier packats in n-doped semicon- 
ductors in the low-field regime. The charge polarization packet 
(a) is constructed of approximately equal numbers of electrons 
land holes. The electron spin polarization packet (b) can be 
‘constructed without any excess holes, whereas the hole spin 
polarization packet (c) requires both excess electrons and excess 
holes. The presence of minority carriers in a packet significantly 
alters the moblity and difusion properties of the packet. 


higher Fermi temperature of electrons relative to 
holes. Experimentally this has been seen by optically 
creating a local spin-polarized packet of conduction 
electrons (an electron spin packet) in a thin sample 
of n-doped GaAs. The application of a lateral electric 
field drags that spin packet, and an optical probe 
measures the transport distance (thus the mobility) 
and the packet spread (yielding the diffusion con- 
stant). Such an approach is very similar in concept to 
the electrical probe of charge packet motion devel- 
oped by Shockley and Haynes to measure minority 
hole mobility and diffusion in n-doped Ge. 

‘The picture of approximately charge-neutral pack- 
ets is very helpful for describing spin motion in 
homogeneous materials, but most semiconductor 
devices are based on inhomogeneous configurations 
of semiconducting material. For example, the most 
ubiquitous charge-based semiconductor device is 
the p-n diode, whose nonlinear current—voltage 
characteristics have been used as building blocks for 
numerous other devices. Such devices rely on the 
ability of a current to traverse an interface between 
two dissimilar materials — either different in doping 
density or different in host structure. Experiments in 
metallic ferromagnetic systems indicated that, 
whereas charge current was easily passed from one 
ferromagnetic metal to another through an interface, 
the same was not always true for the spin current. 
Differences in band structure or interface roughness 
are usually expected in such systems to strongly 
diminish the efficiency of spin current transfer across 
the interface. 

Semiconductors, however, offer a possible new 
regime. The bulk band structures of most III-V 
semiconductors are very compatible ~ the variations 
in bandgap may be substantial, but the orbital wave- 
functions are very similar. Current growth techniques 
permit the fabrication of atomically smooth interfaces 
hetween two semiconductors, so long as the lattice 
constants are almost identical, Thus one might 
expect the spin current to be transferred across such 
interfaces without tremendous degradation. 

The transfer process for spin current across the 
GaAs/ZnSe interface has been investigated in 
detail. Here the ZnSe material was n-doped, and 
GaAs layers that were n-doped, p-doped, and semi- 
insulating were investigated. Electron spin polariz- 
ation was generated optically in the GaAs layer 
For n-doped GaAs in the absence of an electric 
field only a small signal for spin-polarized electrons in 
the ZnSe was detected. An applied electric field, 
however, which drove the electrons within the 
GaAs towards the interface, produced a substantial 
spin-polarized population in the ZnSe. This indicates 
that spin-polarized packets can be created in one 
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semiconductor, and then controllably moved into a 
second semiconductor with an applied electric field. 
This ability may become a key component of 
manipulating spin in semiconductors. 

One reason the p=n diode is a paradigm of charge- 
based semiconducting electronics is that it exhibits 
the crucial phenomenon of minority spin injection. 
Manipulation of minority spin injection permits great 
control of charge current, for its amplitude is very 
sensitive to barriers (such as those introduced by 
gates). Spin-polarized minority carrier injection has 
not been shown yet experimentally, however the 
complementary process of minority carrier extraction 
has. This process corresponds to optically generating 
spin-polarized electrons in p-doped GaAs, where 
the electrons are minority carriers. The built-in 
electric field of the p—n junction drives these 
electrons out of the GaAs into the n-doped ZnSe 
with great efficiency. Thus one may imagine that 
spin-polarized minority carrier injection is plausible 
in these systems. 

A hybrid of these two situations is the spin- 
polarized light-emitting diode. Here spin-polarized 
ither electrons or holes) are electrically 
injected into the insulating region of p-i-n structure. 
In the insulating region they recombine with 
unpolarized carriers of the other species and emit 
light. Due to the selection rules described before, the 
emitted light is circularly polarized, and the degree of 
circular polarization is an indication of the spin- 
polarization of the recombining carriers. This device 
demonstrates that large numbers of spin-polarized 
carriers can be accumulated in the insulating 
region, although the spin-polarized carriers are not 
minority carriers. 

Methods of manipulating electron spin coherence 
externally without electric fields are also under 
investigation. One demonstrated technique relies on 
the shift of energy levels in a semiconductor under 
illumination by laser light with frequencies below the 
fundamental bandgap. When the laser light is 
circularly polarized this ‘ac Stark effect’ shifts the 
energy levels of spin-up states and spin-down states 
differently, generating an effective magnetic field. 
Rotations of electron spin by angles greater than 7/2 
have been demonstrated in this ultrafast effective 
magnetic field in semiconductor quantum wells. 


Transfer of Spin Coherence from 
Mobile Electrons to Other Spin 
Systems 


Another fundamental phenomenon in spin coherence 
is the transfer of spin coherence from one system to 


another. If one spin system has an extremely long 
coherence time, this transfer can be viewed as 
establishing a reservoir of spin coherence that can 
be drawn on at later times. Explorations of transfer 
phenomena have focused on establishing spin coher- 
ence in a system that is coupled to the conduction 
electrons, such as core electron polarization or 
nuclear polarization. The polarization of these other 
spin systems can be detected because, when polarized, 
they exert an effective field on the conduction 
electrons. For example, when the nuclear system is 
polarized it exerts an effective field on the electrons 
through the hyperfine coupling. 

It is also possible to polarize these other systems 
indirectly through their interaction with the conduc- 
tion electron system. When the conduction electron 
system is driven far from equilibrium by optically 
pumping the spin polarization, the coupled spin 
systems also become spin polarized. In the case of 
the nuclear spin system this effect is the Overhauser 
effect. While continually generating conduction 
electron spin polarization with optical pumping the 
polarization of the nuclear system begins to rise 
with a time-scale characterized by the coupling 
between the nuclear spins and the conduction 
electron spins (hyperfine coupling). Because of the 
substantial difference between the nuclear spin 
coherence times parallel to and perpendicular to 
the applied magnetic field, the effective nuclear 
polarization is generated parallel to the applied 
magnetic field independent of the orientation of the 
conduction electron spin polarization. In bulk GaAs 
at 5 K the percentage polarization achieved was a few 
per cent, yielding an effective field through the 
hyperfine interaction of ~0.4T. These nuclear 
polarizations and effective fields are increased over 
an order of magnitude in certain quantum wells, 
suggesting that nanostructure design can be used to 
control the effective fields. The induced nuclear 
polarization persists for time-scales characteristic of 
the nuclear longitudinal spin coherence time, on 
the order of minutes. If the optical pumping is 
turned off, the conduction electron spin polarization 
decays away rapidly, whereas the nuclear spin 
polarization persists for time-scales characteristic of 
the nuclear longitudinal spin coherence time, on the 
order of minutes. This nuclear hyper-polarization, 
and its manipulation through an optically pumped 
time-dependent conduction electron spin_polariz- 
ation, suggests a possible general technique of 
ultrafast all-optical nuclear magnetic resonance in 
solids. 

A similar spin-coherence storage effect has been 
obtained for core electron polarization in Mn-doped 
ZnSe quantum wells. Again, the optically pumped 
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conduction electron spin polarization generates a 
nonequilibrium spin polarization of the paramagnetic 
core electron spins (3d in the case of Mn) through the 
core-conduction electron coupling, This core electron 
spin polarization persists long after the conduction 
electron spin polarization (and, in undoped systems, 
long after the conduction electron density) has 
decayed away. The magnetic polarization of the 
paramagnetic Mn spins dephases over the very 
long time-scales determined by spin-lattice 
relaxation, and thus is an interesting avenue towards 
information storage. 

The above systems are not ferromagnetic — the 
spin systems involved in the process are paramag- 
netic spin systems coupled to the conduction 
electrons, which are ‘super-polarized’ through the 
conduction electron spin polarization. An alternative 
approach to manipulating the conduction electrons 
has recently been demonstrated using a thin layer of 
a ferromagnetic material placed on top of n-doped 
GaAs. Here the presence of this ferromagnetic 
material, even if only a few nanometers thick, leads 
to a remarkable enhancement of the nuclear spin 
polarization in the GaAs. For example in the 
presence of a mere 1000 G applied magnetic field, 
the ferromagnetic layer generates an effective field on 
the electrons from the nuclei of up to 9000 G. This 
effective field also depends on the orientation of the 
magnetism in the ferromagnetic layer. This intriguing 
effect has yet to be fully explored, but may yield a 
new type of magnetic ‘gate’ on the mobile electrons 
in a semiconductor without a direct form of 
electrical spin injection. 


The Future of Semiconductor 
Spintronic Devices 


Semiconductor charge-based electronics (e.g., tran- 
sistors and integrated circuit chips) and magneto- 
electronics (e.g., hard disk read heads) are two of the 
most successful electronic technologies of the twen- 
tieth century. A union of elements of these two 
technologies is anticipated in the area of semicon- 
ductor spintronics. Immediate approaches involve 
placing hybrid magnetic elements within known 
semiconductor devices. Semiconductor spintronic 
devices, however, are unlikely to compete with 
the most successful devices from each of these 


two areas — the semiconductor transistor is an 
extremely effective and efficient device, as is the 


magnetoelectronic hard disk read head. As has 
occurred with many other new technologies perhaps 
the most important applications of semiconductor 
spintronics have not even been envisaged yet. 

Despite this, one significant application without a 
dominant technology suggests itself ~ that of quan- 
tum computation. Recent advances in the theoretical 
understanding of quantum information technology, 
including novel algorithms, error-correcting codes, 
and plausible scalable device architectures, suggest 
that calculations involving quantum mechanical 
coherent states are possible. Here the extremely 
long spin coherence times in semiconductor systems, 
and the demonstrated ability to manipulate that 
coherence on ultrafast optical times, indicate that 
spins in semiconductors (whether electron or nuclear) 
may constitute a good basis for a physical realization 
of a quantum computer. 


See also 


Quantum Optics: Quantum Computing with Atoms. 
Semiconductor Physics: Outline of Basic Electronic 
Properties, 


Further Reading 


Abragam A (1961) Principles of Nuclear Magnetism 
‘Oxford, UK: Oxtord University Press. 

Awschalom DD and Kikkawa JM (1999) Electron spin and 
optical coherence in semiconductors. Physics Today 
52: 33-38. 

Awschalom DD, Samarth Nand Loss D (eds) (2002) 
Semiconductor Spintronies and Quantum Computation. 
New York: Springer. 

Ivchenko EL and Pikus GE (1997) Superlattices and Other 
Heterostructures, 2nd edn. New York: Springer. 

Jeffries CD (1963) Dynamic Nuclear Orientation 
New York: Wiley. 

Meier F and Zachachrenya BP (eds) (1984) Optical 
Orientation. Amsterdam, The Netherlands: North- 
Holland. 

Slichter CP (1992) Principles of Magnetic Resonance, 
3rd edn. New York: Springer: 

Wolf SA, Awschalom DD, Buheman RA, et al. (2001) 
Spintronics: a spin-based electronics vision for the 
future. Science 294: 1488-1495. 

Yafet Y (1963) g factors and spin-lattice relaxation of 
conduction electrons. In: Solid State Physics, vol. 14. 
New York: Academic Press. 


36 SEMICONDUCTOR PHYSICS / Surface Photovoltage Spectroscopy of Semiconductors 


Surface Photovoltage Spectroscopy of Semiconductors 


L Kronik, Weizmann Institute of Science, Rehovot, 
Israel 


Y Shapira, Tel-Aviv University, Tel-Aviv, Israel 


© 2005, lsevier Lid. Al Rights Reserve. 


Introduction 


Surface photovoltage spectroscopy (SPS) is a well- 
established contactless technique for semiconductor 
characterization, which relies on analyzing illumina- 
tion-induced changes in the surface voltage. SPS 
traces its origins to the pioneering work of Brattain 
and Bardeen in the early 1950s, and was extended 
into a powerful spectroscopic tool by Gatos, 
Lagowski and Balestra in the early 1970s. It has 
been used as an extensive source of surface and bulk 
information on various semiconductors and semi- 
conductor interfaces. In the following, we present the 
basic theory behind SPS, its experimental setup, and a 
range of its applications. 


Principles of Operation 


In general, a surface is defined as a boundary of media 
with different physical properties. The periodic 
structure of an ideal crystalline semiconductor results 
in the appearance of allowed energy bands separated 
by forbidden energy gaps. In particular, semiconduc- 
tors are characterized by a nearly full ‘valence band’, 
separated by a forbidden bandgap from a higher 
lying, nearly empty ‘conduction band.’ Electron 
transport takes place within the latter and hole 
transport takes place within the former, The mere 
termination of this periodic structure at the surface, 
as well as the chemical changes in the surface 
associated with this termination, allow for the 
formation of surface-localized electronic states within 
the semiconductor bandgap. Electrons or holes in 
these local states are referred to as ‘trapped carriers’, 
as opposed to the ‘free carriers’ in the conduction and 
valence bands. 

‘The appearance of surface-localized states induces 
charge transfer between bulk and surface in order to 
establish thermal equilibrium between the two. 
The free carrier density in the vicinity of the surface 
therefore deviates from its equilibrium value in the 
bulk. This results in a surface space charge region 
(SCR), which is electrically non-neutral, implying 


a nonzero electric field in it and therefore a 
potential drop across it. Thus, even under equilibrium 
conditions the surface potential, V,, is different from 
the electric potential far away in the bulk. As a 
specific example which illustrates these concepts, 
consider an n-type semiconductor with a depleted 
surface. The majority carriers are electrons and 
some of them have been trapped in surface states, 
such that their concentration in the vicinity of the 
surface is smaller than its equilibrium value but 
larger than that of the holes (see Figure 1a). The 
potential drop across the SCR is manifested by the 
bending of the semiconductor bands, which is 
such that electrons are repelled from the surface 
and holes are attracted to it, due to the trapped 
surface electrons. We note that, by definition, the 
energy band edge is lower the higher the electrical 
potential, so that a positive V, corresponds to 
downward-bent bands. 

Generally, the photovoltaic effect comprises an 
illumination-induced change in the equilibrium 
potential distribution and is typically the result of 
some charge transfer and/or redistribution within the 
device due to the incident illumination. This is the 
basic principle behind devices ranging from photo- 
diode detectors to photovoltaic solar panels. A 
specific variant of the photovoltaic effect is the 
surface photovoltaic effect, which is at the center of 
this text. It is important to note that the formation 
of a surface photovoltage (SPV) occurs only if 
carrier photogeneration per se is followed by net 
charge redistribution. Usually, no significant driving 
force for such redistribution is found beyond the 
SCR and the underlying bulk remains quasineutral. 
Thus, we are interested primarily in the surface SCR. 

The SPV mechanism depends strongly on whether 
the incident photon energy is larger or smaller than 
the semiconductor bandgap (denoted below as the 
super-bandgap and sub-bandgap, respectively). 
Dominant SPV mechanisms are demonstrated below 
for a depleted n-type surface. The dominant mech- 
anism by which super-bandgap illumination results 
in surface photovoltage generation is shown in 
Figure 1b. The electric field in the SCR causes excess 
electrons to be swept away from the surface and 
excess holes to be swept towards it, This serves to 
reduce the density of surface-trapped electrons and 
decreases the band-bending, In a second mechanism, 
shown in Figure 1c, cither clectrons or holes are 
preferentially trapped at surface defects. This effec- 
tively charges the surface and thus modifies the 
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Figure 1 Schematic band diagrams of the surface space 
‘charge region at a depleted n-type semiconductor surface under 
different conditions: (a) thermal equilibrium: (b) super-bandgap 
illumination with carrier separation under an electric field; 
(6) super-bandgap illumination with preferential trapping of: 
() electrons, (ll) holes; (d)sub-bandgap illumination with 
excitation of trapped: () electrons, (i) holes. In all dlagrams, 
solid and dashed lines indicate band positions in the dark and 
Under illumination, respectively. Straight arrows denote carrier 
generation and curved arrows denote carrir trapping. Adapted 
from Gal D, Mastai Y, Hodes G and Kronik L (1988) Bandgap 
<dotermination of semiconductor powders via surface photovaltage 
spectroscopy. Journal of Applied Physics 86: §573. Reproduced 
by permission af the American Institute of Physics. 


surface potential. This second mechanism is usually 
apparent in bulk samples only if the equilibrium 
surface band-bending is fairly small, but increases in 
importance in polycrystalline materials with decreas- 
ing crystallite size, because of the increasing surface 
to volume ratio. 

The most common mechanism for sub-bandgap 
SPV involves the direct modification of the surface 
charge, and hence potential, by excitation of trapped 
carriers, as shown in Figure 1d. Illumination by 
photons with energy by >E,—E, may produce 
electron transitions from a surface state at an energy 


E, into the conduction band, where they are quickly 
swept to the semiconductor bulk by means of the 
surface electric field. Hence, the negative surface 
charge is reduced and the band-bending decreases. 
Conversely, illumination by photons with energy 
hv > E,— E, may produce electron transitions from 
the valence band into a surface state situated at an 
energy E, above the valence band maximum, Ey 
(which are equivalent to hole transitions from the 
surface state to the valence band). Such transitions 
increase the surface negative charge and therefore the 
surface band-bending. For a SPV to develop in this 
case, it is necessary to have a significant diffusion of 
the excess holes into the bulk and/or a significant 
recombination of electrons and holes inside the SCR, 
as there is no field-assisted driving force of holes into 
the bulk, 

A typical SPV spectrum shows the SPV as a 
function of incident photon energy. Its most import- 
ant features ~ the ones to watch for when attempting 
to interpret an SPV spectrum — are the sharp slope 
changes (‘knees’) associated with an abrupt onset of 
an additional carrier excitation mechanism. Consider, 
as an illustrative example, the top SPV curve in the 
right-hand part of Figure 2 (the rest of the figure is 
discussed below). In this curve, two ‘knees’ are 
shown, The first ‘knee’ (marked by an arrow) occurs 
at sub-bandgap photon energies and corresponds to 
the onset of carrier excitation from surface states (as 
in Figure 1d). The second ‘knee’ occurs in the vicinity 
of the bandgap energy and corresponds to the onset of 
band-to-band carrier excitation (as in Figure 1b,c). 
‘The proper interpretation of the energy position of 
these *knees’, their sign (negative or positive SPV 
change), and the relation of both to the SPV 
mechanism at work, is elaborated below in the 
‘Applications’ sections, 

So far, our discussion has been devoted solely to 
a study of semi-infinite, uniform bulk samples. 
However, actual semiconductor samples may be 
thin, ie., not much larger than the diffusion length 
and/or the absorption length, so that excess carriers 
may be present near their back part as well. 
Many optically and electronically interesting 
structures (advanced detectors, transistors, lasers) con- 
sist of a multilayer structure, which has several buried 
interfaces. 

Any change in the potential drop across a buried 
surface will also be measurable at the front surface, 
hecause potential drops are additive. For example, 
the photo-induced potential drop across a photodiode 
is measured at its contacts, which can be many 
microns away from its active region. Thus, the 
sensitivity of SPV measurements to a certain 
region in the semiconductor is limited only by the 
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Figure 2 SPV spectra of: (a) an n-type GaAs(110) surface, UHV cleaved (top curve) and with an Al overlayer (bottom curve); (b) @ 
p-type InP(110) surface, UHV cleaved (top curve) and with an Au overlayer (bottom curve). Arrows denote the onset of optically induced 
transtions and labels denote the corresponding defect level. Adapted from Burstein L, Bregman J and Shapira Y (1991) 
Characterization of interface states at III-V compound semiconductor-metal interfaces. Journal of Applied Physics 68: 2912. 


Reproduced by permission of the American Institute of Physics. 


absorption length of the photons, i.e., by the 
possibility of introducing an excess of free carriers 
in the region of interest. 


Experimental Details 


SPV measurements are nontrivial because the surface 
potential isa built-in potential, rather than an external 
potential. In other words, the surface potential is not 
equal to the difference in Fermi levels between the 
front and back surfaces. Therefore, it cannot be simply 
measured using some form of voltmeter. Moreover, in 
the case of a free surface, the application of any contact 
to indirect electrical measurements of the built-in 
voltage (e.g., current-voltage or capacitance—voltage 
analyses) will invariably alter the surface properties 
and hence the quantity under measurement. 
Consequently, most of the prevalent techniques for 
measuring the surface potential (or at least changes 
of it upon illumination) are based on capacitive 
coupling schemes that do not require a direct electrical 
contact. 

The two most commonly used methods rely on 
bringing a metallic probe close to the free surface, but 
never touching it, thus forming a parallel-plate 
capacitor. An alternating current, from which surface 
potential changes can be calculated, is then excited by 


{a) vibrating the metallic probe, which results in 
alternating capacitance, or (b) using ‘chopped’ 
illumination. The two approaches are known as the 
Kelvin probe and the ac-SPV schemes, respectively. 
In principle, they provide similar information, but 
their somewhat different physical principles result in 
several relative strengths and weaknesses, which 
make the method of choice application-dependent. 
In a nutshell, the Kelvin probe is more suitable 
for following phenomena with large time constants 
(in particular surface states with long relaxation 
times) and does not perturb the true band-bending of 
the free surface. The ac-SPV technique is more 
suitable for following fast relaxation phenomena, 
allows for a systematic modification of the 
surface band-bending in the dark as an extra degree 
of freedom, and does not require an ohmic back- 
contact. 

Both Kelvin probe and ac-SPV measurements may 
also be employed in a scanning mode, which allows 
for recording lateral variations in the SPV, by 
scanning a small probe or a well-focused light 
beam, respectively, across the surface. Both 
approaches are typically limited to a lateral resolution 
roughly of the order of ~1 ym. SPV measurements 
can also be performed by a limited modification of 
two high-resolution techniques for topographic 
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mapping of surfaces that have emerged in the 1980s: 
scanning tunneling microscopy (STM) and atomic 
force microscopy (AFM). This opens new horizons 
for SPV mapping with a resolution on the nanometer 
scale or even the atomic scale. 

‘A schematic view of a complete, generic SPS setup 
is given in Figure 3. The sample under study is 
typically placed inside a metallic box, which serves as 
both a dark box and a Faraday cage. This box must be 
snch that it effectively includes the probe. 

Clearly, for spectroscopic purposes one needs to 
generate the SPV signal using a broadly tunable light 
source. The default choice would therefore be the use 
of a ‘white-light’ source in conjunction with a 
monochromator. Because the typical super-bandgap 
absorption coefficient is typically orders of magnitude 
larger than the sub-bandgap coefficient, SPS is 
vulnerable to the spurious contribution of high- 
order diffraction peaks and stray light. Use of a 
monochromator where these effects are as small as 
possible is therefore highly recommended. For some 
applications, use of an auxiliary light source (e.g., 
white light, laser light, ultraviolet light, etc.) allows 
for a ‘photobias’ of the system and/or for additional 
quantitative analysis. 

The actual recording of an SPV spectrum is 
coordinated by a real-time computer program. This 
program controls the monochromator motor and 
thus wavelength changes, operates the control elec- 
tronics of the probe, reads the measurement results by 
interfacing with the probe read-out electronics via an 
analog-to-digital converter, and finally stores the 
obtained spectrum for subsequent display and 
analysis. 
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Figure 3 Schematic block diagram of a generic SPS setup. 
Adapted trom Kronik L and Shapira Y (2001) Surface 
Photavoltage spectroscopy of semiconductor structures: at the 
‘cross-roads of physics, chemistry and electrical engineering 
Surface and interface Analysis 21: 954. New York: John Wiley 
and Sone, Ine. 


Applications I: Uniform 
Semiconductors 


An elementary application of SPS is the approximate 
determination of the semiconductor bandgap. This 
determination is based on the large increase in 
absorption coefficient near the bandgap energy, Ey, 
found in most semiconductors. This increase brings 
about a significant change of the SPV signal, which is 
easily identified as a sharp change in slope of the SPV 
curve and is often the most significant one in a given 
spectrum, An example is shown in Figure 2, where the 
slope changes related to the bandgaps of GaAs and 
InP are clearly identified. Indeed, the bandgaps of 
most known semiconductors have been analyzed 
using this approach. 

The use of SPS for extraction of F, is at heart 
nothing more than an emulation of an absorption 
spectrum, However, as opposed to, ¢.g., transmission 
spectroscopy, SPS does not require light collection. 
It can therefore be performed on arbitrarily thick 
samples (or on layers sandwiched within a hetero- 
structure — sce below) and does not require the 
sample to he removed from the substrate or grown on 
a transparent one. It is also inherently insensitive to 
reflection and scattering and is thus eminently useful 
for micro- and nanocrystallites. 

One must bear in mind that the value of Ey 
obtained from an SPS plot by inspection is only 
approximate. Indeed, detailed experimental compari- 
sons between SPV and absorption spectra reveal 
that the two are often similar, but never identical, 
Thus, the nominal bandgap is nearly always found 
within the onset of the largest SPV signal, but is 
usually relatively broad, the exact position of Ey 
within itis by no means obvious, and the error in Eis 
often ~0.1 eV. However, it has been shown that this 
error can be reduced significantly — often by one to 
two orders of magnitude — by a careful quantitative 
analysis of the experimental data. 

‘We now turn our attention to determining the type 
(p or n) of the semiconductor. This may be achieved 
with the help of the sign of the knee associated with 
the onset of the super-bandgap SPV. Most semicon- 
ductor surfaces are depleted, which means that the 
bands of p-type semiconductors are bent downwards 
towards the surface, whereas the hands of n-type 
semiconductors are bent upwards, Since super-band- 
gap illumination typically tends to decrease the 
surface band-bending, this would result in a positive 
SPV in n-type semiconductors and a negative SPV in 
P-type semiconductors. For example, the SPV spectra 
of n-type GaAs and p-type InP, shown in Figure 2, 
clearly feature opposite onset signs which obey the 
above rules. 
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While in many cases the type of the semiconductor 
is known a priori, this is not always the case and SPS 
can become very useful in determining the semicon- 
ductor type. For example, SPS was used for fast and 
nondestructive verification of the semiconductor type 
in GaN films, where the p-doping is known to be 
nontrivial and subject to compensation by its native 
n-type doping. 

We note that under conditions where the SPV is 
dominated by trapping of carriers, as shown in 
Figure Ic, the sign convention described above clearly 
does not apply. For example, etched CdSe quantum 
dot films were found to exhibit a p-type response in a 
humid ambient and an n-type response in a dry 
ambient, on account of preferential trapping of holes 
or electrons in a dry or humid ambient, respective 

A key strength of SPS is in the determination of the 
energy position and type of surface states. Because 
photons of sufficient energy may excite charge carriers 
from a surface state to a band or vice versa, we expect 
a knee in the SPV spectrum whenever the photon 
energy exceeds the threshold energy of a certain 
transition. Ifthe latter involves excitation of electrons 
from the surface state to the conduction band 
(Figure 1d(i)},a positive change in the surface charge 
is induced, and hence a positive SPV is expected. 
Conversely, excitation of holes to the valence band 
(Figure 1d(ii)) makes the surface charge more negative 
and a negative SPV is expected. Thus, the combi- 
nation of the SPV threshold energy and slope sign 
makes the determination of the approximate position 
of the surface state within the bandgap possible. 

Asan illustrative example, consider how SPS can be 
used to monitor metal-induced surface states, as 
shown in Figure 2. After cleaving in ultrahigh 
vacuum, neither GaAs nor InP surfaces display any 
knees associated with deep surface states, as expected 
for these surfaces. However, upon deposition of a 
very thin metallic overlayer, distinct sub-bandgap 
knees emerge. These knees, associated with positive 
and negative SPV changes at the AVGaAs and Au/InP 
interfaces, respectively, indicate the formation of 
surface states situated ~0.8 eV below the conduction 
band edge and ~0.92 eV above the valence band 
edge, respectively. 

Because SPS is contactless and nondestructive, it 
can be applied not only to clean surfaces, but also to 
real ones, in practically any ambient. This makes SPS 
highly suitable for a direct correlation of surface 
electronic structure with chemical treatments. 


One such area of active research is the study of 
surface passivation treatments. An_ illustrative 
example, in which the passivating effects of various 
liquids on a specific p-InP surface (denoted as (100)) 
was studied int situ, is shown in Figure 4. The negative 
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Figure 4 SPV spectra of the p-InP(100) surface in air and after 
successive immersion in rom top to bottom in the lower energy 
part): A = 1BM0H,O; B ~ 0.4% HF; C ~ 30% H,0;;D ~ a 1.3M 
Na.S solution. Arrows danate the onset of optically induced 
transitions and labels denote the corresponding defect level 
Adapted from Bastide S, Gal D, Cahen D and Kronik L (1998) 
Surface photovoltage measurements in liquids. Feview of 
‘Scientific instruments 70: 4032. Reproduced by permission of 
the Amarican Institute of Physics, 


SPV change at ~1.3 eV found in all spectra shown is 
clearly due to the onset of band-to-band transitions in 
the InP sample, with its sign indicating a p-type 
sample, as appropriate. The SPV spectrum of the 
water-exposed sample (which is similar to that 
obtained in air (not shown)) features two surface 
states: the negative SPV slope change, at ~1 eV, is due 
to a photo-induced population of a surface state 
situated ~1 eV above the valence band edge. The 
positive SPV slope change at ~1.2 eV is due to a 
photo-induced depopulation of a surface state situ- 
ated ~1.2eV below the conduction band edge. 
Interestingly, exposure to HF eliminates the latter 
state, but not the former. The opposite is true for 
exposure to HzO., Finally, exposure to a Na2S 
solution results in removal of both surface states, in 
agreement with the known passivating action of 
this solution. This is just one example of many 
illustrating the strength of SPS for revealing the 
link between chemical/physical treatments and 
device-atfecting electronic properties, already at the 
material level. 


integrated circuit > analog > op-amp 


op-amp 


Although a comparator has the same schematicsymbol as an op-amp, their applications 
differ and they are described in separate sections of this encyclopedia. 


Theunabbreviated name foran op-ampisan operationalamplifier but this termis seldom 


used. 


OTHER RELATED COMPONENTS 


+ comparator (see Chapter 6) 


What It Does 


An op-amp isan operational amplifier consisting 
of multiple transistors packaged in an integrated 
circuit chip. It senses the fluctuating voltage dif- 
ference between two inputs, uses power froman 
external supply to amplify that difference, and 
uses negative feedback to ensure that the output 
is an accurate replica of the input. Its amplifica- 
tion can be adjusted by changing the values of 
two external resistors. 


Op-amps were developed originally using vac- 
uum tubes, for use in analog computers, before 
the era of digital computing. Their implementa- 
tion in integrated circuits dates from the late 
1960s, when chips such as the LM741 were in- 
troduced (lower-noise versions of it still being 
widely used today). Multiple op-amps ina single 
package were introduced in the 1970s. 


AnLM741 isshownin Figure 7-1.Inside the 8-pin, 
DIP package is a single op-amp. 
How It Works 


In alternating current, voltages deviate above 
and below a zero value, which is sometimes re- 
ferred to as the neutral value. This occurs in do- 


mestic power supplies and in audio signals, to 
name two very common examples. A voltage 
‘amplifier multiplies the positive and negative 
voltage excursions, using an external power 
source to achieve this, Mast op-ampsare voltage 
amplifiers. 


Figure 74. The LM741, shown here, is still one of the most 
widely used op-amps. 


An ideal amplifier maintains a linear relationship 
between its input and its output, meaning that 
the output voltage values area constant multiple 
of the input voltages over a wide range. This is 


49 


‘SEMICONDUCTOR PHYSICS / Surface Photovoltage Spectroscopy of Semiconductors 41 


While we have so far considered only surface states, 
SPS is sensitive to bulk states too, as long as charge 
excited from or trapped in them can be separated 
(typically under the electric field of a space charge 
region). Accordingly, SPS has been used for studying, 
vy Crrelated defects in GaAs or Fe-related defects 
in InP. The simplest distinction between surface and 
bulk states in SPS is obtained by examining whether 
the pertinent spectral feature disappears after surface 
(e.g., etching) or bulk (e.g. doping) treatment, 
respectively. 

‘We note that in recent years, SPS has also been 
applied successfully along the lines outlined here for 
the study of handgaps, doping type, and surface and 
bulk defects in the emerging field of organic 
semiconductors and organic treatments of semicon- 
ductors, as well as for nanostructures, such as 
fullerenes and nanotubes. 

Additional, quantitative analyses of the SPV 
spectra allow for a determination of densities, 
thermal and optical transition rates, and the spatial 
site of gap states. Such analyses are usually 
hased on the SPV response to a systematic modifi- 
cation of one or more external parameters, e.g., time 
(for transient responses), illumination intensity, 
temperature, etc 


Applications II: Multilayer Structures 


Beyond the study of surface properties, the appl 
cation of SPS to heterojunctions, multilayer struc- 
tures, and actual device structures has been most 
rewarding in recent years. The SPS of multilayer 
structures is illustrated by Figure 5, This figure 
features the SPV spectra of a ZnO:AVZnO/CdS/ 


SPV 


is 2 28 
Photon energy [eV] 


Figure 5 SPV spectra of ZnO:AIZnO/CASICIGS structures 
{or various annealing times, in ar, at 200°C. Adapted from Gal D, 
Beier J, Moons E, ef al, (1995) Band diagram and band line-up 
of the polycrystaline Cds/Cu(In.Ga)see heterojunction and its 
response to air annealing. AIP Conference Proceedings 353: 453, 
produced by permission of the American Insitute of Physics. 


Cujln,Ga)Sea layered structure, used for the fabrica- 
tion of thin-film solar cells. Distinct spectral knees at 
~1eV, ~2.4 eV, and ~3.1 eV, corresponding to the 
bandgaps of Cu(In,Ga)Se2, CdS, and ZnO, respect- 
ively, are clearly observed. The unequivocal identifi- 
cation of all three bandgaps confirms the above- 
mentioned theoretical prediction of SPS sensitivity to 
buried interfaces. Interestingly, the magnitude of the 
SPV signal is seen to increase with increasing 
annealing time (in air, at 200°C), in agreement with 
the increase in overall solar cell efficiency with such 
annealing. 

Another feature of growing importance in SPS is 
that it allows for the characterization of quantum 
wells and other low-dimensional heterostructures 
An illustrative example of the SPS of a multiple- 
quantum-well (MQW) GaAvAlGaAs structure is 
shown in Figure 6a. The spectral knees at ~1.4 eV 
and 1.78 eV correspond to the onset of band-to- 
band absorption in the Gads epilayer and the 
AlGaAs cap layer, respectively. In between these 
two knees, the shape of the SPV spectrum resembles 
typical absorption spectra of MQW structures and 
the observed MQW-related maxima agree well with 
calculated energy values of the hole level-electron 
level transitions denoted as IHH-1E and 2HH-2E 
transitions. Note that before etching, a nonnegligible 
sub-bandgap SPV signal was apparent at photon 
energies below 1.38 eV, indicating the presence of 
optically active gap states. Since no such signal was 
observed after etching, these states were located at 
the external AlGaAs surface and were not associated 
with the MQW region. Moreover, the SPV spectrum 
in the MQW absorption energy range has not 
changed at all (other than undergoing a uniform 
shift) after etching, showing that the signal SPV 
in the MQW absorption range is not interfered by 
surface effects. Thus, all allowed hole-electron 
transitions have been resolved, at room temperature. 

As SPV analyses of multilayer structures offer the 
possibility of performing contactless and nondes- 
tructive electrical and optical characterization of 
buried interfaces, they have found significant uses in 
the field of process monitoring and quality control 
of actual device structures. This is because the 
possibility of assessing the quality of a layered 
structure before any actual device processing takes 
place presents an opportunity for significant savings 
in time and money. Recent applications include the 
identification of defective batches and prediction of 
ultimate performance of solar cells and x-ray 
detectors, the prediction of energy levels and lasing 
wavelength in modern laser heterostructures, the 
assessment of bandgap narrowing and ultimate gain 
of heterojunction bipolar transistors, and the 
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Figure 6 (a) SPV spectra of a GaAs/AlGaks MQW sample before (solid curve) and after (dashed curve) etching. Adapted from 
Bachrach-Ashkenasy N, Kronik L, Shapira Y, ef al. (1996). Surlace photavoltage spectroscopy of quantum welts and superlattices. 
Appliod Physics Letters 68: 879. Reproduced by permission of the American Institute of Physics. (b) Room temperature 
experimental SPV spectra () and calculated photo-excited carrier spectra (i) of an InGaAs/GaAs/AIGaAs vertical-cavity 


surface-emitting laser structure. Adapted from Huang YS, Maliova L, Pollak FH, et al (2000) 


Surface photovoltage 


spectroscopy, photoreflactance, and reflectivity characterization of an InGaAs/GaAsiGaAIAs veriical-cavity surlace-emittng 
laser including temperature dependence. Applied Physics Letters 77: 37. Reproduced by permission of the American Institute 


of Physics. 


characterization of the electronic structure of high 
electron mobility transistors and vertical cavity 
surface emitting lasers. 

Asan example of such studies, consider the recent 
characterization of an In-GaAs/GaAs/AlGaAs 
vertical-cavity surface-emitting laser, shown in 
Figure 6b, It is readily observed that SPS resolves 
both the gain providing 1C-1H transition and the 
lasing-wavelength-related cavity mode, as well as a 
ich oscillatory structure above ~1.37 eV due to 
interference effects from the distributed Bragg 
reflector stacks. The measured SPV spectrum is also 
in very good agreement with the calculated depen- 
dence of the photo-excited carrier density on 
photon energy, also shown in Figure 6b. In fact, 
SPS is the first contact-less technique to resolve all of 
these features in one measurement, and it also 
allows for a temperature-resolved determination of 
these quantities. 


Summary 


SPS features a theory that is relatively straightfor- 
ward (at least at the qualitative level), and offers 
typical experimental setups that make the method 
contactless, nondestructive, ambient insensitive, 
and capable of any lateral resolution, It can provide 


a detailed picture of the electronic structure at 
surfaces, interfaces, heterojunctions, and even com- 
plicated multilayer structures. The wide range of 
SPS applicability also makes it easy to compare and 
link changes in electronic structure to changes in 
chemical/physical properties on the one hand, and 
electrical/optical device properties and performance 
on the other. 
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Introduction 


Optical spatial solitons, once considered an exotic 
and rather abstract concept belonging to the realm of 
mathematics or mathematical physics, nowadays are 
pursued both experimentally and theoretically in 
terms of their rich dynamics and variegated features, 
with important perspectives in applications to signal 
processing and switching, routing, filtering and — 
generally ~ light-by-light controlling. In an intuitive 
description of a bright spatial soliton, a self-focusing 
response balances natural diffraction of a light beam, 
allowing for its invariant propagation in transverse 
size and intensity. Spatial solitons can be regarded as 
the stationary or time-independent self-guided ‘eigen- 
waves’ of Maxwell equations in a material system 
with a nonlinear optical response. Basically, “bright” 
spatial solitons (we will not address ‘dark’ cases here, 
ice. a dip on an illuminated background) bear the 
same relationship to nonlinear optics in space as 
temporal, or fiber, solitons do in time. While both 


and Properties 


temporal and spatial solitons are special cases of light 
localization in the (3 + 1) dimensions (light bullets) 
encompassing time and two transverse coordinates in 
space in addition to propagation; the spatial case 
requires particular attention compared to the fiber 
inasmuch as, in general, two transverse coordinates 
(2D) complement the direction of propagation. In 
other words, the scenario is potentially one-dimer 
sion richer than for ‘standard’ temporal solitons, 
where light confinement, i.e., the effect of the 
nonlinearity, takes place along a single coordinat 
In this respect, the latter case finds a direct 
counterpart with spatial solitons in planar wave- 
guides, i.e., (1 + 1)D solitons, where light confine- 
ment occurs linearly in one spatial dimension, 
providing group-velocity dispersion in time is 
replaced by beam diffraction in space, respectively. 
‘When both transverse dimensions are involved, 
ice. when a light beam propagates in bulk, in the 
simplest case of Kerr self-focusing, the nonlinearity 
can become overcritical and cause filamentation and 
catastrophic collapse. Additional mechanisms (such 
as saturation, nonlocality, or higher-order effects) or 
inherently different nonlinear responses (parametric 
or molecular), need therefore to be involved in the 
description of spatial solitons. In several instances, the 
mathematics differs from the nonlinear Schrodinger 
equation originally invoked to define a 1D bright 
optical soliton, leading to nonintegrable systems and 
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to a wider class of solutions, called solitary waves. 
Since solitary waves constitute the vast majority of 
the observed spatial light-localization phenomena, 
we will refer to spatial solitons even in those cases 
when their model is nonintegrable, defining them as 
non-diffracting beams in a self-focusing material. 
While retaining the distinction between 1D and 2D 
cases, in the following sections we will discuss bright 
spatial solitons and their features, grouping them on 
the basis of the underlying nonlinear mechanism and 
corresponding model, trying to provide a direct link 
with experimental observations. In doing so, we will 
leave out discussions on dark solitons and modula- 
tionally unstable phenomena, as well as more 
involved subjects ranging from higher-order to vector, 
vortex, photonic-crystal, and incoherent spatial 
solitons. 


The General Model of Bright 
Spatial Solitons 


Assuming the paraxial approximation to be valid, the 
general structure of the evolution equations which 
lead to spatial solitons propagating along z takes the 
so-called Foch—Leontovich form: 


2ik: 
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where A is the complex amplitude of the linearly 
polarized electric field, k = ale = 2emig/A, with A the 
wavelength, w=2mv the pulsation, mm the bulk 
refractive index, and An(r) the index change induced 
by the nonlinear effect. In anisotropic materials, both 
ng and An may depend on the polarization of the 
envelope A. The latter is normalized such that the 
optical intensity is I = |AP-. Hence the whole optical 
field is 
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with Zp being the vacuum impedance. 

Hereafter we will neglect material losses and 
assume An(r) to be real-valued. In the simplest case 
it is a function of the field intensity I calculated in r. 
Typical models are the Kerr medium with An = mpl, 
or the saturable Kerr with Am = mpI/(1 + I/I,) and I, 
a saturation value; they are particular cases of local 
nonlinear media defined by a relation of the type 
FlAn(r), I()] = 0, with F a ‘well-behaved function. 

‘There is also the possibility that the refractive index 
modification depends on the electromagnetic pertur- 
bation (e.g. the intensity) in a finite region, as hap- 
pens with nonlocal solitons. In the latter case, F needs 


to be substituted by an integro-differential system 
of equations, i.e., it represents a functional between 
Ante) and I(r), 

Relevant exceptions to eqn [1] are spatial solitons 
due to a quadratic nonlinearity, where a system of 
two coupled equations must be taken into consider- 
ation, and a description in terms of a refractive index 
change only holds in an approximate, and by no 
means physical, sense. Quadratic solitons will be 
discussed later. Here, instead of embarking into a 
general classification, we will describe the relation- 
ships to some representative cases. In this simple 
framework, spatial solitons are defined as solutions of 


the type A=aexp(z), with a real-valued and 
satisfying the equation: 
1. | An) _ Bp 
yet a= Fe BI 


Equation [3] is the zindependent counterpart of 
eqn [1]. It has the form of the stationary Schrodinger 
equation (with a field-dependent Hamiltonian oper- 
ator), where the kinetic energy and the potential are 
given by the diffraction term and by the nonlinear 
Correction to the refractive index, respectively 
Its solutions correspond to solutions of eqn [1] due 
to the balance between diffraction and nonlinearity. B 
is the nonlinear correction to the dispersion relation 
k=noalc, ice, it yields the resulting longitudinal 
wavevector K =k + B. Solitary solutions are often 
classified in terms of their dimensionality. Solutions of 
eqn [3], which depend on either 1 or 2 transverse 
coordinates, define 1D or 2D solitons, respectively. 
1D solitons refer to situations in which a_bulk 
nonlinear medium is illuminated with a highly elliptic 
beam (such that the diffraction along a transversal 
dimension, denoted by y, is negligible), or a planar 
waveguide is excited with a linear mode fixing the 
transverse profile in one of the dimensions (denoted 
by). The nonlinear dynamics and the corresponding 
tate solutions are then described by eqns [1] 
and [3], with ay =0. 


Spatial Solitons in Kerr Media 


1D Kerr Spatial Solitons and the Nonlinear 
‘Schrédinger Equation 


The simplest example of a spatial soliton is an optical 
beam diffracting in one transverse dimension in the 
presence of the so-called Kerr effect, i,e., a refractive 
index that increases linearly with the local intensity [: 


n=m+ml (41 
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where 13(>0) is measured in m* W~' and has typical 
values of 10-7” for silica and 10” '7 for semiconduc- 
tors at photon energies below hali-bandgap, is 
leaving aside two photon absorption and higher- 
order effects. For 1D Kerr spatial solitons, eqn [1] 
becomes 


oe =e Zara Is] 
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Equation [5] is known as the nonlinear Schrédinger 
equation (NLS), and is the basic model in describing 
temporal soliton, i.c., nondispersing pulses propaga- 
ting in optical fibers, provided the variable x is 
intended as the temporal coordinate. The importance 
of eqn [5] is due to several remarkable, in some sense 
unique, mathematical properties, and to the fact that 
it can be considered a fundamental model for diverse 
nonlinear phenomena. This circumstance is often 
referred to as the ‘universality of the NLS’. 

In the framework of optical spatial solitons, the 
NLS relevance is moderated by the fact that most 
experimentally explored environments involve pro- 
cesses significantly more complicated than the Kerr 
effect. Nevertheless, it settles the basic principles and 
constitutes a reference point in optical soliton 
assessment. 

Trying to gain some physical insight, the starting 
point is the beam spreading when 7) = 0 in eqn [5], 


i.e., the linear regime corresponding to low intensi- 
ties, The diffraction is inherent to the spectrum of 
plane waves in a finite beam (along x). To underline 
the role of the nonlinear response, one can consider 
the NLS without the diffraction term (the second 
derivative with respect to x), obtaining: 
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Equation [6] shows how the nonlinearity yields 
a phase-front curvature related to the sign of my: 
the medium is self-focusing (a converging beam) 
for m > 0 or self-defocusing (a diverging beam) for 
ny <0 (see Figure 1). In the absence of diffraction, 
.¢., fora plane wave, the Kerr effect modifies the field 
phase by increasing (n2 > 0) or decreasing (m <0) 
the local refractive index (and hence the effective 
optical path) proportional to the intensity. For a beam 
of finite transverse extent, nonlinearity and diffrac- 
tion act together. In a self-focusing medium, the 
concave phase-front due to diffraction can be 
balanced by the nonlinearity, and the natural 
tendency of a beam to spread can therefore be 
compensated. For this to happen, the length-scales 
associated to the diffraction, i.e., the Rayleigh range 
Ly = kw}, and the Kerr effect must be comparable. 
A characteristic length Ly; = mo/(kmyly). over which 
the nonlinear phase shift equals 1, can be associated 


Selffocusing 


Diffraction| 


Selt-trapped soliton 


8 
6 
Bla 4 
2 
0 
0 5 0 5 10 
@) xIWo, 


© ality 


Figure 1 Kerr spatial solitons. Top: sketch of the mechanism leading to Kerr soliton formation. In the absence of ditraction, sel- 
focusing of a Gaussian beam provides a converging phase-front (dashed lines). Conversely, difraction by itself causes beam 
divergence. When these two effects ac jointly, they can balance each other and soliton generation can be observed, with a flat phase- 
front. (Adapted with permission from Stegeman Gl, Christodoulides DN and Segev M (2000) Optical spatial solitons: historical 
perspectives. IEEE Journal of Selected Topics in Quantum Electronics 6:1419~1426). Bottom: beam propagation mothod used to 
simulate the propagation of a one-dimensional Gaussian beam by integrating the nonlinear Schrédinger equation, for (a) low-power 
input, (b) input high enough to generate a self-rapped soltary wave. The transverse coordinate xs expressed in units of the beam 


‘waist, the propagation coordinate z in Rayleigh lengths. 
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to the nonlinearity, with Ig the peak intensity across 
the beam profile. When the two lengths Ly and Ly 
are nearly equal, i.e., w2[y ~ ng/(k?n), the balance 
between the phase-front curvatures, due to 
diffraction and nonlinearity, yields a sel-localized 
nondiffracting beam, Such a situation is described by 
the exact solutions of eqns [1] and [3], which takes 
the form: 


Ax: 


(xe with sores ) 


and B= m[o/2ng is determined by the peak intensity 
or, equivalently, by the power P, carried by the 
soliton per unit of transverse wavefront along y: 


rf 


Note that the overall phase-front is flat, and the 
spatial extension in width yields W(npk*Iy)'”, as 
anticipated. The relationship between the soliton 
width — which determines the strength of diffraction — 
and the intensity ~ responsible for the nonlinear phase 
shift — is known as the existence curve, and is 
characteristic of the specific nonlinear mechanism. 

Equation [7] is the fundamental soliton of the NLS 
and the paradigmatic 1D spatial soliton, Its sech 
shape specifically results from the type of nonlinear- 
ity; as discussed below, other effects (including 
parametric generation) can yield different profiles. 

Figure 1 shows the simulation of a ID Kerr soliton 
generated from a Gaussian input. Self-trapping is 
attained when the peak intensity or, equivalently, the 
power, reaches a threshold value depending on 
experimental details, the size of the nonlinear 
response, and the beam profile. 

Figure 2 shows experimental results on the 
formation of a ID Kerr soliton in a semiconductor 
(AlGaAs, mp ~ 3.5) waveguide. At low power (center 
panel) the output beam exhibits diffraction, whereas 
the soliton (bottom) reproduces the input beam 
profile (top panel) at the end facet of the sample. 
These results were obtained at A= 1.55 wm, using 
pulsed laser beams, with temporal pulse durations 
of about 1 ps and peak powers of about 500 W; 
the generated 1D solitons had waists of tens of 

Ina physically intuitive sense, self-trapping is due 
to the refractive index increase across the beam 
profile. Such an increase gives rise to a graded index 
optical waveguide able to confine all the plane wave 
components with angles of propagation within the 
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Figure 2 1D Kerr soliton in a planar AlGaAs waveguide 
‘Transverse beam profiles atthe input (top) and output facets of a 
planar waveguide in AlGaAs, at low (center) and high (bottom) 
power, showing difraction and soliton formation, respectively. 
(Adapiedwith permission from Aitchison JS, l-hemyarik, Inside 
CCN, Grant RS and Sipbett W (1992) Observation of spatial solitons 
in AlGaAs waveguides. Electronic Letters 28: 1879.) 


numerical aperture of the input beam. Large spatial- 
frequency components ky cannot be trapped and are 
emitted as radiation during soliton formation, It is 
possible to experimentally verify that this self- 
induced waveguide is also able to guide a weak 
probe uncorrelated to the soliton, provided it is above 
the cutoff for dielectric confinement. The use of 
spatial solitons for intensity-controlled or all-optical 
lightwave circuitry can therefore be envisaged. The 
first experiments on optical 1D Kerr spatial solitons 
date back to 1985, and were performed in carbon 
disulfide. Since then, 1D Kerr spatial solitons have 
been reported in glasses, semiconductors, and 
organic materials. 


Kerr Spatial Solitons in Two Transverse 
Dimensions: Saturable and Nonlocal Media 


When the dynamics of the optical beam encompasses 
two transverse dimensions, the idealized discussion 
above no longer applies. As long as the medium is 
described by the simple Kerr law (eqn [4]), 2D 
propagation does not admit stable self-trapped 
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stationary beams. Because of this, two alternatives 
are available: (i) the beam diffracts; or (ii) the beam 
progressively self-focuses until it undergoes cata- 
strophic collapse: in the absence of additional limiting 
phenomena, such as plasma formation or nonpar- 
axial/vectorial coupling, its waist keeps. shrinking 
with a corresponding unbound increase in peak 
intensity (beam power is conserved). Which regime 
actually applies, depends on whether the excitation is 
lower or higher than a self-focusing critical power 
P.=(0.61A)/8n97y. The latter corresponds to a 
diffraction-driven divergence equal to the critical 
angle for total internal reflection in the induced 
waveguide. The self-focusing instability, first. pre- 
dicted by Kelly in 1965, is related to the so-called 
Derrick’s theorem: particularly related to spatial 
solitons in a positive (rz; > 0) Kerr medium, it states 
that the equilibrium between diffraction and non- 
linearity in 2D is unstable. 

‘The situation is markedly different when saturation 
is present: self-focusing arrests at the maximum value 
of the nonlinear refractive index increase, and stable 
self-trapped beams are allowed. The simple 
for a saturating nonlinearity yields the following 
stationary-state equation: 
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Its solutions, while retaining a bell-shaped profile, 
depart from the purely Kerr model corresponding to 
I, +00, and can only be obtained numerically. 

Gases, and specifically sodium vapors, were the 
first media in which spatial solitons of a saturable 
Kerr-like nonlinearity were observed in 1974, Histor 
cally, these were the first 2D optical spatial solitons. 

Most recent developments on optical spatial 
solitons involve more complicated environments 
and nonlinear responses. In the next sections we 
will consider those most investigated experimentall 
photorefractive solitons, nonlocal solitons in liquid 
crystals and parametric solitons. 


Spatial Solitons in 
Photorefractive Me 


In recent years, research on spatial optical solitons in 
photorefractives has been among the most active. 
Self-trapping in photorefractive materials was first 
predicted in 1992 and observed in 1993. However, a 
clear assessment of this result came with the 
demonstration of the so-called steady-state screening 
photorefractive solitons in 1994. 

The principle underlying the photorefractive 
response can be described as a feedback mechanism 


relating to the optical induction of a static electric 
field E. In specific materials, such as semiconductors 
or ferroelectrics, a light beam generates free charges 
which diffuse and drift under an externally applied 
voltage. Owing to free carriers and donor/acceptor 
sites, the resulting net spatial charge produces a static 
electric field which, in turn, modifies the refractive 
index mp via the electro-optic effect, phenomenologi- 
cally described by 
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Equation [9] is a series expansion of the index change 
in powers of the static electric field: all terms are 
present if the medium is noncentrosymmetric, other- 
wise only even-powered terms need be included. In 
essence, eqn [9] entails the feedback mediated by the 
static electric field on the optical wave. 

The feedback leads to stable solutions under 
appropriate conditions. These are steady-state soli- 
tons if the inhomogeneous light-induced index 
change makes a suitable waveguide for the beam. 
‘The three main types of such self-localized beams are 
screening, photovoltaic, and centrosymmetric photo- 
refractive solitons. Boundary conditions determine 
the induced static field to be inserted in eqn [9] and in 
the propagation eqn [1]. In the simplest cases we 
consider, the light-wave is linearly polarized and the 
tensorial nature of the index perturbation in eqa [9] 
can be neglected. 

‘The equations encompassing most of the physics of 
the photorefractive effect constitute the Kukhtarev 
model and can be shown as: 


s+ Tp + Haack (Na — Ng) — ypNa = 0 
VJ = V-[qupE + keT HV p+ Bu(Ny — Nidleop] 
vE+ Lip+Ny- Ni =0 
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(10) 
The relevant quantities in eqns [10] are: the current 
density J; the free charges (electrons) density p; the 
density of ionized (total) donors N’, (Ng). the density 
of negatively charged sites Nj, the photo-ionization 
cross-section s, the background density I, (due to 
background laser light), the dark irradiance [gga 
(slau, is the dark generation rate, typically 
I, >> Iau), the recombination rate, the 
electron mobility 2, the low frequency dielectric 
constant ¢5 = e9¢,, the Boltzmann constant kp, the 
Versor Cap, Of the optic axis, and the temperature T. 
In the second of eqn [10], the pertinent element Bx 
of the photovoltaic tensor needs be taken into 
account only for the photovoltaic solitons described 
below. The above must be completed by boundary 
conditions for the bias V - the line integral of 
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E—and the geometry of the metal contacts. Typically, 
Ng = 10'® em™ >> Ny, [dak = 107*-10"$ Wem’, 
1, = 10 Wem?, e, ~ 10° and solitons are observed 
in the visible. 

Equations [10] determine the field E in terms of the 
optical intensity 1 in steady-state, and E is inserted in 
eqn [9] to yield the optically induced index change. A 
major signature of photorefractive solitons is the 
cumulative process they rely on: the space-charge field 
E builds up in time along with the distribution of 
carriers, until equilibrium is reached. Hence the 
phenomenon does not require high optical intensities 
but, conversely, a sufficiently long time (of the order of 
minutes or hours). Photorefractive solitons are typi- 
cally observed at modest excitations, as low as a few 
microwatts, with typical waists of tens of microns. 


Screening and Photovoltaic Solitons 


When an externally applied bias lowers the refractive 
index of a crystal through its electro-optic response, 
a light beam can screen this effect, defining a self- 
waveguide supporting a spatial soliton. In a noncen- 
trosymmetric photorefractive, the beam raises the 
conductivity in the illuminated region, locally low- 
ing the voltage drop compared to dark regions. The 
induced space-charge screens the applied static field, 
and it may bring the refractive index back to its 
unbiased value. This can be seen as a voltage divider 
formed by a small optically controlled resistance and 
two large ones corresponding to the dark regions. The 
resulting solitary waves are called screening photo- 
refractive solitons. For them to be stable (in time), 
additional illumination of intensity I, at the same 
wavelength is required on the crystal in order to 
increase the conductivity of the (dark) regions 
surrounding the soliton. The charge accumulation 
in the beam-tails would otherwise flatten the induced 


index distribution and destroy the soliton, 
The simplest description of screening solitons is 
provided by the saturating relationship between the 
electric field E and the light intensity I: 
vii 
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to be used in eqn [9] to get the index perturbation via 
the electro-optic effect. L is the width across which 
the voltage is applied. Since the quadratic term in 
eqn [9] (weighed by the tensor gj4i) can be neglected 
in noncentrosymmetric crystals: 


an = —A iru 112] 
where ry is the relevant component of the electra- 
optics tensor; typically ng = 2, rg tens or hundreds 


of pm/V, and the overall index perturbation is of the 
order of 10°*-10"3, with V/L =10' V/cm. This 
description applies to 1D solitons; for 2D solitons, 
sometimes referred to as ‘needle’ solitons, the whole 
set of constitutive equations must be solved numeri- 
cally. Nevertheless, in most cases the saturating 
model, even if not rigorous, describes well solitons 
and related phenomena both theoretically and 
experimentally, especially when nonlocal effects can 
be ignored, 

Figure 3 shows the propagation of a 2D spatial 
screening soliton (top) compared to the linear case 
(bottom). The diffractive regime is realized by 
artificially ‘turning off” the nonlinearity acting on 
the applied voltage (when V=0 in eqn [11] then 
An = 0, corresponding to no induced perturbation) 

Another class of photorefractive spatial solitary 
waves is that of photovoltaic solitons. In this case the 
electric field in the crystal has an additional com- 
ponent through the photovoltaic effect, the latter 
being relevant in materials such as LiNbO. To sustain 
bright solitons the index perturbation due to the 
photovoltaic current, which induces the space-charge 
field, must be positive. This is the case for Cu:KNSBN, 
where 2D photovoltaic solitons were first observed. 

The space-charge field, due to the photovoltaic 
effect, can be derived from the Kukhtarev model: 
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with E,y is a constant depending on the material 
(Eg, = 10? Viem) and I, is the dark-irradiance 
controlled by the background laser light. Typical 


Figure 3. 2D photorefractive soliton. Top view photograph of a 
10mm wide spatial solton propagating in strontium barium 
niobate (top), and for comparison, the same beam diffracting 
When the nonlinearity if turned off (bottom). (Adapted with 
permission from Stegeman Gl, Christodoulides DN and Segev M 
(2000) Optical spatial solitons: historical perspectives. IEEE 
Journal of Selected Topics in Quantum Electronics 
&: 1419-1428). 
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geometries account for the tensorial nature of the 
effect, and are arranged to make I, of the same 
magnitude of the beam intensity I. If Ey, > 0, as in 
Cu:KNSBN, eqn [13] in eqn [12] shows that a 
positive index change of the saturating type can be 
induced and support bright solitons. This model is 
successfully used for both 1D and 2D bright photo- 
voltaic spatial solitons. 


Photorefractive Solitons in 
Centrosymmetric Media 


Most experiments on screening solitons were per- 
formed in ferroelectric noncentrosymmetric crystals. 
When brought above the Curie temperature T., 
such materials exhibit a phase-transition to a 
centrosymmetric paraelectric state. Crystals such as 
Potassium Lithium Tantalate Niobate have room- 
temperature phase-transitions, conveniently enabling 
experimental investigations. In paraelectrics, the 
second-order electro-optic tensor ri is zero because 
of symmetry, but the photorefractive effect is still 
available through the third-order coefficient gx 
in eqn [9]. By properly choosing the orientation, 
eqn [12] can then be replaced by 
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Operation near T, greatly enhances the relevant 
electro-optic coefficient gug > 0 (ge = 0.1 mC”), 
making the observation of photorefractive screening 
solitons possible. Using eqn [11] in eqn [14] the model 
is saturating and works for both 1D and 2D bright 
solitons. 

Thanks to the low powers involved and a mature 
crystal technology, the photorefractive effect and 
related soliton phenomena have contributed several 
impressive results in optical morphology of nonlinear 
light propagation, including incoherent and white 
light excitations. 


Spatial Solitons in Nonlocal Media, 
Liquid Crystalline Media 


A link, such as the Kerr law (eqn [4]), between the 
index perturbation and the optical intensity is ‘local’, 
because An at a given point (x, ¥,) only depends on 
the intensity at the same location. Otherwise the 
medium is said to be ‘nonlocal’, e.g., one of those 
described by the general Kukhtarev model (eqn [10]) 
although, sometimes well approximated by eqns [11] 
or [13]. 

There are various mechanisms yielding non- 
locality, mainly through spatial diffusion of the 


index perturbation far from the excitation. Remark- 
able nonlocal effects are expected when the spatial 
features of the beam, e.g., its waist, are significantly 
smaller than those of the induced polarization. 

One of the most important effects of nonlocality is 
the stabilization against the catastrophic self-focusing 
in 2D, as experimentally investigated by Suter and 
Blasberg in 1992. Evidence of a highly nonlocal 
behavior has been very recently reported in liquid 
crystals, where the nonlinearity can be thermal or 
re-orientational. In the former case the index pertur- 
bation is much wider than the beam waist due to 
thermal diffusion associated to (absorption mediated) 
heat transfer. In the latter case the elastic properties of 
the medium produce a widening of the self-waveguide 
far from the beam axis. In nematic liquid crystal 
(NLC), the re-orientational response stems from the 
optically induced tilt of the clongated molecules 
towards the linearly polarized field versor. The light 
forced re-orientation increases the refractive index, 
thus creating the self-guiding conditions for spatial 
solitons. However, since in the nematic phase the 
molecules are linked together in a wide-scale order, 
the region (kernel) affected by this process is 
determined by the elastic properties of the medium 
and can extend to tens of microns. 

An effective approach to describe spatial solitons in 
a highly nonlocal medium (where the kernel is much 
larger than the beam) postulates that the punctual 
relationship between An and I is replaced by a link 
between An and the beam power P. In such a way the 
transverse integral of the intensity is fully embedded 
in the index perturbation. 

Assuming 1 = m(P,r) with the beam mainly subject 
to the refractive perturbation near its axis, one can 


W7,P) = m(P) — PP) (151 
with 7}(P) = nj the on-axis value. y(P) depends on 
the specific geometry and determines the wavefront 
convexity at the origin. The overall profile is basically 
determined by the constitutive relationships of the 
medium. The propagation equation can be shown as 


int 4+WA= EF p@ra (16) 
a m 


Equations like [16] also describe the transverse profile 
of a beam linearly propagating in optical fibers, as 
well as the quantum harmonic oscillator (interpreting 
as time). The soliton is its nondiffracting solution, 
a particular stationary case of a more general 
Gaussian beam with waist variable in propagation. 
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For intensities: 
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the spot-size obeys: 
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Therefore, for a Gaussian excitation, the waist 
oscillates along z between the values tei) — in general 
determined by the launch conditions — and ty = 
wyy(Ps'P). Ps is the ‘soliton power’ for which 
Wy, = Wy and kwty*(Ps) = 1, hence for P< P, or 
P > P, the beam pulsates cyclically with z (breathes) 
Such a dynamic balance between diffraction and 
nonlinearity stems from the spectral broadening 
associated to an increased heam shrinking: when the 
spectrum widens sufficiently, diffraction starts to 
prevail and the beam spreads again. This process 
repeats itself in propagation. 
‘The stationary solution for P 


corresponds to a 
point in the existence curve of waist versus power, ie.: 


how yPs) = 1 (19) 


Such exact balance is critical, and experimentally 
observed solitary waves in highly nonlocal media 
appear as breathers 

Figure 4 displays the intensity profile of a soliton 
propagating in nematic liquid crystals, as acquired 
by a digital camera placed on the top of the cell 
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Figure 4 Nonlocal breather. (Top) top view photograph of a 
spatial soliton in NLC. Beam waist oscillations are apparent in 
propagation, as graphed (bottom panels) versus 2 for various 
‘excitations. 
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Figure § Sketch of a liquid crystal coll for the observation of 
‘nonlocal solitons. (x) is the orientation of the main axis of the 
ellipsoidal molecules, fixed by an extemal bias. The alignment is 
planar, with molecules parallelto the cell facets. The optical beam 
propagates in the center ofthe cell, where Hx) ~ f, and induces 
‘an addtional re-orientation g. (Adapted from Conti C, Peccianti M 
and Assanto G (2003) Route to nonlocality and observation of 
accessible solitons. Physics Review Letters 91: 073901). 


and retrieving the scattered light (see Figure 5). 
The waist oscillation in the self-trapped beam and 
the dependence of the period on excitation are 
apparent. 

A specific highly nonlocal nonlinear system is 
formed by a linearly polarized beam in NLC with 
molecules pre-tilted (by an external electric or 
magnetic field) at = 7/4 with respect to the 
input polarization. As sketched in Figure 5, the light 
wave induces an additional tilt W. At the lowest 
order of approximation, the relevant set of equations 
can be shown as: 


120] 


with K the NLC elastic constant (K = 107!" N, for 
NLC of the E7 type), my = 1.5, m3 the optical 
anisotropy (1 ~ 1), i.e. the difference between 
relative permittivities along the two principal axes, 
G a constant determined by the specific geometry of 
the NLC cell and the pre-tilt angle @. Since, for 
K =0, eqn [20] represents a Kerr medium, it can be 
considered one of the simplest nonlocal generali- 
zations of local models for spatial solitons. The length 
R,=VKIG quantifies the diffusion of the index 
perturbation away from the beam axis, such that W 
decays according to the modified Bessel function 
Ky(riR,). Typically, R,~ 20 um and solitons are 
observed in the visible and near-infrared 


How It Works 


illustrated in Figure 7-2, where the lower curve is 
a duplicate of the upper curve, the only differ- 
ence being that its amplitude is multiplied by a 
fixed amount (usually much greater than shown 
here). The ratio is properly known as the gain of 
the amplifier, usually represented with letter A 
(for amplification). 
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Figure 7-2. in an ideal voltage ampli, the output vot 
age will be a duplicate of the fluctuating input voltage, the 
only difference being that the amplitude of the output is 
‘multiplied by a fixed amount. This ratio is known as the 
gain of the amplifier. 


Figure 7-3 shows the triangular symbol for a 
generic single-input amplifier (not an op-amp). 
It may contain any number of components, The 
triangle almost always points from left to right, 
with its input on the left and its output on the 
right, and power attached above and below. This 
is often a dual voltage power supply, which is 
convenient foramplifyinga signal that fluctuates 
above and below QV. In some schematics, the 
power supply connections may not be shown, as 
they are assumed to exist. 


integrated circuit > analog > op-amp 


Vs (positive DC 
‘power supply) 

‘Single 

input Output 
V- (negative DC 
power supply) 


Figure 7-3. The generic symbol for a single-input ampli 
er (nat an op-amp), with the positive side of its power 
supply being equal and opposite in value to the negative 
Side, and OV being at the midpoint between them. 


+ While the blue negative symbol is generally 
used throughout this encyclopedia to indi- 
cate OV ground, it represents a voltage iden- 
tified as V- in a dual voltage power supply, 
being equal in value but opposite in polarity 
to the positive side of the supply, V+. (Some- 
times these voltages are indicated as Vand 
V+) 


The output from this imaginary generic amplifier 
is shown in the figure as a linear amplification of 
the input. 


Dual Inputs 
‘An op-amp has two inputs instead of one, and 
amplifies the voltage difference between them. 
Its symbolisshown in Figure 7-4. The upperinput 
in this figure is held at OV, midway between V+ 
and V-. Because the op-amp has so much gain, 
an accurate reproduction of its input would cre- 
ate an output exceeding the voltage of the pow- 
ersupply. Because thisisnot possible, the output 
tends to become saturated and consequently is 
clipped when it reaches its maximum value, as 
shown in the figure. The thumbnail graphs give 
only an approximate impression, as they are not 
drawn to the same scale. 
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Solitary wave profiles are found with the ansatz 
A= aexpliBo), obtaining: 


No analytical solutions of eqns [21] are known in 2D, 
hence the profiles have to be derived numerical 
Conversely, it can be shown that 1D sech? solutions 
exist (see next section on parametric solitons). From 
eqn [21], the whole family can be parameterized 
by a dimensionless « = 1/(2kBR2). Since (1/2kB)"” 
measures the soliton waist (see eqn [7], a relates the 
eam size and the extension of the induced pertur- 
ation. Small a solutions access the highly nonlocal 
regime, as shown in Figure 6, where the ratio R 
hetween the index perturbation and the soliton waist 
is graphed. The insets show sample profiles of a and 
in two limits, respectively. On the other hand, when 
0, Re =0, and a—00, the local limit yields an 
index perturbation comparable in size to the beam 
waist. 

It is worth pointing out that a model such as 
eqn [16], also derived in the framework of plasma 
physics, predicts unconditionally stable self-trapped 
heams. Nonlocal solitons realize an energy minimum, 
thus preventing beam collapse such as in saturable 
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Figure 6 Spatial soltons versus nonlocalty. Graph af the ratio. 
between the waist of the induced index perturbation ina 
rronlocal medium and the soliton waist versus parameter a. The 
insets show (in normalized units) soliton (solid line) and 
Perturbation profiles (dashed line) for two diferent a, Le., in the 
local (a = 100) and highly nonlocal (a = 0.01) regimes. (Adapted 
from Conti ©, Paccianti M and Assanto G (2003) Route 
nonlocality and observation of accessible solitons. Physics 
Review Letts 91: 073901), 


(Kerr) media, The oscillations observed in experi- 
ments can be regarded as fluctuations around the 
lowest energy state. 


Parametric Spatial Solitons 
in Quadratic Media 


Solitons due to parametric processes, such as second- 
harmonic generation, belong to a different class with 
respect to previous sections. In fact, no refractive 
index modification can be physically associated to 
parametric effects. Parametric solitons are characte- 
rized by a power spectral density peaked around at 
least two carrier harmonic frequencies. It is the 
interaction between these components which pro- 
vides the diffraction beating mechanism. Their 
existence was predicted in the early 1970s by 
Sukhorukov and Karamzin, while the first experi 
mental evidence was reported in 1995. 

‘The simplest process to address is second-harmonic 
generation (SHG): a fundamental frequency (FF) 
wave at w interacts with a component at 2w. The 
latter can be spontaneously generated in noncentro- 
symmetric crystals (e.g., LINbOs, KNbOs, BBO, 
KTP, etc.) or externally seeded. 

For plane waves, this process is ruled by: 


dA, , od, 

+s 
7 122) 

ods 

= ra 


with Ak = ky — 2k, = 2w/e(m — m) the phase mis- 
match, dy the nonlinear coefficient, m, and n, the 
indices at SH and FF, respectively, and 
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the overall electric field. dy relates to the quadratic 
susceptibility d) (measured in mV~') through 


to day =d5!y2Zof/im ma), and typically deg = 
107 mewn. 

Equations [22] show that, in general, the harmo- 
nies with amplitudes A; and Aj affect each other's 
phase and intensity during propagation. The solution 
with constant moduli, i.c.: 


Ai = Jh exp] ane] 
123) 


A 
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with I; and Ip the respective intensities, provides a 
‘pure’ phase variation and ‘apparent’ index changes 
Am, and An, on either wave. The latter satisfy: 


(24) 


with the constraint (for plane waves to exist): 


my amy 


ab 


Equations [24] encompass a great deal of the physics 
in self-trapping via SHG. When eqn [25] is satisfied 
{at least approximately), the effect of SHG is 
exclusively on the phase. Assuming eqn [24] is valid 
for (wide) beams, the propagation in the presence of 
diffraction can be described by two coupled equations 
of the type [1] with relevant perturbations (eqn [24]}. 
This shows that the sign of the term (21) ~1,)/ 
(mm, ~ ny) is crucial, because focusing at both harmo- 
nics (Am > 0) requires (21) — [y(n — 13) > 0. 

When just a fundamental frequency (w) is 
launched, solitons are generated for Ak > 0: a small 
2w component is provided via SHG and I > 2h. In 
fact, since SHG (w + w = 2u) is followed by di 
ence frequency generation (20 , DFG), for 
any finite mismatch Ak > 0, a portion of the FF 
travels for a while at 2w before it is back-converted 
this is commonly named ‘cascading’ and, as a con- 
sequence, part of the FF undergoes a positive phase 
shift. The converse happens in the DFG +SHG 
process, Finally, if an SH beam with a small FF seed 
is input, solitons form for Ak <0 being 2h, >I, 
From a physical point of view, these mechanisms 
create the phase-front distortion required to counter- 
act diffraction, Figure 7 is an artist’s sketch on the 
formation of an SHG soliton, 

Equations [24] are approximately valid and rely on 
a plane-wave insight, but they point out the wealth of 
possibilities offered by three-wave interactions for 
light transverse localization via parametric processes. 
The full set of coupled equations describing 
parametric solitons from SHG differs from eqn [1]: 
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as it includes diffraction terms added to eqn [22]. 


e<trgesns FF 


De hryeois FF>> SH 


Po lretott 


a 


Figure 7 Parametric solitons via SHG. Intuitive description of 
soliton formation with an FF Gaussian input. At low powers 
(Gop) and for a small amount of generated SH (center) linear 
diffraction dominates. Above threshold parametric gain eficiontly 
counteracts difraction, originating a spatial soliton via quadratic 
cascading. 


The self-trapped solutions are found as in eqn [23], 
with 
Ai = ai(x,y) explipz) 


a(x, y)exp(idkz) expQ2iBe), and [27] 


These show that, even in the presence of diffraction, 
SHG can give rise to pure phase effect if the profiles 
satisfy: 


128] 


Thor 


which are the space-dependent counterpart of 
eqn [25]. Again, B is a nonlinear contribution to the 
FF wavevector, and determines the corresponding 
correction B)=26+Ak at SH. B is univocally 
determined by the power of the two harmonics in 
the solutions of eqn [28]. 

In the particular case: 


ny — 4m 


Ak=p™ 
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1D parametric solitons exhibit profiles 
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and the powers per unit of transverse wavefront along 
y at the two components are: 


|e Beode 


Bu 


= 1 Bleyde = 


with the total soliton power P, +P, directly related 
to B 

Equation [29] implies that, for mm, > 4m, and 
therefore Ak > 0, 1D parametric solitons exhibit the 
sech* profile. Otherwise, no analytical solutions are 
known even in 1D, and numerical techniques need to 
he employed. The same applies to 2D soliton profiles 
in al instances. 

Notably, eqns [28] are essentially identical to eqns 
[21] for solitons in NLC, Therefore, Figure 4 provid 
the features of 2D parametric solitons as well, with ‘a’ 
replaced by ‘a’, and "W’ by ‘a,’. For parametric 
solitons a=4n,(1+ Ak/2)/n, showing that at 
phase-matching (ny =m, Ak=0) a=4, while 
large a’s correspond to large Ak or small p's, 
low power and very wide solitons. The sech* profi 
for ID solitons corresponds to a= 1. 1D and 2D 
soliton solutions exist for any a > 0. 

The model for SHG solitons is more complicated 
than the previously discussed Kerr or saturable 
cases. The stability question can be formulated as 
the constrained-minimum problem of a specific 
functional, the Hamiltonian H. In general, for a 
given soliton power (the sum of the powers at the two 
harmonics) two branches exist for H. They corre- 
spond to two solitary solutions, differing in the ratio 
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Figure 8 Parametric solitons via SHG. 1D numerical simu- 
lations using the beam propagation method. (a) An FF Gaussian 
excitation difracts at low powers: (b) at high FF powers, ater a 
transient both harmonies propagate undifracted as a parametric 
spatial solton. (Adapted with permission from Assanto G and 
‘Stegeman Gl (2002) Simple physics of quadratic spatial solitons. 
Optics Express 10: 388-386). 


hetween the two powers. The solution with Py > P, 
corresponds to higher H, and is unstable via 
parametric amplification. When a harmonic field 
propagates in the presence of energy at a sub- 
harmonic (e.g., a small amount of FF), it tends to 
break up and transfer energy to it. Looking at 
Figure 4, this corresponds to small a’s, only attainable 
when Ak <0. As a result, quadratic solitons with a 
relevant SH content are unstable and thus, more 
difficult to observe 

The generation of a parametric soliton with a 
Gaussian input at FF, has a threshold (see Figure 7). 
This is because the input has to generate sufficient 
SH in order to produce and ‘feel’ the nonlinear 
phase-shift. A numerical simulation of eqn [26] 
shows the formation of a parametric spatial soliton, 
as displayed in Figure 8. As shown in (a), if only a 
small second-harmonic is generated by an FF 
excitation, diffraction dominates. Above threshold, 
as in (b), a stable self-trapped two-color beam is 
generated. 

Two significant experimental 
reproduced in Figures 9 and 10. The photograph in 
Figure 10 shows a soliton propagating in periodically 
poled KTP (PPKTP) over five Rayleigh ranges, 
obtained by imaging the out-of-plane scattered 
light. Parametric solitons are typically observed 
with the FF in the near-infrared and the SH in the 
visible. 

Figure 10 shows the output spots at FF and SH of a 
beam propagating in PPKTP for various FI 
tations, until a soliton is generated (right end). 

We close this section by observing that more 
general models must be considered to describe the 
whole physics of solitons in media with a quadratic 


5 Diffraction lengths 


Figure 9 20 parametric solitons via SH. Top view photograph 
of a solton in PPKTP (20ps pulses at A~ 9831m and pulse 
{energy of about 0.3 yl). The dashed lines ilustrate the difractve 
behavior in the absence of nonlinear effects. (Adapted with 
permission from Malendavich R, JankovieL, Polyakov S, Fuerst R, 
‘Stegeman G, Bosshard C and Gunter P (2092) Two-dimensional 
type | quadratic spatial soitons in KNDO3 near non-critical phase- 
matching. Optics Letters 27: 631-673.) 
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Figure 10 2D parametric solitons via SHG. Beam spots at FF (top row) and SH (bottom) for various input intensities in a 
PPKTP crystal. (Adapted with permission from Stegeman Gl, Jankovic L, Kim H, et al. (2003) Generation of, and interactions 
botween quadratic spatial solitons in non-criicaly-phase-matched crystals. Journal of Nonlinear Optical Physics and Materials. 


12:1-20), 


response. We mention, for example, the subtleties 
associated to anisotropy (walk-off), nondegenerate 
three wave interactions, additional Kerr and higher- 
order effects. 


Conclusions 


Bright spatial solitons are widespread, and have been 
reported in several materials using various wave- 
lengths and geometries. The brief overview presented 
above was intended to introduce the variety of basic 
mechanisms underlying their generation and propa- 
gation, but could not even touch upon the wealth of 
additional properties and potential applications of 
individual and multiple spatial solitons, their inter- 
actions and collisional properties, their stability and 
their control with other linear and nonlinear light 
waves, as well as with additional nonoptical effects 
(temperature, voltage, acoustic, and magnetic fields, 
etc.). Fascinating phenomena involve bright spatial 
solitons and are the subject of current research 
Among them we like to mention all-optical logic and 
signal readdressing, beam shaping and_filterin 
limiting, sub-wavelength spatial compression, and 
digital imaging, To learn more on the subject, we 
encourage the interested readers to look up the vast 


literature covering both fundamental and applied 
aspects of optical spatial solitons. 


List of UI and Nomenclature 

Angular frequency [s~] © 

Beam waist [m] w 

Boltzmann constant [J K~'] ky 

Current density vector [A m J 

Density of ionized donors [m~*] Ni 

Dielectric constant of % 
vacuum [F m~"] 

Director angle perturbation [rad] ah 

Director orientation angle [rad] M% 

Electric field amplitude, aa 
normalized [W"? m~"] 

Electric field amplitude, Eoge 
optical frequeney [Vm~"] 

Electric field vector, low E 
frequency [Vm~"] 

Electron charge [C] q 

Electron density [m~] p 

Electron mobility [m* V~" s~"] M 

Electro-optic second-order rte 


tensor [m V-*] 
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Electro-optic third-order tensor 
Im? C7] 
Element of the photovoltaic 
tensor [C m?J~'] 
Kerr nonlinear coefficient [m?W~" 
Low frequency permittivity [F m~'] 
Medium elastic constant [N] 
Medium forcing constant [N m7] 
Non local decay distance [m] 
Nonlinear length [m] 
Nonlinear wavevector 
correction [m~'] 
Optic axis versor 
Optical background 
intensity [Wm] 
Optical dark intensity [Wm 7] 
Optical index anisotropy 
Optical intensity [Wm 2] 
Optical saturation intensity 
[Wm?] 
Photo-ionization cross-section 
[m7] 
Photovoltaic index perturbation 
constant [Vm] 
Power [W] 
Power per wavefront unit 
[Wm] 
Propagation coordinate [ 
Rayleigh length [m] 
Recombination rate [m° s~!] 
Refractive index 
Refractive index perturbation 
Relative dielectric constant 
Sample width [m] 
Second order effective 
susceptibility [m V~"] 
Second order nonlinear 
coefficient [m W "?] 
Self-focusing power [W] 
Soliton power [W] 
Speed of light in vacuum [ms 
Static dielectric constant [Fm~"] 
‘Temperature [K] 
Total density of negatively 
charged sites [m~*] 
‘Total donor density [m~*] 
Transverse coordinates [m] 
Transverse wave-vector [m~"] 
Vacuum impedance [22] 
Wavelength [m] 
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Wavevector in medium [m~*] 
Wavevector in vacuum [m~*] 
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Introduction 


In the last few decades there has been considerable 
effort made in understanding energy-localization 
phenomena in many areas of physics. Optical fibers 
constitute excellent media where such phenomena 
are routinely observed by means of relatively simple 
experimental setups. A well-known example of 
those energy-localization phenomena is the optical 
soliton, which corresponds to a light pulse that can 
propagate in optical fibers over relatively long 
distance without experiencing significant degra- 
dations, From a fundamental point of view, the 
high stability of the optical soliton results from a 
delicate balance between the fiber chromatic dis- 
persion and the nonlinear refractive (or Kerr) index. 
The idea of using optical solitons as information bits 
in high-speed communication systems was first 
proposed in 1973, and then demonstrated experi- 
mentally in 1980. After these discoveries, interest in 
optical soliton transmission started to increase. In an 
ideal fiber, optical solitons can be modeled approxi- 
mately by the nonlinear Schrodinger equation, 
whose solutions are well known. In this article we 
present the main types of soliton behavior and the 
fundamental physical processes that are involved in 
soliton stability. 


The Nonlinear Schré: 


In optical fibers, there are many nonlinear phenom- 
ena that are difficult to understand by direct analysis 
of the nonlinear polarization (e.g., the soliton effect) 
but that can be readily understood by use of the 
nonlinear Schrodinger equation (NLSE). Let us 
consider an optical pulse that propagates in the 
zdirection, in a dielectric Kerr medium such as an 
optical fiber, with frequency wp, wavenumber ko, and 
an envelope A: 


ger Equation 


E = A explitk-t ~ wpt)] a 


‘We assume that the wave envelope A varies slowly in 
time and space compared with the fast variations of 
the carrier wave wp. In this situation, the Fourier 
spectrum of the wave is restricted to frequencies and 


wavenumbers close to @ = @ and k= ko, respect- 
ively. Then, the wavenumber & can be expanded in a 
Taylor series around ko, as follows: 


1 (ak fs 
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at 
[2] 
The nonlinear term Q=(ak/alAl?) 4-9 arises from 


nole=k(w,|AP), 
1 ty. Bi 


the optical Kerr effect, as k 
Setting K . 0 


=B.O+ 1 p.0? + Ola (31 


where A; is the inverse of the group velocity and fis 
the group velocity dispersion (GVD) coefficient. 
Equation [3] represents the nonlinear dispersion 
relation for the envelope. Using a Fourier transform 
method in which K is replaced by a spatial operator 
=ia/dz, and Qby a temporal operator i@/@T , one can 
apply eqn [3] on the envelope A to obtain the 
following equation: 


In practice it is more convenient to make use of the 
quantity (aA.)'?A, for which |Al* represents 
the wave power. The parameter A,y is the effective 
core area, which takes into account the variation of 
the light intensity across the transverse section of 
the fiber. The value of A,y strongly depends on the 
mode distribution. Using a system of coordinates 
that moves at the group velocity vg, ie., replacing 


T by t=T~Zg, eqn [4] reduces to the basic 
NISE: 
aA 1) Aa 2 
i - shay + APA =0 5 
x art (51 


where y is the nonlinear coefficient defined by 
y= OllaAg) = wym(cAyy) and expressed in 
Wim‘, This equation is formally analogous to 
the Schrodinger equation in quantum mechanics but 
with a nonlinear potential. Furthermore, in this basic 
NISE, all higher-order terms that describe effects 
such as the fiber losses, third-order dispersion, or 
stimulated Raman scattering, are neglected. The 
NLSE for pulse propagation in optical fibers was 
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first derived in 1973 by Hasegawa and Tappert. It has 
also found applications in other areas of physics, such 
as in plasma physics, fluid dynamics and electrical 
transmission lines. From a fundamental point of view, 
the basic NLSE involves the combined effects of the 
group velocity dispersion (GVD) and self-phase 
modulation (SPM), which are described by the second 
and third terms in eqn [5], respectively. Each of these 
two effects is analyzed below. 


Group Velocity Dispersion 


The individual effect of the GVD on pulse propa- 
gation can be obtained by setting the nonlinear 
coefficient to zero (y=0). In this case, eqn [5] 
reduces to 


6) 
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where A represents the Fourier transform of A. 
The solution of eqn [7] is given by 


w) = A(0, w) exp(iB,a*z/2) [8] 


‘As eqn [8] shows, the GVD changes the phase of 
cach spectral component of the pulse by an amount 
that depends on the propagated distance and the 
frequency of the spectral component. But this 
effect does not modify the power spectrum: 
(AG, «) |A(0,a)!*). This phase change can 
modify the shape of the pulse envelope, For 
example, a Gaussian pulse with a width of 8) at 
2=0, A(z = 0,t) = expl(—P/(28})], will transform 
into 


AG@.#) = [883 — i8y2)]"” exp[ — F/2(83 — i82)] 
191 


at a distance z. In other words, the pulse width 
increases from 6) to &[1+(z/Lpy]'”. The para 
meter Lp = 63/|s| defines a dispersion length, that 
is, a length scale over which the dispersive effects 
become important. At z=Lp the Gaussian pulse 
broadens by a factor of V2. Thus, the GVD causes 
the spectral components of the pulse to move at 
different velocities, which broadens the pulse, as 
shown by Figure 1. 

Another important effect of the GVD comes from 
the time dependence of the pulse phase, which one 
can easily obtain by rewriting eqn [9] as A(z,t) 
lA(z,2)| expfid(z,f)]. It turns out that the GVD 


= 
= 
: 


Time (ps) 


Figure 1 Temporal evolution of the power of a Gaussian pulse, 
as a function of the propagation distance. The simulation 
parameters are the following: input peak power Py ~ 1 mW, 
Bp = ~20 ps? km~* x10-%m!W and & =10ps. 
‘The dispersion length is Lp = 1.8 km. 


induces an instantaneous variation of the frequency 
across the pulse, called a frequency chirp. For the 
initially unchirped Gaussian pulse, the GVD induces 
a chirp given by 

ab tBale/Lo) 


bu = =o 
at ~ Tall + G/Eoy] 


{10} 


As eqn [10] illustrates, the GVD-induced frequency 
chirp depends on the sign of By, and varies linearly 
across the pulse. 


Self-Phase Modulation 


Similarly to dispersion effects, nonlinear effects in 
optical fibers require a minimum propagation dis- 
tance to develop significantly. The distance over 
which nonlinear effects become important is defined 
as the nonlinear length Ly, given by Lx, = 1/(yPo), 
where Pp is the peak power. 

Let us consider the propagation of a light pulse in a 
fiber of length L, such that Ly, < L <p. In this 
particular case, the effects of dispersion can be 
neglected, and then the NLS equation becomes 


aA Bi 
i + yara=o 


my 
It results from this equation that |A(z,)/ = 
lA(z= 0,1)". This means that the pulse shape 
remains unchanged during propagation. The solution 
of eqn [11] is given by 


A(z.t) = A(0, 1) expfihyr(z.0)] 12) 
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where Py (z,t) = AQ, t)I°z. Thus, the Kerr effect 
causes the phase of the wave envelope to vary during 
the propagation. The nonlinear phase shift dy: 
increases with the propagated distance z, The 
maximum phase shift ®8j* occurs at the pulse center 
and is given by @&#* = y/A(0,0)I?z = yPoz. One can 
see that the nonlinear length represents the propa- 
gation distance at which 8j* = 1. Since the non- 
linear phase shift dy, depends on the initial pulse 
shape, it varies nonlinearly with time ¢. This implies 
that the instantaneous optical frequency differs across 
the pulse from its central value wy. The frequency 
chiep is given by 


aby, _ _ alA(,0)| 
- 


Bat) = oXt) ~ oy aE 


113) 


‘The modification of the phase of the wave envelope 
by itself is called self-phase modulation. The fre- 
quency chirp increases with the propagated distance, 
thus implying that new frequencies are continuously 
generated as the pulse propagates through the fiber. 
This spectral broadening depends on the initial pulse 
shape. Figure 2 shows the variation of yt and 
the corresponding induced frequency chirp across 
the pulse at z=. for the case of an initial 
Gaussian pulse. 

The SPM-induced chirp exhibits several interest- 
ing features. dw is negative near the leading edge 
(red shift) and is positive near the trailing edge 
(blue shift). The chirp is linear (and increases) 
in the central region of the pulse, In fact, the chirp 
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Figure 2 Temporal variation of the nonlinear phase shift (a) and 
the corresponding frequency chirp induced by SPM (b), for a 
Gaussian pulse. 


Sw at a given propagation distance z depends on 
the initial chirp. As Figure 3 shows, at a sufficiently 
long propagated distance, the SPM-induced spec- 
trum exhibits several peaks due to interference 
effects across the pulse. Indeed as Figure 2 shows, 
the same frequency chirp occurs at two distinct 
times associated with two distinct nonlinear phase 
shifts. 

The spectrum width can be estimated by calculat- 
ing the maximum value 5wmsx of the frequency chirp, 
For an initial unchirped Gaussian pulse one obtains 


0.86yP oz 


14] 
% 4] 


Benax = 


Thus, the spectral width increases linearly with the 
propagated distance z and the input peak power Po, 
and is inversely proportional to the initial pulse 
width 6). The SPM can be detrimental for optical 
communication systems. The SPM broadens the 
spectrum of the signal and makes it then more 
susceptible to GVD effects, Note that in wavelength 
division multiplexing (WDM) systems, the phase 
modulation of a given channel can come not only 
from the power in the considered channel itself 
(SPM) but also from the power in a different 
channel of the WDM system (CPM, ice., cross-phase 
modulation). By appropriate dispersion compen- 
sation, the impact of SPM and CPM can be 
significantly reduced. On the other hand, the SPM, 
combined with dispersive effects, leads to very 
useful effects such as pulse compression, or the 
generation of optical solitons (described below). 


Intensity (arbitrary units) 


oO 
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Figure 3 Evolution of the SPM-induced spectral broadening of 
an inttialy unchirped Gaussian pulse, as a function of the 
propagation distance. Here the normalized aistance Is ZL. 


‘SOLITONS / Optical Fiber Solitons, Physical Origin and Properties 59 


Optical Solitons 


Bright Solitons 


Soliton propagation results fundamentally from a 
delicate balance between two phenomena: GVD and 
SPM. As we mentioned above, the GVD causes the 
spectral components of the pump to move at different 
velocities, thus leading to a temporal broadening of 
the pulse as shown in Figure 1 in the case of a 
Gaussian input pulse. Moreover, eqn [10] shows that 
the effect of GVD on a propagating Gaussian pulse is 
associated with a linear frequency chirp dw and a 
parabolic temporal phase, proportional to By. On the 
other hand, eqn [12] shows that the SPM induces a 
frequency chirp across the pulse proportional to the 
temporal derivative of the pulse intensity. The chirp 
induced by SPM is then linear only in the central 
region of the pulse as long as the initial pulse shape is 
nonparabolic. As a consequence a Gaussian input 
pulse cannot propagate in a distortion-free manner 
since the GVD for anomalous dispersion (B2 < 0) is 
able to completely cancel the intensity-dependent 
phase shift from SPM only over the central region of 
the pulse, On the other hand we show below that, in 
the anomalous dispersion regime, the exact cancella- 
tion of the nonlinear and dispersive temporal phase 
components (and corresponding chirps) is obtained in 
the case of the propagation of a hyperbolic secant 
pulse, which corresponds to the fundamental bright 
optical fiber soliton. 

‘We consider the propagation of an unchirped 
hyperbolic secant pulse at a wavelength of 1.55 um 
in a standard telecommunications fiber with By 
-21x 103 ps*m™! and y=1.2x103Wo'm 
The input pulse at z=0 is given by A(0,t) 
Po sech (t/6,) with 6 = 10 ps and Po = 175 mW. 
With this choice of parameters the dispersion length 
is equal to the nonlinear length, ie. Ly = Ly 
4.76 km. In fact, these conditions correspond to those 
which would support a propagating soliton. How- 
ever, let us consider first how SPM and GVD modify 
the incident pulse when acting independently. Figure 4 
shows numerically computed results from the 
solutions of eqns [12] and [8] to illustrate the effects 
of nonlinear and dispersive evolution over a range of 
propagation distances. The figure shows the pulse 
intensity as well as the time-dependent phase and the 
corresponding frequency chirp. The evolution is 
clearly very different in the presence of only nonlinear 
or dispersive effects. Nonlinear SPM alone induces no 
change in the temporal intensity of the pulse, but the 
magnitudes of the SPM-induced phase and chirp 
increase with propagation distance. In contrast, 
GVD induces changes in both the intensity and the 


phase of the pulse as it propagates, and the temporal 
broadening with propagation is associated with a 
significant change in the functional forms of the 
phase and frequency chirp. In particular, whilst for 
large propagation distances it can be seen that 
GVD induces a parabolic temporal phase and 
corresponding linear chirp, this is clearly not the 
case for small propagation distances. This result 
strongly differs from that obtained for a propagating 
Gaussian pulse for which the temporal phase is 
always parabolic. In the context of soliton propa- 
gation, the results in Figure 4b are of particular 
significance, since they clearly show that at z = Lp/10 
where neither SPM nor GVD noticeably modify the 
pulse intensity profile, the SPM and GVD-induced 
phases and frequency chirps have qualitatively similar 
forms, yet opposite sign. The split-step Fourier 
method demonstrates that over a sufficiently small 
propagation distance (e.g., 8: = Lp/10) the effects of 
nonlinearity and dispersion can be considered to act 
independently on a propagating pulse. This suggests 
that, over the propagation segment (0 < z < Az), the 
phases are capable of cancelling each other across the 
entire pulse profile. It is obvious that, if the effects 
cancel over this distance, then the propagation in the 
following segment will begin from the same initial 
condition of an unchirped pulse which was the case at 
z=0. The nonlinear and dispersive phase com- 
ponents will therefore continue to cancel over 
successive iterations for an arbitrary length of fiber, 
and we thus obtain a simple physical interpretation to 
explain the distortion-free propagation of an optical 
soliton. Thus, the combined effects of GVD and SPM 
can prevent the occurrence of a frequency chirp 
across the pulse. In this situation the pulse propagates 
with a constant temporal profile. Such light pulses are 
called optical solitons. 

Mathematically, the basic NLSE, eqn [5], belongs 
to a remarkable class of integrable nonlinear 
equations, which can be solved exactly for an 
arbitrary initial condition by means of the inverse 
scattering method. The solutions depend strongly on 
the sign of dispersion, and the relative importance of 
dispersive and nonlinear effects, measured by a 
dimensionless parameter 


ts} 


In the anomalous dispersion regime (f <0) the 
NLS equation admits envelope-soliton solutions. 
The soliton order is given by the parameter N. Only 
the fundamental soliton, defined by N=1, can 
propagate in the fiber with a constant profile, as 
schematically represented in Figure 5. 
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Nonlinear propagation 


Dispersive propagation 
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Figure 4 Numerical results showing nonlinear (lat column) and alispersive (right column) propagation in an optical 
parameters as described in the text, and for propagation distances as indicated. 
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with 
3 solid lines show the pulse intensity (left axis) 


whilst the dashed lines show the calculated phase (right axis, top) and chip (right axis, bottom). Constant phase offsets have been 


removed for clarity. 


Power (mi) 


Figure Temporal evolution of the power of a fundamental 
bright soliton, as a function of the propagation distance. 
‘The simulation parameters are the following: input peak power 
Py=67mMW, f= —20ps*km-". y= 3x10 mW and 
4) = 0p, The nonlinear length is Ly, = 5 km. 


For the fundamental soliton, dispersion and non- 
linearity exactly balance each other in a way such that 
neither the pulse shape nor the pulse spectrum change 
during the pulse propagation. The fundamental 
soliton (N = 1) is given by 


A(z, t) = Po sech(t/8y) exp(iyPoz/2) [16] 


where the peak power required to generate this 
soliton is determined by Lp = Ly, and given by 
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Note that the phase of this bright soliton 
remains constant across the entire pulse. For a 
standard single-mode fiber (SME), at 1.55 um 
wavelength, typical values of the dispersion and 
nonlinear parameters are By = —21 ps*km™! and 
210-3 W"! m-|, respectively. 
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Figure 7-8. An op-amp has so much gain, its output will 
tend to saturate, producing a square wave regardless of 
the shape of the input 


The small black plus and minus signs alongside 
the two inputs to the op-amp havenothing todo 
with the voltage supplied to the component. The 
"minus" input is properly referred to as the in- 
verting input while the "plus" input is the nonin- 
verting input, in recognition of their functions. 


The inputs are sometimes arranged with the mi- 
nus above the plus, and sometimes with the plus 
above the minus. Schematics should be inspect- 
ed carefully to note which arrangement is being 
used. 


The positive and negative power connections to 
the op-amp may be omitted, but if shown, they 
always place V+ at the top, regardless of which 
way around the inputs are presented. 


Ifa signal is applied to the noninverting input, 
while the inverting input is held at OV ground, 
the op-amp provides an output in which the 
voltage is not inverted relative to the input. 


Ifthe inputconnections are swapped, so that the 
inverting input receives the incoming signal 
while the noninverting inputistied to OV ground, 
the output from the op-amp isinverted (the gain 
remains the same). See Figure 7-5. 
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Figure 75. When the incoming signal is applied to the in 
verting input of an op-amp while its noninverting input & 
held at OV ground, the output is inverted. 


+ An op-amp that is being used without any 
other components to moderate its output is 
functioning in open loop mode. 


Negative Feedback 
To create an output that is an accurate replica of 
the input, the op-amp must be brought under 
control with negative feedback to the input sig 
nal. Thisisillustrated in Figure 7-6. A resistor con- 
nects the output back to the inverting input, so 
that the input is automatically reduced to the 
point where the output is no longer saturated. 
The values of R1 and R2 will determine the gain 
of the op-amp, as explained in "How to Use It” on 
page 53. The op-amp is now functioning in ts in- 
tended closed loop made, meaning that the out- 
put is being tapped for feedback. 


To obtain a linear output that is noninverted, 
connections are made as shown in Figure 7-7. 
The resistors form a voltage divider between the 
output and OV ground, effectively increasing the 
comparison value on the inverting input. 


Chapter? 51 
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So, the peak power required to propagate a 
fundamental soliton with pulse width 6) = 10 ps, is 
P) = 175 mW. This soliton is represented in Figure 5. 
A further reduction of Po can be obtained by using 
dispersion-shifted fibers (DSF), for which the dis- 
persion can be significantly reduced to values of the 
order of 1 ps*km~'. In this situation, the power 
required to ereate a soliton reduces to Po = 8.3 mW. 
Thus, fundamental solitons can be generated at 
power levels that are easily obtainable from conven- 
tional laser diodes. The first experimental observation 
of soliton propagation in optical fibers was reported 
in 1980 by Mollenauer, Stolen and Gordon, 

Note that all the higher-order solitons (N > 1) 
execute a recurrent deformation during their 
propagation, as illustrated in Figure 6 in the case of 
the second-order soliton (N = 2). 


Dark Solitons 


In the normal dispersion regime (2) > 0) the chirps 
induced by GVD and SPM reinforce each other and 
thus make the hyperbolic secant pulse more 
susceptible to temporal broadening. Thus, in the 
normal dispersion regime bright solitons cannot 
propagate. However, in this case the NLS equation, 
eqn [5], admits a hole-soliton solution. In. other 
words, the intensity profile of this soliton exhibits a 
dip in a uniform background, as represented in 
Figure 7. 

Mathematically, this hole-soliton, commonly 
called a dark soliton, takes the following form: 


A(z, t) = +yPp tanh(t/6y) exp(iyPoz) 


[8] 
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Figure 6 Temporal evolution of the power of a second-order 
saliton, as a function ofthe prapagation distance. The simulation 
parameters are the following: input peak power Py = 267 mW. 
“The fiber parameters are the same as in Figure §. The noniinoar 
length is Ly, = 1.25 km, 


Power (mW) 


Timo (p3) 


Figure 7 Temporal evolution of the power of a dark soliton, as a 
function of the propagation distance, for an input peak power 
Py = 87 mW. 


As eqn [18] shows, the amplitude of the dark soliton 
is given by an odd function of time. Thus its phase 
exhibits an abrupt 7 jump at the dip center, thus 
implying that dark solitons are chirped. The phase 
between each jump is constant. Note that there exist 
other soliton solutions that are similar to the dark 
soliton, but for which the intensity at the dip center 
does not fall to zero and the phase variation is more 
gradual and smaller. These solutions are often called 
gray solitons. 

‘A common feature of bright and dark solitons is 
their robustness. This property is very important for 
ensuring practical applications in optical communi- 
cations. Moreover, optical solitons emerge 
unchanged from collision processes. However, dis- 
sipative perturbations such as material loss or Raman 
scattering can destroy such solitons. 


Dispersion-Managed Solitons 


As we mentioned above, the fundamental soliton is 
hased on a delicate balance between dispersion and 
nonlinearity, through the relation Lp =Lyt. In 
addition, the existence of this soliton requires that 
only these two effects are present in the fiber. But in 
practice, additional linear and nonlinear effects such 
as fiber losses, Raman scattering, or third-order 
dispersion, are always present in the fiber. In 
particular, the fiber losses cause the soliton power to 
continually decrease during the propagation. The use 
of lumped amplifiers along the transmission line 
allows one to compensate for the power loss, but does 
not prevent the occurrence of chirp. As a con- 
sequence, the fundamental soliton does not survive 
over long distances (a few tens of kilometers), without 
in-line control. Moreover, this soliton is not stable 
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against phenomena such as CPM and FWM 
processes that occur unavoidably in WDM systems. 
The CPM between the pulses in a given channel and 
the pulses in other channels induce a frequency chirp 
{in the considered channel), which is converted into 
amplitude variations by the fiber dispersion. The 
FWM induces energy-exchange processes between 
different channels, which lead to pulse distortions. 

A new transmission scheme, called dispersion 
management, was recently proposed to resolve the 
above-mentioned limitations. Basically, the dis- 
persion-management technique utilizes a trans- 
mission line with a periodic dispersion map, such 
that each period is built up by two types of fibers, 
generally with different lengths and opposite group- 
velocity dispersion. Whereas the fundamental soliton 
requires total cancellation of the chirp at each 
propagation distance, the dispersion-managed (DM) 
soliton induces a small variation of the chirp, with a 
zero mean value over each period of dispersion 
management, 

The DM soliton exhibits major differences with 
respect to the fundamental bright soliton. First, 
whereas the fundamental bright soliton possesses a 
smooth profile (as Figure 5 shows), the profile of 
the DM soliton exhibits an. internal oscillatory 
structure, with several side-lobes on each side of 


the soliton’s center. A typical representation of a 
DM-soliton profile is shown in Figure 8, at the free- 
chirp point of the dispersion map. Another out- 
standing difference is the following: whereas the 
fundamental soliton propagates with a constant 
profile, the DM soliton executes a periodic 
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Figure 8 Plot showing the profile of a DM soliton at the 
free-chip point of a typical DM line made up of 20.5 km of 
anomalous-dispersion fiber [f= ~15%10"*ps*m-', y= 
14x10 W-'m'), and 185km of normal-dispersion fiber 
[Ba = 15x 10-4 pst mr, y= 14x 10-8 Wt) 
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Figure 9 Pot showing the evolution of the DM saltan's profile 
as a function of the propagation coordinate z. 


deformation, with a period that coincides with 
that of the dispersion map. The minimum value of 
the soliton’s width occurs at the free-chirp point. 
From this point, the soliton’s width can execute 
several oscillations within one dispersion map, with 
a peak value that can be quite large compared with 
the width at the free-chirp point. Figure 9 illustrates 
the propagation of a DM soliton within one 
dispersion map of a lossless DM line. 

Recent experiments have demonstrated that in this, 
new transmission scheme the pulse propagation 
becomes much more stable than fundamental solitons 
against linear and nonlinear effects such that SPM, 
FWM, CPM, or third-order dispersion. The DM 
transmission lines are currently subject to intense 
research with a view both to upgrade the capacity of 
existing terrestrial networks, and to design submarine 
fiber systems with ultrahigh capacity. 


Modulational Instability 


In optical fibers, the interaction between nonlinear 
and dispersive effects may lead to modulational 
instability (MI), a phenomenon in which a continu- 
ous or quasicontinuous wave undergoes a modulation 
of its amplitude or phase in the presence of noise or 
any other small perturbation, The perturbation can 
originate from quantum noise (spontaneous-MI) or 
from a frequency shifted signal wave (induced-MI). 
MI was observed for the first time by Tai, Hasegawa 
and Tomita in 1986 for a single pump wave 
propagating in a standard nonbirefringent fiber 
(scalar MI), Scalar MI occurs only when the group 
velocity dispersion (GVD) is negative (anomalous 
dispersion regime). Modulational instability in eqn [5] 
is examined through a linear stability analysis (LSA) 
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of its steady state solution 


A= Pp expliyPoel 


Equation [19] shows that the power remains constant 
through propagation along the fiber. The linear 
stability of the steady state solution is examined by 


9} 


looking into the system in the presence of small 
amplitude and phase perturhations a; that is, we 
consider 


A= (Pp +a) expliyPazl 120) 


Then, the linearization of the NLSE with respect to 
a yields 


A (21) 


crs 


Then one can assume for the perturbation a modula- 
tional ansatz with wavenumber K and frequency Q, 
of the form 


a(z,t) = u cos(Kz ~ 2) + iv sin(Kz = 01) (22) 
Substitution of eqn [22] into eqn [21] leads to the 
following dispersion relation for the perturbation 


23) 


2 4yPo 
+] 


The MI phenomenon manifests itself by an expo- 
nential growth of the amplitude of the perturbation. 
This behavior occurs when the wavenumber K 
possesses a nonzero imaginary part. The dispersion 
relation [23] clearly shows that MI strongly depends 
on the sign of the dispersion. For normal dispersion 
(By > 0), K is always real and the steady state is 
stable, whereas in the anomalous dispersion regime, 
MI appears for 2 <0, = 4yPo/| 


ance of the phenomenon is measured by a power 
gain defined by 


g(Q) = 2llm(K)| = Balan? — 0% 


Figure 10 shows the MI-gain spectra at three power 
levels with fiber parameters appropriate for standard 
silica fibers at Ay = 1.319 am. 

The peak value of the gain, &inax = 2yPp, occurs at 
a frequency 


The import- 


[4] 


VB: 


called the optimal modulational frequency. In 
practice, when the perturbation corresponds to 


quantum noise, the spectral components that are 
amplified by the Ml-process are close to My. Here, 
as shown by Figure 11, the MI phenomenon leads to 
sidebands that are situated symmetrically 
respect to the pump, at frequency detunings 
+Oope (see Figure 10 for a pump peak power 
3W). 

the time domain, induced-MI leads to the 
break-up of the quasi-cw pump wave into a train 
of ultrashort pulses, The repetition rate of the 
pulses is determined by the frequency detuning 
hetween the signal and the pump (i.e. the modula- 
tional frequency). The temporal shape of these 
ultrashort pulses depends not only on the powers 
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Figure 10 Spectral profiles of Mi gain g for a pump 
peak power Py=1W (solid), 3W (dashed) and 10W 
{6ot-dashed). The fiber paramaters are i, = ~3.5 ps! km- and 
y= 19x10? mW" 
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Figure 11 Spontaneous modulational instability spectrum (Le. 
parametrcally amplified spontaneous noise), as obtained for a 
peak pump power Py = 3W anda fiberlength L = 1 km. The fiber 
parameters are the Same as in Figure 10. 
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Figure 12 (a) Theoretical temporal evolution of the power for induced-Ml, as a function ofthe propagation distance. (b) Output power 
spectrum in logarithmic intensity scale. The pump (signal) power is 3 W (0.5 mW), the pump signal frequency detuning is 0.94 THz, and 
the fiber length is 1 km. The fiber parameters are the same as in Figure 10. 


of the input waves but also on the modulational 
frequency. In particular, trains of bright and dark 
solitons with a terahertz repetition rate have been 
generated by MI in optical fibers. Figure 12a shows 
theoretically the evolution of a small initial 
modulation. 

As Figure 12a shows, MI causes a small initial 
perturbation to evolve into a periodic pulse train, 
whose period is inversely proportional to the freq- 
uency spacing Af between the pump and signal 
waves. Thus the technique of induced-MI can be 
exploited for generating high-repetition-rate ultra- 
short pulse trains. As shown in Figure 12b, such pulse 
train generation manifests itself in the frequency 
domain by the growth of a cascade of sidebands. The 
number of harmonics (nf) is determined by the 
temporal shape of the generated pulses and the initial 
conditions at the fiber input. 

Cross-phase modulation (CPM) betw 
modes can be used to extend the instability domain 
to the normal dispersion regime (positive GVD). This 
is achieved by using orthogonally polarized pump 
waves. This CPM-induced MI is called vector 
modulational instability. The optical field evolu- 
tions are described by two coupled NLS equations. 


n two 


Several experiments involving two polarization 
modes, or two spatial modes, have been done in 
order to observe MI in the normal GVD regime. 


Conclusion 


The invention of soliton transmission, predicted in 
1973 and experimentally demonstrated in 1980, is 
one of the major discoveries made in the area of 
optical telecommunication, Although from the period 
of invention of optical solitons up to very recent years 
the main line of research activities was based on the 
concept of the ‘classical soliton’, which represents an 
exact balance between the fiber group-velocity 
dispersion and its intensity-dependent refractive 
index, most recent experimental and theoretical 
developments focus on dispersion-managed solitons. 
Itis now widely recognized that DM solitons in fiber- 
optic links are the most promising way both to 
upgrade the capacity of existing terrestrial telecom- 
munication networks and to design submarine fiber 
systems. Most of the current research and develop- 
‘ment activities in this context aim to develop a non- 
empirical methodology of designing ultrahigh-speed 
DM fiber systems. 
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List of Units and Nomenclature 


Dispersion length Ly [| 

Group velocity dispersion coefficient Ax 
[ps?km=! = 10°77 s* m=] 

Nonlinear length Ly, [m] 

Nonlinear parameter y [W~* m~'] 

Nonlinear refractive index mrp [m* W~'] 

Optical intensity [ [GW cm 10° Wem 7} 


CPM: cross-phase modulation 

DM Soliton: dispersion-managed soliton 
FWM: four-wave mixing 

GVD: group velocity dispersion 

LSA: linear stability analysis 

ME: modulational instability 

NLS (EF): nonlinear Schrédinger (equation) 
SPM: self-phase modulation 

WDM: wavelength division multiplexing 


See also 


Fiber and Guided Wave Optics: Dispersion; Light 
Propagation; Nonlinear Effects (Basics). Lasers: Optical 
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Introduction 


In 1973 Hasegawa and Tapert proposed that optical 
soliton pulses in fibers could exist. A soliton is a 
propagating wave packet that is localized in the sense 
that it does not spread its energy during propagation, 
and with the additional property that it is so stable 
that it can collide with other solitons and emerge 
unaffected with respect to energy, shape, and 
momentum after the collision. Solitons are based on 
some kind of nonlinearity in the system, and for 
optical fibers the weak Kerr nonlinearity (which 
makes the refractive index increase in proportion to 
the optical intensity) can counteract the pulse broad- 
ening induced by group-velocity dispersion (GVD). 
‘The two effects can form a stable balance in the form 
of a soliton pulse, which then propagates without 
changing shape. 

Due to the lack of short-pulse laser sources at 
wavelengths above 1.3 jum, and low-loss silica fibers, 
it took another seven years for optical soliton pulses 
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to be experimentally verified. In an experiment by 
Mollenauer, Stolen, and Gordon in 1980, soliton 
pulse transmission over 700m fiber was demon- 
strated. During the 1980s soliton research aimed 
towards the use of solitons as information carriers in 
optical communications, and in 1990 the first data 
transmission experiment using solitons (2.8 Gb/s over 
23 km of fiber) were reported by Iwatsuki et al. 

During the 1990s, soliton-based communication 
systems have matured, an important reason being the 
development of the erbium-doped fiber amplifier 
(EDFA), which made high power levels commercially 
available. The most recent developments have been 
towards the use of solitons in alternating dispersion 
maps (so-called dispersion management), and such 
systems have reached performance levels near 
commercialization. 

It should be stressed that fiber soliton research has 
been almost exclusively devoted to single-mode fibers 
at a wavelength of 1550 nm. In principle, solitons can 
also be used to counteract mode dispersion in multi- 
mode fibres, but that generally requires unrealistically 
high peak powers, and is therefore regarded to be of 
less interest. Similarly, solitons with wavelengths 
around 1300nm in single-mode fibers have been 
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considered, but found to be of less interest due to the 
lack of low-noise optical amplifiers in this spectral 
range. Another kind of soliton, the so-called dark 
soliton, can also be generated in single-mode fibers. 
However, dark solitons have only been used as infor- 
mation carriers in a very limited number of experi- 
ments, and will also be omitted from this discussion. 

In the present review we will discuss both 
theoretical and experimental aspects of soliton 
transmission. We will distinguish bet 
tional solitons, which have constant dispersion 
during transmission, and dispersion-managed. soli- 
tons (although solitary waves would be the proper 
mathematical name) for which the dispersion varies 
periodically during transmission. 


Conventional Fiber Solitons 


Group-velocity dispersion means that the group 
velocity of the light changes with the optical 
frequency, and it is usually defined as the second 
derivative of the propagation constant 8 with 
respect to the angular frequency «@ and denoted 
"}, Standard single-mode fibers have a 
"| around a wavelength of 
1550nm, whereas dispersion-shifted fibers (DSFs) 
have if close to zero in the 1550.nm region. The 
dispersion is defined with respect to sign, so that the 
GVD is said to be normal if the group velocity 
decreases with frequency (ie.,ff > 0), and ano- 
malous if the group velocity increases with frequency 
(ic., 6 < 0). A pulse propagating in a dispersive fiber 
will broaden with propagation distance at a rate 
proportional to the product of 3 and the spectral 
width of the pulse. In a communication system such a 
broadening is devastating, since neighboring pulses 
will interfere and disperse power into adjacent bit 
slots. The problem is increased for high data rates (as 
this requires short pulses with broad spectra) and/or 
long transmission distances. 

‘The nonlinearity in optical fibers manifests itself as 
a dependence of the refractive index with power, and 
is known as the optical Kerr effect. For pulse 
propagation the Kerr effect will give rise to self- 
phase modulation (SPM), which means that the pulse 
will get a phase modulation proportional to its 
own intensity. Mathematically speaking, the ampli- 
tude of an optical pulse «(0, t) [W!] launched at 
0 will evolve according to u(z,t) = (0,1) 
exp(—iyzlu(0,t)!"), where y [W-'km_'] is the non- 
linear coefficient of the fiber, z [km] is the propagation 
distance along the fiber, t [ps] is the time coordinate, 
and lu(z, t)|? [W] is the power level of the light. The 
value of y varies between different fiber types due to 
the dependence on the core area of the fiber, but for 


standard single-mode fibers, in the 1550 nm region, it 
is approximately 2.2 km-' W~1. 

Taking both self-phase modulation and dispersion 
into account, one can derive a propagation equation 
for light, known as the nonlinear Schrédinger (NLS) 
equation. Of particular importance for the solution to 
the NLS equation is solitons, which is a solution that 
propagates without dispersive broadening. The soli- 
ton solution arises as a result of a cancellation of the 
dispersion and the self-phase modulation effects, and 
it can only be formed when the dispersion is 
anomalous. For normal dispersion the nonlinearity 
and the dispersion will instead act together to increase 
the spectral broadening of the pulse. The soliton 
solution of duration fo and dispersion £8} reads 


[1 aft z 
sema(f)oa(-iis) 
where the dispersive length is Lp = (3/66! {km|. 
The soliton peak power P, [W] and energy E, [J] 
can be expressed as P, = lityi(z, 0)? = Ippl/yt3 and 
E, = 2Pyty = 2IBhI Yto 

‘The fact that solitons are not broadened by 
dispersion will make them ideally suited as infor- 
mation carriers in a communication system. However, 
the solitons are affected by various perturbations that 
will affect the balance by dispersion and nonlinearity. 
Unless proper care is taken in the design of the system, 
those perturbations can destroy the performance of 
the communication system. Next, we will review the 
most important perturbations and design issues of 
soliton-based communication system: 


Myo 20) = 


Solitons in the Presence of Third-Order Dispersion 


The third-order dispersion (TOD), or the dispersion 
slope, is modeled with the derivative of the GVD, 
Bi (ps' km™'}, which is typically 0.1 ps? km™? in 
standard and dispersion-shifted fibers. For solitons 
in dispersion-shifted fibers the effect of the dispersion 
slope is increasingly important the closer the solitons 
are to the zero dispersion wavelength. 

When a soliton is placed close to the zero- 
dispersion wavelength, it will emit radiation in the 
normal dispersion regime of the spectrum, lose 
energy, and recoil further into the anomalous 
dispersion region so that the radiation stops and a 
stable soliton is formed. As a design criterion 
BY (Bilto) < 0.24 have been suggested for this 
phenomenon to provide negligible energy loss. 


Solitons in the Presence of Amplification and Loss 


The most important property that has been neglected 
in the derivation of the NLS equation for optical 
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pulses is the effect of loss. The loss will decrease the 
power and hence the nonlinearity so that the balance 
sustaining the soliton is no longer maintained. As a 
result of the loss (which is of the order of 0.2 dBkm_ 
in standard transmission fibers) the soliton pulse will 
he broadened. Partly, this can be circumvented by 
requiring the launched peak power of the soliton after 
cach amplifier to be such that the path-average power 
hetween the amplifiers equals the soliton power, P,. 
The peak power Pyeak falls off as exp(—az), wl 
0.042 km~! is the fiber loss coefficient, and 
the average peak power over one amplifier span is 
then Ppeak (I — exp(—al.,))/aL = Ppeak(G — 1)/ 
G In(G) = P,, where G=exp(al.,) is the gain of 
cach amplifier and L, [km] is the amplifier spacing. 
‘Nevertheless the periodic fluctuation of power and 
width over each amplifier length may cause the 
solitons to become unstable and lose power to 
dispersive wave radiation. To minimize this loss a 
useful design criterion is that the amplifier length L, 
should be smaller than the dispersive length, Lp. 


Sources of Timing Jitter 


Another transmission obstacle is the various sources of 
random movement of the pulse in the bit slot, i.e., 
timing jitter of the pulses in the data transmission link. 
‘There are various sources of timing jitter, ¢.g., soliton 
interaction, Gordon—Haus, acoustic, and wavelength 
division multiplexing collision induced jitter. 


Soliton interactions 
Solitons, being nonlinear pulses, will interact with 
adjacent pulses in the pulse train. The interaction 
between solitons of the same polarization state and 
wavelength is phase sensitive so that in-phase solitons 
will attract each other whereas out-of-phase 
solitons will repel each other. To reduce this effect 
the solitons must be sufficiently spaced in the data 
stream. A typical design condition is that the pulse 
width of the solitons are one fifth of the bit slot, or 
one fifth of the inverse bit rate. A straightforward way 
of reducing the interaction is to have alternating 
amplitudes of the soliton in the pulse train, and the 
solitons can then be packed more densely. 

Orthogonally polarized solitons interact substan- 
tially less, since it is the intensity overlap that causes 
the interaction, rather than the amplitude overlap as 
for copolarized solitons. In polarization multiplexed 
systems where adjacent pulse have orthogonal 
polarization it is usually enough with half the above 
separation, ie., a pulse duration of 2.5 less than the 
bit separation. 


Gordon—Haus jitter 
Noise from the in-line amplifiers will give rise to a 
small jitter in the carrier frequency of each soliton, 
which, via the dispersion, will alter the group velocity 
and hence affect the arrival time of each pulse. This is 
known as the Gordon—Haus effect, and it has to be 
accounted for in long-distance systems. The variance 
of the timing jitter is proportional to the ratio of the 
power spectral density of the noise to the energy of 
the soliton, and also proportional to the transmis- 
sion distance cubed. The fact that Gordon—Haus 
jitter grows cubically with distance makes it particu- 
larly important at transoceanic lengths, typically 
exceeding 1 Mm, 


Acoustic jitter 
The electrostriction nonlinearity in the fiber gives rise 
to a mechanical pressure proportional to the optical 
intensity, which in turn modifies the refractive index 
of the fiber. In particular, an intense optical pulse like 
a soliton will give rise to a pressure (acoustic) wave 
moving radially outwards from the fiber center. The 
pulses in the wake of this wave will experience a 
randomly changing local refractive index, and hence 
(just as for Gordon—Haus jitter) a randomly changing 
carrier frequency that transforms into a timing 
jitter. The variance of this jitter will grow as the 
transmission distance to the power of four. 


WDM Considerations 


Wavelength division multiplexing (WDM) is another 
way of increasing the bit-rate of soliton systems. That 
is, several frequency channels are used for solitons 
transmission. The problem with WDM transmission 
using solitons stems mainly from collisions between 
solitons in the different wavelength channels. In a 
perfectly ideal NLS equation solitons would collide 
elastically without changing carrier wavelength. 
However, the presence of losses and amplification 
may cause the collisions to be asymmetric if they occur 
around an amplifier, and the result will be a freq- 
uency displacement and a concomitant timing jitter. 


Soliton Control 


Soliton control is the common name for methods to 
control the soliton parameters such as wavelength 
and position, mainly in order to reduce the deleter- 
ious timing jitter effects. There are two different 
approaches: passive and active control. 

Passive soliton control has been suggested in the 
form of filters that are inserted along the transmission 
path. This helps to keep the soliton wavelength fixed. 
In this way not only Gordon—Haus and acoustic jitter 
can be remedied, but also interaction jitter and 
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WDM-collision-induced jitter. A problem with this 
kind of filtering is that it defines a spectral region with 
excess gain, in which amplifier noise will grow 
ely. Away around that problem is to slightly 
shift the center wavelength of the filters along the 
transmission path. In that way the solitons will follow 
the frequency shift, but the linear noise will not. Such 
sliding filter experiments have demonstrated 
8 x 10 Gb/s WDM soliton transmission over 10 Mm. 

Active control usually acts in the time domain by 
using phase or amplitude modulators to retime and 
reshape the solitons. Using this technique, 10 Gbit/s 
over unlimited distances has been demonstrated. 
However, this kind of active reshaping of the pulses 
suffers from the same drawbacks as conventional 
eration, ie., incompatibility with 
WDM, complexity, and high cost. 


electronic re} 


Dispersion-Managed Solitons 


Introduction 


In the last years of the 1990s, solitons have become 
substantially more attractive through the rapidly 


emerging strategy of improving the performance of 
soliton transmission with dispersion management 
(DM). While the DM. strategy, which involves 
altering the local dispersion between a large positive 
and a large negative GVD such that the average GVD 
is small, has long been used in linear systems, it was 
only relatively recently appreciated that the same 
technique, if properly implemented, gives rise to 
several very striking improvements over conventional 
soliton transmission systems. While DM-solitons 
are clearly nonlinear pulses they are by no means 
classical solitons, 

From a commercial viewpoint, however, the most 
important benefit with using DM-solitons is that 
they, in principle, can use the already installed 
conventional fibers (with zero dispersion at 
1300 nm) allowing a much more cost-effective 
upgrade together with. dispersion-compensating 
fibers (DCF) or chirped fiber gratings, which can be 
located together with in-line amplifiers at certain 
intervals in the link. 

In Figure 1, an example of breathing in spectral and 
temporal widths of a DM-soliton can be seen, 
together with its dispersion map at the bottom. 
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Figure 1 Plot of the spectral width (top), temporal width (middle), dispersion map (bottom) of a dispersion-managed soliton in the 
lossless case (left column) and the lossy case that is periodically ampitid (night column). The positions ofthe amplifiers are denoted by 


the small triangles in the plat ofthe dispersion map. 
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‘Two cases are shown; one without fiber attenuation 
(left column) and one including fiber losses and 
periodic, lumped amplification every 60 km. One 
may note the strictly periodic behavior of both the 
spectral and temporal widths in both cases, and that 
the evolution of the spectral width is significantly 
different in the lossy case. This is because a change of 
the pulse spectrum requires nonlinearities and high 
power, and the spectral broadening is therefore 
highest directly after the amplifiers. 


Properties, 


DM-solitons emerged from extensive simulation 
work, and it was quite surprising to many researchers 
that the simulations revealed such stable and strictly 
periodic pulses. The periodicity follows that of the 
dispersion variation of the system, Usually the system 
under study has a dispersion map, i.c., a plot of how 
the GVD varies along the transmission path. The map 
has a characteristic period (typically 10~100 km) and 
an average GVD which is significantly lower than the 
local GVD in the map. 

‘Asa result of the massive simulation work done by 
many groups the following properties of DM-solitons 
have been found: 


¢ The pulse width, chirp, and spectral width 
oscillates periodically in the dispersion map. 
‘There are two points within the period at which 
the pulse is chirp-free, and those correspond to 
local minima of the pulse width. One of those 
points is the global minimum width, referred to as 
the ‘shortest pulse’ below. 

A central parameter that is useful for the charac- 
terization of DM-solitons is the map strength, 
= (Ly Bi! + Lol Bil) Tyas. where L is the length, 

B" is the dispersion, Trwrim is the minimum pulse 
width in the full width half maximum sense, and 
the subscripts 1 and 2 refer to the two fibers in the 
dispersion map. In this example we thus assume 
the map to consist of two fibers, one with normal 
and one with anomalous dispersion. Physically the 
map strength is the number of dispersive lengths 
the pulse propagates in one period. DM-solitons 
have been found for map strengths ranging 
from $=0 (which is the same as conventional 
solitons) to § = 12, although this upper limit is a 
transition regime in which the pulses radiate and 
perfect periodic evolution never arises. 

* DM-solitons have been found for anomalous, 
normal, and zero average dispersion A, defined as 
Bi = (Li Bt + LBL; +L,). Normal average 
dispersion is only possible for map strengths 
above 3.9. 


© The shortest pulse shape ranges from hyperbolic 
secant at S=0 to Gaussian for higher map 
strengths, and this is also evident from the time- 
bandwidth product, which increases with § from 
0.32 (sech-shape) at § = 0 to 0.44 (Gaussian shape) 
and even higher for large values of S. In 
addition, the shortest pulse has oscillating tails in 
the wings. 

© The energy of a DM-soliton pulse is enhanced 
relative to a soliton with the same average 
dispersion and pulse width. 

© The interaction between DM-solitons is less than 
that of conventional solitons, and an optimum map 
strength exists that minimizes the interaction, 


‘The fact that DM solitons can work for an average 
net zero GVD and even for normal dispersion, was a 
striking and unexpected difference from conventional 
solitons. This can be understood by the fact that the 
spectrum is widest in the anomalous dispersion 
regime (i.e. positive values of the dispersion par- 
ameter D, cf. Figure 1), and it has been conjectured 
that the average dispersion, weighted by the spectral 
width of the DM-soliton, should always be anom- 
alous. This is then a generalization of the fact that 
conventional solitons must always have a constant 
anomalous dispersion. 

The technical improvements with DM solitons 
over conventional ones are numerous. The signal-to- 
noise ratio is improved since the DM-solitons have a 
larger peak power than the corresponding conven- 
tional solitons. DM-solitons have less Gordon— 
Haus and acoustic timing jitter, since the system 
average GVD is much smaller in these systems. 
A very important added benefit appears in WDM 
systems. Due to the alteration between large 
positive and negative GVD along the path, the jitter 
induced from WDM-soliton collisions is greatly 
reduced. This, in turn, allows for very dense 
WDM which will improve the spectral efficiency 
substantially. 

‘An important practical consequence of using DM- 
solitons is that they reduce (or climinate) the need 
for in-line soliton control such as synchronous 
modulation or sliding filters, Yet soliton control 
methods are still applicable and will give improve- 
ment in terms of signal-to-noise ratio for DM- 
solitons as well. 

Quite impressive circulating loop experiments 
including WDM have been reported. For example, 
SI densely packed WDM channels each operating at 
20 Gbis were transmitted over 1000 km with 100 km 
sections of standard fiber, clearly demonstrating the 
strength of the DM soliton technique. 
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Quasi-linear Transmission Intrachannel 
Impairments 


Asarule, map strengthsin the range 1-8 make best use 
of the unique features of DM-solitons. This means that 
the use of installed standard fiber becomes difficult at 
very high bit-rates (say beyond 30-40 Gb/s) as shorter 
pulses require a more rapidly (sub-km) varying 
dispersion map to maintain a proper S-value. If this 
cannot be maintained, i.e. for $ values significantly 
above 10, one reaches the quasi-linear regime, in 
which the dispersion significantly dominates the 
transmission, 

In the quasi-linear regime, there are a couple of 
nonlinear transmission impairments that need to be 
accounted for and analyzed in more detail. They are 
the so-called intra-channel effects; intra-channel four- 
wave mixing (ICFWM), and intra-channel cross- 
phase modulation (ICXPM), and arise due to the 
nonlinear interaction between two neighboring 
pulses. Four-wave mixing (FWM) and cross-phase 
modulation (XPM) are usually effects associated with 
WDM transmission. However, the fact that the pulses 
are chirped and broadened, will cause different 
frequency components from neighboring pulses 
within the same wavelength channel to overlap in 
time, thereby causing FWM and/or XPM within the 
same channel. 

ICFWM arises for two neighboring pulses that, via 
four-wave mixing (FWM), creates new frequency 
components that in the time domain will give rise toa 
new pulse (commonly referred to as a ghost pulse), 
next to the two. The ghost pulse will then give rise to 
intersymbol interference and reduction of the eye 
opening. ICFWM is most prominent for large map 
strengths and high power. 

ICXPM can be viewed as pulse-to-pulse interaction, 
and physically, it manifests as the frequency shift of 
one pulse induced by the presence of a neighboring 
pulse, which, by the dispersion transforms into a 
timing jitter. The effect can be minimized by selecting 
proper map strength and pre-chirp of the pulse: 

Finally it should be emphasized that these intra- 
channel impairments will affect also non-soliton 
systems (¢.g., non-return-to-zero (NRZ) modulated 
systems) if the nonlinearities are significant. 


Experiments and Field Trials 


Soliton Pulse Sources 


When doing soliton experiments, be it conventional 
or DM-solitons, particular importance is placed on 
the properties of the pulse source, as it sets the 
lower limit of the system performance. A high 


bit-rate soliton pulse source needs to produce 
low-chirp, low timing jitter pulses with proper 
duration (in the ps regime), repetition rate (10-40 
GHz), and shape. 

One possible choice is gain-switched (GS) laser 
diodes, possibly with an external cavity for tunability. 
However, they suffer the drawback of producing 
pulses that are strongly chirped, asymmetric and 
often too wide. 

For laboratory experiments, fiber ring lasers (FRL) 
are very attractive, as they provide wavelength and 
pulse width tunability, besides meeting the above 
demands. Their drawback is that they are bulky, need 
active stabilization, and sometimes also temperature 
control to achieve long-term stability. 

Finally it appears quite clear that electro-absorption 
modulators (EAM), which can be integrated or not 
witha distributed feedback (DFB) laser, are very useful 
and simple sources for soliton transmission. While 
such sources were developed for linear NRZ. systems, 
they have now proven to be near ideal in soliton 
systems as well. Although EAMs are not commercially 
available at 40 GHz yet, they are likely to be so soon. 

Special considerations need to be taken in DM- 
soliton systems, however, as the launch condition is 
different from that for conventional solitons. The 
pulses should have a linear chirp such that it fits 
seamlessly in the periodically induced chirp variation 
along the link. This can be achieved by incorporating a 
proper length of fiber (or chirped fiber grating) in the 
transmitter once the overall dispersion map is known. 


Loop Experiments 


In order to investigate really long distances (mega- 
meters) of transmission, loop experiments were 
developed in the early 1990s. This means that the 
data pulses are injected in a loop consisting of 
transmission fiber and amplifier, and then left to 
propagate a number of laps corresponding to a 
certain transmission distance. Acousto-optic switches 
are used to switch the pulse train in and out from the 
loop at proper time intervals. The drawback of loop 
experiments is that they may be poor models of 
reality when it comes to things like dispersion 
variation along the fiber, polarization mode 
dispersion (PMD), or various kinds of drift that 
may arise, In addition, a real system has more options 
to fine tune, e.g., amplifiers along the transmission 
line. However, as long as these drawbacks are 
recognized, loop experiments are very powerful 
indeed, and invaluable in laboratory evaluations of 
long-distance transmission. 


Variants 


RL 


Noninverting 
input tied to 
OV neutral 
ground 


Figure 7-6. A resistor applies negative feedback to the in 
verting input of an op-amp. and creates a linear output 


‘Signal applied to 
oninverting input 


Figure 7-7. Where the incoming signal is applied fo the 
noninverting input, negative feedback is created by using 
2 pair of resistors forming a voltage divider between the 
‘output and OV ground. 


+ Note that the gain of an op-amp is specific 
toa particular frequency range of AC signal. 


Thisis discussed in "Howto Use lt” onpage53. 


Op-Amps and Comparators 
‘A comparator can be regarded as a type of op- 
amp, and in fact an op-amp can be used as a 
comparator, comparing variable DC voltage on 
one input with a reference voltage on another 


analog > op-amp 


input. However, the two types of components 
have diverged in design to the point where they 
should be considered separately. The distinction 
is sufficiently important to have prompted Texas 
Instruments to issue an Application Report in 
2001 titled "Op Amp and Comparators—Don't 
Confuse Them! 


previous entry discussing comparators (see” 
ferences from an Op-Amp" on page 42). 


Vai 


Because op-amps are mostly low-current devi- 
ces, they are widely available in very small 
surface-mount formats, in addition to the 
through-hole DIP packages which used to be 
more common. 


ints 


Many chips are available containing two or more 
‘op-amps. This is often expressed as the number 
of channels in the component. A dual chip con- 
tains two op-amps, while a quad chip contains 
four op-amps. Usually all the op-amps in a chip 
share the same power supply. Bipolar or CMOS 
transistors may be used, 


Because op-amps are widely available in dual 
and quad packages, it’s quite common for a ci 
cuit designer to have one op-amp in a chip “left 
over” The designer may be tempted to use that 
spare unit as a comparator instead of installing 
an additional chip. To address this situation, 
some manufacturers offer hybrid op-amp chips 
containing an additional comparator. The Texas 
Instruments TLV2303 and TLV2304 are examples. 


Values 


The op-amps derived from 1970s designs often 
tolerate a wide range of power-supply voltages. 
Plus-or-minus SVDC to plus-or-minus 1SVDCisa 
common range. Modern op-amps are available 
that run from as little as 1VDC to as much as 
1,000vDC. 


Op-amps are available for frequencies ranging 
from 5KHz all the way up to 1GHz. 
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Field Trial 


In the field, there are many transmission link design 
restrictions and fiber properties which make the 
systems far from optimal. The actual fiber parameters 
are nonperiodic with propagation distance as the 
systems are straight lines rather than relatively short 
loops. Both loss (in particular when including many 
contacts and splices along the link) and dispersion 
might vary significantly along a fiber span. In 
addition, it may not be possible to tailor the 
dispersion map and amplifier locations to reach an 
optimal state. All these examples of nonidealities 
justify the need for field experiments. 

Several soliton field experiments have been con- 
ducted over the past few years in Japan by NTT, in the 
US by MCIPirelli, as well as in Europe by ACTS 
projects, and the results from those experiments are 
discussed below. It is a good indication that solitons 
are indeed foreseen as very interesting candidates in 
commercial systems. Again, it is not 
compare the results as the situation in each case differs. 
All of the systems operated in the 1550 nm range, used 
optical time division demultiplexing with a 10 Gb/s 
electronic base rate, and the average loss/km ranged 
from 0.24 to 0.33 dB/km. Dispersion-shifted fiber was 
always used, apart from in two cases, where standard 
fiber was used. One field trial has used DCF for 
dispersion compensation, which makes this the only 
DM-soliton field experiment to date. 

Polarization multiplexing, for which adjacent 
pulses have orthogonal polarization, have been used 
in a few experiments and this serves mainly to allow 
the use of relatively wide pulses, which in turn allows 
for larger amplifier spans. Polarization-multiplexing, 
however, is not as useful if the PMD of the system is 
high, as then the orthogonally polarized pulses would 
start to drift statistically in time relative to each other, 
thereby creating intersymbol interference and 
increasing the soliton interaction. In the 40 Gb/s 
cases and above, PMD was found to be the main 
capacity limiting factor. 

Most of the recent experiments used a mode-locked 
fiber ring laser as a source, mainly because the 
provide excellent pulse quality as well as tunability 
in terms of wavelength and pulse width. Other 
experiments used either gain-switched lasers or 
electro-absorption modulators. 

Future soliton field trials are expected to (1) take 
advantage of the now well-known strategy of 
improving soliton transmission performance with 
dispersion-management, this being very attractive 
for upgrading existing fiber plants, (2) implement 
dense WDM (in fiber lines that do not contain 
dispersion-shifted fibers) to boost aggregate capacity, 


(3) utilize different forms of in-line control, particu- 
larly at high bit rates, and (4) further address the 
implications of PMD and techniques to combat it. 
The interesting trade-off between wavelength and 
time division multiplexing (WDM-TDM) for optim- 
ization of overall aggregate capacity will depend on 
the details of the fiber line parameters. 


Future Outlook 


To conclude, we note that the motivation for using 
solitons as information carriers has changed over the 
years. The property of being resistant to dispersive 
broadening was originally the main feature, but this 
was considered less important when dispersion- 
compensating fibers became commercially available. 
Instead, this led to the development of the dispersion- 
managed soliton. The advantages of the DM-soliton 
over linear transmission are features like the 
large power which gives a high signal-to-noise ratio. 
On the other hand, the difference between linear 
and nonlinear pulses is becoming increasingly fuzzy, 
and perhaps the distinction should be made 
between return-to-zero (RZ) and NRZ modula- 
tion rather than between linear and nonlinear 
transmission, 

Itis nevertheless interesting to note that solitons are 
now not only considered for oceanic systems but also 
for shorter terrestrial systems. There are still several 
challenges and opportunities remaining in order to 
take full advantage of solitons and to reach a better 
understanding, Further work is also needed on WDM 
soliton- and very high-speed TDM soliton-systems. 
The use of DM-solitons is a very recently established 
technique and there are thus many issues to consider. 
These include studies of robustness to deviations of 
optimum conditions, e.g., improper pulse launch 
conditions, the impact of nonperiodic dispersion 
maps and of PMD (both of which are difficult 
to study in loop experiments), and intrachannel 
effects. Nevertheless, solitons have now reached a 
level of maturity such that commercialization seems 
very near. 
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Amplifier gain G [-1 

Amplifier separation L, [km] 

Average dispersion Bo Ips? km™!] 
Dispersive length Lp [km] 

Fiber loss coefficient a km") 
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Group velocity dispersion By, [ps? km” '] 
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Map strength s 1 
Optical field amplitude a(z, t) [W"] 

Pulse duration fo [ps] 
Soliton energy RE iil 

Soliton peak power Pw 
Third-order dispersion Bo Ips’ km™"] 
Time t Ips} 
Transmission distance 2 [km] 
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Introduction 


The fact that wave propagation phenomena are 
intrinsically dispersive, that is localized disturbances 
tend to spread, is part of our experience. Less well 
known is the fact that the spreading of wavepackets 
can be counteracted by the nonlinear response of 
the host medium. Solitons are wavepackets that 
exploit this principle, realizing a perfect balance of 
dispersion and nonlinearity that allows them to self- 
trap and travel undistorded, or at least to recover 
their shape periodically, for long (virtually unlim- 
ited) distances. More specifically, here we deal with 
optical temporal solitons constituted by envelopes, 
or pulses with relatively narrow bandwidths around 
a carrier optical frequency, whose temporal profile 
remains unchanged (either strictly or on average) 
upon propagation. In contrast with spatial solitons 
predicted earlier and such that nonlinearities are 
exploited to compensate for diffractive beam 
spreading even in the two transverse dimensions 
(ie., in bulk samples, for details the reader is 
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referred to Solitons: Bright Spatial Solitons), tem- 
poral soliton trapping is intrinsically a one-dimen- 
sional phenomenon typically observed in optical 
fibers where diffraction is compensated by the 
standard fiber guidance mechanism. Temporal 
solitons were first predicted and observed in 
single-mode fibers (SMFs). Their applications in 
digital optical communications have increased due 
to their capability to behave as nearly ideal bits. 
Meanwhile, however, the concept of temporal 
soliton has been considerably generalized by inves- 
tigating new settings and effects such as polariz- 
ation, parametric amplification (see Nonlinear 
Optics, Basics: y'2-Harmonic Generation), gratings 
(see Fiber Gratings), stimulated scattering (see 
Scattering: Scattering Phenomena in Optical Fibers), 
and fiber lasers (see Lasers: Optical Fiber Lasers), 
etc. Here we briefly review the essential features of 
these different families of temporal solitons. In 
particular, in the section on Fiber Temporal Solitons 
below, we introduce the basic model for fiber 
solitons, whereas we discuss their application to 
optical communications in the section on Solitons in 
Optical Communications below. In the sections on 
Multi-component Temporal Solitons, and Temporal 
Solitons in Bragg Gratings below, we introduce 
significant generalizations of the concept involving 
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multicomponent and slow-light grating solitons, 
respectively. Finally, in the section on Solitons on 
Dissipative nonlinear optics we discuss issues 
related to solitons in strongly dissipative systems. 
Note that, throughout the paper, the word soliton is 
used in the aforementioned general sense, which 
does not necessarily require the underlying model to 
be integrable (see the section on Fiber Temporal 
Solitons below,), as implied by the more restrictive 
and rigorous mathematical meaning of soliton. We 
further focus our discussion to bell-shaped solitons 
(for dark solitons, holes on a continuous-wave 
background, see Solitons: Optical Fiber Solitons, 
Physical Origin and Properties), which can be 
excited by means of standard laser pulses. 


Fiber Temporal Solitons 


An optical pulse is described by the complex electric- 
field envelope E(z.t) that modulates the carri 
frequency wp. Its evolution along the z axis of a 
silica SMP is described with good approximation by 
the following universal model for dispersive and 
weakly nonlinear systems, known as the nonlinear 
Schrédinger equation (NLSE), 


aE ik 


a 2 


+ yEPE=0 ul 


a 


Ineqn [1] the second term is responsible for dispersive 
spreading of pulses ruled by the group-velocity 
dispersion 


(GVD, known also as chromatic or second-order 
dispersion), while the first-order dispersion 


has been removed in egn [1] by introducing the 
retarded time t= T—K'z measured in the pulse 
frame traveling at the natural group-velocity 
V =k’ of light, T being the physical time in the 
laboratory frame. The cubic term in eqn [1] is re 
ponsible for self-phase modulation (SPM) that stems 
from the instantaneous optical Kerr effect characte 
ized by the effective coefficient y= kyry/Ay 
(wofcAgy)nyy, where ny, is the nonlinear index of 
silica, the nonlinear refractive index change 
divided by the intensity which has produced it. The 
real-world total electric field can be recovered as 
£12, 7.1) = Re[f(r)E(z. 1) exp(ikyz—iwyT)], where the 


transverse modal profile f(r) has been averaged out 
in eqn [1] to yield an effective fiber area Ay 
‘The mechanism behind soliton formation can be 


understood as due to the instantaneous frequency 
changes along the pulse caused by the Kerr SPM, 
compensating those due to the group velocity 
dispersion (GVD) in the anomalous case (k" <0, at 
carrier wavelengths longer than 1.3 jum in standard 
SMFs) where the GVD induces a blue-shift on the 
pulse leading edge and a red-shift on the pulse trailing 
edge (in the absence of such compensation the pulse 
broadens because anomalous GVD means that blue- 
shifted frequencies travel faster than red-shifted 
frequencies). Such mechanism of compensation 
becomes ideal in the case of a soliton waveform. 
This concept finds its mathematical support in the 
fact that eqn [1] is a conservative (Hamiltonian) 
model with the remarkable property to possess 
infinite conserved quantities, a rather exceptional 
feature which makes it exactly integrable. Among the 
solutions, the following fundamental (so-called 


see below) bright temporal soliton exists 
whenever k" < 0: 


EG.) = ech{ (t ~ dk'z ~ f9)] 
xexp|— itor + £( 1 + 4"60*) 2 + ide 
exp|—idur+ 5 ( 7 + R80") Hi 
21 
where fy and @y are arbitrary initial position and 


phase, and Ly =(K'lr?)" is the characteristic dis- 
tance after which the GVD causes a significant pulse 
broadening, the so-called dispersion length. Temporal 
solitons [2] are characterized by two independent 
parameters, namely the duration 1/m and the freq- 
uency detuning 5, and possess several remarkable 
features: 


(i) they travel with invariant shape by realizing the 
condition N= Ly/Lq = 1, ie., exact balance 
between the two length scales associated with 
eqn [1], namely Ly and the nonlinear length 

‘yP,) | associated with the peak power 

(yLa)! = Ik"ln?/y needed for the input 

pulse [2] to be a soliton; 

in any given fiber with fixed GVD &! and 

nonlinearity y, a larger soliton power P, is 

required for a shorter duration, i.e., narrower 
solitons are taller; 

solitons experience a phase retardation as a 

whole (particle), which increases with P,, i.c., 

taller solitons have larger shifts; 


(ii) 


(iii) 
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(iv) as a consequence of Galileian invariance, a 
frequency shift 8 from wy induces the soliton 
velocity to change from k’~' to (k’ + dk!) !, with 
dk! = dk'S0x; 


(v) unlike other waves in nonlinear media, collisions 


hetween solitons with different velocities are 
strictly elastic, as shown in the example of 
Figure 1a; and 

solitons are extremely robust: 
they can be excited with input peak powers 
fering from P,, whereas a weak attenuation 
(aly <1) induces the soliton to reshape 
adiabatically, i.e., the peak power decreases, 
yet the pulse remains locally a soliton by 


(vi) for instance 


adjusting its width, as displayed in Figure 1b. 


More general (and cumbersome) solutions of 
eqn [1] describe periodic soliton evolutions, such as 
the interaction of in-phase adjacent input pulses at the 
same frequency (see Figure 1c), ora single input pulse 
with sech-shape but peak powers corresponding to 
higher integer values of N, so-called breathers 
hecause of their ability to recover periodically the 


initial shape after ‘breathing’ (sce Figure 1d for 
N= 3) over the distance mLy/2. 

Solitons [2] describe stable propagation-invariant 
pulses under ideal conditions (lossless case, relatively 
long pulses and short SMFS). In practical settings, the 
importance of solitons stems from their robustness 
against real-world perturbing phenomena described 
by terms that in turn break the integrability of the 
underlying model [1]. Situations of this kind arise, for 
instance, when one accounts for stimulated Raman 
scattering whose effect is to down-shift continuously 
the central frequency of ultra-short solitons, or in 
optical communication systems treated below. 


Solitons in Optical Communications 


Solitons [2] represent ideal bits for RZ. (return-to- 
zero) optical data sequences. However, fibers have 
unavoidable losses of about 0.2 dB/km at the usual 
operating wavelength Ay = 1550 nm. To ensure long- 
haul connections, the optical signal must be period- 
ically amplified, commonly using erbium-doped fiber 
amplifiers (EDFAs). The pulse peak power hence 
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Figure 1 Fundamental features of fiber (NLSE) solitons: (a) elastic collision of two N= 1 solitons with diferent values of parameter 
pairs (requency-velocity and ampltude-width); (b) adiabatic soliton damping in the presence of losses; (c)two-soliton bound state 


‘phase interacting solitons of equal amplitudes); (d) evolution of a N = 3 soliton breather along one period of its evolution. Here the 


power IE Is scaled in units of fundamental soliton power P,, while distance z and time tare reported in units of Ly and intial pulse-wicth 


‘/n, respectively. 
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undergoes both large exponential decay, because of 
distributed losses and abrupt lumped amplification 
under the action of EDFAs. Therefore, the stable local 
balance between GVD and nonlinearity cannot be 
rigorously sustained in the fiber. If both losses and 
amplifiers are accounted for, the mathematical model 
fee pulse envelope propagation along M_ spans 
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where the RHS contains the perturbing terms arising 
form distributed losses (a) and lumped amplifications 
(described by the comb with spacing Z).. 

The analysis of nonintegrable systems, such as 
eqn [3], can be carried out by appropriate transform- 
ations that allow the recovery of a reduced integrable 
model. The key result is that, under the limitations set 
by an appropriate length scale, the solitons of the 
reduced system can be close to those of the original 
problem. For temporal solitons, such transformation 
was first called ‘the guiding center soliton’, envisaging 
a similarity with the guiding center motion of a 
charged particle in a magnetic field. The main 
outcome is that eqn [3] can be reduced to the standard 
NLSE [1], clearly showing that soliton-like propa- 
gation still occurs in the presence of losses (even large, 
aly >1) and rapid periodic amplification. The 
appropriate scale for these systems is the amplifier 
spacing Z.,, that must be much shorter than Ly. To 
reproduce an average behavior similar to the lossless 
case, itis sufficient to multiply the input condition for 
an enhancement factor that counteracts the effect of 


fiber losses. Therefore soliton-like solutions do exist 
evenin fiber systems with loss management, though on 
average (over several fiber spans) rather than locally. 

Another issue that makes solitons suitable as 
optical bits, lies in their intrinsic aptness to be 
controlled either through passive or through active 
systems. Solitons tend to follow their relative center 
of mass in the temporal or spectral domain. For 
instance, a powerful technique to overcome one of the 
major problems, iie., the growth of noise due to 
amplified spontaneous emission, may be obtained by 
deploying periodically along the line optical passband 
filters. Mollenauer and co-workers have demon- 
strated that, by sliding the filters progressively (i.e., 
changing slightly the central peak from filter to filter), 
one can guide a shape-invariant soliton which adapts 
its carrier frequency while effectively suppressing the 


noise. Similar control techniques involve amplitude 
or phase modulators and a consistent amount of work 
has focused on the problem of all optical soliton 
regeneration. 

To exploit the idea of soliton in optical communi- 
cations, however, we should consider the fact that 
ultra-short optical pulses, suitable for high trans- 
mission rates, require extremely low fiber GVD to 
accomplish the stable balance between dispersion and 
nonlinearity for a fixed pulse-width and available 
power. For instance, in order to transmit at 40 Git/s, 
we should achieve a fixed GVD coefficient 
D = ~—(2mcla3)k" ~ 0.25 ps/(km nm) for the whole 
link. 

On the other hand, in many optical systems the 
fiber nonlinearity is not exploited at all but rather 
considered as a perturbing effect and a source of 
penalty that limits the maximum transmission dis- 
tance. In such an approach the desired cumulated 
GVD should be as close as possible to zero to avoid 
errors coming from inter-symbol interference caused 
by dispersive broadening. Dispersion-shifted fibers 
may ensure low GVD only in a narrow spectral 
region, thus limiting the transmission bandwidth. 
Conversely GVD can be reduced to zero on average, 
simply combining fiber spans with opposite GVD. 
The periodic alternance of fiber types may also carry 
several benefits, e.g, limiting the impact of resonant 
nonlinear interactions such as four-wave mixing (see 
Fiber and Guided Wave Optics: Nonlinear Effects 
(Basics) for its definition). The different architectures 
of dispersion management proposed with the twofold 
scope of limiting nonlinear effects and reducing the 
cumulated GVD, have immediately stimulated the 
investigation of their impact on soliton propagation. 
In the early schemes, the attention was focused on the 
so-called adiabatic dispersion management, where 
the GVD was changed proportionally to the soliton 
power to improve soliton system performances. In 
contrast with previous works, nonadiabatic map 
profiles were introduced in the experiments by Suzuki 
and co-workers to compensate the cumulated dis- 
persion by locating periodically dispersion compen- 
sating fibers (DCFs). In net contrast, Doran and 
co-workers have suggested the use of a combination 
of fibers with alternate normal and anomalous GYD 
(ic., a periodic stepwise variation of GVD), predict- 
ing the existence of solitons with a peak power larger 
than the equivalent classical soliton power, i.e., 
dispersion-managed solitons (DMSs) The periodic 
stepwise GVD map is not only conceptually different 
from carlier designs (with exponentially decaying 
GVD), but has opened the field to real application 
due to its simplicity of implementation. The innova- 
tive discovery that special pulse waveforms may 
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propagate in periodically dispersion managed fiber 
links has triggered the interest of several groups, 
leading to a complete characterization of the pro- 
blem, both theoretically and experimentally. 

Similar to the case of guiding center solitons, a 
DMS usually shows a solitonic behavior. However, 
the DMS has a Gaussian shape surrounded by 
oscillating tails (see Figure 8 in Solitons: Optical 
Fiber Solitons, Physical Origin and Properties), thus 
being more suitable, due to its faster decaying tails, to 
he closely packed in a bit sequence in comparison 
with a sech-soliton (eqn [2]) of the same FWHM. We 
show an example of DMS transmission line in the top 
frame of Figure 2, where we sketched the variation of 
the GVD of a standard SMF periodically balanced by 
shorter segments of DCFs with opposite GVD. We 
report, in the middle frame, the DMS pulsewidth and 
chirp and in the bottom frame the pulse peak power. 
As shown, the macroscopic soliton parameters are 
characterized by large fluctuations: the local minima 
of pulsewidth correspond to chirp-free points and at 
such points one observes either a minimum or a 
maximum of the pulse spectral bandwidth. None- 
theless, all these pulse parameters have periodical 
evolutions that are fingerprints of an invariant and 
soliton-like pulse when observed at integer multiples 
of Zs. The exact periodicity preserves the pulse 
waveform and hence the carried information. In DMS 
transmission we assist at the threefold compensation 
of energy, GVD and nonlinearity. Similarly to the 
guiding center solitons, the threefold compensation 
has an average, rather than pointwise, connotation. 
However, unlike guiding center solitons, for DMSs 
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Figure 2 Evolution of saliton parameters along three periods of 
a fiber link with lumped amplifiers and dispersion management. 
‘Top frame: GVD map D(2) [ps/(amkm)] and EDFAs (triangles) 
location; Middle frame: soliton chirp (in units of 1000 ps~*, dashed 
line), and pulse-width in ps, solid ne) vs. distance. Bottom frame 
DMS peak power (dBim) vs. distance. 


the definition of average should take into account the 
different relevance of pulse peak power in the map. 
Consequently the nonlinearity is compensated in a 
weighted manner, and it is not surprising in this 
context (though astonishing if placed back in the 
context of the NLSE [1] which requires anomalous 
GVD), that DMSs have been observed even when the 
uniform average GVD is weakly normal. 

The net difference between the local and average 
GVD allows simultaneous control of different detri- 
mental phenomena: for instance four-wave mixing is 
reduced by the large local GVD, whereas a small 
average GVD limits the impact of timing jitter due to 
amplified spontaneous emission (Gordon—Haus 
effect). As a result, DMSs perform better than 
conventional solitons. 

Figure 3 shows a typical high-speed (20 Gb/s) 
single-channel experiment, and the achieved perform- 
ance in terms of quality factor Q versus propagation 
distance, with the output after 8100 km, We recall 
that the Q factor measures the bit-error-rate (an error 
rate lower than 10°° corresponds to a Q higher than 
~ 16 dB). DMSs also allow the control of collisions 
between solitons that pertain to different channels 
(we recall that solitons at different carrier frequencies 
go at different velocities, and hence collide), thus 
enhancing performances of standard or dense WDM 
systems, 


Multi-Component Temporal Solitons 


So far we have discussed temporal solitons described 
by a single envelope. However, the same mechanism 
of mutual balance between nonlinearity and dis- 
persion can also be effective for multiple pulses, 
leading to trap simultaneously multicomponent (or 
so-called vector) solitons. Solitons of this type are, for 
instance, those due to the interaction of polarization 
modes in isotropic or birefringent Kerr media, higher- 
order modes in large-core (multimode) fibers, or 
mixing of pulses at different carrier frequencies that 
interact parametrically (i.e., without net exchange of 
energy with the medium). The latter case entails a 
broad class of solitons since virtually any parametric 
four-photon mixing process in cubic media ( 
nondegenerate or partially degenerate four-wave 
mixing, third harmonic generation, ...), or three- 
photon mixing process in quadratic media (sum- and 
difference-frequency generation, second-harmonic 
generation (SHG), optical rectification, etc.) is 
allowed to sustain them. This opens up the field to 
an entirely new class of materials, namely noncen- 
trosymmetric (quadratic) materials which usually 
have stronger nonlinear responses if compared with 
silica fibers. SHG can be taken as a paradigm to 
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Figure 3 (a) Schematic diagram of the straight-line experiment with optical time-division mutiplexing (OTDM) of soliton at 
20 Gbits; (b) Measured @ facior vs. distance comparing experimental results obtained in the straight-line and loop configuration 
(loop length of 1000 km), respectively. The waveform received after 8100km is also shown. With permission from Suzuki M 
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916-929, «© 2003 IEEE. 


understand the main features of these multicompo- 
nent solitons. In this case, the evolution of the 


interacting envelopes E, at carrier frequencies 
jeg} 


1,2, is ruled by the coupled equations: 


l4) 


)ictati exp(—idkz) = 0, 


where the subscript j= 1, 2 indicates that the relative 
quantities evaluated at frequency jay, ¢=T— E'2, 
> are GVD coefficients, 6k! =k’; — k', is the group- 
delay, x is the effective nonlinear coefficient, and 
Ak=ky—2k, is the wave-number (or phase) mis- 
match. In spite of the fact that eqns [4] are not 
integrable, their stable soliton solutions can be found 
(numerically) in a wide range of parameters as 
symbiotic phase-locked pulses Ey 2(z,t) that travel 
undistorted. For instance, SHG solitons exist either in 
phase-matching (Ak=0) or far-off phase-matching 
(with some limitations for Ak > 0), and, unlike fiber 
solitons, also in normally dispersive media (3 > 0). 
As for fiber solitons, their width is related to their 
peak power, since the basic mechanism is the mutual 
balance between the dispersive broadening (that 
depend on the pulsewidth) and nonlinear phase-shifts 


long-haul transmission. Journal of Lightwave Technology 21: 


(that depend on power), which occur due to repeated 
up-conversion and down-conversion processes, often 
referred to as cascading. A SHG soliton is robust 
enough to permit the observation of trapping, even 
from an input that differs considerably from the 
soliton (e.g., from the fundamental only), or in the 
presence of a relatively strong group-delay which 
tends to rip apart the two-component soliton, 
inducing walk-off between the two envelopes. 

In contrast with fibers, in this case, experiments are 
necessarily made in relatively short bulk samples, 
thus resulting in a limited number of dispersion 
lengths. Usually broad (quasi-planewave) beams are 
conveniently employed in order to make diffraction 
ineffective. 

‘The main experimental problem is that, in crystals 
commonly employed for SHG, the dynamics of 
typical laser pulses (duration above 100 fs) is fully 
dominated by the group-delay 64. In other words, 
the material GVD becomes relevant only for pulses 
as short as a few fs. Therefore, the observation of 
solitons with longer pulses has been required to 
tailor the dispersion, which can be accomplished by 
means of pulses with tilted phase front. As displayed 
in Figure 4, successful compression of 200 fs 
(FWHM) tilted pulses was observed at relatively 
large negative Ak in a BBO bulk crystal with effective 
zero group-delay and enhanced (anomalous) GVD. 
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Figure 4 Soliton fomation via SHG: the circles show the output 
pulse duration (full width at half maximum (FWHM) of 
autocorrelation za.,) vs. mismatch Ak, measured after propa- 
gation of an input 200s tited pulse (input zon = 284 fs) with 
18.4 GWiem? peak intensity, in a 7 mm BBO crystal (insot: same 
with 10.4 GWiem"). Superimposed (dotted fine) is the corre- 
sponding theoretical value obtained from eqn [4]. The solt 
curve that fits better the data accounts forthe additional efect of 
the material Kerr effect. With permission from Di Trapani P. 
Calroni D, Vallis G, Dubietis A, Danielius Rand Piskarskas A 
(1998) Observation of temporal soltons in second-harmonic 
generation with tited pulses. Physical Review Lettors 8 
570-573. ©) 1998 APS, 


The measured compression is a signature of soliton 
formation, as clearly indicated by the example of 
simulated pulse dynamics reported in Figure 5: 
the pulse at second-harmonic is generated and 
then trapped with the input one as a two-component 
bound state. Radiation and oscillations occur, in 
this case, because the launching conditions (single 
envelope) are far enough from the two-component 
soliton, 


Temporal Solitons in Bragg Gratings 


A linear periodic structure, such as a Bragg grating 
with pitch A, couples counter-propagating waves 
when their frequency lies close to the Bragg 
frequency oy (vacuum wavelength Ay =2noA) 
defined by the resonance condition k(wp) = A. 
Such a type of structure supports a different type 
of temporal solitons, so-called gap solitons (GSs) 
since they originate from a linear dispersion 
relationship of the type shown in Figure 6a, 
characterized by a stop-band (gap) centered around 
oB. The gap is characterized by a unitary grating 
reflectivity, as shown in Figure 6b, and the forward 
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Figure 5 Dynamics of temporal soliton formation ruled by 
‘eqn [4]. A compressed soliton is formed via strongly mis- 
matched (Ak = 100 m™') SHG from a 200 fs (FWHM) input 
pulse at fundamental carrier frequency, in a crystal with x= 
1.4% 10-* W"", effective dispersion 3k’ = 0 (group-velocily 
matching) and kj = ~1.8 ps"/m, kj = ~0.75 ps"/m. 


linear propagation is therefore forbidden, However, 
if the incoming wave is intense enough to induce 
the refractive index to increase through the optical 
Kerr effect, the Bragg resonance (and the whole 
gap) is shifted downwards (in frequency) allowing 
for self-transparency at the operating. frequency. 
GSs can be understood as bell-shaped envelopes 
which are allowed to travel along the grating due 
to a high-intensity core that bleaches the reflecti- 
vity, while the high reflectivity seen by the tails 
takes the pulse together. GSs are expected to be 
slow because the slope of the dispersion curve 
tends to zero when approaching the gap, while its 
curvature results in the grating GVD (huge if 
compared with material GVD in real-world units), 
which is exactly balanced by the nonlinearity when 
the GS is formed. This naive portrait is supported 
by a more thorough analysis starting from the 
coupled-mode equations obeyed by the forward 
E,(T) and backward E(z,T) envelopes at 
frequency op, propagating along a (e.g., fiber) 
Bragg grating with Kerr effect (inducing SPM and 
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The linear dispersion associated with eqn [5] is as 
in Figure 6a, with a stop-band lw — ol =T/k’ 
proportional to the index corrugation depth 
through the Bragg coupling coefficient T. In. the 
nonlinear regime, GS solutions of eqn [5] differ 
qualitatively from conventional fiber solitons [2]: 


(i) first, GSs are indeed slow since the two envelopes 
can travel locked with any soliton velocity Vit 
such that lol = Ik’Vycl = 1, 
natural group velocity k~'; 


, lower than the 


Figure 7 Gap solitons in a fiber Bragg grating: (a) measured 
pulse spectrum compared with the linear grating transmission, 
(0) compressed (15 ps) and delayed pulse transmitted at high 
intensity (dashed line), compared with the pulse transmitted at 
‘frequency fr from the Bragg resonance (solid line) where it retains 
its input with of 80 ps. With permission from Eggleton BJ, Slusher 
RE, de Storke CM, Krug PA and Sipe JE (1896) Bragg grating 
solitons. Physical Review Letters 76: 1627-1690, ©1996 APS. 


(ii) GSs exist only in a narrow bandwidth, i.e., the 
shaded area in Figure 6c, which corresponds to 
the gap seen in the soliton frame (it reduces to the 
conventional stop-band for still solitons and gets 
wider for faster GSs); and 

the gap is strongly asymmetric since lower 
intensity is required to induce transparency 
close to the high-frequency band-edge where, 
asa consequence, GSs have low amplitudes and 


(ii) 
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are stable (the amplitude grows moving towards 
the low-frequency bandedge, where GSs become 
unstable). 


Experimentally, GSs have been typically observed 
with pulses at frequency close to the blue bandedge 
of fibers (see Figure 7a) and AlGaAs waveguides 
with built-in Bragg gratings of a few centimeters. 
The typical signature of GSs, illustrated in Figure 7b, 
is the enhanced pulse transmission observed under the 
operating conditions of Figure 7a when the input 
intensity is sufficiently high. The transmitted pulse 
experiences pulse compression and a. significant 
group-delay (measured with respect to the transit- 
time at frequency far off the stop-band), witnessing its 
nature of slow-light solitons. 

Finally, we emphasize that grating solitons can also 
be supported in the case where the two modal 
envelopes propagate in the forward direction along 
a grating whose period A is long enough to be 
resonant with the modal phase slippage, thus indu- 
cing efficient linear coupling between them, In this 
case, the structure has a gap in wave-number, and 
solitons are slow in the frame traveling at the average 
modal group-velocity. Soliton formation is expected 
to lead to grating-induced compensation of the 
group-delay between the modes. Experiments on 
such types of structures have been carried out only 
recently. 


Solitons in Dissipative Nonlinear 
Optics 


Temporal solitons can also be observed in nonlinear 
optical interactions that involve changes of the state 
(energy level) of matter as in inverted media or 
scattering phenomena. For instance, early studies in 
the 1960s have demonstrated that coherent pulses 
with energy above a critical level can pass through 
resonant (two-level) atoms without being absorbed, a 
phenomenon denoted as self-induced transparency. 
Such pulses are temporal solitons solutions of 
the Maxwell-Bloch model which describes the 
atom-light interaction, 

Also scattering phenomena occurring in optical 
fibers, such as Raman and Brilluoin scattering, 
possess three-wave solitons, in which the pump and 
scattered (Stokes) light waves are coupled to a 
phonon field of the acoustic or optical branch (for 
Brillouin or Raman, respectively). 

Perhaps more important from the point of view of 
the modern applications, are fiber lasers composed by 
spans of active and/or passive fiber closed to form a 
recirculating loop. These types of structures can often 


he described by distributed (averaged over several 
round-trips) models, which take the form of 
a dissipative perturbed NLSE, known as the 
Ginzburg-Landau equation (GLE): 
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where g is the excess (net) gain (¢> 0) or loss (g <0), 
qi and q describe the nonlinear gain mechanism and 
its saturation (usually introduced to control the 
mode-locking), and 0, is linked to spectral filtering. 
Several soliton (pulse) solutions of the GLE [6] can 
be found even when the parameters (g. gai. 4.) are 
such as to constitute a strong perturbation of the 
NISE. Unlike NLSE solitons [2], pulse solutions of 
the GLE [6] are usually chirped (ie, possess a 
nonlinear phase profile), and have fixed amplitude 
for a given value of the parameters. The set of soliton 
waveforms is generally richer and includes, for 
instance, flat-top stationary pulses, two-pulse 
bound-states, solitons moving at fixed velocity, ete. 
Although instabilities of the background (for ¢>0) 
or of the pulse itself can affect their observability, 
large islands of stability in the parameter space can 
be found. The relevant role of stable solitons in 
mode-locking and intra-cavity pulse formation 
mechanisms has been demonstrated in many differ- 
ent fiber laser geometries, for which we refer the 
reader to the more specialized papers listed as 
Further Reading at the end of this article. We point 
out that some schemes, for instance the stretched 
pulse-fiber laser developed at MIT, involve a basic 
configuration (alternating GVD within the cavity 
length) which is quite similar to that seen in the 
framework of DMSs, thus exhibiting the same basic 
physical mechanism (strong compression and 
stretching of the pulse along each round-trip which 
play the role of the map period for a DMS). 


List of Units and Nomenclature 


BBO barium borate 
DCF dispersion compensating fiber 
DMS disperion managed soliton 

EDFA Erbium doped fiber amplifier 
GLE Ginzburg-Landau equation 

Gs gap soliton 

GVD _group-velocity dispersion 

NLSE nonlinear Schrédinger equation 
OTDM optical time-division multiplexing 
SHG second-harmonic generation 


analog > oj 


Aclassic” op-amp such as the LM741, which is 
still widely used, will operatewith a power supply 
ranging from plus-or-minus 5VDC to plus-or- 
minus 22VDC. Its output is rated for up ta 25mA, 
and its input impedanceisatleast2MO. The most 
current itwill draw froman inputisaround 0.5A. 


Vig is the input offset voltage. In an ideal compo- 
nent, the output from an op-amp should be OV 
when its inputs have a voltage difference of OV. 
In practice, the output will be OV when the inputs 
differ by the offset voltage. Vig is likely to be no 
greater than a couple of mv, and negative feed- 
back can compensate for the offset. 


Vicgis the common mode voltagerange.Thisis the 
range of input voltages that the op-amp will tol- 
erate. This can never be more than the positive 
power supply voltage and will often be less, de- 
pending on the types of transistors that are used 
ontheinputside. faninputvoltage goes outside 
the common mode voltage range, the op-amp 
will stop functioning, 


Vio is the input differential voltage range—the 
maximum permissible difference between peak 
positive and peak negative input voltages. This 
is often expressed as plus-or-minus the power 
supply voltage, or slightly less. Exceeding the 
range can have destructive consequences. 


Igis the input bias current, averaged over the two 
inputs. Most op-amps have extremely high input 
impedance and consequently use very low input 
currents. 


Slew rate atunity gain is the rate of change of the 
output voltage caused by an instantaneous 
change on the input side, when the output of the 
op-amp is connected directly back to the invert- 
ing input (during operation in noninverting 
mode), 


How to Use It 


In addition to being an amplifier for AC signals, 
an op-amp can serve as an oscillator, filter, signal 
conditioner, actuator driver, current source, and 
voltage source. Many applications require some 


How to Use It 


understanding of the complexities of mathemat- 
ics describing alternating current, which are not 
included this encyclopedia. Almost all the appli- 
cations have a common starting point, however, 
which is to establish and control the gain of the 
feedback circuit. 


Controlling the Gain 
*Ayocisthe open-loop voltagegain, definedas the 
maximum voltage amplification that can be 
achieved when no feedback is applied from the 
output to an input. This remains constant until 
the AC frequency rises to a point known as the 
breakover frequency. If the frequency continues 
to rise, the maximum gain diminishes quite rap- 
idly, until finally itterminates in 1:1 amplification 
at the unity gain frequency. This transition is 
shown by the orange line in Figure 7-8. The 
length of each purple line shows the frequencies 
which can be tolerated when the op-ampis used 
in closed-loop mode, and a negative feedback 
loop limits the gain. For example, where the gain 
is just 10:1, it can remain constant to just above 
10KHz. 


Note that both of the scales in this graph are log- 
arithmic. 


Calculating Amplification 
So long as an op-amp is used within the bound- 
aries of the graph, its voltage amplification can 
be controlled by choosing appropriate feedback 
and input resistors. If the op-amp is being used 
in noninverting mode, and R1 and R2 are placed 
as shown in Figure 7-7, the amplification ratio, A, 
is found approximately by the formula: 


A = (approximately) 1 + (R2 / R1) 


From thisit can be seen that when R1 is very large 
compared with R2, the gain diminishes to near 
unity, If 1 becomes infinite and R2 is zero, the 
gain is exactly 1:1. This can be achieved by re- 
placing R2 with a section of wire (theoretically of 
zero resistance) and omitting R1 entirely, as in 
Figure 7-9. In this configuration, the output from 
the op-amp should be identical with its input. 
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SPM self-phase modulation 

WDM__ wavelength division multiplexing 
Amplifier spacing L [m] 

Bragg frequency wy [Hz] 

Bragg period A [m] 

Central wavelength Ay [nm] 

Coupling coefficient P [m™!] 

Dispersion coefficient D [ps nm~* km” '] 
Dispersion length Ly [m] 

Effective area Acy [m*] 

First-order dispersion &’ [s/m] 

Fundamental soliton power P, [W] 

Gain (linear) g [m” *] 

Gain (nonlinear) gai [m~'] 

Group-delay 8 [s/m] 

Group-velocity V = k!~" [m/s] 

Group velocity dispersion k" [ps? m= "] 
Inverse pulse-wideh » [s"] 

Light velocity in vacuum ¢ [m/s] 

Loss coefficient « [m~'] 

Nonlinear coefficient (fiber) y [m~!W~"] 

t (quadratic bulk 
materials) y [W~'?] 

Nonlinear refractive index my; [m* W~'] 
Nonlinear length L, [m] 

Refractive index (linear) rig 

Retarded time (in the moving frame} ¢ [s] 
Spectral filtering coefficient Qy [Hz m‘"] 
Time in the laboratory frame T [s] 
Wave-number mismatch Ak [m~'] 
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Fiber and Guided Wave Optics: Nonlinear Effects 
(Basics); Nonlinear Optics. Fiber Gratings. Lasers: 
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tems: Wavelength Division Multiplexing. Scattering: 
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Spatial Solitons; Optical Fiber Solitons, Physical Origin, 
and Properties. 
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Introduction 


Visible light occupies a portion of the electromagnetic 
spectrum between frequencies of approximately 400 
terahertz (THz) to 750 THz, where 1 THz is 10'? 
oscillations per second, 
includes adjacent infrared and ultraviolet portions 
of the spectrum, covers a frequency range of 
approximately 15-1500 THz. The techniques 
required for measuring frequencies in this range are 
qualitatively different from those currently employed 
in the radio frequency (RF) and microwave portions 
of the spectrum, where high-speed electronic counters 
make a direct measurement possible. 

‘The frequency of an oscillatory phenomenon is the 
number of oscillations that occurs in unit time, or 
alternatively, the inverse of the period of one 
oscillation, Thus, to understand frequency, we must 
understand time, which is intrinsically related to 
phase. Only a time interval, the time elapsed between 
two events, has fundamental physical meaning. The 
‘time’ that we are most familiar with, the time of day 
{including the date), is based on an arbitrarily chosen 


Optical radiation, which 


starting point, The starting point chosen in current 
international agreements can be traced to noon on 
December 31st, 1899, Furthermore, the time defined 
by those agreements, Universal Coordinated Time 
(UTC), is periodically adjusted relative to atomic time 
(discussed below) to compensate for irregularities in 
the rotation of the Earth 

Knowledge of the transition frequencies (energies) 
in simple atoms gives detailed information on the 
structure of the atoms. This can be used to test our 
understanding of the fundamental interactions in 
nature by comparing the measured frequencies with 
predictions of fundamental physical theories, in this 
case quantum electrodynamics (QED). Beautiful 
results along these lines are exemplified by precision 
measurements of transition frequencies in hydrogen 
and helium. In addition, the ability to measure and 
precisely control laser frequencies promises tremen- 
dous advances in the performance of the next 
generation of atomic clocks and frequency standards. 
These have potential applications to navigation and 
communication systems 

‘The measurement of frequency and time intervals 
also involves a choice, that of the unit of time, i.e, the 
definition of the second, The original definition of the 
second was based on the rotation of the Earth 
However, not only is it irregular, but it is slowing 
down, Both of these facts limit its utility as a 
frequency standard. Once atomic clocks were highly 
developed, the second was redefined in 1967 to be the 
time it takes for the F = 4, mp =0—- F = 3, me =0 
transition in the hyperfine structure of the ground 
state of Cs to undergo 9192 631 770 oscillations. 
Thus an ‘absolute’ measurement of time interval, and 
hence frequency, must be directly connected to this 
defining frequency. The basic structure of an atomic 
clock is shown in Figure 1. 
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Figure 1 An atomic clock has three basic components: an 
atomic resonance, an oscilatr to probe and lack to the atomic 
resonance, and a counter that records the number of oscilations 
and thus displays the time interval since same chosen starting 
time. 


Frequency standards (or clocks) are charac- 
terized by three properties: accuracy, stability, and 
reproducibility. Accuracy describes how well the 
natural and fundamental atomic frequency is pro- 
duced by the atomic frequency standard. Stability 
describes the frequency fluctuations on short time- 
scales (an accurate but unstable standard produces a 
frequency that fluctuates around a constant mean 
that is the atomic frequency). Reproducibility 
between standards addresses whether or not two 
implementations of the standard produce exactly the 
same frequency. Atomic clocks are intrinsically 
accurate because the frequency of the transitions 
they are based on is determined by identical atoms in 
nature. The largest inaccuracies are usually due to 
environmental perturbations such as tiny variations 
in the local magnetic field. 

A careful analysis of all of these issues, together 
with technical considerations, yielded the choice of 
cesium for the current definition of the second. Other 
common frequency standards include quartz crystal 
oscillators, hydrogen masers, and rubidium vapor cell 
standards. Quartz oscillators are inexpensive and 
have good stability, but in comparison to atomic 
standards they suffer from accuracy and reproduci- 
bility issues. Hydrogen masers have the best stability, 
but also poor accuracy and reproducibility compared 
to cesium, Vapor cell rubidium standards can be 
small and inexpensive but have poorer accuracy 
than cesium beam standards due to cell and buffer 
gas effects. 

There are several motivations for using optical 
sources rather than RF or microwaves to measure 


time intervals and frequencies. Obviously, a higher 
oscillation frequency can divide time into smaller 
units and this can provide higher measurement 
precision. It is thus natural to use the highest 
oscillation frequency that can be precisely counted 
to measure time and frequency. Not long after 
lasers were invented, suggestions were made that it 
would be possible to make optical frequency 
standards using lasers locked to narrow atomic 

A basic feature of optical transitions is that they 
have a very high Q factor (the ratio of the center 
frequency to the linewidth). This allows them to be 
measured to very high precision (current measure- 
ments are good to a few parts in 10"), It may be 
possible to use this high precision to build improved 
atomic clocks that use optical transitions instead of 
the microwave transition currently being used. 
Candidates for optical standards include both 
trapped ions (Hg*, Yb*, Sr*, and In* are under 
investigation) and laser-cooled neutral atoms (Ca, St 
Mg, Ba, and Ag). The high precision is also utilized 
for fundamental tests of quantum clectrodynamics 
by comparing transition frequencies (usually of 
hydrogen or helium atoms) to first-principle calcu- 
lations. For comparison Figure 2 shows the relevant 
transitions and energy levels in the Cs microwave 
standard and the Hg* optical frequency. It is even 
possible to use the precision of atomic clocks for high- 
sensitivity tests of variation in the fundamental 
constants with time, Finally, because the speed of 
light is constant length measurements based on the 
wavelength of light with a known frequency, the 
precision of length metrology ultimately rests on 
optical frequency metrology. 

An obvious question, which might occur to many 
in the field of optics, is why a standard spectrometer 
does not provide absolute frequency measurements. 
All spectrometers measure wavelength, not freq- 
uency, based on interference between light traveling 
two different path lengths. Thus, knowledge of the 
path length is needed to determine the wavelength. 
However, since length is now defined using the 
speed of light, the definitions become circular 
unless a source of light with known absolute 
frequency is available. In addition, frequency 
measurement is intrinsically more precise and reliable 
than mechanical length measurement. 

Recently, there has been a significant breakthrough 
in optical-frequency metrology and optical clocks by 
using mode-locked lasers that generate optical pulses 
with durations of a few femtoseconds. Before discuss- 
ing optical frequency metrology based on mode- 
locked lasers, we will review earlier techniques to 
provide the necessary background. After describing 
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Figure 2 Simplified energy level diagram of Hg* and Cs. 


methods that use mode-locked lasers, we will then 
provide a summary of current measurements and 
standards. Finally we will briefly describe the outlook 
for the future of absolute optical frequency metrology. 


Background 


To imagine being able to measure the frequency of 
light we need to have laser sources with high 
coherence, like that of radio waves, where the phase 
is stable enough to be measured, Even though the first 
beat-note between two lasers was demonstrated in the 
1960s, most lasers were not coherent (stable) enough 
that the optical phase could be tracked for much 
longer than about 10 to 100 ns. After many years of 
research and inspiring technological achievements, 
Hall, Chebotayev, Bergquist and others were able to 
stabilize the frequency of tunable laser sources to the 
point that lasers could indeed be considered coherent 
sources, with the phase continuously measurable and 
even predictable for times as long as seconds. Once 
the lasers were stable enough to be counted, there was 
still the essential problem that no counter was fast 
enough to actually count optical frequencies. 

With spectrally pure laser sources it was possible 
toconceive of measuring optical frequencies by extend- 
ing the nonlinear methods that are used to generate 
and measure RF and microwave frequencies. By using 
simple nonlinear components such as diodes, itis easy 
to generate high harmonics of an input frequency in 
the RF and microwave regions of the spectrum. 
At least in principle, and by direct analogy, it seemed 
that it should be possible to multiply coherent sine 
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wave region to reach the THz frequencies of far- 
infrared lasers, and then to use nonlinear optical 
methods to multiply on up to the infrared (IR) and 
eventually to the visible region of the spectrum. The 
concept is simple enough, f —+ 100 x f = 1000 x f+ 
2000 x f+ 4000x;f... until you reach an optical 
frequency. Multiplication up to the microwave region 


works quite well, but unfortunately the nonlinear 
optical processes in the far-infrared, IR, and optical 
regions are typically quite inefficient; the power at 
the second harmonic is typically only 10* times 
the square of the fundamental power in watts. Just 
multiplying a single-frequency laser by a factor of two 
can be a technological challenge. After reaching 
a microwave frequency of about 50 GHz we still 
require a multiplication factor of 10* to reach the 
visible at 500 THz. Since we are usually forced 
to multiply in the IR and optical by factors of 2, we 
have 2 = 104, which means we require N= 13 
multiplication stages. This is approximately the 
number of stabilized laser oscillators that are required 
to span the frequency gap from the microwave to 
the visible. Notwithstanding these technological 
limitations, Evenson and collaborators did a ground- 
breaking demonstration of a harmonic frequency 


chain in 1972 that connected a microwave atomic 
frequency standard and a stabilized HeNe laser in 
the IR at 88 THz. With a concerted multiperson effort, 
more lasers, and 10 years of research, Jennings and 
co-workers finally succeeded in extending the 
harmonic optical frequency chain to the visible. That 
original optical frequency chain from the RF to the 
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visible is diagramed in Figure 3. In the succeeding An alternative scheme for measuring optical 
18 years, only three other harmonic frequency chains frequencies is the optical bisection method, a 
were built world-wide that connected the microwave conceptually simple technique proposed by Telle, 
standards to optical frequencies. Meschede and Fiinsch, for dividing down from 
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Figure 3 Schematic of the first frequency chain used to measure optical frequencies relative ta the Cs standard, 
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optical frequencies to microwaves. In fact, the 
bisection method divides an arbitrary optical freq- 
uency interval in half by utilizing second-harmonic 
generation and sum-frequency-mixing, and forcing 
the condition that 2f; = fi + fa. Thus, the laser at 
frequency f; = (f + f;W/2 bisects the frequency inter- 
val between the lasers at fi and fs. The optical 
bisection method has the following two significant 
advantages over the multiplication method: the phase 
noise is decreased in successive divisions (rather than 
increased by multiplications), and the system could be 
constructed out of one convenient and reproducible 
laser technology, say diode lasers in the near-visible. 
In principle, any optical frequency could be measured 
by successive operations of the optical bisector. 
Optical frequency intervals as large as 8 THz have 
been measured with this method, but even though itis 
feasible, no bisection system has been built to date 
that connects the optical region all the way to 
countable microwave frequencies. The main limi- 
tation is the same as that facing the multiplication 
scheme: it still requires lots of stabilized laser sources 
to divide by factors of 2 from 10'* to 5 x 10° Hz. 
The problem can be reduced somewhat by taking 
advantage of an optical-frequency comb generator 
based on an electro-optic modulator inside a resonant 
optical cavity. These systems, developed by Korougi 
and others, generate many coherent microwave 
sidebands on a laser so that optical frequency 
intervals on the order of $ THz can be measured. 

Even combining all of these ideas and techniques, a 
convenient system to count optical frequencies 
remained elusive. This has now changed with the 
revolutionary new optical frequency combs based on 
mode-locked femtosecond lasers. 


Optical Frequency Metrology with 
Femtosecond Combs 


Recently, the introduction of mode-locked lasers into 
the field of absolute optical frequency metrology has 
resulted in an important advance. The extremely 
complex frequency chains described above can be 
replaced by a single mode-locked laser if it produces 
pulses with sufficiently large bandwidth. Although 
the underlying ideas are not new (they were originally 
discussed by Flinsch and Chebotayaev in the 1970s) 
it is only recently that mode-locked lasers with the 
required characteristics were developed and the 
concept carefully teste 

The dramatic simplification of a frequency chain 
that uses a mode-locked laser means that absolute 
optical-frequency measurements can now be made by 
a single person as compared to the team of 


approximately 10 highly trained scientists required 
to run the previous chains. This has resulted in a large 
number of measurements being reported in the last 
1s. The simplicity also allows longer averaging 
es and a greater number of measurements to be 
used in determining the final reported frequency. In 
addition, since a simpler system has fewer sources of 
error, it has improved the quality of measurements 
made in a given amount of time. 

Mode-locked lasers produce ultrashort pulses of 
light. For a typical modern high-quality mode-locked 
laser, the pulse duration is around 10 fs (1 fs = 10° '5 
second), corresponding to three or four optical cycles 
in the near-infrared, where these lasers typically 
operate. The current best mode-locked lasers can 
produce pulses that are shorter than two optical 
cycles in duration (5~6 fs). Since the spectrum of 
these lasers is complicated, the bandwidth is signifi 
cantly larger than it would be for a smooth pulse such 
as one with a Gaussian or hyperbolic-secant temporal 
intensity profile. 

At first sight, using mode-locked lasers for optical- 
frequency metrology seems counter-intuitive, because 
optical-frequency metrology clearly requires very 
well-defined frequencies in contrast to the broad 
frequency spectrum of ultrashort pulses. This appar- 
ent conundrum is resolved by the fact that a mode- 
locked laser actually produces a very regularly spaced 
train of ultrashort pulses. The ultrashort pulses 
emitted by a mode-locked laser are replicas of a 
steady-state pulse that circulates inside the cavity of 
the laser. Every time the internal pulse impinges on 
the output coupler, which is a partially reflective 
mirror, a portion of it is transmitted, producing the 
output. The timing between these output pulses is 
determined purely by the time, 7., for the intracavity 
pulse to make one round trip, which is typically 
between 1 and 20ns. The spectrum of a train of 
pulses is a regularly spaced ‘comb’ of frequencies 
spaced by the repetition rate of the train, figg = U7. 
If all of the pulses are identical, then these comb 
lines are just integer multiples of fj.y. However, due 
to dispersion, the group and phase velocities are 
different inside the cavity of a mode-locked laser. This 
leads to a pulse-to-pulse shift in the phase between the 
carrier and envelope (which we call the carrier 
envelope phase; ¢,., the pulse-to-pulse shift of dis 
designated by Ad). The presence of Adve results in a 
rigid shift of all the comb lines by an amount 
5=2Aguelfiep. Thus the frequencies of the comb 
lines are given by 1, = fig +6, where m is a large 
integer of order 10°. The essential point of this 
equation is that it gives optical frequencies in terms 
of RF frequencies (frep and 6) that can easily 
be measured with conventional electronics and 
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(a) Time domain 
it) 
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i= Mag 8 


Figure 4 Time-frequency correspondence and relationship 
between ¢ and 6. (a) In the time domain, the relative phase 
between the carrier and the envolope evolves from pulse to pulse 
by the amount 4. (b) In the frequency domain, the elements of 
the frequency comb of a made-locked pulse train are spaced by 
rp. The entire comb is offset from integer multiples of fy by an 
offset frequency 8 = Adbfag/2m. 


compared to the microwave cesium frequency 
standard. The relationship between the time and 
frequency domains is shown in Figure 4. 

Given such a comb of frequencies, a heterodyne 
measurement readily yields the frequency difference 
between the unknown optical frequency of a narrow- 
hand source (typically a single frequency laser) and 
the optical frequency of a nearby comb line. Thus, the 
absolute unknown frequency can be determined if the 
absolute frequencies of the comb lines are known. 
This requires measurement of frp and 6. The repetition 
rate, frep, is easily measured with a fast photodiode. 
Measurement of 8 requires somewhat greater effort. 

The development of a ‘self-referencing’ method to 
easily measure 5s the key enabling breakthrough that 
has brought about the recent revolution in optical- 
frequency metrology. It is called self-referencing 
hecause it provides a direct measure of 6 with no 
other optical frequencies as input. It works by 
comparing frequencies that differ by a factor of two 
(typically these lie in the wings of the spectrum) using 
second-harmonic generation. Specifically, the fre- 
quency difference between the second harmonic of 
a comb line n and the comb line 2n is given 
by 2f, — fan = 2rfep — 8) — (2frep — |. Such a 
frequency difference is easily measured using a 
heterodyne beat. This technique is shown schemati- 
cally in Figure 5. Other variations on this basic idea are 
possible; for example, rather than frequency doubling 


Second harmonic 
spectrum 


Fundamental 
spectrum 


foe 2m fap 8) Pree 
Figure & Schematic of the self-referencing technique for 
determining the offset frequency ofthe frequency comb produced 
by a femtosecond mode-locked laser. The frequency difference 
between the fundamental comb and its second harmonic is the 
offset frequency. In the region where overlap occurs, this is easly 
detected as a heterodyne beat. 


the comb itself, it is also possible to extract the same 
information by comparing the comb lines to a single- 
frequency laser and its second harmonii 
Implementation of the self-referencing technique 
requires a pulse spectrum that spans a factor of two 
in frequency (an optical octave). Although a laser 
has recently been demonstrated that produces such a 
broad spectrum, they are not commonly available. 
However, the development of microstructured fiber 
has made it easy to broaden the spectrum of 


ordinary mode-locked lasers so that it spans an 
octave, as was first demonstrated by Ranka and 
co-workers at Bell Labs. The broadening occurs 
because optical nonlinearity in the fiber results in 
self-phase modulation of the laser pulse. Micro- 
structure fiber achieves guiding by surrounding the 
core region with mictoscopic air holes, as compared 
to regular fiber that uses doping to produce a 
difference in the index of refraction, The much 
larger difference in the index of refraction in 


microstructure fiber allows a smaller core region to 
he used, which increases the effective nonlinearity. It 
also makes it possible to modify the dispersion such 
that the group velocity dispersion goes through zero 
for light with a wavelength close to 800 nm. This is 
crucial hecause group-velocity dispersion in ordinary 
fiber causes ultrashort pulses to temporally spread, 
which lowers the peak power and hence nonlinear- 
ity. It is possible to implement self-referencing 
techniques using less bandwidth if higher orders of 
nonlinearity are used; for example, if the difference 
between the second harmonic of the high-frequency 
end and third harmonic of the low-frequency end of 
the comb are used, only a half-octave bandwidth 
is required. 

Given the ability to measure both f,,, and 6, and as 
long as its frequency lies within the comb spectrum, 
it is possible to measure the optical frequency of any 
optical source by measuring the heterodyne beat 
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with a nearby comb line. Thus, an absolute optical 
frequency measurement comes down to measuring 
three RF frequencies. It is often advantageous to 
actively control cither one or both of frep and 6 to 
hold them to a fixed frequency. This requires real- 
time adjustment of some parameters of the mode- 
locked laser to affect the necessary feedback. 
Controlling fiep is straightforward; it is achieved by 
simply changing the cavity length of the laser, 
typically by mounting a mirror on a piezoelectric 
transducer. Controlling 8 is more challenging, as it 
requires a differential change between the cavity 
group delay and phase delay. This has been achieved 
by adjusting the pump power, which in turn controls 
the energy of the intracavity pulse, and/or by tilting 
the end mirror of the cavity in lasers that employ 
prism dispersion compensators. Since the optical 
spectrum is spread out across this mirror, tilting it 
can be thought of as a frequency-dependent 
change in the cavity length, with the optical 
frequency corresponding to the pivot point of the 
tile experiencing no length change, while those on 
opposite sides of the pivot point sce changes with 
opposite signs. 

In addition to the three RF frequencies, it is 
necessary to know the large integer m that describes 
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Figure 6 Schematic example of how the fomtosecond comb is 
configured to make optical requency measurements relative to 
the reference frequency provided by a hydrogen maser (Maser) 
that is in turn calibrated to a cesium atomic frequency standard, 
‘The repetition rate of the pulses from the Ti:'Sapphire laser are 
dotected in a photodiode and are controlled using a piezoelectric 
transducar (PZT) that changes the length of the laser cavity, The 
‘microstructure fiber and second harmonic crystal (SHC), provide 
the ‘sel-oferencing’ beat-note signal that is used to contral the 
offset frequency, 8, by changing the power of the pump laser with 
an electro-optic modulator (EON). This ‘self-referenced! system 
then provides a set of modes with known frequencies spanning 
the visible. An unknown laser frequency can then be measured by 
‘making a beat-note with one of the mades of the comb. 


the comb line that is beat against the unknown 
source. If a priori knowledge about the unknown 
source is available with precision somewhat better 
than frep/2 or better, 1 can readily be determined. For 
typical mode-locked lasers, standard commercial 
wavemeters can provide this level of precision. 
In the absence of additional outside information, 1 
can also be determined with some effort and precision 
measurements by changing frep and 4 in a systematic 
fashion, In the end, the simple formula fy = tfrep +6 
gives the optical frequency of any arbitrary nth mode 
of the femtosecond optical comb. With this estab- 
lished, the frequency of any single-mode laser within 
the octave span of the comb can be determined simply 
by measuring the frequency of the beat-note gener- 
ated in a photodiode between the ew laser and the 
known frequencies of the comb. 

The diagram in Figure 6 shows how a femtosecond 
comb acts as an optical frequency synthesizer, which 
provides frequencies that are known relative to the 
input frequency (provided by a hydrogen maser in the 
figure). A typical series of measurements is shown in 
Figure 7 for the NIST Hg" single ion standard. The 
inset shows the results of numerous measurements 
for the frequency of Hg* relative to the NIST primary 
cesium standard, 
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Figure 7 Actual frequency measurements of the beatnote 
between a hydrogen maser stabilized optical frequency comb 
(as shown in Figure 6) and the NIST Hg’ optical frequency 
standard. The scatter in the data for counter gate time of 
10 seconds cortesponds to a fractional frequency uncertainty of, 
about 4% 10°", consistent within the instablity in the maser. 
‘The inset shows the results from numerous datasets of 
measurement of the frequency of the Hg" optical standard 
relative to the cesium primary standard at NIST. The frequency 
data are plotted relative to 1084 721 609 899 142.6Hz. The 
dotted lines give estimates of systematic uncertainties in lieu of a 
complete accuracy evaluation. 
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Table 1 Summary of optical frequency measurements of 2 selection of molecular, atomic, and onic transitions. Recent 
‘measurements listed for all nd additional measurements are given for a fow to indicate the level of agreement 


‘Atom/motecutefion Wavelength (am) Frequoncy (THe) Uncertainty Year Fist author and institution 
He Fras. 

0,0, 10318.0 290540057 446660 50. 2x10 1985 Clarion, LPTF 
29054057 446579 10 3x10" 1999 _Ducos, LPTF 

cH. 33922 188.376 181 627.000 50000 6x 10-" 1972 Evenson, NBS 
88.373 149028553 200 2x 10-1998 Eng, PTB 

Rb~2 photon 784 385.285 142367000 8000 2x 10""?1993_Nez, ENS 
385.285 142374 800 3000 -«&x 10"? 2000 _Diddams, JILA 

sr 674.03 444.779 904 409 540-200 4x 10"? 1999 Bemard, NRC 

ca 687.45, 455.986 240 495 150 8 10%10- 2003 Helmcko, PTE 
455.986 240 494158. 26-6 x 10" 2000_Udem, NIST 

leas of AUI27) 11-5 632.99 473.612 940 492000 74000 2x 10""" 1983 Jennings, NBS 

leave of A127) 11-5 632.99 473.612 353 604 800 1200 3x10" 2000 Ye, JILA 

Ie ag of FUSE) 32.0 592.24 563.260 223 480.000 70000 1x10" 1995 Jungner, JILA 
563.260 225.514.000 5000 9x 10" 2000 Diddams, ILA 

vo" 435.51 (688.358 979 230 931 6 9x10" 2001 Stenger, PTB 

Hases 389.01 770.649 561 581100 5900 810-1997 de Bourcir, ENS 

Hg" 28157 1064721 608899140 10-9 x 10-">-2000_Udem, NIST 

int 295.54 1267-402 452 899.920 230 2x10" 2000 _von Zanthiar, MPO 

Hises 121.57 2466061 413 187100 46 2x10"* 2000 Holewarth, MPO 

Summary of re 

Measurements/Standards § 

Starting with the first measurement of the frequency 

of the methane-stabilized HeNe laser in 1972,a new 

laser frequency measurement was reported every year & 

or so using harmonic frequency chains. These are § 

summarized in Table 1. An indication of the history 

of frequency measurements of stable laser references 8 Ws Intrared 

is given in Figure 8. The accuracy, in terms of  & Optical 

fractional frequency uncertainty, improved from © 

10-!° in 1972 to 10” in 1999, at which time the 1970" 1875" 1980" 1985" 1980" 1985 " 2000 

femtosecond optical frequency combs came on line Year 


and there was a dramatic improvement in the 
precision as well as the number of measurements 
that were completed. It is impossible to predict with 
certainty but some have projected that optical 
standards can ultimately reach uncertainties as 
small as 10-8, 


Outlook 


Three separate technologies have now reached a 
level of maturity that it is possible to build 
high-performance optical-frequency standards and 
clocks. The essential achievements are: laser cool- 
ing and trapping of atoms (first proposed by 
Wineland and Dehmelt, and Hansch and 
Schawlow), highly stabilized narrow-linewidth ew 
lasers, and femtosecond optical frequency combs. 
Combining these key ingredients, we can construct 
an optical atomic clock as shown schematically in 
Figure 9. 


Figure 8 Progress in the accuracy of optical frequency 
measurements. 


Here, for comparison with Figure 1, the cold atoms 
or single ion provide the narrow atomic resonance, 
the ew laser serves as the local oscillator to probe the 
resonance, and the femto-comb serves as the counter. 
Optical frequency standards of the future are 
expected to provide orders of magnitude better 
stability and improved accuracy over the existing 
atomic frequency standards that now use microwave 
transitions in atoms. As described in the previous 
section, frequency combs produced by femtosecond 
lasers can directly measure the frequency of a stable 
laser locked to an atomic transition relative to a 
known microwave frequency standard. This gives 
fundamental information about the atomic energy 
levels, and structure, and allows comparisons 
between different elements. However, to take 
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Figure @ Simplified schematic of an optical clock. 


advantage of the high stability of the optical 
references we run the system as an optical clock 
(Figure 9) where the stable laser and the femto-comb 
are locked to the atomic resonance, and the clock 
output comes as pulses at the repetition rate (e.g., 
1 GHz) of the femtosecond mode-locked laser. With a 
judicious choice of control parameters it is possible to 
have the pulse repetition frequency, i.e., the clock 
output, at an exact subharmonic of the optical 
transition frequency. It is intriguing to note that a 
portable optical clock could measure time and length 
at the same time. 


Instrumentation: Spectrometers. Quantum Electro- 
dynamics: Quantum Theory of the Electromagnetic Field 
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Introduction 


Fourier transform spectroscopy (FTS) has emerged as 
one of the most powerful spectroscopic techniques 
since the first instruments became commercially 
available in the late 1960s. With this method, high 
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spectral resolution, high wavenumber accuracy, 
broad spectral range, high optical throughput, and 
high signal to noise ratio can be achieved simul- 
taneously. Because of these combined advantages that 
will be discussed in more detail throughout this 
article, especially in the far- (10-500 em”) and mid- 
infrared (FIR and MIR) spectral region (500- 
5000 cm” '), FTS has become the method of choice 
for the most sensitive spectral investigations, In this 
article, an overview of the setup, the working 
principle, and the computation of spectra from the 
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Figure 7-8. Where each horizontal purple line meets the 
agonal orange line, this is the maximum frequency that 
‘can be used without reduction in the maximum gain af an 
op-amp, 


Noninverting. 
input 


Figure 7-9. While an op-amp is in noninverting mode, if 
the feedback resistor is replaced with 2 section of wire 
and the OV ground connection is amitted entirely, the gain 
of the op-amp diminishes theoretically 1011 


If the op-amp is being used in inverting mode, 
and R1 and R2 are placed as shown in 
Figure 7-6, then the voltage amplification ratio, 
A, is found approximately by the formula: 


A = (approximately) -(R2 / Ri) 


+ Note the minus sign. In inverting mode, gain 
is expressed as a negative number. 


ntegrated circuit> analog > op-amp 


+ Ina practical circuit, at the expected fre- 
quency, the amplification factor established 
by choice of resistorsshould benomorethan 
20. 


+ Aninverting circuit has a relatively low input 
impedance. For this reason, in most applica~ 
tions, a noninverting circuit is preferred. 


Unintentional DC 

Voltage Amplification 

Although the op-ampis intended primarily as an 
AC signal voltage amplifier, it will also amplify a 
DC difference between the voltages onitsinputs. 
Inthe upper section of Figure 7-10,a positive DC 
offset is inverted and amplified to the point 
where the output is forced to its negative limit, 
and the signal is lost, because its fluctuations 
have been overwhelmed by the positive offset. 
‘Acoupling capacitor (shown inthe lower section 
of the figure) removes the DC voltage while pass- 
ing the AC signal. The appropriate capacitor val- 
tue will depend on the frequency of the signal. 


Low-Pass Filter 

‘An op-amp can facilitate a very simple low-pass 
audio filter, just by adding a capacitortothebasic 
inverting circuit previously shown in Figure 7-6, 
The filter schematic is shown in Figure 7-11. Ca- 
pacitor C1 is chosen with a value that passes 
higher audio frequencies and blocks lower audio 
frequencies. Because the gain of the basic invert- 
ing circuit is approximately -(R2 / R1), the op- 
amp functions normally when the impedance of 
C1 is blocking the low frequencies, forcing them 
to pass through R2. Higher frequencies, however, 
are able to bypass R2 through C1, lowering the 
effective resistance ofthefeedbacksection ofthe 
circuit, thus reducing its gain. This way, the power 
of the op-amp is greatly reduced for higher fre- 
quencies compared with lower frequencies. A 
passive RC circuit could achieve the same effect, 
but would attenuate the signal, while the op- 
amp circuit boosts part of it. 
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measured interferograms will be given. Finally, by 
comparing FTS to dispersive spectroscopic methods, 
the conditions under which FTS can be exploited to 
advantage, will be discussed. 


Spectrometer Setup 


Almost all commercially available Fourier transform 
(FT) spectrometers are based on a Michelson inter- 
ferometer. A typical layout of this interferometer is 
sketched in Figure 1. A collimated beam with spectral 
density S(a) entering the spectrometer is divided into 
two beams by a beamsplitter. Here, o denotes the 
wavenumber that is related to the wavelength (A) of 
the radiation by 7 = I/A. As shown in Figure 1, one 
part of the radiation is reflected by the beamsplitter 
and propagates through the compensator plate to a 
fixed mirror. The mirror reflects the beam through the 
compensator plate back onto the beamsplitter. The 
other part of the radiation beam is transmitted 
through the beamsplitter and its substrate, and hits 
a moveable mirror from which it is reflected back 
onto the beamsplitter. At the beamsplitter, both 
beams are divided again. As shown in Figure 1, two 
heams, one propagating to the source, the other 
propagating to the detector, finally result. Both beams 
contain a contribution that was reflected by the fixed 
mirror and a second contribution that was reflected 
by the moveable mirror. In Figure 1, lines indicate the 
paths of the beams schematically. In the case of a 
reflection on the beamsplitter, the line type is changed 
in Figure 1, whereas for a transmission, the line type 
remains unchanged. The widths of the lines in Figure 1 


From source To detector 


Compenator 


substrate 
Beamspliter 


Figure 1 Schematic sketch of the layout of a Michelson 
interferometer. The paths of the rays are indicated by lines and 
arrows. At a rofection on the beamsplitter, the line type is 
‘changed, whereas for a transmission it remains unchanged. The 
Widths of the lines indicate the size of the fold amplitudes. For 
larity, the lines indicating the beams reflected into themselves by 
the fited and moveable mirrors, aro offset laterally. The inset 
shows a magnified cross-section of the beamsplter. Inthe ins 
the geometrical details used for calculating the phase ditferenco 
betwoen R and T are defined. 


indicate the size of the field amplitudes and, therefore, 
are reduced for each reflection/transmission on the 
beamsplitter. For clarity, the lines indicating the 
beams reflected into themselves by the fixed and 
moveable mirrors in Figure 1 are offset laterally. 

By changing the position of the moveable mirror 
along the beam axis, a difference between the optical 
paths from the beamsplitter to the fixed and moveable 
mirror is generated. The compensator consists of 
the same material and has the same thickness as the 
beamsplitter substrate and, therefore, minimizes the 
influence of the dispersion of the beamsplitter 
substrate on the optical path difference. 


Fourier Analysis and Interferometry 


To calculate the intensities of the combined beams 
falling on the detector and on the source, we start by 
considering the phase difference between the reflected 
and transmitted beams leaving the beamsplitter. For 
simplicity, we ignore the compensator and beams- 
plitter substrate, since ideally, they generate the same 
phases in both arms of the interferometer, and 
therefore, do not contribute to the phase difference. 
Thus the beamsplitter is regarded as a freestanding, 
dielectric slab with thickness d. The complex reflec 
tion (R) and transmission (7) coefficients, including 
the effect of multiple internal reflections within the 
heamsplitter layer, are given by: 
R=nt—eya— re) 
, ve iit] 
T=e%1 —Pyd —re) 


Here, r is the Fresnel reflection coefficient that 
describes the ratio of the moduli and the phase 
difference between incoming and reflected electrical 
field for a electromagnetic wave incident under a 
angle ©, on the surface of a dielectric with dielectric 
constant n, and y=2mand cos(®3) is the phase 
difference evaluated at P; and P2 in Figure 1 for a 
single pass of the electromagnetic wave through the 
dielectric slab under the angle @2 (by Snellius law, 
sin(®;) = sin(@,)). Since n is real, so is r and, 
therefore, the phase difference Ay between R and T is 
calculated from eqn [1] according to: 


e., Mgr = — 7/2. With this result, we are able to 
calculate the phase difference between the two rays 
falling on the detector and the two rays falling back 
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fon the source. The geometry considered in the 
following is sketched in Figure 1, The coefficients R 
and T connect the phases and magnitudes of reflected 
and transmitted electric field amplitudes at the points 
P, and P2, From these points, the radiation beams 
travel back and forth to the fixed and moveable 
mirrors, thereby accumulating phases according to: 
= 2mdxyo and Gm =2n2Axi+ Axo, where we 
have defined Ax =xq—2x; and xp, x; denote the 


distances of moveable and fixed mirrors from 
the points P, and P3. The two planewaves falling on 
the detector interact twice with the beamsplitter. Each 
planewave is once reflected at and once transmitted 
through the beamsplitter. Therefore, the beamsplitter 
adds no additional phase difference to the two 
planewaves and the total phase difference is giv 
by Ag= Gy — gy. The situation is different for the 
two beams falling back on the source. Here, one beam 
is reflected at both interactions with the beamsplitter, 
whereas the other is transmitted at both interactions. 
According to eqn [2], between these two beams an 
additional phase shift of results. Quantitatively, the 
total field amplitude at the detector, neglecting an 
arbitrary phase, is given by Ep = EgRT(e'* +e), 
and the corresponding intensity is 


2IEgPIRPITP(1 + Ref“) 
IEgPIRFITP (1 + cos(4mex)} [31 


Ip & EpED = 


The sum of the field amplitudes falling back on the 
source is Es = E,(R2e'» + Te), For the intensity 
one gets: 


Ig oc EsEg = IEgi*{IRM + 1714 + 2Re[R?T el") 
(4) 


Denoting the complex coefficients R and T by their 
modulus and their phase R = IRle'*, T = [Tle and 
using eqn [2], one gets: 


Ig oc [Eg {IRM + ITH + 2IRPITPcos(4rarAx + m)} 
[5] 


Both intensities, Ip and Is contain a constant 
component and a component that varies with 
cos(47aAx). The varying parts have the same 
amplitude 2IE9I7IRPIT*! but are out of phase by 7. 
Consequently, a maximum in Ip corresponds to a 
minimum in Is and the sum of both intensities is 
independent of the mirror displacement Ax. 

In most of the commercially available spec- 
trometers, only Ip is used for spectral measurements. 
Usually, the detector signal is amplified by an AC 
coupled electronics. Therefore, in a measurement of 
Ip(Ax), the constant part of the signal is suppressed. 


Assuming a spectral density S() of the source and an 
ideal detector with a responsivity Rp linear in the 
intensity and independent of the wavenumber oy the 
detector signal D(Ax) is given by: 


DiAx) = Ry f, S(oycosAnaAxydr [6] 


The information about the spectrum is contained in 
S(o) and can be extracted from the interferogram 
D(Ax) by a cosine Fourier transformation. The 
transformation has to be done numerically and, 
therefore, it is more convenient to use a complex, 
fast Fourier transform algorithm. For that purpose, 
eqn [6] is modified by using the complex expansion of 
the cosine cos(x) = (e* +e" "V2: 


DiAx 
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z = 
v7 
ig S(o) to negative wavenumbers according 
to: 
, {8a} fora=0 
son-{ for o<0 el 


leads to the following expression for the interfero- 
gram: 


191 


and the spectral density Ss) can be obtained by the 
complex Fourier transform according to: 


4 


xt 


i} Did d(Axy [10] 
eM 


In the following, we will skip the prime and S will 
refer to the spectral density extended to negative 
values of 

To calculate the spectral density according to eqn 
[10], one has to use an interferogram extending from 
00 to +00 measured at infinitely small sampling 
distances d(Ax). In practise, of course, the interfero- 
gram is measured only between finite mirror dis- 
placements —AYuay and Aximagy at sampling points 
equally spaced by & 

The effect of the finite mirror displacement on 
the resulting spectral density S can be included into 
eqn [10] by multiplying the interferogram D(Ax) 
with a function that vanishes for [Axl > Axe. 
As an example, we use the boxcar function 
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MAX + Axins.)OM nx — AX), where A(x) is the Hea- 
vyside step function with values 0 and 1 for x < Oand 
x > 0, respectively, and calculate the output spectrum 
for a spectral density S,(a) consisting of a single line 
at wavenumber op : Sy(a) = (a — oy) + a+ 
7 ))/2 (note that the spectral density is extended to 
negative wavenumbers according to the definitions 
given above). According to eqn [9], the interferogram 
is, Dy(Ax) = (Rp/2)cos(47a)Ax). Multiplying the 
interferogram with the boxcar function and Fourier 
transforming the product back using eqn [10], the 
resulting spectral density S}° is: 


Fao — BX max 


sis 2sn0f 


4 Sin[47(o0 + AX] } ny 


Amro + DT ax 


Therefore, the approximation to a monochromatic 
spectrum is a sum of sinc(z. ) (= sin(z.)/z..) functions 
where zx = 42r(%) * @)Axnax. The lineshape fune- 
tion S}* is plotted around a; in Figure 2 by the full 
line. Compared to the monochromatic spectrum 51, 
the lines of S¥* have a finite linewidth with a 
fullwidth at half maximum (FWHM) of approxi- 
mately 0.3/Axmux. As a general rule in spectroscopy, 
two spectral lines of equal intensity and linewidth 
have to he separated at least by their FWHM, in order 
to be clearly distinguishable. According to this 
definition, the limit of resolution of a FT spectrometer 
Adinia is inversely proportional to the maximum 
mirror displacement and given by Adjnin = 0.3/M% nae 

A less precise, but more intuitive definition of the 
resolution refers to the difference of the phases of the 
interferograms corresponding to two monochromatic 


1 05 0 O08 1 15 2 
(0-05) Mina 


Figure 2 Normalized lineshape functions for boxcar (tll tine) 
and triangular apodization (broken line). In the inset, the 
corresponding apodization functions are shown, 


lines separated by Acr. The two lines are defined to be 
resolvable if the phases of their interferograms 
differ by more than 2 between the mirror positions 
Axa and AXinaxs LCs, the beating in the super- 
position of the interferograms shows at least one 
period. It is easily seen that, according to this 
definition Agiig = W2A%yx), @ result in good 
agreement but slightly larger than that obtained by 
the more precise definition given above. 

As shown in Figure 2 by the full line, the sine 
function has negative side-lobes with magnitudes of 
up to 22% of the maximum value. For some 
spectroscopic applications this side lobes are 
unwanted since they lead to a suppression of smaller 
peaks separated by approximately the resolution limit 
of the spectrometer. Thus, in these cases, it appears to 
he reasonable to multiply the interferogram by a 
(apodization) function different from the natural 
boxcar function. Usually, triangular or trapezoidal 
functions vanishing for |Axl > Axwax are used. By 
Fourier transformation of these functions, it can be 
shown that no negative side lobes are generated. 
However, these functions have a larger (up to ~ 50%) 
peak FWHM than the sinc function. For comparison, 
in Figure 2, also the lineshape of a monochromatic 
spectrum using a triangular apodization function 
A(Ax)= OC + Ana) AAS ANIL = [AWAY pa) 
is shown by the broken line. In this case, the negative 
sidelobes are strongly suppressed but the FWHM 
is increased. 

Generally, the output spectrum $¥(«) correspond- 
ing to an arbitrary spectral density So) and an 
apodization function A(Ax) is given by the convolu- 
tion $4(a) = 2[S@A!](o), where the lineshape func- 
tion AT is the Fourier transform of A(Ax): 


ao) =f AlAxje™*d(Ax) (12) 
and 


[fBgue 113) 
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Discrete Sampling 


In order to discuss the effect of the discrete, equally 
spaced sampling points with a mutual distance of on 
the output spectrum, x is replaced by x, = néin eqn 
[10], where nis an integer and runs from —Naax to 
Nowa and Nyuax€= Atinay- Instead of the continuous 
interferogram D(Ax), a discrete interferogram: 


4) 


[Storer 
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results. From eqn [14], it is readily seen (by shifting 
the integration variable) that replacing S(o) with 
Slo + mI(2£)], where mis an integer, does not change 
the discrete interferogram D,,. Keeping in mind that 
according to our definition S(—c) = S(o), it is clear 
that S[-a + m(2é)] also leads to the same interfer- 
ogram as S(o). Therefore, to be able to transform the 
interferogram to the spectral density S(o) for a 
wavenumber band [0, osx] unambiguously, one 
has to make sure, by electronically and/or optical 
filtering, that no wavenumbers outside this range 
contribute to the interferogram and that the sampling 
interval & is small enough so that Ging. < —Ojnaxt 
V2E), i.e.5 nag < MAE). In Figure 3, a schematic 
sketch of a spectral density S(o), consisting of two 
spectral hands shown by the full and dashed lines, is 
plotted. For the spectral band shown by the full line, 
the sampling interval £ is small enough so that in the 
interval [0, 1/(4€)] no ambiguity arises. For the 
spectral hand shown by the dashed line, the inter- 
ferogram appears to be under-sampled: €is too large, 
and, therefore, the part of the spectral band at 
negative wavenumbers shifted by +1/(2£) falls into 
the interval [0, 1/(4é)] (shown by the dotted line in 
Figure 3). Thus, for the sampling interval & the 
interferogram for the sum of spectral bands, shown 
by the full and the dashed lines in Figure 3, is the 
same as for the sum of the spectral bands shown 
by the full and dotted lines. Since the interferograms 
are the same, the two spectra are indistinguishable 
at sampling intervals & This ambiguity of spectra 
for an under-sampled interferogram is called 
aliasing. Comparing the correct sampling interval 


Sia) 


14g wag o 


Figure 3 Schematic sketch of aliasing for under-sampled 
Interferograms. For spectral density shown by the full ine, the 
‘sampling interval ¢is chosen correctly and the 1/26) wavenumber 
ambiguity indicated by the arrows in the plot dees nat result in 
terroneous features in the spectral range 0, 1/(48]. The situation is 
different for the spectral band sketched by the dashed ine: For this 
band, the sampling interval ¢ is too large, and consequently, the 
‘V(28) wavenumber ambiguity maps the line from the negative 
wavenumber region into the range [0,1/(48]. The mapped 
spectral band is indicatad by the dotted line. 


£<UAoqq¢) with the period of the interferogram 
D,, corresponding to a spectrum consisting of a single 
line at ojnay (Dy = Rycost4rojp)) it follows that 
the interferogram has to he sampled more than two 
times per period in order to obtain an unambiguous 
result (Nyquist Theorem). 

Mathematically, the spectral density is calculated 
from the discrete interferogram D, by a discrete 
Fourier transformation: 


where N is the number of sampling points (N= 
2Neax +1) and the wavenumbers corresponding to 
Sw are given by oy = mi2EN. 

In order to obtain a high accuracy in the sampling 
intervals & usually a reference interferogram of a 
monochromatic laser line (for example from a HeNe 
laser) is measured simultaneously with the interfero- 
gram of the actual experiment. By counting, for 
example, the zeros with positive slope in the 
interferogram of the laser line, uniformly spaced 
sampling points can be achieved with high accuracy. 
If, in an experiment many interferogeams have to be 
averaged, the absolute position of the sampling points 
is important, in order to ensure that only points of 
equal mirror displacement are averaged. Therefore, in 
some spectrometers, the interferogram of a broad- 
band source is measured simultaneously with the 
interferograms of the laser and the experiment and 
the maximum of the interferogram of the broadband 
source is taken as the origin for counting the zeros of 
the laser interferogram. 


115) 


Phase Correction 


Ideally, the interferogram is expected to be symme- 
trically around the position of equal optical path in 
the two arms of the interferometer. However, in 
practise this is seldom the case. Many reasons can 
lead to an asymmetric interferogram, the most 
obvious being that none of the discrete sampling 
points of the interferogram coincides with the mirror 
position for equal optical path in the two inter- 
ferometer arms, Let Ax,, be the measured mirror 
displacement that differs from the real mirror 
displacement Ax by xo, ie., Ax = Avg, +xq. In that 
case the measured interferogram is 


idea)= 82 f° sod) 


and the Fourier transformation, according to eqn [10] 
with Ax, as the integration variable, results in 
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S(o)e'**0", that is, in a spectrum with both real and 
imaginary parts. Also, mirror or compensator mis- 
alignment can result in a wavenumber-dependent 
optical path at a fixed mirror position. Finally, for 
rapid-scan interferometers, in that the movable 
mirror is scanned at a constant velocity v, the 
electronic filtering and amplification of the detector 
signal will also add different phases, depending on the 
signal frequency that is correlated to the wavenum- 
ber o by = ov. In general, as long as the phase ¢ 
depends only on the wavenumber and not on the 
mirror displacement, the measured interferogram is: 


Ro 
= 


DAx,) do [17] 


(es S(oyeltme 


and by the Fourier transformation, according to 
eqn [10], one obtains S(o)e'*”, There are several 
methods implemented in the software of commer- 
cially available Fourier spectrometers to eliminate the 
phase from the Fourier transform, In most exper- 
imental cases, in that the measured interferograms 
correspond to spectra with S(o)=0 for all 
E [0, omsx1, these methods usually give the correct 
results. However, care has to be taken if spectra 
contain positive and negative components. This can 
he the case, for example, if the transmission of a 
sample is periodically modulated by externally 
applied voltage or a laser light and the detector signal 
is amplified by a lock-in technique before it is fed into 
the electronics of the Fourier transform spectrometer. 
If the modulation increases the sample absorbance in 
cone part of the spectral range and decreases it ina 
different part, then the measured interferogram 
corresponds to a spectrum with both negative and 
positive regions. In the following, first the phase 
correction methods for spectra with positive values 
only are discussed before it is argued, why these 
methods might fail for spectra with positive and 
negative parts. 

For spectra with only positive values, the most 
simple method to eliminate the unknown phase is to 
measure the interferogram symmetrically around 
Axn =0 and calculate S(o)e'*” according to eqn 
[10]. Including the effect of finite scan length, the 
‘output spectrum becomes S* = 2[S(a)e|@A(o)™™. 
Under normal experimental conditions, the phase 
go) does not vary over the peak FWHM of A(o)t 
and, therefore, the phase term can be put outside 


the integral of the convolution and S* 
2e'“|S(a)@A(o)"™| results. Since A(Ax,,) = 0, and 
chosen to be symmetric around Ax =0, the 


convolution is real and positive and the true spectrum 
with instrumental resolution 2{8()@A(o)""] can be 
obtained by calculating the modulus of S$“ without 


any knowledge about g(a). However, for several 
reasons this method for phase correction is not ideal. 
First of all, since the maximum spectral resolution of 
a Fourier transform spectrometer is inversely pro- 
portional to the maximum mirror displacement, for a 
given spectrometer layout with a fixed maximal 
mirror scan length L, the maximal achievable spectral 
resolution is reduced by a factor of two if scans 
symmetric around Ax =0 have to be performed. 
Secondly, for signals closer to or smaller than the 
noise level of the spectrometer, the random noise will 
be entirely positive by taking the modulus. Hence, for 
small signals, the noise level will be increased relative 
to the signal level by taking the modulus. 

Therefore, usually the ‘Mertz phase correction 
method’ is used. This method is based on the 
assumption that the phase g(a) is a slowly varying 
function of o. In this case, g(a) can be determined 
with low spectral resolution, i.e. by a short, 
symmetric scan of length 21; around Ax = 0. It can 
be shown that from this scan the phase can be 
obtained according to: 


Im[S(o)e"" BA] 
Re[S(oje'M BAF] 


+ m (if denominator is negative) 


(0) = aril 
1s} 


Here, S(aje'*@A(o)™ results from the Fourier 
transformation of the short interferogram measured 
between —L; and L, and the apodization function 
A(Ax,,) is adjusted to —L, and Ly. The addition of 
for negative denominators is a consequence of the 
assumption that S(o) is positive everywhere. Under 
this assumption, a negative denominator in eqn [18] 
corresponds to a phase angle Igo) > m2, that is 
mapped into [~7/2, 7/2] by the arctan-function. 
To get the correct phase angle, 7 has to be added 
to the phase angle, thereby extending the range of 
Go) to [0, 271. 

With g{o) known, the interferogram has to be 
recorded only for mirror displacements Ax, = 0, 
since the information about the interferogram for 
Ax, <0 is contained in the phase spectrum and 
the interferogram for Ax, = 0. Therefore, with this 
method, the totally available mirror displacement 
length can be used for increasing the spectral 
resolution. 

However, for spectra containing positive and 
negative spectral bands, the Mertz phase correction 
usually fails, due to the addition of 7 if the 
denominator in eqn [18] becomes negative. For 
spectra with positive and negative bands, the sign of 
the denominator is determined by both S(o) and g(a). 
Applying the Mertz algorithm in a negative region of 
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the spectrum with a vanishing physical phase angle, 
results in a calculated phase angle of g= 7. As a 
consequence, the negative spectral band appears as a 
positive band in the output spectrum calculated 
according to the Mertz algorithm. 

‘To avoid erroneous phase-flips, the addition of in 
eqn [18] for negative denominators can be omitted 
and the allowed values for go) are reduced to 
{-7?2, m2). The corresponding phase correction 
method is usually referred to as the ‘Mertz signed 
method’. However, it is immediately clear from the 
discussion above, that in this case any physical phase 
angle outside the range [—7/2, m/2] results to an 
erroneous m-jump of the phase. According to eqn 
[16], a physical phase shift larger than 7/2 can, for 
example, he the consequence of a large offset xo, i. 
ofan inaccurate alignment of Ax, and Ax. At Ax = 0, 
all contributions to the interferogram add construc- 
tively and the height of the interferogram is pro- 
portional to the area under the spectral curve Star), as 
can be readily seen by setting Av =0 in eqn [10]. 
Therefore, for S(o)>0 the position Avy, =0 is 
usually estimated by the global maximum of the 
measured interferogram. However, for spectra with 
both positive and negative bands, in most cases the 
interferogram does not exhibit a maximum at Av = 0 
(for positive and negative bands of equal height and 
width, the interferogram vanishes at Ax = 0), and 
estimating Av, = 0 by an extremum of the interfer- 
ogram results, therefore, in a large offset xp. Thus, in 
order to be able to use the ‘Mertz signed’ algorithm, 
Ax, =0 has to be determined separately in a 
calibration experiment in that the condition S(a) > 
iis fulfilled, However, even for accurately determined 
Axjn = 0, erroneous phase jumps can appear if lines 
of different intensity and opposite sign are spaced 
approximately equal to the resolution used for 
determining the phase spectrum g(o?. 

In conclusion, there are no general strategies to 
completely exclude phase jumps in the Fourier 
transformation of interferograms corresponding to 
spectra with positive and negative bands. The 
experimentalist has to check from case to case if 
lines with strange shapes appear in the output spectra, 
and modify the phase correction accordingly. More 
elaborate strategies for phase correction, that are 
beyond the scope of this article, are reported in 
literature. 


Example of Experimental Results 


To illustrate the features of FTS discussed in the 
previous paragraphs by a practical example, in 
Figure 4 the results of a typical measurement in the 
MIR between 500 cm! and 5000 em”? are shown. 


The experiments were performed with a BRUKER 
IFS113 spectrometer using a silicon carbide glowbar 
as a source for the infrared radiation, a potassium 
bromide beamsplitter, and a liquid-nitrogen cooled 
mercury cadmium telluride detector. The spec- 
trometer used for the experiments is set up in a 
vacuum chamber. The two interferograms shown in 
Figure 4a were measured at two different pressures 
(broken line: 10 mbar; full line: 300 mbar), ie., at 
two different levels of absorption of the atmospheric 
gas in the interferometer chamber (for clarity, the 
interferogram are offset vertically). The abscissa axis 
is broken in Figure 4a and shows portions of the 
interferograms around zero mirror displacement and 
around the maximum mirror displacement of 2. 
{chosen for 0.2 em? spectral resolution). For higher 
chamber pressures, the increased absorption of the 
atmospheric gas results in an increased amplitude of 
the wiggles of the interferogram apparent for large 
mirror displacements in Figure 4a. The amplitude of 
these wiggles is approximately three orders of 
magnitude smaller than the detector signal observed 
at the center-burst of the interferogram around zero 
mirror displacement. However, in the corresponding 
spectra (Figure 4b) calculated from the interfero- 
grams after phase correction, the absorption of the 
atmospheric gas is clearly evident by a strong 
increase of the dense and narrow absorption 
lines in the spectral regions 1200 em~'~2200 em~', 
2300 em~!-2400 em”, and 3200 em~*—4000 em™! 
(note that in Figure 4b the spectra are offset vertically 
by 0.1 for clarity). The lines observed between 
2300 em~!-2400 em” are due to absorption of the 
CO, molecule and are shown in more detail in 
Figure 4c from 2335 cm~' to 2345 cm~'. In order to 
simulate the contribution of the CO» lines to the 
interferogram shown in Figure 4a, two neighboring 
lines in Figure 4e were fitted to a doublet of Lorentz- 
absorption lines (indicated by the symbols in 
Figure 4c). The corresponding interferogram was 
calculated by Fourier transformation of the Lorentz 
lines and is shown in Figure 4d. It consists of a rapid 
oscillating, cosine-like signal (see inset for an 
expanded plot between 0.6 and 0.602 cm) with an 
amplitude modulation corresponding to the differ- 
ence of the resonance wavenumbers of the two 
Lorentz lines. The ordinate axes of Figures 4a,d 
have the same arbitrary units and, therefore, the 
amplitudes of the interferograms shown in these 
two panels can be directly compared. From Figure 4a, 
d we conclude that the two COs lines contribute 
approximately with only one in 10° parts to the 
center-burst of the measured interferogram, i.c., 
theses lines absorb only a fraction of 10° of the 
integrated (over the wavenumbers) intensity of 
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Figure 4 Measurement of the absorption of atmosphorc gas for diferent pressures inthe interferometor chamber (broken lines 
10 mbar, ul nes: 300 mbar). a) Inerferograms (note the break inthe axis af the mirror displacement). For cart, the intertorograms 
are ose vertically by 0.1 and 0.0002 onthe lft and ight sie ofthe axis break. On te righ side ofthe axis break the interferogram 
are ampltied by a factor 500. (0) Spectra corresponding to the intertrograms shown in (a). The specia are offset verically by 0.1 for 
Carty. (6) Pat of the CO, absorption lines on an expanded wavenumber axis. The symbols indicate a fit of two Lorentz lines to 
neighbouring CO; absorption lines. The fit is used for calculating the interferogram shown in (¢). (@) Simulated interferogram 
corresponding fo the two CO- ines shown by the symbols inc). The arbitrary units ofthe ordinate axis are the same as those used a) 
but the interferogram is amplified by a factor 10°. Inthe inset, the interferogram is shown on an enlarged scale between 0.6 and 


0.602 em mirror displacement. 


the incident radiation. Despite this small fraction, 
they are extremely well resolved with a large signal- 
to-noise ratio in Figures 4b,c, thus demonstrating the 
ability of FTS to measure spectra simultaneously with 
high resolution and over a large spectral range. This 
ability is one of the advantages (the so-called multi- 
plex advantage) inherent in FTS and will be discussed 
in more detail in the following paragraph. 


Advantage of FTS Over Dispersive 


Spectrometer 
The two main advantages of FTS over dispersive 
spectroscopic methods, using, for example, a grating 


for the spectral decomposition of an incoming 
radiation, are directly connected with the working 


principle of FT spectrometers; high optical through- 
put and multiplexed measurement over the whole 
spectral range of interest. These advantages are 
discussed in the following, in more detail. 

For a fair comparison of the optical throughput, 
spectrometers with equal spectral resolving power p 
have to be compared. Here, p= Onaq/M0r, Where Gnax 
is the maximum wavenumber analyzed and Acris the 
spectral resolution. For an ideal Fourier transform 
spectrometer, the limit for gms depends on the 
divergence angle of the beams propagating in the 
spectrometer, As sketched in Figure 5, the divergence 
angle a is determined by the radius r, of the entrance 
aperture and the focal length f of the collimating lens 
by a= rif. This angle causes a phase shift hetween 
the rays propagating parallel to and those propagat- 
ing under the angle of a inclined to the optical axis 
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through the interferometer. The phase difference gui. 
depends on the mixror displacement according to 
ay = AmaAx((Llcos(a)) ~ 1) and can be approxi- 
mated for small a by gyy = 27¢Axa’. It can be 
shown, that as long as gy, does not exceed 
approximately 7, the influence of the divergence on 
the interferogeam can be tolerated, i.e., Oinax 
UQAX pax). Using Mo ~ 12Ax pax) for the resol- 
ution, one obtains for the resolving power of a FT 
spectrometer, p = (flr,)” 

The optical throughput © describes the allowable 
energy per unit time that the system can let through 
and is related to area mr? of the aperture and the solid 
angle © of the collimating (or focusing) optics by 
@ = mr2M. Using 2 = Aprs/f?, where Arts is the 
clear area of the collimating lens (for a collimating 
mirror, Arrs is the area of the mirror projected on a 
plane perpendicular to the beam direction), results in 
prs = wAprsrif? = wAgrslp. For a grating spec- 
trometer, Ograing = bAglf . (see respective chapter of 
this encyclopedia) where h is the height of the slit, f 
the focal length of the collimating optics, and Ag the 
projected area of the grating. Generally, hif is smaller 
than 1/20 in up-to-date grating spectrometers. Thus, 
for the same resolving power pand similar instrument 
size, FT spectrometer can offer a more than af/h 
60 times larger energy gathering capability. The 
fore, for measurements with weak signals in that the 
detector noise is the dominant noise source, the large 
throughput of a FTS greatly increases the spectral 
signal to noise ratio that can be achieved for a fixed 
measuring time. 

The other major principal advantage compared to 
dispersive methods relies on the simultaneous (multi- 
plexed) gathering of information about all spectral 
bands Aer over a broad spectral range from gin and 
Ginax. For a grating spectrometer using a single 
detector element, the measurement time T,, available 


for recording the spectrum in that range has to be 
distributed between the M = (Gyuy ~ inia/A spec~ 
tral bands so that for a single spectral band the 
available integration time is T,,/M and the integrated 
signal increases proportional to T,/M. If the domi- 
nant noise source is the detector noise which is 
independent of the signal le 
proportional to (Ti/M)" and, therefore, the signal to 
noise ratio for the grating spectrometer (S/N)g is: 


el, then the noise will be 


(SIN)g 9 (Try/M)'? 1191 


For a FTS the situation is different, since it detects in 
the band [Giyia; Fax] all M small bands over the 
whole measurement time T,, via their contribution to 
the interferogram. So the integrated signal in a small 
band Ao is proportional to T,,. If the noise is again 
assumed to be random and independent of the signal 
level, for the FTS: 


(SIN)ers 8 Ta (20) 


results. For the same detector, assumed in the grating 
spectrometer and in the FTS, the proportionality 
constants are the same in eqns [19] and [20] and, 
therefore 


Ru 


Equation [21] shows that the multiplex advantage 
becomes increasingly important for measurements of 
broad spectral bands with high resolution. In this 
case, an enhancement of the (S/N)rrs over (SIN)g by 
2-3 orders of magnitude can be achieved. However, 
it has to be noted that the multiplex advantage of a 
FTS can be exploited only in cases whe 
noise is the dominant source of noi 
and near infrared spectral region, low noise detectors, 
that allow single photon detection, are available. 
With these detectors, the spectral noise is dominated 
by the photon noise that is proportional to the square 
root of the intensity. It is evident that in this case the 
multiplexed detection is not an advantage, since for 
M spectral bands of width Ao contributing to the 
interferogram at a given mirror position, the noise is 
enhanced by M “? compared to the noise that would 
be measured for a single band (here, it is assumed that 
all M bands contribute with the same intensity to the 
interferogram). Consequently, in this case, the noise 
enhancement by M cancels the beneficial factor 
M "in eqn [21] and with single-detector grating and 
FT spectrometers, the same S/N ratio is achieved for a 
given measurement time Ty. In addition, using linear 
detector arrays with dispersive spectrometers, the 
multiplex advantage increases the S/N ratio for the 
dispersive spectrometer. However, detector arrays 
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and low-noise detectors are mainly available for 
spectral regions with ¢ > 6000 cm”, i.e., in the near- 
infrared and visible spectral region. In the FIR and 
MIR region (¢ < 6000 cm™') in that such detectors 
are absent, the multiplexing inherent in FTS makes it 
the method of choice if low-noise, broadband, and 
high-resolution spectroscopic data are required. 


List of Units and Nomenclature 


Angle of incidence for radiation on eo, 
beamsplitter 

Angle of propagation of radiation in e; 
the beamsplitter layer 

Beam divergence angle a 

Beam splitter thickness (cm) d 


Complex reflection coefficient Rr 


Complex transmission coefficient Tit 

Detector Signal normalized to detector. D 
area (Acm*) 

Difference hetween real and measured xp 
mirror displacement (cm) 

Dirac delta-funetion 8 

Discrete interferogram (A cm) Dy, 

Discrete spectral density (W em~') Sox 

Distance from beamsplitter to fixed x 
mirror (cm) 

Distance from beamsplitter to movable xq 
mirror (cm) 

Electric field amplitude of incident Eo 
radiation (V/m) 

Electric field amplitude of radiation Ey 
falling back on source (V/m) 

Electric field amplitude of radiation Ep 
reaching detector (Vim) 

Focal length (cm) f 

Fourier transform of apodization ee 
function A (cm) 

General apodization function A 

Heavyside step function 4 

Intensity falling back on Is 
source (Wem) 

Intensity on detector (W cm~7) Ip 

Maximum mirror displacement (cm) apace 

Maximum wavenumber (cm~!) a 

Measured mirror displacement (em) rea 

Measured single line spectral density Sa 
for a finite scan length (W em”) 

Measured single line spectral density st 
for a finite scan length using the 
apodization function A (W cm™') 

Measurement time for complete Te 
spectrum (s) 

Minimum wavenumber (em™!) 6, 


Mirror displacement Ax 

Mirror velocity (em s~!) v 

Modulation frequency (s~*) » 

Number of sampling points of the N 
interferogram 

Number of spectral bands M 

Optical throughput (cm*) e 

Optical throughput for FTS (cm?) Ors 

Optical throughput for grating ceaing 
spectrometer (em?) 

Phase accumulation due to optical % 
path to fixed mirror 

Phase accumulation due to optical mn 
path to moveable mirror 

Phase angle y 

Phase angle @ 

. ae 
Sort 

reflected at and transmitted through 
beamsplitter 

Phase difference due to beam divergence ¢4y 


Phase jump for reflection at beamsplitter gq 
Phase jump for transmission through or 
beamsplitter 


Projected area of collimating element Ars 
of FTS (cm*) 
Projected area of grating (cm*) Ag 
Radius of entrance aperture (em) om 
Refractive index n 
Responsivity (AW!) Rp 
Sampling interval (em) é 
ratio for FTS (SNiers 
ratio for grating (SIN)c 
spectrometer 
Single line spectral density (W em™!) Ss 
Solid angle a 
Spectral bandwidth (cm™!) Ao 
Spectral density (W cm” *) Ss 
Spectral resolving power p 
Wave length (um) a 
Wave number (em~') oo 
Wave number resolution (em™') Mornin 


Interferometry: Overview; Phase Measurement Inter- 
ferometty. 
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Introduction 


Consider the task of measuring the spectra of a 
source, the spectra of an array of contiguous sources, 
or simply the broadband irradiance of an array of 
sources. These measures are commonly known as 
spectrometry, spectral imaging, and imaging, respect- 
ively. The sensitivity at which spectrometric, spectral 
imaging, and imaging systems can be operated is 
often dominated by noise associated with the detec- 
tion system and the ability of the optics employed to 
deliver sufficient photonic flux to the detector 
subsystem to overcome this noise limitation. The 
ideal case is where the optical system can be fashioned 
in such a way as to deliver greater signal to the 
detector in order to maximize the signal-to-noise 
ratio (SNR) for a given finite source irradiance and 
detector noise. 


Let us consider the number of discre 
resolution elements of spectrometers, spatio 
resolution elements of spectral imagers, and 
spatial resolution elements of imaging systems as 
being the N quantities of interest we would like to 
measure. We wish to measure these N quantities in 
time T with the greatest accuracy and precision as 
jetermined by the maximum SNR possible given a 
finite source flux and a fixed detector noise floor. One 
option might be to use a multi-element detection 
system (multi-channel detection system) with N 
detectors, so each detector is measuring one of the 
'N quantities for the full time T in order to maximize 
the available integration time. However, in practice, 
these detectors can be problematic or simply not 


available for many applications when compared to 
single-element detectors. When a single-element 
detector is employed in spectrometry, spectral ima- 
ging, or imaging, the measurement methodology 
required becomes N measurements, each for a time 
TIN, so that each of the N quantities is measured 
separately or alternatively, one can record N measure- 
ments, each for time TIN, for various groups of the N 
quantities. The measurement procedure for various 
groups of the N quantities requires an encoding 
procedure to choose which of the N quantities to 
include in each of the N measurements and a decoding 
procedure to recover the values for each of the N 
individual quantities. When combinations of N 
quantities are measured, the signal at the single 
detector element is increased and the procedure is 
called multiplexing. Multiplexing may be defined as 
measuring the sum of groups of quantities rather than 
measuring each quantity separately with the primary 
goal of increasing SNR. Multiplexing can and does 
increase SNR when the detection system of the 
measuring device is operating in the detector noise 
limit. The detector noise limit is defined as the noise of 
the detector output that is independent of the 
amplitude of the signal. Photon-noise-limited detector 
systems can benefit from multiplexing strategies, 
however, one must be careful not to realize a 
multiplex disadvantage when the source of noise is 
not detector noise limited. 


Fourier Transform Multiplexing 


In optical spectrometry a common multiplexing 
method employs the Michelson interferometer in a 
Fourier transform (FT) spectrometer where, in the best 
case, as much as half of the spectral energy of 
the source entering the aperture is incident upon the 
single detector clement for the duration of the 
measurement. The output of the detector is recorded 
asaninterferogram, which isthe detector response asa 
function of optical retardation (twice the path 
difference between the arms of the Michelson inter- 
ferometer). The recorded interferogram is decoded 
using a Fourier transform algorithm to yield the 
desired spectrum. FT spectrometers are routinely 
employed in near-infrared, mid-infrared, and 


ated circuit 


analog > op-amp 


Figure 710. The addition of a capacitor at the input af an 
‘op-amp is often necessary to prevent any DC voltage off 
set being amplified. In the upper section of this figure, a 
DC offset is lange enough to force the inverted output to 
its negative limit, and the signal is completely lost 


oo] 


Figure 7-1 A very basic low-pass filter, which works by 
allowing capacitor CI to bypass resistor R2 at higher au: 
dio frequencies 


High-Pass Filter 

A simple high-pass filter can be created by 
adding a capacitor to the basic noninverting cir- 
cuit previously shown in Figure 7-7. The filter 
schematic is shown in Figure 7-12, Once again 
capacitor C1 is chosen with a value that passes 
higher audio frequencies and blocks lower audio 
frequencies. Because the gain of the basic non- 
inverting circuitis approximately 1 +(R2/R1), the 
‘op-amp functions normally when the impe- 
dance of C1 is blocking the low frequencies, forc- 
ing them to pass through R1. Higher frequencies, 
however, are able to bypass R1 through C1, low- 
ering the effective resistance of that section of 
the circuit, thus reducing the negative feedback 
and increasing the gain. This way, the power of 
the op-amp is increased for higher frequencies 
compared with lower frequencies, A passive RC 
circuit could achieve the same effect, but would 
attenuate the signal, while the op-amp circuit 
boosts part of it. 


Figure 7.12. A very basic high-pass filter, which works by 
allowing capacitor C1 to bypass resistor Fat higher audio 
frequencies. 


Relaxation Oscillator 

The schematic in Figure 7-13 is similar to the cir- 
cuit shown in Figure 6-12 using a comparator. It 
functions.asa relaxation oscillator, whichisaform 
of astable multivibrator. The lower half of the cir- 
cuitisa positive feedback loop thatreinforces the 
output whiletheupperhalfofthe circuitis charg- 
ing the capacitor. Eventually the charge on the 


Chapter? 55 
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far-infrared spectrometry. In Raman. spectrometry, 
FT spectrometers are used in the near-infrared 
spectral region typically using an Nd:YAG laser 
providing an excitation wavelength of 1064 nm. 
FT techniques are also employed in nuclear 
magnetic resonance (NMR) spectrometry and mass 
spectrometry. 


Hadamard Transform Multiplexing 


Hadamard transform multiplexing in dispersive opti- 
cal spectrometry can be accomplished by use of an 
encoding mask at the focal plane of a dispersive 
spectrometer, that is operable to select different 
combinations of spectral resolution elements that are 
allowed to pass to the single detector element for each 


by 
by 
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of the N required measurements. The specification of 
which ones of the N quantities are included in each of 
the N measurements of groups of the N quantities is 
called a weighing design. The term weighing design 
originally referred to a procedure for accurately 
determining the mass of a number of objects by 
weighing them in groups ratherthan one ata time. The 
optimal weighing designs and corresponding optimal 
encoding masks are specified by Hadamard math- 
ematics. The Hadamard matrix or H matrix has all 
elements of +1 and ~1 and provides the optimal 
weighing design for a two-pan balance or an optical 
instrument having two detector elements for the +1 
and —1 measures. The Hadamard matrices specify 
which quantities go to each balance pan or detector 
element. 


> 
> 


Detector 


Maskislt 


+ Error 


Detector 


Masksit 
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Figure 1 Simple schematic ofa conventional and a Hadamard transform spectrometer. The top shows a conventional spectrometer 
where only one of seven spectral resolution elements (NV = 7) impinge upon the single element detector for each of N measurements. 


“The bottom shows a Hadamard transform spectrometer where NV = 
upon the single element detector for each of the N measurements. 


7. One more than halt ofthe spectral resolution elements impinge 
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One and Two Detector Hadamard 
Encodement Matrices 


In the case of a dispersive spectrometer with a single 
detector element, the optimal weighing designs and 
corresponding optimal encoding masks are provided 
by the simplex matrix or § matrix derived from the H 
matrix, The type of § matrix that is most convenient 
for optical applications is the cyclic or left circulant S 
matrix where only the first row needs to be known to 
generate the complete cyclic § matrix of N columns 
and N rows. Each row is obtained by shifting the 
previous row by a left-shift registration in which the 
element in the far left column moves to the far right 
column of the next row and each of the other N ~ 1 


elements moves one column to the left. Each of the N 
rows of the cyclic § matrix specifies one of the N 
encodements and each of the N columns specifies one 
‘of the N spectral resolution elements. The elements of 
the cyclic § matrix are 1 and 0 instead of the +1 and 
=1 found in the H matrix implementation. Spectral 
resolution elements allowed and not allowed to reach 
the single detector clement are given as 1's and 0's, 
respectively. Each row and each column of the cyclic $ 
matrix is a different sequence of (N + 1)/2 elements of 
1's and (N — 1)/2 elements 0's so that each encode- 
ment in the row of the cyclic § matrix has a different 
combination of (N+1)/2 spectral resolution 
elements that are incident upon the single detector 
element. Just as the positions of the 1’s in a row show 
which spectral resolution elements are included in a 
particular encodement, the positions of the 1’s in 
a column show which encodements include that 
particular spectral resolution element. The result is 
that provided the detector noise is independent of its 
‘output signal, the SNR is increased by a factor of 
(N+ 1/QVN), approximately (VNy/2, when com- 
pared to the method of measuring each spectral 
resolution element separately as in a raster scan 
performed by a classical scanning dispersive 
spectrometer. 

Multiplexing in dispersive optical spectrometry as 
introduced in the previous paragraph is called 
Hadamard transform spectrometry (HTS) (see 
Figure 1). It is a unique combination of dispersive 
and multiplexing spectrometries. The choice of 
transparent or opaque for the elements of a multislit 
array or Hadamard encoding mask provides an 
encoding of spectral information that may be 
decoded into a conventional spectrum by Hadamard 
mathematics. Ina typical dispersive spectrometer, the 
source energy is collected and separated into its 
individual spectral resolution elements by a spectral 
separator and then collected and focused for spatial 
presentation on a focal plane. Unlike a scanning 


dispersive spectrometer, which possesses a single exit 
slit, the Hadamard transform (HT) spectrometer 
employs a multislit array as a Hadamard encoding 
mask. This arrangement allows for the simultaneous 
measurement of a multitude of spectral resolution 
elements at a single-element detector and produces a 
multiplexing spectrometer. 


Theory of Hadamard Multiplexing 


The operation of the HT spectrometer can be 
described using matrix algebra with column vectors 
[D] and [I] and the N-order square matrices Sy, S\', 
Sk, and Ty. [D] is a column vector of N rows 
containing the detector responses for the N encode- 
ments. [I] is a column vector of N rows containing 
the N spectral resolution elements to be determined. 
Sw is the cyclic $§ matrix of order N that is the 
basis for construction and design of the Hadamard 
encoding mask, Sy" is the inverse of Sy and is given 
by QUN+ D)Ty. Ty is a matrix of +1 and —1 


Hadamard — Walsh encodegram 
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Figure 2 An encodegram (top plat) and the corresponding 
single-beam spectrum (bottom plot) as a result of decoding the 
‘encodegram using Hadamard mathematics. 
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clements obtained from Sk, the transpose of Sy, with 
‘Ty having +1’s and —1's where SX has 1's and 0's, 
respectively. A cyclic matrix is required to be 
symmetric so that an interchange of columns and 
rows can recover the original matrix and S& then 
hecomes equal to Sy. The encoding of the radiation 
hy the HT spectrometer is given by [D] = Sw{l] and 
the resulting primary data are a record of detector 
response versus encodement number. The plot of 
detector response versus encodement number is 
called an encodegram (analogous to the interfero- 
gram produced by an FT spectrometer). The decod- 
ing of the encodegram to recover the conventional 
spectrum using a Hadamard transform can be 
described by [I] = Sx'[D], obtained by left multiply- 
ing [D] = Sul] by Sy! In practice, it is not necessary 
to invert Sy because there is a fast Hadamard 
transform (FHT) algorithm available when N is of 
the form N= 2" ~ 1, w being an integer. There are 
three known methods for generating the first row of 
cyclic § matrices of order N = 2 — 1. Consider the 
example of N = 7 for w= 3 where the first row of 


S; is 1110100, Figure 2 shows an encodegram 
and the result of decoding using Hadamard math- 
ematics. Figure 3 contains the matrices and matrix 
equations for N = 7. 


Hadamard Encoding Masks 


‘The key component of any HT spectrometer is the 
Hadamard encoding mask (Figure 4). Two choices for 
the Hadamard encoding mask are the moving 
mechanical mask and the stationary electro-optical 
mask, The moving mask for N spectral resolution 
elements requires 2N—1 mask elements that are 
either completely open with a transmittance of 1 or 
completely closed with a transmittance of 0. The 
stationary mask for N spectral resolution elements 
requires only N mask elements that are selected to be 
either transparent: transmittance T;= 1 or <1 or 
opaque: transmittance T, = 0 or >0. The resulting 
SNR is dependent upon AT = T, ~ T,, which has its 
optimal value of unity only for an ideal mask which is 
T, = 1, T, =0. The advantage of the moving mask is 


DB, hth ehels 1110100 ff 
D h+heh+h 4401001 bk 
De h+h+le+l, 4010014 5 
[l= Ds tlt let ly $= 0100111 [l= 
Dette yoor110 Is 
Dp b+heleeh, oortiot 6 
D bth+h+le o1tto10 h 
ttt (ayn tay 
Vi4At-t-t (wayt 1-11-41 -1.1) 
waa (ayia 11-144) 
Ts Ataatadd (vayr,= (4)(-41-1-1.111) 
rants (14yt-t—1444-1) 
1-491 t-1t (Way 1111-11) 
aaa (ay 4 44-4) 
1 (1/8)(D, + Dp + Dy- Dy + Ds- Dg D,) 
I (1/4)( D; + Dz~ Ds +D,—D~Dg +D;) 
4 (118)(Dy~D + Dy~ Dy= Ds + Dg + D7) 
W= k= SD) = (114)(~ Dy + Dp~ Ds- Dy + Ds + Dg + Dp) 
Is (1/4)( Dy~ Dy~ Dg + Dy + Ds + Dg~ Dy) 
Ie (1/4)(~ D,~ Dz + Ds + Dy + Ds~ Dg + Dz) 
b (14)(— Dy + Dot Dy + Dy- Ds + Dg Dz) 


For example: Note |; = (1/4) [(D; + Dz + Dy + Ds) ~(D4 + Dg + D;) 180 


1= (04) (T(y+le+ly+s) + (thet hth) + (htt lth) + 
(hh Fla e+ le) D— [Mlle + lg hy) + Ug la ly hy) + 


(ge byt let lg) 1} = (1/8) (4h b= 


Figure 3 Matrices and matrix equations (note since S, Is symmetric 8} = S,,). 
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Figure 4 A linear encodement of length N=43 generated by 
using a quadratic residue construction 


no optical transmission problems. However, it suffers 
the disadvantage of having moving parts and position 
repeatability problems. For the case of the stationary 
mask, it has the advantage that it has no moving 
parts and no positioning repeatability problems. 
The disadvantage of the stationary mask is the optical 
transmission problem where T; < 1 and T, > 0. The 
moving Hadamard encoding mask of 2N ~ 1 mask 
elements is changed to the next encodement by 
translation of the Hadamard encoding mask to the 
left past the aperture by a single mask element, For 


N-=7and 2N ~ 1 = 13, the assignment of 1 and 0 to 
positions 1 through 13 is [1110100111010) 
For example, the first encodement corresponding 
to the first row of S> in Figure 3 is from 


positions 1 through 7 as [1110100] and the 
fourth encodement corresponding to the fourth row 
of S> in Figure 3 is from positions 4 through 10 as 
(o100111 


2D Encoding Masks for Multiplexing in 
Spectral Imaging and Imaging 


If the conventional one-dimensional (1D) Hada- 
mard encoding mask is folded in some manner, the 
result is the generation of a two-dimensional (2D) 
Hadamard encoding mask (Figure 5). Similar to the 
1D Hadamard encoding masks that are used for 
spectral mutiplexing, 2D Hadamard encoding 
masks can be used for the spatial multiplexing 
done in Hadamard transform spectral imaging 
(HTSI) and Hadamard transform imaging (HTN). It 
is important to note that spectrometry as HTS, 
spectral imaging as HTSI, and imaging as HT! all 
realize the same theoretical SNR improvement 
based on the number of spectral, spatio-spectral, 
or spatial resolution elements (N), respectively. 
Consider the folding of a 1D Hadamard encoding 
mask for N=15 into a 2D Hadamard encoding 
mask of three rows and five columns (Figure 6). 
A cyclic Sis has a first row of [0001001101 x 
0.111 1] so the 2D Hadamard encoding mask has a 
first row of [0.00 10}, a second row of (0110 1}, 
and a third row of [01111] from columns 1 
through 5, 6 through 10 and 11 through 15, 
respectively, from S15. 


Figure 5 A two dimensional encodement of length N=19,007 
In a 100100 format generated by quadratic residue construc- 
tion. The remaining 7 elements are shown as the last 7 elements 
In the bottom row on the right. In practice these ‘extra’ data points 
can be masked off and used as a measure of system noise 
characteristic. 


First row 


Figure 6 Spectrometry to imagery: The folding of a ID 
encoding mask that can be used for spactromety is used to 
generate a 2D encoding mask that can be used for imaging, 
Note that using a symmetric aperture window where only 3x2 
elements aro used, the mask element that is nat included in 
the windowed aperture can be used as a measure of the dark 
noise of the system, however, a more conventional encode- 
‘ment matrix might be one that can be divided into an intoger 
umber of rows and columns such as N= 15 where one can 
construct a § x3 2D encodement mask for imagery and use a 
symmetric aperture that uses the entire length of the 
fencadement matrix. 
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Hadamard Mathematics 


Consider a general multiplexing problem where 
one seeks to N quantities, X= 
fxo.%1.-02y-1) in the presence of noise, and 
ishes to determine a vector function F(X), such 
that the measurement of F(X) yields the best 
estimate of X. Conservation of energy and sup 
position principles dictate a restriction to linear 
functions. The principle of rank suggests that we 
restrict our measurements to N-dimensional linear 
combinations. Determining the best linear combi- 
nation is the challenge. In the case of constant 
error for each measurement, an answer is provided 
by Hotelling’s theorem, which proves Hadamard 
matrices are optimal for such measurements. 
Hadamard matrices uniquely achieve the optimal 
hound for root-mean-square measurement error. A 
Hadamard matrix is a matrix H_ for which 

H,,=+1, and Ho'= 3H". The definitions of 
matrix inverse, transpose, and multiplication dic- 
tate that the rows of the matrix H form an 
orthogonal basis with each basis element having 
norm VN. The norms of the rows of H follow 
from the entries of the matrix that are +1, 
and place no additional restriction on H. The 
columns of H are also an orthogonal basis with 
these same norms. The rows (columns) of the 
matrix -[H form an orthonormal basis. From 
these few statements and definitions, one can 
already derive estimates of the multiplex advan- 
tage. For example, one seeks to measure X and in 
one case measures Y;=X+e, where © is a 
random noise or error that has a Gaussian 
distribution with a mean of 0 and variance o”. 
In another case, suppose that one measures Y; = 
HX +e. In this second case, one would estimate 

1 


jae 
pa 


where 21 is random noise with the same charac- 
teristics as e. It follows that the measurement error 


= 1 yt = 
= yH eax se) = x4 ( 


=x 


in the second case has a standard deviation that 
is less than in the former case, with an improve- 


ment by the factor 1. 


Hadamard Computations 


The +1 Hadamard matrices can be applied to two 
detector optical systems, and 0,1 matrices can be 
applied to single detector systems. In a two 
detector system H™ is proportional to H~! and 


one can invert these transforms. Suppose that one 
has chosen a particular Hadamard matrix H, with 
which to conduct a multiplexed measurement. One 
can show that multiplication of any row or any 
column by ~1 does not affect the efficacy of H in 
improving SNR. Hence one may assume that the 
first row and first column of Hare all +1. From 
H, we can form a new (N ~ 1)x(N~ 1) matrix § 
by deleting the first row and column of H, and 
then changing each 1 to a 0, and each —1 to a 1. 
This new matrix S, an S-matrix, is the one 
corresponding to H that is to be used for single- 
clement detector optical systems. It is known that § 
matrices are optimal for 0,1 matrices just as 
Hadamard matrices are optimal for +1 matrices, 
with signal to noise improvement by a factor 
M1, where here N is the dimension of H. 

Letting I be the identity matrix, and J be the matrix 
whose entries are all 1, it follows that S'S = Na+), 
where N is the dimension of H. From this we can 
ascertain that a multiplexed system using the matrix 
S, multiplied by the encoded parameters of S™ 
recovers the original signal to within the addition of 
an offset. In practice this is what is done to recover the 
original X. In certain cases, there is also a fast 
algorithm for computing $Y, without ever explicitly 
computing $*, 


Constru ns for Hadamard Matrices 


It is known that if H is an Nx N Hadamard matrix, 
then N must be 1, 2, or a multiple of 4 and so 
nontrivial $-matrices must be of size one less than a 
multiple of 4. It is conjectured that Hadamard 
matrices exist for each N which is a multiple of 4. 
Some constructions of Hadamard matrices are 
enumerated below. 


Walsh-Hadamard Construction 


A Hadamard matrix of size N= 2* can be con- 
structed by sampling the first N Walsh functions at 
0, UN, 2/N, 3/N,...,(N — DN, where the Walsh 
functions are defined by Wo(x) = 1, for 0= x <1, 
Wo(x) = 0 otherwise, and the recurrence relations, 
for each non-negative integer m: 


Wa,(x) 
Woes) 


W, (2x) + W,Qx 1), and 


W,Qx) ~ W,2x— 1) my 


‘Tensor Product Construction 


Walsh is a special case of iterating this construction, 
starting with the matrix Hy = [1]. In general, if Fhy is 
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a Hadamard matrix of size Nx N, then: 


Hy 
: 21 
-Hy 


is a Hadamard matrix of size 2N x 2N. 


Quadratic Residue Construction 


This construction is an example of a cyclic S-matrix: 
one for which each row is a cyclic shift of the previous 
row. Given a prime number p = 4n+ 3, define, for 
p—1, the values $,,=1 if there is some 
integer k, such that the remainder of dividing k* by p 
is i, and $,, = 0 otherwise. Taking the cyclic matrix 
with the first row given by $1,, yields a Hadamard 
S-matrix. 

Other constructions are possible. Maximal length 
shift register codes, and a construction involving 
quadratic residues of twin primes two 
examples. 


Fast Hadamard Transforms 


The fast Walsh transform can be deduced from 
eqn [1]. The basic idea is that, in eqn [1], the 
function W,, is specified by logy recurrence 
relations. For this reason, a Walsh transform (or 
its transpose) can be computed in O(r logs m) steps. 
The algorithm goes as follows, for a sequence of 
length N= 2": 


{i) begin with Yo, Youts--+s Yon—1= Yor Yiseees You 
(ii) for #=1,...,— 1 let ¥ie = Yaa + Yontanens 
and Yiunee = Yitae ~ Yi-taeets for 


0, -.-,N/2 
i) output X;= 


an 


Then the resulting X, is the inverse Walsh transform 
of Y, 

Note that cyclic $ matrices that come from 
maximal length shift registers are known to be 
permutations of the Wzalsh—Hadamard § matrices, 
and hence there is also a fast algorithm for 
inverting these, albeit involving some tedious 
permutations. 


Optics for Hadamard Encoded 
Apertures 


Hadamard optical systems utilize spatially encoded 
apertures that can be employed either at the entrance 


aperture of the optical system, the exit aperture or 
both. They have the common attribute that they 
encode the available aperture spatially where the 
spatial resolution elements that make up the encode- 
ment dictate the spectral, spatio-spectral, or spatial 
resolution elements that propagate through the 
optical system, including diffractive optical elements 
and on to the sensor or exit aperture. These masks 
have some spatial extent that places special requir 
ments on the optics of the system. As the encodement 
mask grows either by longer length encodements with 
fixed subapertures or as the subaperture dimension 
grows for a fixed encodement length, the spatial 
resolution elements making up the subapertures in the 
encodement mask depart from the optical axis. When 
the resolution elements depart from the optical axis 
or paraxial condition, it becomes important to 
employ optics that can image the off-axis resolution 
elements without inducing excessive aberrations that 
degrade the performance and cripple the advantages 
gained by HT multiplexing. 

Typically the optical path for conventional mono- 
chromators begins with a source that is focused onto 
an aperture plane that has a large aspect ratio 
aperture know as a slit. This slit is often very small in 
extent in the dispersion plane compared to the other 
extent in the spatial plane. However, it is not 
required that this aspect ratio is large. If the aspect 
ratio is close to 1 then simple spherical optics can be 
employed that perform well as long as the departure 
from the optical axis is kept to a minimum. 
However, most monochromators have a large aspect 
ratio in order to increase the opportunity to 
maximize throughput, and detectors must be able 
to ‘see’ the large extent of the slit aperture. The light 
entering the slit aperture is then dispersed and 
focused onto an exit slit aperture. Monochromators 
are only required to perform well on the optical axis 
and do not typically employ optics that can manage 
rays that depart from the optical axis in the plane of 
jon as required by HT multiplexing instru- 
To employ encoding techniques the optical 
system is required to utilize optical performance 
attributes normally found only in imaging and 
spectral imaging systems. This requirement is driven 
by the extent of the encoding mask. The extent of the 
encoding mask is governed by the diffraction limit of 
the wavelengths within the bandpass, the encode- 
ment length N, and the attributes of the optical 
system. 

In a conventional dispersive spectrometer the 
radiation from a source is collected and separated 
into its individual spectral resolution elements by a 
spectral separator such as a diffraction grating or 
prism and then is collected and focused for spatial 
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Figure 7 Example implementation of a Hadamard transform 
spectrometer with reflective optics. Light from a source passes 
through a sample, is transferred into an entrance aperture, 
bounced off of a concave grating, and then a reflective mask, and 
finally transferred to a detector. 


presentation on a focal plane. The dispersive spec- 
trometer uses a single exit slit to select one spectral 
resolution clement at any given time, out of N possible 
spectral resolution elements for measurement by the 
detector. The Hadamard transform spectrometer 
(HTS, Figure 7) uses an array of slits (i.e., a mask) at 
the focal plane to select one more than half, (N + 1)/2, 
of the spectral resolution elements at the focal plane 
for measurement by the detection system. The optical 
challenge to effect an HT multiplexing spectrometer is 
to collect all of the spatially distributed individual 
bandpass images of the entrance slit and transfer them 
to as small a detector as possible. One desires to keep 
the area of the detector at a minimum as the noise of 
many detectors increases with the square of the area. If 
the optics are able to illuminate a single detector 
element with all of the available light impinging upon 
the focal plane containing the spatially distributed 
images of the slit for each of the N bandpass resolution 
elements, a multitude of spectral resolution elements 
can be measured simultaneously using a single 
detector clement. This arrangement results in a multi- 
plexing spectrometer. The recovery of N spectral 
resolution elements requires measuring the detector 
response for N different encodements of (N+ 1)/2 
open mask elements. The raw data are recorded as the 
detector response versus encodement number and is 


called an encodegram, Hadamard transformation of 
the encodegram yields the spectrum, 


The History of Applied Hadamard 
Multiplexing 


‘The Hadamard transform instruments developed in 
the 1960s and 1970s employed moving masks. 
Significant problems such as misalignment and 
jamming associated with a moving mask led to a 
reputation of poor reliability and contributed to a 
dormant period in the development of HTS and 
HTL. Interest was rekindled in the 1980s using 
stationary Hadamard encoding masks based on 
liquid crystal (LC) technology. The first generation 
1D stationary Hadamard encoding mask was a 
cholesteric LC with N= 127 mask elements and 
used polarization as its operating phenomenon. 
Two parallel polarizers and rotation or lack of 
rotation of the polarized radiation generated the 
opaque and transparent states, respectively. The 
second generation 1D stationary Hadamard encod- 
ing mask was fabricated using a polymer dispersed 
liquid crystal (PDLC) material with N = 255 mask 
elements and used light scattering as its operating 
phenomenon, The PDLC contained LC droplets 
dispersed in a polymer matrix whose index of 
refraction matched the index of refraction in one 
direction in the birefringent LC droplet. Alignment 
of the LC droplets optical axis under an applied 
voltage removed discontinuities in index of refrac- 
tion at the polymer matrix/LC interface to generate 
a good transparent state while random orientation 
of LC droplets in the polymer matrix generated the 
opaque state from light scattering by the disconti- 
nuities in index of refraction at the polymer 
matrix/LC droplet interface. A 2D_ stationary 
Hadamard encoding mask was also based on LC 
technology. A ferro-electric liquid crystal positioned 
between a pair of polarizers with perpendicular 
orientation operated as an electro-optic half-wave 
plate when a +value of applied voltage rotated the 
plane of polarization by 90 degrees to produce the 
transparent state and a —value of applied voltage 
left the plane of polarization unaltered to produce 
the opaque state. 

Development based on stationary Hadamard 
encoding masks continued in the 1990s and a 2D 
moving Hadamard encoding mask was also fabri- 
cated and used to perform imaging in the near- 
infrared and mid-infrared spectral regions. Note 
that the mid-infrared spectral region is not generally 
accessible via Hadamard encoding masks based on 
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LC technology, since any LC material is expected to 
have strong absorption bands in the mid-infrared 
spectral region. From the mid-1990s to the present, 
the stationary Hadamard encoding mask of choice 
for the visible and near-infrared spectral regions has 
been the digital micromirror device (DMD), a 
device based on micro-optoclectromechanical_sys- 
tems (MOEMS) technology and developed by Texas 
Instruments for projector display applications. One 
DMD format incorporates 508 800 micromirrors in 
an 848 column by 600 row array that is 144mm 
wide by 10.2 mm high. Each individual micromirror 
is 16um square and adjacent micromirrors are 
separated by a lum gap. The micromirrors are 
individually addressable and rotate by +10 or ~10 
degrees about the diagonal axis to produce binary 
‘on’ and ‘off’ states. The on state has T, determined 
by the mirror reflectivity and approaches 1 while 
the off state approaches T, = 0. The ideal condition 
of on and off is not realized due to diffraction of the 
light off of the small and periodic features of the 
micromirror device. The DMD is an array of spatial 
resolution elements that may be selected as groups 
of super-resolution elements or as individual resol- 
ution elements consisting of a single micromirror. 
The DMD resolution elements are realized as 
spectral resolution elements in the spectrometer 
with the columns attributed to the frequency or 
wavelength dimension and the rows attributed to 
the slit height dimension. The DMD. resolution 
elements are utilized as spatio-spectral resolution 
elements in the imaging spectrograph with the 
columns as the frequency or wavelength dimension 
and the rows as a vertical spatial dimension with 
the horizontal spatial dimension being accessed, if 
desired, by translating the sample relative to the 
imaging spectrograph. The DMD_ resolution 
elements are spatial resolution elements in the 
imager with the columns for the horizontal dimen- 
sion and the rows for the vertical dimension and the 
frequency or wavelength dimension provided by 
other instrumentation. If a photo-acoustic detection 
system is present then the depth dimension of the 
sample may also be accessed by changing the 
modulation frequency used in the photo-acoustic 
detection system, 

Some important features of HTS to keep in mind 


(i) it is a dispersive technique using a spectral 
separator; 
it is a multiplexing technique using a single- 
element detector; 
(iii) it uses a Hadamard encoding mask (multislit 
array) in a focal plane; 


(i 


(iv) it sends one more than half the resolution 
elements to the single-element detector in each 
encodement; 

it uses a number of encodements equal to the 
number of resolution elements desired and 
the number of mask elements (pixels) in the 
stationary Hadamard encoding mask (a moving 
Hadamard encoding mask has 2N ~ 1 mask 
elements); 

it has each encodement containing a different 
combination of one more than half the resol- 


Ww 


ution elements; 

it has as its primary data the encodegram, a 

record of detector response versus encodement 

number; and 

i) it uses a FHT of the encodegram to decode the 
encodegram and generate the spectrum or 
image. 


Note that all of these, except for item (i), also 
apply to HTSI and HTI. The DMD promises to be 
the best Hadamard encoding mask yet developed 
for the visible and near-infrared spectral regions. 
However, its potential applications in spectrometry 
and imaging are by no means limited to HT 
techniques since the information corresponding to 
any micromirror in the DMD may be included in 
or excluded from any measurement as desired by 
the investigator. An instrument with no moving 
parts, other than the micromirrors in the DMD, 
promises to provide a compact and robust instru- 
ment for operation in potentially hostile environ- 
ments ranging from process control to outer space. 
It is our belief that the combination of a DMD 
with a single-element detector may provide an 
important advance in spectroscopic instrumentation 
and that instrumentation based on the DMD may 
lead to a host of environmental, industrial, 
medical, and military applications. 


Fourier Optics. Imaging: Multiplex Imaging. Optical 
Communication Systems: Optical Time Division Multi- 
plexing. Spectroscopy: Fourier Transform Spectroscopy. 
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Introduction: Linear and Nonlinear 
Spectroscopy 


Light propagates in transparent or weakly absorbing 
media by inducing the atoms or molecules in the 
material to oscillate in response to the electromag- 
netic field of the light. The induced dipole oscillations 
set up a polarization field P which radiates the wave 
in the propagation direction. The induced polariz~ 
ation P is proportional to the amplitude of the electric 
field E in the incident light: 


P= cox (oE m4 


where eis the permittivity of free space and y'"(w) is 
the first-order, frequency-dependent, susceptibility of 
the material. This interaction of the light with the 
medium. generally results in some absorption of 
energy from the field and a shift in the phase of the 
propagating light. Both the phase delay and the 
absorption depend on the frequency w (and wave- 
length A) of the light. The phase shifting is responsible 
for dispersion — the variation, as a function of 
frequency, of the speed (phase velocity) of light in the 
medium. The dispersion and absorption effects are 
described by the real and imaginary parts, respect- 
ively, of the complex susceptibility: 


XC) = Axel) + ixtm(O) (21 


This susceptibility parameter describes the optical 
properties of the medium, Linear spectroscopy uses 
the frequency-dependent property of the y(w) to 
create spectra by absorption or dispersion of specific 
frequencies that are resonant with transitions 
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between internal energy states of the molecules. The 
electric field in the incident light is considered to be 
weak when it leaves the atomic and molecular 
properties essentially unaffected. Nonlinear optical 
spectroscopy, however, is based on the ability of 
intense laser light to modify the optical properties of 
the medium through which it propagates. These 
effects are also frequency dependent and so can be 
used to generate spectra. When the strength of the 
electric field becomes comparable with the electric 
fields within the atoms or molecules (typically 
~10''Vm~!) then the induced polarization 
becomes nonlinear and is described by a power series 
expansion: 


oly (Es + x @ELEs + x (@)ELEDE 


+ higher-order terms] BI 


X(w) and y%) are the second- and third-order 
susceptibilities respectively. The real and imaginary 
parts of these susceptibilities (and of the higher-order 
terms) describe observable effects arising from 
absorption and dispersion. The associated inter- 
actions involve two and three photon processes, 
respectively. In general, nonlinear interactions 
involve multiphoton processes and will be described 
by the appropriate term in the expansion of the 
induced polarization. 

Broadly speaking, nonlinear spectroscopy is based 
on detection of these multiphoton interactions by 
either incoherent or coherent processes. Incoherent 
processes include fluorescence and ionization where, 
following the multiphoton interaction, photons or 
electrons respectively are emitted spontaneously in all 
directions. Coherent processes, on the other hand, 
arise from the coupling of the input driving fields 
via the nonlinear polarization of the medium. 
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The waveform of the polarization oscillations is a 
distorted form of the driving field. Fourier analysis of 
these nonlinear oscillations would reveal extra 
frequencies not present in the incident field. When a 
suitably phased array of dipoles is established, the 
nonlinear optical process is detected by emission of 
coherent directional light. The efficiency with which 
this coherent signal beam is generated is crucially 
dependent upon the correct phasing of the radiating 
molecules. This process is known as phase matching 
and is achieved by geometrical arrangements of the 
input beams or by modifying the refractive index to 
counteract dispersion between the generating polar- 
ization wave and the radiated signal wave. 

Apart from the general division of nonlinear 
spectroscopy according to whether the detection 
uses incoherent or coherent emission, the techniques 
are characterized as frequency or time domain 
methods, according to how the signal is generated 
and detected. In most cases the signals recorded in 
cither domain may be related by a Fourier transform- 
ation to an equivalent signal in the other. 

The advantages of nonlinear spectroscopic tech- 
niques lie in their ability to provide high spectral, 
temporal, and spatial resolution. In particular, it is 
possible, using a variety of nonlinear optical pro- 
cesses, to eliminate inhomogeneous broadening of the 
spectral lines recorded. Second, when coherent signal 
beams are generated they can be readily distinguished 
from incoherent background emissions, thus permit- 
ting high signal-to-noise ratios. Third, the use of short 
laser pulses, down to the order of 10° s, allows high 
temporal resolution. High spatial resolution is 
achieved by generating signals from. interaction 
regions defined by crossed and focused beams. 
Although the coefficients of successive terms in the 
power series expansion of the nonlinear polarization 
decrease by many orders of magnitude with increas- 
ing order, signal strengths may be made comparable 
to those of linear spectroscopy. Strong signals are 
obtained by the use of resonant enhancement of the 
nonlinear susceptibility, high field strengths from 
laser sources, and the use of sensitive photodetectors. 


Second-Order Nonlinear Effects 


‘Weak light fields leave unaffected the optical proper- 
ties of the medium through which they propagate. 
When, however, the second-order susceptibility y” 
contributes significantly to the induced polarization, 
the complex refractive index includes a field-depen- 
dent term: 


P= eoly(o) + XE IED 14) 


Owing to the symmetry properties of x’, second- 
order nonlinear effects are absent in isotropic media 
or those possessing a center of inversion symmetry. 
They may, however, be observed in anisotropic 
materials such as crystalline solids where they are 
the basis of frequency mixing schemes leading to 
second-harmonic generation, sum- and difference- 
frequency generation, and optical parametric ampli- 
fication and oscillation. The symmetry of gas phase 
media, such as atomic vapors, may be broken by 
application of an external electric or magnetic field. 
Resonantly enhanced second-harmonic generation 
has been achieved in alkali metal vapors in the 
presence of a magnetic field giving potential for 
spectroscopy. Symmetry breaking is achieved also on 
solid surfaces where sum-frequency generation has 
been used to study surface morphology, monatomic 
layers, and catalytic effects of adsorbed materials. 


Third-Order Nonlinear Spectroscopy 


In gas phase or isotropic solid and liquid media, the 
first nonlinear term is of third order and leads to a 
refractive index that is dependent on the field 
intensity [E|* 


P= eoly(o) + WEE Is] 


Intensity-dependent refractive index effects lead to a 
wide range of nonlinear optical phenomena. In 
general, the polarization contains terms that are the 
product of three input fields generating Fourier 
components at sum and difference frequencies. 
Phase matching constraints will generally determine 
which of the possible interactions will be observed. A 
wide range of physical effects contribute to y"(w). 
The simplest of these nonlinear effects is saturation of 
the absorption. 

Linear absorption is defined by the situation where 
the intensity decays exponentially with propagation 
distance x, according to Beer's Law: 


I(x) = (0) exp{-a(w)x) [6] 


where 1(0) and I(x) are the intensity values at x= 0 
and x, respectively, and ap(w) is the weak field 
absorption coefficient. The fractional power absorbed 
in this case is, therefore: 


[() ~ Ie) = ago) 7 


and is independent of the intensity. When the 
incident intensity increases, until the rate of sti- 
mulated absorption from the lower level equals the 
spontaneous emission rate out of the upper level, 
the medium is said to be saturated. The intensity is 


How to Use It 


capacitor exceeds the voltage on the noninvert- 
ing input of the op-amp, creating negative feed- 
back that exceeds the positive feedback. The ca- 
pacitor discharges and the cycle repeats. The 
component values in the figure should generate 
an output that runs at around 2Hz. Reducing the 
value ofthe capacitor will increase the frequency. 


‘Single Power Source 
‘Afew op-amps are designed to work from single 
voltages, but they are a relatively small minority, 
and will clip the output signal if the input goes 
negative. Power supplies are readily available 
that provide multiple voltages such as +15VDC, 
OV, and -1SVDC. They are ideal for driving an op- 
‘amp—but may not be useful for any other com- 
ponents in the circuit. Can an op-amp that is de- 
signed for dual voltages be made to run from a 
single supply, such as 30VDC? 


160k 


ov 


Figure 713. A relaxation oscillator. 


This is relatively easy to do. The op-amp simply 
needs a potential difference to power ts internal 
transistors, and 30VDC on the V+ pin with OVDC 
on the V- pin will work just as well as +15VDC 
and -15VDC. However, referring back to 
Figure 7-6, if the op-amp is used in inverting 
mode, an intermediate voltage must be supplied 
to the noninverting input. Likewise, in nonin- 
verting mode, an intermediate voltage is neces- 
sary for one of the inputs, and must be half-way 


> op-amp 


between the extremes of the power supply. Ifthe 
supply is +15VDC and -15VDC, the midpoint is 
OV. Ifthe supply is 30VDC and OV, the midpoint is 
1SVDC. 


Because the inputs of an op-amp have a very 
high impedance and draw negligible current, the 
intermediate voltage can be provided with asim- 
ple voltage divider, as shown in Figure 7-14, 
where R3 and R4 should be no greater than 100K 
each. Their exact values are not important, so 
long as they are equal. 


Ve 


Figure 7-14. A voltage divider, comprised of R3 and in 
this schematic, can provide a voltage halfway between V+ 
and negative ground, enabling the op-amp to use just one 
power supply instead of twa 


A coupling capacitor should still be used on the 
input side, as shown, because there is no guar- 
antee that the input signal will be centered pre- 
cisely on 15V, and any offset will be amplified, 
potentially causing clipping of the signal. For 
similar reasons, a coupling capacitors also add- 
edn the output side. 


Offset Null Adjustment 

‘Some op-amps provide two pins for offset null 
adjustment, which is a setup process to ensure 
that identical voltage on the two inputs will pro- 
duce a null output. Thisisa way of compensating 
for any internal inconsistencies introduced dur- 
ing the manufacturing process. 
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then J... A simple rate-equation analysis shows that 
the absorption coefficient in the presence of a strong 
light field is: 


(ey = 00 


~ T+ Ml, 1 


‘The absorption is then no longer independent of the 
light intensity. 


Saturation Spectroscopy 


In the case of a homogeneously broadened transition 
the effect of a saturating monochromatic light field is 
to reduce the absorption across the entire line 
profile. This is shown in Figure 1a where the 
frequency of the incident light w, is detuned from 
line center wp. The degree of saturation and the effect 
on the absorption coefficient depends on the intensity 
Tand the detuning Aw = x ~en. 

For a transition dominated by inhomogeneous 
broadening a monochromatic light field interacts 


ato) 


(@) 


a(o) 


O) 


yO o 


Figure 1 Absorption ineshapes for (a) homogeneously broa- 
dened and () inhomogeneously broadened lines centorod a un. 
Dashed lines in both figures show neshape measured by weak 
probe. Solid lines show lineshape measured by weak probe in 
presence of a monochromatic, saturating beam at frequency 
OF a 


strongly only with a sub-group of atoms, This sub- 
group is determined by those having a resonance 
frequency within the spectral range covered by the 
homogeneous width and centered on the incident 
frequency. Saturation in this case results in ‘hole 
burning’ as shown in Figure 1b. A dip in the 
absorption coefficient a(w) is produced centered on 
of width given by the homogeneous width. 

Saturation affects the population of both upper and 
lower levels involved in an optical transition and so 
affects both absorption and amplification (gain). The 
phenomenon shows itself as a narrow dip in the 
spectral profile of lasers operating on an inhomogen- 
cously broadened gain line (e.g., a HeNe gas laser). 
‘These ‘Lamb dips’, as they are called, are the result of 
saturation by the laser mode which has a very narrow 
spectral width. Only those atoms in the Maxwell— 
Boltzmann velocity distribution are saturated, whose 
velocity results in a Doppler shift of the light that 
brings it into resonance, i.e., to within the atom’s 
homogeneous linewidth of the resonance frequency. 
When the laser mode frequency is detuned from 
atomic line center two velocity subgroups of atoms, 
within the distribution, are saturated corresponding 
to positive and negative Doppler shifts for counter- 
propagating fields of the mode. When the mode 
frequency is tuned to atomic line center, the counter- 
propagating fields interact with the same (zero) 
velocity subgroup. The saturation effect is thereby 
enhanced, reducing the gain by depletion of the 
population inversion, leading to a dip in output 
intensity at line center. The width of the dip is the 
homogeneous width of the transition (Figure 2). 

‘The variation of output intensity around the Lamb 
dip is used to provide an error signal in one scheme 
for laser frequency stabilization. A feedback system is 
employed to adjust the cavity length, L, in order to 
maintain the mode frequency, », exactly on atomic 
line-center (v= mcl2L where m is an integer). This 
scheme uses gain saturation of the amplifying 
medium, whereas an alternative uses saturated 
absorption. In this scheme, a cell of gas having a 
narrow absorption line, within the gain profile of 
the laser, is placed inside the cavity. When the laser 
mode is tuned to absorption, line-center saturation 
reduces the absorption loss, resulting in a narrow 
peak in the laser emission, Drifting off this peak can 
be used as an error signal, as before, to stabilize the 
mode frequency. 

Saturated absorption spectroscopy uses the same 
mechanism by placing the absorbing specimen out- 
side the laser cavity. The effect is detected by 
monitoring the transmission of a weak probe beam 
in the presence of a strong counter-propagating 
‘pump’ beam. Both probe and pump beams are 
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Figure 2 (a) Holes bumed in gain profile by two counter- 
propagating monochromatic waves at uy, uy. (B) Lamb dip! in 
gain profilo g(a) (or absorption profle a(4)) when ay = ay 


derived from the same laser using a suitable 
beamsplitter and, thus, have identical frequency. 
When tuned to line-center of the absorbing sample, 
the transmission of the probe increases owing to 
saturation by the strong pump beam interacting with 
the same subgroup of the inhomogeneously broa- 
dened medium (Figure 3). 

‘The elimination of the first-order Doppler effect, in 
gaseous media, using this technique results in very 
high-resolution spectra. The residual linewidth is 
determined by homogeneous processes such as life- 
time broadening, collisional (or pressure) broadening 
and power (or saturation) broadening. The latter 
effect is inevitable, as saturation is necessary, but may 
be controlled so as to contribute very little to the 
overall broadening. Power broadening becomes 
significant only when the laser intensity is appreciably 
in excess of the saturation intensity. Another limiting 
effect is transit time broadening: moving atoms spend 
only limited time interacting with the narrow beams 
as they pass through. The consequent limit on the 
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Figure 3 Schematic diagram of saturated absorption spec- 
troscopy experiment. The saturating pump beam is chopped or 
modulated and the signal is processed using phase-sensitve 
dotection to improve the signal-to-noise ratio. 


interaction time leads to conjugate broadening of the 
frequency of the transition as a result of the 
uncertainty principle. 

The general problem of the spectral lineshape of 
signals in saturation spectroscopy is complex. Apart 
from the effects mentioned above, the lineshape 
will be affected by relativistic effects (second-order 
Doppler shifts), velocity-changing collisions, recoil 
effects from photon absorption and emission, 
velocity-dependent transit time broadening, optical 
pumping and laser lineshape effects. 

Saturation spectroscopy is widely used in high- 
resolution spectroscopy for measurement of atomic 
and molecular transition frequencies, time and 
frequency standards using stabilized lasers, measure- 
ment of fundamental constants such as the Rydberg 
constant and the fine structure constant, Dynamical 
effects such as atomic collisions are also studied using 
saturation, whereby the relaxation of hole burning is 
measured in the time or frequency domain. 


Polarization Spectroscopy 


An important variation of saturation spectroscopy 
uses the change induced by a saturating beam in the 
real part of the complex refractive index, i.c., 
dispersion rather than absorption. Specifically, the 
technique of polarization spectroscopy employs a 
saturating beam that is circularly polarized to effect 
optical pumping on the degenerate lower level of a 
transition. The degenerate states may be identified, 
for example, with magnetic substates based on 
orientation of the intrinsic atomic or molecular 
angular momentum and labeled by the quantum 
numbers mj. In equilibrium, the populations of all 
these degenerate substates will be equal and the 
optical properties of the system will then be isotropic. 
In particular, the polarization state of a linearly 
polarized probe beam will be unaffected by passage 
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through the medium, This probe is totally rejected by 
an analyzer (a linear polarizer set to transmit only 
light in an orthogonal plane). The linear polarized 
beam is a linear combination of two oppositely 
circular polarization states, o* and o”, and both 
components experience the same complex refractive 
index. In the presence of a circularly polarized 
saturating pump beam, the distribution of population 
amongst the degenerate substates is disturbed from its 
equilibrium by optical pumping. The result will be an 
excess of population in higher or lower my states (a 
condition known as orientation) and this leads to 
optical anisotropy in the medium, The refractive 
index for o* light is now different from that for o~ 
light and a relative phase shift is introduced between 
these components of the linearly polarized probe 
resulting, in elliptical polarization. A component of 
this elliptically polarized light will then be trans- 
mitted by the analyzer and is detected. When the 
strong pump beam is closely counter-propagating to 
the probe, then both beams interact with the same 
velocity subgroup as in Doppler-free saturation 
spectroscopy. The inhomogencous (Doppler) broad- 
ening is thus significantly reduced, The technique 
provides a signal above an essentially ‘zero’ bacl 
ground and is thus capable of a higher signal-to-noi 
ratio than saturated absorption spectroscopy. How 
close to “zero” the background is depends crucially on 
the degree of extinction by the analyzer. High-quality 
polarizer/analyzer devices can achieve extinction 
ratios of 1:10, Stress-induced birefringence in the 
windows of the cell containing the sample is a 
common limiting factor (Figure 4). 

A probe laser of intensity Ipeobe is: transmitted 
through a sample of length [ with an intensity Ips(w) 
given by the following expression, that takes account 
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Figure 4 Schematic diagram of polarization spectroscopy 
‘experiment. Circulaly polarized pump beam may be modulated 
{or phase-senstive detection of transmitted probe beam. 


of different contributions to the detected signal: 
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where x=2(ay—o)/y is the detuning from the 
resonance frequency wy normalized by the halfwidth 
y of the collision broadened line. The frequency- 
dependent terms provide absorptive (Lorentzian) and 
dispersive contributions to the total lineshape. The 
first three, frequency independent, terms in eqn [9] 
are responsible for a constant background signal. 
They originate from residual transmission of the 
polarizers (€), their accidental uncrossing (g), and a 
possible residual birefringence (b) from optical 
elements between both polarizers in the probe beam 
path. (€+ 57), normally is in the range 10~*. The 
differential absorption coefficient for left and right 
circularly polarized light, Aa, at resonance (x = 0), 
is given by: 


1 x 1 ee al 
Fedect to +(tA0e!) 
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Aa. 0) = Aa’ 


{10} 


= a” = aySpACy, 


where ay is the unsaturated absorption coefficient, Sp 
is the saturation parameter for the pump wave 
Cpunpllads and ACy, are Clebsch-Gordan coeffi- 
cients for the respective transition and coupling case. 

The dispersion-shaped component may be made to 
dominate by deliberately uncrossing the polarizer/ 
analyzer combination to a small extent. This tech- 
nique enhances the resolution of the transition 
frequency. Linewidths are limited by residual Doppler 
broadening owing to finite crossing angles of pump 
and probe beams, collisional broadening, transit time 
broadening, etc. 

Applications of the technique have included 
Doppler-free spectroscopy of atomic transitions for 
precision measurements of fundamental constants, 
molecular spectroscopy and detection of atomic, 
molecular, and radical species in flames. By employ- 
inga different laser to accomplish the induced optical 
anisotropy from that used to probe the medium, 
molecular spectra can be simplified by the technique 
of ‘polarization labeling’. Signals are obtained only 
when the probe and pump excite transitions sharing a 
common level and the particular transitions observed 
are sensitive to the selection rules for AJ, governing 
both pump and probe transitions. In this way P- and 
R-branch transitions can be distinguished. 

Advantages of polarization spectroscopy include 
high sensitivity (10°-10* times that of saturation 
spectroscopy), high signal-to-noise, simplification of 
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molecular spectra by polarization labeling, dispersion 
profiles for enhanced resolution, and for frequency 
stabilization techniques. 


Multiphoton Absorption Spectroscopy 


Multiphoton absorption is the term used to describe a 
process in which an atom or molecule makes a single 
transition between two of its allowed energy levels by 
absorbing the energy from more than a single photon. 
Sequential transitions, by which successive photons 
are absorbed via single-photon transitions between 
stationary energy levels, take place provided photons 
arrive within the lifetime of the intermediate state. 
Multiphoton transitions take place via ‘virtual’ 
energy levels. The lifetime of a virtual level is 
determined by the uncertainty principle to be the 
inverse frequency detuning from the nearest station- 
ary energy level. Thus a high photon flax is usually 
required for multiphoton effects to be observed 
(Figure 5). 

The simplest multiphoton effect, two-photon 
absorption, may be observed using strong atomic or 
molecular electronic transitions, even with modest 
laser power. The absorption is detected by observing 
the fluorescence from the spontaneous, radiative 
decay of the excited state, Two-photon absorption 
spectroscopy may be made Doppler-free by arranging 
absorption of one photon from each of two counter- 
propagating beams. The moving atoms experience 
opposite Doppler shifts kev from each beam. The 
transition energy is thus: 


E=(hotky)+(iw—kv)=2ho [11] 


®, 
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Figure  Multiphoton absorption spectroscopy. (a) Two-photon 
‘absorption using fluorascence detection of radiative decay at. 
(0)Thtee-photon absorption spectroscopy using fluorescence 
dotection of radiative decay at wf. (c) Three-photon absorption 
spectroscopy using ionization detection following photoionization, 
colisional or field ionization. (¢) Two:photon resonant mutti- 
photon ionization spectroscopy; laser at frequency «is fixed and 
laser at we is tuned over transitions to high-ying lave. 


Absorption of two photons from a single beam is 
prevented by choosing a transition between levels of 
the same parity and angular momentum quantum 
number, i., AJ =0 and using circularly polarized 
light. Absorption of two o* or a photons gives 
ay which would be forbidden, eg, on a 
© transition in an alkali metal, This method 
of Doppler-free spectroscopy has the advantage that 
it involves all the atoms and not just the zero-velocity 
subgroup, as in saturation or polarization spec~ 
troscopy. In principle, it is also possible to use 
three-photon absorption, with the momentum of the 
wavevectors arranged to sum to zero, to achieve 
Doppler-free absorption on a transition between 
opposite parity states. 

Instead of observing fluorescence following multi- 
photon absorption, the excited atom or molecule may 
be ionized by atomic collisions or by applying a dc. 
electric field. Excitation of Rydberg levels (i.c., having 
high value of the principal quantum number 1) by 
two- or three-photon absorption is readily accom- 
plished. The sensitivity of this technique is enhanced 
by using two lasers. One laser at frequency «is tuned 
to a two-photon transition (energy = 2fw,) and the 
second laser wy is tunable to excite transitions from 
the two-photon intermediate state to higher-lying 
levels (energy = 2hw, + fiws). Thus, energy levels 
normally requiring excitation in the vacuum UV 
may be reached using visible frequency lasers. In such 
cases ionization detcetion may be more efficient than 
fluorescence since the nonradiative decay rate of these 
highly excited levels may exceed the fluorescence 
decay rate. The ion signal produced may be signifi- 
cantly amplified by the process of space charge 
amplification. A weak discharge established in the 
atomic vapor creates a space charge around 
the cathode, A single ion moving slowly through the 
space charge cloud acts to cancel the local field 
allowing many (up to 10°) electrons to escape to the 
anode with a resulting amplification of 10° in the 
‘photoionization current’. 

Multiphoton ionization spectroscopy is a sensitive 
method of recording highly excited energy levels. The 
sensitivity is enhanced in the technique of resonance 
ionization spectroscopy (RIS): two lasers are used 
such that the frequency of one laser is fixed close to a 
two-photon allowed transition and the second is 
tuned to excite a range of higher excited states. 
Absorption of an even number of photons allows 
excitation of levels having the same parity as the 
ground state and thus not accessible to normal 
absorption spectroscopy. In combination with a 
mass spectrometer to detect the ions produced by 
the multiphoton absorption resonance ionization 
mass spectrometry (RIMS), affords additional species 
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selectivity and sensitivity. RIMS finds application in 
high-resolution spectroscopy of rare isotopic species 
and is the basis for a scheme for isotope separation. 


Coherent Third-Order Processes 


An important class of spectroscopic techniques 
exploits the coherent interaction of three input 
waves via the nonlinear response of the medium, 
Specifically, the third-order term has the form: 


8) 


PRM (ang 7) = xii}, 22. 25, 04)E(0,7) 


X Exp, IE (05,7) (12) 
where E,,(w,) are complex field amplitudes and the 
subscript m = i,j,k. refers to each of the Cartesian 
coordinates x,y,z of the electric veetor, xij) is a 
fourth-rank tensor. In condensed phase media, the 
third-order nonlinearity is readily observed, even 
with modest laser intensities. In the gas phase, 
although y,i)(«) is small relative to x, its effect is 
enhanced When the incident fields are resonant and 
this nonlinear response may be used for spectroscopy. 
Equation [12] shows that the induced polarization 
couples three waves to radiate a fourth and describes a 
class of interactions known collectively as four-wave 
mixing. 

The physics of four-wave mixing interactions may 
he visualized as the formation and read-out of a 
volume hologram. The three input beams are denoted 
as two pumps and one probe. The process involves 
the interference of one pump with the probe to form a 
spatially periodic grating pattern in the electric field 
distribution. The nonlinear response of the medium 
via x” leads to a spatial modulation of the refractive 
index — a laser-induced grating. The second pump 
heam generates a signal by scattering off this grating 
in a manner analogous to Bragg scattering of X-rays 
from regular crystal planes. The condition for 
generating a coherent scattered beam is equivalent 
to matching the momentum (or wavevectors) of the 
interacting photons, i.c., phase matching. 


Degenerate Four-Wave Mixing 
(DFWM) Spectroscopy 


The simplest case of four-wave mixing spectroscopy 
involves pump and probe beams of identical (i.c.. 
degenerate) frequency to generate a signal at the same 
frequency. Spectra are generated as the frequency is 
tuned through atomic or molecular resonances where 
the interaction is strongly enhanced. In this dey 
erate case, the pump and probe interference pattern is 
stationary and the remaining pump beam scatters off 


this grating with the same frequency. As with all 
parametric processes, the interaction is phase 
matched by a suitable geometrical arrangement of 
the beams. A probe intersecting with counter- 
propagating pump beams leads to a signal that 
counter-propagates with the probe. This arrangement 
provides ‘Doppler-frec’ lineshapes, since only those 
atoms with essentially zero velocity along the line of 
intersection of the beams contribute to the signal. 
Alternatively, pump and probe beams may be 
arranged to cross at an angle (usually small) in the 
forward direction ~ the ‘forward geometry’, with the 
resulting signal propagating at the same small angle 
to the incoming beams. Signals in this case are 
stronger, since all velocity classes may contribute but 
the lineshape is Doppler broadened (Figure 6). 

An additional feature of the counter-propagating 
pump geometry is that the phase-matched signal 
arises from terms that involve products of fields 
with the complex conjugate of the incident 
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Figure 6 Degenerate four-wave mixing: (a allinput frequencies, 
are degenerate, «= w» = and give signal at the same 
frequency, ws. Phase matching geometries are shown in (b) 
‘counter-propagating pump (phase conjugate) and (c) forward 
geometry. (d) and (e) show the grating formation and read-out 
respectively. 
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probe field, The induced polarization radiating the 
signal wave has a component given by: 


PE at) = KOE sung @E pump OE prope) [13] 
‘The backward propagating signal appears as a 
phase conjugated reflection of the incident probe 
wave. A probe wave that has propagated through a 
phase-distorting medium thus generates a signal with 
an initial phase distortion that will be undone as it 
retraces the path through the distorting medium. This 
phase conjugating property finds application in 
adaptive optics but also lends an advantage when 
DFWM is used as a spectroscopic probe in hostile or 
distorting environments, such as flames or plasmas. 
The counter-propagating pump geometry is often 
referred to as the phase conjugating geometry. 

‘The intensity of the DFWM signal beam may be 
calculated using perturbation theory to derive y'°(w) 
arising from saturated absorption. In the perturbation 
approximation, the probe beam is assumed to be 
weak and interacts with stationary atoms in the 
presence of counter-propagating, saturating pump 
fields, The signal is found from the phase-matched 
terms in the wave radiated from the induced 
polarization, When integrated over the atomic 
resonance line, the signal intensity, [*, is given by 
analytic expressions in the two limiting regimes of 
weak and strong saturation by the pump: 
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Tn these relations x1 is the atomic dipole moment, 
N the atomic number density, [5(0) = h?/T, Tol. 
is the line-center saturation intensity, and T, and T) 
are the longitudinal and transverse relaxation times, 
respectively. Extensions of the basic theory accom- 
modate the effects of moving absorbers (Doppler 
effect) in both the phase-conjugate and forward phase 
matching geometry. 

These results are derived using perturbation theory, 
by assuming that the probe field is weak. In practice 
the signal is optimized when pump and probe are of 
equal intensity and approximately equal to the 
saturation intensity. This situation violates the 
perturbation theory assumption but the signal inten- 
sity may be derived using nonperturbative analytical 
methods, although the resulting expression is more 
complicated. Alternatively, the quantum mechanical 


equations for the nonlinear susceptibility can be 
solved numerically to find the signal level for 
arbitrary intensity of the incident fields. Optimum 
signal-to-noise ratio in the spectra is achieved using 
approximately saturating intensities. 

The sensitivity of resonant DFWM and the 
coherent nature of the signal beam suits the process 
to spectroscopy of nonfluorescing or trace molecular 
species, such as radicals created in chemical reactions. 
Equation [15] shows that the DFWM signal becomes 
relatively insensitive to collisional effects when the 
incident lasers saturate the transition. This feature of 
DFWM gives it an additional advantage over laser- 
induced fluorescence in optical diagnostic appli- 
cations where quantitative evaluation of fluorescence 
intensity is hampered by collisional quenching. The 
state and species selectivity afforded by resonant 
DFWM is exploited in diagnostics of combustion and 
plasma processes, where the reduction of Doppler 
broadening allows high-resolution spectra from high- 
temperature gases. The relative intensity of spectral 
lines is used to derive temperature and concentration 
information with time and space resolution, 

Additional selectivity is provided by using 
two input frequencies in two-color four-wave mixing 
(TC-FWM), to probe molecular excited state 
dynamics, The TC-FWM process uses. resonant 
enhancement on two coupled transitions, i.e., the 
pump beams excite one transition and the probe and 
signal are generated on another transition having a 
common level with that excited by the pumps. 


Coherent Raman Spectroscopy 


The classical theory of spontaneous Raman scattering 
shows that a nonresonant pump of frequency a, wave 
can excite a resonance in a molecule with a 
nonlinear polarizability Ax). (x is the spatial coordi- 
nate of the internuclear potential.) The wave resulting 
from this inelastic scattering is a Stokes wave of 
frequency os = a) — Wp. The propagation of the 
Stokes wave is governed by the complex Raman 
susceptibility (Figure 7a): 


Alama) = X'Raman(lds) +E Raman(es) —— [16] 


This generated Stokes wave may then couple with the 
pump to drive the molecular resonance coherently 
leading to amplification of the Stokes wave at the 
expense of the pump. This process of stimulated 
Raman scattering (SRS), provides gain if the ampli- 
fication exceeds the loss due to absorption, scattering, 
etc. There is, therefore, a definite threshold intensity 
that the pump must satisfy to observe SRS. The SRS 
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grating 


Figure 7 Coherent Raman spectroscopy. (a) Spontaneous 
Raman scattering of input pump « producing Stokes wave wis in 
inelastic scattering. (b) Coherent anti-Stokes Raman scattering 
(CARS). Phase matching geometries for CARS is shown for a 
ondispersive medium in (c) and cispersive media in (d) and (6). 
The planar boxcars geometry in (e) may be folded along the 
dotted line (folded boxcars geometry) to separate the signal into 
an orthogonal plane from the pump beams to reduce scattered 
pump light reaching the detector. 


gain g(w,) at the Stokes frequency w, is given by: 


Raman) 
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where k, and m, are the waveveetor and refractive 
index for the Stokes wave, E(o, is the field amplitude 
at the pump laser frequency an, and yamaa((s) is the 
imaginary part of the complex Raman susceptibility: 


Abaman( 
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In this expression apfax is the variation of polariz- 
ability B with internuclear displacement x, N is the 
molecular population density, and y is the linewidth 
due to damping. Spectroscopy based on SRS 
provides signals that are many orders of magnitude 
stronger than those from spontaneous Raman 
scattering, and is widely used to study spectra of 
complex molecules having no absorption spectra in 
the visible region, 

A four-wave mixing interaction, involving a pump 
and probe beam of different frequencies, generates a 


nonstationary grating. The signal generated by 
scattering of a second pump beam off this moving 
grating is Doppler-shifted to lower or higher fre- 
quency, These signal beams correspond respectively 
to Stokes or anti-Stokes waves in Raman scattering. 
A probe beam at the Stokes frequency will thus 
interact with a pump beam to generate a coherent 
signal at the anti-Stokes frequency; a process 
known as coherent anti-Stokes Raman scattering 
(Figure 7b). A probe at the anti-Stokes frequency 
correspondingly gives the process of coherent 
Stokes Raman scattering (CSRS). Phase matching is 
necessary for both CARS and CSRS and is satisfied by 
an appropriate arrangement of the incident 
wavevectors (Figure 7c,d and e). 

CARS has proven to be a valuable spectroscopic 
technique in a wide variety of applications. A CARS 
spectrum is generated by scanning the frequency of 
the probe, i.e., the Stokes laser. The signal strength is 
given by 


(Sa) 


9} 


where 1, and Jy are the intensity of the pump and 
Stokes beams, respectively, / is the interaction length, 
and n, are the refractive indices at frequency ,. The 
maximum signal is generated when the phase 
mismatch Ak=0. The third-order susceptibility, 
X°) = xcarsy in general consists of a nonresonant 
part xi.’, which is independent of the frequency of 
the exciting beams, and a Raman-resonant contri- 
bution x): 


we ta? 20) 


‘The lineshape in coherent Raman spectroscopy is 
affected by interference between resonant and non- 
resonant contributions. This effect is exploited to 
derive the concentration of the resonant (Raman 
active) species relative to that of the background of 
known density. A more common application of 
CARS, however, is for temperature measurement. 
‘The dependence of the signal intensity on lycans\"s 
and therefore on the square of the molecular 
population of the initial state, yields a spectrum 
from which the temperature may be derived by 
assuming a Maxwell—Boltzmann distribution over 
the state populations. 

A particularly useful application of CARS 
employs a narrow linewidth pump laser and a 
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broad bandwidth Stokes laser. CARS signals are 
generated simultaneously on all frequencies such that 
the corresponding Stokes frequency is available from 
the broadband probe. The spectrum recorded with a 
single laser pulse can thus provide population 
information on a wide range of molecular states, 
giving time- and space-resolved measurement of 
temperature and concentration, 

CARS and CSRS spectroscopy is applied to 
both gas and condensed phase media. Owing to the 
higher density in the latter, signals may be strong in 
spite of the two-photon nature of the resonant 
interaction. 


e Domain Four-Wave Mixing 
Spectroscopy 


Four-wave mixing spectroscopy may also be executed 
in the time domain. The three incident waves may 
arrive as pulses separated in time by variable delays. 
The interaction is, therefore, mediated by the atom or 
molecule’s induced polarization or coherence. 
DFWM, CARS, and CSRS processes may thus be 
used to study ultrafast relaxation since the signal 
intensity gives a measure of the coherence decay in the 
intervening delay between the pulses. These processes 
are intimately related to coherent transient spec- 
troscopy using measurements of free induction decay, 
photon echoes, and stimulated photon echoes. 


Laser-Induced Grating Spectroscopy 


The four-wave mixing processes discussed above 
involve a spatial modulation of the molecular 
population and a consequent modulation of the 
refractive index for resonantly interacting waves. 
The signals are radiated by the coherent oscillations 
of the molecular populations that decay rapidly. 
Relaxation processes result in transfer of energy from 
the excited molecular states, leading to a temperature 
and density grating in the bulk medium with a period 
A, given by: 


A(2 sin 64) Ruy 


where 6; is the angle between the interfering beams of 
wavelength Apamp: A nonresonant wave of wave- 
length Apeote may be scattered by this laser-induced 
grating provided it is incident on the grating at the 
angle 0 satisfying the Bragg condition: 


in" (Apeabe/ 2A) 122] 


The periodic temperature/density grating, when 
induced by a short duration laser pulse, is 
accompanied by two oppositely propagating acous- 
tic waves. The reflectivity of Bragg scattering is 
temporally modulated as the acoustic waves tra- 
verse the stationary grating at the local sound 
speed. Measurement of the period of these oscil- 
lations yields the sound speed from which the 
temperature may be derived. The stationary grating 
and acoustic waves decay by diffusive and damping 
processes, dependent upon the bulk medium prop- 
erties. Measurement of the decay time of the 
grating induced in gas phase media yields the gas 
pressure if the gas dynamic parameters are known 
(Figure 8). 

Laser-induced grating spectroscopy (LIGS), has 
been widely employed for studies of condensed 
phase relaxation processes. Applications have also 
been developed for gas phase studies using resonant 
absorption to enhance the thermal grating com- 
ponent. A grating may, however, also be induced in 
response to the electrostrictive effect of the high 
electric field in the interference pattern of two intense 
pump waves, Such clectrostrictive gratings do not 
require resonant absorption and their spectroscopic 
utility centers on the study of relaxation effects in the 
molecular medium. 
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Figure 8 Laser-induced thermal grating spectroscopy. (2) 
‘Absorption of energy from pump lasers creates excited molecular 
Population in grating pattem shown in (b). Spacing of laser 
induced grating A is set by angle of intersection of pumps. 
Quenching, Q, af excited population by collisions transfers heat to 
bulk medium and forms thermal grating. (c) Probe incident at 
Bragg angle 4 is scattored to form signal 
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List of U1 


and Nomenclature 


Formulae are expressed in SI units 

c Speed of electromagnetic wave in vacuo 

E Electric field amplitude 

g0(), g@) Gain coefficient at line center, at 
frequency w 

b Planck’s constant 

I Intensity of electromagnetic wave 

Tat Saturation intensity of medium 

kk Wave vector, scalar value of wave 
vector fe 

me Mass of electron 


Refractive index of medium for mth 


beam 

N Atomic or molecular population 
density 

P Polarization field amplitude 

qT, Longitudinal relaxation time 

T, Transverse relaxation time 

@%, a(w) Absorption coefficient at line center, at 
frequency @ 

Box) Molecular polarizability as function of 


internuclear separation x 
e Permittivity of free space 

Dipole moment for transition between 
energy levels 1 and 2 

Frequency of electromagnetic wave 
nth order susceptibility 

Angular frequency of electromagnetic 
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Introduction 


Inelastic light scattering, the optical analogue of 
Compton scattering, had been predicted to occur by 
Smekal in 1923, but it was Chandresekar Venkatara- 
man Raman who provided the first experimental 
demonstration of the phenomenon in February 1928. 
Only a few months later in 1928 the Russian 
scientists, Landsberg and Mandelstam observed 
inelastic light scattering from a quartz crystal. 
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In spite of initial claims to the contrary, this was the 
same effect that had been observed by Raman, 
although the Russian scientists did not acknowledge 
this, preferring to call the effect ‘combinatorial 
scattering’. It was not until the 1970s that the effect 
became known as Raman scattering everywhere, 
including Russia. 

As typically practised, Raman_ spectroscopy 
involves laser excitation of a sample and measure- 
ment of the wavelength and intensity distribution of 
the scattered Raman light. When a microscope is used 
for delivering laser excitation and/or collecting the 
inelastically scattered light, the technique is referred 
to as Raman microscopy. However, it is important to 
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recognize that, apart from the differences in sampling 
configuration, there are no fundamental differences 
between Raman microscopy and Raman spec- 
troscopy; the terms merely identify the different 
sampling techniques. 

Since its invention in 1960, major advances in the 
technology of the laser have occurred, resulting in the 
wide variety of laser light sources that are currently 
available for Raman spectroscopy. Characteristic 
properties of laser systems for Raman microscopy 
will be described in this chapter, following an 
introduction to the technique and its applications in 
the next section helow. Then, the commonly used 
laser sources for Raman microscopy are categorized 
according to the wavelength regions of their emis- 
sions, along with their merits and drawbacks for each 
application. The chapter will consider mainly con- 
tinuous wave laser sources, because pulsed laser 
beams that are tightly focused with microscope optics 
give very high irradiance that would destroy most 
samples. 


Raman Microscopy 


The first experimental Raman microscopes were 
developed in the mid-1970s by two independent 
groups, and it was not long before the first generation 
of Raman microscopes were subsequently commer- 
cialized. Many of these carly instruments simply 
consisted of commercial optical microscopes coupled 


Eyepiece 


to Raman spectrometers, as shown in Figure 1. It was 
recognized that the use of a microscope for sampling 
in this way can facilitate the Raman examination of 
tiny particles of micrometer dimensions. 

The optical lay-out in Figure 1 shows an infinity 
corrected microscope. The advantage of using this, 
rather than a standard tube length microscope, is that 
its length can be extended in order to incorporate 
additional optical elements that are required for 
coupling to the Raman excitation and collection 
optics. In the optical layout, the incident laser beam is 
spatially filtered by a pinhole, Dy, in order to remove 
the diffraction rings and give a point source. The laser 
light is then partially reflected by beamsplitter, Bi, 
and focused on to the sample by the microscope 
objective. The back-scattered Raman radiation is 
collected by the same microscope objective, partially 
transmitted by the beamsplitter, and directed into the 
entrance slit of the Raman spectrometer by means of 
coupling optics. The accurate location of an aperture, 
Dz, at the focal point improves the spatial resolution 
and allows depth profiling of transparent samples. 
The two pinholes, Ds and D2, act as spatial filters and 
are referred to as confocal diaphragms. The Raman 
microscope is described as being confocal, because 
out-of-focus light, collected from outside the focal 
volume, is rejected. 

The use of the beamsplitter, in the optical path 
of early Raman microscope designs, gives rise 
to significant losses of the precious Raman 


Coupling optics 
0; 


0 


Removable mirror 


Pintle spatial iter 


8, 


= 


Pinhole spatial iter 


d 


Spectrometer 


Entrance sit 


Beamspiitter 


‘Microscope objective 


Sample 


Figure 1 Diagram of the optical layout ofa visible Raman microscope (Reproduced fram Turrell G, Delhaye M and Dhamelincourt P 


(1996) Characteristics of Raman microscopy. In: Tureell Gand C¢ 
London: Academic Press) 
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To perform offset null adjustment, both input 
pinsareconnected directly to 0V ground, andthe 
ends of a trimmer potentiometer (typically, 10K) 
are connected with the offset null pins, while the 
wiper of the potentiometer is centered and then 
connected with the negative power supply. The 
probes of ameter thats set to measure DC volts, 
are placed between the output of the op-amp 
and OV ground. The potentiometer is then ad- 
justed until the meter shows a reading of OVDC. 
A schematic is shown in Figure 7-15. 


Figure 715. Cannections for making an offset null adjust 
‘ment fo an op-amp that allows this procedure. 


What Can Go Wrong 


Power Supply Problems 

Op-amps are especially vulnerable to reversed 
polarity in a power supply. If there is even a re- 
mote possibility of this occurring, a diode in ser- 
ies with one side of the supply can provide pro- 
tection, 


‘A more realistic concem is the destructive con- 
sequence of an input signal that exceeds the 
power supply voltage(s) of the op-amp. Even if 
the input is within the acceptable range, it can 
still cause permanent damage if itis applied be- 
fore the op-amp powers up. 


What Can Go Wrong 


Bad Connection of 

Unused Sections 

Multiple op-ampsare often combined in asingle 
package. If some of these “sections” remain un- 
used, they will still receive power from the shared 
supply, and will attempt to function. Ifthe inputs 
are left unconnected, they will pick up small stray 
voltages by capacitance or induction, and in the 
absence of negative feedback, the op-amp will 
create unpredictable outputs, consuming power 
and possibly interacting with other sections of 
the same chip. Figure 7-16 shows three incorrect 
options for addressing this problem, and one 
recommended option (derived from Texas In- 
struments Application Report SLOAO67). 


No 


Figure 716. When multiple op-amps share a chip, one 
that is unused wil stil receive power from the shared sup: 
ply. Its inputs must not be allowed to float, and must be 
connected fo minimize activity and power consumption 
Three common errors are shawn here, with ane recom 
‘mended option. Note the distinction between OV graund 
(OV) and negative power (V-_) 


Oscillating Output 

The inputs of an op-amp are vulnerable to stray 
electromagnetic fields. f the conductors leading 
to and from the op-amp are relatively long, the 
output can couple capacitively with the input 
during voltage transitions, causing unwanted os- 
«illations. 
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scattered light. If a 50:50 beamsplitter is used then 
half of the incoming laser light is lost by transmission 
at B, and, more significantly, half of the Raman 
scattered light is lost by reflection at By. As long as a 
higher laser power can be employed, itis better to use 
2 90:10 beamsplitter that transmits 90% of the light 
and reflects 10%; then, only 10% of the incoming 
laser light is directed by B, on to the sample, but 90% 
of the Raman scattered light is transmitted by Bi 
towards the detector and only 10% of the Raman 
light is lost by reflection at B,. The efficiency of a 
beamsplitter can be defined as the product of the 
reflectivity at the laser wavelength and the trans- 
mission at the Raman-shifted wavelength. Thus, 
conventional 50:50 and 90:10 beamsplitters would 
iciencies of 25% and 9%, respectively. 

ecently, however, holographic notch filters have 
heen developed which can be used as higher efficiency 
beamsplitters. These typically have a laser rejection 
contrast ratio of better than 10*, reflecting ca. 90% of 
the laser excitation and transmitting ca. 90% of the 
Raman scattered light, thus giving an efficiency of ca. 
81%, Due to these considerations, higher through- 
put, commercial Raman microscope designs usually 
incorporate a holographic notch filter. 

The importance of Raman microscopy stems from 
the fact that it is the only microanalytic method 
available today, by use of which it is possible to 
identify, or characterize, small particles of 
micrometer dimensions in situ. It is also advan- 
tageous that no sample preparation is required when 
performing Raman microscopy. 

The fundamental limit of the lateral spatial 
resolution (i¢., for a diffraction limited focus) is the 
separation at which the maximum of one Airy disc 
function just touches the first minimum of an adjacent 
Airy disc, given by: 


1.22a 
INA 


where A is the wavelength of the light and NA is the 
numerical aperture of the microscope objective. 

The axial Airy disc function determines the 
resolution in the longitudinal direction. A good 
estimate of the axial resolution limit for low 
numerical aperture is given by: 


a 


Lateral spatial resolution = 


2a 


Way YA 


Axial spatial resolution = 

‘When the sample is heterogeneous and exhibits 
fluorescence that is not evenly distributed within the 
sample, a region of the sample can be selected with 
the microscope that shows the minimum amount of 
fluorescence. If the fluorescence is intrinsic to the 
sample itself, then it is possible to use the shift 


subtract technique and/or temporal discrimination 
between the fluorescence and the Raman scattering. 
‘The latter can be achieved by Kerr gate fluorescence 
rejection, in which a pulse of light is used to close a 
Kerr gate shutter. The problem with this approach, 
however, is that it uses a laser pulse, and even pulses 
of modest energy will have extremely high irradiance 
when focused to a tiny spot by a microscope 
objective. Such laser pulses would inevitably destroy 
the sample under a microscope. 

Another approach for reducing fluorescence is to 
use near infrared excitation, which is low enough in 
energy so that absorption cannot occur to promote 
electronic transitions. The technique of Fourier 
Transform Raman (FTR) spectroscopy often offers 
the best chance of obtaining Raman spectra from 
fluorescent samples for this reason. Low energy 
excitation of wavelength equal to 1064 nm, provided 
by a Nd:YAG laser, is normally used for FTR. 
Disadvantages are that the Raman scattering effi- 
ciency is low relative to that obtained with visible 
excitation, due to the v4 dependency (v* refers to 
Rayleigh scattering of the Raman light). This is 
compensated to some extent by employing a high 
throughput (Jacquinot advantage) interferometer. 
However, this works better for macro rather than 
micro samples. This is because the coupling of a 
microscope to an FT Raman spectrometer has a 
fundamental drawback; the microscope is throughput 
limited, so the high throughput advantage of the FTR 
spectrometer cannot be realized in FTR microscopy. 
The image of the Jacquinot stop (the large circular 
aperture which is the entrance to the interferometer) 
at the sample plane typically has a diameter of a few 
hundred jum, which is much larger than particles with 
diameters of ca. 1 um having similar dimensions to 
the waist diameter of the 1064 nm light excitation at 
its diffraction-limited focus. Consequently the 
throughput advantage of the interferometer is not 
fully exploited and there is a trade-off of spatial 
resolution with signal-to-noise at the detector. For 
this reason, the typical spatial resolution that is 
achieved is in the range of 15-100 um rather than 
4um, as claimed in the literature. Bruker has 
commercialized an FTR microscope by coupling an 
optical microscope to an FTR spectrometer with near 
infrared optical fibers. 

An approach that offers more promise for reducing 
fluorescence and achieving spatial resolution close to 
the diffraction limit isto use near infrared excitation in 
conjunction with dispersive Raman microscopy. For 
example, semiconductor lasers operating from 785 to 
852 nm can be used in conjunction with sensitive 
multichannel silicon-based CCD arrays. If longer 
excitation wavelengths are necessary, in order to 
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overcome the problems with fluorescence, then diode 
lasers can be used that emit at longer wavelengths in 
conjunction with dispersive Raman spectrometers 
equipped with multichannel near infrared (NIR) 
detectors, ¢.g., Ge- or InGaAs-array detectors. 

‘The applications of Raman microscopy co 
areas, including material science, the earth sciences, 
environmental science, biology and medicine, foren- 
sic science, and even the analysis of artworks. These 
areas are too wide ranging to be described in detail 
here, but the interested reader is referred to the 
Further Reading section at the end of this article, 


Characteristics of Laser Sources 


The laser is an excellent light source for Raman 
spectroscopy to such an extent that the terms ‘Raman 
spectroscopy’ and ‘laser Raman spectroscopy’ are 
synonymous for all but the most esoteric experiments, 
for example, with synchotron sources. Indeed, the 
advent of the laser was the stimulation for the 
renaissance of Raman spectroscopy in the 1960s, 
given its special properties, such as monochromati- 
city, high intensity, beam collimation, and coherence 
‘The characteristics of laser light and the advantages 
it offers to Raman microscopy are now considered. 


Beam Quality 


The light inside a laser tube is formed from a number 
of standing waves having distinct vibrational modes 
There are a limited number of these modes transverse 
to the heam and these are characterized by the TEM), 
number (where p and q can be 0, 1, 2,...) where TEM 
is an acronym for ‘transverse electromagnetic’. When 
a laser is operating in its fundamental TEMoo mode, 
light rays are reflected on axes between the end 
mirrors of the laser cavity. The ‘00° indicates that 
there are no nodes in the beam profile (Figure 2a), and 
the laser beam has a Gaussian intensity profile in the 


radial direction: 
toean( - a) (3) 


where I(r) is the irradiance at a radial dist: 
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the axis of the beam, Ip is the axial irradiance, and w 
is the beam radius, 

For higher-order modes, a number of nodes are 
observed in the beam profile, which arise from off- 
axis light rays being reflected between the end 
mirrors, for example, the TEMi; mode has two 
nodes which are mutually perpendicular (Figure 2b). 

‘The propagation characteristics of a Gaussian 
beam can be fully defined, either by the diameter of 
the beam waist or by the far-field divergence 


@) 
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Figure 2 Transverse electromagnetic modes formed with 
confocal concave mirtors, (a) TEMco, and (p) TEMs1. (Ropro- 
duced with permission tram Young M (1977) Optics and 
Lasers: an Engineering Approach. Bern, Heidelberg: Springer: 
Verlag 


Consequently, it is only necessary to know the 
diameter of the beam waist (21), or the diameter 
of the beam (2w,) at a longitudinal distance z from 
the waist, in order to determine the propagation 
characteristics of the beam: 


(41 


where the quantity zy=mj/A is known as 
the Rayleigh range of the beam, A is the wavelength 
of the laser radiation, and R(z) is the radius of 
curvature of the wavefront at a distance z from the 
beam waist. 

The wavefront is planar at the minimum beam 
waist and the Rayleigh range is the distance from the 
hbeam waist to the location at which the wavefront is 
most curved (Figure 3), the region from the waist to 
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Figure 3 The Rayleigh range and embedded Gaussian (adapted from http: /beammeasurement.mellesgriot.convtut_m2.asp). 


the Rayleigh range being the near field. Beyond 
approximately ten times the Rayleigh range, in the far 
field, the beam diverges as a cone with approximately 
straight sides. It can be seen by substituting z= zp 
into eqn [4] that the beam diameter at the Rayleigh 
range is V2 times the waist diameter, 

Unfortunately laser beams do not conform to pure 
Gaussian functions and therefore they do not 
propagate according to the above equations. As a 
result, a dimensionless beam propagation parameter 
was devised in the early 1970s. This parameter, 
known as the M? factor or the ‘times diffraction 
limit’, is based on the brightness theorem, which 
states that for any laser beam the product of the beam 
diameter and the far-field divergence is a constant. 
‘Thus, M? is defined as the ratio of the laser beam’s 
multimode diameter-divergence product to the 
ideal diffraction-limited (TEMoo) beam diameter- 


divergence product: 
win On ie 
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where ©, is the laser beam's multimode divergence, 
is the theoretical diffraction-limited divergence, 
2tw, is the laser beam’s multimode waist diameter, 
and 21y is the ideal difftaction-limited beam waist 
diameter. 

Alternatively, M* can be defined as the square of 
the ratio of the multimode beam diameter (21m) to 
the diffraction-limited beam diameter (2109): 


Me (ze ) 71 


The intensity of the beam has a Gaussian distri- 
bution in the radial direction, but the accepted 
definition of beam diameter is the distance at which 
the intensity has fallen to He? (ie., ca. 13.5%) of its 
axial intensity, as can be seen by setting r=w in eqn 
[3] above. This definition only applies properly to 
Gaussian beams; for other beam profiles the diameter 
can be calculated using a second moment measure- 
ment of the entire beam. 

The real beam, then, can be treated as Gaussian by 
substituting an artificial wavelength M*A into the 
equations that apply to an ideal diffraction-limited 
TEMoo beam. The ideal TEMoy Gaussian can be 
superimposed as an ‘embedded Gaussian’ on the 
optical diagram of the real multimode beam 
(Figure 3). It can be seen that the multimode beam 
has a waist diameter and a divergence that are both M 
times larger than those of the embedded Gaussian. 

The M? factor has a value of unity for an ideal 
diffraction-limited TEMg) beam, and values of 
greater than unity for all other beams; it can be as 
high as several hundred for a distorted beam of poor 
quality. This is an important parameter where a 
tightly focused laser spot (e.g., confocal Raman 
microscopy) or low divergence (e.g., remote sensing) 
are required. 


Polarization 


Although polarization is not an inherent property of 
laser light, lasers provide plane polarized light when 
the end windows of the laser tube are mounted at 
Brewster's angle (@): 


Oy = tan 'n [8] 
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where mis the refractive index of the window material 
for the appropriate wavelength of laser light. For this 
angle, reflected light is completely plane polarized 
and consequently the laser light that is generated is 
also plane polarized. Brewster windows are often 
used inside the laser cavity in order to reduce 
reflection losses. This is important in low-gain lasers 
such as HeNe lasers where laser action could be 
prevented by reflection losses. Air-cooled ionic gas 
lasers typically deliver highly linearly polarised 
output with ratios exceeding 1000:1, 

The polarization property of the exciting light is 
used a great deal in Raman spectroscopy. In 
combination with the polarization properties of the 
Raman scattered light, it can be used to determine 
the depolarization ratios, , of Raman bands in the 
solution state. In solid state studies it can be used to 
determine the degree of orientation, for example, in 
polymeric fibers or films, and in single crystal studies 
it can be used to determine the symmetry classes of 
the Raman active vibrations, In such studies a linear 
polarizer is used to improve the degree of plane 
polarization of the laser light, and a half-wave plate is 
used to rotate the plane of polarization by 90°. 

Plane polarized laser light can be converted to 
circularly polarized laser light which is required for 
Raman optical activity (ROA) studies. For example, 
plane polarized 514.5 nm laser light provided by an 
argon ion laser can be converted to circularly 
polarized light by an electro-optic modulator. As 
CCD detectors are usually employed in present-day 
ROA experiments and they have relatively long 
sampling times, slow polarization modulation is 
required which can be achieved by periodically 
rotating a quarter-wave plate or by applying a square 
quarter-wave voltage to a Pockels cell. 

Whereas optical isomers or enantiomers give 
identical Raman spectra, they are distinguished in 
the ROA experiment by the sign of the ROA signal. 
Indeed, the sign can be used to determine the absolute 
configuration of a chiral molecule. Also the enantio- 
meric excess of mixtures of enantiomers can be 
determined in such experiments, with obvious appli- 
cations in the pharmaceutical industry, and the 
conformations of biological molecules, for example, 
proteins, nucleic acids, sugars, and viruses, can be 
determined. 

Up until now, the ROA technique has been 
practised by no more than a handful of research 
groups world-wide, but it is expected that this 
situation will change in the near future, since the 
first commercial ROA spectrometer (the ChiralRA- 
MAN spectrometer) has recently been launched by 
Biotools Inc. This spectrometer makes use of a solid 
state laser as the source of the polarized laser light. 


Beam Divergence 


Referring to Figure 3, the full divergence angle, @, for 
the fundamental TEMop Gaussian beam is given by: 
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From eqn [4] it can be seen that the spot size 
increases linearly with the longitudinal distance z 
and, from eqn [9], that it diverges at a constant cone 
angle, ®. It can also be seen from eqn [9] that the 
smaller the spot size, 1), the greater the beam 
divergence angle, ©. 

Indeed, a highly divergent beam is a problem with 
edge-emitting laser diodes due to the small dimen- 
sions of the light source. Furthermore, it is much 
smaller in the vertical direction than in the horizontal, 
giving rise to an elliptical output beam that diverges 
much more rapidly in the vertical direction than in the 
horizontal. The highly divergent, elliptical beam can 
be corrected, to an extent, with a cylindrical lens, but 
the inherent problem of a small, elliptical source can 
never be completely corrected. 

In contrast, vertical-cavity surface-emitting semi- 
conductor lasers (VCSELs) do not have the same 
limitations on beam divergence because the cavity is 
in the vertical direction and the light emission occurs 
from the surface, which has a much larger area than 
the light source of an edge emitter. Indeed, frequency- 
doubled green and blue semiconductor lasers are now 
available, having beams with M? values of less 
than 1.1 and heam divergences of a few milliradians. 
In terms of these beam characteristics, it appears 
that these lasers are beginning to challenge the argon 
ion laser 


Emission Linewidth 


The laser linewidth limit, An,, is given by the 
Schawlow—Townes expression: 


2mhv(dny 
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[10] 


where Ary is the linewidth of the passive resonator, by 
is the photon energy, and Py is the laser power 
output. 

The power output, Pay, is equal to the number of 
photons, N,, in the resonator times the energy per 
photon, hy, divided by the photon lifetime, 7: 


N,by 
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Furthermore, the width Av of the resonance curve, at 
which the intensity has fallen off to half the maximum, 
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value, is given by: 


Qary! 12) 


Substituting for P,y, and A, from eqns [8] and [9] 
into eqn [10] gives the limit for the linewidth, An: 


U3} 


The linewidth of a laser is characterized by its Q 
factor: 

o-s [4 
where 1'is the frequency of the laser line and Avis the 
linewidth. 


Other useful relationships involving linewidth 
parameters are: 


A 
o=R (15) 
and 
a [16] 
e 


units of metres), respectively 
expressed as a wavenumber (in units of em~*). 

‘The O factor can be as high as 10° which is of great 
use in high resolution spectroscopy. 


Visible Lasers 


Helium-Neon Laser 


The helium-neon laser is continuously pumped 
electrically using a high de voltage of up to 1 kV. 
The gain medium consists of a gas mixture of about 
10 parts helium to each part of neon at a pressure of 
about 3 Torr. The gain of this medium is extremely 
low, hence the requirement for Brewster-angle win- 
dows to eliminate reflection loss of the light polarized 
in the plane that includes the axis of the laser and the 
normal to the Brewster window. Due to this require- 
ment, the light output is necessarily plane polarized. 

The pumping excites helium atoms by electron 
impact, and resonant energy transfer to neon atoms 
then occurs via collisions of the gaseous atoms 
(Figure 4). This creates a population inversion in 
the neon atoms, enabling the laser transition to occur 
at 632.8 nm. Following emission, the neon atoms 
decay nonradiatively down to their metastable 2p°3s' 
level from which they decay back down to the 
ground state via collisional de-excitation with the 
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Figure 4 Energy levels of the He-Ne laser. 


walls of the tube. This mechanism restricts the 
maximum achievable power output to ca. 50 mW, 
hecause of the need to depopulate the metastable 
neon atoms by wall collisions. 

An advantage of using helium-neon lasers for 
Raman spectroscopy is that they generally operate 
in the fundamental TEMoo mode, which is critically 
dependent on the ratio of the length of the tube to its 
diameter, For this reason they are designed to have 
small tube diameters of around a few millimetres and 
lengths of 0.15-0.50m, the small diameter also 
aiding collisional de-activation with the walls due to 
the relatively large surface to volume ratio of the tube. 
Another advantage of this laser for Raman spec- 
troscopy is that the linewidth of the 632.8 nm 
emission line is ca. 1.5 GHz, 

A disadvantage of the helium-neon laser is that it 
emits a large number of spontaneous emission lines 
originating from the excited neon atoms. These 
plasma emissions are observed in the Raman spec- 
trum as sharp lines unless they are filtered out, for 
example, by a pre-monochromator or an interference 
filter. It should be mentioned, in passing, that these 
plasma lines are not always unwanted, because they 
can be very useful for wavenumber calibration of the 
Raman spectrometer. 

‘The low output power of <50 mW is not generally 
a disadvantage for Raman microscopy since higher 
laser powers can often cause photolytic or thermal 
degradation of the sample. This is due to the high 
irradiance at the sample when the laser light is 
focused to a tight spot by the microscope objective. 
The excitation wavelength of 632.8 nm is suitable for 
combined use of the laser with a silicon-based CCD 
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detector in Raman spectroscopy, because large Stokes 
shifts in the 3000-4000 em” region lie well within 
the quantum efficiency curve of this detector. It is also 
possible, though less common, to operate the helium- 
neon laser on weaker transitions that include the 
green $43.5 nm line. 


Argon Ion Laser 


The argon ion laser was one of the first lasers to be 
discovered following the invention of the laser and up 
until now it has been used extensively for Raman 
spectroscopy, among many other applications, Exci- 
tation is provided by a continuous electrical dis- 
charge, and because of the high energy required to 
ionize the argon atoms and then promote the ions to 
an excited state, the efficiency of the laser is very small 
(ca. 0.1%). In spite of this, once population inversion 
has been achieved, the gain of the laser is very high 
and output powers of up to 25 W can be obtained for 
the strong lines at 488.0 and 514.5 nm and up to 
50 W for multiline operation. 

‘An advantage of the argon ion laser is that it can 
provide emission at more than 35 discrete wa 
lengths, the strongest of which are listed in Table 1. 
These lie in the green, blue, and near ultraviolet 
regions of the spectrum, a number of the ultraviolet 
lines only being obtained on the larger frame argon 


Table 1 Continuous wave argon ion laser wavelengths and 
‘output powers for the Coherent Ino. Innova 300 argon ion laser 
system 


Wavelength (rm) Power (mW) 
2289 20 
238.3 100 
2440 400 
24a 180 
257.3 750 
2784 5 
300~305.5 20 
3334 40 
338 30 
35.8 20 
351.1 200 
3514 60 
363.8 240 
4545, 140 
457.9 420 
465.8 180 
472.7 240 
4765 720 
4880 1800 
498.5 720 
501.7 480 
5145 2400 
5287 420, 


“The five lines below 260 nm are frequency doubled 


ion lasers. Discrete laser emission lines are selected by 
tuning a prism or grating inside the cavity. The argon 
ion laser can also be operated in multiline mode, for 
example, for pumping dye or Tissapphire lasers. 

The linewidths of the argon ion emission lines at 
488.0 and $14.5 nm are around 4,0 GHz, The high 
temperature laser tube has a diameter of approxi- 
mately 12mm and a length in the range of 0.1 to 
1.8m. A 240 V three phase power supply and ca, 
35 A are required for pumping a medium power 5 W 
argon ion laser. The tube also requires water cooling 
ata flow rate of ca, 10 Limin and a pressure of 25 psi 
because of the large amount of heat dissipation. 

For Raman microscopy smaller, air-cooled argon 
ion lasers, which only require a 240 V single phase 
power supply, can be used to provide output of a few 
hundred milliwatts on the 488.0 and $14.5 nm lines. 
For this application, the excitation is provided by 
argon ion lasers, which are designed to operate in the 
TEMoo mode. 

Until recently, the argon ion laser has been a 
workhorse as the most common excitation source for 
Raman spectroscopy, but it is now losing ground to 
solid state lasers. The principle reasons for this are 
that the latter are much more efficient and conse- 
quently do not in general have three phase power and 
water-cooling requirements, Nevertheless, argon ion 
lasers still have a niche when high excitation powers 
on the order of watts are required in conjunction with 
a good beam quality (M? < 1.1), for example, for 
Raman spectroscopy of gascous samples. Another 
advantage of argon ion lasers over solid state lasers is 
their multiline capability. 


Krypton Ion Laser 


The krypton ion laser has useful discrete emission 
lines in the near ultraviolet, blue, yellow, red, and 
near infrared regions of the electromagnetic spec- 
trum; the strongest lines of a Coherent Inc. Innova 
400 krypton ion laser are listed in Table 2. 

The argon ion and krypton ion lasers are close 
relatives, thus the large frame krypton ion laser has 
similar power and water-cooling requirements. to 
those mentioned above for the argon ion laser. Also, 
like the argon ion laser, air-cooled models with 
lower power output are available. The character- 
istics of the two lasers are also similar; for example, 
the linewidths of the krypton ion transitions at 
530.9, 568.2, and 647.1 nm are about 4.0 GHz, the 
laser tube has similar dimensions (0. 
length) and the laser can be operated in cither 
TEMoo or multimode. 

The krypton ion laser is even less efficient than the 
argon ion laser, consequently lower-power outputs of 
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Table 2 Continuous wave krypton ion laser wavelengths and 
output powers for the Coherent Inc. Innova 400 krypton ion laser 
system 


Wavelength (rm) Power (mW) 
2085 4 
234 8 
397.5-356.4 2000 
408.7 900 
413.1 1800 
4164 280 
468.0 500 
476.2 400 
482.5 400 
5208 700 
530.9 1500 
5682 1100 
647.4 3500 
e764 900 
7208 45 
7525 1200 
793.1-799.3 300 


“The 206.5 and 234 nm lines are frequency doubled. 


up to about 20 W can be achieved when operated in 
multiline mode. 

Mixed argon and krypton ion laser tubes are also 
commonly used that provide laser lines originating 
from both argon ion and krypton ion transitions. As 
with the individual argon ion and krypton ion 
lasers, sharp plasma lines, due to spontaneous 
emission from the rare gas ions, are observed in 
the Raman spectrum unless they are filtered out. If 
interference filters are used for this, each laser line 
requires its own filter that is tailored to the specific 
emission wavelength. 


HeCd Laser 


Laser lines at 325 and 442 nm, both capable of 
providing milliwatts of output power, can be 
obtained from the helium-cadmium laser. The 


emission lines result from electronic transitions in 
free cadmium atoms. 

It is obviously advantageous to use blue, rather 
than longer wavelength, excitation (e.g., provided by 
the 442 nm line of the HeCd laser) for off-resonance 
Raman spectroscopy, due to the v* dependence of the 
Raman light scattering efficiency, provided that the 
efficiencies of the illumination/collection optics and 
Raman spectrometer throughput are optimized in the 
blue region of the spectrum. Unfortunately, far more 
samples fluoresce when excited with blue light than 
with red or near infrared radiation, which explains 
why red or near infrared lasers (e.g., HeNe, semi- 
conductor lasers) are more commonly used for 
general Raman applications. 


Near Infrared Lasers 


Although the traditional laser systems for Raman 
spectroscopy have been the argon ion, krypton ion, 
and helium-neon lasers for discrete excitation wave- 
lengths, the diode laser has gained popularity over 
recent years. 

The principal advantage of near infrared semicon- 
ductor lasers for Raman microscopy is that they 
generally excite less fluorescence in the Raman 
spectrum than visible lasers due to their longer 
wavelength. Commonly available wavelengths are 
670, 785, 830, and 852 nm and, of these, the first two 
can be used in conjunction with silicon-based CCD 
detectors to give Stokes Raman shifts over the whole 
range of fundamental vibrations, up to 4000 cm™'. 
However, for excitation wavelengths of 830 and 
852 nm, only Stokes Raman bands in the fingerprint 
region can be detected with a silicon-based CCD 
detector because higher wavenumber Raman shifts 
approach the bandgap of the silicon semiconductor 
(A> ca. 1050 nm). 

The disadvantages of diode lasers are that they 
cannot supply high power of narrow linewidth in 
single-mode and they are susceptible to mode 
hopping which gives rise to a shift in the excitation 
wavelength. This latter drawback is particularly 
disadvantageous for Raman spectroscopy because it 
results in a shift in the wavenumber positions of the 
Raman bands. When good beam quality is not 
required, broad stripe, high power laser diodes can 
be used; these can have output powers that are greater 
than 1 W but their emission linewidths are equal to 
ca. 2nm, which is far too wide for Raman spectro- 
scopic applications. These laser diodes find appli- 
cations as pumps of solid state lasers, for example, 
N&YAG, Nd&:YVO4 lasers, however. Additionally, 
amplified stimulated emission (ASE) gives an 
unwanted background signal that can be very broad 
(ca. 20-30 nm) and 0.1-1% of the intensity of the 
laser line. This necessitates the use of bandpass filters 
in order to reduce this unwanted background. 

Although laser diodes having an output of less than 
200 mW can operate in TEMgg and in single 
longitudinal modes, mode hopping can occur due to 
optical feedback or fluctuations in environmental 
factors and this causes severe broadening of the 
linewidth. The sensitivity to optical feedback can be 
greatly reduced, hence the laser linewidth can be 
narrowed appreciably, by confining the frequency of 
the photons either in an internal cavity containing a 
small diffraction grating or in an external cavity. The 
former types of laser are sometimes called ‘distributed 
feedback’ (DFB) lasers because the feedback is 
distributed over the length of the grating, rather 
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than occurring all at once ata mirror. The wavelength 
that is fed back is determined by the period of the 
grating, Usually, a DFB laser has a grating fabricated 
into the entire length of the laser. A variation referred 
to as a distributed Bragg reflector (DBR) laser has a 
distinct grating fabricated into the substrate on each 
side of the active area. The external cavity semi- 
conductor laser (ECSL) is fabricated by placing the 
laser diode in a separate resonator like a conventional 
gas or solid-state laser. The DBR and ECSL lasers are 
now discussed. 


Distributed Bragg Reflector Lasers 


The DBR laser consists of a grating on each side of 
the active region (Figure 5); these gratings act as 
mirrors having a reflectivity that is optimized at one 
particular wavelength, in addition to narrowing the 
laser linewidth, At present, DBR lasers are only 
commercially available having an excitation wave- 
length of 852 nm. 

‘The emission linewidth is less than 4 MHz, which 
is suitable for the vast majority of Raman spectro- 
scopic applications and the laser operates in single 
TEMoo mode. The disadvantages of DBR lasers are 
that the maximum output power is restricted to 
around 150 mW, so an optical isolator is usually 
necessary in order to prevent external facet damage 
caused by external optical feedback, and only an 
excitation wavelength of 852nm is currently 
available. 


External-Cavity Semiconductor Lasers (ECSL) 


ECSLs provide higher output power (up to ca. 1 W) 
and a wider range of excitation wavelengths (630 nm 
to around 850 nm), as well as being less expensive 
than DBR lasers. They use the semiconductor chip 
only as the gain medium and employ an external 
grating, both as the frequency selector and the 
reflective mirror. Specific excitation wavelengths are 


Active region 


DBR 


becoming widely adopted in Raman microscopy 
employing single grating spectrograph in conjunc- 
tion with CCD detection, such as 670, 785, 830, 
and 852nm. The ECSLs have emission linewidths 
as low asa few MHz, but in general they span the 
range 2 MHz—30 GHz, and can operate in a nearly 
diffraction-limited transverse mode, 

Three different cavity designs employing a diffrac- 
tion grating have been discussed in the literature: 
Littrow type-I, Littrow type-II, and Littman configur- 
ations. In the Littrow type-I design, the laser diode 
light is incident on the geating at an angle of incidence 
equal to iow (Figure 6a). The diffracted light in 
first order is re-directed hack to the laser diode to 
provide feedback and the output is the zeroth order 
(ie., specularly reflected) light. A disadvantage of this 
design is that the bandwidth of the grating is 
relatively large because a single pass geometry is 
used, In the Littrow type-II design, light from the rear 
facet of the laser diode is collimated by a lens and 
directed on to a grating at an angle of incidence equal 
10 Gissow (Figure 6b). The diffracted light in first 
order is re-directed back to the laser diode, in a 
similar fashion to the Littrow type-I design, in order 
to provide optical feedback, and the output is the 
laser light emitted from the front facet. Disadvantages 
of the Littrow type-II design are the requirement for 
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Figure 5 Diagram of the cavily of the DBR laser (adapted from 
Pan M-W, Benner RE and Smith LM (2002) Continuous lasers for 
Raman spectrometry. In: Chalmers JM and Griffiths PR (eds) 
Handbook of Vibrational Spectroscopy, 1. Chichester, UK: Wiley, 
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Figure 6 Diagrams ofthe cavities of (a) Littrow type-t, ()Litrow 
type-ll, and (c) Litman extemal cavity diode lasers (adapted from 
Pan MW, Benner RE and Smith LM (2002) Continuous lasers for 
Raman spectrometry. In: Chalmers JM and Griffiths PR (eds) 
Handbook of Vibrational Spectroscopy, 1. Chichester, UK: Wiley). 
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custom fabrication of antireflection coatings on both 
facets and the sensitivity to external optical feedback. 
In the Littman design, the laser diode light is 
collimated by a lens and directed on to a grating at 
a grazing angle of incidence. The diffracted light is 
reflected by a mirror and diffracted back to the laser 
diode by the grating in order to provide optical 
feedback (Figure 6c). An advantage of this design is 
that the grating bandwidth is less than half that of the 
Littrow designs due to the double pass geometry, but 
a disadvantage is that the external cavity length is 
longer, resulting in a narrower spacing of the cavity 
modes. Another advantage of this design is that the 
tuning is accomplished by rotating the mirror instead 
of the grating, thus the alignment of the output beam 
is not altered when tuning. For Littrow type Land II 
and Littman ECSL designs, filtering of the ASE is 
required, as it can have an intensity of ca. 0.1 to 1% 
of the intensity of the laser line. Thus, these designs 
necessitate the incorporation of a bandpass filter 
(having a rejection of better than 10°* at the ASE). 


Nd:YAG Laser 


Under normal conditions, the Nd:YAG laser oscil- 
lates on a transition in the near infrared at 1064 nm, 
and this is the excitation line that is used in most 
commercial Fourier Transform Raman  spec- 
trometers. The gain medium is a crystal of yttrium 
aluminium garnet (Y;Als012, YAG) doped with ca. 
1,0 mol% Nd** cations that substiture Y** ions in 
the cubic YAG lattice. 

‘The Nd:YAG laser is a four-level system (Figure 7), 
which has high gain and low threshold due to the 
narrow fluorescent linewidth of the laser transition. 
Absorption bands of the Nd*tions around 808 nm. 
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Figure 7 Energy levels of the Nd:YAG laser. 


available high-power multimode diode lasers that 
serve as the pump. The Nd** ions decay nonradia- 
tively to the upper laser level, the “Fas state, thereby 
creating a population inversion. This is because the 
lower laser level, the “I;1,2 state, has no appreciable 
thermal population at room temperature, since it is 
>2000 cm ' above the “Is;2 ground state, and the 
*Fyp excited state has a relatively long lifetime of 
230 ps. 

The high thermal conductivity of Nd:YAG enables 
the laser to operate at high power in either continuous 
wave (CW) or Q-switched modes, and the diode 
pumped solid state (DPSS) variety of the ew Nd:YAG 
laser can currently achieve an output power in excess 
of 20W on the 1064nm line. The laser can be 
designed to operate in the fundamental TEMgy mode 
and the full width at half maximum (FWHM) 
linewidth of the spontancous emission of the 
1064 nm laser transition is 120 GHz (ca. 0.45 am). 
Advantages of the diode pumped Nd:YAG laser are 
that it is air-cooled and can be operated at 240V 
single phase. Also, being all solid state and having a 
small footprint, itis robust and portable. The lifetime 
of the laser is dependent on the laser diodes used for 
pumping, but some Nd:YAG laser designs enable 
these to be replaced in the field. 

The frequency-doubled Nd:YAG laser emitting 
green light, having a wavelength of 532mm, is 
also commonly used nowadays for dispersive 
Raman spectroscopy, and an output power of 10 W 
on the 532nm laser line is provided by commer- 
cially available frequency-doubled diode-pumped 
Nd:YAG lasers. 

It is worth mentioning that Nd:YAG lasers have 
also been fabricated that emit cither at 946 or 
1330 nm, by suppressing the strong emission at 
1064 nm and optimising the optics for the desired 
wavelength, 


Nd:YVO, and Nd:YLF Lasers 


An intracavity, frequency-doubled DPSS Nd:YVOs 
laser has recently become commercially available, 
and it has some advantages over the Nd:YAG laser 
including a larger stimulated emission cross-section 
and a higher absorption coefficient (along the 
extraordinary direction of the birefringent crystal). 
Ithas the same emission wavelength as the frequency- 
doubled Nd:YAG laser, ie., 532 nm, and Nd:YVOs is 
the material of choice for cw end-pumped lasers 
having around 5 W output power. This is because 
the diode laser pump beam is tightly focused in the 
end-pumped system, but a small waist diameter 
cannot be retained over a distance of more than a 


10 SPECTROSCOPY / Raman Spectroscopy 


few millimeters, consequently a high absorption 
coefficient and gain are very beneficial. 

The gain medium of the Nd:YLF laser consists of a 
crystal of yttrium lithium fluoride (YLF) that is doped 
with Nd** ions on the Y** cation sites. Unlike the 
Nd:YAG and Nd:YVO, lasers, the emission does not 
occur at 1064nm; instead the *F3/.—~“Iy1/2 emission 
occurs at wavelengths of either 1047 or 1053 nm, 
depending on the polarization thar is selected. The 
former is due to extraordinary polarized light, 
whereas the latter is due to ordinary polarization, 
and either of these emission wavelengths can be 
selected using an intracavity polarizer. The Nd:YLF 
laser can offer benefits in Q-switched operation when 
the longer fluorescence lifetime (480 ys) of Nd** ions 
in the “Fy state enables a higher energy to be stored 
for the same number of pump laser diodes. 


Ti:Sapphire Laser 


The Ti:sapphire laser is tunable over the approximate 
range of 670-1070 nm with the peak of the gain 
curve ata, 800 nm. In the gain medium, ca. 0.1% by 
weight Ti** is doped into a crystal of sapphire grown 
by the Czochralski method. The Ti?* ions substitute 
for Al ions in the Al,Os of the sapphire and the 
laser emission is due to the 7E~*T2 transition of the 
Ti* cation, which has a 3d! valence electronic 
configuration (Figure 8). The laser has a large 
stimulated emission cross-section but the fluorescence 
lifetime of the upper laser level (E state) is quite short 
(3.2 ys), thus the laser is usually laser (e.g. by argon 
ion or frequency-doubled Nd:YAG or Nd:YVO, 
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Figure 8 Enorgy levels of the Ti:sapphire laser (adapted from 
Pan M-W, Benner RE and Smith LM (2002) Continuous lasers for 
Raman Spectrometry. In: Chalmers JM and Grifiths PR (eds) 
Handbook of Vibrational Spectroscopy, 1. Chichester, UK: Wiley, 
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Figure 9 Absorption and emission spectra of the Ti" ian in 
sapphire. Al,O, (adapted from Pan M-W, Benner RE and Smith 
LM (2002) Continuous lasers for Raman Spectrometry. In: 
Chalmers JM and Griffths PR (eds) Handbook of Vibrational 
‘Spectroscopy, 1. Chichester, UK: Wiley) 


lasers) rather than flashlamp pumped because a very 
high pump flux is required. 

The absorption and emission bands are broad and 
widely separated, due to the vibronic coupling 
between the Ti’* host and the Al,O; lattice 
(Figure 9). The lower laser level is any one of the 
vibronic levels of the *T2 state. Following the laser 
transition, the Ti** ions decay from the upper 
vibronic levels of the 7T, state down to the lower 
vibronic levels, Hence, this is a four-level laser. 

The broad spontaneous emission linewidth of the 
*T, laser transition is around 100 THz, the ouput 
power can be as high as 50 W, and the laser can be 
operated in cither TEMpp or multimodes. 


UV Lasers 


UV laser sources offer numerous advantages over 
visible laser sources for Raman spectroscopy. A major 
consideration is that many analytes have absorptions 
in the near UV, making them amenable to resonance 
Raman spectroscopic studies. The signal enhance- 
ment (up to 10°), that can be achieved in resonance 
Raman spectra, results in a large increase in detection 
sensitivity. Furthermore, some vibrational modes, 
which normally give rise to weak bands in the off 
resonance Raman spectrum, can show strong 
enhancement in the UV excited resonance Raman 
spectrum. A good example of this is the amide Il band 
of peptides and proteins, which is due to a combi- 
nation of N-H in plane bending and C-N stretching 
modes of the peptide linkage. This band is normally 
weak in the Raman spectrum but strong in the 
infrared spectrum; however, the amide II band 


What Can Go Wrong 


The commonly recommended solution to this 
problem is to add a 1uF bypass capacitor be- 
‘tween the power supply and OV ground. How- 
ever, some manufacturers recommend alterna~ 
tives such as introducing a very small amount of 
hysteresis, orreducing the value of input resistors 
to below 10K. 


Confused Inputs 
‘A schematic may show an op-amp with the non- 
inverting input above the inverting input, or vice 


ntegrated circuit > analog > op-amp 
versa, The only indication of this will be the plus 
and minus signs inside the chip, which can be 
extremely small and easily overlooked. For con- 
venience in drawing a diagram, two op-amps in 
the same circuit may have their inputs shown in 
opposite configurations. Special care must be 
taken to verify that the inverting and noninvert- 
ing input pins on a chip are correctly assigned. 
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can show strong enhancement in the UV excited 
resonance Raman spectrum and this can be useful for 
determining secondary structure in proteins. A 
further henefit of UV excited Raman spectroscopy is 
that fluorescence can often be avoided as it tends to 
occur at a lower energy, outside the Stokes Raman 
spectral window. 

It can be advantageous to use ew rather than pulsed 
excitation for UV resonance Raman spectroscopy, if 
the analyte has a long excited state lifetime relative to 
the pulsewidth of the pulsed laser. This is because the 
concentration of analyte molecules in the ground 
state is significantly depleted during pulsed exci- 
tation, due to Raman saturation giving a lower signal 
to noise ratio in the Raman spectrum than for the case 
of ew excitation. It has been found that pulse energy 
flux densities should be less than 1 mJ/em* and 
flowing or spinning samples should be used, in 
order to ensure that nonlinear phenomena and 
saturation effects do not occur 

For UV Raman microscopy, where the laser beam is 
focused into a small spot of micrometer dimensions 
on the sample, it is essential to avoid using pulsed 
lasers delivering high peak powers. This is because 
such pulsed lasers can cause dielectric breakdown, 
and even at lower peak powers they can cause 
nonlinear effects and Raman saturation phenomena. 
Consequently, with UV Raman microscopy, one is 
restricted to the use of ew or quasicontinuous laser 
excitation. 

Ibis only recently that high thoughput UV Raman 
microspectrometers have been developed. It has been 
demonstrated for visible Raman spectroscopy that a 
significantly higher throughput can be achieved by 
employing a single stage spectrograph with a notch 
filter instead of a double or triple monochromator. In 
the UV region, blocking the Rayleigh scattering is a 
problem because notch filters are not currently 
available, However, it has been discovered that this 
can be overcome by introducing two modifications to 
the design of the optical layout of a visible Raman 
microscope. First, two novel dielectric longpass filters 
were used instead of a notch filter in order to reject 
the elastically scattered light. Second, an all-reflecting 
Cassegrain microscope objective was used, instead of 
a lens, in order to block the specular reflection, and 
thereby further reduce the Rayleigh scattering back- 
ground. These design modifications have enabled a 
single stage spectrograph with a holographic grating 
to be used to disperse the Stokes Raman radiation in a 
UV Raman microspectrometer (Figure 10). 

In the optical layout of Figure 10 it can be seen that 
the laser excitation is not focused by the Cassegrain 
microscope objective because an epi-illumination 
configuration is not employed. Instead the laser is 
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Figure 10 Diagram of tho optical layout of a UV Raman 
microscope (adapted from Pajcini V, Munro CH, Bormett RW, 
‘Witkowski RE and Asher SA (1997) UY Raman microspectro- 
scopy: Spectral and spatial solectvty and simplicity. Appliod 
‘Spectroscopy 51: 81-88) 


focused by a separate lens and directed on to the 
sample with a turning prism located directly under- 
neath the Cassegrain objective. This minimizes loss of 
laser beam throughput or scattered light throughput 
to the spectrometer at the expense of spatial 
resolution, since the laser light is focused by a longer 
focal length lens than the microscope objective. An 
additional difference between the optical layouts of 
the visible and UV Raman microscopes shown in 
Figures 1 and 10, respectively, is that pinhole spatial 
filters are not shown in the latter. However, better 
axial spatial resolution could be achieved if this 
UV Raman microscope was made confocal by 
introducing a pinhole and lens. 


Frequency-Doubled Argon lon Laser 


The frequency doubled argon ion laser is a popular 
choice among UV laser sources. The ew UV laser 
contains a nonlinear optical beta-barium borate 
(BBO) crystal, which is located within the laser 
cavity; this crystal frequency doubles the strong Ar* 
lines to give five UV lines below 260 nm which are 
listed in Table 1 for the Coherent Inc. Innova 300 Art 
ion laser system. Of these UV lines, the 228.9 nm line 
is almost ideal for resonance Raman enhancement of 
tyrosine and trpytophan residues in proteins and 
the 244.0nm line is well suited for studying 
tyrosinate groups. The 244.0 nm line has also been 
used to excite selectively UV resonance Raman 
spectra from spatially resolved areas of biological 
samples within the nucleus of a single cell, from DNA 
in particular, using low laser powers and short 
acquisition times to keep sample damage to a 
minimum under the microscope. 


192 SPECTROSCOPY / Raman Spectroscopy 


Frequency-Doubled Krypton lon Laser 


Like the ew frequency-doubled argon ion laser 
mentioned above, the ew frequency-doubled krypton 
ion laser contains a nonlinear optical BBO crystal, 
which is located within the laser cavity; this crystal 
frequency doubles the strong Kr* lines to give 206.5 
and 234 nm UV lines which are listed in Table 2 for 
the Coherent Inc. Innova 400 Kr* ion laser system. 
The 206.5 nm laser line is useful for exciting 
resonance Raman spectra within the 7-2" amide 
transition of the peptide backbone of proteins, and 
the enhanced protein amide vibrational bands can be 
used to determine the protein secondary structure. 


HeGd Laser 


The 325nm HeCd excitation line, in the near 
ultraviolet, can be used for combined micro-Raman/ 
photoluminescence studies of, for example, semicon- 
ductors. These lasers are suitable for low-power 
applications, typically having output powers in the 
1-100 mW range, and they can be designed to 
operate in TEMop single-mode or multimode. 


Quasi-CW Mode-Locked Ti:Sapphire Laser 


The second harmonic of the mode-locked Ti:sapphire 
laser (ca, 350-500 nm), third harmonic (ca, 233— 
333 nm), and fourth harmonic (ca, 200-250 nm), are 
all available with conventional nonlinear crystals. 
‘Typically, the Ti:sapphire crystal is pumped by a ew 
argon ion laser, for example, as the excitation source 
for a UV Raman microscope. This quasicontinuous 
laser system produces 2-3 ps pulses at a 76 MHz 
repetition rate and is continuously tunable over the 
200-300 nm range. The typical power output is ca. 
50 mW at 250 nm, ca. 10 mW at 240 nm, and 1 mW 
at 230nm. In future, it is anticipated that a 
frequency-doubled Nd:YAG laser will be increasingly 
favored as the pump, creating an all-solid-state laser 


Conclusions 


Laser systems for Raman microscopy have been 
described in this article. Although the differences in 
the terms ‘Raman spectroscopy’ and ‘Raman 
microscopy’ only refer to whether a macro or micro 
sampling configuration is used, this does have a 
hearing on the types of laser systems that are 
employed. This is because the latter imposes a 
restriction on using low duty pulsed lasers with high 
pulse peak power, as both spatial and temporal 
confinement of the laser excitation can lead to 
dielectric breakdown of the sample, nonlinear 
phenomena, or Raman saturation. Thus, for this 


reason, one is limited to ew lasers or quasi-ew lasers 
for Raman microscopy whereas there is no such 
restriction for Raman spectroscopy. 

‘The quality of the laser beam, measured by the M? 
value or ‘times diffraction limit’ influences the 
ultimate spatial resolution that can be achieved in 
Raman microscopy. 

In the visible region, argon ion, krypton ion, and 
frequency-doubled Nd:YAG lasers have good beam 
quality and high power, with helium-neon and 
helium-cadmium lasers also having good beam 
quality but lower power; this makes these lasers 
good light sources for visible Raman microscopy. 

For FT Raman microscopy using Nd:YAG exci- 
tation, there is a lack of fluorescence interference 
from a wide variety of samples, but sensitivity and 
spatial resolution are compromised in comparison to 
visible dispersive Raman microscopy. 

Red and near infrared semiconductor lasers oper- 
ating in TEMgo single mode can have good beam 
quality, approaching that of gas lasers, but they are 
power limited. Obviously, when good beam quality is 
not necessary, for example, for optically pumping 
other laser sources, high-power diode lasers can be 
used in multimode operation. Solid state red and near 
infrared laser sources are becoming very popular for 
routine Raman microscopic analysis due to their 
compactness, robustness, and economical power 
consumption. 

Another reason for the popularity of the red and 
near infrared diode laser sources for Raman 
microscopy is that fluorescence is less of a problem 
due to the lower energy of the light, compared to 
conventional green $14.5 nm excitation, Although 
there is a penalty, due to the dependency of the 
scattering efficiency on the v* term, present day 
silicon-based CCD arrays can exhibit excellent 
detection quantum efficiency of Stokes shifted 
Raman radiation, across the whole vibrational 
spectrum, when using standard 670 and 785 nm 
diode lasers and, at least across the fingerprint region, 
when using 830 and 852 nm diode lasers. 

For ultimate spatial resolution in the Raman 
microscopic experiment, short wavelength excitation 
is advantageous hecause it is fundamentally possible 
to focus to a smaller diffraction-limited laser spot. In 
this regard, it would be preferable to use UV Raman 
microscopy where fluorescence is also not as proble- 
matic as itis in the visible region. However, in spite of 
recent improvements in UV laser sources such as the 
intracavity frequency-doubled argon and krypton ion 
ew lasers, there are current instrumental limitations 
on the throughput efficiency of the UV Raman 
microscope imposed by the lack of availability of 
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suitable notch filters and low stray light and high 
throughput optics. 

It is anticipated that in the future all-solid-state, 
quasi-cw, diode pumped, mode-locked Ti:sapphire 
lasers operating on their third or fourth harmonics will 
hecome increasingly popular for providing tunable 
UVexcitation affording good beam quality. It is now 
also possible to fabricate hollow cathode metal ion 
deep UV lasers, 10-15 em in length, 2-4 em in 
diameter, weighing 50-100 and requiring only 
2-3 W of electrical power. These lasers have low 
beam quality (M? equal to ca. 18), but they make 
possible the development of portable UV fluorescence 
imaging and Raman microprobes for geobiological 
exploration of terrestrial and extraterrestrial 
environments. 
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Introdu 


The demonstration of second-harmonic generation 
(SHG), one of the early experiments with pulsed 
lasers, is considered to have marked the birth of the 
field of nonlinear optics. The importance of second- 
harmonic generation, and the related phenomena 
of sum- and difference-frequency generation, as 
methods for producing new frequencies of coherent 
radiation was recognized immediately and has in no 
way diminished over the years. Associated with these 
applications came an interest in the fundamental 
nature of the second-order nonlinear response, and 
some spectroscopic studies were undertaken with 
this motivation. These investigations were of rather 
limited scope and were not developed as a general 
probe of materials. In contrast, the third-order 
nonlinear optical interactions have given rise to a 
panoply of significant spectroscopic measurement 
techniques, including, to name a few, coherent 
Raman spectroscopy, pump-probe and other four- 
wave mixing measurements, two-photon absorption 
and hole burning measurements, photon echoes, 
and Doppler-free spectroscopy. 

A central factor in the lack of spectroscopic 
applications of the second-order nonlinear response 
lies in a fundamental symmetry constraint. Unlike the 
third-order nonlinearity, which is present in all 
materials, only materials lacking a center of inversion 
give rise to an (electric-dipole) allowed second-order 
nonlinear response. As we demonstrate in this article, 
however, it is this property that makes SHG, as well 
as the sum-frequency generation process discussed 
elsewhere in this encyclopedia, such a remarkable 
probe of surfaces and interfaces. For centrosymmetric 
materials, the second-order nonlinear response is 
strong only at interfaces, where only a monolayer or 
so of material contributes to the response. This yields 
a purely optical probe (with incident and emitted 
photons) that gives an inherent surface sensitivity 
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comparable to the best electron spectroscopies, such 
as electron diffraction, Auger-electron spectroscopy, 
photoemission spectroscopy, and scanning tunneling 
microscopy, the workhorses of surface science. 
Neither linear nor third-order nonlinear optical 
measurements provide this inherent interface sensi- 
tivity. The possibility of probing interfaces by purely 
optical means permits one to take advantage of 
several important features of optical radiation 
Perhaps most noteworthy is the possibility of probing 
buried interfaces of every sort, from solid/solid to 
liquidfliquid, as well as the more conventional cases 
of solid/vapor, liquid/vapor, and liquid/solid. In 
addition, laser-based techniques offer unequalled 
capabilities for spectral or temporal resolution. 

In this article, we present a brief overview of SH 
spectroscopy for the study of surfaces and interface 
The article is divided into two principal sections: an 
introductory section that presents some of the 
fundamentals of SHG and the behavior at interfaces; 
and a discussion of the different types of information 
that the method can yield, as illustrated by some 
representative examples. A brief section on the 
experimental technique links these two parts. 


Fundamentals of Surface SHG 


Basic Notions 


Within the domain of classical optics, the response of 
a material to electromagnetic radiation is described 
by an induced polarization P that varies linearly with 
the electric field strength, E. This situation reflects the 
fact that the strength of electric fields for light 
encountered under conventional conditions is minute 
compared to that of the electric fields binding atoms 
and solids together. The electric field binding an atom 
may be estimated as E,~ 1V/A=10! Vim. To 
reproduce this field strength by an electromagnetic 
wave requires an irradiance of I, ~ 10'7 W/m, so 
the validity of this linear approximation in classical 
optics is clear. The advent of the laser, with its 
capability for producing light beams with very high 
optical power and irradiance, has permitted us to 
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probe and exploit the nonlinear response of materials, 
giving rise to the field of nonlinear optics. 

‘The next-order material response beyond the linear 
approximation consists of an induced nonlinear 
source polarization P® = ex”: EE that depends 
quadratically on the driving electric field E, described 
by a second-order nonlinear susceptibility x"). For 
excitation by a single laser at a frequency w, this 
response gives rise to SHG at a frequency of 2, aswell 
as optical rectification with a de induced-polarization. 
For beams at two distinct frequencies of «», and w», the 
processes of sum- or difference-frequency generation 
(SEG or DFG) become operative with the production 
of the new frequencies of lo, * wy|. For a relationship 
of the given form, which assumes only a spatially local 
quadratic dependence of the polarization on the 
driving electric field, one can show that y'?) must 
vanish within any centrosymmetric medium, This is a 
direct consequence of the fact that x"! as a quantity 
describing a centrosymmetric medium should not 
change under an inversion operation, while the 
quantities P®! and E as polar vectors will change 
sign. The interface specificity of the SHG technique for 
centrosymmetric media follows from this general 
observation: only at interfaces is the bulk symmetry 
broken and the SHG process allowed. 


Anharmonic Oscillator Model 


Before we embark on our discussion of surface SHG, 
we first briefly consider a simple classical model of 
SHG based on an anharmonic oscillator, Although 
this is not a realistic treatment of the response of 
materials, it helps to illustrate the characteristic 
features of the surface SHG process and its spectro- 
scopic attributes. In the anharmonic oscillator model, 
the medium is treated as a collection of electrons 
hound to fixed ion cores. While the usual Lorentz 
model only includes the effect of a linear restoring 
force, to describe second-order response, we general- 
ize this description to include a leading-order 
anharmonic restoring force. For simplicity, we 
consider motion of the anharmonic oscillator in one 
spatial dimension, in which case the classical 
equation of motion for the displacement, x, of the 
electron can then be written as 


ax 
e 


ye tube — bx =— SE) (1) 
Here —e and m denote, respectively, the electron 
charge and mass, and E(t) is the optical driving field. 
The (angular) frequency wp defines the resonance of 
the harmonic component of the response, and y 
represents a phenomenological damping rate for the 
oscillator. The nonlinear restoring force corresponds 


to the term containing the parameter b, a material- 
dependent constant. We are interested in the solution 
of this equation for a monochromatic driving field at 
frequency w with amplitude E(w) which we write as 


E(® = Ele) exp(iwt) + ce 2 


An exact solution to eqn [1] in the presence of this 
electric field is not possible. Let us, however, consider 
a regime in which we do not excite the oscillator too 
strongly, and the effect of the anharmonic term 
remains relatively small compared to the harmonic 
one. In this case, we may solve the problem 
perturbatively in powers of the driving field. We 
find a linear response at the fundamental frequency 
and a nonlinear response at the SH frequency, which 
we can write in terms of the corresponding induced 
dipole moments p = —ex: 


pit) = pMw) exp(—iat) + p™2e) exp(—iat) +c 

131 

We can then write the amplitudes for the harmoni- 
cally varying dipole moments as 

Po) = a'"()E(w) 141 

Pp Qe) = a2 = e+ w)E(w)E(@) [5] 


where a"), the linear polarizability, and a’, the 
second-order polarizability (or first hyperpolariza- 


bility) for SHG are given, respectively, by 


(My, 4 
w= 161 
5 
ey ein 
Qu = 0+ 0) = fal 


DeoDa) 


Here we have introduced the resonant response at the 
fundamental frequency by D(w) = «i — a? — 2iyw, 
with a corresponding relation for the response D(2w) 
at the SH frequency. A similar derivation can, of 
course, be applied to obtain the corresponding 
material response for the SFG or DFG processes. 
The spectral dependence of the polarizabilities al” 
and a’ js illustrated in Figure 1 for the anharmonic 
oscillator model with a resonance frequency of a. In 
the linear case, one sees the expected behavior of the 
loss, associated with the Imja'!), and dispersion 
associated with Re[a'”]. A single resonance in the 
linear response is seen for the driving frequency @ 
near the oscillator frequency wp. For the case of SHG, 
on the other hand, we observe both resonances when 
the fundamental frequency « = wy and when the SH 
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Figure 1 Roal and imaginary components of the linear 
polarizabiity «!(a) (top panel) and the second-order nonlinear 
polarizabilty «®'(2u—w+w) (bottom panel) plotted versus 
frequency according for the anharmonic oscillator model. For 
the SH response, the resonance features at « = uy and «= uy/2 
correspond, respectively, to single-photon and two-photon 


frequency 2w = wy. In quantum mechanical language 
introduced below, these peaks can be considered 
as arising, respectively, from matching of the 
fundamental and second-harmonic photon energies 
with the transition energy in the material. 

In SHG spectroscopy, one normally measures the 
SH power as a function of the laser frequency. The 
SH field will scale with the nonlinear material 
response, i.¢., with a?(2u = w+ @), so that the SH 
power will be proportional to la!Qo= w+ wl". 
Figure 2 shows the corresponding spectra in the 
vicinity of the second-harmonic resonance. An 
important aspect of this type of spectroscopy, 
which is also present in other nonlinear spectro- 
scopies, such as coherent Raman measurements, is 
the role that may be played by a nonresonant 
background. This may arise either from the off- 
resonant response of the system under study or 
from a coherent background from another 
material. In either case, the effect can be described 
by adding a spectral flat background response to 
the nonlinearity. Now when we detect the optical 
power, we then measure a quantity proportional to 
leX(Qu = o+a)+kl, where & represents the 
nonresonant background. The presence of k& 
obviously elevates the baseline response near a 


Excitation frequency (0) 


Figure 2 SH spectra 1[2s) versus pump laser froquoncy w 
corresponding to Figure 1 in the vicinity of the two-photon 
resonance, with and without the presence of a nonreso- 
nant {frequency-independent) background: 2a) ~ la""(2u = 
++) +KF, where k represents a constant background and 
parametrized through k= mla'(2u~ ax)! and m is constant 
factor. Top panel: m=0, 0.5, 1 (bottom to top curves). Bottom 
panel: m= 0, 0.5, (bottom to top curves) In the top pana, the 
Upper two tineshapes were displaced vertically to distinguish the 
three curves. 


resonance. In addition, however, depending on the 
relative phase of k, this extra term can introduce 
significant changes in the observed lineshapes. 
Figure 2 illustrates this effect, which must always 
be borne in mind in the interpretation of experi- 
mental spectra. 

For the purposes of studies of surfaces and 
interfaces, the key property of second-order nonlinear 
processes is the fact that they exhibit, for centrosym- 
metric bulk media, an inherent interface specificity. 
This feature can be readily understood in the context 
of the nonlinear oscillator model in which the SH 
polarization scales with the material parameter b. 
Since this term is associated with a potential that 
varies as x’, it is clear that the value of the b 
parameter can be taken as a measure of the material’s 
departure from inversion symmetry. At the interface, 
such a term can be present, reflecting the inherent 
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asymmetry at a boundary, while it must necessarily be 
absent in the bulk of a centrosymmetrie material. 


Quantum-Mechanical Description of SHG 


A correct description of SHG naturally requires a 
quantum mechanical treatment of the material 
response to the optical field. For our present 
purposes, we consider a localized entity with a 
nonlinear response, such as a non-centrosymmetric 
molecule at a surface. We consider below how these 
individual units can be added together to yield the 
surface nonlinear response of the material, Within 
this picture, we write the induced nonlinear dipole 
moment p™! of each molecule in terms of the driving 
electric field E as 


pe) = aa = w+ w): E(a)E(w) [8] 
This relation is simply the generalization of eqn [5] to 
include a full 3-dimensional description, where p'’ 
and E are vectors and the second-order nonlinear 
polarizability a’! is a third-rank tensor. The quan- 
tum mechanical description enters in how we relate 
the response function a(2w = w + ) to the under- 
lying properties of the material. 

‘We can obtain an expression for the second-order 
nonlinear polarizability by application of second- 
order perturbation theory with the light-matter 
interaction treated as the perturbation. Within 
the electric-dipole approximation, the interaction 
Hamiltonian can be taken as Hi = —WE(t), 
where a = —er denotes the electric-dipole operator 
and E(¢) the electric field of the driving laser beam. 
Using the standard density-matrix formalism for 
second-order perturbation theory, one calculates 


for the Cartesian components al) of the tensor «! as, 


aQu=a+o) 
by [ (iti) Here Hee Mnig 
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In this expression, the letters g, »', and m repre 
energy eigenstates |g), |n’), and In) of the system, with 
py” corresponding to the thermal population for 
differing available ground states g. As illustrated in 
Figure 3, the SHG process can be regarded as 
involving a series of three transitions: two transitions 
associated with the absorption of wo pump photons, 
each of energy fay and a transition associated with 
emission of a second-harmonic photon of energy 2ho. 
These transitions occur through the clectric-dipole 
operator x and are characterized by the matrix 


+ 


ent 


|e) — | neg 


(@) w) c) 


Figure 3 Quantum machanical description of SHG process for 
the situations of (a) nonresonant, (b) single-photon resonant, and 
(6) two-photon resonant intaractions. SHG occurs through 
transition from the intial state electronic state |g) and a first 
intermediate state Ir), then to a socond intermediate state‘), 
followed by a retum to the intial state. The process is just a 
parametric conversion of two photons at frequency w into one 
photon at frequency 2a. 


elements (yy. In eqn [9], the energy denominators 
involve the energy differences ay. =E,—Ey and 
widths AI',, for transitions between eigenstates in) 
and |g), and similarly for other combinations of 
states. In addition to the term indicated explicitly in 
eqn [9], there are seven additional terms with 
different Cartesian coordinates in the matrix elements 
and/or frequency denominators. 

‘The frequency denominators in the eight terms of 
eqn [9] introduce a resonant enhancement in the 
nonlinearity when either the fundamental frequency 
or the SH frequency 2w coincides with a transition 
from a ground state |g) to one of the intermediate 
states |r/) or |n). Figure 3a shows the situation for a 
nonresonant nonlinear response, while Figures 3b,c 
illustrate, respectively, single- and two-photon reson- 
ances. The numerator in the perturbation theory 
expression consists of products of the three dipole 
matrix elements of the form (Jt, )yo(J)nn/(Hitdvge These 
terms reflect the structure and symmetry of the 
material that is built into the third-rank tensor 


aQo=w+to). 


‘The Surface Nonlinear Response 


Asa model of the surface nonlinearity, let us consider 
a monolayer of oriented molecules. The surface 
nonlinear response accessible to a macroscopic 
measurement is given, under the neglect of local- 
ficld effects, simply by summing the response of the 
individual molecules. The resulting surface nonlinear 
susceptibility tensor y{1), connecting the induced 
nonlinear sheet polarization to the driving electric 
ficld can then be expressed as 


ie= Sut Tidal, [10] 
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Here N, denotes the adsorbate surface density, al), 
the nonlinear polarizability of the molecule expressed 
in its own coordinate system, T,, the transformation 
tensor from the molecule’s coordinate system to the 
laboratory frame, {) an ensemble average over 
the orientation of the different molecules in the 
monolayer, and eg = 8.85 x 10° F/m the permittiv- 
ity of free space. This expression for the surface 
nonlinear susceptibility has been successful in 
describing properties of adsorbed molecules, includ- 
ing their coverage, orientation, and spectroscopic 
features. 


For the surfaces of materials such as semiconduc- 
tors or metals with delocalized electronic states, a 
somewhat different formulation of the nonlinear 
response is appropriate. A modified version of 
eqn [9] can be obtained using the relevant band 
states, The underlying concepts involved in the 
surface nonlinear response are, however, similar 
to those presented for the molecular case. 
Regardless of the details of the model describing 
the surface nonlinear susceptibility, its tensor proper- 
ties must reflect the symmetry of the interface. In 
that respect x9), is quite analogous to the bulk 
nonlinear response, y/;’, in a non-centrosymmetric 
medium. In the absence of any symmetry constraints, 
x2? will exhibit 3 x 3 x 3 = 27 independent elements 
for SFG and DFG. For SHG, the order of the last two 
indices has no significance, and the number of 
independent elements is reduced to 18. If the surface 
exhibits a certain in-plane symmetry, then the form of 
xi) will be simplified correspondingly. For the 
common situation of an isotropic surface, for 
example, SHG possesses three allowed elements 
of, xf? and may be denoted as xis xls 
x2) y= xT}, ywhere 1 corresponds to the direction 
of the surface normal and || to an in-plane direction. 
The nonvanishing elements of x{”) for other com- 
monly encountered surface symmetries are summar- 
ized in several textbooks and reviews listed below. 


Radiation Properties for Surface SHG 


In order to probe and extract information from 
interfaces through surface SHG, it is necessary to 
understand how radiation interacts with the relevant 
media and gives rise to the experimentally observable 
signals. Here we present the principal results for the 
usual case of a spatially homogeneous planar inter- 
face, Nonplanar and inhomogencous geometries, 
which are also of considerable interest, will be 
considered briefly under the heading of applications 
of the SHG technique below. 

‘The SHG process is coherent in nature, Thus, for 
the planar geometry, a pump beam impinging on the 
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Figure 4 Schematic representation of SHG at the interface 
botween two centrosymmetric media. The pump field E(u) at 
frequency w with corresponding wavevector k, is incident on the 
interface from medium 1. The SH field E(2u) at frequency 2u is 
‘emitted in directions described by the wavevectors k3,, (reflected 
in megium 1) and K3,, (transmitted in medium 2). The linear 
dielectric constants of media 1, 2, and the interface are denoted, 
respectively, by ey, ¢, and e. The nonlinear response of the 
Interface (z= 0) is given by the surface nonlinear susceptibility 


tensor x". 


interface will give rise to a well-collimated SH 
radiation emerging in distinct reflected and trans- 
mitted directions, To describe this situation in a more 
detailed fashion and provide formulas for the 
radiation efficiency, we introduce a general descrip- 
tion of SHG by a planar interface excited by a plane 
wave, as shown in Figure 4. The nonlinear response 
of the interface described by the surface nonlinear 
susceptibility tensor x! is incorporated through a 
nonlinear source polarization P of 


Papi) 
= eXPQ0 = 0+ 0) : W)E(o)A(2) 


P?2a) 


(11) 


localized at the interface (¢= 0). In addition to the 
strong nonlinear response at the interface, one must 
also generally consider the nonlocal nonlinear 
response of the bulk media. This response is much 
weaker than the symmetry-allowed interfacial 
response, but is permitted even in centrosymmetric 
materials. Since it is present in a much larger volume, 
however, its cumulative effect, while generally weaker 
than the surface response, may be of comparable 
magnitude. For simplicity, however, we neglect this 
constant background response in our discussion in 
this article, but a complete discussion can be found in 
the referenced works. The overall SH response is 
naturally also influenced by the linear optical proper- 
ties of the surrounding media. The two bulk media 
and the interfacial region are characterized, respecti- 
vely, by frequency-dependent dielectric functions #1, 
2, and e', as shown in Figure 4. Again for simplicity, 
and in accordance with most applications, we take 
the linear response to be isotropic. 
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Figure 4 shows the incoming pump radiation and 
the reflected and transmitted SH beams. The direc- 
tions of these beams are determined by conservation 
of the component of the momentum parallel to 
the interface in the SHG process, ie., 2kuy = 
KE,y =KEy. Thus the reflected and transmitted 
beams both remain in the plane of incidence, with 
directions governed by the so-called nonlinear Snell’s 
law. For bulk media without dispersion between the 
frequencies of w and 2w, the reflected and trans- 
mitted beams simply maintain the same angle of 
incidence as the pump beam. However, for dispersive 
bulk media, the directions of the beams are, 
however, altered, as can be understood immediately 
from the expression 2ku/kry = multtiy, where 1 
denotes the refractive index of the medium. The 
surface SHG process does, nonetheless, differ in an 
important respect. In contrast to the situation for 
bulk media, the interfacial region is of negligible 
thickness, so phase shifts can obviously be diste- 
garded. The issue of phase matching, which is of 
great significance for SHG from bulk media, conse- 
quently does not enter into the surface SHG 
problem. 

By application of the Maxwell equations with 
the indicated nonlinear source polarization, one can 
derive explicit expressions for the SH radiation in 
terms of the linear and nonlinear response of the 
materials and the excitation conditions. For the case 
of the nonlinear reflection, the irradiance for the SH 
radiation can be written as 


wr sec*Ole'(20)-x2 :€(we(@) Uw) 


IQa)= 
fos Deo Te 2a)! 2e (a) 


12) 
where I(w) denotes the irradiance of the pump beam 
at the fundamental frequency; cis the speed of light in 
vacuum; @ is the angle of emission of the SH beam 
with respect to the surface normal, The vectors e'(w) 
and €(2w) represent the polarization vectors &(w), 
and @&(2w), respectively, after they have been 
adjusted to account for the linear propagation of 
the waves to the interface. More specifically, we may 
write €(w)=F)_2¢)(w). Here the F,_ describes the 
relationship between the electric field B@ in 
medium 1 (propagating towards medium 2), which 
yields a field Ee’ at the interface. For light incident 
in the x-z plane as shown in Figure 4, F_. 
diagonal matrix whose elements are Fj) 
Jerky Merk,,+erky 2), Fig =2ky thy, + ho, and 
Yeperle!)k: Merk. + e1ks:), where the quan- 
tity &,, denotes the magnitude of the z-component 
of the wavevector in medium i at the relevant 
wavelength (w or 2w) (Figure 4). 


A few observations may be made about eqn [12], 
which describes the relationship between the typical 
experimental observables of the pump irradiance, 
1(q), and the irradiance of the emitted SH reflection, 
1(2e), from the interface. First, one can immediately 
recognize the quadratic relationship between the 
pump irradiance and the SH irradiance that is 
expected for a second-order nonlinear optical effect. 
Second, the SH radiation is determined not only by 
the nonlinear optical response, but by the linear 
optical properties of the relevant media, Consequently, 
obtaining the surface nonlinear susceptibility tensor 
x{" from experiment requires knowledge or measure- 
ment of the linear response. (It should be noted, 
however, that the interfacial linear properties always 
enter into the response in a fixed manner and can be 
incorporated into an effective surface nonlinear 
response.) The linear response can significantly 
enhance or reduce the efficiency of the SHG process. 
The use of a total-internal reflection geometry, for 
example, provides a significant enhancement in the 
SH radiation through the linear optical response of 
the media, Third, while full knowledge of the linear 
and nonlinear response will obviously allow one to 
predict the strength of the SH radiation for any set of 
conditions, a simple measurement of the SH response 
does not permit one to determine x!!, even if the 
linear optical properties are known. The determina- 
tion of the tensor x’ requires probing the material 
with different polarization states and/or angles of 
incidence, Protocols for making these measurements 
have been discussed extensively in the literature. For 
the general case of a material with in-plane aniso- 
tropy, such as the surface of a erystal, measurements 
of the response as the crystal is rotated about its 
surface normal are also very useful in a complete 
determination of x{?!. Fourth, the simple measure- 
ment of the SH intensity as assumed here obviously 
climinates information about the overall phase of the 
x{!. This phase information is often of considerable 
interest and importance. For example, if the response 
of the interface is dominated by an oriented molecular 
monolayer, the sign of x") will be inverted if the 
monolayer is reflected through the plane of the 
surface, i.e., the phase of x! yields information on 
the polar ordering of the layer. To obtain such phase 
information, one must employ a scheme using inter- 
ference with a known SH reference. This approach, 
which is sketched briefly in the next section, is 
implemented quite commonly in experiment, 


Experimental Considerations 


‘The merits of the SHG technique for selective probing 
of interfaces are clear. On the other hand, one needs 
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to be able to detect the optical signal associated with a 
second-order nonlinear response of a material that 
arises from an effective thickness of just a monolayer 
or so. Consequently, it is important to consider 
various factors that aid in optimizing the strength 
and detectability of the SH radiation. To discuss 
how best to achieve this end, let us recast eqn [12] in 
terms of more convenient experimental parameters, 
‘We express the SH signal, S, in units of photons/s and 
describe the laser excitation by its pulse energy Ey, 
pulse width 7, and repetition rate R. For irradiation of 
an area A of the sample, we then obtain 
co sec” OEZRIya} 

Bizet 113) 


2) =le(Qu)-x2 €(oe(aitel720) ex(0)1, 
whose typical value is of the order of 10-7! m7/V. 
From this relation, we see that increasing either the 
pulse energy or repetition rate of the laser will 
enhance our SH count rate. These parameters are, 
however, often limited by the characteristics of the 
available laser, as well as possible damage of the 
sample. For a given pulse energy and repetition rate, 
the SH signal is also seen to increase as the laser pulse 
duration or sample area is decreased. In practice, 
adequate SH signals can generally be obtained from 
high-power Q-switched lasers (with nanosecond 
pulses) with a fairly large focal spot. A preferred 
solution in most cases is, however, provided by 
modelocked lasers with high repetition rate and 
pulses of sub-picosecond duration. Surface SH signals 
obtained, for example, using a femtosecond mode- 
locked Ti:sapphire oscillator, are typically in the 
range of 10°-10° photons/s. Although these signals 
are relatively weak, they are easily detectable with 
photomultiplier tubes (PMT) and appropriate 
electronics. 

‘The basic arrangement for surface SHG measure- 
ments is shown in Figure 5. It makes use of the 


Figure § Schematic representation of a basic surface experi- 
‘mental setup for surface SHG. Itis comprised of laser source (LS), 
hatfwave plate (4), polarizer (P), lenses (L), spectral fiters 
(F1, F2), analyzer (A), and detector (0). 


directionality and frequency selectivity of the SHG 
process not only to detect the desired signal with high 
efficiency, but to discriminate strongly against back- 
ground signals, including the reflected laser beam. In 
the setup, irradiation of the sample involves a pulsed 
laser source, LS; a halfwave plate, A, and polarizer, P, 
for controlling the input polarization. Spectral con- 
trol is achieved with a filter F1 that passes the 
fundamental radiation in the pump beam, but rejects 
other wavelengths, particularly spurious SH radiation 
arising from other optical components; and a color 
filter F2 that passes SH, but rejects the reflected 
fundamental radiation. In addition, a spectrometer is 
commonly employed to limit the detection bandwidth 
further. An analyzer A serves to select the desired 
SH polarization, The SH signal is then measured by 
a high-quantum efficiency detector and the signal 
is monitored by processing electronics, typically a 
photon counter, a gated integrator, or a lock-in 
amplifier, depending on the strength of the signal 
and the repetition rate of the laser. The laser source 
may be cither of fixed wavelength or tunable for 
spectroscopic measurements. 

There are other important experimental configur- 
ations for surface SHG that extend beyond the basic 
SH reflection geometry, shown schematically in 
Figure 6a. A common improvement (Figure 6b) is 
the implementation of a SH reference in which a small 
fraction of the pump radiation is directed into a 
crystal with a bulk second-order nonlinear response. 
This approach provides a reference against which to 
compare the measured signal, thus compensating 
appropriately for pulse-to-pulse variation in duration, 
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Figure 6 Various schematic representations of different 
‘experimental schemes for surface SH measurements. Pano! 
(a) represents the basic scheme as in Figure . Panel 
(©) doscribes use of a separate SH source as a reference for 
normalizing the surface SH signals against laser fluctuation and 
dl. Panel (c) represents the arrangement for a measurement of 
the phase of the surface SH signal by mixing the fields from the 
surface and an external source SH radiation. Panel (d) describes 
the configuration for a time-resolved measurement using the 
pump-probe scheme. 


integrated circuit > analog > digital potentiometer 


digital potentiometer 


A digital potentiometer is also known as a digitally adjustable potentiometer, a digitally 
controlled potentiometer, a digitally programmed potentiometer (with acronym DPP), a 
digpot, ora digipot. The termsare functionally interchangeable. Because the abbreviation 
pot is often used to describe an analog potentiometer, some people refer to digital po- 
tentiometers colloquially as digitalpots. in printed documentation, the letters in pot may 
be capitalized. Because itis an abbreviation, not an acronym, it is not capitalized here. 


Because this component enables digital control ofa variable voltage, itis a mixed signal 
device. \t is classified here as an analog chip because it primarily emulates the function 
of an analog device, It may be thought of as a form of digital-analog converter, although 
this encyclopedia does not have a section devoted to that type of component or to 


analog-digital converters, as their application is relatively specialized. 


OTHER RELATED COMPONENTS 


+ potentiometer (see Volurne 1) 


What It Does 


This componentis an integrated circuit chip that 
‘emulates the function of an analog potentiom- 
eter. It is often described as being programma- 
ble, meaning that its internal resistance can be 
changed via a control input. 


Digital potentiometers are particularly suited for 
use in conjunction with a microcontroller, which 
can control the internal resistance of the com- 
ponent. Possible applications include adjust- 
ment of the pulse width of an oscillator or 
multistable multivibrator (e.g,, using the Control 
pin of a 555 timer chip); adjustment of the gain 
in an op-amp; specification of voltage delivered 
byavvoltage requlator,and adjustment of a band- 
pass filter. 


A digital potentiometer in combination with a 
microcontroller may also be used in conjunction 
with a pair of external buttons ora rotational en- 


coder, toadjust the gain ofan au 
for similar applications, 


amplifierand 


Advantages 


A digital potentiometer offers significant advan- 
tages over an analog potentiometer: 


+ Reliability. The digital component may be 
rated for as many as a million cycles (each 
storing the wiper position in an internal 
memory location). An analog component 
may be capable of just a few thousand ad- 
Justment cycles. 

Digital interface. 

Elimination of long signal paths or cable 
runs, The digital potentiometer can be 
placed close to other chips, whereas an an- 
alog potentiometer often has to be some 
distance away to enable control by the end 
User. Reduction in the length of signal paths 
can reduce capacitive effects, while elimina- 
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energy, and spatial profile, as well as for long-term 
drifts. This type of normalization (against a material 
with a suitably flat spectral response) is essential for 
spectroscopy measurements in which the laser fre- 
quency is scanned. In addition, use of a calibrated 
reference is the best way of determining the surface 
nonlinear response in absolute terms. 

It may also be desirable to measure the phase of 
the signal. For this type of an experiment, a 
reference field, Ejs(20), of similar amplitude and 
known phase response is generated along the path of 
the surface SH signal E(Q2w) (Figure 6c). The two 
collinear SH beams of the same polarization 
interfere at the detector. The SH power scales 
as [Eyei(2w) + E(2a)!* = IEpetl” + 2E,eE cos @ + |EI", 
where g is the relative phase of the two fields. The 
relative phase ¢ may be varied by translating a 
reference plate along the path of the beam and 
making use of the dispersion of the ambient air or 
by inserting another control phase-shifting element. 
A variant of this phase measurement method is the 
homodyne scheme in which the reference electric 
field amplitude E,.i(2«) is significantly stronger than 
that of the signal amplitude EQw). The measured 
SH power then scales as IE,” + 2E,4E cos o, 
which yields a signal that varies linearly with the 
desired SH field strength from the sample. 

In the SHG technique, a short-pulse laser is used to 
interrogate the sample and thus the measurement 
provides high time-resolution. To make use of this 
capability, we can add a pump pulse to excite 
the sample away from equilibrium. This provides 
the opportunity to examine ultrafast surface 
dynamics induced by excitation of the sample with 
a suitable pump laser pulse. For such measurements 
(Figure 6d), the pump pulse is generally derived from 
the same laser source as the probe for the SHG 
measurement, although one or both of these pulses 
may undergo frequency conversion before being 
applied to the surface. The critical element is that 
time synchronism is maintained. The dynamics can 
then be followed by repeating the SHG measurement 
at various time delays relative to pump excitation, as 
controlled by an optical delay line. The ultimate time 
resolution of this technique is limited only by the 
duration of the laser pulses and may be as short as a 
few femtoseconds with state-of-the-art modclocked 


Applications of Surface SHG 


The technique of surface SHG is extremely flexible in 
application, since it relies only on basic symmetry 
properties for its remarkable surface or interface 
specificity. SHG measurements can provide quite 


varied information about the interface, depending 
on the mode of application of the technique and the 
material system under study. In this section, we 
attempt to illustrate the principal types of measure- 
ments that can be performed with SHG and the 
information that can be obtained thereby. For systems 
with molecular adsorbates, SHG studies can yield 
information on the density and orientation of 
molecular species, and can typically do so in real 
time. For crystalline surfaces, the symmetry and order 
of the surface can be examined through studies of 
tensor properties of the surface nonlinear suscepti- 
bility. Spectroscopic studies of electronic transitions 
are also of great value. These can be accomplished for 
both solids and molecular systems through the same 
experimental approach of tuning the frequency of the 
laser source. In all of these investigations, one can 
achieve very high time resolution, down into the 
femtosecond range, by the use of pump-probe 
techniques. In addition, as we discuss below, SHG 
provides interesting additional capabilities for sys- 
tems with applied electric and magnetic fields. Finally, 
the method permits one to probe spatially inhomo- 
geneous systems, 

In addition to this diverse range of information that 
can be provided by surface SHG measurements, the 
technique is unique in the extremely wide range of 
material and chemical systems to which it can be ~ 
and, indeed, has been — applied. These span the 
gamut from solids under ultrahigh vacuum to 
solid/solid, solid/liquid, liquid/vapor, and even liquid 
liquid interfaces. Since our examples were drawn to 
illustrate the type of information obtainable, rather 
than the range of material systems investigated, the 
reader is unfortunately obliged to refer to other more 
detailed treatments of surface SHG measurements to 
appreciate fully this important facet of the technique. 


Adsorbate Density 


The remarkably high sensitivity of the SHG technique 
to the nature of the surface is illustrated by the data in 
Figure 7, which shows the dramatic change in the SH 
response from a clean Si(I11}-7 x7 surface upon 
adsorption of atomic hydrogen. Indeed, itis possible 
to detect well below 1% of a monolayer (ML) of 
adsorbed hydrogen. A useful point to note is that the 
change in y is linear with adsorbate density for 
modest values of the coverage, #. Thus, itis quite easy 
to obtain a relative gauge of the adsorbate coverage in 
this regime, 

The behavior of the SH response to adsorbates 
at low coverages can often be described by a 
simple linearized model of the surface nonlinear 
susceptibility of y= (1 —a@y'") + ay?), where 
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Figure 7 Dependence of the magnitude (full circles) and the 
phase (open squares) of the nonlinear susceptibility {°' for a 
Si(111)-7 x7 surface as a function of the coverage of adsorbed 
atomic hydrogen using a fundamental photon energy 1.17 eV. 
Repraduced with permission from Hater U (1996) Nonlinear 
‘optical investigations of the dynamios of hydragen interaction with 
silicon surfaces. Applied Physics A 63: 533. 


x2) (=1,2) are complex quantities and a is a 
constant. This relation describes the surface nonlinear 
susceptibility as arising from a contribution y7) from 
the clean surface and a contribution y‘3 from a 
saturated monolayer (9 = 1) of the adsorbate. The 
term —a4y") then represents the modification of the 
surface nonlinearity arising from interaction with the 
adsorbate, For the case of hydrogen adsorption of 
Figure 7, this is the dominant term, since hydrogen 
atoms would have no nonlinearity on their own. In 
other systems, however, the response can he con- 
sidered as arising essentially from the nonlinear 
response of aligned adsorbed molecules. The simple 
linearity of this relation of yf with adsorbate 
coverage obviously neglects important effects such 
as adsorbate-adsorbate chemical interactions, as 
well as local-feld effects and the possible influence 
of differing adsorption sites. All of these factors have 
heen considered in the literature. Nonetheless, the 
linearity of response with adsorbate coverage is often 
found to be a good approximation, even for fairly 
high adsorbate coverages. From the point of view of 
simply following adsorption dynamics with SHG, itis 
not, we note, necessary to have any a priori know- 
ledge of the relation between the adsorbate coverage 
and the SH response. This relation can be established 
empirically in static measurements and then used 
advantageously to follow the dynamics of surface 
processes. 


‘Surface Symmetry and Molecular Orientation 


The surface SHG process is described by the third- 
rank tensor x"), The tensorial properties of this 
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Figure 8 Polarization dependence of SHE for normal incidence 
‘excitation ofthe cleaved Si(111)-2x 1 surface. The polar plot of 
the SH signal versus the pump polarization orientation is shown 
for the case of no polarization analysis (top panel), for the SH 
‘analyzer along the [211] crystallographic direction of the surface 
(middle pane), and along the [011] direction (bottom pane). The 
solid curves are fits to theory assuming that the surface has m 
symmetry. Reproduced with permission trom Heinz TF, Log MMT 
and Thomson WA (1985) Study of Si(111) surfaces by optical 
second:harmonic generation: reconstruction and surface phase- 
transformation. Physical Review Letters 54: 63 


response reflect the symmetry of the surface. Other 
than for a few cases of high symmetry, such a third- 
rank tensor gives a distinct signature of surfaces with 
crystalline order compared to surfaces, such as 
disordered ones, exhibiting effective in-plane iso- 
tropy. The form of the x!) tensor can be probed both 
by measurements that vary the polarization of the 
fundamental and second-harmonic beams and by 
measurements in which the plane of incidence is 
changed with respect to the orientation of the surface, 
generally by rotating the sample about its normal 
with a fixed experimental geometry. 

Figure & illustrates the capability of surface SHG 
measurements to probe surface symmetry. The figure 
shows SHG polarization dependence for a Si(111) 
surface cleaved in ultrahigh vacuum. While the 
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underlying bulk symmetry suggests that the surface 
might exhibit 3m symmetry, the analysis of data 
indicates that only a single mirror m plane is present. 
This lowered symmetry corresponds to the meta- 
stable 2X1 reconstruction induced by the crystal 
cleavage. By heating the sample, one can observe a 
phase transformation to the equilibrium 7 x 7 recon- 
struction and the emergence of the corresponding 3m 
surface symmetry. 

The analysis of surface or interface symmetry by 
SHG relies only on the form of the nonlinear 
susceptibility tensor, ie., which elements are inde- 
pendent and nonvanishing. Within the context of a 
microscopic model of the surface response, however, 
the relative values of the tensor elements of x{?! can 
also yield valuable information about the nature of 
the surface. This approach has been developed 
extensively in the context of the analysis of molecular 
orientation at surfaces. The basic notion behind this 
treatment relies on the knowledge of the microscopic 
molecular nonlinear polarizability a, and the 
measured surface nonlinear susceptibility x, to 
infer information about the orientational average 
that relates these quantities. As discussed above in 
conjunction with eqn [10], under the neglect of local- 
ficld corrections, the relationship between these two 
quantities involves the ensemble average of the 
coordinate transformation tensor from the molecular 
to the laboratory coordinate systems (T,,Ty,Tr,)- 
Hence a knowledge of the quantities ae, Ny 
and 2}, allows us to infer information about 
the orientational distribution of the molecules as 
described by the quantity (T,,T,,T),). Even in the 
absence of knowledge of the magnitudes of the 
nonlinear polarizabilities and the adsorbate density, 
one may still obtain useful information for molecules 
with a simple form of a’), 

‘An important example of this analysis of molecular 
orientation concerns the case of molecules with a 
dominant nonlinear polarizability along a single axis, 
i = al?) 222. For the usual situation of in- 


plane isotropy, one can then show that the nonlinear 
susceptibility elements are given by x2 
Ni(cos* dba‘ fey and x3}, = x3, = ENs(cos 
sin*@) a} Je, where @ denotes the angle between 
the surface normal and the z’ molecular axis. It 
should be noted that these orientational moments, 
reflecting their origin in a third-rank tensor, give a 
signature of the polar ordering, since a sign change in 
the elements of {2 follows if the molecular 
orientation is inverted. Also, when only one element 
of a! is present, we can form ratios of the 
experimentally measurable ratio of tensor elements 
that depend only on the molecular orientational 


factors, such as R= Qy3)y+x2), Nel. = 
(cos @)/(cos*9). For a narrow distribution of the 
orientations centered at 6, this ratio yields directly 
the molecular orientation angle through R ~ sec™ 4. 
This type of molecular orientation analysis has 
been applied to a wide range of material systems. The 
method, while powerful, relies on several assump- 
tions, including an adequate knowledge of the mol- 
ecular nonlinear polarizability, the lack of significant 
local field corrections, the availability of information 
about the effective linear dielectric constant in 
the interfacial region, and a suitable method of 
climinating any substrate nonlinear response in the 
measurement. The method is, consequently, best 
suited for adsorbed layer of molecules with strong 
and well-defined nonlinear response, present at 
relatively modest coverages. The use of resonant 
excitation is a valuable adjunct in these studies, since 
it generally simplifies the form and strengthens the 
molecular nonlinear response. An analogous appro- 
ach to the analysis of molecular orientation can be 
accomplished with infrared—visible sum-frequency 
generation. These measurements often provide a 
superior method of analysis, since the molecular 
response and its symmetry are better defined by 
resonant excitation of a molecular vibration, 


Surface and Interface Spectroscopy 


Surface SHG can be readily adapted to yield spectro- 
scopic information on surface transitions. As indi- 
cated above, both resonances at the fundamental and 
c frequencies are manifested in the 
SHG response. The examination of resonances at 
the SH frequency is often convenient, since it permits 
the application of a relatively intense pump radiation 
at a frequency well separated from that of the 
resonance. Such SHG spectroscopy measurements 
have been widely applied to examine electronic 
transitions at surfaces and interfaces of solids, as 
well as in adsorbed molecules under a wide variety of 
conditions. 

An example of SHG spectroscopy of electronic 
transitions ata buried solid/solid interface is presented 
in Figure 9, For the epitaxial CaFy/Si(111) interface, 
distinctive new electronic transitions, associated 
with interface states, are observed that are absent 
from the response of either of the bulk materials. 
These excitations occur in a spectral range where 
the bulk silicon sample is highly absorbing, which 
would render the identification of the new 
interface transitions very difficult using conventional 
linear optics. The buried nature of the interface 
naturally also constrains application of conventional 
surface probing techniques involving. electron 
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Figure 9 SHG spectrum (solid dots) for the CaF/Si(111) 
Interface. For comparison, the open cifcies represent the 
corresponding signals for the SiOs/Si(111) interface, which is 
seen to give a very weak signal inthis frequency range. The soli 
ling isa theoretical ft based on a two-dimensional direct transition 
ofthe interface states, together with an excitonic feature sightly 
bolow the band gap. Reproduced with permission from Heinz TF, 
Himpsel Fu, Palange E and Burstein E (1989) Electronictransitions 
at the CaF2/Si(111) interface probed by resonant three-wave- 
‘mixing spectroscopy. Physical Review Lettors 63: 644, 


irradiation or emission. Two additional general 
observations are appropriate. First, the lineshape 
analysis for such measurements must take into 
account the fact that the SHG response derives from 
both the real and imaginary parts of x‘), as we 
discussed above. Second, in the absence of any other 
knowledge, SHG spectroscopic data contain an 
ambiguity about whether the resonances correspond 
to the fundamental or SH photon energy. This 
ambiguity, however, can be resolved in a straightfor- 
ward fashion by complementing the SHG measure- 
ment with a sum-frequency measurement in which 
cone frequency is scanned and one is held fixed, as was 
demonstrated in the study associated with Figure 9. 


Time-Resolved Measurements 


One of the fascinating frontiers that can be addressed 
by SHG measurements is probing the ultrafast 
dynamics of surfaces and interfaces by the pump- 
probe method. This possibility is exemplified by a 
variety of studies ranging from the dynamics of laser- 
driven phase transitions, charge-transfer, solvation, 
phonon dynamics, and orientational and torsional 
dynamics. 

‘An example of applying time-resolved SHG to 
examine ultrafast molecular dynamics at the liquid/ 
vapor interface of water is presented in Figure 10. In 
these studies, the rotational motion of dye molecules 
at the interface, which probes the local environment, 
is followed in real time. This is accomplished by 
photo-exciting the dye molecules at the interface. 
Because polarized pump radiation is used, an 
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Figure 10 Rotational relaxation of Coumarin 814 molecules at 
the air-water interface subsequent fo photoexcitation. The initial 
anisotropy inthe molecular arientational distibution is created by 
linearly polarized pump radiation in two orthogonal directions in 
the surface. Reproduced with permission trom Zimdars D, Dadap 
4, Eisontnal KB and Heinz TF (1999) Anisotropic orientational 
‘motion of molecular adsorbates atthe air-water interface. Journal 
‘of Physical Chemistry 8 103: 3425-3493, 


anisotropic orientational distribution of excited- 
state molecules is established. Since the excited 
molecules have a different SHG response, a change 
in the signal is observed immediately. Subsequently, 
the anisotropic orientational distribution relaxes 
to the equilibrium configuration. The time evolution 
of the rotational anisotropy is followed by detecting 
the SH of a probe laser pulse as a function of the delay 
time. Through a comparison of the results for 
different initial anisotropic distributions (produced 
by pump beams with differing polarizations), one 
may deduce rates for both in-plane and out-of-plane 
orientational relaxation, This example illustrates the 
possibilities of time-resolved SHG measurements for 
probing the detailed dynamics of molecules at an 
interface on the ultrafast timescale. 


Spatially Resolved Measurements 


Up to this point, our discussions have centered on 
spatially homogenous surfaces and interfaces. Surface 
SHG has also been exploited to probe the lateral 
variation of inhomogeneous surfaces with the micron 
to sub-micron resolution characteristic of optical 
microscopy techniques. Spatial resolution may be 
achieved simply by detecting the nonlinear response 
with a focused laser beam that is scanned across the 
surface. A large area of the surface may also be 
illuminated and the emitted nonlinear radiation 
imaged. A wide range of applications of this 
imaging capability has emerged, including the 
probing of biological materials, such as cells and 
tissues, to probing spatially varying electric fields 
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and magnetic domains. Within the biological context, 
SH microscopy has recently become an active 
research direction. In these applications, while prob- 
ing with SHG typically senses non-centrosymmetric 
structures in bulk samples as opposed to interfaces, 
most of the aspects of SHG presented in this article 
still apply. To further improve the spatial resolution 
of SHG microscopy, researchers have also employed 
eld techniques for spatial resolutions below the 
diffraction limit. 

Complementary approaches to the real-space ima- 
ging just described have also been developed based on 
SH diffraction. In this scheme, periodically modulated 
surfaces are established holographically on a surface 
by utilizing two interfering laser beams. In addition to 
the reflected and transmitted SH beams, additional 
beams are then generated at well-defined angles as 
dictated by the grating period. This approach has been 
used to monitor the relaxation of a monolayer grating 
of adsorbates in time, which yields precise infor- 
mation on the rate of adsorbate surface diffusion, 


Probing Electric Fields at Interfaces, 


For centrosymmetrie media, the SHG process shows a 
high degree of sensitivity to the presence of electric 
fields. This property follows from the fact that an 
applied electric field can break the inversion sym- 
metry, just as an interface does. The resulting process, 
termed electric-field induced SHG (or EFISH), has 
been known for many years. From a phenomenolo- 
gical standpoint, it can usually be described as a 
nonlinear response of the form P®)(2w) = cox!” 
E(w)E(a)E, where EB is the electric field being probed 
and E(w) is the laser pump field. Within the context of 
surfaces and interfaces, there are many circumstances 
where probing such electric fields is of interest and 
importance. The SHG technique provides high 
sensitivity, good spatial resolution, accessibility to 
buried interfaces, and, in the pump-probe implemen- 
tation, extremely high time resolution. In addition, 
with appropriate measurements of the polarization 
dependence and homodyne detection, the full vector 
character of the electric field can be determined. 
‘The behavior of electric-field induced SHG is similar 
to that arising from the asymmetry of an interface, 
Indeed, it is formally equivalent to the response of an 
interface provided that the electric field is present in (or 
radiates from) a region of less than a wavelength’s 
thickness. The applications of this measurement 
capability are quite diverse, ranging from studies of 
charging and acid/base reactions at liquid/solid inter- 
faces to probing fields in metal-oxide-semiconductor 
structures and Schottky barriers to the measurement 
of freely-propagating terahertz radiation. In Figure 11, 
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Figure 11 Vector map of the electric fild in Ston-sapphire 
substrate as deduced by SHG measurements. A volage is 
imposed on the rectangular metallic electrodes, which are 
separated by 80 um. Reproduced with permission trom Dadap 
4Jl,Shan J, Weling AS, MisewichJA, Nahata A and Heinz TF (1999) 
Measurement of the vector character of electric folds by optical 
second-harmonic generation. Optics Letts 24: 1059-1081. 


SHG with appropriate polarization control and 
homodyne detection scheme has been applied to the 
measurement of the vector character of electric fields 
present in a de-biased dipole structure on silicon. By 
spatially scanning the laser beam, a two-dimensional 
electric field map can be produced. Ina pump/probe 
scheme, the same measurements can be made with 
femtosecond time resolution. 


Probing Magnetization at Interfaces 


In contrast to the application of an external electric 
field (a polar vector), the presence of an external 
magnetic field (an axial vector) does not break the 
inversion symmetry of a material. Thus, SHG retains 
its interface selectivity for magnetic effects. SHG 
measurements, as an interface-specific probe, thus 
provide an excellent complement to the linear 
magneto-optical Kerr effect (MOKE), which is 
sensitive to magnetic effects within the penetration 
depth of the light. 

‘The ability of the SHG technique to sense the 
magnetization at a surface is illustrated in Figure 12 
for a film of epitaxially-grown magnetic Co on 
nonmagnetic substrate Cu. A hysteresis loop of the 
magnetization versus the strength of an applied 
magnetic field is shown, where the magnetization is 
gauged from the SHG response. Through measure- 
ments of the response as a function of the thickness of 
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Figure 12 SH response of a Co film on a Cu(001) substrate as 
a function of the applied magnetic field. A hysteresis loop 
corresponding to the surface response is observed. Reproduced 
with permission from Wierenga HA, de Jong W, Prins MWJ et al 
(1995) Interface magnetism and possible quantum-well oscil 
lations in ultathin Co/Cu films observed by magnetization 
induced second harmonic generation. Physical Review Lettars 
74: 1462-1465, 


the magnetic film, the researchers demonstrated that 
the SH response reflected the interface properties, 
rather than those of the bulk film. 


Probing Micro- and Nanoscale Structures 


In addition to the microscopy studies described above 
that probe spatially inhomogeneous surfaces, there 
has been considerable interest in SHG from a variety 
of strongly textured surfaces and small particles. 
From the standpoint of the optical response of 
materials, particular interest has been attached to 
studies of metallic surfaces with surface roughness. 
For appropriate roughness of low-loss materials, such 
as silver, very significant local-field enhancements can 
be achi ice these field enhancements enter into 
the strength of the SH emission nonlinearly, overall 
enhancements in the SH power by several orders of 
magnitude have been demonstrated. This provides 
both a useful method of study of such surface 


enhancement effects and a scheme for amplifying 
the relatively weak surface nonlinear response. 

Beyond these problems associated with roughened 
surfaces, considerable attention has recently been 
directed towards the application of the SHG tech- 
nique for probing micro- and nano-scale particles. 
The fundamental principle of the interface selectivity 
of the SHG process for such systems comprised of 
centrosymmetric materials remains unaltered. The 
interaction of these particles with the radiation fields 
is, however, significantly modified. For the case of 
particles with dimensions of several optical wave- 
lengths, the overall SHG signal strength may be 
comparable to that from a corresponding area of a 
planar surface. The radiation pattern will, of course, 
be strongly modified and will generally be diffuse in 
character. While this makes detection (and back- 
ground discrimination) somewhat more difficult than 
for the planar geometry, many SHG measurements of 
surface and interface properties have been carried out 
in this regime. As the particle size becomes progress- 
ively smaller, particles with overall inversion sym- 
metry begin to exhibit appreciable cancellation of the 
SHemission. Indeed, in the limit of vanishing size, full 
cancellation is expected. This tendency is, however, 
offset by the increasing surface-to-bulk ratio and the 
possibility of increasing the number of partic 
probed. It has been demonstrated experimentally 
that the surfaces of particles in the nanometer length 
scale can indeed be probed by SHG. 

From the point of view of applications, this 
extension of the SHG technique to probe micro- 
and nano-structured materials opens up a rich variety 
of new possibilities. Results have been reported on 
metal and semiconductor nanoparticles in. suspen- 
sion, as well as on colloids of minerals. In addition, 
liquid droplets have been investigated. Self-assem- 
bling structures such as liposomes and vesicles have 
been examined. For these structures, many of the 
same capabilities of SHG as demonstrated for the 
planar geometry, such as probing of adsorption and 
charging effects, have been demonstrated. More 
uniquely, molecular transport through the liposome 
membrane could also be observed and characterized. 
The possibility of extension of these measurements to 
biological systems is of obvious interest and promise. 


In this article, we provided a brief review of surface 
SHG as a technique for interface-specific probing of 
materials. In addition to discussing some of the 
fundamental ideas underlying the method, we out- 
lined the wide variety of information that may be 
obtained from such measurements, ranging from 
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surface symmetry and molecular ordering to interface 
spectroscopy and ultrafast dynamics. While several 
aspects of the method have now become quite well 
established, developments in widely available mod- 
clocked lasers with excellent performance character- 
istics have greatly enhanced the ease of making 
surface SHG measurements in a wide class of material 
systems. In addition, new developments and appli 
cations of the method have continued to emerge 
apace. Of particular note in this regard are appli 
cations to probe electric fields and magnetization at 
interfaces, as well as advances in the use of the 
method for interface-specific probing of micro- and 
nanoscale structures. The sharp increase in appli- 
cations of SHG for probing systems of biological 
importance constitutes another important develop- 
ment, and one with much promise for the future. 


See also 


Materials for Nonlinear Optics: Organic Nonlinear 
Materials. Nonlinear Optics, Basics: x—Harmonic 
Generation. Physical Applications of Lasers: Sum- 
Frequency Generation at Surfaces. 
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or single-enzyme properties, reactions or interactions 
with their environment. Such pictures and the 
numbers associated with them, however, were, 
until recently, extrapolated from measurements 
performed on large ensembles of molecules, which 
only yield quantities averaged out over time, space, 
conformations and/or the local environment. 
Advances in detector sensitivity and improvements 
in instrument design do now provide scientists 
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with tools to probe single molecules with light, 
and monitor their photophysical properties with 
exquisite sensitivity and time resolution. 
spectroscopic information is used to explore the 
molecular structure, conformational dynamics, 
local environment, and intermolecular interactions. 
The collected data generate a wealth of new 
information on single-molecule physical chemistry 
or biomechanics, but also in polymer gel physics 
or glass dynamics and other domains of solid 
state physics. 

This article reviews the field of single-molecule 
spectroscopy. First, the principles underlying single- 
molecule spectroscopy approaches are introduced, 
and this is followed by a discussion of the different 
spectroscopic techniques available to the experimen 
talist and what kind of information can be extracted 
with each of them. It also discusses important 
photophysical properties of molecules that influence 
the outcome of single-molecule spectroscopic 
measurements. The next section presents some 
applications of these techniques, focusing on 
physical properties of materials and biological 
applications of single-molecule spectroscopy. The 
last part briefly reviews recent developments and 
outlines the future prospects of single-molecule 
spectroscopy. 


Principles of Single-Molecule 
Spectroscopy 


Motivation 


‘Measurements performed on ensembles of molecules 
only yield averaged-out information. This averaging 
process is of several kinds: average over molecular 
heterogeneity (e.g., chemical composition, oxidation 
state, or spatial conformation) and average over 
different or changing local environments. Moreover, 
dynamic processes studied by ensemble measure- 
ments cannot sort out molecules exhibiting fast or 
slow reaction times, although such differences are 
expected from the stochastic nature of any chemical 
kinetics. The interest in single-molecule analysis is 
for these reasons manifold. At low temperature, 
being able to study a single molecule and its 
evolution under the influence of various external 
parameters allows for precise tests of molecular 
quantum electrodynamics. At higher temperature, it 
gives access to the temporal evolution of different 
nanodomains of a bulk material in which single 
molecules are embedded as reporters of their 
environment, In biology and biochemistry, the 
building blocks of any process are individual 
molecules (genes, enzymes, motors, filaments, etc.); 


the ability to fully understand their kinetic behavior 
at the single-molecule level is thus of utmost 
importance. Finally, reliable observation of single 
molecules is a prerequisite of the full development of 
nanotechnology and quantum computing. 


Historical Outlook 


Single-molecule experiments were first performed on 
isolated ion channels by the patch clamp technique, 
which allows the recording of single-ion translocation 
through a pore-like protein embedded in a fluid 
membrane. Scanning tunneling and atomic force 
microscope observations later opened the way to 
investigations of nanometer-scale objects on surfaces. 
Only recently have optical methods reached the 
sensitivity required to detect, image, manipulate, 
and follow the spectroscopic evolution of single 
molecules on surfaces, in solids, liquids, and 
biological membranes as well as inside live cells. 

Single-molecule spectroscopy (SMS) was initially 
demonstrated in a system of pentacene molecules 
embedded in a p-terphenyl host crystal at liquid 
helium temperature. Absorption (leading to fluor- 
escence excitation) spectroscopy in this system 
takes advantage of the very narrow zero-phonon 
absorption line (ZPL) of the rigid pentacene 
molecule (Figure 1). The position in laser-frequency 
space of each molecule’s ZPL indeed depends on 
the local fields, allowing for precise molecular 
selectivity. However this approach is limited to a 
few molecule-host pairs and requires cryogenic 
techniques, due to broadening of the ZPL 
above 10K. 

Room temperature studies started with total 
internal reflection (TIR) microscopy and standard 
flow-cytometry methods in the mid-1980s. In the 
latter case, single molecules randomly passing 
through the excitation volume gave rise to sudden 
bursts of photons emitted during their brief transit. 
Initially developed for rapid DNA sequencing, this 
simple approach is now widely used for more 
sophisticated studies in its confocal version 
(Figure 2), which will be detailed in the following. 

The first image of a single molecule at room 
temperature was later obtained using scanning near- 
field optical microscopy (Figure 3), rapidly followed 
by similar achievements using far-field confocal 
microscopy, at the expense of a lower spatial 
resolution, but with much more ease of use. TIR 
and wide-field fluorescence imaging are now used to 
image and study the two-dimensional and three- 
dimensional diffusion trajectories of single fluor- 
escent molecules (Figure 4), making a come-back 
after the pioneering studies of the early 1980s. 
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Figure 1 Fluorescence excitation spectra of pentacene in 
ptorphenyl at 1.5K. (a) Schematic of the cryogenic setup 
Used. A laser beam is focused onto the sample through a 
lens into the cryogenic chamber. The sample can be moved in 
the XY plane, with a magnet and coil pair. A beam block 
rejects the incident laser light (black arrow). A paraboloidal 
rior collects the emitted fluorescence (dashed arrows) and 
redirects it towards the detector (photomultiplier tube). The 
laser frequency (linewidth 3MHz) is tuned around the 
absorption line center at 592.421 nm, (b) Broad scan showing 
the inhomogeneously broadened line shape of pentacene 
molecules embedded in a p-terphenyl crystal at 1.5K. The 
shaip lines correspond to spectra of individual molecules (seo 
panel c) (cps: counts per second). (c) Detall of the previous 
Spectrum showing spectra of several individual molecules. 


Requirements for Single-Molecule Sensitivity 


Observing single molecules may be as easy as finding a 
needle in a haystack if background, signal and noise 
are not carefully optimized. Simple considerations 
illustrated in Figure Sa help measure the technical 
challenge bearing on single-molecule optical detec- 
tion. Whatever the type of detected signal (fluores- 
cence, Raman scattering, or others), itis characterized 
by an absorption cross-section o (probability of 
photon absorption) and a quantum yield Q (number 
of emitted photons per absorbed photon). The optical 
setup transmits an excitation power P ata frequency r, 
resulting in a signal rate s = EQoP/(Ahv) expressed in 
counts per second (or Hz). This rate is proportional to 
PlAwhere A isthe cross-section of the excitation beam 
in the plane of the molecule. E is the collection 
efficiency of the setup. The environment adds a 


background rate 6 per unit volume and unit power, 
and the detector contributes a dark count rate D. 
Neglecting noise from the readout electronics, a 
measurement of duration 7 will yield the following 
signal-to-noise ratio (SNR): 


SNR = i 


where V is the excited volume. The denominator 
is the root mean square of all contributions to 
the measured count rate, considered shot-noise 
limited. The SNR obviously increases at larger inte- 
gration time 7, Another important quantity is the 
signal-to-background ratio (SBR): 


EQa a 
~ BVAhe - 


These ratios can be increased by improving the 
collection efficiency E or decreasing the excitation 
volume V. A larger excitation power or a longer 
integration time will improve the SNR without 
affecting the SBR. Typical values for the above 


‘The variability of intensities is due to the differant positions ot 
the molecule in the excitation beam. (d) Individual molecule 
spectrum obtained at lower excitation power exhibiting a 
Lorentzian shape (solid line) centered at 592.407 nm with a 
lfetime-timited width of 7.8MHz (Intensity is measured in 
‘counts-per-second for all three spectra). (a): adapted from 
‘Ambrose WP, Basché T and Moemer WE (1991) Detection 
and spectroscopy of single pentacene molecules in a p 
temphenyl crystal by means of fluorescence excitation. Journal 
of Chemical Physics 95: 7150-7163. (b)~(d): after Moerner 
WE (1894) Examined nanoenvironments in solids on the scale 
of a single, isolated impurty molecule. Science 265: 46-53. 
Copyright 1984, The American Association for the Advance- 
ment af Science. 
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Figure 2 Single-molecule fluorescence burst detection. (a) Schematic of the confocal setup used for single-molecule fluorescence 
dotection. A collimated laser beam is focused through a high numerical aperture (NA) objective in a liquid cell. Molecules diffusing 
through the ifraction-imited excitation volume (-~1 fl) emit photons during their passage, which are collected by the same objective. A 
dichroic mirror (D1) separates excitation and emission wavelengths. The emitted light is focused on a pinhole (ph) in order to reject out- 
‘focus background light, and finally recalimated onto two differant avalanche photodiodes (APDSs) after spectral separation by a 
dichroic mirror (D2). Fiters specific for each channel (F, acceptor channel, F.: donor channel) may be used to improve spectral 
‘separation. (0) 5 s time trace of racorded bursts fr a 30 pM solution of doubly labeled DNA in 20 mM sodlum phosphate buffer. The DNA 
constructs are used for distance measurement (detailed in Figure 9) and have a TM fluorophore attached to ona end of the DNA 
‘molecule and a CYS fluorophore attached tothe th base from the end. The time traces correspand to n= 12. Gray: TMR fluorescence 
(donor); black: CYS fluorescence (acceptor). The laser excitation (0.6 mW, 514 nm) is focused 10 jm within the solution through an oil 
Immersion objective (numerical aperture: 1.4). For each detected photon, the APD generates a pulse, whichis recorded by a computer- 
fembedded acquisition board. Counting these events into 200 us bins, the resulting time trace exhibits distinct bursts distributed 
randomly in time, with duration and amplitude corresponding to a Brownian difusion of individual molacules through the excitation 
volume. (b): is adapted from Deniz AA, Dahan M, Grunwoll JR, et al. (1999) Single-pair orescence resonance energy transfer on 
freoly difusing molecules: Observation of Forster distance dependence and subpopulations. Proceedings of the National Academy 
Sciences USA 96: 9670-3675. Copyright 1999, The National Academy of Sciences. 
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Figure 3 Scanning near-fild imaging of single molecules at room temperature. (a) Schematic of a scanning near-field optical 
rmicroscape setup used for single-molecule imaging. An aluminum-coated tapered optical fiber (raster-scanned at nanometer distance 
from the sample} serves as a waveguide for laser excitation. Shear-force feedback keeps the tip at a constant distance from the sample, 
resulting In a signal used for nanometer-resolution topographic reconstruction of the scanned area. The excitation volume and the 
corresponding local evanescent elecric field are detailed in the expanded view. Fluorescence light emitted by individual molecules 
is collected by an oll immersion, high NA objective and recorded by an avalanche phoiodiode. (o) 4x4 ym* area of a 
polymethylmethacrylate (PMMA) coated coverslip on which a diluted mathanol solutin of a lipophilic carbocyanine dye, dC, has 
bboen deposited. Scanning was performed with randomly polarized light. (c) Orientation ofthe corresponding individual emitting dipole 
dotermined by modeling the field distribution (expanded view in a), simulation of the absorption intensity with polarized excitation 
and comparison with data obtained at two diferent excitation polarizations. (a): Adapted and (b),(c) reprinted with permission from 
Botzig E and Chichester Ru (1993) Single molecules abserved by near-field scanning optical microscopy. Science 262: 1422~1425. 
Copyright the American Association for the Advancement of Science. 


tion of cable runs will reduce manufacturing 
costs. 

+ Reduction in sizeand weight compared with 
a manual potentiometer. 


A digital potentiometer also has some disadvan- 
tages: 


+ Its internal resistance is somewhat affected 
by temperature. 

+ Itisnotusually capable of passing significant 
current. Few chips can sink or source more 
than 20mA at the output, and ImA is com- 
mon. The output is primarily intended for 
connection with other solid-state compo- 
nents that have high impedance. 

+ Users may prefer the immediacy and tactile 
feel of a knob attached to an analog poten- 
tiometer, rather than a pair of buttons or a 
rotational encoder. 


How It Works 
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grated circuit > analog> digital po 
numbered n+7. This principle is illustrated in 


Figure 8-1 
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A digital potentiometer changes the point at 
which a connection is made along a ladder of 
many fixed resistors connected in series inside 
the chip. Each end of the ladder, and each inter- 
section between twoadjacentresistors,isknown 
asa tap. The pin that can connect with any of the 
taps is referred to as the wiper, because it emu- 
lates the function of a wiper in an analog poten- 
tiometer. In reality, a digital potentiometer does 
not contain a wiper or any other moving parts. 


fully featured digital potentiometer allows ac- 
cess to each end of the ladder through two pins 
that are often labeled “high” and "low," even 
though they are functionally interchangeable 
(except in the case of a component that simu- 
lates a logarithmic taper, as described later). The 
“low” end of the ladder is sometimes numbered 
0. In this case, if there are n resistors, the “high” 
end of the ladder will be numbered n. Alterna- 
tively, ifthe “low” end of the ladder is numbered 
1 and there aren resistors, the "high” end will be 


Figure 8-1. Available wiper connections to a resistor lad: 
der inside a digital potentiometer, showing two numbering 
systems that may be used, 


The "low" pin on a digital potentiometer may be 
identified as L, or A, or Ry, or P, in a datasheet, 
while the “high” pin may be identified as H, or B, 
‘or Ry, or Pg and the pin that accesses the wipers 
typically identified as W, or Rwy, or Py. Letters L, H, 
and Ware used below. Although the Land H pins 
are functionally interchangeable, their labels are 
useful to identify which direction the W connec- 
tion will move in response to an external signal. 


ital potentiometers are available with as few 
as 4 oras many as 1,024 taps, but common values 
ate 32, 64, 128, or 256 taps, with 256 being the 
most common. 


Nospecificschematicsymbol representsadigital 
potentiometer. Often the component is shown 
as an analog potentiometer symbol inside a box 
that has a part number, as suggested in 


60 Encyclopedia of Electronic Components Volume 2 
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Figure 4 Single molecule difusion in two dimensions. (a) 
{68 x 6.8 um images of fluorescently labeled lipids (tetramethy- 
‘hodamineinthiocarbamoyl, linked to 1,2-dihexadecanoyl- 
‘smglycero-3-phospho-ethanolamine, DHPE) in a lipid double 
layer membrane (palmitoyloleayiphosphocholine, POPC) at 
different concentration. From left to right: 10 dyesium?, 10 
‘dyesfum®, 10°? dyes/um*. Each image was obtained with an 
epiuorescence microscope, iluminated by a defocused 514 nm 
‘Ar laser line (—60 kWicm®), and 5 ms integration on a nitrogen 
‘cooled CCD camera. Color scale: blue = 0, d= 60 counts) 
Image intensity at 10° dyes/um? was divided by 60. (b) 
Sequence of three 6.4 x5.4 um? images of two labeled lipids 
‘observed at 105 ms intervals (actual acquisition rate was one 
frame every 35 ms, integration ime: 5 ms). (c) Subregion of a 
2.4% 2.4 um membrane area showing the peak marked by a 
Siar in B. The nonlinear least-square fit of a two-dimensional 
Gaussian profile to the peak yields values of the fluorescence 
intensity = 168 * 25 counts, width r= 480 * 80.nm and two- 
‘dimensional position with 40nm resolution. Adapted from 
Schmidt T, Schutz GJ, Baumgartner W, et al. (1996) Imaging 
of single ‘molecule difusion. Proceedings of the National 
‘Academy of Sciences USA 93: 2926-2829. Copyright 1996, 
The Academy of Sciences, 


parameters in the case of a confocal microscopy study 
of freely diffusing fluorescein isothiocyanate (FITC) in 
water, using avalanche photodiode detectors (APD) 
are: E=10-7, Q=0.85, o=2.8x10"'%cm?, 
O.pm’, A=clv=525nm, bV= 10 Ha/pW, 
100 Hz. With an excitation power of 100 pW 


D 


and a I ms integration time, a count rate of 629 


counts/ms can be obtained, of which 1 comes from the 
background sources, leading to a SNR ~25 and SBR 
~629, Although these are acceptable figures, they 
have to be balanced by the fact that single molecules 
have a finite lifespan, Single molecules in an oxygen- 
rich environment typically emit on the order of 10° 
photons before irreversible degradation (photo- 
bleaching), With the above parameters, this amounts 
to a total emission of ~3.2 ms. This is enough to 
observe freely diffusing molecules during their transit 
time of a few hundred microseconds. For a fixed 
molecule, however, it sets a stringent limit on the total 
duration of a single-molecule observation, and all 
efforts are put on reducing the excitation volume and 


intensity, as well as background sources. Similar 
considerations hold on the detector side, where a 
trade-off has to be found between time-resolution and 
quantum efficiency. 

In addition to SNR and SBR issues, care has to be 
taken to ensure that the collected signal originates 
from a single molecule. Two different strategies can 
he envisioned: 


{i) work at low concentration, such that at most one 
molecule is present in the excitation volume 
(Figure 5b), or equivalently, minimize the 
excitation volume; 

(ii) use a selective excitation or emission detection 

protocol, such that only one molecule is excited or 


detected within the sampled volume (Figure 5c). 


The first case has already been illustrated in 
Figure 2, in which a solution of fluorophores at low 
concentration yields separate bursts corresponding 
most of the time to transits of individual molecules. 
The second strategy can be adopted for the example 
illustrated in Figure 1, in which the ZPL of individual 
molecules lying in the wings of the ensemble spectrum 
are well separated. Tuning the laser to the peak 
absorption frequency of a molecule will excite this 
molecule only, allowing for a separate study of this 
molecule. 

In summary, a set of six criteria can be defined 
for SMS: 


1. The observed density of emitter is compatible with 
the known concentration of individual molecules 
and scales with the original concentration. 

2, The observed intensity level is consistent with that 
of a single emitting molecule. 

3. Each immobilized emitter has a well-defined 
absorption or emission dipole (for organic dyes 
usually linear, but for other emitters such as a 
fluorescent semiconductor nanocrystal, possibly 
circular). 
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Figure 5 Signal, background and noise issues in single- 
molecule detection. (a) In a single-molecule spectroscopic 
‘experiment, excitation light (power P, frequency ») is focused on 
the sample through an optical element O; (objective lens, fiber 
tip), exciting a ditfraction-imitad volume of section A, representod 
by an olipsoid in the expanded view. The absorption process is 
characterized by an absorption cross-section «and the emission 
by a quantum yield Q. The background contribution per watt of 
incident power is 8, whereas the detector will have a dark count 
rate D. The signal is collected by an optical element O. (possibly 
confounded with ©,), and further quided to the detector, with an 
overall afciency E: (b) The signal of a single molecule can be 
separated from that of other molecules if the probabilty of 
finding two or mora molecules in the probed volume is 
negligible. This can be abiained either by a low concentration, 
fr by reducing the excitation volume. () If each molecule in the 
excited volume can be characterized by a different spectral 
property (which may or may not depend on its exact environment), 
it is possible to use very selective excitain or detection 
techniques to probe just one molecule in the sampled volume 
(the black sphere in the ellipsoid). 


4, Fluorescence emission exhibits only two levels 
(on/off) exemplified in blinking or photobleaching. 

5. If there are more emission levels due to spectral 
jumps (see the section on fluorescence), blinking 
and spectral jumps are correlated. 


6, Antibunching of the emitted photons permits us 
to test whether the detected signal comes from a 
single quantum emitter or more (see the section on 
biological studies below). 


Types of Spectroscopy 
Fluorophores 


A variety of fluorescence emitters (or fluorophores) 
have been investigated with single-molecule spec- 
troscopy techniques. Fluorescent organic molecules, 
green fluorescent proteins (GFP) and other 
biological fluorescent proteins, conjugated polymers 
(J-aggregates), light-harvesting complexes (e.g., 
B-phycoerythrin) comprising several fluorophores 
acting effectively as a single quantum emitter, or 
semiconductor nanocrystals, are but a few examples 
of systems which have been extensively studied. 
Each of these systems exhibits fluorescence based on 
specific processes, which cannot be described in detail 
here. A simple picture valid for single fluorescent dyes 
will be presented instead. It captures, however, the 
essential ingredients needed to describe the different 
parameters accessible with — single-molecule 
spectroscopy. 


Fluorescence Emission 


Most single-molecule experiments use one-photon 
fluorescence excitation because of its relatively 
large cross-section (~10~" em?), It also allows for 
a simple rejection of the excitation light: the 
emitted photons have a lower energy because of 
losses in intramolecular relaxation processes (the 
so-called Stokes shift). Excitation and emission 
processes are conveniently represented by a 
Jablonski diagram (Figure 6a) depicting the initial, 
final, and intermediate electronic and vibra- 
tional states of the molecule. Upon excitation to 
the first excited state, the molecule has a certain 
probability to be shelved in a nonemitting 
triplet state for up to milliseconds, resulting in 
‘dark’ or off-states (Figure 6b,c). This results in a 
saturation of the emitted count rate R (Figure 6d) 
according to: 


ml 


3 
“T+,” a 


where the saturation intensity 1, ~ 10-100 kW/ 
em? and R, ~ 1-20 MHz for typical fluorophores. 
Incidentally, this puts a limit in SNR enhance- 
ment due to saturation of the emitted signal 
(triplet bottleneck). Other fluorescence emitting 
‘single molecules’ like semiconductor nanocrystals 
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exhibit similar dark state intervals, although for and emission maxima due to the changing 
different reasons (Auger ionization or surface environment of the molecule, or a sudden confor 
trapping of carriers). Finally, spectral jumps are mational change. The corresponding changes in 
also observed at room temperature (Figure 6c). excitation and emission spectra are noticed 
This phenomenon results in a shift of absorption by sudden fluctuations in the emitted intensity 
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Figure 6_ Singlo-molecule uoresconco. (a) Jablonski cfagram fr fluorescence (at om temperature). Upon absorption of aphoton of 
energy hy close to the rescnance energy Es, — Es, a molecule ina vibronic subiovl ofthe ground singlet stat Sp is promoted to a 
vibronic suiblovel ofthe lowest excited singlet state 5). Nonradiative, fast relaxation brings the molecule down othe lowest sublovel in 
picosecond. Emission ofa photon of enorgy fry = hus (radiative rato k) can take place within nanoseconds and bring the molecule 
back to one ofthe vibronic sublevets ofthe ground stata, Alternatively, colisional quenching may bring the molecule back to its ground 
state without photon emission (nonradiative rate ky). thi type of process present in organic dye moleculsisintersystem crossing to 
the first excited triplot stato T, (rato kee). Relaxation from this excited state back to the ground slate is spin-orbigéon and thus tho 
iotime of this stato isin the order of microseconds to millsecands. Relaxation tothe ground stato takes placa either by photon emission 
(phosphorescence) or nonradiative relaxation. Tho fluorescence lifetime is defined by 7 1 = (k + kx) *. (0) Fluorescence time 
trace (40 ms excerpt) ofa Texas Red (TR) molecule attached toa 20-nucleotides4ong single-stranded DNA molecule immabiized on a 
silanized glass coversip. The confocal setup is similar to that depicted in Figure 2. Exctation: 514 nm, circularly polarized, 6 KW em 
binning: 200 us. On- and oftstatos (the latter corresponding to the molecule being in tho triplet stato) alternata stochastically. () 
Histograms of on-state count (lt) and of-stato duration (right) for the time trace pally shown in (b). The decay paramotors of the 
exponential fis (sold ine) are indicated. ty = 1.2 msi the triplet stata lifetime. Ney = Kise = 1.7%. (d Intensity dopendionce ofthe 
emission rate of a single Texas Red molecule. The data departs from a near dependence bacause of Saturation due ta inorsystom 
‘crossing. The fitted curve yields a saturation rate of Fg ~ 6.5 MHz and a triplet lifetime fp ~(kisc Ra) "= 10 us. The ditforence 
betwoon this value andthe value obtained in) ilusrates the heterogeneity uncovered by single-molecule measurements. 0) Spectral 
jumps of asinglo Texas Red molecule attached toa single-stranded DNA molecule. ds-dark stato, spectral ump, nos: dark state not 
followed by a spectra jump. Cases whore spectral jumps are observed without noticeable dark states may sil cortespond io dark states 
with durations shorter than the time resolution of the experiment. (b)~(d) Adapted from Ha T, Enderie T, Chemla DS, etal. (1997) 
Quantum jumps o single molocules at room temperature. Chomical Physics Letts 271: 1-5. Copyright 1997, Elsevier Sconce B. V. 
(0) Adapted from Ha T, Ender T, Chemla DS and Weiss § (1996) Duakmolecule spectroscopy: molecular rules forthe study of 
biological macromolecules. IEEE Joumal of Selected Topics in Quantum Electronics 2: 1115-1127. Capynght 1996 IEEE. 
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(due to wavelength dependence of the absorption 
cross-section). 


Fluorescence Lifetime 


A fluorescence photon is emitted within nanoseconds 
after absorption of the excitation photon. The decay 
law is usually mono-exponential, characterized by a 
lifetime r=T'~' (Figure 6a). However, the lifetime 
depends on the emission spectrum (which can change 
due to spectral shifts) and the local environment. For 
instance, the proximity to a dielectric or metallic 
surface markedly changes it via perturbations of 
the intramolecular transition matrix elements. Thus, 
fluorescence lifetime is a sensitive probe of the 
environment of the molecule (Figure 7). Lifetime 
measurements require a pulsed laser source and time- 
correlated single-photon detection and analysis 
techniques. 


Fluorescence Polarization 


The efficiency of photon absorption by a fluorescent 
molecule is proportional to (E+) where E represents 
the local electric field and js the molecule’s absorption 
dipole moment. For a fixed fluorophore, modulation 
of the excitation polarization thus allows the deter- 
mination of the absorption dipole orientation (the 
emission dipole being generally nearly parallel to it). 
This information in turn allows the determination of 
the spatial orientation of the molecule, For a mobile 
molecule, however, more information is needed, since 
the emission dipole has time to tumble significantly 
during the few nanoseconds between absorption and 
emission. The emission polarization is needed to fully 
recover the relevant information, as illustrated in 
Figure 8, Different experimental schemes can be used, 
besides the near-field optical one described in Figure 3 
and the confocal one described in Figure 8. 
In particular, it is important to recover the projection 
ofthe polarization on more than two orthogonal axes. 
Approaches taking advantage of aberrations induced 
by index mismatch in high numerical aperture (NA) 
objectives, or using TIR excitation with alternating 
polarizations, or using amplitude or phase masks, 
allow a complete determination of this orientation. 


Fluorescence Resonance Energy Transfer 


A special case of the local influence of the environ- 
ment on fluorescence is encountered in fluorescence 
resonance energy transfer (FRET, see Figure 9a), first 
theoretically explained by Forster in the late 1940s. In 
case of the presence of a nearby molecule (acceptor) 
having an absorption spectrum overlapping. that 
of the donor emission, there is a possibility that 


the energy absorbed by the donor is transferred 
nonradiatively to the acceptor. The efficiency E of this 
transfer is given by: 


e=(1+(g)) ‘ mn 


where r is the distance between the two emitting 
centers and Ro is the Férster radius (in A): 


Ry = aien *Op Jay" (51 


In this complex expression, a = 9.78 x 10°, n is the 
medium refractive index, Qp the donor fluorescence 
quantum yield in the absence of the acceptor and J(A) 
is a spectral overlap integral (in M~! cm*). x? is a 
geometric factor, which averages out to 2/3 in the case 
of freely rotating dyes. A typical order of magnitude 
for Ry is a few nanometers, which gives the range 
of the energy transfer. FRET is thus very sensitive 
to the donor-acceptor distance, which makes it a 
useful molecular ruler. Experimentally, the efficiency 
is measured as a function of the recorded donor 
(Fp) and acceptor (Fa) emissions (dual-channel 
measurement) via: 


ea (tsa g) (61 


Fa Op 


where Q4 and Qp are the fluorescence quantum 
efficiencies of the donor and acceptor, respectively, 
and a is the ratio of the acceptor and donor channel 
detection efficiencies. An illustration of this utiliz- 
ation is given in Figure 9b-d, where different 
predefined distances between donors and acceptors 
are set by rigid double-stranded DNA molecules. The 
corresponding donor-acceptor distances are readily 
measured on diffusing molecules, with subnanometer 
precision. 

Alternatively, the transfer efficiency can be 
measured via the fluorescence lifetimes as: 


B=1- 2a 71 


To) 


where mia) and tpio) are the donor lifetimes in the 
presence or absence of an acceptor, respectively. 


Other Spectroscopies 


Other types of spectroscopic techniques can be used 
at the single-molecule level. Fluorescence can for 
instance be excited via a two-photon absorption 
process, whereby a laser excitation with half the 
photon energy needed to attain the excited state 
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Figure 7 Lifetime measurements. (a) Schematic of lifetime measurement setup. BS: beamsplitter used to deflect par ofthe incident 
pulse towards a fast photodiode (FPD); DBS: dichroic beam spilter used to spectrally separate incident from emitted light; BP. 
bandpass fit further rejecting stray ight; APD: avalanche photodiode. Far each detected photon, the APD emits a pulse, which is fed 
to the start input ofa time-to-amplitude converter (TAC). A stop pulse from the laser immediately follows it (regularly emitted at arate of 
15(), allowing the measurement of the separation between both pulses. A multichannel analyzer (MCA) histograms the arrival times, 
resulting in the curves shown in the right part of Figure 2b~d. (b) and (c) Fluorescence images (lft panels), corresponding spectra 
(middie), and fluorescence decays (right) for two molecules located at a PMMA~air interface. The peak emission wavelength A, was 
'560 nm in (b) and §78 nm in (c) Lifetimes were fitted to a single exponential (dotted curves), with decay times of z= 2.56 ns (b) and 
3.20 ns (c). Aensemible measurement af spectrum and fluorescence decay averaged over several hundred of molecules is shown in (a) 
‘Tho ensemble values are A, = 565 nm and r= 2.70 ns. (b)~(d): Adapted trom Macklin JJ, Trautman JK, Harris TD and Brus LE (1996) 
Imaging and time-resolved spectroscopy of single molecules at an interface. Science 272: 255-258. Copyright 1996, The American 
‘Association for the Advancement of Science. 


is used. However, due to the very low cross-section 
and quadratic dependence in the incident energy 
(two simultaneous photons are needed for exci- 
tation), an excitation power several orders of 
magnitude larger than that for one-photon excitation 


is needed. In compensation, excitation takes place in 
a much more reduced volume of the sample, reducing 
the out-of-focus background contribution. The 
higher power required increases the probability of 
photobleaching due to the increased probability of 
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Figure 8 Polarization Measurements. (a) Experiment schematic. Es the electric fled, making an angle # withthe p polarization axis. 
“The excitation propagates along the Zax, whichis also the collection axis. 4, and ware the absorption and emission dipole moments, 
Inaly aligned. v represents the rotational difusion of the emission dipole during the excited lifetime. The dipole is supposed to be 
Confined in a cone positioned at an angle «i projected on the (s, p) plane, and having a haif-angle Adinax. A polarizing beam-spitter 
(PBS) spits the collected emission into two signals J, and f, which are simultaneously recorded by APDs. (b) Simultaneously recorded 
J, (black) and /, (gray) of a molecule rapidly rotating in a liquid. (c) Same data as in (b), but averaged over 11 on-periods. The fit 
Corresponds to @ Adina, close to 90° (rely rotating molecule) and permits the determination of the constrained rotational difusion 
Parameters. Adaptad from Ha T, Glass J, EnderleT, eta. (1998) Hindered rotational difusion and rotational jumps of single molecules. 
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Figure 9 Singo pairfuorescence resonance enorgy transfer. (a) Jablonski diagram for FRET. Fluorescence enorgy transfer involves 
| wo melecules: a donor D andl an aacoptor A whose absorption spectrum overlaps the emission spectrum othe dono. Exctation of the 
acceptor to the lowest singlet exctod stato is a process identoal to that previously deserved for singl-molecula fluorescence 
{Figure 6a). In tho presence (within afew nm) of a nearby acceptor molecule, donor fluorescence emission is largely prevented by 
nergy transfor tothe acceptor by cpole~cipoleitoracton. The donor exhibits uorescent emission folowing the rules outed in 
Figure 6a (0) DNA nconstrucis used forthe FRET cstance study. Tetramethyhedamine (TMR)is attached o one end ofthe DNA and 
Y5's attached tothe rth base trom the end (n= 7, 12, 14, 16,19, 24 and 27). c) FRET histograms extracted from time traces for 
DNAs 7, 12, and 19, as shown in Figure 2b. Double Gaussian fs extract numbers forthe mean (with) ofthe higher efcency peak ot 
0.95 + 0,05, 0.75 = 0.13, nd 0.8 = 0.21, respectively. The peak around 0 efency corresponds to leached or inactive accaptor 
molecules. () Mean FRET efficiencies extracted from FRET histograms platted asa function of distance for DNA 7, 12, 14,16, 19, 24, 
tnd 27. Distances are calculated using the known &-DNA double helix structure. The sol line corresponds tothe expacted Forstar 
transfer curve with Ra = 65 A. ()~(6) Adapted rom Deniz AA, Danan M, Grunwoll JR, ofa (1999) Single-pairfuorescence resonance 
nergy transfor on freely dfusing, molecules: Observation of Faster distance dependence and subpopulations. Proceedings ofthe 
National Academy of Sciences USA 96: 3670-3675. Copyright 1999, Tho National Acadomy of Sconces. 
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photochemical degradation in the long-lived triplet 
state and the interplay of multiphoton ionization 
processes. 

Although Raman scattering 
(~10°* cm?) are orders of magnitude lower than 
the fluorescence cross-section, they can be enor- 
mously amplified if the single molecule is trapped in 
a ‘hot spot’ of a metallic nanoparticle, giving rise to 
surface-enhanced Raman scattering (SERS). Highly 
resolved vibrational information can be recovered, 
exhibiting much more stable emission than fluor 
escence, Moreover, this technique can be applied to 
nonfluorescent molecules. Similarly to fluorescence, 
the technique can be extended to nonlinear (two- 
photon) regimes, as in surface-enhanced_hyper- 
Raman scattering and surface-enhanced anti-Stokes 
Raman scattering. However, since they require the 
single molecule to be located on rare sites of a metallic 
particle, these methods have only been applied to 
fundamental chemical studies of molecular species. 

Finally, extending the range of the FRET ‘molecular 
ruler’, electron transfer allows measuring distances 
hetween an electron donor and an acceptor within a 
few angstroms (A), via opening of a nonradiative 
channel for the relaxation of the electron in the excited 
state. Lifetime measurements (r= UT = (k, + Rye)? 
as defined in Figure 6) yield distance information via 
the electron transfer rate Eer: 


cross-sections 


Exr = koe ®, [8] 


where B~' is of the order of one A and ky of the 
order of 10'S s~! are constants characterizing the 
donor-acceptor pair. 


Applications of Single-Molecule 
Spectroscopy 


Single-molecule spectroscopy has already proven to 
he a useful tool in various domains. The following 
examples are but a few of an expanding number of 
applications of SMS. 


Molecular Physics 


The realization that the fluorescence of a single 
molecule could be detected with a good SNR over 
extended periods of time, especially embedded in a 
crystalline matrix at cryogenic temperature, has led to 
high-resolution experiments aimed at determining 
molecular energy levels and transitions. In particular, 
studies of transitions between sublevels of the triplet 
state by electron spin resonance (ESR) using super- 
imposed radio-frequency pulses have permitted a 
precise test of the quantum description of such 
systems. The de and ac Stark effect (the shift of a 


transition energy in the presence of a fixed or 
alternating electric field) has also been studied in 
several systems, allowing the symmetry and 
deformations of the molecule to be determined. 
‘The method has been extended to study the photo- 
physics of luminescent polymers (J-aggregates), 
light-harvesting complexes, gteen fluorescent pro- 
teins (GFP) or semiconductor nanocrystals, and other 
fundamental systems. 


Material Science Studies 


Single-molecule photophysical properties are extre- 
mely sensitive to their local (nanometer-sized) 
environment (Figure 1). A precise knowledge of 
these properties allows using single molecules as 
sensitive probes of their environment, as illustrated 
by experiments designed to study the local dynamics 
of a polymer matrix at the onset of the glass transition 
(Figure 10). 

Molecules of the organic fluorophore Rhodamine 
6G (R6G) dispersed within a thin (250 nm) 
poly(methacrylate) film were observed at tempera- 
tures slightly above the melting temperature of the 
polymer, using a confocal microscope detecting the 
s and p polarization of the emitted fluorescence 
(Figure 8a), Observations are performed under 
nitrogen atmosphere and at low excitation power 
(20 nW) in order to prevent oxidation, thus allowing 
ong (several hours) observation time. Each observed 
R6G molecule exhibits a slow rotational diffusion, 
sometimes accompanied by lateral or transverse 
diffusion on a much longer time-scale (Figure 10a). 
Computation of the autocorrelation function of the 
emission polarization shows a multi-exponential 
decay, pointing to a distribution of time-scales of 
rotational diffusion. A closer look at subwindows of 
the time trace reveals, however, that the decay comes 
closer to mono-exponential behavior at shorter time- 
scales (Figure 10b,c). This study demonstrates that an 
individual molecule probes an increasing number of 
different environments over time. At long time-scales, 
the observable characteristics (such as the autocorre- 
lation function) are similar to those measured on an 
ensemble of molecules, as expected from the ergodi- 
city hypothesis. At short time-scale, the molecule 
reveals the local homogeneous and stable character- 
istic of its nanoenvironment. 


Biophysical and Biological Studies 


SMS has allowed a reassessment of long-standing 
questions in biophysics, biochemistry, and biology, by 
giving scientists the possibility to look at individual 
building blocks of biological processes: DNA, RNA, 
proteins and other biomolecules or biomolecular 
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Figure 10 Polymer dynamics near the glass transition. (a) Fluorescence intensity ofa single long-lived Rhodamine 6G molecule in 
poiy(methylacryiate) (PMA) at 281 K detected at orthogonal polarizations (gray: s and black: p polarizations). The molting temperature 
of PMA is T, = 281 K. The time trace integration is 1 s. This time trace shows the anticorelation of both polarizations, characteristic of 
rotational diffusion of the moleoule. Different regimes are observed along the time trace (1~4), which could be due to ether a 
‘modification of the local ‘cage’ in which the molecule rotates, or escape of the molecule to another nearby nano-environment. 
‘The autocorrelation function of polarization computed aver the whole trace (nat shawn) is well fited by a model adapted to the 
‘nonexponential relaxation of polymers, the Kohlrausch— Wiliams Watt (KWW) model 

KW ce 
With r= 88 s, = 0.46. (b) Correlation functions of subsets 1~4 ofthe ful trace. 1 (squares): r= 15s, = 1.0.2 (triangles): r= 112, 
= 0.77. 3 (open circles): += 90, = 0.59. 4 (ciamonds): z= 64 s, B= 0.58. The #1 exponent is closer to 1, showing that the 
rotational difusion isan unhindered one at short time-scales, converging tothe bulk exponent a larger time-scale due to ergodicity. This 
‘experiment ilustrates changes of environment as the observed molecule diffuses and rotates through the polymer mesh, changes that 
are hidden in ensemble measurements. (c) Values off as a function of photochemical survival time in PMA at T, +5 K. Adapted from 
Daschenes L and Vanden Bout DA (2001) Singla-molecule studies of heterogeneous dynamics in polymer melts near the glass 


transition. Science 292: 255-258. Copyright 2001, The American Association for the Advancement of Science. 


complexes formed by association of a few of these 
molecules. 

‘To simplify the task, some biological molecules are 
intrinsically fluorescent in their active state, as the 
cholesterol oxidase (COx) enzyme of Brevibacterium 
sp., an enzyme that catalyzes the oxidation of 
cholesterol by oxygen. As a result, it is relatively 
easy to study the dynamics of this enzyme at the 
single-molecule level using a confocal setup with 
enzymes immobilized in an agarose gel (Figure 11). 
The intervals during which the enzyme is active 
Con’ state) are followed by 
inactive (‘off states). The fluorescence recording of a 
single enzyme thus appears as a ‘blinking’ time trace, 
as shown in Figure 11b. Relevant kinetic parameters 


tervals during which it is 


can be extracted from the distribution of ‘on’ and ‘off? 
times. Apart from the usual heterogeneity between 


enzymes of the same batch characterized by different 
kinetic parameters for the catalysis reaction, this 
experiment reveals a dynamic heterogeneity, which 
shows up for each individually studied enzyme as a 
tendency for short ‘on’ times to follow short ‘on’ 
times, and for long ‘on’ times to follow long ‘on’ times 
(Figure 1c). This variable behavior of a single 
enzyme is reminiscent of the variable rotational 
dynamics of Rhodamine 6G molecules in a polymer 
matrix (see the previous section), and can be studied 
only thanks to single-molecule techniques. 

Not all biological molecules can be studied in such 
a convenient way using their intrinsic fluorescence. 
Several labeling schemes are currently available, 
which allow quantitative, site-specific labeling of 
proteins, nucleic acid or lipid molecules with few 
biochemical side effects. 
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Figure 11 Single-enzyme dynamics. (a) Fluorescence image of single CO, molecules immobilized in a 10-ym-thick fim of agarose 
gol of 99% pH 7.4 buffer solution (8 um x8 ym, 4 min scan, 500 nWW excitation at 442:nm). The emission is from the fluorescent 
active site, FAD, which is tightly bound to the center of CO,. Each individual peak is atibuted to a single CO, molecule. The intensity 
variation between the molecules is due to differnt vertical positions in the excitation volume. (b) Real-time observation of enzymatic 
tumovers af a single CO, molecule catalyzing oxidation of cholesterol molecules. This panel shows a portion of an emission intensity 
trajectory recorded in 13.1 ms per channel. The trajectory was recorded with a cholesterol concentration of 0.2 mM and saturated 
‘oxygen concentration of 0.25 mM. The emission exhibits stochastic blinking behavior as the flavin adenine dinucleotide (FAD), the 
CO, fluorescent active site toggles between oxidized (fluorescent) and reduced (nonfluarescent) states, each on-off cycle 
corresponding to an enzymatic tumaver. More than 500 on-off cycles are recorded in this trajectory. (c) The 2D conditional 
probabilty distibution for on-times (x and y) of two adjacent turnovers as derived from the trajectories of 33 CO, molecules with 2 mit 
S:pregene-36-20a diol substrate, a derivative of cholesterol. The scales of the x- and y-axes are from 0 to 1's. A subtle diagonal 
‘feature is present, indicative of a memory effect. (d) The 2D conditional histogram for twa on-times separated by 10 turnovers for the 
CO, molecules in (). The diagonal feature vanishes because the twa on-times become independent of each other at the 10-turnavar 
separation. The color code in (c) and (4) represents the occurrence (z-axis from 960 (red) to 0 (purple). Adapted from Lu HP, Xun L 
and Xie XS (1998) Single-molecule enzymatic dynamics. Science 282: 1877-1882. Copyright 1998, The American Association for 
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An example of this versatility has been provided 
by the labeling of the central part of a rotary 
protein, F,-ATPase. In this experiment (not shown), 
the molecular rotor was labeled with a single 
fluorophore whose orientation, detected by emission 
polarization measurements, directly reported the 
angle of the rotor with respect to the shaft. The 
small size of the fluorophore guaranteed that 
the protein motion would not be hindered, 
contrary to previous experiments, which used much 
larger reporters (micron-size latex beads or fluor- 
escent actin filaments). This experiment reproduced 
the previous results, showing that the rotor 
performed 120° steps (recent work hints at substeps 
of 90° and 30°). 

One of the most promising domains where SMS 
can be of great importance is the study of protein 
folding. Doubly labeled proteins can be monitored 
as they undergo conformational changes, taking 


advantage of the distance dependence of fluorescence 
energy transfer (demonstrated for a model DNA 
system in the section on FRET, Figure 9). 

Figure 12 shows one of many examples of such a 
study, performed on diffusing molecules in solution, a 
configuration that suppresses uncontrolled effects of 
nearby surfaces. The enzyme chymotrypsin inhibitor 
2 (C12) is a model system for protein folding, believed 
to have two clearly distinct folding states, which can 
be controlled by the concentration of denaturant 
guanidinium chloride. Using single-pair FRET 
(spFRET) techniques, it is possible to sort out the 
proportion of folded and unfolded molecules present 
at different denaturant concentration (Figure 12b). 
‘These measurements yield the same titration curve as 
obtained by ensemble measurements (Figure 12b) and 
can give access, under some simplifying assumptions, 
to the energy landscape of the folding reaction. 
‘The additional information provided by spFRET is 
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Figure 12 Protein folding. (a) Energy landscape for a protein folding reaction represented asa cartoon ofthe free energy as a function 
of distance rbetween donor and acceptor. The rugged energy landscape has a funnel shape wit three extrema: U (unfolded state), 
| (intermesiate state) and N (folded or native state). n his labeling scheme, donor and acceptor are close to one another in the native, 
folded state (N), resulting n a high FRET efficiency. There is reduced energy transfer (larger distance) in the denatured, unfolded state 
(U). (e) Single-molacule protein folding data. Single-pair FRET (spFRET) histograms of the pseudo-wild type enzyme chymotrypsin 
inhibitor 2 (PWT Ci2) at 3, 4, and 6M denaturant (guanidinium chloride). The FRET efficiency exhibits two peaks, one for folded 
‘molecules (high FRET) and one for unfolded molecules (ow FRET). Population is transferred from folded to unfolded at higher 
donaturant concentration, as expected from the protein labeling schematically depicted in (a). (c) Ensemble and single molecule 
donaturation curves for PWT and K17G mutant Ci2. Symbols correspond to dala; lines showing sigmoidal fits. PWT C2: ensemble 
tryptophan fluorescence experiment (circles), ensemble FRET (squares), spFRET (diamonds); K17G mutant Cl2 spFRET (triangles) 
(@) Free energy functions for PWT Ci2 at3, 4, and 6M denaturant. The sold lines represent a smoothing ofthe data and are only meant 
to guide the eye. (a) Adapted from Weiss S (2000) Measuring conformational dynamics of biomolecules by single-molecule 
fluorescence spectroscopy. Nature Structural Biology 7: 724729. Copyright 2000, Nature Structural Biology. (b)=(d) Adapted from 
Deniz AA, Laurence TA, Boligere GS, et a. (2000) Single-molecule protein folding: difusion fluorescence resonance energy transfer 
studies of the denaturation of chymotrypsin inhibitor 2. Proceedings of the National Academy of Sciences USA 97: 5179-5184. 
Copyright 2000, The National Academy of Sciences. 


the number of molecules in the two different states, 
providing direct evidence of the two-states model 
hypothesized from ensemble measurements. 

Other biological systems have been addressed using. 
the spFRET approach. Intramolecular spFRET (used 


in the C12 study) allows monitoring conformational 
changes, whereas by labeling two different molecules, 
intermolecular spFRET permits the detection of 
association and dissociation events. For instance, 
spFRET has revealed transient intermediate states in 


analog > digital patentiometer 


Figure 8-2, Control pins and the power supply 
may be omitted if the schematics just intended 
to show logical connections. Alternatively, if the 
digital potentiometer is depicted in a schematic 
where it is connected with other components 
suchas a microcontroller, multiple pinsand func- 
tions may be included, as shown in Figure 8-3. 
The pins additional to L, H, and W are explained 
below. 
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Figure 8-2. There is no single specific symbol to repre 
sent a digital patentiometer. it may be shown using an an 
log potentiometer symbol in a box with apart number, as 
‘suggested here, where power connections and additional 
pans are omitted for clanty. 
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Figure 8-3. Ifa digital potentiometer appears in a sche 
‘matic where itis connected with ather components such 
‘35.4 microcontroller, additional pins and functions may be 
Indicated. This generic representation of a digital potenti 
‘ometer shows some of the functions that can be included. 


Variants 


A dual digital potentiometer contains two com- 
plete units, while a quad contains four. Triples 


Variants 


exist but are relatively uncommon. A few chips 
contain six potentiometers. Multiple digital po- 
tentiometers in a chip can be used as the digital 
equivalent of ganged analog potentiometers, for 
simultaneous synchronized adjustment of mul- 
tiple inputs in an audio system (two channels in 
a stereo amplifier, or more in a surround-sound 
system). 


The pinouts of a sophisticated quad digital po- 
tentiometer chip are shown in Figure 8-4, Other 
quad chips have different pinouts and capabili- 
ties; there is no standardized format as there is 
with digital logic chips. In this example, the high/ 
low states of Address 0 and Address 1 select one 
of the four internal resistor ladders, numbered 0 
through 3. The Chip Select pin makes the whole 
chip either active or inactive, The Write Protect 
pin disables writing to the internal wiper mem- 
ory. The Serial Clock pin inputs a reference pulse 
stream to which the serial input data must be 
synchronized, The Hold pin pausesthe chipwhile 
data is being transmitted, allowing the data 
transmission to be resumed subsequently. The 
NC pins have no connection. 


Volatile and Nonvolatile Memory 
Any type of digital potentiometer requires mem- 
ory to store its current wiper position, and this 
memory may be volatile or nonvolatile. Nonvo- 
latile memory may be indicated in a datasheet 
by the term NV. 


A digital potentiometer with volatile memory 
will typically reset its wiper to a center-tap posi- 
tion if power is disconnected and then restored. 
A digital potentiometer with nonvolatile mem- 
ory will usually restore the most recently used 
wiper position, provided the chip is fully pow- 
ered down and then fully powered up without 
glitches inthe supply. Ifamicrocontrollerisbeing 
used to control the digital potentiometer, it can 
store the most recent resistance value in its own 
nonvolatile memory, in which case the type of 
memory in the potentiometer becomes 
irrelevant. 
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Figure 13. Single-photon source at room temperature. (a) 
‘Antibunching measurement setup. The basic elements are 
Similar to those of a lifetime measurement setup (Figure 7a) 
{except that the emitted fitered signal (BP: bandpass fiter is spit 
in two with a 50/50 beamsplitter (BS). Two avalanche 
Photodiodes (APD) detect the arival of photons. One APD 
pulse is used as the stat signal fora ime-to-amplitude converter 
(TAC), which is stopped by the pulse coming from the second 
APD. Since the TAC response time is finite, it cannot detect 
simultaneously arriving pulses. A dolay time 6 is thus added to 
the stop signal, such that two photons impinging simultaneously 
(on the two APDs will generato pulses with a separation of 6. Ifthe 
start APD detects a photon from the previous excitation, the 
measured delay will be 160ns +8, whereas if the opposite 
happens, the delay will be 5~160ns. (b) Results of 
measurements on a terrylene molecule (upper chemical 
structure) embedded in a p-terpheny/ (lower chemical structure) 
fat room temperature. Upper panel: histogram of delay 
measurements shifted by an amount 3. The histogram 
corresponds to 120s of recording on an isolated emiting spot. 
‘The residual contral peak corresponding to coincidence of photon 
artval at APD 1 and 2 isthe result of background contamination 
Lower panel: histogram acquired over 300s on a background 
spot. In both measurements, the lasar pulse width was 35 ps, 
‘each pulse being separated by 160 ns. The lifetime of terrylone is. 
measured to be 3.8 ns, which sets the width of the observed 
peaks. Excitation is performed at 532nm. (b): Adapted with 
permission from Lounis B and Moemer WE (2000) Single photons 
‘on damand fram a single molecule at room temperature. Nature 
407: 491493. Copyright 2000, Nature Publishing Group. 


the Tetrahymena ribozyme, which had remained 
unnoticed in ensemble studies 


Quantum Optics 


Low-temperature spectroscopic studies of single 
molecules have turned into a benchmark for testing 
predictions of quantum mechanics. In particular, one 
effect expected for a single quantum emitter is the 
absence of simultaneous emission of two photons: a 
fluorescent system which is excited at time fy has to 
emit a photon before it can return to the ground state, 
and be re-excited ata later time f). In conditions where 
the excitation takes place immediately as the electron 
returns to the ground state, the time difference ty ~ ty 
is of the order of the excited state lifetime, of the order 
of a few nanoseconds. This antibunching phenom- 
enon was first observed in atoms and ions, and rapidly 
confirmed by low-temperature SMS. This observation 
is possible either using continuous wave or using 
pulsed excitation. In fact, nothing prevents this effect 
from occurring at room temperature, as demonstrated 
in Figure 13 for pulsed excitation in which excitation 
photons are provided as well-separated bunches of a 
few hundred femtoseconds duration. 

In this experiment, a system originally used at low 
temperature (terrylene in a crystal of p-terphenyl) is 
excited with a repetition rate of 6.25 MHz. The fluo- 
rescence emitted by a single molecule is detected in a 
confocal setup, split in two and directed to two dif- 
ferent detectors (Figure 13a). In this way, the time 
interval between each pair of photons detected by the 
two detectors can be precisely measured and histo- 
grammed, The result of this time-correlated single- 
photon counting approach is the absence of 
coincidence of two photons (Figure 13b), besides the 
residual counts due to background contamination. 

Since the quantum efficiency of this system is high, 
the experimental setup can be seen as a periodic 
single-photon source, with an extremely low prob- 
ability for the simultaneous emission of two photons. 
This is precisely the kind of device that is needed for 
quantum cryptography, in which information 
encoded in the polarization of a beam should not be 
sensitive to a *beamsplitter’ attack. Future efforts will 
undoubtedly build on such ‘turnstile’ photon sources 
to mo 


e¢ forward into optical quantum computing 
applications. 


Perspectives 


SMS isa mature discipline, which will certainly prove 
to be most useful in domains beyond those previously 
mentioned. Its relative ease of implementation will 
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certainly attract more scientists of other disciplines to 
this methodology, each of them having specific goals 
in mind that are difficult to foresee. The principal 
advantages of SMS outlined at the beginning of this 
article will remain, but improvements, especially 
towards simultaneous acquisition of all the fluor- 
escence parameters described earlier are promising. 
New detectors will permit the combination of the 
high time resolution of single-photon counting 
devices with the large field of view and spectral 
resolution allowed by two-dimensional detectors. 
SMS will be associated with single molecule manipu- 


lation techniques, to correlate applied forces and 
molecular conformations. New ways of controlling 
local fields (electric, magnetic, or others) would take 
advantage of the non-invasiveness, high-temporal 
and spatial resolution of SMS to get a dire 
of events at the nanometer scale. Undoubtedly, 
SMS will be a major tool in the future of 
nanotechnology. 


List of Units and Nomenclature 


A Angstrm 

em? square centimeter 

fl femtoliter 

K kelvin 

ms millisecond 

MHz megahertz 

aw microwatt 

nm nanometer 

APD Avalanche photodiode 


DNA Deoxyribonucleic acid 

FRET Fluorescence resonance energy transfer 
NA Numerical aperture 

PMMA —_Polymethylmethacrylate 

SERS Surface-enhanced Raman scattering 
SMS Single-molecule spectroscopy 

SNR, Signal-to-noise ratio 

SNE Signal-to-background ratio 


TIR Total internal reflection 
ZPL Zero phonon line 
See also 


Scattering: Raman Scattering 
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Introduction 


‘Terahertz (THz) radiation is usually referred to as an 
electromagnetic wave with frequencies ranging from 
1 to a few terahertz (1 THz= 10" Hz). In the 
electromagnetic spectrum, terahertz radiation lies 
hetween the infrared and microwave, as shown in 
Figure 1. The techniques for generation and detection 
of THz radiation bridge photonics and electronics in 
the sense of the concepts and the techniques discussed 
below. 

Physical quantities corresponding to 1 THz are 
listed as follows; 


# Frequency, 1 THz 
© Wavelength, 300 um 


s of Semiconductor Heterostructures 


© Wavenumber, 33 cm! 
© Energy, 4.1 meV 
# Temperature, 48 K 


In this spectral region, there exist many rich 
physical, chemical, and biological phenomena. For 
example, many phonon resonance and other elemen- 
tary excitations in condensed matter fall in this 
region; many molecular vibrations and_ rotations 
occur at THz frequency; conformation-related col- 
lective vibrational modes in macromolecules, 
especially in hio-molecules such as proteins and 
DNA, also lie in THz frequency, However, the 
development of TH technique lags far behind that 
of photonics and electronics, due to lack of feasible, 
reliable, and economic coherent THz sources. The 
situation has been rapidly changing since the 1990s. 
Benefiting from advanced material science and the 
ultrafast laser techniques, various coherent THz 
sources are being developed and commercialization 
is soon to follow. We will introduce these coherent 
THz sources and their main features, and discuss 
their generation mechanisms. More details can be 
found in the listed books and articles in the Further 
Reading section at the end of this article, 
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Figure 1 The electromagnetic spactrum with THe radiation siting between the microwave and the infrared. 
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Coherent THz Radiation 


When a time varying polarization, P(r), is generated 
in a medium and oscillates at THz frequency, it will 
radiate a THz wave, E(t), according to Maxwell’s 
equation: 


Vx V XE) + i) 


VX PX E(w) E(w) = ooo) [21 


in frequency domain, for a monochromatic wave or a 
Fourier component of a wave with a finite bandwidth. 
The properties of THz radiation are determined by 
the polarization source P(r,t). Incoherent THz sources 
exist in blackbody radiation, and are also detected in 
astronomy observations. If the phase evolution of the 
THz wave keeps in step, both spatially and tem- 
porally, it is called coherent radiation. A coherent 
TH source is more powerful and useful in spec- 
troscopy, material characterization, imaging, and 
many other applications. It is clear that a coherent 
polarization source is first required for generation of a 
coherent THz wave. In practice, the working media 
for THz emitting can be free electrons, quasi-free 
electrons in solids, or bound electrons and other 
charge oscillations, such as plasmon oscillation, 
lattice vibration, etc. Classified by the excitation 
properties, the emitting process can be of resonance 
or nonresonance. Coherent polarization sources with 
different features can be created using various 
excitation techniques under different principles 
and device configurations, which lead to different 
coherent THz sources. Here we focus on coherent 
TH sources, primarily based on photonic tech- 
niques, and working in the spectral range from 
1 THz to a few THz. 


Gas THz Laser 


Molecules have many rotational and vibrational 
energy levels spaced at THz frequency. For polar 
molecules, the radiative transition between these 
levels can radiate THz wave. Following the standard 
laser technology, molecules pumped either optically 
or electronically can be used as laser gain media for 
coherent THz wave generation, For THz gas lasers, 
the very low THz photon energy poses a problem 
for lasing, because the coherent radiative transition 
can be disrupted by thermal depopulation and 
dephasing. An effective population inversion is 
difficult to set up and maintain, Therefore, it is 


important to carefully choose working medium and 
energy levels, as well as the way to excite the 
molecules. A number of media has been used for 


TH laser, such as methanol and HCN vapor, 
working in both continuous wave (CW) and pulsed 
modes. For example, methanol lasers operate under 
excitation of the rocking and asymmetric defor- 
mation modes of methanol excited by a CO. 
infrared laser. HCN laser is pumped electrically, 
which needs a large voltage and current to excite the 
molecules, a long cavity to obtain sufficient gain, and 
dedicated control of the temperature in the cavity for 
stable operation. 

In general, THz gas lasers can be tuned discretely in 
thousands of lasing lines, ranging from a few tens toa 
few hundreds of micrometers, with power output 
from jW to mW. THz gas lasers have existed since 
the early 1970s, and are the only commercialized 
THz lasers to date. They are still subject to develop- 
ment, for less bulky volume, enhanced tunability and 
efficiency, and reduced costs. 


Free Electron THz Laser 


A free electron laser (FEL) uses free electrons as 
working medium, rather than bound atomic or 
molecular states in a conventional laser. A typical 
FEL consists of three parts: (i) an electron source 
that generates an electron beam with high current; 
(ii) an accelerator to raise the electron energy; and 
(iii) a lasing cavity. After the electron beam is gener- 
ated, electrons are first accelerated to a relativistic 
velocity, typically with energy of hundreds of MeV, 
and then enter the cavity consisting of end mirrors 
and a spatially periodic magnets array called a 
wiggler (Figure 2), Due to the Lorentzean force 
imposed by the periodic magnetic field, the high- 
energy electrons move in the cavity along a sinusoidal 
path, and emit coherent radiation with a wavelength 
determined by the spacing between magnets and the 
electron velocity, as well as the magnetic induction. 
With the feedback provided by the cavity mirrors, 
electrons are accelerated or decelerated continuously 
by the optical field, and are bunched via the resonant 
interaction. The collective motion of the electron 
bunches radiates powerful coherent synchrotron 
radiation, In a standard configuration, the wave- 
length of the radiation can be expressed as: 


A 2 
Salt + KABA] BI 
~ 


where A is the spatial period of the wiggler magnets, y 
the Lorentz factor of the electron beam, By the peak 
magnetic induction, and & a constant, With a suitable 
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Figure 2 A schematic of THz generation in a free electron laser. 


arrangement of the magnet array, as well as other 
related factors, the facility can work in THz spectral 
region. 

‘An FEL generates tunable, coherent, high-power 
THz radiation. It is the most powerful coherent 
source of THz radiation available. Up to 50 W of 
average THz power has been generated in the 
Jefferson Lab recently. The free electron THz laser 
is becoming an important tools for studying THz 
radiation and its interactions with condensed matter 
and biological materials. On the other hand, the FEL 
is a complicated and expensive facility, and needs 
dedicated maintenance. 


Semiconductor THz Laser 


In the twentieth century, semiconductor devices have 
achieved tremendous success, both in electronic and 
photonic regime, such as transistors and diode lasers. 
The semiconductor industry has resulted in revolu- 
tionary changes to our world and everyday life. To fill 
the THz gap between electronics and photonics, great 
efforts have been made to meet the demand in 
compact, economic, tunable, and highly efficient 
THz sources. Encouraging advances have been 
made since we stepped into the new millennium. 

In a semiconductor quantum well, the energy 
difference between a pair of sublevels can be 
artificially designed at THz frequency. As early as 
1971, the concept of far infrared lasers based on 
intersub-band transition in semiconductor superlat- 
tices was proposed. Although the sublevels can be 
populated by electrical or optical pumping, the low 
photon energy at THz frequency causes serious 
difficulties for lasing, because the two levels sit so 
close to each other that many thermal processes could 
destroy the population inversion. Various designs and 
configurations have been proposed to tackle the 
problem. An attractive idea is so-called quantum 
cascade heterostructure. In this kind of device, the 
electrons are injected into a series of coupled 
quantum wells electrically. When the electrons are 


nang 
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Wiggler (magnet array) 


Output mirror 


‘THz output 


driven by the biased voltage, they can make radiative 
transition between a pair of sub-bands in a well. 
Subsequently, electrons enter the next well through 
resonant tunneling, and so on. However, this kind of 
device needs the materials of very high quality and 
suffers severely from fast depopulation of the excited 
states, even at very low temperatures. 

As the advance in material science and unremitting 
efforts in pursuing the dedicated design of the device 
structures continued, the real breakthrough came 
in 2001, when Kohler et al. at Pisa demonstrated 
THz lasing in a quantum cascade heterostructure. 
Many improvements have been made since then; for 
example, the idea of using phonon resonance to 
selectively deplete the population of the lower sub- 
band has been successful, so that much stabler and 
robuster population inversion can be set up. The 
operation temperature has been raised to 136 K, well 
above the liquid nitrogen temperature, which opens 
the way for semiconductor THz lasers stepping into 
many more daily applications. These semiconductor 
devices are pumped with low voltages and currents 
at mA levels, and generate narrow bandwidth 
radiation with mW output at a frequency of a few 
THz. It is also probable that a fourlevel lasing 
system could even working at room temperature, 

Another promising device is the p-germanium (Ge) 
laser developed recently. The Ge laser operates 
through the electrical excitation of hot holes in 
p-doped Ge. The laser cavity is formed by polishing 
the surfaces of the Ge crystal. These lasers could run 
at 5% duty cycles, with several mW output power. 
‘The output wavelength can be continuously tuned 
from 1 to 4 THz. At the moment, the devices have to 
operate at 20-30 K and consume about 10-20 W for 
refrigeration 

It is safe to predict that the feasibility, low cost, and 
compact semiconductor THz laser will emerge in the 
near futur 

Beside the THz lasers, coherent THz radiation can 
also be generated by coherently exciting suitable 
media in other ways. Since the mid-1990s, the 
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development of ultrafast laser techniques has led to 
two important pulsed coherent THz sources, i.e., 
photoconductive antenna and optical rectification 
THs sources. A unique feature of the pulsed coherent 
sources is broad bandwidth, which is useful in 
spectroscopic applications. Figure 3 is a typical 
setup for pulsed THz generation and spectroscopic 
study, using photoconductive antenna or optical 
rectification as THz source 


THz Photoconductive Antenna (PCA) 


Different from a conventional antenna working in 
radio and microwave frequency that are driven 
directly by electrical current, a photoconductive 
antenna for THz wave generation works with 
ultrafast pulsed lasers. When the photoconductive 
gap is irradiated by an ultrafast laser pulse, photo- 
carriers are generated in the semiconductor. These 
photocarriers are driven by a DC voltage bias and 
form a current transient. The antenna couples the 
electromagnetic field associated with the time varying 
current into free space, and produces a THz pulse. 
The THz pulse usually has a duration of a few 
picoseconds, with a broad frequency bandwidth 
centered at THz frequency. The output THz power 
scales with both the optical pulse power and the DC 
bias field: 


l41 


The output power, frequency bandwidth, and 
polarization of the THz radiation depend on the 
photoconductive features of the semiconductor layer 
and the geometric structure of the antenna. For an 
optimal performance, the substrate should have a 


L 


A 


suitable bandgap for optical interband excitation, a 
high electron mobility and short carrier lifetime to 
support an ultrafast current transient, and high 
dielectric breakdown threshold and to sustain high 
bias voltage. High-power PCAs have been demon- 
strated with semi-insulating GaAs, ion-implanted 
GaAs, and In-GaAs, In the aspects of antenna 
structures, coplanar strip lines and large aperture 
emitters are the most effective. Average output power 
from a good system can reach 30-40 wW. 

A broad bandwidth is a special characteristic of a 
TH source, which is particularly desirable in the 
spectroscopic study as a coherent probe source. 
From the property of Fourier transform, we know 
that the shorter the THz pulse duration, the broader 
the spectral band, PCAs made of GaAs typically have 
a useful bandwidth extending from ~100 GHz to 
3 THz, which can be extended to 4 THz by tuning the 
pumping laser wavelength close to the bandedge. Up 
to 6 THz bandwidths have been reported for PCAs, 
The pulse duration and, therefore the achievable 
bandwidth, are ultimately limited by carrier mobility 
and TO phonon resonant absorption which is around 
8.3 THz in GaAs, 

In many applications, THz radiation is coupled to 
free space from the antenna using a closely attached 
silicon hemispherical lens. This practice increases 
the system’s output and also provides control of the 
radiation pattern, The radiation pattern for the 
common dipole antenna is essentially dipolar, with 
a weak quadrupole component perpendicular to 
the bias field. In the far-field, the THz beam has a 
Gaussian cross-section with high-frequency compo- 
nents concentrated in the center. 

As the first practical pulsed coherent THz source, 
PCA has been widely used for many applications in 
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Figure 3 Atypical sotup for broadband pulsed THz generation and spectroscopic study with a femtosecond laser as excitation source. 
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scientific research and material characterization. 
Combined with commercial ultrafast optical fiber 
lasers, full functional and self-contained THz spe 
troscopy systems with PCAs as emitters, have been 
demonstrated and are under commercialization. 


Optical Re 
Optical rectification is a second-order nonlinear 
optical effect originating from susceptibility y"”!, and 


was first observed in 1962 using two intense mono- 
chromatic nanosecond laser pulses. In this process, 
the interaction between laser and nonlinear optical 
cxystal produces a frequency difference polarization: 


PO) = XE, )E(— 0) 15] 


When a nonlinear optical crystal is irradiated by 
an ultrafast laser pulse, the different frequency 
components in the laser pulse will be coupled with 
each other by y'?), to induce frequency difference 
polarizations as: 


PQQ) =X" ~ o2 = DE()E—e2) [6] 
A femtosecond laser pulse usually has a. spectral 
linewidth of at least few nm, the induced polarization 
P(Q) has a finite frequency distribution centered at 
THz frequency in the far field, and results in THz 
radiation Eqy, © @2P(O/ae 

THz radiation in free space by optical rectification 
was obtained in the carly 1990s. One of the 
differences from a PCA device is that the THz output 
by optical rectification scales with both the optical 
pulse power and the DC bias field, while the THz 
radiation generated by optical rectification solely 
results from the incident laser. The optimal perform- 
ance depends on several factors. The generation 
efficiency first depends on the magnitude of they? 
and phase-matching condition between the optical 
and THz pulses. The effective magnitude of they” 
coefficient varies with the crystal cut and orientation. 
Up to now, the most popular material is ZnTe, for its 
physical durability and excellent phase matching, 
when a Ti:sapphire femtosecond laser is used as the 
excitation source. With a moderately focused optical 
pump beam and a ZnTe crystal, nW T-ray average 
power can be generated by optical rectification. In 
general, the generation efficiency may he increased by 
increasing the laser power, but there are two factors 
limiting the effect. First, the incident laser_ power 
cannot exceed the damage threshold. Second, other 
second-order nonlinear processes may compete with 
the optical rectification, such as second-harmonic 
generation of the pump beam at high optical flux. 


For THz radiation generated by optical rectifica- 
tion, the ultimate bandwidth is primarily determined 
only by the linewidth of the pump laser pulse. 
Because it is a nonresonance process in most cases, 
optical rectification can reach broader bandwidths 
than PCA. Using ultrashort optical pulses and thin 
nonlinear crystal, THz pulses have been generated 
with spectra extending to the mid-infrared, well 
beyond the phonon band of the matei 
photoconductive antenna, optical rectification has 
become a popular technique to generate coherent 
broadband THz radiation in various applications. 
Beside the conventional bulk inorganic crystals, 
many different media have been used for THz 
generation, such as organic crystal DAST, biased 
quantum wells, periodically poled LiNbO3 (PPLN), 
poled polymers, super-conducting thin films, etc. 


Other Coherent THz Sources 


When two light sources with slightly different 
wavelengths interact together with a nonlinear 
optical crystal, a beating polarization will be gener- 
ated and will radiate a THz wave. It is called 
difference frequency generation, or three-wave mix- 
ing. Optical parametric processing is another way to 
generate a THz wave. In this process, a near-infrared 
pump beam generates a second NIR idler beam in a 
nonlinear crystal, and THz radiation can be gener- 
ated from the beating of the pump and the idler. The 
merit of this technique is the continuous frequency 
tunability of the THz output, which is valuable in 
spectroscopic applications, and relatively cheaper 
nanosecond lasers can be used. If the nonlinear 
crystal is further placed in a cavity and the idler 
beam is amplified by feedback from end mirrors, 
a THz optical parametric oscillator is formed. A 
number of improvements have been made since the 
mid-1990s with this kind of device. More recently, 
THz parametric generation with an injection seeded 
idler beam has shown a reduced linewidth (Aviv ~ 
10-4) and a peak THz power of over 100 mW for 
3.4 ns pulses. A narrow linewidth combined with 
reasonable tunability make this kind of THz source 
attractive in spectroscopic studi 

Besides using photonic techniques, coherent THz 
radiation can also be generated by electronic tech- 
niques through increasing the output frequency of the 
microwave devices. For example, an electrically 
driven microwave generator, backward wave oscil- 
lator, can generate CW THz radiation up to 2 THz. 
A backward wave oscillator, running under optimal 
conditions, can provide up to 300 mW of polarized, 
narrowband radiation with a limited tunability about 
30% of its central frequency. 
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Introduction 


The terahertz (THz) regime of the electromagnetic 
spectrum holds promise for a large number of 
important applications in areas like environmental 
sensing, quality control, medicine, military appli- 
cations, astronomy, etc. The development of THz 
devices has been mainly hindered by the lack of 
compact sources. In this article we overview the 
types of tabletop semiconductor sources that are 
available right now. We focus on the use of 
pulsed THz sources that are optically excited by 
femtosecond laser pulses. The generated bursts of 
THz radiation are extremely useful for time- 
resolved THz spectroscopy of semiconductor 
heterostructures, 


THz Generation from Semiconductors 


The first freely propagating THz pulses using 
femtosecond lasers were generated in 1984 when 
Auston et al. fabricated a Hertzian dipole antenna. It 
mainly consists of an electrically biased transmission 
line structure mounted on a semiconductor, ie. a 
photoconductive switch that is triggered by a 
femtosecond laser pulse (Figure 1). The generated 
transient photocurrent /(t) emits radiation according 
to E(t) oc aj(#yat. Since 1989, sapphire half-spheres 


or refractive silicon lenses have been attached to 
these dipole antennas, which made it possible to 
produce collimated THz beams for use in everyday 
spectroscopic experiments. Today generation and 
detection of THz radiation by semiconductor 
photoconductive antennas is widely used. However, 
most of the antennas are limited to the low- 
frequency regime of the THs spectrum since they 
usually have a high-frequency cutoff of about 
1-2 THe. 

THz generation from semiconductor surfaces was 
introduced by Zhang in 1990. There are three 
different physical mechanisms that are responsible 
for the surface emission of THz radiation, One is 
the transient current, ic., the acceleration of photo- 
generated carriers in the semiconductor surface 
electric field. This process is accompanied by field 
induced optical rectification which is often called 
instantaneous polarization, where the electron-hole 
pairs are polarized in the de electric field. Finally, 
bulk optical rectification as a source of THz radiation 
can be observed in noncentrosymmetric crystals. 

The surface emission intensity can be enhanced by 
using an externally applied electric field instead of the 
intrinsic electric field, Until recently, the use of laser 
amplifiers that optically pump these so-called large- 
aperture antennas has led to the brightest ultrafast 
tabletop THz emitters. 

Recently, Sarukura and co-workers found that the 
application of a magnetic field dramatically increases 
the THz emission from bulk InAs. This led to a 
re-examination of Zhang’s work, in which he reported 
the magnetic field enhancement in bulk GaAs, 
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Figure 1 Photoconducting dipole antenna. Reproduced with 
permission from Gornik E and Kersting R (2001) Coherent 
‘THz emission in semiconductors. In: Tsen KT (ed.) Ultrafast 
Physical Processes in Semiconductors, vol. 25, pp. 396. 
Naw York: Academic Press. 


and to a large number of studies of different types of 
other semiconductors in various magnetic field 
geometries. Currently, there is no unified model of 
the enhancement mechanism(s). 

The use of a semiconductor heterostructure by 
Roskos et al. in 1992 (a coupled double quantum 
well) marked the advent of a new class of semiconduc- 
tor THzemittersthat can be deliberately designed using 
bandgap engineering. In these devices the quantum 
nature of electrons in coupled potential wells is used 
to generate electron wavepackets that tunnel back and 
forth between different potential wells (Figure 2). The 
coherent charge oscillation is triggered by a femto- 
second laser pulse that hasa spectral width thatis larger 
than the separation between the quantized statesin the 
well. Inthis way a coherent superposition of these levels 
iscreated. THzemission from these quantum beats has 
also been observed from charge oscillations due to light 
and heavy hole excitons in a quantum well by Planken 
and co-workers. The concept of quantum beats can 
even he transferred to the high-THz regime (tens of 
THz) which was successfully demonstrated by Bonva- 
Jetand co-workers. By usingan InAsstep quantum well 
they generated THz radiationata frequency of 30 THz. 

Bloch oscillations, one of the fundamental concepts 
of solid state physics, were predicted in 1934 by 
Zener. He stated that electrons in a periodic potential 
under an applied electric field should perform 
oscillations. Using a quantum mechanical picture, 
Bloch oscillations can be described as a quantum beat 
of Wannier—Stark states and in 1993 Waschke et al. 
detected THz emission from these oscillations. 


Figure 2. Schematic band diagram of an asymmetric double 
quantum well structure. A short laser pulse with a spectral 
width larger than the intersub-band spitting can excite an 
electronic wavepacket which tunnels back and forth between 
both wolls. Reproduced with permission from Roskos H, Nuss M, 
Shah J, Leo K, Miler D, Fox A, Schmit-Rink S and Kohler K 
(1992) ‘Coherent submilimeter-wave emission from charge 
oscilations in a double-well potential. Physical Reviow Letiars 
668: 2216. Copyright (1992) by the American Physical Society. 


‘These heterostructure THz sources are inherently 
frequency tunable since the energy level spacing can 
be altered by an applied electric field that tilts the 
quantum wells. The Bloch frequency is given by: 
eFd 
adh = a 


where F is the applied electric field and d is the 
superlattice period. Unfortunately, these devices 
suffer from their low emission power. 

‘An alternative concept is the use of collective 
excitations in semiconductor bulk material or hetero- 
structures. Dekorsy and co-workers showed in 1995 
that coherent phonons emit THz radiation when 
excited by femtosecond laser pulses. In the same year 
Sha and co-workers studied the absorption changes 
within an electrically biased GaAs p-i-n structure and 
found distinct oscillations which they ascribed to 
another collective phenomenon, namely coherent 
plasma oscillations of the photogenerated carriers 
(Figure 3). This explanation was supported by the 
square-root dependence of the observed frequencies 
on the photogenerated carrier density which is 
predicted by a simple oscillator model: 


rea 


#1 Beam 
where m is the carrier density, ¢ the dielectric constant, 
and mi” the effective mass of the carriers. Fischler and 
co-workers confirmed this finding and in particular 
investigated the damping behavior of the plasmons. 
In 1997, Kersting et al. detected THz radiation from 
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Figure 4 (a) THz autocorrelation traces for three diferent doping densities; (b) THz spectra; lines denote the frequencies calculated 
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these p-i-n structures and identified heating of the 
photogenerated carriers as the origin for the strong 
damping of the plasma oscillations resulting in a low 
emission intensity. 

This problem can be circumvented by using 
coherent plasma oscillations of extrinsic charge 
carriers. These electrons are cold compared to the 
photo-excited carriers and should undergo less 
scattering. Kersting ef al. showed that THz pulses 
are indeed emitted from coherent three-dimensional 
(3D) plasma oscillations in n-doped GaAs epilayers. 
The THz pulses are temporally and spatially coherent 
with intensities up to 100 nW. 

Figure 4 shows the THz emission from three GaAs 
epilayer samples which have heen doped with den- 
sities 1.910", 1.7% 10", and 1.1 10"? cm™>, 


The curves are recorded using an autocorrelation 
technique: 13 nJ, 100 fs laser pulses at a repetition rate 
of 80 MHz and a central wavelength of 800 nm are 
split into two pulses with a Michelson interferometer. 
Every visible pulse generates a THz pulse in the 
transmission or pseudo-reflection direction. After 
collimating and focusing of the THz radiation by 
parabolic mirrors, the interference of the two THz 
pulses can be recorded by changing the time delay 
between the visible pulses (Figure 5). Assuming 
negligible nonlinear interactions between the two 


excitation processes, the linear autocorrelation func- 
tion can be recorded. The spectrum is calculated by 
simply Fourier transforming (Figure 4b). The experi- 
ments are performed at room temperature, and the 
whole setup is purged with dry nitrogen gas to prevent 


Variants 


Quad Digital Potentiometer 


{On Semiconductor CATS254) 


Figure 8-4. Pinouts of a sophisticated quad digital poten 
tiometer chip. Other chips wil have cifferent pinouts and 
copabilties. This example Is available in surface-mount 
formats only. See text for details 


Taper 
Digital potentiometers are available with linear 
taper or logarithmic taper. In the former, each re- 
sistor in the ladder has the same value. In the lat- 
ter, values are chosen so that the cumulative re- 
sistance between the wiper and the L end of the 
ladder increases geometrically as the wiper steps 
toward the H end of the ladder. This is useful in 
audio applications where sound intensity that 
increases exponentially may seem to increase 
linearly when perceived by the human ear. 


‘A microcontroller can emulate logarithmic steps 
by skipping some taps in the ladder in a digital 
potentiometer, but this will result in fewer incre- 
ments and lower precision. 


Data Transfer 


Digital potentiometers are mostly designed to 
use one of three serial protocols: 


+ SPI. This acronym is derived from serial pe- 
ripheralinterface, aterm trademarked by Mo- 
torola but now used generically. The stan- 


dard is adapted in various radically different 
ways among digital potentiometers. 


+ 12C. More correctly printed as PC and prop- 
erly pronounced “I squared C;" this acronym 
is derived from the term inter-integrated cir- 
cuit, Developed by Philips in the 1990s, itisa 
relatively slow-speed bus-communication 
protocol (upto 400kbps or 1Mbpsin its basic 
form). It is built into some microcontrollers. 
The standard is more uniformly and rigor- 
ously defined than SPI. 


+ Up/down, also sometimes known as push- 
button or increment/decrement protocol. 


Both SPI and I2C are supported by many micro- 
controllers, including the Atmel AVR at the heart 
of the Arduino. 


These three systems for controlling a digital po- 
tentiometer are described in more detail in the 
following sections. 


SPI 
This is the most widely used protocol, but when 


reading datasheets, a lot of care must be taken 
to determine how it ve in each case. 


The Microchip 4131-503, shown in Figure 8-5, 
Uses SPI protocol. It contains 128 resistors and 
can be powered by 1.8VDC to 5.5VDC. 


The one feature that all versions of SPI have 
common is that a series of high/low pulses is i 
terpreted by the chip asa set of bits whose value 
defines a tap point in the resistor ladder. In com- 
puter terminology, every tap point has an ad- 
dress. The incoming bits define the address, after 
which the status of an additional input pin can 
tell the chip to move the wiper to that location. 


Typically, therewill bea chip select pin, identified 
as CS;a serial data input pin, identified as SDA, SI, 
DIN, or a similar acronym; and a serial clack pin, 
identified as SCL, SCLK, or SCK, which must re- 
ceive a stream of pulses to which the high/low 
data input pulses must be synchronized. In ad- 
dition, the SPI protocol allows bidirectional (du- 
plex) serial communication. Only a minority of 
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Figure § THz autocorrelation setup. Reproduced with permission from Kersting R, Heyman J, Strasser G and Unterrainer K (1998) 
Coherent plasmons in n-doped GaAs, Physical Raviews B 58: 4553. Copyright (1998) by the American Physical Society 


water vapor absorption, Although the autocorrelation 
traces are recorded at the same optical excitation 
density of i =2X 10" cm™, the emission fre- 
quency changes significantly. In addition, the auto- 
correlation trace of the highly doped structure 
(1.1.x 10" em”) shows multiple oscillations while 
in the case of the sample with the lowest doping 
(1.9 10'S em”) the slow oscillation is damped out 
rather quickly. The frequency behavior of the three 
different samples can be analyzed from the spectra 
shown in Figure 4b. The bars indicate the frequency 
calculated with [2] and setting 1 equal to the doping 
density determined by standard Hall measurements. 
Obviously, the calculated frequencies match very well 
the experimentally determined ones. This indicates 
that the THz emission results from a collective oscilla- 
tion of the extrinsic electrons within the epilayei 
Thisis also supported by the observation that a vari 
tion of the excitation density of the photogenerated 
carriers over two orders of magnitude does not change 
the THz emission frequency. This is in clear contrast 
to the experiments with undoped semiconductors 
where the emission frequency shows a square-root 
dependence on the optically excited carrier density 
Excitation of the coherent plasma oscillation 
results from the ultrafast screening of the surface 
electric field by the femtosecond laser pulse. Before 
excitation, the doping electrons are confined between 
the surface electric field and the undoped GaAs 
substrate (Figure 6). A short laser pulse with an 
energy above the bandgap of the semiconductor 
generates electron-hole pairs that screen this surface 
electric field for a short time. The doping electrons 
inside the material respond to the change in potential 
at the surface of the sample leading to the oscillation 
behavior. A detailed model calculation of the 
excitation mechanism can be found in Kersting et al. 
(1998). The oscillation frequency — the eigenfre- 
quency of the electron system — is simply the plasma 
frequency given by the simple formula [2]. 


ndoped GaAs 


‘Surface 


Doped layer 


Figure @ Schematic drawing of the 3D plasmon excitation. Aitor 
Korsting R, Bratschitsch R, Heyman JN and Unterrainer K (1999) 
Unpublished, 


There are two mechanisms that are responsible for 
the damping of the plasma oscillations. If the doping 
density is lower than 10" cm’ the coherence time of 
the 3D plasmon is mainly limited by optical phonon 
scattering. This can be verified by measuring the 
plasmon damping times at different temperatures and 
comparing the results with mobility data which 
show the same tendency. Since optical phonon 
scattering is suppressed at low temperatures, the 
‘TH emission intensity can be substantially increased 
by cooling the sample. In the high-doping-density 
regime >10"° cm”? the observed damping times are 
shorter than those expected due to the optical phonon 
scattering mechanism alone. This is because in this 
regime impurity scattering is the dominant scattering 
mechanism. 

One way around this problem is the use of a 
remotely doped structure. In this case the scatterers 
are not in the same region as the electrons that 
perform the plasma oscillation (Figure 7). The higher 
mobility should lead to a longer decoherence time. 
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Figure 7 Schematic drawing of a modulation-doped POW. 
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Figure 8 THz autocorrelation signal of a 1400 A POW excited 
by 780 nm laser pulses (T = 5 K). Inset: Fourier transform of the 
recorded autocorrelation. Reproduced with permission from 
Bratschitsch R, Miller T, Kersting A, Strasser G and 
Unterrainer K (2000) Coherent THz emission from optically 
pumped intersubband plasmons in parabolic quantum wells 
In: Uteatast phenomena Xil. Springer series in Chemical Physics, 
vol. 66, pp. 204. New York: Springer-Verlag, 


For this purpose Bratschitsch et al. used modulation 
doped GaAs/AIGaAs parabolic quantum wells 
(PQWs), with widths L in the range 
of 1200-2000 A and carrier sheet densities n, of 
1.7x10''-5 X10"! em™*, The electrons confined 
within the parabolic potential form a so-called 
quasi-3D electron system, Figure 8 shows the THz 
autocorrelation trace of a modulation doped PQW 
(L= 1400 A, 7, 10" cm”) excited by 780 nm 
laser pulses. The density of the optically generated 
carriers is kept well below the carrier density due to 
the modulation doping inside the PQW. 

The spectrum of the emitted THz radiation (inset of 
Figure 8) consists of two components: a broad 


background and a narrow line (FWHM: 0.3 THz) 
with a center frequency of 2.55 THz. The low- 
frequency broadband component is found for all the 
different PQW samples and is independent of the 
PQW sample structure. It can also be observed at 
room temperature while the narrowband component 
completely vanishes. The origin of the broadband 
component is due to THz generation at the surface of 
the sample. 

The THz emission at 2.55 THz can be observed 
within a wide range of excitation wavelengths (815— 
760 nm) above the $19 nm GaAs bandgap (T = 5 K). 
When varying the excitation density over one order of 
magnitude (5.6 x 10! — 6.2 x 10! em”), the emis- 
sion frequency does not change. The narrowband 
emission results from the oscillation of the carriers 
inside the PQW. The observed frequency corresponds 
to the intersub-band plasmon of the PQW. The 
expected frequency of the intersub-band plasmon is 
given by 


— 
«= oe BI 


where A is the energetic depth of the well, L is the 
well width, and m” the effective mass. For the 1400 A 
wide PQW the formula yields 2.2 THz for the 
intersubband plasmon frequency. 

The excitation mechanism for the intersub-band 
plasmon is due to screening of the surface depletion 
field by the electron-hole pairs injected by the 
ultrafast laser pulse. In this way the electrons inside 
the quantum well experience a kick and begin to 
oscillate with their eigenfrequency (Figure 9). This is 
supported by the fact that the oscillation can be 
excited over a large wavelength range of the 
femtosecond pulses. The onset of intersub-band 
plasmon emission appears at 815mm near the 
819nm GaAs bandgap (T=5K) and can be 
observed to up to 760 nm. This large range implies 
that the excitation mechanism is clearly a nonreso- 
nant phenomenon, in contrast to the THz quantum 
beat experiments. Due to ultrafast field screening, a 
symmetric nanostructure can emit optically driven 
THz radiation. 

The width of the intersub-band plasmon 
emission line is 0.3 TH (full width at half maximum; 
FWHM) for the 1400 A PQW and even 0.2 THz for 
the 2000 A PQW sample, The linewidth is a factor of 
$ smaller than the smallest linewidth measured for a 
3D plasmon emitter. The width of the intersub-band 
emission is nearly unaffected when increasing the 
excitation wavelength from near handgap to approxi- 
mately 60m above bandgap. However, it shows a 
linear dependence (5.6 x 10" ~ 6.2 x 10"! em ) on 
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Figure 9 Symbolic drawing of the excitation mechanism: 
an oscilaion of the carters in the parabolic potential is initiated 
by ultrafast field screening. Reproduced from Bratschitsch 
Maller T, Kersting, Strasser G and UnterrainerK (2000) Coherent 
terahertz emission from optically pumped intersubband plasmons 
in parabolic quantum wells. Applied Physics Lettars76: 3501, with 
permission from the American Institute of Physics. 


the number of optically excited carriers. The 
optically injected carriers are added to those from 
the modulation doping and cause a faster dephasing 
of the intersubband plasmon oscillation. This linear 
dependence due to cartier—carrier scattering has also 
heen observed in Wolter’s experiments dealing with 
the dephasing of Bloch oscillations in semiconductor 
superlattices. The linewidth stays constant up to 
about 50 K (0.33 THz = 1.36 meV) and then starts to 
broaden until the sample temperature reaches 150 K 
where the PQW emission is buried by the surface- 
generated THz emission, The broadening of the line 
hetween T = $0 K and T= 150 K can be explained 
by the onset of optical phonon scattering in addition 
to interface roughness scattering which is the 
dominant scattering mechanism at low temperatures. 
‘The onset and linear increase of the line broadening 
has also been observed with Fourier Transform 
Infrared (FTIR) absorption and THz time-domain 
cross-correlation spectroscopy measurements by 
Kersting and co-workers, 

The combination of the designability of the 
transition frequency, the narrowband emission, and 
the absence of any processing of the sample make 
modulation-doped PQWs attractive and easy-to-use 
THz emitters. 

Other THz emission experiments of heterostruc- 
tures include the optically pumped emission of THz 
radiation from grating-coupled intrasub-band (2D) 
plasmons in a doped single quantum well observed by 
Sekine and co-workers or optically excited THz 
emission from coherent plasmons in doped super- 
lattices detected by Bratschitsch and co-workers. 


Few-Cycle THz Spectroscopy of 
Semiconductor Quantum Structures 


There are a large number of studies that use few-cycle 
‘THz radiation for the investigation of semiconductor 
bulk materials. The complex index of refraction in the 
THz regime gives insight into the conductivity (i.e 
carrier mobility) of the material. The free carriers that 
change the index of refraction by Drude absorption 
can be provided either by doping (n-doped silicon or 
GaAs) or by photo-excitation. An optical pump-THz 
probe experiment with undoped GaAs reveals the 
different intervalley scattering times. 
There are compelling reasons to use THz radiation 
to excite and probe carriers in semiconductor quan- 
tum structures. The photon energies are comparable 
to the sub-band spacings, carrier kinetic energies, and 
phonon energies. In addition, THz radiation does not 
generate minority carriers so that the experiments 
directly probe free carriers rather than excitons. 
Heyman et al. investigated a modulation- 
doped GaAs/AlGaAs multiple quantum well 
(d= 510 A, 10x) with a transition energy between 
the two lowest sub-bands of 1.5 THz and a carrier 
density of 1,=2.75x10'"cm™?. On top of the 
sample an aluminum Schottky gate is evaporated 
and the well is contacted with AuGe alloyed ohmic 
contacts. The wells can be depleted of carriers by 
applying a negative gate voltage to the Schottky gate 
(10 V gate bias). By modulating the voltage between 
OV and —10V the response of the 2D electron 
system can be measured, Otherwise, the recorded 
signal is dominated by the contribution of the bulk 
GaAs substrate that dramatically chirps the THz 
pulse due to its frequency-dependent index of 
refraction. The THz pulses are coupled into the 
cleaved edge of the quantum well sample so that the 
electric field is parallel to the growth direction in 
order to excite the intersub-band transition. The 
clectrons’ response is measured with a cross-corre- 
lation technique. Here the THz radiation transmitted 
through the quantum well is mixed with a short THz 
pulse emitted from low-temperature grown GaAs to 
get the desired time resolution in the experiment. This 
allows the detection of the transmitted signal in 
amplitude and phase. Figure 10 shows the cross- 
correlation signal of the QW. The signal from the 
carriers rises during the first 2 ps in response to the 
‘THz field and then continues to oscillate at a constant 
frequency of 1.5 THz. Due to the femtosecond time 
resolution in this experiment it is possible to observe 
the phase of the electrons even during the process of 
excitation, Initially, the incident THz pulse generates 
a coherent superposition of states in the first and 
second sub-band. After the THz driving pulse is over 
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(>2 ps) the carriers continue to radiate at the 
intersub-band transition frequency, and the signal is 
damped out by the free induction decay. Since the 
amplitude and phase of the radiated electric field is 
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Figure 10. Cross-corteation signal obtained by electrically 
‘madulating the charge donsiy in a 510 A wide quantum well. The 
‘THz pulse gonerates a coherent superposition of the n= 1 and 
n=2 sub-band states. The resulting oscilating polarization 
radates andis damped outby the fee induction decay. The upper 
trace shows the incident TH2 pulse. Reprinted from UnterranerK, 
Kersting R, Bratschtsch A, ot al. (2001) Few-cycle THz 
specttoscopy of semiconductor quantum structures. Physica E 
8:76, with parmission from Elsevier 
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recorded, not only the absorption due to the QW 
electrons but also the phase shift associated with the 
absorption can be extracted (Figure 11). 

This experiment showed the response of the QW 
electrons to radiation which is resonant to the 
intersub-band transition. Using the same experimen- 
tal technique Kersting et al. investigated the response 
of electrons to a non-resonant excitation of the 
intersub-band transition. Instead of a square QW, a 
modulation-doped parabolic quantum well is used in 
this experiment which has the advantage that the 
transition frequency is independent of the carrier 
concentration (Kohn’s theorem) and the applied 
electric field. Furthermore the THz radiation is 
coupled to the intersub-band transition via a metallic 
Schottky grating. Figure 12 shows the response 
of the QW electrons to resonant THz radiation. 
The electrons follow the driving pulse and continue 
to radiate at the intersub-band transition frequency. 
The response to a nonresonant THz pulse is shown in 
Figure 13. Initially, the electrons inside the QW 
follow the driving pulse but when the driving pulse 
has ended a phase jump occurs and the electrons lock 
to their eigenfrequency and slowly lose their coher- 
ence. This behavior can be understood by using time- 
dependent perturbation theory to solve Schrodinger’s 
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Figure 14 Change in the absorption coefficient and index of 
refraction in the quantum wall due to the quantum well electrons. 
Solid points are caloulated from the time-domain data. lepro- 
duced from Heyman J, Kersting R and Unterrainer K (1998) Time 
domain measurement of intersubband oscillations in a quantum 
Wall. Applied Physics Letters 72: 644, with permission from the 
‘American Institute of Physics, 
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Figure 12 Resonant excitation: (a) band diagram of anintersub- 
band transition of 2.2 THz and driving THz field at 2.0 THz; (b) 
exciting THz pulse (upper curve) and cross-corrlation signal 
(lower curve}. Reproduced from Kersting R, Bratschitsch R, 
Strasser G, Untorrainer K and Heyman J (2000) Sampling a THz 
dipole transition with sub-cycie time-resolution. Optics Letters 25: 
272, with permission from the Optical Sociely of America 
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Figure 13 Nonresonant excitation: (a) band diagram of an 
intersub-band transition of 30 THz and diving THe field at 
1.8 TH2; the oscillation frequency changes trom T; to Ts: (b) 
excting THz pulse (upper curve) and cross-coreltion signal 
(lower curve; () spectra ofthe exciting THe pulse (dotted curve) 
and cross-correation signal (sold curve). Reproduced from 
Kersting R, Bratschitsch R, Strasser G, Unterrainer K and 
Heyman J (2000) Sampling a TH2 dipole transition with sub-cycle 
time-resolution. Opzics Letters 25: 272, with permission from the 
Optical Society of America 


equation for a two-level system with an electro- 
magnetic driving field. While the two-level system 
is treated quantummechanically, the dipole 
Hamiltonian is used for the incoming THz radiation: 
H=H"+H"(t) and H(t)= E(t). Making the 
ansatz W(t) = ay(QV, +a(t)¥2 one gets a system 
of two coupled equations for a)(t) and a(t). They can 
he decoupled by the condition that the population in 
the lower level is close to one (lal ~ 1) since the 
THz radiation field is not very strong. Figure 14 
shows the result of the model calculation that 
reproduces the change in frequency as well as the 


observed phase jump after the driving pulse is over. 
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Figure 14 Model calculation of the polarization (dotted curve) 
and experimental data (solid line). Reproduced from Kersting R, 
Bratschitsch R, Strasser G, Unterrainer K and Heyman J (2000), 
‘Sampling a THz dipole transition with sub-cycle time-resolution. 
(Optics Letters 25:272, with pormission from the Optical Society of 
America 


‘These experiments are all performed in the linear 
regime but with nonadiabatic excitation conditions 
(half-cycle THz pulses). The excellent time resolution 
together with sufficiently high THz intensitiescan open 
up a previously unexplored field of quantum optics 
beyond the slowly varying envelope approximation. 


Conclusions 


The recent progress in the development of semicon- 
ductor sources together with room temperature THz 
detection techniques (free-space electro-optic 
sampling) paves the way for the commercialization 
of THz technology. In particular, spectrally sensitive 
THz imaging seems to have great potential in 
medicine and quality control of products. 


Semiconductor Materials: GaAs Based Compounds. 
Semiconductor Physics: Outline of Basic Electronic 
Properties; Quantum Wells and GaAs-based Structures. 
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Introduction 


Fluorescence is extensively used in physical, 
chemical, material, biological, and medical sciences, 


for investigating the structure and dynamics of 
matter or living systems. After excitation of a 
fluorescent sample by a short pulse of light, the 
fluorescence decay is, in the simplest case, a single 
exponential whose time constant is the lifetime of 
the excited state of the fluorescent species (i.e., the 
average time during which these species stay in the 
excited state). However, interactions of a fluorescent 
species with its micro-environment often perturb 
the fluorescence decay so that information on this 
micro-environment can be obtained. More specifi- 
cally, when intermolecular photophysical processes 
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(such as electron transfer, proton transfer, energy 
transfer, excimer, or exciplex formation) occur during 
the lifetime of the excited state, competition with 
normal de-excitation results in a fluorescence decay 
that contains the rate constants for those processes. 
Consequently, the fluorescence decay is generally a 
sum of discrete exponentials, or a more complicated 
function; for example, sometimes the system is 
characterized by a distribution of decay times. Thus 
it is of major interest to recover the parameters 
characterizing the é-pulse response of a fluorescent 
sample (i.e., the response to an iznfinitely short pulse 
of light expressed as the Dirac function 8). With this 
aim, two time-resolved techniques, pulse fluorometry 
and phase-modulation fluorometry, are usually 
employed. 

In pulse fluorometry, the sample is excited by a 
short pulse of light, and the fluorescence response is 
the d-pulse response of the sample convoluted by 
the instrument response. In phase-modulation fluoro- 
metry, the sample is excited by modulated light at 
variable frequency, and the harmonic response of 
the sample obtained is the Fourier transform of 
the 6-pulse response, The first technique works in the 
time domain, and the second technique in the 
frequency domain. Pulse fluorometry and_phase- 
modulation fluorometry are theoretically equivalent, 
but the principles of instrumentation are different. 
In both techniques, lasers are currently used as 
sources of pulsed or modulated light. 


Excitation 
Dirae ty 


Itis the aim of this article to explain the principles 
of pulse and phase fluorometries using lasers as light 
sources, and to compare these techniques. 


General Principles of Time-Resolved 
Fluorometry 


The principles of time-resolved fluorometry are 
illustrated in Figure 1, For any excitation function 
E(®), the fluorescence response R(t) of the sample 
is the convolution product of this function by the 
& pulse response I(t} 


Rit) = EO) = i Beye —#) de [A] 
In pulse fluorometry, the sample is excited by a 
short pulse of light and the fluorescence response is 
recorded as a function of time. If the duration of the 
pulse isnot short with respect to the time constants of 
the fluorescence decay, the fluorescence response is 
the convolution product given by eqn [1]: the fluo- 
rescence intensity increases, goes through a maxi- 
mum, and becomes identical to the true &pulse 
response i(t) as soon as the intensity of the light pulse 
hecomes negligible. In this case, data analysis for 
the determination of the parameters characterizing 
the é-pulse response requires deconvolution of the 
fluorescence response. 
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Figure 1 Principles of time-resolved fluorometry 
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In phase fluorometry, the sample is excited by a 
sinusoidally modulated light at high frequency. 
The fluorescence response, which is the convolu- 
tion product (eqn [1]) of the é-pulse response by 
the excitation function, is sinusoidally modulated 
at the same frequency, but delayed in phase and 
partially demodulated with respect to the exci- 
tation. The modulation ratio M is defined as the 
ratio of the modulation depth m (AC/DC ratio) of 
the fluorescence and the modulation depth of the 
excitation my (see Figure 1). The phase shift ® 
and the modulation ratio M characterize the 
harmonic response of the system. These par- 
ameters are measured as a function of the 
modulation frequency. No deconvolution is necess- 
ary because the data are directly analyzed in the 
frequency domain. 

‘The relationship between the harmonic response 
and the 5-pulse response can be obtained as follows. 
When the excitation function is sinusoidal, ie., of the 
following form: 


E(®) = Eol1 + mo expliwt)) 21 


where w is the angular frequency (=27f), the 
response of the system can be calculated using 
eqn [1]. It can then be shown that 


Mexpi-)= |) i exp(—iwt) dt [3] 


where i(¢) is the normalized d-pulse response 


according to 
J iy dr= 
° 


This important expression shows that the harmonic 
response expressed as M exp(—j‘) is the Fourier 
transform of the d-pulse response. 

It is convenient to introduce the sine and cosine 
transforms P and Q of the &-pulse response: 


l41 


P= ik te) sin(w) de (sl 
° 


62 fj itt) cos(at) dt 6) 


If the 3-pulse response is not normalized according to 
eqn [4], then eqns [5] and [6] should he replaced by 


fe A(t) sin(wt) de 
poo 7 


{, 1) de 


I, 1) costut) dt 
o 
[pus 
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Since eqn [3] can be rewritten as M cos  — iM x 
sin = Q — iP, itis easy to show that the phase shift 
and the modulation ratio are given by 


@=tan (5) 191 


M=[P> +04? 


Q (8] 


110) 


Fora single exponential decay, the 5-pulse response 


I(t) = aexp(-th) ny 


where ris the decay time and avis the pre-exponential 
factor or amplitude. The phase shift and relative 
modulation are related to the decay time by 


tan ® = wr 


112] 


1131 


For a multi-exponential decay with n components, 
the &-pulse response is 


Kt) = > a exp(-tiz) [14] 


Note that the fractional intensity of component i, i... 
the fractional contribution of component ito the total 
steady-state intensity, is 


i de 
us] 
with, of course, 324 f= 1 
Using eqns [7] and [8], the sine and cosine Fourier 
transforms, P and Q, are given by 
161 
u7l 
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It should be noted that the optimum frequency for 
decay time measurements using either the phase shift 
or the modulation ratio is, according to eqns [12] and 
[13], such that wr is close to 1, ie, f= M217). 
Therefore, for decay times of 10 ps, 1 ns and 100 ns, 
the optimum frequencies are about 16 GHz, 
160 MHz and 1.6 MHz, respectively. 

In the case of a single exponential decay, eqns [12] 
and [13] provide two independent ways of measuring 
the decay time: 


— by phase measurements: 


ws Jean © Us} 
— by modulation measurements: 
; A 
a=t(5-1) (19) 


The values measured in these two ways should, 
of course, be identical and independent of the 
modulation frequency. This provides two criteria to 
check whether an instrument is correctly calibrated, 
by using a lifetime standard whose fluorescence decay 
is known to be a single exponential. 

Itshould be noted that the measurement of a decay 
time is fast (a fraction of a second) for a single 
exponential decay since a single frequency suffices. It 
is also of interest that a significant difference between 
values obtained by means of eqns [18] and [19] is 
compelling evidence for nonexponentiality of the 
fluorescence decay. 


Pulse Fluorometers 


‘The most widely used technique in time domain is the 
time-correlated single-photon counting technique, 
preferably called single-photon timing technique 
(SPT). Time-gated systems are less popular. Streak 
cameras offer a very good time resolution (a few 
picoseconds or less) but the dynamic range is smaller 
than that of the single photon-timing technique. The 
instruments that provide the best time resolution 
(a few tens of femtoseconds) are based on fluor- 
escence up-conversion, but they are very expensive 
and not commercially available. Because of space 
limitations, only the single-photon timing technique 
will be presented below. 


Principle of the Single-Photon Timing Technique 


‘The basic principle of this technique relies on the fact 
that the probability to detect a single photon at time f, 


after an exciting pulse, is proportional to the 
fluorescence intensity at that time. After timing and 
recording the single photons following a large 
number of exciting pulses, the decay of the fluor- 
escence intensity is reconstructed. 

Figure 2 shows a schematic diagram of a conven- 
tional single-photon counting instrument using a 
pulsed laser as an excitation source. An electrical 
pulse associated to the optical pulse is generated (e.g. 
by a photodiode or the electronics associated to 
the excitation source) and routed - through a 
constant-fraction discriminator — to the start input 
of the time-to-amplitude converter (TAC). Mean- 
while, the sample is excited by the optical pulse and 
emits fluorescence. The optics is tuned (e.g., by means 
of a neutral density filter) so that the photomultiplier 
detects no more than one fluorescence photon for each 
exciting pulse. The corresponding electrical pulse is 
routed — through a constant-fraction discriminator ~ 
to the stop input of the TAC. The latter generates an 
output pulse whose amplitude is directly proportional 
to the delay time between the start and the stop 
pulses. The height analysis of this pulse is achieved by 
an analog-to-digital converter and a multichannel 
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Figure 2 Schematic diagram of a single-photon timing 
fluorometer. 
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analyzer (MCA), which increases by one the contents 
of the memory channel corresponding to the digital 
value of the pulse. After a large number of excitation 
and detection events, the histogram of pulse heights 
represents the fluorescence decay curve. 

Obviously, the larger the number of events, the 
better the accuracy of the decay curve. The required 
accuracy depends on the complexity of the é-pulse 
response of the system; for instance, a high accuracy 
is, of course, necessary for recovering a distribution of 
decay times. 

When deconvolution is required, the time profile of 
the exciting pulse is recorded under the same 
conditions by replacing the sample with a scattering 
solution (e.g., a suspension of colloidal silica 
(Ludox)). 

It is important to note that the number of detected 
fluorescence photons must be kept much smaller than 
the number of exciting pulses (<0.01-0.05 stops per 
pulse), so that the probability of detecting two 
fluorescence photons per exciting photon is negli- 
gible. Otherwise, the TAC will take into account only 
the first fluorescence pulse and the counting statistics 
will be distorted: the decay will appear shorter than it 
is in reality. This effect is called the ‘pile-up effect’. 


Laser Sources for the Single-Photon Timing 
Technique 


Mode-locked dye lasers and titanium-doped sapphire 
lasers are well suited to the single-photon timing 
technique: in fact, they can generate pulses over broad 
wavelength ranges, and the pulse widths are in the 
femtosecond and picosecond ranges with a high 
repetition rate. Flash lamps running in air, or filled 
with gas, can also be used, but the range of excitation 
wavelengths is limited; they deliver nanosecond 
pulses, and the repetition rate is not high (10*— 
10° Hz). Dye lasers require the handling of large 
volumes of dye solutions which must be replaced 
when the dye is bleached. In contrast, the Ti:sapphire 
laser is a solid-state laser that does not have this 


drawhack and delivers shorter light pulses. Moreover, 
long. operational lifetime, operational simplicity, 
reliability, and broad tunability are distinct advan- 
tages. For these reasons, Ti:sapphire lasers have 
become more popular, and are described below. 


Tissapphire lasers 
Titanium-doped sapphire crystals are obtained by 
replacing a small fraction of the Al atoms of the host 
(ALO) with Ti atoms. When the concentration of Ti 
is low, the optical quality and the mechanical 
properties of Ti:sapphire crystals are comparable to 
those of ruby crystals in ruby lasers. The absorption 
spectrum of Ti:sapphire crystals exhibits a maximum 
at 490 nm and a shoulder at 540nm. Therefore, 
pumping can be achieved by an Argon ion laser or a 
green solid-state laser. The emission spectrum ranges 
from 600 to 1,100nm. Such a broad emission 
spectrum results from electronic coupling between 
the electronic levels of the 3d electrons with the lattice 
vibrations. Since excited-state absorption is not 
possible in the spectral region of the pump and the 
fluorescence spectrum, the tuning range is broad: it 
extends from 680 to 1,100 nm, i.c., almost over the 
entire fluorescence spectrum. 

The width of the pulses that can be generated by 
Ti:sapphire lasers ranges from a few tens of femto- 
seconds to about 100 picoseconds. Commercially 
available Ti:sapphire lasers can operate either in 
the femtosecond configuration or in the picosecond 
configuration, In time-resolved fluorescence exper- 
iments using the single-photon timing technique, the 
instrument response is limited by the time response of 
the photomultiplier; the shortest width of this 
response that can be measured with the faster 
detectors (i.e., microchannel plate photomultipliers) 
is about 30-40 ps (see below). Therefore, there 
is no reason to operate the Ti:sapphire laser in the 
femtosecond configuration. In the picosecond 
configuration, the pulse width is <2—100 ps. 

Figure 3 shows the six-mirror folded cavity 
design for the picosecond configuration in a Tsunami 
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Figure 3_Beam path ofthe laser cavity ofthe Tsunami Ti'sapphire laser (Spectra Physics) operating in the picosecond configuration 
(Adapted from the Tsunami brochure with permission of Spectra Physics). 


integrated circuit> analog > digital potentiometer 


digital potentiometers make use of this capabil- 
ity, but where it exists, a serial data output 
may be labeled SDO. Alternatively, one pin may 
be multiplexed to enable both input and output, 
in which case it may be labeled SDI/SDO. 


Figure 8-5. This digital potentiometer uses SPI protocol 
See text for details. 


If pin is active-low, a bar (a horizontal line) will 
be printed above its acronym. 


The most common type of digital potentiometer 
has 255 resistors and therefore 256 tap points, 
which have addresses numbered 0 through 255, 
each of which can be specified by a sequence of 
eight data bits constituting one byte. However, a 
different coding system will be applied in chips 
that have a different number of taps. In a 32-tap 
component, for instance, data is still sent in 
groups of eight bits, but only the first five bits 
define a tap address, while the remaining three 
are interpreted as commands to the chip. 


Most 256-tap chips use an SPI protocol in which 
two eight-bit bytes are sent, the first being inter- 
preted by the chip as a command, while the sec- 
ond specifies a tap address. Each manufacturer 
may use a different set of command codes, and 
these will vary among chips even from the same 
manufacturer. 


Variants 


Most commonly, three wires are used for data 
transmission and control (causing these chips to 
be described as 3-wire programmable potenti 
ometers).. 


CS is usually, but not always, pulled low to acti- 
vate the digital potentiometer for input. A series 
of low or high states is then applied to the data- 
input pin. Each time the clock input changes 
state (usually on the rising edge of the clock 
pulse) the state of the data input is copied to a 
shift register inside the chip. After all the bits 
have been clocked in, CS can change from low to 
high, causing the contents of the shift register to 
be copied nto a decoder section of the chip. The 
first bit received becomes the most significantbit 
in the decoder. The value of the eight bits is de- 
coded, and the chip connects the W pin directly 
to the corresponding tap along the ladder of 255 
internal resistors. 


12C Protocol 


The I2C specification is controlled by NXP Semi 
conductors (formerly Philips), but can be used in 
commercial products without paying licensing 
fees. Only two transmission lines are required: 
‘one carrying a clock signal, the other allowing 
bidirectional data transfer synchronized with the 
clock (although many digital potentiometers use 
the|2C connection only to receive data). The pins 
are likely to be identified by the same acronyms 
as the pins ona chip that uses SPI protocol. 


Asin SPI, a command byte is followed by a data 
byte,althoughthecommand set differs fromthat 
of SPland will also differamong various I2C chips. 
Full implementation of I2C allows multiple devi- 
ces to share a single bus, but this capability may 
remain unused. 


Up/Down Protocol 

This simpler, asynchronous protocol does notre- 
quire a clock input. The chip will respond to data 
pulses that are received at any speed (up to its 
maximum speed), and the pulse widths can be 
inconsistent. 


Chapter8 63 
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Figure 4 Schematics ofthe exctation system in time-resotved f 


sapphire laser (Spectra Physics). A Brewster's 
angle acousto-optic modulator, driven by a low- 
power rf source, insures an 80 MHz repetition rat 
Consequently, in contrast to standard passive 
mode-locking systems, the laser can operate for 
long periods without dropouts or shut-downs. 
Gires-Tournois Interferometer (GTI) mirror spacing 
is used for tuning the laser cavity. Wavelength tuning is 
achieved by means of a two-plate birefringent 
filter placed within the laser cavity at Brewster's 
angle, The tuning range depends on the mirror sets 
that are used. With broadband cavity mirrors, the 
entire tuning range of Ti:sapphire is covered, i.e, from 
below 700 nm to greater than 1,000 nm, and changes 
in wavelength can be made in a matter of minutes. 

‘When pumping with a 10 W argon ion laser, the 
average output power is about 1.5 W at 800 nm and 
the pulse energy is about 15 nJ. Argon ion lasers can 
now be advantageously replaced by ew green solid- 
state lasers ($32nm) in which the gain medium 
(Nd:YVO,) is pumped by diodes, and a LBO crystal 
placed inside the cavity ensures frequency doubling. 
These lasers offer several advantages: the head is 
compact and does not require external cooling water; 
it is insensitive to temperature, and thermal eq 
bration is very rapid. 

Since the excited-state lifetime of fluorescent com- 
pounds can be as long as several hundreds of 
nanoseconds, the repetition rate of 80 MHz is too 
high to let the fluorescence of long lifetime samples 
vanish before a new exciting pulse is generated. 
Therefore, it must be limited to a few MFlz, thanks 
to a pulse picker using a Bragg-angle acousto-optic 
modulator synchronized to the mode-locked 80 MHz 
pulse train. Selection of pulses from the train can thus 
he achieved at a maximum pulse selection rate of 
8 MHz. 

For excitation of fluorescent samples, wavelengths 
in the visible and UV regions are desirable. Frequency 
doublers and triplers using LBO and BBO crystals, 
respectively, have been designed with this aim. 
The possible tuning ranges are shown in Figure 4. 
When pumping with a 10W argon ion laser, the 
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Figure § Example of data obtained by the single-photon timing 
technique using a Spectra-Physics setup composed of a ttanium- 
sapphire Tsunami laser pumped by an argon jon laser, a pulse 
selector, and doubling (LBO) and tripling (BBO) crystals. The 
dotector is a Hamamatsu MCP photomultiplier R3809U. The 
sample is a solution of DANS (a derivative of dansylamid) in a 
mixture CHsCN/H,O (60:40 viv) at pH 0.8, Excitation wavelength 
286 nm. Channel width: 9.8 ps. A: Observation through a 
bandpass fiter (300-3701nm) of the protonated form that 
Undergoes photoinduced deprotonation. B: Observation through 
2 cutoff fier (A> 4001nm) of the neutral form; the observed 
Fisetime corresponds to the formation of the neutral form from 
the protonated form. Global analysis of the two curves leads 
to two time constants: 183>9ps and 3.01 + 0.03ns 
(Global x4 = 1.26) (MetivierR, Leray | and Valeur B, unpublished 
results. Métivier R, doctoral thesis, Ecole Normale Supérieure de 
Cachan, 2003), 


average output powers are about 300mW and 
120 mW for frequency doubling and tripling, 
respectively 

With Ti-sapphire lasers and microchannel plate 
photomultipliers, decay times as short as 10 ps can be 
measured. 

The results of an experiment are shown in 
Figure 5. 
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Pulsed diode lasers 

Picosecond diode laser heads offer an interesting 
alternative to mode-locked lasers and are much 
less expensive. They can produce light pulses as 
short as 50-90 ps with repetition rates from 
single shot to 40-80 MHz. Peak powers up to 
500 mW can be obtained. However, the main 
disadvantage is the absence of tunability, and the 
number of wavelengths is limited: 375, 400, 440, 635 
to 1,550.nm. No wavelength below 375 nm is 
presently available. 


Phase-Modulation Fluorometers 


In the frequency domain, the phase and modulation 
‘measurements can be taken by using either a ew laser 
and an optical modulator, or the harmonic content of 
a pulsed laser 


Phase Fluorometers Using a cw Laser and an 
Optical Modulator 


The optical modulator is generally a Pockels cell. 
Low-power ew lasers are sufficient and not as 
expensive as pulsed lasers, so that one can afford 
several lasers of this type in order to get various 
excitation wavelengths. Available wavelengths from 
ew lasers are given in Table 1. A Xenon lamp can also 
be used; however, the optical modulator works better 
with a ew laser. 

Figure 6 shows the schematic diagram of a 
multifrequency phase-modulation fluorometer 
using a ew laser and a Pockels cell. A beamsplitter 
reflects a few percent of the incident light towards 
a teference photomultiplier (via, or not, a cuvette 
containing a reference scattering solution). The 
fluorescent sample and a reference solution (con- 
taining either a scatter or a reference fluorescent 
compound) are placed in a rotating turret. The 
emitted fluorescence or scattered light is detected 
by a photomultiplier through a monochromator or 
an optical filter. The Pockels cell is driven by a 
frequency synthesizer and the photomultiplier 
response is modulated by varying the voltage at 
the second dynode by means of another frequency 


Table 1 Examples of available wavelengths fram low-power ew 
lasers 


Laser Wavelength (nm) 
He-Ca 905; 442.5 

He-Ne 543.9; 594; 611.9; 692.8 
are 457.9; 476.5; 488.0; 514.5 


“High-power argon ion lasers can also provide wavelengths of 
351.1 and 963.8 nm, 
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Figure 6 Schematic diagram of a multitrequency phase- 
‘modulation fluorometer using a cw laser and a Pockels coll 
(S: sample; R: reference; PM: photomultiplier). 


synthesizer locked in phase with the first one. 
The two synthesizers provide modulated signals that 
differ in frequency by a few tens of Hz in order to 
achieve cross-correlation (heterodyne detection). This 
procedure offers excellent accuracy because the 
phase and modulation information contained in the 
signal is transposed to the low-frequency domain, 
where phase shifts and modulation depths can be 
measured with a much better accuracy than in the 
high-frequency domain. 

Practically, the phase delay dy and the modulation 
ratio my of the light emitted by the scattering solution 
are measured with respect to the signal detected by 
the reference photomultiplier. Then, after rotation of 
the turret, the phase delay ¢y and the modulation 
ratio my for the sample fluorescence are measured 
with respect to the signal detected by the reference 
photomultiplier. The absolute phase shift and modu- 
lation ratio of the sample are then = de ~ dy and 
ming, respectively. 

Figure 7 shows an example of an experiment. 


Phase Fluorometers Using the Harmonic Content 
of a Pulsed Laser 


The type of laser source that can be used is exactly 
the same as that for single-photon timing pulse 
fluorometry (see above). Such a laser system that 
delivers pulses in the picosecond range, with a 
repetition rate of a few MHz, can be considered as 
an intrinsically modulated source. The harmonic 
content of the pulse train - which depends on the 
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Figure 7 Example of data obtained by the phase and 
modulation technique using afuoromoter is equipped wih a cw 
Omnichrome Ha~Ca laser (442.nm) and a Pockos cal aperating 
at frequencies ranging from 0.1 1o 200 MHz. The samplo is a 
solution ofa calcium complex of a crowned morocyanine (DOM- 
crown) in acetonitie (cbservation through a Balzors bandpass 
fiterconteredat 581 nr). The solid line corresponds tothe best ft 
witha biexponental docay. Weighted residuals are shown fr the 
best fit wih one and two exponentials. The ime constants are 
1.87 = 0.04 and 0.35 = 0.09 ns with fractional intensities of 0.85 
and 0.15, respectively. The value of x? iS 1.01. (Redrawn from 
Martin MM, Plaza P, Meyar YH, et al. (1996) Steady-stata and 
picosecond spectroscopy of Li or Ca®* complexes with a 
rowned merocyanine. Reversible photorelease of cations 
sloumal of Physical Chemistry 100: 6879-6888, with permission 
from the American Chemical Society) 


pulse width (as illustrated in Figure 8) — extends to 
several gigahertz, 

For high-frequency measurements, normal photo- 
multipliers are too slow, and microchannel plate 
er, internal 


photomultipliers are required. Howe 
cross-correlation is not possible with the latter and 
an external mixing circuit must be used, 

The time resolution of a phase fluorometer, using 
the harmonic content of a pulsed laser and a 
microchannel plate photomultiplier, is comparable 
to that of a single-photon timing instrument using the 
same kind of laser and detector. 


Data Analysis 


In both pulse and phase fluorometries, the most 
widely used method of data analysis is based on a 
nonlinear least-squares method, The basic principle 
of this method is to minimize a quantity which 


At 


Time 


ioe 


Frequency 


Figure 8 Harmonic content of a pulse train. Example of 
numerical values: Af = 4 MHz; At =4 Ps; f= 44 GH2. 


expresses the mismatch between data and fitted 
function. This quantity is the reduced chi-square y?, 
defined as the weighted sum of the squares of the 
deviations of the experimental response R(t,) from 
the calculated responses R,(t) 


1&PRe-RwT 
ee ao) 


where N is the total number of data points and (i) 
is the standard deviation of the ith data point, ic. 
the uncertainty expected from statistical consid 
ations (noise). v is the number of degrees of freedom 
(v=N~p, where p is the number of fitted 
parameters). The value of x; should be close to 1 
for a good fit. 

In the single-photon timing technique, the statistics 
obey the Poisson distribution and the expected 
deviation o(i) is approximated to [R(t] so that 
eqn [20] becomes 


20} 
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In phase fluorometry, no deconvolution is 
required: curve fitting is performed in the frequency 
domain, directly using the variations of the phase 
shift @ and the modulation ratio M as functions 
of the modulation frequency. Phase data and 
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modulation data can be analyzed separately, or 
simultaneously. In the latter case the reduced chi- 
squared is given by 


1[ Sf @o) - 240) T 
{3 ay(w,) 
Sf Mla) — Mw) TP 2 
1) = Mo, 2) 
Dal onl) sa 


where N is the total number of frequencies. In this 
case, the number of data points is twice the number 
of frequencies, so that the number of degrees of 
freedom is v= 2N ~ p. 

In addition to the value of x2, it is useful to 
display graphical tests. The most important of 
them is the plot of the weighted residuals 
defined as 


Rit) ~ Rut) 


wi) = 
o ai) 


123] 
where oi) =[R(t,)]"? for single-photon coun- 
ting data. The fit is satisfactory when the weighted 
residuals are randomly distributed around zero. 


Concluding Remarks 


From the instrumental point of view, the latest 
generations of pulse and phase fluorometers both 
use pulsed lasers (usually Ti:sapphire lasers) and 
microchannel plate detectors; only the electronics is 
ifferent. Since the instrument response is mainly 
limited by the time response of the detector, the 
time resolution is the same for both techniques. 
Moreover, the optical module is identical so that 
the total cost of instrumentation is similar. 

There are, however, significant differences 
between pulse and phase fluorometers from the 
methodological point of view. In pulse fluorometry, 
the single-photon timing technique offers various 


advantages: direct visualization of the fluorescence 
decay; high sensitivity; outstanding dynamic range 
and linearity; and well-defined statistics (Poisson 
distribution) allowing the accurate weighing of 
each point in data analysis. In phase-modulation 
fluorometry, the main advantage is that no 
deconvolution is necessary, while this operation is 
often necessary in pulse fluorometry and requires 
great care in recording the instrument response, 
especially for very short decay times. Moreover, the 
short acquisition time for phase shift and modu- 
lation ratio measurements at a given frequency is a 
distinct advantage. 


Ultrafast Laser Techniques: Pulse Characterization 
Techniques, 
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Introdu 


In this article we explore the use of ultrashort pulsed 
lasers in time-resolved fluorescence measurements for 


the study of the dynamics of excimer formation and 
energy transfer/migration in synthetic aromatic poly- 
mers. The temporal profile of monomer and excimer 
emission, and the use of time-resolved fluorescence 
polarization approaches are discussed. 

The use of lasers in chemistry has most often 
exploited the high degree of spectral purity achievable 
with these devices, in both photochemical and 
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high-resolution spectroscopic applications. Through 
the use of lasers, we also have the ability to generate 
pulses of light of ultrashort duration (a few femtose- 
conds) and of incredibly high peak powers (peta- 
watts), characteristics significantly beyond those 
achievable with conventional (incoherent) light 
sources. This enables the kinetics of the many 
photophysical and photochemical processes that 
occur on ultrafast time-scales with high efficiency 
within polymers, to be determined through various 
time-resolved measurements. 

‘These processes are dealt with in detail in specialist 
photochemistry textbooks and so knowledge of the 
terms associated with photochemistry and photo- 
physics is assumed (e.g., clectronic configurations, 
orbitals, spin, multiplicity, etc.). 

Following the absorption of light, an isolated 
chromophore will be in one of its excited electronic 
and vibrational states. Once formed, the excited state 
ofa molecule will only survive for a limited time, with 
the molecule losing its excess energy to return to a 
preferred lower energy state (electronic configur- 
ation). It can do this through a number of spon- 
taneous, radiative, and nonradiative deactivation 
processes, each with its own characteristic rate 
constant ky. Nonradiative pathways include internal 
conversion (IC), such as intramolecular vibrational 
redistribution, and vibrational coupling to the bath, 
and inter-system crossing (ISC) between singlet and 
triplet manifolds. Radiative pathways involve the 
emission of a photon of light, in the form of 
fluorescence or phosphorescence. 

The time the molecule spends in the excited state 
is determined by the rates of all the pathways 
that contribute to the overall deactivation of that 
state, The lifetime, 7, of a singlet state is therefore 
defined as: 


1 1 
isc + hic + Raa + a7 a 
In systems of higher chromophore concentration, 
such as aromatic-containing polymers, additional, 
bimolecular pathways are available through which 
the excess excited state energy may be dissipated, 
making it rare that a single fluorescence ‘lifetime’ is 
observed from polymer systems. The observation of 
complex (multi- or nonexponential) fluorescence 
decay profiles sometimes invokes the use of the 
terms ‘average lifetimes’ or ‘lifetime distributions’. 
The complex nonexponential fluorescence decay 
behavior observed, particularly from polymer 
systems, has been variously attributed to one or 
more of the following factors: molecular aggrega- 
tion (e.g., excimer/exciplex equilibria); acid-base 
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Figure 1 Schematic representation of some of the photo- 
physical processes in polymers. 


equilibria (e.g., proton transfer); one-, two-, or 
three-dimensional energy transfer and energy migra- 
tion (and variations in the singlet energy migration 
length); electron transfer; molecular motion (trans- 
lational diffusion, rotational relaxation); vibrational 
or solvent relaxation; concentration quenching; 
fluorescent impurities, etc. The kinetics of excimer 
formation are further complicated by heterogeneity 
of kinetically distinct monomer and/or excimer 
species, configurational and conformational influ- 
ences upon excimer formation, and the time 
dependence of energy trapping (excimer formation) 
through nonequilibrium diffusion-controlled pro- 
cesses. Here, we will concentrate on excimer 
formation and energy migration in synthetic aro- 
matic polymers, as shown schematically in Figure 1. 


Ultrafast Laser Spectroscopic Techniques 


A wide range of experimental techniques and 
instrumentation is available for the study of 
time-resolved processes in polymers. The most widely 
used methods rely on the detection of emission from 
the polymer. Fluorescence-based techniques are pop- 
ular for investigating time-dependent processes in 
polymers, since the time-scales involved in many of 
the photochemical and photophysical processes dis- 
cussed correspond with the time-scales on which 
fluorescence occurs (normally on the subpicosecond 
to nanosecond time-scales). Phosphorescence usually 
occurs on significantly longer time-scales and there- 
fore is less likely to be competitive with fluorescence 
or other radiative or nonradiative deactivation path- 
ways under normal conditions. Fluorescence-based 
techniques are attractive for reporting on a number 
of time-dependent processes since fluorescence is 
inherently multidimensional, it can be readily 
resolved temporally, and fluorescence detection can 
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be extremely sensitive, achieving single photon and 
single molecule detection levels. 

Amongst the most commonly used fluorescence- 
based techniques are: time-correlated single photon 
counting (TCSPC, or single photon timing), fluor- 
escence transient digitization, and ultrafast streak 
cameras. Methods such as transient absorption (flash 
photolysis) can also provide some details regarding 
the identity of short-lived species formed following 
photo-excitation, Other ultrafast laser techniques 
have been applied to the study of time-dependent 
processes in polymers in order to achieve higher 
temporal resolution. So-called pump-probe methods 
provide the ultimate in time-resolution and can be 
combined with fluorescence detection through 
the use of Kerr shutters or ultrafast fluorescence 
upconversion techniques. Other, more complex 
pump-probe methods, such as transient grating and 
multiple pulse photon echo measurements, are 
potentially very powerful tools in the study of time- 
resolved processes in polymers. 

The generation of short pulses of light can be 
achieved through numerous mechanisms, including 
active or passive mode-locking and Q-switching 
techniques, and superradiance processes (e.g., in 
nitrogen lasers). Lasers capable of producing short 
(-ns) pulses of light by Q-switching are usually 
characterized by high energies per pulse (from J up 
to many hundreds of mJ/pulse) at low (~Hz-kHlz) 
pulse repetition rates. Lasers producing pulses of 
ultrashort duration (often in the picosecond or 
femtosecond region) through mode-locking tech- 
niques, characteristically operate at high pulse 
repetition rates (~MHz) and with lower energies 
per pulse (~nJ/pulse). It should be noted that even 
pulses of a few n] energy delivered in ~100 fs, still 
have peak powers of tens of kW. These high peak 
powers enable the generation of a range of excitation 
wavelengths suitable for the study of polymer systems 
through nonlinear optical wavelength conversion 
processes, such as second-harmonic generation 
(SHG) and optical parametric oscillation (OPO) 
devices. 


Excimer Formation 


Excimers (or excited-state dimers) are formed when 
an aromatic molecule, while in its excited electronic 
state, 'M", interacts with a second molecule of the 
same chemical type in its ground electronic state, 
'M. Excimer formation is often observed in con- 
centrated molecular systems such as concentrated 
solutions and molecular crystals; however, it can 
also occur in dilute solutions of polymers contain- 
ing aromatic chromophores, or in the confined 


environment of solid polymer systems such as 
homopolymer films. 

The structure of excimers in solution is generally 
thought to be a face-to-face, coplanar, sandwiched, or 
in some cases, partially eclipsed arrangement of the 
two constituent aromatic moieties, which attempt to 
adopt the lowest possible energy configuration, with 
a separation of 3-4 A, as depicted in Figure 2. A 
range of possible excimer configurations may exist 
rather than just the two extremes, 

A feature of excimers is that they have a 
dissociative ground state (Figure 3), i.e., they do not 
exist prior to the absorption of light by one monomer 
chromophore and thus cannot be formed directly 
without the coming together of the two constituent 
chromophores within the lifetime of the 'M", 
Excimers, being of lower energy than the correspond- 
ing excited monomer species and with this dissocia- 
tive ground state, usually exhibit characteristically 
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Figure 2 (a) Sandwiched and (b) parialy ecipsed excimer 
configurations. 
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Figure 3 Schematic potential energy diagram for excimer 
formation and decay. r represents the monomer-monomer 
separation 
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broad, structureless emission to the red of the 
monomer emission (Figure 4), Upon the emission of 
fluorescence from an excimer, the complex loses its 
excess energy and dissociates back to two ground 
state monomer units (ie, 2 'M). Excimers may 
also dissociate back to a noninteracting pair of 'M" 
and 'M. 

Excimer formation of simple aromatic molecules 
in solution is often modeled on the kinetic scheme 
proposed by Birks and co-workers (Figure 5). From 
Figure 5, if a d-pulse excitation, represented by 
hry, is used to produce an initial concentration of 
excited singlet monomer molecules, ['M"],, then 
such a scheme results in the following rate 
equations: 


['M’] 
a 


‘up['(MM']= [I'M] 21 


d['(MMy"] 


a kovil'M][M']-Y[(MM)"] [31 


where X=kpytkymtkpul'M')=kat+kowl'MI, 
Y=kyp tkyp tka =ko+kun 
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Figure 4 Schematic representation of monomer and excimer 
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Figure 5 Kinetio scheme for excimer formation where hy and 
‘nip represent the emission of photons by the monomer and 
excimer species respectively, ky and ke comprise the sum ofthe 
various rate constants for all deactivation pathways for the 
monomer and excimer respectively (excluding Kap and Kou) 
(09. Ky = ke + hay Whore Key and. hye are the radiative 
(fluorescence) and nonradiative. deactivation rato. constants 
respectively ofthe monomer) 


Solving these rate equations and applying the initial 
conditions ('M"],=['M"], and [((MM)"], = 0 at 
t = 0, yields expressions given below for the decay of 
monomer and excimer fluorescence intensity with 
time. The emission intensity (monitored in a spectral 
region in which only the monomer ['M"] species 
emits), will have the temporal form given by eqn [4]: 
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The emission intensity collected from a spectral 
region in which the excimer ('[MMJ)) species only 
emits, will have the temporal form given by eqn [ 
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If excimer formation follows Birks’ scheme, then 
the decay profile of the monomer fluorescence should 
therefore be described by the sum of two exponential 
decay terms, and the excimer emission by an 
exponential growth term and a decay term 
(Figure 6). Only two decay constants, Ar and A2, 
should be required to fit both the monomer and 
excimer fluorescence profiles successfully. This. is 
often not observed, which has led to the introduction 
of more complex interpretations. 

In synthetic aromatic polymers, the effective local 
concentration of the aromatic molecules can be high 
while the concentration of polymer chains in solution 
may be very low. This means that excimer formation 
can be significant in such polymers, even in dilute 
solution. In fact, in some polymers the emission is 
dominated by excimers over monomers. The fact that 
the excimers are of lower energy than the correspond 
ing excited monomer species also means that they can 
act as effective traps of excitation energy that might 
be migrating/relocating within a polymer chain as 
discussed below. 
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Figure 6 Examples of (a) monomer and (b) excimer fluor- 
‘escence decays. 


Excimer formation in solutions of aromatic poly- 
mers is generally thought to proceed via a compli- 
cated route that may involve a combination of 
electronic energy transfer and migration, segmental 
rotation, and chromophore diffusion. It is believed 
that energy migrates along a polymer chain until sites 
suitable for excimer formation are encountered, at 
which point the energy is trapped. A number of 
mechanisms for the formation of suitable excimer 
sites in polymers are then conceivable. These include: 


(i) interactions between chromophores belonging 
to different chains (this intermolecular excimer 
formation is highly concentration dependent); 

(ii) interactions between two chromophores far 
removed from each other, but on the same 
chain. This necessitates mainchain confor- 

mational changes and side group motions during 

the excited state lifetime, so as to bring both 
molecules together; 
near neighbor interactions (c.f. Hirayama’s 
rule). The configuration required for 
excimer formation need not exist prior to 
excitation provided that the two constituent 
groups can attain the required geometry within 
the lifetime of the excited chromophore; or 

preformed sites, suitable for excimer formation, 
present in the polymer before the initial absorp- 
tion of light occurs. These may be formed by 
interactions between nearest neighbor chromo- 
phores or between two chromophores on loops 
of the same, or different chains in cases where 


(iii) 


(iv) 


chain motion is restricted. 


The first two of these mechanisms depend upon 
segmental motion of the polymer chain and the 


third mechanism may depend upon rotation of 
the chromophore/s to adopt the close proximity 
and optimum orientational configuration required 
for excimer formation. In solution, this may be, 
at least partially, diffusion-controlled, causing a 
dominant complicating factor in the kinetics of 
excimer formation in polymeric systems. One 
approach is therefore to substitute a time-dependent 
expression for the rate coefficient of excimer for- 
mation, kp(t) = A + B/¥/@, (based on the Einstein— 
Smoluchowski diffusion theory), for kpy4s into the 
rate equations. Such an approach produces the 
following expression for the time dependence of 
the monomer fluorescence, Iy(t) in the presence of 
diffusion-controlled excimer formation and the 
absence of excimer back dissociation: 


I(t) = A exp{ — at — bvi} 16] 


In some cases, such as when excimer back 
dissociation cannot be neglected, more complex 
functional forms have been derived, such as: 


In) = Aexp{ - at — bvi} + Bexp{- 7} 171 


Similar expressions can be derived for the time 
dependence of the excimer fluorescence, Ip(t). More 
detailed expressions for the term k(®)pq., involving 
the complete form of the diffusion rate coefficient, 
have also been used in such approaches. 

A related approach is the concept of ‘convolution 
kinetics’, in which the intimate dependence of 
excimer formation upon the monomer decay is 
emphasized. Once formed, the excimer is assumed 
to decay exponentially. The excimer fluorescence 
temporal profile is predicted to take the form: 


-t 
Ie) = (bi Bexe(—*) [8] 
where ® represents the convolution integral and Ig(t) 
and Iy(t) are the measured decay profiles in the 


excimer and monomer emission regions respectively. 


Electronic Energy Transfer, Energy Migration 
and Trapping 


In polymers the high local concentration of chromo- 
phores makes additional deactivation pathways 
competitive with the other photophysical proces- 
ses.The excess energy may transfer from the excited 
fluorophore of interest to a lower energy chromo- 
phore. Three of the more common possible mecha- 
nisms, through which energy transfer can occur, are: 


(i) Radiative (‘trivia?) ~ involves the reabsorption 
of donor emission by an acceptor chromophore. 
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(ii) Resonance (Dipole-Dipole, Forster) — long- 
range (15-100 A), nonradiative, single-step 
energy transfer process arising from Coulombic 
(dipole-dipole) interactions between an 
excited-state donor chromophore, D*, and an 
initially unexcited acceptor, A. Forster derived a 
statistical expression for the (first-order) rate 


constant, for such a process, considering three 
dimensional, dipole-dipole interactions 
between stationary molecules: 

9000K*Syln10_(* foleal) |, 
Ro coal z- 
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where R is the donor-acceptor distance, $, is 
the quantum yield for emission from the donor 
in the absence of acceptor molecules, 7 is the 
refractive index of the solvent, 1» is the lifetime 
of the donor excited state (reduced by the onset 
of electronic energy transfer), N is Avogadro's 
number, « is a constant dependent on the mutual 
orientation of the donor and acceptor mol- 
ecules, and the integeal term is a measure of the 
spectral overlap between the donor emission 
profile, f(#) (in quanta em” and normalized to 
unit area) and the acceptor absorption profile, 
eq(P) (converted to molar extinction coefficients 
and measured on a wavenumber scale). R, is the 
critical transfer distance, at which the prob- 
ability of resonance transfer, k(R)p-—a, is equal 
to the probability of spontaneous decay, 1/7 
Exchange mechanism ~ also a nonradiative, 
single-step process but involves the exchange of 
electronic excitation when the donor and 
acceptor are close enough so that their electron 
clouds overlap. Consequently it only operates 
over small distances. Dexter has derived a rate 
expression for exchange energy transfer, again 
assuming that the donor and acceptor molecules 
are stationary: 


(iii) 


2) 2 
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where Z? = K* exp(-2R/L) and K and L are 
simply constants. 


It has been clearly demonstrated that energy 
transfer, from pendant aromatic monomer units to 
chemically bound acceptor chromophores, can occur 
with high efficiency and is influenced significantly by 
polymer structure and conformation, 


In addition to energy transfer between D* and A 
(being different chemical species), more than one 
exchange of excitation energy between chemically 
and spectroscopically identical chromophores, 
attached by covalent bonds to a polymer chain, can 
occur. A single step between identical units is still 
termed energy transfer, while more than one such step 
in a sequence would constitute intramolecular energy 
migration, 

Energy migration is a long-range process, thought 
to occur via a series of energy transfer steps occurring 
between chromophores, either: (i) along the polymer 
chain (often the adjacent groups}; (ii) across loops ina 
single polymer chain; or (iii) across different polymer 
chains. The migration continues until either a trap site 
is encountered or one of the chromophores excited in 
the migration process deactivates spontaneously. 
Each step is believed to occur with a probability 
defined by the exchange or Férster mechanisms, but 
since the energy transfer occurs between donor and 
acceptor groups, which are of the same type, the 
spectral overlap integral involved in both mechanisms 
will usually be small. The distances over which such 
energy transfer can occur therefore cannot be large 
and typically takes values of <10-20 A. It is worth 
noting that many authors consider the energy to 
migrate as an incoherent exciton (where the term 
exciton is used in a much looser sense than is 
customary among solid-state physicists). 

Long-range energy migration can only occur by 
energy transfer from the initially excited chromophore 
to ground state chromophores of the same, or lower, 
energy. If energy transfer is favorable between one 
chromophore and another of the same energy, then 
back transfer to the initially excited chromophore is 
also highly probable. When there is a change in the 
emission and absorption dipole orientations, caused 
by rotation of the chromophores relative to one 
another on the time-scale of the energy transfer step, 
or the transfer is to a chromophore of significantly 
lower energy, then the probability of energy transfer 
back to the original chromophore might be reduced. 
The lower energy chromophores on the polymer 
chain may therefore act as ‘traps’ of the excitation 
originally absorbed by a higher energy chromophore, 
even in the absence of excimer energy trap sites. 

Various approaches have been proposed for mod- 
cling the kinetics of energy migration. One can 
consider the time-dependent nature of each energy 
transfer step of the migration process, and introduce a 
time-dependent rate coefficient for each step of the 
energy migeation process, kyp(#). The form for kpp(®) 
by Sienicki ef al., is given by eqn [11], which leads to 
nonexponential functions predicted for the ensemble 
averaged probability that an originally excited donor 


190 TIME-RESOLVED FLUORESCENCE / Measurements in Polymer Sclence 


molecule is still excited at time ¢ 


x tb \wet 
fontt)= (2) scot ~ am() ty 

m Top 
where A(=1, 2, 3) is the dimensionality of the 


medium, m(=6, 8, 10,...) is the order of the 
interaction, 7op is the lifetime of the donor fluor- 
escence, I(x) is the gamma function, y4 is a constant 
dependent upon A and cp is the donor concentration. 

Energy migration has also been considered as a 
diffusion-like process, and the Smoluchowski diffu- 
sion theory adopted. The rate coefficient for energy 
migration, k(®)gq. is then expressed in a form similar 
to the time-dependent rate coefficient for partially 
diffusion-controlled reactions (eqn [12]). In this type 
of treatment, the rate of change of the concentration 
‘of excited monomer chromophores, 'M’, is assumed 
to be given by eqn [13]: 


ken = 4mNRDof 1 + Rp(mD1y (12) 
af! 1 ait 
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In these expressions, 7, is the reciprocal of the sum 
of the rate constants for radiative and nonradiative 
deactivation, p is the reaction probability per 
collision, R is the interaction distance, and Nj is 
the number density of the energy acceptors or traps 
(N4 = NCq, with the concentration of acceptors, Cy, 
in molem ’), D is the mutual diffusion coefficient 
which can be replaced by a migeation coetficient, A, R 
can be replaced by the Férster critical transfer 
distance, R,, and the reaction probability, p, can be 
set to 0.5 (since R, is the distance at which the 
prohability of energy transfer is 0.5). This leads to a 
simplified expression for k(t)gq4, which can be 
substituted into eqn [13], to produce an expression 
(eqn [14]) for the monomer decay: 


Ky =A oo( - (z + oNRyATIN')) 


- INARI PN) 114] 


Yokota and Tanimoto have also developed a 
statistical representation of Férster’s theory and 
derived an expression for dipole-dipole transfer in 
a fluid medium in which the distribution of excited- 
state donor and acceptor molecules is determined, 
both by diffusion and by the decay and transfer of 
the donor excited state. According to the Yokota and 
Tanimoto approach, the decay law is approximated 


by the expression: 


to = Aewo{ 2 -an(Z)"} 


where 5 =[C]/[C]. (Co is the critical molar concen- 
tration of acceptor molecules given by: [Cyl = 
3000/27*?NR}, and B is a complex, time-dependent 
function giyen by: B= (1+ 1087x + 15.5x*/ 
148.743x)" with x = Da "373, a = RY/z, and D 
is the ‘diffusion coefficient’ representing energy 
migeation. 

Emission depolarization is often exploited in 
the study of energy migration in polymers. Only 
molecules with some vector component of their 
absorption transition dipole lying parallel to the 
plane of polarization of the incident radiation, will 
absorb incoming radiation, In the absence of angular 
motion of the absorbing chromophore within the 
lifetime of the excited state, emission from the same 
chromophore will also be highly polarized; however, 
upon each step in the energy migration process, 
some loss of polarization will be incurred (Figure 7). 
The extent of depolarization of emission is usually 
referred to by the term fluorescence anisotropy, r(¢) 
{eqn [16}): 
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The rate of energy migration can be estimated dir 
ectly through observation of the time-dependent decay 
of r(t) in the absence of other fluorescence depolari- 
zing processes, such as molecule rotation (Figure 8). 

One of the important properties which character 
izes excitation energy transport in a system of 1 
identical molecules, which are distributed randomly 
in space, is the Green function, G(r,). The Green 
function can be thought of as the time-dependent 
probability of finding an excitation at position r on the 
polymer chain at time . It has been shown that 
the overwhelming contribution to fluorescence 
polarization is due to fluorescence from the sites that 
were initially excited. Thus, G'(r, 4) is directly related 
to the fluorescence anisotropy if the polarization 
memory of secondary excited molecules can be 
neglected. The r(¢) for donor-donor energy transfer 
is then given by: 


11) = argu GUE) 71 


in which rox describes the anisotropy in the absence of 
energy transfer, i.e., in the presence of chromophore 


Variants 


Each pulse moves the wiper connection one step 
up or down the ladder. While this has the advan- 
tage of simplicity, the taps are not addressable, 
and consequently the wiper cannot skip to any 
tap without passing through intervening taps 
incrementally. Thisis notan inconvenience when 
the potentiometer controls audio gain, which is 
a primary application. 


In some chips, an increment pin, usually labeled 
ING, receives pulses while the high or low state 
ofa second pin, usually labeled U/D, determines 
whether each pulse will step the wiper up the 
ladder or down the ladder. 


In other chips, pulses to an Up pin will step the 
wiper up the ladder, while pulses to a Down pin 
will step the wiper down the ladder. 


Either of these chip designs can be referred to as 
‘a two-wire type. Ifan additional chip-select pin is 
included (labeled CS on datasheets), this type of 
digital potentiometer can be referred to as a 
three-wire type. The chip select pin is likely to be 
active-low, meaning that so long as it has a high 
state, the chip will ignore incoming signals. 


The CATS114 shown in Figure 8-6 uses an U/D 
It contains 31 resistors, is available in 8-pin 
DIP or surface-mount formats, and can be pow- 
ered by 2.5VDC to 6VDC. Each of its logic inputs 
draws only 10. 


In six-pin chips the INC pin is omitted, one of the 
H, L, or W pins will be omitted, and the U/D pin 
will function differently. When CS is pulled low, 
the chip checks the state of the U/D pin. If it is 
high, the chip goes into increment mode; fit is 
low, the chip goesinto decrement mode. So long 
as CS remains low, each transition of the U/D pin 
from low to high will either increment or decre- 
ment the wiper position, depending on the 
mode that was sensed initially. When CS goes 
high, further transitions on the U/D pin will be 
ignored until CS goes low again, at which point 
the procedure repeats. 


integrated circuit > analog > digital potentiometer 


Figure 8-6. This digital potentiometer contains 31 resis: 
fors and uses the simplest up/down protocol to step from 
fone fap to the next 


The chip does not provide any feedback regard- 
ing the position of its wiper, and consequently a 
control device such as a microcontroller cannot 
know the current wiper position. If the chip has 
nonvolatile memory (as is the case in many up/ 
down digital potentiometers), it will resume its 
previous wiper location at power-up, but here 
again a control device will have difficulty deter- 
mining what that position is. Therefore, in its ba- 
sicform, an up/down chip is only appropriate for 
simple tasks, especially in response to up/down 
pushbuttons. 


Other Control Systems 
A few digital potentiometers use a parallel inter- 
face. Because they are relatively uncommon, 
they are not included here. 


Connections and Modes 

Some variants of digital potentiometers mini- 
mize the chip size and number of connections by 
limiting accessibility to the internal resistor lad- 
der. In a chip designed to function in rheostat 
‘mode, theW pin eliminated and the chip moves 
an internal connection point to change the re- 
sistance between the Hand L 
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Figure 7 Schematic representation of energy migration. dis the inherent angle between the donor emission (dotted arrow) and acceptor 
absorption (solid arrow) transition dipoles of the chromophore (a) orthogonal donor emission and acceptor absorption dipoles ~ no 


energy transferir 


ation, emission depolarized only due to #.(b) some vector component of the absorption dipole af the acceptor is 


paralle! with that of the donor emission dipole ~ this and subsequent energy transfer steps can occur resulting in loss of emission 


polarization, 
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Figure 8 Temporal decays of rt) rom (a) a polymer in which emission depolarization due to energy migration is complete on ultrafast 
time-scales, and (b) a polymer in which the rate of energy migration has been inhibited. Emission collected from polymers in frozen glass 


to exclude polymer mation contributions to emission depolarization 


rotation only, and a is the anisotropy from time- 
independent sources of depolarization. 

The determination of the functional form of 
G'(r,0), resulting from excitation energy migration 
in polymer systems, is a challenging theoretical 
problem to which a number of approaches have 
been applied. The Gochanour, Anderson and Fayer 
approach has had some success in arriving at an 
expression for G°(r, 1), represented as the time decay 
of emission polarization curves. 


Polymeric systems that undergo energy migration, 
yet contain no excimer forming or other nonmono- 
meric, energy-trapping sites, are rare. In the presence 
of singlet energy traps, the problem can be treated as 
being analogous to energy transfer (via the Forster 
mechanism), following a diffusive process in a similar 
manner to that described above. 

Fredrickson and Frank have derived expressions 
for the temporal decays of the monomer and excimer 
fluorescence when one-dimensional electronic singlet 
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energy migration is the major excimer-forming 
path, and segmental rotation and chromophore 
diffusion are considered. The Fredrickson and 
Frank model assumes inherently that excimers 
are formed predominantly via a nearest-neighbor 
mechanism, where rapid energy migration is at 
least an order of magnitude faster than any 
competing rotationally sampled pathways. The 
expressions for the fluorescence decay of both the 
monomer, I(t), and excimer species, I(t), are 
highly nonexponential, with the expression for Iy,(t) 
being given by eqn [18]: 


Iu() = Qik — 


x exp[(4g? W — ky, — Kou tlerfe[2q(We)"?] 


[18] 


In eqn [18], Qjn is the quantum efficiency for 
monomer fluorescence and k, is a rate constant, 
which encompasses the total rate of monomer decay 
by radiative and nonradiative pathways in the absence 
of energy migration and rotational sampling. 
larly, kyo represents the rate at which an excited 
monomeris transformed into an excimer by segmental 
rotation. The parameter W represents the rate 
constant for nearest-neighbor electronic energy trans- 
port between the donor (monomer) chromophores, 
averaged over both the transition moment orientation 
and the interchromophore separation associated with 
each dyad. 

Energy transfer from pendant aromatic monomer 
units to a specific chemically bound acceptor chro- 
mophore can occur in some polymers following 
energy migration. This phenomenon is known as the 
‘antenna effect’, which has commercial applications 
such as in the sensitization of photo-oxidation— 
reduction, ie. reactions, in the stabilization of 
polymers against photodegradation or in the model- 
ing of photosynthesis by light harvesting. The kinetic 
behavior of such processes is yet to be modeled 
definitively, but the approaches discussed above 
{and others) have been used with varying degrees of 
success to date. 


List of Units and Nomenclature 


10° m 
An aromatic molecule that 
absorbs (and may emit) light 
An excited state localized on a 
particular chromophore at any 
given time 


Angstrom (A) 
chromophore 


exciton 


07's 

Occurring between molecules 
or polymer chains, 

Occurring within a_ single 
molecule or polymer chain 
10 W 

Excitation by an_ infinitely 
short laser pulse 


femtoseconds 
intermolecular 


intramolecular 


petawatts 
S-pulse 
excitation 


Chemical applications of lasers: Non-linear spectro- 
scopies. Lasers: Excimer Laser. Optical Parametric 
Devices: Optical Parametric Oscillators (Pulsed). 
‘Spectroscopy: Second Harmonic Spectroscopy. 


Further Reading 


Andrews DL and Demidov AA (1999) Resonance Energy 
Transfer. New York: Wiley. 

Birks JB (1970) Photophysics of Aromatic Molecules. 
London: Wiley-Interscience. 

Fleming GR (1986). Chemical Applications of Ultrafast 
Spectroscopy, vol. 13. New York: Oxford University 
Press. 

Fredrickson GH and Frank CW (1983) Nonexponential 
transient behavior in fluorescent polymeric systems. 
Macromolecules 16: S72~577. 

Ghiggino KP and Smith TA (1993) Dynamics of energy 
migration and trapping in photoirradiated polymers. 
Progress in Reaction Kinetics 18: 375-436. 

Gochanour CR, Andersen HC and Fayer MD (1979) 
Electronic excited state transport in solution. Journal of 
Chemical Physics 70: 4254-4271. 

Guillet JE (1985) Polymer Photophysics and Photochem- 
istry: An Introduction to the Study of Photoprocesses in 
Macromolecules. New York: Cambridge University 
Press. 

Lakowiez JR (1999) Principles of Fluorescence Spec- 
troscopy, 2nd edn. New York: Plenum. 

O'Connor DV and Phillips D (1984) Time-Correlated 
Single Photon Counting. London: Academic Press. 

Sienicki K, Itagaki H and Mattice WL (1989) On the theory 
of concentration depolarization of fluorescence in one- 
and two-component systems for multipole interactions in 
cone, two, and three dimensional medium. Journal of 
Chemical Physics 91: 4515-4821. 

Van der Meer BW, Coker Gand Chen $-YS (1994) Resonance 
Energy Transfer: Theory and Data. New York: VCH. 
Van Hecke GR and Karukstis KK (1998) A Guide to Lasers 

in Chemistry. Boston, MA: Jones and Bartlett. 

Yokota M and Tanimoto O (1967) Eifects of diffusion on 
energy transfer by resonance. Journal of the Physics 
Society of Japan 22: 779-784. 


TOMOGRAPHY / Optical Coherence Tomography 193 


‘OMOGRAPHY 


Contents 


Optical Coherence Tomography 
Tomography and Optical Imaging 


Optical Coherence 
Tomography 


SA Boppart, University of Illinois, Urbana, IL, USA 


© 2005, Elsevier Lc, All Fights Reserved 


Introduction 


Optical coherence tomography (OCT) is an emerging 
imaging technique for a wide range of biological, 
medical, and material investigations. OCT was 
initially developed for imaging biological tissue 
because it permits the imaging of tissue microstruc~ 
ture in situ, yielding micron-scale image resolution 
without the need for excision of a specimen and tissue 
processing. OCT is analogous to ultrasound B-mode 
imaging except that it uses low-coherence light rather 
than sound and performs cross-sectional imaging by 
measuring the backscattered intensity of light from 
structures in tissue. The OCT image is a gray-scale or 
false-color two-dimensional representation of back- 
scattered light intensity in a cross-sectional plane. The 
OCT image represents the differential backscattering 
contrast between different tissue types on a micron 
scale. Because OCT performs imaging using light, it 
has a one to two order-of-magnitude higher spatial 
resolution than ultrasound and does not require 
contact with the specimen or sample. 

OCT was originally developed and demonstrated in 
ophthalmology for high-resolution tomographic ima- 
ging of the retina and anterior eye. Because the eye is 
transparent and is optically accessible, it is well suited 
for diagnostic OCT imaging. OCT is promising for 
the diagnosis of retinal disease because it can provide 
images of retinal pathology with 10 micron resol- 
ution, almost one order-of-magnitude higher than 
previously possible using ultrasound. Recently, OCT 
has been applied for imaging in a wide range 
of nontransparent tissues. In tissues other than the 
eye, the imaging depth is limited by optical attenu- 
ation due to scattering and absorption. Ophthalmic 


imaging is typically performed at 800.nm wave- 
lengths. However, because optical scattering 
decreases with increasing wavelength, OCT imaging 
in nontransparent tissues is possible using longer near- 
infrared wavelengths. In most tissues, imaging depths 
of 2-3 mm can be achieved using a system detection 
sensitivity of 100 to 110 dB. Imaging studies have 
been performed ina wide range of biological, medical, 
and surgical specialties including developmental 
biology, cardiology, gastroenterology, urology, and 
neurosurgery. High-resolution OCT using short 
coherence length, short pulsed light sources has also 
been demonstrated and axial resolutions less than 
2 um have been achieved. High-speed real-time OCT 
at image acquisition rates of 4 to 8 frames per second 
have also been demonstrated. OCT has been extended 
to perform Doppler imaging of blood flow and 
birefringence imaging to investigate tissue injury. 


Different imaging delivery systems including trans- 
verse imaging catheters and forward imaging devices 
internal body OCT. 
catheter has been 


have been developed to enabl 
imaging. Most recently, an O 
combined with endoscope-based delivery to perform 
in vivo imaging in animal models and human patients. 

This chapter will provide an overview of the OCT 
technology, beginning with the basic principles of 
operation. Technological advancements over the last 
decade have enabled OCT to transition from labora- 
tory- to clinical-based imaging. These enabling 
advancements will be discussed, followed by repre- 
sentative applications in biology, medicine, surgery, 
and materials. 


Principles of Operation 


OCT is based on optical ranging, the high-resolution, 
high dynamic range detection of backscattered light. 
In contrast to ultrasound, the velocity of light is 
extremely high. Therefore, the echo time delay of 
reflected light cannot be measured directly and 
interferometric detection techniques must be used. 
One method for measuring echo time delay is to use 
low coherence interferometry or optical coherence 
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domain reflectometry. Low-coherence interferometry 
was first developed for measuring reflections in fiber 
optics and optoelectronic devices. 

‘The echo time delay of reflected light is measured 
by using a Michelson-type interferometer (Figure 1). 


Reference arm mirror 


Source 


rm 
ne 


Long coherence lenath 


‘Amplitude 
Amplitude 


Short coherence length 


Figure 1 Schematic illustrating the concept of low-coherence 
interferometry. Using a short caherence-length ight source and a 
Michelson-type interferometer, interference fringes are observed 
only when the path lengths of the two interferometer arms are 
‘matched to within the coherence length of the optical source. 
Abbreviations: BS, beam splitter; Al., coherence length. 


Backscattered intensity 


Axial 
postion 
(depth) 


The light reflected from the specimen or sample is 
interfered with light that is reflected from a reference 
path of known path length, Interference of the light 
reflected from the sample arm and reference arm of 
the interferometer can occur only when the optical 
path lengths of the two arms match to within the 
coherence length of the optical source. As the 
reference arm optical path length is scanned, different 
echo delays of backscattered light from within the 
sample are measured. The interference signal is 
detected at the output port of the interferometer, 
electronically band-pass filtered, demodulated, digi- 
tized, and stored on a computer. The position of 
the incident beam on the specimen is typically 
scanned in the transverse direction and multiple 
axial measurements are performed. This generates a 
two-dimensional data array that represents the 
optical backscattering through a. cross-sectional 
plane in the specimen (Figure 2). The logarithm of 
the backscatter intensity is then mapped to false-color 
or gray-scale and displayed as an OCT image. The 
interferometer in an OCT instrument can be 
implemented using a fiber optic coupler and beam- 
scanning can be performed with small mechanical 
galvanometers in order to yield a compact and robust 
system (Figure 3). 

In contrast to conventional microscopy, the axial 
resolution in OCT images is determined by the 
coherence length of the light source. The axial point 
spread function of the OCT measurement as 
defined by the signal detected at the output of the 


‘Transverse scanning 


NUT 


2.0 gray-scale 
Image of optical backscattering 


Figure 2 OCT image generation. The OCT image is typically acquired by performing axial measurements of optical backscatter at 
different transverse positions on the specimen and displaying the resulting two-dimensional data set as a gray-scale (or false-color) 


image. 


TOMOGRAPHY / Optical Coherence Tomography 195 


Low-coherence 
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Photodetector 


Beam delivery 
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Fiber optic 
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(Optical pathlength 
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Bandpass titer H Envelope detector H ~D H 


Computer 


Figure 3 Schematic representation of an OCT system implemented using fiber optics. The Michelson interferometer is implemented 
Using a fiber-optic coupler (beam spiter). The sample arm contains a beam-delvery instrument and the reference arm contains 
mechanism for rapidly scanning the optical pathlength. The output of the interferometer is detected with a photodiode, fiterad, 
demodulated, analog-to-digital (A~D) converted, and processed by a computer. 


interferometer is the electric-field autocorrelation of 
the source. The coherence length of the light is the 
spatial width of the field autocorrelation and the 
envelope of the field autocorrelation is equivalent to 
the Fourier transform of its power spectrum. Thus, 
the width of the autocorrelation function, or the axial 
resolution, is inversely proportional to the width of 
the power spectrum. For a source with a Gaussian 
spectral distribution, the axial resolution Az is gi 


2In2 
caarvy 


where Az and AA are the full-widths-at-half-maxi- 
mum of the autocorrelation function and power 
spectrum respectively and A is the source central 
wavelength. Figure 4 illustrates the dependence of the 
coherence length (axial resolution) on the bandwidth 
of the optical source. To achieve high axial resolution 
requires broad bandwidth optical sources. Resolution 
is also improved by using shorter wavelengths, 
however, shorter wavelengths are scattered and 
absorbed more in biological tissue. 

The transverse resolution in an OCT imaging 
system is determined by the focused spot size in 
analogy with conventional microscopy and is 
given by: 

_ 4a f 

ad 
Where d is the spot size on the objective lens and f is 
its focal length. High transverse resolution can be 
obtained by using a large numerical aperture and 
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Figure 4 Dependence of coherence length (axial resolution) on, 
the bandwidth ofthe optical source. Curves.are shown for imaging 
wavelengths of 800nm, 1300nm, and 1500nm. To achieve 
mmicron-scale resolution imaging, broad spectral bandwidths are 
necessary. 


focusing the beam to a small spot size. The transverse 
resolution is also related to the depth of focus or 
the confocal parameter 2zp (two times the Raleigh 
range). 


Thus, increasing the transverse resolution results in a 
reduced depth of field. Typically, the confocal 
parameter or depth of focus is chosen to match the 
desired depth of imaging. Increased resolution may 
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also be obtained by using a higher numerical aperture 
lens or objective and spatially tracking the focus 
through the specimen. 

Finally, the detection signal-to-noise is given by the 
optical power backscattered from the sample divided 
by the noise equivalent bandwidth: 


SNR = 10 oa( 4 a) 


fia NEB 


Depending upon the desired signal to noise 
performance, incident powers of 5—10mW are 
typically required for OCT imaging of 250-500 
square pixel images at several frames per second. 
If lower data acquisition speeds or signal-to-noise 
can be tolerated, power requirements can be 
reduced accordingly. 


Technological Developments 


Since the inception of OCT in the early 1990s, there 
has been rapid technological developments aimed at 
improving the imaging resolution, acquisition rate, 
and methods for beam delivery to the tissue or 
sample. Investigators have also explored other 
imaging methods using the principles of OCT to 
extract information from the tissue or sample. Some 
of these methods have included acquiring optical 
Doppler signals from moving scatterers or structures, 
obtaining images based on the polarization state of 
the returned light, and extracting spectroscopic 
information based on the local absorption or 
scattering properties of the tissue, 


Optical Sources / High-Resolution Imaging 


The majority of OCT imaging systems to date have 
used superluminescent diodes (SLDs) as low coher- 
ence light sources. SLDs are manufactured with a 
similar structure to that of laser diodes, but com- 
monly end facets are angle-cleaved to suppress lasing. 
These device structures do not support oscillation 
modes and generate output based on amplified 
spontaneous emission, resulting in emission spectra 
that are broader than laser diodes. SLDs are 
commercially available at a range of wavelengths 
including 800 nm, 1.3 um, and 1,5 um and are 
attractive because they are compact, have high 
efficiency, and low noise. However, output powers 
are typically limited to only a few milliwatts which 
limits fast real-time acquisition rates, and the 
available bandwidths are relatively narrow, permit- 
ting imaging with 10-15 micron resolution. Recent 
advances in short-pulse solid-state laser technology 
make these sources attractive for OCT imaging in 
research applications. Femtosecond solid-state lasers 


can generate tunable, low-coherence light at powers 
sufficient to permit high-speed OCT imaging. Short 
pulse generation has been achieved across the full 
wavelength range in titanium:sapphire (Ti:Al20s) 
from 0.7 um to 1.1 jum and over more limited tuning 
ranges near 1.3mm and 1.5 im in chromium: 
forsterite (Cr**:Mg.SiO4) and chromium:yttrium- 
aluminum-garnet (Cr**:YAG) lasers, respectively. 
OCT imaging with resolutions of 1m and 5pm 
has been demonstrated at 800nm and 1.3 um 
respectively using Ti:Al,O, and Cr**:Mg,SiO, 
sources. More compact and convenient sources such 
as superluminescent fiber sources, are currently under 
investigation, The titanium:sapphire laser technology 
is routinely used in multi-photon microscopy 
applications for its high peak intensities to enable 
multi-photon absorption and subsequent emission of 
fluorescence from exogenous fluorescent contrast 
agents. Combined OCT and multi-photon micro- 
scopy has been used to provide complementary image 
data using a single optical source. 


Fast Scanning 


The short-pulse solid-state laser technology not only 
provides broad spectral bandwidths for high-resol- 
ution OCT imaging, but also higher output powers to 
enable fast real-time OCT imaging. Higher incident 
powers are required to maintain equivalent signal-to- 
noise ratios when scanning at a faster rate. Linearly 
translating a reference arm mirror is problematic at 
high rates and provides axial scan frequencies of 
approximately 100 Hz, depending on the mirror size 
and the translating galvanometer. Several investi- 
gators have utilized rotating glass cubes, piezoelectric 
modulators, and multipass optical cavities to 
increase axial scan rates while maintaining scan 
ranges of 1-2 mm. An optical delay based on the 
principles used in femtosecond pulse shaping has been 
demonstrated for OCT. This delay line spectrally 
disperses the reference arm beam with a grating. The 
dispersed beam is then focused by a lens on to a 
rotating mirror mounted on a galvanometer. The 
mirror, located in the Fourier-transform plane of the 
lens, imparts a wavelength-dependent phase shift on 
the light. Subsequently, when re-coupled back into 
the interferometer, this phase-shift is equivalent to a 
time-delay in the time domain, The use of high-speed 
resonant galvanometers has permitted axial scan 
rates as high as 8 kHz over scan ranges of several 
millimeters. Depending on the image pixel size 
(number of axial scans within each image), this scan 
rate can provide video-rate OCT imaging (30 frames 
per second). An example of high-speed functional 
OCT imaging is shown in Figure 5. Images of a 
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Figure 5 Comparison of slow and fast OCT imaging of a beating Xenopus (Altican frog) tadpole heart. The OCT image in (a) 
was acquited in 30 seconds and shows oscilations and blurring from the beating heart. The image on the right (b) was acquired in 
250 ms (4 frames per second), fast enough to capture the anatomy of the heart with minimal motion artifacts. Abbreviations: a, atrium: 
baa, bulbous arteriasus; v, ventricle. (Images reprinted with permission from Boppart SA, Teamey GJ, Bouma BE, ef al. (1997) 
Noninvasive assessment ofthe developing Xenopus cardiovascular system using optical coherence tomography. Proceedings of the 


‘National Acadomy of Scionces 94: 4256-4261.) 


beating Xenopus laevis (African frog) tadpole were 
compared at slow (30 s per image) and at fast (250 ms 
per image) acquisition rates. Artifacts due to cardiac 
motion were present at slow acquisition rates, but 
were minimized with acquisition rates of 4 frames per 
second, Functional cardiac parameters could be 
measured and high-speed processes such as chamber 
and valve function could be visualized in real-time. 

Depth-priority scanning, as described above, is 
performed by rapidly varying the optical delay in the 
reference arm and collecting a single axial scan before 
translating the beam laterally and repeating this 
depth-scanning, An alternative method for generating 
OCT images is with transverse-priority scanning 
This is equivalent to optical sectioning in confocal 
and multi-photon microscopy. Three-dimensional 
OCT imaging using transverse-priority scanning can 
he obtained by stepping the position of the reference 
arm mirror after each en face image is acquired. The 
OCT images produced from transverse-priority scan- 
ning can be correlated with confocal or multi-photon 
microscopy images, which are acquired with the same 
scanning method. This method can also utilize higher 
numerical aperture objective lenses to provide high 
transverse resolutions since a large depth of focus is 
not needed as in depth-priority OCT scanning. The 
combination of OCT with high-numerical aperture 
objectives has been termed optical coherence 
microscopy. 


Doppler Optical Coherence Tomography 


Conventional OCT detects the amplitude of the 
optical hackscatter versus position within the sample. 
Doppler OCT is a technique which has been applied 
to measuring fluid flow within small capillary tubes 
and in vivo vessels in the skin, retina, and heart of 
small animal models and humans. This technique is 
based on digitally sampling the interference fringes 


that are produced from a moving scatterer within the 
sample or specimen and determining the Doppler 
frequency shift in the signal due to the moving 
scatterer. Figure 6 illustrates two- and three-dimen- 
sional optical Doppler data for fluid flow through a 
cylindrical tube. A two-dimensional cross-sectional 
profile of fluid flow through a silicon tube with a 
600 wm inner-diameter is plotted in Figure 6. The 
acquired data (points) closely match the predicted 
profile (line) for these tube dimensions. Below the 
plot, one method of obtaining a three-dimensional 
fluid flow profile is illustrated. While imaging the tube 
in cross-section, the fluid flow velocity was altered 
with a perfusion pump. The detection filter band- 
width of the OCT electronics served a windowing 
function, detecting only flow velocities with frequen- 
cies within the detection bandwidth. For an unknown 
flow profile, the center frequency of the detection 
filter can be shifted to map the flow velocities present 
within the sample. 


Beam Delivery 


‘The OCT imaging technology is modular in design 
and a variety of optical instruments can be used to 
deliver the OCT beam to the tissue or sample. 
Because OCT is fiber-optic based, single optical fibers 
can be used to deliver the OCT beam and collect the 
reflected light. The OCT technology can readily be 
integrated into existing optical instruments such as 
research and surgical microscopes, ophthalmic slit- 
lamp biomicroscopes, and hand-held imaging probes. 

Imaging penetration is determined by the optical 
absorption and scattering properties of the tissue or 
specimen, The imaging penetration for OCT ranges 
from tens of millimeters for transparent tissues such 
as the eye to less than 3mm in highly-scattering 
tissues such as skin, To image highly-scattering 
tissues deep within the body, novel beam-delivery 
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Figure § Doppler OCT. A two-dimensional plot ofthe luid-flow velocity profile of lowing blood through a 600 ym inner-ciameter tube 
is shown. Data points acquired using OCT closely folow the theoretical laminar flow profile (line). Two-dimensional Doppler OCT images 
Of blood flow through the tube are shown below the plot. As fui flow increases, only fuidfiow velocities within the bandwidth of the 
dotection electronics are detectod. This represents one method by which 3:D fluid flow can be imaged. 


instruments have been developed to relay the OCT 
beam to the site of the tissue to be imaged. An OCT 
catheter has been developed for insertion into 
biological lumens such as the gastrointestinal tract. 
Used in conjunction with endoscopy, the 1mm 
diameter catheter can be inserted through the work- 
ing channel of the endoscope for simultaneous OCT 
and video imaging. Minimally-invasive surgical 
procedures utilize laparoscopes, which are long, 
thin, rigid optical instruments that permit video- 
based imaging within the abdominal cavity. Laparo- 
scopic OCT imaging has been demonstrated by 
passing the OCT beam through the optical elements 
of a laparoscope. Deep solid-tissue imaging is 
possible with the use of fiber-needle probes. Small 
(400 ym diameter) needles housing a single optical 
fiber and micro-optic elements can be inserted into 
solid tissues and rotated to acquire OCT images. 


Recently, microfabricated micro-electro-optical- 
mechanical systems (MEOMS) technology has been 
used to miniaturize the OCT beam scan mechanism. 


Applications 


Developmental Biology 


OCT has been demonstrated in the field of 
developmental biology as a method to perform 
high-resolution, high-speed imaging of developing 
morphology and function, Cellular-level imaging is 
possible, providing a non-invasive technique for 
visualizing cellular processes such as mitosis and 
migration. Imaging studies have been performed on 
several standard biological animal models commonly 
employed in developmental biology investigations 
including Rana pipiens (Leopard frog), Xenopus laevis 
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Optical coherence tomography 


Histology 


Figure 7 OCT images and corresponding histology of a Stage 49 (12 day) Rana pipiens (Leopard frog) tadpole. OCT images in the 
left and midale columns were acquired with the OCT beam incident from the dorsal and ventral sides of the specimen, respectively. 
The corresponding histology in the right column illustrates strong correlations between OCT Images and the actual tissue 
‘morphology. Abbreviations: ey, eye; g, gil; h, heart; |, intestines; rt, respiratory tract. (Images reprinted with permission from Boppart 
SSA, Brezinski ME, Bouma BE, of al. (1996) Investigation of developing embryonic morphology using optical coherence tomography. 


Dev. Biol. 177: 54-64.) 


(African frog), and Brachydanio rerio (zebrafish) 
embryos and eggs, and the murine (mouse) model, 

A series of cross-sectional images acquired in vitro 
from the dorsal and ventral sides of a Stage 49 (12 
day) Rana pipiens (Leopard frog) tadpole is shown 
in Figure 7. Features of internal architectural 
morphology are clearly visible in the images. The 
image of the eye differentiates structures correspond 
ing to the cornea, lens, and iris. Internal morphology 
not accessible in one orientation due to the specimen 
size or shadowing effects can be imaged by reorient- 
ing the specimen and scanning in the same cross 
sectional image plane. With the OCT beam incident 
on the ventral side, images of the respiratory tract, 
ventricle of the heart, internal gills, and gastro- 
intestinal tract were acquired. 

‘These images can be compared with corresponding, 
histology (Figure 7). Histological images are acquired 
by euthanizing the specimen, immersing the specimen 
in a chemical fixative, and physically sectioning thin 
(2-5 micron-thick) slices using a microtome. The 
slices are placed on a microscope slide, sclectively 
stained to highlight particular features, and viewed 
with light microscopy. The correlations between 
OCT and histology images are strong, suggesting 
that OCT images can accurately represent the int vivo 
specimen morphology. The potential exists to repeat- 
edly image specimens to quantify organo- and 


morphogenesis throughout development. Techno- 
logies such as OCT are likely to become increasingly 
important in functional genomics, relating genetic 
features to the morphology and function in living 
specimens. 

OCT images represent the optical backscatter 
intensity from regions within the tissue or sample. 
Because OCT relies on the inherent optical scattering 
changes to produce imaging contrast, no exogenous 
contrast agents or fluorophores are necessary. This 
permits long-term sequential imaging of development 
in vivo without loss of specimen viability. Repeated 
images of a developing zebrafish embryo within its 
egg beginning immediately after fertilization and up 
until hatching have been demonstrated without loss 
of specimen viability or without developmental 
abnormalities. In this example, the zebrafish egg 
and embryo were semi-transparent and the use of 
OCT significantly complemented observations made 
using light microscopy. By imaging subtle differences 
in backscattering intensity, interfacial structural 
layers millimeters deep within specimens can be 
clearly delineated. 

Previous OCT images have characterized morpho- 
logical features within biological specimens. These 
structures are static even though they may have heen 
acquired from in vivo specimens. In vivo imaging in 
living specimens, particularly in larger organisms and 
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for medical diagnostic applications, must be per- 
formed at high speeds to eliminate motion artifacts 
within the images. Functional OCT imaging is the 
quantification of in vivo images which yield infor- 
mation characterizing the functional properties of the 
organ system or organism. High speed OCT permits 
both the positioning and manipulation of specimens 
as well as imaging in real time and is a powerful 
technology for functional imaging in developmental 
biology animal models, 

Studies investigating normal and abnormal cardiac 
development have been frequently limited by an 
inability to access cardiovascular function within the 
intact organism. OCT has been demonstrated for the 
high-resolution assessment of structure and function 
in the developing Xenopus laevis (African frog) 
cardiovascular system (Figure 5). The morphology 
of the in vivo cardiac chambers is clearly delineated. 
Image acquisition rates are fast enough to capture the 
cardiac chambers in mid-cycle, With this capability, 
images can be acquired at various times during 
the cardiac cycle, These frames can be displayed in 
real-time to produce a movie illustrating the 
dynamic, functional behavior of the developing 
heart. OCT, unlike technologies such as computed 
tomography and magnetic resonance imaging, pro- 
vides high-speed in vivo imaging, allowing quantitat- 
ive dynamic activity, such as ventricular ejection 
fraction, to be assessed. 


Cellular Imaging 


Although previous studies have demonstrated in vivo 
OCT imaging of tissue morphology, most have 
imaged tissue at ~10-15 wm resolutions, which 
does not allow differentiation of cellular structure. 
The ability of OCT to identify the mitotic activity, 
the nuclear-to-cytoplasmic ratio, and the migration 
of cells has the potential to not only impact the 
fields of cell and developmental biology, but also 
impact medical and surgical disciplines for the early 
diagnostics of disease such as cancer. 

‘The Xenopus laevis (African frog) tadpole has been 
used to demonstrate the feasibility of OCT for high- 
resolution in vivo cellular and subcellular imaging. 
Many of the cells in this common developmental 
biology animal model are rapidly dividing and 
migrating during the early growth stages of the 
tadpole, providing an opportunity to image dynamic 
cellular processes. Three-dimensional volumes of 
high-resolution OCT data have been acquired from 
these specimens throughout development. From 
this 3-D data set, cells undergoing division were 
identified and tracked in three dimensions. In a similar 
manner, 3-D data sets were acquired to track single 


melanocytes (neural crest cells) as they migrated 
through the living specimens. The ability of OCT to 
characterize cellular processes such as mitosis and 
migration not only are of interest in cell and 
developmental biology, but also have relevance for 
cancer diagnostics and tumor metastasis. 

An example of cellular-level OCT imaging in these 
specimens is shown in Figure 8. This composite image 
(0.83 X Imm, 1800 x 1000 pixels) was acquired 
using a titanium:sapphire laser with a broad band- 
width (~260 nm). The axial and transverse resolu- 
tion in this image is 1 xm and $ um, respectively (see 
Figure 4), Because the high transverse resolution 
reduced the depth-of-focus to 49 um, separate OCT 
images were first acquired with the focus at different 
depths within the specimen. These images were then 
assembled to produce the composite image shown in 
Figure 8, This type of image construction is similar to 
C-mode ultrasound. Cellular features including cell 
membranes, nuclei, and nuclear morphology are 
clearly observed. 


Medicine - Imaging Barrett's Esophagus 


OCT performs in sitwimaging and has the potential to 
be used as a screening technique of early pathological 
changes in patients. OCT imaging has the potential to 
be a general diagnostic in many organ systems, 


Figure 8 Colluar-level OCT imaging using a broad bandwiath 
titanium:sapphire laser. Axial and transverse image resolutions 
are 14m and 5 jm, respectively, enabling the visualization of cell 
membranes, nuclear morphology, and sub-cellular organelles. 
Collular processas such as mitosis and migration can be 
Visualized in real-time in living specimens. (Image reprinted with 
permission trom Drexler W, Morgner U, Kariner FX, et al. (1999) 
‘In vivo ultrahigh resolution optical coherence tomography. Optics 
Letters 24: 1221-1223.) 
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Integrated circuit> analog > digital potentio 


In some variants, the low end of the ladder is 
permanently, internally connected with ground, 
and the L pin is omitted. In other variants, one 
end of the ladders unconnected inside the chip. 


A chip designed to function in voltage divider 
mode will include all three pins—H, L, and W— 
except in some instances where the low end of 
the ladder is grounded internally. 


Variants are shown in Figures 8-7, 8-8, 8-9, and 
8-10, Because some pins may be omitted, and 
there is no standardization of function among 
the pins that do exist, circuits and chips must be 
examined carefully prior to use. 
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Figure 87. Some digital potentiometers minimize chip 
size and provide specialized functionality by eliminating 
pins. In the variant shown here, the W pin provides a volt: 
age between H and an internal ground connection. The 
chip is contralled via 2C serial pratoco. 
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(exas instruments TPLO4016) 


Figure 8-8. In this variant, the H end of the intemal resis 
for ladder i alowed to float inside the chip, and the digital 
potentiometer functions as a rheostat. The chip is con- 
trolled via l2C serial protocol. 
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Figure 8-9. This variant provides a variable resistance be- 
tween the H pin and an internal connection with negative 
ground, Pin 5 Is omitted, The chip is controlled by up/ 
down pulses. 
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Figure 8-10. This variant provides a variable resistance 
between H and L pins, without allowing either end of the 
resistor ladder to float. The W pin is omitted, as the wiper 
's tied internally to the H pin. The chips listed are con: 
trolled by up/iown pulses. 


Values 


Aprimary limitation of digital potentiometers is 
that they cannot withstand significant current. 
This may prevent them from being substituted 
for an analog potentiometer unless changes are 
made in the circuit. H, L, and W pins are usually 
unable to source or sink continuous, sustained 
current exceeding 20mA. 


Wiper resistance is the resistance that is added 
internally by the wiper. Thisisnontrivialitis often 
around 1000, and can be as high as 2000. 


Typical end-to-end resistance of the ladder of in- 
temal resistors may range from 1K to 100K. Val- 
ues of 1K, 10K, and 100K are common. 
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particularly where current methods of screening by 
excisional biopsy are limited, Barrett's esophagus is a 
condition where the cells of the distal esophagus 
undergo a metaplastic change, resembling cells of the 
lower gastrointestinal tract. This condition is believed 
to be caused by chronic gastroesophageal reflux. 
Several studies have demonstrated that Barrett's 
esophagus is associated with a 30-125 times 
increased risk of developing adenocarcinoma, For 
this reason, endoscopic surveillance of Barrett's 
epithelium every 12-18 months is recommended. 
Endoscopic screening currently involves random four- 
quadrant biopsies every 1-2 cm along the length of 
suspect mucosa. However, excisional biopsy is prone 
to sampling errors and small foci of carcinoma or 
dysplasia may be missed. Because of the imprecision 
and high cost associated with screening, new methods 
are being developed to assess patients at increased 
risk. Endoscopic ultrasound catheters have been 
used for imaging the gastrointestinal tract with 
50-100 pm resolution. However, these resolutions 
are insufficient to resolve early epithelial changes that 
occur in Barrett's esophagus and the pre-malignant 
changes that lead to adenocarcinoma of the 
esophagus. 

The ability of OCT to differentiate normal and 
pathologic tissue is a central question being addressed 
by many research groups. Comparisons with 


histology show good correlations between OCT 
images and histological findings. The image resol- 
ution of conventional OCT (10-15 um) is sufficient 
to differentiate architectural but not cellular 
morphology. Still, endoscopic OCT resolution can 
differentiate normal from Barrett's epithelium in real- 
time based on differences in epithelial architecture. 
Crypt- and gland-like structures that disrupt the 
relatively uniform layers of squamous epithelium 
can be readily identified, enabling differentiation 
between normal and Barrett's epithelium (Figure 9). 
The ability to differentiate normal from Barrett's 
epithelium suggests that the OCT technology could be 
used for screening applications. 


Oncology ~ Identifying Tumors and Tumor Margins 


OCT has been used to differentiate between the 
morphological structure of normal and cancerous 
tissue for a wide-range of tumors. The use of OCT to 
identify tumors and tumor margins in situ will 
represent a significant advancement for medical or 
image-guided surgical applications. OCT has been 
demonstrated for the detection of brain tumors and 
their margins with normal brain parenchyma, sugge- 
sting a role for guiding surgical resection. A hand-held 
surgical imaging probe was constructed for this 
application. The compact and portable probe 
permits OCT imaging within the surgical field while 


catheter sheath 


Biopsy histology 


Figure 9 Endoscopic OCT imaging in humans. An OCT catheter was inserted down the working channel of an endoscope. Guided by 
video imaging, regions of normal and Barret's esophagus were imaged. Corresponding biopsy histology is shown. OCT can 
identity Barret's esophagus by the presence of gland- and crypl-ike structures (arrows). (Images reprinted with pormission fram Li XD, 
Boppart SA, Van Dam J, et a. (2000) Optical coherence tomography: advanced technology for the endoscopic imaging of Barrett's 


esophagus. Endoscopy $2: 821-890.) 
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the OCT instrument can be remotely located in the 
surgical suite, 

Figure 10 shows a specimen of outer human 
cerebral cortex with metastatic melanoma. The 
OCT images in Figure 10a,b were acquired through 
the tumor. These original images were threshold 
segmented to identify regions of high backscatter 
within the tumor, The original images were then 
overlaid with the segmented data and are shown in 
Figure 10c,d. The OCT images show increased 
optical backscattering in the region of the larger 
tumor (arrows). Smaller tumor lesions also appear 
within the image (arrows). A shadowing effect is 
observed below each tumor site due to the increased 
optical backscatter and the subsequent loss of optical 
power penetrating beneath the tumor. In Figure 10a,c, 
the boundary of the tumor can be identified. In 
Figure 10b,d, the tumor 
of normal cortex. The histology in Figure 10c,f 
confirms the presence and relative size of the tumor. 


identified below the surface 


Figure 10 Cancer diagnostics. OCT imaging was used to image 
‘metastatic melanoma in an ex vivo specimen of human cortex 
(brain). Raw OCT images (a,b) wore threshold-segmentad (c,d) to 
highlight regions of increased optical backscatter and to identily 
tumormargins. OCT images correlate wellwith histological findings 
(6,1. (Images reprinted from Boppart SA, BozinskiME, Pitis Cand 
Fujimoto JG (1988) Optical coherence tomography for neurosurgi- 
cal imaging of human intracortical melanoma. Neurosurgery 43: 
834-841, with permission from Lippincott Willams and Wilkins.) 


The image resolutions used to acquire the images in 
Figure 10 were as high as 16 um, higher than any 
current ultrasound, CT, or MRI intraoperative 
imaging technique. This allowed the tumor-cortex 
interface and the extent of tumor below the surface to 
be defined with high resolution. At higher imaging 
resolutions, it may be possible to image individual 
tumor cells which have migrated away from the 
central tumor. OCT represents a new high-resolution 
optical imaging technology that has the potential 
for identifying tumors and tumor margins on the 
micron scale and in real-time. OCT offers imaging 
performance not achievable with current imaging 
modalities and may contribute significantly toward 
the surgical resection of neoplasms. 


Image-Guided Surgery 


The repair of vessels and nerves is necessary to restore 
function following traumatic injury, Although the 
repair of these sensitive structures is performed with 
the aid of surgical microscopes and loupes to magnify 
the surgical field, surgeons are limited to the en face 
view that they provide. A technique capable of 
subsurface, three-dimensional, micron-scale imaging 
in real-time would permit the intraoperative moni- 
toring of microsurgical procedures. The capabilities 
of OCT for the intraoperative assessment of 
microsurgical procedures have been demonstrated. 
High-speed OCT imaging was integrated with a 
surgical microscope to performed micron-scale three- 
dimensional imaging on microsurgical specimens. 
OCT has been used to image in vitro peripheral 
nerves and identify individual fascicles, Longitudinal 
tracking of the spatial orientation of rabbit periph- 
eral nerve fascicles is demonstrated in Figure 11. 
Representative cross-sectional images of the periph- 
eral nerve are shown in Figure 1 1a—d. For each slice, 
one fascicle was manually segmented, colored white, 
and tracked through the acquired volume of data. 
Forty images at 100 um spacing were assembled for 
the 3-D projections shown in Figure Ie, The 
horizontally- and vertically-rotated projections of the 
peripheral nerve dramatically reveal the twisted path 
of the segmented fascicle along the longitudinal axis 
of the nerve. In addition, a branch in an unsegmented 
fascicle is observed in Figure 11f. The use of OCT to 
acquire multiple cross-sectional images and three- 
dimensionally reconstruct the peripheral nerve offers 
the opportunity to determine the relative diameters 
of individual fascicles and to longitudinally track 
their spatial orientation. OCT may also be useful at 
identifying and grading the degree of injury in nerves 
during surgical repair. These results have shown how 
2D OCT images and 3-D OCT projections can 
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Figure 11 OCT image-guided microsurgery. Multiple cross 
sectional OCT images were acquired through a resected rabbit 
peripheral nerve(a~d). Asinglenervefasciclo (*) wasidentiiedand 
Segmented longitudinally along the length of the nerve. Three 
dimensional reconstruction projections of the nerve in (o,) reveal 
the tortuous path of the segmented fascicle as woll as reveal 
a bifurcation (b). Intraoperative OCT can guide surgical repair 
and potentially identity regions of damaged tissue. (Images 
reprinted from Boppart SA, Bouma BE, Pitris C, et al. (1998) 
Intraoperative assessment of microsurgery with three-dimensional 
‘optical coherence tomography. Radiology 208: 81-86, with 
permission from the Radiology Society of North America) 


provide diagnostic feedback to assess microsurgical 
anastomoses. This previously unavailable diagnostic 
ability offers the potential to directly impact and 
improve patient outcome by incorporating high- 
speed, high-resolution intraoperative image-guidance 
during microsurgical procedures. 

Surgical intervention requires visualization to 
identify tissue morphology, precision to avoid sensi 
tive tissue structures, and continuous feedback to 
monitor the extent of the intervention, OCT may 
provide the technological advancements to improve 
the operative procedure, The feasibility of OCT to 
perform image-guided surgical intervention has been 
investigated. OCT has been used to monitor laser 
ablation therapy in real-time and may enable more 
precise control of laser delivery. An argon-laser 
ablation sequence of fresh ex vivo rat rectus 
abdominis muscle is shown in Figure 12. A pair of 
blood-filled vessels were located 1.5 mm below the 


tissue surface and centered within the OCT image. 
Because blood has a higher absorption coefficient 
than muscle at the 514mm argon laser wavelength, 
coagulation and thermal heating of the blood 
occurred prior to thermal damage to the overlying 
tissue. The accompanying histology reveals both the 
thermally-damaged overlying tissue and coagulated 
blood present within the vessel pair. 

These examples demonstrate the use of OCT for 
guiding and monitoring surgical intervention. The 
laser is only a representative interventional surgical 
technique for a wide range of instruments and 
techniques including scalpels, electrosurgery, radio- 
frequency, microwaves, and ultrasound ablation. 
OCT imaging was performed at 8 frames per 
second, fast enough to capture dynamic changes in 
the optical properties of the tissue during thermal 
ablation. These image sequences provided interest- 
ing insight into ablation mechanisms for a variety of 
types. OCT can monitor the extent of 
thermal injury below the surface of the tissue by 
imaging the changes in optical backscatter. OC 
imaging can therefore provide empiric information 
for dosimetry to minimize the extent of collateral 
injury. The use of OCT for guiding surgical 
interventions has the potential to improve intrao- 
perative monitoring and more effectively control 
interventional procedures. 


tissue 


Materials 


While the majority of OCT applications have been in 
the fields of biology and medicine. OCT has also been 
demonstrated in the non-biological areas of materials 
investigation, optical data storage, and microfluidic 
devices. The highly-scattering or reflecting optical 
properties of many materials prohibits deep imaging 
penetration using OCT. Many material defects, 
however, originate near the surface or at interfacial 
boundaries, making the use of OCT a possibility for 
inspection and quality control. OCT has been used to 
identify subsurface defects in ceramics and polymer 
composites. The optical ranging capabilities of OCT 
through scattering materials has been utilized for 
increasing the data storage capacity by assembling 
multiple layers of optically-accessible data. 

‘The advancement of microfabrication techniques 
has led to increasingly complex microfluidic and 
bioMEM (biological micro-clectro-mechanical) 
systems, Microstructures within microfluidic systems 
range from 10-1000 um, within both the imaging 
depth and resolution of OCT. In addition, microfluidic 
systems are typically fabricated ftom transparent or 
semi-transparent substrates, facilitating imaging 
penetration to deeper three-dimensional features. 
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Figure 12 OCT image-guided laser ablation. High-speed OCT image sequence of argor-laser ablation of load vessels in ex vivorat 


‘muscle tissue. Thermal heating within the blood vessels (arrows, 0.0~ 
tissue (0.61.0 s). Accompanying histology shows coagulated blood with 


OCTisnot only capable of imaging three-dimensional 
microstructures at micron-scale resolutions, but is also 
capable of obtaining dynamic functional data from 
microfluidic systems. Microfluidic devices made 
from polymeric materials are attractive since they 
provide flexibility in the design of the channels, can 
be manufactured in large volumes, and are mostly 
bio-compatible. A three-dimensional imaging tech- 
nigue, such as OCT, will be instrumental in the 
analysis of these devices and the monitoring of device 
performance. 


Conclusions 


The capabilities of OCT offer a unique and informa- 
tive means of imaging biological specimens and non- 
biological samples. The non-contact nature of OCT 
and the use of low-power near-infrared radiation for 
imaging causes few harmful effects on living cells or 
damage to materials. OCT imaging does not require 
the addition of fluorophores, dyes, or stains in order 
to improve contrast in images. Instead, OCT relies on 


induces coagulation prior to injury to superficial muscle 
vessels. 


the inherent optical contrast generated from vari- 
ations in optical scattering and index of refraction. 
These factors permit the use of OCT for extended 
imaging over the course of hours, days, or weeks. 
OCT permits the cross-sectional imaging of tissue 
and samples and enables in vivo structure to be 
visualized in opaque specimens or in specimens 
too large for high-resolution confocal or light 
microscopy. 

Imaging at cellular and subcellular resolutions with 
OCT is an important area of ongoing research. The 
Xenopus (African frog) developmental animal model 
has heen commonly used because its care and 
handling are relatively simple while allowing cells 
with a high mitotic index to be assessed. Many of the 
cells observed were as large as 100 um in diameter, 
but ranged in size down to a few microns, below the 
resolution of most OCT systems. Imaging human cells 
in vivo remains a challenge since differentiated 
human cells are 10 to 20 microns in size, too small 
for most OCT systems. With further advances in 
OCT technology, improved discrimination and 
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imaging of more detailed structures should be 
possible. New laser sources at other wavelengths in 
the near-infrared can enhance tissue contrast as well 
as potentially provide functional information since 
tissue scattering and absorbance properties in spe 
mens are wavelength dependent. Short coherence 
length short pulse laser sources have been used to 
achieve higher axial resolutions on the order of 1 to 
3 microns. Unfortunately, unlike superluminescent 
diode source, these high-speed and high-resolution 
systems utilize femtosecond lasers that are rela- 
tively complex and costly. Developing compact and 
portable optical sources at near-infrared wavelengths, 
broad spectral bandwidths, and high output powers is 
an area of active research. 

Optical coherence tomography provides high- 
resolution morphological, functional, and cellular 
information of biological, medical, and material 
specimens and samples. OCT represents a multi- 
functional investigative tool that not only comp- 
lements many of the existing imaging technologies 
available today, but also is poised to become a major 
optical imaging modalit 
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Introduction 


“Tomos’ means section, in Greek. A tomogram is a 
sectional image of the internal structure of a three- 
dimensional object. One of the challenges for tomo- 
graphic imaging of biological tissue using visible or 
near-infrared light is tissue optical scattering. When 
photons propagate inside a tissue, they undergo 
multiple scattering. The mean free path of photons 
in the skin, for example, is Sum. If one focuses the 
light Imm below the skin surface, most photons 
undergo multiple scattering and never reach the 
target point. Less than one out of a million photons 
will be able to reach the target, undergo a single 
backscattering, and return to the detector (Figure 1). 
Most photons that are backscattered and reach the 
detector are multiple scattered photons that carry 
little information on the target point. The challenge 
for tomographic imaging of tissues is to separate the 
single backscattered photons, that carry information 
about the target point, from multiple scattered 
photons. 

Several optical tomography techniques have been 
developed. Each uses different techniques to discrimi- 
nate the multiple scattering photons from the mini- 
mally scattered photons for imaging constructions. 
The confocal microscope, for example, uses a spatial 
filtering technique to reject multiple scattering 
photons because multiple scattered photons are 
more spread out in their angular distribution than 
the minimally scattered photons, Time-of-flight ima- 
ging uses a time gating technique to discriminate 
diffuse photons because single backscattered photons 
arrive earlier than diffuse photons. Optical coherence 
tomography (OCT) uses coherent gating to discrimi- 
nate single scattered photons from multiple scattered 
photons. These gating techniques provide good 
discrimination of minimally scattered photons from 
multiple scattered photons and can form high- 
resolution sectional images, albeit with a limited 
imaging depth. Diffuse photons can propagate deep 
into the tissue and these photons can also be used for 
optical tomography. If a modulated photon density 
wave is propagated inside the tissue, the scattering 
and absorption properties of the tissue will modulate 
the phase and amplitude of the photon density wave. 
However, the resolution of optical tomography, based 


on diffuse photons, is usually much lower than that of 
the tomography constructed from single or minimally 
scattered photons. Three of the most important 
parameters for optical tomography are contrast, 
spatial resolution, and image depth. 

Most optical tomography uses absorption, scatter- 
ing, and fluorescent properties of materials as 
contrast. OCT, for example, uses variations in tissue 
scattering as contrast for tomographic imaging, 
However, in many instances, and especially during 
the early stages of disease, the change in tissue 
scattering properties between normal and diseased 
tissues is small and difficult to measure. One of the 
great challenges for extending applications of OC 
is to find more contrast mechanisms that can 
provide physiological information in addition to 
morphological structure. This article will focus on 
optical tomography technologies that use nonconven- 
tional contrast mechanisms to obtain tomographic 
images. These include optical Doppler tomography 
(ODT), optical polarization tomography, and optical 
second-harmonic tomography. These optical tomo- 
graphy technologies are extensions of OCT with 
contrast mechanisms that can provide physiological 
information, in addition to morphological structure. 
ODT, also known as Doppler OCT, combines 
the Doppler principle with OCT to obtain high- 
resolution tomographic images of tissue structure and 
blood flow simultaneously. Optical polarization 
tomography, also known as polarization sensitive 
OCT (PS-OCT), combines polarization sensitive 
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‘Scattering media 


Scatterer 


Figure 1 Optical imaging in scattering media, 
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detection with OCT, to determine tissue birefrin- 
gence. Optical second-harmonic tomography, also 
known as second-harmonic optical coherence tomo- 
graphy (SH-OCT), combines second-harmonic 
generation (SHG) with coherence gating to obtain 
images with molecular contrast. These functional 
extensions of OCT provide clinically important 
information on tissue physiology, such as tissue 
blood perfusion, oxygen saturation, hemodynamics, 
and structural remodeling. Each provides. several 
potential clinical applications, such as vasoactive 
drug screening, tissue viability and burn depth 
determination, tumor angiogenesis studies, tumor 
diagnosis, bleeding ulcer management, and ocular 
pathology evaluation. 


Optical Doppler Tomography 


ODT combines the Doppler principle with OCT to 
obtain high-resolution tomographic images of static 
and moving constituents in high scattering media. 
When light backscattered from a moving particle 
interferes with the reference beam, a Doppler 


=Vcos0 


Figure 2 Schematic o flaw direction and prabe beam angle. 
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frequency shift (fp) occurs in the interference fringe: 
~k)v a 


where k, and k, are wavevectors of incoming and 
scattered light, respectively, and v is the velocity 
vector of the moving particle (Figure 2). Since ODT 
measures the backscattered light, assuming the angle 
hetween flow and sampling beam is @, the Doppler 
shift equation is simplified to: 


V cos @ 
Ao 


fo 


rea 


where Ap is the vacuum center wavelength of the light 

The optical system of ODT is similar to that of 
OCT. The primary difference is in signal processing. 
Figure 3 illustrates an ODT instrument that uses a 
fiber optic Michelson interferometer with a broad- 
band light source. Light from a broadband partial 
coherence source is coupled into a fiber interfero- 
meter by a 2.x 2 fiber coupler and then split equally 
into reference and target arms of the interferometer. 
Light backscattered from the turbid sample is coupled 
back into the fiber and forms interference fringes with 
the light reflected from the reference arm. A rapid- 
scanning optical delay line is used for group delay and 
axial scanning. Because this delay line can decouple 
the group delay from the phase delay, an electro- 
optical phase modulator is introduced to produce a 
stable carrier frequency. The interference fringe 
intensity signal is amplified, bandpass filtered, and 
digitized with a high-speed analog-to-digital conver- 
ter. The signal processing is carried out at the same 
time as data are transferred to the computer, and real- 
time display can be accomplished with the use of a 
digital signal processing board. 

‘To understand the signal processing of ODT, let us 
look at the fringe signal due to the moving particles. 


Phase modulator 
‘Optical delay line 
Avial scan 


Reference arm 


Lateral scan 
‘Sample arm 


orn 
Sample O5°.9 


Figure 3 Schematic of ODT system consists of a fber-based Michelson interferometer with a partially coherent light source. 
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If we denote U(t) as a complex-valued analytic signal 
of a stochastic process representing the field ampli- 
tude emitted by a low coherent light source and U(x) 
as the corresponding spectral amplitude at optical 
frequency v, the amplitude of a partially coherent 
source light coupled into the interferometer at time f, 
is written as a harmonic superposition: 


vw = [) Cone" dv BI 


Because the stochastic process of a. partially 
coherent light source is stationary, the cross spectral 
of U(v) satisfies 


(Uw) 


in HB v — ) al 


where So(x) is the source power spectral density, and 
&v— v’) is the Dirac delta function. Assuming that 
light couples equally into the reference arm and 
sample arm with spectral amplitude of (y(0), the light 
coupled hack to the detector from the reference, 
U,(), and sample, U,(»), are: 


0 


rir LNEK (Ne Ov) [5] 


Toy = OMCEAMK eo) [6] 
where L, and L, are the optical pathlengths from the 
beamsplitter to the reference mirror and sample, 
; Ly is the optical pathlength from 
the beamsplitter to the detector; and K,(we* and 
K,(vje"" are the amplitude reflection coefficients 
of light backscattered from the reference mirror and 
turbid sample, respectively. 

The total power detected at the interferometer 
output is given by a time-average of the squared 
light amplitude: 


Py) = (IU) + Ut + 9?) 71 


where 7 is the depth scan time delay. Combining 
harmonic expansions for U,(t) and U,(t) and applying 
eqn [4] when calculating the time-average, the total 
power detected is a sum of three terms representing 
reference (I,), sample (I,), and the interference fringe 
intensity Topr(): 


Py) 


[; (P,0) + Po) + Ponr())dv 
=h+h+Tovrn) [8] 
with 


PY) = Sa(IK rt) 


Pa) = SyIK) [10] 

Poprl) = 280K.AK(0) 
Xcos[2mv(Mule+7)+a(0)— aC] [11] 

and 

I, [Pande 1121 
= [Pande 113) 
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When there is a moving particle, light scattered 
from this particle is equivalent to a moving phase 
front; therefore, Ag in eqn [11] can be written as: 
Ag=A42AVit (15] 
where A is the optical pathlength difference between 
light in the sampling and reference arms; V, is the 
velocity of a moving particle parallel to the probe 
beam; and ft is the refractive index of flow media. 
To simplify the computation, we assume a and ay 
are constants over the source spectrum and can be 
neglected. The spectral domain fringe signal, Popr(»), 
is simplified to: 


Popr() = 28K. )K 0) 


xcosfav(A+2AV,Hie+7)] 116] 


jonding time domain signal, Fopr(7), is 


Tor) = 2f, SKK) 


Xcosf2av (A+ 2AV,Hle + 7))dy [17] 

A comparison of eqns [16] and [17] shows that 
there is a Fourier transformation relation between 
spectral domain and time domain signals. Conse- 
quently, there are two methods to acquire the ODT 
signal: the time domain method and the spectral 
domain method. 

In the time domain method, a delay line is 
incorporated in the reference arm to generate a 
delay. A spectrogram analysis or phase-resolved 
algorithm. is then used to determine the Doppler 
frequency shift. In the spectral domain method, the 
reference mirror is fixed, and there is no depth scan 
(7= 0). The spectral domain fringe signal, Popr(1). is 
obtained either by a spectrometer at the detection 
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arm, or by a frequency sweeping light source. The 
time domain signal, Popr(7), is determined from the 
spectral domain signal by a Fourier transformation. 


‘Spectrogram Method 


The spectrogram method uses time-frequency anal- 
ysis to calculate the Doppler shift. Signal processing 
algorithms to obtain structural and velocity images 
from recorded temporal interference fringe intensity 
using the spectrogram method, are illustrated in 
Figure 4. 

‘The spectrogram is an estimate of the power 
spectrum of the temporal interference fringe intensity 
(Fopr(r, f)) in the ith time delay window. The power 
spectrum of the temporal interference fringe at the ith 
pixel, corresponding to time delay 7, in the structural 
and velocity images, is calculated by a short-time fast 
Fourier transformation (STFFT) or a wavelet trans- 
formation: 


Popr(tis fm) = STFFT(fysToor(=) (18) 


where fy, is the discrete frequency value. A tomo- 
graphic structural image is obtained by calculating 
the value of the power spectrum at the phase 
modulation frequency (fy). Fluid flow velocity is 
determined from the Doppler frequency shift (fo), 
which is the difference between the carrier frequency 
established by the optical phase modulation (fy) and 
the centroid (f,) of the measured power spectrum at 
the ith pixel: 


Yoon = spelt = 9h 
where we have assumed, k, =—k; and @ is the angle 


between k, and y. The centroid of the measured power 
spectrum is determined by: 

= Lfaloortts fed YPoortts fad (20) 

Figure 5 shows the in vivo structural and blood 
flow images from a chick chorioallantoic membrane. 
The lumen wall, chorion membrane, and yolk sac 
membrane are observed in structural image (a). In 
the velocity image (b), static regions (V = 0) appear 
dark, while blood flowing at different velocities 


Frequency 
filter 


appears as different brightnesses on the gray scale, 
The velocity profile taken from a horizontal cross- 
section passing through the center of the vessel is 
shown in (c). 


Phase-Resolved ODT Method 


Although spectrogram methods allow simultaneous 
imaging of in vivo tissue structure and flow 
velocity, the velocity sensitivity is limited for 
high-speed imaging. When STFFT or wavelet 
transformation is used to calculate flow velocity, 
the resolution is determined by the window size of 
the Fourier transformation for each pixel. The 
minimum detectable Doppler frequency shift, fp. 
varies inversely with the STFFT window size. 
Because pixel acquisition time is proportional to 
the STFFT window size, the image frame rate is 
limited by velocity resolution, Furthermore, spatial 
resolution is also proportional to the STFFT 
window size. Therefore, a large STFFT window 
size increases velocity resolution while decreasing 
imaging speed and spatial resolution. This coupling 
between velocity sensitivity, spatial resolution, and 
imaging speed prevents the spectrogram method 
from achieving simultaneously both high imaging 
speed and high velocity sensitivity, which are 
essential for measuring flow in small blood vessels 
where flow velocity is low. 

Phase-resolved ODT overcomes the compromise 
between velocity sensitivity and imaging speed by 
using the phase change between sequential scans to 
construct flow velocity images. The phase infor- 
mation of the fringe signal can be determined 
from the complex analytical signal P(t), which is 
determined through analytic continuation of the 
measured interference fringe function, P(t), using a 
Hilbert transformatios 


Py = Ti) + fof Aue 21} 


~7t 


where P denotes the Cauchy principle value, i is the 
complex number, and A(t) and ¢(¢) are amplitude and 
phase of I(t), respectively. Because the interference 
signal T() is quasi-monochromatic, the complex 
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Figure 4 Signal processing algorithms for ODT structural and velocity images. 
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Figure § ODT images of in vivo blood flow in a CAM voin 
(a) Structural image, (b) velocity image, and (c) velocity profile 
taken from a horizontal cross-section passing through the center 
ofthe vein, where the open circles are experimental data and the 
solid line is a parabolic ft. Reproduced with permission from 
Chen Z, MilnerTE, Srinivas S, Wang XJ, Malokatzall A, van 
Gomer’ MJC and’ Nelson JS (1987) Noninvasive imaging of 
jn vivo blood flow velocity using optical dapplar tomography. 
Optics Letters 22: 1119-1121 


analytical signal can be determined by: 


Driv )de! 
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where 7 is the time duration of the fringe signal in 
each axial scan. 
‘The Doppler frequency shift (f,) at nth pixel in 


the axial direction is determined from the average 


phase shift between sequential A-scans. This can be 
accomplished by calculating the phase change of 
sequential scans from the individual analytical 
fringe signal: 
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Alternatively, the phase change can also be 
calculated by the cross-correlation method: 


where P(¢,,) and f7(¢,,) are the complex signals at 
axial time fm corresponding to the jth A-scan and 
its respective conjugate; T,,(ty,) and Ty, ,(f,,) are 
the complex signals at axial time ¢,, corresponding 
to the next A-scan and its respective conjugate 
en number that denotes the window size 


Mis ane 
in the axial direction for each pixel; N is the 
number of sequential scans used to calculate the 
cross correlation; and T is the time duration 
between A-scans. Because T is much longer than 
the pixel time window within each scan used in the 
spectrogram method, high-velocity sensitivity can 
be achieved. 

Phase-resolved ODT decouples spatial resolution 
and velocity sensitivity in flow images and increases 
imaging speed by more than two orders of magnitude, 
without compromising spatial resolution and velocity 
sensitivity. In addition, because two sequential A-line 
scans are compared at the same location, speckle 
modulations in the fringe signals cancel each other 
and, therefore, will not affect the phase difference 
calculation. Consequently, the phase-resolved method 
reduces the speckle noise in the velocity image 
Furthermore, if the phase difference between sequen- 
tial frames is used, the velocity sensitivity can be 
further increased, Real-time imaging with velocity 
sensitivity on the order of 10 mm/s has been 
demonstrated. 

In addition to digital processing of the fringe 
signal using Hilbert transformation, the com- 
plex analytical signal can also be achieved through 
hardware implementation. Optical Hilbert trans- 
formation using polarization optics has been 
implemented for real-time phase-resolved ODT 
imaging. Real-time ODT imaging using hardware 
demodulation of the ODT signal has also been 
demonstrated. 


Spectral Domain Phase-Resolved ODT Method 


A schematic diagram of a spectral domain ODT 
system is shown in Figure 6. The signal from the 
Michelson interferometer is directly coupled to a 


How to Use It 


While the number of taps is likely to be a power 
of two in chips where the taps are addressable, 
up/down chips are not so constrained and may 
contain, for example, 100 taps. 


The end-to-end resistance ofa whole ladder may 
vary by as much as 20% from one sample of a 
chipto the next. Among resistorladdersin digital 
potentiometers sharing the same chip (i, in du- 
al or quad chips) the variation will be much 
smaller, 


Almost all digital potentiometers are designed 
fora supply voltage of SV orless. TheH and L pins 
are not sensitive to polarity, but the voltage ap- 
plied to either of them must not exceed the sup- 
ply voltage. 


How to Use It 


While most microcontrollers contain one ormore 
analog-digital converters that change an analog 
input to an internal numeric value, a microcon- 
troller cannot create an analog output. A digital 
potentiometer adds this functionality, although 
applications will be restricted by its limitation on 
current. 


‘An up/down digital potentiometer can be con- 
trolled directly by a pair of pushbuttons, one of 
which will increase the resistance value while the 
other will reduce it. The pushbuttons must be 
debounced when used in this way. An alternative 
to pushbuttons is a rotational encoder, which 
emits a stream of pulses when its shaftis turned. 
In this case, an intermediate component (prob- 
ably a microcontroller) will usually interpret the 
pulse stream and change it to a format that the 
digital potentiometer can understand. 


Where a digital potentiometer is used in audio 
applications, it should be of the type that moves 
the wiper connection from one tap to another 
duringazerocrossing ofthe audio signal ie, that 
is,at the moment when the AC input signal pass- 
es through OV on its way from positive to nega~ 
tive or negative to positive). This suppresses the 
“click” that otherwise tends to occur during 


switching. Potentiometers with this feature may 
include phrases such as “glitch free” in their da- 
tasheets. 


Digital potentiometers that are intended primar- 
ily for audio applications often have 32 taps 
spaced at intervals of 24B, This will be sufficient 
to satisfy most listeners. 


Achieving Higher Resolution 

For sensitive applications where a resolution 
with more than 1,024 steps is required, multiple 
digital potentiometers with different step values 
canbe combined. One way of doing thisis shown 
in Figure 8-11.In this circuit, the wipers of P2 and 
P3 must be moved in identical steps, so that the 
total resistance between the positive power sup- 
ply and negative ground remains constant, 
These two potentiometers could be contained in 
adual chip, and would receiveidentical up/down 
commands. P1 is at the center of the voltage di- 
vider formed by P2 and P3, and is adjusted sep- 
arately to “fine tune” the output voltage that is 
sensed at point A. 


If all three of the potentiometers in this circuit 
contain 100 taps, a combined total of 10,000 re- 
sistance steps will be possible. 


Figure 8-11. if i three digital potentiometers in this sche- 
‘matic have 100 taps. and the wipers of P2 and P3 are 
‘moved in synchronization, the voltage measured at point 
‘A.can have a high resolution of up ta 10.000 steps, 
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Figure 6 Schematic diagram of a spectral domain ODT instrument 


spectrometer that records the spectral fringe pattern, 
Popr(2). The temporal interference fringe can be 
calculated by a Fourier transformation of the spectral 
fringe pattern (eqn [17]). The Doppler shift can then 
he determined from the phase shift between sequen- 
tial scans using the phase-resolved ODT algorithm 
(eqns [23] and [24]). 

Spectral domain phase-resolved ODT has the 
advantage that no optical delay line is required. In 
addition, the spectral domain method can achieve 
high signal to noise ratio over time domain ODT. 
Since parallel detection can be implemented with a 
high-speed spectrometer, high-speed imaging acqui- 
sition is possible. Finally, because the dynamic 
range of the phase-resolved ODT depends on the 
speed of the line scans, spectral domain ODT has 
the advantage in terms of imaging speed and 
velocity dynamic range. 


‘Transverse Flow Velocity and Doppler Angle 
Determination 


One of the limitations of using the Doppler shift to 
determine the flow is that the technique is only 
sensitive to longitudinal flow velocity (Figure 2). If 
one knows the flow direction, Doppler shift 
measurement can fully quantify the flow. However, 
in many biological cases, where flow direction is 
not known, Doppler shift measurement alone is not 
enough to fully quantify the flow. Furthermore, 
there are many clinical cases, such as ocular 
bloodflow, where vessels are in the plane perpen- 
dicular to the probing beam. When flow direction 
is perpendicular to the probing beam, the Doppler 
shift is not sensitive to transverse bloodflow (V;) 
Therefore, a method to measure transverse flow 
velocity is essential. 

Standard deviation of the Doppler spectra can be 
used to determine the transverse flow. The tech- 
nique is based on the fact that ODT imaging uses a 
relatively large numeric aperture lens in the 


Figure 7 Effect of numerical aperture and transverse flow 
vvolocty on Doppler bandwith. 


sampling arm. The beam from different sides of 
the edges will produce different Doppler shifts, f, 
and fy, as indicated in Figure 7. Consequently, the 
Doppler spectra will be broadened by the trans- 
verse flow. If the incident beam has a Gaussian 
spectral profile and contributions from Brownian 
motion and other sources that are independent of 
the macroscopic flow velocity are included, a linear 
relation between standard deviation of the Doppler 
spectra and transverse flow velocity, Vr = V sin @ 
can be derived: 


av sin ONAqi 
= Tn NA Lg 25) 
wT +b Rs 


where b is a constant, and NAgg is the effective 
numeric aperture. The standard deviation can be 
determined from the measured analytical fringe 
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The measured standard deviation as a function of 
transverse flow velocity is shown in Figure 8. As 
predicted, the Doppler bandwidth is a linear function 

x of transverse flow velocity above a certain threshold 
Det jem level. The effective numerical aperture of the optical 
objective in the sample arm determines the slope of 


tally ae 
FE 2neotinetootien| Se cpmiee ese ee oe 
44, velocity. Since both longitudinal and transverse flow 
P61 velocity (Vi and Vr) can be measured by the Doppler 
shift and standard deviation, respectively, flow direc- 
95 tion can be determined from a single measurement of 
‘al the Doppler fringe signal. 
z 
85 
s 80 Applications 
Bs Due to its exceptionally high spatial resolution and 
é velocity sensitivity, several clinical applications of 
8 70 ODT have been demonstrated, including screening 
vasoactive drugs, monitoring changes in image tissue 
65] morphology and hemodynamics following pharma- 
“4 cological intervention and photodynamic therapy, 
0 20 400 ——~600—«OD evaluating the efficacy of laser treatment in port wine 


Flow velocity (u/s) stain (PWS) patients, assessing the depth of burn 
wounds, mapping cortical hemodynamics for 


Figure Standard deviation asa functon of fow velocity fortwo 
7 i brain research, imaging ocular bloodflow, and 


different numeric apertures. Reproduced with permission from 
Ren et a. (2002) Optics Letters 27: 408-411. 


Figure 9 ODT images taken in situ from PWS human skin. (a) Structural image, (b) histological section, (c) image before laser 
treatment, and (d) image after laser treatment (scale bar 100 um). Reproduced with permission from Nelson ef al. (2001) Archives of 
Dormatology 137: 741-744. Copyright © 2001, American Medical Association. Al rights reserved. 
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mapping bloodflow in gastrointestinal 
Figure 9 shows ODT structural and flow velocity 
images of a patient with PWS before and after laser 
treatment, respectively. For comparison, a histology 
picture taken at the same site is included. The vessel 
location from the ODT measurement and histology 
agree very well, Furthermore, the destruction of 
the vessel by laser can be identified, since no 
flow appears on the Doppler flow image after laser 
treatment. 

Three-dimensional images of a microvascular net- 
work can he obtained by stacking 2D scans together. 
It is known that the microvasculature of mammary 


tracts, 


tumors has several distinct differences from normal 
tissues. Mapping of a 3D cancer microvascular 
network could provide additional information for 
cancer diagnosis. Figure 10 shows multiple blood 
vessels imaged from a patient with an abnormal 
microvascular network. Different colors repre 
different signs of the Doppler shift, which depends 
on the angle between the direction of flow and 
probing beam 

ODT is also a powerful tool to study flow dynamics 
in microfluidic channels. In addition to imaging flow 
velocity profile, ODT can also be used to measure 
osmotic mobility, quantify size of the scattering 
particle, and study flow dynamics of microfluids in 
microchannels of different materials, geometry, and 
surface treatment. 


Figure 10. Three-dimensional ODT images of mutiple blood 
vessels in human skin from a patient with a PWS birthmark 
Flaproduced with permission from Zhao ef al. (2001) IEEE 
{J Select Topics Quantum Electro. 7: 931-835. © 2001, IEEE. 


Polarization Sensitive OCT 


PS-OCT combines polarization sensitive detection 
with OCT to determine tissue birefringence. PS-OCT 
can obtain enhanced image contrast and additional 
physiological information by studying polarization 
properties of biological tissues. Many biological 
tissues, such as tendon, muscle, nerve, bone, cartilage, 
and skin, exhibit birefringence properties. Conse- 
quently, PS-OCT can provide contrast mechanisms 
that are directly related to the physiological con- 
ditions of these tissues. 

The polarization state of a light beam can be 
described by a Stokes vector S as: 
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where I, Q, U, Vare Stokes parameters, ay and ay are 
amplitudes of two orthogonal components of the 
electric vector, and g represents the phase difference 
between the two components. 

The effect of an optical device on the polarization 
of light can be characterized by a 4X4 Mueller 
matrix. The matrix acts on the input state, S,, to give 
the output state, 
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In the Poincaré sphere representation, a polarization 
state, S, can be represented by a point (Q,U, V). 
The Poincaré sphere representation provides a 
convenient method to evaluate changes of Stokes 
vectors. Determination of either the Stokes vector or 
the Mueller matrix allows full quantification of 
birefringence properties of the biological sample. 

A fiber-based, high-speed PS-OCT system is shown, 
in Figure 11. The system is similar to the ODT system, 
except a polarization modulator and two orthogonal 
detection channels are included. Due to the coherence 
detection intrinsic to OCT, backscattered light that 
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Figure 11 Fiber-based PS-OCT system. DSP: digital signal processing 


originates from incident light in different polarization 
states can be determined by controlling polarization 
states in the reference arm. Modulating the reference 
light in four orthogonal polarization states allows 
coherent detection of backscattered light from the 
sample under equivalent illumination in four different 
polarization states. The choice of orthogonal polari- 
zation states in the Poincaré sphere is important 
because it ensures that the birefringence measure- 
ments will be independent of the orientation of the 
optical axis in the sample. 

For every polarization state controlled by the 


polarization modulator, the A-scan signals corre- 
sponding to the two orthogonal polarization diversity 
channels are digitized. The coherence matrix can be 
calculated from the complex electrical field vector 
from these two channels: 
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where Ey, Ey are the components of the complex 
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electric field vector corresponding to horizontal and 
vertical polarization channels, respectively, and Ejy, 
Ey are their conjugates, respectively. The Stokes 
vector can be derived from the coherence matrix: 
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where $1, S2, and S3 are the normalized coordinates of 
the Stokes vector in the Poincaré sphere, characteriz- 
ing the polarization state of the backscattered light, 


and So is the module of the Stokes vector characteriz- 
ing light intensity. The Stokes vector, corresponding 
to each of the input polarization states for the mh 
pixel in the jth A-scan, can be calculated as: 
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where M is an integer number that determines the size 
of the average in the axial direction for each pixel; 
TH(,) and FY (t,) are complex signals detected 
from the two orthogonal polarization channels at 
axial time ¢,,, for the jth A-scan; and P}"(¢,,) and 
TY G,,) are their conjugates, respectively. 

In order to measure the birefringence properties of 
the sample accurately, four states of light polarization 
are generated for each lateral pixel. For each 
polarization state, one A-line scan is performed. 
Therefore, a total of four A-line scans are used to 
calculate the Stokes vector and phase retardation 
images simultaneously. 

For a sample with an assumed linear birefringence, 
there exists two eigenwaves that are polarized along 
the projected fast and slow axes of the sample normal 
to the propagation direction of incident light. 
The Stokes vectors of these cigenwaves determine a 
rotation axisin the equator plane of a Poincaré sphere. 
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The effect of birefringence isto rotate the Stokes vector 
about this axis through an angle that is equal to the 
phase retardation of the sample. Conversely, the 
rotation axis can be determined from the known 
polarization states of incident and backscattered light 
at the sample location. The phase retardation image, 
which characterizes the accumulated birefringence 
distribution in the sample, is calculated by the rotation 
of the Stokes vectors in the Poincaré sphere. 

‘The simultaneous Stokes vectors and phase retar- 
dation images of a rat muscle are shown in Figure 12. 


Figure 12 Stokes vectors images (top) and phase retardation, 
image (bottom) in fresh rat muscle. The image area is, 
2mm x5 mm. Reproduced with permission trom Ren of al 
(2003) SPIE Proceodings 4956: 320-27, 
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Stokes vectors, corresponding to four different 
polarization states, are shown in the top figure, From 
Stokes vector images, the phase retardation image can 
he calculated as shown in the bottom figure. The 
banded structure in the phase retardation image 
indicates the accumulated tissue birefringence distri- 
bution in therat muscle. In addition, differential optical 
axis and birefringence images can also be calculated. 
There are a number of clinical applications for 
PS-OCT, including burn depth determination and 
retinal fiber nerve layer thickness evaluation. 
Figure 13 shows in vivo structural and phase 
retardation images from rat skin burned at 100°C 
for 10 seconds. Although the structure image shows 
very little contrast, the phase retardation image 
clearly shows the contrast between the normal and 
burned regions. As light propagates into the tissue, 
the retardation increases due to tissue birefringence. 
For normal tissue, it only takes less than 20 um to 
cause a phase retardation of 90°, However, for the 
burned tissue, it takes much thicker tissue to cause the 
same phase retardation. The decrease of birefringence 
in thermally damaged tissue can clearly be seen in 
PS-OCT scans in comparison to normal rat skin, 


Second Harmonic OCT 


SH-OCT combines SHG with coherence gating 
for high-resolution tomographic imaging of tissue 
structures with molecular contrast. SHG is the 
lowest-order nonlinear optical process where the 
second-order nonlinear optical susceptibility is 
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Figure 13 in vivo structure (top) and phase retardation image (bottom) from rat skin burned at 100°C for 10 seconds. The black 
‘contour ine in the phase retardation image demarcates the depth at which 90° phase retardation has been reached with respect to the 


incident polarization (image size 2 mm x 10 mm). 
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responsible for the generation of light at second- 
harmonic frequency. Because second-order nonlinear 
optical susceptibility is very sensitive to electronic 
configurations, molecular structure and symmetry, 
local morphology, and ultrastructures, SHG provides 
molecular contrast for the coherence image. 

‘The schematic diagram for SH-OCT is shown in 
Figure 14. A broadband short pulse laser is used as a 
light source in a Michelson interferometer. The light is 
split into the reference arm and the sample arm. In the 
referencearm,athin nonlinear crystalisused toconvert 
the input radiation to SH photons. Both SH and 
fundamental wavesare then reflected by a metal mirror 
(M1) mounted ona motorized translation stage, which 
acts as the delay line in this SH-OCT system. A 
backscattered SH wave from the sample recombines 
with the SH wave from the reference arms to form 
interference fringe. The SH interference fringe signal is 
detected by a photomultiplier tube (PMT) after passing 
through a short-pass filter (Fl). The fundamental 
interference fringe signal is detected by a photodiode 
(PD) after passing through a long-pass filter (F2). 

A SH-OCT image of a rat tendon is shown 
in Figure 15. Compared with conventional OCT 
performed at fundamental wavelengths, SH-OCT 
offers enhanced molecular contrast and spatial 
resolution. It is also an improvement over existing 
SHG scanning microscopy technology as the intrinsic 
coherence gating mechanism enables the detection 
and discrimination of SH signals generated at 
deeper locations. The enhanced molecular contrast 
of SH-OCT extends conventional OCT’s capability 
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Figure 14 Schematic of experiment sot-up for SH-OCT. Mt, 
mirror; NLC, nonlinear crystal; BS, broadband nonpolarization 
beamsplitter: DBS, dichroic beamspliter; L1, lens; F1-F2, titers; 
PD, photo diode; PMT. photomutiplir tube. 
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Figure 18 SH-OCT image of a rat tendon; image size 
250 jum x 250 um. Scale bar 100 um. Image teprinted with 
permission from Jiang Y et al. (2004) Proceedings of the 26th 
Annual Intemational Conference of the IEEE Engineering in 
Medicine and Biology Society. 


for detecting small changes in molecular structure. 
SH-OCT is promising for the diagnosis of cancers 
and other diseases at an early stage when changes in 
tissue and molecular structure are small. 


Conclusions 


Optical tomography is a rapidly developing imaging 
technology with many potential applications. 
it contrast enhancement mechanisms, 
ODT, PS-OCT, and SH-OCT provide clinically 
important physiological information that is not 
available in the structure image. Given the noninvasive 
nature and exceptionally high spatial resolution, 
optical tomography can simultaneously provide tissue 
structure, blood perfusion, birefringence, and other 
physiological information and have great potential for 
basic biomedical research and clinical medicine. 
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Introduction 


Optical pulses from femtosecond lasers represent 
some of the shortest physical events ever observed 
and their high instantaneous powers allow them to be 
focused to intensities that can heat and compress 
matter to resemble the extreme conditions found in a 
nuclear explosion. The extreme units of time and 
power needed to describe this area of physics can 
easily distract from the simple and elegant techniques 
hy which femtosecond pulses can be generated. The 
review presented here is divided into two main 
sections. The first explains the theory of pulse 
neration and shaping and the second concentrates 
on actual femtosecond laser sources in common use 


today. 


Theory of Femtosecond Pulse 
Generation 


Active Mode-locking 


In an inhomogeneously broadened laser system, 
optical frequencies within the emission bandwidth 
of the material can experience gain simultaneously at 
discrete frequencies corresponding to the longitudinal 


modes of the laser resonator. In the absence of any 
mechanism to coherently couple energy between 
these modes, the laser will operate with a continuous- 
wave (cw) output containing a narrow band of 
frequencies whose roundtrip cavity gain is highest. 
An alternative operating regime exists in which each 
mode is related to its neighbor by a fixed phase 
relationship and itis this mode-locked condition that 
is used to generate a periodic sequence of ultrashort 
optical pulses. 

To understand how mode-locking works, consider 
the frequency separation between adjacent longi- 
tudinal resonator modes which can be expressed as 


Aw = 2acll i 


where I is the optical roundtrip length of the 
resonator and c is the speed of light. If the nth 
longitudinal mode has an amplitude E, then the 
total optical field can be denoted in complex 
notation as 


E(t) = ¥ En exp illo + nAe)t+ ng] [2] 


with wy being the center frequency of the output and 
Ag being the phase difference between adjacent 
modes. Figure 1 illustrates how a simple pulse can 
be produced by coherently adding together adjacent 
modes. In Figure 1a, three modes with equal 
amplitudes and the same initial phase (Ag = 0) are 
interfered to give a pulse. As further modes are added 
(Figure 1b) the pulse duration decreases. 

Coupling of energy between adjacent cavity modes 
can be achieved in practice by modulating either the 
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Figure 1 The principles of mode-locking: (a) three adjacent modes add coherently to produce a pulse; (b) shorter pulses require a 


larger number of n coupled modes. 


intracavity loss (amplitude modulation (AM) mode- 
locking) or the intracavity phase (frequency modu- 
lation (FM) mode-locking). A common practical 
amplitude modulator is an acousto-optic modulator 
and for operation in the visible and near-infrared, 
fused silica is a common acousto-optic modulator 
material. Lithium-niobate devices based on the 
Pockels effect are the most commonly used phase 
modulators and are attractive for mode-locked fiber- 
laser applications because fiber-pigtailed waveguide 
devices are readily available. 

Active mode-locking has been employed in a wide 
variety of laser systems including argon ion, dye, 
erbium-doped fiber, semiconductor, and solid-state 
lasers. Unlike passive mode-locking, no optical 
nonlinearity is required which means that actively 
mode-locked lasers can be operated with low 
intracavity powers. The technique is particularly 
suitable for mode-locked sources which require active 
synchronization to an external clock source. 

A form of ‘optical’ active mode-locking exists in 
which gain modulation resulting from optical pump- 
ing using another mode-locked laser is the mode- 
locking mechanism. Known as synchronously 
pumped mode-locking, this technique has been used 
to obtain ultrashort pulses from oscillators incorpo- 
rating gain media of laser or nonlinear optical 
materials. The technique is most appropriate to 
materials which have a short-lived fluor- 
escence lifetime and whose gain therefore exhibits a 
significant change when the pump light is modulated 


laser 


at high frequencies. Synchronous pumping has 
been used to generate mode-locked pulses from 
color-center lasers, dye lasers, and optical parametric 
oscillators. 


Passive Mode-locking 


To produce the shortest optical pulses, passive mode- 
locking, a technique based on exploiting intracavity 
optical nonlinearities, must be employed. Unlike the 
active technique, the strength of the mode-locking 
action increases as the propagating pulses shorten and 
their peak intensities rise. One consequence of this 
nonlinear behavior is that the passive technique 
commonly generates and mode-locks entirely new 
cavity frequencies which were not originally present 
during ew operation. 

Passive mode-locking has been implemented using. 
a wide range of different nonlinear effects, but in 
every technique the mode-locking process can be 
described in terms of dynamic loss saturation 
combined, in certain systems, with dynamic gain 
saturation, The principal mode-locking element is a 
saturable absorber whose loss decreases as the 
incident pulse intensity increases. 
ber can take the form either of a res 
such as a solid-state semiconductor device or a dye jet 
with a fixed absorption wavelength, or a nonresonant 
component that replicates a saturable-absorber-like 
action using self-focusing or self-phase-modulation 
effects. Saturable absorbers can be categorized as 
either slow saturable absorbers or fast saturable 
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absorbers, depending on whether their recovery time 
is longer or shorter than the pulse duration, respect- 
ively. The pulse-shaping mechanisms are different in 
each case and will be described separately. 

Slow saturable absorbers are physical devices, 
commonly dye molecules in solution or semiconduc- 
tor-doped glass, which rely on resonant excitation to 
produce an excited electronic state whose trans- 
mission is greater than that of the ground state. When 
an optical pulse is incident on a slow absorber, its 
leading edge is absorbed and creates an excited state 
which is relatively transparent to the trailing edge. 
Ina laser medium whose gain is readily saturated, 
a pulse propagating first through the absorher and 
then through the gain medium experiences a ‘gain 
window’ with a finite duration which strongly shapes 
the pulse (see Figure 2a,b). 

A fast saturable absorber is required to realize 
mode-locking in laser media which are not easily 
saturated. The time-dependent gain and loss profiles 
of the absorber and the gain medium are again 
depicted in Figure 2c,d and refer to an absorber with 
both a rapid response and recovery time. In this 
system, the dynamics of the absorber and gain 
medium no longer represent the limiting factor 
influencing the pulse duration, and other effects 
such as linear and nonlinear dispersion hecome the 
dominant pulse-shaping mechanisms. 


Pulse Shaping by Material Dispersion 


Intense pulses propagating in a mode-locked laser 
experience strong linear and nonlinear shaping 


effects associated, respectively, with group-velocity 
dispersion and self-phase-modulation, Contributions 
to the net intracavity dispersion arise from the gain 
medium, the cavity mirrors, other elements such as 
intracavity prisms, even the air in the beam path. 
Dispersive effects in materials originate as a result 
of a frequency-dependent dielectric susceptibility: 


Pw) = £0! (w)E(w) + €0¥"(W) EC)” 
+ 29x! (w)E(wy ++ BB) 


which is due to physical resonances (poles) in the 
electronic response to an applied E-field. 


Linear dispersion refers to the variation of the 
refractive index associated with the real part of the 
x term, namely, 
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and leads to a wavelength-dependent group velocity 
which is responsible for pulse broadening and break- 
up in optical systems. Dispersive effects are best 
analyzed in terms of optical phase which is related to 
the refractive index by 


ng(w)ol. 


a) = Is] 


where L is the medium length and c is the vacuum 
speed of light. The local variation of the spectral 
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Figure 2 Saturable absorber action: (a) intracavity gain and loss profiles fora laser comprising a slow saturable absorber and a rapid 
relaxation time gain medium, and (b) the net gain (gain — loss) for this system: (c) gain and loss profiles for a laser comprising a 
‘near-instantaneous saturable absorber and a slow relaxation time gain medium, and (d) the net gain for this system 


potentiometer 


What Can Go Wrong 


Noise and Bad Inputs 
Because a digital potentiometer is capable of re- 
ceiving data at speeds as high as 1MHz, itis sen- 
sitive to brief input or power fluctuations, and 
can misinterpret them as instructions to move 
the wiper—or can misinterpret them as com- 
mand codes, in a component using SPI or 2C se- 
rial protocol. 


To minimize noise in the power supply, some 
manufacturers recommend installing a 0.1 UF ca- 
pacitor as close as possible to the power supply 
pin of the component. In addition, itis obviously 
important to provide clean input signals, This 
means thorough debouncing of any electrome- 
chanical switch or pushbutton inputs. 


Wrong Chip 
The wide diversity of input protocolsand pinouts 
creates many opportunities for installation error. 


Up/down, SPI, and 12C protocol require totally 
different pulse streams. Many manufacturers of- 
fer components thatare distinguished from each 
other by just one or two digits in their part num- 
bers, yet have radically different functionality 


If more than one specific type of digital potenti- 
ometer maybe used during circuitdevelopment, 
they should be stored carefully to avoid inadver- 
tant substitutions. Using the wrong chip may be 
particularly confusing in that an inappropriate 
input protocol wil still produce some results, al- 
though not those which were intended. 


Controller and Chip Out of Sync 
As noted in the discussion of data transmission 
protocols, most digital potentiometers are not 


What Can Go W 


ong 


capable of providing feedback to confirm the 
position of the internal wiper. A designer may 
wish to include a power-up routine which estab- 
lishes the state of the digital potentiometer by 
resetting it to a known position, at one end of its 
scale or the other. 


Nonlinear Effects 

While the end-to-end resistance of the resistor 
ladder inside a digital potentiometers not likely 
to be affected significantly by changes in tem- 
perature, the resistance at the wiper is more heat 
sensitive, 


In an up/down chip, there can be differential er- 
rors between incremental and decremental 
modes. In other words, ifa tap is reached by step- 
ping up to it incrementally, the resistance be- 
tween the W pin and H or L may not be quite the 
same as if the same tap is reached by stepping 
down toit decrementally. The differencemaynot 
be significant, but may be puzzling for those who 
are unfamiliar with this phenomenon, 


Some differences may be found among resistors 
ina ladder. That is, in a supposedly linear digital 
potentiometer, each resistor may differ in value 
slightly from the next. 


Data Transfer Too Fast 

When using a microcontroller to send data toa 
digital potentiometer, a small delay may be nec- 
essary between pulses, depending on the mi- 
crocontroller’s clock speed. A digital potentiom- 
eter may require a minimum pulse duration of 
'500ns. Check the manufacturer's datasheet for 
details. 
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phase due to an optical medium can he represented as 
the Taylor series 
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where wy is the center frequency of the incident light. 
When an ultrashort pulse propagates through the 
medium, only the quadratic and higher-order terms in 
[6] have a direct influence on the shape of the pulse in 
time. The (@—»)* term is responsible for adding 
linear chirp which refers to a time-varying linear 
increase or decrease in the instantaneous optical 
frequency across the pulse. Obtaining the shortest 
pulses from a mode-locked laser requires the quad- 
ratic and higher-order terms in the roundtrip intra- 
cavity spectral phase to be zero. In practice this means 
minimizing the material group-velocity dispersion of 
the gain medium by using a short but highly doped 
laser crystal and then identifying additional optical 
elements whose group-velocity dispersion is equal in 
magnitude but opposite in sign to that of the crystal. 
Optical components for compensating group-velocity 
dispersion fall into two categories: those which use 
bulk optics and geometry to achieve a wavelength- 
dependent path length, and others based on 
interference effects within a dielectric optical 
coating. 

Geometrical methods of dispersion compensation 
are commonly based on pairs of diffraction gratings 
or prisms and in both cases the geometry of the 
systems means that the group delay is wavelength 
dependent and can be made greater for longer 
wavelengths than for shorter ones, Analytic 
expressions describing the quadratic and cubic 
spectral phase of prism and diffraction grating pairs 
are summarized in Table 1. Dispersion compensation 
using prisms has been extremely successful and 11-fs 
pulses were reported using this approach. The 
simultaneous compensation of arbitrary second- and 
third-order spectral phase is, however, difficult and 
involves identifying a suitable prism material, apex 
spacing, and tip insertion. The expressions listed in 
Table 1 indicate that the form of the spectral phase 
depends on the refractive index of the prism material 
and its wavelength derivatives, while the apex 
separation, [, also contributes to a large extent. A 
further contribution to the spectral phase comes from 
the glass encountered by the beam passing through 
the prism tips which contributes a positive dispersion 
described by the equations for a bulk material given 
in Table 1. In general, an iterative solution of the 


equations given in Table 1 is needed to determine the 
geometry of a prism pair suitable for producing a 
desired spectral phase profile. 

Laser cavity mirrors can be designed with chirped 
multilayer dielectric coatings which possess a chosen 
group-velocity dispersion profile. A Bragg mirror with 
smaller layer periods at the surface and larger periods 
deeper in the coating provides negative group-velocity 
dispersion because the longer wavelengths experience 
larger group delays within the coating than the shorter 
ones, These chirped mirrors provide constant reflec- 
tivity across their stopband and therefore only modify 
the spectral phase of a pulse, leaving the intensity 
unchanged. The design of chirped mirrors has been 
refined in recent years to enhance their operating 
bandwidth and to reduce undesirable modulations in 
the group-delay response. The technique has been used 
to obtain 6.5-fs pulses directly from a Ti:sapphire 
oscillator and to achieve compression of amplified 
pulses to below 5 fs. 


Nonlinear dispersion 

Nonlinear effects arise in all materials due to the 
x) term in [3]. In a transparent mei 
refractive index due to this net susceptibility is 
approximately 
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where / is the optical intensity. The importance of the 
X°) susceptibility is therefore that it causes the 
refractive index to become intensity-dependent, and 
significant changes in the refractive index can be 
induced by the high peak intensities of ultrashort 
pulses. 

Self phase-modulation (SPM) resulting from the 
nonlinear refractive index is essential in generating 
the shortest pulses from modern ultrafast lasers and is 
caused by the time-varying intensity profile of the 
pulse. The higher-intensity components induce a 
larger nonlinear refractive index change and therefore 
experience a greater phase shift than the weaker 
components. The resulting frequency shift across the 
pulse can be shown to be 


deity wml. die) 


ay = - 260 ae 
Ke dt c dt 


(81 


which describes a redshift of the pulse leading edge 
and a blueshift of the trailing edge. Only the pulse 
center frequency remains unchanged and SPM there- 
fore broadens the pulse spectrum by redistributing 
energy from the center to the wings. Across the center 
of the pulse, SPM leads to an approximately linear 
positive chirp that, with appropriate optics, can be 
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‘Table 1 Expressions for the second and third-order dispersion of common optical systems 
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corrected using an equal but opposite amount of 
negative second-order dispersion. The combination 
of spectral broadening using SPM and subsequent 
chirp-removal using linear dispersion is the basis for 
optical pulse compression techniques that have been 
applied effectively to create pulses which exist for 
only a few carrier-wave periods. 


When the pulse propagates in an environment 
where SPM and linear dispersion are well balanced 
and evenly distributed, a soliton will evolve which, in 
the absence of loss, can propagate indefinitely with- 
out changing shape. The nonlinear Schrodinger 
equation predicts that lasers in which the 
dominant pulse-shaping mechanisms are negative 
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group-velocity dispersion and self-phase-modulation 
will produce soliton-like pulses with a sech*(t) 
intensity profile. In experimental measurements of 
ultrafast lasers the pulse shape is commonly assumed 
to be sech*(t) and the chirp of the pulses is then 
estimated by measuring their duration-bandwidth 
product, And, which is a dimensionless quantity that 
can be treated as a figure-of-merit for ultrashort 
pulses. For unchirped pulses the duration—bandwidth 
product is independent of their duration or spectral 
bandwidth but is sensitive to their shape: chirp-free 
Gaussian pulses have AvAr= 0.441 while sech?(t) 
pulses have Avr = 0.315. 


Sources of Femtosecond Pulses 


Dye Lasers 


The first practical passively mode-locked ultrafast 
lasers were those based on a gain medium of a thin 
(~10 um) organic dye jet and incorporating a slow 
saturable absorber jet at a separate cavity focus. The 
most common combination was Rhodamine 6G in 
ethylene glycol (gain jet) and 3,3-diethyloxadicarbo- 
cyanine iodide in ethylene glycol (absorber jet) which 
produced pulses at a wavelength of 620mm. The 
most successful approach was colliding-pulse mode- 
locking in which two counter-propagating pulses 
within a ring cavity are synchronized to arrive 
simultaneously at the absorber jet, so achieving 
greater saturation of the absorber and allowing the 
pulses to be transmitted with a loss significantly 
smaller than in the single-pulse case. The first sub- 
100-fs optical pulses were reported in 1981 from a 
colliding-pulse mode-locking dye laser and later work 
reported pulse durations as low as 27 fs but the 
configuration was inefficient and produced low 
average output powers. Other approaches such as 
synchronous pumping and hybrid mode-locking 
produced higher output powers but the mainten- 
ance-intensive nature of dye lasers and the hazardous 
nature of many of the chemicals used led to their 
gradual replacement by more convenient soli 
alternatives, based principally on Ti:sapphire. 


Color-Center Lasers 


‘A new source of femtosecond pulses in the near- 
infrared was reported in 1984. Coined the soliton 
laser the system was a synchronously pumped KCLTI 
colorcenter laser tunable from 1.4 to 1.6 um and 
modified to allow direct generation of pulses as short 
as 50 fs, substantially shorter than the 8 ps achieved 
in synchronously pumped operation alone. Femto- 
second operation was achieved by coupling a length 
of polarization-preserving anomalously dispersive 


fiber to the main laser cavity using a beamsplitter 
and retroreflector arrangement. This couple 
arrangement later became known as additive pulse 
mode-locking (APM) and produced short pulses 
when the optical length of the fiber was adjusted to 
be an integral multiple of the main cavity length. The 
long upper-state lifetime of the laser-active centers in 
the KCLTI gain medium allowed particularly stable 
APM operation, but mode-locking of this kind was 
also successfully employed in an actively stabilized 
NaClOH~ colorcenter laser to produce 110-fs 
pulses. The need to maintain color-center crystals at 
liquid-nitrogen temperatures limited the convenience 
of these lasers but until the advent of Ti:sapphire they 
remained the only solid-state sources capable of 
femtosecond operation. 


Ti:sapphire Lasers 


The creation in 1986 of a new broadband laser 
material ~ titanium-doped sapphire or Ti:sapphire ~ 
began a revolution in ultrafast laser sources that still 
continues today. Unlike other contemporary solid- 
state materials for mode-locked lasers such as 
Nd:YAG, Ti:sapphire is a vibronic gain medium 
which exhibits a strong electron-phonon coupling 
between the titanium ion transition and the host 
lattice. This vibronic coupling leads to a broad 
continuum of possible transition energies and results 
ina fluorescence bandwidth covering 670-1050 nm, 
making Ti:sapphire capable of supporting extremely 
short femtosecond pulses. The long fluorescence 
lifetime of Tissapphire means that, unlike dye lasers, 
femtosecond mode-locking requires a passive method 
using a fast saturable absorber and two methods have 
prevailed and are discussed below. 

The first passively mode-locked Ti:sapphire lasers 
were based on the APM technique in which mode- 
locking is achieved by a fast-saturable absorber 
action due to interference between the intracavity 
pulse and a self-phase-modulated replica propagating 
in an auxiliary cavity. An important breakthrough 
was made in 1990 when it was reported that an APM 
Ti:sapphire laser continued to operate even when the 
auxiliary cavity was blocked. This discovery was 
attributed to an entirely new mode-locking effect 
known as Kerr-lens mode-locking (KLM) or self- 
mode-locking in which the presence of a Kerr lens 
within the gain medium during mode-locked opera- 
tion changes the mode focusing within the cavity so 
that, compared to cw operation, mode-locked pulses 
experience higher gain. Two configurations of KLM 
exist and are known as soft aperture mode-locking, 
where the presence of the Kerr lens increases the gain 
by improving the overlap between the pump and laser 
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modes, and hard-aperture mode-locking, in which a 
physical aperture such as a slit or the edge of a prism 
is adjusted to introduce greater loss for cw operation. 
Because KLM is based on a nonresonant nonlinearity, 
Tissapphire lasers can be mode-locked at any 
wavelength in their gain bandwidth using this 
technique. Recent advances in controlling the intra- 
cavity group-velocity dispersion characteristics have 
led to the generation of sub-5-fs pulses directly from a 
Ti:sapphire oscillator. The principal drawback of the 
KLM method is that it is not self-starting because 
mode-locked operation must be seeded by an intense 
noise spike or other short fluctuation. Different 
starting methods have been applied successfully 
including mirror tapping, acousto-optic modulation, 
and mode-dragging, and once mode-locking has been 
initiated it is generally stable until some external 
perturbation disturbs the intracavity beam, 

‘An alternative method for obtaining femtosecond 
pulses has been pioneered largely in parallel with the 
KLM efforts and is based on using resonant non- 
linearities in semiconductors as fast saturable absor- 
hers. The approach is to fabricate a semiconductor 
multiple-quantum-well (MQW) device whose band- 
gap has been chosen to match the laser wavelength 
and whose absorption can be saturated at high 
fluences. Initially these devices were utilized in an 
APM geometry in which the MQW device was 
situated in an auxiliary cavity but it was later realized 
that an equivalent monolithic configuration could be 
obtained by sandwiching the MQW layer between 
two high-reflectivity mirrors (see Figure 3, inset) to 
form a Fabry-Perot structure and the resulting 
element was known as an antiresonant Fabry—Perot 
saturable absorber. The first application of a such a 
semiconductor saturable absorber mirror (SESAM) 
for mode-locking Ti:sapphire was reported in 1995 
where self-starting operation was demonstrated. A 
typical modern Ti:sapphire laser design is shown in 
Figure 3 and illustrates how a saturable absorber 
mirror can be integrated into the cavity, Further 
design enhancements such as reducing the finesse 
of the Fabry-Perot cavity resulted in SESAMs 
with a broader wavelength response which enabled 
sub-10-fs self-starting operation. 


Fiber Lasers 


Ultrafast fiber lasers, particularly those based on 
silica doped with rare earth Er*+, Nd**, or Yb**ions, 
have enjoyed renewed attention in recent years as 
efforts to scale their average output powers and pulse 
energies to practical levels have proved successful. 
Four main mode-locking strategies have been applied 
to these systems: active mode-locking which is 


PL 
‘592 nm diode-pumped Mt 
solid-state laser 
Pp 
m2 
is 
Pp 
oc, 
Ms 


sit 
eosaraenteeamee 


Figure S Typical configuration of a modein femtosecond 
Ti'sapphire laser. PL, pump laser; M1, pump focusing mirtor; 
M2, high-reflectivity cavity’ miror (800nm); TS, T:sapphire 
crystal, typically, 210mm long; M3, SESAM mirror; P, 
ispersion-compensating prisms; OC, output coupler. Inset: a 
simpifiad schematic of a saturable-absorber Bragg mirror. 


generally restricted to picosecond generation; inten- 
sity-dependent feedback using a nonlinear amplifying 
loop mirror; polarization APM; and semiconductor 
saturable absorber mode-locking. The upper-state 
lifetime of rare-earth-doped fibers is long and there- 
fore a fast saturable absorber mechanism is necessary 
for passive mode-locking, limiting the choice of 
mode-locking elements to those based on Kerr or 
semiconductor nonlinearitie 

The development of mode-locked fiber sources has 
concentrated on Er-doped lasers because of the 
compatibility of their output wa 
1.5 um optical communication wi 
silica fiber. Passively mode-locked designs based on 
the nonlinear loop mirror work by exploiting the Kerr 
effect in an intracavity fiber Sagnac interferometer 
containing a gain section. With suitable control of the 
intracavity polarization, such a nonlinear amplifying 
loop mirror (NALM) can be set up to transmit light of 
high intensities but reflect low intensities because of 
the differential phase shift induced between the two 
interferometer arms, By adding the loop mirror to a 
unidirectional ring cavity a figure-of-eight laser is 
formed (Figure 4) which is capable of producing 
femtosecond soliton pulses with average powers of 
around 1 mW. Drawbacks of the figure-of-eight laser 
include the presence of spectral sidebands at the 
shortest pulse durations and a tendency for multiple 
pulse operation. Mode-locking can also be achieved 
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Figure 4 Schematic ofa figure-of ight femtosecond fiber laser. 


EDFA, erbium-doped fiber ampitier gain section: OC, output 
coupler; PC, polarization controller. 


using a variation on the APM technique and 
significant average output powers have been demon- 
strated from stretched-pulse-APM lasers, with up to 
90 mW being reported at pulse energies of 2.25 nJ. 

Semiconductor saturable absorber mode-locking 
has been demonstrated in fiber lasers using a variety 
of configurations including bulk InGaAsP on InP and 
saturable Bragg reflectors based on InGaAs/InP 
MQWs on a AIAVGaAs mirror structure. Fiber lasers 
mode-locked using semiconductor saturable absor- 
bers are self-starting and exhibit stable mode-locking, 
normally at the fundamental cavity frequency. The 
narrow bandwidth of saturable absorber devices at 
near-infrared wavelengths makes the generation of 
sub-100-fs pulses difficult. 


Semiconductor Sources 


Diode lasers and external-cavity lasers based on 
semiconductor optical amplifiers (SOAs) are of 
importance because of their ability to produce 
ultrashort pulses from a compact system at wa 
lengths of relevance to optical fiber communications. 
The two principal methods used to generate ultra- 
short pulses from such devices are mode-locking 
with an external cavity or gain-switching (equiva- 
lently known as Q-switching) in a bow-tie 
waveguide structure. Subpicosecond pulse durations 
are now routinely produced using dispersion com- 
pensation and/or nonlinear pulse compression 
techniques and, by combining these strategies with 
Er:fiber amplification, 20-fs pulses have be 
produced. The mode-locking and_gain-switching 
techniques each have their individual advantages. 
Gain-switching provides a simple and compact 
approach offering high average output power, but 
significant timing jitter and poor spectral quality can 
accompany pulses produced in this way. Mode- 
locked systems are physically larger than gain- 
switched devices because they require an external 
cavity and additional optical components, but 
shorter and higher quality pulses are achievable. 


Other Common Solid-State Laser Sources 


Certain solid-state gain media offer the potential for 
direct diode pumping, miniaturization and operation 
at wavelengths or average powers not accessible with 
other sources. Systems based on Nd or Cr ion 
transitions have been shown to be capable of 
ultrashort picosecond or femtosecond operation. 
Femtosecond mode-locking (175 fs) has been 
reported in Na:glass which has one of the broadest 
fluorescence spectra of the Nd materials. Crystals 
with active ions of Cr**, Cr+, and Cr** have broad 
transitions covering wavelengths in the 2.0 um, 
800 nm and 1.4 um regions and femtosecond opera- 
tion has been demonstrated in Cr**:YAG at 1.52 pm, 

forsterite) at 1.25 am, Cré*: 
AF) at $50 nm, and Cr**:LiSrGaF 
(CriLiSGAF). Direct diode pumping of Cr- 
ion-based lasers is attractive because of the opportu- 
nities for producing low-noise, compact, and efficient 
femtosecond sources, but the limited power available 
from high-quality pump diodes results in low 
intracavity powers which make KLM operation 
difficult. As a result, stable operation is better 
achieved using a physical saturable absorber, and 
SESAM mode-locking has been applied successfully 
to many of these lasers. 


‘Sources Based on Nonlinear Frequency Conversion 


Laser sources alone are unable to provide ultrashort 
pulses continuously tunable from the ultraviolet to 
the mid-infrared, and large gaps exist at wavelengths 
where no broadband laser materials are available. 
Harmonic generation using Ti:sapphire can be used 
to access some parts of the visible and ultraviolet 
regions, but infrared and certain visible wavelengths 
cannot be generated in this way and coverage is 
limited by the ability to tune the source itself. The 
nonlinear production of infrared wavelengths 
requires parametric down-conversion using a syn- 
chronously pumped optical parametric oscillator. 
Ti:sapphire pumped synchronously pumped optical 
parametric oscillators have produced, either directly 
or using harmonic generation, outputs from the green 
to beyond 7 pm. 


Sources of Amplified Ultrashort Pulses 


Modern ultrafast oscillators can produce pulses with 
peak powers of >1 MW, average powers of several 
watts, and cavity frequencies from 4 MHz. to 2 GHz, 
but many applications require pulses with higher 
intensities or lower pulse repetition frequenc: 
Additional amplification stages can be used to satisfy 
these requirements and these are commonly 
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implemented in Nd:glass for picosecond pulses and 
Ti:sapphire for femtosecond pulses. In order to avoid 
damage and unwanted nonlinear effects caused by 
high pulse intensities within the amplifier system, 
most practical sources now apply the chirped-pulse 
amplification (CPA) approach in which a low-energy 
femtosecond seed pulse is stretched to sub- 
nanosecond durations to reduce its peak power then 
amplified and finally compressed to its original 
duration. Using the chirped-pulse amplification 
technique, pulses with peak powers as high as 1.5 
petawatt have been generated. 

‘Two possible amplifier geometries are used which 
are categorized either as multipass or regenerative 
amplifiers. In the multipass configuration the 
injected pulse is refocused many times through the 
same gain crystal using a system of mirrors. The gain 
crystal is pumped above the saturation fluence in 
order to extract the maximum stored energy from the 
medium per pass. The multipass geometry is more 
commonly used for high-average-power operation 
and critical alignment is required to maximize the 
overlap between the pump mode profile and the 
multiple beams intersecting the gain medium. 
The alternative regenerative amplifier is essentially a 
stable laser resonator which includes a Pockel cell 
and a polarizing beamsplitter to enable pulses to be 
switched into and out of the cavity. The gain per 
pass is considerably lower than in the multipass 
configuration but regenerative systems produce 


superior beam quality and their performance 
can be optimized without affecting the beam 
pointing of the output. Commercially available 
Ti:sapphire amplifiers commonly use the regenerative 
method and are available with pulse energies of up 
to 1 mJ at repetition frequencies in the 1-300 kHz 
range. 
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Introduction 


Ultrashort optical pulses have very short time 
durations, typically less than a few tens of pico- 
seconds. As a result, these pulses are spectrally 
broad. Because the index of refraction of materials is 
a function of wavelength, different wavelengths of 
light travel at different speeds in optical materials, 
causing the properties of ultrashort optical pulses to 
change as they propagate. However, the shape of the 
pulse can influence how the pulse itself interacts with 
materials. Thus, the goal of ultrafast laser pulse 
measurement is to obtain not only the intensity 
profile of the pulse, but also the actual variation of 
the frequencies that make up the pulse. This is called 


measuring the intensity and phase of the pulse, 
respectively 

Even though the development of techniques to 
characterize ultrashort optical pulses has not been 
easy, a myriad of pulse measurement techniques have 
been developed. In this chapter, we will confine our 
discussion to the most well-known pulse and gener- 
ally accepted pulse characterization methods in an 
effort to provide a basic working knowledge of pulse 
measurement techniques and a fundamental under- 
standing of the principles behind pulse measurement. 
After a brief discussion of the mathematical rep: 
tation of ultrashort optical pulses, we will discuss 
pulse measurement in (roughly) chronological order, 
starting with autocorrelation methods. The next 
section introduces a useful method for the measure- 
ment of the relative phase between two pulses 
called spectral interferometry (SI). Following SI, 
we introduce the notion of the time-frequency 
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representation of ultrashort optical pulses where 
techniques such as frequency-resolved optical gating 
(FROG) are discussed. Following the time-frequency 
section, a relatively new technique known as spectral 
phase interferometry for direct electric field recon- 
struction (SPIDER) is discussed. 


Mathematical Representation of 
an Optical Pulse 


The time-dependent variations of the pulse are 
embodied in the pulse electric field, A(t), which can 
be written: 


A(t) = Rel Eee") ul 


where wy is the carrier frequency and Re refers to 
the real part. While we can use A(t) as it stands for 
calculations, it is much easier to remove the rapidly 
varying wy part, e, and use a slowly varying 
envelope together with a phase term that contains 
only the frequency variations, not the rapidly 
varying carrier frequency: 
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where I(f) and g(t) are the time-dependent intensity 
and phase of the pulse. (Note that E(t) is 
complex.) The frequency variation, O(¢), is the 
derivative of g(t) with respect to time: 


M(t) = —dgteyidt BI 
The pulse field can be written equally well in the 


frequency domain by taking the Fourier transform 
of eqn [2] 


E(w) = Kw)? (41 


where I(w) is the spectrum of the pulse, and dw) is 
its phase in the frequency domain, The spectral 
phase contains time versus frequency information; 
that is, the derivative of the spectral phase with 
respect to frequency yields the time arrival of the 
frequency — the group delay. 

Obtaining the intensity and phase, I(t) and g(t) 
{or Kw) and 4(w) is called full characterization of the 
pulse. Common phase distortions include linear 
chirp, where the phase (either the time domain or 
frequency domain) is parabolic. When the frequency 
is increasing in time, the pulse is said to have positive 
linear chirp; negative linear chirp is when the high 
frequencies lead the lower frequencies. Higher-order 
chirps are common, but for these, differentiation 
between spectral and temporal chirp is required 
because spectral phase and temporal phase are not 
interchangeable, 


Autocorrelation 


Traditionally, we measure events using shorter events. 
Unfortunately, for the ultrafast researcher, shorter 
events do not exist and modern electronics are not 
fast enough. Therefore, because the shortest event we 
have is the event we wish to measure, traditional 
pulse measurement methods use the pulse itself to 
determine the approximate duration of the pulse in 
question giving birth to the ubiquitous intensity 
autocorrelation (sce Figure 1). While autocorrela- 
tions cannot be used to fully characterize ultrashort 
optical pulses, the methods used in autocorrelations 
are fundamental to all pulse measurement schemes. 
The intensity autocorrelation is measured by 
combining a pulse and a delayed replica of a pulse 
ina nonlinear medium such as a second harmonic 
generation (SHG) crystal. A pulse is sent onto a 
beamsplitter to produce the two replicas. One pulse is 
delayed relative to the other and both are focused 
together into a SHG crystal, As the delay of one pulse 
relative to the other is varied, the intensity of the 
second-harmonic signal is recorded. The intensity 
autocorrelation is not limited to using SHG; any 
nonlinearity may be utilized. Indeed, two-photon 
absorption in a semiconductor LED or photodiode 
often acts as a convenient nonlinearity. Sometimes a 
third-order nonlinearity is used to provide some 
direction of time information about the pulse. When 
the generation of the signal involves phase matching, 
such as second harmonic generation, care must be 
taken to use a thin crystal. Typically, 10 um to 1 mm 
thick SHG crystals are used, depending on the 
bandwidth of the pulse to be measured. The exact 
thickness depends on the SHG crystal, the pulse 
width, and the requirements of the measurement. 
Regardless of the nonlinearity used, an autocorre- 
lation yields only the approximate duration and 
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Figure 1 An intensity autocorrelator used to determine the 
approximate duration of a pulse. The pulse is splitintatwo replicas 
that are sent into delay lines. The outputs from both delay lines are 
focused into a doubling crystal. The second harmonic output is 
‘monitored as a function of delay between the two pulses. A plot of 
the signal versus time isthe intensity autocorrelation of the pulse. 
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shape of the pulse, The structure of the pulse is 
smeared, producing a smooth, featureless profile for 
even a complex pulse. Thus, the intensity autocorre- 
lation alone does not determine the intensity profile of 
the pulse, 1(#). Only the interaction of the intensity of 
the pulse is recorded, producing no phase information 
for the pulse. Some qualitative information can be 
gleaned from the spectrum and the autocorrelation, 
but usually only that the pulse is chirped, and higher- 
order chirps and complex pulse structures elude such 
an analysis. 

Another useful form of intensity autocorrelation is 
the single-shot autocorrelator. In this case, fairly large 
beams are used, and these beams are set to intersect at 
an angle of 24, tilting the pulse fronts, so that delay is 
mapped onto a spatial coordinate (see Figure 2). The 
beams are then focused into a nonlinear medium 
using a cylindrical lens. The interaction region in the 
SHG crystal is imaged onto a linear array or 
camera. Typically, when second-harmonic generation 
is used, the SHG crystal is oriented for Type I 
phase matching. The time window is proportional to 
Avwisin dyAu,, where Aw is the beam waist at 
the SHG crystal, and u, is the group velocity of 
the pulse in the crystal. Like all SHG interactions, 
care must be exercised to insure that the phase 
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matching is sufficient to mix the entire bandwidth of 
the puls 

Jean-Claude Diels improved the intensity autocor- 
relation by the development of the interferometric 
autocorrelation. In this configuration, a Michelson 
interferometer is typically used so that the beams are 
collinear when arriving at the SHG crystal, which 
allows the beams to interfere. As a result, fringes 
appear on the autocorrelation. By examining the 
shape and extent of the fringes, some information 
about the pulse chirp can be obtained. While this does 
add to the information provided by an intensity 
autocorrelation, the added information is only the 
spectrum of the second harmonic. Unfortunately the 
addition of the second harmonic spectrum does not 
provide enough information for full retrieval of the 
intensity and phase. 

Even though autocorrelation alone does not 
completely determine pulse intensity and phase, it is 
avery simple and useful technique to determine appro- 
ximate pulse duration, Sometimes, cross-correlation 
can be used to determine the duration of a long pulse, 
if a shorter one is available, or a pulse too weak 
(or at an inappropriate wavelength) to measure with 
autocorrelation. The addition of the spectrum and/or 
the second harmonic spectrum can provide more, 
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Figure 2 A single shot intensity autocorrelator. For this type of autocorrelat 
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albeit, incomplete information about pulse chirp. 
More importantly, the experimental techniques used 
by correlation methods are fundamental to all pulse 
measurement methods. 


Spectral Interferometry - Relative 
Phase Measurements 


While determination of the absolute intensity and 
phase of an ultrashort laser pulse is difficult, deter- 
mination of the relative phase is not. Invented in the 
late 1800s, spectral interferometry (SI), measures 
the relative phase between two pulses. SI, a linear 
technique, can also he modified (albeit, a some-what 
complex modification) to be self-referencing for full 
characterization of the ultrashort optical pulse (See the 
section on SPIDER below}. In addition, when com- 
bined with a full pulse characterization technique, Sl, 
because it isa linear technique, provides a method by 
which very weak optical pulses can be characterized 
(sce below). 

‘Typically, an SI apparatus uses a Mach~Zender 
interferometer (see Figure 3). A pulse is split into two 
replicas; one is sent through a region or medium to 
measure and the other through a known path. The 
two pulses remain separated by some known time and 
are sent, collinearly, into a spectrometer; no time 
scanning is required, An analysis of the fringe pattern 
yields the relative phase between the two pulses. 
In other words, SI provides dusi(w) ~ dret(w), where 
nk((o) is the unknown pulse phase versus frequency. 
The spectrum of the two pulses in the frequency 
domain is 


Tgy(w) = IEo(w) + Euan 
Toy(a) = To(o) + Tuyo) + 2yTo(@y{ uns) 
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Figure 3 A Mach-Zender interferometer isthe typical arrange 
‘ment for spectral interferometry. One path acts as the reference 
farm and the sample to be measured is placed in the other arm. 
Unlike standard interferometry, the dolay is fixed in a spectral 
interferometry experiment. 


where Ig(w) is the output spectrum, Eo(w) is the 
reference pulse electric field, Eygy(w) is the 
unknown pulse electric field, Io(w) is the reference 
pulse spectrum, I,q,(@) is the unknown pulse 
spectrum, @k(o) is the unknown pulse phase, 
do(w) is the reference pulse phase, and 7 is the 
delay between the two pulses. To facilitate extract- 
ing the phase difference from the SI output, 7 is 
chosen to yield fringes in the sum spectrum. The 
spectral fringes, which have a period inversely 
proportional to the optical path difference between 
the two beams (see Figure 4), contain all of the 
phase difference information, 

Figure 4 shows the steps required to obtain the 
phase difference between the two pulses. The first step 
is to subtract out the spectra of the individual pulses 
in order to isolate the spectral interferogram, S(w) 
(Figure 4a), where 


Seo) = 2yTo(why{ Zuni») €08( dunk) ~ doco) ~ 7) 
[6] 

By Fourier transforming S(w), we obtain 
‘Stay = fe — D+ ft 7) 71 


where f(t) is the correlation product between the 
reference and the unknown electric field (see 
Figure 4b). The Fourier transform of eqn [7] 
multiplied by a Heaviside function, @(¢) (to remove 
f(t ~ 9), recovers the amplitude and phase of f(w), 
the Fourier transform of f(t — 7), which contains the 
relative spectral phase between the unknown pulse 
and the unmodified pulse. Some care, however, needs 
to be taken to correctly remove the linear phase due 
to the time delay between the two pulses, «7. Also, for 
best results, the spectrometer should be well cali- 
brated and care should be taken to properly window 
the spectrum before taking the Fourier transform, 

Spectral interferometry is a straightforward and 
simple technique that always provides a relative 
phase. For this very reason, care must be taken to 
make sure the beams are mode-matched as well as 
collinear; also, interferometric stability must be 
maintained over the course of the measurement. 
Furthermore, SI is nongating; that is, CW background 
in the laser can add to the interferogram, masking 
transient effects. Nevertheless, spectral interferome- 
try is a useful technique that has been applied to the 
measurement of the linear and nonlinear spectral 
phase introduced by optical fibers. More recently, SI 
has been applied to phase-locking and to phase- 
resolved pump probe experiments. 
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Figure 4 The stops required for the analysis of spoctral interfere 
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.grams. Part (a) shows a sample SI interferogram. The dominant 


‘frequency ofthe fringes isthe delay multiplied by the speed of light. The actual phase iffarences of intorest are the perturbations on this 
‘frequency. Part () is the Fourier transform ofthe SI interferogram in Part (a). (Note that this isnot the true time domain.) The central 


peak contains only spectral information. All ofthe phase information 
Central peak and one of the satelite peaks (Part (c)). The phase of 
botwoon the two pulses (Part (d). 


Time-Frequency Representation 


In 1971, E.B. Treacy laid the foundations for a 
revolution in pulse measurement by introducing the 
idea of measuring the intensity versus time for 
different spectral splices of a pulse, Because his 
measurements provided both time and frequency 
information simultaneously, these measurements 
could be thought of as applying ina hybrid time- 
frequency domain, At first, this may seem confusing, 
but similar methods have been used to visualize 
sounds patterns (a musical score, for example) and 
speech. A time-frequency plot of this type, where 
spectral slices of a pulse are plotted versus time, 
is called a sonogram. The mathematical formalism of 
a sonogram is: 


sua. =|f Hajhw— Me | Is} 


where E(w) is the electric field of the pulse to be 
measured in the frequency domain and h(w ~ 0) is a 
frequency gate that varies with frequency. The 
magnitude squared of the inverse Fourier transform 
of spectral slices yields the sonogeam. 

In 1991, Chilla and Martinez showed that the 
sonogram could be used to reconstruct the full 
intensity and phase of the pulse. That is, under 
certain conditions, the approximate group delay 
could be determined as a function of frequency 
from the sonogram by finding the peak time arrival 
of each spectral slice; integration of the group delay 


's contained in the satelite peaks. The next step is to mask out the 
the inverse Fourier transform of Part (c) yields the relative phase 


Ids the spectral phase, which together, with the 
pulse spectrum, provides the intensity and phase of 
the pulse in the frequency domain. They labelled this 
technique as frequency domain phase measurement 
(EDPM). 

‘An experimental diagram of an FDPM apparatus is 
shown in Figure 5. The pulse is split into two replicas, 
and one of the pulse replicas is spectrally filtered. 
The spectrally filtered pulse is cross-correlated with 
the original pulse to find the ‘time arrival’ of the 
spectrally filtered pulse — defined as the peak of 
the cross-correlated pulse. Because the spectrally 
filtered pulse has a much longer time duration than 
the original pulse, the small perturbation caused by 
the finite length of the original pulse is neglected. 

‘The main difficulty of the Chilla—Martinez method 
is that the frequency gate must be very narrow, 
reducing the filtered pulse energy significantly, which 
greatly reduces the measured signal strength. If the 
spectral phase is not well behaved, the filtered pulse 
may not be much longer than the original pulse. In 
addition, for a given frequency, the sonogram may 


have two or more peaks in time, that is, the group 
delay may not be a function, However, a method 
called 2D phase retrieval, discussed in the next 
section, can alleviate many of these issues. 

A spectrogram is a relative of the sonogram. Rather 
than determining the time arrival of spectral slices of 
a pulse, a spectrogram is obtained when the spectrum 
of time slices of the pulse are measured. The spectro- 
gram is experimentally much easier to obtain than the 
sonogram; however, the measured quantity is not 
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Figure 5 Measuring a sonogram requires determining the time arrival of spectral slices ofthe pulse. The pulse is spit into two replicas 
using a beamsplitter. One replica is spectrally fitered using a tunable ite. The other pulse is cross-corcelated withthe spectrally filtered 


pulse to determine the time arrival 


quite as mathematically useful as the sonogram 
because the time slicing of the pulse occurs in the 
time domain. Thus, if a narrow time gate is used, the 
time domain phase is obtained. The time domain 
phase together with the intensity of the pulse, I(¢), 
provides the full intensity and phase of the pulse. 
Unfortunately, the intensity profile is not as readily 
measurable as the pulse spectrum. Consequently, to 
obtain the full intensity and phase of a pulse from 
its spectrogram requires an iterative 2D phase 
retrieval algorithm. This is the basis of a pulse 
measurement technique called frequency-resolved 
optical gating (FROG). 


Frequency-Resolved Optical Gating 


Frequency-resolved optical gating (FROG), d 
oped by Kane and Trebino, measures the spectrum of 
a particular temporal component of the pulse (see 
Figures 6 and 7) by spectrally resolving the signal 
pulse in an autocorrelation-type experiment using an 
instantaneously responding nonlinear medium, As 
shown in Figure 6, FROG involves splitting a pulse 
and then overlapping the two resulting pulses in an 
instantaneously responding x” or x'”) medium. Even 
though any instantaneous nonlinear interaction may 
he used to implement FROG, perhaps the most 
intuitive is the polarization-gating configuration. In 
this case, induced birefringence, due to the electronic 
Kerr effect, is used as the nonlinear-optical process. In 
other words, the ‘gate’ pulse causes the x“ medium, 


which is placed between two crossed polarizers, 
to become slightly birefringent. The polarization of 
the ‘gated’ probe pulse (which is cleaned up by the 
first polarizer) is rotated slightly by the induced 
birefringence allowing some of the ‘gated’ pulse to 
leak through the second polarizer. This is referred to 
as the signal, Because most of the signal emanates 
from the region of temporal overlap between the gate 
pulse and the probe pulse, the signal pulse contains 
the frequencies of the ‘gated’ probe pulse within this 
overlap region, The signal is then spectrally resolved, 
and the signal intensity is measured as a function of 
wavelength and delay time 7. The resulting trace of 
intensity versus delay and frequency is a spectrogram, 
a time- and frequency-resolved transform that intui- 
tively displays time-dependent spectral information 
of a waveform. 
The spectrogram can be expressed as 


Sel, 7 -lf E(agtt — neat} 191 


where E(t) is the measured pulse’s electric field, 
g{t—7) is the variable-delay gate pulse, and 
the subscript E on Sp indicates the spectrogram’s 
dependence on E(t). The gate pulse g(t) is usually 
somewhat shorter in length than the pulse to be 
measured, but not infinitely short. This is an 
important point: an infinitely short gate pulse yields 
only the intensity I(2) and conversely, a CW gate 
yields only the spectrum Iw). On the other hand, 
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Figure 6 Measuring the spectrogram of a pulse is easier than measuring its sonogram ~ a spectrogram is a spectrally resolved 
autocorrelation. In ths figure, the optical Kerr—effect is used (polarization-gate) as the nonlinearity. (Adapted with permission from 
Kane DJ and Trebino Fi (1993) Single shot measurement of the intensity and phase of an arbitrary ultrashort pulse by using 
‘requency-resolved optical gating. Optics Letters 18(10): 823-825.) 
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Figure 7 This figure shows a schematic of an SHG FROG device. The SHG signal from the autocorrelation is spectrally resolved. 
‘SHG FROG is very simple and sensitive, butithas a direction-of-ime ambiguity. For example, ifthe pulse has chirp, only the magnitude 
of the chitp is determined ~ the sign ofthe chirp remains unknown. 


a finite-length gate pulse yields the spectrum of all of _an infinitely large set of pulse segments compensates 
the finite pulse segments with duration equal to that of for this loss. The spectrogram has been shown to 
the gate. While the phase information remains lacking nearly uniquely determine both the intensity [(¢) and 
in each of these short-time spectra, having spectra of _ phase g(t) of the pulse, even if the gate pulse is longer 
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than the pulse to be measured (although if the gate is 
too long, sensitivity to noise and other practical 
problems arise). 

In FROG, when using optically induced bire- 
fringence as the nonlinear effect, the signal pulse is 
given by: 

Egglt, 7) 0 E(k (t — 2)" 110] 
So the measured signal intensity Irgog(w. 7), after the 
spectrometer ist 


Tinoco.) = i} E@E—APe de] (11) 


We sce that the FROG trace is a spectrogram of the 
pulse (2) although the gate, |E(¢ — 7)", is a function 
of the pulse itself, 

To sce that the FROG trace essentially uniquely 
determines E(t) for an arbitrary pulse, it is first 
necessary to observe that E(t) is easily obtained from 
Eqg(t, 7). Then it is simply necessary to write eqn [11] 
in terms of Ey,(t,), the Fourier transform of the 
signal field E,,(¢, 7), with respect to delay variable 7. 
We then have what appears to he a more complex 
expression, but one that will give us better insight into 
the problem: 


rxoctan=|[ Eqgg(t. Qe" %dedal [124 


Equation [12] indicates that the problem of inverting 
the FROG trace Iroc(w.7), to find the desired 
quantity Fy,(t,0), is that of inverting the squared 
magnitude of the two-dimensional (2D) Fourier 
transform of Ey(t,). This problem, which is called 
the 2D phase-retrieval problem, is well known in 
many fields, especially in astronomy, where the 
squared magnitude of the Fourier transform of a 2D 
image is often measured. At first glance, this problem 
appears unsolvable; after all, much information is lost 
when the magnitude is taken, It is well known that 
the one-dimensional (1D) phase retrieval problem is 
unsolvable (for example, infinitely many pulse fields 
give rise to the same spectrum). Intuition fails in this 
case, however; two- and higher-dimensional phase 
retrieval essentially always yields unique results 


The Simplified FROG - GRENOUILLE 


A simplified version of the FROG device, known as 
grating climinated no-nonsense observation of 
ultrafast incident laser light e-fields (GRENOUILLE), 
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Figure 8 Figure showing a schematic of a GRENOUILLE 
FROG device which uses a thick doubling erystal as both the 
gating nonlinearity and the spectrometer. Like single-shot 
autocorrelators, a cylindrical lens focuses a spataly large input 
beam into an SHG crystal in only one dimension. Unlike most 
autocorrlators, the Mach~Zender interferometer is replaced with 
a Fresnel biprism that forces each half of the input beam to 
Propagate, at an angle, toward the SHG crystal. An imaging 
cylindrical iens images the spatial dependence ofthe delay onto a 
CCD camera. A Fourier transform cylindrical lens maps the 
angular dependence of wavelength from the SHG crystal to a 
spatial coordinate on the CCD camera. (Adapted with permission 
from O'Shea P, Kimmel M, Xun G and Trebino F (2001) Highly 
simplified device for ultrashort pulse measurement. Optics Lettars 
26(12): 932-934.) 


can be constructed using the doubling crystal as both 
the gating medium and the spectrometer (sce 
Figure 8). In this case, the phase matching condition 
in certain thick doubling crystals causes a wavelength 
dependent output from the doubling crystal. 
A cylindrical lens is used in a Fourier transform 
configuration to image the wavelength variation onto 
a CCD camera. A cylindrical lens set at 90 degrees 
to the Fourier transform lens images the time axis 
onto the CCD camera, A Fresnel biprism replaces the 
traditionally used Mach-Zender interferometer to 
produce two pulses propagating at an angle with 
respect to each other. Presently, the GRENOUILLE 
technique works with BBO, in the wavelength region 
around 500 nm—1200 nm, and with proustite in the 
wavelength region around 1200 nm—2000 nm. 


FROG Inversion Algorithms 


An iterative 2D phase retrieval algorithm is required 
to extract the pulse information from the measured 
FROG trace (see Figures 9 and 10). This algorithm 
converges to a pulse that minimizes the difference 
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Figure 9 Example FROG traces and sonagrams are shown for four diferent pulses: a transform limited pulse, a positively chirped 
pulse, and a negatively chirped pulse. The top series of plots ara the time domain representation af the pulse intensity (solid lina) and 
phase (dashed line). The second row of four plots isthe frequency domain representation of the sample pulse’s intensity and phase. 
“The next four plots show the instantaneous frequency and the group delay. The vertical axis is frequency and the horizontal axis is time. 
The remaining rows show the PG FROG traces, the SHG FROG traces and sonogram of the pulse shown in the first two rows. 
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between the measured and the calculated FROG 
trace. While this aspect of FROG has been its Achilles 
heel in the past, in reality, new generalized projections 
algorithms (rogether with faster computers) converge 
quickly and can track pulse changes at rates up to 
30 Hz and beyond, making FROG a true, real-time 
pulse measurement technique. Indeed, excellent 
algorithms for the analysis of FROG traces in real- 
time are commercially available. 

The original FROG inversion algorithm, com- 
monly referred to as the vanilla algorithm, is simple 
and iterates quickly, but tends to stagnate, 
giving erroneous results, especially for geometries 
that use a complex gate function such as SHG or 
self-diffraction. An improved algorithm, incorporat- 
ing several different algorithms including brute force 
minimization, was developed to alleviate stagnation 
programs at the expense of both speed and 
convergence time. By the mid-1990s, a significant 
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advance in both speed and stability was made by the 
addition of a numerical method called generalized 
projections. This algorithm determines the next 
guess by constructing a projection ~ minimizing the 
error (distance) between the FROG electric field, 
E,g(t,7), obtained immediately after the application 
of the intensity constraint, and the FROG electric 
field calculated from the mathematical form 
constraint. 

The first generalized projections algorithm used a 
standard minimization procedure to find the electric 
field for the next iteration, which can still be slow. For 
the most common FROG geometries, PG and SHG, a 
different algorithm that determines the next iteration 
directly has been developed. This algorithm, called 
the principal components generalized projections 
(PCGP) algorithm, converts the generalized proj 
tions algorithm into an eigenvector problem. Using 
this algorithm, pulse measurement rates of at least 
30 Hz have been achieved, 

‘The goal of the phase retrieval algorithm is to find 
the E(#) that satisfies two constraints. The first is the 
FROG trace itself which is the magnitude squared of 
the 1D Fourier transform of Eyg(t,7): 


f Egglt 0 “al (13) 


Trrogl. 7) = 


The other constraint is the mathematical form of the 
signal field, Eyg(t,7), for the nonlinear interaction 
used, The signal forms for a variety of FROG beam 
geometries are: 


EE — 9! PG FROG 
EQYE(t— 7) SD FROG 
Beepad eR? 14) 
EWE 1) SHG FROG 
EQ? E71) THG FROG 
where PG is polarization gate, SD is self-diffraction, 


SHG is second harmonic generation, and THG is 
third harmonic generation FROG. 

All FROG algorithms work by iterating between 
two different data sets: the set of all signal fields that 
satisfy the data constraint, Irrog(w, 7), and the set of 
all signal fields that satisfy eqn [14]. The difference 
between the FROG algorithms is how the iteration 
between the two sets is completed. In the case of 
generalized projections, the E(t) are chosen such 
that the distance between the F(t) on the magnitude 
set and the E(t) on the mathematical form set is 


minimized. This is accomplished by minimizing the 
following equation: 


x 2 
2). Eero kta 4) — EERn (ty xl 


(15) 


where E.?\pcy(tis 7) is the signal field generated by the 
data constraint, and EUein(t,, 7) is the signal field 
produced from one of the beam geometry equations 
in eqn [14]. For the normal generalized projection, 
the minimization of Z is completed using a standard 
steepest descent algorithm; the derivative of Z with 
respect to the signal field is computed to determine 
the direction of the minimum. The computation of 
the derivatives are tedious; they are tabulated 
elsewhere. 

‘An alternative to an algorithm that minimizes 
eqn [15] is the PCGP algorithm. This algorithm 
converts the computation of the next guess into an 
eigenvector problem, reducing the computation of 
the next guess to simple matrix—vector multipli- 
cations. This algorithm works for both the PG and 
SHG beam geometries, it is robust and the fastest 
FROG algorithm. Indeed, the PCGP algorithm 
was used in the original real-time FROG work by 
Di. Kane. 


Self Checks in FROG Measurements 


Unlike any other pulse measurement techniques, 
FROG can provide a great deal of feedback about 
both the quality of the measurement (systematic 
errors) and the quality of the algorithm's perform- 
ance. The most common check for convergence is 
the FROG trace error together with a visual com- 
parison between the retrieved FROG trace and 
the measured FROG trace. The FROG trace error is 


where @ is a renormalization constant, Iroc is the 
measured trace, and Ifjto¢(w, 7) is computed from the 
retrieved electric field. Typically, the FROG trace 
error ofa PG measurement should be less than 2% for 
a 64 x 64 pixel trace, while the FROG trace error of a 
64 x 64 pixel SHG FROG trace should be about 1% 
or less. Acceptable FROG trace errors decrease as 
FROG trace size increase for smaller FROG trace 

These values are only rules of thumb only; 
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for example, acceptable retrievals of large and very 
complicated FROG traces can produce larger FROG 
trace errors. 

Ina good FROG measurement, the spectrum of the 
retrieved pulse should faithfully reproduce the salient 
features of the pulse’s measured spectrum. SHG 
FROG even provides an additional check called the 
frequency marginal. The sum of an SHG FROG trace 
along the time axis yields the autoconvolution of the 
pulse’s spectrum, providing two ways the FROG 
measurement can be checked. First, the autoconvolu- 
tion of an independently measured spectram can be 
compared to the sum of the FROG trace along 
the time axis, providing an indication of how well the 
measurement was made. For example, if the doubling 
crystal was too thick in the pulse measurement, the 
FROG trace’s frequency marginal will be narrower 
than the autoconvolution of the measured spectrum, 
Second, comparing the autoconvolution of the 
retrieval pulse spectrum with the FROG trace 
marginal can provide a test of algorithm convergence 
in addition to a test of the measurement. Phase 
matching problems appear as a mismatch between 
the FROG trace frequency marginal and the auto- 
convolution of the retrieved spectrum. 

Because FROG is a spectrally resolved autocorrela- 
tion, summing any FROG trace along the frequency 
axis yields the autocorrelation of the measured pulse. 
This autocorrelation can be compared to an inde} 
dently measured autocorrelation, or a comparison 
can be made between the frequency sum of the FROG 
trace and the autocorrelation calculated from the 
retrieved pulse to determine algorithm convergence 
and the quality of the measurement, 
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Measuring Pulses Directly - SPIDER 


SPIDER is a novel technique that measures the pulse 
directly — no iterative phase retrieval method is 
required. To accomplish this feat, spectral interfero- 
metry is conducted on two pulse replicas that are 
shifted in frequency with respect to one another. The 
original pulse is split into two replicas. The two pulse 
replicas are sent into a phase modulator that shifts 
the center frequency of each pulse slightly. The 
frequency-shifted pulses are sent into a spectrometer 
and a standard spectral interferometry analysis yields 
the derivative of the phase. Integration of the phase 
derivative, together with the spectrum of pulse, 
provides the full intensity and phase. 

Thus, analysis of the spectral interferogeam gives: 

Ad = (Ho) — Gan) Ao 71 
where Ad is the measured phase difference from the 
spectral interferogram, Aw is the difference in the 
center frequency between the two pulses, and (0) is 
the pulse phase asa function of frequency. Conse- 
quently, the phase difference must be divided by the 
frequency difference between the two pulses to 
determine the true derivative. It is also important to 
subtract out the linear phase difference resulting from 
the delay between the two pulses (the delay produces 
the fringes in the resulting interferogram) as this 
integrates to a linear chirp. 

Because phase modulators are too slow to be used 
in the femtosecond region, a different method is used 
to shift the frequency of the two pulses — they are 
mixed with a highly chirped pulse (see Figure 11). 
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Figure 11. Figure showing how a SPIDER device works. The highly chirped pulse has a frequency that varies with time. Mixing the 
‘chiped pulse with two time delayed replicas produces two pulses, separated in ime, that have slightly diferent froquencies, but are 
otherwise identical. By interfering the two pulses in a spectrometer, the relative phase between w+ dw portions ofthe pulse and we 


portions of the pulse are determined. 
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Figure 12 SPIDER apparatus. The input pulses first spit into two pulses. One pulse's stretched in a pulse stretcher. The other pulse 
's sont into a Michelson interferometer to produce two time-delayed pulses. The two time-dolayed pulses are mixed with the stretched 
pulse to produce two pulses at a slightly different canter frequency. The two pulses are sent into a spectrometer to produce a spectral 
interferogram. Analysis of the spectral interferogram yields the derivative af the pulse phase. 


Because the pulses are slightly time delayed, each one 
aligns with a slightly different frequency in the 
chirped pulse. The chirped pulse must be so highly 
chirped that the pulse frequency does not change 
significantly over the duration of the pulse to be 
measured. 

A schematic of a SPIDER device for the measure- 
ment of femtosecond laser pulses is shown in 
Figure 12. The input pulse is first split into two 
replicas. The first replica is sent to a pulse stretcher to 
produce to highly chirped pulse. The other replica is 
sent into a Michelson interferometer (or a simple 
étalon may sometimes suffice) to create two time- 
delayed replicas, The time-delayed replicas are mixed 
with the chirped pulse. Because each replica is mixed 
with a slightly different frequency in the chirped 
pulse, each replica produces a pulse with a slightly 
different center frequency. When the time-delayed 
replicas are spectrally resolved, each frequency of the 
pulse interferes with a frequency-shifted portion of 
the same pulse. Thus, the measured phase difference is 
proportional to the derivative of the phase of the 
original pulse. 


Measuring Weak Pulses 


Because virtually all the pulse measurement tech- 
niques, that do not require a reference pulse, use a 
nonlinearity, measuring weak ultrafast pulses directly 
is difficult, Fortunately, because most weak pulses are 
generated from a stronger pulse, spectral interfero- 
metry can be used to determine the relative phase 
between the weaker pulse and the stronger pulse 


(for regions where there is spectral overlap between 
the two pulses). If the stronger pulse is characterized 
using another pulse measurement technique, then the 
weaker pulse phase can be determined from the rela- 
tive phase measurement and the known phase of the 
stronger pulse. For example, the Trebino group termed 
the combination of FROG and SI as TADPOLE 
(Temporal Analysis by Dispersing a Pair Of Light 
E-fields). 


Which Pulse Measurement Method 
Should | Use? 


Choosing a pulse measurement method depends on 
the required measurement as well as the precision 
and accuracy required, All the pulse measurement 
techniques have advantages and disadvantages, but 
excellent measurements have been made with all of 
them, Autocorrelation is adequate when all that is 
required is the approximate pulse duration without 
any phase information. Spectral interferometry is 
quite useful for measuring transient changes in a 
sample in pump-probe experiments. FROG is 
perhaps the most commonly used and general- 
purpose pulse measurement technique, providing a 
great deal of feedback about the quality of the 
pulse measurement. Inexpensive and convenient 
FROG devices, together with software, are avail- 
able commercially, adding to their acceptance. 
While SPIDER is experimentally complex and 
does not have the cross checks that FROG has, it 
provides the quickest answer, requiring no iterative 
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phase retrieval algorithm to obtain pulse intensity 
and phase. 
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List of Units and Nomenclature 


A) Full electric field 

Eo) Complex electric field without 
carrier frequency 

Eqg(t.2) Complex electric field of the FROG 
trace versus time and time delay 

Eqg(t,Q) Fourier transform of Eyg(t,7) with 
respect to 7 

E(a) ‘Complex electric field in the 
frequency domain 

fe) Correlation product 

flw) Fourier transform of the correlation 
product 

gt-9) time gate or filter 

G FROG trace error 

b(wo 0) frequency gate or filter 

Ke) Intensity profile of the electric field 
in the time domain 

Ko) spectral intensity 

Trrocl.7) Intensity of the FROG trace 

ow) Heaviside function = 0 ¢ <0, =1 
1 

Ho) Frequency domain phase 

Se(o, 7) Spectrogram 

Se(0.T) Sonogram 

Sia) Spectral interferogram 

“T variables for time 

7 Fourier transform 

Us group velocity 

tt) Time domain phase 

Aw Beam waist 

Z Distance metric between the FROG 
signal field generated by the data 
constraint and the FROG signal field 
generated by the mathematical form 
constraint 

® ‘Geometric angle between two beams 

Ad Phase difference 

n mh order nonlinear susceptibility 


o Primary variable for frequency 
Difference in center frequency 
between two pulses 


a Secondary variable for frequency 
1) Instantaneous frequency 
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Introduction 


Chemical reactions are at the heart of chemistry; the 
quest to understand them has sparked research and 
study along many different avenues. The fundamental 
dynamics involved in bond breakage, bond for- 
mation, and transition states take place on a very 
fast time-scale, usually in the tens to hundreds of 
femtoseconds, where a femtosecond (f8) is equal to 
10°'* seconds. Therefore, ultrashort laser pulses are 
required to measure these fundamental processes as 
well as the rotational and vibrational motion before 
and after the reaction. The whole set of measurements 
can then be used for mapping a potential energy 
surface for the reaction. As a result of these studies, 
one learns the key details that are required to develop 
a picture of how chemical reactions occur. The 
measurement of these fundamental dynamics, using 
ultrashort laser pulses, is the subject of this article. 
To illustrate how long it takes to form or break a 
chemical bond, one needs to consider the following 
analogy. The time it takes to break a chemical bond is 
approximately a tenth of a trillionth of a second 
(10° s). During such a short time, light can travel 
only 0.03 mm in vacuum. This time is so short that it 
cannot be measured electronically. Its measurement 
requires the use of ultrashort laser pulses, with 
pulse durations of 50 femtoseconds or shorter. 
The development of methods aimed at measuring 
the fundamental steps involved in chemical reactions 
culminated in the development of femtosecond 


transition state spectroscopy (FTS), a method devel 
oped in the 1980s by Zewail and co-workers at 
Caltech. This work allows researchers to observe 
bond breakage and formation, vibrational and 
rotational dynamics, and transition state configura- 
tions, as the reaction occurs. The Nobel Prize in 
Chemistry was awarded in 1999 to Ahmed Zewail for 
this development. Since the 1980s, femtosecond 
lasers have been used to study molecular dynamics 
and chemical dynamics on very fast time-scales. The 
field, known as femtochemistry, has grown quickly 
and diversified to involve hundreds of scientists 
around the world. This article discusses the measure- 
ment of ultrafast dynamics measured in gas-phase 
samples. The presentation encompasses some of the 
‘measurement techniques and the fundamental values 
to be measured and concludes with an outlook 
towards the future. 


From Nanosecond to Picosecond to Femtosecond 
Reaction Kinetics 


The quest for shorter light pulses to study chemical 
reactions predates the invention of the laser. In the 
carly days, electric discharges were used to measure 
fast dynamics in the millisecond (10 s) and then the 
microsecond (10° ° s) time-scales. With the invention 
of the laser, measurements improved drastically with 
temporal resolution going from the nanosecond 
(10°.s) to the picosecond (10° '*s) time-scales. 
Since the early days, it was recognized that the best 
time resolution was obtained when pairs of light 
pulses were used ~ one to initiate the reaction and the 
second to probe it. These pump-probe measurements 
have progressed with the laser technology almost to 
the single femtosecond level 

The measurements being considered here go 
beyond the measurement of fast reaction kinetics. 
When a chemical reaction occurs in a beaker, one 


usually measures a statistical rate of reaction that 
involves diffusion of reagents in a solvent. These 
kinetic measurements, which involve an ensemble of 
molecules, are much slower and do not reveal the 
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fundamental steps of the reaction such as bond 
formation. The introduction of ultrafast pulses 
allowed, for the first time, the measurement of the 
motion of the atoms in real time, as if the motion was 
frozen by ultrafast flash photography. Capturing this 
motion helps to reveal the internal forces, described 
by a potential energy surface, that act on the atoms in 


Determination ofthe reaction mechanism 


Figure 1 A skotch of a chemical reaction, AB +CD—A + 
BCD. The reactants and products are well known, but itis not 
known how they change from reactants to products. ‘This, 
mechanism may invalve a transition stata which is (a) a linear 
‘complex with vibrational mation, (b) a nonlinear complex, (c) a 
bent complex with rotational motion, or many ather possiblities 
and combinations. The elucidation of the mechanism and 
transition state dynamics are the goals of femtosecond 
time-resolved studies, 


the molecule during the chemical reaction. This 
concept is illustrated in Figure 1, where we sce the 
reagents and the products for the reaction. Typically, 
the starting and ending point of a chemical reaction 
are very well known and the compounds are very well 
characterized. However, how the reagents become the 
products is not always known, Chemists typically 
deduce a reaction mechanism based on a large body 
of experiments where different parameters including 
the structure of the reagents are modified to evaluate 
their effect on the outcome of the reaction. Unfortu- 
nately in most cases, reaction mechanisms, even when 
consistent with all available experimental evidence, 
may not accurately reflect how a particular chemical 
reaction takes place. 

The ideal method to make the determination 
involves direct observation. As mentioned earlier, 
direct observation requires femtosecond laser pulses, 
just like a fast camera shutter is required to take 
pictures of fast-moving objects, The concept of a 
femtosecond pump-probe measurement is illustrated 
in Figure 2. The chemical reaction is initiated at time 
0 fs by the pump laser. The pump laser provides 
the energy required for initiating the chemical 
transformation. The probe laser, delayed in time, 
probes the formation of the product. Figure 2 
illustrates a number of pump-probe measurements 


Probing the progress of a reaction using the pump-probe method 
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‘Time delay between pump and probe pulses 


Figure 2 Energy schematic ofthe reaction of AB 4+ CD — A 4+ BCD assuming vibrational motion ina linear transition state. The pump 
pulse provides enough eneray to excite the reactants tothe transition state att ~ 0. Ths transition state is probed by the second pulse. 


This pulse arrives at different time delays, from no delay (f= 0), to increasing dolays (fy, 


depending on the time delay betwaen the two pulses and these 
information about the transition state. To obtain a transient as sho. 
is scanned. The dashed line shaws the transient that would be obt 
transient that would be obtained when the product is maritored. 


), to infinite delay t.). The signal varies 
‘changes in signal intensity correspond to vibrational and rotational 
wn at the bottom, the time delay between the pump and probe pulses 
tained when the transition state Is monitored; the solid line shows the 


integrated circuit > analog > timer 


timer 


Adevice that creates a single timed pulse, or a series of timed pulses with timed intervals 
between them, is properly known as a multivibrator, although the generic term tims 
has become much more common and is used here. 


Three types of multivibrator exist: astable, monostable, and bistable. The behavior of 
stable muttivibrators and monostable multivibratorsis described in detail in this entry. A 
timer chip can also be made to function as a bistable multivibrator. This is described 
briefly below, but it is not a designed function of a timer, The primary discussion of 
bistable multivibrators will be found in the entry of this encyclopedia dealing with flip- 


flops. 
OTHER RELATED COMPONENTS 


+ flip-flop (See Chapter 11) 


What It Does 


‘Amonostable timer emits a single timed pulse of 
fixed length in response to triggering inputthat 
is usually of shorter duration. Many monostable 
timers are also capable of running in astable 
mode, in which the timer spontaneously emits 
an ongoing stream of timed pulses with timed 
gaps between them, A dual-mode timer can run 
in either mode, determined either by external 
components attached to it, or (less commonly) 
by changing the status of a mode selection pin. 


Monostable Mode 

In monostable mode, the timer emits a pulse in 
response to a change from high to low voltage 
(or, less commonly, from low to high voltage) at 
a trigger pin. Most timers respond to a voltage 
level at the trigger pin, but some are insensitive 
to any persistent pin state and only respond toa 
voltage transition, This is known as edge 
triggering. 


The pulse generated by the timer may consist of 
a change from low to high (or, less commonly, 
from high to low) at an output pin. The length of 
the pulse will be determined by external com- 
ponents, and is independent of the duration of 
the triggering event, although in some cases, an 
output pulse may be prolonged by retriggering 
the timer prematurely. This is discussed below. 


At the end of the output pulse, the timer reverts 
to its quiescent state, and remains inactive until 
itis triggered again. 


‘A monostable timer can control the duration of 
an event, such as the time for which a light re- 
mains on after it has been triggered by a motion 
sensor. Alternatively, the timer can impose a de- 
lay, such as the interval during which a paper 
towel dispenser refuses to respond after a towel 
has been dispensed. A timer can also be useful 
to generate a clean pulse in response to an un- 
stable or noisy input, as from a manually operat- 
ed pushbutton, 
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cach obtained at a different time delay between the 
pump and probe laser pulses. When a series of pump- 
probe measurements are gathered as a function of 
time delay, one obtains a transient that contains a 
record for the evolution of the reagents to product as 
a function of time. 


‘The Formation of Coherent Wave Packets and 
their Motion 


The illustration shown in Figure 2 shows atoms in a 
molecule moving as classical particles. Because of 
their small size, atoms behave quantum mecha- 
ically and this has some implications on the 
observed motion. A prototypical pump-probe 
measurement is illustrated for this purpose in 
Figure 3. For resonant excitation, a photon is 
absorbed by a molecular system, originally in the 
ground electronic state (Vo). This absorption causes 
a vertical transition to an excited electronic state 
(Vi). Consistent with Heisenberg’s uncertainty 
principle, a pulse that has a short temporal duration 


Wave packet dynamics 


C0 00 0-0 


Energy 
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Figure 3 Pump:probe experiment. The pump pulses excite the 
‘molecular system from the ground state Vo to excited state Vi. 
‘The large spectral bandwidth of femtasecond pulses allows for a 
‘number of vibrational levels in V, to be populated. A wave packet 
Is formed that vibrates on Vj; the classical motion of the particle is 
shown as well at the top. Inthis case the energy of the probe pulse 
will excite the molecules to V- when the bond is stretched (right 
side of oscilation); however, when the bond is compressed, the 
{energy is not resonant with any excitation and the probe pulse wil 
ot be absorbed. 


has a large spectral bandwidth; for most molecular 
systems and ultrashort pulses, the frequency spread 
of the pulse is wider than the vibrational energy 
spacing in the excited state. Thus, a number of 
quantum vibrational states are populated on V; by 
the absorption of a short laser pulse, When a 
short pulse excites a number of states, a coherent 
superposition of states is formed. One can under- 
stand the formation of a wave packet by simply 
realizing that in the short time the laser pulse 
excites the system there is no opportunity for the 
atoms in the molecule to move. For this reason the 
initial wave packet is very similar to the ground 
state atomic arrangement. 

When a short laser pulse excites a molecule to a 
hound electronic state, the resulting wave packet, 
(2), is a sum of all the possible states gy in Vi with 
amplitudes, dey V=Sndugu. The amplitudes, ay, 
depend on the overlap between the initial (ground 
state) and final (excited state) spatial overlap. This 
overlap indicates that the excitation process is faster 
than the motion of atoms in a molecule. Based on 
this approximation for the overlap integral, the 
amplitudes are replaced by the Franck—Condon 
overlaps to obtain W = CS, (g,!¢h”)g,. The wave 
packet on Vi evolves in time according to 
WO) = Lu anexpl-iE,tHhg,, where E, is the energy 
that corresponds to the state g, and fi is Planck's 
constant divided by 2. When a pulse is very short in 
time, the coherent superposition of states closely 
resembles the initial distribution of atoms in the 
molecule. The motion from inner to outer turning 
point of the quantum mechanical wave packet is 
illustrated in Figure 3. One can imagine this wave 
packet as a classical particle oscillating on the excited 
potential energy curve with the periodic nature of the 
molecular vibrations. When the pulse is very long and 
only one state is populated, the dynamics can no 
longer be observed, as is the case with conventional 
frequency-resolved spectroscopy. 

Molecular dynamics can be inferred from high- 
resolution frequency-resolved spectroscopy; however, 
the spectra can become congested and the data 
analysis becomes more complicated for large mol- 
ecules, for high temperatures, or in solutions. 
Molecular dynamics are obtained from frequency- 
resolved spectra by taking the Fourier transform of 
the data. It seems more intuitive to consider these 
dynamics in the time domain where the dynamics 
can be observed directly as ‘snapshot’ taken by the 
femtosecond pulses, Ultrafast time-resolved spectro- 
scopy has other advantages — high peak intensities 
allow for multiphoton excitation and other nonlinear 
processes, the selection of the detection wavelength 
discriminates between different species and results in 
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an increased signal-to-noise ratio for intermediate 
short-lived species, collisions take place on a longer 
time-scale and do not affect these measurements, and 
the characteristics of the ultrafast laser pulse (such as 
phase, frequency components, and chirp) can be 
manipulated to control the dynamics and the yield of 
chemical reactions. 


Methods for Measu 
Dynamics 


1g Femtosecond 


Pump-Probe Method 


Pamp-probe techniques use a pair of pulses separated 
in time, one to initiate the reaction and the second to 
determine its progress. The first femtosecond pulse 
with wavelength Apany excites a molecule from its 
(bound) ground electronic state (Vo) to an excited 
(Vi) state, After a variable time delay, a second 
femtosecond pulse with wavelength Apeaie Causes 
a transition to another excited state (V2) as shown 
in Figures 3 and 4. 

‘The progress of the reaction dynamics is followed 
through the measurement of signal resulting from the 
absorption of the probe pulse by the system. There are 
different detection modes depending on the potential 
energy surfaces reached by the pump and probe 
pulses. In one case (Figure 4a), the first excited state 
(Vi) is nonfluorescent but the second one (V2) 
fluoresces and this fluorescence is measured. In 
another case (Figure 4b), state Vi is fluorescent but 


state V3 is not; in this case the depletion of the 
fluorescence by the probe is measured. Finally 
(Figure 4c), excited states V, and V may be 
dissociative; therefore, the fluorescence detected is 
emitted by the products. In any of these cases, as the 
wave packet on the intermediate state propagates 
(c.g,, vibrates, dissociates), the transition probability 
varies (ie. the ability of the probe pulse to be 
absorbed by the molecule changes). Therefore, the 
amount of laser-induced fluorescence (LIF) emitted 
varies with the pump-probe time delay. In some cases, 
the probe pulse produces ions and there are a number 
of methods to detect the electrons or the ions with 
great sensitivity. 


Measurement of rotational dynamics 

Measurement of rotational dynamics requires a 
vectorial frame of reference and this is achieved 
with linearly polarized laser beams. Excitation by the 
pump pulse selects an initial population distribution 
described by cos?@ where @ is the angle between the 
transition dipole and the pump laser polarization 
vector, As the rotational wave packet dephases due to 
the distribution of the population in different 
rotational levels, the probe pulse probes the transient 
alignment of the molecules in space. As the molecules 
rotate away from the initial alignment, the signal 
decreases. In Figure 5 rotational dynamics are 
depicted schematically. First, a single (classical) 
molecule is considered (top panel). As the molecule 
rotates, its dipole changes from being aligned 
with the polarization vector of the laser field 


Different LIF detection schemes in pump-probe experiments 
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Figure 4 Different pump-probe experiments.(a) Bound-to-baund transitions from Vs V; and from V; ~ Vz, The Vz stat fluoresces 
and this increase in LIF from Vs is measured as signal. (b) Bound-to-bound transition from V+ V; where V; fluorescas. When the 
probe pulse causes an excitation from V ~ Ve, a loss of LIF signal is observed. The deplotion of uorascence is measuredin this case. 
(c) Bound-to-repulsive surface transition from Vo» Vs. The energy of the probe causes an excitation to Vs ata particular molecular 


distance. Fluorescence of a product fragment is measured. 
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Rotational dynamics 
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Figure 5 Rotational mation of molecules. Excitation by a linearly polarized laser puseintaly selects molecules that ae wall aligned 
(oso with is polarization. Considering only one molecule evolving in time (tp), the rotational motion inthe molecule causesitio move 
away from the ial alignments and then eventual return tot. The signal wll decrease wien the molecule isnot aligned with the 
polarization ofthe probe laser and wilincrease when aligned wel The signal looks ike cosine function that depends onthe rtatonal 
frequency ofthe molecule (w). Fora rotational wave packet, the rotational dynamics are similar except that a numberof rotational ovels 
are populated; thus, the signal depends on the summation of many cosine functions and the features in the data become sharper. 


(assumed vertical) to being perpendicular. The 
rotational motion can be described by a cosine 
function. The rotational frequency w, is proportional 
to the rotational level and the rotational constant of 
the molecule. Because the rotational constant is 
inversely proportional to the angular momentum, 
larger molecules rotate slower than smaller mol- 
ecules. When several rotational levels are contained in 
a rotational wave packet the motion produces sharper 
features (bottom panel). The sharp features are called 
rotational recurrences or revivals. Note that the 
opposite trend is observed if the probe pulse is 
polarized perpendicular to the pump pulse; the signal 
increases as the molecules rotate away from the initial 
alignment and decreases as the alignment recurs. The 
time-resolved data for each polarization arrangement 
{parallel and perpendicular) contain both an isotropic 
component (vibrational motion) and an anisotropic 
component (rotational motion). In rotational aniso- 
tropy measurements, data from these two polariz- 
ation arrangements are manipulated mathematically 
to yield just the rotational motion; rotational 
dynamics and rotational information such as the 
spectroscopic rotational constants and the rotational 


energy partitioning in the reactants and products can 
be extracted from these measurements, 


Three-Pulse Four-Wave Mixing Method 


Some methods are more complicated than pump- 
probe technique but they are more powerful, Three- 
pulse four-wave mixing (FWM) is one such method 
and is briefly presented here. Time-resolved four- 
wave mixing techniques can be understood based on 
the formation of transient gratings by two of the 
incident lasers. When two laser beams cross, the 
spatial modulation of their electric fields varies due to 
constructive and destructive interference as shown in 
Figure 6. The molecules in the interaction region 
experience varying electric field intensities according 
to their position and this leads to the formation of a 
transient grating of polarized molecules in space. The 
transient grating formation can be probed easily by 
the detection of Bragg scattering of a third laser beam, 
also known as homodyne detection; here, the signal 
beam is scattered in the phase-matching direction 
Ajenat a8 indicated in Figure 6a. Alternatively, probing 
can be achieved by detection of changes in the 
intensity of a fourth beam that propagates in the 
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‘Three-pulse four-wave mixing experiments 
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Figure 6 (2) FWM exporimental configuration. Two of the 
beams cross which forms a grating and the thitd beam scatters off, 
the grating to generate a fourth beam (the signal). The three laser 
pulses are noted as electric fields E,, &, and E. These three 
laser pulses can be delayed or advanced in time relative to each 
cther giving rise to a number of diferent pulse sequences. 
(0) Pulse sequence with fields E and & overlapped in time 
(ras = 0), Field E: follows ata time delay r.(c) Pulse sequence in, 
wiich E, precedes E, and E, by time delay r. For both of these 
cases, ris scanned in tima to obtain the transients. (d) Pulse 
sequence in which no pulses are overtapped in time and are 
applied in the order E,, &, and E.. Time delay ra, can be sot to 
spestic values while ris scanned in ime. 


same direction as the signal; this is called heterodyne 
detection. The medium that constitutes the gratings is 
composed of the sample molecules, which in the gas 
phase move freely. Therefore as time evolves, the 
molecular dynamics (rotation and vibration) modu- 
late the transient grating and hence the signal. 
Three-pulse four-wave mixing is a nonlinear 
spectroscopic method that combines the interaction 
of three laser pulses in a phase-matched geometry 
with a well-defined time sequence of the pulses. The 
signal from these measurements arises from a third- 
order polarization resulting from the interaction of 
the three electric fields. Three-pulse FWM is similar 
to the pump-probe technique in that a preparation 


step is followed, after some variable time delay, by a 
probing step. However, three-pulse FWM allows fora 
greater degree of control over the preparation and 
probing processes. 

‘When the lasers are in resonance with an electronic 
state, FWM measurements can provide dynamic 
information from the ground and excited electronic 
states. When two pulses are incident on the sample at 
1 =0 and a third pulse probes the dynamics at a later 
time 7 (as in Figure 6b), the measurements provide 
information that is very similar to that from a pump- 
probe measurement. However, having three pulses 
allows for other different setups. For example, when 
one pulse arrives at the sample first and the other two 
pulses follow after a time delay (as in Figure 6c), the 
resulting signal provides dynamic information from 
the excited state. This type of measurement also 
provides a measurement of the electronic coherence 
of the sample, i.e., for how long the molecules 
remember the phase of the incident laser pulses. 
This information is important if one wants to take 
advantage of the phase of laser pulses to cause 
quantum mechanical interference in the mole- 
ular sample. These measurements are known as 
photon echo and are much more common in 
condensed-phase samples. There are numerous pulse 
sequences possible; only three examples are shown 
in Figure 6. 

FWM measurements do not depend on resonance 
excitation to an electronic excited state. In the 
absence of such resonance, the grating is formed in 
the ground state and ground state vibrational and 
rotational dynamics are observed. These measure- 
ments, also known as transient grating (TG), depend 
on the impulsive Raman scattering process. By 
changing the time delay (in Figure 6b) between the 
electric fields that generate the grating and the third 
(probe) beam, the signal is modulated by the 
molecular dynamics. Analysis of the time-dependent 
signal yields the rotational and vibrational spectro- 
scopic values from the sample heing studied, 


Studies of Reaction Dynamics 


Dissociation on a Repulsive Surface 


In 1987, Zewail and co-workers studied the photo- 
dissociation of cyanogen iodide (ICN) using femto- 
second lasers; the first direct observation of a 
chemical reaction from reactants to products was 
conducted, The excitation and decay of the reactants 
(ICN), the formation and decay of the inter- 
mediates (I-CN), and the formation of the products 
(1+ CN) were observed in this experiment. 
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The pump pulse (306mm) excited ground state Reactions Involving Crossing of Potential Energy 
cyanogen iodide to a repulsive excited state of ICN Surfaces 
which dissociated into I and CN fragments (both in 
the ground state). The probe pulse when set to 
388.5 nm was resonant with an excitation of the CN 
fragment; therefore, the reaction was monitored by 
detecting the laser-induced fluorescence (LIF) of this 
CN’ fragment using a probe pulse at different time 
delays (as shown in Figure 4c). The wavelength of the ‘This experiment is depicted in Figure 8. The pump 
probe pulse could be detuned to different wavelengths pulse excites the wave packet from ground state 
for making observations at different lengths of the (jgnic) to an excited state (covalent) where it 
1-C bond. The results of these experimental studies egins to oscillate. The ground and excited states 
showed that ICN dissociated in about 200 fs and that gyerlap with an avoided crossing in this molecule 
the transition state lived for only about 50fs. The (ionic versus covalent nature, as shown in 
data from the wavelength detuning studies were used Figure 8a); when the wave packet approaches this 
to map the excited state potential of ICN both in time avoided crossing, it splits into two partial waves. 
and in space; this data analysis is called inversion to. One wave stays on the excited state while the 
the potential, other ‘escapes’ onto the dissociative surface and 
A schematic representation of the ICN experiment separates into Na and I. The partial wave on the 
is shown in Figure 7. The potential energy curves are excited state again oscillates and then splits at 
shown in Figure 7a. The pump laser initiates the the avoided crossing and the pattern continues. The 
chemical reaction. Three different probe wavelengths time delay of the probe pulse shows the oscillations 
are depicted, the first probing early in the reaction, of the wave packet on the excited surface 
the second at an intermediate distance, and the when detecting the activated complex [Nal]"? 
final one probing the free products. Notice that the (thin line), while the data of the product fragments 
wavelength of the probe determines the location (free Na atoms detected by using the De-line 
in the potential energy curve that is probed. absorption) (thick line) show a step-wise accumu- 


For many chemical reactions, the progress of the 
reaction requires changes of the electronic state. 
This can take place where potential energy surfaces 
cross, The best-known example of reaction 
dynamics involves the experiment on the photo- 
dissociation of Nal by Zewail and co-workers. 


This concept allows one to study reagents as they lation in the signal corresponding to the sequential 
are transformed into products. The signals obtained formation of products during each oscillation near 
from the three different probe wavelengths are shown the avoided crossing region of the surfaces 
in Figure 7b, (see Figure 8b). 


Photodissociation dynamics 


aly 2 
5 wc) & 
wo) 
25 30 35 40 0 Wo 200 300 400 
2) HON distance (A) © Time dolay (fs) 


Figure 7 Photosissociation of ICN. (a) Potential energy surface schematic showing the inal excitation by the pump laser to a 
dissociative surface, The reaction could be monitored at siferant |~CN distances by using diferent probe wavelengths as shown by 
three examples here, (), i) and (i), rom shorter to longer istances. (b) At shor distances (long probe wavelongth), tho signal is 
cbsorved at shorter time delays ony. The signal dacreases at later time delays because th intomuctaar distance continues to lengthen 
as the dissociation occurs aver time. When the distance increases as monitored by shorter probe wavelengths, the signal ses 
to amaximum at longer ime delays relating tho dissociation of the reaction in progress. At ‘infinite’ ICN distance (Le, the molecule 
is dissociated and only tree | atoms and CN fragments remain), the signal reaches a maximum and remains there because the 
reaction is complete 
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Chemical Dynamics with Multiple Pathways 


‘The pump-probe concept can be used to probe more 
complex reactions. To date, a great number of 
different chemical reactions have been studied (see 
Further Reading). Among the most important reac- 
tions we list ring opening, isomerization, proton 
transfer, and concerted chemical reactions. We 
illustrate these measurements with experiments on 
the photodissociation of dihalogenated alkanes. 
Upon high-energy excitation (12 eV), the methylene 
iodide (CH2I2) molecule dissociates and forms 
molecular iodine in excited states D/ and f as well as 
producing I atoms (main channel). The detection 
wavelength used in the experiment can distinguish 
between these products; D/ fluorescence can be 
collected at 342 nm and f fluorescence is collected at 
272. nm. The Dantus group has studied the dynamics 
of this type of concerted molecular elimination 
reaction extensively. The photodissociation reaction 
occurs by a multiphoton excitation (three-photons 
from the pump beam at 310mm) reaching a 
dissociative state where the CH) fragment and 
excited molecular iodine are formed. The 620 nm 
probe pulse depletes the fluorescence from the excited 
I,molecule (either D/ or f state) as shown in Figure 4b; 
this fluorescence depletion is measured and analyzed 
to determine the dynamics of the reaction, The object 
of this experimental work was to determine if the 
photodissociation mechanism for forming molecular 
iodine followed a step-wise, synchronous concerted, 
or asynchronous concerted mechanism as shown 
in Figure 9, 

‘The time transients reveal coherent vibrational 
motion of the Iz product. Analysis of the transition 


state dynamics shows that the breaking of the carbon— 
halogen bond and the formation of the halogen- 
halogen bond occurs within 50 fs. Further, the iodine 
molecule is formed with a very hot rotational 
distribution indicating that the symmetry of the 
molecule is broken during the process; the torque 
imparts large amount of rotational motion, Overall, 
the results of these studies show that the photodisso- 
ciation process of CHalz follows an asynchronous 
concerted reaction mechanism and corresponds to a 
symmetry barrier that exists in C2 molecules prevent- 
ing the formation of the interhalogen bond, The 
existence of this symmetry barrier was explored by 
using CHIC, a molecule that does not have Cay 
symmetry; as expected, the halogen molecule (ICI) was 
formed with a cold rotational distribution indicating 
that it was able to follow a synchronous concerted 
mechanism. The dissociation times were also studied 
on the family of compounds CX2Y» and R-CHI, to 
investigate the influence of thermodynamics and 
reduced mass changes on the reaction. 


‘The Dynamics of Bond Formation 


Most chemical reactions that are studied with 
femtosecond spectroscopy are unimolecular reactions 
(photodissociation); however, bimolecular reactions 
(photo-association) are interesting and chemically 
relevant in trying to understand how chemical reac- 
tions occur. In the photo-association process, a pair of 
atoms or molecules cooperatively absorbs the photon 
undergoing a free-to-bound transition and forming a 
bond. When the ultrashort pulse initiates the reaction 
in femtosecond photo-association spectroscopy, a 
clearly defined initial time for the reaction is given 


Curve-crossing dynamics 
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Figure 8 Photodissociation of sodium iodide. (a) Potential energy curve schematic showing the curve-crossing betwoen the ground 
(Gonic) and excited (covalent) states. As the wave packet oscillates on the excited curve, it splits into two wave packets at the curve 
‘erassing. (b) The thin line shows the vibrations of the excited complex as it oscillates on the excited surface. The signal intensity 
decreases because same of the molecules have dissociated ta form Na and | atoms when the wave packet splits. The thick line shaws 
the stepwise increase in free Na atom signal each time the wave packet oscillates and splits. 


248 ULTRAFAST TECHNOLOGY / Femtosecond Chemical Dynamic 


: Gas-Phase 


Photodissocation of CH,l, 
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Figure 9. Possible mechanisms for the photodissociation of CHz|2 following multiphoton excitation. The molecule could break both 
(C=I bonds and form an I=I bond all at the same time (synchronous concerted mechanism); this would result in very litle rotational 
‘motion in the products. The molecule could begin to break one CI bond slightly before breaking the second one and forming the I 
bond, but all three events stil occur within the duration of the laser pulse (asynchronous concerted mechanism). This would result in 
significant rotational motion inthe products. The molecule could alse lose one | atom and at some later ime lose the other | atom: theso | 


atoms could colide later to frm I> (stepwise mechanism) 


Femtosecond photo-association 
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Figure 10 Photo-association of mercury dimers. The pump (bind) pulse is absorbed by two ground-state Hg atoms to form Hg3 on the 
‘excited state which is fluorescent. The probe pulse depletes this fluorescence causing the LIF signal to decrease at t= 0. Analysis of 
the transient reveals that the timo of association is <60 fs. Parallel and perpendicular pump-probe data were examined to obtain the 


rotational distribution of this reaction 


and the alignment conditions of the reaction can be 
examined by taking advantage of the polarization of 
the lasers. The femtosecond photo-association spec- 
troscopy technique was used by the Dantus group to 
study the formation of an excited mercury dimer. Their 
experiment is depicted in Figure 10. Two ground- 
state mercury atoms absorhed the pump (bind) 
pulse (at 312 nm) forming a wave packet in the 


excited D state. The probe pulse depleted the 
fluorescence from the newly formed molecules. The 
time of association was determined to be within the 
laser pulse duration (<60 fs). The dimers were found 
to have a narrow rotational distribution which 
together with the wavelength of the binding pulse 
reflects the impact parameter (geometry) of the 
collision, Calculations reveal that the ‘optimal’ 
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lodine molecular dynamics 


t 


1s 
z 
B50 
Bas 
EY Neon 
a 
ss 
Q 
2 eas 
RIA) 


fa) 


ETI 
x 

Tote 3 45 
) Time delay (ps) 


Figure 11 Molecular dynamics of iodine using two diferent pump laser wavelengths. (a) The pump laser, either at $50 or 622 nm, 
‘causes an excitation from the ground state to the B excited state. The choice of wavelength determines the vibrational lavels which are 
excited on the B state. In either case, the probe at 311 nm causes an excitation tothe f excited stale which fluoresces around $40 nm. 
(0) Parallel and perpendicular pump-probe transients were obtained using each pump wavelength. At higher pump energies (550 nm), 
the molecule vibrates more siowly (higher vibrational level) andis reflected by the 410 fs vibrational period observed inthe data. Atower 
pump energies (622 nm), the moleoule vibrates faster and corresponds ta the 300 fs vibrational period observed in the data, 


binding pulse for this association reaction is 10 fs; such 
short pulses would overlap the entire absorption band 
from the repulsive ground state to the bound D state. 

Bimolecular reactions can also be studied by 
preparing a low-temperature cluster that contains 
the reagents of interest. For example, a cluster 
containing one HI and one CO; molecule can be 
used to study the reaction H + CO. — OH + CO. 
Initiation of the reaction takes place when the pump 
laser cleaves the H-I bond and the H atom attacks 
the COz molecule present in the cluster. The reaction 
dynamics are probed as a function of time delay 
between pump and probe pulses as for other pump- 
probe experiments. The femtosecond dynamics of 
this reaction have been studied independently by 
Wittig’s and Zewail’s research groups. 


Stu 


s of Molecular Dynamics 
1,-Pump-Probe, Rotation and Vibration (Bound 
Surface) 


Aside from observing chemical reactions, using ultra- 
fast spectroscopy allows for studying the motion of 
isolated molecules to elucidate the internal motions of 
molecules themselves and to extract spectroscopic 
parameters. Iodine is one of the most frequently 
used molecules in femtosecond spectroscopy. 
Here we highlight only a small subset of the 
femtosecond studies on I, that have been conducted 


by Zewail’s and other research groups. Using a pump 
beam at 550 nm, ground state Ip is excited to the B 
state; probing with 310 nm excites the molecule to an 
even higher bound potential (F state) from which 
fluorescence at 340 nm can be obtained (as shown in 
Figure 11). By changing the pump-probe time delay, 
oscillations on the B excited state are clearly visible 
and show a vibrational period of approximately 
410 fs. Excitation at 622 nm produces a wave packet 
lower in the potential well, witha vibrational period of 
approximately 300 fs. The differences observed for 
parallel and perpendicular probing correspond to the 
early rotational motion of the molecules. Fourier 
transfer analysis of the data yields the energy of each 
vibrational state that forms part of the vibrational 
wave packet. Different pump wavelengths can be used 
to access different vibrational levels such that 
vibrational frequencies and rotational constants can 
be obtained for a wide range of vibrational levels of the 
potential. This information can then be used to refine 
the B excited state potential energy curve of iodine. 


Different Measurements Possible with 
Three-Pulse FWM 


Ground and excited state molecular dynamics 

Molecular dynamics can also be examined with 
four-wave mixing techniques. Once again we use 
iodine as a model system to illustrate that unlike the 
previous experimental transients of iodine obtained 
with pump-probe measurements, both excited and 
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ground state dynamics of Iy are revealed with FWM. 
Materny, Kiefer, and co-workers have carried out 
coherent anti-Stokes Raman spectroscopy and degen- 
erate four-wave mixing measurements on this mole- 
cule using two pulses overlapped in time followed by a 
third pulse after a time delay; both ground and excited 
state dynamic are observed in the Fourier transform of 
data, Dantus and co-workers explored all the pulse 
sequences possible with three-pulse FWM using 
molecular iodine as a model system (see below). 

Double-sided Feynman diagrams and third-order 
response functions can be used to describe the 
interaction of the three pulses with the molecular 
system in three-pulse four-wave mixing. These 
mathematical tools are described in several books on 
nonlinear optical spectroscopy (see Further Reading). 
Figure 12 illustrates how different pulse sequences 
reveal different molecular dynamics, The transient 
grating method (Figure 12a) shows both ground 
(160 fs oscillations) and excited state (310 fs oscil- 
lations) wave packet dynamics. When data collection 
occurs over long time delays, the transient grating 
signal persists with a similar time constant to that of 
the lifetime of the excited state. The photon echo 
pulse sequence (shown in Figure 12b) reveals only 
excited state dynamics (310 fs oscillations). Note that 
at longer time delays, the signal decays exponentially 
with a time constant that reflects the rate of electronic 
coherence dephasing. This fundamental decay para- 
meter indicates how long molecules remember the 
phase of the electric field that acted on them. 


Short time dynamics in ly 


Off-resonance transient grating molecular 
dynamics 

Off-resonance transient grating can be used to study 
the molecular motion of molecules in the ground 
state. The pulse sequence used is shown in Figure 6b. 
With this method it is possible to examine the 
rotational and vibrational dynamics of diatomic and 
polyatomic molecules. The vibrational dynamics 
belong to the Raman-active modes. From the 
rotational recurrences, one can obtain rotational 
constants with great accuracy. Dantus and 
co-workers have studied carbon dioxide at room 
temperature and in flames. At high temperatures, 
rotational recurrences narrow because more rota- 
tional levels are populated and the rotational 
recurrence moves towards longer times because of 
centrifugal distortion, Further studies on carbon 
dioxide and carbon disulfide have shown that strong 
fields can impart an increase in initial alignment (due 
to torque along the polarization vector of the laser) as 
well as molecular deformation such as bending (due 
to electronic state mixing). Heterodyne detected off- 
resonance transient grating data for CO2 at room 
temperature are shown in Figure 13. The data closely 
resemble the schematic illustration in Figure 5 where 
rotational dynamics were introduced. The data in 
Figure 13 have been analyzed to yield the B and D 
rotational constants which give the structural 
parameters of the molecules and the centrifugal 
distortions, respectively. The type of analysis 
given here for CO, can be done on molecules 


Long time dynamics in ly 
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Figure 12 _ FW signalin moleculariodine using two pulse sequences at short andong delay times. (a) Transient grating ~ E, and E, 
overiapped in time folowed by E.. Similar amounts of ground (208 cm") and excited (105 cm” ’) state dynamics are observed with 
short delay times. In the transients, these correspond to oscillations of 160s and 307 fs respectively. (b) Photon echo ~ E, and E. 
overiapped in time but preceded by E:. Excited state dynamics are observed nthe transient with short delay times. At long ime delays, 
the decrease in the signal refiects (a) the lietime ofthe excited state or (b) the rate ofthe electronic coherence dephasing 
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Off-resonance transient grating data for CO, 
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Figure 13 Hoterodyne detected ofresonance transient grating 
‘on carbon dioxide at room temperature. The experimental data 
(dots) reflect the rotational mation of the GO, molecule, The data 
have been analyzed (the fit is shown as a line that goes through 
the experimental data points) to obtain the rotational constant (B) 
and the centrifugal distortion constant (D). 


and molecular fragments resulting from chemical 
reactions. This method can also be used for molecular 
identification, 


Perspectives for the Future 


Most of this article has focused on the observation of 
ultrafast dynamics involved in chemical reactions. 
Presently, it is possible to generate pulses with 
durations as short as 5 fs. Such short pulses are 
capable of observing motion involving frequencies 
near 3000 cm-!. This implies that one can observe the 
dynamics of most chemical bonds. The availability of 
shorter pulses will allow one to observe electronic 
dynamics, Advances in laser technology have also 
produced ultrashort pulses in the infrared region as 
well as in the vacuum ultraviolet and X-ray region. 
‘The wide spectrum available permits experiments that 
follow specific chemical bonds or specific transitions 
in elements. This in turn gives a wide range of 
possibilities for probing ultrafast chemical reaction 
dynamics, 

Having pulses that are shorter than the duration of 
the dynamics they probe allows one to consider 
influencing the evolution of a chemical reaction asit is 
taking place. Controlling chemical reactions with 
lasers is not a new theme; however, the availability of 
ultrashort laser pulses has given new power to these 
efforts, Here we present a brief sample of some of the 
current efforts. 


Control Using Three-Pulse Four-Wave Mixing 


Coherent control of chemical reactions depends on the 
relative phase of two different laser pulses that interact 
with the sample in order to optimize the transfer of 
population between electronic states. The three-pulse 
four-wave mixi\ng technique can be utilized to attain 
coherent control; the specific timing between the 
pulses can be used to achieve near-unity or nearzero 
values of the transfer of population for molecules that 
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Figure 14 FWM signal in molecular iodine demonstrating 
‘control over abservation of molecular dynamics. By using the 
pulse sequence shown, ta, was defined to be elther (a) 4601s 
or (b) 6141s while r was scanned in time. As is clearly evident 
in the data and the FFT, excited-state dynamies alone (307 fs 
oscilations) are observed with 74, = 4601s and ground-state 
dynamics (160 fs oscilations) are observed with rap ~ 614 fs. 


interacted with the two electric fields. The Dantus 
group has also used three-pulse FWM to demonstrate 
control over optimizing the population transfer 
hetween two electronic states in iodine. The popu- 
lations of the ground and excited states are controlled 
hased on the time delay between the first two pulses 7 
in the pulse sequence shown in Figure 6d. The 
transient is obtained as a function of the time delay 
hetween the second and third pulses, which probes 
the vibrational dynamics of the population; this 
experiment is illustrated in Figure 14, For Figure 14a 
460 fs, only excited-state dynamics are 
observed; while for Figure 14b using 1, = 614 fs, 
primarily ground-state dynamics are observed. This 
observation is confirmed by the Fourier transform 
of the time-resolved transient. The top transient 
has a vibrational frequency of 108 cm” ', correspond- 
ing to the vibrational frequency of the excited 
B state, The bottom transient has a vibrational 


using ty: 


How It Works 


Astable Mode 

Inastable mode, a timer will generally trigger it- 
self as soon as power is connected, without any 
need for an external stimulus. However, the out- 
put can be suppressed by applying an appropri- 
ate voltage toa reset pin, 


External components will determine the dura~ 
tion of each pulse and the gap between it and 
the next pulse. The pulse stream can be slow 
enough to control the flashing of a tum signal in 
1980s automobile, or fast enough to control the 
it rate in a data stream from a computer. 


Modern timer circuits are often incorporated in 
chips that have other purposes. The flashing of a 
tum signal in a modem car, for instance, is now 
likely to be timed by a microcontroller that man- 
ages many other functions. Still, chips that are 
purely designed as timers remain widely used 
and are very commonly available in numerous 
through-hole and surface-mount formats. 


How It Works 


The duration of a single pulse in monostable 
mode, or the frequency of pulses in astable 
mode, is most commonly determined by an ex- 
ternal RC network consisting of a resistor in series 
with a capacitor. The charging time of the capac- 
itoris determined by its own sizeand by the value 
of the resistor. The discharge time will be deter- 
mined in the same way. A comparator inside the 
timer is often used to detect when the potential 
on the capacitor reaches a reference voltage that 
isestablished by a voltage divider insidethe chip. 


Variants 


The 555 Timer 


An eight-pin integrated circuit manufactured by 
Signetics under part number 555 was the world's 
first fully functioned timer chip, introduced in 
1972, It combined two comparators with a flip- 
flop (see Chapter 11) to enable great versatility 
while maintaining excellent stability over a wide 
range of supply voltages and operating temper- 


jegrated circuit > analog > timer 


atures, Subsequent timers have been heavily i 
fluenced by this design. A typical 555 timer ch 
is shown in Figure 9-1. 


Figure 9.1. A typical 85S timer chip. Functionally identical 
versians in which the "585" identifier is preceded or fo: 
lowed by different letter combinations are available from 
‘many different manufacturers, 


The 555 was designed by one individual, Hans 
Camenzind, working as an independent consul- 
tant for Signetics. According to a transcript of an 
interview with Camenzind maintained online at 
the Transistor Museum, "There was nothing like 
itat the time, You had to use quite a few discrete 
components—a comparator, a Zener diode or 
even two. It was nota simple circuit.” 


The 555 timer quickly became the most widely 
used chip in the world, and was still selling an 
annual estimated 1 billion units three decades 
after its introduction, It has been used in space- 
raft, in intermittent windshield wiper control- 
lers, in the early Apple Il (to flash the cursor), and 
in children's toys. Like many chips of its era, its 
design was unprotected by patents, allowing it 
to be copied by numerous manufacturers. 


Theinitial version was built around bipolartran- 
sistors, and consequently is referred to as the 
bipolar version or (more often) the TTL version, 
this being a reference to transistor-transistor log- 
ic protocol. Within a few years, CMOS versions 
based around MOSFETs were developed. They 
reduced the ability of the chip to sink or source 
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frequency of 208cm~', corresponding to the 
vibrational frequency of the ground state of iodine 
molecules. 


Control Using Feedback and Evolutionary 
Algorithm 


For complex molecules, one seldom knows the precise 
sequence of pulses or phase modulation of a given 
pulse that can optimize the yield of a chemical 
reaction. In these cases, a pulse-shaping device which 
manipulates the phase and amplitude of frequencies 
within an ultrashort pulse can be used. The device is 
part of a learning loop that includes a computer and an 
experimental setup. The learning algorithm running in 
the computer generates different pulses to be evaluated 
experimentally. Signal from the experiments is sent 
back to the computer for further refinement. The 
earning algorithm iteratively arrives at the optimum 
pulse. This method, first introduced by Rabitz, was 
first tested by Wilson. Gerber and co-workers have 
demonstrated automated control over the photodis- 
sociation reaction of organometallic compounds 
using an evolutionary algorithm with feedback. 
The organometallic compounds chosen were iron 
pentacarbonyl (Fe(CO)s) and dicarbonylchloro(n°- 
cyclopentadienyljiron (CpFe(CO)2Cl). For the first 
molecule, multiphoton absorption of femtosecond 
pulses at 800 nm caused ionization and fragmentation 
resulting in numerous ionic species ~ Fe*, Fe(CO)*, 
Fe(CO)s, Fe(CO)}, Fe(CO)}, and Fe(CO)s. These 
species were detected by mass. spectrometry; the 
measured signal was used as feedback for the evolu- 
tionary algorithm that adjusts the phase of the 
femtosecond laser pulse. The Fe*and Fe(CO)$ exit 
channels were used to demonstrate the control 
available over branching ratios with this automated 
control method. Maximization (5.0) of the Fe(CO)3/ 
Fe ratio was achieved with very short laser pulses 
while minimization (0.057) of this ratio was achieved 
with long (ps) pulses. These results were found to 
correspond well to changing the pulse duration of 
bandwidth-limited pulses. The optimization pro- 
cedure did not attempt to control the other ionic 
species. This same automated optimization procedure 
was used to control the branching ratio of 
CpFeCOCI*/FeCI* for the second organometallic 
compound. The maximum branching ratio was 4.9; 
the minimum was 1.2; and bandwidth-limited pulses 
yielded 2.4. Unlike the simpler carbonyl compound, 
simple changes to the pulse duration of a laser 
pulse could not optimize this branching ratio. The 
evolutionary algorithm with the feedback from the 
mass spectrometer allowed for these tailored pulses to 
be obtained and optimized the desired exit channel 
without any knowledge of the specific molecular 


system. The full potential of shaped femtosecond 
pulses has yet to be realized. It is possible that shaped 
femtosecond pulses will play an important role in 
future time-resolved experiments where they will be 
used to improve time resolution or to access potential 
energies that could not be reached with simpler pulses. 
Pulse shapers will also play a role in the preparation 
of ultrashort pulses with single femtosecond or 
attosecond duration. 


List of Units and Nomenclature 


A angstrom (10"” A= 1 meter) 
Attosecond 10 as = I second 

B rotational constant 

cm! wavenumbers 

D centrifugal distortion constant 


8065 cm! 
‘ond (10' fs = 1 second) 


electron volts 


FTS femtosecond transition state spectro- 
scopy 

FWM four-wave mixing 

k wavevector 

LIF laser-induced fluorescence 

am nanometer (10° nm = 1 meter) 

ps. picosecond (10! ps = 1 second) 

RA) internuclear distance (given in 
angstroms) 

1=0 initiation of reaction (pump and 


probe are overlapped in time) 
r time delay between pump and probe 
pulses being applied 


TG transient grating 
, rotational frequency 
See also 


Chemical Applications of Lasers: Non-Linear Spectro- 
scopies; Pump and Probe Studies of Femtosecond 
Kineties. Coherent Control: Experimental Theory. Non 
linear Optics, Applications: Phase Matching, Nonlinear 
Optics, Basics: Four-Wave Mixing; Utrafast and Intense- 
Field Nonlinear Optics; x — Third-Harmonic Generation. 
Spectroscopy: Nonlinear Laser Spectroscopy; Raman 
Spectroscopy, Ultrafast Laser Techniques: Generation 
of Femlosecond Pulses. Ultrafast Technology: Femto- 
second Condensed Phase Spectroscopy: ‘Structural 
Dynamics. 
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Ultrafast Chemistry 


Chemistry means rearrangement of atoms in/between 
molecules. Chemical bonds are broken and/or formed, 
leading to a change in chemical composition, from 
reactants to products, during a reaction. Following the 
temporal behavior of the reaction all the way from 
reactant — via possible intermediates — towards the 
product state(s), amounts to deciphering the mole- 
cular processes that lead to these chemical reaction 
dynamics, Molecular rearrangements from reactant to 
product may encompass many orders of magnitude in 
time (see Figure 1). Typically the larger and more 
involved the rearrangements are, the more time ittakes 
for a molecular species to reach the final state. 
Rearrangements of biomolecular structure occur in 
micro- to milliseconds (spontaneous folding of small 
proteins consisting of several hundreds of amino acid 
units), or longer (DNA multiplication, protein syn- 
thesis in ribosomes). In these conformational 
dynamics, hundreds to thousands of chemical bonds 
change their nature. Bimolecular reaction dynamics in 
liquid solution occur on time-scales of nanoseconds or 
longer, being controlled by the relatively slow diffu- 
sional motions of the reaction partners to each other. 
Many elementary processes in chemistry, however, 
occur on much faster time-scales. In fact, when one 
considers the dynamical event of a single-bond 
rearrangement, the relocation of the (relatively few) 
atoms appears to take place as an ultrafast event. Bond 
fission, hydrogen and proton transfer, electron trans- 
fer, and cis/trans-isomerizations have been found to 
occur on femto- to picosecond time-scales 
(‘femtochemistry’). The dynamics of these elementary 


processes are not only determined by the energy 
landscapes of the reacting partners. The energy land- 
scapes (potential energy surfaces) are determined by 
molecular parameters such as relative orientation 
(distances, angles) of the reaction partners, the energy 
levels of the reactant, intermediate and product 
species, and — very important ~ the energy barriers 
represented by transition states. When considering 
condensed phase reaction dynamics, the important 
role of the surrounding solvent has been recognized. 
The solvent shells modulate energy levels of the 
reactant, intermediate and product states, through 
electrostatic interactions. In the liquid phase the 
solvent fluctuations lead through these interactions 
to fluctuating energy levels of the reaction partners. In 
addition, the solvent may facilitate chemical reactions 
through energy exchange with the reaction partners, 
leading to efficient dissipation of excess energy, 
making chemical reactions often irreversible. The 
processes that are extremely dominated by these 
solvent interactions (such as molecular collisions, 
electronic and vibrational dephasing, vibrational 
relaxation) are also often found to occur on femto- 
to picosecond time-scales. The outcome of a bond 
fission may be a null effect, when the dissociating 
fragments are forced by the surrounding, solvent to 
recombine and relax (‘cage effect’), 

Spectroscopy has been a prime tool to obtain 
insight into these key molecular processes. Reactant, 
intermediate, and products contribute to the spectra 
with their respective molecular resonances. With 
spectral domain spectroscopy one may, in principle, 
obtain a precise determination of structural infor- 
mation. Fluctuations of energy levels of these species 
by the solvent interactions, and finite lifetimes, 
contribute to a broadening of these molecular 
resonances. Using steady-state spectroscopy one 
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Figure 1 Chart showing the ultrafast time-scales of fundamental 


physical and chemical processes (inspired by charts of Fleming 


GR (1986) Chemical Applications of Utrafast Spectroscopy. Oxford, UK: Clarendon Press and Zewall AH (2000) Femtochemistr: 


atomic-scale dynamics of the chemical bond. Nobel lecture as appt 


could try to determine these effects through a 
lineshape analysis. Using this approach, the results 
have to be analyzed with an a priori defined model 
representing the dynamics. The disadvantage lies in 
the averaging over all time-scales inherent in spectral 
domain spectroscopy, where details of transient states 
may be lost in this averaging procedure. In contrast, 
in experiments designed to grasp the molecular 
dynamics in real time, the temporal resolution is the 
prerequisite quantity in observation of these pro- 
cesses. In time-resolved experiments one can trigger a 
chemical reaction at a well-defined point in time, after 
which one can follow the conformational changes 
from reactant ~ via possible intermediates — to the 
product, and identify any possible transition states 
along the reaction pathways. 

During the last century the technological advances 
in time-resolved spectroscopy have prompted signifi- 
cant breakthroughs in the study of chemical reaction 
dynamics. Initially the temporal resolution was given 
by the duration of flashes from light bulbs (flash? 
spectroscopy) or by rapid mixing of reaction partners 
(stopped-flow technique), as developed by Nobel 


red in Journal of Physical Chemistry A 104(24): 5660-5694). 


Laureates Eigen, Norrish, and Porter, and many 
others. These techniques allow a temporal resolution 
of at best milliseconds. Already, up to the early 
1960s, it was understood that elementary reaction 
dynamics occur on much faster time-scal 
spectroscopy may improve time resolution down to 
microseconds or slightly less. With the advent 
of pulsed laser sources with ever-increasing 
temporal resolution, a wide arena of time-resolved 
spectroscopic techniques has emerged. Nanosecond 
laser systems are known since the early 1960s, 
picosecond pulses can be generated since the 1970s, 
the first femtosecond laser system was reported in 
1981, and currently laser engineering groups are 
breaking into the attosecond domain. The majority 
of pulsed laser systems operate at visible and 
near-infrared wavelengths. This means that usually 
chemical events in ultrafast time-resolved. spec- 
troscopy are initiated by electronic excitation 
(‘photochemistry’). Subsequent molecular rearrange 
ments have then to be followed by probing the elec- 
tronic states through electronic resonances (UV/VIS 
pump-UVIVIS probe or UV/VIS four-wave mixing 
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Figure 2 Ultrafast time-resolved electronic spectroscopy. A 
LUVIVIS pump pulse excited an electronic resonance, and a probe 
pulse determines, depending on the tuning in the UV/MIS 
population changes in he reactant ground or excited states or in 
the product state. 


spectroscopy) (Figure 2), or via vibrational reson- 
ances (UV/VIS pump—IR/Raman probe spectroscopy) 
(see Figures 3 and 4). 


Laser Technology 


Since the beginning of the 1990s, a major advance- 
ment in femtosecond laser technology has emerged by 
the discovery of Kerr lens mode locking in laser 
oscillators with Ti:sapphire as lasing material. 
Ultrastable and ultrashort laser pulses tunable 
between 700 and 1,000 nm can be generated with 
durations as short as 6 fs. The second advancement is 
due to the ability of Tissapphire as laser amplifying 
material, using the method of chirped pulse amplifi- 
cation. Pulses with output powers up to several W, 
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Figure 3 Ultrafast time-resolved infrared spectroscopy. A 
UVIVIS pump pulse excites an electronic resonance, aftor 
Which the populations are followed with an infrared prabe 
pulse by inspection of marker modes in the different electronic 
states. 


with repetition rates in the kHz-regime, are now 
routinely generated. These developments facilitate 
the efficient generation of ultrashort pulses tunable 
from the UV to the mid-infrared, and even beyond to 
the THz-regime using schemes based on nonlinear 
optics. Frequency conversion of the fundamental 
output of an amplified Ti:sapphire laser system is 
then achieved with nonlinear processes such as self- 
phase modulation and supercontinuum generation, 
n'*order harmonic generation (n = 2, 3, 4,...), sum. 
and difference frequency generation, or parametric 
generation and amplification, As a result, one can 
now almost arbitrarily tune the excitation and probe 
wavelengths of the applied laser pulses. Additional 
parameters, that one may alter, are pulse duration 
(from less than 10 fs up to several ps) and pulse 
energy (in the mJ range or less; typically one uses for 
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Figure 4 Ultrafast time-resolved Raman spectroscopy. A 
LUVIVIS pump pulse excites an electronic resonance, after which 
the populations are followod with resonance) Raman probe pulse 
by inspection of marker mades in the diferent electronic states, 


condensed phase spectroscopy pulse energies in 
the range of nJ to pJ). More advanced pulse 
manipulation schemes use amplitude and phase 
masks. The latter aspect holds the promise of 
amplitude and phase control of molecular excitation, 
feeding the ultrafast chemist’s dream of laser control 
of molecular reaction dynamics, 


Ultrafast Electronic Spectroscopic 
Techniques 


Pulsed laser sources enable a variety of experimental 
approaches to determine transient states. Already, 
since the development of nanosecond laser sources, 
time-resolved pump-probe and four-wave mixing 
spectroscopy have been widely used. In a first 
approach, often one uses these forms of spectroscopy 
to probe in real-time populations of reactant, 
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Figure & Pump-probe technique: A pump pulse induces an 
absorbance change in a sample, that is subsequently measured 
by a time dolayed probe pulse, either spectrally integrated (a) or 
spectrally resolved (b). 


transient, and product states as function of pulse 
delay. With the advent of pico- and femtosecond laser 
sources, coherence properties of the material response 
have been investigated as well. 

The following techniques have been widely used in 
ultrafast electronic condensed phase spectroscopy. 


UV/VIS Pump-UV/VIS Probe Spectroscopy 


In this technique a ‘pump’ pulse resonant to a 
transition promotes the molecules to an electronic 
excited state, and the time-dependent populations are 
determined by measurement of the transmission of a 
time-delayed ‘probe’ pulse (Figure 5). The absorbance 
change AA(r) = —"“log(T(rVvT(r = 0)] (with T for 
transmission change and r the pulse delay) is a direct 
indication of populations of states. Here one can tune 
the probe pulse to the same transition as the pump 
pulse, and one measures an absorbance decrease due 
toa bleach of ground state population (i.e. fraction 
of molecules being excited), and due to molecules in 
the excited state stimulated back to the ground state. 
One could also tune the probe pulse to transitions 
between the transient state and higher lying states. 
For electronic spectroscopy, often transitions between 
the ground and first excited state (Sy — $1) overlap 
with excited state absorptions (S1 —+ S,). One has to 
rely then on numerical analysis procedures such as 
singular value decomposition and decay associated 
spectra, that correlate spectral features with temporal 
behavior. 

The time resolution of the experiment is given by 
the cross-correlation between pump and probe 
pulses. In the case of extremely short pulses one has 
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to consider the effects of group velocity dispersion 
between different frequency components due to 
different travel times through the samples, leading 
to pulse temporal broadening. For the case of pump 
and probe tuned to different wavelengths, the time- 
resolution is usually dominated by group velocity 
mismatch between pump and probe pulses. 

When ultrashort laser pulses are used, often the 
applied spectral bandwidth enables. simultaneous 
excitation of several vibrational sublevels in vibronic 
transitions, Due to the phase-relationship of the 
applied laser pulses, these vibrational sublevels are 
prepared in states that are well-defined in temporal 
phase with respect to each other. Such a coherent 
superposition of vibrational eigenstates is nothing less 
than a vibrational wavepacket, that will evolve in 
time. The occurrence of vibrational wavepacket 
motions leads to oscillatory modulations of the 
pump-probe signals. 


Time-Resolved Fluorescence Spectroscopy 


Here again a ‘pump’ pulse excites an electronic 
resonance. The transient excited states are now 
probed through their spontaneous fluorescence emis- 
sion, either by use of time-correlated single photon 
counting or by fluorescence upconversion with a 
gating pulse in a nonlinear medium (Figure 6). Single- 
photon counting has a time resolution of at best a few 
picoseconds. Fluorescence upconversion can be 
performed with a time resolution of 100-200 fs. 
The advantage lies in the fact that the measured 
signals are more likely due to the specific excited 
states only, and not corrupted by other contributions. 


Electronic Four-Wat 


Mixing Spectroscopy 


In time-resolved degenerate electronic four-wave 
mixing spectroscopy, where all the three applied 
laser pulses (with wavevectors ki, kx, and ky) are 
tuned to the same electronic resonance, one can detect 
a nonlinear signal in the phase-matched direction 
ky=ky +h — ky (Figure 7). The first laser pulse 
generates a coherent superposition between the 
electronic ground and excited states. This electronic 
coherence evolves in time during the period (denoted 
as coherence time 7), until the second pulse converts 
this coherence in a population frequency grating in the 
electronic ground and excited states. After a second 
time period of free evolution (denoted as population or 
waiting time T), this frequency grating is again 
transformed into an electronic coherence, which 
after some time evolution generates a macroscopic 
polarization in the phase-matched directions. This 
macroscopic polarization is either directly measured 
by a time-integrating detector (in which case one 
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Figure 6 Time-resolved emission detection: The fluorescence 


‘emission is either temporally resolved by time-correlated single 
photon counting (a) or by up-conversion with a gating pulse (b). 


measures the intensity signal proportional to the 
absolute square of the nonlinear polarization), or 
one uses another light pulse that mixes as local 
oscillator with the nonlinear polarization (and the 
signal is proportional to the amplitude of the 
polarization). The time resolution is determined by 
the third-order autocorrelation of the applied pulses. 
Depending on the delay between the three input 
pulses, and which delay one varies, different dynamics 
can be measured, When one performs an experiment 
with 7 scanned and T set at zero, one measures the 
electronic coherence decay (due to electronic dephas- 
ing) time in a two-pulse photon echo experiment. 
When, on the other hand, 7 is set to zero, and T is 
scanned, one measures the evolution of a population 
grating, and electronic lifetimes can be deduced. In a 
three-pulse photon echo experiment both pulse delays 
are scanned, and the signals give insight into both 
electronic coherence and frequency grating decay (due 
to electronic dephasing and spectral diffusion, respect- 
ively). A novel extension of four-wave mixing tech- 
nique is the three-pulse echo peak shift (3PEPS). 
In a 3PEPS measurement, the delay time Tay is 
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Figure 7 Beam geometry for time-resolved four-wave mixing 
(rating/photon echo) spectroscopy: The nonlinear signal is 
transmitted by the sample in a phase-matched direction and its 
Intensity signal (a) or its amplitude by interference with a local 
oscilatr field (b) is detected by a time-intagrating detector. 


determined, where the echo signal has a maximum 
along the coherence delay 7, as a function of the 
population delay T. This method provides direct 
insight into the frequency fluctuation correlation 
function that governs the linear and nonlinear signals. 
Extension of the method to multi-color four-wave 
mixing spectroscopy has been demonstrated. 


Electronic Condensed Phase 
Spectroscopy: Femtochemistry and 
Solvation Dynamics 


In the narrow sense of meaning, ‘femtochemistry’ 
deals with the real-time observation of nuclear 
motions during chemical reactions. Quantum mecha- 
nics teaches us that this is only possible when 
molecular systems are prepared in vibrational super- 
positions. Only in the case of quantum states describ- 
ing vibrational wavepackets evolving in time the 
narrow-defined positions of nuclei allow for a real- 
time description of molecular rearrangements, or in 
other words: dynamics. This has been demonstrated 
in the gas-phase landmark experiments by Nobel 
Laureate Zewail (Figure 8). 

In the condensed phase at room temperature, 
however, often such well-defined quantum states are 


hard to prepare, since the ensembles of molecular 
systems exist in mixed states. Coherent laser exci- 
tation on an ensemble will then prepare mixed states 
as well, and then information that one obtains from 
the experiments is less explicit. In addition, room 
temperature liquid solutions induce extremely fast 
fluctuations in the states of the molecules under study 
and as a consequence the electronic and vibrational 
coherences show ultrafast decaying behavior, This 
limits the temporal window with which one can 
follow the evolution of vibrational wavepackets. 

Most of the ultrafast spectroscopic experimental 
work performed on photochemistry in the condensed 
phase, being described as “femtochemistry’, only deals 
with the time-scales of changes in electronic states 
(usually indicated with reaction rates typified with 
exponentially decaying or rising functions). In this 
regard it is better to speak of ‘kinetics’ rather than 
‘dynamics’, although both terms are used in con- 
densed phase spectroscopy. Due to the relative broad 
electronic spectra of condensed phase molecules 
masking any structural detail, it is hard to derive 
nuclear motions in real time, and as such it is difficult 
to make any statements about dynamics of molecular 
structures during chemical reactions. 

Electronic resonances have also been used to probe 
the dynamical interactions between a nonreactive 
solute and the surrounding fluctuating solvent. The 
idea behind these experiments is to achieve infor- 
mation about the time-scales of solvent fluctuations on 
(and solvent motions due to a change in) the electronic 
charge distribution in a molecule (as induced by an 
electronic excitation). Usually the solvent motions are 
id with a frequency fluctuation correlation 
function (Figure 9). This information is highly relevant 
for the case of reacting molecules, where electronic 
motions accompany the relocations of nuclei, even 
in electron transfer reactions, where the nucleic 
rearrangements are modest. Solvent motions have 
been shown to often control reaction rates. Solvent 
rearrangement, asa response to a change in electronic 
charge distribution, is known as solvation dynamics, 
Experimental probes for solvent motional fluctuations 
are electronic coherence decay (electronic dephasing) 
and population frequency grating decay (spectral 
diffusion) that can be measured in two- and three- 
pulse photon echoes. Solvent adaptation tonew charge 
distributions can be followed with the time-dependent 
Stokes-shift in fluorescence emission, as well as in 
three-pulse photon echoes (in so-called three-pulse 
echo peak shift measurements described above). 
Ultimately these experiments resolve the temporal 
characteristics of the frequency fluctuation correlation 
function. 
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Figure 8 Ultrafast excitation with broadband pulses creates coherent superpositions of vibrational eigenstates, i.e, vibrational 
‘wavepackets. These wavepackets are generated in electronic excited and ground states (a), and their time-dependence can be 
dotermined in pump-probe and four-wave mixing experiments. When lovel crossing occurs to another electronic state, the vibrational 
‘wavepacket may be observed to evolve along the reaction coordinate (b), 


Ultrafast Vibrational Spectroscopy in 
Photochemistry: Structural Dynamics 


Vibrational spectroscopy has, despite a smaller 
signal sensitivity due to smaller transition cross- 
sections, several advantages over electronic 
spectroscopy. Vibrational transitions have typically 
smaller bandwidths than clectronic transitions, due 
to longer dephasing times (the exception to the rule: 
O-H/O-D stretching bands of hydrogen bonded 
hydroxyl groups). Specific signal contributions are 
thus easier tractable in vibrational spectroscopy than 
in electronic spectroscopy. Vibrational bands can 
often be correlated to specific vibrational motions by 
inspection of the transition frequencies, (e.g., O-H, 
N-H, and C-H stretching bands can be found in the 
3000cm~! range, C=O and C=N stretching modes 
are located near 1,600-1,750em™', O-H, N-H, 
and C-H_ bending vibrations between 1,500- 
1,650cm~!, C-O stretching mode around 1,200- 
1,300 cm” etc.), and, in particular, the frequency 
range between 1,000 and 1,800 cm is called the 
fingerprint region because of this reason, Measure- 
ment of vibrational bands thus leads to identification 
of particular vibrational motions, and conclusions 
can be drawn on specific structural motifs in the 
molecules. Vibrational bands can be infrared (IR) or 
Raman active, sometimes both, and both IR and 
Raman techniques have been widely applied in 
structural determination studies ranging from 
small molecules to larger biomolecular systems. 


In ultrafast photochemistry one thus excites the 
molecules with a UV/VIS pump pulse, and an 
IR/Raman probe pulse follows the outcome of the 
chemical reaction by inspection of vibrational bands 
of reactant, transients, and products. 

Vibrational spectroscopy has the potential of 
revealing site-specific information if the marker 
modes are due to nuclear motions of specific 
molecular side-groups. For instance, hydrogen bond- 
ing induces marked shifts of O-H, N-H, C=O, and 
CEN bands. Observation of changes in spectral shifts 
reveals important information on hydrogen bond 
interactions (weakening/strengthening or even hydro- 
gen bond cleavage). Infrared spectroscopy is able to 
probe small molecular species in solution that 
typically have their electronic resonances in the far- 
UV (making electronic spectroscopy impossible, since 
normally the solvent would absorb this radiation) 
(Figure 10). For instance, in acid—base neutralization 
reactions, where the acidity of a so-called photoacid 
is switched on by use of a UV pulse, a VIS probe 
pulse would only be able to probe the photoacid 
(or its conjugate photobase), thus revealing only 
when a proton leaves the photoacid, An infrared 
pulse can, besides probing vibrational resonances of 
the photoacid, also probe bands of a small base (or its 
conjugated acid) indicating when a proton arrives at 
the base. 

In the case where the vibrational normal modes do 
not allow such a structural insight into site-specific 
groups, one can make a comparison of the 
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Figure 9 Solute-solvent interactions as characterized by the transition frequency fluctuation correlation function Cit). This quantity 
can be measured in photon echo and time-resolved fluorescence experiments. In a three-pulse photon echo experiment phase 
information as given by the excited state frequency grating created with the first two interactions, is washed out due to solvent 
fluctuations and Stokes shifts to lower frequencies due to solvent rearrangement. A similar plot can be drawn for the ground state 


frequency grating 


experimentally observed vibrational bands with 
predictions made by quantum chemical calculations. 
‘When a full correspondence between experiment and 
theory is possible, one can make statements about the 
three-dimensional structure. With current quantum 
chemical calculational routines, such as density 
functional theory, medium-sized molecules are routi- 
nely calculated for electronic ground-state confor- 
mations. Reliable results of transient and product 
states in electronic excited states can be obtained with 
the routine ab initio complete active space self- 
consistent field (CASSCF), albeit for mid-size mol- 
ecules of at most on the order of about 20 atoms. 
New developments in numerical procedures, such as 
time-dependent density functional theory (TD-DFT) 
may prove fruitful in the calculation of larger 


molecular systems in electronic excited states. 

During recent years, femtosecond IR spectroscopy 
has been used in photo-induced chemical reactions 
ranging from excited state hydrogen and proton 
transfer, transformations of photochromic switches, 
excited state charge transfer, and cistrans isomer- 
izations. Here an ultrashort UV/VIS ‘pump’ pulse 
promotes the molecule to an electronic excited state, 
and the reaction is followed by a measurement of the 
absorbance change of a ‘probe’ pulse tuned in the 
IR region where the vibrational marker modes 
sensitive to structural changes have their resonances. 


Experimentally, one performs spectrally resolved 
transient IR. spectroscopy. Femtosecond IR_para- 
metric devices deliver pulses with bandwidths of 
150cm™! or more. In order to be able to observe 
shifts as small as the linewidths of IR-active 
vibrations, one usually measures the IR absorbance 
change with a detector after spectral dispersion with a 
fect of this spectral 
dispersion ground-state bleach signals often appear 
to grow in at negative pulse delay with the dephasing 
time of the transition. This effect, known as 
a. common feature 


monochromator. As a sid 


‘perturbed free induction decay 
of spectrally resolved nonlinear pump-probe spec- 
troscopy of bleached transitions with dephasing times 
much longer than the time resolution of the 
experiment. The time resolution of the experi- 
ment is given by the cross-correlation between 
the UV/VIS-pump and IR-probe pulse (about 
100-200 fs), and is typically dominated by group 
velocity mismatch in samples with thicknesses of 
about 100 jum. 

In principle, the same approach can be followed by 
probing Raman-active vibrations. In this case the 
spectral resolution is not only determined by the 
monochromator through which the spontaneous 
Raman emission dispersed, but also by the bandwidth 
of the gating pulse by which the Raman effect is 
induced. As a result, UV/VIS pump-Raman probe 
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Figure 10. In excited state acid-base neutralization experiments, the proton dissociation can be followed on two sides with ultrafast 
infrared spectroscopy. Vibrational marker modes of photoacid and conjugated photobase indicate when the proton leaves the acid. The 
marker mode of acid formed by proton pick-up by the accepting base is a direct measure ofthe arrival time of the proton at the base. 
Depending on relative concentrations, either the indirect proton transfer Via the solvent or diract scavenging ofthe proton by the base 


dominates the dynamics. 


spectroscopy has a temporal resolution of around 1 ps 
(a compromise between spectral and time resolution). 
Due to the even weaker cross-sections of Raman 
transitions, one often uses resonance enhancement by 
tuning the gating pulse close to or resonant with an 
electronic transition of the state that is probed. The 
advantage is that one usually only observes Raman 
bands of the state under inspection. The drawback is 
that fluorescence resulting from the resonant elec- 
tronic excitation often inhibits detection of Raman 
bands in extended spectral ranges. 

Raman spectroscopy offers an additional insight 
into how chemical reactions evolve. By comparison of 
the intensities of anti-Stokes and Stokes lines of a 
particular vibration, it is possible to d 
dependent changes in the excitation level of this 
vibration. One can draw conclusions on whether 
particular modes initially drive a chemical reaction 
(‘state transition promoting modes’), or only get 
excited after the transition is made, by taking up the 
excess energy released by the reaction (‘accepting 
modes’). In such a way, insight is obtained on the 
energy flow inside a molecular system (intramolecular 
vibrational redistribution, abbreviated as IVR) and 
vibrational energy dissipation to the surrounding 
solvent (vibrational cooling). Infrared spectroscopy is 
less powerful in revealing this, since red-shifted 


time- 


transient absorption of vibrational bands may either 
mean that the particular mode is highly excited (the 
red-shift is a consequence of the diagonal anharmo- 
nicity of the vibration), or it may mean that other 
modes are highly excited and these cause a red-shift of 
the marker mode under inspection (the red-shift is 
then due to off-diagonal anharmonic coupling with 
other modes). 


Equilibrium Structural Dynamics in the 
Electronic Ground State 


Existence of anharmonic coupling between 
vibrational modes means that the vibrational motions 
are not decoupled from each other. These couplings 
always exist, since otherwise no IVR and vibrational 
cooling (no relaxation) would occur. When the 
couplings are significantly large, excitation of one 
specific mode will induce a significant instantaneous 
shift of other vibrations anharmonically coupled to 
this particular mode. Estimation of the magnitude of 
these couplings should lead to a determination of 
the curvatures of potential energy surfaces along the 
respective coordinates. With current state-of-the-art 
femtosecond infrared technology (with time resolu- 
tion of about 150 fs or less) it is possible to excite 
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current at its output pin, but consumed far less 
power, making them better suited to battery- 
operated products. The CMOS versions were and 
still are pin-compatible with the original bipolar 
version, both in through-hole and surface- 
mount formats. Their timing parameters are usu- 
ally the same. 


555 Monostable Operation 
The internal functionality of a 555 timer wired to 
run in monostable mode is illustrated in 
Figure 9-2 with the chip seen from above. The 
pins are identified in datasheets by the names 
shown. To assist in visualizing the behavior of the 
chip, this figure represents the internal flip-flop 
asa switch which can be moved by either of two 
internal comparators, or by an input from the 
Reset pin 


Figure 9-2. The internal functions af a 855 chip, with its 
flip-flop represented as a switch that can be moved by ek 
ther of two comparators, or by a faw voltage on the Reset 
pain. An external resistor and capacitor, shown as Ri and 
Cl, cause the timer to run in manostable (ane-shot) 
‘mode, generating a single high pulse when the state of the 
Input pints pulled from high to low. 


Inside the chip, three resistances of 5K each are 
connected between V+ (positive supply voltage) 
and negative ground. Ithas been suggested that 
the partnumber of the 555 chipwas derived from 
these three 5K resistors, but Hans Camenzind has 


Variants 


pointed out that Signetics was already using 
three-digit part numbers beginning with the 
number 5,and probably chose the 555 partnum- 
ber because the sales department had high ex- 
pectations for the chip and wanted its number 
to be easily memorable. (A similar rationale ex- 
plains the part number of the 2N2222 transistor) 


The resistances inside the timer function as a 
voltage divider, providing a reference of 1/3 of V+ 
to the noninverting pin of Comparator A and 2/3 
of V+ to the inverting pin of Comparator B. (See 
Chapter 6 for an explanation of the functioning 
of comparators.) 


When power is initially supplied to the timer, if 
the Input pin is ata high state, Comparator A has 
alow output, and the flip-flop remains in its “up” 
Position, allowing the Output pin to remain ina 
low state. The flip-flop also grounds the lower 
end of R1, which prevents any charge from ac- 
cumulating on capacitor C1. 


If the state of the Input pin is pulled down exter- 
nally toa voltage less than 1/3 of V+, Comparator 
‘A now creates a high output that changes the 
flip-flop to its “down” position, sending a high 
signal out through the Output pin, At the same 
time, C1 is no longer grounded, and begins to 
charge at a rate determined by its own size and 
by the value of R1. When the charge on the ca- 
pacitor exceeds 2/3 of V4, it activates Compara- 
tor B, which forces the flip-flop into its “up” posi- 
tion. The Output pin goes low, C1 discharges 
self into the Discharge pin, and the timer's cycle 
isatanend. 


The low voltage on the Input pin of the timer 
must end before the end of the output cycle. If 
the voltage on the Input pin remains low, it will 
re-trigger the timer, prolonging the output 
pulse. 


Apullup resistor may be used on the Input pin to 
avoid false triggering, especially if an external 
electromechanical switch or pushbutton is 
used to pull down the Input pin voltage. 
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Nuclar coordinate Q_ 


cz 


a(t). O-H stretching vibration 
high frequency ~ 3000 em-* 
period ~10 fs 
dephasing ~ 100 is 


Q(t) 0...0 H-bond vibration 
low frequency ~ 50-350 om 
period ~ 100-500 fs 
dephasing ~ 1 fs 


7 


‘Anharmonic coupling 


Figure 11. In hydrogen-bonded hydroxyl groups a strong anharmonic coupling exists between the hydroxyl stretching and mades 
‘modulating the hydrogen-bond distance. A Born-Oppenheimer-like separation of time-scales of vibrational mation between the high- 
frequency O-H/O-D stretching and the low-frequency hydrogen bond modes enables a description with potential energy surfaces for 
the low-frequency mode as a function of the quantum state of the hydroxyl stretching vibration. The formation of low-frequency 
Vibrational wavapackets in utrafast IR spectroscopy of O-HiO-D stretching modes is then fully analogous to wavepacket formation in 


Ultrafast electronic spectroscopy. 


infrared-active vibrations and to probe the same or 
other vibrations (either in the IR or by the Raman 
process), enabling insight into the anharmonic 
couplings between these vibrational modes. 

Direct anharmonic couplings are probed in IR- 
pump-IR-probe and IR photon echo spectroscopy 
(Figure 11). In the case of peptides, the excitonic 
(Davydov) couplings between amide I vibrations of 
the amino acid units have been the subject of 
extensive study since these lead to spatial 
information of the relative orientations of the 
different amide I modes, and thus, of the spatial 
orientation of the amino acid units inside the peptide. 
Exploring the effects of the delay between the IR 
pulses on the observed signals, give insight into the 
fluctuations of these orientational features, or in other 
words, into structural dynamics of peptides. In the 
case of hydrogen bonded O-H/O-D stretching 
vibrations, the anharmonic couplings with under- 
damped low-frequency modes modulating the 


hydrogen bond distance, lead to marked modulations 
of observed pump-probe and echo signals as func- 
tion of pulse delay. These experiments reveal which 
modes couple strongly to the hydrogen stretching 
oscillator. 

Fluctuations in couplings between vibrational 
modes (in particular with those of the solvent) induce 
dephasing of the vibrational coherences. The dephas- 
ing and spectral diffusion dynamics of vibrational 
transitions, e.g., the O-H stretch vibration of HOD 
dissolved in D0, have been determined by IR photon 
echo spectroscopy. From these studies the time-scales 
of structural memory decay of hydrogen bond 
networks can be derived. Couplings between 
vibrational modes ultimately lead to population 
relaxation through intramolecular vibrational redis- 
tribution effects and vibrational cooling. Ultrafast 
two-color IR-pump-IR-probe reveals whether exci- 
tation of one IR-active vibration is followed by 
population transfer into another IR-active mode. 
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With IR-pump-Raman-probe, one can estimate 
whether Raman-active vibrations are transiently 
excited. In the case of hydrogen-bonded O-H/O-D 
stretching bands, an extremely short population 
relaxation time T; (below 1 ps) is observed, as well 
as an ultrarapid dephasing time T (200 fs or less). 
‘These values are definitely longer for other vibrations, 
from which it has been concluded that the strong 
anharmonicities in hydrogen-bonded vibrational sys- 
tems enable dephasing and relaxation processes to 
have such a rapid impact. 


Future Developments 


Future activities in the determination of dynami: 
cally evolving molecular structures in the con- 
densed phase, may involve the aforementioned 
application of amplitude and phase controlled 
excitation pulses in optimal control of chemical 
reactions. Vibrational spectroscopy may be used as 
a tool in determination of evolving structures after 
electronic excitation by a shaped pulse tuned in the 
UVIVIS. Infrared pulses could also be shaped in 
amplitude and phase, and may be used in the 
exploration of steering of chemical reactions in 
the electronic ground state. Multidimensional 
brational spectroscopy is an object of extensive 
research. Extension of the method to determination 
of structure of transient states will lead to new 
results on molecular rearrangements, e.g., polypep- 
tides reaching a new equilibrium after inducing a 
UV-excitation induced geometric change of a 
photochromic switch incorporated in the peptide 
structure, Much activity is currently also being put 
in the development of ultrafast structure resolving 
techniques such as electron diffraction, X-ray 
diffraction, and X-ray spectroscopy. While still 
extremely demanding at a technological level, final 
implementation of these latter techniques will open 
up new areas of ultrafast chemical dynamics. 


Chemical Applications of Lasers: Pump and Probe 
Studies of Femtosecond Kinetics. 
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Introduction 


Mode-locked lasers emitting ultrashort pulses have 
expanded the range of available instruments and 
techniques to the scientific community. The unique 
properties of these ultrashort pulses ~ their high peak 
powers and short duration — enable such diverse 
applications as multiphoton microscopy, pump-probe 
experiments, and coherent control of molecular and 
atomic wavepackets, to name a few. Ultrashort pulses 
can also be used as a basis for ultrahigh data rate 
optical communications using time division multi- 
plexing (TDM) in a fiber communication application. 
These ultrafast applications often require comp- 
lementary real-time optical processors based on 
instantaneous nonlinear phenomena, since conven- 
tional electronic means are limited by the response 
time of electronic devices. 

During the last few years, we have developed real- 
time optical processors utilizing nonlinear three- and 
four-wave mixing of signals originating from spatial or 
temporal channels for synthesizing, processing, and 
detecting ultrafast waveforms. We perform real-time 
optical signal processing that can be applied to data 
conversion between slow parallel channels in space 
and an ultrafast serial signal, A time-to-space mapping 
processor has been built for detection of ultrafast 
waveforms, It mixes two spatially inverted temporal 
frequency information waves in a three-wave mixing 
arrangement, generating a quasi-monochromatic 
spatial signal carrying the temporal image for dete. 
tion by slower electronic means. A space-to-time 
‘mapping processor was constructed for generation of 
arbitrary ultrafast waveforms from an input ultrashort 
pulse. The waveform is a time-scaled replica of the 
employed input spatial image, converted by a four- 
wave mixing arrangement. By introducing only 
temporal information channels to our four-wave 
mixing processors, real-time optical processing of 
temporal waveforms was enabled, We have demon- 
strated time reversal experiments based on performing 
spectral phase conjugation and spectral inversion 
operations, achieving time reversal of the electrical 
field and of the complex amplitude waveform, 
respectively. The three- and four-wave mixing 


arrangements are performed within a spectral 
processing device ~ a free-space optical setup consist- 
ing of diffraction gratings and lenses — utilizing ay 
nonlinear crystal. A cascaded second-order non- 
linearity technique is used for four-wave mixing 
within the y crystal (a frequency-sum generation 
process followed by a frequency-difference generation 
process satisfying the type-II noncollinear phase 
matching condition). However, a x" nonlinear crystal 
may be readily substituted without loss of generality 
{albeit with a likely smaller conversion efficiency). 

This article reviews the spatial/temporal processing 
techniques for synthesizing, processing, and detecting 
ultrafast waveforms. The generation of spectrally 
decomposed waves within a spectral processing 
device is described in the following section, The 
subsequent section articulates on the employed 
nonlinear wave mixing processes, and the ensuing 
sections express the synthesis, processing, and detec- 
tion of ultrafast waveforms. 


Generation and Characteristics of 
Spectrally Decomposed Waves 


Our wave mixing experiments are performed with 
spectrally decomposed waves, in which the spectral 
frequency content is spatially dispersed. When the 
pulse is decomposed with high resolution, the signal 
at every spatial location can be treated as quasi- 
monochromatic. This allows for increased interaction 
length within a nonlinear crystal, allowing us to use 
long crystals, whereas typically the interaction length 
is limited by temporal walkoff. In this section we 
analyze the creation of spectrally decomposed waves. 
We introduce an ultrashort optical waveform, with 
a temporal envelope of s(t/7), into the spectral 
processing device, where + parameterized the wave- 
form’s duration, The waveform is propagating in free 
space towards a diffraction grating, at an incidence 
angle 6 (see Figure 1), The input ultrashort waveform 
is characterized in its coordinate system (1,21) as: 


Equte¥1o2130) = w(t )({—2=*) 


xexp( (out ~x)) it 


where (+) defines the transversal field distribution 
with a scale size parameter Ly, fy is a time delay 
parameter, cis the speed of light in vacuum, and oy is 
the center optical frequency. The waveform is 
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w(x) 


Figure 1 An ultrashort optical waveform, s(t/=), propagating in, 
{ree-space is incident upon a ditraction grating at angle #. The 
transverse spatial mode of the pulse is stretched due to the 
projection onto the grating, 


propagating in the zi direction ata group velocity and 
phase velocity of the speed of light in vacuum. The 
spatial confinement in the y, direction is omitted for 
brevity. We perform a time-domain Fourier transform 
(TFT) on eqn [1] to perform a frequency decompo- 
sition of the ultrafast waveform, yielding: 


Eel zi 0) = (7) 


xesn(-itss)nt0 ep 


X exp(-i(w ~ wp)fo) 2 
where the tilde over the script denotes a FT relation- 
ship, defined for the TFT as 3(w)A fa(t)exp(—iet)dt. 
Next we perform a rotation of the coordinate system 
from (x,,21) to (x,2), for compatibility with the 
coordinate system of the spectral processing device, 
yielding: 


Eras 25 0) = mo( Sets 


xexp( 
X4(7(@ — «)) exp(—i(o ~ 0 )fo) 
BI 


i2@esin 0+ ze0s ») 


To find the incident field on the input grating of the 
spectral processing device, the field of eqn [3] is 
evaluated at z= 0. The effect of the grating diffraction 
can be modeled by adding the grating momentum, 


k,, in the x direction to the k-vector that 


characterizes the propagation direction of the wave, 
resulting in: 


Repu ied (224) 


XX7(w ~ a0) exp(—i(w ~ wo)fo) 
[4] 


‘The grating momentum, and the incidence angle, 6, 
are chosen such that the center frequency wy will 
diffract in the direction of the optical axis of the 
system. Setting ap/esind =k, and substituting the 
grating’s k-vector, ky = 27/A, where A is the grating 
period, yieldssin @= Ag/A = a, where Ag isthe optical 
wavelength corresponding to the center carrier fre- 
quency. To further simplify the notation, we define a 
new spatial width scaling parameter L = Ly/cos(@, 
accounting for the aperture size increase due to the 
projection onto the diffraction grating. With these 
substitutions, the expression takes on the more 
familiar form, given by 
= ey)ar 


bts = mf feof =2) 


5({w ~ wp) exp(—i(w ~ fo) 


Is] 


We may perform an inverse TFT on eqn [5] to 
characterize the input signal in the time domain, 
ding: 


Egg Qsit) =u *) (2 expiant (61 


Equation [6] describes the input waveform scanning 
across the fixed aperture at velocity of cla in the 
wedi 

The spectrally decomposed wave is generated by 
performing a spatial Fourier transform (SFT) employ- 
ing a lens of focal length f on the input wave (either 
frequency domain representation, eqn [4], or time 
domain representation, eqn [6]). Using the frequency 
domain representation, the spectrally decomposed 
wave Uspw of the input waveform is given by 


Usp (a's) = (rw ~ 9) 
X exp(—ilwo ~ fo) i «(?) 
xexp(- ite ~ 0) S) 
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where we use the central wavelength in the Fourier 
transform kernel. Evaluating the integration of 
eqn [7], yields: 


Uspw(a!s @) = L13(r(w — wp)) exp(—ilw ~ wp)to) 
(2 [ ans! 
wo [22 see 


where the SFT of the input pupil function, 
B(f.)A f(x) exp(—i2axf,)dx, has mixed space- 
domain and time-domain frequency variables in its 
argument, characterizing the dispersion. A spectral 
component shifted away from the center frequency, 
Aw= w ~ wp, will be centered at a displaced location 
Ax =—Awraflon, defining the spatial dispersion 
term ax'/4@ = —affay. One can see that in order to 
get fine localization of each spectral component, the 
spatial extent of the function (+) must be minimized. 
This can be readily achieved by increasing the size of 
the input aperture, or the parameter L, as well as 
increasing a (grating’s angular dispersion), Let us 
make the following observation on system resolution: 
The ultrafast pulse’s spectral width is proportional to 
1/r, and its spatial extent is therefore proportional to 
afloy (multiplying by the spatial dispersion term). 
The spatial width of each spectral component is 
proportional to cflwy. The dimensionless ratio of 
these two spatial widths, which is indicative of the 
number of resolvable spectral components, is N ~ 
a/cr, where N is defined as the system spectral 
resolution, When the spectral processing device is 
designed to satisfy the requirement of N > 1, then 
the spectrally decomposed wave can be considered 
quasi-monochromatic at every spatial position. In our 
experiments, we use Ay = 800 nm, gratings of 600 
linesfmm frequency (A= 1666 nm), L ~ lem, and 
100 femtoseconds, yielding a= 0.5 and N ~ 
160, easily satisfying the high spectral resolution 
requirement. Let us make a second observation on 
system resolution using the time domain represen- 
tation of eqn [6]: The spatial extent of the 
input aperture is proportional to L, whereas the 
instantaneous spatial extent of the scanning wave- 
form is proportional to rela (sce Figure 2), The 
dimensionless ratio of these two spatial widths is 
again N ~ aL/cr, exemplifying the concept of resol- 
vable positions and demonstrating the conservation 
of the space-bandwidth product. 

To further facilitate the ensuing analysis, let us 
assume that we operate in the high-resolution regime 
(satisfied with the values given above), and we seek to 
simplify the expressions defining the spectrally 
decomposed wave. The spectrally decomposed wave 


[8] 


Input 
short 
pulse 


Instantaneous spatial 
width of short pulse 
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Figure 2 The input short pulse scans across the diffraction 
grating at velocity ofc“. The ratio ofthe width ofthe spatial made 
of the beam to the instantancous spatial width of the scanning 
waveform determines the system resolution. © 2001 Optical 
Society of America, 


can be defined in the time domain by performing a 
SFT on eqn [6], yielding: 


j = axle 
Usow(a's 4 


Jesptiont) 


yrat 
a(- 222" expia 1 


where by account of the high-resolution approxi- 
mation, the instantaneous location of the traveling 
signal waveform samples the value of the aperture 
function and removes the aperture dependence from 
the Fourier integral. This approximation decouples 
the aperture function from the temporal waveform, 
and illustrates that the duration of the spectrally 
decomposed wave is defined by the aperture function 
(time of flight through aperture of size L), and that the 
spatial dependence is a mapping of the incident 
waveform spectrum, A rotating wavevector in time is 
also present, on account of the traveling (moving) 
waveform on the input plane. Again, we may perform 
a TFT on eqn [9], defining the high-resolution limit of 
the spectrally decomposed wave, yielding: 


Uspw('s w) = ¢ a )exrt-ito~ oni 


One can compare eqns [8] and [10], as both 
characterize the spectrally decomposed wave in the 
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(0) Four-wave mixing by cascaded 7") processes 
Figure 3 (a) Taos-nave mixing intraction: two input waves Uy 
and Us, generata a thied wave Us. (b) Fourwave mixing by 
‘cascaded second order nonlinearities: three input waves, Us, Us 
and Us, generate a fourth wave U, The fist two waves Genorate 
an intermediate wave Ura, by a trequency-sum process, flowed 
bya trequency-diferonce process between the intermediate wave 
and the third input wave, 


temporal frequency domain, and observe that the 
difference lies with the argument of the spectral term, 
If we apply the high-resolution approximation to eqn 
[8], then each spectral component would occupy a 
small region in space, as defined by the extent of the 
aperture function’s SFT. Substituting for w — wy by 
—wpx'/af for the spectral argument of eqn [8], 
corresponding to the high-resolution limit, equates 
the two expressions (essentially the same approxi- 
mation as was performed in deriving eqn [9}). 


Nonlinear Wave Mixing With 
Nondepleting Pumps 


A nonlinear crystal exhibiting a large nonlinear 
susceptibility v7) is placed at the Fourier plane of 
the spectral processing device. We employ non- 
collinear phase matching in our experiments. Either 
type or type-II phase matching conditions can be 
used in thrce-wave mixing experiments, with the 
resultant frequency-sum wave propagating along the 
bi-sector direction (see Figure 3a), Since both input 
waveforms are at uy frequency, the generated 
field will be at a doubled carrier frequency, 2oy, due 
to the frequency-sum process. Four-wave mixing 


experiments use type-II phase matching in the y2 
crystal, involving a frequency-sum process generating 
an intermediate wave followed by a frequency- 
difference process between the intermediate wave 
and the third input wave. The resultant wave wi 
propagate with one of the input waves and at the 
same temporal carrier frequency (propagation diree- 
tion and frequency op), albeit at an orthogonal 
polarization state (sce Figure 3b). The output signal 
can be extracted using a polarizer or a polarizing 
beam splitter. The interacting input waves propagate 
noncollinearly at the Fourier transform plane by 
offsetting the signals from each other at the input 
plane of the spectral processing device. 

While it is possible, though often difficult, to obtain 
a precise analytic solution to the coupled mode 
equations governing the wave-mixing processes for 
the generated waves, it is beyond the scope of this 
article whose focus is on the signal processing 
functionality. We therefore limit the analysis to weak 
interactions with nondepleting input waves. Using the 
nondepleted input waves approximation, the non- 
linear polarization term, which drives the generation 
‘of new waves, is constant and an ordinary differential 
equation characterizes the generation process. 

‘The nonlinear polarization for the frequency-sum 
process is proportional to the product of the input 
waves, when expressed in the time domain: 
PAP; t) = fUi@'sUscst), The nonlinear 
polarization for the frequency-difference process is 
proportional to the product of an input waves 
and a conjugated input Pals? 2) = 
AAU C!s U3. 

‘The solution of the ordinary differential equation 
driving the generation of the new wave, takes into 
account the possible phase mismatch between the 
propagation of the nonlinear polarization and the 
generated wave within the nonlinear crystal medium. 
Since we are interested in the signal processing 
functionality only, we approximate the generated 
waves as being directly proportional to the driving 
nonlinear polarization. This approach is valid for 
obtaining the generated signal forms in the case of 
short nonlinear crystals (limited interaction length) 
satisfying the phase matching condition. In practice, 
the temporal and spatial bandwidths, as well as the 
crystal length, will introduce filtering effects which 
will slightly modify the output signals. However, it 
can be shown that when wave mixing with spectrally 
decomposed waves, especially mutually inverted 
waves, the phase matching requirement is well 
satisfied and the filtering effects are negligible for 
the employed crystal lengths. In our experiments, we 
typically used 2mm long f-barium borate (BBO) 
crystals. Using the simplified method for obtaining 


268 ULTRAFAST TECHNOLOGY / Ultrafast Illumination and Processing 


the form of the generated waves, arrangements for 
synthesizing, processing, and detecting ultrafast 
waveforms can be explored. 


Detection of Ultrafast Waveforms 


Ultrafast optical waveforms are too rapid for 
acquisition by opto-clectronic means alone, due to 
the latter's finite response time. An optical pro- 
cessor is usually required to convert a finite time 
window (typically in the tens to hundreds of ps 
range) to a stationary signal in space for detection 
by slower means, We mix two mutually inverted 
spectrally decomposed waves in the Fourier plane 
of a spectral processing device, and_ spatially 
Fourier transform the resultant wave to the output 
plane, As will be shown below, when one of the 
spectrally decomposed waves is generated by a 
transform limited short pulse, the output spatial 
signal carries the temporal information of the input 
waveform, We call this process a time-to-space 
converter. 

Let two ultrafast waveforms, s((t ~ fo)/7) and r(t/7), 
enter the spectral processing device from opposite 
directions (one strikes the grating at angle 0 and the 
other at —@, see Figure 4). Each waveform will 
generate a spectrally decomposed wave in the spatial 
Fourier transform plane. The spectrally decomposed 
wave of the signal s(), as defined by eqn [9], yields the 
first input field: 


; lt— ty =n)x! 
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whereas the inverted spectrally decomposed wave for 
r(t/7) is given by 


Ux¢ 


re! 
) eseienn 


[1b] 
Without loss of generality, we set the time delay 
parameter in eqn [1 1b] tozero, such thatthe parameter 
ty in the spectrally decomposed wave of the signal 
waveform isa measure of the relative time delay of the 
two waveforms. With full knowledge of the two input 
waves, U, and Up, we can express the resultant 
waveform of the three-wave mixing process as: 


vince =u( 8") 
wt) (sey) 
wool AE 

Xexpli2wgt) 


Next we apply a SFT to propagate the wave U; to the 
output plane, yielding: 


112] 


1131 


Xexp(i2ufo) 


where y(t)=s(¢/7) @r(—t/7), as the Fourier transform 
of a product is the convolution of their Fourier 
transforms (the @-symbol denotes the convolution 
operation), and we use the spatial Fourier 
transform kernel at the doubled carrier frequency. 
The stationary spatial signal, y(-), is proportional to 
the convolution of the two input waveforms, where 


Fourier plane 
(spectrally 
decomposed 
raves) 


Output plane 


Figure 4 Arrangement for imaging ultrafast waveforms using a time-to-space conversion. The mutually inverted, spectrally 
‘decomposed waves of a signal waveform and that f a reference pulse are mixed ina nonlinear crystal placed atthe Fourier plane. The 
generated wave is spatially Fourier transformed to the output plane, yielding a stationary image that carries the signal waveform 


information. © 2001 Optical Society of America, 
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Figure & Output of a time-to-space converter. Top: image 
acquited by a CCD camera of the stationary image of a pulse 
sequence. Bottiom: extracted time domain data from the image, 
showing inter-pulse time separation of 1.25 ps. 


one of them is reversed in time, This mixing process 
was developed for time-to-space conversion by using a 
reference transform limited pulse for the reversed 
waveform. The resulting spatial image will be that of 
the signal waveform, albeit smoothed out due to the 
convolution operation with the reference pulse. The 
spatial signal is centered atx" = ctp/2a, illustrating that 
the relative time delay between the two waveforms 
shifts the location of the output signal. The temporal 
characteristic is determined by the product of the time- 
scaled input apertures. The relative time delay, to, 
serves as an attenuation mechanism when the time 
windows are not perfectly aligned. When the time 
delay between the signal pulse and the reference pulse 
is too large, no output signal will emerge as the two 
signals do not overlap for the wave mixing process. 
Therefore, the time window of the spectral processing 
device is determined by the input aperture size, not the 
physical dimension of the nonlinear crystal. Conse- 
quently, we have been able to demonstrate high- 
resolution temporal imaging with time windowsin the 
range of tens of picoseconds (see Figure 5). Addition- 
ally, as mentioned earlier, one of the significant 
advantages of this technique is the favorable phase 
matching condition with the spectrally decomposed 
wave and its inverted counterpart. 


Processing of Ultrafast Waveforms 


The simplest form of ultrafast waveform processing 
uses linear filtering, or placement of an element with 


transmittance characteristics that are frequency 
selective. However, a linear filter is a time invariant 
process and cannot perform more advanced proces- 
sing operations of ultrafast waveforms such as 
interaction between ultrafast waveforms. For such 
processing applications, we mix three spectrally 
decomposed waves in the Fourier plane of a spectral 
processing device to generate a resultant output 
ultrafast waveform in real time, We illustrate 
advanced processing by performing a time reversal 
experiment using the spectral phase conjugation and 
spectral inversion techniques in four-wave mixing 
experiments. 

Consider three ultrafast waveforms, s(t ~ fo/7), 
sx(t—t)/7) and s3(t/7), which enter a spectral 
processing device for generation of their respective 
spectrally decomposed waves. Let all three waves 
enter the spectral processing device from the same 
direction, such that the spatial dispersion is in 
the same direction for each signal (as defined by 
eqn [1 1a]), and generate the spectrally decomposed 
waves Uy(x;t), Us(x';t), and Us(;#), respectively 
(see Figure 6a). Since we utilize a cascaded second- 
order nonlinearity process, we let the first two waves 
interact first in a frequency-sum process, generating 


the intermediate field: 
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Itshould be noted that upon a more rigorous analysis 
of the generated frequency-sum wave, phase match- 
ing is not well met across the temporal bandwidth of 
the waveform, as is the case when wave mixing 
mutually inverted spectrally decomposed waves. This 
will introduce time domain spectra filtering effects, 
but for simplicity these effects are ignored below. The 
generated frequency-sum wave interacts with the 
third input wave in a frequency-difference process, 
giving rise to the fourth wave: 
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Figure 6 Arrangements of processing ultrafast waveforms within a spectral processing device. (a) Three input waveforms are 
introduced from the same direction, and their spectrally decomposed waves interact via four-wave mixing. (b) The three input waveforms 


are introduced from opposite 


rections, giving rise to mutually inverted spectrally decomposed waves. These two arrangements can 


perform time reversal, the first by spectral phase conjugation and the second by spectral information inversion. © 2001 IEEE. 


where we assume that the window function 1) is 
real, Next we apply a SFT to propagate the wave Us 
to the output plane, yielding: 


Vol "0 
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where y(t) =s4(t/7)®sp(tl7) B s3(—t/7). The new ultra- 
fast waveform y(-) scans along the output plane at a 
velocity of —c/a in the x-direction (compare to the 
input signals scanning in the opposite direction along 
the input plane, eqn [6]). By placing another diffrac- 
tion grating at this plane, the new ultrafast waveform 
can be recomposed and made to propagate once more 
in free space. The waveform information consists of a 
convolution between the first and second signals, 
followed by a convolution with the third signal, whi 
is both conjugated and reversed, If we set the first and 
second signals to be transform limited pulses, then the 
resultant waveform will carry the reversed and 


conjugated information of the third signal. Such 
capability can be very important for dispersion 
compensation in optical fiber communication links. 

Let us now consider an alternate arrangement, 
where the second and third input signals are 
introduced to the spectral processing device from 
the opposite direction, and consequently have 
reversed spatial dispersion direction (see Figure 6b). 
Therefore, the first signal will generate a spectral 
decomposed wave U(x’; 8), as defined by eqn [11a], 
whereas the second and third signals will give rise to 
the spectrally decomposed waves Uz(x':t) and 
Us(x'; 1), with inverted spectra relative to that of Uy, 
as defined by eqn [11b]. The interaction of the first 
two waves gives rise to: 
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which is identical to the wave mixing process of the 
time-to-space converter (see eqn [12]). However, in 
this case, we follow the first wave mixing process by 
a frequency-difference process, generating: 
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Next we apply a SFT to propagate the wave Uy to 
the output plane, yielding the output waveform: 
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where y)=s(t)@s(-tNBsylti7). As before, 
the new ultrafast waveform y(-) scans along the output 
plane at a velocity of ~cla in the x-direction, and will 
propagate in free-space upon another grating diffrac- 
tion. This time, however, the waveform information 
consists of a convolution between the first signal and a 
time-reversed second signal, followed by a convolu- 
tion with the conjugated third signal, If we set the first 
and second signals to be transform limited pulses, then 
the resultant waveform will carry the conjugated 
information of the third signal. If we set the first and 
third signals to be transform limited pulses, then the 
resultant waveform will carry the reversed infor- 
mation of the second signal. 

‘We have experimentally demonstrated the two 
time-reversal techniques: the first technique 
whereby the resultant signal is both reversed and 
conjugated is labeled ‘spectral phase conjugation’, 
as the signal’s spectrum is conjugated by the 
frequency difference process, and the second 
technique, where the signal is purely reversed in 
time, is named ‘spectral information inversion’, as 
the spectrum is flipped about the carrier frequency 
(see Figure 7). By proper selection of the input 
waveforms, one can also obtain higher-level oper- 
ations and functionality such as convolutions and 
correlations among the different signals. All the 
operations are time-variant, and cannot be per- 
formed by passive filtering alone, 


a 
Time (ps) 

Figure 7 Time reversal experimental results. (a) Input pulse pair 
consisting ofa transform limited pulse followed by a chirped pulse. 
(©) Time reversal by spectral information inversion technique. 
Chirped pulse leads transform limited pulse and maintains the 
sigh of the chirp. (c) Time reversal by spectral phase conjugation, 
technique. Chirped pulse leads transform limited pulse and flips 
the sign of the chirp. Data acquired with time-to-space imaging 
technique and sign of quadratic term (dashed line) determined by 
translating output plane. 


Synthesis of Ultrafast Waveforms 


Shaping of ultrafast. waveforms is usually per- 
formed by filtering an input transform limited 
pulse by a fixed filter. Adaptive filtering can be 
performed by various means incorporating opto- 
electronic modulators such as liquid-crystal-based 
or acousto-optic-based spatial light moduloators, 
however the response time required for changing 
the waveform is typically limited to the ms and ps 
regime, respectively. For ultrafast reconfigurability, 
we utilize our spectral processing device and wave 
mixing, to achieve pulse shaping controlled by 
light, or a second optical signal. 

Let the three input signals entering the spectral 
processing device be an ultrashort waveform, s(t/7), 
and two additional spatial domain signals; one 
carrying spatial information m(x/y), where y is a 
scaling factor, and the second a point source (sce 
Figure 8). Both spatial domain signals are illuminated 


The Reset pin should normally be held high, ei- 
ther by being connected directly to positive sup- 
ply voltage (ifthe reset function will not beneed- 
ed) or by using a pullup resistor. If the Reset pin 
is pulled low, this will always interrupt an output 
pulse regardless of the timer's current status. 


Ifa voltage higher or lower than 2/3 of V+ is ap- 
plied to the Control pin, this will change the ref- 
erence voltage on Comparator B, which deter- 
mines when the charging cycle of C1 ends and 
the discharge cycle begins. A lower reference 
voltage will shorten each output pulse by allow- 
nga lower charge limit for C1. If the control volt- 
age drops to 1/3 of V+ (or less), the capacitor will 
not charge at all, and the pulse length will di- 
minish to zero, If the control voltage rises to be- 
come equal to V+, the capacitor will never quite 
reach that level, and the pulse length will be- 
come infinite. A workable range for the control 
voltage is therefore 40% to 90% of V+. 


Because the Control pin isan input to the chip, it 
should be grounded through a 0.01uF ceramic 
capacitor if it will not be used. This is especially 
important in CMOS versions of the timer. 


A defect of the bipolar 555 is that it creates a 
voltage spike when its Output pin changes state. 
If it will be sharing a circuit with sensitive com- 
ponents, a 0.01yF bypass capacitor should be 
added as closely as possible between the V+ pin 
and negative ground. The voltage-spike prob- 
lem was largely resolved by the CMOS 555. 


555 Astable Operation 

In Figure 9-3, the 555 timer chip is shown with 
external components and connections to run it 
inastable mode. The pin names remain the same 
but have been omitted from this diagram be- 
cause of limited space. The labeling of the two 
external resistors and capacitor as R1, R2,and C1 
is universal in datasheets and manufacturers’ 
documentation. 


When the timer is powered up initially, capacitor 
C1 has not yet accumulated any charge. Conse- 
quently, the state of the Threshold pin is low. But 


the Threshold pin is connected externally with 
the Input pin, forastable operation. Consequent- 
ly, the Input pin is low, which forces the flip-flop 
into its ‘down’ state, creating a high output. This 
happens almost instantaneously. 


Figure 9-3. The internal functions of a 555 chip with two 
external resistors and a capacitor wired to run the timer in 
stable (free-running) mode. 


While the flip-flop is ‘down,’ the Discharge pin is 
not grounded, and current flowing through R1 
and R2 begins to charge the capacitor. When the 
charge exceeds 2/3 of positive supply voltage, 
Comparator B forces the flip-flop into its “up” po- 
sition. This ends the high pulse on the Output 
pin, and starts to drain the charge from the ca- 
pacitor through R2, into the Discharge pin. How- 
ever, the voltage on the capacitor is still being 
shared by the Input pin, and when it diminishes 
to 1/3 of V+, the Input pin reactivates Compara- 
tor A, starting the cycle over again. 


The functions of the Reset and Control pins are 
the same as in monostable mode. Because volt- 
age applied to the Control pin changes the 
length of each pulse and the gaps between pul- 
ses, it has the effect of adjusting the frequency 
of the output in astable mode. 
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Figure 8 Arrangement for uttatast waveform synthesis by wave mixing temporal and spatial information channels. Three input 
channels consist of a temporal channel, a spatial channel carrying information, and a second spatial channel consisting of a point 
source. The information from the spatial channel is transferred to the temporal channel via the wave mixing procass. © 2001 IEEE. 


by a monochromatic light source at frequency ay. 
The input ultrashort waveform gives rise to a 
spectrally decomposed wave Uy(x';4), as described 
by eqn [11a]. The spatial information channel is SFT 
by a lens, generating the wave: 


Ure'; oc of = 201 


The signal from the point source (or &x)) gives rise 
to awave U3(';#) with no spatial information (plane 
wave). As before, we utilize cascaded second-order 
nonlinearities for the wave mixing process. The 
interaction of the first two waves gives rise to the 
intermediate frequency-sum wave: 
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The frequency-difference process with an informa- 
tionless waveform serves to reduce the carrier 
frequency of resultant waveform back to wy. The 
down-converted wave U, is SFT to the output plane, 
yielding: 


nul") = (= + ‘)uo(4) explivyty) [22] 


where y(t) =s(t/)®@m(—ctlay). As in the proces- 
sing of ultrafast waveforms section above, the new 
ultrafast. waveform y(-) scans along the output 
plane at a velocity of c/a in the x-direction. The 
synthesized ultrafast waveform can propagate in 
freespace after an additional grating diffraction. 
The waveform information, in this case, consists of 


Time (ps) 


Figure 9 Synthesized flat-top waveforms via space-to-time 
conversion ullizing a variable sit in the spatial information 
channel, Increasing the width ofthe slit results in broader square 
shaped pulses in real-time, Solid line: 2 ps pulse, dot-dash line: 
1 ps pulse, dashed lina: ~-300 fs pulse. 


a convolution between the input temporal signal 
and a time-scaled and reversed version of the 
spatial information channel, Since the input tem- 
poral channel is typically a transform limited pulse, 
the output waveform carries the spatial infor- 
mation image, mapped to the time domain, In 
analogy to the imaging of ultrafast waveforms 
section, we call this technique space-to-time con- 
version. We have generated experimentally numer- 
ous waveforms that are controlled by a. space 
domain image, or mask (flat-top waveforms, 
Figure 9, and pulse sequences of Figure 5 were 
generated by a cylindrical lens array in the spatial 
information channel). 
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Conclu: 


ns 


To properly utilize ultrafast waveforms in scientific 
and advanced technology applications requires 
instantaneous techniques from generation to. pro- 
cessing and imaging of the waveforms. We have 
studied the nonlinear wave-mixing approach within 
a spectral processing device, and demonstrated the 
ability to perform all of these tasks. The wave 
mixing was performed in a second-order nonlinear 
crystal, using three-wave mixing for detection and 
four-wave mixing for synthesis and processing of 
ultrafast waveforms. The three-wave mixing pro- 
cess results in a second-harmonic output image, 
suitable for acquisition by silicon-based CCD 
imagers. The four-wave mixing processes result in 
an output waveform of an identical carrier 
frequency, as typically required in processing and 
synthesis applications. The high nonlinear coe! 
cient of x”) crystals enabled us to demonstrate 
these techniques with ultrashort pulse energies 
ranging from nJ to mJ levels. Further advantages 
afforded by the techniques are expanded time 
windows and favorable phase matching. 

This review of the instantaneous optical signal 
processing capabilities with optical nonlinearities and 
interaction with ultrafast waveforms introduced and 
demonstrated the basic signal processing capabilities 
to manipulate optical signals in amplitude and phase. 
‘The same techniques can be used and expanded upon 
to achieve different signal processing abilities, which 
are beyond the scope of this article. 
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All the ideas essential to making a laser were known 
before 1930, but there was no operating laser before 
1960. So why didn’t the laser come sooner? There are 
several reasons. One important impediment to the 
laser invention was that a combination of ideas from 
quantum mechanics and from electrical engineering 
was needed, and these two fields were not well mixed 
in the early days. Another is that, whil 
physicists recognized that amplification could occur 
if there was a population inversion of states, they did 
not consider the coherence of such amplifications and 
did not recognize its importance or usefulness. It was 
just something that in principle could happen, but 
was not very interesting. What was required was a 
combination of physics and electrical engineering 
thinking and recognition of the coherence of such 
amplification. In addition the importance of such a 
development had to be visualized and recognized in a 
way that it led to very devoted work towards its 
achievement. 

It is striking that lasers grew out of the study of 
microwave spectra of molecules, for which engineer- 
ing and quantum mechanics were both important and 
which helped orient thinking in the appropriate 
direction. That this origin was not accidental is 
convincingly demonstrated by the fact that three 
independent ideas for amplification by stimulated 
emission were generated about 1950. They were from 
Joe Weber, at the University of Maryland, from 
Nikolai Basov and Alexander Prokhovov at the Soviet 
Academy, and myself at Columbia University. Weber 
primarily wanted to point out the possibility, but 
didn’t try to do it. In addition, his numbers were a bit 
off and no practical system was suggested. Basov and 
Prokhovov actually worked towards microwave 
amplification using a beam of molecules, as did 1 

That stimulated amplification was recognized 
early, but not thought through, is illustrated by 
the fact that Prof. Richard Tolman, a theoretical 
physicist, wrote a discussion in 1924 of the net 
absorption of light by molecules, pointing out in 
particular that induced emission counteracted 
absorption and noting that if there were more 
molecules in the upper than in the lower state there 
could be ‘negative absorption’. But, he wrote, “This 
would usually be very small’. The Russian physicist 
Vitaly Ginsburg wrote me, after the maser and laser 


had appeared, that his professor, S.M. Levi, had been 
well aware of such effects back in the 1930s and had 
told him ‘create an overpopulation at higher atomic 
levels and you will obtain an amplifier; the whole 
trouble is that it is difficult to create a substantial 
overpopulation of levels’ 

The German physicist RG. Houtermans said to me 
that in 1932, when told by a colleague of an unusual 
light intensity in a gaseous discharge, he had thought 
it might be a ‘photon avalanche’, i.e. multiplication of 
photons by stimulated emission. 

Another Russian physicist, V.A. Fabricant, wrote a 
thesis in 1939 in which he discussed absorption and 
emission of light radiation in a gas and looked for 
‘negative absorption’, or amplification. He did not 
discuss coherence or a resonant cavity, and was not 
able to achieve any amplification so his work was 
quickly forgotten. None of these early mentions of 
stimulated emission proposed how to actually get 
amplification, that it would be useful, nor clearly 
noted its coherence. Tolman did, however, write in 
1927 that, ‘We should expect radiation induced by an 
external field to be coherent with the radiation 
associated with that field’. I know of no proposal to 
actually make use of such amplification, until those 
made by microwave spectroscopists in the carly 
1950s. 

Another clear indicator that even in the 1950s 
physicists and engineers did not think amplification 
by stimulated emission was particularly interesting 
nor useful is that during the 24 years when Jim 
Gordon, Herb Zeiger, and 1 were working on trying 
to obtain microwave amplification (the maser), a 
large number of scientists visited my laboratory, saw 
what we were doing, but no one bothered to also try 
to obtain such amplification. After the maser worked, 
it hit the newspapers and then very quickly became a 
popular and intense field of interest for a number of 
physicists. 

My own drive to produce oscillators by stimulated 
emission came from my strong interest in obtaining 
sources of waves shorter than the few millimeters 
wavelength which could be produced by electronic 
devices, in order to extend the high resolution study 
of molecular spectra to wavelengths shorter than 
microwaves, down into the far infrared. My students 
and I worked on several possible schemes for 
producing waves shorter than those produced by 
Klystrons or magnetrons ~ frequency multiplication 
by nonlinearities, electronic beams passing over sur 
faces of solid materials with resonances, and anything 
else I could think of. None worked very well 
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In early 1950, I was asked by the Office of Naval 
Research to form and chair a committee which would 
examine possible research towards obtaining wave- 
lengths down to one millimeter and shorter. I chose 
outstanding scientists and engineers in a variety of 
fields which might touch on this problem. We met 
together, and visited many pertinent laboratories and 
individuals interested in such research. Nothing very 
promising seemed to turn up. But we wanted, of 
course, to at least provide a report summarizing the 
situation as we saw it. Our last meeting was April 26, 
1951, in Washington, D.C. Worrying over our lack of 
success, I woke up early before the meeting, Breakfast 
was not ready, so I walked over to nearby Franklin 
Park, sat on a bench in front of beautiful blooming 
azaleas, and puzzled over why neither I nor the 
Committee had found any promising solutions. 

I went over all the ideas I had had previously. 
Molecules, of course, can produce high frequencies. 
But I had previously concluded, I thought wisely and 
rigorously, that one could not obtain intense radi- 
ation from them because radiation intensity was a 
function of temperature, and the temperature could 
not be very high without destroying the molecules. 
Suddenly I realized that they did not need to have a 
temperature in the usual sense ~ they need not be in 
temperature equilibrium. There could be more 
molecules in an upper than a lower excitation state, 
which could in principle produce indefinitely intense 
radiation. I pulled a piece of paper out of my pocket 
and wrote down the equations and numbers for such 
a case, using a molecule beam sent into a resonant 
cavity and ammonia molecules with which I was very 
familiar. My equations said one could get enough 
excited molecules, low enough loss in a resonant 
cavity, and it would work! Why hadn't I thought of it 
before?! 

Back at Columbia, where I worked, and about 4 
months later, the graduate student Jim Gordon agreed 
to work on trying to obtain such an oscillator using a 
beam of ammonia. I assured him that if it didn’t work 
he could modify the experiment to do interesting 
spectroscopy and thus complete a thesis. But we both 
thought he had a good chance of making it work. And 
a young post doc working with me, Herb Zeiger, 
joined the effort. 

Actually, I had first thought of obtaining stimulated 
emission from a molecular beam back in 1948, but 
simply as a demonstration of physical principles 
rather than as a useful amplification. Also, about a 
year later a young post doc, J.W. Trischka, working 
(on molecular beams with Professors Rabi and Kusch, 
had also thought of demonstrating stimulated emis- 
sion, We talked about it together, and he decided it 
wasn’t worthwhile just demonstrating the effect 


because it wouldn’t really prove any new physics. 
Neither of us at that time had recognized the real 
point and the possibility of useful amplification, 
which is one of the reasons mentioned above that the 
idea was delayed as long as it was. 

It is perhaps important to emphasize again and to 
illustrate how out-of-the-way the use of stimulated 
emission was at that time for physicists, and how 
distant stimulated emission was from engine 
While we were working on the ammonia beam 
maser, Prof. L.H. Thomas, an outstanding physicist 
known for the ‘Thomas Effect’, frequently would run 
into me in the hallway at Columbia University and 
say that I didn’t understand, and that my proposed 
ammonia oscillator could not work. However, I never 
got a clear explanation from him of what it was I 
didn’t understand. And after we had been working on 
the ammonia maser system for about 2 years (a more- 
or less normal time for a student thesis project), the 
Physics Department Chairman, Prof. Polycarp Kusch, 
and the previous chairman, Prof. LI. Rabi, came into 
my office to object. They were excellent physicists, 
both received Nobel Prizes, and both were experts on 
molecular beams. They sat down in my office and said 
‘Look, Charlie, that is not going to work. We know it 
won't work and you know it won't work. You are 
wasting departmental money, and must stop!” Other 
people had also questioned what I was doing, 
frequently in particular whether the stimulated 
radiation would be coherent. So I had already 
thought over the situation many times. I had full 
notes from the quantum mechanics course I took asa 
student back in 1938, and could derive from them a 
proof of coherence. I felt also that I knew the 
quantitative numbers, such as the molecular beam 
intensity and the possible °Q’, or loss, in the cavity 
resonator, very well. I was also by then an Associate 
Professor, and the department chairman could not fire 
me simply because of stupidity. I replied to Rabi and 
Kusch ‘No, I believe it has a reasonable chance of 
working and I'm going to continue!” Annoyed, they 
stomped out of the room. 

About 2 months after the Rabi/Kusch incident, Jim 
Gordon dashed into the classroom where I was 
lecturing and said loudly ‘It’s working!” Most of the 
class then went up to the lab to see the new device. 
Rabi and Kusch were not against me; even though 
they were outstanding physicists, they probably just 
didn’t quite comprehend the device. A couple of 
months after its successful operation, Kusch more or 
less apologized by saying “Well, I should have realized 
that you probably know more about what you are 
doing than I do.” 

After the maser successfully operated, there were 
other incidences showing the lack of appropriate 
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focus of physicists on stimulated emission. I was a 
friend of Aage Bohr, the son of Niels Bohr, and in that 
connection was visiting him in Denmark. Niels Bohr 
asked me what research I was presently doing, so I 
told him about our new oscillator, the maser, and its 
remarkably pure frequency. He looked at me and said 
‘Oh no, that’s not possibl 
standing something.’ I emphasized again what it was 
really doing, but he still seemed not to believe it could 
function that way. I presumed he was thinking in 
terms of the uncertainty principle and the finite time 
of passage of a molecule through the cavity, though I 
never was quite sure just why he felt it impossible. A 
similar thing happened shortly after that at a cocktail 
party in Princeton, where John Von Neumann asked 
the same question — what was my research at the 
moment? After telling him about the maser oscillator 
and the purity of frequency he reacted very similarly 
‘Oh no,’ he said, ‘That can’t be right. You must be 
misunderstanding something.’ After arguing a little 
more, he left to get another drink. Fifteen minutes 
later he came back, saying ‘Hey, you are right!” He 
had understood, and wanted to talk much more 
about the maser and of possibly using excited 
semiconductors. Only after his death did I learn 
from his notebooks that he had considered exciting 
electrons in semiconductors with neutrons from a 


You must be misunder- 


reactor, and had written Edward Teller about whether 
some experiments might be done with this to obtain 
intense light. However, he had not considered 
coherence, and Teller was apparently not interested 
enough to respond, so the matter was dropped. 

‘The above account reminds me a bit of the amusing 
comments of Arthur Clark on ‘Change’. He writes: 

‘People go through four states before any revolu- 
tionary development: 


1. It's nonsense, don’t waste my time 
2. It’s interesting, but not important 
3. Labvays said it was a good idea 
4. [thought of it first’. 


It’s clear that the world of physics was thinking 
very little in the direction of masers or lasers, and that 
many preconceptions as well as lack of interest stood 
in the way. My own experience with engineering at 
Bell Telephone Labs during World War Il, in 
designing radar and electronic systems, plus my 
intense interest in obtaining short-wave oscillators, 
were clearly important in bringing me to the right 
ideas. 

As masers became very interesting to the phy 
community and the field grew rapidly, my engineering 
experiences continued to be of help. 1 was well 
acquainted with the theoretical examination of noise 


in vacuum tube amplifiers by various individuals at 
Bell Labs, and recognized that the maser could 
provide much more sensitive amplification than 
could common electronic amplifiers, where discrete 
electronic charges produce the basic noise. On 
sabbatical in France, I worked on electron spin 
masers with Jean Combrisson and Arnold Honig 
who had the appropriate equipment. And then in 
Japan, Koichi Shimoda, Hidetoshi Takahashi, and I 
wrote a theoretical paper on the basic quantum noise 
of maser (or laser) amplification. The theory showed 
that maser amplifiers of microwaves should be about 
100 times more sensitive than the existing electronic 

After 2-3 years of maser experiments and devel- 
opment I felt I wanted to move on to the shorter 
wavelengths for which I had generated the maser 
idea. Although I had first tried the idea at microwave 
frequencies because that seemed the easiest way to 
test out the general idea and the result had been 
exciting, I still wanted those shorter wavelengths. I 
had not come up with any great ideas of just how to 
get to much shorter wavelengths, which is why I 
waited several years after the maser worked before 
moving on. However, in 1957, 3 years after the first 
successful operation of the maser, I decided it was 
high time to simply figure out what was the best way I 
could imagine to move on into the infrared region and 
do it. A number of physicists had concluded that of 
course one couldn't make masers work at much 
shorter wavelengths, certainly not in the visible 
region, because spontaneous emission becom« 
much faster as the wavelength is shortened and 
adequate inversion of population was not practical. 
But that was intuition, not quantitative science. As I 
wrote down equations for what might be done to 
move towards shorter wavelengths using a model of 
atomic or molecular excitation by radiation and a 
reasonably high Q resonator, it became clear that it 
was quite practical to move on even into the visible 
region. That was exciting! Why hadn't I, or someone 
else, looked at it carefully and quantitatively before 
that time? 

I was at the time consulting at Bell Labs, with the 
assignment to spend a day there every 2 weeks and 
just talk with the Lab’s scientific personnel. Since my 
former post doc and now brother-in-law Arthur 
Schawlow was then at Bell Labs, I of course talked 
with him, On telling him of my ideas for an ‘optical 
maser’, using a resonant cavity and excitation of 
atoms with optical radiation, he said he too was 
interested in that, and we decided to work together to 
optimize a system. It was Art who then suggested use 
of a FabryPerot resonator rather than the cavity 
with large holes I had used for a model, and that was 
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an excellent addition. Why I did not think of that is 
a mystery, but Art had done his thesis at the 
University of Toronto in Fabry—Perot spectroscopy, 
and that might have been why the thought came 
to him, 

Since Art Schawlow was participating, I decided 
the patent for the new ‘optical maser’ should 
belong to the Bell Labs (I already claimed ownership 
of the basic maser patent, which covered all 
wavelengths). Hence we recognized that the new 
idea must be kept confidential until Bell Labs lawyers 
had worked out and applied for an appropriate 
patent. This delay in public information sheds some 
additional light on how the scientific and technical 
world was thinking at the time. I had written down 
my original ideas for an ‘optical maser’ in my note- 
book and had it witnessed by my student Joe 
Giordmaine at Columbia University. I had also talked 
with a Columbia student Gordon Gould because he 
had been doing research with an intense light source 
and I wanted to know how much intensity he had in 
order to be sure I could get enough excited atoms and 
provide an oscillator at these short wavelengths. 
Except for these two persons, neither Art Schawlow 
nor I told anyone outside of Bell Labs about the 
‘optical maser’, or laser idea until after Bell Labs had 
properly prepared its patent, which was about 11 
months after my first notebook entry. For that entire 
time, no one has produced a record of any thoughts 
about extending the maser to optical wavelengths 
except Gordon Gould, who entered some ideas in his 
notebook about 1 month after I talked with him 
about the possibility of an optical maser, and 2 
months after my original notebook entry. His notes 
were later to be the source of a long patent case. 

The striking observation is that no one outside of 
Bell Labs except Gordon Gould, to whom I had 
explained my ideas, seems to have written or noted 
down anything about extending masers to these 
shorter wavelengths during the 11 months from my 
recognition that it could well be done until after the 
Schawlow and Townes paper on how to do it became 
available. After that there was considerable excite- 


ment and a number of ideas. 

It is also noteworthy that, because of low general 
interest and competition, I did not publish a paper on 
how a maser might be made, but waited for 
publication until we demonstrated its operation, 
about 3 years after the idea had arrived. But after 
the maser worked the field became exciting and 
competitive. Hence, Schawlow and I thought we 
surely should publish a theoretical paper establishing 
the idea before taking the time to make a laser work. 
And indeed, there was much competition to build the 
first laser. 


I myself helped a couple of my graduate students 
start work on trying to build an ‘optical maser’ or 
laser. But at about that time (1958), I was urged to 
undertake a job in Washington as Vice President and 
Director of Research of the Institute for Defense 
Analysis, an organization put together largely by the 
presidents of several universities to try to help advise 
the government on matters of science and technology. 
Sputnik had gone up the year before, and everyone 
was worried about the position of the U.S. with 
respect to Communist Russia, which seemed to be 
ahead particularly in some areas important to 
defense. I decided I should try to help, and accepted 
a two-year appointment in Washington. I recognized 
that this seriously distracted my attention from 
developing a laser quickly, but knew there were 
many others working towards lasers and so such 
devices would certainly be developed and our doing it 
just at Columbia University was neither critically 
important nor highly probable. 

The field of masers and ‘optical masers’ or 
lasers was becoming so exciting and a bit scrambled 
that The Office of Naval Research asked me if I 
would organize a meeting on the subject. I did, with 
the help of a committee of many distinguished people 
in the field or closely related science and technology. 
And it was in a meeting of the Committee that we 
christened the field with the name ‘Quantum Elec- 
tronics’. This first international meeting on the 
subject was at Shawanga Lodge in New York State 
in September 1959. It made an occasion for the 
Russians Basov and Prokhorov to visit the United 
States (and my lab and home), and was about 6 
months before Ted Maiman made the first working 
laser. There were many interesting discussions of 
masers and their coming operation at optical 
wavelengths. 

It is significant to note that, while the maser 
grew out of basic research in universities (with 
Russian work at the Russian Academy) and industry 
had little to do with early masers, all the first lasers 
were made in industrial laboratories. This illustrates 
the sociology and the strengths and weaknesses of 
industrial and of academic laboratories. While masers 
{and from them lasers) originated from research on 
microwave spectroscopy of molecules, industrial 
laboratories believed the field of microwave 
spectroscopy had little to offer in the way of 
commercial results. Because of equipment 
available and the interest of physicists in industry, 
the field was initiated and pursued immediately after 
World War II in commercial laboratories — by myself 
at Bell Labs, my friends at the RCA Labs, at 
Westinghouse, and at General Electric. For lack of 
interest in industry, such work was soon shut down, 
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except at Bell Labs, and it moved to universities. Bell 
Labs generously allowed me to continue such work, 
although they wanted me to do some ‘more useful” 
engineering. Once the field had obvious commercial 
possibilities, commercial laboratories began to sup- 
port it well and the clear importance of masers and 
lasers made industry very interested. Really interested 
industry can more easily put strong new resources 
and push harder on a field than can academic 
laboratories, where money has to be granted and 
professors have a variety of other assignments. The 
first laser was made to work, of course, by Ted 
Maiman at Hughes Research Laboratories. Ted had 
been a student of Willis Lamb at Stanford, and there 
worked on radio spectroscopy. The second type of 
laser, rather similar to Maiman’s but using a different 
material, was made to work at the General Electric 
Laboratories by Peter Sorokin and Mirek Ste 
Sorokin had been a student of Bloembergen at 
Harvard in microwave or radio spectroscopy and 
Stevenson was one of my students in microwave 
spectroscopy at Columbia University. The next type 
of laser, and one I particularly admire, was made by 
Ali Javan, William Bennett, and Don Herriott. Javan 
had been a student with me in microwave spec- 
troscopy at Columbia University, Bill Bennett a 
student in the molecular beam group at Columbia 
working on radio spectroscopy, and Don Harriott 
was an optics specialist. All of these originators, with 
the exception of Herriott, had been working at 
universities in the field which originated the idea 
and were recently hired by industry. The next 
important laser, involving semiconductors, was 
invented by Robert Hall and collaborators at General 
Electric Labs. Note that every one of these early lasers 
was created in industry. 

After the first laser was operated, my own students 
at Columbia quickly turned from trying to make a 
laser to using lasers to explore more physics, the 
normal university function. And I am delighted that 
masers and lasers have provided such excellent tools 
for research, as well as for commercial and medical 
applications. 

After a few years of exploring new physics with 
lasers, I decided that since there were many excellent 
scientists doing such work, I should move into fields 
which it seemed to me were being relatively neglected. 
I moved to the University of California at Berkeley to 
look for molecules in interstellar space by microwave 
spectroscopy, and to do infrared astronomy. Very 
soon after initiating work at Berkeley, one of my 
students, Albert Cheung, not only discovered the 
first polyatomic molecules in space, he found 
powerful water masers. A while before our discovery 
of water and identification of its radiation as due to 


maser action, it had been deduced that some 
microwave radiation of OH must be due to maser 
action. And since then, many, many masers due to a 
wide variety of molecules have been found in 
astronomical sources as well as a few powerful lasers. 
Since deviations from thermal equilibrium are 
common in the very thin gases excited by powerful 
sources in space, we should have expected this, but 
didn’t. And these masers in space could have been 
easily detected with radio technology available 
back in the 1930s if anyone had searched the 
microwave spectrum carefully. 

Clearly, masers and lasers could have been dis- 
covered and used much sooner than they actually 
were. We simply were neither thinking nor looking in 
the right directions. And this raises the natural 
question ~ what important and more-or-less obvious 
ideas are we missing now because of our lack of 
imaginative exploration? 
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Editor’s Note 


The discovery of the first laser was a remarkable 
culmination of human creativity and ingenuit 
However the achievement was finally made by one 
individual young scientist, Theodore Maiman, work- 
ing independently of the mainstream and without the 
benefit of strong government or private financial 
support. With persuasive arguments, he convinced his 
management at the Hughes Research Laboratories to 
allow him to continue his work, albeit with limited 
resources. And then, working alone with his assistant 
he saw the light that now illuminates the world of 
laser science and engineering. This is the story of how 
thinking outside the box created a new field of 
science, whose developing technology has advanced 
the state of medicine and engineering and the quality 
of life in general. 


Introduction 


Iam frequently asked how it was that I discovered the 
laser. Many assume that the concept evolved from 
some sudden, inspirational thought. It didn’t happen 
that way. 

It is 


lramatic and exciting to have a scientific 
discovery emerge from a dream or a vision that comes 
out of nowhere, but it seldom does. In reality, almost 
all scientific discoveries come from building on other, 
prior, scientific developments. 

So it was with the laser. In 1916, Albert Einstein 
laid the foundation and conceived the basic und 
lying principles on which lasers are based. He 
formulated and explained the relations that govern 
the way that atoms and molecules absorb and emit 
radiation. He introduced the key concept of stimu- 
lated emission. Then, in the 1920s, physicists C.H. 
Fachtbauer and Rudolph Ladenburg added formu- 
lations that used the Einstein theory to go further, and 
tie the absorption of light in a material medium to the 
fundamental properties of its constituent atoms. But 
it was the Russian physicist A.V, Fabricant who first 
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had the vision to propose the concept of a laser in 
1940. 

Unlike the Sun and other incoherent light sources, 
the laser produces light of one precise color. Its waves 
are emitted in phase with each other, and its radiation 
can be efficiently focused to a precise spot. In short, 
the laser produces coherent light, with the properties 
we were already used to with radio, television and 

Fabricant specified the conditions needed for 
amplification of light via stimulated emission. He 
appreciated the concept of an inverted population 
and the concept of coupling such an inverted 
population medium to a resonant structure (resona- 
tor). He proposed using a gaseous electrical discharge 
to achieve laser action as one possibility. Later, he 
proposed the use of a helium discharge lamp to 
optically pump the gaseous form of cesium. 

Scientists Purcell and Pound were the first to report 
evidence of net stimulated emission in 1951. Their 
observation, in the radio part of the spectrum, was a 
by-product of their pioneering developments in the 
techniques of nuclear induction, the foundation for 
magnetic resonance imaging, 

The first achievement of a working device that 
utilized stimulated emission as its operating principle 
was a microwave oscillator/amplifier. That device 
used a beam of ammonia molecules as the working 
medium. The design details were worked out 
independently by groups at the Lebedev Institute in 
the Soviet Union and Columbia University in the 
USA. The device was dubbed a maser, which is an 
acronym for microwave amplification by stimulated 
emission of radiation. 

In 1955, the year after I was awarded my Ph.D., 
1 joined the Hughes Research Laboratory in Culver 
City, California. One of my major assignments was to 
head a project developing a miniature, liquid-nitro- 
gen ruby maser for the US Army Signal Corps. 


Race to the Light 


Before starting work on the maser I had begun to 
germinate some ideas about the possibility of a laser. 
My concept so far was to try to use a solid material 
for the lasing medium, and to fabricate the potential 
laser material into a rod shape. In microwave 
thinking this configuration would be called a dielec- 
tric wave-guide. In optics it is known asa light pipe. 
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I planned to put mirrors on each end of the rod to 
form a resonator. 

Despite the advances in physics it represents, the 
maser does not in any way extend the coherent 
electromagnetic spectrum. Furthermore, its use as an 
amplifier turned out to be impractical because 
cryogenic temperatures were required for proper 
operation. There was strong motivation to push the 
frontiers of coherent electromagnetic radiation to 
higher frequencies, principally the promise of higher 
energies and greater concentrations. The reduction in 
wavelength from microwave to visible is a factor of 
about 10%. This would lead to a consequent 10*-fold 
reduction in the minimum achievable focal size, and a 
10°-fold increase in energy concentration delivered 
by the laser. 

Work on the maser project therefore proved 
something of a distraction, and it was not until 
August 1959 that I was able to devote full effort to the 
consideration and analysis of my concepts for a laser. 

Why would I be willing to enter such a race? There 
was rather formidable global competition already in 
play, well-funded and very competently manned. The 
answer lies in my knowledge of the proposals that 
had been floated about. Generally, the scientists who 
pursued these notions were not particularly secretive 
about what they were working on. They published 
and gave talks at conferences. On the whole, 
however, I found that the authors and conference 
presenters were only offering vague proposals. To be 
sure, this served as an exchange of information and 
stimulated ideas. But it didn’t appear to me that 
anyone was close to the answer. In short, no viable 
laser concept was yet in existence. 

As I look back, I was a little brash. I would be 
thrusting myself, in a sense, into a technological 
Olympics. The competition was of the best quality 
and of international scope. But my competitive spirit 
won out. The challenge of working in the top league 
of such an exciting project, that had so many 
questions and problems to resolve, was very compel- 
ling to me. 

We know now that many kinds of lasers can be 
made. But back then, in 1959, we didn’t know. We 
didn’t even know with any confidence if it was really 
possible to make a laser at all. My strategy was to 
limit myself to potential solutions to the making of a 
laser that did not have appreciable distractions in the 
design. That way I could focus strictly on just the 
laser problem itself 

For various reasons I was reluctant to work on 
alkali-vapor or gas discharge systems. I chose to work 
with solid-state crystals. The main appeal that solids 
held for me was simplicity. By that, I mean simple in 


analysis and understanding, and simple in device 
conception. 

In contrast to a gas discharge, the energy level 
diagram in an appropriate crystal is very limited. 
There are relatively few possibilities for the energy 
states, and by and large, the pertinent parameters for 
a potential laser candidate are amenable to a 
combination of calculations and relatively straight- 
forward direct measurements. 

Another advantage, in principle, to a solid crystal is, 
its relatively high gain coefficient. By that, I mean the 
amplification in a given length of material is of 
reasonable proportions. This meant that the laser 
medium could be relatively small in size and short in 
extent, and I would not have the problem of 
developing or depending on the use of special mirrors. 
Indeed, my first laser used a crystal that was only 
2m long. 

I was also intrigued with the concept of a solid 
medium since I would not have to deal with vacuum 
pumps, impurity problems and gas handling appar- 
atus, or complex mirror mechanisms. I could put 
simple silver mirror coatings directly on the crystal as 
Thad done with my small ruby maser. In principle, a 
solid crystal laser could be designed to be very simple, 
compact and rugged. 

My first choice to study and contemplate was that 
of a ruby crystal. Ruby is the result when a water- 
clear cast of aluminum oxide is doped with a small 
amount of chromium oxide impurity. It is the 
chromium that is responsible for the red color. The 
rubies used for devices are usually not natural 
gemstones, which have a chromium impurity level 
of about 0.5%. The chromium concentration in 


device rubies is around ten times less than this, and 
hence they display a lighter red color than gemstone 
ruby and are referred to as pink ruby. 

Why choose ruby as a potential laser candidate? 
Most importantly, I was quite familiar with and 
fascinated by the interesting optical properties of the 
crystal. Ruby is a fluorescent mineral; if ultraviolet 
light is shone on a ruby, it will glow with deep red 
fluorescence. Furthermore, ruby also gives off a red 
glow when cither blue or green light is shone upon it. 
Iris these blue and green absorption bands that give 
ruby its red color. When a green photon impinges on 
and is absorbed by the ruby, a chromium impurity ion 
is raised from its ground state into a broad, excited 
band. Although the chromium ion has the possibility 
of radiating by spontaneous emission from that 
excited level, another process comes into play. The 
competing process uses the thermal vibrations of the 
crystal lattice to interact with the excited ion and 
deposit most of the excitation energy to another 
slightly lower excited level of the ruby chromium 


integrated circuit> analog > time 


When power is first connected to the timer, C1 
must initially charge from an assumed state of 
zero potential to.2/3 V+. Because subsequent cy- 
cles will begin when the capacitor is at 1/3 V+, 
the first high output pulse from the timer will be 
slightly longer than subsequent output pulses. 
This is unimportant in most applications, espe- 
cially because the rate at which a capacitor ac- 
cumulates charge is greater when beginning 
from OV than when it has reached 1/3 V+. Still, 
the longer initial pulse can be noticeable when 
the timers running slowly. 


Because the capacitor charges through R1 and 
R2in series, but discharges only through R2, the 
length of each positive output pulse in astable 
mode is always greater than the gap between 
pulses. Two strategies have been used to over- 
come this limitation. See "Separate Control of 
High and Low Output Times" on page 80. 


556 Timer 


The 556 consists of two 555 bipolar-type timers 
in one package. An example of the chip is shown 
in Figure 9-4, The pinouts are shown in 
Figure 9-5, Although 556 timers have become 
relatively uncommon compared with the 555, 
they are still being manufactured in through- 
hole and surface-mount versions by companies 
such as Texas Instruments and STMicroelectron- 
ics, under part numbers such as NA556, NE5S6, 
SA556, and SE5S6 (with various letters or letter 
pairs appended). Each timer in the chip has its 
‘own set of inputs and outputs, but the timers 
share the same V+ and ground voltages. 


558 Timer 

This 16-pin chip is now uncommon, and many 
versions have become obsolete. Ithas been iden- 
tified by a part number such as NE5S8 although 
different prefix letters may be used, The NTE926, 
shown in Figure 9-6, is actually a 558 timer, 


The chip contains four 555 timers sharing a com- 
mon power supply, common ground, and com- 
mon control-pin input. For each internal timer, 
the Threshold and Discharge functions are con- 


Variants 


nected internally, so that the timers can only be 
used in one-shot mode. However, one timer can 
trigger another at the end of its cycle, and the 
second timer can then retrigger the first, to cre- 
ate an astable effect. 


Each timer is edge-triggered by a voltage transi- 
tion (from high to low), instead of being sensitive 
toa voltage level, as is the case with a 555 timer. 
Consequently the timers in the 558 chip are in- 
sensitive to a constant (DC) voltage. 


Figure 9-4. An example of the 556 timer chp. 


Figure 9-5. The 556 timer contains two separate 585 
timers sharing the same power supply and ground. The 
pin functions for timer A and timer B are shown here 


The output from each timers an open collector, 
and therefore requires an external pullup resis- 
tor. Each output is capable of sinking up to 
100mA. 
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where it stays for a while. This latter process is much 
more probable and dominate 

The energy from this third level is radiated as 
spontaneous incoherent emission. This spontaneous 
emission is made up of red photons and is the 
observed fluorescence. The level where the fluor- 


escence emanates is sometimes called a metastable 
level, since the chromium ions linger in that energy 
state for a comparatively long time before they 
radiate red photons. 

I developed a model that could be mathematically 
analyzed and I set up kinetic equations to take into 
account the various mechanisms taking place in the 
fluorescent process. I also set up simple intuiti 
criteria for establishing the condition for laser action. 
This model and these equations have subsequently 
become a standard way for others to analyze crystal 
lasers. 

Iwas able to determine which material parameters 
were important and relevant to a laser by getting the 
solution to the equations describing the model. Using 
known and estimated values for the pertinent 
parameters in ruby, I found that ruby would requi 
a very bright pump lamp to excite the crystal 
sufficiently to allow laser action to take place. The 
brightness of a lamp is an important parameter for 
lasers. It is a measure not of the total power radiated 
by the lamp, but rather the power per unit area. 


Obstacles and Solutions 


Ruby has many desirable qualities. It is a very stable, 
very rugged crystal to work with, It has some broad 
pumping bands that make it helpful to get a 
reasonable energy transfer from an incoherent 
pumping lamp, and compared to some other crystals 
I considered (e.g., gadolinium-doped crystals), a 
working ruby laser would produce visible light. 
However, there was some uncertainty over the 
cxystal’s measured quantum efficiency. The quantum 
efficiency for a fluorescent crystal is the number of 
fluorescent photons emitted, divided by the number 
of pumping photons. In the case of ruby, this is the 
number of red photons radiated out compared to the 
number of green photons absorbed. A report in 
November 1959 had suggested that ruby’s quantum 
efficiency was only 1%. This would effectively mean 
that it would be impossible for ruby to achieve laser 
action. However, I was able to make my own 
measurements of ruby’s fluorescent efficiency, and 


these showed that it was nearer 75%. 

Tnow had enough information that I could proceed 
to work out an actual laser design. But how would I 
pump the ruby? What would be the ruby’s shape and 
size? 


Iknew that I needed a very bright lamp. Among the 
brightest around was a high-pressure mercury arc 
lamp manufactured by General Electric. In addition 
to being one of the brightest available laboratory 
lamps, it had the advantage of radiating most of its 
energy in the green and blue-violet parts of the 
spectrum, This was a good match to what I needed for 
the ruby. 

I drew up a paper design with the mercury arc lamp 
at the focus of an elliptic cylinder. A small ruby rod 
was to be mounted on the other focus of the elliptic 
cylinder. It is a property of an elliptically shaped 
reflector that a point of light placed at one focus of the 
ellipse will be imaged at the other focus. The elliptic 
cylinder that I had in mind would be highly polished 
on its inner surface to a mirror finish. 

But I had a problem. My paper analysis of the 
design showed that although it should work, it would 
only do so by a slim margin. I studied the design in 
more detail, looking for ways to optimize and 
improve it, but I couldn’t convince myself that it 
was anything but marginal. 

I stewed over the problem at hand, I started to 
think about other ways to look at the problem. I was 
frustrated: I felt that, on the one hand I was very close 
ton answer, but on the other hand it was eluding me. 

I went back to my analytical model. I pondered my 
options and decided to put the pumping lamp 
requirement for the ruby in a different form. 1 
calculated the equivalent black-body temperature of 
a suitable pumping lamp. The temperature I calcu- 
lated to have enough brightness capable of driving a 
ruby into laser action was close to 5000K. By 
contrast an ordinary tungsten light bulb has a 
brightness temperature of about 2800 K. 

Once I put the pumping requirement in terms of 
brightness temperature, I began to think in a different 
way. I remembered reading an article about photo- 
graphic strobe lamps, a camera’s flash mechanism. 
The article said that strobe lamps could reach 
brightness temperatures of $000 K or more. 

Tow had my ‘aha’! 

Most scientists had been thinking in terms of a 
continuous laser, and that was certainly my thinking 
to start with, But why should I place such restrictions 
on myself? At this juncture I was only trying to 
demonstrate that coherent light could be made at all. 
Besides, a pulsed source is not only acceptable in 
many applications, it may even be preferable. 

I went back to my analytical model, modified the 
equations to account for a pulsed light source, and 
then analyzed the results to guide me in the actual 
laser design. I had already determined that the most 
important parameter of the light source would be its 
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brightness, that is, a lamp that maximized the power 
per unit area into the useful pump bands of the ruby. 

My calculations also instructed me that this lamp 
brightness requirement is largely independent of the 
ruby crystal dimensions and its chromium concen- 
tration over a reasonably wide range. The model 
assumption was that of a three-level system (appro- 
priate to ruby) where the lower laser-energy level is 
the ground state. 

Next, I scoured every flashlamp catalogue that I 
could find. I calculated the luminous intensity for 
promising candidates and found that the highest 
intensity came from three General Electric spiral- 
shaped flashlamps. My calculations showed that I 
would have an adequate margin of safety, in terms of 
excess brightness intensity for the laser, of some two 
to three times, even with the smallest lamp. 


Let there be ‘Coherent’ Light 


Based on my most current calculations and measure- 
ments, I was becoming optimistic about the possi- 
bility of creating a laser. The tension was building and 
I started to have dreams that I actually did it. It was a 
wildly exciting though 

Still, I was worried that I might be missing 
something. Instead of proceeding directly to the 
actual design, I decided to do an experiment that 
would check the validity of my model. 

Imade up a cube of pink ruby with each dimension 
equal to one centimeter in length, about the size and 
shape of a sugar cube. The crystal axis was 
perpendicular to one set of faces of the cube. I then 
placed the cube between two parallel plates, thus 
forming a microwave cavity. The cavity resonance 
was designed to be equal to the natural ground-state 
splitting of the ruby. These are the ground-state sub- 
levels used in a ruby maser. 

‘The purpose of this arrangement and the sub- 
sequent experiment was to monitor the ground state 
population of the ruby. My calculations had shown 
that it would be possible to substantially reduce the 
ruby ground state ion population necessary to make a 
laser, but I wanted tangible evidence to confirm and 
justify my optimism. 

I was still harassed by the thought that no one had 
yet ever made a laser, although by now several teams 
Of scientists had been diligently working away for 
nearly two years. Was there a fundamental insur- 
mountable problem that I had missed? 

I proceeded with the experiment using the ruby 
cube. As described above, one set of parallel faces of 
the cube served as the resonant microwave cavity. I 
connected one of the open (second set of) faces of the 
cube to one end of a polished quartz rod called a light 


pipe. The other end of the light pipe was connected to 
the flashlamp. The third set of faces of the cube was 
used to probe with selected wavelengths of light. I 
used the ‘loading’ on the parallel-plate microwave 
cavity to monitor the ground state population of the 
ruby, making use of the microwave properties of ruby 
that I had learned from my work on the ruby maser. 

When I flashed the lamp, the cavity loading did 
indeed change. It decreased because, as expected, 
there were fewer chromium ions in the ground state. 
More important, the magnitude of the population 
change, 3%, was very close to the value I had 
predicted from my analysis of the experimental 
parameters. This was an extremely gratifying result 
since it gave further confirmation to my model and its 
analysis. 

Now I was getting more excited. Since I couldn't 
think of anything else to check, it was time to proceed 
with the definitive design of a laser. 


The Laser Design 


My first thought was to use some modification of the 
elliptic-cylinder configuration that I considered for 
the mercury arc lamp as discussed in the previous 
section. The problem was, I would need a straight, 
rod-shaped flashlamp, but the straight lamps in the 
catalogues that I checked didn’t have high enough 
intensity. Therefore, I resorted to a different design 
and stuck with what was available - the spiral- 
shaped lamps. I didn’t want to get sidetracked at this 
time into the development of a special lamp. 

It dawned on me that I would not have to devise a 
focusing arrangement, since the brightness of the 
radiation that is attainable at the focus of a mirror or 
ens can only approach, but not exceed, the brightness 
of the source. So, why not just place the crystal in 
close proximity to the lamp? That is, why not place 
the crystal inside the lamp helix? 

To help gather the light, I placed a polished 
aluminum cylinder around the outside of the spiral. 
To fit the lamp, I used a pink ruby crystal in the shape 
of a right circular cylinder rod, about 1 x 2 cm. The 
ends of the ruby cylinder were polished flat, parallel 
to each other and perpendicular to the axis of the 
cylinder. For mirrors, I used evaporated silver. 

I chose silver for the mirrors because it has the 
highest reflectivity of any metal at the deep red ruby 
laser wavelength. However, silver tarnishes quickly, 
and so with time, the thin output layer will change its 
transmission characteristics; it is not stable. To solve 
this problem, I had a thick layer of silver evaporated 
on both ends of the crystal and I scraped a tiny hole in 
the coating at one end. The laser beam would 
emanate from that coupling hole. 


LET THERE BE COHERENT LIGHT: THE DISCOVERY OF THE LASER xiii 


The Crucial Test 


As I neared completion of my laser design, Bob 
Hellwarth, one of my colleagues in the Atomic 
Physics Department, asked, ‘How will you know if 
it’s working?” 

At first, I was concerned that if I were stuck with a 
ruby crystal that deviated too much from optical 
perfection, these imperfections could prevent measur- 
able laser behavior. 

To get a better understanding of the processes, I 
elaborated on my existing analysis to account for an 
imperfect crystal. I found that if I were able to drive 
the ruby crystal reasonably far above the point of 
inverted population, or laser threshold, that I would 
see very substantial evidence of an inverted popu- 
lation and impressive laser behavior even with a poor 
crystal, 

Just exactly what would I see? 

I planned to monitor the red light emitted from the 
ruby through the hole in the output silver coating and 
expected to observe three kinds of laser behavior 
evidence: a reduction in the decay time of the 
fluorescent level; the bunching of the radiation into 
a beam; and a significant reduction of the spectral 
width of the red light. 


The Laser Process 


Laser action can be understood by following through 
the operational details in the above-mentioned ruby 
laser design. The process starts when the ruby crystal 
is excited by the flashlamp and chromium ions are 
excited into the metastable fluorescent level. The ions 
lose energy by radiating randomly red photons. This 
is the familiar red fluorescence (spontaneous radi- 
ation). 

‘When the excitation level is great enough, that 
revered ‘inverted population’ condition is reached. In 
that case, more chromium ions are in the ruby’s 
metastable upper fluorescent level than are in the 
ground state. Therefore, chromium ions can radiate 
by stimulated emission as well as by the normal 
spontaneous emission process. 

Because the metastable level now empties much 
faster than it normally would, the fluorescent lifetime 
is reduced. That decreased lifetime can be observed 
by monitoring the red ruby glow with a photoelectric 
cell connected to an oscilloscope when the ruby is 
flashlamp-excited. 

‘When the ruby is in the inverted population 
condition, as explained previously, it becomes an 
amplifier. The red photons are amplified as they 
progress through the crystal. 

An important selection process starts to take place. 
The red photons are initially emitted in random 


directions, But the fluorescent photons that happen to 
be radiated at large angles to the mechanical axis of 
the ruby cylinder are lost through the sides of the 
crystal. On the other hand, photons radiated along 
the crystal axis, or at small angles with respect to the 
cxystal axis, are in effect, trapped. They are reflected 
when they strike either one of the end mirrors and 
move back and forth through the crystal. As these 
axial photons move through the ruby they are 
amplified and consequently generate more photons 
in the same direction. They quickly become the 
dominant stimulated radiation from the excited 


metastable level. 

Keep in mind that photons moving through the 
cxystal are responsible for the stimulated emission. 
The axial photons pick up a following and march 
down that crystal axis. Consequently, the photons 
that emerge from the coupling hole in the output 
silver mirror are concentrated in a direction along, or 
nearly along, the crystal axis. 

The red ruby fluorescent (spontaneous) emission 
extends over a distribution of frequencies in a curve 
that resembles a bell shape. The fluorescent photons 
are most concentrated at the center of that curve. 
When the inverted population condition exists, the 
top of the curve has the highest amplification. The 
consequence is (as with the discussion of beam angle) 
that photons near the center of the distribution are 
favored, since it is these photons that get amplified 
most in the back and forth transits, through the 
crystal from the multiple mirror reflections. It is this 
last process that explains why the frequency distri- 
bution, the linewidth of a laser, is so small. 

Iplanned to vary the excitation to the flashlamp. In 
doing so, as explained above, I would expect to see a 
reduction of the fluorescent lifetime giving evidence 
of stimulated emission. As I varied the ruby excitation 
level, the fluorescent intensity should increase pro- 
portionately, as long as I was below threshold. But, 
when above threshold, small increases in excitation 
should make much bigger changes in the output since 
the detector and monochromator combination are 
more responsive to the smaller beam and narrower 
linewidth. 


Do it 


twas the afternoon of May 16, 1960; it was time to 
confirm or deny all the fears of why ‘ruby can’t work? 
or why ‘lasers can’t be made to work.’ No more 
new calculations, no more diversionary experiments. 
This was the moment of truth! 

‘The laser head was mounted on a workbench. The 
flashlamp was connected to the power supply. 
The trigger electrode was connected to the spark 
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coil (the mechanism that initiates the flash from the 
strobe lamp). The light output from the coupling hole 
in the end of the ruby was directed through the 
monochromator to a photomultiplier tube. The 
electrical signal from the photomultip! 
nected to an oscilloscope 

Imee D’Haenens, my laboratory assistant, and I 
were the only ones performing and observing the 
experiment. We first took a test shot so that we 
could adjust the monitoring equipment. We turned 
the power supply up to about 500 volts. We fired the 
flashtube. Indeed, we observed a trace on the 
oscilloscope! 

The trace was a recording of the red ruby 
fluorescence. The decay in the trace was about three 
milliseconds, the lifetime of the upper possible laser 
level. We made the appropriate adjustments to 
optimize the monitor display. 

We continued. We progressively increased the 
supply voltage, each time monitoring and recording 
the light output trace. As we did so, the peak output 


increased proportionately to the energy input, the 
decay time remained the same. So far, so good. 

But, when we got past 950 volts on the power 
supply, everything changed! The output trace started 
to shoot up in peak intensity and the initial decay time 
rapidly decreased. 

Voila. This was it! The laser was born! 


The Light Fantas 


When Imee and I observed the first laser go into 
action, Imee was smiling and jumping up and down 
with glee. I was numb and emotionally drained from 
all the tension and excitement. 

Imagine: in the 10 years prior to the laser, the 
coherent electromagnetic spectrum had been 
extended by perhaps a factor of five. Now, with the 
advent of the laser, there was a quantum jump in that 
spectrum of ten thousand! 

The significance of my historic accomplishment 
didn’t sink in right away. 'm not sure that it has yet. 
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The date, twelve of December nineteen sixty, and the 
time, 4:20 PM, are the date and the time of an event that 
triggered such an imortant segment of what has now 
evolved in modern optics. Here is how: 


It had snowed heavily on that day. The laboratory 
at Murray Hill, New Jersey, the Bell Telephone 
Laboratory, BTL, had been closed at 4. What 
occurred was a triumph of our depth of under- 
standing of the atomic spectra, the physics of the 
inter-atom collisions and electron impacts and 
exchange effects, the fascinating sequence of what 
takes place in a gas discharge plasma when the 
discharge is switched on. The triumph was also that 
of the art in spectroscopy, this time that of the 
colorful glow of a gas discharge plasma in a 
controlled mixture of helium and neon. Performing 
the spectroscopy, one could effectively watch and 
follow a set of fascinating physics effects in the 
discharge plasma, that would lead to an inversion to 
set-in in a specific transition between a high-lying pair 
of energy levels in neon, by the now well-known 
transition at 1.15 ym wavelength in neon. Helium 
atoms in a metastable state in the discharge plasma 
played the key role. 

On that day: The laser had already been de-gassed 
for 5 days and nights at 600°C under the high 
vacuum, to drive off the impurities prior to introdu- 
cing the gas mixture in the laser-plasma quartz tubing 
and sealing it off. We had a way to optimize the 
mixture, at the exact mixture ratio for the optimum 
inversion and the laser gain at the 1.15 um neon 
transition wavelength. The laser design had a daring 
interferometer length one meter long. Why daring at 
one meter long, I will have a chance to explain why 
below. The laser-mirrors at each end of the one-mete 
long interferometer were situated internally in the 
laser, exposed to the gas mixture. Two fine 
micrometers at each end of the laser provided the 
fine control for the laser—mirror alignment control 
externally. 

To convey the scene, we had known already, that 
the inversion and the laser gain at the 1.15 um neon 
transition will be higher in the discharge ‘afterglow’, 
the afterglow following rapidly switching-off the 
discharge. The inversion and the laser gain at the 


1.15 um wavelength, we knew, would last for as long 
as a millisecond in the afterglow. Certain that the 
inversion and the gain will be higher in the afterglow, 
we had set-up the electronics to switch on the 
discharge for about 10 milliseconds, and switching 
it off fast at a one microsecond switch-off time, and 
leaving it off for the same 10 milliseconds time 
interval, and repeating it at a low rep-rate, about 20 
times a second on that day. Expecting that while 
searching for the laser signal, the laser will first break 
into oscillation in the afterglow where the laser-gain 
will be higher, knowing that pulling it into the glow 
afterward will be easy. 

‘With me on that day I had two of the three good 
people who worked with me on the experiment. One 
of the two, Donald Herriott, was about to miss his car 
pool. He had his hand at the time on the laser-mirror 
tuning-alignment, the fine micrometer at one end of 
the laser interferometer on his side. I had my back 
towards the oscilloscope that would display the laser 
signal, aligning the detection system. My journey had 
begun over two years previously. I was certain on that 
day, and at that time, that possibly right then, or no 
later than hours later or by midnight, the moment 
would come for me and others that I had with me, to 
witness the onset of the event sought after so hard. 
And then .. 

Thad my back towards Don Herriott, urging him to 
stay a bit longer. I heard Don’s voice, saying ‘What is 
that?’ 1 turned and looked. The laser signals in the 
discharge afterglow on the oscilloscope screen, 
synchronized to the gas discharge rep rate. I reached 
the laser interferometer fine-tuning micrometer on my 
end...a gentle tuning, in a mere few seconds time, 
optimized the afterglow signal, and then pulled the 
laser signal right into the glow. I loudly called on ‘Ed? 
to switch on to CW. He, Edward Ballick, jumped over 
the equipment and the electronics on the floor in the 
lab, reached the switching electronics, switched it on 
toC 


switched to 


The laser signal on the oscilloscope 
CW...a coherent light beam... CW 
and at a degree of coherence ...that as it proved later 
and I know then...to the limits that the laws of nature 
will permit, I looked at my watch, 4:20 PM, 


‘The year 1960 was the beginning. Some months 
earlier, in the summer of that year, Theodore Maiman 
at Hughes Laboratories, in Malibu, CA, succeeded to 
operate an optically pumped laser, operating in short- 
duration laser pulses, the Ruby laser at 0.694 um. 
That approach to the laser differed fundamentally 
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from the discharge plasma approach. The two were 
different inventions and served different purposes. 
One, the optically pumped, converts the optical 
energy in the pump, to the laser light output. The 
other, electrically pumped, converts the electrical 
energy in the electrical current that excites the laser 
plasma, to the laser light output. The rest on how 
things evolved is history. 


The Scene Before Lasers 


Before lasers, optics had long passed its peaks. The 
last words had been written by Born and Wolf in 
1957, in an impressive volume on Physical Optics. 
When I went through my graduate studies at 
Columbia University in the early fifties, there were 
no graduate courses offered in optics. The subject was 
dealt with incidentally in courses in electricity and 
magnetism. Action was all on the microwaves at the 
time. Optical spectroscopy had reached its peaks 
much earlier yet, before World War II. Condon and 
Shortly had written the last words on Theory of 
Atomic Spectra in 1935, amazingly, as it seems, in 
hardly a decade after the discoveries in quantum 
mechanics. As events had it, optics gave way to the 
microwaves after the war, and optical spectroscopy to 
the RF and microwave spectroscopy — and all this, a 
result of the discoveries in Radar at the microwave 
frequencies in World War Il. 

We owed everything we knew of the atomic spectra 
to the gas discharges used as spectroscopic light 
sources at the time, from the high-resolution spectra 
of the hydrogen atoms at one end of the periodic 
table, to that of the trans-uranium elements on the 
other. We need not be reminded, everyone knows, 
how much we owed then and do now, to the high- 
resolution spectra of the hydrogen atoms, all because 
of the early hydrogen discharge light sources and then 
at the beginning, what led to the discovery of the 
quantum mechanics, and the wave nature of the 
atoms. The excitement that followed has remained 
unparalleled in physics since. Within hardly a decade 
after as a result, the cleverly designed spectroscopic 
gas-discharge sources, of different makes and designs, 
exhaustively revealed every feature predicted by the 
quantum mechanics in the high-resolution spectra of 
every element we know in nature. Gas discharge light 
sources set the course at the time, as did the lasers 
after the events in 1960. 

Optics had given way to the microwaves in the 
fifties after the war. The physics of the gas discharges, 
however, continued as an active research field after 
the war, although of short duration. Bell Telephone 
Laboratory had a most distinguished research depart- 
ment in gas discharges in the early fifties. Towards the 


late fifties, as it seemed, the gas discharges as a field in 
research, also seemed to have been exhausted. The 
payoff at the time had evolved in the colorful neon 
light sources and fluorescence lamps, a thriving 
industry all over the country. 

In the summer of 1958, Bell Telephone Laboratory 
had dissolved their research department in gas 
discharges. They had transferred every one of their 
distinguished research people to the other research 
areas in the laboratory. Some good people had left 
earlier, already. 

As the fate in gas discharge physics had it, I joined 
the Laboratory in September 1958 - with ZERO 
backgrounds in gas discharge physics. I knew physics. 


How Things Evolved 


Ithas been said that when time is ripe fora new idea, if 
one person misses it, the next one will not. Time was 
ripe in the late fifties for the optically pumped idea for 
the laser, but far from it for the electrically pumped. 
Optical pumping was an active field in research at the 
time. The French had introduced the ‘pompage optic’, 
the optical pumping. With the French pompage optic, 
one would by optical pumping, resonantly excite an 
atomic species from its ground into its excited 
electronic state, and perform a double-resonance at 
an RF frequency on a fine or hyperfine structure of the 
excited electronic state. There were other versions of 
the French pompage optic. Each version used the 
optical pumping to induce resonantly, an atomic 
species into an excited electronic state. 

Important, and more so, in the fifties, in the second 
half, the discoveries of the three-level masers at the 
microwave frequencies had attracted much attention. 
The three-level masers are the counterparts at the 
microwaves of our now optically pumped lasers. In 
three-level masers, one drives to saturation a pair of 
energy levels at microwave energy-spacing in a 
paramagnetic solid, and allows the inversion and 
the gain to set-in in a transition to a low-lying third 
energy level at the microwave frequencies. Nicholas 
Blumbergen at Harvard had proposed the three-level 
‘maser idea in an important publication in 1956. [had 
my own original three-level maser ideas, and had 
them published in 1957. In my work I had discovered 
a fascinating new effect, and for the first time, that in 
the transition to a third level in a three-level maser, it 
will be possible to drive the maser into its self- 
oscillation, without requiring the inversion. The 
effect had led me to the idea of the Raman masers, 
requiring a ‘pumping’ microwave field, followed by a 
Raman transition across a pair of energy levels at 
microwave energy-spacing. In my publication of the 
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effect, I had also considered the pumping field at an 
optical frequency, instead of at the microwave. 

‘The ideas were ‘in the air’ at the time, to extend the 
three-level maser approach into the optical frequet 
cies. Yet, in the summer of 1958, on an occasion in 
June of that year, I think on the first Monday in June, 
flashed through my mind a far different approach, all 
because of the helium metastables. Ideas always come 
to mind in a flash, the rest follows. 


Summer of 1958: A Bit of History 


I think it was on the first Monday in June 1958. I had 
been on an occasion visiting the Bell Telephone 
Laboratory (BTL) on that day. They had approached 
me that I join their research staff at Bell. My work on 
masers ~ I had done as a part of my post-doctoral 
research position in physics at Columbia University in 
New York City — had in part overlapped the then 
ongoing work at Bell. They knew me, and I knew Bell. 

At the visit meeting with Arthur Schawlow, whom I 
knew well, he gave me his news on that day, that he 
and Charles Townes, had submitted to the Physical 
Review a paper for publication proposing an opti- 
cally pumped counterpart of a three-level maser at the 
optical frequencies — by-now, the well-known 
Schawlow-Townes optically pumped laser_publi- 
cation. Specially, I was attracted to Schawlow’s idea 
on a two-mirror Perot—Fabry-type interferometer as 
a resonator at the optical frequencies for the las 
‘The use of it in that publication was Schawlow’s ide 

My thoughts, it may seem paradoxical, right there 
and then moved far away from an optically pumped 
laser as a possibility. The helium atoms in a 
metastable state flashed through my mind. 1 will 
avoid explaining why or how, other than, of a three- 
level atom, two of the levels were now to belong to a 
different atomic species, the helium atom, and that 
there will be no optical pumping ... and so much 
‘electrical energy’ could be converted to and stored in 
the energetic metastable helium. A new possibility 
presented itself, with no resemblance to the optical 
pumping — an energy-exchange effect taking place 
resonantly, between the highly energetic helium 
metastables, and — as it evolved — another inert gas, 
the neon atoms in a helium—neon gas mixture. The 
resonant nature of the effect embodied everything we 
know of the wave nature of the atoms. I will have a 
chance to explain the effect shortly below. 

Driving home at the end of the day on that day, a 
two hour drive from Murray Hill, New Jersey to 
uptown New York City, the thought of the metastable 
helium had crystallized before me the task to examine 
the effect in a helium-plasma in a gas discharge, in a 


gas mixture with the other four well-behaved inert 
‘gases, from neon through xenon. There are four. 

Within weeks in June, searching through the 
literature I learned, that over the years, and mostly 
in the early fifties, the helium plasmas in a gas 
discharge in mixtures with every other inert gases had 
been the subject of most extensive research, except in 
a mixture with neon. The mixture with neon, for 
the reason that the reader will find below, had 
been thought of as uninteresting. The matter was 
left for me. 

Thad accepted in June already, to join the Bell 
research staff at Murray-Hill, and I did on September. 
From my work that entire summer, unfolded the 
entire theory for the helium-neon gas laser. There 
was also another far-reaching offshoot. 


The Physics Effect 


Next to the hydrogen atom, the helium is the most 
fundamental of all atomsin physics. Hydrogen has one 
clectron. Its spectrum, detached from the complexities 
of the multi-clectron atoms, carries the entire signa- 
ture of the wave nature of the atom, in ways that are 
subject to accurate predictions and the measurements. 
The helium atom has two electrons. Its spectrum 
carries the entire signature of the physics effect of the 
entire multi-electron atoms, also in ways that are 
subject to accurate predictions and the measurements. 
In its metastable states, it carries special dynamic 
features, deeply fundamental, and special only to the 
helium metastables. 

Ina gas discharge in pure helium at a moderate gas 
pressure, the discharge color takes on a grayish-white 
with a tint of blue. Over 500 excited electronic states 
in helium have been identified ~ their excitation by the 
energetic electrons in the discharge, followed by their 
spontaneous radiative decays, the emissions of 
photons, accounts for the high-resolution spectra of 
the discharge grayish-white with a tint of blue in 
color. Of these 500, all of them, high lying in energy, 
are short-lived radiatively, with the exception, how 
ever, of two amongst them. The two have the lowest 
excitation energy. Their radiative decays to the 
ground electronic state are deeply forbidden; 
they cannot decay radiatively. The two form the 
well-known helium metastables, identified by their 
spectroscopic designations: *S,p, the triplet $ one 
half, and 'Sy, the singlet $ zero — generally 
referred to in the literature as, the triplet § and the 
singlet S metastables. Of the two, the triplet S 
metastable has the lowest excitation energy. It lies 
at 19.8 electron volts (eV), above the helium 
ground state. The singlet § metastable lies higher, at 
20.2 eV. 
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Helium atoms in their ground electronic state are 
chemically inert. A helium atom’s two electrons form 
a closed shell. It cannot enter in a chemical reaction, 
neither with its own species, nor with any other, as we 
all know. The situation is, however, far different with 
every one of the 500 excited electronic states in a 
helium gas discharge. They are energetically high- 
reactive, except, and with the exception of the two 
metastables, they are all short-lived, and cannot play 
an important role. 

‘The effect manifests itself differently in the long- 
lived metastables, and accounts for their special 
dynamic features, special only to the helium meta- 
stables. What follows outlines the effect. 


Dynamic Features: Why so Special 


By far the majority of the atoms in the helium gas 
discharge are in their inert, ground electronic states. 
Once in its energetic metastable state, a helium 
metastable in the gas discharge encounters in an 
impact ~ in a collision — with a helium atom in its 
ground electronic state. The encounter in the impact 
is of a short duration in our scale of time, but long in 
the atomic time-scale, of about 2x 107"? second, a 
fifth of a picosecond. What occurs is strictly wave- 
mechanical, dictated by the wave nature of the 
electrons in the atoms. During the encounter, the 
electron wave functions in the encountering atoms 
overlap momentarily. A momentary binding occurs. 
In no ways can one tell during the encounter which 
electron is which: Electrons are the properties of their 
wave functions ~ once overlapped, individual elec- 
trons lose their identity, in no way can one tell which 
is which. As the atoms fly apart, caused by the 
kinematics of the impact, an electron exchange 
occurs, wave-mechanically. The helium atom initially 
in its ground electronic state, will fly away from the 
encounter with one of its two electrons now in the 
highly excited energetic metastable state. The other, 
the one initially in the excited metastable state, 
emerges from the encounter in the unexcited ground 
electronic state. 

‘Ata gas pressure in the discharge of about one tors, 
a millimeter, the mean free-time between two impacts 
is about one microsecond, a very long time in the 
scale of the atoms. The helium atom that flew away 
from the encounter in the metastable state remains in 
its now metastable state, during the entire mean-free 
collision time. Once it encounters the next helium 
atom in its ground electronic state, the act repeats 
again, a momentary binding occurs, an electron 
exchange takes place, and a new metastable flying 
away. The effect repeats over and over again, at about 
every microsecond. A diffusion of the metastability 


through the helium in the discharge sets in. Depend- 
ing on the diameter of the discharge tubing, it takes 
about a millisecond until the helium that emerges 
from the encounter in the metastable state reaches the 
walls of the discharge tubing. The act will then 
terminate, in a most violent collision effect with the 
wall. The energetic metastable helium knocks out an 
electron off the wall, as itself emerges from the 
collision in its ground electronic state — all intact. 

With one exception, the encounter between a 
helium metastable with any species other than of its 
own kind, a helium, is energetically highly violent. 
The exception is the neon atoms. In encounters with 
all atomic species other than neon, the metastable 
helium knocks out an electron off the species, ionizes 
the species, and itself emerges from the encounter in 
its ground electronic state, intact. The ionizing 
impacts had attracted so much attentions in the 
carly fifties, the effect in the helium gas discharge in 
mixtures specially with every other inert gases, had 
investigated, except with neon 
‘Neon has its ionization potential higher than the two 
metastable excitation energies. It can not undergo an 
ionizing impact with either of the two metastables. 
The mixture with neon had thus been considered 
uninteresting, and was discarded. 

What emerged by the end of the summer of 1958 
was the entire theory for the helium neon laser — 
and the recognition of a deeply wave-mechanical 
effect, the resonant energy exchange taking place 
between the energetic helium metastable and an inert 
neon atom in the discharge gas mixture. In the 
mixture, a momentary binding occurs between the 
helium metastable encountering an inert neon atom in 
the gas discharge. Wave-function overlaps occur for 
the electrons in the encountering atoms. A resonant 
energy exchange takes place during the encounter. 
Helium metastable will fly away from the impact in its 
now ground electronic state, while neon emerges in 
one of its high-lying excited energy states, at the 
near-resonant with the helium metastable. 

A special effect sets in in the energy exchange, as 
well. The kinetics of the impact in the encounter 
enters in satisfying the exact resonance in the energy 
The singlet § metastable flying away from 
the encounter after the energy exchange, will be 
slightly ‘cooler’ kinetically, and the triplet $ flying 
away from the encounter after the energy-exchange, 
will be slightly ‘hotter’. The kinetic energy of the 
impact enters in the energy exchange. 


Optical Gain and Amplification Effect 


Within weeks, early in the summer of 1958, 
investigating the energy transfer effect led to the 
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prediction that there can be inversion and optical gain 
in two sets of transitions in neon, one as a result of the 
excitation transfer from the triplet $ metastables, and 
the other a result of the transfer from the singlet S. By 
far the more challenging task that summer, however, 
was to estimate theoretically the values for the gain 
and amplification factors obtainable for the predicted 
inverted transitions, and more specifically, for the 
inverted transitions that will have the highest gain 
and amplification factors. There followed the theor- 
etical estimates on which relied the entire experimer 
tal phase of the work, the planning of it commenced 
within weeks after my joining the Bell Telephone 
Laboratory on September of that year. 

‘The set of transitions originating from the triplet S 
energy transfer to neon, occur in the near-red region of 
the spectrum, the 1m wavelength region. The 
strongest inverted transition at the highest predicted 
gain value, lies at 1.15 1m transition wavelength, the 
spectral laser line that first broke into self-oscillation 
(see the opening page in this article). The set of 
transitions originating from the singlet S energy 
transfer to neon occur in the red-yellow region of the 
spectrum. The strongest, although at less gait 
value than 1.15 wm, occurs at the 0.633 jum in the 

In the early phase of the investigation, it came to 
light also that the achievement of the inverted 
transitions with optical gains, was, interestingly, a 
commune occurrence in gaseous discharges in a 
variety of the atomic species, including in pure 
neon. However, the complexities in the excitations 
by the hot electrons of the high-lying energy levels, 
and in particular in the presence of the secondary 
excitation mechanism, and a list of other similar 
effects, in no way would allow a quantitative estimate 
of the gain and amplification factors in the inverted 
transitions obtainable in the gas discharge. 

The reliance on the excitations of the high-lying 
energy levels in neon via the resonant energy transfer 
from the helium metastables, as per the physics effect 
Thave outlined above, placed at my disposal the one 
gas discharge system that lent itself to the theoretical 
estimates of the predicted optical gains and the 
amplification factor for the inverted transitions. 

‘Without a knowledge of the predicted values for 
the optical gain and the amplification factor, it would 
have been in no way possible to perform the 
experiment. 


Experimental Phase 


The Bell Telephone Laboratory, considered as a 
foremost research institution in the country at the 
time, operated at a $250 million yearly budget ~ in 
1960s’ dollars. Transistors had been invented at Bell 


in the forties. With the awareness at the time at Bell, 
that a light beam at the degree of frequency-purity 
and the coherence expected of the laser, will have far- 
reaching consequences on the telecommunication 
technology, without hesitation I received from Bell 
an open ticket to do what it takes ~ one key person in 
the administration understood in-depth my approach 
to the laser ~ via the gas discharge and the physics 
effects [had invoked. Within weeks following joining 
Bell in September, I had my planning underway for 
what came to be known in a short while later, as a 
most aggressive research in gas discharges ~ and at a 
time when Bell had already, in the summer of 1958, 
dismantled the entire research activities in gas 
discharges at Bell. That speaks a great deal for Bell 
at the time ... at the time before the AT&T break up. 

In lasers, the knowledge of the full length of the 
amplifying medium across which the optical gain 
obtainable at the laser transition will suffice to drive 


the laser into its self-oscillation, will dictate the full 
length of the laser interferometer resonator. The 
spacing between the two high-reflectance interferom- 
eter end-mirrors will have to accommodate the full 
length of the amplifying medium, thus dictating the 
interferometer full length. With respect to the mirror 
reflectivity obtainable at the time, one had to be 
content with the values at the highest close to 98%. 
The highest gain transition from my theoretical 
estimates, that of the neon transition at the 1.15 um 
wavelength in the near-red, indicated an interfero- 
meter length of no less than 50 centimeters, or possibly 
as long as one meter ~ and there lay the challenge, 
achieving the required degree of parallelism needed 
for the interferometer end-mirrors at such spacing. 
One could show, from simple inspection, that the 
parallelism needed for the mirrors had to be at values 
better than one part in several-hundredths of a 
wavelength. This value applied to the use of the flat 
interferometer mirrors known to me at that time. 

An alignment to such a degree of accuracy could 
well be obtainable at the time for Perot-Fabry-type 
interferometer mirrors at the mirror-spacing not 
exceeding about eight or ten centimeters at the 
most ~ where one would rely on the observation of 
the interference fringes using the available spectro- 
scopic light sources to observe the fringes, a principle 
well known in physical optics. At longer mirror 
spacing, the spectroscopic light sources lacked the 
degree of coherence, the color purity, needed to 
observe fringes for the mirror alignment. The fringes 
will get wiped out. 

‘These days, using a helium—neon laser light source 
available at every laboratory in optics, one can align 
a two-mirror interferometer at tens of meters 
mirror-spacing, or hundreds, or even as far apart as 
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several miles in some experiments. Ideas are floating 
around now of the possibility, using gas lasers, to 
align mirrors placed on satellites in orbit, with the 
mirror on two different satellites at controlled spacing 
as far apart as thousands of miles ~ the experiment 
thought of is that of the detection of the gravity 
waves. Without a laser operating and available at the 
time, in no ways would it have been possible to align 
an interferometer at a daring mirror-spacing as far 
apart as one meter, or even half as long. One had to 
rely on an auto-collimator, an optical instrument that 
at the best would provide an alignment to within one 
or two wavelengths, nowhere sufficient to drive the 
laser into its self oscillation, 

The challenge mapped the entire course for the 
experimental phase, foremost aimed at showing 
every feature of the predicted effects experimentally, 
from the energy transfer effect, to observing and 
measuring the gain and amplification effect in the 
predicted inverted transitions in neon. The feat was 
that of the art in spectroscopy. The observation of 
gain and amplification effect was a highlight in the 
course of the experiment. Up to that point, in optical 
spectroscopy, one always measured the spectral lines 
in cither emission or in absorption. The feat was the 
first in spectroscopy, observing the spectral line of an 
atomic species not in absorption, but in amplifi- 
cation ~ the amplification of an external light source 
transmitted through the gas discharge in the experi- 
ment. The feat, yet, lay in the art in spectroscopy, 
throughout the experiments. 

‘The event at 4:20 PM in December two years later, 
speaks for itself. 


Iemay seem now, as if one needed an operating helium 
neon laser at the time, to align the laser mirrors for the 
first operating helium=neon laser. It seemed evident 
from the beginning, that the presence in the very first 
helium=neon laser, of the optical-gain at the predicted 
value in the predicted inverted transition, will guide 
achieving the alignment of its own mirrors, to the exact 
optical degree of the alignment accuracy needed for the 
self-oscillation, Driving the laser into its self-oscillation 
signaled the feat. The feat, however, was that of the 
power in spectroscopy, making it possible to predeter- 
mine the presence in the first helium—neon laser, of the 
optical gain, at the predicted optimum value needed for 
self oscillation. 

‘There were doubters and doubters, in the technical 
staff and the administration at Bell. Donald Herriott, 
William Bennett and Edward Ballick collaborated with 
me in the experiment. 


The Impact 


Within months of the publication of the work in 
January 1961 in the Physical Review Letters, walking 


through the long hallways at BTL where the 
laboratories were situated, one could see through 
the open doors in many laboratories down the long 
halways, the pink colors of long helium-neon gas 
discharges plasma tubing, with people in the labs 
searching for new laser transitions. BTL had revived 
the gas discharge research activities they had dis- 
mantled in the summer of 1958. Not surprisingly, the 
second set of new laser transitions driven into self- 
oscillation took place at Bell in 1962, that of the set of 
transitions in neon originating from the energy 
transfer from the helium singlet § metastable — with 
the most intense in the series, that of the by now well- 
known 0.6328 um neon transition in the red. There 
followed the discoveries of the argon-ion gas laser 
and shortly thereafter the CO, gas laser, the two 
amongst the foremost in the many new gas lasers 
driven to self-oscillation at Bell. 

Every gas laser discovered since the December 12 
event, has enjoyed the use of a ‘no-longer’ a “daring? 
‘long’ interferometer resonator, merely because one 
would use a He-Ne laser to pre-align the laser 
mirrors to within a small fraction of the wavelength 
needed, prior to searching for a new laser line in the 
gas discharge chosen for the search. The already 
aligned resonator removed the need to predetermine 
the presence of the gain and the amplification effect at 
the values needed for self-oscillation. Within a span of 
about a decade, virtually hundreds of different gases 
were driven to self-oscillation with this method, 
operating literally at thousands of different wave- 
lengths, ranging from the far infrared, the 100 100m 
region, to the near-UV. 

The helium-neon laser triggered so many of the 
key discoveries that followed. Within months, in the 
spring of 1961, one of the distinguished engineers at 
BTL, Rudolf Komphner, the discoverer of the back- 
ward tube oscillators at the microwave frequencies, 
began experimenting with the transmission through 
the improvised thin fiberoptic, of the output beam of 
a helium—neon laser at the 1.15 yum transition in the 
near-red, the near-IR, having his eyes on the potential 
someday in communication on the use of a continu- 
ously operating laser light beam at the near-IR 
frequencies. I recollect the very first ad that appeared 
on lasers nationally was a BTL ad in the spring of 
1961, showing a cross-section of a beam of light, 
underneath it saying: ‘Someday a Beam of Light This 
Size Will Carry Millions of Telephone Conversations 
Simultaneously’. The ad speaks for itself. 

In every gas laser, the active laser medium — being a 
gas — is highly homogeneous. As a result, with a 
reasonably good optics, one can obtain a nearly 
perfect Gaussian output beam. For this reason, the 
helium-neon lasers available commercially since the 
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Figure 9-6, The NTE926 is a 858 timer chip. 


CMOS 555 er 

While the part numbers of many CMOS versions 
are significantly different from part numbers of 
the bipolar versions, in some instances the CMOS 
numbers are only distinguished by a couple of 
initial letters. The ST Microelectronics TS555 ser- 
ies and Texas Instruments TLCSSS series, for ex- 
ample, use MOSFETs internally. The ST Micro- 
electronics SES5S series and Texas Instruments 
'SA555 series use bipolar transistors internally. 


One way to distinguish between the two types, 
when searching a website maintained by a parts 
supplier, is to begin by looking generically for a 
"555 timer” and then add a search filter to show 
chips either with a minimum power supply of 
3VDC (which will be CMOS) or with a minimum, 
power suply of 4.5VDC (which will be bipolar). 


CMOS versions of the 555 timer do not create the 
power spike that is characteristic of the bipolar 
versions during output transitions. The CMOS 
chips can also be powered by a lower voltage 
(BVDC, oF 2VDC in some cases), and will draw sig- 
nificantly less current in their quiescent state, 
They also require very little current for threshold, 
trigger, and reset functions. 


The wiring of external resistors and capacitors to 
the CMOS version of the chip, and the internal 
voltage levels as a fraction of V+, are identical to 


integrated circuit > analog > timer 
the original 555 timer, Pin functions are likewise 
identical. The only disadvantages of CMOS ver- 
sions are their greater vulnerability to static di 
charge, and their lower output currents, The 
TLCS5S, for instance, will source only 15mA (al- 
though it can sink 10 times that amount). Other 
manufacturers have different specifications, and 
datasheets should be checked carefully. 


5555 Timer 

The $555 contains digital counter that enables 
it to time very long periods. Its full part number 
is 74HC5555 or 74HCTSSSS, although these 
numbers may be preceded or followed by letter 
ing the manufacturer. It is 
le with a 555 timer. 


not pin-compati 


Two input pins are provided, one to trigger the 
timerona rising edge, the otheronafallingedge, 
of the input pulse. The inputs are Schmitt- 
triggered. 


The timer is rated for 1Hz to 1MHz (using an ex- 
temal resistor and external capacitor). The 
counter section can divide the pulse frequency 
by values ranging from 2to 256. Forlongertimed 
periods, different settings on the digital control 
pins will divide the frequency by values ranging 
from 2!7 through 2% (131,072 through 
16,777,216). This enables the timer to achieve a 
theoretical pulse length lasting for more than 
190 days. The timer will accept a clockinput from 
an external oscillator to achieve better accuracy 
than is available with a resistor-capacitor timing 
circuit. 


7555 Timer 

This 8-pin chip isa CMOS version of the 555 timer, 
manufactured by companies such as Maxim In- 
tegrated Products and Advanced Linear Devices. 
Its characteristics are similar to those of CMOS 
555 timers listed above, and the pinouts are the 
same, 


in chip contains two 7555 timers, shar- 
ing common power supply and ground connec- 
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mid-sixties, have served as the indispensable tools for 
the alignment of the complex optics in every research 


laboratory in lasers, or in every manufacturer of the 


lasers in the country, or the manufacturers of the 


precise optical components, or the medical uses and 

In the applied areas, the helium-neon laser 
triggered so many of the key experiments in the 
early days. Philips at Eindhoven can be considered as 
the first discoverer of a video disc recorder. The model 
used a helium-neon red laser, at a most impressive 


fidelity and color resolution, in recording and in 
reading for the display. I recollect, in an exhibit 
shown to me at a Philips Lab, one groove on the 
recorder was that of a horse in a prairie, and the next 
groove, one ‘micrometer away’ on the recorder, was 


that of a crowd in a park — so impressive at the time, 
with no cross talks. They had it packaged in a 
compact unit already. In other areas, all barcode 
readings were done using a helium-neon laser, and 
some still do. 


In the scientific area, from high-resolution spec- 


troscopy at unprecedented accuracy, to the accurate 


clocks operating at optical frequencies, or in the 
measurements of the absolute frequencies of the 
accurate laser clocks, or the early experiments in 
relativity and so on, all are owed to the precision gas 
lasers. Helium—neon laser has played the key role, 
the early days throughout, and continues today. 


Anote to the reader 


In the carly publications on laser, the device was 
generally known and referred to at the time as the 
‘Optical Maser’. The word laser became an accepted 
designation for the device in the late 1960s and the 
early 1970s. 
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Introduction to the Series 


Welcome to the SPIE Field Guides—a series of 
publications written directly for the practicing engineer or 
scientist. Many textbooks and professional reference 
books cover optical principles and techniques in depth. 
‘The aim of the SPIE Field Guides is to distill this 
information, providing readers with a handy desk or 
briefease reference that provides basic, essential 
information about optical principles, techniques, or 
phenomena, including definitions and descriptions, key 
equations, illustrations, application examples, design 
considerations, and additional resources. A significant 
effort will be made to provide a consistent notation and 
style between volumes in the series. 


Each SPIE Field Guide addresses a major field of optical 
science and technology. The concept of these Field Guides 
is a format-intensive presentation based on figures and 
equations supplemented by concise explanations. In most 
cases, this modular approach places a single topic on a 
page, and provides full coverage of that topic on that page. 
Highlights, insights, and rules of thumb are displayed in 
sidebars to the main text. The appendices at the end of 
each Field Guide provide additional information such as 
related material outside the main scope of the volume, 
key mathematical relationships, and alternative methods. 
While complete in their coverage, the concise presentation 
may not be appropriate for those new to the field. 


‘The SPIE Field Guides are intended to be living 
documents. The modular page-based presentation format 
allows them to be easily updated and expanded. We are 
interested in your suggestions for new Field Guide topics 
as well as what material should be added to an individual 
volume to make these Field Guides more useful to you. 
Please contact us at fieldguides@SPIE.org. 


John E, Greivenkamp, Series Editor 
College of Optical Sciences 
‘The University of Arizona 
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in the Field Guide series: 


Field Guide to Geometrical Optics, John B, Greivenkamp (FGO1) 
Field Guide to Atmospherie Opties, Larry ©. Andrews (FG02) 


Field Guide to Adaptive Optics, Robert K. Tyson & Benjamin W. 
Frazier (G03) 


Field Guide to Visual and Ophthalmic Optics, Jim 
Schwiegerling (FGO4) 


Field Guide to Polarization, Edward Collett (FGO5) 

Field Guide to Optical Lithography, Chris A. Mack (FG06) 
Field Guide to Optical Thin Films, Ronald R. Willey (FGO7) 
Field Guide to Spectroscopy, David W. Ball (G08) 

Field Guide to Infrared Systems, Arnold Daniels (FGO9) 


Field Guide to Interferometric Optical Testing, Eric P. Goodwin 
& James C. Wyant (FG10) 


Field Guide to Illumination, Angelo V. Areechi; Tahar Messadi; 
R. dobn Koshel (FG11) 


Field Guide to Lasers, Rudiger Paschotta (FG12) 
Field Guide to Microscopy, Tomas Tkaczyk (FG13) 


Field Guide to Laser Pulse Generation, Riidiger Paschotta 
(G14) 


Field Guide to Infrared Systems, Detectors, and FPAs, Second 
Edition, Arnold Daniels (FG15) 


Field Guide to Optical Fiber Technology, Ridiger Paschotta 
(FG16) 


Preface to the Field Guide to Microscopy 


In the 17th century Robert Hooke developed a compound 
microscope, launching a wonderful journey. The impact of his 
invention was immediate; in the same century microscopy 
gave name to “cells” and imaged living bacteria. Since then 
microscopy has been the witness and subject of numerous 
scientific discoveries, serving as a constant companion in 
humans’ quest to understand life and the world at the small 
end of the universe's scale. 


Microscopy is one of the most exciting fields in opties, as its 
variety applies principles of interference, diffraction, and 
polarization. It persists in pushing the boundaries of imaging 
limits. For example, life sciences in need of nanometer 
resolution recently broke the diffraction limit. These new 
super-resolution techniques helped name microscopy the 
method of the year by Nature Methods in 2008, 


Microscopy will critically change over the next few decades. 
Historically, microscopy was designed for visual imaging; 
however, enormous recent progress (in detectors, light 
sources, actuators, etc.) allows the easing of visual 
constrains, providing new opportunities. I am excited to 
witness microscopy’s path toward both integrated, digital 
systems and nanoscopy. 


‘This Field Guide has three major aims: (1) to give a brief 
overview of concepts used in microscopy; (2) to present major 
microscopy principles and implementations; and (3) to point 
to some recent microscopy trends. While many presented 
topies deserve a much broader description, the hope is that 
this Field Guide will be a useful reference in everyday 
microscopy work and a starting point for further study. 


I would like to express my special thanks to my colleague 
here at Rice University, Mark Pierce, for his crucial advice 
throughout the writing process and his tremendous help in 
acquiring microscopy images. 


‘This Field Guide is dedicated to my family: my wife, Dorota, 
and my daughters, Antonina and Karolina. 

‘Tomasz Tkaczyk 

Rice University 
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tions. Pinouts are the sameas for the original 556 
timer, as shown in Figure 9-5. 


4047B Timer 

This 14-pin CMOS chip was introduced in an ef- 
forttoaddress some of the quirks of the 555 timer 
while also providing additional features. It runs 
ineither monostable orastable mode, selectable 
by holding one input pin high or another input 
pin low. In astable mode, its duty cycleis fixed at 
approximately 50%, a single resistor being used 
for both charging and discharging the timing ca- 
pacitor. An additional ‘oscillator’ output runs 
twice as fast as the regular output. 


Inmonostable mode, the 40478 canbe triggered 
by a positive or negative transition (depending 
‘on which of two input pins is used). It ignores 
steady input states and will also ignore addition- 
al trigger pulses that occur during the output 
pulse, However, a retrigger pin is provided to ex- 
tend the output pulse if desired. 


Complementary output pins are provided, one 
being active-high while the other is active-low. 


To time very long periods, the 4047B was de- 
signed to facilitate connection with an external 
counter. 


The power supply for the 40478 can be as low as 
3VDC. Its maximum source or sinkoutput current 
is only ImA when powered at SVDC, but up to 
6.8mA when powered at 15VDC. 


The chip is still available from manufacturers 
such as Texas Instruments (which markets it as 
the CD40478) in through-hole and surface- 
mount formats. However, despite its versatility, 
the 40478 is less popular than dual monostable 
timers, described in the next section. 


Dual Monostable Timers 

Various timers that run only in monostable mode 
are available in dual format (i.., twotimersin one 
chip). This format became popular partly be- 
cause two monostable timers can trigger each 
other to create an astable output, in which the 
pulse width, and the gap between pulses, canbe 
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set by a separate resistor-capacitor pair on each 
timer, This allows greater flexibility than is avail- 
able when using a 555 timer. 


Most dual monostable timer chips are edge- 
triggered by a change in input voltage, and will 
ignore a steady DC voltage. Consequently, the 
output from one timer can be connected directly 
to the input of another, and no coupling capaci- 
tors are necessary. 


Asinthe 40478, the userhasa choice of twoinput 
pins for each timer, one triggered by a transition 
from low to high, the other triggered by a tran- 
sition from high to low. Similarly, each timer has 
two outputs, one shifting from low to high at the 
start of the output cycle, the other shifting from 
high to low. 


The values of a single resistor and capacitor de- 
termine the pulse duration of each timer. 


Dual monostable timers often have the numeric 
sequence 4528 or 4538 in their part numbers. 
Examples include the HEF4528B from NXP, the 
M74HC4538 from STMicroelectronics, and the 
MC14538B from On Semiconductor. The 74123 
numeric sequence identifies chips that have a 
very similar specification, with chip-famil 
tifiers such as HC orSinserted, asin the 74HC123 
and 741S123, and additional letters added as 
prefix or suffix. The pinouts of almost all these 
chips are identical, as shown in Figure 9-7. How- 
ever, Texas Instruments uses its own numbering 
system, and datasheets should always be con- 
sulted for verification before any connections are 
made. 


Many chips of this type are described as “retrig- 
gerable” meaning that if an additional trigger 
pulse is applied to the input before an output 
pulse has ended, the current output pulse will be 
‘extended in duration. Checkdatasheets carefully 
to determine whether a chip is “retriggerable” or 
will ignore new inputs during the output pulse. 


The 74HC221 dual monostable vibrator (pic- 
turedin Figure 9-8) functions very similarly tothe 
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Glossary of Symbols 


a(x, y), b(, y) 


Background and fringe amplitude 
‘Vector of light passing through amplitude 
Object 

Amplitudes of reference and sample beams 
Fringe period 

Velocity of light 

Contrast, visibility 

Visibility of amplitude contrast 

Visibility of phase contrast 

Minimum detectable visibility of phase 
contrast 

Airy disk dimension 

Decay distance of evanescent wave 
Diameter of the diffractive object 
Grating constant 

Resolution limit 

Diopters 

‘Number of pixels in the x and y directions 
(Ne and Ns, respectively) 

‘Vector of light diffracted at the amplitude 
object 

Depth of focus 

Vector of light diffracted at phase object 
Pinhole diameter 

Spatial and axial resolution of confocal 
microscope 

Electric field 

Energy gap 

Components of electric field 

Coefficient of finesse 

Fluorescent emission 

Focal length 

Focal length for lines C and F 

Effective focal length 

Field of view 

Full width at half maximum 

Planck's constant 

Object and image height 

Magnetic field 

Intensity of light 

Pixel coordinates 

Intensity of incident light 


xi 


Glossary of Symbols (cont.) 


Tern Tai 


Lhk 


‘Maximum and minimum intensity in the 
image 

Irradiances of incident, transmitted, and 
reflected light 

Intensity of successive images 

Intensities for the image point and three 
consecutive grid positions 

Number of events 

Wave number 

Distance 

Coherence length 

Diffraction order 

Magnification 

Minimum microscope magnification 
Magnifying power 

‘Modulation transfer function 

Angular magnification 

Refractive index of the dielectric media 
Step number 

Expected value 

Intensity decrease coefficient 

‘Total number of grating lines 

Probability of two-photon excitation 
Numerical aperture 

Refractive index for propagation velocity of 
extraordinary wave 

Refractive indices of the media surrounding 
the phase ring and the ring itself 
Refractive index for propagation velocity of 
ordinary wave 

Refractive index of media 1 

Refractive index of media 2 

Ordinary and extraordinary beams 

Optical density 

Optical path difference 

Optical path length 

Optical transfer function 

Optical tube length 

Probability 

Average power 

‘Vector of light passing through phase object 
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Glossary of Symbols (cont.) 


Point spread function 
Fluorophore quantum yield 

Radius 

Reflection coefficients 

Relative, media, or vacuum 

Radius of aperture stop 

Radius of phase ring 

Radius of filter for wavelength % 

Shear between wavefront object and image 
space 

Pinhole/slit separation 

Lateral shift in TIR perpendicular 
component of electromagnetic vector 
Lateral shift in TIR for parallel component 
of electromagnetic vector 

Factor depending on specific Fraunhofer 
approximation 

Vector of light passing through surrounding 
media 

Signal-to-noise ratio 

Strehl ratio 

‘Lens separation 

‘Thickness 

‘Time 

‘Transmission coefficient 

‘Time required to pass the distance between 
wave oscillations 

‘Throughput of a confocal microscope 
Coherence time 

Object, image aperture angle 

Abbe number as defined for lines d, F, C or 
eFC 

Velocity of light in media 

Width of the slit 

Coordinates 

Distance along the direction of propagation 
Fraunhofer diffraction distance 

Object and image distances 

Imaged sample depth, length of reference 
path 


Glossary of Symbols (cont.) 


ESSEERESR ROOM 
z 


e 
? 


az 


Angle between vectors of interfering waves 
Birefringent prism angle 

Grating incidence angle in plane 
perpendicular to grating plane 

Visual stereo resolving power 

Grating diffraction angle in plane 
perpendicular to grating plane 

Angle of fringe localization plane 
Convergence angle of a stereo microscope 
Incidence / diffraction angle from the plane 
perpendicular to grating plane 
Retardation 

Birefringence 

Excitation cross section of dye 

Depth perception 

Axial phase delay 

Variation in focal length 

Phase mismatch 

Object and image separations 
Wavelength bandwidth 

Frequency bandwidth 

Phase delay 

Phase difference 

Phase shift 

Minimum perceived phase difference 
Angle between interfering beams 
Dielectric constant, ie., medium permittivity 
Quantum efficiency 

Refraction angle 

Critical angle 

Incidence angle 

Reflection angle 

Wavelength of light 

Peak wavelength for the m'* interference 
order 

Magnetic permeability 

Frequency of light 

Repetition frequency 

Propagation direction 

Spatial frequency 

‘Molecular absorption cross section 


Glossary of Symbols (cont.) 


gesgnan 


$ 


ee 


Dark noise 

Photon noise 

Read noise 

Integration time 

Length of a pulse 

‘Transmittance 

Incident photon flux 

Optical power 

Phase difference generated by a thin film 
Initial phase 

Phase delay through the object 

Phase delay in a phase plate 

Phase difference generated by a thin film 
Angular frequency 

Bandgap frequency 

Perpendicular and parallel components of 
the light vector 


xv 
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Nature of Light 


Optics uses two approaches, termed the particle and wave 
models, to describe the nature of light. The former arises 
from atomic structure, where the transitions between energy 
levels are quantized. Electrons can be excited into higher 
energy levels vin external processes with the release of a 
diserete quantum of energy (a photon) upon their decay to a 
lower level. 


‘The wave model complements this corpuscular theory and 
explains optical effects involving diffraction and interference. 
‘The wave and particle models can be related through the 
frequency of oscillations, with the relationship between 
quanta of energy and frequency given by 


E=hv[ineVord], 

where hi = 4.195667*10"5 [eV-s] = 6,626068%10% [J's] is 
Planck’s constant, and v is the frequency of light [Hz] 
‘The frequency v of a wave is the reciprocal of its period 7 [s} 


‘The period T’ 
[s] corresponds 
to one eycle of 
a wave or, if 
defined in 
terms of the 
distance 
required to 
perform one 
full oscillation, describes the wavelength of light 2. [m]. The 
velocity of light in free space is 2.99792 x 10* m/s and is 
defined as the distance traveled in one period () divided by 
the time taken (7) 


Note that wavelength is often measured indirectly as time 7’ 
required to pass the distance between wave oscillations. 


‘The relationship for the velocity of light ¢ ean be rewritten in 
terms of wavelength and frequency as 
c=hy. 
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The Spectrum of Microscopy 


‘The range of electromagnetic radiation is called the 
electromagnetic spectrum. Various microscopy techniques 
employ wavelengths spanning from x-ray radiation and 
ultraviolet radiation (UV) through the visible spectrum 
(VIS) to infrared radiation (IR). ‘The wavelength in 
combination with the microscope parameters determines the 
resolution limit of the microscope (0.611/NA). The smallest 
feature resolved using light microscopy and determined by 
diffraction is approximately 200 nm for UV light with a high 
numerical aperture (for more details, see Resolution Limit on 
page 39). However, recently emerging super-resolution 
techniques overcome this barrier, and features are 
observable in the 20-50 nm range. 


Frequency / Wavelength / Object Type 


1000 
Ephithlal Cols 
Infrared = 10.0 um 
(v~3xt012 Hz) Red Blood Celis 
Bacteria 
1.0ym 
1500 
vane 
j= 61014 He) 360.0 nm Lisa of Cod 
400.0 nm Light Microscopy 
Utravilet 
LimitofLaht Mixoscop 
(> Bet0"4 He) Viusos-< ri saperesalton techniques 
100m 
a Proteins 
(v~3x1016 Hz) 
tonm | DNA/RNA 
amma aye 
(v~3x1024 Hz) 


otnm y Ams _ Limit of Electron Microscopy 
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Wave Equations 


Maxwell's equations describe the propagation of an 
electromagnetic wave. For homogenous and isotropic media, 
magnetic (H) and electric (E) components of an 
electromagnetic field can be deseribed by the wave equations 
derived from Maxwell's equations: 


OE 


A en 
VAs, 
abla 


where © is a dielectric constant, ie, medium 
permittivity while is a magnetic permeability: 


€, = EE, Ha = Hob, 


Indices r, m, and o stand for relative, media, or vacuum, 
respectively: 


‘The above equations indicate that the time variation of the 
electric field and the current density creates a time-varying 
magnetic field. Variations in the magnetic field induce a 
time-varying electric field. Both fields depend on each other 
and compose an electromagnetic wave. Magnetic and electric 
components can be separated, 

H Field 


E Field 


‘The electric component of an electromagnetic wave has 
primary significance for the phenomenon of light. ‘This is 
because the magnetic component cannot be measured with 
optical detectors. Therefore, the magnetic component is most 
often neglected, and the electric vector Fis called a light 
vector. 
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Wavefront Propagation 


Light propagating through isotropic media conforms to the 
equation 


E=Asin(ot-ke+@,), 


where ¢ is time, 2 is distance along the direction of 
propagation, and @ is an angular frequeney given by 


Qn _2aV 


‘The term kz is called the phase of light, while p, is an 
initial phase. In addition, k represents the wave number 
(equal to 27/2) and Va is the velocity of light in media: 


k= 


‘The above propagation equation pertains to the special case 
when the electric field vector varies only in one plane. 


‘The refractive index of the dielectric media n describes the 


relationship between the speed of light in a vacuum and in 
media, It is 


y 
where c is the speed of light in vacuum, 


An alternative way to describe the propagation of an electric 
field is with an exponential (complex) representation: 


E = Aexp[-i(ot-ke+9,)] 


‘This form allows the easy separation of phase components of 
an electromagnetic wave. 
E 


alues 


components cited above, but has slightly differ- 
ent pinouts. 


Reset A 
Low-high input A Reset B 
High-low input A Low-high input B 

Low-high output A High-low input B 


High-low output A Lowhigh output 8 


High-low output 8 


Figure 9-7. Pin functions for most 4528, 4538, and 74123 
series of dual monostable timer chips. An RC network is 
shawn connected for each timer. Note that Texas instru 
‘ments uses diferent pinouts on its versions. 


Figure 9-8. A duai-timer chip containing two monostable 
multivibrators that can function in astable mode if they 
are connected externally fo trigger each other. 


Values 
555 Timer Values 


The original bipolar version of the 555 timer was 
designed to operate using a wide range of posi- 
tive supply voltages, from 4.5VDC to 16VDC. 


ntegrated circuit > analog > timer 
‘CMOS versions vary in their recommended V+ 
values, and datasheets must be consulted for 
verification. 


The output of a bipolar 555 is rated to source or 
sink up to 200mA. In practice, the maximum cur- 
rent will be lower when the timer is powered at 
the low end of its range, around SVDC. Attempt- 
ing to source more than 50mA will pull down the 
voltage internally, affecting operation of the 
timer. 


(CMOS versions all impose restrictions on output 
current, allowing higher values for sinking than 
sourcing. Again, datasheets must be consulted 
for the values, which vary widely from one com- 
ponent to another. 


The voltage measured on the output pin, when 
itis used forsourcing current, will always be low- 
erthanthe power supply voltage, anda 1.7V drop 
is commonly specified for bipolar versions. In 
practice, the voltage drop that is actually meas- 
ured may be less, and will vary according to the 
load on the output. 


The voltage drop does not increase significantly 
with a higher supply voltage, and because itis a 
relatively constant value, it becomes less signi 
cant when a higher value for V+ is used 


CMOS versions of the 555 timer achieve a claim- 
ed output source voltage that is only 0.2V less 
than the power supply. 


When choosing values for Ri and R2,a minimum 
for each resistor is 5K, although 10K is preferred. 
Lower values will increase power consumption, 
and may also allow overload of the internal elec- 
tronics when the chip sinks current from C1. A 
typical maximum value for each resistor is 10M. 


A high-value capacitor may cause the timer to 
function less accurately and predictably, be- 
cause large capacitors generally allow more leak- 
‘age. This means that the capacitor will be losing 
charge at the same time that itis being charged 
through R1 + R2. If these resistors have high val- 
ues, and the capacitor has a value of 100uF or 
more, the rate of charge may be so low that it is 
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Optical Path Length (OPL) 


Fermat's principle states that “The path traveled by a 
light wave from a point to another point is stationary with 
respect to variations of this path.” In practical terms, this 
means that light travels along the minimum time path, 


Optical path length (OPL) is related to the time required 
for light to travel from point PI to point P2. It accounts for 
the media density through the refractive index: 


OPL i nds, 


where 


ds 


Ik? + dy" +d 


Optical path length can also be discussed in the context of 
the number of periods required to propagate a_ certain 
distance L. In a medium with refractive index n, light slows 
down and more wave cycles are needed. Therefore, OPL is an 
equivalent path for light traveling with the same number of 
periods in a vacuum: 


OPL=nL. x 


Optical path difference 
(OPD) is the difference 
between optical path lengths 
traversed by two light waves: 


OPD = 


iL 


OPD can also be expressed as 
a phase difference: 


Ag= 
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Laws of Reflection and Refraction 


Light rays incident — Incident Light Reflected Light 
onan interface 

between different 

dielectric media 

experience 


reflection and 
refraction as 
shown. 


Reflection Law: Angles of incidence and reflection are 
related by 
oy 


Refraction Law (Snell's Law): Incident and refracted 
angles are related to each other and to the refractive indices 
of the two media by Snell's Law: 


nsin0, =n'sin0" 


-0,. 


Fresnel reflection: The division of light at a dielectric 
boundary into transmitted and reflected rays is described for 
nonlossy, nonmagnetic media by the Fresnel equations: 


Reflectance ‘Transmission Coefficients 
coefficients 


_Asin® 0'cos” 6, 
sin"(8, +07) 


t andr are transmission and reflection coefficients, 
respectively. J, h, and J; are the irradiances of incident, 
transmitted, and reflected light, respectively. 1 and || denote 
perpendicular and parallel components of the light vector 
with respect to the plane of incidence. 0, and 0" in the table 
are the angles of incidence and  reflection/refraction, 
respectively. At a normal incidence (0' = 6; = 0 deg), the 
Fresnel equations reduce to 


(n'=ny 


(weny 


4nn’ 


r and 1 


(wen) 
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Total Internal Reflection 


When light passes from one medium to a medium with a 
higher refractive index, the angle of the light in the medium 
bends toward the normal, according to Snell's Law. 
Conversely, when light passes from one medium to a medium 
with a lower refractive index, the angle of the light in the 
second medium bends away from the normal, If the angle of 
refraction is greater than 90 deg, the light cannot escape the 
denser medium, and it reflects instead of refracting. This 
effect is known as total R 

internal reflection (TIR). ~ °° % 
TIR occurs. only for 
illumination with an angle 
larger than the critieal "f,<n, 
angle, defined as 


= oxsin{ 4] 
It appears, however, that light can propagate through (at a 
limited range) to’ the lower-density material as an 
evanescent wave (a nearly standing wave occurring at the 
material boundary), even if illuminated under an angle 
larger than Oz. Such a phenomenon is called frustrated 
total internal reflection, Frustrated TIR is used, for 
example, with thin films (TF) to build beam splitters. The 
proper selection of the film thickness provides the desired 
beam ratio (see the figure below for various split ratios). Note 
that the maximum film thickness must be approximately a 
single wavelength or less, otherwise light decays entirely. 
‘The effect of an evanescent wave propagating in the lower- 
density material under TIR conditions is also used in total 
internal reflection fluorescence (TIRF) microscopy. 


100 
0 = 

g 

Pee 

sya = — rransmitance 

iia = hanecaree 


0 as 10 
‘tial Thieknes of th fl TF in units of wavelength 
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Evanescent Wave in Total Internal Reflection 


Abeam reflected at the 
dielectric interface 
during total internal 
reflection is subject to 
a small lateral shift, 
also known as the 
Goos-Hanchen 

effect. The shift is, 
different for the 
parallel and 
perpendicular components of the electromagnetic vector. 


Lateral shift in TIR 


ia,__tand 
0-sin*0, 
Xtand 


a, [sin® 0—sin’ 0, 


Parallel* component r 
of em vector 


Perpendicular* component | 
of em vector 


* to the plane of incidence 


‘The intensity of the illuminating beam decays exponentially 
with distance y in the direction perpendicular to the material 
boundary: 


exp(-y/d). 
Note that d denotes the distance at which the intensity of 
the illuminating light J drops by e. The decay distance is 
smaller than a wavelength. It is also inversely 
proportional to the illumination angle. 


Decay distance (d) of evanescont wave 


X T 


nn, fsin® 0-sin* 0, 


Decay distance as a function of 


incidence and eritical angles 


Decay distance as a function of 
incidence angle and refractive 
indices of media 
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Propagation of Light in Anisotropic Media 


In anisotropic media the velocity of light depends on the 
direction of propagation. Common anisotropic and optically 
transparent materials include uniaxial erystals. Such 
crystals exhibit one direction of travel with a single 
propagation velocity. The single velocity direction is called 
the optic axis of the crystal. For any other direction, there 
are two velocities of propagation. 


‘The wave in birefringent crystals can be divided into two 
components: ordinary and extraordinary. An ordinary 
wave has a uniform velocity in all directions, while the 
velocity of an extraordinary wave varies with orientation 
‘The extreme value of an extraordinary wave's velocity is 
perpendicular to the optic axis. Both waves are linearly 
polarized, which means that the electric vector oscillates in 
one plane. ‘The vibration planes of extraordinary and 
ordinary vectors are perpendicular. Refractive indices 
corresponding to bonds cae 

the direction of the OPMCA™ pte 8 

optic axis and 


perpendicular to . BY. 
the optic axis are 
no = o/V, and me = 


can be positive or negative (see table). The refractive index 
n(@) for velocities between the two extreme (ny and 1.) values 


Positive Birefringence 


[Newutive Birefringence 


Note that the propagation direction & (with regard to the 
optic axis) is slightly off from the ray direction, which is 
defined by the Poynting (energy) vector. 


Uniasial Crystal] Refractive | Abbe] Wavelength 
index Number | Range [um] 
Quartz 70 O10 
69 
Caleite 5 0230 
n= 148640 6s 


"The relvactive index is given for the D spectral line (G89 
‘(Adapted from Pluta, 1988) 


oo) 
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Polarization of Light and Polarization States 


‘The orientation characteristic of a light vector vibrating in 
time and space is called the polarization of light. For 
example, if the vector of an electric wave vibrates in one 
plane, the state of polarization is linear. A vector vibrating 
with a random orientation represents unpolarized light. 


‘The wave vector E consists of two components E and Ey, 
E(z.)=E,+E, 
exp[—i(or-fe+9,)] 

E, =A, exp[-i(o ke +9) 


E, 


The electric vector rotates periodically (the periodicity 
corresponds to wavelength 2) in the plane perpendicular to 
the propagation axis (2) and generally forms an elliptical 
shape, The specific shape depends on the A, and Ayratios and 
the phase delay between the E, and E, components, defined 
5 AQ = Os Oy 

Linearly polarized light is obtained when one of the 
components Ex or Ey is zero, or when Ap is zero or r. 
Circularly polarized light is obtained when E.= Ey and Ag 
= =n/2. The light is called right circularly polarized (RCP) if it 
rotates in a clockwise direction or left circularly polarized 
(LCP) if it rotates counterclockwise when looking at the 
oncoming beam. 


\ 
Fon | 

te = 

Fettaton Cedar meat tn 

amoiides tt Ott 


ap aio 0 0 aia 
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Coherence and Monochromatic Light 


‘An ideal light wave that extends in space at any instance to 
44x and has only one wavelength 4 (or frequency v) is said to 
be monochromatic. If the range of wavelengths 1 or 
frequencies v is very small (around 2, or v,, respectively), 
the wave is quasi-monochromatic. Such a wave packet is 
usually called a wave group, 


Note that for monochromatic and quasi-monochromatic 
waves, no phase relationship is required, and the intensity of 
light can be calculated as a simple summation of intensities 
from different waves; phase changes are very fast and 
random, so only the average intensity can be recorded. 


If multiple waves have a common phase relation dependence, 
they are coherent or partially coherent. These cases 
correspond to full- and partial-phase correlation respectively. 
A-common source of a coherent wave is a laser where waves 
must be in resonance and therefore in phase. The average 
length of the wave packet (group) is called the coherence 
length, while the time required to pass this length is called 
coherence time. Both values are linked by the equations 


Av=. 


where coherence length is 


x 
‘The coherence length |, and temporal coherence t. are 


inversely proportional to the bandwidth AA of the light 


Spatial coherence is a term related to the coherence of 
light with regard to the extent of the light source. The fringe 
contrast varies for interference of any two spatially different 
source points. Light is partially coherent if its coherence is 
limited by the source bandwidth, dimension, temperature, or 
other effects, 
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Interference 


Interference is a process of superposition of two coherent 
(correlated) or partially coherent waves. Waves interact with 
each other, and the resulting intensity is described by 
summing the complex amplitudes (electric fields) Ei and 
Ex of both wavefronts: 


E, = Avexp[-i(or-e +9, )] 


y 


and 


Ay exp[—i (wt = ke + 


‘The resultant field is 
E=E,+E, 

‘Therefore, the interference of 

the two beams can be written as 


f} +24, A, cos( Ag), 
11,41, +2y7 7, c05(A9), 
iE, 1y=E,E;, and E E, 


=i, Propagating Wavefront 


where * denotes a conjugate function, J is the intensity of 
light, A is an amplitude of an electric field, and Ag is the 
phase difference between the two interfering beams. 
Contrast C (called also visibility) of the interference 
fringes can be expressed as 


‘The fringe existence and visibility depends on several 
conditions. To obtain the interference effect, 
‘+ Interfering beams must originate from the same light 
source and be temporally and spatially coherent; 
‘The polarization of interfering beams must be aligned; 
‘To maximize the contrast, interfering beams should have 
‘equal or similar amplitudes. 
Conversely, if two noncorrelated, random waves are in the 
same region of space, the sum of intensities (irradiances) of 
these waves gives a total intensity in that region: / = [, +/, 
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Contrast vs Spatial and Temporal Coherence 


The result of interference is a periodic intensity change in 
space, which creates fringes when incident on a screen or 
detector. Spatial coherence relates to the contrast of these 
fringes depending on the extent of the source and is not a 
function of the phase difference (or OPD) between beams. 
‘The intensity of interfering fringes is given by 


I= 1, +1, +2C (Source Extent) (77, cos(Ap), 
where Cis a constant, depending on the extent of the source. 


C=05 


Point Source Extended Source 


Intensity () 


0 
‘Optical Path Difference 


‘The spatial coherence can be improved through spatial 
filtering, For example, light can be focused on the pinhole (or 
coupled into the fiber) by using a microscope objective. In 
microscopy, spatial coherence can be adjusted by changing 
the diaphragm size in the conjugate plane of the light source. 
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Contrast vs Spatial and Temporal Coherence (cont.) 


‘The intensity of the fringes depends on the OPD and the 
temporal coherence of the source. The fringe contrast 
trends toward zero as the OPD increases beyond the 
coherence length: 


T= 1,+1,+2YT7,C(OPD)cos (Ae). 


Normalized intensity (I) 


Optical Path Difference (OPD) 


‘The spatial width of a fringe pattern envelope decreases with 
shorter temporal coherence. The location of the envelope's 
peak (with respect to the reference) and narrow width can be 
efficiently used as a gating mechanism in both imaging and 
metrology. For example, it is used in interference microscopy 
for optical profiling (white light interferometry) and for 
imaging using optical coherence tomography. Examples of 
short coherence sources include white light sources, 
luminescent diodes, and broadband lasers. 


Long coherence length is beneficial in applications that do 
not naturally provide near-zero OPD, e, 
measurements with a_—‘Fizeau 


integrated circuit> analog > timer 
comparable with the rate of leakage. For this rea- 
son, a 555 timer is not a good choice for timing 
intervals much greater than a minute. Ifa large 
value capacitor'is used, tantalum is preferable to 
electrolytic. 


The minimum practical value for a timing capac- 
itor is around 100pF. Below this, performance 
may not be reliable. 


Although some CMOS versions may enable fast 
switching, the shortest practical output pulse for 
a 555 timer is around 10 microseconds. On the 
input pin, a triggering pulse of at least 1 micro- 
second should be used. 


Time Calculation in 
Monostable Mode 

IfR1 is measured in kilohms and C1 is measured 
in microfarads, the pulse duration, T, in seconds, 
‘of a 555 timer running in monostable mode can 
be found from this simple formul 


T = 0.0011 * RI * CL 


This relationship is the same in all versions of the 
555. Figure 9-9 provides a quick and convenient 
way to find the pulse value using some common 
values for R1 and C1. Resistors can be obtained 
with tolerances below plus-or-minus 1%, but ca- 
pacitors are often rated with an accuracy of only 
plus-or-minus 20%. This will limit the accuracy of 
the pulse values shown in the chart. 


Time Calculation in Astable Mode 
IRI and R2 are measured in kilohms and C1 is 
measured in microfarads, the frequency of pul- 
ses, F (measured in Hz) of a 555 timer running in 
astable mode can be found from this simple 
formula: 


F = 1440 / ( (RI + (2 *R2)) * C1) 


This relationship is found in all versions of the 
555. Figure 9-10 shows the frequency for com- 
mon values of R2 and C1, assuming thatthe value 
Of RI is 10K. In Figure 9-11, a value of 100K is as- 
sumed for R1 


ns oes 


‘Duration in Seconds 
£88 


‘Timing Resistor Ri 


Figure 9-9, To determine the pulse duration of 2 555 tim 
fer running in monostable mode: find the value of RI on the 
horizontal scale, follaw its vertical grid line upward ta the 
intersection with a green line which corresponds with the 
value of capacitor Cl, and read acrass to the vertical scale 
providing the duration in seconds. Both axes are logarith 


Dual Monostable Timers 

Dual chips such as the HEF4528B from NXP, the 
M74HC4538 from STMicroelectronics, the 
MC14538B from On Semiconductor, and the 
74HC123 from Texas Instruments have widely 
varying requirements for power supply. Some 
accepta limited range from 3VDC to 6VDC, while 
others tolerate a range of 3VDC to 20VDC. When 
powered with SVDC their required input and 
output states are compatible with those of 5V 
logic chips. 


Output pins of these chips source and sink no 
more than 25mA (much less in some instances). 
Because there are so many variants, they cannot 
be summarized here, and datasheets must be 
consulted for details. 


Chapter 77 
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Contrast of Fringes (Polarization and Amplitude Ratio) 


The contrast of — Cgntrast 

Bingea depends, 

polarization oa 

orientation of the 04 

clectrie vectors. 93 

For linearly é 
polarized beams, oo m mm wm 


it ean he deseribed as C=[ooso|, where a represents the 


angle between polarization states. 


“Angle between Bleciric Vectors of fnterfering Beama 
a 
Interference Fringes 


Fringe contrast also depends on the interfering beams’ 
amplitude ratio. The intensity of the fringes is simply 
calculated by using the main interference equation. The 
contrast is maximum for equal beam intensities and for the 
interference pattern, 
defined as 


T=1+1,+2Jh I, cos(Ag), 
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Multiple Wave Interference 


If light reflects inside a thin film, its intensity gradually 
decreases and multiple beam interference occurs. 
‘The intensity of reflected light is | 
*sin® (9/2) H 
T+ Fs (7 


‘and for transmitted light is 


1 \\ 


Ll rae (@7) NN 
‘The coefficient of finesse F of such a resonator is 
F ar 


Because phase depends on the wavelength, it is possible to 
design selective interference filters. In this case, a 
dielectric thin film is coated with metallic layers. The peak 
wavelength for the mé interference order of the filter ean be 
defined as 


2ntcos0” 


where orr is the phase difference generated by a thin film of 
thickness ¢ and a specific incidence angle. The interference 
order relates to the phase difference in multiples of 2x. 


Interference filters usually operate for illumination with flat 
wavefronts at a normal incidence angle. Therefore, the 
equation simplifies as 


2nt 

ap =2t 
The half bandwidth 

(HBW) of the filter for 

normal incidence is o 


BW =—"), [m| —Retected Ught —Trenamited Light 
me 


‘The peak intensity transmission is usually at 20% to 50%, or 
up to 90% of the incident light for metal-dielectrie or multi- 
dielectric filters respectively. 
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Interferometers 


‘Due to the high frequency of light, it is not 
possible to detect the phase of the light wave 
directly. To acquire the phase, interferometry 


techniques may be used. There are two major 
classes of interferometers, based on Ampltude Split 
amplitude splitting and wavefront 


lane OES. 
From the point of view of fringe pattern 
interpretation, interferometers can also be — (/->~\\ 


divided into those that deliver fringes, which  Wavetront Spit 

directly correspond to the phase distribution, 

and those providing a derivative of the phase map (also 
called shearing interferometers) 

Michelson Interferometer Tg ete in vealized, by 

Reference Mirot obtaining the interference between 

the test beam and a reference 
beam. An example of such a system 
is the Michelson  interfero- 
meter. Shearing _ interfero- 
meters provide the intereference 

Beam Object of two shifted object wavefronts. 

Spier ELE] 0% 


‘There are Shearing Pate 
numerous ways of introducing shear 
Ginear, radial, ete,). Examples of 
shearing interferometers include the 
parallel or wedge plate, the grating 
interferometer, the Sagnac, and 
polarization interferometers (commonly used in microscopy) 
‘The Mach-Zehnder interferometer can be configured for 
direct and differential fringes, depending on the position of 
the sample. 
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Diffraction 


‘The bending of waves by apertures and objects is called 
diffraction of light. Waves diffracted inside the optical 
system interfere (for path differences within the coherence 
length of the source) with each other and create diffraction 
patterns in the image of an object. 


Point object 


neers 


There are two common approximations of diffraction 
phenomena: Fresnel diffraction (near-field) and 
Fraunhofer diffraction (far-field). Both diffraction types 
complement each other but are not sharply divided due to 
various definitions of their regions. Fraunhofer diffraction 
occurs when one can assume that propagating wavefronts 
are flat (collimated), while the Fresnel diffraction is the near- 
field case. Thus, Fraunhofer diffraction (distance 2) for a free- 
space case is infinity, but in practice it ean be defined for a 
region 
2>5,,£ 


2? Sez 


where d is the diameter of the diffractive object, and Syn is a 
factor depending on approximation. A conservative definition 
of the Fraunhofer region is Sr» = 1, while for most practical 
cases it can be assumed to be 10 times smaller (Sro = 0.1). 


Diffraction effects influence the resolution of an imaging 
system and are a reason for fringes (ring patterns) in the 
image of a point. Specifically, Fraunhofer fringes appear in 
the conjugate image plane. This is due to the fact that the 
image is located in the Fraunhofer diffracting region of an 
optical system's aperture stop. 
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Diffraction Grating 


Diffraction gratings are optical components consisting of 
periodic linear structures that provide “organized” diffraction 
of light, In practical terms, this means that for specific 
angles (depending on illumination and grating parameters), 
it is possible to obtain constructive (2x phase difference) and 
destructive (x phase difference) interference at specific 
directions, The angles of constructive interference are 
defined by the diffraction grating equation and called 
diffraction orders (m) 


Gratings can be classified as transmission or reflection (mode 
of operation), amplitude (periodic amplitude changes) or 
phase (periodic phase changes), or ruled or holographic 
(method of fabrication). Ruled gratings are mechanically cut 
and usually have a triangular profile (each facet can thereby 
promote select diffraction angles). Holographic gratings are 
made using interference (sinusoidal profiles). 


Diffraction angles depend on the ratio between the grating 
constant and wavelength so various wavelengths can be 
separated. This makes them applicable for spectroscopic 
detection or spectral imaging. The grating equation is 


m= d cos y (sin p+ sin a) 


Difracted Light 
(6 varies with diction order) 


Nosifal 
te Grating 


Mumination 
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Diffraction Grating (cont.) 


‘The sign in the diffraction grating equation defines the type 
of grating: A transmission grating is identified with a 
minus sign (), and a reflective grating is identified with a 
plus sign (+). 


For a grating illuminated in the plane perpendicular to the 
grating, its equation simplifies and is 


(sin + sinc). 


wecoetint ap n 


For normal illumination, the grating equation becomes 

sin. 

‘The chromatic resolving power of a grating depends on 
its size (total number of lines N). If the grating has more 


lines, the diffraction orders are narrower, and the resolving 
power increases: 


The free spec- 
tral range Ad of 
the grating is the 
bandwidth in the 
mi order without 
overlapping other 
orders. It defines 
useful bandwidth 
for spectroscopic 
detection as 
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Useful Definitions from Geometrical Opties 


All optical systems consist of 
refractive or reflective 
interfaces (surfaces) 
changing the propagation 
angles of optical rays. 

Rays define the propagation trajectory and always travel 
perpendicular to the wavefronts. They are used to describe 
imaging in the regime of geometrical optics and to perform 
optical design. 


‘There are two optical spaces corresponding to each optical 
system: object space and image space. Both spaces extend 
from ~ to +a and are divided into real and virtual parts. 
Ability to access the image or object defines the real part of 
the optical space. 


Paraxial optics is an approximation assuming small ray 
angles and is used to determine first-order parameters of the 
optical system (image location, magnification ete.) 


Thin lenses are optical components reduced to zero 
thickness and are used to perform first-order optical designs 
(see next page). 


‘The focal point of an optical system is a location that 
collimated beams converge to or diverge from. Planes 
perpendicular to the optical axis at the focal points are called 
focal planes. Focal length is the distance between the lens 
(specifically, its principal plane) and the focal plane. For thin 
lenses, principal planes overlap with the lens. 


Sign Convention: The common sign convention assigns 
positive values to distances traced from left to right (the 
direction of propagation) and to the top. Angles are positive if 
they are measured 
counterclockwise from 
normal to the surface or 
optical axis. If light 
travels from right to left, 
the refractive index is 
negative. The surface 
radius is measured from 
its vertex to its center of 
curvature. 
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Image Formation 


A simple model describing imaging through an optical 
system is based on thin lens relationships. A real image is 
formed at the point where rays converge. 

joe Ptane Image Pane 


A virtual image is formed at the point from which rays 
appear to diverge. 


For a lens made of glass, surrounded on both sides by air (n= 
n’ = 1), the imaging relationship is described by the 
Newtonian equation 


ax'= ff" or 
Note that Newtonian equations refer to the distance from the 
focal planes so, in practice, they are used with thin lenses. 


Imaging can also be 
described by the Gaussian 
imaging equation 


es 


Image Plane 


a Object Plane wt 


Viral image 


‘The effective focal 
length of the system is | é 
pele Tet Z 


eo oa 0 = 


where 9 is the optical power expressed in diopters D [m- 


‘Therefore, 
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Magnification 


‘Transverse magnification (also called lateral 
magnification) of an optical system is defined as the ratio 
of the image and object size measured in the direction 
perpendicular to the optical axis: 

wox 


met SLL? a) 
he of ok f tt 
Longitudinal magnification defines the ratio of distances 
for a pair of conjugate planes: 

ci Mt, 


where 


and 


Angular magnification is the ratio of angular image size to 
angular object size and can be calculated with 


Object Plane Image Plane 
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Stops and Rays in an Optical System 


‘The primary stops in any optical system are the aperture 
stop (which limits light) and field stop (which limits the 
extent of the imaged object or the field of view). The aperture 
stop also defines the resolution of the optical system. To 
determine the aperture stop, all system diaphragms 
including the lens mounts should be imaged to either the 
image or the object space of the system, The aperture stop is 
determined as the smallest diaphragm or diaphragm image 
(in terms of angle) as seen from the on-axis object/image 
point in the same optical space. 


Note that there are two important conjugates of the aperture 
stop in object and image space. They are called the entrance 
pupil and exit pupil, respectively. 


‘The physical stop limiting the extent of the field is called the 
field stop. To find a field stop, all of the diaphragms should 
be imaged to the object or image space, with the smallest 
diaphragm defining the actual field stop, as seen from the 
entrance/exit pupil. Conjugates of the field stop in the object 
and image space are called the entrance window and exit 
‘window, respectively. 


‘Two major rays that pass through the system are the 
marginal ray and the chief ray. The marginal ray crosses 
the optical axis at the conjugate of the field stop (and object) 
and the edge of the aperture stop. The chief ray goes through 
the edge of the field and crosses the optical axis at the 
aperture stop plane. 
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Figure 9.0. To obtain the frequency of a $55 timer run 
ning in astable mode, when RI has a value of 10K: find the 
value of R2 on the horizontal scale, follow its vertical grid 
line upward to the intersection with a green curve which 
corresponds with the value of capacitor Cl, and read 
across to the vertical scale providing the frequency in 
Hertz. Both axes are logarithmic. 


Asthese timers are all monostable, and each tim- 
er uses just one resistor and one capacitor, the 
only formula required is to give the pulse time as 
a function of these two variables. If R is the re: 
tor value in ohms, and F is the capacitor value in 
farads, and K is a constant supplied by the man- 
ufacturer, the pulse time T, in seconds, is found 
from the formula: 


T=R*F*K 


integrated circuit > analog > timer 
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Figure 9-11. To obtain the frequency of a 555 timer run 
ning in astable mode. when RI has a value of 100K: find 
the value of R2 on the horizontal scale, follow its vertical 
arid line upward to the Intersection with a green curve 
Which correspands with the value of capacitor Cl, and 
read across to the vertical scale providing the frequency in 
Hertz. Both axes are logarithmic. 


K ranges between 0.3 and 0.7 depending on the 
manufacturer and also on the voltage being 
used. Its value should be found in the manufac- 
turer's datasheet. If R is measured in megohms 
and F is measured in microfarads, the formula Is 
still valid, asthe multiplierscancel each other out. 


Generally speaking, these dual monostable 
CMOS timers are not intended for pulse duration 
exceeding 1 minute. 


78 Encyclopedia of Electronic Components Volume 2 
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Aberrations 


Individual spherical lenses cannot deliver perfect imaging 
because they exhibit errors called aberrations. All 
aberrations can be considered either chromatic or 
monochromatic. To correct for aberrations, optical systems 
‘use multiple elements, aspherical surfaces, and a variety of 
optical materials, 

Chromatic aberrations are a consequence of the dispersion 
of optical materials, which is a change in the refractive index 
fas a function of wavelength. The parameter-characterizing 
dispersion of any material is called the Abbe number and is 
defined as 


Alternatively, the 
following equation 
might be used for 
other wavelengths: 


Symbol | Speetral Line 
Cc red hydrogen 
i red cadmium, 
d__| yellow helium 
| green mercury 
F blue hydrogen 
F [blue cadmium 


In general, V can be defined by using refractive indices at 
any three wavelengths, which should be specified for 
material characteristics. Indices in the equations denote 
spectral lines. If Vdoes not have an index, Va is assumed. 


Geometrical aberrations occur when optical rays do not 
meet at a single point. There are longitudinal and transverse 
ray aberrations describing the axial and lateral deviations 
from the paraxial image of a point (along the axis and 
perpendicular to the axis in the image plane), respectively. 


Wave aberrations describe a deviation of the wavefront 
from a perfect sphere. They are defined as a distance (the 
optical path difference) between the wavefront and the 
reference sphere along the optical ray. 
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Chromatic Aberrations 


Chromatic aberrations occur due to the dispersion of 

optical materials used for lens fabrication. This means that 

the refractive index is different for different wavelengths; 

consequently, various wavelengths are refracted differently. 
Object Pa 


ae || | 
‘een | 
"es 
Chromatic aberrations include axial (longitudinal) or 
transverse (lateral) aberrations. Axial chromatic 
aberration arises from the fact that various wavelengths 
are focused at different distances behind the optical system. 
It is described as a variation in focal length: 


M hah 
f £ 


Object Plane 


‘Transverse chromatic aberration is an off-axis imaging 
of colors at different locations on the image plane. 


‘To compensate for chromatic aberrations, materials with low 
and high Abbe numbers are used (such as flint and crown 
glass). Correcting chromatic aberrations is crucial for most 
microscopy applications, but it is especially important for 
multi-photon microscopy. Obtaining multi-photon excitation 
requires high laser power and is most effective using short 
pulse lasers, Such a light source has a broad spectrum, and 
chromatic aberrations may cause pulse broadening 
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Spherical Aberration and Coma 


‘The most important wave aberrations are spherical, coma, 
astigmatism, field curvature, and distortion, 


Spherical aberration (on-axis) is a consequence of building 
an optical system with components with spherical surfaces. 
It occurs when rays from different heights in the pupil are 
focused at different planes along the optical axis. This results 
in an axial blur. The most common approach for correcting 
spherical aberration uses a combination of negative and 
positive lenses. Systems that correct spherical aberration 
heavily depend on imaging conditions, For example, in 
microscopy a cover glass must be of an appropriate thickness 
and refractive index in order to work with an objective. Also, 
the media between the objective and the sample (such as air, 
oil, o water) must be taken into account. 


‘Spherical Aberration 


Object Plane Best Focus Plane 


Coma (off-axis) can be defined as a variation of 
magnification with aperture location. This means that rays 
passing through a different azimuth of the lens are 
magnified differently. ‘The name “coma” was inspired by the 
aberration’s appearance, because it resembles a comet's tail 
fas it emanates from the focus spot. It is usually stronger for 
lenses with a larger field, and its correction requires 
‘accommodation of the field diameter. 


Coma 


Object Plane 
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Astigmatism, Field Curvature, and Distortion 


Astigmatism (off-axis) is responsible for different 
magnifications along orthogonal meridians in an optical 
system. It manifests as elliptical, elongated spots for the 
horizontal and vertical directions on opposite sides of the 
best focal plane. It is more pronounced for an object farther 
from the axis and is a direct consequence of improper lens 
mounting or an asymmetric fabrication process. 


Astigmatism 


Fils Curvature 
Object Pane Image Plane 


Field 
curvature 
(off-axis) 
results in a 
non-flat image 
plane. The 
image plane created is a concave surface as seen from the 
objective; therefore, various zones of the image can be seen in 
focus after moving the object along the optical axis. This 
aberration is corrected by an objective design combined with 
‘a tube lens or eyepiece, 


Bart Distortion Prauehiondsteton Distortion is a radial 
variation of 


magnification that 
will image a square as 
a pincushion or 
barrel. It is corrected 
in the same manner 
as field curvature, If 


preceded with system calibration, it can also be corrected 
numerically after image acquisition. 
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Performance Metrics 


‘The major metrics describing the performance of an optical 
system are the modulation transfer function (MTF), the 
point spread function (PSF), and the Strehl ratio (SR). 


‘The MTF is the modulus of the optical transfer function 
described by 

OTF (p)= MTF (p)expLi(p)]. 
where the complex term in the equation relates to the phase 
transfer function. The MTF is a contrast distribution in the 
image in relation to contrast in the object as a function of 


spatial frequency p (for sinusoidal object harmonics) and can 
be defined as 


‘The PSF is the intensity distribution at the image of a point 
object. This means that the PSF is a metric directly relnted 
to the image, while the MTF corresponds to spatial frequency 
distributions in the pupil. The MTF and PSF are closely 
related and comprehensively describe the quality of the 
optical system. In fact, the amplitude of the Fourier 
transform of the PSF results in the MTF. 


| 
1 


a 
Normalized Cut-Off Frequency 
‘The MTF can be calculated as the autocorrelation of the 
pupil function. The pupil function describes the field 
distribution of an optical wave in the pupil plane of the 
optical system. In the case of a uniform pupil's transmission, 
it directly relates to the field overlap of two mutually shifted 
pupils where the shift corresponds to spatial frequency. 
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Performance Metries (cont.) 


‘The modulation transfer function has different results 
for coherent and incoherent illumination. For incoherent 
illumination, the phase component of the field is neglected 
since it is an average of random fields propagating under 
random angles. 


For coherent illumination, the contrast of transferring 
harmonies of the field is constant and equal to 1 until the 
location of the spatial frequency in the pupil reaches its edge. 
For higher frequencies, the contrast sharply drops to zero 
since they cannot pass the optical system. Note that contrast 
for the coherent case is equal to 1 for the entire MTF range. 


‘The cutoff frequency for an incoherent system is two times 
the cutoff frequency of the equivalent aperture coherent 
system and defines the Sparrow resolution limit. 
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Normalized Cut-Off Frequency 
‘The Strehl ratio is a parametric measurement that defines 
the quality of the optical system in a single number. It is 
defined as the ratio of irradiance within the theoretical 
dimension of a diffraction-limited spot to the entire 
irradiance in the image of the point. One simple method to 
estimate the Strehl ratio is to divide the field below the MTF 
curve of a tested system by the field of the diffraction-limited 
system of the same numerical aperture. For practical optical 
design consideration it is usually assumed that the system is 
diffraction limited if the Strehl ratio is equal to or larger 
than 0.8, 
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‘The Compound Microscope 


‘The primary goal of microscopy is to provide the ability to 
resolve the small details of an object. Historically, microscopy 
was developed for visual observation and, therefore, was set 
up to work in conjunction with the human eye. An effective 
high-resolution optical system must have resolving ability 
and be able to deliver proper magnification for the detector. 
In the case of visual observations, the detectors are the cones 
and rods of the retina. 


A basic microscope can be built with a single-element, short- 
focal-length lens (magnifier). The object is located in the 
focal plane of the lens and is imaged to infinity. ‘The eye 
creates a final image of the object on the retina, The system 
stop is the eye's pupil, 


To obtain higher resolution for visual observation, the 
compound microscope was first built in the 17% century 
by Robert Hooke. It consists of two major components: the 
objective and the eyepiece. The short-focal-length lens 
(objective) is placed close to the object under examination 
and creates a real image of an object at the focal plane of the 
second lens. The eyepiece (similar to the magnifier) throws 
an image to infinity, and the human eye creates the final 
image. An important function of the eyepiece is to match the 
eye's pupil with the system stop, which is located in the back 
focal plane of the microscope objective. 
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The Eye 


‘The eye was the first—and for a long time, the only—real- 
time detector used in microscopy. Therefore, the design of the 
microscope had to incorporate parameters responding to the 
needs of visual observation, 


Cornea—the transparent portion of the sclera (the white 
portion of the human eye), which is a rigid tissue that gives 
the eyeball its shape, ‘The cornea is responsible for two thirds 
of the eye's refractive power. 


Lens—the lens is responsible for one third of the eye's 
power. Ciliary muscles can change the lens's power 
(accommodation) within the range of 15-30 diopters. 


Iris—controls the diameter of the pupil (1.5-8 mm), 


Retina—a layer with two types of photoreceptors: rods and 
cones. Cones (about 7 million) are in the area of the macula 
(-3 mm in diameter) and fovea (~1.5 mm in diameter, with 
the highest cone density), and they are designed for bright 
vision and color detection. There are three types of cones 
(red, green, and blue sensitive), and the spectral range of the 
eye is approximately 400-750 nm. Rods are responsible for 
night/low-light vision, and there are about 130 million 
located outside the fovea region. 


It is arbitrarily assumed that the eye can provide sharp 
images for objects between 250 mm and infinity. A 250-mm 
distance is called the minimum focus distance or near 
point. The maximum eye resolution for bright illumination 
is 1 are minute, 


Microscopy: Microscope Construction a8 


Upright and Inverted Microscopes 


‘The two major microscope geometries are upright and 
inverted. Both systems can operate in reflectance and 
transmittance modes, 
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‘The inverted microscope is primarily designed to work with 
samples in cell culture dishes and to provide space (with a 
long-working distance condenser) for sample manipulation 
(for example, with patch pipettes in electrophysiology) 
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The Finite Tube Length Microscope 
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Historically, microscopes were built with a finite tube 
length. With this geometry, the microscope objective images 
the object into the tube end. This intermediate image is then 
relayed to the observer by an eyepiece. Depending on the 
manufacturer, different optical tube lengths are possible 
(for example, the standard tube length for Zeiss is 160 mm), 
‘The use of a standard tube length by each manufacturer 
unifies the optomechanical design of the microscope. 


A constant parfocal distance for microscope objectives 
enables switching between different magnifications without 
defocusing. The field number, corresponding to the physical 
dimension (in millimeters) of the field stop inside the 
eyepiece, allows the microscope's field of view (FOV) to be 
determined according to 
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The timing capacitor should be no larger than 
1OuF, as it discharges directly and rapidly 
through the chip. 


How to Use It 


Where a timer is required to drive a load such as 
a relay coil or small motor directly, the original 
TTL version of the 555 timer will be the only 
choice. Even in this instance, a protection diode 
must be used across the inductive device. 


For smaller loads and applications in chip-to- 
chip circuits, CMOS versions of the 555, including 
the 7555, use less power, cause less electrical in- 
terference, and are pin-compatible while using 
the same formulae to calculate frequency in as- 
table mode or pulse duration in monostable 
mode. They are of course more vulnerable to 
static discharge, and care must be taken to make 
a connection to every pin (the capacitor that 
grounds the Control pin, if Control is not going 
to be used, is mandatory). 


In dual monostable timers, unused rising-edge 
trigger inputs should be tied to V+ while unused 
falling-edge trigger inputs should be tied to 
ground, A Reset pin that will not be used should 
be tied to V+, unless that entire timer section of 
the chip will be unused, in which case the pin 
should be grounded. 


To measure durations longer than afew minutes, 
a timer which incorporates a programmable 
counter to divide the clock frequency is the sen- 
sible choice. See the description of the 5555 tim- 
er that was included earlier in this entry. 


The original bipolar version of the 555 remains a 
robust choice in hobby applications such as ro- 
botics, and its design allows some versatile var- 
iations which may even be used in logic circuits 
Avariety of configurations areshown inthe sche- 
matics below. 


555 Monostable Mode 


‘The basic schematic for a 555 timer running in 
monostable mode is shown in Figure 9-12. In this 


particular example, a pushbutton that is liable to 
suffer from switch bounce is connected to the In- 
put pin of the timer, which responds to the very 
first connection made by the pushbutton and 
ignores the subsequent “bounces” thus produc- 
inga “clean” output. To avoid retriggering, which 
results in a prolonged output pulse, the timer's 
output should exceed the time for which the 
button is likely to be pressed. The output should 
also exceed the duration of any possible switch 
bounce, which can otherwise create multiple 
‘output pulses. In the schematic, an LEDisattach- 
ed to the timer output for demonstr 
purposes. 


Figure 9.12. The basic monostable configuration of a 585 
timer. This particular circuit debounces an input from a 
pushbutton switch and converts it to. clean pulse of fixed 
duration, powering an LED for demonstration purposes. 


This circuit is shown on a breadboard in 
Figure 9-13. The red and blue wires, at the top of 
the photograph, supply 9VDC tothe board. R1 is 
1M, while C1 is 11F, creating a pulse of just over 
1 second. A tactile switch, just above the timer, 
provides the input. 
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Infinity-Corrected Systems 

Microscope er pear 

objectives can be vy en 

corrected for a tt 
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at infinity, which Smonce 

means that the Fessur Hy 

microscope 2 
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incidence angles. suesnipeoseane | 
Also, an infinity- 
corrected system 


gear toe 


accommodates Peseta a | ener an 
additional — 

components like 

DIC prisms, 


polarizers, ete. The collimated beam is focused to create 
an intermediate image with additional optics, called a 
tube lens. The tube lens either creates an image directly 
onto a CCD chip or an intermediate image, which is 
further reimaged with an eyepiece. Additionally, the tube 
lens might be used for system correction. For example, 
Zeiss corrects aberrations in its microscopes with a 
combination objective-tube lens, 

In the case of an infinity-corrected objective, the 
transverse magnification can only be defined in the 
presence of a tube lens that will form a real image. It is 
given by the ratio between the tube lens’s focal length and 
Wanufactarer ] Focaltengmi] the focal length of the 
of Tube Lens_| microscope objective. 


Tiss 164.5 mm 
Olympus 150.0. 
Nikon 00.0 an 


Tele 00.0 ene 
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Telecentricity of a Microscope 


‘Telecentricity is a feature of an optical system where the 
principal ray in object, image, or hoth spaces is parallel to 
the optical axis. This means that the object or image does not 
shift laterally, even with defocus; the distance between two 
object or image points is constant along the optical axis. 


An optical system can be telecentric in 


* Object space, where the entrance pupil is at infinity, and 
the aperture stop is in the back focal plane; 

+ Image space, where the exit pupil is at infinity, and the 
aperture stop is in the front focal plane; or 

* Both (doubly telecentric), where the entrance and exit 
pupils are at infinity, and the aperture stop is at the 
center of the system, in the back focal plane of the 
element before the stop and front focal length of the 
element after the stop (afocal system) 
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‘The aperture stop in a microscope is located at the back focal 
plane of the microscope objective. This makes the microscope 
objective telecentric in object space. Therefore, in microscopy, 
the object is observed with constant magnification, even for 
defocused object planes. This feature of microscopy systems 
significantly simplifies their operation and increases the 
reliability of image analysis. 
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Magnification of a Microscope 


Magnifying power (MP) is defined as the ratio between 
the angles subtended by an object with and without 
magnification. The magnifying power (as defined for a single 
lens) creates an enlarged virtual image of an object. The 
angle of an object observed with magnification is 


ot 


‘The angle for an unaided 
eye is defined for the minimum focus distance (d,) of 10 
inches or 250 mm, which is the distance that the object (real 
or virtual) may be examined without discomfort for the 
average population. A distance | between the lens and the 
eye is often small and can be assumed to equal zero: 
250mm _ 250mm 
f # 
If the virtual image is at infinity (observed with a relaxed 


eye), 


MP 


oe, and 


up = 20mm 


‘The total magnifying power of the microscope results from 
the magnification of the microscope objective and the 
magnifying power of the eyepiece (usually 10%): 


i 
Sosesive 
250mm 
MP yocage = M jasive M Pepe = ee 
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Numerical Aperture 


‘The aperture diaphragm of the optical system determines the 
angle at which rays emerge from the axial object point and, 
after refraction, pass through the optical system. This 
acceptance angle is called the object space aperture angle. 
‘The parameter describing system throughput and this 
acceptance angle is called the numerical aperture (NA): 


A=nsinu 


As seen from the equation, 
throughput of the optical 
system may be increased by 
using media with a high 
refractive index n, eg., oil or 
water. This effectively decreases 
the refraction angles at the 
interfaces 


The dependence between the 
numerical aperture in the object 

space NA and the numerical 

aperture in the image space between the objective and the 
eyepiece NA is calculated using the objective magnification: 


NA=NAM, 


As a result of diffraction at 
the aperture of the optical 
system, —_self-uminous 
points of the object are not 
imaged as points but as so 


called Airy disks, An Airy 


disk is a bright disk 
surrounded by concentric 

rings with gradually decreasing intensities. The disk 
diameter (where the intensity reaches the first zero) is 


Media_[ Refractive Index 

Ar 
Note that the refractive index in [Water 
the equation is for media between [~ Gi 
the object and the optical system. 
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Resolution Limit 


‘The lateral resolution of an 
optical system ean be defined in 
terms of its ability to resolve 
images of two adjacent, self 
luminous points. When two Airy 
disks are too close, they form a 
continuous intensity distribution 
and cannot be distinguished. The Rayleigh resolution 
limit is defined as occurring when the peak of the Airy 
pattern arising from one point coincides with the first 
minimum of the Airy pattern arising from a second point 
object. Such a distribution gives an intensity dip of 26%, The 
distance between the two points in this case is 


0.61, 0.614 


d 


nsinu NA 


‘The equation indicates that the resolution of an optical 
system improves with an increase in NA and decreases with 
increasing wavelength 2. For example, for ?. = 450 nm (blue) 
and oil immersion NA = 1.4, the microscope objective can 
optically resolve points separated by less than 200 nm, 


‘The situation in which the intensity dip between two 
adjacent self-luminous points becomes zero defines the 
Sparrow resolution limit. In this case d = 0.54/NA. 

‘The Abbe resolution limit considers both the diffraction 
caused by the 
object and the 
NA of the optical 


system, Tt assumes ons cs 
that if at least two 

adjacent diffraction hme 

orders for points with  petaantresoves tad recived 


spacing d are accepted by the objective, these two points can 
be resolved. Therefore, the resolution depends on both 
imaging and illumination apertures and is 


po ae 
NA psi + NA 
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Useful Magnification 


For visual observation, the angular resolving power can 
be defined as 1.5 are minutes. For unmagnified objects at a 
distance of 250 mm (the eye’s minimum focus distance), 1.5 
are minutes converts to die = 0.1 mm, Since microscope 
objectives by themselves do not usually provide sufficient 
magnification, they are combined with oculars or eyepieces. 
‘The resolving power of the microscope is then 


fata ot 
Me 


iM oepce 


In the Sparrow resolution limit, the minimum microscope 
magnification is 


Myo, =2d,NAI2, 


Therefore, a total minimum magnification Main can be 
defined as approximately 250-500 NA (depending on 
wavelength). For lower magnification the image will appear 
brighter, but imaging is performed below the overall 
resolution limit of the microscope, For larger magnification, 
the contrast decreases and resolution does not improve. 
While a theoretically higher magnification should not 
provide additional information, it is useful to increase it to 
approximately 1000 NA to provide comfortable sampling of 
the object. Therefore, it is assumed that the useful 
magnification of a microscope is between 500 NA and 
1000 NA. Usually, any magnification above 1000 NA is called 
empty magnification. The image size in such cases is 
enlarged, but no additional useful information is provided. 
‘The highest useful magnification of a microscope is 
approximately 1500 for an oil-immersion microscope 
objective with NA= 1.5. 


Similar analysis can be performed for digital microscopy, 
which uses CCD or CMOS cameras as image sensors. 
Camera pixels are usually small (between 2 and 30 microns), 
and useful magnification must be estimated for a particular 
image sensor rather than the eye. Therefore, digital 
microscopy can work at lower magnification, and 
magnification of the microscope objective alone is usually 
sufficient. 
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Depth of Field and Depth of Focus 


‘Two ‘Object Plane eye Plas 
important 
terms are 
‘used to define 
axial 

resolution: ti se 
depth of it 


field and : " 
depth of oe 
focus. Depth 1 


of field refers f 
to the object Nos 
thickness for ‘AR 
which an ef 
image is in 

focus, while 
depth of focus is the corresponding thickness of the image 
plane. In the case of a diffraction-limited optical system, the 
depth of focus is determined 
for an intensity drop along the 
optical axis to 80%, defined as 


DOF 


‘The relation between depth of 
field (242) and depth of focus 4 
(2Az') incorporates. the 
objective magnification: 


where n' and n are medium refractive indexes in the object 
and image space, respectively. 


To quickly measure the depth of field for a particular 
microscope objective, the grid amplitude structure can be 
placed on the microscope stage and tilted with the known 
angle a. The depth of field is determined after measuring the 
grid zone w while in focus: 

2As=mvtana. 
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Magnification and Frequency vs Depth of Field 


Depth of field for visual observation is a function of the 
total microscope magnification and the NA of the objective, 
approximated as 

gare nO 4p 30 _ 

NA” MaccoaeNA 

Note that estimated values do not include eye 
accommodation, The graph below presents depth of field for 
visual observation, Refractive index n of the object space was 
assumed to equal 1. For other media, values from the graph 
must be multiplied by an appropriate n. 


Depth of Fe microns} 


WS Tetal Magnieation 
Depth of field can also be defined for a specific frequency 
present in the object because imaging contrast changes for a 
particular object frequency, as described by the modulation 
transfer function. The approximated equation is, 


where pis 
the frequency 
in cycles per 
millimeter. 
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Kéhler Ilumination 


One of the most critical elements in efficient microscope 
operation is proper set up of the illumination system. To 
assist with this, August Kéhler introduced a solution that 
provides uniform and bright illumination over the field of 
view, even for light sources that are not uniform (e.g., a lamp 
filament). This system consists of a light source, a field-stop 
diaphragm, a condenser aperture, and collective and 
condenser lenses. This solution is now called Kéhler 
illumination and is commonly used for a variety of imaging 
modes. 
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Kohler Illumination (cont.) 


‘The illumination system is configured such that an image of 
the light source completely fills the condenser aperture. 


Kohler illumination requires setting up the microscope 
system so that the field diaphragm, object plane, and 
intermediate image in the eyepiece’s field stop, retina, or 
CCD are in conjugate planes. Similarly, the lamp filament, 
front aperture of the condenser, microscope objective's back 
focal plane (aperture stop). exit pupil of the eyepiece, and the 
eye's pupil are also at conjugate planes. Kohler illumination 
can be set up for both the transmission mode (also called 
DIA) and the reflectance mode (also called EPI) 


‘The uniformity of the illumination is the result of having the 
light source at infinity with respect to the illuminated 
sample. 

EPI illumination is especially useful for the biological and 
metallurgical imaging of thick or opaque samples. 
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Figure 9-13. The basic monostable configuration for a 
‘555 timer, mounted an a breacbeard, 


555 Astable Mode 

A basic schematic for a 555 timer running in as- 
table mode is shown in Figure 9-14. Once again, 
an LED is attached to the output for demonstra- 
tion purposes. If the pulse rate exceeds the per- 
sistence of vision, a small loudspeaker can be 
Used instead, in series with a 470 resistor and a 
100pF capacitor. 


Figure 9-14, A $55 timer with external connections and 


components causing it to run in astable (free-running) 
mode, 


circuit > analog > timer 


Separate Control of High and Low 
Output Times 

In Figure 9-15, a bypass diode has been added 
around R2. The capacitor now charges primarily 
through R1, as the diode has a much lower ef- 
fective resistance than R2. It discharges only 
through R2, as the diode blocks current in that 
direction. Consequently, the length of the high 
‘output pulse can be adjusted with the value of 
RI only, while the length of the low output pulse 
can be adjusted with the value of R2 only. The 
duration of the high output can be lower than, 
or equal to, the duration of the low output, which 
is not possible with the basic configuration of 
components in Figure 9-14, 


Figure 9.15. In this circuit, a diode bypasses R2, so that 
the “on* time and the “off” time of the 555 timer can be 
set independently of each other, with RI and R2, 
respectively. 


555 Fifty Percent Astable 

Duty Cycle: 1 

In Figure 9-16, the circuit enables a fixed astable 
output duration of approximately 50% high and 
50% low. Initially, C1 has no charge, pulling the 
Input of the timer low, and causing it to begin a 
cycle with a high pulse from the Output pin, as 


80 Encyclopedia of Electronic Camponents Volume 2 
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Alignment of Kébler Illumination 


‘The procedure for Kéhler illumination alignment consists 
of the following steps: 


1. Place the sample on the microscope stage and move it s0 
that the front surface of the condenser lens is 1-2 mm 
from the microscope slide. The condenser and collective 
diaphragms should be wide open. 

2. Adjust the location of the source so illumination fills the 
condenser’s diaphragm, The sharp image of the lamp 
filament should be visible at the condenser's diaphragm 
plane and at the back focal plane of the microscope 
objective, To sce the filament at the back focal plane of 
the objective, a Bertrand lens can be applied (also see 
Special Lens Components on page 65). The filament 
should be centered in the aperture stop using the bulb's 
adjustment knobs on the illuminator. 

8. For a low-power objective, bring the sample into focus. 
Since a microscope objective works at a parfocal distance, 
switching to a higher magnification later is easy and 
requires few adjustments, 

4. Focus and center the condenser lens. Close down the field 
diaphragm, focus down the outline of the diaphragm, and 
adjust the condenser's position. After adjusting the x, y-, 
and z-axis, open the field diaphragm so it accommodates 
the entire field of view. 

5. Adjust the position of the condenser's diaphragm by 
observing the back focal objective plane through the 
Bertrand lens. When the edges of the aperture are 
sharply seen, the condenser’s diaphragm should be closed 
to approximately three quarters of the objective's 
aperture, 

6. Tune the brightness of the lamp, This adjustment should 
be performed by regulating the voltage of the lamp's 
power supply or, preferably, through the neutral density 
filters in the beam path. Do not adjust the brightness by 
closing the condenser’s diaphragm because it affects the 
illumination setup and the overall microscope resolution. 


Note that while three quarters of the aperture stop is 
recommended for initial illumination, adjusting the aperture 
of the illumination system affects the resolution of the 
microscope. Therefore, the final setting should be adjusted 
after examining the images. 
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Critical Mumination 


An alternative to Kéhler illumination is critical 
illumination, which is based on imaging the light source 
directly onto the sample. ‘This type of illumination requires a 
highly uniform light source. Any source non-uniformities will 
result in intensity variations across the image. Its major 
advantage is high efficiency, since it can collect a larger solid 
angle than Kébler illumination and therefore provides a 
higher energy density at the sample, For parabolic or 
elliptical reflective collectors, critical illumination can utilize 
up to 85% of the light emitted by the source, 
Sale Conpugate 
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Stereo Microscopes 


Stereo microscopes are built to provide depth perception, 
which is important for applications like micro-assembly and 
biological and surgical imaging. Two primary  stereo- 
microscope approaches involve building two separate tilted 
systems, or using a common objective combined with a 
binocular system, 


riot Let 
<F “Birrce Pus 


In the latter, the angle of convergence y of a stereo 
microscope depends on the focal length of a microscope 
objective and a distance d between the microscope objective 
and telescope objectives. ‘The entrance pupils of the 
microscope are images of the stops (located at the plane of 
the telescope objectives) through the microscope objective. 


Depth perception dz can be defined as 
ae = 2504, 
Meacmcne 07 


where a. is a visual stereo resolving power, which for 
daylight vision is approximately 5-10 are seconds. 


Stereo microscopes have a convergence angle y in the range 
of 10-15 deg. Note that y is 15 deg for visual observation and 
0 for a standard microscope. For example, depth perception 
for the human eye is approximately 0.05 mm (at 250 mm), 
while for a stereo microscope of Mmizmane = 100 and y = 15 
deg, it is 62 = 0.5 um. 
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‘The eyepiece relays an intermediate image into the eye, 
corrects for some remaining objective aberrations, and 
provides measurement capabilities. It also needs to relay an 
exit pupil of a microscope objective onto the entrance pupil of 
the eye. The location of the relayed exit pupil is called the 
eye point and needs to be in a comfortable observation 
distance behind the eyepiece. ‘The clearance between the 
mechanical mounting of the eyepiece and the eye point is 
called eye relief. Typical eye relief is 7-12 mm. 


An eyepiece usually consists of two lenses: one (closer to the 
eye) which magnifies the image, and a second working as a 
collective lens and also responsible for the location of the exit 
pupil of the microscope. An eyepiece contains a field stop that 
provides a sharp image edge. 


Parameters like magnifying power of an eyepiece and 
field number (FN), ic, field of view of an eyepiece, are 
engraved on an eyepiece’s barrel: M x / FN. Field number 
and magnification of a microscope objective allow quick 
calculation of the imaged area of a sample (see also The 
Finite Tube Length Microscope on p. 34). Field number varies 
with microscopy vendors and eyepiece magnification. For 10 
or lower magnification eyepicces, it is usually 20-28 mm 
while for higher magnification, wide-angle oculars can get 
down to approximately 5 mm, 


The majority of eyepieces are Huygens, Ramsden, or 
derivations of them, The Huygens eyepiece consists of two 
plano-convex lenses with convex surfaces facing the 
microscope objective: 


Exit Pupil 
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Eyepieces (cont.) 


Both lenses are usually made with crown glass and allow for 
some correction of lateral color, coma, and astigmatism. 'To 
correct for color, the following conditions should be met: 


For higher magnifications, the exit pupil moves toward the 
ocular, making observation less convenient, and so this 
eyepiece is used only for low magnifications (<10%). In 
addition, Huygens oculars effectively correct for chromatic 
aberrations, and therefore can be more effectively used with 
lower-end microscope objectives (e.g., achromatic). 


The Ramsden eyepiece consists of two plano-convex lenss 


with convex surfaces facing each other. Both focal lengths 
are very similar, and the distance between lenses is smaller 
than fic 


Exit Pupil 


‘The field stop is placed in the front focal plane of the 
eyepiece. A collective lens does not participate in creating an 
intermediate image, so the Ramsden eyepiece works as a 
simple magnifier: 


haf and t<f, 


Compensating eyepieces work in conjunction with 
microscope objectives to correct for lateral color 
(apochromatic). 

High-eye point oculars provide an extended distance 
between the last mechanical surface and the exit pupil of the 
eyepiece. They allow users with glasses to comfortably use a 
microscope. The convenient high eye-point location should be 
20-25 mm behind the eyepiece. 
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Nomenclature and Marking of Objectives 


Objective parameters include: 


Objective correction—such as Achromat, Plan Achromat, 
Fluor, Plan Fluor, Apochromat (Apo), and Plan Apochromat. 


Magnification—the Magnification [Zeiss Code 
Jens magnification for a 1%, 1.25% Black. 
finite tube length, or for 25x Khaki 

1a microscope objective in 4X, 5x Red 
combination with a tube 63x Orange 
lens. In infinity- 10% Yellow 
corrected systems, [16%,20%,25% 32%] Green 
magnification depends 25%, 32% Green 
on the ratio between the 40x, 50% Tight Blue 
focal lengths of a tube x Dark Blue 
lens and a microscope = 100%, White 


objective. A particular objective type should be used only in 
combination with the proper tube lens. 


Application—specialized use or design of an objective, e., 
H (bright field), D (dark field), DIC (differential interference 
contrast), RL (reflected light), PH (phase contrast), or P 
(polarization). 


Tabe Aepeiinin 

length—an - 

infinity penta a 
corrected (7) oyieai Ta we 
or finite tube Usshiam— 
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Cover slip— rnb Pinion 


the thickness " 
GE Vike eee Magiteton Cb: Caded Rig 
slip used (in mm). “0” or “" means no cover glass or the 
cover slip is optional, respectively. 


Numerical aperture (NA) and medium—defines system 
throughput and resolution. It depends on the media between 
the sample and objective. The most common media are air 
(no marking), oil (Oil), water (W), or Glycerine. 


Working distance (WD)—the distance in millimeters 
between the surface of the front objective lens and the object. 
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Objective Designs 


Achromatic objectives (also called achromats) are 
corrected at two wavelengths: 656 nm and 486 nm. Also, 
spherical aberration and coma are corrected for green (646 
nm), while astigmatism is very low. Their major problems 
are a secondary spectrum and field curvature. 


Achromatic objectives are usually built with a lower NA 
(below 0.5) and magnification (below 40%). They work well 
for white light illumination or single wavelength use. When 
corrected for field curvature, they are called plan-achromats 


Achromatic Objectives 
NA= 0.25 
40x 
a = 
NA= 050 0.80 
Low 20x 40x 
NA> 1.0 


Object Plane 


Meniscus Lens 
Immersion Liquid 


‘Amici Lens 


Fluorites or semi-apochromats have similar color 
correction as achromats; however, they correct for spherical 
aberration for two or three colors. ‘The name “fluorites” was 
assigned to this type of objective due to the materials 
originally used to build this type of objective. They ean be 
applied for higher NA (e.g., 1.8) and magnifications, and used 
for applications like immunofluorescence, polarization, or 
differential interference contrast microscopy. 


‘The most advanced microscope objectives are apochromats, 
which are usually chromatically corrected for three colors, 
with spherical aberration correction for at least two colors. 
They are similar in construction to fluorites but with 
different thicknesses and surface figures. With the correction 
of field curvature, they are called plan-apochromats. They 
are used in fluorescence microscopy with multiple dyes and 
can provide very high NA (1.4). Therefore, they are suitable 
for low-light applications. 
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Objective Designs (cont.) 


Apochromatic Objectives 


Low NA 
lowM  NA=03 NA=0.95 


Immersion Liquid 


| = <= Fluorite Glass 


Object Plane Amiel Lens 
Type Naber of Number of colors for 
wavelengths for | chromatic correction 


spherical correct 
chroma T 


Fluorite 


Plan-Fluorite 
Plan: 

Apochromat 

(Adapted from Murphy, 2001 and bitpi/ eww mieroseopyucoml) 


‘ameters are shown in the 


Examples of typical objective pa 
table below: 


a Type Medium 
10 |__Achromat Air 
‘Achromat Air 
10 Fluorite Air 
10 Fluorite iL 
60 | Apochromat Air 
0[ Apochromat [Oil 
100_[_Apoehromat [Oil 


Refractive index of alien = 1515 
‘Adapted from Murphy, 2001) 
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Special Objectives and Features 


Special types of objectives include long working distance 
objectives, ultra-low-magnification objectives, water- 
immersion objectives, and UV lenses. 


Long working distance objectives allow imaging through 
thick substrates like culture dishes. They are also developed 
for interferometric applications in Michelson and Mirau 
configurations. Alternatively, they can allow for the 
placement of instrumentation (e.g., micropipettes) between a 
sample and an objective. To provide a long working distance 
and high NA, a common solution is to use reflective 
objectives, or extend the working distance of a standard 
microscope objective by using a reflective attachment. While 
reflective objectives have the advantage of being free of 
chromatic aberrations, their serious drawback is a smaller 
field of view relative to refractive objectives. The central 
obscuration also decreases throughput by 15%-20%. 


LWD Reflective Objective 
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Special Objectives and Features (cont.) 


Low magnification objectives can achieve magnifications 
as low as 0.5. However, in some cases they are not fully 
compatible with microscopy systems, and may not be 
telecentric in the image space. They also often require special 
tube lenses and special condensers to provide Kohler 
illumination, 


Water immersion objectives are increasingly common, 
especially for biological imaging, because they provide a high 
NA and avoid toxic immersion oils. They usually work 
without a cover slip. 


UV objectives are made using UV transparent, low- 
dispersion materials such as quartz, These objectives enable 
imaging at wavelengths from the near-UV through the 
visible spectrum, e.g, 240-700 nm, Reflective objectives can 
also be used for the IR bands. 


Reflective Adapter to extend working distance WD 


ated circuit> analog > timer 
usual. In this demonstration circuit, the output 
illuminates an LED. At the same time, resistor R1 
is attached to the output and charges C1. When 
the voltage on C1 reaches 2/3 of V+, this is com- 
municated tothe timer Input pin, which ends the 
“high” cycle and initiates low status on the Out- 
put pin. This starts to sink the charge from Ci, 
through R1. When the voltage drops to 1/3 V+, 
this initiates a new cycle. Because only one resis- 
toris used to chargeand discharge the capacitor, 
we may imagine that the charge and discharge 
times should be identical. However, a higher load 
onthe outputwill probably pull down the output 
voltage to some extent, lengthening the charge 
time. Conversely, a load on the Output pin that 
has low resistance will probably sink at least 
some of the charge from the capacitor, shorten- 
ing the discharge cycle. 


Figure 9.16. This configuration provides an approximate 
50-50 on-off duty cycle at the output pin, although the 
precise duration will depend an the load, 


555 Fifty Percent Astable 

Duty Cycle: 2 

In Figure 9-17, a small modification of the basic 
astable circuit shown in Figure 9-14 provides an- 
other way to enable a 50% duty cycle. Compare 
the two schematics, and you will see thatjust the 
connection between RI and R2 has been altered 
so that C1 now charges only through R1, and dis- 


How to Use It 
charges only through R2. However, in this con- 
guration the capacitoris discharging into.avolt- 
age divider created by the two resistors. Empiri- 
caladjustment of the resistor values may be nec- 
essary before the duty cycle is precisely 50%. 


Figure 9:17. An alternative configuration to provide an ap: 
proximate 50-50 on-off duty cycle ina 558 timer. 


Use of the 555 Control Pin 

In Figure 9-18, a potentiometer and two series 
resistors allow a varying voltage to be applied to 
the Control Pin. This will lengthen orreduce both 
the charge and the discharge times of the timing 
capacitor. If values for the capacitor and its asso- 
ciated resistors are chosen to create a frequency 
of approximately 700Hz, a 10K potentiometer 
should demonstrate more than an octave of au- 
dible tones through the loudspeaker, Othercom- 
ponents can be substituted for a potentiometer, 
creating possibilities for producing pulse-width 
modulation, Alternatively, if a large capacitor is 
added between the Control pin and ground 
while a second 555 timer, running slowly in as- 
table mode, applies its output to the Control pin, 
the charging and discharging of the capacitor 
will apply a smoothly rising and falling voltage. 
If the first 555 timer is running at an audio fre- 
quency, the output will have a “wailing siren" 
effect. 
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Special Lens Components 


‘The Bertrand lens is a focusable eyepiece telescope that ean 
bbe easily placed in the light path of the microscope. This lens 
is used to view the back aperture of the objective, which 
simplifies microscope alignment, specifically when setting up 
Kohler illumination, 


‘To construct a high-numerical-aperture microscope objective 
with good correction, numerous optical designs implement 
the Amici lens as a first component of the objective. It is a 
thick lens placed in close proximity to the sample. An Amici 
lens usually has a plane (or nearly plane) first surface and a 
large-curvature spherical second surface. To ensure good 
chromatic aberration correction, an achromatic lens is 
located closely behind the Amici lens. In such configurations, 
microscope objectives usually reach an NA of 0.5-0.7. 


To further Aen monn bce 
increase the NA, eee 

an Amici lens is 

improved by 


either cementing 
a high-refractive- ~~. 4 ee 
index meniscus 
lens to it or 


placing a tent 
meniscus lens Achromateens 1 Aebanaie ens? 

closely behind the Amici lens. This makes it possible to 
construct well-corrected high magnification (100%) and high 
numerical aperture (NA > 1.0) oil-immersion objective lenses. 


‘ici Lens with cemented ‘Amici Lens with Meniscus Lens 
meniscuslene ‘logely behind 
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Cover Glass and Immersion 


‘The cover slip is located between the object and the 
microscope objective. It protects the imaged sample and is an 
important element in the optical path of the microscope. 
Cover glass can reduce imaging performance and cause 
spherical aberration, while different imaging angles 
experience movement of the object point along the optical 
axis toward the microscope objective. The object point moves 
closer to the 
objective with 
angle, 


‘The importance 
of the cover 
glass increases 
in proportion to 
the — objective's 
NA, especially 
in high-NA dry 
lenses, For 
lenses with an 
NA smaller 
than 0.5, the 
type of cover glass may not be a critical parameter, but 
should always be properly used to optimize imaging quality. 
Cover glasses are likely to be encountered when imaging 
biological samples. Note that the presence of a standard- 
thickness cover glass is accounted for in the design of high- 
NA objectives. The important parameters that define a cover 
glass are its thickness, index of refraction, and Abbe number. 
‘The ISO standards for refractive index and Abbe number are 
n= 1.5255 + 0.0015 and V= 56 +2, respectively. 


Microscope objectives are available that ean accommodate a 
range of cover-slip thicknesses. An adjustable collar allows 
the user to adjust 


for cover slip | CoverGlass | Thickness 
thickness in the [Grade Number | (in microns) 
range from 100 9 35180 
microns to over 1 130-160 
200 microns. 16 160-190 

2 190-250 
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Cover Glass and Immer: 


yn (cont.) 


‘The table below presents a summary of acceptable cover 
glass thickness deviations from 0.17 mm and the allowed 
thicknesses for Zeiss air objectives with different NAs. 


NAofthe | Allowed Thickness Allowed 
Objective Deviations Thickness 
(from 0.17 mm) Range 

iy r 0,000-0,300 
0.30-0.45, 0.07 0.100-0.240, 
0.45-0.55, 0.05 0.120-0.220, 
0.55-0.65, 0.03 0.140-0,200 
0.65-0.75 0.02 0,150-0,190 
0.75-0.85 0.01 0.160-0.180 
0.85-0,95, 0.005 0,165~0,175, 


Cdapted from Plata, 1358) 
To increase both the microscope’s resolution and system 
throughput, immersion liquids are used between the cover- 
slip glass and the microscope objective, or directly between 
‘the sample and objective. An immersion liquid effectively 
increases the NA and decreases the angle of refraction at the 
interface between the medium and the microscope objective. 
Common immersion liquids include oil (n = 1.515), water (n = 


1.84), and glycerin (n= 1.48). 


70° >. 


Water, which is more common, or glycerin immersion 
objectives are mainly used for biological samples, such as 
living cells or a tissue culture. ‘They provide a slightly lower 
NA than oil objectives but are free of the toxicity associated 
with immersion oils. Water immersion is usually applied 
without a cover slip. For fluorescent applications it is also 
critical to use non-fluorescent oil 


58 Microscopy: Microscope Construction 


Common Light Sources for Microscopy 


Common light sources for microscopy include ineandescent 
lamps, such as tungsten-argon and tungsten (e.g., quartz 
halogen) lamps. A tungsten-argon lamp is primarily used 
for bright-field, phase-contrast, and some polarization 
imaging. Halogen lamps are inexpensive and a convenient 
choice for a variety of applications that require a continuous 
and bright spectrum. 


Are lamps are usually brighter than incandescent lamps. 
‘The most common examples include xenon (XBO) and 
mercury (HBO) are lamps. Are lamps provide high-quality 
monochromatic illumination if combined with the 
appropriate filter. Arc lamps are more difficult to align, are 
more expensive, and have a shorter lifetime. Their spectral 
range starts in the UV range and continuously extends 
through visible to the 


infrared, About 20% of Common Mereury Lines 
the output is in the [Wavelength (amj[ Color 
visible spectrum, while 254 Far UV. 
the majority is in the See Sane 
UV and IR. The usual — — 
lifetime is 100-200 oe Get 
hots 38 Yellow doublet 


Another light source is the gas-are discharge lamp, which 
includes mereury, xenon, and halide lamps. The mercury 
lamp has several strong lines, which might be 100 times 
brighter than the average output. About 50% is located in the 
UV range, and should be used with protective glasses. For 
imaging biological samples, the proper selection of filters is 
necessary to protect living cell samples and micro-organisms 
(eg, UV-blocking filterseold mirrors). The xenon are lamp 
has a uniform spectrum, can provide an output power 
greater than 100 W, and is often used for fluorescence 
imaging. However, over 50% of its power falls into the IR; 
therefore, IR-blocking filters (hot mirrors) are necessary to 
prevent the overheating of samples. 


Metal halide lamps were recently introduced as high-power 
sources (over 150 W) with lifetimes several times longer than 
are lamps. While in general the metal-halide lamp has a 
spectral output similar to that of a mercury are lamp, it 
extends further into longer wavelengths. 


Microscopy: Microscope Construction 59 


LED Light Sources 


Light-emitting diodes (LEDs) are a new, alternative light 
source for microscopy applications. The LED is a 
semiconductor diode that emits photons when in forward. 
biased mode. Electrons pass through the depletion region of a 
p-n junction and lose an amount of energy equivalent to the 
bandgap of the semiconductor. ‘The characteristic features of 
LEDs include a long lifetime, a compact design, and high 
efficiency. They also emit narrowband light with relatively 
high energy. 


Wavelengths [nm] of High-power | Total Beam Power 

LEDs Commonly Used in Microscopy | [mW (approximate) 

Royal Blue 
Blue 
Cyan 


Green 

Amber 
Red 

White Light 200-800) 


An important feature of LEDs is the ability to combine them 
into arrays and custom geometries. Also, LEDs operate at 
lower temperatures than are lamps, and due to their compact 
design they can be cooled easily with simple heat sinks and 
fans. 


‘The radiance of currently available LEDs is still significantly 
lower than that possible with are lamps; however, LEDs can 
produce an acceptable fluorescent signal in bright microscopy 
applications, Also, the pulsed mode can be used to increase 
the radiance by 20 times or more. 


LED Spectral Range | Semiconductor 
nm 
Ta0-400 Gan 
400-1 TansGav 
550-650 RissinGaP | 
(0750 ‘AlGaAs | 
30-1000 GalsP 
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Filters 


‘Neutral density (ND) filters are neutral (wavelength wise) 
gray filters scaled in units of optical density (OD): 


oo=tna(!), 


where t is the 
transmittance. 
ND filters can be 
combined to 
provide OD as a 
sum of the ODs of s 
the individual 
filters. ND filters 
are used to 
change light, 
intensity without "Warsow" Gapgoee See 
tuning the light — 


source, which can result in a spectral shift. 


Color absorption filters and interference filters (also see 
Multiple Wave Interference on page 16) isolate the desired 
range of wavelengths: e.g. bandpass and edge filters. 


Edge filters include short-pass and long-pass filters. Short 
pass filters allow short wavelengths to pass and stop long 
wavelengths, and long-pass filters allow long wavelengths to 
pass while stopping short wavelengths. Edge filters are 
defined for wavelengths with a 50% drop in transmission, 


Bandpass filters allow only a selected spectral bandwidth 
to pass and are characterized with a central wavelength and 
full-width-half-maximum (FWHM) defining the spectral 
range for transmission of at least 50%, 


Color absorption glass filters usually serve as broad 
bandpass filters, They are less costly and less susceptible to 
damage than interference filters. 


Interference filters are based on multiple beam interference 
in thin films. They combine between three to over 20 
dielectric layers of 2/2 and W4, separated by metallic 
coatings. ‘They can provide a sharp bandpass transmission 
down to the sub-nm range and full-width-half-maximum of 
10-20 nm. 
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Polarizers and Polarization Prisms 


Polarizers are built with birefringent crystals using 
polarization at multiple reflections, selective absorption 
(dichroism), form birefringance, or scattering. 


For example, polarizers Glan Thompson Prism 
built with birefringent 
crystals (Glan-Thompson 
prisms) use the principle 
of total internal reflection —++ 
to climinate ordinary or 


Exraonnary Rey Otc Avs 


extraordinary components opt Ars ame 
(for positive or negative Andee TR 
crystals) 


Birefringent prisms are crucial components for numerous 
microscopy techniques, eg, differential interference 
contrast. The most common birefringent prism is a 
Wollaston prism. It splits light into two beams with 
orthogonal polarization and propagates under different 
angles. 


‘The angle between propagating beams is, 


arian Light 
Lineary Plies a 5° 
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Polarizers and Polarization Prisms (cont.) 


‘The fringe localization plane tilt can be compensated by 
using two symmetrical Wollaston prisms. 
Two Wollaston Prisms 
compensate for tlt of fringe 
localization plane 


Incident 
Light 


Wollaston prisms have a fringe localization plane inside the 
prism. One example of a modified Wollaston prism is the 
Nomarski prism, which simplifies the DIC microscope 
setup by shifting the plane outside the prism, ie., the prism 
does not need to be physically located at the condenser front 
focal plane or the objective's back focal plane. 


Nomarski Prism 


Sat T= 


a nie ts 
Light 
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Amplitude and Phase Objects 


‘The major object types encountered on the microscope are 
amplitude and phase objects. The type of object often 
determines the microscopy "=" * 


technique selected for AVAVAVAY, 
‘imaging. 


‘The amplitude object is 2°" f&ita}, Ameltude Obie 
defined as one that changes -~ 
the amplitude and therefore = 


the intensity of transmitted " [P2 sca}, Phase Object 
or reflected light, Such \/ 
objects are usually imaged / . 
with bright-field microscopes. = [SE]. Phase-Ampitude 
A stained tissue slice is a Obie 
common amplitude object. VY 


Phase objects do not affect the optical intensity; instead, they 
generate a phase shift in the transmitted or reflected light. 
‘This phase shift usually arises from an inhomogeneous 
refractive index distribution throughout the sample, causing 
differences in optical path length (OPL). Mixed amplitude. 
phase objects are also possible (e.g., biological media), which 
affect the amplitude and phase of illumination in different 
proportions, 


Classifying objects as selfluminous and non-self 
luminous is another way to categorize samples. Sel 
luminous objects generally do not directly relate their 
amplitude and phase to the illuminating light. This means 
that while the observed intensity may be proportional to the 
illumination intensity, its amplitude and phase are described 
by a statistical distribution (eg., fluorescent samples). In 
such cases, one can treat discrete object points as secondary 
light sources, each with their own amplitude, phase, 
coherence, and wavelength properties. 


Non-self-luminous objects are those that affect the 
illuminated beam in such a manner that discrete object 
points cannot be considered as entirely independent. In such 
cases, the wavelength and temporal coherence of the 
illuminating source needs to be considered in imaging. A 
diffusive or absorptive sample is an example of such an 
object. 
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The Selection of a Microscopy Technique 


Microscopy provides several imaging principles. Below is a 


list of the most common techniques and object types: 
Technique Type of sample 
Bright-feld “Rmnplitude specimens, rellecting 
specimens, diffuse objects 
Darkefield Light-seattering objects 
Phase contrast Phase objects, light-scattering object, 
Tight-refracting objects, reflective 
specimens 
Differential Phase objects, light-scattering objects, 
interference contrast | _light-refracting objects reflective 
we) specimens 
Polarization Birelringent specimens 
microscopy 
Fluorescence Floorescent specimens 
microscopy 
Taser seanning, | SD samples requiring optical sectioning, 
Confoeal microscopy, | fluorescent and seattering samples 
‘and Multi-photon 
microscopy 
Buper-resolution Traging at the molecular Tevel imaging 
rieroscopy (RESOLFT, | primarily focuses on fluorescent samples 
FM, SI, STORM,” | where the sample isa part of an imaging 
PALM. and others) system 
Contrasttree chemical imaging 
Traging of lange FOVa 
Taging of large SD samples 
Taterferenc Topography, refractive index 
Microscopy measurements, 3D coberence imaging 


All of these techniques can be considered for transmitted or 
reflected light. Below are examples of different sample types 


‘Sample type Sample Example 
Amplitude specimens | Naturally colored specimens, stained tissue 
Specular specimens | Mirrors, thin films, metallurgical samples, 
intugrated circuits 
Diffuse objects Dintoms, Gbers, hairs, micro-organisms, 
minerals, insects 
Phase abject Barteria, cells. bers, mites, protozoa 
Tight-refracting Colloidal suspensions, minerals, powders 
samples 
Bireiringent “Mineral sections, crystallized chemicals, 
specimens liquid crystals, fibers, single crystals 
Fluorescent Calls in tismue culture, Hluoruchrome-stained 
specimens sections, smears and spreads 
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How to Use It 
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Figure 9.18. 4 circuit that allows adjustment of the as 
table 555 frequency by increasing or lowering the voltage 
fon the Control pin. 


Figure 9-19 shows the components specified in 
Figure 9-18 mounted on a breadboard. 


Figure 9.19. The components in the previous schematic 
are shown here mounted on a breadboard. They will gen 
rate an audio output ranging between approximately 
425Hz and 1,075Hz. A lower value forthe timing capacitor 
will shift the aucio range higher in frequency. 


analog 


555 Flip-Flop Emulation 

The flip-flop inside a 555 timer can be accessed 
to control the timer’s outputs. In Figure 9-20, 
pushbutton switch S1 applies a negative pulse 
tothe Input pin, creating a high output from the 
timer, which illuminates LED D1. Normally the 
pulselength would be limited by the charge time 
ofa capacitor attached to the Threshold pin, but 
in this circuit there is no capacitor, and the 
Threshold pin is hard-wired to negative ground. 
So, it never rises to 2/3 of positive power, and the 
‘output from the timer remains high indefinitely. 


Figure 9-20. A S55 timer can have its timing features dis 
abled so that it functians as a flip-flop. 


However, ifS2.s pressed, it grounds the Reset pin 
of the timer, which ends the high output and 
pulls the Output pin down toa lowstate, D1 goes 
out and D2 lights up, as the timer is now sinking 
current through it. When S2sreleased, the timer 
‘output remains low and D2 remains illuminated, 
because the Input pin is held high by a pullup 
resistor. Therefore, the timer now functionsin bi- 
stable mode, asaflip-flop. While this may be seen 
as an inappropriate use of the chip, because its 
full functionality is being disabled, its ability to 
deliver substantial currentand to tolerate a wide 
range of supply voltages may make it more con- 
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Image Comparison 


‘The images below display four important microscope 
modalities: bright field, dark field, phase contrast, and 
differential interference contrast. They also demonstrate 
the characteristic features of these methods. The images are 
of a blood specimen viewed with the Zeiss upright Axiovert 
Observer Z1 microscope. The microscope was set with an 
objective at 40x, NA = 0.6, Ph2, LD Plan Neofluor, and a 
cover slip glass of 0.17 mm. The pictures were taken with a 
monochromatic CCD camera, 


Soe ees 
Dark Field 


Bright Field 


"Differential Interference 
Contrast (DIC) 


‘The bright-field image relies on absorption and shows the 
sample features with decreasing amounts of passing light. 
‘The dark-field image only shows the scattering sample 
components. Both the phase contrast and the differential 
interference contrast demonstrate the optical thickness of 
the sample. The characteristic halo effect is visible in the 
phase-contrast image, The aD effect of the DIC image arises 
from the differential character of images; they are formed as 
a derivative of the phase changes in the beam as it passes 
through the sample. 
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Phase Contrast 


Phase contrast is a technique used to visualize phase 
objects by phase and amplitude modifications between the 
direct beam propagating through the microscope and the 
beam diffracted at the phase object. An object is illuminated 
with monochromatic light, and a phase-delaying (or 
advancing) element in the aperture stop of the objective 
introduces a phase shift, which provides interference 
contrast. Changing the amplitude ratio of the diffracted and 
non-diffracted light can also increase the contrast of the 
object features, 


Image Plane 


Direct Beam 


Difracted Beam 


Phase Plate 


Aperture Stop 


— Microscope Objective 
_-Surounding Media (na) 
Phase Object) 


fe 
V 


Ligne soa Dashragm 


Microscopy: Specialized Techniques 67 


Phase Contrast (cont.) 


Phase contrast is primarily used for imaging living biological 
samples (immersed in a solution), unstained samples (c.g, 
cells), thin film samples, and mild phase changes from 
mineral objects, In that regard, it provides qualitative 
information about the optical thickness of the sample. Phase 
contrast can also be used for some quantitative 
measurements, like an estimation of the refractive index or 
the thickness of thin layers. Its phase detection limit is 
similar to the differential interference contrast and is 
approximately 2/100, On the other hand, phase contrast 
(contrary to DIC) is limited to thin specimens, and phase 
delay should not exceed the depth of field of an objective. 
Other drawbacks compared to DIC involve its limited optical 
sectioning ability and undesired effects like halos or shading- 
off, (See also Characteristic Features of Phase Contrast 
Microscopy on page 71). 


‘The most important advantages of phase contrast (over 
DIC) include its ability to image birefringent samples and 
its simple and inexpensive implementation into standard 
microscopy systems, 


Presented below is a mathematical description of the phase 
contrast technique based on a vector approach. The phase 
shift in the figure (See page 68) is represented by the 
orientation of the vector. ‘The length of the vector is 
proportional to amplitude of the beam. When using standard 
imaging on a transparent sample, the length of the light 
vectors passing through sample PO and surrounding media 
SM is the same, which makes the sample invisible. 
Additionally, vector PO can be considered as a sum of the 
vectors passing through surrounding media SM and 
diffracted at the object DP. 
PO=SM+ DP 

If the wavefront propagating through the surrounding media 
can be the subject of an exclusive phase change (diffracted 
light DP is not affected), the vector SM is rotated by an angle 
corresponding to the phase change. This exclusive phase 
shift is obtained with a small circular or ring phase plate 
located in the plane of the aperture stop of a microscope. 
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Phase Contrast (cont.) 


Consequently, vector PO, which represents light passing 
through a phase sample, will change its value to PO’ and 
provide contrast in the image: 


PO" 3M’ + DP, 
where SM' represents the rotated vector SM. 
{oe 
Pr 


Phase Shift to Direct Light 
Introduced by 
‘Advancing Phase Plate 


/ Surrounding Media (SM) 


Vector for Light Difracted 
_“at the Phase Object (DP) 


Vector for ight passing through 
Phase Object (PO) 

Phase Retardation Introduced 

by Phase Object 

Phase Retarding Object, 


Phase samples are considered to be phase retarding 
objects or phase advancing objects when their refractive 
index is greater or less than the refractive index of the 
surrounding media, respectively 


Phase plate ‘Object Type | Object Appearance 
a phase-retarding ‘brighter 

o phase-advancing darker 
phase-retarding 

%, phase-udvancing 
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Vis 


ity in Phase Contrast 


Visibility of features in phase contrast can be expressed 


‘This equation defines the 
phase object's visibility 
as a ratio between the 
intensity change due to 
phase features and the 
intensity of surrounding 
media |SM’|*. It defines 0 
the negative and positive contrast for an object appearing 
brighter or darker than the media, respectively. Depending 
on the introduced phase shift (positive or negative), the same 
object feature may appear with a negative or positive 
contrast. Note that Cya relates to classical contrast C as 


W-a 
Led. 


For phase changes in the 0-2 
range, intensity in the image 
Ze | 9.=-22 C80) ] can be found using vector 
relations; small phase changes in the object @ << 90 deg can 
bbe approximated as +29. 


Contrast 


‘To increase the contrast of images, the intensity in the direct 
beam is additionally changed with beam attenuation t in the 
phase ring. r is defined as a transmittance, + = 1/N, where N 
is a dividing coefficient of intensity in a direct beam 
(intensity is decreased N times). The contrast in this case is 


¢, 9 fe =-29N 
for a +n/2 phase plate, and 


Cp =429/ Vt =429V0 
for -nl2 phase plate. The minimum perceived phase 
difference with phase contrast is 
Gone 
daelN 


Cyi-nin is usually accepted at the contrast value of 0.02. 


AO 
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‘The Phase Contrast Microscope 


‘The common _ phase- ce 
contrast system is similar 

tothe bright-field 
microscope but with two 


modifications: 


1. The condenser 
diaphragm is replaced 
with an annular 
aperture diaphragm. 

2. Aring-shaped phase 
plate is introduced at 
the back focal plane of 
the microscope 
objective, The ring 
may include metallic 


coatings, typically o— - sa 


Mate ont 


Pave Obert np) 
v7 
x 


providing 75% to 90% 
attenuation of the 
direct beam. 


Both components are in Oa 
conjugate planes and are Se oe 
aligned such that the Sf 

image of the annular AO Buy 
condenser diaphragm ' 


overlaps with the objective phase ring. While there is no 
direct access to the objective phase ring, the anular aperture 
in front of the condenser is easily accessible, 


‘The phase shift introduced 


ne Phase Contrast Objectives 
by the ring is given by oe sh 
a2 ‘oe 

Naso4 


where nm and om are 7 
refractive indices of the H Nas 1.250 
media surrounding the ‘ne 
phase ring and the ring 
itself, respectively. ¢ is the 
physical thickness of the 
phase ring. 
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Characteristic Features of Phase Contrast 


Images in phase contrast are dark or 
bright features on a background 
(positive and negative contrast, 
respectively). They contain undesired 
image effeets called halo and shading- 
off, which are a result of the 
incomplete separation of direct and diffracted light. The 
halo effect is a phase contrast feature that increases 
light intensity around sharp changes in the phase 
gradient. 


tpt Pose Phas Cont agate Phase Conta 


NI 


ategot 


‘The shading-off effect is 
an increase or decrease (for 


dark or bright _ images, lJ WT 


respectively) of the intensity 
of the phase sample feature. 


Both effects strongly increase with an increase in 
numerical aperture and magnification, They can be 
reduced by surrounding the sides of a phase ring with ND 
filters, 


Lateral resolution of the phase contrast technique is 
affected by the annular aperture (the radius of phase ring 
rex) and the aperture stop of the objective (the radius of 
aperture stop is ras). It is 


a 


compared to the resolution limit 
for a standard microscope: 


d 
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Amplitude Contrast 


Amplitude contrast 
changes the contrast in the 
images of absorbing samples. 
Tthas a layout similar to 
phase contrast; however, 
there is no phase change 
introduced by the object, In 
fact, in many cases a phase- 
contrast microscope can 
increase contrast based on 
the principle of amplitude 
contrast. The visibility of 
images is modified by 
changing the intensity ratio 
between the direct and o— pacanleye 


diffracted beams. eae ote 


pawnaing eg 


gmc esanerg 


‘A vector schematic of the 
technique is as follows: ase 


nnn 2 


Vector or ight passing hough 
 Surounaing Masia (SM) 


Ls sy, 
<A 
AO Vcr SrLGR tract a the 
ob = Signs cheat eal 
Ve ot pan rah 
Me Sea a) 
Similar to visibility in phase contrast, image contrast can be 
described as a ratio of the intensity change due to amplitude 
features surrounding the media's intensity: 


foots ~Fayex _ 2|SM||D4]-[Dap 
Fotis [surf 
Since the intensity of diffraction for amplitude objects is 


usually small, the contrast equation can be approximated 
with Ce = 2/DA|/|SM|. If a direct beam is further 


attenuated, contrast Cxc will increase by factor of N= Ur 
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Oblique Humination 


Oblique illumination (also called anaxial illumination) 
is used to visualize phase objects. It creates pseudo-profile 
images of transparent samples. These reliefs, however, do 
not directly correspond to the actual surface profile 


‘The principle of oblique illumination can be explained by 
using either refraction or diffraction and is based on the fact 
that sample features of various spatial frequencies will have 
different intensities in the image due to a nonsymmetrical 
system layout and the filtration of spatial frequencies. 


Microscope Objective 


Phase Object, 


Condenser Lens 


oz 
Asymetnicaly 


‘Obscured Iuminaton 


In practice, oblique illumination can be achieved by 
obscuring light exiting a condenser; translating the sub-stage 
diaphragm of the condenser lens does this easily. 


‘The advantage of oblique illumination is that it improves 
spatial resolution over Kéhler illumination (up to two times). 
‘This is based on the fact that there is a larger angle possible 
between the 0 and 1* orders diffracted at the sample for 
oblique illumination. In Kéhler illumination, due to 
symmetry, the 0% and —1* orders at one edge of the stop will 
overlap with the 0% and +1" order on the other side. 
However, the gain in resolution is only for one sample 
direction; to examine the object features in two directions, a 
sample stage should be rotated. 
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Modulation Contrast 


Modulation contrast microscopy (MCM) is based on the 
fact that phase changes in the object can be visualized with 
the application of multilevel gray filters, 


‘The intensities of light refracted at the object are displayed 
with different values since they pass through different zones 
of the filter located in the stop of the microscope. MCM is 
often configured for oblique illumination since it already 
provides some intensity variations for phase objects. 
‘Therefore, the resolution of the MCM changes between 
normal and oblique illumination. 


MCM can be obtained through a simple modification of a 
bright-field microscope by adding a slit diaphragm in front of, 
the condenser and amplitude filter (also called the 
modulator) in the aperture stop of the microscope objective. 
‘The modulator filter consists of three areas: 100% (bright), 
15% (gray), and 1% (dark). This filter acts in a similar way to 
the knife-edge in the Schlieren imaging techniques. 


1% 15% 100% 


Microscope Objective 


=~ Phase Object 


Condenser Lens 


Slit Diaphragm 


ted circuit > time 


analog 


venient to use than a digital flip-flop. See Chap- 
ter 11 for more information about flip-flops. 


A555 timer emulating a flip-flop is shown ona 
breadboard in Figure 9-21. 


Figure 9-21. The schematic in which a 555 timer acts as 
2 flip-flop is shown here adapted for a breadboard, 


555 Hysteresis 

The comparators inside a 555 timer enable the 
chip to produce hysteresis. In Figure 9-22, the In- 
put pin and the Threshold pin are shorted 
together, and C1, thetiming capacitor, isomitted. 
A 10K potentiometer, wired as a voltage divider, 
delivers a voltage to the Input pin ranging 
smoothly from V+ to negative ground, As the in- 
put dips below 1/3 V+, the Output pin goes high, 
lighting LED D1. Now if the input voltage gradu- 
ally rises, the output remains high, even as the 
input rises above 1/3 V+. The output state is 
“sticky” because the timer does not end an out- 
put pulse until the Threshold pin tells it to, by 
reaching 2/3 V+. When this finally occurs, the 
Output pin goes low, D1 goes out, and D2 comes 
‘on, sinking current into the Output pin. 


Suppose, now, the input voltage starts to go 
down again. Once again the output state is 


icky” because itremains low untilthe Input pin 
drops below the 1/3 level. When that happens, 


0 Use It 


the output finally flips back to a high state, D2 
goes out, and D1 comes on, 


Inthe “dead zone" between 1/3 and 2/3 of supply 
voltage, the timer remains in its current mode, 
waiting for the input to stray outside of those 
limits. This behaviors known as hysteresis, andis 
of specialimportance when processing a varying 
signal, such as the voltage from a temperature 
sensor, to control an on/offdevice suchas a ther- 
mostat. In fact the 10K potentiometer in this 
demo could be replaced with a thermistor or a 
phototransistor, wired in series with a resistor to 
create a voltage divider which will have an input 
range compatible with the 555 timer. The hyste- 
resis can then be adjusted by varying the supply 
voltage that powers the timer, as this will change 
the values of 1/3 V+ and 2/3 V+. Alternatively, 
varying the voltage on the Control pin will affect 
the hysteresis. 


‘A comparator can provide much more versatile 
control of hysteresis by using positive feedback 
(see Chapter 6 for additional details). But the 555 
timer provides a quick-and-simple substitute, 
and its greater ability to source or sink current 
enables it to be connected with a wider range of 
other components 


Figure 9-22. A 555 timer wired so that it creates hystere 
sis, when supplied by a variable input voltage. 
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Hoffman Contrast 


A specific implementation of MCM is Hoffman modulation 
contrast, which uses two additional polarizers located in 
front of the slit aperture. One polarizer is attached to the slit 
and obscures 50% of its width. A second can be rotated, 
which provides two intensity zones in the slit (for crossed 
polarizers, half of the slit is dark and half is bright; the 
entire slit is bright for the parallel position) 


‘The major advantages of this technique include imaging at a 
full spatial resolution and a minimum depth of field, which 
allows optical sectioning. The method is inexpensive and 
easy to implement. The main drawback is that the images 
deliver a pseudo-relief image, which cannot be directly 
correlated with the object's form. 


Intermediate Image Piane 


_, Modulator Fitter 


__ Poarture Stop 


—Microscope Objective 


_ Phase Object 
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Dark Field Microscopy 


In dark-field microscopy, =| 
the specimen is illuminated iit mu 
fat such angles that direct 
light is not collected by the 
microscope objective, Only 
diffracted and scattered 
light are used to form the 
image. 


Scattered Light 


‘The key component of the 
dark-field system is the 
condenser. ‘The simplest 
approach uses an annular 
condenser stop and a 
microscope objective with an 
NA below that of the 


illumination cone, ‘This, 
Seatered ght 


approach can be used for goniation 
objectives with NA < 0.65. 
Higher-NA objectives may 
incorporate an adjustable 
iris to reduce their NA 
below 0.65 for dark-field 


imaging. To image at a 
higher NA, specialized 
reflective dark-field 
condensers are necessary. 


Examples of such. Seanered Light 
condensers include the Mumiation 

cardioid and paraboloid 

designs, which enable dark- 

field imaging at an NA up to 

0.9-1.0 (with oil 


immersion), 


For dark-field imaging in 
epicillumination, objective 
designs consist of external 
illumination, and internal 
imaging paths are used. 


Mlumination 
F scattered Light 
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Optical Staining: Rheinberg Illumination 


Optical staining is a class of techniques that uses optical 
methods to provide color differentiation between different 
areas of a sample. 


Rheinberg _ illumin- Common Color Combinations 
ation is a modification 
of dark-field illumin- | Innerilter | Annolar Filter 
ation, Instead of an 
annular aperture, it 
uses two-zone color Blue Yellow-Orange 
filters located in the 
front focal plane of the 
condenser. The overall diameter of the outer annular color 
filter is slightly greater than that corresponding to the NA of, 
the system 


Violet Red 


Green Red 


Dis > DNAL ase 
‘To provide good contrast between scattered and direct light, 
the inner filter is darker. Rheinberg illumination provides 
images that are a combination of two colors. Scattering 
features in one color are visible on the background of the 
other color. 


Dect igh fori2 


Diet Light or ae 
Seated Light or22 


Inference Fiter-22— 


Color-stained images can also be obtained in a simplified 
setup where only one (inner) filter is used. For such an 
arrangement, images will present white-light scattering 
features on the colored background. Other deviations from 
the above technique include double illumination where 
transmittance and reflectance are separated into two 
different colors, 
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Optical Staining: Dispersion Staining 


Dispersion staining 
is based on using 
highly dispersive 
media that matches 
the refractive index of 
the phase sample for 
a single wavelength 
do (the — matching 
wavelength). ‘The 
system is configured 
in a setup similar to dark-field or oblique illumination. 
Wavelengths close to the matching wavelength will miss 
the microscope objective, while the other will refract at 
the object and create a colored dark-field image. Various 
configurations include illumination with a dark-field 
condenser and an annular aperture or central stop at the 
back focal plane 


Wavelength 


Tolar —] —¥ Range | a Mean 
of the microscope jam [nm 
objective. Vislet 700-450 440. 
Blue 40-480 _[_—a70 
The annular-stop | “BiueGreen [480-510-185 
technique uses ‘Green | 610-550 _| 590 
low- Green-Yellow 550-570, 560, 
magnification at 
(10x) objectives ance | 50-0 [as 
with a stop built ‘Caper rom Prats, TST 


as an opaque screen with a central opening, and is used 
for bright-field dispersion staining. The annular stop 
absorbs red and blue wavelengths and allows yellow 
through the system. A sample appears as white with 
yellow borders. The image background is also white. 


‘The central-stop system absorbs unrefraeted yellow light 
and direct white light, Sample features show up as purple 
(a mixture of red and i 

blue) borders on a dark | 
background. Different 

media and sample 


types will modify the 
color's appearance. 


Microscopy: Specialized Techniques 7 


Shearing Interferometry: The Basis for DIC 


Differential interference contrast (DIC) microscopy is 
based on the principles of shearing interferometry. Two 
wavefronts propagating through an optical system 
containing identical phase Sheared Wavetronts 
distributions (introduced by the 

sample) are slightly shifted to ) . 
create an interference pattern. 

‘The phase of the resulting _ 
fringes is directly proportional 

to the derivative of the phase Sheared and Delayed 
distribution in the object, hence 

the name “differential.” ) 

Specifically, the intensity of the 

fringes relates to the derivative 

of the phase delay through the 

object (@.) and the local delay 


between wavefronts (Av): ‘Sheared and Tilted 
— 
16 Ing, 608 (A, +AQ,) — 
—— 
— 
ee —— 
1g cos (aes —= 
a" de ———. 


where s denotes the shear between wavefronts, and As is the 
axial delay. 


SSheared Wavettonts 


Wavefront shear is commonly introduced in DIC microscopy 
by incorporating a Mach-Zehnder interferometer into the 
system (e.g., Zeiss) or by the use of birefringent prisms. ‘The 
appearance of DIC images depends on the sample orientation 
with respect to the shear direction. 
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DIC Microscope Design 


‘The most common differential interference contrast 
(Nomarski DIC) design uses two Wollaston or Nomarski 
birefringent prisms. ‘The first prism splits the wavefront 
into ordinary and extraordinary components to produce 
interference between these beams. Fringe localization planes 
for both prisms are in conjugate planes. Additionally, the 
system uses a crossed polarizer and analyzer. The polarizer 
is located in front of prism I, and the analyzer is behind 
prism II, The polarizer is rotated by 45 deg with regard to 
the shear axes of the prisms. 


If prism IT is centrally located, the 
intensity in the image is 


For a translated prism, phase bias 
‘y is introduced, and the intensity 
is proportional to 


Lx sin® 


‘The sign in the equation depends on 
the direction of the shift. Shear s is 


7 or 
My, 


where ¢ is the angular shear provided by the birefringent 
prisms, s' is the shear in the image space, and OTL is the 
optical tube length. The high spatial coherence of the source 
is obtained by the slit located in front of the condenser and 
oriented perpendicularly to the shear direction, To assure 
good interference contrast, the width of the slit w should be 


4s 


Low-strain (low-birefringence) objectives are crucial for high- 
quality DIC. 
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Appearance of DIC Images 


In practice, shear between wavefronts in differential 
interference contrast is small and accounts for a fraction 
of a fringe period. This provides the differential character of 
the phase difference between interfering beams introduced to 
the interference equation. 


Shear oiecion 


shear Direction [Eshear Direction 


Increased shear makes the edges of the object less sharp, 
while increased bias introduces some background intensity. 
Shear direction determines the appearance of the object. 


ht Direction 
— 


Compared to phase contrast, DIC allows for larger phase 
differences throughout the object and operates in full 
resolution of the microscope (i.e., it uses the entire aperture). 
‘The depth of field is minimized, so DIC allows optical 
sectioning. 
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Reflectance DIC 


A Nomarski interference microscope (also called a 
polarization interference contrast microscope) is a reflectance 
DIC system developed to 
evaluate roughness and the 
surface profile of specular 
samples. Its applications 
include metallography, 
microelectronics, biology, 
and medical imaging. It uses 
one Wollaston or Nomarski 
prism, a polarizer, and an 
analyzer, ‘The information 
about the sample is obtained 
for one direction parallel to 
the gradient in the object. To 
acquire information for all 
directions, the sample 
should be rotated. 


If white light is used, 
different colors in the image 
correspond to _ different 
sample slopes. It is possible 
to adjust the color by rotating the polarizer. 


Phase delay (bias) can be introduced by translating the 
birefringent prism. For imaging under monochromatic 
illumination, the brightness in the image corresponds to the 
slope in the sample. Images with no bias will appear as 
bright features on a dark background; with bias they will 
have an average background level, and slopes will vary 
between dark and bright. This way, it is possible to interpret 
the direction of the slope. Similar analysis can be performed 
for the colors from white-light illumination, 


Brghness a mage ripen in mage 


a SS 


oe 
ies, 
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Polarization Microscopy 


Polarization microscopy provides images containing 
information about the properties of anisotropic samples. A 
polarization microscope is a modified compound microscope 
with three unique components: the polarizer, analyzer, 
and compensator. A linear polarizer is located between the 
light source and the specimen, close to the condenser's 
diaphragm. The analyzer is a linear polarizer with its 
transmission axis perpendicular to the polarizer, It is placed 
between the sample and the eye/eamera, at or near the 
microscope objective’s aperture stop. If no sample is present, 
the image should appear uniformly dark. ‘The compensator (a 
type of retarder) is a birefringent plate of known parameters 
used for quantitative sample analysis and contrast 
adjustment. 


Quantitative information can be obtained by introducing 
known retardation. Rotation of the analyzer correlates the 
analyzers angular position with the retardation required to 
minimize the light intensity for i 

object features at selected an Ree 


wavelengths. Retardation 

introduced by the compensator 

plate ean be described as ve, 

(iting Mount 

Pa(n,-n,)t. ae 

where ¢ is the sample thickness, Agerue, 

and subscripts © and o denote 5% 

the extraordinary and ordinary — Oytrie 


beams. Retardation in concept is 
similar to the optical path Aniorope— 
difference for beams propagating 8" 
through two different materials: 


OPD =(n,—n.)t=(n,—m)t- Conese Lena 
Sastre 
‘The phase delay caused by pet 
sample birefringence is therefore rotting nous) 
p= 28OPD _ 200 
xR 


A polarization microscope can 
also be used to determine the 
orientation of the optic axis. 
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Images Obtained with Polarization Microscopes 


Anisotropic samples observed under a polarization 
microscope contain dark and bright features and will 
strongly depend on the geometry of the sample. Objects can 
have characteristic elongated, linear, or circular structures: 
+ linear structures appear as dark or bright, 
depending on the orientation of the analyzer. 
‘+ circular structures have a “Maltese Cross” pattern 
with four quadrants of different intensities. 


While polarization microscopy uses monochromatic light, it 
can also use white-light illumination. For broadband light, 
different wavelengths will be subject to different retardation; 
as a result, samples can provide different output colors. In 
practical terms, this means that color encodes information 
about retardation introduced by the object. The specific 
retardation is related to the image color. Therefore, the color 
allows for determination of sample thickness (for known 
retardation) or its retardation (for known sample thickness). 
If the polarizer and the analyzer are crossed, the color visible 
through the microscope is a complementary color to that 
having full wavelength retardation (a multiple of 2x, and the 
intensity is minimized for this color). Note that the two 
complementary colors combine into white light. If the 
analyzer could be rotated to be parallel to the analyzer, the 
two complementary colors will be switched (the one 
previously displayed will be minimized, while the other color 
will be maximized). 


Polarization microscopy can provide quantitative information 
about the sample with the application of compensators (with 
known retardation). Estimating retardation might be 
performed visually or by integrating with an image 
acquisition system and CCD, This latter method requires one 
to obtain a series of images for different retarder orientations 


and eeanaty 
calculate [No Light Tough The Sista 
sample REE 

parameters 

based on Pomizee — Bhobingert Anaya 


saved me Pil 
images. 
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555 and Coupling Capacitors 
As previously noted, when a basic bipolar 555 
timer (and some of its variants) is wired in mono- 
stable mode, it will retrigger itself indefinitely if 
its input remains low. One way to avoid this is by 
using a coupling capacitor. This will pass a tran- 
sition from high to low, but will then block a 
steady subsequent voltage. In Figure 9-23, apho- 
totransistor in series with a resistor provides a 
variable voltage to the noninverting input of a 
comparator. The reference voltage of the com- 
paratoris adjusted with a potentiometer, and re- 
sistor R3 provides positive feedback, ensuring 
that the output from the comparator will be 
quick and clean. The output from the 555 timer 
goes through a transistor to the relay, shown at 
the bottom. 


[tis important to see the function ofthe coupling 
capacitor, C3, with the pullup resistor, R2, which 
holds the Input pin of the 555 timer high by de- 
fault. When the output from the comparator 
drops from high to low, C3 passes this transition 
to the Input pin of the timer, momentarily over- 
coming the positive potential, and triggering the 
timer. After the timer responds, however, C3 
blocks any continuation of low voltage from the 
comparator. Pullup resistor R2 resumes its 
function of holding the input high, and prevents 
the timer from being retriggered. 


555 Loudspeaker Connection 
‘A small 8-ohm loudspeaker can be driven from 
the output of a bipolar 555 timer running in as- 
table mode, but should be isolated from it with 
a 10uF to 100uF capacitor. A series resistor of 
470 (minimum) should be used, See Figure 9-24. 


Burst Mode 

It is sometimes useful to create a short beep of 
fixed length in response to a button-press. The 
beep should terminate even if the button is held 
down. This "burst mode” can be achieved with 
the circuit in Figure 9-25, where the button con- 
nects power to a bipolar-type 555 timer running 
in astable mode, and an RC network applies a 


circuit > analog > timer 
decreasing potential to a 47UF capacitor, which 
is wired to the Reset pin of the timer. The resistor 
in series with the capacitor will vary the length 
ofthe beep. When voltage tothe pindropsbelow 
approximately 0.3V, output from the timer stops 
and cannot restart until the button is released 


Aresistor of greater than 1.5K may not allow the 
input value at the reset pin to fall below the volt- 
age, which is necessary to enable a reset. Ifa low- 
er power supply voltage than 9VDC is used, the 
resistor value should be higher—for example, a 
VDC power supply works well with a 1.5K to 2K 
resistor, 


= 


Figure 9-23. A coupling capacitor (C3) Is used in this ci 
cuit to isolate the 555 timer from a sustained low input 
from the comparator. The capacitor only passes a transi 
tion from high to low. The rest ofthe time, the pullup resis 
tar (R3) holds the input high. 
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Compensators 


Compensators are components that can be used to provide 
quantitative data about a sample's retardation. ‘They 
introduce known retardation for a specific wavelength and 
can act as nulling devices to eliminate any phase delay 
introduced by the specimen. Compensators can also be used 
to control the background intensity level. 


A wave plate compensator (also called a first-order red or 
red-I plate) is oriented at a 45-deg angle with respect to the 
analyzer and polarizer. It provides retardation equal to an 
even number of waves for 551 nm (green), which is the 
wavelength eliminated after passing the analyzer. All other 
wavelengths are retarded with a fraction of the wavelength 
and can partially pass the analyzer and appear as a bright 
red magenta. ‘The sample provides additional retardation 
and shifts the colors towards blue and yellow. Color tables 
determine the retardation introduced by the object. 


‘The de Sénarmont compensator is a quarter-wave plate 
(for 546 nm or 589 nm). It is used with monochromatic light 
for samples with retardation in the range of 1/20 to 2. A 
quarter-wave plate is placed between the analyzer and the 
polarizer with its slow ellipsoid axis parallel to the 
transmission axis of the analyzer. Retardation of the sample 
is measured in a two-step process. First, the sample is 
rotated until the maximum brightness is obtained. Next, the 
analyzer is rotated until the intensity maximally drops (the 
extinction position). The analyzer's rotation angle @ finds the 
phase delay related to retardation: Pyjye = 20. 


A Brace Kéhler rotating compensator is used for small 
retardations and monochromatic illumination. It is a thin 
birefringent plate with an optic axis in its plane. The 
analyzer and polarizer remain fixed while the compensator is 
rotated between the maximum and minimum intensities in 
the sample's image. Zero position (the maximum intensity) is 
determined for a slow axis being parallel to the transmission 
axis of the analyzer, and retardation is 

Praate = Fone 8120. 
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Confocal Microscopy 


Confocal microscopy is a scanning technique that employs 
pinholes at the illumination and detection planes so that only 
in-focus light reaches the detector. This means that the 
intensity for each sample point must be obtained in sequence 
through scanning in the x and y directions. An illumination 
pinhole is used in conjunction with the imaged sample plane 
and only illuminates the point of interest. The detection 
pinhole rejects the majority of out-of-focus light, 


Confocal microscopy has the advantage of lowering the 
background light from out-of-focus layers, increasing spatial 
resolution, and providing the capability of imaging thick 3D 
samples, if combined with = scanning. Due to detection of 
only the in-focus light, confocal microscopy can provide 
images of thin sample sections. The system usually employs 
a photo-multiplier tube (PMT), avalanche photodiodes (APD), 
or a charge-coupled device (CCD) camera as a detector. For 
point detectors, recorded data is processed to assemble x-y 
images. This makes it capable of quantitative studies of an 
imaged sample’s properties. Systems can be built for both 
reflectance and fluorescence imaging. 


Spatial resolution of a confocal 
microscope can be defined as 


a, 30a, 


and is slightly better than wide-field Sal 
(bright-field) microscopy resolution. “~/| 
For pinholes larger than an Airy “Prac” 
disk, the spatial resolution is the 

same as in a wide-field microscope. 

‘The axial resolution of a confocal —o.citonnie 


system is rea 


The optimum pinhole value is at the full width at half 

maximum (FWHM) of the Airy disk intensity. This 

corresponds to ~75% of its intensity passing through the 

system, minimally smaller than the Airy disk’s first ring: 
O.SAM 


nate = —g* 
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Scanning Approaches 


A scanning approach is directly connected with the temporal 
resolution of confocal microscopes. 'The number of points in 
the image, scanning technique, and the frame rate are 
related to the signal-to-noise ratio SNR (through time 
dedicated to detection of a single point). ‘To balance these 
parameters, three major approaches were developed: point 
scanning, line scanning, and disk scanning, 


A point-scanning confocal microscope is based on point- 
by-point scanning using, for example, two mirror 
galvanometers or resonant 
scanners. Scanning mirrors should 
be located in pupil conjugates (or 
close to them) to avoid light 
fluctuations, Maximum — spatial 
resolution and maximum 
background rejection are achieved 
with this technique 


A line-seanning confocal 
microscope uses a slit aperture 
that scans in a direction 
perpendicular to the slit. It uses a 
cylindrical lens to focus light onto the slit to maximize 
throughput. Scanning in one direction makes this technique 
significantly faster than a point approach, However, the 
drawbacks are a loss of resolution and sectioning 
performance for the direction parallel to the slit. 


Feature Point Sik Disk 
Seanning | Slit Scanning | Spinning 
resolution High Depends on slit | Depends om 
spacing pinhole 
distribution 
Tey FenaTtion Tigh Tawar for one [Depends on 
‘direction pinhole 
spacing 
Speed Taw t Tigh High 
moderate 
Tight sources Tasers Taners Taser and 
other 
Photobleaching Tigh Tigh Tow 
‘QE of detectors | Law (PMT) | Good (CCD) | “Good (COD) 
Good (APD) 
Cost High High Moderate] 
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Scanning Approaches (cont.) 


Spinning-disk confocal imaging is a parallel-imaging 
method that maximizes the scanning rate and can achieve a 
100-1000 speed gain over point scanning. It uses an array of 
pinholes/slits (e.g., Nipkow disk, Yokogawa, Olympus DSU 
approach). To minimize light loss, it can be combined (e.2., 
with the Yokogawa approach) with an array of lenses, so 
each pinhole has a dedicated focusing component. Pinhole 
disks contain several thousand pinholes, but only a portion is 
illuminated at one time. 


‘Throughput of a confocal microscope T[%] 


=100x(D/ Sy 


Array of pinholes a 


Multiple slits T,, =100x(D/S) 


Equations aro for a uniformly uminated mask of pinholes/alite 
(array of microlenses not considered). D is the pinhole’s diameter or 
slit’s width respectively. while S is the pinholo/lit separation. 


Crosstalk between pinholes and slits will reduce the 
background rejection. Therefore a common pinhole/slit 
separation S is 5-10 times larger than the pinhole’s diameter 
or the slit’s i 
width. 


Sng ake ewan asa 


Spinning-disk 
and slit- 
scanning 
confocal micro- 
scopes require 
high- 
sensitivity 
array image trey wr 
sensors (CCD 
cameras) 
instead of point 
detectors. They 
can use lower 
excitation 
intensity for fluorescence confocal systems; therefore, they 
are less susceptible to photobleaching, 


Microscopy: Specialized Techniques a9 


Images from a Confocal Microscope 


Laser-scanning confocal microscopy 
rejects out-of-focus light and enables 
optical sectioning. It ean be assembled in 
reflectance and fluorescent modes. A 
1483 cell line, stained with membrane 
anti-EGFR antibodies labeled with 
fluorecent Alexa488 dye, is presented 


here. The top image shows the bright- 
field illumination mode. ‘The middle 
image is taken by a confocal microscope 
with a pinhole corresponding to 
approximately 2.5 Airy disks. In the 
bottom image, the pinhole was entirely 
open, Clear cell boundaries are visible in 


the confocal image, while all out-of-focus 
features were removed. 


Tmages were taken with a Zeiss LSM 510 
microscope using a 63% Zeiss oil- 
immersion objective. Samples were 
excited with a 488.nm laser source. 


Another example of 1483 cells labeled with EGF-Alexa647 
and proflavine obtained on a Zeiss LSM 510 confocal at 63% / 
1.4 oil is shown below. The proflavine (staining nuclei) was 
excited at 488 nm, with emission collected after a 505-nm 
long-pass filter. The EGF-Alexa647 (cell membrane) was 
excited at 633 nm, with emission collected after a 650-710 
nm bandpass filter. ‘The sectioning ability of a confocal 
system is nicely demonstrated by the channel with the 
membrane labeling, 


EGF-Alexa647 Proflavine Channel 
Channel (Red) (Green) Combined Channels 
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Fluorescence 


Specimens can absorb and  re-emit light through 
fluorescence. The specific wavelength of light absorbed or 
emitted depends on the energy level structure of each 
molecule, When a molecule absorbs the energy of light, it 
briefly enters an excited state before releasing part of the 
energy as fluorescence. Since the emitted energy must be 
lower than the absorbed energy, fluorescent light is always 
at longer wavelengths than the excitation light. Absorption 
and emission take place between multiple sub-levels within 
the ground and excited states, resulting in absorption and 
emission spectra covering a range of wavelengths. The loss of, 
energy during the fluorescence process causes the Stokes 
shift (a shift of wavelength peak from that of excitation to 
that of emission). Larger Stokes shifts make it easier to 
separate excitation and fluorescent light in the microscope. 
Note that energy quanta and wavelength are related by E 
elk 


Step 2 
Fuerophore loses energy to envronment (son-adatve decay) 
"uerphore drops to lowest inlet sate 


Escted Singlet State Levels 


Step 3 
Fathophoe dope tom lowest sgt tte 
‘waged sais 
: Lower energy picton sented 
Zesaten 
ee eet Jemison > Resctaton 
Sesh Ground Levee 


High enero photon absorbed 
Forophore sexed om ground 0 singlet stat 

The fluorescence principle is widely used in fluorescence 

microscopy for both organic and inorganic substances. While 

it is most common for biological imaging, it is also possible to 

examine samples like drugs and vitamins, 


Due to the application of filter sets, the fluorescence 
technique has a characteristically low background and 
provides high-quality images. It is used in combination with 
techniques like wide-field microscopy and scanning confocal- 
imaging approaches. 
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Configuration of a Fluorescence Microscope 


A fluorescence microscope includes a set of three filters: an 
excitation filter, emission filter, and a dichroic mirror 
(also called a dichroic beam splitter). ‘These filters 
separate weak emission signals from strong excitation 
illumination, The most common fluorescence microscopes are 
configured in epi-illumination mode. The dichroic mirror 
reflects incoming light from the lamp (at short wavelengths) 
onto the specimen, Fluorescent light (at longer wavelengths) 
collected by the objective lens is transmitted through the 
dichroic mirror to the eyepieces or camera, The transmission 
and reflection properties of the dichroic mirror must be 
matched to the excitation and emission spectra of the 
fluorophore being used. 
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Configura 


n of a Fluorescence Microscope (cont.) 


A sample must be illuminated with light at wavelengths 
within the excitation spectrum of the fluorescent dye. 
Fluorescence-emitted light must be collected at the longer 
wavelengths within the emission spectrum, Multiple 
fluorescent dyes can be used simultaneously, with each 
designed to localize or target a particular component in the 
specimen. 


‘The filter turret of the microscope can hold several cubes 
that contain filters and dichroic mirrors for various dye 
types. Images are then reconstructed from CCD frames 
captured with each filter cube in place. Simultanous 
acquisition of emission for multiple dyes requires application 
of multiband dichroic filters. 


; _ Emission Fier 
I ” 
fh |e. 


Excitation Filter/ | 


Md 


+ Aperture Stop 


_- Microscope 


Objective 


—=— Fluorescent Sample 
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Images from Fluorescence Microscopy 


Fluorescent images of cells labeled with three different 
fluorescent dyes, each targeting a different cellular 
component, demonstrate fluorescence microscopy’s ability to 
target sample components and specific functions of biological 
systems. Such images can be obtained with individual filter 
sets for each fluorescent dye, or with a multiband (a triple- 
band in this example) filter set, which matches all dyes. 


Triple-band Filter BODIPY FL phallacidin (F-actin) 


MitoTrucker Red CMXRos APT (nucle) 
(mitochondria) 


Sample: Bovine pulmonary arlery epithelial cella (avitragen 
FluoCells No. 1) 

Components: Plan-apochromat 40x/095, Mim Zeiss CCD 
(1388 1040 mono) 

Fluorescent labels Peak Excitation | Peak Emission 
DAPI 

BODIPY FL 

MitoTracker Red CMXRos 
Filter 

Triple-band 


46 nm 


Dichvoie [Emission 


600-850 
DAPI 420-470 
Gre 150190) 
Texas Red 50-585 
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Properties of Fluorophores 


Fluorescent emission F [photons/s] depends on the 
intensity of excitation light I [photons/s} and fluorophore 
parameters like the fluorophore quantum yield @ and 
molecular absorption cross section o: 


F=o0l 


where the molecular absorption cross section is the 
probability that illumination photons will be absorbed by 
fluorescent dye, The intensity of excitation light depends on 
the power of the light source and throughput of the optical 
system. The detected fluorescent emission is further reduced 
by the quantum efficiency of the detector. 


Quenching is a partially reversible process that dec 
fluorescent emission. It is a non-emissive process of electrons 
moving from an excited state to a ground state 


Fluorescence emission and excitation parameters are bound 
through a photobleaching effect that reduces the ability of 
fluorescent dye to fluoresce. Photobleaching is an 
irreversible phenomenon that is a result of damage caused by 
illuminating photons. It is most likely caused by the 
generation of long-living (in triplet states) molecules of 
singlet oxygen and oxygen free radicals generated during its 
decay process. There is usually a finite number of photons 
that can be generated for a fluorescent molecule, This 
number can be defined as the ratio of emission quantum 
efficiency to bleaching quantum efficiency, and it limits the 
time a sample can be imaged before entirely bleaching. 
Photobleaching causes problems in many imaging 
techniques, but it can be especially critical in time-lapse 


imaging. To slow down this effect, optimizing collection 
efficiency (together with working at lower power at the 
steady-state condition) is crucial 


Photobleaching effect as seen in consecutive images 


ated circuit> analog > time 
S-ohm 
loudspeaker 
47 10vF 
— WW) 


Figure 9-24. A small 8-ohm loudspeaker can be attached 
through a capacitor and a resistor to the output ofa bipo- 
lar 555 timer. 


What Can Go 


ong 


capacitor wired to the Control pin of a bipolar- 
type $55 gradually charges through the 1K resis- 
tor. Note that ifa larger resistor is paired with a 
smaller capacitor, the effect will differ. The 150K 
resistor is included to discharge the capacitor 
reasonably quickly in time for the next cycle. 


Figure 9-26. The “burst mode” 
breadboard with a miniature loudspeaker. 


circuit installed on a 


What Can Go Wrong 


Figure 9-25. An RC circuit, wired to apply a decreasing 
voltage on the Reset pin of a bipolar 855 timer, wil shut 
off the timer shartly after it is powered up. This can be 
used fo create 2 fixed-length beep in response to a button 
press of any duration, 


Figure 9-26 shows the components installed on 
a breadboard. 


“You Lose” Game Sound 

Atimeris a simple, cheap way to create a variety 
of simple game sounds. The schematic in 
Figure 9-27 makesa groaning soundasthe 100pF 


Dead Timer 

Like any chip, the 555 can be damaged by over- 
voltage, excessive source current or sinking cur- 
rent, staticelectricity, incorrectly applied polarity 
of power supply, and other forms of abuse. The 
TTL version of the timer is fairly robust, but the 
CMOS type much less so. Check for obvious er- 
rors such as lack of supply voltage, incorrect or 
ambiguous input voltages, and unusual current 
draw (too high, or none at all, at the V+ pin), Use 
the meter probes on the actual pins of the chip, 
in case there is a break in the wiring that feeds 
them. Because timer chips are cheap, a reserve 
supply of them should be maintained. 
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Single vs Multi-Photon Excitation 


‘Multi-photon fluorescence is based on the fact that two or 
more low-energy photons match the energy gap of the 
fluorophore to excite and generate a single high-energy 
photon. For example, the energy of two 700-nm photons can 
excite an energy transition approximately equal to that of a 
350-nm photon (it is not an exact value due to thermal 
losses). This is contrary to traditional fluorescence, where a 
high-energy photon (e.g., 400 nm) generates a slightly lower- 
energy (longer wavelength) photon. Therefore, one big 
advantage of multi-photon fluorescence is that it ean obtain a 
significant difference between excitation and emission. 


Fluorescence is based on stochastic behavior, and for single- 
photon excitation fluorescence, it is obtained with a high 
probability. However, multi-photon excitation requires at 
east two photons delivered in a Sv 7ntrtaan wapinee Eeatn 
very short time, and the 
probability is quite low: 


(eter) 


5 is the excitation cross section 
of dye, Pry; is the average power. 
ris the length of a pulse, and v 
is the repetition frequency. 
‘Therefore, multi-photon 
fluorescence must 

be used with 7 
high-power laser 

sources to obtain sccsnd 
favorable el bu Sl waa 
probability. bali } 
Short-pulse Vee aT 
operation will have a similar effect, as will be minimized. 


Oh 


‘Due to low probability, fluorescence occurs only in the foal 
point, Multi-photon imaging does not require scanning 
through a pinhole and therefore has a high signal-to-noise 
ratio and can provide deeper imaging. This is also because 
near-IR excitation light penetrates more deeply due to lower 
scattering, and near-IR light avoids the excitation of several 
autofluorescent tissue components. 
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Light Sources for Scanning Microscopy 


Lasers are an important light source for scanning 
microscopy systems due to their high energy density, which 
can increase the detection of both reflectance and 
fluorescence light. For laser-scanning confocal systems, a 
general requirement is a single-mode TEMw laser with a 
short coherence length. Lasers are used primarily for point- 
and-slit scanning modalities. There are a great variety of 
laser sources, but certain features are useful depending on 
their specific application: 


‘+ Shortexcitation wavelengths are preferred for 
fluorescence confocal systems because many 
fluorescent probes must be excited in the blue or 
ultraviolet range 

+ Near-IR wavelengths are useful for reflectance 
confocal microscopy and multi-photon excitation 
Longer wavelengths are less suseptible to scattering 
in diffused objects (like tissue) and can provide a 
deeper penetration depth. 

+ Broadband short-pulse lasers (like a Ti-Sapphire 
mode-locked laser) are particularily important for 
multi-photon generation, while shorter pulses 
increase the probability of excitation. 


Taser Type Wavelength aml] 
‘Argon-lon 351, 364, 458,488, 51% | 
eC | 
HeNe | 
Diode lasana 7105, 08, 40, 8S, 60, 
750,810 
DPSS (ode pumped, 0, 532, BOT 
solid tte) 
Riypton Arua TS eT | 
Dye | 
TeSapphine® 


Non-laser sources are particularly useful for disk-seanning 
systems. They include are lamps, metal-halide lamps, and 
high-power photo-luminescent diodes (See also pages 58 and 
59). 
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LSM 


Practical Consideration: 


A light source in laser-scanning microscopy must provide 
enough energy to obtain a sufficient number of photons to 
perform successful detection and_a statistically significant 
signal. This is especially critical for non-laser sources (c.g., 
are lamps) used in disk-scanning systems. While laser 
sources can provide enough power, they can cause fast 
photobleaching or photo-damage to the biological sample. 


Detection conditions change with the type of sample. For 
example, fluorescent objects are subject to photobleaching 
and saturation, On the other hand, back-scattered light can 
be easily rejected with filter sets. In reflectance mode, out-of- 
focus light can cause background comparable or stronger 
than the signal itself. This background depends on the size of 
the pinhole, scattering in the sample, and overall system 
reflections, 


Light losses in the optical system are critical for the signal 
level. Collection efficiency is limited by the NA of the 
objective; for example, a NA of 14 gathers approximately 
80% of the fluorescent/scattered light. Other system losses 
will occur at all optical interfaces, mirrors, filters, and at the 
pinhole. For example, a pinhole matching the Airy disk 
allows approximately 75% of the light from the focused 
image point. 


Quantum efficiency (QE) of a detector is another important 
system parameter, The most common photodetector used in 
scanning microscopy is the photomultiplier tube (PMT). Its 
quantum efficiency is often limited to the range of 10-15% 
(550-580 nm). In practical terms, this means that only 15% 
of the photons are used to produce a signal. The advantages 
of PMTs for laser-scanning microscopy are high speed and 
high signal gain. Better QE can be obtained for CCD 
cameras, which is 40-60% for standard designs and 90-95% 
for thinned, back-illuminated cameras. However, CCD image 
sensors operate at lower rates. 


Spatial and temporal sampling of laser-scanning microscopy 
images imposes very important limitations on image quality. 
‘The image size and frame rate are often determined by the 
number of photons sufficient to form high-quality images. 
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Interference Microscopy 


Interference microscopy 
includes a broad family of 
techniques for quantitative 
sample characterization 
(thickness, refractive index, ete, 
Systems are based on microscopic 
implementation of interferometers 
(ike the Michelson and Mach- ! =|. 
Zehnder geometries), or 
polarization interferometers. i 


Tn interference microscopy, shart a 


coherence systems are i 
particularly interesting and can 
be divided into two groups: 
optical profilometry and 
optical coherence tomography 
(OCT) [including optical coherence microscopy (OCM)] 
‘The primary goal of these techniques is to add a third (2) 
dimension to the acquired data. 

Optical profilers use interference fringes as a primary source 
of object height. Two important measurement approaches 
include vertical scanning interferometry (VSI) (also 
called scanning white light interferometry or 
coherence scanning interferometry) and phase-shifting 
interferometry. Profilometry techniques are capable of 
achieving nanometer-level resolution in the z direction while 
xvand y are defined by standard microscope limitations. 


Profilometry is used for characterizing the sample surface 
(roughness, structure, microtopography, and in some cases 
film. thickness) while 
OCTIOCM is dedicated 

to 3D imaging, primar- 
ily of biological samp. 
les. z 
Both types of systems § 
are usually configured * 
using the geometry of 

the Michelson or its 
derivatives (e.g., 

Mirau). —~ optetrsn een 
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Optical Coherence Tomography/Microscopy 


In early aD coherence imaging, information about the sample 
was gated by the coherence length of the light source (time- 
domain OCT). This means that the maximum fringe 
contrast is obtained at a zero optical path difference, while 
the entire fringe envelope has a width related to the 
coherence length. In fact, this width defines the axial 
resolution (usually a few microns) and images are created 
from the magnitude of the fringe pattern envelope. Optical 
coherence microscopy is a combination of OCT and 
confocal microscopy. It merges the advantages of out-of-focus 
background rejection provided by the confocal principle and 
applies the coherence gating of OCT to improve optical 
sectioning over confocal reflectance systems, 


In the mid-2000s, time-domain OCT transitioned to 
Fourier-domain OCT (FDOCT), which can acquire an 
entire depth profile in a single capture event. Similar to 
Fourier Transform Spectroscopy, the image is acquired by 
calculating the Fourier transform of the obtained 
interference pattern. The measured signal can be described 


jeos[ k(2,, —=,) de, 


where An and As are amplitudes of the reference and sample 
light, respectively, and zm is the imaged aa depth (2 is 
the 


reference 
fe rior 
delay. and 


is the = 
Fase a 


‘The fringe frequency is a function of wave number k and 
relates to the OPD in the sample, Within the Fourier-domain 
techniques, two primary methods exist: spectral-domain 
OCT (SDOCT) and swept-source OCT (SSOCT). Both can 
reach detection sensitivity and signal-to-noise ratios over 150 
times higher than time-domain OCT approaches. SDOCT 
achieves this through the use of a broadband source and 
spectrometer for detection, SSOCT uses a single 
photodetector but rapidly tunes a narrow linewidth over a 
broad spectral profile. Fourier-domain systems can image at 
hundreds of frames per second with sensitivities over 100 dB. 
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Optical Profiling Techniques 


‘There are two primary techniques used to obtain a surface 
profile using white-light profilometry: vertical scanning 
interferomtry (VSI) and phase-shifting interferometry 
(Psp) 


VSI is based on the fact that a reference mirror is moved by a 
piezoelectric or other actuator, and a sequence of several 
‘images (in some cases hundreds or thousands) is acquired 
along the sean. During post-processing, algorithms look for a 
maximum fringe modulation and correlate it with the 
actuator’s position. This position is usually determined with 
capacitance gauges; however, more advanced systems use 
optical encoders or an additional Michelson interferometer. 
‘The important advantage of VSI is its ability to ambiguously 
measure heights that are greater than a fringe. 


The PSI technique requires 
the object of interest to be 7 Position 
within the coherence length 
and provides one order of 
magnitude or greater 2 
resolution compared to VSI. 
‘To extend coherence length, 
an optical filter is 
introduced to limit the light _[_______X position, 
source's bandwidth. With PSI, a phase-shifting component is 
located in one arm of the interferometer. The reference 
mirror can also provide the role of the phase shifter. A series 
of images (usually three to five) is acquired with appropriate 
phase differences to be used later in phase reconstruction. 
Introduced phase shifts change the location of the fringes. An 
important PSI drawback is the fact that phase maps are 
subject to 2x discontinuities. Phase maps are first obtained 
in the form of so-called phase 

fringes and must be unwrapped (a 

procedure of removing ¢ 
discontinuities) to obtain a 
continuous phase map. 


Axa|Scannng 


X position. 


Note that modern short-coherence 

interference microscopes combine 

phase information from PSI with ertde 
‘along range of VSI methods. 
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Optical Profilometry: System Design 


Optical profilometry systems are 
based on implementing a Michelson 
interferometer or its derivatives into 
their design. There are three primary 
implementations: classical Michel- 
son geometry, Mirau, and Linnik. 
‘The first approach incorporates a 
Michelson inside a microscope object- 
ive using a classical interferometer 
layout. Consequently, it can work only 
for low magnifications and short 
working distances. The Mireau object- 
ive uses two plates perpendicular to 
the optical axis inside the objective. |. gla — asm 
One is a beam-splitting plate, while = 
the other acts as a reference mirror. a 

Such a solution extends the working aoe 
distance and increases the possible magnifications, 


Design | Magnification | 
Wchaias [ews —| 
Mireau [0x10 1005] 
Tinie 50% to 100%] 


‘The Linnik design utilizes two matching objectives. It does 
not suffer from NA limitation, but it is quite expensive and 
susceptible to vibrations, 
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Phase-Shifting Algorithms 


Phase-shifting techniques find the phase distribution from 
interference images given by 


I(x») = a(ny)+b(xy)e0s (9+ Ag), 


where a(x, y) and b(x, y) correspond to background and fringe 
amplitude, respectively. Since this equation has three 
unknowns, at least three measurements (images) are 
required. For image acquisition with a discrete CCD camera, 
seatial (c) 9) coordinates can be replaced by ( ) pixel 
coordinates, 


‘The most basic PSF algorithms include the three-, four-, 
and five-image techniques. 


I denotes the intensity for a specific image (1+, 24, 3%, ete.) 
in the selected i, j pixel of a CCD camera. The phase shift for 
a three-image algorithm is 1/2. Four- and_five-image 
algorithms also acquire images with n/2 phase shifts. 


A reconstructed phase depends on the accuracy of the phase 
shifts. n/2 steps were selected to minimize the systematic 
errors of the above techniques. Accuracy progressively 
improves between the three- and five-point techniques. Note 
that modern PSI algorithms often use seven images or more, 
in some cases reaching thirteen. 


After the calculations, the wrapped phase maps (modulo 2n) 
fare obtained (arctan function). Therefore, unwrapping 
procedures have to be applied to provide continuous phase 
maps. 


Common unwrapping methods include the line by line 
algorithm, least square integration, regularized phase 
tracking, minimum spanning tree, temporal unwrapping, 
frequency multiplexing, and others. 
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Structured Iumination: Axial Sectioning 


A simple and inexpensive alternative to confocal microscopy 
is the structured-illumination technique. This method 
uses the principle that all but the zero (DC) spatial 
frequencies are attenuated with defocus. This observation 
provides the basis for obtaining the optical sectioning of 
images from a conventional wide-field microscope. A modified 
illumination system of the microscope projects a single 
spatial-frequency grid pattern onto the object. The 
microscope then faithfully images only that portion of the 
object where the grid pattern is in focus. The structured. 
illumination technique requires the acquisition of at least 
three images to remove the illumination structure and 
reconstruct an image of the layer. The reconstruction 
relation is described by 


Ki, Y + (lo ~ tava} +€ Je 


where I denotes the intensity in the reconstructed image 
point, while /,, /..,, and [,,, are intensities for the image 


point and the three consecutive positions of the sinusoidal 
illuminating grid (zero, 1/3 and 2/3 of the structure period), 


30 Sample 


Beam Spliter/ 


Dichroe 


yy 


iil) 


Note that the maximum sectioning is obtained for 0.5 of the 
objective's cut-off frequency. This sectioning ability is 
comparable to that obtained in confocal microscopy. 
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Structured Illumination: Resolution Enhancement 


Structured illumination can be used to enhance the 
spatial resolution of a microscope. It is based on the fact that 
if a sample is illuminated with a periodic structure, it will 
create a low-frequency beating effect (Moiré fringes) with the 
features of the object. This new low-frequency structure will 
be capable of aliasing high spatial frequencies through the 
optical system. Therefore, the sample can be illuminated 


with a pattern of several orientations to accommodate the 
different directions of the object features, In practical terms, 
this means that system apertures will be doubled (in 
diameter), creating a new synthetic aperture. 


‘To produce a high-frequency structure, the interference of 
two beams with large illumination angles can be used. Note 
that the blue dots in the figure represent aliased spatial 
frequencies, 


Pup fs 


To reconstruct distribution, at least three images are 
required for one grid direction. In practice, obtaining a high- 
resolution image is possible with seven to nine images and a 
grid rotation, while a larger number can provide a more 
efficient reconstruction. 


‘The linear-structured illumination approach is capable of 
obtaining two-fold resolution improvement over the 
diffraction limit, The application of nonlinear gain in 
fluorescence imaging improves resolution several times while 
working with higher harmonics. Sample features of 50 nm 
and smaller can be successfully resolved. 


Figure 9-27, An RC circuit. wired ta apply an increasingly 
positive voltage to the Control pin of a bipolar timer run: 
hing in astable mode, will gradually pull down the frequen: 
cy at the Output pin, creating a sound that may be useful 
In simple game applications. 


CMOS Confused with Bipolar 

The part numbers of some bipolar chips are very 
similar to those of some CMOS versions, and the 
chips look physically identical, But the CMOS ver- 
sion is easily overloaded, as it may source only 
10mA to 20mA maximum while the TTL version 
is capable of 200mA. Make sure that your chips 
are carefully labeled when they are stored. 


The Pulse that Never Ends 

Ifa 555 timer responds correctly toa high-to-low 
transition on the input pin, but the output pulse 
continues indefinitely, check the voltage on pin 
6 to see ifthe timing capacitor is charging above 
2/3 of V+. While a 555 can run from SVDC, a high- 
current device on the Output pin can pull down 
the voltage inside the chip tothe pointwhere the 
capacitor never charges sufficiently to end the 
cycle. 


ntegrated circuit > analog > timer 
‘Also check that the input transition from high to 
low lasts fora shorter time than the pulse. A per- 


sistent low input can retrigger the 


Erratic Chip Beha 


Possible causes include: 


+ Floating pins. The Input pin, in particular, 
should always be connected with a defined 
voltage (via a 10K pullup resistor, if necessa- 
ry), and must not be allowed to float at an 
indeterminate potential. 


+ Voltage spikes. A timer can be triggered by 
transients from other components, especial- 
ly inductive loads. If the input to a monosta-~ 
ble timer dips for evena fraction ofa second, 
the timer will initiate a new cycle. A protec 
tion diode should be used in conjunction 
with an inductive load 

+ Voltage spikes can also introduce variations 
in the pulse train from an astable timer. 

+ TTL versions of the 555 timer will tolerate a 
wide range of supply voltage, butifa voltage 
regulator is not used, fluctuations in voltage 
can have unpredictable consequences. 


Interference with 

Other Components 

Because the bipolarversion of 555 timercreates 
avoltage spike when its output changes state, it 
can interfere with the normal function of other 
components, especially CMOS chips. A 0.1)1F by- 
pass capacitor can be applied between the tim- 
er's V+ pin and ground. 


Erratic Behavior of Output Devices 

Ifa 555 timer powers an output device such as a 
relay, and the relay is not opening or closing ina 
reliable manner, first check that it is receiving 
sufficient voltage. If the 555 timer is powered 
with SVDC, its output will be only around 4VDC. 


This problem can be avoided by using the output 
from the timer to control the voltage on the base 
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TIRF Microscopy 


‘Total internal reflection 
fluorescence (TIRF) 
microscopy (also called 
evanescent wave microscopy) 
excites a limited width of the 
sample close to a solid 
interface. In TIRF, a thin 
layer of the sample is excited 
by a_ wavefront. undergoing 
total internal reflection in the dielectric substrate, producing 
an evanescent wave propagating along the interface 
between the substrate and object. 


‘The thickness of the excited section is limited to less than 
100-200 nm. Very low background fluorescence is an 
important feature of this technique, since only a very limited 
volume of the sample in contact with the evanescent wave is 
excited. 


‘This technique can be used for imaging cells, cytoplasmic 
filament structures, single molecules, proteins at cell 
membranes, micro-morphological structures in living cells, 
the adsorption of liquids at interfaces, or Brownian motion at 
the surfaces. It is also a suitable technique for recording 
Jong-term fluorescence movies. casper 
cL 


While an evanescent wave can be created coe! 
without any layers between the dielectric 
substrate and sample, it appears that a thin layer (e.g., 
metal) improves image quality. For example, it ean quench 
fluorescence in the first 10 nm and therefore provide 
selective fluorescence for the 10-200 nm region. ‘TIRF can be 
easily combined with other modalities like optical trapping, 
multi-photon excitation, or interference. The most common 
configurations include oblique illumination through a high- 
NA objective or condenser and TIRF with a prism, 
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Solid Immersion 


Optical resolution can be enhanced using solid immersion 
imaging. In the classical definition, the diffraction limit 
depends on the NA of the optical system and the wavelength 
of light. It can be improved by increasing the refractive index 
of the media between the sample and optical system or by 
decreasing the light’s wavelength. The solid immersion 
principle is based on improving the first parameter by 
applying solid immersion lenses (SILs). To maximize 
performance, SILs are made with a high refractive index 
glass (usually greater than 2). The most basic setup for a SIL. 
application involves a hemispherical lens. The sample is 
placed at the center of the hemisphere so the rays 
propagating through the system are not refracted (they 
intersect the SIL surface direction) and enter the microscope 
objective. The SIL is practically in contact with the object, 
but has a small sub-wavelength gap (<100 nm) between the 
sample and optical system; therefore, an object is always in 
an evanescent field and can be imaged with high resolution. 
‘Therefore, the technique is confined to a very thin sample 
volume (up to 100 nm) and can provide optical sectioning, 
Systems based on solid immersion can reach sub-100-nm 
lateral resolutions. 


‘The most common 
solid-immersion 
applications are in 
microscopy, including 
fluorescence, optical 
data storage, and 
lithography. 
Compared to classical 
oil-immersion 
techniques, this 
technique is dedicated 
to imaging thin 
samples only (sub-100 
nm), but provides 
much better 
resolution depending 
on the configuration 
and refractive index 
of the SIL, 


Microscope 
Objective 


Hemispherical 
Solid immersion Lane 


sample 
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Stimulated Emission Depletion 


Stimulated emission depletion (STED) microscopy is a 
fluorescence super-resolution technique that allows imaging 
with a spatial resolution at the molecular level. The 
technique has shown an improvement 5-10 times beyond the 
possible diffraction-resolution limit. 


‘The STED technique is based on the fact that the area 
around the excited object point can be treated with a pulse 
(depletion pulse or STED pulse) that depletes high-energy 
states and brings fluorescent dye to the ground. state. 
Consequently, an actual excitation pulse excites only the 
‘small sub-diffraction resolved area. The depletion pulse must 
have high intensity and be significantly shorter than the 
lifetime of the excited states. The pulse must be shaped, for 
example, with a half-wave phase plate and imaging opties to 
create a 3D doughnut-like structure around the point of 
interest, The STED pulse is shifted toward red with regard 
to the fluorescence excitation pulse and follows it by a few 
picoseconds. To obtain the complete image, the system seans 
in the x, y, and z directions, 


‘oer 


Sica 


en 
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STORM 


Stochastic optical reconstruction microscopy (STORM) 
is based on the application of multiple photo-switchable 
fluorescent probes that can be easily distinguished in the 
spectral domain. The system is configured in TIRF 
geometry. Multiple fluorophores label a sample, and each is 
built as a dye pair where one component acts as a 
fluorescence activator. The activator can be switched on or 
deactivated using a different illumination laser (a longer 
wavelength is used for deactivation—usually red). In the 
case of applying several dual-pair dyes, different lasers can 
be used for activation and only one for deactivation. 


A sample can be sequentially illuminated with activation 
lasers, which generate fluorescent light at different 
wavelengths for slightly different locations on the object 
(each dye is sparsely distributed over the sample and 
activation is stochastic in nature). Activation for a different 
color can also be shifted in time. After performing several 
sequences of activation/deactivation, it is possible to acquire 
data for the centroid localization of various diffraction. 
limited spots. This localization can be performed with 
precision to about 1 nm. The spectral separation of dyes 
detects closely located object points encoded with a different 
color. 


‘The STORM process requires 1000+ activation/deactivation 
cycles to produce high-resolution images. Therefore, final 
images combine the spots corresponding to individual 
molecules of DNA or an antibody used for labeling. STORM. 
images can reach a lateral resolution of about 25 nm and an 
‘axial resolution of 50 nm. 


ssm — 9 Df 
Eo a i i | 
acct TTT} 
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4Pi Microscopy 


4Pi_ microscopy is a fluorescence technique that 
significantly reduces the thickness of an imaged section, The 
4Pi principle is based on coherent illumination of a sample 
from two directions. Two constructively interfering beams 
improve the axial resolution by three to seven times. The 
possible values of z resolution using 4Pi microscopy are 50— 
100 nm and 30-50 nm when combined with STED. 


‘The undesired effect of the technique is the appearance of 
side lobes located above and below the plane of the imaged 
section. They are located about 2/2 from the object. To 
eliminate side lobes, three primary techniques can be used: 


+ Combine 4Pi with confocal detection. A pinhole 
rejects some of the out-of-focus light. 

+ Detect in multiphoton mode, which quickly 
diminishes the excitation of fluorescence. 

+ Apply a modified 4Pi system, which creates 
interference at both the object and detection planes 
(two imaging systems are required). 


It is also possible to remove side lobes through numerical 
processing, if they are smaller than 50% of the maximum 
intensity. However, side lobes increase with the NA of the 
objective; for an NA of 1.4, they are about 60-70% of the 
maximum intensity. Numerical correction is not effective in 
this case. 


4Pi 
microscopy 
improves i 
resolution i 
only in the 2 
direction; Seton 


however, the NY |oweconseasss|, Wy [Sn 
perception of 
details in the 


thin layers is aman, Pen 
a useful 
benefit of the i H 
technique, a 


viroone ssaeten 
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The Limits of Light Microscopy 


Classical light microscopy is limited by diffraction and 
depends on the wavelength of light and the parameters of 
an optical system (NA), However, recent developments in 
super-resolution methods and enhancement techniques 
overcome these barriers and provide resolution at a 
molecular level. They often use a sample as a component 
of the optical train [resolvable saturable optical 
fluorescence transitions ~(RESOLFT), saturated 
structured-illumination microscopy (ssIM), 
photoactivated localization microscopy (PALM) and 
STORM] or combine near-field effects (4Pi, TIRF, solid 
immersion) with far-field imaging. The table below 
summarizes these methods. 


Demonstrated 
‘Values 
‘Method Principles Lateral 
Bright field Diffraction 200 am 
‘Confocal Diffraction (slightly | 200mm 
better than bright field) 
Solid Diffraction Fevanescent | <100nm | <100am 
immersion field decay 
TIRE Diffraction Fevanescent | 200m | <100am 
field decay 
aPi15 | Diffraction’ interference 50 nim 
RESOLFT | Depletion, molecular 20 nim 
(eg.STED) | _ structure of sample 
fluorescent probes 
Structured | Aliasing, nonlinear gain | 25-50nm | 50-100 
illuminition |” in fuorescent probes am 
(ssi) (molecular structure) 
‘Stochastic Fluorescent probes 25am | 50am 
techniques | (molecular structure), 
(PALM, centroid localization, 
STORM) time-dependant 
Aluorophore activation 


Microscopy: Other Special Techniques ut 


Raman and CARS Microscopy 


Raman microscopy (also 
called chemical imaging) is a ay Seating 
technique based on inelastic 
Raman scattering and 


evaluates the — vibrational 
properties of _-—-samples 
(minerals, polymers, and 
biological objects). 


Raman microscopy uses a laser beam focused on a solid 
object. Most of the illuminating light is scattered, reflected, 
and transmitted, and preserves the parameters of the 
illumination beam (the frequency is the same as the 
illumination). However, a small portion of the light is subject 
to a shift in frequency: @fsman= Omer + A@. This frequency 
shift between illumination and scattering bears information 
about the molecular composition of the sample, Raman 
seattering is weak and requires high-power sources and 
sensitive detectors. It is examined with spectroscopy 
techniques, fccne Clas ta 


Coherent Anti-Stokes Raman 
Scattering (CARS) overcomes the 
problem of weak signals associated 
with Raman imaging, It uses a pump 
laser and a tunable Stokes laser to 
stimulate a sample with a four-wave 
mixing process. The fields of both 
lasers [pump field E(o,), Stokes field E(o,), and probe field 
E'(o»))] interact with the sample and produce an anti-Stokes 
field [E(0.)] with frequency (a, 50 Gas = Bod — Os 


CARS works as a resonant process, only providing a signal if 
the vibrational structure of the sample specifically matches 
‘~ 0. It also must assure phase matching so that L (the 
coherence length) is greater than wAk = w/ fk, -Qk, K+ 


where Alk is a phase mismatch. CARS is orders of magnitude 
stronger than Raman scattering, does not require any 
exogenous contrast, provides good sectioning ability, and can 
be set up in both transmission and reflectance modes. 
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SPIM 


Selective plane illumination microscopy (SPIM) is 
dedicated to the high-resolution imaging of large 3D samples. 
It is based on three principles: 


+ The sample is illuminated with a light sheet, which 
is obtained with cylindrical optics. The light sheet is 
‘a beam focused in one direction and collimated in 
another. This way, the thin and wide light sheet can 
pass through the object of interest (see figure). 

‘+ ‘The sample is imaged in the direction perpendicular 
to the illumination. 

‘+ ‘The sample is rotated around its axis of gravity and 
linearly translated into axial and lateral directions. 


Data is recorded by a CCD camera for multiple object 
orientations and can be reconstructed into a single aD 
distribution. Both scattered and fluorescent light can be used 
for imaging. 


‘The maximum resolution of the technique is limited by the 
longitudinal resolution of the optical system (for a high 
numerical aperture, objectives can obtain micron-level 
values). The maximum volume imaged is limited by the 
working distance of a microscope and can be as small as tens 
of microns or exceed several millimeters. The object is placed 
in an air, oil, or water chamber. 


‘The technique is primarily used for bio-imaging, ranging 
from small organisms to individual cells. 


‘leotcopeobjecve 


30 Object sample Chamber 
Laser Lg 
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Array Microscopy 


An array microscope is a solution to the trade-off between 
field of view and lateral resolution. In the array microscope, 
a miniature microscope objective is replicated tens of times. 
‘The result is an imaging system with a field of view that can 
be increased in steps of an individual objective's field of view, 
independent of numerical aperture and resolution. An array 
microscope is useful for applications that require fast 
imaging of large areas at a high level of detail. Compared to 
conventional microscope optics for the same purpose, an 
array microscope can complete the same task several times 
faster due to its parallel imaging format. 


An example implementation of the array-microscope optics is 
shown. This array microscope is used for imaging glass slides 
containing tissue (histology) or cells (cytology). For this case, 
there are a total of 80 identical miniature 7%/0.6 microscope 
objectives. The summed field of view measures 18 mm, Each 
objective consists of three lens elements. The lens surfaces 
are patterned on three plates that are stacked to form the 
final array of microscopes. The plates measure 25 mm in 
diameter. Plate 1 is near the object at a working distance of 
400 um. Between plates 2 and 3 is a baffle plate, A second 
baffle is located between the third lens and the image plane. 
‘The purpose of the baffles is to eliminate cross talk and 
image overlap between objectives in the array. 


‘The small size of each =~ om 
microscope objective and _--<sSS. 


the need to avoid image SSS 
overlap jointly dictate a 
low magnification, 
‘Therefore, the array 
microscope works best in 
combination with an 
image sensor divided into 


small pixels (e.g., 3.3m), vet 


Focusing the array 
microscope is achieved by 
an up/down translation 
and two rotations: a pitch 
and a roll. 
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Digital Microscopy 


Digital microscopy emerged with the development of 
electronic array image sensors and replaced the 
microphotography techniques previously used in microscopy. 
It can also work with point detectors when images are 
recombined in post or real-time processing. Digital 
microscopy is based on acquiring, storing, and processing 
images taken with various microscopy techniques. It 
supports applications that require: 


* Combining data sets acquired for one object with 
different microscopy modalities or different imaging 
conditions. Data can be used for further analysis and 
processing in techniques like hyperspectral and 
polarization imaging. 

* Image correction (eg., distortion, white balance 
correction, or background subtraction). Digital 
microscopy is used in deconvolution methods that 
perform numerical rejection of out-of-focus light and 
iteratively reconstruct an object's estimate. 

+ Image acquisition with a high temporal resolution. This 
includes short integration times or high frame rates, 

+ Long time experiments and remote image recording 

* Scanning techniques where the image is reconstructed 
after point-by-point scanning and displayed on the 
monitor in real time. 

+ Low light, especially fluorescence. Using high-sensitivity 
detectors reduces both the excitation intensity and 
excitation time, which mitigates photobleaching effects. 

* Contrast enhancement techniques and an improvement 
in spatial resolution, Digital microscopy can detect signal 
changes smaller than possible with visual observation. 

+ Super-resolution techniques that may require the 
acquisition of many images under different conditions. 

+ High throughput scanning techniques (e.g., imaging 
large sample areas). 

+ UV and IR applications not possible with visual 
observation, 


The primary detector used for digital microscopy is a CCD 
camera. For scanning techniques, a photomultiplier or 
photodiodes are used. 


Integrated circuit> analog > timer 


of a transistor which switches a separate source 
of power to the relay c 


Fatal Damage Caused by 
Inductive Loads 

While itis possible to drive an inductive load such 
asa small motor or relay directly from a TTL 555 
timer, two precautions should be taken. First, the 
motor or the coil of the relay should have a 
clamping diode added around it, as is standard 
practice. Second, because the output ofthe timer 
is capable of sinking current as well as sourcing 
current, it can be protected fram sinking back- 
EMF by inserting a diode in series with the load. 
This is illustrated in Figure 9-28. 


What Can Go Wrong 


Figure 9-28. in addition to a standard protection diode 
clamped around an inductive load such as a relay coil, the 
‘555 timer can be protected from back-EMF by adding a 
diode in series. The series diode must of course be rated 
fo carry sufficient current through the coil. When choos: 
ing a relay, allowance must be made for the voltage drop 
that will be imposed by the series diode. 
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Principles of CCD Oper: 


Charge-coupled device (CCD) sensors are a collection of 
individual photodiodes arranged in a 2D grid pattern. 
Incident photons produce electron-hole pairs in each pixel in 
proportion to the amount of light on each pixel. By collecting 
the signal from each pixel, an image corresponding to the 
incident light intensity can be reconstructed. 

Here are the step-by-step processes in a CCD: 

‘The CCD array is illuminated for integration time + 
Incident photons produce mobile charge carriers. 

Charge carriers are collected within the p-n structure. 
‘The illumination is blocked after time (full-frame only), 
‘The collected charge is transferred from each pixel to an 
amplifier at the edge of the array. 

‘The amplifier converts the charge signal into voltage. 

‘The analog voltage is converted to a digital level for 
computer processing and image display. 


ae 


Each pixel (photodiode) is reverse biased, causing 
photoelectrons to move towards the positively charged 
electrode. Voltages applied to the electrodes produce a 
potential well within the semiconductor structure. During 
the integration time, electrons accumulate in the potential 
well, up to the full-well capacity. The full-well capacity is 
reached when the repulsive force between electrons exceeds 
the attractive force of the well. At the end of the exposure 
time, each pixel has stored a number of electrons in 
proportion to the amount of light received. ‘These charge 
packets must be transferred from the sensor, from each pixel 
to a single amplifier without loss. This is accomplished by a 
series of parallel and serial shift registers. The charge stored 
by each pixel is transferred across the array by sequences of 
gating voltages applied to the electrodes. The packet of 
electrons follows the positive clocking waveform voltage from 
pixel-to-pixel or row-to-row. A potential barrier is always 
maintained between adjacent pixel charge packets. 


— 


aoa a 
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CCD Architectures 


In a full-frame architecture, individual pixel charge 
packets are transferred by a parallel row shift to the serial 
register, then one-by-one to the amplifier. The advantage of 
this approach is a 100% photosensitive area, while the 
disadvantage is that a shutter must block the sensor area 
during readout, and consequently limits the frame rate. 


HEEHEE 
FE eeu Ee 
SSE 

EER (eae =e ne aie 


‘The frame-transfer architecture has the advantage of not 
needing to block an imaging area during readout. It is faster 
than full-frame, since readout can take place during the 
integration time. The significant drawback is that only 50% 
of the sensor area is used for imaging. 


‘The interline transfer architecture uses columns with 
exposed imaging pixels interleaved with columns of masked 
storage pixels. A charge is transferred into an adjacent 
storage column for readout. The advantage of such an 
approach is a high frame rate due to a rapid transfer time (< 
1 ms), while again the disadvantage is that 50% of the sensor 
area is used for light collection. However, recent interleaved 
CCDs have an increased fill factor due to the application of 
microlens arrays, 
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CCD Architectures (cont.) 


Quantum 
efficiency (QE) sus 
is the percentage 

of incident “*” 
photons at each «i 


wavelength that 


produce an Te enna 
electron in 8 Se ee 
photodiode, Weavelanat om) 


CCDs have a 
lower QE than individual silicon photodiodes due to the 
charge-transfer channels on the sensor surface, which 
reduces the effective light-collection area. A typical CCD QE 
is 40-60%. This can be improved for back-thinned CCDs, 
which are illuminated from behind; this avoids the surface 
electrode channels and improves QE to approximately 90- 
95%, 


Recently, electron-multiplying CCDs _— (EM-CCD), 
primarily used for biological imaging, have become more 
common. They are equipped with a gain register placed 
between the shift register and output amplifier. A multi- 
stage gain register allows high gains. As a result, single 
electrons can generate ,, Tannin 

thousands of output 

electrons, While the read" [Ta feo fou 
noise is usually low, it is“ vi 
therefore negligible in the 

context of thousands of 
signal electrons. 


CCD pixels are not color te Ras 

sensitive, but use color filters to separately measure red, 
green, and blue light intensity. The 
most common method is to cover the 
sensor with an array of RGB (red, 
green, blue) filters, which combine 
four individual pixels to generate a 
single color pixel. The Bayer mask 
uses two green pixels for every red 
and blue pixel, which simulates 
human visual sensitivity. 
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CCD Noise 


‘The three main types of noise that affect CCD imaging 
are dark noise, read noise, and photon noise. 


Dark noise arises from random variations in the number 
of thermally generated electrons in each photodiode. More 
electrons can reach the conduction band as the 
temperature increases, but this number follows a 
statistical distribution, These random fluctuations in the 
number of conduction band electrons results in a dark 
current that is not due to light. To reduce the influence 
of dark current for long time exposures, CCD cameras are 
cooled (which is crucial for the exposure of weak signals, 
like fluorescence, with times of a few seconds and more) 


Read noise describes the random fluctuation in electrons 
contributing to measurement, due to electronic processes 
on the CCD sensor, This noise arises during the charge 
transfer, the charge-to-voltage conversion, and the 
analog-to-digital conversion, Every pixel on the sensor is 
subject to the same level of read noise, most of which is 
added by the amplifier. 


Dark noise and read noise are due to the properties of the 
CCD sensor itself. 


Photon noise (or shot noise) is inherent in any 
measurement of light, due to the fact that photons arrive 
at the detector randomly in time. This process is described 
by Poisson statistics. The probability P of measuring k 
events, given an expected value N is 


Nhe 


PUN) =e 


‘The standard deviation of the Poisson distribution is N', 
‘Therefore, if the average number of photons arriving at 
the detector is N, then the noise is N¥2, Since the average 
number of photons is proportional to incident power, shot 
noise inereases with PV, 
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Signal-to-Noise Ratio and the Digitization of CCD 


‘Total noise as a function of the number of electrons from all 
three contributing noises is given by 


Noise[Nacsone] = Simson + Fink + Sten + 
where 
Sram =VONE + Soa = Yow? , and oy, 


current (electrons per second), and Nu is read noise 
(electrons, rms). 


+ Town is: dark 


‘The quality of an image is determined by the signal-to- 
noise ratio (SNR). The signal can be defined as 


SignalL, 


where @ is the incident photon flux at the CCD (photons per 
second), 7 is the quantum efficiency of the CCD (electrons 
per photon), and + is the integration time (in seconds) 
‘Therefore, SNR can be defined as: 


SNR = 


fone + Tag t +N; 


It is best to use a CCD under photon-noise-limited 
conditions. If possible, it would be optimal to increase the 
integration time to increase the SNR and work in photon- 
noise-limited conditions, However, an increase in integration 
time is possible until reaching full-well capacity (saturation 
level): 


‘The dynamic range can be derived as a ratio of full-well 
capacity and read noise. Digitization of the CCD output 
should be performed to maintain the dynamic range of the 
camera, Therefore, an analog-to-digital converter should 
support (at least) the same number of gray levels calculated 
by the CD's dynamic range. Note that a high bit depth 
extends readout time, which is especially critical for large- 
format cameras, 
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CCD Sampling 


‘The maximum spatial frequency passed by the CCD is 
one half of the sampling frequency—the Nyquist 
frequency. Any frequency higher than Nyquist will be 
aliased at lower frequencies, 


Undersampling refers to a frequency where the 
sampling rate is not sufficient for the application. To 
assure maximum resolution of the microscope, the system 
should be optics limited, and the CCD should provide 
sampling that reaches the diffraction resolution limit. Tn 
practice, this means that at least two pixels should be 
dedicated to a distance of the resolution. Therefore, the 
maximum pixel spacing that provides the diffraction limit 
can be estimated as 

djon lee, 

me MONA 


where M is the magnification between the object and the 
CCD’s plane. A graph representing how sampling 
influences the MTF of the system, including the CCD, is 
presented below. 


‘Sampling at Diffraction Limit 
(Undersampling) 


Nyquist Frequency Sampling Frequency 


‘Aliasing of High 
Frequencies 


15.2 25 3 35 4 
Normalized spatial frequency [f(f Nyquist)] 
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CCD Sampling (cont. 


Oversampling means that more than the minimum 
number of pixels, according to the Nyquist criteria, are 
available for detection, which does not imply excessive 
sampling of the image. However, excessive sampling 
decreases the available field of view of a microscope. The 
relation between the extent of field D, the number of 
pixels in the x and y directions (Ns and Nj, respectively), 
and the pixel spacing dpix can be calculated from 
Nd, 


p, = itis 
M 


and 


d, 


M 


This assumes that the object area imaged by the 
microscope is equal to or larger than D. Therefore, the 
size of the microscope’s field of view and the size of the 
CCD chip should be matched. 


Optics Limited System 


Nyquist Frequency ‘Sampling Fraquency 

' 
Optical 1 
system 1 
ae 


) 05 1 1.5 2 
Normalized spatial frequency [f(f Nyquist)] 
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Equation Summary 


Quantized Energy: 
E 


icolh 


Propagation of an electric field and wave vector: 
(wr—ke+0,)] 


Asin(wr—ke+9,) = Aexpl 


nV, 
fog 
A.exp[-i(wt-le+9,)] 


Refractive index: 


Optical path length: 


Optical path difference and phase difference: 


OPD =n,L, —n, 


TIR: 


Coherence length: 
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Equation Summary (cont'd) 


Two-beam interferenc: 


= EE 
J=1,+1,42y hI, c0s(A9) 
Ag=9.- 4 


Contrast: 


Lely 


Diffraction grating equation: 
md. = d (sin +sina) 


Resolving power of diffraction grating: 


a 


je=my 
Free spectral range: 
ana Pth, 
mn 


Newtonian equation: 


‘Transverse magnific 
a 
ih 


Longitudinal magnificatio 


eT 


M 
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Equation Summary (cont'd) 


Optical transfer function: 
OTF(p) = MTF(p)exp[ie(p)] 

Modulation transfer function: 

CUP sas 


rl Cie) 
i 


Field of view of microscope: 
ov —FieldNumber 


Magnification of the microscope objective: 
i orl. 


aa 


Magnifying power of the microscope: 
OTL 250mm 


MP, 


Sryosive Feioce 
‘Numerical aperture: 


Airy disk: 


nsinw 


Rayleigh resolution limit: 
0.612 _ 0.614 
nsinu NA 


Sparrow resolution limit: 
d= 0.52NA 
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Equation Summary (cont'd) 


Abbe resolution limi 
R 
NAajoive + NA mtemer 


Resolving power of the microscope: 


d, 


Depth of focus and depth of field: 
wh 


DOF =2A2' = 
NA" 


2h 


2d! = ME, 


Depth perception of stereoscopic microscope: 


a= 250, _ fone) 
tany 


Minimum perceived phase in phase contrast: 
hy. Seat 
me dnN 
Lateral resolution of the phase contrast: 
R 


Tas Foe) 


Intensity in DI 


Retardation: 


126 Microscopy: Equation Summary 


Equation Summary (cont'd) 


Birefringence: 
_2nOPD _2ar 
x % 


8 


Resolution of a confocal microscope: 
4, 24% 
0 NA 


Confocal pinhole width: 


_O5AM 
ase =r 
Fluorescent emission: 
F=o01 


Probability of two-photon excitation: 


i ~(& | 


Intensity in FD-OCT: 
1(k,2,)= J AeA, (2)e0s[k(2q 2, ) Jd 


Phase-shifting equation: 
Iy)=ay)+b Ce r)eos(9+nA9) 
‘Three-image algorithm (w/2 shifts): 


= san 2=/2) 
eeeels 


Four-image algorithm: 
La 


eric 
gree 


Five-image algorithm: 


2[,-4] 
p=aretan| 2 
L-h+h 
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Equation Summary (cont'd) 


Image reconstruction structure illumination (section- 
ing): 
an) (lo ~ Laas # (aes Lees) 


Noise: 


Noise [Nero |= Fae Og, Fay, 
Groen = NORE + Sree = Tout + Spay = Nps Four 


Signal-to-noise ratio (SNR): 
SignalLN, 
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angular frequency, 4 complex amplitudes, 12 
angular magnification, 23 compound microscope, 31 
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40 46 
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apochromats, 51 contrast, 12 
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logic gate 


Only basic logic gates are included in this entry—that is, components that perform a 
Boolean logic operation on two to eight inputs (or one input, in the case of an inverter) 


to create a single high or low logical output. 


OTHER RELATED COMPONENTS 


+ fliplop (see Chapter 11) 


What It Does 


A logic gate is a circuit that delivers an output, 
either high or low, depending on the states of its 
‘two inputs, either or both of which can be high 
orlow. 


‘Some gates may have more than two inputs, and 
an inverter only has one input, but the basic gates 
all conform with the two-input, one-output 
model. The components that constitute a logic 
gate are almost always etched intoa wafer inside 
asilicon chip. 


Ina digital computer, a high logic state is tradi- 
tionally close to SVDC and represents a value of 
1 in binary arithmetic, while a low logic state is 
traditionally close to OVDC and represents a bi- 
nary 0. Modern devices may use a lower voltage 
for the high state, but the principle is still the 
same. 


A small network of logic gates can perform bi- 
naryaddition, and all other operations ina digital 
computer are built upon this foundation. 


Origins 

The concept of digital logic originated in 1894, 
when English mathematician George Boole an- 
nounced his invention of a form of algebra (now 
referred to as Boolean algebra) to analyze com- 


binations of two logical states that could be in- 
terpreted as “true” and "false." This concept had 
few practical applications until the 1930s, when 
Claude Shannon saw that because a basic switch 
has two states, Boolean algebra could enable 
analysis of complex networks of switches that 
were being used in telephone systems. 


Because the state of a switch could also be used 
torepresentthe values or 1 in binaryarithmetic, 
and because a transistor could function as a 
switch, Boolean algebra was implemented in 
solid-state digital computing equipment. 


How It Works 


While conventional arithmetic uses arithmetical 
operators to represent procedures such as addi- 
tion or multiplication, Boolean algebra uses 
Boolean operators. The operators of special inter- 
est in digital electronics are named AND, NAND, 
OR, NOR, XOR, and XNOR. 


Although each gate actually contains multiple 
transistors, itis represented bya single logicsym- 
bol, as shown in Figure 10-1. The names of the 
Boolean operators are customarily printed all in 
caps. A gate requires a power supply and a con- 
nection with negative ground, separate from its 
inputs, but these connections are omitted from 
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grating equation, 19-20 laser-scanning microscopy 
(LSM), 97 
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halo effect, 65, 71 lateral resolution, 71 
halogen lamp, 58 laws of reflection and 
high-eye point, 49 refraction, 6 
Hoffman modulation lens, 82 
contrast, 75 light sheet, 112 
Huygens, 48-49 light sources for 
‘microscopy, common, 58 
15M, 64 light-emitting diodes 
image comparison, 65 (LEDs), 59 
image formation, 22 limits of light microscopy, 
image space, 21 110 
immersion liquid, 57 linearly polarized light, 10 
incandescent lamp, 58 Tine-seanning confocal 
incidence, 6 microscope, 87 
infinity-corrected Linnik, 101 
objective, 35 long working distance 
infinity-corrected systems, objectives, 53 
35 longitudinal 
infrared radiation (IR), 2 magnification, 23 
intensity of light, 12 low magnification 
interference, 12 objectives, 54 
interference filter, 16, 60 
interference microscopy, ‘Mach-Zehnder 
64, 98 interferometer, 17 
interference order, 16 macula, 
interfering beams, 15 magnetic permeability, 3 
interferometers, 17 magnification, 21, 23 
interline transfer magnifier, 31 
architecture, 116 magnifying power (MP), 
intermediate image plane, 37 
46 marginal ray, 24 
inverted microscope, 33 Maxwell's equations, 3 
iris, 32 medium permittivity, 3 
mercury lamp, 58 
Kéhler illumination, 43- metal halide lamp, 58 
45 Michelson, 17, 53, 98, 100, 
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minimum focus distance, optical path difference 
32 (OPD), 5 
Mirau, 53, 98, 101 optical path length (OPL), 
modulation contrast 5 
microscopy (MCM), 74 optical power, 22 
‘modulation transfer optical profilometry, 98, 
function (MTF), 29 101 
molecular absorption optical rays, 21 
cross section, 94 optical sectioning, 103 
‘monochromatic light, 11 optical spaces, 21 
multi-photon fluorescence, optical staining, 77 
95 optical transfer function, 
multi-photon microscopy, 29 
64 optical tube length, 34 
multiple beam ordinary wave, 9 
interference, 16 oversampling, 121 
nature of light, 1 PALM, 64, 110 
near point, 82 paraxial optics, 21 
negative birefringence, 9 parfocal distance, 34 
negative contrast, 69 partially coherent, 11 
neutral density (ND), 60 particle model, 1 
Newtonian equation, 22 performance metrics, 29 
Nomarski interference phase-advancing objects, 
microscope, 82 68 
Nomarski prism, 62, 80 phase contrast 
non-self-uminous, 63 microscope, 70 
numerical aperture (NA), phase contrast, 64, 65, 66 
38, 50 phase object, 63 
Nyquist frequency, 120 phase of light, 4 
phase retarding objects, 
object space, 21 68 
objective, 31 phase-shifting algorithms, 
objective correction, 50 102 
oblique illumination, 73 phase-shifting 
optic axis, 9 interferometry (PSD) 
optical coherence 98, 100 
microscopy (OCM), 98 photobleaching, 94 
optical coherence photodiode, 115 
tomography (OCT), 98 photon noise, 118 


optical density (OD), 60 Planck's constant, 1 
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point spread function retina, 32 
(PSF), 29 RGB filters, 117 
point-scanning confocal Rheinberg illumination, 
microscope, 87 7 
Poisson statisties, 118 rods, 32 
polarization microscope, 
84 Sagnac interferometer, 17 
polarization microscopy, sample conjugate, 46 
64, 88 sample path, 44 
polarization of light, 10 scanning approaches, 87 
polarization prisms, 61 scanning white light 
polarization states, 10 interferometry, 98 
polarizers, 61-62 Selective plane 
positive birefringence, 9 illumination microscopy 
positive contrast, 69 (SPIN), 64, 112 
pupil function, 29 self-luminous, 63 
semi-apochromats, 51 
quantum efficiency (QE), shading-off effect, 71 
97,117 shearing interferometer, 
quasi-monochromatic, 11 WwW 
quenching, 94 shearing interferometry, 
9 
Raman microscopy, 64, shot noise, 118 
itty SI, 64 
Raman scattering, 111 sign convention, 21 
Ramsden eyepiece, 48 signal-to-noise ratio 
Rayleigh resolution limit, (SNR), 119 
a9 Snell's law, 6 
read noise, 118, solid immersion, 106 
real image, 22 solid immersion lenses 
red blood cells, 2 (SILs), 106 
reflectance coefficients, 6 Sparrow resolution limit, 
reflected light, 6, 16 30 
reflection law, 6 spatial coherence, 11 
reflective grating, 20 spatial resolution, 86 
refracted light, 6 spectral-domain OCT. 
refraction law, 6 (SDOCT), 99 
refractive index, 4 spectrum of microscopy, 2 
RESOLFT, 64, 110 spherical aberration, 27 
spinning-dise confocal 
resolution limit, 39 imaging, 88 


retardation, 83 stereo microscopes, 47 
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stimulated emission upright microscope, 33 
depletion (STED), 107 ‘useful magnification, 40 
stochastic optical UV objectives, 54 
reconstruction 
microscopy (STORM), velocity of light, 1 
64, 108, 110 vertical scanning 
Stokes shift, 90 interferometry (VSD), 
Strehl ratio, 29, 30 98, 100 
structured illumination, virtual image, 22 
103 visibility, 12 
super-resolution visibility in phase 
microscopy, 64 contrast, 69 
swept-source OCT visible spectrum (VIS), 2 
(SS0CT), 99 visual stereo resolving 
power, 47 
telecentricity, a6 
temporal coherence, 11, water immersion 
13-14 objectives, 54 
thin lenses, 21 wave aberrations, 25 
three-image technique, wave equations, 3 
102 wave group, 11 
total internal reflection wave model, 1 
(IR), 7 wave number, 4 
total internal reflection wave plate compensator, 
fluorescence (TIRF) 85 
microscopy, 105 wavefront propagation, 4 
transmission coefficients, wavefront splitting, 17 
6 wavelength of light, 1 
transmission grating, 20 Wollaston prism, 61, 80 
transmitted light, 16 working distance (WD), 50 
transverse chromatic 
aberration, 26 x-ray radiation, 2 
transverse magnification, 
23 


tube length, 34 
tube lens, 35 
tungsten-argon lamp, 58 


ultraviolet radiation (UV), 
2 

undersampling, 120 

uniaxial erystals, 9 
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Introduction 


The process of solving virtually ny optical engineering problem can be 
broken down into two main steps. Fist, paraial calculations (first order) 
are made to determine critical parameters such as magnification, focal ‘THE OPTICAL 

length\s), clear aperture (diameter), and object and image postion. These ENGINEERING PROCESS 
paraxial calculations are covered in the next section of this chapter. ee 


Second, actual components are chosen based on these paraxial values and 
thei actual performance is evaluated with special attention paid tothe 

effects of aberrations, Atul rgorous performance analysis for ll but the — | aaarifcation and 
simplest optical systems generally requires computer ry tracing, but objecimage distances 
simple generalizations can be use, especially when the lens selection 

process confined toa limited range of component shapes. 


Determine basic system 


i 
i 
i 


In practice, the second step may reveal conflicts with design constraints, hf 
such as component size, cost, of product avallabily. System parameters Using paraxial formulas 
may therefore requite modification, and known parameters, 


salve for remaining values 


Because some ofthe terms used in this chapter may not be familiar to all 
readers, a glossary of terms is provided in Definition of Terms. 


Finally, it shouldbe noted thatthe discussion inthis chapter relates only to hi 
systems with uniformilumination; optical systems for Gaussian beams are Pic ers components 
|» | based on paraxially 
covered in Gaussian Beam Optics pariah 
2 erived values 
& 


Determine if chosen 

‘component values conflict, 
with any basic 

system constraints 


Engineering Support 

‘CVI Melle Grot maintains a staf of knowledgeable, experienced 
applications engineers at each of our facilities worldwide. The 
information given inthis chapter is sufficient to enable the user 
to select the most appropriate catalog lenses for the most 
‘commonly encountered applications. However, when additional Estimate performance 
‘optical engineering support is required, our applications engi- characteristics of system 
neers are available to provide assistance. Do not hesitate to 
contact us for help in product selection or to obtain more 
detailed specifications on CVI Melis Grit products 


Determine if performance 
characteristics meet 
original design goals, 


| 
3 
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Paraxial Formulas 


Sign Conventions 
‘The valty ofthe paraxial lens formulas is dependent on adherence to the following ign conventions: 


For lenses: (refer to figure 1.1) For mirrors: 

‘sis + for object to left of H (the first principal point) is + for convex (diverging) mitrors 

sis — for object to right of {is — for concave (converging) mirors 2 
is + forimage to right of H” (the second principal point) sis + forobjecttoleftof H ‘ 
is — forimage toleft of H” sis — for object to right of f 
‘mis + foran inverted image is — forimage to right of H” 2 
‘mis ~ foran upright image is + forimage toleftof H” ? 


‘mis + foran inverted image 
‘mis ~ foran upright image 


‘When using the thin-lens approximation, simply refer tothe left and right ofthe lens 


front focal point rear focal point 


suone>ypads jendo 


principal points 
Note location of abject and image relative to front and rear focal points 


sapuadoig jee eW 


6 = lens diameter 4) = object distance, positive for abject (whether real 
fr Virtual tothe ieft of principal point H 
A= dear aperture (typically 90% of 8) 
a = image distance (sand s” are collectively called 
f= effective focal length (EFL) which may be positive conjugate distances, with object and image in 
{as showin) or negative. represents both FH and Conjugate planes), positive or image (whether real 
H’P", assuming lens is surrounded by medium for virtual to the right of principal point H” 
of index 1.0 
sls = ith = magnification or = objectheight 
conjugate ratio, said tobe infinite if 
either s*or ssinfinite it = image height 
@ = arcsin(CAI2s) 2 
Figue 11 Sign conventions A 
LD rettes triat Fundamental Optics 1.3 
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Typically, the ist step in optical problem solving sto select a system focal 
length based on constraints such as magnification or conjugate distances 
(object and image distance). The relationship among focal length, object, 
position, and image position i given by 


ny 


This formula is referenced to figure 11 and the sign conventions given 
in Sign Conventions. 


8y definition, magnification isthe ratio of image size to object size or 


an 


1.2) 
7% (12) 


Tis relationship can be use to recast the fist formula into the following 
forms: 


(sts) 
ies aa 
sm. a 
res Ls 
fra 
(15) 
m424h 
simst)= ses" (él 


where (+5 is the approximate objectto-image distance. 


With reat lens of init thickness, the image distance, object distance, and 
focal length ae all referenced tothe principal points, not tothe physical 
centerof the lens. By neglecting the distance between thelr principal points, 
known as the hiatus, s+" becomes the abject toimage distance. Thissim- 
pltication, called the thin-lens approximation, can speed up calculation 
‘when dealing with simple optical ystems. 


Example 1: Object outside Focal Point 


‘A L-mm-high objects placed on the optical axis, 200 mm left ofthe left 
principal point of a LDX-25,0-51,0-C (7= SO mm. Where isthe image 
‘formed, and what s the magnification? (See figure 1.2.) 


or real image i 0.33 mm high and inverted, 


1.4 Fundamental Optics 
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66.7 mm) 


200 


Figure 1.2 Example 1 f= 50 mm,s~200 mm, 


Example 2: Object inside Focal Point 
‘The same object is placed 30 mm left ofthe left principal point of the 
same lens. Where isthe image formed, and what is the magnification? 
(See figure 1.3) 


‘or virtual image is 2.5 mm high and upright. 


In this case, the lens is being used as a magnifier, and the image can be 
viewed only back through the lens. 


Figure 1.3 Example 2(/=50 mm, s=30 mm, "= 75 mm) 


Example 3: Object at Focal Point 


‘A L-mmhigh objects placed on the optical axis, 50 mm left ofthe first 
principal pint ofan LDK-50.0-52.2-C (f=—50 mm). Where is theimage 
formed, and what isthe magnification? (See figure 1.4) 


‘or virtual image is 05 mm high and upright. 
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‘rincipal surface 


Figure 14 Example3 


simple graphical method can also be used to determine paraxial image 
location and magnification. This graphical approach relies on two simple 
properties of an optical system. Fist, ray that enters the system parallel 
to the optical axis crosses the optical axis atthe focal point. Second, aray 
that enters the first principal pont of the system exits the system from the 
second principal point parallel to its original direction (e, its exit angle 
With the optical als isthe same a its entrance angle). This method has 
been applied to the three previous examples illustrated in figures 1.2 
through 1.4, Note that by using te thinlens approximation, this second 
property reduces tothe statement that a ray passing through the center 
of the lens is undeviated 


/BNUMBER AND NUMERICAL APERTURE 

‘The paraxial calculations used to determine the necessary element 
diameter are based on the concepts of focal ratio (F-number or f/f) and 
rhumerical aperture (NA). The Fnumber is theratio of the focal length of the 
lens tots “effective” diameter, the clear aperture (CA. 


Fnumber=—/ (7) 
cx 


To visualize the f-number, consider a lens with a postive focal length 
illuminated uniformly with colimated ight. The number defines the angle 
ofthe cone of tight leaving the lens which ultimately forms the image. This 
isanimportant concept when the throughput or light-gathering power 
cof an optical system is rtcal, such as when focusing light into a mono- 
chromator a projecting a high-power image. 


The other term used commonly in defining this cone angle is numerical 
aperture. The NAis the sine of the angle made by the marginal ray with 
the optical axis By refering to figure 1.5 and using simple trigonometry, 
itcan be seen that 


NA = sin! (9) 


and 


1 
me 2(f-number) el 


LD reste briot 


Figure 15 F-number and numerical aperture 


Ray f-numbers can also be defined for any arbitrary ray if its conjugate 
distance and the diameter at which itintersect the principal surface of 
the optical system are known, 


NOTE 
‘Because the sign convention given previously snot used universally 
inall optics texts, the reader may natice differences inthe paraxial 
formulas. However, results willbe comect as long asa consistent set 
of formulas and sign conventions is used. 
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How It Works 


gate schematics because they are assumed to 
exist. 


~~ 


@ @ 
“aq a 


Figure 10-1. Six types of two-input logic gates are used in 
digital electronics, although the XNOR gate is rare. a5 it 
hhas few applications. The names are customarily printed 
In uppercase letters: 


The functions of the gates with two inputs can 
be defined in electrical terms. In Figure 10-2, the 
four possible combinations of inputs are tabula- 
ted in the left column, with red indicating a high 
input and black indicating a low input. The cor- 
responding output from each gate is shown be- 
neath its name. This kind of tabulation is known 
asa truth table, as itis derived from Boolean al- 
gebra which originally concemed itself with 
“true” and “false” states. 


Input 

states of a 

twornput 
gate 


Gate Outputs 


Figure 10-2. The four possible combinations of input 
states in a 2-input logic gate are shawn at left. The corre: 
sponding output from each gate is shown beneath its 
name. Red indicates a high state, while black indicates a 
ow state. 


integrated circuit > digital > logic gate 
The truth table assumes that positive logic is be- 
ing used. Negative logic is very uncommon, but 
if it were used, the red dots in the truth table 
would correspond with low inputs and outputs, 
while the black dots would correspond with high 
inputs and outputs. 


Inversion 

The small circles appended to the outputs of 
NAND, NOR, and XNOR gates mean that the out- 
put of each gate is inverted compared with the 
‘AND, OR, and XOR gates. This can be seen by in- 
spection of the output states shown in 
Figure 10-2. The circles are known as bubbles. 


‘Sometimes logic symbols are shown with a bub- 
ble applied to one input, as in Figure 10-3. In 
these cases, the circle indicates that an input 
must be inverted. More than one gate may be 
needed to achieve this logic function inanactual 
circuit. The style is often used to show the inner 
workings of an IC, using a minimum number of 
logic symbols. 


Figure 10-3. The circle in a logic gate symbol indicates 
that a signal is being inverted. Circles can be inserted at 
gate inputs, but ina real circutt a separate inverter is likely 
To be needed to create this effect. 


Single-Input Gates 

Two gates exist that have a single input and a 
single output, shown in Figure 10-4, The buffer 
should not be confused with the symbol for an 
‘op-amp or a comparator. (Those components 
always have two inputs.) The output state of a 
buffer is the same as its input state, but the com- 
ponent may be useful to deliver more current or 
to isolate one section of a circuit from another. 
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THE OPTICAL INVARIANT 


Tounderstand the importance ofthe NA, consider its relation to magnification, 
Referring to figure 1.6, 


NA oot sie =sno= SA aie 
, ck 
NAC image sis)=sine”= SA, fei 
is cas be ceartnesc ono 
exeai sae dese 
wi 
canoe aa 
ii 
Pind _NA 
a ne) 
Since < is simply the magnification of the system, 
aN, 
NA" (1.15) 


The magnification ofthe system i therefore equal tothe rato ofthe NAs 
onthe abjectand image sides ofthe sytem. Ths powerful and useful suit 
iscompletel independent ofthe specifics of the optical system, and it can 
often be used to determine the optimum lens diameter in situations 
involving aperture constraints, 


\When a lens or optical system is used to create an image of a source, itis 
natural to assume that, by increasing the diameter (6) ofthe lens, thereby 
increasing its CA, we wil be able to collect moe ight and thereby produce 
a brighter image. However, because ofthe relationship between magni 
cation and NA, there can bea theoretical imi beyond which increasing the 
diameter has no effect on light-collection efficiency or image brightness. 


Since the NA ofa ray is given by CA/2s, once a focal length and magni- 
fication have been selected, the value of NA sets the value of CA. Thus, 
if one is dealing with a system in which the NA is constrained on elther 
the object or image side, increasing the lens diameter beyond this value 
will increase system size and cost but will nt improve performance (i, 
throughput or image brightness). This concept is sometimes refered to 
2 the optical invariant. 


‘SAMPLE CALCULATION 


Tounderstand howto use this relationship between magnification and NA, 
consider the following example. 
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Example: System with Fixed Input NA 


‘Two very common applications of simple optics involve coupling ight into 
‘an optical fiber orinto the entrance sit of a monochromator. Although these 
problems appear tobe quite cfferent, they both have the same limitation 
—they have a fixed NA, For monochromator, this limit is usualy expressed 
interms ofthe number. In addition to the ixed NA, they both have a fixed 
entrance pupil (image) size, 


‘Suppose itis necessary, using a singlet lens, to couple the output of an 
incandescent bulb with a filament 1 mm in diameter into an optical fiber 
as shown in figure 1.7, Assume thatthe fiber has a core diameter of 
100 jem and an NA of 0.25, and thatthe design requires that the total 
distance from the source to the fiber be 110 mm. Which lenses are 
appropriate? 


By definition, the magnification must be 0.1. Letting s +s” total 110 mm 
(using the thinens approximation), we can use equation 1.3, 
yn 5") 
oy 


(see eq. 1.3) 


to determine that the focal lengths 9.1 mm. To determine the conjugate 
distances, sand s, we utilize equation 1.6, 
sim+l)=s+5" (bee eg. 1.6) 


‘and find that » = 100 mm and 


0mm, 


‘We can now use the relationship NA = CA/2s or NA” = CAs” to derive 
‘CA, the optimum clear aperture (effective diameter) ofthe lens. 


With an image NA of 0.25 and an image distance ("of 10 mm, 


and 


CA=5mm, 
‘Accomplishing this imaging task with a single lens therefore requires an 
‘optic witha 9.1-mm focal length and a S-mm diameter, Using a larger 
diameter lens wil not resutin any greater system throughput because of 
the limited input NA ofthe optical fiber. The singlet lenses in this catalog 
that meet these criteria are LPX-5.0-5.2-C, which is plano-convex, and 
LDX-6.0-7.7-C and LDX-5.0-9.-C, which are biconvex. 


Making some simple calculations has reduced our choice of lenses to just 
three. The following chapter, Gaussian Beam Optics, discusses how to 
‘make a final choice of lenses based on various performance citeria, 
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a 
A image side i 
object side i 
2 
Figure 1.6 Numerical aperture and magnification 
e 
magnification =i = 94 =0.1% e 
ae optical system 
f29.mm 
a Ho 5 
fiament waz = 0.025 nar= A =025 
QS ee 
A= 3mm T 
fiber core 
| i W=0.1 mm 
= 100 mm. | =10mm 
s4et= 110mm 


Figure 1.7 Optical system geometry for focusing the output of an incandescent bulb into an optical fiber 
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‘Many optical tasks require several lenses in order to achieve an acceptable 
level of performance. One possible approach to lens combinations is tocon- 
sider each image formed by each lens as the object forthe next lens and so 
‘on, This s valid approach, butts time consuming and unnecessary. 


Its much simpler to calculate the effective (combined) focal length and 
princpal-point locations and then use these results in any subsequent 
paraxial calculations (see figure 1.8). They can even be used inthe optical 
invariant calculations described inthe preceding section, 


EFFECTIVE FOCAL LENGTH 


The following formulas show how to calculate the effective focal length 
and principal-point locations for a combination of any two arbitrary com- 
ponents. The approach for more than two lenses is very simple: Calculate 
the values forthe ist two elements then perform the same calculation for 
this combination wit the next lens. This is continued until lenses inthe 
system are accounted for 

The expression forthe combination focal length the same whether lens 


separation distances are large or small and whether f, and fare positive 
ornegative: 


Ag 
ag er (1.16) 
This may be more familar inthe form 
toh 17) 
i hh hh 


Notice that the formulaissymmetic with respect to the interchange ofthe 
lenses (end-forend rotation of the combination) at constant The next 
two formulas are not. 


COMBINATION FOCAL-POINT LOCATION 


Forall values of, / and d, the location ofthe focal pinto the combined 
system (5,", measured from the secondary principal point ofthe second 
lens (Hy, is ven by 


GAL -d) 
8 fith-d 


1.18) 


Tis canbe showin by setting s;=d— (Se figure 1.82), and solving 
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Symbols 


{f= combination focal length (FU, positive if combination 
final focal pont falls tothe right ofthe combination secondary 
principal point, negative otherwise (see figure 1.80). 


4; = focal length ofthe frst element (see figure 1.8). 
{y= focal length of the second element. 


stance from the secondary principal point ofthe fist 
clement to the primary principal point ofthe second element, 
positive ifthe primary principal points tothe right of the 

secondary principal point, negative otherwise (se figure 1.86). 


.4j”= distance from the primary principal point ofthe first 
clement tothe final combination focal point (location ofthe 
final image for an object at infinity tothe right ofboth lenses), 
positive if the focal point is to left ofthe first element's 
primary principal point (see figure 1.84), 


.4j"= distance from the secondary principal point ofthe 
second element tothe final combination focal point (location 
ofthe final image for an object at infinity to the left ofboth 
lenses), positive ifthe focal points to the right ofthe second, 
element's secondary principal point (se figure 1.8b). 


= = distance tothe combination primary principal point 
‘measured from the primary principal point ofthe fist element, 
positive if the combination secondary principal point is to 
the right of secondary principal point of second element 
(see figure 1.84). 


istance to the combination secondary principal point 
‘measured from the secondary principal point ofthe second 
clement, positive if the combination secondary principal point 
{is othe right ofthe secondary principal point ofthe second 
clement (see figure 1.8¢). 


Note: These paraxial formulas apply to coaxial combinations 
‘of both thick and thin lenses immersed in airor any other 
‘uid with refractive index independent of position. They 
‘assume that ight propagates from left to right through an 
optical system. 
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COMBINATION SECONDARY PRINCIPAL-POINT LOCATION 


Because the thin lens approximation is obviously highly invalid for most 
combinations the ability to determine the location ofthe secondary prin 
pal pointis vital for accurate determination ofc when anather element 
is added. The simplest formula for this calculates the distance from the 
‘secondary principal point of the final (second) element tothe secondary 
principal point ofthe combination (se figure 1 8b: 


2 

(139) i 
COMBINATION EXAMPLES 4 

a 38S y 12 
It is possible for a lens combination or system to exhibit principal planes Xs. ff r=) 
that are far remaved from the system, When such systems are themselves \\ ff 2 
‘combined, negative values of may occur. Probably the simplest example \ VI 
of anegative-value situations shown in figure 1.9. Meniscus lenses with SSS ea 
steep surfaces have external principal planes. When two ofthese lenses are J /\\ 
broughtinto contac, a negative value fc can occu Other combined-ens ra 
examples are shown in figures 1.10 though 1.13. Z” \ 
+} ¢<o —__| 


Figure 1.9 “Extreme” meniscus-form lenses with 
external principal planes (drawing not to scale) 
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Figure 1.8 Lens combination focal length and principal planes 
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focal plane —»| combination | 
secondary 
principal plane 


Figure 1.10 Positive lenses separated by distance greater 
than f, + Jf: fis negative and both s," and = are positive. Lens 
symnietry is not required, 


— 


Figure 1.11 Achromatic combinations: Air-spaced lens 
combinations can be made nearly achromatic, even though 
both elements are made from the same material. Achieving 
achromatism requires that, in the thin-lens approximation, 


With) 


This is the basis for Huygens and Ramsden eyepieces. 


This approximation is adequate for most thick-lens situations. 
‘The signs of f, fa, and dare unrestricted, but d must have a 
value that guarantees the existence of an air space. Element 
shapes are unrestricted and can be chosen to compensate for 
other aberrations. 
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secondary combination 
principal plane focus 


Figure 1.12 Telephoto combination: The most important 
characteristic ofthe telephoto lensis that the EFL, and hence 
the image size, can be made much larger than the distance from 
the first lens surface to the image would suggest by using 2 
positive lens followed by a negative lens (but not necessary the 
lens shapes show in the figure). For example, f; is positive and 
fa= ~fy/2. Then fis negative for dless than f,/2, infinite for 
//2 (Galilean telescope or beam expander), and positive for 
dlarger than f,/2. To make the example even more speci, 
catalog lenses LDX-50.8-130.4-C and LDK-42.0-52.2-C, with 
78.2 mm, will yield s,"=2.0m,f= 


— 


Figure 1.13 Condenser configuration: The convex 
Vertices ofa pair of identical plano-convek lenses are 
‘on contact. (The lenses could also be plano aspheres.) Because 
= 0,f=fi/2 =fy/2, fyl2 = 52", and ==, The secondary princi- 
pal point of the second element and the secondary principal 
paint of the combination coincide at H", at depth 1,/m beneath 
the vertex of the plano surface of the second element, where f, 
is the element center thickness and n is the refractive index of 
the element. By symmetry, the primary principal point of the 
‘combination is similarly located inthe first element, Combina~ 
tion conjugate distances must be measured from these points. 


Lette: Griat 
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Performance Factors 


After paraxial formulashave been used to select values fr component focal 
lengths) and diameter(), the fina steps to select actual lenses AS in any 
engineering problem this election process involves a numberof tradeots, 
including performance, cost, weight, and environmental factors. 


The performance of real optical systems is limited by several factors, 
including lens aberrations and ligt diffraction. The magnitude ofthese 
effects can be calculated with relative ease. 


Numerous other factors, such as lens manufacturing tolerances and 
component alignment, impact the performance of an optical system. 
Although these are not considered explicitly inthe following discussion, 
itshould be kept in mind that if calculations indicate that a lens system 
only ust meets the desire performance criteria, in practice itmayfallshort 
of this performance asa result of other factors. In critical applications, 
itis generally beter to select a lens whose calculated performance is 
significantly better than needed. 


DIFFRACTION 


Diffraction, a natural propery of light arising from its wave nature, poses 
2 fundamental limitation on any optical system. Diffraction is always 
present, although ts effects may be masked if the system has significant 
aberrations. When an optical system is essentially fee from aberrations, 
its performance i limited solely by diffraction, and its referred to as 
diffraction limited. 


In calculating difraction, we simply need to know the focal lengths) and 
aperture diamete(s; we donot consider other lens-telated factors such as 
shape or index of refraction. 


Since difraction increases with increasing number, and aberrations decrease 
With increasing f-number, determining optimum system performance 
often involves finding a point where the combination of these factors 
has a minimum effect. 


ABERRATIONS 


To determine the precise performance of a lens system, we can trace the 
path of light rays through it, using Snel's law at each optical interface 
to determine the subsequent ray direction. This process, called ray tracing, 
isusually accomplished on a computer. When ths process is completed, 
itis typically found that not al the rays passthrough the points or posi 
tions predicted by paraxial theory. These deviations from ideal imaging 
ate called lens aberrations. 


‘The direction of alight ray after refraction atthe interface between 
two homogeneous, isotropic media of differing index of refraction is given 
by Snel’ awe 


si, =n, sid (1.20) 


\where®, is theangl oincidence, 6, the anole ofefraction, andboth angles 
are measured from the surface normal as shown in igure 1.14. 
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Figure 1.14 


Refraction of light at a dielectric boundary 


‘APPLICATION NOTE 
Technical Assistance 


Detailed performance analysis ofan optical system is 
accomplished by using computerized ray-tracing software. 
(CVI Melles Griot applications engineers are able to provide a 
ray-tracing analysis of simple catalog-component systems. Ifyou 
need assistance in determining the performance of your optical 
system, on selecting optimum components for your particular 
application, please contact your nearest CVI Melles Grot office 
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ven though tools fr the precise analysis of an optical system are becom- 
ing easier to use and are real available, itis stl quite useful to have a 
‘method fo quickly estimating lens performance. Ths not only saves time 
in the initial stages of system specification, but can also help achieve a 
better starting point for any further computer optimization. 


The first step in developing these rough guidelinesis to realize thatthe sine 
functions in Snel law can be expanded in an infinite Taylor series: 


sind, =0,~€}/31-+ 0°/5!~09 (7140891 — (21) 


The fist approximation we can make is to replace all the sine functions 
with thelr arguments (i.e, replace sind, with 8, itself and so on). This is 
called fist-order or paraxial theory because ony the first terms of thesine 
‘expansions are used, Design of any optical system generally starts with 
this approximation using the paraxial formulas. 


‘The assumption that sind =i reasonably valid for @ close to zero (ie, 
high f-number lenses). With more highly curved surfaces (and particularly 
‘marginal rays), paraxial theory yields increasingly large deviations from 
real performance because sind #0. These deviations are known as aber- 
rations. Because a perfect optical system (one without any aberrations) 
‘would form its image at the point and tothe size indicated by paraxial 
theory, aberrations are really a measure of how the image cfs from 
the paraxial prediction, 


‘As already stated, exact ray tracing isthe ony rigorous way to analyze 
real lens surfaces. Before the advent of electronic computers, this was 
excessively tedious and time consuming. Seidel* addressed ths issue 
by developing a method of calculating aberrations resulting from the 
(0,23! term. The resultant third-order lens aberrations are therefore 
called Seidel aberrations 


To simply these calculations, Seidel put the aberrations of an optical 
system into several different classifications In monochromatic light they 
ate spherical aberration, astigmatism, field curvature, coma, and distor 
tion. In polychromatc light there are also chromatic aberration and lat 
eral color. Seidel developed methods to approximate each of these 
aberrations without actually tracing large numbers of rays using all the 
terms inthe sine expansions 


Inactual practice, aberrations occur in combinations rather than alone. Tis 
system of classifying them, which makes analysis much simpler, ives a 
ood description of optical system image quality. In fact, even inthe era of 
powerful ray-tracing software, Seide' formula forspherica aberrations stil 
widely used, 


* Ludwig von Seidel, 1857. 
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SPHERICAL ABERRATION 


Figure 1.15 illustrates how an aberration-free lens focuses incoming 
collimated light. llrays pass through the focal point F”.The lower figure 
‘hows the situation more typically encountered in single lenses. The far- 
ther from the optical axis the ray enters the lens, the nearer tothe lens 
‘focuses (crosses the optical axis). The distance along the optical axis, 
between the intercept of the rays that are nearly on the optical axis 
(paranial rays) and the rays that go through the edge ofthe lens (marginal 
ays) is called longitudinal spherical aberration (LSA). The height at 
Wihich these rays intercept the paraxial focal plane is called transverse 
spherical aberration (TSA). These quantities are related by 


TSA=LSA x tan). (1.22) 


‘Spherical aberration is dependent on lens shape, orientation, and 
conjugate ratio, a5 well as on the index of refraction of the materials 
present, Parameters for choosing the best lens shape and orientation 
fora given task are presented later in this chapter. However, the third 


\ aberrations tte ons 


paraxial focal plane —+| 


longitudinal spherical aberration, 


‘transverse spherical aberration 


Figure 1.15 Spherical aberration of a plano-convex lens 
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order, monochromatic, spherical aberration of a plano-convex lens used 
atinfnite conjugate ratio can be estimated by 


0.067 f 


spot size due to spherical aberration = 207 
Ps ph 7 


(1.23) 


‘Theoretically the simplest way o eliminate or reduce spherical aberration 
isto make the ens surface(s) witha varying radius of curvature 
‘aspheric surface) designed to exactly compensate forthe fact that sin +0 
at larger angles. n practice, however, most lenses with high surface 
accuracy are manufactured by grinding and polishing techniques that 
naturally produce spherical or cylindrical surfaces. The manufacture of 
aspheric surfaces is more comple, and itis ficult to produce a lens of 
sufficient surface accuracy to eliminate spherical aberration completely. 
Fortunately these aberrations can be virtually eliminated, for a chosen 
setof conditions, by combining the effects of two or more spherical (or 
coflncrcal) surfaces. 


Ingeneral, simple postive lenses have undercorected spherical aberration, 
and negative lenses usualy have overcorrected spherical aberration. By 
combining a positive lens made from low-index glass with a negative lens 
‘made from high-ndex alas itis posible to produce a combination in which 
the spherical aberrations cancel but the focusing powers do not. The 
simplest examples ofthis are cemented doublets, suchas the LA series 
Which produce minimal spherical aberration when properly use. 
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ASTIGMATISM, 


When an off-axis objectis focused by aspherical lens the natural asym- 
metry leads to astigmatism. The system appears to have two different 
focal lengths. 


‘As shown in figure 1.16, the plane containing both optical axis and object 
point i called the tangential plane. Rays tat lie inthis plane are called 
tangential, or meridional, ray, Raysnotin this plane ae referred to as skew 
rays. Te chie, or principal, ray goes from the object point through the 
center of the aperture ofthe lens system. The plane perpendicular to the 
tangential plane that contains the principal ray is called the sagittal or 
radial plane. 


‘The gure illustrates that tangential rays from the abject come toa focus closer 
to the lens than do ray in the sagittal plane. When the image is evaluated 
atthe tangential conjugate, we see ane in the sagittal direction. Aline in 
the tangential direction is formed atthe sagittal conjugate, Between these 
conjugates, the image is ether an elliptical ora circular blur. Astigmatism 
‘scdefined as the separation of these conjugates. 


‘The amount of astigmatism in a lens depends on lens shape only when 
theres an aperture inthe system that isnot in contact with the lens itself 
(inal optical systems ther san aperture o top although in many cases 
itissimply the lear aperture ofthe ens element itself) Astigmatism strongly 
depends on the conjugate ratio. 


_L— 


abject point + 


‘tangential image 
(focal line) 


sagittal plane 


“optical system 


_-sagittal image (Focal line) 


paraxial 
focal plane 


Figure 1.16 Astigmatism represented by sectional views 
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‘SOMA 
Inspherica lenses, diferent parts ofthe lens surface exhibit ferent degrees 
cof magnification This gives rise to an aberration known as coma, As shown 
in figure 1.17, each concerti zone ofa lens forms ng shaped image called 
acomatic circle. This causes blurring inthe image plane (surface) of off-ais 
object points. An off-axis object points nota sharp image point, but it 
appears as a characteristic comet-ike flare. Even if spherical aberration is 
corrected and the lens brings all rays to a sharp focus on axis, lens may 
still exhibit coma off axis. See igure 1.18. 


As with spherical aberration, cortection can be achieved by using multiple 
surfaces, Altematively a sharper image may be produced by judiciousy 


positive transverse coma, 


placing an aperture, or stop, in an optical system to eliminate the more 


Figure 1.18 
marginal rays. 


i 
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Positive transverse coma 


FIELD CURVATURE 


Even in the absence of astigmatism, there isa tendency of optical systems 
toimage better on curved surfaces than on flat planes. This effects called 
field curvature (see figure 1.19). Inthe presence of astigmatism, this 
problem is compounded because two separate astigmatic focal surfaces 
correspond to the tangential and sagittal conjugates, 


ns 


Field curvature varies with the square of field angle or the square of image 
height. Therefore, by reducing thefld angle by oneal itis possible to reduce 
the blur from fel curvature toa value of 0.25 ofits original ize. 


Positive lens elements usually have inward curving fields, and negative 


spherical focal surface —*s 


Optical 5 


lenses have outward curving fields, Field curvature can thusbe corected to 
some extent by combining postive and negative lens elements 


Figure 1.19 


Field curvature 


points on lens 
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Figure 1.17 Imaging an off-axis point source by a lens with positive transverse coma 
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DISTORTION 


The image field not only may have curvature but may also be distorted, 
‘The image ofan off-axis point may be formed at a location on this surface 
other than that predicted by the simple paraxial equations Tis distor 
tion is diferent from coma (Where rays from an off-axis point fail to 
‘meet perfectly in the image plane). Distortion means that even fa perfect 
off-axis point image is formed, its location on the image plane is not 
correct, Furthermore, the amount of distortion usually increases with 
increasing image height. The effect ofthis can be seen as two diferent 
kinds of cistortion: pincushion and barel (see figure 1.20). Distortion does 
not lower system resolution; it simply means thatthe image shape does 
not correspond exactly tothe shape of the object. Distortion is a sepa- 
ration ofthe actual image point from the paraxialy predicted location 
on the image plane and can be expressed ether as an absolute value or 
25 a percentage ofthe paraxial mage height. 


Itshould be apparent that a lens or lens system has opposite types of 
distortion depending on whether iti used forward or backward. This 
means that ifa lens were used to make @ photograph, and then used 
in reverse to project it, there would be no distortion in the final screen 
image. Also, perfectly symmetrical optical systems at 1:1 magnification 
have no distortion or coma, 
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CHROMATIC ABERRATION 


The aberrations previously described are purely a function ofthe shape 
ofthe lens surfaces, and they can be observed with monochromatic light. 
Other aberrations, however, arise when these optics are used to trans- 
form light containing multiple wavelengths, The index of refraction of 
materials function of wavelength. Known as dispersion, thsis discussed 
in Material Properties, From Snel’ law (see equation 1.20), it can be 
seen that light ray of diferent wavelengths or colors willbe refracted 
at different angles since the index isnot a constant. Figure 1.21 shows 
the result when polychromatic cllimated light is incident ona positive 
lens element. Because the index of refraction i higher fr shorter wave- 
lengths, these are focused closer to the lens than the longer wavelengths. 
Longitudinal chromatic aberration is defined asthe axial distance from 
‘thenearest tothe farthest focal point. Asin the case of spherical aberration, 
positive and negative elements have opposite signs of chromatic aberration. 
‘Once again, by combining elements of nearly opposite aberration to form 
a doublet, chromatic aberration can be partially corrected. It is neces- 
sary to use two glasses with different dispersion characteristics, so that 
the weaker negative element can balance the aberration ofthe stronger, 
positive element, 
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Figure 1.20 Pincushion and barrel distortion 
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Figure 1.21 Longitudinal chromatic aberration 


Variations of Aberrations with Aperture, 
Field Angle, and Image Height 


‘Aperture field Angle Image Height 


Aberration () @ ? 
tera Spherical e = = 
anginal Spherical e - = 
Coma e 0 y 
Astigmatism 6 ® y 
Field Curvature 6 e y 
Distortion = e y 
Cvomatic = = 5 
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integrated circuit> digital > logic gate 


When a bubble is appended to a buffer, it be- 
comes a NOT gate, more commonly known as an 
inverter. Its function is to create an output state 
that is opposite to its input state. 


vy ¥ 


Figure 10-4. The two logic gates that have only one input 
‘and one output. Note that in some schematics showing 
internal logic af ICs, the bubble on an inverter may be 
found on the input side instead of the output sie 


Gates with More than Two Inputs 
‘AND, NAND, OR, and NOR gates can have any 
number of inputs, as suggested in Figure 10-5, 
although practical factors usually limit the inputs 
toa maximum of eight. 


Input states of a gate Gate Outputs 


with more than two inputs “AND [AND [ OR [NOR | 


Allow 


All high 


At least 1. ow 
and at least 4 high 


Figure 10-5. The previous table has been modified to 
show the outputs from logic gates that have more than 
fhwo inputs. XOR and XNOR gates are not included in the 
table, because a strict interpretation of their logic requires 
that 2 unique output state exists if ne input is high while 
the other is low. 


The rules can be summarized like this: 


+ Output from an AND gate: Low if any of its 
inputs is low, high ifall ofits inputs are high. 
+ Output from a NAND gate: High if any of its 
inputs is low, low if all of its inputs are high. 


+ Output from an OR gate: 
inputs is high, low if all ofits inputs are low. 


+ Output from a NOR gate: Low if any of its in- 
puts is high, high if ll of its inputs are low. 


In the case of XOR and XNOR gates, their logic 
requires that a unique output state must exist 
one input is high while the other input is low. 


In fact, so-called three-input XOR gates do exist, 
an example being the 74LVC1G386chip, inwhich 
the output is high if all three inputs are high, or 
ifone inputis high, but not if two inputs are high 
ornoinputsare high. Further discussion of more- 
than-two-input XORSis outside the scope of this 
encyclopedia. 


Boolean Notation 

For reference, the original written notation for 
Boolean operators is shown in Figure 10-6. Un- 
fortunately, the notation for these operators was 
never properly standardized, and in more than 
one instance, multiple symbols acquired the 
same meaning. The letters P and Qare often, but 
not always, used to represent two input states 
that can be true or false. 


+ The use of a horizontal line above a symbol, 
to indicate that its state has been reversed, 
has carried over to datasheets where thisno- 
tation can show that an output state from 
any digital chip is inverted. The line is known 
asa bar, 


Arithmetical Operations 
Suppose we wish to sum two binary numbers, 
each containing two digits, There are four digits 
altogether, and depending on their values, there 
are 16 different possibleaddition sums,as shown 
in Figure 10-7. 


IfAO and BO represent the rightmost digits of the 
two numbers being added, and SO is the sum of 
those two digits, inspection of the figure shows 
that the sum can be derived using just three 
rul 
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LATERAL COLOR 


Lateral colori the ference in image height between blue and red rays 
Figure 1.22 shows the chief ray of an optical system consisting of a simple 
positive lens and a separate aperture, Because ofthe change in index with 
wavelength, blue light i refracted more strongly than red light, which 
is why rays intercept the image plane at cfferent heights. Stated simply, 
‘magnification depends on coor Lateral colors very dependent on system 
stop location. 


Formany optical systems, the third-order term all that may be needed 
to quantity aberrations. However, in highly corected system or in those 
having large apertures ora large angular field of view, third-order theory 
isinadequate. In these cases, exact ray tracing is absolutely essential 


red light ray lateral color 


met ae 


focal plane—+| 


Figure 1,22 Lateral Color 
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"APPLICATION NOTE 


Achromatic Doublets Are Superior to 
Simple Lenses 


‘Because achromatic doublets corect for spherical as well as 
chromatic aberration, they are often superior to simple lenses 
for focusing collimated light or collimating point sources, even in 
purely monochromatic light. 


Although ther sno simple formula that can be used to 
estimate the spot size of a doublet, the tables in Spot Size give 
sample values that canbe used to estimate the performance of 
catalog achromatic doublets. 
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Lens Shape 


Aberrations described in the preceding section are highly dependent on 
application, lens shape, and material of the lens (or, more exactly, its 
index of refraction). The singlet shape that minimizes spherical aberration 
ata given conjugate ratios called best-form. The citeron for best-form at 
‘any conjugate ratio is thatthe marginal ays are equally refracted at each 
of the lenslair interfaces. Tis minimizes the effect of sind #8. tis also 
the criterion for minimum surface-reflectance loss. Another benefit is 
that absolute coma is nearly minimized for best form shape, at both infinite 
and unit conjugate ratios. 


To further explore the dependence of aberrations on lens shape, itis, 
helpful to make use ofthe Coddington shape factor, defined as 

(Cea) 
wma) 


(1.24) 


Figure 1.23 shows the transverse and longitudinal spherical aberrations 
of a singlet lens as a function of the shape factor, y. In this particular 
instance the lens has a focal length of 100 mm, operates at f5, has an 
index of refraction of 1.518722 (BK7 atthe mercury green line, 546.1 nm), 
and is being operated at the infinite conjugate ratio, Its also assumed 
that the lens itself isthe aperture stop. An asymmetric shape that corre 
‘ponds toa q-value of about 0.7426 for this material and wavelenath is 
the best singlet shape for on-axis imaging, Iis important to note that the 
best-form shape is dependent on refractive index. For example, with a 
high-index material, such as silicon, the best-form lens forthe infinite 
conjugate rato isa meniscus shape. 
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At nfnite conjugate with atypical glass singlet, the plano-convex shape 
(y=1), with convex side toward the infinite conjugate, performs nearly 
as well as the best form lens. Because a plano-conves lens costs much 
less to manufacture than an asymmetric biconvex singlet, these lenses 
are quite popular. Furthermore this lens shape exhibits near-minimum, 
total transverse aberration and near-rero coma when used off axis, 
thus enhancing its uti 


Forimaging at unit magnification (s= "= 2/), a similar analysis would 
show that a symmetric biconvex lens is the best shape. Not only is, 
spherical aberration minimized, but coma, distortion, and lateral chro- 
‘matic aberration exactly cancel each other out. These results are true 
regardless of material index or wavelength, which explains the utility 
‘of symmetric convex lenses, a well as symmetrical optical systems in 
general. However if a remote stops present, these aberrations may not 
cancel each other quite as well 


For wide-field applications the best frm shapes definitely not the optimum 
singlet shape, especially atthe infinite conjugate rato, since it yields 
maximum feld curvature. The ideal shape is determined bythe situation 
and may require rigorousray-tracing analysts tis possible to achieve much 
better correction in an optical system by using more than one element. 
The cases of an infinite conjugate rato system and a unit conjugate ratio 
system are discussed in the following section 


5 
2) 0 
= 4! 4 \ 
a 
a3 ‘exact longitudinal spherical aberration (LSA) 
5 
Eee ‘exact transverse spherical 
FA ation (TSA) 
H 
3 wolee 
2 “15 a -05 ° os 1 15 ; 
SHAPE FACTOR (i) 
Figure 1.23 Aberrations of positive singlets at infinite conjugate ratio as a function of shape 
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Lens Combinations 


INFINITE CONJUGATE RATIO. 


‘As shown inthe previous discussion, the best-form singlet lens for use 
atinfnite conjugate ratios is generally nearly plano-convex. Figure 1.24 
shows aplano-convex lens (LPX-15,0-10.9-C) with incoming collimated 
light ata wavelength of 546.1 nm, This drawing, including the rays traced 
through i, is shown to exact scale. The marginal ray (ray number 1.5) 
strikes the paraxial focal plane significantly of the optical axis 


Thissituation can be improved by using a two-element system. The second 
part of the figure shows a precision achromat (LAO-21.0-14.0), which 
consists of a positive low-index (crown glass) element cemented to a 
negative meniscus high-index fit glass) element. This is drawn to the 
same scale asthe plano-convex lens. No spherical aberration canbe dis- 
cerned in the lens Ofcourse, not all of the rays pass exactly through the 
paraxial focal point; however, in tis case, the departure is measured 
inmicrometers, rather than in millimeters, a in the case of the plano- 
convex lens Additionally chromatic aberration (not shown) is much beter 
corectdin the doublet. Eventhough these lenses are known as achromatic 
doublets itis important to remember that even with monochromatic light 
the doublets performance is superior. 


Figure 1.24 also shows the number at which singlet performance becomes 
unacceptable. The ray with fnumber 7.5 practically intercept the paraxial 
focal point, and the 13.8 ray is fait close. This useful drawing, which can 
be scaled to fit a plano-convex lens of any focal length, can be used to 
estimate the magnitude ofits spherical aberration although lens thickness 
affects results slighty 


UNIT CONJUGATE RATIO 


Figure 1.25 shows thre possible systems for use tthe unit conjugate ratio, 
All are shown to the same scale and using the same ray fnumbers with a 
light wavelength of 546.1 nm. The fist system isa symmetric biconvex 
lens (LDX-21.0-19.2-0), the bestform singlet in this application, Cleatly, 
significant spherical aberration is present inthis lens at 2.7. Not until 
{113.3 does the ray dosely approach the paraxial focus. 


dramatic improvement in performance is gained by using two identical 
plano-convex lenses with convex surfaces facing and nearly in contact. 
Those shown in figure 1.25 are both LPX-20,0-20.7-C. The combination 
of these two lenses yields almost exactly the same focal length as the 
biconvex lens To understand why ths configuration improves performance 
0 dramatically, consider that if the biconvex lens were split down the 
middle, we would have two identical plano-conves lenses each working at 
aninfinite conjugate rata but withthe convex surface toward the focus This 
orientation is opposite to that shown tobe optimum fr this shape lens. On 
the thet hand if these lenses ae revesed, wehave the syste just described 
bout witha better correction ofthe spherical aberration. 
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PLANO-CONVEX LENS 


ray Fnumbers paraxial image plane —s] 


LPx-15.0-10.9-¢ 


ACHROMAT 


(40.21.0140 


Figure 1.24 Single-element plano-convex lens compared 
with a two-element achromat 


Previous examples indicate that an achromat is superior in performance 
toasingletwhen used at the infinite conjugate ratio and alow F-numbers. 
Since the unit conjugate case can be thought of as two lenses, each 
‘working atthe infinite conjugate rato, the next step is to replace the 
plano-convex singlets with achromats yielding afourelement system. The 
third part of figure 1.25 shows a system composed of two LAO-40.0-18.0 
lenses. Once again, spherical aberration isnot evident, even inthe 2.7 ray. 
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‘SYMMETRIC BICONVEX LENS 


paraxial image plane —s] 


Lox21.0419.2.¢ 


IDENTICAL PLANO-CONVEX LENSES 


27 


tt 
1Px-20.0-20.7-¢ 


IDENTICAL ACHROMATS 


140-40.0-18.0 


Figure 1.25 Three possible systems for use at the unit conjugate ratio 
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Diffraction Effects 


Inall light beams, some energy is spread outside the region predicted by 
geometric propagation, This effect, known as diffraction, sa fundamental 
and inescapable physical phenomenon, Diffraction can be understood by 
considering the wave nature of light. Huygens’ principle (igure 1.26) 
states that each point on a propagating wavefront an emitter of secondary 
wavelets The propagating waves then the envelope ofthese expanding 
wavelets, Interference between the secondary wavelets gives rise to a 
fringe pattern that rapidly decreases in intensity with increasing angle 
from the initial direction of propagation, Huygens’ principe nicely 
describes diffraction, bt rigorous explanation demands a detailed study 
cof wave theory. 


Diffraction effects are traditionally classified ito either Fresnel or Fraun- 
hofer types. Fresnel ifracton is primarily concerned with what happens to 
light in the immediate neighborhood of a ditfracting objector aperture. It 
isthus onl of concem when the illumination sources close to this aperture 
orabject, known as the near field. Consequently Fresnel fractions rarely 
important in most classical optical setups, butt becomes very important in 
such applications as digital opti, fiber optics, and near-field microscopy. 


Fraunhofer diffraction, however soften important even in simple optical 
systems, This the ight spreading effect ofan aperture when the aperture 
(or object isilluminated with an infinite source (plane-wave illumination) 
and the lights sensed at an infinite dlstance (far-field) from tis aperture. 


From these ovely simple definitions, one might assume that Fraunhofer 
diffraction is important only in optical systems with infinite conjugate, 
‘whereas Fresnel traction equations shouldbe considered at frite conju- 
gate ratios. Not so, A lens or lens system of finite positive focal length with 
plane-wave input maps te far-field difraction pattern ofits aperture onto 
the focal plane; therefor, itis Fraunhofer difraction that determines the 
limiting performance of optical systems. More generally, at any conjugate 
ratio, far-field anges are transformed into spatial displacements in the 
image plane, 


ae 


| secondary —+| 
wavelets 


| wavetront 


ae 


Figure 1.26 Huygens’ principle 
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CIRCULAR APERTURE 


Fraunhofer diffraction at a circular aperture dictates the fundamental 
limits of performance for circular lenses. tis important to remember that 
the spot size, caused by diffraction, ofa circular lens is 


d= 244th) (1.25) 


where is the diameter of the focused spot produced from plane-wave 
ilumination and \ isthe wavelength of ight being focused. Notice that 
itis the numberof the lens, not its absolute diameter, that determines 
this limiting spot size, 


‘The diffraction pattern resulting from a uniformly iluminated circular 
aperture actually consists of a central bright region, known as the Ary 
disc (see figure 1.27), which is surrounded by a number of much fainter 
rings. Each ring is separated by a circle of zero intensity. The iradiance 
distribution in this pattern can be described by 


fey 028) 


weak irradiance in the image 
4 (x)= Bessel function of the first kind of order unity 


Figure 1.27 Center of a typical diffraction pattern for a 
<ircular aperture 


- 


Where 
A=wavelength 
‘D= aperture diameter 
(= angular radius from the pattern maximum. 


Tis useful forma shows the fare radiance distribution fom a uniformly 
iluminated circular aperture of diameter D. 


SLIT APERTURE 


Aslit aperture, which is mathematically simpler, is useful in elation to 
cylindrical optical elements. The irradiance distribution in the diffraction 
pattern of a uniformly illuminated slit aperture is described by 


uff i 


where 1, = peak irradiance in image 
swsin @ 
x 
where \= wavelength 
wy =slit width 


= angular deviation from pattern maximum, 


‘APPLICATION NOTE 
Rayleigh Criterion 


In imaging applications, spatial resolution is ultimately limited 
by diffraction. Calculating the maximum possible spatial 
resolution of an optical system requires an arbitrary definition 
‘of what is meant by resolving two features. In the Rayleigh 
criterion, it is assumed that two separate point sources can be 
resolved when the center ofthe Airy dsc from one overlaps the 
fist dark ring inthe diffraction pattem ofthe second. In this 
ase, the smallest resolvable distance, is 


61d 


22H) 
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ENERGY DISTRIBUTION TABLE 


‘The accompanying table shovrs the major features of pure (unaberrated) 
Fraunhofer diffraction patterns of circular and slit apertures. The table 
shows the positon, relative intensity, and percentage of total pattern 
‘energy cortesponding to each ring or band Its especially convenient to 
‘characterize postions in either pattern with the same variable x. This, 
variable is related to field angle inthe circular aperture case by 


dy 
sing = 1.28) 
= ‘ 


where D i the aperture diameter. Fra sit aperture, ths relationship is 
siven by 

sing= (129) 
here w i the slit width, x has its usual meaning, and D, w, and \ are 
alli the same units (preferably milimeters). Linear instead of angular 
field positions are simpy found from r="tan where sis the secondary 
conjugate distance This last results often seen ina different farm, namely 
the dfracton-limitedspotsize equation, which for a crcula lens is 

d= 244 M1) (600 eq. 1.25) 
‘Ths value represents the smallest spo size that can be achieved by an 
‘optical system with a circular aperture ofa given f-number, and its the 
ameter ofthe fist dark rng, where the intensity has dropped to zero, 


‘The groph in figure 1.28 shows the form of both circular and sit aperture 
ciffracton pattems when plotted on the same normalized scale. Aperture 


diameter is equal to sit width so that pattems between x-values and 
angular deviations inthe far-field are the same. 


GAUSSIAN BEAMS. 


Apodization, or nonuniformity of aperture irradiance, alters diffraction 
patterns. f pupil iradiance is nonuniform, the formulas and results given 
previously do not apply. This is important to remember because most 
laser-based optical systems donot have uniform pupiliradiance. The ut- 
put beam ofa laser operatingin the TEMpq mode has a smooth Gaussian 
inradiance profile, Formulas sed to determine the focused spot size from 
slich a beam are discussed in Gaussian Beam Optics. Furthermore, when 
dealing with Gaussian beams, the lacaton ofthe focused spt also departs 
{rom that predicted by the paraxial equations given in this chapter. This, 
is also detailed in Gaussian Beam Optics, 
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Energy Distribution in the Diffraction Pattern of a Circular or Slit Aperture 
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‘Material Properties 


| centamaxinum 
A] afonng sary asin 


SLIT APERTURE 


Figure 1.28 Fraunhofer diffraction pattern of a singlet slit superimposed on the Fraunhofer diffraction pattern 
of a circular aperture 
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Lens Selection 


Having discussed the most important factors that affect the performance 
of a lens ora lens system, we will now address the practical matter of 
selecting the optimum catalog components for a particular task. The fol- 
Jowing useful relationships are important to keep in mind throughout 
the selection process: 


( Diffraction-timited spot size =2.48 tht 
8 Approximate on-ais spot size 
‘of a plano-convex lens at the infinite 


Conjugate resulting from spherical aberration 


0.067 f 
Te 


NA 


© Optica invariant = m =~. 
NAY 


Example 1: Collimating an Incandescent Source 


Produce a collimated beam from a quartz halogen bulb having a 1-mm- 
‘square lament. Collect the maximum amount of ght possible and produce 
a beam with the lowest possible divergence angle. 


‘This problem, illustrated in figure 1.29, involves the typical tradeoff 
between light-collection efficiency and resolution (where a beam isbeing 
collimated rather than focused, resolution is defined by beam diver- 
gence). To collect mare light, it is necessary to work ata low f-number, 
but because of aberrations, higher resolution (lower divergence angle) 
willbe achieved by working at a higher f-number. 


In terms of resolution, the first thing to realize is that the minimum 
divergence angle (in radians) that can be achieved using any lens system 
is the source size divided by system focal length, An off-axis ray (rom 
the edge of the source) entering the first principal point of the system 
exits the second principal point atthe same angle. Therefore, increasing 
the system focal length improves this limiting divergence because the 
source appears smaller. 


‘An optic that can produce a spo size of 1 mm when focusing a perfectly 
colimated beam is therefore required. Since source sie is inherently 
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limited, itis pointless to strive for better resolution. This level of resolution 
can be achieved easily witha plano-convex lens 


\While angular divergence decreases with increasing focal length, spherical 
aberration of a plano-convex lens increases with increasing focal length. 
To determine the appropriate focal length, set the spherical aberration 
{formula fora plano-convex lens equal tothe source (spot) size: 


0.067 F = sam 
The 


This ensures a lens that meets the minimum performance needed. To 
select a focal length, make an arbitrary number choice. As can be seen 
{rom the relationship, as we lower the f-number (increase collection 
efciency), we decrease the focal length, which will worsen the resultant 
divergence angle (minimum divergence = 1 mi) 


In this example, we will accept f?2 collection efficiency, which gives us 
2 focal length of about 120 mm. For 72 operation we would need amin 
imum diameter of 60 mm, The LPX-60.0-62.2-C fits this specification 
‘exactly Beam divergence would be about 8 mrad. 


Finally, we need to verify that we are not operating below the theoretical 
cifraction limit. In this example, the numbers (1-mm spot size) indicate 
that we are nt, since 


<ifacton-imited spot size =2.44 x 05 pm x 2=2.44 pm. 


Example 2: Coupling an Incandescent Source into a Fiber 


In Imaging Properties of Len Systems we considered a system in which the 
‘output of an incandescent bulb witha filament of 1 mm in diameter was 
to be coupled into an optical fiber with a core diameter of 100 pm and a 
‘numerical aperture of 0.25. From the optical invariant and other constraints 
sven inthe problem, we determined that /=9.1 mm, CA=S mm, s=100, 
mmm, s”=10 mm, NA” =0.25, and NA=0,025 (or and 720). Thesinglet 
lenses that match these specifications are the plano-conwvek LPX-S.0-5.2-C 
“orbiconvex lenses LDX-6.0-7.7 and LDX-5.0-9.9-C. The dosestachromat 
‘would be the LAO-10.0-60. 


min = Source size 


Figure 1.29 Collimating an incandescent source 
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We can immediately reject the biconvex lenses because of 
spherical aberration. We can estimate the performance ofthe LPX-5.05.2-C 
‘on the focusing side by using our spherical aeration formula: 


0.067 (10) 


spot size M4 pm. 
‘We wil ignore, for the moment, that we are not working at the infinite 
conjugate. 

Tiss sighty smaller than the 100-pm spot size we are tying to achieve. 
However, since we are not working at infinite conjugate, the spot size will 
be larger than that given by our simple calculation. This lenss therefore 
likely to be marginal in ths situation, especialy if we consider chromatic 
aberration, A better choice isthe achromat. Although a computer ray 
trace would be required to determine its exact performance, itis vitually 
certain to provide adequate performance. 


Example 3: Symmetric Fiber-to-Fiber Coupling 


Couple an optical ber with an 8-pm core and a 0.15 numerical aperture 
into another fiber with the same characteristics, Assumea wavelength of 
05 ym. 


This problem, ilusrated in figure 130, essentially a 1:1 imaging situation. 
We want to collet and focus at a numerical aperture of0.15 or 3.3, and 
Wwe need lens with an 8m spot size at this number, Based on the lens 
combination discussion in Lens Combination Formulas, our mos likely 
setups either a pair of identical plano-convex lenses or achromats, faced 
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front to front. To determine the necessary focal length for ajplano-convex 
lens, we again use the spherical aberration estimate formula: 


0.067 f 
= 0.008 mm. 
ay 


This formula yields focal length of 43 mm and a minimum diameter of 
1.3 mm. The LPX-4.2-2.3-BAK1 meets these criteria. The biggest problem 
‘with utilizing these tiny, short focal length lenses isthe practical consid- 
erations of handling, mounting, and positioning them. Because using a 
pair of longer focal length singlets would result in unacceptable perfor- 
‘mance, the next step might be to use a pair ofthe slightly longer focal 
length larger achromats, such s the LAO-10.06.0 The performance data, 
sven in Spot Siz, show that this combination does provide the required 
ym spot diameter. 


Because fairl small spot sizes are being considered here itis important 
‘tomake sure that the systems not being asked to werk below the difraction| 
limit: 


2.4405 pm x 33=4 pm 
Since this is half the spot size caused by aberrations, it can be safely 


assumed that difraction will not play significant role here. 


‘An entirely ifferent approach toa fber-coupling task such as this would 
bbe to use a pair of spherical bal lenses (LMS-LSFN series) or one ofthe 
<gradient-index lenses (LGT series). 


Fgute 1.30 Symmetric fiber-to-fiber coupling 
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Example 4: Diffraction-Limited Performance 


Determine at what f-number a plano-convex lens being used at an infinite 
conjugate ratio with 0.5-um wavelenath light becomes diffraction lim- 
ited (i, the effects of diffraction exceed those caused by aberration) 


To solve this problem, set the equations for difracton limited spot size 
and third-order spherical aberration equal to each other. The result 
depends upon focal length, since aberrations scale with focal length, 
while diffraction is solely dependent upon f-number. By substituting 
‘some common foal lengths into this formula, we get 8.6 at f= 100 mm, 
417.2 at f= 50 mm, and {4.8 at f=10 mm, 


0.067 xf 


2.44905 um EH 
" TP 


Fit =(549x f)!" 


When working with these focal engths (and under the conditions previously 
stated), we can assume essentially diffraction imited performance above 
these numbers. Keep in mind, however, that this treatment does not tke 
into account manufacturing tolerances or chromatic aberration, which will 
be presenti polychromatic applications. 
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Spherical Ball Lenses for Fiber Coupling 


Ls. AseN slimateg | UMS:LSEN 
coupling sphere conmates coupling sphere 
pling sBhere ght section COUPlNg 
conical] [optical 
fiber fiber 
= =a 


Spheres ae arranged so that the fiber end is located atthe focal 
point, The output from the first sphere then collimated. two 
spheres are aligned analy to each other the beam will be 
transferred from one focal pont tothe other. Translational 
alignment sensitivity can be reduced by enlarging the beam. 
Slight negative defocusing ofthe ball can reduce the spherical 
aberration third-order contribution common to all coupling 
systems, Additional information canbe found in “Lens Coupling 
in Fiber Optic Devices Efficiency Limits,” by A. Nicia, Applied 
Optics vol. 20, no, 18, pp 3136-45, 1981. Off-axis aberrations 
are absent since the fiber diameters are so much smaller than 
the coupler focal length. 
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IfAO=Oand BO= 


|, then S=0. 


2. If AO and BO have opposite states, then 
5 


3. IFAO=1 and BO=1, then S0=0, and carry 1 
to the next place left: 


If AO and B0 are the two inputs to an XOR logic 
gate, the output of the gate satisfies all three 
rules, excepttheneedto carry 1 tothenext place 
left. This last function can be satisfied with an 
AND gate. The function of two gates is known as 
a half adder, and is shown in the top section of 
Figure 10-8, 


PANDQ PORQ PXORQ 
PAQ PVQ Ppa 
P&Q Pla P#=Q 
Peg P@®Q 

PNANDQ  PNORQ —- PXNORQ 
PtQ PYQ PQ 

r= 
NOTP 
“Pp 


Figure 10-6. Boolean operators as they have been ex 
pressed in written notation, Lack of standardization has 
resulted in more than one symbol representing some of 
the operators. 


When we consider the next pair of binary digits 
tothe left, the situation now becomes morecom- 
plicated, because we may be carrying 1 into this 
addition sum from the previous stage, and we 
still need to beable toto carry 1 out (ifnecessary) 
to the next stage. An assembly of five logic gates 


digital > logic gate 
can deal with this, and their combination is 
knownasa full adder. Thisis shown in the bottom 
section of Figure 10-8, 


oo 
+ 
oo 


oo 
. 
oa 


oo 
. 
LL) 


Figure 107, Sixteen different addition sums are possible, 
when summing two binary numbers of two digits each. 


The combination of XOR and AND gates shown 
in Figure 10-8 is not the only one that works to 
add binary numbers, However, it may be the 
most intuitively obvious. 


Other Operations 

Binary arithmetic remains the most important 
application of logic gates, but individually pack- 
aged gates are seldom used for that purpose 
anymore. They were long since subsumed into 
large multifunction computing chips. 


Single gates still have application in small sys- 
tems, or to modify the inputs and outputs of mi- 
crocontrollers, or to convert the output from one 
complex digital chip to make it compatible with 
the input of another. This last application is often 
referred to as glue logic. 


Applications for single gates are discussed in 
"How to Use It” on page 103. 


92 Encyclopedia of Electronic Components Volume 2 
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Spot Size 


In general the performance ofa lens orlenssystem ina specificrumstance 
should be determined by an exact tigonometrc ray trace. CVI Melle Griot 
applications engineers can supply ray-tracing data for particular lenses 
and systems of catalog components on request. In certain situations, 
however, some simple quidelines can be used for lens selection, The opt 
‘mum working conditions for some of the lenses in ths catalog have 
already been presented. The following tables give some quantitative 
results for variety of simple and compound lens systems, which can be 
constructed from standard catalog optics. 


In interpreting these tables, remember that these theoretical values 
obtained from computer ray tracing consider only the effects of ideal 
geometric opis fects of manufacturing tolerances have not been con- 
sidered, Furthermore, remember that using more than one element 
provides higher degree of corecton but makes alignment more dificult. 
When actually choosing a ens ora lens system, its important to note 
the tolerances and specifications dearly described for each CVI Mlle Grot 
lens in the product listings. 


The tables give the diameter of the spot fo a variety of lenses used at 
several different numbers. All the tables are for on-axis, uniformly 
illuminated, collimated input light at 546.1 nm. They assume that the 
lens is facing in the direction that produces a minimum spot size. When 
the spot size caused by aberrations i smaller or equal tothe diffraction- 
limited spot size, the notation “DL” appears next to the enty. The shorter 
focal length lenses produce smaller spot sizes because aberrations 
increase linearly as a lens is scaled up. 
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‘The effect on spot size caused by spherical aberration isstrongly dependent 
‘on number. Fora plano-convex singlet, spherical aberration i inversely 
dependent onthe cube ofthe number. For doublets this relationship can, 
be even higher. On the other hand, the spot size caused by diffraction 
increases linearly with number. Thus, for some lens types, spot size at 
fist decreases and then increases with number, meaning that there is 
some optimum performance point at which bth aberrations and fraction 
‘combine to form a minimum, 


Unfortunately, these results cannot be generalized to situations in which 
the lenses are used off axis. This particularly true of the achromat/apa- 
natic meniscus lens combinations because thelr performance degrades 
rapidly off axis. 


Focal Length= 10 mm Focal Length = 30 mm 
SpotSize n)™ Spot Size (an* 

ft iDKS098C _-UXBO52C —_—_LA0-10060 10500-1808 

2 = 7 7 fe LX185156C 100300925 MENP.180-40-735-NStB 
18 36 2% 7 ar = 3 

15 8 67:00 67000 B79 7 4000 

tno 133(0) 133,00) 13309 6 oo” 670) 63 (0) 
“Ditton ined performance :ndeated by Ot fo 13300 133 0) 13800 

“pitacton-nted performance iia by OL 
Focal Length = 60 mm 
Spot Size (um)™ 

iu ibesooso0c TeXaDOSTAC TA0-600:300 THO-100.0315 & MENPS1 5.60146.4 578 
a a6 00 = = 

a 2 160 u 40) 

5 4% 3 10 6700 

no 133(0) 13300 13300 13300 
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‘To improve system performance, optical designers make sure that the 
total aberration contribution from all surfaces taken together sums to 
nearly zero, Normally, such a process requires computerized analysis and 
optimization, However, there are some simple guidelines that can be 
sed to achieve this with lenses available in this catalog. This approach 
can yield systems that operate ata much lower F-number than can usually 
be achieved with simple lenses. 


Specifically, we will examine how to null the spherical aberration from two 
ormore lenses in collimated, monochromatic light. This technique will thus 
bbe mast useful for laser beam focusing and expanding. 


Figure 1.31 shows the third-order longitudinal spherical aberration 
coefficients for si ofthe most common postive and negative lens shapes 
‘when used with parallel, monochromatic incident ight. The plano-convex 
and plano-concave lenses both show minimum spherical aberration when 
oriented with their curved surface facing the incident parallel beam. All 
other configurations exhibit larger amounts of spherical aberration. With 
these lens types, its now possible to show how various systems can be 
corrected for spherical aberration. 


Atwo-element laser beam expander is good starting example. In ths case, 
two lenses ae separated by alstance thats the sum oftheir focal lengths, 
50 thatthe overall system focal length is infinite. This system will not 
focusincoming collimated light, butt will change the beam diameter. By 
definition, each ofthe lenses is operating atthe same fnumber 


‘The equation fr longitudinal spherical aberration shows tha, fortwo lenses 
With the same number, aberration varies directy with the focal lengths of 
thelenses The sign ofthe aberrations the same as focal length. Thus itshould 
be possible to correct the spherical aberration of this Galilean-type beam 
expander, which consists of a postive focal length objective and a negative 
diverging lens. 
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If a plano-conves lens of focal lenath , oriented inthe normal direction is 
‘combined with a plano-concave ens of focal length oriented in its reverse 
lection, the total spherical aberration ofthe system is 


isa = 227 hh, Oh 


Tomake the magnitude of aberration contributions of the two elements 
‘equals they will cancel out, and thus correct the system, select the focal 
length of the positive element to be 3.93 times that of the negative 
clement. 


Figure 1.32() shows abeam-expander system made up of catalog elements, 
in which the focal length rato is 4:1, This simple system is corrected to 
about 1/6 wavelength t 632.81, even though the objectives operating 
at 4 with a 20-mm aperture diameter. This i remarkably good wavefront 
correction fr such a simple system; one would normally assume that a 
doublet objective would be needed and a complex diverging lens as wel. 
This analysis does not take into account manufacturing tolerances. 


‘Abeam expander of lower magnification can also be derived from this, 
information. If a symmetrc-convex objective is used together] with a 
reversed plano-concave diverging lens the aberration coefficients ae in 
the rato of 1.069/0,403 = 2.65. igure 1.32() shows a system of catalog 
lenses that provides a magnification of 2.7 (the dosest possible given the 
avaliable focal lengths) The maximum wavefront eror in this cases only 
‘a quarter ave, even though the objective is working at 3.3. 


postive 


plano-convex (reversed) 


negative lenses. ——| 


plano-concave (reversed) 


symmetric-concave 


plano-coneave (normal) 


aberration 1.069 0.403, 0272 
coefficien 
oo longitudinal spherical aberration (3rd order) 

Figure 1.31 Third-order longitudinal spherical aberration of typical lens shapes 
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‘2) CORRECTED 4x BEAM EXPANDER 


20mm, f=80mm 
10-mm diameter 22.4.mm diameter 
plano-concave plano-convex 


b) CORRECTED 2.7.x BEAM EXPANDER 


f=-20mm 
To-mm diameter 
plano-concave 


f=54mm 
32-mm diameter 
Symmetric-convex 


) SPHERICALLY CORRECTED 25-mm EFL 2.0 OBJECTIVE 


f= 50mm (2) 
25-mm diameter 27-mm diameter 
plano-concave plano-convex 


Figure 1.32 Combining catalog lenses for aberration 
balancing 
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‘The relatively low f numbers of these objectives isa great advantage in 
‘minimizing the length of these beam expanders. They would be particu- 
ley useful with Nd:YAG and argor-ion lasers, which tend to have large 
‘output beam diameters. 


‘These same principles can be utilized to create high numerical aperture 
‘objectives that might be used as laser focusing lenses. Figure 1.32(¢) 
shows an objective consisting ofan initial negative element, followed by 
‘two identical plano-convex positive elements, Again al ofthe elements 
‘operate at the same f-number, so that their aberration contributions 
are proportional to ther focal lengths. To obtain zero total spherical 
aberration from this configuration, we must satisfy 


1.069 f, +0.272 f,+0.272 f 


Anos. 
hs 


Therefore, a corrected system should result ifthe focal length of the 
negative element s just about half that of each ofthe positive lenses. 
In this case, f, = 425 mm and f, = 50 mm yield total system focal length 
‘of about 25 mm and an f-number of approximately 12. Tis objective, 
corrected to 1/6 wave, has the additional advantage of a very long 
‘working distance. 
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Definition of Terms 


FOCAL LENGTH (/) 


‘Two distinct terms describe the focal lengths associated with every lens or 
lens system. The effective focal length (EFL) or equivalent focal length 
(denoted fin figure 1.33) determines magnification and hence the image 
size. The term f appears frequently in lens formulas and in the tables of 
standard lenses. Unfortunately, because /s measured with reference to 
principal points which ae usualy inside the lens, the meaning of fis not 
immediately apparent when lens i visually inspected. 


The second type of focal length relates the focal plane positions directly 
tolandmarks onthe lens surfaces (namely the vertices) which ae imme- 
lately recognizable. tis not simply related to image size but is especially 
convenient for use when oneis concemed about correct lens positioning or 
‘mechanical dearances, Examples ofthis second type of focal length are the 
front focal length (FFL, denoted fin figure 1.33) and the back focal length 
(BFL, denoted fi). 


‘The convention in all of the figures (with the exception of a single 
deliberately reversed ray) i that ight travels from left to right. 
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FOCAL POINT (F OR F”) 
Rays that pass through or originate at either focal point must be, on the 


‘opposite side of the lens, parallel othe optical aks This factis the basis for 
locating both focal points. 


PRIMARY PRINCIPAL SURFACE 

Let us imagine that ras originating at the front focal point F (and therefore 
parallel othe optical axis after emergence from the opposite side ofthe lens) 
ate singly refracted at some imaginary surface, instead of tice refracted (once 
at each lens surface) as actualy happens. There isa unique imaginary 
surface, called the principal surface, at which this can happen. 


To locate this unique surface, considera single ray traced from the air on 
‘one side of the lens through the lens and into the air on the other side. 
The ray isbroken into three segments bythe lens, Two ofthese are extemal 
(inthe ait) and the thirds internal in the glas). The external segments 
cam be extended to a common point of intersection (certainly nea, and 
usually within, the lens) The principal surface is the locus ofall such 


primary principal point , 


— ray from object at infinity ——— 
— ray from object at infinity — mm 


obtiealinde,. primary vertex A, 


, secondary principal surface 
secondary principal point 


back focal 
point 


/f 
i, 


aN 


front focal 
point 


kr, Asacondan vara 


fe 
B 


[| eer 
Tt point or primary principal surface mmm —— 
I [ — 


f 


= front focusto front = effective focal length; 


fe = edgethickness —r, = radius of curvature of first 


tessa faoy be poate Stowe) Sites ponte Nearer of 
Pe eens or negative center thickness curvature isto right) 
SRSaee fy = sre focallanath fas curvature ot send 
fo beeen seca met 
Figure 1.33 Focal length and focal points 
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points of intersection of extended extemal ray segments. The principal 
surface ofa perfectly corrected optical system isa sphere centered on the 
focal point. 

"Near the optical ais, the principal surfaces nearly flat, and for this reason, 
itis sometimes referred to as the principal plane. 


SECONDARY PRINCIPAL SUREACE 

This terms defined analogously to the primary principal surface, but itis used 
for a collimated beam incident from the lft and focused tothe back focal 
point Fon the right. Rays in that part of the beam nearest the axis can be 
thought of as once refracted atthe secondary principal surface, instead of 
being refracted by both ens surfaces, 


PRIMARY PRINCIPAL POINT (H) OR FIRST NODAL POINT 


This point isthe intersection of the primary principal surface withthe 
optical axis 


SECONDARY PRINCIPAL POINT (H”) 
(OR SECONDARY NODAL POINT 


This points the intersection of the secondary principal surface with the 
optical as 


CONJUGATE DISTANCES (s AND 
The conjugate distances are the objec distance, x, andlimage distance, +. 
Specifically, si the distance from the object to H, and ¥” is the distance 
from H” tothe mage location Te term infrite conjugateratiorefersto the 
situation in which lens is ether focusing incoming colmated light ors being 
Used to collate a source (therefore, either s or” isinfnity) 


PRIMARY VERTEX (A) 


‘The primary vertex is the intersection ofthe primary lens surface with the 
optical ais 


SECONDARY VERTEX (A>) 


‘The secondary vert isthe intersection of the secondary ens surface with 
the optical axis 


EFFECTIVE FOCAL LENGTH (EFL, /) 

Assuming thatthe ens is surrounded by ar or vacuum (refractive index 
1.0), thsi both the distance from the front focal point (Fo the primary 
principal point (H) andthe distance from the secondary principal point (H”) 
to the rear focal point (F). Later we use ft designate the paraxial EFL for 
the design wavelength (hy). 


1.30 _ Fundamental Optics 


Fundamental Optics 
‘uuu. cvimelespriat.com 


FRONT FOCAL LENGTH (/,) 


This length isthe distance from the front focal point (F) tothe primary 
vertex (Ay). 


BACK FOCAL LENGTH (/;,) 
This length isthe distance from the secondary vertex (A,) tothe rear focal 
point (F), 


EDGE-TO-FOCUS DISTANCES (4 AND 8) 
_Aisthe distance from the front focal point to the primary vertex othe lens. 


Bis the distance from the secondary vertex of the ens to the ear focal 
point, Both distances are presumed alvays tobe positive. 


REAL IMAGE 


‘Ateal image is one in which the ligt rays actually converge; if a screen 
‘were placed at the point of focus, an image would be formed on it 


VIRTUAL IMAGE 


‘A virtual image does not represent an actual convergence of light rays. 
‘virtual image can be viewed only by looking back through the optical 
system, such as inthe case of a magnifying glass. 


F-NUMBER (f/#) 

‘The fnumber (aso known asthe focal ratio relative aperture orspeed) of 

2a lens system is defined tobe the effective focal length divided by system 

clear aperture. Ray t-number isthe conjugate distance for that ray divided 

by the height at which it intercepts the principal surface. 
£ 


tt= (see eq. 1.7) 
x (see eq. 1.7) 


NUMERICAL APERTURE (NA) 

‘The NA ofa lens system i defined to be the sine ofthe angle, , thatthe 
‘marginal ray (the ray that exits the lens system at its outer edge) makes 
‘with the optical ans multiplied by the index of refraction () of the medium, 
The NA canbe defined fr any ay as the sine of the angle made by that ray 
‘with the optical axis multiplied by the index of refraction: 


NA=nsind, (1.30) 


MAGNIFICATION POWER 


Often, postive lenses intended for use as simple magnifier are rated with 
a single magnification, such as 4 x. To create a virtual image for viewing 
with the human eye, in principle, any positive lens can be used at an infinite 
numberof possible magnifications, However theres usually narrowrange 
cof magnifications that will be comfortable forthe viewer. Typically, when 
the viewer adjusts the object distance so thatthe image appears to be 
essentially at infinity (which is a comfortable viewing distance for most 
individuals), magnification i given by the relationship 


254mm 


‘magnification = (fin mm). (131) 


7 


‘Thus, a 25.4-mm focal length positive lens would be a 10 x magnifier, 


DIOPTERS 
The tem diopters used to define the reciprocal ofthe focal length, which 
is commonly used for ophthalmic lenses. The inverse focal length ofa lens 
expressed in diopters is 


1000 


diopters="" (fin mm! (1.32) 
pt 7 ). 


Thus the smaller the focal engthis, the larger the power in diopters willbe. 


BERTH OF ELD AND DEPTH OF FOCUS 

In an imaging system, depth of field refers to the distance in object space 
cover which the system delivers an acceptably sharp image. The criteria for 
what is acceptably sharp is arbitrarily chosen by the user; depth of field 
increases with increasing F number. 


For an imaging system, depth of focus is the range in image space over 
Which the system delivers an acceptably sharp image. In other words, 
this is the amount thatthe image surface (such as a screen or piece of 
photographic film) could be moved while maintaining acceptable focus. 
Again, criteria for acceptability are defined arbitrarily 


Innonimaging applications, suchas laser focusing, depth of focus refers to 
the range in image space over which the focused spot diameter remains 
below an arbitrary limit 


LD reste brit 
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‘APPLICATION NOTE 
Technical Reference 


For further reading about the definitions and formulas presented 
here, refer to the following publications: 


Rudolph Kingslake, Lens Design Fundamentals 
(Academic Press) 

Rudolph Kingslake, System Design 

(Academic Press) 

Warren Smith, Modern Optical Engineering 
(McGraw Hil. 


Donald C. O'Shea, Elements of Mader Optical Design 
ohn Wiley & Sons) 
Eugene Hecht, Optics (Addison Wesley) 
‘Max Bor, Emil Wolf, Principles of Optics 
(Cambridge University Press) 
{you need help wth the use of definitions and formulas 


presented inthis guide, our applications engineers wil be 
pleased to assist you. 
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Paraxial Lens Formulas 


PARAXIAL FORMULAS FOR LENSES IN AIR 


The following formulas are based on the behavior of paraxial rays which are 
always very close and nearly parallel to the optical ais. nthis region, lens 
surfaces are always very nearly normal to the optical ais, and hence all 
angles of incidence and refraction are small. As a result, the sines of the 
angles of incidence and refraction are smal (a used in Snel’ law) and can 
be approximated by the angles themselves (measured in radians) 


The paraxial formulas do not include effects of spherical aberration 
experienced by a marginal ray —a ray passing through the lens near its 
edge or margin. All FL values (tabulated in tis catalog are paraxial 
\alues which correspond to the paraxial formulas. The following paraxial 
formulas are valid for both thick and thin lenses unless otherwise noted. 
The refractive index ofthe lens glass, i the ratio ofthe speed of ight 
in vacuum tothe speed of light in the lens glass, Al other variables are 
defined in figure 1.33. 


Focal Length 


t-(-1) = 
i? a 


Where 1 isthe refractive index, 1, is the center thickness, and the sign 
convention previously given forthe radi, and, applies For thin lenses, 
1, £0, and for plano lenses either r, oF ris infinite. in ether case the 
second term ofthe above equation vanishes, and we ae eft withthe 
familiar lens maker's formula: 


1 La 
Leen! 124) 
f s f ) a 


Surface Sagitta and Radius of Curvature 
(refer to figure 1.34) 


(133) 


(135) 


(1236) 


(137) 


An often useful approximation isto neglects. 
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Symmetric Lens Radi (r) = — 


With center thickness constrained, 


reo-nfr[r-B)] (1.38) 
oof) 


where, in the frst form, the + sign is chosen forthe square root if is, 
positive but the — sign must be used fis negative. n the second form, 
the + sign must be used regardless ofthe sign of 


Plano Lens Radius 


Since ry is infinite, 


Raf (139) 


Principal-Point Locations (signed distances from vertices) 


Aut =. __. (1.40) 
a A+ AD, 
AH =——i _ a1) 
m= DED 
‘where the above sign convention applies. 
(1.42) 
in =D 
1 390 
a 
ie 


a a 


Figure 1.34 Surface sagitta and radius of curvature 


Lette: Griat 


I ether r, or ris infinite, I'Hoptal’s rule from calculus must be used, 
Thus, referring to Aberration Balancing for plano-convex lenses in the 
correct orientation, 


AH=0 


(1.43) 


For fat plates, by letting r, ~> = ina symmetric lens, we obtain A,H = 
AGH” = 142, These results are useful in connection with the following 
paraxial lens combination formulas. 


Hiatus or interstitium (principal-point separation) 


(1.44) 


\which in the thn-lens approximation (exact for plano lenses), becomes 


mnie 6-2) fas 


Solid Angle 


‘The solid angle subtended by a lens, for an observer situated atan on-axis, 
image point, is 


Q=2n(1-cosd) 


0 ta 
sea’ (2) 
3 
where this result is in steradians, and where 
vam( 4) na 


isthe apparent angular radius of the lens clear aperture, For an observer 
atan on-axis object point, uses instead of s”. To convert from steadians 
to the more intuitive sphere units, simply divide @ by 4x. Ifthe Abbé sine 
condition isknown to apply, # may be calculated using the acsine function 
instead ofthe arctangent. 
Back Focal Length 

hafta" 
(1.49) 


my A) ttn —D 


where the sign convention presented above applies to A,” andto the radi, 
Ir is infinite, Hpital’s rule from calculus must be used, whereby 


(1.49) 
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Front Focal Length 


f-AH 
he (1.50) 
a i)+h(n—) 


‘where the sign convention presented above applies to AyH and to the 
radi. fr isinfinite, Hopital's rule from calculus must be used, whereby 


(sy) 
Edge-to-Focus Distances 
For positive lenses, 
Az fers, (152) 
and 
Befts 153) 


where 5, and s, are the sagittas ofthe fist and second surfaces. Bevel 
isneglected, 


Magnification or Conjugate Ratio 


(1.58) 


PARAXIAL FORMULAS FOR LENSES IN ARBITRARY MEDIA 
‘These formulas allow forthe possibility of distinct and completely arbitrary 
‘efractve indices forthe object space medium (refractive index 1, lens 
(cefractve index ), and image space medium (refractive inde. 7).In this 
situation, the EFL assumes two distinct values, namely in object space 
and" inimage space. tis also necessary to distinguish the principal points 
from the nodal points. The lens serves both as a lens and as a window 
separating the abject space and image space media. 


The situation ofa lens immersed in a homogenous fluid (figure 1.35) i 
Included asa special case (n =”). This case is of considerable practical 
Importance. The two values f and f” are again equal, so thatthe lens 
‘combination formulas are applicable to systems immersed ina common 
fluid. The general case (two different fluids) is more dificult, and it must 
bbe approached by ray tracing ona surface-by-surface basis. 
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Lens Constant (k) 


This number appears frequently inthe following formulas, It is an 


Object-to-First-Principal-Point Distance 
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explicit function of the complete lens prescription (bath radi, ¢, and 1’) iCeid 
and both media indices (and 1”. This dependence i implicit anywhere 
that k appears Second Principal-Point-to-Image Distance 
“) nts 
® (155) a 1.62) 
2 LO Wi ion ‘ 
F Effective Focal Lengths Magnification 
| (156) we®,, (163) 
Lens Maker's Formula 
(1.57) x k (1.64) 
7 
Nodal-Point Locations 
2 axa ff (158) A\N=A\H+HN a) 
E AWN’ =A.H+HIN’. (1.66) 
& Separation of Nodal Point 
3 (is9__ ffom Corresponding Principal Point 
& HN-=H'N’= (n"—nllk, positive for N to right of H 
and N”to right of 
(1.60) 
Index w = 1 (air or vacuum) index w= 1.333 (water) 
t z 
f u S 
| 7 
2 
2 index = 1.51872 (8K7) 
& 
3 Figure 1.35 Symmetric lens with disparate object and image space indexes 
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Back Focal Length 


Sy= f+ AGH". (500 69. 1.48) 
Front Focal Length 
fi A. (see eq. 1.50) 


Focal Ratios 


The focal ratios are /ICA and "ICA, where CAs the diameter of the clear 
aperture ofthe lens. 


Numerical Apertures 


sind 
where ¢-ansin() 
B 
and 
sin” 


vernon 


Solid Angles (in steradians) 


= 24 (1-cost) 


v6) 


where 0arctn (SA) 


D=2x(1 —cos 8") 


=) 


whore #”=arstan (C4) 


(see eq. 1.46) 


To convert from steradians to spheres, simply divide by 4x 
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For Quick Approximations 


‘Much time and effort can be saved by ignoring the differences 
‘among ff and fn these formulas by assuming that f=, 
‘Then s becomes the lensto-object distance; s” becomes the 
lens-to-image distance; and the sum of conjugate distances 
+4" becomes the object-to-image distance. Ths is known as 
the thin-lens approximation, 


Physical Significance of the Nodal Points 


‘ray directed atthe primary nodal point N ofa lens appears to 
‘emerge from the secondary nodal point N” without change of 
direction. Conversely 2 ray directed at N” appears to emerge 
from N without change of direction, At the infinite conjugate 
ratio, if lens is totated about a rotational axis orthogonal to 
the optical ans atthe secondary nodal point (Le, if Nis the 
center of rotation), the image remain stationary during the 
‘otation, This facts the bass forthe nodal slide method for 
‘measuring nodal-point location and the EFL of lens. The nodal 
points coincide with their corresponding principal points when 
the image space and object space refractive indices are equal 
(n=). This makes the nodal slide method the most precise 
‘method of principal-pint location, 


Fundamental Optics 1.35 


: 
i 
i 


sapiadoig jevsieW suone>ypads jeando, 


suneo> jeondo 


integrated circuit> digital > logic gate 


Adder 


OY 


carry 


sum 


Figure 10-8. Logic gates can be used to add binary num: 
bers, using a high input or output to represent a binary 1 
and 2 low input or output to represent a binary 0. This 
‘schematic shows one possible way for gates to add two 
two-digit binary numbers. 


Variants 


the 1960s. The 7400 NAND chip, from Texas In- 
struments, was the first of a series that became 
so influential, the same basic part numbers (with 
letters added before, after, and among the digits) 
are still used today. An example of a currently 
available through-hole 7400 chip is shown in 
Figure 10-9. 


Variants 


Figure 10-9, A modern version of 2 7400 chip containing 
our NAND gates, 


Initially, these chips conformed with a transistor- 
transistor logic (TTL) standard that had been 
invented at TRW in 1961 and introduced in com- 
mercial products by Sylvania in 1963. It estab- 
lished the now-familiar standard of SVDC for the 
power supply. Many logic chips now use other 
voltages, but the term "high still means an input 
or output that is nearto the supply voltage, while 
“low" means an input or output that is near to 
negative ground. The exact definition of “near” 
will be found in datasheets for the chips. 


The 7400 series was successful partly because it 
was engineered for compatibility. The output 
from one gate could be connected directly to the 
input of another gate, with a few bypass capa 
tors added on a circuit board to suppress voltage 
spikes caused by rapid switching. Earlier compo- 
nents had not been so easy tointerfacewith each 
other. The new standard dominated the industry 
to the point where dozens of manufacturers 
started making chips that conformed witht, and 
a single board could mix-and-match chips from 
multiple vendors. 


Because many logicchipsacquired part numbers 
that began with 74, they are often referred to as 
the 74xx series, where other digits (sometimes 
more than two) can be substituted for xx, This 
avoids ambiguity, as the very first chip in this for- 
mat was a NAND gate that had 7400 asits actual 
part number. In the text below, 7400 will refer to 
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Principal-Point Locations 


Figure 1.36 indicates approximately where the principal points fallin 
relation tothe ens surfaces for various standard lens shapes. The exact 
positions depend on the index of refraction of the lens material, and on 
the lens radi, and can be found by formula. in extreme meniscus lens 
shapes (short radii or steep curves, itis possible that both principal 
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points will fall outside the lens boundaries. or symmetric lenses, the 
principal points divide that pat of the optical axis between the vertices 
into three approximately equal segments, For plano lenses, one principal 
points at the curved vertex, and the other is approximately one-third of 
the way to the plane vertex. 


Figure 1.36 Principal points of common lenses 


1.36 Fundamental Optics 


Prisms ate blocks of optical material whose flat, polished sides are 
arranged at precisely controlled angles to each other. Prisms may be used 
inan optical system to deflector deviate a beam of ight. They can invert 
or rotate an image, disperse light into its component wavelengths, and 
be used to separate states of polarization. 


PRISM ORIENTATION 


The orientation ofa prism determines its effect on a beam of light or 
an image. 


A viewer looks through a prism at an object and sees a virtual image 
(Gee Figure 1.37). This image may be displaced from the original object, 
or if dave prism is used, it may coincide withthe object. Furthermore, 
image orientation may difer from the object; n the case ofaright-angle 
prism, the image is reverse. 


Areal image (see Figure 1.38) can be formed only if imaging optics are 
present in the system. Without imaging optics, the image is virtual. A 
virtual image has the same orientation asthe real image show, but tan 
be viewed by the observer onl by looking back through the prism system, 


TOTAL INTERNAL REFLECTION 
Rays incident ypona lassi boundary (i.e, an intemal reflection at angles 
that exceed the critical angle are reflected with 100-percent efficiency 
regardless oftheir initial polarization state The critical angles given by 


8.(N)=aresin (1.67) 
and depends on the refractive index, which sa function of wavelength. If 
atsome wavelength, the refractive index should fal toless than V2=1.414, 
the critical angle will exceed 45 degrees and total internal reflection (IR) 
wil fail fora collimated beam internally incident at 45 degrees on the 
hypotenuse face of a right-angle prism. Reflectance decreases rapidly at 
angles of incidence smaller than the critical angle. 


Theindex of BK7issuficentl high to quarantee the TIR of colimated beam 
at 45 degrees intemal incidence over the visible and near-infrared region. 
The possibilty of significant TR flue with convergent or divergent beams 
should be kept in mind if polarization is important. TIR can aso fal f the 
hypotenuse face is not kept extremely clean. Even an almost invisible 
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virtual image of object: 
Visible only to observer 


face 


Fight-angle prism 
rtante rien | pote 


face 


Figure 137 Virtual imaging using a prism 


objec 


entrance 
face 


j 


Vx 


Figure 138 Real imaging using a prism 


fingerprint can lead to THR failure. An aluminum orsiver-coated hypotenuse 
isrecommended fr applications where the rightangle prismis frequently 
handled, or where convergent or divergent beams are used, Theresa slight 
loss of reflectance at all internal angles withthe coating, and no citical 
angle exists 


ABERRATIONS FOR PRISMS 


Prisms wlinroduce aberrations when they are used with convergent or dve- 
gent beams of light Using prisms with collimated or nearly colimated light 
vill help minimize aberrations. Conjugate distances that include prisms 
should be long, 
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DISPERSING PRISMS 


Dispersing prisms are used to separate a beam of white light into its 
component colors Generally the lightis first clmated and then dispersed 
by the prism. Aspectrumis then formed at the focal plane of lens or curved 
mirror. In laser work, dispersing prisms are used to separate two wave- 
lengths following the same beam path. Typically the dispersed beams are 
permitted to travel fa enough so the beams separate spatially. 


prism exhibits magnification inthe plane of dispersion ifthe entrance and 
exit angles fora beam cfr Thisis useful in anamorphic (one-dimensional) 
beam expansion or compression, and maybe used to corrector create asym- 
metric beam profiles. 


{As shown in Figure 1.39, a beam of width Wi incident at an angle eon 
the surface ofa dispersing prism of apex angle A. The angle of refraction at 
the fist surface, 8, the angle of incidence atthe second surface, , and the 
angle of refraction esting the prism, 5, are easly calculated: 


B=sin~"(sina) / 9) 
y=A-B 
n= Nsiny) 


Figure 1.39 Diagram of dispersing prism 


The beam deviation, «is of greatest importance. It isthe angle the exit 
beam makes with its original direction, 
zat 5-8 1.68) 
The magnification W/W, is given by 


cosscosB 
cosacosy 


(1.69) 
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The resolving power ofa prism spectrometer angle , the angular dispersion 
‘of the prism is given by: 


S.(4 2 (170) 
an” (cosscosd an 


Ifthe spectrums formed by a dtfracton limited focal sytem of focal length 
J, the minimum spot size is dx ~ PN W. Ths corresponds to @ minimum 
angular resolution dé ~ Nw fora beam of diameter w. The diffraction 
limited angular resolution at a given beam diameter sets the limit on 
the spectral resolving power of a prism. Setting the expression for dé 
equal to the minimum angular resolution, we obtain: 


7 oe \(2) an) 
ax ( Gosacoss Lan 


‘where RP is the resolving power ofthe prism. 


‘Ata given wavelength, the beam deviation « is a minimum at an angle 
of incidence: 


in in A] we 


inde 
‘wheres the prism index of refraction at that wavelength. At this angle 
the incident and exit angles are equal, the prism magnifications one, and 
‘the intemal rays are perpendicular tothe bisector ofthe apex angle 


By measuring the angle of incidence for minimum deviation, the index 
of refraction of a prism can be determined. Also, by proper choice of apex 
angle, the equal incident and exit angles may be made Brewster's angle, 
<liminating losses fr p-polaized beams. The apex angle to choose is: 


Aa 20y (73) 


If in aditon the base anges ofthe prism are chosen as Brewste’s angle, 
an isosceles Brewster prism results, 


‘Another use illustrated next, 


Figure 140 Translation of a prism at minimum deviation 


At minimum deviation, translating prism along the bisector ofthe apex angle 
does not disturb the dtection ofthe output rays. See Figure 1.40, This is 
important ferntosecond laser design where intracavity prisms are used to 
compensate for group velocity dispersion. By aligning a prism for minimum 
deviation and translating it along its apex bisecto the optical path length 
inmateral may be varied with no misalignment, thus varying the contribution 
of the material to overall group velocity dlspersion. Finally itis possible to 
show that at minimum deviation 


RP =(by -b,) (1.74) 


\where the relevant quantities are defined in gure 1.41 


Figure 1.41 
deviation 


Ray path lengths of a prism at minimum 


I the beam is made to fill he prism completely, b = 0, and b, =b, the 
base ofthe prism. So, we have the classical result that the resolving 
power of aprism spectrometer is equal othe base of the prism times the 
dlspetsion ofthe prism material 


Asan example, consider CVI Melles Grot EDP-25-F2 prism, operating in 
‘minimum deviation at 590 nm, The angle of incidence and emergence are 
both then 54.09° and dr/dA is — 0.0854 ym" for F2 glass at $90 nm, 
Ifthe 25-mm prism is completely file, the resolving power, NAA, is 2135. 
This is suficient to resolve the Sodium D lines. 


PELLIN BROCA PRISMS 

Ina Pelin Boca prism, an ordinary dispersing prism i split in half along 
thebisector of the apex angle, Using a right angle prism, the two halves are 
joined to createa dispersing prism wit an intemal right angle bend obtained 
by total intemal reflection, as shown in Figure 1.42. 


In principle, one can split any type of dispersing prism to create a Pellin 
Broca prism. Typically the Pellin roca prism is based on an Isosceles 
Brewster prism. Provided the light is p-polarized, the prism will be 
essentially lossless, 
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Figure 142 One of the wavelengths deviates at exactly 
{90° to its initial direction 


‘Suppose wavelengths hy and A, ae superimposed ina collimated beam, 
as at the output of a harmonic generating crystal, the diagram in Figure 
1.42 suggests that i is ahays possible to find a rotation of te prism in 
its plane that ensures that one ofthe two wavelengths will operate at 
‘minimum deviation when refracting atthe input face of the first ofthe 
half-dispersing prisms. This means tat it will enter the right angle prism 
normal to one ofits faces, be turned exactly 90°, be presented to the 
second half-dispersing prism in minimum deviation, and hence exit the 
Pellin Broca prism deviated at exactly 90° tots intial direction, 


‘A simple dispersing prism always deviates the longer wavelength less 
than the shorter wavelength, Ina Flin Broca prism, whether the longer 
‘wavelength is deviated more or less depends on the orientation of the 
prism, This isan important consideration when designing a high power 
Pelli Broca beam separator, as shown in Figures 1.43 and 1.44, 


Dy dy ae 
Mody 


Moh 


Figure 143 Longer wavelength is deviated more than 
the shorter wavelength 
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Figure 1.44 — Longer wavelength is deviated less than the 
shorter wavelength 


CVI Melle Griot offers Brewster angle Pelin Brocca prisms in a number 
of sizes and materials. 8K7 prisms are used inthe visible and near IR, 
and isthe least expensive. UV-grade fused silica Pelli Broca prisms are 
used from 240 nm to 2000 nm. Excimer-grade prisms are used in the 
180-nm to 240-nm region. Crystal-quartz Pellin Broca prisms are 
specifically designed fr high-power Q-switched 266-nm laser pulses at 
fluence levels of 50 mifem?. Fused silica prisms track (Le, suffer internal 
catastrophic damage) above tis fluence, probably due to self-focusing, 


PORRO PRISMS 
‘Arr prism, named for its inventor Ignazio Por, i a type of reflection 
prism used to alter the orientation of an image. In operation, lght enters 
the lage fae ofthe prism, undergoes total internal election twice from 
the 45° sloped faces, and exits again through the large face. An image 
traveling through a Porto prism rotated by 180° and exitsin the opposite 
direction offset from its entrance point, as shown in Figure 1.45. Since the 
image is reflected twice, the handedness ofthe image is unchanged, Porro 
prisms have rounded edges to minimize breakage and falitate assembly 


Figure 1.45 Porro prisms retroreflect and invert the image 


Porro prisms are most often used in pairs, forming a double Porro prism, 
as shown in Figure 1.46. second prism, rotated 90° with respect to the 
first, is placed such thatthe beam will traverse both prisms. The net effect 
of the prism system isa beam parallel to but displaced from its original 
direction, with the mage rotated 180°. As before, the handedness ofthe 
image is unchanged. 
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Double Porto prism systems are used in small optical telescopes to reorient 
an inverted image and in many binoculars to bath re-orent the image and 
provide a longer, folded distance between the objective lenses and the 
eyepieces. 


Figure 146. Double porro prism results in a beam 
parallel to but displaced from its original direction, 
with the image rotated 180° 


Polarization States 


Four numbers are required to describe a single plane wave Fourier 
component traveling inthe + = direction. These can be thought ofa the 
amplitude and phase shift ofthe field along two orthogonal directions. 


4. CARTESIAN REPRESENTATION 
In Cartesian coordinates, the propagation equation foran elected is given 


bythe formula 


E(xy,2)=(xE,e + yE,e jel) (175) 


where E, yd and dy are real numbers defining the magnitude and the 
phase of the field components inthe orthogonal unit vectors x and yf the 
fgin of time's relevant, only the relative phase shift 


8-8-8 1.78) 
need be specified 


2. CIRCULAR REPRESENTATION 


In the circular representation, we resolve the field into circularly polarized 
components. The basi states are represented by the complex unit vectors 


e, = (1/2 )(x+iy) and (1.77) 


(Us2)-w) (1.78) 


Where , isthe unit vector for lft circularly polarized light; for positive 
helicity light; for light that rotates counterclockwise ina fixed plane as 
viewed facing into the light wave; and for light whose electric field 
rotation obeys the right hand rule with thumb pointing inthe direction 
of propagation, 


Polarization Convention 


Historically the orientation of polarized electromagnetic wave 
thas been defined in the optical regime by the orientation ofthe 
clectrc vector. Ths the convention used by CVI Melles Grit, 
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Polarization 


‘¢_ isthe unit vector fr right circularly polarized ligt; for negative helicity 
light; for ight that rotates clockwise ina fixed plane as viewed facing into 
the light wave; and fright whose electric field rotation disobeys the right 
hand rule with thumb pointing inthe direction of propagation. 


Figure 147. Linearly polarized light. £, and £y are 
in phase 


Figure 1.48 Circularly polarized light. £, and £, are out 
of phase by angular frequency w 
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As in the case of the Cartesian representation, we write 
Ex(e,£,e8* + £_db-) eta (1795 


where EE, ,,and gate four real numbers describing the mag- 
rites and phases ofthe field components ofthe lft and rght circularly 
polarized components, Nate that 


Ej=e+k (1.80) 
(81) 


3. ELLIPTICAL REPRESENTATION 
Anatbitrary polarization state generally eliptically polarized. This means 
that the tip ofthe electri field vector will describe an ellipse, rotating once 
per optical cycle 

Leta be the semimajor and b be the semiminor axis of the polarization 
ellipse. Let y be the angle that the emimajor axis makes withthe x axis 
Let & and mbe the axes of right-handed coordinate sytem rotated by an 
angle + with respect tothe x axis and aligned with the polarization 
ellipse as shown in igure 1.49. 


—b— 
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Figure 1.49. The polarization ellipse 
‘The elliptical representation is 
B= (of +bfeeltew (182) 


Note thatthe phase shift, aboveis required toadjust the time origin, and 
the parameter isimplcit in the rotation ofthe & and m axes with respect 
tothe.x and y axes 
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CONVERSIONS BETWEEN REPRESENTATIONS 
For brevity, we will provide only the Cartesian to drcular and Cartesian to 
cllptical transformations. The inverse transformations are straightforward. 
‘We define the following quantities: 


a= E,cis$, 5, sng, 33 
oy =B,Sig, +, co, aan 
on=B, cord, +2, sing, 1.85 
9,=E,sing, Ecos, (1.86) 
u=(o+93)" sn) 
ve(gi+ a2)” a 
by = atan (9,42) (1.89) 
ra = atan (gg) (1.90) 


Inthe above atan(,)s the four quadrant arc tangent function. Tis means 
thatatan(s,»)=atan(v) with the provision tha the quadrant ofthe angle 
‘etumed by the function is controlled bythe signs ofboth x andy, notjust 
the sign of ther quotient; for example, if, = 9, = —1, then g, above is 
Sid or —3x/4, not x/4. 


‘A. CARTESIAN TO CIRCULAR TRANSFORMATION 


B= (si) 
(192) 
(193) 
(134) 
(CARTESIAN TO ELLIPTICAL TRANSFORMATION 
a=(vtu)/2 (195) 
b=(v-uyr2 (198) 
Y=(0u-by)/2 (37) 
$= at Ou)/2 (198) 
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LINEAR POLARIZERS 
Alinear polarizers a device that creates a linear polarization state from an vetleetaa Beant 
arbitrary input. does this by removing the component orthogonal to the polarization 


selected state. Unlike plastic sheet polarizers which absorb the rejected 
beam (which tums into heat, cube polarizers and thin-film plate polarizers 


reflect the rejected beam, creating two usable beams. Stil others may retract ree 
the two polarized beams at aliferent anges, thereby separating them, p-polarized 


Examples are Wollaston and Rochon prism polarizers 


Suppose the pas direction of the polarizer is determined by unit vector p. 


2 
‘Then the transmitted field ,, in terme ofthe incident field, is given by tocar aad i 
(1.99) & 
Figure 150 _AtCVIMelles Griot, the DOT marks preferred z 
input face. This is the tested direction for transmitted 
where the phase shift ofthe transmited field has been ignored pe sit ea eboe ecu rr obtnen ten 
Areal polarizer has a pass ansmision, 7), les than 1. The tansision orientation as well. 
oftherejcted beam, 7, maynotbe0. Iris unit vectr along the ejected 
direction then 
£,=(t)" p(peze® +(t,)"r(r+ Be (1.100) 


Inthe above, the phase shifts along the two directions must be retained, 
Similar expressions could be arrived at fr the rejected beam. If the 
angle between the field £, and the polarizer pass direction p, the above 
equation predicts that 


suope>ypads jeondo. 


T= Tycost +7, sin? (7.301) 


‘The above equation shows that, when the polarizer is aligned so that 
0=0, T=), When itis "crossed, 0/2, and T= 7. The extinction 
ratio is e= 1, / A polarizer with perfect extinction has 7", =O, and 
thus 7°= T)c0s"# isa familiar result. Because cos24 has a broad maxi- 
‘mum asa function of orientation angle, setting a polatzer ata maximum 
of transmission is generally not very accurate. One has to elther map 
the cos24 with sufficient accuracy to find the @ = 0 point, or do a null 
measurement at @= + x/2. 
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Polarization Definitions 


BIREFRINGENCE 


A birefringent crystal, such as calcite, wil divide an entering beam of 
‘monochromatic ligt into two beams having opposite polarization. The 
beams usually propagate indifferent directions and will have diferent 
speeds, There will be only one or two optical axis directions within the 
crystal in which the beam wil remain collinear and continue at the same 
speed, depending on whether the birefringent crystals uniaxial or biaxial 


Ifthe crystal isa plane-paralle plat, and the optical axis directions are not 
collinear with the beam, radiation willemergeas two separate, orthogonally 
polarized beams (see Figure 1.51). The beam will be unpolarized where 
the beams overlap upon emergence. The two new beams within the 
‘material are distinguished from each other by more than just polarization 
and velocity The rays are referred to as extraordinary (E) and ordinary (0). 
These raysneed note confined tothe plane of incidence. Furthermore, the 
Velocity ofthese rays changes with direction. Thus the index of refraction 
for extraordinary rays is also a continuous function of crection. The index 
of refraction forthe ordinary rays constant andis independent of direction. 


The two indexes of refraction are equal ony inthe direction of an optical 
axis within the crystal. The dispersion curve for ordinary rays sa single, 
unique curve when the index of refraction is plotted against wavelength, 
The dispersion curve for the extraordinary ray is family of curves with 
different curves fr diferent diections. Unless itis in a particular polar 
ization state, or the crystalline surface is perpendicular to an optical ais, 
a ray normally incident ona birefringent surface wil be divided in two at 
the boundary. The extraordinary ray willbe deviated; the ordinary ray will 


unpolarized 
input beam J birefringent 
ms material 


ordinary —+! = extraordinary] 
ray ray 


linearly polarized 
output beam 8 


linearly polarized —| 
‘output beam A 


unpolarized output beam 


ii 


Double refraction in a birefringent crystal 


Figure 1.51 
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not. The ordinary ray index, and the most extreme (whether greater or 
small extraordinary ray index 1, are together known asthe principal 
indices of refraction ofthe material, 


Ifa beam of linearly polarized monochromatic ight enter a bitefringent 
‘ystal along a direction not parallel to the optical ais ofthe crystal, the 
‘beam wil be divided into two separate beams Each willbe polarized at ight 
angles to the other and wil travel indifferent directions. The original 
‘beam eneray, which willbe divided between the new beams, depends on 
the orginal orientation ofthe vector to the crystal. 


‘The energy ratio between the two orthogonally polarized beams can be 
any Value, tis also possible that al energy wll go into one ofthe new beams. 
If the aystal is cut asa plane-parallel plate, these beams wil recombine 
upon emergence to form an ellptcally polarized beam, 


‘The difference between the ordinary and extraordinary ray may be used 
to create birefringent crystal polarization devices, In some cases, the 
dlflerence in refractive indexis used primarily to separate rays and eliminate 
‘one ofthe polarization planes for example, in Glan-type polarizers. In 
‘other cases, such as Wollaston and Thompson beamsplitting prisms, 
‘changes in propagation direction are optimized to separate an incoming 
‘beam into two orthogonally polarized beams. 


DICHROISM 


Dichroism is selective absorption of one polarization plane over the other 
during transmission through a material. heet-type polarizers are man- 
ufactured with organic materials imbedded into a plastic sheet. The sheet 
is stretched, aligning molecules and causing them tobe birefringent, and then 
«dyed. The dye molecules selectively attach themselves to aligned polymer 
‘molecules, so that absorption is high in one plane and weak inthe other. 
‘The transmitted beam is linearly polarized, Polarizers made of such 
‘material are very useful for low-power and visual applications. The usable 
field of view i large (up to grazing incidence), and diameters in excess 
‘of 100 mm are available. 


POLARIZATION BY REFLECTION 


When a beam of ordinary lights incident at the polarizing angle on a 
transmissive delet suchas glass, the emerging refracted ray is partially 
linearly polarize, For a single surface (with =1.50) at Brewster's angle, 
100 percent of the light whose electric vector osclates parallel tothe plane 
of incidence is transmitted. Only 85 percent ofthe perpendicular light i 
‘transmitted the other 15 percentis reflected). The degree of polarization from 
a single-surface reflection is small. 


Ifa numberof plates are stacked parallel and oriented atthe polarizing 
angle, Some vibrations perpendicular to the plane of incidence will be 
reflected at each surface, and all those parallel to it will be refracted. By 
‘making the number of plates within the stack large (more than 25), high 
degrees of linear polarization may be achieved. This polarization method 


Lette: Griat 


is utlized in CVI Melle Griot polarizing beamsplitter cubes which are 
coated with many layers of quarter-wave celectrc thin ims onthe interior 
prism angle Tis beamsplitter separates an incident laser beam into two 
perpendicular and orthogonally polarized beams. 


THIN METAL FILM POLARIZERS 


Optical radiation incident on smal, elongated metal particles wl be 
preferentially absorbed when the polarization vector i aligned with the 
long axis of the particle. CVI Melles Grit infrared polarizers utlize tis effect 
tomake polarizers forthe near-infrared. These polarizers are considerably 
more effective than dichroic polarizers. 


Polariing thin films are formed by using the patented Slocum process to 
deposit multiple layers of microscopic siver prolate spheroids onto a polished 
lass substrate. The exact dimensions ofthese spheroids determine the 
optical properties ofthe fim, Peak absorption can be selected fr any wave 
length fom 400 to 3000 nm by controling the deposition process. Contrast 
ratios up to 10,000:1 canbe achieved with this method. Other CVI Mees 
Griot high-contrast polarizers exhibit contrast as high as 100,000:1 


CALCITE 


Calcite  thombohedral crystalline form of calcium carbonate, is found in 
Various forms such as limestone and marble. Since calcite is a naturally 
occurring material, imperfections are not unusual. The highest quality 
materials those that exhibit no optical defects, are dificult to find and are 
‘more expensive than those with some defects Application for calcite com- 
ponents typically fall into laser applications or optical research. 
CCVIMelles Grot offers cake components into quality grades to meet those 
various needs 


‘There are three main areas of importance in defining calcite quality. 


Spectral Properties 
Trace amounts of chemical impurities, as well as lattice defects, can 
cause calcite to be colored, which changes absorption For visible ight 
pplication its essential to use colorless calcite, For near-infrared 
applications, material with a trace o yellow s acceptable. This yellow 
coloration results ina 15-percent to 20-percent decrease in transmission 
below 420 nm, 


Wavefront Distortion (Striae) 


Siri, or streaked fluctuations inthe refractive index of calcite, are 
caused by dislocations in the crystal atice. They can cause distortion 
of alight wavefront passing through the crystal. Tiss particularly 
troublesome for interferometric applications. 
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Scatter 


‘Small inclusions within the calcite crystal account forthe main source 
of scatter, They may appear as small cracks or bubbles. n general, 
scatter presents a significant problem only when the polarizer is being 
used with a laser. The amount of scatter centers that canbe tolerated 
is partially determined by beam size and power. 


CVIMELLES GRIOT CALCITE GRADES 


‘CVI MellesGriothas selected the most applicable calcite qualities, grouped 
into two grades: 


Laser Grade 


Caleite with a wavefront deformation of M4 at 633 nm or better 
due to striae only. 


Optical Grade 


Calcite witha wavefront deformation of 1 to N/4 at 633 nm due 
tostiae only 
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that specific chip, whereas 74x will refer to the 
whole series of chips. 


RCA introduced a competing family of logic 
gates in 1968, using CMOS transistors. As each 
part number began with a 4 and contained four 
digits, this was referred to as the 4000 series, The 
CMOS chips were slower and more expensive, 
but tolerated a wider range of power supply vol- 
tages (3V to 12V, initially). Their biggest advan- 
tage was that they used much less current. This 
wasimportant,as TTL chips createda lot of waste 
heat. The lower power consumption of CMOS al- 
soenabled one chip tocontralthe inputs of many 
others, which simplified circuit design. This one- 
to-many relationship is known as fanout. 


Ultimately, CMOS chips transcended their early 
limitations. While they were reserved initially for 
battery-powered devices in which very low pow- 
erconsumption was moreimportantthan speed, 
CMOSis now used almost everywhere, still main- 
taining its advantage of low current (almost zero, 
in fact, while a chip is quiescent) while equalling 
the speed of TTL, However, CMOS logic chips are 
very often pin-compatible with the old TTL com- 
ponents, and modern CMOS part numbers are 
often derived from the old 74xx series 


Most CMOS logic chips in the old 4000 series are 
still available, and may be used in situations 
where a power supply greater than SVDC is con- 
venient. 


Part Numbers 

Asthe performance of semiconductors gradually 
improved, successive families of logic chips were 
introduced, identified by one-letter, two-letter, 
or three-letter acronyms, The acronym was in- 
serted into the part number, 50 that a 7400NAND 
gate in the HC (high-speed CMOS) family be- 
came a 74HCOO NAND gate. 


Because these chips were available from multiple 
sources, the part number was also preceded with 
one or more letters indicating the manufacturer. 
‘And because each chip was manufactured in dif- 
ferent versions (for example, some complied 


integrated circuit > digital > logic gate 
with military specifications, while others didn't), 
letters were also appended to the end of the part 
number. Today, the appended letters may indi- 
cate whether the chip is of the old through-hole 
format, or conforms with a more recent surface- 
mount format. 


Summing up: 


+ Prefix: manufacturer ID. 


+ Numerals, omitting any letters in the middle: 
Chip function: 


+ Middle letters: Chip family. 
+ Suffix letters: Package format, 


Thus, for example, the actual part number for a 
74HCO0 NAND chip could be SN74HCOON, where 
the SN prefix indicates that it is manufactured by 
Texas Instruments and the N suffix means that it 
is in plastic dual-inline-pin (DIP) format. (The SN 
prefix was introduced by Texas Instruments in 
the earliest days of integrated circuits as an ac- 
ronym for “semiconductor network” meaning 
that multiple transistors were “networked” on a 
wafer of silicon. Other manufacturers used their 
own schemes for part numbering, and so SN be- 
came exclusively identified with Texas Instru- 
ments.) 


The system of augmenting part numbers has 
been further extended by inserting 1G, 2G, or 3G 
immediately after the family identifier, to indi- 
cate surface-mount chips that contain one, two, 
orthree logic gates. fthe"G" identifier ismissing, 
the chip usually has four logic gates, which was 
the standard used in the original 74xx series. This 
rule applies even in surface-mount formats, 
where the surface-mount pads of four-gate chips 
have the same functions as the pinouts of the 
original TTL versions (except in the case of 
square-format surface-mount chips, which are 
not discussed here). 


When searching a catalog to finda chip byits part 
number, it helps to remember that searching for 
47400 chip may not find any hits, but searching 
for a 74HC00 (or any other valid number con- 
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Waveplates 


Waveplates use birefringence to impart unequal phase shifts to the 
orthogonally polarized field components of an incident wave, causing 
the conversion of one polarization state into another. 


There are two types of birefringence, With linear birefringence, the index 
of refraction (and hence the phase shift) differs for two orthogonally 
polarized linear polarization states. Thisis the operation mode of standard 
\waveplates, With circular birefringence, the index of refraction and hence 
phase shift ditfrs fr let and right circularly polarized components, Tis 
isthe operation mode of polarization rotators 


STANDARD WAVEPLATES: LINEAR BIREFRINGENCE 


Suppose a waveplate made from a uniaial material has light propagating 
perpendicular to te optic axis. This makes the feld component parallel to 
the optic ans an extraordinary wave and the component perpendicular to 
the optics an ordinary wave. the cystalispostveuniatial, > then 
the opticaxisis called the slow ans, whichis the case for crystal quart For 
negative uniaxial crystals 9, < ny, the optic axis called the fast axis 


‘The equation forthe transmitted field E,, in terms ofthe incident field, 


(see +f(Fe Be (1.102) 


‘wheres and fare unit vectors along the slow and fast axes. his equation 
shows explcty how the waveplate acts on the fed, Reading from lft to 
Fight, the waveplate takes the component f the input fed along its slow 
axis and appends the slow axis phase shift tot. t does a similar operation 
to the fast component. 


‘The slow and fast axis phase shifts are given by: 
rn, (REIN (7.103) 
1mm (N)EIN. (1.104) 


‘where, andl are respectively theindices of refraction along the slow and 
fast axes, and is the thickness ofthe waveplate. 


To further analyze the effect ofa waveplat, we throw away a phase factor 
lostin measuring intensity, and assign the entire phase dela to the slow ais 


Ey =5(54E,)e* +4(f+E1) (1-105) 
= =2a[n,(d)—m/(d)]E”r (1-106) 
= 24 An(d}td (1.107) 


Inthe above, Ay(A) isthe birefringence n,(X) -m(N) The dispersion of 
the birefringence is very important in waveplate design; a quarter wave- 
plate at a given wavelength is never exactly a half waveplate at half that 
wavelength. 


Let; be initially polarized along x, and let the waveplate slow axis make 
an angle @ withthe x axis. This orientation is shown in Figure 1.52 
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Figure 1.52. Orientation of the slow and fast axes of a 
waveplate with respect to an 1-polarized input field 


‘When the waveplate is placed between parallel and perpendicular polaie- 
1 the transmissions are given by: 


F~|EpxP=1-sin? 28sin? @/2 (1.108) 


T, | Ey F 


in? 26sin? 6/2 (10) 


Note that @s only a function ofthe waveplate orientation, and is only @ 
function ofthe wavelength, the bitffingence is a function of wavelength 
and the plat thickness 


For a fullvave waveplate: 
= 2m, Ty=1, and, =O, regardless of waveplat oientaton 
For a half-wave waveplate: 
= (2m + t)x,Ty=c082H, and T= sin?20. (1.110) 


This transmission result i the same as if an intial linearly polarized wave 
‘were otated through an angle of 20. Thus half-wave waveplate finds use 
a polarization rotator. 


Fora quarter waveplate, 
@=(2m + 1)x/2(.e, an odd multiple of x?) am 


To analyze this, we have to go back tothe field equation. Assume that 
the slow and fast ans unit vectors sand form a right handed coordinate 
system such that sx f= +2, the direction of propagation. To obtain 
circularly polarized light, linearly polarized light must be aligned midway 
between the slow and fast aves. There are four possibilities listed inthe 
table below. 


Input Field Along Input Field Along 
Phase Shit +A 82 
=a + Ime ReP ie 

le ROP 
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Sometimes, waveplates described by the second line above are called 3/4 
\waveplates, For multiple order waveplates, CVI Melles riot permits the 
Use of ether of the above classes of waveplates to saisy the requirements 
of a quarter-wave waveplate. 


(MULTIPLE-ORDER WAVEPLATES. 


Forthe ull, hal, and quarter wave waveplate examples given in standard 
\waveplates the order of the waveplate is given by the integer m. Form >0, 
the waveplate is termed a multple-order waveplate. For m0, we have a 
zero order waveplate 


‘The bireingence of cystal quartz near 500 nm is approximately 0.00825, 
Consider a 0.5-mm-thick crystal quartz waveplate, A simple calculation 
hows that this useful as a quarter waveplate for 500 nm; in fac, itis a 
37 N14 waveplate at $00 nm with m = 18. Multiple-order waveplates are 
inexpensive, high-damage-threshod retards. Further analysis shows that 
this same 0.5mm plate is a 19 N2 half waveplate at 488.2 nm and a 10, 
fullwave waveplate at 466.5 nm. The transmission of his pate between par 
allel polarizers is shown in Figure 1.53 as a function of wavelength. The 
retardance of the plate at varius key points also shown. Note how quickly 
the retaance changes with wavelength. Because ofthis multple-order wave- 
plates are generally useful only at their design wavelength, 


1% aa 9A By 
» [T [\ [* 
be fone ie fw 35M 42M 
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Figure 1.53 Transmission of a 0.5-mm-thick crystal 
quartz waveplate between parallel polarizers 


‘ZERO-ORDER WAVEPLATES 


As discussed above, multiple-order waveplates are not useful with tunable 
or broad bandwidth sources (eg, femtosecond lasers). A zero-order 
\waveplate can greatly improve the useful bandwidth in a compact, high- 
ddamage-threshold device, 


Asan example, consider the design ofa broadband half-wave waveplate 
centered at 800 nm. Maximum tuning range is obtained ifthe plate has 
2 single x phase shift at 800 nm. If made from a single plate of crystal 
quartz, the waveplate would be about 45 nm tick, which i too thin for 
easy fabrication and handling. The solution isto take two crystal quartz 
plates differing in thickness by 45 um and align them with the stow axis 
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‘fone against the fast axis ofthe other. The net phase shift ofthis zero-order 
‘waveplateis x. The two plates may be eter ar-spacedor optically contacted, 
The transmission of an 800-nm zero-order hall-wave waveplate between 
parallel polarizers is shown in Figure 1.54 using a 0-10% scale. Its 
extinctions better than 10:1 over a bandwidth of about 95 nm centered 
at 800 nm, 


(CVI Melles Grit produces multiple order and zero order crystal quartz 
‘waveplates at any wavelength between 193 nm and 2100 nm, Virtually 
all popular laser wavelengths are kept in stock, and custom wavelength 
parts are available with short delivery time. 


Mica waveplates ate an inexpensive zero-order waveplate solution for low- 
power applications and in detection schemes 


100 
QWPO-800-XX-2 


680 720 760 800 840 B80 920 960 1000 
WAVELENGTH (nim) 


Figure 154 — Zero-order crystal quartz half-wave 
‘waveplate for 800 nm 


POLYMER WAVEPLATES. 


Polymer waveplates offer excellent angular field of view since they are true 
zero-order waveplates Figure 1.55 compares the change in etardance as 
function of incidence angle fr polymer and quartz waveplates. A polymer 
‘waveplate changes by less than 19 over a + 10° incidence angle. 


Retardance accuracy with wavelength change is often of key concern. 
For example, an of the-shelf diode laser has center wavelength tolerance 
of 10 nm. Changes with temperature and drive conditions cause wave- 
length shifts which may alter performance. These polymer waveplates 
maintain excellent waveplate performance even with minor shifts in the 
source wavelength, The temperature sensitvty of laminated polymer 
‘waveplatesis about 0.15 nmi°C, allowing operation over moderate tem- 
perature ranges without significantly degrading retardance accuracy. 
‘A comparison of different waveplate types and their dependence on 
‘wavelength is shown in figure 1.56. 
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‘quartz —_ 
polymer 


RETARDANCE (waves) 
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Figure 1.55 Retardance vs incidence angle for quartz 


and polymer waveplates 
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Figure 1.56 Wavelength performance of common 
quarter wave retarders. 


ACHROMATIC WAVEPLATES 

At 500 nm, a crystal quartz zero-order half-wave waveplate has a 
retardation tolerance of 1/50 over a bandwidth of about 50 nm. This 
increases to about 100 nm at a center wavelength of B00 nm. A different 
design which corrects for dispersion differences over the wavelength range 
is required for bandwidths upto 300 nm. 


I two different materials are used to create a zero-order or low-order 
‘waveplate, cancellation can occur between the dispersions ofthe two 
materials. Thus, the net birefringent phase shift can be held constant 
cover a much wider range than in waveplates made from one material. 
ACWP-seres achromatic waveplates from CVI Melles Grit (see Figure 1.57), 
are comprised of crystal quartz and magnesium fluoride to achieve 
achromatic performance. 

Three wavelength ranges are available in both quarter and half wave 
retardances. Retardation tolerance is better than \/100 over the entire 
‘wavelength range. 
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Figure 1.57 ACWP-400-700-10-2 


For quarter-wave waveplates, perfect retardance is @ multiple of 0.25 
‘waves, and transmission through a linear polarizer must be between, 
33% and 679%, (nal but the shortest wavelength design, quarter-wave 
retardation tolerance is better than N'100,) For half-wave waveplates, 
perfect retardance is 0.5 waves, while perfect transmission through a 
linear polarizer parallel tothe initial polarization state should be zero, A 
high degree of achromatization is achievable by the dual material design. 
In addition, ve manage low group velocity dispersion fr ultrashort pulse 
applications through the use of thin plates. 


DUAL-WAVELENGTH WAVEPLATES. 


Dual-wavelength waveplates are used in a number of applications. One 
‘common application is separation of ciferent wavelengths with a polaie- 
ing beamsplitter by rotating the polarization of one wavelength by 90°, and 
leaving the other unchanged, his frequently occurs in noninear doubling 
‘or tripling laser sources such as NeLYAG (1064/532/355/266). 


‘One way to achieve the multiple retardation specications is through 
«careful selection of multiple-order waveplates which meet both wavelength 
and retardation conditions. This often results in the selection of a relatively 
high order waveplate. Therefore these dual-wavelength waveplates 
‘operate best over a narrow bandwidth and temperature range, 


‘Another approach is to combine two quartz waveplates with their optical, 
axes orthogonal to one another, effectively creating a zero-order waveplate. 
In this configuration, the temperature dependence isa function of the 
thickness difference between the waveplates, resulting in excellent 
‘temperature stability The retardation of the compound waveplate is also 
function ofthe thickness ference enabling wide bandwidth performance. 


Etalons 


talons are most commonly used as line-narrowing elements in narrow- 
band laser cavities oras bandvith-limiting and coarse-tuning elements in 
broadband and picosecond lasers Further applications are laser line profile 
‘monitoring, diagnosis. 


The etalons described inthis section areal ofthe planar Fabry-Perot type. 
‘Typical transmission characteristics for his type etalon are shown in Figure 
1.58, 
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Figure 1.58 Transmission characteristics of a Fabry-Perot 
etalon 


‘Air Spaced talons consist of pars of very lat plano-plano plates separated 
by optically contacted spacers. The inner surfaces ofthe plates are coated 
with patally reflecting coatings, the outer surfaces are coated with aire 
flection coatings. 


Solid Etalons are made from a single plate with parallel sides, Partially 
reflecting coatings are then deposited on both sides. The cavity is formed by 
the plate thickness between the coatings. 


Deposited Solid Etalons area special type of solid etalon in which the cav- 
itys formed by a deposited layer of cating material, The thickness ofthis 
deposited layer depends onthe free spectral range required and can range 
from a few nanometers up to 15 micrometers. The cavity is sandwiched 
between the etalon reflector coatings and the whole assembly is supported 
ona fused-slica base plate 


talon plates need excellent surface flatness and plate parallelism. To avoid 
peak transmission losses due to scatter or absorption, the optical coatings 
also have to meet the highest standards. 


Fora plane wave incident on the etalon, the transmission of the etalon is 
given by. 


(912) 


LD reste brit 


ich_FundamentalopticsFinal_a.qed 6/15/2009 2:31 PM Page 1. ? 


Fundamental Optics 


‘uuu. cvimelesgriat.com 


Here, isthe reflectance of each surface isthe phase sift 
2e 
=F ndcose 4.193) 


where, 
sys the refractive index (9, 1 for airspaced etalons) 
dis the etalon spacing or thickness 
(isthe angle of incidence 

‘The fee spectral range (F5R) of the etalon is given by 


FsR=—— ine 
ied cya) 


The reflectivity finesse, Fis given by 
aVR 


Fe (1.195) 


Figure 1.59 shows the reflectivity finesse as a function of the coating reflec 
tivity. 


‘The bandwidth FWHM) is given by 


rw = SS a6) 


However the above applies to theoretical talons which are assumed to be 
perfect. In realty even the best etalon will show defects tha mt theoret- 
ically expected performance. Therefore, in areal etalon, the actual finesse 
will usually be lower than the reflectivity finesse. 
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Figure 1.59 Reflectivity finesse vs. coating reflectance of 
each surface 
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asm 

2 633 nm frag 
Ly 

me 1.119) 

dtan 6 ce 

eB (1.320) 

2dx 


where isthe eflectivty finesse, isthe plate spherical deviation finesse 
coefficient, Fi the incident beam divergence finesse coefficient, and 2% 
isthe diffraction limited finesse coeficient, 


The defects that contribute to this reduction areas shown in Fgure 1.60 
(graphical representations are exagerated for darfcation). 


Parallelism Defects (.F,,) 


Figure 1.60 Three types of defects contributing to the 
total defect finesse 


All three types of defects contribute tothe total defect finesse 7: 
1 
See ee ee (321) 


‘The beam divergence also influences the actual finesse of an etalon. 
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Taking into account ll these contributions, the effective finesse (5) ofan 
etalon (ith being thereflctivty finesse and the dvergence finesse) 
is 


(1.12) 


T,1,1,1 
+b 
Fa ee 


‘The effective finesse a user sees when using the etalon depends not only on 
the absolute clear aperture, but aso on the used aperture ofthe etalon, 
especialy when ahigh finesse is required. 


‘The examples below show how the effective finesse varies with plate flat- 
‘ness and clear aperture. 


Example 1: Airspaced etalon, 
R= 95% (41%) at 633 nm, 
(CA=25 mm 
Used aperture = 20 mm 
Spacer (air gap)=1 mm 
Spherical / parallelism defects = <\/20 
Plate ims =0.80 nm 
Beam divergence =0.1 mRad 
Fa 61, F=10 

Example 2:Airspaced etalon, 
‘Same parameters as example 1 except: 
Used aperture =5 mm 
Fyn 61, F=40 (cb) 

Example 3 Airspaced etalon, 
‘Same parameters as example 1 except: 
‘Spherical / parallelism defects = 100 
Plate ims =0.40 nm 
Beam divergence: 0.1mRad 
Fyn 61, = 40 (+8) 


‘These examples illustrate that, for large-aperture applications it is impor- 
tant to use very high-quality plates to ensure a high finesse and good trans- 
mission values. 
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‘TUNING AN ETALON 
Etalons can be tuned over limited range to alter their peak transmission 
wavelengths. These techniques are: 

Angle tuning ortiting the etalonAs the angle of incidence increased, the 
center wavelength of the etalon can be tuned down the spectrum. 
Temperature tuning: Primarily used for sold etalon, temperature-tuning 
changes both the actual spacing of the reflective surfaces via expansion 
and the index of refraction of the material, which changes the optical 
spacing, The tuning result can be given by 


(1.123) 


: 
J 
i 


Pressure tuning: lr-spaced etalons can be tuned by increasing the pres- 
sure inthe cavity between the optics thereby increasing the effective 
index of refraction, and thus the effective spacing, 


‘The above examples illustrate how ctical the optical surface flatness, plate 
parallelism and surface quality are tothe overall performance of an etalon, 
ALCVI Melles Grit we have developed sophisticated software that allows 
1s to simulate all effects that influence the performance ofan etalon To 
oder an etalon, FSR, finesse and used aperture are required. 
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Ultrafast Theory 


The distinguishing aspect of femtosecond laser optics designs the need to 
control the phase characteristic of the optical system over the requisite wide 
pulse bandwidth, CVI Melles Griot has made an intensive theoretical study 
of these effects Certain coating designs have been mosified with contol 
of the phase characteristics in mind, New proprietary designs have been 
created with desirable characteristics for femtosecond researchers. ll 
optics inthis section have been tested by researchers inthe field and we 
are constantly fielding new requests, 


Assume thatthe power, reflectivity, and polarization characteristics ofa 
laser mirror ae acceptable over the bandwidth ofa femtosecond pulse. 
This means that, over the entire pulse bandwidth, a cavity mirror may 
have a reflectivity greater than 99.8%; a 50% beamsplitter may have a 
fairly constant reflection; a polarizer may maintain its rejection of one 
polarization with an acceptable transmission ofthe other. tisnot enough, 
however, to simply preserve the power spectrum Su) = [tw]? when 
dealing with femtosecond pulses. The phase relationship among the 
Fourier components ofthe pulse must also be preserved inorder thatthe 
pulse not be broadened or distorted. What constraint onthe performance 
of a mirror or transmissive optic does ths imply? 


Consider general intial pulse shape Fr). Asa function ofits Fourier com- 
ponents it ay be expressed as: 


E,(t)= JElwy“dw (1.124) 


Suppose tis pulse reflects off of a mior. For this example, we assume the 
mirror is "ideal", and use the Fourier transform of ts complex amplitude 
reflectance: 


(1.125) 


For this “ideal” mirror, ris a real constant equal to the amplitude 
reflectivity that is assumed constant over the pulse bandwidth. All 
phase effects have been assumed to be describable by a single phase 
shifts) thats linearly proportional to frequency with proportionality 
constant ry. The reflected pulse is then: 


5, ()=rfe(uy da 


=rE(t-4) 


(1.126) 


Thus provided the phase shiftistinearin frequency ave the pulse bandwith, 
the reflected pulse is scaled by the amplitude reflectance r, and delayed 
in time by the constant group delay fy. Its, otherwise, an undistorted 
replica ofthe origina pulse. 
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Examined over a large enough bandwith, no optical system wil exhibit 
the constant group delay over frequency needed for perfect fidelity. In 
general the phase shift near some center frequency «i may be expanded 
in a Taylor series fr frequencies neat wy: 


B() = P(e) + (o)( eo) + 
B"(usg)(w—wy) 21+ (1.127) 


"(«99)(w— up) 3! 


‘These derivatives are, respectively, the group delay #'(w,), the group 
velocity dispersion (up), and the cubic term #*(u), evaluated at a 
center frequency ug. Tis expansion is heuristically useful, in an exactly 
soluble mode, forthe propagation of transform-limited Gaussian pulse. 
Note, however, that for extremely short pulses the expansion above may 
be nsuficent full numerical calculation may have tobe performed using 
the actual phase shift function (a). CVI Melles Griot wil be happy to 
assist those interested in the modeling of real optical elements, 


Tillustrate pulse distortion due to the dependence of the group delay on 
frequency, consider what happens when an unchirped,transforn-imited 
‘Gaussian pulse passes through a medium, ois incident ona miror whose 
dominating contribution to phase distortion is non-zero group velocity 
dispersion, The field envelope ofthe pulse is assumed to be of the for: 


(0) = exp[-(2 nz? 72) (1.128) 


‘where 79s the initial pulse duration (FWHM of the pulse intensity). Let the 
pulse enter a medium or reflect off ofa mitror with non-zero #"(u), mea 
suredin se? radians. (Fora continuous medium-the las, #"(a}=3"(u) x= 
‘here 6”(u) is the group velocity dispersion (GVD) per centimeter of 
‘material, and is the physical path length, in centimeters traveled through 
‘themateral) The Gaussian pulse will be both chirped and temporally broad 
‘ened by its encounter with group velocity dispersion, The power envelope 
will remain Gaussian; the result forthe broadened RNHM is: 


aft+(4in2a"(wyrray |” (1.129) 


This result, valid only for intially unchitped, transform-limited Gaussian 
pulses, isnevertheless an excellent model to study the eects of dispersion 
‘on pulse propagation, The graphs shown in Figute 1.61 represent the 
‘theoretical broadening from dispersion frinitia pulse widths ranging from 
10 to 100 femtoseconds. 
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GROUP-VELOCITY & CUBIC DISPERSION 
FOR'VARIOUS OPTICAL MATERIALS 

Figures 1.62 and 1.63 show the GVD and cubic dispersion respectively for 
‘some common used glasses. Some of the glasses can be used in the UV 
region They shouldbe useful in estimating material dispersion and pulse 
distortion effets Please check these calculations independently before 
using them in a final design, 
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Figure 1.62 GVD for common glasses 
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Figure 1.63 Cubic dispersion for common glasses 


DISPERSIVE PROPERTIES OF MIRRORS 


(CVI Mees Griot uses three basic designs; TLMM mirrors fo energy fluence 
greater than 100 mic, TLM2 miro for cw oscillators and low-uence 
pulses and TLMB mimors which are a hybrid of the two, Te reflectivity, GVD 
paremeter, and cubic dispersion parameter for TLM2 high reflectors are 
show in Figur 1.64. In these examples, the mirtors are centered at 800 nm 
and ate designed foruse at normal incidence andat 45 degrees. Note that, 
atthe design wavelength, (a) GVD is er, (b) the cubic term i minimized, 
and (eat 45° incidence, the GVD of the p-polarization component s very 
sensitive to wavelength, while the GVD for s-polaization component is 
neatly zero over a broad wavelength range. Ths one should avoid using 
mirrors at 45° incidence with the p-polarization. On the other hand, at 45° 
incidence, -polarzation provides very broad bandwidth and minimizes 
pulse distortion problems and shouldbe used whenever possible. 
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Figure 1.64 Dispersion and reflectivity for mirrors 
‘TLM2-800-0 and TLM2-800-45 


TiSapphire and other femtosecond laser systems need prismless com- 
pensation ofthe built-in positive chirp encountered in the laser optical 
iret This becomes mandatory in industrial and biomedical applications 
‘here the laser must provide a compact, stable, and reliable solution. 


Negative Group Velocity Dispersion Mirrors (TNM2) meet these needs 
with off-the-shelf availablity, and canbe employed both intracavity and 
extracavity to satisy chirp control requirements, 
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Inexperiments using CVI Melles Grot TNM2 negative group veloc dispersion 
rmitors,200-mW, 80-fsec pulses centered at 785 nm were achieved in a 
simple, prismiess, TeSapphire oscillator. The configuration is shown in 
Figure 1.65. 
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A negative 
centered at 785 nm 


GVD mirror 


Figure 1.65 Typical optical setup incorporating low GVD 
and Negative GVD mirrors in an ultrafast application 
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Figure 1.66 Typical optical set-up of negative GVD mirrors 


OUTPUT COUPLERS AND BEAMSPLITTERS 


Output-coupler partial reflectors and beamsplitters behave similarly; 
however, heres an additonal consideration in their analysis. The behavior 
ofthe transmitted phase of the cating and the elec of material dispersion 
Within the substrate on the transmitted beam have to be taken into 
account ina detailed analysis. n general, the coating transmitted phase 
has similar properties and magnitudes of GVD and cubic tothe reflected 
phase. As usual, centering is important, As a beamspliter, we recom- 
‘mend the 1.5 mm thick fused sca substrate PW-1006-UV. Asan output 
coupler substrate, we recommend the 3.0 mm thick, 30 minute wedge 
fused silica substrate IF-1012-UV, 


(CViMeles Grit has developed the TFPK Series Broadband Low Dispersion 
Polarizing Beamsplitters to satisfy requirements for very-high-power, 
short-pulse lasers, These optics are ideal forntracavity use in femtosecond 
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regenerative amplifiers. The main emphasis ison linear phase characteristics. 
See Chapter 9 of Lasers, A. E, Siegman (University Science Books, Mill 
Valley, California, 1986), fora good discussion of linear pulse propagation, 


In chnped puise regenerative amplification, the pulse may have to pass 
through one or two polarizers twice per round ti, There can be 10to 20, 
round tips before the gain is saturated and the pulse is ejected. At tis 
stage the pulse is ong (100-1000 psec; however the phase shift at each 
frequency must stil be maintained to minimize the recompressed pulse 
‘width. The many roundtrips ofthe pulse inthe regenerative amplifier put 
stringent requirements on the phase characteristics ofthe coatings. 


Figure 1.67 shows the power transmission curves for both s- and p- 
polarization and the transmitted phase characteristics ofthe p component 
for a TFPK optimized at 800 nm. (Users may specify any wavelength 
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Figure 1.67 Properties for one coated side of a TFPK 
polarizing beamsplitter optimized for 800 nm, Both sides 
are coated for these properties. 
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taining a family identifier) is much more likely to 
be understood. 


A key to understanding part numbers is shown 
in Figure 10-10, The upper part of the figure is a 
guide to interpreting numbersonagenericbasis, 
while the lower part interprets the specific part 
number shown. 


Families 

As of 2013, the HC family in the 74x series has 
become so widely used, it can be considered the 
default in the traditional DIP 14-pin format. In- 
cremental improvements are still being made, 
and new families are being introduced, primarily 
in surface-mount formats which use lower 
power-supply voltages (down to around 1VDC). 


Generic meaning 
of logic chip part 
numbers, How many logic gates: 
only for surface-mount 


Manufacturer ID: |) chips with 4, 2, or 3 


usually 4 to 3 logic gates (not used 
letters for other chips) 
Package 
Chip Chip Chip format: 
series: family: type: usually 
first2 1103 104 ito 
digits letters digits letters 
Taxx Two Texas 
logic logic Instruments 
gates || code for 
on \VSSOP: Very 
Tosa chip thin Shrinic 
Instruments ‘Small Outline 
Package 
Merrine tower If 7400 part 
ort part ge number 
ae CMOS —_NAND gate 


Figure 10-10. How to interpret the segments of logic 
chip part number in the 74xx family (in this case, a 7400 
NAND gate), 


Variants 


Here is an historical summary of the mast impor- 
tant chip families, 


+ 74x«: Original series of bipolar TTL chips. 

+ 74Hxx: Bipolar TTL, high speed, about twice 
as fast as the original 74x chips, but twice 
the power consumption. 

+ 74Lxx: Bipolar TTL, lower power consump- 
tion than the original TTL, but also much 
lower speed. 

+ 74LSxx: Bipolar TTL, lower power with 
Schottky input stages, faster than original 
TTL. Some LS chips are still being manufac- 
tured, 

+ 74ASxx: Bipolar TTL, Advanced Schottky, in- 
tended to supercede the 74Lxx, 

+ 74ALSxx: Bipolar TTL, Advanced Low Power 
Schottky, intended to supercede the 74LSxx. 

+ 74Fx«: Bipolar TTL, Faster. 

+ 74HCxx: CMOS high-speed emulation of 
7ALSKK. 

+ 74HC Toc CMOS but with similar high-state 
input voltage threshold to bipolar TTL chips, 
for compatibility. 

+ 74ACxx: Advanced CMOS. 

+ 74ACTxx: Advanced CMOS emulation of TTL 
with similar high-state input voltage thresh- 
old to TTL, for compatibility. 

+ 74AHCxx: Advanced Higher-Speed CMOS, 
three times as fast as HC. 

+ 74VHCxx: Very High Speed CMOS. 

+ TAUCK, 74FOxx,  7ALCXxx, 74LVOxx, 
74ALVCxx, 74LVOx, 74LVXxx: Various spec- 
ifications, many using power supply voltag- 
es of 33V or below. 


In the 4000 series, an early significant improve- 
ment was the 40008 family, which allowed a 
higher power supply limit (18V instead of 12V) 
and was much less susceptible to damage by 
static discharge. The 40008 family almost totally 
replaced the old 4000 family, and most 4000B 
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from 250 nm to 1550 nm.) The phase characteristics shown are the GVD and 
the cubic phase tem. Not shown ae the reflected phase characteristics for 
s-polatization; they are similar tothe p-polaization transmission curves, 
and have the same low nonlineatity and broad bandwidth. Note that 
both sides ofthe optic have the coating whose properties are described 
in Figure 1.67. Therefore, the sand p-polarization transmissions per 
surface should be squared in determining the specifications. The phase 
characteistcs show that in all modes of operation, the TFPK polarizer 
performance is dominated by the substrate. 


‘There are some subtleties associated withthe TFPK. The near 72° angle 
has to be set properly and optimized. Some thought has to be given to 
mechanical clearances ofthe laser beam at sucha steep incidence angle. 
The reflectivity for s-potarization i limited to 754%, Variant designs can 
increase ths ata sight loss in bandwidth increase in incidence angle, and 
increase in insertion loss for the transmitted p-polarized component. 
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‘The FABS autocorelator beamsplitter from CVI Melles riot are broad- 
band, 50% all-dielectricbeamspliters. They are useful in many types of 
pump-probe experiments and inthe construction of antiresonant ring 
configurations. They are essential lossless and extremely durable. Both have 
advantages over partially electing metal coatings 


Power transmission cuves forthe s- and p-poarized versions ofthe FABS, 
along withthe corresponding reflected phase characteristics for beam- 
splitters optimized at 800 nm, ate shown in Figures 1.68 and 1.69, The 
linear pulse propagation properties ofthese beamsplitters are dominated 
by the substrate material dispersion. As with virtually all dielectric coated 
‘optics, the s-polarized version is broader than p-polarized version. 
‘CVI Melles Griot can produce FABS in ather than 50:50 with excellent 
phase characteristic. 
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Figure 1,68 Transmission characteristics for FABS series 
polarizers with p-polarized light 
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Figure 1.69 Transmission characteristics for FABS series 
polarizers with s-polarized light 
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ANTIREFLECTION COATINGS 


Al CVI Melles Grit antireflection coating designs work well in emtosec- 
‘ond operation asthe forward going phasor the dominant contribution to 
the phase shift; the AR coating is very thin and simply “fixes” the small 
Fresnel reflection ofthe substrate 
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Figure 1.70 Brewster prism 


Very-high-quality isosceles Brewster’ angle prisms fr intra and extra- 
cavity use are available from CVI Melles riot. The design ofthese prisms 
‘satisfies the condition of minimum loss due to entrance and ext at Brew- 
sters angle. To calculate GVD at Brewsters angle, refer o Figure 1.70 and 
Use the following equation: 


suonesypads jendo 


(1.130) 


17= refractive index of the prisms (assuming the same materia) 
to tip distance (AB) 

tal avg. class path 

‘y= spectral phase ofthe electric field 

ayy=2n, (assumes Brewster prism at minimum deviation) 


For more on the Ultrafast phenomena, see J.C Diels and W. Rudolph, 
Uttrashort Laser Pulse Phenomena, Academic Press, 1996. 
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M4 CVI MELLES GRIOT. YOUR SOURCE FOR 


BUILD-7OUR-OWN, EAPID DELIVERY SOLUTIONS. 
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CVI Melles Griat offers two-week delivery af optics at catalog prices. 


+ 4000 uncoated substrates 
+ 2500 coating options 

+ Awide variety of instock substrates available (curves, flats, prisms, waveplates) 
+ Coatings from 193 nm to 2300 nm 


+ Your order ships in two weeks or less 


How can we help you make your project a success? 
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chips are still available, as they are useful in sit- 
uations where a powersupply deliversmorethan 
SVC. 


+ When it is referenced casually, the B at the 
end ofa chip number in the 4000 series may 
be omitted. When the number is listed in a 
catalog, the B is included. 


Chips with 45 as their first two digits were intro- 
duced as a new generation, but were not widely 
adopted. After that, the 4000 series ceased to 
evolve, and CMOS chips adopted 74x partnum- 
bers, distinguishing themselves by the insertion 
of letter groups in the center of the number. 


To add to the confusion, some 4000 series part 
numbers were appended to 74x part numbers, 
so that, for example, the 74HCT4060 is designed 
to be compatible with the old 40608 chip. 


Family Interoperability 
One of the most important issues relating to chip 
families is their differing specifications for a low- 
state voltage and a high-state voltage in inputs 
and outputs. 


The original 74xx TTL series, using a SVDC power 
supply, used these approximate specifications: 


+ Output: 74xx voltage representing a low 
state (at most 0.4V to 0.5V) 

+ Input: 74xx input voltage interpreted as a 
low state (maximum 0.8V) 

+ Output: 74xx voltage representing a high 
state (at least 2.4V to 2.7V) 

+ Input: 74xx input voltage interpreted as a 
high state (minimum 2V) 


This provided a safe margin of error of at least 
(0.4V when chips were communicating with each 
other. 


In the CMOS 4000 family, however, logic chips 
required a minimum input of 3V to 3.5V to be 
interpreted as a high state. The minimum ac- 
ceptable output from a TTL chip was below this 
level, creating problems if anyone should try to 


fed circuit 


integer digital > logic gate 
use the output from a TTL chip to communicate 
with an input on a CMOS chip. 


One solution is to add a 4.7K pullup resistor to 
the TTLoutput, guaranteeing thatit won'tfalltoo 
low. But this wastes power, and the need for the 
resistor is easily forgotten. Another option is to 
use the HCT or ACT family of CMOS logic. The "T” 
in these family names indicates that they have 
been engineered to share the input standards of 
the old TTL chips. They still deliver the same high 
output as other types of CMOS, making them 
seem to be the best possible solution. Unfortu- 
nately, it does entail a compromise: the "T” chips 
are more sensitive to naise, among other factors. 


+ Ideally, chip families should not be 


intermingled. 


Gates per CI 
Each of the original 74xx chips contained multi- 
ple gates within the limits of a uniform 14-pin 
through-hole format. The gates that were most 
commonly used had two inputs, and there were 
four of these gates per chip. 


However, the desire for miniaturization, and the 
use of automatic chip-placement and soldering 
equipment, made one-gate and two-gate logic 
chips desirable and practical in surface-mount 
format. (Three-gate surface-mount chips exist, 
but are sufficiently unusual that they are not de- 
scribed in this encyclopedia.) 


Two Inputs, Single Gate 

Where a chip contains just one logic gate, it is 
almost always a surface-mount component, and 
the partnumberhas 1Gin the middle to indicate 
“one gate” Pad functions are shown in 
Figure 10-11, The layout is standardized for all 
logic gates, with the exception of XNOR gates, 
which are not manufactured in surface-mount 
format. 
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PREFACE 


The first edition of A Guide to Understanding Land Surveys was pub- 
lished in 1989. The original work was intended to present vital in- 
formation and insight to users of Property Boundary Surveys. In the 
intervening decades, advances in the science of measurement, com- 
putation, data management, and other disciplines have provided Land 
Surveyors with tools that are so powerful that they defy description. 

Advances in science have resulted in the modern, well-prepared 
Boundary Survey of today. These Surveys and the Land Survey Plats 
they produce are far superior to that which was commonly presented in 
the late 20th century in many ways. The conceptions that the general 
public has about modern Land Surveys have not kept pace with the 
changes 

Misunderstanding and misconceptions about Land Surveys have 
been compounded by these great advances, not alleviated, The air- 
ways are flooded with advertisements touting simple and easy-to-use 
navigational devices. Anyone with an Internet connection can visit 
multiple web sites that provide aerial photography, maps, and a host of 
geographically based information, The general public has been given 
the impression that science has simplified surveying to merely navigat- 
ing to the corners as if the locations of, and the distances between, all 
property corners were known, 

Measurements of distances, directions, and location are but tools 
that the Land Surveyor uses. A Surveyor determines a precise location 
in order to begin the survey, not as an end in itself, Highly accurate 
measurements of angles and distances are used by the Surveyor to 
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document boundary locations and assist in the recovery of property 
comers. Precise measurements form a foundation for the Surveyor’s 
work, not an end, 

This book continues to be a valuable source for land title attorneys, 
paralegals, realtors, government agents, and others who use the infor- 
mation gathered and presented by Land Surveyors. These professionals 
will find this work very useful in deriving the maximum benefit from 
the Survey Plats that they review in performing their dutie: 

Dispelling misconceptions and incorrect assumptions that exist in 
the general community will do much to reduce conflict and unneces 
sary litigation, In that regard, this book has great value. The reader will 
also be provided with an overview that will go beyond merely dodging 
pitfalls. The broad and general concepts presented in this book will 
also assist the reader in evaluating survey information and communi- 
cating his or her informational requirements to the Professional Land 
Surveyor. 

Communication is perhaps the most important aspect of contact 
between users of Land Surveys and the Professional Land Surveyor. 
The Professional Land Surveyor will also find this book to be most 
useful in developing firm and clear relationships with their clients 


Burnside, Louisiana 
May 2008 
STEPHEN V. ESTOPINAL 
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CHAPTER 1 


PURPOSE OF THE BOOK 


This book was developed to meet the needs of attorneys, abstractors, 
realtors, land planners, entrepreneurs, and others who must use and 
evaluate the work of professional surveyors. Boundary survey plats or 
maps, property maps, topographical maps, survey reports, and property 
descriptions, among other things, are all products of the professional 
surveyor. Rapid increases in technology, data availability, land values, 
community/regional planning, and the modern propensity for litigation 
have meant that more and more nontechnical individuals have begun to 
use and rely on increasingly complex and technical land information. 

The most significant of the modern advances in Land Information 
Systems (LISs) or Geographical Information Systems (GISs) has been 
the Internet, Virtually any tidbit of information that can be associated 
with a geographic position can now be made available to anyone with 
an Internet connection. Anybody and everybody who desires to explore 
land uses, owners, zoning, regulations, conditions, and so on can now 
have that data at their fingertips. Municipal, state, and federal archives; 
agencies; and other organizations maintain web sites where the visitor is 
free to explore databases without restriction or professional assistance. 
Without a clear understanding of the source, reliability, and intended 
use of that data, an unsophisticated user can cause more harm than good, 
Indeed, there is a real danger that the ease with which this information 
is obtained will facilitate misapplication of that data while at the same 
time circumventing professional assistance. 
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Asan example of the sort of confusion that can result from misuse of 
the sophisticated GIS data banks available today, an electronic database 
may be compiled for the intended purpose of identifying properties for 
appraisal and taxation. This data would typically be presented on the 
Internet in the form of a map developed from aerial photography. The 
boundaries on that map were created by technicians who reconciled 
fence lines and other visible features with whatever deed documentation 
was available. A user might access that map and, because the computer 
allows it, obtain distances, directions, and quantities of the real property 
parcels as presented in that graphic representation. While presented by 
the computer as precise, the distances, directions, and acreage obtained 
in this example would be far from accurate. 

The location, configuration, and description of real property parcels 
are just some of the multitude of important geographic questions peo- 
ple typically have. The recovery, documentation, and interpretation of 
this data are the professional specialties of the Land Surveyor. Once a 
person realizes the necessity of obtaining the services of a professional 
surveyor, they may have difficulty in communicating to the surveyor 
just what it is they need. From attomeys to private citizens, the word 
‘survey has many different meanings. For example, a determination of 
boundary location for the purpose of erecting a fence is a “survey.” The 
determination of the elevation of a building for the purposes of obtain- 
ing flood insurance is a “survey.” The recovery or remonumentation of 
the boundaries of a parcel of land for the purpose of an exchange of 
title is a “survey.” Each of these examples is called a “survey,” yet the 
scope of work, the responsibilities of the surveyor, and the expectations 
of the persons ordering the “survey” are all very different. 

A better basic understanding of just what a surveyor does and does 
not do can make the difference between complete service and unsat- 
isfactory results. Much litigation, confusion, and aggravation can be 
traced to a misunderstanding between the surveyor and the client. It 
is essential that the surveyor be informed of the exact purpose of the 
survey being requested. The completeness of the surveyor’s report, 
the extent of his or her research, the areas examined, and other perti- 
nent work vary greatly, depending on the type of survey that is being 
conducted. 

Compounding the problem is the fact that the person requesting 
the services of a Professional Land Surveyor may not be the person 
using and interpreting the results of the work. This “third-party” use 
of a surveyor’s maps or reports is rife with dangers, not the least of 
which happens when the user assumes that the surveyor did what the 
user wanted done when in reality the surveyor carried out the client's 
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Figure 10-11. internal configuration and solder-pad func: 
tions for a two-input surface-mount single-gate logic chip 
that can contain an AND. NAND, OR. NOR. or XOR gate. 
XINOR gates are not manufactured in this format. 


In the figure, a gate is shown in generic form, in- 
dicating that it may be an AND, NAND, OR, NOR, 
or XOR gate, depending on the part number of 
the chip. Inputs are on the left of the gate, while 
its output is on the right. The chip does not have 
asolder pad in position 5, but the pad at top right 
is identified as pin 6 for consistency with the 
numbering pattern n other surface-mount com- 
ponents where six pads are common. 

The generic part numbers for single-gate 
surface-mount two-input logic chips are shown 
here, with letter x indicating that letter sequen- 
cesare likely to be inserted to indicate manufac- 
turer, logic family, and chip format: 


+ AND gate: x74x1G08x 
+ OR gate: x74x1G32x 

+ NAND gate: x74x1G00x 
+ NOR gate: x74x1G02x 
+ XOR gate: x74x1G86x 


Three Inputs, Single Gate 

‘AND, NAND, OR, and NOR single gates are avail- 
able with more than two inputs. Their output is 
determined by rules shown in Figure 10-5. XOR 
and XNOR gates are not included in the table, 
because a strict interpretation of their logic re- 
quires that a unique output state exists if one in- 
putis high while the other is low. 


Variants 


The pad functions for a surface-mount single- 
gate logic chip with three inputs are shown in 
Figure 10-12, The generic part numbers forthese 
chips are shown below, Again, each x indicates 
that letter sequences are likely to be inserted to 
indicate manufacturer, logic family, and chip 
format, 


‘Single-gate SMT 3:input AND, NAND, OR, or NOR 


Figure 10-12. Internal configuration and solder-pad func: 
tions for 2 three-inout surface-mount single-gate logic 
Chip that can contain an AND, NAND, OR, ar NOR gate. 


The generic part numbers for single-gate 
surface-mount three-input logic chips are 
shown here, with each x indicating that letter se- 
quences are likely to be inserted to indicate man- 
ufacturer, logic family, and chip format: 


+ AND: x74x1G11x, 
+ NAND: x74x1G10x 
+ OR: x74x1G32x 

+ NOR: x74x1G27x 


Single Gate, Selectable Function 

‘A few surface-mount chips can emulate a variety 
oftwo-inputgates, by using appropriate external 
connections. The internal logic of one example, 
with generic part number x74x1G97x (an actual 
example would be Texas _ Instruments 
SN74LVC1G97), is shown in Figure 10-13. De- 
pending which pin is grounded and which other 
pins are used as inputs, the chip can emulate all 
e of the most commonly used gates. To 
achieve this, however, some inputs have to be 
inverted. 
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orders. For example, an owner of a vacant urban lot may request that a 
surveyor recover only the boundaries of that lot. Easements, servitudes, 
building restrictions, and other important title restrictions that impact 
on the enjoyment of that lot do not affect the boundaries of that lot. The 
surveyor would then recover or mark the boundaries and issue a report 
in the form of a drawing to the owner, showing the dimensions of the lot 
and the locations of the boundary markers. If, at a later date, the owner 
were to sell the lot, he or she could present this drawing to a buyer. 
The buyer, having no knowledge of the limited request of the previous 
owner, might then rely on the drawing produced as if it reflected all 
of the information about easements, servitudes, buildings, and other 
facts important to the buyer. The resulting lawsuit would charge that 
the surveyor neglected to perform the extensive work that the buyer 
needed when he or she complied with the limited request of the owner. 

The grief, aggravation, and expense resulting from the previous 
scenario could easily be avoided if the buyer or the buyer’s attorney 
confirmed that the drawing presented to them contained all of the 
information that they wanted to know. Third-party situations like this 
one have resulted in so many lawsuits that many surveyors now place 
explanations of the extent of the work done by them in producing the 
survey plat directly on the plat. Some state registration boards have 
even adopted a regulation or “standards of practice” that require such 
statements 

The Land Surveyor is an investigator—a detective more than any- 
thing else. The subject of the investigation is the location of the bound- 
aries of real property. In the pursuit of the evidence necessary to 
determine, with relative certainty, the original location of a particular 
boundary line, the same rules of evidence apply as in any civil court. 
Surveyors not only measure angles and distances, but also perform ex- 
tensive records research in private and public files in an effort to reveal 
as much information as possible about the location of boundaries. 

This extensive research does not normally include many other factors 
involved in property rights. Title insurance is a different service from a 
boundary survey, although most title insurance policies include the re- 
quirement that a boundary survey be performed, Easements, servitudes, 
building restrictions, setbacks, or side clearances for new construction, 
flood zones, and regulatory zoning, among other things that limit the 
use and enjoyment of real property, are not essential to the recovery of 
boundaries. if you wish to have all, or any, of these items shown on a 
survey plat, you must tell your surveyor. 

The surveyor will report evidence of these factors limiting the free 
enjoyment of a real property parcel whenever it is discovered in the 


4 PURPOSE OF THE BOOK 


normal course of boundary recovery. If an original subdivision plat in- 
cludes an easement, the surveyor will normally report it. If an easement 
is granted separately from the subdivision recordation, the surveyor 
may not have the occasion to discover it. The records search by a Land 
Surveyor takes a much different route than that of a title examiner. 
Provide the surveyor with the complete title record if you wish it to be 
shown on the survey plat. Otherwise, a boundary survey will result in 
the recovery and a report (plat) on the real property limits of a particular 
parcel and nothing else. 

This book is intended to bridge the ever-widening gap between 
the users of land boundary information and the producers of that 
information—professional Land Surveyors. To that end, the informa- 
tion in this book will be only as technical as necessary to convey general 
concepts and will be presented in such a way that every reader, from 
one experienced in the use of land boundary information to the novice, 
will gain a better understanding of the profession of land surveying 
and the products of that profession. The early chapters of this book 
provide a very important background to understanding real property 
surveys because they deal with the root causes of confusion and mis- 
understandings concerning boundary surveys and the survey plats or 
‘maps that are produced as a result of surveys. 

Real property laws, traditions, and practices vary throughout the 
United States. This book will not attempt to address the specific details 
of every state but will describe in a general setting the common facts 
found throughout the United States. The reader is advised to determine 
how the particulars of real property laws and the principles and prac- 
tices of boundary surveying in his or her area vary from the general 
concepts addressed in this book. Most local surveyors or professional 
surveying organizations are very happy to assist anyone in familiarizing 
themselves with local practices 

A large portion of this book is devoted to the writing, reading, and 
interpretation of legal descriptions of real property parcels. That portion 
will be devoted to the mechanics of legal descriptions and will not 
presume to advise the user on the appropriate form of legal description 
to use for a particular situation but, rather, will tutor the reader on the 
geometric and semantic aspects of describing real property parcels. The 
great differences between those regions of the United States known 
as “metes and bounds” areas and United States Public Land Survey 
(USPLS) areas will be explored in depth. 

This book will serve both as a handy, daily reference guide and as 
a tutorial text. The reader may want to refer to portions of this book 
when ordering survey work or when evaluating survey plats, legal 
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descriptions, or reports already received. Although this book will im- 
prove the reader’s understanding of land surveys, it will not make the 
reader a Land Surveyor. Many highly technical aspects of measure- 
ments, computations, details, and equipment are only lightly referred 
to, if at all, Sophisticated research and recovery techniques, so vital to 
the recovery of boundaries, would make a book in itself. Your Profes- 
sional Surveyor is the expert you must rely upon for these skills. 

This book will not serve as a substitute for qualified legal assistance 
in the interpretation of real property rights or transfers. The survey 
plats and problems used as examples in this book are highly simplified 
versions of their more complicated actual counterparts. The laws con- 
cerning boundaries and real property rights differ from state to state and 
change over time. Some general ruies are mentioned, but these are not 
to be interpreted as universal laws. The attorney is the professional who 
should be relied upon for the status of real property law in a particular 
area. The reader should make note of such regional variations as may 
exist when he or she is using this book. 
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CHAPTER 2 


REAL PROPERTY ON 
A ROUND PLANET 


2.1. OWNERSHIP 


Land cannot be owned, at least not in the same sense as physical objects 
are owned. People cannot carry their land with them to new locations, 
Land cannot be manufactured or destroyed. If one were to excavate a 
great hole in a property parcel, the land might be rendered useless, but 
the real property parcel would still exist. “Reclamation” of submerged 
Jand is not manufacturing land but simply altering the surface condition 
of an existing area. The “sale” of a real property parcel does not result 
in a giant cookie-cutter stamping out of a hunk of land to be turned 
over to the purchaser, One cannot tour the country collecting scraps of 
land and assemble a ranch in California, 

Real property ownership is not the ownership of land; itis the de 
nation as the authority to control an area. It is the ownership of “rights.” 
The right to build upon, improve, inhabit, cultivate, deny access to oth- 
ers, and countless other rights are what is owned. 

Mankind is not the only species to demand authority or control over 
aland area. Territorial creatures, great and small, impose their authority 
over their range by force. The dawn of civilization brought with it the 
concept that people could associate themselves with a group larger 
than a family or tribe and collectively defend their territorial authority. 
City-states and then national states were formed around the concept that, 
individuals within a state would contribute to the protection of the state 
in return for the “right” to inhabit, cultivate, use, and enjoy the land, 
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All of these rights are intangibles and flow from the “sovereign” or 
governing authority. The laws enacted by national governments deter- 
mine the extent of personal real property rights. It is no coincidence 
that national governments that maximize individual real property rights 
over collective control generally prosper and those that restrict individ- 
ual rights in favor of central control do not. 

Peoples who have found themselves to be without a defending force 
are routinely forced from the land by those who do. Itis the armed forces 
of a national government that establishes sovereignty and defends the 
laws that dictate which rights may be acquired by individuals in a 
certain area. 


2.2. TITLE 


The Constitution, laws, and statutes of the United States of America 
and the individual states allow the assignment of “real property” rights 
to private persons. Those persons entitled, under the law, to exercise the 
rights of real property ownership are said to “hold title” to a land parcel. 
It is these rights that are transferred in the sale of “land.” Persons may 
gain “title” to real property through written and unwritten transfers. 
However, only recorded, written title transfers are merchantable. 

The collection of papers, recordings, and other documents that de- 
scribe a transfer of the titled rights to a real property parcel are often 
referred to as the title. In fact, such documents are only evidence to the 
lawful assignment of title. Title, the collection of real property rights, 
is a concept in law and therefore incorporeal. 


2.3. BOUNDARIES 


Real property boundaries are the invisible limits of the intangible rights 
that constitute real property ownership. Corporeal possessions have 
clear limits. Unless there has been a terrible accident, a person has no 
difficulty discerning where her or his car ends and another's begins. A 
person can exit his or her car without entering another’s. 

This is not the case with real property. The limits of the rights 
of ownership cannot be seen. Physical evidence as to the location 
of that limit may be obvious, but the limit itself is an invisible and 
dimensionless concept. One must be on one side of a property boundary 
or the other. As soon as one crosses the limit of one set of rights, another 
set of rights is entered. 
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2.4. DEED 


A deed is the written instrument that describes the assignment of the 
rights that are “owned” and the geographical limits of that assignment. 
A deed is not the same as atitle, although the words are often used inter- 
changeably. Although the limits of the rights of real property ownership 
are invisible, they must be identifiable. Every deed must communicate 
what rights are owned and where the boundaries or limits of those rights 
are. Itis folly to attempt to transfer rights in real property without ade- 
quately identifying and communicating the location of the limits of the 
rights conveyed. 

The Professional Land Surveyor is charged by society with the re- 
sponsibility to recover, monument, quantify, and document the im- 
perceptible limits of the intangible rights that constitute real property 
ownership. 


2. 


IDENTIFYING BOUNDARIES 


There has always existed the need to identify and to communicate 
locations on the surface of the earth, Stone Age men and women could 
relate to localities only by naming mountains, rivers, or other features 
of the terrain and then specifying a locality as being near a certain 
feature. This first use of landmarks required that the receiver of the 
information be as knowledgeable about the terrain as the giver. 

Artificial landmarks were, and are, also used to identify boundaries. 
Territorial animals, including humans, mark their territories. Although 
this was adequate for identifying locations to a person who was at the 
boundary or familiar with the territory, the advent of long-range travel, 
especially sea travel, required a method of identifying locations that did 
not rely exclusively on terrain features, The development of the concept 
of the assignment of real property rights by law, instead of physical 
occupation, required a method of identifying locations in a way that 
could be written, recorded, and communicated between parties, even 
people who are in other locations. 


2. 


Geography and real property boundaries both require the communi- 
cation of locations, distances, and directions. The glaring difference 
between the two is that geography can be directly measured, but real 
property boundaries can only be defined. 


. Geography 
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Although the question of defining real property boundaries was ade- 
quately addressed early on through the use of artificial marks and other 
references to physical features, geography and navigation required ad- 
vances in math and science that has taken centuries to perfect. Real 
property boundary descriptions have, generally and often imperfectly, 
followed the improvements in geography and navigation, Slowly, both 
are beginning to solidify behind the same scientific foundation. The his- 
tory and application of that foundation is fundamental to understanding 
Land Surveys. 

‘As the earth spins in orbit around the sun, its motion can easily be 
detected by any observer using no other instrument than the human eye. 
Unlike the moon or the sun, the stars clearly reveal the constant, circular 
motion of the planet. It was this motion that led to the development of 
today’s worldwide system of identifying points on the surface of the 
earth, 

In spite of the fact that some of the ancient observers may have 
even believed that the world was flat, the direction to the center of 
the apparent circular celestial motion was the very first geographical 
standard reference adopted by those attempting to describe real prop- 
erty boundaries. That standard direction of reference is called “north. 
This standard has survived for centuries and remains in use to this day, 
simply because it can be easily and precisely determined anywhere on 
earth, 


2 


Ancient seafaring societies noticed that the motion of the stars was 
not only circular but also regular and predictable. One of the earliest 
observations was that particular stars were known to pass directly over 
the same place every night. Many societies came to identify stars by 
the earth locations or “latitudes” that the stars would seem to track. The 
Polynesians, to this day, identify certain stars by which island or island 
group those stars pass directly over. The reverse is also true: a certain 
location can be identified by the star that passes overhead. 

In reality, the apparent motion of the stars is the result of the spinning 
of the earth, The apparent center of rotation that the ancients observed 
is an indication of this axis of rotation. “North” is so universally de- 
tectable that it was inevitable that the system of identifying locations 
that developed used this axis as the reference base. Figure 2.1 shows 
how the concept of “latitude” first developed. Note that the angle mea- 
sured to determine the latitude of the observer’s location is actually the 
angle between a horizontal line tangent to the level surface of the earth 


. Latitude 
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FIGURE 21 


and the axis of rotation, Points on the surface at which the same angle 
or latitude is observed can be connected to form a curved line circling 
the earth, 

These connections of points on the surface of the earth of equal 
latitude are called “latitude lines.” By definition, latitude lines are 
east-west lines, and, as shall be shown later, of all the latitude lines, 
only the equator (zero degrees latitude) is a “straight” line. The latitude 
of a particular point can be used as a measure of the distance north or 
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south of the equator and is so easily measured that early explorers often 
sailed north or south to the latitude of their destination and then east or 
west to reach shore. This convenient measure of north-south distances 
often caused early maps to be quite accurate in reporting latitudes but 
woefully inaccurate in reporting east-west dimensions. 


2 


The axis of the earth’s rotation is, therefore, a naturally occurring 
reference that can define directions on the surface of the earth, as well 
as distances in a north-south direction. In order to identify a particular 
point along a line of latitude, the concept of longitude (shown in Figure 
2.2) was developed. 

Just as latitudes are a contiguous series of points with a common fac- 
tor (the measure of the angle between the earth’s axis and the horizon), 
longitudes are a series of contiguous points with the common factor of 
being aligned along the apparent axis of rotation. These north-south 
lines are sometimes referred to as “meridians” when they are used 
to define other lines or directions. Unlike latitudes, the reference for 
longitudes had to be arbitrarily chosen. 

Throughout history many locations have been used as the origin of 
latitudes depending upon the map maker's preferences. Today, most 
of the world has accepted that zero degrees longitude is defined as 
passing through a particular point in Greenwich, England, and is called 
the “prime meridian.” Longitudes are used to define or to measure 
distances in an east-west direction. The combination of a north-south 
distance and an east-west distance can be used to define a particular 
point on the surface of the earth. Theoretically, only one pair of lat- 
itude and longitude values can be associated with a specific surface 
point. 

Although longitudes are reported in degrees, just as are latitudes, 
time is the factor actually measured by observers in determining the 
longitude of a particular location. In order to accomplish this mea- 
surement, an observer might note, for instance, that a particular star is 
directly over the prime meridian at a certain time and that that same star 
is directly over the longitude of the observer some time after that. The 
elapsed time is directly related to the distance from the prime meridian 
to the longitude of the observer. The earth completes approximately 
one rotation (360 degrees) in 24 hours. Therefore, the ratio of elapsed 
time to 24 hours is the same as the ratio of degrees longitude to 360 
degrees. In actual practice, the stars observed, angles measured, and 
elapsed times noted are never as direct as this simple example. 


. Longitude 
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FIGURE 22 


Latitudes and longitudes are reported as if they were angles measured 
ata point at the center of the earth, when, in fact, the measurements are 
of time and of angles and, until the advent of the earth-orbiting artificial 
satellite, made at the surface of the earth. This would not cause a major 
distortion if the earth were a sphere with no irregularities of surface 
or gravity. But precisely because the earth is not a sphere and because 
the observations are made on the surface of the earth, the shape of the 
earth and the distortions caused by the irregularities of the surface must 
be understood in detail, The impact of space-age technology will be 
discussed at length later. 


Variants 


Single-gate SMT 3-input user-configurable 


Figure 10-13. internat configuration for a configurable 
surface-mount chip that can emulate various two-input 
logic gates, depending which inputs are used and which 
are grounded, Some inputs have to be inverted to emulate 
some gates. 


Two Inputs, Dual Gate 

‘Two-input surface-mount AND, NAND, OR, NOR, 
and XOR gates are available in dual layout (two 
gates per chip), The internal logic and pad func- 
tions are shown in Figure 10-14. The generic part 
numbers for these chips are shown here. Again, 
each x indicates that letter sequences are likely 
to be inserted to indicate manufacturer, logic 
family, and chip format. 


‘Dualgate SMT 2.input AND, NAND, OR, NOR, or XOR 


Figure 10-14, intemal configuration and solder-pad func 
tions for a two-input surface-mount dual-gate logic chip 
that can contain two AND, NAND, OR, NOR, or XOR gates. 
XNOR chips are not manufactured in this format. 


integrated circuit > digital > logic gate 
The generic part numbers for dual-gate surface- 
mount two-input logic chips are shown below, 
with each x indicating that letter sequences are 
likely to be inserted to indicate manufacturer, 
logic family, and chip format: 


+ AND: x74x2G08x 
+ NAND: x74x2G00x. 
+ OR: x74x2G32x 

+ NOR: x74x2G02x 
+ KOR: x74x2G86x 


Original 74xx 14-Pin Format 

Each of the original 74xx TTL chips contained 
multiple gates within the limits of a uniform 14- 
pin chip format. The available options were, and 
still are: 


+ Quad 2-input: Four gates with two inputs 
each 

+ Triple 3-input: Three gates with three inputs 
each 


+ Dual 4-input: Two gates with four inputs 
each 


+ Dual 5-input: Two gates with fiveinputseach 


+ Single 8-input: One gate with eight inputs 


The five-input chips have become so uncommon 
that they are not described in this encyclopedia. 


Quad Two-Input 74xx Pinouts 

14-pin DIP 74xx quad two-input logic chips are 
available in AND, NAND, NOR, XOR, or XNOR ver- 
sions, all of which have an internal layout shown 
in Figure 10-15. The layout is unchanged in 
surface-mount format. The gates are shown in 
generic form, as the layout remains the same re- 
gardless of which type of gate is in the chip. All 
the gates in any one chip are of the same type. 
The four connections leading to a gate are its in- 
puts, while the single connection from a gate is 
its output. 
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With the first attempt to account for the irregularities of the earth’s 
surface, a method was developed by which all measurements or ob- 
servations were adjusted to account for elevation above sea level. This 
method developed a theoretical surface that covered the earth and that 
was everywhere perpendicular to the pull of gravity. The theory behind 
this assumed that, if the entire planet were covered with water, the 
planet would be a perfect sphere. The surface that resulted from this 
“reduction to sea level” is called a “geoid.” The latitude and longitude 
based on celestial observations used to identify a specific location are 
called that location’s “astronomic position.” Astronomic positions are 
computed based on the geoid surface. Unfortunately, a geoid is not a 
sphere, nor is it a regular surface. 

Gradually, the realization developed that the anomalies of the grav- 
itational forces around the world produced a geoid that was “dimpled” 
and undulating. Astronomic positions are, necessarily, based on the 
pull of gravity, Astronomic latitudes and longitudes are not, therefore, 
perfectly circular curves or perfectly straight lines on the geoid surface. 
The positions reported by astronomic observations are distorted by the 
irregularities of the geoid. 

Astronomic positions were quite adequate until the methods and pre- 
cision of measurement became so refined that the irregularities of the 
earth’s shape became detectable. Astronomic positions lack the precise 
predictability necessary for accurate navigation and mapping. The sci- 
ence of geodesy, the study of the size and shape of the planet Earth, and 
the science of cartography, the study of mapmaking, have developed 
methods to reduce the uncertainty inherent in astronomic positioning. 


|. Astronomic Position 


2 


The need to compute precise distances between locations of known 
positions or to compute the position of a location based on distance 
and direction from a known position requires a regular, mathematically 
identifiable surface on which computations can be made. The geoid 
can be approximated by a theoretical shape or model based on regular 
geometrical formulae. The mathematical shape or model chosen for 
this approximation is called a “spheroid” or “ellipsoid” and forms a 
theoretical surface on which the values of latitude and longitude are 
computed for any earth location. 

The latitude and longitude of a location based on an ellipsoid is 
called the “geodetic position.” Imagine that the surface of the earth is 


. Geodetic Position 
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transparent and that the surfaces known as the ellipsoid and the geoid 
are glass bulbs around the center of the earth, A man standing on a high 
mountain could shine a light straight down. Where that light hit the 
geoid would be the astronomic position of the man. Where that light 
hit the ellipsoid would be his geodetic position. 

The geodetic position is what is reported for navigational and map- 
ping purposes. For most localities and for many purposes, the differ- 
ences between astronomic and geodetic positions are not significant. 
The ellipsoid used in a particular map or in a particular country is 
usually defined by national or regional statutes. Improvements in un- 
derstanding the shape and size of the earth has caused the scientific 
community to redefine the ellipsoid used to create geodetic positions. 
The most recent change of any significance has resulted in the pub- 
lished geodetic positions of fixed earth locations that in some areas 
were 30 or more meters different from the old system. The standards 
for the United States of America and each of the member states will be 
discussed at length later in this book." 

Locations are reported by a longitude west or east of the prime 
meridian and a latitude north or south of the equator, Longitudes are 
always less than or equal to 180 degrees. Latitudes are always less than 
or equal to 90 degrees. The values reported are the apparent distances 
along the surface of the geoid, in the case of astronomic positions, or 
the ellipsoid, in the case of geodetic positions. 


2.5.6. Flat-Earthers 


The spherical reference systems of astronomic and geodetic latitude 
and longitude are perfectly applicable to defining locations on a planet 
or, more precisely, on the surface of a spheroid, as shown in Figure 2.3. 
However, the basic instincts of the human mind and the limited input 
of our senses tell us that the world is flat. Because the earth is so large 
compared to the range of our senses, we conceive of the surface of 
the earth as being two-dimensional. This concept of a two-dimensional 
surface is reinforced by our use of maps and our insistence on using 
two-dimensional geometric terms that describe features on the map 
when we are referring to features that are on the surface of the earth. 
Consider the following trip: A woman on a Montana ranch begins 
a trip by walking due north for exactly one mile, then turns right and 
walks exactly one mile due east, turns right and walks exactly one mile 
due south, and then turns right and walks exactly one mile due west 


T§ee section 5.6: Advantages of State Plane Projections. 


16 REAL PROPERTY ON AROUND PLANET 


FIGURE 23 


and stops. The question is, “Where is the woman in relation to her 
starting point?” If you say that she has returned to her starting point, 
then welcome to the flat-earth society! 

Even after sketching such a trip out on paper, our instincts blind us 
to the fact that the trip took place on the curved surface of the earth and 
not a flat surface. The sketch on a sheet of paper is a two-dimensional 
representation of a three-dimensional event. In spite of discoveries, 
observations, knowledge, and measurements to the contrary, each of 
us persists in thinking of the surface of the earth as flat, This “flat- 
earth” mentality must be overcome in order to begin to understand land 
surveys and the maps or plats that represent these surveys. 
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Alllof this would be academic to most of us if it were not for the con- 
cept of ownership. The law recognizes the fact that persons can claim, 
as personal property, certain rights to portions of the planet. Real prop- 
erty law is that body of law devoted to defining the limits of these 
“rights of ownership” over portions of the earth, Real property bound- 
aries are imaginary limits intended to define the extent and dimensions 
of such ownership. This ownership is not limited to the surface of an 
imaginary spheroid, nor is it limited to the surface of the earth. 

The boundaries of real property rights or ownership are imaginary 
limits created by law in an attempt to control the actual, corporeal use of 
the land. The professional land surveyor serves as the bridge between 
the physical limits to the exercise of real property rights on the land 
and the imaginary concepts of ownership boundaries. The great value 
often attached to continued enjoyment of real property rights demands 
permanence and recoverability of the physical limits of real property 
boundaries. The boundaries cannot shift with every improvement in 
the science of geographic measurements. 

Itis people who must use the land. People are accustomed to straight 
lines, regular shapes, and consistency in the configuration of real prop- 
erty parcels. Geodetic positions can be defined, but geodetic lines of 
constant value do not follow straight lines of sight. Real property limits 
need to be defined and described in a way that is consistent with the 
flat-earth mind-set of people. 


2.6. CORNERS 


It is possible to mark a parcel that has straight land line segments on 
all sides. It is also possible for each of the four sides to be one mile 
in length, Instead of defining the boundaries of the parcel by marking 
each step of a walking man, the end points of each side could be marked 
and the boundary could be defined as a straight land line between the 
end land points or corners. 

The desire for regular shapes, parallel lines, and constant directions 
for straight lines is resolved when the boundaries are so defined. For 
this reason, as well as others to be discussed later, the vast majority of 
boundaries in the United States are defined by the location of comers. 
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CHAPTER 3 


GEOMETRY 


In order to better understand exactly what it is that Professional Land 
Surveyors are presenting in their plats, maps, and reports, a closer look 
at the somewhat esoteric concepts of geometry and geodesy is neces- 
sary. Some of the words used in describing boundaries are common 
geometric terms and have generally accepted definitions that are very 
different from what is meant when these terms are used in real property 
situations. Geometry is consistent in that the terms used can describe 
two- or three-dimensional concepts. Maps are two-dimensional draw- 
ings, and the geometric terms describing map features are consistently 
confused with the three-dimensional surface features that the maps 
represent. 


3.1. PLANE GEOMETRY 
Consider these basic definitions of geometric terms: 


Space—An extent or continuum in which objects can exist and have 
relative positions and directions. 


Point—A specific, dimensionless location in space having a unique 
position. 


Line—A series of contiguous points such that any point in the line 
is directly adjacent to two and only two other points in the line. 
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Straight line—Any line in which the route of measure of the shortest 
distance between any two points on the line lies entirely within 
the line. 

Ray—A portion of a straight line originating or emanating from a 
point. 

Line segment—A portion of a line beginning at one point and ending 
at another. 

Distance—A measure of the separation of two points. 

Length—The sum of all of the distances between consecutive points 
of a line segment. 

Surface—Any array of contiguous points, having no thickness, that 
completely separates two distinct spaces. 

Plane—A surface such that the shortest route between any two points 
on the surface lies entirely within the surface. 

Area—The measure of a bounded surface. 

Volume—The measure of a bounded space. 


Angle—A measure of the relationship of two lines, rays, or line 
segments. 


Ifone were to restrict the concepts of geometry to the two dimensions 
of a flat plane, then the three-dimensional terms of space and volume 
would be eliminated. The concept of lines also changes subtly. Straight 
lines in a two-dimensional system either intersect or are parallel. The 
concept of angles is rendered much simpler, and the entire system can 
be modeled quite easily by sketching on paper. There are also one- 
dimensional systems that are frequently used but rarely recognized as 
such. One particular one-dimensional system, the deed description, will 
be discussed at length in Chapter 13. 

It is important to keep in mind that, in spite of the fact that one- 
and two-dimensional systems exist, our world is three-dimensional; 
therefore, whenever real property is located, measured, defined, or 
exchanged, a three-dimensional portion of our planet is involved. This 
fact requires that the geometric definitions already given be redefined 
to reflect what is really meant when these terms are used in describing 
real property. In order to assist the reader, when terms in this chapter are 
used that may confuse the real property definitions and the geometric 
definitions, the use of the adjective “land” will emphasize the real 
property definition—for example, “land line,” “land boundary line,” 
“land point,” and so on when the real property definition is intended. 
In everyday practice, the adjective land is not used. 
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Anyone who has dealt with real property boundaries, title transfers, 
or surveys may have noticed that some of the words defined earlier in 
this chapter concerning dimensional geometry are often used in deserib- 
ing real property. These geometric terms, when used in real property 
descriptions, are misused in a curious mixing of two-dimensional and 
three-dimensional concepts. It is very important to understand how 
these words are misused, or, more accurately, redefined in real prop- 
erty descriptions before an appreciation of just what a boundary survey 
really is can be reached. The distinctions of what is conveyed, what 
is physically marked, what is drawn on a survey plat, and what is 
described in legal instruments are vitally important. 


3.2. LAND POINT 


An easy definition of a land point as used in real property descriptions 
would be something similar to “a specific location on the surface of the 
earth.” However, it is much more than that, For instance, if a property 
corner were located on the side of a hill and the hill were removed by 
earthwork, the property corner or land point would remain. Its location 
would not be thought of as having “moved,” although the surface of 
the earth would now be several feet lower than the original surface. If, 
however, a property corner were located in a swamp or a low spot and 
the land were later filled or leveled, the location of the property corner 
would not be altered as far as the real property definition of that parcel 
was concerned. Changes in elevation do not alter the locations of land 
points. 

Figure 3.1 illustrates a real property land point that was marked 
(monumented) on the earth’s surface in 1802. Years of erosion and 
earthwork have destroyed the monument and have lowered the surface 
several feet. In 1980, the land point was again monumented at a different 
location in space, several feet nearer the center of the earth, yet the 
location of the land point did not change ast is defined in land surveying 
terms, 

What is called a “point” in real property terms is, in geometric 
terms, a ray emanating from the center of the earth and extending 
through the surface of the earth, where it is usually marked or defined, 
and beyond the earth as far as the legal concepts of “air space” and 
“reasonable control” extend. Real property descriptions call this ray 
a “point” because humankind’s flat-earth instincts and, more impor- 
tantly, the surveyor’s plat depict the real property parcel as being a 
plane. 


FIGURE 3.1 Land Point 


3.3. LAND LINE 


In real property descriptions, a “land line” is a series of land points. 
There are many different kinds of land lines, but the land line most 
commonly encountered by the layperson is the boundary or property 
line, Boundary or property land lines define the limits of rights or 
possession of land areas, Like real property land points, property land 
lines are not thought of as “moved” or “shifted” if changes of elevation 
take place. Land lines are imaginary, theoretical limits that have no 
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thickness but do have direction and location. Because land lines are a 
series of land points, the strict geometric description of a land line is a 
vertical surface containing the center of the earth. 


3.4. STRAIGHT LAND LINE 


The direct, line-of-sight route between two distinet locations (land 
points) on the surface of the earth has been traditionally defined as a 
straight land line. Historically, straight land lines are marked on the 
ground by aligning all interior points of the land line between the end 
land points. Because land points are geometrically rays and land lines 
are geometrically surfaces, the procedure for establishing a straight 
land line results in the establishment of a flat vertical plane passing 
through the center of the earth and bounded by the rays that make up 
the end land points. Therefore, a straight land line is not altered by 
shifting terrain. A land line may travel up hills, down into valleys, and 
across rifts in the surface and still be straight. Any ray from the center 
of the earth that is contained in the plane of a straight line or in the 
surface of any land line is said to be a “point on the line.” 

Note that, in Figure 3.2, the surveyor’s instrumentman has set up her 
theodolite such that the land point passes through, and is coincidental 


FIGURE 32 Straight Land Line 
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with, the axis of rotation of the instrument (in surveying jargon, this 
is “occupying a point”) and is directing the rodman, who is holding a 
vertical pole (called a range pole), to a “point on line.” The vertical pole 
will be “on line” when the ray that is the land point passes through, and 
is coincidental with, the axis of the vertical range pole. 


3.5. PLUMB LINE 


In the real property definitions of both a point and a line, the concept 
of “up” and “down” or “above” and “below” were used. Many chil- 
dren’s programs deal with these concepts by simple demonstrations. 
Closer examinations of these instinctive terms have revealed subtle 
complexities, some of which need to be addressed now. 

“Up” is away from the pull of gravity. “Down” is toward the pull of 
gravity. The pull of gravity is not always directly toward the center of 
the earth but toward the apparent center of gravitational attraction. A 
line that is everywhere aligned with the pull of gravity is said to be a 
“plumb line.” For most localities on the surface of the earth, the pull 
of gravity is very nearly toward the center of the earth, The effects of 
the difference are real, measurable, and, in some rare cases, affect the 
definitions of the location of real property lines. 


3.6. LEVEL 


A level surface is a surface such that each and every plumb line pa 
through that surface does so perpendicularly. The geoid, disc 
earlier, is a level surface. “Flat as a mill pond” is a contradictory phrase. 
On a perfectly calm day, a mill pond is level, not flat. Notice that in 
Figure 3.3, the level surface ripples or undulates as deflections in the 
pull of gravity are influenced by irregularities in the earth’s landmasses. 


3.7. LAND DISTANCES 


Now that we see that real property points are geometrically rays and 
real property lines are geometrically surfaces (a “straight line” being 
a flat plane), let us examine how “distances”—that is, the separation 
of two land points—are defined. In geometry, a “distance” is the mea- 
sure of the separation of two points in space. In Figure 3.4, it would 
be geometrically correct, for example, to define the distance between 
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Figure 10-15. in a 14-pin quad two-input 74x lagic chip, 
the AND, NAND, NOR, XOR, and XNOR versions all share 
this generic layout. 


+ The 14-pin quad two-input OR chip has dif- 
ferent pinouts from all the other 74xx logic 
chips. Itis shown in Figure 10-16. 
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Figure 1016. n 2 quad two-input 74xx OR chip. this lay 
‘ut is used, which is different from that used inal the oth 
er quad two-input logic gates. 


Triple Three-Input 74xx Pinouts 

The AND, NAND, and NOR versions of a 14-pin 
DIP 74x triple three-input logic chip all have an 
internal layout shown in Figure 10-17, The layout 
is unchanged in surface-mount format. The 
gates are shown in generic form, as the layout 
remains the same regardless of which type of 
gate is in the chip. All the gates in any one chip 
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are of the same type. Three connections lea 
toa gate are its inputs, whilea single conne: 
froma gate is its output. 
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Figure 10-17, In a 14-pin triple three-Input 74xx logic chip, 
the AND, NAND, and NOR versions all share this generic 
layout. 


- The 14-pin triple three-input OR chip has dif- 


ferent pinouts fromall the other 74xx logic chips. 
It is shown in Figure 10-18. 
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Figure 10-18. Ina triple three-input 74x OR chip, this lay 
‘ut is used, which is different from that used for all the 
‘ther triple three-nput logic gates. 
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geometric point “A” on the surface of a mountain and geometric point 
“BY at the foot of that mountain as the measure of geometric line 
segment having “A” and “B” as end points. This is not the real prop- 
erty definition of the distance between these land points, because real 
property land points are actually ray: 

Although the separation of two rays can be measured by the angle 
between them, and some private and many national boundaries are 
measured in this way, in real property terms, the distance between “A” 
and “B” is defined as being measured along a level surface from the 
intersection of one ray to the intersection of the other. Land distances 
are often referred to as the “horizontal” distance. 

Notice that, under the real property definition of distance, changes 
in the topography do not alter the land distances. The mountain could 
be scraped away, but the land distance between point “A” and point 
“B” would remain the same. It is because of the need to reduce field 
measurements, which are geometric distances, to land distances, as 
well as the need to apply a multitude of other correction factors, that, 
except for very short distances, it is rare for the values shown on any 
survey plat to be the result of a single, direct measurement. 

Distances are dependent on a standardized length. There is no nat- 
urally occurring object that is consistently and universally the same 
length always and every where, so a standard had to be created. The me- 
teris the international standard unit of distance measurement. Although 
it is slowly, very slowly, being replaced by the meter, the U.S. survey 
foot is the most common unit of measure for real property boundaries 
in the United States. The U.S. survey foot is slightly longer than the 
U.S. standard foot, the difference being only about three-thousandths 
of a foot in one mile. This difference is significant only in long-range, 
very high-precision work. Other units of measure and the conversion 
factors for each are shown in Table A.1 in the appendix of table: 


3.8. ELEVATION 


Distances can also be used to describe or measure the separation of two 
level surfaces. This sort of measure is usually identified as “elevation.” 
The most common use of elevation is in describing all surfaces from a 
common base or vertical datum, In Figure 3.4, the level surface shown 
might represent such a datum, The distance from the datum to the level 
surface containing point “B,” measured along a plumb line, would be 
the elevation of “B” as referenced to that datum, 

Many different areas have established, through convention or mu- 
nicipal and state government, local vertical datums. These different 
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datums are being rapidly replaced by the federal standard datum es- 
tablished by the National Geodetic Survey (NGS). This federal datum 
is known as the North American Vertical Datum of 1988 (NAVD 88). 
This replaced the NGS-defined National Geodetic Vertical Datum of 
1929 (NGVD 29). Both datums are frequently and incorrectly called 
mean sea level (MSL). Neither is a sea level datum, Local mean sea 
level will vary greatly from the national datum, 

The NGS has consistently emphasized that NAVD and NGVD are 
not sea level datums, NGS has also emphasized that NGVD is no 
longer supported and should not be used for surveying or engineering 
projects. In spite of this, many agencies, even federal regulations, will 
occasionally refer to NGVD or “mean sea level” or “MSL.” Local sea 
level must be determined by observations of the tide. Such observations 
can render a sea level value in terms of NAVD. 

Elevations are every bit as important in real property measurements 
as are horizontal distances and angles. More personal disasters have 
occurred because an individual’s real property was below a certain el- 
evation (a high-water mark, for example) than because of shortages in 
horizontal measure or improper horizontal location. In many regions 
of the country, there are significant changes in elevations taking place 
because of subsidence or heaving of the surface. Some changes in re- 
ported elevations are superficial—the result of improved measurement 
procedure. Many more of the changes are the result of actual surface 
movement. It is important, in regions of rapid changes, that elevation 
information be current. 


3.9. LAND AREA 


In the same way that real property distances are horizontal measure- 
ments usually defined at some datum, land areas are also defined as 
“horizontal” or “level” and are usually referenced to the same datum as 
the horizontal distances. The actual surface of a tract of ground—that 
is, the air-land interface, can be altered by earthwork. Leveling hills or 
plowing furrows alters the exposed surface of dirt, but land areas, as 
defined in real property terms, cannot be altered by earthwork. 


3.10. HORIZONTAL ANGLES 


Because real property lines are actually vertical planes, the inter- 
section of these planes will form a vertical ray or a land point. A 
plane perpendicular to this vertical ray will also intersect with these 


28 GEOMETRY 


“PONT OW UNE 


“PONT oF mTERSECTON 


FIGURE 35 


vertical places, forming two “horizontal” geometric lines. Itis the angle 
between these two “horizontal” lines that is reported as the angle of a 
property boundary intersection, 

‘Many have found it convenient to refer to the angle between two such 
lines as if the measurement were an action that took place by turning 
from one line to another. When this sort of “reckoning” is used, angles 
are said to be positive, or to the right, if the direction of the imaginary 
“tum” is clockwise when observed from above, and negative, or to the 
left, if counterclockwise.' Consequently, the angle in Figure 3.5 could 


"The actual process of measuring angles is not at all dependent on the “direction” of the 
reckoning 
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be said to be 90 degrees, or to the right, from “A” to “B,” but -90 
degrees, or to the left, from “B” to “A.” 


3.11. VERTICAL ANGLES 


Vertical angles are measurements between geometric lines in a vertical 
plane. Because real property boundaries are vertical planes, vertical 
angles rarely find their way into property descriptions. Vertical angles 
are commonly measured in order to compute horizontal and vertical 
distances. Figure 3.6 illustrates a vertical angle. 


3.12, DEGREES, MINUTES, AND SECONDS 


All angles are based on a definition of a unit, not a standard. A point 
traversing a circle will, when observed from the center, appear to travel 
the same distance to complete one circuit, no matter where that circle 
or observer is in the universe. One could contact an alien on another 
planet and describe a “degree” as '/yo9 of a circle, and that alien could 
duplicate the standard, having never seen an example. However, no 
amount of verbal description would allow the alien to duplicate the 
U.S. survey foot; the alien would have to be given a physical example 
in order to duplicate it. 

The relationship of the circumference with the radius of a circle is 
a natural constant, All angular measurement is defined in terms of a 
full circle. Table A.2 in the appendix of tables lists the most common 
definitions for angular measurements. In the United States, the most 
common definition of angular measurement is 360 degrees to a circle. 
The degree (noted by the symbol °), is divided into minutes (noted by 
the symbol '), which is /~g of a degree. The minute is divided into 
seconds (noted by the symbol "), which is '/ of a minute. 


3.13. MAPS OR PLATS 


A map or plat is a report of a survey in the form of a drawing. The 
root cause of the confusion between the terms used in real property 
descriptions and between identical terms, with very different geometric 
meanings, is the widespread use of maps or plats. 

Since the invention of paper, and perhaps even before that ancient 
time, people have communicated to one another the location of places 
on the surface of the earth by drawing lines on a flat surface. First as 
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lines scratched in the dirt and then as ink lines on paper, the map was 
developed as a communication aid. Even after the concept emerged of 
drawing line lengths and angles to scale, the map or plat was, is now, and 
always will be a two-dimensional representation of a three-dimensional 
reality. 

‘A map is not a model. The interaction of ink lines drawn on a map 
is not the same as the interaction of real property land lines on the 
earth. Yet we persist in using the words and descriptions of the two- 
dimensional map as if it, and not the earth’s surface, were the thing 
being described. 
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CHAPTER 4 


DEFINING NORTH 


Descriptions of real property boundaries often use terms that report 
the orientation of each of the boundary lines with a common line 
or datum, This orientation is called the “direction” of a boundary. 
The most common datum for boundary directions is “north.” Once 
again, the commingling of three-dimensional terms, two-dimensional 
instincts, and one-dimensional verbiage makes it necessary to separate 
and explain each concept in terms of what is really happening, what is 
shown, and what is described. 

No concept in real property boundaries is so widely misunderstood 
as the term north. The misuse of this term in real property boundary 
definitions is so pervasive and so perfectly demonstrates the distortion 
of three-dimensional reality that a complete understanding of this single 
term and its many variations i 


4.1. TRUE NORTH 


True north is a three-dimensional term, In real property terms, straight 
land lines are defined as “true north” if the axis of rotation of the earth 
is entirely contained in the plane of that straight line. There are an 
infinite number of “true north” lines, All “true north” lines are straight 
land lines, but none are parallel. 
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4.2. ASTRONOMIC NORTH 


Astronomic north was long believed to be true north. The apparent 
rotation of the stars, first observed by the ancients, is still used today 
as an accurate and universal method of determining the rotational axis 
of the earth. Unfortunately, the measurements of the angles between 
the horizon and the axis of rotation of the earth depend on an accurate 
determination of “down.” 

‘We must usually make the observations of the apparent movement 
of the stars at a point on the surface of the earth. This close prox- 
imity with the surface of the earth means that the pull of gravity, the 
“plumb line,” will not always point toward the center of the earth. Land 
‘mass anomalies frequently deflect the plumb line from the vertical. Be- 
cause these deflections distort celestial observations, astronomic north 
lines are not quite straight land lines but are meandering land lines 
that closely approximate true north. Astronomic north lines can be 
adjusted to “true north” by the application of regionally varying cor- 
rection factors. These corrections are typically, but not always, very 
small. 


4.3. MAGNETIC NORTH 


Magnetic north is not directly connected to the rotational axis of 
the earth. The earth has a naturally occurring magnetic field focused 
on points near the Arctic and Antarctic regions. These points of fo- 
cus, or poles, are not stationary, and the magnetic lines associated 
with these poles are far from straight and are not true land lines, for 
their location and intensities vary with altitude. These “lines of mag- 
netic force” are easily interfered with or deformed by surrounding 
conditions. Alignment with these magnetic lines defines “magnetic 
north.” 

The corrections required to translate magnetic north, as observed at 
a point on the surface of the earth, to true north vary so rapidly that it 
is quite useless to attempt even a moderately accurate determination of 
true north based on magnetic observations. In spite of this, many old 
survey procedures were regularly based on magnetic lines and required 
the surveyor to adjust the directions observed on a compass by what 
was believed to be the variation of magnetic north from astronomic 
north, called “declination,” or sometimes ” The results of 
such practices will be discussed later. 
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4.4. ASSUMED NORTH 


When the direction depicted as north is based on something other than 
observations intended to detect the axis of rotation of the earth, that 
direction is referred to as assumed north. Many, if not most, boundary 
surveys use an assumed north as the direction of orientation. Many 
survey plats fail to state the type of “north” used to define the directions 
on the plat. In such cases, it is almost certain that the north used was 
an assumed north. 

Itis also quite common for a survey plat, especially an old one, to 
report the base direction as “true north” when, in fact, the direction of 
orientation is an assumed north. Assumed north lines are unique to each 
particular survey and have no fixed relationship to any other assumed 
north, Chapter 12, which deals with the evaluation of survey plats, will 
demonstrate how to identify the type of “north” used in a survey plat. 


4.5. GRID NORTH 


Of all the “north” terms discussed in this chapter, grid north is the only 
two-dimensional term, If a flat plane is divided into a set of evenly 
spaced parallel straight lines intersecting at right angles (90 degrees) 
with another set of evenly spaced parallel straight lines, the resulting 
pattern is a “grid.” “Grid north” could then be defined as a direction 
parallel with one of these sets. 

This grid pattern (Figure 4.1) could be defined as having a specific 
relationship to portions of the surface of the earth. When this occurs, 
such a grid pattern can become an effective tool in mapping the earth’s 
surface. 

‘All maps, which are two-dimensional planes, depend in some way 
on a grid pattern to control locations of the drawings and symbols 
that represent land features. The science of cartography is the highly 
complex and technical study of the methods and concepts necessary to 
present the surface of the earth as a two-dimensional grid (map). (Later 
in this book, we will examine briefly some of these methods.) Unlike 
true north, astronomic north, and magnetic north, grid north lines are 
parallel. 


4.6. DIRECTIONS 


The various concepts of “north” discussed so far have dealt with land 
lines or planes that are oriented along the earth’s axis of rotation. There 


Variants 


Dual Four-Input 74xx Pinouts 
A14-pin DIP 74xx dual four-input logic chip con- 
tains two four-input gates. The AND, NAND, and 
NOR versions all have an internal layout shown 
in Figure 10-19. The layout is unchanged in 
surface-mount format. The gates are shown in 
generic form, as the layout remains the same re- 
gardless of which type of gate is in the chip. All 
the gates in any one chip are of the same type. 


+ There is no OR chip of the 14-pin dual four- 
input type, 


Dual 4-input AND, NAND, or NOR 


Soonone 
I 


(74x family) 


Figure 10-19. in a 14-pin dual four-input 74xx logic chip 
the AND, NAND, and NOR versions all share this generic 
layout. There is no 74xx OR chip with four puts per gate. 


Single Eight-Input 74xx Pinouts 
A 14-pin DIP 74xx single eight-input NAND chip 
contains one eightinput gate, as shown 
Figure 10-20. The layout is unchanged in surface- 
mount format. 


+ There is no AND chip of the 14-pin single 
ht-input type. 


A14-pineight-input logic chip in the 74xxseries, 
able to function as both an OR and a NOR, is 
shown in Figure 10-21, The output from the NOR 
gate is connected with pin 13, but also passes 
through an inverter to create an OR outputat pin 
1. (Because a NOR gate is equivalent to an 
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inverted-OR, when its outputis inverted again, it 
returns to being an OR) 


Single 8:input NAND 


(74xx family) 


Figure 10-20. The internal layout of single elght-input 
NAND chip in the 14-pin 74xx series. There is no 74xx AND 
cchip with eight puts per gate 


‘Single 8 input OR/NOR gate 


(74x family) 


Figure 10-21. The internal layout of single eight-input 
OR/NOR chip in the 14-pin 74xx series. Pin 13 has the 
‘NOR output, while pin 1 has the OR output. 


The following list shows the generic part num- 
bers for DIP and surface-mount versions of 14- 
pin logic chips in the 74xx series that have two 
‘ormore inputs per gate. As before, an x indicates 
that letter sequences are likely to be inserted to 
indicate manufacturer, logic family, and 
chip format. 
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is an infinite group of land lines or planes that are not “north lines.” 
These land lines can be, nevertheless, defined by their relationship to a 
particular “north.” Azimuths and bearings are two universally accepted 
methods used to describe that relationship. Both of these methods are 
systematic reports of the angles formed between a land line and a 
meridian, The particular meridian used must be defined. 

In the examples for azimuths as well as for bearings, the values 
report the relationship of land lines (flat planes) that intersect at a land 
point (vertical ray). The various definitions of direction are the same 
for each of the types of “north” involved. The methods of identifying 
directions and the verbiage employed are the same in two-dimensional 
systems. 
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Imagine a flat plane perpendicular to the line of intersection of a land 
line and a meridian. The vertical ray that is the line of intersection will 
appear as a geometric point on that imaginary plane. The vertical planes 
that are the land lines and the meridian will intersect the imaginary plane 
as geometric lines. The description of the relationship of the land line 
and the meridian has now been reduced to a two-dimensional image. 
This relationship is valid only at a particular land point of intersection. 
Reducing an intersection to a two-dimensional relationship for the 
purposes of describing the direction of a land line does not eliminate 
the three-dimensional nature of the land lines involved. 

In Figure 4.2, the line A-C intersects the north or meridian line at 
point B. Because the meridian is a straight line at point B and line A~C 
is a straight line at point B, then only one of the angles created needs 
to be reported or measured to define the direction or orientation of line 
A-C. Because azimuths and bearings developed as an aid to navigation 
or travel, both have the ability to distinguish the direction “B” to “A” 
from “B” to “C.” This one-dimensional aspect often causes confusion 
among users of land information. 


4.7. AZIMUTHS, 


Azimuths are “measured” or “reckoned” from the north in most case 
Some organizations “reckon” azimuths from the south. Azimuths are 
always said to be clockwise, meaning that the observer would “turn 
right” from the meridian to the line being reported. If an observer 
standing at “B” in Figure 4.2 were to face north, a right turn of 30 de- 
grees would cause the observer to face “C.” A right turn of 210 degrees 
(30 degrees + 180 degrees) from north would cause the observer to 
face “A.” Therefore, line “A-C” could be reported as having an azimuth 
of 30 degrees or 210 degrees. Both azimuths describe the same line. 
Azimuths are always less than 360 degrees 


4.8. BEARINGS 


Bearings are “reckoned” clockwise or counterclockwise? from the 
meridian and are always less than or equal to 90 degrees. In the case 


Tin actual practice, the measurement of angles involves a process that is independent of such 
“reckoning. 

Clockwise” is defined as a turn to the right from the meridian, and “counterclockwise” is 
defined as a tum to the left 
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of bearings, the reporter defines lines as being east or west of north, or 
east or west of south. This method is easily comprehended and widely 
favored by most users of real property information, 

In Figure 4.3, land line “D-F” has been added to the Figure 4.2. If an 
observer at “B” were to face north, a right turn (clockwise or to the east) 
of 30 degrees would cause the observer to face “C.” The bearing to“C”” 
is north 30 degrees east. If that same observer at “B” were facing south, 
a right turn (clockwise or to the west) of 30 degrees would cause the 
observer to face “A.” The bearing to “A,” therefore, is south 30 degrees 
west. The bearing of land line “A-C” could be reported as being north 
30 degrees east or as being south 30 degrees west. Both bearings define 
the same land line. The distinction of when to use one rather than the 
other will be discussed in Chapter 13. 

If the observer were to face north and turn left (counterclockwise 
or to the west) 10 degrees 15 minutes 22 seconds, then the observer 
would be facing “D.” The bearing to “D” is north 10 degrees 15 minutes 
22 seconds west (written N 10° 15! 22” W). If the observer were to 
face south and turn left (counterclockwise or to the east) 10 degrees 
15 minutes 22 seconds, then the observer would be facing “F.” The 
bearing to point “F” is $ 10° 15’ 22" E. Both bearings describe land 
line “D-F” 

If the magnitudes of the angles are the same, north-east bearings 
and south-west bearings describe the same line and are clockwise, or 
reckoned to the right. If the magnitudes of the angles are the same, 
north-west bearings and south-east bearings describe the same line 
and are counterclockwise, or reckoned to the left. 

The concepts for bearings and azimuths discussed and sketched 
earlier are based on a relationship of lines at a particular point. In 
two-dimensional geometry, the meridian and all north-south grid lines 
are parallel, but, in the three-dimensional world of real property bound- 
aries, meridian lines, such as longitudes, are not parallel with any other 
north-south line. Because straight real property lines are actually flat 
planes through the center of the earth, the following facts are true, 
although they may come as a shock to the “flat-earth” believers among 
us: 


1. There cannot be two parallel straight lines. 

Because every straight land line is actually a plane containing 

the center of the earth, then every such plane must intersect. For 

any two straight lines, there are two places on the surface of the 

earth where these lines intersect; therefore, no two straight land 
lines can ever be parallel! 
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2, The bearing of straight lines (except for north-south lines and the 
equator) vary throughout the line. 
Because none of the north-south lines are parallel, then a 
straight line that crosses several north-south lines must do so at 
a different angle for each north-south line. 


A simple examination of a globe is all that is needed to confirm that 
north-south lines (lines of longitude) are not parallel (they meet at the 
poles), East-west lines (lines of latitude), however, are parallel but, 
except for the equator, none are straight land lines. 

The consequences of these facts in documenting real property trans- 
fers are best demonstrated by an example. Let us return to the ranch 
in Montana, We might attempt to mark a square mile of land in many 
ways. First, if we were to mark every step of the woman walking in 
the scenario, we would notice several things. The north leg of the trip 
would be a straight land line segment, one mile long. The east leg of 
the trip would be a land line segment curving to the north, one mile 
long. The south leg of the trip would be a straight land line segment, 
one mile long. The west leg of the trip would be a land line segment 
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curving to the north, and, in order to return to the starting point, the 
walker would be required to travel slightly more than one mile. 

In this example, such a closed circuit could represent a land parcel. 
This parcel could be described very accurately by reporting the direc- 
tions and distances of the route. Figure 4.4 is an exaggerated drawing 
of such a parcel in Montana, 

Although the parcel shown in Figure 4.4 is completely possible, the 
curved lines of the northern and southern boundaries are difficult to 
mark on the ground. By curving the lines on the figure, the actual shape 
of the parcel can be approximated. This is not possible with larger 
areas of land. The convenience of straight boundary lines,’ as well as 
the human desire for regular shapes, reduces the acceptance of such a 
strict geodetic definition of real property parcels. 


"The greatest convenience of straight land lines is that only the ends (comers) need to be 
‘marked to define clearly the location of that line on the ground. 
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CHAPTER 5 


PROJECTION SYSTEMS 


5.1. PROJECTIONLESS MAPS 


The first attempts at drawing maps in a scaled and controlled man- 
ner where the distances, locations, and directions, as observed on the 
ground, were reproduced in miniature on a sheet of paper failed miser- 
ably. Model globes are excellent miniatures of the earth, but the scale 
required is far too small for practical application, 

Except for very small land parcels, the first attempts at mapping land 
areas on flat sheets of paper (now called “projectionless mapping”) 
resulted in inconsistencies of ever-increasing magnitude as the area 
being mapped was enlarged. This was because the earth’s surface is 
not flat. However, to be able to talk about, draw, refer to, and think of 
real property parcels in two-dimensional terms by using maps, sketches, 
or plats is so necessary, basic, and instinctive that methods had to be 
developed that would be able to transfer the surface of the earth to a 
flat plane. 

The systems that were developed are called “projection systems.” 
There are many different versions of projection systems—too many to 
enumerate here—but the advantage of all projection systems is that, 
when applied, land surface areas can be mapped and described in two- 
dimensional terms, Straight lines can be parallel, and all straight lines 
will have constant bearings throughout. Point, line, angle, and other 
geometric terms can now be correctly used in their two-dimensional 
sense to designate real property features. 
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As long as the user is aware of the fact that a projection is involved, 
maps and property descriptions are readily developed and can, very 
accurately, reflect real property parcels. The few systems that are going 
to be discussed here are all “conformal” projection systems. This means 
that angles measured at the surface of the earth are presented on the 
projection (map) with minimum distortion, 


5.2, TANGENT PLANE PROJECTIONS 


The most common form of plane projection systems in use today is the 
tangent plane projection system, Although it is slowly being replaced 
by more sophisticated systems, most survey maps or plats are based on 
this simple system. This is especially true of small surveys and surveys 
performed before the World War II. Modern, large-tract surveys are 
less likely to be based on this system because of several disadvantages 
that affect accuracy and recoverability. 

Figure 5.1 is a visualization of a tangent plane projection. Imagine 
that a flat plane of glass is balanced on a globe. The plane would touch 
the globe in only one spot. This is the “point of tangency.” If one were 


FIGURE 5.1 Tangent Plane Projection 


52. TANGENT PLANE PROJECTIONS 45 


to look down through the glass from directly above the globe, features 
on the globe would be visible. These features could then be traced on 
the glass in their apparent positions as observed from above. 

The tracings on the glass would be a map of those portions of the 
globe visible from above. The features mapped would become increas- 
ingly distorted as the distance from the point of tangency increased. 
The area very near the point of tangency would have minimum distor- 
tion and, depending on size and precision requirements, could become 
a very serviceable two-dimensional map of that portion of the globe. 

‘The procedures for establishing a tangent plane projection in order to 
survey and map a parcel of land roughly imitate the preceding example. 
There are many variations of this procedure—some of which will be 
discussed later—yet all tangent plane systems have certain common 
factors. Concepts or steps that are italicized in this discussion will be 
those things common to all forms of tangent plane systems. 

In order to establish the point of tangency, the Land Surveyor may 
choose a location on or near the area to be mapped or surveyed. This 
location is the point where the Land Surveyor orients the work to some 
form of directional control that is recoverable, meaning physical marks 
on the ground, magnetic observations, celestial observations, or any 
procedure that defines a direction that can be repeated by another, at 
another time. 

True north is widely claimed but almost never used as this control 
meridian, The most common form of directional control in boundary 
surveys of this type is an assumed north created by the recovery of 
a reported bearing. A “reported bearing” simply indicates that two or 
more marks set by a previous Land Surveyor were found and that the 
direction between these marks reported by the previous Land Surveyor 
was used as the directional control for the present work. Sometimes the 
control direction may be entirely “assumed”; that is, the Land Surveyor 
did not use a known or recoverable direction as a control. 

The Land Surveyor then measures the angles formed between lines 
of the survey and the control direction. (This is very different from 
independently measuring a magnetic or astronomic direction for each 
line, as is the case in projectionless maps.) The angles so measured 
during the survey may then be drawn, two-dimensionally and to scale, 
on the map or plat. More commonly, the relationship of the land lines 
in the survey with the control direction are expressed by reporting the 
bearings of the lines on the map. When such bearings are used, they 
are two-dimensional computations based upon angles measured from 
the control direction. Bearings shown on tangent plane projections, and 
even those correctly based on true north, do not represent the geodetic, 
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+ Quad 2-input AND: x74x08x 

+ Quad 2-input NAND: x74x00x 
+ Quad 2-input OR: x74x32x 

+ Quad 2-input NOR: x74x02x 

+ Quad 2-input XOR: x74x86x 

+ Quad 2-input XNOR: x74x266x 
+ Triple 3-input AND: x74x11x 

+ Triple 3-input NAND: x74x10x 
+ Triple 3-input OR: x74x4075x 
+ Triple 3-input NOR: x74x27x 

+ Dual 4-input AND: x74x21x 

+ Dual 4-input NAND: x74x20x 
+ Dual 4-input NOR: x74x4002x 
+ Single 8-input NAND: x74x30x 
+ Single 8-input OR/NOR: x74x4078x 


74xx Inverters 

Single, dual, and triple inverter packages in the 
74x series areavailablein surface-mount format 
only. Their internal arrangement is shown in Fig- 
ures 10-22, 10-23, and 10-24, 


‘Single inverter (SMT only) 


Figure 10-22. The internal layout of a 74xx series logic 
cchip containing one inverter. This is available in surface: 
‘mount format ani. Pin 5's absent. Pin is not connected, 


Variants 


Dual inverter (SMT only) 


Figure 10-23. The internal layout of a 74xx series logic 
chip containing two inverters, This is available in surface: 
‘mount format anly. 


Triple inverter (SMT only) 


Figure 10-24. The internal layout of a 74x series logic 
cchip containing three inverters. This is available in 
‘surface-mount format only, 


In the 14-pin format, a hex inverter chip (con- 
taining six inverters) is available, as shown in 
Figure 10-25, The layout is the same for DIP and 
surface-mount formats. 


Generic part numbers for inverter chips are as 
follows: 

+ Single inverter: x74x1G04x 

+ Dual inverter: x74x2G04x 

+ Triple inverter: x74x3G14x 

+ Hex inverter: x74x04x. 
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astronomic, or true bearing of the land line, except along the meridian 
that passes directly through the point of tangeney. The curvature of the 
earth and the convergence of the meridians are ignored. 

The distances measured during the survey are reduced to horizontal 
distances at a local datum, No adjustments are made to compensate for 
differences between distances between points on this level surface and 
distances between the same points on the flat plane of the projection. In 
short, the tangent plane projection system accounts for the curvature of 
the earth by ignoring it. Indeed, so litle attention is given to the shape 
of the earth in performing tangent plane projection surveys that many 
people, even Land Surveyors, forget that every map or plat derived from 
measured angles and distances is the projection of a curved surface onto 
a flat plane. 


5.3. ADVANTAGES OF TANGENT PLANE SYSTEMS 


The advantages of a tangent plane system are many and compelling. 
Chief among these advantages is the ease with which such a system 
is established. The Land Surveyor has a wide choice of methods of 
directional control and complete freedom in choosing the point of 
tangency. This freedom reduces to a minimum the fieldwork required 
to map a particular parcel of land, 

Knowledge of the elevation or geodetic position of the area being 
surveyed, in order to account for the earth’s shape, is not necessary. 
Because the shape of the earth is ignored, there is no need to collect 
information on the geodetic positions of points within the parcel. This 
is a further reduction of the fieldwork required to survey and map a 
parcel of land, 

The computations required are all two-dimensional and relatively 
simple, Field personnel do not need to master geometry beyond the 
high school level in order to understand and execute the data collection 
required. This reduces the formal training required of entry-level survey 
crew members, as well as the on-the-job training needed to attain 
adequacy. Because training requirements are low, salaries paid to field 
personnel are also typically low, especially when the responsibilities 
and the value of the work performed are considered. Consequently, 
the initial or “first-time” costs of tangent plane projection surveys are 
comparatively low. 

Straight land lines have constant bearings. Parallel straight land lines 
exist and have the same bearing. Landowners and other laypersons 
quickly accept and understand the maps or plats produced by this 
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system because the information conforms to their flat-earth instincts. 
The intricacies of defining land lines on the earth are greatly reduced 
and simplified. 

Distances used in computations and shown on maps do not require 
a lot of “refining” and, in most cases, are simply a report of the level 
distance between land points at the average elevation of the site. Indeed, 
changes in elevation throughout the site are rarely great enough to be 
significant. 


5.4. DISADVANTAGES OF TANGENT PLANE SYSTEMS 


The disadvantages of tangent plane projection systems are as numerous, 
although not as obvious, as the advantages. Unless referenced to the 
same point of tangency, tangent plane surveys are like crackers floating 
in a bowl of soup: each is free of the other without any ties or a 
common reference base. This means that a survey based on the tangent 
plane projection will not contain any information about that particular 
survey’s relationship to any other work that is not a part of the present 
survey. 

Other surveys in the area, even those of adjacent properties, will 
disagree on the dimensions and directions of common lines. The direc- 
tions between identical points on adjacent parcels will show different 
values. This lack of consistency of direction means that discrepancies, 
overlaps, disputes, or other irregularities will not be apparent by merely 
reviewing the survey maps of adjacent parcels. Potentially devastating 
conflicts in deeds may go unnoticed for generations until clear acts of 
possession take place. 

Resurveys of real property parcels are entirely dependent on recovery 
of survey marks or monuments set during the original work. This greatly 
increases the time required to retrace previous work. Failure to recover 
at least part of the original work will result in a retracement that has 
a poor probability, at best, of remarking boundaries in their original 
locations. Because permanence of boundaries is an integral part of the 
rights of possession, this is a most serious flaw. 

Tangent plane projection surveys are of little use to land planners, 
municipal utilities, and other governmental agencies, because the lack 
of a common reference base makes the task of relating several parcels 
to each other very difficult. Multipurpose land record systems, so vital 
to proper community planning and resource planning, can make little 
use of the work of private tangent plane surveys because of the lack of 
a common reference base. 
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Recovery of boundaries, resurveys, and resubdivision of existing 
parcels require extensive field recovery and frequent judgmental deci- 
sions by the Land Surveyor. This greatiy increases the costs of resurvey 
or recovery work and increases the possibility of conflicts. In the long 
term, tangent plane projection surveys can be much more expensive 
than more sophisticated systems. This “hidden cost” limits the cost 
effectiveness of tangent plane projection surveys to very small, usu- 
ally urban, parcels, where boundary lines are well established, clearly 
marked, and well maintained. 

Because the area surveyed under a tangent plane system must be 
kept quite small, or the factors ignored by the system will result in 
unacceptable irregularities, this eliminates the tangent plane system for 
use in large-tract surveys, highway routing, and state- or county-level 
property accounting. 


5.5. STATE PLANE PROJECTIONS 


The rapid increases in land values, the need to mark real property 
boundaries permanently and precisely, the increasing governmental 
adaptation of Land Information System (LIS) and Geographical Infor- 
mation System (GIS) databases," and many other factors have led to 
the wide use of projection systems that eliminate some of the disad- 
vantages of the tangent plane system. This need was so prevalent that, 
late in the 19th century, the federal government of the United States 
began promoting the use of particular projection systems adapted to 
each state, 

Known as State Plane Coordinates (SPC), the system is based on 
a rigorous mathematical translation of Geodetic Positions into a Grid 
Coordinate system. The adoption of SPC in private surveys gradu- 
ally increased through the 20th century. Modern advances in Geodetic 
Positioning in the 21st century have made the control required for SPC- 
based surveys available to every Land Surveyor in every comer of the 
world. The specific version of SPC control that each state adapted is 
codified in that state’s law. The projection systems used vary greatly, 
but the benefits, application, advantages, and use of these systems is 
the same for every state. 

One form of state plane projection is demonstrated in Figure 5.2. 
Instead of a rigid plane of glass, as in Figure 5.1, imagine that a clear, 
flexible sheet of plastic is wrapped to form a cylinder around a globe. 


See Chapter 9. 
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FIGURE 5.2. Transverse Mercator Projection 


Then the sheet would touch the globe in a series of points instead of in 
one place. The features visible through the sheet could be traced onto 
the plastic, and, when unrolled, the sheet of plastic would form a flat 
plane on which a map of the globe would appear. The features on the 
map would become distorted as the distance to the line of contact was 
increased, The area near the line of contact would form a strip that 
would closely match the globe. 

Let us further visualize that, instead of using a blank sheet of plastic, 
we begin with a clear sheet of plastic that has a rectangular grid pattern 
already established on it. This grid could consist of two sets of parallel 
lines intersecting at right angles, and each line would be defined by its 
distance from an established origin. The distance east is called the “x” 
distance, The distance north is called the “y” distance. When this grid 
sheet is wrapped around the globe, we could also deliberately align one 
of the grid lines with on of the north lines on the globe along the line of 
contact. Now, for each and every feature on the globe for which there 
exists a geodetic latitude and longitude measured in degrees, there can 
be found a corresponding grid location on the projection denned by the 
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“x” distance and the “y” distance on the grid and measured in feet or 
meters, depending on the system. 

Because the relationship of the sheet of plastic and the globe was 
rigorously controlled, then a specific set of such strips could be used 
to map the entire earth, In actual practice, this is what is done through 
mathematical manipulation of the geodetic positioning network. This 
procedure and innovative variations of it (using cones or other adap- 
tations) have produced mapping systems that cover large portions of 
every state. Most states are typically served by two or three overlapping 
projection zones. 

Maps and surveys developed in these systems are tied to the world- 
wide geodetic positioning system of latitudes and longitudes. The pro- 
jection accounts for the convergence of the meridians, as well as the 
elevation of the parcel. The system mathematically and rigorously 
projects a portion of the earth’s surface onto a theoretical flat plane. 
The portion of the earth mapped is typically a strip, about 150 miles 
or so wide, wrapped around the earth, Most states are divided into 
overlapping zones in order to obtain full coverage. 

The geodetic monumentation network that supports these projec- 
tions is maintained by the federal agency known as the National Geode- 
tic Survey (NGS). This agency is responsible for the development and 
definition of the mathematical models used to approximate the earth, 
The foundation of this model has undergone significant renovation in 
recent years. The consequences and advantages of these modifications 
will be explored. 

The development of the Global Positioning System (GPS)? using a 
constellation of satellites has greatly reduced the dependence on surface 
monumentation for precise positioning. Even greater advances, such as 
the continually operating receiver station (CORS) and the discoveries 
associated with that system, will be discussed at length later in this 
book. 

All national mapping is also controlled by this geodetic network. The 
control network includes both horizontal control (geodetic positions) 
and vertical control (elevations). Any survey work that is performed 
as part of this network is automatically tied to any other work in the 
system, be it private or public surveys. 

The procedure for establishing a state plane projection survey 
requires that the Land Surveyor recover one or more monuments 
of known geodetic position.’ The latitude and longitude of the 


"See Chapler 8 
‘This process is being modernized greatly, as discussed in Chapter 8 
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known location is “projected” to the flat state projection plane by a 
mathematical process. The location of that point on the projection 
plane is defined on the two-dimensional grid. The “x” value defines 
the distance east, whereas the “y” value defines the distance north. 
The process is reversible: If the “x” and “y” of a particular location 
are known on any state plane projection system, the corresponding 
geodetic latitude and longitude of that location can be computed. 

The Land Surveyor then measures the angles formed between land 
lines and the distances between land points in much the same way 
as in the case of the tangent plane projection. The major exception is 
that the computations systematically account for the curvature of the 
earth by converting level distances to grid distances and by defining all 
directions in terms of grid bearings. The adjustments to bearings and 
distances are “hidden” and usually not presented on the finished plat. 
The final map or plat produced will show the level ground distances 
measured, not the grid distances used during computations. 


5.6. ADVANTAGES OF STATE PLANE PROJECTIONS 


The advantages of a state plane projection system are numerous, if not 
apparent, The primary advantage is that, because surveys performed 
under these systems become, in a sense, a part of the national geodetic 
network, the boundary corners defined in the survey can be related to 
all other surveys in the system. Boundaries, therefore, need not rely 
solely on the recovery of marks within the survey in order for the Land 
Surveyor to learn of that parcel’s relationship to some other tract. 

The recovery of boundary marks defined in state plane projections 
is greatly expedited by reducing considerably the area of search. This 
reduces the cost of resurveys, resubdivision, or recovery of existing 
parcels. Indeed, in areas where the use of state plane projection systems 
is widespread, even the cost of initial surveys is greatly reduced. 

The information shown on adjacent tracts of land, and even remote 
tracts, can be related to the parcel surveyed. Surveys of adjacent prop- 
erties will report (within the margin of error) the same bearings and 
distances for common lines. This makes the problem of discovering 
inconsistencies between adjacent tracts much simpler. 

Municipal, county, and state-level projects and planning are more 
easily controlled and regulated. Highways, pipelines, utilities, and other 
public works are defined in relationship to every private parcel surveyed 
under the state plane system. This enhances the acquisition of rights-of- 
way by increasing the precision of the description of the areas acquired. 
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The Land Surveyor uses marks set by the NGS* or other agencies that 
are at published locations and known to all, Marks that define horizontal 
location are called “stations.” Marks that define vertical locations (el- 
evations) are called “benchmarks.” Both stations and benchmarks are 
part of an international network of control points and define locations 
based on a particular datum. 

Inareas where the national control network is not well monumented,* 
the state plane projection system can still be effectively used by a 
simple modification, If knowledge of the exact latitude and longitude 
of a point is not available (usually because of lack of monumentation), 
the approximate latitude and longitude, perhaps scaled from a U.S. 
quadrangle map® or provided by a simple navigational GPS receiver, 
are all that is required to convert astronomic directions in a particular 
area to precise grid directions. All the adjustments of the state plane 
system can be applied, and only the exact “x” and “y” of the survey 
points are excluded from the computations. 


5.7. DISADVANTAGES OF THE STATE PLANE PROJECTION 
The lack of control stations or monuments of known “x” and “y” in 
the immediate area of the survey may require extensive work beyond 
the area of the survey simply to make the “tie to the network” neces- 
sary for complete implementation, This disadvantage is being quickly 
eliminated by the introduction of artificial satellites in position de- 
termination, The geodetic position of locations on the earth can now 
be determined very precisely by using relatively inexpensive radio 
receiving stations in remote areas. The perfection of this method of 
determining location will mean that the type of control required by 
state plane projection systems will be available everywhere. 

The computations and adjustments required in state plane projection 
systems are slightly more complicated than those required in the tangent 
plane system. The curvature of the earth and the convergence of the 
meridians are accounted for instead of ignored. 

The educational and training requirements of field personnel per- 
forming state plane projection surveys are more extensive. The field 
crews must possess or acquire knowledge of both the real property 


For more information concerning the NGS control system, see www.ngs.noaa.g0. 

The latitude and longitude values obtained by navigational GPS units are accurate to within 
30 meters or so and are not sufficiently precise for land surveys 

For more information concerning USGS maps, see www.usgs. oN. 
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boundaries in the area of the survey and the geodetic positions of 
certain control points 

The additional training requirements and the additional fieldwork 
required sometimes result in the “first-time” survey costs of state plane 
projection surveys being more than those of tangent plane projection 
surveys of the same parcel. This is not true in cases where SPC-based 
surveys have been performed on adjacent tracts. 

The few disadvantages cited indicate that, except for small urban 
parcels, the increase in costs for “first-time” boundary surveys are 
more than offset by the permanence, recoverability, and certainty of 
location that are rendered to real property boundaries documented by 
the state plane projection system. 
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CHAPTER 6 


FUNDAMENTALS OF MEASUREMENTS 


In the preceding chapters, we have made frequent reference to the 
‘measurement of angles and distances. It is very important to explain 
more fully the term measurement. Theoretically, there is only one true 
distance between two land points at a particular level surface. Likewise, 
there is only one acute angle formed between two rays or lines. The act 
of determining the values associated with these angles and distances is 
the act of measurement, Unfortunately, even the finest of measurements 
is only an estimate. Indeed, all measurements are estimates! 

Measuring is not the same as counting. Counting is dependent on 
an indivisible fundamental unit, below which the thing or things being 
counted do not exist. The smallest unit of money is the penny. Even 
though we say that a dollar forms the basis of our monetary system, 
the penny is the smallest unit possible. Accountants do not measure 
the money in a bank; they count it. Empty your pockets and you either 
have 50 cents or you don’t, Changes in quantity can only take place 
‘one penny at a time. 

A great deal of time and effort has been and will continue to be ex- 
pended by Land Surveyors in the pursuit of perfection in the science of 
geodetic measurements. Real property boundaries exist independently 
of measurements. 

Boundaries are defined by the location of the real property corners. 

Measurements of angles and distances are important because 
that is how we quantify, document, and describe boundaries. 
We will explore the procedures and histories of boundary-related 
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geodetic measurements, but it is important to keep in mind that, while 
precise measurements are a very important part of boundary documen- 
tation, measurements do not define boundaries. 


6.1. ACCURACY AND PRECISION 


The terms accuracy and precision, when referring to measured di- 
mensions, are not synonymous. “Accuracy” is an evaluation of the 
difference between a measured value and the “true” value. “Precision” 
is an evaluation of the procedure used to arrive at a particular value. 

For example, assume that the distance between two particular points 
is exactly 500 feet. Two men are requested to determine the distance 
by whatever method they see fit. Mr. Jones stands over one point and, 
peering at the other, announces, “500 feet.” Mr. Smith acquires a 100- 
foot measuring tape and carefully measures the distance several times 
and declares it to be 500.02 feet. Purely by luck, Mr. Jones’s estimate 
was more accurate. Mr. Smith’s estimate, because of procedure, was 
more precise. 


6.2. IMPLIED PRECISION 


Measurement data are usually presented by parameter (feet, miles, 
degrees, etc.) and numerical values. The form that the data are presented 
in contains a clue to the precision of the measurement procedure used to 
arrive at the value. This is only a clue, for unsophisticated reporters of 
‘measurement information can unwittingly change the implied precision 
of a reported measurement. 

The nature of the parameter is important when implied precision 
is analyzed. A distance given in paces implies a precision far below 
that of a distance given in inches. A direction given in “points” of the 
compass (i.e., northeast) implies a precision below that of a direction 
given in degrees. 

The division of the parameter is also significant, for it contains 
information about the smallest unit of measure used. A dimension 
reported as 22 feet implies that a foot was the smallest unit of measure. 
A dimension reported as 22 feet, 0 inches implies that an inch was 
the smallest unit of measure. The last figure given is said to be the 
“doubtful” figure in a measurement process. If a measurement were 
reported only to the nearest foot, then distances from just over 21 
feet, 6 inches to just under 22 feet, 6 inches would all be reported 


Variants 


(74xx family) 


Figure 10-25. The internal layout of a 14-pin 74xx hex in 
verter logic chip, containing six inverters. This layout is 
the same for DIP and surface-mount versions. 


Additional Variations 

‘Some chips in the 74x series (both DIP and sur- 
face mount versions) have variants with open 
drain or open collector outputs, while others 
have inputs that are configured as Schmitt trig- 
gers. These variants will be found as hits when 
searching supplier websites for logic chips by 
gate name and number of inputs 


Pinouts in the Original 
4000 Series 

Each of the original 4000 CMOS chips contained 
multiple gates within the limits of a uniform 14- 
chip format. The available options were, and 
still are: 


+ Quad 2-input: Four gates of two inputs each 


+ Triple 3-input: Three gates of three inputs 
each 


+ Dual 4-input: Two gates of four inputs each 
+ Single 8-input: One gate of eight inputs 


In the 4000 family, 14-pin quad two-input logic 
chips are available in AND, OR, NAND, NOR, XOR, 


integrates 


uit > digital > logic gate 
or XNOR versions, all of which have an internal 
layout shown in Figure 10-26. The gates are 
shown in generic form, as the layout remains the 
same regardless of which type of gate is in the 
chip. Allthe gatesin any one chip are of the same 
type. The four connections leading to a gate are 
its inputs, while the single connection from a 
gate is its output. 


Unlike the 74x family, the quad two-input OR 
chip in the 4000 family has the same pinouts as 
the other types of quad two-input logic chips. 


‘Quad 2.input AND, OR, NAND, NOR, XOR, or XNOR 


(4000 family) 


Figure 10-26. In the 4000 family, the AND, OR, NAND, 
NOR, XOR, and XNOR versions of a quad two-input logic 
chip all share this generic layout. 


In the 4000 family, a 14-pin triple three-input 
logic chip contains three three-input gates, The 
‘AND, OR, NAND, and NOR versions all have an 
internal layout shown in Figure 10-27. The gates 
are shown in generic form, as the layout remains 
the same regardless of which type of gate is in 
the chip. All the gates in any one chip are of the 
same type. The three connections leading to a 
gateareits inputs, whilea single connection from 
a gate is its output, 


Unlike the 74xx family, the triple three-input OR 
chip in the 4000 family has the same pinouts as 
the other types of triple three-input logic chips. 


In the 4000 family, a 14-pin dual four-input logic 
chip contains two fourinput gates. The AND, 
NAND, OR, and NOR versions all have an internal 
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as 22 feet. If measurements were reported to the nearest inch, then 
distances from just over 21 feet, 11'/, inches to just under 22 feet, 0/5 
inches would be reported as 22 feet, 0 inches. The implied precision 
concept classifies 22 feet and 22 feet, 0 inches as two different measure- 
ments! 

Fractions form another category under the implied precision rules. 
“I/y foot” is not the same as “6 inches,” nor is either one the same as 
“0.50 feet.” The implied precision of '/3 foot is that the smallest unit of 
measure was '/, of a foot. The implied precision of 6 inches is that the 
smallest unit of measure was an inch, The implied precision of 0.50 feet 
is that the smallest unit of measure was one-hundredth of a foot. One- 
fourth of a degree is not the same as 15 minutes, and 1 acre is not the 
same as 43,560 square feet when we are considering implied precision! 
Many a realtor has multiplied an area given in acres by 43,560 (square 
feet in an acre) to arrive at a square footage in order to determine a 
sale value. If an area is given in even acres, the square footage, under 
the implied precision rule, could be off by 21,780 square feet either 
way! 


6.3. ERRORS 


Measuring is typically dependent on the comparison of the thing be- 
ing measured to a standard or known value. Variations in the accu- 
racy of the standard value, the precision of the limits, as well as a 
host of other factors, introduce variables into the measurement pro- 
cess. These variables are called “errors.” The word error has a very 
different meaning to the Land Surveyor or scientist than it does to 
the layperson. Measurement errors are a function of the level of re- 
finement of the instruments, procedure and personnel conducting the 
work. Training, attention to detail, quality instrumentation, and a well- 
analyzed course of action will reduce the magnitude of not only in- 
dividual measurements, but of the sum of the errors present in every 
survey. 

There are three general categories of errors: systematic, random, and 
blunders. 


"For a more detailed analysis on the theory of measurement, the reader is referred to R. 
B. Buckner, Surveying Measurements and Their Analysis (Rancho Cordova, CA: Landmark 
Enterprises, 1983); and E. M. Mikhail and G. Gracie, Analysis and Adjustment of Survey 
‘Measurements (New York: Van Nostrand Reinhold, 1981). 
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6. 


Systematic errors are inaccuracies in measurement that occur in the 
same direction every time that a measurement takes place. If, for ex- 
ample, a ruler were a fraction of an inch shorter than the length shown 
on it, then every measurement using that ruler would be off by the 
same amount and would mislead the user in the same direction. Ob- 
jects would consistently be reported as longer than they really were. 


. Systematic Errors 


6.3.2. Random Errors 


Random errors are inaccuracies in measurement that occur in varying 
directions and magnitudes. Every time a carpenter measures a cut line, 
he or she must estimate the alignment of the end of the ruler with the end 
of the wood and the alignment of the marking pencil with the desired 
measurement. Each time these estimates are made, the carpenter might 
be off to the right one time and off to the left another. Random errors 
tend to be compensating; that is, they tend to cancel one another out 
when measurements are repeated several times. 


6.3.3. Blunders 


Blunders are not really errors in the strict scientific interpretation of 
the word. A blunder is the gross misinterpretation of a measurement 
due to a careless or mistaken observation. The carpenter meant to cut 
a4-foot plank but marked the cut line at 3 feet. Blunders are mistakes. 
One thing was intended, but another was done. “Measure twice, cut 
once” is the old saying that addresses a type of blunder. 

Blunders occur randomly, are usually large, and are rarely com- 
pensating. Blunders are what typically cause conflicts, confusion, and 
economic loss in the survey profession. Blunders are readily eliminated 
by the adoption of rigorous measurement procedures. 


6.4. ALL MEASUREMENTS INCLUDE ERRORS 


All measurements include errors. Imagine the following experiment. A 
classroom of high school students was instructed to attempt to measure 
the teacher's desk using a feed store yardstick. The teacher requested 
that each student measure each dimension to the smallest fraction of 
an inch that he or she could estimate. As one would reasonably expect, 
some variations in the reported dimensions of the desk were reported. 
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The values for the width, for example, might have ranged from 40'/;2 to 
40"/s2 inches. The average width reported would then have been 401/s 
inches. One might report that the width of the desk was 40'/s inches, 
with a measurement error (uncertainty) of plus or minus 3/32 of an inch. 

The true width of the desk is not known and never will be known, 
The absolute, exact distance from the first molecule of desk on one 
end to the last molecule of desk at the other end is much finer than '/32 
of an inch. The feed store yardstick is not a calibrated standard, and 
changes in humidity and temperature affect the length of the yardstick 
and the width of the desk. The variety of skill possessed by the many 
different measurers also influenced the results. The difference between 
the absolute width of the desk and the reported average width is the 
measurement error. 

The students were engaged in a direct measurement. The standard 
(the yardstick) was applied directly to the desk. The beginning and 
end points were the limits of the value sought. This is the simplest 
act of measuring a quantity. If the students wished to reach a more 
refined value, they might have recorded humidity, pressure, temper- 
ature, and other factors and examined how variations in these fac- 
tors affected the length of the yardstick. The students might have 
compared the length of the yardstick with a calibrated standard so 
that corrections for imperfections in the yardstick could be accoun- 
ted for. 

The problem of estimating the fractions of an inch might have 
been simplified by the addition of a vernier” or some other device that 
reduces the amount of interpretation involved. These are things that 
increase the precision of the measurement of the desk, but the fact 
remains that the measurement will never be absolute. 

No matter how refined the process is there will remain a range of 
values that can result from correct and legitimate application of any 
‘measurement procedure. 


6.5. REDUCTION OF ERRORS 


The science of measurement is the study of methods or procedures that 
eliminate blunders, account for systematic errors, and reduce the effect 
of random error 


An auaillary scale, mounted on the primary scale or ruler, that permits a direct reading of 
factions (usually tenths) between divisions marked on the primary scale. 
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Some of the methods by which blunders can be eliminated are by 
repeating measurements, by careful observation, or by analysis of the 
results. 

Some of the ways in which systematic errors can be accounted 
for include standardization of the equipment used, understanding the 
effects of the environment, and analysis of the results. Systematic errors 
must be detectable before methods to account for them are possible. 

‘Some of the ways by which the effects of random errors are reduced 
include refinement of instrumentation (less estimation in interpreting 
readings), multiple observations, and analysis of results. How this is 
done in the modern land survey will be discussed later. 


6.6. DEVELOPMENT OF STANDARD PROCEDURES 


The history of land measurements is as ancient as the human race. 
The developments of methods of identifying locations discussed ear- 
lier were accompanied by attempts to perfect the measurement of 
angles and distances. Ancient societies that developed a centralized 
government soon employed people whose task it was to measure 
the area under the control of the central government. The earliest 
reports of these specialists come from Babylon, where pacing was 
extensively used to measure long distances. These professional pac- 
ers would report the distances between towns so that the king might 
know how many days it would take for his army to travel from place to 
place. 

The Egyptians, long noted as master builders, used ropes of known 
length that were knotted at regular intervals in order to measure the 
fields and to lay out the great construction projects for which they 
are so well known. Many of the words we use today originate from 
the methods used to measure the land. The word mile is derived from 
the Latin milia, meaning “a thousand.” The Roman soldiers would 
count each time the right foot struck the ground while marching. Each 
thousand paces was a milia. The average man today will cover about 5 
feet for each pace (two steps), or 5,000 feet for a “milia.” 

Whether counting paces, turns of a wheel, camel paces, or any 
of a number of innovative means of measuring distances, the prob- 
lem of a lack of a standard and inconsistency of results was a con- 
stant problem, The development of the Gunter’s chain, by Edmund 
Gunter cirea 1620, was the first real advancement in the measurement 
of horizontal land distances. The concept of standard length, horizon- 
tal measure, correction for temperature, and sag quickly followed this 
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development. The Gunter’s chain remained state of the art for measur- 
ing horizontal distances in land boundary surveys until the twentieth 
century. 

The modern surveyor’s steel measuring tape, still called a “chain,” 
improved only slightly the measuring process and accuracy. It was not 
until the 1970s that the advent of the electronic distance measuring in- 
strument significantly improved the accuracy of distance measurement. 
Global Positioning System (GPS) equipment (detailed in Chapter 8) 
is just another means by which distances and directions are measured. 
GPS-derived distances and directions have one great advantage. The 
locations that are being measured do not need to be intervisible. 

Even with these new and fantastically accurate devices, there still 
exists a measurement error that cannot be eliminated. Itis for this reason 
that many states have developed a set of standard survey criteria listing 
the size of error acceptable for various grades of survey work. Table A.3 
in the appendix of tables is an example of a typical set of measurement 
standards. As the science of measuring the earth advances, the standards 
by which the Land Surveyor must abide become increasingly stringent. 
However, there will always be a “margin of error” in every boundary 
survey. 

Unlike distances, the measurement of angles developed to a high 
precision very early in history. The capability of the modern Land Sur- 
veyor to measure angles has improved only slightly during the latter 
part of this century. Although the Land Surveyor of years ago proba- 
bly did not avail himself of the most sophisticated angular measure- 
ment devices possible, the capability was there. Indeed, land surveying 
angles were rarely measured to any great precision until the art of 
measuring distances improved to the point where real precision was 
possible. 

Yet, even when calibrated metal tapes are applied directly between 
boundary markers and all of the appropriate corrections are made, there 
is a range of values that will be observed. The conditions that affect this 
range are sometimes beyond the control of the observer. Size, shape, 
and the nature and condition of the end points of the land line segment 
being measured are significant factors. 

If the northeast corner of farmer Jones's property is marked by a six- 
inch square concrete post, four feet of which is above the ground and 
leaning southwest several inches, while the northwest corner is marked 
bya four-inch diameter post, also several inches out of plumb, then even 
the most carefully applied measurement procedures are not going to 
be more precise than plus or minus a few inches. Before beginning the 
measurement, the Land Surveyor has to estimate the upright location of 
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each corner and the center point of that upright location, The condition 
of the comer monuments are not such that a more precise measurement 
can be made. 

The measurement of distance is not the only kind of measurement 
required in real property surveys. The angle formed at the corners of 
property parcels are also measured. The condition of the end points, un- 
certainty of location, and limitations of the instruments involved mean 
that the angles measured, like the distances, have inherent measurement 
errors that must be understood and accounted for. 

Boundary lines are, more often than not, subject to acts of pos. 
session or acquiescence. Fences, hedges, tree lines, or other physical 
obstructions frequently occupy the full length of a real property bound- 
ary. These features, while clearly indicating the general location of the 
boundary, make the direct measurement of the distance between cor- 
ners quite difficult. The vast majority of boundary dimensions in the 
world are the result of indirect measurement. Dimensions are almost 
always the result of computations based on several measurements of 
angles and distances. In light of this, it is a constant source of wonder 
that so many real property boundary dimensions are the same from 
survey to survey. 


6.7. COLONIAL PERIOD 


Perhaps the best way to clarify the impact of measurement methods, 
procedure, accuracy, and reliability on modem real property parcels 
is by reviewing how the procedure and precision of the past compare 
with those today. For the purpose of illustration, let us imagine that 
a particular boundary in colonial America had each end of the line 
marked by six-inch square stone monuments. The Land Surveyor in 
1770 may have been required to produce a survey plat (Figure 6.1) 
to assist in the identification of the parcel to be transferred to private 
hands 

The Land Surveyor probably would have used the following method 
to determine the distance between the comer markers: Because the line 
in question is a boundary line, there would probably be a fence or a 
hedgerow along the entire length of the line. The Land Surveyor would, 
therefore, clear a line parallel with the boundary at some convenient 
distance from the actual line. Temporary wooden pegs might have been 
set at each end of the cleared line opposite the stone corner markers. 
These pegs would have marked the ends of the segment to be directly 
measured. 
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FIGURE 6.1 


Although a Gunter’s chain might have been available, a device called 
a “compass” or a “toise” might have been used to measure the distance 
between the pegs of the offset line. Figure 6.2 provides a sample of how 
a toise might have been constructed. Depending on where in colonial 
America the land was located, the dimensions of the toise would have 
varied from about 6 to 6.4 feet. The device would usually have been 
made of wood by the Land Surveyor himself, The points might have 
been metal tipped or simply sharpened wood.’ 


Tp ciber areas, a pole or a rod 161; feet long and possibly capped with brass ends was 
commonly used to measure distances. 
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TOISE OR COMPASS 
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FIGURE 62 


The Land Surveyor would have begun the measurement by placing 
one end of the toise at a peg and the other end of the toise on the 
ground in line with the far peg. The device would then have been 
rotated about the leading tip so that the trailing tip would be brought 
to the leading position and in line with the far peg. The process would 
be repeated, alternating the tips of the toise until the far peg was les: 
than one rotation from the leading tip. This remaining portion would 
be measured with a yardstick, a foot rule or simply estimated. 

An examination of this process reveals several sources of measure- 
ment error or inconsistencies. Any slight failure of the toise to be 
exactly the correct length would be repeated for every measurement, 
If, for instance, the distance between the tips were an eighth of an inch 
shorter than the six feet it was believed to be, then the surveyor would 


67. COLONAL PERIOD 65 


have reported a mile (5,280 feet) measured when only 5,270 feet, 10 
inches had actually been traversed. 

Each rotation of the toise would have to have been without any 
slippage. Any movement of the tips during the act of transferring the 
trailing tip to the leading position would introduce error. The work 
would often be done from horseback, adding another factor to the 
difficulty involved in simply rotating the device. Each tip would also 
have to be set perfectly in line with the end pegs, or additional error 
would be introduced. 

The toise would have been set directly against the surface of the 
earth, so every rise and fall in the land would have added apparent 
distance to the measurement. The Land Surveyor would sometimes 
have attempted to account for this increase in distance by estimating 
the amount of extra turns the changes in elevation caused. The prac- 
tice of “adding one for good measure”—that is, deliberately adding 
an unreported turn on the toise or adding one more length of rod to 
prevent “shorting” the buyer—was very common, especially in hilly 
country. 

The beginning peg and ending peg would have been set in locations 
estimated to be directly across from the end points. This estimation 
would introduce error that could be quite large if the offset line were 
some distance from the boundary line. The Land Surveyor would have 
recognized that the measurements made by him were far from perfect, 
and so the slight error introduced by estimating the offset peg locations 
would be considered acceptable. In cases of original surveys, meaning 
surveys that created new parcels, the lines run might have been the 
actual boundaries. 

In measuring one mile, the Land Surveyor would have to have made 
880 rotations of a six-foot toise. It would have been highly possible, 
even probable, that occasionally a miscount might have occurred. Of- 
ten, lines were measured several times to avoid miscount blunders, 
but just as often they were not. This factor alone introduced consider- 
able doubt about just how much reliance could be placed on surveys 
conducted in this manner. 

The direction of the boundary line would be determined by placing a 
magnetic compass at one offset peg and sighting the other. The bearing 
of each boundary line would be determined in the same way. The angles 
formed at the corners would not be measured in most cases. 

The preceding scenario assumes that the end points or offset end 
points were intervisible. If the intervention of hills or woods made 
it impossible to see one comer post from the other, the problem of 
aligning the route of the offset line would be much more complicated. 
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In this case, a magnetic compass would be used to maintain line as well 
as to determine direction. 

If the end points were not intervisible, the Land Surveyor would set 
a magnetic compass over one offset peg and send a rodman as far ahead 
on the line as could be seen, using the compass bearing believed correct 
for that boundary. The distance to the rodman would be measured as 
before, and the compass would be brought ahead to the rodman. The 
rodman would then be sent ahead again and the process repeated until 
the end peg was reached. The distance from the offset line at the end 
of the segment being measured would be noted, and corrections to 
the reported bearing would be made if the end offset was significantly 
different than the starting offset. 

If the work being done was the creation of a new parcel, then the 
actual boundaries may have been traversed in a consecutive sequence 
such that the Land Surveyor would begin the work at one comer (the 
point-of-beginning) and measure the bearing and distance of each side, 
in order, returning to the point-of-beginning. If the new parcel was to 
be a specific size then one additional step would be added. 

Because the new parcel being created represented a bounded area, the 
Land Surveyor would know that, if the measurements were perfect, the 
last line measured would return to the point-of-beginning. Of course, 
perfect measurements are impossible, so the last line measured would 
never return to the exact point-of-beginning. The most common method 
used to address this problem would have been the “field correction.” 

‘After the Land Surveyor had satisfied himself that some gross blun- 
der had not occurred, the field correction would be applied. This correc- 
tion usually would consist of adjusting the location of one or more of 
the survey marks until the distances called for were satisfied. In Figure 
6.3, the attempt to return to the point-of-beginning resulted in arriving 
at the point labeled “end.” In this case, the Land Surveyor might have 
applied the field correction by simply moving the point labeled “3” 
northeast 25 feet. 

Each Land Surveyor had his own preferred method of applying field 
corrections, and, in most cases, these corrections were applied based 
on the Land Surveyor’s judgment, not on any scientific analysis. 

The procedures outlined were representative of the type of work that 
was done in the latter part of the 18th century. The actual practice in 
any particular part of the country varied greatly, The notes, letters, and 
drawings of the Land Surveyors of that period and jurisdiction would 
be the best source of information on actual practice in that area. 

Plats often hold clues to the procedure used. Because of the uncer- 
tainties involved, the distances reported by these early Land Surveyors 


integrated circuit > digital > logic gate 
layout shown in Figure 10-28. The gates are 
shown in generic form, as the layout remains the 
same regardless of which type of gate is in the 
chip. Allthe gates in any one chip are of the same 
type. Each pair of connections leading to a gate 
are its inputs, while the single connection froma 
gate is its output. 


‘Triple $input AND, OR, NAND, or NOR 


(4000 family) 


Figure 10-27. In the 4000 family, the AND, OR, NAND, 
and NOR versions of 2 triple three-input lagic chip all 
share this generic layaut. 


Note that the 4000 family does have a dual four- 
input OR chip, whereas the 74xx family does not. 


In the 4000 family, 14-pin eight-input logic chip 
with AND and NAND outputs is available, as 
shown in Figure 10-29, 


The following list shows the generic part num- 
bers for 14-pin logic chips in the 4000 family that 
have two or more inputs per gate (in actual part 
numbers, letters will be substituted where an x 
appears): 


+ Quad 2 
+ Quad 2 


input AND: x4081x 
input NAND: x401 1x 
+ Quad 2-input OR: x4071x 

+ Quad 2-input NOR: x4001x 
+ Quad 2-input XOR: x4070x 

+ Quad 2-input XNOR: x4077x 


How to Use It 


+ Triple 3-input AND: x4073x 
+ Triple 3-input NAND: x4023x 

+ Triple 3-input OR: x4075x 

+ Triple 3-input NOR: x4025x 

+ Dual 4-input AND: x4082x 

+ Dual 4-input NAND: x4012x 

+ Dual 4-input OR: x4072x 

+ Dual 4-input NOR: x4002x 

+ Single 8-input AND/NAND: x4068x 


Dual 4-input AND, OR, NAND, or NOR. 


(4000 family) 


Figure 10-28. In the 4000 family, the AND. OR, NAND, 
and NOR versions of a dual four-input logic chip all share 
this generic layout. 


4000 Series Inverters 


In the 4000 family, the 40698 is a 14-pin hex in- 
verter chip (containing six inverters), as shown in 
Figure 10-30. This has the same pinouts as the 
x74x04x chip. 


How to Use It 


Which Family 

In DIP format, the HC family has existed for more 
than 30 years, and has become established as a 
widely used default choice. 


In surface-mount formats, the choice of family 
will largely be determined by the choice of sup- 
ply voltage. 


Chapter10 103, 
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FIGURE 63 


could not be expected to be more accurate than one foot in 100. The 
bearings shown are even less reliable because of the lack of precise 
sighting devices and reliance on magnetic north, 

The concepts of errors in measured values were well known in the 
18th century. The degree to which the methods of accounting for these 
errors were applied is a reflection of land values, craftsmanship, and 
skill or sophistication, Multiple observations might have been used 
to eliminate blunders. Skilled craftsmanship could have reduced the 
magnitude of systematic errors. But the greatest tool in the detection of 
errors, the analysis of results, was not very effective in the 18th century 
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because the measurements of direction were so crude compared with 
the measurements of distances. 

If one were to measure a closed area, such as a parcel of land, a 
mathematical analysis of the distances and directions reported could 
determine if the values presented were consistent with each other. 
During the 18th century, the crudeness of the directions observed, the 
laboriousness of the computations, and the low value of the land meant 
that these methods were rarely applied. 


6.8. POST-CIVIL WAR PERIOD 


If the imaginary boundary shown in Figure 6.1 were resurveyed a 
century later, there would have been only a few changes in the survey 
procedure. The existence of a fence line or atree line along the boundary 
would have still required the use of the offset survey line. Pegs would 
have been set at estimated right angles to the boundary line a short 
distance from the stones just as 100 years ago. 

The Land Surveyor of 1870 probably would have used a variation of 
the Gunter’s chain, called the “two-pole chain,” to measure the distance 
between the end pegs. The Gunter’s chain was an iron chain of 100 
links that was 66 feet long. Figure 6.4 is a detail of a portion of a 
Gunter’s chain, 

The figure is based on an antique that had tags on each link, which 
was not a common practice. Link tags were more commonly set at 
10-link intervals or more, The two-pole chain was a shortened version 
of the Gunter’s chain and was 33 feet long and had 50 links. A two-pole 
chain was laid out twice to measure one “chain” of distance. 

‘The measurement of the distance began in the same way as the 1770 
survey. One end of the chain was held over the starting peg, and the 
chain was stretched ahead, supported at the ends only. If the ground was 
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sloping, the ends were held such that the ends of the chain would be at 
roughly the same elevation. This was done so that only the horizontal 
distance was measured. The end of the chain was marked by a pin, and 
the chain was moved forward. Alignment was maintained by sighting 
the end points, if possible, or by sighting the bearing of the line with a 
magnetic compas 

The common sources of errors in the process were well known, 
and some attempt at compensating for these errors was often made. 
The chain length was subject to wear because the chain links rubbed 
together. Often, a standard chain was kept at the home office for com- 
parison with the field chains. The sag of the chain supported at the 
ends varied with the force exerted by the chainmen. The marking of 
the chain ends by pins sometimes included guesswork as to where the 
ends actually were, especially in rough terrain, Failure to measure in a 
straight line also introduced error. 

The sighting devices on the Land Surveyor’s compasses were im- 
proved, and the introduction of the solar compass slightly reduced 
some of the uncertainty associated with magnetic directions. Generally 
speaking, the state of the art had advanced to the point where distances 
measured were accurate to one foot in 500. Directions were probably 
accurate to one degree, although failure to account correctly for mag- 
netic deviations still rendered this part of the Land Surveyor’s work the 
least accurate. 

The slight improvement in determining directions also improved the 
effectiveness of analysis of results in detecting errors. Although math- 
ematical analysis was possible, time, cost, and the specter of laborious 
computations meant that any analysis of results usually took the form 
of plotting the parcel to scale to determine if it “closed.” The use of 
mathematical analysis did begin to increase with the approach of the 
20th century. This is not to say that rigorous mathematical analysis of 
survey results did not take place prior to the 20th century; only that it 
was not commonly used. Figure 6.5 shows how that same parcel might 
have been platted in 1870. 


6.9. BEGINNING OF THE MODERN PERIOD 


By 1920, the introduction of the Surveyor’s Transit* into everyday 
survey work had corrected some of the shortcomings that had hounded 


Tin America, this term is used to identity atheodolite that s read by use ofa verier scale and 
has a telescope that can be inverted (transited) without removing it fom the instrument. 
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Land Surveyors in the past. Instead of observing independent bearings 
for every line of a boundary, the Land Surveyor now measured the 
angles formed at the boundary corners. This greatly increased the 
reliability of the reported shape of the parcel of land being surveyed, 
which greatly increased the accuracy of the acreage computed, but it 
did not improve the reliability of the magnetic direction used to orient 
the survey. 

Distance measurement was much the same as in 1870, except that 
a steel Surveyor’s Tape (still called a “chain”) measured the distance 
in feet and decimals of a foot. The actual distance measured was still 
between offset points. The relationship of the offset points to the corner 
monumentation was now more accurately known because of the use 
of the transit to measure the angle to the actual corner. The steel tape 
was laid out and the lengths marked with chaining pins exactly as the 
two-pole chain had been used. Figure 6.6 shows how our imaginary 
parcel might have been platted in 1920. 

The introduction of the transit enabled the Land Surveyor to measure 
accurately the angles formed by the intersecting boundaries of the 
parcel instead of simply measuring the independent bearings of each 
side. This increased the accuracy of the typical survey of the day to the 
point where deviations of less than one foot in 5,000 were common. 
For most work of the early twentieth century though, the accuracy of 
one foot in 1,000 for distances and one minute of arc for angles is about 
the norm, 

The introduction of the transit to measure angles also meant that the 
mathematical analysis of the distances and angles measured became a 
very useful tool in determining the validity of the results of a survey. 
The concept of “closing a traverse” became widespread. If a parcel of 
land were measured by linking all of the lines around the parcel, then 
a Land Surveyor might compute the changes in distance and direction 
that took place if he or she were to travel from one corner to another 
in consecutive order. This “traverse” would return the Land Surveyor 
to the exact point-of-beginning if all of the angles and distances were 
error free (assuming a proper plane projection was used). The amount 
by which this traverse failed to return to the point-of-beginning would 
then be the sum of all the measurement errors: systematic, random, and 
blunder. 

If a blunder occurred, then a large failure to close would have been 
noted (unless two blunders in opposite directions occurred, in which 
case one might hide the other). If the failure to close was within an 
acceptable range, then the Land Surveyor would “balance” the compu- 
tations by simply distributing a “correction” to each angle and distance 
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measured until the figure did “close” upon mathematical analysis. Vari- 
ations of these methods of “balancing the traverse” are used today but 
with greater sophistication (we hope). 

The most common methods of “balancing a traverse” generally avail- 
able were, and still are, the compass rule, the transit rule, Crandall’s 
rule, and the least squares adjustment. Notice that the first three meth- 
ods are identified as rulesand the last is identified as an adjustment. All 
of these methods, with the exception of the least squares adjustment, 
require the use of a plane projection system, where each point can be 
defined by plane coordinates. Least squares adjustments can be applied 
to any set or group of measurements, regardless of the mapping or 
computational control used. 


6.9.1. Compass Rule 


The compass rule was, by far, the most popular method of balancing a 
traverse during the early and mid-20th century. It is still quite popular 
today and, under certain limited circumstances, is still a valid method. 

In Figure 6.7, the measurements made by the Land Surveyor on the 
example triangular traverse are shown. It is known that the interior 
angles of a closed figure must add up to a particular value; in this 
case, 180 degrees. The sum of the measured values is 179 degrees, 58 
minutes, 48 seconds, indicating an error of | minute, 12 seconds. The 
first step in applying the compass rule to this case would be to divide 
the total angular error by 3 and add this number to each of the three 
measured values. This adjustment of angular error is made before any 
other computations are made. Figure 6.8 shows the “adjusted” angles 
of the example traverse. Note that no correction is made to the angle 
from “north” to the line “A-B.” 

Using the adjusted angles, a plane projection bearing of each line 
is computed. These bearings are then used to compute the location of 
each of the comers based on the distance north (or south) from the 
point-of-beginning. This distance is sometimes called “latitude” when 
it is referring to the change from one point to the next. Similarly, the 
location of each comer based on the distance east (or west) is computed. 
This distance is sometimes called the “departure” when it is referring 
to the change from one point to the next. 

All computations are two-dimensional and are made on the theo- 
retical plane of the map projection, even though the three-dimensional 
terms of latitude, longitude, north, and east, among others, are fre- 
quently used. 
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Consecutive computations of each point in the traverse will result 
in two sets of values for the point-of-beginning: the first set being the 
values assigned at the beginning of the computations and the second 
set being the values computed at the end, The difference between the 
original values and the computed values, or failure to close, has a 
north-south component and an east-west component. The compas: 
tule states that a correction will be added to (or subtracted from) the 
computed coordinates of each point in proportion to the accumulated 
distance from the beginning, measured along each side, divided by the 
total distance around the traverse, 

If, in the example traverse, point “A” were given the initial value of 
0 feet north and 0 feet east, then the following table gives the initial 
computed values for the points shown, rounded off to the nearest one 
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hundredth of a foot. A negative value in the “Feet North” column 
indicates south; in the “Feet East” column, it indicates west. 


Point Feet North Feet East 
0.00 
823.67 
52.65 
ow 343 


Inorder to “correct” the value for point “C,” itis necessary to subtract 
2.06 from the north coordinate [3.43 x (1,478.23 + 970.53)/(1,478.23 
+ 970.53 + 1,638.13)] and subtract 3.22 from the east coordinate 
[5.38 x (1,478.23 + 970.53)((1,478.23 + 970.53 + 1,638.13)]. The 
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coordinate for “C” can be “adjusted” to north 55.71 feet and east 
1,639.29 feet. Each point in the traverse is corrected in this manner. 

Once the coordinates are adjusted, the distances and directions be- 
tween each point can be computed based on the adjusted coordinate 
values. Figure 6.9 shows the example traverse after an application of 
the compass rule. 

The adjusted values are used in all reports, other measurements, 
locations, and descriptions of the parcel being surveyed. Unlike the 
field correction, no points are moved. The only change that takes place 
is in the values assigned to the directions and distances of the lines. 
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Figure 10-29. In the 4000 family, a single eight-input 
AND/NAND chip has this internal layout. The inverted 
‘output from the NAND gate becomes an AND output from 
pin Taf the chip. 


(4000 family) 


Figure 10-30. The internal layout of a 14-pin 40698 hex 
Inverter logic chip, containing six inverters. This layout is 
the same as for the x74x04x chip. 


Although the 4000 series is now more than 40 
years old, it may still be useful where a SVDC 
power supply is not required for other reasons in 
a circuit and would be added purely to power a 
74xx series logic gate or other digital chip. If a 


integrated circuit > digital > logic gate 
circuit contains a 9VDC or 12VDC relay, for it 
stance, a Darlington pair may be used with that 
voltage to drive the relay, and an old-school 4000 
series logic chip could share the same supply. The 
relay coil would need a clamping diode to pro- 
tect the logic chip from transients. 


Applications 
The output from a logic chip may be used as an 
input for a microcontroller, to enable multiple 
inputs to share one pin. An eight-input NAND 
gate, for instance, could combinethe inputs from 
eight normally on motion sensors. If just one 
sensor responds to an intrusion, the gate output 
would change from high to low. 


Logic gates may be useful in any simple device 
that has to respond to a single, specific combi- 
nation ofinputs.Adigital combinationlockisone 
‘example; games of chance are another. Most 
simple dice simulations use logic gates to con- 
vert the output from a counter to drive a dice- 
pattern of LEDs 


Alogic gate may be used asan interface between 
an electromechanical switeh and a circuit con- 
taining digital chips. A 10K pullup or pulldown 
resistor prevents the gate input from floating 
when the switch is open. A buffer can be used for 
this purpose, or an inverter, or any “spare” gate 
‘ona logic chip that is already in the circuit. One 
inputof the chip can be tiedto the positive power 
supply or negative ground, to create an appro- 
priate input from the chip when the switch, at- 
tached to the other input, is opened or closed. 


‘Ajam-type flip-flop can be used to debounce a 
switch input. See Chapter 11 for details. If two 
NOR or two NAND gates are unused in a circuit, 
they can form a flip-flop. 


In the original CMOS 4000 family, a positive out- 
put may be capable of driving an LED if the cur- 
rent does not exceed SmA with a power supply 
of SVDC or 10mA with a power supply of 10VDC. 
Note that the output voltage will be pulled down 
significantly by these loads. In the 74HCxx amily, 
chips can source or sink as much as 20mA, but 
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One of the most common mistakes made in applying the compass 
rule is the failure to adjust the measured angles before the initial com- 
putation bearings and coordinates. This blunder, while resulting in an 
adjusted traverse, yields a different adjustment for the same traverse 
computed clockwise than counterclockwise. Another common mis- 
conception is that the compass rule adjusts the traverse based on the 
probability that certain measurements will have greater error involved 
than others. In truth, the compass rule, like all the “rules,” only makes 
things fit. 


6.9.2. Transit Rule 


The transit rule also begins with an adjustment of the measured angles 
in the exact manner as the compass rule. Just as in the compass rule, 
the initial bearings of the sides of the traverse are computed from these 
adjusted angles. The coordinates of each point are computed using the 
measured distances and the adjusted bearings. The difference between 
the compass rule and the transit rule is in how the failure to close is 
proportioned to each coordinate. 

The transit rule uses the ratio of the changes in north (or east to 
correct the east coordinate) for a particular line to the arithmetic total 
of the changes in north (or east for the east coordinate) and adjusts each 
latitude (or departure) of each line accordingly. This adjustment method 
was quickly recognized as one that produces inconsistent results, and 
so the use of this method has been, for the most part, discontinued. 


6.9.3. Crandall's Rule 


Crandall’s rule was an attempt to apply the concepts of probability 
to error correction. According to this rule, errors in long distances 
are more probable than in short distances, and errors in distances in 
general are more probable than errors in angles. The application of 
this rule is a fairly complex computational procedure that essentially 
ignores angular errors and disproportionately adjusts distances. Cran- 
dall’s rule almost always results in adjustments that are unnecessarily 
distorted, so the use of this procedure has generally been restricted to 
academicians. 


6.9.4, Least Squares Adjustment 


The least squares adjustment of a traverse is one of the many applica- 
tions of the theory of least squares analysis of measured values. Unlike 
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the rules cited earlier, the least squares adjustment is strictly based 
on the theory of the propagation of measurement errors. The theory 
states that, for any set of measured values, the best set of corrections 
to apply to the measured values is one such that the sum of the squares 
of all of the corrections is minimized. The least squares adjustment is 
the most commonly used method of adjusting measured values. 

The simplest example of the least squares adjustment theory is the 
average. If the least squares theory is applied to a single set of things 
that are measured many times, calculus renders the arithmetic average 
as the least squares solution. If the distance between two points were 
measured many times, then the average (obtained by summing all of 
the measurements and dividing by the number of measurements made) 
would represent the most probable measured distance. Every person 
has, at one time or another, used a least squares adjustment without 
knowing it. 

The least squares adjustment is applied directly to measured values 
and, in surveying, is simplest when the precision of angular measure- 
ments is comparable to the precision of the distance measurements. 
If the procedure used to measure the angles (distances) is much more 
precise than the procedure used to measure the distances (angles), then 
special steps within the least squares adjustment must be taken for the 
results to be valid. 

Unlike the rules, the angles of the traverse are not adjusted prior to be- 
ginning the least squares procedure. Angles and distances are adjusted 
simultaneously, based on the theories of probability. The procedure 
renders consistent and reliable results in proportion to the quality of 
the measurements made. 


6.10. MODERN PERIOD 


From the mid-1970s to today, the increased use of electronic distance 
measuring devices (EDMs) has greatly increased the accuracy of the 
distances reported on modern surveys. Unlike the toise or the chain, the 
EDM does not rely on repetitively “laying out” a standard length. Most 
EDMs measure distances by emitting a laser light that is reflected back 
to the instrument by a special mirror. The distance to the reflector is 
determined by comparing the departing signal with the returning one. 

The accumulation of error with every length of chain, so inherent 
with the old methods of measurement, is almost absent with the EDM. 
It is only necessary to be able to see from one end of the line segment 
being measured to the other in order to measure the distance. 
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The high precision of the EDM has matched the precision long pos- 
sible in angular measurement. This “matching of precision” is perfectly 
suited to the least squares adjustment method of analyzing measured 
values. When the distance values were obtained by chaining, even 
when strict procedures were used, the angular values were usually 
more reliable. The Land Surveyor had to determine the relative degree 
of difference in reliability in order to use the least squares adjustment 
method properly. This difficulty, which discouraged the use of least 
squares, was eliminated by the EDM. 

Distances of several thousand feet are measured as quickly and as 
easily as a few feet. This has also led to a more widespread acceptance 
and use of the state plane projection system by the Professional Land 
Surveyor. Full use of state plane system requires that the work be tied 
into control stations that may be miles from the job site. Before the 
accuracy and ease of long-distance measurement were provided by the 
EDM, one could hardly fault the Land Surveyor in private practice for 
opting not to spend several extra days on a job just to tie it to the state 
plane system. 

GPS instrumentation has increased this long distance measurement 
capability to distances that are truly global. The near distance precision 
of GPS-based systems is marginally less than that of the EDM, but on 
the scale of miles it is unparalleled. This development alone has all 
but mandated the acceptance of state plane controlled surveys by the 
professional community. 

The introduction of the computer has allowed the Land Surveyor to 
use formerly very cumbersome, but theoretically superior, computa- 
tional methods of detecting error distribution and balancing traverses. 
Now, instead of using guesswork in identifying and correcting for er- 
rors, complex and sophisticated mathematical procedures are available 
to every Land Surveyor. The formerly time-consuming tasks of com- 
puting traverses, areas, distances, and a thousand other things are now 
performed in fractions of a second. This relief from tedium has allowed 
the Land Surveyor the opportunity to look at every problem from many 
different sides 

Modern surveys are performed with a degree of precision that was 
nearly impossible just a few decades ago. Accuracies of better than 
one in 70,000 are now commonplace. Angles and distances can be 
measured with equivalent degrees of accuracy. This results in a greater 
consistency or reliability of computed dimensions. This is perhaps best 
illustrated by the standard deviations for typical modern instrumenta- 
tion listed in Table A.5 in the appendix of tabl 

The future of survey measurements—that is, the tools and 
procedures—that will be available to the Land Surveyor are unlimited, 
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Already, unimagined combinations of many differing aspects of the 
electronic era are happening that effect many of the ways that data can 
be collected. 

Three-dimensional digital scanning, which combines photography 
with special control and digital archiving, is only one of many promis- 
ing new technologies. The collection of data is being automated to 
the point that it is almost overwhelming. The effort, considerations, 
and judgment that the Professional Land Surveyor must exercise today 
require an ever-increasing level of education and wisdom. 


6.11. RANDOM TRAVERSE 


In order to illustrate better the impact of these modern advances on the 
profession of surveying, let us recreate a typical boundary survey of 
a simple fictitious parcel of land. Figure 6.10 shows the corner mon- 
uments of the parcel in their relative positions. The methods used to 
recover these comers will be discussed in detail in Chapter 10. The 
comers are the limits of the parcel, and the task at hand is to measure 
the distances between the corners, the angles formed, and the area of 
the parcel. Knowing how this is typically done today will greatly en- 
hance your understanding of boundary surveys. 

Because the property involved is valuable and because of the ex- 
pected use of the property, the Land Surveyor, in our example, has 
decided to use the local state plane coordinate system to control and 
map the survey The Land Surveyor may have previously established 
a “control traverse” between two National Geodetic Survey (NGS) 
stations, “Billy” and “Bob,” as a part of another job. The latitude and 
longitude of “Billy” and “Bob” are published by NGS and are the results 
of measurements that have been adjusted to conform to the national 
network. The latitude and longitude of these stations have been mathe- 
matically translated to the appropriate state plane grid coordinates (x's 
and y’s), called the “values” of the stations. 

If NGS stations were not available in reasonable proximity to the 
property, the modem Land Surveyor would use GPS instruments and 
procedure to establish stations near the project that would be the 
foundation for the state plane referenced data collected during the 
survey. 

The prior work was one of high precision and was rigorously ad- 
justed to the national network. This means that the measurements of 
the traverse that were used to develop the “x” and “y” values for each 
traverse station were strictly controlled and that these values were 
adjusted to conform to the published values of “Billy” and “Bob.” 
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Consequently, the distances and angles actually measured in the tra- 
verse are not exactly the same as the distances and angles indicated by 
the assigned values of the stations. This variation between “measured” 
and “reported” is very small because of the high precision involved. 
Figure 6.11 shows the relationship of this traverse to the parcel being 
surveyed. The traverse stations are often called “random,” because they 
were chosen for reasons of convenience, observation, permanence, and 
other factors. Traverse stations do not directly represent real property 
boundary comers. 

The land between the corner monuments consists of hedgerows, 
fence lines, heavy woods, hilly terrain, and other obstacles that prevent 
direct measurement between the corners. Therefore, the Land Surveyor 
must establish a secondary control traverse that takes advantage of 
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FIGURE 6.11 Random Traverse 


roads, power lines, pipelines, cleared fields, or other features that allow 
for unobstructed lines of sight, 

The points at which the secondary traverse changes direction are 
typically called “control stations” or “random stations.” The locations 
of these control stations are deliberately chosen so that features that are 
to be recorded are near or, at least, visible from one or more control 
stations, Figure 6.12 shows the secondary control traverse for this 
example. 

Angles 1 through 6 were measured using procedures and equipment 
that resulted in quantities that were expected to vary from the actual 
value less than 5 seconds either way. Distances 1 through 5 were 
measured using procedures and equipment that resulted in quantities 
that were accurate to within 1 in 70,000, The coordinate values of each 
of the secondary stations are then computed and adjusted using the 
least squares method of traverse adjustment to conform to the values of 
stations B-B 4 and B-B 5. Once again, the adjustment must be within 
certain limits to be consistent with the level of precision required. 

The corner monuments are then tied into the secondary traverse by 
measuring the angle and distance from the secondary stations to each 
corner monument. These ties must be multiple and redundant to avoid 
the possibility of blunder, Multiple means that the angles and distances 
must be measured several times. Redundant means that separate sets of 
measurements must be made wherein any one of the sets is sufficient 
to compute a value for the corner. The coordinate value for each corner 
is computed separately for each set of measurements, and the results 
are compared for consistency. The results are usually combined and 
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averaged to produce the accepted coordinates for each of the corner 
monuments. 

Once the coordinates for the corner monuments have been deter- 
mined, it is a simple matter to compute the bearings and distances 
between each of the corners, The area of the parcel is also computed 
directly from the coordinates. The state plane projection requirements 
for accounting for the curvature of the earth and the conversion to and 
from grid distances are made during the process of the computations so 
that a map of the parcel can be produced that shows the grid bearings 
of the lines, the level surface distances between the corners, and the 
level surface area of the parcel. 

Itis important to note that the preceding example produced quantities 
for directions and distances that were based on a series of measurements 
that had been repeatedly adjusted in an attempt to account for errors, 
The condition of the corner stones was such that an interpretation was 
required to determine the former, upright location of the stones. If a sec- 
ond Land Surveyor were to clear the line between two of the stone cor- 
ner monuments of the example parcel and directly measure the distance 
between them, the distance reported as a result of the direct measure- 
ment would be expected to vary slightly from the distance reported by 
the first Land Surveyor. Moreover, ifa third Land Surveyor were to mea- 
sure the same distance between the same two monuments, directly, the 
results of that third measurement would vary slightly from the others. 
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If anything is learned from this example, it is that angles and dis- 
tances reported on all survey plats and maps are the results of measure- 
ments and are never absolutely “correct.” 

The modem survey, as in the preceding example, has reduced the 
uncertainties of the angles, distances, and areas reported by the Land 
Surveyor to a minimum, Compared to the methods used during the 
late 19th and early 20th centuries, when most of the titles of private 
property were developed, the modern survey is vastly more accurate 
and, consequently, more reliable. The laws governing real property 
transfers recognize the uncertainty of measurements made by Land 
Surveyors and operate effectively in spite of these ancient deficiencies. 

This short history of measurement systems emphasizes the third,> 
and most compelling, reason for the canon that boundaries are defined 
by the location of the corners. 

If boundaries were defined by directions and distances, every im- 
provement in the science of measurements would move boundaries! 


6.12. ELEVATIONS IN THE MODERN PERIOD 


Land Surveyors have always been aware of the role that changes in 
elevations (vertical distances) play in measuring and mapping real 
property parcels. Until very recently, the interest in the elevation of a 
property parcel was rarely associated with a national datum. Landown- 
ers were interested only in relative elevations. Was the property hilly 
or flat? Was the land subject to frequent flooding? These and other 
questions relating to relative elevation were rarely part of the real prop- 
erty deed documentation and were usually reserved for the inquiry of 
sophisticated buyers. 

‘The process used to measure the differences in elevation has changed 
little in the last century, in spite of all of the other advances in tech- 
nology. The greatest change has been one of regulation, not science. 
Federal, state, and local regulatory authorities have intervened in the 
process of real estate transactions. Federal flood insurance programs, 
lending agency policies, and state and local regulations have added 
requirements for information that go far beyond the traditional docu- 
mentation of real property parcels. The absolute elevation of structures 
relative to a specific datum is now a common requirement of many 
regulatory agencies. 


he fist weason that comers define boundaries is ancient tradition. The second isthe need for 
regular shapes on an irregular planet. 
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Before an agency can require elevation data pertaining to a real 
property parcel, that agency must establish or specify the datum to 
be used. The federally defined North American Vertical Datum of 
1988 (NAVD 88) (see section 3.8) has become almost universal as the 
datum of choice for all regulatory bodies. Many regulatory agencies 
refer to NAVD (formerly National Geodetic Vertical Datum [NGVD]) 
elevations as a requirement without understanding the least bit what is 
involved. The process of measuring the NAVD value of the elevation 
of a structure and the foundation of that data need to be understood if 
that information is going to be used in a beneficial way. 

In the past, the NGS had established a series of “bench marks,” 
which are simply specific locations that have a published elevation 
ssociated with them. A typical bench mark is a brass disk clamped 
onto the end of a very long rod (often 150 feet long). The rod is driven 
into the ground or otherwise fixed to the earth at what is hoped to be a 
stable site, 

The differences in elevation between all of these bench marks are 
measured using differential leveling procedures that are a sophisticated 
version of the Land Surveyor’s ordinary level and leveling procedure. 
These differences in elevation are measured and remeasured frequently. 
New bench marks were constantly being added, and old bench marks 
are frequently being destroyed or disturbed. Furthermore, the entire 
network of bench marks had to be constantly reevaluated and updated. 

In the near future, NGS will provide elevations through a network 
of continually operating receiver stations (CORS). The CORS network 
will be updated regularly and available to anyone with an Internet 
connection and a GPS receiver. These stations will eventually replace 
the bench mark system of establishing elevations. Local and project 
elevation control will still be supported by bench marks. 

The most common method used by the private Land Surveyor in 
determining the NAVD 88 elevation of a location is differential lev- 
eling, using a Land Surveyor’s level and level rod. The modern Land 
Surveyor’s level is a device fixed with a telescopic sight that can be 
mounted on a tripod and adjusted so that the line of sight through the 
telescope at the center crosshair is perpendicular to the plumb line at 
the instrument. The level rod is a graduated ruler that, when set verti- 
cally on a surface, displays the vertical distances along the rod from 
that surface. 

The process of differential leveling begins at a bench mark or location 
of known elevation. The level is set up a short distance from the bench 
mark (usually less than 150 feet), and the level rod is set vertically on 
the bench mark. The observer then peers through the level’s scope and 
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records the value seen on the level rod at the horizontal line of a center 
crosshair. This value is the measured distance between the surface and 
the line of sight. If the earth were flat, the value observed on the rod 
would also be the difference between the elevation of the level and the 
elevation of the bench mark. The elevation of the level would equal the 
elevation of the bench mark plus the rod reading.® 

The rod is then moved to a new location nearer the site to be sur- 
veyed (still less than 150 feet from the level) and set vertically on a 
new surface, The observer again records the value shown on the rod 
through the sight of the level. This second value is subtracted from 
the just determined elevation of the level, producing (theoretically) the 
elevation of the second surface. 

The level is then moved ahead, and the process is repeated, using the 
newly determined elevation of the second surface or “turning point” to 
compute the elevation of the level at the new location, This process is 
repeated, in leapfrogging fashion, until the location to be measured is 
reached. 

This laborious and tedious process of differential leveling requires 
at least 17 instrument setups to “carry” elevations one mile. The initial 
network of level runs needed by NGS to establish the federal bench 
mark system consisted of hundreds of thousands of miles! 

Unfortunately, elevation information, so laboriously collected, is not 
permanent, Aside from the changes in elevations wrought by redefining 
the datum, many regions are experiencing vertical movement in the 
land itself. Heaving and subsidence of the earth’s surface is a common 
phenomenon in many areas. The elevation of a building is not a constant 
value but changes with time. Even in areas where there is very little 
vertical movement, the significance of an elevation value will change. 

Land development will change the storm water runoff patterns, often 
subjecting land to an increased frequency of flooding. The maps used 
by federal, state, and local agencies to determine flood hazard are often 
updated and revised, based on changes in the watershed. Elevation 
information must be current to be of any value. 


6.13. FUTURE OF SURVEYING 


Several decades ago, indeed within my professional lifetime, the sci- 
ence of measuring angles and distances on the surface of the earth was 


"The world isn’t fat, of course. For that and other reasons, the distance from the level to the 
tod is kept small. The myriad complications associated with precise differential leveling is far 
‘beyond the scope of this book. 


‘ated circuit> digital > logic gate 


here again the output voltage will be pulled 
down, Note that the total limit for all outputs 
from a 74HCxx chip is around 70mA. 

The output from a logic chip can be passed 
through a buffer such as the 7407, which has an 
open-collector output capable of sinking as 
much as 200mA. This enables direct drive of 
modest loads, so long as they are not inductive. 


Solid-state relays and optocouplers can be 
driven directly from logic chips, asthey drawvery 
little current. A solid-state relay can switch SOA 
ormore. 


What Can Go Wrong 


Two problems are common when using CMOS 
digital chips: damage from static electricity, and 
erratic behavior caused by floating pins, 


Static 

The early 4000 series CMOS chips were especially 
vulnerable, but more recent CMOS designs gen- 
erally include diodes at the inputs, which reduces 
the risk. Still, logic chips should be protected by 
inserting them into anti-static foam or enclosing 
them in conductive wrappers until they are in- 
stalled ina board. While handling chips, itis good 
practice to be grounded, ideally using a wrist- 
mounted ground wire. 


Floating Pins 

Any pin which is unconnected in a logic chip is 
considered to be “floating,” and can pick up sig- 
nals by capacitive coupling, possibly disrupting 
the behavior of the chip and also causing power 
consumption, as the ambiguous pin state will 
tend to prevent that gate in the chip from enter- 
ing quiescent mode. 


Generally speaking, input pins in a TTLlogicchip 
that are not being used for any purpose should 
be tied to the positive voltage supply, while un- 
used CMOS pins should be tied to negative 
ground. 


Family Incompatil 
As previously noted, older TTL logic chips may 
delivera "high" output voltage that is lower than 
the minimum expected by newer CMOS logic 
chips. The best option is not to mix families, but 
if chips are stored carelessly, some intermingli 

can occur. Partnumbers should be checked ifone 
chip appearsto beignoring output from another. 


Overloaded Outputs 
If a circuit calls for a logic chip with an open- 
collector output, and a regular chip is used by 
mistake, it will almost certainly be damaged. 


Output Pulled Down 


If the output from one logic chip is connected 
with the input of another logic chip, and if the 
output from the first chip is also connected to an 
LED, the LED may pull down the output voltage 
so that the second chip will not recognize it as a 
high state. As a general rule, a logic output can 
drive an LED, or can drive another logic chip, but 
not both. Very-low-current LEDs, which draw as 
little as 2mA, may be acceptable. 


Incorrect Polarity and Voltages 
Logic chips can be knocked out by applying in- 
correct polarity, or voltage to the wrong pin, or 
the wrong voltage. Modern logic chips tolerate 
a very limited voltage range, and a 74x series 
chip will be irrevocably damaged if it is used 
wherea 4000 series chip was specified fora pow- 
er supply higher than 6VDC. 


Ifa chipis inserted upside-down, itwill probably 
be damaged when voltage is applied, 


Bent Pins 

Like all through-hole chips, DIP logic chips can 
be inserted accidentally with one or more pins 
bent underneath the chip. This error is very easy 
to miss. The bent pins will not make contact with 
any socket that is used, and the chip will behave 
unpredictably. Check for proper pin insertion 
with a magnifying glass if necessary. 
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not much improved beyond what it was millennia ago. The measure- 
ment of angles was dependent on sighting distant objects and inter- 
preting etchings on a circular plate. The measurement of distances was 
dependent upon sequentially placing an object of known length on the 
ground and summing the results. 

The electronic revolution brought a gigantic improvement in not 
only the science of measurement, but the computations, record keeping, 
documentation, drafting, and every aspect of land surveying. 

The Professional Land Surveyor of today has been empowered with 
‘measurement, computational, and recording tools that free him or herto 
commit more time to research, investigation, and the art of recovering 
real property boundaries. 


A GUIDE TO UNDERSTANDING LAND SURVEYS 
STEPHEN V. ESTOPINAL 
Copyright ©2008 by John Wey & Sone Ine 


CHAPTER 7 


LAND RECORD SYSTEMS 


Many territorial animals identify land parcels by marking the bound- 
aries with their scent, scrapes, or other physical signs that tell other 
animals, “This is mine—keep out.” The human race is no different 
from other territorial animals in this respect. The method of mark- 
ing boundaries most frequently used by humans consists of marking 
boundary comers with physical objects, such as posts, rocks, pipes, 
or iron rods, and marking the lines between the corners with fences, 
ditches, roadways, or tree lines. This is fine for demonstrating to others 
the physical limits of a parcel of land. This is not adequate, however, 
when the need arises to define or describe that parcel to others who 
cannot visit each boundary corner. 

The private ownership of land and the statutes that regulate the 
transfer of that ownership require that each and every separate parcel, 
public or private, be capable of being uniquely distinguished from all 
other parcels in writing. The systems of identification used in each state 
or region vary but usually take some form of one of three basic systems 
of identification for original tracts. They are the “metes and bounds’ 
system, the rectangular United States Public Lands System, and the 
Platted Subdivision system. 

In many places, or because of interstate ownership of property, vari- 
ations of these systems are used simultaneously. Each system will be 
described in detai 

The first system to be employed in the United States was the “metes 
and bounds” system and is the basis for property identification in most 
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areas settled and in private hands before the Revolutionary War. This 
system originated at the dawn of civilization and grew to favor in Europe 
during the 18th century, when the increase of privately owned (and 
taxed) land prompted governments to develop more accurate cadastre 
records. The metes and bounds system requires that privately owned 
land be identified by naming the adjoining owners and physical limits 
(bounds) of a property, and that a report of the dimensions (metes) be 
included in the description of the property. 

The metes and bounds system of identifying or describing real prop- 
erty has often been erroneously referred to as the “legal description” 
when, in fact, any proper description based on any of the systems of 
identifying land parcels is a “legal” description. 

The additional requirement that all land transactions be in writing 
and recorded with some governmental body to assist the local tax 
collector in developing a record of property owners (and tax debtors) 
meant that a general description of the property that simply named all 
adjoiners (bounds) was insufficient. The area (therefore the value) was 
a part of the record that was most important to the tax collector. 

The second system, which affects the majority of the land area in the 
United States is the United States Public Land System (USPLS). The 
USPLS is a more regulated, formal system of identifying land parcels 
than the old European metes and bounds system. 

In 1784, a congressional committee, chaired by Thomas Jefferson, 
proposed a rectangular division that became the Ordinance of 1785 and 
the foundation of the USPLS. It is very important to remember that the 
prime purpose of the USPLS was to divide U.S. public land quickly 
into easily and uniquely identified parcels so that they could be sold 
and taxed, Although based on field surveys, the precision (accuracy) of 
these surveys was of the lowest priority. 

The third system (platted subdivision) is used throughout the United 
States and comes into play where large tracts have been subdivided 
into several smaller lots. In these cases, reference to the lot and/or 
block numbers or letters shown on a “subdivision plat” is the means by 
which a land parcel is identified. The subdivision plat is a plan, usually 
recorded, that specifies the location and dimensions of several parcels 
of land. A subdivision plat may divide a tract of land that was origi- 
nally defined by metes and bounds, the USPLS, or another subdivision 
plat. 

In spite of the possibility that any one of the preceding systems for 
identifying land is sufficient for sale and tax purposes, the tendency 
throughout the United States has been to add to or supplement USPLS 
and subdivision plat descriptions with a metes and bounds description 
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for each sale of property. This dual use of property descriptions has 
led—can only lead—to instances of confusion in cases where the two 
descriptions conflict. Much of the confusion could he eliminated if 
land title users would realize that metes and bounds descriptions of 
USPLS or platted parcels were intended to supplement the description, 
not supplant it. 


7.1. METES AND BOUNDS SYSTEM 


The first settlers of the New World began to claim, occupy, and divide 
up parcels of land based on the European system of defining or describ- 
ing land according to its relative position to well-known landmarks and 
by identifying the adjoining landowners. Although the large land settle- 
‘ment companies usually claimed land based on latitudinal boundaries, 
the precision needed to define smaller, individual holdings by astro- 
nomic position was not possible. It was much simpler, quicker, and 
more distinctive to choose natural boundaries to designate the limits of 
large tracts. Rivers, being the transportation arteries at the time, figured 
heavily in these early boundary definitions. Other natural features were 
also used and were usually chosen for their distinctive appearance or 
durability. 

Of course, it was difficult to find rivers, streams, or rock formations 
in just the right locations to use as landmarks when the limits of a 
parcel of a particular size were being defined. This meant that artificial 
landmarks or monuments had to be set by the owners as a substitute for 
natural ones. Again, the limits of the parcel were defined by the actual 
location of particular corner landmarks or monuments. 

In many cases of areas of long settlement, the construction of fences, 
hedgerows, or other obvious physical signs of the parcel limits made 
the task of marking the boundaries less difficult. The primary means of 
distinguishing one parcel from another became the “bounds” system. 
Land was held and worked by individuals on a regular basis. One need 
only name the individuals who owned, and usually lived on, the land 
surrounding a particular parcel to define where it was and what were its 
limits. This “bounds” system did not require that the size of the parcel 
be determined in order to define it. 

In order to describe roughly the size of land parcels and assist in 
defining the location of that parcel, the concept of “metes” was used, 
along with the naming of natural landmarks, artificial monuments, and 
adjacent owners, The business of measuring between corners, outlined 
earlier, was taken on by anyone and everyone. The corners or limits 
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of the land were physical marks on the ground. The “metes” were 
the measurements between those marks. Often, a landowner would 
simply pace off a section of land, set boundary stones, and sell the land 
so marked to another. The stones, neighboring landowners, and the 
paced distances would all be recorded in the sale, but the land would 
be occupied, cultivated, and possessed according to the location of the 
corner monumentation. This record of the distances (metes) and phys 
ical limits (bounds) of a land parcel constituted a “metes and bounds” 
description, 

The metes and bounds description of a land parcel is, in essence, the 
words that draw a picture. It takes the form of an imaginary trip, leading 
the reader from a relatively well-known landmark to and around the 
parcel being defined. The naming of landmarks or monuments at each 
comer, along with the identification of each adjoining parcel, is an 
essential part of the description. 

The metes and bounds description is so ingrained in the land title 
community and dovetails so well with the laws regulating the transfer 
of titles that, even in areas where more precise land identification 
systems are used, the metes and bounds description is often used to 
supplement land record system descriptions. A complete boundary 
description using the metes and bounds system will incorporate the 
following: 


1, Acommencing point that is well known, easily found, permanent, 
recoverable, recognizable, and preferably public in origin. The 
purpose of the commencing point is to clarify the location of the 
parcel in relationship to some universally recognized landmark. 

2. Apoint-of-beginning that is a part of the property being described. 
The purpose of the point-of-beginning is to emphasize that the 
limits of the parcel itself are to follow in the dialogue. The point- 
of-beginning is used purely for descriptive purposes and is not 
the point where a Land Surveyor “begins” a survey. 

3. A report of the physical objects (monuments) that mark the loca- 
tion of ends, and sometimes areas, along each line. 

4. A report of the contiguous owners along each line or land record 
identification of the contiguous parcels (bounds). 

5. A direction, usually a bearing, for each line. In some cases, the 
angle formed at a comer may be reported in lieu of a bearing. 
In the cases of curved or meandering boundaries, the appropriate 
words necessary to describe the configuration of the line are used. 
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6. A distance between each corner (metes). 
7. The area of the parcel. 


8. Reference to the particular plat or map of survey that forms the 
basis for the description.? 


Metes and bounds descriptions are, of necessity, redundant. A partic- 
ular boundary will have several requirements placed on it. A boundary 
line will be reported as having a particular adjoiner, having certain 
monuments as its limits, having a certain length and direction, and as 
combining with all of the other boundaries to form an enclosed parcel 
of a particular area. It is not difficult to see that, given the inaccuracies 
of measurements, many of these elements might be contradictory. 

The history of the development of the metes and bounds description 
shows that, for the most part, the physical limits of a parcel controlled 
possession and use of the land. Because of these factors, the practice, in 
most areas, has settled on a “hierarchy of calls” that rank the elements 
of a metes and bounds description. This ranking of calls is based on the 
rules of evidence and is commonly broadened to assist in interpretation 
of all forms of descriptions and boundary recovery. 

The most common hierarchy of calls is as follows: 


Natural monuments’ 
Artificial monuments 
Directions 


Distances 
‘Areas 


"The area is not a necessary part of a metes and bounds description, 

Al metes and bounds descriptions must be based on a survey. The survey may have been 
‘rude, unplatted, and performed by the individuals involved in the sale, but, unless someone 
“measured” the distances and visited the bounds, a metes and bounds description is impossible. 

Natural monuments may consist of rivers, rock formations, trees, and other distinct features. 

Features made by humans, such as canals, levees, highways, or mounds, may be considered as 
natural monuments under certain conditions. 

“Objects placed forthe specific purpose of marking boundary comers, such as posts, concrete 
posts, iron rods, pipes, or other physical markers, constitute artificial monuments only when 
they are correctly set and undisturbed. Many Land Surveyors’ markers represent locations that 
are not boundary controlled. These markers are not “artificial monuments” in the context of 
this listing 

SIn Louisiana, the satus of distances and directions is reversed. In some states, these items are 
combined. 
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Any element of a description of a parcel may be rejected or overruled, 
based on a review of the best evidence available, The courts have usually 
held that the most important and overriding factor in the interpretation 
of property descriptions is the intent of the parties. 

All of the words of a deed are to be considered so that evidence that 
best demonstrates the intention of the buyer and seller will prevail in 
most cases. With this in mind, the writer of a metes and bounds descrip- 
tion should ensure that the intention of the parties is clearly expressed. 

The significance of this ranking will be evident during the exami- 
nation of the process of corner recovery. The charge that society gives 
to the Land Surveyor is to recover the boundaries where they exist on 
the ground. The wonderful precision of measurement and location that 
is possible today is of little use if an incorrect location for a bound- 
ary corner is used. A poor measurement to the correct corner is much 
superior to a precise measurement to a false corner. In real property 
boundaries, it is the physical location of the corners that is important. 

During the early years of the settlement of the United States, when 
metes and bounds descriptions were the primary system of identifying 
and locating land parcels, the fact that every copy of a document had to 
be handwritten limited the use of survey plats to sketches and caused 
many to shorten descriptions to the point that the intentions of the 
parties became obscure. The dimensions of the parcels were often 
ignored or reduced to a report of adjoiners only. 

Often, the dimensions reported in these early descriptions were the 
results of estimations by the landowners, not Land Surveyors. Measure- 
ments by amateurs, and indeed some Land Surveyors, most commonly 
report distances between monuments as being greater than the actual 
distance. Rough terrain, poor chaining techniques, meandering routes, 
and other error-developing factors more often misled all into believing a 
greater distance was covered than was actually traversed. Because vast 
areas of land were rapidly being settled, the shortage of skilled Land 
Surveyors forced many to depend on themselves to measure their land. 
Even today, in order to save a few dollars, many land transfers take place 
without a land boundary survey to verify the dimensions of a parcel. 

The situation of possessing according to physical marks should be 
distinguished from the case of a transfer of property where relying 
on specific dimensions is the intention of the parties. If a sale is not 
followed by possession and it was the clear intent of the parties to 
transfer a land parcel of specific size and shape, then any blunders 


5EM. Brown, W.G. Robillard, D.A. Wilson, Evidence and Procedures for Boundary Location, 
Sih ed. Hoboken, NI: John Wiley & Sons, 2006, 
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in marking the limits of such a parcel can be corrected at any time. 
The intent to transfer a specific-sized parcel can occur only in cases of 
resubdivision. Original private claims and USPLS parcels cannot fall 
into this category because possession was required in the first case and 
the corners set By the government surveyor controlled in the latter. 


7.1.1. Reading a Metes and Bounds Description 


The most difficult part of writing a metes and bounds description is 
deciding the degree of detail required to convey the intentions of the 
parties. The natural instincts are to limit the verbiage as much as possi- 
ble so that the resulting descriptions are not overly “wordy.” Unfortu- 
nately, this trend has led to many misinterpretations in the past. Instead 
of rehashing the general rules, pethaps a review of some typical parcels 
and how their metes and bounds descriptions might be created would 
better clarify the need for specificity. 

In Figure 7.1, the iron post shown is reported by the Land Surveyor 
as monumenting the intersection of the line between the parcels known 
as the “Brownell” estate and the “Willis” estate with the northernmost 
right-of-way line of “Patterson Highway.” Each of the comers of the 
“Johnston” property is monumented by six-inch square concrete posts. 
The Willis estate, in this example, is the parent tract from which the 
Johnston property was formed. It is the intention of the parties that 
the parcel sold be 200 feet wide, 500 feet deep, and commence 388 
feet from the western boundary of the Willis estate, as measured along 
the highway, and that the sidelines of the parcel be parallel with the 
western boundary of the parent estate, 

The plat of the survey by Jackson clearly reflects these intentions 
and provides some additional information. The large iron post is a 
well-known (in 1923) and accepted feature that qualifies as an artifi- 
cial monument. The six-inch square concrete posts are simply survey 
markers set by Jackson, These may mature into artificial monuments, 
provided sufficient acts of possession and reliance on these posts take 
place. There is a discrepancy on the survey plat in the form of an in- 
correctly computed area. Assuming that all of the other dimensions 
are correct, the area should be 2.21 acres (rounded off to the nearest 
‘one-hundredth of an acre). 

A typical metes and bounds description of the period might read: 


2.3 acre parcel of land measuring 200 feet wide by 500 feet deep between 
equal and parallel lines and beginning 388 feet from the western boundary of 
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the Willis Estate, bounded in the front by the Patterson Highway and on the 
sides as well as in the rear by the property of the seller, 


Note the lack of reference to the survey plat by Jackson, If such a 
reference had been made, then the several discrepancies between the 
description and the intention of the parties might be clarified, Even if 
such a reference were made, there would always exist the possibility 
that the survey plat might not survive. For this reason, metes and bounds 
descriptions should be written as if all other documents reflecting the 
intentions of the parties were going to be destroyed. 

Figure 7.2 shows one interpretation of the description superimposed 
on the original survey plat. The scale is distorted to emphasize the 
discrepancies. 

The description does not reflect the intentions of the parties to the 
sale. Later surveys that recover the concrete posts set by Jackson will 
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require additional evidence and be accompanied by sufficient posses- 
sive acts before it can be stated with confidence that they do indeed 
represent the intended limits of the Johnston property. Even if the sur- 
vey plat by Jackson were to surface, it might be argued that it was not 
relevant because it was not part of the written instruments included in 
the transaction. Now consider the following description: 


. commencing at the large iron post” found at the intersection of the boundary 
line between the Brownell Estate and the Willis Estate and the northernmost 
right-of-way line of Patterson Highway®; thence, in an easterly direction’ along 
said northernmost right-of-way line of Patterson Highway," South 75 degrees 


‘Reference to the “iron post” fixes the commencement point to a recoverable terain feature, 
If, at some later date, the location of the boundary between the Brownell and Willis estates 
were to become unclear, the location ofthe Johnston property would not be cast in doubt. 
“The reference tothe intersection of the boundary ine and the right-of-way line of the highway 
is used not only to document the location of the iron pos, lest it be disturbed, but also to 
‘emphasize thatthe right-of-way for Patterson Highway is relevant to the measurements, 

The words “in an easterly direction” are used to assist the reader in interpreting whether the 
south-east or the north-west version of the bearing that follows is appropriate 

This removes any doubt about the line of measurement of the 388 feet. It is clear that it was 
‘not the intention of the parties that the 388 feet be measured at right angles to the boundary 
line 


0 Wrong 


Unclean Input 
Logic chips expecta clean input without voltage 
spikes. A555 timer of TTL type generates spikes 
inits output which can be misinterpreted as mul- 
tiple pulses by the input of a logic chip. A CMOS- 
type 555 timer is more suitable for connection 
with logic chips. 


Ifa pushbutton, rotational encoder, or electro- 
mechanical switch provides a high or low input, 
the input must be debounced. In hardware, this 
is traditionally done with a flip-flop. It can also 
be done with code in a microcontroller. 


Analog Input 


The input of a logic chip can be connected di- 
rectly with a thermistor, phototransistor, or sim- 


integrated c 
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ilar analog component, but only if there is some 
certainty that the voltage at the input pin will 
remain within the range thatis acceptable to the 
chip. Inthe case of a phototransistor, forexample, 
it should be exposed to a limited, known range 
of light intensity. 


In general, it is best to avoid applying 
intermediate-voltage signals to a digital logic 
input, as they can create unpredictable output, 
or output of an intermediate voltage. A compa- 
rator can be placed between the analog source 
and the digital logic chip, or a logic chip with a 
Schmitt-trigger input can be used. 
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30 minutes 15 seconds East, distance of" 388 feet to the Point-of-Beginning!”; 
thence, in a northerly direction parallel with the boundary line between the 
Brownell Estate and the Willis Estate," North 30 degrees East, a distance 
of 500 feet; thence, in an easterly direction parallel with the northernmost 
right-of-way line of Patterson Highway, South 75 degrees 30 minutes 15 sec- 
onds East, a distance of 200 feet; thence, in a southerly direction parallel with 
the boundary line between the Brownell Estate and the Willis Estate, South 
30 degrees West,"" a distance of 500 feet to the northemmost right-of-way 
line of Patterson Highway; thence, in a westerly direction along said northern- 
most right-of-way line of Patterson Highway,'® North 75 degrees 30 minutes 
15 seconds East, a distance of 200 feet to the Point-of-Beginning, encomp: 
ing an area of 2.3 acres'® and all as more fully described on a plat of survey by 
J.J. Jackson, Surveyor dated May 3, 1923!7 


This description is somewhat longer than the first example, but it 
presents a much more accurate picture of the transaction. The inclusion 
of the survey plat as part of the description also gives a clue to the source 
of the information given in the description. 

Figure 7.3 represents a survey plat of the same Johnston property 
55 years later. The changes that time has wrought are not as great 
as might have been expected. Two of the original concrete posts are 
still standing and, from all indications, were not disturbed during all 
that time. It is known that Abraham Johnston built the house in 1926 
and has lived there ever since. The acceptance and use of these con- 
crete posts by the possessor of the parcel has converted them from 


T The use of “a distance of” assists the reader in distinguishing distances along the described 

‘boundary line and other dimensions that maybe necessary, such as a radius for a curve, and 

"IF one were to insert the phrase “to a 6-inch square conerete post” here, then the distance 
'388 feet” might be interpreted as an estimation and the concrete post might be considered an 

artificial monument, without any acts of possession. Blunders by Jackson in seting the post 

‘may not be correctable. Adequate possession with reliance on the post would make this a moot 

point. 

"By calling forthe sidelines to be parallel to the westem boundary, any measurement blunder 

bby Jackson should not alter the location ofthe line. 

"Notice that the survey plat indicates the direction to be “North 30 degrees East.” The survey 

plat isa two-dimensional drawing: therefore, “North 30 degrees East” and "South 30 degrees 

West” define the same line. 

'S7This leaves no doubt that frontage on Patterson Highway is intended for this parcel 

“The incorrect area is repeated in the description bat is of no consequence in the absence of 

any evidence that it was the controlling factor in the intention of the vendor or vendee. 

"The reference to the survey plat in the description has the effect of including the plat as an 

integral pat ofthe description. Discrepancies between the written description and the figures 

6n the plat are normally resolved in favor of the plat, unless clear and convincing evidence to 

the contrary is discovered, 
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mere survey markers, attempting to demonstrate the intent of the par- 
ties, into artificial monuments that clearly define the limits of the 
parcel. 

The easternmost line of Comstock Road is believed to be the orig- 
inal line between the Brownell and Willis estates. So many changes 
have occurred that a new metes and bounds description is required 
in order for the property to be recognized. The application of the 
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hierarchy of calls, as well as the professional judgment of Bright, will 
be noted during the development of the updated metes and bounds 
description, 


commencing at a brass disk set in concrete found at the intersection of the 
ternmost right-of-way line of Comstock Road and the northernmost right- 
of-way line of Patterson Highway"; thence, sterly direction along 
said northernmost right-of-way line of Patterson Highway, South 74 degrees 
29 minutes 01 seconds East," a distance of 386.76 feet toa 1 inch diameter iron 
rod on the easternmost boundary line of the property of William Willis and the 
Point-of-Beginning”’; thence, in a northerly direction along said easternmost 
boundary line of the property of William Willis." North 31 degrees 01 minutes 
32 seconds East, a distance of 500.00 feet to a 6 inch square concrete post 
on the southernmost boundary line of New Heights Subdivision”®; thence, in 
an easterly direction along said southernmost boundary line of New Heights 
Subdivision, South 74 degrees 29 minutes 01 seconds East a distance of 200.00 
feet to a 1 inch diameter iron rod on the westemmmost boundary line of the 
property of Anna Willis Jones; thence, in a southerly direction along said 
‘westernmost boundary of the property of Anna Willis Jones, South 31 degrees 
(01 minutes 32 seconds West a distance of 500.00 feet to a6 inch square concrete 
post on the northernmost right-of-way line of Patterson Highway; thence, in 
a westerly direction along said northemmost right-of-way line of Patterson 
Highway, North 74 degrees 29 minutes 01 seconds West, a distance of 200.00 
set to the Point-of-Beginning, encompassing an area of 2.21 acres and all as 
more fully described on a plat of survey by I. M. Bright, PL.S. dated May 1, 
1978 


TFThis commencement point may or may not be in the identical location as the large 
iron post found in the 1923 description. The differences in the commencement distance 
that follows may be the result of a slight change in the accepted position for the line 
between the original estates or may indicate a measurement discrepancy between Bright and 
Jackson. 

"The route of the description is in an easterly direction. ‘Therefore, the bearing must be 
south-east, not north-west. The difference in magnitudes isnot significant. The modem survey 
is oriented to state plane directions; the 1923 survey does not report a bearing base. 

20The cal isto the iron rod in this case, because nearby original concrete posts enabled Bright 
to recover and remonument the southwest and northeast comers of the tract. The original 
conerete posts have clearly become artificial monuments, marking with certainty the limits of 
the Johnston property 

2'There is no longer the need to specify the line as parallel to the or 
the Brownell and Wills estates. 

The fact that the distances are now reported to the one-hundredth ofa foot is an indication of 
the precision of the measurements. The size of the end monuments (6 inches x 6 inches and 
{inch o 4.) are such that a variation of 0.10 feet or so ought to be expected. Bright chose to 
report the same metes as Jackson. 


nal boundary between 
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In the day of hand-copied records and manual typewriters, the pre- 
ceding description would have been condemned as much too verbose. 
In the moder world of copying machines and word processors, there 
is no need to sacrifice clarity of intent by reducing the length of a 
metes and bounds description. Some may still insist that the exact 
same idea can be expressed in fewer words. If we trim any mention 
of “New Heights Subdivision,” then the description would read as 
follow: 


set in concrete found at the intersection of 


commencing at a brass di 
the easternmost right-of-way line of Comstock Road and the northernmost 
right-of-way line of Patterson Highway; thence, in an easterly direction along 
said northernmost right-of-way line of Patterson Highway, South 74 degrees 
29 minutes 01 seconds E: istance of 386.76 feet to a | inch diameter iron 
rod on the easternmost boundary line of the property of William Willis and 
the Point-of-Beginning; thence, in a northerly direction along said easternmost 
boundary line ofthe property of William Willis, North 31 degrees 01 minutes 32 
seconds East, a distance of 500.00 feet to a 6 inch square concrete post; thence, 
inn easterly direction, South 74 degrees 29 minutes 01 seconds E: 
of 200,00 feet to a 1 inch diameter iron rod on the westernmost boundary line 
of the property of Anna Willis Jones; thence, in a southerly direction along said 
‘westernmost boundary of the property of Anna Willis Jones, South 31 degrees 
01 minutes 32 seconds West a distance of 500.00 feet toa 6 inch square concrete 
post on the northernmost right-of-way line of Patterson Highway; thence, in 
a westerly direction along said northemmost right-of-way line of Patterson 
Highway, North 74 degrees 29 minutes 01 seconds West, a distance of 200.00 
feet to the Point-of-Beginning, encompassing an area of 2.21 acres and all as 
more fully described on a plat of survey by I. 1M. Bright, PLS. dated May 1, 
1978 


At first glance, there doesn’t appear to be any difference be- 
tween the two descriptions. Let us assume that the second version 
is used and that the northernmost concrete post, as well as the iron 
rod, are destroyed. Later, when New Heights subdivision’s southern 
boundary is monumented and found to be 501 feet from Patterson 
Highway, who owns the strip between the 500-foot rear line of the 
Johnston property and New Heights subdivision? The boundary action 
needed to settle this aggravating, petty discrepancy might have been 
avoided by the use of a complete, albeit wordy, metes and bounds 
description. 
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7.2. U.S. PUBLIC LAND SYSTEM (USPLS) 
The great American philosopher, Will Rogers, once said: 


“The trouble ain’t so much the things we don’t know—it's the things we do 
know that just ain’t so.” 


I know of no instance where this thought is more applicable than 
in USPLS states. A close examination of the origin and history of 
the USPLS will lead us to a better appreciation of the ingenuity—and 
pitfalls—associated with this system. 

At the end of the Revolutionary War, the United States was a new 
nation without a firm revenue base. Taxes were unthinkable; yet it takes 
money to operate a federal government. The one thing that the fledgling 
country did have was land. From the original state cessions in 1781 to 
the purchase of Alaska in 1867, approximately 1,807,682,000 acres of 
land were acquired by the federal government, and the faster this land 
could be turned into hard cash, the better. The prime, yet unwritten, 
directive to the committee that created the Ordinance of 1785 was to 
divide public lands into marketable portions. In order to accomplish 
this, the following things, listed by priority, were necessary. 


1, The parcels had to marked on the ground so that the new landown- 
ers could take possession of their land, 

2. The parcels created had to be uniquely identifiable. 

3. The system of identification had to be one that required little 
formal education to use, if not understand. 

4. Further division of the created parcels had to be simple, universal, 
systematic, and based on the location of the monumented corners, 
and could not require additional survey work by the government 
surveyor. 

5. The time and paperwork required to create and subdivide each 
parcel had to be kept to a minimum. 

6. The system could not depend on prior knowledge of the terrain 
in order to implement it. 

7. The quality or arability of the land had to be reported to determine 
relative value. 

8. The dimensions of the sides of the parcel and other measurements 
had to be reported to facilitate the recovery of the corner markers, 
as well as estimates of acreage. 
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Notice the priority given to measuring the dimensions of the newly 
created parcels. Land lines are defined by the corners set by the gov- 
ernment surveyor, not by the reported dimensions or directions. The 
USPLS fulfilled these requirements completely and in the required or- 
der of priority. It is important to keep this order of priority in mind 
when dealing with USPLS parcels. 

‘As the USPLS was perfected over the years, slight changes in the 
techniques, numbering order, monumentation, and other minor alter- 
ations took place. The 20 states that do not operate under the USPLS 
are Connecticut, Delaware, Georgia, Hawaii, Kentucky, Maine, Mary- 
land, Massachusetts, New Hampshire, New Jersey, New York, North 
Carolina, Pennsylvania, Rhode Island, South Carolina, Tennessee, 
Texas, Vermont, Virginia, and West Virginia, The other 30 states are 
USPLS states, and the exact version of division used in each area vary 
according to the instructions in force, the government surveyor, the 
terrain, local customs, and other factors. 


7.2.1. Initial Point 


Asso often occurs in surveying, the theory is simple, but the application 
is complex. The theory of the USPLS was based on a rectangular 
division of land along the cardinal directions. The first step in the 
division of an area of land, such as a state, under the USPLS, was the 
establishment of the “initial point” for that division, Although some 
attempt was made to locate initial points at a specific latitude (a list 
of initial points was made, reporting both latitude and longitude of the 
various initial points”), the initial point was the actual location, on 
the ground, as monumented by the government surveyor. The reported 
position existed only to assist in the recovery of the true location. 


7.2.2. Principal Meridié 


Having chosen and monumented the initial point, the government sur- 
veyor established the “principal meridian” by traversing north and south 
from the initial point. Depending on the instructions at the time, a post 
or other monument was set at least every six miles or as often as every 
half mile. The principal meridians were run with particular care, and 
every attempt was made to run the line “true” north, resulting in an 
approximation of astronomic north being marked on the ground. 


BG. MeEntyte, Land Survey Systems. New York: John Wiley & Sons, 1978. 
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7.2.3. Baseline 


Lines were also laid out east and west from the initial point and 
monumented with the same frequency as the principal meridian. This 
“curved” line is called the “baseline” and is actually a series of short 
chords between the monuments set by the government surveyor. As 
with the principal meridian, every attempt was made to follow the 
“true” or cardinal direction, resulting in an approximation of the astro- 
nomic latitude of the initial point, 

Figure 7.4 demonstrates what should have been the result of the es- 
tablishment of a typical initial point, principal meridian, and baseline. 
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Additional or “correction” east-west lines may have been monumented 
at regular intervals along the principal meridian with the same care as 
the baseline so that a correction could be made for the convergence of 
the meridians. It was well known by the designers that a rigid rectan- 
gular division of land based on the cardinal directions was impossible, 
but the inaccuracies of measurement, the scientific unsophistication of 
the ultimate user of the system, the need for haste, and the need for 
a simple method of record keeping outweighed the requirements of 
accuracy. 


7.2.4, Township and Range Lines 


After the establishment of the principal meridian and the base line, 
additional east-west lines were monumented at 6-mile intervals along 
the principal meridian. These are known as “township” lines, Addi- 
tional north-south lines were monumented along the base line, and 
later along correction lines, at 6-mile intervals. These are known 
as “range lines.” The theoretical result of these steps is shown in 
Figure 7.5. 

Each east-west row of “6-mile squares” is identified by numbering 
its position north or south of the base line. Each north-south column of 
“squares” is identified by its position east or west of the principal merid- 
ian, Thus, every square, called a “township,” is uniquely identifiable 
by a simple report of its township number and range number. 

Notice that township 8 south, range 4 east has been highlighted in 
Figure 7.5. This is abbreviated to “T8S, R4E.” 

The township and range lines were not run with quite the same 
degree of care as were the principal meridian and the base line. Of 
course, none of the townships were exact squares measuring six miles 
on a side. This fact is not important to the division and inventory of the 
land, and, although not forgotten, it was set aside by the planners of the 
USPLS because it was considered relatively unimportant, 


7.2.5. Ideal Township 


Further division of each township was accomplished by running lines 
that were, more or less, north-south and east-west at one-mile intervals 
and monumented every half mile. Each resulting “square mile” is called 


"The interval between correction lines varied from every fourth to every sixth township line, 
depending on the instructions in force at the time. 
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section” and identified by a number, The work of monumentation was 
typically begun at the southeast corner of each township and progressed 
to the north and west until the entire township was monumented. The 
discrepancies that resulted from the closure of the meridians, errors 
of measurement, and undiscovered blunders were accounted for by 
allowing the western tier and northern row of sections to deviate from 
the “square mile” template. 

All other sections were reported as squares measuring one mile to a 
side. Of all the over 2 million sections monumented by the Government 
Land Office (GLO), it is safe to say that none is a square measuring 
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one mile to a side and few are even close, especially when the precision 
of modem surveys are considered. Still, the “ideal section” must be 
discussed in order to explain the USPLS. Figure 7.6 is that of the “ideal 
township,” divided into “ideal sections.” 


The division of the “ideal section” into its aliquot parts is something 
that has been widely sketched and described as if the dimensions of 
the sides were an important part of the process. This is not the case. 
The beauty of the USPLS is the very fact that it is independent of 
s stem that depends entirely on the actual locations 

‘et by the government surveyor, and nothing else. 
Figure 7.7 shows the division of a section and how each parcel is 
identified. The dimensions are not shown, because they are not essential 
to the process and tend to only mislead the novice into believing that 
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flip-flop 


The term flip-flop is sometimes printed with a space instead of a hyphen, but the hy- 
phenated form seems to predominate in the United States. Therefore, the hyphen is 
included here. The term flipflop (with neither a hyphen nor a space) is sometimes seen, 
buts unusual. The acronym FF is confined mostly to logic diagrams or schematics. 


The term latch is sometimes used interchangeably with fip-flop but is assumed here to 
describe a minimal asynchronous circuit that responds immediately and transparently 
toan input. A flip-flop can function asa latch and also as a synchronous device which is 


nS 
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‘opaque, meaning that the input does not flow directly through to the output. 


OTHER RELATED COMPONENTS 


+ counter (see Chapter 13) 
«+ shift register (see Chapter 12) 


What It Does 


Transistors enable logic gates; logic gates enable 
flip-flops;and flip-flops enable many mathemat- 
ical, storage, and retrieval functions in digital 
computing. Most flip-flops today are embedded 
in much larger integrated circuits that have com- 
plex functions. However, they are still available 
as separate components in chip form, and will be 
discussed on that basis here. 


A flip-flop is the smallest possi 
ory. Itcan store a single bit of data, represented 
by either a high or low logic state, (A full explan- 
ation of logic states is included in the lox 
gate entry. See Chapter 10.) Flip-flops are espe- 
Cally useful in counters, shift registers, and 
serial-to-parallel converters. 


A flip-flop circuit can be classified as a form of 
bistable multivibrator, as each of its outputs is 
stable in one of two states until an external trig- 
gerstimulatesitto flip” from onestateand"flop” 
into the other. (For a comprehensive discussion 


of monostable and astable multivibrators, see 
the timer entry in Chapter 9,) 


‘An asynchronous flip-flop will respond immedi- 
ately to a change of input, and can be used for 
applications suchas debouncing the 
an electromechanical switch or buil 
ple counter. More often, a flip-flop is synchro- 
‘nous, meaning that a change in input state will 
be unrecognized until it is enabled by a low-to- 
high or high-to-low transition in a stream of pul- 
ses from an external clock. 


How It Works 


Every flip-flop has two outputs, each of which 
may have a high or low state. When the flip-flop 
is functioning normally, the outputs will be in 
opposite logical states, one being high while the 
other is low. These outputs are typically identi- 
fied as Q and NOT-Q (the latter term meaning a 
letter Q with bar printed above it, sometimes re- 
ferred to verbally as “Q-bar”). In datasheets and 
other documents where a bar symbol cannot be 
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FIGURE 7.7 


sections and their aliquot parts should measure the same as the example 
in the explanation. 

The monuments set by the government surveyor at what was typi- 
cally reported as 1-mile intervals (80 chains) are the section comers. 
Often monuments were also set by the government surveyor at, report- 
edly, half-mile intervals (40 chains), These are called “quarter corners.” 
The linchpin of the USPLS is the actual location, on the ground, of the 
monuments set by the government surveyor. The reported directions 
and distances can be, and usually are, incorrect or, at best, impre- 
cise. The physical spot on the ground monumented by the government 
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surveyor is, and can only be, in one place, nowhere else. That location 
can be lost, obscured, misreported, and confused but never moved. No 
matter how imprecise the measurements or how gross the blunders are 
that may have occurred, the corner monumented can mark only one 
land point on the earth, and that land point is exactly where it is. Be- 
cause the actual location of the monuments marking the corners is so 
vital, extraordinary emphasis must be placed on the recovery of these 
locations. 

Straight land lines between opposite quarter corners divide the sec- 
tion into a southeast quarter (SE'/,), a northeast quarter (NE'/,), a 
southwest quarter (SW'/,), and a northwest quarter (NW'/,). The in- 
tersection of these lines is a land point and is called the “center of 
the section.” Further division is accomplished by connecting straight 
lines between the midpoints of opposing sides of the larger tract. The 
description of the resulting parcel is identified by listing the divisions 
made in the reverse order in which they were made. Tract “A” in 
Figure 7.7 is the southeast quarter of the southeast quarter of the north- 
west quarter of the section, Tract “B” is the north half of the southeast 
quarter of the northwest quarter of the section. 

If Figure 7.7 was that of section 26, in the fourth township south of 
the base line and the fifth range west of the sixth principal meridian, then 
tract “A” could be uniquely identified by the single line “SE'/, SE'/, 
NW'/; Sec. 26, T4S., R.5W., 6th PM.” Tract “B” would be abbreviated 
as “N!/, SE'/, NW!/; Sec. 26, TAS., R.SW., 6th PM.” Note the lack of 
commas in the list up to the section number. If a comma were inserted 
in the description of “B,” for example, the result might be “N'/,, SE'/; 
NW'/, Sec. 26, TAS., R.SW., 6th PM.” This could be interpreted as 
calling for the north half and the southeast quarter of the northwest 
quarter of the section! 

The dimensions of tract “A” or “B” in the example are not known 
and are not important in the description. What is known about the 
dimensions of these parcels is that, if section 26 were an “ideal” section, 
with each side measuring 80 chains, then tract “A” would be a square 
measuring 10 chains on a side and encompassing 10 acres. Tract “B” 
would be a rectangle measuring 10 chains on the east and west and 
20 chains on the north and south and encompassing 20 acres. 

Of course, section 26 is not an “ideal” section; therefore, tract “A” 
will not be exactly 10 acres, nor will tract “B” be exactly 20 acres. 
A recovery and careful survey of the comers set by the government 
surveyor is required before a more precise knowledge of the dimensions 
of these parcels is possible. 
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7.2.7. Irregular Sections 


The pattern of sections, and even townships, had to be interrupted be- 
cause of several factors, such as existing private claims, large rivers, 
lakes, state boundaries, national boundaries, the sea, and other irregular- 
ities both natural and human made. This resulted in fractional sections, 
where the reported configuration deviated from the typical pattern. 
Aliquot division is still possible in these “irregular” sections by the 
application of certain rules design to isolate the irregularity. 


7.2.7.1. Meander Lines Rivers, lakes, the shore of the sea, and other 
natural barriers that arose in the course of the monumentation of the 
section lines were accounted for by the “meander line.” Figure 7.8 
illustrates the application of the meander line along a navigable river. 
The limit of private ownership along a navigable river is defined by the 
waterway, It is not practical to measure each minute and sinuous turn 
of the waterway; therefore, a method that approximates the waterway 
is used. 

Inthe example, the government surveyor encountered the river while 
running west along the line between sections 5 and 8. A meander comer 
was established on this line af a convenient point on or near the bank of 
the river. Additional meander points were established at points along 
the river, and the directions and distances between these points were 
measured so that the approximate shape of the bank of the river could 
be plotted. This resulted in the line labeled as the “meander line.” 
Al distances and directions are to the meander points, but the private 
ownership extends beyond the meander line to the waterway. 

Each state has differing laws that define the limit of private own- 
ership along navigable rivers, navigable lakes, the sea, non-navigable 
lakes, rivers, and streams. These boundaries are known collectively as 
“riparian boundaries.”2> 

Although a general knowledge of the rules of the establishment and 
division of USPLS lands is important, each section was separately sur- 
veyed, monumented, and sold. Because of this, each section is unique 
in some way. The recovery of the comer monuments and knowledge 
of the boundaries of any section or its aliquot parts requires special 
knowledge of that particular section. 


Additional rules and definitions dealing with irregular sections and the aliquot division of 
USPLS sections constitute a book in itself. The reader desiring greater detail is referred to 
John G. MeEntyre, Land Survey Systems. New York: John Wiley & Sons, 1978. 
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7.2.8. USPLS General Instructions 


Depending on the year that the work was done, each government deputy 
surveyor was issued a set of general instructions. These instructions 
directed the details of measurement, monumentation, observations to 
be recorded, and method of division, among other things. Subsequent 
instructions might alter or expand upon previous ones. The instruction 
told the deputy surveyor how he should conduct the surveys; how the 
deputy surveyor actually performed the surveys is another matter. 


7.2.9. Government Surveyor’s Origi 


Notes 


Each government surveyor kept a record of the distances, directions, 
observations, monumentation, and other pertinent data in what is called 
the “surveyor's notes.” Typically, these notes were not written as work 
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was progressing but were transcribed from rough notes, usually kept 
on a slate, at the end of each line. The notes were the best record 
of what was done, how it was done, the order in which it was done, 
what was measured, what was encountered along the way, and how 
monumentation was accomplished. 

‘These notes were used to create the township plats that mapped each 
township, showing the sections and/or lots that were to be sold to private 
owners. The government surveyor’s notes and the township plat could 
only reflect the directions and dimensions reported at the time of the 
original survey. The actual configuration of any township, section, or lot 
was dictated by the location of the comers, not the reported dimensions, 

This significant difference is best explained by an example. In Fig- 
ure 7.9, the solid lines represent the reported route of the government 
surveyor and the reported location of the monuments set by the gov- 
ernment surveyor. The small circles represent the actual location of the 
monuments. The dashed lines represent the actual section lines. 

The dramatic differences between the reported and actual loca- 
tions of the section corners in Figure 7.9 are not exaggerations, The 
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discrepancies between the reported and actual dimensions in this ex- 
ample, and greater, were common, especially in those states of early 
surveys, The division of the section, being dependent on section corner 
and quarter corner location, is accomplished in spite of the inaccura- 
cies of the original reports of direction and distance. As a rule, all four 
quarter comers and at least one section comer must be recovered before 
any aliquot part of a section can be made. 

For example, Figure 7.10 highlights the SE'/, SE'/, SE'/, SE'/, of 
the section, If the original survey information were relied upon, one 
might believe that this parcel formed a square 330 feet (5 chains) on 
a side and encompassed 2.5 acres. An improperly prepared metes and 
bounds supplemental description of this parcel might read, in part, 
commencing and Point-of-Beginning at the southeast Section corner; 
thence, West 330 feet; thence, North 330 feet; thence, East 330 feet; 
thence, South 330 feet to the Point-of-Beginning, encompassing an 
area of 2.5 acres. ...” 
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The novice might argue that one need only recover the southeast 
section comer, and, by measuring west, north, east, and south the 
330 feet called for, this parcel could be monumented. This is simple 
but quite incorrect, as the very large discrepancies in Figure 7.1 clearly 
demonstrate. 

In order for the described SE'/, SE!/, SE'/, SE'/) of the section to 
be monumented, all four quarter corners must be recovered, as well as 
the southeast section corner. 

‘A “straight line” must be run between opposite quarter comers to 
establish the center of the section, The midpoint of each of the four 
sides of the resulting southeast quarter must then be set and a “straight 
line” run between opposite midpoints to establish the center of the 
southeast quarter. 

The midpoints of all four sides of the resulting southeast quarter 
of the southeast quarter must then be established and a “straight line” 
run between these opposite midpoints to establish the center of the 
southeast quarter of the southeast quarter of the section. 

The midpoints of all four sides of the resulting southeast quarter 
of the southeast quarter of the southeast quarter must be established 
and a “straight line” run between opposite midpoints to establish the 
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center of the southeast quarter of the southeast quarter of the southeast 
quarter of the section. Only this procedure will result in the correct 
monumentation of the described parcel. 

Most of the steps that established the midpoints of land lines and 
the “runs” between opposite sides can be, and almost always are, the 
results of computations, as opposed to actual field monumentation. The 
only field work that is absolutely necessary in this case is the recovery 
of all four quarter comers of the section, the southeast section corner, 
and the monumentation of the three remaining corners of the parcel. 
Survey plats or maps of USPLS sections or their aliquot parts that report 
exactly the same distances and directions as the original government 
plat are almost certainly the result of incorrect work. 

If the reader believes that Figure 7.9 offers an overly pessimistic 
view of a typical section, instead of a regular occurrence, now is a good 
time to recall the conditions under which most of this work was done. 

The bulk of the work was done under contracts that paid by the 
mile. Nineteenth-century work was typically contracted at less than 10 
dollars per mile. Out of this fabulous sum, the government surveyor had 
to provide for the payroll and equip the crews with chains, compasses, 
tents, food, mules, wagons, brush knives, axes, posts, firearms, and 
other necessities. Whatever remained was the government surveyor 
contractor's profit. It may be possible that some of the surveys were 
hurried or that some of the work didn’t follow the general instructions 
to the letter, Perhaps there may even be one or more instances of 
fraudulent field notes being returned to the surveyor general’s office. 

Considering the wild condition of the land, the rough terrain, the 
crudeness of the instrumentation and techniques, the hostility of the 
indigenous population, and the demand for haste, one can only be 
amazed that any dimensions and directions reported were even close. 
The wisdom of relying on the actual location of the original mon- 
umentation over the purported dimensions becomes more evident as 
the examination of the physical limitations of the original surveys is 
reviewed. 


7.2.10. Nonaliquot Division of a USPLS Section 


Care must be taken when regular sections are being divided that the 
intention to divide along lines that are not aliquot parts is not confused 
with those that are. The best assurance of this is the creation of a 
subdivision plat, the assignment of lot numbers to the parcels created, 
and the recording of the plat. The written instruments that document 
the sale could stress the intent to deviate from the normal process of 
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dividing regular sections. Finally, all reference to fractions, such as 
‘> or '/s, should be avoided. The use of examples may better clarify 
situations that dictate deviation from the aliquot methods. 

Figure 7.12 is of the SE'/, of Section 29, T7N; R14W Somewhere 
principal meridian, Naturally, there has never been a survey conducted 
on this quarter section, since the government surveyor set the corners 
in 1890, Everyone “knows””® that this quarter section is 40 chains to a 
side and contains 160 acres. The dimensions shown in Figure 7.12 are 
the actual dimensions that would be revealed by a modern survey. 

The owners have two sons, and they want to give each an equal 
portion of the property. Suppose number one son is deeded the 
N'/: SE'/, Sec. 29 and number two son is deeded the S'/) SE'/s 
Sec. 29. Figure 7.13 shows the resulting division, 


Remember Will Rogers. 


72, US.PUBLICLAND SYSTEM (usPLS) 117 


SE 1/4 OF 
SECTION 29 
T7N_RI4W 
SOMEWHERE. MERIDIAN 
Tea oF 
Fie cen 1/4 comer 
Sass’ 


| 252014 


| 
e wife : 


77.84 ACRES 


TEs 


DIRECTIONS BASED UPON 
STATE SLANE COORONA 


| SECTON CORNER 


rol 26 
1/4 CORNER Narasoa w 


FIGURE 7.13 


The division is not equal. The situation could be even more com- 
plicated if number one son were to measure south 1,320 feet from the 
north line of the SE'/,, fence the property, and begin cultivation, con- 
fident that he is in possession of his 80 acres. In reality, he possesses 
77 acres, because the fence is 10-15 feet north of the correct location, 
This seems trivial until number two son sells the land to a manufactur- 
ing company that builds a warehouse 5 feet from the fence. 


7.2.11. Private Claims 


More often than not, especially in the Mississippi Valley, the gov- 
ernment surveyor encountered lands that had been claimed and settled 
prior to any surveys. In most cases, the private claim was just bypassed, 
as if it were a large lake. This disruption of the “regular” pattern caused 
the formation of irregular sections. The section numbering system was 


represented easily abovea letter, the NOT-Q out- 
put may be represented as letter Q with an apos- 
‘trophe after it, as in Q 


Almostalways,ina schematic diagram, aflip-flop 
is represented bya simple rectangle, with inputs 
and outputs identified by letters and other 
marks, Because a description of the inner work- 
ingsis necessary before the different typesof flip- 
flop can be understood, schematic symbols for 
various flip-flops will not be introduced until 
"Variants" on page 116. 


The simplest flip-flop contains two logic gates 
whose function can be most easily understood if 
the inputs are controlled by a SPDT switch. It can 
be created from two NAND gates or two NOR 
gates, as described next. This type of component 
can be described as: 


+ asynchronous: Will accept data on an im- 
promptu basis, as tis not synchronized with 
a clock. 

+ jam-type: Colloquial equivalent of asynchro- 
nous. The input is jammed in at any time, 
forcing an immediate change of output. 

+ transparent: The input state flows straight 
through to the output. 


NAND-Based SR Flip-Flop 

Figure 11-1 shows two NAND gates attached to 
a SPDT switch, with two pullup resistors. When 
either of the NANDs has floating input from the 
switch, the pullup resistor attached to that input 
will maintain it ina high state. The data inputs for 
the NAND gates are labeled S and R, meaning Set 
and Reset, giving this component its nameas an 
SR flip-flop: 


+ Ina NAND-based SR flip-flop, a low state is 
considered an active logicinput, asindicated 
by the bar placed above each letter. 

+ Ahigh state is considered an inactive logic 
output. 


Integrated circuit 


> digital > flip-flop 
The schematic style in this figure, with diagonally 
crossing conductors, is universally used and easi- 
ly recognizable. The equivalent schematic 
Figure 11-2, which might be created by circu 
drawing software, hasthe same functionality but 
would not be immediately recognizable asa flip- 
flop. The “classic” crossed-conductor represen- 
tation is preferable, 


Figure 11-1. The schematic fara simple NAND-based SR. 
type fip-flop, with a switch and pullup resistors added to 
control two inputs. 


Figure 11-2. An alternative component layout for an SR 
flip-flop, functionally identical to the previous schematic, 
but not so easily recognizable. The layout with a pair of di 
agonally crossing conductors has became so ubiquitous 
It should be considered to be a standard, 


The firststep toward understanding the behavior 
of flip-flops is to recall the relationship between 
the two inputs and the output of NAND or NOR 
gates. This is shown in Figure 11-3, where red in- 
dicates a high logic state and black indicates a 
low logic state. 
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adhered to, as nearly as possible, in these cases, with some notable ex- 
ceptions. The treaty that concluded the Louisiana Purchase required the 
United States to honor all existing land grants and claims and to con- 
duct surveys of these parcels so that the U.S. Congress could confirm 
these claims. 

This resulted in some very interesting township plats. Surveys of 
heavily populated areas often produced entire townships where not 
one regular section occurred. Rarely did the U.S. Congress or the 
government surveyor make any attempt to rectify preexisting boundary 
disputes arising from the overlap of private claims and royal land grants. 
Each confirmed claim was given its own section number, causing some 
townships to have well over 100 sections. 

Plate 7.1 is a photo-reduction of a township plat that was approved 
by the surveyor general of Louisiana on August 19, 1853. The field 
work and notes that were used to develop this plat were begun in 1829 
and completed in 1853. Note the meander line along the Mississippi 
River as well as the absence of a regular section. The table of contents 
reports 5,165.58 acres of private claims and only 323.41 acres of public 
Jands in this township. 

Divisions of irregular or “fractional” sections are provided for in 
the regulations controlling the division of public lands, but such highly 
irregular sections as are shown in Plate 7.1 defy any semblance of 
regular division. In many areas, where such settled conditions existed 
long before the USPLS implementation, the owners, attorneys, and 
even the courts continued to use the metes and bounds system of 
property identification. It is very common, in southeast Louisiana, for 
example, for a real property chain of title to be devoid of any refer- 
ence whatsoever to section number, township, or range. These areas, 
although officially in USPLS states, are acting as metes and bounds 
areas, 


7.3. PLATTED SUBDIVISION OR URBAN SYSTEMS 


The metes and bounds system and the USPLS discussed so far are 
systems that are most effective when they are used for large tracts of 
land. The original land grants of the colonies and the USPLS sections 
typically transferred land for some agricultural use. Both systems allow 
for division into very small parcels, but they lose effectiveness or 
become unwieldy as the size of the parcel decreases. This is especially 
true for the USPLS. The formal USPLS rules only specify the aliquot 
division process to the one-sixteenth of a section. The division of 
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USPLS sections into smaller fractions is only an extension of these 
rules and can become quite clumsy (see Figure 7.7). 

‘Very early in the metes and bounds system, and later in the USPLS, 
landowners often wished to divide their large tracts into smaller parcels. 
One of the ways in which this was frequently done was to produce a 
subdivision plan or plat in which the smaller parcels were identified by 
alot number or some other identification. This plat was then recorded 
in the local conveyance office, and any title transfers would refer to the 
subdivision name and lot number. 

This system has many advantages. In urban situations, where public 
streets are created, the addition of the concept blocks greatly reduces 
the verbiage needed to describe any particular lot. The plat can be used 
by the owner as a sales aid. Buyers can readily see on the plat, if not 
on the ground, the configuration of the property being purchased. The 
tax collector can use the plat to develop a record of the ownership 
and relative worth of the properties. Deeds that refer to lot and block 
identifiers may be supplemented by a metes and bounds description, 
which refers to street right-of-way corners and adjoining lots to confirm 
the lot and square. 

The platted system of real property identification has one very im- 
portant distinguishing feature that greatly separates it from the metes 
and bounds system and the USPLS. Unlike the previous two systems 
discussed, the platted subdivision does not necessarily depend on mon- 
mentation or possession to create boundaries to the property. Before 
local governments began to exercise their authority, it was not uncom- 
mon for owners to draw a platted subdivision of their property solely 
based on the old metes and bounds system or USPLS description. It may 
be that none of the corners in the subdivision was ever monumented. It 
is just as possible that the platted subdivision was properly performed 
and that all of the newly created comers were monumented. The con- 
sequences of both cases will be discussed at length in Chapter 10. 

Platted subdivisions should be separated into two additional cate- 
gories. Subdivisions in which all of the lots were platted and recorded 
at one time are very different from subdivisions in which the lots were 
created one at a time. If the former is true, none of the lots can claim 
“seniority of title.””” If the lots are created and sold one at a time and 
some chronological sequence can be established for the transfer of title, 
then a seniority of title can be established. 


"Seniority of title” refers to the concept that, in the sequential division of land, the parcel 
1d first must conform, as closely as possible, to the monumentation and dimensions called 
for in the deed. Parcels sold ata later date must yield to the senior deed in cases of conflict. 
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Survey markers set at the comers of a platted subdivision do not 
have the same ranking as corner monumentation by the government 
surveyor in the USPLS, nor does a survey marker set hold the same 
status as a corner called for in the metes and bounds description. A 
platted subdivision usually expresses the intent to convey a parcel of 
property of specific dimensions. The survey markers, if any are set, 
reflect a corporeal attempt to place on the ground the limits intended 
by the survey plat. Any blunder in the setting of these survey marks 
can be corrected at any time, provided that correction is geometrically 
possible and sufficient acquisitive acts have not taken place. 

Frequently, only the street rights-of-way were monumented by the 
original subdivider, This created the blocks or squares of the subdivi- 
sion but did not monument the individual lots. In general, it is public 
reliance on the monumented location of the street rights-of-way that 
will, in most cases, causes any excesses or deficiencies to be isolated 
within each block. It is because of this public reliance that block corner 
monumentation usually ranks above lot corners in importance during 
boundary recovery. 

In order for a Land Surveyor’s marker to mature into the kind of 
artificial monument that is referred to in the hierarchy of calls, reliance 
on that marker and the rules of acquisitive prescription must be satisfied. 
A private Land Surveyor’s marker must satisfy several conditions. “Not 
every cross upon a stone does a corner make, nor each iron pipe a 
monument” is an amusing but wise phrase. 

Unlike USPLS or original private claims, platted subdivisions typ- 
ically create land parcels that are quite small. Because of their small 
size, along with the fact that most platted subdivisions are relatively 
modem, it is more likely that resurveys of individual lots will dis- 
cover the dimensions to be identical, or at least very close to, the 
dimensions reported on the original subdivision plat. More often than 
not, this is because the typically short distances encountered in mod- 
em platted subdivisions reduce measurement errors to values that 
are less than the inherent errors produced by centering on corner 
monuments. 

For example, let us assume that a particular lot in a platted subdi- 
vision is reported to be 200 feet from an intersection, 100 feet wide 
and 200 feet deep. The block corners were originally monumented by 
one-inch diameter iron pipes and the lot corners by */; diameter iron 
pipes. A Land Surveyor, recovering the monuments and measuring 
200.02 feet and 99.99 feet, respectively, will, in all likelihood, report 
the original 200 and 100 feet, because the variation from the record is 
within normal standards of precision. 
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CHAPTER 8 


THE GLOBAL POSITIONING 
SYSTEM (GPS) 


8.1. OVERVIEW 


The Global Positioning System (GPS) in operation around the world 
first began as a U.S. military navigational program, The American 
constellation of satellites is still operated, maintained, and supported 
by the United States Air Force. 

Other nations, or groups of nations, have begun to establish their 
‘own navigational systems based on the U.S. model. All of the 
were, and are, primarily navigational. The use of these systems for 
precise, centimeter-level positioning was completely unanticipated, 

Initially, the U.S. government, for security reasons, would scramble 
signals or not release frequencies and codes in an effort to reduce the 
positioning precision of nonmilitary GPS receivers. The ingenuity of 
the private sector was not to be denied. The methods and equipment 
developed were able to achieve land survey-level precision by essen- 
tially eavesdropping on the signals without the ability to “read” all that 
was being sent. 

The modern Land Surveyor uses signals sent from every positioning 
satellite constellation in orbit without regard to which government(s) is 
maintaining that system. Land Surveyors and users of survey inform: 
tion must have a broad understanding of the capabilities and liabilities 
associated with this very powerful addition to the Land Surveyor’s 
toolbox. 
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8.2, FUNDAMENTALS 


Unlike all of the other systems established to navigate the earth, GPS is 
not a surface-based system. Until the space age, every mechanism used 
to map and navigate the earth was anchored on the surface of the planet. 

Latitudes were based on the rotation of the earth as determined by ob- 
servations of the stars made while standing on the ground. Longitudes 
were established by arbitrarily naming a location the starting point and 
then measuring the time differentials between when certain stars were 
vertical at an unknown site and the arbitrarily chosen meridian, 

The positioning system chosen (latitude, longitude, and elevation) 
was spherical and particularly useful for observers that were on, or very 
near, the surface of the earth. 

GPS has approached the problem of positioning from a radically new 
direction. The system is based on the center of the earth, not a loca- 
tion on the surface. The coordinate system used is a three-dimensional 
rectangular system. One axis of the system coincides with the axis of 
rotation of the earth. The other two axes are fixed at defined, but essen- 
tially arbitrary locations. All of the axes are mutually perpendicular. 

GPS receivers use the signals from the satellites to compute the re- 
ceiver’s location in terms of an x, y, and z. It is only through a very com- 
plicated and rigorous set of computations that these rectangular spatial 
coordinates are translated into the spherical geodetic positions we use. 

The translations to elevation are even more complicated. The geode- 
tic positions are on a mathematically defined surface, the ellipsoid, and 
a function of distance from the center of the earth, Elevations are on 
a surface, the geoid, which undulates according to the gravitational 
attraction of the planet. It is only through extensive and comprehensive 
‘measurements that the relationship between the gravitational surface 
and the theoretical surface can be mapped. 

This is a continuing process. As the observations become more 
numerous, the mapping of the differences provides the Land Surveyor 
with the information needed to precisely measure elevation differences 
over greater distances, Some areas of the earth have been mapped more 
densely than others, so GPS derived heights are not yet uniformly 
precise. This will change as use increases. 


8.3. GPS AND LAND SURVEYS 


GPS broadcasts signals laden with data that capable receivers use to 
compute the receiver’s position. The precision of these locations are 
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to within 20 meters or so without any additional information. This 
is certainly not precise enough for land surveys. The addition of a 
corrections-receiving radio to the GPS receiver can improve the level 
of precision to about five meters or so. Land surveys require the level 
of precision to be a few centimeters. That precision is not yet available 
for a single receiver. 

The deliberate signal variations and natural anomalies that perturb 
the location signals as they enter the atmosphere on the way to a receiver 
are so unpredictable as to render centimeter-grade raw positioning very 
difficult. The solution that the survey profession hit upon was nothing 
less than brilliant, 

Let us suppose that one receiver is placed on a point of known geode- 
tic position (base station) and others placed at locations of unknown 
geodetic positions (rover stations). If the ones placed at the unknown 
locations are not too far from the one that is at a known position, then 
the distortions of the signals from a common satellite should be about 
the same for each receiver. The errors in the computed position caused 
by ambient conditions would be the same for both. Therefore, the dif- 
ferences in the values computed for the position of each must be the 
result of the relative distances between the receivers. In this manner, the 
geographical relationship between the receivers can be very precisely 
computed. 

Itis in this differential mode that the Land Surveyor has adapted what 
was intended as a navigational aid into a mechanism by which distances 
and directions can be measured between points on the earth’s surface 
that are not intervisible. The only requirement is that the receivers are 
operating at the same time, under similar atmospheric conditions, in 
locations with a clear view of the sky, and they are observing enough 
of the same satellites. 

Horizontal distances of several miles can now be measured with 
a precision comparable to line-of-sight electronic instrumentation but 
with greatly reduced expenditures of effort and time. Depending on the 
level of precision required, the distances measured can be continental. 

Fifty miles from the base station is usually considered as the outer 
range of reliable horizontal differential measurements. Vertical differ- 
ences are much more susceptible to distortion and the distance from the 
base station is reduced to five miles. Both of these limits are functions 
of range, procedure, and equipment. The future promises pronounced 
improvements in the range at which reliable horizontal and vertical 
data can be collected. 

The adaptation of GPS techniques to land surveys is rapidly advane- 
ing. There are presently a multitude of variations and improvements to 


126 THE GLOBAL POSITIONING SYSTEM (GPS) 


the differential application of GPS technology for land surveying pur- 
poses. (Those interested in a more thorough explanation are referred 
to Jan Van Sickle, GPS for Land Surveyors, 3rd ed. Boca Raton, FL: 
CRC Press, 2008, as an excellent starting point.) 


8.4, CORS NETWORKS 


GPS technology, as adapted by the Land Surveyor, is dependent on 
at least one receiver's being at a known location, It often occurs that 
the effort required to recover and occupy a station of known location 
that is GPS observable and within range of the area to be surveyed 
is significant. The idea arose that instead of hunting up NGS control 
stations with a good view of the sky, the Land Surveyor could determine 
the geodetic position of a permanently mounted receiver antenna in a 
central location, 

The rover stations then become the only portable part of the op- 
eration. The base station could be housed in a secure building, like 
the home office, further reducing the personnel required and time ex- 
pended performing a set of GPS measurements. As long as the base 
is receiving satellite data at the same time as the rovers, land survey 
grade differential measurements are possible. 

From this came the concept of continually operating receiver sta- 
tions (CORS). In this case, the base station is never turned off. Rover 
stations could then be operated when conditions were right and the 
data compared to the base later. Better yet, a network of CORS with 
overlapping ranges could be used by a single rover to develop a position 
that was not dependent on one fixed location. 

Today, CORS systems have been established throughout the United 
States and elsewhere. Local, state, and other organizations, in coop- 
eration with the National Geodetic Survey (NGS) have systems in 
operation that will allow any GPS operator to submit the digital data 
downloaded from their receiver to the NGS for processing. This system 
is Internet based and maintained by NGS under what is known as the 
Online Positioning User Service (OPUS). 

This powerful and useful service offered by NGS has done as much 
as or more than any other technology of the 21st century to advance 
the capability of the Professional Land Surveyor. Geodesy and bound- 
ary surveying have become closer in goals and capabilities. Procedures, 
data collection, and map projections systems have been somewhat stan- 
dardized as a result of superior results, not mandates. Indeed, the many 
standards, regulations, and rules established by governing authorities 
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or professional organizations lag far behind the rapidly advancing state 


of technology. 


8.5. PRACTICAL APPLICATION 


The survey example in section 6.11 was based on the availability 
of the NGS horizontal control stations “Billy” and “Bob.” The net- 
work of NGS control stations throughout the United States was typ- 
ically concentrated along the coastlines and transportation corridors, 
The vast majority of the land area was not well supported by control 
stations. 

More often than not, the Land Surveyor did not have monuments of 
known geographic position to rely on within a reasonable distance of 
the project. This is no longer the case. The ability of the GPS receivers 
to measure the distances between locations that are many miles apart 
to a level of precision that, over such spans, was heretofore unheard of 
provides NGS supported geographic positions to every Land Surveyor 
everywhere in the United States or the world, 

Figure 8.1 is an example of how high-quality State Plane Coordinate 
(SPC) data can be developed for surveys that are in remote locations. 
The remainder of the survey work follows the same procedure as the 
random traverse outlined in section 6.11, 


FIGURE 8.1 
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Notice that the bearings between the control stations have been 
verified by a method independent of GPS technology. Independent 
verification is an economic alternative to the multiple (at least three) 
GPS observations recommended to develop sufficient redundancy of 
observations. Even small horizontal positional errors between stations 
in close proximity can produce directional errors that can be magnified 
during the traversing process, so redundancy in developing positional 
data or directional observations that are not dependent on stations in 
close proximity are used. 

Many states, perhaps soon to be all states, are creating CORS net- 
works. One variation of the GPS differential measurement procedures, 
known as Real Time Kinematic (RTK) positioning uses radio commu- 
nications between the base station and the rover to develop position 
solutions that are displayed on the rover as soon as the solution is 
computed. The operator is provided with the receiver location within 
seconds: “in real time. 

RTK has proven to be a very effective topographic data collection 
and construction control stake-out tool. This procedure requires a full 
and uninterrupted view of the satellite constellation to be effective. 
However, even when used in close proximity to the control stations, 
RTK is not as precise as are other positioning methods. The CORS 
network developers are investigating a radiophone version of RTK for 
general use. 

Positioning technology is advancing with almost daily developments 
and improvements. When it is appropriate to use one or more of these 
powerful additions to the Land Surveyor's options is a professional 
decision that will be based on more than just the client's needs. In 
the case of recorded real property transactions and activities, the land 
boundary information obtained by the Land Surveyor must be capable 
of assimilation into the community’s record and recovery systems. 


8.6. STRENGTHS 


The great advantages presented by GPS technology are ones of scale 
and sustainability. Great distances between land points are no obstacle. 
No longer must locations be intervisible in order to measure between 
them. The adoption and use of national geographic positioning systems, 
such as SPC, is within the reach of every survey and Land Surveyor. 
Locations recovered and documented using reliable nationally sup- 
ported positioning criterions are more easily recovered and can be 
compared to data developed by other Land Surveyors at different times. 
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Figure 11-3, The four possible input combinations for a 
NAND gate and a NOR gate, with the corresponding log 
cal outputs. A flip-flop can be built from two NANDs or 
two NOR. 


‘The behavior of a NAND gate can be summar- 
ized: 


+ Both inputs high: Output low. 
+ Othe 


put combinations: Output high. 


Figure 11-4 showsa series of snapshots of the SR 
flip-flop circuit as the switch moves from one po- 
sition, through an intermediate state where it 
makes no connection, to the other position. Re- 
member that in this circuit, the active logical in- 
put state is low, and the active logical output 
state is high. 


In the top panel, the pullup resistor of the lower 
NAND is overwhelmed by the direct connection 
to negative ground, which holds the R input ina 
low state. The other input of this gate is irrele- 
vant, because the output from a NAND will be 
high if either of its inputs is low. So, the lower 
NAND has a high output, which feeds back to the 
secondary input of the upper NAND gate. The S 
input of this gate is high, because of the pullup 
resistor. Because both inputs of this gate are now 
high, its output is low, which feeds back to the 
lower gate. The lower gate doesn't change its 


How It Works 


output, because either ofits low inputsis enough 
to keep its output high. So, the circuit is in equi- 
librium. A high state on the NOT-Q output is 
known as the Reset state fora NAND-based flip- 
flop. 


The second panel shows what happens if the 
switch now moves up into a neutral, disconnec- 
ted position. The R input of the lower NAND now 
becomes high, because of the pullup resistor. But 
this NAND still has onelow input, supplied by the 
‘output of the upper gate, so its output remains 
high, and the circuit is still in equilibrium. This is 
known as the Hold state for the NAND circuit. 


Suppose the switch bounces to and fro between 
the states shown in the first two panels, The out- 
put from the circuit won't change. This shows 
that the circuit providesa method foreliminating 
switch bounce—the very fast, momentary spikes 
that occur when the mechanical contacts of a 
switch open and close. 


The third panel showswhathappens ifthe switch 
now moves to its upper position. The top input 
of the upper NAND gate is now pulled low. Con- 
sequently, its output goes high. This feeds back 
to the lower gate. Its other input is high because 
ofthe pullup resistor. With both ofitsinputs high, 
its output goes low. The gate outputs have flip- 
ped and swapped values. A high state on the Q 
‘output is known as the Set state for a NAND- 
based flip-flop. 


The circuit still remains in equilibrium even if the 
switch returns to its central, disconnected posi- 
tion shown in the bottom panel. Therefore, the 
debouncing capability of the circuit works equal- 
ly well for both positions of the switch. 


NOR-Based SR Flip-Flop 


Figure 11-5 showsa similar circuit using two NOR 
gates attached to an SPDT switch. Because the 
NOR gates function differently, this circuit uses 
active-high input logic, and pulldown resistors 
are needed instead of pullup resistors. The out- 
put from the circuit still uses active-high logic, 
and is identical with the NAND-based circuit in 
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This data can be directly imported into local, state, and federal Geo- 
graphical Information Systems (GIS) used for everything from land 
record keeping to infrastructure maintenance. 


8.7. WEAKNESSES 


The ease with which GPS observations develop precise geographic 
positions often causes a user to become overreliant on the numbers that 
come out of the computer. The temptation to use a position obtained 
from a single GPS observation and “run with it” is great. 

Notice that in the example in section 8.5 the Land Surveyor had 
four locations that were processed and tied together by standard line- 
of-sight (LOS) measurements into a network. If one of the GPS ob- 
served locations contained large errors due to a regional anomaly, the 
inconsistencies between computed and LOS measured distances and 
directions would alert the Land Surveyor to a problem. Manufactur- 
ers of GPS receivers correctly tote the very small deviations that are 
attained with “95 percent certainty.” 

In other words, 5 percent of the time the data has location errors 
that exceed the published level of precision. Statically, in a set of four 
measurements that are “95 percent certain” the odds are one in six that 
one of the four contains an error that exceeds the 95 percent deviation, 
‘The magnitude of any particular 5 percent deviation may be significant. 
For this reason, no horizontal or vertical position derived from a single 
GPS session should be considered sufficient for land boundary survey 
control. 


8.8. COPING WITH REALITY 


The constraints that face a Land Surveyor during a land boundary sur- 
vey are several. The time, effort, and expense associated with the degree 
of precision obtained by survey procedures must be economically and 
legally justified. Once the level of precision has been determined by 
the Land Surveyor, the equipment and procedures are tailored to meet 
that need. 

In the GPS world, the level of precision is relatively high, with the 
exception of an occasional anomaly. Sometimes, for reasons that have 
not been adequately explained at the time of this writing, the data set 
from a GPS observation will provide a solution that is far beyond the 
expected error limits. These “fliers” are rare but can be devastating. 
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Prudent GPS procedures require a level of redundancy in observation 
that will identify and eliminate such fliers from the control network. 
There are many methods of obtaining redundant observations but the 
most effective and economical combine GPS observations with LOS 
‘measurements. 

For example, GPS data can be collected at three intervisible stations. 
This is most effective when the data sets are collected on different days. 
LOS measurements can then be made between the stations recording 
both distances and angles, If the LOS results are consistent with the 
computed GPS positions, the data set is verified. If there is a flier, the 
remaining two stations that are in agreement can be used. 

LOS verification of the direction between two intervisible GPS sta- 
tions by astronomic or distant sight points is another very effective 
means of verifying GPS results. LOS verification of the distance be- 
tween two GPS stations is a must, but distance alone is insufficient to 
verify GPS results. LOS distances combined with angular or bearing 
‘measurements are both required to confidently verify location data. 

Sun or Polaris observations are highly accurate and very simple. The 
geodetic azimuths are easily reduced to SPC bearings. The precision 
of the directions obtained by astronomic measurements is commonly 
repeatable to within 5 seconds or so. This is more precise than the 
directions derived by inversing between high-precision GPS stations 
that are less than 2,000 feet apart. 

Distant sight points, such as television or radio transmission towers, 
are usually associated with published geodetic positions that have been 
determined to a high degree of precision. The bearing to these locations 
can be computed and used to verify the relative positions of GPS 
stations within the survey network. Distant sight points often become 
“permanent back sights” for Land Surveyors working on extended 
projects in an area. 
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CHAPTER 9 


THE GEOGRAPHIC INFORMATION 
SYSTEM (GIS) REVOLUTION 


9.1. BUILDING A FOUNDATION 


‘The profound increase in the sheer amount of land information that has 
become available to everyone has been nothing less than a tsunami. 
Users of land information are now confronted with the task of assimi- 
lating, cataloging, and storing all this information in a way that it can 
be recovered and used. 

The systems that have been developed to control land information 
are collectively known as Geographic Information Systems (GIS). It is 
“geographic” because the information is linked to the earth. This is not 
just geography; this is everything that can be associated with a location. 

Technically speaking, every map is a geographic information sy: 
tem. Any agency that has had to study or manage land-related matters 
would develop maps on which pipelines, streets, crops, population, or 
whatever was being investigated would be indicated by symbols. The 
list of things that can be mapped is endless, and any information that 
can be mapped is geographic information. The electronic process is 
analogous to a base map over which selected transparencies containing 
the information of interest are placed. 

The big improvement in the electronic GIS programs is that anybody 
can use it. The data can be stored in many different locations by the 
‘owning agency and summoned by users in far-off locations with ease. 

The linchpin, the keystone, the foundation, the one piece of informa- 
tion that links it all together is focation. In the United States, the base 
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map of an effective GIS program is geodetic positioning controlled 
by the National Geodetic Survey (NGS)-supported North American 
Datum of 1983 (NAD 83) geodetic model. Jurisdictions will often 
convert the geodetic positions of latitude and longitude into the more 
user-friendly State Plane Coordinate (SPC) system. But, nevertheless, 
precise and reliable positioning must be available in order to initiate an 
effective GIS program. 


9.2, SOURCES OF INFORMATION 


The Electronic Age has prompted the many different owners of geodetic 
information (maps) to convert that information into digital format. First 
by digitizing existing paper scaled maps and then by developing maps 
by computer-aided drafting (CAD) programs, what were once paper 
drawings stacked in filing cabinets slowly became replaced by digital 
data sets that could be viewed only by computer programs. 

The precision and reliability of the data found in these data sets are 
very much a function of the means and methods used to develop them. 
One of the primary methods of developing digital data from a paper 
map is known as “digitization.” In this process the paper drawings are 
placed on a pad laced with sensors and the lines on the paper are traced. 
Digitized electronic maps can never be more precise than the original 
paper plan, 

Digitized maps can then have information added to the electronic 
version that was not a part of the original paper map. Municipal, county, 
state, and federal agencies often place the data associated with their 
function over digitized topographic maps, aerial photographs, or other 
sources of control that mimic geodetic control as the base when, in fact, 
a digitized map is the base map. 

The distances, locations, areas, elevations, and bearings computed 
from a GIS program can be only as precise as the original source of 
that information, 


9.3. SYSTEM MAINTENANCE 


GIS programs must be maintained to be of any use. This may be 
best explained by example. The Public Works Sewerage Division of 
a municipality instituted a GIS database for all of the facilities in 
their system. The first step was to collect all of the existing maps of the 
sewer lines they own. These maps were digitized and then electronically 
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scaled and rotated to fit a street map (also digitized) of the municipality. 
The locations of the lines in this initial layer are no more precise than 
the old paper maps. 

In order to improve the precision of the GIS data, it was decided to 
determine the geodetic position of all manholes and visible structures. 
The cost of using a survey crew to do this work was prohibitive. Aerial 
photography was used instead, and the geodetic position of items de- 
termined by scaling or overlaying the photo onto the base map. This 
reduced the locative uncertainty from tens of feet to a few feet. Even 
though this was not as precise as it could be, it was a great improvement 
over what had existed. 

Ideally, anytime repair work was done on the system, a survey crew 
would precisely determine the geodetic position of the exposed pipes. 
However, because of cost, handheld navigational gps units were em- 
ployed to collect the new data. These radio adjusted units provided 
locations with a precision of less than five feet. This was about the 
same level of precision as that provided by the aerial photography. 

New work by developers or under facilities improvement contracts 
required surveyed geodetic positions, converted to SPCs, for all new 
structures. This was made easier when the municipality adopted a 
continually operating receiver station (CORS).! 

It was in this way that the example agency developed and continues 
to maintain the GIS database of their facilities. 


9.4. POTENTIAL USERS 


It may be simpler to list data users that would not utilize a GPS data 
source. If the item of interest involves “where” in any of its attributes, 
it is an item that can be, and soon will be, a part of a GIS database 
somewhere. From soil types to rainfall patterns to ownerships to demo- 
graphics, data will be, and is being, complied in a GIS digital format. It 
is vitally important that the persons directing the locations and recor- 
dation of these data be aware of the need for a firm foundation, a valid 
base map, on which this data is to be presented. 


9.5. POTENTIAL FOR MISAPPLICATION 


GIS is a powerful tool and, as it is with many powerful tools, if mis- 
handled can cause much grief. The user need not be aware of all of 


TSee section 8.4 
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the nuances of the data collection procedures, but a firm understanding 
of the limitations of the particular fragment of the GIS data base is 
vital. 

‘An inquiry made electronically by “clicking” on a property line, for 
example, may result in a answer of a distance to the one-hundredth 
of a foot and a direction to the second, yet the GIS data may have 
originated with a digitized paper map wherein the original draft- 
ing precision was dozens of feet one way or another, GIS data of- 
ten use SPCs or other rectangular map projections. Even distances 
that are precisely determined on the earth’s surface will be adjusted 
to some degree because of the requirements of the map projection 
in use. 

Users of GIS sources must know where the data comes from and 
apply the results of a query accordingly. Most people, particularly 
the novice, have the disconcerting habit of believing anything that a 
computer spits out. GIS users must constantly strive to wisely assess 
sources and application. 


Fee seation 5.5. 
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CHAPTER 10 


BOUNDARY RECOVERY 


Contrary to popular belief, Land Surveyors do not establish bound- 
ary lines, Boundary lines can only be established by the landowners, 
although disputes may be settled by adjudication, 

The act of subdividing a parcel of land by a private Land Sur- 
veyor acting as an agent of the property owner, or the monumentation 
of section corners by the government surveyor in the case of federal 
lands, is the first step in the process of establishing the boundaries of 
newly created parcels. These are the “original steps” that all descen- 
dants in title, and the Land Surveyors working for them, are bound to 
follow. 

The Land Surveyor is charged with the task of recovering those 
boundaries, not establishing them. The original boundaries can be es- 
tablished only once when the owner divides the lands. All surveys after 
that original establishment are boundary recoveries. 

A boundary recovery by a Land Surveyor constitutes a professional 
opinion and is no more binding on the property owners than the advice 
of any other professional. Every property owner has the right to reject 
a purported boundary recovery if that owner so desires. 


10.1. RULES OF EVIDENCE 


Boundary recoveries are opinions rendered based on the results of an 
investigation. The rules of evidence that are applied to that investigation 
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are not very different from the rules of evidence in a civil proceeding. 
Every item discovered during an investigation is evidence. There are 
no exclusionary rules for a Land Surveyor. Parole evidence, hearsay, 
private documents, recorded documents, and anything else may be con- 
sidered or may point the way to further investigation and discoveries. 
Physical evidence is generally more reliable than testimony, written 
evidence is given more credence than parole, and recorded evidence is 
given more weight than private, and so on. 

The hierarchy of calls (see section 7.1) used to assist in the interpre- 
tation of deed descriptions also guides the Land Surveyor in evaluating 
boundary evidence. Natural and artificial monuments are physical evi- 
dence. A survey plat may be a physical thing, but the measured angles, 
distances, and computed areas shown on that plat are the recorded ob- 
servations (testimony) of the previous Land Surveyor. Neighbors and 
landowners often offer undocumented (and sometimes biased) opin- 
ions with regard to the location of boundaries. The Land Surveyor 
weighs all of the evidence and, based on the quality and quantity of the 
evidence, renders an opinion on the location of a boundary. 


10.2. SOURCES OF EVIDENCE 


Title examinations are usually restricted to recorded documents. The 
deed document and recorded survey plat are far from the only source 
of evidence used by the Land Surveyor in recovering real property 
boundaries. Because the location of real property boundaries is defined 
by the location of the real property corners, boundary recovery is, in 
fact, corner recovery. The primary source of evidence is the physical 
features discovered by the Land Surveyor in the field. Prior to con- 
ducting a field search for evidence, the Land Surveyor will use several 
other sources of evidence in an attempt to narrow the area of search for 
comer monumentation. 

The deed document and previous surveys are obvious sources of 
evidence. Land Surveyors who have practiced in an area for a long 
time will have extensive files that may include deeds and plats of 
adjacent properties. The county records are also an important source of 
information on contiguous tracts of land. Land Surveyors can often be 
seen looking through the public property records book. They are not 
looking for a chain of title; they are searching for evidence pertaining 
to the location of the comers. Adjacent landowners often have plats 
or other documents that add details about the location of real property 
comers. 
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10.3. OFFICE PROCEDURE 


Of all the questions commonly asked of the Land Surveyor, “Where do 
you start?” has to rank as number one. 

The Land Surveyor is usually told the current land record identifi- 
cation of the particular parcel to be surveyed. That identification may 
be a lot number and subdivision name, an aliquot part of a section, a 
‘metes and bounds description, or just “the Jones’s land.” 

‘As in a Greek tragedy that begins at the end before it returns to 
the beginning, the Land Surveyor must trace back through the public 
records and his or her private files to the original tract from which 
the present parcel was created. This “paper trail” may require many 
hours of research before any fieldwork is started. This step is greatly 
shortened if the Land Surveyor has previously surveyed other parcels 
of the same original tract. The value of prior knowledge in a particular 
area is a greater influence on the “regionalization” of private Land 
Surveyors than any other factor. 

The theoretical starting point for any survey is the same whether a 
USPLS, metes and bounds, or platted subdivisions are involved. That 
theoretical starting point is the record containing the creation of the 
original parcel. 

In the USPLS, that starting point is the government surveyor's orig- 
inal notes. In the case of the metes and bounds states, that starting 
point is the original land grant. In the case of the platted subdivision, 
that starting point is the original subdivision plat. In cases where the 
platted subdivision was not monumented, recorded, or public use and 
acceptance of the created streets has not taken place, the starting point 
reverts to the parent tract. 


10.4. FIELD PROCEDURE 


Once the Land Surveyor has gathered as much recorded and other 
written information as possible pertaining to the location of the real 
property corners, the field search for evidence of boundaries can begin. 
Each discovery is used to narrow the search for other corners. 

The most difficult comer to find is usually the first corner. After 
the first corner is found, the area of search is greatly narrowed for 
subsequent corners, facilitating their recovery. Potential artificial corner 
monumentation must be compared with the record for consistency 
before it is accepted. Among the questions that need to be answered 
are, “Who set the monument?,” “Has it been disturbed?,” “Is its location 
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consistent with other monuments?,” “Is it of the same material as called 
for in the plat?,” and so on. 

Suspected comer locations are examined for evidence of the mon- 
umentation of record. The advent of the electronic metal detector has 
been as great an advancement in the land surveying profession as the 
computer and the electronic distance measuring device. Large areas 
can be searched electronically for iron-based monumentation, and the 
area excavated can be greatly reduced. 

However, in the final analysis, the most important tool in the recov- 
ery of boundaries is the shovel. There are very few corner monuments 
that survive standing above the ground. The threat of earth moving 
equipment, brush cutting machinery, and other hazards—unintentional 
and otherwise—has led to the practice of burying boundary monu- 
mentation in order to ensure that the location of that monument is 
undisturbed. 

The Land Surveyor may establish a control traverse first (see section 
6.11), and/or measure from known comers or accessories to isolate 
the search areas, compute theoretical positions for the corners, and 
then intensify the search in those areas. Recovery of corners that were 
originally documented by state plane coordinates is faster and more 
reliable when the control traverse used in the recovery attempt is also 
based upon the state plane projection system. 

There is no secret formula for boundary recovery, and the choice 
of measurement procedure made by the Land Surveyor is in many 
ways incidental to the success of the boundary recovery. A successful 
recovery is one that finds the natural or artificial monuments at the 
comers of a real property parcel. 


10.5. RENDERING A DECISION 


Rarely is every corer monument found in any boundary survey. The 
ravages of time and the activity of agriculture or land development 
frequently destroy many of the artificial monuments placed by the 
original surveyor. This does not mean that the location of the corner 
is lost. 

The recovery of accessories to the comer reported by the original 
Land Surveyor is a recovery of the monumentation for that corner, even 
if the artificial monument at the corner is gone. Often, the location of 
buildings, tree or fence lines, or other terrain features in relation to the 
comer being sought were reported on previous surveys of the subject 
or adjacent tracts. 
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Figure 11-4. Four snapshots of transitions in a NAND- 
based SR flip-flop as the switch moves dawn and up 
through an intermediate na-connectian zone. See text for 
details 


Integrated circuit > digital > flip-flop 


+ In a NOR-based SR flip-flop, a high state is 
considered an active logicinput,asindicated 
by the absence of a bar placed above the let- 
ters Sand R. 


+ A high state is considered an active logic 
output. 


Figure 115. The schematic far a simple SR flip-flop using 
NOR gates instead of NANDs. 


In the case of the NOR gate: 


+ Both inputs low: Output high. 
+ Other input combinations: Output low. 


Figure 11-6 shows a series of snapshots as the 
switch moves from one position to the other, 
through intermediate states where it makes no 
connection, Remember that in this circuit, the 
active logical state is high at both the inputs and 
the outputs. 


In this circuit, as in the previous circuit using 
NAND gates, it will ignore switch bounce, allow- 
ing the gate outputs to remain stable, 


Forbidden States 

Either of the circuits described so far depicts an 
SR flip-flop, regardless of whether it is NAND- 
based or NOR-based. Its input and output states 
are summarized in Figure 11-7. However, as this 
table suggests, there are some input states that 
create problems. 
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Certainty of recovery is directly proportional to the relative relation- 
ship of reported terrain features to the corner being sought. Recovery 
of the original and undisturbed monument set at the comer is absolute. 
Other features, such as witness trees or buildings that are a known 
distance and direction from the corner can be used to recover a corner. 

Features that are nearer a comer, geographically and chronologically, 
are more likely to lead to a correct corner recovery than those that are 
more remote from the corner being sought. A known corer one mile 
away is not nearly as reliable as a witness tree 10 feet from a corner. A 
survey plat claiming to have recovered an original monument produced 
one year after that original corner was set is usually more reliable than 
one produced 100 years later. 

The time and effort spent in searching for physical evidence of 
the location of a comer is the dominant factor. The greatest source 
of dispute among Land Surveyors about the location of real property 
corners can usually be traced to a failure to discover all of the physical 
evidence relevant to a corner location. 

The tendency to simply “lay out” the deed dimensions of a parcel 
or to resort to mathematical computations that theoretically set the 
location of a comer often causes much confusion when, at a later 
date, additional physical evidence reveals the true location of the real 
property boundaries 

‘A Land Surveyor’s professional ability is a function of his or her 
thoroughness in the collection of physical evidence more than any 
other single factor. Excellence in mathematics, beautiful plats, sophis- 
ticated electronics, or professional appearance are meaningless unless 
aLand Surveyor’s boundary recoveries are based on all of the pertinent 
evidence that can be found. 

Rendering a decision on the recovery of a property comer is an 
art, Formal education, continuing education, and extensive study will 
shorten the time it takes to excel in the art of comer recovery, but only 
experience in a particular geographical region will develop the skill 
needed for consistent and certain comer recovery. It is both proper and 
wise to request that a Land Surveyor inform you of the evidence and 
reasoning that led to the Land Surveyor’s decision on the location of 
recovered comers. 


10.6. USPLS BOUNDARY RECOVERY 


Any survey of a USPLS section or any aliquot part thereof begins with 
the recovery of section comers and quarter corners. The best record 
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of where any comer was set is the original notes of the government 
surveyor. Plate 10.1 is a photocopy of facing pages from a typical 
government surveyor's notebook. 

Although most government surveyors’ notes are arranged in this 
form, some notes may not be. The first column lists the direction of 
the line being “run.” This line was typically a magnetic observation 
that was “corrected” for the local magnetic deviation. The “correction” 
involved marking on the ground a “true north” (actually astronomic 
north) line by observing the star Polaris at the headquarters of the 
government surveyor. The reading of a compass, usually very large 
and considered more “precise” than the surveyor’s field compass, was 
then compared to the “true north” line, and the deviation of the needle 
from the “true north” line was recorded. This is why the deviation or 
declination recorded in many government surveyors” notes are reported 
to the nearest minute when the compass used in the actual work could 
only be read to the nearest quarter degree. Of course, the survey work 
was usually many miles away from where the magnetic “deviation 
was measured. 

The second column lists the distances along that line that terrain 
features or other items of note that were encountered as measured from 
the beginning of the land lines. These terrain features encountered 
along the survey route are known as “passing calls.” 


PLATE 10.1 
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Passing calls are frequently very useful in recovering corners set 
by the government surveyor, for they provide evidence of the location 
of the comer that is much closer than all other evidence, except for 
witness monuments (trees). If, for example, the notes indicated that at 
38 chains from a found section corner the government surveyor crossed 
a small creek (in survey jargon, “a creek is called for at 38 chains”) 
and set a quarter corner at 40 chains, the first place to begin the search 
for the quarter comer is 2 chains past the creek, not 40 chains from the 
found corner. 

The remainder of the page is reserved for a narrative describing 
and/or identifying the beginning of the line, the features encountered 

1 “calls,” the end of the line, the comers set, and the accessories to 
each corner. 


10.6.1. Accessories to a Corner 


Accessories to a comer consist of physical objects near the corner 
to which distances and directions are noted for the purpose of future 
restoration of the comer. Accessories were most often natural objects, 
such as trees, and were sometimes referred to as “witness marks” or 
“bearing marks.” Accessories are as much a part of the comer monu- 
mentation as the corner post that may have been set by the government 
surveyor. 

Witness trees are the most common form of accessory to a comer. 
These trees were chosen for their proximity to the mark, usually less 
than one chain (66 feet) away, as well as their size and species. In order 
to distinguish the accessory from other natural objects, the surveyor 
would scribe on the object specific letters or numbers. 

Ideally, three or more accessories accompanied each corner and 
were chosen so that they encircled the corner. In the narrative portion 
of the notes, the surveyor lists the distance and direction from the 
comer to the accessory. Because the accessories are a part of the corner 
monumentation, a recovery of the accessories is a recovery of the 
original comer monumentation. 


10.6.2. Recovered Corners 


Comers that are reset by the use of accessories or by the discovery 
of the original, undisturbed monument are called “recovered corners.” 
Corners reset by use of the passing calls should not be considered as “re- 
covered,” for passing calls rarely were in close proximity to the corner. 
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10.6.3. Deciphering Government Land Office (GLO) Notes 


Line 10 of Plate 10.1 is the beginning of a line of a private claim. The 
line begins at the comer common to sections 1, 4, and 5. This is clearly 
an irregular section. 

The variation of the compass reported by the government surveyor 
earlier in this field book is 7 degrees 29 minutes east, yet the directions 
observed for the claim boundary line are reported in increments of one- 
quarter of a degree. This inconsistency of precision may indicate that 
the instrument and personnel used to measure the magnetic variation 
were not the same as those used to measure this particular line. 

Later recovery of the line (reported as bearing north 26'/; degrees 
east) showed the actual geodetic bearing at this point to be north 25 
degrees 32 minutes 14 seconds east (plus or minus 5 seconds). This 
difference of only 1 degree between the 1872 magnetically based ob- 
servation and the modern (1985) geodetic direction for the same line is 
well within the range of reasonably expected values. Depending upon 
regional factors, the variation between the historic values and the more 
precisely determined values could be in excess of a degree or more. 

According to these notes, the line intersected the northern boundary 
of the township at a point 24.81 chains along the line and 3.53 chains 
east of the township corner. A post was set to monument this intersec- 
tion, and two bearing trees were reported. The first bearing tree is a 
4-inch diameter live oak, 10'/) links away at a bearing of south 78°/, 
west. The second is a 5-inch diameter ash, 30'/, links away at a bearing 
of north 12'/; degrees west. The post and the trees are the monumen- 
tation of this particular point in the form of corner monumentation and 
accessories. 


10.6.4. Passing Calls 


At 42.30 chains along this line, the government surveyor encountered 
a canal “at its intersection with the Delaronde canal.” These reports of 
features encountered along a line are referred to as “passing calls.” This 
particular passing call is important, because both canals may remain 
long after the post and trees that monument the last point are gone. 
Passing calls, when contradictory to recovered corner monumentation, 
will to yield to the comer and its accessories as proof of the location of 
comer. This is only logical. Witnesses to an act who are nearest the 
action will carry more credibility than someone who is far away. 

‘The art of recovering witness trees is highly refined in certain regions. 
Even a pattern of three or more stump holes that match the bearing 
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and distances of the original witness trees is considered strong, if not 
conclusive, evidence of comer recovery. 

Unfortunately, in many areas, the activities of nature and human 
beings have erased all evidence of an original corner. This does not 
necessarily mean that the corner is “lost.” Although the government 
surveyor’s notes recount the features that were geographically near the 
comer, other notes, survey plats, and events in the chain of title contain 
information that may be chronologically near the setting of the corner. 


10.6.5. Perpetuated Corner 


A section comer may be perpetuated through a chain of events leading 
up to features that remain at the time of a recovery attempt. 

For example, let us assume that a section comer and accessories are 
established in 1835. In 1898, a private Land Surveyor, failing to find 
the original post, recovers the accessories and remonuments the section 
comer, according to the GLO notes, with an iron bar. 

In 1925, a private survey plat is made that notes the iron bar and 
several brick buildings, and shows several dimensions that relate the 
location of the buildings to the iron bar. 

In 1988, all that remains are the foundations of several of the build- 
ings. These buildings have become, through perpetuation, accessories 
that monument the location of the original corner. 

‘Corners that are reset by the discovery of a documented chain of ev- 
idence linking existing monumentation to the original monumentation 
by the government surveyor are called “perpetuated comers.” 


10.6.6. Corner by Common Report 


It may be that the trail of evidence leading from the government sur- 
veyor’s monumentation to the modern monumentation of a section 
comer is incomplete. 

A monument may have been accepted by an entire community as an 
original section corner without the documentation necessary to justify 
labeling it as a perpetuated comer, This acceptance by the community 
may be so complete that all of the aliquot parts created in each of the 
contiguous sections hinge on that particular monument. If any alternate 
location for the comer were to be asserted, the whole community would 
be thrown into confusion. 

It is for this reason that, in the absence of better evidence, such 
monumentation may be accepted as marking the corner. This is known 
as a “corner by common report.” 


144 BOUNDARY RECOVERY 


10.6.7. Corner Reset by Best Evidence 


The most common type of corner or boundary recovery made by the 
Land Surveyor is based upon a location of a corner by the best available 
evidence. Passing calls, the relationship to other comers, evidence to 
the location of the corner not found in the government survey notes, 
and other sources of evidence often are sufficient to reset a monument 
at a comer location with certainty that the remonumentation is at the 
same location as the original corner. 


10.6.8. Corner Reset by Proportionate Measurement 


Finally, if absolutely no creditable evidence remains of the original 
location of a section corner, certain USPLS rules can be applied to 
“reset” the missing corner. 

Unfortunately, these rules, known as “restoration by proportionate 
measurement,” are widely published by the U.S. government as well 
as possibly every book on surveying ever published, except this one. 
The word unfortunately is used, because the promotion of the rules 
governing the restoration of lost comers has encouraged many Land 
Surveyors to resort improperly to proportionate measurement long be- 
fore they have exhausted all of the possible sources of evidence.' 

The recovery of the original section and quarter corners may not 
constitute a recovery of the boundaries or even assist in that recovery if 
actions took place, without regard to the sections or their aliquot parts, 
that reestablished the property boundaries. If a boundary agreement 
or subdivision of the land took place without reliance on the original 
section corners, or if a boundary was established by adjudication, then 
the section lines remain but cease to be boundary lines 


10.7. METES AND BOUNDS BOUNDARY RECOVERY 


The recovery of property boundary lines under the metes and bounds 
system of land identification varies from that of the USPLS in a few 
subtle but important ways. Although section corners in the USPLS can 
never move, the boundary corners of the metes and bounds system are 
subject to change. 


"Division of Cadastral Survey, Bureau of Land Management, US. Department ofthe Interior, 
‘Stock Number 024-01 1-00012-7, Restoration of Last or Obliserated Corners and Subdivision 
of Sections—A Guide for Surveyors, 1979. 
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Because the monuments involved mark only boundary corners of 
contiguous lands and do not have the dual purpose of serving as control 
for other parcels, the adjoining owners are free to move or reestablish 
their common boundary lines. Boundary agreements, both formal and 
implied, as well as adjudication, can and will define new locations for 
property corner: 

The paper trail from the present to the original parcel will still be 
present in the metes and bounds system, but the formal notes, reg- 
imented monumentation, and consistent use of accessories at each 
boundary corner are often absent. This places more reliance on old 
survey plats and descriptions than does the USPLS recovery. 

The parcels created under the metes and bounds system are not 
aliquot parts of the parent tract. The chronology of the creation and 
selling of divisions of a parcel become very important. In this system, 
the intentions of the parties to a division and sale of land parcels are 
not based on a regimented procedure; rather, each division is a unique, 
individual act. Often, it is quite difficult to decipher the true intent of 
the parties. These, as well as other complications, makes the recovery 
of boundaries in the metes and bounds system a true art form, 

The same rules of evidence apply as in any boundary recovery. 
Generally speaking, the closer an object is, chronologically and geo- 
graphically, to an original boundary comer, the more creditable that 
object is as a source of evidence to the location of the original corner. 

‘Old maps, plats, descriptions, and accounts, both recorded and un- 
recorded, may produce evidence pertinent to the recovery of a comer. 
Corners may be recovered, reset by best evidence, accepted by com- 
mon report, perpetuated, or reset by proportional measurement, just as 
in USPLS corner recovery. 


10.8. PLATTED SUBDIVISION BOUNDARY RECOVERY 


Modern platted subdivisions present the simplest cases of boundary 
recovery. The requirements of most municipalities or local govern- 
ments for the development and recordation of subdivisions produce 
well monumented, clearly defined parcels with typically slight dis- 
crepancies between recorded dimensions and measured dimensions. 
Subdivisions that are well settled and well monumented, and that have 
clearly delineated boundaries rarely produce boundary conflicts. 

Older subdivisions or subdivisions that were not settled and occupied 
may harbor discrepancies that will become evident only after an attempt 
has been made to posses several lots of the subdivision. 
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The recovery of boundaries in subdivisions must begin with the 
limits of the subdivision block or lot involved. This recovery typically, 
but not always, involves public street rights-of-way. How much of the 
block is under physical possession (fences, houses, roadways, etc.) is of 
great importance to the recovery of lot boundaries. Rarely will any Land 
Surveyor venture beyond block corners to verify boundary locations if 
the possession lines are in agreement with the deed dimensions. 

The metes and bounds description that accompanies many deeds 
to lots in platted subdivisions will be considered by most Land Sur- 
veyors as a supplement to the recorded plat. Discrepancies between 
the recorded plat and the metes and bounds supplemental description 
generally will be settled in favor of the platted data, unless it can be 
shown to be geometrically absurd. 

Just as with all boundary recovery, metes and bounds corners can 
be recovered by finding the monument set by the original Land Sur- 
veyor, recovery of perpetuated monumentation, reset by best evidence, 
accepted by common report, or reset by proportionate measurement. 
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CHAPTER 11 


EVALUATING SURVEY PLATS 


Most of the preceding chapters have dealt, in a broad way, with the hi 
tory and methods of boundary control and boundary recovery. Bound- 
ary recovery is the responsibility of the Professional Land Surveyor. 
The general information given so far will enable the reader to examine, 
evaluate, and use survey plats better. As in any profession, the abil- 
ity, training, and competence of individual Land Surveyors will vary. 
Even the best and most competent Land Surveyors will occasionally 
make a mistake, miss a judgment call, or simply overlook something. 
Never assume that the Land Surveyor is always correct. Each survey 
plat should be examined carefully for discrepancies or inconsistencies. 
The following checklist is designed to assist the reader in such an 
evaluation, Each of the items in the list will be explained in deta 


11.1. PLAT EVALUATION CHECKLIST 


Determine the land record system used. 
Determine the map projection used. 
Evaluate the age of the survey. 
Determine the purpose of the survey. 


Examine the survey plat for gross discrepancies 
and completeness. 
a, North arrow and bearing base. 
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b. Legal description. 
c. Date of the survey. 
d. Name and address of the Land Surveyor. 
e. Signature and seal of the Land Surveyor. 
£, Adjoining properties. 
g. Dimensions of all sides of the property. 
h. Bearings of all sides or angles at each comer. 
i. Name of the client or purpose of the survey. 
j. Certification. 
k. Limiting notes or phrases. 
1. Area 
m. Scale. 
6. Compare the survey plat with the deed for consistency. 
7. Examine the survey plat for indications of easements. 
8. Examine the survey plat for indications of encroachments. 
9. Determine the level of precision. 
10. Determine needs not covered in the plat. 
11, Contact the Land Surveyor to discuss any excessive discrepancies 
or additional requirements. 


11.2. DETERMINING THE LAND RECORD SYSTEM USED 


It is not enough to know if the parcel in question is located in a metes 
and bounds state or in a USPLS state in order to determine the land 
record system that was used to create a particular parcel. 

‘A platted subdivision may exist in any state. A metes and bounds 
division of a tract of land may be disguised as a platted subdivision by 
the seller’s use of “lot numbers” in the sales, A reference toa portion of a 
section may refer to something other than an aliquot division, according 
toUSPLS rules. Both platted subdivisions and USPLS parcels may have 
a metes and bounds description included in the deed as a supplement 
to the legal description, 

The importance of the differences between the various systems is 
only realized when the actual dimensions and locations of real prop- 
erty boundaries of a particular parcel are substantially different from 
the information found in the deed. The procedure for rectifying such 
discrepancies will vary according to the land record system used. 


ated circuit> digital 


flip-flop 


Figure 11-6. Four snapshots of a NOR-based SR filp-top, 
showing the consequence of changing switch positions, 
‘comparable with the NAND-based t-flop. 


Flip-Flop Outputs 
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Figure 17. A table of input states and the consequent 
‘output states for NAND-based and NOR-based SR fp 
flops. 


In either the NAND-based flip-flop or the NOR- 
based flip-flop, the output when the switch is in 
its unconnected center position will remain the 
same as when the switch was in its previous po- 
sition. This is the usefulness of the flip-flop: it re- 
members the previous state. These situations are 
identified as “Same as Previous’ in the table. 


The pullup resistors (in a NAND-based flip-flop) 
and pulldown resistors (in a NOR-based flip-flop) 
are intended to guarantee that both inputs will 
be high (NAND) or both inputs will be low (NOR) 
even when the switch makes no connection. 
Therefore, itshould beimpossibleforboth inputs 
to be low (NAND) or high (NOR). 


But what happens if the circuit is powered up 
with the switch in the unconnected position? 
‘One input of each gate is controlled by the out- 
put of the other gate. But what will those outputs 
be? 


Inthe NAND-based version, the outputs from the 
NANDs will be low while the chips are powering 
up. As soon as the NAND chips are functioning, 
each of them will sense thatit has one input high 
put low, so it will change its output to 


But now that each chip has a high output, it will 
feed back to the secondary input of the other 
chip. Now both chips have both inputs high. This 
will cause them both to change their outputs to 
low—but this will feed back again, flipping the 
outputs back to high again. In fact, if the gates 
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Lots created in a platted subdivision do not follow the same rules 
as lots that developed sequentially in a metes and bounds system. The 
words south half ina USPLS area mean something quite different from 
those same words in a metes and bounds system. 


11.2.1. Recog) 


The key to recognizing a metes and bounds controlled description is the 
lack of direct reference to the control principles of either of the other 
systems. Even if a parcel is located in a USPLS section and the section 
number, township, range, and principal meridian are a part of the deed, 
the parcel may still be a metes and bounds division of a USPLS section. 
Similarly, the presence of a lot number and subdivision name does not 
necessarily eliminate the possibility that a metes and bounds system is 
the controlling land record system at work in a particular situation, 

Figure 11.1 isan example of a metes and bounds division of a USPLS 
regular Section. The Frank James property can only be described by 
a metes and bounds definition. This particular situation assumes that 
the line between sections 5 and 8 and the real property boundary line 
between P. Short and R. McInnis are the same. The line between P. Short 
and W. Bonney (720 feet east of the section corner) may be one-quarter 
of the distance to the quarter corner (a !/s, corner is ideally 660 feet east 
of the section corner). The description of this parcel may identify it as a 
portion of the NW '/, of section 8, and so on. Even if the bounds called 
for are section lines for certain sides, the departure from the USPLS 
recognized method of division causes this to be a metes and bounds 
described parcel. 

If the parties that created the parcel shown as the “Frank James” 
property intend for it to be bounded by R. McInnis, W. Bonney, and 
P. Short, it is important that the real property boundary lines be stressed 
in the metes and bounds description. If only the section line or the '/s, 
line is called for in the metes and bounds description, confusion may 
result if the section and '/., lines are later found to be separate from 
the real property ownership boundaries. 

The series of subdivision plats shown in Figure 11.2 indicate that 
the original owner of the Smith estate sequentially created and sold 
portions of the property up to May 1, 1932. The deed to each of the 
lots contains a reference to the lot number, as well as a metes and 
bounds description. The fact that the May 1, 1932, survey plat is a 
recorded document does not cause the various titles created from June 
3, 1911, to May 1, 1932, to be anything other than a metes and bounds 
controlled description. The titles for each lot were created at different 


\g a Metes and Bounds Description 
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, and a precise chronology of that creation can be proven, In order 
for the division to be considered a platted subdivision, the May 1, 1932, 
plat must have been created and recorded before any of the lots were 
sold. 

If, however, the June 3, 1911, plat had numbered that portion iden- 
tified as the “Remainder of Smith Estate” as lot number 2, then this 
would constitute a platted subdivision, The significance of the differ- 
ence would only be brought to light if the original Smith estate were 
not 900 feet wide, as the June 3, 1911, survey states it is. If the June 3, 
1911, plat were a platted subdivision, then lot 1 and lot 2 would share 
proportionally the shortages (possession to the contrary excepted). 

If the original Smith estate were 850 feet wide, for instance, then the 
sequence of events portrayed in Figure 11.2 would result in lot 4 being 
only 200 feet wide. 
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FIGURE 11.2 


152 EVALUATING SURVEY PLATS 


The description of lot 4 would call for the boundary on the east to be 
that of the western line of the P. Peters property and the boundary on 
the west to be the eastern line of lot 3. Because lot 3 existed long before 
lot 4 was created, then lot 3 must be granted all of the width called for, 
even though the remainder of the Smith estate was not 250 feet wide, 
as it was believed to be. These subtle nuances, interpreting intent, rely 
heavily on the system of identifying parcels. For this reason, it is quite 
important that the system in effect be properly identified. 


11.2.2. Recognizing a USPLS 


The use of the USPLS must include, as a minimum, the section number, 
the township number and quadrant, the range number and quadrant, 
and the principal meridian. In some cases, the principal meridian may 
not be necessary if the state and county are reported and the state or 
county is served by only one principal meridian. Divisions of sections 
into smaller parcels must be USPLS lots, in the case of irregular or 
fractional sections, or must be created by the application of the rules 
of division governing the aliquot parts of a section. 

Divisions of a USPLS section, regular or not, that do not conform 
to the USPLS regulations must be by platted subdivision or metes and 
bounds. Division of a USPLS lot is not provided for in the regulations. 
Sections, or their aliquot parts, must be divided by halves or quarters, 
based on the actual length of the sides, not the theoretical length of the 
“ideal section.” Special rules apply for irregular or fractional sections. 

Divisions that are based on the intention to transfer a specific area of 
land cannot be based on the USPLS rules for the division of a section. 
A call for one-half of a section is not a transfer based upon a specific 
area, Because sections are never square, the phrases “south half of the 
acreage,” “south 320 acres,” and “S'/," all have different meanings. 
Only the call for the “S'/.” is a USPLS division. 


11.2.3. Recognizing Platted Subdivisions 


Naturally, before the rules governing platted subdivisions can apply, 
a platted subdivision must have been created by someone. It is not 
absolutely necessary that the platted subdivision be recorded in the 
public records for it to be valid. It is not even necessary that all of the 
regulatory steps required by the local governing authority be complied 
with for the platted subdivision to be valid. The determination of the 
validity of a platted subdivision is a matter of law, and discussion of 


11.8, DETERMINING THEMAP PROJECTIONUSED 183 


it is beyond the scope of this book. All of the following discussions 
about a platted subdivision will assume validity. 

In order for a parcel to exist under the platted subdivision system, 
that parcel must have a unique identifying label. This usually takes the 
form of a lot “number” or “letter.” Lots may also be called “parcels,” 
“plots,” or “tracts,” among other things. The distinguishing feature that 
denotes a platted subdivision is the creation of two are more parcels 
of specific size from one or more existing parcels where the division 
is based on a drawing of the parent tract. The drawing may be the 
result of a boundary survey conducted at the time of the creation of the 
subdivision or simply lines drawn on an old map. 

Divisions that intend to transfer parcels based on the location of 
distinctive terrain features are metes and bounds transfers, even if a 
plat is produced to assist in the transaction. Divisions that adhere to 
the requirements of the USPLS are not platted subdivisions, even if a 
survey and a plat are produced and recorded for the parties involved. 

The use of a subdivision “name” is quite common, especially in 
instances in which a large number of lots are involved. The use of 
squares or blocks is also common but not necessary. The creation of 
new streets or public rights-of-way is also a common feature of the 
platted subdivision of a parcel of land. Modern platted subdivisions are 
usually easily identified because of the many requirements placed on 
the subdivider by the local governing authority. 


11.3. DETERMINING THE MAP PROJECTION USED 


‘The map projection used will have significant relevance to the degree of 
precision that may be reasonably expected of the information found ona 
particular survey plat or map. Directions, for example, are exceptionally 
sensitive to the distortions inherent in the tangent plane projection—so 
much so that bearings reported on plats using this projection system 
cannot be reliably compared with plats of adjacent tracts or even other 
plats of the same property. 


11.3.1. Recog) 


All projection systems commonly used in survey plats require that the 
bearings shown be based on angles measured at the intersection of 
land lines. Maps that report bearings of the boundary lines as inde- 
pendently observed magnetic or astronomic directions are rarely based 
upon any projection system at all. The most common example of a 
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“projectionless” map is the U.S. government township plat. These plats 
are simply a graphic rendition of the government surveyor's notes. Each 
bearing of each line is an independently observed direction (usually 
magnetic and “corrected” to “true north”). 

These directions are not two-dimensional; therefore, the novice will 
easily be misled. Land lines are defined as “straight” between corners, 
but all of the intricacies described in Chapter 5 apply. Surveys that 
were performed by “running” the boundary lines with a compass are 
usually “projectionless” surveys. The distances and directions of such 
surveys are typically of the lowest order of precision. This is not to say 
that these survey plats are without value. It may be that the value of 
the land being surveyed or the purpose of the survey (e.g., cutting of 
timber) may not warrant the higher cost of more precise surveys. 


11.3.2. Recognizing a Tangent Plane Projection System 


Tangent plane projection plats are the most common form of survey 
plats, The earmark of this type of plat is the use of a general reference 
to a meridian, Notes on the plat that state that the directions are based 
on “true north” or some other meridian are strong indications that the 
map is a tangent plane projection, Notes that state that the directions 
are based on the reported bearing of a recovered line almost exclusively 
indicate tangent plane projections. 

Plats of very small parcels, such as urban or suburban lots, are 
often tangent piane projections. In the case of a platted subdivision, the 
directions shown on the plats of individual lots are frequently based 
on the same projection system as the subdivision plat. In these cases, 
the directions shown on each lot plat should be consistent with similar 
plats of other lots in that same subdivision, 


11.3.3. Recognizing a State Plane Projection System 


State plane projection plats almost always state on the face of the plat 
that the directions are “state plane” or “based upon grid north.” The 
appearance of state plane coordinates (SPCs) in the form of “x” and “y” 
values indicates a state plane projection. The SPC that is appropriate 
for use in an area is typically established by an act of the legislature of 
each state, 

Prior to 1983, all state plane projections were based on the North 
American Datum of 1927 (NAD 27). After 1983, a new datum was 
introduced by NGS to replace NAD 27. This new datum is known as 
the North American Datum of 1983 (NAD 83). During a transitional 
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period, maps or plats may have been based on either NAD 27 or the 
new NAD 83. After the end of the transition period, only NAD 83 will 
be allowed. The implementation of NAD 83 is individually legislated 
in each state. 

Today, NAD 27 is no longer maintained by the federal government, 
and its use in modem surveys is unwise. Computer programs that trans- 
late between NAD 27 to NAD 83 are available, but those translations 
are somewhat imprecise. The many distortions in the NAD 27 network 
were not entirely modeled in the translation programs. A translation 
program may produce values to the thousandths of a foot, but in reality 
the translations may be off a foot or more depending on the source of 
the original NAD 27 value. 


11.4. EVALUATING THE AGE OF THE SURVEY 


It is vital that the survey data that is being relied upon is the result 
of work that is contemporaneous with the action that is taking place. 
Evaluating the age of the survey is a little more involved than simply 
reading the date of the survey plat. The “age” of the survey is also a ref- 
erence to the methods employed by the Land Surveyor who conducted 
the work. The precision of the work, and thereby the confidence that 
can be placed in the accuracy of the results, is directly related to the 
“age” of the survey. As has been shown, government land surveys are 
not very precise when compared with the general level of capabilities 
of the survey profession during the same period. This may also be true 
of certain Land Surveyors when compared with their peers. 

Even late 20th-century work may have been performed using old 
methods because of some special circumstance. A boundary line “run” 
by magnetic compass in 1980 is not more precise than one run in 
1910. A distance measured using rigidly controlled procedures and a 
calibrated steel measuring tape in 1920 could be more accurate than a 
poorly controlled chaining in 1970. A telephone conversation with the 
Land Surveyor who performed the work is the best way to determine 
the “age” of the survey. If that is not possible, the general history 
of survey procedures in the region may be obtained from local Land 
Surveyors. 

Most lending agencies have strict rules regarding the acceptable 
amount of elapsed time between the survey and the mortgage loan, 
These agencies have learned, through experience, that changes in the 
possession and use of the land can be quite rapid. Buildings can be 
erected or expanded. Fences can announce the commencement of 
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acquisitive possession, There are a host of activities or occurrences 
that can alter the use and enjoyment (and thereby the title) of real 
property. 


11.5. DETERMINING THE PURPOSE OF THE SURVEY 


The mere existence of a survey plat is an indication that a contract, 
verbal or written, was formed between a Land Surveyor and persons 
interested in some feature of the parcel involved. If you did not request 
the survey, the possibility that the Land Surveyor performed the work 
‘you want is very small. 

The variety and degrees of complexity in land surveys are such 
that many of the particular items of interest to you, such as easements 
or flood hazard, may not have been reviewed by the Land Surveyor, 
because the person who requested the work was not concerned about 
those particular details. 

If the survey plat being reviewed was not ordered for the specific 
purpose to which it is being applied, then the survey information on 
that plat must not be important to the users. If a specific reason for the 
performance of a survey exists, the Land Surveyor must be completely 
aware of that purpose so that she or he may tailor the work to suit 
the needs given, Often, items that are of particular concern are not 
discoverable by a survey alone. 


11.5.1. Land Title Surveys 


Surveys that are part of a title examination for the purpose of a change 
in ownership of a parcel of land require coordination between the Land 
Surveyor and the title attorney. These particular surveys are known as 
“land title surveys.” 

To avoid confusion over the shared responsibilities in a land title 
survey, the American Land Title Association (ALTA) and the National 
Society of Professional Surveyors (NSPS), a member organization of 
the American Congress on Surveying and Mapping (ACSM), have 
jointly established and published the criteria for land title surveys. 
Called “Minimum Standard Detail Requirements for ALTA/ACSM 
Land Title Surveys”, the publication is revised from time to time to 
reflect changes in technology and law. Most state regulatory authorities 
have also adopted similar standards. In many cases, these standards 
reflect many of the points or edicts of the ALTA/ACSM publication. 

Title attorneys will often request “ALTA surveys” out of habit and 
tradition. ALTA/ACSM contracted surveys are very specific and well 
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thought-out. Certifications, actions, division of responsibility, and stan- 
dards are spelled out. Persons requesting “ALTA surveys” are well 
advised to obtain rhe most current version of the document and read it! 


11.6. EXAMINING THE SURVEY FOR GROSS DISCREPANCIES 


‘The surveying profession must recruit from the human race. This severe 
limitation means that Land Surveyors are fallible and may, from time 
to time, omit vital information or miss obvious discrepancies on the 
face of a survey plat or within a report. The most difficult blunders to 
detect in the survey profession occur during the final printing or typing 
of a survey plat or report. 

Examine every survey plat with a critical eye. Take special joy in 
detecting spelling errors, misprints, obvious omissions, or the trans- 
position of numbers or letters. Distances or bearings that don’t seem 
possible deserve an immediate response from the Land Surveyor. If the 
discrepancy is the result of a refinement or a correction of a former 
value, the Land Surveyor will tell you. Most of the items listed in this 
category are self-explanatory. 


11.7. NORTH ARROW 


The north arrow shown on a survey plat serves a twofold purpose. 
Primarily, the north arrow serves the purpose of orienting the plat. The 
north arrow also serves as an indicator of the bearing base used by 
the Land Surveyor in conducting his or her work. Changes in bearing 
base or the use of an imprecise meridian will be reflected in changes 
in the values presented for the directions of lines. These changes are 
not relocations of the lines, just an assignment of new values. The 
absence of a north arrow makes the development of a metes and bounds 
description quite difficult. 

Considered by most Land Surveyors as an essential item on any 
survey plat, the absence of a north arrow is sometimes common in 
cases of surveys in very dense, urban areas. If the survey plat that you 
are using lacks a north arrow and you feel that it needs to be shown, 
call the Land Surveyor and have it added. 


11.8. LEGAL DESCRIPTION 


Depending on the land record system in use, the survey plat must show 
the information necessary to identify the parcel. This does not mean 
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that the complete verbiage of a proper metes and bounds description 
should be shown on the face of a survey plat in a metes and bounds land 
records system. A general or abbreviated version of the description will 
suffice to identify the parcel. The words, sketches, and lines drawn on 
the survey plat itself will complete the identification, 

In platted subdivisions and USPLS records systems, the survey plat 
caption ought to be in the form of lot, square, subdivision name, county 
and state or aliquot part, section, township, range, principal meridian 
(may be omitted), county, and state. 

Rules and regulations that require that the “legal description” be 
shown on the face of a survey plat are referring to the land identifi- 
cation requirements of the system in use. Unfortunately, some have 
interpreted this requirement to mean that a complete metes and bounds 
description must be printed on the face of every survey plat. The abso- 
lute impracticality of this misinterpretation will be better demonstrated 
in the exercises in writing metes and bound descriptions found in 
Chapter 13. 


11.9. DATE OF THE SURVEY 


The date shown on the survey plat serves to “fix in time” the data 
represented on the plat. Just as a photograph will present images that 
are locked in time, a survey plat contains the three dimensions of 
physical space as well as the fourth dimension of time. As survey 
plats age, the data shown on the plat may become obsolete. Buildings, 
fences, waterways, and rights in property all may be altered by time. A 
photograph of a 2-year-old girl may not accurately portray that same 
person 30 years later. Changes over time are to be expected in land 
parcels as well. 


11.10. NAME OF THE SURVEYOR 


Most survey firms produce survey plats that are drawn on standard 
paper that has the border, company logo, address, and other information 
already printed on it. It is surprising how many times this can lead to 
misunderstanding or oversight. In every survey firm, the responsibility 
for the collection and interpretation of data rests with one person. That 
person must be a Professional Land Surveyor registered in the state 
where the land is located. That individual’s name must be shown on 
the survey plat. 


are absolutely identical, the circuit will oscillate 
very rapidly. This is sometimes known as ringing. 


In real life, the gates will not be absolutely iden- 
tical, and eventually one of them will respond 
fractionally ahead of the other, tipping the circuit 
into the state shown either in the second panel 
orthe fourth panel in Figure 11-4. Butwhich chip 
will win? There is no way of knowing. This is 
known as a race condition, and the winner is un- 
predictable. 


A similar but opposite situation occurs in the 
NOR-based flip-flop if it is powered up with the 
switch in the disconnected position, and the S 
and R outputs are both low, because of the pull- 
down resistors. Here again it will be a race 
condition. 


We can address the problem by making a rule 
that the switch must always bein one position or 
the other when the flip-flop is powered up. But 
whatif there isa faulty switch? Or whatifa power 
interruption occurs while the switch is changing 
position? 


Another problem occurs ifthe switch makes one 
contact a fraction before it breaks the other con- 
tact. This would result in both S and R inputs be- 
ing low, ina NAND flip-flop. Thesame state could 
occurifa separate logic circuits driving the Sand 
R inputs, and an error causes it to make S and R 
both low. This is shown in Figure 11-8. Because 
the output from a NAND gate is always high ifat 
least one ofits inputs is low, both gates now have 
a high output, and the circuit is stable. 


The problem is, the states of the outputs from a 
flip-flop should always be oppositeto eachother. 
If both of them are high, this can create logic 
problemsin the rest of the circuit attached to the 
flip-flop. 


+ Ina NAND-based SR flip-flop, if S and R are 
both low, this is known as a forbidden state 
ora restricted combination. 


flip-flop 


Figure 1-8. What happens when both S and R inputs to a 
INAND flip-flop are iow as a result of an error in a separate 
control circu 


A similar problem afflicts a NOR-based SR flip- 
flop, except that the forbidden state will occur 
when the S and R inputs are both high. 


+ InaNOR-based SRflip-flop, fS andRareboth 
high, this is a forbidden state or a restricted 
combination, 


The SR flip-flop is useful as a switch debouncer, 
but for computing applications, it is vulnerable 
to errors. 


The JK Flip-Flop 

Because the name of the JK flip-flop shares the 
initials of Jack Kilby, who won a Nobel prize for 
his fabrication of the world’s first integrated ci 
cuit, some people speculate that this type of flip- 
flop was named after him. The attribution seems 
implausible, and may have gained currency sim- 
ply because a flip-flop was the first device that 
Kilby happened to build when he was develop- 
ing an integrated circuit. 


Regardless of how it came to be named, the JK 
design is shown in Figure 11-9. This is commonly 
referred to as a JK latch. The electromechanical 
switches thatwere shown driving the SRflip-flop, 
along with pullup or pulldown resistors, are no 
longer included, because the inputs at positions 
Jand Kare assumed to come from other devices 
that have properly defined high and low states. 
Their behavior may be unpredictable, but nei- 
ther of them will ever have a floating state. 
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Throughout this book, the need for communication between the 
user of a survey plat and the Land Surveyor who performed the work 
is stressed. This is possible only if the Land Surveyor is identified and 
the means of contacting her or him are clearly presented. A map that 
does not identify an individual as the Land Surveyor responsible for 
the drawing is not a survey plat. 


11.11. SIGNATURE AND SEAL 


The signature and seal have a special importance in land surveying. 
This formal act of “signing” and “sealing” is a warranty by the Land 
Surveyor that the information presented is the result of investigations, 
research, and measurements faithfully conducted according to the stan- 
dards and procedures of the surveying community existing at the time 
that the survey was conducted. 

This is a guarantee that the surveyor believes that the information 
is a reasonably accurate report of the facts. Deliberate misrepresen- 
tations, distortions, misleading information, deletion of relevant facts, 
or fraud are pledged not to be present. This is a commitment of faith- 
ful service made to all who may see the plat. It is not a promise of 
infallibility. 


11.12, ADJOINING PROPERTIES 


The identification of all of the adjoining properties is normally con- 
sistent with the land record system used to identify the subject parcel. 
Metes and bounds plats usually identify the owners of adjacent prop- 
erties by name. USPLS-based plats often show the entire section, with 
emphasis on the aliquot part or government lot that is being surveyed. 
Platted subdivision lots may refer to only the lot numbers of the neigh- 
boring lots. Platted subdivisions that consist of squares or blocks, as 
well as lots, may only refer to the square or block boundaries instead 
of the lots immediately adjacent to the lot being surveyed. It is also 
possible that the adjoining lots may be identified by a combination of 
systems 

In all cases, the property is bounded on all sides by something. Be it 
a private owner, a public right-of-way, or the international seas, those 
adjoiners need to be identified on a survey plat. 
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11.13. DIMENSIONS OF ALL SIDES 


The dimensions of all the boundary lines of the parcel surveyed should 
be shown. If the dimension of a particular side cannot be measured, 
then an estimate and an explanation for the lack of a measured dimen- 
sion should be shown. The parameters of the dimensions should be 
consistent. If the measurements are reported in U.S. survey feet, tenths 
and hundredths, then all sides should be in U.S. survey feet, tenths and 
hundredths. If directions are reported by bearings, then the bearings of 
all sides should be shown. 

‘An exception to this rule occurs in cases in which, for historical 
reasons or for clarity, dimensions that are reported in the deed record 
but are no longer in use are shown on the plat, along with the modern 
measured value. A frequent form of this exception is use of the notations 
“actual,” meaning the dimension measured during the present survey, 
and “deed” or “title,” meaning the recorded or previously reported 
dimension for that same line segment. 


11.14. BEARING OR ANGLES 


The bearings shown on a survey plat must also be consistent in both 
parameters (e.g., degrees, minutes, seconds) and meridian, A bearing 
shown to the nearest degree should not appear where other bearings are 
shown to the nearest second. The precision of the measurement implied 
in the first case is much less than that implied in the latter. For example, 
a bearing of north 25 degrees east must be shown as “north 25 degrees 
00 minutes 00 seconds east” in order to be entirely consistent with a 
bearing shown elsewhere as “north 27 degrees 15 minutes 33 seconds 
west.” Naturally, presenting bearings in degrees, minutes, and seconds 
in one place and grads, for instance, in another, is a gross violation of 
the “consistent parameter” rule. 

It is also awkward to define directions of lines by a combination of 
angles and bearings. Clarity and consistency are best served when one 
method or another is consistently used throughout a survey plat. 

A common historical exception to this general principle is the “im- 
plied direction or dimension.” Often, particularly subdivisions involv- 
ing small parcels, lines are parallel or angles are clearly 90 degrees and 
dimensions are repetitive. In these cases, omission of bearings, angles 
or dimensions were frequently accepted as minor or unimportant. 

Plats of urban or suburban home sites are usually restricted to “legal 
size” paper (8'/,” x 14”), thereby limiting the amount of information 
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that can be reasonably shown in such a small space. The use of “implied 
direction” is one way in which much of the clutter was eliminated from 
small drawings. Almost all of the modern standard detail requirements 
promulgated by regulatory authorities prohibit implied directions or 
dimensions. 


11.15. NAME OF CLIENT, PURPOSE OF SURVEY 


The name of the person for whom the survey was performed or a 
particular statement expressing the purpose of the survey can be an 
important indication of the extent of the work performed. Only the 
person named on the survey has a reasonable right to expect the survey 
to report the information that he or she requested. 

A survey performed for a particular purpose can only be reasonably 
used for that purpose. It is foolish to assume that a survey performed 
at the request of someone else will contain all of the information you 
want to see. It is equally foolish to assume that a survey performed for 
one particular purpose will fulfill all of the requirements of an alternate 
need. 

For example, a survey that was performed to confirm compliance 
with zoning restrictions may show the dimensions of a building that 
are not adequate for computation of the area of the floor space of that 
building. Zoning restrictions ignore recessed doorways; floor space 
computations do not. 


11.16. CERTIFICATION 


Special attention must be paid to the certification that appears on a 
survey plat. The phrase “certified correct” that was so popular in the past 
has been largely dropped by the land surveying profession. This phrase 
has been found to be much too general and subject to interpretations 
never dreamed of by Land Surveyors. “Certified correct” means not 
only that all of the information shown is correct (how accurate must a 
dimension be to be “correct”?) but also that all of the information that 
the reader desires is shown. This interpretation requires that the Land 
Surveyor know, at the time a survey is conducted, the needs of some 
unknown, future user of the survey plat. This is an impossible task 
to fulfill; consequently, Land Surveyors have begun to explain, in the 
certification statement, as well as in special notes, the extent of work 
performed and the limits of the warranty promised by that work. 
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11.17. LIMITING WORDS OR PHRASES 


The most pronounced of the recent developments in the relationship 
between the Professional Land Surveyor and his or her client has been 
the increased use of words or phrases on survey plats that spell out 
what was and what was not performed by the Land Surveyor in the 
development of that plat. This clarification of the duties performed by 
the Land Surveyor has caused some protest from the users of survey 
plats who did not realize that the plats that they had been using ail 
along actually had these limitations 

Land Surveyors are not title abstractors. Land Surveyors do not, in 
the normal course of business, search the deed record or chain of title 
for easements, restrictions, zoning, or other legal instruments that may 
affect a parcel of land. Those parties who had incorrectly believed that 
Land Surveyors were abstracting titles were quite upset when they were 
informed that the discovery and interpretation of recorded information 
rests with the legal profession, 

The discovery of visible acts, on the ground, that encumber a prop- 
erty, whether recorded or not, is the responsibility of the Land Surveyor. 
The attorney evaluates the written or legal factors encompassed in the 
title to real property; the Land Surveyor evaluates the corporeal factors 
encompassed in the land itself. The combination of these two services 
constitutes a complete record of a real property parcel. 

Statements on the survey that explain the extent of work performed 
by a Land Surveyor are there to ensure that no one mistakes a survey 
plat for an abstract of the deed record. 

If it is important to the purpose of a particular plat that this in- 
formation be shown, the Land Surveyor must be presented with such 
written records as the user desires to be shown. Limiting phrases can 
be removed if the information not normally searched for by the Land 
Surveyor is provided. These phrases are as much an integral part of 
the survey plat as are the bearings and distances, yet it is amazing how 
many persons, who would never contemplate asking a Land Surveyor 
to misrepresent a dimension, demand the removal of these important 
informational phrases. 


11.18. AREA 


The area of a parcel is based on a computation that involves several sets 
and combinations of measured values. For this reason, the area called 
for in a deed or reported in a survey plat holds the lowest ranking in the 
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hierarchy of calls. Sales of property, however, often define the value 
of a parcel of land in terms of the area. Ironically, the one dimension 
considered to be the least reliable is often depended upon to set the 
most important aspect of any parcel of land—its monetary value. 

Many Land Surveyors will omit the area of a parcel unless that 
information is specifically requested by the client. This omission is 
not critical in most cases of surveys of small, rectangular, urban, or 
suburban lots in which the computation of the area is obvious or the 
value of the property is not directly determined by the area. In cases of 
large or complicated parcels, however, the area is an important part of 
the information that is relevant to real property parcels. 


11.19. SCALE 


The scale shown on survey plats represents the relationship of the 
dimensions on the original plat to the dimensions of the survey. Most 
modern minimum standard detail requirements call for a statement of 
the scale and a bar scale on every survey plat. 

Often, the survey plats that are handled by clients are copies or re- 
productions of the original drawing. Almost all reproduction processes 
will result in distortions of the plat. Paper will stretch or shrink in 
reaction to changes in humidity and many other factors. Such changes 
can have a dramatic impact on the fidelity of the scale on any plat. It is 
for these reasons that scaling dimensions on a plat are strictly reserved 
for estimating values. If a dimension is important, one should never 
depend on a scaled measurement of that dimension. 

In the case of individual residential survey plats, the primary recipi- 
ent of the plat is a homeowner who is usually unaware of the dangers 
of scaled values. For this reason, many Land Surveyors deliberately 
did not report the scale used to produce their plats, Land Surveyors are 
only too happy to compute or measure dimensions that are of interest 
to the user of a survey plat. 


11.20. COMPARING THE SURVEY PLAT WITH THE DEED 


There often are inconsistencies between deed information and survey 
data. These inconsistencies are, normally, the necessary result of the 
improved or updated information about a particular parcel of land, 
The Land Surveyor must make several judgmental decisions during the 
interpretation of boundary evidence discovered during a survey. It is 
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very common for surveys of small, modern, urban home or business 
sites to agree exactly in every way with the information shown in the 
deed. This is because short distances are involved, rigid subdivision 
codes have been applied, and frequent street rights-of-way prevent the 
accumulation of small measurement errors into detectable proportions. 

It is more common, particularly in cases of less-than-modern work, 
for the information contained in a deed to be slightly different from the 
information shown on a survey plat. Corrections to distances are quite 
common and may be the result of improved measuring techniques, cor- 
ner interpretation, superior recovery methods, or simply new evidence, 
among other thing: 

Directions (bearings) are even more likely to vary from the deed in- 
formation than are distances. Except in cases of state plane projections, 
the accumulation of inconsistencies found in adjacent tangent plane 
projection surveys or the even more pronounced variations of magnetic 
meridians cause the directions shown on many survey plats to be suit- 
able for little else than computing the angles formed at boundary line 
intersections. 

‘Variations between state plane directions reported on a deed and state 
plane directions recovered during a particular survey should reflect only 
accumulated measurement error. The amount of acceptable variation 
depends on the level of precision needed. Changes in the state plane 
projection datum may cause a change in the values associated with 
the state plane directions (bearings) of boundary lines, The survey plat 
should report the datum associated with the directions shown. 


11.21. EXAMINING THE SURVEY PLAT FOR EASEMENTS 


Easements are a nonpossessory interest held by one party in the real 
property of another whereby the first party is accorded partial use of 
said property for a specific purpose.' These rights that others may have 
can flow from one of two sources: the easement might be the result of 
a written agreement or the result of use. Easements may take one of 
two forms: they may be obvious (apparent), or they may be hidden. 
Easements that are obvious, with physical indications of their exis- 
tence on the ground, will be discovered by the Land Surveyor. Ease- 
ments that are hidden may not be discovered by the Land Surveyor. 


"American Congress on Surveying and Mapping and the American Society of Civil Engineers, 
Definitions of Surveying and Associated Terms, 2005 (tev. 
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Hidden easements that are written and recorded will be discovered by 
a title examination only. 

Land Surveyors do not normally perform complete title examina- 
tions unless they are requested to do so by the client. Most Land 
Surveyors are not in the title insurance business. If you want to have 
all of the easements or other statutory restrictions associated with a 
real property parcel shown on a survey plat, you must inform the Land 
Surveyor of their existence. 

Title insurance companies are responsible for the majority of survey 
requests in the United States. Surveys performed for title insurance 
companies will not duplicate the title research work of the insurer. 
The Land Surveyor will report all apparent easements, some of which 
may not be discoverable by a title search, and the title insurance com- 
pany will report all recorded easements, some of which may not be 
discoverable in the field, 

Compare each survey plat with the title records for evidence of 
hidden, but recorded, easements. If a survey plat does not report an 
easement that is in the title record, itis wise to inform the Land Surveyor 
so that he or she may show this information on the survey plat. Never 
rely on a survey plat as the absolute and sole source of land title 
information. The survey plat is a field report of physical limits and 
conditions of a real property parcel. Title examinations and opinions 
are the professional preview of attorneys, not Land Surveyors. 


11.22. EXAMINING THE SURVEY PLAT FOR ENCROACHMENTS. 


Encroachments are physical objects (obstructions) that invade upon the 
rights of another.” Encroachments are evaluated by the degree to which 
the free use and enjoyment of a real property parcel is affected. Few 
have any problem with recognizing and evaluating the impact of the 
encroachment of buildings, walkways, roadways, and other structures 
normally contained entirely within the boundaries of a designated pa 
cel. The acquisitive act of a building extending across a property line 
is very clear; this is not so with fences. 


11.22.1. Fences and Fence Lines 


Fences and fence lines deserve particular discussion here because, 
unlike all of the other forms of structures mentioned, they are normally 


a, 
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intended to be “on the boundary.” Boundary land lines are not physical 
things and, as we have seen, are defined to have a length but not a 
width, 

Fences are very real things and do have width. It is quite impractical 
to expect a fence to be “on the boundary line” without some portion 
of the fence being across the boundary line. There is much debate 
about what is measured when the Land Surveyor is measuring a fence 
location. 

Figure 11.3 is an example of what has been offered by some as a 
way of interpreting the term fence line. This interpretation defines the 
facing of the fence as that which constitutes the “fence line”. It is the 
barbed wire, or the chain link, or the 1 x 6 facing, not the supporting 
fence posts, that obstruct movement across fence lines. Therefore, these 
obstructions must form the “fence line.” This logical theory has a very 
fundamental flaw. 

Let us assume that a landowner wants to construct a redwood fence 
on the boundary line between himself and a hostile neighbor. If the 
definition demonstrated in Figure 11.3 were to apply, then the owner 
would center the posts four inches from the boundary line (the thickness 
of the 1 x 6 facing plus the 2 x 4 stringers plus '/, the diameter of 
the fence posts). Setting the posts and bolting on the stringers can be 
accomplished without crossing the boundary line. Nailing on the 1 x 6 
facing, as well as regular maintenance, would require the owner of 
the fence to trespass onto the neighbor's land. Under this definition 
of “fence line” no one could construct or maintain a fence “on line” 
without the full and continual cooperation of the adjoiner. 

However, if we were to define the fence line as being the centerline 
of the supporting fence posts, then half of all fence posts would be 
across the boundary line, There would be land between the boundary 
line and the facing of the fence that could be maintained only by the 
neighboring landowner. Complicating this situation is the fact that most 
fence posts are not perfectly vertical. Where is the fence line in these 
cases? Should it be at the ground? Should it be at the top of the fence? 
It is obvious that practicality demands toleration of a certain amount 
of encroachment, as well as trespass, in order for a boundary fence to 
exist. 

It is for these reasons of practicality that the rigid definition of the 
location of a “fence line” demonstrated in Figure 11.3 is being replaced 
by one that defines a fence as being “on line” when any visible part 
of the fence is on line, Under this “liberal” definition of a fence line, 
fences may be constructed without continual trespass for maintenance 
and without the fear that a slight encroachment of facing or post could 
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be interpreted as an acquisitive act. Each locality may differ in this 
interpretation, based on regional court decisions. 


11.23. DETERMINING THE PRECISION REQUIRED 


The ACSM developed a set of classes of surveys based on expected 
land use. Published as the Minimum Standard Detail Requirements for 
ALTAIACSM Land Title Surveys, these general classifications have been 
mirrored, to varying degrees, by many state surveying organizations or 
regulatory boards. Early versions of this publication also listed several 
procedural and closure requirements for each class. These requirements 
are somewhat technical in nature, applicable only during the measure- 
ment and computational phases of a survey, and very difficult to assess 
without field notes or working papers. 

Modern revisions of the ALTA/ACSM publication have dropped the 
“Class of Survey” designations, but most State and local regulators 
have not. 

The ALTA and the National Society of Professional Surveyors (a 
member organization of the ACSM) has since significantly revised 
the initial publication and produced the 2005 Minimum Standard De- 
tail Requirements for ALTAIACSM Land Title Surveys. The most re- 
cent version of the Minimum Standards is available on the web site 
wwwaacsm.net. 

Among the revisions is the adoption of a single Allowable Relative 
Positional Accuracy standard, That standard is “0.07 feet (or 20 mm) 
+50 ppm.” While the deviations quoted are well within the capabilities 
of the modern Land Surveyor, the vague, inconsistent, and undefined 
terms contained in the Allowable Relative Positional Accuracy are 
significant, and the publication is certain to be amended further. The 
concept that “accuracy” rather than “precision” can be predetermined 
is contrary to reality. The revised publication is not included in this 
work, 

State regulatory authorities may not have amended their rules and 
regulations to accommodate the changes. Therefore, many aspects of 
the former regulation need to be discussed even though the 2005 pub- 
lication has dropped the concept of class of surveys. The list that 
follows presents the class of surveys, as previously defined by the 
ACSM publication, as well as this author's interpretation of what 
the effect of the recommended procedure and computational require- 
ments would be. The historical ACSM definition is set within quotation 
marks. 


ated circuit 


> digital > flip-flop 
Thisisa gated circuit, meaning that an additional 
input stage blocks direct access to the output 
stage, anditis alsoa synchronous circuit, asit uses 
a train of pulses at a clock input. Two three-input 
NAND gates are placed in front ofa NAND-based 
SR flip-flop, and they address the problem of si- 
multaneous identical inputs by using crossover 
feedback from the second stageto the first stage 
(via the conductors at top and bottom of the 
schematic). 


How It Works 


stateat NOT-Q Infact, when both inputsarehigh, 
a positive pulse on the clock input will toggle the 
‘outputs (i,, they will switch places). In fact, the 
toggling will continue so long as the clock input 
is high. Consequently, this type of flip-flop is in- 
tended for use with short clock pulses. 


Figure 11-9. The basic circuit for a clocked JK flip-flop, us- 
ing two additional NAND gates prepended to an SR fp: 
flop. 


Versions of a JK flip-flop are possible using NOR 
gates, but are less common. Only the NAND- 
based version will be considered here. 


In the case of a three-input NAND gate: 


+ Allthree inputs high: Output low. 
+ Other input combinations: Output high. 


Because of the additional pair of NANDs, the cir- 
cuit now recognizes a high input as logically ac- 
tive, instead of the low-active input in the previ 
ous SR flip-flop using NAND gates. Consequently, 
‘two simultaneous high inputs might be expect- 
ed to create the type of forbidden state that was 
caused by two simultaneous low inputs previ- 
ously, However, in Figure 11-10, the top and bot- 
tom panels show that simultaneous high inputs 
at and K will support two possible valid outputs, 
where the state at Q is always opposite to the 
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Figure 11.0. When the J input and the K input are both 
high, this no longer causes a forbidden state. The comb 
nation will toggle the outputs ofthe flip-fiop between the 
two states shown here. 


lo 


Master-Slave Flip-Flop 

‘A more stable form is shown in Figure 11-11 
where yet another stage has been added, this 
one being a "master" to the first. In fact, this con- 
figurationisknownasamaster-slaveflip-flop, the 
slave stage being driven by the master stage but 
remaining inactive until a low clock input at the 
master stage passes through an inverter to be- 
come a high clock input at the slave stage. The 
master and slave stages thus take turns, one be- 
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11.23.1. “Class A. Urban Surveys” 


“Surveys of land lying within or adjoining a City or Town, this would 
also include the surveys of Commercial and Industrial Properties, Con- 
dominiums, Townhouses, Apartments, and/or other multi-unit devel- 
opments, regardless of geographic location.” 

Generally speaking, the actual relative positions of distinct features 
within a “Class A” survey may vary from the position published on 
the plat by a maximum distance obtained by the equation (Variation = 
0.03 feet + D/15,000), where “D” is the distance between features. For 
example, if the distance between two boundary monuments is shown 
to be 1,347.56 feet on a survey plat, the acceptable variation would 
be about 0.12 feet (0.03 + 1,347.56/15,000). Therefore, the actual 
distance between monuments may be anywhere from 1,347.44 feet 
to 1,347.68 feet and still be within the tolerances of the “Class A” 
category. 

Similarly, the bearings shown on the survey plat have an allowable 
variation of about 15 seconds (relative to the meridian or bearing base 
and depending on the length of the line). A published bearing of north 
27 degrees 34 minutes 05 seconds east would be within tolerances 
if the actual bearing were anywhere between north 27 degrees 33 
minutes 50 seconds east to north 27 degrees 34 minutes 20 seconds 
east. This, of course, does not apply when different bearing bases are 
used. 


11.23.2. “Class B. Suburban Surveys” 


“Surveys of lands lying outside urban areas, this land is used almost 
exclusively for single family residential use or residential subdivi- 
sions.” 
This is, by far, the most common class of survey. The result of 
the application of the recommended tolerances for the procedures and 
computations of the “Class B” survey are positional accuracies or 
variations of about 0.05 + D/10,000 feet and directional variations of 
about 20 seconds. The dimension of 1,347.56 feet given in the previous 
example would be considered within tolerances of a “Class B” survey 
if the actual value were anywhere between 1,347.38 feet and 1,347.74 
feet. The bearing of north 27 degrees 34 minutes 05 seconds east 
would be considered within tolerances if the actual bearing (relative to 
the same base) were anywhere between north 27 degrees 33 minutes 
45 seconds east and north 27 degrees 34 minutes 25 seconds east. 
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11.23.3. “Class C. Rural Surveys” 


“Surveys of land such as farms and other undeveloped land outside 
the suburban areas which may have potential for future development” 
define Class C Surveys. 

The tolerances under “Class C” are about (0.07 + D/7,500) for 
positions and about 30 seconds for directions. The acceptable range 
of values for our example dimension of 1,347.56 feet broadens to 
between 1,347.31 feet and 1,347.81 feet, and the directional range 
varies between north 27 degrees 33 minutes 35 seconds east and north 
27 degrees 34 minutes 35 seconds east. 


11.23.4. “Class D. Mountain and Marshland Surveys” 


“Surveys of land which normally lie in remote areas with difficult 
terrain and usually have limited potential for development” constitute 
Class D Surveys. 

The requirements for a “Class D” survey roughly translate into ac- 
ceptable positional variations of 0.10 + D/5,000 feet and acceptable 
directional variations of 40 seconds. The acceptable limits of our ex- 
amples would then be 1,347.19 feet and 1,347.93 feet for position, and 
north 27 degrees 33 minutes 25 seconds east and north 27 degrees 34 
minutes 45 seconds east for directions. 

These example variations are not presented as absolute limits but 
merely as guidelines intended to give the reader a “feel” for the range of 
reported dimensions that one should reasonably expect for each “class” 
of survey. Users should evaluate their own tolerance for deviations 
based on an assessment of the particulars of a given survey. Tolerances 
more restrictive than “Class A” are possible but prohibitively expensive. 
Anold country surveyor’s cliché best remembered when one is deciding 
on the tolerances required is: “We're measurin’ a fence line, not buildin’ 
a violin.” 

Alll of the positional tolerances ever presented assume that it is 
possible to know the true dimension of a given line. A challenge to a 
dimension presented on a survey plat will be reduced to comparing the 
procedures used by different Land Surveyors in arriving at a value. 


11.24. DETERMINING NEEDS NOT COVERED 
IN A SURVEY PLAT 


Every user of land survey data has his or her particular needs and 
expectations, as dictated by the purpose of the survey. The list of 
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items in the ALTA/ACSM Minimum Standard Detail Requirements 
(Appendix A) represents the minimum requirements usually associated 
with the typical boundary survey. Itis very possible that your particular 
needs will exceed the minimum requirements or be beyond the limits 
expressed by special notes or the certification, 

Chief among the needs not commonly covered by the typical survey 
platis the existence and location of all easements or servitudes affecting 
the parcel. Even in the absence of restrictive words or phrases, it is very 
wise to ensure the inclusion of recorded easements or servitudes by 
providing the Land Surveyor with an abstract of the title or, at the very 
least, by comparing the survey plat with the deed and title information 
yourself. The Land Surveyor will be delighted to add any information 
contained in the chain of title, even if it is not apparent on the ground. 


11.25. CONTACTING THE SURVEYOR 


It is vital that, before using the information found on any survey plat, 
the user of the information and the developer of that information have 
a clear and concise agreement on the limits of research and the purpose 
of the plat. This is not difficult if the survey plat was developed from a 
direct request by the user. Full communication, at the time the survey 
is requested, will provide this important link. If the user is not the same 
person as the one who is ordering the survey, full communication is not 
possible until the user contacts the Land Surveyor directly. 

The user should simply pick up the telephone and call the Land Sur- 
veyor who developed the plat. The user should tell the Land Surveyor 
how the plat is to be used and should ask if the Land Surveyor antici- 
pated that particular use. The user should question the Land Surveyor 
about anything that appears to be odd or unusual. 

If the information is correct, the Land Surveyor will happily explain 
it. If the information cannot be easily explained or is incorrect, the 
Land Surveyor will gratefully revise the information and send an up- 
dated version of the plat or report. Land Surveyors want their work to 
be reviewed as carefully, as critically, and as often as possible hefore 
reliance is placed on the information presented. Often, the only critical 
review possible is in the Land Surveyor’s own office. When external 
critical review is possible, the Land Surveyor welcomes it. The sad- 
dest words ever heard, usually after an expensive undertaking, are, “I 
thought that looked funny!” 

Certifications or limiting words and phrases on survey plats that 
identify the plat as not providing all of the information that is desired do 
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not render the plat useless. Often, the desired information can be added 
or the limiting phrase reworded if the necessary information is provided 
to the Land Surveyor. Plats that report that easement information is not 
shown, for example, may have that limiting phrase removed if the Land 
Surveyor is provided with all recorded easement information. 

Itis a great disservice to future users of a survey plat if any Land 
Surveyor were to remove the limiting words from a survey plat without 
also eliminating the need for the phrase. 

If the Land Surveyor cannot be contacted, it is foolhardy to use any 
survey plat developed by that Land Surveyor for anything other than 
a general graphic aid for the parties involved. The Land Surveyors 
who are active in a particular area can provide insight on the abilities, 
typical procedure, and reasonable expectations of accuracy of deceased 
or retired Land Surveyors. 

Often, the files of inactive Land Surveyors are sold or given to active 
local professionals for safekeeping and referral. The state or local 
professional surveyor’s association can be contacted for assistance in 
locating such files. 
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CHAPTER 12 


EXERCISES IN EVALUATING 
SURVEY PLATS 


The following exercises are designed to clarify the recommended 
guidelines for evaluating survey plats. These guidelines are very gen- 
eral, Several states have developed, either through their state board of 
registration or through their professional societies, a minimum stan- 
dard of practice. Such states may require information in addition to 
that shown as typical in these example plats. 

None of these example plats is presented as an ideal example of a 
survey plat, All of the examples are drawn from actual cases but are 
greatly simplified, and appropriate name and location changes have 
been made. The strengths and weaknesses of each example will be 
discussed so that the reader may ponder them and apply the thoughts 
expressed to real survey plats, The numbers and letters in parentheses 
refer to the checklists mentioned in Chapter 11. Each of the exercises 
will take the form of a scenario. The reader is not expected to agree 
completely with each and every step in the scenario. Indeed, part of the 
learning experience is reflecting on and pondering how the reader may 
have proceeded differently. 


12.1. THE CASE OF THE THREE PARTNERS 


Ms. Cazes has the deed to lot 2 of section 11, township 3 north, range 5 
west, Walnut County, Nebraska. The deed simply refers to the property 
as “lot 2, T3S, RSW, Walnut County Nebraska.” Along with the deed, 
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FIGURE 12.1 


which she inherited from her father, is the map shown in Figure 12.1. 
Ms. Cazes’s father was one of the original three partners who together 
owned section 11. The record indicates that the three caused the prop- 
erty to be subdivided and that each received one of the lots. 

Ms, Cazes now wishes to sell lot 2. Evaluate the original plat and 
assess its usefulness in such a sale. 


1, The presence of a section, township, or range might cause the 
reader to think that the controlling land record system here is 
the USPLS. This is only partly true. If lots 1, 2, and 3 were not 
formed by the government surveyor or by the application of the 
USPLS rules, then the lots were formed by a platted subdivision, 
‘The exterior boundaries of the subdivision, being the boundaries 
of section 11, fall under the recovery rules of the USPLS. The 
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lots do not. The land record system for the individual lots is the 

platted subdivision system. 

The use of the cardinal directions, as well as the fact that all 

directions are reported to the nearest degree, suggest that the 

bearing of each line was independently observed. This is a pro- 
jectionless map. The plat is simply a drawing of the directions 
and distances observed for each line. 

The date indicates that the work was done in 1940. All distances 

are rounded off to the nearest chain (66 feet) in all directions, to 

the nearest degree. This indicates a crudeness of measurement 

that is more typical of 1840 than 1940, 

The purpose of the survey is obviously to document a division of 

the section into three lots. The dimensions at the east boundary 

indicate a desire to divide the lots by near equal division of this 
side. 

a. The north arrow is shown with no reference to a bearing 
base. The crudeness of the values suggests that a magnetic 
compass was used, and it is very unlikely that a resurvey of 
any of the lots will duplicate the directions reported on the 
subdivision plat. 

b. The legal description of any of the lots is “lot—of the sub- 

division of section 11, T3N; RSW, Walnut County, Nebraska, 

recorded April 5, 1940” and is shown on the survey plat. The 
absence of a reference to a principal meridian will not be of 
any consequence if only one principal meridian serves all of 

Walnut County. 

The date of the survey is shown, along with the recordation 

date. This must be verified by examining the records. 

d. The name of the “Land Surveyor” is shown, but not the 
address. 

e. The survey plat is not signed or sealed, but the age of the doc- 
ument indicates that it probably followed the accepted pro- 
cedure for a subdivision of land at that time and, if recorded, 
will probably defeat any attempt to refute its authenticity. 

f. All adjoiners are shown by section numbers or as the Wet 
River. If the Wet River were navigable at the time of the orig- 
inal government survey, this would be a riparian boundary. 

g. All dimensions are shown and are unusually even. The di- 
mension of 80 chains for the east boundary of the subdivision 
is particularly suspicious. 
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h, The bearings of all sides are shown, and they, t00, are sus- 
piciously close to the directions typically called for in the 
government surveys. 

i, The name of the client is absent, but the purpose of the survey 

is obviously to document the creation of three lots 

There is no certification statement. 

k. There are no limiting words or phrases. The drawing is one 
of such little detail that one could reasonably expect that 
buildings, fences, driveways, and other features exist but are 
not shown. 

1. The area is not shown, 

m, The scale of the drawing is not shown, 

A comparison with the deed is consistent with the plat. The deed 

does not contain a metes and bounds supplementary description. 

The original government township plat of T3N, RSW, dated 

1866, reports the exact same bearings and distances for the 

exterior of section 11 as does the subdivision plat. 

There are no easements shown, but, considering the age of the 

plat, this is not surprising. 

No improvements are shown at all. This may be an indication 

that the improvements were present but deemed unimportant or 

that the land may actually have been vacant. 

‘The accuracy standards, as indicated by the dimensions shown, 

are so crude as to fall below any of the modern “classes” of 

surveys. 

‘There is a wealth of information that is not addressed that would 

be of importance in a sale of this property. The deed record must 

be reviewed (title examination) for recorded easements, rights 
of-way, possible partitions, and so on. Buildings, bounding fence 
lines, corner monumentation, and other physical features need 
to be examined. Clearly, this parcel must be resurveyed, and an 
abstract of the title record must be made prior to any sale. As with 
any purchase of real property, a title insurance policy is a must. 

After attempts have been made to contact B. P. White, it is 

discovered that he is deceased. 


12.1.1. Conclusion 


The fact that the bearings and distances reported for section 11 by the 
government surveyor and those reported by B. P. White for the exterior 
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of the subdivision of section 11 are exactly the same is conclusive 
proof that White did not resurvey or recover the boundaries of section 
11 prior to the drafting of the subdivision plat. It is highly probable that 
White simply drafted the subdivision from the government plat and 
never even visited the property. This is a “paper survey” and serves no 
other purpose than to indicate the intended division of the section. Lot 
2 must be resurveyed by recovering as many of the original section, 
quarter, and meander comers as possible. 

A survey of lot 2, section 11, T3N, RSW, Walnut County, Nebraska, 
was ordered, and Figure 12.2 is a copy of the resulting survey plat. 

By applying the same examination procedure as before, we can 
discover the following information: 


The external boundaries of Section 11 are reported by J. Ford 
as being recovered. The distance between the NE corner of 
section 11 and the east '/, comer is only 6.7 feet less than 
the original government survey’s 40 chains (2,640 feet). The 
distance between the SE corner of section 11 and the east '/, 
comer is 41.39 feet less than 40 chains. The line between the NE 
and SE corners of section 11 is not a straight line. All of these 
signs indicate a recovery of the east line of section 11 based on 

a proper recovery of the corners. 

The presence of an “x” and “y” at the NE comer of section 

11, as well as the note “Grid Bearings NAD 27” indicate that 

the state plane projection system for Nebraska is being used. 

Ford’s references could be elaborated in order to define better 

the projection system used. Nebraska law may require special 

wording or notes when state plane coordinates (SPCs) are being 
used. 

3. The survey plat indicates directions and distances that are de- 
fined to a second of an arch and to a hundredth of a foot. 

4, Because we requested the survey, the purpose is known. When 
the survey was requested, a full explanation of the purpose and 
expected use of the survey was made to Ford. 

5, a. The north arrow and bearing base are shown. 

b. The legal description “lot 2 of section 11, T3N, RSW, 6th 
PM. Walnut County, Nebraska” is shown on the survey plat. 

c. The plat is dated “January 18, 1987.” 

d. The name and address of the Land Surveyor is shown. 

e. The plat is signed and sealed. 
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f, The adjoining properties are shown by lot number, natural 
feature, or by USPLS designation as applicable. 

g. All dimensions of all sides are shown. The north line of lot 
2 shows a total length of 3,005 feet, plus or minus, meaning 
“more or less.” This is appropriate because of the indef- 
inite nature of riverbanks. This distance is shown on the 


How It Works 


ing activated by a high clock pulse while the ath- 
er is activated by the low part of the pulse cycle. 
The output from the slave stage cannotfeed back 
to the master stage while the clock pulse is still 
high, and thus the timing issue in the single- 
stage JK latch is eliminated. Because the master- 
slave version of the JK configuration is not trans- 
parent, it is correctly known as a flip-flop rather 
thana latch. 


In addition, Preset and Clear inputs may be add- 
ed to override the clock to Set or Reset the out- 
puts. These inputs are active-low. 


Figure 11-12 summarizes the behavior of a JK 
master-slave flip-flop that is triggered by the fall- 
ing edge of each clock pulse (shown as a 
downward-pointing arrow in the Clock column 
ofthe table). Notethat the outputwill be delayed 
while the slave stage waits for the second part of 
each clock cycle. 


‘The letter X in the table indicates that the state 
in that cell is irrelevant. 


When J and K are both low, the states of Q and 
NOT-Q will remain the same as in the previous 
cycle, and this is still referred to as a Hold state. 
When Jand Kare both high, the outputs toggle, 
meaning that their new states will be opposite 
to the previous states. 


D-Type Flip-Flops 
AD-typeflip-flop placesan inverter between two 
inputs to guarantee that they will always be in 
opposite states, and uses a clock signal to copy 
their states to a pair of logic gates. 


When an inverteris added between the inputsin 
this way, either an SR flip-flop ora JK flip-flop can 
become a D-type flip-flop. Figure 11-13 shows 
the simplest possible D-type circuit, added to a 
basic SR flip-flop. Only one data input is now re- 
quired (customarily labeled D), because it drives 
the other through the inverter. 


integrated circuit > digital > flip-flop 


Figure IL-1. A master-slave circuit that drives one flio- 
slop with another. 


Flip-Flop Inputs 


Figure 112. A table showing inputs and outputs for a JK 
‘master-slave flip-flop. 
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subdivision plat as 48 chains (3,168 feet). The distance be- 
tween the NE corner of lot 2 and the NW meander corner 
of lot 2 is shown as 2,989.52 feet. The distance from the 
meander corner to the Wet River is shown as 15 feet, plus 
or minus. The sum of these two distances is 3,004.52 feet. 
This is consistent with the shown total of 3,005 feet, plus or 
minus. It would be scientifically incorrect to express the dis- 
tance as “3,004.52 feet, plus or minus,” because this would 
imply that the magnitude of the uncertainty was in fractions 
of a foot, whereas the plat clearly expresses the magnitude of 
uncertainty in feet (15 feet, plus or minus). Similarly, 20 feet, 
plus or minus, added to 3,825.14 feet is consistent with the 
total 3,845 feet, plus or minus. The subdivision plat reports 
this second distance as 62 chains (4,092 feet). 

h. The bearings of all lines, including the new meander line 
(north 25 degrees 08 minutes 47 seconds east), are shown, 
The fact that the bearings are expressed to the nearest second 
suggests that a high degree of precision may be accorded to 
these values. 


i. The name of the client is shown. The purpose of the survey 
is not stated. 

j. The certification states that the information shown on the 
survey plat accurately reflects the results of the survey per- 
formed by Ford. It does not claim that the survey was per- 
formed to any particular standard, nor does it warrant any of 
the information as “correct.” 

k. There are no limiting words or phrases on the face of the 
plat. 

1. The area is shown to be 133.32 acres to the meander line. 
This means that the strip of land between the meander line 
and the Wet River is not included in the acreage figure shown, 
This meander line is a new line established by Ford and is not 
to be confused with a boundary line or the original meander 
line by the government surveyor. 

m, The scale is shown as “1” = 1,000°.” This may be checked by 
measuring a few dimensions with a ruler. Paper may stretch 
in one direction more than another, so any check should 
include east-west as well as north-south distances. 

6. The deed, referring only to a lot number, is consistent with 
the survey plat. The original subdivision plat is not entirely 
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consistent with the survey plat. In most cases, the deed will 
refer to a subdivision plat, making that plat a part of the deed. 
The failure of the deed to refer to the subdivision plat, in this 
case, is not of any consequence. The discrepancies between the 
subdivision plat and the survey plat of lot 2 should be explained 
by the Land Surveyor. 

7. There are no easements shown, There is no note by the Land 
Surveyor indicating whether a search for recorded easements 
was made by his office. This needs clarification. 

8. There are no fence lines, buildings, or other structures shown, 
and there is no note indicating that the property is vacant. This 
needs to be clarified. 

9. The presence of SPCs, distances specified to the one-hundredth 
of a foot, and bearings specified to the second indicate a high 
order of precision. This needs to be verified. 

10. A review of the title abstract does not indicate any recorded ease- 
ments, servitudes, rights-of-way, or any other encumbrances to 
the property. The absence of fences should be explained, as well 
as the lack of buildings. Perhaps a statement to the effect that 
these things do not exist is appropriate. 

11, The Land Surveyor can now be contacted to respond to the list 
of questions that have been raised. From this conversation, we 
learn that the section and quarter corners all have a long history 
and are well recognized, through perpetuation or recovery of 
accessories, as the original corners. The work was performed 
and controlled under the state plane projection system for Ne- 
braska (south zone), North America Datum of 1927. Some of 
the data was developed over several years of fieldwork in the ad- 
joining sections, although the monumentation of the north and 
south boundary lines of lot 2 and the Wet River was performed 
in response to the survey request. All work conformed to the 
requirements of a “Class A” survey. 


Ford has affirmed that the survey plat was developed with the intent 
that it be used in a transfer of title, Ford also has reported that he believes 
that the original subdivision plat was an “office” survey that simply 
divided, on paper, the government version of the dimensions of section 
11. His dimensions and directions for lot 2 are his professional opinion 
of the actual boundaries of lot 2, based on his interpretation of the 
intent of the subdivider and the constraints of the true configuration of 
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section 11. Itis not known if the Wet River shifted east or if the original 
subdivision plat incorrectly reported the river’s location. Ford agreed 
to add to the plat, in parentheses, old dimensions and directions shown 
on the subdivision plat to clarify that the existence of the discrepancies 
is known. 

Ford reported that he did not perform a title search for recorded 
easements or other title restrictions. The property is vacant, wooded 
lowlands, and subject to inundation. The construction of a reservoir, 
upstream on the Wet River, is under way and may change the condition 
of the land. 

We have had all our questions about the land answered. A modern 
survey plat and close communication with the Land Surveyor who 
developed the plat have made it possible to sell the parcel with a better 
understanding of just what was being exchanged. 

There are some who may balk at accepting a survey of lot 2 that 
is, apparently, at such variance with the subdivision plat. Those so 
concerned would do well to reflect on the fact that, if the original 
subdivision plat version of lot 2 were simply copied, there would be 
an overlap of 163-247 feet on the east boundary and over 16 feet on 
both the north and south boundaries. The buyer would be paying for 
10.5 acres of land that does not exist or is, at best, under contention. A 
modern survey of a parcel of land should be ordered if one really wants 
to know the truth. 

Land Surveyors are like doctors or lawyers in this respect: if the 
surveyor’s professional opinion and explanation of that opinion are not 
satisfactory, then a second opinion should be sought. The very worst 
thing that one can do is to attempt to persuade the Land Surveyor to 
distort the survey plat to match the deed. Land cannot be created by 
words on paper. A Land Surveyor is consulted because of his or her 
special knowledge of measurements and boundary recovery. Don’t 
reject the Land Surveyor’s opinion just because it “rocks the boat,” but 
don’t blindly accept that which cannot be explained to your satisfaction 
either. 


12.2. THE LAND GRABBER 


Let us assume that you intend to purchase a parcel of land on New 
York State highway number 10, in Dutch County, near the town of 
Dutehville, New York. The owner bought the property in 1978, at 
which time it was surveyed by the owner’s cousin (now deceased), 
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who was a Land Surveyor from Albany. The papers presented to you 
by the owner describe the property as follows: 


‘That portion or parcel of land bounded on the West by the land of Robert 
Beckmann, on the North by the lands of Gilbert Hirt, on the East by the lands 
of John Peters as defined by the old Cromwell Grant line, and on the South 
by New York State Highway #10 and containing approximately 5 and one half 
acres commencing and point of beginning at the old stone bome located on the 
Cromwell Grant line at the North side of New York State Highway Number 
10; thence, $ 25 E 50’ to the centerline of Highway 10; thence, S 65 W 350’; 
thence, N 25 W 50’; thence N 25 W 700’; thence, N65 E 350’; thence, $25 E 
700’ to the point of beginning. 


This is a poor description, at best, but it is all that the owner has. The 
local Land Surveyor is Mr. J. D. Times, who is highly recommended 
by the owner as being “the only man for the job.” 

In your initial conversation with Times, you advise him that you 
intend to purchase the property for investment purposes and that you are 
in the process of obtaining title insurance, Times says that if you send 
him copies of “all title papers and previous surveys” in your possession, 
as well as a copy of the results of the title examination by your title 
insurance company, he will perform the survey. 

The title insurance company representative had previously stated 
that the survey could be done and the plat forwarded to them while 
the title examination was under way, and you mention this to Times. 
The sale has a strict time limit, so you urge Times to start immediately. 
Times agreed to start as soon as a copy of the deed is delivered. 

The survey is completed, and several copies of the survey plat are 
delivered to you. Retaining one copy of the survey plat, you forward 
the rest to the title insurance company. Figure 12.3 shows the survey 
plat received by you. 

While the title insurance company is completing its work, you de- 
cide to evaluate the survey plat, using the checklist that appeared in 
Chapter 11. 


1. The land record system is a metes and bounds system, 

2. There is no clear indication of whether a map projection has 
been used (meaning angles were measured) or whether the plat 
is simply the result of observed bearings. 

3. The survey appears to be the result of recent work. The bear- 
ings seem to be imprecise because the minutes and seconds 
of direction are not shown. This may not be vitally important, 
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considering the small size of the parcel. The distances are all 
reported to the nearest foot. This may be the result of imprecise 
work, or it may simply be that Times did not show the tenths 
and hundredths of a foot if those figures were zero. 

4. The purpose of the survey was discussed in depth between you 
and Times. 

5, a. A north arrow is shown, but the bearing base is not defined. 
b. The caption of the plat describes the parcel as “The Lands 

of A. A. Anderson, Dutch County, New York.” This may not 
qualify as a “legal description,” depending on the cadastral 
records of Dutch County. 

c. The date of the survey is shown, and the work appears to 
be modern, except for the lack of precision reported in the 
bearings and distances. 

‘The name and address of the Land Surveyor are shown. 

‘The signature and seal of the Land Surveyor are shown. 

All adjoiners are identified. 

All dimensions are shown and appear to be consistent. 

All bearings are shown, The bearing base or method of de- 

termining the bearings should be clarified. 

i. The name of the client is shown. 

j. The plat is “certified correct” to you. This particular wording 
of the certification is extremely broad and is becoming very 
unpopular among Land Surveyors. Your understanding of 
just what was done by Times would be improved by a more 
precise certification. 

k. There are no limiting words or phrases, in spite of the fact 
that there is an apparent encroachment of some 18 feet along 
the western boundary line. 

1. The area iis shown as 5.6 acres, but itis not explained whether 
that includes the encroachment or excludes it. 

m, There is no scale indicated. 

6. The directions and distances are exactly the same as the deed 
description furnished to Times. As in the old “B” westerns when 
things were “too quiet,” this might be a case of things being “too 
good,” but, considering the small size of the parcel, it is quite 
probable that a match of distances exists within the acceptable 
range of precision. 


Fe me o 
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7. There are no indications of any easements, nor is there any note 
about the extent to which easements were searched for. The 
conversation with Times when the survey was ordered clearly 
indicated that Times would not perform a title examination, 

8. There is an extensive fence encroachment along the entire west 
boundary line with R. Beckmann. This is a serious encroachment 
that encumbers '/; of an acre. 

9. The property is quite valuable and subject to commercial devel- 
opment. It is not possible to tell from the survey plat what the 
accuracy standards were for this survey. 

10. The title records indicate a 10-foot easement “across the entire 
rear or northerly line” of the parcel. This information should be 
added to the plat. Clarification is required on the encroachment. 
Times needs to investigate, if he hasn't already done so, the titles 
to the Beckmann and the Hirt properties. 

11, You contact Times with a list of questions resulting from the 
examination of the survey plat and receive the following clar- 
ifications. The survey was performed by “side shots” from a 
random traverse around the parcel. The bearings shown are 
based upon the reported direction of the “Cromwell Grant” line, 
as monumented by the stone borne and 1/3-inch-diameter iron 
pipe (therefore, the plat is a tangent plane projection). Times 
estimates that the distances shown are accurate to plus or minus 
> inch and that the direction shown is accurate to plus or minus 
20 seconds. (This is consistent with a “Class B” survey.) 


Times reported that there are no visible indications of any easements 
or other encumbrances to the property except the apparent encroach- 
ment of a fence line, which is shown. The fence is not very old, accord- 
ing to Times, and it appears that Beckmann has fenced in more than he 
has “a right to.” Times recommends that the boundary with Beckmann 
be settled before any purchase is made. The title insurance company 
reports that they will insure title to that portion of the property that is 
not in conflict (332 feet wide). Times also agreed to add the easement 
found during the title search to the plat. 

The Land Surveyor cannot, and should not, pass judgment on 
whether or not Beckmann has “a right” to the strip of land between the 
fence line and the deed line. Beckmann’s deed may not reflect a written 
claim to the 18-foot strip, but there may have been a transfer of rights 
based on acquisitive prescription. 
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Land Surveyors do not establish boundaries. Times had performed 
all the work that he is qualified to perform. He has uncovered and 
documented evidence of a conflict between the lines of possession and 
the written deed, thereby providing you with all of the pertinent facts 
about the parcel that you need in order to make a decision, Times cannot 
‘warrant that Beckmann’s possession can be ended. The boundary is in 
doubt, and only an agreement between owners or a court decision can 
settle i 

‘You may purchase the property and attempt to settle the question 
about the boundary. You may require the owner to settle the question 
about the boundary before any purchase is made. You may decline to 
purchase the property. These options should be considered in consul- 
tation with your attorney, not the title insurance company’s attorney. 
Times may appear on your behalf, testify to the facts discovered by 
him, offer an opinion about the boundary, and many other things, but 
he cannot establish the boundary contrary to Beckmann’s possession or 
consent. The survey plat can only serve as documentation of the extent 
of the conflict. 


12.3. EASEMENT SURPRISE 


Let us assume that you are a real estate investor contemplating the 
purchase of a large building in an industrial area. The present owner 
purchased the property in 1965, and a copy of the survey performed 
at that time is shown in Figure 12.4. The owner states that he has not 
made any improvements to the property since the purchase. 

Referring back to the checklist, you determine the following: 


1. The parcel is a part of a platted subdivision. 


2. The note that all corners are 90 degrees indicates that the plat is 
a tangent plane projection. 


3. The survey is dated and appears to conform to the standards of 
practice during the 1960s. 


4, The survey was for the purpose of assisting in the documentation 
of asale. 


5. a. North is shown, but no bearings are shown. 


b. The description shown is based on the subdivision plat and 
is sufficient to identify the plat. 


‘The date of the plat indicates that it is over 40 years old. 
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d, The name and address of the Land Surveyor are shown, 
e. The signature and seal of the Land Surveyor are shown, 


f, The streets bounding the square are shown. This is a common 
and excepted means of defining the boundaries of a lot in a 
platted subdivision in many communities. 


g. The dimensions of all sides are shown. The fact that the 


tenths and hundredths of a foot are not shown may be the 
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result of an attempt at brevity, as far as the lot boundary lines 
are concerned. The lack of fractions in building offset lines 
and dimensions is more likely to be the result of imprecise 
work. 

h, The angles at the comers are reported to be 90 degrees. 

i. The name of the client is shown. 

j. The certification is present and warrants that the drawing 
faithfully reflects what J. Regular discovered during his 
survey. 

k. The certification contains the limiting words “According to 
the Recorded Subdivision Plan.” 

1. The area is not shown, 

m, The scale of the plat is not shown. 

The deed only refers to the parcel by naming the lot, square, 
subdivision, county, and state, The lack of a metes and bounds 
supplementary description removes any possible check for blun- 
ders in listing the identification of the lot. 
The plat shows a five-foot easement across the east side of the 
parcel. 
‘There are no apparent encroachments. 
The implied precision of the plat requires clarification. 
The limiting phrase by Regular is notice that the only record 
that Regular relied on for data concerning lot 1 was the recorded 
subdivision plan and the discoveries, measurements, and obser- 
vations made by him during the survey. 
When he was contacted to clarify the questions raised by the 
checklist, Regular confirmed that he did not perform any search 
of the deed record for anything other than information on 
the locations of the exterior boundaries of the lot. The sub- 
division plat indicated the easement line shown without refer- 
ence to the party enjoying the rights of that easement. Regular 
reported all distances and angles to be consistent with the accu- 
racy requirements of a “Class B” survey. The building is con- 
structed of a rough, shingled exterior and is in disrepair. Regular 
recommended that you obtain title insurance, which you decline 
to do (it costs too much). 


Unknown to all in this scenario was that a 10-foot easement had 
been acquired by a major gas service company along the entire east 
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Figure 1113. A simple D-type flip-top. Th 
antees that the state of one inout will always be opposite 
ta the state of the ather. 


Figure 11-14 uses snapshots to show how the 
circuit responds to changing input and clock 
conditions. Initially, in the top panel, the data in- 
put is high, the clock input is high, and the Q 
‘output is high. In the second panel, the clock 
goes low, causing the output from the upper 
NAND gate in the input stageto change from low 
to high. But the upper NAND gate in the output 
stage still has one low input, so its state remains 
unchanged. In fact, the S and R inputs of the out- 
put NANDs are now both high, which creates the 
hold condition. 


In the third panel, the Dinput changes from high 
to low, but this has no effect so long as the clock 
is low. The D input can fluctuate repeatedly, and 
nothing will happen until the clock goes high, as 
shown in the fourth panel. Now the clock copies 
the new D input state through to the output. 
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Figure 11414. four snapshots showing the behavior of a 
D-type fip-fop, 
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boundary of the lot. The easement was acquired only two years af- 
ter the subdivision was created, one year before the construction of 
the building. The hidden 2-foot encroachment is a ticking time bomb 
that will hinder the marketability of this property as soon as it is 
discovered. 


12.4. EXCESSIVE PROBLEMS, 


John Mason, a local developer and home builder, decided to build a 
“spec” house on lot 1, block C of East Kingston Heights subdivision, 
local county, our state. Mason is the owner and developer of both 
Kingston Heights subdivision and East Kingston Heights subdivision, 
‘Work progressed rapidly in both subdivisions. As part of the construc- 
tion loan to Mason, the lender, Easy Money Inc., required that an 
ALTA/ACSM land title survey be performed at the end of construction, 
The work was completed on the house in July of 1986, and Figure 12.5 
shows the survey plat requested and used by Easy Money Inc., along 
with a complete title examination by Nit Pic Title Inc. 

An application of the evaluation checklist to this plat reveals the 
following: 


1, The land record system governing this parcel is the platted sub- 

division system. 

The mapping system is probably some form of a conformal 

projection. It may be a tangent plane or state plane projection, 

but, for a parcel this small, itis not very important to distinguish 
which one is in use. 

3. The survey is fairly modern, both chronologically and proce- 
durally. 

4. This survey was done for the purpose of fulfilling the boundary 
survey requirements of an ALTA/ACSM land title survey. 

The north arrow is shown without a direct reference to a 

bearing base. 

b. The legal description is shown on the plat as “lot 1, block 
C, East Kingston Heights subdivision, as recorded in book 
324 folio 15, local county, our state.” This description is 
consistent with the land record system in force. 

c. The date of the survey is shown, 

d. The name and address of the Land Surveyor are shown, 
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IGURE 12.5 


e. The signature and seal of the Land Surveyor are shown. 


f, The adjoining properties are shown as street rights-of-way, 
lot number, or section number, 


g. The dimensions of all sides are shown. 
h, The bearings of all sides are shown. 
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i. The name of the client and the purpose of the survey are 

stated, 

j. The certification is not worded in exact accordance with the 
requirements of an ALTA/ACSM land title survey. 

k. The reworded certification contains the implication of limit- 
ing the records search by H. T. Shot to the recorded subdivi- 
sion plat. 

1. The area is not shown. 

m, The scale is noted to be “1” 
abar scale, 

6. The subdivision is new, and a prior deed for this particular lot 
did not exist. The survey plat of lot 1 block C is consistent with 
the subdivision plat. 

7. There is an easement across the entire western end of the lot. 
The title examination did not reveal any other easements or other 
noteworthy items of record. 

8. There are no encroachments. The fence along the northern 
boundary of the lot is not considered by Nit Pie Title Inc. to 
be an encumbrance. 

). The survey standard of “Class A,” as defined by the “Min- 
imum Standard Detail Requirements for ALTA/ACSM Land 
Title Surveys,” is of the highest order of accuracy for boundary 
surveys. 


10. The certification should be changed to meet the ALTA/ACSM 
standard certification. 


11. This step was not taken by Easy Money Inc. 


0°” and is accompanied by 
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Mrs, Gracie A. McCoy purchased this house in August 1986. The 
mortgage company that financed this purchase, Cut Rate Loans Inc., 
used the July 22, 1986, survey by H. T. Shot, PL.S. to document 
this sale. Nit Pic Title Inc. has the local reputation of being ex- 
tremely meticulous, Easy Money Inc. is known to be a very cau- 
tious lender, and H. T. Shot’s reputation is excellent. Cut Rate Loans 
did not require a new title examination, nor was an updated survey 
requested. 

Eventually, Kingston Heights subdivision was also completed. The 
house and lot directly west of 8627 Haygood Blvd. was purchased 
by A. M. Schorr in January of 1987. On February 2, 1987, McCoy 
and Schorr agreed mutually to fund a fence along the line dividing 
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their properties. The survey marks on Schorr’s eastern boundary were 
visible, so the fencing company used these marks to build a wood fence 
along Schorr’s eastern line. 

McCoy became dissatisfied with the size of her garage, razed it, 
and rebuilt the garage to the dimensions of approximately 24 feet x 
24 feet. Mrs. McCoy became dissatisfied with the entire house and sold 
it to R. R. Robert. This sale was also financed by Cut Rate Loans. The 
appraiser for Cut Rate Loans inspected the property in May of 1987 and 
noticed that the new garage was over seven feet east of the west fence 
line, No other construction had taken place. No survey was required by 
the buyer or the lender for this new sale. 

In August 1988, R. R. Robert agreed to sell this same house (at a 
great profit) to Schorr’s widowed mother-in-law, B. Axer. The loan for 
this sale was handled by Easy Money Inc., which immediately ordered 
aresurvey of this lot, in spite of the existence of a recent ALTA/ACSM 
land title survey on this property, dated July 22, 1986. This survey is 
shown in Figure 12.6 

The reader may evaluate this survey plat, as well as contemplate the 
many solutions to the problem presented. The savings realized by not 
requiring a boundary survey for each exchange of title cannot compare 
with the losses that will result from the complicated lawsuit that Robert 
is about to bring against all involved. The rule of thumb in real property 
transfers is, “The land survey is too expensive when it is more than the 
cost of possible losses or the value of the land.” 


12.5. METES MEETS BOUNDS 


Abraham Savings and Loan (AS&L), located in Capital City, east state 
is in the process of providing a mortgage loan to Mr. William Cheatham, 
Mr. Cheatham provided a copy of a survey plat, showing the property 
to be mortgaged. Figure 12.7 shows that survey plat. 

‘You are a loan officer with AS&L and have been assigned this loan. 
Using the checklist from Chapter 9, you discover the following: 


The land record system is a metes and bounds system. Two 
separate parcel histories (Johnston estate and Mills tract) must 
be examined for title certification in order to insure prime lien 
on the property. A copy of the survey plat is sent to the title 
insurance company, along with a request for insurance. 


2. This is clearly a tangent plane projection survey. 
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The precision of the work seems to be modern. 


4, The purpose of the survey appears to be documentation that the 


house under construction is within the property lines. The fact 
that a house is shown as “under construction” may be of serious 
concern if this is to be a first mortgage. 
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The north arrow is shown, and the bearing base is defined as 
the “call” direction for the Fairgrounds Highway (assumed 
north). 

b. The legal description is “the William Cheatham Property, 
Dade County, east state,” along with the bounds shown, 

c. The date is shown, 

d. The name of the Land Surveyor is shown, but no address is 
given. 

The signature and seal of the Land Surveyor are shown, 

Allladjoiners are shown. 

Alll dimensions are shown. 

All directions are shown. 

i. The name of the client is shown, 
j. The certification is very general and gives no hint about the 
intended purpose of the survey. 
k. There are no limiting words or phrases. 
1. The area is not shown. 
m, The scale is not shown. 

6. The deed presented to you by Cheatham describes the property 
as being bounded by Riverside Drive, Fairgrounds Highway, the 
property of B. B. Mills, and the property of P. Petty, and more 
particularly described 


Peet tee 


Commencing at the corner of Fairgrounds Highway and Riverside 
Drive and True Point-of-Beginning; thence, South 75 degrees East 
along Fairgrounds Highway, a distance of 32 feet no inches; thence, 
North 13 degrees 15 minutes East, a distance of 153 feet no inches, 
no inches; thence, fronting 
ide Drive 122 feet no inches and a second fronting of 70 feet 
to the point-of-beginning. 


The deed, though poorly written, clearly describes only a 
portion of the property depicted on the survey plat. No reference 
is made to the inclusion of the Mills tract. 


7. No easements are shown, 

8. No encroachments are shown onto or from the Cheatham prop- 
erty. 

9. Accuracy standards are not stated. 


196 EXERCISES IN EVALUATING SURVEY PLATS 


10. Discrepancies between deed and the survey plat are profound 
and must be explained. 

11. A telephone call to the Land Surveyor (the east state board of 
registration provided an address and a telephone number) reveals 
that the survey plat was prepared to assist in the resubdivision 
of the Mills tract and the Johnston estate into one parcel. The 
local county ordinances require the introduction of a plat of 
resubdivision, along with proof of ownership by the parties 
requesting the resubdivision. The county, upon approval, records 
a signed copy of the survey plat as the official plat of resub- 
division. 


The title insurance company reported that Cheatham’s title to the 
Johnston estate was free and clear. The Mills tract was purchased by 
Cheatham Enterprises, Inc. and carries a mortgage in favor of First 
Bucks International for $125,000. There is no record of a resubdivision 
combining the two parcels. 


12.6. THE SQUARE THAT WASN'T THERE 


In 1997 you were requested by Cut Rate Loans Inc., a mortgage com- 
pany, to examine the title on a parcel of land identified as “lots 1 
through 22, square 16 Grandsire Farms, section 8, T4N R21W, this 
county, some state.” The purpose of the title examination was for an 
act of sale, 70 percent financed by Cut Rate Loans, from the estate 
of O. Fogey to B. C. Jingwaski. Fogey acquired the property in 1908 
from Night Investments, Inc., which had purchased all of section 8, 
TAN R21W from the U.S. government in 1899. Figure 12.8 shows 
the subdivision plat of Grandsire Farms that was attached to the 1908 
conveyance. 

The subdivision of Grandsire Farms had only been partially de- 
veloped at the time, Some streets had been improved, some squares 
had been resubdivided, and some areas were untouched woodlands. 
Jingwaski acknowledged that he was aware that square 16 and the sur- 
rounding street rights-of-way were heavily wooded and undeveloped. 
This area had become a rapidly developing suburban area of Cin City, 
and the sale price for square 16 was $800,000. 

The examination of the conveyance record revealed only two ex- 
changes involving square 16: The first was the sale by the U.S. gov- 
ernment to Night Investments of all of Section 8, and the second was 
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the sale by Night Investments to Fogey of lots 1 through 22, Square 
16 “being all of Square 16.” The record was as clean as you had ever 
seen, 

An evaluation of the subdivision plat, using the checklist from Chap- 
ter 9, provides the following: 


1, The land record system is a recorded subdivision plat, 

The presence of cardinal directions (north, south, east, and west) 
and the lack of any indication that angles were measured indicate 
that this is a projectionless map. 
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i. 


Bore 
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The plat is dated March 23, 1903, but, because all of the dis- 
tances are to the nearest chain and all of the directions are 
cardinal, you suspect that the last work done on this parcel was 
by a US. government surveyor prior to 1899. 

‘The purpose of the plat (there was great doubt that a survey was 
ever conducted) is to create Grandsire Farms subdivision, 

a. The north arrow is without reference to a bearing base. 

b. The legal description is indicated by the numbers in desig- 
nated lots and squares. The legal description of Grandsire 
Farms is on the face of the plat. 

The plat is dated 1903. 

‘The name and address of the “surveyor” are shown, 

‘There is a signature but no seal. 

Adjoining properties are shown. 

All dimensions are shown. The exterior dimensions are iden- 
tical to a regular USPLS section. 

h, Bearings are shown on the section boundaries only. 


i, The name of the client is shown, and the purpose of the plat 
is obvious. 


‘There is no certification. 
‘There are no limiting words or phrases. 
No areas are shown, 

. There is no scale shown on the plat. 


The deed only refers to lot and square numbers. There is no 
supplemental description. 


Street rights-of-way are the only features shown on the plat. 
No improvements are shown. You are familiar with the area and 
know that it is free of any fences, buildings, or cultivation. 

You feel that $800,000 worth of land in a rapidly developing 
area adjacent to Cin City calls for a “Class A” survey. 


Smo ee 


. The 1903 subdivision plat does not fulfill very many of the 


requirements of an ALTA/ACSM land title survey. 
The “surveyor” has been dead for 32 years. 


‘You advised Cut Rate Loans that you would require that a new survey 
be performed on the property being sold. Your surveyor quoted a cost 
of $8,450.00 to perform an ALTA/ACSM land title survey. Cut Rate 


Variants 


Summary 


+ An SR flip-flop can be used for switch de- 
bouncing, but in other applications it can 
enter an unacceptable race condition if its 
inputs and power supply are not carefully 
controlled. 


+ AJK flip-flop is gated, meaning that an SR 
circuit is preceded with an input stage anda 
clock input. This eliminates the race condi- 
tion, adds the ability to toggle the outputs, 
but requires a very brief clock input. The cir- 
cuit is edge-triggered. 


+ Amaster-slave flip-flop consists of two flip- 
flops, one driving the other. They can be JK 
type or SR type. The first flip-flop is activated 
by a positive clock state, while the second is 
activated by the subsequent negative clock 
state, Timing issues are resolved. 


+ A D-type flip-flop is gated with an inverter 
between the inputs, so that they cannot be 
simultaneously high or low. Consequently, 
only one input, labeled D, is needed. A high 
state on the D input causes a Set condition, 
while a low input causes a Reset condition, 
but only when the clock copies the status of 
theinputs through tothe outputs. Thestatus 
of the outputs remains stable (the flip-flop 
enters a hold condition) after the clock goes 
low. 


+ The JK circuit used to be widely used, be- 
cause of its versatility. The D-type circuitnow 
predominates. 


+ ATtype (toggling) flip-flop exists but is un- 
common, and is not included in this ency- 
clopedia. 


+ Many flip-flop circuits existin addition to the 
ones that have been illustrated here. Only 
the most commonly cited circuits have been 
included. 


A chip containing two positive-edge triggered 
D-type flip-flops is shown in Figure 11-15. Each 
flip-flop in this component has its own data, set, 
and reset input and complementary outputs. 


integrated circuit > digital > flip-flop 


Figure 1145. This chip contains two positive-edge trig 
gered D-type flip-flops, 


Variants 


A selection of schematic symbols representing 
flip-flops is shown in Figure 11-16, Letters S, R, J, 
K, or D define the type of flip-flop. Q and NOT-Q 
are the outputs. CLK is the clock input but may 
alternatively be identified with letter E, meaning 
Enable, SRCK or SCLK may also identify it, the ab- 
breviations being intended to mean "serial clock. 


A triangle preceding CLK indicates that the flip- 
flop is positive-edge triggered. A circle, properly 
termed a bubble, preceding the triangle, indi- 
cates that the flip-flop is negative-edge trig- 
gered. In other locations, the bubble indicates 
that theinput (or output) is inverted; it means the 
same thing as a bar printed above the text ab- 
breviation, and indicates active-low logic. Syn- 
chronous inputs re shown on the left ide of the 
flip-flop with the CLK input, while asynchronous 
inputs (if any) are shown above and below the 
flip-flop rectangle. 


Using these guidelines, the examples in 
Figure 11-16 can be decoded: 


1, Anunclocked SR flip-flop with active-low in- 
puts (probably NAND-based). 

2. An unclocked SR flip-flop with active-high 
inputs (probably NOR-based). 


16 Encyclopedia of Electronic Components Volume 2 
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| CERTIFY THAT THIS PLAT ISA TRUE AND 
ACCURATE REPRESENTATION OF MY ATTEMPT 
TO SURVEY SQUARE 16, GRAND SHIRE FARMS 
AS SHOWN ON THE SUBDIVISION PLAT BY 
FB, KNIGHT cir 1903 


JUNE 7, 1990 
C. Bousheut, 


CW. BRUSHCUT, PLS. 
SOME STATE 


FIGURE 12.10 
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Loans and Jing-waski both knew that the land was heavily wooded and 
completely vacant. Both decided that there was no possibility of any 
adverse possession and declined to commission a survey. (Who ever 
heard of paying $8,500 for some guy to stick pipes in the ground in the 
middle of nowhere?) 

Last week, Bigbucks Development, Inc. signed a purchase agree- 
‘ment with Jingwaski for all of square 16 Grandsire Farms for the sum 
of $1,250,000. Bigbucks Development contracted with a surveying 
and engineering firm to survey square 16 and to design a single-family 
home-site development. Bigbucks Development directed the Land Sur- 
veyor to send the survey of square 16 to you to be used in the title exam- 
ination for their purchase from Jingwaski, Today, the Land Surveyor, 
C. W. Brushcut, presented you with Figures 12.9 and 12.10. Figure 
12.9 shows the U.S. township plat for township 4 north, range 21 west. 
Figure 12.10 shows his survey plat of square 16. 

“Call me when you have a chance,” said Brushcut as he left. 
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CHAPTER 13 


WRITING LEGAL DESCRIPTIONS 


The definitions of “legal description” and “land description” are some- 
times thought to be interchangeable. However, there is a subtle differ- 
ence between the two, and neither definition is exactly what the modern 
use of the phrase “legal description” has come to mean, 

A legal description is “a description recognized by law which defi- 
nitely locates property by reference to government surveys, coordinates 
systems or recorded maps; a description which is sufficient to locate the 
property without oral testimony.” A land description is one that defines 
“the location of a parcel of land described in a narrative format.” A 
metes and bound description is “a description of a parcel of land by 
references to course and distances around the tract, or by reference to 
natural or record monuments.”! 

The use of the phrase “legal description” has evolved to mean the 
body of words and phrases used within a real property deed to depict 
a specific parcel of land in a way that identifies that parcel, not only 
in terms of the land record system used to create the parcel, but also 
in terms of delineating the size, shape, and location of the parcel so 
specifically that recovery of the boundaries of that parcel is possible 
using only the written description. 

In other words, the modern lexicon has combined “legal description” 
with a “metes and bounds description” to mean the combination of 


"American Congress on Surveying and Mapping and the American Society of Civil Engineers, 
Definitions of Surveying and Related Terms, 2005 (ev. 
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phrases that are to be included in the deed. This particular “legal” or 
“land” description takes the same form in every land record system 
and, because we will only concern ourselves with descriptions within 
deeds, will be called the “deed description” hereafter. 

This chapter will be devoted to developing the art of writing deed 
descriptions that are clear, complete, concise, and consistent (with the 
land record system in use and the intentions of the parties creating the 
title). 

‘When called upon to determine intent, courts will consider all of the 
evidence presented in the deed description, as well as other evidence.” 
A well-written deed description will reflect the intent of the parties and 
will assist some future court in its deliberations. It is imperative that 
a deed description fully and unambiguously convey the intent of the 
parties 

There will be only one recommended form of deed description cov- 
ered in this chapter, and no attempt will be made to discuss the portions 
of the deed that cover the specific rights conveyed, conditions of the 
sale, and so forth. Many other forms of deed descriptions in use across 
the United States are very regionally oriented and are being gradually 
replaced by this more universal and flexible form. The method proposed 
here will enable persons with little or no trigonometric or geometric 
background to write excellent deed descriptions. 

The first step in writing a deed description is to evaluate the intentions 
of the parties to the transaction, In most cases, this intent is to transfer 
certain rights to an existing parcel. In other cases, a new parcel is being 
created. Each of these situations has its own particularities that may 
alter slightly the composition of the deed description. 


13.1. CREATING NEW PARCELS 


Divisions of a real property into two or more new parcels, combin- 
ing existing parcels into one, or rearranging the boundaries of existing 
parcels are all acts of resubdivision. A resubdivision is most easily 
accomplished by a complete land survey and the development of a 
subdivision plat by a Land Surveyor. Although other land record sys- 
tems allow for resubdivision of land, the platted subdivision accom- 
plishes this so clearly and effectively that most local city and county 


'S-Grimes, Clark on Surveying and Boundaries, 4th ed. Bobbs-Mertll Co,ne.: Indianapolis, 
& New York, 1976. 
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governments now require platted subdivisions for all divisions of real 
property within their jurisdictions. 

‘A new survey should be performed to collect the information about 
the property needed in order to decide upon division. Old survey plats 
will not reflect accurately present conditions or discover changes in 
boundaries. Current information is vitally important, Without it, the 
parties to the transaction may be misled. 

Divisions of real property based on ancient data risk severe conflicts 
when, at a later date, the resulting parcels are possessed and it is 
discovered that the parent tract was not the size and shape it was 
believed to be. The creation of a platted subdivision affords the owners 
an opportunity to discover and to correct any dimensional discrepancy 
that may have existed in the old deed information. Once in possession of 
complete and accurate information on the actual present configuration 
of the parent tract, the parties involved in the resubdivision can develop 
their informed intent and take action without excessive risk of conflict 
among the assigns. 


13.2. EXISTING PARCELS 


Most often, a real property transaction involves an existing parcel that is 
already described in a deed. The current deed may or may not accurately 
describe the property. Changes in boundary lines may have occurred, 
or updated information about the boundaries may render portions of 
the old deed information obsolete. If a deed is to report accurately all 
of the rights transferred, then it is important that these rights be known. 
The ALTA/ACSM land title survey procedure’ is designed to discover 
all of these rights and to detect possible changes. 


13.3. GENERAL OUTLINE 


Al deed descriptions take the form of a five-part essay consisting of 
(1) caption, (2) narrative, (3) deletions or additions, (4) summation, and 
(5) references. Part (2) may be absent if information, beyond the cap- 
tion, is not known, Parts (3) and (5) may be absent, and the order of (3), 
(4), and (5) is sometimes rearranged. Nevertheless, deed descriptions 
that fulfill all of the five parts have proven to be the least likely to be 
misinterpreted at a later date. 


3See section 11.23. 
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13.4. THE CAPTION 


The caption usually takes the form of identification that is most basic 
to the land record system appropriate to the parcel and is almost always 
the legal description of the parcel. In United States Public Land Survey 
(USPLS) and platted subdivisions, the caption is always distinct from 
the rest of the description. 

In the metes and bounds system, the caption and the narrative may 
merge if caution is not exercised. To avoid this possibility, the phrase 
“and more particularly described as follows” or words to that effect 
are sometimes added at the end of the caption to alert the reader that 
the narrative section of the deed description is about to begin. The 
caption should also be segregated from the body of the deed descrip- 
tion as a separate paragraph. Here are some examples of possible 
caption 


‘That parcel of land designated as Lot 1, Square 12, Timber Estates, Wa- 
terproof, Louisiana, more particularly described as follows: ... (platted 
subdivision) 


‘That parcel of land known as the “Brown Estates” located in Winston 
County, Kentucky bounded on the north by J. R. Westly, on the east by 
Philip Jones, on the south by D. Davis and on the west by Kentucky State 
Highway Number 5, more particularly described as follows: ... (metes and 
bounds) 


‘That parcel of land designated as the NE'/s of Section 2, TSS R4E, Fourth 
Principal Meridian, Hayseed County, Illinois, described as: ... (USPLS) 


The common factor in each of these examples is that the caption 
alone is sufficient to identify the parcel without oral testimony, based 
on the prevailing land record system. The land record system in the 
examples is noted within parentheses following the caption. 

The identification in the caption is not normally negated by a con- 
tradiction occurring in the narrative portion of the deed description, 
unless it can be shown that the caption contains an error. If, for ex- 
ample, in a platted subdivision, the caption identifies a parcel by lot, 
square, and subdivision, according to a recorded subdivision plat, and 
the narrative portion reports a contradictory distance to a street corner, 
the caption (and the recorded plat that is an integral part of the caption 
by reference) will usually be assumed to be correct, unless additional 
evidence to the contrary has been found, 
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13.5. THE NARRATIVE 


The narrative portion of the deed description always takes the form 
of a complete metes and bounds description, beginning with a com- 
mencement point, through a point-of-beginning, around the parcel, 
and returning to the point-of-beginning. The narrative forms separate 
paragraphs that consist of a single sentence. 

The distinctions of calls for specific boundaries, bearings, distances, 
landmarks (monuments), and other factors discussed in Chapter 7 deal- 
ing with metes and bounds land record systems apply in a deed deserip- 
tion. The narrative portion of a deed description is the same for all land 
record systems and is dependent on a survey’s having been performed 
on the parcel being described. 

Divisions of property that take place without a survey, such as the 
aliquot division of a section, should not have a narrative portion in the 
deed description. 

‘As many of the key factors of a metes and bounds description as may 
exist must be presented in the narrative portion of a deed description, 
and, on the off chance that the reader did not read that section or does 
not remember it, the key factors will be repeated here. 

The metes and bounds narrative must contain the following: 


1. A commencing point that is well known, easily found, durable, 
recoverable, recognizable, and preferably public in origin. 

2. A point-of-beginning that is a distinct part of the parcel being 
described. 

3. A report of the physical objects (monuments) that mark the loca- 
tion of the ends or are found along each line. 

4. A report of the owners or parcel identifiers of the contiguous 
properties along each line. 

5. A direction for each line. This can be in the form of a bearing, 
an angle, or, in the case of curved lines or meandering lines, a 
description of the configuration of the line. 

6. A length of each line segment, usually in the form of a distance 
between cornei 


There are several recommended key words or phrases that should 
be used in the narrative of a deed description that are intended to assist 
the reader in identifying which of the preceding items is about to be 
reported or to clarify some other aspect of the description. Custom in a 
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particular area may mean that a different combination of key words or 
phrases will be used to express the intent of the parties. In these areas, 
the introduction of the recommended system should be made gradually 
or with slight modifications for the sake of continuity. 

How corner monumentation is identified is also significant in illus- 
trating the intentions of the parties. Each region has developed certain 
preferred objects used to monument corners. Terrain, agriculture, local 
industries, geology, and other factors unique to a region all influence 
the materials used in the monumentation of real property corners. 

The format recommended here is easily adapted to a wide variety 
of regional customs and practices involving identification, monumen- 
tation, and description of real property. Once this format becomes a 
habit, reading or writing the narrative portion of a deed description will 
become the simplest part of working with real property identification 
and boundaries. 


13.6. KEY PHRASES 


13.6.1. “Commencing At” 


“Commencing at” normally are the first two words of the narrative 
portion of a deed description. The reader is alerted to the fact that 
items following this phrase will be a physical object and/or a distinct 
theoretical land point that, in the opinion of the writer, fulfills most, if 
not all, of the requirements enumerated for commencement points. 

The commencement point must be just that—a land point. It would 
not be proper to state, for instance, “Commencing at the northernmost 
right-of-way line for U.S. Highway 66.” The reader is not told where 
along the northernmost right-of-way line the land point is located. 
It would be correct to state, “Commencing at the intersection of the 
northernmost right-of-way line of U.S. Highway 66 and the easternmost 
right-of-way line of U.S. Highway 15.” 

The second version clearly designates a land point that any reader 
of the deed could easily find. Physical objects that monument the 
commencement point should also be “called for” in the narrative, as 
well as any state plane coordinates (SPCs) or other pertinent data. 


13.6.2. “Point-of-Beginning” 


The point-of-beginning brackets the narrative that traces or “traverses” 
along the boundaries of the parcel being described. This statement 
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prepares the reader to begin sketching a mental picture of the parcel. 
The point-of-beginning is fundamental to the narrative portion of a 
deed description and, as with the commencement point, must be a true 
land point. Physical monuments, as well as theoretical land points, can 
serve as points-of-beginning. It is quite common for the monument, 
theoretical location, and SPCs of a point-of-beginning to be included 
in the narrative. 

Although it is sometimes combined with the commencement point, 
the point-of-beginning cannot be dispensed with. “Commencing and 
point-of-beginning at...” is used when both are the same point, as in 
a comer lot. The second appearance of the words “point-of-beginning” 
in a narrative announces the termination of the traverse encompassing 
the parcel. When it is mentioned the second time, there is no further 
elaboration of any distinctive features of the point-of-beginning. 


13.6.3. “Thence” and “;” 


The narrative in a deed description is similar to a Faulkner sentence. 
From “commencing at” to references, the entire essay comprises one 
sentence. The word thence is used to announce that a new line seg- 
ment is about to begin. The boundary line segment description always 
ends with a semicolon (*;”) giving the phrase that describes a single 
boundary line segment the appearance “thence, xXxxxxx;.” 

In this way, the very long narrative can be divided into “digestible” 
pieces that stand out to the reader. It is important to exclusively re- 
serve these two items (thence and the semicolon) for this particular 
use. Applications of semicolons or the word thence for another pur- 
pose anywhere else in the narrative portion of a deed description will 
certainly cause confusion, 


13.6.4. “In a—ly Direction” 


The eight general directions of “northerly,” “northeasterly,” “easterly,” 
“southeasterly,” “southerly,” “southwesterly,” “westerly,” and “north- 
westerly,” are especially useful to persons who are not particularly 
familiar with reading and interpreting bearings. Directions with the 
suffix -ly eliminate confusion over which form of a bearing is applica- 
ble for describing a particular line. Examine Figure 13.1. 

If the traverse being described includes the line segment from point 
“A” to point “B,” an examination of the north arrow clearly indicates 
that this requires a move to the south. The phrase “in a southerly 
direction” prepares the reader to expect the bearing “south 5 degrees 


‘ated circuit> digital > flip-flop 


3. An SR flip-flop with active-high inputs, 
pulse-triggered by an active-high clock in- 
put. 

4, AJK flip-flop with active-high inputs, edge- 
triggered by a rising-edge clock input. The 
bubble on the lower Q output means the 
same thing as a letter Q with a bar printed 
above 


5. A D-type flip-flop pulse- 
active-low clock input. 


6. A D-type flip-flop edge-triggered by a 
falling-edge clock input. 

7. AJK flip-flop with active-high inputs, edge- 
triggered by a rising-edge clock input, with 
asynchronous active-low Preset and Clear 
inputs. 


—opcik W 


Figure 1116. The schematic symbol for a tip-flop 1s an 
annotated rectangle. See text for an explanation ofthe let 
ters and marks. 


Packaging 
Only about 10% of the flip-flops listed byatypical 
parts warehouse are through-hole chips. Therest 
are now surface-mount. Still, even if the search is 
narrowed further to through-hole packages in 
the 74xx and 4000 series, at least 100 types still 
exist. They provide opportunities in education 
and prototyping work, even though they areless 
often used as standalone components. 


A package often contains more than one flip- 
flop. Dual and quad arrays are common. The flip- 
flops may be independently clocked, or may 
share a single clock input; datasheets should be 
checked carefully for details, Octal flip-flops, 
such as the D-type 74x273, are intended for use 
as eight-bit registers. 


Many of the older flip-flops are numbered in the 
74xx series of logic chips. See Chapter 10 fora 
detailed guide to this numbering system and the 
various logic families. D-type flip-flops include 
74x74, 74x75, 74x174, and 74x175, where an ac- 
ronym for the logic family is substituted for the 
x, Old-style CMOS flip-flops include the 40428 D- 
type latch, the 40438 quad NOR SR flip-flop, and 
the 40448 quad NAND SR flip-flop. The last two 
are synchronous, and both allow two Set inputs, 
labeled $1 and S2 in the datasheet. 


Examples of JK flip-flops include the 74x73, 
74x76, and 74x109. 


Values 


As is the case with other logic chips, most flip- 
flops in the through-hole 74xx series are intend- 
ed for VDC power supply while the older 4000 
series may tolerate up to 18VDC. Surface-mount 
versions may use voltages as low as 2VDC. 


See "Variants" on page 93 fora discussion of ac- 
ceptable high and low logic input voltages. On 
the output side, the 4000 series chips are able to 
source less than ImA at SVDC, but the 74HCxx 
series can manage around 20mA. 


Ifa flip-flop is used for high-speed operation, the 
following values must be considered 
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FIGURE 13.1 


25 minutes 15 seconds west” instead of “north 5 degrees 25 minutes 
15 seconds east,” which is printed in Figure 13.1. 

Similarly, from point “B” to point “C” would call for the use of 
the phrase “in a northeasterly direction” to indicate that the bearing 
to use is “north 60 degrees 215 minutes 13 seconds east.” The line 
segment from point “C” to point “B” would call for the phrase “in 
a southwesterly direction” to indicate that the bearing to use for that 
direction is “south 60 degrees 25 minutes 13 seconds west.” 

Notice that, if in describing the line from point “C” to point “B 


the writer had decided to use “in a southerly direction” instead of 


in a southwesterly direction,” the choice of bearings would still be 
‘south 60 degrees 25 minutes 13 seconds west.” The selection of “in 
a westerly direction” also results in “south 60 degrees 25 minutes 13 
seconds west.” 
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The use of these general directions allows a great deal of freedom 
of choice. The only limitation in choosing a -ly direction occurs when 
the lines are close to the cardinal directions. Lines that are nearly 
north-south should use “northerly” or “southerly”; lines that are nearly 
east-west should use “easterly” or “westerly.” 


13.6.5. “-Most” 


The suffix -most is used with the same eight general directions as the 
suffix -ly. The purpose of the general directions isto distinguish between 
similar or paired items in a way that is obvious by an inspection of the 
property or its survey plat. 

As with the -ly directions, there is wide leeway given in the choice of 
directions using the suffix -most. The majority of occasions that require 
these words can be satisfied with the cardinal directions 

In Figure 13.2, “northernmost,” “northeasternmost,” “easternmost,” 
and “southeasternmost” all indicate the Jones and Smith side of U.S. 
Highway 77. Of the four choices, “northeasternmost” and “eastern- 
most” are the most obvious, and equally preferred, selections in this 
example. 


13.6.6. “Along” 


The key word along indicates that the boundary line being described 
is congruent with some other previously established line. Whether the 
previously established line is straight, curved, or meandering, the key 
word along indicates that the boundary line being described is exactly 
superimposed on the previous line at every point. 

For example, “...; thence, in a southerly direction, along the line 
between section 5 and section 6 ...;” declares the described boundary 
to be the section line, and “. ..; thence, in a northerly direction, along 
the Snake River . ..;” leaves no doubt that this is a riparian boundary. 


13.6.7. “A Distance Of” 


The phrase “a distance of” is sometimes considered to be unnecessary. 
However, deed descriptions that refer to distances that are not lengths of 
boundary line segments can become very confusing if this key phrase 
is eliminated. 

For example, examine the excerpt “...; thence, in a southerly di- 
rection, along a curved line, having the radius center to the east and a 
radius of 200.00 feet, 350.00 feet...” or “...; thence, in a southerly 
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FIGURE 13.2 
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direction, along a curved line having a radius of 200,00 feet and the 
radius center to the east, 350,00 feet ..." is not as clear as“. ..; thence, 
in a southerly direction, along a curved line, having the radius center 
to the east and a radius of 200.00 feet, a distance of 350.00 feet...” 


13.6.8. “To” and “To a Point” 


The key word 10 is of special significance in demonstrating the intention 
of the parties in a transfer of titles. To announces that the boundary 
line segment is being terminated and that the comer description that 
immediately follows the word to is considered by the writer to control 
the length of the boundary line segment. The words “to a point” indicate 
that the limit is not set by a physical feature but by a theoretical location, 
Many other supplementary descriptions of the comer, or accessories 
to the comer, may follow the primary one. This distinction is best 
explained by example: 
723.32 feet to the easternmost boundary of the Jones estate, 
that same point being monumented by a I-inch diameter iron pipe; ...” 
clearly designates the “Jones estate” (an adjoining property) as the limit 
of that line segment. By using this phrase, the writer is stating that, if, 
for some reason, the one-inch diameter iron pipe was found to be short 
of the Jones estate or the distance called for was insufficient to reach 
the Jones estate, the limit of the line segment would not be the pipe 
or the distance but would continue on to (or stop at) the easternmost 
boundary line of the Jones estate. 

723.32 feet 10 a point monumented by a 1-inch diameter iron 
. .” indicates that the intention of the parties was to set the length 
of the line at a specific distance (723.23 feet), and, if the pipe were later 
to be found to be short of, or in excess of, that distance, the distance 
would prevail (in the absence of possession or other convincing and 
contradictory evidence). In this instance, the pipe is just a marker and 
has not “achieved” the status of an artificial monument. 

723.32 feet to a 1-inch diameter iron pipe; ...” indicates, ac- 
cording to the intent of the writer, that the iron pipe is a artificial 
monument and that it, not the distance, is the controlling factor. 

The exception to this “rule” occurs in cases in which real property 
boundaries are named in any part of the corer description. The mention 
of a real property boundary usually indicates the intention to limit the 
line at that real property boundary, even if calls for markers or other 
corner identification occurs first. 

In any case, the order is not exclusive and binding. As with any part 
of the deed description, other evidence of intent may be used to refute 
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contention based upon order of appearance of comer descriptions. In 
areas where the custom of writing deed descriptions is well established 
and does not follow the pattern that is recommended here, it may require 
some time to introduce this method, 


13.6.9. “That Same Point” 


The comer to a real property parcel is a theoretical location that may 
refer to several physical or theoretical things to define that location. 
Any comer may have several different items in the list of these things. 
‘A comer may be monumented by a surveyor’s marker, it may be part 
of a common boundary line, it may have several accessories, the SPC 
values may be known, or other features may need to be described. 

The phrase “that same point” prevents the reader of a deed descrip- 
tion from confusing the features of one corer with those of another. 
‘An example of the use of this phrase is“. . . to a stone borne located 
on the line between sections 30 and 31, that same point having the 
Virginia state plane coordinates (south zone) of y = 234,543.55 feet, 
x = 1,323,445.39 feet; thence, ...” 


13.6.10. “Point of Curvature” and “Point of Tangency” 


There are two types of intersections possible between lines when one 
or both of the lines are curved. A line—even another curved line—may 
simply intersect with a curved line, or it may meet that curved line in a 
very special way, known as a “tangent” intersection, Figure 13.3 shows 
several combinations of intersections involving curved lines. 

The situations labeled “tangent intersection,” “compound curve,” 
and “reverse curve” are all intersections where the radius center of 
the curve has a special relationship to the point of intersection. In the 
straight line tangent intersection (case 2), the radius center is located 
ona line from the intersection that is at right angles to the straight line. 
In the case of the compound curve and the reverse curve (cases 4 and 
5, respectfully), the radius centers are on a straight line drawn through 
the point of intersection. 

The occurrence of tangent intersections in deed descriptions can 
include the use of the phrase “point of curvature” when a straight line 
ends and a curved line begins or “point of tangency” when a curved 
line ends and a straight one begins. 

The phrase “point of compound curvature” is used when a curved 
line of one radius intersects with a curved line of a different radius, but 
the same direction. 
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The phrase “point of reversed curvature” is used when a curved line 
intersects with another line curving in the opposite direction at a point 
of tangency. Although all of the intersections discussed here occur at a 
point of tangency, the key phrase “point of tangency” is used in a deed 
description only when the description of a curved line ends at a point 
of tangency with a straight line. 

These phrases are used only when there is a special orientation of 
circular curved lines with previous or subsequent lines and they are not 
used when simple intersections occur, such as cases | and 3 in Figure 
13.3. 

Some have argued that such “terms of art” should not be used in 
deed descriptions because most readers of the description do not know 
the definition of a tangent intersection. This may be true. However, the 
additional information provided by identifying tangent intersections is 
integral to the relationship of the boundaries and should not be omitted 
for fear that the reader is ignorant. 

Readers who do not know terms in a deed description will consult a 
Land Surveyor or a dictionary and be educated. Deed descriptions that 
have important data excluded are incomplete and subject to possible 
misinterpretation. 


13.6.11. “From Whence Bears” and “Distant” 


The phrases “from whence bears” and “distant” are used exclusively 
to designate the location of accessories to a comer. The particular 
wording of the segments that describe accessories is deliberately “old- 
fashioned” so that accessory descriptions do not become confused with 
boundary line segments. For example, “. .. to an iron post from whence 
bears alarge oak at north 23 degrees east and 23 feet distant, thence; ...” 
makes the accessory a part of the deed description. In general, naming 
accessories in deed descriptions has not been routinely practiced. 


13.6.12. “Encompassing an Area Of” 


The phrase “encompassing an area of” should be placed directly after 
the second occurrence of the words “point-of-beginning” to emphasize 
that the area expressed is that of the entire parcel and does not account 
for any changes in area caused by the deletions or additions noted later 
in the deed description. For example, “... to the point-of-beginning; 
encompassing an area of 234.43 acres . ..” leaves no doubt that the 
narrative is intended to describe a parcel containing that area. If the 
statement of area is removed from the narrative portion of the deed 
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description, then confusion can occur between area before and area 
after accounting for deletions or additions. 


13.7. DELETIONS OR ADDITIONS 


The deletions or additions portion of a deed description usually lists 
all of the easements, servitudes, rights-of-way, restrictions, or other 
modifications to the free, clear enjoyment of the parcel described. 

Sometimes, more commonly in rural areas, this portion of the de- 
scription actually entirely eliminates portions of the described tract 
from the deed. This practice can cause confusion and is becoming less 
common as local governments enact stricter and more formal codes or 
ordinances controlling the resubdivision of real property. The reader is, 
urged to resubdivide and plat any deletion or addition to a parcel that 
completely changes all of the real property rights of that deletion or 
addition, 

This deletions or additions portion of a deed description is clearly 
set apart from the narrative portion by the use of, in bold or capital 
letters, the heading “LESS THAN AND EXCEPT” “IN ADDITION” 
or “SUBJECT TO.” 

These are not found in every deed description. Unfortunately, if this 
heading appears on a separate page from the narrative portion of the 
deed description, it may become separated from the rest of the deed 
documents. For this reason, it is recommended that the summation and 
references always follow the deletions or additions portion of the deed 
description. If this procedure is followed, the reader will always know 
that a complete deed description is present if a caption to the references 
is present. 

Some examples of the use of deletions or additions in deed deserip- 
tions follow: 


“Subject To: 


A 5-foot easement adjoining and along the entire rear or northerly 
portion of the property for the purpose of installation and main- 
tenance of a telephone cable...” 


“Subject To: 


An easement of ingress and egress, 20-feet wide, adjoining and along 
the western boundary for the use of the owner of lot 3 and more 
particularly described as follows; . ..” 
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“Less Than and Except: 


That portion of the property known as “Devils Well” and more 
particularly described as follows; ...” 


13.8. REFERENCES 


The references portion of the deed description is used to “call for,” 
thereby including in the deed, other documents, such as a survey plat, 
subdivision plat, maps, transactions, and the like. Items so included 
in the references will usually be considered as appearing in the deed 
description in full. A metes and bounds deed description must include 
areference to the survey on which it is based. 

A reference to a survey plat will normally have the effect of causing 
everything on the plat to become an integral and valid part of the deed. 
Sometimes the list of previous exchanges involving the parcel is also 
made in the references. Some examples of references follow: 

“..cand all as more fully described on the plat of survey by T. T. Thomas, 
PLS., dated February 2, 1986.” 


being the same property as acquired by the present owner from Sunshine 
Realty on December 4, 1944, and recorded in 


being the same property created by the subdivision plan of Oak Hills 
subdivision by T. Swift, L.S. and recorded in...” 

The purpose of a deed description is to express, clearly and as 
completely as possible, the intent of the parties conducting the exchange 
of title. Information that is relevant to that intent ought to appear in the 
deed description in one of the categories already mentioned. 

A properly written deed description will provide courts that are 
called on to settle a boundary dispute the information necessary to 
eliminate deed discrepancies as an object of contention. A little extra 
time and effort in writing deed descriptions will benefit any assigns or 
heirs by reducing confusion and litigation, 
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CHAPTER 14 


EXERCISES IN WRITING DEED 
DESCRIPTIONS 


The following exercises in writing deed descriptions will present a 
sketch of a fictitious real property parcel, special conditions, and the au- 
thor’s recommended deed description. In reviewing the recommended 
deed description, you may wish to evaluate the survey plat using the 
checklist in Chapter 12 and note whether the description reflects the 
circumstances accurately. 


14.1. CASE1 


Bill Wright, the owner of section 11, T22N R43W, Hog County, farm 
state, wishes to sell, to Mike Farmer, the “southeast 160 acres” of 
section 11. Figure 14.1 shows the only drawing of the section in 
Wright’s possession. Wright acquired section 11 from Crystal Shine on 
November 10, 1942. 

Farmer confirms that he wants to buy the “SE!/, of Section 11” 
because he needs “a square plot 2,640 feet on a side.” Of course, the 
“SE!/,,” the “southeast 160 acres,” and “a square plot 2,640 feet on a 
side” are three different divisions of section 11. 

The deed description of the SE'/, of section 11 can be made without 
a survey and would be “the SE!/, sec. 11, T22N, R43W, Nth PM, Hog 
County, farm state and being a portion of the same property acquired 
by Bill Wright, the present seller, from Crystal Shine on November 10, 
1942.” 
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jo Use It 


+ ts Setup time: The minimum time in nano- 
seconds for an input to be constant before 
the next clock pulse can process it. 

+ ty Hold time: The minimum time in nano- 
seconds for an input to persist after the ac- 
tive edge of a clock pulse that has processed 
it. The interaction between a clock pulse and 
an input state takes a brief but measurable 
amount of time; errors may occurif the clock 
is given less than that amount of time to do 
its job. 

+ too Clock-to-output: The elapsed time after 
an active clock edge, before the output 
changes. This is a function of the internal 
workings of the chip, and may be broken 
down into low-to-high and high-to-low out- 
put transitions, as follows. 


+ Tux Propagation to Low-to-High: The 
elapsed time after an active clock edge, be- 
fotealow-to-high swing occurs atan output. 
This may not be identical to Try. 


+ Tra Propagation to High-to-Low: The 
elapsed time after an active clock edge, be- 
forea high-to-low swing occurs atan output. 
This may not be identical to Tox 


+ fax Maximum clock frequency for reliable 
operation. 

+ tygy The minimum high clock pulse width in 
nanoseconds. 


+ ty The minimum low clock pulse width in 
nanoseconds. 


Ina shift register or counter, where multiple flip- 
flopsare cascaded but they share the same clock, 
the tro of one flip-flop must be shorter than the 
hold time of the next flip-flop, to allow the input 
of data to be complete before the window of op- 
portunity is over. 


‘ated circuit > digital > flip-tlop 


How to Use It 


The asynchronous SR flip-flop is of primary use 
in debouncing switches. Examples are the single 
MAX6816, dual MAX6817, and octal MAX6818. 


D-type flip-flops are widely incorporated in fre- 
quency dividers, which are used to count pulses 
and display a binary output. f the NOT-Q output 
is wired back to the D input, the pulse stream to 
the clock input will have the following effect: 


1. Suppose the initial D state is low and the in- 
itial state of the NOT-Q output is low. 


2. The first high clock pulse propagates the low 
D state into the flip-flop, 


3. The next low clock state forces the NOT-Q 
output high. This feeds back and creates a 
high D input. 


4, The second clock pulse propagates the high 
D state into the flip-flop. 


5. Thenextlow clockstate pulls the NOT-Qout- 
put low. This feeds back and creates a low D 
input. 


The sequence then repeats. Only one high out- 
putis generated at NOT-Q (orat Q) for every two 
clock pulses; thus the circuit can become a 
divide-by-two counter. Ifthe Q outputs tapped 
to serve as the clock input for another flip-flop, 
that circuit now has a divide-by-four output. A 
series of many flip-flopscan be chained together, 
so long as the propagation of signals along the 
chain is fast enough to occur before the next 
clock pulse. This is known as an asynchronous 
counter. 


For more information on the use of counters, see 
Chapter 13. 


While flip-flops have tended to be integrated 
with other components in digital computing, 
they are still used as registers where 8 or 16 bits 
of serial data must be assembled at a time, prior 
to being disseminated as parallel data. 
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It would be quite improper to quarter section 11 based on the “ideal 
section” template and to add a narrative describing the SE!/, as begin- 
ning at the section comer and measuring 40 chains (2,640 feet) to a 
side. If anything is certain about section 11, it is that the section is not 
80 chains north, east, south, and west. Farmer wisely orders a survey 
of the SE'/, of section 11. Figure 14.2 is a rendering of that survey. 

An abstract of the deed record (title) does not indicate any recorded 
easements, servitudes or rights-of-way. The surveyor, Ben Round, re- 
ports that South Road was built and has been maintained by the local 
farmer’s co-op. The size of the right-of-way shown is based upon a 
written agreement on file at the co-op and is signed by Wright and 
others. Now the deed description can be written. Wright and Farmer 
both know exactly what is to be transferred. The description might read 
as follows: 


‘That parcel or portion of land designated as the SE'/; of section 11, T22N, 
R43W, Nth PM, Hog County, farm state, and more particularly described as 
follows: 


Commencing and point-of-beginning at the southeast comer of section 11, 
that same point being monumented by a 6-inch square concrete monument; 
thence, in a westerly direction along the line between sections 11 and 14, 
that same line being the centerline of the South Road right-of-way, north 
89 degrees 52 minutes 14 seconds west, a distance of 2,712.43 feet, to the 
southern quarter comer of section 11 and a 2-inch diameter iron pipe; thence, 
in a northerly direction along the line between the southeast quarter and the 
southwest quarter of section 11, north 0 degrees 42 minutes 12 seconds w 
a distance of 2,688.21 feet, to the center of section 11 and a I-inch diameter 
iron bar; thence, in an easterly direction along the line between the southeast 
quarter and the northeast quarter of section 11, south 88 degrees 02 minutes 
48 seconds east, a distance of 2,592.34 feet, to the eastern quarter comer of 
section 11 and a 2-inch diameter pipe; thence, in a southerly direction along 
the line between sections 11 and 12, south 3 degrees 23 minutes 42 seconds 
cast, a distance of 2,610.36 feet, to the point-of-beginning; encompassing an 
area of 161.02 acres: 


SUBJECT TO: a right-of-way, 40 feet in width, adjacent to, and along, the 
entire southern line of the property herein described, for the purpose of the 
‘maintenance of a roadway: 


All as more fully described on a plat of survey by Ben A. Round, land 
surveyor, dated June 3, 1988, and being a portion of the same property ac- 
quired by Bill Wright, the present owner, from Crystal Shine on November 10, 
1942. 
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14.2. CASE 2 


Iron Town, Bay County, Maryland, was created by a subdivision plan 
by S. Blake, county surveyor. The plan was dated May 3, 1920, and 
recorded in the Bay County conveyance office in book 5, page 2. Figure 
14.3 shows a portion of that plan. Blake noted on the plan that “square 
corners were marked by a 2-inch diameter cast iron pipe.” Write a deed 
description for lots 1 and 3, square “B.” 

The description of lot 1 might be as follows: 


‘That parcel of Land designated as lot 1, square B, Iron Town subdivision, Bay 
County, Maryland and all as more fully described as follows: 


Commencing and point-of-beginning at the intersection of the northeasternmost 
right-of-way line of 33rd Avenue and the northwesternmost right-of-way line of 
Main Street, that same point being monumented by a 2-inch diameter cast iron 
pipe; thence, in a northerly direction along said northeasteramost right-of-way 
line of 3rd Avenue, north 51 minutes 07 minutes 46 seconds west, a distance 
of 170 feet, to the southeasternmost right-of-way line of the Westline Railroad, 
that same point being monumented by a 2-inch diameter cast iron pipe; thence, 
in an easterly direction along said southeasteramost right-of-way line of the 
Westline Railroad, north 34 degrees 47 minutes 06 seconds east, a distance of 


IRON TOWN 
MARYLAND 


Bist AVE, 


oa 
MAIN’ STREET 
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80.20 feet, to the line between lots 1 and 2; thence, in a southeasterly direction 
along said line between lots 1 and 2, south 51 degrees 07 minutes 47 seconds 
east, a distance of 175.71 feet, to the northwesternmost right-of-way line of 
Main Street; thence, in a southwesterly direction along said southeasternmost 
right-of-way line of Main Street, south 38 degrees 52 minutes 14 seconds west, 
a distance of 80 feet, to the point-of-beginning; all as more fully described on 
the plan of subdivision for Iron Town subdivision by S. Blake, county surveyor, 
dated May 3, 1920, recorded in book 5, page 2 of the Bay County conveyance 
office 


The description of Lot 3 might read as follows: 


‘That parcel of portion of land designated as lot 3, square B, Iron Town subdi- 
vision, Bay County, Maryland, more particularly described as follows: 


Commencing at the intersection of the easternmost right-of-way line of 33rd 
Avenue and the northernmost right-of-way line of Main Street, that same point 
being monumented by a 2-inch diameter cast iron pipe; thence, in an easterly 
direction along said northernmost right-of-way line of Main Street, north 38 
degrees 52 minutes 14 seconds east, a distance of 160 feet, to the line between 
lots 2 and 3; thence, in a northerly direction along said line between lots 2 
and 3, north 51 degrees 07 minutes 47 seconds west, a distance of 181.43 feet, 
to the southernmost right-of-way line of the Westline Railroad; thence, in an 
easterly direction along said southernmost right-of-way line of the Westline 
Railroad, north 34 degrees 47 minutes 06 seconds east, a distance of 80.20 
feet, to the line between lots 3 and 4; thence, in a southerly dire 

said line between lots 3 and 4, south 51 degrees 07 minut 
distance of 187.14 feet, to the northernmost right-of 
thence, in a westerly direction along said northemmost right-of-way line of 
Main Street, south 38 degrees 52 minutes 14 seconds west, a distance of 80 
feet, to the point-of-beginning; all as more fully described on the plan of 
subdivision of Iron Town subdivision, by S. Blake, county surveyor, dated 
May 3, 1920, and recorded in the Bay County conveyance office in book 5, 
page 2. 


14.3. CASE 3 


T. R. Grubb wants to give his son, R. T. Grubb, a portion of his farm 

property in Hardtack, Georgia. Figure 14.4 is a drawing, made by the 

senior Grubb, of the property to be conveyed. The Grubbs refuse to 

have a survey made on the property, because “Dem survey folks don’t 

know nuttin’. We gotta move dere markers every time dey come by.” 
‘Write a description of the parcel conveyed. 
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My North Fence 


My Wat Foes 


FIGURE 14.4 


Perhaps a description of the son’s parcel would be as follows: 


‘That portion of land located in Hardtack, Hardtack County, Georgia, bounded 
onthe south by Big Road, on the east by the property of T. T. Wilber, and on the 
north and west by the property of T. R. Grubb, and more particularly described 
as follows: 


Commencing and point-of-beginning at the intersection of the westernmost 
fence tine enclosing the property of . . Wilber and the fence line along 
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the northernmost side of Big Road; thence, in a westerly dire 
northernmost fence line of Big Road, a distance of 1,000 fe : 
to an intersecting fence line enclosing the property herein conveyed; thence, 
in a northerly direction, along said fence line enclosing the property herein 
conveyed, a distance of 1,000 feet, more or secting fence line 
enclosing the property herein conveyed: thence, in an easterly direction along 
said fence line enclosing the property herein conveyed, a distance of 1,000 feet, 
more or less, to the westernmost property line of T. T. Wilber and a fence line; 
thence, in a southerly direction along said westernmost property line of T. T. 
Wilber, a distance of 1,000 feet, to the point-of-beginning; and all as more fully 
described on a sketch by T. R. Grubb, hereto attached. 


This last exercise demonstrates that the absence of a recent land 
title survey and a proper subdivision plan does not prevent the creation 
of deed description that almost appears adequate. Unfortunately, the 
distances are doubtful, the angles at the corners are unknown, the 
comers are poorly monumented, the lines are dependent on possibly 
meandering fences, and the area is unknown. Pity the surveyor who, 
after 40 years and after the area has been cleared, is charged with the 
recovery of this particular parcel of land. 
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CHAPTER 15 


ETHICS AND PROFESSIONAL 
CONDUCT 


The Professional Land Surveyor’s registration boards of most states 
have published codes of ethical conduct. Every Land Surveyor should 
obtain and be familiar with the codes of conduct published by each of 
the states where he or she is registered. Procedural rules and regulations 
along with certification requirements are generally similar for all states, 
The most common mandates are: 


ly. 


The Land Surveyor must be in responsible charge and perform 
adequate oversight and review of any work certified by him or 
her. (Certification of work done by others and not under his or 
her direct supervision is strictly prohibited). 

The Land Surveyor shall avoid all conflicts of interest, fraud, 
misrepresentation, and all other dishonest activities. 

The Professional Land Surveyor is required to maintain a high 
degree of competency in the practice of his or her profession. 
(Many states have adapted rules and regulations for required 
continuing education to maintain licensure as a Land Surveyor.) 
The Land Surveyor must assure that all employees are well trained 
and properly supervised. 

The Land Surveyor must exercise care and sound judgment in 
the exercise of professional services without regard to com- 
pensation, (Charity work must be afforded the same care and 
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professionalism as compensated projects. Contracts that have 
been underestimated cannot be “short cut” to meet the budget.) 

6. In the event that blunders, discrepancies, or significant mistakes 
are discovered by the Land Surveyor, even if it involves his or 
her own work, the Land Surveyor shall immediately give notice 
of the situation to his or her client and/or others that may be 
impacted. The Land Surveyor shall conduct such corrective acts 
as may be required to mitigate the injury to others. 

7. The Land Surveyor shall not undertake projects beyond his or her 
area of expertise. 

8. The Land Surveyor shall not undertake projects beyond his or her 
resources. 


Not all of the ethical bounds for the Land Surveyor are as obvious 
as the few preceding examples. Some exceptions follow. 


15.1. CONFIDENTIALITY 


The Land Surveyor should maintain the confidential nature of the Land 
Surveyor-client relationship. While not as binding as the lawyer-client 
or doctor-patient confidentiality, the Land Surveyor-client relationship 
is such that what is discovered during a survey performed for a client 
may be the property of the Land Surveyor, but it may not be dissemi- 
nated without the permission of the client. The nature and volatility of 
real estate activity is such that property rights, land values, and busi- 
ness contracts can be adversely impacted if information provided to a 
landowner or financier were made publi 

Of course, the knowledge of real property boundary locations and 
other conditions discovered by the Land Surveyor during any survey 
will be melded into the body of his or her experience and expertise and 
drawn on during other work. 


15.2. PROFESSIONAL COURTESY 


‘When requested, the Land Surveyor should provide such information as 
he or she may have pertaining to the location of real property boundaries 
to other Land Surveyors working in the vicinity. The greatest single 
cause of boundary disputes is the failure to obtain all of the information 
available concerning boundary locations. It is very rare for two Land 
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Surveyors, working from the same complete set of data, to arrive at 
different opinions as to the boundary locations. Land Surveyors who 
readily share information with others practicing in the area minimize 
the occurrences of boundary disputes. 


15.3. IMPARTIAL EVALUATION 


The Land Surveyor shall evaluate the evidence of boundary locations 
and other pertinent information without prejudice toward or against any 
party. The Land Surveyor is not to distort information or selectively 
consider facts with the intent to increase benefit to his or her client. 
Boundary decisions must be based on an impartial consideration of the 
evidence without regard to the identity of the landowners. 

This impartiality extends to the witness stand. When employed as 
an expert witness, the Land Surveyor is expected to render his or her 
opinion based on the facts as he or she has developed them without 
consideration of the effects on the litigants. When employed as an 
expert, the Land Surveyor should avoid the concept of “their side” and 
“our side”. 


15.4. PROMOTE PROFESSIONALISM 


The Land Surveyor is expected to exercise professional conduct at all 
times, both in the practice of the profession and in personal behavior. 
The Land Surveyor shall not participate in the denigration of another 
licensed Land Surveyor, nor attempt to supplant another Land Surveyor 
in a business relationship. 

The Land Surveyor shall report any unprofessional activity or viola- 
tions of the law, rules of the board, or rules of conduct to the appropriate 
authority. 

The Land Surveyor shall council, tutor, or assist other Land Survey- 
seeking to improve technical and professional skills. 
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‘ated circuit> digital > flip-flop 


What Can Go Wrong 


Ambiguous Documentation 

For reasons which are unclear, instructional texts 
and tutorials can be erratic when describing flip- 
flops: 


+ Atruth table may fal to clarify whether the 
circuit uses active-high or active-low logic. 

+ Truth tables from different sources are often 
inconsistent in their representation of cur- 
rent and future output states, and may even 
fail to include the clock status in a clocked 
flip-flop. 

+ Tutorials may include logic diagrams for 
some types of circuit, but not others. 

+ NOR gates may be used, without any men- 
tion that NAND gates can also be used (and 
may be more common or convenient) 

+ The active-low or active-high status of in- 
puts in an SR flip-flop may not be shown. 


Bearing this in mind, manufacturer datasheets 
should be consulted whenever possible as the 
primary source of information. 


Faulty Triggering 
In many cases, a flip-flop designed for edge trig- 
gering can give erroneous results if it is level- 
triggered, and vice versa. Rising-edge-triggered 
flip-flops must be distinguished from falling- 
edge-triggered flip-flops. As always, itis impor- 
tant for similar parts that have similar functions 
to be stored separately. 


Metastability 
The behavior of flip-flops has been described in 
this entry under ideal conditions, where they are 


What Can Go W 


ong 


operating well within parameters established by 
the manufacturer. In reality, non-ideal scenarios 
may occur, especially where inputs such as data 
and clock, or clock and reset, are almost simulta~ 
neous. This may be difficult to avoid if a signal is 
received froman external source suchasasensor, 
with no way to control ts arrival time. Ifthe input 
‘occurs within the setup time or the hold time of 
a clock pulse, the flip-flop may be unable to de- 
termine whether the input precedes or follows 
the clock, 


This may lead to metastability, meaning an un- 
predictable output and/or oscillations that take 
several clack cycles to settle into a stable state. If 
the output from a flip-flop may be used by two 
separate components with slightly different re- 
sponse times, one may interpret the oscillating 
output as a high state while the other interprets 
itaslow. Ina computing circuit, metastability can 
lead to calculation errors or a system crash. To 
avoid these issues, limits in datasheets should be 
observed. Attention should be paid to the man- 
ufacturer specifications for minimum setup time 
and hold time, so that the circuit has sufficient 
‘opportunity to recognize a signal and respond. 


One solution to metastability is to connect mul- 
tiple flip-flops in series, all sharing a common 
clock signal. This will tend to filter out irregulari- 
ties, at the expense of requiring additional clock 
cycles if the flip-flops are not transparent. 


Metastable-hardened flip-flops minimize meta- 
stability but cannot eliminate it completely. 


Other Issues 

Problems that tend to affect digital chips gener- 
ally are listed in the section of the entry on logic 
gates (see "What Can Go Wrong’ on page 105). 
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APPENDIX OF TABLES 


DROP-INLET CATCH BASIN 
‘FIRE HYDRANT 

fq _CVERTICAL CURB INLET CATCH B 
@:. POWER POLE 

Om, WATER METER 

SANITARY 


EWER MANHOLE 
STORM DRAIN MANHOLE 
WATER METER 

SEWER CLEAN-OUT 
WIRE FENCE 

WOOD FENCE 

STORM DRAIN 
5—_SANITARY SEWER MAIN 
= w———WATER MAIN 

—— ELECTRICAL WIRES 
ASEMENT 

FIGURE A.1 Typical Map Symbols 
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TABLE A.1_ Select Units of Linear and Square Measure 


TUS. survey foot = Be meters 
USS. standard foot 0 3048 meters 
Hine 2 inchs 

1 foot = 12 inches 

1 yard 3 feet 

1 rod, pole perch = 165 feet” 

I chain 66 feet 

1 chain 100 links 

1 chain = 4 rods, poles, perches 
I mile 80 chains 

1 mile 5.280 feet 

1 nautical mile 6,080.27 feet 

1 rood acre 

1 acre = 43,560 square feet 
V acre 10 square chains 
1 square mile 640 acres 

1 compass, row = 6 feet 

1 Brench foot 1/180 arpent 

1 toise = Sarpent 

I toise 653944 feet” 

1 agpent 191,904 feet (GLO definition) 
1 agpent = 191.83 feet 

1 agpent square measure 0.8448 acres* 

1 vara 334 inches* 

1 hand 4 inches 

1 span 

1 eubit 

1 step 

1 pace 

1 fathom, 

1 furlong 10 chains 
Teague 3 miles! 


These unis may vary greatly, depending on local custom, 
"Peet listed inthis table are US. survey feet, unless otherwise noted. 

"This distance is a function of the spheroid in use and will vary. Some report, 
this distance as 6,076.10 fet 


TABLE A.2 Common Angular Units of Measure 


1 eirele = 360 degrees 
1 circle 100 grads 
1 circle 2 points 
1 circle 400 mils 
1 degree 0 minutes 
1 minute = 60 seconds 


7.45 feet in 1,000 feet* 
29 feet in 1,000 feet* 
005 feet in 1,000 feet* 
01 feer* 

046 feet* 


1 degree of are 
minute of arc 
1 second of are 
1 second of latitude atthe equator 
| minute of latitude atthe equator 


Approximate distance only 
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TABLE AA Typical Instrument Precisions 


‘Type of Instrument Smallest Unit Directly Direct Read Uncertainty in 
lypical) Read 1,000 Feet 

Marine compass 11} degrees 196.0 feet 

Surveyor's compass 15 minutes 4.4 feet 

Builder's transit 1 minute 0.29 feet 

Mountain transit 30 seconds 0.15 feet 

Surveyor's theodolite 10 seconds 0.05 feer™ 

Control survey theodolite 1 second 0.005 feet* 

Electronic distance meters 0.01 feet 0.03 feet® 


"The errors involved with pointing and centering of target and instrument are much greater than the 
rinimum direct read ofthe instrument itself 
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GLOSSARY OF SELECT TERMS 


(These definitions are condensed) 


Abstract of title (or deed) A summary of conveyances, exchanges, 
easements, or other legal instruments affecting the property rights of 
a particular parcel. 


Accessories to a corner Natural physical objects, such as trees, rock 
formations, ledges, and other features, that are at a known distance 
and/or direction from a corner. Accessories are part of the corner 
monumentation. 

Adjoiner That parcel of land that shares a common boundary with 
another. 

Adjusted value The value assigned to a measured quantity after 
the application of corrections designed to account for measurement 
errors. 


Aliquot parts A division of a USPLS section following a specified 
procedure. 

Angle A measure of the relationship of two intersecting lines. 

Area The measure of the bounded surface formed by the intersection 
of real property boundaries and a particular vertical datum. 

Astronomic Values assigned to direction or position based on mea- 
surements made of the relative positions of heavenly bodies. 


Azimuth A definition of the direction of a line based on the clockwise 
angle formed between that line and a certain pole of a meridian. 
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Balancing a traverse A procedure, or procedures, for distributing the 
accumulated measurement errors of a traverse among the observed 
values in order to obtain computational consistency. 

Baseline _A series of points established for the expressed purpose of 
locating other features or lines. 

Bearing A definition of the direction of a line based on the clockwise 
or counterclockwise angle formed between that line and either pole 
of a meridian, 

Benchmark An object, natural or artificial, in a relatively stable 
location, that is at a known elevation relative to a particular vertical 
datum. 

Blunder A mistake or an incorrect assessment of a measured value 
associated with a gross misinterpretation of facts 

Boundary line An imaginary line of demarcation between two ad- 
joining land parcels, distinguishing a separation of real property 
rights, which may or may not be physically marked, 

Bureau of Land Management (BLM) An agency of the U.S. gov- 
ernment, formerly known as the Government Land Office (GLO), 
which is responsible for the survey of public lands, among other 
things. 

Cadastre An official map of a political region delineating size, loca- 
tion, ownership, and land values for the purpose of assessing taxes. 

Center of a section A point in a USPLS section determined by the 
intersection of two straight lines drawn between opposing quarter 
comers. 

Chain (1) A length of measure equal to 66 U.S. survey feet; (2) a 
surveyor’s measuring tape; (3) the act of measuring a linear distance. 

Chord A straight line drawn between the ends of a curved line seg- 
ment. 

Compass (1) A device for detecting the earth’s magnetic field and 
aligning with the lines of force; (2) a device for laying out a specific 
distance or marking an arc; (3) a unit of measure, usually defined as 
6 feet. 

Contour A series of lines on a map connecting points of equal ele- 
vation. 

Control A series of vertical and/or horizontal survey marks, data, 
measurements, maps, photographs, or other acts specifically per- 
formed to serve as the foundation or datum for future surveys 


GLOSSARY OF SELECT TERMS 239 


Coordinate system A method of identifying a particular point in 
two or three dimensions by a systematic listing of the distances from 
defined baselines or origins. 

Corner A point of intersection of real property boundary lines, which 
may or may not be monumented. 

Course The direction of a line segment. In some states, the course 
also includes the length of a line segment. 

Datum A basis or measurement foundation on which a location 
can be defined or referenced either vertically, horizontally, or 
both. 

Deed A written instrument that conveys rights or interests in real 
property. 

Deed description That part of a deed that identifies and describes 
the relevant real property parcel. 

Departure The change in the distance from a meridian experienced 
in moving from one end of a line segment to another. 

Easement A right held by one party to the land of another. 

Electronic distance meter (EDM) A device that measures distances 
by the use of electromagnetic radiation. 

Elevation The distance above or below a vertical datum, 

Equator (1) Zero degrees latitude; (2) an imaginary plane passing 
through the earth and perpendicular to the axis of rotation. 

Error The difference between the measured and actual values for a 
certain quantity. 

Error of closure The failure of the result of a set of measured values 
to agree mathematically with the theoretical result. 

Fee simple Unlimited rights of real property ownership restricted 
only by the laws of the United States, state, and local governmental 
jurisdictions, 

Field notes The written notes, sketches, and computations of a sur- 
veyor taken during and at the site of a survey. 

Geoid A theoretical surface that is everywhere perpendicular to 
plumb at every point. 

GIS (Geographical Information System) A database and informa- 
tion recovery system indexed by location. 

Government Land Office See Bureau of Land Management 
(BLM). 
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GPS (Global Positioning System) _A network of radio transmitting 
navigational satellites and specialized receivers used to determine 
the geodetic location of the receiver. 

Grade The slope of a surface or structure. 

Grid An imaginary network of evenly spaced parallel and perpen- 
dicular two-dimensional lines 

Horizontal A plane, perpendicular to the plumb line at a particular 
point. 

Land description The exact location of a real property parcel in 
terms of the controlling land record system. 

Legal description The description of a real property parcel sufficient 
to identify that parcel uniquely without oral testimony. 

Latitude (1) The distance along a meridian; (2) the north or south 
change in distance experienced in moving from one end of a line 
segment to another. 

Level (1) A surface that is everywhere perpendicular to plumb; 
(2) an instrument for measuring differences in elevation. 

Line _A series of contiguous points forming a vertical geometric sur- 
face and extending from the center of the earth up through the land 
surface and into space. 

LIS (Land Information System) A database of information related 
to the land, 

Longitude The distance between two meridians. 

Map _A graphic, two-dimensional representation of the surface of the 
earth, 

Map projection A systematic method, accounting for the curvature 
of the earth, that mathematically reduces surface location informa- 
tion into two-dimensional data. 

Mean sea level (MSL) The average elevation of the sea over a 19- 
year period. MSL is often confused with the North American Vertical 
Datum (NAVD). 

Measurement An estimation of a quantity or a distance based on the 
systematic application of a standardized procedure or device. 

Metes and bounds description A description formed by sequentially 
reciting the courses and adjoiners of a real property parcel. 

Meridian A north-south line used to reference lines of a survey. 

Monument The physical object that indicates the location of a point, 
station, or real property corner. 
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More or less A phrase indicating a crude or uncertain value for a 
quantity. 

National Geodetic Survey (NGS) The agency of the U.S. govern- 
‘ment that is responsible for development and maintenance of bench- 
marks and stations for navigation and mapping. 

National Geodetic Vertical Datum, 1927 (NGVD) _A vertical datum 
established by the National Geodetic Survey in 1927 that defined 
elevations published for use on federal maps and regulations, now 
obsolete. 

North Aligned with the axis of the earth’s rotation and in the direction 
of that particular pole designated as “north.” 

North American Datum 1983 (NAD 83) The horizontal datum es- 
tablished by the National Geodetic Survey to define geodetic posi- 
tioning for navigational and mapping purposes. 

North American Vertical Datum, 1988 (NAVD 88) _ The vertical da- 
tum established by the National Geodetic Survey that defines eleva 
tions published for use on federal maps and regulations and replaced 
NGVD. 

Observation The noting of a condition, which usually is the result 
of an act of measurement. 

Plane A flat surface such that the shortest route between any two 
locations on the surface is entirely contained within the surface. 

Plat A map, prepared by a land surveyor, usually for a specific legal 
purpose. 

Plumb Aligned with the pull of gravity. 

Plated subdivision description A description based on a map or 
plan, usually recorded, identifying a real property parcel by the 
letter or number designation found on that map or plan. 

Point (1) A specific location; (2) a vertical geometric ray (line) origi- 
nating at the center of the earth and extending up through the surface 
into space. 

Point-of-Beginning The first point encountered in the narrative por- 
tion of a deed description that is a part of the real property boundary 
itself. 

Point-of-Commencement The first point described in the narrative 
portion of a deed description that is well known and used to di- 
rect the reader to the location of the real property. The commence- 
ment point may not be a point on the real property boundary being 
described. 
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Point of compound curvature A point on a circular curved line at 
which a curve of one radius length ends and a curve of another radius 
length begins, and occurring at a point on the extension of a straight 
line drawn between the two radius centers. 

Point of curvature A point at which a straight line begins a circular 
curve and is at right angles to the radius of the curve at that point. 
Point of reverse curvature A point on a curved line, occurring on 
a line drawn between the radius centers, at which a curve in one 

direction ends and a curve in the opposite direction begins. 

Pole See Rod. 

Quarter corner That comer, set by the government surveyor, be- 
tween section comers. 

Randomerror _ Incidental errors occurring as a result of observational 
imprecision, 

Random traverse _A traverse in which the location of stations is cho- 
sen for accessibility and inter-visibility and does not have a constant 
relationship to any real property boundaries. 

Range line A north-south line used to divide public lands. 

Recovered corner _A real property corner that has been verified by the 
discovery of the original monument, accessories, or other physical 
evidence. 

Right-of-way Land granted (usually to the governing authority) by 
deed, servitude, or easement for the construction of an infrastructure. 

way may grant limited property rights or full property 


Riparian Pertaining to the banks of a body of water. 


Rod (1) 16'/) feet; (2) a wooden pole (rod) being 16.5 feet long and 
used to measure horizontal distances. 


Section The smallest division of land monumented by the U.S. gov- 
ernment public lands for sale. 


Servitude See Easement. 

Spiral curve A curved line of constantly varying radius. 

Station A point established by survey procedures used to determine 
the location of other features. 

Straight line A vertical plane containing the center of the earth. A 
line established by the line of sight between two points. 

Surface The separation of two distinct spaces. The interface between 
the earth and the atmosphere. 
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Land surveying The art and science of measuring, marking, recover- 
ing, and mapping the relative positions or locations of terrain features 
and real property boundaries. 

Systematic error Errors occurring consistently, regularly, and of the 
same algebraic sign as the result of a measurement condition. 

Theodolite An instrument designed to measure precisely vertical and 
horizontal angles. 

Title The exclusive right to the use and enjoyment of a particular 
parcel of real property. 

Township A division of public lands generally 6 miles wide and 
6 miles long and containing 36 sections. 

‘Township line An east-west line used to divide public lands. 

Transit In the United States, a transit is a theodolite having a vernier 
read scale for measuring horizontal and vertical angles and having a 
scope that is capable of being inverted. 

‘Traverse A systematic series of stations in which the direction and 
length of line segments formed by consecutive stations is measured. 

Vernier An etched ruler or scale that is marked such that, when it 
is aligned with another ruler or scale, divisions much smaller than 
marked on either scale can be read directly. 

Vertical Aligned with the pull of gravity. 


Witness mark A physical feature that is at a known distance and 
direction from a comer. 
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Abstractors, 162 
Accessories, to a corner, 141 
Accuracy, 56 
determining standard of, 
168 
ACSM, 156 
ALTA, 156 
Angles: 
clockwise, 28 
degrees, minutes, and seconds, 
29 
geometric, 20 
horizontal, 27 
latitude, 13, 16 
longitude, 13, 16 
vertical, 29 
Area, land, 27 
Astronomic position, 14 
Azimuth, definition of, 37 


B 


Bearing, definition of, 37 
Benchmark, 52, 85 
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comer, 17 
metes and bounds recovery, 144 


platted subdivi 
real property, 8 
recovery, 135 

USPLS recovery, 145, 


mn recovery, 145 


c 


Call: 

hierarchy of, 93 

passing, 142 
Cartography, 14 
Chain: 

Gunter’s, 68 

modern, 71 
Control, traverse, 80 
Coordinates, state plane, 48 
Comer: 

by best evidence, 144 

by common report, 143, 

by proportionate measurement, 

144 
perpetuated, 143 
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Comer (Continued ) 
quarter, 108 
section, 108 
Comers, recovered, 141 
Correction: 
compass rule, 73 
Crandall’s rule, 77 
field, 66 
least squares, 77 
transit rule, 77 


D 


Datum: 
mean sea level (MSL), 27 
NAVD, 27 
NGVD, 27 
North American Datum of 1927 
(NAD 27), 132 

North American Datum of 1983 
(NAD 83), 132 

vertical, 26 

Declination: 
magnetic, 34 
USPLS, 140 

Deed, 9 
comparing to plat, 163, 

Degree, definition of, 29 

Description: 
additions and deletions, 217 
caption, 206 
curve, 214 
deed, 204 
key phrases, 208 
legal, 90 
metes and bounds, 91 
narrative, 207 
outline, 205 
references, 218 


Deviation: 
magnetic, 34 
USPLS, 140 


Direction: 
azimuth, 37 
bearing, 37 

Distance: 
geometric, 20 
horizontal, 24 


land, 24 
latitude, 10 
longitude, 12 


standard, 26 
E 
Easement, 164 
EDM, 78 
Elevation, 26 
differential, 85 
turning point, 86 
Ellipsoid, 14 
Encroachment, 165 
Equator, 11 
Error, 57 
blunder, 58 
random, 58 
systemati 
Evaluating 
age of survey, 155 
purpose of survey, 156 
survey discrepancies, 157 
Evidence: 
rules of, 135 
sources of, 136 
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F 
Fences, 165 
Foot: 
USS. standard, 26 
US. survey, 26 
G 


Geodesy, 14 
Geodetic position, 14 


Geodetic Positioning System, see 
Global Positioning System 
Geographic Information System, 
131 
Geoid, 14 
Geometry: 
basic, 19 
land title, 20 
plane, 19 
Global Positioning System, 
123 


H 


Hierarchy of calls, 93, 
Horizontal distance, 24 


I 


Intent of the parties, 94 


L 


Land: 
area, 22 
distance, 24 
record systems, 89) 
information system, 48 
Land record system, determining, 
148 
Land title surveys, “Minimum 
Standard Detail Requirements 
for ALTA/ACSM,” 156 
Latitude, 10 
astronomic, 14 
geodetic, 14 
Length, geometric, 20 
Level surface, 24 
Line, 19 
baseline, 104 
boundary, 55 
geometric, 19 


INDEX 


land, 24 
latitude, 10 
longitude, 12 
meander, 110 
plumb, 24 
property, 55 
range, 105 
straight, 20 
straight land, 23 
township, 105 

Longitude: 
astronomic, 14 
geodetic, 14 


M 


Magnetic: 
declination, 30 
deviation, 30 
north, 30 

Map: 
definition, 19 
projectionless, 43 
projection systems, 43 
state plane, 48 
tangent plane, 44 

Measurement: 
accuracy, 56 
fundamentals, 55, 
precision, 56 

Meridian: 
prime, 12 
principal, 103 

Minutes, definition of, 29 

Monument: 
artificial, 93 
natural, 93 


N 


NAVD, 27 
NGVD, 27 
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North: 
arrow, 157 
assumed, 35 
astronomic, 34 
arid, 35 
magnetic, 34 
magnetic declination, 34 
origin, 10 
“true.” 33 

Notes, USPLS, 111, 140 


o 
Ownership, 7 


Pp 


Plat: 
bearings or angles, 160 
certification, 161 


checklist, 147 
class of survey (ALTA/ACSM), 
168 


comparing to deed, 163 
dimensions, 160 
easements, 164 
encroachments, 165 
evaluation checklist, 147 
fence line, 165 
legal description, 157 
limiting words or phrases, 

162 
north arrow, 157 
resubdivision, 204 
scale, 163 

Platted subdivision, 118 

Plus or minus, 178 

Point, 19 
-of-beginning, 92 
commencing, 92 
geometric, 19 
initial, 103 
land, 21 


occupying, 24 
on line, 24 

Position: 
astronomic, 14 
geodetic, 14 

Precision: 
implied, 56 


state plane, 48 
tangent plane, 44 
Property, Real, 7 


Q 


Quarter, comer, 108 


R 


Random Traverse, 80 
Riparian boundaries, 110 


s 


Scale, plat or map, 163 
Sea level, datum, 27 
Seconds, definition of, 29 
Section: 

center, 109 

comer, 109 

ideal, 107 

irregular, 110 

nonaliquot division, 115 

quarter, 108 

USPLS, 102 
Spheroid, 14 
Standard procedure, 60 
Station: 

control, 79 

random, 80 

traverse, 82 
Straight line, 23 
Survey, boundary, 156 


vT 


Title: 
land, 8 
transfers, 8 
Title insurance, 3 
Toise, 63 
Township: 
ideal, 105 
USPLS, 102 
Transit, 69 
Traverse: 
balancing, 73 
closing, 73 
compass rule, 73 
Crandall’s rule, 77 
least squares adjustment, 77 
random, 80 
station, 80 
transit rule, 77 


U 


USPLS, 102 
accessories to a corner, 141 
aliquot parts, 108 


INDEX 


baseline, 104 

Division, 109 

general instructions, 
MW 

initial point, 103 

meander comer, 110 

meander line, 110 

principal meridian, 103 

private claims, 117 

quarter comer, 107 


range, 105 
section, 107 

section comer, 109 
surveyor’s notes, 111 


Township, 105, 106 
township plat, 118 
witness trees, 141 


v 


Vertical, datum, 26 


w 


Witness trees, USPLS, 
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shift register 


The term shift register is rarely hyphenated. In this encyclopedia, no hyphen is used, 


A shiftregister can function asa queue, but this term is more usually applied to software. 
When the output from the last stage of a shift register is connected back to its input, it 
can function as a ring counter, but that application is described in the counter entry of 
this encyclopedia. 


‘Component catalogs sometimes list shift registers as binary ripple counters, instead of 
giving them their own section. In this encyclopedia, a binary counter is considered to 
have binary-weighted outputs (with values 1, 2, 4, 8... in decimal notation) and is de- 
scribed in the counter entry. A shift register has outputs that are not necessarily binary- 


weighted, 
OTHER RELATED COMPONENTS 


+ flip-flop (see Chapter 11) 
+ counter (522 Chapter 13) 
+ multiplexer (see Chapter 16) 


What It Does 


A register is a component (or a small section of 
computer memory) that stores information. The 
smallest unit of information is one bit (ie,, one 
binary digit) with a value 1 or 0 that can be rep- 
resented bya high or low logic state. A shiftreg- 
ister most commonly is designed to store eight 
bits, although some store four. 


Each bit is memorized by the status of a flip- 
flop inside the register. Fora detailed description 
of flip-flops, see Chapter 11, When a pulse from 
an external clock is received by the shift register, 
all of the bits in storage are moved along one 
step, from each flip-flop to the next. The high or 
low status of an input pin at that moment is 
clocked in to the first flip-flop, while the bit in the 
last flip-flop is overwritten by the bit preceding 
it. Adiagram representing the function of a basic 
four-bit shift register is shown in Figure 12-1 


Note that the status of the input pin is ignored 
until the moment when a clock pulse copies it 
into the first flip-flop. In the figure, when the in- 
put pin has a brief high state that ends immedi: 
ately before clock pulse three, the high state is 
ignored. 


A shift-register chip is shown in Figure 12-2. 


Because the functionality ofa shiftregisteris now 
often incorporated in much larger logic chips, it 
is less widely used as a stand-alone component 
than it used to be. Itis still useful for purposes of 
serial-parallel or parallel-serial conversion, and 
for small tasks such as scanning a matrix- 
encoded keyboard or keypad. It also has educa- 
tional applications and can be used in conjunc- 
tion with a microcontroller. 
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Preface 


‘The Handbook of Nanophysics is the first comprehensive ref- 
erence to consider both fundamental and applied aspects of 
nanophysics. As a unique feature of this work, we requested 
contributions to be submitted in a tutorial style, which means 
that state-of-the-art scientific content is enriched with funda. 
‘mental equations and illustrations in order to facilitate wider 
access to the material. In this way, the handbook should be of 
value to a broad readership, from scientifically interested gen. 
eral readers to students and professionals in materials science, 
solid-state physics, electrical engineering, mechanical engi- 
neering, computer science, chemistry, pharmaceutical science, 
biotechnology, molecular biology, biomedicine, metallurgy, 
and environmental engineering 


What Is Nanophysics? 


Modern physical methods whose fundamentals are developed 
in physics laboratories have become critically important in 
nanoscience. Nanophysics brings together multiple disciplines, 
using theoretical and experimental methods to determine the 
physical properties of materials in the nanoscale size range 
(measured by millionths of a millimeter). Interesting properties 
include the structural, electronic, optical, and thermal behavior 
‘of nanomaterials; electrical and thermal conductivity; the forces 
between nanoscale objects; and the transition between classical 
and quantum behavior. Nanophysics has now become an inde- 
pendent branch of physics, simultaneously expanding into many 
new areas and playing a vital role in fields that were once the 
domain of engineering, chemical, or life sciences. 

‘This handbook was initiated based on the idea that break: 
throughs in nanotechnology require a firm grounding in the 
principles of nanophysics.Itis intended to falfilla dual purpose. On 
the one hand, itis designed to give an introduction to established 
fundamentals in the field of nanophysics. On the other hand, it 
leads the reader to the most significant recent developments in 
research, It provides a broad and in-depth coverage of the phys. 
ics of nanoscale materials and applications. In each chapter, the 
aim is to offer a didactic treatment of the physics underlying the 
applications alongside detailed experimental results, rather than 
focusing on particular applications themselves. 

‘The handbook also encourages communication across bor- 
ders, aiming to connect scientists with disparate interests to begin 


interdisciplinary projects and incorporate the theory and method- 
ology of other fields into their work. Itis intended for readers from 
diverse backgrounds, from math and physics to chemistry, biology, 
and engineering. 


‘The introduction to each chapter should be comprehensible to 
general readers, However, further reading may require familiar- 
ity with basic classical, atomic, and quantum physics. For stu- 
dents, there is no getting around the mathematical background 
necessary to learn nanophysics. You should know calculus, how 
to solve ordinary and partial differential equations, and have 
some exposure to matrices/linear algebra, complex variables, and 
vectors, 


External Review 


All chapters were extensively peer reviewed by senior scien. 
tists working in nanophysics and related areas of nanoscience. 
Specialists reviewed the scientific content and nonspecialists 
ensured that the contributions were at an appropriate technical 
level. For example, a physicist may have been asked to review a 
chapter on a biological application and a biochemist to review one 
on nanoelectronics, 


Organization 


‘The Handbook of Nanophysics consists of seven books. Chapters 
in the first four books (Principles and Methods, Clusters and 
Fullerenes, Nanoparticles and Quantum Dats, and Nanotubes 
and Nanowires) describe theory and methods as well as the 
fundamental physics of nanoscale materials and structures 
Although some topics may appear somewhat specialized, 
they have been included given their potential to lead to better 
technologies. The last three books (Functional Nanomaterials, 
Nanoelectronics and Nanophotonics, and Nanomedicine and 
Nanorobotics) deal with the technological applications of nano- 
physics. The chapters are written by authors from various fields 
of nanoscience in order to encourage new ideas for future fun- 
damental research. 

After the first book, which covers the general principles of 
theory and measurements of nanoscale systems, the organization 
roughly follows the historical development of nanoscience. Cluster 
scientists pioneered the field in the 1980s, followed by extensive 


‘work on fullerenes, nanoparticles, and quantum dots in the 1990s. 
Research on nanotubes and nanowires intensified in subsequent 
years. After much basic research, the interest in applications such 
as the functions of nanomaterials has grown. Many bottom-up 


MATLAB® is a registered trademark of The MathWorks, Inc. 
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‘The MathWorks, Inc, 
3 Apple Hill Drive 

Natick, MA, 01760-2098 USA 
‘Tel: 508-647-7000 

Fax: 508-647-7001 

E-mail: info@mathworks.com 
Web: www.mathworks.com 
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and top-down techniques for nanomaterial and nanostructure 
generation were developed and made possible the development of 
nanoelectronics and nanophotonics. In recent years, real applica 
tions for nanomedicine and nanorobotics have been discovered. 
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Figure 12:1. The function of a four-bit shift register in 
which each flip-flop may be set to a high ar a low stat, 
represented here with red or black squares. After a high 
bit is clacked into the chip, itis moved one space along by 
each subsequent clock pulse. 


Figure 12-2. This &-bit shift-register chip is unusual in 
that it uses “power logic,” in which open-drain outputs en 
able it to drive relatively high-current devices. it can sink 
up to 250mA at each ofits output pins, at up to 45VDC. 


Schematic Representation 

No specific symbol exists for a shift register. It is 
represented ina schematic byasimplerectangle, 
often (but not always) with control inputs on the 
left, data inputs arrayed along the upper edge, 
and data outputs along the lower edge. An ex- 
ample is shown in Figure 12-3, along with a dia~ 


integrated circuit > digital > shift register 


gram showing the physical chip and its pinouts 
The meaning oftheabbreviations identifying the 


inputs, outputs, and control functions will be de- 
scribed in "How It Works” on page 122. 


‘SA SB 
QA QB QC QD QE QF QG QH 


egacess 


Figure 12-3. Typical schematic representation of a shift 
register. compared with the pinouts of the actual compo: 
rent, 


The schematic symbol representing a shift reg- 
ister may appear superficially similar to the phys- 
ical form of the chip which contains it, but the 
physical layout of the pins is unlikely to be the 
same. 


How It Works 


A shift register generally consists of a chain of D- 
type flip-flops. See the entry describing flip- 
flops in Chapter 11 fora detailed explanation of 
this component. 


The simplest shift register functions asa serial-in, 
serial-out device, abbreviated with the acronym 
SISO. Because the first bit that enters it will be the 
first to leave at the opposite end, it can also be 


122 __ Encyclopedia of Electronic Components Volume 2 


Editor 


Klaus D. Sattler pursued his undergraduate and master's courses 
at the University of Karlsruhe in Germany. He received his PhD 
under the guidance of Professors G. Busch and H.C. Siegmann. 
at the Swiss Federal Institute of Technology (ETH) in Zurich, 
where he was among the first to study spin-polarized photo: 
electron emission. In 1976, he began a group for atomic clus- 
ter research at the University of Konstanz in Germany, where 
he built the first source for atomic clusters and led hi 
pioneering discoveries such as “magic numbers” and “Coulomb 
explosion.” He was at the University of California, Berkeley, for 
three years as a Heisenberg Fellow, where he initiated the first 
studies of atomic clusters on surfaces with a scanning tunneling 
microscope. 

Dr. Sattler accepted a position as professor of physics at the 
University of Hawaii, Honolulu, in 1988. There, he initiated a 
research group for nanophysics, which, using scanning probe 


team to 


microscopy, obtained the first atomic-scale images of carbon 
nanotubes directly confirming the graphene network. In 1994, 


his group produced the first carbon nanocones. He has also stud- 
ied the formation of polycyclic aromatic hydrocarbons (PAHS) 
and nanoparticles in hydrocarbon flames in collaboration with 
ETH Zurich. Other research has involved the nanopatterning 
of nanoparticle films, charge density waves on rotated graphene 
sheets, band gap studies of quantum dots, and graphene fold- 
ings. His current work focuses on novel nanomaterials and solar 
photocatalysis with nanoparticles for the purification of water. 

‘Among his many accomplishments, Dr. Sattler was awarded 
the prestigious Walter Schottky Prize from the German Physical 
Society in 1983. At the University of Hawaii, he teaches courses 
in general physics, solid-state physics, and quantum mechanics. 

In his private time, he has worked asa musical director at an 
avant-garde theater in Zurich, composed music for theatrical 
plays, and conducted several critically acclaimed musicals. He 
has also studied the philosophy of Vedanta. He loves to play the 
piano (classical, rock, and jazz) and enjoys spending time at the 
ocean, and with his family 


Grigory E. Adamov 
Open Joint-Stock Company 
Central Scientific Research Institute 

of Technology “Technomash” 
Moscow, Russia 


Paolo Amato 
Numonyx 


and 


Department of Materials Science 
University of Milano-Bicocca 
Milano, Italy 


José Aumentado 

National Institute of Standards 
and Technology 

Boulder, Colorado 


Bruno Azzerboni 
Department of Matter Physics 

and Electronic Engineering 
Faculty of Engineering 
University of Messina 
Messina, Italy 


Dieter Bimberg 
Institut fiir Festkérperphysik 
‘Technische Universitit Berlin 
Berlin, Germany 


‘Vladimir G. Bordo 

A.M, Prokhorov General Physics 
Institute 

Russian Academy of Sciences 

Moscow, Russia 


Vincent Bouchiat 
Nanosciences Department 
Centre National de la Recherche 
Scientifique 
Néel-Institut 
Grenoble, France 


Contributors 


Michel Broyer 

Laboratoire de Spectrométrie lonique et 
Moléculaire 

Centre National de la Recherche 
Scientifique 

Université de Lyon 

Villeurbanne, France 


John H. Burnett 
‘Atomic Physics Division 
National Institute of Standards 
and Technology 
Gaithersburg, Maryland 


Maria A. Cataluna 

Division of Electronic Engineering 
and Physics 

School of Engineering, Physics 
and Mathematics 

University of Dundee 

Dundee, United Kingdom 


Gianfranco Cerofolini 
Department of Materials Science 
University of Milano-Bicocca 
Milano, Italy 


Giulio Cerullo 
Dipartimento di Fisica 
Politecnico di Milano 
Milano, Italy 


‘Swapan Chakrabarti 
Department of Chemistry 
University of Calcutta 
Kolkata, West Bengal, India 


Chia-Ching Chang 

Department of Biological Science 
and Technology 

National Chiao Tung University 

Hsinchu, Taiwan, 


and 


Institute of Physics 
‘Academia Sinica 
‘Taipei, Taiwan 


Jean-Pierre Colinge 
‘Tyndall National Institute 
University College Cork 
Cork, Ireland 


Giancarlo Consolo 
Department of Matter Physics 

and Electronic Engineering 
Faculty of Engineering 
University of Messina 
Messina, Italy 


Emmanuel Cottancin, 

Laboratoire de Spectrométrie lonique et 
Moléculaire 

Centre National de la Recherche 
Scientifique 

Université de Lyon 

Villeurbanne, France 


Damien Deleruyelle 

Centre National de la Recherche 
Scientifique 

Institut Matériaux Microélectronique 
Nanosciences de Provence 

Universités d’Aix Marseille 

Marseille, France 


Alain C. Diebold 
College of Nanoscale Science 

and Engineering 
University at Albany 
Albany, New York. 


Lamberto Dud 
Dipartimento di Fisica 
Politecnico di Milano 
Milano, Italy 


‘Mikhail Erementchouk 
NanoScience Technology Center 


and 


Department of Physics 
University of Central Florida 
Orlando, Florida 


‘Marco Finazzi 
Dipartimento di Fisica 
Politecnico di Milano 
Milano, Italy 


Giovanni Finocchio 
Department of Matter Physics 

and Electronic Engineering 
Faculty of Engineering 
University of Messina 
Messina, Italy 


‘Martin Geller 
Experimental Physics 


and 


Center for Nanointegration 
Duisburg-Essen 

University of Duisburg-Essen 

Duisburg, Germany 


Gabriel Gonzalez 
NanoScience Technology Center 


and 


Department of Physics 
University of Central Florida 
Orlando, Florida 


Evgeny P. Grebennikov 

‘Open Joint-Stock Company 

Central Scientific Research Institute 
of Technology “Technomash” 

Moscow, Russia 


Jim Greer 
‘Tyndall National Institute 
University College Cork 
Cork, Ireland 


Akihiro Hashimoto 

Department of Electrical and Electronics 
Engineering 

Graduate School of Engineering 

University of Fukui 

Fukui, Japan 


Jun He 
Department of Chemistry 
Institute for Optical Sciences 


and 


Centre for Quantum Information 
and Quantum Control 

University of Toronto 

‘Toronto, Ontario, Canada 


Woong-Ki Hong 

Department of Materials Science 
and Engineering 

‘Gwangju Institute of Science 
and Technology 

‘Gwangju, Korea 


Zhijun Hu 

Center for Soft Matter Physics 
and Interdisciplinary Research 

Soochow University 

Suzhou, China 


‘Vanessa M. Huxter 
Department of Chemistry 
Institute for Optical Sciences 


and 


Centre for Quantum Information 
and Quantum Control 

University of Toronto 

‘Toronto, Ontario, Canada 


Frank Jahnke 
Institute for Theoretical Physics 
University of Bremen 

Bremen, Germany 


Gunho Jo 

Department of Materials Science 
and Engineering 

‘Gwangju Institute of Science 
and Technology 

‘Gwangju, Korea 


Contributors 


Alain M. Jonas 

Institute of Condensed Matter 
and Nanosciences 

Division of Bio- and Soft Matter 

Catholic University of Louvain 

Louvain-la-Neuve, Belgium 


Yoshihiko Kanemitsu 
Institute for Chemical Research 
Kyoto University 
Uji Kyoto, Japan 


‘Tadashi Kawazoe 

Department of Electrical Engineering 
and Information Systems 

School of Engineering 

‘The University of Tokyo 

‘Tokyo, Japan 


Stephen Knight 
Office of Microelectronics Programs 
National Institute of Standards 

and Technology 
Gaithersburg, Maryland 


Kiyoshi Kobayashi 

Department of Electrical Engineering 
and Information Systems 

‘The University of Tokyo 

‘Tokyo, Japan 


and 


Core Research of Evolutional Science 
and Technology 
Japan Science and Technology 


and 


Department of Electrical and Electronic 
Engineering 

University of Yamanashi 

Kofu, Japan 


Hermann Kohlstedt 
Christian-Albrechts-Universitit Zu Kiel 
Faculty of Engineering Nanoelectronics 
Kiel, Germany 


‘Takhee Lee 

Department of Materials Science 
and Engineering 

‘Gwangju Institute of Science 
and Technology 

Gwangju, Korea 


Contributors 


Jean Lermé 

Laboratoire de Spectrométrie Ionique et 
Moléculaire 

Centre National de la Recherche 
Scientifique 

Université de Lyon, 

Villeurbanne, France 


‘Michael N. Leuenberger 
NanoScience Technology Center 


and 


Department of Physics 
University of Central Florida 
Orlando, Florida 


James Alexander Liddle 

Center for Nanoscale Science 
and Technology 

National Institute of Standards 
and Technology 

Gaithersburg, Maryland 


Jongsun Maeng 

Department of Materials Science 
and Engineering 

Gwangju Institute of Science 
and Technology 

‘Gwangju, Korea 


‘Andreas Marent 
Institut fiir Festkérperphysik 
‘Technische Universitit Berlin 
Berlin, Germany 


Vincent Meunier 
‘Oak Ridge National Laboratory 
‘Oak Ridge, Tennessee 


Gilles Micolau 

Institut Matériaux Microélectronique 
Nanosciences de Provence 

Centre National de la Recherche 
Scientifique 

Universités d’Aix Marseille 

Marseille, France 


Makoto Naruse 
National Institute of Information 

and Communications Technology 
Koganei, Japan 


and 


Department of Electrical Engineering 
and Information Systems 

School of Engineering 

‘The University of Tokyo 

Tokyo, Japan 


Wataru Nomura 
School of Engineering 
‘The University of Tokyo 
‘Tokyo, Japan 


Motoichi Ohtsu 

Department of Electrical Engineering 
and Information Systems 

School of Engineering 

‘The University of Tokyo 

‘Tokyo, Japan 


‘Tomaé Ostatnicky 

Faculty of Mathematics and Physics 

Department of Chemical Physics and 
Optics 

Charles University 

Prague, Czech Republic 


Andrew R. Parker 
Department of Zoology 

‘The Natural History Museum 
London, United Kingdom 


and 


School of Biological Science 
University of Sydney 
Sydney, New South Wales, Australia 


André Avelino Pasa 

Laborat6rio de Filmes Finos e 
Superficies 

Departamento de Fisica 

Universidade Federal de Santa Catarina 

Santa Catarina, Brazil 


Iwan Pelant 

Institute of Physics 

‘Academy of Sciences of the Czech 
Republic 

Prague, Czech Republic 


Michel Pellarin 

Laboratoire de Spectrométrie lonique et 
Moléculaire 

Centre National de la Recherche 
Scientifique 

Université de Lyon 

Villeurbanne, France 


Nikolay A. Pertsev 
AE Ioffe Physico-Technical Institute 
Russian Academy of Sciences 

St. Petersburg, Russia 


Adrian Petraru 
Christian-Albrechts-Universitit Zu Kiel 
Faculty of Engineering Nanoelectronics 
Kiel, Germany 


Vivek M. Prabhu 

Polymers Division. 

National Institute of Standards 
and Technology 

Gaithersburg, Maryland 


Edik U. Rafailov 

Division of Electronic Engineering 
and Physics 

School of Engineering, Physics 
and Mathematics 

University of Dundee 

Dundee, United Kingdom 


Arndt Remhof 

Division of Hydrogen and Energy 

Department of Environment, Energy 
and Mobility 

‘Swiss Federal Laboratories for Materials, 
‘Testing and Research 

Diibendorf, Switzerland 


Elisabetta Romano 
Department of Materials Science 
University of Milano-Bicocca 
Milano, Italy 


Harry E. Ruda 
Centre for Advanced Nanotechnology 
University of Toronto 

‘Toronto, Ontario, Canada 


Amir Saar 
Racah Institute of Physics 


and 


‘The Harvey M. Kruger Family Center 

for Nanoscience and Nanotechnology 
‘The Hebrew University of Jerusalem 
Jerusalem, Israel 


Suguru Sangu 

Device and Module Technology 
Development Center 

Ricoh Company, Ltd 

Yokohama, Japan 


Gregory D. Scholes 
Department of Chemistry 
Institute for Optical Sciences 


and 


Centre for Quantum Information 
and Quantum Control 

University of Toronto 

‘Toronto, Ontario, Canada 


Sabyasachi Sen 
Department of Chemistry 
JIS College of Engineering 
Kolkata, West Bengal, India 


‘Alexander Shik 
Centre for Advanced Nanotechnology 
University of Toronto 

‘Toronto, Ontario, Canada 


Christopher L. Soles 

Polymers Division 

‘National Institute of Standards 
and Technology 

Gaithersburg, Maryland 


‘Sunghoon Song 

Department of Materials Science 
and Engineering 

‘Gwangju Institute of Science 
and Technology 

Gwangju, Korea 


Bobby G. Sumpter 
‘Oak Ridge National Laboratory 
‘Oak Ridge, Tennessee 


Kien Wen Sun 
Department of Applied Chemistry 
National Chiao Tung University 
Hsinchu, Taiwan 


Jan Valenta 

Faculty of Mathematics and Physics 

Department of Chemical Physics 
and Optics 

Charles University 

Prague, Czech Republic 


Marek S. Wartak 

Department of Physics and Computer 
Science 

Wilfrid Laurier University 

Waterloo, Ontario, Canada 


Contributors 


Andreas Westphalen 
Department of Physics and Astronomy 
Institute for Condensed Matter Physics 
Ruhr-Universitat Bochum 

Bochum, Germany 


Obert R. Wood II 
GLOBALFOUNDRIES 
Albany, New York. 


Naoki Yamamoto 
Department of Physics 

‘Tokyo Institute of Technology 
‘Tokyo, Japan 


‘Takashi Yatsui 
School of Engineering 
‘The University of Tokyo 
‘Tokyo, Japan 


Hartmut Zabel 
Department of Physics and Astronomy 
Institute for Condensed Matter Physics 
Ruhr-Universitat Bochum 

Bochum, Germany 


Natalya A. Zimbovskaya 
Department of Physics and Electronics 
University of Puerto Rico 

Humacao, Puerto Rico 


and 


Institute for Functional Nanomaterials 
University of Puerto Rico 
San Juan, Puerto Rico 


Computing and 
Nanoelectronic 
Devices 


1 Quantum Computing in Spin Nanosystems Gabriel Gonzélez and Michael N. Leuenberger: 
Introduction + Qubits and Quantum Logic Gates + Conditions forthe Physical Implementation of Quantum 
Computing + Zeeman Eifects + Atom-Light Interaction + Loss-DiVincenzo Proposal + Quantum Computing. 
with Molecular Magnets + Semiconductor Quantum Dots + Single-Photon Faraday Rotation + Concluding 
Remarks + Acknowledgments » References 


2 Nanomemories Using Self-Organized Quantum Dots Martin Geller, Andreas Marent, and Dieter Bimberg....2-1 
Introduction « Conventional Semiconductor Memories « Nonconventional Semiconductor Memories + Semiconductor 
Nanomemories « A Nanomemory Based on III-V Semiconductor Quantum Dots + Capacitance Spectroscopy + 
Charge Carrier Storage in Quantum Dots + Write Times in Quantum Dot Memories « Summary and Outlook + 
Acknowledgments + References 


3 Carbon Nanotube Memory Elements Vincent Meunier and Bobby G. Sumpter. 31 
Introduction « CNFET-Based Memory Elements « NEMS-Based Memory « Electromigration CNT-Based Data 
Storage + General Conclusions + Acknovsledgments « References 


4 Ferromagnetic Islands Arndt Rembof, Andreas Westphalen, and Hartmut Zabel. 41 
Introduction + Background + State ofthe Art » Summary and Discussion + References 

5 A Single Nano-Dot Embedded in a Plate Capacitor Gilles Micolau and Damien Deleruyelle. 51 
Introduction « Studied Configuration: Geometry and Notations + Metallic Dot + Semiconductor Dot: Theoretical 


Approach + Finite Element Modeling of Silicon Quantum Dot + Conclusion + Appendix A: A Numerical Validation 
‘of the Semi-Analytical Approach + References 


6 Nanometer-Sized Ferroelectric Capacitors Nikolay A. Pertsev, Adrian Petraru, and Hermann Kohlstedt 0-6-1 
Introduction + Fundamentals of Ferroclectricity + Deposition and Patterning » Characterization of Ferroelectric 
Films and Capacitors + Physical Phenomena in Ferroelectric Capacitors » Future Perspective + Summary 
and Outlook + References 


7 Superconducting Weak Links Made of Carbon Nanostructures Vincent Bouchiat. 
Introduction + Superconducting Transport through a Weak Link + Superconducting Transport in @ 
Weak Link + Nanotube-Based Superconducting Quantum Interferometers + Graphene-Based Superconducting Weak 
Links « Fullerene-Based Superconducting Weak Links + Concluding Remarks + Acknowledgment + References 


bon Nanotube 


8 Micromagnetic Modeling of Nanoscale Spin Valves Bruno Azcerboni, Giancarlo Consolo, 
and Giovanni Finocchio 
Introduction « Background + Computational Micromagnetics of Nanoscale Spin.Valvex State of the Art « 
Conclusions and Puture Perspective + References 


9 Quantum Spin Tunneling in Molecular Nanomagnets Gabriel Gonzéilez and Michael N. Leuenberge 
Introduction + Spin Tunneling in Molecular Nanomagnets « Phonon-Astisted Spin Tunneling in Mn,, 
“Acetate + Interference between Spin Tunneling Paths in Molecular Nanomagnets + Incoherent Zener Tunneling 
inFe, « Coherent Néel Vector Tunneling in Antiferromagnetic Molecular Wheels + Berry-Phase Blockade 
in Single-Molecule Magnet Transistors » Concluding Remarks + Acknowledgment + References 


cat 


12 


10 


u 


Computing and Nanoelectronic Devices 


101 


Inelastic Electron Transport through Molecular Junctions Natalya A. Zimbovskaya 
Introduction « Coherent Transport + Buttiker Model for Inelastic Transport + Vibration-Induced 
Inelastic Elects + Dissipative Transport + Polaron Effects: Hysteresis, Switching, and Negative Differential 
Resistance + Molecular Junction Conductance and Long-Range Blectron-Transfer Reactions » Concluding 
Remarks + References 


Bridging Biomolecules with Nanoelectronics Kien Wen Sun and Chia-Ching Chang. 
Introduction and Background + Preparation of Molecular Magnets » Nanostructured Semiconductor Templates: 
Nanofabrication and Patterning + Self-Assembling Growth of Molecules on the Patterned Templates + Magnetic 
Properties of Molecular Nanostructures « Conclusion and Future Perspectives + References 


Quantum Computing 
in Spin Nanosystems 


11 Introduction uM 
1.2 Qubits and Quantum Logic Gates. 12 
13 Conditions for the Physical Implementation of Quantum Computing, 13 
14 Zeeman Effects 13 
Weak External iid» Stvong External Field 
1.5 Atom-Light Interaction 14 
Jaynes-Cummings Model 
16 Loss-DiVincenzo Proposal. 17 
KRY Interaction 
1.7 Quantum Computing with Molecular Magnets, 19 
1.8 Semiconductor Quantum Dots. 12 
Classical Faraday Efect Quantum Faraday Eoct 
1.9 Single-Photon Faraday Rotation 14 
iantfying the EPR Entanglement « Single Photon Faraday Lec and GiiZ Quantum 
Gabriel Gonzalez Tapes © Sage oot Vorde Yes wolchasena Cannes 
University of Cental Foi if Cecuatag nee, ee 
Michael N. Leuenberger Acknowledgments 120 
University of Cental Florida References 120 


1.1 Introduction 


‘The history of quantum computers begins with the articles of 
Richard Feynman who, in 1982, speculated that quantum sys 

tems might be able to perform certain tasks more efficiently 
than would be possible in classical systems (Feynman, 1982) 

Feynman was the first to propose a direct application of the laws 
‘of quantum mechanics to a realization of quantum algorithms. 

‘The fundamentals of quantum computing were introduced and 
developed by several authors after Feynman's idea. A model 
and a description of a quantum computer as a quantum Turing 
machine was developed by Deutsch (1985). In 1994, Shor inte: 

duced the quantum algorithm for the integer-number factor- 
ization and in 1997, Grover proposed the fast quantum search 
algorithm (Grover, 1997). Later on, Wooters and Zurek proved 
the noncloning theorem, which puts definite limits on the quan- 
‘tum computations, but Shor’s work challenges all that with the 
quantum error correction code (Shor, 1995). In the last years, 
the development of quantum computing has grown to enor 

mous practical importance as an interdisciplinary field, which 
links the elements of physics, mathematics, and computer sci 

‘ence, Currently, various physical models of quantum computers 
are under intensive study. Several types of elementary quantum 


computing devices have been developed based on atomic, 
molecular, optical, and semiconductor physics and technologies. 

Before contemplating the physical realization of a quantum 
computer, it is necessary to decide how information is going to 
be stored within the system and how the system will process that 
information during a desired computation, In classical com- 
puters, the information is typically carried in microelectronic 
circuits that store information using the charge properties of 
electrons. Information processing is carried out by manipulating 
electrical fields within semiconductor materials in such a way as 
to perform useful computational tasks. Presently it seems that 
the most promising physical model for quantum computation is 
based on the electron’s spin. A strong research effort toward the 
implementation of the electron spin as a new information car- 
rier has been the subject of a new form of electronics based on 
spin called spintronics. Experiments that have been conducted 
on quantum spin dynamics in semiconductor materials dem- 
onstrate that electron spins have several characteristics that are 
promising for quantum computing applications. Electron spin 
states possess the following advantages: very long relaxation 
time in the absence of external fields, fairly long decoherence 
time t= 1 1s, and the possibility of easy spin manipulation by an 
external magnetic field. These characteristics are very promising 


12 


since longer decoherence times relax constraints on the switch- 
ing speeds of quantum gates necessary for reliable error correc- 
tion. Typically quantum gates are required to switch 10° times 
faster than the loss of qubit coherence. Spin coherent transport 
‘over lengths as large as 10011m have been reported in semicon- 
<ductors. This makes electron spin a perfect candidate as an infor. 

mation carrier in semiconductors (Adamowski et al, 2005), 

‘The spin of particles exhibiting quantum behavior is specially 
suitable for the construction of quantum computers. The elec- 
ton spin states can be used to construct qubits and logic opera- 
tions in different ways. They can be constructed either directly 
‘with the application of a magnetic field or indirectly with the 
application of symmetry properties of the many-electron wave 
function (namely by the resulting singlet or triplet spin states) 
‘Traditionally, in nanoelectronic devices, the charge of the elec 
trons has been used to carry and transform information, which 
makes the interaction of spintronic devices with charge-based 
devices important for compatibility with existing classical com- 
puting schemes. Overall, we can say that spin nanosystems are 
‘good candidates for the physical implementation of quantum 
computation. 


1.2 Qubits and Quantum Logic Gates 


‘We know that the information stored in a classical computer 
can take one of the two values, ie. 0 oF 1, with probability 0 
or 1 each. Quantum bits or qubits are the quantum mechanical 
analogue of classical bits. In contrast, the qubit can be defined 
as a quantum state vector in a two-dimensional Hilbert space. 
‘Suppose |0), 1) forms a basis for the Hilbert space, then the qubit 
can be expressed as the superposition of the two states as 


Iw) =c0|0)+e|1), (a) 
where ¢, and ¢, are complex numbers and the modulus squared 
of each complex number represents the probability to obtain the 
ubit |0) or [1), respectively. Additionally, they must satisfy the 
normalization condition |e, + |¢j = 1. Contrary to the classi 
cal bit, the quantum bit takes on a continuum of values, which 
are determined by the probability amplitudes given by ¢, and ¢,. 
If'we perform a measurement on qubit|Y), we obtain either out 
come |0) with probability |c|? or outcome [) with probability a. 
However, ifthe qubit is prepared to be exactly equal to one of the 
states ofthe computational basis, ie. |y) = |0) or |y) =|}, then we 
can predict the exact result ofthe measurement with probability 1 
‘This nondeterministic characteristic between the general state of 
the qubit and the precise result of the measurement in the basis 
state plays an essential role in quantum computations. To carry 
out a quantum computation, we require atleast a two-qubit state, 
ice, the states of a two-particle quantum system. The two-qubit 
states can be constructed as tensor products of the basis tates |0), 
[1). The two-qubit basis consists of the states 00), [01) [10, [11 
‘here in the shorthanded notation 0) ® [1)= 01), etc. implied. An 
arbitrary two-qubit state has the form, 
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400) +c, ]00) + ¢, 10) +e, [11), a2) 
where the normalization condition takes the form |e? + |i 
cP + |oP= 1. Another basic characteristic for quantum comput- 
ing is the so-called entanglement. The two quantum two-level 
systems can become entangled by interacting with each other. This 
means that we cannot fully describe one system independently of 
the other. For example, suppose that the state (|01)—|10))/V2 
gives a complete description of the whole system. Then a measure- 
‘ment over the first subsystem forces the second subsystem into 
cone of the two states 0) or |1). This means that one measurement 
over one subsystem influences the other, even though it may be 
arbitrarily far away. 

Qubits can be transformed by unitary transformations 
(observables) 1/ that play the role of quantum logic gates and 
which transforms the initial qubit into a final qubit according to 


[Po =U%). 3) 
Depending on the type of qubit on which they operate, we deal 
with either a2 x 2 ora 4x4 matrix. For example, the quantum 
NOT gate is defined as 


a) 


‘The effect ofthe quantum logic gate (4) in the one-qubit state given 
in Equation 1.1 is to exchange the probability amplitudes Le., 


of} XC) 


‘An example of an important quantum logic gate that operates 
ona two-qubit state is the so-called controlled-NOT gate Ucn, 
for which the first qubiti the control qubit and the second qubit 
is the target qubit. The controlled-NOT gate transforms the two: 
{qubit basis states as follows: 


as) 


Ucsox |00)=| 00), Ucxor |01) =|01), 


Ukxor |10)=|11), and Uexor|11)=|10), (1.6) 
which means that the CNOT (conditionalNOT) gate changes, 
the second qubit if and only if the first qubit is in state 1). The 
matrix representation of the CNOT gate is 


an 


0 
0 
1 
0 


Ithas been shown that the set of logic operations, which consists 
of all the one-qubit gates and the single two-qubit gate Ucyor 
is universal in the sense that all unitary transformations on 


‘ated circuit > digital > shift register 


described as a first-in, first-out data storage de- 
vice, using the acronym FIFO. 


The basic connections between flip-flops in a 
four-bit SISO shift-register are shown in 
Figure 12-4, The D input in each section refers to 
the fact that it is a D-type flip-flop. The primary 
‘output from each flip-flop is identified with letter 
Qa 


in 


Figure 12-4. The simplest shift register is a seriatin, 
serial-out (SISO) device. This example contains four D: 
type tlip-flops. 


Each clock input is labeled CLK. When the output 
of each flip-flop is coupled to the input of the 
next flip-flop, and both share the same clock sig- 
nal, the clock signal will cause the state of the 
third flip-flop to be sent to the fourth, the output 
of the second to be copied to the third, the out- 
put of the first to the second, and the input state 
will be copied to the first. 


Abbreviations and Acronyms 

The shift register will usually have an additional 
input that forces an immediate “clear” of all the 
registers, regardless of the clock stateatthat mo- 
ment. This input is usually labeled CLR and will 
have a bar printed above it if it is active-low 
(which is the usual convention). If there is a pin 
labeled MR (meaning "Master Reset’), it will have 
the same function as CLR. 


Because its effect is independent of the clock 
state, the clear signal is described as an asyn- 
chronous input. 


While the abbreviation CLK is frequently used to 
identify the clock input, SCLK is also used (mean- 
ing "serial clock”), and occasionally the abbrevi- 
ation CP may be found, meaning ‘clock pulse” 


How it Works 


input. If the shift register contains two stages, 
one to clock data in and the second to clock data 
ut, they may be separately clocked, in which 
case they will be identified with different abbre- 
viations. These are not standardized, but should 
be explained in the manufacturer's datasheet. 
No matter which abbreviation is used for a clock 
input, it will have a bar printed above it ifthe in- 
putis active-low. 


Shiftregisters are generally edge triggered, mean- 
ing that the rising or falling edge of a clock pulse 
triggers the bit-shifting operation. tthe compo- 
nent responds to a clock transition from low to 
high, itis rising-edge triqgered. If it responds to a 
transition from high to low, its falling-edge trig- 
gered, and this may be indicatedin the schematic 
by a small circle, properly known as a bubble, 
preceding the triangle which indicates that this 
is an edge-triggered device. 


Most shift registers are positive-edge triggered. 


Parallel Outputs and Inputs 
In many shift registers, data may be read out in 
parallel (from all flip-flops simultaneously), using 
pins provided for this purpose. In this mode, the 
shift register can function as a serial-paralle! con- 
verter (serial in, parallel out, represented by the 
acronym SIPO). A simplified schematic of the in- 
ternal connections is shown in Figure 12-5. 


Where parallel outputs are provided, they are 
often identified as QA, QB, QC, and soon (moving 
from left to right) but may alternatively be de- 
scribed as Q1, Q2, Q3, 04, and soon. 


Ina schematic, the input pin is conventionally 
shownas beingat theleftend ofthe component. 
Often two inputs are provided, connected inter- 
nally as inputs to a NAND gate. The inputs are 
likely to be labeled Aand B, but may alternatively 
be named SA and SB, indicating that they are se- 
rial inputs. $1 and S2 are alternative classifica- 
tions. If parallel inputs exist, they may be identi- 
fied as PA, PB, PC, and so on, 
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[N-qubit states can be expressed by different compositions of the 
set of universal gates (DiVincenzo, 1995) 

Using the concepts of superposition and entanglement, we 
‘an describe another important characteristic of quantum com- 
putation, which is known as quantum parallelism. Quantum 
parallelism is based on the fact that a single unitary transforma. 
tion can simultaneously operate on all the qubits in the system. 
In a sense, it can perform several calculations in a single step. 
In fact, it can be proved that the computing power of a quan: 
tum computer scales exponentially with the number of qubits, 
‘whereas a classical computer the scale is only linear. 


1.3 Conditions for the Physical 
Implementation of Quantum 
Computing 


‘The successful implementation of a quantum computer has 
to satisfy some basic requirements. These are known as the 
DiVincenzo criteria and can be summarized in the following 
way (DiVincenzo, 2001) 


1. Physical realizability of the qubits. We need to find some 
quantum property of a scalable physical system in which 
to encode our information so that it lives long enough to 
enable us to perform computations. 

2. Initial state preparation. It should be possible to precisely 
prepare the initial qubit state. 

3, Isolation. We need a controlled evolution of the qubit; this 
will require enough isolation of the qubit from the envi- 
ronment to reduce the effects of decoherence. 

4, Gate implementation. We need to be able to manipulate 
the states of individual qubits with reasonable precision, 
as well as to induce interaction between them in a con- 
trolled way, so that the implementation of gates is possible 
Also, the gate operation time 1, has to be much shorter 
than the decoherence time 1, $0 that t/t, <r, where ris 
the maximum tolerable error rate for quantum error cor- 
rection schemes to be effective. 

5, Readout. We must be able to accurately measure the final 
qubit state 


‘The conditions listed above put certain limitations on the quan. 
‘tum computing technology. For example, the complete isola 
tion of the qubit with respect to the environment disables the 
read/write operations. Therefore, some slight interaction of the 
quantum system and the environment is necessary. On the other 
hand, this interaction leads to decay and decoherence processes, 
‘which reduce the performance of the quantum computer. 

In the decay process, the quantum system jumps in a very 
short time to a new state, releasing part of its energy to the envi 
ronment. The decay is characterized by the relaxation time, 
‘which for the spin states can be very long. Decoherence is a more 
subtle process because the energy is conserved but the relative 
phase of the computational basis is changed. As a result of the 
decoherence the qubit changes as follows: 
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|v) =e 0) +e |), as) 
where the real number @ denotes the relative phase. The appear- 
ance of the nonzero relative phase results due to the coupling 
between the quantum system and the environment and can lead 
to significant changes in the measurement process. The ratio of 
the decoherence time to the elementary operation time 1, ie., 
R= tit, is an approximate measure of the number of compu- 
tation steps performed before the coupling with the environ- 
‘ment destroys the qubit. This ratio changes abruptly for different 
quantum computing schemes. For example, R = 10° for the elec- 
tron states in quantum dots, R = 10” for nuclear spin sates, and 
R= 10" for trapped ions. 

An important factor that should always be kept in mind when 
constructing quantum computers is the scalability of the device. 
We should be able to enlarge the physical device to contain many 
qubits and still fulfil the DiVincenzo requirements described 
above. 


1.4 Zeeman Effects 


‘An external magnetic field superimposed on an atom perturbs 
its state in a definite way. The Hamiltonian for such an atom 
may be divided into the operator Hg for the unperturbed atom 
and the perturbation operator 11’ due to the magnetic field. The 
external magnetic feld H causes the vectors L and § to precess 
about its direction. We shall examine the two cases where the 
magnetic field is weak andi strong, 

Let us first write dovn the perturbation operator explicitly 
Consider an electron in the simplest possible atom (hydrogen) 
rotating around the nucleus. The electron orbit can be regarded 
asa current loop. The currents the charge per unit time past any 
fixed point onthe orbit, therefore 


as) 


where p and m, are the momentum and mass of the electron, 
respectively. The magnitude of the magnetic moment of the 


Toop is the current times the enclosed area, ey Hag = BP 
therfore 
a Lin pelt, 
Hom Om. i a (1.10) 
where we have introduced the Bohr magneton, = eh/2m,. We 


do not have a good semiclassical picture for spin and therefore 
wwe can only conclude that the spin magnetic moment is 


Hy = 2. EBS, ten) 


where g, is called the gyromagnetic factor and its value is approx- 
imately equal to 2. Therefore, the total magnetic moment is, 


=H d +28), (12) 


‘The perturbation energy caused by the magnetic field is given 
then by 


(13) 


where the plus sign resulted because the charge of the elec- 
tron is ~e. 


1.4.1 Weak External Field 


Ina hydrogen atom, the electron circles around the proton; but 
in a system fixed to an electron, the proton circles around the 
electron and generates an inner magnetic field at the position of 
the electron given by 


he 
“nm 


au) 


Equation 1.14 gives the following energy for the electron’s spin 


(1.15) 


‘which is called the spin-orbit interaction, We interpret the spin- 
orbit interaction asan internal Zeeman effect because it split the 
energy levels without an external magnetic field Let the external 
field be weak compared with the effective internal fel, Since the 
Larmor frequency is proportional to the magnetic fed, the tr- 
angle £ $f in Figure 1.1 rotates about J considerably faster than 
the precession around Therefore, the coupling of the vectors 
1,8,and] in the triangle is not disrupted. 

Let us now find the correction tothe energy due to the exter- 
nal magnetic feld. Equation 1.13 involves the vectors J and S, 
if we consider that the z-axis coincides with the direction of 
the external magnetic field, then, the only projections ofthese 
two vectors that contribute to the energy are the ones along the 
z-axis. Thus, the mean value of 71’ is equal to 


FIGURE Lt 


Schematic ofthe spin-orbit coupling. 
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(1.16) 
and using 
Si (j++ s(s+) i. aay 
7 2Ge) 
wwe get 
CH) =UaHem, formy=—j-jthen (118) 


‘Thus, the energy levels witha given Jar split into as many levels 
as thee are different projections of Fon the magnetic field, Le, 
2) + 1. Te factor gis called the Landé factor and takes a given 
value fora given Land Sand each corresponding value of J The 
Zeeman eflectin a weak magnetic fds called anomalous 


1.4.2 Strong External Field 


We shall now consider the opposite extreme case, when the 
external field is strong compared with the interna fed, so that 
the coupling between the vectors L, 5, is disrupted. This can be 
explained by the fac that § precesses twice as fast [. Then, from 
the classical analogy, each of the vectors § and Z precesses inde- 
pendently about the magnetic field, For this case, the correction 
to the energy is given by 


eH 
Rh 


Hy (1, +28,). (9) 


In Equation 1.19, L, and $, are the projections of the orbital 
angular momentum and spin along the z-axis, respectively, and 
are given by 


my for m, 


wm,, for m, 


‘The projections $, and L. are changed by unity, therefore all the 
levels in Equation 1.19 are equidistant. Of course, certain values 
of (2) may be repeated several times if the sum L. + 2S. assumes 
the same value. This Zeeman effect in a strong magnetic field is 
called the normal Zeeman effect. 


1.5 Atom-Light Interaction 


Though an atom has infinitely many energy levels, we can have 
under certain assumptions a two-level atom. These assumptions 
are (1) the difference of the energy levels approximately matches 
the energy of the incident photon, (2) the selection rules allow 
transition of the electrons between the two levels, and (3) all 
other energy levels are sufficiently detuned in frequency separa- 
tion with respect to the incoming frequency such that there is no 
transition to these levels. 
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‘Consider that we apply the two-level approximation to a sim- 
ple atom where the interaction with visible light involves a single 
electron. The corresponding wave function of the system is 

lw) =«5 10)+6, |), (1.21) 
‘where |0) ({1)) corresponds to the nonexcited (excited) state and 
the coefficients c,(c) represent the probability amplitude to find 
the system in either state, respectively. The probability ampli- 
tudes satisfy the normalization condition |e? + |¢j* = 1. The 
‘wavelength of visible light, typical for atomic transitions, is about 
few thousand times the diameter of an atom. Therefore, there is 
‘no significant spatial variation of the electric field across an atom, 
and E(?,t) = E(t) can be taken as independent of the position 
(dipole approximation). Consistent with this long-wavelength 
approximation is that the magnetic field H is approximately zero, 
ie, H ~ 0, so that the interaction energy between the field and 
the electron of the atom is given by 11’ = -eF -E, hence the total 
Hamiltonian is 


H=m+H, (1.22) 

where Ho represents the unperturbed atom system, ie. 

‘Hol 0)= 00) and Ho|1)= es |1), where e, and e, are the energy 

values for the nonexcited and excited states, respectively. 
Seeking a solution to the Schrdinger equation 


= in YO) 
Hye) = nO), (23) 
in the following form 
cathe" [0) + e,(t)e"“"" |), (1.24) 
wwe get 
Al) Sg (rye"-"O 0) |), for T= 
ine Yat MUIH'|k) for !=0,1. (1.25) 


Representing the light with frequency V by means of the complex 
electric field vector E, in the form 


Bo= pe" +Eje™), (1.26) 


and using the fact that the diagonal elements of the interacting 
Hamiltonian are zero due tothe parity ofthe eigenfunction, ie, 
(&| 1 |k) = 0, we end up with the following coupled differential 
equations 


aes) i 
at 


[Bold neve £5 old inet Jeo, 


27) 


SO TL fd lopetr™" +8} done eso, 
(1.28) 
where 5 = (€, ~ €,)/h and (0|d|1) = (1|d|0)* = (oer). 


For the case when V = @,, we can drop the terms contain- 
ing exp[+(» + v)f] in Equation 1.28 since they oscillate rapidly 
in time and can be neglected with respect to the near resonant 
terms, ie., the terms of the form exp|#((,.~ v}t]. This approxi- 
mation is called the rotating wave approximation (RWA), and 
the coupled differential equations become 


deo(t) _ iQ 


tea (t), 
desea) (129) 
do(t) —iQn uw 
er ms cult), 


where 
Q,, = E, -(1|d|0)/h is known as the Rabi frequency 
A= (@q~V) isthe so-called detuning 


‘The general solution for Equation 1.29 for strictly monochro- 
matic fields, ie, Oy = [gle = constant, is given by 


(130) 


where 
=, —M, = YA? +05. 


Equation 1.31 gives the transition probabilities from the nonex- 
cited to the excited state 


() m2) we 


which oscillate with frequency © (Rabi flopping frequency) 
between levels , and ,. Any two-level system can be represented 
by a2 x 2 matrix Hamiltonian and hence can be expressed in 
terms of Pauli matrices. For example, choosing the energy zero 
to be half way between the excited and nonexcited state |0) and 
|n), we have the following matrix Hamiltonian for this system 


tof 0 
= (, = 


(13) 


leat) 


lef, 1.32) 


(133) 


16 


where 
ho =e, £5 
9, is a Pauli matrix 


‘Therefore, we can write the total Hamiltonian of the atom-light 
interaction in the RWA as, 


where 
1 0 0 
of ™ Ol G (135) 


1.5.1 Jaynes~Cummings Model 


So far, we have used a semiclassical description of the interac- 
tion between a two-level atom and an electric field. A quantum 
description of the interaction would require a quantization of the 
radiation field. This description is known as the Jaynes-Cummings 
‘model. Consider the sourceless electromagnetic field in a cubic 
cavity of volume V = L x L x L. Working with the Coulomb gauge 
for which the vector potential satisfies the requirement 


v (136) 


land, since there are no sources, it satisfies the homogeneous 
wave equation 


1 aA (137) 


vA 


‘Then the fields are fully specified by the vector potential in the 
form 


aa 


or 


and B=VxA. (138) 


We can expand the vector potential in the form 
: 1 rae ae 
fen 55 DLAs sae} 0.39) 


Equation 1.36 implies that Ay and A are perpendicular to the 
vector of propagation f, therefore we can rewrite Equation 1.39 
inthe following form: 


AG.0= Jor DL ee"? sealer} (40) 
where = (¢) ¢,) is called the polarization vector, which is per- 


pendicular to the direction of propagation and Aj(é) is a time 
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dependent amplitude that varies harmonically with time, ie., 
Ag = ~i@eAp, where @; = Jd +16 +12 =[K |e. Assuming that 
the field is periodic in space, and the lengths of the periods in 
three perpendicular directions are equal to the dimensions 
of the cubic box, then k, = 2n for j= x,y, 2and n,are integers 
of any sign. Using Equation 1.38 we get 


i ee leat eae] (an 
and 


AG.)=— 


D[exeae" -xeraze*" | aay 


‘The classical Hamiltonian for the field is given by 


Hew = S (EP +2 |) dedyac. 


(143) 


Substituting Equations 1.41 and 1.42 into Equation 1.43 one gets 


Hoon = DotA. (4) 
If we introduce the variable : 
(145) 
then Equation 1.44 becomes 
Hew =5 > (Go +P. (146) 


Equation 1.46 corresponds to the sum of independent harmonic 
‘oscillators. This suggests that each mode of the field is dynamically 
equivalent to a mechanical harmonic oscillator. The canonical 
‘quantization of the field consist of the substitution ofthe variables 
Qs and P; for operators, which fulfill the commutation relation 


[Qp.Pe]= ih] ee. (a7) 
this means that 
[4;, At) > (as) 
Introducing the creation and annihilation operators 
(1.49) 
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‘we can write the electromagnetic field Hamiltonian in the form 


Hou = L(Hoveet stro, 


(1.50) 


‘The total Hamiltonian that describes the interaction of an atom 
with the quantized electromagnetic field can be written in the 
form 


H=Leloil+ Drorajae— Lila POGLE, 50) 


‘where ¢, is the energy corresponding to the state |i) of the atom 
and we have dropped the constant terms corresponding to the 
zero point energy. 

‘The electric field operator is given by 


_ 


‘Making the dipole approximation, ie. e” ~ 1, and assuming 
that we are dealing with a two-level atom, ie. i, j= 0, 1 then we 
can write Equation 1.51 as 


(152) 


[Poe faet? ajo] 


eV 


hes 


no 9.4 Ziv + Di (si0s— 10. Ma, a (1.33) 


where gj =iy/ie,/eeVdyy-&. The scalar product between the 
dipole moment and the polarization vector yields a complex 
number that can be written as d,,-€; = |d,,-€; |e". This allows 
cone to choose the phase 6 in such a way that g; = g. Ifthe atom 
interacts only with one mode of the electromagnetic field, then 
‘we can drop the sum over the vector of propagation to get 


Nero 


H= Seo, +hoala, + 8106, -9 la, —a)= Hy +H’. (154) 


In the interaction picture, ie, Hi=e"™He™", the 
Hamiltonian of interaction will have the form 


Hi= g1(0,qe%"™" +6.0) ea) eH" 


-o.ae (1.55) 


using the RWA, ie., dropping the rapidly oscillating terms 
containing e*"**™, we end up with 


rie Mie stadia selene” tale, 50 


where A = @,,~ wis the detuning, The Hamiltonian of Equation 
1.56 corresponds in the Schrdinger picture to 


Ly 


H Sea. +hoala: + gx(a.a,+9.0%) (57) 


Equation 1.57 isthe Jaynes-Cummings model 


1.6 Loss-DiVincenzo Proposal 


‘The first proposals for quantum computing made use of cavity 
quantum electrodynamics (QED), trapped ions, and nuclear 
‘magnetic resonance (NMR). alll of these proposals benefit from 
long decoherence times due toa very weak coupling of the qubits 
to their environment. The long decoherence times have led to 
big successes in achieving experimental realizations. A condi- 
tional phase (CPHASE) gate was demonstrated early on in cav- 
ity QED systems. The two-qubit controlled-NOT gate has been 
realized in single-ion and two-ion versions. The most remarkable 
realization of the power of quantum computing to date is the 
implementation of Shor’s algorithm to factor the number 15 in a 
liquid-state NMR quantum computer to yield the known result 
5 and 3. However, these proposals may not be scalable and there- 
fore do not meet the DiVincenzo criteria. The requirement for 
scalability motivated the Loss-DiVincenzo proposal for a solid 
state quantum computer based on electron spin qubits (Loss and 
DiVincenzo, 1998). The spin of an electron in a quantum dot can 
point up or down with respect toan external magnetic field; these 
eigenstates, [T) and |), correspond to the two basis states of the 
qubit. The electron trapped in a quantum dot, which is basically 
a small electrically defined box that can be filled with electrons, 
can be defined by metal gate electrodes on top of a semiconduc- 
tor (GaAs/AIGaAs) heterostructure. At the interface between 
GaAs and AlGaAs conduction band, electrons accumulate and 
can only move in the lateral direction. Applying negative volt- 
ages to the gates locally depletes this two-dimensional electron 
gas underneath. The resulting gated quantum dots are very con- 
trollable and versatile systems, which can be manipulated and 
probed electrically. When the size of the dot is comparable to the 
wavelength of the electrons that occupy it, the system exhibits a 
discrete energy spectrum, resembling that of an atom. 

Initialization of the quantum computer can be achieved by 
allowing all spins to reach their equilibrium thermodynamic 
ground state ata low temperature Tin an applied magnetic field, 
so that all the spins will be aligned ifthe condition |guiyH| >> kT 
is satisfied (where ky is Boltzmann constant). 

‘To perform single-qubit operations, we can apply a microwave 
‘magnetic field on resonance with the Zeeman splitting, ie., with 
a frequency f = AE,/h (i is Planck’s constant). The oscillating 
‘magnetic component perpendicular to the static magnetic field 
H results in a spin nutation. By applying the oscillating field for 
a fixed duration, a superposition of |1) and |L) can be created. 
This magnetic technique is known as electron spin resonance 
(ESR). In the Loss-Divincenzo proposal, two-qubit operations 
can be carried out purely electrically by varying the gate volt 
ages between neighboring dots. When the barrier is high, the 
spins are decoupled. When the interdot barrier is pulsed low, 
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Magnetized layer 


Back gate 


FIGURE 1.2 Theoretical proposal by Loss-DiVincenzo for quantum computing using quantum dots and electric gates. 


an appreciable overlap develops between the two electron wave 
functions, resulting in a nonzero Heisenberg exchange coupling J 
(Gee Figure 1.2). The Hamiltonian describing this time dependent 
process is given by 


HUt)= 18, Spa (1.58) 
Equation 1.58 is sometimes referred to as the direct interaction. 

“The evolution of the quantum state is described by the 
propagator given by U(t)=Texp(-iJ H(t)dt/ fi], where T is 
the time ordering operator. If the exchange is pulsed on for a 
time ¢, such that JJ(®dt/hi = Jot,/ =m, the states of the two 
spins will be exchanged, This is the SWAP operation, Pulsing 
the exchange for a shorter time t,/2 generates the square root 
of SWAP operation, which can be used in conjunction with 
single-qubit operator to generate the controlled-NOT gate 

‘A last crucial ingredient requires a method to read out the state 
of the spin qubit. This implies measuring the spin orientation of 
a single electron, Therefore, an indirect spin measurement is pro 
posed. Firs, the spin orientation ofthe electron is correlated with 
its postion, via spin to charge conversion, Then an electrometer is 
used to measure the position of the charge, thereby revealing its 
spin. In this way, the problem of measuring the spin orientation 
has been replaced by the much easier measurement of charge. 

‘The Loss-DiVincenzo ideas have influenced an enormous 
research effort aimed at implementing the different parts of the 
proposal and has been quickly followed by a series of alternative 
solid state realizations for trapped atoms in optical lattices that 
‘ay also be scalable, It should also be stressed that the efforts to 
create a spin qubit are not purely application driven. If we have 
the ability to control and read out a single electron spin, we ate 
in a unique position to study the interaction of the spin with its 
environment. This may lead to a better understanding of deco 
herence and will also allow us to study the semiconductor envi 
ronment using the spin as a probe. 


1.6.1 RKKY Interaction 


‘The RKKY interaction is a long-range magnetic interac- 
tion that involves nearest-neighbor ions as well as magnetic 
atoms that are further apart; this interaction is sometimes 


called indirect interaction. The basis of this interaction lies in 
an exchange interaction, which was proposed by Ruderman 
and Kittel (1954), and extended by Kasuya (1956) and Yosida 
(1957), and now known as the RKKY interaction. This interac- 
tion refers to an exchange energy written as 


Her= HY, 5S, 


(159) 


where 
‘The exchange parameter J) falls off rapidly with distance r 
between the center of a localized magnetic ion and elec 
ton spin 
3 is the spin state of a conduction electron 
the spin ofa localized magnetic ion 


‘The minus sign in Equation 1.59 is elated to the Pauli exclu- 
sion principle (lowest energy of electron occupancy). Below 
al magnetic ordering temperature, the itinerant or 
localized spins may condense into an ordered array, ie, ferro- 
‘magnetic or antiferromagnet. As in the case of atomic scatter- 
ing, any disorder within this array wil cause additional electron 
scattering. "This scattering may be elastic, in which case there is 
no change in energy or spin-fip, or it may be inelastic in which 
case the spin state of the conduction electrons changes. Usually 
RKKY interaction is of significance only in compounds with a 
high concentration of the magnetic atom. Thus, localized ions 
may start to interact indirectly via the conduction electrons 
Now, consider the case in which there exist two localized 
spins a lattice points and R, By the interaction between spin 
Suclocalized at R, and the spin density of conduction electrons 
polarized by spin S,, localized at R., the following interaction 
between the spins Sand §,, i found: 


) F(2kr|R-Ry \js (1.60) 
where 
F(a) = a se, (er) 


Quantum Computing in Spin Nanosystems 


Recently, the optical RKKY interaction between two spins was 
introduced as a means to produce an effective exchange interac- 
tion (Piermarocchi et al,, 2002). Similar to the Loss-DiVincenzo 
scheme, in this scheme, the two qubits are defined by the excess 
electrons of semiconductor quantum dots. Instead of using 
the direct exchange interaction between the two electrons, the 
exchange interaction is indirectly mediated by the itinerant 
‘electrons of virtual excitons that are optically excited in the host 
material, which can be made of bulk, quantum well, or quan. 

‘tum wire structures. This scheme has the advantage that two- 
‘qubit gates can be performed on the femtosecond timescale due 
to the possibility of using ultrafast laser optics. The Coulomb 
interaction between the photoexcited itinerant electrons and the 
localized electrons in the two quantum dots contains direct and 
indirect terms. While the direct terms give rise to state renor- 
malization of the localized electrons, the exchange terms lead to 
an effective Heisenberg interaction of the form 


HEH 
¥ 


Honxey = TiS, 82% Pr (1.62) 


which is calculated in fourth-order perturbation theory using 
the diagram depicted in Figure 1.3. 

ysis the projection operator on the two-spin Hilbert space of 
the two localized spins. The control Hamiltonian 


Hew Beene ahve the 


7 (163) 


describes the creation of the virtual excitons by means of an 
external laser field that is detuned by the energy 8 from the 
continuum states of the host material, or more precisely from 
the exciton Is level. cl and hi, are electron and hole creation 
‘operators, respectively. The RKKY interaction between a local 
ized electron in the quantum dot and the itinerant electrons in 
the host material is given in second quantization by 


erst 


Ono * 6 


FIGUREL.3 Effective spin-spin interaction forthe localized electrons 
in the dots 1 and 2 (indicated by dotted lines) induced by a photoexcited 
lectron-hole par the sold and dashed lines, respectively). The indices 
Band y denote the spin states ofthe electrons localized in the dots. The 
photon propagator is depicted by a wavy line, (From Piermarocchi, C. 
‘etal, Phys. Rev, Lett, 89, 167402, 2002) 
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(164) 


‘The predicted exchange interaction J,,(R) (see Figure 1.2) can 
be of the order of 1 meV, which is of the same order as the 
Heisenberg interaction in the Loss-DiVincenzo scheme. 


1.7 Quantum Computing 
with Molecular Magnets 


Shor and Grover demonstrated that a quantum computer can 
outperform any classical computer in factoring numbers (Shor, 
1997) and in searching a database (Grover, 1997) by exploiting 
the parallelism of quantum mechanics. Recently, the latter has 
been successfully implemented (Ahn et al, 2000) using Rydberg 
atoms. Leuenberger and Loss (2001) proposed an implementa- 
tion of Grover’s algorithm using molecular magnets (Friedman 
etal, 1996; Thomas etal., 1996; Sangregorio etal, 1997; Thiaville 
and Miltat, 1999; Wernsdorfer et al, 2000); their spin eigenstates 
make them natural candidates for single-particle systems. It was 
shown theoretically that molecular magnets can be used to build 
dense and efficient memory devices based on the Grover algo- 
rithm. In particular, one single crystal can serve asa storage unit 
of a dynamic random access memory device. Fast ESR pulses 
can be used to decode and read out stored numbers of up to 105, 
‘with access times as short as 10-"'s. This proposal should be fea- 
sible using the molecular magnets Fe, and Mn, 

‘Suppose we want to find a phone number in a phone book 
consisting of N= 2" entries. Usually it takes N/2 queries on aver- 
age to be successful. Even if the N entries were encoded binary, 
a classical computer would need approximately log, N queries to 
find the desired phone number (Grover, 1997). But the compu- 
tational parallelism provided by the superposition and interfer 
ence of quantum states enables the Grover algorithm to reduce 
the search to one single query (Grover, 1997). This query can be 
implemented in terms of a unitary transformation applied to 
the single spin of a molecular magnet. Such molecular magnets, 
forming identical and largely independent units, are embedded 
in a single crystal so that the ensemble nature of such a crystal 
provides a natural amplification of the magnetic moment of a 
single spin. However, for the Grover algorithm to succeed, itis 
necessary to find ways to generate arbitrary superpositions of 
spin eigenstates. For spins larger than %, this turns out to be a 
highly nontrivial task as spin excitations induced by magnetic 
dipole transitions in conventional ESR can change the magnetic 
quantum number m by only +1. To circumvent such physical 
limitations, it was proposed to use multifrequency coherent 
‘magnetic radiation that allows the controlled generation of arbi- 
trary spin superpositions. In particular, it was shown that by 
means of advanced ESR techniques, itis possible to coherently 
populate and manipulate many spin states simultaneously 
by applying one single pulse of a magnetic acc. field containing 
fan appropriate number of matched frequencies. This a.c. field 
creates a nonlinear response of the magnet via multiphoton 


110 


absorption processes involving particular sequences of 6 and 
photons, which allows the encoding and, similarly, the decoding 
of states, Finally, the subsequent read-out of the decoded quan 

‘tum state can be achieved by means of pulsed ESR techniques. 
‘These exploit the nonequidistance of energy levels, which is typi- 
cal of molecular magnets. 

Molecular magnets have the important advantage that they 
can be grown naturally as single crystals of up to 10-100m 
length containing about 10-10" (largety) independent units so 
that only minimal sample preparation is required. The molecu- 
lar magnets are described by a single-spin Hamiltonian of the 
form Hiya=M,+V+H Pr (Leuenberger and Loss, 1999, 
2000a,b}, where H,=—AS?—BS! represents the magnetic 
anisotropy (A> B> 0). The Zeeman term V = guisH-S describes 
the coupling between the external magnetic field H and the spin 
$ of length s. The calculational states are given by the 2s + 1 
eigenstates of 1, + gisH.S. with eigenenergies €,, = —Am? — 
Bm* + ghigH.m, -s Sm & s. The corresponding classical anisot- 
ropy potential energy E(@) = ~As cos? 0 ~ Bs cos! 8+ ghgH.s cos 8 
is obtained by the substitution S, = s cos 8, where @ is the polar 
spherical angle. We have introduced the notation mm’ = m ~ mi. 
By applying a bias field H such that gH, > Ens tunneling 
can be completely suppressed and thus 7; can be neglected 
(Leuenberger and Loss, 1999, 2000a,b). For temperatures below 
1K, transitions due to spin-phonon interactions (Hg) can also 
be neglected. In this regime, the level lifetime in Fe, and Mn, 
is estimated to be about t, = 10” s, limited mainly by hyperfine 
and/or dipolar interactions (Leuenberger and Loss, 2001), 

Since the Grover algorithm requires that all the transition 
probabilites are almost the same, Leuenberger and Loss (2001) 
and Leuenberger et al. (2003) propose that all the transition 
amplitudes between the states |s) and |m), m=1, 2, .., 81, 
are of the same order in perturbation V. This allows us to use 
perturbation theory. A different approach uses the magnetic 
field amplitudes to adjust the appropriate transition ampli 
tudes (Leuenberger et al., 2002). Both methods work only if the 
energy levels are not equidistant, which is typically the case in 
molecular magnets owing to anisotropies. In general, if we 
choose to work with the states m= ny. mg+ I, .. $= 1, where 
1,2, .2y 5, we have to go up to nth order in perturba- 
tion, where = sty is the number of computational states 
used for the Grover search algorithm (see below) to obtain the 
first nonvanishing contribution. Figure 1.4 shows the transi- 
tions for s=10 and ma = 5. The nth-order transitions corre- 
spond to the nonlinear response of the spin system to strong 
‘magnetic fields. Thus, a coherent magnetic pulse of duration 
Tis needed with a discrete frequency spectrum {(,}, say, for 
Mn,, between 20 and 300GHz and a single low-frequency 0 
around 100 MHz. 

“The low-frequency field H,(t) = H,(t)cos(,e, applied along 
the easy-axis, couples to the spin of the molecular magnet 
through the Hamiltonian 


Viow = gHuHlo(t}cos(agt)S., (1.65) 
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FIGURE 14. Feynman diagrams F that contribute to 82, for $= 10 
and m, =5 describing transitions (of fith order in V) in the left well of 
the spin system (ee Figure 1.5). The sold and dotted arrows indicate 
© and 1 transitions governed by Equations 1.66 and 1.65, respectively 
We note that Sy SE forj> 


Oforjcn,and 


where fi), < eq ~ Eq and e, is the unit vector pointing along 
the z-axis. The X photons of V,,, supply the necessary energy 
for the resonance condition (see below). They give rise to virtual 
transitions with Am = 0, thats, they do not transfer any angular 
momentum (see Figure 1.4). The perturbation Hamiltonian for 
the high-frequency transitions from |s) to virtual states that are 
just below mn), m = my, ... S=1, given by the transverse fields 
1g Halt)[cOs(Oqt + ®q)e, —sin(Ont + ®q)e,], reads 


Y stat. lcoslogt +®,)S, -sinfoet +®,)5;] 


~ ¥ ata aaarens, 


Vugs(t) = 


with phases®, (seebelow), wherewehaveintroducedtheunitvec- 
tors e, and e, pointing along the x- and y-axis, respectively. These 
transverse fields rotate clockwise and thus produce left circularly 
polarizedo’ photons, whichinduce only transitionsinthe left well 
(see Figure 1.5). In general, absorption (emission) of o” photons 
gives rise to Am=-1 (Am=+1) transitions, and vice versa in the 
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FIGURE 1.5 Double-well potential seen by the spin due to magnetic anisotropies in Ma, 


driven by the external magnetic feld H. 


case of 6" photons. Anticlockwise rotating magnetic fields of the 
form HL(t)=Ziciq Halt)[COs(@at +O, Jes +SiN(Opt +p)ey] 
can be used to induce spin transitions only in the right wel (Gee 
Figure 1.5).In this way, both wells can be accessed independently. 
‘Next we calculate the quantum amplitudes for the transitions 
induced by the magnetic ac. fields (see Figure 1.4) by evaluating 
the §-matrix perturbatively. The jth-order term ofthe perturba- 
tion series of the S-matrix in powers of the total perturbation 
Hamiltonian V(t) = Via. (0) + Vist) is expressed by 


(2) TH asfoen-no 


X Uleost MIU ts Ct). 


Vit Ut), (1.67) 


which corresponds to the sum over all Feynman diagrams F 
of order j, and where U(t, ta) =e%*s#54""-%" is the free 
propagator, ©(() is the Heavyside function. The total S-matrix is 
then given by $= 57,5". The high-frequency virtual transition 
changing m from 5 to s ~ 1 is induced by the frequency ©, , = 
0,4, ~ (n~ 1)0,, The other high frequencies @,,, 1 = mg, 
s~ 2, ofthe high-frequency fields H,, mismatch the level separa- 
tions by @y that is, h, = ey ~ Ey, + iO, (ee Figure 14). As the 
levels are not equidistant, itis possible to choose the low and 
high frequencies in such a way that S), =0 for j < n, in which 
«case the resonance condition is not satisfied, that is, energy is not 
conserved. In addition, the higher-order amplitudes |S,’ | are 
negligible compared to |, | for j > n. Using rectangular pulse 
shapes, Hi(t) = Hy, if 1/2.<t < T/2, and 0 otherwise, for k= Oand 
2 my, one obtains (m2 m,) 


oH, 


Arrows depict transitions between spin eigenstates 
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where Q,=(m—m,!, is the symmetry factor of the 
Feynman diagrams F (see Figure 14), qF =m—my—1(F), 
Po F=T], MIS IK FI 
is the number of x transitions directly above or below the 
state |k), depending on the particular Feynman diagram F, 


Dynegy Sm— my 


and 8") = 


sf edt = sin(@T/2)/neo is the delta-function 
of width 1/T, ensuring overall energy conservation for @ >> 1 
‘The duration T of the magnetic pulses must be shorter than 
the lifetimes 1, of the states |m) (see Figure 1.5). In general, the 
‘magnetic field amplitudes H, must be chosen in such a way that 
perturbation theory is still valid and the transition probabilities 
are almost equal, which is required by the Grover algorithm. 
According to Leuenberger and Loss (2001), the amplitudes H, 
do not differ too much between each other due to the partial 
destructive interference of the different transition diagrams 
shown in Figure 1.5. Leuenberger et al. (2002) show that the tran- 
sition probabilities can be increased by increasing both the 
‘magnetic field amplitudes and the detuning energies under the 
condition that the magnetic field amplitudes remain smaller 
than the detuning energies. In this way, both high-multiphoton 
Rabi oscillation frequencies and small quantum computation 
times can be attained. This makes both methods (Leuenberger 
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and Loss, 2001; Leuenberger et al., 2002) very robust against 
decoherence sources. 

In order to perform the Grover algorithm, one needs the rela 
tive phases @,, between the transition amplitudes 5{",, which is 
determined by ©,,= 22,0, +,» where ®,, are the relative 
phases between the magnetic fields H,,(). In this way, itis pos 
sible to read-in and decode the desired phases ©, for each state 
Jn). The read-out is performed by standard spectroscopy with 
pulsed ESR, where the circularly polarized radiation can now 
be incoherent because only the absorption intensity of only one 
pulse is needed. We emphasize that the entire Grover algorithm 
(read-in, decoding, read-out) requires three subsequent pulses 
each of duration T with 1, >T>0;' >! > @yinas- This gives 
a “clock-speed” of about 10GHz for Mn,,, that is the entire pro- 
cess of read-in, decoding, and read-out can be performed within 
about 10° 

‘The proposal for implementing Grover’s algorithm works 
not only for molecular magnets but for any electron or nuclear 
spin system with nonequidistant energy levels, as is shown by 
Leuenberger et al. (2002) for nuclear spins in GaAs semicon- 
ductors. Instead of storing information in the phases of the 
eigenstates |m) (Leuenberger and Loss, 2001), Leuenberger 
et al. (2002) use the eigenenergies of |m) in the generalized 
rotating frame for encoding information. ‘The decoding is, 


performed by bringing the delocalized state (1/yn)E,, |m) 
into resonance with |) in the generalized rotating frame. 
‘Although such spin systems cannot be scaled arbitrarily, large 
spin s (the larger a spin becomes, the faster it decoheres and 
the more classical its behavior will be) systems of given s can 
be used to great advantage in building dense and highly eff 
cient memory devices. 

For a first test of the nonlinear response, one can irradiate 
the molecular magnet with an a.c. field of frequency 0,2, 
Which gives rise to a two-photon absorption and thus to a 
Rabi oscillation between the states |s) and |s—2). For stron- 
ger magnetic fields, it is in principle possible to generate 
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superpositions of Rabi oscillations between the states |) 
and |s ~ 1), |) and |s ~ 2), |s) and |s ~ 3), and so on (see also 
Leuenberger et al., 2002). 


1.8 Semiconductor Quantum Dots 


In the following, we mainly focus on quantum dots made of 
IIL-V semiconductor compounds with zincblende struc- 
ture, like GaAs or InAs. he electronic bandstructure of a 
three-dimensional semiconductor with zincblende structure is 
illustrated in Figure 1.6. The bands are parabolic close to their 
extrema, which are all located at the TF’ point. The conduction 
(© states have orbital s symmetry and are spin degenerate. The 
valence (v) band consists of three subbands: the heavy-hole (hh), 
the light-hole (Ih), and the split-off (60) band. The v-band states 
have orbital p symmetry. The bottom of the c band and the top 
of the v band are split by the band-gap energy E,,. The v-band 
states with different j (j= + for the so-band, j= + for the hh and 
Ih band) are split by 4, in energy due to spin-orbit interaction. 

The hh states have the angular momentum projections 
J.= 13 and the Ih states J. = “4. For finite electron wavevectors 
#0, and the hh and lh subbands split into two branches accord- 
ing to the different curvatures of the energy dispersion, which 
implies different effective masses of heavy and light holes. The 
‘band states with spin can be written in terms of the orbital 
angular momentum basis by using the Clebsch~Gordon coef- 
ficients which gives us 
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FIGURE 1.6 Electronic band structure in the vicinity ofthe T point for (a) a three-dimensional crystal and (b) a quantum wel. The conduction 


and valence bands are shown as a function of the wavevector. 
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Figure 12-5. Many shift registers have pins connected to 
points along the chain of fip-lops. These connections en- 
able data to he read from the shift register in parallel 


Ifserial data is supplied asynchronously, as in the 
illustration in Figure 12-1, itwill be ignored until 
the shift register is triggered by the next clock 
pulse. The input state at that moment will then 
be copied into the first flip-flop, while the data 
that is already being stored in the shift register 
will be moved along the chain. In datasheets, this 
is customarily represented by a diagram such as 
theonein Figure 12-6. This diagram assumesthat 
the shiftregister is rising-edge triggered. Note 
that a brief fluctuation in the input which does 
not coincide with a clock-trigger event will be 
ignored. 


Variants 


Serial In, Serial Out 

A basic SISO shift register allows only for serial 
input (at one end of the chain of flip-flops) and 
serial output (at the other end of the chain). No 
pins are available for parallel output of data. 


This type of component usually permits 64-bit 
storage, where parallel output is simply imprac- 
tical, as too many pins would be required. An ex- 
ample is the 40318 chip. This includes provision 
forrecirculation of bits, so thatitwillalsofunction 
asaring counter (see Chapter 13 fora discussion 
of this function). As is always the case with logic 
chips, the part number will be preceded by let- 
ter(s) identifying the manufacturer, and a suffix 
will distinguish variants of the chip. 


integrated circuit > digital > shift register 


Another type of SISO shift register is program- 
mable. It will store any number of bits from 1 
through 64, determined by a binary number ap- 
plied in the form of high/low states to five pins 
reserved for this purpose. An example is the 
45578. 


Time 


Figure 12-6. In a rising-edge-triggered shift register, the 
high or low state of an asynchronous input (purple line) 
copied into the first flip-flop of a shift register by each 
clock pulse (orange line). Brief fluctuations that do not co: 
Incide with a rising clock pulse are ignored. Existing data 
In the register is shifted from one flip-flop to the next. 


Serial In, Parallel Out 

The majority of serial-input shift registers allow 
parallel output from points along the chain 
addition to serial output at the end of the chain. 
These chipsalmostallare8-bitregisters. Typically 
‘two inputs are provided, one of which can be 
used to receive bits that recirculate from the end 
of the chain, back to the beginning. Widely used 
examples are the 40948 and the 74x164, where 
an acronym identifying the logic family will be 
substituted for the x. 


Parallel In, Serial Out 

A minority of shift registers are able to function 
as parallel-serial converters (parallel in, serial out, 
represented by the acronym PISO). Typically this 
type of chip allows jam-type parallel data input, 
meaning thatthe datais forced into the flip-flops 
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Split off 


Quantum confinement along the crystal axis quantizes the 
‘wavevector component, consequently the hh and Ih states of 
the lowest subband are split by an energy Ay, ., at the point. 
Uniaxial strain in the semiconductor crystal can also lift the 
degeneracy of the heavy and light holes, and thus define the 
spin quantization axis. If we have a spherically symmetric 
quantum dot known as colloidal quantum dots, then we can 
have degeneracy between the heavy and light hole band, ie. 
Asan =O. 

‘Via photon absorption, an electron in a v-band state can be 
excited to a c-band state. Such interband transitions are deter- 
‘mined by optical selection rules. The source or the optical tran- 
sition rules are due to spin-orbit interaction. The electron-hole 
pair created with an interband transition is called an exciton. 
‘The electron and hole of an exciton form a bound state due to 
the Coulomb interaction, similar to that of a hydrogen atom. We 
refer to the system of two bound excitons as a biexciton. 


1.8.1 Classical Faraday Effect 


Michael Faraday first observed the effect in 1845 when study- 
ing the influence of a magnetic field on plane-polarized light 
‘waves. Light waves vibrate in two planes at right angles to one 
another, and passing ordinary light through certain substances 
climinates the vibration in one plane. He discovered that the 
plane of vibration is rotated when the light path and the direc- 
tion of the applied magnetic field are parallel. In particular, a 
linearly polarized wave can be decomposed into right and left 
circularly polarized waves where each wave propagates with dif- 
ferent speeds. The waves can be considered to recombine upon 
emergence from the medium; however, owing to the difference 
in propagation speed, they do so with a net phase offset, result- 
ing in a rotation of the angle of linear polarization. 

“The Faraday effect occurs in many solids, liquids, and gases. 
‘The magnitude of the rotation depends upon the strength of the 
magnetic field, the nature of the transmitting substance, and 
Verdets constant, which is a property of the transmitting sub- 
stance, its temperature, and the frequency of light. The relation 
between the angle of rotation of the polarization and the mag 
netic field in a diamagnetic material is 

B=vHd, any 
where 

Bis the angle of rotation 

V is the Verdet constant for the material 

His the magnitude of the applied magnetic field 

dis the length of the path where the light and magnetic field 

interact (see Figure 1.7) 


FIGURE 1.7 The figure shows how the polarization of a linearly 
polarized beam oflight rotates when it goes through a material exposed 
toan external magnetic field, 


Apositive Verdet constant corresponds to an anticlockwise rota: 
tion when the direction of propagation is parallel to the magnetic 
field and to a clockwise rotation when the direction of propagation 
is antiparallel. The Faraday effect is used in spintronics research to 
study the polarization of electron spins in semiconductors. 


1.8.2 Quantum Faraday Effect 


‘The Faraday effect is expected to emerge in low dimensional 
systems such as semiconductor quantum dots in which the spin 
states of the electron in the conduction band and the light and 
heavy hole in the valence band provide a system where different 
circular polarizations of light couple differently during the pro- 
cess of virtual absorption. The quantum analogue of the Faraday 
effect does not require an external magnetic field because iti cre- 
ated by selection rules (one circular polarization interacts with 
the heavy hole band while the other circular polarization inter- 
acts with the light hole band) and by the Pauli exclusion prin- 
ciple (the absorption of aright polarized wave is excluded because 
the allowed transition state between bands have the same spin) 
(Leuenberger et al., 2005b). In particular, we will be interested 
in the quantum Faraday effect in a semiconductor colloidal two- 
level quantum dot system. We can have a two-level system in a 
colloidal quantum dot where the heavy hole and the light hole 
bands are degenerate at the I” point. This two-level system is 
achieved by the valence and the conduction band under certain 
assumptions: (1) the split-off band can be ignored since typical 
split-off energies are around 10? meV, thus bringing the energy 
level out of resonance with the single photon; (2) under the appro- 
priate doping and thermal conditions, it can be assumed that the 
top of the valence band is filled with four electrons, while there is 
cone excess electron in the conduction band; and (3) the energy of| 
the electromagnetic wave is taken tobe slightly below the effective 
band-gap energy, so thatthe transition from the top of the valence 
band to the bottom ofthe conduction band isthe strongest transi- 
tion by far (Leuenberger, 2006). 


par 
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FIGURE 1.8 The solid circles represent filed states and dashed circles represent empty states, The electron in the conduction band interacts with 
the right or left circularly polarized electromagnetic wave allowing virtual transitions between the conduction and valence band states. After the 
interaction, the RCP and LCP electromagnetic wave acquire different phases, which produce the rotation of the incident wave. 


Interestingly, the idea of the conditional. single-photon 
Faraday rotation first developed by Leuenberger etal. (20036) 
and already patented by the authors has been copied (Huet al, 
2008), which demonstrates the importance of this scheme. 

‘We now turn ourfocusto the optical selection rules. In Figure 
1.8 we show how different circular polarizations ofthe photon 
interact with the two-level system. The conduction band state 
has one electron with spin either up (|4,4)) or down (|2,— 
“The presence of aspin up (down) electron inthe conduction band 
forces the virtual transitions of the incident electromagnetic 
wave to couple | 4) (| 5,3) or 4.2) ([#.4)) heavy hole and 
Tight hole states depending fit sa right or let circularly pola- 
ized photon, Examination ofthe coefcients given in Equations 
1169 and 170 shows that the matrix elements ofthe heavy hole 
band and the matrix element involving the light hole band are 
diferent, leading to diferent phases and causing a change in the 
refractive index, which induces the Faraday rotation effect. The 
Faraday rotation is clockwise if the spin is up, and counterclock 
wise if the spin is down, The complex refractive index (n) can be 
Caleulated as follows: 


oN hi ! 
Bs . 173 
ome >; SET) 473) 


where 
[eis the electron’s charge 
Nis the electron number density 
«& is the permittivity of free space 
1m. is the mass of the electron 
©, isthe transition frequency from the ith state to the jth state 
‘ys the full-width at half maximum (assumed to be much 
smaller than the detuning energy) 
is the frequency of the incident electromagnetic wave 
{fuis the oscillator strength given by 


2 
Si Fig, Woo Elif. (7) 


This quantum Faraday rotation can be used to measure 
the spin polarization of charge carriers in quantum wells 
(Kikkawa et al., 1997; Kikkawa and Awschalom, 1998, 1999), 
Recently, an experiment based on the quantum Faraday rota- 
tion was able to measure the spin state of a single excess elec- 
tron inside a quantum dot (Berezovsky et al., 2006), which is 
crucial for the read-out of a qubit in a quantum computing 
scheme (see below). 


1.9 Single-Photon Faraday Rotation 


‘The single-photon Faraday effect (SPFE) is similar to the quan. 
tum Faraday effect but involves only the nonresonant interac- 
tion of a single photon with the quantum dot two-level system 
and can result in an entanglement of the photon with the spin 
of the extra electron (Leuenberger et al, 2005b; Leuenberger, 
2006). The SPFE can be described by the Jaynes~Cummings 
Hamiltonian 


H=holat,a,. +a! a,.)+ Hoy, + hOo-», 


thong. 
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Equation 1.76 describes how the right circularly polarized (o*) 
and left circularly polarized (6") components ofa linearly polar 
ized photon fed interact with the degenerate quantum dot lev- 
clsina cavity. tis assumed that the spin of the exces electron in 
the conduction band is up (1), The evolution of the system will 
be given by the state vector 


wor= Fe [era(oItnny +c, wits: 


+Cyy(0 (Ib) +C,,0 [02 (1.76) 


where [?,bh) and [?,1h) are the states in which the quantum dot 
is in an excited state with a heavy-hole exciton or a light-hole 
exciton, and the spin of the excess electron in the conduction 
band isup.I1,o7) andl,6) are the states in which the quantum 
dot isin the ground state with the photon present in the cavity, 
and the spin ofthe extra electron in the conduction band is up. 
In order to solve for the phase accumulated for RCP and LCP 
components of the linearly polarized photon during the inter 
action with the quantum dot in the nanocavity, we must find 
the time evolution of the probability amplitudes Ci(t) and 
Cra(0, respectively. Assuming the following initial conditions, 
Cry(0) = 0, Cha(0) = 1s Cp(0) =O, and Cy, (0) = 1, then the prob- 
ability amplitudes of interest are given by (Seigneur et al, 2008) 


where Q3 = 
82,4 being the coupling strength involving the heavy-hole elec- 
tron and the light-hole electron, respectively, with A= © ~ Qj, 
being the detuning frequency and 1. = V3E 

Rewriting the complex coefficients given in Equations 1.77 
and 1.78 in the form C,,, ()=|C,,.(t)|explis] and C,,-(t)= 
IC,,. (0 Jexplis?'}, we obtain an expression for the phase accu- 
‘mulated during the interaction of the right and left circularly 
polarized component with the heavy-hole and the light-hole 
band, ie, 


(179) 


‘To determine the entanglement of the single photon with the 
electron, we know that the electron-photon state after the 
interaction reads 


Lis 
lvad=e lyd+e lyn), (.80) 
where 

alNIo%)+B1U)1oq)) as 

represents the photon scattering offa heavy hole, and 

1 

y= M16.) + BW) 16%, 2) 
Ive F(aMMlo;)+BHVIo;)) 82 

represents the photon scattering offa light hole. Let 
19) =cose|e>) +sing ||) (1.83) 


be the photon state with linear polarization that is rotated by @ 
around the z-axis with respect to the state |<) of linear polar- 
ization in x direction. Changing to circular polarization states, 
Equation 1.83 can be rewritten as. 


cos 
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Using the representation of this linear polarization with 
«9 = 2(8?" ~SP)/2=:8,/2, we find that Equation 1.10 becomes 


Jwser)=artty(e*" Joz,)+e" 
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From this equation, we draw the conclusion that the accumu- 
lated CPHASE shift 5, corresponds to a single-photon Faraday 
rotation around the z-axis by the angle S,/2 due to a single spin. 
Let bean integer. For S,/2 = (2j+ I)m/4, the electron-photon state 
| y22) is maximally entangled. If is even, 


Ive)=alDN +B). (1.86) 


Ifjisodd, 


a 1.)+B YN). (87) 


FIGURE 1.9. The conditional Faraday rotation ofthe linear polariza- 
tion of the photon depends on the spin stat ly.) = a [1) + B W). I the 
spin sates up (dow), the linear polarization turns (counter) clockwise 
‘The photon and the spin get maximally entangled if the Faraday otation 
angle i 2 = m4. This entanglement between photon polarization and 
electron spin cant be used a an optspintronc link to transfer quantum 
information from electron spins to photons and back. 


For $2 = 2jn/, the electron-photon state | yi!) is not entangled. 
Ifjiseven, 
[yee(T)) = aL) es) + BIL) feo). (1.88) 
Ifjis odd, 
Iwe)=clT)ID-BIY)ID. (1.89) 


‘This means the entanglement oscillates continually between 0 
and 1 if no decoherence is present. The entanglement process 
between the spin of the electron and the polarization of the 
photon during the conditional Faraday rotation is visualized 
in Figure 1.9, 


1.9.1 Quantifying the EPR Entanglement 


Rewriting Equation 1.85 in the basis states ofthe linear polarization 
in.xand y directions yields 


Ive =a (sor Joys) 
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‘The entanglement between the photon and the spin of the 
‘excess electron can be calculated by means of the von Neumann 
entropy (Bennett et al., 1996): 


Trl Tey Pop log(T ts Pa)] aon 


or the normalized linear entropy (Silberfarb and Deutsch, 2004) 
Ex(wit|=2(1-Tr.(1 py} (1.92) 


‘We will use the linear entropy in our calculation. The density 
matrix is given by 
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in the basis |1) [4 |1) [1)s [) [4 [) [1): Since the measures 
for entanglement must be independent of the chosen basis, all of 
the measures involve the trace of p,, Taking the trace over the 
photon states yields 


Ta, flor ipa (199) 
Boss, [BP 
So we obtain the entanglement 
Ja|*-[Bl'-2|@FIBF cos*s,). (1.100) 
= sine" we obtain 
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‘This result is plotted in Figure 1.10. 


1.9.2 Single Photon Faraday Effect 
and GHZ Quantum Teleportation 


‘The theory of quantum teleportation was first developed 
by Bennett et al. (1993) and later experimentally verified by 
Bouwmeester et al. (1997). This scheme relies on EPR pairs, 
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FIGURE 1.10 Entanglement ofthe photon with the spin of the excess 
clectron, 


i.e., pairs of entangled particles, which can be entangled in, for 
example, the polarization degree of freedom in the case of pho- 
tons or the spin degree of freedom in the case of electrons or 
holes. Leuenberger et al. (2005b) show that all the three par- 
ticles that take part in the teleportation process are entangled 
in a so-called Greenberger-Horne~Zeilinger (GHZ) state 
(Greenberger et al., 1989, 1990) 

‘We will perform now a GHZ teleportation. In this GHZ quan 
‘tum teleportation, the photon (qubit 2) interacts first with the 
electron spin of the destination (qubit 3) and then with the elec- 
tron spin ofthe origin (qubit 1). We identify quibit 1,2, and 3 with 
the qubits used by Bennett et al. (1993). Qubit 1 is with Alice, 
qubit 2 with Charlie, and qubit 3 with Bob. We start from the 
state | ¥.2(t,))=|6) Je’). Affer interaction in Bob's microcav- 
ity, we obtain 


Pe¢o)= Fo (lotdIt) +104 a, 


1 
Pe 
1 » 
pio »). (1.102) 


‘This hybrid photon-spin entangled state corresponds to the 
shared EPR state of qubit 2 and 3 in the original version of the 
teleportation (EPR teleportation). Note that there is no way to 
distinguish between a single-spin or a single-photon Faraday 
rotation because we do not have any preferred basis defined by 
‘cand B. We have not yet used qubit 1 at all. Alice's photon can 
be stored for as long as it maintains its entanglement with Bob’s 
spin. This step is like the distribution of the EPR pair in EPR 
teleportation. Instead of performing now a Bell measurement on 
‘qubit 1 and 2 to complete the EPR teleportation, we let the pho- 
ton (qubit 2) interact with Alice's spin (qubit 1), giving rise to a 
GHZ state in the hybrid spin-photon-spin system. After inter- 
action of the photon in Alice's microcavity, we obtain 


[wiitte +1) = ale fe" Lory) 
+e fois) 


+Bib(e* Jot") 


+e Jonith))} (1.103) 


Now we change to the S, representation of Bob’s spin and to the 
linear polarization representation of Charlie's photon, which 
yields (= 0) 


Rhys 
ae (alt)|-s,/2- n/a’ 
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+B)N)|+8,/2+n/4)) (1.104) 
Choosing , = x/2, we obtain 
Iwaetr= id -a1t 119 «Buh i8>) 
+te(arD1>+BH9179)}. C05 


[From this equation, it becomes obvious that we can produce all 
the four Bell states between qubit 1 (Alice's electron spin) and 
‘qubit 3 (Bob's electron spin),] Now we change to the S, represen- 
tation of Alice's spin: 


Ivecmd= Fe ID[o(-el BH) 
+b9(-ait) BH] 
+ Zh [M61 +a) 


+b(617)-a)] (1.106) 


‘The difference between our method and the original version ofthe 
teleportation (Bennett et al, 1993) is that we have entangled qubit 
2 (the photon) with qubit 1 (Alice's electron spin) by means of the 
electron-photon interaction, which is not done inthe original ver- 
sion. That is why we do not need Bell measurements So after mea- 
suring the photon polarization state (qubit 2) and the spin state of 
Alice electron (qubit 1), the spin state ofthe electron of the destina- 
tion gets projected onto —a1") + BIL), -cr[1”) — BIL, BIT") + af’), 
corBl1") ~ al’) with equal probability. This corresponds exactly to 


Lis 


the outcome of the original version of the teleportation. However, 
‘we do not use any Bell measurements. 

Let us check what happens if there is no interaction between 
Charlie's photon and Alice’s spin. Then we get 


vseemd=F[Nfaidity+Bib It) 


+Lfare>+BH019)] (aa07) 
In this case, we would have to apply Bll measurement in onder 
to perform the teleportation 


1.9.3 Single-Photon Faraday Effect 
and Quantum Computing 


Recently, the destructive probabilistic CNOT gate for all-opti- 
cal quantum computing proposed by Knill etal. (2001), which 
relies on postselection by measurements, has been implemented 
experimentally (O'Brien et al, 2003; Nemoto and Munro, 2004). 
Based on a proposal by Pittman et al. (2001), experiments have 
demonstrated that this destructive CNOT gate and a quantum 
parity check can be combined with a pair of entangled photons 
to produce a nondestructive probabilistic CNOT gate (Pittman 
et al, 2002a,b, 2003; Gasparoni et a., 2004; Zhao et al., 2008). It 
has been shown theoretically that deterministic quantum com- 
puting with postselection is feasible for quantum systems where 
the qubits are represented by several degrees of freedom of a 
single photon (Cerf et al, 1998). An interferometric approach to 
linear-optical deterministic CNOT gate between the polariza 
tion and momentum ofa single photonic qubit has recently been 
demonstrated experimentally (Fiorentino and Wong, 2004). 
‘A general scheme to teleport a quantum state through a univer: 
sal gate has been given by Gottesman and Chuang (1998). This 
idea gave Raussendorf and Briegel the inspiration to develop the 
one-way quantum computer (Raussendorf and Briegel, 2001; 
Raussendorf et al, 2003), which performs quantum computa 
tions by measurement-induced teleportation processes on an 
entangled network of qubits. The name one-way quantum com 
puting refers to the irreversibility of the computations due to the 
‘measurement processes. 

Leuenberger developed a scheme for fault-tolerant quantum 
computing with the excess electron spins in quantum dots based 
on the SPFE (Leuenberger, 2006). This scheme shares a similar- 
ity with the one-way quantum computing scheme in the sense 
that it makes use of measurement processes to perform quantum 
computations. Both the one-way quantum computing scheme 
and Leuenberger's scheme are fully deterministic and scal 
able to an arbitrary number of qubits. However, while the one- 
‘way quantum computing scheme is irreversible, Leuenberger’s 
scheme is fully reversible. In addition, the one-way quantum 
computing scheme needs to maintain the coherence of the whole 
cluster of qubits and is therefore more sensitive to the environ- 
‘ment than single isolated qubits, since in a cluster the decoher- 
ence of one qubit leads also to decoherence of neighboring qubits 
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FIGURE 1.11 The nonresonant interaction of a photon with Alices 
and Bobs quantum dot produces the CPHASE gate required for univer: 

sal quantum computing. This CPHASE gate applies to the case of the 
noncoded spins, where each microcavity contains only a single quan. 

tuum dot witha single excess electron, 


that are entangled to it. Therefore, Leuenberger’s scheme is more 
robust in this respect, 

‘We describe now Leuenberger’s quantum computing scheme 
(see Figure 1.11), DiVincenzo shoved that the CNOT gate and a 
single qubit rotation are sufficient for universal quantum com- 
puting (DiVincenzo, 1995). In the framework of the conditional 
Faraday rotation, it is easier to work withthe implementation of 
the CPHASE gate than with the implementation of the CNOT 
gate. The CPHASE gate 


Heonase = (1.108) 


0 
a 


is equivalent (similar) to the CNOT gate (see Equation 1.7), ie. 
they can be transformed into each other by means of a basis 
transformation, The CPHASE gate shifts the phase only if both 
spins point down, Let us define two persons Alice and Bob. 
Both of them have one photonic crystal, in which  noninter- 
acting quantum dots are embedded. The single excess electrons 
of Alice's quantum dots are in a general single-spin state |), = 
|), + Bll),, where the quantization axis is the z-axis. Bob’s 
spins are in a general single-spin state |), = y|T)p + 5|)y. The 
photons that interact with both Alice's and Bob's quantum dots 
are initially in a horizontal linear polarization state |€). 

Since there is no need to detect optically the spin states in trans 
verse direction (Leuenberger et al., 2005a), our quantum dots can 
bbe nonspherical So each photon can virtually create only a heavy. 
hole exciton on each quantum dot (see Figure 1.6), The strong selec: 
tion rules imply that only a 67.)(6).,) photon can interact with the 
quantum dot ifthe excess electron’ spin is up (down). This leads to 
a conditional Faraday rotation ofthe linear polarization of the pho- 
ton depending on the spin state of the quantum dot. The photonic 
crystal ensures that the photon’s propagation direction i always in 
z-direction, perpendicular tothe quantum dot plane. 
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In Leuenberger’s implementation of the CPHASE gate, a single 
photon interacts sequentially with Alice's and then with Bob's 
quantum dot. The spin on Alice's quantum dot is prepared in 
the state |ya(0)) = a1), + Bll),. So we start with the electron- 
photon state |yj,(0)) = (1), + Bld),)|¢>). After the interaction 
with Alice’ quantum dot, the resulting electron-photon state is 


[yap(T))= (fT. IN)+BIL. LA)/N2, (1-109) 


which is maximally entangled, 


We let the photon interact also with Bob's quantum dot, 
which yields 


[Waonl2T))=[D)(-07 Ms Mn +B8 Ma He) 
+f)(08[M, a +By Wa Ms) 
= gploCers e+ BoIb the 
+0811). Wa+Br lbs Ms) 
+1007 Ma Me — BB Hs Wa 


+08 (0), Wa +By Y. Me) (110) 


If the linear polarization of the photon is measured in the \, 
axis, we obtain the two results 


[yan(2T)) =—ce7 Ps [To +B3 [Ls Ws 


+057) He +By la Mo, Gn) 
[yan2T))= ory [Ms Me -BBN)s He 
+051) We+By Wa Ms (0.112) 


with equal probability, where the CPHASE shift is ifboth spins 
are up or both spins are down, respectively. For deterministic 
quantum computing, we need to choose either Equation 1.111 
or 1.112 to be the correct phase gate. Let us choose Equation 
1.112 to be the correct implementation. The measurement of the 
photon’s polarization state must be shared through a classical 
channel between Alice and Bob, in order for the CPHASE gate 
to be deterministic. Then Equation 1.111 can be transformed 
into Equation 1.112 by two local single-qubit phase shifts 
,.6;,, applied to Alice’s and Bob’s qubit, where ¢, is a Pauli 
matrix. This scheme for implementing the CPHASE gate is sim- 
ilar to the scheme of quantum teleportation in the sense that the 
measurement outcome of the photon’s polarization needs to be 
shared between Alice and Bob through a classical channel. This 
scheme for implementing the CPHASE gate is a generalization 
of the scheme of quantum teleportation in the sense that it takes 
not only one local unitary operation but two unitary operations 
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to reconstruct the desired two-qubit state, which makes sense, 
because we perform a two-qubit manipulation, as opposed to a 
single qubit manipulation in the case of quantum teleportation, 

Thus, we can produce deterministically the CPHASE gate, 
which is equivalent to the CNOT gate in the basis {[T), |) 
[Mx Fades Wa as Wa [ah where J) =((T)+[U))/v2 and 
J) =({1)-[L))/v2 in the S, representation. This can be proven 
by writing down the mappings 


Malde= z Ma(Me+ ls) 
PMC Met Ps)=—Ma bode 
Mba = z IM (Ms-W>a) 


IM (=I =a) ==IMs las 


(1.113) 
Wale= z Woa(Ma+ a) 


4 e Woa(Me+ Woe) =Wa lore. 
Wabe= z Wa(IM.-s) 

= s Woa((re— He) = Ha das 
corresponding o the CPHASE gate in Equation 1.111, and 
Ma loa = aa (I+ Ha) 

= Zl allar Ws)=-IMs les 


Mabn=s 


Ma(Ma-Hos) 


z 
= Flee Hs)=IM a be)es 


(uy 


Waldo = Fetba(tMat th) 
3 zlbalie -a)=Ma de. 
abode Fea Melb) 

> FelPallat bn) Wakes 


corresponding to the CPHASE gate in Equation 1.112. 
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For universal quantum computing, the CPHASE gate 
described above and single-qubit operations are sufficient 
(Barenco et al, 1995; DiVincenzo, 1995). The single-qubit opera 

tions on Alice’s and Bob’s spins can be implemented by means 
of the optical Stark effect (Gupta et al, 2001). In contrast to 
Imamoglu et al’s two-qubit gate (Imamoglu et al, 1999), which 
relies on a shared mode volume for the exchange of a single vir- 
tual photon between the two qubits, this scheme requires only 
local mode volumes for each qubit separately and is therefore 
fully scalable to an arbitrary number of qubits. Since the strong 
interaction between a quantum dot and a cavity inside a pho: 

tonic crystal has already been experimentally observed (Yoshie 
et al, 2004), it would be possible to build a fully scalable quan- 
‘tum network inside a photonic crystal hosting qubits, which can 
be for example spins of excess electrons in semiconductor quan: 

tum dots or N-V center states in diamond 


1.10 Concluding Remarks 


Quantum computers have excited many researchers because 
they would perform a kind of parallel processing that would 
be extremely effective for certain tasks, such as searching data- 

bases and factoring large numbers. Also, quantum computers 
can be used to simulate or model quantum systems and could 
bring huge advances in physics, chemistry, and nanotechnol: 

‘ogy. Recently, diamond has become very attractive for solid 
state electronics, Pure diamond is an electrical insulator, but on 
doping, it can become a semiconductor. The particular impu- 
rity that researchers are interested in is the nitrogen-vacancy 
(N-V) center. The N-V center has a number of properties and 
characteristics that make it very promising to build a quantum 
computer (Awschalom et al, 2007). The N-V center electrons 
have a spin state that is extremely stable against environmental 
disturbances. One of the most exciting aspects of the N-V cen. 

ter is that it exhibits quantum behavior even at room tempera. 

ture; this characteristic is very important because it makes this 
kkind of systems easy to study and easy to turn into a practical 
technology. Other important aspects of N-V centers come from 
the fact that they have weak spin-orbit interaction and dipole- 
dipole interaction, which make the spin state very stable and it 
can be used to encode quantum information even at room tem: 

peratures. The decoherence time of the N-V center spin is about 
Ims and the operation time is about 10ns, therefore R = ty/t, = 
100,000 operations that can be performed in the millisecond 
lifetime of the spin quantum system. This rate of decay is well 
below the threshold and better than any other system of solid: 

state qubits to date. 


Acknowledgments 


‘We acknowledge support from NSF-ECCS 0725514, the DARPA/ 
MTO Young Faculty Award HROOII-08-1-0059, NSE-ECCS 
(0901784, and AFOSR FA9550-09-1-0450, We would also like to 
thank Sergio Tafur for his comments on improving the manuscript. 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


References 


Adamowski, J. §. Bednarek, and B. Szafram. Quantum com- 
puting with quantum dots. Schedae Inform., 14:95-111, 
2008. 

Ahn, J, Weinacht, TCC, and PH. Bucksbaum. Information stor- 
age and retrieval through quantum phase. Science, 287: 
463-465, 2000. 

Awschalom, D.D., R. Epstein, and R. Hanson. The diamond age of 
spintronics. Sci. Am. 297:84-91, 2007. 

Barenco, A., D. Deutsch, A. Ekert, and R. Josza. Conditional 
quantum dynamics and logic gates. Phys. Rev. Lett 74:4083, 
1995, 

Bennett, C.H., G. Brassard, C. Crépeau, R. Jozsa, A. Peres, and 
WK. Wootters. Teleporting an unknown quantum state 
via dual classical and Finstein-Podolsky-Rosen channels. 
Phys. Rev. Let, 70:1895-1899, 1993, 

Bennett, C.H., DP. DiVincenzo, .A. Smolin, and W.K. Wootters. 
‘Mixed-state entanglement and quantum error correction. 
Phys. Rev, A, 54:3824~3851, 1996, 

Berezovsky, J, M.H. Mikkelsen, O. Gywat, NG. Stoltz, LA. 
Coldren, and D.D. Awschalom. Nondestructive optical 
‘measurements of a single electron spin in a quantum dot. 
Science, 314:1916, 2006. 

Bouwmeester, D., J-W. Pan, K. Mattle, M. Bibl, H. Weinfurter, 
and A. Zeilinger. Experimental quantum. teleportation. 
Nature, 390:575, 1997, 

Cerf, NJ, C. Adami, and PG. Kwiat. Optical simulation of quan- 
tum logic. Phys. Rev. A, 57:R1477, 1998, 

Deutsch, D. Quantum theory, the Church~Turing principle, and 
the universal quantum computer. Proc. R. Soc. Lond. A, 
400:97-117, 1985, 

DiVincenzo, D.P. Two-bit quantum gates are universal for quan- 
tum computation. Phys. Rev. A, 51:1015~1022, 1995. 

DiVincenzo, D-P. The physical implementation of quantum com- 
putation, in Scalable Quantum Computers, S.L. Braunstein 
and H.K. Lo (eds.), Wiley, Berlin, Germany, 2001. 

Feynman, R.P. Simulating physics with computers. Int. J. Theor. 
Phys, 21:467-488, 1982. 

Fiorentino, M. and EN.C. Wong. Deterministic controlled-not 
gate for single-photon two-qubit quantum logic. Phys. Rev. 
Lett., 93:070502, 2004. 

Friedman, [R., M.P.Sarachik, J Tejada, and R. Ziolo. Macroscopic 
‘measurement of resonant magnetization tunneling in high- 
spin molecules. Phys. Rev. Lett, 76:3830-3833, 1996, 

Gasparoni, S., J-W. Pan, P. Walther, T. Rudolph, and A. 
Zeilinger. Realization of a photonic controlled-not gate 
sufficient for quantum computation. Phys. Rev. Lett, 
193:020504, 2004. 

Gottesman, D. and LL. Chuang. Demonstrating the viability of 
universal quantum computation using teleportation and. 
single-qubit operations. Nature, 402:390, 1999, 

Greenberger, DM. M.A. Horne, and A. Zeilinger. in Bell’ 
‘Theorem, Quantum Theory, and Conceptions of the Universe. 
Kluwer, Dordrecht, the Netherlands, p.73, 1989. 


Quantum Computing in Spin Nanosystems 


Greenberger, D.M.,M.A. Horne, A. Shimony, and A. Zeilinger. Bell 
theorem without inequalities. Am. J. Phys, 58:1131, 1990. 

Grover, LK. Quantum mechanics helps in searching for a needle 
in a haystack. Phys, Rev. Lett, 79:325-328, 1997. 

Gupta, [A R. Knobel, N. Samarth, and D.D. Awschalom. 
Ultrafast manipulation of electron spin coherence. Science, 
292:2458, 2001 

Hu, CY, A. Young, J.L. O’Brien, WJ. Munro, and J.G. Rarity 
Giant optical Faraday rotation induced by a single-electron 
spin in a quantum dot: Applications to entangling remote 
spins via a single photon. Phys. Rev. B, 78085307, 2008, 

Imamoglu, A., D.D. Awschalom, G. Burkard, D-P. DiVincenzo, 
D. Loss, M. Sherwin, and A. Small. Quantum information 
processing using quantum dot spins and cavity QED. Phys. 
Rev. Lett, 83:4204, 1999, 

Kasuya, T.A theory of metallic ferro- and antiferromagnetism on 
Zener's model, Prog. Theor. Phys. 16:45, 1956, 

Kikkawa, JM. and D.D. Awschalom. Resonant spin amplification 
in n-type gas. Phys. Rev. Lett, 80:4313, 1998, 

Kikkawa, J.M. and D.D. Awschalom. Lateral drag of spin coher- 
ence in gallium arsenide. Nature, 397:139, 1999. 

Kikkawa, .M., LP.Smorchkova, N. Samarth, and D.D. Awschalom. 
Room-temperature spin memory in two-dimensional elec 
tron gases. Science, 277:1284, 1997. 

Knill, E, R, Laflamme, and GJ. Milburn, A scheme for efficient 
quantum computation with linear optics. Nature, 409:46, 
2001 

Leuenberger, M.N. Fault-tolerant quantum computing with 
coded spins using the conditional Faraday rotation in quan- 
tum dots. Phys. Rev. B,73:075312-8, 2006, 

Leuenberger, M.N. and D. Loss. Spin relaxation in Mn12-acetate. 
EuroPhys. Let, 46:692-698, 1999, 

Leuenberger, M.N. and D. Loss. Spin tunneling and phonon. 
assisted relaxation in Mn12-acetate. Phys. Rev. B, 61:1286~ 
1302, 20004, 

Leuenberger, M.N. and D. Loss. Incoherent Zener tunneling 
and its application to molecular magnets. Phys. Rev. B, 
61:12200-12203, 2000b. 

Leuenberger, M.N. and D. Loss. Quantum computing in molecu- 
lar magnets. Nature, 410:789-793, 2001 

Leuenberger, M.N., D. Loss, M. Poggio, and D.D. Awschalom. 
Quantum information processing with large nuclear spins 
in gas semiconductors. Phys. Rev. Lett, 89:207601-4, 
2002 

Leuenberger, M.N., F Meier, and D. Loss. Quantum spin dynam: 
icsin molecular magnets. Monatshefte Chem, 134217-233, 
2008. 

Leuenberger, M.N., ME. Flaté,and D.D. Awschalom. Teleportation 
of electronic many-qubit states encoded in the electron 
spin of quantum dots via single photons. Phys. Rev. Lett, 
94:107401~4, 2005a, 

Leuenberger, M.N., ME. Flatté, and D.D. Awschalom. 
‘Teleportation of electronic many-qubit states encoded in 
the electron spin of quantum dots via single photons. Phys 
Rev, Lett, 94:107401-4, 2005b. 


121 


Loss, D. and D.P. DiVincenzo, Quantum computation with quan- 
tum dots. Phys. Rev. A, 57:120-126, 1998. 

Nemoto, K. and WJ. Munro. Nearly deterministic linear optical 
controlled-not gate. Phys. Rey. Lett 93:250502, 2004 
OBrien, [L., GJ. Pryde, A.G. White, TC. Ralph, and D. Branning. 
Demonstration of an all-optical quantum controlled-not 

gate. Nature, 426:264, 2003. 

Piermarocchi, C, P. Chen, and L.J. ham, Optical RKKY interac 
tion between charged semiconductor quantum dots. Phys. 
Rev, Lett, 89:167402, 2002, 

Pittman, ‘TB. B.C. Jacobs, and J.D. Franson. Probabilistic quan- 
‘tum logic operations using polarizing beam splitters. Phys. 
Rev: A, 64:062311, 2001 

Pittman, T.B., B.C. Jacobs, and J.D. Franson. Demonstration of 
feed-forward control for linear optics quantum computa- 
tion. Phys. Rev. A, 66:052305, 2002a 

Pittman, TB. B.C. Jacobs, and J.D. Franson. Demonstration of 
nondeterministic quantum logic operations using linear 
optical elements. Phys. Rev. Lett, 88:257902, 2002b. 

Pittman, TB, MJ. Fitch, BC. Jacobs, and J.D. Franson. 
Experimental controlled-not logic gate for single photons 
in the coincidence basis. Phys. Rev. A, 68:032316, 2003. 

Raussendorf, R. and HL). Briegel. A one-way quantum computer. 
Phys, Rev, Lett, 86:5188-5191, 2001 

Raussendorf, R., D.E. Browne, and H.J. Briegel. Measurement- 
based quantum computation on cluster states. Phys. Rev. A, 
168:022312, 2003. 

Ruderman, M.A. and C. Kittel. Indirect exchange coupling of 
nuclear magnetic moments by conduction electrons, Phys. 
Rev, 96:99, 1954 

Sangregorio, C., Ohm, C. Paulsen, R. Sessoli, and D. Gatteschi. 
‘Quantum tunneling of the magnetization in an iron cluster 
nnanomagnet. Phys, Rev. Let, 78:4645~4648, 1997. 

Seigneur, H.P, M.N. Leuenberger, and W.V. Schoenfeld. Single 
photon Mach-Zehnder interferometer for quantum net- 
‘works based on the single-photon Faraday effect. J. Appl. 
Phys, 104:014307-13, 2008. 

Shor, P. Scheme for reducing decoherence in quantum computer 
memory. Phys, Rev. A, 52:2493-2496, 1995. 

Shor, P. Polynomial-time algorithms for prime factorization 
and discrete logarithms on a quantum computer. SIAM 
J. Comput., 26:1484-1509, 1997. 

Silberfarb, A. and LLH, Deutsch, Entanglement generated between 
a single atom and a laser pulse. Phys. Rev. A, 69:042308-8, 
2004. 

‘Thiaville, A. and J. Miltat. Small is beautiful. Science, 284:1939- 
1940, 1999 

‘Thomas, L., F Lionti, R. Ballou, D. Gatteschi, R. Sessoli, and 
B. Barbara. Macroscopic quantum tunnelling of magne- 
tization in a single crystal of nanomagnets. Nature, 383: 
145-147, 1996, 

Wernsdorfer, W., R. Sessoli, A. Caneshi, D. Gatteschi, and 
‘A. Comia, Nonadiabatic Landau-Zener tunneling in Fe8 
molecular nanomagnets. EuroPhys. Lett, 50:552-558, 
2000. 


122 Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


Yoshie, T, A. Scherer, |. Hendrickson, G. Khitrova, HM. Gibbs, Zhao, Z., A-N. Zhang, YA. Chen, H. Zhang, J-F. Du, T. Yang, 


G. Rupper, C. Ell, O.B. Shchekin, and D.G. Deppe. Vacuum and J.-W. Pan. Experimental demonstration of a nonde- 
Rabi splitting with a single quantum dot in a photonic crys structive controlled-not quantum gate for two independent 
tal nanocavity. Nature, 432:200, 2004, photon qubits. Phys. Rev. Let., 94:030501, 2008. 


Yosida, K. Magnetic properties of Cu-Mn alloys, Phys. Rev. 
106:893, 1957. 


‘ated circuit > digital > shift register 


viaa separate pin for each of them. Parallel input 
isenabled by the status of aserial/parallel control 
pin. When the control pin reverts to its opposite 
status, each clock pulse will now shift data along 
the chain of flip-flops, allowing itto be read from 
the final output one bit at a time. Thus, data can 
be entered into the chip in parallel and read out 
fit serially. Examples are the 40148 and 40218. 
Both are 8: 


Parallel In, Parallel Out 

Shift registers that permit parallel output in ad- 
dition to parallel input are almost all of the uni- 
versal type, described in the next section 


Universal 

A universal shift register is capable of all four 
modes of operation: SISO, SIPO, PISO, and PIPO. 
The four modes of the component are selected 
by the high or low status of two mode select pins. 
In addition, this component may have the ability 
to shift the register states either left or right. A 
bidirectional shift register has this same capabil- 
ity, and may also have PISO and PIPO capability, 
depending on the chip. Examples are the 74x195 
and 74x299, where an acronym identifying the 
logic family will be substituted for the x in the 
number. 


Universal shift registers are almost all 4-bit or 8- 
bit. They often have relatively complicated fea- 
tures, such as access to internal JK flip-flops, or 
pins that are multiplexed to provide different 
functionality depending whether an enable pin 
is held high or low. Datasheets must be checked 
carefully to ensure correct use. 


Dedicated shift registers of SIPO or PISO type will 
be easier to use. 


Values 


Asis the case with other logic chips, most flip- 
flops in the through-hole 74x series are intend- 
ed for VDC power supply while the older 4000 
series may tolerate up to 18VDC. Surface-mount 
versions may use voltages as low as 2VDC. 


See the section on logic gates in Chapter 10 for 
a discussion of acceptable high and low logic- 
input states. On the output side, the 4000 series 
chips are able to source less than ImA at SVDC, 
but the 74HCx series can usually manage 
around 20mA. 


Ifashift registeris used forhigh-speed operation, 
the following values must be considered 
tical notation, and similar values, are found in 
specifications for flip-flops): 


+ t, Setup time: The input state of a shift reg- 
ister must exist for a very brief period before 
the clock trigger that processes it. This peri- 
od is known as the setup time. In the 4000 
series of chips, recommended setup may be 
as long as 120ns, The value will be much 
lower in 74x chips, 

+ ty Hold time: The minimum time in nano- 
seconds for an input to persist after the ac- 
tive edge of a clock pulse that has processed 
it-In many shift registers, no hold time isnec- 
essary,asthe chip hasalready beenactivated 
by the rising edge of the clock pulse, 

+ tcp Clock-to-output: The elapsed time after 
a clock trigger, before the output changes. 
This is a function of the internal workings of 
the chip, and may be broken down into low- 
to-high and high-to-low output transitions, 
as follows. 

+ Trus Propagation to Low-to-High: The 
elapsed time after an active clock trigger, 
before a low-to-high swing occurs at an out- 
put. This may not be identical to Tru. 


+ Tp. Propagation to High-to-Low: The 
elapsed time after an active clock trigger, 
before a high-to-low swing occurs at an out- 
put. This may not be identical to Try. 


+ fax Maximum clock frequency for reliable 
operation. In the older design of 4000 series 
chips, 3MHz may be recommended with a 
power supply of SVDC. Higher frequencies 
are possible with a higher voltage power 
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2.1 Introduction 


One of the fundamental achievements of today’s information 
society is providing storage and processing of ever-increasing 
amounts of data that is based on basic research in physics in 
combination with fundamental technology developments over 
the last four decades. As no low-cost universal memory that is 
suited for all kinds of applications exists, digital data storage 
is separated mainly into three different lines: 


1. The digital versatile disk (DVD) and the compact disk 
(CD) are nonvolatile storage media based on an optical 
\write and read-out process using laser light at wavelengths 
of 650 and 780nm, respectively. The newest representative 
of optical data storage is the Blu-ray disk, using a laser 
wavelength at 405m with a maximum capacity of up to 
50GB disk 

2. The hard-disk drive in a personal computer is a nonvola: 
tile mass storage device with a capacity of up to 1000GB in 
production year 2008 that uses the magnetization of rapidly 
rotating platters. 


43. Semiconductor memories are the third line of digital 
storage media and will be the focus of this chapter with a 
perspective of future nanomemories. 


Semiconductor memories canbe divided into two groups: volatile 
memories, like the dynamic random access memory (DRAM), 
and nonvolatile memories, the so-called Flash. The DRAM pres- 
ents the main working memory in a personal computer. Flash 
memories are found, for example, in mp3 players, cell phones, 
and memory sticks; in automobiles and microwave ovens; and 
have started to replace the hard-disk drive in notebooks as well 
as the DVD and CD as easily portable high-capacity nonvolatile 
memories. Driven by the increasing demand for such portable 
electronic applications, where nonvolatile data storage with low 
power consumption is needed, the market for Flash memories 
is growing rapidly and is replacing the DRAM as the market 
driver. 

Up to now, the semiconductor memory industry improved 
the storage density and performance while simultaneously 
reducing the cost per information bit just by scaling down the 
feature size. This leads to an exponentially growing number of 
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components on a memory chip as predicted by Moore in 1965 
(Moore 1965) known nowadays as “Moore's Law.” Contrary to 
all predictions, Moore's Law has held remarkably well over the 
last decades. The feature size for Flash memories has reached 
45 nm in 2008. The International Roadmap for Semiconductors 
(ITRS 2008) predicts a further shrinkage down to 14nm in 
2020. The problems encountered during this shrinking process 
‘were mainly solved by developing new materials, for example, 
for isolation and interconnects, and for new types of cel struc: 

tures, Upon further size reduction, quantum mechanics will 
dominate at least some of the physical properties. In addition, 
the amount of technological difficulties to realize such struc: 

tures increases enormously. Therefore, a considerable effort is 
devoted to the search for alternative memory technologies that 
are even based on completely new non-semiconducting mate- 
rials, Phase change access memories (RCRAMs), magnetic 
random access memories (MRAMS), and ferroelectric RAM 
(FeRAMs) are just three alternative memory concepts that are 
explored for having the potential to replace today’s DRAM 
and/or Flash memory. 

‘One completely different technology is the use of self 
organized nanomaterials in future nanoelectronic devices. 
Especially self-organized quantum dots (QDs) based on I1I-V’ 
materials (eg, GaAs, InAs, InP, etc) provide a number of 
important advantages for new generations of nanomemories. 
Billions of self-organized QDs can be formed simultaneously 
and fast in a single technological step, allowing for massive 
parallel production in a bottom-up approach, and offering an 
elegant method to create huge ensembles of electronic traps 
without lithography. They can store just a few or even single 
charge carriers with a retention time depending on the mate 
rial combination—potentially up to many years at room tem. 
perature, With an area density of up to 10" cm, an enormous 
storage density in the order of 1 'TBit per square inch could be 
possible, if each single QD would represent one information bit 
and could be addressed individually. The carrier capture pro: 
cess into the QDs is of the order of pico to sub-picoseconds, an 
important prerequisite for a very fast write time in such mem: 
ories. The use of self-organized QDs could thus lead to novel 
nonvolatile memories with high storage density combined with 
a fast read/write access time. 

Using self-organized QDs for future semiconductor mem 
ory applications is discussed in this chapter. Section 2.2 gives 
a brief overview of the main semiconductor memories, DRAM 
and Flash, while the following Section 2.3 concentrates on 
three nonconventional memories that may replace Flash or 
DRAM in the future. Section 2.5 presents an alternative nano. 
‘memory concept that is based on III-V materials, especially 
self-organized QDs. By using capacitance spectroscopy, intro- 
duced in Section 2.6, the carrier storage time in different QD 
systems is studied in Section 2.7 and a storage time of seconds 
at room temperature is demonstrated. Finally, the chapter will 
show results on fast write times in QD-based nanomemories 
in Section 2.8 and will close with a summary and outlook in 
Section 29, 
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2.2 Conventional Semiconductor 
Memories 


Presently the semiconductor memory industry focuses essen- 
tially on two memory types: the DRAM (Mandelman etal. 2002, 
Waser 2003) and the Flash (Geppert 2003). Both memory con- 
cepts have their advantages and disadvantages in speed, endur- 
ance, storage time, and cost. A memory concept that adds the 
advantages of a DRAM to a Flash would combine high storage 
density, fast read/write access, long data storage time, and good 
endurance with low production cost. In addition, for portable 
applications like mobile phones and mp3 players, low power con- 
sumption is demanded. This section describes the two conven- 
tional semiconductor memories, while Section 2.3 will focus on 
nonconventional alternatives that have the potential to replace 
DRAM and/or Flash. 


2.2.1 Dynamic Random Access Memory 


Since the invention of the DRAM in the late 1960s (Dennard 
1968), its cell structure mainly stayed the same, consisting of a 
transistor and a capacitor (cf. Figure 2.1a). The capacitor stores 
the information by means of electric charge. The charge state is 
defined by the voltage level on the capacitor. The stored charge 
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FIGURE 2.1 (a) Schematic picture of an array of DRAM cells, where 
the capacitors act as the storage units. Each cell ean be addressed indi- 
vidually by a matrix of word- and bit-ines; it isthe so-called random- 
access architecture. (b) Cell layout fora planar DRAM cell 
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disappears typically ina few milliseconds mainty due to leakage 
and recombination currents. A DRAM is volatile and requires 
periodic “refreshing” of the stored charge. After any read pro- 
cess, the information has to be rewritten into the DRAM cell. 

A chip on the integrated circuit controls the refresh rewrite pro- 
‘cess automatically and this continuous read and write operation 
has led to the name “Dynamic.” 

Figure 2.1b shows schematically the layout of a simple planar 
DRAM cell (Sze 2002). The storage capacitor uses the inver- 
sion channel region as one plate, the storage gate as the other 
plate, and the gate oxide as the dielectric. The access transistor 
isa metal oxide semiconductor field effect transistor (MOSFET) 
with a source, drain, and a gate contact. The drain contact is 
connected to the storage capacitor. The source contact is con: 
nected to the bit-line and the gate contact to the word-line. Via 
‘word- and bit-line, a single cell can be addressed in an organized 
matrix of DRAM cells (Figure 2.1a). This so-called “random 
access” provides short access times independent of the location 
of the data (Waser 2003). For a write/read operation, a voltage 
pulse is passed through the selected bit- and word-line. Only at 
the crossing point of a given DRAM cell, the access transistor 
switches to “open” and the capacitor is charged or discharged for 
write or read event, respectively. 

DRAM cells provide fast read, write, and erase access times 
below 20ns in combination with a very good endurance of 
‘more than 10" write/erase cycles. The endurance is defined as 
the minimum number of possible write/erase operations until 
the memory cell is destroyed. DRAM memory cells draw power 
continuously due to the refresh process and the information is 
lost after switching off the computer. Another disadvantage is 
the relatively large number of electrons, presently in the order 
of 10%, needed to store one information bit, lading additionally 
to permanent high power consumption. Both, the volatility and 
the power consumption make DRAMSs unsuitable for mobile 
applications. 

‘The goal to shrink the feature size, based on the assumption 
of scalability, of a DRAM (Kim et al. 1998) down to lnm by 
2020 is a major challenge. It is speculated that the leakage cur- 
rents of the capacitor might inhibit the scalability very soon. 
A fixed capacitance of the order of 50 pF is needed to maintain 
a sufficiently high voltage signal during the read-out process. 
Shrinking the area of the capacitor will decrease its capacitance, 
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the number of stored electrons per DRAM cell, and the ampli- 
tude of the read-out signal. Downscaling increases leakage 
currents due to quantum-mechanical tunneling through thin- 
ner dielectrics (Frank et al. 2001). Therefore, there is a search for 
novel dielectrics. 


2.2.2 Nonvolatile Semiconductor 
‘Memories (Flash) 


Nonvolatile memories (NVMs) can retain their data for typi- 
cally more than 10 years without power consumption. The most 
important nonvolatile memory is the Flash-EEPROM (electri- 
cally erasable and programmable read-only memory); in short 
just Flash (Geppert 2003, Lai 2008). A Flash offers the possibility 
of repeated electrical read, write, and erase processes. The Flash 
memory market is the fastest growing memory market today, 
since itis the ideal memory device for portable applications. In a 
mobile phone, it holds the instructions and data needed to send 
and receive calls, or stores phone numbers. But not only portable 
applications are ideal for Flash. In each computer, a Flash chip 
holds the data on how to boot up. Other electronic products of 
all types, from microwaves ovens to industrial machines, store 
their operating instructions in Flash memories. 

Flash is based on a floating-gate structure (Pavan et al. 1997, 
Sze 1999), where the charge carriers are trapped inside a poly- 
silicon floating gate embedded between two SiO, barriers (Figure 
2.2a). The SiO, barriers having a height of -3.2eV and an aver- 
age thickness of 10nm guarantee a storage time of more than 
10 years at room temperature. However, these barriers are also 
the origin of the two main disadvantages of a Flash cell: a slow 
rite time (in the order of microseconds) and a poor endurance 
(in the order of 10* write/erase cycle). 

‘The write process is realized by means of “hot-electron 
injection.” Here a small voltage is applied between the source 
contact and the bit-line (drain contact) (cf. Figure 2.2b). The 
word-line (control gate) is set to a high positive bias of 10-20V, 
the MOSFET is set to “open” and the electrons flow though the 
inversion channel from the source to drain and are, in addition, 
accelerated in the direction of the floating-gate due to the high 
electric field in the order of 10 V cm. These “hot-electrons” 
hhave sufficient kinetic energy to reach the floating gate over 
‘one of the SiO, barriers, but destroy this barrier step by step by 
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FIGURE 2.2 (a) Schematic band structure of a Flash memory based on Si as matrix material and SiO; for the oxide barriers. (b) Schematic cell 


layout of a floating-gate Flash memory. 
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FIGURE2.3 Comparison of DRAM and Flash, 


creating defects leading eventually to leakage. This is the reason 
for the poor endurance of a Flash memory cell. The slow write 
time is due to the low probability for energy relaxation of these 
hot-electrons into the floating gate. 

‘The read-out of the stored information is normally done 
by measuring the resistance of the two-dimensional electron 
{gas (2DEG) of the MOSFET—the inversion channel. A bias is 
applied at the gate contact, forming inversion between the 
source and the drain. Stored electrons in the floating gate reduce 
the conductivity of the 2DEG and a higher resistance between 
the source and the drain is measured. 

Figure 2.3 compares the main properties of the DRAM and 
Flash. The Flash memory has already replaced the DRAM as, 
a technology driver for the semiconductor memory industry 
(Mikolajick et al. 2007) in the year 2003. It is leading in stor- 
age density and the main innovations are coming from the Flash 
industry. The feature size of the Flash has decreased from 1.5 im 
in the year 1990 down to 451m in the year 2008. Accordingly, 
the number of electrons decreased from about 10° to less than 
1000 per information bit (Atwood 2004) (cf. Figure 2.4). A further 
shrinkage to lnm in the year 2020, as predicted, would lead to 
only 100 electrons per information bit. 

Flash memory scaling beyond 32nm feature size will become 
‘more and more difficult, mainly due to the physical limitations 
(Atwood 2004). For instance, during the hot-electron injection 
a voltage of about 4.5V is applied between the source and the 
drain. Shrinking the gate length while keeping the write voltage 
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FIGURE 2.4 Electron number per Flash memory cell versus the 
minimum feature size, The feature size decreases from 1.5m in the 
production year 1990 down to 45 nm in the year 2008. Accordingly, 
the number of electrons decreased from about 10° to less than 1000 
per information bit, 
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fixed at 4.5V, leads to an increased electric field in the source~ 
drain channel and in the end to a punch-through. Another 
limitation for future scaling is the capacitive coupling between 
different floating gates (cross talk) and the scalability ofthe float- 
ing gate. While the number of electrons decreases to about 200 
per cell in year 2020, the main charge leakage mechanisms will 
remain. Dangling bonds and other defects at the Si/SiO, inter- 
face will dramatically decrease the storage time while scaling to 
smaller cell sizes. 


2.3 Nonconventional Semiconductor 
Memories 


‘The increasing number of difficulties and challenges for further 
scaling of the DRAM and Flash has led to a continuous search 
for alternative memory concepts. A large variety of proposed 
concepts using different physical phenomena to store an infor- 
mation bit have been reported (Burr et al. 2008). This section 
concentrates on three nonconventional memories, which are the 
most advanced ones (Geppert 2003, Burr etal. 2008): the ferro- 
electric RAM (FeRAM), the magnetic RAM (MRAM), and the 
phase-change RAM (PCRAM). 


2.3.1 Ferroelectric RAM 


‘The ferroelectric RAM (FeRAM) (Jones et al. 1995, 
Sheikkholeslami and Gulak 2000) has almost the same structure 
as a DRAM cell, except for the capacitor. The dielectric inside 
the capacitor of a DRAM is a non-ferroelectric material like 
silicon dioxide. When the charge is stored on the metal plates 
of the capacitor, it leaks away into the silicon substrate within 
a few milliseconds, causing the nonvolatility of a DRAM cell 
In a FeRAM, a ferroelectric film such as zirconate titanate, 
also known as PZ'T, replays the dielectric of the capacitor. This 
ferroelectric material has a remnant polarization that occurs 
when an electric field has been applied. In PZT the center atom 
is zirconium or titanium which can be moved by an external 
electric field into two different stable states, representing a “0” 
or “I” in a ferroelectric memory. One state is near the top face of 
the PZT cube, the other one is near the bottom face. Even after 
removal of the external electric field, these stable states store 
the information for more than 10 years. When an opposite elec- 
tric field is applied, the dipoles flip to the opposite direction, 
that is, the zirconium or titanium atoms are switching into the 
other stable state 

‘The write operations of a “0” and “I” state in a FeRAM are 
in principle the same as in a DRAM cell. An electric pulse via 
a word and a bit-line switches the ferroelectric state of the PZT. 
‘To read an information bit, an electrical pulse is applied via 
the access transistor to the ferroelectric capacitor and a sense 
amplifier can measure a current pulse. The amplitude depends 
on the position of the zirconium or titanium atoms in the PZT 
cube. For instance, ifthe external electric field from the pulse 
is pointing in the same direction of the PZT, that is, the atoms 
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are already at the top of the cube and a smaller current pulse is 
detected than for opposite direction. 

Reading the information in a FeRAM cell destroys the data 
stored in its ferroelectric capacitor. After a read operation, the 
information has to be rewritten into the FeRAM cell, which is a 
major disadvantage in comparison to the Flash memory based 
‘on a floating-gate structure, However, the FeRAM is nonvola- 
tile having a random read/write access time below 50ns and an 
almost unlimited endurance (>10" write/erase cycles). 


2.3.2 Magnetoresistive RAM 


‘The magnetoresistive RAM (Gallagher and Parkin 2006, Wolf 
et al, 2006, Burr et al. 2008) uses the giant magnetoresistance 
(GMR) effect that was discovered in the late 1980s by the groups 
of Albert Fert (Baibich etal. 1988) and Peter Grunberg (Binasch 
et al. 1989). Grunberg and Fert received the Nobel Prize in 
Physics 2007 for their discovery. 

‘The MRAM is based on a magnetic tunnel junction (MT)) 
(ee Figure 2.5a), which consists of two magnetic layers separated 
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FIGURE 2.5 Schematic picture ofthe read (a) and write (b) process 
of an MRAM cell. During read out a current passes through the MTT. 
Ifthe magnetization ofthe two magnetic layers is parallel to each other 
a low resistance is measured; ifthe magnetization is antiparallel the 
resistance is high. The write process is based on current flow through 
bboth the bit and digit Line. The sum of both currents is strong enough to 
{lip the magnetic domains inside the free magnetic layer to a “I” of "0 
state, depending on the current direction inside the lines. 
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by a thin insulating layer (like AlOx) with a thickness in the 
order of Inm, One of the ferromagnetic layers has a fixed mag- 
netization, while the other layers can flip its magnetization by 
an external writing event. The read-out of the information in a 
MRAM cell works as follows: if the access transistor fora certain 
call is turned on, a current is driven through the MTJ and the 
resistance of the MRAM cell is measured. If the two magnetic 
moments are parallel, the resistance is low, representing a “0” 
state. If the moments are antiparallel, the resistance is high, rep- 
resenting a“I” state. The difference between these two values can 
be up to 70%, therefore, GMR. 

‘The physical effect that leads to this GMR effect is called 
tunnel magnetoresistance (TMR). The TMR effect can be 
understood in terms of spin polarized tunneling of the elec 
trons. ‘The electron spins are polarized inside one magnetic 
layer and if the spin is conserved during tunneling through the 
thin insulator layer, an initially spin up electron can only tun- 
nel to a spin up final state. If the magnetic layers have parallel 
magnetic moments, a higher current is detected than for anti- 
parallel directions. 

‘The write mechanism can be understood by looking at Figure 
2.5b. During the write mode, a current is passing through two 
wires: a bitline that runs over the MT) and a digit line that is 
below. The sum of both currents is strong enough to flip the 
‘magnetic domains inside the free magnetic layer to a “I” or “O” 
state, depending on the current direction. Both magnetic states 
are stable for more than 10 years; hence, an MRAM is a non- 
volatile memory device with a random-access architecture and 
unlimited endurance. In addition, the write/read time has been 
demonstrated to be below 50ns. However, scaling MRAM to 
smaller feature sizes is a big challenge as the write current has 
to remain very high (>1mA), even if the feature size goes below 
40nm. Such large currents in very small devices might damage 
the structure, 


2.3.3 Phase-Change RAM 


‘The architecture of the phase-change RAM (PCRAM)—also 
called ovonic unified memory (OUM)—is again an array of access 
transistors that are connected toa word- anda bit-line. The capac- 
itor is now replaced by a phase-change material (Geppert 2003, 
Burr etal. 2008). The PCRAM uses the large resistance change 
between a (poly) crystalline and an amorphous state in a chalco- 
genide glass, which is also used in rewritable CDs and DVDs. The 
chalcogenides used for this type of memory are alloys containing 
elements like selenium, tellurium, or antimony (GeSble, GeTe, 
Sb.Te, etc). The crystalline and amorphous states show a large 
difference of up to five orders of magnitude in the electrical resis- 
tance, representing the binary state “I” for low resistance and the 
state “O” for high resistance. The read-out can easily be done by a 
measurement ofthe resistance ofthe PCRAM cell 

Besides the chalcogenide, the PCRAM cell consists of a top 
and a bottom electrode that are connected to the word- and 
bit-line and a resistive heater below the phase-change material 
(see Figure 2.6). To switch the state ofthe cell to the crystalline 
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FIGURE2.6 ‘The PCRAM isbased on a chalcogenide that can exist in 
two different states: in the (poly) crystalline state the resistance is low 
(representing a“I"), while the resistance is high in the amorphous state 
(representing a "0°) Switching to the amorphous state is done by heat- 
ing the programmable volume up to its melting point with the resistive 
heater and cooling down rapidly. To make it crystalline, the heater is 
switched on fora short time period (~50ns) to heat the volume above its 
crystallization temperature. 


‘one, a short write pulse is applied that heats the programma- 
ble volume just below its melting point and holds it there for a 
certain time. This SET operation limits the write speed of the 
PCRAM because of the required duration to crystallize the 
phase-change material. The write speed is in the order of tens 
‘of nanoseconds (-50ns), depending on the used material. In 
the RESET operation, the memory cells switched to the amor- 
phous "O” state by applying a larger electrical current (-~mA) in 
the order of 100s that heats up the phase-change material just 
above the melting point. 

‘The PCRAM access time is presently longer than for the 
MRAM. However, the write/erase time improves with scaling, as 
the active programmable volume is getting smaller and shorter 
write/erase pulses are sufficient to switch the state of the phase- 
change material. The read operation shows a very good scal- 
ing that gives PCRAM the highest market potential among all 
rnonconventional memory concepts that could replace the Flash 
‘memory in the future. A big disadvantage is the endurance of a 
PCRAM cell (107-10), being above the conventional Flash cell 
but several orders of magnitude away from the DRAM (>10*) 
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2.4 Semiconductor Nanomemories 


The semiconductor memory industry has already entered the 
“nano-world” years ago and has introduced a feature size of 4Snm 
in the year 2008. To improve the device performance of a conven- 
tional Flash cell, nanomaterials have been used as replacements 
for the floating gate. For instance, replacing the Si floating gate 
with Si nanocrystals—Si particles with diameters in the order of| 
1-10nm—leads to the advantage that charge leakage from any 
particular nanocrystal does not discharge the complete floating 
gate. The ultimate goal would be the usage of only one nanocrystal 
as one information bit to build a single electron memory. 

This section will briefly review semiconductor memories 
based on charge traps and silicon nanocrystals in Section 
2.4.1 and a single electron memory based on silicon QD in 
Section 2.4.2. 


2.4.1 Charge Trap Memories 


One of the major drawbacks is the limited number of write/erase 
cycles of a conventional Flash cell, the poor endurance. This 
will be a major problem during scaling down the feature size 
and simultaneously the thickness of the SiO, tunneling barrier. 
AA single defect in the tunneling oxide will always destroy the 
entire Flash cell. The simplest way to improve the endurance of a 
conventional Flash memory and, hence, to extend the scalability 
is to replace the floating gate by a charge trapping material, sche- 
matically illustrated in Figure 2.7. 

‘A charge trapping memory cell can be realized in different 
approaches. One possibility is to use a dielectric material that 
stores the charges in deep traps. Silicon nitride is the most 
established among such materials and the memory cell is often 
referred to as oxide-nitride-oxide, short just ONO (Lai 2008). 
A variation of this type of charge trapping device is the SONOS, 
(silicon-oxide-nitride-oxide-silicon) (White et al. 2000). Figure 
2.7a illustrates the floating-gate structure and the SONOS device 
principle. The thin silicon-nitrte (Si,N,) film is the storage unit 
where a single defect in the oxide layer will not discharge the 
complete memory cell. In addition, SONOS cells show a reduced 
cross talk and lower read/write voltages. 

‘A second alternative to create a charge trapping memory is, 
the usage of nanoparticles as the floating gate. The first attempts 
of such memory devices were made by Lambe and Jaklevic 
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FIGURE2.7 (2) Schematic picture of a SONOS nonvolatile charge trapping memory that consists instead ofa Si floating gate of an oxide-nitride— 
oxide (ONO) sandwich. The nitride layer can store charges (electrons or holes) in deep traps. (b) A nanocrystal Flash based on silicon nanoparticles. 
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(1969) 40 years ago. They used an array of Al droplets—with a 
diameter in the order of 10nm—embedded in thin oxide and 
observed a memory effect in capacitance measurements. Tiwari 
et al. (1996) embedded Si nanocrystals into a floating-gate struc 
ture to improve the Flash concept with nanomaterials. The prin- 
ciple of such memory devices is depicted in Figure 2.7b. The Si 
nanocrystals are fabricated through spontaneous decomposi- 
tion during chemical vapor deposition onto the tunneling oxide 
barrier. These particles have a typical size in the order of about 
1-10nm, Replacing the floating gate with these Si nanocrystals 
hhas the advantage that charge leakage through defect inside the 
oxide layer will not completely discharge the whole memory cell. 
‘Thinner tunneling barriers can be used and an improved endur- 
ance is observed. 


2.4.2 Single Electron Memories 


One charge carrier inside a single nanocrystal or QD for one 
information bit is the ultimate goal for a memory cell. Such 
devices were realized with a single polysilicon QD embedded 
into an oxide matrix (Guo etal. 1997). This device showed a stor- 
age time of 5s at room temperature and is schematically depicted 
in Figure 2.8. It was fabricated by electron beam lithography 
(EBL) and reactive ion etching (RIE). A source-drain channel 
‘with a width between 25 and 120nm was created onto an oxide 
layer, followed by a second oxide layer and the polysilicon dot. 

‘The dot had a width of about 20nm and is covered again by sil 

con oxide and polysilicon as a gate electrode. By an appropriate 
bias on the control gate, the single dot is charged and discharged 
at room temperature and the charge state—the read-out of the 
information—was possible via a resistance measurement of 
the source-drain channel, 

‘This measurement demonstrates perfectly the possibility of 
single charge storage and read-out even at room temperature 
without conductance quantization inside the source-drain 
channel. However, these structures were fabricated via EBL, 
‘which is not suitable for mass production and the storage time is 
limited to 5s at 300K. 
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FIGURE 2.8 Schematic picture of single electron memory device 
based on a polysilicon QD above a silicon channel, The silicon channel is 
‘connected to a source and drain contact to measure the resistance of the 
channel. The charge state can be written and erased by the polysilicon 
control gate. (After Guo, L-et al, Appl. Phys. Lett, 70(7), 850, 1997) 
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2.5 A Nanomemory Based on III-V 
Semiconductor Quantum Dots 


In this section, a memory concept based on III-V nanomateri- 
als—self-organized QDs—that has the potential to overcome 
the drawbacks of the current conventional Flash and DRAM 
is presented (Geller et al. 2006a). Such a nanomemory cell 
should provide long storage times (>10 years) and good endur- 
ance (+10 write/erase cycles) in combination with even better 
read/write access time than the DRAM (<l0ns). In addition, 
an ultimate memory cell should store one information bit by 
‘means of as few carriers as possible, let it be electrons or holes, 
to compete with the ongoing miniaturization in the semicon- 
ductor memory industry. With a lateral feature QD size of 
about 7-20nm—depending on the material combination and 
growth conditions—to have a single QD as one information bit 
is a must for the future. Comparing this QD size with the pre- 
dicted feature size of conventional Flash presented in Figure 24, 
cone expects that the QD memory could be competitive for the 
next 10 years. A major challenge for such QD-based memory 
will be to address a single self-organized QD. However, alot of 
work has been focused on QD alignment in two-dimensional 
arrays that would allow addressing a single self-organized QD 
in the future. An overview on QD alignment can be found in 
Kiravittaya et al. (2009), 

This section concentrates on a brief introduction to III-V 
semiconductor hetereostructures and self-organized QDs in 
Sections 2.5.1 and 2.5.2, respectively. ‘The last subsection will 
focus on a nanomemory concept based on these QDs. 


2.5.1 III-V Semiconductor Materials 


Metal organic chemical vapor deposition (MOCVD) or molec- 
ular beam epitaxy (MBE) are epitaxial growth techniques to 
deposit different defect-free semiconductor materials with dif- 
ferent electronic properties (e.g, band offsets) on each other. 
Sucha semiconductor crystal, made of more than one material, 
is referred to as a “heterostructure,” and the interface between 
the two materials as “heterojunction.” The electronic properties of| 
the entire heterostructure are mainly determined by this het- 
erojunction. Heterostructures pave the way to design devices 
with tailored optical or electronic properties 

‘The use of heterojunctions has led to the development of many 
device families like the double heterostructure (DHS) laser or 
the hetero-bipolar transistor, both invented in 1963 by Alferov 
and Kroemer (Alferov and Kazarinov 1963, Kroemer 1963) 
and honored with the Nobel prize in physics in the year 2000, 
Alferov built the first DHS semiconductor laser using gallium 
arsenide (GaAs) and aluminum arsenide (ALAs) in 1968, 

By using epitaxial growth techniques, itis also easily possible 
to create ternary alloys, for instance Al,Ga, ,As, which exhibit 
a bandgap smoothly varying between the binary alloys. Figure 
2.9 shows the energy bandgap as a function of lattice constant 
for different III-V compound semiconductors (points) and their 
ternary alloys (lines) at zero temperature. The III-V compound 
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FIGURE 2.9 Energy bandgap as a function of lattice constant for 
different III-V compound semiconductors (points) and theit ternary 
alloys (lines) at zero temperature. (After Vurgafiman, I et al. . Appl 
Phys. 89, 5815, 2001,) 


semiconductors and their ternary alloys offer a large variety of 
material combinations in heterostructure devices with the pos- 
sibility ofa controlled band-structure engineering 
Fora semiconductor heterostructure, besides the energy band 

gap, the relative energetic postion ofthe valence and conduction 
band at the interface i of central importance: the so-called band 
alignment, The band alignment and the bandgap control the 
band offsets in the conduction and valence band. The band off 
set is simply defined as the discontinuity in the band edges atthe 
interface between the two semiconductors. Figure 2.10 shows 
the various types of band alignments that can arise for semi- 
conductor heterojunctions: type I, type II staggered, and type II 
bbroken-gap. Fora type alignment, the bandgap of the narrower 
gap semiconductor E} lies completely within the bandgap of the 
‘wider gap E!, shown in Figure 2.10a, This band alignment occurs 
ina large number of technically important heterojunctions, for 
example, InAs/GaAs, GaAs/AIGaAs, and GaSb/AlSb. For a type 
I staggered band alignment, the bandgaps of the two materials 
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FIGURE2.10. Types ofbandalignment at heterojunction consisting 
‘of wo semiconductors with different bandgap B! and £3. The conduc- 
tion and valence band edges have been labeled with E, and Ey, while 
the conduction and valence band offsets have the label AE: and AL 
respectively. 
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show only partial overlap (Figure 2.10b). An example for a type 
II staggered band alignment is GaSb/GaAs, which plays an 
important role for memories based on self-organized QDs. A type 
11 broken-gap alignment occurs, when the bandgaps of the two 
materials do not overlap at all (Figure 2.10c). 


2.5.2 Self-Organized Quantum Dots 


Self-organized QDs are low-dimensional heterostructures 
(Bimberg et al. 1998) that confine electrons and/or holes in all 
three spatial directions. Such a zero-dimensional system exhib- 
its the electronic and optical properties like “artificial” atoms 
and offers lots of possibilities for new applications, for example, 
in electronic devices such as field effect transistors (Kim et al 
2000, Koike et al. 2000) as well as in optoelectronic devices such 
as lasers (Kirstaedter et al. 1994, Heinrichsdorff et al. 2000, 
Kuntz et al. 2004, Hopfer et al. 2006), detectors (Campbell 
et al. 1997, Chu et al. 2001), amplifiers (Limmlin et al. 2006), 
and single-photon sources (Santori et al. 2002, Lochmann et al 
2006) or memory cells as described in this chapter. 

‘The fabrication of QDs is based on self-organization effects on 
crystal surfaces first reported by Stranski and Krastanow (1938). 
On a flat substrate surface, a layer of a material with a differ 
ent lattice constant is deposited, leading to a strained wetting 
layer. The strain energy can be reduced by forming small islands 
from the material of the wetting layer. These small structures 
with dimensions in the nanometer range can be very regular 
in size and shape and can confine carriers in all three dimen- 
sions (Shchukin et al. 1995, 2003). The term Stranski-Krastanow 
growth mode (SK-growth) was reintroduced in heteroepitaxy for 
the formation of islands on an initially two-dimensional layer. 
‘The formation of coherent, that is, defect free islands as a result 
of SK-growth is today exploited to fabricate QDs (Eaglesham 
and Cerullo 1990, Mo etal. 1990). Self-organized QDs have often 
a pyramidal or truncated pyramidal shape (Heinrichsdorff et al. 
1996, Bisele et al. 1999) with typical base widths and heights in 
the order of 7-30 nm and 2-5 nm, respectively, depending on the 
growth conditions and material combinations. 

‘The reduction of the extension of the QDs to values below the 
dde Broglie wavelength leads to charge carrier localization in all 
three directions and the disappearance of the continuous E(k) 
dispersion, called band structure. As ina real atom, the resulting 
energy level structure is discrete. The QD provides a confining 
potential of finite depth for electrons and/or holes. Figure 2.11 
shows schematically two types of QDs: type I QDs (like InAs/ 
GaAs) confine electrons and holes, while a type II QD confines 
either electrons or holes. The depicted type II GaSb/GaAs QD 
system has a localization potential for holes only and provides 
a barrier for the electrons in the conduction band. The local- 
ization energy represents the energy difference of the confined 
electron or hole states with respect to the conduction or valence 
band edge, equivalent to the binding energy. 

The single particle states in self-organized QDs depend on 
two structural properties: size and shape, and the chemical com- 
position. The influence of the QD geometry on the electron and 
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FIGURE 2.11 


Schematic picture ofthe electron and hole states ina type [1nAs/GaAs (a) and in a type II GaSb/GaAs (b) QD system. A type QD. 


confines electrons as well as holes, while a type Il QD confines either electrons or holes. The depicted type II GaSb/GaAs QD confines only holes 


and has a potential barrie for electrons in the conduction band, 


hole states can be understood in principle from a simple particle 
in-a-box model (Grundmann et al. 1995, Stier et al. 1999). For 
fan infinite potential well, the quantum-mechanical solution 
predicts energy separation and nonzero energy for the lowest 
level, depending on the size of the box. In contrast, the confin. 
ing barrier in buried QDs is of finite height, given by the band 
offsets. Only a finite number of bound states exist, depending on 
the QD size and shape. As the QD becomes smaller, the separa. 
tions between the electron and hole levels increase—quantum 
size effect—and all states are lifted in energy toward the valence/ 
conduction band edge. Below a certain size, no bound electron 
and/or hole state exists. 

Self-organized QDs can trap electrons or holes, storing these 
charge carriers for a certain time depending on the emission 
processes involved. Therefore, QDs may store information like 
‘a memory cell. Carrier emission limits the storage time in a 
QD-based memory. Confined charge carriers can escape by the 
following four mechanisms: thermal activation, tunneling, pho- 
non-assisted tunneling, and optical activation. Phonon-assisted 
tunneling is a combination process of tunneling and thermal 
activation. The charge carrier is thermally activated by phonons 
toa higher energy state E, (a real or virtual state) and tunnels, 
subsequent to the conduction or valence band through a bar 
rier. The mechanisms are schematically depicted in Figure 2.12 
for electron escape into the conduction band. Whether a charge 
state and, hence, the information bit is destroyed by one of the 
emission processes depends on the electric field and the tem- 
perature in comparison to the localization energy of the charge 
carriers B,,.. Ifthe electric field is weak and the thermal energy 
kyT’is large, the charge carriers will be emitted due to thermal 
activation. If the electric field is strong and the thermal energy is 
small in comparison to the localization energy, the charge carti- 
ers will be released due to tunneling. Phonon-assisted tunneling 
will occur for a situation, were the tunneling rate from the state 
E, is equal to the thermal activation rate from the ground state E, 
to the state E, 
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FIGURE 2.12 The possible carrier emission processes in an applied 
electric field: thermal activation, phonon-assisted tunneling and tun. 

neling are shown for electron escape from a QD ground state into the 
conduction band, The term E,,, represents the localization energy of 
the charge carriersin the ground state while E, isthe thermal activation 
energy for phonon-assisted tunneling 


‘To understand the limitations in storage time in a nanomem- 
ory based on self-organized QDs all above mentioned emission 
processes have to be taken into account. However, in the stor- 
age situation of a memory, the electric field should be sulficiently 
small such that tunneling and phonon-assisted tunneling can 
be ruled out and only pure thermal activation is of interest. The 
average time for a thermally activated emission process from the 
ground state ofthe QDs to the band edge (which presentsan upper 
limit for the average storage time of the charge carriers) depends 
in this situation exponentially on the localization energy of the 
charge carriers; cf. Equation 2.27 in Section 2.6.2.1. Therefore, 
III-V material combinations with large band offsets that provide 
large localization energies are needed to build a nonvolatile nano- 
‘memory based on self-organized QDs. After a presentation of the 
QD-based memory concept, the next sections will concentrate 
on storage times and localization energies in different III-V self- 
organized QDs and their suitability fora nonvolatile memory. 


2.10 


Emission 
barrier 


Electron energy 


i 
QW with 2DEG. 


(a) Storage and read-out 


Quantum dot 


(6) Weiting a "1" 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


ov 


(©) Brase-writing a0" 


FIGURE 2.13 Schematic illustration ofthe (a) storage and read-out, (b) write, and (c) erase process in a possible future QD-based nanomemory. 


2.5.3 A Memory Cell Based 
on Self-Organized QDs 


Here, a memory concept is presented where the self-organized 
QDs are embeded in a p-n or p-i-n diode structure (Geller 
et al. 2006a). The QDs act as storage units, since they can be 
charged with electrons or holes representing the “0” (uncharged 
QDs) and “1” (charged QDs) of an information bit. An emis- 
sion barrier is needed to store a “I” in such a memory concept. 
‘The barrier height—which is related to the localization energy 
of the charge carrier (Figure 2.13a)—can be varied by varying 
the material and size of the QDs and the material of the sur- 
rounding matrix (see Section 2.5.1). Ifthe localization energy is 


increased, longer storage time of the charge carriers is expected. 
Furthermore, a capture barrier is needed to store a “0” (Figure 
2.13a). This barrier protects an empty QD cell from unwanted 
capture of charge carriers. In this concept, the capture barrier 
is realized by using the band bending of a p-i-n or p-n diode. 

‘The major advantage in using a diode structure is the pos- 
sibility to tune the height of the barriers by an external bias. 
‘Therefore, during the write process (Figure 2.13b), the capture 
barrier can be eliminated by a positive external bias between 
the gate and source contact (V, > OV) and the charge carriers 
can directly relax into the QD states. This allows to benefit from 
another advantage of self-organized QDs: the charge carrier 
relaxation time into the QD states is in the range of picosecond 
at room temperature (Miller et al. 2003, Geller et al. 2006b) 
(see Section 2.7), enabling very fast write times in a QD-based 
memory. In addition, a very good endurance of 10! write opera- 
tions should be feasible. To erase the information, the electric 
field is increased within the QD layer by a negative external bias 
between the gate and source (V, <0V), such that tunneling of the 
charge carriers occurs (cf. Figure 2.130). 

Figure 2.14 shows schematically the device structure of such 
a QD-based memory, where the QDs are charged with holes to 
represent an information bit. The doping sequence of the p- and 
n-regions would be inverted for electron storage. The distance to 
the junction is adjusted, such that the QDs are inside the deple- 
tion region for zero bias (V, = 0V in Figure 2.13a). The read-out 
of the stored information is done by a two-dimensional elec- 
tron gas (2DEG) for an electron and a two-dimensional hole gas 
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FIGURE 2.14 Schematic picture of the layer sequence for a possible 
QD-based memory. The QDs are located below the p-i-n junction and 
 2DEG is placed below the QD layer to detect the charge state. 


(2DHG) for a hole storage device. The 2DEG or 2DHG is stu- 
ated 10-50'nm below the QD layer and is filled with charge car- 
riets, provided by the additional n- or p-8-doping, respectively. 
Stored charge carriers inside the QDs reduce the conductivity 
of the 2DEG/2DHG; hence, a higher resistance is measured 
between the source/drain contacts, in analogy tothe read-out in 
a conventional Flash cell 


2.6 Capacitance Spectroscopy 


To elucidate the potential of nanomaterials like self-organized 
QDs for future memory applications the localization energy and 
the carrier storage time at room temperature has to be deter- 
mined for different III-V heterostructures. The first goal is to 
find a material combination that yields a minimum storage time 
of milliseconds at 300K, the benchmark for present DRAM. 

‘The capacitance spectroscopy is a powerful tool to study the 
energy levels and charge carrier emission times in QDs. It has 


0 Use It 


supply. Frequencies as high as 20MHz are 
possible in the VDC 74HC00 series. 
+ tiny The minimum high clock pulse width in 
nanoseconds. In the older design of 4000 
ips, 180ns may be recommended 
with a power supply of SVDC. Shorter pulses 
are possible with higher voltage power sup- 
ply. Pulsesas shortas 20nsare possiblein the 
SVDC 74HCO0 series. 


+ ty) The minimum low clock pulse width in 
nanoseconds. This is likely to be the same as 
tw 


Power Considerations 

Shift registers conform with the usual power- 
supply requirements forlogic families. These are 
described in detail in the logic gate entry in 
Chapter 10. Likewise, the ability ofa shift register 
to source orsink currentis usually determined by 
its logic family. Ina few cases, however, shift reg- 
isters have an additional open-drain output stage 
for each register, capable of sinking currents as 
high as 250mA. The Texas Instruments TPIC6596 
shown in Figure 12-2 is an example. When an 
open-drain output is connected with a logic de- 
vice whose input cannot be allowed to float in- 
determinately, a pullup resistor must be added. 


Three-State Output 
A chip may havea three-state output (also known 
astri-stateoutput, aterm which was trademarked 
butis now used generically). This means it will be 
capable of changing its outputs so that instead 
of sourcing or sinking current in a logical high or 
low state, they can have a high impedance. The 
chip then becomes “invisible” to others which 
may be sharing the same output bus. The high- 
impedance state is usually applied to all outputs 
from the shift register simultaneously when en- 
abled by a separate pin, often identified as OE, 
meaning output-enable. Examples of three-state 
shift registers are the 74x595 or the 40948 chip. 


The high-impedance state can be thought of as 
being almost equivalent to switching the out- 


integrated circuit > digital > shift register 
puts of the shift register out of the circuit. Con- 
sequently, if other components sharing the bus 
are also in high-impedance output mode, the 
state of the bus will “float” with uncertain results 
To avoid this, a pullup resistor of 10K to 100K can 
be used on each bus-line. 


Where the internal components ofa shiftregister 
are shown in a datasheet, a three-state output is 
usually represented with a buffer symbol or i 
verter symbol that has an additional control i 
put located on its upper edge, as shown in 
Figure 12-7. This should not be confused with the 
similar placement of a positive power supply i 
puttoan amplifier or op-amp. (Schematics show- 
ing the interior elements of a logic chip almost 
never include power-supply connections.) 
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Figure 127. A shift register may be capable of a three 
state output. where high impedance is an option addition 
alto the usual high or low logic state. An output enable pin 
allows this. Its typically shown as an additional input to 
‘an inverter (left) or buffer (right) inside the shit-register 
chip. 


How to Use It 


The SISO application of a shift register can be 
used simply to delay the transmission of data by 
storing it and moving it from one flip-flop to the 
next before it is read out of the end of the chain. 


The SIPO application of a shift register (serial in, 
parallel out) may be useful where a microcon- 
troller has insufficient outputs to control multi- 
ple devices, Serial data can be sent froma single 
microcontroller output to the input of a shift reg- 
ister. The chip can then drive a separate device 
from each of its parallel output pins. If there are 
eight devices, the microcontroller can send a se- 
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been widely used for different device geometries, for instance in 
p-i-n diodes to investigate the tunneling dynamics and local- 
ization energies in self-organized InAs/GaAs QDs (Fricke et al 
1996, Luyken et al. 1999) or to probe single-electron levels in 
QDs that are laterally confined inside a 2DEG (Ashoori et al 
1992, Ashoori 1996). 

In this section, capacitance spectroscopy is used to determine 
storage and emission times as well as localization energies in 
self-organized QDs. The QDs are embedded in a GaAs matrix 
nearby an abrupt p-n junction that forms a depletion region. This, 
different capacitance spectroscopy method consists of measure. 
ments of the depletion capacitance of a p-n or Schottky diode, 
it is the “capacitance spectroscopy of a depletion capacitance” 
(Lang 1974) 


2.6.1 Depletion Region 


‘The work function or Fermi energy with respect to the vacuum 
level of a metal or doped semiconductor differs for different met- 
als or semiconductors having a different doping concentration. 
Ifa metal and a semiconductor (or two differently doped semi- 
conductors—a p-n diode) are in electric contact, the free charge 
carriers are exchanged between the different materials until a 
thermodynamic equilibrium is reached and the Fermi energy is 
‘equal throughout the entire structure, Sometimes only ionized 
donors and acceptors are present in the vicinity of the interface 
while all free charge carriers are moved away in the semicon: 

ductor (Figure 2.15). The layer depleted from free charge carriers 
is usually referred to as the “depletion region” (Sze 1985, Blood 
and Orton 1992). The width of the depletion region depends on 
the doping concentration and the potential difference between 
the materials, of which the latter can easily be modified by an 
externally applied bias, 
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FIGURE 2.15 Energy band diagram of a depleted metal-semiconductor 
Schottky contact. The width of the depletion region w depends on the dop- 
‘ng concentration in the semiconductor. A build-in voltage V, is present 
‘without external bias due tothe band bending ofthe depletion region. 
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A metal-semiconductor contact can be described by the 
Schottky model and is referred to as the "Schottky contact.” A 
junction of a p-doped and n-doped semiconductor is a “p-n 
junction.” Both types of contacts provide a depletion region and 
they are briefly described in the following. 


2 


Ametal-semiconductor contacts usually described in the frame- 
work of the Schottky model, which is an acceptable approach to 
construct the band diagram of the contact (Figure 2.15). Within 
this model, the barrier height 6, inside the metal is independent 
or just weakly dependent on the applied external bias. 
‘According to the Schottky model, the energy band diagram 
is constructed by reference to the vacuum level, defined as the 
energy of a free electron to rest outside the material. The work 
function of the metal 6,, and the electron affinity of the semi- 
conductor 7, are defined as the energies required to remove an 
electron from the Fermi level of the metal or the semiconductor 
conduction band edge, respectively, to the vacuum level. These 
properties are assumed constant in a given material and it is 
further assumed that the vacuum level is continuous across the 


1.1 Schottky Contact 


interface. The Fermi levels in the metal and semiconductor must 
be equal in thermal equilibrium. These conditions result in a 
band diagram for the interface as shown in Figure 2.15. 

ince the vacuum level is the same at the interface of the metal 
and the semiconductor, a step between the Fermi level in the 
metal and the conduction band edge E, of the semiconductor 
occurs. This is the barrier height 6, given by* 


cs 


= eV ca) 
‘The band bending in the metal is very small due to the large 
density of electron states; hence, eV,, can be neglected. Therefore, 
the Schottky barrier height is usually written as, 


2.2) 


For increasing distance from the interface, the conduction band 
‘energy decreases. At the end of the depletion region, it has the 
same value as in the neutral semiconductor with respect to 
the Fermi level. The resulting band bending is an effect of the 
removed free charge carriers, leaving behind a distribution of 
fixed positive charges from ionized donors. The depletion region 
ends at that position, where the bands become flat and the 
associated electric field is zero. The width of the depletion region 
w is determined by the net ionized charge density according to 
Poisson's equation (see Section 2.6.1.3). 

Since the density of states in the metal is much greater than 
the doping density in the semiconductor, the depletion width 
in the metal is much smaller. Therefore, it can be assumed that 
the potential difference across the metal near the contact (V,,) 
is negligibly small compared to that in the semiconductor (V). 


* Fora Schottky barrier, 9, must exceed 7, otherwise the bands bend inthe 
‘opposite direction, 
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‘The total zero bias band bending of the Schottky contact, also 
referred to as “build-in potential” or “build-in voltage” V, can 
be written as 


(Ec Ep) 


(Ee Es). (2.3) 


Experimental values for various metal Schottky contacts on 
GaAs can be found in Myburg et al. (1998). 


2. 


2 p-n Junction 


‘The band diagram of an abrupt p-n junction, in Figure 2.16, is 
considered in a similar manner. Again, two rules are used to 
construct the diagram: (1) the vacuum level is continuous and 
(2) the Fermi energy is constant across the junction in thermal 
equilibrium, For the same p- and n-doped semiconductor the 
electron affinity z, is the same on both sides of the junction. 
‘Therefore, the band bending is caused entirely by the difference 
in the Fermi level with respect to the conduction band of the two 
differently doped materials. From Figure 2.16, using subscripts 
to denote the n and p side, one obtains for zero external bias 


(BE — Er) +4, = eV +H, + (EE Ee), 24) 
hence, the build-in voltage is 
eV, = By —(Ep— EG) — (Ee — Ey), (2.5) 


where E, is the energy gap of the semiconductor. The build-in 
voltage as the total electrostatic potential difference between the 
side and the n-side is temperature-dependent and a function 
of the fixed donor and acceptor charges of density N, and N, 
(Sze 1985}: 
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FIGURE 2.16 Energy band diagram of a p-n junction, 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


~AEn (224), 8 
where nis the intrinsic carrier density 
n= fNeNy exp| -—7 (27) 
sei 2k,T 


with the effective density of states in the valence Ny and conduction 
band Ne, respectively. A typical doping density of 10" cm yields 
for GaAsa build-in voltage of 1.3V at 300K. 

Ina p-n junction, depletion regions on each side of the contact 
exist, where the fixed donor and acceptor charges lead to the band 
bending. Since the total charge in the p-n diode is zero (charge 
neutrality), in the depletion approximation (Blood and Orton 
1992) of an abrupt depletion layer edge 

Nywy = Naw, 28) 
must hold. For similar doping concentrations, the depletion 
width on the p- and n-side of the semiconductor will be com- 
parable, However, for the purpose of material characterization 
(such as capacitance experiments) doping concentrations are 
often chosen such that the depletion region is situated almost 
entirely on one side of the junction. The depletion region of such 
an asymmetrical p-n junction resembles the depletion region 
of a Schottky contact. Such asymmetrical junctions are briefly 
denoted as p'-n or n'=p junction with N, >> N, or Ny >> Ny, 
respectively. 
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2. 


‘The entire band bending across the depletion region is defined 
by the sum of the build-in voltage of the contact V, (Equation 
2.5 or 2.6), and the applied external bias V, in reverse direction: 
V= V+ V,. The width of the depletion region and the electric 
field can be calculated using Poisson’s equation. The electrostatic 
potential y at any point is given by 


3 Width of the Depletion Region 


ay _ OF 9) 
Oe ox ef, 


29) 


where 
Fis the electric field 
€, is the vacuum permittivity 
© is the dielectric constant of the semiconductor material 


Ifthe donors or acceptors are entirely ionized, the charge density 
pis eN, or eN,, respectively: 


a 


ae 


eNy 


for0<x<w,, 
ro 


(2.10) 


For a Schottky contact or an abrupt asymmetric p’-n junction, 
integration of Equation 2.9 yields 


Nx 


FQ) =R+ for0SxSWy, Can) 


while F(x) = 0 forx <0 and x > w,. Hence, using the approxima. 
tion F(x) = Oat the edge of the depletion region, gives the bound- 
ary condition for the integration constant: 


paths, 
ro 


2.12) 


and represents the electric field at the interface F(0), where it has its 
maximum, Therefore, the electric field Facross the depletion region 
inan n-doped semiconductor with the donor concentration N, is 


Ny 


F(x) 


(x-w,) for0SxSwy. (2.13) 


ee, 


Analogously, the electric field distribution across the depletion 
region on the p-doped side is 


N, 


FQ) 


(x+w,) form, $xS0. (ua) 


eB 


‘The potential distribution across the depletion region for a p’-n 
junction inside the n-doped semiconductor is now obtained by 
integration of Equation 2.13: 


va --[% (x-w,)de= 


ey ee, 


eNWe 


+i), (2.15) 
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with y(0) = 0 asa reference for the potential distribution. For an 
asymmetric p’-n junction, one notices that the band bending 
in the present approximation only occurs in the n-doped region 
of the junction. The contact potential is equal to the total band 
bending, that means, equal to the build-in voltage plus the exter- 
nal bias y(0) = -V = ~(V, + V,).Since the potential on the edge of 
the depletion region is zero, y(w,) = 0, one obtains 


VaMty (2.16) 


or the expression for the depletion width 


Ree, 
(217) 


If the p-n junction is symmetric and the depletion region 
extends into the p- and n-doped semiconductor, Equation 2.16 
is modified to 


eNa 2 Nae 
wit 


Vevtv= a (2.8) 
ee,” * Dee, 


with the net acceptor doping concentration N, and the width of 
the depletion region win the p-doped side, The total depletion 
wth w is gven by 

7 


‘The assumption of an abrupt depletion layer edge, is the 
so-called depletion approximation. A more general description 
of the depletion region can be found in reference Blood and 
Orton (1992), 


2. 


‘The capacitance that arises from the depletion region is the so 
called “depletion capacitance.” In comparison to a plate capaci 
tor, here, the charge is accumulated inside the depletion region 
‘of the p-n diode. The number of ionized donors depends linearly 
‘on the width w,, while again the width is a function of the 
square root of the voltage (Equations 2.17 and 2.19). Hence, 
the capacitance does not depend linearly on the voltage and has 
tobe defined differentially for a small bias signal AV: 


(219) 


4 Depletion Layer Capacitance 
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(2.20) 


ava) 


Using Equation 2.17, the entire stored charge inside the depletion 
region of a Schottky diode or an abrupt asymmetric p'-n junction 
with area A is 


Q=eNgA-w(V) (2) 
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FIGURE2.17 LTS work cycle ofa p'-n diode with embedded QDs. The upper row schematically shows sketches of the devices for three different 
bias situations: a) before, (b) during, and (c after the bias pulse, respectively. The lower row shows the corresponding band diagrams. 


and the capacitance is 


fetyeNs ey A 
we 


(2.22) 


‘The depletion capacitance resembles the capacitance of a plate 
capacitor with a distance of w, between the plates and a dielec- 
tric with relative permittivity e, although the charge is actu- 
ally stored in the volume rather than on the edges of the space 
charge region. 


2.6.2. Capacitance Transient Spectroscopy 


‘The depletion width depends on the applied voltage and the 
doping concentration, that is, on the charge stored inside the 
space charge region. As a consequence, the measured capaci- 
tance is sensitive to the carrier population inside deep levels 
or QDs situated inside the depletion region (Kimerling 1974). 
Semiconductor QDs can be considered as deep levels (or traps), 
storing few or single charge carriers for a certain time. Time- 
resolved capacitance spectroscopy allows investigating the 
electronic structure of QDs, since the carrier dynamics can be 
studied in detail. 

Historically, time-resolved capacitance spectroscopy was ini- 
tially used to study and characterize deep levels caused by impu- 
rities or defects. In this context itis usually referred to as “deep 
level transient spectroscopy” (DLTS) o “capacitance transient 
spectroscopy” (Sah et al. 1970, Lang 1974, Miller et al. 1977, 
Rhoderick and Williams 1988, Grimmeiss and Ovrén 1981, 
Blood and Orton 1992). Besides the determination of activation 
‘energies and capture cross sections, DLTS also permits to obtain 
‘a depth profile of the trap concentration and to investigate the 
influence of the electric field on the emission process. As QDs act, 
more or less as deep levels, the DLTS has been used successfully 


to study thermal emission processes, activation energies, and 
capture cross sections of various QD systems (Anand et al. 1995, 
1998, Kapteyn etal. 1999, 2000a,b, Schulz et al. 2004) 
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In the following, the DLTS measurement principle will be 
described for QDs in a p-n or Schottky diode structure. A more 
detailed description can be found in Blood and Orton (1992). 
First, a single layer of QDs with density Nay per area in an 
n-doped material (with doping concentration N,) shall be 
considered. The work cycle of a DLTS experiment of a p'-n 
structure with QDs embedded is depicted in Figure 2.17. The 
upper row displays schematically the p-n diode while the lower 
row depicts the corresponding potential distribution of the 
conduction band, 
il step (Figure 2.17a), a reverse bias V, is chosen 
such that the depletion region extends well over the QDs. The 
QDsare completely depleted from charge carriers and the Fermi 
level is below the QD levels. During the pulse V,, the depletion 
region is shorter than the distance of the QD layer from the p-n 
interface and the QDs are consequently filled with carriers— 
electrons in Figure 2.17b. The Fermi level is now above the QD. 
states. After switching back to the reverse bias situation (Figure 
2.170), the QDs are again situated inside the depletion region 
but still filled with electrons. The depletion width is larger for 
QDs filled with charge carriers, hence, the capacitance after the 
pulse V, is smaller and increases again when electrons/holes 
are emitted due to thermal activation or tunneling emission.” 
By recording the depletion capacitance as a function of time, 
transients are observed, which represent the carrier emission 


1 Measurement Principle 


In an ini 


"The emission of carriers from QD states is usually slow, whereas the free 
carviers in the matrix material are considered to follows the change in the 
external bias instantaneously atthe timescale ofthe experiment. 
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FIGURE 2.18 DLTS work cycle during a DLTS experiment. The lower 
ppart displays the external bias on the device as function of time, the 
upper part the corresponding capacitance. 


processes from the QD states. The pulse sequence during the 
experiment and the measured capacitance transient is schemat- 
ically depicted in Figure 2.18 


2.6.2.2 Rate Window and Double-Boxcar Method 


‘The capacitance transient, recorded froma single emission process 
is usually mono-exponential having the time-constant t. Hence, 
the capacitance transient is given by (Blood and Orton 1992) 


a1) =c%~)~a6sex9(-4). 223) 
where 
Cle) isthe steady state capacitance at V, 
AG is the entire change in the capacitance C(0) for 
Gee Figure 18) 


‘The emission time constant can be determined by using Equation 
2.23 and plotting the data on a semilogarithmic scale. However, 
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in general, the capacitance transient for deep levels and QDs are 
multi-exponentials due to the ensemble broadening (Omling eta 
1983) and a linea fit is consequently impossible in most cases. 

In order to obtain the emission time constant, the activa- 
tion energies and capture cross section from multi-exponential 
transients, the rate window concept is commonly applied. One 
investigates the contribution to the observed emission process 
at a chosen reference time constant 1,,, By plotting the boxcar 
amplitude C(,) ~ C(t) for that reference time constant as fune- 
tion of temperature, the relation between temperature and emis- 
sion rate can be evaluated for a thermal activated process. 

In the rate window concept, the selection of the contribution 
for a chosen reference time constant is done by a simple tech- 
nique: the DLTS signal ata certain temperature S(T, {is given 
by the difference of the capacitance at two times f, and t, by 


S(T, tits) 


UT, t2) CPt), 224) 


or with Equation 2.23 


f 
tt) ep(-}]. as 
a of ) ) oe 


‘The two times f, and t, define the rate window, which has the 
reference time constant 


(2.26) 


Tet 


Int) 


Plotting S(T, t, 


.s function of temperature yields the DLTS 


spectrum, schematically depicted in Figure 2.19. A maximum 
appears at that temperature, where the emission time constant 
of the thermally activated process equals almost the applied 


reference time constant: 1(T) = tj.¢ A maximum appears only 
for a thermally activated process, a temperature independent 
tunneling process leads to a constant DLTS signal (Kapteyn 
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FIGURE 2.19 The evaluation of capacitance transients (a) for increasing temperature by a rate window, defined by t, and t, leads toa DLTS plot 


[Cle ~ Cle] ofa thermally activated emission process (b) 
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FIGURE 2.20 Work cycle during a charge-selective DLTS experiment (a) before, (b) during, and (c) afler the bias pulse, respectively. The filling 
pulse V, is chosen, that the emission or capture of approximately one charge carrier per QD is probed, 


2001). This relation is also valid for inhomogeneous broadened 
DLTS spectra of self-organized QDs. The measured emission 
time constant is the average time constant at the maximum of 
the Gaussian ensemble distribution (Omling et al. 1983) 

‘The thermal emission rate of the charge carriers, ey, is now 
given by (Lang 1974, Blood and Orton 1992) 


; 
ey = T?0_ exp -F4], (2.27) 
ed aan 
were 

isthe thermal activation energy 

Gris the aperencapurecroeactin or T= = 


Knowing the emission time constant t = 1/e,, for different tem- 


peratures enables to derive the thermal activation energy and 
the capture cross section. For varying t, different peak posi 
tions T,,. are obtained. The plot of In(T2,. 
Tes ck. Figure 2.22, is called an Arthenius plot and isa linear- 
ization of Equation 2.27. The slope yields the activation energy 
Ey and from the y-axis intersection, the apparent capture cross 
section &_at infinite temperature can be obtained. 

Inorder to improve the signal-to-noise ratio (SNR), the capac- 
itance transients near t, and f, can be averaged over an interval 
4,, (Day et al. 1979). The SNR in this case is found to scale 
as ~yty (Miller et al. 1977), and the reference time constant is 
in good approximation 


‘rg a8 a function of 


Se Tas UN. OR) 


‘This method to improve the SNR is referred to as “Double- 
Boxcar” approach, 


(2.28) 


2.6.2.3 Charge-Selective Deep Level 
‘Transient Spectroscopy 

[As described in the previous section, usually the QDs are 

completely filled with charge carriers during the pulse bias V, 

(Figure 2.176). Consequently, after the pulse, the emission of 

many charge carriers from multiply charged QDs is probed. 


‘The activation energy of each emitted charge carrier depends on 
the actual charge state in such conventional DLTS experiments. 

‘The DLTS spectrum is broadened due to different emission pro- 
cesses from different QD states having different emission time 
constants, for instance, nicely observed in DLTS experiments on 
GelSi QDs (Kapteyn et al. 2000) 

In order to study the charge states in more detail, charge- 
selective DLTS probes the emission of approximately one charge 
carrier per QD. The principle of this method is schematically 
illustrated in Figure 2.20. Before the filing pulse, the QDs 
might be already filled with charge carriers up to the Fermi 
level. During the filling pulse (Figure 2.20b), the Fermi level is 
adjusted by the applied pulse bias, such that approximately one 
carrier per QD will be captured. To probe all QD states from the 
ground state up to the excited state the pulse bias with respect 
to the reverse bias is set to a constant height and the reverse bias 
is decreased step by step. After the bias pulse, the reverse bias is 
set to the initial condition. Now, the previously captured carrier 
is emitted again and the emission process of approximately one 
charge carrier per QD is observed. Narrow peaks appear now in 
the DLTS spectra, which are due to differently charged QDs (cf 
Figure 2.23) 

Moreover, even for an energy-broadened ensemble of QDs 
(normally measured in DLTS experiments) the charge-selective 
DLTS offers a simple method to probe the emission from many 
charge carriers in different QDs, all having the same activation 
energy. Decreasing the reverse bias and keeping the pulse bias 
height fixed (to ensure the emission of only one charge carrier 
per QDs) gives the activation energy starting at the ground states 
of the ensemble to the excited states and finishing at completely 
charged QDs. 


2.7 Charge Carrier Storage 
in Quantum Dots 


In this section, experimental results from capacitance spec- 
troscopy measurements on different QD material systems are 
presented. This time-resolved method allows to derive thermal 
activation energies and capture cross sections of electron and 
hole states in QDs. In addition, the important storage time at 
room temperature can be quantified and connected to the local- 
ization energy ofthe charge carriers 
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2.7.1 Carrier Storage in InGaAs/GaAs 
Quantum Dots 


Emission of electrons and holes from InGaAs/GaAs QDs was 
‘observed using conventional DLTS measurements by Kapteyn 
etal, (1999, 2000a,b). The electron/hole emission from InGaAs! 
GaAs QDs was studied in more detail by using charge-selective 
DLTS (Geller et al. 2006d) and time-resolved tunneling capaci 
tance measurements (TRTCM) (Geller et al. 2006c). Two sam- 
ples Hi and El were investigated to study the hole and electron 
‘emission, respectively, where the QD layer was incorporated in 
the slightly p-doped/n-doped (-3 x 10" cm) region of an’-por 
pron diode structure. The QD layer was situated 500nm/415nm 
below the p-n junction for the hole/electron sample. Mesa 
structures with a diameter of 800um and ohmic contacts were 
formed by employing standard optical lithography. The results 
of these measurements are presented in Figure 2.21 

Itturns outthat phonon-assisted tunneling controls the charge. 
carrier emission process from self-organized QDs in an elec- 
tric field, The influence of the tunneling part, however, depends 
strongly on the effective mass and the strength of the electric fel. 
‘The observed hole ground state activation energy Ef = 120 + 
1OmeV, hence, underestimates the localization energy. It is 
the thermal activation part in a phonon-assisted tunneling pro: 
cess: thermal activation into an excited state and subsequent tun- 
neling through the remaining triangular barrier, cf. schematic 
pictures in Figure 2.21. The true hole localization energy was 
determined by using the TRTCM method to £! = 210+ 20meV. 

For the electrons, two contributions to the DLTS signal were 
‘observed: a DLTS signal with an activation energy of EX = 82 
10meV thatis in good agreement with the theoretically predicted 
value for the groundiexcited state energy splitting (70meV). In 
addition, a DLTS signal with a smaller activation energy of E33 = 
44 10meV is observed. This value is attributed to the fist! 
second-excited state energy splitting and in satisfactory agree. 
‘ment with the theoretically predicted value of 50 meV. The ground 
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FIGURE 2.21 Summary of the results from the charge-selective 
DLTS and tunneling emission experiments on self-organized InGaAs! 
GaAs QDs. 
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state localization energy was determined by the TRTCM method 
to FE! =290 + 30meV (Geller etal. 2006c). 

‘The electron/hole storage time at room temperature can be 
estimated by using Equation 2.27 and the capture cross section 
and the localization energy for sample E1/H1, respectively. An 
average storage time for electrons of about 200ns and for holes 
of about 0.5ns is obtained. This means, InAs QDs embedded in 
a. GaAs matrix do not have a sufficiently long storage time to act 
as storage units in future nanomemories. 


2.7.2 Hole Storage in GaSb/GaAs 
Quantum Dots 


‘The storage time can be further increased by changing the mate~ 
rial of the QDs and/or the surrounding matrix. A larger dif 
ference in the energy bandgap than in InGaAs/GaAs is more 
promising, for example, InAs/AlAs QDs. Moreover, large band 
discontinuities and, hence, strong hole localization is expected 
in type II QD heterostructures (Hatami etal. 1998), for example, 
GaSb/GaAs or InSb/GaAs. Only holes are confined in GaSb/ 
GaAs QDs, while a repulsive potential barrier exists for the elec- 
tronsin the conduction band. Type II material combinations are 
therefore very attractive for future memory applications. 

Hole storage in and emission from GaSb, ,As,,/GaAs QDs 
was investigated by DLTS and charge-selective DLTS (Geller 
etal, 2003). The sample was an n’-p diode structure containing 
single layer of GaSb QDs. An area density of about 3 x 10® cm, 
an average QD height of about 3.5nm, and an average base 
width of about 26nm were determined by structural character- 
ization of uncapped samples grown under identical conditions 
(Miller-Kirsch et al. 2001). The QD layer was placed 500nm 
below the n’-p junction in a slightly p-doped (p = 3 x 10cm) 
GaAs region. Mesa structures with a diameter of 800 jim and 
ohmic contacts were formed by employing standard optical 
lithography. 


2.7.2.1 Multiple Hole Emission 


In Figure 2.22, conventional DLTS measurements of the QD 
sample for a reverse bias V, = 10V and a pulse bias V, = 4V are 
displayed. The pulse length was 10ms. For these conditions, the 
QDs are completely filled during the bias pulse and release all 
trapped holes after the pulse. 

‘The DLTS spectrum of the QD sample (Figure 2.22a) shows 
three maxima, in the following denoted by “A,” “B,” and “C.” 
From an Arrhenius plot, an activation energy E = 530+ 20meV 
and a capture cross section © = 6X10" cm is obtained for 
peak C. This signature can be identified as the bulk hole trap H3 
in p-type GaAs (Stievenard et al. 1986) 

Peaks A and B, observed at temperatures T= 140 and 230K, are 
obviously related to QD formation. An activation energy of about 
600 meV is found for peak B. This relatively high activation energy 
is comparable to the unstrained GaSb/GaAs valence band offset 
(Hatami et al. 1995, North etal. 1998) and could be explained by 
the existence of relaxed GaSb islands in the QD sample. 
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FIGURE 2.22 (2) DLTS signal ofthe GaSb, As,,GaAs QD sample, measured ata reverse bias V, = 10V and a pulse bias V; = 4V with a filling 


pulse width of 10ms and a reference time constant. 


32.5ms. (b) The corresponding Arrhenius plot for peak A, which is related to multiple hole 


‘emission from the GaSb QD states. An average activation energy of E, = 340meV is obtained, 


Peak A in the DLTS spectrum of the QD sample in Figure 
2.22a is attributed to the hole emission from the GaSb QD states, 
where the activation energy of each successively emitted hole 
depends on the actual charge state, The DLTS peak is broadened 
as previously observed for multiply charged Ge/Si QDs (Kapteyn 
et al. 2000b). From a standard Arrhenius plot in Figure 2.22b, 
an activation energy of E, = 340 meV is obtained. Consequently, 
this activation energy of peak A represents only an average value 
for hole emission from completely charged QDs, where 15 holes 
from different states with different confinement are involved. 


2.7.2.2 Charge-Selective DLTS 


In order to study the charge states in more detail, the QD sample 
‘was studied using the charge-selective DLTS method. The pulse 
bias was always set to V, = V, - 0.5V, while the reverse bias was 
increased from 4.5 to 9.5V. Narrow peaks appear in the DLTS 
spectra in Figure 2.23. At V, = 4.5V the DLTS signal shows a 
maximum at about 80K and for increasing reverse bias the 
DLTS peak shifts to higher temperature. The activation energy 
increases accordingly from 150meV at 4.5V to 450meV for 95. 
in Figure 2.24 obtained by standard Arrhenius plots. 

‘The DLTS spectra for a reverse bias between 4.5 and 9.5V in 
Figure 2.23 are attributed to the hole emission from differently 
charged QDs. All these spectra exhibit a maximum in the tem- 
perature range between 80 and 180K, the range covered by peak 


‘Ain Figure 2.22a. The maximum activation energy of 450meV 
represents the average hole ground state energy of the QD 
‘ensemble, that is, the localization energy. The decrease in the 
activation energy from 450meV down to 150meV corresponds 
toan increase in the average occupation of the QDs, see the sche 
matic insets in Figure 2.23, With increasing amount of charge in 
the QDs, state filling lowers the thermal activation barrier. The 
completely charged QDs are filled with 15 holes up to the Fermi 
level at the valence band edge, where Coulomb charging gener. 
ates the barrier height. 

In order to compare the storage time for GaSb, As, /GaAs 
with In(Ga)As/GaAs QDs, the observed emission rates were 
extrapolated to room temperature, using Equation 2.27. A 
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FIGURE 2.23 Charge-selective DLTS spectra of hole emission from 
GaSb, ,As,,/GaAs QDs for a reference time constant of f= 62.5ms. 
“The reverse bias Vis increased from 4.5V up to 9.5V while the pulse 
height is fixed at 0.5 V forall spectra. The pulse width is 10ms and the 
data is displayed vertically shifted for clarity 


storage time of about 141s for localized holes with the ground 
state energy of 450meV is estimated, three orders of magnitude 
longer than the hole storage time in InGaAs/GaAs QDs. 


2.7.3 InGaAs/GaAs Quantum Dots 
with Additional AlGaAs Barrier 


Hole storage in InGaAs/GaAs QDs with an additional AlGaAs 
barrier is presented in this section. The additional AlGaAs barrier 
increases the activation energies anda longer storage time at room 
temperature is observed, Two different samples having an AIGaAs 
barrier with different aluminum content were studied. The frst 
contains an Al, Ga, As, the second an Al, Gay ,As barrier below 
the QD layer. The activation energy inthe latter is increased suf- 
ficiently to reach a retention time of seconds at room temperature. 
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FIGURE 2.24 Dependence ofthe activation energy E, om the reverse 
bias GaSb, ,As, (GaAs QDs. For a reverse bias of V, = 9.5V hole emis- 
sion from the QD ground states is probed. 


2.7.3.1 Storage Time: Milliseconds at Room 
‘Temperature 


‘The first sample is an n'-p diode structure, grown by MBE. It 
contains a single layer of InGaAs QDs embedded in slightly 
pedoped GaAs (p = 2 x 10 cm). The QDs are placed 1500nm 
below the p-n junction and an additional undoped Al, (Ga, ,As 
barrier of 20nm thickness is situated 7nm below the QD layer 
to increase the hole storage time. Again, mesa structures with a 
diameter of 800m and ohmic contacts were formed. 

Figure 2.25a shows the charge-selective DLTS spectra with a 
reference time constant of Sms (Marent et al. 2006). The pulse 
bias height was fixed to 0.2V for all spectra (V, = V, -0.2V). For 
a reverse bias above V, = 3.2V no DLT signal is visible, as the 
Fermi level is energetically above the QD states and no QD states 
are occupied. By decreasing the reverse bias the Fermi level 
reaches the QD ground state at V, = 32V and a peak inthe DLTS 
spectrum appears at 300K. This peak is related to thermally act: 
vated hole emission from the ground states of the QD ensemble 
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across the AlGaAs barrier, see inset in the upper left corner of 
Figure 2.25b. A further decrease of the reverse bias leads to QD 
state-filling and emission from higher QD states is observed, 

A peak in the DLTS appears at that temperature, where the aver- 
aged time constant of the thermally activated emission equals 
the applied reference time constant, cf, Equation 2.26. Therefore, 
the peak at 300K for t,,;= Sms (V, = 3.2V in Figure 2.25a) rep- 

resents an average emission time constant (storage time) of 
Sms for hole emission from the QD ground states across the 
Al, (Ga, ,AS barrier. 

‘The thermal activation energies are shown in Figure 2.25b. 
‘The highest value of 560 + 60meV at V, = 3.2V is related to ther- 
mal activation from the hole ground states of the QD ensemble 
across the AlGaAs barrier. The decrease in the activation energy 
corresponds to an increase in the average occupation of the QDs. 
At V, = LAV the energetic position of the Fermi level is at the 
valence band edge and no further QD state-filling is possible. 
As a consequence, between V, = 1.4 and 0.2V carrier emission 
from the valence band edge is probed. The activation energy 
remains roughly constant with a mean value of 340meV. This 
energy represents the energetic height ofthe Al, Ga, ,As barrier. 


2.7.3.2 Storage Time: Seconds at Room Temperature 


‘The second sample is also an n*-p diode structure, grown by 
MOCVD. It contains a single layer of InGaAs QDs embedded in 
p-doped GaAs (p = 3 x 10° cm). The QDs are placed 400nm 
below the p-n junction and an additional undoped Al, Ga, ,As 
barrier of 201m thickness is situated 71m below the QD layer. 
Figure 2.26a shows the charge-selective DLTS spectra 
(Marentet al. 2007). The pulse bias height was fixed here to0.3V 
forall spectea (V, = V, -0.3V). At V, =5.7V a peak in the DLTS 
spectrum appears at 380K, related to thermally activated hole 
emission from the ground states of the QD ensemble across the 
Al, GaAs barrier. As mentioned before, the peak at 380K for 
‘yec= Sms represents an average emission time constant (storage 
time) of 5ms for hole emission from the ground states of the QD 
ensemble across the Al, Gay,As barrier. To obtain the storage 
time at room temperature, the capacitance transient recorded at 
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FIGURE 2.25 Charge-selective DLTS spectra of thermally activated hole emission from InGaAs/GaAs QDs with an additional Al,,Gay.As 


barrier below the QD layer (a). Spectra below V, 


{6V are divided by a factor from 1.1 up to 5. (b) Dependence of the thermal activation energy 


‘on the reverse bias V, (Reprinted from Marent, A. etal, Appl. Phys. Lett, 89, 072103, 2006. With permission.) 
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FIGURE 2.26  Charge-selective DLTS spectra of thermally ativated hole emission from InGaAs/GaAs QDs with an additional Aly GaAs bar 
rer below the QD layer (a). Dependence ofthe thermal activation energy on the reverse bias V, 


Capacitance far units) 


Time (5) 


FIGURE 2.27 Capacitance transient of hole emission from InGaAs! 
GaAs QDs with an additional Al,,Ga,,As barrier (for a reverse bias of 
V,=5.7V). An average hole storage time of 1.68 at T= 300K is obtained 
{from a linear fit ofthe transient on a semilogarithmic scale. 


300K is plotted on a semilogarithmic scale in Figure 2.27, From 
linear fit an average hole storage time of 1.6 at room tempera- 
ture is determined. 

Furthermore, the thermal activation energies are shown in 
Figure 2.26b. ‘The highest value of 710 # 40meV at V, = 5.7V 
is related to thermal activation from the hole ground states of 
the QD ensemble across the Al,,Ga,,As barrier. The decrease 


in the activation energy corresponds again to an increase in the 
average occupation of the QDs. At V, = 3.6V, carrier emission 
from the valence band edge is probed and the activation energy 
has a value of 520meV. This energy now represents the energetic 
height ofthe Al, ,Ga,,As barrier. 


2.7.4 Storage Time in Quantum Dots 


Carrier emission from different QD systems has been studied 
in order to determine the carrier storage time at room tempera- 
ture. In addition, the localization energy was obtained by using 
time-resolved capacitance spectroscopy (DLTS) and related to 
the hole/electron retention time. The results of the experiments 
are summarized in Figure 2.28. 

‘An electron/hole localization energy of 290/210 meV, respec- 
tively, was obtained for InGaAs QDs embedded in a GaAs 
matrix. Based on these values the storage time at T = 300K 
was estimated to ~200ns for electrons and ~0.5ns for holes. 
Furthermore, the more promising type Il GaSb, ,As, /GaAs has 
been studied in detail. Ground state activation energy of 450meV 
was determined, which accounts for a room temperature emis- 
sion time in the order of Ips. The ground state localization is 
about twice as large and the retention time at room temperature 
is about three orders of magnitude longer than in InGaAsiGaAs 
QDs. Finally, the hole emission from InGaAs/GaAs QDs with 
an additional AlGaAs barrier was investigated. he activation 
energy for the QD ground states increases from 210 to 560meV 


Material System Charge Carrier Type | Localization Energy | Storage Time at 300 K 
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FIGURE 2.28 Summary ofthe measured electron/hole storage time (at 300K) and localization energy for different QD systems. 


ated circuit> digital > shift registe 


quence of eight bits, each of which will control 
the on/off status of one device when the bits are 
read out of the shift register in parallel. If more 
devices are used, an additional shift-register can 
be daisy-chained to the output from the first. 


Clock signals can be supplied from the micro- 
controller, along with a signal to the clear input 
of the shift register, if desired. Alternatively, the 
old bit states in the shift register can simply be 
"clocked out” and replaced with a new set of se- 
rial data. During the process of “bit banging’ the 
parallel outputs of the shift register can remain 
connected directly with the output devices if the 
clock speed from the microcontroller is fast 
enough, as devices such as relays will not re- 
spond to extremely brief pulses. 


For generic shift registers that do not have open- 
drain outputs, a buffer will be needed to provide 
sufficient current for any device using more cur- 
rent than an LED. 


Ifa shift register is configured for PISO mode 
(parallel in, serial out) it can be placed on the in- 
put side of a microcontroller, polling a variety of 
devices and feeding their states into the micro- 
controller serially. 


Dual Inputs 

Where a shift register has two serial inputs (as is 
often the case), they are almost always linked as 
inputs to an internal NAND gate. This allows the 
‘output from the end of the chain of flip-flops to 
be connected back to the beginning of the chain, 
ifthe shift registeris to function asa ring counter. 
However, if this function is not used anda single 
input is required, the two inputs to the shift reg- 
ister can be tied together. In this configuration, 
the input becomes active-low. The two po: 
configurations are shown in Figure 12-8. Itis im- 
portant never to leave an input floating, or un- 
connected. 
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Figure 12-8, To possible configurations where a shift 
register allows two inputs linked with an internal NAND 
gate 


Preloading the Shift Register 
Where a shift register will be used to output a 
single recirculating bit (orin similarapplications), 
the component must be preloaded with a high 
state in its first register. This may require a one- 
shot (monostable) timer which is activated only 
when the circuit is powered up. 


Polling a Keyboard 
Two shift registers can be used to scan the data 
lines in a matrix-encoded keyboard or keypad 
Thisiis often known as polling the keyboard. Pro- 
vided the scan rate is sufficiently fast, the user 
experiences a seemingly immediate response to 
akey-press. 


While the full schematicis too large and complex 
to be included here, many examples can be 
found online. 


Arithmetical Operations 
Shift registers were traditionally used to perform 
arithmetical operations on binary numbers. Ifthe 
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FIGURE 2.29 Dependence of the hole storage time on the localiza- 
tion energy for a vatiety of QD systems. The solid line is a fit to the 
‘experimentally obtained data (ull citcles). The open circles are estimated 
storage times for the labeled material systems according to the caleu- 
lated localization energies and the fit. (Reprinted from Marent, A etal 
‘Appl. Phys. Lett, 91, 42109, 2007. With permission.) 


for an additional Al,,Ga.4As barrier and the hole storage time 
is in the order of milliseconds. Using an Al,,Ga,,As barrier 
increases the activation energy accordingly from 210 to 710meV 
and the hole storage time at room temperature increases by nine 
‘orders of magnitude to 16s. This value is already three orders of 
‘magnitude longer than today’s DRAM refresh time, which is in 
the millisecond range. 

From the experimental results, material combinations can be 
predicted to obtain a storage time of more than 10 years at room 
temperature, Figure 2.29 displays the hole storage time in depen 
dence of the localization energy (full circles). The solid line sa fit 
to the data and corresponds to Equation 2.27. The storage time 
shows an exponential dependence on the localization energy as 
predicted by the common rate equation of thermally activated 
emission. The storage time increases by one order of magnitude 
for an increase of the localization energy of about 50 meV. From 
these results, hole localization energies can be estimated, which 
provide storage times of 24h or 10 years. These storage times are 
reached for localization energies of 0.96 and 1.14 eV, respectively. 

‘To find a material system with such large localization ener- 
gies, the hole localization energies for GaAs,Sb, ,/GaAs and 
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In,Ga,_,Sb/GaAs QDs have been calculated using eight-band 
k- p theory (Stier etal. 1999, Schliwa etal. 2007). Based on struc- 

tural characterization of GaSb/GaAs QDs (Miller-Kirsch et al 

2001) the QDs are modeled as truncated pyramids with a base 
width of 21nm and a height of 39nm. ‘The results are summa- 
rized in Figure 2.30 and plotted in Figure 2.29 as open circles. 

The localization energy in GaAs,Sb, ,/GaAs QDs increases 
from 350meV up to 853meV for an antimony content of 50% 
and 100%, respectively. Since the bandgap in III-V materials 
decreases with increasing lattice constant (Vurgaftman et al 

2001), InSb/GaAs QDs should offer a larger localization energy 
than GaSb/GaAs. Eight-band kp calculations for In,Ga,_,Sb/ 
GaAs QDs provide a localization energy of 919 and 996 meV for 
an indium content of 50% and 100%, respectively. A hole stor- 
age time in InSb/GaAs QDs of more than 24h is predicted (see 
Figure 2.28). Using an AlAs matrix instead of a GaAs matrix 
a storage time of more than 10 years can be reached. Since the 
valence band offset between GaAs and AIAs is about 550meV 
(Batey and Wright 1986) the entire hole localization energy in 
GaSb/AIAs QDsis about 1.4eV. This value leads to the prediction 
of an average hole storage time of more than 1 million years at 
room temperature (see Figure 2.29), orders of magnitude longer 
than needed for a nonvolatile memory. 


2.8 Write Times in Quantum 
Dot Memories 


The carrier capture of electrons/holes from the valence/ 
conduction band into the QD states limits physically the possible 
‘write time in a QD-based nanomemory. Normally, cartier cap. 
ture into QDs is studied by interband absorption optical tech- 
niques, like time-resolved photoluminescence (PL) spectroscopy 
(Heitz et al. 1997, Giorgi et al. 2001), However, such experiments 
probe the exciton dynamics, that means, the electron-hole cap- 
ture and relaxation into the QD states is measured simultane- 
ously. A detailed knowledge of either electron or hole capture 
is of great importance, for future QD-based memory applica- 
tions as only one sort of charge carriers is stored. Electron or 
hole capture has been investigated separately, for example, in 
interband pump and intraband probe experiments of Miller 
et al. (2003). In addition, the hole capture into GaSb, As, / 
GaAs self-organized QDs has been studied (Geller et al. 2008) 
using DLTS experiments. The investigations demonstrate a fast 


Material System | Charge Carrier Type | Localization Energy | Storage Time at 300 K 
GaSby Asns/GaAs Hole 350:meV oa ps 
GaSb/GaAs Hoole S3meV 13min 

1g sG5y,Sb/GaAs Hoole 319 meV ah 
InSb/GaAs Hole 96 meV 6 days 
GaSb/AIAs Hole =1aeV S10 years 


FIGURE 2.30 Hole localization energies in different Sb-based QDs calculated by eight-band kp theory: The storage time i estimated according to 


the fit of the experimental data in Figure 2.28, 
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capture and relaxation process in self-organized QDs in the 
range of picoseconds at room temperature, more than three 
‘orders of magnitude faster than the write time in a DRAM cell 
‘This fast carrier capture should enable very fast write times in 
 QD-based nanomemory (<ns) which are independent of the 
storage time, possibly up to more than 10 years at room tem 
perature. The QD-based memory concept should therefore allow 
a nonvolatile semiconductor memory with orders of magnitude 
faster write times than the present Flash concept. 

‘To confirm the presumption of a fast write time that is inde- 
pendent of the storage time, this section shows the write time 
measurements for two different QD memory structures contain 
ing type I InAs/GaAs and type II GaSb, .As,,/GaAs QDs—both 
already described in Section 2.7—where the average storage time 
at 300K ranges from nanoseconds (InAsiGaAs QDs) to micro 
seconds (GaSb, ,As,,/GaAs QDs) 


2.8.1 Hysteresis Measurements 


As already discussed in Section 2.7, where the charge carrier 
storage time was determined, the read-out of the charge state 
(which represents the stored information) inside the QDs is done 
by the measurement of the capacitance of the p-n diode. The 
capacitance of a diode structure with embedded QDs depends 
‘on the number of holes stored inside the depletion region. 
A larger capacitance corresponds to unoccupied QDs (“0”) while 
‘a smaller capacitance represents a “l,” where the QDs are filled 
with holes. 

‘A fundamental property of storage devices is the appearance 
of hysteresis when switching between the two information states. 
Accordingly, a nanomemory device containing self-organized 
QDs shows a hysteresis in the capacitance measurement after 
writing (yielding occupied QDs, a “I” state) and erasing (yield 
ing unoccupied QDs, a “0” state) process. Such a hysteresis 
measurement is shown in Figure 2.31 for InAs/GaAs QDs (a) 
and GaSb, ,As,,/GaAs QDs (b). Both memory structures are 
inp diodes where holes are stored inside the QDs. The sample 
description can be found in Section 2.7.1 for the InAs/GaAs QDs 
and in Section 2.7.2 for the GaSb, As,,/GaAs QDs. One hys 
teresis sweep takes a few seconds; hence, the temperature was 
reduced down to 15K for the InAs QDs where the hole storage 
time isin the order of minutes. Analogously, for the GaSb, As / 
GaAs QDs—having hole localization energy twice as high as the 
InAs/GaAs QDs—a higher temperature of 100K is already suf. 
ficient to obtain hole storage times of several minutes. 

Figure 2.31 shows the switching between the two information 
states by a hysteresis curve of the capacitance for both samples. 
At the reverse bias of 14 V/16V (point 1) the charge carriers tun- 
nel out of the QDs (erasing the information). Ifthe reverse bias is, 
now swept from 14 V/16V to the storage situation at 8.2V (InAs 
QDs) or 72V (GaSb QDs), respectively, the QDs are empty and a 
larger capacitance is observed (point 2). Ifthe bias is swept to OV 
(point 3), the QDs are charged with holes and a smaller capac 
tance is observed upon sweeping back to the storage situation 
(point 4). The maximum hysteresis opening is now defined at 
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the storage position as the difference between both capacitance 
values for a “0” and “I” state. The structures are not yet opti- 
mized since the carriers are not stored at zero bias. However, the 
memory structure can be easily adjusted in the future to yield 
a storage situation at zero bias, realized by changing the width 
between the QD layer and the p-n junction. 


2.8.2 Write Time Measurements 


To study the limit of the write-time, series of write pulses are 
applied with decreasing pulse widths down to 300s. The opera- 
tion principle is schematically depicted in Figure 2.32. The cycle 
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FIGURE2.32 Operation principle for measuring the write time, while 
the labeled numbers refer tothe numbersin Figure .31.( Reprinted from 
Geller, Metal, Appl. Phys. Lett, 92, 092108, 2008. With permission.) 
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write-pulse width. The InAs QD memory is suecessfully charged for 
write-pulses down to 6ns. Analogously, the information in the GaSb 
QD memory structure can be written down to dns. 


started with a 10s long erase pulse at V, = 14 V/16V (point 0). 
‘Then the capacitance of the device structure is measured at the 
storage position (point 2) at 72 (GaSb QDs) and 8.2V (InAs 
QDs), respectively. A write pulse of V, = 0V was applied to the 
device (point 3) and the capacitance is again measured at the 
storage situation point 4. 

‘The maximum hysteresis opening C.,,, as plotted versus the 
write-pulse width in Figure 2.33. The limit of the write time is 
reached when the QDs are not sufficiently charged anymore. The 
hysteresis opening C.,,, vanishes and the write time is defined as 
a drop in Cy, to 50%, A minimum write time of 6ns at T= 15K 
for the InAs QD sample and M4ns at T= 100K for the GaSb QD. 
sample is obtained, respectively. These values are in the order of 
the write time in a DRAM cell and are now only limited by the 
experimental set-up and the parasitic cut-off frequency of the 
RC low pass of the devices. Additional measurements for dif- 
ferent temperatures on the same device showed a temperature 
independent write time, for example, the difference between 
the InAs and GaSb structure is due to these different cut-off 
frequencies. This assumption is also confirmed by previous 
‘measurements (Geller et a. 2006b) of the same structure, where 
average hole capture and relaxation times were found in the 
order of picoseconds. Therefore, much faster write times below 
Ins are feasible for improved nanomemory structures having 
higher external cut-off frequencies. 


2.9 Summary and Outlook 


‘The semiconductor memory market is evenly split following 
‘two different layout approaches: the DRAM and the Flash. Both 
‘memories have their limitations in storage time, write/read/erase 
time, and endurance and will be facing fundamental physical 
problems in the near future when the feature size has to go down 
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to Ldnm by the year 2020. Therefore, a large variety of novel con- 
cepts using different physical phenomena to store an informa- 
tion bit has been reported. One of the promising options is the 
use of self-organized nanostructures in future nanoelectronic 
devices. Especially self-organized QDs based on III-V materials 
(eg, GaAs, InAs, InP, etc.) could realize a nonvolatile memory 
(like Flash) with fast read/write/erase access time (like DRAM) 
In addition, with an area density of up to 10 cm~, a storage 
density in the order of 1 TBit in.~* could be possible, ifeach single 
(QD —with a lateral feature size of about 101nm—would represent 
cone information bit and it could be addressed individually. 

‘This chapter showed the potential and advantages of using 
self-organized QDs in a IlI-V semiconductor nanomemory 
concept. The charge carrier storage and emission from different 
QD systems has been studied in order to determine the carrier 
storage time at room temperature. Localization energies were 
determined by using time-resolved capacitance spectroscopy 
(DLTS) and were related to the hole/electron retention time. A 
maximum storage time of 1.6 at room temperature has already 
been demonstrated in InAs/GaAs QDs with Al, ,Ga,,As barri- 
ers. A storage time of more than 10 years is predicted for hole 
storage in GaSb/AIAs QDs. 

‘The use of III-V heterostructures enables tuning the band 
structure to a desired storage time at room temperature while 
simultaneously getting rid of one of the largest drawback of 
Si-based Flash memories: the fixed SiO, barrier that leads to 
the poor endurance and a bad write time. A very fast write time 
below Ins independent of the storage time (possibly beyond 
10 years) is possible. The physical limitation of the write time 
in such a QD-based nanomemory is only given by the relax- 
ation time of the charge carriers, known to be in the picosecond 
range. A write time of Idns in GaSb, ,Asy,/GaAs QDs and 6ns 
for InAs/GaAs QDs has already been achieved. These numbers 
are now limited by the experimental set-up and the parasitic 
cut-off frequency of the RC low pass of the devices. Faster write 
times below Ins in combination with a storage time of more 
than 10 years at room temperature are expected in the future. 
{A fast semiconductor Flash nanomemory—even faster than the 
present day DRAM—based on III-V self-organized QDs seems 
to be possible. 
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3.1 Introduction 


‘An incredibly rapid expansion in the demand of portable 
consumer electronics ranging from personal computers, cellu 

lar phones, MP3 players, digital cameras, PDAs, USB memory 
sticks to applications in the networking arena continues to 
drive the pursuit for the development of higher density, faster, 
more efficient, and economical electronic memory devices 
(Scott 2004). Currently, most commercially available memory 
elements consist of dynamic random access memory (DRAM), 
static random access memory (SRAM), or flash memory (non 
volatile memory). DRAM is considered to be very fast and 
cheap but its contents are lost when power is switched off (vola. 

tility). SRAM is much faster and needs less power but is far 
more expensive and also suffers from volatility. Flash memory 
is nonvolatile but currently operates at low write speed and 
thus has a slow random access. In addition, itis power-hungry 
and very expensive. In the past, incremental improvements in 
memory capacity and capability were primarily achieved by 
the simple scaling of the physical dimensions of the devices. 
However, the semiconductor industry is quickly reaching the 
fundamental limits on the miniaturization, encountering, for 
example, extreme difficulties due to short channel effects in the 
scaling of metal-oxide-semiconductor field-effect transistor 


(MOSFET). his difficulty has stimulated an intense growth 
in research and development in the area of new technologies 
and materials that can overcome these limitations and deliver 
unprecedented capabilities for memory storage and access. 
Some promising new types of memory-storage devices include 
magnetoresistive RAM (MRAM), ferroelectric RAM (FRAM), 
phase-change memory (PRAM), and novel high speed-density 
nonvolatile memory (these are primarily based on carbon 
nanotubes [CNTs]) (Waser 2003). 

CNT-based data-storage devices or memory elements offer 
high potential for considerable improvements compared to cur- 
rent memory paradigms (Bichoutskaia et al. 2008, Zhang 2006). 
First, CNTs are considerably smaller than conventional cells, 
eg, each nanotube is less than 1/10,000th the width of a human 
hair, thus allowing an impressive density to be achieved in a 
modest space. The intrinsic structural, thermal, and mechanical 
stability of CNTs re expected to confer to these memory devices 
a very long lifetime while the power requirements for their 
operation should be considerably less than DRAM. In addition, 
CNTs are known to be radiation-resistant and nanotube-based 
memory elements are therefore expected to be robust in numer- 
us types of environments. As such, these novel types of mem- 
ory elements have recently been touted as a “universal memory’ 
(Bichoutskaia et al. 2008). 


31 


32 


In this chapter, we review the developments in memory ele 
‘ments that exploit the properties of CNTs, These nanoscale sys 
tems fit into the realm of nanoelectronics and offer exceptional 
properties and well-characterized structures that have rapidly 
emerged as a viable route to satisfy the future requirements and 
needs for data-storage and memory devices. Given the difficulty 
in the integration of nanoscale systems, such as CNT, into ade 
quate arrangements for useful structures and devices, and the 
complexity in the assessment of the properties of the devices, 
a tremendous effort has been devoted in the past years toward 
the development of experimental and theoretical methods mak. 
ing it possible to creatively imagine, design, and test new sys 
tems for desired and tailored characteristics. In this chapter, we 
review the different types of CNT-based memory devices, which 
include memory elements based on CNT field-effect transistors 
(CNFET) (Section 3.2),nanoelectromechanical systems (NEMS) 
(Section 3.3), and electromigration (Section 3.4). The fundamen 
tal operational principles and characteristics of the different 
devices and concepts are examined in detail along with a discus 
sion of the current status of experimental fabrication and practi 
cal realization. 


3.2 CNFET-Based Memory Elements 


A number of CNT memory elements have been developed from 
the functioning principle of CNFETS. The following section will 
be devoted to a description ofa few of them. First, we will expose 
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the basic working principle of the CNFET before showing how 
CNFETs can be implemented for memory applications. 


3.2.1 General Description of a CNFET 


Nanotube transistors are among the possible replacements for sili: 
con field-effect transistors (FETs) as bulk-device scaling approaches 
quantum limits. A CNFET is a device consisting of a single nano- 
tube and three contacts (Figure 3.) It has been demonstrated 
repeatedly in the laboratory to possess characteristics similar to 
those of conventional silicon FETS. Because nanotubes can be used 
as either n- or p-type CNFETs, existing complementary metal: 
oxide-semiconductor (CMOS) design techniques can be utilized 
for a nanotube-based FET technology. A CNT-based CMOS indus- 
try is very appealing, in particular because with their electrical and 
thermal properties, CNTs can sustain very large current in the bil: 
lion amperes per square centimeter regime (about three orders of. 
‘magnitude larger than conventional metallic wires). 

‘The main hurdle facing nanotube-FET technology remains 
the difficulty of developing scalable manufacturing methods to 
compete with the well-developed silicon large-scale production. 

CNTs can behave as either conductors or as semiconductors, 
depending on the arrangement of the atoms along the nanotube 
(Bernholc etal. 2002, Charlier etal. 2007). While about one-third 
of nanotubes are metals, the bandgap of the semiconducting tubes 
varies inversely with the tube diameter, making it possible to 
design a large range of devices and heterostructures. Conversely, 
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(@) Schematic cross section of a typical CNFET device. A single CNT of either multiwall- or single-wall-type bridges the gap 


between two gold electrodes. The silicon substrate is used as back gate, Output and transfer characteristics are shown in (b) and (6), respectively. 
‘The current vs. source-drain voltage curves in (b) were measured for gate voltage values of ~6,0, 1,2, 3,4, 5, and 6Y. In (c) the current vs. gate voltage 
are given for 10 different source-drain voltages between 10 and 100, The inset shows that the gate modulates the conductance by five orders of 
‘magnitude (fora source-drain voltage of 10 mV). (Reprinted from Martel, R. etal, Appl. Phys, Lett, 73(17), 2447, 1998. With permission.) 


Carbon Nanotube Memory Elements 


conducting nanotubes possess a very low resistance for electron 
flow (ballistic conductors) because the decoherence length of the 
nanotube wavefunctions is typically larger than practical nano: 
tube lengths. As long as the nanotube length is shorter than the 
decoherence length, the resistance will not depend upon the cyl 
inder length. In that case, the only electrical resistance is at the 
contact points where the electrons enter and leave the tube. As 
shown below, it is precisely atthe interface between the nanotube 
and the metallic electrodes that the physical processes responsible 
for the functioning of a nanotube transistor take place. 

CNFETSs can be fabricated with a structure very similar to 
silicon FETs. As shown in Figure 3.1a, such a device consists 
of a single-walled semiconducting nanotube whose ends are 
attached to two metallic contacts. Inthe terminology of transis- 
tors, the nanotube acts as the channel and the two contacts are 
the drain and the source, respectively. The device is completed 
by a gate electrode that is positioned somewhere between the 
source and the drain. There area number of possible designs: the 
nanotube can be positioned above or under the metallic contacts 
and the gate can be placed as a back or front gate. For a transis- 
tor to work properly the semiconductor CNT must be doped. 
Im air, at room temperature, the device behaves as a depletion 
mode p-FET (the J-V is typical of hole conduction, Figure 3.1b) 
‘The transistor action is due to the electric field around the gate 
modulating the Schottky barrier at the points where the source 
and drain terminals contact the nanotube. For reasonably short 
tubes (a few hundred nanometers or less), the effect of the gate 
voltage on channel resistance is minimal. Experimentally, the 
first-reported CNFETs were all p-type devices. This is because 
‘when exposed to air, nanotubes are p-doped due to the pres 
‘ence of oxygen that shifts the Fermi level a the metal-nanotube 
interface toward the valence band, leading to a hole-conduction 
mechanism. When the same device is heated in a vacuum and 
allowed to outgas, the Fermi level shifts toward the conduction 
band, which leads to an electron-conduction mechanism, ie, 
acts as an n-type FET. Different types of FETs can be obtained 
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depending on chemical doping, leading to p-type, n-type, or 
even p-n-type (ambipolar) systems. 

Here we describe the general functioning of a p-type tran- 
sistor. An understanding for the n-type systems can be easily 
obtained by considering electrons as majority carriers. As shown 
in Figure 3.2, the application of a negative gate voltage increases 
the number of majority carriers in the channel, thereby leading 
toan increased current density across the transistor. For positive 
gate voltage, the current is negligibly small, due to the depletion 
in the number of holes. At the same time there is no evidence 
of electron conduction, even at very large positive gate voltages. 

While nanotubes show great promise in the mechanical and 
microelectronic realms, major problems still exist (Bernhole 
et al. 2002). Assuming the ability to produce large quantities of 
nanotubes with specific geometries, a separate difficulty lies in 
actually assembling large quantities of transistors out of them 
and placing those transistors, along with an interconnect, on 
a substrate to form a complete circuit. Solutions to these prob- 
lems are only beginning to surface. With respect to electronics, 
the biggest difficulty is devising a production method that can 
provide the same facility for large-scale fabrication as silicon 
photolithography. This goal appears distant but it continues to 
be a topic of intense research. With the demonstrated potential 
payoff for a range of applications, it seems likely that a solution 
to this problem will eventually be found. Further details on the 
general aspects of CNFETS can be found in the vast literature 
published on the topic (e.g, Derycke et al. 2001, 2002, Martel 
et al. 2001, and Tans et al. 1998). Below we review how CNTs 
have been implemented for FET-based memory applications. 


3.2.2 FET-Based Memory Elements: 
Pioneering Works 


Nonvolatile and volatile memory elements can be designed from 
the functioning of a CNFET (Wunnicke 2006). The storage media 
is typically a charge that is stored in the vicinity of the nanotube 
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FIGURE 3.2 Schematic ofthe bands in the vicinity of the contacts asa function of the electrostatic gate field for a p-type (a), ambipolar (b), and 
ctype (¢) CNFETs. Annealing the device in vacuum results in a transition from the situation of (a to that of (2) in case of low doping and (d) for 
high doping. The transition can be reversed by the introduction of air, clearly showing that the presence of oxygen p-doping of the nanotube. Its 
clear that the Schottky barrier at the nanotube-metal interface plays key role, Note also the importance of Fermi-level pinning forthe functioning 
of the device. (Reprinted from Derycke, V. etal, Appl. Phys. Lett, 80(15), 2773, 2002. With permission.) 
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channel. The charge causes. threshold potential shift (the threshold 
potential is defined as the potential at which the majority carriers 
start flowing) of the nanotube FET. Because the nanotube has very 
high carrier mobility, the information can be stored ina few (as few 
sone) electrons configuration. The states can be reversibly written 
and erased. The reading mechanism is performed via a measure 

ment of the source-drain current, while the writing mechanism is, 
completed using a large bias voltage applied to the gate. 

‘A number of groups have obtained convincing results on 
CNFET-based memory elements. How the information is stored 
and consequently under which conditions the memory is usable 
depends on the details of the manufacturing, particularly in 
the gating material. The first two examples of FET-memory ele- 
ments were proposed independently by Fuhrer et al. (2002) and 
Radosavijevic etal. (2002). The functioning of the devices hinges 
‘on the operation of a single-electron memory. In this case, the 
capacitance of the storage node must be small enough so that its 
Coulomb-charging energy is significantly larger than the thermal 
‘energy at the operating temperature, and the readout device must 
be sensitive enough to detect a single nearby electronic charge. In 
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Fuhrer’s device, the charge is reversibly injected and removed from 
the dielectric (placed between the tube and the gate electrode) by 
applying a moderate (10V) bias between the nanotube and the 
substrate. The nanotube is ideal as a charge-detecting device due 
to its high carrier mobility, large geometrical capacitance, and 
its one-dimensional (1D) nature ensuring that local changes in 
charge affects the global conductance (due to slow screening). In 
Fuhrer’s pioneering work, for instance, discrete charge states cor- 
responding to differences of a single, or at most a few, stored elec- 
trons are observed. The device is based on the characteristics of a 
p-type FET (ie, it conducts at negative gate voltage and becomes 
insulating at positive gate voltage) and can be operated at temper- 
atures up to 100K. Properties relevant to memory operation are 
demonstrated by the large hysteresis I-V, curve that is obtained by 
‘sweeping the gate voltage V, between -10 and +10V. As is shown 
in Figure 33, the threshold voltage is shifted by more than 6V. The 
mechanism of charge storage is related to the rearrangement of 
charges in the dielectric or by the injection or removal of charges 
from the dielectric through the electrodes or the nanotube. Due 
to the geometry of the device, the electric feld at the surface of the 
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(@) Atomic force microscope topographic image of the nanotube device used in Fuhrer etal. (2002). The nanotube extends between 


the two dark blocks atthe top and bottom of the image (Le, the electrodes). The scale bar represents | jm. (b) Drain current as a function of gate 
voltage at room temperature and a source drain bias of 500m. As the gate voltage is swept from positive to negative and back, a strong hysteresis, 


is observed, as indicated by the arrows denoting the sweep direction. () Series of four read-write cycles ofthe nanotube memory at room tempera 


ture. The upper panel shows the drain current ata source-d 


in bias of 500 mV, while the lower panel shows the gate voltage. The memory state was 


read at “1 V, and written with pulses of 48 V. (Reprinted from Fubrer, MS. etal, Nano Lett, 2(7), 755, 2002. With permission.) 
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number is represented by eight bits (ie, one 
byte) with the most significant digit on the left, 
shifting the bits one space to the right will have 
the effect of dividing the byte value by 2. If the 
are shifted one space to the left, the byte 
value will be multiplied by 2 (provided an addi- 
tional register is available to store the most sig- 
nificantbitafterithas been shifted). This concept 
is illustrated in Figure 12-9. 
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Figure 12-9. inthe upper section of this diagram. a binary 
‘number represented by eight bits in a shift register is mut 
tiplied by 2 by shifting all the bits one space to the left. In 
the lower section, the same binary number is divided by 2 
by shifting all the bits one space to the right. The binary 
values are shown in decimal natation to the left 


In the upper section of the figure, the binary 
number 10010110 (chosen arbitrarily) is repre- 
sented in the eight flip-flops of a shift register. 
The decimal place value of each digit isindicated. 
‘Adding up the place values of the 1sin the num- 
ber, the total is 128 + 16 +4 +2=150. Below the 
white line, the digits have been shifted one place 
to the left, with the leftmost digit carried over to 
an additional location, while a zero is inserted in 
the rightmost location. Assuming that the addi- 
tional place at the leftmost location has a place 
value of 256, the total is now 256 +32+8+4= 
300. 


Inthe lowersection of the figure, the samebinary 
number has been shifted one space to the right, 


integrated circuit > digital > shift register 
with a0 introduced in the leftmost location. The 
decimal value is now 64+ 8+2+1=75. 


While this application for shift registers was com- 
mon during development of digital computing 
in the 1960s and 1970s, the shift register as a 
separate component became less common sub- 
sequently, as its functionality was acquired by 
modern CPU chips. 


Buffering 

A shift register may also be used as a buffer be- 
tween two circuits where the clock speeds are 
different. Digits are clocked in by the first circuit, 
then clocked out by the second. Some shift req- 
isters allow two clock inputs and can be used for 
this purpose. 


What Can Go Wrong 


Problems that tend to affect digital chips gener- 
ally are listed in the entry on logic gates (see 
"What Can Go Wrong’ on page 105). 


Confusing Classification 

Because of the functional similarity to a binary 
ripple counter, a shift register is sometimes | 
ted by component suppliersas a counter. Infact, 
abinary counter will almost always have outputs 
that have place values 1, 2, 4, 8... and upward, 
while the outputs from a shift register will not 
have place values. 


When searching for a shift register, it can be 
found by specifying a “counting sequence" of se- 
rial to parallel, serial to serial, parallel to serial, or 
parallel to parallel. If the “counting sequence" is 
simply up or down, the component is a counter, 
nota shift register. 


Inadequate Setup Time 

Each flip-flop ina shiftregister musthavea stable 
input state before the nexttriggering event shifts 
the data. If this setup time is reduced below the 
minimum specified in the datasheet, results will 
be unpredictable. 
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nanotube is very large, at least large enough to cause the move- 
ment of charge in the dielectric (Fuhrer etal. evaluated the field 
to be comparable to the breakdown field in SiO,). At these high 
fields the electrons are easily injected into the dielectric from the 
nanotube and remain trapped in metastable states until the polar. 

ity is reversed. 

In Radosavijevie’s device, the FET used is based on an n-type 
transistor (obtained from annealing the nanotube in hydrogen 
gas). Again, it was shown that CNFETs are extremely sensitive to 
the presence of individual charges around the channel, largely 
because of the nanoscale capacitance of the CNTs. A technique 
known as scanning gate microscopy (SGM) (Freitag et al. 2002, 
‘Meunier et al. 2004) was used to study the local transport prop: 
erties across the channel, revealing the key role of nanotube~ 
‘metal contacts (Schottky barriers) and also the positions of the 
possible sites where the electrons are trapped (i.e., where the 
information is physically stored, the storage nodes). Figure 3.4 
shows the reproducible hysteresis loop in the I-V, curve that 
becomes larger as the range of V, is increased, indicating that it 
originates from avalanche injection into bulk oxide traps. The 
hysteresis can become so large that the device varies from deple- 
tion mode (normally on at V, = 0) and enhancement mode (nor- 
‘mally off) behavior. The location and sign of the trapped charge 
can be determined by examining the directions of the hysteresis 
loop. After a sweep to positive V,, the CNFET threshold voltage 
moves toward more positive gate values, indicating injection of 
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negative charges into oxide traps. To read the memory, a 1 MQ 
load resistor is added to create a voltage divider. Read (V,, = 0) 
and write (Vj, = +20 or -20V) are applied to the input terminal 
(back gate). A logical gate (1 or 0) is defined as V,.,= 1 or 0. To 
write a“I” to the memory cell, V, is switched rapidly to -20 or 
+20V and back to “0,” so the CNFET is in the on or off at the 
read voltage. This memory device was found to be nonvolatile 


at room temperature and with a bit-storage retention time of at 
least 16h. The trap charging time limits the speed of the device 
and the bit was evaluated to be stored in no more than 2, 70, 
and 200e. 

In the pioneering works discussed above, itis noteworthy that 
the storage nodesare not precisely the nanotube itself, but consist 
of trapping sites in the dielectric layer of the gating material. The 
functional temperatures, storage density, operating speeds, etc., 
are very sensitive to the details of the trapping mechanisms. As 
summarized below, a number of studies have been reported fol- 
lowing the seminal studies of Fuhrer and Radosavljevic, where 
the trapping mechanism was further analyzed and modified, 


3.2.3 FET-Based Memory Elements: 
Further Improvements 


CCharge-storage stability of up to 12 days at room temperature 
was reported in a 150nm long nanotube channel (Cui et al. 
2002). The observed conductance decreases for increasing gate 
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FIGURE 3.4 (a-c) Current vs. gate voltage data obtained in high vacuum for a source 
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in voltage of 0.5 mV. The device hysteresis inereases 


steadily with increasing gate voltage due to avalanche charge injection into bulk oxide traps, schematically shown in (d).(e) Demonstration of the 
CNFET-based nonvolatile molecular memory cell. A series of bits is written into the cell and the cel contents are continuously monitored as a 


voltage signal (V.) in the circuit shown in the inset. (Reprinted from Radosavljev 


M.etal,, Nano Lett, 2(7),761, 2002. With permission) 
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potential, a normal feature of p-type, air-exposed single-wall 
carbon nanotubes (SWCNTTS). The hysteresis loop is obtained 
by sweeping continuously the gate voltage from -3 to +3V. This 
shows two conductance states at V, = 0 differing by more than 
two orders of magnitude, associated with a threshold voltage of 
1.25V. The method used by Cui et al. is more technologically 
straightforward compared to the previously reported techniques, 
as it does not require separating SWCNT bundles into indi- 
vidual SWCN'Ts during sample preparation. The sample treat- 
‘ments likely to be responsible for the modified type of trapping 
centers, compared to easlier similar devices. The heat treatment 
and exposure to oxygen plasma cause the metallic nanotubes 
present in the bundle to be preferentially oxidized, leading to 
increased gate dependence due to the remaining intact semicon 
ducting tubes. In addition, oxidation-related defects are likely 
to be formed in the remaining amorphous carbon particles on 
the bundle surface or at the SiO, interface. These defects act as 
charge-storage traps and their close proximity to the surface of 
the channel accounts for the large threshold voltage shifts 

‘Another type of charge trapping was presented by Kim et al. 
(2003). In that case, water molecules were shown to be responsi 
blefor the hysteresis properties (i.e., responsible for the threshold 
potential shift) of the I-V, curves. The water molecules contrib: 
uting to the trapping could be located on the nanotube surface 
‘or on the SiO, close to the tube. Heating under dry conditions 
significantly reduces the hysteresis. A completely hysteresis- 
free CNFET was possible by passivation of the device using a 
polymer coating, clearly indicating that the storage nodes were 
removed by the treatment. This work also confirms the central 
role played by surface chemistry on the properties ofthe device 
and that truly robust passivation is needed in order to use CNT- 
based devices in practical electronic devices, unless it is simply 
used as a detection device (eg, of humidity). 

More recent work of Yang etal. confirmed the role of adsorbed 
(including water and alcohol) molecules for charge trapping, 
also showing charge retention of up to 7 days under ambient 
conditions (Yang et al. 2004). 


3.2.4 FET-Based Memory Elements: 
Controlling Storage Nodes 


Soon after the publication of the pioneering works of 2002, a 
number of groups confirmed that the as-prepared nanotube 
FETs possessed intrinsic charge-trapping centers that were 
responsible for the shift in the threshold voltage measured in the 
hysteresis loop of the I-V, characteristics. As discussed briefly 
above, the trapping centers can be defects in the SiO., water, or 
alcohol molecules adsorbed on the tube or the dielectric, oF ox 
dized amorphous carbon. It was soon understood that a better 
control of the storage medium was required in order to harness 
the full potential of CNFET-based memory elements 

In 2003, Choi et al. proposed a SWCNT nonvolatile mem- 
ory device using SiO,-Si.N,-SiO, (ONO) layers as the storage 
node (Choi etal. 2003) In that device, the top gate structure is 
placed above the ONO layer, which is positioned directly above 
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a few-nanometers-long channel. Charges can tunnel from the 
CNT surface into the traps present in the ONO layers. The 
stored charges impose a threshold voltage shift of 60 mV, which 
is independent of charging time, suggesting that the ONO traps 
present a quasi-quantized state. The choice of SiO,-Si,N,-SiO, 
is motivated by the fact that it presents a high breakdown volt- 
age, low defect density, and high charge-retention capability 
(Bachhofer etal. 2001) 

Another type of device was demonstrated experimentally in 
2005 (Ganguly et al. 2008). In this case, the charge-storage nodes 
consist of gold nanocrystals placed on the top gate above the nano- 
tube channel. The device was found to have a large memory win- 
dow with low voltage operations and single-electron-controlled 
drain currents. The device is based on a Coulomb blockade 
behavior, in other words on the difficulty of adding supplemen- 
tary electrons due to the large charging effect of the system with 
large capacitance and Coulomb repulsion. The Coulomb block- 
ade in the nanocrystals, along with the single-charge sensitivity 
of the nanotube FET, is suggested to allow for multilevel opera- 
tions. In this device, the reported retention is rather modest: 
6200s at 10K and only 8005 at room temperature. Better dielec- 
tric and preprocessing should improve these low retention times. 

More recently, Sakuraietal. proposed a modified design where 
the dielectric insulator was made up of a ferroelectric thin film 
(Sakurai et al. 2006). The experimental results show that the car- 
riers in the CNTs are controlled by the spontaneous polarization 
of the ferroelectric films. Ferroelectric-gate FETs offer potential 
advantages as nonvolatile memory elements, such as low power 
consumption, the capability of high-density integration, and 
nondestructive readable operation. So far, the use of ferroelec- 
tric thin films in conventional Si-based FETs for memory appli- 
cations has been complicated because of the extreme difficulty 
of fabricating the ferroelectric/Si structure with good interface 
properties due to the chemical reaction and interdiffusion of Si 
and ferroelectrics. It was suggested that this problem could be 
resolved by inserting an insulating layer between the ferroelec- 
tric and the semiconductor layers, but at the cost of increased 
voltage operation and depolarization field. Another method 
was to use an oxide semiconductor, such as indium tin oxide. 
However, even though this system also shows good memory 
operation, the carrier mobility is much lower than in Si, causing 
problems that are unacceptable for high-performance nonvola- 
tile memory elements. The use of a semiconducting tube as the 
conducting channel and a ferroelectric as a gate insulator allevi- 
ates all of these problems: the new design allows the carriers in 
the channel to be controlled by the spontaneous polarization of 
the ferroelectric film, while keeping the high-conduction char- 
acteristics of CNTs. In the demonstrated prototypical device, a 
400nm thick PZT (PbZr,.TiO,0,) film was used. The threshold 
voltage was found to be shifted in the positive direction when V, 
was swept from negative to positive bias and was shifted in the 
negative direction when V, was swept from positive to negative. 
‘This gave a clear hysteresis loop and bistable current values at 
V, = 0, due to the spontaneous polarization of the electric field 
(the effects of charge trapping in the dielectric was found to be 
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negligible compared to the effects due to the ferroelectric, atleast 
for small sweeping range of V,). 


3.2.5 FET-Based Memory Elements: 
Optoelectronic Memory 


Inall of the CNFET-based memory devices mentioned thus far 
in this chapter, the information is stored by applying a large 
‘enough gate voltage to store or remove the charge in, or from, the 
traps (for the ferroelectric-based FET, the gate is used to flip the 
polarization field). In Star's CNFET-memory (p-type) device, 
the information is still stored as electric charges (Star et al. 
2004), however, it differs in that the writing mechanism relies 
‘on the use of optical illumination of a photosensitive polymer 
(which is part of the gate electrode) that converts photons into 
electric charge stored in the vicinity of the channel. The infor- 
mation is read by measuring the source-drain current, while it 
is erased (the charge is removed) using a large gate voltage. In 
other words, this optoelectronic memory is written optically and 
read and erased electrically. The threshold voltage change com- 
pared to the non-illuminated system was measured to be as large 
as +2V after optical excitation, suggesting a charge transfer of 
about 300 electrons per micron in the tube. 


3.2.6 Redox Active Molecules as Storage Nodes 


In this experimentally built system, the overall configuration 
and operating principle consists of a nanotube or nanowire FET 
functionalized with redox active molecules, where an applied 
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gate voltage or source-drain voltage pulse is used to inject net 
positive or negative charge into the molecular layer (Duan et al. 
2002). The oxide layer, on the surface of the channel, serves as a 
barrier to reduce charge leakage between the molecules and the 
channel, and thus maintains the charge state of the redox mol- 
ecules, thereby guaranteeing nonvolatility. The charged redox 
molecules gate the FET to a logic on state with higher channel 
conductance or the off state with lower channel conductance. 
Positive charges in the redox material act just like a positive gate, 
leading to an accumulation of electrons and an on state in n-type 
semiconducting nanowire-based FETs. For p-type FETS, the 
same effect is obtained with negative charges in the redox layer, 
which cause an increase in majority carrier density, in this case 
holes, in the channel (Figure 3.5). Mannick et al. also described 
a similar device, using SWCNTs as channels, where the conduc- 
tance is switched on or off, guided by chemical reactivity of a 
CNT in H,SO, (Goldsmith et al. 2007, Mannik et al. 2006). 


3.2.7 Two-Terminal Memory Devices 


Transistor devices consist of three electrodes: a source, drain, 
and a gate terminal. The source and the drain are good met- 
als (Au, Pt, Co, etc.) and the gate terminal is typically made 
up of a dielectric layer (e.g., SiO,) sandwiched between the 
channel and a heavily doped Si-wafer, which is hooked up to 
the gate battery. The present authors have theoretically pro- 
posed a modified version of the FET memory device where the 
physical gate is replaced by a virtual electrode. The role of the 
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FIGURE 3.5 Nanowire-based nonvolatile devices. The devices consist ofa semiconductor nanowire (NW) configured as a FET with the oxide 


surface functions 


ized with redox active molecules. The top-middle inset shows a scanning electron microscope (SEM) image of a device, and the 


lower circular inset shows a TEM image of an InP NW highlighting the crystalline core and surface oxide, Positive or negative charges are injected 
into, and stored in, the redox molecules with an applied gate or bias voltage pulse. In an n-type NW, positive charges create an on orlogic “I” state, 
‘hile negative charges produce an off or logic “0” state. (Reprinted from Duan, X.F.et al, Nano Lett, 2(5), 487, 2002. With permission.) 
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FIGURE 3.6 (2) Schematic representation ofthe typical setup used to 
probe the information stored in the nonvolatile memory element based 
‘on the encapsulation of a donor-acceptor molecule inside a metal- 
lic nanotube. In (a) the system is made up a tetrafluorotetracyano-p- 
4quinodimethane molecule encapsulated inside a (10, 10) armchai 
nanotube. (b) Examples of bistable orientations of the C=C bond of 
tetracyanoethylene (TCNE) inside a9, 0) zigzag CNT. (Reprinted from 
Meunier, V. and Sumpter, B.G., Nanotechnology, 18(42), 424032, 2007. 
With permission) 
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FIGURE 3.7 
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gate is filled by a single donor or acceptor molecule embedded 
inside a metallic nanotube channel (Meunier and Sumpter 
2007, Meunier et al. 2007) (Figure 3.6). The resulting device 
isa two-terminal system where the conduction properties can 
be turned on and off by modifying the position of the donor 
(or acceptor) molecule relative to the nanotube inner core. 
‘The intrinsic gating effect works for any nanotube-molecule 
couple, as long as the molecule possess two stable positions 
corresponding to a different interacting scheme with the 
nanotube host (bistability). The gating mechanism works as 
follows: In one orientation, charge transfer between the mol- 
ecule and the nanotube imposes a suppression of the current. 
In another orientation, when the interaction is not only purely 
electrostatic (charge transfer), but also includes significant 
directional binding, the gating effect is suppressed and current 
flow is allowed. It was proposed that the molecule's orientation 
can be modified by imposing a lateral stress to the nanotube, 
changing the local atomic arrangement around the molecule, 
which in turn results in its flipping. Other optional writing 
mechanisms include the use of a magnetic field, optoelectron. 

ics, etc. This example underlines the importance of developing 
a memory device with a well-defined and well-characterized 
storage node (here the storage node is a single molecule). It is 
also a memory device that lies at the boundary of FET-type 
system and NEMS device, as it involves both transistor-like 
technology and “moving parts,” on which NEMS are based, as 
shown in Section 3.3. 

‘Tour and coworkers proposed a memory element, not based 
on FET operation, but relying on the conformation of a molecule 
as the storage media (He et al. 2006). The idea is based on the 
development of a metal-free silicon-molecule-nanotube test bed 
for exploring the electrical properties of single molecules that 
demonstrated a useful hysteresis I-V loop for memory storage. 


Interfacial layer 


) 


(@) Schematic structure of the H{AIO/CNTS/HEAIO/Si MOS memory structure of Lu and Dai where a nanotube is used as the 


storage node. (b) High-resolution transmission electron microscopy (HRTEM) image of CNTs embedded in HEAIO control and tunneling layers. 
(Reprinted from Lu, X.B. and Dai, L¥., Appl. Phys. Lett, 88(11), 113104-3, 2006. With permission.) 
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Nonvolatile memory for more than 3 days with cyclability of 
‘greater than 1000 read and write-erase operations was obtained 
for a molecular interface between the Si and SWCNTs consisting 
‘of n-conjugated organic molecules. In this case, the hysteresis in 
the I-V curve resulted froma conductivity change at high-voltage 
bias. The conduction state could be easily switched from high to 
low conductivity, by using a +5V pulse, and makes it possible 
for the Si-molecule-SWCNT junction to be used as a nonvolatile 
memory element. The underlying mechanism for the switch. 
ing was examined and it was concluded that it was not due to a 
thermoionic process but likely from a tunneling process across 
the molecule. Akdim and Pachter suggested that the switching 
in the device may be driven by conformational changes in the 
molecule upon the application of an electric field and that the 
nature of the contact at the interface of the SWCNT mat plays 
an important role in the switching (Akdim and Pachter 2008), 


3.2.8 Using Nanotubes as Storage Nodes 


Some authors have reported CNFETs, where nanotubes were 
used as the storage node. Yoneya et al. proposed a 40K device 
with a crossed nanotube junction where one of the tubes is used 
as channel and the other one is used as floating gate (memory. 

storage node) (Yoneya etal. 2002). In this caseitis the large capac 

itance property of the nanotube that is exploited. The floating 
gate is charged and discharged using a back gate. The main dis. 

advantage of this approach isthe requirement ofa low operating 
temperature, Other reports have focused on room-temperature 
use of CNTs as storage nodes. Most notably, Lu etal. developed 
FET-based memory elements (Chakraborty et al. 2008, Lu and 
Dai 2006) in which the nanotubes are embedded inside the gate 
‘oxide in the metal oxide semiconductor structures. The memory 
structure is made up of an HfAIO/CNTS/HEAIO/Si structure. 
HFAIO was chosen as the tunneling and control oxides in the 
memory structures because of its promising performance for 
high-k gate dielectric applications and floating device appli- 
cations. The schematic structure of a floating-gate memory 
device using CNTS as the floating gate is shown in Figure 37. 
‘The p-type substrate is designed as the current channel and the 
CNTs are designed to be embedded in the HEAIO film and act 
as the charge-storage nodes. Excellent long-term charge reten- 
tion characteristics are expected for the memory structure using 
CNTs as a floating gate due to their hole-trapping characteris. 
tics, as is demonstrated in Lu and Dai's papers. While short-term 
charge retention was not found to be excellent in their prototype 
device, the memory window was found to remain ata reasonably 
large value over the long term. 


3.2.9 Conclusions 


CNFET-based devices for memory applications have received 
tremendous interest as is witnessed by the numerous published 
works outlined above. Inall the examples presented, the working 
principle is that the channel of the transistor consists of a doped 
semiconducting CNT. For all the examples presented above, 
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with the exception of those shown in Section 3.2.8, the storage 
node is usually located close to the channel but is not the channel 
itself, and depends dramatically on the surface chemistry of the 
dielectric, nanotube, and dielectric-nanotube interface. In those 
cases, it is the charge injection into the defects or charge traps in 
the dielectrics or interface responsible for the bistability and the 
memory properties. 


3.3 NEMS-Based Memory 
3.3.1 NEMS: Generalities 


NEMS are made of electromechanical devices that have critical 
dimensions from hundreds to few nanometers (Ke and Espinosa 
2006a,b). By exploiting nanoscale effects, NEMS offer a number 
of unique properties, which in some cases can differ significantly 
from those of the conventional microelectromechanical systems 
(MEMS). Those properties pave the way to applications such as 
force sensors, chemical sensors, and ultrahigh frequency resona- 
tors. For instance, NEMS operate in the microwave range and 
have a mechanical quality that allows low-energy dissipation, 
active mass in the femtogram range, unprecedented sensitiv- 
ity (forces in the attonewton range, mass up to attograms, heat 
capacities below yoctocalories), power consumption on the order 
of 10 attowatts, and high integration levels (Ke and Espinosa 
2006a,b). The most interesting properties of NEMS arise from 
the behavior of the active parts, which is typically in the form 
of cantilevers or doubly clamped beams with nanoscale dimen- 
sions. In NEMS, the charge controls the mechanical motion, and 
vvice versa. The presence of mechanical motion demands that the 
moving element to possess high-quality mechanical properties, 
including high strengths, high Young's moduli, and low density. 
While limitations in strength and flexibility compromise the 
performance of Si-based NEMS actuators, CNTs are better can- 
didates to realize the full potential of NEMS, in part due to their 
one-dimensional structure, high aspect ratio, perfect terminated 
surfaces, and exceptional electronic and mechanical properties. 
‘These properties, now complemented by significant advances 
in growth and manipulation techniques, make CNTs the most 
promising building blocks for next-generation NEMS (Bernhole 
et al. 2002, Chakraborty et al. 2007, and Yousif et al. 2008). 

‘A majority of CNT-based NEMS devices exploit the specific 
propensity of CNTs to respond efficiently to capacitive forces. 
Capacitive forces can develop between a nanotube and a gate 
electrode when the presence ofa gate potential induces the rear- 
rangement of a net charge on the nanotube's surface, which 
in turn causes the appearance of a capacitance force between 
the nanotube and the gate. Because the nanotube is very flex- 
ible, the capacitance force bends the nanotube toward the 
gate electrode. This phenomenon hinges on two key proper- 
ties of the nanotube: a large capacitance due to its shape and 
size and its exceptional mechanical flexibility. In addition to 
capacitance forces, other forces play a role in nanotube-based 
NEMS: elastic, van der Waals (vdW), and short-range forces. 
It is the delicate balance between those forces that makes the 
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functioning of nanotube-based NEMS possible. Here we review 
1a few examples of NEMS implementation for memory applica 

tions. We will discuss crossbar nonvolatile RAM, nano-relays, 
feedback-controlled nano-cantilevers, electro-actuated multi 

walled nanotubes, linear-bearing nano-switches, and telescop- 

ing nanotube devices, 


3.3.2. Carbon Nanotube Crossbars for 
Nonvolatile Random Access 
Memory Applications 


Rueckes et al. proposed one of the most promising applications 
of CNTs for memory applications (Rueckes et al. 2000). The 
device exploits a suspended SWCNT crossbar array for both 1/0 
and switchable bistable elements with well-defined on and off 
states. The crossbar consists of a set of parallel SWCNTs on a 
substrate and a set of parallel SWCNTs that are suspended on 
1 periodic array of supports (Figure 3.8). The storage node is 
found at each place where two nanotubes cross. The bistability is 
‘obtained from a balance between the elastic energy (correspond: 

ing to the bending energy of the tube, having a minimum for a 
non-bent tube), and the attractive viW energy (which creates a 
minimum corresponding to a situation where the upper nano: 

tube is deflected downward into contact with the lower nano: 

tube), as shown qualitatively in Figure 3.9. Since one minimum, 
corresponds to a large vertical distance between the two mutu: 

ally perpendicular arrays (defined roughly by the height of the 
supports), it corresponds to a situation where no current can 
flow between the two wires (this is the off state). At the second. 
minimum (roughly 0.341m, the distance between two tubes in a 
bundle), tunneling current is possible as the tube-tube distance 
is small enough to allow wave-function overlap between the two 
tubes. The “bent” geometry therefore corresponds to the on stat. 


FIGURE3.8 NRAM device made from a suspended nanotube device 
architecture with a three-dimensional view of a suspended crossbar 
array showing four junctions with tvo elements in the on state and two 
clements in the off state. The on slate corresponds to nanotubes in con- 
tact and the off state to nanotubes separated. The substrate consists of 
‘a conducting layer (dark gra 
(light gray). The lower nanotubes are supported directly on the dielec- 
tric film, whereas the upper nanotubes are suspended by periodie inor- 
‘ganic or organic supports (gray blocks). A metal electrode, represented 
by yellow blocks, contacts each nanotube. (Reprinted from Rueckes, T. 
etal, Science, 289(5476), 94, 2000. With permission.) 


that terminates in a thin dielectric layer 
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‘The device can be switched between the on and off situation by 
transiently charging the nanotubes to produce attractive or 
repulsive electrostatic forces. In the integrated system, electrical 
contacts are made only at one end of each of the lower and upper 
sets of the nanoscale wires in the crossbar array, which makes it 
possible toaddress many device elements froma limited number 
of contacts. It was found that there is a wide range of parameters 
that yield a bistable potential for the proposed device configura 

tion. The robustness ofthe two states suggests: this architecture 
is tolerant to variations in the structure. The other important 
feature ofthis device is the large difference in resistance between 
the two states (ths is the key property of electron tunneling: the 
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FIGURE 3.9 Interaction energies between two SWCNTs (one top 


and one bottom) in the device shown in Figure 3.8. (a) Mechanical 
strain in the top nanotube and (b) attractive van der Waals interac 
tion, showing a minimum atthe nanotube-nanotube distance of about 
0.34nm. Plot in (¢) shows the resulting bi-stable potential well used 
for storing information, The first minimum is in the on state (con- 
tact) and the second minimum is the off state (physical separation) 
“The existence of the energy barrier between the two minima ensures 
nonvolatility. 
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tunneling resistance decreases exponentially with the separa~ 
tion), which makes the device operation very reliable. The main 
drawback of the proposed geometry remains however, that at 
such small dimensions, the junction gap size imposes significant 
challenges in the nanofabrication of parallel device arrays. 

‘The concept proposed by Rueckes et al. was further devel- 
oped by the Nantero company, which has devoted a particu- 
lar important effort toward integrating nanotube array-based 
memory devices for practical applications. In an IEEE com- 
munication in 2004, Ward and coworkers improved the initial 
device by proposing a novel technique to overcome the hurdle 
‘of manipulating individual nanotube structures at the molecu- 
lar level (Ward et al. 2004). This technique allows CNT-based 
NEMS devices to be fabricated directly on existing production 
CMOS fabrication lines. The approach relies on the deposition 
and lithographic patterning of a 1-2nm thick fabric of nano- 
tubes, which retain their molecular-scale electromechanical 
characteristics, even when patterned with 80nm feature sizes. 
Because the nonvolatile memory elements are created in an all- 
thin-film process, it can be monolithically integrated directly 
within existing CMOS circuitry to facilitate addressing and 
readout. The transfer of the NRAM fabrication process to a 
commercial CMOS foundry is ongoing, and, when commer. 
ialized, will be the first actual application of CNTs for their 
unique electronic properties. 

‘A modified NEMS switch using a suspended CNT was stud- 
ied by Cha et al. (2005). In that memory element, the device 
hhas a triode structure and is designed so that a suspended 
CNT is mechanically switched to one of two self-aligned elec- 
trodes by repulsive electrostatic forces between the tube and 
the other self-aligned nanotube electrodes. One of the self- 
aligned electrodes is set as the source electrode and the third 
is the gate electrode. The nanotube is suspended between the 
‘two other electrodes (acting as a drain electrode). As the gate 
bias increases, the force between the gate and the drain elec 
trode deflects the suspended CNT toward the source electrode 
and establishes electric contact, which results in current flow 
between the source and the drain electrodes. The electrical 
measurements show well defined on and off states that can be 
‘changed with the application of the gate voltage. 

Dujardin et al. exposed another type of memory device based 
‘on suspended nanotubes. In their NEMS, maltiwall carbon 
nanotubes (MWCNTS) are suspended across metallic trenches 
at an adjustable height above the bottom electrode (Dujardin 
et al. 2005). When a voltage is applied between the nanotube and 
the bottom electrode, the nanotube switches between conduct- 
ing and nonconducting states by physically getting closer or far 
ther from the bottom electrode. The device acts as a very efficient 
electrical switch and can be improved by surface functionaliz~ 
ing the bottom electrode with a self-assembled monolayer. The 
nanotube bridge was also experimentally studied by Kang etal 
‘who highlighted the importance of the interatomic interactions 
between the CNT bridge and the substrate and the damping rate 
‘on the operation of the NEM memory device as a nonvolatile 
memory (Kang et al. 2005). 


3.3.3 Nanorelays 


CNT nanorelays are three terminal devices made up of aconduct- 
ing CNT positioned on a terrace on a silicon substrate (Figure 
3.10) It is connected to a fixed-source electrode (single clamp- 
ing) and a gate electrode is placed beneath the nanotube. When 
a bias is applied to it, charge is induced in the nanotube and the 
resulting capacitance force established between the gate and the 
tube triggers the bending of the tube, whose end is brought in 
closer contact to the drain electrode, thereby closing an electric 
circuit. This device was first proposed by Kinaret et al. (2003), 
and later demonstrated experimentally by Lee et al. (2004) and by 
Axelsson et al. 2005). As in other memory devices, the mecha- 
nism hinges on the existence of two stable positions (bistability), 
corresponding to the on and off states, respectively. The advan- 
tage of the device is that itis characterized by a sharp transition 
between the conducting and the nonconducting states. The large 
variation in the resistance is due to the exponential dependence 
of the tunneling resistance on the tube-end-drain distance. The 
transition occurs at fixed source-drain potential, when the gate 
voltage is varied. In this case, the tube is bent toward the drain 
and a large current is established, which subsequently disappears 
when the tube is moved far from it. Aside from possessing the 
property of a memory element, this device also allows for the 
amplification of weak signals superimposed on the gate voltage. 
A number of investigations, theoretical and experimental, have 
been performed to further characterize and optimize the practical 
applications of the nanorelay for memory purposes. The funda- 
‘mental property of the nanorelay is reached for a balance of the 
‘vdW, adhesive (close range), electrostatic (capacitance), and elas- 
tic forces. The so-called pull-in voltage (voltage required to bring 
the tube in contact with the drain) was first studied by Dequesnes 
et al. for a two-terminal device where the entire substrate acted 
as the gate electrode (Dequesnes et al. 2002). It was found that 
‘dW forces reduce the pull-in voltage, but do not qualitatively 
modify the on-off transition. The importance of vdW forces 
decreases with decreasing tube length and increasing terrace 
height and tube diameter. The transition is, however, very sensi- 
tive to short-range attractive forces, which enhance the tendency 
of the CNT to remain in contact (siction effect). Stiction makes 


FIGURE 310 Nanorelay: schematic picture of the model system con- 
sisting of a conducting CNT placed on a terraced Si substrate, The ter 
race height is labeled h, and q denotes the excess charge on the tube. 
“The CNT is connected to a source electrode (8), and the gate (G) and. 
rain (D) electrodes are placed on the substrate beneath the CNT. The 
displacement x of the nanotube tip is measured toward the substrate. 
‘Typical practical lengths are ~ 50-100nm, l~ Sam, (Reprinted from 
Kinaret,J.M.etal., Appl. Phys. Let, 82(8), 1287, 2003. With permission.) 
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the device unusable asit remains stuck in the on position (Jonsson 
et al. 2004a,b). The effect of the surface forces can be visualized 
bby means ofa stability diagram, which reveals the existence and 
positions of zero net force (local minima) on the cantilever as a 
function of gate voltage and tube deflection. A typical curve was, 
computed by Jonsson etal. and is reproduced in Figure 3.11. A sta 

bility diagram with more than one local equilibrium for a specific 
voltage results in a hysteretic behavior in the I-V, characteristics 
(more than one position of zero net force means that there actu- 

ally are three such positions, one of which is not stable). The net 
force is positive to the right ofthe curve and negative to the left of 
the curve, so that, when lowering the voltage for a tube in contact 
with the drain electrode, it will not release until there is no stable 
position at the surface. The surface forces exacerbate this effect. 

‘The stiction problem corresponds to a stable nanotube position at 
the surface that can no longer be modified by the application of a 
gate voltage. The stiction problem is a general issue encountered 
in many nanotube-based devices. The problem of stiction hin: 

ders the use of SWNT (because they are too flexible) asa bistable 
NEMS switch. MWNT and SWNT bundles are better candidates 
for bistable switching (Yousif et al. 2008). This problem can be 
alleviated, for example, by using stiffer (by avoiding total collapse 
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FIGURE 3.11 Nanorelay stability diagram with and without surface 
forces computed with parameters given in Jonsson etal. (20048). The 
‘curve shows the positions of zero net force on the tube (or local min- 
ima) as functions of gate voltage (at constant source voltage = 0.01) 
and deflection x (in units ofh, see Figure 3.10). The large arrows show 
the direction of the force on each side of the curves, indicating that 
‘one local equilibrium state is unstable, The required voltage for pulling 
the tube to the surface (pull-in voltage) is given by A (~6.73V). A tube 
at the surface will not eave the surface until the voltage is lower than 
the “release voltage,” B and C in the figure. Note that A > B, C, which 
indicates a hysteretic behavior in the current-gate voltage character- 
istics, a feature significantly enhanced by surface forces. (Reprinted 
from Jonsson, L.M. et al, Nanotechnology, 15(11), 1497, 2004a. With 
permission ) 
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of the tube, eg, by using MWCNTS) or shorter tubes. It can also 
be avoided by applying a layer of adsorbates. 

Fujita et al. suggested a very different approach with a modi 
fied device design. They proposed usingaa floating gate that is built 
between a bundle of CNTs and electrically isolated from the input 
and output electrodes. The bundle of CNT is, therefore, bent 
by the electrostatic force between the floating and control gate, 
thereby allowing the on-off threshold voltage to be controlled by 
changing the back-gate voltage, similar to silicon MOSFET (Fujita 
etal. 2007). A consequence of reducing the possibility of stiction 
is thata higher pull-in voltage is required, and field emission from 
the end of the tip can be important. Field emission will become 
important when the effective potential at the tube end is equal 
or larger to the work function of the nanotube (i., about 4.5). 
For a set of design parameters, field emission can be deliberately 
sought after (noncontact mode). In the contact mode described 
above, tunneling current passes from the tube to the drain elec- 
trode. In the noncontact mode, the device is designed (short tube) 
in such a way that the tube is never in physical contact with the 
drain electrodes. In that case, an electron flow is established via 
a field emission mechanism. ‘The field emission current onsets 
with a sufficiently large source-drain voltage and then increases 
nonlinearly as the source~drain voltage (i.e, the applied field) is 
further increased. The nanotube can be switched very quickly 
between the on and off states, and the nanorelay operation was 
evaluated to work in the gigahertz regime (Jonsson etal. 2004). 


3.3.4 Feedback-Controlled Nanocantilevers 


A variation of the nanorelay device presented in the previous 
section was proposed (Ke and Espinosa 2004), as shown in 
Figure 3.12a. It is made of an MWCNT placed as a cantilever 
over a micro-fabricated step. A bottom electrode, a resistor, and 
a power supply complete the device circuit. Compared to the 
nanorelay, this is a two-terminal device, providing more flex- 
ibility in terms of device realization and control. When the 
applied potential difference between the tube and the bottom 
electrode exceeds a certain potential, the tube becomes unsta- 
ble and collapses onto the electrode. The potential that causes 
the tube to collapse is defined as the pull-in voltage, already 
encountered above (Dequesnes et al. 2002). Above the pull-in 
voltage, the electrostatic force becomes larger than the elastic 
forces and the CNT accelerates toward the electrode. At small 
nanotube-tip electrode distance (of the order of 0.3-1.0nm), 
substantial tunneling current passes between the tip ofthe tube 
and the bottom electrode. The main difference with the nanore- 
lay design is the presence ofa resistance R placed in the circuit; 
with the increase in the current, the voltage drop at R increases, 
which causes a decrease in the effective tube-electrode poten- 
tial and the tube moves away from the electrode. It follows 
that the current decreases and a new equilibrium is reached, 
Without damping in the system, the cantilever would keep 
‘on oscillating at high frequency. However, damping is usually 
present, and the kinetic energy of the CNT dissipates. The tip 
‘ends up ata position where the electrostatic force is equal to the 
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FIGURE 3.12 


(@) Schematic ofa feedback controlled nanocantilever device. isthe initial step height and A isthe gap between the deflected tip 


and bottom conductive substrate. Ris the feedback resistor, as explained in the text. (bc) Characteristic of pull-in and pull-out processes fora device 


with L= 500nm, H= 100nm, and R 


GO. (b) The relation between the gap A and the applied voltage U.(e)The relation between the current [in 


the circuit and the applied voltage U. (Reprinted from Ke, C-H. and Espinosa, ILD., Appl. Phys. Let, 85(4), 681, 2004. With permission) 


clastic one and a stable tunneling current is established. This 
is the “lower” equilibrium position for the CNT cantilever. If 
the applied voltage decreases, the cantilever starts retracting. 
‘When the applied potential is lower than the so-called pull-out 
voltage, the CNT leaves the “lower” position and returns back 
to the upper equilibrium position where the tunneling current 
significantly decreases and becomes negligibly small. The pull- 
in and pull-out processes follow a hysteretic loop for the applied 
voltage and current in the device. The lower and upper posi- 
tions correspond to the on and off states of the switch, respec- 
tively. The lower equilibrium state is very robust, thanks to the 
existence of the tunneling current and the feedback resistor. 
(The concept of robustness is related to the value of the ratio 
of current in on and off states. A ratio of 104 is usually needed 
for such a device to be considered robust.) Representative char- 
acteristics are reproduced in Figure 3.12b. This device has been 
demonstrated experimentally by Ke and Espinosa (2006a,b) 
and Ke et al. (2008), showing striking agreement between theo- 
retical prediction and experimental realization. The presence 
of the resistor allows adjusting the electrostatic field to achieve 
the second stable equilibrium position. This is an advantage 
compared to the NRAM system developed by Rueckes et al., 
since it reduces the constraints in fabricating devices with 
nanometer gaps between the freestanding CNTs and the sub- 
strate, thereby increasing reliability and tolerance to variability 
in fabrication parameters. The main drawback of this device 
for memory applications is that the memory becomes volatile; 
‘when the applied potential is turned off, the tube retracts back 
to the upper position and the information stored in the position 
of the tube is erased 


3.3.5 Data Storage Based on Vertically 
Aligned Carbon Nanotubes 


Another type of memory cell using a nanotube cantilever is 
based on the work of Kim et al. on nanotweezers (Kim and 
Lieber 1999). The nanotweezer consists of two vertically aligned 
MNT that are brought together or separated by the applica- 
tion ofa bias potential between them. Motivated by that realiza- 
tion, Jang etal. proposed a memory system that improves the 
integration density and provides a simple fabrication technique 
applicable to other types of NEMS (Jang et al. 2005). The device 
consists of three MWCNTSs grown vertically from predefined 
positions on the electrodes, as shown in Figure 3.13. The first 
nanotube is electrically connected to the ground and acts as a 
negative electrode. Positive electrostatic charges build up in the 
second and the third tubes when they are connected to a posi- 
tive voltage. The third tube pushes the second tube toward the 
first tube, because of the forces induced when the positive bias 
of the third tube increases, while maintaining a constant posi- 
tive bias on the second one. Above a threshold bias, the second 
tube makes electrical contact to the first tube, establishing the 
on state. The balance of the electrostatic, elastic, and vdW forces 
involved in the device operation determines the threshold bias 
If the attractive force between the first and second tube is larger 
than the repulsive electrostatic forces between them, they remain 
held together even after the driving bias is removed (otherwise 
they would return to the original position). Therefore, the sys- 
tem can act as either a volatile or nonvolatile memory element, 
depending on the design parameters. Note that a two-terminal 
memory device can be devised using the same principles. In that 
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A schematic illustration of the CNT-based electromechanical switch device proposed by Jang etal (a) Schematic of fabrication, 


process: Thrce Nb electrodes are patterned by electron-beam lithography, followed by sputtering and liftoff. Similarly, Ni catalyst dots were also 
formed on the predefined lacations for the growth of MWCNTs, The MWCNTs were then vertically grown from the Ni catalyst dots. (b) 
Ilustration of CNT-based electromechanical switch action. (c)-(d) SEM image ofthe actual device: The length and diameter of the MWCNTs are 
about 2jim and 70mm, respectively. The scale bar corresponds to lum. (Reprinted from Jang, LE. etal, Appl. Phys. Lett, 87(16), 163114-3, 2005, 


‘With permission.) 


case the “gate” electrode is no longer the third tube but a con- 
ventional gate that is used to separate the two tubes from their 
contact position. 

Jang et al. also reported a nanoelectromechanical-switched 
capacitor structure based on vertically aligned MWCNTs in 
‘which the mechanical movement of a nanotube relative to a 
CNT-based capacitor defines on and off states. The CNTs are 
‘grown with controlled dimensions at predefined locations on 
a silicon substrate in a process that could be made compatible 
with existing silicon technology, and the vertical orientation 
allows for a significant decrease in cell area over conventional 
devices. It was predicted that it should be possible to read data 
with standard dynamic random-access memory-sensing ci- 
cuitry. Jang et al’s simulations suggest that the use of high-k 
dielectrics in the capacitors will increase the capacitance to the 
level needed for dynamic random-access memory applications 
Gang etal. 2008). 


3.3.6 Linear Bearing Nanoswitch 


‘This type of memory device exploits the friction properties 
‘of MWCNTs. In MWCNTS, the intershell resistance force, or 
friction for the sliding of one shell inside another, is known 
to be negligibly small, as small as 10 N/atom (Cumings 
and Zettl 2000, Yu et al. 2000). The inner core of an open 
MWCNT can therefore be expected to move quasi-freely 
forward and backward along the tube axis, provided that at 
least one end of the tube is open. Deshpande et al. presented 


a remarkable application of the low-friction-bearing capabili- 
ties of MWCNTSs to realize a NEM switch as shown in Figure 
3.14 (Deshpande et al. 2006). ‘The switch consists of two open- 
ended MWCNT segments separated by a nanometer-scale gap. 
The switching occurs through electrostatically actuated slid- 
ing of the inner nanotube shells to close the gap, producing 
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FIGURE 3.14 CNT linear bearing nanoswitch. Main panel: abrupt 
rise in conductance upon sweeping of source-drain voltage (open 
squares) and subsequent latching in the on state (filled squares). Lower- 
right inset: SEM image of the device after latching showing that the 
‘gap has closed. Upper-right inset: schematic cup and cone model of the 
system. (Reprinted from Deshpande, VV. et al, Nano Lett, 6(6), 1092, 
2006. With permission) 


rated circuit> digital > shift register 


Unconnected Input 
Because many shift registers havea choice oftwo 
inputs to the same chain of internal flip-flops, it 
is easy to leave one of them unconnected by ac- 
cident. A floating input will be vulnerable to any 
stray electromagnetic fields, and is almost cer- 
tain to create random effects. 


Output Enable Issues 
The output enable pin ona shiftregister that has 
three-state logic outputs is usually active-low. 
Consequently, ifthe pin is left unconnected, the 
logic outputs may go into high-impedance 


What Can Go Wrong 


mode, or will fluctuate unpredictably. Where 
three-state outputs are not required, a safe 
course of action will be toavoidusing three-state 
chips. 


Floating Output Bus 
If a pullup resistor is omitted from a bus that is 
shared by three-state chips, the results will be 
unpredictable. Even ifthe circuitdesign seemsto 
guarantee that at least one chip will have a high 
orlow output on the bus, a pullup resistorshould 
still be included. 
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‘conducting on state. For double-walled nanotubes, in par- 
ticular, a gate voltage was found to restore the insulating off 
state. The device was shown to act as a nonvolatile memory 
element capable of several switching cycles. The authors indi- 
cate that the nanotubes are straightforward to implement, are 
self-aligned, and do not require complex fabrication, poten: 

tially allowing for scalability. The nanotube-bearing device is 
fabricated in high yield by using electric breakdown to create 
gaps in a single freestanding MWCNTT device, producing an 
insulating off state. The device is actuated using electrostatic 
forces between the two ends of the tube that are connected to 
external electrodes. The force triggers a linear bearing motion 
that telescope the inner shells in the two multiwall or double- 
wall segments, so that they bridge the gap (Forro 2000). This 
restores electrical contact and produces the on state. Adhesion 
forces between the tube ends maintain the conductive state. 

‘The insulating state is controllably restored using a gate voltage, 
thereby completing the three-terminal nonvolatile memory 
devices. The gap is closed for a source-drain voltage around 
9Y, leading to a conducting on state. At a large gate voltage 
(110V) and small source-drain voltage (10 mV), the device 
snaps back to the zero conductance state. The explanation for 
the transition from the on state back to the off state is that the 
gate voltage imposes a bending stress on the nanotube and acts 
to break the connection. The use of elementary beam mechan- 
ics confirms that the force acting upon the two portions of 
the nanotube is significantly larger than the adhesion forces, 
allowing for the gap to be reopened. 

‘The use of the exceptional low friction between individual 
walls in MWNTSs is also the basic property exploited in a 
number of theoretically proposed structures for nanotube- 
based memory elements. In the following paragraphs, we 
will briefly review the work of Maslov (2006) and Kang and 
Jiang (2007). 

Maslov proposed a concept that uses vertically aligned 
MWENTS, that is first opened (or “peeled”) layer by layer, so 
that the inner core is able to move along the vertical tube axis. 
By mounting another dielectric above the nanotube at a specific 
distance from the tube caps, two stable vaW states for the inner 
core are created and provide for nonvolatile data storage. The 
‘two stable states are (1) when the inner tube is away from the top 
electrode, stabilized by the interaction with the outer shell (off 
state, where the circuit is open) and (2) when the inner tube is 
in contact with the top electrode, stabilized by vaW interaction 
‘with the top electrode (on state, where the circuit is closed). The 
switching between the two states is realized by exploiting the 
electrostatic force resulting from the positive charging ofthe top 
(or bottom) electrode and negative charging of the tube inner 
core, pulling the core toward (away from) the top electrode. For 
nonvolatility purposes, itis important that the adhesion force is 
large enough to maintain the tube position, even when the bat- 
tery potential is turned off. 

Another interesting theoretical proposal using the fric- 
tion properties of multiwalled systems was made by Kan and 
Jiang. The conceptual design and operation principle of the 
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FIGURE 3.15 Electrostatically telescoping nanotube nonvolatile 
memory device. (a) The initial equilibrium position, (b) the core CNT 
contacts with the right electrode with V, and (6) the core CNT con. 
tacts with the left electrode with V, (d) Energetic schematics of the 
telescoping MWCNT-based memory, showing the presence of two local 
‘minima (bistability) and an energy barrier between them (nonvolati- 

). (Reprinted from Kang, JW. and Jiang, Q., Nanotechnology, 18(9), 
(095705, 2007. With permission ) 


MWCNT-based storage are illustrated in Figure 3.15 (Kang 
and Jiang 2007). The main structural element of the devices 
is composed of a MWCNT deposited on a metallic electrode. 
‘The metallic electrode clamps the outer shell of the multiwall 
tube, while the inner core of the tube is allowed to freely slide 
back and forth (both ends of the tube outer-shell are opened). 
This telescoping device possesses three stable positions, result- 
ing from the balance between the wall-wall interactions and 
the tube-metal electrode interactions. Two minima correspond 
to inner tube positions close to the electrode (allowing current 
to flow between that electrode and the bottom one, attached to 
the outer core of the tube). A third minimum corresponds to the 
tube positioned completely inside the outer shell. The move- 
ment of the inner core is realized using electrostatic forces 
induced by the voltage differences between the various elec- 
trodes. ‘This leads to reversibility and nonvolatility, provided 
that the electrode material is carefully chosen (large enough 
‘dW force to ensure contact when bias is turned off, while 
avoiding stiction where the nanotube cannot be separated 
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from the electrode anymore due to small range forces, as illus- 
trated in Figure 3.15b), 


3.3.7 Conclusions 


In this section, we have presented the state ofthe art of fundamen- 
tal research of the use of CNTs NEMS for memory applications. 
‘The CNT-NEMS are particularly interesting because they exploit 
the two most remarkable properties of CNTs, namely, their elec- 
tronic and mechanical properties. The viability of CNT-based 
NEMS switches and their comparison with their CMOS equiva- 
lents was recently presented by Yousif et al. (2008). A detailed 
analysis of performance metrics regarding threshold voltage 
control, static and dynamic power dissipation, and speed and 
integration density revealed that apart from packaging and reli- 
ability issues (which are the subject of intense current research), 
nanotube-based switches are competitive in low power, particu- 
larly low-standby power, logic, and memory applications. 
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3.4 Electromigration CNT-Based 
Data Storage 


During the past decade there have been numerous promis- 
ing concepts developed, based on utilizing ionized endohe- 
dral fullerenes and nanotubes as high-density nonvolatile 
memory elements. In this section the fundamental concepts 
underlying the operation and development of these types of, 
systems are described and two specific examples are discussed 
in detail. 


3.4.1 A “Bucky Shuttle” Memory Element 


One of the earliest concepts fora CNT nonvolatile memory ele- 
ment was based on an ionized fullerene that could be electri- 
cally shuttled from one energy state to another inside a larger 
fullerene or CNT, as shown in Figure 3.16 (Kwon etal. 1999) 


rc) 


(@) Top view 


FIGURE 3.16 _Ilustration of the “bucky shuttle” concept as a memory element: (a) Transmission electron micrograph ofa synthesized carbon 
structure showing a fullerene encapsulated inside a short nanotubule.(b) Molecular model depicting the ideal structure. (c)Position-dependent 
energy ofan endohedral K@C,,* within the structure shown in (b). The results (otal energy) were obtained from molecular dynamics simulations 
without an electric feld (Solid line) and following the application of a small electric field on the system (dashed line). A schematic of the corre- 


sponding C,, position and intrinsic state ("bit 0” or "bit 


is shown on the figure. (d) A schematic of the overall “bucky shuttle” memory element 


concept that corresponds to a high-density memory board. (Reprinted from Kwon, Y.K. etal, Phys. Rev. Lett, 82(7), 1470, 1999. With permission.) 
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One advantage of this concept was an appropriate material 
could be self-assembled from elemental carbon via thermal 
treatment of diamond power. A unique geometry of a nano 

tube encapsulating a fullerene, where a small fullerene struc 

ture could reside at one of the two ends of a capped nanotube 
or larger fullerene was experimentally identified (Figure 
3.16a), and this structural arrangement became the basis for 
the original concept of a “bucky shuttle” memory element. 
In this system the on (bit 1) and off (bit 0) states correspond 
to the two ends of the nanotube that are local minima in the 
energy landscape of the endohedral fullerene (Figure 3.16¢) 
‘The position of the ionized endohedral fullerene (obtained by 
doping with potassium, eg., K'@C60) can be manipulated by 
applying a bias voltage across the ends of the nanotube. The 
energetics of a switching field of 0.1 V/A. generated by apply. 

ing a voltage of 1.5V is shown in Figure 3.16c. With such a 
small electric field, integrity problems are not expected since 
graphitic structures are known not to degrade under fields of, 
<3VIA. The overall thermal stability and nonvolatlity of the 
system directly depends on the relative depth of the energy 
minima for the two states, Molecular dynamics simulations 
were used to explore the functional operation regime for the 
“bucky shuttle” and also to perform detailed performance 
analyses. Those calculations successfully demonstrated that 
information stored would be thermally stable well beyond 
room temperature, requiring temperatures above 300K to be 
destroyed. In addition, the results indicated that the “bucky 
shuttle” can be switched between the two states on a very fast 
timescale, -10ps, by applying a small electric field. This opera 

tion regime would allow for memory-switching access of close 
to 0.1 THe, giving a data throughput rate of 10Gbyte/s in its 
simplest serial mode. Parallel arrays of the “bucky shuttles” 
could be envisioned from ordered close-packed nanotube 
arrays and such an assembly could potentially provide unprec- 
edented memory storage (Figure 3.164). This ideal system 
‘would offer a nonvolatile memory device with a combination 
‘of high switching speed and high density 


3.4.2 Memory Elements Based on the 
“Bucky Shuttle” Concept 


While the “bucky shuttle” concept provides a relatively simple 
mechanism for storing information at the nanoscale, and it is 
strongly supported by molecular dynamics simulations that 
have solidified its theoretical operation, a practical measure- 
ment of the intrinsic on and off states is not clear. Also, the 
experimental production, although shown possible using self 
assembly, is not able to exclusively produce the required “bucky 
shuttle” structures and would require novel separation and 
sorting techniques to facilitate their practical use. These short: 

comings stimulated the development of a number of related 
concepts that have continued to evolve, such as a “nanotube 
shuttle” employing a transition from single-walled to double- 

walled nanotube for detection of the “shuttle” position (Kang 
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and Hwang 2004c, 2005a), multi-endo-fullerenes- or peapod- 
based shuttles (Kang and Hwang 2004, 2005b), and variations 
of these including boron nitride nanotubes (Choi et al. 2004, 
Hwang et al. 2005b), bipolar endo-fullerenes (Hwang et al 
2005a), metallofullerenes (Byun et al. 2004), and ionic fluidic 
media (Kang and Hwang 2004b). Again, the basic underly- 
ing concept relies on the electromigration of an encapsulated 
architecture(s) from one local energy minimum to another. 
‘The “nanotube shuttle,” for example (see Figure 3.17), is based 
on the use of a capped peapod (nanotube with multiple endo- 
hedral Cys, see Figure 3.17a), which is subjected to thermal 
and e-beam treatment (Figure 3.17b) that subsequently causes 
coalescence of the encapsulated Cys to form an inner tubule 
This is a well-known experimental process and one of the pri- 
mary methods used for producing high-quality double-walled 
CNT. The capped double-walled carbon nanotube (DWCNT) 
is then cut using lithography and etching technology in order 
to produce two aligned open ends with the inner tubule ini- 
tially residing within one end (Figure 3.17¢ through e). The 
shuttle mechanism allows the inner tubule to move from one 
tube end across the gap into the other tube (Figure 3.174). The 
separation of the two open ends is required in order to have two 
independent nanotube structures, which is critical for detect- 
ing the state that the overall system is in. The separation must 
be large enough to preempt strong interactions between the two 
nanotube structures (the two ends need to be independent in 
order for the electronic structure to allow unique detection) but 
small enough so as to prevent the shuttling inner tubule from 
completely escaping. For such an ideal system, the position of 
the inner tubule could in principle be measured by detecting 
the electronic structure of one of the ends since it will change 
from that corresponding to a single-walled to a double-walled 
nanotube (Lee et al. 2002). 


3.4.3 Conclusions 


‘The general “bucky shuttle” concept relies on utilizing the basic 
principle of electromigration in a two-level system defined by 
an ionized encapsulated fullerene-based structure. Its operation 
has been demonstrated to be very efficient (very short switch- 
ing times) and is in general highly robust in regard to thermal 
and electrical stability. In addition, the possibility of assembling 
very high density architectures promises to allow construction 
of memory elements with high switching speed, high density, 
and nonvolatile storage of data. Unfortunately, despite the tre- 
mendous interest in the fundamentally simple and attractive 
systems underlying the use of CNT-based electromigration for 
memory elements, experimental realization has been difficult 
This is because of the complexities in practical fabrication of the 
required structures and for making appropriate electrical con- 
tacts with them. As such, these types of systems have remained 
as conceptual ideas, to date, relying on the proof-of-principles 
results primarily obtained from classical molecular dynamics 
simulations. 
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A schematic illustration of the design (a-e) and operation of a “nanotube shuttle” memory element (): (a) a peapod CNT that can 


be coalesced by e-beams nd thermal treatment. (b) the coalesced DWCNT; (9 oxide film growth; (d) Masking and oxide etching; (e) etching ofthe 
DWNT; (9 The van der Waals force (Fj) and total energy (Un) a8 a function of the center position of the inter-nanotubule. (Reprinted from 
Kang, JW. and Hwang, HJ, Carbon, 42, 3018, 2004a. With permission) 


3.5 General Conclusions 


At the nanoscale, where electronics is integrated on a lateral scale 
associated with a minimum feature size significantly smaller 
than tens of nanometers, a number of new phenomena stem: 

‘ming from quantum effects and confinement dominate the pro- 
cesses governing the electron flow across an active device (Waser 
2003). Itis when those quantum effects are understood, that new 
device concepts can be developed and novel mechanisms tuned 
to desired functionality. For practical applications, the role of 
fundamental research is to address the question of how a new 
material can be employed in useful devices. This is particularly 
important for nanoelectronics and information storage since 
any technology that has ambitions to compete with conventional 
approaches must display significant benefits and distinct advan- 
tages. As discussed in this chapter, CNTs are among the most 
cited materials that have been used for prototype nanoelectron 

ics and information-storage devices, a dominant position that 
originates from their intrinsic structural and electronic proper- 
ties. It is clear that numerous memory devices based on CNTs 
have been proposed and successfully demonstrated during the 


past decade. Many of these devices show tremendous promise 
for providing enhanced densities, lower power requirements, 
more efficient read-write processes, and nonvolatility of data, 
‘These advantages indicate that CNT-based memory could, 
in principle, compete with current memory devices such as 
DRAM. However, cycling stability and data-retention times that 
are competitive with flash memory has proven to be difficult to 
achieve. Other critical issues revolve around practical fabrica- 
tion and the scalability for CNT-based memory devices that can 
provide the same facility for large-scale fabrication as silicon 
photolithography. Presently, this goal appears to be in the dis- 
tant future but it continues to be a topic of intense research. With 
the demonstrated potential payoff for a range of useful applica- 
tions, it seems likely that a solution to these problems will even- 
tually be found. 
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4.1 Introduction 


4.2. Background 


‘A ferromagnetic island is a detached piece of ferromagnetic 
material, supported by a nonmagnetic* substrate. The term fer- 
romagnetic island is usually used to describe a prolate object with 
a thickness of a few nanometers and lateral dimensions of up 
to a few micrometers. If the geometrical confinement becomes 
comparable or smaller than the intrinsic magnetic length scales, 
such as the exchange length, the domain size, or the domain wall 
thickness, novel magnetic properties and magnetization reversal 
mechanisms emerge, different from the properties of the respec- 
tive bulk material. The domain configuration, the reversal mecha- 
nism, and the demagnetizing field of ferromagnetic islands can be 
tailored by their size, their shape, and their chemical composition, 

Nanomagnetism is a rapidly growing area in solid-state 
research and development. There exist several excellent reviews 
covering the whole field, including preparation and characteriza 
tion techniques (Dennis et al. 2002, Martin et al. 2003, Adeyeye 
and Singh 2008). We do not aim to give another comprehen: 
sive overview. This chapter is intended to give an introduction 
to ferromagnetic islands and to illustrate their properties and 
interactions on some of our own selected recent experimental 
results. First, we will present an overview of the fundamentals 
of ferromagnetism, particularly with regard to its impacts on 
nanostructured materials. Subsequent, examples of selected sys- 
tems starting from single dots and rectangular-shaped islands 
to more complex geometries will be discussed. Preparation and 
characterization techniques are only covered if they are neces. 
sary for the understanding of the physical properties. This chap. 
ter concludes with an outlook on the future perspectives. 


“Throughout the text the term “nonmagnetic” will be used to address non- 
ferromagnetic materials. 


4.2.1 Ferromagnetism 


‘The discovery of magnetism is one of the oldest cultural achieve- 
ments in human history. The attraction of iron to loadstone was 
observed before recorded history began. Magnetism arises from 
the magnetic dipole moments of atoms and molecules influenced 
by their symmetry and by the relative orientation of their electron 
orbits. Depending on the response of substances in an external 
magnetic field, they are classified as diamagnetic, paramagnetic, 
ferromagnetic, antiferromagnetic, or ferrimagnetic. The main 
characteristic of ferromagnetic materials is their permanent 
magnetization, caused by a natural tendency of the magnetic 
moments of its atoms or molecules to align under their mutual 
interactions. The ferromagnetism of the 3d transition metals Fe, 
Co, and Niis essentially due to a quantum mechanical phenom- 
enon which has its origin in electrostatics (Heisenberg 1928) 
‘The permanent magnetic moment of a free atom of the 3d 
transition metals is caused by the uncompensated spin moments 
of partly filled 3d shells and the related orbital moments. The 
wave function of the 3d electrons can be separated into an 
orbital wave function and spin wave function. Paulis exclusion 
principle forces the total wave function to be antisymmetric, so 
that no two electrons may have the same set of quantum num- 
bers in an atom, Parallel alignment of the spins forces the occu- 
pation of higher energy levels, allowing for alarger separation of 
the electrons and a reduction of their Coulomb interaction. The 
win in Coulomb energy is confronted with an increasing kinetic 
energy, as some electrons have to occupy higher energy levels for 
the symmetric spin configuration. Thus, the developing of fer- 
romagnetism depends on which energy term dominates. In the 
most simple case of a two-electron system, the energy difference 
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between the parallel and the antiparallel spin alignment is 
expressed by the exchange integral J: 


J=2[(HODHOaVewnMlNWO)}dndr. 0) 


where 
V(r, r2) denotes the interaction potential 
Wir) and ¥,(r,) are the respective single-particle wave 
functions 


A strong exchange interaction implies a large spatial overlap 
of the electron wave functions, which cannot be realized if these 
electrons are strictly localized. Atleast in the metals Fe, Co, and 
'Ni, conduction electrons of the outer shell are not bound to their 
atoms, they are free to move and must interact in some way with 
the electrons at the lattice sites. In these metals the 3d band is 
overlapped in energy by a much wider 4s band. The bands are 
filled up to the Fermi level, so that the electrons which each 
atom contributes to the conduction band are not all from the 4s 
band, but partly from the 3d band. Therefore, the number of d 
electrons per atom contributing to the bulk magnetism is not an 
integral number (Aharoni 2000). In the bulk, the direction of the 
‘magnetization vector is defined by the crystalline symmetry. In 
‘materials with a large magnetic anisotropy there is a strong cou- 
pling between the spin and orbital angular moments within an 
atom. In addition, the atomic orbitals are generally nonspherical. 

Because of their shape, the orbits prefer to lie in certain crystal- 
lographic directions. The spin-orbit coupling then assures a pre- 
ferred direction for the magnetization, called the easy direction. 

To rotate the magnetization away from the easy direction costs 
energy, the so-called anisotropy energy. The anisotropy energy 
depends on the lattice structure. In a perfect single crystal, the 
anisotropy axis is well defined macroscopically, while in a poly- 
crystalline sample the anisotropy axis is still defined locally in 
cach crystallite, but macroscopically itis averaged out due to the 
random orientation of the crystallites. In ferromagnetic islands 
the induced anisotropy of the geometrical shape plays a mayor 
role and will be discussed in more detail in the following sec- 
tions. Anisotropies may also be induced by the interface to the 
substrate, the surface, or strains. A more detailed discussion of 
the relevant energy terms will be given in Section 4.2.4 


4.2.2 Ferromagnetic Domains 


Most ferromagnetic materials show no resulting magnetic 
moment outside the material. The reason for this observation 
are domain structures (Hubert and Schafer 1998). The equilib: 

rium magnetization configuration is a result of the competition 
between the local effects of exchange and anisotropy with the 
nonlocal effect of the magnetostatic field (in the case without 
applied magnetic field). Exchange and anisotropy alone would 
favor a homogeneously magnetized sample with the magneti- 
zation along one of the system’s easy axes. But this configura: 

tion creates a large, long-range dipolar stray field. The energy 
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contained in the field can be reduced thoroughly by separation 
of the sample into so-called magnetic domains or Weiss regions, 
in which the magnetization is still orientated along one of the 
easy axes, and where the demagnetizing fields of the different 
domains compensate each other. Only at the boundary between 
the domains, a domain wall is created, where locally some 
exchange and anisotropy energy is invested. A domain struc- 
ture is stable if the interplay between magnetic field energy and 
domain wall energy has reached an optimal value 

Inside a domain the homogeneous magnetization is paral- 
lel to an easy axis direction of the magnetic anisotropy. Thus, 
domain formation leads to a minimization of exchange and 
anisotropy energy. Ifan external magnetic field is applied to the 
sample, it will also bring energy into the system, the so-called 
Zeeman energy. The Zeeman energy favors domains parallelly 
aligned to the external field and leads to domain wall moving 
or rotation of the magnetization. In a soft magnetic material 
where no anisotropy exists, continuous magnetic vector field is 
expected. But also in the absence of anisotropy, regular domain 
pattern develops due to the shape of the element. The reason 
for this is the requirement of a minimum demagnetizing field 
‘The following conditions have to be fulfiled: the magnetic vec~ 
tor field has to be free of divergence, the field has to be aligned 
parallel to the edges and to the surface, and the vector field has 
to have a constant length. The conditions will be only achieved 
simultaneously, if line discontinuities are admitted (van den 
Berg 1986). These discontinuities are replaced by domain walls. 
‘Thus, the shape of the sample enforces a regular domain pat- 
tern ina magnetic film of no anisotropy. Van den Berg invented 
a geometrical procedure to construct this equilibrium domain 
pattern: the basic domain structure is the locus of centers of all 
circles inside the sample that touch the sample edge at least at 
two points. The most important result of van den Berg is that in 
‘most cases domains will form along the edges (closure domains) 
in order to minimize the demagnetizing field. Figure 4.1 sche- 
matically shows the reduction of the stray field by domain for- 
mation with the help of van den Berg's construction. Examples 
of the domain structure of a three-dimensional Fe island, dis- 
cussed on the basis of van den Berg's construction, are provided 
by Hertel eta. (2005). 

Inside a domain wall the magnetization changes its direc- 
tion in numerous small steps (Bloch 1932). The cost of exchange 
energy for building up a domain wall decreases as the domain 
wall thickness increases. On the other hand a minimum value 
for the anisotropy energy is observed in thin domain walls as 
the magnetization direction inside the wall is different from the 
easy direction. In the equilibrium state, the domain wall thick- 
ness 3y follows from the balance of the exchange energy J, and 
the anisotropy energy K, 


(42) 


‘A is a material constant, the so-called exchange constant, and 
equals JS*/a for a simple cubic lattice with lattice constant a. 
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FIGURE 4.1 


‘The domain wall thickness can vary from a few nanometers in 
Co, to approximately 30nm in Fe up to a few micrometers in 
‘extreme soft permalloy, Ifthe domain wall thickness exceeds the 
lateral extension of the island, it will stay as a single domain. 
Larger islands will develop a domain structure ifthe gain in field 
‘energy overcompensates the domain wall energy. There is also 
1 lower limit for the existence of a stable ferromagnetic single- 
domain island, As the anisotropy energy ofan island scales with 
the volume of the island, there is a critical volume below which 
the anisotropy energy becomes comparable to the thermal 
energy kyT. Below this superparamagnetic limit, the magnetiza 
tion of the island is subject to thermal fluctuations. For mag. 
netic data storage devices, the superparamagnetic limit marks 
the smallest possible bit size. A more detailed discussion of the 
relevant length scales in nanostructures is given by Martin etal. 
(2003) and Dennis et al. (2002). 


4.2.3 Hysteresis Loops 


‘The magnetic response of a ferromagnetic material to an exter: 
nal field is represented by a hysteresis loop in which the magne- 
tization is plotted as a function of the magnetic field strength. 
‘The magnetization is a vector. Usually, the component parallel 
to the applied field (the x-component) is recorded. A hysteresis 
loop consists of two branches. They are called the ascending and 
descending branch, as it depicts the magnetization during field 
increase or field decrease. Generally, both branches do not over- 
lap, ie., the magnetization is not unambiguously defined on the 
field strength alone, it also depends on the magnetic history of 
the sample, The area enclosed by the two branches represents the 
‘magnetic energy stored in the system. A hysteresis loop shows 


‘Van den Berg's construction on the example of ferromagnetic islands with simple geometric shapes. 


three characteristic points: (1) The point where afurther increase 
in magnetic field strength does not result in a further increase of 
the magnetization is called the saturation field. At this point all 
domains are aligned with the external field. (2) The persisting 
‘magnetization in zero field is called the remanent magnetization 
or the remanence. (3) The field needed to reduce the magnetiza- 
tion to zero is the coercive field or the coercivity. Coercivities 
may range from the mOe range for soft magnetic FeNi alloys 
to several 10kOe for hard magnetic SmCo,. Figure 4.2 shows 
two model hysteresis loops for a ferromagnetic island magne- 

tized along the easy axis (left) and along the hard axis (right 

‘The remagnetization along the easy axis usually is dominated by 
the rapid growth of oppositely oriented domains as soon as the 
applied field exceeds the nucleation field. In the case of elongated 
islands often domains nucleate at the two ends ofthe islands that 
grow by domain wall movement. The hysteresis loop is therefore 
characterized by a sudden change of the magnetization close to 
the coercive field and a high remanence, resulting in a square- 
shaped hysteresis loop. If on the other hand the field is applied 
along the hard axis, the remagnetization is realized by a coher- 
ent rotation of all the individual spins. The resulting hystereses 
loop therefore shows a continuous variation of the magnetiza- 
tion and a low remanence. 


4.2.4 Micromagnetic Simulations 


For the prediction of the expected domain configuration and 
the time-dependent development of the magnetization, micro- 
‘magnetic computer simulations are used. A realistic approach 
for the description of the magnetic behavior of a magnetic mate- 
rial isto ignore the atomic nature of matter, to neglect quantum 
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‘Model hysteresis loops fora single-domain island magnetized along the easy axis (left) and along the hard axis (right) 
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effects, and to use classical physics in a continuum description. 
Micromagnetism is the link between the atomistic, quantum. 
mechanical description of the single atom on the one hand and 
the macroscopic view of a material characterized by the shape of 
its hysteresis curve on the other hand. Essentially, the magneti- 
zation is to be assumed as a continuous vector field M(); thus, 
only the local average over the magnetic moments in a certain 
neighborhood instead of individual spins is taken into account. 

‘The history of micromagnetics starts from 1935 with the paper 
of L. Landau and E. Lifshitz on the structure of a wall between 
‘two antiparallel domains (Landau and Lifschitz 1935), and the 
work of W. F. Brown Jr. around 1940. A detailed treatment of 
‘micromagnetism is given by Brown (1963) and Prohl (2001). The 
energy will be formulated in terms of the continuous magnetiza~ 
tion vector field, and this energy will be minimized in order to 
determine static magnetization structures. Thermodynamically, 
the system is described by the free energy F = E - TS with the 
inner energy E of the system. There are several contributions to 
the inner energy: 


+ The exchange energy, responsible for the ferromagnetic 
coupling, is given by 


(43) 


where 
the coefficients , are the exchange integrals 


the coefficients 5; are the atomic spins 


Positive J lead to ferromagnetic order while negative J, cause 
antiferromagnetic order. The exchange energy is short 
ranged and involvesa summation over the nearest neighbors. 

+ The magnetostatic or demagnetization energy, which is 
the potential energy that the magnetic moments experi 
ence in their own magnetic field, can be written as 


Eras 


J fie tiav, my 


Where ly is the magnetic constant. The magnetostatic 
or demagnetizing field, Hy, is related to the magnetization 
via V-H,=—V-M as Maxwell’s equation require that 
V-B=,V-(H+M)=0. In the case of a homogenous 
magnetized ferromagnetic sample the demagnetizing 
‘energy can be expressed as 


Bing oma (24 Nu M+ NM) (4s) 


where N, are the components of the so-called magneto- 
‘metric demagnetizing tensor N. The components of the 
tensor are purely determined by the geometry. 


+ The magnetocrystalline anisotropy originates at the 
atomic level as discussed in Section 4.2.1, Ina system with 
uniaxial anisotropy along the 2 direction, the leading 
energy terms are 


Enc, = VK, sin? @(1+ sin? 8) (46) 


where 
@ is the angle between the z direction and the 
magnetization 
K,,is the anisotropy constant 
Vis the volume of the sample 


A large positive anisotropy constant K,, describes an easy 
axis, and a large negative constant K,, an easy plane, per- 
pendicular to the anisotropy axis. Uniaxial anisotropy 
‘occurs in hexagonal crystals such as Co, for example 
Cubic anisotropy occurs for example in Fe and Ni, the 
leading energy terms are 


VK, (mon + i+ 


‘The anisotropy constants K, and K, and their ratio deter- 
mine the easy axis of the system. Typical values for K, 
are in the order of 10°-10* J/m*. Most work on ferromag- 
netic islands has been either performed on polycrystal- 
line samples, where the magnetocrystalline anisotropy is 
averaged out, or on materials with a negligible anisortopy.. 
‘Therefore, contributions of magnetocrystalline anisot- 
ropy are not considered throughout this contribution. 

+The surface anisotropy arises from the broken symmetry 
at the interface between the ferromagnetic and a nonmag- 
netic material. It can phenomenologically be described by 
the anisotropy constant K,: 


E 


1 a 
AVK sin’ (48) 
VKssin' 8, (48) 


where 
d denotes the thickness of the island 
@ denotes the angle between the magnetization and the 
surface normal 


K, lies typically in the order of 10 to 10*J/m?. The sign 
of K, defines whether the easy axis is in-plane or out-of: 
plane. For the ferromagnetic islands discussed in this 
chapter, the surface anisotropy is negligible compared to 
the shape anisotropy, forcing in-plane magnetization. 

+ Finally the Zeeman energy is the energy of the magnetic 
‘moments in an external magnetic field H,. It is given by 
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As experimentally the applied magnetic field H, is the 
control variable, it is more adapted to use Gibbs free 
energy or thermodynamic potential 


G(T Fy ME, 


=o Mav. (4.10) 


We assume that all experiments are performed at constant 
temperature, so that the entropy term can be neglected. Of 
course, it is necessary to take into account that the mate: 

rial constants are temperature-dependent. The system has 
the thermodynamic tendency to evolve toward the mini- 

mum of the potential G when approaching equilibrium. 

The metastable states of the ferromagnetic system are 
local minima of the potential G. 


4.2.5 Experimental Techniques 


‘To investigate the magnetic domain structure as well as the 
remagnetization process of micro- and nanostructured mate. 
rials, a number of experimental techniques are available 
to the experimenter. On the one hand, magnetic domains can 
bbe imaged in real space by various techniques, an overview 
is given in Ref. Hopster and Oepen (2005): Kerr microscopy 
(Feldtkeller and Stein 1967), Lorentz. microscopy (Chapman 
et al. 1994), scanning electron microscopy with polarization 
analysis (SEMPA) (Oepen and Kirschner 1991), scanning 
transmission x-ray microscopy (STXM) (Fischer et al. 1999), 
photo emission electron microscopy (PEEM) (Mundschau 
et al. 1996), spin-polarized low-energy electron microscopy 
(SPLEEM) (Bauer 1994), or magnetic force microscopy (MFM) 
(Martin and Wickramasinghe 1987). If real space images are 
obtained at different external magnetic field values, the hyster- 
esis loop is derived by evaluating the total size of the magnetic 
domains having a particular direction of the magnetization 
vector with respect to the applied field. On the other hand, mag- 
netic hysteresis loops can be measured with magneto-optical 
Kerr effect (MOKE) (Kerr 1877), micro MOKE (Allwood et al 
2003), superconducting quantum interference device (SQUID) 
magnetometry (Philo 1977), or vibrating sample magnetom- 
etry (VSM) (Foner 1959). Micro MOKE is an advanced mag 
netometry for the analysis of single magnetic nanostructures. 
In the case of the other techniques, a large number of iden- 
tical elements are investigated in parallel in order to increase 
the resolution and accuracy. Therefore, the measured hyster- 
esis loops yield information on the average remagnetization 
process of all elements and not on a single element. Thus, 
correlation effects between elements also become visible. The 
periodicity of an artificially structured array of ferromagnetic 
islands enables the use of diffraction techniques, such as Bragg- 
MOKE, where the Kerr effect measurements are performed at 
the diffraction spots from a lateral structure. Diffraction tech- 
niques suppress magnetic contributions of the substrate and 
contain information about the domain configuration inside 
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the magnetic structures via the magnetic form factor (Remhof 
et al. 2007). Most experimental techniques can be extended to 
a vector-magnetometer: by applying a field perpendicular to 
the direction of measurement, the transverse (the y) compo- 
nent of the magnetization in the ferromagnetic structure can 
be investigated. From the measurements with the longitudi- 
nal and the transverse field orientation, the complete in-plane 
magnetization vector for the remagnetization can be derived 
(Westphalen et al. 2007). Using a photoelastic modulator and 
a digital lock-in amplifier for ® and 26 response, all three com- 
ponents can be analyzed by measuring different polarizations 
of the incident beam (Vavassori 2000). 


4.3 State of the Art 


4.3.1 Sample Preparation 


‘The preparation of sub-micrometer-sized ferromagnetic 
islands has benefited from the advancements in miniaturiza- 
tion techniques over the last decades. Usually optical lithogra- 
phy is used to define small patterns such as integrated circuits. 
Lithography, originally meaning “writing with stone,” refers to 
a printing technique in which the imprint of an original pat- 
tern is reproduced on paper. In microtechnology it is used do 
describe a process, in which the desired pattern is first defined 
asa template on a mask, that can be transferred to the work 
piece. In optical lithography this is usually an opaque pattern 
on a transparent glass plate. An optical system is that used to 
downsize the pattern by projection onto a substrate coated with 
a photo-sensitive resist. The great advantage of this method is 
the high throughput. Itis limited by the wavelength of the light, 
and by the refractive power of the optical components. E-beam. 
lithography (EBL) is a direct writing technique, in which the 
resist is exposed by a focused electron beam. In this case the 
mask only exists as a design file in the computer. The advan- 
tage is the high flexibility and the high resolution as compared 
to the optical methods. There are two kinds of resist: positive 
and negative. In the positive technique, first a resist template 
is produced by one of the aforementioned lithographic meth- 
ods. Then the magnetic film is deposited onto the template 
Ina final chemical lift-off step only those magnetic islands 
remain, which have direct contact to the substrate or another 
‘metal layer. In the negative process a pattern is etched out of 
a continuous ferromagnetic film. Therefore, the homogeneous 
film is covered with an etch-resistant resist. After exposure, 
developing, and dry etching, only those magnetic islands that 
were exposed to the e-beam and covered with resist remain. 
Both methods are schematically illustrated in Figure 4.3. Apart 
from visible and UV light and electrons, other radiations such 
as x-rays and focused ion beams are well established in micro- 
and nanolithography. Also self-assembly and nanoimprint 
technologies are in use to prepare ferromagnetic islands. For 
a more detailed description of the various lithographic tech- 
niques we refer to Waser (2003), Bucknall (2005), and Suzuki 
and Smith (2005). 
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FIGURE 4.3 Patterning steps using positive resist (top panel) and negative resist (bottom panel), 


4.3.2 Rectangular and Elliptical Islands 


‘The simple geometry of rectangular and elliptical islands, featur- 
ing a well-defined and pronounced uniaxial shape anisotropy, is 
predestined as model systems. Especially in islands composed 
‘of materials with little or no crystalline anisotropy or in poly- 
crystalline systems, the shape anisotropy becomes dominant. In 
elongated islands the shape anisotropy usually forces the easy 
axis along the major axis, while the hard magnetic axis lies along 
the minor axis, The strength of the anisotropy is thereby gov- 
cerned by the aspect ratio (Martin et al. 2003). 

‘At remanence small rectangular or elliptic small islands are 
ina single-domain state with pronounced magnetic poles at the 
‘opposite ends of the island. MFM images these magnetic poles 
as areas of maximum contrast as depicted in the right panel of 
Figure 4.4. The left panel shows a secondary electron micro. 
‘graph, recorded by scanning electron microscopy (SEM) of an 
array of 50nm thick, 34m x 300nm-sized permalloy islands 
placed on a square grid of 3pm x 3m on silicon wafer. While 
the SEM image shows the topological contrast, the MFM images 
the strength of the stay field (ie, the density of the field lines) 
normal to the sample. Therefore, the poles at the end, where the 
stray field enters and leaves the island can, respectively, be iden- 
tified as black and white spots. 

Larger islands will decay into domains at remanence. The 
terms small and larger depend on the material’s properties and 
the aspect ratio, determining the anisotropy. Last et al. (2004) 
have investigated polycrystalline permalloy (Py) micro- and 
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nanostructures (thickness: 38 and 50nm, length: 0.2-6041m, 
width: 0.2-30pm) in order to map the multi-domain to single- 
domain transition with MFM. They found a single-domain 
state, if the aspect ratio (length:width) is greater than 20:1; the 
multi-domain state is visible inside the rectangles with a aspect 
ratio between 1:1 and 3:1. Between these two cases they observed 
a transition state with a featureless inner region and fan-type 
closure domains at both ends of the rectangle. Figure 4.5 also 
shows that for very small particles, where the geometric exten- 
sions approach the domain wall width, smaller aspect ratios are 
sufficient to obtain a single-domain state. Extreme aspect ratios 
lead to ferromagnetic nanowires. In the case of thin wires the 
‘magnetization reversal process is initiated by the nucleation of 
oppositely oriented domains at the two ends of the wire and the 
formation of 180° domain walls. During the reversal process 
these domains grow by domain wall motion, until the walls meet 
in the middle of the film where they annihilate. Thicker wires 
showa more complex reversal mechanism, involving perpendic- 
ular in-plane domains that fill up the inner part of the wire and 
180° as well as 90° domain walls are formed (Hausmanns et al 
2002). The domain walls can be manipulated (Tsoi et al. 2003) 
and used to perform logic operations (Allwood et al. 2002) and 
they can be employed for data storage (Parkin et al. 2008). 

Returning to the original discussion of rectangular and ellip- 
tic islands and their dipolar behavior in remanence, the pro- 
nounced stray field of elongated micrometer-sized islands as 
discussed before are ideal to study the mutual magnetostatic 
interactions as a function of their separation. 


10 um 


FIGURE 4.4 Micrographs ofan array of 501m thick, 3jum x 300nm-sized permalloy islands placed on a square grid of 3m x 3pm on silicon 
‘wafer, The le panel shows a secondary electron micrograph, the right panel an magnetic force microscopy image. 
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FIGURE 4.5 (a) Magnetic force microscopy images of Py structures 
in remanence with (1) low-aspect ratio (m = 2.5, with I= 10um, ¢ = 
38nm), (II) medium-aspect ratio (mt = 14,1 = 20.9m, ¢= 381m), and 
(IID high-aspect ratio (m = 57 (top wire), m = 43 (bottom wire), ¢ = 
50mm). (b) Experimentally observed domain states of Py microstruc- 
tures and nanostructures for varied length I'vs, aspect ratios m. Open 
squares indicate multidomain states (1), gray squares denote high rema- 
nent states (II) and closed squares indicate a single-domain state (IID 
“The black solid line depicts the transition line between multidomain 
and single-domain configuration from a phenomenological model. The 
dotted lines are guides to the eye indicating transitions between regions 
1 IL, and IL (Reused from Last, T et al, J. Appl. Phys, 96, 6706, 2004. 
‘With permission) 


4.3.3 Ferromagnetic Dots 


For technical applications such as the magnetic data recording, 
‘each island has to be addressed individually. Therefore, interac- 
tions between the islands have to be avoided. This can be done 
either by increasing the distances between the islands, or by 
avoiding strong and extended stray fields. Due to their geomet- 
ric shape, circular dots and rings of certain aspect ratio exhibit 
a flux-closed state known as vortex state (Cowburn et al. 1999, 
Raabe et al. 2000, Shinjo et al. 2000, Fraerman et al. 2002). In 
this case a curling magnetic structure is established, in which 
the spin directions only change gradually, minimizing the loss 
in exchange energy. This configuration suppresses the occur- 
rence ofa net in-plane magnetization (zero remanence) without 
the need to form magnetic domains and to build domain walls. 
Close to the dot center, the increasing angle between adjacent 
spins forces them out-of plane, so that they can align parallel 
to each other along the plane normal. Therefore, in the cen- 
ter of the vortex a spot of perpendicular magnetization exists, 
first observed by Shinjo et al. (2000) in circular permalloy dots 
with diameters ranging from 0.3 to Ium and a thickness of 
501m, MEM images obtained by Shinjo et al. are represented 
in Figure 4.6. 
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FIGURE 4.6 MFM image of an array of permalloy dots, 1m in 
diameter and 50nm thick. (From Shinjo, T. et al, Seience, 289, 930, 
2000. With permission.) 


Let us discuss the vortex state in a single permalloy dot of 
diameter 0.8,1m as an example for micromagnetic simulation, 
using the OOMMF 1.2a3 software (Donahue and Porter 1999) 
with a saturation magnetization M, = 860 x 10 A/m, exchange 
stiffness A = 13 x 10°!J/m, anisotropy constant K, = 0, and a 
damping coefficient « = 0.5. Figure 4.7 shows the result of the 
micromagnetic simulation. 

Asitis typical for an ideal vortex configuration, the y compo- 
nent of the magnetization is zero, Starting from negative satura- 
tion field (1) to point (2) the core of the vortex develops abruptly 
at the so-called nucleation field. In the remanent state (3) the 
core has moved into the center ofthe circular dot. This state low- 
cers the system energy by reducing stray fields and hence lower- 
ing magnetostatic energy. Increasing the field then deforms the 
vortex, and its core moves away from the center of the dot to the 
upper edge (4). Finally it becomes unstable and again abruptly 
the core vanishes at the annihilation field (step in the hysteresis 
oop between (4) and (5) at approximately 90 Oe). Note that the 
nucleation and annihilation fields are different. The resulting 
minor loops are the main characteristics of the vortex state. Also 
note that the system is degenerate: the vortex may nucleate at the 
bottom and move to the top, or vice versa nucleate at the top and 
propagate to the bottom. 

‘The geometrical conditions which favor the occurrence of the 
vortex state were studied by Cowburn at al. (1999) on the exam- 
ple of Supermalloy (NixgFe,<Mo,) dots with diameters ranging 
between 55 and 500nm and a thickness range between 6 and 
15nm. The larger dots exhibit the remagnetization behavior of 
a vortex as described above, while the smaller dots show a more 
square-like hysteresis loop, a high remanence (Mjy/M,x = 0.8) 
and a small coercive field, as depicted in Figure 4.8. This is char- 
acteristic of a uniform single-domain behavior. In agreement 
with micromagnetic simulations, the critical diameter drops 
with increasing thickness from 200mm for 6nm thick dots to 
100nm for 15nm thick ones. 
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FIGURE4.8 Hysteresisloops measured from nanomagnets of diame- 


ter dand thickness f(a) d= 300nm, ¢= 10 nm; (b) d= 100m, ¢= 10am, 
“The schematic annotation shows the magnetization within a circular 
rnanomagnet, assuming a field oriented up the page. (Reprinted from 
Cowburn, RP. et al, Phys. Rev. Lett, 83, 1042, 1999. With permission.) 


‘The magnetic vortex is characterized by its rotational sense 
(chirality) which can be either clockwise or anticlockwise and 
the out-of-plane magnetization of the vortex core (polarity) 
pointing either upwards or downwards. Combining the chiral- 
ity and the polarity, four different ground states can be real- 
ized. Often MOKE and Hall bar measurements are employed to 
determine the hysteresis of the magnetization reversal of circu- 
lar magnetic disks (Cowburn et al. 1999, Rahm et al. 2003). The 
measured hysteresis has the features characteristic for the rever- 
sal process occurring through a vortex state, ie., a vanishing 
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Hysteresis loop forthe x (black line) and y component (gray line) of the magnetization, and some selected calculated magnetization 


remanence and closed lobes on either side of the remanence with 
the nucleation field and the annihilation field. However, these 
measurements ate neither sensitive to the chirality nor to the 
polarity of magnetic vortices. Using MFM (Raabe et al. 2000, 
Shinjo etal. 2000), the polarity can be determined but not the 
chirality, whereas Lorentz microscopy operated in the Fresnel 
mode is sensitive to the chirality but not to the polarity (Raabe 
etal. 2000, Schneider etal. 2000) 

Longitudinal Bragg MOKE on the other hand is sensitive 
to the average vortex chirality in a periodic array of magnetic 
islands. In case of longitudinal MOKE (L-MOKE) the measured 
variable, i. the Kerr rotation 8, is proportional to the compo- 
nent of the magnetization vector m= (m,,m,) projected onto 
the intersection betwveen the plane of incidence and the plane of, 
the sample surface: 8, « m, (longitudinal component). For pat- 
terned samples such as an array of islands, the Kerr angle can be 
measured not only for the specularly reflected beam but also at 
the diffraction spots whose pattern represents the Fourier trans- 
form of the two-dimensional lattice structure of the real pattern 
‘The Kerr rotation 6! measured for the diffraction orders h and 
k, corresponds to the magnetic form factor f, ie. the Fourier 
transform of the magnetization distribution within a single 
element ofthe array 


fide J dsm, exp(iGr) an 


n(hé, +ké, a is the reciprocal lattice vector of the dot 
array 

‘is the periodicity of the dot array 

the integral is taken over the area of single dot 


‘The relation between the magnetic form factor f* and the cor- 
responding Kerr rotation OM can be expressed as follows 


OE = cau.) (aR (fun) + uS( fa) (4.12) 
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where @, is the angle of incidence, 


onlo)=(14—sin)} (-(4)} (a3) 


and a, and ly. ate coefficients describing the extent ofthe real 
and the imaginary contribution, respectively, of the magnetic 
form factor to the Bragg MOKE signal. They depend on a, 6, 
the (magneto-) optical constants of the dots and the substrate, 
the shape, and the thickness of the dots. With the complete 
knowledge ofall these parameters it is possible to determine the 
coefficients ay, and by, (Lee et al. 2008). However, since the com 
putation is rather complicated and cumbersome, they are usu 
ally treated here as adjustable parameters. 

Grimsditch etal. concluded from Bragg MOKE measurements 
in the transverse geometry that the vortex chirality manifests 
itself in the sign of the imaginary part 5( fi) (Grimsditch etal 
2002). Thiseffect can alsobe applied inthe longitudinal geometry. 
Itcan be shown that for a magnetization reversal process occur 
ring through a vortex state, 3( fs") always possesses the global 
extremum at the zero point of the external magnetic field and 
vanishes as the sample magnetization approaches the saturation 
level (Grimsditch et al. 2002, Grimsditch and Vavassori 2004) 
Hence, this imaginary contribution is expected to give rise to a 
splitting of the ascending branch and the descending branch of 
the hysteresis loop. For an array of perfectly circular disks a ran 
dom distribution of left- and right-handed chiralties is expected. 
In this case the splitting of the hysteresis at remanence will van 
ish. Since the extent of the splitting corresponds to the degree of, 
the imbalance between clockwise and anticlockwise vortices in 
‘magnetic islands, the Bragg MOKE technique provides a statis, 
tical means of measuring the chirality distribution in an array 
‘of magnetic islands. For a perfectly circular dot there are equal 
chances for the occurrence of ether rotational senses. The vortex 
chirality can be controlled by breaking the circular symmetry 
(Lee etal. 2008). This can be most easily realized by shaping the 
ddot witha flat edge atthe top as depicted in Figure 4.9. 


FIGURE49 Scanning lectron micrograph of flat dot. (Reused from 
Lee, M.-S.et al J. Appl. Phys, 103, 093913, 2008. With permission.) 
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‘When amagnetic field is appliediin the direction parallelto the 
flat edge (along the x-axis), the vortex nucleation always starts at 
the top close to the lat edge with a negative chirality (counter 
clockwise). With decreasing field strength the core moves down 
to the bottom perpendicularly to the field direction where itis 
annihilated. Micromagnetic simulation confirm that along the 
ascending branch the rotational sense is clockwise, whereas in 
the descending branch itis counterclockwise in agreement with 
the experimental observation (Lee et al. 2008). 


4.3.4 Ferromagnetic Rings 


Within a disk-shaped island, the vortex is only stable for diameters 
above approximately 100nm, depending on the thickness of the 
disk. The vortex state can be stabilized by removing the vortex core 
in a ring-shaped element. Apart from the low remanent vortex 
state, which is the ground state of the system, ferromagnetic rings 
exhibit another, metastable magnetic configuration, the so-called 
onion state (Rothman et al. 2001). The onion state is characterized 
by the formation of two equally sized domains as shown in Figure 
4.10. Due to the shape anisotropy, the magnetization in both 
domains follows the perimeter of the ring. The onion state allows 
the majority of the spins to be aligned with the applied magnetic 
field during the decrease of the magnetization from saturation to 
zero. Magnetization reversal is achieved by domain wall move- 
ment, The domain wall movement starts as soon as the applied 
reverse field exceeds the pinning strength of the walls. For per- 
fectly symmetric rings, the pinning strength for both walls will be 
identical and both walls will move synchronous. Consequently, the 
ring will switch from the onion state to the reverse onion state. Ina 
real system, however, shape irregularities and defects will give rise 
to differences in the pinning strength, which allows the wall that 
‘moves first to annihilate with the second wall, forming the vortex 
state, Therefore, specific shape irregularities in ferromagnetic rings 
allow to tailor their reversal behavior, to stabilize the vortex state, 
and to determine its chirality (Kliui et al. 2001, Vaz etal. 2007) 


4.3.5 Noncircular Rings 


Closed flux lines in the vortex state or the dipolar onion state 
are not restricted to circular-shaped objects. They can also be 
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FIGURE 4.10 Schematic representation of the magnetization of 
a ring-shaped island. (a) In saturation by an applied field and (b) in 
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FIGURE 4.11 
vortex, onion, and horseshoe. 


‘observed in square rings (or closed frames), as displayed in 
Figure 4.11. The shape anisotropy always forces the magneti 
zation parallel to the sides of the frame. In the vortex state the 
magnetic moments form a closed ring; no stray field is expected 
to be observed outside the frame. The onion state consists of 
‘magnetically parallel-aligned sides ofthe frame, resulting in two 
magnetic poles in the opposite corners of the frames. The last 
panel of Figure 4.11 depicts a remanent state that isnot observed 
in rings, the so-called horseshoe state. This state is formed by 
‘two magnetically parallel-aligned sides and by two antiparallel 
aligned sites. Consequently two magnetic poles occur on one 
branch of the frame. 

‘The remanent state is not only determined by the size and 
shape of the island, it can also be influenced by the direction 
of the external field during the magnetization reversal process. 
‘As long as the external field is applied in-plane, only the onion 
state is observed in remanence regardless of the azimuthal angle 
(Vavassori et al. 2003). However, if the field is applied perpendic 
ular to the sample surface, the vortex state isthe favorite rema 
nent state. At intermediate angles (around 70°) the horseshoe 
state coexists with the onion state. MFM images ofthe different 
remanent states, together with an indication of the field direc 
tion, are presented in Figure 4.12 

Noncircular rings also allow the study of different symme 
tries. Triangular structures (Westphalen et al. 2006) have a 
sixfold magnetic shape anisotropy. In contrast to a square ring, 
‘here at the same time two sides are orientated in the hard axis 
direction and the other two sides point in the easy axis direc- 
tion ifthe external magnetic field is orientated parallel to these 


Hos Il aces 
a0 


FIGURE 4.12 MFM images of square rings recorded in remanence 
after saturation in an external field. The field direction is indicated 
below each micrograph. 
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From let to right: Scanning electron micrograph of a square ring and sketches ofthe thrce different symmetrical ground states: 


sides, in a triangular ring structure two sides are always in an 
intermediate position if the third side is orientated parallel to 
the magnetic field, ie. in the easy direction. This will lead to 
a more complex domain structure and to more possibilities for 
the remagnetization process according to the orientation of the 
structures to the applied magnetic field. By choosing different 
sizes for the same structure the shape anisotropy also affects 
the remagnetization process because it is more pronounced in 
the small triangular rings. Rings and islands have received most 
attention, because these elements show a vortex state in rema- 
rence which leads to a reduced stray field energy. Such elements 
can be stacked close together without disturbing each other, 
unlike elements with dipole character. 


4.3.6 Ferromagnetic Spirals 


Spirals are hybrids between circular islands and magnetic 
dipoles. In contrast to ring structures a closed magnetic flux 
configuration cannot be realized in the spirals during the 
remagnetization process. Infact they act as magnetic dipoles at 
the rim while the center is screened from the environment. On 
the other hand, a spiralis froma geometrical point of view a vor 
tex. Therefore, spirals allow to investigate the interplay between 
a geometric and a magnetic vortex and to answer the question 
whether the geometry influences the magnetization: does the 
shape ofa spiral lead to a vortex state in the remanent magneti- 
zation? In such a case the outer end piece of along spiral would 
act as a magnetic monopole, because in the near region of the 
outer end piece the interaction with the second magnetic pole 
at the inner end piece could be neglected. The second question 
addressed by magnetic spirals is whether the core of the spiral 
is magnetically harder or softer than the outer parts and how 
the coercivity is affected by stray field interaction between the 
spirals. By choosing Fe as the material from which the spirals are 
fabricated a strong domain formation during the magnetization 
reversal is expected. 

In order toaddress the aforementioned questions various qua- 
dratic arrays of polycrystalline Fe spirals (maximum radius = 
2.8um, linewidth = 100nm) were realized (Westphalen et a. 
2008a). The polycrystallinity of the Fe suppresses the intrinsic 
magnetocrystalline anisotropy. In the first case (S1) only one 
spiralis set on the square grid. In a second sample (S2), it con- 
sists of two spirals facing each other without any connection 
while they are connected in the third sample (S3). Micrographs 
of the resulting pattern are shown in Figure 4.13 
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FIGURE 4.13 Scanning electron micrograph images of the four Fe 
spiral structures used in the experiments, The diferent spiral structures 
are named SI, $2, and $3. (Reused from Westphalen, A. etal, J. Appl 
Phys., 104, 013906, 2008. With permission) 


‘The hysteresis loops are similar for al four patterns; however, 
strong variations occur in the coercive field values. SI exhibits a 
coercive field of 240 Oe, while $2 and 83 exhibit coercive fields of 
305 and 190 Oe, respectively. Itis therefore possible to tailor the 
coercivity without disturbing the overall magnetization process. 

‘The variations in coercivity are not only due to differences 
and inhomogeneities in the shape of the spiral structures. 
Micromagnetic simulations of ideal spiral structures, ie. spi- 
rals without kinks and with constant linewidth, show the same 
behavior. 

‘One important aspect which is obtained from the micromag- 
netic simulation is the observation that the remanent state of all 
spiral patterns is characterized by an onion-like magnetization 
configuration. The spirals are divided by a horizontal axis paral- 
lel to the applied field into an upper and lower part. In each part 
‘the magnetization follows the curvature of the spiral forming 
polesat the horizontal axis. Additionally, micromagnetic simula- 
tions of spiral structures with a diameter one order of magnitude 
smaller than for the ones considered so far still show a prefer- 
ence for the onion state. This behavior is different from closed 
ring structures, where a vortex state forms spontaneously during 
the magnetization reversal (Rothman et al. 2001, Castaio et al 
2003, Kléui et al. 2003). In order to generate a magnetic vortex in 
a spiral structure (geometric vortex), a staggered magnetic field 
is required that changes orientation after each half turn. 

In general the inner partsofthe spiral are more stable and switch 
later than the outer ones. In pattern S2 where the end pieces of two 
spirals face each other through a small gap, dipolar stray fields 
stabilize the magnetic configuration and the outer parts switch 
later than the inner parts. In contrast, joining two spirals by a 
‘magnetic bridge in pattern S3 results in a decrease of the coercive 


41 


field, as this bridge allows domain walls to propagate across. Thus, 
the boundary condition for the outer pieces of the spiral controls 
the coercivity. Vice versa, using the same spiral parameters but 
arranging them in different ways the coercivity can be tailored. 
In fact the spiral structures have some similarity to the exchange 
spring heterostructures consisting of magnetically hard and soft 
materials, one providing the anisotropy and the other the mag- 
netic moment (Fullerton etal, 199). In comparison, the core of 
the spiral represents the hard part, whereas the outer tal of the 
spiral is either soft or can be hardened by interaction. 


4.3.7 Magnetostatic Interactions 


A key issue in fundamental physics and data storage technology is 
to understand the remagnetization behavior of submicron-sized 
‘magnetic elements and to functionalize their mutual interactions. 
Recently, the possibility to build logic devices such as AND and 
NOR gatters on the basis of elongated, dipolar-coupled permal- 
loy (Py) has been demonstrated (Imre et al. 2006). Due to the 
demagnetizing field of elongated magnetic islands the remanent 
‘magnetic state and the reversal mechanism become sensitive to 
the shape of the elements. In well-ordered artificially structured 
nanomagnetic dipoles, the interactions arising from the stray 
field lead to highly correlated systems. In particular, geometric 
frustration leads to the spin ice state, in which the individual 
dipoles mimic the frustration of hydrogen ions in frozen water. 
In the ice structure, two hydrogen atoms are close to the oxy- 
gen atoms and two further away. This rule is usually quoted as 
the “two in-two out” ice rule. Figuratively speaking, the mag- 
netic dipoles on the square lattice obey the spin ice rule, if two 
spins or magnetic dipoles point into a vertex and two point 
out. To realize this state, a two-dimensional square lattice of 
25nm thick Py islands (80nm x 220m) was carefully demag- 
netized and visualized by means of MFM (Wang et al. 2006). 
‘The spin ice state is one of many possible magnetic superstruc- 
tures which may appear in nanomagnetic arrays. Apart from 
the shape of the elements the symmetry of the superstructure 
depends on the relative distances between the particles. If the 
interparticle distance is comparable with or smaller than 
the length of an element, higher-order magnetostatic contri- 
butions become important (Vedmedenko et al. 2005). These 
contributions might induce additional anisotropy and/or select 
specific vertex configurations from the manifold of the spin ice 
symmetries. This, in turn, might influence the magnetization 
reversal in magnetic arrays. 

‘The open frame system consisting of two perpendicularly 
crossed stripe arrays is a suitable prototype of interacting 
islands (Remhof et al. 2008). The open frame system is inher- 
ently frustrated. Each vertex where the two sublattices intersect 
has to accommodate four magnetic poles in close proximity. In 
the most unfavorable case, four equal magnetic poles meet in 
a vertex, ie. the four magnetic moments point all inward or 
all outward. Energetically more favorable is a configuration in 
which two moments point inward and two point outward. A 
situation in which each magnetic pole is surrounded only by 
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‘opposite poles is impossible. Analogous to the steric frustration 
of hydrogen ions in frozen water, the geometric frustration of 
spins in a magnetic material has been denoted as spin ice. The 
spin ice state is a demagnetized state It is characterized by a lack 
‘of long-range order and by the so-called ice rules which require 
‘a minimization of the spin-spin interaction energy when two 
spins point inward and two spins point outward on each ver- 
tex. Model calculations based on the magnetostatic interactions 
including multipolar contributions clearly show that the spin ice 
state is indeed the demagnetized ground state ofthe system. At 
remanence, however, the samples exhibit a persistent net mag 
netization, indicative of the existence of a metastable, ordered 
state. The possible symmetric remanent states are shown sche- 
matically in Figure 4.14. The onion state, in which each of the 
‘two sublattices is parallel-aligned, has the highest symmetry 
and the highest magnetization. The resulting net magnetization 
of the whole array is tilted 45° against the long axes ofthe indi- 
vidual islands, At each vertex, the magnetization of two adjacent 
elements from different sublattices point inward, while the two 
‘others point outward. In the so-called horseshoe state only one 
of the two sublattices is parallel-aligned, while the other is anti- 
parallel-ordered. Only the parallel-aligned sublattice contrib 
utes to the net magnetization, which consequently aligns with 
the anisotropy axis of the respective islands. There are two pos 
sible configurations in the horseshoe state. Inthe first one, in the 
following referred to as horseshoe 1, at each vertex the magneti- 
zation of two adjacent elements from different sublattices points 
inward, while the two others point outward. In the second one, 
in the following denoted as horseshoe 2, at each vertex the mag 
netization of three elements points inward (or outward), while 
only one points outward (inward). Experimentally, mainly the 
horseshoe 2 state is observed. 

‘The micro-vortex state (Vedmedenko 2007) exhibits no net 
magnetic moment. In order to realize the micro-vortex state, the 


FIGURE 4.14 Schematic representation of the possible symmetrical 
(meta-) stable remanent states. On the right a representative square 
formed of four individual islands is depicted, on the left the long- 
range order ofthe respective structure is shown, The circles within the 
extended structure indicate the vertices 
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chirality of two adjacent vortices has to be antiparallel. Also in 
this state, the magnetization of two elements point inward and 
two outward. However, opposite to the aforementioned states, 
this time the magnetization of the two next nearest elements, 
i... from the same sublattice, points inward, while the two per- 
pendicular elements from the other sublattice point outward, 
or vice versa. Consequently, the distance between two equal 
poles is larger than in the onion or the horseshoe state and the 
distance between two opposite poles is smaller. Thus, this con- 
figuration is energetically more favorable than the two arrange- 
‘ments discussed before. The micro-vortex state can be seen as an 
“ordered” spin ice state. It fulfills the condition of demagnetiza- 
tion and the ice rules. 

‘The onion state can easily be realized experimentally. 
Applying an external field along the diagonal axis, ie., under 
an angle of 45° with respect to the individual stripes, naturally 
leads to the onion state in remanence. In this case, the external 
field exhibits a strong component along the easy axis of each Py 
element, resulting in two magnetic poles in the opposite corners 
of the frames. For an applied magnetic field pointing along the 
horizontal stripes (0°), the situation is different. In this case 
the horizontal stripes are magnetized along the easy axis, while 
the vertical stripes are magnetized along their hard axis. In 
remanence, the shape anisotropy of the elongated islands sup- 
ports the magnetization along the islands. While itis energeti- 
cally favorable for the magnetization of the horizontal stripes to 
stay in the field direction, there is no preference for the vertical 
ones. Ifthe effect of the stray field of the neighboring islands is 
negligible (ie. at sufficiently large distances), 50% of the stripes 
are magnetically oriented north-south, while the other 50% are 
oriented south-north. For large distances (21m), this leads to 
the coexistence of the onion state together with the horseshoe 
2 state (see Figure 4.15 right). For small distances (0.5}1m), the 
situation is different. Here, both sublattices are magnetically 
aligned parallel. Obviously, at small distances the stray field sta- 
bilizes the onion state irrespective ofthe direction of the field. At 
zero distance, ie, in closed square rings, the onion state has also 
been observed in remanence. In this case the sample had to be 
carefully demagnetized to reach the vortex state. 

‘The variation of distances between elongated Py elements 
without any variation of the particle shape changes the rema- 
nent configuration of the whole array. This means that with 
increasing interparticle distance the relative depth of energy 
minima corresponding to different configurations changes. For 
a deeper understanding of the observed phenomena, theoreti 
cal calculations are necessary. In the geometrically frustrated 
crossed bar configuration small distances lead to a quenching 
of the impressed fourfold anisotropy by the formation of the 
highly symmetric, long-range ordered onion state. At larger 
distances one of the sublattice starts to randomize and the 
onion state coexists with the horseshoe 2 state. The experimen- 
tal results can be understood on the basis of the magnetostatic 
energy of the whole system, including higher-order terms. The 
one-dimensional energy curve displays three minima that can 
be identified as the micro-vortex state, the onion state, and the 
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counter 


The term counter is used here to mean a digital-logic chip. A counter could be built from 
discrete transistors, but this approach is obsolete. Counters may also be devised from 
parts such as multiple relays, or a solenoid advancing a ratchet wheel, but such electro- 
mechanical devices are not included in this encyclopedia. 


In this encyclopedia, a counter by definition has binary-weighted outputs with values 1, 
2,4,8....in decimal notation. The exception to this rule isa ring counter, which does not 
have binary-weighted outputs but is included here because its name identifies it as a 
counter. A shift register may be used as a ring counter, but is more versatile and has 
many other functions; hence it has a separate entry. 


Gray code counters, in which successive outputs differ by only one binary digit, are not 


described in this encyclopedia, 
OTHER RELATED COMPONENTS 


+ flip-flop (see Chapter 11) 
«+ shift register (see Chapter 12) 


What It Does 


‘A counter can be used to count events, or can 
measure time in convenient intervals if it is con- 
nected with a component such as a quartz crys- 
tal that operates at a precise and reliable fre- 
quency. The counter receives input pulses (usu- 
ally referred to as a clock input) and counts a pre- 
determined number of them before restarting 
from the beginning, It will repeat in this fashion 
solongas powers connected, and the clock pul- 
ses continue, and a reset signal is not supplied. 


Almost all counters create some form of output 
during the count. Most commonly, the output is 
a patter of high and low states expressing the 
number of clock pulses in binary code. Where a 
counter counts to a very high number before re- 
cycling, some intermediate binary digits may be 
omitted. 


While standalone counter chipsare notas widely 
used now as in the early days of computing, they 
stillfind application in industrial processes, small 
devices, and education, and can be used to con- 
trol incremental devices such as stepper motors. 
They can be used in conjunction with microcon- 
trollers. 


Schematic Representation 
No specific logic symbol exists for a counter. Itis 
most often shown in a schematic as a rectangle 
with clock input(s) and clear input(s) on the left 
and outputs on the right. An example appears in 
Figure 13-1, above a representation of the phys- 
ical chip and its pinouts. The meaning of the ab- 
breviations identifying the inputs, outputs, and 
control functions will be found in "How It 
Works" on page 132. BecausethetwoMRinputs for 
this particular counterare ANDedinsidethe chip, 
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FIGURE 4.15 MPM images of Py dipole arrays on a square lattice, recorded in the remanent slate (I1= 0). The individual elements have separa: 
tions of 0.42, 0.84, and 2.34 um (from left to right). The field direction is indicated by the white arrow. In the panel to the right vertices displaying. 
‘an onion state are highlighted with a black cicle, vertices with a horseshoe state are highlighted with a white circle. (Reprinted from Rembot, A. 


etal, Phys. Rev. B, 77, 134409, 2008. With permission.) 


horseshoe 2 state. Thereby, the formation of the micro-vortex 
state as the ground state is separated from the observed onion 
state by a substantial energy barrier. 

Indeed, one of the initially longitudinally magnetized ele 
ments have to be completely reversed. Depending on the mech: 
anism (coherent or incoherent magnetization rotation) the 
magnetization reversal requires an additional energy compara- 
ble with that ofthe magnetostatic coupling, The reversed element 
should be antiparallel to the applied magnetic field. This makes 
the magnetization reversal even more energetically expensive 
‘The probability for climbing an energy barrier in the presence of 
available local minima is close to zero. Thus, it follows from the 
calculations that for initial 0° saturation of a Py array in the case 
‘of small separations, the most probable state is the onion magne- 
tization configuration. However, for large interparticle distances 
4 relevant number (=30'%) of horseshoe 2 states should appear. 
In remanence the energetically most favorable vortex state is 
inaccessible because of the large energy barrier of the magne. 
tization reversal. A similar analysis has been performed for ini 
tially 45° saturated arrays. The main difference to the previous 
discussion is that the total energy of the 45° state is lower than 
that of the 0° configuration. Therefore, the energy minimum for 
the horseshoe 2 ordering disappears already for the more widely 
spaced arrays with dominating dipolar interactions. Hence, if 
‘an array has been initially magnetized under 45° to its axes the 
‘onion state should prevail in wider- as well as in denser-packed 
arrays. Energetically preferred micro-vortex configuration can 
be obtained only after a thorough demagnetization of an array. 
A detailed discussion of the theoretical calculations is given in 
Vedmedenko and Mikuszeit (2008). 

Recently, magnetostatic interactions have also been stud- 
ied in other frustrated systems. Especially the kagome lattice, 
two-dimensional structure composed of corner-sharing tri 
angles and the related honeycomb structure, gained consider 
able attraction. The kagome lattice and the honeycomb structure 
intrinsically exhibit a sixfold symmetry; both patterns are sche. 
matically represented in Figure 4.16. In the interconnected 
honeycomb net, three lines meet in each vertex. The ice rules 
change consequently from two-in-two-out to two-in-one-out 
‘orto one-in-two-out. In the magnetic ground state, prepared by 
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FIGURE 4.16 Schematic representation of the honeycomb structure 
(left) and of a periodic array of islands, placed between the vertices of 
kagome lattice (right) 


careful demagnetization, Qi etal. observed that the magnetiza- 
tion along each connecting element of adopts a single domain, 
and that the domain walls are constrained within the verti- 
ces. Thereby, the ice rules are strictly obeyed. Compared to the 
square lattices discussed above, where the realization of the arti 
ficial spin ice is hindered by large energy barriers, the magnetic 
honeycomb structure turned out to be an ideal artifical spin ice 
system (Qi etal. 2008), 

Rectangular islands, placed between the vertices of a kagome 
lattice, lead to a periodic structure in which the number of near- 
est neighbors of a lattice point is four as on a square lattice. 
However, the angles between the connecting lines to the nearest 
neighbors on the triangular lattice are 60° instead of 90°. Varying 
the size of the rectangular bars and the interparticle distance 
the effect of stray field interaction on the magnetization rever- 
sal was investigated by (Westphalen et al. 2008b). The islands 
on the kagome pattern can be subdivided into three sublattices, 
with triangular symmetry. The magnetization reversal depends 
on the direction of the applied field. Two simple geometric cases 
may be distinguished: The field may be applied either parallel 
to one of the sublattices 0° orientation or perpendicular to one 
sublattice 30° orientation. For the 0° orientation, two reversal 
processes were observed. In case that the interaction between 
the net magnetic moments is weak, the particles inclined to the 
field direction by 60° fip first, followed by the sublattice parallel 
to the applied field. For stronger interaction at reduced particle 
distance, the parallel sublattice switches firs, followed by the 
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domain process in the inclined bars. Applying a magnetic field 
in the 30° orientation leads toa strong frustration of the particles 
with the hard axis orientation. This frustration causes domain 
formation preferentially in the perpendicular bars. 


4.4 Summary and Discussion 


‘The technological progress in the field of magnetoelectronics 
and the advancement in miniaturization techniques brought 
topological-ordered nano- and microstructured magnetic thin 
films in the focus of many research activities (Martin etal. 2003). 

‘Understanding, modeling, and controlling the magnetization 
reversal of magnetic micro- and nanostructures as a function 
of shape, aspect ratio, and interparticle separation are of high 
current interest. Various shapes have been investigated in the 
past, including stripes, closed and open squares, and circular 
and elliptic dots, 

Even though there exists a large variety of shapes, sizes, and 
materials, leading to a huge variety of properties, ferromagnetic 
islands have a few characteristics in common: 


+ In small ferromagnetic islands, the shape anisotropy 
dominates the remanent state and the reversal mecha- 
nism. Therefore, the geometrical extensions of mag- 
netic structures determine their magnetic properties 
Elongated structures tend to form magnetic dipoles, while 
small aspect ratios favor closed flux states. 

+ By lateral structuring of originally homogeneous, mag. 
netically isotropic ferromagnetic thin films new anisot- 
ropy axes can be impressed in arbitrary directions. 

+ Micrometer and nanometer-sized ferromagnetic islands 
exhibit much larger coercive fields than bulk magnets 
composed of the same material. 

+The magnetization reversal is dominated by coherent rota- 
tion in hard axis orientation and by domain wall motion 
in easy axis orientation, 

+ At small distances, magnetostatic interactions occur, 
leading to the collective behavior of an array of islands. 


In future, the technological advancements of sample preparation 
will lead to even smaller individual structures and to larger arrays. 
‘Three major routes are currently followed. The first one tries to 
‘optimize the lithographic techniques by using electromagnetic 
radiation with smaller wavelength (Bakshi 2008) o by nanoim- 
print technologies (Chou et al. 1996). The second route involves 
self assembly of clusters and surfaces to complex, periodic struc. 
tures (Boncheva et al. 2005). The third route is the bottom-up 
technique. In this approach, the ferromagnetic island is built 
from its atoms. A tip from a scanning tunneling microscope can 
bbe used to move individual atoms on a surface, thereby reaching 
island sizes that will never be accessible with classical lithography 
(Stroscio and Eigle 1991), Further miniaturization will not only 
allow to study smaller objects, and bridge the gap between indi- 
vidual atoms, clusters and nano- to micrometer-sized islands, it 
also leads o a higher definition ofthe circumference ofthe island, 
reducing the often undesired influence of rough edges. 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


‘The research on ferromagnetic islands is nowadays embed- 
ded in the field of spintronics (Wolf et al. 2001). In the classi- 
cal electronics the information is carried by the charge of the 
electrons, while its spin is ignored. In the future, the standard 
microelectronics will be combined with spin-dependent effects 
that arise from the interaction between spin of the carrier and 
the magnetic properties of the material. ‘Therefore, the mag- 
netic properties of ferromagnetic (FM) islands will be joined to 
other materials such as antiferromagnets (AF), semiconductors 
(SC), and superconductors (S). For extended films, the mutual 
interaction within F/AF and F/S heterostructures leading to the 
exchange bias effect and the superconducting proximity effect 
have been studied in great detail in the past (Zabel and Bader 
2008). Patterning the ferromagnetic layer allows to control its 
coercivity and its anisotropy. It also allows to tune the size of 
the islands to the typical length scales of the AF, ie, its domain 
size, and to the, ie, its coherence length. The exchange bias, for 
example, stabilizes the magnetization of ferromagnetic islands 
close to the superparamagnetic limit, fueling the hope of higher 
storage densities in magnetic recording devices (Skumryev et al. 
1991). Ferromagnetic islands play an important role for the prep- 
aration of spin-polarized electric currents as the electrical con- 
ductivity of the majority spin electrons differs substantially from 
minority spin, resulting in a spin-polarized electric current, The 
spin-polarized current may then be transferred into a SC device 
ballistically via an ohmic contact. However, F/SC contacts 
involve doping of the semiconductor surface, leading to spin-flip 
scattering and loss of the spin polarization. Understanding and 
optimizing spin injection and spin transport are some of the key 
challenges for the development of truly spintronic devices. 

Another degree of freedom are vertical structures, in which 
the islands are stacked on top of each other, separated by non- 
‘magnetic material. In such a way, one-dimensional spin chains 
‘may be realized, in which the islands interact via their magne- 
tostatic fields (Fraerman et al. 2008). It has already been shown, 
that interacting islands may be used as logic devices (Wang et al 
2006). Research in this area is still at a very early stage and far 
away from a technical application; the perspective, however, to 
functionalize the magnetostatic interactions will have stimulat- 
ing effects on the research worldwide 
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5.1 Introduction 


Nowadays, nonvolatile memories (NVM) are used on a mas. 
sive scale in different domains related to personal and industrial 
applications such as cellular phones, massive computer data 
storage on mobile support, digital photography, aeronautics, and. 
embedded electronic in automotive applications. 

‘The current NVM technology is based on electric charge 
storage in silicon-based devices. The scaling of these devices has 
bbeen predicted by Gordon Moore. In his famous paper published 
in 1965, he mentions: “...The complexity for minimum compo: 
nent costs as increased at a rate of roughly a factor two per year 
[...] Over the longer term |...] there is no reason to believe it [the 
rate] will not remain nearly constant for at least 10 years” (I. 

‘Asa matter of fact, even after 40 years, this prediction is still 
valid [2]. However, the typical size of memory cells has been so 
much reduced that a further miniaturization becomes critical 
(recently, NVM cells have been proposed with 43 nm typical size 
[technology node}) (3). Indeed, new phenomena such as quan. 
tum or finite size effects and single-electron effects [4-6] chal 
lenge the possibility of further reduction. 

In the field of industrial and academic research, two major 
parallel axes are proposed to solve these issues. ‘The first one 
is based on the use of new materials using singular physical 


properties (phase changed memory (7), resistive random access 
memory [8], etc). These promising approaches are not yet com- 
pletely mature to replace the well-known traditional devices, 
studied for atleast a half century. The other approach consists in 
modifying, step by step, the current devices in order to push the 
scaling limits of silicon-based devices. This chapter is devoted to 
this second approach. 

‘The essential element of the current NVM is the metal oxide 
semiconductor transistor (TMOS), which can be seen as a non- 
linear valve of electronic current controlled by an external volt- 
age. To simplify, the schematic behavior of the MOS transistor 
is presented in Figure 5.1. It can be described as follows: the 
current flowing between the two polarized pads—source and 
drain—is null when the voltage applied on the control gate is 
lower than a threshold voltage (V,). It becomes arbitrarily high 
when the voltage is equal or greater than V;,. The value of Viq is 
an intrinsic quantity of the TMOS. The main idea of the NVM. 
is to modulate the value of Vj, by storing electric charges, spa- 
tially confined in a floating gate located between the control 
gate and the channel of electronic transport. Injecting negative 
(resp. positive) charges in the floating gate shifts the value of 
the threshold voltage to values greater (resp. lower) than Vy as 
shown in Figure 5.2. Consequently, two different electrical states 
are possible: the “up” one defined by Vj, > Vy and the “down’ 
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FIGURES.1 Schematic behavior of a MOS transistor. 
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FIGURES.2 Schems 


ic behavior of a TMOS with a floating gate. 


fone with Vig < Vio. These two states define a level of program- 
‘mation for the cell. Depending on the technology, the “up” (resp. 
“down’) state is called programmed or erased (resp. erased or 
programmed) and the cell can store one fundamental memory 
unit, the well-known bit 

Classically, the floating gate is designed with degener- 
ated polysilicon whose electrical behavior is quasi-metallic. 
It is electrically insulated by oxide layers (silicon oxide for the 
bottom and a stack of different oxides on its top) designed to 
‘maintain the electric charges as long as possible in the floating 
gate. One major issue in scaling is the reduction of the thick- 
ness of the oxides leading to an alteration of the retention ability 
of the device. Another critical issue is the size reduction of the 
floating gate. To work properly, the memory cell needs a certain 
quantity of electric charges— injected in its floating gate. Scaling 
the floating gate and the surrounding oxides implies using less 
charges for the programmation of the cel. The repartition of less 
charges in the volume of a small floating gate makes the discrim- 
ination between the two possible states of the cell more difficult 
(the classical term is “closure of the programming window”). 
Moreover, another issue is linked to the apparition of traps in 
the bottom oxide when cycling the memory device. This phe. 
nomenon is known as stress-induced leakage current (SILC) 
[9,10]. Because the charges are delocalized in the floating gate, 
the presence of the unique trap in the bottom dielectric can dis 
charge the entire memory device and lead to the data loss. To 
tackle these issues, one solution could be to constrain charges in 
the vicinity of the channel. For accomplishing this goal, the use 
‘of nanoscale dots instead of a continuous floating gate has been 
experimentally and theoretically studied for many years [11-14] 
‘The principle of the configuration is shown in Figure 5.3. 

For modeling the electrical characteristics of these devices, 
such as programming (erasing) or retention, knowledge of the 
electrostatics and, more generally, the physics of this type of 
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FIGURES.3 Floating nano-dots. 


devices is needed. The physical properties of such nanoobjects 
have been studied for many years, with the help of different 
innovative techniques such as scanning tunneling microscopy 
(STM), atomic force microscopy (AFM), transmission electron 
microscopy (TEM), and so on. A detailed review about nanoclu- 
sters can be found in Ref. (15) 

‘The modeling of dynamics phenomenon such as tunneling 
currents needs an accurate modeling of the electric field in the 
device. For metallic or quasi-metallic dots, a classical (non- 


quantum) approach based on equivalent capacitance is efficient 
and has been even used in the case of large semiconductor islands 
{16-19}. Theoretically, for small semiconductor dots, solving the 
electrostatics of the configuration must be achieved by a self- 
consistent resolution of Poisson and Schrédinger equations as 
shown in Refs. [20-22]. However, this huge complete resolution 
can be avoided. First of all, the number of dots involved in the 
problem has a crucial influence. The electrostatics of a device 
with numerous dots can be governed by the classical interaction 
between each dot, even ifthe typical size ofthe dot is lower than 
the typical quantum range. Second, the current typical size of 
dots does not necessarily imply that the quantum approach is 
justified. So, many models assume that the dots are metallic and. 
interact as plane capacitors. The validity of this approach has 
been proved in Ref. [23]. However, it was shown in Ref. [24], in a 
2D case and for a single dot arbitrarily shaped, that this approach 
is no longer valid in the range of aspect ratios encountered in 
nanodot arrays. To enclose this state of art, in the context of, 
ultrascaled devices, the individual electrical behavior of a dat 
can become significant in front of the collective behavior of a 
matrix of dots [6,25] 

We aim to model, academically and as precisely as possible, 
the electric behavior of a single dot embedded in a dielectric 
oxide. So, we choose a very canonical and academic physical 
configuration, particularly with the twin aims of 


+ Determining the critical size of the dot leading to quan- 
tum effects 

+ Comparing the classical approximations with models giv- 
ing more physical insights 


In this chapter, we focused on a single spherical island, electri- 
cally charged, embedded in a plane capacitor. In the first part, 
wwe propose a rigorous—by this word, we mean that there are 
no physical approximations—non-quantum model for the elec- 


trostatics of a metallic dot and give a semi-analytical expression 
for its capacitance. In the second part, we propose a quantum 
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approach for a dielectric dot, based on solving the Poisson and 
Schrédinger equations, with a discrete number of charges in the 
dot. Finally, results obtained from both approaches are quanti: 
tatively confronted to determine in which extent the quantum 
effects have to be considered, 


5.2 Studied Configuration: 
Geometry and Notations 


‘A spherical do, of radius a, is embedded in a dielectric medium 
of relative dielectric permitivity e, located between two inf: 

nite conductor planes geometrically supported by two planes 
1 and T,-Each iheld ata constant electric potential (V, for T, 
V; for II.) The spherical dot is initially charged with an electri 

cal charge Q,, with a process not studied here. We assume that 
AV = V,~ Vz and Q, are independent. We denote by ¢ the sur 

face charge density of the dot when metallic and p the volumic 
charge density when dielectric. is the distance between the two 
plate electrodes, All distances and notations are defined in Figure 
SA. Any polnt M in the dielectric medium is characterized by 
its Cartesian coordinates (x,y, 2) and also by the spherical ones 
(6.8, g). Because the physics ofthe configuration is invariant by 
any rotation along the longitudinal ange g, only the two spheri- 
cal coordinates (r= OM, 0 =(e,,0M) ate required to locate ML 


5.3 Metallic Dot 


In this section, we assume that the dot is a perfect conductor 
medium. As a consequence, the potential is constant in the vol: 

ume of the dot but also floating because tis electrically insulated, 
We solve the classic electrostatics (non-quantum approach) of 
the configuration by a rigorous semi-analytical expansion of 
the potential. By rigorous, we mean that there are no physical 
approximations in our model. There are only numerical trunca 

tions and numerical approximations arising from the implemen: 

tation. The model is based on the work exposed in Ref. 26] where 
the author rigorously solves the electrostatics of this problem, 
‘with the help of the method of images and the Legendre poly- 
nomial expansions. The author gives the solution for the poten: 

tial in the medium (and discuss its mathematical validity) and 
the electrostatic force acting on the charged dot. Nevertheless, 
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5.3 


the evaluation of floating potential is not explicit at all, Starting 
from this model, we derive rigorous semi-analytical expression 
for the capacitance and a very simple expression for the polar- 
ization coupling coefficient. The floating potential is therefore 
directly determined without a recurring iterative process. Then, 
we validate the numerical implementation and compare results 
with classical capacitance approximations, 

Inthis section, we first define the physical parameters required 
for the resolution of the electrostatics. Secondly, we find a semi- 
analytical expression for the capacitance and the coupling coef: 
ficient. Finally, we conclude with the numerical investigations 
ofthe model. 


5.3.1 Definitions of Capacitance 
and Coupling Coefficient 


Due to the linearity of the electrostatic equations and the unic- 
ity of the Poisson equation—with given boundary conditions— 
the potential, at any point M in the dielectric medium, can be 
described as the sum of two terms. The first one, denoted by 
Ve(M), is the potential created by the dot when charged (with 
electric charge Q,) without polarization (AV = V, ~ V; = 0). The 
second term, denoted by V"(M), is the potential created by 
the polarization between the two electrodes (AV = V, ~ V,) when 
Q = 0. Thus, the electric potential anywhere in the dielectric 
‘medium can be written as 


V(M)=Vve(M)+V"(M) a) 
‘The computation of the function V(M) involves the resolution of, 
the Poisson equation with three Dirichlet boundary conditions: 
the potential is constant and imposed on the electrodes (IT, and 
T), is constant, and floating on the dot. The floating potential, 
denoted by V, can be split into two parts: vf, due to the charge, 
and vf", due to the polarization. It can now be written as 


V;-V, = v2 +0P -V, 62) 


Determining V; requires another boundary condition. The 
charge density over the dot, 6, is linked to the normal derivative 
of the floating potential (normal component of the electric field) 


(*) SO) and Qy= f o(@2na?sinode 63) 
Or Jig abe a 
Classically the capacitance is defined as follows “the capaci 


tance of a conductor is the charge of the conductor when it 
is maintained at unit potential, all others conductors being 
held at zero potential” [27,28]. We define the capacitance of the 


(@\ 42,4 


Ga) 
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‘The floating potential linearly depends on the total difference of 
potential AV. We define the polarization coupling coefficient Las 


aa{ 2) (2%) av 
aav J, (aay), oF 


‘We thus obtain the classical equation for the floating potential 


65) 


aay 
G 


Vi-Ve 6.6) 


‘This equation still remains valid for any shape of the dot. 
Nevertheless, a rigorous semi-analytical expression of C, can 
just be extracted for the canonical spherical shape. In other 
cases, computations can be carried out with the help of rigor- 
ous models that need numerical methods of discretization of 
the shape (method of moments, boundaries models, varia. 
tional computations [24,29)) or by approximated analytical 
expansions (Rayleigh hypothesis on boundary conditions for 
instance (30) 

Let us denote by Q, (resp. Q,) the charge supported by the 
top (resp. bottom) half-part of the dot. We write these quantities 
with an unique notation Q, , Introducing here the angles 8, = 0 
(cesp. 8, = 1/2), denoted by the unique notation @),, we express 
the partial charges, as we did with Q,, integrating ¢ on the top 
(cesp. bottom) part ofthe dot 


Qhea) = 2a 


(8)sinad8 67) 


Deriving the relation (5:7) along v@ defines the partial capacitances, 
C, and C,, formalized with the following unique notation C, 


(*], 


‘The Chasles relation on the integral over @ leads obviously to the 
equality C, + C,= Cy. 

‘We can define the ratio x,» between the partial capacitances 
and the total one: 


6.8) 


-*; 69) 


‘As AV and Q, are independent, the coefficients j,., and ot are 
‘not equal. Mathematically this property arises from the fact that 
the partial derivatives do not involve the same constant physical 
parameters (Q, for rand AV for x) 

‘The two following sections are dedicated respectively to the 
semi-analytical expansions of C, and 0. 
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5.3.2 Influence of the Charge 


In this section, we assume that there is no polarization between 
the electrodes (V, ~ V, = 0). We focus on the term Vin the rela- 
tion (5.1) The boundary conditions for the potential are such as 


Vienne 
(Qc) The relations (5.3) are still valid. 


is denoted by v? 


Because the geometry simultaneously involves plane and spheri- 
cal structures (electrodes and dot), itis interesting to include the 
plate boundary conditions in the expansion of the potential. For 
this, we use the classical method of images. The expansion of 
the potential is based on the work in Ref. 26] where the author 
treats the electrostatics of a charged dot rigorously in a nonpo- 
larized plate capacitor. He uses the method of images and the 
Legendre polynomials expansion. The author arrives atthe solu- 
tion for the potential in the medium (and discuss its mathemati- 
cal validity) and the electrostatic force acting on the charged 
dot. Nevertheless, the evaluation of the floating potential is not 
explicit so that the capacitance cannot be know. 


5.3.2.1 Method of Images 
‘The main idea of the method is to find a virtual distribution 
of charges involving the same boundaries conditions than the 
initial distribution [28]. Because of the unicity of the solution 
of the Poisson equation for given boundary conditions, the vir- 
tual distribution and the real one generate the same potential 
in the domain investigated. Here, we build a distribution of 
charges ensuring that the two planes Il, and IT, are planes of 
antisymmetry of the charge distribution. This is done by tak- 
ing recursively the images of the sphere by the symmetries along 
the planes TI, and Tl, as done in Refs. [26,31], and described in 
Figure 5.5. The z-coordinate z, of the center O, of the pth image 


is: z, = ph + A)?2q p describing the relative natural integers. 
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FIGURES.5 Coordinates of the images. 
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We denote by , the distance between the point of observation 
‘Mand the center O,, and 8, the oriented angle between the line 
(0,M) and vertical axis. To obtain a correctly oriented angle, it 
is necessary to alternate the sense of the axis e, attached to the 
considerated image. We get so @, = ((-1)"e., OpM). These vari- 
ables are shown in Figure 5.5, The classical Pythagore theorem 
and the definition of the geometric scalar product give the two 
coupled relations: 


rf = (2 — 2p) #F + Arlo —Z,)e050 


1030+ (20 ~2)) G10) 


cos8, = (-1)". 


‘To simplify the notations, we note for every point located on the 
surface of the dot (r=a):15()=(Fp)rno and €3(8) = (C080). 
Derivating the relations (5.10) along the variable rleads to 


a0=(%) = ttleacaphont 


cos cos _acos0+(25~2, 
.)) =r cs_acos0+ (co) 
Jaw 70) 70) 


a500)-{ arg) 


1) 


5.3.2.2 Semi-Analytical Expression 
for the Capacitance 

Each sphere centered in O, generates a potential v,(M) expand- 

able as an infinite set of Legendre polynomials [28]. Because the 

spheres get the same distribution of charges (or opposite), each 

sphere generates the same potential v, (or opposite), vanishing 

far from its centre. The potential becomes [26,28] 


vian-cr¥a(z} P(cos8,) 6.12) 


where P; is the Legendre polynomial of order [ and B, are con- 
stant coefficients. The resolution of the electrostatics of the con- 
figuration is mathematically equivalent to determining B, using 
boundary conditions. 

‘The potential V°(M), atevery M(r 8) in the dielectric medium, 
is the sum of the contributions of all spheres: 


Sa(2] ne 


LerFe(s) aes) 6.13) 


V2(r8) 


where p* denotes the summation over all the non-null relative 
integers. 
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‘The relation (5.13), combined with Equation 5.3, gives the 
charge of the sphere: 


Q >a f dr) 5 
Ee a Le jler Bacon 


FO 


Because ofthe linearity between vf and Q,, derivating Equation 
5.14 along the floating potential is equivalent to dividing it by 
So noting B; =(/v2) = (aB:/av?), it becomes 


G__ PB, HeLor yA f [u-022ncen 
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Defining the row vector F, whom generic kth term Tis 
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and defining the column vector B, the pth term of which is 8, we 
can write the relation (5.15) as a vector-product: 
Co= 4a 6.16) 


5.3.2.2.1 Expression of By Coefficients 


‘The relation (5.13), written at r= a and divided by vf, gives 


] ACGi@)=1, VO 


617) 


Projecting this relation on all the orders ofthe Legendre’s poly- 
nomials (using their orthonormality and the fact that P, = 1/2), 
‘we obtain the linear system: 


mab= J, 


where 
1, isa column vector whose first coefficient is 1 and the others 
Mlis a square matrix whose generic term Mj, is 


5.6 


a (C5(0)P.(cos8)sinOd® 


(5.18) 


with &,,, the Kronecker symbol 

‘The coefficients B are so the unknown variables of a lin- 
ear well-posed problem. The matrix Ml is numerically wel: 
conditioned (its size and its numerical properties are explained 
in the numerical section of this part). The coefficients &, are 
given by 


, Ga) 


5.3.2.2.2 Matricial Expression for the Capacitance 


Hence, the relation (6.16) becomes a simple matrix relation, 
numerically easy to manipulate: 
c 


aneaTM"1, 6.20) 


5.3.2.2.3 Corollary: Expression of Partial Capacitances 
Using the relation (6.19) and the row vector T™ (the superscript 
(1,2) indicates the part of the dot where we integrate 6) whose 


generic kth term Fis 
55a a eo : ia 


a aceon] 5) sin@d® 


rs(@) 
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ry? P.alcs(@)) 


the relation (6.8) becomes matricially 


Cua) = Anca M4, 621) 


5. 


.3 Semi-Analytical Expression for the Potential 
‘To finish this section, we rewrite the expression of the poten- 
tial due to the charge as a matricial product. Using the rela 


tions (5.19) and (5.4) and the row vector G(r, 6) whose generic 
term is 


G(r, 8)= (sa seo Ecn'(4] A, s(cos0,) 


the expression (5.13) for the potential V@(M) in the dielectric 
medium becomes 


ve) = S600, 6.22) 
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5.3.3 Influence of Polarization 


5.3.3.1 Analytical Expression for the 
Coupling Coefficient 


In this section, we consider that Q, = 0 and that a polarization, 
AV = V, ~ Va is applied between the two plate electrodes. As 
it is usually done in classical electrodynamics, the potential 
V(M)—defined in relation (5.1)—is split into two parts. The 
first, denoted by vis the potential due to the polarization AV 
in the dielectric medium considered as empty. Itis often called 
“incident” or “primary” potential (classically used in scatter- 
ing models (30,32)). It is the potential that should exist if the 
dot was not there. The second part of the potential, denoted by 
vis due to the presence of the dot in the polarized medium. 
Classically this term is called “scattered” potential or “second- 
ary” potential. Then 


VE (8) —Va = ¥'(058) +0(r,8) 6.23) 
‘isthe potential ina plane capacitor 
¥(7.0)= 02 (524) 


‘The boundary conditions satisfied by V""(M) are the following: 


(Pa) VM) = V, for z= 2, and V"(M) = V, for2=2, 

(Pb) The potential is floating and constant on the dot 
Vv"(a,8)-vP VO 

(Pc) Relations (5.3) with Q, = O are still valid 


‘The scattered potential is expandable as a series of Legendre 
polynomials, for every M located in the same medium [28,30], 
That isto say this expansion is valid only in the greatest sphere 
centered on O that does not cut the electrodes. This particular 
sphere, denoted by Cin Figure 5.4, is tangent to the nearest elec 
trode from the point O. Assuming that the nearest electrode is 
the bottom one (V), the radius of Cis A = a + t,.In this sphere 
(rS,), we have 


v9.8) = Sel) + wife) co 5.25) 


Using the boundary conditions (Pb) and (Pc) on the dot and 
the orthonormal properties of Legendre’s polynomials, it fol- 
lows that 


(6.26) 


How It Works 


the AND symbol is included with the counter 
symbol. 


MRL 
MR2 


Figure 13. Typical schematic representation of a 
counter, compared with the pinouts of the actual 
component. 


A-counter chip is shown in Figure 13-2. 


Figure 13-2. The 74HC163 shown in this photograph is a 
4-bit synchronous counter capable of being preloaded 
with a starting value, and able to do a synchronaus reset. 


integrated circuit > digital > counter 
How It Works 
Acounteris built from a chain of flip-flops, with 


each one triggering the next. JK, T-type, or D- 
type flip-flops may be used. For a thorough de- 
scription of a flip-flop, see Chapter 11. In 
Figure 13-3, a D-typeflip-flop is shown, triggered 
by each rising clock pulse. 


Figure 13-3. When the complementary (NOT-Q) output 
from a D-type flip-flop is connected back to its input. the 
Q output frequency is half of the clock input frequency. 
See text for additional detals 


Initially the Q output of the flip-flop is low, so its 
NOT-Q output (identified by Q with a bar above 
it) is high. This feeds back to the D input, but has 
no effect until the rising edge of the next clock 
pulse copies the high D input to the Q output. 
The Q outputs now latched high while the NOT- 
Q output is latched low and feeds back to the D 
input. The triggering event has passed, so the 
low D input does not have any immediate effect. 
The rising edge of the nextclock pulse copies the 
low state of the D input to the output, and 
changes the NOT-Q output to high, causing the 
cycle to repeat. Asa result, the output frequency 
of the flip-flop is one-half of the input frequency 
from the clock. Ifthe output is carried to the next 
flip-flop to become its clockinput, once again the 
frequency will be divided by two. 


Modulus and Modulo 

The modulus of a counter is the number it will 
count up to, before it repeats. This is sometimes 
written incorrectly as modulo. 


In fact, modulo is the name of an arithmetical op- 
eration, often abbreviated as MOD (usually cap- 
italized, even though it is not an acronym). This 
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-W,,, Vm, At zero-order 


‘The condition (Pa), for 8= m, gi 
itcomes (with relations (5.26) 


(6.27) 


Remark: If the nearest electrode is the electrode 1, the condition 
(Pa) gives vP° — Vs = (1=(x/h)AV which implies the same result 
fora. 


can be written as 


Finally, inside the sphere 


Jove (6.28) 


.2. Semi-Analytical Expression for the 
Potential in the Dielectric Medium 


‘As a last corollary, the semi-analytical expansion for C, and 
the simple expression of & allows us to express the total poten- 
tial everywhere in the dielectric medium, when AV and Q, are 
non null. 

‘To express the potential V"" everywhere in the dielectric, we 
use again the method of images for determining v#. Indeed, v' 
already contains the boundary conditions on the planes TI, and 
T],, The boundary conditions on v# are v# |g, =" |n,=0. So we 
can expand the potential vas we did for V" in the previous sec- 
tion, with the same notations. Using the conditions (Pa), (Pb), 
(Po), and the relation (5.27), we can finally write V” as 


de 


ve(M)—V,=2avxenta 


7 (5.29) 


where A! is the column vector of generic term of order k, 
Al =~ JU/3)(a/I)8 

Finally using the two relations (6.22) and (5.28) the total 
potential in the dielectric medium is 


vam) (6.30) 


‘This expression allows one to estimate the distribution of charges 
on the electrodes, derivating this relation along z, at 2 = 0 and h. 
‘This is not the subject of this chapter but a parametric study of 
this distribution could be interesting to understand the classi- 
cal approximations of C,. Moreover, this should allow to obtain 
immediately the electric field everywhere in the medium. This 
physical quantity is necessary to model charge transport phe- 
nomenon through the dielectric layers. 

‘To conclude this part, let us remind that the semi-analytical 
relations (5.20) and (6.27) solve the physical parameters of the 
configuration. As a final corollary, the matricial relation (5.30) 
gives the electrostatics of the dot. 
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‘We notice that this classical approach is invariant by scale 
change. So, these results can be directly used for larger con- 
figurations with the same aspect ratio. We can cite for instance 
chemical sciences where models of metallic bubbles embedded 
in dielectric solutions are often used. 


5.3.4 Numerical Implementation 


‘The numerical computation of the capacitance is numeri- 
cally conditioned by the obtaining an invertible matrix M1 
Numerically, the matrix Mis a square matrix of the typical size 
10 x 10. This is not a critical size for classical numeric inversion. 
Moreover, in practice, the conditioning (ratio between greatest 
and smallest values) of this matrix is about unity. Hence, the 
inversion of the matrix M is not the key point of this numerical 
implementation. Its quality is conditioned by the double trunca- 
tion of the expansion of the potential (on the maximum order 
of polynomials in one hand and on the number of images in 
the other one). A discussion about the influence of this trunca- 
tion is presented in Appendix A. Let us say here that the two 
truncations are independent one of each other, and numerically 
they are not critical at all for computations. Moreover, the semi- 

analytical expression was numerically validated by comparing 
results provided by finite element method (FEM) computations. 

This validation is also presented in Appendix A. To briefly sum 
up the conclusions, let us say that FEM may have some accuracy 
problems and itis clearly slower. 


5.3.5 Numerical Results and Comparison 
with a Classical Approximation 


Classically C, and ot are estimated by different physically based 
approaches using very simple expressions. Nevertheless, the 
validity of these latest approaches is not always well known, 
A very classical phenomenological approach is the equivalent 
capacitances approach (for details, see [24]) that we will briefly 
expose here, 

It is assumed that a coupling capacitance can be defined 
between the dot and each electrode. Let us denote C (resp. Ci) 
the capacitance between the dot and the bottom (resp. top) elec- 
trode. The sum of these two capacitances is equal to Ce, We fur- 
ther assume that Chand Glare classical capacitances, as defined 
for metallic bodies under mutual influence and that the polar- 
ization coupling coefficient cis given by the ratio B= (CJC) 
“The parallel plate approximation (PPA) consists in approximat 
ing the capacitances C2 and Ci by plate capacitances in which 
surface $ is the projected surface of the dot on each electrode 
and whose thickness (resp. 2) isthe typical distance between 
the dot and each electrode. This rough approximation is even 
used to model single-electron effects such as Coulomb block- 
ade [16], Note that it is possible to use several surfaces and 
typical distances to calculate this plate capacitances. Here, we 
choose two different thicknesses for the same configuration 

, +a= A, to illustrate the capacitances. 


5.8 


1. The thicknesses of the capacitances are the distance 
between the border of the dot and the electrodes: tf =t: 


and =f, This approximation is named PPA(). 
a@w=eS, cae, cw=e(S+3) 
n rags 

and pq) =—2 631) 


ih 
2. The thicknesses of the capacitances are the distance 


between the center of the dot and the electrodes: t= A. 
and t! =i, This approximation is named PPA). 


2) 


(5.32) 


‘To compare the validity of these approximations, we compare 
some results given by PPA and results given by the semi-ana 
lytical (SA) method. For a given radius, we compare the evolu: 
tion of the capacitances and different ratios versus the value of 
t,, The numerical values are the following: a=2.8nm, t, = 12nm, 
€,= 3.9, and fis varying from 0.5 to 10.5nm. For the surface S, 
‘we have chosen the surface of the disk of radius as S = nat. 


In Figure 5.6, we plot the evolution of the three capaci 
tances C, (denoted by SA), Co(1) and Cc(2), divided by the fac 
tor 4nea, versus the ratio t/a. We also plot the ratios C-(1)/Cy 
and Cc(2)/C,. The behavior given by the approximation (1) is 
‘qualitatively correct. Quantitatively, this is not very convincing. 
Indeed for t,/a < 1, the ratio Co(1)/C, is not quite constant. It 
varies from 0.7 to 0.2. There is no way to fit the values of C, by 
Cot) just by adjusting the numerical value of S. PPA(2) seems 
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qualitatively and quantitatively more interesting to estimate 
Cg. For tyla < 1, the ratio Cz(2)/C, is varying from 0.12 to 0.14 
(@ variation about 20%). 

For large values of f,/a, the behavior of PPA(1) and PPA(2) 
are asymptotically equivalent. The asymptotic limit for t, > a is 
al(at,) ~5.83 x 10°? for Ce(t)/(4nea) and al(4(t, + a)) ~ 4.73 x 107 
for C.(2)(4rea). In the figure, we see the beginning of this 
asymptotic behavior. Because the limiting value of f,, in our 
simulation, is of the same order of t,, the smallest values seen 
on the figure are approximatively twice the limiting value. For 
t,Ja > 2, the ratio Ce(2)/C, remains quite constant, varying from 
0.11 to 0.09, The ratio C.(1)/C, varies from 0.15 to 0.1 

Finally, in all the range of values of t,/a presented here, only 
the PPA(2) allows to approximate C, with finite relative error. 
‘The difficulty consists in finding a numerical value for the sur 
face S that makes PPA match the capacitance. 

To end this comparison, the dimensionless coefficients 
+; BQ), and B() = crare compared. For great values of t/a, B() 
tends to 1 while B(2) tends to 0.5. The limiting value of x; is also 
055 (because C, tends to the capacitance of a single half-sphere). 
On the other hand, for small f,/a, the limiting value for B(2) is 
al(t, + 2a) ~0.15, while B(1) tends to 0 and C, also to 0 (for small 
1,, only C, contributes to the value of C,) 

In Figure 5.7, we plot the coefficients x, (1), and (2) ver- 
sus f,/a for the same previous configuration. On this figure, it 
appears that the coefficient B(2) underevaluates x, for fa > 0.25. 
‘The greatest relative difference between x, and B(2) is observed 
for tsa ~ 1 and is about 30%. For t/a > 3, the relative difference 
is lower than 10%, The coefficient (1) is far from x,, even in the 
range f,/a< 1 

For values of t,/ain the range of the unity, neither PPA(1) nor 
PPA(2) gives an approximation with an accuracy better than 
10%. Only PPA(2) could give a good approximation, if we are 
able to evaluate an optimized value for the surface S. 
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FIGURES.6 Comparison between normalized capacitances obtained by the approximations PPA() and PPA (2) and by SA. In the fist figure, 
the capacitances are normalized by the factor 4nea, The second figure represents the ratios Cc/C; for the two approximations, The capacitances and 
the ratios are plotted versus the ratio t,/, fora fixed radius a and variable ¢., 
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Adimensionned coefficients 


FIGURE 5.7 Undimensioned coefficients x, (1), BQ), and 0. versus 
the ratio fa. 


5.3.6 Conclusion 


We devised a semi-analytical model forthe potential and the capac- 
itance of a spherical metallic dot located in a dielectric medium 
between two metallic planes at fixed potential. From this model, 
‘we establish a simple analytical expression for the polarization cou- 
pling coefficient. We have derived a semi-analytical formulation 
for the potential everywhere in the dielectric medium. The validity 
of our approach has been established by comparison with a varia 
tional numerical approach. Finally, we have discussed the validity 
of classical approximations for the capacitance, particularly when 
the distance between the border of the dot and the nearest elec- 
trode has the same order of magnitude as the radius of the dot. 

‘Three major developments are under study. he first one, 
developed in the next part of this chapter, consists in using this 
approach in the quantum model of a dielectric dot. First, it allows 
to generate an initial evaluation of the floating potential used in 
iterative resolution of Schrodinger and Poisson systems. Second, 
the comparison between the classical and quantum approaches 
determines the critical dimensions leading to a quantum behav: 
ior. The second development is to adapt this model for dielectric 
dots. The method of images remains interesting but the spa- 
tial distribution of charges in the dot—even in a non-quantum 
approach—is a serious node of the resolution. The third point is 
to use the evaluation of the potential around the dot to model the 
clectric field, frst step to a modelization of an electronic transport 
through the dielectric. 


5.4 Semiconductor Dot: Theoretical 
Approach 


5.4.1 General Considerations 
on Quantization Effects 
In the metallic case, the electric charge is distributed on the sur- 


face of the dot. On the contrary, in the case of a semiconduc 
tor dot, the electric charge is distributed in the volume of the 
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nanocrystal and in the surrounding dielectrics. The resolution 
of such a configuration in a classical approach needs conditions 
of continuity ofthe electric field involving model of macroscopic 
polarization of the dielectric medium. This approach is clas- 
sically exposed in different works (for instance, Refs. [28,30)) 
However, when the dot size falls into the nanometer range, clas- 
sical electrostatics and semiclassical approaches of charge in 
semiconductor devices are no longer sufficient to describe the 
charge density and thus the electrostatic potential inside the 
nanocrystal. Two arguments favor a quantum approach to cor- 
rectly describe the problem. First of al, let us consider the De 
Broglie wavelength, Ay, that describes the wave-particle dual- 
ity of any particle of mass m; itis equal to the ratio of Planck 
constant, fy, on the kinetic momentum p. In the case of a free 
thermal electron of mass mat temperature T; De Broglie wave- 
length is 


h 
‘Pet, 


where kis the Boltzmann constant. 

‘At ambient temperature (T'~ 300K), ty is around Sim; this 
values gives an order of magnitude of the extension of the elec- 
tronic wavefunction, 

In the frame of this work, we will consider semiconductor 
islands with typical radius around 10m, soit becomes a priori 
necessary to take into account quantum effects to solve the elec- 
trostatics of the dot. 

Another way to convince ourselves of this latest point is to 
remind us of some results obtained in the case of an infinite 
quantum well. Indeed, electrons confined in quantum dots can 
be roughly compared to the problem of a single particle in an 
infinite quantum wel. 

Let us consider an infinite one-dimensional quantum well of 
width 2a. Due to the strong confinement of the wavefunction 
into the well, the only possible solution of Schrodinger equa- 
tion inside the dot are standing waves with wave number, ky 
equal to 


an 
2a 


(6.33) 


‘The non-normalized density of probability, yj(x) is given by 


lo) sil korn] (34) 


From now, the normalized density of probability is denoted by 
\v. The normalization is such as the density is unitary. 

‘The energy of the nth bound state, with respect to the bottom 
of the well, is proportional to the square of the wave number: 


Wke 
Dm. 
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(6.35) 
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FIGURES.8 Schematic representation of an infinite quantum well of 
width 2a and of the three first bound states and their energy. 


‘Asan explicative pattern, the eigen wavefunction y, and the level 
of energy E, for the three firs levels of quantification are plotted 
simultaneously in Figure 5.8. The evolution of the energy of the 
first bound state, Eis plotted asa function of the dimension of 
the quantum well in Figure 59, If we compare the energy level of 
the first bound state with the thermal energy, kyT, we can see that 
when the quantum well’s typical size, a, falls under 2-3nm, E, 
becomes greater than the thermal energy at ambient temperature 
(-25.6meV). From this consideration, we define Ra the value of 
the quantum well radius at which the energy shift due to quan- 
tum confinement in the dot becomes equal tothe thermal energy: 


nh 


a 5.36 
4 \2mkeT ee) 


As seen in Figure 5.10, for temperatures ranging from 5 to 300K, 
Rg values are in the 10nm range, which is the typical size of the 
‘quantum dots that we will consider here. 
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FIGURE 5.9 Evolution of the energy level ofthe first bound state, Ey, 
‘obtained in an infinite well of width 2a versus a 
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FIGURES.10 Evolution of quantum dot radius at which quantization 
energy becomes greater than thermal energy, Ry, with temperature, 


5.4.2 Quantum Dot Containing a Single 
Electron: A Simplified Approach 


To start with, in this study of the electronic properties of semi- 
conductor dots, we present the main equations describing the 
behavior of a single electron in the conduction band of a silicon 
nanocrystal. As explained in the introduction of this section, due 
to the fact thatthe De Broglie wavelength is of the same order as 
the dimension of the nanocrystal, a quantum approach has to be 
used. Due to the difference in electronic affinity between silicon 
and silicon oxide, a single silicon dot embedded in a SiO, matrix 
acts as a quantum well fr electrons in the conduction band, as 
shown in Figure 511. This systemis close to the well-known case 
of a finite potential well described in many graduate textbooks 
{33,34}. If analytical expression can be easily found for E, and 
v,(?) in the case of an empty finite or infinite quantum well, it 
isnot the case for a finite quantum well containing several elec- 
tons; as a consequence, solving Schrdinger equation is done 
numerically 

In this chapter, we consider an undoped semiconductor 
quantum dot embedded in a silicon dioxide matrix. Due to the 
extremely low concentration of free carriers in intrinsic semi- 
conductor (n, = 10° cm” for silicon, at 300K), we assume that 
there is no free electron in the conduction band of the nanocrys- 
tal. Let us make a quick calculation to illustrate this assertion, 


SiNC: 
44s 
” 4-95.10," 32€V 
Sider” 
FIGURES.11 Energy band diagram representing a silicon nanocrys- 


tal embedded in a SiO, matrix along one direction, 
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Let us consider a silicon nanocrystal of radius a = 10nm, the 
intrinsic number of electrons Nis, 


NenxAna~ 4x10" <1 
3 


For the sake of simplicity, we only consider the bound states 
existing in the conduction band. We neglect any perturbation 
arising from the valence band and spin degeneracy, Let us note 
Ec (7) the spatial density of the potential energy in the conduc- 
tion band. Considering the above finite quantum well with a 
single additional free electron in the conduction band, the spa 
tial evolution of probability density, (7) is described by the 
Schridinger equation in stationary regime. If we look atthe first 
electronic states—at low energy—it is possible to consider that 
the electron behaves as a quasi-free particle in the dot with an 
isotropic effective mass ms: [35] (ms = 0.26m, in silicon} 


Hy(F)= Ey) 637) 


with 


+ Voss (7) (5.38) 


where 
Vigui(?) is the potential confining the electron evaluated at 
the point (see Figure 5.11) 
F isthe kinetic momentum operator (classically equivalent to 
a Laplacian [33,34)) 


Vesa?) must be evaluated with the help of hypothesis, described 
in the following, for each configuration. 

In the case of a single electron in a quantum well, the poten. 
tial energy V.,ai(F) is only equal to the conduction band energy 
value at position (F), E(F). For convenience, we take the bottom 
of the conduction band energy in the quantum dot as the energy 
reference. 

‘As there is no other energy contribution in the Hamiltonian 
1H due to the presence of other electrons in the conduction band, 
this problem is the same as the finite quantum well. The only 
available energy states for the electron, are the same (E,; y,) than 
those of the finite well. For the following, we suppose that the 
‘wavefunction y, has been properly normalized. 

‘The presence probability P(7), of the electron at position 7, is 
thus equal to 


PH) =|yP 6.39) 
Under these conditions, we can built the charge density at any 
position, p(7), as the product of the electronic charge by the 
presence probability at 7 (which is also known as the charge 
density observable): 


plr) =-ex PF) =-ex|ynG7)f (6.40) 


5A 


where ¢ is the fundamental charge. As described above, charge 
density depends on the bound state occupied by the electron. 
(Once the wavefunction of the bound state is known, a numerical 
resolution of the Poisson equation using the above charge den- 
sity gives the electrostatic potential of the structure and the evo- 
lution of the conduction band energy. For our problem, we make 
the assumption that the electron, without any external perturba- 
tion, ison the first available quantum state, ie., the fundamental 
bound state at energy E, with the normalized presence probabil- 
ity density y,(F) and solve the Poisson equation to derive the 
electrostatic potential, V(7), in the whole structure: 


0) 
a, 


Ave) 


6.41) 


where 
¢, is the relative dielectric permittivity of the material 
Ais the Laplacian operator 


5.4.3 Addition of a Second Electron in the Dot 


In this section, we consider the previous system made of asilicon 
nanocrystal embedded in a SiO, matrix containing a single elec- 
tron on the first bound state. When a second electron is added 
in the conduction band, the probability density, y, rigorously 
becomes a function of two positions: 

Wa = Walvis) (6.42) 
Under these conditions, the Hamiltonian of the system is 
written as 


Ba Po Pe Vasll) + Vee f+ 
Imig” 2s 


(6.43) 


where j, and P, are the kinetic momentum operators of each 
electron. At this stage, it is very important to notice that an 
energy term has been added in the Hamiltonian. This term is 
due to the Coulombian interaction of electrons with each other 
and corresponds to the electrostatic energy. Including the inter- 
action term in the Hamiltonian and considering two position 
variables, solving the problem becomes very heavy, even numer- 
ically. Moreover, when we consider further more than two elec- 
trons in the nanocrystal, the problem quickly become a N-body 
problem. For this reason, some approximations are required to 
bbe developed further. In the following, we use an approximation 
that allows to write the wavefunction in a simpler way. 

In the Hartree approximation [36], we make the assumption 
that each electron can be described by an individual wavefunc- 
tion, respectively ys(?) and ya(7), as if they were independent. 
‘Therefore, the global wavefunction can be written as the product 
of these individual wavefunctions: 


5.12 


WOH.) = WA) x Wo) 6.44) 


In this approximation, we calculate y; and ys in such a way that 
the total energy of the system is minimal. Moreover the separa- 
tion of the wavefunction allows to use a mean field approxima. 
tion in which we consider that the electrostatic interaction felt by 
‘one electron can be described as if it felt the electrostatic poten- 
tial induced by the other one(s). 

‘The problem now consists in calculating y, and ys by solving 
individual Schrédinger equations with Hamiltonians H, and 
1H, with 


EMialia) 6.45) 


with 


(6.46) 


Vous, (2) is the term of Coulomb interaction defined in rela 
tion (6.43) 

If we compare this latest equation with the one used for the 
single-electron case (5.37), Vig has been added to take account 
of the Coulomb interaction between both electrons. AS Vga is 
the saben eletroctaic postal iachace ly Ua antago dle 
ton, iti a solution of the Poisson equation: 


Palfiz) 


AVnen Fal 647) 
et, 
where p.,(F) is given by (5.40) 
Pri?) =—ex|WoiFf (6.48) 


‘The total energy of the system is equal to the sum of the 
energy corresponding to the bound states of both electrons plus 
the electrostatic energy arising form the Coulomb interaction 
between both electrons, E, 


iia Hea 649) 
with 
= [JJ PV th-07 


From Equations 5.46 to 5.48 itis obvious that this problem 
can be solved only self-consistent; y, is computed by solving 
(5.46) using an initial guess for ys. Then, Poisson equation is 
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solved using p, as charge density and the corresponding poten- 
tial Viger is used in (5.46) to compute y,. This algorithm is itera- 
tively repeated until the total energy By. calculated at the end of 
each loop converges. 


5.4.4 Multiple Electrons in the Dot 


In this section, we extend the results presented in the previous 
section to the case of multiple electrons in the dot with the same 
methodology. When the quantum dot contains N electrons, 
Hamiltonian can be derived in a similar way than in the two- 
electron problem (relation 5.43): 


eye det re Plt 


ine, 7 


where 
jis the kinetic momentum operator of electron j 
Vigo is the confining potential 


the last term of Equation 5.51 is the interaction potential com: 
ing from the electrostatic interaction of the N electrons with 
each other. 

Note that the prefactor 1/2 has been added to avoid to count 
twice the same interaction. 

Rigorously, the solution of the problem is given by solving 
Schrdinger equation with a N-variable wavefunction: 

WE Waa) (6.52) 

As mentioned in the previous section, solving this N-body 
problem needs an approximations on the wavefunction. In the 
Hartree approximation, the wavefunction can be written as the 
product of N individual normalized wavefunction: 


Wis 


iC) 653) 


each wavefunction can now be associated to an Hamiltonian 
operator describing the behavior of the jth electron: 


By @)=By,G) (5.54) 


with 


+ Veoat(F)) + Vis (F)) 


ont (6.55) 


Vines, efers to the electrostatic interaction between electron j 
and the mean potential induced by the (N ~ 1) other electrons. 
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Assuming that an equivalent charge density, pF) can be defined 
for each electron: 


iG 6.56) 


exfy, 7p 
the electrostatic interaction potential Vi 
lowing Poisson equation: 


is solution of the fol- 
@ 


AV) ce 


(657) 


‘The total energy of the system is the sum of the individual eigen 
energies of the electrons plus the electrostatic interaction energy: 


82 SB +B 


(6.58) 


where 


»y fatvicrf va @-d% 6.59) 
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To solve the entire problem in the Hartree approximation, it 
is now necessary to self-consistently solve the set of coupled 
Equations 5.54 and 5.57 in order to minimize the total energy 
of the system (5.58). 

In this study, electrical results presented in the next section 
are obtained by using the algorithm presented in Figure 5.12. 
Starting from an initial assumption for wavefunctions (assum- 
ing, for example, an homogenous dilution of the electrons in the 
quantum dot) and for the potential of the dot (metallic approach 
orempty dot with coupling polarization), the Poisson equation is 
solved to determine the interaction potential, V,,,,- This poten- 
tial is used in the system Hamiltonian (6.55) as well as the con- 
fining potential, Vig» to determine the bound states, ie. their 
energies, B, and the normalized wavefunctions, y, This process 
is repeated for the N electrons and then, the total energy of the 
system, Eis calculated using Equations 5.58 and 5.59. Ifthe dif- 
ference of the total energy found at the nth and (n- 1)th iteration 
is smaller than an user-defined value (e), then the Poisson equa- 
tion is solved for all electrons in the nanocrystal, otherwise the 
resolution restarts until this condition is satisfied. 

‘We notice here that the influence of the initial guess on the 
final solution is very weak when the number of electrons is low. 
However, it can become critical in the case where the number of 
electrons becomes of the order of magnitude of 10. 
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FIGURES.12 Algorithm used for the self-consistent resolution of Poisson and Schrédinger equations for multiple electrons in a quantum dot. 
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5.5 Finite Element Modeling 
of a Silicon Quantum Dot 


In this section, we will present some simulation results obtained 
‘on a silicon dot by finite element modeling (FEM). For this 
study, we used COMSOL Multiphysics® [37] to generate the 
{geometry as well as to solve Poisson and Schrodinger equations 
[38,39]. Firstly, we will present the studied structure and focus 
on the methodology used to optimize meshing, which is a cru- 
cial point in FEM. Then, the simulation results will be presented, 
in particular, we will see the influence of the dot radius and the 
number of electrons on the evolution of the electrostatic poten- 
tial into the nanocrystal. Finally, we will compare the electrical 
results obtained in the previous chapter on metallic dots with 
those obtained in a full quantum treatment of the charge in a 
semiconductor dot 


5.5.1 Studied Structure and Meshing Strategy 


‘The system studied consists in a spherical silicon dat embed- 
ded into a dielectric matrix of SiO,. The notations are recalled 
in Figure 5.13. In this work, the thickness of the top and bottom 
oxides (t, and t,) are respectively fixed to 10 and Sm, which are 
typical values used in the semiconductor industry (17) 

‘As shown in Figure 5.14, the device can be reduced to a quar- 
ter of structure for plane-symmetry reasons along the (YZ) and 
(XZ) planes. ‘This optimization of simulated geometry consider- 
ably reduces the computation time that can be advantageously 
converted into a finer mesh ofthe structure. 

‘The boundary conditions used for this work are the following: 


+ Dirichlet conditions on both top and bottom electrodes: 
electrostatic potential fixed, respectively, to V, and V, 


FIGURE 5.13 (a) Studied structure for the FEM simulation of the 
{quantum dot containing multiple electrons. (b) 2D schematic view 
showing the dimensions ofthe structure, 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


FIGURES.14 Detailed view of the quarter-structure studied in FEM 
showing some relevant meshing parameters considered during the 
meshing operation: maximum mesh size in the dot (hmax_dot) and 
‘maximum mesh size in the oxide (hmax_ox). 


+ Symmetry conditions on the symmetry planes of the 
structure (YZ) (XZ) 

+ Neumann conditions (ie. null electric field) on the exter- 
nal planes of the structures parallel to (XZ) and (YZ) 


For these simulations, we paid a particular attention to mesh- 
ing which is a crucial point in FEM simulations. From a practi- 
cal point of view, each simulation result was validated only after 
having verified that its result remains unchanged after succes- 
sive mesh refinements [40]. Meshing the structure described in 
Figure 5.13 is sensitive to many parameters related to the dot 
size, oxide thickness and the total width of the structure. In each 
of these domains (dot or silicon dioxide), many parameters such 
as maximum (resp. minimum) mesh size as well as maximum. 
(resp. minimum) mesh growth rate can be defined. For the sake 
of simplicity, we will only focus on two main parameters to see 
the way to optimize them as well as their impact on the numeri- 
cal results. The parameters studied here are (see Figure 5.14) 


+The maximum mesh size in the oxide: hmax_ox 
+ The maximum mesh size in the dot: hmax_dot 


From a general point of view, meshing optimization consists in 
finding the best compromise between numerical accuracy and 
computation time by tuning the relevant meshing parameters. 
Indeed, for a three-dimensional problem the number of mesh 
points is N° where N is the average number of mesh per dimen- 
sion. So, reducing the number of mesh in regions that do not 
need much refinement can drastically increase computation 
time. ‘The two structures depicted in Figure 5.15 show typical 
results obtained fora set of value for (hmax_ox; hmax_dot) giv- 
ing a coarse mesh (Figure 5.15a) and a finer one (Figure 5.15b). 
“The natural trend is to refine mesh as much as possible, like in 
Figure 5.15b, but sometimes it considerably increases computa- 
tion time or dramatically leads to numerical instabilities. 
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FIGURES.15 Comparison of the same structure meshed with diferent parameters: (a) coarse mesh giving fast computations (hmax_ox = I nm, 
‘hmax_ox = 3nm) and (b) fine mesh giving a better numerical accuracy but more time consuming (hmax_dot = 0.25nm, hmax_ox = 2m). 
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FIGURES.16 Algorithm used to mesh the structure, 
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‘As a consequence, for each of the two meshing parameters the algorithm of Figure 5.16. For each value of hmax_ox (resp. 
chosen in our study, a systematic study needs to be carried out hmax_dot), the convergence is tested and the result is com: 
to determine the best set of values for (hmax_ox; hmax_dot). pared to the one obtained during the previous iteration. The 
‘To this aim, each parameter is separately adjusted, while the value of the studied parameter is reduced until the difference 
value of the other one is fixed, by an iterative study depicted in between the simulation results obtained at iteration (K) and 
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(k ~ 1) is lower than a user-fixed value. At this point, it means 
than reducing again the value of the studied parameter will not 
increase numerical accuracy anymore. The optimal set of mesh: 
ing parameters values can be found by repeating this method as, 
many times as the number of meshing parameters. To conclude 
‘with this method, let us mention that the factor used to reduce 
the studied parameter (ie., 2) as well as the numerical accuracy 
criterion (ie. €) are very structure-dependent and need to be 
adjusted to the specificity of each problem, 

In the typical case studied in this work, the meshing optimi. 
zation has been performed on structure shown in Figure 5.14 
‘with an applied bias of 5V between the top and the bottom 
electrodes. To quantitatively evaluate the impact of the mesh- 
ing parameters on the simulation results, the energy value of 
the first bound state in the dot without any electron inside 
(E,) is followed when changing the values of hmax_ox and 
hmax_dot. Obviously, &, is obtained by solving Schrdinger 
equation in the dot after the meshing step. Note that the zero: 
energy reference has been taken at the bottom electrode. In 
Figure 5.17a and b, £, values are plotted for different values 
of hmax_ox and hmax_dot. As can be seen in Figure 5.17a and b, 
the maximum mesh size in the oxide does not seem to have 
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FIGURE 5.17 Meshing optimization. Evolution of the frst self. 
‘energy found in the dot versus (a) hmax_ox and (b) hmax_dot. Note 
that values of are normalized with respect tothe dot radius a. 
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FIGURE 5.18 Number of degree of freedom (DOF) versus normal: 
ized maximum mesh size in the dot 


any quantitative influence on E, (the total energy scale repre- 
sented in the graph is below 1 meV). On the contrary, hmax_ox 
plays a crucial role in the numerical results; reducing its value 
from 1 x a (ie., 2.5nm) to 0.1 x a (ie, 0.25nm) changes the 
value found for E, from =5 meV. It is very interesting to notice 
that beyond 0.1 xa, reducing hmax_dot does not significantly 
change the numerical result obtained for E, meaning that an 
optimum value can be found around 0.1 x a. At this stage, it 
is useful to have a look at Figure 5.18 showing the exponential 
increase of the number of degree of freedom in the structure 
(ie., number of mesh points) due to the reduction of the maxi: 
mum mesh size in the nanocrystal; reducing hmax_dot from 
0.1 x a to 0.05 x a makes the number of mesh points increases, 
from -20,000 to ~1 million units. 

For this work, the criterion chosen to determine the best value 
for each meshing parameter is that the variation of E, should not 
exceed 0.1 meV between two successive meshing. This criterion 
corresponds to an arbitrary choice allowing a good accuracy in the 
energy levels obtained in our problem: in this way, the maximum. 
allowed energy uncertainty remains smaller than the thermal 
energy at 300K (-25.6meV). Using this criterion the value retained 
for hmax_ox and hmax_dotare, respectively, 3nm and 0.07 x a. 


5.5.2 Numerical Results 


Using the algorithm detailed in Figure 5.12 and the structure 
meshed with the methodology exposed in previous section, 
Poisson and Schrédinger equations have been solved for an 
increasing number of electrons in the dot. Figure 5.19a shows the 
evolution of the charge density in the nanocrystal long the high- 
symmetry axis. When no external bias is applied, the shape of 
the charge density 
state in an infinite quantum well. However, when increasing the 
number of charges in the dot, Coulomb interaction between 


is very similar to the wavefunction of the first 


‘ated circuit > digital > counter 


operation consists of a division sum in which the 
remainder from the division is the result of the 
operation. Thus 100 modulo 5 gives a result of 0, 
because there is no remainder when 100 is divi- 
ded by 5. But 100 modulo 7 gives a result of 2, 
because 2 is the remainder of the division 
operation. 


To exacerbate the confusion, MODis also used as 
an adjective referring to the modulus of a 
counter. Thus a MOD-4 counter has a modulus of 
4, anda MOD-16 counter has a modulus of 16. As 
ageneralrule, when a counterisbeing described, 
modulo and MOD will mean the same thing as 
modulus, This may be confusing to people such 
as computer programmers who are already fa- 
miliar with the correct usage of MOD as an arith- 
metical operator. 


Ina counter, to obtain a modulus that is not a 
power of two, logic gates inside the chip can in- 
tercept a particular value (such as 1010 binary, 
which is 10 decimal) and use this as a signal to 
restart the count at zero. External connections to 
the chip can achieve the same purpose. 


Pin Identifiers 

Abbreviations and acronyms are used in data- 
sheets to identify pin functions. These identifiers 
have not been standardized, and many variants 
exist. 


CLKis the abbreviation most commonly used for 
the clock input, sometimes alternatively shown 
as CK or CP Ifit is active-low, or if ts falling edge 
willbeactive, a bar willbeprintedaboveit Where 
a printed font does not permit an underscore to 
be placed in this way, CLK’ (the abbreviation fol- 
lowed by an apostrophe) may be used instead. 
Often two or more stages of a counter can be 
separately clocked, and the input pins will be 
identified with abbreviations such as CLK1 and 
‘CLK2, or 1CLK and 2CLK, or CKA and CKB, or CP1 
and CP2, or similar. 


Where a clock input is edge-triggered, this is in- 
dicated by a small triangle. The triangle can be 
seen in Figure 13-3. 


How It Works 


CLR designates a pin which will clear the count 
it back to zero. This signal is often 
ated by a bar printed above the 


abbreviation. 


Ina schematic, a small circle, properly known as 
a bubble, may be placed at any input which is 
active-low. On a clock input, the circle indicates 
thatit is falling-edge triggered. See Figure 11-16 
forvariousimplementations of symbols with flip- 
flop schematics. 


The CLR operation may be synchronous (the pin 
state will not be recognized until the next clock 
pulse) or asynchronous (in which case the pin 
state overrides the clock and resets the counter 
immediately). MR stands for "Master Reset,’ and 
has the same function as CLR. 


Where two or more counters (or multiple stages 
within one counter) can be reset separately, 
more than one clear input will be shown, and 
may be identified with abbreviations such as 
CLR1 and CLR2, or MR1 and MR2. 


Output pins will almost always be identified as 
Q0, Q1, Q2 ... oF QA, QB, QC ... up to the maxi- 
mum necessary to express the modulus. f two or 
more counters are included in one chip, outputs 
may be prefixed with an appropriate number. 
Thus 203 would be the third output in the sec- 
ond counter. Multiple counters in one chip are 
identified with numbers starting from 1. 


Where internal flip-flops are shown, they will 
have identifiers such as FF1 or FF2. Each flip-flop 
will have its own clear function, identified as C or 
CD (the latter meaning “clear data”), and may 
have inputs labeled D1, D2, D3... ina D-type flip- 
flop or Jand Kin a JK flip-flop. See Chapter 11 for 
an explanation of flip-flop inputs and outputs. 


The input to a counter is always imagined to be- 
gin from the left, and consequently the leftmost 
flip-flop shown in an internal schematic will ex- 
press the least significant bit of the current value 
of the count, even though a binary number is 
written with the least significant bit in the right- 
most place. 
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‘Charge density (C, nav 


@ Position (nm) 


FIGURE 5.19 (a) Charge density in the nanocrystal without any external bias (V, 


containing 12 electrons for various external biases. 


electrons splits the charge density centroid into two peaks situ- 
ated on each side of the symmetry plan of the dot (see Figure 
5.19a for 12 electrons or Figure 5.19 for 1). When an external 
bias is applied on the electrodes, the charge density is moved in 
1 classical way in the direction of the increasing potential, cor- 
responding to expected electrostatic result. As shown in Figure 
5.19b, the more the potential difference increases, the more the 
charge centroid moves toward the edge of the dot 

‘Then, using the relationship given in (5.58), the total energy 
of the system has been computed and reported in Figure 5.20. 
‘These results are very close to those obtained by other groups 
‘on similar structures [20,21]. Asa reminder, this energy takes 

io account the confinement energy of each electron and the 
Coulomb interaction between all electrons. Let us remark that 
the increase in the total energy due to the addition of a single 
electron significantly increases as the dot radius decreases. As 
‘an example, adding a sixth electron in a dot already containing 
five electrons increases the total energy of 500meV (-20k,T at 
300K) if the dot radius is 6nm. This value goes up to 3eV when 
the radius is reduced to I nm (-120k,T at 300K). As explained in 
Figure 5.10, this result clearly underlines the role played by the 
quantum effects in nanostructures and the necessity to use a full 
quantum approach when the dimension of the system studied is 
in the nanometer range, 


) Position (nm) 


V; = OV) and (b) evolution of the charge density in the dot 


Dot radius (nm) 


FIGURES5.20 Evolution of the total energy ofthe system when vary. 
ing the dot radius and the numberof electrons stored in the nanocrystal 


5.5.3 Comparison with the Metallic 
Approximation 


To conclude this study, let us compare the electrical results 
obtained in the case of a metallic dot with those obtained in a 
full quantum treatment of the charge density. Here, we will com: 
pare the electrostatic potential obtained in both methods. Let us 
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note that, in the metallic case, the electrostatic potential is con- 
stant over the entire dot whereas it varies along the dot volume 
in the semiconductor cases. For ease of comparison, let us define 
the mean electrostatic potential, Vizuy»@8 


1 eek 
Vee alfa Gar 6.60) 

‘where Q, is the total electronic charge carried by the dot 
Qy =-exNee Ge 


As defined in Equation 5.60, Via, is nothing else than the 
‘mean potential over the whole structure weighted by the charge 
density, 

Figure 5.21 compares the potential of the metallic dot with the 
‘mean potential in the semiconductor dot, Vnean for different val- 
ues of the dot radius, a, and various number of electrons stored 
in the dot. As it can be seen, there is a small difference between 
both electrostatic potential values. In each case, the difference 
‘observed in the potential is smaller than 200mV and this differ- 
cence decreases as the dot radius increase. Even for small dot size, 
a good agreement can be found when the number of electrons is 
low; difference of less than 50m\ is observed when the dot is 
charged by one or two electrons, whatever the radius is. 

‘This comparison leads to an interesting conclusion regard- 
ing the different levels of approximations developed in each 
approaches. As described in the previous section, the metallic 
approach gives immediate results thanks to the potential equa- 
tion once the coupling capacitances between the dot and the elec- 
trodes are extracted. On the contrary, the Poisson-Schradinger 
solver is an iterative process much more time-consuming but giv- 
nga more realistic description of the physical processes occurring 
inside the nanocrystal. However, both approaches can success- 
fully coexist; we should keep in mind that a Poisson-Schradinger 
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FIGURE 5.21 Comparison between the metallic and the quantum 


approach regarding the calculation ofthe electrostatic potential of the 
nanocrystal. No external bias is applied to the structure (V, = V, = OV), 
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resolution always start with an initial guess for the Poisson or the 
Schrédinger problem. Giving the fact that the metallic approach 
gives electrostatic results quite close to the final solution (see 
Figure 5.21), the metallic solution can be used as an initial guess 
for the iterative Poisson-Schrédinger solver to improve the speed 
of convergence. 


5.6 Conclusion 


‘The purpose of this chapter was to study the electrostatic prop- 
erties of individual nanodots embedded in a dielectric medium 
in a 3D configuration. To this purpose, various approaches 
have been developed and compared. ‘The first one, based on a 
metallic floating nanoconductor, consist in solving the classical 
electrostatics equation with a rigorous semi-analytical model. 
[As shown in Section 5.1, this method is able to predict the elec- 
trostatic potential of the floating conductor from a simple equa- 
tion involving the coupling capacitance and the total charge 
carried by the dot. These results were successfully compared 
with FEM results obtained on the same structure with an excel 
lent agreement. As a corollary, it should also be stated that the 
results derived from this approach are not sensitive to the length 
scale of the system and can be applied to structures of greater 
(or smaller) dimensions unless they have the same aspect ratio. 

In the second part of this chapter, the focus is put on semi- 
conductor nanocrystals. In this case, the quantum effects can- 
not be neglected any more like in the metallic case. Indeed, it 
has been shown that when the quantum well dimension falls 
in the nanometer scale, quantum confinement of the carriers in 
the nanocrystal is expected, even at ambient temperature. In 
this case, the electrostatic problem has been solved by a self- 
consistent resolution of Poisson and Schrodinger equations 
using the Hartree approximation. The approach developed in 
this work on a 3D structure by FEM gives the evolution of the 
charge density (and thus the electrostatic potential) in the vol- 
lume of the structure with more physical insight than the rough 
metallic approximation. Moreover, the energy distribution of 
the carrier can be derived from the energy levels found for each 
bound state. However, as shown in the last part of this chapter, 
if we only need the mean electrostatic potential of the nanocrys- 
tal, the first metallic approach surprisingly gives very accurate 
results, even for nanocrystal with dimensions as small as few 
nanometers, whatever the quantity of charges in the dot 

‘We should keep in mind these last results as a conclusion. 
Indeed, they demonstrate that even macroscopic approaches 
can be used efficiently to predict some physical properties in 
nanostructures. For the typical case of the electrostatics of a 
semiconductor dot, there is, a priori no need to handle a com- 
plex approach based on a Poisson-Schrédinger solver if the 
only unknown is the electrostatic potential of the nanodot; 
the simple metallic approach can give accurate and immediate 
results if the precision required does not exceed few hundreds 
of millivolts. 

However, if quantum transport between the electrodes and 
the dot, or even inter-dot transport, has to be studied, the 
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knowledge of the energy distribution of the electrons over their 
bound-states becomes primordial and will need the use of a 
‘quantum treatment of the charge. This is the first point of per: 
spective of this work. 

‘The second evolution of this work would consist in taking 
into account an irregular shape of the dot. Indeed, in the range 
of sizes of the current nanodot devices, itis expected that the 
shape of the dot could have a great influence on the electro: 
statics behavior. Such a study has been yet proposed in Ref. 
[24] in a 2D case, combining semi-analytical approach and 
FEM computations. The results suggest that, extended to a 3D 
case, a spherical approximation could be sufficient for some 
configurations. 


Appendix A: A Numerical Validation 
of the Semi-Analytical Approach 


5.A.1 Convergence 


‘The tests of convergence of the numerical code are done by 
repeating a numerical simulation and refining precision until 
the convergence is satisfactory. For the numerical computa~ 
tion of C,, there are two numerical truncations in relation 
(6.15). The first one concerns the required value of the maxi 

mum order, L,,.» ensuring the convergence of the series. The 
value of La, is physically constrained by the ratio a/A, (the 
relative size of the dot seen from the plane). In practice, a value 
of around a few units is enough to ensure convergence (to fix 
the idea let us say that L,,.,~ 10 x a/2, gives good results). Li 
leads the discretization over @ that appears in the integration. 
‘This integration is assured here by a simple Riemann series 
with a finite step 68. In practice, 80 ~ x(10L,,.)" is sufficient. 
‘The second truncation is about the number of images taken 
in the summation over p. We denote by P, the greatest natu. 

ral integer taken for the images. The difficulty of evaluating 
correctly this summation is the fact that the generic term is 
alternating because of the factor (—1)*. Doing the summation 
described in the relations (5.15) and (6.18) for p = {-Pyy -. —h, 
1, «.. +P} shows that the convergence is very slow. However, a 
little numerical arrangement allows a reasonable convergence 
ofthe series. Doing the same computation with an odd number 
of images p = (-P, —1 1, .. Py allows a convergence 
almost twice faster. An instance of this behavior is shown in 
Figure 5.22. We compare the results for the capacitance C, 
versus the greatest order P, in the case of a summation over 
fan even number of images and the case of a summation over 
an odd one. From P, ~ 30, the “odd” summation gives result 
that varies on the fourth digit. The “even” summation gives 
result still varying on the second digit around P, ~ 40, and 
still oscillating on the third digit for P, ~ 70. This difference 
between the two types of summation can be clearly explained 
expressing the potential on the electrodes, highlighting the 
property of symmetry of each term. The required value of P, 
is constrained by the ratio Ag/h (the relative distance between 
the border of the dot and the electrodes), but we have to verify 
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oe 


FIGURE 5.22 Behavior of the result for the capacitance versus the 
greatest order P,. Slashed and stars, the summation is done for p* = 
{-57...57]. Full and dot, for p* = {-58...57). The configuration is the fo 
lowing: f,=6nm, = 10nm, a= 15am. 1... =7. 


4 posteriori the validity of this truncation, and did not found 
heuristic law to fix it. 

In Figure 5.23, we plot the result for C, versus Ly, for three 
different values of P,. The summation over p* is made for 
pr =-Py-L, “1, Ly.» Py: In the left figure, we see that the 
influence of P, is weak. That is to say that each truncation can 
be treated separately. In the zoom, in the right side of the fig- 
ure, we can notice that from L.,,, > 8, the result varies only on 
the fourth significant digit for the both three curves. The curve 
corresponding to P,=15 differs from ~0.3% from the other 
cone corresponding to P,=75. The difference between the curve 
P, = 35 and P, = 75 is on the fifth significant digit. In this 
instance, the dot is particularly big and near from the electrode 
(j,~ a/15and 2a/h~ 0.65). This kind of configuration is the worst 
case for convergence. 


5.A.2 Numerical Validation 
with FEM Approach 


‘The numerical implementation has been finally validated com- 
paring the results provided by a FEM computation over the same 
configuration. The capacitance C, and the coefficient chave been 
computed for various radius a, Keeping f, and ¢, constant. The 
methodology involved for the extraction of C, and a by FEM 
calculation is exhaustively described in Ref. [24], Let us explore 
this methodology. For each radius, V;is computed fora given Q, 
and for a given AV, by an iterative process stopped on the condi- 
tion of charge (relation (5.3). This operation is repeated for each 
value of Q, and AV. The linear regressions between Q, and V; 
(vith AV constant) and between V, and AV (with Q, constant) 
give, respectively C, and ot. The entire process is repeated for a 
new radius, giving so the results exposed in Figure 5.24 
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FIGURE 5.23 Behavior ofthe result for the capacitance versus the greatest ordet I, 
is done for p* = {-76...75). Fall, for p* = |-36...38), dotted and square for p* 
‘a= 15nm, Left-hand side: global representation; right-hand side: zoom for values of L 
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FIGURE 5.24 Comparison of FEM results with semi-analytical expression (denoted by SA). Left: Result for total capacitance versus the 
radius a for two sets of values fort, and f, right: Comparison of the coefficient a obtained by FEM and the value A,(h versus the radius a. For SA, 


fa =9 and P, = 80. 


‘The two configurations are the following: 


1. t= 6nm, f= 15mm, h= f, +f: + 2a. We plot Csversus a, 
a varying from 0.5 to 30am, 
2. f,=4nm, f, = 15mm, h= 1, +f, + 2a. We plot C, versus a, 


avarying from 0.5 to 30nm, 


In Figure 5.24 are presented the results obtained by the two 
methods. Concerning C,, the agreement between the two meth. 

‘ods is better than 1% for values ofa up to 20nm and 2% for higher 
values. This difference for great values of a may be explained by 
the methodology involved for the extraction of C, by FEM cal: 

culation, For large values of radius the meshing of the structure 
becomes a critical parameter. Indeed the space has to be meshed 


far from the dot and meshed very finely near the dot. The FEM 
computation is based on the conservation of Q,, For big sphere, 
the computed floating potential may be not sufficiently constant, 
because ofthe meshing problem. As a conclusion for this analy 
sis, letus insist onthe point that the two methods are completely 
diferent, and such an agreement is not frequent in numerical 
simulations 

For the coupling coeficient a, the agreement is not as satisfy 
ing as the previous comparison, We observe thatthe greatest dif 
ference between 2a/h and a obtained by FEM is around 10% for 
configuration (2) and around 59% for configuration (1). The FEM 
calculation pains to extract o especially for great values of « and 
small value oft. This fact could be enlighted by the asymptotic 
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behavior of he coupling coefficient for great valuesofa. Whatever 
the configuration the coefficient = Ay/(t, +t, + 2a) tends to the 


value 0, 


for large radius. This behavior appears earlier more 


quickly with SA than with FEM. 

‘This instances seems to show that for great values ofa (a> t), 
FEM may have some problems of accuracy for computing those 
two parameters. 

‘To finish this appendix, let us say that atypical calculation of 
Cyby SA takes few seconds, with a non-optimized, 

MATLAB like code, while the same extraction with FEM 
could takes several minutes. 
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6.1 Introduction 


Ferroelectric materials possess unique dielectric, piezoelec: 
tric, pyroelectric, and electro-optic properties, which make 
them suitable for applications in various microelectronic and 
micromechanical devices (Lines and Glass 1977). Owing to 
the sustained trend toward the miniaturization of electronic 
devices, ferroelectrics are mostly used nowadays in thin-film 
form (Dawber et al. 2005, Setter et al. 2006). In particular, the 
switching of spontaneous polarization in a ferroelectric film 
is employed in low-power and fast nonvolatile random access 
memories (FeRAMs) produced for smart cards (Scott 2000, 
Ishiwara and Okuyama 2004, Kohistedt et al. 2005a). Owing to 
their high piezoelectric and pyroelectric responses, ferroelectric 
thin films are promising for applications in various sensors and 
actuators and as the heart of microelectromechanical systems 
(MEMS) that combine Si-technology with the latest achieve- 
ments in micromechanics (Scott 2007). 

‘Numerous experimental and theoretical studies performed 
during the past decade have demonstrated that the physical 
properties of ferroelectric thin films may be very different from 
those of bulk ferroelectrics. When the film thickness or the lat- 
eral size ofa ferroelectric capacitor (Figure 6.1) is reduced down 
to the nanoscale range, these properties generally become size- 
dependent. Therefore, the physics of nanoscale ferroelectrics 
represents an exciting field of research in solid-state physics with 
1 close link to device applications. Impressive progress made 


in this field is mainly the result of the following three recent 
achievements: (1) new theoretical investigations based on the 
phenomenological Landau theory of phase transitions (Landau 
et al. 1984) and the abinitio calculations of ferroelectric crystals 
and thin films; (2) tremendous improvement in the thin-film 
technology of complex oxides by using sophisticated deposition 
techniques and pattering; and (3) the advent of advanced ana- 
lytical tools. The corresponding “research triangle” is sketched 
in Figure 6.1. 

‘The phenomenological theory of bulk ferroelectrics was 
founded in the middle of the twentieth century and proved 
to be very successful in describing the physical properties 
of these materials (Devonshire 1954, Lines and Glass 1977). 
However, this mean-field theory, which is usually termed the 
Landau-Ginzburg-Devonshire theory, cannot be directly 
applied to thin-film and nanoscale ferroelectrics. ‘The pres- 
ence of surfaces (interfaces) and considerable lattice strains 
in these material systems require significant modifications 
of this thermodynamic theory (Kretschmer and Binder 1979, 
Pertsev et al. 1998). In particular, Pertsev et al. (1998) have 
shown that the substrate-induced lattice strains may give rise 
to new polarization states and phase transitions in epitaxial 
ferroelectric thin films. Subsequent experimental studies of 
single-crystalline films grown on dissimilar substrates con- 
firmed many of the theoretical predictions and demonstrated 
the importance of strain effects in ferroelectric films (Schlom 
et al. 2007), 
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FIGURE 6.1 The “research triangle” summarizing the most impor- 
tant developments in the field of ferroelectric thin films and devices. 
Inside the triangle, a three-dimensional sketch ofa ferroelectric capact- 
tors shown, 


In addition to the advanced thermodynamic calculations, 
the past decade has been distinguished by the breakthrough 
in the first-principles density-functional theory investigations 
of ferroelectrics. Such theoretical studies, which do not involve 
any empirical input, were first performed for the two classical 
ferroelectrics, BaTiO, and PbTiO, and then were extended to 
other ferroelectric perovskites (Cohen 1992, King-Smith and 
‘Vanderbilt 1994, Waghmare and Rabe 1997). The treatment of 
ferroelectrics was greatly facilitated by the formulation of the 
correct definition of the electric polarization as a bulk quan: 

tity through the Berry-phase formalism of King-Smith and 
‘Vanderbilt (1993) and Resta (1994). This result and the related 
‘Wannier-function expression (King-Smith and Vanderbilt 1994) 
‘make it possible to calculate the spontaneous polarization and 
its derivatives after finishing the usual total-energy calculations 
(see the review paper by Dawber et al. (2008). 

Since the current computational limitations strongly restrict 
the size of material systems that can be directly calculated from 
first principles, the modeling based on first-principles results 
plays an important role in the theoretical studies of ferroelec- 
‘rics as well. In particular, Monte Carlo simulations using an 
effective Hamiltonian approach make it possible to extend theo- 
retical predictions to finite temperatures (Diéguez et al. 2004, 
Lai et al. 2005). It should be noted that the accuracy of first 
principles calculations is still limited, which is clearly evidenced 
by the typical underestimation of the unit-cell size by about 19% 
and a substantial underestimation of the band gap of insulators. 
Despite these deficiencies and a considerable disparity between 
the size of systems studied theoretically and that of real devices, 
the ab initio calculations represent a very powerful tool for 
investigating bulk and thin-film ferroelectrics. Furthermore, 
by combining the first-principles results with the phenomeno- 
logical Landau-Ginzburg-Devonshire theory, it is possible to 
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develop a fruitful approach making use of the strength of both 
theories (Gerra etal. 2007, Tagantsev etal. 2008), 

In parallel to important developments in the theoretical phys- 
ics of ferroelectrics, we can notice essential improvements in 
thin-film growth and characterization techniques. Today, these 
improvements allow an atomic level of control of ferroelectric 
inorganic materials such as BaTiO, and PbZr,Ti, ,O, (PZT) at 
the interfaces with lattice-matched substrates (SrTiO,, NdGaO,, 
DyScO,, etc.) and electrodes made of metal oxides (SrRuO;, 
LaSr,Mn, ,0,,etc,). Molecular beam epitaxy (MBE), sophisti- 
cated method borrowed from semiconductor technology, pulsed 
laser deposition, and sputtering, is the work horse in the growth 
of thin-film ferroelectrics. Essential progress in the structural 
analysis by transmission electron microscopy and the advent of 
nanoscale scanning probe techniques of ferroelectric thin films 
led toa considerable progress in the thin-film deposition, as well 
as in the understanding of ferroelectrics at the nanometer and 
angstrom scale (Gruverman and Kholkin 2004, Schlom et al 
2007, ia et al. 2008). 

In this chapter, we first briefly discuss the basic physics of fer- 
roelectric materials and then focus on nanoscale ferroelectric 
capacitors and future prospects in this research area. Because 
of the length limit, we restrict our discussion to the class of 
inorganic ferroelectrics and related devices. Readers interested 
in ferroelectric polymers, ferroelectric liquid crystals, and fer- 
roelectric II-VI mixed compounds are referred to the relevant 
publications (Weil et al. 1989, Xu 1991) 

This chapter is organized in the following way. In Section 
6.2, the fundamentals of ferroelectricity are presented. Section 
6.3 is devoted to the state-of-the-art deposition and pattering 
techniques, whereas Section 6.4 describes the various aspects 
of the structural and electrical characterization of ferroelec~ 
tric thin films and capacitors. In Section 6.5, the most impor- 
tant physical phenomena occurring in ferroelectric capacitors 
are discussed. New developments and emerging trends in the 
field of nanoscale ferroelectric devices are briefly described in 
Section 6.6. 


6.2 Fundamentals of Ferroelectricity 


Ferroelectricity was discovered by J. Valasek in Rochelle sat in 
1920 (Valasek 1921). The phenomenological definition of ferro- 
electricity in the textbook by Lines and Class reads: “A crystal is 
said to be ferroelectric material when it has two or more orien- 
tational states in the absence of an electric field. Any two of the 
orientation states are identical (or enantiomorphous) in crystal 
structure and differ only in electric polarization vector at null 
electric field” (Lines and Glass 1977). The crystal symmetry 
imposes restrictions on the existence of the spontaneous polar~ 
ization P.. First, this property is not allowed in the presence 
of a center of symmetry, which excludes 11 centrosymmetric 
groups from the total set of 32 crystallographic point groups. 
Second, only 10 point groups out of the remaining 21 noncen- 
trosymmetric ones posses a polar axis along which the spon- 
taneous polarization may develop. This subset corresponds to 
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pyroelectric crystals, where the build-in polarization manifests 
itself in temperature-induced changes of the total dipole 
moment of the unit cell. Ferroelectrics represents a subclass of 
pyroelectric crystals: they are distinguished from other pyro- 
electric materials by their ability to switch between two or more 
stable states with different spontaneous polarization under the 
action of sufficiently strong external electric field. Indeed, this 
switching field must be lower than the breakdown field of the 
material 

Currently, about 700 ferroelectric materials are known (Scott 
2007), whichcanbedividedinto several groupsinaccordancewith 
the microscopic origin of ferroelectrcity and their atomic struc 
ture, The most important examples are ferroelectric oxides such 
as BaTiO, and SrBi,Ta,O,, hydrogen-bonded ferroelectrics (eg, 
KH,PO,), ferroelectric polymers like poly(vinylideneluoride), 
and ferroelectric liquid crystals (Lines and Glass 1977, Xu 1991). 
‘There are many industrial applications of ferroelectric materials, 
ranging from BaTiO, capacitors to ferroelectric-liquid-crystal 
displays for flat TV screens, 

In this chapter, we focus on ferroelectric oxides with the 
perovskite structure, i., with the crystal structure characteristic 
of the mineral CaTiO, found in the Ural Mountains and named 
“perovskite.” The general chemical formula for perovskite oxides 
is ABO, where A and B represent two cations of very different 
sizes. In the cubic unit cell of a perovskite oxide, the A-type 
atoms are situated at the cube corners, the B-type atom sits at 
the cube center, and oxygen atoms are located at the face cen 
ters. In Figure 6.2, the unit cell of the perovskite oxide BaTiO, 
is shown schematically for the cubic and tetragonal phases. In 
the high-temperature cubic state, BaTiO, is indeed paraelectric 
with a zero dipole moment of the unit cell. Below about 120°C, 
stress-free bulk crystals of BaTiO, become ferroelectric owing to 
a small shift ofthe Ti** ion relative to the center ofthe surround. 
ing oxygen cage, which leads o the appearance of dipole moment 
and lattice spontaneous polarization. Since the direction of this 
shift depends on temperature T, BaTiO, has three different fe- 
roelectric phases: tetragonal (10°C $ T'< 120°C), orthorhombic 
(AVC s Ts 10°C), and rhombohedral (T'< 71°C) (Jona and 
Shirane 1962) 

‘The build-in switchable polarization P represents the most 
important physical characteristic of a ferroelectric material 
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FIGURE 6.2. Schematic representation of the unit cell of BaTiO, in 
the paraelectric cubic (a) and ferroelectric tetragonal (b) phases. 
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In the thermodynamic theory of ferroelectrics, the polarization 
vector P is used as an order parameter and the additional Gibbs 
free energy density AG(P) of the ferroelectric phase is expanded 
in terms of the polarization components P, (i = 1, 2, 3). For a 
stress-free tetragonal ferroelectric crystal subjected to an elec- 


tic field E parallel to the polar x, axis (P, = P; = 0, P, # 0), the 
Gibbs free energy Gq, can be written as, 
PE + dy PE to PEs 


Where a,, a, and ay, are the dielectric stiffness and higher- 
order stiffness coefficients of the centrosymmetric paraelectric 
phase at constant stress. The dielectric stiffness a, is given the 
linear temperature dependence a, = (T'— 8)(2e,C), where ® and 
C are the Curie-Weiss temperature and constant and é, is the 
permittivity of the vacuum. The minimization of AG(P,) makes 
it possible to calculate the polarization P, of a homogeneously 
polarized crystal as a function of temperature T and applied 
field E,. When the coefficient a,, ofthe fourth-order polarization 
term is positive, the spontaneous polarization P, = P, (E, = 0) 
remains zero down to the transition temperature T, = 8, below 
which it increases gradually as P, ~ J@—T. The energetics of 
this second-order ferroelectric phase transition is described 
schematically in Figure 6.3b. In contrast, at ay, < Oand a,,, > 0, 
the spontaneous polarization displays a step-like increase up to 
aval of B= fas |ay at T, = 0+ eCai\/(2a,). Therefore, 
a first-order ferroelectric phase transition takes place in this situ- 
ation, as illustrated in Figure 6.3a 

Under an external field directed against the spontaneous 
polarization, the magnitude of P,(E,) first gradually decreases 
with increasing field intensity E,. When it reduces down toa cer- 
tain minimum value Pp. the “antiparallel” polarization state 
‘becomes unstable. As a result, the polarization switches by 180° 
into the direction parallel to the applied field. Inthe case of fer- 
roelectrics with a second-order transition, Pay, = P./V3, and the 
critical switching field equals F,, = ~(4/3)4,P,,,~ (@ ~ T)*2. The 
field Ey, represents the thermodynamic coercive field that cor- 
responds to a homogeneous polarization reversal in the whole 
crystal. The polarization-field curve resulting from the thermo- 
dynamic calculations is hysteretic, as shown in Figure 64a. The 
theoretical hysteresis loop is qualitatively similar to the experi- 
mental ones, which differ mainly by a gradual polarization 
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FIGURE 6.3 Temperature evolution of the free energy density as a 
function of polarization shown schematically for ferroelectrics with the 
first-order (a) and second-order (b) phase transition 
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FIGURE 6.4 Theoretical (a) and measured (b) ferroelectric hyster- 
sis loops. The theoretical dependence of the normalized polarization 
‘on the normalized applied field corresponds to a homogeneous polar- 
ization reversal in the whole crystal. The experimental polarization- 
voltage loop was measured for the 150m thick PZT film, 


reversal seen in Figure 6.4b, The measured coercive fields E. of 
bulk crystals, however, are typically several orders of magnitude 
lower than E,, because the polarization switching develops in 
reality via the nucleation and growth of ferroelectric domains 
(Lines and Glass 1977), 

When the size of a ferroelectric crystal is reduced down to 
a length scale comparable to the so-called ferroelectric cor 
relation length, its physical properties generally become size- 
dependent. This feature is due to the fact that ferroelectricity 
is a collective phenomenon resulting from a delicate balance 
between long-range Coulomb forces (dipole-dipole interac- 
tions), which are responsible for the ferroelectric state, and a 
short-range repulsion favoring the paraelectric state (Lines 
and Glass 1977). The scaling of physical characteristics such as 
the remanent mean polarization P, = (P,(E, = 0)) and coercive 
field E, is currently in the focus of experimental and theoretical 
studies in the field of nanometer-sized ferroelectric capacitors. 
‘The most important results of these studies will be discussed in 
Sections 6.4 and 6.5. 
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6.3 Deposition and Patterning 


6.3.1 General Aspects 


‘The deposition of thin films belongs to the heart of today’s 
micro- and nano-electronics. In order to grow thin films with 
desired properties, several important issues have to be consid- 
ered. Besides the choice of the deposition method, a number of 
process parameters are essential, such as the background pres- 
sure of the vacuum system, the deposition rate (measured in 
rnm/s), the substrate material and temperature, and the composi- 
tion of the material source. Furthermore, the process pressure 
is important, irrespective of the conditions in the chamber, ie., 
the state of an ultra-high vacuum or the presence of a noble gas 
(typically argon) or reactive gases (oxygen or nitrogen). The basic 
principles of thin-film deposition are described in several text- 
books (Chopra 1969, Maissel and Glang 1979, Bunshah 1994). 
Here we focus on the deposition of complex oxides by means of 
physical methods. 

‘As already mentioned in the introduction, thin-film deposi- 
tion techniques for the growth of heteroepitaxial oxides have 
made tremendous progress recently. The purpose of this sec- 
tion is to give a short overview of the current status of the MBE, 
pulsed laser deposition (PLD), and sputter deposition (SD). For 
chemical-based methods, such as metal-organic chemical vapor 
deposition (MOCVD), atomic layer deposition (ALD), and 
chemical solution deposition (CSD), we refer the reader to the 
relevant papers (Oikawa et al. 2004, Kato et al. 2007, Schneller 
and Waser 2007). We also note that ferroelectric polymers 
are deposited by either a spin-on technique or the Langmuir 
Blodgett method (Ducharme et al. 2002). 

Consider a planar ferroelectric capacitor sketched in Figure 
6.1. The choice of materials for the substrate, electrodes, and 
ferroelectric layer strongly depends on the application or the 
research task. For the epitaxial growth of perovskite ferroelec- 
trics, single-crystalline substrates having small lattice mis- 
‘matches with these complex oxides are preferable. At present, the 
commercially available single crystals of SiTiO, are most popu- 
lar, although other substrates such as MgO, KTaO,, GdScO,, 
and DyScO, have also been successfully employed. When the 
ferroelectric overlayer is commensurate with a dissimilar thick 
substrate, it appears to be strained to a certain extent defined by 
the mismatch in their in-plane lattice parameters. Above some 
critical thickness, however, these lattice strains start to relax due 
to the generation of misfit dislocations (see Section 6.4). 

As for the electrodes, noble metals such as Pt, Ir (also 10), 
and Ru are used in most device applications, eg, in FeRAMs 
and MEMS (Kohlstedt et al. 2005a). On the contrary, conduct- 
ing complex oxides were favored so far as electrode materials in 
the basic research studies of scaling effects. Prominent exam- 
ples of such electrode materials are S*RuO,, LaSr,Mn,,Oy, and 
LaCa,Mn,.,0,, which are routinely used in the complex-oxide 
heterostructures (Eom et al. 192, Sun 1998). A comparison of the 
advantages and disadvantages of metal and oxide electrodes shows 
a delicate trade-off. Let us compare, for instance, Pt and SrRuO,. 


Variants 


Ifa counter is capable of receiving parallel data 
as an input (explained below) it will have a pin 
labeled PE for parallel enable. It may also have a 
CE or CET pin, for count enable. 


Asis generally the case in logic chips, VCC or V+ 
are typically used to identify the positive power 
supply pin, while GND or V- will identify the 
negative-ground pin, NCmeansthatapinhasno 
internal connection at all, and consequently re- 
quires no external connection. 


Vai 


All counter chips use binary code internally, and 
the number of bits (binary digits) in the counter’s 
modulus will be the same as the number of in- 
temal flip-flops. A 4-bit counter (the usual mini- 
mum) will havea modulus of 24 which is 16.A21- 
counter (the maximum typically available) 
will havea modulus of 22! which is 2,097,152. For 
higher moduli, counters can be chained togeth- 
er, each sending a carry signal to the next. This is 
knownasa cascade. 


ints 


Multiple counters, with different moduli, may be 
chained ina single chip. For example, in a digital 
clock that displays hours and minutes using the 
60Hz frequency of an American domestic power 
supply as its timebase, the initial counting stage 
will have a modulus of 60, to count individual 
seconds. The next counting stages will have 
moduli of 60, 10, and 6, so that they can count 
from 00 to 59 minutes. Additional stages in the 
chip will tally hours 


‘A counter with a parallel input can be preloaded 
with an initial value (in binary code) from which 
it may count up or down. A parallel-enable pin 
may put the counter into a mode where the 
number can be jam loaded, meaning that it is 
jammed into the counter regardless of the clock 
state, Other types of counter are loaded synchro- 
nously. 


Ripple versus Synchronous 
Ina ripple counter each internal flip-flop triggers 
the clock input of the next, so that their states 


integrated circuit > digital > counter 
changeina rapid butincremental sequence from 
the input to the output. This is also known as an 
asynchronous counter. Because the final state will 
not be valid until the clock pulse has rippled all 
the way through the counter (and through ad- 
ditional counters if they are cascaded together), 
a ripple counter will tend to suffer from a propa- 
gation delayof up toa microsecond. Ripple coun- 
ters may also create output spikes or momentary 
transient count values that are invalid. Therefore, 
they are more suitable for applications such as 
driving a numeric display than for interfacing at 
high speed with other logic chips. 


In a synchronous counter, all the flip-flops are 
clocked simultaneously. A synchronous counter 
is better suited to operation at high speed. 


Of the counter chips available today, about half 
are synchronous and half are asynchronous. 


Ring, Binary, and BCD 
Acounterthatactivates output pins oneatatime 
sequentially is said to havea decoded output. tis 
often referred toas a ring counter. It has the same 
number of output pins as its modulus. An exam- 
ple is the 40178 chip. 


A binary counter is more common and has an 
encoded output, meaning that it will express the 
running total of the countin binary codethrough 
weighted outputs that typically have (decimal) 
valuesof1,2,4,8,andsoon.Amodulus-8counter 
(often referred to asan octal counter) will require 
three outputs which represent the binary num- 
bers 000, 001, 010, 011, 100, 101, 110, and 111 
(decimal 0 through 7) before going back to 000 
and repeating. 


‘A modulus-16 counter, also known as a hexadec- 
imal counter or a divide-by-16 counter, will have a 
binary output represented by four output pins, 
counting from 0000 through 1111 (decimal 0 
through 15). Four-digit binary counters are very 
common, and their outputs are compatible with 
other components such as a decoder, which 
converts a binary-number input into a ring- 
counter-style output. 
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On the one hand, the resistivity of a sputtered thin-film Pt at 
room temperature (1010 cm) is much smaller than that of 
even a high-quality S:RuO, (=300}.0 cm). On the other hand, 
the screening- space-charge capacitance density, which is impor- 

tant for the stabilization of ferroelectricity in ultrathin films 
(Pertsev and Kohlstedt 2007), is equal to 0.9 F/m* for the SrRuO, 
electrode and only to 0.4 Fim for the Pt electrode (Pertsev et al 

2007). This feature seems to make SrRuO, electrodes preferable 
for nanoscale ferroelectric capacitors. In addition, the electrode 
surface roughness, crystallographic orientation of the ferroelec: 

tric layer grown on a particular electrode, and the quality of the 
electrode-ferroelectric interface must be taken into account. 

Currently, conducting complex oxides are preferred for the fab. 

rication of the bottom electrode, whereas the top electrode can 
be made of Pt or other noble metal as well. In the rest of this 
section, we focus on entirely complex-oxide heterostructures for 
ferroelectric capacitors. 


6.3.2 Deposition Techniques 
6. 


-1 Molecular Beam Epitaxy 
MBE has developed from a simple evaporation technique via 
the use of ultra-high vacuum (UHV) to avoid disturbances by 
residual gases and additional incorporation of various effu 

sion (Knudson) cells as material sources. Figure 6.5 schemati 

cally shows an MBE system involving several material sources 
that allow controlled deposition of multi-element compounds. 
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In contrast to the deposition of most semiconductor mater 
als such as GaN, GaAs, and InP, the growth of oxides by MBE 
requires relatively high partial pressure of oxygen (-10” mbar) 
during the deposition. This is necessary to avoid the oxygen 
deficiency inthe final film, which could seriously deteriorate the 
quality ofa ferroelectric capacitor. Partial pumping, the use of 
reactive oxygen (eg, ozone), and postannealing of the films in 
a high-pressure oxygen atmosphere (several mbar) are used to 
supply the films with a sufficient amount of oxygen. 

Owing to the UHV conditions in the MBE chamber, all 
UHV surface techniques can be employed. This feature, 
indeed, constitutes the strength of MBE (Haent et al.2000). This 
tool offers the highest degree of freedom to apply sophisticated 
in situ analytical techniques to study films during the growth 
and just after the deposition without breaking the vacuum. 
Complex MBE systems using low-energy electron microscopy 
(LEM) and Auger electron spectroscopy (AES), for example, 
were developed (Habermeier 2007 and Clayhold et al. 2008). 
‘The standard technique currently is the reflection high-energy 
electron diffraction (RHEED), which allows control of the 
surface chemistry of the last layer during the deposition. This 
technique provides an opportunity to fabricate oxide films 
with a definite termination atthe surface (the BaO or TiO, 
termination in BaTiO, films). Many groups successfully dem 
onstrated this approach (Logvenov and Bozovic 2008) with 
similar oxide materials. An obvious research goal now is to 
find correlations between atomic terminations at ferroelectric 
metal interfaces and the electrical properties of capacitors. 
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FIGURE 6.5 Schematic view of MBE system for the growth of multi-element-compound thin films (a) and a photograph of MBE chamber (b). 
(From Lettieri, etal, J Vac. Sei Technol. A, 20, 1332, 2002. With permission.) 
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‘An additional important feature of MBE is the low energy 
of deposited species. Indeed, the temperature of the material 
source in effusion cells or electron-beam evaporators does not 
exceed 3500K. Hence, the corresponding thermal energy of 
the deposited species is about 300meV. This value is an order 
‘of magnitude lower than the energies characterizing pulsed 
laser deposition and typical sputter deposition. Among avail: 

able deposition techniques, MBE is the most flexible one with 
respect to the incorporation of analytical tools and offers the 
highest degree of atomic layer control. On the other hand, MBE 
systems are difficult to handle, considerable time is necessary 
for their maintenance, and, last but not least, special methods 
are needed to supply complex oxides with a sufficient amount 
of oxygen. Due to the highly complex machinery, experienced 
researchers working with MBE systems for years translated the 
acronym MBE as “many boring evenings.” 


6.3.2.2 Pulsed Laser Deposition 


PLD is a very useful and flexible tool for growing oxide materials 
(Hubler and Chrisey 1994). A sketch of a PLD system is shown 
in Figure 6.6. A pulsed laser beam, from a KrF (248nm) or AtF 
(193m) excimer laser, for example, is focused on a rotating tar 
get made of an oxide material (eg., BaTiO, PZT, of SrRuO,). The 
‘oxygen gas pressure during ablation can be varied from 10” to 
0.5mbar. Owing to the intense laser beam, a plasma containing 
energetic ions, electrons, neutral atoms, and molecules is formed. 
‘The energy density isin the range of 2~5 em at the target surface. 
Asa result, the energy of the ablated material may reach values 
‘well above 10eV at the substrate surface. The wavelength of the 
used laser beam may be 248 or 193nm (at this UV wavelength, 
the absorption in the oxide target materials is sufficiently large). 
‘A repetition rate of several Hzand a pulse length of 25ns represent 
typical parameters. Initially, a serious problem of the method was 
the formation of droplets on the substrate, which can easily deteri 
orate the device properties. Currently, various methods to reduce 
this effect are known, eg., the time-of-flight selection of ablated 


COsygen inlet 


Cylindsical 
lens 


To pump 


@) ) 


FIGURE 6.6 Pulsed laser deposition system for the growth of oxide 
films: PLD setup scheme (a) and a photograph showing the ablation pro- 
cess and the plasma plume (b). (From Schlom, D., Cornell University 
Whaca, NY) 
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‘material. PLD systems are widely used for basic research studies 
of thin films. The main advantage of this method is that a certain 
film stoichiometry can be easily achieved by PLD. Many targets 
(six or more) can be placed on the target carrousel holder. In this 
‘way, numerous materials can be deposited without time-consum 
ing rearrangements of the deposition chamber or complicated 
source exchange procedures, asin the case of MBE or MOCVD. 


6.3.2.3 Sputter Deposition 


Plasma sputtering is a physical vapor deposition technique that 
has been known for 150 years since the time when WR. Grove 
first observed the sputtering of surface atoms. Different sputtering 
techniques, such as dc- and rf-sputtering with or without a mag- 
netron arrangement, have been used to grow a variety of materials 

Figure 6.7a illustrates the principle of dc-sputtering. A potential of 
several hundred volts is applied between the target (cathode) and 
the heater (anode), accelerating positively charged ions toward 
the target. These accelerated particles sputter off the target mate- 

rial, which finally arrives atthe substrate. The discharge is main- 
tained because the accelerated electrons continuously collide with 
the gas circulating in the chamber and ionize new atoms. 

For insulating targets such as ferroelectric ones, the de 
sputtering is not suitable, Insulating targets have to be sputtered 
using alternating electric fields to generate the plasma. Typically, 
an rf-frequency of 13.56MH7 is employed. This frequency is not 
a magic number, rather a frequency that is approved by the gov- 
ernment for industrial purposes. A symmetrical arrangement of 
cathode and anode and the use of a low-frequency alternating 
field would result in similar sputtering and re-sputtering rates 
so that the film will not grow. In the case of a high-frequency 
alternating field, however, light electrons can respond to the field 
at this frequency, whereas heavy Ar’ ions see only an average 
electric field (Kawamura et al. 1999). Moreover, the geometri- 
cal asymmetry between small cathodes (target side) and large 
anodes (heater and chamber) leads to a higher electron concen- 
tration at the former, resulting in a self-generated dc bias that 
accelerates Ar’ ions toward the target. 

‘The high-pressure sputtering technique of oxide materials 
was developed by Poppe et al. (1988) and served initially for the 
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FIGURE 6.7 Schematic representation of the de-sputtering process 
showing the electrons, positive plasma ions (light gray), and neutral 
atoms (dark gray) moving toward cathode or anode (a) and a pho- 
tograph of a high-pressure sputtering system (b). (From Rodriguez 
Contreras, J.etal, PAD thesis) 
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growth of oxide superconductors. A planar on-axis arrange. 
ment of the target and substrate is used, as shown in Figure 6.7. 
A high sputtering pressure of 2.5-3.5mbar, corresponding to a 
mean-free-path Aye ie = 6 X 10° em at 600°C and exceeding 
largely the pressure of 10°? mbar used for conventional sputter 
ing (gen see= 2€M at 600°C), leads to multiple scattering of the 
negatively charged oxygen ions accelerated toward the substrate. 
‘Asa result of the thermalization of ions, the re-sputtering of the 
deposited films, which is caused by negatively charged ions, is 
negligible. This technique yields excellent thin films due to the 
low kinetic energy (as in the case of MBE) of sputtered particles. 

‘A disadvantage of the high-pressure sputtering technique 
could be a low deposition rate of several nanometers per hour, 
which may lead to interdiffusion at heterogeneous interfaces. 
‘To enhance the deposition rate, a low ionization degree of less 
than 19% of the atoms in the plasma is increased by the use of 
‘magnetic fields forcing electrons onto helical paths close to the 
cathode, which leads to much higher ionization probability 
‘This so-called magnetron sputtering can be employed for high: 
pressure sputtering (Poppe et al. 1988), as well as for conven: 
tional, low-pressure sputtering (Fisher et al. 1994). Sputtering is 
routinely used as a vapor deposition method for the growth of 
complex-oxide films, 


6.3.3 Patterning 


‘The patterning of oxide heterostructures represents an impor: 
tant step in the fabrication of ferroelectric capacitors with small 
lateral dimensions ranging from a few micrometers to tens of 
nanometers, As in many other areas of nanoelectronics, two dif. 
ferent approaches exist for the device fabrication. A conventional 
approach relies on the well-established processes used in the mod: 
em semiconductor industry: deposition, lithography, and etching 
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Using these techniques sequentially, ferroelectric capacitors can 
be fabricated. It should be emphasized that this fabrication pro- 
cedure employs the so-called top-down approach, where external 
toolsare used to create a nanoscale device out ofa larger structure. 
In contrast, the bottom-up approach is based on the sef-organi 
zation of constituents or their positional assembly necessary for a 
desired nanodevice. Such techniques recently became very fash- 
ionable (Spatz et al. 2000) because they do not require advanced. 
and expensive patterning tools. The bottom-up approach has had 
considerable success, but improvements are needed to achieve 
registered arrays of devices, such as those produced by the state 
of-the-art complementary metal-oxide-semiconductor (CMOS) 
technology: In some works, mixed top-down and bottom-up 
methods were used to produce nanoscale ferroelectric dots and 
crystals (Kronholz et al. 2006, Szafraniak etal. 2008), 

One of the simplest ways to fabricate ferroelectric capaci 
tors is the lift-off technique. The main steps of this technique 
are shown in Figure 6.8. First, the bottom electrode and the 
ferroelectric layer are deposited on a substrate. A subsequent 
photo-lithogeaphic step defines the area of the capacitor. Next, 
the top electrode is deposited, for example, by the sputter- 
ing of Pt. After a lift-off in acetone, the metal with photoresist 
underneath is removed and the capacitor is ready for electrical 
characterization. Because the top interface is subjected to pho- 
toresist and chemical developer during this procedure, relatively 
poor electrical properties (eg. large leakage) are observed here 
(Rodriguez et al. 2003a and Rodriguez Contreras 2004). The 
post-annealing of capacitors at high temperatures and in an oxy- 
gen atmosphere was successfully used to improve the electrical 
properties considerably (Schneller and Waser 2007), 

‘The aforementioned drawback, however, can be avoided using 
another method, which involves the fabrication steps shown 
schematically in Figure 6.8b. Here the whole sandwich (bottom 
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FIGURE6.8 Patterning of capacitors by lift-off technique (a) and ion beam etching (b). (Reprinted from Rodriguez Contreras, Jet al, Appl. Phys. 


Lett, 83, 126, 2008a. With permission. American Institute of Physics) 
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FIGURE 6.9 Patterning of tunnel junctions with the aid of photolt- 
‘thography and ion beam etching. (From Rodriquez Contreras, | tal 
‘Mater. Res. Soc. Symp. Proc., 688, C8.10, 2002. With permission.) 


clectrode/ferroelectricitop electrode) is deposited without break 
ing the vacuum. Then the capacitor area is defined by a pho: 
tolithographic process and dry-etching, typically using Ar ion 
‘beam milling. Again acetone is employed to remove the photore 
sist from the top electrode. Although this method delivers better 
electrical interface properties than the first one, etch residuals 
atthe sidewalls of the mesa can cause short-circuiting along the 
sidewall from the top electrode to the bottom one. An etch stop 
right after reaching the top surface of the ferroelectric can avoid 
this problem in a simple way. lon-beam etching is the preferred 
method for the studies of scaling effects, because it results in the 
smallest degradation at the top electrode- ferroelectric interface. 
‘Amore complex procedure shouldbe used to paternoxide tunnel 
junctions. As shown in Figure 6, three photo-mask steps in total 
allow the fabrication of tunnel junctions by conventional photoli- 
tography and ion-beam etching (Sun 1998) First, the whole layer 
sequence such as the SeRuO,(20m)/BaTiO,(2nm)/SrRuO,@20nm) 
trilayeris deposited in situ, Using photolithographic step and ion- 
‘beam milling, the shape of the bottom electrode is defined. Here 
the whole trilayer has to be etched down to the substrate. Next, the 
‘tunnel junction is defined by the second photo-mask step and an 
etching down to the bottom electrode. The subsequent deposition 
‘of SiO, is needed to isolate the surroundings ofthe mesa. A third 
photo-mask step and the deposition of the wiring layer complete 
the fabrication of a tunnel junction. Figure 6 9e shows the top view 
of the junction layout. The four-point probe arrangement, which 
avoids electrical artifacts during current-voltage measurements, is 
essential (Rodriguez etal. 2003b and Rodriguez Contreras 2004). 


6.3.4 Current Trends in Deposition 
and Patterning 


‘The physical vapor deposition methods described above make it 
possible to grow complex oxides with a high structural quality 
and a low surface roughness. Further developments in this field 
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involve combinatorial PLD and MBE systems for the fabrication 
of epitaxial layers with composition gradients and wedge-like 
films with a thickness varying across the substrate (Nicolaou 
et al. 2002, Ohtani et al. 2005, Habermeier 2007). This interest- 
ing approach helps to reduce run-to-run uncertainties and allows 
the variation of certain film parameters in a single deposition run 
while keeping other conditions fixed. 

New patterning methods can be developed as well, in par- 
ticular, a combination of conventional top-down methods and 
bottom-up techniques. It should be noted that electron beam 
lithography has been used to produce capacitors with nanoscale 
dimensions (Szafraniak-Wiza et al. 2008). Focused ion-beam 
direct-writing techniques already showed their strength, but 
they suffer from sidewall contaminations at the mesa structure 
created by etching ions or atoms, e.g,, Ga (Hambe et al. 2008). 


6.4 Characterization of Ferroelectric 
Films and Capacitors 


6.4.1 Rutherford Backscattering Spectrometry 


Rutherford backscattering spectrometry (RBS) is an accurate 
nondestructive technique for measuring the stoichiometry, layer 
thickness, quality of interfaces, and crystalline perfection of 
thin films. RBS offers a quantitative determination of the abso- 
lute concentrations of different elements in multi-elemental thin 
films. A collimated mono-energetic beam of low-mass ions hits 
the specimen to be analyzed. Typically, He* ions with energy of 
14MeV are used in RBS experiments. A small fraction of the 
ions that impinge on the sample is scattered back elastically 
by the atomic nuclei and are then collected by a detector. The 
detector determines the energy of the backscattered ions, which 
provides an RBS energy spectrum. The RBS spectra describe the 
yield of backscattered particles as a function of their energy. The 
analysis of RBS spectra is done using modern software. A more 
detailed description of the technique is given by Chu et al. (1978). 

In the so-called random experiments, the ion beam is not 
aligned with respect to the crystallographic directions of the 
specimen. The energy distribution of the collected ions provides 
information on the masses of atoms constituting the sample and 
on the thicknesses of deposited layers. Information on the sharp- 
ness of interfaces between these layers is given by the abruptness 
of the low-energy edge in the “random” spectrum. 

Epitaxial films usually have the same major channeling axis 
as the substrate. The degree of epitaxy is determined from ion 
channeling experiments by a ratio of the elemental signals from 
the film for the channeled and random sample orientations. 
This ratio is called the “minimum yield,” %,, and its value pro- 
vides information on the crystalline perfection ofa film. Defects 
inside the film lead to higher values of Ya, 


6.4.2 X-Ray Diffraction for Thin-Film Analysis 


X-ray diffraction (XRD) represents a powerful tool for the 
characterization of thin films. It can be used to determine whether 
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the film grown on a crystalline substrate is amorphous, polycrys- 
talline, or single-crystalline (epitaxial growth). Moreover, this 
technique makes it possible to determine the film thickness, lat- 
tice parameters, and the amount of strain in an epitaxially grown 
film with a high precision. 

In particular, the 26 scans performed at a fixed glancing inci- 
dent angle of the incoming x-ray beam (in the range of 0.5°-2°) 
are suited for the investigations of polycrystalline films, since 
the spectrum contains only the peaks coming from the XRD 
of randomly oriented crystallites. (The single-crystal substrate 
does not contribute to the XRD because the Bragg condition is 
not satisfied for this angle of incidence.) For (001)-oriented epi- 
taxial films, the normal 8-26 scans reveal only the (001) reflec- 
tions. Thus, we can distinguish between an epitaxial film on a 
crystalline substrate and a polycrystalline one. Moreover, from 
the 20 position of these reflections, one can precisely determine 
the out-of-plane lattice parameter. Once this parameter is mea- 
sured, the in-plane lattice constants could be determined as well 
by finding the peak positions of the (HO!) reflections, for exam- 
ple. For ultrathin films, however, this becomes difficult because 
of the overlap with substrate peaks. Therefore, the grazing inci 
dence diffraction, which is characterized by a low penetration 
depth of the incoming x-ray beam, has to be used to measure the 
in-plane lattice constants of ultrathin films. 
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‘Theamount of strain inan epitaxial film can benicely visualized 
by the reciprocal space maps measured, for example, around an 
asymmetric (103) reflection. These maps can indicate whether the 
film is fully strained by the substrate or is partially relaxed owing 
to the generation of misfit dislocations. Representative reciprocal 
space maps of strained and relaxed epitaxial BaTiO, films grown 
on SrRuO,-covered SrTiO, substrates are given in Figure 6.10a 
and b. The out-of-plane and in-plane lattice parameters of BaTiO, 
films extracted from such maps are plotted in Figure 6.10c as a 
function ofthe film thickness ¢(Petraru etal. 2007). Itcan be seen 
that ultrathin films with ¢ < 30nm are commensurate with the 
substrate, which results in a compressive biaxial in-plane strain 
and an out-of-plane elongation of the unit cell 

‘The synchrotron x-ray scattering measurements give addi- 
tional possibilities for the characterization of ultrathin films 
(Fong et al. 2005). In particular, it was demonstrated that elec- 
trode-free PbTiO, films grown on SiTiO, remain ferroelectric for 
thicknesses down to only 3 unit cells (Fong et al. 2004). 

Finally, we note that the film thickness itself can be measured 
precisely using the x-ray specular reflectivity method based on 
interference fringes whose spacing is characteristic for this thick 
ness (Fewster 1996). This method can be applied to films with 
any structure, crystalline or amorphous, but requires a flat sur 
face over the region studied. It was demonstrated to work even 
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FIGURE 6.10 X-ray reciprocal space maps around the (103) Bragg reflection obtained for fully strained (a) and partially relaxed (b) BaTiO, 
films epitaxially grown on SrRuO,-covered SrTiO, The film lattice parameters are ploted as a function of the film thickness in panel (c) (From 


Petraru, A. et al, J. App. Phys, 101, 114106, 2007. With permission) 
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FIGURE 6.11 (a) Interference fringes appearing in an xray specular rellectivity scan for the 271m thick LaNiO, film deposited on S110, The 


film thickness was calculated from the spacing of these fringes. (b) High-angle finite-size oscillations occurring in the 0-20 scan around the (001) 
peak of the BaTiO, film (7.5nm thick) grown on SrRuO,-covered SeTiO,, The solid line shows the measured signal, whereas the dots denote the 


results of simulations. 


in the case of ultrathin films with thicknesses down to 24 A. The 
amplitude of oscillations depends mainly on the density contrast 
between the layers, and the number of oscillations correlates with 
the roughness of the surface and interfaces involved. In the case 
of rough surfaces, the average intensity of reflectivity decreases 
rapidly with an increasing 28 angle (Nevot and Croce 1980). For 
epitaxial films, high-angle finite-size oscillations occurring in 
the @-20 scans around the (001) peak allow determination of 
the number of planes involved in the diffraction, and, therefore, 
of the film thickness (Schuller 1980). Examples of the low- and 
high-angle finite-size oscillations are given in Figure 6.11 


6.4.3 Ferroelectric Capacitors: P-E 
Hysteresis Loop Measurements 


‘A ferroelectric capacitor usually displays a polarization-field 
(P-E) hysteresis loop similar to that shown in Figure 6.4b. There 
are several techniques that are used to measure the P-E loops of 
ferroelectric capacitors. The simplest method employs a circuit 
proposed by Sawyer and Tower, which is shown schematically 
in Figure 6.12a. The circuit consists of a fixed capacitor with 
known capacitance, the test ferroelectric capacitor, an oscil: 
scope, and a function generator. The method relies on the fact, 
that two capacitors in a series have the same charge. The ac 
voltage created by the generator and the potential across the 
standard capacitor are shown on the x- and y-axes of the oscil: 
loscope. The capacitance of the standard capacitor is chosen to 
be large enough so that the voltage drop across this capacitor is 
‘much smaller than the potential difference across the tested fer- 
roelectric capacitor. 

‘Another method uses a fast current-to-voltage converter con: 
nected in series with the ferroelectric capacitor (see the circuit 
shown in Figure 6.12b). In this case, the current-voltage curve is 
‘measuredasa response of the ferroelectric capacitor toa triangular 
signal excitation, It is very useful to look at the switching current 
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FIGURE6.12 Experimental techniques forthe measurement of polar 
ization-voltage loops of ferroelectric capacitors: (a) Sawyer-Tower circuit 
allowing the visualization of ferroelectric hysteresis loops, and (b) an 
alternative method using a fast currentto-voltage converter, where the 
loop is obtained via the integration of measured electric current. 


peaks that appear in this curve in order to distinguish the fer- 
roelectric switching from artifacts, especially in the case of leaky 
ferroelectric samples. By numerical integration of thecurrentover 
the time, the classical P-E hysteresis loop is obtained, from which 
the remanent polarization and the coercive field can be deter- 
mined. The remanent polarization of nanoscale SrRuO,/BaTiO,/ 
SrRuO, capacitors fabricated on the S!TiO, substrate is shown in 
Figure 6.13 as a function of the BaTiO, thickness ¢ (Petraru et al 
2008). Remarkably, even at ¢ = 3.5nm, the strained BaTiO, film 
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FIGURE6.13 Thickness dependence of remanent polarization in the 
‘SrRuO,/BaTiOSeRUO, ferroelectric capacitors measured at77 K (From 
Petraru, A. etal, Appl. Phys.Lett, 93, 072902, 2008. With permission.) 


remains ferroelectric and has remanent polarization larger than 
the spontaneous polarization P, = 2641C/cm: of bulk BaTiO, The 
coercive field E, of BaTiO, capacitors relatively weakly depends 
‘on the thickness (Jo et al. 2006b), which contrasts with a strong, 
increase of E, (Figure 6.14) in ultrathin PZT capacitors with Pt 
top electrodes (Pertsev et al. 2003b), 

Ferroelectric capacitors are often rather leaky, because thin 
films, especially at small thicknesses, are not perfect insula 
tors. The conduction here results from the Schottky injection 
‘or Fowler-Nordheim tunneling through the interfacial barrier 
followed by the charge transport across the film via the Poole- 
Frenkel conduction mechanism, space-charge-limited conduc: 
tion, or variable range hopping (Dawber etal. 2005). The leakage 
contribution to the total current can be singled out with the 
aid of the positive-up negative-down (PUND) pulsed method 
(Smolenskii et al. 1984). It involves the application of a series of 
voltage pulses from a function generator and the measurement 
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of the transient current response of a ferroelectric device, which 
allows the separation of different contributions. As a representa 
tive example, we consider the sequence of five train pulses shown 
in Figure 6.15. The first one (0) is the pre-polarization pulse—it 
puts the sample into a definite polarization state. The pulse (1) 
switches the polarization of the sample, and its current response 
is the sum of the ferroelectric displacement current caused by the 
switching of spontaneous polarization, the dielectric displace- 
‘ment current, and the leakage current. The pulse (2) has the same 
polarity but comes after a certain delay time. Therefore, in case 
of a stable polarization, the current response contains only the 
components arising from the dielectric response and leakage cur- 
rent. In order to find the switchable polarization (the quantity of 
primary interest), the current response due to pulse (2) is sub- 
tracted from the current created by pulse (1), and the result is 
numerically integrated over the measuring time. Moreover, this 
method makes it possible to study the stability of ferroelectric 
polarization against back-switching. To that end, we can vary the 
delay time between pulses (1) and (2) and determine the relax- 
ation time of the polarization. A similar analysis can be done for 
currents resulting from pulses (3) and (4) applied to the capacitor 
with opposite polarization, 


6.4.4 Scanning Probe Techniques: 
Atomic Force Microscopy and 
Piezoresponse Force Microscopy 


Atomic force microscopy (AFM) is one of the most widely used 
scanning probe microscopy (SPM) techniques (Garcia and Perez 
2002). The primary purpose of an AFM instrument is to quan- 
titatively measure the roughness of various surfaces. The lateral 
and vertical resolutions are typically about 5 and 0.01 nm, respec 
tively. An atomically sharp tip is scanned over a surface with 
feedback mechanisms that enable the piezoelectric scanners to 
maintain the tip ata constant force (to obtain height information) 
or height (to obtain force information) above the sample surface. 

Tips are typically made of Si,N, or Si and extend down from 
the end of a cantilever. The AFM head employs an optical 
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FIGURE 6.14 Coercive field of PZT 52/48 epitaxial films measured at 20kHz and plotted versus the film thickness ¢ (a) and the inverse of film 


thickness 1/1 (b). The straight line in (b) shows a linear 


to the experimental data, whereas the curve in (a) isa guide to the eyes. 
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FIGURE 6.15 Measurements of switchable ferroelectric polarization by 


the PUND pulsed method. The excitation signal consists of five pulses 


denoted by thin lines, and the current response is shown by a thick line. The upper inset demonstrates the switching (1) and nonswitching (2) cur 
rent responses. The integration of thei difference gives the switchable polarization plotted in the lower inset. 


detection system, in which the tip is attached to the bottom of a 
reflective cantilever. A laser diode is focused onto the back of this 
cantilever. As the tip scans the surface of a sample, the laser beam 
is deflected by the cantilever into a four-quadrant photodiode. In 
contact mode, feedback from the photodiode difference signal, 
through the software control from a computer, enables the tip to 
maintain either a constant force or a constant height above the 
sample. In the constant force mode, the piezoelectric transducer 
‘monitors real-time height variations. Inthe constant height mode, 
the deflection force acting on the tip is recorded. The instrument 
gives a topographical map of the sample surface by plotting the 
local sample height versus the horizontal probe tip position. For 
many soft materials like polymers and biological samples, the 
‘operation in contact mode often modifies or destroys the surface. 
‘These complications can be avoided using the tapping-mode AFM. 
In tapping mode, the AFM tip-cantilever assembly oscillates at 
the sample surface during the scanning. As result, the tip lightly 
taps the surface while scanning and only touches the sample at 
the bottom of each oscillation. This prevents damage of soft speci- 
mens and avoids the “pushing” of specimens along the substrate 
By using a constant oscillation amplitude, a constant tip-sample 
distance is maintained until the scan is complete. Tapping-mode 
AEM can be performed on both wet and dry surfaces 

Scanning probe microscopy techniques also offer several dif- 
ferent possibilities for the investigation of domain patterns in 
crystals. For imaging domain structures in ferroelectrics, piezo 
response force microscopy (PFM) is most widely used nowadays 
(Figure 6.16). Introduced in 1992 by Githner and Dransfeld 
(1992), the PFM method has been developed by several groups to 
visualize domain structures in ferroelectric thin films. It became 
‘popular tool in the science and technology of ferroelectrics and 
is considered to be a main instrument for getting information 
‘on ferroelectric properties at the nanoscale. Several reviews on 


the SPM-based methods for the characterization of ferroelectric 
domains are available in the literature (Gruverman and Kholkin 
2004, Kholkin etal. 2007). 

Ideally, when a modulation voltage V is applied to a piezoelec- 
tric material, the vertical displacement of the probing tip, which 
in mechanical contact with the sample, accurately follows the 
‘motion of the sample surface resulting from the converse piez0- 
electric effect. The applied voltage V generates an electric field 
E()in the ferroelectric film, which creates the lattice strain 5u, = 
disE, + d,sE, + dE, in the film thickness direction. Here, d, are 
the local piezoelectric coefficients of the ferroelectric material, 
which depend on the polarization orientation. ‘The strain field 
u,(r) changes the film thickness atthe tip position by an amount 
& so that the local piezoresponse signal proportional to &1(V) 
can be recorded. The amplitude of the tip vibration measured 
by the lock-in technique provides information on the effective 
piezoelectric coefficient dif =8r/V. The phase yields infor- 
mation on the polarization direction in a studied ferroelectric 
domain (Rodriguez et al. 2002). It should be noted that not only 
the surface electromechanical response but also the electrostatic 
forces could contribute to the measured signal in the PFM setup, 
which complicates the analysis of the PEM results. In particular, 
there exists a nonlocal contribution caused by the capacitive can- 
tilever-sample interaction (Kalinin and Bonnell 2002). 

Most PFM measurements are performed in a local-excitation 
configuration where the modulation voltage is applied between 
the bottom electrode and conductive SPM tip, which scans the 
bare surface of the film having no top electrode. In this case, the 
PEM image has a lateral resolution of about 10nm (Gruverman 
etal, 1998). It should be noted that the electric field generated by 
the SPM tip in such film is highly inhomogeneous, which makes 
the quantitative analysis of the field-induced signal extremely 
difficult. In other words, PFM measurements on a sample 
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FIGURE6.16 PPM setup for simultaneous measurements of the surface topography and the out-of-plane and in-plane piezoelectric responses of 
ferroelectric sample. The cantilever deflection caused by the voltage-induced surface displacements is detected by a laser beam reflecting into a 
{four-quadrant photodiode. The vertical and horizontal piezoresponses are determined with the aid of two lock-in amplifiers by demodulating the 
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FIGURE 6.17 Out-of plane piezoelectric response of SrRuO/PbZr, Ti, ,O/StRuO, capacitors measured by the PFM technique: (a) piezoelee- 
tric hysteresis loops obtained for five different film thicknesses, and (b) the piezoelectric coefficient ds, as a function of the film thickness. (From 


Nagarajan, V. etal, J. Appl. Phys. 100, 051608, 2006, With permission.) 


without extended top electrodes collect signals from a subsurface 

layer of unknown thickness that is a function of dielectric per- 

mittivity and contact conditions (Gruverman et al. 1998). 
Alternatively, a ferroelectric film with a deposited top elec 


trode may be studied at the expense of a lower lateral resolution, 
By applying a voltage to the SPM tip contacting the top elec: 
trode, a submicron variation of piezoelectric properties in PZT 
capacitors was demonstrated (Christman et al. 2000, Setter etal 
2006). Under these conditions, a homogeneous electric field is 
‘generated in a ferroelectric layer, and the electrostatic tip-sam- 
ple interaction is suppressed. This approach allows the inves. 
tigations of domain-wall dynamics and polarization reversal 
mechanisms in ferroelectric capacitors and quantitative studies 
of the scaling of piezoelectric properties in ultrathin ferroelec 
tric films. In particular, it was found (Nagarajan et al. 2006) that 


the piezoelectric coefficient d,, of epitaxial PbZx, :Tig.O, films 
sandwiched between SrRuO, electrodes decreases rapidly as the 
thickness is reduced from 20 to 5 nm (see Figure 6.17). 


6.5 Physical Phenomena in 
Ferroelectric Capacitors 


‘There are several physical effects that make the phase states and 
electric properties of thin-film ferroelectric capacitors different 
from those of bulk ferroelectrics. First, the ferroelectric film is 
generally subjected to an in-plane straining and clamping due 
to the presence of a dissimilar thick substrate. Second, an inter- 
nal electric field exists in the capacitor, which depends on the 
electrode material and the film thickness. Third, the scaling of 
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physical properties may result from the short-range interatomic 
interactions at the film-electrode interfaces. The current status 
of the theoretical description of these effects in thin films of 
perovskite ferroelectrics is given below. 


6.5.1 Strain Effect 


‘Owing to the electrostrictive coupling between lattice strains 
and polarization, the mechanical film-substrate interaction may 
strongly affect the physical properties of ferroelectric thin films 
(Pertsev et al. 1998). In a film deposited on a dissimilar thick 
substrate, the in-plane strains 1,1, and u, are totally governed 
by the substrate, whereas the stresses 6. ,, and 6, are usually 
equal to zero. (We use the Voigt matrix notation and the ref- 
erence frame with the x, axis orthogonal to the film surfaces) 
Under such “mixed” mechanical boundary conditions, the equi- 
librium polarization state corresponds to a minimum of the 
‘modified thermodynamic potential G (Pertsev et al. 1998), but 
not of the standard elastic Gibbs function G (Haun et al. 1987). 
In the most important case of film grown in the (001)-oriented 
cubic paraelectric phase on a (00l)-oriented cubic substrate 
(ui, = 4, = ty ti, =O), the stability ranges of different polarization 
states can be conveniently described with the aid of two-dimen- 
sional phase diagrams, where the misfit strain u,, = (b — a,)la, 
and temperature T are used as two independent parameters 
(a, is the equivalent cubic cell constant of the free standing film 
and b is the substrate lattice parameter). Such “misfit strain- 
temperature” diagrams were developed with the aid of thermo- 
‘dynamic calculations for single-domain BaTiO,, PbTiO, and 
Pb(Zr, ,Ti,)O, (PZT) films (Pertsev et al. 1998, 2003a). Since the 
substrate-induced strains lower the symmetry of the paraelec- 
tric phase from cubic to tetragonal, the film polarization state 
‘may be very different from the ferroelectric phases observed in 
the corresponding bulk material (see Figure 6.18) 
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Atlarge negative misfit strains, films of perovskite ferroelectrics, 
stabilize in the tetragonal c phase with the spontaneous polar- 
ization P, orthogonal to the film-substrate interface, whereas at 
large positive strains the orthorhombic aa phase forms, where 
P, is directed along the in-plane face diagonal of the prototypic 
cubic cell. At low temperatures, the stability ranges of the cand aa 
pphases are separated by a “monoclinic gap,” where the monoclinic 
r phase with three nonzero polarization components P, becomes 
the energetically most favorable state. These predictions of the 
thermodynamic theory were confirmed by the first-principles 
calculations (Bungaro and Rabe 2004, Diéguez etal. 2004). 

It should be emphasized that the orthorhombic and mono- 
clinic phases do not exist in the bulk PbTiO, crystals, where only 
the tetragonal ferroelectric state is stable (Haun etal. 1987). In the 
case of BaTiO,, the aa phase may be compared with the ortho- 
rhombic phase forming in the bulk crystal inthe low-temperature 
range between 10°C and ~71°C, whereas the r phase can be 
regarded as a distorted modification of the rhombohedral phase 
that exists in a free crystal below ~71°C (Jona and Shirane 1962). 

‘The most remarkable manifestation of the strain effect 
appears in thin films of strontium titanate. In a mechanically 
free state, bulk SrTiO, crystals remain paraelectric down to zero 
absolute temperature despite a strong softening of the transverse 
optic polar mode near T'= OK (Miiller and Burkard 1979). The 
thermodynamic calculations show that this “incipient ferroelec- 
tricity” exists in epitaxial S/TiO, films grown on dissimilar cubic 
substrates only at small misfit strains ranging from -2 x 10"*to 
-2 x 10° (Pertsev et al. 2000). Outside this “paraelectric gap,” 
the ferroelectric phase transition takes place in the SrTiO, film at 
a finite temperature, which rises rapidly with the increase of the 
strain magnitude. The predicted phenomenon of strain-induced 
ferroelectricity was observed experimentally in SrTiO, films 
grown on (110)-oriented DyScO,, which were found to display 
ferroelectric properties at room temperature (Haeni et al. 2004). 
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FIGURE 6.18 Misfit strain-temperature phase diagrams of single-domain BaTiO, (a) and PbTiO, (b) thin films epitaxially grown on 
(001)-oriented cubic substrates. The second- and first-order phase transitions are shoven by thin and thick lines, respectively. (From Pertsev, N.A 


etal, Phys. Rev. Let, 80, 1988, 1998. With permission.) 


ated circuit > digital > counter 
Adecade counterisa modulus-10 binary counter. 
It is described as having a binary-coded decimal 
‘output (often expressed with the acronym BCD), 
using fourweighted output pins which represent 
the numbers 0000, 0001, 0010, 0011,0100, 0101, 
0110, 0111, 1000, and 1001 (decimal 0 through 
9) before repeating, Because this counter skips 
binary outputs from 1010through 1111 (decimal 
10 through 15), itis said to havea shortened mod- 
ulus. 


Figure 13-4 showsa schematic diagram of JK flip- 
flops in a decade ripple counter. The J and K in- 
puts are all tied to the positive power supply, as 
this causes the clock input to toggle the output 
high and low. Note that because the primary in- 
put is always shown at the left end of the com- 
ponent, the least significant output bit (Q0) is in 
the leftmost position. 


Tointercept binary 1010 (decimal 10), an internal 
NAND gate is used. Its output goes low when its 
‘two inputs, from Q1 and Q3, go high. The output 
from the NAND immediately activates the CLR 
function on all the flip-flops, so that as soon as 
the decade counter reaches 1010 (decimal 10), it 
resets itself to 0. 


In this particular chip, the preload for each flip- 
flop is tied to the positive power supply, so that 
it is always inactive. In some counters, the pre- 
load feature of each flip-flop is accessible via pins 
outside the chip. This creates the potential haz- 
ard of preloading the counter with one of the 
numbers that it normally skips (for instance, 11 
decimal in a decade counter). This is referred to 
asan invalid number or disallowed state, (This use 
ofthe term “state” refers only to the binary num- 
ber stored in the counter’ flip-flops. It has noth- 
ing to do with the high-state or low-state voltag- 
5 used to represent binary 0 of 1.) 


The counters datasheet should include a state 
diagram showing how the counter will deal with 
this situation. It may reset itself to a valid value 
after a maximum of two steps, but this can still 
cause confusion, depending on the application. 


Variants 


The state diagram for a 74HC192 counter is 
shown in Figure 13-5. 


Figure 13-4. The internal logic of a synchronous decade 
counter that uses JK flip-flops. 


Clock Sources 

The clock input may be provided bya timer chip 
or by an RC network, which has the advantage of, 
being able to run at a relatively low speed for 
purposes where this is desirable, It may alterna- 
tively be provided by a quartz crystal oscillating 
ata much higher frequency such as 1MHz. Suc- 
cessive counters may be necessary to reduce this 
value, depending on the application, 


In some counters, the clock is built into the chip. 
More commonly, a resistorand capacitor may be 
used externally to establish a clock rate in con- 
junction with logic gates inside the chip. The 
datasheetfor this type of componentwill include 
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‘The strain-induced increase of the temperature 7, at which 
the paraclectric to ferroelectric phase transition takes place, is 
characteristic of ll studied perovskite ferroelectrics (Persev et al 
1998, 2003a). In addition, the two-dimensional clamping of the 
film by a thick substrate may change the order of this transition 
(Pertsey et al. 1998). Strong dependence of Ton the misfit strain 
1s, explains the very high transition temperatures observed in epi- 
taxial films grown on dissimilar substrates (Choi etal. 2004, He 
and Wells 2006). 

‘The magnitude of the spontaneous polarization is also sensi- 
tive to the lattice strains. This effect is especially pronounced in 
ferroelectric films grown on “compressive” substrates (Uy < 0), 
‘where the polarization P, is orthogonal to the film surfaces. For 
fully strained BaTiO, films grown on SiTiO, (14, = -2.6%), the 
thermodynamic theory predicts P, = 3541Cicm:, which is close 
to the experimental values of 43-44yC/cm® (Kim et al. 2005, 
Petraruetal. 2007). Remarkably, the film polarization exceeds the 
polarization P, = 26u1Clem: of bulk BaTiO; significantly. At the 
same time, the strain sensitivity of polarization in highly polar 
Pb-based perovskites, where the ferroelectric ionic displacements 
are already large inthe bulk, is relatively low (Lee et al. 2007) 

‘The enhancement of polarization P, and the decrease of the 
in-plane permittivity ¢, inthe strained c phase (Koukhar etal. 
2001) should lead to a considerable increase of the coercive 
field E, in thin films (Pertsev etal. 20036). From the Landauer 
‘model of domain nucleation (Landauer 1957) it follows that 
E,~ yS5/(eigpe"), where y~P? is the domain-wall energy. 
Hence, the coercive field E, ~ P'/e{;° of BaTiO, films grown on 
$eT\O, (¢,, = 170) may be about eight times arger than that of the 
bulk crystal (e,, = 3600). Although itis certainly a very strong 
increase, the strain effect alone cannot explain the observed 
drastic difference between the measured coercive fields E, ~ 
150-300kViem of epitaxial BaTiO, films (Jo tal, 2006b, Petraru 
etal. 2007) and the bulk E,~ 1 kV/cm, 

Finally, it should be noted that ferroelectric properties of epi- 
‘axial thin films may strongly depend on the orientation of the 
crystal lattice with respect to the substrate surface. In particu 
lar, the phase states and dielectric properties of single-domain 
PDTIO, films with the (111)-orientation of the paraclecric phase 
were found to be very different from those of the (001)-oriented 
films (Tagantsev et al. 2002). 


6.5.2 Depolarizing-Field Effect 


When the polarization charges p = -div P existing at the film 
surfaces are not perfectly compensated for by other charges, 
fan internal electric field appears in the ferroelectric layer 
(Figure 6.19). This “depolarizing” field E,.,, may be significant 
even in short-circuited ferroelectric capacitors with perfect inter- 
faces because the electronic screening length in metals is finite 
(Garo etal. 1970, Mehta etal. 1973). 

For a homogeneously polarized film, the electrostatic cal 
culation gives Ey, = -P,/(e, + cf), where P, is the equilib- 
rium out-of-plane polarization in the film of thickness f, € 
is the permittivity of the vacuum, €, ~ 10 is the background 
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FIGURE 6.19 Imperfect screening of polarization charges in a ferro- 
electric capacitor. Distribution ofthe electrostatic potential is shown, 
schematically for the case of dissimilar electrodes kept ata bias vol 
age compensating for the dilference of their work functions. (From 
Pertsey, N.A. and Koblstedt, H, Phys. Rev. Lett, 98, 257603, 2007. With 
permission) 


dielectric constant of a ferroelectric material (Tagantsev and 
Gerra 2006), and ¢, is the total capacitance of the screening 
space charge in the electrodes per unit area (Ku and Ullman 
1964). When P, = P, = 0 (the c phase), the polarization P,(t) can 
be calculated from the nonlinear equation of state A/a 
written for a strained film with an internal feld E,,,. Since the 
capacitance ¢, affects the polarization only via the product ct, 
the dependencies P,(#) corresponding to different electrode 
materials can be described by one universal curve P(t). Here 
the effective film thickness fy may be defined as fy, = (c/e,)t 
where ¢, = 1 F/m 

Figure 6.20 shows the dependencies P(t.) calculated for fully 
strained PZT 50/50 and BaTiO, films grown on S*TiO, (Pertsev 
and Kohlstedt 2007). It can be seen that the spontaneous polar- 
ization decreases in thinner films and vanishes at a critical film 
thickness f,. In the case of capacitors with SrRuO, electrodes 
(¢,=0.444 Fim’), the thickness f,isabout 2m for PZT 50/50 films 
and about 2.6nm for BaTiO, films. However, the size-induced 
phase transition at f, also predicted by the first-principles cal- 
culations (Junquera and Ghosez 2003), cannot be observed in 
reality since ata slightly larger film thickness f,< 31m the single- 
domain ferroelectric state becomes unstable and transforms into 
the 180° polydomain state (Pertsev and Kohlstedt 2007), 

‘The experimental studies of ultrathin BaTiO, films (Kim etal. 
2008, Petraru etal. 2008) showed that the remanent polarization 
decreases monotonically with decreasing thickness at t<30nm, 
where the misfit strain becomes constant. This behavior is simi: 
lar to the dependence shown in Figure 6.20, but the thermody. 
namic theory does not provide precise quantitative description 
of the experimental data (Kim et al. 2008, Petraru et al. 2008) 
‘he first-principles calculations performed by Junquera and 
Ghosez. (2003) also cannot explain the measured dependence 
quantitatively (Kim et al. 2005). 
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FIGURE6.20 Thickness dependence of the out-of plane polarization and depolarizing field in ultrathin Pb(Zr, Ti, }O, (a) and BaTiO, (b) films 


epitaxially grown on SrT%0,, The misfit strain is taken to be -39 x 10- for Pb(Zr,<Tiy,)O, films and -26 x 10 for Bal 


(0, films; T= 25°C. The 


«dashed line shows the film thickness below which the single-domain state becomes unstable. 


For BaTiO, capacitors with SrRuO, electrodes, the depolariz- 
ing field Ej, has been evaluated experimentally as well and was 
found to increase dramatically with decreasing film thickness 
(Kim et al. 2005). Such a strong rise is consistent withthe theoret- 
cal thickness dependence of E,,, shown in Figure 6.20, which was 
calculated with the account of the polarization variation P.(,). 
‘The predicted saturation ofthe depolarizing field and its decrease 
in ultrathin films, however, were not observed. In this thickness 
range, the single-domain state becomes unstable (Pertsev and 
Kohlstedt 2007), and the mean value of the depolarizing field 
vanishes due to the formation of 180° domain structure. 

‘The presence of a depolarizing field in a capacitor is expected 
to affect the shape of polarization-voltage (P-V) hysteresis loops 
and the magnitude of coercive fields (Tagantsev and Gerra 2006, 
Jo et al. 2006a,b). Indeed, a simple calculation shows that imper- 
fact compensation of polarization charges at the interfaces not 
only reduces the remanent polarization, but aso leads toa tilt of 
the hysteresis loop (Tagantsev and Gerra 2006). The influence of 
Ey, 00 the magnitude of the coercive field seems to be less pro 
nounced. An accurate electrostatic modeling of the polarization 
switching on the macroscopic level indicates that E, reduces with 
decreasing film thickness, but only when the P-V loop is not sat 
urated (Tagantsev and Gerra 2006). In the limit of high ampli- 
tudes of the driving field applied to a capacitor, the influence of 
the depolarizing field on E, disappears. This feature is explained 
by the absence of voltage drop across the metal-ferroelectric 
interface at E = E,, where the macroscopic polarization P(E) goes 
to zer0 by definition. 

‘At the same time, Jo etal. (2006a,b) proposed that the depo 
larizing field may strongly reduce the potential barriers hinder- 
ing polarization switching in ultrathin films. Such reduction 
may happen at the early stage of switching, when the macro 
scopic polarization P is large, but the influence of E,,, becomes 


negligible in a film with P = 0. Therefore, itis not clear whether 
the coercive field changes. It would decrease if the switching 
develops as an “avalanche” process after the nucleation of a few 
reversed domains. On the contrary, the change of E, should be 
small when the applied field must increase significantly in the 
course of switching to facilitate further domain nucleation or 
domain-wall motion. 

It should be noted that the nucleation of reversed domains 
in a perfect bulk crystal is impossible since the activation 
energy is many orders of magnitude larger than the thermal 
energy (Landauer’s paradox). Jo et al. (2006a) suggested that 
such “homogeneous” domain nucleation becomes possible in 
ultrathin ferroelectric films, where the field-dependent activa- 
tion energy decreases dramatically due to strong depolarizing 
fields. This conclusion, however, is based on a rough estimate 
of the activation energy obtained in the approximation of a 
homogeneous depolarizing field, which is valid for a single- 
domain film only. 

Domain nucleation is evidently easier near crystal surfaces, 
ferroelectric-electrode interfaces, and lattice defects. Gerra 
et al. (2005) proposed that the interface coupling between a 
ferroelectric layer and electrodes changes its sign after the 
polarization reversal and, therefore, stimulates the switching. 
According to their model, the surface-stimulated nucleation 
may reduce the coercive field of BaTiO, down to a value two 
orders of magnitude smaller than the thermodynamic coercive 
field. High local electric fields B,. >> E created by spikes on 
the electrodes may also permit the domain formation at small 
applied fields E. Besides, residual domains probably exist in fer- 
roelectric films, especially in polycrystalline ones. The growth 
of these domains may play an important role in the polarization 
switching, as it happens in ferroelectric polymers (Pertsev and 
Zembilgotov 1991). 
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6.5.3 Intrinsic Size Effect in Ultrathin Films 


Since the unit cells adjacent to the film-electrode interfaces have 
‘an atomic environment different from that of the inner cells, the 
ferroelectric polarization may depend on the film thickness even 
in the absence of a depolarizing field. This “intrinsic” size effect 
can be described with the aid of a modified thermodynamic 
theory based on the concept of extrapolation length (Kretschmer 
and Binder 1979). In this theory, the total energy of the ferro- 
clectric layer involves an additional surface contribution, and the 
polarization distribution across the film, in general, is taken to be 
inhomogeneous. 

In the most important case of the (001)-oriented film grown 
‘on a compressive substrate (P, = P, = 0, P, # 0), the polariza. 
tion profile P,(x,) can be calculated from the Euler-Lagrange 
equation (Zembilgotov et.al. 2002). For a film having the same 
atomic terminations at both surfaces and sandwiched between 
identical electrodes, the boundary conditions can be writ 
ten as dP,/dx, = Py/B at x, = 0 and 4P,/dx, = ~Py/B at x, = t 
‘where P, is the polarization value at the film boundaries and 
8 is the extrapolation length. The polarization suppression 
(enhancement) near the film surfaces is described by posi- 
tive (negative) values of the extrapolation length. In a weakly 
conducting ferroelectric, such as BaTiO, or PbTiO, the inner 
polarization charges p = —dP,/dx, are largely compensated 
by charge carriers so that the associated depolarizing field 
should be negligible. In this case, the spatial scale of polariza 
tion variations is determined by the ferroelectric correlation 
length &= gu/frs| of a strained film, and the strength of 
the intrinsic size effect is governed by the ratio &*/[3|. (Here 
gu and @%(u,,) are the coefficients of the gradient term and 
the renormalized second-order polarization term in the free 
energy expansion, respectively.) 

‘The numerical calculations demonstrate that the polarization 
suppression in the surface layers reduces the temperature T. of 
ferroelectric transition at a given misfit strain u,. This reduction, 
however, is significant only in ultrathin films with thicknesses 
about a few £*(T = 0). Below the transition temperature T.(u,), 
the mean polarization reduces with decreasing film thickness 
and vanishes at a critical thickness f, = £* (Zembilgotov et al. 
2002). Thus, the intrinsic surface effect may lead to a size- 
induced ferroelectric to paraelectric transformation. 

Since the discussed thermodynamic theory is a continuum 
theory, it is valid only when the characteristic length & of the 
polarization variations is larger than the interatomic distances. 
In the case of a negligible depolarizing field, this condition is 
satisfied at least near the transition temperature T, because the 
coefficient a} goes to zero at this temperature (Pertsev etal 
1998). The situation, however, changes dramatically ina perfectly 
insulating ferroelectric, where the uncompensated polarization 
charges p = ~div P inside the film create a nonzero depolatiz 
ing field (Kretschmer and Binder 1979, Tagantsev et al. 2008) 
‘The characteristic length of polarization variations becomes 


which, in contrast to &', does not 
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increase significantly near T.. Since &} ~0.1nm only, the con- 
tinuum approach based on the concept of extrapolation length 
cannot be used to describe the surface effect in perfectly insulat- 
ing perovskite ferroelectrics (Tagantsev et al. 2008). 

In the latter case, however, the ferroelectric film may be 
assumed to be homogeneously polarized in the thickness direc- 
tion, and the intrinsic size effect can be described with the aid of 
a phenomenological approach as well (Tagantsev et al. 2008). To 
that end, the film free energy is written as the sum of the “bulk” 
and “surface” contributions, each represented by a polynomial in 
terms of ferroelectric polarization. In general, the surface contri- 
bution should involve not only the even-power terms, but aso the 
odd: power terms, because the surface breaks the inversion sym- 
metry of the ferroelectric (Levanyuk and Sigov 1988, Bratkovsky 
and Levanyuk 2005). However, when the film-electrode inter- 
faces are identical, the linear term vanishes and the surface energy 
can be approximated by a quadratic polarization term. The coef- 
ficient of this term may be evaluated from the comparison of the 
phenomenological theory with the results of first-principles cal- 
culations performed for ultrathin ferroelectric films. For BaTiO, 
capacitors with SrRuO, electrodes, this procedure reveals that the 
surface energy is positive (Tagantsev et al. 2008), which implies 
the polarization suppression at the interfaces. 

In other metal/ferroelectric/metal heterostructures, how- 
ever, polarization could be enhanced near the interfaces. Such 
enhancement was demonstrated by the first-principles-based 
calculations performed for ultrathin PbTiO, and BaTiO, films 
(Ghosez and Rabe 2000, Lai et al. 2005). The short-range inter- 
actions between the film and electrodes must be also taken into 
account to prove that this effect exists in ferroelectric capacitors 
as well. The importance of ionic displacements in the boundary 
layers of SrRuO, electrodes for the stabilization of ferroelectric 
ity in ultrathin films was revealed by the first-principles investi 
gations (Sai etal. 2005, Gerra etal. 2006), 


6.6 Future Perspective 


When the thickness of the ferroelectric layer ina biased capacitor 
becomes as small as a few nanometers, the quantum mechanical 
electron tunneling across the insulating barrier should become 
significant (Kohlstedt etal. 2005b, Zhuravlev et al. 2005) Since 
the tunnel current exponentially depends on the barrier thick: 
ness, the crossover from a capacitor to a tunel junction takes 
place near some threshold thickness. The presence of spontane- 
ous polarization in a ferroelectric barrier and its piezoelectric 
properties are expected to make the current-voltage (/-V) char- 
acteristic ofa ferroelectric tunnel junction (FT)) very different 
from those of conventional tunnel junctions involving nonpolar 
dielectrics (Kohlstedt etal. 2005b and Rodriguez Contreras 2004). 
‘Theoretically, the junction conductance can change strongly after 
the polarization reversal inthe barrier so thatthe FT}s ae prom- 
ising for the memory storage with nondestructive readout. For 
the memory applications, asymmetric FTJs with dissimilar elec 
trodes seem to be preferable since such junctions should exhibit 
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much larger conductance on/off ratios (Kohlstedt et al. 2005b, 
‘Zhuravlev et al. 2005a). This feature is due to the fact that here the 
mean barrier height changes after the polarization reversal by the 
amount Ad = ePs(t)(cch cq)» where cy, and ¢,, are the capaci- 
tances of two electrodes and eis the electron charge. 

“The ferroelectric tunnel barrier may also be combined with 
ferromagnetic electrodes. For such a multferroic tunnel junction 
(MET), new functionalities may be expected since the tunnel- 
ing probability becomes different for the spin-up and spin-down 
electrons owing to the exchange splitting of electronic bands in 
ferromagnetic electrodes. In particular, Zhuravlev et al. proposed 
a new spintronic device, where an electric current is injected 
froma diluted magnetic semiconductor through the ferroelectric 
barrier to a normal (nonmagnetic) semiconductor (Zhuravlev 
et al. 20056). Their theoretical calculations indicated that the 
switching of ferroelectric polarization in the barrier may change 
the spin polarization of the injected current markedly, which 
provides a two-state electrical control ofthe device performance. 

‘When both electrodes are ferromagnetic, the tunnel current 
becomes dependent on the mutual orientation of the electrode 
magnetizations. This phenomenon, which is termed tunneling 
‘magnetoresistance (TMR), is important for the applications in 
spin-electronic devices such as magnetic sensors and magnetic 
random-access memories. Since the TMR ratio depends not only 
‘on the properties of ferromagnetic electrodes, but also on the 
barrier characteristics (Slonczewski 1989), it may be sensitive 
to the orientation of the ferroelectric polarization in the MFT]. 
‘This supposition was confirmed by the theoretical calculations 
performed for junctions involving two magnetic semiconduc- 
tor electrodes (Zhuravlev et al. 2003b). It was shown that, under 
certain conditions, the MFT] works as a device that allows the 
switching of TMR between positive and negative values. 

‘The experimental realization of ferroelectric and multifer- 
roic tunnel junctions, however, is a task with many obstacles 
because it requires the fabrication of ultrathin films retaining 
pronounced ferroelectric properties at a thickness of only a few 
unit cells. Moreover, the ferroelectric state with a nonzero net 
polarization must be stable at such a small thickness and switch- 
able by a moderate external voltage. In our opinion, reliable FTJs 
showing resistive switching in the tunneling regime have not 
been fabricated yet, despite several attempts made in this direc- 
tion (Rodriguez et al. 2003b, Gajek et al. 2007). The observation 
‘ofa hysteretic IV curve or resistance jumps after short-voltage 
pulses alone is not sufficient to prove the existence of an FTJ 
(Kohistedt et al. 2008). Hysteretic -V curves were also measured 
for nonferroelectric LaSr,Mn, ,0,/S*Ti0,/LaSr,Mn,_,0, tun- 
nel junctions and explained by other effects (Sun 2001). Further 
experiments are necessary to demonstrate the functioning of 
FTJs unambiguously 

In case the above challenges will be overcome in the future, 
‘a number of new exciting opportunities for technological appli- 
cations and interesting physical phenomena are anticipated. 
Figure 6.21 summarizes the variety of novel functional oxide 
‘tunnel junctions. Here, the Josephson tunnel junctions with 
a ferroelectric or multiferroic barrier are included as well. The 
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Variety of tunnel junctions 
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FIGURE6.21 A200" of novel tunnel junctions involving multifanc- 
tional tunnel barriers and electrodes of various type. 


influence of a ferroic tunnel barrier on the Cooper pair and 
quasiparticle tunneling might lead to interesting new physics. 
Besides oxide materials, ferroelectric polymers such as PVDF 
and P(VDE-TrFE) (Xu 1991, Bune et al. 1998) can be incorpo- 
rated in low-temperature superconducting Josephson junctions 
leg, Nb/AL-AlO,-P(VDP-TrFE)/Nb] (Huggins and Gurvitch 
1985) and in magnetic tunnel junctions leg, Co,Fe,./AIO,- 
P(VDF-TrFE)/Ni,gFes] (Moodera et al. 1995). In principle, one 
would expect the appearance of physical effects similar to those 
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FIGURE 6.22 Low-temperature superconducting Josephson june 
tions a) and magnetic tunnel junctions (b) with the AIO, ferroelectric 
polymer composite barriers, 
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described above for entirely oxide tunnel junctions. On the other 
hand, metallic (Josephson and magnetic) tunnel junctions are 
more reliable than oxide ones, and, in addition, ultrathin PVDF. 
films are compatible with AIO, so that composite ferroelectric: 
oxide barriers can be fabricated. The possible structures of super- 
conducting and magnetic metallic tunnel junctions involving 
PVDF are shown schematically in Figure 6.22. 

In conclusion of this section, it should be noted that in addi- 
tion to the planar metal/ferroelectric/metal multilayers dis 
cussed above, heterostructures of other geometries may be useful 
for certain applications in nanoelectronics and may even dis- 
play specific physical properties. Remarkably, one-dimensional 
structures in the form of ferroelectric nanowires (Urban et al. 
2003) and nanotubes with inner and outer electrodes (Alexe etl. 
2006) have been successfully fabricated. Ferroelectric quantum 
dots are of great interest as well, in particular, for electro-optical 
devices (Ye et al. 2000). 


6.7 Summary and Outlook 


‘The overview presented in this chapter demonstrates impressive 
achievements in the deposition, characterization, and theoreti 
cal description of nanoscale ferroelectric films and heterostruc- 
tures. Remarkably, capacitors involving only a few nanometers 
of perovskite ferroelectrics were successfully fabricated, display- 
ing a high remanent polarization. Several advanced analytical 
tools are now available, showing that high structural quality and 
sharp interfaces can be retained even in nanoscale capacitors. 
‘The basic physical effects in ferroelectric thin films, such as the 
strain and depolarizing-field effects, are already well under. 
stood theoretically, and the influence of short-range interactions 
at the ferroelectric-metal interfaces is intensively studied by 
first-principles calculations. Thus, all three constituents of the 
research triangle shown in Figure 6.1 are functioning effectively, 
which promises new advances in the physics of nanoscale ferro- 
electrics and their device applications in the near future, 
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7.1 Introduction 


Ithas been known since the 1960s (De Gennes and Guyon 1963) 
that charge carriers emitted from a superconductor can propagate 
in a non-superconducting medium, provided that the electron 
"wave functions ofthe two electrons originating from the supercon- 
ductor (the so-called Cooper pairs) keep their correlation during 
their diffusion outside the superconductor. This process requires 
the absence of defects in the propagating medium that break time- 
reversal symmetry, such as magnetic impurities. These correlated 
«electrons form an evanescent state that “bleeds” from the super: 
conductors into the non- superconducting electrode on mesoscopic 
distances. ‘The physics of these evanescent states, known as the 
“superconducting proximity effect” depends on many parameters 
(the coherence length of the superconductor, the contact barrier at 
the interface, the temperature, the electron diffusion length, et.) 
It appeared then possible to sever a superconducting electrode 
with non-superconducting elements (a narrow constriction, a 
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normal metal, a thin insulating barrier, known as “weak links”) 
while keeping a supercurrent flow. As tunneling processes are 
known to depend exponentially on the thickness of oxide barriers, 
controlling the structure and the geometry of weak links down to 
the atomic scale appears to be of capital importance if one wants 
to get reproducible devices. Therefore, improving the miniatur- 
ization and the crystalline quality of these weak links was clearly 
identified as a critical issue. Among the possible candidates are 
sp-hybridized carbon nanostructures (ie, graphenes, carbon 
nanotubes [CNTS], or fullerenes), which, among other advantages, 
offer good control of the crystallinity and provide ideal media to 
control a supercurrent flow. Quantum confinement of electronic 
states within the carbon nanostructure generates sharp variations 
of the electronic density of states. Tuning the weak link chemical 
potential with an electrostatic gate allows to adjust the weak link 
transparency. 

‘The purpose of this chapter is to propose a basic overview 
of the principles that govern the physics of these carbon based 
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devices and illustrate them by presenting experimental dem- 
onstrations and some applications. 


7.2 Superconducting Transport 
through a Weak Link 


7.2.1 Density of Electronic States 
in a Superconductor 
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7.2.2 Coherent Transport at a Normal/ 
Superconducting Interface 


At the interface between a normal metal (N) and a superconduc- 
tor (S),an electron at the Fermi level can nevertheless be converted 
into a Cooper pair with zero momentum if a hole (charge + ¢) is 
reflected with energy -€ and opposite momentum, conserving 
the charge, energy, and momentum. The reflected hole acquires 
an additional phase factor @, the order parameter phase. This 
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FIGURE7.1 (a) Density ofstateof superconducting electrode:all the 
clectrons are in the ground state wave function at the chemical poten- 
tial u. (b) Schematics depicting the Andreev reflection. Describing 
coherent transport at a normal/superconducting interface below the 
gap. An electron (e) impinging the interface between a normal conduc- 
tor (N) and a superconductor ($) produces a Cooper pair (CP, oval) in 
the top superconducting electrode and a retro-reflected hole (h) in the 
normal conductor. Vertical arrows indicate the spin band occupied by 
ceach particle 


conversion of an electron-hole pair into a Cooper pair isa process 
known as the Andreev reflection (Figure 7.1b). It dominates the 
charge transport at ow bias through the interface. This Andreev 
reflection can lead to a supercurrent transport if correlated 
charge carriers are collected by a second superconductor placed 
in a series. The process is still effective at the interface between 
superconducting electrodes and nanoscale constriction, which we 
will refer to as a “weak link.” 


7.2.3 A Brief Introduction to the 
Josephson Effect 


‘The order parameter characterizing the superconducting state 
varies on a spatial scale equal to & = hvlA, where vis the Fermi 
velocity. The quantity , which is a measure of the size of Cooper, 
pairs, is called the coherence length. At the interface with an 
insulator, a metal, or a nano-object, the superconducting order 
parameter A(r) (its wave function) weakens gradually close to 
the interface on a characteristic scale, which is on the order of 
‘When two superconductors with phase p, and @, are separated 
bby a weak link (see Figure 7.2), they interact through direct tun. 
neling or by the Andreev reflection process presented in the pre 
vious paragraph. This sandwich structure is called a Josephson 
junction. It is dominated by the interaction energy between the 
‘two superconductors. In 1962, Brian Josephson predicted that 
due to the interaction between the two superconducting con- 
densates in close proximity, a non-superconducting nanostruc. 
ture can let flow a superconducting current J, the value of which 
<depends on the phase twist between the two condensates (Figure 
72) (Josephson 1962). Fora thin insulating tunnel barrier, he has 
shown that the current has the following form: 
T=1, sin(@s—9)). (72) 

This surprising prediction (Josephson 1962) was rapidly experi- 
mentally confirmed, leading to a new field in superconduct- 
ing electronics. Until the mid-1990s, such superconducting 
“weak Links” were either made of insulating barriers (the so-called 
Josephson tunnel junctions, at the origin of all the recent 
advances in superconducting Qubits), narrow diffusive metallic 
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FIGURE 7.2 Schematics ofa Josephson weak link. In this device, two 
superconducting electrodes, characterized by their phase @, and, are 
separated by a weak link (symbolized by a twisted solid). The supercon- 
ducting current I lowing through the weak link isa given function fof 
the “phase twist” ie, the phase difference @, ~ @,, This current-phase 
function f exhibits a 2n-periodicity and is highly non linear. It is the 
main characteristics of a Josephson weak link. 


Variants 


a formula for calculating the clock frequency 
from the resistor and capacitor values. The 4060B 
chip is an example. 
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Figure 13-5. A state diagram shows the transitions that a 
‘counter will make from each number to the next (in deci 
‘mal notation), including the transitions which enable itt 
exit from disallowed states. This example is for a 74HCIO2 
chip, 


Rising Edge and Falling Edge 
Acountermay be designed tobe triggered either 
by the rising edge or the falling edge of the clock 
input, or by its high or low logic state. Generally 
speaking, ripple counters use the falling edge, so 
that the final output from one counter can be- 
come the clock input of the next. In other words, 
when the most significant digit of the first 
counter changes from a high to low logic state, 
this transition toggles the least significant bit of 
the second counter. 


Synchronous counters generally use the rising 
edge of the clock input. if multiple synchronous 
counters are cascaded, they must all share the 
same clock signal, and will ll change their flip- 
flop states simultaneously. 


Multiple Stages 
Itis common fora counter chip to contain two or 
more stages with differing moduli. To takea com- 
mon example, a divide-by-2 stage and a divide- 


integrated circuit > digital > counter 
by-5 stage that are both present in a single chip 
can be used to create a decade counter by con- 
necting external pins. The extra stages providea 
choice of moduli if they are used individually, 


Single and Dual 
Counter chips may contain two counters of the 
same modulus. This is known as a dual counter. 
Dual 4-bit counter chips are common. Each 
counter can be used separately, or they can be 
cascaded, in which case the total modulus will be 
found by multiplying the individual moduli to- 
gether, 


High-State, Low-State, and 
Three-State 

Almost all counters use positive logic where a 1 
isrepresented by ahigh stateand 0 byalowstate, 
‘Some counters allow an additional output state 
which hasa high impedance ands equivalent to 
an open circuit. This feature is useful when two 
‘or more chips share the same output bus. It is 
discussed in the entry for shift registers in 
"Three-State Output” on page 126. 


Descending Output 
Most components only create an ascending 
count. The output can be converted to a de- 
scending count by passing each binary state 
through an inverter, but this will only work prop- 
erly if the modulus is equal to the number of 
states. Ina BCD counter, its inverted outputs will 
count from decimal 15 to decimal 6, not from 
decimal 9 to decimal 0. 


‘Afew counters are available which are designed 
to create a correct descending count. Other 
counters are available which allow the user to set 
the mode to ascending or descending. Examples 
are the 74x190 or 74x192 (where an acronym for 
the chip family will be substituted for the 
letter»). 


A descending output is useful in combination 
with a parallel input, where a user may set an in- 
itial value from which the counter will descend 
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‘or semiconducting wires, or point contacts inserted between 
bulk electrodes (Likharev 1979). The first realization of a balls. 

tic weak link with a limited number of conduction channels and 
controlled at the atomic scale came in 1997, with the measure- 
‘ment transport through gold atomic contacts in close vicinity of 
superconducting aluminum contacts (Scheer et al. 1997). In the 
last 5 years, it has been shown that carbon nanostructures can 
provide another class of weak links of good structural quality, for 
‘which strong quantum confinement offers gate tunability. 


7.2.4 Normal Electron Transport through 
an Atomic or Molecular Conductor 


‘At the atomic level, electron transport occurs by hopping 
through the atomic or molecular orbitals that are quantized 
in the case of a laterally confined nanostructure. They provide 
discrete conducting channels for electron transport (Imry and 
Landauer 1999), At the interface with a nanostructure, these con 
tributions are related to the overlaps between molecular orbitals 
and the electronic wave functions in the metal. The physics of 
this quantum transport follows the description of Rolf Landauer 
from the 1970s, which refers to treating incoming charge car- 
riers as plane waves traveling through “conduction channels” 
that are the eigen-modes for electronic propagation within the 
nanostructure. The electronic wave is partially transmitted and 
reflected at the interface. The theoretical work by Landauer and 
subsequently confirmed by numerous experiments have shown 
that the conductance of an electronic mesoscopic conductor is 
indeed divided into a discrete sum over all conduction channels 
i placed in parallel: 
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Each channel bears a quantized conductance G, called the quan. 
tum of conductance given by a ratio of two fundamental con- 
stants, G, = 2eh = (12.8kQ)". In practice, each conduction 
channel is partially coupled to the modes of the reservoirs. This 
induces a reduction of the conductance of a dimension-less pre- 
factor T, with 0 < T, < 1. The origin of these reduction factors is 
‘essentially of technologic origin and can be optimized by choos- 
ing the right interface materials as shown below. Nevertheless, 
even for a perfectly transmitting interface (T = 1), the normal 
transport through a nanoscale conductor is limited to a resistive 
transport of 12kQ per channel, the resistance being localized at 
the interface between the reservoir and the leads (see Figure 7.8a 
for an example) 

In the case of coupling to superconducting electrodes, the 
Landauer formula 7.3 is no more valid: itis possible to cancel 
this contact resistance and obtain a zero-resistance electron 
flow through an atomic-sized contacts. This simple observation 
might have important technical consequences in the future of 
nanoelectronics, for example, to limit heat dissipation in the 
case of the ultra-high density integration of nanodevices involv 
ing few conduction channels 
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7.2.5 Superconducting Transport 
through Andreev Bound States 


[As shown in Section 72.2, the microscopic transfer of charges at 
a superconducting interface arises by an electron-hole process 
known as the Andreev reflection. In a weak link, there are two 
normal/superconducting interfaces back-to-back (S/weak link 
and weak link). The two proximity effects on each side perco- 
Tate and give rise to a superconducting current flow through the 
\weak link. Furthermore, one has to consider the confinement in 
the weak link of the electron and holes created by the successive 
Andreev reflections at the interfaces: the electron and the holes 
remain spatially and energetically confined (Figure 7.3), thus 
defining a quantum well. The eigenstates of this well, the so-called 
Andreev bound states, require constructive interferences to prop- 
agate, The electron state, once converted into its hole conjugate, is 
converted back into the same electron state with the same quan- 
tum phase. This defines a quantization condition that depends on 
the phase difference between the superconductors: they shift the 
electron-hole Andreev wave function by their phase exp(iq). 

When no scattering occurs between the superconduc 
tors, there are two bound states per conductance channel 
with the energies E.=:tAcos(6/2). More realistically, in the 
presence of a finite transmission T,, their energies become 
zy ($72) (Goffman et al. 2000). At low tempera- 
tures, only the Andreev-bound state lowest in energy is occu- 
pied. The Josephson superconducting currents carried by the 
different channels add their contribution to each other and for 
the superconducting current give 
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This “current-phase” relation, linking the supercurrent I to the 
phase shift @ across the ballistic weak link is a characteristic of 
Andreev processes and more generally will be the fingerprint of 
any superconducting weak link (Golubov et al. 2004). From that 
last formula, one can see that the “critical” current I,, defined 
as the maximum supercurrent that can flow through the weak 
link with a length shorter than the superconducting coherence 
length, is quantized. Its maximum value is equal to 
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In the case of a nanodevice that can be modeled by N ballistic 
conduction channels placed in parallel, the quantum interfer 
ence of the Andreev electrons bouncing back and forth between 
the two S/N and N/S serial interfaces at the junction boundar- 
ies is also at the origin of resonance currents called “Multiples 
Andreev reflections” (Klapwijk et al. 1982), which occur at volt- 
ages below the superconducting gap A (see examples in Figure 
7.18). Due to resonating energy conditions they occur at bias 
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FIGURE 7.3 Top: Schematics depicting superconducting transport t 
clectrodes. An electron is reflected as a hole atthe interface with the le 
interface. The net result is a transfer of one Cooper pair through the SIN 
levels (n=8,-8). Left For a perfectly transmitted channel without scatter 
lower energy state isthe only occupied state at low temperature. 


voltages corresponding to the sub-harmonics of the supercon- 
ducting gap (I/n*(2A/e)), where 1 is an integer. These multiple 
Andreev Reflections, which position are independent of the 
‘weak link density of state but are strongly affected by scattering, 
will then provide the most convincing experimental signatures 
ofa ballistic weak link, 


7.2.6 Introduction to Low-Dimensional 
sp? Carbon Structures 


Low-dimensionalallotropes based on carbon nanostructures with 
sp*-hybridized bonds (Figure 74a), such as CNTs, graphenes, and 
fullerenes, have been extensively studied in the last decade (see 
appropriate chapters in the Handbook for immediate reference). 
‘Their exceptional electronic properties could provide alternative 
solutions in many fields of electronics including industrial appli- 
cations for logic. They also behave as ideal media for transmitting 
superconducting charge carriers for several reasons. 

First, they experimentally provide a quasi-perfect crystalline 
semiconducting lattice on a rather large scale length (typically 
a fraction of a micron, which corresponds to several thousands 
of C-C sp*-hybridized bonds in every direction). Second, the 
inertness and absence of dangling bonds on the carbon sur- 
face solves the problem of surface termination (passivation), 
which is usually found in almost all other systems including 
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through a normal weak link N sandwiched between two superconducting 
st superconductor and the hole is reflected back as an electron on the right, 
/S junction. Bottom: Phase dependence of the Andreev bound states energy 
ring potential (T,= 1). Right: Fora partially transmitted channel T,< 1, The 


all semiconductors candidates. This allow to make atomically 
clean edges and boundaries. This important feature enables the 
fabrication of reliable nanoscale metal/sp* carbon contacts with 
reproducible transparency. 


7.2.7 Gate Control of the Weak 
Link Transparency 


As we will detail in the following paragraph, the quantum confine- 
‘ment created by the low dimensionality of carbon nano-objects 
is at the origin of a sharp dependence of the electron density of 
states with the chemical potential of the weak link (Figure 7.4). 
‘The resulting Andreev bound states will then be directly affected 
by this confinement and will create gate-tunable “filters” for the 
coupling between the two superconducting electrodes (Figure 
74). In the superconducting state, a supercurrent will flow if an 
Andreev bound state is aligned with respect to the Fermi level of 
theleads as depicted in paragraph 7.2.5. A voltage V, applied on an 
electrostatic gate allows for a shift in the chemical potential of the 
‘weak link, which is equivalent to translating the confined energy 
levels (Figure 74b) with respect to the Fermi level of the leads. This 
‘will in turn tune the maximum superconducting current through 
the junction, thus implementing a “gate tunable Cooper pair fil- 
ter” In the following section, we provide details of the typical 
cases for the different types of nanocarbon structures considered. 
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FIGURE 7.4 (2) Crystalline structure of the three low-dimensional phases of sp* carbon allotropes (top), and its associated densities of states 
(bottom). Left: in Graphene, the two dimensional density of states is described by a set of two "Dirac” cones that intersect the Brillouin zone at 
points K and K”. These cones provide a linear gap-Less dispersion curve. Middle: Metallic single-walled carbon nanotube. The periodie boundary 
‘conditions generated by the rolled-up graphene sheet generate solutions symbolized by thick black lines. For selected chiral angles and diameter 
‘of the nanotube, these lines intersect the K and X” points ofthe Brillouin zone, leading to metallic nanotubes which behave as perfect ID chan. 

nels, Right: C60 and derivated fullerenes. The energy spectrum shows discrete states, whose postions could be derived through molecular orbitals 
(FIMO, left side) or density functional theory (DFT, right side of axis). The molecule shows a gap between the occupied and empty states of about 
eV. (b) “Semiconducting” representations of the energy levels ofa Superconductor/Nano-carbon/Superconductor junctions for two dimensional 
(left) and zero dimensional (right) weak links. The chemical potential of the weak link can be translated by adjustment of agate voltage V, which 
allows to tune the transmission of the Cooper pairs through the weak link, Left: For a2D junction (.., graphene-based weak links), the transport of 
‘Cooper pairs can either be transmitted by the valence or the conduction band, leading to an ambipolar semiconductor like transmission function 
At the charge neutrality point (position where the valence and conduction cones intersect, superconducting transport is minimal and is mediated 
through evanescent waves. Right: for a quantum dot junction (short nanotube junction or fullerene), superconducting transport occurs when 
4 single electron or single hole energy levels is aligned with the Fermi level of the electrode. Such discrete energy spectrum of the weak link acts 
4 tunable filter for superconducting transport and leads toa series of peaks inthe gate dependence of the maximum superconducting current. 
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7.3 Superconducting Transport 
in a Carbon Nanotube Weak Link 


7.3.1 Introduction to Carbon Nanotube Devices 


CNTs are cylinders of carbon of about one nanometer in diam: 
eter and up to several micron in length, which can be seen as a 
rolled-up sheet of sp carbon “graphene.” Their cylindrical shape 
and original 1D electronic structure (for a review, see Charlier 
et al. 2007) constitute the unique experimental realizations of a 
quasi-perfect 1D electronic system. 

Depending on the chiral angle of the crystalline direction 
with the cylinder axis, CNTs can exhibit either metallic or semi 
conducting properties. For the sake of simplicity, one assumes 
in the following that the nanotube is single-walled and is of a 
‘metallic variety (Figure 7.4) 

In practice, semiconducting nanotubes are so heavily doped 
by the metal contacting electrodes that they can also behave in 
a similar fashion, 

‘A metallic single-walled CNT has two channels of conduc 
tion electrons available for electron conduction. According to 
the Landauer Formula (see Equation 7.3), when perfectly con: 
nected to a normal state electrode, it has a resistance that equals 
the fundamental constant called resistance quantum /i/4e? = 
6.5K. Due to the mismatch of the electron orbitals in the 
nanotube and in the metal electrodes, the transmission is gen. 
erally not perfect. The result is equivalent to a tunnel barrier 
at the contact (T'< 1). This induces a probability of transmis 
sion between the electrode and the nanotube that can be less 
than unity. These two semi-transparent electronic junctions 
placed in a series are in all means reminiscent to what is occur- 
ring for photon beams in a “Fabry-Perot” cavity (Liang et al. 
2001) in which a photon is trapped between two semi-reflective 
mirrors. Such a cavity has internal resonating modes that cor- 
respond to stationary waves given by integer multiples of the 
half-wavelength and the resonating mode width (invert of the 
so-called finesse of the cavity) increases linearly with the mirror 


transparency. Similarly, the CNT junction behaves as a “quan: 
tum dot” that the gap between levels (normal modes) increases 
proportionally to 1/L where Lis the nanotube length. The width 
of the levels is proportional to the transmission of contacts. For 
a short nanotube junction, we obtain discrete levels when the 
nanotube is completely decoupled from the electrodes like the 
energy level of an isolated molecule (see the case of C60 Figure 
74a). These levels widen a bit when the quantum dot interacts 
with contacts. The position of the nanotube levels with respect 
to the energy level ofthe contacts can be adjusted by varying the 
electrostatic voltage applied to a gate electrode. The transmis. 

sion of electrons is maximal when the energy level of the quan: 

tum dot coincides with the contacts. It thus realizes a molecular 
transistor (Figure 79, eft) in which junction transparency can 
be periodically tuned with a voltage applied to the electrostatic 
gate (Figure 7.6) 


7.3.2 Experimental Realizations 
of Carbon Nanotube Weak Links 


Progress in the late 1990s in improving the contact of CNTs 
to superconducting electrodes showed that such junctions can 
exhibit superconducting fluctuations that can be gate controlled 
(Morpurgo et al. 1999) and that they can accommodate a super 

conducting current (Kasumoy et al. 1999). In 2006, it was then 
shown that such junctions behave as gate-controlled Josephson 
junctions (Jarillo-Herrero et al. 2006, Jorgensen et al. 2006). 
During this period, fabrication techniques have been opti 

mized to generate low-resistive contacts at the metal/sp* carbon 
interfaces. They required the use of specific metals for connec- 

tion such as titanium (Jarillo-Herrero et al. 2006) or palladium 
(Cleuziou et al. 2006, Javey et al. 2003) that both provide good 
wetting properties onto the sp? carbon layer and minimize the 
Schottky barrier that could arise from the differences of the 
electronic work functions at the metal/carbon interface. More 
subtle effects linked to the hybridization of the metal orbitals 
to sp? carbon (Nemec et al. 2006) could explain the differences 
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FIGURE 7.5 Micrographs made using a transmission electron microscope (TEM) of superconducting junctions, involving a carbon nanotube 
bundle, left and for a fullerene dimer formed by two C82 molecules in series, right. The weak links are free-standing over a slit and bridge 
superconducting electrodes deposited on a silicon membrane. This allows TEM imaging and electrical measurements on the same samples. (After 


Kasumoy, AY. etal, Science, 284, 1508, 1999. With permission.) 
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FIGURE7.6 Top schematic of electron transport through a “defect-Less 
‘earbon nanotube contacted with two metallic electrodes. Electron trans- 
‘port is ballistic along the nanotube: the voltage drop V =H, ~ His occur- 
ring atthe metal/nanotube contacts which aet as tunnel barriers partially 
transmitting the electron. Bottom: For low resistance barrier contacts, 
the device act asa Fabry-Perot interferometer in which standing electron 
‘waves are separated by the energy difference AE = hyj/2L. 


of interface resistances that have been reproducibly observed 
between these different metals (see Figure 77). 

While not superconducting by itself, the Pa or Ti interfacing 
layer is made thin enough (a few nanometers) so that it lets the 
superconductivity induced by a covering top layer made of alumi- 
‘num (Jarillo-Herrero etal. 2006) or niobium (Pallecchi etal. 2008) 
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establish through the whole sandwich by the proximity effect, 
Using those materials, high transparency contacts with almost 
transparency T close to unity (Javey etal. 2003) can be reproducibly 
achieved by metal evaporation thus placing connected nanotube 
junctions in the high coupling limit (Liang et al. 2001). Advances 
in synthesis methods of nanotubes (in stu grown by CVD), which 
allow nanotubes to be connected during their growth onto plati 
‘num contacts (Cao et al. 2005) are another promising fabrication 
route. This ast method makes clean suspended nanotubejunctions, 
‘which in the near future could make possible the coupling of nano- 
‘mechanical vibration modes to superconducting charge transport, 
ashas been recently observed with normal charge carriers, y using 
non-superconducting metal electrodes as contacts (Lassagne et al 
2009, Steele et al. 2008), 


7.3.3 Nanotube Quantum Dot Connected 
to Superconducting Electrodes 


Ina 


NT weak link, the device considered is a portion of a 
nanotube with a length L connected by the two superconduct- 
ing contacts (see Figure 7.8). 

‘At one dimension, a defect along the channel cannot be over- 
come by the diffusion of the incoming electrons like it occurs in a 
2D or 3D system. Therefore, the slightest defect along the nanotube 
generates back scattering which cancel the transmission of asuper- 
current by Andreev bound states. Itis then extremely important to 
realize the injection of Cooper pairsin a perfectly clean system. The 
nanotube portion length L is usually chosen not to exceed 300nm 
in order to limit the occurrence of these structural defects. In such 
case, a ballistic transport is reached (ie. the voltage drop is local- 
ized at the contacts, see the top of Figure 76). The sub-micron 
length and nanometer diameter of the nanotube junction makes 
the intrinsic capacitance C of the junction very small, creating a 
oulomb blockade effect (Beenakker and van Houten 1992), 
‘A charging energy /2C contributes to their energy and adds o the 
kinetic energy which leads to the Andreev bound states becoming 


Lom) 


FIGURE 7.7 _ Left: Cross section showing the charge density redistribution at a metal/carbon nanotube interface for Palladium (a) and Titanium 
contacts (b). These results are obtained using an ab-initio density functional theory. The titanium contact show a much stronger hybridization 


‘with the carbon surface compared to Palladium, Right: Contact reflection coefficient r= 


¢, (here fis contact transmission) asa function of the 


contact length L., the transparency first increases lineasly with the contact length then saturates at a constant value independent on the contact 
length. Their results shows thatthe optimal metal/carbon interface transparency is obtained for acontact combining low hybridization with alarge 
contact length. (Adapted from Nemec, N. etal, Phys. Rev. Lett, 96, 076802, 2006. With permission.) 
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FIGURE7.8 Schematic diagram of a carbon nanotube superconducting transistor. The contacting electrodes are made ofa bilayer of aluminum 
(for the source of superconductivity) and underlayer of few nanometer thick film either made of palladium or titanium to increase contact trans- 
pparency. These latter materials are knoven for their good contact abilities on sp* carbon layers (see Figure 7.7). The highly doped silicon substrate is 


connected to a voltage source V, and is used asa “backgate” electrode. 


Bay = (41m) thiek, 76) 


where m, is the gate-induced charge on the nanotube [n, = 
G,Vilek electrostatic degeneracy between charge states occurs at 
zero gate bias. 

‘The wavevector kis quantized by the Andreev boundary con 
dition at the superconducting interfaces in multiples of 1/L. In 
the presence of the Coulomb repulsion in the Quantum dot, 
the Andreev bound states described in Section 7.2.5 split their 
energy in a sum of the charging energy term and the confine- 
‘ment energy term, which for the electron states give 


é 2 z 
B= Z0-n) + 22+ ¥ln 0 77) 
and for hole states 
e 2, fiveT 
Balt nF SEO + yal) 78) 


here Vj (11y9) is a gate-dependent phase. In most experiments, 
the charging energy e/C and quantization energies are of the 
same order of magnitude (typically 1-10 meV). The eigenstates 
are then mixed states of charge and Andreev bound states. 
Close to a degeneracy point (n,=1/2), the CNT Andreev bound 
states become resonant with the Fermi level of the leads, thus 
maximizing the supercurrent flow. As this energy separation 
can be tuned by applying a gate voltage V, to the nanotube, 
wwe are able to tune the maximum supercurrent (referred to as 
“switching current”) with the gate voltage 

‘The gate dependence ofthis last quantity is then periodic (see 
Figure 79, left) and directly reflects the conductance variations 
observed in the normal state (linked to the Fabry-Perot-like 
‘oscillations described in the previous paragraph). By varying the 


electrostatic voltage V, applied to the nanotube, it is possible to 
shift the position of these energy levels relative to the energy levels 
of the electrons in superconducting contacts (Figure 7.4b, right) 

When levels coincide, the maximum supercurrent that can pass 
before obtaining a resistive state (called “current jump") reaches 
its maximum. On the opposite, if Andreev bound states spec 
tral weight decrease due to levels misalignment, the current will 
then be minimal. It has been shown (Cleuziou 2006) that even 
in the case of abscence of Andreev bound states, tiny supercur- 
rent (of the order of tens of pico-amperes) can be maintained 
through the CNT probably due to higher order cotunneling pro- 
cesses. Ithas been experimentally shown by Jarillo-Herrero etal 

(2006) that the maximum superconducting current can indeed 
be controlled by the gate voltage (Figure 79) 

“Therefore, such CNT junctions implement superconducting, 
transistors for which the switching current can be tuned with 
the gate voltage over a large dynamic range (typically up to 2-3, 
orders of magnitude, depending on the coupling; see Figure 79 
right). The current-voltage curves show some marked hysteresis 
especially in the off-state. The origin of this hysteresis (Gang 
et al. 2009), which is usually attributed to the existence of a 
capacitance in parallel with the junction for tunnel weak links 
(Barone and Paterno 1982), is still debated in the case of these 
carbon weak links in which the capacitance is extremely small 
Hysteresis could rather be associated with the Joule dissipation 
that occurs in the weak link after switching to the normal state 
as it has been recently observed in metallic junctions (Courtois 
et al. 2008). Heat dissipation within the tiny volume of the junc 
tion could delay the re-trapping of the weak link in the super- 
conducting state once the current bias is decreased. This occurs 
especially when the nanotube is in the high resistance state (Off 
State, see Figure 79). 

“The maximum superconducting current that can be carried. 
by a single-walled CNT is given by Equation 7.5 and is equal 
to 2A/h ~ 30nA for the two conducting channels of a metallic 
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FIGURE7.9 


Electron transport through a transparent carbon nanotube junction as function ofthe gate-voltage V, Top left: (a) Gate modulation of 


the nanotube conductivity d1/AV at zero bias in the normal tate. (b) Map ofthe conductivity for current bias I At esonance, the nanotube conductance 


is lose to the theoretical maximum 4e"/r thus corresponds to the high transps 
the strong hybridization of the nanotube levels with the contacting leads. () D 
state, Darkest zones around zero bias corresponds to the supercurrent flow w 


arency limit (¢~ 1). Gate oscillations are broadly distributed in gate due to 
ifferentil resistivity dV/dl versus current and V, in the superconducting 
hich are occurring to the same gate voltages as the high conducting state 


for non-superconducting electrodes. Right column: Voltage-Current characteristics of a carbon nanotube superconducting transistor measured at low 
temperature, showing 2 modulation ofthe superconducting current for gate voltage corresponding respectively to the on and off state (depicted by the 


‘white dotted lines on the resistance map shown in lef) The off-state show as 


single-walled CNT connected to Aluminum electrode. In early 
experiments, measured switching currents were of a few nano- 
amperes, typically 10%-20% of the expected value. The discrep- 
ancy between the predicted and the observed values have been 
attributed to the sensitivity of the superconducting current to 
external perturbations, such as micro-wave photons emitted by 
thermal fluctuations and traveling along the lines. A better con- 
trol ofthe electromagnetic environment by using LC and RC fil- 
tering on the measurement lines (Jarillo-Herrero etal. 2006) and 
by implementing locally dissipative elements, such as on-chip 
resistors close to the nanotube junctions (Jorgensen et al. 2007), 
thas proven to be helpful to stabilize the superconducting current 
and increase the measured value of the switching current. 


7.3.4 High-Frequency Irradiation 
of Nanotube Weak Links 


According to what isknownas the AC Josephson Effect, the phase 
‘twist across the weak links varies in time at the frequency given 
by the characteristic frequency of the coupling. Upon irradia- 
tion with radio frequency (RF) electromagnetic waves (Barone 
and Paterno 1982), superconducting weak links are known to 


trong hysteresis which completely vanished in the on-state. 


develop a series of voltages steps that are so precisely positioned 
that they are used to define the voltage standards (Hamilton 
2000). In the case of the irradiation of asingle quantum channel, 
a peculiar behavior is expected for the RF-irradiated Andreev 
states (Averin and Bardas 1995). 

Experimental measurements (Cleuziou et al. 2007) showed 
that the voltage steps across the nanotube weak link follow a 
completely different behavior upon the RF irradiation power 
depending on if the nanotube is placed either in the “on” or 
“off” state (see Figure 7.10). This behavior appears to be linked 
to the existence of the hysteresis found in the direct current 
(DO) measurements (Figure 7.9) and is discussed in the previous 
paragraph. They have been associated with the change of dissi- 
pation (Liu etal. 2009) that occurs when the nanotube levels are 
aligned or misaligned with the level of the leads. The RF proper- 
ties of the superconducting carbon-based junction is expected to 
be very interesting principally because of their tiny size, which 
induces an extremely low intrinsic capacitance C, thus leading 
to extremely high cut-off frequencies (RC)! that could exceed 
tens of GHz (Burke 2004). The coupling of these weak links to 
superconducting resonators will allow for the assessment of 
their additional RF properties in the near future. 
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FIGURE 7.10 Carbon nanotube superconducting transistor behavior upon radio-frequency (RF) irradiation in the on and off state (respectively 


shown in the left and right columns). Top curves: Voltage current characteristics at several RE amplitudes showing the typical constant voltage 


steps, known as "Shapiro steps.” Hysteresis in these steps is seen on the “on’ state and vanishes in the “ofl” state. Middle panels: differential resis 


tance dV/ill maps for increasing RF power showing a diferent behavior in the off and on state. Bottom panels: Numerical simulation of the data of 


the middle panels using the RS} (resp. RCS) non linear model for the on (esp. off) states. 


7.4 Nanotube-Based Superconducting 
Quantum Interferometers 


74.1 Quantum Interference with 
Single Nanotube Weak Links 


An interferometer is an apparatus that measures the phase dif- 
ferences between two wave components. Interferometers work 
by splitting a wave into two components, sending them off along 
different paths, and then recombining them to record an inter- 
ference pattern. The pattern is dependent on the phase differ- 
cence arising from changes in the conditions along their paths. 
‘A superconducting interferometer (referred to by its acronym 
“DC-SQUID” [Clarke and Braginski 2004], which stands for 
direct current superconducting quantum interferometer device) 
achieves a kind of “Young slits” experiment with Cooper pairs, 
the slit being implemented by 2 weak links placed in parallel. 

‘The coherence of the photon beam is provided here by the 
coherence of the Cooper pair supercurrent. Such a device was 
first implemented in the 1960s by using oxide-based tunnel weak 
links (Jaklevic et al. 1964), which rapidly became ubiquitous in 
the field of superconducting electronics: SQUIDs have been suc- 
cessfully used as ultra-sensitive magnetometersas well as ampli- 
fiers of low-level signals and low-impedance sources (Clarke and 
Braginski 2004), 


‘The main feature of this device is that the maximum super- 
conducting current can be periodically modulated by a tiny 
magnetic flux threaded by the loop, with a period equal to the 
flux quantum 6, h/2e (Figure 7.11, right). We briefly recall in the 
next paragraph the principle of operation of a DC-SQUID. 

‘The two currents circulating in each weak link interfere with 
each other and each weak link induces a phase shift Ad, accord- 
ing to Equation 7.2. 

“The total supercurrent is therefore written as the sum of two 
currents flowing in each branch. 

Ifone assumes a sinusoidal current-phase relation, one obtains 


In 


[4 sin(Ad,)+ I sin(Ad,). (79) 


Furthermore, an additional controlled phase (analogous to a 
geometric phase) can be introduced by applying a magnetic flux 
‘®,,, through the loop formed by the two weak link branches. 
Because of the uniqueness ofthe superconducting wave function, 
‘® 4, couples the phase shifts induced by each of these junctions 
in the two branches 


a Sa) = Ap,— Ad, (mod.2n), (710) 


In practice, the SQUID is current-biased and one measures the max- 
imum superconducting current before the onset of a finite voltage 
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FIGURE 7.11 Schematic diagram of a superconducting quantum 
interferometer (SQUID) based on carbon nanotube weak links (top) 
aligned with an atomic force micrograph of areal device. (Adapted from 
‘Cleusiou, J-P. etal, Nat. Nanotechnol, 1, 53, 2006.) Thanks to a pect- 
liar fork geometry design, the weak links in each branch can be made of 
two portions of the same carbon nanotube generating two independent 
‘quantum dots. The phase shift between the two currents lowing in each 
arm (white arrows) is adjusted by the magnetic flux F threaded by the 
loop. The two electrodes, Gl and G2 allow the application of locally 
addressed gate voltages which tune independently the transparency of 
‘each portion of the nanotube according to the principles of the carbon 
nanotube junctions shown above, 


across the device. This switching current is directly related to the 
critical current of the SQUID, which can be obtained by computing 
the maximum value ofthe solutions of Equations 79 and 7.10. 


fe nla) 4+ lala cos? ( Ha) 


Due to thermal or quantum fluctuations of the phase across the 
‘weak links, the measured switching current does not reach that 
critical value /, but its magnetic flux dependence still follows the 
relation in Equation 7.11. The quantum interference, therefore, 
produces periodic oscillations of the current as a function of 
external magnetic flux, analogous to the bright fringes observed 
in an experiment of Young's slit and whose period is equal to the 
flux quantum h/2e 

‘At the nanometer scale, a single CNT can be used to imple- 
‘ment the two weak links that are placed on both arms of the 
interferometer by using a forked geometry (Figure 7.11) 

‘The two branches implement two nanotube quantum dots; 
their behavior has been detailed in Section 7.33. It is therefore 
possible to modulate the quantum interference by independently 
adjusting the intensity of coupling in each quantum dot (see the 
three limit cases in Figure 7.12). Such electrostatic control of a 
DC-SQUID is extremely useful, both to optimize its operation 
and its coupling to local magnetic fields to study the detailed 


(an) 


bab 


physics of the molecular Josephson junction. More generally, 
it is an experimental model system for the study of the varia- 
tion of the phase of charge carriers across a quantum dot. Many 
physical phenomena such as an equal number of electrons in the 
nanotube (including those related to interactions between the 
spins of electrons) have been predicted and may now be studied. 

‘The integration of these nanotubes between superconducting. 
electrodes opens the way for the realization of superconducting 
circuits operating at radio frequencies, particularly useful to 
follow the time evolution of magnetization of individual nano- 
objects. They could afford to explore how quantum states of 
‘magnetization of a molecule magnet can couple to those gener- 
ated in a superconducting circuit (which are the basis of super- 
conducting quantum bits). 


7.4.2 Tunability of the Phase Shift 
across Nanotube Weak Links 


For an odd electron number of charge sitting on the nanotube, 
a CNT weak link can behave as a quantum dot that has a non- 
zero spin state. It thus behaves as a “spin impurity” seen from 
the superconducting electrodes. Quantum dots populated with 
a odd number of electrons are prone to an additional electronic 
resonance called the Kondo Effect (Kouwenhoven and Glazman 
2001). This resonance originates from the tendency of conduc 
tion electrons to screen the nonzero spin states of the quantum. 
dot in a similar fashion as it occurs in a 3D metal, which con- 
tains a low level of magnetic impurities. This screening current 
adds to the usual conduction channel of the quantum dot and 
generates a conduction channel at zero bias, which bypasses the 
Coulomb blockade regime (Nygard et al. 2000). In the supercon- 
ducting state, the nonzero spin tunneling induces higher order 
electron transfers events (Buitelaar et al. 2002) that allow the 
flipping of both spins of the Cooper pair during the tunneling 
through the nanotube. This amounts to changing the sign of the 
Cooper pair wave function. As can be seen in Equation 7.1, a 
change of sign in this wave function is equivalent toa phase shift 
of min the superconducting phase. 

Such an effect, in which the minimum energy state of one of 
the Josephson junctions (the so-called junction) is obtained for 
a phase difference of t instead of 0, has been the focus of intense 
studies. Reminiscent of ferromagnetic impurities in a Josephson 
junction, it was predicted some 20 years ago (Glazman and 
Matveev 1989) that a reverse Josephson current would take place 
in a junction involving tunneling through a quantum dot popu- 
lated with an odd number of electrons. For a strong Kondo effect 
(Figure 7.2), the Josephson coupling is expected to be positive 
(0-junction) since the localized spin is screened due to the Kondo 
effect. On the other hand, for a weak Kondo effect, the large on- 
site interaction only allows the electrons in a Cooper pair to tun- 
nel one-by-one via virtual processes in which the spin ordering of 
the Cooper pair is reversed, leading to a negative Josephson cou- 
pling (r-junction) and hence a reversed supercurrent. Controlling 
the phase-shift across a nanotube weak link can be achieved by 
tuning the charge induced on the weak link (see Figure 7.13) 
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FIGURE 7.12 Top: Schematics of three typical working points of a carbon nanotube SQUID, in case I, both junctions have a quantum level 
adjusted to the Fermi energy of the leads (on-resonance) and supercurrent can flow through the device. In II and ITI, one and two junctions 
are tuned off-resonance, respectively. Bottom let: Modulation of the conductance of the device in the normal state, Center: Modulation of the 
‘maximum superconducting current ofthe same device. The number refers to the three cases described above. (Adapted from Cleuziou, J-P. et al. 
Nat, Nanotechnol, 1,53, 2006. With permission.) 
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FIGURE 7.13 Gate control ofthe phase in carbon nanotube SQUID. Lefts magnetic field dependence of the maximum supercurrent in a nano: 
tube SQUID as a function for different lateral gate voltages V, the modulation can be tuned from an even (0-junction SQUID) to an odd (junction 
SQUID) curve. The modulation is highly non-sinusoidal between the two states (Right), Color scale representation of differential resistivity dV/dlasa 
function ofthe lateral gate voltages V,, and V,, showing the periodic switching between zero and x modulation, The dotted lines corresponds to voltage 
{gate range for which an odd number of electrons is in the quantum dot, Note that when both SQUID junctions has x modulation, the SQUID recovers 
normal (0) modulation. (Adapted from Cleuziou, J-P. et al, Nat. Nanotechnol 1, 53,2006. With permission.) 


‘ated circuit > digital > counter 


to 0. With suitable logic, this can enable a user- 
specified delay period. 


Programmable Counters 
‘A programmable counter can usually allow a 
modulus ranging from 2 to more than 10,000. 
The counter counts down by dividing an initial 
number repeatedly with a value that is preset 
with binary inputs. An exampleis the 40598 chip. 


Examples 
Many counter specifications date back to the 
4000 family of logic chips. Versions of them sub- 
sequently became available in the 74xx series, 
often with the old 4000 part number preceded 
by 74x (where x is replaced by a designation of 
the logic family). For example, a version of the 
4518B dual BCD chip can be obtained as the 
74HC4518, As is the case with all logic chips, this, 
part number will be preceded by letter(s) desig- 
nating the particular manufacturer, with a suffix 
added to differentiate minor variants of the chip. 
The 74x series has the advantage of higher 
speed and a greater ability to source or sink cur- 
rent at its output pins, 


Most of the original CMOS chips, such as the 
45188, are still available, even in surface-mount 
versions. These offer the possible advantage of 
being able to use a higher power supply voltage. 


Many counters offer multiple options such as dif- 
ferent modulus values that can be selected by 
external pin connections. Some chips are toler- 
ant of slow clock frequencies; others are not. 
Most are edge-triggered, but a few are level trig- 
gered. Some, such as the 45188 mentioned 
above,allowa choice ofa rising-edge clock input 
and falling-edge clockinputon different pins. For 
aspecificapplication, itis really necessary to read 
a variety of datasheets to select the chip that is 
most suitable. 


Values 


Asis the case with other logic chips, most coun- 
ters in the through-hole 74x series are intended 


for SVDC power supply while the older 4000 ser- 
ies may tolerate up to 18VDC. Surface-mount 
74x versions may use voltages as low as 2VDC. 


See the section on logic gates in Chapter 10 for 
a discussion of acceptable high and low logic- 
input states, On the output side, the 4000 series 
chips are able to source or sink less than ImA at 
SVDC, but the 74HCxx series can usually manage 
around 20mA. 


A few counters are capable of delivering more 
power through additional outputstagesthat can 
drive LEDs. The 4026B decade counters still be- 
ing manufactured, capable of powering modest 
7-segment displays. The 40338 has the addition- 
aloption of blanking any leading zeros ina multi- 
digit display. Other chips that were designed for 
direct connection to LED numerals have become 
obsolete as the need for this application has di- 
minished. The 74€925, 74C926, 74C927, and 
74C928 are examples. They may still be found 
from surplus outlets, but should not be specified 
in new circuit designs. 


What Can Go Wrong 


The entry that deals with problemsaffecting shift, 
registers (see "What Can Go Wrong” on page 
128), describes issues which also affect counters. 
The entry that deals with logic chips (see "What 
Can Go Wrong” on page 105), describes prob- 
lems affecting all types oflogicchips. In addition, 
the potential problems listed below are specific 
to counters. 


Lock-Out 

This is the condition which occurs if a counter 
witha shortened modulusis loaded with a binary 
state that is out of its range. Consult the data- 
sheet and study its state diagram to determine 
the mostlikely outcome if this problem occurs 


Asynchronous Artifacts 
Because the flip-flops in an asynchronous (rip- 
ple) counter do not change simultaneously, they 
create very brief false outputs while the ripple 
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7.4.3 Application of Nanotube Weak 
Links to Magnetometry 


SQUID-based magnetometry in the near field regime (ie., for 
the detection of fields emitted by source at the distance smaller 
than the SQUID loop radius) has been exploited for nearly 15 
years in the field of molecular magnetism (Wernsdorfer 2001). 
It is based on the inductive coupling of a nano-magnetic object, 
placed near aconstriction of the loop of a SQUID. A local change 
in flux, for example, induced by the magnetization reversal of a 
magnetic dipole in the vicinity of the loop (Wernsdorfer et al. 
1995) will be detected by a variation in the SQUID switching 
current. By recording these changes while sweeping the mag- 
netic field in direction and intensity, one can accurately study the 
physical conditions of magnetization switching of a nanoparticle 
or assembly of molecules. Therefore, itis possible to study the 
details of the dynamics of magnetization reversal on nano-mag- 
nets and highlight, in the case of molecular magnets, the exis- 
tence of a tunnel effect of this reversal (Wernsdorfer etal. 1997). 

‘The current system is limited in sensitivity and the threshold 
corresponds to the detection of a few thousands of elementary 
spins. The miniaturization of the most sensitive SQUID (super- 
conducting weak seal, represented here by the CNT) seems to be 
promising way of gaining sensitivity. 

‘The strong 1D geometrical form factor of CNT junctions 
combined with their tiny cross-section open some interesting 
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perspectives concerning the magnetometry at the nanometer 
scale, Indeed one can show that shrinking the cross-section of a 
‘weak link allows for the optimization of the inductive coupling 
between the loop of the SQUID magnetometer and a magnetic 
object sitting in close vicinity of the weak link (Bouchiat 2009), 
‘This inductive coupling factor is known to be proportional to 
the inverse of the weak link cross-section radius. Therefore, 
miniaturization of the weak link footprint is indeed necessary 
to match the size ofa single molecule magnet (see Figure 7.14) 

Noise measurements on practical devices (Cleuziou etal. 2006) 
have shown that the detection threshold in CNT magnetometers 
should allow measurements in the near field regime of magnetized 
nnano-objects of typically 10 Bohr magnetons, for example, strays 
emitted by a single molecular magnet (see Figure 7.14) The control 
and measurement of the magnetization of single molecular mag- 
net is indeed a promising way to implement spin Qubits, which 
are readily interfaced to coherent superconducting electronic cur- 
rents, The fact that nanotube SQUIDs can see their current gated 
within a large dynamic from 10nA down to picoampere critical 
currents (Cleuziou et al. 2006) (see Figure 7) is also a promis- 
ing feature. This could allow the limiting of the back-action of the 
‘measuring instrument to the evolving quantum spin, thus helping 
to preserve long coherence times. More generally, magnetometers 
based on these ultra-miniaturized weak links could provide new 
instrumentation set-ups, useful forthe building ofa spintronics at 
the molecular scale (Bogani and Wernsdorfer 2008) 
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FIGURE 7.14 Optimization of the inductive coupling of single molecule magnet to the nanotube superconducting junction. Top left: artist view 
of the grafting ofa single molecule magnet (here a “manganese-12° molecule) in close contact onto a carbon nanotube junction. Top right, cross 
section of the same assembly showing the stray feld emitted from the magnetic molecule, Bottom right: cross section ofa similar situation for the 
previous generation of weak links made of a nanowire with state-of-the art electron beam lithography. Bottom left: Simulation ofthe inductive cou- 
pling factor o. for the two cases shown in right as a function ofthe distance z between the centers of the two coupled objects: the black curve stand 
fora lithography-made nanobridge (r= 251m) while the curve (labelled 3) depicts the situation fora single-walled carbon nanotube (r= Inm).The 
nanotube based weak link which diameter matches the molecule size, better grab the stray field and thus increase the inductive coupling by two 
order of magnitude with respect to the weak link made by top doven lithography. The top straight line depicts the theoretical coupling limit 
(c= 1/2) which is almost reached with a carbon nanotube junction, 
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FIGURE 7.15 Chemical functionalization of carbon nanotube weak links for single molecule magnetism applications. Top left: Schematics 
showing the grafting of carbon nanotubes with organic molecules using pyrene group (inset) that specifically bind onto nanotube side walls by p-p 
interaction. (After Chen, Ret al, JL Am. Chem. Soc, 123, 3838, 2001.) Right: AFM topographic analysis of molecular magnet/nanotube hybrids. 
‘Top right: Height images of the same CNT acquired on repeating the grafting process: left one time, center four times, right ten times. Bottom 
ight: Section profile along the same CNTT before (black line) and after (gray line) multiple graftings of 1. Bottom left: Heights ofthe grafted objects. 
(Adapted from Bogani, Let al, Angew. Chem 48, 746, 2009) 


‘The full integration of magnetic molecules coupled with the nanotube side walls. Pyrene functionalized molecular magnets 
device is still to be made. This requires control of the binding have been shown (Bogani et al. 2009) to specifically bind in solu- 
of single magnetic molecules to the nanotube while preserv- tion ina rather controlled way onto nanotube junctions. 
ing its good conduction properties. Progress has been made in 
that direction by using chemically functionalized organic enti 
ties (Chen et al. 2001) that can mimic on a few cells, the gra- 
phitic honeycomb lattice (pyrene groups, see Figure 7.15), thus As shown above, CNT-based weak links offer the possibility of 
through n-1 interaction, they provide specific grafting alongthe realizing the controlled injection of Cooper pairs that travel as 


7.4.4 Application of Nanotube Weak 
Links to Quantum Information 


QD, QD, 


FIGURE7.16 Top left: Schematics of a carbon nanotube based Cooper pair splitter: the nanotube is coupled in its middle part toa voltage biased 
superconducting electrode (noted S) which injects Cooper pairs in the nanotube. The nanotube splits the current into two components which are 
collected by symmetrically positioned normal metal electrodes. Bottom let: Cross section ofthe same device. The two branches act as nanotube 
quantum dots noted QD, and QD, ina similarly geometry as previously presented nanotube SQUID. Right: schematics showing the two possible 
paths for the two correlated electrons that forms the Cooper pair which splits in the nanotube and travel in opposite directions. (Adapted from 


Bouchiat, V.et al, Nanotechnology, 14,77, 2003.) 
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correlated quasi-particles in a 1D or OD conductor. Many experi- 
ments taking advantage of splitting the quantum correlated charge 
carriers emitted from a superconducting electrode can be devised. 
‘They are mostly inspired from those already realized in quantum 
optics and propose to realize their fully-integrated solid-state 
counterparts involving Cooper pairs instead of correlated photon 
pairs. In Cooper pairs splitting experiment, an additional quan- 
‘tum degree of freedom is also provided by the spin of the electron. 

_Amonginteresting basic devicesis the nanotube-based Cooper 
pair beam splitter (Figure 7.16). It consists ofa single-walled CNT 
connected at both ends to normal state electrodes and coupled 
in its middle part to a superconducting nanowire. Such a device 
acts as an electronic beam splitter for correlated electrons origi- 
nating from the superconductor. Note that this geometry is very 
similar to the nanotube SQUID described in Section 74, but with 
the notable difference of having spatially separated normal-state 
“collecting electrodes” instead of a single superconducting one 
found in the SQUID geometry (Figure 7.10. 

‘The Cooper pair splitter device was first discussed on a the- 
‘retical level in 2002-2003 (Bena et al. 2002, Recher and Loss 
2002, Bouchiat et al. 2003) and its first preliminary experi- 
mental realizations just appeared recently using either a CNT 
(Herrmann et al. 2010) or a III-V semiconducting nanowire 
(Hofstetter et al. 2009) 

In this device, the splitting of Cooper pairs inthe superconduc- 
tor provides two electrons with opposite spins. In the case ofa full 
splitting, they can travel into opposite directions in the nanotube 
and are individually collected at both ends of the nanotube (Figure 
716). Thanks to the Andreev process, the Cooper pair splitter gen- 
erates electrons that are simultaneously entangled in energy and in 
spin. Correlation and noise measurements of the current emerg- 
ing from the nanotube should allow the testing of Bell inequalities 
(Bouchiat etal. 2003) with electrons instead of photons. 


7.5 Graphene-Based Superconducting 
Weak Links 


7.5.1 Proximity Effect in Graphene Weak Links 


Graphene, a single atomic layer of graphite, exhibits unique 
electrical and mechanical properties on account of its reduced 
dimensionality and “relativistic” band structure. The transport 
properties of the graphene sheets have recently received a lot of 
attention on both experimental (Geim and Novoselov 2007) and 
theoretical points of view. On one hand, this is due to its 2D 
character and on the other hand, to its remarkable band struc- 
ture combining a linear dispersion relation of electronic wave 
functions similar to mass-less particles and perfect electron hole 
symmetry. The Fermi surface consists of two cones touching at 
‘one singular point, the so-called Dirac point, where the density 
of states is zero (see Figure 74a). Over the last 5 years, graphene 
has emerged as a unique platform for testing new electronic 
properties of condensed matter (Figure 7.17) 

By tuning a gate voltage positively or negatively, one can 
respectively induce a finite density of electrons and holes with a 
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FIGURE7.17 Left: Schematic. 
ddacting weak link. The graphene carrier density is controlled by adjust. 
ing the backgate voltage on the silicon substrate, which is isolated from 
the device by a thermal oxide layer. Right: Atomic force micrograph 
of a first realized graphene superconducting junction. (Adapted from 
Heersche, H.B.etal, Nature, 446, 56,2007.) 


linear energy dispersion curve. Furthermore, this 2D electron gas 
can be exposed to external physicochemical functionalization 
and be easily connected with superconducting electrodes. Soon 
after first electron transport measurements, graphene has been 
shown to allow Cooper pair transport (Heersche et al.2007) with 
a well-defined Josephson effect exhibiting microamperes of criti- 
cal current (Figure 7.18) and clearly defined (Figure 7.18) multiple 
Andreev reflections (Du et al. 2008a, Heersche et al. 2007) 

The supercurrent of such a junction can be modulated in 
intensity with the gate, which tunes the carrier type and density 
of the graphene sheet (see Figure 7.4b). Depending on the gate 
voltage applied to the graphene, a supercurrent can be mediated 
by either electrons or holes (Heersche et al. 2007), which makes 
graphene the first 2D ambipolar superconducting material. 
Unlike nanotube weak links, the modulation no more shows 
any gate periodicy in the modulation of the switching supercur- 
rent because of the absence of lateral quantum confinement. The 
superconducting current is monotonically increased by increas- 
ing the gate and, as itis predicted by the number of conduction 
channels contributing in parallel to the superconducting current 
(Equations 74 and 75), the intensity of the maximum supercon- 
ducting current is usually thousands of times the one measured 
fora CNT junction. 

New features associated with the existence of Dirac Fermions 
have been predicted (Beenakker 2008). For example, due to 
the multiple conical valley band structure, the Andreev reflec- 
tion, which usually is a retro-reflection (as seen in Figure 7.1), 
can be induced specularly with a high probability in undoped 
samples when the Fermi energy lies in the vicinity of the Dirac 
point (Beenakker 2006). Such effects, as well as the observation 
of peculiarities induced by the Andreev bound states (Titov and 
Beenakker 2006), require the realization of the ballistic gra- 
phene weak links, a challenging fabrication task since the mean 
free path of graphene samples usually made are below 0.1 im. 
Promising routes are offered by making suspended graphene 
obtained by under-etching the supporting substrate. Such a 
process has been shown to greatly enhance the normal state 
electronic properties in the non-superconducting state by boost- 
ing mean free paths (Du et al. 2008b) and electronic mobilities 
(Bolotin et al. 2008) 
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FIGURE7.18 Characteristics ofa superconducting/graphene/superconducting junction. (a) Voltage-current characteristics ofa graphene-based 
superconducting weak link. (From Heersche, HB. etal, Nature, 446, 56, 2007, With permission.) (b) Resistance map ofa two-junction graphene 
device showing the ambipolar gate dependence of the superconducting state (central zone denoted by the leter S). Differential resistance of a 
device showing dependence of critical current on back gate voltage (dashed line) at 20mK. Traces of multiple Andreev relletions at constant volt 
ages 2Agine for n = 1, 2,3 are indicated by the white dashed lines (n) 1 at top, Ag ~ 75peV. (Adapted from Giri, C. etal, Nano Lett, 9, 198, 2009.) 
{) Differential resistance as a function ofthe voltage bias showing the multiple Andreev reflection peaks below the Gap 2D. (From Heersche, H.B. 
etal, Nature, 446, 56, 2007) 
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FIGURE?7.19 (2) Scanning electron microscope image of a superconducting quantum interference device with weak links made of portion of the 
‘same single layer graphene flake (black, graphene; light gray, silicon oxide substrate; dark gray, P4/Al electrodes Inset: close-up of sub-100nm wide 
‘graphene Josephson junctions. (b) Maximum switching current as a function of magnetic fied B and gate voltage V,. The sinusoidal oscillations 
indicate quantum interference between the two graphene Josephson junctions. Fora fixed magnetic feld, the magnitude of the modulation can be 
controlled by the back gate. (After Giri, G. etal, Nano Lett, 9, 198, 2009) 
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In the case of graphene, this is predicted to lead to an unusual 
bias dependence of the differential conductance of the weak 
link. In most experiments, superconducting charge carriers 
are injected by the measuring electrodes. However, it has been 
predicted (Feigel'man et al. 2010) and experimentally shown 
(Kessler et al. 2010) thatthe superconductivity could be induced 
globally by decorating the graphene with an array of super- 
conducting electrodes. In this later case, the proximity effect 
generates a supercurrent, which percolates through the entire 
graphene sheet. 


7.5.2. Graphene Nanotube Superconducting 
Quantum Interferometers 


Graphene-based SQUIDs devices can be obtained in a similar 
way as has been done for CNT weak links. Indeed, the fabrica- 
tion and operation of a two junction SQUID formed by a single 
graphene sheet contacted with aluminum/palladium electrodes 
in the geometry of loop (see Figure 7.19) has been demonstrated 
in 2009 (Girit etal. 2008). 


Lala 


As for the nanotube SQUID, graphene SQUIDs allow the tun- 
ing of the quantum interference with an electrostatic gate with 
a dependence (Figure 7196) that follows the transparency given 
by the graphene weak link (Figure 718). It also suggests a new 
modality for the ultrasensitive magnetometry of nanomagnets 
chemically or physically attached to the carbon surface. 


7.6 Fullerene-Based Superconducting 
Weak Links 


This last category considers the smallest sp* carbon weak links 
that involve fullerene molecules (Smalley 1997). We consider a 
device made of a fullerene molecule (see Figure 7-4, right) placed 
in a transistor geometry (depicted in Figure 7.4b). Interaction of 
the discrete levels of a molecular entity with the superconducting 
electrode has triggered a lot a theoretical studies (Choi et al. 2004, 
Novotny et al. 2005). Unlike all the previous carbon-based weak 
links discussed above, for which the properties depend not only 
upon the material properties but also on the electrode geometries 
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FIGURE7.20 Fullerene based superconducting weak link. Top left: Schematics of the device C60 connected to superconducting source and drain. The 
device sits over an aluminum gate electrode whose thin native oxide forms the gate dielectrics. Top right: scanning electron micrograph of the device, 
showing the nanoscale gap created by electromigration, (scale bar = 300mm), Bottom: Map of the differential resistance of the device as a function ofthe 
‘gate voltage (xaxis) and the current bias (y axis). The black region corresponds tothe superconducting state. The gate dependence ofthe superconducting 


‘current is in agreement withthe expected dependence for a proximity coupled quantum dot, (ARer Winkelmann, C.B.et al, Nat. Phy, 


'876,2009) 
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(for example, in a nanotube weak link, we have seen that the weak 
link gate modulation is inversely proportional to the length of the 
‘weak link, which is defined by the gap between the electrode), 
fullerene-based weak links involve the entire molecule. Therefore, 
electron transport through the junction is supposed to exhibit 
fingerprints (Zazunov et al. 2006) inked to the intrinsic molecule 
states, such as vibrational modes (Park et al. 2000) or molecu 
lar magnetism (Lee et al. 2008). Indeed a set of experiments (see 
Figure 75, right) involving magnetically active molecules such as, 
endofullerenes (Grose et al. 2008, Kasumov et al. 2005), which 
consist of additional atoms inserted in the carbon cage formed by 
the fullerene shel, ae a sensitive probe of molecular magnetism. 


7.6.1 Molecular Transistors Made 
by Electromigration 


Recent progress in the field of molecular electronics now allows 
for the direct integration of molecular objects into electrical 
‘on-chip circuits. It has been shown that by inserting molecules 
into a nanometer gap by sectioning a metallic wire, it is pos- 
sible to create a molecular transistor which conducting states 
are linked to molecular orbitals available for conduction (Park 
et al. 2000). This possibility was provided by the electromigra: 
tion process (Park et al. 1999), which allows the generation of 
nanogaps in metallic wires with good yield and an unprece- 
dented reproducibility, 


7.6.2. Implementation of a C60 
Superconducting Transistor 


Such electromigration processes have been recently adapted to 
the fabrication of superconducting transistors involving a single 
C60 molecule inserted between gold/aluminum electrodes that 
can be measured at milliKelvin temperatures (Winkelmann et 
al. 2009). Figure 7.20 shows the gate control of the superconduct- 
ing state achieved in this molecular transistor, in the case of low 
dissipation in the environment of the linking conductor. The 
‘observed switching current is significantly lower than the criti- 
cal current and has been shown to follow the law 


‘The results of a C60 molecular transistor (Winkelmann et al. 
2009) show good agreement between the measured critical cur- 
rentasa function of gate voltage and the prediction for ,(V,) when 
taking into account the phase oscillations across the weak link. 


77 Concluding Remarks 


Anew class of molecular weaklinkshas now become available for 
research, in which superconductors can be coupled with reliable 
transparent interfaces to nanostructures composed of a crystal 

line arrangement of sp?-hybridized carbon. The main original 
feature offered by this new type of device is the tunability of the 
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superconducting transport being possible through gate control 
of the weak link chemical potential offered by quantum confine- 
ment. The integration control over these nanostructures, which 
has been made possible by advances in nanofabrication, allows 
for the fabrication of hybrid devices that mix bottom-up and 
top-down approaches. They provide building blocks that pave 
the way for the realization of more complex devices that should 
be useful for quantum information and nanomagnetism, 
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8.1 Introduction 


Magnetism is an open field in which physicists, electrical engineers, 
material scientists, mathematicians, chemists, metallurgists, and 
others practice together. 

‘Today information technologies ranging from personal com. 
puters to mainframes use magnetic materials to store informa: 
tion on tapes, floppy diskettes, and hard disks. Our seemingly 
insatiable appetite for more computer memory will probably be 
met by a variety of magnetic recording technologies based on 
nanocrystalline thin-film media and magneto-optic materials. 
Personal computers and many of our consumer and industrial 
electronics components are now powered largely by lightweight 
switch-mode power supplies using new magnetic materials tech- 
nology that was unavailable 20 years ago. Magnetic materials 
touch many other aspects of our lives. Each automobile contains 
dozens of motors, actuators, sensors, inductors, and other elec- 
tromagnetic and magneto-mechanical components using hard 
(permanent) as well as soft magnetic materials. Electric power 
generation, transformation, and distribution systems rely on 
hundreds of millions of transformers and generators that use the 
principles of electromagnetic fields as well. Finally, magnetism is 
present in telecommunication systems, such as mobile phones, 
electronic article surveillance, asset protection, and access con: 
tuol because of the presence of oscillating circuits and resonators 
‘working at microwave frequencies. 

‘Magnetism, along with electricity, belongs to a larger phe- 
nomenon, electromagnetism, by which we describe the force 
‘generated by the passage of an electric current through matter. 
When two electric charges are at res, it appears to the observer 


that the force between them is merely electric. If the charges 
are in motion, however, and in this instance motion or rest is 
referred to in relation to the observer, then it appears as though 
a different force, known as magnetism, exists between them. In 
fact, the difference between magnetism and electricity is purely 
artificial. Both are manifestations ofa single fundamental force, 
with magnetism simply being an abstraction that people use for 
the changes in electromagnetic force created by the motion of 
electric charges. 

‘To gain a deeper understanding of magnetism and the mate. 
rials classification, it is necessary to first introduce some basic 
concepts. First, within the area of research of magnetism, one 
can identify at least four different scales that give correspond- 
ingly four different levels of investigation, as shown in Figure 8.1 

‘The top level, magnetic hysteresis models, treats the phenom- 
enology of technical magnetization curves. Such an approach 
is encountered whenever connections between hysteresis and 
domain phenomena can be established. There are several mod- 
els to treat the magnetization phenomena (curves) at this level 
The first scalar model of hysteresis was proposed by Preisach 
(1929), From 1929, lots of efforts have been focused on the physi- 
cal interpretation of its parameters as well as the inclusion of 
aftereffects, accommodation, and magnetostriction phenomena 
(Bertotti 1998). 

At the bottom level, we find the atomic description, which 
deals with the spin structure of magnetically ordered material 
and the arrangements of spins on the crystal latice sites. It also 
describes the origin, interactions, mutual arrangement, and sta- 
tistical thermodynamics of elementary magnetic moments by 
‘means of quantum mechanic theories. 
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82 
“Magnetic hysteresis models 
Describing the average magnetization vector ofa sample 
a8 function of the external field 
‘Axo D 
Domain theory 
Describing the magnetic microstructure ofa sample, the shape and 
detailed spatial arrangement of domain and domain boundaries 
3«Ar~D 
Micromagnetism 
Deseribing the internal structure of domain walls and their substructures in terms 
‘of continuum theory of classical magnetization vector field 
Axe 8 
Atomic (quanti) theory 
Describing the origin, the interactions, the mutual arrangement and the st 
thermodynamics of elementary magnetic moments 
Axaccd 
FIGURES.1 ‘The hierarchy of descriptive levels of magnetically ordered materials. The values in parenthesis indicate the sample dimensions for 


Which the diferent theories are applicable. Ax is the characteristic scale for each theory, D, 8, and a are the domain size, the wall width, and the 


interatomic distance, respectively 


‘There exist two models working at the intermediate meso 
scopic scale: domain theory and micromagnetism. The former 
combines discrete, uniformly magnetized domains, domain 
walls, and their microstructure. The latter is the continuum 
theory of magnetic moments, underlying the description of the 
‘magnetic microstructure. The domain theory is located ata scale 
larger than the domain wall width, whereas the micromagnetic 
scale is comparable with that scale (see Figure 8.2) 

‘The starting point of the domain theory isto suppose a given 
domain's distribution in a specimen according to both exper 
‘mental observations and energy balance. The main assumption 
is that the wall that divides the adjacent domains has a zero 
width, In other words, this is a model where the magnetization 
vector presents discontinuities when passing from a domain 
to the adjacent one. As cited briefly above, this theory is valid 
under the assumption that the domain wall width is negligible 
with respect to the other dimensions involved in the problem. 
Without going into detail, it has to be noted that the domain 
theory offers the possibility of describing a lot of real systems. In 
spite ofthis, its limitations lead to the need for building a more 
accurate and general theory. 

‘The micromagnetic theory was developed first by Landau 
and Lifshitz (1935) on a variational principle: it searches for 
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FIGURES.2 Characteristic length scales for mathematical models of 
‘magnetism, 


‘magnetization distributions with the total smallest energy. This 
variational principle leads to a set of differential equations, the 
micromagnetic equations, which were initially developed by the 
same authors for one-dimensional problems. Stimulated again 
by experimental work and its analysis, W.F. Brown extended the 
equations to three dimensions (Brown 1940, 1963). 

“The micromagnetic equations are complicated nonlinear and 
nonlocal equations; they are therefore difficult to solve ana- 
lytically, except in cases in which a linearization is possible. 
However, a number of problems in research need micromagnetic 
methods for their adequate treatment, such as the following: 


1. The analysis of the behavior of small magnetic particles 
that are, at the same time, too small to accommodate a 
regular domain structure and too large to be described as 
uniformly magnetized 

2. The determination of the spatial distribution of magneti- 
zation inside a domain wall 

3. The calculation of the magnetic stability limits 

4. The analysis of rapid magnetization dynamics occurring 
in nanoscale devices 


To treat such problems, works on numerical solutions of the 
micromagnetic equations are increasingly pursued. It appears 
utopian, however, to apply micromagnetic methods to large: 
scale domain structures because the gap between the size of 
samples and the size of computational grids is simply too large 
and unaffordable computational times and memory allocation 
would be consequently required. According to these discussions, 
micromagnetic and domain theories should not be considered as 
mutually exclusive at all, but as complementary tools. 

In this chapter, we will address our discussion on the usage of 
micromagnetic frameworks to describe the behavior of aclass of 
novel devices that are currently investigated for their attracting 


What 
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jo Wrong 


process is taking place. In a 4-bit counter, the bi- 
nary number 0111 (decimal 7) should be fol- 
lowed by 1000 (decimal 8). However, the right- 
most digit (i.e, the least significant bit) will 
change to a 0 initially, creating 0110 as a mo- 
mentary binary output (decimal 6). The carry op- 
eration will then change the next digit to a 0, 
creating 0100 (decimal 4). The carry operation 
continues, changing thenextdigittoa0, creating 
0000. Finally the operation completes by creat- 
ing 1000 as the correct output. 


These intermediate states on the output pins are 
often referred to as glitches. Because they are ex- 
tremely brief, they will be indetectable when a 
counter is used to drive a display. They can cause 
significant issues, however, if the outputs of the 
counter are connected with other logic chips. 


Another type of asynchronous problem will oc- 
cur if the clock speed is sufficiently high that a 


integrated circuit > digital > counter 
new pulse is received at the first flip-flop before 
the ripple of changing states has passed all the 
way through to the final flip-flop. This will result 
in a different brief invalid value on the output 
pins. 


Noise 

Old TTL-type counters, such as the 74LSxxseries, 
are especially noise-sensitive. Adding a 0.1 or 
0.047yF bypass capacitor as close to the power 
supply pin as possible is recommended. Bread- 
boarding counters of this type may result in er- 
rors if a high-frequency clock is used, because 
conductors such as patch-cords are liable to pick 
up noise. Modem 74HCxx counters are 
preferable. 
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potential applications (mainly as magnetic memories and micro- 
wave oscillators). 

In 1996, in fact, almost contemporarily, Slonczewski (1996) 
and Berger (1996) predicted thata direct electric current passing 
through a magnetic material, adequately thick, becomes spin- 
polarized along the direction of its local magnetization vector. 
‘The current moving outward such a polarizer is thus referred 
to as “spin-polarized current.” To some extent, it is possible to 
consider this phenomenon in analogy to what occurs in opti- 
cal systems where a unpolarized light traverses a slab of polar- 
izing material and causes the outgoing electromagnetic waves 
to oscillate along the direction of the transmission axis of the 
polarizer. If a spin-polarized current presents a sufficiently 
large amplitude and now traverses a second magnetic layer, it 
can transfer its spin-angular momentum and destabilize the 
static equilibrium orientation of the magnetization of this latter 
layer. Such phenomenon, which is correspondingly called “spin- 
transfer torque effect,” has been indeed applied, from the very 
beginning, in multilayer systems called “spin-valve” like the one 
shown in Figure 8.3. 

‘A classical spin-valve system consists of a thicker mag. 
netic layer, called fixed or pinned layer (PL), which acts as the 
spin-polarizer; a thinner magnetic layer, called free layer (FL), 


“Un-polarized 


Metal 


Ferromagnetic 
fee layer 
Ly 


[Non-magnetic 
spacer | Soin-polarzed 


Ferromagnetic 
pinned layer 
(PL) 


FIGURE 8.3 Schematic representation of the active region of a 
spin-valve when a perpendicular-to-plane electric current is injected 
through the structure, Please note that, because electrons bear negative 
charge, a downvvard current flow corresponds to an upward electron 
flow. A thicker ferromagnetic layer ("ixed” layer), having a magnetiza- 
tion vector Sy, fixed in space, and a thinner ferromagnetic layer ("free 
layer), having a magnetization vector S,, “free” to move, are separated 
by a nonmagnetic layer (spacer). The electrons of the current I exert @ 
torque on the magnetization of the fee layer. The curtent Is taken as 
positive when directed from the fixed to the free layer (electrons flow 
from the free into the fixed layer) 
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which is the one generally subjected to the action of the spin- 
transfer torque; and a nonmagnetic spacer, used to decouple the 
exchange interactions between PL and FL. Depending on the 
electrical conductivity of the intermediate layer, itis possible to 
build-up either “classical” spin-valve (CSV) devices, ifthe spacer 
is a metal, or nonclassical magnetic tunnel junctions (MT)), if 
the spacer is an insulator. The mechanism of the torque and the 
resulting magnetic dynamics have also been studied experimentally 
in magnetic wires based on the capability of the spin-transfer 
torque to move domain walls. 

Moreover, depending on the geometry, properties of the 
layered magnetic structure, and magnitude and orientation of, 
the external bias field, such a “spin-transfer torque effect” can 
lead either to the switching of the magnetization direction or 
toa stable magnetization precession of the magnetization of the 
thinner FL. 

‘The discovery that spin-polarized current can alter amagnetic 
state opened several perspectives for a new class of nano-scale 
‘magnetic devices in which the additional degree of freedom con- 
stituted by the “spin” plays an important role. The correspond- 
ing new research area was consequently called spintronics, a 
short notation for “spin-based electronics’. In general, spintron- 
ics refers to the study of the role played by electron (and more 
generally nuclear) spin in solid-state physics and in those devices 
that specifically exploit spin properties instead of, or in addition 
to, the degree of freedom given by the charge. The spin-transfer 
torque, by which spin-polarized currents can replace the role 
of a bias magnetic field in managing the spatial configuration 
of magnetization, offers the possibility of designing and build- 
ing up a new class of devices and applications that includes, for 
example, magnetoresistive random access memory, logic gates, 
diodes and transistors, nano-oscillators, radiofrequency modu- 
lators, and detectors. To control device performance, it i crti- 
calto understand the nature ofthe spin-torque-driven magnetic 
excitations (Berkov and Miltat 2008, Ralph and Stiles 2008, 
Slavin and Tiberkevich 2008). 


8.2. Background 


We need, thus,a mathematical model to describe the magnetiza- 
tion dynamics driven by spin-polarized currents in nanoscale 
spin-valve systems. 

‘Todo that, as briefly introduced in Section 8.1, ta mesoscopic 
scale we need to introduce a continuum model, in terms of mag- 
netic polarization per unit volume, and to characterize the state 
of a generic ferromagnetic body by means of its free energy. 

To this aim, let us consider a region occupied by a magnetic 
body. Let us now focus on a “small” region dV, within the body 
denoted by the position vector re ©. We refer toa “small” region 
to indicate that the volume dV, is large enough to contain a huge 
number N of elementary magnetic moments pt, j = 1,..., N, 
but small enough so that the average magnetic moment var- 
ies smoothly. In this respect, we define the magnetization vector 
field M(x), so that the product M(r)dV, represents the net mag- 
netic moment of the elementary volume dV; 
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a, 


Mir) = (1) 
‘Moreover, we assume that the magnetization is also a function 
oftime f: 


M=Me,1) (62) 


‘The main hypotheses of micromagnetism consist of considering 
the magnetization vector M to be a continuous function of the 
position r within the body and whose modulus [M| = M, is con- 
stant in time. 

It is well known that the magnetization configuration of 
a ferromagnetic body should be such as to minimize its free 
energy G(X,H,T) = F(X,T) ~ HX. In this equation, FX,T) is 
the Helmholtz free energy of the system, H is the external field, 
and X is the state variable. The local minima obey the condi- 
tion AG/AX = 0, by which al the metastable states are found. The 
sgreat complication is that, in a space-dependent approach, X 
represents the full magnetization vector field M(x) defined over 
the entire body volume. Thus, the energy minimization has to 
be carried out in the infinite-dimensional functional space ofall 
possible magnetization configurations, which, from the math- 
ematical point of view, constitutes a nontrivial issue. 

‘To characterize the energy landscape, it is necessary to first 
introduce the principal energy terms that control the behavior ofa 
ferromagnetic body and show how they compete with each other. 

Itis well known that the most significant contributions to the 
energy balance arise from Maxwellian fields (magnetostatic and 
Zeeman) and non-Maxwellian ones (exchange and anisotropy). 
Let us briefly discuss each of them. 


8.2.1 Exchange Interactions 


‘The exchange interactions, which are the source ofthe ferromag- 
netism, should be vigorously analyzed by means of quantum 
theory, since this latter strongly concerns with spin-spin inter- 
actions. More specifically, on a scale in the order of the atomic 
scale, the exchange interaction tends to align neighboring mag 
netic moments. In other words, whenever M(r) changes orien- 
tation from point to point, we have some misalignment of the 
neighboring magnetic moments and this costs extra exchange 
energy. In view of a continuum average analysis in terms of a 
‘magnetization vector field, we expect that the exchange inter- 
actions tend to produce small uniformly magnetized regions, 
indeed observed experimentally and called magnetic domains. 
‘The contribution of exchange interactions to the free energy 
of the whole magnetic body can be expressed as (Brown 1962) 


Ry Jalermr+(om yom Jav (8.3) 


where 
the parameter A is called “exchange constant” 
the integration is extended over the whole volume region Q 
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8.2.2 Anisotropy 


Anisotropic effects in ferromagnetic bodies arise from the 
structure of the lattice and from particular symmetries that are 
produced in certain crystals. The experimental evidence of the 
existence of such energy-favored directions can be observed in 
certain ferromagnetic materials when, in the absence of external 
fields, the magnetization vector tends to be magnetized along 
precise directions, which in literature are referred to as easy 
directions, The fact that there isa “force” that tends to align mag- 
netization along easy directions can be taken into account, in 
the micromagnetic framework, by means of an additional phe- 
nomenological term in the free energy functional 


tam) J fatmav 64) 


where f.,(m) is the anisotropy free energy density. In this phe- 
nomenological analysis, the easy directions correspond to the 
minima of the anisotropy energy density, whereas the saddle- 
points and maxima of f,,(m) determine the medium-hard axes 
and the hard axes, respectively. 


8.2.3 Magnetostatic Interactions 


Magnetostatic interactions represent the way the elementary 
‘magnetic moments interact over long distances within the body. 
In fact, the magnetostatic field at a given location within the 
body depends on the contributions from the whole magnetiza- 
tion vector field. We refer to this property as “nonlocal” char- 
acter. Magnetostatic interactions can be taken into account by 
introducing the appropriate magnetostatic field H,, according 
to the Maxwell equations for magnetized media 


(85) 


where the quantity 
charge” density. 

‘The system (8.5) has to be completed with the boundary con- 
ditions at the body discontinuity surface 2 


-V-M = py plays the role of “magnetic 


n-(Halay =2-M 


(8.6) 


nx[Ho oa 


where 
the quantity n-M = oy, plays the role of “surface magnetic 
charge” density 
ris the outward normal to the boundary AQ of the magnetic 
body 
(HJ is the jump of the vector field H,, across 


Micromagnetic Modeling of Nanoscale Spin Valves 


‘The expression for the contribution of magnetostatic interac- 
tions to the free energy of the system is given by 


F, 


7 
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Equation (8.7) denotes the nonlocal character of the magneto. 
static field, as it functionally depends, through the boundary 
value problem (8.6), on the spatial distribution of the magneti 
zation vector field through the entire body volume. 


8.2.4 External Field 


When a magnetic body is subjected to an external bias field Hao 
the contribution to the energy is simply 


Fag =—fueM Ha 63) 


“This energy term is referred to in literature as Zeeman energy. 


8.2.5 Energy Balance and Free Energy 
Functional Formulation 


It is now possible to summarize the role played by each of the 
previous energy terms described above. In fact, because each 
‘energy contribution favors different energy minima configu: 
rations, the metastable configuration arises from a sort of 
competition among them, For example, a magnetic material 
uniformly magnetized along its easy axis presents a low energy 
contribution arising from both exchange and magnetocrystal- 
line anisotropy fields, but, at the same time, a higher contribu- 
tion coming from both the magnetostatic and Zeeman fields 
(if the applied field direction is different from the easy axis) 
On the contrary, a configuration having a minimum magneto- 
static energy is a closed-loop structure, but such a configura 
tion presents higher contributions coming from all the other 
energy terms. 

‘The expression for the free energy of the ferromagnetic body 
can hence be formulated by collecting the previous equations 


G(M, Hog) = Fa + Bay + Fy Fas 
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which can be put in the compact form by expressing the exchange 
interaction energy density as A(Vim)= 


G(M.H,,) Jfacvmny' tena H, -HM uaJav (8.10) 
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By using a variational calculus, we are able to introduce now the 
so-called effective field as the variational derivative of the energy 
density of the system. 


ba 2 
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Hyg = 


1 af 
toMy dm * Ha tHe (8.11) 


where M, expresses the saturation magnetization of the body. 


8.2.6 Equation of Motion 


Once the effective field is defined, itis possible to present the so- 
called Landau-Lifshitz (LL) equation (Landau and Lifshitz 1935) 


aM 


oF 


MxHes (12) 
which expresses the undamped precessional dynamics of the 
magnetization vector along the direction of the effective field 
(is the gyromagnetic ratio) 

We observe that the Landau-Lifshitz equation (8.12) is a 
conservative (Hamiltonian) equation. Nevertheless, dissipative 
processes take place within the dynamic magnetization pro- 
cesses. The microscopic nature of this dissipation is still not 
clear and is currently the focus of considerable research. The 
approach generally followed to take into account dissipation 
precesses consists of introducing damping in a phenomenologi- 
cal way. Landau and Lifshitz introduced an additional torque 
term that pushes magnetization in the direction ofthe effective 
field. Then, the damped Landau-Lifshitz equation becomes, in 
the Gilbert formulation, (Gilbert 2004) 


aM 
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where o.is the Gilbert damping parameter. To better understand 
the meaning of undamped and damped precessional dynamics, 
in Figure 8.4 we sketched the trajectories described by Equations 
8.12 and 8.13, respectively. 

By means of simple algebraic steps, it could be easily dem- 
onstrated that Equation 8.13 can be rewritten in the equivalent 
form 


Hag aM} Hur 
wt 
EM Hae LM x Hs 
Undamped Damped 
precession precession 


FIGURESA Comparison between undamped and damped precession. 
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where the damping term is now expressed as a double vector 
product. Such formulation brings the advantage of being an 
explicit expression for the time derivative of the magnetization 
so that, as it will be more clear in the next paragraph, it is more 
suitable to be implemented in a numerical framework. 


8.2.7 Equation of Motion Including 
Spin-Transfer Torque Effects 


At this stage, spin-polarized current has not yet been considered. 

It has been demonstrated that current-induced spin-transfer 
effects ina spin-valve layered structure, such as the one sketched 
in Figure 8.3, are taken into account by including another 
torque term (Slonczewski 1996) into the equation of motion. 
‘The dynamic equation for magnetization dynamics driven by 
spin-polarized currents is called the Landau-Lifshitz-Gilbert- 
Slonczewski (LLGS) equation, and it isin the form 


am 


~ HOH) + (Moe) SE sn Me(abe9)] 


ar) Ms 
(8.15) 


In this case, M is the magnetization vector of the FL while p is 
the unit vector in the direction of spin-polarization (magnetiza- 
tion of the PL), Fis the electric current traversing the spin-valve 
structure, the dimensionless function f(r) describes the spatial 
distribution of the current across the area of the FL, and the 
parameter o is given by 


Sits 
Sie) (16) 
where 

gis the Land® factor 

Hip isthe Bohr magneton 

cis the modulus of the electron charge 

Lis the FL thickness 

Sis the area ofthe region involved by the current flow 

e(M,p) is the dimensionless spin-polarization efficiency 

(Slonczewski 1996, 1999) 


‘The latter parameter is, in general, a function ofthe relative 
alignment between PL and FL and of the material under investiga 
tion In its orginal formulation, Slonczewski derived the expression 
—4+(14n')(3+(M-p/ Ma. Ms.)) | 


e(M.p) a 


(817) 


with 1) being the polarization factor characteristic of the polar- 
izing material. It has to be noticed, however, that in most cases, 
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this dependence does not lead to any qualitative or significant 
quantitative effects and, especially when only a. qualitative 
understanding of the problem is required, can it be approxi- 
mated by a constant value (generally treated asa free parameter 
to fit experimental data). 

By comparing the formulation of the dissipation torque in 
Equation 8.14 and the formulation of the spin-transfer torque 
in Equation 8.15, one observes that, for a proper direction of the 
applied current (and exactly for positive current, which conven- 
tionally means electrons flowing from the FL. to the PL), these 
expressions present a similar vector structure but with oppo- 
site signs (Slonczewski 1999, Slavin and Kabos 2005). A way to 
understand how these effects work i to consider that, while dis- 
sipation pushes the magnetization vector toward the direction 
of H,» the spin-transfer pushes the magnetization vector away 
from the direction of p. For such a reason, we might associate 
With the spin- transfer torque term the character of a “negative” 
damping, which opposes the natural “positive” Gilbert dissipa 
tion term (Slavin and Kabos 2005). The equality between these 
two terms represents the necessary condition under which stable 
persistent magnetization oscillations take place in a dissipative 
medium. 

‘To give a complete picture on the mechanism underlying the 
process of spin-polarization and the subsequent spin-transfer 
torque effect, let us summarize in Figure 8.5 the FL. magne- 
tization dynamics occurring for both positive and negative 
currents. 

‘The spin-polarization occurs via the absorption of the inci- 
dent transverse spin current. The mechanism responsible for 
the transfer of the spin-angular momentum is the exchange 
interaction felt by electrons in the ferromagnet, which exerts 
a torque on the electron spins and, in turn, induces a reaction 
torque on the magnetization. In fact, let us consider the situa- 
tion in which electrons incident from a nonmagnet are arranged 
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FIGURE 8.5 Spin-transfer torque effects for both directions of the 
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over a distribution of states represented by three different inci- 
dent directions. All of these electrons are in the same spin state, 
Which is transverse to the ferromagnetic spin density (e.., the 
magnetization of either FL. or PL). The reflected electron spins 
have a predominantly minority character and undergo a ran 

dom spin rotation whose precession axis is on average directed 
along the direction antiparallel to the one of the ferromagnet. 

‘The transmitted majority electron spins, on the other hand, pre 

cess along the direction parallel to the ferromagnetic spin den 

sity as they go into the ferromagnet because the wave vectors 
for the majority and minority components are different. It has 
tobe pointed out that, although the proposed picture is qualita 

tively correct for most of the commonly used metal/ferromagnet 
interfaces (eg., Cu/Co), additional phenomena (such as spin: 

<dephasing and spin-accumulation) should be taken into account 
to geta quantitative understanding of the investigated dynamics 
(Stiles and Miltat 2006). 

By looking at Figure 8.5 it turns out that, for negative current 
(top figure), the electrons crossing the interface metal/FL are on 
average polarized along the direction of the PL and the applied 
torque (Am,,) favors the parallel alignment between the two 
magnetic layers. The back-torque operated by the reflected elec 
trons on the PL (Am, is generally negligible as the PL. presents 
usually large values for saturation magnetization and thickness, 
which keep it fixed in its equilibrium state. On the contrary, for 
positive current (bottom figure), the electrons reflected from the 
PL hit the interface metal/FL. with an antiparallel polarization 
with respect to that of the PL. In this case, the consequent torque 
causes a destabilization of the FL magnetization, which tries to 
favor an antiparallel configuration between the magnetization 
of the two layers. 

‘These phenomena hold under two main assumptions: (1) 
the length of the nonmagnetic path that electrons experience 
between the two magnetic layers has to be smaller than a given 
characteristic length scale, named “spin-diffusion length” 
{according to the classical drift diffusion model of spin trans 
port, the ensemble averaged spin of electrons drifting and dif- 
fusing in a solid decays exponentially with distance due to spin 
dephasing interactions) and (2) the thickness of the magnetic 
layers is assumed to be too great for appreciable tunneling of 
minority-spin electrons, therefore, the component antiparallel 
to the magnetization is totally reflected back into the nonmag- 
netic spacer, while the component parallel to the magnetiza- 
tion is totally transmitted into the magnetic layer. 

Of course, it has to be recalled that the current-driven 
destabilization mechanism, apart from occurring only for a 
proper direction of the spin-polarized current, also exhibits 
a threshold character, ie., there exists a given critical cur, 
rent above which the phenomena observable in such devices 
(ceversal or persistent oscillations) take place. The simplest 
explanation lies in the energy that the applied current has to 
supply to the system in order to modify the energy landscape 
created by all the contributions of the effective field and to bal 
ance the natural positive dissipation (Slonczewski 1999, Slavin 
and Kabos 2005). 
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8.3 Computational Micromagnetics 
of Nanoscale Spin-Valves: 
State of the Art 


Let us come back to the mathematical viewpoint by recalling 
that the influence of current-induced spin-transfer effects on 
the magnetization dynamics of nanoscale devices is expressed 
by the LLGS equation (Equation 8.15). This differential equation 
presents a complex nonlinear and nonlocal structure, which, in 
general, prevents the formulation of an exact analytical solution 
unless strong simplifying assumptions are imposed to the ana- 
lyzed problem. 

To gain a better physical understanding of the complicated. 
‘magnetization dynamics, alternative strategies make use of the 
numerical integration of the equation of motion by means of 
different techniques, such as boundary element (BE), finite ele- 
ments (FE), finite differences (FD), or hybrid procedures. Such 
approaches, to some extent, offer better-accuracy solutions, with 
respect to analytical approaches, simply because they generally 
use a smaller set of restrictions and simplifying hypotheses. 
Numerical tools can also be used to explore the range of validity 
of analytical theories, an analysis which sometimes could not be 
carried out otherwise. 

‘On a practical level, when numerically solving partial differ- 
ential equations, the primary challenge is to create an equation 
that approximates the equation to be studied. The main require- 
‘ment is the numerical stability ofthe integration scheme, mean- 
ing that errors in the input data and intermediate calculations 
do not accumulate and cause the resulting output to deviate 
substantially from the exact solution or, in the worst case, to be 
meaningless. 

Letus givea brief overview of the numerical methods cited above. 

‘The BE method is a numerical computational method used 
to solve linear partial differential equations that have been for- 
mulated as integral equations, and is applicable to problems for 
which Green's functions can be calculated. The boundary ele- 
‘ment method attempts to use the given boundary conditions to 
fit boundary values into the integral equation, rather than val- 
ues throughout the space defined by a partial differential equa- 
tion, Once this is done, in the post-processing stage, the integral 
equation can then be used again to numerically calculate the 
solution directly at any desired point in the interior of the solu- 
tion domain. The boundary element method is often more effi- 
cient than other methods, including finite elements, in terms 
of computational resources for problems where there is a small 
surface/volume ratio even though it generally gives rise to fully 
populated matrices, which in turn yield a substantial increase 
of the storage and computational time requirements. In these 
cases, compression techniques might be applied, even though 
additional restrictions to the problem have to be added. 

‘The FE method is a numerical technique for finding the 
approximate solutions of partial differential equations as well 
as of integral equations. The solution approach is based either 
on eliminating the differential equation completely (steady-state 
problems) or rendering the partial differential equation into an 
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approximating system of ordinary differential equations, which 
are then numerically integrated using standard techniques (e.g, 
Euler's method, Runge-Kutta, etc). In other words, the basic idea 
is to replace the infinite dimensional linear problem with a finite 
dimensional version. The algorithm can be subdivided into two 
steps: (1) rephrase the original problem in its weak or variational 
form and (2) discretize the weak form in a finite dimensional 
space. In step (2), one has to choose both finite-dimensional sub- 
space of the original space and the shape functions that consti- 
tute the basis of the searched solution in that subspace. Because 
the original space is subdivided into a mesh of polygonal cells 
having whatever geometrical shape (triangular, tetragonal, etc.) 
the FE method is a good choice for solving partial differential 
equations when the computational domain presents a complex 
geometrical structure (¢g,, for nonflat boundaries problems), 
butalso when the desired precision varies over the entire domain 
‘or when the solution lacks smoothness (see Figure 8.6). 

FD methods are numerical methods for approximating the 
solutions to differential equations using finite difference equations 
to approximate derivatives. The FD method implies a discretiza~ 
tion of the computational region by using prismatic cells and then 
cach derivative in the equation of motion has to be approximated 
(by using a given integration scheme) by a certain discretization 

‘A comparison between the FE and FD methods brings out the 
following main considerations: 


+ The FD method is an approximation of the differential 
equation, while the FE method is an approximation of the 
solution. 

+ The most attractive feature of the FE method lies in its 
ability to handle complex geometries (and boundaries) by 
means of a proper choice of the discretization cells. The 
FD method, on the contrary, in its basic formulation, is 
restricted to handle rectangular shapes. 

+ The most attractive feature of the FD method lies in the 
fact that it might be very easy to be implemented. 
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Letus now focus on the usage of FD methods with the aim of show- 
ing how the numerical solution of the LLGS equation can be carried 
out and, a the same time, offer abrief overview of the state-of: the- 
art micromagnetic studies applied to nanoscale devices. 


8.3.1 Numerical Solution of LLGS 
Equation Based on FD Methods 


‘The first step of a numerical approach consists of subdividing 
the entire volume of the specimen by using a regular mesh of 
prismatic cells (A, x A, xA), as in Figure 87 

‘To establish a proper dimension for the grid size, it is neces- 
sary to define before a fundamental quantity, named “exchange 


length,” as follows: 
Von 


‘The exchange length gives an estimation of the characteris. 
tic dimension on which exchange interactions are dominant. 
For typical magnetic materials (eg, silicon-iron alloys, called 
“Permalloy”) J,, is in the order of 5 + 10nm. Therefore, one 
expects that on a spatial scale in the order of I., the magnetiza- 
tion is spatially uniform. For such a reason, within a micromag- 
netic framework, the cell size has to be smaller than the exchange 
length value, ic, typically acell-size as largeas 2+ 5nm-sideis 
used. At the same time, the cell size should not be considered too 
small for at least two reasons: (1) the computational time should 
be kept in an affordable range and (2) the cell dimensions should 
be consistent with the mesoscopic scale. 

Once the spatial discretization is addressed, the next step is 
to choose a proper time-step At. This value changes according 
to the integration scheme adopted, and the main constrain it 
has to satisfy is the convergence of the solution. To check that 
convergence, the criterion generally used is to analyze the time- 
evolution of the total system energy. Because of dissipation, the 
energy can only diminish, so that a gradual increase of the total 
energy reflects a divergent algorithm. 


la (8.18) 
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FIGURES.6 Example of mesh for FE methods with variable grid size 
to get abetter resolution in correspondence of regions of interest 


FIGURES.7 Example of mesh for FD methods 
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‘Then, starting from an initial configuration of magnetiza- 
tion m(s,1) Vr € V, we compute the effective field hyg(t,t) = 
‘ha(m(e,1),1) (see below for details) in each computational cell. 
‘Afier that, it is necessary to apply a numerical integration 
scheme to solve the LLGS equation and to obtain the updated 
value of the magnetization distribution in the next time step 
‘t+ At: m(r,t + At) Vr € V. Many integration schemes can be 
applied, either explicit or implicit, either with a fixed time-step 
or with an adaptive time-step (e.g., Euler, predictor-corrector, 
Runge-Kutta, mid-point, Adams-Bashforth-Moulton, Milne- 
Simpson, etc). In most cases, one has to compute a finite differ 
ences representation for the derivate: that is the main reason why 
an explicit formulation for @M/2t, like the one in Equation 8.14, 
is preferable with respect to the one shown in Equation 8.13. 
Because our goal is to model the dynamic behavior of spin. 
tronic devices having a spin-valve structure as the one presented 
in Section 8.2, it is now necessary to focus on some aspects 
related to the implementation of the effective field for such 
devices. In the cases under investigation, the effective field has 
to be updated to take into account the additional contributions: 


Hog =H +Hyy +H +Hea +H yc + Hany +Hasy +H (8.19) 


Here H,,, H,,» H, and H,,, represent the exchange, anisotropy, 
magnetostatic, and external field contributions already intro- 
duced previously. The new contributions arise from H,,, which 
represents the magnetostatic coupling between PL. and FL (it has, 
to be distinguished from H,,, which is the self-magnetostatic, 
cor demagnetizing, field induced by the magnetization of each 
layer within its volume); Hy,» Which represents the Ampere (or 
ersted) magnetic field created by the current flow; Hy» the field 
contribution arising from eddy currents; and H,,, which repre- 
sents the stochastic contribution arising from thermal noise. 

Let us now give some details about the numerical implemen- 
tation of each contribution within a FD micromagnetic frame- 
‘work. To do that, we will use a normalized notation, where each 
term is divided by the saturation magnetization value and writ- 
ten in lowercase letter, e.g, m = M/My 

‘The exchange field, his computed by considering the discrete 
expression forthe exchange energy 


feslinjsk) = Al(¥n.Gj0)° +(Vm,(i,j.) +(Ymn, jh) | 
8.20) 


where we used the notation for each Cartesian component 


a=xye 
2 (ama ¥ (me) , (Ama 
mr ()(F)-B) 

Under the approximation of finite differences, the derivative is 


substituted by the incremental differences (computed at the center 
of each cel), that is 


(8.21) 


8.9 


2 _( Atta Ayia \ (Asta 

(vm) (42 + a }-Asy 622 

where Ax, Ay, Avarethe size ofthe computational cells, whereas 

fy A, epetent the Gate dlference operon along the 

Crtedlan anes 3,2 Let ut conader the magnetization vec: 

tor MG j, B= Man. 8 atthe point (8) and ME + 1 j= 

Mam 1,8 the corresponding vector at the neighboring el 
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(823) 
By taking into account that |m(,jf)| = 1 (iA), the expression 
(8.23) can be simplified as 


(8.24) 


( ee ) Ferle-2m +n phim. (549) 


Also, by taking into account the neighboring cell in the negative 
directions, one ends up with 


(Bm. f = of 2— 2m, cj 89m (6,j.)) +(2—2m. (jdm (1.8) 


(2=2m,66,j-+1.0 (5.8) + (22m, 6.8m, 6.)-1.8))] 


[(2=2m.t jk +190 5.4) (2-2 6.8). 6.5K—D)] 


(8.25) 


Under the hypothesis of cubic cells (Ax = Ay = Az), we can gener- 
alize Equation 8.25 to the case of N,N, x N. cells (along the x, », 
and 2 axis, respectively) as follows: 


EET [mene 
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meres (6.26) 
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‘The exchange field is computed by using the functional deriva- 
tive ofthe energy (6/8m), which becomes the ordinary derivative 
(0/dm) in the discrete domain: 


1 Afealinjk) 
HoMe amli,j.8) 


alls job) (6.27) 


By substituting Equation 8.26 into Equation 8.27, one obtains 
the final implementation of the six neighbors exchange field 
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pmGink+D+mik-D] (29) 
— ee 
It should be pointed out that the partial derivative approxima- 
tion for finite differences holds for small arguments, that is, 
when the angle formed between the magnetization vectors in 
‘two adjacent cells is small 
‘The anisotropy field, h,,, in the case of uniaxial anisotropy, is 
simply computed by 


2Ke 
woM 


Ils jk 


(mi, j,k) x ux (8.29) 
where 

Kis the anisotropy constant 

‘cis the direction of uniaxial anisotropy 


Both magnetostatic fields (H,, and H,,) are computed by 
using the generalization of the demagnetizing tensor given in 
(Newell et al. 1993) 


Igaliro= YY Y Neali =i, j= sok = Ke 7K) 
F 


oe (630) 


where 
Fay tepresents the component of the magnetostatic field 
Nagli-i,]~J', kk’) are the components of the Newell mag 
netostatic tensor, which only depend on both the distance 
between the source and the cell position, and the speci- 
men geometry 


‘The expression (6.30) presents the form of a three-dimen 
sional convolution in the “coordinates space” (x,y.2). BY using 
the Convolution Theorem, it is possible to express the previous 
convolution as a product scalar inthe “Fourier space,” or phases 
space (kkk, 


maa ky sk) = SL gai jk) | 


= ¥ 3[ Neg lt] Sf .i0)] 


alkeskysk.)riy(keskyyk:) (8.31) 


‘To calculate the magnetostatic field, hy itis necessary to fol- 
low these steps: (1) calculate the Newell tensor coefficients Nagi 
(2) perform the FFT of the previous tensor Nu (3) perform the 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


FFT ofthe magnetization distribution in each cell gs and (4 per- 
form the inverse FFT of the inner product between Ng and iy 


Figelis jak = 


* inal ok Ke) ] 


a S$ spi ISLog(i it] 
. 


(8.32) 


By denoting with N the total number of grid cells, such approach 
brings a computational complexity that grows as N log N. 

‘The external field h,,, is simply computed, in the limit of uni- 
form fields, by applying the corresponding components of the 
external field to each computational cell: 

ICR) =e Bey HVC jK)= Digg By Heb KI = Bay Qe 

(8.33) 


Moreover, once we inject an electric current density J = ye, into a 
spin-valve stack composed by ferromagnetic and metallic materi- 
als, a new magnetic field is generated according to the Ampére 
(or Oersted) law. The values of the Ampére field, Hogs in each 
point ofthe volume can be calculated by using the Ampére law: 


(6.34) 


‘The Ampere field sa solenoidal field and thus exhibits the following 
properties: 


V-Hgap (tt) =0 
(8.35) 
V XH yap(t1)=Jlest) 


‘An additional contribution arises from eddy currents. An eddy 
‘current (also known as a Foucault current) is an electrical phe- 
nomenon discovered by Léon Foucault in 1851, Itis caused when 
‘a moving (or changing) magnetic field intersects a conductor 
‘or vice-versa. The relative motion causes a circulating flow of 
electrons, or current, within the conductor. These circulating. 
eddies of current create electromagnets with magnetic fields 
that oppose the effect of the applied magnetic field (see Lenz's 
law). The stronger the applied magnetic field, or the greater the 
electrical conductivity of the conductor, or the greater the rela- 
tive velocity of motion, the greater the currents developed and 
the greater the opposing field. The Maxwell equations for eddy 
currents are given by 


Vtg (et) =o) +H 
V- Haste 
636) 
¥xe(e,1) = 29 
a 


V-E(r,t)=0 


Micromagnetic Modeling of Nanoscale Spin Valves 


where 
6’ is the electrical conductivity 
&’is the electric permeability 
Bis the electric field 


‘To perform an analogy between Hya(f.f) and Hy (tt), in the 
former the source of the field is given by the applied current den- 
sity J(r,2), whereas in the latter the sources of the field are given 
by both the time variation of the magnetic field -AB(r,1)/8t and 
the conduction current Je = 6'E(t,1) + e'(OE(r,/@t). The effects 
of eddy currents become relevant with an increase in the device 
‘volume and, since we will deal with structures with relative small 
volumes, this contribution is generally disregarded (Martinez 
et al. 2004) 

It has to be noted that both Hap and H,, 
fields so that their effects cannot be correctly evaluated by using 
‘macrospin models (by “macrospin” we mean a particle that 
remains homogeneously magnetized independently of external 
conditions). Figures 8,8 and 8.9 show examples of the spatial 
configuration of these fields for a structure having circular and 
rectangular cross-sections, respectively 

‘The last contribution to the effective field arises from the 
effect of thermal fluctuations (or noise) on the magnetization 


are nonuniform 
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FIGURE 8.8 Spatial distribution of (a) Ampére field and (b) magne- 
tostatic coupling field fora device having a circular cross-section, 


Geueadeer wena 
be hein pee AEE AD 
HEEESTS TITIES 

Wiigesec seer rsoreepeee 

b Ree ee ee eee ee 

Heoerconienacedaeoncd 

Rnnmraetiiccsortrrcerey 
wltnnuaneuscnccccseseenyey 


FIGURE 8.9 Spatial distribution of (a) Ampére field and (b) magne- 
tostatic coupling field for a device having a rectangular cross-section, 
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dynamics of nanoscale devices. Considering that experimental 
data are well described by the current dependent activation bar- 
riers that agree with the prediction of the LLG-based models 
(Garcia-Palacios and Lazaro 1998, Krivorotov et al. 2004, Liand 
Zang 2004), it is possible to include in a micromagnetic frame- 
work a thermal field as an additive random field to the deter- 
ministic effective field for each cell. It is done by starting from 
the formalism of Brownian motion (Gardiner 1985, Kloeden and 
Platen 1999), 

In this case, the previous deterministic equation become 
a stochastic one, named the Langevin equation. The fluctuat- 
ing term, which appears in the Langevin equation presents an 
integral structure that needs to be analyzed by using the theory 
of stochastic processes (Brown 1963, 1979, Garcia-Palacios and 
Lazaro 1998). 

From the phy 
1998), the more appropriate interpretation of those stochastic 
integrals is called the Stratonovich interpretation. In this sense, 
Brown (1963, 1979) developed the Fokker-Planck equation to 
study the temporal evolution of nonequilibrium probability 
distributions. Several techniques have been developed to solve 


ical point of view (Garcia-Palacios and Lazaro 


the Fokker~Planck equation. Some of those allow the direct 
computation of the probability distribution of magnetization, 
while others numerically compute the eigenvalues and ampli- 
tudes of the most relevant dynamics modes. Instead of solving 
the Fokker-Planck equation, an approximation is to build the 
solutions of the Langevin equation (Garcia-Palacios and Lazaro 
1998). The Langevin dynamics gives origin to the stochastic 
trajectories of the system variables (time-evolution of magneti- 
zation) and, starting from this approach, we can compute the 
statistic behavior by averaging over many realizations (for “real- 
izations” we mean a particular statistic trajectory obtained by 
starting from a given sequence of aleatory numbers for the sta- 
tistic system variables). 

From the computational point of view, we should take into 
account that thermal fluctuations in magnetic media occur at 
correlation times much shorter than the typical response time 
of magnetic systems (Brown 1963, 1979). In other words, ther- 
mal fluctuations arise from high-frequency perturbations. 
‘The thermal field that is generally used to simulate thermal 
effects can be therefore represented as a Wiener stochastic pro- 
cess (Van Kampen 1987). Moreover, because fluctuations arise 
from the interaction between magnetization and an enor- 
mous number of microscopic degrees of freedom (phonons, 
conduction electrons, nuclear spins, etc.) having equivalent 
stochastic properties, it is generally assumed that the above 
stochastic process can be treated as a Gaussian white noise 
(Brown 1963, Garcia-Palacios and Lazaro 1998). The same 
microscopic degrees of freedom are responsible for the relax- 
ation of the magnetization precession, because fluctuations 
and dissipation are phenomena strictly related each other 
(Fluctuation-Dissipation Theorem). Because of those degrees 
of freedom, the thermal field H,, to be added to the determin. 
istic effective field, has to satisfy the properties of a Gaussian 
stochastic vector process. 
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‘This leads to a definition of the stochastic Langevin-Landau- 
Lifshitz-Gilbert (LLLG) equation. In order to also take into 
account the spin-torque term within this new formulation, the 
‘main hypotheses are: (1) the spin torque does not contain a fluc 
tuating field, (2) the fluctuating field does not depend on spin 
torque, and (3) the magnetization configuration of the PL does 
not depend on temperature. 

‘The thermal field, H,, is hence included as a random fluctuat- 
ing three-dimensional vector quantity given by 


(8.37) 


where 
ky isthe Boltzmann constant, 
AV is the volume of the computational cubic cell 
Aris the simulation time-step 
Tis the temperature of the sample 
y= +02) 
E is a Gaussian stochastic process 


‘The thermal field satisfies the following statistical properties: 


Hyslt))=0 
(838) 
(Hua ()Ha(t)) = DB8(t—1) 


where k and I represent the Cartesian coordinates x, y, and 2 
‘According to this, each component of Hy, is a space and time 
independent random Gaussian distributed number (Wiener 
process) with zero mean value. The constant D measures the 
strength of thermal fluctuations and its value is obtained from 
the Fokker-Planck equation, 

Finally, the micromagnetic framework has to be completed 
with proper boundary conditions, which describe the behavior 
of the magnetization vector at the computational boundaries. 
‘The formulation of boundary conditions is therefore dependent 
‘on the geometry under investigation. Some examples will be 
given in Section 8.3.3. 


8.3.2 Spin-Transfer Torque and Giant 
‘Magnetoresistance: Dual Phenomena 


In Section 8.3.1, we described the spin-transfer torque mechanism 
and showed the dynamic equation of motion for the magnetiza- 
tion which includes this effect. We described that, ifa spin-polar- 
ized current presents proper sign and amplitude, it may destabilize 
the equilibrium configuration of the magnetization of the thinner 
FL leading it to either a reversal process or a persistent preces- 
sion. Lots of questions could immediately follow such analysis: are 
these phenomena so interesting to deserve potential applications 
in the field of information technology? If yes, how do we observe 
and detect experimentally these magnetization dynamics? 
‘The answer lies in the existence of another phenom: 

enon, called giant magnetoresistance (GMR), which can be 
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“Magneto resistance Spin-transfer-torque 


Electron transport is 
affected by magnetic state 


Magnetic state is affected 
by electron transport 


FIGURES.10 ST and GMR effects as dual mechanisms. 


considered the dual mechanism of the spin-transfer torque 
(STT). Observing the phenomena from a more general view- 
point, we can describe the ST as the mechanism by which we 
account for the modifications of the magnetic state of a sys- 
tem induced by an electric current. For duality, the GMR effect 
(Baibich et al, 1988, Parkin etal. 1990, 1991, Schad et al. 1994) 
accounts for the variations of the electrical state of a system 
induced by the magnetic state (see Figure 8.10). For the discov- 
ery of the GMR effect, Fert and Gruenberg shared the Nobel 
Prize for Physics in 2007. 

‘The GMR is a quantum-mechanical effect observed in thin 
film structures composed of alternating ferromagnetic and 
nonmagnetic metal layers and arises from the spin-dependent 
scattering of conduction electrons by spins in ferromagnetic lay- 
ers. When the spin of ferromagnetic layers is anti-parallel to the 
conduction electrons, then the scattering is increased, Therefore, 
the magnetoresistivity will be varied by the relative orientation 
of magnetization in neighboring ferromagnetic layers separated 
by a nonmagnetic metallic thin layer. In detail, the GMR effect 
manifests itself as a significant decrease in resistance from the 
zero-field state, when the magnetization of adjacent ferromag- 
netic layers are antiparallel due to a weak anti-ferromagnetic 
coupling between layers, to a lower level of resistance when the 
magnetization of the adjacent layers align due to an applied 
external field, The spin of the electrons of the nonmagnetic metal 
align parallel or antiparallel with an applied magnetic field in 
equal numbers, and therefore suffer less magnetic scattering 
‘when the magnetizations of the ferromagnetic ayers are parallel, 

In the analyzed case of the three-layers system, it behaves as 
a spin-valve for electron transport from one ferromagnetic ayer 
to the other. The relative alignment of the magnetization vec- 
tors of the two ferromagnetic layers can be easily detected by 
measuring the system resistance (see Figure 8.11). At the same 
time, itis possible to associate two different logic states to the 
different electric configurations (e.g. bit 0 = low-resistance state, 
bit 1 = high-resistance state). Ths is the basic working principle 
of magnetoresistive random access memories (MRAM). On the 
other hand, if the magnetization undergoes a persistent preces- 
sion, the output signal might manifest itself asa periodic varia- 
tion of the resistance ofthe device, which could be used to build 
up nanoscale oscillators 


8.3.3 Nanoscale Devices: Pillar 
vs. Point-Contact 


Within the class of nanoscale devices, the two most common 
experimental geometries are the so-called nano-pillar and 
nano-contact (or point-contact) 


integrated circuit > digital > encoder 


encoder 


In this encyclopedia, an encoder is a digital chip that converts a decimal-valued input 
into a binary-coded output. 


The term “encoder” may alternatively refer to a rotational encoder (also known as a 
rotary encoder) which has a separate entry in Volume 1 of this encyclopedia. The term 
may also describe a code hopping encoder, which is an encryption device used in keyless 


entry systems for automobiles. 
OTHER RELATED COMPONENTS 


+ decoder (see Chapter 15) 
+ multiplexer (see Chapter 15) 


What It Does 


‘An encoder is a logic chip that receives an input 
consisting of an active logical state on one of at 
least four input pins, which have decimal values 
from 0 upward in increments of 1. The encoder 
converts the active pin number into binary val- 
Ue represented by logic states on at least two 
output pins, This behavior is opposite to that of 
a decoder. 


Encoders are identified in terms of their inputs 
and outputs. For example: 


+ 4-to-2 encoder (four input pins, two output 
pins) 

+ 8:t0-3 encoder (eight input pins, three out- 
put pins) 

+ 16-to-4 encoder (sixteen inputpins, fourout- 
put pins) 


In the early days of computing, encoders pro- 
cessed interrupts. This application is now rare, 
and relatively few encoder chips are still being 
manufactured. However, they are still useful in 
small devices—for example, ifa large number of 


inputsmustbe handled byamicrocontrollerthat 
has insufficient pins to receive data from each 
individually. 


‘Schematic Symbol 

Like other logic-based components, the encoder 
does not have a specific schematic symbol and 
can be represented by a plain rectangle as in 
Figure 14-1, with inputs on the left and outputs 
on the right. The bars printed above some of the 
abbreviations indicate that an input or output is 
active-low. In this chip, the 74LS148, all inputs 
and outputs are active-low. 


Generally speaking, inputs labeled DO, D1, D2.. 
are used for data input, although they may sim- 
ply be numbered, with no identifying letter. The 
encoded outputs are typically identified as Q0, 
Q1, Q2... of AO, Al, A2... with QO or AO desig- 
nating the least significant bit in the binary 
number. 


Pins labeled E and GS are expl 
lowing section. 


\ed in the fol- 
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FIGURES.11 A schematic ofa GMR-based spin-valve GMR showing 
‘a higher resistance state in the anti-parallel configuration with respect 
to the parallel one. 


‘The main differences existing between them involve both the 
lateral sizes and the current density distribution. In fact, nano- 
contact devices generally present larger lateral dimensions (in the 
order of tenths of microns) with respect to those of nano-pillar 
(hundreds of nanometers). In addition, the perpendicular-to- 
plane applied current involves the whole physical (cross-section) 
area of pillar devices, whereas only a reduced region (the contact 
area, typically of the radius of 10-80nm) is involved in nano- 
contact devices (see Figure 8.12) 

‘The nano-pillar structure is widely used as an elementary 
memory cell where spin-polarized current drives the process of 
magnetization reversal (or switching), even in the absence of an 
external bias magnetic field 

(On the other hand, the nano-contact geometry becomes par- 
ticularly suitable to design microwave spin-transfer oscillators 
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FIGURE8.12_Nano-pillar and nano-contact spin-valve geometries. 
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with very narrow linewidths because it combines the advantages 
ofhaving a larger effective volume (with respect to pillar devices) 
(Kim et al. 2008) and a negligible influence of edge roughness 
and defects (Rippard et al. 2004). Infact, in the case of extended 
nano-contact geometry (also referred to as “nonconfined” sys- 
tems), the FL is not bounded in the plane; therefore, the mag- 
netic oscillations induced by spin-polarized current can excite 
spin-wave modes, which propagate through the FL material (in 
analogy tothe radiation of electromagnetic waves viaa transmit- 
ting antenna). On the contrary, the finite sizes of a nano-pillar 
device make it more similar to a magnetic resonator because of 
its reflecting boundaries. In fact, the spin-wave eigenmodes of 
such resonators, even though they could be spatially nonuni- 
form, can have only a discrete frequency spectrum determined 
by the finite in-plane sizes of the device. 

‘The structural differences between these two geometries imply 
not only different technological applications, but also require dif- 
ferent approaches in the corresponding numerical investigations. 

In fact, the micromagnetic study of the dynamics involved in 
a nano-pillar device can be carried out by directly applying the 
hints given in Sections 8.3.1 and 8.3.2 with the inclusion of normal 
boundary conditions at the computational edges (which also cor- 
respond to the physical edges, because ofthe finite dimensions): 


om] <6 


Tre (8.39) 


(nis the versor of the normal to the boundary 3). We should 
notice that the normal derivative is different from zero only if 
surface anisotropy effects are taken into account. 

(On the other hand, the analysis of dynamics involved in 
nnano-contact geometry requires a more sophisticated approach, 
In fact, one of the difficulties of FD methods lies in the fact that 
the investigated motion equation has to be solved in a discretized 
domain which, if applied to extended areas, would require pro- 
hibitive memory allocation and computational times. This is the 
case of nano-contact devices. 

Nevertheless, theoretically boundless space extension prob- 
lems have been solved by using special conditions at the boundar- 
ies of the reduced computational domain, in order to absorb the 
outgoing waves. Such a need for free-space simulation happens 
in a lot of physical problems and especially in wave-structure 
interactions. 

Following the previous discussions, it is clear that FD tech- 
niques applied to extended geometries impose the numerical 
implementation of computational areas smaller than the physical 
cones. Therefore it is necessary to develop a method for the waves 
absorption at the artificial boundaries to prevent the reflections 
of the propagating spin wave modes from these boundaries 
that, in a medium with relatively low dissipation (as Permalloy), 
might occur otherwise. If proper absorbing boundary conditions 
(ABC) are not considered, a spurious (purely computational) 
interference occurs which, in turn, can introduce a substantial 
distortion in the computed picture of the phenomenon and can 
seriously affect the properties ofthe excited spin-waves. As it will 
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bbe shown below, due to the impossibility of implementing some 
sort of analytical operators within a micromagnetic frame 
‘work for point-contact geometries, absorbing boundary condi- 
tions based on spatial-dependent damping functions have to 
be introduced. 

‘The problem of finding the exact analytical formulation of the 
perfectly absorbing conditions for spin waves at the edges of the 
computational region has not been solved so far. The analytical 
formulation of ABC generally requires the knowledge ofthe exact 
‘wave solution (Enquist and Majda 1977, Renaut 1992, Alpert etal 
2002). Infact, the most general first-order analytical formulation 
for local ABC was introduced by Higdon (1987) as follows 


[coo 2 Ze 


ox 


(8.40) 


‘where the Higdon operator is enclosed in brackets and itis used 
to completely absorb plane waves U propagating with speed 
at the angles +0 with respect to the x axis. Unfortunately, from 
the numerical point of view, the lack of knowledge of the exact 
spin-wave velocity c does not allow the implementation of this 
formalism within a micromagnetic framework. Moreover, if 
‘we restrict the analysis to the case of perpendicular incidence 
(where cos @ = 0), the previous condition becomes the common 
boundary condition (see Equation 3.22) used in the modeling of 
the finite specimen dU/ax = 0, which cannot assure the waves 
absorption at each boundary. 

‘Consequently, we need an alternative numerical strategy for the 
‘waves absorption at the computational boundaries. The attempts 
to find such conditions in numerical simulations have been under- 
taken by assuming that magnetic dissipation in the magnetic 
medium of the FL increases near the borders of the computa- 
tional region according to a certain chosen empirical dependence 
‘on coordinates (Berkov and Gorn 2006, Consolo et al. 2007.) 
Following this idea, a micromagnetic approach could be general- 
ized by including a site-dependent damping function in the model. 

‘A possible scheme was first introduced by Berkov et al. in 
(Berkov and Gorn 2006) where the damping parameter was 
considered to vary between its physical value (0f,) and a higher 
artificial one (Gp + 24a) in a smoothed way, which starts at the 
distance from the center r= (Ry ~ 6,) and involves a ring with a 
width of =20,: 


(8.41) 


ar) = 00 aa tanh Pe } 


‘The ABC introduced by Berkov are based on the following three 
main assumptions: 


1. The dissipation within and nearby the contact area must, 
be equal to its physical value. 

2. Dissipation far from the contact area and close to the 
simulated boundaries must be large enough to ensure the 
wave energy absorption, 

43, The spatial variation between these two values must be 
smooth enough to prevent wave reflection at the boundary. 
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Leaving the first two Berkov’s assumptions unchanged, an alter- 
native approach has been proposed in Consolo etal. (20076) for 
perpendicular-to-plane magnetized films, and is based on the 
following requirements: 


1. Creating a nonphysical absorbing medium surrounding 
the computational area 

2. Considering a damping coefficient two orders of magnitude 
greater than the physical one just in the boundary cells 

3. Entirely preserving the physical properties of the compu- 
tational area 


thas to be pointed out that, in spite of the formal equivalence 
between these empiric procedures and of the effectiveness of 
both procedures to absorb sufficiently well outgoing waves, the 
latter proposal, differently from the first one, allows the preser- 
vation of the physical properties in a larger computational area 
since it is based on the association of a localized abrupt change 
of the energy absorption at the computational boundaries 


lor) forr<R 
Jor) = m-th forr=R 
where 


Ris the radius of the computational area 
‘mis the factor that amplifies the dissipation at the boundaries 


(42) 


Finally, as briefly introduced above, we need to mathemati- 
cally formulate the difference existing in the spatial distribu- 
tion of current for pillar and nano-contact devices, which is 
expressed by a proper choice of the dimensionless function f(r) 
in Equation 8.15. 

In particular, for pillar devices, by assuming a uniform current 
density distribution, itis quite straightforward to consider it as, 
forr<R 


f(r) 
fle)=0 forr>R 


(8.43) 


which simply implies that all the computational cells are tra: 
versed by the same current value 

(On the other hand, for nanocontact geometry, it has to be 
taken into account that the current flow involves only the con. 
tact region of radius R, so that, under the same condition of uni- 
formity, we consider 


forr sR. 


Fase (44) 

[f()=0 forr> Re 
which implies that only the computational cells within the con- 
tact area are traversed by the current J, whereas there exists an 
abrupt cutoff of the current outside the contact. While stich 
an approximation is physically unrealistic, it has been demon. 
strated that it is able to capture most of the dynamics observed 
in laboratory experiments. However, more sophisticated shape 
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functions can be derived by numerically solving the Poisson 
‘equation to get the corresponding current density distribution 
through the whole computational area. 


8.4 Conclusions and Future Perspective 


In this contribution, we presented a brief overview of a micro: 
magnetic technique that is used to investigate the behavior of 
nanoscale spintronic devices. It is based on the numerical inte 
gration of the nonlinear LLGS equation. After developing a full- 
scale FD micromagnetic tool, a question might be asked. Is it 
possible to develop a framework simpler than the micromagnetic 
‘one but that allows for a gain in the equivalent understanding 
of the complex magnetization dynamics? Actually, magnetiza 
tion dynamics might be most easily investigated using macro: 
spin (less properly called “single-domain” approximation. The 
macrospin approximation assumes that the magnetization of a 
‘sample stays spatially uniform throughout its motion and can be 
treated as a single macroscopic spin. Since the spatial variation 
of the magnetization is frozen out, exploring the dynamics of 
magnetic systems is much more tractable using the macrospin 
approximation than it is using full micromagnetic simulations. 
‘The macrospin model makes it easy to explore the phase space 
of different torque models, and it has been a very useful tool for 
gaining a zeroth-order understanding of spin-torque physics. On 
the other hand, it obviously suffers from some intrinsic limita- 
tions (eg, the impossibility of reproducing the nonuniform 
spatial distribution of magnetization and fields), which some- 
times prevents the possiblity of mimicking experimental data 
Its possible to estimate qualitatively the critical size for which 
‘a macrospin approximation could be considered still sufficiently 
appropriate. It mainly depends on the competition between 
exchange and magnetostatic energy: the former favoring col: 
linear (uniform) magnetic state, the latter favoring closed-flux 
configurations. As the exchange energy density of the closed: 
loop configuration obviously increases with decreasing particle 
size (because magnetization gradients become larger), it leads 
to the result that only a collinear magnetization state is ener- 
getically stable below a certain critical size. It could be dem- 
‘onstrated that such critical length-scale is about—four to eight 
times the exchange length (about 20-40nm for usual soft mag 
netic materials). 

On the other hand, micromagnetic frameworks offer a power- 
ful tool for investigating magnetization phenomena occurring at 
the mesoscopic scale because of the accurate spatial resolution 
(few nanometers) and of the theoretically infinite bandwidth 
(restricted only by the integration time step). Because of that, 
itis also possible to gain additional information on the investi 
gated problem, which could not be acquired from a laboratory 
experiment. 

How can we summarize this issue between an accurate but 
‘time-consuming micromagnetic approach and a fast and often 
‘oversimplified macrospin model? 

Let us recall that full-scale simulations are supposed to 
include more (and not fewer) known features of the investigated 
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system than macrospin models and, at the same time, use fewer 
free (adjustable) parameters. Because of that, ifa simplified mac- 
rospin approach were able to produce a better agreement with 
experiment than a micromagnetic approach, it would imply an 
incomplete comprehension of some crucial properties of the sys- 
tem under study. In other words, it does not necessarily mean 
that a wrong choice of the values of parameters has been consid- 
ered, but rather it should recall for further studies to gain abetter 
understanding of the problem, which in turn should bring some 
corrections to the model. Moreover, because full-scale simula- 
tions are quite time-consuming, itis necessary to get an accurate 
knowledge of the system parameters, together with their spatial 
dependence (especially near critical regions, such as close to the 
edges) from independent sources, such as a high-quality experi- 
‘ment. Such information is of crucial importance for the model- 
ing of nano-scale devices due to their extremely small sizes. 

‘What about present and future applications of micromagnetic 
framework? 

So far, full-micromagnetic frameworks have been able to 
mimic the experimental behavior of most spintronic devices 
(pillar, nano-contact, MTJ, exchange-bias systems, phase- 
locked nano-contacts) as well as to perform predictions on new 
high-performance setups (Finocchio et al. 2006a,b, 2007, 2008, 
Choi et al. 2007, Consolo et al. 2007d, 2008, Hrkac 2008). At 
the same time, micromagnetic tools are successfully used to 
validate analytical theories as well. For example, the analysis of 
the disagreement reported between an analytical theory about 
the excitation of the nonlinear evanescent spin-wave “bullet” 
mode in in-plane magnetized nanocontact devices (Slavin and 
Tiberkevich 2005) and earlier results of micromagnetic simu- 
lations for the same geometry was intriguing and stimulating 
(Berkov and Gorn 2006). Infact, while the approximated theory 
was able to capture the underlying physics and consequently 
reproduce most of the experimental observations, micromag- 
netic simulations failed in that attempt. The problem was solved 
by using a new numerical strategy based on the application of 
decreasing currents starting from a large supercritical regime 
(Consolo et al. 20076), which contains a lot of nonlinear “seeds.” 
Apart from validating the theory, the micromagnetic approach 
has also been able to attribute the additional “subcritically- 
unstable” nature of these modes, enlarging the knowledge on the 
spin-wave modes supported by nano-contact devices. 

From the experimental point of view, there is also an increas- 
ing interest in the dynamics (both switching and precession) 
involving magnetic tunnel junctions because of the discovery 
of very large TMR values (TMR is the difference in resistance 
between parallel and antiparallel orientation for the elec- 
trode magnetizations of a magnetic tunnel junction) at room 
temperature. 

One reason for the interest in spin-torque effects in tunnel 
junctions is that these devices are better-suited than metallic 
magnetic multilayers for many types of applications. Tunnel 
junctions have higher resistances that can often be better imped 
ance-matched to silicon-based electronics, and TMR values can 
now be made larger than the GMR values in metallic devices. 
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Devices based on those effects have already found very wide- 
spread applications as magnetic-field sensors in the read heads 
‘of magnetic hard disk drives as well as nonvolatile random 
access memory based on magnetic tunnel junctions. 

Applications of spin transfer torques are so fascinating as 
well. Magnetic switching driven by the spin transfer effect can 
bbe much more efficient and more industrially intriguing than 
the usage of static magnetic fields or current-induced magnetic 
fields. This may enable the production of magnetic memory 
devices with much lower switching currents and hence greater 
‘energy efficiency as well as a larger integration density. The 
steady-state magnetic precession mode that can be excited by 
spin transfer is under investigation for a number of high-fre- 
‘quency applications, for example, nanometer-scale microwave 
sources (tunable by both magnetic field and current), detectors, 
mixers, modulators, phase shifters, and arrays (or matrixes) of 
phase-locked devices (whose coupling is used to increase the 
‘output power). One potential area of use is short-range chip-to- 
chip or even within-chip communications. 
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9.1 Introduction 


Molecular magnets have attracted considerable interest recently 
‘among researchers because they are considered to be ideal sys 
tems to probe the interface between classical and quantum phys. 
ics as well as to study decoherence in nanoscale systems. The 
advances in nanoscience during the last decade have made it pos. 
sible to design and fabricate a wide variety of nanosize objects, 
ranging from a couple of micrometers all the way down to a few 
tens of nanometers, where quantum effects become important 
and give rise to new properties. One of the goals of miniatur- 
ization was the possibility of observing quantum tunneling 
effects in mesoscopic systems. One source for such a task is the 
so-called single-molecule magnets (SMM) and antiferromag. 
netic molecular wheels, in which the spin state of the molecule 
is known to behave quantum mechanically at low temperatures. 
During the last decade, a tremendous progress in the experi 
mental methods for contacting single molecules and measuring 
the electrical current through them has been achieved. The cur- 
rent through single magnetic molecules like Mn,, and Fe, has 
been measured and magnetic excited states have been identi: 
fied (Jo et al,, 2006; Henderson et al., 2007). In a three-terminal 
‘molecular single electron transistor, the current can flowbetween 
the source and drain leads via a sequential tunneling process 
through the molecular charge levels, thereby bringing the whole 
field of Coulomb-blockade physics to molecular systems, 
Single-molecule magnets are mainly organic molecules con- 
taining multiple transition-metalions bridged by organic ligands. 
‘These ions are strongly coupled by exchange interaction, yielding 


large magnetic moment per molecule. The large spin combined 
with the large magnetic anisotropy provides an energy barrier 
for magnetization reversal. These systems provided for the first 
time evidence of quantum tunneling of the magnetization and 
interference effects as wel as oscillations of the tunnel splitting. 

Ferromagnetic molecular magnets such as Mn, and Fe, 
show incoherent tunneling of the magnetization (Korenblit 
and Shender, 1978; Enz and Schilling, 1986; van Hemmen and 
Siito, 1986; Chudnovsky and Gunther, 1988) and allow one to 
study the interplay of thermally activated processes and quan- 
tum tunneling. The spin tunneling leads to two effects. First, 
the magnetization relaxation is accelerated whenever spin states, 
of opposite direction become degenerate due to the variation 
of the external longitudinal magnetic field (Friedman et al., 
1996; Thomas et al, 1996; Leuenberger and Loss, 1999, 2000a; 
Leuenberger and Loss). Second, the spin acquires a Berry phase 
during the tunneling process, which leads to oscillations of the 
tunnel splitting asa function of the external transverse magnetic 
field (Wernsdorfer and Sessoli, 1996; Wernsdorfer et al., 2000; 
Leuenberger and Loss, 2000b, 2001). 

Antiferromagnetic molecular wheels are another type of 
molecular magnets where an even number of transition metal 
ions with spin form a closed ring in which the exchange inter- 
action between neighbors gives rise to a strong spin quantum 
dynamics. Antiferromagnetic molecular magnets such as ferric 
wheels belong to the most promising candidates for the obser- 
vation of coherent quantum tunneling on the mesoscopic scale 
(Chiolero and Loss, 1998; Meier and Loss, 2000, 2001). In con- 
tast to incoherent tunneling, in quantum coherent tunneling 
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spins tunnel back and forth between energetically degenerate 
configurations at a tunneling rate which is large compared to the 
decoherence rate, The detection of quantum behavior is more 
challenging in antiferromagnetic molecular magnets than in 
ferromagnetic systems, but is feasible with present day experi 
mental techniques. 

Understanding the properties of molecular magnets is only 
a first step toward achieving technological applications in data 
storage, data processing, and quantum technologies. A possible 
next step will be the preparation and control of a well-defined 
single-spin quantum state of a molecular cluster. Although 
challenging, this task appears feasible with present-day exper! 
ments and would allow one to carry out quantum computing 
with molecular magnets (Leuenberger and Loss, 2001b). 


9.2 Spin Tunneling in Molecular 
Nanomagnets 


‘An effective spin Hamiltonian that captures the basic physics of 
‘a molecular nanomagnet is given by the following form: 


H=H(S)+M, +My + My. (1) 


We will now analyze each term in the Hamiltonian given in 
Equation 9.1 separately. The first term in Equation 9.1 is the 
dominant term of the Hamiltonian with spin quantum number 
5 = |5] > 1 and is called the uniaxial anisotropy, which results 
from the spin-orbit interactions and generates and easy mag 
netic axis for the magnetic moment of the nanomagnet. ‘The 
assumption is that we have a single domain magnetic molecule 
in which the very strong exchange interactions align the micro 

scopic electronic spins into a parallel or antiparallel configura- 


§, for the ferromagnetic 
ys 8 


tion, resulting in a total spin 


‘moment or the Neél vector with 5 Yo respectively. 


Fora nanomagnet like Fe,, Mo(S) =—AS? where A/ky = 0.275K 
and generates an energy barrier that separates opposite spin pro- 
jections (see Figure 9.1). 

Quantum mechanics specifies that a particle in a symmet 
ric double well potential undergoes a tunnel effect that makes 
the particle go back and forth from one well to the other with 
4 frequency @, This implies that the eigenfunctions of the 
Hamiltonian are delocalized, which means that there isa prob- 
ability to find the particle ether in one well or the other. In a 
similar fashion, there isa probability for the spin of the nano. 
magnet to change direction, ie. if the spin of the nanomagnet 
points up there isa probability that at a later time the spin will 
be pointing down, At equilibrium and finite temperature, the 
probability that the spin is in state |m), where S,|m) = mlm) for 
m==5,-8+ Iya 1,58 given by 
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FIGURE 9.1 The graph shows %) vs. S, where the horizontal lines 
indicate the energies ofthe quantum states. 
where 

Zis the partition function 

E,=-Dm? 


For the case when T > 0 the probability for the spin to go from 
cone well to the other satisfies the following equation: 


#PO __ppay co. 


at 3) 


Therefore P(t) e-P, where Pis the rate of decay and I~!is known 
as the lifetime or characteristic time of the particle. 

The second term in Equation 9.1 is the Zeeman energy result- 
ing from the interaction of the spin with an external magnetic 
field i.e, Mz =pag’-H. A magnetic field applied along the easy 
axis of the molecule will tilt the potential well and for certain 
values of the magnetic field (SH, = (m + m)|AV/guy), the energy 
levels on both sides of the anisotropy barrier coincide. Therefore 
the Hamiltonian given by 1=—AS! + ghiySH.S. is still doubly 
degenerate (see Figure 9.2). 
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FIGURE9.2 “The graph shows (M,+7,) vs. in a constant magnetic 
field parallel to the easy axis. A denotes the tunnel splitting between 
states jm) and |m). 
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‘These degeneracies can be removed by the term H, which 
corresponds to the transverse anisotropies. For the nanomagnet 


Fe,, the transverse anisotropy term is given by Hy = E(S;—S), 
where (E/k,, = 0.046 K). The anisotropy term lifts the degeneracy, 
thereby creating an energy gap between the spin states |) and 
|n’), denoted by A,,,. If the Hamiltonian possesses transverse 
terms, the pairwise degenerate states get split by A,» amount 
of energy. If the coupling of our system to an external bath is 
assumed to be zero, each pair of the degenerate states can be 
described by means of a two-state Hamiltonian 


where tan 0 = A,,./hi(m-m’), 0 < 0 < mand h is the longitudinal 
‘magnetic field with the coupling constant g and Bohr magneton 
yabsorbed, which makes the double well asymmetric, and Aj. 
is the tunnel splitting between the states m) and [n’). The eigen: 
states of Equation 9.4 read 


(05) 


(06) 


with eigenvalues 


72") nem) PnP EB 
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on 


[y) and |y) are delocalized as long as h(m ~ m1’) < Aas It is only 
inthisregime that spin state can tunnel from one sie of the bar 

rier tothe other, which salso relevant forthe Zener tunneling (see 
Section9.5).In the limit 0, the eigenstates y,)and|y.)are the 
symmetrical and antisymmetrical combinations of jm) and |’), 


Le [¥2)=18)= (lo) +1m))andy.)=14)=Jp(Im)—In?) 
For A,,,.—9 0 we are left with |y,) = |m) and [y.) = [mn’) for Jt > 0 


and |y.) =m) and |y.) = |m’) for h < 0 (Figure 9.3). 
Let us now assume that the system starts in the state 


8 6 
|we=0)=|m)=cosSiy.)-sinly.), 8) 
from which one obtains immediately the time evolution 
Iweo)= cose |y,) sine 9) 
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FIGURE 9.3 Anticrossing of the adiabatic eigenvalues £, = 


fn ny =W-r ay The Zone tuning traston of 


the state [y) is adiabatic (ce Section 95). 


‘Then one can calculate the probability that the state [m) has tun- 


need to the state [m’) after time t: 


(10) 


‘This means that both the tunneling behavior and also the 
two-level spin resonance behavior are described by a Rabi 
oscillation. 

In reality, the spin of the SMM is interacting with the environ- 
‘ment and this interaction is described by the lat term in Equation 
911 The interaction of the molecular magnet with the environ- 
‘ment is due to the hyperfine interaction, dipole interaction, spin~ 
phonon interaction, the interaction between the molecule and 
two contact leads, etc. When the spin interacts with its environ- 
‘ment, the wavefunction loses the memory of its phase. This phe- 
nomenon is known as decoherence. In this case, the wavefunction 
is not longer appropriate to describe the system. The problem of 
a system that interacts with the environment is formulated by 
means of the density matrix formalism. The spin has a certain 
probability to be in state mm) at time t, which is described by the 
density matrix p,(#). Due to the interaction with the environ- 
‘ment, the spin undergoes incoherent transitions from a state |m) 
to another state |m’) at a rate Wy until p,(0), —s< m <5 reach 
their equilibrium value. This process is known as relaxation 
If these transitions are independent of each other, the density 
matrix evolves according to the Pauli equation or master equation 


putt) ' , 
ae > hice ‘Pur (t)—Wrrnfaa(t) 1) 
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where Wiyy is the transition probability from state [m) to state 
|mn’. The master equation (Equation 9.11) can also be written as 


dha ) 


LA P(t) (012) 
where 
Won ifm#nt 
=F Ye tn 


the prime indicates that the term m” = mis to be omitted in the 
summation. A formal solution to Equation 9.11 can be obtained 
in the following manner, let 


Pu(t)= pe 


(ou) 


where I" is the characteristic time labeled by the index 1 = 0, 
1,....25 Substituting Equation 9.14 into Equation 9.11, one obtains 


Tap = psf ~Bow Wom = DAs (013) 


‘which implies that -P, is an eigenvalue of the master matrix 
defined in Equation 9.13. The master matrix is a square matrix 
(Qs +1) x (s+ 1), which is not Hermitian. However, the eigen- 
value problem can be written in terms of the Hermitian real 
‘matrix by making the following transformation 


(9.16) 


i exp Ma) - -Ew! ] 


It follows that the general solution of Equation 9.11 is then 


muito] S iret 


where (P",—I,) are the (2s + 1) orthonormal set of eigenvec- 
tors with the corresponding eigenvalues of the matrix (9.16) and 
Pu = pit! exp(BE,,/2). The c, are the constants related to the 
initial distribution of p,, by 


G -Laonon| 2] 


Equation 9.11 is only valid for times where the correlation time 
+. in the heat bath is much smaller than the relaxation time of 
the spin system, necessary for the establishment of irreversibility 
in a macroscopic system. In fact, in order to describe quantum 
tunneling, itis necessary to use the generalized master equation. 


(9.17) 


(9.18) 
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‘The generalized master equation that describes the relaxation 
of the spin due to phonon-assisted transitions including reso- 
nances due to tunneling is given by 


Ftp. Han + Ban AW 


(19) 


Pa 


‘The difference to the usual master equation is that Equation 9.19 
takes also off-diagonal elements of the density matrix p(t) into 
account. This i essential to describe tunneling of the magnetiza~ 
tion, which is caused by the overlap of the S. states. 

Let us consider the two-state system {[m), |m’)}, which yields 
the two-state Hamiltonian in the presence of abias field given in 
Equation 9.4. Next we insert the two-state Hamiltonian into the 
generalized master equation (Equation 9.19), which yields for 
the diagonal elements of the density matrix 


‘A, 
Fe Pew Pen) Wat DY Wonk (020) 


and for the off-diagonal elements 


iA, 


Fea —Pu (9-21) 


Ba = { om Jour 


with E, = -Ane + giiyBHum and Egg = Eq — yo similarly for 
m € m’. Ultimately, we are interested in the overall relaxation 
time t of the quantity p, — p_, (see Section 9.7) due to phonon- 
induced transitions. This t turns out to be much longer than 
1,= I/ts Which isthe decoherence time of the decay of the off- 
diagonal elements Pw: eof the density matrix p. Thus, we 
can neglect the time dependence of the off-diagonal elements, 
i.e. bya = O. Physically this means that we deal with incoherent 
tunneling for times t > t,. Inserting then the stationary solution 
of Equation 9.21 into Equation 9.20, which leads to the complete 
master equation including resonant as well as nonresonant 
levels, we get 


1 = WP +S WanP +E mary Ped» (0-22) 


where 


(9.23) 


= RWW 


is the transition rate from m to m (induced by tunneling) in the 
presence of phonon damping, Note that Equation 9.22 is now of 
the usual form of a master equation, ie., only diagonal elements 
of the density matrix p(t) occur. For levels k # m, m’, Equation 
9.22 reduces to 


(924) 
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Figure 144. While no specific schematic symbol exists 
for an encoder chip. this style is commonly used. Shown 
here is a 16-to-4 encoder with active-low inputs and 
outputs, 


Similar Devices 
The similarities and differences between encod- 


er, decoder, multiplexer, and demultiplexer can 
cause confusion, 


+ Inanencoder,anactivelogicstateisapplied 
to one of four or more input pins, while the 
rest remain in an inactive logic state. The in- 
putpin numbers converted toa binary code 
whichis expressed asa pattern oflogicstates 
on two or more output pit 


+ Ina decoder, a binary number is applied as 
apatter of logic states on two or more input 
pins, This value determines which oneoffour 
or more output pins will have an active logic 
state, while the rest remain in an inactive 
logic state. 


+ Amultiplexer can connect a choice of mul- 
tiple inputs toa single output, for data trans- 
fer, The logic state of an enable pin, or a bi- 
nary number applied as a pattern of logic 
states to multiple control pins, chooses 
which input should be connected with the 
output pin. The alternative term data selec- 
tor evokes the function of this device more 
clearly. 


> encoder 


id circuit > digital 


+ An analog multiplexer may allow its inputs 
and outputs to be swapped, in which case it 
becomes a demultiplexer. it can connect a 
single input to one of multiple outputs, for 
data transfer. The logic state of an enable pin, 
ora binary number applied as a pattern of 
logic states to multiple control pins, chooses 
which output should be used. The alterna- 
tiveterm data distributorevokes the function 
of this device more clearly. 


How It Works 


‘An encoder contains logic gates. The internal 
logic of an 8-to-3 encoder is shown in 
Figure 14-2, where the darker blue rectangle rep- 
resents the chip. The switches in this figure are 
external and are included only to clarify the con- 
cept. An open switch is imagined to provide an 
inactive logic input, while a single closed switch 
provides an active logic input. (Multiple active 
inputs can be handled by a priority encoder, de- 
scribed below). 


Each input switch has a numeric status from 1 to 
7. The switch with value 0 does not make an in- 
ternal connection, because the output from the 
OR gates is 000 by default. 


The logic state of each OR output represents a 
binary number, weighted with decimal values 1, 
2, and 4, as shown at the bottom of the figure. 
Thus, if switch 5 is pressed, by tracing the con- 
nections itis clear that the outputs of OR gates 4 
and 1 become active, while the output from gate 
2 remains inactive. The values of the active out- 
puts thus sum to 5 decimal. 


Figure 14-3 shows the outputs forall possible in- 
put states of a 4-to-2 encoder. Figure 14-4 shows 
the outputs for all possible input states of an 8- 
to-3 encoder. These diagrams assume that a high 
logic state is an active logic state, on input or 
output. This is usually the case. 
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‘We note that [has a Lorentzian shape with respect to the 
external magnetic field 3H, occurring in &,,,. It is thus this 
Trane that will determine the peak shape of the magnetization 


9.3 Phonon-Assisted Spin 
Tunneling in Mn,, Acetate 


‘The magnetization relaxation of crystals and powders made 
of molecular magnets Mn,, has attracted much recent interest 
since several experiments (Sessoli et al., 1993; Novak and Sessoli, 
1995; Novak et al, 1995; Paulsen and Park, 1995; Paulsen et al., 
1995) have indicated unusually long relaxation times as well as, 
increased relaxation rates (Friedman et al., 1996; Hernandez 
etal., 1996; Thomas et al., 1996) whenever two spin states become 
degenerate in response to a varying longitudinal magnetic field 
H., According to earlier suggestions (Barbara et al., 1995), this 
phenomenon has been interpreted asa manifestation of incoher- 
ent macroscopic quantum tunneling (MQT) of the spin. 

‘As long as the external magnetic field H. is much smaller than 
the internal exchange interactions between the Mn ions of the 
Mn, cluster, the Mn,, cluster behaves like a large single spin S of 
length [S| = 10. For temperatures 1 < T'< 10K, its spin dynamics 
can be described by the spin Hamiltonian given in Equation 9.1, 
including the coupling between this large spin and the phonons 
in the crystal (Villain et al., 1994; Garanin and Chudnovsky, 
1997; Hernandez et al., 1997; Fort et al, 1998; Luis et al., 1998; 
Leuenberger and Loss, 1999, 2000a; Leuenberger and Loss). 

‘The most general spin-phonon coupling reads 


Hy = gb —€,) (SE S$) + F826 (SS) 
+H eile O18,S3146. 1555.) 


+} 8il@. 81S.5.1+0,- @(5,,8.), (9.25) 


where 


4;are the spin-phonon coupling constants 
ja() isthe (ant-}symmetric part ofthe strain tensor 


From the comparison between experimental data (Friedman 
et al, 1996; Thomas et al., 1996) and calculation, it turns out 
that the constants ¢,~ A Vi (Leuenberger and Loss, 1999, 2000a; 
Leuenberger and Loss). 


9.4 Interference between 
Spin Tunneling Paths in 
Molecular Nanomagnets 


Recent experiments have pointed out the importance of the 
interference between spin tunneling paths in molecules. For 
instance, measurements of the magnetization in bulk Fe, have 
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observed oscillations in the tunnel splitting A, between states 
S,= mand masa function ofa transverse magnetic field at tem- 
peratures between 0.05 and 0.7K (see Landau, 1932). This effect 
can be explained by the interference bet ween Berry phases 2ss0- 
ciated to spin tunneling paths of opposite windings (DiVincenzo 
etal, 1992; van Delft and Henley, 1992). 

Usually the Berry phase effect arises in systems that undergo 
an adiabatic cyclic evolution, and which occurs in such diverse 
fields as atomic, condensed matter, nuclear and elementary par- 
ticle physics, and optics, The basic assumption forthe derivation 
of the Berry phase is tha, fora slowly varying time-dependent 
Hamiltonian H(&() that depends on parameters R,(), R.(,-» 
RC) components of a vector R the eigenstate evolves in time 
according to 


Plugging Equation 9.26 into Schrédinger’s equation we have 


dg dk 


See ilwlVulw)- So (9.27) 
thus, for ¢= 0 to t= t we end up with 
(0) 900)= J (ysl, lw.ja (028) 


‘The term of Equation 9.28 is known as Berry’s phase. The overall 
phase of quantum state is not observable but the relative phases 
for a quantum system, which undergoes a coherent evolution, 
can be detected experimentally. Consider for example two paths 


Rand B with the same end points R(0) = R(0) and Ris) ~ R@), 
the net Berry phase change is given by 
d0= flyiliVelys)a 0.29) 


‘This is a line integral around a closed loop in parameter space, 
which is nonzero in general. The classic example of Berry's 
phase is an electron at rest subjected to a time-dependent mag- 
netic field of constant magnitude but changing direction. The 
Hamiltonian for this system is given by 


Hy -id, 


M=-ws6-H= 


‘| ean 


where H(t) = H(sin 8() cos(0(t),sin(9(0) sin((0)),cos(@(¢))) and 
lis Bohr magneton. Itis easy to show thatthe eigenstate repre- 
senting spin up along H() for Equation 9,30 has the form 


@ ei es) 
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FIGURE9.4 The figure shows an electron ina constant magnetic field 
‘which sweeps around a closed curve C and subtends a solid angle Q. 


For the case when the magnetic field sweeps out an arbitrary 
closed circuit C (see Figure 9.4) we can apply Equation 9.29 to 
get the Berry phase 

A9=-5.210), (0.32) 
‘where (2(C) is the solid angle described by the field H along the 
circuit . 


9.4.1 Berry's Phase and Path Integrals 


‘An alternative approach for quantum mechanics and hence for 
the calculation of the tunneling frequency is by means of path 
integrals which were introduced by Richard Feynman (Feynman, 
1948). In this section, we will briefly explain the path integral 
approach to calculate the Berry phase in single molecular magnets. 

Feynman showed that the probability amplitude 
(x [expli(t’— £)71/hx) for a particle that is at point x’ at time 1” 
if it wasat point xat atime tcan be expressed as the path integral 


a i on iSe 
ue |t)= [Dt ves| (03) 
where 
s,= faruia.sio), (0.34) 


is the Euclidean action, which involves the classical Lagrangian 
L{x(f), x(¢)] and [D{x”] is an integral over all paths from x to x’ 
defined as 


(9.35) 


where x, = x(t) and f, € [6 fy ty.» t/] For purposes of 
actual evaluation of quantities using path-integral methods, 
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it is common to get rid of the factor i in the exponential of 
Equation 9.33 by analytic continuation to imaginary times, 
through B = it/h. Then, the path integral becomes equivalent 
to the partition function Z by noting B = 1k,T. 

Quantum tunneling of a spin is often described with the 
terminology of a path integral. Consider a general single-spin 
Hamiltonian 7,,,=—AS? +B,(S! +5"), with easy-axis (A) and 
transverse (B,) anisotropy constants satisfying A>> B, > 0. Here, 
‘nis an even integer, ie., n= 2, 4, 6, ... So that H. is invariant 
under time reversal. Such Hamiltonians are relevant for molec- 
ular magnets such as Mn,, (Fort et al, 1998; Leuenberger and 
Loss, 1999, 2000a) and Fe, (Leuenberger and Loss, 2000b). The 
corresponding classical anisotropy energy E.,,(0, 4) = ~As: cos? 
0 + B,s sin" 6 cos() has the shape of a double-well potential, 
with the easy axis pointing along the z direction. It is obvious 
that the anisotropy energy remains invariant under rotations 
around the z-axis by multiples of the angle 1) = 2n/n. For the 
following calculation, it proves favorable to choose the easy axis, 
along the y direction where the contour path does not include 
the south pole. Then the spin Hamiltonian and the anisotropy 
energy are changed into 


on 


AS; + By(S! +8"), (9.36) 


where now S, 


iS, and 


E,(8,0)=—As* sin’ Osin’ + B,s" 


x{(cos0 + sind cose)" + (cos isin8cos9)"] 


(937) 


We are interested in the tunneling between the eigenstates [mi) 
and |-m) of -AS, corresponding to the global minimum points 
(0 = n/2, 4 = -n/2) and (@ = n/2, = +n/2) of E,,. For this, we 
evaluate the imaginary time transition amplitude between 
these points. For the ground-state tunneling (m = s >> 1), this 
can be done by means of the coherent spin-state path integral 
(DiVincenzo etal, 1992) 


<P ones, 


(938) 


where B = 1/k,T'is the inverse temperature, DQ = T1,dQ,, dQ, = 
[4n/(2s + 1)d(cos®,)do, the Haar measure of the $* sphere, 


. 
and S,= | ‘drfisp(tcos6)+ £,,] the Euclidean action, where 


the first term in S, defines the Wess-Zumino (or Berry phase) 
term, which gives rise to topological interference effects for spin 
tunneling (DiVincenzo etal, 1992; von Delft and Henley, 1992) 
We can divide the S* surface area of integration in Equation 
9.38 into n equally shaped subareas 4, so that we can factor out 
the following sum over Berry phase terms without the need of 
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sin (u2n)/sin (pdr) 


2 


4 
FIGURE9.5 Sum over Berry phase terms for s= 10 and n = 4, 
evaluating the dynamical part of the path integral (ie, the fol- 


owing result is valid for all m), 


sin(2nm) 


Sinan) (9,39) 
ain@amin ©?) 


which vanishes whenever 1 is nota divisor of 2m. Thus, the tun- 
nel splitting energy A,» between the states |mi) and |-m) van- 
ishes if 2m/n ¢ Z. However, if 2m/n © Z, the variable m must 
be extended to real numbers, i, m — 1 € R, in order to cal- 
culate the limit yt — m of the ratio of the sine functions, which 
is plotted in Figure 9.5 for a special case. In order to visual- 
ize the interference between the Berry phases in Equation 9.39, 
‘we select one representative path of each subarea ,. Then the 
vanishing of the amplitude in Equation 9.39 for the case n = 6 
(see Figure 9.6) can be thought of as a destructive interference 


FIGURE9.6 Berry phase interference between six different paths for 
and n=6, 
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between six different paths. Also, it is important to note that 
from the semiclassical point of view, the total classical energy 
of the spin system E must be conserved during the tunneling 
process. Therefore, the semiclassical paths do not follow the 
local minima of E with respect to @ alone, except for the case 
of purely quadratic (i.e. n = 2) anisotropies (DiVincenzo et al, 
1992; Garg, 1993). 

From the above treatment, we conclude that tunneling 
between two degenerate spin states |m) and lm’) = |-m) is topo- 
logically suppressed (ie, the twofold degeneracy is not lifted) 
whenever mis not a divisor of 2m. Since m is even this excludes 
immediately tunneling for all half-odd integer spins s (for all 
‘mand n), in accordance with Kramers degeneracy. For s inte- 
get, however, tunneling can be either allowed or suppressed, 
depending on the ratio 2m/n. In the latter case, the twofold 
degeneracy of spin states isnot lifted by the anisotropy, and we 
can view this result as a generalization of the Kramers theorem 
to integer spins. 


9.5 Incoherent Zener Tunneling in Fe, 


Besides Mn,,, there have been several experiments on the 
molecular magnet Fe, that revealed macroscopic quan- 
tum tunneling of the spin (Barra et al, 1996; Wernsdorfer 
and Sessoli, 1996; Sangregorio et al., 1997; Ohm et al., 1998; 
Wernsdorfer et al., 2000). In particular, recent measurements 
on Fe, (Wernsdorfer and Sessoli, 1996; Wernsdorier et al., 
2000) lead to the development of the concept of the incoherent 
Zener tunneling (Leuenberger and Loss, 2000b; Leuenberger 
et al., 2003). The resulting Zener tunneling probability P,,, 
exhibits Berry phase oscillations as a function of the external 
transverse field H, 

For many physical systems, the Landau-Zener model 
(Landau, 1932; Zener, 1932) has become an important tool for 
studying tunneling transitions (Crothersand Huges, 1977; Garga 
et al,, 1985; Shimshoni and Gefen, 1991; Averin and Bardas, 
1995). It must be noted that all quantum systems to which the 
Zener model (Landau, 1932) is applicable can be described by 
pure states and their coherent time evolution. In particular, the 
theory presented in Leuenberger and Loss (2000b) agrees well 
with recent measurements of P..(H,) for various temperatures 
in Fe, (Wernsdorfer and Sessoli, 1996; Wernsdorfer et al., 2000), 

For the Zener transition, usually only the asymptotic limit 
is of interest. Therefore it is required that the range over which 
Eng) = Ey, ~ Ey is swept is much larger than the tunnel split- 
ting A.,,- and the decoherence rate ffm, In addition, the evo- 
lution of the spin system is restricted to times f that are much 
longer than the decoherence time T, = 1/tjy In this case, tun- 
neling transitions between pairs of degenerate excited states are 
incoherent. This tunneling is only observable ifthe temperature 
Tis kept well below the activation energy of the potential bar- 
rier. Accordingly, one is interested only in times t that are larger 
than the relaxation times of the excited states. It was shown by 
Leuenberger and Loss (2000b) that the Zener tunneling can be 
described by Equation 9.22, where 
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(9.40) 


is time dependent, in contrast to Equation 9.23. As usual, the 
abbreviations Yyq = (Wy, + Wy/2 and Wy, = ,Way are used, 
where W,,, denotes the approximately time-independent tran- 
sition rate from |r) to |n), which can be obtained via Fermi’s 
golden rule (Leuenberger and Loss, 1999, 2000a). The tunnel 


splitting (Leuenberger and Loss, 1999, 2000a) is given by 


(9.41) 


Vinson Tt Vensmss yy. 


ee 


Vigm, denote off-diagonal matrix elements of the total 
Hamiltonian Hu. 

Since all resonances n lead to similar results, Equation 9.22 is 
solved only in the unbiased case—corresponding to m = 0 (see 
below)—where the ground states |s), |-s) and the excited states 
[mn [-m), me [-s+ 1, s~ 1] of the spin system with spin s are 
pairwise degenerate. In addition, it is assumed that the excited 


states are already in their stationary state, Le., 8, = 0 Vin # 5, ~s. 


Equation 922 leads then to 
oof Jarrah 42) 


where Ap(®) = p, ~ pn which satisfies the initial condition 
Ap(t = f) = 1, and thus P,,.(t= f.) = 0. The total time-dependent 
relaxation rate is given by Ty, = 2{T,., + Tals where the ther- 
‘mal rate Ty, which determines the incoherent relaxation via 
the excited states, is evaluated by means of relaxation diagrams 
(Leuenberger and Loss, 1999, 2000). 

‘Assuming linear time dependence, 12. Ema) = Olt, in the 
transition region (Landau, 1932), and with |e57)| > Yq: one 
‘obtains from Equation 9.42 


Ap= om ae at en ‘ford 


where f, = -f. In the low-temperature limit T > 0 the excited 
states are not populated anymore and thus Ty, which consists 
of intermediate rates that are weighted by Boltzmann factors b,, 
(Leuenberger and Loss, 1999, 2000a), vanishes. Consequently, 
Equation 9.43 simplifies to 


(043) 


ap= onf- aE 
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FIGURE 9.7 Zener transition probability P,,(I1,) for tempers 
tures T = 0.7, 0.65, 0.6, 0.55, 0.5, 0.45, and 0.05K. The fit agrees well 
with data. Note that P,, is equal to 2P. (From Wernsdorfer, W. eta, 
Europhys, Lett, 50, 552, 2000.) 


‘The exponent in Equation 9.44 differs by a factor of 2 from the 
Zener exponent (Landau, 1932). This is not surprising since Ty, 
is the relaxation rate of Ap, where both p, and p., are changed 
in time by the same amount, and not an escape rate like in the 
case of coherent Zener transition, where only the population of 
the initial state is changed in time. Equation 9.44 implies Pj. = 1 
for [é,..(0)| — 0 (adiabatic limit) and P,,. = 0 for [é,.,0)| —> = 
(sudden limit). Aer fitting the parameters the incoherent Zener 
theory isin excellent agreement with experiments (Wernsdorfer 
and Sessali, 1996; Wernsdorfer etal. 2000) for the temperature 
range 0.05K$ T<0.7K if the states |=10),|29),and [8) are taken 
into account. In particular, the path leading through [8) gives 
a non-negligible contribution for T2 0.6K. One obtains the fol- 
lowing from Equation 9.43 for Fe, in the case n = 0 


Ta =2] P+ |, 
We” Pare 
045) 
xE EL Wah 
p= exp) —"Bis Wale 
ees 2 auth Way 


where the approximation 7, = Wioq and [@iz-|> Ex Yacn iS 
used. P,. = 1 ~ Ap, which is plotted in Figure 97, isin excellent 


agreement with the measurements (Wernsdorfer et al., 2000). 


9.6 Coherent Néel Vector Tunneling 
in Antiferromagnetic 
Molecular Wheels 


Antiferromagnetic molecular clusters are the most promising 
candidates for the observation of coherent quantum tunneling 
on the mesoscopic scale currently available (Chiolero and Loss, 
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1998), Several systems in which an even number N of antiferro- 
‘magnetically coupled ions is arranged on a ring have been syn: 
thesized to date (Papaefthymiou et al, 1994; Fabretti eta, 1996; 
Schromm et al, 2001; Gatteschi et al., 2002). These systems are 
‘well described by the spin Hamiltonian 


where 
is the spin operator at site / with spin quantum number s, 
Jis the nearest neighbor exchange 
His the magnetic field 
k, > O the single ion anisotropy directed along the ring axis, 


‘The parameters J and k, have been well established both for 
various ferric wheels (Papaefthymiou et al, 1994; Fabretti et al, 
1996; Kelemen et al, 1998; Comnia et al.,1999; Jansen et al. 1999; 
Koch et al, 1999; Schromm et al., 2001; Zotos et al, 2001) with 
N=6,8, 10, and, more recently, also for a Cr wheel (Gatteschi 
et al, 2002). For H = 0, the classical ground-state spin config 

uration of the wheel shows alternating (Néel) order with the 
spins pointing along +e... The two states with the Néel vector 
n along +e, (Figure 9.8), labeled | T) and | 1), are energeti- 
cally degenerate and separated by an energy barrier of height 
Nk.s.. Because antiferromagnetic exchange induces dynamics 
of Néel-ordered spins, the states | 7) and | 1) are not energy 
eigenstates, Rather, a molecule prepared in spin state | T) would 
tunnel coherently between | 1) and | 4) ata rate A/h, where A 
is the tunnel splitting (Barbara and Chudnovsky, 1990; Krive 
and Zaslavskii, 1990). This tunneling of the Néel vector corre 

sponds to a simultaneous tunneling of all N spins within the 
‘wheel through a potential barrier governed by the easy axis 
anisotropy. Within the framework of coherent state spin path 
integrals, an explicit expression for the tunnel splitting A as a 
function of magnetic field H has been derived (Chiolero and 
Loss, 1998). A magnetic field applied in the ring plane, H., 
gives rise to a Berry phase acquired by the spins during tun 

neling (DiVincenzo et al., 1992; van Delft and Henley, 1992; 
Garg, 1993; Leuenberger et al., 2003). The resulting interference 


FIGURE 9.8 ‘The two degenerate classical ground state spin con- 


figurations of an antiferromagnetic molecular wheel with easy axis 
anisotropy. 
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of different tunneling paths leads to a sinusoidal dependence 
of A on H,, which allows one to continuously tune the tunnel 
splitting from 0 to a maximum value which is of order of some 
Kelvin for the antiferromagnetic wheels synthesized to date. 

‘The tunnel splitting A also enters the energy spectrum of the 
antiferromagnetic wheel as level spacing between the ground 
and first excited state. Thus, A can be experimentally deter 
mined from various quantities such as magnetization, static 
susceptibility, and specific heat. Even more information on the 
physical properties of antiferromagnetic wheels (Equation 9.46) 
can be obtained from a theoretical and experimental investiga 
tion of dynamical quantities, such as the correlation functions 
ofthe total spin $= J)" 3, or of single spins within the antifer- 
romagnetic wheel (Meier and Loss, 2000, 2001). By symmetry 
arguments, it follows that the correlation function of total spin, 
(S,(t)8,(0)), which is experimentally accessible via measurement 
of the alternating current (AC) susceptibility does not contain 
a component, which oscillates with the tunnel frequency A/h 
(Meier and Loss, 2000, 2001). Hence, neither the tunnel split- 
ting nor the decoherence rate of Néel vector tunneling can be 
obtained by experimental techniques which couple to the total 
spin of the wheel. In contrast, the correlation function of a 
single spin 


pare 


(S1s(0)5.2(0)) = (aes 


exhibits the time dependence characteristic of coherent tun- 
neling of the quantity §,, with a tunneling rate A/h (Meier and 
Loss, 2001), We conclude that local spin probes are required for 
the observation of the Néel vector dynamics. Nuclear spins, 
which couple (predominantly) toa given single spin §, are ideal 
candidates for such probes (Meier and Loss, 2001) and have 
already been used to study spin cross-relaxation between elec- 
tron and nuclear spins in ferric wheels (Lascialfar etal, 1999: 
Piniet al., 2000). 

For simplicity, we consider a single nuclear spin 1, 1 = 1/2, 
coupled to one-electron spin by a hyperfine contact interaction 
W’ = Aas-1. According to Equation 9.47, the tunneling electron 
spin &, produces a rapidly oscillating hyperfine field As cos(At/) 
at the site ofthe nucleus 

Signatures of the coherent electron spin tunneling can thus 
also be found in the nuclear susceptibility Fora static magnetic 
field applied in the plane ofthe ring, Hit can be shown that the 
nuclear susceptibility 
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exhibits a satellite resonance at the tunnel splitting A of the elec- 
tron spin systemt (Meier and Loss, 2001). Here, ¥,H, is the Lamor 
frequency of the nuclear spin and the first term in Equation 9.48 
corresponds to the transition between the Zeeman split energy 
levels of I. Because typically As= 1mK and A < 2K in Fey, the 
spectral weight of the satellite peak is small compared to the one 
of the first term in Equation 9.48 unless the magnetic field is 
tuned such that A is significantly reduced compared to its maxi- 
‘mum value. The observation of the satelite peak in Equation 
9.48 is challenging, but possible with current experimental tech- 
niques (Meier and Loss, 2001). The experiment must be con: 
ducted with single crystals of an antiferromagnetic molecular 
‘wheel with sufficiently large anisotropy k, > 2)/(Ns)*at high, tun- 
able fields (10T) and low temperatures (2K). Moreover, because 
the tunnel splitting A(H) depends sensitively on the relative ori- 
entation of H and the easy axis (Jansen et al., 1999; Zotos et al, 
2001), careful field sweeps are necessary to ensure that the satel: 
lite peak in Equation 9.48 has a large spectral weight. 

‘The need for local spin probes such as NMR or inelastic new: 
tron scattering to detect coherent Néel vector tunneling can be 
traced back to the translation symmetry of the spin Hamiltonian 
H (Meier and Loss, 2000). If this symmetry is broken, eg., by 
doping of the wheel, ESR also provides an adequate technique 
for the detection of coherent Néel vector tunneling. If one of the 
original Fe or Cr ions of the wheel with spin s = 5/2 or = 3/2, 
respectively, is replaced by an ion with different spin s’# s, this 
will in general also result in a different exchange constant J’ and 
single ion anisotropy kat the dopand site, ie, 
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Although thermodynamic quantities, such as magnetization, 
of the doped wheel may differ significantly from the ones of 
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the undoped wheel, the picture of spin tunneling in antiferro- 
magnetic molecular systems (Barbara and Chudnovsky, 1990; 
Krive and Zaslavskii, 1990) remains valid (Meier and Loss, 
2000). However, due to unequal sublattice spins, a net total spin 
remains even in the Néel ordered state of the doped wheel (Figure 
98). This allows one to distinguish the configurations sketched 
in Figure 9.8 according to their total spin. The dynamics of the 
total spin § is coupled to the one of the Néel vector (DiVincenzo 
et al., 1992), and coherent tunneling of the Néel vector results in 
a coherent oscillation of the total spin. Coherent Néel vector tun- 
neling in doped wheels can hence also be probed by ESR. The AC 
susceptibility shows a resonance peak at the tunnel splitting A, 


xilo=A/n)=xgus) else canh (22 Joan 
(050) 


with a transition matrix element between the ground state |g) 
and first excited state | 


for giisH, > sY8Ik. The matrix element in Equation 9.51 
determines the spectral weight of the absorption peak in the 
ESR spectrum, The analytical dependence has been determined 
within a semiclassical framework andi in good agreement with 
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numerical results obtained from exact diagonalization of small 
systems (Figure 9.) 

In conclusion, several antiferromagnetic molecular wheels 
synthesized recently are promising candidates for the obser- 
vation of coherent Néel vector tunneling. Although the 
observation of this phenomenon is experimentally challenging, 
nuclear magnetic resonance, inelastic neutron scattering, and 
ESR on doped wheels are adequate experimental techniques for 
the observation of coherent Néel vector tunneling in antiferro- 
‘magnetic molecular wheels. 
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FIGURE 9.9 The doped antiferromagnetic molecular wheel acquires a tracer spin which follows the Néel vector dynamics (a). Comparison of 


results obtained forthe matrix element [lS 
tion (symbols fo 5/23 = 2," 
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|e) with a coherent state spin path integral formalism (solid line) and by numerical exact diagonaliza- 
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9.7 Berry-Phase Blockade in Single- 
Molecule Magnet Transistors 


Single-electron devices show many promising characteristics 
such as ultimate low power consumption, down scalability to 
atomic dimensions, and high switching speed. In addition, these 
devices are supposed to be good candidates for applications in 
quantum computation and quantum information technolo- 
gies. Recently there has been a huge interest in using magnetic 
molecules with large spin in single-electron devices to uncover 
the effects that a large spin has upon electron transport through 
single-molecule magnets (SMM) (Sangregorio et al., 1997). 
During the past few years, recent experiments demonstrated 
the possiblity to place individual molecules between the source 
and drain leads allowing electron transport measurements (Jo 
et al, 2006; Henderson et al, 2007). In a three terminal molec 
ular single-electron transistor (SET), the molecule is situated 
between the source and drain leads with an insulated gate elec- 
trode underneath. The insulating ligands on the periphery of the 
molecule act as isolating barriers and current can flow between 
the source and drain leads via a sequential tunneling process 
through the molecular energy levels, which are tuned by the gate 
electrode (see Figure 9.10). Several experimental and theoretical 
{groups have been trying to predict and prove the effects on elec 
tron transport through an individual molecular nanomagnet, 
SET. Heersche et al. reported Coulomb blockade and conduc- 
tion excitation characteristics in a Mn, individual molecular 
nanomagnet SET. Negative differential conductance and current 
suppression effects were explained with a model that combines 
spin properties of the molecule with standard sequential tunnel- 
ing theory. 

Recently, experiments have pointed out the importance of the 
interference between spin tunneling paths in molecules and its 
effects on electron transport scenarios involving SMMs. These 
results indicate that the Berry-phase interference plays an impor- 
tant role in the transport properties of SMMSs in SET devices. 
Last year, the authors of this book chapter published an article 
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(Gonzélez and Leuenberger, 2007) in which an effect called the 
Berry-phase blockade was explained. The effect we described is 
a quantum interference effect that can be detected experimen- 
tally by measuring the current through a single molecular elec- 
ton transistor with oppositely polarized leads and by applying a 
transverse magnetic field along specific angles. In the following 
wwe summarize our results 

For weak coupling between the leads and the SMM we used 
the generalized master equation describing the electronic spin 
states of the SMM (see Section 9.2). The sequential tunneling 
rates for absorption of an electron in Equation 9.19 for ground 
states with spin s and s in the case of low temperatures are 
given by 


{Fle 
(9.52) 


WE, = wif od 


and the tunneling rates for the emission of an electron are 
given by 


War= Dwi, 
yw, 


PL faved 


(9.53) 
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where fi(A,,)=[L+e%™]" is the Fermi function. w{} 
represents the spin-dependent transition rate from the I € 
[Left, Right] lead to the SMM and are defined in Fermi’s 
golden rule approximation by w{’=2eDv!|1{?f/h and 
wi} =2nDv!|t!? Fin, respectively, where D is the density 
of states and vl” and vi are fractions of the number of spins 
polarized up and down of lead ! such that v! + vi! =1. 1 and 
£0 are the tunneling amplitudes of lead |, respectively. Typical 
values for the tunneling rate of the electron range from around 
w= 10°s" to w= 10s" (see Gonzalez and Leuenberger, 2007, 
and references therein). 

Solving the generalized master equation for the stationary 
limit, we obtained the coupled differential equations 


FIGURE 9.10 The sketch shows a three terminal molecular single- 
clectron transistor. The ligends on the periphery of the molecule act 
4s isolating barriers and electrons can flow between source and drain 
leads by sequential or colunneling processes through the discrete 
‘energy levels of the molecule 
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The other two differential equations are obtained by just 
replacing s © s' in the above equations. Solving the set of, 


on 


differential equations for py p_» Py-and p., in the stationary 
case (t= 1/W,,,), we obtain 
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(956) 

‘where 9 is a normalization factor such that 5.,p, = 1. The inco- 
herent tunneling rate is 

Dace 37) 
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We now proceed to define the current through the SMM in 
terms of the density matrix for the case of the single molecule 
magnet Ni,. Inthe case of Ni, we have s= 4 ands’ =7/2, therefore 
the current reads 


T= e(Weznpya + Wear: 


(9.58) 


In the case of leads that are fully polarized in opposite direc- 
vit =1 or vi? 
following conditions for the transition rates, respectively: 


tions, ie, vi? 


12) =1, we get one of the two 
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(959) 


Choosing the case vt) =v{!? =1 and using the condition W., 


W,4= 0, we obtain from Equation 9.58 


(9.60) 


Equation 9.60 reflects the fact that the current through the 
SMM depends on the tunnel splittings. The transitions that 
contribute to the current through the SMM in the case of fully 
polarized leads vi) =v\" =1are 4 7/2 - 7/2 > ~4, Figure 
9.11 shows the current as a function of H, for fully polar- 
ized leads. Ifthe tunnel splitting A,_, oF Aya, 2 is topologi- 
cally quenched (see Figure 9.11), of Ty, vanishes (see 
Equation 9.57), which leads to complete current suppression 
according to Equation 9,60. Since this current blockade is a 
consequence of the topologically quenched tunnel splitting, 
swe call it Berry-phase blockade. Note that the current can also 
be suppressed by applying H., which follows immediately from 
Equations 9.57 and 9.60. 
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FIGURE9.11 ‘The graph shows thelogi.Jvs The scale varies from 
I= 0.1nA to LfA. From the figure we see thatthe current is completely 
suppressed atthe zeros ofthe tunnel splitting, Le, ¢= Aya, 940. 


9.8 Concluding Remarks 


We have seen how molecular nanomagnets offer an interesting 
platform to explore the quantum dynamics of mesoscopic sys- 
tems. The theoretical advantage of using molecular nanomag- 
nets is that molecules are all identical to each other, allowing 
the performance of experiments on large assemblies of identical 
particles and detect quantum effects. Molecules can be investi- 
gated in solutions or solids depending on the experiment you 
want to perform, allowing accurate measurements. We have 
paid special attention to the quantum tunneling of the magneti- 
zation of molecular nanomagnets and the different approaches 
that exist to describe this phenomenon. In particular we have 
placed emphasis on the interference effects of the quantum 
tunneling of the magnetization via Berry's phase and we have 
included some of our recent results in this field (Gonzdlez and 
Leuenberger, 2007). 

Molecular nanomagnets are also the subject of intense 
research in molecular electronics. Single-electron devices have 
taken advantage of the small size of nanomagnets to create 
electronic structures of atomic dimensions. These devices are 
supposed to be good candidates for applications in quantum 
computation and quantum information technologies. There has 
been also a lot of research on single-electron transistors (SET) 
made of molecular nanomagnets to study quantum effects such 
as the Kondo effect in this kind of structures (Leuenberger 
and Mucciolo, 2006). The Kondo effect is a very well known 
and studied phenomenon in condensed matter physics. This 
effect arises when a magnetic impurity is placed into a conduc- 
tor, which causes a dramatic increase in the resistivity of the 
metal at low temperatures. The Kondo effect can be seen also in 
a single-electron transistor where the molecular nanomagnet 
plays the role of the magnetic impurity and the leads of the SET 
mimics the bulk metal. It has been shown that the Hamiltonian 
for a molecular nanomagnet placed in a SET device can be 
mapped onto the Kondo Hamiltonian (Gonzalez et al, 2008) 
This result is of great interest because one can apply the poor 
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man’s scaling theory to describe the Kondo physics at low tem- 
peratures and see how the Berry-phase oscillations become 
temperature dependent. This fact allows us to conclude that the 
scaling equations can be checked experimentally by measuring 
the renormalized zero points of the Berry phase. 

‘The field of molecular nanomagnets is growing very fast and 
chemistry is playing a major role concerning the growth of these 
nanostructures. New nanomagnets with novel and interesting 
magnetic properties are being produced, which demand more 
sophisticated theories to explain and describe the dynamics 
‘of these magnetic mesoscopic systems. One direction which 
remains a major area of investigation lately is related to storing 
and decoding information on a single spin state to be able to cre- 
ate a quantum computer. The implementation of Grover's algo- 
rithm with molecular nanomagnets has already been proposed, 
however, itis required to perform simultaneous manipulation 
‘of many spin phases without losing quantum coherence, which 
remains still an experimental challenge. 
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Figure 14-2. A simplified simulation of the internal fagic 
lf an 8-to-3 encoder. The dark blue rectangle indicates 
the space inside the chip. The external switches are in: 
cluded only to clarify the concept. An encoder chip would 
hhave an Enable line to create an active output. 
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Figure 14-3. The four possible inputs of a 4-to-2 encoder 
(top of each panel) and the encoded outputs (below). 
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Figure 14-4. The eight possible mputs of an 8-0-3 en 


ccader (atthe top af each panel), and the encoded outputs 
(below). Note that one input of an encoder must always 
bbe logic-high. Al logic-iow inputs are not a valid state. 


Unlike ripple counters, where propagation de- 
lays can reduce the overall response time of the 
component, decoders respond within two or 
three nanoseconds. 


Variants 


Asimpleencoderassumes that only oneinput 
can be logically active at a time. A priority encod- 
erassigns priority to the highest-value input 
if more than one happens to receive an active 
input. It ignores any lower-value inputs. An ex- 
ample is the 741148, which is an 8-to-3 chip, 
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10.1 Introduction 


Molecular electronics is known to be one of the most promising, 
developments in nanoelectronics, and the past decade has 
seen extraordinary progress in this field (Aviram et al. 2002, 
Cuniberti etal. 2005, Nitzan 2001). Present activities on molec 
ular electronics reflect the convergence of two trends in the 
fabrication of nanodevices, namely, the top-down device min. 
iaturization through the lithographic methods and bottom- 
up device manufacturing through the atom-engineering and 
the self-assembly approaches. The key element and the basic 
building block of molecular electronics is a junction including 
two electrodes (leads) linked by a molecule, as schematically 
shown in Figure 10.1. Usually, the electrodes are microscopic 
large but macroscopic small contacts that could be connected 
to a battery to provide the bias voltage across the junction. 
Such a junction may be treated as a quantum dot coupled to 
the charge reservoirs. The discrete character of energy levels on 
the dot (molecule) is combined with nearly continuous energy 
spectra on the reservoirs (leads) occurring due to their compara 
tively large size 

‘When the voltage is applied, an electric current flows through 
the junction. Successful transport experiments with molecular 
junctions (Ho 2002, Lortscher etal. 2007, Park et al. 2000, Poot etal 
2006, Reichert et al. 2002, Smit etal. 2002, Yu et al. 2004) con: 
firm their significance as active elements in nanodevices. These 
include applications as rectifiers (molecular diodes), field-effect 
transistors (molecular triodes), switches, memory elements and. 
sensors. Also, these experiments emphasize the importance of a 
thorough analysis of the physics underlying electron transport 


through molecular junctions. A detailed understanding of elec- 
tron transport at the molecular scale is a key step to future device 
operations. A theory of electron transport in molecular junc- 
tions is being developed since the last two decades, and main 
transport mechanisms are currently elucidated in general terms 
(Datta 2005, Imry and Landauer 1999). However, a progress of 
the experimental capabilities in the field of molecular electron. 
ics brings new theoretical challenges causing a further develop- 
ment of the theory, 

Speaking of transport mechanisms, it is useful to make a 
distinction between elastic electron transport when the elec- 
tron energy remains the same as it travels through the junction, 
and inelastic transport processes when the electron undergoes 
energy changes due to its interactions with the environment. 
‘There are several kinds of processes bringing inelasticity in the 
electron transport in mesoscopic systems including molecular 
junctions. Chief among these are electron-electron and electron 
phonon scattering processes. These processes may bring about 
significant inelastic effects modifying the transport properties 
of molecular devices and charging, desorption, and chemical 
reactions as well. To keep this chapter at a reasonable length, we 
concentrate on the inelastic effects originating from electron. 
phonon interactions. 

In practical molecular junctions, the electron transport 
is always accompanied by nuclear motions in the environ- 
ment. Therefore, the conduction process is influenced by 
the coupling between the electronic and the vibrational 
degrees of freedom. Nuclear motions underlie the interplay 
between the coherent electron tunneling through the junc- 
tion and the inelastic thermally assisted hopping transport 
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co) 
4 
o H 

FIGURE 10.1 Schematic drawing of a junction including two electrodes 


and a molecule in between (a). When the voltage is applied across the 
junction, electrochemical potentials y, and jy diller, and the conduction 
‘window opens up (b) 


(Nitzan 2001). Also, electron-phonon interactions may result 
in polaronic conduction (Galperin et al. 2005, Gutierrez et al 
2005, Kubatkin et al. 2003, Ryndyk et al. 2008), and they are 
directly related to the junction heating (Segal et al. 2003) 
and to some specific effects such as alterations in both shape 
of the molecule and its position with respect to the leads 
(Komeda et al. 2002, Mitra et al. 2004, Stipe et al. 1999). The 
effects of electron-phonon interactions may be manifested in 
the inelastic tunneling spectrum (IETS) that presents the sec- 
‘ond derivative of the current in the junction d1/dV versus the 
applied voltage V. The inelastic electron tunneling micros- 
copy has proven to be a valuable method for the identification 
‘of molecular species within the conduction region, especially 
when employed in combination with scanning tunneling 
microscopy andior spectroscopy (Galperin etal. 2004). 
Inelasticty in the electron transport through molecular junc 

tions is closely related to the dephasing effects. One may say 
that incoherent electron transport always includes an inelastic 
contribution with the possible exception of the low tempera- 
ture range. The general approach to theoretically analyzing 
electron transport through molecular junctions in the presence 
of dissipative/phase-breaking processes in both electronic and 
nuclear degrees of freedom is based on advanced formalisms 
(Gegal et al. 2000, Skourtis and Mukamel 1995, Wingreen etal 
1989, 1993). These microscopic computational approaches have 
the advantages of being capable of providing detailed dynam- 
ics information. However, while considering stationary electron 
‘transport through molecular junctions, one may turn to the less 
‘time-consuming approach based on scattering matrix formal- 
ism (Buttiker 1986, Li and Yan 2001a,b),as discussed below. 


10.2 Coherent Transport 


‘To better show the effects of dissipation/dephasing on the elec- 
tron transport through molecular junctions, it seems reasonable 
to start from the case where these effects do not occur. So, we 
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consider a molecule (presented as a set of energy levels) placed 
in between two electrodes with nearly continuous energy spec 
tra. While there is no bias voltage applied across the junction, 
the latter remains in equilibrium characterized by the equilib- 
rium Fermi energy E,, and there is no current flowing through 
it. When the bias voltage is applied, it keeps the left and right 
electrodes at different electrochemical potentials 1, and .,. Then 
the electric current appears in the junction, and the molecular 
energy levels located in between the electrochemical poten- 
tials ji, and fy play a major part in maintaining this current. 
Electrons from occupied molecular states tunnel to the elec- 
trodes in accordance with the voltage polarity, and the electrons 
from one electrode travel to another one using unoccupied 
molecular levels as intermediate states for tunneling. Usually, 
the electron transport in molecular junctions occurs via the 
highest occupied (HOMO) and the lowest unoccupied (LUMO) 
molecular orbitals that work as channels for electron transmis- 
sion. Obviously, the current through the junction depends on 
the quality of contacts between the leads and the molecule ends. 
However, there also exists the limit for the conductance in the 
channels. As was theoretically shown (Landauer 1970), the max- 
imum conductance of a channel with a single-spin degenerate- 
energy level equals: 


(aoa) 


where 
cis the electron charge 
is Planck’s constant 


This is a truly remarkable result for it proves that the minimum, 
resistance Ry =G;' ofa molecular junction cannot become zero. 
In another words, one never can short-circuit a device operating 
with quantum channels. Also, the expression (10.1) shows that 
the conductance is a quantized quantity. 

Conductance g in practical quantum channels associated 
with molecular orbitals can take on values significantly smaller 
that G,, depending on the delocalization in the molecular orbit- 
als participating in the electron transport. In molecular junc~ 
tions it also strongly depends on the molecule coupling to the 
leads (quality of contacts), as was remarked before. The total 
resistance r = g- includes contributions from the contact and 
the molecular resistances, and could be written as (Wingreen 
et al. 1993) 


(10.2) 


Here, T is the electron transmission coefficient that generally 
takes on values less than unity. 

‘The general expression for the electric current flowing 
through the molecular junction could be obtained if one calcu- 
lates the total probability for an electron to travel between two 
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electrodes at a certain tunnel energy E and then integrates the 
latter over the whole energy range (Datta 1995). This results in 
the well-known Landauer expression: 


1 SJ rol ice cera. (10.3) 
Here, f,,.(E) are Fermi distribution functions for the electrodes 
with chemical potentials,» respectively. The values of «dif: 
fer from the equilibrium energy E,, and they are determined by 
the voltage distribution inside the system. Assuming that coher- 
ent tunneling predominates in electron transport, the electron 
transmission function is given by (Datta et al. 1997, Samanta 
et al. 1996): 
TE)=27r{A,GAiG'}, (10.4) 
where 
the matrices A,,. represent the imaginary parts of the self 
energy terms 5, describing the coupling of the molecule 
to the electrodes 
G is the Green's function matrix for the molecule whose 
matrix elements between the molecular states (i| and |j) 
have the form 


i[p-Hy) os) 


Here, His the molecular Hamiltonian including the self-energy 
parts 3 
When a molecule contacts the surface of electrodes, this 
results in a charge transfer between the molecule and the elec- 
‘odes, and in a modification of the molecule energy states due to 
the redistribution of the electrostatic potential within the mol- 
cule. Besides, the external voltage applied across the junction 
brings additional changes to the electrostatic potential further 
‘modifying the molecular orbitals. The coupling of the molecule 
to the leads may also depend on the voltage distribution. So, 
generally the electron transmission T inserted in Equation 10.3, 
and the electrochemical potentials 4, , depend on the electro- 
static potential distribution in the system. To find the correct 
distribution of the electric field inside the junction one must 
simultaneously solve the Schrodinger equation for the mol- 
ecule and the Poisson equation for the charge density, follow- 
ing a self. consistent converging procedure, This is a nontrivial 
and complicated task, and significant effort was applied to study 
the effect of electrostatic potential distribution on the electron 
transport through molecules (Damle et al. 2001, Di Venta etal 
2000, Galperin etal. 2006, Lang and Avouris 2000a,), Mujicaet al 
2000, Xue and Ratner 2003a,b, 2004, Xue et al. 2001). Here, we 
put these detailed considerations aside, and we use the simplified 
expression for the electrochemical potentials: 
He = Et nklVs He = Be -U—mplelV, (10.6) 
‘where the parameter 1 indicates how the bias voltage is dis 
tributed between the electrodes. Also, we assume that inside 
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the molecule, the external electrostatic field is screened due to 
the charge redistribution, and the electron transmission is not 
sensitive to the changes in the voltage V. Although very simple, 
this model allows one to analyze the main characteristics of the 
electron transport through molecular junctions. Within this 
model one may write down the following expression for the 
self-energy parts (D'Amato and Pastawski 1990) 


Tas tus 


COs" QUE meg ti 


(0.7) 


Here, 
Be L,R, tupis the coupling strength between the ith molecu- 
Jar state and the kth state on the lefVright lead 
‘pare the energy levels on the electrodes 
s isa positive infinitesimal parameter 


Assuming that the molecule is reduced to a single orbital with 
the energy E, (a singl-site bridge), Green's function accepts the 
form 


1 


er (10.8) 


GB=z 


Accordingly, in this case, one may simplify the expression (10.4) 
for the electron transmission: 


4A,Ag 
(E-EY +A, +A, 


Te)= or) 


‘To elucidate the main features of electron transport through 
molecular junctions we consider a few examples. In the first 
example, we mimic a molecule as a one-dimensional chain 
consisting of N identical hydrogen-like atoms with the near- 
est neighbors interaction. We assume that there is one state 
per isolated atom with the energy E,, and that the coupling 
between the neighboring sites in the chain is characterized 
by the parameter b. Such a model was theoretically analyzed 
by D'Amato and Pastawski and in some other works (see e.g. 
Mujica et al. 1994). Based on Equations 10.4 and 10.5, it could 
be shown that fora single-site chain (N= 1) the electron trans- 
mission reveals a well-distinguished peak at E = Ey, shown 
in Figure 10.2. The height of this peak is determined by the 
coupling of the bridge site to the electrodes. The peak in the 
electron transmission arises because the molecular orbital E = E, 
works as the channel/bridge for electron transport between 
the leads. Similar peaks appear in the conductance g = di/dV. 
Assuming the symmetric voltage distribution (q = 1/2), the 
peak in the conductance is located at V = #28, As for the cur. 

rent voltage characteristics, they display step-like shapes with 
the steps at V = +2E,. When the chain includes several sites, 
\we obtain a set of states (orbitals) for our bridge instead of the 
single state E = E,, and their number equals the number of 
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FIGURE 10.2. Coherent electron transmission (left panel) and current (ri 
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t panel) versus bias voltage applied across a molecular junction where 


the molecule is simulated by a single electronic state. The curves are plotted assuming A, = A, = 0.1eV, E, = -0.5eV, T= 30K. 
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FIGURE 10.3 Coherent electron transmission (left panel) and current (right panel) through a junction with a five electronic states bridge. The 


curves are plotted for A, = Ay = O.1€V, b = 03eV, E, = ~0.5eV, T= 30K. 


sites in the chain. All these states are the channels for the elec- 
tron transport. Correspondingly, the transmission reveals a 
set of peaks as presented in Figure 10.3. The peaks are located 
within the energy range with the width 4b around E = E,. The 
coupling of the chain ends to the electrodes affects the trans- 
mission, especially near E = E,. As the coupling strengthens, 
the transmission minimum values increase. Now, the cur- 
rent voltage curves exhibit a sequence of steps. The longer the 
chain, the more energy levels it possesses, and the more the 
‘number of steps in the I-V curves. 

‘The second example concerns the electron transport 
through a carbon chain placed between copper electrodes. In 
this case, as well as for practical molecules, a preliminary step 
in transport calculations is to compute the relevant molecular 
energy levels and wave functions. Usually, these computations 
are carried out employing quantum chemistry software pack- 
ages (eg, Gaussian) or density functional-based software. 
Also, a proper treatment of the molecular coupling to the elec: 
trodes is necessary for it brings changes into the molecular 
energy states. For this purpose, one may use the concept of an 


“extended molecule” proposed by Xue et al. (2001). The point 
of this concept is that only a few atoms on the surface of the 
metallic electrode are significantly disturbed when the mol- 
ecule is attached to the latter. These atoms are located in the 
immediate vicinity of the molecule end. Therefore, one may 
form a system consisting of the molecule itself and the atoms 
from the electrode surfaces perturbed by the molecular pres- 
ence. This system is called the extended molecule and treated 
as such while computing the molecular orbitals. In the exam- 
ple considered, the extended molecule included four copper 
atoms on each side of the carbon chain. The results for elec- 
tron transport are shown in Figure 10.4. Again, we observe 
a comb-like shape of the electron transmission correspond- 
ing to the set of transport channels provided by the molec- 
ular orbitals, and the stepwise J-V curve originating from 
the latter. Transport calculations similar to those described 
above were repeatedly carried out in the last two decades for 
various practical molecules (see e.g., Galperin et al. 2006, Xue 
and Ratner 2003a,b, Xue et al. 2001, Zimbovskaya 2003, 2008, 
Zimbovskaya and Gumbs 2002). 
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FIGURE 10.4 Coherent electron transmission (left panel) and current (right panel) through a carbon chain coupled to the copper leads at T= 30K. 


10.3 Buttiker Model for Inelastic 
Transport 


‘An important advantage of the phenomenological model 
for the incoherent/inelastic quantum transport proposed by 
Buttiker (1986) is that this model could easily be adapted to 
analyze various inelastic effects in electron transport through 
molecules (and some other mesoscopic systems) avoiding 
complicated and time-consuming advanced methods, such as 
those based on the nonequilibrium Green's functions formal. 

ism (NEGF). 

Here, we present the Buttiker model for a simple junction 
including two electrodes linked by a single-site molecular 
bridge. The bridge is attached to a phase-randomizing electron 
reservoir, as shown in Figure 10.5. Electrons tunnel from the 
electrodes to the bridge and vice versa via the channels 1 and 2. 
While on the bridge, an electron could be scattered into the 
channels 3 and 4 with a certain probability €. Such an electron 
arrives at the reservoir where it undergoes inelastic scattering 
accompanied by phase-breaking and then the reservoir reemits 
it back to the channels 3 and 4 with the same probability. So, 
within the Buttiker model, the electron transport through the 
junction is treated as the combination of tunnelings through 


by a % 


FIGURE 10.5 Schematic drawing illustrating inelastic electron trans- 
port through a molecular junction within the Buttiker model. 


the barriers separating the molecule from the electrodes and 
the interaction with the phase-breaking electron reservoir 
coupled to the bridge site. The key parameter of the model is 
the probability ¢ that is closely related to the coupling strength 
between the bridge site and the reservoir. When €=0 the res- 
ervoir is detached from the bridge, and the electron transport 
is completely coherent and elastic. Within the opposite limit 
(€=1), electrons are certainly scattered into the reservoir 
that results in the overall phase randomization and inelastic 
transport. 

Within the Buttiker model, the particle fluxes outgoing from 
the junctions J/could be presented as the linear combinations of 
the incoming fluxes J, where the indexes i,k label the channels 
for the transport: 1 $i, k<4. 


‘=D 


‘The coefficients 7, in these linear combinations are matrix 
elements of the transmission matrix that are related to the ele- 
‘ments of the scattering matrix S, namely, T,, = |S,)?. The matrix 
S expresses the outgoing wave amplitudes bi, ba, a in terms of 
the incident ones by, bs, dy, a,. To provide the charge conserva- 
tion in the system, the net current in the channels 3 and 4 link- 
ing the system with the dephasing reservoir must be zero, so we 
may write 


(10.10) 


Iths-Ki -Vi=0. (20.11) 
‘he transmission for quantum transport could be defined as, 
the ratio of the particle lux outgoing from the system and that 
one incoming to the later. Solving Equations 10.10 and 10.11 we 
obtain 


(10.12) 
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where 


n+Tai K=Ts+T 
(10.13) 


RTs +Ty tT tT 


For the junction including the single-site bridge the scattering 
‘matrix S has the form (Buttiker 1986) 


Be, opt: 
a obits 
Z| ies ao.) 
ann-a Bn 
Here, Z = 1 - o@r,r,, @= Jie» B= Ve, and r,, and ¢,, are the 


amplitude reflection and the transmission coefficients for the 
‘two barriers. Later, the expression for this matrix suitable for 
the case of multisite bridges including several inelastic scatterers 
was derived (Li and Yan 2001a,b). 

Assuming for certainty the charge flow from the left to the right, 
‘we may write down the following expression (Zimbovskaya 2003): 


sE+0°)[ gE + 02) 41-0" | 


T(E) (10.15) 
[s@a-c)+1+0°] 
where 
gE) A (10.16) 


\(E-B) (ray 


the electron transmission strongly depends on the 
dephasing strength e. As shown in Figure 10.6, coherent trans- 
mission (€ = 0) exhibits a sharp peak at E = E, that gives a 
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step-like shape to the volt-ampere curve, as was discussed in 
the previous section. In the presence of dephasing, the peak 
gets eroded. When thee value approaches 1 the I-V curve becomes 
linear, corroborating the ohmic law for the inelastic transport. 

‘Within Buttiker’s model, ¢ is introduced as a phenomenologi- 
cal parameter whose relation to the microscopic characteristics 
of the dissipative processes affecting electron transport through 
molecular junctions remains uncertain. To further advance this 
model one should find out how to expresse in terms of the relevant 
microscopic characteristics for various transport mechanisms. 
This should open the way to a making ofa ink between the phe- 
nomenological Buttiker model and the NEGE, Such an attempt 
has been carried out in recent works (Zimbovskaya 2005, 2008) 
here the effect of stochastic nuclear motion on electron transport 
through molecules was analyzed 


10.4 Vibration-Induced 
Inelastic Effects 


‘The interaction of electrons with molecular vibrations is known 
to be an important source of inelastic contribution to the elec- 
ton transport through molecules. Theoretical studies of vibra- 
tionally inelastic electron transport through molecules and 
other similar nanosystems (eg, carbon nanotubes) have been 
carried out over the past few years by alarge number of research- 
ers (Cornaglia et al. 2004, 2005, Donarini et al. 2006, Egger 
and Gogolin 2008, Galperin et al. 2007, Gutirrez et al. 2006, 
Kushmerick et al. 2004, Mii et al, 2003, Ryndyk and Cuniberti 
2007, Siddiqui etal. 2007, Tikhodeev and Ueba 2004, Troisi and 
Ratner 2006, Zazunov and Martin 2007, Zazunov etal. 2006a,b, 
Zimmerman et al. 2008). Also, manifestations ofthe electron 
vibron interactions were experimentally observed (Agrait etal 
2003, Djukic etal. 2005, Lorente etal. 2001, Qin et al 2004, Repp 
et al. 2005a,b, Segal 2001, Smit etal. 2004, Tsutsui et al. 2006, 
Wanget al. 2004, Wu et al. 2004, Zhitenev etal. 2002). To analyze 
vibration induced effects on electron transport through molecu- 
lar bridges, one must assume that molecular orbitals are coupled 
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FIGURE 10.6 Hlectron transmission (left panel) and current (right panel) computed within the Buttiker model at various values of the dephas- 


ing parameter €, namely, € = 0 (dotted lines), € 


simulated by a single orbital with E, = -0.5eV at A, = Ay = 0.1eV, T= 30K. 


5 (dashed lines), and € = 1 (sold lines). The curves are plotted assuming that the molecule is 
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to the phonons describing vibrations. While on the bridge, lec- 
trons may participate in the events generated by their interac- 
tions with vibrational phonons. These events involve a virtual 
phonon emission and absorption. For rather strong electron 
phonon interaction this leads to the appearance of metastable 
electron levels that could participate in the electron transport 
through the junctions, bringing an inelastic component to the 
current. As a result, vibration induced features occur in the dif- 
ferential molecular conductance dl/dV and in the IETS @1/dV* 
‘This was observed in experiments (see .g., Qin et al. 2004, 
Zhitenev et al. 2002). Sometimes, even current voltage curves 
themselves exhibit an extra step originating from the electron~ 
vibron interactions (Djukic etal. 2005), 

Particular manifestations of electron-vibron interaction 
effects in the transport characteristics are determined by the rela 
tion of three relevant energies. These are the coupling strengths 
of the molecule to the electrodes A, ., the electron-phonon cou- 
pling strength A, and the thermal energy kT (kis the Boltzmann 
constant). When the molecule is weakly coupled to the elec- 
trodes (4, » <2, hi) and the temperature is low (KT <« A, ,), the 
electron transfer through the junction may give rise to a strong 
vibrational excitation, and one may expect a pronounced vibra. 
tional resonance structure toappear in the electron transmission, 
Correspondingly, extra steps should occur in the I-V curves. 
‘A proper theoretical consideration of the electron transport in 
this regime could be carried out within the approach proposed 
by Wingreen et al (1989). Here, we employ a very simple semi- 
quantitative approximation that, nevertheless, allows the quali- 
tative description of this structure including the effect of higher 
phonon harmonics on the transport characteristics 

We consider a junction including a single-site bridge that is 
coupled to a single vibrational mode with the frequency ©. An 
electron on the bridge may virtually absorb several phonons, 
which results in the creation of a set of metastable states with 
the energies E, = E, + n hG2 (n = 0, 1,2, ..). Here, the energy é, 
is shifted with respect to E, due to the electron-phonon inter: 
action. The difference in these energies E, is called a polaronic 
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shift and could be estimated as E, = 4'/hQ (Gutirrez et al. 2006, 
Ryndyk and Cuniberti 2007, Wingreen et al. 1989). At a weak 
coupling of the bridge state to the electrodes, the lifetime of 
these metastable states is long enough for them to serve as chan- 
nels for the electron transmission. Therefore, one may roughly 
approximate the transmission as a sum of contributions from all 
these channels. The terms in the sum have aform similar to the well- 
known expression for coherent transmission (see Equation 10.9) 
However, every term includes the factor P(w) that corresponds 
to the probability of the appearance of the metastable state. So, 
wwe obtain 


Pn) 


T(E)= 24: EES TOF, eaye (MOAT) 


Here (Cizek et al. 2004): 


Pon) 


‘The phonon-induced peaks in the transmission are displayed 
in Figure 10.7 along with the transmission peak for coherent 
transport through a single-site bridge. As expected, the coupling 
of the electronic degrees of freedom to the vibrational motion 
splits the single peak in the coherent transmission into a set of 
smaller peaks associated with vibrational levels. The peaks could 
be resolved when A,,. < hQ. This agrees with the results of the 
earlier theoretical works (Wingreen et al. 1989), as well as with 
the experiments (Qin et al. 2004, Zhitenev et al. 2002). Phonon- 
induced peaks in the transmission give rise to the steps in 
the I-V curves and rather sharp features (peaks and dips) in the 
IETS. The latter are shown in Figure 10.8 (left panel) and they 
resemble those obtained using proper NEGF- based calculations 
(Galperin et al. 2004) 
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FIGURE 10.7 The electron transmission versus energy (left panel) and the conductance versus voltage (right panel) for a junction with the 


molecular bridge simulated by a single electronic state weakly coupled to the leads: A, = Ay = 0.01 6V, E 
22eV, k= 0.3eV), Dashed lines correspond to the coherent electron transport. 


that the bridge is coupled to a single phonon mode (hi 


= 0.5eV. Solid lines are plotted assuming 
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FIGURE 10.8 The inelastic electron tunneling spectrum plotted against the bias voltage at h@2 = 0.22eV, 
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= 0.3¢V. Left panel: A, orev, 


E, = 0.5eV. Right panel: A, = 4, = 0.5¢V, E, = 0.5eV (solid line), E, = -0.5eV (dashed lin). 


When the molecule is strongly coupled to the electrodes 
(Ayq > A) and the temperature is still low (KT<A, iQ), 
lectron-vibron interaction effects are less pronounced. Both 
the current and the conductance are weakly affected by the 
electron-phonon coupling (Galperin et al. 2007, Tikhodeev and 
Ueba 2004), However, the IETS features remain distinguishable. 
‘These features appear at the threshold V = fiQile| that corre 
sponds to the opening of a channel for inelastic transport. To 
analyze IETS in the simplest way one may use the result for 
electron transmission derived within the Buttiker model where 
the dephasing parameter € is expressed in terms of the relevant 
energies, namely, 


AY 
as Te os 10.19) 
2(AL + An)+P a ae 


‘where I>, = 21m(2;,), and Z,, is the self-energy term originating 
from the electron-phonon interaction. Based on the nonequi- 
librium Green's function formalism, the expression for Ty, was 
derived in the form (Mii et al. 2003) 


F(E)=2n2? fdoplay{(aripate—ha 
+ pa(E +ha)|+(1+N(@))([1-n'E Re) pg —he) 
+nE+ho)p,(£+he))+N(o)([1-nE +h) ]p,(E+ho) 


+n(E—heo)pa(E—he))} (10.20) 


Here, p,(E) and p,s(o) are the phonon and the electron densi- 
ties of states, respectively; N(a) isthe Bose-Einstein distribution 
function atthe temperature T, and 


1 
m(E)=5[f(E)+ fil] (20.21) 


While considering a junction with a single-site bridge state cou- 
pled to the single vibrational mode, we can write the following 
expressions for Py, and p,: 


ly 
Pala)= oes. (10.22) 
p(B) = +S *s (00.23) 


R(E-By +(AL + Any” 


where the polaron shift is neglected, and the parameter y 
characterizes the broadening of the maximum in py, at @ = 
due to the interaction of the vibrionic mode with the environ- 
ment. At low temperatures, we may significantly simplify the 
expression for T,, Within the conduction window fly < E <i, 
we get 


dep x (@)pa(E+ ho) 


Tyi(E) = ma? 


+ J deop x )pa(E— han) 


(10.24) 


Omitting from consideration the coupling of the phonon mode 
to the environment (7 0), we may easily carry out the integra- 
tion over «@ in Equation 10.24, and we arrive at the result 


Py(E) = mi fpg(E + AQ\@(U, QB) 


4ps(E—NayO(E jy -A0)}, (0025) 
where 6(x) is the step function 

Substituting the approximation for Ty, given by Equations 
10.24 and 10.25 into the expression (10.19) for the dephasing 
parameter J and employing the earlier result (10.15) for the 
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electron transmission, we may calculate the transport charac 
teristics. The adopted simplified approach, as well as the NEGF- 

based calculations, shows that the IETS signal appears at the 
threshold determined by the frequency of the vibrational mode 
(ee Figure 10.8, right panel). At first glance, one may expect 
the net current through the junction to increase at the thresh. 

‘old. Indeed, the inelastic contribution to the current increases 
from zero to a certain nonzero value at this threshold for the 
channel for inelastic transport to open up. However, more 
thorough studies show that both elastic and nonelastic contri- 
butions to the net current undergo changes atthe inelastic tun- 
neling threshold, and the elastic current could decrease there, 
as was first shown by Persson and Baratoff (1987). Moreover, 
this decrease in the elastic current may overweigh the contri- 
bution coming from the inelastic channel. Depending on the 
relative value of the elastic and the inelastic contributions to 
the net current near threshold, the IETS reveals a peak or a 
dip at the corresponding voltage. Experiments corroborate 
the variety in the IETS taken for molecular junctions (Djukic 
et al. 2005, Hahn et al. 2000, Wang et al. 2004, Zhitenev etal 
2002). The shape of the signal is very sensitive to the charac- 
teristics of the junction, such as the position of the electronic 
state, the electron-phonon and the molecule-to-leads coupling 
strengths, and the vibron frequency. For instance, at a very 
strong coupling of the molecular bridge to the leads, it could 
so happen that the backscattering by the negatively biased 
electrode electrons whose energies belong to the conduction 
‘window between lt, and j,, are locally depleted near the junc 

tion. In this situation, the opening of the inelastic channel 
may cause the increased reflection (otherwise forbidden by 
the Fermi exclusion) leading to the decrease in the conduc- 
tion. Consequently, the described scenario should result in the 
dip in the IETS signal. Also, as concluded in the recent work 
‘of Ryndyk and Cuniberti (2007, the sideband phonon-induced 
features in the electron spectral density discussed above could 
give rise to the corresponding features in the differential con 

ductance dl/dV and IETS assuming that the molecule coupling 
to the leads is not too strong. Contributions from these side 

‘band features may be responsible for the shape of the IETS sig. 

nal at the threshold of the inelastic tunneling channel. These 
contributions could produce an extra inelastic signal, as well. 
‘The latter appears as an additional peak or a dip in the differ- 
ential conductance. 

‘The question of the current decrease/increase at the phonon 
excitation threshold that corresponds to the peakidip in the IETS 
is not completely answered so far, and the appropriate theory is 
being developed (Balseiro etal. 2006, Egger and Gogolin 2008). 
Nevertheless, itis presently understood that three relevant ener- 
gies, namely, molecule-electrode couplings A, ,, electron-pho- 
non coupling strength A, and the phonon energy hi2 play a very 
important part in determining the shape of the IETS signal 
‘Varying these parameters one may convert the IETS signal from 
‘peak to a dip and vice versa 

‘At finite temperatures, molecular vibrations always occur 
in the presence of stochastic nuclear motions. These motions 
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could be described as a phonon thermal bath. Coupling of 
vibrational modes to this bath further affects the electron 
transport causing energy dissipation. The dissipative pro- 
cesses must be taken into account to properly analyze the 
effects of electron-phonon interactions in the electron trans- 
port. Also, the displacements of ions involved in the molecular 
vibrations are accompanied by the changes in the electrostatic 
field inside the molecule. This could give rise to polaronic 
effects in electron transport. We discuss these issues in the 
next sections, 


10.5 Dissipative Transport 


Electron transport through molecular junctions is always 
accompanied by stochastic nuclearfion motions in the close 
environment. Interactions of traveling electrons with these 
environmental fluctuations cause energy dissipation. ‘The 
importance of dissipative effects depends on several factors. 

Among these factors the temperature, the size, and the com- 
plexity of the molecular bridge predominate. The temperature 
determines the intensity of the nuclear motions, and the size 
of the molecule determines the so-called contact time, that is, 
the time for an electron to travel through the junction, and 
in consequence, to contact the environment. It was shown by 
Buttiker and Landauer (1985) that the contact time is propor- 
tional to the number of sites (subunits) in the molecule provid- 

ing intermediate states for the electron tunneling. For small 
molecules at low temperatures, the contact time is shorter than 
the characteristic times for fluctuations in the environment, so, 
the effect of the latter on the electron transport is not very sig- 
nificant. One may expect a small broadening of the molecule 
energy states to occur that brings a moderate erosion of the 
peaks in the electron transmission and the steps in the I-V 
characteristics. 

On the contrary, in large-sized molecules such as proteins 
and DNA, electron transport is accompanied by strong energy 
dissipation. The significance of the system-environment interac- 
tions in macromolecules was recognized long ago in studies of 
long-range electron-transfer reactions. In these reactions, elec- 
trons travel between distant sites on the molecule called a donor 
and an acceptor. It was established that when an electron ini- 
tially localized on the donor site moves to the acceptor site with 
a lower energy, the energy difference must be dissipated to the 
environment to provide the irreversibility of the transfer (Garg 
etal. 1985). 

A usual way to theoretically analyze dissipative effects in 
the electron transport through molecules is to introduce a 
phonon bath representing the random motions in the envi- 
ronment. In general, there is no one/several dominating 
modes in the bath. Instead, the bath is characterized by a 
continuous spectral function of all relevant phonon modes 
Pal). The electrons are supposed to be coupled to the pho- 
non bath, and this coupling is specified by the spectral func- 
tion. The particular form of p,,(() may be found based on 
molecular dynamics simulations. However, to qualitatively 
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study the effect of dissipation on electron transport one can 
‘employ the expression (Mahan 2000) 


o o 
Pyle) rten(-2} (10.26) 
where 
the parameter A characterizes the electron-phonon coupling 
strength 


(0, the cutoff frequency for the bath related to its thermal 
relaxation time t, = ©" 


‘To illustrate the possible effects of dissipation on the electron 
transport we return to our simple model where the molecular 
bridgeisrepresented bya singlestate. Now, weassumethat this state 
is coupled to the phonon bath, This model is hardly appropriate to 
properly analyze the dissipative effects in the electron transport 
through practical molecules for the molecule length is very impor: 
tant for the dissipative effects to be pronounced, Nevertheless, i 
still could serve to basically outline the main features of the dis- 
sipative electron transport through molecular junctions. Also, the 
proposed model could be useful to analyze electron transport 
in doped polyacetylene/polyaniline-polyethylene oxide nano 
fibers (Zimbovskaya 2008). These conducting polymers could 
be treated as some kind of granular metals where metalliclike 
regions (grains) are embedded in the poorly conducting medium. 
of the disorderly arranged polymer chains (MacDiarmid 2001) 
While in the metallic state the intergrain electron transport in 
these nanofibers is mostly provided by electron tunneling through 
the intermediate states on the polymer chains between the grains 
(Prigodin and Epstein 2002). In this case, the contact time could 
bbe long enough for the effects of dissipation to be well manifested 
that justifies the adoption ofthe above model 

‘Again, one may carry out transport calculations using 
Equation 10.15 for the electron transmission, and by expressing 
in terms of the relevant energies. Substituting Equation 10.26 
in the expression (10.20), we may calculate T,,(E). The energy 
dissipation effects are more distinctly pronounced at moder- 
ately high temperatures, so we assume KT'> hw. Then the main 
contribution to the integral over « in Equation 10.20 originates 
from the low frequency region « «(and we obtain the follow- 
ing approximation: 


8krAD 


Ta = GE 


(10.27) 


where I= A, + Ay + (1/2)fy(E). Solving the obtained equation 
for Ty, and using Equation 10.19, we obtain (Zimbovskaya 2008) 


oie ine 


(10.28) 


where p? = 32KTM(A, +A.) 
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‘Voltage dependencies of the conductance computed based on 
Equations 10.3, 10.15, and 10.28 are presented in Figure 10.10 
(left panel). One may see that at low values of the bias voltage, the 
electrons coupling to the phonon bath bring an enhancement in 
the conduction. The effect becomes reversed as the voltage grows 
above a certain value. This happens because the phonon-induced 
broadening of the molecular level (the bridge) assists the elec- 
tron transport at a small bias voltage. When the voltage rises, 
this effect is surpassed by the scattering effect of phonons that 
resist electron transport. The significance of the electron-phonon. 
interactions is determined by the ratio of the coupling constant 
i and the self-energy terms describing the bridge coupling to 
the electrodes. The phonon bath makes significant effect on the 
transport characteristics when A > A,» 

Dissipative electron transport through large DNA molecules 
was studied both theoretically and experimentally (Gutierrez 
et al. 2005, Xu et al. 2004). Theoretical studies were based on 
a model where the molecule was simulated by a tight-binding 
chain of sites inking the electrodes and the attached side chains. 
Electrons were allowed to travel along the bridge chain and to 
hop to the nearby side chains. These chains were coupled to the 
phonon bath providing the energy dissipation (see Figure 10.9). 
Although proposed for specific kinds of poly (dG)-poly (dC) 
molecules, this model seems to be quite generic and useful for a 
larger class of macromolecules. 

Several coupling regimes to the bath may be analyzed. The 
most preferred regime for dissipative effects to appear is the 
strong coupling limit defined by the condition A/, > 1. Within 
this regime, the characteristic time for the electron bath inter- 
actions is much shorter than the typical electron time scales. 
Consequently, the bath makes a significant impact on the mole- 
cule electronic structure. New bath-induced states appear in the 
molecular spectrum inside the HOMO-LUMO gap. However, 
these states are strongly damped due to the dissipative action of 
the bath (Gutierrez et al. 2005). As a result, a small finite den- 
sity of phonon-induced states appears inside the gap supporting 
electron transport at a low bias voltage. So again, the environ- 
ment induces incoherent phonon-assisted transport through 
molecular bridges. For illustration, we show here the results of 
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FIGURE 10.9 Schematic drawing of a molecular junction where the 
molecular bridge is coupled to the phonon bath via side chains. 


Values 


A few encoders feature three-state outputs (also 
known as tri-state), in which a high-impedance 
or “floating” output state is available in addition 
to the usual high and low logic states. The high- 
impedance state allows multiple chips to share 
an output bus, as those that are in high- 
impedance mode appear to be disconnected. 
This is useful if two or more encoders are casca- 
ded to handle a larger number of inputs. 


Values 


As is the case with other logic chips, most en- 
coders in the through-hole 74x series are in- 
tended for 5VDC power supply while the older 
4000 series may tolerate up to 18VDC. Surface- 
mount versions may use voltagesas lowas 2VDC. 


See the section on logic gates in Chapter 10 for 
a discussion of acceptable high and low input 
states, On the output side, the 4000 series chips 
are able to source less than ImA at SVDC, but the 
74HCxx series can manage around 20mA. 


How to Use It 


Suppose that a microcontroller should respond 
to an eight-position rotary switch. Because the 
switch cannot be turned to more than one posi- 
tion ata time, all of its eight contacts can be con- 
nected with the inputs on an encoder, which will 
deliver a 3-bit binary number to three inputs of 
the microcontroller. Code inside the microcon- 
troller then interprets the pin states. 


This is shown in Figure 14-5. Pulldown resistors 
would be needed on the input pins of the en- 
coder, to prevent them from floating when they 
ate not connected by the rotary switch, They 
have been omitted from this diagram for sim- 
plicity. Debouncing the switch would be handled 
by the microcontroller. 


Other forms of input may be used instead of a 
rotary switch. For example, the outputs from 
ight comparators or eight phototransistors 
could be passed through an encoder, 


rated circuit > digital > encoder 


9° 


4 


Encoder 


Microcontroller 


Figure 14-5. Output from an eight-input rotary switch 
could be connected through an 8-0-3 encoder to provide 
Input to a microcontroller using a reduced number of pins. 
Pulldown resistors have been omitted for simplicity, 


Cascaded Encoders 

Encoders are often provided with features to fa- 
cilitate handling additional inputs via multiple 
chips. Typically, a second Enable pin is provided, 
san output that connects with the Enable input 
of the preceding chip. This preserves the priority 
function, so that an input on the second chip 
prevents any additional input to the first chip 
from affecting the output. Ina datasheet, the en- 
ablepinsmay be labeled Ew and Eour, or and Eo. 


In addition, a GS pin will be included, meaning 
"Group Select! Itis logically active only when the 
encoder is enabled and at least one input is ac- 
tive. The GS pin of the most-significant encoder 
provides an additional binary di 


The outputs from two encoders can be linked via 
OR gates, as shown in Figure 14-6, where the 
lower chip's GS output provides the most signif- 
icant bit of a four-bit binary number. 
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FIGURE 10.10 Left panel The electron conductance versus voltage fora junction with a single electronic state bridge directly coupled to the pho: 


non thermal bath. The curves are plotted assuming E, 


AeV, A, = A, = 0.4eV, T= 30K, 2= 0.3eV (colid lin), 


J05eV (dashed line). Right panel 


Electron transmission through the junction in the case when the bridge state interacts with the phonon bath via the side chain coupled to the bridge 


state with the coupling parameter w. The curves are plotted assuming A, = Ay = A, wiA= 20, Ey =0,.= 0.3eV (solid line), & 


calculations carried out for a toy model with a single-site bridge 
with a side chain attached to the latter. The side chain is sup 
posed to be coupled to the phonon bath. ‘The results for the elec 
‘won transmission are displayed in Figure 10.10 (right panel). We 
see that the original bridge state at E = 0 is completely damped 
bbut two new phonon-induced states emerge nearby that could 
support electron transport. 

‘An important characteristics of the dissipative electron trans- 
port through molecular junctions is the power loss in the junc- 
tion, thats, the energy flux from the electronic into the phononic 
system. Assuming the current flow from the left to the right, this 
‘quantity may be estimated as the sum of the energy fluxes Q gat 
the left and the right terminals (leads) 

P=Q, +Qq. (10.29) 
‘One may express the energy fluxes in terms of renormalized cur: 
rents at the electrodes /, ,(E) that are defined as follows (Datta 
2008) 


ly “fn AEM. (10.30) 


‘Then Q, may be presented in the form 


(10.31) 


‘We remark that the current I, , in Equation 10.30 are related to 
the corresponding leads, and their signs are accordingly defined. 
Anoutgoing current is supposed tobe positive whereasan incom: 

ing one is negative for each lead. To provide an electric charge 
conservation inthe junction one must require that I=, =-I, for 
the chosen direction ofthe current flow. Therefore, the energy 
fluxes also have different signs. As for the Q, , magnitudes, they 


0.05eV (dashed line), 


may differ only if the renormalized currents [,(E) and I,(E) are 
distributed over energies in different ways. This cannot happen 
in the case of elastic transport, for in this case, [,(E) = -Iy(E). 
However, ifthe transport process is accompanied with the energy 
dissipation, the energy distributions for I, and I, may differ. In 
this case, electrons lose some energy while moving through the 
junction and this gives rise to the differences in the renormal- 
ized currents’ energy distributions. For instance, in the case when 
the electrodes are linked with a single-state bridge, the energy 
distribution of 1,(E) has a single maximum whose position is 
determined by the site energy E, and the applied bias voltage V. 
Assuming that the average energy loss due to dissipation could 
be estimated as AE, the maximum in the [;(E) distribution is 
shifted by this quantity, so the current [,(E) flows at lower ener- 
gies compared to /,(E). This results in the power loss and the 
Joule heating in the junction (Segal etal. 2003). 


10.6 Polaron Effects: Hysteresis, 
Switching, and Negative 
Differential Resistance 


While studying electron transport through molecular junctions, 
hysteresis in the current-voltage characteristics was reported 
in some systems (Li et al. 2003). Multistability and stochastic 
switching were reported in single-molecule junctions (Lortscher 
et al. 2007) and in single metal atoms coupled to a metallic sub- 
strate through a thin ionic insulating film (Olsson et al. 2007, 
Repp et al. 2004), 

‘The coupling of an electron belonging to a certain atomic 
energy level to the displacements of ions in the film brings a pos- 
sibility of polaron formation in there. This leads to the polaron 
shift in the electron energy. It was noticed that multistability 
and hysteresis in molecular junctions mostly occurred when the 
molecular bridges included centers of long-living charged elec- 
tronic states (redox centers). On these grounds, it was suggested 
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that hysteresis in the J-V curves observed in molecular junc- 
tions appear due to the formation of polarons on the molecules 
(Galperin et al. 2008), 

‘The presence of the polaron shift in the energy of a charged 
(occupied) electron state creates a difference between the latter 
and the energy of the same state while it remains unoccupied. 
‘Assuming, for simplicity, a single-state model for the molecular 
bridge coupled to a single optical phonon mode, we may write 
the following expression for the renormalized energy: 


Fyn) = 2, 


10.32) 
aa (10.32), 


where the electronic population on the bridge n, is given by 


me tin ee (10.33) 
Ra [B= Buin) +(Ac + An) 

So, as follows from Equation 10.32, the polaron shift depends 
fon the bridge occupation n, and the latter is related to Ey by 
Equation 10.33, Therefore, the derivation of an explicit expres- 
sion for E,(n,) is a nontrivial task even within the chosen 
simple model, Nevertheless, it could be shown that two local 
minima emerge in the dependence of the potential energy of 
the molecular junction including two electrodes linked by the 
molecular bridge, ofthe occupation number ny. These minima 
are located near n, = 0 and 1, and they correspond to the neu: 
tal (unoccupied) and charged (occupied) states, respectively 
‘This is illustrated in Figure 10.11 (left panel). These states are 
metastable, and their lifetime could be limited by the quan- 
tum switching (Mitra etal. 2005, Mozyrsky et al. 2006). When 
the sivitching time between the two states is longer than the 
characteristic time for the external voltage sweeping, one may 
expect the hysteresis to appear, for the states of interes live long 
enough to maintain it, Within the opposite limit, the average 
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washes out the hysteresis. When the states are especially short 
lived this could even result in a telegraph noise at a finite bias 
voltage that replaces the controlled switching. 

Further, we consider long-lived metastable states and we 
concentrate on the I-V behavior. Let us for certainty assume 
that the bridge state at zero bias voltage is situated above the 
Fermi energy of the system and remains empty. As the voltage 
increases, one of the electrode’s chemical potentials crosses the 
bridge level position, and the current starts to flow through 
the system. The [-V curve reveals a step at the bias voltage 
value corresponding to the crossing of the unoccupied bridge 
level with the energy E, by the chemical potential. However, 
while the current flows through the bridge, the level becomes 
occupied and, consequently, shifted due to the polaron forma- 
tion. When the bias voltage is reversed, the current continues 
to flow through the shifted bridge state of the energy £,, until 
the recrossing happens. Due to the difference in the energies 
ofthe neutral and the charged states, the step in the I-V curves 
appears at different values of the voltage, and this is the rea- 
son for the hysteresis loop to appear as shown on the right 
panel of Figure 10.11. One could also trace the hysteresis in 
the I-V characteristics starting from the filled (and shifted) 
bridge state. 

Again, the hysteresis loop in the I-V curves may occur when 
both occupied and unoccupied states are rather stable, which 
means that the potential barrier separating the correspond- 
ing minima in the potential energy profile is high enough, so 
that quantum switching between the states is unlikely. This 
happens when the bridge is weakly coupled to the electrodes 
(Aye 22/hQ), which isan obvious requirement for the involved 
states (neutral or charged) to the distinguishable. In other words, 
the broadening of the relevant levels due to the coupling to the 
electrodes must be much smaller that the polaron shift. As was 
recently shown (Ryndyk et al. 2008), the stronger the electron~ 
phonon coupling, the less becomes the probability ofthe switch- 
ing. At large values ofA, the tunneling between the charged and 
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FIGURE 10.11 Left panel: Schematic ofthe potential energy ofthe molecular junction versus the occupation number n.. Right panel: Hysteresis 
in the current-voltage characteristics. The solid line corresponds to the transport via the unoccupied bridge electronic state, and the dashed line 
corresponds tothe transport via the occupied state shifted due to the polaron formation. 
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the neutral states is exponentially suppressed. Also, it was shown 
that the symmetry/asymmetry inthe coupling to the electrodes 
could significantly affect the hysteresis behavior (D'Amico etal 
2008, Ryndyk et al. 2008). For asymmetric junctions (A, # A,), 
two nearly stable states exist at the zero bias voltage. When the 
asymmetry is very strong, both states could appear stable at one 
bias voltage polarity and unstable when the polarity is reversed. 
Itwas suggested that under an appropriate choice of parameters, 
‘one may create a situation where the instability regions for the 
involved states do not overlap. These properties give grounds to 
conjecture that such strongly asymmetric junctions could reveal 
‘memory functionalities, that make them potentially useful in 
the fabrication of nanodevices. 

‘Among the various potentially important properties of the 
lectron transport through metal-molecule junctions, one 
‘may separate the negative differential resistance (NDR), that is, 
the decrease in the current I while the bias voltage across the 
‘molecule increases. The NDR effect was originally observed in 
tunneling semiconducting diodes (Kastner 1992). Later, it was 
viewed in quantum dots (Grobis etal. 2005, Repp etal. 2005a,b). 
Several possible scenarios were proposed to explain the NDR 
occurrence in electron transport through molecules. The effect 
could originate from the alignment and the subsequent disalign- 
‘ment of the Fermi levels of the electrodes with the molecular 
orbitals that happens as the bias voltage varies (Xue etal. 1999). 
‘Also, the NDR could appear as a Coulomb blockade-induced 
effect (Simonian etal. 2007) andor due to some other reasons 
(Zimbovskaya and Pederson 2008). It is likely that different 
‘mechanisms could play a major part in the NDR appearance in 
different molecular junctions where it was observed so far. 

Here, we discuss the NDR features in the current-voltage 
characteristics that originate from the electron coupling with 
the molecular vibrational modes. As was shown (Galperin et 
al. 2005, Yeganeh et al. 2007a,b), the polaron formation could 
give rise to the NDR. This may happen if the polaron shift in 
the energy of the occupied state moves the energy level away 
from the conduction window. As the shift depends on the 
electronic population, and the latter changes as the bias volt 
age increases, the occupied state falls out from the window 
between the chemical potentials of the electrodes at a certain 
value of the voltage. Ifthe transport is being conducted via this 
‘occupied state then it stops when this voltage value is reached. 
Correspondingly, the current value drops to zero revealing a 
distinctive NDR feature. This is a realistic scenario based on 
the main features of the electron transport through molecules 
under polaron formation. 

In conclusion, electron-vibrion coupling could lead to the 
formation of a polaron that results in the energy differences 
between the occupied and the unoccupied states on the molecu- 
larbridge. Ata weak interaction between the bridge and the elec- 
trodes and the strong electron-phonon coupling these charged 
and neutral states are metastable and could serve for electron 
conduction. This results in such interesting and potentially use- 
ful effects as the hysteresis and the NDR features in the current 
voltage characteristics. 
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10.7 Molecular Junction 
Conductance and Long-Range 
Electron-Transfer Reactions 


Long-range electron transfer reactions play an important part in 
many biological processes such as photosynthesis and enzyme 
catalyses (Kuznetsov and Ulstrup 1995), Theoretical and experi 
mental studies of these processes have lasted for more than four 
decades but they stil remain within a very active research area. In 
the intramolecular electron transfer reactions, the electric charge 
moves from one section of the molecule to another section of the 
same molecule. Long-range transfer typically occurs in large mol- 
ecules such as proteins and/or DNA, so that these two sections are 
situated far apart from each other A common setup forthe transfer 
reactions includes a donor, a bridge, and an acceptor. Due to the 
lange distances between the donor (where an electron leaves) and 
the acceptor (where it arrives) typical for the long-range transfer 
reactions,adirectcouplingbetween thetwois negligible. Therefor, 
the electron participating in the transfer needs a molecular bridge 
providing a set of intermediate states fr electron transport. 

Essentially, intramolecular electron transfer isa combination 
of nuclear environment fluctuations and electron tunneling. 
Electron-transfer reactions result from the response of a mole- 
cule to environmental polarization flactuations that accompany 
nuclear fluctuations. The molecule responds by redistribution 
of the electronic density thus establishing opportunities for the 
charge transfer to occur. The main characteristic of the electron. 
transfer processes isthe transfer rate K, that i the inversed time 
of the reaction, The transfer rate forthe electron tunneling in 
the molecule interior from the donor to the acceptor depends 
both on the electronic transmission amplitudes and the vibri- 
onic coupling. The later provides the energy exchange between 
the electronic and the nuclear systems. 

Viewing fast electronic motions in thebackground ofthe slowly 
moving nuclei (nonadiabatic electron transfer) and applying the 
Fermi golden rule of perturbation theory, it was shown that K, 
could be written inthe form first suggested by Marcus (1965) 


Ke FlHosf FO. (10.34) 


Here, the first cofactor is the electron transmission coefficient, 
Hoa, which is the effective matrix element between the donor 
and the acceptor. The second term is the density of states 
weighted Franck-Condon factor that describes the effect of 
nuclear motions in the environment. 

‘There exists a noticeable resemblance between the long-range 
electron transfer and the molecular conductance, and this resem- 
blance was analyzed in several theoretical works (Dahnovsky 
2006, Mujica et al. 1994, Nitzan 2001, Yeganeh et al. 2007a,b, 
Zimbovskaya 2003, Zimbovskaya and Gumbs 2002). The funda- 
‘mental part in both molecular conduction and electron-transfer 
reactions is taken by the electron tunneling inside the molecule 
via the set of intermediate states. In large molecules, the electron 
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involved in the transfer reaction or contributing to the conduc- 
tance, with a high probability follows a few pathways that work 
as molecular bridges. The rest of the molecules do not signifi- 
cantly participate in the transfer/conduction and may be omit 
ted from consideration in calculations of electron transmission 
ones et al. 2002; Beratan et al. 1992). On these grounds, it was, 
suggested that the original molecule could be reduced to a sim- 
pler chain-like structure, and the latter may replace the former 
in calculations of molecular conductance andior transfer rates 
(Daizadeh et al. 1997). Such simplification significantly eases 
computations of the molecular conductance and the electron- 
transfer rates in macromolecules. 


‘The resemblance between the molecular conductance and 
the long-range electron transfer does not mean that these pro: 
«cesses are nearly identical. Along with the similarities there are 
substantial differences between the former and the latter. For 
instance, the continuum of states causing the charge transport 
arises from the multitude of electronic states on the electrodes in 
the case of molecular conduction, and from the vibrations and 
fluctuations in the environment in the case of electron-transfer 
reactions. Also, the driving force that puts electrons in motion 
originates from the external bias voltage applied across the junc- 
tion in the case of molecular conduction. In the electron-transfer 
situation, this force appears due to the electron-vibrionic inter- 
actions in the system, or the electron-transfer reaction starts asa 
result ofa photoexcitation of the donor part of the molecule. The 
observables, namely, the molecular conductance g and/or cur- 
rent J, and the transfer rate K,, differ as well. 

Notwithstanding these differences, the electron transport 
through molecular junctions and the electron transfer could 
be theoretically analyzed using the common formalism as 
recently proposed by Yeganeh et al. (20076). Further, we follow 
their approach. The starting point is that one may simulate the 
donor-bridge-acceptor system as some kind of molecular junc- 
tion, shown in Figure 10.12. Here, we represent the donor as 
a single state [), and this state mimics the left lead (assuming 
the transport is from the left to the right). The donor is cou- 
pled to the bridge and the latter is coupled to the continuum 
of the final states [f) simulating the right lead. These couplings 
are described by the self-energy terms A, For simplicity, we 
assume that there exists a single state on the bridge, and this 
state is coupled to a vibrionic mode of the frequency ©. The 
latter mimics environment fluctuations. We assume that the 


FIGURE 10.12 Schematic of the model system used in the transfer 
rate calculations. The initial/inal reservoirs correspond tothe leftright 
leads in the molecular junction, 
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“leads” are weakly coupled to the bridge (A, x <2), which is 
typical for electron-transfer situations. Also, the representation 
of the environment motions by the single vibrionic mode is jus- 
tified only at low temperatures when the thermal energy kT is 
much smaller than the electron-vibrion coupling parameter i. 

Now, we can write the Landauer expression for the current 
flowing through the “junction” using Equations 10.3 and 104. 
[Assuming that the bridge includes only one state, we simplify 
Equation 10.4 


Ady 
Bra; 


T(E) =21, {4,GA,G" (10.35) 


Im(G). 


Here, the subscripts i/f label the initial and the final states 
Within the Fermi golden rule regime that allows the introduc- 
tion of the transfer rate, the bridge must be coupled to the final 
states much more strongly than tothe initial state(A,> A). Therefore 


Ady 
reve 


(10.36) 


and the coupling to the final states falls out of the expressions 
for electron transmission and current. Within the chosen model, 
this isa physically reasonable result for the final states reservoir 
(the right “electrode” in our junction) was merely introduced 
to impose a continuum of states maintaining the transfer pro- 
cess ata steady-state rate. Also, considering the current flow, we 
‘may suppose that the intial state is always filled [f(E) = 1], and 
the final states are empty [fj(E) = 0]. Therefore, the current flow 
through the “junction” accepts the form 


de . 
1-2 faa, tm) (00.37) 


Both the current and the transfer rate are fluxes closely related 
to each other, namely, 
K,,= He. So, we may write 


2 


Je, 1m) (10.38) 


th 


Now, A, could be computed using the expression (10.7) for the 
corresponding self-energy term, Keeping in mind that the “left 
electrode” includes a single state with the certain energy {, we 
obtain 


Ae in eaten (20.39) 


Accordingly, the expression (10.38) for the transfer rate may be 
reduced to the form: 


imate}. (10.40) 
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‘where ¢, represents the coupling between the donor and the mol- 
ecule bridge. It must be stressed that within the chosen model, 
1s the only term representing the relevant state coupling that 
may be identified with the electronic transmission coefficient 
Hq in the general expression (10.34) for K,. This leaves us with 
the following expression for the Franck-Condon factor: 


(Fc) =-4m[ate,)} (041) 


Fa 


[As discussed in Section 10.4, at a weak coupling of the bridge 
to the leads the electron-vibrionic interaction opens the set of 
metastable channels for the electron transport at the energies 

= B, + nhQ (n= 0, 1,2...) where &, is the energy of the bridge 
state with the polaronic shift included. Green's function may be 
approximated as a weighted sum of contributions from these 
channels: 


Ge, 


Yee E-masis]', cor) 
where s —> 0", and the coefficients P(n) are probabilities for the 
channels to appear given by Equation 10.18 

Substituting Equation 10.42 into Equation 10.41 we get 


(Fo) = J) Pm d(ar — nhay, (10.43) 


J,~ By + 22/(hQ) is the exoergicity of the 
transfer reaction, that is, the free energy change originating 
from the nuclear displacements accompanied by polarization 
fluctuations. The effect of the latter is inserted via the reorgani- 
zation term (2) related to polaron formation. The exoergic- 
ity in the transfer reaction takes on a part similar to that of the 
bias voltage in the electron transport through molecular junc- 
tions. It gives rise to the electron motion through the molecules. 
In the particular case when the voltage drops between the initial 
state (Ieft electrode) and the molecular bridge these two quanti 
ties are directly related by |e|V = AF. 

Usually the longerange electron transfer is observed at moder- 
ately high (room) temperatures, so the low temperature approxi 
mation (10.43) for the Franck-Condon factor cannot be employed. 
However, the expression (10.41) remains valid at finite tempera- 
tures, only the expression for Green's function must be modified 
to include the thermal effects It is shown (Yeganeh et al. 2007a,b) 
that within the high-temperature limit (KT > hi) the expression 
for the (FC) may be converted to the well-known form first 
proposed by Marcus: 


(FO) 


(10.44) 


1 


where E, = 22(iQ) isthe reorganization energy. 
While studying the electron-transfer reactions in practical 
macromolecules, one keeps in mind that both the donor and the 
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acceptor subsystems in the standard donor-bridge-acceptor triad 
are usually complex structures including multiple sites coupled 
to the bridge. Correspondingly, the bridge has a set of entrances 
anda set of exits that an electron can employ. At different values 
of the tunnel energy different sites of the donor and/or acceptor 
subsystems can give predominant contributions to the transfer. 
Consequently, an electron involved in the transfer arrives at the 
bridge and leaves from it via different entranceslexits, and it fl- 
lows different pathways while on the bridge. 

‘Also, nuclear vibrations in the environment could strongly 
affect the electron transmission destroying the pathways and 
providing a transition to a completely incoherent sequential 
hopping mechanism of the electron transfer. All this means that 
a proper computation of the electron transmission factor Hy, 
for practical macromolecules is avery complicated and nontriv- 
ial task. The strong resemblance between the electron-transfer 
reactions and the electron transport through molecules gives 
grounds to believe that studies of molecular conduction can pro- 
‘vide important information concerning the quantum dynam- 
ics of electrons participating in the transfer reactions. One may 
expect that some intrinsic characteristics of the intramolecular 
electron transfer, such as the pathways of the tunneling elec- 
trons and the distinctive features ofthe donor/acceptor coupling 
to the bridge could be obtained in experiments on the electron 
transport through molecules. For instance, it was recently sug- 
gested to characterize electron pathways in molecules using the 
inelastic electron tunneling spectroscopy, and other advances in 
this area are to be expected. 


10.8 Concluding Remarks 


Presently, the electron transport through molecular-scale sys- 
tems is being intensively studied both theoretically and experi- 
mentally. Largely, unceasing efforts of the research community 
to further advance these studies are motivated by important 
application potentials of single molecules as active elements of 
various nanodevices intended to compliment current silicon- 
based electronics. An elucidation of the physics underlying elec- 
tron transport through molecules is necessary in designing and 
operating molecular-based nanodevices. Elastic mechanisms for 
the electron transport through metal-molecule-metal junctions 
are currently understood and described fairly well. However, 
while moving through the molecular bridge, an electron is usu- 
ally affected by the environment, and it results in a change of its 
energy. So, inelastic effects appear, and they may bring notice- 
able changes in the electron transport characteristics. Here, we 
concentrated on the inelastic and the dissipative effects origi- 
nating from the molecular bridge vibrations and thermally acti- 
vated stochastic fluctuations. For simplicity and also to keep 
this chapter within a reasonable length, we avoided a detailed 
description of computational formalisms commonly used to 
theoretically analyze electron transport through molecular 
junctions. These formalisms are described elsewhere. We mostly 
focus on the physics of the inelastic effects in the electron trans- 
port. Therefore, we employ very simple models and techniques. 
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We remark that along with nonelasticity originating from 
clectron-vibron interactions, which is the subject of the pres- 
ent review, there exist inelastic effects of different kinds. For 
instance, inelastic effects arise due to electron-photon inter- 
actions. Photoassisted transport through molecular junctions 
was demonstrated and theoretically addressed using several 
techniques. It is known that optical pumping could give rise to 
the charge flow in an unbiased metal-molecule-metal junction, 
and light emission in biased current-carrying junctions could 
‘occur. Also, there is the issue of molecular geometry. There are 
‘grounds to conjecture that in some cases the geometry of a mol- 
ecule included in the junction may change as the current flows 
through the latter for bonds can break with enough amount of 
current. Obviously, this should bring a strong inelastic compo. 
nent to the transport, consequently affecting observables. 

It is common knowledge that electron-electron interactions 
‘ay significantly influence molecular conductance leading to a 
Coulomb blockade and a Kondo effect. To properly treat elec- 
‘on transport through molecular junctions one must take these 
interactions into consideration. Corresponding studies were 
carried out omitting electron-phonon interactions. However, a 
full treatment of the problem including both electron-electron 
and electron-phonon interactions has not been completed so 
far. There exist other theoretical challenges, such as the effect of 
bipolaron formation that originates from an effective eectron- 
electron attraction via phonons. 

Finally, practical molecular junctions are complex systems, and 
a significant effort is necessary to bring electron transport caleula- 
tions toa result that could be successfully compared withthe exper: 
imental data, For this purpose, one needs to compute molecular 
orbitals and the voltage distribution inside the junctions to get suf- 
ficient information on the vibrionic spectrum of the molecule, the 
electron-phonon coupling strengths, and electron-electron inter 
actions. One needs a good quantitative computational scheme for 
transport calculations where allthis information can be accounted 
for. Currently there remain some challenges that have not been 
properly addressed by theory. Therefore, a comparison between the 
‘theoretical and the experimental results on the molecular conduc- 
tance sometimes does not bring satisfactory results. However, there 
are irm grounds to believe that further efforts of the research com- 
‘munity will result in a detailed understanding of all the important 
aspects of molecular conductance including inelastic and dissipa. 
tive effects, Such an understanding is paramount to the conversion 
‘of molecular electronics into a viable technology. 
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What Can Go Wrong 


Problems that are common toall digital chips are 
summarized in the section on logic gates in 
“What Can Go Wrong’ on page 105. 


See "What CanGoWrong" onpage 149intheentry 
describing decoders for a list of more specific 
problems that also afflict encoders. 


Figure 14-6. Two eight-bit encoders can be cascaded fo 
hhandle 16 separate inputs. in this example, the encoders 
use active-high logic. 
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11.1 Introduction and Background 


‘The field of nanostructures has grown out of the lithographic 
technology developed for integrated circuits, but is now much 
more than simply making smaller transistors. In the early 1980s, 
microstructures became small enough to observe interesting 
‘quantum effects. These structures were smaller than the inelas 
tic scattering length of an electron so that the electrons could 
remain coherent as they traversed them, giving rise to interfer- 
‘ence phenomena. Studies on the Aharonov-Bohm effect and 
tuniversal conductance fluctuations led to the field of “meso. 
scale physics”—between macroscopic classical systems and fully 
‘quantized ones. 

Now the size of the structures that can be produced is 
approaching the de Broglie wavelength of the electrons in 
the solids, leading to stronger quantum effects. In addition to 
interesting new physics, this drive toward smaller length scales 
has important practical consequences. When semiconductor 
devices reach about 100nm, the essentially classical models of 
their behavior will no longer be valid. It is not yet clear how to 
make devices and circuits that will operate properly on these 
smaller scales. The replacement for the transistor, which must 
carry the technology to well below 100.1m, has not been identi: 
fied. It is anticipated that the semiconductor industry will run 
up against this “wall” within about 10 years. 

‘The current very large-scale integrated circuit paradigm based 
‘on complementary metal oxide semiconductor (CMOS) technol: 
‘ogy cannot be extended into a region with features smaller than 
10nm: With a gate length well below 101m, the sensitivity of 


the silicon field-effect transistor parameters may grow exponen- 
tially due to the inevitable random variations in the device size. 
‘Therefore, an alternative nanodevice concept of molecular cir- 
cuits was proposed, which was a radical paradigm shift from the 
pure CMOS technology to the hybrid semiconductor? The con: 
cept combines the advantages of nanoscale components, such 
as the reliability of CMOS circuits, and the advantages of pat. 
terning techniques, which include the flexibility of traditional 
photolithography and the potentially low cost of nanoimprint- 
ing and chemically directed self-assembly. The major attraction 
of this concept is the incorporation of the richness of organic 
chemistry with the versatilities of semiconductor science and 
technology. However, before this, one needs to bring directed 
self-assembly from the present level of single-layer growth on 
smooth substrates to the reliable placement of three-terminal 
molecules on patterned semiconductor structures 

While physics and electrical engineering have been evolv: 
ing from microstructures, to mesoscopic structures, and now 
to nanostructures, molecular biologists have always worked 


with objects of a few nanometers or less. A DNA molecule, for 
‘example, is very long (when stretched out), but itis about 2.5m 
wide with base pairs separated by 0.34nm. Since the technol- 
‘ogy has not existed to directly fabricate and manipulate objects 
this small, various chemical techniques have been developed for 
cutting, tagging, and sorting large biological molecules. While 
‘enormously successful, these methods utilize batch processing 
of huge numbers of the molecules and rely on statistical inter: 
pretations. It is not possible, in principle, to sequence one partic: 
ular DNA molecule with these techniques, for example. Ideally 
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‘one would like to stretch the DNA straight and simply read the 
sequence of the base pairs. While we are still far from this goal, 
nanofabrication techniques promise to bring us much closer. 

‘During recent years, self-assembly has become one of the most 
important strategies used in biology for the development of com: 
plex, functional structures. Self-assembly on modified surfaces is 
‘one of the approaches to self-assemble structures that are particu- 
larly successful. By the coordination of molecules to surfaces, the 
molecular systems form ordered systems—self-assembled mono. 
layers (SAMs). The SAMs are reasonably well understood and are 
increasingly useful technologically. A thin film of diblock copo. 
lymers can be self-assembled into ordered periodic structures at 
the molecular scale (-5-50nm) and have been used as templates 
to fabricate quantum dots,"* nanowires, and magnetic storage 
media.* More recently, in epitaxial assembly of block-copolymer 
films, molecular level control over the precise size, shape, and 
spacing of the order domains was achieved with advanced litho: 
‘graphic techniques." The development of methods for patterning 
and immobilizing biologically active molecules with microm- 
eter and nanometer scale control has been proven integral to 
ranges of applications such as basic research, diagnostics, and 
drug discovery. Some of the most important advances have been 
in the development of biochip arrays that present either DNA, ® 
protein," or carbohydrates. The use of patterned substrates for 
components of microfluidic systems for bioanalysis is also pro- 
_gressing rapidly“ Surface modification and patterning at the 
nanoscale to anchoring protein molecules is an important strat 
egy on the way of obtaining the construction of new biocompat- 
ible materials with smart bioactive properties. In fact, surfaces 
patterned by protein molecules can act as active agents in a large 
number of important applications including biosensors capable 
of multifunctional biological recognition. In particular, physical 
adsorption of proteins onto semiconductor surfaces makes pos 
sible to combine the simplicity of the method with the versatility 
of chemical and physical properties of proteins. 

In recent years, there has been substantial attention focused 
on the reactions of organic compounds with silicon surfaces. 
‘The major attraction is the incorporation of the richness of 
organic chemistry with the versatilities of semiconductor sci: 
ence and technology. More recently, it has been demonstrated 
that TEMPO,2,2,6,6-tetramathylpiperidinyloxy can bond with 
a single dangling bond on hydrogen-terminated Si(100) and 
Si(111) surfaces. Functional organic molecular layers were 
found to self-assemble on metal? and semiconductor surfaces.” 
‘The technique of self-assembly is one of the few practical strate 
«gies available to arrive at one to three-dimensional ensembles of 
nanostructures. There are many different mechanisms by which 
self-assembly of molecules and nanoclusters can be accom: 
plished, such as chemical reactions, electrostatic and surface 
forces, and hydrophobic and hydrophilic interactions. 

In this chapter, we present most recent advances in the devel 
‘opment of techniques in immobilizing a single nanostructure 
and producing arrays of 3D magnetic protein nanostructures 
with high throughput on surface modified semiconductor sub: 
strates, Well-characterized test nanostructures were prepared 
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using current state-of-the-art nanofabrication techniques. Both 
nanoimaging and scanning probe microscopy studies (AFM, 
SEM, and TEM) on semiconductor nanostructures and these 
molecular self-assembly systems were performed. The combina- 
tion of e-beam lithography, scanning probe microscope imag- 
ing, spectroscopy, and self-assembly approaches provide not 
only the high throughput of producing arrays of protein nano- 
structures but also with highest precision of positioning single 
nanostructure and/or single molecule. 


11.2 Preparation of Molecular Magnets 
11.2.1 Folding of Magnetic Protein Mn,Cd-MT 


Metallothionein (MT) is a metal binding protein that binds 
seven divalent transition metals avidly via its twenty cysteines 
(Cys).* These Cys’ form two metal binding clusters located at the 
carboxyl (0-domain) and amino (B-domain) terminals of MT.” 
‘The two clusters were identified as a-cluster (M,S,,)" and the 
Be-cluster (M,S,)* (Figure 11.1),"2? where M denotes metal ions 
(Zn*, Cd, or others), according to both x-ray crystallographic 
and NMR studies.* MT binds to metals ions via metal-thiol link- 
ages.” As shown in Figure 11.1, the (M,S,)* and (M,S,)*" have 
thezinc-blende like structure that is similar to the “diluted mag- 
netic semiconductor (DMS)" compound: 

In general, semiconductors are not magnetic. However, a 
DMS exhibits magnetic properties by doping with Mn and Cd 
or other II-VI metal ions in certain ratio. The doped metal clus- 
ters among the semiconductors are in zinc-blende structures. 
Meanwhile, these semiconductors possess magnetic property 
only in low temperatures.** The magnetic properties may be the 
result of the d-sp* orbital hybridization and the alignment of the 
electron spins. The bridging sulfur atoms may also contribute to 
the alignment of the spins of the Mn‘ ions. Thus, by chelating 
the Mn®* and Ca?" with MT (ie., Mn,Cd-MT), a “magnetic pro- 
tein” may be obtained. 

Recently, the single molecule magnets (SMMs) have attracted 
much attention.** However, the Curie temperature of these mol- 
ecules has to be as low as 2-4K*“* to avoid the thermal fluc 
tuation among the electron spin within the molecules.” To be 
of practical utilization, it is highly desirable to create a room 
temperature molecular magnet. With this intention in mind, 
one has to construct and investigate a new metal binding pro- 
tein, MT, which sustained characteristic magnetic hysteresis loop 
from 10 to 330K. The protein backbone may restrain the net spin 
‘moment of Mn** ions to overcome the minor thermal fluctuation 
The magnetic-metallothionein (mM) presented may reveal a 
possible approach to create high temperature molecular magnet. 
In order to prepare the Mn,Cd-MT magnetic proteins, the fold- 
ing mechanism of protein should be introduced. 


11.2.2 Protein: A Mesoscopic System 


Protein is a complex biomolecule that contains a large number 
of basic residues—amino acids. Therefore, it is not possible to 
analyze it completely by macroscopic approaches. Meanwhile, it 


Bridging Biomolecules with Nanoelectronics 


| 1 
on Oe 
phster 


FIGURE 11.1 Metal binding clusters of MT that was modified from x-ray crystal structure (2). Where the circles denote metal ons Zs 


MM 


Each metal ion was linked with protein via metal-thiol bonds, 


is not feasible to describe the dynamics of its polypeptide chain 
behavior by using conventional statistical approaches either. 
‘Thus, a protein can be thought of as a mesoscopic system.” 
However, the conformational transition from unfolded state 
to the native state of a protein may be similar to the conven. 

tional phase transition model. In physics, a phase transition is 
the transformation of a thermodynamic system from one phase 
to another. In a folding process, proteins follow the thermody: 

namic theories and transform from the unfolded state to the 
folded state, where the state is defined as a region of configura- 

tion space with minimal potential.** Therefore, we named this 
conformational change as “state transition.”** Due to the com- 
plexity of a protein folding system, a single experimental study 
‘may reveal only a part of the fact of protein folding, Therefore, 
wwe should examine the protein-folding problem with multidi- 
‘mensional approaches and integrate the findings to reveal the 
true mechanism of protein folding. 

Protein folding may follow a spontaneous process: or a 
reaction-path directed process" in vitro. A choice between the 
‘two may be determined by the intrinsic properties of proteins, 
for example, the varying folding transition boundaries. 
However, a general model, named “first-order-like state transi 
tion model,” in which the aggregated proteins exist within finite 
boundaries can encompass both processes without any conic 
tions." According to this model, the folding path of the pro. 
tein may not be unique. It can be folded, without being trapped 
in an aggregated state, via a carefully designed refolding path 
circumventing the transition boundary, that is, via an overcrit 
cal path.*"* The intermediates, following an overcritical path, 
are in a molten globular state,*” and their behavior is consistent 
with both a sequential" and a collapse model.” However, both 
soluble (folded) and precipitated (unfolded) proteins can be 
observed in the direct folding reaction path in vitro. In terms 
of the “first-order-like state transition model” language, this 
can be described as stepping across the state transition line in 
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the protein folding reaction phase diagram.* Since in protein 
refolding itis important to prevent protein aggregation in vitro, 
similarly, in biomedical applications, the revelation of the mech- 
anism of the formation of the two states (unfolded and folded) 
becomes significant. 

Previous studies have indicated that chemical environment,!* 
temperature," pH, ionic strength," dielectric constant," 
and_pressure"—considered as solvent effects collectively— 
could affect the fundamental structure, thermodynamics, and 
dynamics of polypeptides/proteins. The reaction ground state 
can be expressed as a dual-well potential according to the two- 
state transition model. The conformational energy, in general, 
of the unfolded state is relatively higher than that of the native 
state (Figure 11.1). When the system reaches thermal equilib- 
rium, most protein molecules are found in their native state. 
No unfolded or intermediate states are observable. However, as 
described previously," if a denaturant is added, the reaction 
potential may change accordingly as indicated in Figure 11.1 
‘Then, an unfolded protein may be stable, as it is now at the low- 
est energy under the newly established equilibrium. The energy 
of the system can be expressed as follows: 

Hy =H, +H, au) 
where H,, Hy, and H, denote the potential energy of the inter- 
acting protein-solvent total system, the protein, and the solvent, 
respectively. The factor, i, is a weighting factor of the solvent 
environment (0 <2 1) It approaches unity when a denaturant 
is present as pure solvent and decreases in value as the concen- 
tration of the denaturant is reduced 

When 2 of the system is changed drastically, direct folding 
ensues and leads to the release of some of the bound denaturant. 
According to the Donnan effect in a macromolecule-counter 
ions interactive system, the diffusion of the bound denaturant 
can be expressed by Fick's first law: 
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J=-DVn (1.2) 
where 
‘denotes the concentration of the denaturant that is dissoci- 
ated from the protein 
D denotes the diffusive constant 
vector J denotes the flux, respectively, ofthe solute 


According to the Einstein relation 


fa 
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(3) 


where 
kis the Boltzmann constant 
Tis the temperature in Kelvin 
11is the viscosity of the solvent 
Ry is the hydration radius of the solutes 


Due to the intrinsic diffusion process, the solute exchange pro: 
«cesses are not synchronous for all protein molecules. Therefore, 
the folding rate of protein may not be measured directly by a 
simple spectral technique, that is, the stopped-flow CD," 
continuous-flow CD," or fluorescence.” However, the reaction 
interval of protein folding can be revealed by the autocorrelation 
of reaction time from these direct measurements. The detailed 
mechanism and an example will be discussed later. 

If we look at the energy landscape funnel model of protein 
folding,* it appears that proteins can be trapped in a multitude 
of local minima of the potential well in a complicated protein 
system. The native state, though, is at the lowest energy level 
When thermal equilibrium is reached, most of the protein mol: 
ecules are located in the lowest energy state, with a population 
ratio as low as e°*#", according to the Maxwell-Boltzmann dis 
tribution in thermodynamics. The AE denotes the energy dif: 
ference between the native state and a local minimum; k and T 
denote the Boltzmann constant and temperature in Kelvin, 
respectively. At high concentration (0.1 mg/mL), however, 
considerable amount of insoluble protein has been observed in 
protein folding,*:**~"" indicating that insoluble proteins are at 
an even lower energy state than the native protein. Therefore, by 
considering the intermolecular interactions during the protein 
folding process, the reaction energy landscape may be expressed 
asa three-well model (Figure 11.2). As shown in Figure 11.2, the 
unfolded protein (U) is in the highest energy state; the native 
protein (N) is in the lower energy state. However, the intermedi 
ate (I) that may cause further protein aggregation/precipitation 
is in the lowest energy state. Although the energy state of the 
intermediatelaggresome is the lowest energy state, the con. 
formational energy of the individual proteins composing the 
aggresome may not be lower than the native protein. Namely, 
in single molecular simulation, this extra potential well of 
intermediate (I) is nonexistent. Therefore, in the conventional 
‘energy landscape model (the single molecule simulation model), 
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FIGURE 11.2 Three well model of multi-protein molecules folding 
reaction. The U denotes the unfolded state. N denotes the native state 
and I denotes the protein-protein complex (aggresome) intermediate. 


the lowest energy state “I” cannot be observed. According to 
the Zwanzig’s definition of state, the protein molecules in the 
intermediate (I) belong to an unfolded state." Hence, in a direct 
folding reaction, the soluble (N) and the insoluble parts (U) can 
coexist and they can be observed simultaneously, which is simi- 
lar to the situation where the phase transition line is crossed in 
reactions congruent to the “first-order phase transition” model. 
‘Therefore, we named the protein folding reaction as “first-order 
like state transition model” (as shown in Figure 11.3. 

The (n,n...) in Figure 11.3 denotes the folding status of 
protein, where ny, 1... represent the variables affecting the fold- 
ing status, such as, temperature, concentration of denaturants, 
etc. The reaction curve indicates an overcritical reaction path of 
a quasi-static folding reaction. The gray area in Figure 11.3 indi- 
cates the state transition boundary of protein folding, The gray 
line and dash line indicate the reaction path of direct folding. 
By combining the three-well model (Figure 11.2) and the direct 
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FIGURE 11.3 The protein folding phase diagram, where the 
(04, n,..) denotes the folding status (the order parameter) of protein 
‘Then, nj my... denote the variables that affect the folding status such as 


temperature, concentration of denaturans, etc. 
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folding reaction of the “first-order like state transition model” 
(Figure 11.3), we realized that those folded protein molecules 
along the direct folding path might fold spontaneously or form 
aggregates. Spontaneous folding may be driven by enthalpy- 
entropy compensation 

‘As indicated previously, the conformation of protein changed 
‘with changes of the solvent environment. It seems that the pro- 
tein may fold spontaneously, such as in Anfinsen’s experiment"* 
and direct folding reactions. The protein folding reaction, simi. 
lar to all chemical reactions, reaches its equilibrium by follow. 
ing the fundamental laws of thermodynamics. Although protein 
folding has been studied extensively in certain model systems for 
cover 40 years, the driving force at the molecular level remained 
unclear until recently. 

It is known that polymers and macromolecules may self 
assemble(self-organize into a wide range of highly ordered 
phases/states at thermal equilibrium.” In a condensed sol 
vent environment, large molecules may self-organize to reduce 
their effective volume. Meanwhile, the number of the allowed 
states (Q) of small molecules, such as buffer salt and other 
counter-ions in solution, increases considerably. Therefore, the 
entropy of the system, AS=R In(G2/Q), becomes large, where i 
and f denote the initial and final states, respectively. Meanwhile, 
the enthalpy change (AH) between the unfolded and native pro 
tein is around hundreds kcal/mol. Therefore, the Gibbs free 
‘energy of the system, AG=AH~ TA, becomes more negative in 
this system when the large molecules self-organize.*" A sim 
lar entropy-enthalpy compensation mechanism has been used 
to solve the reaction of colloidal crystals that self-assemble 
spontaneously." 

‘According to our studies, 
unfolded protein is about 1.7-2.5 fold larger than the folded 
protein. Therefore, with the same mechanism, those macro 
molecules (proteins) may tend to reduce thei effective volumes 
and increase the system entropy when thermal equilibrium is 
reached. The increase in entropy may compensate for the change 
of the enthalpy of the system and enable the reaction to take 
place spontaneously. This may be the reaction molecular mech. 
anism of spontaneous protein folding reactions. Meanwhile, a 
similar mechanism can be adopted into the self-assembly pro- 
cess of magnetic protein in nanopore arrays. 


5” the effective diameter of the 


11.2.3 Quasi-Static Thermal Equilibrium 
Dialysis for Magnetic Protein Folding 


Due to the intrinsic diffusion process, the solvent exchange rate 
is slow and thus the variation of Ais slow and can be thought of as, 
‘quasi-static. Therefore, we named this buffer exchanging process 
asa quasi-static process. We manipulated the reaction direction 
of the protein folding through this process. Meanwhile, we can 
obtain stable intermediates in each thermal equilibrium state. 
‘These intermediates may help us reveal the molecular folding 
mechanism of protein that is to be discussed in Section 11.3. The 
following is an example of the stepwise folding method,” 
and the buffers used were described in these studies. 
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Step 1: The unfolded protein (U) was obtained by treating the 
precipitate or inclusion body with denaturing/unfolding 
buffer to make it 10mg/ml. in concentration. This solu- 
tion was left at room temperature for 1h. This process 
was meant to relax the protein structure by urea and 
pH (acidic or basic) environments. ‘The disulfide bridges 
‘were reduced to SH groups and the protein was unfolded 
completely. 

Step 2: The unfolded protein (U) in the denature/unfolding 
buffer was dialyzed against the folding buffer 1 for 72h to 
dilute the urea concentration to 2M, producing interme- 
diate 1, or M,. 

Step 3: M, was obtained by dialyzing M, against the folding 
buffer 2 for 24h to dilute urea concentration to 1 M. 

Step 4: M,, an intermediate without denaturant (urea) in 
solution, was then obtained by dialyzing M, against the 
folding buffer 3 for 24h, 

Step 5: M, was further dialyzed against the folding buffer 4 
for 24h, and the pH changed from 11 to 8.8 to produce M, 

Step 6: Finally, the chemical chaperonin mannitol was 
removed by dialyzing M, against the native buffer for 8h 
to yield M,. 


It should be noted that all the equilibrium time of each step 
is longer than the conventional dialysis time. In general, for the 
free solvent case, the solute may exchange with the buffer com- 
pletely within hours. However, itis known that the denaturant 
molecules interact with protein, similar to the Donna effect, 
and the solute exchange may be slow and needs more time for 
the system to reach thermal equilibrium, especially for the first 
refolding stage. The folding time of each process is relatively 
longer than the regular solvent exchange process. Therefore, we 
can obtain the magnetic protein that follows a similar process. 
Protein microenvironment protects the net electron spin of mol- 
ecules from thermal fluctuation. 

‘The bridging ligands (ie., sulfur atom, $) between the mag- 
netic ions may be responsible for aligning the electron spin of 
magnetic ions. As indicated in Figure 114, the valance bond- 
ing electrons of the bridging Cys may hop between the bonded 
metal ions, such as Mn®* and Cd2'; whereas the Cd?" in the B 
metal cluster is rather important in restraining the orienta- 
tion of the electron spins of the bridging sulfurs and in align. 
ing the spins of Mn* in the metal binding clusters. Therefore, 
this electron hopping effect may turn the Mn,Cd-MT into a 
magnetic molecule. However, the protein backbone surround- 
ing the B metal cluster may provide a strong restraining effect 
to overcome the thermal fluctuations from the environment. 
‘Therefore, the magnetization can be observed in room tempera- 
ture. However, the geometrical symmetry of the spin arrange- 
ment in all Mn-MT may cause partial or complete cancellation 
of detectable magnetization. These results also indicated that 
the threshold temperature of the molecular magnet might rise 
to room temperature ifthe proper prosthetic environment, such 
as protein backbone, can be linked against the thermal fluctua- 
tion of the temperature. 
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‘Therefore, we have successfully constructed a molecu- 
lar magnet, Mn,Cd-MT, that is stable from 10 to 330K. The 
‘observed magnetic moment can be explained by the highly 
ordered alignment of (Mn,CdS,)> clusters embedded in 
the B-domain in which sulfur atoms serve as key bridging 
ligands. The discovery of mMT may allude to new schemes 
in constructing a completely different category of molecular 
magnets. 


11.3 Nanostructured Semiconductor 
Templates: Nanofabrication 
and Patterning 


‘The rapidly developing of interdisciplinary activity in nano. 
structuring is truly exciting. The intersections between the 
various disciplines are where much of the novel activity 
resides, and this activity is growing in importance. The basis, 
of the field is any type of material (metal, ceramic, polymer, 
semiconductor, glass, and composite) created from nanoscale 
building blocks (clusters of nanoparticles, nanotube, nanolay- 
cers, etc.) that are themselves synthesized from atoms and mol- 
‘ecules. Thus, the controlled synthesis of those building blocks 
and their subsequent assembly into nanostructures is one 
fundamental theme of this field. This theme draws upon all 
of the material-related disciplines from physics to chemistry 
to biology and to essentially all of the engineering disciplines 
as well 

‘The second and most fundamental important theme in this 
field is that the nanoscale building blocks, because of their 
size being below about 100m, impart to the nanostructures 
that are created from them new and improved properties and 
functionalities that are still unavailable in conventional mate- 
rials and devices. The reason for this is that the materials in 
this size range can exhibit fundamentally new behavior when 
their sizes fall below the critical length scale associated with 
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any given property. Thus, essentially any material property 
can be dramatically changed and engineered through the 
controlled size-selective synthesis and assembly of nanoscale 
building blocks. The present juncture is important in the 
fields of nanoscale solid-state physics, nanoelectronics, and 
molecular biology. The length scales and their associated 
physics and fabrication technology are all converging to the 
nanometer range. 

‘The ability to fabricate structures with nanometer precision 
is of fundamental importance for any exploitation of nanotech- 
nology. In particular, cost effective methods that are able to 
fabricate complex structures over large areas will be required. 
One of the main goals in the nanofabrication area is to develop 
general techniques for rapidly patterning large areas (a square 
centimeter, or more) with structures of nanometer sizes 
Presently, electron-beam (e-beam) lithography is capable of 
defining patterns that are less than 10nm. These patterns can 
then be transferred to a substrate using various ion milling/ 
etching techniques. However, these are “heroic” experiments, 
and can only be made over a very limited area—typically a few 
thousand square microns, at most. While such areas are imme- 
diately useful for investigating the physics of nanostructures, 
the applications we would like to pursue will eventually require 
a faster writing scheme and much larger areas. The time and 
area constraints are determined by the direct e-beam writing. 
It is a “serial” process, defining single small regions at a time, 
Furthermore, th field of view for the e-beam system is typically 
less than 100nm when defining the nanometer-scale structures, 
One simply cannot position the electron beam with nm preci- 
sion over larger areas. 

While e-beam lithographic methods are very genera, in that 
essentially any shape can be written, we will also make use of 
“natural lithography” (tricks). Similarly advances in the know- 
edge of the DNA structure has recently been applied to the fab- 
rication of self-organized nm surface structures. There are many 
such “tricks” that could prove crucial to the success of the proj- 
ects in allied fields. A list of current methods toward nanofabri- 
cation is given below. 


11.3.1 Patterned Self-Assembly 
for Pattern Replication 


By exploiting e-beam and focused ion beam lithography, self: 
assembled monolayers can be patterned into 10-20nm features 
that can be functionalized with single molecules or small molec- 
ular groupings. These patterned areas will then be used as tem- 
plates to direct the vertical assembly of stacks of molecules or to 
direct the growth of polymeric molecules. Schematics of the pro- 
cesses and the possible templates used are shown in Figure 11.5. 
‘The initial 2D pattern will thus be translated into 3D nanosized 
objects. With the capability of the full control over the interfa- 
cial properties, it wil be possible to release the objects from the 
templates and transfer them to another substrate, after which 
the nanopatterned surface can be used again to provide an inex- 
pensive replication technique. 
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FIGURE 11.5 E-beam lithography defined (a) nanopores and 
(b) nanotrenches on silicon templates. (From Chang, C.-C. et al 
Biomaterials, 28, 1941, 2007. With permission. Elsevier) 


11.3.2 Fabrication by Direct Inkjet 
and Mold Imprinting 


‘This part ofthe technique will draw on recent advances in printing 
techniques for direct patterning of surfaces. This involves the use 
of inkjet printing to deliver a functional material (semiconductor 


‘or metal) to a substrate, which is then controlled by patterning in 
the surface free energy of the substrate, to allow very accurate pat 
terning of the printed material. Currently, devices show channel 
lengths down to Sum, but indications are that geometries can be 
reduced to submicron dimensions. The method will be concerned 
with the limits to resolution that can be achieved by this process, 
and also the structure and the associated electronic structure at 
polymer-polymer interfaces, such as that between semiconduc- 

tor and insulator layers in the field-effect device. 
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FIGURE 11.6 Nanogratings on silicon templates by using thermal 
pnano-imprinting technique, 


In 1995, Professor Stephen Y. Chou of Princeton University 
invented a new fabrication method in the field of semiconduc 
tor fabrication. It is called nano-imprint lithography (NIL). 
Briefly speaking, this technique was demonstrated by pressing 
the patterned mold to contact with the polymer resist directly. 
‘The patterns on the mold will transfer to the polymer resist with- 
out any exposure source. Therefore, the diffraction effect of light 
can be ignored, and the limitation is dependent only on the pat 
tern size of the mold rather than on the wavelength of the expo. 
sure light. In Figure 11.6 we show a nano-grating structure made 
by using the thermal imprinting technique. 

NIL technology is a physical deformation process and is very 
different from conventional optical lithography. This technol. 
ogy provides a different way to fabricate nanostructures with 
easy processes, high throughput, and low cost. Currently, there 
are three main NIL techniques under investigation, namely, 
hot-embossing nano-imprint lithography (H-NIL”), ultra. 
violet nano-imprint lithography (UV-NIL*), and soft lithogra- 
phy.%* Those NIL technologies can be applied to many different 
research fields, including nano-electric devices, bio-chips, 
micro-optic devices," micro fluidic channels,® etc. 


11.3.3 Nanopatterned SAMs as 2D 
‘Templates for 3D Fabrication 


Modern lithographic techniques (e-beam or focused ion beam 
(EIB), SNOM lithography) are able to generate topographic 
(relief) patterns in the 10-50nm size ranges. As a further step 
toward more complicated and functional 3D structures, chemi. 
cal functionalization at a similar size scale is necessary. By 
exploiting e-beam, FIB, and near-field optical lithography, it is 
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possible to pattern SAMs directly. Using lithography, the SAMs 
can either be locally destroyed and refilled with other molecules, 
cr the surface of the SAMs can be activated to allow further 
chemical reactions. The resulting patterned surfaces will be 
chemically patterned. Patterns can be introduced to incorpo: 
rate H-bonding, pi-pi stacking, or chemical reactivity. These 
patterned areas will be used as templates to direct the vertical 
assembly of stacks of molecules or to direct the growth of poly- 
meric molecules. Large, extended aromatic molecules prefer to 
stack on top of each other due to pi-pi stacking. These molecules 
have interesting electronic properties as molecular wires. When 
surfaces can be patterned to incorporate “seeds” for the large 
aromatic molecules, the stacking can be directed away from 
the surface. The initial 2D pattern will thus be translated into 


1) Spining coating & baking 


3) Developing 


ze0-sa0 
Elie: 


4) Reactive ion etching 
‘SF &O; 


wile zab-sx0 


ler 
yey meta 
a 
-. 
® 


FIGURE 11.7 (2) Flowchart of the lithography, etching processes, and 
growth of protein molecules, (b) schematics of the patterned templates 
with nanopores. (From Chang, C.-C. et al, Biomaterials, 28, 1941, 2007 
With permission. Elsevier) 
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3D nanosized objects. With the full control over the interfacial 
properties, it will be possible to release the objects from the tem. 
plates and transfer them to another substrate, after which the 
nanopatterned surface can be used again to provide an inexpen- 
sive replication technique. 


11.4 Self-Assembling Growth 
of Molecules on the Patterned 
Templates 


‘The self-assembling growth of the MT-2 proteins is demonstrated 
as follows. One mg/mL magnetic MT in Tris. HCL bulfer solution 
was placed onto the patterned surface, and an electric field with an 
intensity of 100 V/cm was then applied for Smin to drive the MT 
molecules into the nanopores. The sample was then washed with 
Di water twice to remove the unbounded MT molecules and salts 
onthe surface the schematic ofthe process is lso shown in Figure 
17a, Figure 11.8 shows the atomic force microscopy (AFM) image 
ofthe template surface with 40nm nanopores after they were filed 
bythe MT-molecules. Keep in mind that most of the Si surface was 
still protected by photoresist after the etching processes, which has 
prevented the MT-molecules from forming strong OH bonds with 
the Si surface underneath. Therefore, the electrical feld-driven 
MT molecules were all anchored on those areas that were not cov 
ered with photoresist. The molecules landing in each pore were 
then self-assembly grown verticaly from the bottom of the pore 
into the shape ofa rod (as shown in Figure 11.8) These molecular 
nanorods have an average height of -120nm above the template 
surface and a diameter equal to the size ofthe nanopore. 
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FIGURE 11.8 Three-dimensional AFM image of the patterned 
‘magnetic molecules. The molecules have sel assembled to grow into a 
rod shape. (From Chang, CC. etal, Biomaterials, 8, 1941, 2007. With 
permission. Elsevier) 
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FIGURE 11.9 Two-dimensional AFM images of the patterned 
ME-molecules on the template with pore sizeof 130nm and pitch size of 
300nm. (Prom Chang, C.-C. etal, Biomaterials, 28, 1941, 2007. With per- 
mmission. Elsevier) 


However, experiments on the templates with pore sizes larger 
than 100nm gave quite different results. Figure 11.9 shows the 
‘two-dimensional AFM image of the template surface with larger 
pores, where we can see that the molecules did not grow ver- 
tically above the template surface. Therefore, we were not able 
to generate 3D images of this type of template. However, judg: 
ing from the AFM phase images, the MT molecules did form 
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FIGURE 11.10 SEM image of the Si template shows a ring shape Si 
‘exposed area around the circumference of nanopores. (From Chang, 
CC etal, Biomaterials, 28, 1941, 2007. With permission. Elsevier) 
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a more dense structure in the larger pores compared with the 
case of the smaller pores. On templates with thinner photoresist 
and smaller pitch sizes (less than 600nm), we also found that the 
molecules anchored in the pore can grow laterally toward the 
neighboring pores (data not shown), 

By increasing both the e-beam exposure and dry etching time 
on the Si surface covered with a thin photoresist layer with a 
thickness of less than 150m, we were able to create a ring-type 
area with an exposed Si surface along the periphery of the nano: 
pores. The SEM image ofthis type of template is shown in Figure 
11,10, On this particular template, the molecules not only inde- 
pendently grew inside the pores, but they also grew along the 
circumference of the pores to form molecular rings on the tem: 
plate. Figure 11.11 shows the two-dimensional (2D) and three 
dimensional (3D) AFM images of such molecular rings 

In order to gain better control of the formation of molecu. 
lar nanostructures, it is important to uncover the underlying 
self-assembling growth mechanism. Molecular self-assembly 
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FIGURE 11.11 (2) 2D and (b) 3D AFM images of the patterned 
MT-molecules. (From Chang, C-W. et al, Appl. Phys. Lett, 88(26), 
263104, 2006. With permission. AIP) 
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can be mediated by weak, noncovalent bonds—notably hydro- 
gen bonds, ionic bonds (electrostatic interactions), hydrophobic 
interactions, van der Waals interactions, and water-mediated 
hydrogen bonds. Although these bonds are relatively insig. 

nificant in isolation, when combined together as a whole, they 
govern the structural conformation of all biological macromol- 
ecules and influence their interaction with other molecules. The 
wwater-mediated hydrogen bond is especially important for liv- 
ing systems, as all biological materials interact with water. We 
believe that the first layer of proteins anchored inside the nano- 
pores was bonded with the Si surface dangling bonds. They have 
provided building blocks for proteins that arrived later. With the 
assistance of spatial confinement from the patterned nanostruc- 
tures, the rest of the proteins are able to self-assemble via the van 
der Waals interactions and perform molecular self-assembly. 


11.5 Magnetic Properties of 
Molecular Nanostructures 


‘The magnetic properties of the self-assembled molecular nano: 
rods were investigated with magnetic force microscopy (MFM). 
‘We monitored the change of contour of a particular nanorod on 
the template when an external magnetic field was applied. Figure 
11.12a shows the MEM image of the nanorod without the exter- 
nal magnetic field. In Figure 11.12b, a magnetic field of 500 Oe 
‘was applied during the measurement with a field direction from 
the right to left. The strength of the field was kept at a minimum 
soasnot to perturb the magnetic tip on the instrument. In Figure 
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11.12 we can see clearly that the contour of the nanorod has 
changed in shape as compared to the case with no applied field 
It indicates that the molecular self-assembly carries a magnetic 
dipole moment that interacts with the external magnetic field. 


11.6 Conclusion and Future Perspectives 


Successiin the synthesis of the magnetic molecules produced from 
metallothionein (MT-2) by replacing the Zn atoms with Mn and 
Cd has been demonstrated in this chapter. Hysteresis behavior 
in the magnetic dipole momentum measurements was observed 
over a wide range of temperatures when an external magnetic 
field was scanned. These magnetic MT molecules were also 
found to self-assemble into nanostructures with various shapes 
depending on the nanostructures patterned on the Si templates 

Data from the MFM measurements indicate that these molecu- 
lar self assemblies also carry magnetic dipole momentum. Since 
the pore size, spacing and shape can easily and precisely be con- 
trolled by lithography and etching techniques, this work should 
open up a new path toward an entire class of new biomaterials 
that can be easily designed and prepared. The techniques devel- 
oped in this particular work promise to facilitate the creation of 
many bio-related nanodevices and spintronics. Magnetic molec- 
ular self-assembly may find its use in data storage or magnetic 
recording systems, as an example. They can also act as spin bio- 
sensors and be placed at the gate ofthe semiconductor spin valve 
to control the spin current from the source to the drain. More 
importantly, this work should not be limited to MT-2 molecules 
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FIGURE 11.12 MFM images of nanorods (a) without the magnetic field (b) with a 500 Oe magnetic feld applied with a field direction from right 
toleft. (From Chang, C.-C. et a, Biomaterials, 28, 1941, 2007. With permission. Elsevier) 
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and should be extended to other type of molecules and proteins 
4 well. As mentioned in the beginning of this chapter, the vari- 
‘ous surface patterning techniques developed over the years to 
interface organic or biological materials with semiconductors 
have not only provided new tools for controlled 2D and 3D self- 
organized assemblies, but have also been essential to the creation 
and emergence of new semiconductor-molecular nanoelectron- 
ics.as recently discussed by Likharev.** 

In the future, itis important to develop techniques for growing 
and characterizing molecular self-assembly single nanostructure, 
and molecule on semiconductor templates to bring a measure of 
control to the density, order, and size distribution of these molecu- 
lar nanostructures. Using self-assembly techniques, one can rou- 
tinely make molecular assembly with precise distances between 
them. Recent explorations of molecular self-assembly have sought 
to provide transverse dimensions on the mesoscopic nanometer 
scale. As a general—although not inviolate—rule, these attempts 
have led to very good local ordering (eg., nearest neighbors). 

‘We can anticipate, (1) the development of new (supra) molec- 
ular nanostructures via the self-assembling method (bottom 
up technique) and immobilization of single nanostructure or 
‘molecule; (2) the design of methods to functionalize molecular 
self-assembly and devices; (3) an integration of bottom-up and 
top-down procedures for the nano- and microfabrication of 
‘molecularly driven sensors, actuators, amplifiers, and switches; 
and (4) an increased understanding and appreciation of the sci- 
ence and engineering that lie behind nanoscale processes. All 
this and more is in the nature of the nanotechnology bonds as 
it impacts on biology and beyond. In the final analysis, however, 
the practice of biological synthesis that relies on molecular rec- 
ognition and self-assembling processes within a very much more 
catholic framework than is currently being contemplated by most 
researchers that will dictate the pace of progress in synthesis. 

‘The final goal is to understand this whole notion of what self- 
assembly is. One needs to really learn how to make use of the 
methods of organizing structures in more complicated ways 
than we can do now. Ona molecular scale, the accurate and con- 
trolled application of intermolecular forces can lead to new and 
previously unachievable nanostructures. This is why molecular 
self-assembly (MSA) is a highly topical and promising field of 
research in nanotechnology today. MSA encompasses all struc- 
tures formed by molecules selectively binding to a molecular 
site without external influence. With many complex examples 
all around us in nature (ourselves included), MSA is a widely 
observed phenomenon that has yet to be fully understood. Being 
‘more a physical principle than a single quantifiable property, it 
appears in engineering, physics, chemistry, and biochemistry, 
and is therefore truly interdisciplinary. 


References 


1, Sessoli R., Gatteschi D., Caneschi A., and Novak M.A. 
(1993), Nature (London), 365, 141-143. 

2. Fonticelli M., Azzaroni O., Benitez G., Martins M.E., Carro 
P, and Salvarezza R.C. (2004), J. Phys. Chem. B, 108, 1898. 


25. 


26. 


win 


Park M,, Harrison C., Chaikin PM, Register R.A., and 
Adamson DH. (1997), Science (Washington, DO), 276, 
1401-1404. 

LIRR, Dapkus PD., Thompson ME. Jeong WG,, Harrison 
,, Chaikin PM., Register R.A., and Adamson D.H. (2000), 
Appl. Phys. Lett, 76, 1689-1691 

‘Thurn-Albrecht T, Schotter J, Kistle GA, Emley N. 
Shibauchi E, Krusin-Elbaum L, Guarini K., Black C.T, 
Tuominen M-T, and Russell TP. (2000), Science 
(Washington, DC), 290, 2126-2129 

Kim H.C. et al. (2001), Adv. Mater., 13, 795-797. 

Lopes W.A. and Jaeger H.M. (2001), Nature, 414, 735-738. 
Cheng J.Y. etal. (2001), Adv. Mater, 13, 1174-1178. 

Kim S.O,, Solak H.H., Stoykovich M.P, Ferrier NJ., de 
Pablo JJ, and Nealey PE (2003), Nature, 424, 411-414. 
Demers LM., Ginger DS., Park SJ, Li Z., Chung $.W., 
and Mirkin C.A. (2002), Science (Washington, DC), 296, 
1836-1838. 

Hodneland C.D,, Lee YS. Min D.H., and Mrksich M. 
(2002), Proc. Natl. Acad. Sci, 99, 5048-5052, 

Houseman B:T. and Mrksich M. (2002), Chem. Biol, 9, 
443-454 

Chen CS, Mrksich M., Huang S., Whitesides GM, 
and Ingber D.E. (1997), Science (Washington, DC), 276, 
1345-1347. 

Mrksich M., Dike LE, Tien JY, Ingber DE. and Whitesides 
GM. (1997), Exp. Cell. Res. 235, 305-313, 

Chen CS., Mrksich M., Huang S., Whitesides G.M., and 
Ingber D-E. (1998), Biotech. Prog., 14, 356-363. 

Pitters J, Piva PG., Tong X., and Wolkow R.A. (2003), 
‘Nano Lett.,3, 1431. 

‘Wacaser B.A., Maughan MJ, Mowat LA. Niederhauser TL, 
Linford M.R, and Davis R.C. (2003), Appl Phys. Lett, 82, 808. 
Eaton DLL. (1985), Toxicol. Appl. Pharmacol, 78, 158-162. 
Robbins A.H., McRee D-E,, Williamson M., Collett S.A. 
Xuong N.H., Furey WE, Wang B.C., and Stout C.D. (1991), 
J. Mol. Biol, 221, 1269-1293, 

Messerle B.A. Schaffer A. Vasak M., Kagi JHLR,, and 
‘Wiuthrich K. (1992), J. Mol, Biol. 225, 433-443, 

Boulanger Y., Goodman CM., Forte C.P, Fesik $.W., and 
‘Armitage LM. (1983), Proc. Natl. Acad. Sci, 80, 1501-1508. 
Chang C.C. and Huang PC. (1996), Protein Eng. 9, 
1165-1172. 

Wei SH. and Zunger A. (1986), Phys. Rev. Lett, 36, 
2391-2394, 

Christou G., Gatteschi D., Hendrickson D.N., and Sessoli R. 
(2000), MRS Bull, 25, 66-71 

Sessoli R, Tsai H.L., Schake A.R., Wang S., Vincent J.B. 
Folting K., Gatteschi D., Christou G., and Hendrickson DIN. 
(1993), J. Am. Chem. Soc., 115, 1804-1816. 

‘Aubin S.MJ., Dilley N.R., Pardi L., Kryzystek J, Wemple 
MM, Brunel LC, Maple M.B, Christo G., and 
Hendrickson DN. (1998), J. Am. Chem. Soc., 120, 4991 


7. Friedman [R., Sarachik M.P, Tejada J, and Ziolo R. (1996), 


Phys. Rev. Lett, 76, 3830-3833, 


m2 


28. Bushby RJ. and Pailland JL. (1995), Molecular mag- 
nets, in Introduction to Molecular Electronics, M.C. Petty, 
MR Bryce, and D. Bloor (eds.), Edward Arnold, Hodder 
Headline, London, UK. 

29, Wolynes PG. (1997), Proc. Natl. Acad. Sci. US.A., 94, 
6170-6175. 

30. Zwanzig R. (1997), Proc. Natl Acad. Sci. 
148-150. 

31. Chang C.-C, Yeh X.-C,, Lee HT, Lin P-¥,, and Kan LS. 
(2004), Phys. Re: E, 70, 011904. 

32, Welker E., Wedemeyer WJ, Narayan M.,and Scheraga H.A. 
(2001), Biochemistry, 40, 9059-9064 

33, Chang C.-C., Su Y¥-C.,, Cheng M.-S., and Kan LS. (2002), 
Phys. Rev. E, 66, 021903. 

34, Chang C.-C., Tsai CT, and Chang CY. (2002), Protein Eng, 
8,437-441 

35, Chang C.-C., Su Y.-C, Cheng M.-S., and Kan LS. (2003), 
J. Biomol. Struct. Dyn., 21, 247-256. 

36. Chang C.-C. and Kan LS. (2007), Chin. J. Phys, 45, 
693-702. 

37, Liu YL, Lee HT, Chang C.-C,, and Kan LS. (2003), 
Biochem. Biophys. Res. Commun., 306, 59-63. 

38. Levy Y, Jortner J., and Becker ©. (2001), Proc. Natl. Acad. 
Sci. US.A., 98, 2188-2193. 

39, Creighton TE. (1993), Proteins, WH. Freeman, New York. 

40, Elcock A.H. (1999), J Mol. Biol, 294, 1051-1062. 

41, Ulrih N.P, Anderluh G., Macek P, and Chalikian, TV, 
(2004), Biochemistry, 43, 9536-9545. 

42. Despa F, Fernandez A., and Berry R.S. (2004), Phys. Rev 
Lett., 93, 228104, 

43, Seefeldt M.B., Ouyang J., Froland W.A., Carpenter .R, and 
Randolph TW. (2004), Protein Sci., 13, 2639-2650, 

44, Anfinsen C.B., Haber E., Sela M., and White BH. Jr. (1961), 
Proc. Natl. Acad, Sci.,47, 1309-1314 

45, SuZ.D,, Arooz M.T, Chen H.M., Gross C.J, and Tsong TY. 
(1996), Proc. Natl Acad. Sci, 93, 2539-2544. 

46, Roder H., Maki K., Cheng H., and Shastry M.C. (2004), 
‘Methods, 34, 15-27. 


USA, 94, 


47. 
48. 
49. 


02. 


63. 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


Royer C.A. (1995), Methods Mol. Biol, 40, 65-89. 
‘Misawa S. and Kumagai I. (1999), Biopolymers, 51, 297-307. 
Dinsmore A.D., Crocker J.C., and Yodh A.G. (1998), Curr. 
Opin. Colloid Interface Sci, 3, 5-11 

Gast A.P and Russel WB. (1998), Phys. Today, 51, 24-30 
Pusey PN. and van Megan W. (1986), Nature, 320, 340-341 
‘Ackerson BJ. and Pusey PN. (1988), Phys. Rev. Lett, 61, 
1033-1036. 

‘Tsong TY., Hearn RP, Warthal D.P, and Sturtevant J.M. 
(1970), Biochemistry, 9, 2666-2677. 

‘Tokuriki N., Kinjo M., Negi S., Hoshino M., Goto ¥., Urabe 
I.,and Yomo T. (2004), Protein Sci, 13, 125-133. 

Lin K-H., Crocker |.C., Prasad V, Schofield A., Weitz D.A., 
Lubensky T.C,, and Yodh A.G. (2000), Phys. Rev. Lett, 85, 
1770-1773. 

Lau A.WC, Lin K-H., and Yodh A.G, (2002), Phys. Rev E, 
66, 020401. 


7. Stephen Y.C., Peter RK., and Preston J. R. (1995), Appl. 


Phys. Let, 67, 3114-3116. 
Bender M,, Otto M., Hadam B., Spangenberg B., and Kurz 
H. (2000), Microelectron. Eng., 53, 233-236. 

Xia Y. and Whitesides G.M. (1998), Angew Chem. nt, 37, 
550-575, 

Lingjie G., Peter R-K., and Stephen Y.C. (1997), Appl. Phys. 
Lett, 71, 1881-1883. 

Pépin A., Youinou P, Studer V, Lebib A., and Chen Y. 
(2002), Microelectron. Eng., 61-62, 927-932. 

Li M, Tan H., Chen L., Wang J., and Chou S.Y., (2003), 
J. Vac. Sci. Technol. B, 21, 660-663. 

Cho YH, Lee SW, Kim BJ, and Fujii T. (2007), 
‘Nanotechnology, 18, 465303. 

Likharev K.K. (2003), Hybrid semiconductor-molecular 
nanoelectronics. The Industrial Physicist, June/July 2003, 
Forum: 20-23, 

Chang C.-C, Sun KW, Lee SB, and Kan LS. (2007), 
Biomaterials, 28, 1941-1947, 

‘Chang C.-C.,Sun, KW, Kan, LS.,and Kuan, C.-H. (2006), 
Appl. Phys. Lett, 8, 263104. 


Nanoscale Transistors 


2 


3 


“ 


15 


16 


‘Transistor Structures for Nanoelectronics _ Jean-Pierre Colinge and Jim Gree 
Introduction + Evolution of Silicon Processing: Technology Boosters + Nonplanar Multi-Gate Transistors + The Rise 
‘of Quantum Effects « Carbon Nanotube Transistors + Nonclassical Transistor Structures + Graphene 

Ribbon Nanotransistors « Sub-KT/q Switch + Single-Electron Transistor + Spin Transistor + Molecular 

‘Tunnel Junctions © Point Contacts and Conductance Quantum « Atomic-Scale Technology Computer-Aided 

Design + Conclusion + References 


1 


13.1 


‘Metal Nanolayer-Base Transistor André Avelino Pasa 
Introduction « Band Diagram + J-V Characteristic + Fabrication + References 

ZnO Nanowire Field-Effect Transistors Woong-Ki Hong, Gunho Jo, Sunghoon Song, Jongsun Maeng, 
‘and Takhee Lee. 

Introduction + Background + Results and Discussion » Summary + Acknowledgment + References 


Co Field Effect Transistors Akihiro Hashimoto 
Solid Cyy + van der Waals Epitaxy of Cys + Principles of Organic FET 
FETs on SiO, 


Introduction + Fullerene (Cy) 
Functions « Fabrication of Fullerene Field Effect Transistors (C, 
foron AIN + Summary + References 


FET) + Cl 


sacterization of 


‘The Cooper-Pair Transistor José Aumentado.. 
Introduction + Theory of Operation + Fabrication + Practical Operation and Performance » Present Status 
and Future Directions + Acknowledgment » References 


16-1 


Wh 


12 


Transistor Structures 
for Nanoelectronics 


12.1 Introduction, 41 
122 Evolution of Silicon Processing: Technology Boosters 12.2 
123 Nonplanar Multi-Gate Transistors 123 
12.4 The Rise of Quantum Effects. 125 
12.5 Carbon Nanotube Transistors. 12-6 
126 Nonclassical Transistor Structures 127 
127 Graphene Ribbon Nanotransistors 127 
128 Sub-KD/q Switch. 12.8 
129. Single-Electron Transistor. 12.8 
12.10 Spin Transistor 12.9 
12.11 Molecular Tunnel Junctions 12.9 
Jean-Pierre Colinge 12.12 Point Contacts and Conductance Quantum 1241 
‘tenity Colleee Conk 12.13 Atomic-Scale Technology Computer-Aided Design. 2411 
Jim Greer 12.14 Conclusion 12.12 
University College Cork References. 12.12 


12.1 Introduction 


In 1965, Gordon Moore predicted that the number of transis. 
tors that could be placed on a silicon chip would double every 
18 months. This prediction became the official roadmap of the 
semiconductor industry and it still is the yardstick by which 
the progress of microelectronic devices and circuits is mea 
sured (Moore 1965). The MOS transistor, also called MOSFET 
(metal-oxide-semiconductor field-effect transistor) is the work. 
horse of the semiconductor industry and is at the heart of every 
digital circuit. Without the MOSFET, there would be no com. 
puter industry, no digital telecommunication systems, no video 
‘games, no pocket calculators, and no digital wristwatches. 
Figure 12.1 shows the evolution of the number of MOS tran. 
sistor per chip vs. calendar year, known as “Moore's law.” Note 
that the vertical axis has a logarithmic scale. The effective length 
of the transistor, L, is the distance between the source and the 
drain in a region called the “channel region” where the electro: 
statics and the current flow are controlled by the gate. When 
the effective gate length becomes too small, the gate loses the 
control of that region and the so-called short-channel effects 
appear. These effects increase the OFF current of the device 
and render the current dependent of the drain voltage. In the 
most extreme cases, the transistor can no longer be turned off. 
‘The effective length of MOSFETs has shrunken from 101m in 


1971 (Intel® 4004 processor) to 1 yim in the early 1980s, 0.1 jim 
in 2000, and 101nm dimensions should be reached around 2015. 
Short-channel effects become so important in classical, planar 
MOSFETs with dimensions below Snm that new device struc- 
tures that improve the electrostatic control of the channel by 
the gate are being explored. These devices are called multi-gate 
MOSFETs. They basically are silicon nanowires with a gate elec 
trode wrapped around the channel region. This device architec- 
ture maximizes the control of the electrostatics in the channel 
region and allows one to reduce the effective channel length to 
sub-10nm dimensions. At those dimensions, quantum transport 
effects start to kickin, and device simulators need to incorporate 
the Schrodinger equation to accurately model the transistor’s 
electrical characteristics. Of course, the reduction of transistor 
size goes hand in hand with the increase of transistors on a chip. 
The first 32Gb flash memory chips made using a 40nm tech- 
nology were announced in 2006. Each of these chips contains 
over 32 billion transistors. The number of transistor per chip is 
literally reaching astronomical proportions, considering that 
the 400Gb mark will be reached around the year 2020. When 
this milestone is reached, there will be as many transistors on 
a single chip as there are stars in the Milky Way (Figure 12.) 

In 2008, the effective gate length of transistors that are 
used to fabricate microprocessors is 22nm, and the thickness 
of the gate insulator is approximately Inm. Fully functional 
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“gate-all-around” transistors made in a silicon nanowire with 
a diameter of only 3nm, that is, roughly the same diameter as 
a carbon nanotube, were reported in 2006 (Singh et al. 2006). 
Although these transistors are not formally called “nanoelec- 
tronic devices,” they are clearly of nanometer dimensions. 
Strictly speaking, the nanoelectronics era has already begun. 
Section 12.2 describes the evolution of the MOS transistor as its 
structure reaches nanometer dimensions: new materials are used to 
‘optimize electrical conductivity and dielectric constant, semicon- 
ductor alloying and the introduction of stress are used to increase 
carrier mobility, and novel transistor geometries are employed to 
increase the electrostatic control of the channel by the gate. 
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12.2 Evolution of Silicon Processing: 
Technology Boosters 


In the 1980s, only a handful of elements were used in silicon 
chips: boron, phosphorus, arsenic, and antimony for doping the 
silicon, oxygen, and nitrogen for growing or depositing insula- 
tors, and aluminum for making interconnections. A few ele- 
ments, such as hydrogen, argon, chlorine, and fluorine are used 
during processing in the form of etching plasmas or oxidation- 
enhancing agents. Sulfur is used in sulfuric acid to clean wafers. 
In the 1990s, a few more elements were added to thelist, such as 
titanium, cobalt, and nickel, used to form low-resistivity metal 
silicides, tungsten, used to form vertical interconnects known as 
“plugs,” and bromine, used in a plasma form to etch silicon. The 
2000s saw an explosion in the number of elements used in sili- 
con processing: lanthanide (rare earth) metals are being used to 
form oxides with high dielectric constants (high-k dielectrics), 
carbon and germanium are used to change the lattice param- 
eter and induce mechanical stresses in silicon, fluorides of noble 
gases are used in excimer laser lithography, and a variety of met- 
als are used to synthesize compounds that have desirable work 
functions or Schottky characteristics. Virtually all elements are 
used, with the notable exception of alkaline metals, which create 
mobile charges in oxides, and, of course, radioactive elements 
(Figure 12.2) 

‘The use of new elements to obtain new desirable properties is 
a technology booster that has made it possible to extend the life 
of CMOS and reduce dimensions beyond barriers that were pre- 
‘viously considered insurmountable. For instance, the reduction 
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Elements used in silicon processing. 
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‘of gate oxide thickness below 1.5nm leads to a gate tunnel current 
that quickly becomes prohibitively high. Replacing silicon diox- 
ide by a high-k dielectrics such as hafnium oxide (HfO,), which 
has a dielectric constant of 22 (vs. 3.9 for SiO.) allows one 
to increase the thickness of the gate dielectric by a factor 22/39 =5.5 
without reducing the gate capacitance (ie. the current drive of 
the transistor). The use of new gate dielectrics gave rise to the 
notion of equivalent oxide thickness, EOT, which is defined by 
the relationship EOT =ty€,,/ey), where ty is the thickness of the 
dielectric layer, and €,, and & are the permittivity of silicon 
dioxide and the dielectric material, respectively. For example, a 
4nm thick layer of HfO, is electrically equivalent to an SiO, layer 
of 0.7m. 

‘To improve the properties of transistors, another technology 
booster is commonly used: stress. Compressive stress increases 
hole mobility in (110) silicon (i.e,, in the direction of current flow 
‘of most transistors), while tensile stress increases electron mobil- 
ity. Mobility can also be modified by using Si:Ge or Si:Ge:C alloys. 
‘Compressive stress can be induced in the channel region of a 
transistor by introducing germanium in the source and drain. 
‘The resulting “swelling” of the silicon in the source and drain 
compresses the channel region situated between them. Tensile 
stress can readily be obtained by depositing a silicon nitride 
contact-etch stop layer on top of the device. Mobility (and thus 
speed) improvement in excess of 50% can be obtained using 
stress techniques. 

‘The third technology booster deals with the physical geom- 
etry of the transistor and is worth being described in detail. As 
the dimensions of the transistors are shrunk, the close proxim- 
ity between the source and the drain reduces the ability of the 
gate electrode to control the potential distribution and the flow 
of current in the channel region, and undesirable effects, called 
the “short-channel effects” render MOSFETs inoperable. For all 
practical purposes, it seems impossible to scale the dimensions 
of classical “bulk” MOSFETs below 15nm. If that limitation 
cannot be overcome, Moore's law would reach an end around 
year 2012, 

Short-channel effects arise when electric field lines from 
source and drain affect the control of the channel region by 
the gate. These reduce the threshold voltage V;y, according to 
the expression Vy) = Vey ~ AVay) ~ DIBL where Vay. is the 
threshold voltage ofa long-channel device, AV,, is the “thresh- 
old voltage roll-off,” due to the sharing of the space charge 
region underneath the gate between the gate, and the unbiased 
source and drain junctions, and DIBL is the “drain barrier low- 
ering” which results from the increase of the share of the space 
charge region related to the drain junction when the drain 
voltage is increased. Short-channel effects can be minimized 
by reducing the junction depth and the gate oxide thickness. 
‘They can also be minimized by reducing the depletion depth 
through an increase in channel doping concentration. In mod- 
ern devices, however, practical limits on the scaling of junction 
depth and gate oxide thickness lead to a significant increase of 
short channel effects and excessively large values of DIBL can 
quickly be reached. 
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12.3 Nonplanar Multi-Gate Transistors 


‘The field lines in MOS transistors are illustrated graphically in 
Figure 12.3. In a bulk device (Figure 12.3A), the electric field 
lines propagate through the depletion regions associated with 
the junctions. Their influence on the channel can be reduced 
by increasing the doping concentration in the channel region. 
In very small devices, unfortunately, the doping concentra- 
tion becomes very high (>10" cm”), which degrades carrier 
mobility. The situation can be improved by making the tran- 
sistor in a thin film of silicon atop of an insulator. ‘The silicon 
film is thin enough that it is fully depleted of majority carriers 
when a gate voltage is applied. Such a device is called fully 
depleted silicon-on-insulator (FDSOI) MOSFET. In FDSOL 
devices, most of the field lines propagate through the bur- 
ied oxide (BOX) before reaching the channel region (Figure 
12.38). Short-channel effects can be further reduced by using. 
a thin buried oxide and an underlying ground plane. In that 
case, most of the electric field lines from the source and drain 
terminate on the buried ground plane instead of the channel 
region (Figure 12.3C). This approach, however, has the incon- 
venience of increased junction capacitance and body effect 
(Xiong et al. 2002). 

‘A much more efficient device configuration is obtained by 
using the double-gate transistor structure. This device struc 
ture was first proposed by Sekigawa and Hayashi in 1984 and 
was shown to reduce threshold voltage roll-off in short-chan- 
nel devices (Sekigawa and Hayashi 1984). In a double-gate 
device, both gates are connected together. ‘The electric field 
lines from source and drain underneath the device terminate 
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FIGURE12.3 Encroachmentof electric ieldlines from sourceand drain 
fn the channel region indifferent types of MOSFETs: (A) Bulk MOSFET, 
(@ ally depleted SOI MOSFET, (C) fully depleted SOLMOSFET with thin 
buried oxide and ground plane, (D) double-gate MOSFET. 
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‘on the bottom gate electrode and, therefore, cannot reach the 
channel region (Figure 12.3D). Only the field lines that propa 
gate through the silicon film itself can encroach on the chan- 
nel region and degrade short-channel characteristics. ‘This 
encroachment can be reduced by reducing the silicon film 
thickness. 

Further improvement of short-channel effect control can be 
achieved by using a gate electrode that is wrapped around three 
sides of the channel region. The resulting device is known as a 
ttriple-gate FET, a term that includes the quantum-wire silicon- 
‘on-insulator (SOL) MOSFET (Baie et al. 1995) and the tri-gate 
MOSFET (Doyle et al. 2003, Kavalieros et al. 2006). The elec- 
trostatic integrity of triple-gate MOSFETs can be improved by 
extending the sidewall portions of the gate electrode to some 
depth in the buried oxide and underneath the channel region, 
which results in the formation of a IT-gate MOSFET (Park etal 
2001) or an Q-gate FET (Yang et al. 2002, Ritzenthaler et al 
2006). The best possible electrostatic of the gate is obtained 
using “four” gates, or a gate that is wrapped around all sides of 
the channel region, thereby forming a gate-all-around silicon 
nanowire transistor (Singh et al. 2006). Using a combination of 
technology boosters, that is, using a tri-gate device in conjunc- 
tion with strained silicon, a metal gate and/or high-k dielectric 
as gate insulator can be used to further enhance the perfor- 
‘mances of the device (Krivokapic etal. 2003, Andrieu etal. 2006, 
Kavalieros et al. 2006). 

‘The quality of the electrostatic gate control over the channel 
can be expressed using a simple expression that can be derived 
from Poisson’s equation (Colinge 2007a,b). Its found that short 
channel effects are basically nonexistent if the effective channel 
length is five times larger than that ofa value called the “natural 
length” of the device, and noted A. The natural length is given by 


where 
1, and f,, are the thickness of the silicon film and the gate 
dielectric 
e, and e,, is the permittivity of the silicon and the gate dielec- 
tric, respectively 
‘is the equivalent number of gates (ENG) 


‘The ENG is basically equal to the physical number of sides of 
the devices covered by a gate and it expresses how efficiently 
the gate controls the electrostatics in the channel, assuming 
a square cross section (W., = t,). In a single gate device, m is 
equal to unity, n= 2 in a double-gate device, n = 3 in a tri-gate 
configuration, 1 = 4 in a gate-all-around (A gates device), and 
n= mina n-gate device (Lee et al. 2007). The Q-gate struc- 
ture is a t-gate configuration with a larger lateral extension of 
the gate electrode underneath the channel region. The Q-gate 
MOSFET has an effective number of gates larger than a n-gate, 
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Buried oxide 


FIGURE 12.4 Different multi-gate MOSFET configurations. 
1, double-gate; 2, triple-gate; 3, quadruple-gate or gate-al-around; 4, 
Tor gate. 


but smaller than a 4-gate device. The different configurations 
are shown in Figure 12.4 

Short-channel effects are absent if the effective gate length 
is larger than seven to eight times the natural length, 2. This 
behavior is common to all gate configurations. Acceptable 
level of short-channel effects (DIBL < 50mV and subthreshold 
slope <75mVidecade) are obtained if the effective gate length, 
L, is smaller than 4% (Figure 12.5) (Lee et al. 2007). Thus, for 
instance, to have the same short-channel behavior than a gate- 
all-around device, a single-gate SOI transistor needs to be made 
in a silicon film that is twice as thin 
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FIGURE 12.5. (A) Drain-induced barrier lowering (DIBL) and (B) 
subthreshold slope as a function of L/2h for different gate configura 
tions. The gate oxide thickness is equal to 2nm and the p-type channel 
doping concentration, N,, is equal to 10" em” 
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12.4 The Rise of Quantum Effects 


[As long as the cross section of the transistor stays above 10nm 
classical models using the Poisson equation and drift-diffasion 
can be used. In smaller devices, however, quantum confinement 
of the electrons in two directions (perpendicular to the current 
flow) introduces some fundamental changes in the electronic 
properties of silicon. It is now necessary to solve the Schrodinger 
equation in conjunction with the Poisson equation. The density 
of states (DoS) for electrons in the conduction band in a three. 
dimensional crystal is a square root function of the electron 
energy: DoS = JE—E,,» where E,, is the minimum energy in 
the conduction band. In a two-dimensional crystal, the elec- 
trons are confined in one direction of space and free to move 
in the two other directions. As a result, energy subbands are 
formed within the conduction band. Each subband corresponds 
toa discrete energy level E,, = '/2m(nun/t,)*in the direction of 
confinement, z, and free motion in the two other directions of 
space (x and )) In this relationship, mis the mass of the electron, 
t,,is the crystal thickness in the 2 direction, and n = 1, 2, 3, 
Within each subband the density of states is constant and thus 
independent of the electron energy: DoS = (n/iéxt,) (Ando 
et al, 1982). In a one-dimensional crystal, where the electrons 
are confined in two directions of space and free to move in the 
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third direction, energy subbands are formed within the conduc- 
tion band. Each subband corresponds to a discrete energy level 
Equye = h/2m{(nm/W,)? + (t/t, in the directions of confine- 
ment, y and 2, and free motion in the third directions, x. In this 
relationship, t, is the crystal thickness in the z direction, Wi, is 
the crystal width in the y direction and m and n = 1, 2, 3, 
Within each subband the density of states is shaped asa peak as 
a function of the electron energy: DoS = (E ~ Ejyy.)"Y? (Davies 
1998). This is illustrated in Figure 12.6, which shows the DoS 
as a function of energy in a tri-gate transistor with a thickness 
and width of Snm x 5nm (Figure 12.6) and a similar device 
witha thickness and width of 100nm x 5nm (Figure 12.6B). The 
density of states in 3D silicon is shown as well for comparison. 
In the device with the smaller section the DoS shows a series of 
peaks, which is characteristic ofa one-dimensional system. In the 
taller device, the peaks gather to form steps of a staircase. Each 
step of the staircase corresponds to an energy subband of a 2D 
system. An ideal 2D device would be infinitely tall, while the one 
simulated here has a thickness of only 100mm. One nonetheless 
can observe that the curve tends toa series of steps having each a 
constant DoS value, which is characteristic of an ideal 2D system 
(Colinge 2007a,b). 

‘The confinement of carriers also modifies the spatial distri- 
bution of the electrons in the transistor. Let us take the exam- 
ple of a pi-gate device. Classical simulation tools predict that 
inversion channels form preferentially along the corner edges 
of the device (Figure 12.74). A simulation of the same device 
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FIGURE 12.7 Electron isoconcentration contours in an n-channel pi- 
gate MOSFET with f, = W, = 7am and L = lnm, V.=0.7V and V,= 
O.5V. (A) Classical simulation using Poisson and drift-difusion equa 
tions; (B) quantum simulation using Poisson and Schridinger equa 


tions with nonequilibrium Green function formalism, 
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that includes Schrddinger’s equation paints a very different fig- 
ure: in this case, the electrons are confined to one or two chan: 
nels located midway between the center of the device and the 
top corners (Figure 12.7B). Under the particular bias condi 
tions used in Figure 12.7B the device is near saturation and the 
channel emanating from the source splits into two channels 
near the drain. Quite clearly, quantum confinement has pro- 
found influences on the electron distribution and, therefore, 
‘on scattering and transport mechanisms (Kim and Lundstrom 
2008). 


12.5 Carbon Nanotube Transistors 


Carbon (©), silicon (Si), and germanium (Ge) are group IV ele. 
ments, a description used to indicate that these elements share 
the same column in the periodic table of the elements. Another 
‘way of stating that all three are group IV elements is to say that 
they share the same configurations for their outer shell elec- 
trons, One consequence is that C, Si, and Ge can occur natu: 
rally in the diamond structure; see Figure 12.8A. Carbon is also 
commonly found in the graphite structure consisting of layers 
‘of carbon sheets. Each sheet is formed by a monolayer of carbon 
atoms arranged in a close packed hexagonal pattern. A single 
layer or carbon sheet in graphite is known as graphene. Carbon 
nanotubes (CNTs) are graphene strips rolled up into hollow col 
tumns or tubes. Carbon in three of its naturally occurring forms, 
diamond, graphene, and nanotube, is depicted within Figure 
12.8. The CNT shown in Figure 12.8C is formed by wrapping 
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a single graphene sheet into itself and onto a cylindrical shape. 
Nanotubes formed in this way are referred to as single walled 
carbon nanotubes (SWCNT). Although not difficult to produce, 
SWCNTS were not observed experimentally until 1991 (Iijima 
1991, Bethune et al. 1993). Under typical growth conditions, 
many concentric tubes can form and this structure is referred to 
as multi-walled carbon nanotubes (MWCNT). Graphene can be 
wrapped onto a cylinder in different ways, referred to as the chi- 
rality or “handedness” of the nanotube. Specific chiralities give 
rise to different structures that are categorized as “armchair,” 
“zig-zag,” or simply “chiral.” The specific structures give rise to 
different electronic properties for a specific CNT, which may be 
insulating, semiconducting, or metallic. Selecting the chirality, 
and hence controlling a CNTs electronic properties, remains 
a challenge to the growth and subsequent processing for these 
materials (Ding et al. 2008) 

SWCNTS can have diameters of less than Inm but they are 
typically found within a range of 1-3nm diameters, whereas 
their lengths can be on the order of centimeters. For a given 
diameter and chirality, the electronic, thermal, and mechanical 
properties between two SWCNT are well matched as the atomic 
structure of a tube is essentially defect free. This perfect atomic 
structure results in near ballistic transport, i., no scattering 
along the tube length, and is an attractive feature suggesting the 
use of CNTs for nanoelectronics. Also, the nanotubes are pre- 
dicted to be able to carry current densities of up to three orders, 
of magnitude larger (1000) than typical conductors such as 
copper and aluminium making them attractive for applications 
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FIGURE 12.8 Carbon in three of its forms: (A) diamond structure, (B) graphene sheet, (C) an example ofa carbon nanotube. Note that other 
forms of carbon exist including amorphous carbon and hollow spheres known as the fullerenes. 
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is.a digital chip that receives a binary-coded input and 


converts it to a decimal output by applying a logic state to one of a sequence of pins, 
each of which is assigned an integer value from 0 upward. 


‘The term “decoder” also refers to components and devices that have other functions, 
such as decoding audio or video formats. These functions are not included here, 


OTHER RELATED COMPONENTS 


ncoder (see Chapier 14) 
+ multiplexer (see Chapter 16) 


What it Does 


‘A decoder receives a binary-coded number on 
‘two or more input pins. It decodes that number 
and expressesit by activating one of at least four 
output pins. 

The behavior of a decoder with a two-bit binary 
input is shown in four sequential snapshots in 
Figure 15-1, where the least significant bit of the 
input is on the right in each diagram, and the 
output moves from right to left. 


Figure 15-2 showsa similar sequence ina decod- 
er where various values of a three-bit input are 
decoded to create an eight-pin output. 


One sample state of a four-bit decoder is shown 


in Figure 15-3. 


All of these figures assume that a high state rep- 
resents an active input or output. In a few chips, 
alow state is used to represent an active output. 


Decoders with 2, 3, or 4 input pins are common. 
To handle a binary input greater than 1111 (dec- 
imal 15), decoders can be chained together, as 
described below. 


Manufacturers’ datasheets often describe de- 
coders in terms of their inputs and outputs. Typ- 
ical examples would include: 


+ 2-t0-4 decoder (two input pins, four output 
pins) 

+ 3+t0-8 decoder (three input pins, eight out- 
put pins) 

+ 4t0-10 decoder (for converting binary- 
coded decimal to decimal output) 

+ 40-16 decoder 
hex decoder). 


(also known as a 


Input Devices 
The input pins of a decoder can be driven by a 
counter that has a binary-coded output, A de- 
coder can also be driven by a microcontroller, 
which may have an insufficient number of out- 
put pins to control a variety of devices. Two, 
three, or four of the outputs can be used to rep- 
resenta binary number which is passed through 
the decoder to activate the devices oneatatime, 
perhaps with transistors or Darlington arrays in- 
troduced to handle the load. This is suggested in 
Figure 15-4. 
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in nanoelectronic interconnects. Initially, use for CNTs in 
electronics focuses on two applications: as “vias” between different 
levels of metallization (the “wiring” in an integrated circuit) and 
as the channel material infield effect transistors. 

‘The use of CNTs as a material to fill vias is motivated by the 
need to have a highly conducting interconnection between two 
metallization layers, and the fact as circuit dimensions shrink, 
the cross sections of the vias also decreases. Extremely nar- 
row vias are difficult to fill with conventional material deposi- 
tion methods. One alternative is to deposit carbon in molecular 
form, for example, in the form of hollow carbon spheres Cyy oF 
“buckminsterfullerene.” The radius of the Cyy molecule is on 
the order of Inm and can readily fill vias with cross sections 
of only a few square nanometers. As the deposited carbon is 
heated with an appropriate catalytic metal at the base of the via, 
(CNTs grow. The resulting lengths of the CNTs are easily able to 
span between two metallization layers. However, as mentioned 
previously, itis presently not possible to control during growth 
‘whether a tube will be insulating, semiconducting, or metallic. 
Hence itis required to grow MWCNTS or bundles of SWCNTS 
to insure that an appropriate number of metallic tubes are con- 
tained within the via. This imposes a constraint on the mini 
mum allowable cross section and introduces a statistical element 
to via resistances. 

CNT field effect transistors (CNTFETS) are transistors fabri- 
cated with a CNT as the channel. In the first demonstrations of 
transistor with a CNT channel, a nanotube is placed from solu- 
tion or other means onto an oxidized silicon substrate, and a 
metal layer is deposited and patterned as two metal electrodes. 
‘The resulting structure is a CNT spanning the gap between a 
metal source and drain (Martel et al. 1998, Tans et al. 1998). 
A cross section of the resulting structure is depicted in Figure 
129. These original structures required the CNTs to be depos- 
ited and located, followed by the deposition of the electrodes. The 
silicon substrate is used as the gate electrode in a so-called back 
gate configuration, limiting the performance of the transistors 


FIGURE 12.9 A.CNT transistor ina back gated configuration, In this 
configuration, the CNT is connected between source and drain con- 
tacts and sits on an insulating oxide layer. The silicon substrate is used 
asa "back gate.” 


127 


fabricated in this manner. Typical metals used to form the source 
and drain contactsincude but are not limited to Ti, Ni, Al, and Au. 
For semiconducting nanotubes, the metal/CNT junctions form 
a Schottky barrier and itis found that holes are injected into the 
nanotubes resulting in a p-channel MOS transistor. It has been 
determined that thermal treatments of the structures can be 
used to generate a shift in the source/drain Fermi levels, believed 
to be caused by driving oxygen out of the metal, with the result 
that n-channel CNTFET devices can be fabricated (Appenzeller 
et al. 2002) 

‘There are now more sophisticated procedures for fabricating 
CNTFETs including deposited gate oxides and gate electrodes. 
CNTFETs have been fabricated and compared to Si MOSFETs 
and it is found that the CNTFETs can have lower switching 
delays for devices with similar on-off ratios (Javey et al. 2004, 
Seidel et al. 2005). CNTFET device layout and fabrication has 
not been fully optimized for high-frequency behavior, but the 
theoretical predictions for the high velocities achievable for the 
charge carriers in the CNTs and the measured results for high 
frequency performance on non-optimized structures indicate 
that ballistically limited CNTFETS should outperform ballis- 
tically limited Si FETs (Guo et al. 2005). However, in order to 
achieve the benefits of CNTs in large-scale integration schemes, 
progress is needed in the placement and controlled growth of 
nanotubes with preselected electronic character. 


12.6 Nonclassical Transistor 
Structures 


Classical transistors are based on the drift and diffusion of elec- 
trons and holes due to the presence of the electric fields and car- 
rier concentration gradients. Novel transistor concepts based on 
quantum effects such as tunneling through a barrier, intraband 
tunneling, or spin polarization, open the possibility of improved 
performance and new functionality. 


12.7 Graphene Ribbon Nanotransistors 


Asmentioned, one of the obstacles to the use of CNTs in nanoelec- 
tronics is the ability to grow nanotubes with a specific electronic 
character, that is, insulating, semiconducting, or conducting. 
Recently, the ability to produce single sheets of graphene with 
linear dimensions of micrometers (or “microns”) and with thick- 
nesses ofa single carbon atom has been achieved (Novoselov etal. 
2004, 2005). In this sense, graphene isa truly “two-dimensional” 
material and displays unique electron properties—it is the only 
two-dimensional material with atomic thickness to be isolated to 
date. Graphene exhibits high conductivity and is being considered 
for use in high-speed electronic transistors. Due to the unique 
electronic structure of graphene, charge carriers move through 
a layer with zero mass and constant velocity. In common with 
CNT, there is little scattering from defects. However, an ideal 
graphene sheet has a zero bandgap limiting its use in conventional 
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‘electronic devices, although the unusual behavior of charge car- 
riers in the material suggests it may be useful for nonclassical 
‘electronics. On the other hand, it is known that interactions of 
‘graphene with a semiconducting substrate can induce a bandgap 
of a fraction of an electron volt resulting in a narrow bandgap 
semiconductor. 

‘Alternatively, for very narrow sheets or “nanoribbons” of 
graphene, the sheet edges can be chemically modified or “ter: 
minated” by different atoms or chemical groups. This results 
in a tailoring of the nanoribbon’s electronic structure, and the 
resulting structure is a two-dimensional confined electron gas, 
with lateral confinement lengths of only a few nanometers and a 
layer confinement length given by a single atom thickness. The 
material properties of graphene are only now beginning to be 
explored and transistor structures allowing for the introduction 
of local gate-tunable potential barriers within a graphene plane 
have been developed to explore charge transport mechanisms 
(Huard et al. 2007). 


12.8 Sub-kT/q Switch 


‘The power dissipated by a switching device is equal to W = 
fC(V"I2), where f is the switching frequency, C is the capaci- 
tance of the device, and V is the supply voltage. Quite clearly, 
reducing the supply voltage is the best way to reduce power 
consumption. Unfortunately, transistors, unlike mechanical 
switches and reed relays, cannot switch “instantly,” and require 
a finite input voltage variation to switch from the off state to 
the on state. This behavior is fixed by the energy distribution of 
the electrons, and is a function of temperature T. The thermal 
energy is kT/q, where k is the Boltzmann constant, and q is the 
electron charge. At room temperature, the current in the best 
possible transistor needs an increase of input voltage of 60 mV 
to increase a decade (a 10-fold increase). This limit is referred 
to as the 60mV/decade subthreshold slope. Thus, if one uses a 
supply voltage of 60 mV, the on/off current ratio of the transis- 
tor will only be equal to 10. In a chip that contains a billion of, 
transistors itis mandatory to reduce the off current to the sub: 

nanoampere level, which requires on/off current ratios in the 
‘order of 10° and thus a supply voltage of at very least 600mV 
(in practice 0.8-1V to get a decent current drive). Apart from 
cooling the devices in liquid nitrogen (where they require 
only 150mV to achieve an on/off current ratio of 10°), there 
is no real practical solution around the problem. Impact ion: 

ization in silicon-on-insulator (SOI) transistors has been long. 
known to be capable of reducing the subthreshold slope below 
‘60 mVidecade (Sundaresan and Chen 1990), but impact ioniza. 

tion requires large supply voltages, which defeats the purpose 
of realizing a low-voltage switch. More promising are devices 
based on band-to-band tunneling. Here, the variation of cur- 
rent is controlled by the variation of a tunnel barrier rather 
than by a change in electron concentration, which overcomes 
the kT7q limit. Such devices have been simulated and made in 
thin SOI films (Wang et al. 2004) and in carbon nanotubes 
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(Appenzeller et al. 2004) but present technological challenges 
such as realizing extremely high doping concentrations in very 
thin films. 


12.9 Single-Electron Transistor 


‘The single-electron transistor (SET) comprises a source, a drain, 
a gate, and a channel region isolated from the source and drain 
by tunnel junctions. Since this region is usually very small, we 
will call ita “dot.” When a small voltage is applied across a tun- 
nel junction, it behaves like a capacitor, but electrons can tunnel 
through the barrier. Ifa constant voltage is applied to a tunnel 
junction, periodic current pulses, called “Coulomb oscillations,” 
are produced. If the average current through the structure is 
1, the frequency of the Coulomb oscillations is equal to f= I/q, 
each pulse caused by the tunneling of a single electron through 
the barrier. Let us now consider two identical tunnel barriers in 
series (Figure 12.10) with initial conditions V, = Vj = OV. If 
voltage V, is decreased, V, is equal to Vs/2, since C, = C,=C, but no 
current flows through the structure as long as the potential across 
C, is small enough. At the precise moment where the voltage 
across C, becomes large enough for an electron to tunnel through 
the junction, the voltage across C, isequal to Vxy-Vy/2= Vy/2. Note 
that the voltage across C, isalso equal to V,,/2. When an electron 
tunnels into the dot, V,, jumps from Vjy/2 to V,/2-qC, (Vy and 
Vi are negative values). At that moment, the voltage across C, 

drops to Vj,/2 + gC that is smaller than V,/2 in absolute value, 
‘which inhibits the tunneling of another electron from the source 
into the dot. The voltage across C,, on the other hand, is equal 
to Vj/2-gC that is larger than V,/2 in absolute value, and the 
electron that was “stored” in the dot can now tunnel through 
,, giving rise to a drain current. In that process, the potential 
across C, is now increased above the critical value for tunnel: 

ing, and the process repeats itself. The device is thus conducting 
if the applied voltage is larger, in absolute value, than a critical 
value, Vj,. A more detailed analysis concludes that Va, = ~q/2C 
(Wasshuber et al. 1997). The region where no current flow is per- 
mitted (Vy, < V, <-V,, with V,, <0) is called the "Coulomb gap” 
(Figure 12.108). 

If we add a gate electrode that is capacitively coupled with the 
dot, we obtaina single-electron transistor. The dot potential, and 
thus the current flow, can now be modulated by the gate voltage. 
Depending on the gate voltage a discrete number of electrons 
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FIGURE 12.10 (A) Two tunnel barriers, C, and Cin series. (B) I-V 
characteristics ofa double tunnel barrier structure 
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FIGURE 12.11 Current low in an SET in the V,-V, plane. The shad- 
‘owed areas indicate regions of the VV, plane where Coulomb block- 
ade prevents curtent flow and m= 2, -1, 0, 1,2 indicates the number of 
«electrons stored in the dot. Outside these regions, the current increases 
‘with the gate voltage. 


(or holes, n= 2, ~1, 0, 1,2...) cam be stored in the dot, which 
produces a series of Coulomb gaps. These can be observed in 
the V,—V, plane asa series of shombus-shaped regions where no 
current flows through the device (Figure 12.1) 


12.10 Spin Transistor 


Another nonclassical device is based on the manipulation of 
information not by a transfer of charge, but by a transfer or 
modification of electron spin. “Spintronics,” in analogy with 
“electronics” groups a series of devices that use electron spin 
instead of charge flow to carry information. One advantage of 
spin over charge is that spin can be easily manipulated by exter- 
nally applied magnetic fields, a property that has been utilized in 
magnetic storage technology for many years (Das Sarma 2001) 

Spin transistors involve the injection of spin-polarized electrons 
from an emitter made out of a ferroelectric material into a semi- 
conductor. A ferroelectric gate is used to either conserve the spin 
or reverse it as the electrons flow through toward the collector. 

‘The collector is ferroelectric, with the same spin as the source. 

‘The electrons will reach the collector if their original spin has 
been conserved, but if they are no longer aligned with the direc- 
tion of magnetization of the collector, no current can pass. 


12.11 Molecular Tunnel Junctions 


‘The idea using single molecules as circuit elements along with 
« proposal for building a molecular rectifier dates back over 30 
years (Aviram and Ratner 1974). However, experimental devel- 
‘opments to explore the use of single molecules in electronics 
did not significantly advance until the introduction of scanning 
probe microscopy (SPM) and the use of break junctions to mea- 
sure current voltage characteristics for nanometer scale objects. 
Measurement of currents across single molecules has been 
investigated for just over a decade (Reed etal. 1997). State ofthe 
art photo- and e-beam lithography isnot able to reliably produce 
metal lines with gap spacing of less than Inm as needed to con- 
tact single molecules. SPM and break junction methodsallow for 
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molecules to span gaps of a nanometer or less formed between 
two metal electrodes. The motivation for using SPM and break 
junctions to form molecular tunnel junctions is similar, and we 
briefly describe the formation ofa break junction gap used in the 
investigation of molecular electronics. 

In Figure 12.12, the idea behind a break junction is illustrated. 
‘Two triangular metal regions are patterned on a polymer sub- 
strateand they meet atthe “apex” formed by each ofthe triangular 
regions. A piezoelectrically activated piston stretches the poly- 
‘mer layer leading to the “breaking” of the metal junction. Since 
piezoelectric actuation can be controlled on an Angstrém-scale, a 
sap spacing of afew atomic lengths can separate the metallic con- 
tacts formed. Many ingenious methods for trapping molecules in 
the resulting gaps have been devised, but it remains true that the 
detailed structure of the resulting molecular junctions remains 
largely undetermined. Given the ability to trap single molecules 
in the gaps and to measure the current-voltage characteristics for 
simple tunnel junctions, many experiments and calculations of 
the currents across molecules have been performed (Cuniberti 
et al. 2005). A typical atomistic view ofa single molecule bonded 
between two metal electrodes is given in Figure 12.13. 

Although there remain discrepancies between different mea- 
surements, different theoretical treatments, and between theory 
and experiment, there is convergence and improvement in the 


FIGURE 12.12 Schematic of a break junction experiment: Two trian 
gular metal patterns A are deposited on a polymer substrate B and mect 
ata “point.” The piston Cunder the substrates piezoelectrcally actuated 
causing the polymer layer to stretch resulting in the metal contacts to 
separate producing gaps of less than I nm, 


FIGURE 12.13 A “ball and stick” representation of the atomic post 
tions and bonding structure of a 4,4" biphenyldithiol (BPD) molecule 


bonded between two metal electrodes. Flectrode atoms are metals, 
often gold is used. The “apex” ofthe electrode isa “linker” in this case 
‘sulphur atom. The two molecular rings are formed by carbon atoms 


and “saturated” by hydrogen bonds 
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reproducibility of the measurements of current-voltage char- 
acteristics in the experimental measurements on, for example, 
simple prototypical molecular junctions such as benzene dithiol 
(BDT) molecule, which is a benzene ring attached to the metal 
contacts through sulfur end groups (Reed et al. 1997, Dadosh 
et al, 2005, Lortscher et al. 2007, Martin et al. 2008). Current 
experimental estimates for the resistance for a BDT molecule 
bonded between gold electrodes range between several MQ. to 
tens of MQ. Early theoretical predictions often predicted cur 
rents orders of magnitude higher than those experimentally 
observed, and at least some of the reasons for these discrepan- 
cies have been identified and resolved (Delaney and Greer 2004, 
Lindsay and Ratner 2007). Theoretical predictions are now 
capable of predicting currents across molecular tunnel junctions 
within experimental uncertainties (Fagas and Greer 2007). 

In Figure 12.14, a representation of molecular tunnel junction 
is given in terms of an energy level diagram. On the left and right 
of the junction, the electrodes are represented as a set of dense 
‘energy levels characteristic of metals. Between the two electrodes, 
1 few widely spaced energy levels represent the molecular region. 
For typical molecules being investigated in tunnel junctions, the 
molecular energy level spacings are on the order of an electron 
volt. If we take the Fermi level as the highest energy level in the 
electrodes, it is seen that in Figure 12.14, one of the molecular 
levels lies above the Fermi energy and the other lies below. Hence, 
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FIGURE 12.14 (A) An energy level diagram of a molecular tunnel 
junction, The dense set of electron states on the left and right represent 
the electrodes; the discrete set of widely separated states represents the 
molecule inthe junction. (B) Asa voltage is applied, the electrode states 
are shifted and the unoccupied molecular energy level enters the volt- 
age window. (C) A representative current-voltage characteristic for @ 
molecular tunnel junction. (After Delaney, P.and Greer, .C., Phys. Rew 
Lett, 93, 036805-1, 2004) 
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the highest energy level on the molecule is unoccupied and the 
lower level is filed. Ifa small voltage is applied across the junc- 
tion, and if tis assumed that little current can flow through the 
lower occupied level (the electrons on the left and right “block” 
each other and current cannot flow), then itis seen that electrons 
leaving the electrodes near the Fermi level have no electronic 
states to flow across. The molecule inthis case represents a barrier 
to the electrons, which must tunnel from the electrode at a lower 
voltage to that of a higher voltage. In this case, the current flow 
is described as nonresonant tunneling. As the voltage V across 
the tunnel is increased, the energy levels in the left and right elec- 
trodes are shifted up and down by e + eV/2 and e ~ eV/2, respec: 
tively, with the voltage converted to energy by multiplication of 
the electronic charge e. This leads toa situation where the unoc- 
cupied level on the molecule becomes “resonant” or aligned with 
an electrode energy level on one side of the molecular junction 
allowing current to flow freely between the electrodes as shown 
schematically in Figure 12.14B. In this case, the current across the 
molecule is due to resonant tunneling. These considerations can 
be quantified by what is commonly referred to as Landauer's 
formula (Datta 1997, Imry and Landauer 1999) 
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with Planck's constant. In this picture, states occupied in 
both the left and right electrodes “block” the current flow. This 
is described as the difference between the Fermi occupations 
Lfi(€) — fle] for each state of energy ¢ in the left and right elec- 
trodes, respectively: For states that are not blocked, current can 
flow with transmission Te). In Figure 12.14C, a typical current~ 
voltage (IV) characteristic for a molecular junction is shown. 
At low voltages, the electrode states on one side of the junction 
‘become “unblocked” and current can flow, but there is no molec- 
ular state in the voltage window that allows electrons to traverse 
the molecule. The nonresonant tunneling behavior of the junc- 
tion then implies a low value for the transmission coefficient 
and a corresponding small current. As a molecular state enters 
the voltage window as in Figure 12.14B, the transmission coef 
ficient at energy ¢ increases substantially and results in a sudden 
increase in the current asthe voltage increases. In Figure 12.14C, 
the onset ofthe resonant tunneling regime is clearly marked at the 
sudden increase in current above and below #2 V. 

Much of the recent work in molecular electronics is focused 
on describing the physics of current flow on a nanometer scale 
‘There is effort needed to understand how to build switching or 
logic functions into a single molecule at a level that meets the 
stringent electronics requirements in terms of reproducibility, 
integration, and reliability, or indeed to pursue new functions 
for molecular electronics (Galperin et al. 2008). To explore the 
use of molecular electronics, efficient simulations of the behav: 
ior of molecules embedded into electronic circuits needs to be 
developed ina manner that allows the device models to be incor- 
porated into circuit design methods (Fransson et al. 2006), but 
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this work can be characterized as in its infancy. The goal in these 
approaches is to develop analytical models combining meso: 

scopic quantum transport equations with information about the 
molecular junctions determined from electronic structure cal- 
culations. Unknown physical parameters are then extracted by 
fitting to measurements of electron transport across molecular 
‘tunnel junctions, for example, for the prototypical case of ben- 
zene-1,4-dithiol bonded between gold electrodes. The coupling 
strength of the molecule attached to the metal electrodes is dif. 
ficult to measure or calculate, so this parameter is extracted by 
minimizing the difference between the model predictions and 
measured data The resulting model can be used to reproduce 
the IV characteristics for a molecule in a manner similar to that 
used for conventional compact models of transistors. 


12.12 Point Contacts and Conductance 
Quantum 


‘There is a remarkable consequence of Landauer’s formula. In 
Figure 12.15, a pictorial representation of a break junction is 
given with a single atom bridging between two electrodes. It has 
bbeen demonstrated using high-resolution transmission electron 
microscopy that a single atom can be reproducibly trapped in the 
‘break junction just prior to breaking of the junction (Rodrigues 
tal. 2000). For these junctions, a single atomic state can be in 
resonance with the electrodes and the transmission can be near 
ideal with T = 1 within the applied voltage window. Landauer's 
formula predicts the conductance in this case to be g = al/QV = 
2c%/h, corresponding to a resistance of approximately 12.9kQ. 
‘This result indicates for a single quantum “channel” with perfectly 
ballistic transmission T= 1, there is an intrinsic resistance known 
as the "contact resistance.” This resistance cannot be eliminated 
fora quantum conduction channel and in this sense, resistance is 
‘quantized per ballistic conducting channel. For metals with many 
parallel conducting channels, this intrinsically quantum effect 
is not noticeable. However for quantum scale conductors with a 
few or only one conducting channel, the contact resistance is sig- 
nificant and has been observed both in low-dimensional semicon- 
ductor devices (van Wees et al. 1988, Wharam etal. 1988) and for 
atomic point contacts (Scheer et al. 1998). 


FIGURE 12.15 A “ball and stick” representation of quantum point con- 
tact. In this case, a singe atom i located atthe center ofthe junction, 
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12.13 Atomic-Scale Technology 
Computer-Aided Design 


‘The continued down scaling of MOSFETs and the exploration 
of nonclassical transistor structures impose new requirements 
for technology computer-aided design (TCAD). For the “end: 
of the-roadmap” silicon devices and for transistors relying on 
quantum mechanical effects for their operation, explicit atomic- 
scale structures of the devices and the ability to predict quan- 
tum behavior needs to be included in TCAD tools. Methods 
from computational chemistry and physics are being coupled 
to TCAD tools for design at the atomic and molecular length 
scales, and this represents a true change in simulation philoso- 
phy. Microelectronics device design was incremental for much 
of the period 1960-2000; few revolutionary technology changes 
were needed. Hence, parameterizations and simulations opti- 
mized for a production technology generation were adequate 
to predict properties for the design of the next technology gen- 
eration. As the new technology generation was developed, re- 
parameterizations of the models were then made to refine and 
optimize transistors and circuits. In this way, technology design 
and manufacture leapfrogged one another forward. Now, the 
fields of molecular electronics, quantum computation, as well as 
classical alternatives are actively under investigation as means 
to overcome anticipated technology limitations. Hence, the 
nature of TCAD simulation is changing: instead of predicting 
incremental changes to existing technologies, new TCAD tools 
must be able to assess proposed candidates from a large set of 
replacement technologies in order to remain useful. And, useful 
has a rigorous definition in this field—TCAD simulation must 
be capable of reliably assessing new technologies, be cheaper 
and faster than design-by-trial strategies, with the constraints 
including design cycle time, cost, and accuracy. 

‘The technology simulation community is not starting from 
scratch in terms of atomic scale and quantum computations. The 
development of algorithms and programs dates back to early days 
of quantum theory (Hartree 1928). However, the development of 
algorithms and programs were not written with nanoelectronic 
‘TCAD needs in mind and with means for treating open quantum 
systems, that is, systems that exchange charge or energy with their 
environmentas needed to describe transistors and other circuit ele- 
ments driven by voltage sources are currently under development. 

In Figure 12.16, a simple graphical representation of Moore's 
law deduced from the minimum transistor feature size is com: 
pared to the system sizes accessible to atomistic and ab initio 
calculations. Clearly increased computing power and memory 
resources have allowed for computation and simulation at larger 
and larger sizes. In the diagram, we have differentiated between 
ab initio calculations, which directly solve the electronic 
Schrdinger equation, and much less accurate but computa- 
tionally cheaper atomistic simulations. Atomistic simulations 
rely on simple empirical models of atom-atom interactions, but 
cannot deliver any information about the electronic structure 
of materials. They require, however, many orders of magnitude 
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FIGURE 12.16 Convergence of atomistic and quantum mechanical 
simulations and nanoelectronics length scales, 


less computational power for their description of matter and 
their use in the pharmaceutical and chemical industries is wide- 
spread. As a crude rule of thumb, accurate ab initio electronic 
structure codes can treat systems with a few hundred atoms 
to thousands of atoms, whereas atomistic methods can handle 
system sizes up to several tens of millions of atoms. Within a 
multiscale approach, atomistic simulations can be used to model 
aspects of the growth and processing of nanoscale structures. 
‘The electronic structure and charge transport in these systems 
can then be determined from ab initio techniques. 


12.14 Conclusion 


‘The size of transistors produced during the last 30 years by the 
microelectronics industry has shrunk by a factor of a hundred, 
from a few micrometers toa few tens of nanometers. As the limits 
of classical planar architecture are being reached, new transistor 
structures based on nanowire geometries are used to push the 
scaling down to nanometer dimensions. Quantum effects then 
begin to emerge, and the electrical characteristics of transistors 
no longer follow the predictions of classical simulation tools. The 
new behaviors imposed by quantum mechanics, on the other 
hand, pave the way for anew generation of devices with quantized 
‘current transport and nonconventional switching mechanisms. 
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13.1 Introduction 


‘A metal nanolayer-base transistor isa transistor with a metallic 
layer with nanometric thickness sandwiched between two semi. 
conductor layers. The metal forms the base and the semicon 
ductors the emitter and the collector. This device was proposed 
and demonstrated at the beginning of the 1960s by Rose (1960), 
Geppert (1962), and Atalla and Kahng (1962). The main char 
acteristic of the device for applied purposes was the expected 
high operation frequency when compared to bipolar transistors 
‘with low resistance and short transit times in the thin metallic 
nanolayer base. 


13.2 Band Diagram 


‘The mechanism of the metal-base transistor can be understood 
by drawing the energy band diagram of the sandwich structure 
‘with emphasis on the interfaces. The contact between a metal 
and a semiconductor forms a metal-semiconductor (MS) junc 
tion that has a special electric characteristic described indepen: 
dently by Schottky (1938) and Mott (1938). These junctions have 
a rectifying electrical behavior due to the presence of a potential 
barrier atthe interface between the two materials. In Figure 13.1, 
‘we illustrate two different ways of performing MS contacts. The 
most common one at the time when metal-base transistors 
(MBT) emerged was by pressing a metallic tip against the sur- 
face of the semiconductor (a), known as the point contact, and 
the most reliable one used currently (b), obtained by depositing 
‘a metallic layer on top of a semiconductor substrate. 

‘The band diagram of an MS contact is displayed in 
Figure 13.2a. The metal, represented by the energy of the Fermi 
level (E,,) and the semiconductor, represented by the bottom. 
of the conduction band (E,), and the top of the valence band 
(Ey), are in contact and under equilibrium conditions. The 
Fermi level in the semiconductor side (E,s) is close to Eo, since 
‘we are considering an n-type material. In this case, the barrier 
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at the interface (qd,), named the Schottky barrier, is due to the 
flow of electrons from the semiconductor to the metal to attain 
the equilibrium conditions, ie., Ey, Eys along the two materi- 
als corresponding in solid-state physics to the condition of the 
same chemical potential through the whole system. Electrons 
flow to the metal instead of from the metal to the semiconduc- 
tor, since we are considering the work function of the metal 
(qq) to be higher than the semiconductor affinity (qq). The 
band banding in the semiconductor is then a consequence of 
the flow of electrons and leads to a depletion region and the 
appearance of an electric field close to the interface. ‘The field 
is contrary to that flow and reaches its maximum intensity in 
the equilibrium condition. Figure 13.2b and c display the band 
banding conditions under direct and reversed bias, respectively. 
Electrons at Ey, have to overcome the Schottky barrier with a 
height of q6,, which is independent of the applied voltage, to 
cross the interface. On the other hand, electrons at the conduc- 
tion band of the semiconductor are favored to flow to the metal 
by applying a forward bias as shown in Figure 13.2b. Due to the 
fact that the flow from the semiconductor to the metal is facili- 
tated by the external voltage V, the MS interface acts as a diode 
rectifying the current, and the device is named Schottky diode. 
From the point of view of fundamental physics, this device is 
known as a hot-carrier diode. The carriers are injected with 
energy higher than the energy of the Fermi level. In the case 
of silicon, the most used semiconductor in the microelectronic 
industry, the height of the Schottky barrier varies in the range 
of 0.5 and 1.0eV, this being the energy in excess of the carriers 
entering the metal. In Figure 13.2c, the diode is a reverse bias 
and no flux of charge is expected from both sides of the barrier. 
However, in real devices, a reverse current is always observed 
with a magnitude depending on the thermal ejection of carriers 
over the barrier, and most important, on the existence of defects 
that locally control the transport mechanism. Band diagrams 
similar to the ones shown in Figure 13.2 can also be drawn for 
p-type semiconductors, 


2B 


f@ (b) 


‘a metallic tip against the semiconductor surface (point contact) (b) MS 
contact formed by depositing « metalic layer on the surface of a semi- 
conducting substrate 


Metal semiconductor 


FIGURE 13.2 (a) Energy band diagram of the MS contact with a 
Schottky barrier at the interface. (b) and (c) Shift of conduction and 
valence bands ofthe semiconductor under influence of an external bias. 
“The quantities indicated in the figure are: Ej, Fermi level ofthe metal 
440. Schottky barrier; 4, electron affinity; gyi built in potential: Fs, 
Fermi level of the semiconductor; E,, energy of the bottom of the con- 
duction bands E,, energy ofthe top of the valence band; Eq» ¢Rergy 
‘of the vactum level; and q is just the electronic charge. 


‘The current density J across an MS interface under the appli- 
cation of the external bias voltage V is described by the therm. 

ionic emission (TE) theory (Rhoderick and Williams 1988), 
which depicts the transport of carriers injected over the inter 

face barrier qd given by 


snes (3) 


@ Voltage (V) 


FIGURE 13.3 Linear (a) and logarithm (b) representation ofthe J-V electric characteristic ofa Co/Si 
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where 
‘is the ideality factor 
k Boltzmann's constant 
TT the absolute temperature 
J, the saturation current density defined as 


heave, 32) 
where A" Richardson's constant, given by 
ate Seam (3.3) 


w 


where 
in*is the effective mass 
his Planck’s constant 


Forsilicon, A* isequal to 32 A/cm* K*for the p-type and 110 A/cm? 
K for the n-type. The ideality factor n, equal to 1 corresponds to 
the case when the TE theory ideally describes the transport of 
charge over the potential barrier. For m > 1 are represented situa- 
tions with deviations from the ideal case and are originated by the 
presence of, for example, inhomogeneities and interfacial layers. 

Figure 13.3a shows the characteristic J-V curve of a Co/Si-n 
Schottky diode. The Co layer with a thickness of 80m was elec- 
trodeposited and the contact area was 0.5cm?, The curve fol- 
lows the expected behavior of the TE theory and barrier heights 
and ideality factors of about 0.6eV and 1.2, respectively, were 
obtained for this system (Zandonay et al. 2008). Figure 13.3 
shows the characteristic of the diode when the logarithm func- 
tion is applied to absolute values of current, ie., the logarithm 
function was applied to the positive current values in the posi- 
tive voltage range and to the negative current values, multiplied 
by -1, in the negative voltage range. This typical representation 
of the diode response is easily obtained through the observation 
ofthe magnitude of the reverse current and the linear interval of 
the forward current that follows the exponential dependence on 
the voltage predicted by the TE theory. 


(Alem) 


Current densi 
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lectrodeposited Schottky diode with a 


thickness of Co of about 80mm and 46, = 0.60eV and n = 1.2. (Ater Zandonay, R. etal, ECS Trans., 14,359, 2008.) 


What it Does 


A shift register can be used for a similar pur- 
pose, but often has only one pin for input. This 
pin must be supplied sequentially with a serial 
pattern of bits that will match the desired 
high/low states of the output pins. The relative 
advantage of this system is that a shift register 
cangenerate any pattern of outputstates. A one- 
of-many decoder can activate only one output at 
atime. 


LED Driver 

A special case is a seven-segment decoder de- 
signed to drive a seven-segment LED display 
numeral. A binary-coded decimal number on 
four input pins is converted to a pattern of out- 
puts appropriate for lighting the segments of the 
display that will form a number from decimal 0 
through 9. 


Schematic Symbol 

Like other logic-based components, the decoder 
does not have a specific schematic symbol and 
is represented by a plain rectangle as in 
Figure 15-5, with inputs on the left and outputs 
on the right. The bars printed above the E and LE 
abbreviations (which stand for Enable and Latch 
Enable, respectively) indicate that they are 
active-low.Inthis chip, the 74HC45 14, all outputs 
ate active-high, but in a related 4-to-16 decoder, 
the 74HC4515, all outputs are active-low. In both 
of these chips, the Enable pin is held low to acti- 
vate the outputs, The Latch Enable pin freezes 
the current state of the outputs (ie, it latches 
them) when its held low. 


Generally speaking, pins labeled AO, A1, A2... in 
adatasheet are often the binary inputs (although 
A,B,C... may be used), with AO designating the 
least significant bit. Outputs are usually labeled 
Y, and are activated in sequence from YO when 
the binary input starts counting upward. 


Similar Devices 

The similarities and differences between encod- 
er, decoder, multiplexer, and demultiplexer can 
cause confusion. 


ntegrate digital 


+ Ina decoder, a binary number is applied as 

apatter of logic states on two or more input 

ins, This value determines which one of four 

or more output pins will have an active logic 

state, while the rest remain in an inactive 
logic state. 


+ Amultiplexer can connect a choice of mul- 
tiple inputs toa single output, for data trans- 
fer. The logic state of an enable pin, or a bi- 
nary number applied as a pattern of logic 
states to multiple control pins, chooses 
which input should be connected with the 
output pin, The alternative term data selec- 
tor evokes the function of this device more 
clearly. 


+ An analog multiplexer may allow its inputs 
and outputs to be reversed, in which case it 
becomes a demultiplexer. it can connect a 
single input to one of multiple outputs, for 
datatransfer. The logicstate of an enable pin, 
ora binary number applied as a pattern of 
logic states to multiple control pins, chooses 
which output should be used, The alterna- 
tiveterm datadistributorevokes the function 
of this device more clearly. 


Binary 00/ Decimal 0 input Binary 01 / Decimal 4 input 


tt 


Decoder Decoder 
FEFEFP FEFE 
Output Output 


Binary 10 / Decimal 2 input Binary 41 / Decimal 3 input 


ef? fat 
Decoder Decoder 

FFFE FEFE 
oe ‘ 
Output Output 


igure 15-1. A decoder with two input pins can interpret 
binary-number representation to create an active 
Jgic state on one of four output pins. 
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FIGURE 13.4 Band diagram of the MBT consisting of a semiconductor-metal-semiconductor planar trilayer structure under equilibrium con: 
ditions (a) and under external bias (b). Emitter-base diode forward biased and collector-base diode reverse biased. Vy and Vz, are the applied 
voltages atthe collector and the emitter relative to the base, 4@ye and yc ate the Schottky barrier heights atthe emitter-base and collector-base 


interfaces, respectively, and f, isthe thickness ofthe base. 


In an MBT, the metal layer of the base forms two Schottky 
barriers, as shown in Figure 13.4a, one with the emitter, and one 
with the collector. The barriers are placed face-to-face and can 
be polarized independently by applying voltages to the emit. 
ter and collector terminals relative to the base terminal. The 
forward operation mode of the transistor consists in applying a 
forward voltage at the emitter-base diode, to inject carriers into 
the base, and a reverse bias at the collector-base diode, in order 
to assist the collection of carriers crossing the base, as displayed 
in Figure 13.4b. 

For the case of n-type semiconductors, as illustrated in Figure 
134, the electrons ejected by the emitter have to have enough 
‘energy to cross the base and overcome the barrier at collector 
side. In order to have current gains close to 1, the collector bar- 
rier height should be lower than the barrier height atthe emitter 
side and the base thickness should be relatively thin. In other 
words, the number of electrons that reaches the collector is 
reduced by processes occurring when traveling from the emitter 
to the collector through the base, which could be expressed in 
general as 


Jo=OxIe, (13.4) 
where tt; is the total transport factor of hot electrons that takes 
into account a series of individual factors, such as electron scat- 
tering in the metal base, quantum-mechanical reflection at the 
base-collector interface, and emission and collection efficiency 
due to interaction in the emitter and the collector interfaces 
(Sze 1969). All these processes contribute toward reducing the 
current thats measured in the collector-base circuit. Specifically, 
the base-transport factor, Oly, responsible for the scattering of 
the electrons in the base by collisions with electrons, phonons, 
impurities, and defects, can be written as 


(13.5) 


‘where 2 is the mean free path of the injected hot electrons into 
the base. This dependency indicates that 6, and consequently 


ay is strongly affected by the base thickness. Typical values for 2 
area few tens of nanometers as A = 221m observed for electrons 
with a 1 eV crossing Au layer sandwiched between Si-n and Ge-n 
at room temperature (Sze 1968). 


13.3 J-V Characteristic 


imilarly to bipolar transistors, the MBTs can be characterized 
electrically by measuring the performance of the device in the 
three different configurations: common-base, common-emitter, 
and common-collector. The common-base configuration is the 
most commonly used to obtain the electrical response of the tran- 
sistor and to determine the common-base current gain @,, defined 
by the ratio between collector- emitter current densities, Le., 


(13.6) 


Where Jigoe isthe density ofthe current of the reverse biased co: 
lector-base diode. When the ratio between the reverse and the 
emitter current densities is considerable low, it can be neglected 
and o,, = c, In the common-base configuration, a fixed current 
is applied to the emitter and the collector-current density Je is 
measured as a function of the collector-to-base voltage (Vy) 
Figure 13.5 shows the vertical structure of the MBT, with emit- 
ter, base, and collector, in planar technology, and the circuit used 
for common-base measurements. 

‘The transistor action for the common-base measurement cor- 
responds to collector currents weakly dependent on the applied 
voltage between the collector and the base and strongly dependent 
on the emitter current. Figure 13.6 shows the typical response of 
a metal-base transistor for four different emitter currents densi- 
ties, Jay t0 Jyy with increasing values, showing a small increase 
of the collector current with the increase ofthe collector-to-base 
voltage, and the defined stages for the collector current that are 
determined by the intensity of the emitter current. The weak 
dependence of J; on Voy is attributed to a barrier height lowering 
with the reverse applied voltage at the collector Schottky diode 
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FIGURE 13.5 Schematic representation of a vertical structure with 
the emitter-base-collector of an MBT in planar technology. The bias 
circuit for common-base characterization is also shown. Jy isthe cur- 
rent source connected in series to the emitter-base circuit and A is the 
‘current meter connected in series tothe collector-base circuit that mea- 
sures [c, the collector current, a8 a function of voltage V, between the 
collector and the base, 


Je 


FIGURE 13.6 Typical common-base characteristic of an n-metal- 
n transistor with collector current levels determined by the intensity 
of the emitter current and weakly dependent on the collector-to-base 
reverse voltage. 


(Sze 1968), and for this reason, the current gain has to be calcu- 
lated for a fixed voltage as shown inthe figure, where 


Jes _ Jase 


Sree, 032) 
Tes , 


13.4 Fabrication 


‘The main concern related to metal-base transistors is the fab- 
rication process. It is necessary to prepare a structure with 
metal-semiconductor interfaces that have Schottky barriers and 
reduced losses for the electrons ejected by the emitter. Electronic 
devices are usually based on single crystal semiconductors and 
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the growth of semiconductor epitaxial layers on top of metals 
is a difficult issue, requiring sophisticated methods. Epitaxial 
growth is a process whereby the atoms reaching the surface are 
deposited following the same atomic structure (order) of the 
crystalline substrate. Molecular beam epitaxy (MBE), liquid 
phase epitaxy (LPE), and chemical vapor deposition (CVD) are 
techniques that allow the growth of monolithic structures. This 
kind of process increases the production cost and reduces pos- 
sibilities of large-scale integration (circuits with a large density 
of devices), requiring ultrahigh vacuum deposition or high tem- 
perature fabrication steps. 

‘The pioneering work of Geppert (1962) and Atalla and Kahng 
(1962) were performed by depositing metal layers (base) on top 
of single crystal semiconductor substrates (collector). The emit- 
ter was a crystalline semiconductor piece with a tip or a blunt 
comer pressed against the metallic layer (point contact). Geppert 
electrodeposited Cu on n-Ge and contacted with an n-Ge probe. 
Atalla and Kahng deposited Au thin films with thicknesses of 
10nm on n-Ge and the point contact was n-Si. A few years later, 
Kand (1964) used a vacuum-evaporated emitter, CdSe, an Au 
thin layer as base, and Ge as the collector to fabricate a struc- 
ture witha Schottky barrier height higher at the emitter (0.75 eV) 
and lower at the collector (0.45eV). However, in all these cases 
described above, the achieved current gains were not more than 
0.5, and others factors, such as reproducibility and rough inter- 
faces limited the performance of the device for applications. 

‘To improve the quality of the interfaces, especially since one 
of the main issues to be worked out was the point contacts with 
a low yield of reproducibility, different approaches were tried. 
Brodsky and Deneuville (Deneuville and Brodsky 1978) grew 
amorphous semiconductor layers to surmount the need for 
monolithic structures. The glow discharge-deposition process 
was used for depositing hydrogenated silicon carbide (a-CSi:H) 
as the emitter, and hydrogenated silicon (a-Si:H) as the collector. 
‘The base was a Pt layer. The barrier heights at the emitter and the 
collector were 0.96 and 0.75eV, respectively. Though the fact that 
the heights are adequate for the collection process, the common- 
base current gain measured was not higher than 0.1 

Moreover, no significant increase in the transfer ratio was 
observed by growing the semiconductor-metal-semiconductor 
(SMS) structure using the epitaxy techniques mentioned above 
Rosencher et al. (1984) and Hensel et al. (1985) grew monolithic 
Si-CoSi,-Si structures and obtained transistors with character- 
istic similar to the one shown in Figure 13.6. The monolithic 
atomic structure obtained by these authors is shown in Figure 
137, CoSi, isa metallic disilicide with a resistivity comparable to 
metals and with a small lattice mismatch (~1.4%) with Si allow- 
ing the epitaxial growth. 

‘Tung et al. (1986) observed high values of o,, as high as 0.95, 
with MBTs grown by MBE. However, they also detected the exis- 
tence of pinholes in the base that directly connected the emitter 
to the collector. ‘The electron transfer was in this case mainly 
through the small openings in the base layer, where the barrier 
height is lower than the Schottky height. This mechanism of 
transport is the operation principle behind the permeable-base 
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transistors (PMT), which incorporate a metal grid as base 
between the emitter and the collector (Bozler and Alley 1980). 
Even though the Si/CoSi,/Si MBT showed useful and a control 

lable current gain, its fabrication remained a challenge, requir- 
ing ultrahigh vacuum deposition and annealing. 

“The presence of pinholes in the base needs to be checked in 
all cases in order to see if the measured dis not a misleading 
interpretation of the direct contact between the emitter and the 
collector through the pinholes. A checking procedure was sug- 
gested by Rosencher etal. (1986) where the voltage between the 
‘emitter and the base is measured as a function of the collector. 
to-base voltage. The absence of pinholes leads to an independent 
voltage at the emitter-base junction, which is screened by the 
‘compact metal ofthe base 

‘A very significant innovation concerning metal nanolayer 
‘base transistors was achieved with the advent of the spin transis. 
tor. Monsma etal. (1995) fabricated a metal-base transistor with 
‘a magnetic multilayer at the base. Magnetic multilayers are com 
posed of ferromagnetic (F) and non-ferromagnetic (N) layers, 
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with individual layer thicknesses of a few nanometers, and 
show electrical resistance depending on the applied magnetic 
field, a phenomenon known as giant magnetoresistance (GMR) 
(Baibich etal. 1988). Figure 13.8 shows the usual band structure 
of a metal-base transistor with the magnetic multilayer (MM) 
represented at the base. The difference is that in this case, the 
base-transport factor will also depend on the applied magnetic 
field, i.e. y= O4(H). For a ferromagnetic configuration of the 
multilayer, represented by (1) and indicating the same mag 

netization direction (parallel) for the ferromagnetic layers, the 
magntoresistance MR) slow, and forant-feromagnetic with 
the non-ferromagnetic layers aligned anti-parallel (TU), the MR 
is high. These two MR levels correspond to distinct 6, 0(17) < 
a,( 11), since lower values of MR correspond to less scattering of| 
the electrons when crossing the base, and consequently higher 
values of collector current. Figure 13.8b shows a common-base 
characteristic curve of a spin transistor for both configurations 
of the MM, with the excess current for the ferromagnetic con- 
figuration named magnetocurrent, quantified as the difference 
AJ = J(11) — J(T). The magnetocurrent effect is calculated as 
MC(%6) = 100 (CTT) ~ JET). The device demonstrated 
by Monsma et al. (1995) had initially a Co/Cu/Co multilayer at 
the base, with Co as ferromagnetic and Cu as non- ferromagnetic 
materials, and posteriorly a Pt layer was added to the emitter 
interface to tailor the barrier height relative to the collector 
interface (Monsma et al. 1998). 

‘The magnetoresistance phenomenon is an effect observed at 
nanometer dimensions. It was first described in metallic nano- 
layers (Baibich et al. 1988) and subsequently in granular systems 
(Berkowitz et al. 1992, Xiao et al. 1992). It can be understood 
by assuming the model proposed by Mott (1964) that considers 
two channels for the conduction of electrons in ferromagnetic 
metals, one for spin up and one for spin down. The electrons 
transversally crossing a magnetic multilayer are assumed to suf- 
fer scattering in the layer with a magnetization contrary to their 
spin orientation. At low magnetic fields, when the magnetic 
multilayer is supposed to be in the anti-ferromagnetic aliga- 
ment, the electron of both spin orientations will suffer scattering 
in alternate layers, and a higher MR will be measured. For high 
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(@) Band diagram of an MBT with an F/N/F magnetic multilayer (MM) in the base. A metal was added at the emitter interface to 


tailor the barrier height in the emitter relative tothe collector. The arrows indicat the direction ofthe magnetization ofthe layers, (b) Common- 
base characteristic ofthe spin transistor collector current for both configurations ofthe multilayer, ferromagnetic (TT), and anliferromagnetic 
(1). (After Monsma, DJ tal, Phys. Rev. Let, 7, 5260, 195; Monsmna, DJ. et al, Sclence, 281,407, 1998) 
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FIGURE 13.9 (a) Model of two channels and antiferromagnetic (TU) 
and ferromagnetic (11) ordering in magnetic multilayers. (b) Typical 
curve for the magnetoresistance versus the applied magnetic field in 
magnetic multilayers 


magnetic fields, when the MM is ferromagnetic ordered, the 
clectrons in the channel with the same orientation ofthe magne- 
tization of the F layers will not suffer scattering by crossing the 
structure, and the electrons in the other channel will be scattered 
ateach Flayer. Since the channels are parallel, the total resistance 
will be reduced by the existence of the channel aligned with the 
magnetization of the ferromagnetic ordering of the layers. The 
alignment of the MM will have lower resistance, and the differ- 
cence between both magnetic ordering is the magnetoresistive 
effect. Similarly to the magnetocurrent effect defined above, the 
MR effect can be written as MR(%) = 100 (((7) — 1 TTT), 

Figure 13.9 illustrates the scattering of electrons through the 
multilayered structure for both magnetic alignments, and in 
Figure 13.9b, the corresponding magnetoresistance curve when 
the field is varied from negative to positive values is shown. 

‘The main disadvantages of the spin transistor proposed by 
Momsma et al. (1995) were related to the fabrication process that 
requires a vacuum bonding in order to sandwich the ferromag. 
netic multilayer between two-device quality silicon substrates, 
and the low transport factor observed (<10~), However, an easy 
method of fabricating MBTs with high current gains remained 
elusive. 

‘A significant progress toward the fabrication process of 
‘TBMs was achieved by Meruvia etal. (2004) by using an organic 
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semiconductor as the top layer in the vertical structure shown 
in Figure 13.5. A current gain as high as 1 was observed in the 
MBT with fullerene (C,.) as the emitter, Au thin layers as the 
base, and n-type silicon as the collector. The device is easy to fab- 
ricate since the organic layers can be prepared by regular meth- 
ods such as electrodeposition, spin coating, and evaporation, 
and the approach opened the field of MBTs to hybrid structures 
with conducting polymers as the emitter and also as a pseudo- 
metallic base (Meruvia et al. 2005). The energy-band diagram of 
organic semiconductors is analogous to the one shown in Figure 
13.4 for inorganic MBTs with barriers at interfaces and for the 
injection of hot carriers. 

Most of the work expended on metal nanolayer-base transis- 
tors was in n-type devices. A p-type MBT was achieved by elec- 
trodepositing cuprous oxide (Cu,O) (Delatorre et al. 2006). This 
semiconducting oxide is a p-type material with a 2.1 eV band- 
gap, afactor 2 higher than the band-gap of silicon of 1.1 eV. Figure 
13.10 shows characteristic common-base curves obtained with 
the Cu,O/Co/Si metal-base transistors with Co nanolayers of (a) 
29nm and (b) 33m, which display the transistor action in the 
third quadrant of the graphic as expected for p-metal-p devices. 

‘The differences observed in Figure 13.10 by comparing the 
family of curves for the two base thicknesses used, 29 and 33m, 
indicate that the current gain is not only dependent on the 
thickness of the metallic layer but also that different transport 
mechanism are acting. For the 29nm case, the collector current 
saturates at levels that are proportional to the emitter current, 
corresponding to a constant current gain. However, for 33nm 
the Ic plateaus are not linear with J,. When the test suggested in 
reference Rosencher etal. (1986) and described above to detect 
the presence of pinholes was applied to this p-metal-p transistor, 
a dependence of Vy on Vey was found. As can be seen in Figure 
13.1la, for the thinner base layer, a significant dependence of 
Vig on Voy is observed. This dependency is a signature of the 
presence of pinholes in the base, which were also confirmed by 
the atomic force microscopy image shown in Figure 13.11b. The 
dark regions correspond to areas where no electrodeposition 
occurred, acting then as pinholes, allowing a direct contact of 
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FIGURE 13.10 Common-base characteristics ofa p-type metal transistor with Cu,O as emitter, p 


type silicon as collector, and Co with thick: 


nesses of (a) 29m and (b) 33nm as base. (After Delatorre, RG. etal, Appl. Phys. Lett, 88, 233504-1, 2006. With permission.) 
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FIGURE 13.11 (a) Test of the dependency of Vig on Ves to check for the existence of pinholes in the base. (b) Atomic force microscopy of the Co 
‘metallic base with dark areas corresponding to regions not covered by the metal (After Delatorre, RG. etal, Appl. Phys. Let, 88, 233504-1, 2006, 


‘With permission.) 
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FIGURE 13.12. (a) Dependency ofthe current gain in the common-base configuration for two different Co thicknesses (29 and 33nm).(b) Band. 
diagram forthe p-type metal base transistor with the two Schottky barriers and the expected barrier (dotted line) in the pinholes where the emit- 
ter and the collector are in contact, as expected fora permeable-base transistor. (After Delatorre, R.G. eta, Appl. Phys. Lett, 88, 283504-1, 2006. 


‘With permission) 


the emitter with the collector. The bright areas are the Co grains. 
By increasing the base thickness, a considerable reduction in the 
pinholes occurred, since a lower dependence of Vey on Veg is 
observed for 33 nm in Figure 13.11a. 

Figure 13.12a shows the dependency of the gain as a function 
of the emitter current for the two thicknesses of Co. The gain is 
equal to 1 and is independent of the emitter current for the case 
where the transistor has a higher density of pinholes. For a lower 
density of pinholes, the dependency of the current gain with the 
‘emitter current indicates that the gain increases with the energy 
of the ejected electron, ie., with an increase of the emitter cur- 
rent, which is compatible with the view of electrons with higher 
energies being collected more easily at the collector interface. 
Figure 13.12b depicts the expected energy barriers for the p-type 
‘metal-base transistor in the case of two Schottky interfaces in 
the Cu,O/Co/Si structure and the gradual variation of the bar- 
rier in the pinholes where the Cu,0 is in contact with p-Si. With 
an increasing base thicknesses, the MBT action dominates the 
PMT one, and on increasing the emitter current, higher gains 


should be observed since the energy of the electrons is higher, 
favoring the overcome of the collector to the base barrier. 
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14.1 Introduction 


‘The top-down fabrication techniques, which involve photolitho 
graphic and subsequent etching techniques, have been used 
as conventional methods for device scaling in semiconductor 
industry for integrated electronic systems. However, due to the 
further downscaling of device size, the top-down approach faces 
thelimitations of photolithographic/etching techniquesas wellas, 
the increasing costs associated with lithography equipment (Lu 
and Lieber 2007). One promising method to overcome the limi 
tations with the top-down methods isthe bottom-up approach, 
which is a unique technique for fabricating functional devices, 
‘without the use of lithography techniques, through the chemi 
cal synthesis, self-assembly, and the manipulation of nanoscale 
elements such as small molecules, nanoparticles, nanotubes, 
and nanowires (Agarwal 2008). Recently, for the realization of, 
integrated electronic systems through the bottom-up approach, 
these nanomaterials have attracted considerable interest due to 
their unique properties such as large surface-to-volume ratio, 
carrier and photon confinement, and high sensitivity. In par- 
ticular, various semiconductor nanowires offer great potential 
as building blocks for nanoscale electronic and photonic device 
applications. 

‘Among many semiconductor nanowires, ZnO with the pref: 
cerentially hexagonal wurzite-type structure has a wide range of 


properties, from metallic to insulating conductivities including 
n- and p-type conductivities), a direct wide band gap (-3.4eV), 
large exciton-binding energy (-60meV), radiation hardness, 
high transparency, piezoelectricity, room-temperature fer 

romagnetism, and chemical-sensing effects (Fan and Lu 2005, 
Klingshirn 2007, Schmidt-Mende and MacManus-Driscoll 
2007). In particular, the advantage of large exciton-binding 
energy and a variety of nanostructures with relative cost 

effectiveness provides excellent optical and electrical properties 
asa promising material for blue and ultraviolet optical devices, 
compared with GaN and GaN-based materials. Moreover, since 
ZnO has stronger radiation hardiness than other common semi 

conductor materials such as Si, GaAs, CdS, and GaN, ZnO mate. 

rials are promising for space applications (Look et al. 1999). In 
recent decades, due to these remarkable properties of ZnO mate- 

rials and the demand for further miniaturization by semicon- 

ductor technology, tremendous efforts have been devoted to the 
‘growth and characterization of one-dimensional semiconductor 
ZnO nanostructures (or ZnO nanowires) as well as their versa 

tile applications as a potential material for future nanoelectron- 
ics, For example, field-effect transistors (FETs) (Goldberger et al. 

2005), sensors (Dorfman etal. 2006), light-emitting devices (Bao 
et al. 2006), solar cells (Law et al. 2005), as well as logic circuits 
(Park et al. 2005, Yeom et al. 2008) have been extensively inves: 

tigated and demonstrated, 
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Inparticular, since nanowire-based FETs are the fundamental 
element for nanoelectronics among these versatile applications, 
ZnO nanowire-based FETs have been fabricated and intensively 
investigated in atypical back-gate configuration due to fabrication 
simplicity (Goldberger et al. 2005, Cha et al. 2006, Chang et al. 
2006). The early studies of ZnO nanowire FETs have focused on 
their device performance (Cha et al. 2006, Chang et al. 2006), 
¢gas-sensing application (Fan and Lu 2006, Hsueh et al. 2007), 
photodetection (Kind et al. 2002, Fan et al. 2004a,b, Soci et al 
2007), and chemisorption/photodesorption (Li et al. 2005, 
Suehiro et al. 2006). However, in order to fabricate the functional 
devices from the ZnO nanowires, their fundamental properties 
‘must be carefully investigated because the presence of a large 
surface and interfacial area in nanowires can profoundly alter 
their performance (Hong et al. 2007, Xiong et al. 2007). Recently, 
there are a few studies on the role of geometric properties, sur- 
face states, and passivation on the transport properties of ZnO 
nanowire FETS, specifically on the influence of the presence of 
surface trap states at the interfaces associated with nanowire 
size and surface roughness (Hong et al. 2007, 2008a,b,0). The 
interfaces and interfacial states related to interface roughness 
play an important role not only in nanowire heterostructures, 
but also in the electronic transport properties of nanoscale tran- 
sistors as fundamental elements for nanoelectronics (Hastas 
et al. 2002, Wang et al. 2005, Jung et al. 2007, Mieszawska et al 
2007). In addition, it is well known that metal-oxide semicon- 
ductors including ZnO nanostructures are strongly affected 
by the chemical adsorptions of ambient gases (Lagowski et al 
1977, Kolmakov and Moskovits 2004). Therefore, it is essen- 
tial to understand the surface-roughness- and size-dependent 
effects on the electronic transport properties of nanowire tran- 
sistors. Moreover, since ZnO nanowires are strongly influenced 
by chemical environments due to large surface-to-volume ratio 
(Goldberger et al. 2005, Liet al. 2005, Fan and Lu 2006, Suehiro 
et al. 2006, Hsueh et al. 2007), itis important to study the passiv- 
ation effects of dielectric layer on the transport properties corre- 
lated to geometry and adsorbed species on the ZnO nanowires. 
In this chapter, we review the basic electrical properties of FETs 
‘made from ZnO nanowires that were grown by a vapor transport 
‘method, We demonstrate that the transport properties of ZnO 
nanowire FETs are associated with the surface roughness, nanowire 
size, surface states, and/or defects, as well as the surface chemistry 
{n surrounding environments. These explorations will give insights 
not only in understanding the transport properties but also in devel- 
coping practically useful applications of nanowire-based devices. 


14.2 Background 
14.2.1 Basic Physical Parameters of ZnO 


‘The ZnO in wurzite structure, which can be considered as 
‘a hexagonal close-packed lattice of zinc atoms tetrahedrally 
coordinated with four oxygen atoms, has the primitive trans- 
lation vectors ag, by, and cy in which a, and by lay in the x-y 
plane and are of equal length, whereas ¢, is parallel to the z-axis 
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FIGURE 14.1 Crystal structure of Zn0. 


TABLE 14.1 Basic Physical Parameters of Zn0 
Property Value 
Tatice constants (at T= 008) 
4 032490 
& 05206nm 
ae 1.602 (ideal structure: 1.633) 
Density (9) 506gfem? 
Malin point 197°C (248K) 
Dielectric constant (0) 806 
Energy gap (E) B4e¥ 
Excton-binding energy comev 
Electron effective mas (2) oz 
Hlcton mabilty (4) 200em!V s 
Hole eectve mass) a9 
Hole mobility (y,)(atT=300K) __5-S0em*/Vs 


(Figure 14.1), The values of the primitive translation vectors are 
4a, = b= 0.3249 nm and c= 0.5206nm at room temperature. The 
ratio clay of 1.602 deviates slightly from the value c/a, = 1.633 of 
the ideal hexagonal structure. The basic physical parameters for 
ZnO are summarized in Table 14.1 (Fan and Lu 2005, Klingshirn 
2007, Schmidt-Mende and MacManus-Driscoll 2007). Based on 
these fundamental physical properties, intense research by many 
groups has been focused on the growth and characterization of 
ZnO nanostructures and their versatile device applications. 

In the following we explain briefly the growth by a vapor 
transport method and the characterization of ZnO nanowires 
and the detail fundamental properties of the FETs made from 
ZnO nanowires are explained in Section 14.3. 


14.2.2 General Growth Methods 
of ZnO Nanowires 


Semiconductor nanowires including ZnO nanowires have 
attracted considerable attention due to their unique prop- 
erties, including their high anisotropic geometry and large 
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surface-to-volume ratio, In order to utilize semiconductor 
nanowires for nanoelectronic devices, it is essential to ratio 
nally grow high-quality nanowires with tunable and modulated 
chemical composition, size, and morphology, and to precisely 
control doping concentration with both n- and p-type dop: 
ants. To this end, there are many efforts to control the nanow: 
ire properties, and numerous growth techniques have been 
developed (Dai et al. 2003, Law et al. 2004, Schmidt-Mende and 
MacManus-Driscoll 2007). In recent years, the interest in ZnO 
nanostructures has increased drastically and many researchers, 
have intensively investigated on them. In general, ZnO nano: 
structures can be grown by either vapor-phase growth or aque: 
‘ous solution growth methods. In particular, vapor-phase growth 
methods use gas-phase species s the initial starting reactants for 
the nanowire formation, and numerous growth techniques such 
as laser-assisted growth (Sun etal. 2006), chemical vapor depo: 
sition (Yang et al. 2002, Park et al. 2003), and thermal evapora. 
tion (Dai et al. 2003) have been developed to prepare gas-phase 
species. In these gas-phase production methods, nanowires are 
commonly grown via vapor-liquid-solid (VLS) or vapor-solid 
(VS) mechanisms. VLS process can be regarded as nanowire 
nucleation and growth via Zn accumulation in liquid catalyst 
particle (often Au), supersaturation, precipitation, and oxida- 
tion, whereas VS process can be described as one-dimensional 
nanostructure formation from vapor phase precursors in the 
absence of metal catalysts (Law et al. 2004). 
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14.2.3 Field-Effect Transistor 


‘The FET, which is often called a unipolar transistor due to a 
majority carrier device, uses either electrons or holes for con- 
duction. The FET is a three-terminal (source, drain, and gate) 
device in which the current through two terminals between 
source and drain is controlled by the gate (Sze 1981, Streetman 
and Banerjee 2000). The conductivity is varied by the elec- 
tric field that is produced when the gate-source voltage (Vz) is 
increased; the drain-source current (J,,) increases exponentially 
for Vz, below threshold. The FETS are divided into several forms: 
a junction FET (JFET), a metal-semiconductor FET (MESFET), 
and a metal-insulator semiconductor FET (MISFET) or metal 
oxide semiconductor FET (MOSFET) (Figure 14.2) (Sze 1981, 
Streetman and Banerjee 2000). In the JFET, the control (gate) 
voltage varies the depletion width ofa reverse biased p-n junction 
with the channel between the source and drain (Figure 4.28). 
Similarly, the MESFET is the JFET in which the reverse biased 
p-n junction is replaced by a metal-semiconductor Schottky 
junction (Figure 14.2b) The MOSFET is used to amplify or switch 
electronic signals and generally is consisting of three terminals, 
(source, drain, and gate) and substrate (or body) (Figure 14.2c 
through f). In particular, since a gate electrode is separated from 
the semiconductor (substrate) by an oxide, there is effectively no 
dc gate current, and the channel is capacitively coupled to the 
gate via the electric field in the oxide. Furthermore, the FETs are 
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FIGURE 14.2 Basic classification of FETs (a) JPET, (b) MESFET, and (c)-(f) four different types of MOSFET. (c) n-channel E-mode MOSFET and 
(d) n-channel D-mode MOSFET. (e) p-channel E-mode MOSFET and (1) p-channel D-mode MOSFET. 
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FIGURE 14.3 Basic current-voltage characteristics of FETS. (a) Typical transistor output characteristics (Ips-Vox) (b) Typical transistor transfer 
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FIGURE 14.4 Comparison of basic current-voltage characteristics of (a) “normally on” FET and (b) “normally off” FET. 


distinguished as depletion-mode (D-mode) and enhancement 
mode (E-mode) types in terms of the turn-on/off position and 
the polarity of the threshold voltage. The D-mode FETs exhibit 
the turn-on of the channel at zero gate bias and negative thresh- 
old voltages (Figure 142d and f), whereas the E-mode FETs 
exhibit the turn-off at zero gate bias and positive threshold volt- 
ages (Figure 14.2c and e). Therefore, D- and E-mode types are 
often called “normally on” and “normally off,” respectively. 

‘The basic current-voltage (J-V) characteristics of FETs are 
shown in Figure 14.3, where the complete set of Ip,-Vos (drain~ 
source current versus voltage) curves are called “output character 
istics” (Figure 14.3a) and [,.~Vi, (drain-source current versus gate 
voltage) curves are called “transfer characteristics” (Figure 14.36). 
In particular, the output characteristics are plotted as a function 
of the drain-source voltage (Vp.) for various gate voltages (V) 
and can be divided into three regions: (1) the linear region, where 
pg increase linearly with Vax for a given Ve(>V,y); (2) the satura 
tion region, where In. no longer increases as Vp increases, ie, it 
remains essentially constant; and (3) the breakdown region, where 


gg suddenly increases with the further increase of Vis beyond 
saturation. Figure 14.4 displays the comparison of I-V charac 
teristics between “normally on” (D-mode) FET (Figure 44a) and 
“normally off” (E-mode) FET (Figure 14.4b). The main difference 
is the position of the threshold voltage (V,,) along the V, 


14.3 Results and Discussion 


14.3.1 Growth by a Vapor Transport Method 
and Characterization of ZnO Nanowires 


ZnO nanostructures can be simply grown using a thermal far- 
nace system consisting of quartz tube, gas flow controller, and 
‘vacuum system. Figure 14.5 shows schematic of furnace system 
and a series ofthe field emission scanning electron microscopy 
(FESEM) images of various ZnO nanostructures with distinc- 
tive geometrical morphologies formed by the vapor transport 
method using a furnace system, which is the most common 
method to grow ZnO nanowires. The shape and size of these 
nanostructures are strongly dependent on the various growth 
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Figure 15-3. A decoder with four input pins can interpret 
their binary-number representation to create a high logic 
state on one af 16 autput pins. Only one of the 16 possible 
Statas is shown here. 
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Figure 15-4, Four outputs from a binary counter or micro- 
controller can be used by a decader to activate one of up 
016 output devices. 
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(@) Schematic diagram of experimental apparatus for growth of ZnO nanostructures. FESEM images of (b) nanoribbons or nano. 


Diets, (€) nanosheets, (4) nanocombs, (e) vertically well-aligned nanowire/nanorods, (f) random-oriented nanowire/nanorods, (g) corrugated 


nanowires, (h) nanotips or nanoneedles, and (i) nanowealls, 


conditions such as temperature, gas flow rate, substrate itself, 
and the position of substrate. In general, the size, surface mor- 
phology, and the crystal structure of ZnO nanowires are com: 
monly characterized using FESEM and transmission electron 
microscopy (TEM). In order to study the optical properties of 
ZnO nanowires, the photoluminescence (PL) spectra are mea: 
sured. Inaddition, to investigate the electrical properties of ZnO 
nanowires, the FET-based device structures are fabricated as 
shown in Figure 14.6e and fand characterized. 

‘The vertically well-aligned ZnO nanowires were grown on 
the sapphire substrates or ZnO-film-coated sapphire substrates 
(Figure 14.6a). Figure 14.6b shows the micro-photoluminescence 
(UPL) spectra of ZnO nanowires grown on the two different sub. 
strates. A He~Cd laser (325 nm) was used asan excitation source 
in the PL measurements. The PL spectra were measured on the 
ZnO nanowires after they were transferred from the growth 
substrates to a silicon wafer in order to eliminate the signals, 
coming from the ZnO film substrate itself. The ZnO nanowires 
{grown on an Au-catalyst-free ZnO film substrate show a stron: 
{ger defect emission in the PL spectrum than those grown on an 
‘Au-coated sapphire substrate. Since it is generally agreed that 
the defect emission is a surface-related process (Wang et al. 
2006), the PL spectra suggest that the ZnO nanowires grown on 


an Au-catalyst-free ZnO film have a significantly larger number 
of surface defect sites. Figure 14.6c and d shows typical high- 
resolution TEM (HRTEM) images of ZnO nanowires grown on 
an Au-coated sapphire substrate and on an Au-catalyst-free ZnO 
film, respectively. The upper insets of Figure 14.6c and dare com- 
puted fast Fourier transform patterns obtained from the lattice 
fringes of ZnO nanowires, indicating that the ZnO nanowires 
grown on both substrates are single crystalline with a preferred 
growth direction of 0001]. The lower insets of Figure 14.6cand d 
are the low-magnification TEM images of ZnO nanowires show- 
ing the overall surface roughness along the nanowires. Both the 
low-magnification TEM images and the HRTEM images allow 
comparison between the surface structures of the ZnO nanow: 

ires grown on the two different types of substrates. Compared to 
the ZnO nanowires grown on an Au-coated sapphire substrate 
(Figure 14.60), the ZnO nanowires grown on an Au-catalyst- 
free ZnO film (Figure 14.64) are seen to be significantly rougher 
across the surfaces parallel to the growth direction, as is appar 

ent in the HRTEM images, and as is indicated by the circled 
regions in the low-magnification TEM images ofthe lower inset 
in Figure 14.6d. Figure 14.6e and f show the schematic of nanow: 

ire FET device structure and the SEM image of a single ZnO 
nanowire connecting the source and drain electrodes. 
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FIGURE 14.6 (a) FESEM images of vertically well-aligned ZnO nanowires grown on Au-coated sapphire substrates or ZnO buiferfilm-coated sub 


strates. (b) The UPL spectra of ZnO nanowires on the two substrates showing emissions at approximately 378m, HRTEN 


images of ZnO NWs grown, 


‘on ¢)an Au-coated sapphire substrate and (d) an Au-catalyst-free ZnO film. Insets are computed fast Pourier transform patterns (upper) and low-magni- 
fication TEM images (lower) (e) A schematic ofthe FET device structures. () A FESEM image ofa single ZnO nanowire connected between source and 
drain electrodes in FET. (Adapted from Hong, W-K. et al, Appl. Phy. Lett, 90, 243103, 2007. With permission.) 


14.3.2 Fabrication and Characterization of 
ZnO Nanowire Field-Effect Transistors 


ZnO nanowire FETs with different gate structures have been 
fabricated and extensively investigated in the past several years. 
For example, there are four different types of gate configura 
tions: back gate (Goldberger et al. 2005, Hong et al. 2007), top 
gate (Huang et al. 2001, Yeom et al. 2008), side gate (Cha et al 
2006), and surrounding gate (Ng etal. 2004, Wade et a. 2007).In 
particular, the FETs with back-gate and top-gate configurations 


have been intensively explored due to the fabrication simplicity. 
To fabricate ZnO nanowire FET device, the grown ZnO nanow- 
ires are first transferred from the growth substrate to a silicon 
wafer with thermally grown oxide or a bare silicon wafer by 
dropping and drying a nanowire suspension (Figure 14.7). The 
nanowire suspension is made by briefly sonicating the growth 
substrate of ZnO nanowires in ethanol or isopropylalcohol (IPA) 
for tens of seconds. Metal electrodes forming Ohmic contacts 
between metal and ZnO nanowires are deposited by an evapora- 
tor or a sputter and defined as source and drain electrodes by 
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FIGURE 14.7 Fabrication process of ZnO nanowire FETs with (3) 
back gate and (b) top gate configurations. 


lithography techniques and liftoff process (Figure 14.7). In back- 
gated FET configuration (Figure 14.7a), pair of metal electrodes 
patterned on the ZnO nanowire channel serves as the source and 
drain and a degenerately doped silicon substrate serves the gate 
electrode. In top-gated FET configuration (Figure 14.7b),a metal 
gate electrode is formed above a gate dielectric layer on nanow: 

ires. Recently, tremendous efforts have been devoted to the fab. 

rication and characterization of nanowire-based transistors. 
However, if functional FET devices with electrical contacts are 
to be made from nanowires, their fundamental properties must 
be carefully investigated due to the presence of the different 
interfaces and interfacial states in nanowire-based device. The 
different interfaces exist between the nanowire and passivation 
layer, nanowire and gate dielectrics, nanowire and electrodes, 
and nanowire and ambient gases. 

In particular, since the semiconductor surfaces are strongly 
affected by the chemical adsorption of ambient gases Wolkenstein 
1991), the influence of chemisorptions of ambient gases in the 
«case of semiconducting nanowires including ZnO nanowires are 
much more sensitive than their bulk counter part due to large 
surface-to-volume ratio (Lagowski et al. 1977, Kolmakov and 
Moskovits 2004). For example, surface defects such as oxygen 
vacancies act as the adsorption sites of ©, molecules and form 
‘oxygen ions (O°, 0% or 0, ), and then the chemisorption of O, 
molecules depletes the surface electron and reduces the channel 
conductivity (Li et al. 2004, Zhang et al. 2004). Therefore, the 
passivation of ZnO nanowire FET devices is significantly impor 
tant to remove the influence of water or gas molecules in ambient 
air on nanowire and to improve the FET performance by enhanc 
ing the gate-coupling effects (Hong et al. 2008a,b,c). In addition, 
other characterization conditions such as gate bias sweep rate can 
also influence the electronic transport in nanowire transistors 
‘due to the presence of surface states (Maeng et al. 2008), 

In this section, we review the electrical properties of the sur 
face-tailored smooth and rough ZnO nanowire FETs with and 
without surface passivation using poly(methyl metahacrylate) 


“7 


(PMMA), which is a polymeric resist commonly used in nano- 
lithographic processes involving electron beam, deep UV, or 
x-ray radiation (Hong et al. 2008a,b,¢). Furthermore, a detailed 
study of the passivation and gate sweep rate effects on the 
ZnO nanowire FETs under different oxygen environments is 
presented. 


14.3.2.1 Passivation and Surface-Roughness Effects 


‘he electrical characteristics before and after the passivation 
of the FET devices made from the surface-tailored smooth and 
rough ZnO nanowires are summarized in Figure 14.8. Figure 
4.8a and b shows the output characteristics (source-drain 
current versus voltage, Ipy-Vps) and transfer characteristics 
(Gource-drain current versus gate voltage, Iys~V,) for a FET 
made from smooth ZnO nanowires, respectively. The FETS 
made from smooth ZnO nanowires exhibit more well-defined 
saturation and pinch-off characteristics after passivation in 
comparison with the FET devices before passivation. In par- 
ticular, the FET devices before passivation show decreasing 
separation in current between Ipg curves at larger currents in 
Is-Vps curves (Figure 14.8a), which is attributed to either an 
electron injection barrier at the source electrode or to mobility 


degradation associated with the interface roughness scattering 
of channel electrons at the channel-insulator interface with 
increasing gate voltage (Dehuff et al. 2005). The I,-Ve curves 
in Figure 14.8b show the threshold voltages (V,,) of ~4.16 and 
-2.25V before and after passivation, respectively. The thresh- 
old voltage after passivation shifts toward the positive gate bias 
direction due to surface-depletion-induced channel-narrow- 
ing effect (Fan et al. 2004a,b, Ju et al. 2006, 2007). The current 
on/off ratios (I,,/J,2) both before and after passivation for this 
FET device of smooth ZnO nanowire exhibited 10*-108 (insets 
of Figure 14.8) 

In contrast, Figure 14.8c and d shows the Ip,-Vpy and Ip.-Ve 
curves for a FET made from rough ZnO nanowires, respec 
tively. The unpassivated FET devices exhibited the poor electri- 


cal characteristics, as the Ip,-Vps curves shown in Figure 14.8c. 
The Ip, suddenly decreased with the further increase of Vis and 
Vg beyond saturation and also the current between Ips curves 
was not clearly separated. However, the passivated FET devices 
exhibited well-defined linear regions at low biases and satura. 
tion regions at high biases as typical transistors, indicating clear 
pinch-off behavior. Unlike the FET devices made from smooth 
ZnO nanowires, the threshold voltage for the FET devices made 
from rough ZnO nanowites exhibits a considerable shift toward 
the positive gate bias direction after passivation. The thresh. 
old voltage of the particular FET device shown in Figure 14.84 
shifted from ~12.5 to 8.9, indicating transition from D-mode 
to E-mode operations. Most of the passivated FET devices made 
from both smooth and rough ZnO nanowires exhibit superior 
electrical performance than the unpassivated FET devices made 
from rough ZnO nanowires. These results are in good agreement 
with the superior characteristics of the FETs passivated by SiO. 
SiN, or PMMA layer (Kim et al. 2003, Chang et al. 2006, Hong 
et al. 2008a,b,c). The current on/off ratios (Iyq/J4g) both before 
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FIGURE 14.8 (3) fp;-Vos and (b) fps-Ve curves of a FET device made from rough ZnO nanowires before and after passivation (¢) Ips-Vos and 


(@) Iy,-V curves ofa FET device made from rough ZnO nanowires before and after passivation. (Adapted from Hong, 


254, 7589, 2008e. With permission.) 


and after passivation for the FET device of rough ZnO nanowire 
exhibited approximately 10*-10° (insets of Figure 14.84) 
Furthermore, the electrical properties of the ZnO nanowire 
FETs have also been investigated and compared before and after 
the PMMA passivation under different environments of ambi- 
ent air (20% O,), dry O,, and vacuum (10° Tor) environments 
(Song et al. 2008). Figure 14.9 shows a series of the Ipy-Vig and 
the Ip,-Vg curves for a ZnO nanowire FET measured at differ- 
ent gate voltages under various oxygen environments before and 
after passivation, respectively. Figure 14.9a and b displays the 
Jpg-Vpg Curves for the ZnO nanowire FET before and after pas- 
sivation, respectively. As shown in Figure 14.9a, the current level 
is significantly affected by the environmental condition with O, 
molecules. The currents decrease significantly when the ZnO 
nanowire FET is exposed to dry O,,as compared to the case in 
ambient air. When the oxygen is evacuated, the currents increase 
again. On the contrary, the Ijx~Vig curves in Figure 14.9b show a 
negligible effect on the passivated ZnO nanowire FET by oxygen 
‘molecules in different oxygen environments. This is because the 
PMMA passivation layer prevents oxygen molecules from being 
adsorbed onto the nanowire. One can also notice that the ZnO 
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nanowire FETs after passivation have a beter electrical perfor- 
mance in terms of well-defined linear and saturation regions 
in Ipy-Vpg curves (Figure 149b). It has been reported that the 
passivation can improve the FET performance by enhancing 
the gate-coupling effect (Kim et al. 2006, Wunnicke 2006, Hong 
et al. 2008a,b,c). This passivation effect is more prominent in 
transfer characteristics, as shown in Figure 14.9c and d. A series 
of plots in Figure 14.9¢ and d shows the 1y,~V,, curves for the 
Zn0 nanowire FET before and after passivation, respectively 
‘The FET device was measured at a fixed source-drain voltage 
(Vox = 0.1'V) under the same different environments of ambient 
air (20% O,), dry O,, and vacuum (-10- Tort) The Ip.-Va plots 
in the semilogarithmic scale (insets of Figure 14.9¢ and d) show 
‘an on/off current ratio as large as 10*-10° for both before and 
after passivation. Before passivation (Figure 14.9), the thresh- 
old voltages of ZnO nanowire FET shifted from ~1.73 (in ambi- 
ent air) to 6.05 V (in dry O,) in the positive gate bias direction, 
This is because more electrons are captured by the oxygen as the 
oxygen pressure is raised. Since the charge density is reduced 
after being exposed to dry O,, more positive gate bias is needed 
to make currents flow in the nanowire channel, and thus the 
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threshold voltage shifts to the positive gate bias direction. When 
‘oxygen gas was evacuated to a vacuum level of 10°* Torr, the 
threshold voltages of the nanowire FET shifted back from 6.05 
(in dry 0,) to -0.10V (in a vacuum) in the negative gate bias 
direction, as compared when they were exposed toa dry O, envi 
ronment. This is due to the reduction of the trapping effects of 
‘oxygen in a vacuum, On the contrary, when the FET was passiv 
ated with PMMA, the threshold voltages were ~6V and shifted 
very little under different oxygen environments, as shown in 
Figure 14.94. Note that the threshold voltage is defined as the 
gate voltage obtained by extrapolating the linear portion of the 
Tps-Ve curve from the point of maximum slope to zero drain 
current, in which the point of maximum slope is the point where 
transconductance (dlys(4V,) is at a maximum (Arora 1993). 
‘Asa result, these phenomena can be explained by oxygen 
effects. The ambient oxygen partial pressure has a considerable 
effect on the electrical properties of ZnO nanowire FETs (Fan 
et al, 2004a,b). Particularly, the adsorbed oxygen molecules 
deplete the electrons in the ZnO nanowire and form oxygen 
ions (O°, O*, or O,) (Li et al. 2004). Then, the electrons in the 
ZnO nanowires are trapped by the adsorbed oxygen molecules, 


and thus the surface depletion region of ZnO nanowire can be 
formed, leading to current reduction and threshold voltage shift 
to the positive gate bias direction (Figure 14.9c). As the oxy- 
gen pressure is raised, more electrons are captured by the oxy- 
gen molecules at the nanowire surface. Correspondingly, the 
depletion region is widened and the carrier density in the ZnO 
nanowire is decreased even more when the FET is exposed to 
dry O, environment. 


14.3.2.2 Sweep Rate Effect of Gate Bias 


Asaforementioned, the corresponding characteristics ofnanow- 
ire FETs are sensitively dependent on the surrounding environ- 
ments to which the devices are exposed, and whether or not the 
devices are passivated (Park et al. 2004, Chang et al. 2006, Song 
etal. 2008). Other characterization conditions can also influence 
electrically the interactive absorption of oxygen molecules on 
the nanowire surface. Particularly, the effect of gate bias sweep 
rate on the electronic transport properties of ZnO nanowire 
FETs has been investigated (Maeng et al. 2008). The electrical 
properties of ZnO nanowire FETs were measured as a function 
of gate bias sweep rate in different measurement environments, 
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Figure 14.8 show a series of [p,-V, curves measured at differ- 
‘ent gate bias sweep rates (2500, 250, 130, 100, 12, 6, 1.2, 0.3, 0.2, 
0.1Vis) at Vig = 0.5V under various environments. The insets in 
Figure 14.10 show the Ia.-Vg plots on a semilogarithmic scale. 
‘A ZnO nanowire FET device was systematically measured in 
ambient air, inan N, filled glove box, and in ambient air after the 
same device was passivated with a PMMA layer. Figure 14.10a 
shows the case of aZnO nanowire FET (unpassivated) measured 
in ambient air. As the gate bias sweep rate was decreased from 
2500 to 0.1 Vis, the current decreased and the threshold voltage 
shifted to the positive gate bias direction. These phenomena can 
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FIGURE 14.10. I,-Vi, curves for a ZnO nanowire FET as a func 
tion of gate bias sweep rate (2500, 250, 130, 100, 12,6, 1.2, 0.3, 0.2, and 
(0.1 Vjs) measured at Vi, =0.5V (a) under ambient air, (b) N,-filled glove 
box, and (c) ambient ar after PMMA passivation. The semilogarithmic 
plots of fps-Va curves are shown in the insets. (Adapted from Maeng, J. 
etal, Appl. Phys, Lett, 92, 233120, 2008, With permission ) 
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be explained by the depletion of electrons by oxygen adsorption 
on the surface of the ZnO nanowire. As previously mentioned, 
the increase of oxygen concentration causes the change of con- 
ductivity by surface depletion in the nanowire channel, ie., the 
adsorbed oxygen molecules that bind the electrons localized at 
the nanowire surface become oxygen ions in the forms of O°, 
(0 or O,-, resulting in depletion of electrons and thus lowering 
the conductivity (Takata et al. 1976, Li et al. 2004, Sadek et al 

2007). Oxygen adsorption is sustained at an equilibrium con- 
dition in ambient air at zero gate bias. However, the gate bias 
induces more adsorption of oxygen ions due to the applied posi- 
tive gate bias. Therefore, when the nanowire FET is applied with 
a slower gate bias rate, more electrons on the ZnO nanowire sur- 
face are trapped by the adsorbed oxygen ions, which results in a 
reduction of nanowire conduction channel region by the more 
depleted region. Thus, the current decreases, and the threshold 
voltage shifts to the positive gate bias direction. The effect of the 
gate bias sweep rate on the ZnO nanowire FET was investigated 
under different oxygen environments. The same ZnO nanowire 
FET device measured in ambient air (Figure 14.10a) was placed 
into an N, ‘filled glove box after holding at a vacuum (-10-° Tore) 
for 24h, The Ipy-V,, curves measured in this N, environment are 
shown in Figure 14.10b, The conductivity of the ZnO nanowire 
FET device in the N, environment increased by about an order 
of magnitude, compared with the case of ambient air. In the N, 
environment, the nanowire FET has fewer oxygen ions on the 
surface, thus less surface depletion of electrons, resulting in an 
increase of the current. Unlike the case of the nanowire mea- 
sured in ambient air, the nanowire device (unpassivated) in the 
N, environment was not influenced by the gate bias sweep rate, 
as is shown in Figure 14.10b, The current did not change and 
the threshold voltage did not shift. This is because ofthe relative 
absence of oxygen in the N, filled glove box; therefore, there isa 
negligible effect of oxygen absorption even at different gate bias 
sweep rates. In addition, the effect of the gate bias sweep rate 
on the same ZnO nanowire FET device after the passivation of 
PMMA layer was explored. The resulting Ip.~Vi, curves after the 
passivation, measured in ambient air, are shown in Figure 14.10c, 

Although the change and shift are not as significant, the Ip,-Vg 
curves exhibited somewhat similar trends of the current change 
and threshold voltage shift for different gate bias sweep rates as 
the case of Figure 14.10a. Therefore, the effect of gate bias sweep 
rate on the nanowire channel can be explained as the follow- 
ing. Slower gate bias sweep rates imply longer gate biasing time, 

Captured oxygen ions are strongly bonded by positive gate bias, 
so that oxygen ions would not be easily detached. Thus, slow gate 
bias sweep rates will cause more oxygen absorption than fast 
gate bias sweep rates. More adsorbed oxygen molecules extend 
the surface depletion region. Consequently, a larger depletion 
region in the nanowire occurs by slower gate bias sweep rates 
and longer gate-biasing time, which results in the reduction of, 
current and carrier density and a shift of gate bias in the positive 
gate bias direction. On the contrary, faster gate bias sweep rates 
are applied in relatively shorter gate biasing time. Therefore, fast 
gate bias sweep rates lead to less oxygen absorption. 
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‘The current, threshold voltage, and carrier density were sen- 
sitively dependent on the gate bias sweep rate. These phenomena 
became more pronounced under environments with increased 
‘oxygen. The results of this study may offer how to characterize 
the surface effects of ZnO nanowire devices or other materials 


14.3.3 N-Channel Depletion-Mode 
and Enhancement-Mode 
ZnO Nanowire FETs 


‘To date, although FETs using ZnO nanowires as active chan- 
nels have been extensively investigated, most of the fabricated 
ZnO nanowire FETs were typically normally on type, n-chan- 
nel depletion-mode (D-mode) behavior, which exhibited non: 
zero current at zero gate bias and negative threshold voltages. 
However, for a wide number of the applications of nanowire 
FETs in logic circuits, both D-mode and enhancement-mode 
(E-mode) FETS are required (Sedra and Smith 1991, Fortunato 
etal. 2004, Lee etal. 2006, Ma et al. 2007). 

‘The electrical characteristics of D-mode and E-mode ZnO 
nanowire FETs are summarized in Figure 4.11. All the fab: 
ricated ZnO nanowire FETs were passivated by PMMA layer 
to remove the influence of water or gas molecules in ambi- 
ent air on nanowire and to improve the FET performance by 
enhancing the gate-coupling effects. Note that although the 
structure of ZnO nanowire FET device is different from the 
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conventional metal-oxide-semiconductor transistors, the 
operation mode of ZnO nanowire FETs is distinguished as 
D-mode or E-mode in terms of the polarity of the threshold 
voltage (Hong et al 2007). ZnO nanowire FETs with negative 
threshold voltages are normally on type, n-channel D-mode 
transistors, indicating that more negative gate bias should be 
applied to deplete carriers in the channel to reduce channel 
conductance, since the n-channel for current flow already 
exists at zero gate bias. In contrast, ZnO nanowire FETs with 
positive threshold voltages are normally off type, n-channel 
E-mode transistors, indicating that more positive gate bias is 
needed to make the channel, since the channel current does 
not flow at zero gate bias. 

Figure 14.1la and b shows the electrical characteristics for 
n-channel D-mode ZnO nanowire FETS, whereas Figure M4.11c 
and d shows those for n-channel E-mode FETS. The Iyx-Vis 
curves of both D-mode and E-mode FETs have well-defined lin- 
ear regimes at low biases and saturation regimes at high biases. 
Figure 14.11b shows that the threshold voltage Vj, is ~4.14V, 
indicating n-channel D-mode behavior. The 1,-Vc plot in the 
semilogarithmic scale displays an on/off current ratio as large 
as 10* (inset of Figure 14.11b). In contrast, in the Ip.-Vq curves 
of Figure 14.11d, the threshold voltage V, is +10.85V, indicating 
n-channel E-mode behavior. The Iy,-Ve, plot in the semiloga- 
rithmic scale shows an on/off current ratio as large as 10* (inset 
of Figure 14.11d). 
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FIGURE 14.11 
inset shows the semilogarithmic plot ofthe Io. 


(@) fog-Vog and (b)Igg-V;, curves for n-channel D-mode FET of ZnO nanowires grown on an Au-coated sapphire substrate. The 
Va curve at Vpx= 0 V. (6) Ips-Vosand (€) Ips-Va, curves for n-channel E-mode FET of Zn0 nanow- 


ies grown on an Au-catalyst-free ZnO film. The inset shows the semilogarithmic plot ofthe ps-Ve curve at Vis=0.1 V. (Adapted from Hong, W.-K. 


etal, Appl. Phys. Lett, 90, 243103, 2007. With permission) 
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14.3.4 Electronic Transport in 
Surface-Architecture-Controlled 
ZnO Nanowire FETs 


It is well-known that interface roughness plays an important 
role in electronic transport for transistor devices (Hastas et al 
2002, Wang et al. 2005). In particular, the electronic transport 
in nanowire transistors can be influenced by the surface mor 

phology of nanowires associated with the interface roughness, 
including the presence of surface trap states at the interfaces 
between the nanowires and the dielectric layers of nanowire 
FETs (Wang et al. 2004, Dayeh et al. 2007a,b). In order to inves 

tigate the influence of surface states and/or defects (associated 
with surface roughness and nanowire size) on the electronic 
transport properties in nanowire transistors, the surface mor- 
phology- and size-controlled ZnO nanowires were grown on the 
three sets of sapphire substrates with ZnO buffer films: (1) an 
undoped ZnO film with Au catalyst (denoted as Au-Zn0 film) 
‘or without Au catalyst (denoted as ZnO film), (2) a gallium- 
doped Zn0 film with Au catalyst (denoted as Au-GZO film) or 
without Au catalyst (denoted as GZO film), (3) an aluminum 

doped ZnO film with Au catalyst (denoted as Au-AZO film) 
‘or without Au catalyst (denoted as AZO film). In addition, an 
‘Au-coated sapphire (denoted as Au-sapphire) substrate was also 
used for comparison with the ZnO buffer film-coated sapphire 
substrates. ZnO buffer films with approximately 1 yim thickness 
‘were grown on the sapphire substrates by a radio frequency (ef) 
sputtering system using a commercially sintered ZnO target, a 
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Ga,0, (1 wt%)-doped Zn0 target, and an A1,O, (1 wt%)-doped 
ZnO target. The Au thin film (-3nm) was deposited on some 
substrates using an e-beam evaporator to form Au catalysts for 
the growth of nanowires. 

Figure 14.12 shows the Ipy-V,, curves at Vig = 0.1 V of the sur- 
face-architecture-controlled ZnO nanowire FETs, which exhibit 
different electronic transport characteristics. Insets in Figure 
14.10 show the low-magnification TEM images of the surface: 
architecture-controlled ZnO nanowires grown on different sub- 


strates. The ZnO nanowires with relatively smaller diameters 
were found to have rougher surfaces than those with relatively 
larger diameters. The rough ZnO nanowires can have a larger 
surface-area-to-volume ratio than smooth ZnO nanowires. The 
FET devices made from smooth ZnO nanowires (nanowires 
grown on GZO, Au-AZO films, and Au-sapphire) have negative 
threshold voltages, indicating n-channel D-mode behavior that 
exhibits nonzero current at the zero gate bias. In contrast, the 
FETs made from rough ZnO nanowires (nanowires grown on 
Au-ZnO, ZnO, Au-GZO, and AZO films) have positive thresh- 
old voltages, indicating n-channel E-mode behavior that exhib- 
its off-current status at zero gate bias. 

Figure 14.13 shows cross-sectional schematics (Figure 14.13a 
and ©) across the electrodes, ZnO nanowire, and dielectric lay- 
ers with the corresponding equilibrium energy band diagram 
(Figure 14.13b and d) of the ZnO nanowire FETs at V; = OV. 
Figure 14.13a and b shows the case for smooth ZnO nanow- 
ires, and Figure 14.13c and d depicts the case for rough ZnO 
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FIGURE 14.12 _Ip,-V, curves (measured at Vj, = 0.1 V) of FETs made from ZnO nanowires grown on (a) Au-Zn0 and Zn0 films, (b) Au-AZO_ 
‘and AZO films, (c) Au-GZO and GZO films, and (d) as Au-sapphire substrate. Labels are explained in the text. The insets show the low magni 
fication TEM images of the surface-architecture-controlled ZnO nanowires. (Adapted from Hong, W.-K. et a., Nano Lett. 8, 950, 2008b. 


With permission) 
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FIGURE 14.13 A cross-sectional view across the electrodes, Zn nanowire, and dielectric ayers (a and c) and the corresponding equilibrium 
‘energy band diagrams of nanowire FETs at Vi= 0V (band d) for smooth ZnO nanowires (aand b) and rough ZnO nanowires (cand d). (Adapted 


from Hong, W.-K. et al, Nano Lett, 8, 950, 2008b. With permission.) 


nanowires. For single crystalline semiconductor materials, band 
bending due to Fermi-level pinning can occur at surfaces and/ 
or interfaces because the surface states and/or defects on single 
«xystalline nanowires can induce trap energy levels at the inter- 
faces (Wang et al. 2004, Calarco et al. 2008, Jones et al. 2007, 
Liao et al. 2007). The trapping of carrier electrons in the trap 
states can cause electron depletion in the channel, resulting in 
1 threshold voltage shift and a conductance modulation (Ikeda 
2002, Hossain et al. 2003, Fan et al. 2004a,b, Juet al. 2007, Yoon 
et al. 2007). Correspondingly, the different electronic transport 
behavior between smooth and rough ZnO nanowires can be 
explained by considering the depletion of electron carriers due to 
surface band bending at the PMMA/ZnO nanowire and/or ZnO 
nanowire-SiO, interfaces as shown in Figure 14.13. Note that 
for the convenience of discussion and simplification of charge 


transport mechanism, it is assumed that the uniform charge 
and gate potential distribution for nanowires is with circular 
cross sections. However, the typical back-gate nanowire FET 
geometry can be significantly influenced by the cross-sectional 
shapes of nanowires and whether the nanowire is embedded or 
not (Wunnicke 2006). In addition, the back-gate nanowire FET 
geometry has the limitation in accuracy for calculating the gate- 
nanowire capacitance as well as the complication for the experi- 
mental extraction of transport parameters under the presence 
of depletion region and trap states (Dayeh et al. 2007a,b, Khanal 
and Wu 2007). 

‘The depletion region by surface band bending and the effec- 
tive conduction region (or effective diameter) can be estimated 
as (Taurand Ning 1998, Yu and Cardona 2001, Wang et al. 2004, 
Goldberger et al. 2005) 
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FIGURE 14.14 (a) Depletion width (W,) and (b) effective diameter (D,q) of ZnO nanowires as a function of surface barrier potential of ZnO 


nanowires at N= 10-10 em”. 
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cis the surface barrier potential 
eis the electronic charge 
pis the doping density 
€qu9 is the dielectric constant of ZnO 
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‘Then by using the depletion approximation and charge neu- 
tality condition (Taur and Ning 1998, Yu and Cardona 2001, 
Hossain et al. 2003), the surface trap density (N,) can be esti- 
‘mated as N, = 2N,W,. Thus, the effective diameter (Dj) of the 
conduction layer in the nanowire channel can be expressed as 


(ri) 
.3 eV, and the nanowire diameter (D) is 100m, we obtain 


De (142) 


14.4 Summary 


In order to fabricate the functional devices from the ZnO 
nanowires, their fundamental properties must be carefully 
investigated because the presence of a large surface and interfa- 
cial area in nanowires can profoundly alter their performance. 
‘Therefore, it is essential to understand the surface-roughness- 
and size-dependent effects on the electronic transport proper- 
ties of nanowire transistors, Furthermore, since ZnO nanowires 
are strongly influenced by chemical environments due to large 
surface-to-volume ratio, it is also important to study on the 
passivation effects of dielectric layer on the transport proper- 
ties correlated to geometry and adsorbed species on the ZnO 


nanowires. In this chapter, we reviewed the electrical proper- 
ties of FETs made from the surface-tailored smooth and rough 
ZnO nanowires that were grown by a vapor transport method, 
‘The transport properties of ZnO nanowire FETs are associated 
with the surface roughness, nanowire size, surface states, and/or 
defects as well as the surface chemistry in surrounding environ- 
ments. The characteristics show that the electrical properties 
of ZnO nanowire FETs must be carefully investigated due to 
the various effects of nanowire surface and surrounding envi- 
ronments as well as interfaces. In the field of nanowire-based 
electronics, these explorations are important in understanding 
the transport properties and developing into practically useful 
device applications. 

In future, in order to enable ZnO nanowire FETs to function 
as building blocks for the next-generation electronic circuitry, 
the ability to rationally grow nanowires with precisely the con- 
trol of chemical composition, size, morphology, structure, and 
doping concentration will be required. Furthermore, the imple- 
mentation of assembling any kind of functional nanodevices into 
highly integrated nanosystems must be intensively investigated. 


Acknowledgment 


This work was supported in part by the National Research 
Laboratory (NRL) Program, the National Core Research Center 
(NCRC) grant, and the World Clan University (WCU) program 
by the Korean Ministry of Education, Science and Technology 
(MEST). 


References 


Agarwal, R. 2008, Heterointerfaces in semiconductor nanowires. 
‘Small 4: 1872-1893 

Arora, N. 1993. MOSFET Models for VLSI Circuit Simulation, 
‘New York: Springer, Wien. 

Bao, J, Zimmler, M. A, and Capasso, F. 2006. Broadband 
ZnO single-nanowire light-emitting diode. Nano Lett. 6: 
1719-1722. 


How It Works 


Figure 15-6. The 24-pin 74HC4514 decoder chip process 
es a 4-bit input and represents it by making one of its 16 
output pins active-high. 


How It Works 


‘A decoder contains logic gates, each of which is 
wired to respond to a unique binary pattern of 
inputs. (In the case of a seven-segment decoder, 
the internal logic is more complicated) 
Figure 15-7 shows the logic of a 2-to-4 decoder. 
The darker blue area contains the components 
inside the chip. The external switches are includ- 
ed only to clarify the function of the decoder. An 
open switch is imagined to provide a low logic 
input, while each closed switch provides a high 
logic input. 


Unlike ripple counters, where propagation de- 
lays can reduce the overall response time of the 
component, decoders function within two or 
three nanoseconds. 


Vai 


ints 


Decoder variants have not proliferated with time, 
and relatively few are available. Most are 3-t0-8, 
4-t0-16, and binary-coded-decimal types. 


The 7447 and 74LS47 are seven-segment decod- 
ers that have an open-collector output capable 
of drivinga 7-segment display directly. The 7448 
is similar but also contains built-in resistors and 
a capability to blank out leading zeros in a dis- 
play. However, some suppliers now list the 
74LS48 as obsolete. It may be still available from 


integrated circuit > digital > decoder 


old stock, but should not be specified in new ci 
cuits. 


Binary-coded 
Inputs 


Outputs 


Figure 15-7. A simplified simulation of the logic in a de 
coder. An actual chip would have an Enable line to activate 
the output. The dark blue rectangle indicates the space 
Inside the chip. 


Although 74LS47 is still being manufactured, 
and is available in surface-mount as well as 
through-hole format, a version isnot available in 
the widely used HC family of 74x chips. Care 
must be taken to satisfy the input voltage re- 
quirements of the 74LS47 when driving it with 
74HCox« chips. 


Values 


As is the case with other logic chips, most de- 
coders in the through-hole 74xx series are it 
tended for 5VDC power supply while the older 
4000 series may tolerate up to 18VDC. Surface- 
mount versions may use voltagesas lowas 2VDC. 


See the section on logic gates in Chapter 10 for 
a discussion of acceptable high and low input 
states. On the output side, the 4000 series chips 
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15.1 Introduction 
15.1.1 Fullerene (Cio) 


Fullerene is a new carbon material system closely related with 
carbon micro-clusters and/or carbon ultrafine particles. In gen: 
‘eral, micro-clusters are defined as atomic clusters consisting of 
less than 1000 atoms. On the other hand, ultrafine particles are 
usually defined as particles consisting of atoms above the upper 
limit of micro-clusters. The discovery of fullerene was achieved 
in the process of researching of carbon micro-clusters and/or 
carbon ultrafine particles. Fullerene is the name of a family of 
carbon clusters such as C,yy C;», and so on. In this chapter, we will 
use the word “fullerene” mainly as the name of the C,, clusters. 

Coo clusters were first physically observed as a magic num- 
ber cluster in the mass spectrum of cluster molecular beams, 
although their theoretical prediction had already existed in 
the pioneering research of these clusters. Furthermore, several 
large-scale production methods for Cjo clusters were found in 
a study on the formation process of carbon fine particles from 
the resistive heating for carbon rods. In a sense, the discovery of 
the fullerene was due to serendipity. Further information will be 
provided in Section 15.2. 


15.1.2 Solid Coo Crystals 


High-purity solid C,, molecular crystals can be obtained from 
high-purity C,, powders by using the sublimation method or the 
‘vacuum evaporation method in an ultrahigh vacuum (UHV) 
environment similar to the molecular beam epitaxy (MBE). This 
method is preferable to the solution grovth from a solvent for 
the separation of the Cj, molecules because of the reduction 
of residual impurities during growth. The solid Cy, crystal has 
a face-centered cubic structure (fec, Fin3m symmetry) above 
260K, and the lattice constant is 1.4154nm at 270K. [tis well 
known that each of the C,, molecules in the solid C,. crystal 
rotates continuously very fast with a rotation correlation time 
on the order of 10ps. "The C,, molecules behave asa sphere with 
a diameter of 0.71 nm. Therefore, the solid C,, crystal is called 
“the plastic crystal” with “a rotational diffusion” of the C,, mol- 
ecules. The rotational diffusion means that the degrees of free- 
dom ofthe molecular rotation are softened before the ones ofthe 
translational displacements. The electronic structure ofthe solid 
Cy has been extensively studied by many groups, and its semi 
conductor properties such as an energy band gap of about 1.6eV 
are commonly known. Moreover, one of the alkali-doped Cs, 
RbCs,C shows superconductivity with a critical temperature 


15-1 


15.2 


of 33K. In addition, it is well known that all alkali-doped Cyy 
systems, in general, show superconductivity. The epitaxy of the 
solid Cy layer has also been extensively studied by many groups 
known as the van der Waals epitaxy. The concept of lattice mis- 
matches of the epitaxial layers to the substrate is applicable as 
they are similar to the cases of the conventional semiconduc- 
tor epitaxy. Therefore, it isa litte difficult to obtain high-quality 
solid C,, layers without any dislocations and/or any boundary 
for high lattice-mismatch combinations even in the van der 
‘Waals epitaxy. Further information will be provided in Sections 
153 and 15.4 


15.1.3 C Field Effect Transistors (Co FETs) 


Fallerene field effect transistors (Cy, FETS) are typical of the fam. 
ily of the organic FETs (OFETS. It is well known that solid Cyy 
FETs have the highest electron mobility in the organic FET fam- 
ily, although most OFETs show the p-type, as shown in Figure 
15.1 [1]. The various types of the OFET have been extensively 
studied in recent years, because of their large area fabrication, 
flexibility, light weight, and low cost. The most essential reason 
for their extensive research may be due to a resource problem in 
conventional Siand compound semiconductors. Carbon materi- 
als exist almost infinitely on earth and the modification of car- 
bon compounds is very easy to obtain, because of vast chemical 
‘knowledge known about carbon compounds. Essentially, organic 
materials used in the OFETs are high-resistance materials with- 

out doping and, moreover, rather unique electronic properties 
appear even in the doped organic materials due to a strong elec 

tron-lattice interaction compared with conventional covalent 
semiconductors such as Si and GaAs. The doping materials in 
organic semiconductors, in general, do not form impurity levels 
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in the mid-gap of the band gap. However, the electrons of high- 
est isolated occupied molecular orbital (HOMO) levels of the 
doping materials can transfer directly to the lowest unoccupied 
molecular orbital (LUMO) levels of the organic semiconductor. 
In general, such charge transfer process is often accompanied 
with strong lattice distortion. Consequently, the mid-gap level or 
the impurity band never forms in conductive organic materials. 
Almost all conductive organic materials have similar electronic 
properties to intrinsic semiconductor systems even in impurity 
doping. The conductivity in the organic materials essentially 
comes from the properties of the electrode metals for organic 
materials. In that sense, the conventional Shockley-Bardeen 
theory cannot be applied to OFET operations. The situation for 
general OFETs is also common for solid C,, FETs. Further infor- 
mation will be provided in Sections 15.5 and 156. 


15.1.4 Bell Laboratory Misconduct 


In 2001, a research group in the Bell Laboratory had reported 
about the high-temperature superconductivity in the solid Cy 
FETs, and consequently an intensive study of Cj, FET supercon- 
ductivity has been performed by many research groups. However, 
none of the groups could show similar high-temperature 
superconductivity such as presented in the Bell Laboratory's 
presentation. This story is the beginning of infamous miscon- 
duct by Bell Laboratory. The investigation team for misconduct 
was immediately formed and they concluded that all reports for 
the solid Cy FET superconductivity from the Bell Laboratory 
were false [2]. One of the causes of the misconduct may be due to 
the severe competitive circumstances in the U.S. research soci- 
ety based on the market-driven principle in the research field 
From a scientific viewpoint, we have not succeeded in forming 
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‘an ideal interface between the solid C,, and the insulator layers 
in the FET structure until now. In that sense, the superconduc 
tivity problem in the solid Cj FET remains until now an open 
4question, in spite of the Bell Laboratory misconduct. 


15.1.5 Interfaces between Solid Coo 
and Insulator Films 


“The interface between the solid C,, layer and the insulator layer 
such as SiO, is formed mainly by two different ways. The first 
way is a conventional FET fabrication process technique for Cyy 
bulk. The second is an epitaxy of the solid C., layer on a pat. 
terned insulator layer with electrode metals. In both ways, there 
are several problems in forming an ideal interface. Namely, there 
are damage problems accompanied with the formation process 
of the insulator layer on the C,, bulk surface in the first way, and 
lattice mismatch problems for the solid C,, epitaxy in the second 
‘way. The interface problem is very essential for electron trans. 
port; therefore, the characteristics of the C., FETs such as J-V 
‘characteristics are strongly dependent on the interfacial states. It 
is well known that the I-V characteristics depend on adsorption 
molecules such as OH" ions during the J-V measurements under 
the atmosphere. The conventional sputtering method to form the 
insulator layers on the solid C,, surface easily results in physical 
plasma damages from ions and/or the sputtered elements from 
the target during the deposition of the layers. Therefore, we can 
only obtain a rather disordered interface like the interface found 
between the solid C,, and the SiO, layers. On the other hand, 
even in the second way, we can also only obtain the amorphous 
Cg interface when the solid Cy, layers are grown on the amor: 
phous surfaces like $iO,. The author's research group has pro- 
posed a new insulator layer made of epitaxial single crystalline 
AIN grown on the SiC and/or the Si substrates for single crystal: 
line solid Cy. growth. In principle, we can obtain a single crystal 
epitaxial layer of the solid C,. on the single crystalline AIN insu- 
lator layer. We will discuss about this new structure and the FET 
characteristics in the later sections. In these sections, we will see 
that we can obtain a higher performance Cy. FET in comparison 
with the FET structures consisting of conventional amorphous 
solid C,./SiO,, Further information will be found in Sections 
155 through 15,7 


15.1.6 Field Effect Doping 


It is well known that chemical doping in solid 
trollable as with conventional semiconductors such as Si. This 
issue is the common problem for all the organic materials, 
including solid C,. The key point of the problem is that almost 
all of organic materials behave as ideal intrinsic semiconductors 
with low conductivity and without mid-gap states. The carriers 
‘come from the source and the drain electrodes into the channel 
layer induced by an applied gate voltage. The carrier concentra- 
tions of the channel layer can be varied by controlling the supply 
of the carriers from the source and the drain electrodes through 
the modulation of the applied gate bias voltages. Certainly, in 


not as con. 
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high-performance OFET, the am-bipolar transistor operation 
has been observed as direct proof of field effect doping, rather 
than by conventional chemical doping. Namely, this doping 
technique is completely different to chemical doping in conven- 
tional FET, in which the carriers come from bulk conduction 
bands due to the band bending at the interface, except for the 
similarity of the device structures. An important advantage of 
the field effect doping technique is am-bipolar carrier injections 
by controlling the polarity of the gate bias voltage. The operation 
polarity is determined by the combination of metals and organic 
materials. For example, when gold, Au, is used as an electrode, 
the channel layer of the C,, FET shows n-type conduction and it 
is said that the solid C,y is n-type material, 


15.1.7 Operation Principles of Cjg FETs 


When the channel layer is formed by applying the gate bias volt- 
age, the modulation of the gate bias voltage produces modulation 
of the channel conductance between the source and the drain, 
‘The typical characteristics of the drain current and the drain- 
source voltage (Ip~Vzp characteristics) with some gate voltage 
(as shown in Figure 15.2 as a schematic illustration) consist of 
three parts: the sub-threshold, the linear, and the saturation 
regions. In the sub-threshold region, the drain current gradu- 
ally increases with the drain-source voltage due to the hopping 
transport mechanism. In the linear region, the uniform channel 
layer is formed by the applied gate voltages. Therefore, the drain 
current is proportional to the drain-source voltage just before 
the “pinch-off” voltage, according to the conventional FET 
theory. The channel layer just disappears due to a reverse bias 
voltage near the drain electrode at the pinch-off voltage. After 
the formation of depletion regions near the drain electrode at 
the pinch-off voltage, the external excess applied voltage of the 
drain-source electrodes is used as an extension of the depletion 
region in the channel layer. Therefore, in this region, the drain 
current saturates as a function of the applied drain-source volt- 
age. These pictures are commonly observed for conventional 
semiconductor FET performances, except for the sub-threshold 
regions. However, in principle, the solid C,, FET, and in gen- 
eral, also high-performance OFETs are expected to result in the 
am-bipolar operation, which is completely different from the 
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FIGURE 15.2 Schematic illustration of typical LV characteristics of 
OFET. 
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conventional semiconductor FET, because of the difference in 
the origin of the induced channel carriers. In solid Cyy FETs, we 
‘can inject both the electrons and the holes into the channel lay: 
crs. In principle, we can control the p- and/or the n-channels of 
FETs by using the polarity of the external applied gate voltage, 


15.1.8 Superconductivity 


In the future, it is expected that the C,, FET will possibly have 
superconductivity with a considerably high critical tempera- 

ture, in spite of the Bell Laboratory misconduct. If we can real 

the ideal interface between the high-quality intrinsic solid 
‘a layer and the insulator layer, then the am-bipolar operation 
will be observed with very high mobility. This will be possible, 
though the present stage for C.. FETs is very far from achieving 
the above-ideal situation even with the highest performances. 
‘Therefore, the superconductivity ofthe C,, FET still now remains 
‘an open question. It is a very interesting issue, especially related 
to the holes’ injection in the FET structure. We have already pro. 

posed a new type of C,,/single crystalline AIN FET structures 
‘on SiC and/or Si substrates for investigating the possibility of 
superconductivity with a considerably high critical temperature. 

However, so far, the preliminary Cy, FET performance is not at 
all so high, 


15.1.9 Guides for This Chapter 


In this chapter, we discuss in detail the basic and the advanced 
topics about Cq, FETs. In Section 15.2, we describe the funda 
‘mental physical properties of Cj, molecules, including a brief 
historical review, a large-scale production synthesis method, an 
electronic structure of C,, molecules, and the significant aspects 
of Cqy FETS. In Section 15.3, we describe the various physical 
properties of solid Cj. crystals. In Section 15.4, we describe 
the van der Waals epitaxy of the solid Cy, layer to be used in 
a realistic application of the FET structures. In Section 15.5, 
the basic concept of organic FETs, including the Cy, FET, will 
be described in order to understand the Cj FET operation. In 
Section 15.6, the realistic fabrication process of the Cgy FET is 
discussed in detail. In Section 15,7, the characterizations of the 
‘ao FET performance are described and we discuss about strat. 
egy for the realization of high-performance Cj, FETs. Finally, we 
summarize this article in Section 15.8. 
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15.2 Fullerene (Coo) 


In this section, we describe the minimal knowledge about fuller 
ene, in particular, the Cy molecule, to help in understanding 
the following sections. For those who want to know more details 
than presented in every section, look in the review and textbook 
references at the end of this chapter. 


15.2.1 Discovery of Fullerene Family 


‘The discovery of fullerene certainly gave a heavy shock to the sci 
entific society, especially in carbon chemistry. In 1985, Curl and 
coworkers discovered fullerene, the Cy, molecules, at the Sussex 
and the Rice Universities (3). It is well known that the name of 
“fullerene” is named after Richard Buckminster Fuller who is 
one of the representative modern architects in the United States. 

‘The existence of the C,, molecule had already theoretically been 
predicted as a “corannulene” molecule by Eiji Osawa in 1970 

He noticed that the structure of a corannulene molecule was a 
subset of a soccer-ball shape and, therefore, he predicted that a 
full ball shape could also exist. Unfortunately, he reported his 
idea only in a Japanese journal, but news of his discovery did not 
reach Europe and America. Before the discovery of the fuller 

ene, the only known stable structures of the carbon system were 
diamond, graphite, and amorphous carbon. Therefore, most 
people thought that it would be difficult for a new structure of 
the carbon system to exist, because of the long research history 
of carbon systems by the chemistry. However, in 1985, Harold 
Kroto, who was studying the origin of interstellar molecules, was 
interested in interstellar molecules that have curious absorption 
and emission spectra. He thought there was a possibility that 
some carbon systems, produced in the supernova process, were 
strongly related with the origin of the emission spectra. Initially, 
Kroto did not think about the Cjy molecular structure at the 
beginning of the 1980s, but he thought about some carbon mol- 

ecules with strange chain structures. In 1984, Kroto visited the 
Richard Smalley Lab in Rice University to discuss a new pro- 

posal for “a laser-vaporization cluster beam mass spectroscopy” 

(see Figure 15.3) in which a similar condition to the supernova 
process for the carbon cluster formation seems to have been 
generated [4]. The experimental results were unexpected. The 
‘mass spectra for the laser-ablated carbon systems showed strong 
intensity in the Cj, molecule {5~7]. However, Kroto, Smalley, 
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FIGURE 15.3 _Laser-vaporization cluster beam mass spectroscopy. 
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and Robert Curl could not explain at all the stable structure of 
the C,, molecule when they first observed the strong mass spec- 
tra from it. It is said that they had a sudden inspiration about 
the stable structure of the C,, molecule from a geodesic dome 
designed by a famous modern American architect, Buckminster 
Fuller. The geodesic dome has a mechanically stable structure 
due to the proper dispersion of the internal force of the dome. 

‘They reported their ideas about the stable structure of the Cyy in 
an academic paper with several other scientific data. However, 
many carbon researchers did not pay so much attention to the 
paper. The researchers needed direct proof such as optical spec- 
troscopic data of the Cy for the discussions about the structure 
of Cy molecule to be taken seriously. However, the amounts of 
‘Cio molecules produced by the laser-vaporization cluster beam 
_mass spectroscopy were not enough at all for an optical spectro: 

scopic measurement in spite of the high generation rate of the 
Coo molecules. It was difficult to construct an apparatus large 
‘enough for the laser-vapor evaporation method of the large-scale 
production of the C,, molecules to occur. Therefore, the fuller- 
ene proposal by Kroto et al. had to wait until large-scale produc- 
tion methods for the fullerene had improved, 


15.2.2 Synthesis of Co Molecules 


In 1990, the American and German cooperative research groups 
found a new “gas evaporation method” for the large-scale pro. 
duction of fullerene [8]. In the new method, a highly purified 
carbon rod was directly heated by an electric current under 
the He gas ambient of 100 Torr. The yield of C,, molecules by 
using this method was about 10%. Moreover, Smalley’s group 
also developed another large-scale production method named 
the “contact arc method,” as shown in Figure 154, in which the 
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maximum yield of Cy, molecules reached at about 13% [9]. Some 
other large-scale production methods such as the RF-heating 
method [10] and the gas burning method [11] have been devel- 
oped by now. They also have been used for the commercial large- 
scale production of Cj, molecules. 

‘Typical carbon soot produced by the contact arc method, for 
example, usually contains 0%-15% fullerene, in which C,, mol- 
ecules consist of 70%-85% of the weight, 10%~15% of the weight 
is Cy and other higher-order residual fullerene molecules. 
Kratschmer et al. discovered abstraction methods for obtaining 
C,gmolecules from carbon soot produced by large-scale produc- 
tion methods like the gas evaporation method. They found out 
that fullerene such as Cyy molecules can be easily dissolved into 
an organic solvent, while the rest of the carbon cannot be dis- 
solved. They also observed that the sublimation temperatures of 
Cy and Cy, molecules in UHV are different from each other: 
300°C and 350°C for the Cy, and C,, molecules, respectively (8 
‘The high purity abstraction rate of more than 99.97% of the Cy 
molecules from the soot was achieved by this molecular distil- 
lation method using the sublimation apparatus with a constant 
temperature gradient [12]. Furthermore, very recently, it has 
been reported that a purity of more than 99.99999% classes has 
been achieved by a N, atmospheric train-sublimation method by 
Laudise et al. (see Figure 15.5) [13] 

‘On the other hang, liquid chromatography such as open-column 
chromatography for Cyy molecules [14] and high-performance 
liquid chromatography (HPLC) [15] are also very popular and 
useful methods for the abstraction of Cjy and higher-order fuller- 
ene like the Cy molecules. However, in general, the purity of the 
fullerene obtained by these methods cannot be as high compared 
with the molecular distillation method because of residues of the 
organic solvent. 

In any case, the C,, molecular powder with a purity of 99.98% 
can be easily bought commercially. For the van der Waals epi- 
taxy of solid C,y for the FETs, in general, the C,, molecular pow- 
der with the purity more than 99.98% has been used. 


15.2.3 Properties of Cio Molecule 


‘The hypothesis for the structure of the Buckminster fuller- 
ene Cy, molecule proposed by Kroto and Smalley in 1985 was 
researched for the large-scale production of C,, samples using 
various types of spectroscopy. In particular, there were several 
important theoretical predictions about the lattice-vibration 
spectrum, for example, for the infrared absorption (IR) spec- 
trum [16-19], Theoretical investigations predicted that only the 
first four-order vibration modes in the IR spectrum were active 
among 174 degrees of freedom in the lattice vibrations ofthe Cy, 
molecules, when the structure was a soccer-ball shape. Indeed, 
Kritchmer and Huffman used the four IR modes in the IR spec- 
tra to identify the C,, molecules in the carbon soot produced by 
their gas evaporation method, as mentioned in their 1990 aca- 
demic paper on the large-scale production of fullerene 
According to their theoretical predictions, the Cjy molecules 
with J, symmetry have 46 vibration modes, including many 
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FIGURE 15.5 N, atmospheric train-sublimation method. 


degenerated modes with 174 degrees of freedom in lattice vibra- 
tions. The 46 inner-molecule lattice-vibration modes of the Cy, 
molecule were classified by the J, symmetry as follows [20} 


T(Co)=24, +3, +48, +6G, +8H, + AL 

+48, + 5B, + 6G,+ 7H, (5.1) 
where the 4F,, modes are only allowed for the IR active mode. 
‘On the other hand, the 10 modes of the 24, and the 8H, modes 
are also allowed as Raman active modes. The IR (A) and the 
Raman (B) spectra from the solid Cy, layers deposited on the Si 
substrate are shown in Figure 15.6. The 4 IR and the 10 Raman 
peaks in the spectra are clearly observed [21] 

Other strong experimental data from the soccer-ball shape of 
‘Cg molecules can be obtained by '*C nuclear magnetic resonance 
(C-NMR) measurements. Indeed, the Kroto research group 
at Sussex University and the Bethune research group at IBM 
(Almaden) obtained only one NMR signal due to the high I, sym- 
metry in the "C-NMR measurements [14,22]. Moreover, the x-ray 
diffraction for the C,,(OsO,) single crystal [23] and the neutron 
diffraction for the low-temperature solid C,, crystal succeeded in 
obtaining more direct proof of the soccer-ball shape structure of 


Distance 


C,amolecules after stopping of the high-speed rotation of the Cy 
molecules by using various scientific techniques [24) 

Buckminster fullerene consists of 12 pentagons and 20 hexa- 
gons that isa geometrical stable combination due to Euler’stheo- 
rem as follows: 

V+P=E+2 (152) 
where V, F,and E are the numbers ofthe vertex, the face, and the 
side of a polyhedron, respectively. Euler's theorem is very helpful 
for the discussion about the geometrical stability of the higher- 
order fullerene structures. However, because the chemical sta- 
bility is not equal to the geometrical one, we have to take into 
account the electronic structure of Buckminster fullerene. In 
the simplest calculation using the Hiickel approximation, we can 
estimate the electron energy levels in the C,, molecule. When the 
electron pairs, in which each electron has the opposite spin 
from each other, occupy the lowest energy level and the electron 
pairs finally form a closed electron shell, the Buckminster fuller- 
ene becomes chemically stable, in addition to being geometri- 
cally stable. This is known as the “Hiickel rule,” and it is used for 
describing the chemical stability of the fullerene family. 
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FIGURE 15.6 Infrared (A) and Raman (B) spectra from solid C,, layers deposited on Si substrate. 
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‘The electronic structure of the Cjy molecule is very unique 
because it has many degenerate levels due to high 1, symmetry. 
In the Hiickel approximation, it is estimated that the HOMO. 
level, h,, is five-folded degenerated and the LUMO level, th, 
is three-folded, and that the energy gap between the HOMO 
and the LUMO levels is about 1.5 eV. Therefore, itis assumed that 
the solid C,, crystal becomes a semiconductor [25-28]. A scan- 
ning tunneling microprobe (STM) observation under the UHV. 
showed that the Cy, molecules on a well-defined solid surface 
like Cu (111) or Si (111) 7 x 7 do not spin due to the interaction 
between the surface and the Cy, molecules induced by a charge 
transfer from surface to the Cy, molecules. Many other inter- 
esting properties of the Cy, molecules are referred to another 
chapter in this handbook series. 


15.3 Solid Cy, 


A solid Cy single crystal without any residual organic solvent 
can be obtained by using the sublimation method or a vacuum 
evaporation method like MBE, while solid C,, crystals grown by 
solution growth can easily include residual solvent. 


15.3.1 Crystal Structure 


‘The structure ofthe solid ,, bulk crystal grown by using the subli- 
‘mation method has twokinds of structural phases. They are high: 
temperature and a low: temperature phase above and below 260K, 
respectively [29] In the high-temperature phase above 260K, the 
structure of the solid Cy is a fec lattice with (Fm) symmetry 
in the space group and the lattice constant is 1.4145nm. The four 
‘Cy molecules in the unit cell of the solid C,q crystal look like balls 
with a diameter of 0.71nm due to the high-speed spin rotation in 
the x-ray diffraction measurements. Each C., molecule in the solid 
Cy crystal rotates very fast continuously with a rotation correla. 
tion time on the order of 10s, estimated from the line width of the 
5C.NMR spectra [30]. The rotational diffusion property of the Cyy 
molecules in the solid Cy, bulk was shown estimating the neutron 
inelastic scattering and the rotation potential ofthe C,y molecules 
that have many local minima with the thermal activation energy 
‘of 35mev [31]. Therefore, the solid C, crystal is called “the plastic 
crystal” witha rotational diffusion of Cjy molecules, in which the 
degrees of freedom of molecular rotation are softened before the 
translational displacement. 


15.3.2. van der Waals Interaction of Coo 


‘The lattice vibration of solid Cy, consists of two kinds of vibra: 
tion modes, an inner-molecular and an intermolecular vibra 

tion. The inner-molecular vibration mode is due to the vibration 
in the degree of freedom in the C,, inner molecule. Therefore, 
the spectrum of the inner-molecule vibration is very similar 
to the isolated Cy, molecule, described in Section 15.2. On the 
other hand, the intermolecular vibration modes are the proper 
vibration modes of solid C,., and there are three kinds of modes: 

acoustic, optical, and libration modes. The phonon frequency of 
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FIGURE 15.7 Lattice constant of solid Cy as a function of 
temperature 


all modes (0-50 cm) is lower than the vibration modes in con- 
ventional covalent crystal modes such as Si (0-530cm"), because 
of the large mass of the fullerene molecules and the weak van der 
Waals interaction between the C,, molecules. The innermolecu- 
lar vibration modes have a considerable higher frequency than 
the intermolecular vibration modes (32) 


15.3.3 Structural Phase Transition 


‘The crystal structure of solid C,, suddenly changes from a fec 
structure to a simple cubic (sc) structure when below 270K in the 
first-order phase transition, because of the discontinuity in the 
variations of the lattice constant, as shown in Figure 15.7 [33] 


15.3.4 Electronic Structures 


‘The electronic structure of solid C,, has been extensively studied 
by many groups. They have already revealed certain aspects of 
its semiconductor nature, for example, the energy band gap of 
about 1.5eV. Figure 15.8 shows the band structure of the fee Cuy 
crystal calculated by the density functional method, accompa- 
nied with 1 electron levels from an isolated Cy, molecule calcu- 
lated by the Hiickel method, as presented by Saito and Oshiyama 
[28]. The electronic structure has a rather small dispersion and a 
narrow bandwidth (0.4eV). They are just the origin of the band 
gap of fec solid C,y. The solid Cy is a direct band-gap semicon- 
ductor in which the gap is the difference between the bottom of 
the LUMO and the top of the HOMO at X point. 

‘The photo-emission spectroscopy (PES) and the inversion 
photo-emission spectroscopy (IPES) are very useful in directly 
observing the electronic structures of solid C,y. The HOMO! 
LUMO gap (3.7eV) estimated from the PES and IPES spectra 
is larger than the gap estimated by the other techniques such as 
the absorption measurements. The middle energy points of the 
HOMO and the LUMO bands are above 2.25eV and below 1.15eV 
from the Fermi level, respectively. Its said that the large band gap 
in the PES and the IPES is due to the electron correlation effect [34 
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FIGURE 15.8 Band structure of ee C, 


‘The HOMO and the HOMO-1 bands, which come from the hy, 
and the h,-g,, respectively, are ™ electron-like states. These bands 
are 5- and the 9-degenerated electron states. On the other hand, 
the empty states consist of the LUMO and the LUMO+I bands 
that originate from the f, and the t,. They form 3-degenerated 
states in the empty bands. 

‘The electrical conductivity 6 of solid C,, is extremely low, 
that is, from 10° to 10" (Q2 cm)". Therefore, solid Cyy is like 
an insulator [35,36]. The fluctuation in electrical conductivity is 
due to impurities and defects. Furthermore, there are difficulties 
in measuring high-resistance materials. ‘The relative dielectric 
constant of solid Cj is 4.40.2 [37]. The relative deviation of the 
dielectric constant (Ae/e) is due slightly to the temperature with 
a small discontinuity at 260K. This variation is due to the phase 
transition from the fec to the se structures and a broad step-like 
dependence around 165K in the low-temperature phase which 
‘occurs due to a disorder in the molecule’s axis in the pentagon 
and hexagon directions [38] 


15.3.5 Optical Properties 


‘The absorption and luminescence spectra for solid C,y depos 
ited on a quartz substrate are shown in Figure 159 [39]. Three 
strong absorption peaks are observed at 221, 271, and 347nm, 
‘These peaks come from the n-n* transition of the C,, molecules, 
because the peaks arealso observed from C,, molecules dispersed 
in an organic solvent, The broad and weak bands, observed at 
around 600m, come from the forbidden transition between the 
t,,and h, levels. In contrast to these absorption peaks, the rather 
strong band at 430-520nm comes from the proper absorption 
of solid C,,. A broad photoluminescence spectrum with peak 
energy at 737nm is observed above 10K, as shown in Figure 
15,95, However, the photoluminescence spectrum at 1.2K, as 
shown in Figure 15.10, shows two luminescence bands excited by 


crystal calculated by density functional theory. 
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FIGURE 15.9 Absorption and luminescence spectra for solid Cy 
deposited on a quartz substrate 
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FIGURE 15.10 Photoluminescence spectrum from solid Cy. at 1.2K. 
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are able to source or sink less than 1mA at SVDC, 
butthe 74HCxxseriescanmanagearound 20mA. 


How to Use It 


The original applications for decoders in com- 
puter circuits have become uncommon, but the 
chips can still be useful in small appliances and 
gadgets where multiple outputs are controlled 
bya counter or microcontroller. 


Although 16 is usually the maximum number of 
outputs, some chips are designed to allow ex- 
pansion. The 74x138 (where a chip family iden- 
tifier such as LS or HC can be substituted for the 
letter x) is a 3-to-8 decoder with two logic-low 
Enable pins and one logic-high Enable. If a 
value-8 binary line is applied to the low-enable 
of one chip and the high-enable of another, the 
first chip will be disabled when the line goes high 
toindicate that thebinarynumber 1000hasbeen 
reached, and the second chip can continue up- 
ward from there by sharing the same three less- 
significant-bit inputs. As many as four chips can 
be chained in this way. 


What Can Go Wrong 


Problems that are common toall digital chips are 
summarized in the section on logic gates in 
“What Can Go Wrong” on page 105. 


Glitches 

Although a decoder typically functions faster 
than a ripple counter, it suffers the same tenden- 
cyto introduce brief glitches in its output. These 
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are momentary invalid states which occur while 
processes inside the chip thatare slightly slower 
are catching up with other processes that reach 
completion slightly faster. A brief settling time is 
necessary to ensure that the outputs stable and 
valid, This will be irrelevant when powering a de- 
vice such as an LED indicator, which will not 
display such brief transients. The problem may 
be more important if the output from the de- 
coder is used as an input to other logic chips. 


If the input to a decoder is derived from a ripple 
counter, the input may also contain glitches, 
which can cause erroneous outputs from the de- 
coder. It is better to use a synchronous counter 
on the input side of a decoder. 


Unhelpful Classification 
Online parts suppliers tend to list decoders un- 
derthe samecategory headingas encoders, mul- 
tiplexers, and demultiplexers, making it difficult 
to find what you want. Under this broad subject 
heading (which will include thousands of chips), 
if you search by selecting the number of inputs 
relative to the number of outputs that you have 
in mind, this will narrow the search considerably. 


Active-Low and Active-High 

Chips with identical appearance and similar part 
numbers may have outputs that are either 
active-low or active-high. Some may offer a 
latch-enable pin, while others have enable pins 
that must be pulled low or forced high to pro- 
duce an output. Accidental chip substitution is a 
‘common cause of confusion. 
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FIGURE 15.11 Optical measurements results from infrared to ultraviolet wavelengths for €,(@) and/or the e,() 


734 and 684nm. The 734 and the 684nm excited bands consist of 
the electronic transition and a vibronic transition [40] 

‘The dielectric function, e(«), consists of the real part €,() 
and the imaginary part e,(«), as follows: 


eo) =€,(0)+i8,(0) (15.3) 


‘The complex refractive index, n,(), is the root of the dielectric 
function: 

n(o}* =€(0) (sa) 
in which n,(@) consists of the real part, the refractive index n(), 
and the imaginary part, the extinction coefficient x(o). The 


£,(@) and the e,(0) are connected with the n(@) and the x(@), 
as follows: 


€(@) =n)? —K(@) 055) 


£:(@) = 2n()(@) 


‘These optical constants can be obtained from the absorption and 
the reflection spectra. The dielectric function is the most impor- 
tant and basic physical quantity concerning the optical properties 
of the solid C,, layers. The typical results of the optical measure- 
‘ments results from the infrared to the ultraviolet wavelengths for 
the €,(0) and/or the €,() are shown in Figure 15.11 (41). In the 
‘measurements, the solid 100nm thick C,, layers were deposited 
‘on proper substrates such as Si and glass by using the vacuum 
evaporation method. Many coupled modes were observed in the 
thick solid C,, spectra in addition to inner-molecular F,, vibra- 

tion modes (526, 576, 1183, and 1428cm-*) and their two coupled 
‘modes (1539 and 2328cm*), roughly below 0.3eV. A solid Cyy 
film is also assumed to be a nonlinear optical system due to the 
eelectrons in the molecules. Third-harmonic generations were 
reported by Kajzar. The third nonlinear susceptibility as a func: 

tion of the wavelength is shown in Figure 15.12 [42] 
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FIGURE 15.12 Third nonlinear susceptibility as a function of the 
wavelength, 


‘The photo-conducting spectra of the solid C,, deposited 
on glass substrates are shown in Figure 15.13 [39]. The photo: 

conducting spectrum from the thin Cj, layer just corresponds 
to the absorption spectrum. However, the behavior of the photo- 
conductivity is out of phase with the absorption spectrum, as 
shown in Figure 15.13. The photo-conducting spectra show that 
the photo-active region of solid C,, is only limited to around the 
thin surface region and, therefore, the diffusion length of the 
photo produced electrons and/or holes is very short. The electron. 

hole pairs can be produced within the thin small region, because 
the photons cannot penetrate deeply into the solid Cy, layers. 
There is a decrease in one order of magnitude of the photo. 

conductance due to oxygen exposure, because the oxygen mol- 

ecules absorbed into the solid C,, layer work as recombination 
centers for the carriers, decreasing their lifetime and mobility. 
‘The absorption of the oxygen molecules into the solid C,, layers 


15-10 


a 4 
Pr Photo current (x20) 
Fh thickness 25 nm 
be Photo current 
+ i Le hickness 200 nm 
ah aA 4s 
. * Sd 
e, ‘ d4 
= 7 ne 
A il g 
2 2 
® = 
1 4, J, 
wm, 
Absorption , 
° 0 
“00 300-400~—=500”~—600 7008 
‘Ware eng om) 


FIGURE 15.13 Photo-conducting spectra of solid Cyy deposited on 
‘glass substrates. 


is a reversible process. In addition, photo-conductance recov- 
ering accompanied with oxygen adsorption is observed by the 
180°C temperature mark annealing under a vacuum. However, a 
large irreversible deterioration of photo-conductance is induced 
by white light irradiation exposure to oxygen in the solid Cyy 
layers, because of a chemical reaction between the oxygen atoms 
and the C,, molecules induced by white light irradiation, 

‘The polymerization of solid C,, is induced by ultraviolet 
strong light irradiation and/or a low-energy (3-1500eV) elec 
tron beam. We can check the polymerization in several ways; 
for example, by using the Raman frequency shift. The polymer: 
ization by ultraviolet light and the low-energy electron beam is 
due to an excitation of the electrons in the double bonds of the 
hexagons and the following reconstruction of new bonds struc 
tures between the Cy molecules [21,43]. However, the oxygen 
contamination in solid Cyy layers has a suppression effect in the 
polymerization process, because the oxygen atoms work as the 
killer centers of the excited electrons before the formation of new 
bonds. Furthermore, the transition from dimmer to monomers 
is also induced by a thermal annealing at 200°C under an UHV. 
environment. The activation energy of this process is estimated 
at about 1.25eV [44]. 


15.4 van der Waals Epitaxy of Coo 


‘The epitaxial growth of solid C,, on several proper substrates 
offers very attractive potential due to its new electrical and 
‘optical properties, provided we can obtain the ideal interface 
between solid C,, and the insulator layers. The intermolecular 
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distance on the fec solid C, 
times longer than the inter-atomic distance on the top surface 
of semiconductor substrates such as GaN. ‘The atomic arrange- 
ment of the GaN (0001) surface has a sixfold symmetry simi- 
lar to a fee solid Cy (111) surface. The inter-atomic distance 
GaN (0001) is about 0.3191m, which is nearly one-third of the 
intermolecular distance of the Czy molecules in a fec solid Cuy 
(111) surface. If we define the latice-mismatch as the difference 
between the intermolecular distances on the Cyy (111) surface 
[45] and the distance is almost equal to three times the inter: 
atomic one on the GaN (0001) surface, then the lattice-mismatch 
becomes about 4.5% which is not so serious ofa difference in the 
lattice-mismatch of solid Cy epitaxial growth. Additionally, it 
is well known that nitride is rather stable surface for chemical 
reactions. Therefore, this surface is assumed to be a chemically 
inactive plane. This plane is necessary for the epitaxy of a van 
der Waals molecular crystal without any covalent bonds to sub- 
strates [46]. It is equally important in the formation of a van der 
Waals interface in layered materials such as Mica [47] and MoS, 
[48]. Consequently, the solid C,, epitaxial growth on the proper 
substrates can be expected to appear under proper growth con- 
ditions. We call the epitaxy like this (solid C,, epitaxial growth 
without any covalent bonds to the substrates, except for the 
potential periodicity), “the van der Waals epitaxy.” In this sec- 
tion, the basic knowledge about the epitaxial growth of a solid 
Cua single crystal layer is described. 


film is about Inm. This is several 


15.4.1 Molecular Beam Epitaxy 


Conventional solid source MBE is named after the epitaxial 
growth using molecular beams such as the C,, beam produced 
by conventional Knudsen thermal cells (K-cells) under an UHV 
environment below a background pressure of lower than 10" Pa, 
‘The conventional MBE system usually consists of a main cham. 
ber for epitaxial growth, a preparation chamber for the surface 
cleaning of the substrate, and an introduction chamber for 
the substrate charge from the atmosphere, as shown in Figure 
15.14, Each chamber has a pumping system with several vacuum 


FIGURE 15.14 Conventional MBE system, 


Field Effect Transistors 


monitoring systems such as a nude ion gauge in order to keep 
the UHV environment, and all chambers are connected via 
gate valves with each other. The main chamber has a sample 
holder with a sample heating system and a monitoring system 
for epitaxy. For example, a reflection of high-energy electron 
diffraction (RHEED) system and a quadrupole mass spectro- 
scopic (Q-Mass) system are used for monitoring the growth sur- 
face and the background ambient during epitaxy, respectively. 
‘The main chamber should maintain the UHV environment as 
much as itis possible in order to suppress contamination dur- 
ing growth, allowing a cooling bag using liquid nitrogen or a 
water circular system to settle inside the chamber. The prepa 
ration chamber has a thermal heating system for sample clean- 
ing and, in many cases, other in-situ characterization systems 
such as the Auger electron spectroscopic (AES) system in order 
to characterize the sample surface before and/or after epitaxy. 
‘The substrate prepared by the proper chemical cleaning treat 
‘ment is installed into the introduction chamber from the atmo- 
sphere to the high vacuum environment. Then, the substrate is 
transferred from the introduction chamber to the preparation 
chamber through the gate valve to clean the surface and, occa 
sionally, to perform some in-situ characterization under a UHV 
environment before growth. After the surface cleaning, the sub- 
strate is transferred into the main chamber for growth. In the 
main chamber, the K-cell and/or the substrate heating systems 
should fally do the out-gas procedure before the installation 
of the substrate. The beam flux also should be estimated by a 
nude ion gauge monitor before and after growth, if possible. The 
details of the general information of MBE growth and systems 
can be obtained from the proper reference books. 


15.4.2 van der Waals Epitaxy 


van der Waals epitaxy is an important technique in overcom- 
ing the restrictions in large lattice-mismatches in the crystal 
growth. According to Koma, the van der Waals interface can 
drastically relax the lattice-matched growth conditions, because 
of a weak interaction between the films and the substrates [46] 
‘There has been much interest in using single crystalline Cjy thin 
films grown by van der Waals epitaxy on hydrogen- terminated 
(H-terminated) Si substrates. These newly functional films 
have a great potential in many areas due to the discovery of 
the large-scale production synthesis methods of C,, molecules. 
However, it has still been difficult to obtain single-domain Cy, 
thin solid films with the fec structure on Si substrates, though 
single-domain Cy, films can be grown on layered material sub- 
strates such as MoS, [48], GaSe [49], and Mica [47]. The growth 
of Cy films on H-terminated Si (111) substrates with quasi van 
der Waals interfaces shows a three-dimensional island growth 
mode. In addition, the film's grown structure contains a fee 
double domain. Therefore, a large fec single-domain film has not 
been obtained yet to the best of our knowledge. 

‘The most popular device structures of C,, FETs is a bottom 
contact structure with a SiO, insulator layer formed on a con: 
ductive Si substrate as a gate electrode, and the details will be 
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described in the later sections. In the bottom contact structure 
with the SiO, insulator layer, the C,, layer becomes an amor- 
phous or a polycrystalline structure due to the amorphous sur- 
face of the SiO, layer. If we want to use the single crystalline 
solid Cj. surface, then we have to apply the top contact structure 
to the single crystalline solid Cjy bulk. The solid Cyy bulk can 
only be obtained on the inside of the furnace wall by methods 
such as train sublimation. However, the obtained single crystal 
is usually very small. Although it is not impossible to make Cy. 
FETs using such tiny C,, bulks, interface problems such as the 
ion damage always occur in the formation process of the insula. 
tor layer when using such a sputtering method. Therefore, in the 
current state-of-the-art technology, it is very difficult to obtain 
an ideal interface between solid Cy. and insulator layer in both 
FET structures. There is a lot of discussion about the use of the 
bottom contact structure in the C,, FET because of the easy fab- 
rication process, even for amorphous-like interfaces. 


15.4.3 Initial Growth Surface 


Here, we will discuss the relationship between the van der Waals 
epitaxy and the initial growth surface. We have already pointed 
out that the interaction between the Cy» molecules and the initial 
surface plays an important role in the epitaxial growth of the 
solid Cy, layer. Therefore, we discuss several types of surfaces 
such as the H-terminated Si (111) surface andor the single crys- 
talline AIN surface 


15.4.3.1 H-Terminated Si (111) Surfaces 


In Figure 15.15, typical atomic force microscope (AFM) image 
and RHEED pattern of C,, epitaxy on an H-terminated Si (111) 
surface are shown, Petal-like islands with considerable low den- 
sity are formed on the H-terminated Si (111) surface. The results 
strongly indicate that the van der Waals interaction between Cyy 
molecules and the surface is not so strong and, therefore, that 
the migration length of the Cj, molecules on a quasi van der 
Waals surface like the H-terminated Si (111) surface is consid- 
erably longer than conventional epitaxy such as with Si layers, 

However, we can control the island density and size by using a 
two-step growth technique, as shown in Figure 15.15. The two- 
step growth technique is well known as one of the most impor- 
tant techniques in achieving a high-quality single crystalline 
for high lattice-mismatch hetero-epitaxial systems. According 
to the two-step growth procedure, the Cy layers are grown at 
150°C to enhance the surface migration of Cy, molecules, ater 
the formation of low-temperature buffer layer growth at 30°C 
successively annealed at 150°C to form a high nucleus density, 
respectively. The typical beam equivalent pressure of the Cy, 
molecular beam (purity; 99.99%) was 5.0 x 10° Torr during 
growth, and the beam pressure corresponds to a growth rate of 
0.8nm/min (50) 

‘A RHEED pattern from the grown layer by using the two- 
step growth technique showed a fec single-domain structure, as 
shown in Figure 15.16. However, the RHEED pattern from the 
directly grown layer showed a double-domain fee structure in 
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FIGURE 15.15 
ta 


‘Typical AFM image and RHEED pattern of Cy epi- 
fon an H-terminated Si (111) surface. 


which the normal and the rotated domains on the Si substrate 
mixed with each other, as shown in Figure 15.16. According to 
Saito, in the case of C,, epitaxy on NaCl substrates, not only hex 
agonal (or truncated triangular) plates (which are single crystals) 
but also particles with irregular shapes which look like petals are 
‘observed, Such petal-like particles are rich in planar defects such 
as parallel and cyclic twining [47]. Therefore, the triangle islands 
formed in the two-step growth have a single-domain fec struc 
ture, The petal-like islands formed in the direct growth have a 
double-domain fc structure. These well-arranged dense islands 
‘on thesurface obtained by the two-step growth may havea poten: 
tial to form thick C,, films with the fec single-domain structure. 


15.4,3.2 Hexagonal GaN (0001) Surfaces 
with Ga-Polarity 
‘The epitaxial growth of solid Cy, on semiconductor substrates 


offers a very attractive potential due to its newly discovered 
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FIGURE 15.16 Typical AFM image and RHEED pattern of C,, grown 
layer by using two-step growth technique. 


electrical and optical properties. The atomic arrangement of 
the hexagonal GaN (0001) surface has a sixfold symmetry 
similar to the fec solid Cy, (111) surface. Its inter-atomic dis 

tance is about 0.319nm, which is near one-third of the inter 

molecular distance of the C,, molecules in fc solid Cy, (111) 
surfaces. An extended lattice-mismatch in the van der Waals, 
epitaxy can be defined as the difference between the intermo. 

lecular distance in the C,, (111) surface and the distance equal 
to three times the inter-atomic one in the h-GaN (0001) sur- 

face. The extended lattice-mismatch then becomes 4.5% which 
is the lowest among conventional semiconductor substrates 
in solid Cy, epitaxial growth. Additionally, it is well known 
that the h-GaN surface is rather stable for chemical reactions. 

‘Therefore, the surface is expected to act as a chemically inac 

tive plane which is necessary for van der Waals epitaxy as well 
as the van der Waals interface in layered materials such as 
Mica and MoS, [51] 
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FIGURE 15.17 Typical RHEED patterns from solid C, 


‘The GaN (0001) surfaces formed on the o-Al,O, substrates are 
prepared by a metal organic vapor phase epitaxy. Typical RHEED 
patterns from a solid Cj layer grown on a flat h-GaN (000) sur. 

face at 100°C for 60min are shown in Figure 15.17. The directions 
ofthe incident electron beam are parallel to (a 1120] and (b) [1170] 
crystal axes of the h-GaN (0001) surface. The in-situ RHEED. 
observation revealed that the Cj film growth did not occur at 
150°C because ofthe re-evaporation of the Cj, molecules from the 
surface. On the other hand, sharp streaks from the fc (111) sur 

face can be observed in the RHEED patterns, as shown in Figure 
15.17. The results imply that the lattice-structure of the grown 
layer is mainly the fe structure, and the relationship ofthe crys 

tal axes between the epitaxial grown layers and the h-GaN (0001) 
substrates is Cp (111))|h-GaN (0001), Coz {101]h-GaN [1120], Coy 
[113}ffs-GaN (0170), as shown in Figure 15.18. Figure 15.19 shows a 
typical AFM image ofthe Cys layer ona flat h-GaN (0001) surface. 


0000000 
b-GaN (0001) surface 
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FIGURE 15.18 Relationship of crystal axes between epitaxial grown 
layers and h-GaN (0001) substrates. 
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ws layer grown on flat h-GaN (0001) surface at 100°C for 60min, 


FIGURE 15.19 ‘Typical AFM image of Cy, layer on lat h-GaN (0001) 
surface, 


‘The whole surface of the substrate was completely covered with 
highly dense C,, islands. The size of the islands was on the order 
ofa sub-micron meter. Figure 15.20 shows the growth tempera: 
ture dependency on grain size and density estimated from AFM 
images, as shown in Figure 15.19, in Cj. growth on h-GaN and 
H-terminated Si. In the case of Cj, growth on the h-GaN, the 
grain size slowly increases and the grain density rapidly decreases 
as.a function of the growth temperature in comparison with the 
H-terminated Si substrate. The results indicate that the interaction 
between the C,, molecule and the h-GaN surface is extremely 
weak compared with C,, film growth on a H-terminated Si (111) 
surface. The evaporation of the Cy, molecules on the GaN surface 
may very well easily occur and, consequently, it leads to a reduc 
tion of the diffusion length of C,, molecules during growth. Short 
diffusion and/or migration lengths may induce highly dense small 
grains, as shown in Figure 15.20. 


Growth temperature 'C) 


FIGURE 15.20 Growth temperature dependency on grain size and 
density estimated from AFM images, a shown in Figure 15.19. 


‘The experimental results for Cy direct growth on rough 
hh-GaN (0001) surfaces show that a polycrystalline Cyy layer 
can only be obtained. Furthermore, it suggests that the sur. 

face migration of the Cyy molecules may be suppressed by the 
existence of various planes on the rough surface. The feC Cyy 
layers can be grown epitaxially even on a rough h-GaN (0001) 
surface by using the two-step growth technique, though only 
the polycrystalline C,, layers are obtained by direct growth. All 
‘experimental results strongly indicate thatthe periodicity of the 
‘h-GaN surface potential for the van der Waals epitaxy is easily 
and strongly modified by surface roughness. Therefore, the flat- 
ness of GaN substrate is also a very important factor in obtain: 

ing a high-quality C,, epitaxial layer. 


15.4.3.3 Hexagonal AIN (0001) Surface 
with N-Polarity 


‘The AIN single crystal layer can be grown on 6H-SiC [53,54], 
[55,56], and so on. The single crystal AIN layer has large band- 
gap energy (6.2eV) and enough high dielectric breakdown volt 
age for Cy, FET applications. Lattice-mismatch between the Cyy 
fec structure (111) and the h-AIN (0001) is 7.3% in Cy, [10%] AIN 
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{1120} (the 0° orientation) and 7.0% in C,, [113}AIN [1120] (the 
30° orientation), as shown in Figure 15,21. These values are 
acceptable under Cyy van der Waals epitaxy [45]. Therefore, 
the AIN layer is assumed to be the substrate for single crystal 
Cay layers. However, the lattice-mismatch in both orientations, 
shown in Figure 15.21 is almost the same, Because the Cj van 
der Waals epitaxy has a character that the growth orientation 
on the smooth surface strongly depends on the lattice mismatch 
{45}, it is a little dificult to predict the Cy orientations on the 
AIN surface. Ifthe single crystal Cy, layers can be grown on a 
AIN surface, a more perfect interface can be obtained than by an 
interface formed by the conventional sputtering method. 

Figure 15,22 shows typical RHEED patterns froma solid Cy, 
layer grown on a smooth AIN surface (RMS value: 0.9m) for 
2h at 100°C-160°C. All the RHEED patterns in Figure 15.22 
indicate a fec (111) structure. ‘The ring pattern appears on a 
spot pattern below a growth temperature of 100°C. Both the 
RHEED patterns with the azimuth of electron beam paral- 
leled to AIN [1010] and AIN [1130] at 100°C-130°C show the 
Inclusion of Cy [101] and Cy [113] patterns, as shown in Figure 
15.22, Moreover, win patterns are also observed, On the other 
hand, the Cu, [10] pattern is only observed with a AIN (1130] 
azimuth of the electron beam at 160°C, and the C,, [113] pat- 
tern is only observed with a AIN [10i0] azimuth of the electron 
beam at 160°C, respectively although the twin patterns are still 
observed at 160°C. 

From the RHEED results we can summarize that the Cys lay. 
ers that are grown at 100°C-130°C contain four kinds of grains, 
which are the Cy. [10i7]|AIN [1120] (the 0° orientation) and its 
twin grains and the C,, [113]||AIN [1120] (the 30° orientation) 
and its twin grains, as shown in Figure 15.23. However, the 
RHEED intensity from the O° orientation i always stronger than 
that from the 30° orientation, Figure 15.24 shows the intensity 
ratio ofthe 0” orientation grain as a function of the growth tem 
perature, In this figure, the 0° orientation grains are grown more 
than the 30° orientation grains, and its ratio is about 73. The C,s 
layers that are grown at 160°C contain only the 0° orientation 
grains, although the twin grains still remain, The results strongly 
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FIGURE 15.21 Cy [101]|AIN [1120] (the 0° orientation) and 7.0% in Cy, 
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+ The RHEED patterns from the solid Cy layer on smooth AIN surface 
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FIGURE 15.22 ‘Typical RHEED patterns from solid C,, layer grown on smooth AIN surface (RMS value: 09.nm) for 2h at 100°C-160°C. 


FIGURE 15.23 Summarized illustration of epitaxial relationship between solid C, 
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FIGURE 15.24 RHEED intensity ratio of 0° orientation grain as a 
function of growth temperature. 
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‘and AIN (0001) surface. 


indicate thatthe C,, grains with the 0° orientations are stable on 
smooth AIN surface in high-temperature growth, although the 
Iattice-mismatch for each orientation is almost equal. 

The solid C,y grains grown on the smooth AIN surface for 
Sh at 100°C-160°C showed a three-dimensional island growth, 
‘Their grain density and grain size asa function of growth tem: 
perature show a trade-off relation which is strongly connected 
to the migration of Cy, molecules and the covering of Cy, ay. 
ers on the AIN surface. The RHEED pattern for the solid Cyy 
layer grown on the rough AIN (RMS value: 9.5nm) surface at 
the 130°C shows a mixed pattern with a spot and a ring. The 
RHEED result indicates that the orientation of the grains is not 
controlled at all. Such random orientation can be improved by 
thermal annealing at 130°C after the low temperature growth 
at 30°C. However, the obtained C,y layers have multi-domain 
structures. The results indicate that the roughness of the AIN 
surface is also an important factor for Cj epitaxy. The RHEED 
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pattern from the solid Cy layer grown on the polycrystalline 
AIN (RMS value: 0.7nm) at 130°C shows a full ring pattern, 
Which means the polycrystalline C,, layer is grown on the sur. 
face. It strongly indicates that the periodic atomic arrangement 
of the surface is also an important factor in C, epitaxy as well as 
the surface roughness [52]. 


15.5 Principles of Organic 
FET Functions 


‘The first report on the mobility measurement of an organic 
semiconductor material, merocyanine, using the field effect was 
published in the Japanese Journal of Applied Physics in 1984 by 
Kudo et al. (57). Just after the first report on the field effect of 
the organic semiconductors, Koezuka et al. described the first 
OFET using polythiophene in 1987 [58]. After these innova 
tions by Japanese researchers, the study of organic FETs has 
been extensively developed through the last two decades. The 
mobility of the carrier has achieved the same level as the ploy Si 
FETs in the late 1990s, as shown in Figure 15.1, Now, it has been 
reported that the highest mobility of organic FETs is 40cm:/V s 
in a single crystalline rubrene FET [59]. According to Haddon 
et al, the solid Cy layers were utilized at the active element in 
thin film FETS [60]. However, the mobility of the FETT was found 
to be rather low (10°* cm:/V s) by Tang et al. 61]. Very recently, 
‘ group from the University of Tokyo has reported the highest 
electron mobility of 6.0cm?/V s in the Cy FET structures at a 
low temperature [62]. The developments of the OFETs perfor- 
‘mance have been rapid in recent years like other organic devices 
such as organic electro-luminescence (OEL) [63]. In this section, 
wwe discuss about the general principles of OFETS, including Cy, 
FETs for a deeper understanding of Cy FET operation in the 
later sections. 


15.5.1 Device Structures of OFETs 


Organic transistor materials are classified mainly into two 
categories: low- and high-molecular compound systems such 
as rubrene and polythiophene, respectively. In. general, low. 
molecular compound systems have a rather high mobility 
‘Consequently, the research on the OFETS using low-molecular 
systems has been intense in recent years. Therefore, in this sec 
tion, we will discuss about FETs using low-molecular compound 
systems. The various types of FET structures such as vertical 
structure [64] and the Schottky gate structure [65] have already 
been reported. However, in this section we will discuss metal 
insulator semiconductor (MIS) structures, which are the most 
popular FET structures. In the OFET structure, mainly two 
types of structures are usually used in research: (a) bottom and. 
(b) top contact structures, as shown in Figure 15.25a and b, 
respectively. The bottom contact structure is the most popular 
structure in OFETS, because a fine-patterning technique for the 
short channel is easily applicable just after the deposition of the 
electrode metal, as shown in Figure 15.25a. The organic active 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


Organic semiconductor layer 


Dorain Source Dorain Source 
Lal 
Mnsulstor layer OT / 

@ “Gate © ‘Gate 


FIGURE 15.25 Schematics of (a) bottom and (b) top contact FET 
structures 


elements are deposited on the source and drain electrodes and 
the insulator layer after the fine-patterning of the electrodes. In 
general, in the bottom contact structure, the considerably large 
height difference between the electrodes and the insulator sur- 
face becomes an origin of high contact resistance between the 
active organic element and the metal electrodes. The discontinu- 
ity between the electrode and the organic materials at the edge of| 
the electrodes becomes an origin of fluctuation in the FET per 
formance such as in the I-V curves. In contrast, active organic 
elements are deposited ona flat insulator surface before the elec- 
trode formation in the tap contact structure. However, achiev- 
ing the fine-patterning of the organic semiconductor material 
systems is considerably difficult. Therefore, the metal electrodes 
formation is usually performed by using a metal-mask vac- 
‘uum evaporation method. Moreover, a high contact resistance 
between the top metal electrodes and the interface ofthe insula- 
tor-organic layer in the active channel region cannot be essen- 
tially avoided. In practice the contact resistance is lower than 
the case of the bottom contact FET, because the metal atoms of 
the electrodes may diffuse into the organic layer. In general, SiO, 
layers thermally grown on a Si substrate are used as the insu 
lator layer and gold is used as source and drain electrode. The 
interface between metal and organic semiconductor becomes a 
Schottky junction because of the large difference in the carrier 
density between the metal and organic materials without dop: 
ing. Therefore, the off-current is very low due to the large contact 
resistance in the OFET operations. 


15.5.2 Metal/Organic Layer Interface 


Organic semiconductors show intrinsic semiconductor nature 
and have very low impurity states in the band gap. Therefore, 
carriers excited by thermal energy play an essential role in the 
current conduction of OFETs. Both the electrons and the holes 
contribute to the carrier transport in the same manner as in am: 
bipolar operations. However, many experimental reports have 
been published on p-type materials such as rubrene and n-type 
materials such as solid Cys layers. Such a material dependency on 
the conducting types inspite of an essentially am-bipolar nature 
in organic semiconductors had been a large mystery in the OFET 
research for many years. However, very recently, Yasuda et al 
have reported about the am-bipolar operations in OFETs such as 
pentacene or Cu-ftalocianina which had been consideredap-type 
OFET [66]. According to them, the am-bipolar operation can be 
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realized by using a potassium electrode with a low work func- 
tion, instead of the Au with a considerably high work function. 
Moreover, Nishikawa et al. have reported about the am-bipolar 
operation of OFETs using the work function asa control by using 
a modification technique that uses self-organized mono-layered 
molecules on the surface of Au electrodes [67]. These results 
strongly indicate that the formation of the carrier accumulation 
layer at the interface of OFETs is completely different from that 
of conventional semiconductor FETs. Namely, although the car- 
rier accumulation layer for conventional semiconductor materi- 
als is formed by impurity doping into bulk, the carrier injection 
from the electrode plays an essential and important role for the 
formation of the carrier accumulation layer in OFET structures. 
According to Tamura et al., the formation of the accumula. 
tion layer in OFETs can be explained consistently using by the 
‘Maxwell-Wagner model for dielectric materials. In other words, 
the formation of the carrier accumulation layer can only be real: 
ized by carrier injection from the electrode with a low injection 
barrier height. However, the carrier accumulation layer cannot 
be formed for a high injection barrier [68]. The results of the 
analysis of the formation of accumulation layers indicate that 
the type of carriers of the accumulation layer can be determined 
by the relationship between the work function of the electrode 
metals and the HOMO-LUMO levels of the organic semicon: 
ductor materials, that is, the Schottky barrier between the elec- 
trode metals and organic semiconductor surfaces. 


15.5.3 Field Effect Doping for Solid C,, Layers 


‘A field effect doping technique has been proposed as a new type 
carrier doping that is applied to the interface between solid Cyy 
and insulator layers by applying an external voltage to it in a 
similar manner to conventional field effect transistor (FET) 
(60, In this doping technique, the solid C,, layer is treated as 
a semiconductor that was theoretically predicted by Saito and 
Oshiyama [28]. Injected career density and/or polarity through 
the interactions between the electrodes metals and the solid Cyy 
layer can be controlled by the value and the polarity of external 
gate voltage in this technique. This point is a great advantage 
in the field effect doping for Cys device fabrication techniques 
in comparison with conventional chemical doping. However, 
several serious problems need to be resolved before there are 
realistic device applications using the field effect doping tech. 

nique. The most important problem to be fixed is how to form 
well-controlled interface between the insulator and the solid 
‘Cas layers. The channel region is formed in several mono lay- 
ers from the interface. In the fabrication of the FET structure, 
an excellent C,, interface without any damage can be formed 
by the deposition of a Cy vacuum on a single crystal insulator 
layer such as the AIN layer (as shown in Figure 15.26) because 
the AIN single crystal layer can be grown on 6H-SiC [53,54], 
Si [55,56], and so on. In the conventional sputtering method 
for insulator film deposition, itis easy to damage the interface 
region. Therefore, it isalitle difficult to form a reproducible and 
excellent interface. On the other hand, the single crystalline AIN 
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FIGURE 15.26 Typical IV, characteristics of fabricated Cy FETS 
with (@) conventional SiO; layers and with (b) newly proposed AIN 
layers 


layer has the large band-gap energy (6.2eV). In addition, it also 
has enough high dielectric breakdown and dielectric constant 
for Cay FET applications. Consequently, it is expected that the 
interface between the single crystalline solid Cy layers grown 
‘ona single crystalline AIN insulator layer will become one of the 
most promising structures for field effect doping, 


15.5.4 Am-Bipolar OFET Operations 


In general, organic semiconductors such as solid Cyy films are 
essentially intrinsic semiconductors, with the characteristics 
of low carrier density and an absence of impurity levels in the 
band gap. Therefore, if we can remove the extrinsic factors such 
as the absorption of gas and the carrier traps and can choose the 
proper electrode metals, an am-bipolar transistor can be easily 
realized in contrast to conventional semiconductors. There are 
many ways to realize a practical am-bipolar transistor such as, 
fabricating the device under a vacuum or using inert gas ambi- 
ent to prevent the absorption gas effect. Another typical idea is 
the usage of an asymmetric Schottky barrier source-drain elec- 
trode structure using different metals with large or small work 
functions from each other. Moreover, organic polymers such 
as polymethyl methacrylate (PMMA) can be applied as insula- 
tor layers to remove the electron traps on the SiO, surface. The 
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electrons and the holes can be injected simultaneously under 
am-bipolar operation. Therefore, itis expected that a pseudo 
PN junction will result in light emission due to a recombination 
of simultaneously injected electrons and holes in the channel 
‘Am-bipolar light-emitting transistors have been reported in 
the carbon nanotubes, the organic polymers, and the tetracene 
channel FETs [69-71]. Unfortunately, however, am-bipolar oper- 
ations have not been observed in solid C,, FETs until now for no 
essential reason. 


15.6 Fabrication of Fullerene Field 
Effect Transistors (Cj) FET) 


‘The most important problem in the fabrication of the Cyy FETs is 
how to form an effective interface between the insulator and the 
solid C,s layer. In this section, we discuss a new structure of the 
Cg FETs, which consists of an epitaxial AIN layer as the insulator 
and a solid C,, epitaxial layer grown on a AIN (0001) surface to 
realize the ideal interface, in comparison with the most popular 
structure of Cj/SiO, FETs. First of all, the solid Cj. growth on 
the AIN (0001) surface by using the MBE technique is described 
again, although we have already described it in Section 15.4 

Furthermore, how Cj islands with a fecstructurecan be obtained 
‘ona smooth single crystalline AIN surface has been explained. 

‘The experimental results show that four types of Cys islands, in 
general, are obtained: those with 0° of orientation and its twin 
‘ones, those with 30° of orientation and its twin ones. However, 
only the islands with 0° orientation can be obtained by control: 

ling of the solid C,, growth temperature. Such results strongly 
indicate that an effective interface between the AIN insulator 
and the solid C, layer can be formed for device applications. The 
fabrication of polycrystalline solid C,,/AIN FET structures and 
the conductive characteristic of Cy, FETS as a function of the Cyy 
_grain size have also been described. The C,, grain size grown on 
the polycrystalline AIN insulator layer is always larger than on 
SiO, insulator layers. Moreover, the electron mobility increases 
with the Cj grain size. Its also shown that the activation energy 
in the hopping conduction below the threshold voltage decreases 
along with the Cy, grain size. These results all strongly indicate 
that the C,y/AIN FET structure has a great potential in achieving 
an outstanding performance in C, FETS [72] 


15.6.1 Substrates: SiO, or AIN 


‘The most popular substrate is a conductive Si substrate with a 
thermal oxidation layer, SiO,. The SiO, layer has some excel- 
lent properties as an insulator layer, and it is well known in the 
Si-MOSEET world. However, the fatal shortcoming in the SiO, 
layer as the insulator layer of the solid C,, FET is that the amor- 
phous surface structure prevents single crystalline solid Cy epi 
taxy. On the other hand, AIN layers grown on conductive Si (or 
SiC) substrates have similar excellent properties as the insulator 
films of C,, FETs to SiO, films, except that they have a crystal 
surface, The crystal surface of the insulator film is necessary 
in forming an ideal interface between solid C,, ayers and the 
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insulator layers. For van der Waals epitaxy of solid Cy layer to 
form the ideal interface, however, there are also other necessary 
conditions such as lattice-matched conditions and the surface 
roughness of the insulator layer to be met. Therefore, the AIN 
layer grown on the Si (or SiC) substrates has a great potential for 
the insulator layer of solid Cjg FETS. 


15.6.2 Device Process 


‘The drain and source electrodes of gold are usually fabricated 
on the insulator layer by conventional lithography techniques. 
The channel length (L) and width (WW) of the fabricated FET 
described here are 75 and 175m, respectively. After the lithog- 
raphy of the electrodes, the Cys layers are grown at 30°C-160°C 
by a conventional solid source MBE system, 


15.6.3 Coo Epitaxy 


The lattice mismatches between the solid C,, (111) surface with 
the fcc structure and the AIN (0001) surface with the wurtzite 
structure (h-AIN) are 7.3% in Cy [101] |AIN [1120] (0° orienta- 
tion) and 7.0% in G,, [113] AIN [1120] (30° orientation), as shown. 
in Figure 15.21. The lattice mismatch can be permitted in the van 
dder Waals epitaxy of the solid Cys layer [45]. It has been reported 
that afee Cy layer can be grown on h-GaN (0001) which is chem- 
ically stable just like AIN [51]. Therefore, AIN can be expected 
to be a substrate for the single crystal Cx layers. However, the 
Iattice-mismatch in both orientations (shown in Figure 15.21) is 
almost the same. Because the Cy. van der Waals epitaxy growth 
orientation on the smooth surface strongly depends on the lat- 
tice mismatch [45], it is a little difficult to predict the C,, orienta- 
tions on the AIN surface by using the above considerations. If 
single crystalline Cy, layers can be grown on the AIN surface, a 
more effective interface can be obtained than from an interface 
formed by the conventional sputtering method, However, no one 
has succeeded in forming a single crystalline C, layer grown on 
the AIN surface so far. Therefore, we have to investigate the char- 
acteristics of FETs with polycrystalline solid Cy layers on the 
AIN surface while at the same time studying the single C,, layer 
growth on single AIN layers. In particular, itis very interesting 
that the size of the C,, grains may be strongly related to con- 
ductive characteristic such as the mobility and/or the activation 
energy of hopping conduction in FET performance. 

‘A smooth single crystalline AIN surface (root mean square: 
RMS value: 0. 9nm), a rough single crystalline AIN surface 
(RMS value: 851m), and a smooth polycrystalline AIN surface 
(RMS value: 0. 7m) can be formed by the nitridation of Al,0, 
(0001) substrate or by the AIN growth on them by using radio: 
frequency plasma-assisted molecular beam epitaxy (RF-MBE), 
The Cy layers described here can also be grown on a AIN surface 
for 2-5h at 60°C-160°C by a conventional solid-source MBE 
system under a base pressure of -107 Pa. The monitoring of the 
growth process is usually performed by RHEED. The surface 
morphology of the solid C,, grown layer can be characterized 
by using the AFM. The AIN layers should be grown on a p-type 
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Si (111) substrate by using the RF-MBE system at about S00.am 
(RMS value: 1.7mm) in order to fabricate the bottom contact 
FET structure. For the C,/SiO, FET structure, for example, the 
p-type Si (100) substrate is ordinarily used as a substrate covered 
‘with a SiO, insulator layer thermally formed at roughly 250m 
(RMS value: 0.2m), 

Figure 15.22 shows typical RHEED patterns from solid Cyy 
layers grown on a smooth AIN surface (RMS value: 0.9 am) for 
2h at 100°C-160°C. All RHEED patterns in Figure 15.22 show 
‘ones from the fec (111) structure, Ring patterns appear in spot 
patterns below a growth temperature of 100°C. Both the RHEED 
patterns, the one with azimuth electron beam paralleled to the 
AIN [10]0] and the AIN [1130] crystal directions from samples 
grown at 100°C--130°C, show the inclusion of both C,, [101] and 
Cay [112] patterns, as shown in Figure 15.22. Moreover, twin pat 
terns are aso observed. On the other hand, the Cy [10]] and the 
Cu [113] patterns are only observed with the AIN [11-20] and 
AIN [1010] azimuths from samples grown at 160°C, respectively 
However, the twin patterns are stil observed even at 160°C. 

‘The RHEED results can be summarized as follows: the Cyy 
layers grown at 100°C-130°C contain four kinds of islands 
which are in the C,, [107]|AIN [11] (the 0° orientation) epitaxial 
relation and its twin islands. They are also in the C, [113]]AIN 
[1130] (the 30° orientation) epitaxial relation and its twin islands, 
as shown in Figure 15.23. However, the RHEED intensity from 
the islands with the 0° orientation is always stronger than 
from the islands with the 30° orientation. Figure 15.24 shows the 
RHEED intensity ratio for both islands in the epitaxial relation 
‘with the 0° and the 30° orientations as a function of the growth 
temperature. The islands with 0° orientation are grown much 
larger than ones with 30° orientation. The ratio is about 7:3. The 
Cua layer grown at 160°C contains only islands with 0° orienta 
tion. However, the twin islands still remain. The results strongly 
indicate that the C,y islands with the 0° orientation are stable 
‘on a smooth AIN surface in high-temperature growth, while the 
lattice-mismatch for each orientation is almost the same. 

‘The Cy islands grown on the smooth AIN surface at 
100°C-160°C show a three-dimensional island growth. The den: 
sity and the size ofthe islands, asa function of growth tempera 
ture, showa trade-off relation which is strongly connected to the 
zigration of the Cy, molecules and the covering of the C, layers 
on the AIN surface. 

‘The RHEED pattern for a solid Cy, layer grown on a single 
AIN with a rough surface (RMS value: 8.5m) at 130°C shows a 
‘mixed pattern with a spot and a ring. The RHEED results indi- 
cate that the orientation ofthe grains is not controlled at ll. Such 
random orientation can be improved by the thermal annealing 
at 130°C after a low-temperature growth at 30°C. However, the 
obtained Cyy layers have multi-domain structures. The results 
indicate that the roughness ofa single crystalline AIN surface is 
also one of the important factors for solid Cy, epitaxy. 

‘The RHEED pattern from a solid Cys layer grown on a poly- 
crystalline AIN (RMS value: 1.7nm) at 130°C shows a com 
plete ring pattern. This means that a polycrystalline C,, layer 
is grown on the surface. Furthermore, it strongly indicates that 
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the periodic atomic arrangement on the AIN surface is also an 
important factor in solid crystalline Cy, epitaxy as well a in sur- 
face roughness (52 

‘The RHEED observations show that polycrystalline Cy, lay- 
ers can be grown on both AIN and SiO, layers. By observing the 
AFM in surface morphology, it was revealed that the grain size 
of the polycrystalline C,, layers grown on polycrystalline AIN 
layers was larger than those grown on SiO, layers under the same 
conditions of Cy growth. The results indicate that a better inter- 
face due to the obtained larger C,y grains can be made on AIN 
layers rather than on SiO, layers. 


15.6.4 Measurements of FET Performance 


A drain current versus a source-drain voltage (Ip-Vis) charac- 
teristic of FETs are usually measured by a conventional three 
probe current-voltage measuring system in an ambient N, atmo- 
sphere to avoid oxidation, 


15.7 Characterization of Coy FETs 
on SiO, or on AIN 


15.7.1 I-V Characteristics 


Typical [p-Vap characteristics of fabricated Cqy FETs with (@) 
conventional SiO, layers and with (b) newly proposed AIN layers 
are shown in Figure 15.26a and b, respectively. The typical Ip~Vay 
characteristics consist of three regions: (1) the sub-threshold, (2) 
the linear, and (3) the saturation regions, similar to the Iy~Vay 
characteristics of polycrystalline Si thin-film transistors (TFTS) 
[73]. According to the standard explanation of polycrystalline 
Si TETs, those three regions can be explained by the differences 
in the conduction mechanisms. he linear and/or the satura- 
tion regions in the Iy-Vap curves can be understood by normal 
band conduction. The electron mobility can be estimated from 
the Iy-Vey curves. The electron mobility of such Cy, FETs with 
(a) SiO, and with (b) AIN layers are estimated from the Ip-Vin 
curves, as shown in Figure 15.26a and band are 2.0 x 10 and 
9.0 x 10° cm#/V s, respectively. It is well known that the grain 
size is closely related to the mobility in conventional polycrystal- 
line SiTTFTS. The electron mobility estimated from [y~Vay curves 
asa function of the Cy, grain size is shown in Figure 15.27. The 
electron mobility increases with grain size similar to conven- 
tional polycrystalline Si TFTs. 


15.7.2 Sub-Threshold Region 


‘The sub-threshold region at a low Vip can be understood as hop- 
ping a conduction region [74]. According to many reports on 
organic FETs, a hopping conduction is commonly observed in 
them, and it strongly depends on the temperature and the elec- 
tric-field-strength in the channel [75]. The activation energy of 
carrier hopping in Cy FETs, which is estimated from the tem- 
perature dependence of the [,~Vsy curves in the range of 200- 
300K by a gate voltage of 7.5, is shown in Figure 15.28. The 
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FIGURE 15.28 Activation energy of carrier hopping in Cu FETs with 
AIN and SiO, insulator layers. 


results clearly indicate that the activation energy decreases with 
grain size ina manner similar to organic FET cases (76] 

‘Moreover, a disorder model for a hopping conduction is given 
by the following equation: 


1=enf (28) eo[o -e*] ok 


where ,,6, and ¥ are the pre-exponential factors, the parameters 
of diagonal disorder, and the parameter of off-diagonal disorders, 
respectively [75]. The diagonal and the off-diagonal disorders 
mean the energetic and the positional disorders, respectively. 
When the ¥ is larger than the o, the electron mobility in a hop: 

ping conduction has a negative dependence on the electric-field- 
strength. The electron mobility in the hopping region is shown in 
Figure 15.29 as a function of the electrical field in the interface. 
‘The permittivity and the thickness of the AIN and the SiO, layers 
are different from each other. Consequently, the number of carti 

‘ers induced by the gate voltage should be estimated as a function 
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FIGURE 15.29 Electron mobility in hopping region as a function of 
electrical field 


of the dielectric flux density. As shown in Figure 15.28, the elec- 
tron mobility ina polycrystalline C,/SiO, FET does not depend 
on the electric-eld-strength. However, the electron mobility 
in the amorphous C,/SiO, FET and the polycrystalline Cyl 
AIN FET decreases with the electric-field-strength. Therefore, 
such a negative slope in the electron mobility as a function of 
the electric-feld-strength in the hopping region means that a 
positional disorder is dominant at the interface of those FET. 
That is, a route for the conductive current without any relation to 
the electric-feld-strength must be formed in polycrystalline Cyl 
AIN FETS and amorphous C,/SiO, FETS. Such large positional 


disorders can be understood by looking at the geometrical inter- 
face roughness which is due to a rough surface morphology of 
the AIN layers in the case of C/AIN FETs and by the structural 
interface roughness due to the poor amorphous structure of the 
Coq layers in Cy/SiO, FETS. 


15.8 Summary 


We have described solid C,, FETs starting from a basic explana- 
tion of C,, molecules to FET applications, through an introduc- 
tory discussion about van der Waals epitaxy and organic FET 
operations. The most essential issue in C,, FET research at the 
present stage is the formation of an ideal interface between solid 
Cay and the insulator layers. To accomplish this, we need a new 
combination of solid Cy, and insulator layers. In this chapter, we 
discussed that one of the possible strong candidates is a combi- 
nation of solid C,, and single-crystalline AIN grown on either 
SiC or Si substrates. However, this problem still remains open 
to debate, 

In the near future, it is expected that rather high-tempera- 
ture superconductivity will be obtained to form the ideal 
interface in some solid Cjy FET structures. The reasons of this 
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expectation are based on the potential of hole-injection in field 
effect doping and high-energy inner-cluster phonon (-1000K) 
‘which will assist in the superconductivity in the bulk of solid 
Ca (7778). Furthermore, the various combinations of car- 
bon materials such as nanotubes and graphene with solid Cyy 
FET structures will bring new applications like new molecular 
devices to reality. The Cy FET structures must play essential 
and important roles in carbon nano-electronics in the research 
beyond CMOS in the future 


References 


1. http://wwwaist-go,jp/aist e/latest reserach/2004/20041118/ 
20041118html: Latest researches, “n-Type Organic Thin 
Film Transistor Prepared by Printing Method” 

2. http:/wwwlucent.com/news: Bell Lab Research Review 
Report, Report ofthe investigation committee on the possi- 
bility of scientific misconduct in the work of Hendrik Schén 
and Coauthors, 2006/11/29, 

3. H.W. Kroto, J. R. Heath, S.C. O’Brien, R. F Curl, and R. E 
Smally, Nature, 318, 162 (1985). 

4. E. A. Rohlfing, D. M. Cox, and A. Kaldon, J. Chem. Phys, 
81, 3322 (1984). 

5, H.W. Kroto, Angew. Chem. Int. Ed. Engl, 31, 111 (1992). 

6. RE, Smally, The Science, March/April, p. 22 (1991), 

7. J. Baggott, Perfect Symmetry, Oxford University Press, 
Oxford, UK. (1994). 

8, W. Kratchmer, L. D. Lamb, K. Fostiropoulos, and D. R 
Hufiman, Nature, 347, 354 (1990) 

9. RE, Haufler et al, . Phys. Chem., 94, 8634 (9990), 

10, G. Peters and M. Jansen, Angew. Chem. Int. Ed. Engl. 31, 
223 (1992). 

11, J.B. Howard, J.T. McKinnon, ¥. Markarousky, AL. Lafleur, 
and M. E, Johnson, Nature, 352, 139 (1991), 

12, R.D. Averitt, J. M. Alford, and N. J. Halas, Appl. Phys. Lett, 
65, 374 (1994), 

13, R.A. Laudise, Ch. Kloc, P. G. Sinpkins, and T. Siegrist, 
J. Cryst. Growth 187, 449 (1998). 

14. R. Taylor, J.P Hare, A. K. Abdul-Sada, and H. W. Kroto, 
J.Chem. Soc. Chemt. Commun., 20, 1423-1425 (1990). 

15, C.J. Welch and H. Pirkle, J. Chromatogr., 609, 89 (1992) 

16, S. Larsson, A. Volosox, and A. Rosen, Chem. Phys. Lett, 
137, 501 (1987). 

17. D. E, Weeks and W. G. Harter, J. Chem. Phys, 90, 4744 
(1989), 

18, RE, Stanton and M. D. Newton, J. Phys. Chem., 92, 2141 
(1988). 

19, S.J. Cyvin, E. Brendsdal, B.N. Cyvin, and J. Brunroll, Chem. 
Phys, Lett, 143, 377 (1988). 

20. M.S, Dresselhaus, G. Dresselhaus, and P.C. Eklund, Science 
of Fullerenes and Carbon Nanotubes, Chap.11, Academic 
Press, New York (1996). 

21, A.M, Rao etal, Science, 259, 955 (1993). 

22. RD. Johnson, G. Meijer, and D. S. Bethune, J. Am. Chem. 
Soc., 112, 8983 (1990). 


82. 


53. 


15.21 


J. M. Hawkins, A. L. Meyer, A. Timothy, $. Loren, and 
FJ Salam, J Phys. Chem., 95,9 (9991). 

W.LE David et al, Nature, 353, 147 (1991) 

R.C. Haddon, Acc. Chem. Res., 25, 127 (1992). 

R.C, Haddon, L. E. Brus, and K. Raghavachari, Chem. Phys 
Lett, 125, 459 (1996). 


7. A.D. J. Haymet, Chem. Phys. Lett., 122, 421 (1985), 


S. Saito and A. Oshiyama, Phys. Rev. Lett, 66, 2637-2640 
(1991), 

WL E David, RM. Ibberson, and Matsuo, Proc. R. So. 
Lond., A442, 129 (1993) 

R. Tycko, R. C. Haddon, G. Dabbagh, S. H. Giarum, D. C. 
Douglass, and A. M. Muujsce, J. Phys. Chem., 95, 518 
(1991), 

D.A. Neumann etal, Phys. Rev Lett, 67, 3808 (1991). 
‘A.E Hebard, Phys. Today, 45, 26 (November 1992), 

K Prassides, H.W. Kroto, R. Taylor, D. H.M. Walton, W.I.E 
David, J. Tomkinson, R. C. Haddon, M. J. Rosseinsky, and 
D.W. Murphy, Carbon, 30, 1277 (1992). 

J.H. Weaver, J. Phys. Chem. Solids, 53, 1433 (1993), 

TT. Arai, Y. Murakami, H. Suenatsu, K. Kikuchi, Y. Achiba, 
and L Ikemoto, Solid State Commun., 84, 827 (1992). 

J. Mort etal, Chem. Phys. Lett, 186, 284 (1992). 

‘A.B Hebard, R. C. Haddon, R. M. Fleming, and A. R. 
Kortan, Appl. Phys. Lett, $8, 2109 (1991). 

G.B, Alers, B. Golding, A. R. Kortan, R. C. Haddon, and 
EA. Thiel, Science, 257, 511 (1992) 

S. Kazaoui, R. Ross, and N. Minami, Solid State Commun, 
90, 623 (1994). 

D. J. van den Heuvel et al, Chem. Phys. Lett, 233, 284 
(1995), 

B, Pevaner, A. F. Hebard, R. C. Haddon, S. D. Senturia, and 
M.D. Dresselhaus, Mater. Res. Soc. Symp. Proc., 359, 423 
(1995), 

E Kajzar, Synth. Met, 54,21 (1993) 

Y. B. Zhao, D. M. Poitier, R. J. Pachman, and J. H. Weaver, 
Appl. Phys. Lett, 64, 577 (1994), 

P. Zhou etal, Appl. Phys. Lett, 60, 2871 (1992) 

K. Tanigaki, S. Kuroshima, and T. W, Ebbesen, Thin Solid 
Film, 257, 154 (1995). 

‘A. Koma, J. Cryst. Growth, 201/202, 236 (1999) 

Y. Saito, Mater. Sci. Eng. B, 18, 229 (1993). 

‘M. Sakurai, H. Tada, and A. Koma, Jpn. J. Appl., 30, L1892 
(1991), 

G. GenstInblum, LM. Yu, J. J. Pireaux, P. A. Thiry, R. 
Caudano, J. M. Themlin, S. Bouzidi, F. Coletti, and J. M. 
Debever, Appl. Phys. AS6, 175 (1993) 

H. Takashima, M. Nakaya, A. Yamamoto, and A. Hashimoto, 
J. Cryst. Growth, 227/228, 825 (2001). 

H. Takashima, M. Nakaya, A. Yamamoto, and A. Hashimoto, 
J. Cryst. Growth, 227/228, 829 (2001). 

D. Yokoyama, H. Nojiri, A. Yamamoto, and A. Hashimoto, 
Phys. Stat. Sol (a), 195, 3 (2003) 

N. Teraguchi, A. Suzuki, ¥. Saito, T. Yamaguchi, T. Araki, 
and Y. Nanishi, J. Cryst. Growth, 230, 392 (2001). 


15.22 


54. N. Onojima, J. Suda, and H. Matsunami, J. Cryst. Growth, 
237-239, 1012 (2002). 

55, V. Lebedev, B. Schroter, G. Kipshidze, and W. Richter, 
J. Cryst. Growth 207, 266 (1999) 

56. U. Kaiser, PD. Brown, I. Khodos,C. J. Humphreys, H. PD. 
Schenk, and W. Richter, . Mater. Res, 14, 2036 (1999), 

57. K. Kudo, M. Yamashina, and . Moriizumi, Jpn. J. Appl 
Phys., 23, 130 (1984) 

58, H. Koezuka, A. Tsumura, and T. Ando, Synth. Met, 18, 699 
(1987) 

59, Takeya, M. Yamagishi, Y. Tominari, R. Hirahara, 
Y, Nakazawa, T. Nishikawa, T. Kawase, T. Shimoda, and S. 
Ogawa, Appl. Phys. Lett, 90, 102120 (2007). 

60, RC. Haddon, A. S. Perei, R. C. Morris, T. T. M. Palsta, 
AE Hebard, and R. M. Fleming, Appl. Phys. Let, 67, 121 
(1995). 

61. J. Tang, G. Xing, Y. Zhao, L. Jing, H. Yuan, F. Zhao, 
X. Gao, H. Qian, R. Su, K. Ibrahim, W. Chu, L. Zhang, and 
K. Tanigaki,. Phys. Chem, B11, 11929 (2007). 

62. M. Kitamura, S. Aomori, J. Ho Na, and Y. Arakawa, Appl 
Phys, Lett, 93, 033313 (2008). 

63, J. Kido, M. Kimura, and K, Nagai, Science, 267, 1332 (1995). 

64. D. X. Wang, Y. Tanaka, M. Iizuka, $. Kuniyoshi, K. Kudo, 
and K. Tanaka, Jpn. J. App. Phys, 38, 256 (1999). 

65. ¥. Ohmori, K. Muro, M. Onoda, and K. Yoshino, Jpn. J. 
Appl. Phys., 31, L646 (1992). 

66, T. Yasuda, T. Goto, K. Fujita, and . Tsutsui, Appl. Phys 
Lett, 85, 2098 (2004). 


67. 


68. 


78. 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


TT Nishikawa, S. Kobayashi, . Nakanowatari, T. Mitani, 
TT. Shimoda, Y. Kubozono, G. Yamamoto, H. Ishii, M. 
‘Niwano, and Y. Iwasa, . Appl. Phys., 97, 104509 (2008). 

R. Tamura, E. Lim, T. Manaka, and M. Iwamoto, J. Appl. 
Phys., 100, 114515 (2006). 

J.A. Misewich, R. Martel, Ph. Avouris, J.C. Tsang, S. Heinze, 
and J. Tersoff, Science, 300, 783 (2003). 

J. Zaumseil,R. H. Friend, and H, Sirringhaus, Nat. Mater. 5, 
69, (2006). 

TT. Takahashi, T. Takenobu, J. Takeya, and ¥. Iwasa, Adv 
Funct. Mater, 17, 1623 (2007). 

H_ Nojiri, D. Yokoyama, A. Yamamoto, and A. Hashimoto, 
Diamond Relat. Mater., 14, 518 (2008). 

Y.G. Yoon, G. B. Kim, B. I. Lee, and S. K. Joo, Thin Solid 
Films, 466, 303-306 (2004), 

.B Jarrett, K. Pichler, R. Newbould, and R. H. Friend, 
Synth. Met, 77, 35-38 (1996) 

H., Bassler, Phys. Stat, Sal, (b) 175, 15-56 (1993) 

K. Horiuchi, 8. Uchino, K. Nakada, N. Aoki, M. Shimizu, 
and Y. Ochiai, Physica B, 329-333, 1538-1539 (2003). 


7.'T. W. Ebbesen, J. S. Tsai, K. Tanigaki, J. Tabuchi, 


Y. Shimakawa, Y. Kubo, I. Hirosawa, and J. Mizuki, Nature, 
355, 620 (1992) 

‘T.W.Ebbesen, .S. Tsai, K. Tanigaki, H. Hiura,Y.Shimakavea, 
¥. Kubo, I. Hirosawa, and J. Mizuki, Physica C, 203, 163 
(1992). 


16 


The Cooper-Pair Transistor 


16.1 Introduction 16-1 
16.2 Theory of Operation, 16-1 
The Single Josephson Junction + Coulomb Blockade + Band Structure 
ofthe CPT + Quasiparticle Poisoning 
16.3 Fabrication. 16.9 
Electron-Heam Lithography and Two-Angle Deposition + Aluminum and Gap Engineering 
164. Practical Operation and Performance. 16-10 
Current Switching Electrometry + Zero-Biased rf Electrometry 
José Aumentado 16.5. Present Status and Future Directions. 16-16 
ational Institute of Acknowledgment. 16-16 
Standards and Technology References, 16-16 


16.1 Introduction 


16.2. Theory of Operation 


‘The Cooper pair transistor (CPT) is a three-terminal super- 
conducting device composed of a mesoscale superconduct. 

ing island connected to drain and source leads via ultrasmall 
(100.nm) Josephson junctions (see Figure 16.1), Due to its small 
size, the energy to add a single Cooper pair to the island can be 
large compared with the typical temperatures at which similar 
‘quantum circuits are operated, T’< 100mK. Because ofthis, the 
transport properties ofthe device can be strongly dependent on 
the polarization charge presented by a capacitively coupled gate 
electrode and operated as a transistor with high input imped- 
ance. As an electrometer, itis useful as it can be operated with 
very little dissipation and should minimally influence the sys 

tems that itis measuring. As we will see, its similarity to another 
‘quantum circuit, the Cooper-pair box (CPB), marks itas a useful 
device to study decoherence in superconducting quantum bits 
(qubits) due to unpaired electrons. 

While the CPT is topologically identical to the normal 
state single-electron transistor (SET), it is operated in the 
superconducting state, and the superconducting nature of the 
device modifies the transport properties in several important 
ways. For our purposes, we also distinguish the CPT from 
the superconducting single-electron transistor (SSET) as a 
mode of operating this particular double-junction device. As 
a CPT, it is operated on the supercurrent branch near zero 
voltage in the coherent C. 
san SSET, it is operated at finite voltage bias and can include 
several incoherent hybrid quasiparticle/Cooper-pair tunnel 
ing processes 


joper-pair transport regime, while 


[As shown in Figure 16.1a, the device is composed of two 
Josephson junctions and can, at its core, be regarded as a single 
Josephson-like element with an added internal charge degree of, 
freedom. This modification is important as it allows the CPT to 
act asa tuneable Josephson junction that is sensitive to charge. 
In this spirit, it is important that we begin with a conceptual 
understanding ofa single Josephson junction. 


16.2.1 The Single Josephson Junction 


A superconducting Josephson junction is composed of a thin 
insulating barrier connecting two superconducting electrodes. 
In 1962, Brian Josephson made the remarkable statement that 
these junctions should support a supercurrent, that is, a dissipa- 
tionless current atzero voltage (Josephson, 1962). This isa conse- 
quence of the finite quantum mechanical tunneling probability 
that arises from the spatial overlap in the superconducting order 
parameter on either side of a thin junction barrier. Josephson 
encapsulated this effect inthe following equations that relate the 
current and the voltage to the dynamics of the phase difference 
across the junction* 


T=hsind (16) 


V=@. (16.2) 


‘We use the notational shorthand 
ducting ux quantum , 


hide. "This is simply the supercon 
ite divided by 2m. 
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FIGURE 16.1 (a) Field emission micrograph of typical CPT. (b) 3D equivalent model showing two-angle/double image deposition (see Section 
16.3) and location of junctions atthe overlap. (c) The CPT is effectively a Josephson junction with a critical current and inductance that modulate 


with gate polarization charge/voltage n, = C,Vie. 
‘Taken at face value, these equations are the constitutive equa- 
tions defining the Josephson junction as an inductor-like non- 
linear circuit element. 1, is a “critical current” beyond which 
the junction cannot support a supercurrent and the junction 
switches to a finite voltage branch in the current-voltage (J-V) 
characteristic. It can be computed from the low-temperature 
form of the Ambegaokar-Baratof relation” (Ambegaokar and 
Baratoff, 1963). 


(16.3) 


where 
A, and A, are the superconducting gap energies on either side 
of the insulating barrier 
Kis the complete elliptic integral of the first kind 


If, ~A,, K>n/2and 


Aly 


Ry AA, 


(16.4) 


‘The most commonly used superconductor for CPTs (and SETS) 
is aluminum, Ag, = 180-250eV. Typical junction sizes are 
-100nm x 100m that yield junction resistances in the range of 
"The form of the Ambegookar~Baratoff relation shown here fs uncommon, 
at it acknowledges the difference in gap energies that seems to be 
typical in evaporated aluminum junctions. This gap energy difference 
is usually ignored in the early SSET and CPY literature but has become 
important in more recent CPT experiments 


10kQ< Ry < 100k. With these parameters, the critical current 
ranges from 1 to 100A. 

The presence of the phase 6 across the junction in the equa- 
tions marks it as an inductor-like element that can store mag- 
netic flux. Following this reasoning, one can derive a Josephson 
inductance by finding the scaling coefficient between the voltage 
and the time derivative of the current, 


Ly % 
a (16.5) 
Vea? os 


One can also define a Josephson energy that is a function of the 
phase difference 6, 


+ where Ey = oly. (16.6) 


E =u cod Br 


This can be interpreted as the magnetic energy that is stored in 
the element. This energy has a deeper significance as the cou- 
pling energy between Cooper-pair charge states on either side 
of the junction and will be important in calculating the energy 
bands of the CPT. For CPT Josephson junctions, the equivalent 
inductances are typically ~10-30nH and the energies 20-80 1eV 
(0.2-1K in temperature units). 


16.2.1.1 The I-V Curve and Phase Dynamics 
16.21.11 The I-V Curve 


‘The CPT is operated on the so-called “supercurrent branch” of 
the I-V curve at (or near) zero voltage. The two measurement 
modes that we discuss in this chapter involve measuring the 
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FIGURE 16.2_ (a) Schematic I-V curvelcharactersti for an ultrasmal Josephson junction, The ideal T= 0 J-Visshown night gray, switching to 
the voltage state at J, = For T> 0, thermal fluctuation can drive the system tothe voage state at much lower bis currents inultrasmall (Ay < 
6.01) junctions, 8 shown in blac. (b ,<f The phase particle is trapped in a local minima ofa washboard potential and (8) = and no vol 

age is developed across the janetion, (6), = ly The washboard potential ited at exactly the ertcal slope necessary to“rcease th phase particle 
from its local minimum and entra free-running sate at finite vllage, V (= 94@)> 0) (d) I, <I Phase diffusion. nultrasmall junctions, thermal 
fluctuations can drive the phase to evolve in a 1D random walk of phase steps. = 2. Since the washboard silted, this esl ina low diffusion 


{none direction, V (= g48))> 0, although itis still considered tobe on the “supercurcent branch 


switching current /,,,at which the CPT switches from the super- 
current branch to the inite-voltage branch as well as measuring 
the effective inductance L, of the CPT when biased at zero cur 
rent. While the small size of the junctions and internal charge 
degree of freedom will affect these parameters significantly, it 
is worthwhile to first look at the single junction case and under. 
stand how the dynamics of the phase determine the structure of 
the I-V curve (see Figure 16.2a) 


16,2.1.1.2 The Resistively and Capacitively Shunted 
Junction (RCS}) Model 


‘A more realistic model of a single Josephson junction includes 
a parallel shunt resistance and capacitance (see inset in Figure 
16.22). The shunt resistance R encapsulates the resistance ofthe 
junction to normal/quasiparticle currents through the junction, 
while the capacitance is simply the physical capacitance that 
arises from having two planar electrodes overlapping with an 
insulating barrier in between. In the junctions comprising a 
CPT, the intrinsic R > 10k@ and is considered effectively “uns- 
hunted” since R is much bigger than the impedance presented 
by the Josephson inductance. As noted previously, the Josephson 
tunnel element is a nonlinear inductance but, for small phase 
excursions, it looks like a linear inductor. The circuit model 
presented then looks very much like a parallel LCR circuit or 
damped simple harmonic oscillator with a natural frequency 


oan fi, 
Tae 


‘This is usually called the “plasma frequency” and has the signif. 
cance of simply being the frequency of small oscillations for a 
Josephson junction. 


(16.7) 


Although this model can be used to describe the intrinsic 
Josephson junction dynamics, it is also useful in determining 
the dynamics when the junction is placed in an arbitrary mea 
surement circuit. If, for instance, we want to current bias the 
junction, we might add a voltage source V, in series with a resis- 
tor R, and construct a Norton equivalent that is simply an ideal 
current bias I, = V;/R, in parallel with an output impedance R,.” 
In this case, we can roll R, into the shunt R in our RSJ model. 
With this simple circuit equivalent, we can derive a set of frst: 
order differential equations defining the equations of motion for 
the phase by writing down Kirchoff’s equations for the currents 
in each branch. We can write this system of equations asa single 
second-order differential equation 


Be gvai(sns-(2}}-0 
RC : I 


For small 8 at zero current bias, this describes the motion of a 
particle with coordinate 6 oscillating in a quadratic potential 
witha friction term, viz, it’s a damped simple harmonic oscilla- 
tor (and is consistent with our earlier statement that L, is linear 
for small oscillations). At finite current bias, however, this equa- 
tion describes the motion of the particle in a tilted sinusoidal 
(or washboard) potential’ We know from Equation 16.2 that 
in order for the junction to support a finite de voltage across 


(16.8) 


fs vast oversimplifcation has its caveats and must be amended to 

account for stray capacitance in the bias lines and any other reactances 
relevant in the frequency range of our junction dynamics (typically 
@ ¢ 50GH for small aluminum junction) 

+ Mote in depth discussions of the RCS) model can be found in Tinkkham 
(2004) and Clarke and Braginski (2004), 
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it, the particle must have some net motion in the phase, that 
is, () #0. Since the particle is trapped at a fixed phase when 
I, < ly, we have a well-defined phase and the junction remains 
in the supercurrent state (see Figure 16.26). By applying a bias, 
current, we tlt the washboard and, when I, = ly, the particle is 
tipped out of its well and begins to run away (Figure 16.2c). In 
this free-running state, the time derivative of the phase has both 
an ac and a de component corresponding to ac and de voltages 
across the junction. In a more realistic treatment, 1, includes 
a stochastic contribution from thermal fluctuations due to the 
dissipation in the environment and so the current at which the 
junction switches to the free-running state is lower than I, since 
thermal excitations can drive the phase particle over the poten- 
tial barrier prematurely. Because of this, the measured current 
is distributed according to the statistics of a thermally excited 
(Kramers) escape process (Fulton and Dunkleberger, 1974). 
‘We will differentiate this switching current I, from the ideal 
Ambegaokar-Baratoff value /, and remember that it is actually 
a statistical variable. 

If we reduce the current bias in the free-running, finite volt 
age state, the particle velocity begins to slow down due to the 
dissipation in the circuit. Once the dissipation rate can com- 
pensate for the ac power generated by the free-running voltage 
oscillations, the particle “retraps” into a minima in the wash- 
board potential and the junction returns to the zero-voltage 
supercurrent branch. The current at which this happens, I, the 
“return current” is an indication of the amount of damping or 
dissipation in the environment at the free-running oscillation 
frequency (Tinkham, 2004), Roughly, the closer to zer0 Is, the 
less damping there is. Although the CPT is designed and oper 
ated in the unshunted, hysteretic regime, in many practical de 
‘SQUID magnetometers, the junctions are intentionally shunted 
with damping resistors to eliminate hysteresis in the [-V mea 
surement permitting stable finite voltage operation. 


16.2.1.1.3 Concerns Spec 


While the picture above isthe standard way to look at relatively 
large junctions (area > jim’), the junctions in CPTs are usually 
about a factor of 100 smaller and have much smaller capacitances. 
‘The main consequence of this is that the observed switching 
currents can easily be smaller than [, by an order of magnitude 
(One way to understand this isto return to the harmonic oscilla 
tor analogy: We can see that @3 = 1/C, so Cis an effective mass 
for our “phase particle." In CPT junctions, this means that the 
equivalent phase particle can be relatively light compared with 
its larger junction cousins and so thermal fluctuations, even at 
100mK, can have a more significant effect, kicking the particle 
into the free-running state much more easily. This has the end 
effect of reducing I, far below [, and also widening the distribu- 
tion of J, (Figure 1622) 

‘A more problematic effect of the light phase particle mass 
is the fact that the same thermal fluctuations can “kick” the 
phase particle from well to well in the washboard potential in 
4 process called “phase diffusion” (Kautz and Martinis, 1990), 
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At zero current bias, this results in a one-dimensional random 
walk in the phase with zero mean. At finite current, the tilt in 
the washboard biases this diffusive motion in one direction, 
such that the mean phase velocity (8) can be positive (negative) 
at positive (negative) bias (see Figure 16.24). The result of all of 
this is that at finite currents below the switching current, we 
often see a small finite voltage. This slope is fairly uniform near 
zero current and gives the supercurrent branch a slight resis- 
tive contribution that can correspond to 10s or even 100s of Os. 
‘The downside of this behavior is that the junction or CPT is not 
truly dissipationless. 

For electrometer operation, we want I,, to have as narrow a 
distribution as possible since itis the quantity that will vary with 
applied gate voltage/polarization charge. It has been demon- 
strated, however, that one can narrow this distribution and also 
increase 1, s0 that itis closer to I, by fabricating a larger capaci- 
tance (a few picofarad) in the leads shunting the junction to 
“weigh down” the phase particle (Joyer et al, 1994; Joye, 1995). 


16.2.2 Coulomb Blockade 


While the above discussion of a single junction will eventually 
be relevant to the CPT measurements we are interested in, we 
have not yet seriously considered the role of the internal charge 
degree of freedom in determining the overal critical current 
and Josephson inductance in this device. This is, afterall, the 
knob that turns the CPT into a transistor. 

‘We can qualitatively recognize the role ofthe island charge by 
first determining the energy required to charge the CPT island 
witha single electron charge e, 


(16.9) 


where 


Cr tCn +O, +6, 


(16.10) 


Here, C, isthe total capacitance as seen by the island, and while 
it includes the junction and gate capacitances, it also includes 
a “catch-all” term, C,,.» that is meant to include any contri- 
butions from unintentional coupling to ground. In practice, 
Cay € Cz and can usually be ignored. The energy E¢ is called 
the single-electron Coulomb blockade energy (Devoret and 
Grabert, 1992) 

For typical junction capacitances C;, , S 1 fF and gate capaci- 
tances of 0.01-1/F, E, can be on the order of -100--400peV. In 
temperature units, this temperature is 1-5K and is therefore a 
significant energy scale compared with typical operating tem: 
peratures. As noted previously, the Josephson energies of these 
junctions are roughly on par with the Coulomb blockade ener- 
‘gies, so we can qualitatively assume that both energy scales will 
play arole in the transport. 
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FIGURE 16.3 Simplified CPT schematic, Each ultrasmall junction 
hhas an associated Josephson energy and phase along with an overall 
Coulomb blockade energy that defines the energy required to place 
discrete charge on the island. Voltage applied to the gate injects "gate 
polarization charge” into. modulating the Coulomb or ionization 
energy. This modulates its Josephson-like behavior through charge- 
phase duality (see tex), 


16.2.3 Band Structure of the CPT 


Since we have two junctions in series (Figure 16.3), we must 
define separate phases for each junction 8, and 8,}" We can now 
bbe more precise about the role of the charging energy by look, 
ing at the Hamiltonian for the CPT and how the contributions 
couple to the phases and the island charge m, 

H=Hy +H ys +Hes + Hor (16.1) 
Hy,_ are the contributions due to the Josephson energy coupling 
the charge states on either side ofthe junctions, while Hey is the 
Coulomb blockade contribution. Explicitly, we have 


Hyp. =—E, cos8, (16.12) 


Hey = #2 (=n, (16.13) 
4 

Here we have used the reduced gate voltage n,= C,V/e that is the 
polarization charge applied by the gate in electron units. Huy is 
the contribution from quasiparticle excitations in the leads and 
on the island, Physically, they correspond to unpaired electrons/ 
holes that can be introduced to the system via thermal excita 
tions or some nonequilibrium process that can break Cooper 
pairs, While this isan important contribution, we ignore it now 
to facilitate the discussion, 

We can write dovn a matrix equivalent of Equation 16.11 in 
the basis of island charge states |), noting that the Josephson 
coupling terms that link Cooper-pair charge states on either 
state of the junction also link “adjacent” Cooper-pair charge 
states |r!) — |n + 2)! Defining “external” and “internal” phases 
8 = 8, +8, and 66, — 8, and setting @ = 0 (equivalent to assum- 


"The phases 6, and 6, bear a strict conjugate correspondence to the number 
lof Cooper pairs having"lown’ through junctions land 2, This discussion 
closely follows that given by Joyez (1995) and a more extensive discussion 
of choosing appropriate quantum variables appears there. 

1 For consistency with Joyez (1993), n in [1 refers to the single electron 
‘number and not Cooper pair number, 
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ing that the island has negligible inductance), we can write H 
in the charge basis. For example, the Hamiltonian spanning the 
Cooper-pair island charge states |-2), 0) and [2)is 


Hee 48) 0 
oes 


“Hee +B) 


(Eye + Ee) 


EQ) 
(16.14) 


‘The eigenvalues for this matrix represent the energy bands and 
are functions of n, and external phase 8. The choice of basis size 
(how big a matrix one really needs to write down) is dictated by 
the ratio of E/E. Ifthis ratio is small, charge is easily localized 
and the corresponding external phase fluctuations are large, so 
the device has a weak effective Josephson energy. In this case, 
the charge basis may be described well by a small subspace of 
|n) spanning only a few charge states near |0). If E,,/E-> 1 this 
approximation fails and one must write down a larger matrix 
spanning a bigger subspace of |n). In this limit, the charge on 
the island is no longer as well defined as its quantum mechanical 
state is now described by a linear superposition of several charge 
states. Likewise, fluctuations in the CPT external phase are then 
small and the CPT begins to look likea single Josephson junction. 


16.2.3.1 The Uncertainty Principle at Work 
We can numerically diagonalize Equation 16.14 to calculate the 
eigenvalues at various 1, and 5. Figure 16.4 shows the result- 
ing eigenenergy surfaces corresponding to the ground and first 
excited state energies, ¢» and ¢,, The quantities that we want to 
measure, I,(n,) and L,(n,), are defined by the first and second 
derivatives of these surfaces in the phase. The size of this modu- 
lation isa direct consequence of how well the CPT island local- 
izes Cooper pairs, n2e, through the uncertainty relation between 
charge number and phase, AnAB > 1/2. In this sense, the CPT isa 
strange charge-based device because it relies on the competition 
between number and phase uncertainty. This is in contrast to 
the SSET or SET where Eis entirely dominant. In the CPT, we 
would like E- to be big but would also like E, to be comparable 
in magnitude, so that the switching current is not so small that 
itis difficult to measure well. Similarly, rf measurements of the 
Josephson inductance (described later in this review) become 
easier at bigger £, as larger signal powers can be used while 
biased on the supercurrent branch, 


16.2.3.2 Calculation of the Critical 
Current Modulation 

‘The critical current of the CPT can now be determined from the 

eigenenergies calculated above. By restricting to the ground state 

band ¢(n1,8), we can compute the critical current (Joye7, 1995) 


esl 8) 
oo 


In(ng) (16.15) 
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FIGURE 16.4 (See color insert following page 20-14.) The ground (¢,) and first excited (¢) states calculated by numerically diagonalizing 


Equation 16.11 with the energies indicated in the figure. 
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FIGURE 16.5 Numerically calculated CPT critical currents for vari 


‘ous ratios of B/E. In this example, Ee is fixed at 115 pV, while Ey. 


is varied, 


Where 84, is the phase maximizing the derivative In Figure 
16.5, we show the calculated critical currents for several ratios 
of E/E. Note that the calculated currents are 2e periodic in the 
applied gate charge which i the result of the Josephson coupling 
‘of Cooper-pair charge states. In practice, measured switching cur. 
rents in CPTs are usually significantly smaller than the calculated 
value due to small-junction effects noted above. However, the 
total magnitude of the modulation can be on the order of 10nA 
for practical aluminum device parameters and is easily measured, 


16.2.3.3 Caleulation of the Effective 
Inductance Modulation 


‘The ground state energy surface (1p) corresponds to an 
effective Josephson energy that is a function of charge as well 
as phase. When the ratio E/E, $ 1, the phase dependence, while 


TTcidentally, one can also take derivatives of the excited state eigenener- 
gies and compute critical currents for those bands. Interested readers can 
See Flees etal (1997) for further details 


still 27 periodic, gets “peaky” near odd-integer n,, Despite t 
one may still define a Josephson inductance in a similar manner 
(Sillanpaa et al, 2004; Naaman and Aumentado, 2006b), that is, 


1 dea(n8) 


Lin) = 


(16.16) 


This is similar to Equation 16.5, but since the é,(ny) is not 
strictly sinusoidal, we do not get the exactly the same result. For 
typical aluminum device parameters, the inductance modula 
tion can be 10-100nH and, like the switching current, is easily 
measured 


16.2.4 Quasiparticle Poisoning 


Although the “quasiparticle” excitations that are talked about 
in superconductivity do not explicitly bear a well-defined 
charge, they do represent the screened excitations presented by 
an unpaired electron that might exist due to the breaking of a 
Cooper pair. A quasiparticle can tunnel onto a CPT island by 
“undressing” itself of its screening cloud and tunneling through 
a junction barrier alone. At this point, this additional charge 
presents a full electron charge offset to the CPT island. Since 
the CPT switching current and inductance are nominally 2e 
periodic in the gate charge, the addition of an extra electron 
can present a significant change in the way the CPT is operated, 
since it fluctuates the charge by e. In the literature, this problem 
was first discussed in terms of island “parity,” but more recent 
work has favored the more colorful term “quasiparticle poison- 
ing.” The most important thing about quasiparticle poisoning 
for electrometry is that itis a stochastic process whose dynamics 
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multiplexer 


May be abbreviated as a mux (this term is sometimes printed all in caps), and may be 
referred to alternatively as a data selector, Some sources maintain that a multiplexer has 
no more than two channels, whereas a data selector has more, but there is no consensus 
on this, and datasheets continue to use the term “multiplexer” predominantly. 


Analog multiplexers are usually bidirectional, and thus will function equally well as de- 
‘multiplexers. Consequently, this encyclopedia does not contain a separate entry for de- 


multiplexers. 


OTHER RELATED COMPONENTS 


«+ encoder (see Chapter 14) 
+ decoder (see Chapter 15) 


What It Does 


Amuttiplexercan select one oftwoormore input 
pins, and connectitinternally withan output pin. 
Although itis an entirely solid-state device, it be- 
haves as if it contains a rotary switch in series 
with a SPST switch, as shown in Figure 16-1. A 
binary code applied to one or more Select pins 
chooses the input, and an Enable pin establishes 
the connection with the output. The Select and 
Enable functions are processed via an internal 
section referred to as a decoder, not to be con- 
fused with a decoder chip, which has its own 
entry in this encyclopedia. 


All multiplexers are digitally controlled devices, 
but may be described as either digital or analog 
depending how they process the input signal. A 
digital multiplexer creates an output that is ad- 
justed to logic-high or logic-low within the limits 
ofits logic family. Ananalog multiplexer does not 
impose any processing on the voltage, and pass- 
5 along any fluctuations. Thus, it can be used 
with alternating current. 


Inputs, 
eso 


Select 


Enable 


Figure 16-1. A muttipiexer functions as if it contains a ro 
tary switch. The switch position is determined by a binary 
number applied to external Select pins. The internal con: 
nection is completed by applying a signal to an Enable 
pin. 


Because an analog multiplexer merely switches 
a flow of current, it can be bidirectional; in other 
words, itcan function asa demultiplexer, in which 
‘case the inputs applied to the pole of the (imag- 
inary) internal switch and outputs are taken from 
the terminals. 
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can happen on timescales comparable to our measurement time, 
so its effect on the resulting measurement must be well under- 
stood. That being said, quasiparticle poisoning has proven to be 
an interesting problem in itself, and the CPT has been very use~ 
ful in its study. 

‘To see how quasiparticles enter the picture, we now include 
the Hamiltonian Hg, in our description of the CPT, 


(16.17) 


‘The 7,1) are annihilation/creation operators for quasiparticle 
excitations in the superconductor (Tinkham, 2004), while ¢ is 
the energy ofthe excitation. In our case, this can be A, oF A 
remembering that the island and leads can have diferent gap 
energies. These quasiparticles are usually taken tobe thermally 
generated and therefore have an exponentially small probability 
of existing at low temperatures. The expression for the quasipar- 
tice density is (cf, Shaw etal, 2008), 


ty = De ART ool a) (16.18) 


D(e,) (-2.3 x 10* jim J+) is the density of states at the Fermi 
energy and A, is the superconducting gap energy in either film 
1 or 2. Plugging in A ~ 200,teV (aluminum) and T = 100mK 
gives us 2 x 10-* um, This is a very low number considering 
the volume of a generic CPT island and leads; yet we know, 
experimentally, that the actual quasiparticle density is typically 
10-1000 um (Mazin, 2004; Shaw et al., 2008). The disparity 
in the thermal prediction versus the experimentally measured 
‘numbers is the first indication that the source for the quasipar- 
ticles we see at low temperatures is distinctly nonthermal in 
nature. As yet, no one has determined the source of these nom- 
equilibrium quasiparticles and we are stuck with the problem of 
understanding them. 


16.2.4.1 Energetics of the Nonequilibrium 
Quasiparticle Poisoning Process 


Since we are forced to work in an environment filled with non: 
equilibrium quasiparticles, we must figure out how to include 
them in the band picture that we constructed above. We have 
three states of interest (ee Figure 16.6) (Aumentado etal, 2004): 


Even parity 


SN“ 
XX “iH 


Ostate estate 


(dd parity 


RR 
FIGURE 16.6 “Tree sate nonequilibrium quasiparticle model. 0 


state: no quasiparticles in vicinity of CPT, even parity. °C" state: qua- 
siparticle in leads even parity. "i" quasiparticle on island, odd parity. 
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State 0 No quasiparticles in or near the CPT island. Even parity 
State & A quasiparticle isin the leads, inthe vicinity of the CPT 
island, No quasiparticles on the island, Even parity 
State i A quasiparticle is on the CPT island. No quasiparticles in 
the leads near the island. Odd parity 

‘These states can all be described with the band structure 
derived in the previous section by offsetting the modulated 
energy surfaces by the superconducting gap energy, correspond- 
ing to where the quasiparticle lives, viz, 


Ex(ng) = €o(0%,,8=0), 


B64, = 60, B= 0+ Ay, (06.19) 


Einy) = elt, +148=0)4, 

Here, we include the possibility of different gap energies in the 
leads and island, A, and A,, respectively, and confine ourselves to 
= 0. In principle, phase diffusion will smear these levels some- 
what, but the average phase on the supercurrent branch will 
always be localized in the bottom of a potential wel in the phase 
when biased near I, = 0. 

In Figure 16.7, we show the energy bands for two different 
pairs of island + gap energies using typical Coulomb, Josephson, 
and gap energies for an aluminum device. In the “type H” device 
(Figure 16.7a), the island gap is greater than the lead gap, and in 
the “type L” device, the reverse is true. Assuming that nonequi- 
librium quasiparticles are present, we can limit our discussion to 
E,and E, In the T= 0 limit, we expect the system to relax to the 
lowest energy state and the problem is reduced to whether the & 
or i state energy is smallest (denoted in Figure 16.7a and d by the 
black dotted trace). For this purpose, we introduce the energy 
differences” 


8E,(n,) = E,(n,)~ En). (16.20) 
At T= 0, the sign of this quantity determines what state we are 
in, that is, 
even parity 
sgnlBE: odipeity (16.21) 


"A brief history detour In easy treatments of quasiparticle poisoning, all 
{quasiparticles were assumed to be thermal in nature, so the important 
‘energy in the problem is the free energy required for transition from 
010 {state(Tuominen etal, 1992, 1993;Amaret al, 1994; Joyezetal, 1994; 
Tinkham et al, 1995). This is basicaly the process of breaking a Cooper 
pair with thermal flictuations, Experimentally, this model was more oF 
less verified early on, but the situation was complicated by the anecdotal 
evidence that this picture failed to explain the numerous unpublished 
experiments that showed poisoning a low temperatures. Inthe absence of 
nonequilibrium quasiparticles, the early free energy theories are still valid 
1nd, in any case, when the system is heated sufficiently T'> 250mK, the 
thermal quasiparticle generation rate dominates over the nonequilibrium 
rate. Fo a good review af the early theory, see Tinkham (2004). 
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Type H Ae < Ay 
10 peV, A, =220 pV, Ay 
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FIGURE 16.7 (a) Type (4, <A) energy bands. €state/even parity (ight gray, itate/odd parity (medium gray), 0 state/even parity (black solid) 
‘Minimum energy state is denoted as the black dotted trace. Corresponding even (light gray) and odd (medium gray) state (b) critical current 
and (c) elective inductance for a type H device. (d) Type L (A, > A) energy bands. Corresponding even (light gray) and odd (medium gray) sate 


(6) critical currents and (f) effective inductances for a type L device. Gray areas mark range inn, where the CPT island is “trap-like, 


that is,a 


potential well for quasiparticles and the parity state is bimodal and ean rapidly switch when coupled to thermal excitations. 
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FIGURE 16.8 


‘Eq. is an effective potential barrier height for quasiparticles. 
‘When &£,, is positive, the CPT island looks like a barrier, and 
‘when it is negative, it looks like a trap (Figure 16.8). In reality, 
the system is at finite temperature, so this qualitative picture 
must be amended to include the possibility of thermal excita 
tions (phonons) coupling to the quasiparticles and exciting them 
‘out of the trap. Since this is a thermal escape process, we must 
characterize the system in terms of the average lifetimes of the 
poisoned and unpoisoned states, t, and ¢,.* Likewise, it is also 
useful to talk about these lifetimes as rates, [, = Tye + Tu = U/t, 


"The "e" and "0" refer to "even" and “oda!” parity states. Odd pari 
responds toa single excess quasiparticle on the CPT island. 


o 


(@) Barrier-like configuration oflevels. (b) Trap-like configuration oflevels. 


and Ti, = T= 1/t. 
the “ejection rate.” 

Experimentally, at T < 250mK, the poisoning rate T., has 
little temperature dependence and can be anywhere between 
10° and 10° s* (Aumentado et al, 2004; Ferguson et al., 2006; 
Naaman and Aumentado, 2006b; Court et al, 2008b). The fact 
that this rate is constant in this temperature range points to 
the notion that the source is nonthermal in nature and the rate 
for Cooper-pair breaking in the leads determines the poisoning 
rate, T,, ~ Te 2> Ta The ejection rate T,. does, however, have 
a temperature dependence at these low temperatures since the 
process of kicking a quasiparticle out of a potential well is a 
thermal escape process. One can derive the probability of the 


T,,is known as the “poisoning rate” and T., is 
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even parity state (no quasiparticle on the island) using detailed 
balance arguments (Aumentado et al, 2004), 


1 
P=R+R=— 
T+Be 


(16.22) 


‘The factor, Bye = Tyl(Ty + Tg) accounts for the generation and 
recombination rates for nonequilibrium quasiparticles in the 
leads, What this all means is that there is not realy any strictly 
quasiparticle-free zone for typical energies that we would use in 
practice In Figure 162, we denote the places where the CPT 
looks trap-like and itis apparent that both the L and H devices 
are affected. Even with the higher island gap, the H device can 
trap quasiparticles, albeit in a shallower potential, 8E,, than pre 
sented by the L device and also over a smaller range in 1 

Ieis interesting to note that if there is no source for nonequi- 
librium quasiparticles, [= 0 (By, = 0) and P,= 1 whether or not 
wwe have a barrier-like of trap-like profile. In other words, there 
would be no poisoning regardless of the relative gap energies 
‘The fact that one ses poisoning easly in trap like devices at low 
temperatures isthe strongest indication that the quasiparticles 
in these systems are generated by some nonequilibrium process. 
Surprisingly, the temperature dependence above also predicts 
that the even state probability can actually be enhanced since, 
even though the poisoning rate might be fixed, the ejection rate 
can be increased by heating the CPT and giving quasiparticles 
energy to escape (Aumentado et al, 2004; Palmer etal, 2007) 

‘This model of nonequilibrium quasiparticle poisoning was 
first roughly outlined and tested in Aumentado et al. (004) 
using CPTs with engineered gap energy profiles and measured 
with the ramped current technique (see below). It was subse 
quently confirmed in several later experiments in both CPTS 
and CPBs using rf and de techniques (Gunnarsson et al, 2004; 
Yamamoto et al, 2006; Palmer et al, 2007; Savin et al, 2007; 
Court etal, 20085; Shaw etal, 2008). 


16.3 Fabrication 


16.3.1 Electron-Beam Lithography 
and Two-Angle Deposition 


‘The majority of CPTs (and single-charge tunneling devices in 
general) are fabricated from evaporated aluminum using con- 
ventional electron beam lithography and electron-gun (or ther- 
mal) deposition techniques. 

‘The most conventional method of fabrication is to first define 
the island and lead pattern of the CPT in a special double-layer 
‘e-beam resist stack that is spun ontoa silicon substrate. The dou- 
ble-layer is constructed such that the upper “image” layer defines 


"The reason for this isnot obvious. Basically, the difference in aluminum 
gap energies that one can achieve pracicallyis S04. Inorderto see any. 
levelof charge localization at T= 100mK, we need £:~ 100jeV. If we want 
useful switching current modulation (-10nA) and inductance modula- 
ton (-10nH), then we are stuck with E,. ~ S0HeV. For these values, iis 
dificult to gt the £, and E, bands to separate. 
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FIGURE 16.9 Angle deposition for the CPT. A mask is defined in 
electron-beam sensitive resist, usually in a bilayer configuration such 
that the underlayer is averdeveloped and the top (image) layer pattern 
can cast a shadow on the surface of the substrate from several angles. In 
this example, the leads forthe device are deposited in the frst deposi- 
tion (dark gray) at an angle 0,. After this deposition, oxygen is admit 
ted into the deposition chamber forming an oxide on the surface of 
the metal. Finally, a second evaporation (light gray) is performed at 
0, depositing the CPT island. In the process, Josephson junctions are 
formed atthe overlap between the island and oxidized leads. (a) Shadow 
deposition through the top layer “image” resist. (b) Schematic of tile 
configuration with respect to source, 


the pattern outline, while the lower “ballast” layer is meant to 
provide a vast “undercut” region underneath the image. This 
is usually achieved using resist for the lower layer that is much 
more sensitive to the e-beam exposure than the upper layer. 
‘When the pattern is written, the dosage required to generate the 
image overexposes the lower layer resist such that the pattern 
is much wider in the lower layer resist, forming an “undercut” 
region when the sample is developed (cf, Cord et al., 2006). 

“The undercut region allows us to tilt the substrate so that the 
impinging aluminum atoms can deposit an image through the 
image resist mask at an angle (Figure 16.9). After the first alu- 
minum deposition, oxygen is released into the chamber that 
grows a thin (<Inm) insulating Al,O, layer on the surface of 
the aluminum. The substrate is then rotated to another angle 
and a second image is deposited onto the substrate such that it 
overlaps with the first oxidized image. In this manner, insulat- 
ing junctions can be formed in situ without exposing the device 
to air. Subsequent processing removes the resist, so that it can 
be bonded up in a suitable measurement circuit. This process 
is called the “Dolan bridge” or “shadow deposition” technique 
(Dolan, 1977) and is used in almost all single-charge tunneling 
devices as well as most superconducting qubit designs. There are 
many variations on this technique but, surprisingly, the basic 
‘method has remained unchanged for more than 30 years. 


16.3.2 Aluminum and Gap Engineering 


Aluminum is regarded as the material of choice for these devices 
because of the general ease with which one can grow a reliable 
oxide layer at room temperature within the deposition chamber. 
Aluminum is easily deposited using both thermal and e-beam 
deposition techniques that are common to most clean rooms and 
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requires very litle in the way of special equipment. That being 
said, the CPT is a superconducting device whose operation is 
somewhat dependent on the quality of the superconducting 
gap.” In most general-purpose metal evaporators, the quality of 
the aluminum is completely beholden to the deposition hygiene 
of the community that uses the machine. For instance, the gap 
‘energy of aluminum is notoriously sensitive to the disorder and 
impurities that are present in the as-deposited film. Forinstance, 
two films deposited at identical rates but at different base pres- 

sures can yield gap energies that differ by 10s of eV. This was 
done intentionally by Aumentado et al. (2004) to fabricate type 
Land H devices, but the same effect can be achieved by simply 
changing the thickness of the aluminum. It turns out that the 
‘gap energy can be enhanced substantially by making the film 
thinner (Townsend et al, 1972), and subsequent CPT experi 

ments demonstrated that this method can be used to make CPTs 
(Yamamoto et a., 2006; Court et al., 2008a) 

For reference, typical cryopumped e-gun deposition systems 
can have base pressures in the low 10° Torr range, especially if 
they are dedicated to aluminum and a few other well-behaved 
‘metals and employ a load-lock system for exchanging samples. 
‘These systems usually surpass more general use machines in 
film quality and oxide reproducibility. The author prefers e-gun 
deposition out of a bare water-cooled copper hearth rather than 
using thermal deposition out of a tungsten boat. Tungsten has a 
tendency to alloy with aluminum and repeated depositions from 
the same source yield films with inconsistent quality (resistivity 
and gap quality) and must be replaced on every pumpdown. 

‘We note in passing that CPTs have been successfully fabri- 
cated from niobium with aluminum oxide junctions, but in 
none of the published work has anyone been able to reduce qua: 
siparticle poisoning in any significant way. While this is awful 
for making charge-based qubits, these devices can still be used 
as electrometers, but the fabrication techniques can prove to be 
‘much more difficult since niobium is refractory metal and dif 
ficult to evaporate. At its evaporating temperature, most practi- 
cal deposition systems outgas so much that the quality of the 
film can be compromised and the integrity of the resist can also 
become an issue (Dolata et al, 2002, 2005). Others have used 
a sputtered niobium/aluminum oxide/niobium trilayer (ubiq- 
uitous in SQUID fabrication) and patterned using focused ion 
beam (Watanabe et al., 2004) 


16.4 Practical Operation 
and Performance 


‘The Coulomb, Josephson, and superconducting gap energies are 
all 10-300 eV, so practical measurements are performed well 
below 1K ina dilution refrigerator, usually at T< 100mK. There 
are currently two generic modes of operation of the CPT: current 


Tete gap edge is not well defined and there is some Finite density of states 
in the subgep, then the gap engineering arguments that we made pre- 
‘viously lose their applicability. This is mostly only an issue in “dirtier” 
Aeposition systems, 
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switching electrometry and rfelectrometry. The main advantage 
of the current switching electrometry is its cost. rf electrometry 
can require relatively expensive microwave amplifiers, genera- 
tors, and fast digitizers, while current switching electrometry 
can be achieved with simple function generators and voltage 
preamps operating with less than 1 MHz of bandwidth. 


16.4.1 Current Switching Electrometry 


(One of the earliest methods for measuring the CPT was to mea- 
sure the modulation of the switching current I,, asa function of, 
an applied gate voltage. This measurement is performed by cycling 
the current bias between the supercurrent and voltage branches 
in the I-V characteristic. We can track the current at which the 
CPT switches to the voltage state by tracking the voltage across 
the device and using a simple threshold trigger (see Figure 16.10) 

We can subdivide this measurement approach into ramped and 
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FIGURE 16.10 The switching current measurement. (a) Typical I-V 
curve for CPT device. The feature at ~O.AmV (A, + A) is the so-called 
Josephson quasiparticle peak or JQP and is due to more a complex 
Cooper-pair quasiparticle tunneling cycle. The device switches to the 
true voltage branch at >2(4, + A), Inset: Simplified measurement circuit 
schematic. (b) Expanded view of switching current cycle. The current is 
ramped along the supercurrent branch until the voltage across the CPT 
switches to the finite valued voltage branch, The current at which this 
happens is recorded, and the results of many ramp cycles are recorded 
ina switching current histogram asin (0, 
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pulsed current bias techniques. Each has its own merits, but 
the experimental literature is largely dominated by the ramped 
technique. 


16.4.1.1 Ramped Switching Current Measurement 


‘As the name suggests, the bias current through the CPT is 
ramped linearly in time such that the current exceeds the maxi- 
‘mum switching current and is then returned to zero bias for the 
next cycle. The probability of switching at a particular current 
can be backed out from the histogram of switching currents 
accumulated over many cycles (see Figure 16.10a). This ramped 
bias current measurement was originally done in the late 1970s 
in relatively large junctions (Fulton and Dunkleberger, 1974), 
but the methodology is also suitable to small Josephson junction 
devices such as the CPT (Joyez, 1995). 

‘This method can be used for electrometry since it yields a 
switching current histogram whose mean value changes with 
gate, but its power lies in the fact that one can obtain the switch 
ing or “escape” rate (Jy ,) through a straightforward trans. 
formation of the whole histogram as in the original work by 
Fulton and Dunkleberger (1974). This is useful since the escape 
rate contains information about the electron temperature and 
how well the system is isolated from external noise (Devoret 
etal, 1987). 


16.4.1.2 Quasiparticle Poisoning in the 
Ramped Current Measurement 
If quasiparticle poisoning is present, the effective Josephson 
energy of the CPT flickers between two different values corre- 
sponding to even and odd parities. Each of these energies has its 
own escape rate y,, and 7,» and the observed switching current 
in any given ramp cycle is determined by the instantaneous state 
of the system as the current is ramped. If the ramp rate is fast 
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enough such that it can span the distance separating the odd and 
even switching currents faster than the odd/even lifetimes, then 
the ramped measurement becomes a snapshot of the parity state 
and we see that the switching currents group around two distinct 
values as shown in type L device histograms in Figure 16.12. 

In our example, the modulation of the switching current his- 
tograms is similar to that of the type H device, except that it 
shows a distinct Le shifted image corresponding to the presence 
of the odd state, particularly where we predict the island poten. 
tial to be trap like, This bimodal behavior is really only evident if 
the measurement is faster than the state lifetimes. Ifthe current 
bias ramp rate were slowed down significantly, then the system 
could flicker back and forth between parity states many times 
and we would only see switching distributions grouped around 
whichever parity state had the lowest switching current. That is, 
wwe would see a purely le modulation in the switching current. 
In the early literature, the available de measurement techniques 
were unable to capture the dynamical nature of the quasiparticle 
parity states, and the periodicity (Ie versus 2¢) of the modulation 
was the only handle with which to gauge whether poisoning was 
present. Because of the dynamics of the poisoning process, this 
correlation can be misleading. 

In the type L example given here, the device is definitely poi- 
soned, particularly where we expect the island potential to look 
trap-like. However, if we examine the type H device's switching 
current modulation, itis distinctly 2e periodic (Figure 16.11). The 
early picture of poisoning would naively assume that the poi- 
soning is not present when, in fact, itis happening much faster 
than a simple analysis would indicate. We know, for instance, 
that the island potential is trap-like over a narrower range 
and that the trap potential is shallow compared with the oper- 
ating temperature (this is due to the gap engineering for the H 
device). Therefore, quasiparticles that get trapped on the island 
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FIGURE 16.11 (See color insert following page 20-14. (a) Type HI, 


histograms versus n, Histogram height is displayed in grayscale on the 


right-hand side, whereas all counts are displayed equally on the left-hand side. As in Figure 162, the gray box in (a) denotes regions where the 


{sland potential is trap like for quasiparticles. (b) Selected histograms corresponding to several gate voltages. Device parameters: A, = 246 eV, 


A= 205peV, E,~ 115 peV, and E, = E,,~ 82 ue. 
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FIGURE 16.12 (a) Type L 1, 
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histograms versus n,, Histogram height is displayed in grayscale on the right-hand side, whereas all counts are 


displayed equally on the left-hand side. As in Figure 16.7, the gray box in (a) denotes regions where the island potential is trap-like for quasipar 


ticles. (b) Histogram atm 
c= 115peV, and E; 


= 78 eV. 


are rapidly ejected by thermal fluctuations. In this case, quasi- 
particles can jump in and out of the island before the CPT has 
time to latch into the free-running voltage state. In other words, 
the switching current measurement is bandwidth limited and is 
not able to see short-lived odd-parity events. While the average 
probability of being in the even state might be close to unity, 
‘quasiparticles may constantly be getting trapped and ejected at 
very rapid rates. In terms of the poisoning and ejection rates, 

r 
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If the ejection rate [is big compared with the poisoning rate 
T,,, then P, approaches one even though I, may be arbitrarily 
large itself. This is an insidious effect since it was previously 
common for many groups working in CPB qubits to assess their 
‘quasiparticle situation from what appeared to be clean 2e modu: 
lation characteristics. In fact, 2e modulation is observed in the 
presence of these fast quasiparticle dynamics when the mea 
surement technique is slow in comparison. Since quasiparticles 
might have lifetimes far shorter than I 1s, most available meth: 
‘ods (dc and rf alike) can have problems with this. 

In CPTs with deeper trap potentials, suchas the type L devices 
‘we show here, the ejection rate can be slowed down significantly 
Since the measurement shown in Figures 16.12 and 16.13c,d was 
performed with a ramp rate that was comparable to the quasi 
particle ejection rate, it was possible to obtain a bimodal histo. 
‘gram of ,,. In this case, itis easy to correlate the derived escape 
function with meaningful rates. The two slopes in Figure 16.134 
are the even and odd state escape rates, 7,4 7, Tespectively 
‘Thus, the bias current ramp is not infinitely fast, and the parity 
can flip from even to odd in the time it takes to ramp between 
the two current values corresponding to the odd and even state 
switching currents resulting in several switching events in the 
region between the peaks. These correspond to quasiparticles 


Bimodal structure indicates relatively long-lived even and oda states, Device parameters: A, = 2054eV, 
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jumping into the CPT island during the bias ramp. Since the pla- 
teau that connects the even and odd switching rates is derived 
from the histogram counts between the even and odd peaks, itis 
a direct indication of the poisoning rate, I. We can apply simi- 
lar reasoning to the type H data in Figure 16.13a,b and notice 
that the escape rate for n, = 0.99 is alittle curvy, although the 
other escape rates shown look quite linear (on a semilogarithmic 
scale). While we do not develop a distinct plateau in this case, 
the deformation in the form of the escape rate is still an indica- 
tion of very fast poisoning. This should not be a surprise since 
wwe expect the island to look trap-like at this gate voltage as we 
noted above. Thus, the lesson to be learned here is that despite 
appearances, the data shown in Figure 16.11 masks the fact that 
the type H device is poisoned. 


16.4.1.3 Single Shot Measurement 


Ina single shot operation (Cottet et al., 2001), we pulse the cur- 
rent bias up from zero to some value J, for a time ¢,. The prob- 
ability of switching to the voltage state is given by 


Paltg)=1-€ (06.24) 
where %(J1) is the rate at which the CPT phase escapes to 
the free-running voltage state when instantaneously biased at 
J, and n,, If we ae biased at n, and wish to determine whether 
the polarization charge has shifted by 8n,, we need to figure out 
the likelihood of seeing a switching event that is actually due 
to the shift in switching probability versus just the probability 
of switching with no charge shift at al, 


AP (0g Bi) = ene — Hale 


(16.28) 
If we want to measure this change in polarization charge in a 
single measurement, then we requite that AP,, = 1. That is, if we 
pulse the bias current and see the CPT switch to the voltage state, 
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FIGURE 16.13 (See color insert following page 20-14.) (a,c) Switching current (J,) histograms and (bd) derived switching/escape rates for a 
type H (barrier like) and type L (trap-like) CPTs. For the type L device, the quasiparticle trapping behavior is evident in the bimodal I, distribu- 
tion. In this case, the poisoning rate I, can be read directly from the derived escape rate in (A) as shown. Although the type H device is barrier-like 


for most n, it still looks like a trap near 


pared with the escape rates at other 1 in (b). 


then the polarization charge has shifted by 81, with certainty. 
‘This defines a minimum charge shift 5n, , or voltage change 
BY, (= bn, .0/C,) on the gate that can be detected with one mea- 
surement. If we want to detect a smaller change in gate voltage, 
then we would have to take multiple measurements until the 
uncertainty in the shift of (,) is satisfactory. In many experi- 
ments, this is a completely reasonable approach. It is possible, 


however, to attempt to reduce the width of the switching current 
distribution by increasing the shunt capacitance across the CPT 
(increasing the effective mass of our imaginary phase particle) 
Goyer, 1995). 

In the end, pulsed single shot measurements have never been 
very popular. This may be because their chief use would have 
bbeen in charge-based qubits, and other significant measure- 
ment schemes were shown to outperform it (Vion et al., 2002) 
However, it might still be a viable measurement method outside 
of superconducting quantum computing. 


16.4.2 Zero-Biased rf Electrometry 


‘The initial aim of the rf inductance measurements was to dem- 
‘onstrate a dissipationless (or near dissipationless) electrometer 
that could be used in charge-based quantum circuits such as the 
CPB, but the most useful application in recent years seems to 
have been to study the dynamics of quasiparticle tunneling. 
Initial measurements of the Josephson (or “quantum”) induc- 
tance of a CPT were performed by Sillanpaa et al. (2004) and 
soon thereafter by Naaman and Aumentado (2006b). rf mea 
surements of CPTs were also performed by Court and coworkers 


(ee Figure 16.7), This is apparent in the “curvy” structure of the escape curve for n, = 0.99 as com. 


(Ferguson et a., 2006) as well, but these measurements focused 
ona modulation of the dissipation and were not strictly confined 
to the supercurrent branch.* 


16. 


1 The rf Measurement Setup 


Figure 16.14a shows a typical microwave circuit used in rf-CPT 
electrometry. In this scheme, the CPT is embedded in a tank 
circuit composed of the parasitic capacitance provided by the 
leads, the Josephson inductance of the CPT, and an extra sur- 
face mount inductor soldered to a printed circuit board near the 
chip to lower the tank resonance to the range of the microwave 
amplifier! 

Following the circuit path in Figure 16.lda, we reflect an 
incoming microwave signal (the carrier) off of the CPT resona- 
tor circuit and measure the amplitude and phase of the outgoing 
signal, that is, we measure the scattering parameter S,.. As shown, 


*Tesimportant to note that measurement ofthe Josephson inductance (the 
second derivative of the ground state energy in phase) ie conceptually 
Linked to the “quantum capacitance” (the second derivative in charge) 
sf measurements of the capacitance have recently been shoven to be an 


extremely useful measurement of charge-based quits such as the CPB 
(Wallraff et al, 2004; Duty et al, 2005) and the transmon (Schuster, 
2007), 

"The word "parasitic" should be a tip-off to the reader that this scheme 
might bea litle hitor-miss and, indeed, it can be frustrating to target 
the operating frequency within 10% (this i the typical bandwidth for 
sub- GHz low-noise cryogenic amplifier). While this setup is very smi 
lar to that used in typical #F-SET operation (Schoclkopf etal, 1998), its 
rot necessarily trivial to implement. 
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(@) Simplified rf:CPT measurement schematic. Incoming microwave power is directed toward CPT+ resonator through a direc 


tional coupler. The reflected wave is then amplified and measured at room temperature. In this schematic, several bandpass filters and attenuators 
have been omitted for simplicity (b) Reflected povser versus frequency at various gate voltages. (c) Reflected power modulation as a function of gate 


voltage fora fixed carrier frequency, 


earlier, the gate-dependent Josephson inductance can be many 
10s of nano-Henries and, since this inductance provides much of 
the total inductance available to the resonator, the frequency shift 
canbe on the order of the bandwidth (typical Qs~ 20-30). Whilea 
purely dissipationless circuit will reflect ll ofthe signal ({S,. = 1) 
(Pozar, 2004), there are, in fact, number of sources of dissipation, 
including the lossy traces on the pe board and leads on chip, the 
losses in the surface mount inductor and wire bonds, and, finally, 
the intrinsic CPT losses from any phase-diffusion resistance pres- 
ent. The end result is that there is a visible resonance dip in the 
reflected power amplitude |S, (Figure 16.14b,0). For our pur- 
poses then, the frequency shift due to the modulation of the CPT 
Josephson inductance can be inferred from the reflected ampli 
‘tude modulation.” That is, since the CPT inductance isa function 
ofistand charge, the final output microwave power amplitude and 
phase modulate with the gate-induced polarization charge. 

Like the rf-SET, one can characterize the ultimate noise per 
formance of this device asan electrometer in terms of an effective 
charge resolution in a 1Hz bandwidth. In the rf measurement 
of the CPT inductance, the best number that has been reported 
is 8 —S0jte/Hlz (Naaman and Aumentado, 2006b). That is, if 
‘we integrate the reflected power at the end of our measurement 
chain for 1's, we can resolve a change in polarization charge at 


Tin principle, this information is also accessible through the phase ofthe 
outgoing signal and can be measured using an 1Q mixer. Since loss was 
present in many of these experiments and the frequency shift was usually 
very obvious, measurement of the amplitude modulation has ended up 
being the simplest method. 


515.2MHz, (Adapted from Naaman, O. and Aumentado, J, Phys. Rev. B, 73, 172504, 2006b,) 


the gate electrode C,V, of 5.2 x 10° electrons. If we compare this, 
with the best rf-SSET numbers 5Q < Sjie//Hz (Brenning et al., 
2006), the rf-CPT is more than 100 times slower at resolving the 
polarization charge. At frst blush, this seems to put the rfCPT. 
ata disadvantage, but the r£SSET charge resolution comes at 
the expense of using a relatively complex charge transport cycle 
that involves both quasiparticles and Cooper pairs. The back- 
acting voltage fluctuations ofthis cycle presented at the device 
they are measuring are equally nontrivial and have even been 
used to coo! an electromechanical system that it was intended 
to measure (Naik et al, 2006). While some would consider this 
a feature of the r£-SSET, it seems to get away from the notion of 
simply wanting to use the device as a noninvasive electrometer. 
In fact, quasiparticle poisoning the rf-CPT has been used as a 
method to measure the effect of nearby SSETS, demonstrating 
that the latter emits nontrivial microwave power into its envi- 
ronment when voltage-biased (as they would be when operated 
as electrometers) (Naaman and Aumentado, 2007). 


16.4.2.2. Operation Beyond 1GHz 


Although all of the published CPT experiments were operated 
with carrier frequencies below 1 GHz, this is not a fundamen- 
tal requirement. In fact, this limitation seems to be determined 
by parasitic self-resonances in the surface-mount inductors, 
ofien used in these experiments. In principle, the operating fre- 
quency can be raised to many gigahertz using coplanar resona- 
tor techniques. The advantage of moving to higher frequencies 
is that wideband, low-noise HEMT amplifiers are now readily 
available in the 4-8 GHz range and all of the associated passive 
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components (directional couplers and isolators) are smaller and 
much more common (less expensive) 


16.4.2.3 Quasiparticle Poisoning in the rf-CPT 


Asin the switching current measurement, quasiparticle poison. 
ing also has a dramatic effect on rf measurement. Unlike the 
switching current measurement, a qualitative understanding 
‘of the measurement response is very straightforward. Since the 
inductance of the CPT can switch instantaneously between two 
different parity states when the gate is biased into a trap like 
regime, the reflected power also switches between two different 
amplitudes. This kind of response is more commonly known as 
“telegraph noise.” A typical example is shown in Figure 16.15a 
for atype L device. We note that this is the same bimodal behav- 

ior that we observe in the switching current measurements 
except that we can sit at zero bias and watch quasiparticles 
jumping in and out of the CPT island. In Figure 16.15c, we his 

togram the telegraph time traces as a function of gate voltage, 
‘we get data that, unsurprisingly, are very similar to our bimodal 
switching current histograms in Figure 16.12. 


Su 
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‘The rates I, and T,, can be derived from an analysis of these 
time-domain traces but requires a careful characterization of 
the system measurement bandwidth (Naaman and Aumentado, 
2006a). Although itis possible to extract the poisoning rate I, 
from a switching current measurement, it is far more difficult 
to pull out an ejection rate. This isa direct consequence of the 
time-ordered nature of the current bias ramp. In contrast, the 
rf measurement is not burdened by this kind of time ordering 
in any obvious way, and both the poisoning and ejection rates 
are available 
‘The availability of the poisoning and ejection rates has pro. 

vided further verification of the model presented in Aumentado 
et al. (2004), while confirming that nonequilibrium quasiparti- 
cles are generated in the leads ata constant rate below ~250mK, 
In addition, the ejection rate I, has been used to validate the 
notion that biased SSETs emit nontrivial levels of microwave 
power into their environment (Naaman and Aumentado, 2007). 
This is important as for a long time rf:SSET electrometry had 
been considered a viable method of measuring CPB qubit charge 
states 
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FIGURE 16.15 (2) Reflected power (linear units) of type L CPT at n, 


0 T 


1 in the time domain. The even (upper) and odd (lower) state levels are 


‘evident in telegraph-noise time traces. (b) Histogram of the full time trace. (c) Histograms versus gate voltage. (Adapted from Naaman, O. and 


Aumentado, J, Phys. Rev. B, 73, 172504, 2006b,) 
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16.4.2.4 Relation to the Cooper-Pair Box 
Earlier, we alluded to the fact that the CPT was related to the CPB. 

In act, when the CPT is biased at zero, iti identical to the CPB if 
the biasing circuit series impedance is small a the relevant paral- 
[el-junction plasma frequency. Since the problem of quasiparticle 
poisoningisalso important to charge-based qubits such asthe CPB 
(Nakamura et al., 1999; Wallraff etal, 2004), quantronium (Vion 
et al, 2002), and transmon (Koch etal, 2007), the fact that we can 
study it with relatively high instantaneous bandwidth in the CPT 


motivated several experiments aimed at studying the dynamics of 
the poisoning process in detail (Aumentado etal, 2004; Ferguson 
etal, 2006; Naaman and Aumentado, 2006b; Court etal, 20086). 

Ultimately, it was realized that quantum capacitance measure- 
ments could achieve the same objective measuring CPBs directly 
and have yielded the most detailed quasiparticle poisoning studies 
to date (Lutchyn and Glazman, 2007; Shaw et al, 2008). 


16.5 Present Status and Future 
Directions 


‘The CPT is the simplest device in which de transport charac- 
teristics can be correlated to the duality between charge and 
phase. Although the most prominent recent CPT experiments 
have focused on the problem of nonequilibrium quasiparticle 
poisoning, the CPT is also a promising general-purpose low- 
temperature, low-backaction electrometer. Since the most reli- 
able techniques for fabricating these devices involve aluminum 
fabrication with gap, Josephson, and Coulomb blockade energies 
in the ~100-300p1eV range, operation is restricted to dilution 
refrigeration, so that the systems that one attaches it to must also 
be cold. While this seems restrictive at present, there are already 
several mesoscopic condensed matter systems that might benefit 
from minimally invasive fast electrometry. 
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What It Does 


Differential Multiplexer 
A differential multiplexer contains multiple 
switches that are differentiated from one anoth- 
er (ie, they are electrically isolated, although 
theyare controlled by thesameset of elect pins). 
A differential multiplexer is conceptually similar 
to a rotary switch with two or more decks con- 
trolled by a single shaft. See Figure 16-2. 


Select Enable 


Figure 16-2. A aifferential multiplexer contains twa or 
‘more electronic switches that are differentiated from one 
another, similarly to the decks on a rotary switch. Al 
though the channels into each switch are typically num 
bered from O upward, the switches are numbered from 1 
upward. 


A bidirectional dual 4-channel differential ana- 
log multiplexer is shown in Figure 16~ 


Moder multiplexers are often found switching 
high-frequency data streams in audio, telecom- 
munications, or video applications. 


Similar Devices 

The similarities and differences between multi- 
plexer, demultiplexer, encoder, and decoder can 
cause confusion: 


+ Amuttiplexer can connect choice of mul- 
tiple inputs toa single output, for data trans- 
fer. The logic state of an enable pin, or a bi- 
nary number applied as a pattern of logic 


integrated circuit > digital > multiplexer 


states to multiple control pins, chooses 
which input should be connected with the 
‘output pin. The alternative term data selec- 
tor evokes the function of this device more 
clearly. 


+ An analog multiplexer may allow its inputs 
and outputs to be reversed, allowing it to 
become a demultiplexer, connecting asin- 
gle input to one of multiple outputs, for data 
transfer. The logic state of an enable pin, or 
abinary number appliedasa pattern of logic 
states to multiple control pins, chooses 
which output should be used. The alterna- 
tive term data distributor evokes the function 
of this device more clearly. 


Figure 16-3. This CMOS chip contains two four-channel 
differential analog multiplexers. 


+ Inanencoder,an active logic stateisapplied 
to one of four or more input pins, while the 
rest remain in an inactive logic state. The in- 
putpinnumberis converted toa binary code 
whichis expressed asa pattern oflogic states 
‘on two or more output pins. 


+ Ina decoder, a binary number is applied as 
a pattern of logic states on two or moreinput 
;. This value determines which one of four 
‘ormore output pins will have an active logic 
state, while the rest remain in an inactive 
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17.1 Introduction 


‘The evolution of integrated circuits (ICs) has been dominated by 
the idea of scaling down its basic constituent—the metal-oxide: 
semiconductor (MOS) field-effect transistor (FET). In turn, this 
has required the development of suitable lithographic tech- 
niques for its definition on smaller and smaller length scales. 
‘There are several generations of lithographic techniques, usually 
classified according to the technology required for the definition 
of the wanted features on photo- or electro-sensitive materials 
(cesists): standard photolithography (436nm, Hg g-line; refrac: 
tive optics), deep ultraviolet (DUV) photolithography (193m, 
AnB excimer laser; refractive optics), immersion DUV photoli 
thography (refractive optics), extreme ultraviolet (EUV) photo: 
lithography (13.5nm, plasma-light source; reflective optics), and 
electron beam (EB) lithography (electron wavelength controlled 
by the energy, typically in the interval 10 to 10°? nm), 

‘The industrial system has succeeded in that, but the cost of 
‘ownership has in the meanwhile dramatically increased, because 
of either the required investment per machine, 


DUV< immersion DUV<EUV, 


or the throughput, 
EB< DUV. 


It is just the dramatic cost escalation that is necessary for the 
reduction of the feature size that casts doubts on the possibility 
of continuing the current increase of IC density beyond the next 
10 years. 

Entirely new revolutionary technological device platforms, 
overcoming the complementary MOS (CMOS) paradigm, must 
likely be developed to enable the economical feasibility and scal- 
ability of electronic circuits to the tera scale intergation (TSD). 

On another side, the preparation of ICs with bit density as 
high as 10" cm7 seems now possible, with modest changes in 
the current production process and marginal investment for the 
fabrication facility, within a different paradigm. The new para- 
digm is based on a structure, where a crossbar embodies in each 
of its cross-points a functional material able to perform by itself 
the functions of a memory cell [1 

‘The crossbars indeed producible (via nonconventional lithog, 
raphy or even without any lithographic method) with geometry 
on the 10nm length scale. Although the crossbar is not yet a 
circuit, it may nonetheless become a circuit if each cross-point 
contains a memory cell and each of them can be addressed, writ 
ten, and read—that requires an external circuitry for addressing, 
power supply, and sensing. The best architecture for satisfying 
those functions is manifestly achieved embedding the crossbar 
in a CMOS circuitry (2) 
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‘TSI IC = submicro CMOS ICU 
nano crossbar U 
nanoscopic cells. 


‘This architecture reduces the problem of preparing TSI ICs to 
that of producing nanoscopic memory cells and inserting them 
into the cross-points ofa crossbar structure. It would be a mere 
declaration of will were it not for the fact that molecules by 
themselves able to behave as memory cells have been not only 
designed [3-5] and synthesized [6,7], but also inserted in hybrid 
devices [8-12]. This fact opens immediately the possibility of a 
hybrid route to TSI ICs: 


Hybrid TSI IC = submicro CMOS ICU. 
nano crossbar U 


grafted functional molecules (7) 
In this approach, the transport properties of programmable 
molecules are exploited for the preparation of externally acces 
sible circuits. Because ofthis, it is usually referred to as molecu- 
lar electronics. 

‘The hypothesized TSI IC has thus a hybrid structure, formed 
by a nanometer-sized kernel (the functionalized crossbar), 
linked to a conventional submicrometer sized CMOS control 
circuitry (producible with currently achievable technologies) 
and hosting molecular devices (whose production is left to 
chemistry) 


17.2 The Crossbar Process 


‘That self-assembled monolayers on preformed gold contacts 
may behave as nanoscale memory elements was demonstrated 
for thiol-terminated m-conjugated molecules containing 
‘amino or nitro groups [9]. The first demonstration of nonvola 
tile molecular crossbar memories employed self-assembled 
monolayers of thiol-terminated rotaxanes as reprogrammable 
cells [10]. The molecules were embedded between the metal lay- 
cers forming the crossbar via a process that can be summarized 
as follows: 


XB, deposition and definition of the first-level (*bottom") 
wire array 

XB, deposition of the active reconfigurable molecules, work 
ing also as vertical spacer separating lower and upper 

XB', deposition and definition of the second-level (“top”) 
wire array 


Figure 17.1 sketches the XB process. 
‘Although potentially revolutionary, the XB approach, with 
double metal strips, has been found to have serious limits: 


+ The organic active element is incompatible with high. 
temperature processing, so that the top layer must be 
deposited in XB" at room or slightly higher temperature 
‘This need implies a preparation based on physical vapor 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


xe! 


xe 


xe 


FIGURE 17.1. The first proposed crossbar-architecture fabrication 
steps. (Reprinted from Cerofolini G., Nanoscale devices, Springer, Berin, 
Germany, 2009, With permission ) 


deposition, where the metallic electrode results from the 
condensation of metal atoms on the outer surface of the 
deposited organic films. This process, however, poses 
severe problems of compatibility, because isolated metal 
atoms, quite irrespective of their chemical nature, are 
‘mobile and decorate the molecule, rather than being held 
asa film at its outer extremity [13-15] 

+A safe determination of the conductance state of bistable 
‘molecules requires the application of a voltage V appre- 
ciably larger than ke (with ky being the Boltzmann 
constant, T the absolute temperature, and ~e the electron 
charge), say V ~0.1-0.2V. Applied to molecules with typi- 
cal length around 3nm, this potential sustains an electric 
field, ofthe order of 5 x 10° V cm, sufficiently high to 
produce metal electromigration along the molecules [16] 

«+The energy barrier for metal-to-molecule electron transfer 
iscontrolled by the polarity of the contact, in turn increas- 
ing with the electronegativity difference along the bond 
linking metal and molecule (17). The use of thiol termi- 
nations for the molecule, as implicit inthe XB approach, 
is expected to be responsible for high-energy barriers 
because ofthe relatively high electronegativity of sulfur 


Even though the first difficulty can in principle be removed 
by slight sophistication of the process (for instance, as follows: 
spin-coating the organic monolayer with a dispersion of metal 
nanoparticles in a volatile solvent, evaporating the solvent, 
forming a relatively compact layer via coalescence of the metal 
particles, and compacting the resulting film by means of an 
additional amount of PVD metal), other difficulties are more 
fundamental in nature and require different materials. 

‘A solution to the electromigration problem can be achieved 
preparing the bottom electrodes in the form of silicon wires 
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FIGURE 17.2 ‘The basic idea of XB": preparing the crossbar before its 
functionalization, 


{@s done in [12)), and the top electrodes in the form conducting, 
‘-conjugated polymers (as suggested in (18): 


XB!, deposition and definition of the bottom array of poly- 
silicon wires 

XB, deposition of the active (reconfigurable) element, work- 
ing also as vertical spacer separating lower and upper 

aie fsa eda atayatindedil 
z-conjugated polymers 


‘The use of poly-silicon as material for the top array too seems 
impossible because it is prepared almost uniquely via chemi- 
cal vapor deposition at incompatible temperatures with organic 
molecules. The only way to overcome this difficulty consists thus 
in a process, XB., where the two poly-silicon arrays defining the 
crossbar matrix are prepared before the insertion of the organic 
clement [11]. Preserving a constant separation on the nanometer 
length scale is possible only via the growth ofa sacrificial thin film 
on the first array before the deposition of the second one (21} 


XB}, preparation of a bottom array of polysilicon wires 
XB, deposition of a sacrificial layer as vertical spacer sepa 
rating lower and upper arrays 


* itis instead possible ifthe spacer isan inorganic film. This case although 
not for molecular electronics is interesting for memories based on phase- 
change materials [19] or mimicking the memistor [20], 
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XBL, preparation ofa top array of poly-silicon wires crossing 
the frst floor array 

XBE, selective chemical etching of the spacer 

XB, insertion of the reprogrammable molecules in a way to 
link upper and lower wires in each cross-point 


‘The basic idea of process XB., of inserting the functional molecules 
after the preparation of the crossbar, is sketched in Figure 17.2. 

Of the three considered processes (XB, XB,, and XB.), the 
one based on double-silicon strips is certainly the most conser- 
vative one and is thus expected to be of easiest integration in 
IC processing. For this reason (and for the possibility of using 
three-terminal molecules, see Section 17.4.3), our attention will 
be concentrated on the XB, route. 


173 Nonlithographic Preparation 
of Nanowires 


The preparation of a crossbar requires the use of simple 
geometries—essentially arrays of dielectrically insulated con- 
ductive wires. What is especially interesting is that wire arrays 
with pitch on the nanometer length scale are producible via 
nonlithographic techniques (NLTS). Not only is this prepara- 
tion possible, but also the wire linear density already achieved 
with the NLTs described in the following is smaller than the 
one achievable via the most advanced EUV or EB lithographies. 
Such NLTs exploit the following features: 


(V), the “vertical” control of film thickness, possible down 
to the subnanometer length scale provided that the film is 
sufficiently homogeneous. 

(V-to-H), the transformation of films with “vertical” thick- 
ness f into patterns with “horizontal” width w: 


tw 


‘These techniques are imprint lithography and two variants of the 
multispacer patterning technique. 


17.3.1 Imprint Lithography 


Imprint lithography (IL) is a contact lithography where properties 
(V) and (V-to-H) are exploited for the preparation of the mask. 
‘The process is essentially based on the sequential alternate depo- 
sition of two films, A and B, characterized by the existence of 
a preferential etching for one (say A) of them. After cutting at 
90, polishing, and controlled etching of A, one eventually gets 
a mask formed by nanometer-sized trenches running parallel to 
cone another ata distance fixed by the thickness of B [22,23]. For 
instance, a contact mask for imprint lithography with pitch of 
16nm was prepared by growing on a substrate a quantum well 
‘via molecular beam epitaxy, cutting the sample perpendicularly 
to the surface, polishing the newly exposed surface, and etching 
selectively the different strata of the well 23]. The potentials of 
the preparation method based on superlattice nanowire pattern 
transfer (SNAP) are reviewed in Ref. [24] 
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FIGURE 17.3. Preparation of mold for imprint lithography (left) 
and its use as contact mask (right; the multilayer has been supposed 
to be produced with cycles of sequential depositions of silicon and 
SiO,. (Reprinted from Cerofolini, G., Nanoscale devices, Springer, Berlin, 
‘Germany, 2009, With permission.) 


‘Actually a number of variants for transferring the pattern 
to the surface have been developed: molding, embossing, and 
stamping are the ones most frequently considered [25]. In one 
ofthem (molding), after filling the trenches with a suitable poly 
‘mer, the mask is used as a stamp, pressing it onto the surface; 
if the polymer has a higher affinity for the surface than for the 
‘mask, the pattern is transferred to the surface when the mask 
is eventually removed [25]. The transfer of the polymer to the 
surface is possible without loss of geometry only if the trench 
is sufficiently shallow; this implies that the polymer must sus 
tain a subsequent process where itis used as mask for the defini 
tion (via directional etching) of the underlying structure with 
a high aspect ratio. Another method (embossing), sketched in 
the right-hand side of Figure 17.3, involves the pressure-induced 
transfer of the pattern from the mask to a plastic film and its 
subsequent polymerization. 

Imprint lithography is generally believed to have potential 
advantages over conventional lithography because it can be car 
ried out in ordinary laboratory with no special equipments [26] 
‘This situation is expected to make it easy to run along the learning 
curve toa mature technology. However, very little is known about 
the overall yield, eventually resulting in production cost, ofthis 
process (preparation of mask and stamp, imprint, etching) when 
the geometries are on the length scale of tens of nanometers. 

Imprint lithography has been the matter of extended investi 
gation (see for instance, Refs. [25,26]) and will not be discussed 
here. Rather, this chapter is devoted to describe the multispacer 
patterning technique and to compare its two variants. 


17.3.2 Spacer Patterning Technique 


‘The multispacer patterning technique ($*PT) is essentially based on 
the repetition of the spacer patterning technique (SPT). In turn, the 
SPT isan age-old technology originally developed for the dielectric 
insulation of metal electrodes contacting source and drain from 
the gate of metal-oxide-semiconductor (MOS) transistors. 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


‘The SPT involves the following steps: 


SPT, the lithographic definition of a seed with sharp edge and 
high aspect ratio 

SPT’, the conformal deposition on this feature of a film of 
uniform thickness 

SPT®, the directional etching of the film until the original seed 
surface is exposed 


Ifthe process is stopped at this stage, it results in the formation 
of sidewalls of the original seed; otherwise, if 


SPT", the original seed is removed via a selective etching 


\what remains is constituted only by the walls of the seed edges. 
Figure 17.4 sketches the various stages of SPT. 

“This technique has been demonstrated to be suitable for the 
preparation of features with minimum size of 7am (27,28] and 
has already achieved a high level of maturity, succeeding in the 
definition, with yield very close to unity, of nanoscopic bars with 
high aspect ratio. 

“The SPT may be sophisticated via the deposition of a multi 
layered film: Figure 17.5 shows the sidewalls resulting from the 
deposition of a multilayer and compares it with what is really 
done in the original application of SPT—the insulation of the 
source and drain electrodes from the gate [29] 
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FIGURE 17.4 Up: The spacer patterning technique: SPT, definition of 
a pattern with sharp edges: SPT’, conformal deposition of a uniform film; 
SPT" directional etching ofthe deposited film upto the appearance of the 
original seed; and SPT’, selective etching of the original feature, Doven 
Cross-section of a wire produced via SPT. (Reprinted from Cerofelini, G 
Nanoscale devices, Springer, Berlin, Germany, 2009, With permission) 


‘Multispacer Patterning: A Technology for the Nano Era 


sonm 


FIGURE 17.5 ‘The original application of the SPT in microelectron- 
ics—dicletric insulation of the gate from source and drain electrodes. 
(Reprinted from Cerofolini, G, Nanoscale devices, Springer, Berlin, 
Germany, 2009, With permission.) 


17.4 Multispacer Patterning 
Techniques 


‘Two S*PT routes have been considered: the additive ($*PT,) and 
multiplicative ($°PT,) routes. 

‘TheS"PT, is recent and was proposed having in mind the prep- 
aration of crossbars for molecular electronics [30-32]. The SPT, 
is instead much older: the first demonstrators were developed 
for the generation of gratings with sub-lithographic period [33]; 
recently, however, this technique has been used for the prepara- 
tion of wire arrays in biochips also [28]. Since no detailed com: 
parison of the limits and relative advantages of these techniques 
is known, the following part will try to provide an understand- 
ing about them on the basis of fundamental considerations. 


17.4.1 Additive Route—S*PT, 


‘The $"PT, is substantially based on n STP repetitions where 
the original seed is not removed and each free wall of newly 
_grown bars is used as a seed for the subsequent STP. Each SPT, 
cycle starts from an assigned seed and proceeds with the 
following steps: 


SPT, conformal deposition of a conductive material 
S*PT,, directional etching of this material up to the exposure of 
the original seed 
onformal deposition of an insulating material 
"PT, directional etching of this material up to the exposure 
of the original seed 


‘The basic idea of the $"PT, is shown in Figure 17.6: the upper 
part sketches the process; the lower part shows instead how 
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FIGURE 17.6 Up: the additive multispacer patterning technique 
Down an example of S'PT, multispacer (with pitch of 35am and 
formed by a double layer poly-Si[SiO, resulting after thee repetitions 
of the SP, (Reprinted from Ceroolini,G., Nanoscale devices, Springer, 
Berlin, Germany, 2008. With permission ) 


poly-silicon arrays separated by SiO, dielectrics with sub- 
lithographic pitch (35 nm) can indeed be produced [30-32] 

‘The sketch in Figure 17.6 shows a process in which lines are 
additively generated onto a progressively growing seed, preserv- 
ing the original lithographic feature along the repetitions of the 
unit process. The unit process is based on two conformal deposi- 
tions of uniform layers (poly-silicon and SiO.) each followed by 
a directional etching. 

Figure 17,7 shows, however, that a similar structure could be 
obtained by a cycle formed by 


S°PT’, conformal deposition of a bilayer film (formed by an 
insulating layer deposited before the conductive one—the 
order of deposition is fundamental) 

S'PTY, directional etching of this film up to the exposure of 
the origina seed 


Consider an array with pitch P of lithographic seeds, each with 
width W (and thus separated from one another by a distance 
P-W). Denote with the same symbols in lower case, p and »;, 
the corresponding sub-lithographic quantities. Starting from the 
said array of lithographic seeds, after n repetitions of SPT, any 
seed is surrounded by 2n lines (an example with n = 4 is shown 
in Figure 178), o that the corresponding effective linear density 
K, of spacer bars is given by 
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FIGURE 17.7 
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[A variant of the additive multispacer patterning technique able to reduce the number of directional etching by a factor of 2 via 
sequential deposition of  bilayered film, Two possibilities are considered, consisting in the deposition frst of either polysilicon and then of 


(lef) or the same layers in reverse order (right) (Reprinted from Cerofolini,G., Nanoscale devices, Springer, Berlin, Germany, 2009. With permission) 


Paly-silicon 


FIGURE 178 An example of S'PT,, showing the construction of 
four silicon bars per side of the seed. (Reprinted from Cerofolini, G. 
[Nanoscale devices, Springer, Berlin, Germany, 2008. With permission) 


‘The example of Figure 178 shows also that the process can be 
tuned to preserve the constancy with n of wire width w,, w=, and 
pitch p,, py = p. On the contrary, the spacer heights s, decrease 
almost linearly with n, 

555-10 72) 


(with + the spacer height loss per SPT cycle), atleast for n lower 
than a characteristic value n™ 


‘This unavoidable decrease is ultimately due to the fact that the 
conformal coverage of a feature with high aspect ratio results 
necessarily in a rounding off of the edge shape with curvature 
radius equal the film thickness and that the subsequent direc- 
tional etching produces a nonplanar surface. Figure 17.9 explains 
the reasons for the shape of the resulting bars: even assuming 
a perfect directional attack, the resulting spacer is not flat and 
there isa loss of height t not smaller than f: T2 

Figure 17.6 shows that the process can actually be controlled 
to have t coinciding, within error, with its minimum theoretical 
value, ¢ = 10t. Figure 17.8 shows however that t depends on the 
process, and this can be tuned to have t= 3.2 

Although the loss of height may seem a disadvantage, in 
Section 17.5.1 it will be shown how the controlled decrease of s, 
with n may be usefully exploited, 

Assuming the validity of Equation 17.2 until s, vanishes, the 
‘maximum number n™* of SPT, repetitions is given by n™* = 5,/t; 
after n™ SPT, repetitions, the seed is lost and the process can- 
not continue further. In view of the availability of techniques for 
the production of deep trenches with very high aspect ratios, in 
this analysis s, (and hence 1") may be regarded as almost a free 
parameter. 

‘The optimum distance allowing the complete filling of the 
void regions separating the original lithographic seeds is there. 
fore given by P — W = 2n™p, Hence, the maximum number of 
cross-points that can be arranged in any square of side Pis given 


integrated circuit> digital > multiplexer 


logic state. A digital multiplexer does not al- 
low reversal of its inputs and outputs, but a 
decoder functions as if it were a digital de- 
multiplexer. 


How It Works 


The multiple inputs to a multiplexer are referred 
to as channels. Almost always, the number of 
channels is 1, 2, 4,8, or 16. A 1-channel compo- 
nent is only capable of “on” or “off” modes and 
functions similarly to a SPST switch. 


If there are more than two channels, a binary 
number will determine which channel is con- 
nected internally. The number of channels is usu- 
ally the maximum that can be identified by the 
number of select pins, so that 2 pins will control 
4 channels, 3 pins will control 8 channels, and 4 
pins (the usual maximum) will control 16 
channels 


In multiplexers with three or more channels, an 
enable pin is usually still present to activate or 
deactivate all the channels simultaneously. The 
enable feature may be described alternatively as 
a strobe, or may have an inverse function as an 
inhibit pin. 


Although a rotary switch is helpful in conceptu- 
alizing the function ofa multiplexer, a morecom- 
monrepresentation (sometimes in datasheets) is 
an array of SPST switches, each of which can be 
opened or closed by the decoder circuit. typical 
example, depicting a dual differential muttiplex- 
er, is shown in Figure 16-4. Note that the internal 
decoder can only close one switch in each chan- 
nel ata time. 


The switch analogy is appropriate in that when 
an output from a multiplexer is not connected 
internally (i switch is “open’) it is effectively 
an open circuit. However, some multiplexers 
contain pullup resistors to give each output de- 
fined state. This can be an important factor in 
determining whether the multiplexer is suitable 
for a particular application. 


How It Works 


Enable 


Figure 16-4, The internal function of a dual muttiplexer is 
commonly represented as 2 network of SPST switches, 
each of which is contralled by decoder logic. 


A digital multiplexer actually contains a network 
of logic gates, shown in simplified form in 
Figure 16-5. 


A demultiplexer has internal logic shown in sim- 
plifier form in Figure 16-6. 


Schematic Symbol 
Ina schematic, a multiplexer and demultiplexer 
may be represented by a trapezoid with its 
longer vertical side oriented toward the larger 
number of connections. This is shown in 
Figure 16-7. However, this symbol is falling into 
disuse. 


More often, as is the case with most logic com- 
ponents, a multiplexer or demultiplexer is repre- 
sented by a rectangle with inputs on the left and 
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FIGURE 17.9 Shape of a sidewall resulting after ideal conformal 
deposition and directional etching (top; five sketches) and an image of 
how it results in practice (bottom; magnification ofthe spacers shown, 
in Fig. 6). (Reprinted from Cerofolini, G., Nanoscale devices, Springer, 
Berlin, Germany, 2009, With permission.) 


by 2n™), and the maximum effective cross-point density 5 
achievable with the $*PT, is given by 


=) 


(woe 


(73) 


Equation 17.3 shows that 5% depends on the lithography 
(hrough W) and on the sub-lithographic technique S*PT, 
(through n™* and p) 

Just to give an idea of the maximum obtainable density, 
Figure 17. shows that p = 35 nm has already been achieved and 
‘n®* = 10 is atthe reach of the S*PT,; for W = 0.1)um (charac 
teristic value for IC high volume production) and p = 30nm, 
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Equation 17.3 gives 52 = 8x10" cm”. The comparison of this 
prediction with the lithographically achievable cross-point den- 
sity (currently of about 2 x 10° cm”), shows that S*PT, allows 
the cross-point density to be magnified by a factor of about 40. 
This is however achieved only with the construction of 10 con- 
secutive spacers per (bottom and top) layer. The spacer technol- 
ogy is a mature technology with yields close to unity also when 
employed in more complex geometries than single lines. The 
increase of processing cost implied by its repeated application 
in IC processing has been discussed in Ref. [34]. Although this 
increase is moderate, the integration of so many SPT, cycles 
‘may, however, be not trivial and passes through the development 
of dedicated cluster tools. 

It is however noted that the basic idea sketched in Figure 17.7 
can be extended to remove this difficulty at least partially: the 
conformal deposition of a slab with 1 poly-siliconjinsulator 
bilayers (the insulator being SiO,, Al,O,...) followed by its 
directional etching would indeed result in the formation of 2n 
dielectrically insulated poly-silicon wires. Figure 17.10 sketches 
the process. 

‘The figure however shows that this dramatic simplification of 
the process can be done only for the deposition of the bottom array; 
its use for the top array would result in a distance of the top wire 
from the lower one varying with the order of poly-slicon layer. 


at 


FIGURE 17.10 Structure resulting after the deposition of a slab of 
six poly-silicon|SiO, bilayers (top) in one shot followed by the confor 

smal attack stopped with the exposure ofthe original lithographic seed, 

resulting in an array of 12 sub-lithographic wires (bottom). (Reprinted 
from Ceroflini, G,, Nanoscale device, Springer, Berlin, Germany, 2008. 
‘With permission) 
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17.4.2 Multiplicative Route—S*PT, 


‘The SPT allows, starting from one seed, the preparation of 
two spacers [27]; in principle, this fact allows another, multi- 
plicative, growth technique—S*PT.. The multiplicative gen. 

eration requires that both sides of each newly grown spacer 
are used as seeds for the subsequent growth—that is possible 
only if the original seed is etched away at the end of any cycle. 

In "PT, each multiplicative SPT, cycle involves therefore the 
following steps: 


S°PT!, conformal deposition ofa film on the seed 

SPT, directional etching of the newly deposited film up to 
the exposure ofthe seed 

S°PTY, selective etching of the original seed 


Figure 17.11 sketches two SPT, repetitions. 

‘Assume that the process starts from a seed formed by an 
array with pitch P of lithographically defined seeds (Lines) each 
of width W, the linear density K, of lines being thus given by 
K, = P*. flower and upper arrays have the same linear density 
K,, the lithographic cross-point density is K and the repetition 
of n (bottom) plus n (top) SPT, results in a sub-lithographic 
cross-point density 8, given by 


8. =2" Ky, 7a) 


ser, 
sir, sett 
spr 


om ser, 
ser, 

stort 

= ser, 


FIGUREI71 TwoSTP, steps forthe formation of asub-lithographicwice 
array stating froma lithographic seed array. (Reprinted from Cerofolini G. 
[Nanoscale devices, Springer, Berlin, Germany, 2009. With permission) 
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Forany assigned n, this density is optimized maximizing K,, ie, 
minimizing P. The minimum value of P is determined by the 
considered lithography, while W is adjusted to the wanted value 
controlling exposure, etching, etc. The appropriate ratio W/P is, 
obtained with the following considerations. 

Let the seeds be formed by a given material A (to be concrete 
\we shall think of it as SiO.) and the SPT, be carried out depositing 
another material B again for concreteness, we shall think of Bas, 
poly-silicon) forming conformal layer of thickness f, = 2,W, with 
0, <1. After completion of the multiplicative SPT cyele, the sur 
face will thus be covered by an array of 2K, wires per unit length 
each of width w= ¢, = 2,W. 

Let the process proceed with the deposition of a film of A 
with thickness f, = ¢,w, = 0,0,W, with 2, < 1 (in the considered 
example, this process could be the oxidation of poly-silicon to an 
SiO, thickness ¢,). After completion of the second SPT, cycle, the 
surface will be covered by a spacer array of linear density 2°K, 
each of width w, = f, = 2,0,W. Itis noted that in S*PT, the seed 
material at the end of each SPT, is inverted from A to B or vice 
versa, so that the materia ofthe original seed must be chosen in 
the relation to the parity (even or odd) of n 

In the following, the focus is on the search of the mask geom 
etry that maximizes the spacer density. After 1 reiterations of 
the SPT,, the spacers will extend both beyond and beneath the 
original lithographic feature. The zone containing the spacers 
extends from the edge of the original lithographic feature both 
into the region separating them and into the region beneath the 
original feature by amounts [iy and [, given by 


7s) 


(176) 


The estimate off, and lf, requires knowledge of various 2, val- 
ues; at this stage, it is impossible to state anything about them, 

Without pretending to describe the actual technology, but sim 

ply to have quantitative (although presumably correct at the 
order of magnitude) estimates, we assume @, independent of 
k, Vk(2, = 2). With this assumption Equations 17.5 and 17.6 
become 
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‘The least upper bounds of I,y. and [, are obtained taking the 


limit for n> +2» in Equations 177 and 1728: Ij, 2/(1 ~ 2) and 


1,, = @/(1 ~ 0); moreover, already for relatively low values of 
both 2" and 2° are negligible with respect to 1 so that we can 
reasonably assume 
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For any W, the optimum @ is obtained imposing the condition 
that all the region beneath the original lithographic feature is 
filled with nonoverlapping spacers: 2/,, = W. Inserting this con. 
dition into Equation 17.10 gives 


5 
2 aay) 
Similarly, the optimum size of the outer region is given by the 
following condition: 21,,, = P - W. Inserting this condition into 
Equation 17.9 gives 


P=3w. (72) 
Choi etal. (28) have demonstrated that three SPT, repetitions 
on a lithographically defined seed result in nanowire arrays of 
device quality and suggest that very long wires can indeed be 
produced with a high yield. However, even accepting that the 
process have a yield so high as to allow the preparation of non 

interrupted wires over a length (on the centimeter length scale) 
comparable with the chip size, if the lines are used as conductive 
‘wires of the crossbar its length is so high to have a series resis 

tance larger than the resistance of the molecules forming the 
‘memory cell. This problem was considered in Ret. [2], where it 
‘was shown that the crossbar memory can conveniently be orga: 

nized in modules each hosting a sub-memory of size 1-4 kbits. 

‘This implies that each module must be framed in a region suffi 

ciently large to allow the addressing of the memory cells. In this 
‘way the density calculated with Equation 17.4 is an upper value 
to the exploitable density 


17.4.3 Three-Terminal Molecules 


“The use of molecules in molecular electronics is essentially due 
to the fact that they embody in themselves the electrical char- 
acteristics of existing devices. The characteristics of nonlin- 
‘ear resistors, diodes, and Schmitt triggers have been reported 
for two-terminal molecules; their use as nonvolatile memory 
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cells is possible thanks to the stabilization of a metastable state 
excited by the application ofa high voltage (thus behaving as a 
kind of virtual third terminal. Three-terminal molecules offer 
more application perspectives not only because they can mimic 
transistors but also because they could exploit genuine quantum 
phenomena like the Aharonov-Bohm effec [35] 

‘The application potentials of three-terminal molecules can 
however be realy exploited only fall terminals can be contacted 
singularly. This is manifestly impossible using the XB or XB, 
routes, but is possible in the XB framework, The major advan. 
tage of poly silicon in the XB route is that it does not pose the 
problem of metal electromigration, However, the multispacer 


technology can also be adapted for the preparation of nanowire 
arrays of poly-silicon and metals in arrangements that 


+ Allow the use of three-terminal molecules 
+ Facilitate the self-assembly of functional molecules 
+ Avoid the problem of metal electromigration 


Assume that the top array defining the crossbar is formed by 
poly-silicon nanowires whereas the bottom array has a more 
complicate structure. Assume, as sketched in Figure 17.12a, that 
each conformal deposition is formed by the following multilayer: 


SiO, | potysilicon | SiO, | metal | SiO: | polysilicon, 


where the metal might be, for instance, platinum obtained via 
CVD from PtR, precursor. 

After an SPT, one gets the structure sketched in Figure 17.12b; 
subsequent time-controlled selectiveetch of the metal electrode 
will result in the formation of a recessed region, as sketched in 
Figure 17.12c. 


@) 0) 
0 @ 
FIGURE 17.12 ‘The structure resulting after (a) conformal deposi- 


tion of a multilayer, (b) its directional etching, (©) three repetitions of 
the above processes, and (4) the time-limited preferential attack of the 


‘metal. (Reprinted from Cerofolini, G., Nanoscale devices, Springer, Belin, 
Germany, 2009. With permission ) 
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FIGURE 17.13 The three-terminal molecule after the formation of a 
self-assembled monolayer on the metal and the grafting tothe silicon, 
‘The larger separation between metal and top poly-silicon electrode 
than between top and bottom polysilicon electrodes suggests that the 
metal surface is subjected to an electric stress mich lower than that at 
the bottom silicon surface. 


Now, observe that thiol-terminated molecules self-assemble 
spontaneously on many metals (like platinum, gold, etc.) form: 

ing closely packed monolayers. Therefore, if the considered 
three-terminal molecules contain two alkyne and one thiol ter: 

‘minations, they can arrange in the cross-points in an ordered 
way, allowing their covalent grafting by simple heat treatment, 
as sketched in Figure 17.13. This figure also explains why the 
electric field at the metal-sulfur interface may be significantly 
lower than at the silicon-carbon interface. 


17.5 Influence of Technology 
on Architecture 


Device architecture and preparation procedure are strongly 
interlocked. This will become especially clear considering that 
crossbars obtained via S*PT, may be linked to the external world 
via methods that cannot be extended to SPT, 


17.5.1 Addressing 


If the availability of nanofabrication techniques is fundamental 
in establishing a nanotechnology, not less vital is the integra 
tion ofthe nanostructures with higher-level structures: once the 
crossbar structure is formed, it is necessary to ink it to the con 
ventional silicon circuitry. This is especially difficult because the 
nanoworld is not directly accessible by means of standard litho: 
‘graphic methods—"the difficulties in communication between 
the nanoworld and the macroworld represent a central issue in 
the development of nanotechnology” [36] 

‘The importance of addressing nanoscale elements in arrays 
goes beyond the area of memories and will be critical to the 
realization of other integrated nanosystems such as chemical 
or biological sensors, electrically driven nanophotonics, or even 
‘quantum computers. 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


In the following the attention will however be limited to 
the problem of addressing cross-points in a nanoscopic cross- 
bar structure by means of externally accessible lithographic 
contacts. 

Several strategies have been adopted to attack this problem: 
many of them involve materials and methods quite far from, if 
not orthogonal to, those of the planar technology [37-43] 

‘The consistent strategies with the planar technology are dis- 
cussed in Ref. [2]. Of them, one can be applied to all crossbars 
irrespective of their preparation methods. According to this 
strategy, each line defining the crossbar extends beyond the 
crossing region and in this zone itis used for addressing. This 
region is then covered with a protecting cap, which is etched 
away along a narrow (sub-lithographic) line misoriented with 
respect to the array by a small angle «. In this way the zones 
where the bars are not covered are separated by a distance that 
diverges for 0; thus, if ois sufficiently small, the separation 
between the zones no longer protected makes them accessible to 
conventional lithography and suitable for contacting the CMOS, 
circuitry. In this method, each line is linked separately from 
the others to the external circuitry—addressing 1 cross-points 
requires therefore 2n contacts. 

‘The multispacer technique (in particular, the $*PT,) permits, 
however, novel strategies for the nano-to-litho link in addition 
to the ones suitable for crossbar prepared with other techniques. 

In the first of such strategies, the original mask defining the 
seed is shaped with 1 indentations with size so scaled that (I) the 
first indentation is filled, with the fusion of the wires, after 
the first deposition; (2) the second indentation is filled, with the 
fusion of the wires, ater the second deposition; (3)...; and (4) n, 
the nth indentation is filled, with the fusion of the wires, after the 
nth deposition. 

‘Taking into account that the minimum distance between the 
centers of two adjacent fused layers is W + 3p (say 150mm) and 
that each contact requires the definition of a hole in a region 
with side 2p (say 70nm), this technique allows the nano-to- 
litho link. Figure 17.14 shows the cross section demonstrating 
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FIGURE 17.14 Cross-section showing the fusion of the arms of the 
fourth wire grown on two sides of the indentation. (Reprinted from 
Cerofolini, G., Nanoscale devices, Springer, Berlin, Germany, 2008. 
With permission) 
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how filling indentation with the fusion of the central wires may 
render them accessible to lithography. Similarly to the strategy 
considered above, in this method, each line is linked separately 
from the others to the external circuitry, so that addressing 1 
ross-points requires therefore 2n contacts. 

‘The $*PT, technique results in wires with different heights. 
‘This fact can be exploited to inhibit or enable them by means 
of dielectrically insulated lithographically defined electrodes 
in the geometry described in Ref. [2]. A crossbar with 1 x 1 
cross-points can therefore be addressed by controlling the 
conduction along the wires from one Ohmic contact to the 
other by means of 2 + 2 electrodes. Therefore, for the address- 
ing of n?cross-points, this method needs 3 + 3 electrodes only; 
however, as discussed in Ref. 2], this architecture requires a 
complex elaboration of the information involving analog-to- 
digital conversion, with subsequent analysis and elaboration 
of data 


17.5.2 Comparing Crossbars Prepared with 
Additive or Multiplicative Routes 


While the repetition in additive way of n SPTs per (bottom and 
top) layers magnifies the lithographically achievable cross-point 
density Ki by a factor of (2n), the repetition in multiplica~ 
tive way gives a magnification of 2". The magnification factor 
increases quadratically for the additive way and exponentially 
with the multiplicative way. 

‘To estimate numerically the process simplifications offered 
by S*PT, over SPT,, consider for instance the case of the 3 SPT, 
repetitions per layer. This would produce a magnification of the 
lithographic cross-point density by a factor of 2° x 2°. Taking 
W = 0.141m, after 3 SPT, repetitions, the spacer width should 
be of 12.5nm, with minimum separation of 25nm. Taking into 
account Equation 17.12, the cross-point density achievable with 
the repetition of 2 x 3 SPT, would thus be almost the same as 
vith the repetition of 2 x 10 SPT, (7 x 10! cm” 


Figure 17.15 shows in plan view a comparison between the 
following crossbars: 


(@)A 2 x 2 crossbar obtained by crossing lithographically 
defined lines 

(BA 16x 16 crossbar obtained via $*PT, starting from litho- 
graphically defined seeds separated by a distance allowing 
the optimal arrangement of the wire arrays. 

(6 An 16 x 16 crossbar obtained via PT, starting from lith- 
graphically defined seeds separated by a distance satsfy- 
ing Equation 17.2. 


‘The figure has been drawn in the following hypotheses: 


+The lithographic lines in (a) and (b) have width at the cur- 
rent limit for large-volume production, say W = 65nm, 

+ The height loss t is such that the maximum number of 
repetitions in the additive route is 8, and the sub-litho- 
sgraphic pitch is the same as shown in Figure 176. 
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FIGURE 1715. Plan-view comparison of the crossbars obtained (3) 
crossing lithographically defined lines, () using the lithographically 
defined lines above as seeds for S'PT,, and (e) using the ithographi- 
cally defined lines above as seeds for 'PT.. In each structure the square 
with dashed sides denotes a unit cell suitable forthe complete surface til 
ing, (Reprinted from Ceroflii, G, Nanescale devices, Springer, Bedin, 
Germany, 2009, With permission) 


+The lithographic width of (¢) is chosen to allow the mini- 
‘mum pitch to be consistent with the one obtained with the 
additive route (W = 100nm); in this way, producing sub- 
lithographic wires with width (12.5nm) has been proved 
to be producible (28} 


For 1 2 3, this comparison is so favorable to $*PT, to suggest 
its practical application. The following factors, however, would 
make SPT, preferable to $*PT. 


1. Ifaddressing the wires defining the crossbar are used also 
as addressing lines, they cannot run along the entire plane; 
their interruption for addressing reduces the available area. 

2. In S*PT, all wires are produced collectively and have the 
same height and material characteristics. On the contrary, 
in $°PT, the wires are produced sequentially, each SPT, rep- 
tition produces wires of decreasing height, and the charac- 
teristics of the material (or even the materials themselves) 
‘may vary in a controlled way from one cycle to another. 
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‘Whereas at the first glance all the S*PT, features described the 
second item may seem detrimental, the analysis of Section 175.1 
haas clarified that they may be usefully exploited for cross-point 
addressing. 

Deciding which route, between the additive and multiplicative 
cones, is actually more convenient for the preparation of hybrid 
devices depends on the particular application and circuit archi- 
tecture. In fact, the multiplicative route (certainly less demand. 
ing for what concerns the preparation of the crossbar but more 
expensive for what concerns the nano-to-litho link) is presum- 
ably suitable for random access memories; on the contrary, the 
additive route (more demanding for the crossbar preparation, 
>but much heavier for the elaboration of the signal) seems consis- 
tent with nonvolatile memories. 


175.3 Applications—Not Only Nanoelectronics 


‘The proposal of the $*PT is quite recent [30,31], so that it has had 
only short time to be tested 


17.5.3.1 Electronies 


Concerning the preparation of crossbars, the attention has 
‘mainly been concentrated on one side on the verification of the 
possibility of scaling the S*PT, to large values of n (the produc 
tions of arrays with m = 3 (30,31), 4 [44], and 6 [45] have been 
reported) and on the other on the architectural impact of this 
technology [46-48]. In the middle, a demonstrator has been pre- 
pared showing the feasibility, without stressing the technology, 
‘of crossbars with cross-point density of 10" cm [45] 

‘The electrical characterization of silicon nanowires has been 
the subject of only a few studies: Ref. [24], addressed to the 
nanonowires produced via the SNAP technique and Ref. [45], 
devoted to nanowires built with the $*PT,. The latter paper dem- 
“onstrates that the SPT, is already suitable for the preparation of 
ultrahigh density memory. 

‘The interest of a technology for the cheap production of 
nanowires is not limited to nanoelectronics but might extend to 
energetics. 


17.5.3.2 Energeties 


‘The large-scale availability of devices able to transform low- 
enthalpy heat (which would otherwise be dispersed into the envi- 
ronment) into electrical energy without complicate mechanical 
systems might impact the energy problem on a global scale. In 
principle the Seebeck effect provides a way for that. The ability 
of a material to operate as a Seebeck generator is contained in a 
parameter, ZT—a function of the Seebeck coefficient and of the 
electrical and thermal conductivities. The possibility of practical 
application is related to the occurrence of ZT= 1 

From the technical point of view, Seebeck devices are already 
known, but materials with high Seebeck coefficient (multicom- 
ponent nanostructured thermoelectrics, such as Bi,Te,/Sb,Te, 


thin-film superlattices, or embedded PbSeTe quantum dot super: 
lattices) are expensive. This fact has allowed the application of 
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direct thermoelectric generators only to situations (eg, space) 
‘where cost is not important or due to other factors (eg. weight in 
space application). 

‘This state of affairs would significantly change only in the 
presence of highly efficient, low-cost materials. A new avenue to 
progress in such a direction has been the claim, by two indepen- 
dent collaborations [49,50 that silicon nanowires with width of 
20-30nm and rough surfaces having Z7'= 1. Although silicon is 
certainly a cheap material and a lot of technologies are known 
for its controlled deposition, this result is of potential practical 
interest only if the production of nanowires does not involve 
electron beam or extreme ultraviolet lithographies—hence the 
relevance of $*PT. 

Itis also noted that the researchers of Refs. [49,50] employed 
wires with comparable height and width, thus characterized 
with a very high resistance. The SPT allows the preparation 
of wires with much higher aspect ratio (same width and much 
higher height—actually nanosheets). If it were possible to impart 
a sufficient roughness to the sidewalls of these sheet 
result in much more efficent Seebeck generators 


it would 


17.6 Fractal Nanotechnology 


‘There is an application where the multiplicative route is mani- 
festly superior: the preparation of fractal structures on the sub- 
lithographic length scale. 


17.6.1 Fractals in Nature 


‘The volume V of any body with regular shape (spheric, cubic,...) 
varies with its area A as 


v 


gat, 713) 
with ¢, being a coefficient related to the shape (for instance, 
$= (1/6)°? for cubes, g, =1/6y for spheres, etc.; a well-known 
variational properties ofthe sphere guarantees that for all bod 
ies gs 1/6). For bodies with regular shape the ratio A/V 
diverges for small V and vanishes for large V. 

Life can be preserved agains the second law of thermodynamics 
only inthe presence of a production of negative entropy in propor 
tion to the total mas of the organism. This is achieved via the estab 
lishment ofa diffusion field sustained by the metabolism inside the 
‘organism [5]. Since the consumption of energy and neg-entropy of, 
living systems increases in proportion to V whereas the exchange of. 
matter increases A, small unicellular organisms (like bacteria) have 
no metabolic problem due to thei shape and can grow satisfying 
Equation 17.13 preserving highly symmetric shapes (the smallest 
living bacterium, the pleuropneumonia lke organism, with diam 
ter 0.1-0.2j1m, is spherical), On the contrary, larger organisms 
(even procaryotc like the amoeba) may survive only adapting their 
shapes to havean energy uptake coinciding with what i required to 
preserve living Functions [52,3} 


‘Multispacer Patterning: A Technology for the Nano Era 


Ay 7a) 


with g: being a coefficient characteristic of two-dimensional 
growth. Moreover, the need to adapt itself to the variable environ- 
‘mental conditions is satisfied only thanks to the existence of an 
inner organellum, the endoplasmatic reticulum [54], which can 
fuse to the external membrane, thus allowing an efficient change 
of area at constant volume (52,53]. This mechanism, however, can 
sustain the metabolism of unicellular organisms (like the amoeba) 
only for diameter of at most a few tens of micrometers. 

Larger organisms require the organization ofthe constituting 
cells in tissues specialized to single functions. This specializa- 
tion, however, requires the formation of a vascular network 
(to transport catabolites to, and anabolites from, each constitut 
ing cell) whose space-filling nature implies a fractal character 
[55]. Nature prefers to manifest itself with fractal shapes in other 
situations too, like for the mammalian lung (to allow a better 
(Os-CO, exchange) (56), the dendritic links ofthe neuron (to allow 
ahigh interconnection degree (57)) 

‘That smoothness is not a mandatory feature of the way how 
nature expresses itself, but rather fractality is of ubiquitous 
‘occurrence in a large class of phenomena even in the mineral 
kingdom has become clear with Mandelbrot’s question about the 
length of the Great Britain coast [58] 

‘The fractality of nature is manifestly approximate, the lowest. 
length scale being ultimately limited by the atomic nature of mat. 
ter. That surfaces may continue to have a scale invariance down to 
the atomic size became however clear only after Avnir, Farin, and 
Pfeifer’s study of the adsorption behavior of porous adsorbents 
(59-61) 

Surprisingly enough, the artificial production of self-similar 
structures has remained largely unexplored. This is somewhat 
disappointing because the use of arrays or matrices with self- 
similar structures is potentially interesting even for applications. 
For instance, a matrix formed by the Cartesian product of two 
‘Cantor sets would provide a way for sensing with infinite probes 
a surface, leaving it almost completely uncovered. Although the 
minimum length scale is actually larger than the atomic one, 
that ideal case suggests the usefulness ofthe idea 

‘The lowest length scale of biological fractals is determined by 
call size, say 10" nm. The preparation of self-similar structures 
on length scales between 10 and 10 nm is relatively easy via 
photolithography, but this scale seems inadequate for interest 
ing applications like the highly parallel probing of single cells 
{as required, for instance, by the needs of systems biology (62) 
Rather, for that application the appropriate length scale seems 
the one characteristic of nanotechnology, 1-10? nm. 


17.6.2 Producing Nanoscale Fractals via S*PT,, 


Imagine for a moment that, in spite of the atomistic nature of 
matter and of the inherent technological difficulties, the multi- 
plicative route can be repeated indefinitely. Remembering that 
the (n+ I)th step generates aset S,,., which is, nothing but the 
fone at the nth, 5, at a lower scale, the sequence {S).-»S.s+} 
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defines a fractal. This fractal, referred to as multispacer fractal 
set, is selfsimilar only ifthe height of each spacer varies with 
as 2 otherwise, the fractal is self-affine (63). As mentioned 
above, the “spontaneous” decrease of height with mn, Equation 
17.2 renders the fractal self-affine. A self-similar fractal can be 
obtained at the end of process planarizing the whole structure 
with a resist and sputteretching in a nonselective way the com. 
posite film until the thickness is reduced to 5/2" 

It is however noted that even assuming our ability to scale 
down the fabrication technology, the atomistic structure of mat- 
ter limits anyway the above considerations to an interval of 1-2 
orders of magnitude, ranging from few atomic layers tothe lower 
limits of standatd lithography. 

Having clarified in which limits the et S, may be considered a 
fractal, its interesting to compare it with other fractal sets. The 
prototype of such sets, and certainly the most interesting from 
the speculative point of view, isthe Cantor middle-excluded set. 
Figure 1716 compares sequences of three process steps eventually 
leading to the multspacer fractal set S and to the Cantor set C. 
“The comparison shows interesting analogies: consider a multipli 
cative multispacer with P = 21; if w, = (1/3), the measure at 
each step of multifractal st coincides with that of the Cantor set. 
This implies that the multispacer fractal set has null measure. 
Similarly, it can be argued that the multispacer set, considered 
as a subset of the unit interval, has the same fractal dimension 
as the Cantor middle-excluded set—In(2)In(3) [63] At each step, 
the multispacer fractal stis characterized by a more uniform dis- 
tribution of single intervals than the Cantor set this makes the 
former more interesting for potential applications than the latter. 

Once one has one-dimensional fractal sets, two-dimensional 
fractal sets can be constructed taking their Cartesian products. 
Although the mixed product CxS is possible, inthe following, 
‘we concentrate on a comparison of the Cantor and multispacer 
fractal crossbars. Figure 17.17 compates their plan views showing 


(A) A 16. 16 crossbar obtained via °PT, starting from litho- 
graphically defined seeds separated by a distance satisty- 
ing Equation 17:12 

(B) A 16x 16 crossbar obtained via PT, startin from litho- 
sraphically defined seeds and arranging the process to 
{generate the Cantor middle-excluded set 


Although the potential applications of the Cantor set are quite 
far, trying to reproduce it on the nanometer length scale seems 
of a certain interest. This is compatible with existing technolo- 
gies; a possible process would involve 
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FIGURE 17.16 Generation of the multispacer set (let) and of the 
Cantor middle-excluded set (right). (Reprinted from Cerofolini, G., 
Nanoscale devices, Springer, Berlin, Germany, 2009. With permission ) 
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FIGURE 17.17 Plan-view comparison of the crossbars obtained via 
S°PT,, and a corresponding Cantor middle-excluded set; the width of 
the lithographic seed in $°PT, has been assumed to beat the technology 
forefront, whereas in the Cantor set it has been assumed suficently large 
to allow three reterations ofthe process. (Reprinted from Cerofoini, G. 
[Nanoscale devices, Springer, Berlin, Germany, 2009. With permission.) 


(Cl) the lithographic definition of the seed (formed, for 
instance, by poly-silicon) generating the Cantor set 

(C2) its planarization (for instance, via the deposition of alow 
viscosity glass and its reflow upon heating) 

(C3) the etching of this film to a thickness controlled by the 
exposure of the original seed 

(C4) the selective etching of the original film 

(C5) the conformal deposition of a film of the same material as 
the original seed (poly-silicon, in the considered example) 
and of thickness equal to 1/3 ofits width 

(C6) its directional etching 

(C7) the selective etching of the space seed (glass, in the con- 
sidered example) 


Figure 17.18 sketches the overall process [64] 

“The preparation of fractal structures may appear ata first sight 
nothing but a mere exercise of technology stressing, The following 
‘examples suggest however the usefulness of a fractal technology: 


1. The highly parallel and real-time sensing of single cells, 
(as required, for instance, by the needs of systems biol- 
ogy [62] of by label-free immunodetection [65] could be 
done witha minimum of perturbation (ie. leaving almost 
completely uncovered the cell surface) by a matrix formed 
by the Cartesian product of two Cantor sets (63) 
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FIGURE 1718 A process for the generation of Cantor's middle 
excluded set (Reprinted from Cerofolini,G., Nanoscale devices, Springer, 
Berlin, Germany, 2008, With permission) 


2. Superhydrophobic surfaces may be prepared controlling 
roughness and surface tension of nonwetting surfaces [66] 
‘Whereas surface tension is a material property, roughness 
can be controlled by the preparation. For instance, rough 
ness may be achieved by imparting a suitable (fractal) 
relief on the surface. 

If the SPT is used for the preparation of crossbar struc- 
tures for molecular electronics, the functionalization with 
organic molecules of the cross-points can only be done 
after the preparation of the hosting structure. According 
to the analysis of Ref. [44], this requires an accurate 
control of the theological and diffusion properties in a 
medium embedded in a domain of complex geometry. 
Understanding how such properties change when the size 
is scaled and clarifying to which extent the domain can 
indeed be viewed as a fractal (so allowing the analysis 
on fractals [67] to be used for their description) may be a 
key point for the actual exploitation of already producible 
nanometer-sized wire arrays in molecular electronics. 


Appendixes 
17.A Abstract Technology 


“The processes considered in this chapter (conformal deposition, 
directional etching, and selective etching) have been introduced 
without specifying exactly what they are and which materials 
they involve. Although the reader certainly has a built-in idea 
of them, we however believe useful to provide their rigorous 
definition. 

‘Once defined in rigorous mathematical terms, the processes 
of interest for this work are the building blocks of a nano- 
technology that may be seen as the equivalent of Euclid’s 
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‘geometry, where the construction with straightedge and com- 
pass is replaced by the construction via conformal, directional 
‘or selective, deposition or etchings. Of course, the properties 
ofa figure built with any real straightedge and compass are not 
exactly the same as those of the same figure constructed with the 
ideal straightedge and compass. Similarly, the use of real mate. 
rials and processes produces structures that differ from those 
achievable via the ideal materials and processes. Nonetheless, it 
is convenient to develop the theory in abstract terms. 


17.A.1 Bodies and Surfaces 


‘The minimal characterization of a body is in terms of its geom: 
etry and constituting materials 


Definition 17.1 (Simple body) A simple body By is a three- 
dimensional closed connected subset B of the Euclidean space 
E? filled with a material X: 


By 


B,X), 


‘What isa material is considered here a primitive concept. It may 
be a substance, a mixture, a solution, or an alloy. The empha. 
sis is on homogeneity-—whichever region, however small, of B 
is considered, the constituting material is the same. When not 
necessary, the index denoting the constituting material will not 
be specified 

In view ofthe granular nature of matter, considering the limit 
for vanishing size is not relevant. Here and in the following 
‘when dealing with the concept of vanishing length (as it implic- 
itly happens when considering the frontier B” of B) we mean that 
the property holds true on the ultimate length scale. Although 
the ultimate length scale is an operative concept related to the 
probe used for observing the body, we however have in mind the 
‘molecular one. Analogously, we consider a body as indefinitely 
extended when its size is much bigger than the size variations 
induced by the considered processes. In this sense, a wafer is a 
simple body indefinitely extended over two dimensions. 


Definition 17.2 (Composite body) Consider the N-tuple of simple 
body (Bs By:y--sB,s) formed by nonoverlapping sets (B,, By, By 
with 


VI, 1(B,0.B, = 87 OB"), 


and let 


‘IfB is connected and the simple badies (By,Byov---.Byx) contain 
at least two different materials X! and X!, then the N-tuple is a 
composite body. 
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Definition 17.3 (Interface) Let a composite body B be formed 
by simple bodies B., and B. with X'# X°; the region 


Fp= BOB 


defines the interface between By and By. 


For any x in F,, all neighborhoods, however small, contain 
materials X' and X* 


Definition 174 (Total surface) The set 


is the total surface of B. 


Proposition 17.1 
N-tuple of simple body (By:,Bys» 


Let a composite body B be formed by the 
By). Then 


Definition 175 (Surface) Let B be a composite body, and B, be 
the smallest simply-connected (i.e, without holes) set containing B. 
Then 


is the outer surface (or simply surface) of B. 


Definition 176 (Inner surface) Let B be a composite body. Then 


is the inner surface of B. 


17.4.2 Conformal Deposition 
and Isotropic Etching 


Definition 17:7 (Delta coverage) For any body B with surface 
S, the additive delta coverage Dys of thickness Bis the set 


D. 


{xsx-y|SdayeSaxe Bis}. 


‘The delta coverage can be imagined to result from the applica: 
tion of an operator a, to B: 
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‘The delta coverage D.s is the “pod” of thickness 5 covering the 
set B, The set obtained as union of B with its deta coverage is 
referred to a Bs 


Byx = BUas(B). 


‘This operation can be reiterated, and the final set obtained after 
niteration is referred to as Bs 


Bis! Vas (Bi), 


where B! = B, and BY, = B. 
‘The reiteration ofa, is the base for the following definition 


Definition 17.8 (Conformal coverage) A conformal coverage 
Cg of thickness 8 isthe following limit™ 


Ues(ta) 


Cs lim 


In other words, the conformal coverage process can be thought 
of as obtained by applying infinitely many delta coverages; one 
after another, and each one of infinitesimal thickness. As shown 
in Figure 17.19, in general conformal coverage and delta cover- 
age of the same thickness can lead to different bodies. Moreover 
from the same figure itis clear that these transformations are not 
topological invariants. 


Definition 179 (Conformal deposition) A conformal deposi 
tion of a film of material Z of thickness 8 is the pair (Cys Z). 


Note that the material Z may be different from the materials 
X' forming the original body. 
‘The following theorem is trivial: 


‘Theorem 17.1 (Planarization) Let ds the diameter of B. 
Irrespective of the shape of 8 & the conformal deposition of a 
layer for which 8 >> dg produces a body whose shape becomes 
progressively closer and closer tothe spherical one as8 increases. 
If B < is indefinitely extended in two directions, it undergoes a 
progressive planarization. 


Isotropic etching can be defined in a way similar to that used 
for conformal coverage by introducing an operator s,, character- 
ized by the following definitions: 


* Such a limit is naively clear, but its rigorous specification should require 
to elaborate many technical details that we prefer to skip inthis appen- 
dix. The same considerations hold true anytime we introduce limits of 
this kind, 
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FIGURE 17.19 The different behavior of conformal coverage (left) 
and delta coverage (right). (Reprinted from Cerofolini, G., Nanoscale 
devices, Springer, Berlin, Germany, 2008. With permission) 


so(B)=a5(EB.), 
is (BY 


In general, the operator s, is not the inverse of a. In fact, ss(B) = 


BY, 


a ,(B) only if B is a simply connected set. We refer to sas delta 
depletion. 


Definition 17.10 (Conformal depletion) A conformal deple 
tion E_ sof thickness 6 isthe following limit: 


Uss(e.) 


E.y= lim 


Also in this case, it is true that in general the conformal deple 
tion and delta depletion s, of the same thickness can lead to 
different bodies (see Figure 17.20), 


Definition 17.11 (Isotropic etching) Aw isotropic (nonselec 
five) etching isa conformal depletion of thickness 8 applied to a 
body B & reganiless ofits constituting materials. 


‘The etching process just defined is nonselective. However the 
most part of etching are selective (see Section 17.4.4). 


How It Works 


‘outputs on the right, as shown in Figure 16-8. The 
distinction between inputs and outputs is prob- 
lematic, however, inan analog multiplexer which 
will allow data flow to be reversed. 


Select Enable 


Figure 16-5. A simplified representation ofthe logic gates 
ina digital muttiptexer. 


Select 


Figure 16-6. A simpitier representation of the logic gates 
ina digital demuiplexer. 


in Identifiers 

The lack of standardization in the identification 
of pin functions is perhaps more extreme in the 
case of multiplexers than for other types of logic 
chips. 


integrated circuit > digital 

Ino Out 

Ina outa 

in2— ee tie out2 

ns Outs 
Select Select 


Figure 16-7. The traditional symbol for a multiplexer (left) 
and demultiplexer (right). The trapezoid is oriented with 
its longer vertical side facing the larger number of connec: 
tions. This symbol is faling into disuse. 


et] 
el 
na 
2 § 
al 
j 
al 
i— 
eal 
Y3. my 
TI 
BA 


Figure 16-8. A simple rectangle is most often used as a 
schematic symbol for 2 multiplexer, but the abbreviations 
assigned fo pin functions are not standardized. See text 
for details. 


‘An output enable pin will be shownas E or EN, or 
occasionally OE. It may alternatively be de- 
scribed as an inhibit pin, labeled INH, or some- 
times will be called a strobe. The function is the 
same in each case: one of its logic states will en- 
able the internal switches, while its other logic 
state will prevent any internal switches from 
closing. 


Switch inputs may be labeled 50, $1, 52... or XO, 
X1, X2... ormay simply be numbered, almost al- 
ways counting up from 0. Where two ormore sets 
of switches coexist in one package, each set of 
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cd 

fi 

LJ 
= 


FIGURE 17.20 The different behavior of conformal depletion (left) 
and delta depletion (right). (Reprinted from Cerofolini, G., Nanoscale 
devices, Springer, Berlin, Germany, 2009. With permission.) 


17.A.3 Directional Processes 


Definition 17.12 (Shadowed surface along d) Let d be a unit 
vector in B. For any point s belonging to the surface § consider 
the straight line I, starting from s and oriented asd. If1, intersects 
S, then sis said to be shadowed along d. The set all shadowed 
points ofS is referred to as the shadowed surface S, along d of 
the body B. 


Definition 17.13 (Directional delta coverage along d) The 
directional delta coverage along d is the set of points lying on the 
straight lines directed along d and going from the exposed surface 
to the same surface shifted along d by an amount 3: 


Disa = tes x=y tad nasB ay eS\Sy 


Figure 17.21 shows the results of applying to a given set the delta 
coverage and the directional delta coverage along d. 

By using the directional delta coverage along 8 instead of the 
delta coverage, itis possible to define the directional deposition. 


Definition 17.14 (Directional deposition) A directional deposi 
tion C,s,4 of thickness 3 along d is the following limit: 


where ag,4 is the operator associated with the directional delta 
coverage and B44 = BYsha Ud ra(BSsv4) 


at 


FIGURE 17.21 Comparison between delta coverage (lef) and direc 
tional delta coverage along d (right) of the same thickness. (Reprinted 
from Cerofolini, G,, Nanoscale devices, Springer, Berlin, Germany, 208. 
With permission.) 


FIGURE 17.22 An example of directional deposition. (Reprinted 
from Cerofolini, G., Nanoscale devices, Springer, Berlin, Germany 
2009, With permission) 
Figure 17.22 shows an example of directional deposition. This 
process (as shown in the figure) can create holes inside the bodies. 
Analogously, to define the directional depletion we introduce 
the directional delta depletion: 


Definition 17.15 (Directional delta depletion along d) 


waa ={x:x=y-adaasdayeS\Si} 
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Definition 17.16 (Directional etching along d) A directional 
etching Es. sof thickness 8 isthe following limit: 


Esa lim 


s5-a(Bosin 


wheres, «is the operator associated to the directional delta deple- 
tion and Bos..4 = BY! a\ss,a(BYs-2)- 


17.A.4 Selective Processes 


No indication has hitherto been given about the dependence of 
the same unit process on the material to which it is applied. In 
‘general the effect depends on the material, and this difference is 
referred to in terms of selectivity, 

Before introducing selectivity, we note that the surface S of 
a body B < is, in general, composed by different materials. In 
particular, by using Proposition 1 itis possible to define S,. the 
subset of S,,, containing material X: 


Six Us\ Ure. 


and then the (outer) surface Sy composed by material X: 


a OS. 


Definition 17.17 (Selective delta depletion) For any body 
Be with surface S, the selective delta depletion s5(B) of thick- 
ness Bis the set 


sox(B) ={x:]x—y|SB ay eSy axe BS}. 


In other words, the selective delta depletion is a delta depletion 
that affects S, only, not the whole surface S. We remark that, in 
general, 5 (B) is not a connected set. 


Definition 17.18 (Selectivity) Any process is said to be selec- 
tive with respect to materials X when, applied to a composite 
body B with frontier S, affects Sy only. 


Definition 17.19 (Selective etching) A selective etching Eg, of 
thickness Bis the following limit (in a sense to be defined): 


Easy Js5.x(Bisme)s 


Saas) 


FIGURE 17.23 An example of selective etching ("Litof”). (Reprinted 
from Cerofolini, G., Nanoscale device, Springer, Berlin, Germany, 2008. 
With permission.) 


where 


Boanx ~(wsaiton{U } 


and the iterative process is defined as inthe previous cases. 


‘As example of selective etching is given in Figure 17.23, 


17.B Concrete Technology 


‘Together with the above operations, one could certainly define 
other, more complicate (or perhaps even formally more interest- 
ing), operations. What is of uppermost importance here is that 
there already exist combinations of materials and processes of the 
silicon technology mimicking the ideal behaviors described above. 

‘The materials considered in this chapter are well known in 
the silicon technology: a practical model for wafer is any body 
extending in two directions exceedingly more than the change 
of thickness resulting from the considered processes and such 
that only the processes are actually carried out on only one of its 
major surfaces. Before undergoing any operations, such wafers 
have generally homogeneous chemical composition and high 
flatness and are referred toas substrates. Inthe typical situations 
considered herein the substrates are slices of single crystalline 
silicon. The other materials are polycrystalline silicon (poly-Si), 
SiO,,$i,N,, and various metals (Al, Ti, Pt, Au,..) 

‘The typical processes involved in the silicon technology 
are lithography (for the definition of geometries), wet or 
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TABLE IZA Shape Resulting after Etching 
co Growth Processes 


‘Shape 
Process Conformal Directional 
Tack Weretching ‘Spatter etching 
4 Plasma etching 
Reactive in etching -> 
Growth CVD. Pv> 


gas-phase etchings, chemical or physical vapor deposition, 
planarization, doping (typically via ion implantation), and 
diffusion. A special class of materials is formed by resists, ie. 
photoactive materials undergoing polymerization (or depo- 
lymerization) under illumination. The processes of interest 
here are the following: 


Lithography requires a preliminary planarization with a 
resist, its patterning (i.e, the definition of a geometry) via the 
exposure through a mask to light, the selective etching of the 
exposed (or unexposed) resist, the selective etching first of the 
region not protected by the patterned resist, and eventually of 
this material 


Wet etchings are usually isotropic and are used for their selectiv- 
ity: HE,, etches isotropically SiO, leaving unchanged silicon and 
SiN H,PO, etches isotropically Si,N, leaving unchanged sili- 
con and SiO,; HF,, + HNO, ,, etches Si leaving unchanged SiN, 
(but has poor selectivity with respect to $i0,). 


Sputter etching is produced by momentum transfer from a 
beam to a target and results typically in nonselective direc- 
tional etching. Selectivity can be imparted exploiting reactive 
ion etching. 


Plasma etching can be tuned to the situation: via a suitable 
choice of the atmosphere it can be used for the isotropic selective 
‘etching of Si, SiO, or Si,N; it becomes progressively more direc- 
tional and less selective applying a bias to the body (“target”) 
‘with respect to the plasma. 


Chemical vapor deposition is the typical way for the conformal 
deposition that occurs when the growth is controlled by reac- 
tions occurring at the growing surface. Poly-Si grows well on 
SiO, but requires an SiO, buffer layer for the growth on Si,N,s 
conversely Si,N, is easily deposited on SiO,. Silicon can be 
conformally covered by extremely uniform layers of SiO, with 
controlled thickness on the subnanometer range via thermal 
oxidation. 


Physical vapor deposition is the typical way for the deposition 
cf metal films. The corresponding growth mode is the positive 
counterpart of directional etching, The conformal deposition of 
‘a metal layer can only be done via CVD from volatile precursors 
(ike metal carbonyls or metalorganic monomers). 

‘Table 17.1 summarizes the shape (conformal or directional) 
resulting from the above processes. 
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18.1 Introduction 


Photolithography, which consists of etching locally a photosen- 
sitive polymer film spin-cast on a flat substrate (Figure 18.1, left 
column), is central to top-down micro- and nanofabrication 
methodologies. The image of a drawing is first projected on the 
film through a mask and possibly a set of lenses; subsequent devel 
‘opment of the exposed regions, that is, removal of the exposed 
regions when a positive tone resist is used, results in the etching 
of the drawing in the polymer film (Rai-Choudhury 1997). This 
topographically patterned film then serves for further operations 
such as localized deposition of metals, etching of the underlying 
substrate, or ion implantation, which are basic processes for the 
fabrication of integrated circuits (IC) (Campbell 2001). 

‘The need to increase the density of integration has resulted 
in a continuously decreasing size of the features to be lithogra 
pphied. It is well known that a wave of wavelength 2 is diffracted 
‘when passing through an opening of size a, and that the width 
of the central diffraction lobe is proportional to A/a in the far- 
field limit (Born and Wolf 1980). Therefore, it does not come asa 
surprise that the resolution limit of photolithography is directly 
linked to the wavelength of the radiation used as well. Other fac 
tors also come into play (Campbell 2001) but need not interest 
us here. As a result, progress in downsizing photolithography 
led to a continuous decrease of 2, resulting simultaneously in 
rapidly rising costs (Resnick 2007). Starting from visible light, 
the trend thus went to deep UV, extreme UV (Wurm and Gwyn 
2007), and soft x-ray lithography (Ueno 2007). In parallel, elec 
tron beam lithography (EBL) was developed to benefit from the 
short wavelength of accelerated electrons (Owen 1985, Suzuki 
2007). However, EBL consists of scanning a beam of elec 
trons over a film of an electrosensitive resist, which is essentially 


a serial process much slower than the all-at-once projection 
of a drawing. Therefore, EBL is restricted to niche uses such as 
research, low-volume production, or the fabrication of masks for 
photolithography. 

‘The photolithographic process is actually more related to the 
etching technique used by artists to reproduce drawings than 
to the original lithographic technique. In etching, a film of wax 
is deposited on the surface of a metal plate. The artist removes 
locally the wax usinga sharp stylus, and the metal plate is subse- 
quently etched with acid where the wax is missing. The resulting 
‘metal plate is then used to reprint the drawing (bottom-left of 
Figure 18.1). Historically, other methods have been devised by 
mankind to reproduce drawings. Probably the oldest method is 
stamping, which can be traced back to prehistoric times when 
men and women of all continents inked their hands to impress 
the walls of caves. Traditional ink seals such as used in East 
Asia, known as £/J3% in China, are remote descendants of this 
method. The stamping technique was also translated to micro- 
and nanotechnologies, in which it is currently known as micro- 
contact printing (CP) (Kumar and Whitesides 1993), the most 
prominent ofthe soft lithographic methods (Xia and Whitesides 
1998, Xia etal. 1999, Gates et al. 2005). In 1CP, a soft elastomer 
stamp is inked with a solution of a molecule capable to chemi- 
sorb ona substrate (Figure 18.1, central column). By pressing the 
stamp on the substrate, local grafting of the molecules ensues. 
‘The stamp sofiness is important to ensure conformal contact 
with the surface; however, it also results in undesirable sagging 
and deformation that usually limit CP to the micrometer scale, 
even though higher resolutions were reported in favorable cir 
cumstances (Biebyuck et al. 1997, Odom et al. 2002). But more 
importantly, stamping methods only transfer a monolayer of 
ink on the surface of the substrate. "The resulting drawing is thus 
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FIGURE 18.1 Schematic presentation of photolithography, microcontact printing, and nanoimprint lithography. The art drawings obtained by 
the corresponding historical drawing method are shown at the bottom. (Left) Doctor Faust, etching from Rembrandt, 1652; (center) apaleo-Indian 
handprint from Pedra Pintada, Brazil; (right) a Mesopotamian seal and its printout, ca. 1720-1650 BC, Syria. 


essentially two-dimensional, as opposed to the three-dimensional 
nature of the topographically patterned polymer films used for 
integration technology. Therefore, LCP is more suited to create 
micrometer-scale chemical patterns that are used as platforms 
for bottom-up assembly processes (Mahalingam et al. 2004) 
‘or for the fabrication of arrays of biosensors (Kane et al. 1999), 
rather than for nanolithography. 

Another ancient method of reproducing drawings is the 
embossing of soft materials such as paper, clay, or wax by hard 
seals. Historical records trace back to the kingdoms of Ancient 
Egypt and Mesopotamia, and there is evidence that seals were 
used as signatures in official Chinese documents before 220 
BC. The method of embossing found its way in nanotechnol- 
‘ogy 5000 years after its initial discovery, where it is currently 
known as nanoimprint lithography (NIL) (Chou et al. 1995), 
hot embossing (Heyderman et al. 2000), or nanoembossing, 
(Studer etal, 2002). NIL isa newcomer in the lithography field, 
since it was initially proposed in the mid-1990s only by Chou 
and coworkers (Chou et al. 1995, 1996); however, the method 
hhas rapidly attracted strong interest and is currently considered 
1s one of the possible industrial options for reaching feature 


sizes below 30nm (ITRS 2007). An overview of the method 
that consists of transferring a drawing in a polymer film by 
pressing a topographically patterned hard mold into the film 
(Figure 18.1, right columa) is given in Section 18.2. Because 
NIL as such has already been reviewed extensively (Torres 
2003, Guo 2004, Stewart and Willson 2005, Guo 2007, Resnick 
2007, Schift and Kristensen 2007, Schift 2008), this section con- 
centrates only on the most important features of the method 
required to understand the rest of the chapter. Note that NIL, 
like all other techniques mentioned above, leaves aside the 
issue of the fabrication of the master mold (or stamp for HCP, 
‘or mask for photolithography). Actually, the idea behind most 
advanced lithographic techniques is to fabricate masters by a 
slow, expensive but efficient technique such as EBL, and to rep- 
licate them in large numbers by a less expensive, more rapid 
method. This is not basically different from printing or stencil 
techniques, which also create one template from which many 
copies are produced. Obviously, the wear of the master is a 
potentially serious problem that is certainly more significant 
for methods involving a direct contact between the master and 
the film to be patterned, as in NIL or UCP. 


Patterning and Ordering with Nanoimprint Lithography 


‘The main advantages of NIL. as a lithographic technique are 
the relatively limited cost of the method, its high throughput, 
and its capacity to reach very small feature sizes. But there is 
intrinsically more to NIL than simply the fabrication of three: 
dimensionally patterned polymer films for integration technol: 
ogy: NILis basically a molding technique acting at the nanometer 
scale, which can thus be used to shape functional materials into 
nanowires, nanopillars, or other useful nanoobjects. This new 
trend is reviewed in Section 18.3. Even more interestingly, NIL 
can also be used as a way to control ordering processes (such as 
crystallization) at the nanometer scale. In this case, not only is 
the shape of the nanoobjects controlled during embossing but 
also their internal structure, which may give rise to enhanced 
performance compared with macroscopic materials. Recent 
examples of this promising emerging trend are given in Section 
184. NIL is thus progressively moving from a purely litho. 
graphic method to a real polymer nanoprocessing tool, which 
‘might well be the niche where NIL will thrive in the future. 
Before closing this section, it is useful to mention an inter 
esting parallelism between the historical development of 
microscopy and lithography. Microscopy began with optical 
‘microscopes that are limited by diffraction toa spatial resolution 
of about 4/2 (Bergmann and Schaefer 1999), except when spe 
cial setups are used in combination with fluorescent molecules 
(Klar et al. 2000). Higher resolutions are attained by decreasing 
the wavelength, leading to electron microscopes and soft x-ray 
‘microscopes (Chao et al. 2005). This clearly parallels the evolu: 
tion of photolithography. However, the diffraction limit can also 
be beaten by changing entirely the principle of operation of the 
‘microscope. This is the case of scanning probe microscopes, in 
which a sharp tip is placed in contact or close to contact with 
a surface. In atomic force microscopy (AFM), for instance, the 
local force experienced by the tip is translated into an image ina 
‘way that depends on the specific mode of the operation selected 
(Kalinin and Gruverman 2007). The main point in the present 
context is that images of very high resolution can be obtained 
by switching from a wave-based imaging process to a contact 
‘mode imaging process. This is not unlike the switch from a 
photolithography-based process to an embossing, based process. 
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‘The comparison is even stronger when one realizes that AFM 
tips can be used as mechanical tools to orient polymer molecules 
(Leung and Goh 1992), just as NIL is shown in Section 18.4, 


18.2 Nanoimprint Lithography 


Contrarily to photolithography and EBL, NIL replicates a relief 
pattern in a heated thermoplastic or in a thermosetting poly- 
‘mer by mechanical deformation, rather than by a local photo- or 
electrochemical modification of the resist. The pattern is then 
frozen by cooling down or cross-linking the polymer. A sche- 
matic drawing of the original NIL. process that was proposed 
for thermoplastic polymers is shown in Figure 18.2a (Chou et al. 
1997). A thin film of an amorphous thermoplastic polymer is 
cast onto a rigid surface. The polymer film is softened by heat 
ing above its glass transition temperature. A rigid mold bearing 
nanoscale features is then pressed into the polymer film until 
the polymer flows into the recesses of the mold. The polymer 
film is finally hardened by decreasing the temperature below the 
glass transition, before the mold is removed. A thickness con- 
trast is thus created in the polymer film afer imprinting. A thin 
residual layer of polymer is most often intentionally left between 
the protrusions of the mold and the substrate in order to prevent 
direct impact of the hard mold on the substrate and thereby pro- 
tect the fragile protrusions of the mold (Guo 2007). This residual 
layer is then removed by an anisotropic O, plasma etching pro- 
cess, which completes the pattern replication. However, Schulz 
etal. (2003) have concluded froma study of local mass transport 
and its effects on pattern replication that for optimal perfor- 
‘mance, the initial film thickness should be selected so as to have 
less than 100% filling of the mold cavities, which corresponds to 
nearly zero residual layer thickness. 

‘As can be realized, a very attractive aspect of NIL is its 
intrinsic simplicity: the basic elements needed for NIL are 
limited to (1) a mold with a relief comprising a large number 
of nanofeatures, (2) a suitable resist such as a thermoplastic 
polymer that can be softened during imprinting and hardened 
after imprinting, and (3) a printing equipment setup allowing 
some control of process parameters such as temperature and 
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FIGURE 18.2 (a) Schematic drawing of the originally proposed NIL method. (b) SEM image ofa mold with pillars of 10nm lateral size and 60.nm 
height. (c) SEM image of the corresponding array of holes imprinted in a PMMA film. (Reprinted from Chou, SY. etal, J. Vac. Sci. Technol. B, 15, 


2897, 1997. With permission.) 
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pressure. NIL is thus cost-efficient compared with other litho- 
{graphic methods, while at the same time offering a good per- 
formance with respect to resolution and throughput. Unlike 
the development of photolithography and EBL, the lack of 
expensive optical components and light sources makes it much 
easier to construct an imprint setup. To meet the requirements 
of an NIL process, one needs only a well-controlled heating 
and cooling system and a setup for applying pressures. There 
are now many different companies selling NIL equipment, 
such as Obducat, EVGroup, or Siiss MicroTec in the European 
Union, and Nanonex in the United States. 

‘The mold used in NIL-can essentially be any type of solid mate. 
rial that hasa good mechanical strength and reasonable durabil- 
ity, and is usually made of silicon, dielectric materials such as 
silicon dioxide or silicon nitride, metals such as nickel, or even 
polymeric materials that are harder than the resist (Guo 2007). 
‘The desired nano- or microscale features defined on the molds 
are produced by any other lithographic processing such as photo- 
lithography, EBL, or even NIL itself, followed by localized metal 
deposition, reactive ion etching of metal-uncovered regions, and 
metal removal. In order to facilitate the separation of the mold 
from the substrate after imprinting, an anti-adhesion layer is 
normally coated on the mold surface. The requirements for this 
layer are that its interfacial tension with the imprinted material 
be large, whereas its surface tension in air be low. This favors the 
separation of the mold and imprinted material for thermody- 
namic reasons. Therefore, the most widely adopted approach is 
to form a self-assembled monolayer of a partially perfluorinated 
silane (¢g., 1H,1#,2H,2H-perfluorodecyitrichlorosilane) on the 
‘mold surface, preferably by a vapor-phase reaction (Jung et al 
2005). Mixtures of mono- and trichloro-perfluorinated silanes 
‘were also proposed (Schift et al. 2005). Perfluorinated organic 
‘materials are interesting because of their low surface tension in 
air and known incompatibility with hydrocarbons that favors a 
high interfacial tension with most polymers. 

“The imprinting resists used in NIL are typically thermoplastic 
amorphous homopolymers such as poly(methyl methacrylate) 
(PMMA), polycarbonate (PC), and polystyrene (PS). One com: 
‘mon feature of these thermoplastic materials is that their viscos- 
ity and elastic modulus are significantly reduced by increasing 
the temperature above their glass transition temperature, 
Hence, the polymer viscoelastic fluid can be forced to flow into 
the recesses of the mold under a pressure of afew tens of bar and 
to conform exactly to the surface relief of the mold. As a rule 
of thumb, the pressure ranges usually from 10 to 100 bar and 
the imprint temperature is most often ~70°C-90°C above the 
T, of the imprinted polymers. The polymer fluid can be easily 
hardened by cooling back to below T, to freeze the imprinted 
nanostructures. 

‘One key parameter for the selected polymer is its molar mass 
1M that controls physical properties such as the glass transition 
temperature, the stiffness, the strength, and the viscosity (Gedde 
1995). For instance, the viscosity scales as M* above some critical 
1M, below which entanglements between chains do not exist in 
the melt (Rubinstein and Colby 2003). The pressure, imprinting 
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times, and/or imprinting temperatures have therefore to be signif 
icantly increased for polymers of higher molar mass. Both print- 
ing temperature and pressure should be kept as low as possible in 
‘view of the time needed for temperature and pressure cycling. It 
is thus favorable to work with polymers of lower M, hence lower 
‘viscosity. However, because amorphous polymers of molar mass 
lower than M, are brittle, they are not suitable for nanoimprint- 
ing. Typically, M, isin the 10,000g mot" range for styrenic and 
methacrylate amorphous polymers (Rubinstein and Colby 2003). 

Note also that the distribution of molar mass and the topology of 
the polymer (eg, presence of long chain branches or cyclic chains) 
are important parameters with respect to theological properties; 
these may thus be tuned for optimal throughput. 

One unique advantage of NIL is that its resolution is not lim- 
ited by factors such as light diffraction, scattering, and interfer- 
ence in the resist. The resolution limit of NIL can be smaller than 
the radius of gyration of polymer chains that is on the level of a 
few or a few tens of nanometers depending on molar mass. Figure 
18.2b and c shows scanning electron microscopy (SEM) images of 
a mold with 10nm diameter pillars and the replicated 10nm hole 
array in PMMA (Chou et al. 1997), showing that indeed NIL can 
be used asa high-resolution nanolithographic technique. 

Since the first report on NIL, the method has attracted strong, 
interest from both industry and academia due to its merits such as 
high-resolution, low-cost, and inherent high-throughput result- 
ing from parallelized processing. For lithography purposes, how- 
ever, one of the drawbacks of the originally proposed NIL process 
is the thermal cycle that limits the throughput for semiconductor 
IC manufacturing. A variation of the NIL technique that uses a 
transparent mold and low-viscosity UV-curable monomers that 
cross-link upon UV exposure (step and flash imprint lithography, 
SFIL) was developed soon after (Ruchhoeft et al. 1999), allowing 
the process to be carried out at lower pressures and room tem- 
perature. Since the thermal cycle is avoided, SFIL is much faster 
than thermal NIL which makes it very attractive for the manu- 
facturing of semiconductor IC devices (Resnick etal. 2003). Other 
variations include solvent-assisted NIL, in which the polymer is 
softened by a solvent vapor, and imprinting is performed at room 
temperature (Khang et al. 2001, Voicu etal. 2007). 

In order to optimize the NIL process or widen its applications, 
understanding the cavity-filling process during imprinting is 
essential. At first sight, the initial step in the process of NIL is very 
similar to the technique of hot embossing, in which a polymer 
layer is thermally deformed using a rigid mold. However, with 
ever smaller feature sizes and increasingly complex mold geom- 
etties, the behavior ofthe thin polymer film during both molding 
and demolding becomes more complicated. The cavity fill pro- 
cess can be understood in first approximation as a squeeze flow, 
as shown in Figure 18.3a (Heyderman et al. 2000). Initially, the 
polymer flows on the cavity walls and wets them. The material 
in the center of the cavity is under compressive stress, causing a 
convex profile to form. The polymer surface thus raises and even- 
tually touches the top of the cavity. Because squeeze flow, elec- 
trostatic interactions between the mold and polymer, capillary 
forces, van der Waals forces between the mold and the substrate 


ated circuit> digital > multiplexer 


inputs may be distinguished from the others by 
preceding each identifier witha numeralorletter 
to designate the switch, as in 150, 151, 152... or 
1X0, 1X1, 1X2... (Switches are generally num- 
bered from 1 upward, even though their inputs 
are numbered from 0 upward.) Outputs may be 
identified using the same coding scheme as in- 
puts, bearingin mindthatthe inputs and outputs 
of an analog multiplexer usually are interchang- 
able. Some manufacturers, however, prefer to 
identify each multiplexer output by preceding it 
with letter Alternatively, Z1, 22, Z3...mayiden- 
tify the outputs from switches 1, 2, 3... Fortu- 
nately, datasheets usually include some kind of 
key to this grab-bag of abbrevi 


ions. 


Control pins are often identified as A, B,C... with 
letter A representing the least significant bit in 
the binary number that is applied to the pins, 


Voltages can be confusing in multiplexers. Com- 
ponents intended for use with digital inputs are 
straightforward enough, as the supply voltage 
will be identified as Vcc and is typically SVDC for 
through-hole packages (often lower for surface- 
mount), while negative ground is assumed to be 
OVDC. However, where a multiplexer may be 
used with AC inputs in which the voltage varies 
above and below OV, supply voltages above and 
below OVDC are also possible—such as +7.5VDC 
and -7.5VDC, to take a random example. Three 
power-supply pins may be provided for this pur- 
pose. The positive supply will usually be identi- 
fied as Vop (the D refers tothe Drain the internal 
MOSFETS). A Vee pin may be at OVDC or at aneg- 
ative value equal and opposite to Vpp. The E in 
this abbreviation is derived from Emitter voltage, 
even though the component may not contain a 
bipolar transistor with an emitter. Customarily, a 
Vs pin (the S being derived from the Source in 
the internal MOSFETs) will be at VDC, and other 
voltages will be measured above and below this 
baseline. This ground pin may alternatively be 
labeled GND. 


Asis customary in logic chips, low-active control 
pins will have a bar printed above their identifi- 


Variants 


ers, oran apostrophe will be placed after aniden- 
tifier if the font does not permit printing the bar. 
Alternatively, low-active pins may be represent- 
ed by showing small circle, properly referred to 
as a bubble, at the input or output point of the 
symbol for the multiplexer. Note that analog in- 
putsand outputsareneitherhigh-activenorlow- 
active; they merely pass voltages through. 


Variants 


Most multiplexers are "break before make” devi- 
ces, where one input is disconnected before the 
next input is connected. However, some excep- 
tions exist, and datasheets should be checked for 
this. It can be a significant issue, because make- 
before-break switching will briefly connect ex- 
ternal devices with each other, through the chip. 


Many multiplexers can tolerate control voltages 
above the usual high value in a logic circuit—as 
high as 1SVDC in some cases. The voltage that is 
switched by the multiplexer may be the same as 
the control voltage, or may be higher. 


Some analog multiplexers have overvoltage pro- 
tection that allows them to withstand input vol- 
tages that are twice or three times the recom- 
mended maximum. 


Datasheets may mention “internal address de- 
coding meaning that the binary number input, 
specifying a channel to be switched, is decoded 
inside the chip. In fact, virtually all multiplexers 
now have on-chip address decoding, and this 
feature should be assumed to exist, regardless of 
whether it is mentioned, 


Values 


The voltage to be switched will usually be re- 
ferred to as the input voltage, Vy. 


An analog multiplexer should not be subjected 
to current exceeding the value thatit is designed 
to switch. Thisis knowns the maximum channel 
current. Atypical value would be 10mA, although 
many modern surface-mount components are 
designed for currents in the microamp range. 
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FIGURE 18.3 (a) Scheme ofthe forces acting on a polymer film during the filling ofa cavity (Reprinted from Heyderman, LJ. etal, Microclectron. 
Eng, $4, 228, 2000. With permission.) (b) Cavity fill process depending on the ratio of cavity width to film thickness. (Reprinted from Rowland, 


HD. etal, J. Micromech. Microeng, 18, 2414, 2005, With permission) 


across the polymer fluid, and surface tensions appear in the bal: 
ance of forces (Schift etal. 2001), a variety of self-organization 
phenomena can be triggered during imprinting, resulting some- 
times in the formation of different undesirable patterns such as, 
pillars, fractal-like patterns, and viscous fingers. Rowland et al 

(2005) have investigated by numerical simulation the impact of 
polymer properties, mold geometry, and process conditions on 
the cavity-filling process. When the polymer flows vertically into 
‘an open cavity during imprinting, the polymer can deform either 
as a single peak centered in the cavity or as a dual peak where 
‘each peak remains close to the vertical sidewalls, depending upon 
‘geometry, as shown in Figure 18.3b. The ratio of cavity width to 
film thickness determines single versus dual-peak cavity filling, 
regardless of the absolute size of the features and also of the pres- 

‘sure or temperature applied during embossing. 


18.3 Nanoshaping Functional Materials 
by Nanoimprint Lithography 


It is important to note that the cavity fill process of NIL only 
moves the macromolecules of the imprinted resist from one place 
to another. The chemical properties of the imprinted resist are 
‘thus kept after imprinting, contrary to conventional lithography 
where a pattern is generally created by the irradiation-induced 
reaction of organic materials, Therefore, NIL can be adapted 
directly to pattern or shape of a wide range of relatively frag- 
ile materials such as functional polymers and biological macro. 
molecules instead of photo- or electroresists. In this respect, NIL. 
is attracting increasing attention for its ability to shape directly 
functional materials into nanostructures. NIL can therefore be 
used as an efficient nanoprocessing tool to shape a material for 
applications, requiring a synergy between its topography and its 
functional properties. NIL was therefore used 


1. To generate nanopores in materials: The demand for low 
dielectric constant (low k) materials in the microelectron- 
ics industry has recently led to considerable interest in 
porous materials, especially nanoporous materials (Maier 
2001). Imprinting can be used to create pores into a thin 
film of a dielectric material and therefore decreases its 
dielectric constant. For instance, Soles et al. demonstrated 
the direct patterning by NIL of sub-100nm features into 
porous spin-on organosilicate glass materials (Ro et al 
2007, 2008). 


2. To shape the interface between two functional materials: In 
organic heterojunction solar cells, the interface between 
donor and acceptor materials is crucial. This interface 
could be tailored by NIL. A thin film of conjugated poty- 
‘mer (serving as acceptor) was first imprinted in a con- 
trolled atmosphere (low vacuum or inert gas). Well-defined 
nanoscale structures were thus created in the acceptor 
layer. The other component (donor) of the system was then 
poured in the created trenches (Kim et al. 2007, Cheyns 
et al. 2008 and Aryal et al. 2008). The fill factor and power 
conversion efficiency were correspondingly increased. 

3. Tocreate optical gratings in light-emitting materials: Within, 
recent years, organic dye-doped or conjugated polymer 
laser devices have received much attention as convenient 
and compact light sources. One of the important issues to 
‘make polymer lasers is the fabrication of a periodic sur- 
face relief in the conjugated or dye-doped polymers, with 
a period close to the wavelength of light. The periodic relief 
can modify the generation and propagation of light in these 
‘materials by interference effects. Chou et al. were the first 
to apply NIL to directly shape organic light-emitting mate- 
rials, such as Alg3 (8-hydroxyquinoline aluminum) doped 
with DSMII dye molecules, or their blends with PMMA 
(Wang et al. 199) Figure 18.4a shows AFM images of the 
resulting Alq3/DSMII gratings of 300nm period. It was 
demonstrated that no degradation of the light emission 
efficiency is caused by the NIL process (Figure 18.4b). In 
addition, because the small dye molecules embedded in the 
PMMA matrix are slightly aligned by the imprinting pro- 
cess (see Section 18.4), an anisotropic photoluminescence 
behavior was observed (Wang etal. 2000), 

Subsequently, Guo et al. (2002) successfully imprinted. 
two-dimensional photonic crystal nanostructures in non- 
linear optical dye-doped polymers. Pisignano et al. (2003, 
2004) and Mele et al. (2005, 2006) showed that conju- 
gated polymers and oligomers can be directly imprinted 
at room temperature under a very high pressure, based 
on the plastic deformation of the polymer. Figure 18.5a is 
an AFM image of a room temperature-imprinted organic 
semiconductor thin film. A study of the optical proper- 
ties before and afier imprinting (absorbance, lumines- 
cence, and quantum yield) again ruled out the possible 
degradation of the active materials even when imprinting 
was performed in air (Figure 18.5b). The imprinting of 
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FIGURE 18.4 Optical grating imprinted by NIL in a light-emitting material (2) AFM height image of Alg3/DMSII gratings with a period 
‘of 300mm. (b) The measured luminescence spectral intensity before and alter imprinting, demonstrating the absence of sample degradation 
(Reprinted from Wang, J etal, Appl. Phys. Lett, 75, 2767, 1999, With permission) 
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FIGURE 18.5 Optical grating imprinted by NIL at room temperature in a light-emitting organic semiconductor. (a) AFM height image of the 
surface grating with a period of 400nm. Image side: 10m. (b) Absorbance and integrated photoluminescence spectra before (line) and after 
(circles) imprinting, showing the absence of degradation. (c) Photoluminescence spectra ata selected emission angle, showing the presence of an 
interference peak after imprinting (circles) compared with the uniform film (line). The interference peak is due to the surface grating. (Reprinted 
{from Pisignano, Det al, Adv. Mater, 16, 525, 2004. With permission.) 


a surface periodic grating with wavelength-scale per 
odicity enhances the light emitted in specific directions 
due to interference effects (Figure 18.5), and reduces the 
effective length covered by the photons in the material 
and thus the self-absorption inside the organic slab, These 
interference effects were subsequently used to build a dis. 
tributed feedback (DFB) laser, wherein the surface grat- 
ing serves to produce a narrow band of wavelengths by 
interference. Figure 18.6 displays the photoluminescence 
spectrum of such a DFB laser obtained by NIL using the 
conjugated light-emitting polymer (poly{2-methoxy-5- 
(@-ethylhexyloxy)-1,4-phenylenevinylene]) (MEH-PPV), 
showing a narrow emission at about 630 nm wavelength. 

4. To create antireflective structures on the surface of opt 
cal_-materials: Two-dimensional antireflection sub. 
wavelength structures were also created by NIL on the 
surface of thin films in order to suppress Fresnel reflec- 
tion. Fresnel reflection is a drawback for many optical 


systems, since it reduces the fraction of transmitted 
light, deteriorates the contrast of displays, and generates 
ghost images in imaging systems (Ting et al. 2008a,b). 
Surface relief gratings with periods smaller than the 
wavelength of light, named subwavelength gratings, may 
behave as antireflection surfaces. Figure 18.7a is an SEM 
image of antireflective PMMA nanostructures fabricated 
by NIL. ‘The optical properties of a plain PMMA sheet 
with the ones of a patterned PMMA sheet are shown in 
Figure 18.7b, showing a significant reduction of glare 
afier imprinting. 

To shape biomaterials: Ohtake et al. (2004) reported that 
DNA can be directly patterned by NIL; interestingly, the 
patterned DNA retains its activity, showing that these 
biomacromolecules can withstand the relatively harsh 
processing conditions of NIL. Park et al. (2007) showed 
that chitosan, a derivative of a natural polysaccharide, 
can also be directly patterned by NIL at low temperature 


Patterning and Ordering with Nanoimprint Lithography 


18.7 


9 
tin 
8 
7 
& 2 
= : 
nm 
sm 580 600) edad. 
© Xam) © Wavelength (om) 


FIGURE 18.6 (a) AFM height image of MEH-PPV gratings with aperiod of 600nm patterned directly by NIL. (b) Distributed feedback emission 
spectra under pulsed excitations of increasing dose. The narrow band of wavelengths emitted at about 630nm results from interference from the 
surface grating. Inset: the influence of excitation dose on the DFB emission intensity. (Reprinted from Mele, E. etal, Appl. Phys. Lett, 89, 131108, 


2006. With permission.) 
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(6) BarePMMA. PMMA with SW 


FIGURE 18.7 (a) SEM image of PMMA films with imprinted antireflective nanostructures. (b) Comparison between a bare PMMA sheet and. 
the imprinted PMMA sheet, showing an obvious damping of backlight glare. (Reprinted from Ting, C.-. etal, Nanotechnology, 19, 205301, 2008a. 


‘With permission.) 


and low pressure. The nanoimprinted chitosan pat- 
terns contain a large amount of primary amino groups 
for further chemical modification, and can be used, for 
instance, to graft proteins and DNA strands for biosens. 
ing purposes. 


Interestingly, nanoshaping of functional inorganic materials is 
also possible by NIL. For instance, Grigoropoulos etal. (Ko et al 
2007, Park etal. 2008) demonstrated the direct nanoimprinting 
of thin films of gold nanoparticles. Because of their small size 
(2-3nm), the nanoparticles start to melt at ~130°C-140°C, well 
below the melting point of bulk gold. A variety of gold nano- 
structures were fabricated, such as nanodots, nanowires, and 
serpentine nanowire arrays, showing the potential ofthe method 


for the direct fabrication of electrodes for nanoscopic devices. 
Imprinting of soft precursors of inorganic crystals and glasses 


was also reported, showing the possibility to use NIL to fabricate 
ceramic or inorganic glass nanostructures (Harnagea et al. 2003, 
Okinaka et al. 2006, Peroz et al. 2007). Finally, direct imprinting 
of silicon wafers was also achieved via laser-induced transient 
liquefaction of the imprinted material (Chou et al. 2002) 


18.4 Controlling Ordering and 
Assembly Processes by 
Nanoimprint Lithography 


As mentioned in Section 18.1, the application of NIL to organic 
materials such as semicrystalline polymers or liquid crystalline 
oligomers is capable to control the internal structure of the result- 
ing nanoobjects. Consider semicrystalline polymers as an exam- 
ple. These materials crystallize in ~10nm thick lamellar-shaped 
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crystals, in which the chains are perpendicular or slightly inclined 
to the lamellar surface, and when emerging from the crystal 
surface either fold back in the same lamella or reenter a neigh: 
boring quasi-parallel lamella (Figure 18.8) (Gedde 1995, Reiter 
and Strobl 2006). The lateral sizes of polymer lamellae are in the 
micrometer range, and the lamellae are elongated inthe preferred 
‘growth direction of the crystal. Successive lamellae are separated 
bby amorphous interlayers, which accommodate the folds, loose 
loops, tie segments, and dangling ends of the chains (Mandelkern 
1979, Gautam et al. 2000). The crystallization process occurs 
through nucleation from a central seed, most often an impurity 
(Wunderlich 1976), from which a complex assembly of lamellae 
forms by crystal growth, branching, and splaying (Bassett 1984). 
‘The resulting so-called spherulite has a radius in the micrometer 
range, and the preferred growth direction ofthe lamella is essen 
tially radial within the spherulites. Hence, atthe supraspherulitic 
scale, semicrystalline polymers are isotropic, and consist of an 
intricate mixture of crystallized and amorphous nanoregions. 
‘Therefore, their properties are averages of diferent phases overall 
possible orientations, and include components resulting from the 
‘humerous crystal-amorphous interfaces present in a spherulite 
‘This significantly reduces the performance of such materials. 
Consider now the possible effects of NIL on such a complex 
morphology. Embossing is performed in the molten state, but the 
polymer crystallizes in the mold during cooling. First, the nucle 
ation process could be affected, because NIL splits the melt into a 
very large number of small cavities. Since the probability to find a 
heterogeneous nucleating seed in a cavity depends on the product 
‘between the volume ofeach nanocavity and the number density of 
nucleating seeds in the melt, this probability may be wel below 
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FIGURE 18.8 Scheme of the morphology of semicrystalline polymers 
seen at different length scales, showing spherulites (op-left image), 
stacks of lamellae (bottom-Lft image), lamellar crystals and amorphous 
interlayers (bottom-right image), and crystalline stems (top-right image) 
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If so, crystallization in the nanocavity will either require the 
spontaneous formation of a nucleating germ in the melt, a pro- 
cess called homogeneous nucleation rarely encountered in prac 
tice when crystallizing bulk polymers, or the propagation of a 
crystal from the outside into the nanocavity (if the cavity is not 
totally isolated), which will only be possible when a nearby crys- 
tal grows in the proper orientation. The situation is similar to the 
one encountered when crystallizing polymers in microdroplets 
(Cormia et al. 1962, Massa and Dalnoki-Veress 2004), in microdo- 
‘mains of phase-separated block copolymers (Reiter etl. 2001, Loo 
etal. 2002, Muller et al. 2002), or in the nanopores of membranes, 
(Steinhart et al. 2006, Woo et al. 2007), cases for which retarded 
crystallization and preferred orientation are often reported. One 
can thus expect identical effects to occur in NILas well 

Second, the crystal growth process might also be affected. It 
was demonstrated for the first time in Russia in 1972 (Sheftal and 
Bouzynin 1972), and rediscovered later in the United States (Smith 
and Flanders 1978), that topographically patterned amorphous 
surfaces may induce preferential orientation of growing crystals, 
provided the symmetry of the topography be adapted to the habit 
of the growing crystals. This phenomenon is known as “graphoepi- 
taxy” or “artificial epitaxy” (Givargizov 1994, 2008), with reference 
to the epitaxy of crystals on crystalline substrates, where matching 
between thelattice planes of the growing crystal and ofthe substrate 
provides for preferential orientation. In graphoepitaxy, however, 
the matching occurs at a higher level and does not require a crys 
talline substrate. Key thermodynamic parameters are the shape of 
the growing entity and the symmetry of the substrate topography, 
as well as the surface tensions and surface tension anisotropies of 
the crystal-substrate and melt-substrate interfaces, which dictate 
the energy balance of the growing system (Mouthuy et al. 2007). 
On the kinetic side, the growth rates of the crystal along specific 
crystalline directions are also important parameters because they 
control the crystal shape, hence the graphoepitaxial matching. In 
the present context, the topography of the NIL mold may thus con- 
trol graphoepitaxially the crystallization process of the polymer, 
resulting in a preferential alignment of specific crystallographic 
directions with respect to the nanofeatures of the mold 

[A third factor that could affect the crystallization process in aNIL 
experiment is the degree of chain alignment that results from the 
‘melt embossing process. Polymers are viscoelastic fluids, which may 
keep for a long time a partial memory of the considerable squeeze 
flow experienced during the imprinting. In addition, polymer 
chains tend to align along flow lines during processing. This favors 
oriented crystallization (Miller 1979, Kumaraswamy et al. 1999, 
Somani et al. 2000) and the emergence of specific morphologies 
such as “shish-kebabs,” in which long crystalline nanofibers made 
of aligned chains (the “shishes”) serve as nuclei for oriented lamellar 
crystals (the “kebabs”) (Eder etal, 1989, Kimita etal, 2007). In NIL, 
the residual degree of chain alignment will depend on the molar 
‘mass of the polymer, on its previous processing history, and on its 
annealing time in the melt before crystallization. Note that chain 
orientation under flow is not easy to predict atthe nanometer scale, 
since molecular confinement of the chains in a thin film leads to a 
substantially perturbed rheological behavior (Rowland et al. 2008), 
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‘A fourth factor is confinement itself. Most macromolecules 
have radii of gyration in the 10-50nm range, close to the thick- 
ness of films used in NIL and to mold feature sizes, resulting in 
strong confinement of the chains. There is currently an ongoing 
discussion in the literature regarding the way confinement affects 
polymer properties such as glass transition and segmental mobil- 
ity (Ellison and Torkelson 2003, Alcoutlabi and McKenna 2005) 
or whole chain motion (Rowland et al. 2008). Conflicting results 
have been published, and itis not possible to review them fairly 
in the present chapter. Instead, one should keep in mind that the 
conformation and dynamic properties of confined polymers may 
be substantially different in a nanocavity than in the bulk, which 
is likely to modify their crystallization behavior as well. Think 
only of the need that chains fold back and forth to form lamellar 
crystals (Figure 18.8). If this occurs in a space only slightly larger 
than the intrinsic lamellar thickness, significant perturbations of 
the crystallization process are clearly to be expected. 

‘What is true for polymer crystallization should also be valid 
for other supramolecular assembly processes, such as the for- 
‘mation of liquid crystalline domains or the ordering of block 
copolymer mesophases. In the sequel, we will review the results 
obtained in this emerging field, for a range of systems such as 
amorphous rigid polymers, liquid crystalline polymers, semi- 
crystalline polymers, and phase-separated block copolymers. 
NIL will be shown to be unique in its ability to orient crystals 
and chains in specific directions, resulting in favorable cases in 
a significant improvement of the performance of nanodevices. 
‘The results will be divided in two classes: NIL under either full 
or partial confinement. In the first case, the starting film thick- 
ness and the height of the protrusions on the mold are such 
that the mold can touch the surface of the substrate if pressed 
strongly enough (Figure 18.9). For a mold having a protruding 
surface fraction 6, each protrusion being of height h, full con- 
finement will only be possible when the starting film thickness 
d< (1 ~ o)h. Under this circumstance, each recess of the mold 
will be effectively isolated from other recesses. In contrast, when 
> (1~6)h, a continuous residual film always remains between 
the substrate and the protruding features of the mold, no matter 
how hard the mold is pressed in the film (Schift and Heyderman 
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2003). In this case, information on the ordering process may 
propagate from recess to recess, which will have significant con- 
sequences on the global ordering of the sample. 


18.4.1 Ordering under Partial Confinement 


‘The first experimental demonstration of molecular alignment 
by NIL was obtained for chromophores dissolved in a standard 
PMMA resist, using line gratings as molds (Wang et al. 2000). 
Polarized photoluminescence and absorption measurements 
indicated that the dye molecules are aligned after imprint with 
their long axis along the grating lines, most probably due to the 
effect of flow during processing. The fluorescence anisotropy, 
Re (I, 1) + 21,), quantifies the degree of alignment by com- 
paring the fluorescence emission polarized parallel to the grating 
lines (1;) and perpendicular to them (1). values of I correspond 
to complete alignment, whereas R = 0 for isotropic systems. From 
the reported dichroic ratios DR = Iy/L.,R values of 0.1-0.2 can be 
computed for this specific example, which shows that the poly- 
mer flow is able to align the dye molecules only moderately. 

For semicrystalline polymers crystallized in partial confine- 
‘ment, no or limited preferential orientation of polymer crystals 
occurs when line gratings are used as molds (Hu et al. 2005, 
Okerberg et al. 2007). Thin films of poly(vinylidene fluoride) 
(PVDE, a-phase) crystallize in a normal spherulitic morphol- 
ogy and appear to be insensitive to the presence of the grooves 
of the NIL mold (Hu et al. 2005). The crystalline lamellae 
propagate from groove to groove, and the electron diffrac 
tion patterns do not show preferred orientation relative to the 
line grating direction (Figure 18.10). This can be ascribed to 
fast crystal growth in the thin residual film below the protru- 
sions of the mold, from which crystallization propagates into 
the linear grooves of the mold. The final morphology is thus 
not dictated by the mold, but mainly by the processes occur- 
ring in the residual film. Similar results were obtained for 
poly(ethylene oxide) (PEO) (Okerberg et al. 2007), although 
partial elongation of the crystalline lamellae along the grooves 
of the mold was sometimes observed. As is readily apparent 
in Figure 18.11a, the global spherulitic shape is not affected by 
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FIGURE 18.9 
drawing. 


‘Two configurations of NIL leading to different microstructures after imprint. For clarity the mold was placed at the bottom ofthe 


30nm 


FIGURE 18.10 Microstructure of PVDF (a-phase) crystallized in 
NIL line grating molds under partial confinement (left: transmission 
clectron micrographs right: atomic force microscopy topograph). No 
preferential aligament is obtained, as shown by the arrows that high- 
light the direction of a few lamellar crystals. (Adapted from Hu, Z. 
etal, Nano Lett, 5, 1738, 2005) 


the NIL mold, and lamellae are found growing either perpen- 
dicular to the grooves (zone 1 in Figure 18.11a and b) or paral 
lel to them (zone 2 in Figure 18.11a and c), depending on the 
orientation of the radius of the spherulite with respect to the 
line grating direction. These results clearly indicate that chain 
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alignment by the flow is not sufficient to induce oriented crys- 
tal growth and that graphoepitaxy of semicrystalline polymers 
does not occur in partial confinement. 

‘The situation is somewhat different when imprinting a low 
‘molar mass liquid crystalline conjugated polymer, poly(9,9-dioc- 
tylfluorene-co-benzothiadiazole) (FSBT), in its liquid crystalline 
nematic mesophase (Zheng et al. 2007, Schmid et al. 2008). This 
sgreen-light-emitting polymer displayed after imprinting R values 
as large as 0.97, indicating that most polymer chains are aligned 
parallel to the line grating direction. The order parameter R was 
found to increase for thinner films, suggesting that the ordering 
starts from the surface of the mold and progressively vanishes 
‘when going down into the residual film. Polymer-light-emitting 
diodes (PLEDs) were successfully built based on nanoimprinted 
FBT, giving rise to the emission of preferentially linearly polar- 
ized light (Figure 18.12). A field-effect transistor was also real 
ized, and the hole mobility was 10-15 times larger parallel to the 
{grating lines than perpendicular to them. These results directly 
illustrate the beneficial impact of aligning molecules, as far as 
charge mobility or emission polarization is concerned. It should, 


&) ® 


FIGURE 18.11 
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Microstructure of PEO crystallized in NIL grating molds under partial confinement, Panel (a) isan optical micrograph displaying 


a spherulite; the vertical stripes indicate the direction ofthe lines ofthe grating used to imprint the sample. Panels (b) and () are AFM topographic 
‘mages corresponding to the regions land 2 of panel (a), respectively, and show different relative orientations of the lamellae compared with the line 
grating direction. (Reprinted from Okerberg, BC. etal, Macromolecules, 0, 2968, 2007. With permission.) 
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FIGURE 18.12 (a) Electroluminescence of a PLED made of F8BT imprinted in partial confinement with a line grating. The luminescence is 
measured through a polarizer parallel (circles) or perpendicular (triangles) to the grating lines. (b) Optical images of the electroluminescent 
device seen through a polarizer oriented with respect to the grating lines as indicated inthe figure. (e) Schematic drawing of the PLED structure, 
(Reprinted from Zheng, Z. etal, Nano Lett, 7,987, 2007. With permission.) 
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however, be noted that NIL failed to align a similar light-emitting 
conjugated polymer, poly(9,9-dioctylfluorene) (F8) also display- 
ing a liquid crystalline nematic mesophase (Song et al. 2008). 
‘This was tentatively ascribed to the higher molar mass (hence 
larger viscosity) of this polymer compared with FSBT. Clearly, 
NIL under partial confinement is able to align liquid crystalline 
polymers in favorable circumstances; however, further work is 
required to fully understand the factors which control this align. 
ment that are probably similar to the ones driving the alignment 
of liquid crystals on buffing layers (Toney et al. 1995). 


18.4.2 Ordering under Full Confinement 


‘When the starting film thickness is small enough for the NIL mold 
toenterin contact withthe substrate, full confinementarises (Figure 
18.9). In this case, the propagation of information from groove to 
{groove is suppressed, and complete graphoepitaxial alignment hap- 
ppens as is demonstrated below. Its critical to realize that grapho- 
epitaxial alignment occurs at some stage during the formation of 
a structure, depending on the details of the processing history. It 
may thus orienta growing crystal, or aliquid crystalline domain, or 
even a single molecule, depending on the basic structural element 
that interacts with the mold. The notion of basic structural element 
is thus key to understand and reconcile the results published in the 
literature, and will serve us as guide in the sequel. 

Whena semicrystalline polymer crystallizes from the isotropic 
melt in a NIL line grating mold, the basic structural element to 
consider isthe nascent crystal. Because polymer crystals are usu- 
ally elongated along their fast growth axis direction, alignment 
of this crystal axis along the grating lines is favored for geomet 
rical reasons. This is, for instance, the case for PVDF crystal- 
lized in complete confinement in its orthorhombic c-form (Hu 
et al, 2005), whose fast b-axis is found by electron diffraction 
to align parallel to the grooves of the NIL mold (Figure 18.13). 
Interestingly, when NIL molds containing curved grooves are 
used, the b-axis follows these curved tracks (Hu and Jonas, 
unpublished). This can only be possible if the resulting curved 
nanowires are polycrystalline. Note that graphoepitaxy in lin- 
ear channels only aligns one crystal axis, leaving open the issue 
of the rotation of the crystal about this axis. It was found for 
NIL-imprinted o1-PVDF that the chain c-axis is perpendicular 
to the substrate for films below about 100m (flat-on lamellae), 
‘whereas in thicker films, the crystals have their chain c-axis par- 
allel to the substrate (edge-on lamellae) (Hu and Jonas, unpub: 
lished). In both cases, however, the b-axis remains parallel to the 
‘grooves. The variation from a flat-on to an edge-on orientation 
upon increasing film thickness is frequent with polymers and. 
‘was tentatively rationalized recently (Wang et al. 2008). 

For polymers imprinted in a liquid crystalline phase, then 
cooled into their crystalline phase, the basic structural element 
to consider differs depending on the detailed microstructure of 
the liquid crystalline phase. Poly(9,9-dioctyifluorene) (F8) was 
imprinted in its nematic liquid crystalline phase, in which chain 
axes tend to orient parallel toa director with no other form oflong- 
range ordering (Hu et al. 2007). Thus, the basic structural element 
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is simply a rod-like chain, which for entropic and geometrical rea- 
sons aligns parallel to the grooves. After cooling and crystalliza- 
tion, the preferential ordering is maintained, and the chain axis 
(which isthe c-axisin the low-temperature crystal phase) remains 
parallel to the grooves, hence to the axis ofthe resulting nanowire 
(Figure 18.13b). The preferential alignment translates into polar- 
ized light emission, with an R factor of 0.65-0.7 testifying for a 
high degree of ordering. This is in stark contrast with the absence 
of preferential ordering reported when F8 was imprinted in par- 
tial confinement (Song et al. 2008), and shows the importance of 
full confinement for NIL-induced graphoepitaxy. 

The semiconducting. poly(3,3”-didodecyl-quaterthiophene) 
(PQT) was also imprinted in its liquid crystalline phase under 
full confinement (Hu et al. 2007). PQT chains form in the liq- 
uid crystalline phase supramolecular rod-like nanostructures, 
in which extended chains pack with their m-stacking direction 
along the rod axis. The basic structural element is thus the rod: 
like nanostructure, whose long axis aligns parallel to the grooves 
of the mold. As a consequence, the m-stacking direction is paral- 
lel to the axis of the imprinted nanowire, and this orientation 
is kept when the polymer crystallizes on cooling. Therefore, the 
b-axis of the crystal, which is the x-stacking direction, is simi- 
larly aligned at the end of the process (Figure 18.13), whereas the 
chain c-axis direction is perpendicular to the nanowire axis. The 
situation is therefore entirely different from F8, where the chain 
axis was aligned parallel to the nanowire axis. Inthe present case, 
this specific crystal setting is interesting for applications, because 
the POT b-axis is the axis of high carrier mobility. A nanowire- 
based field-effect transistor was thus realized by nanoimprint, 
and it was demonstrated that the hole mobility is increased by 
a factor of 17 along the nanowire axis compared with an isotro- 
pic PQT film. Essentially identical results were reported later for 
nanoimprinted poly (3-hexylthiophene) (P3HT), which adopts a 
similar morphology as PQT (Aryal et al. 2008). 

For rigid conjugated amorphous polymers, which cannot 
crystallize and do not adopt a liquid crystalline phase, the 
basic structural element to consider during imprinting is sim- 
ply their Kuhn segment. The flexibility of a polymer is quanti- 
fied by its persistence length L,, (Grosberg and Khokhlov 1994), 
which is the average distance over which the local orientation 
of the chain persists. Real chains can be modeled as equivalent 
freely jointed chains having rigid (Kuhn) segments of length 
bg = 2L, connected by freely rotating junctions (Rubinstein 
and Colby 2003). Conjugated polymers have large persistence 
lengths, and therefore long Kuhn segments. These will tend to 
align parallel to the groove direction during imprinting. The 
resulting nanowire thus contains chains whose axes are paral- 
lelto the nanowire axis, which is favorable for conductivity. For 
polypyrrole (PPy), for instance, the conductivity was improved 
by a factor of 1.7 in the imprinted nanowires compared with 
the isotropic film (Hu et al. 2007), and this was correlated to 
the preferential chain alignment observed by birefringence 
‘measurements (Figure 18.134). 

‘Asa final example of graphoepitaxial alignment by NIL in full 
confinement, the supramolecular assembly of a phase-separated 
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FIGURE 18.13 Selected examples of functional polymers aligned preferentially by NIL in complete confinement. The left column contains 
transmission electron microscopy images of (a) nanowires of PVDF, (b) electroluminescent F8, (c) semiconducting PQT, and (d) a polarized 
‘microscopy image of birefringent arrays of nanowires of conducting PPy (the nanowire axes are at 45° with respect to the polarizer and analyzer 
directions). Insets in (a)-(c) are the corresponding electron diffraction, showing the crystallographic axis aligned parallel to the line grating 
direction of the mold. The right column presents schematic drawings of the basic structural elements aligned during imprinting (a nascent 
crystal for semicrystalline PVDF, rod-like chains of the nematic liquid crystalline phase of F8, a supramolecular rad of x-stacked chains in the 
liquid crystalline phase of PQT, and chain segments of the amorphous PPy). (Adapted from Hu, Z. etal, Nano Lett, 5, 1738, 2005; Hu, Z. et al. 
‘Nano Lett, 7, 3639, 2007) 
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FIGURE 18.14 SEM images of a (PS-b-PMMA) diblock copolymer 


cylinders were etched away after mold removal, showing the graphoepita 


WITS. Nano Lett 4, 1633, 2004. With permission) 


block copolymer is presented (Li and Huck 2004). The selected 
poly(styrene)-block-poly(methyl methacrylate) (PS-b-PMMA) 
copolymer consists of flexible amorphous blocks, which do not 
align by themselves. However, due to the microphase separation 
‘of the two incompatible blocks, the PMMA regions form nanocyl- 
inders located on the nodes of a hexagonal lattice, within a con- 
tinuous PS matrix (Hamley 1998). Such microphase-separated 
copolymers are known to form graphoepitaxially oriented supra- 
molecular crystals (Cheng et al. 2006, Bitaetal.2008). They should 
thus also align in NIL. Here, the proper structural element is the 
unit cel ofthe supramolecular crystal, whose unit cell parameters 
are in the 10nm range and above. The axes of the block copolymer 
unit cell were indeed found to be parallel to the direction of the 
grooves of the mold (Figure 18.14), although which axis is paral- 
lel to the grooves depends on the thickness of the starting block 
copolymer film (Liand Huck 2004). However, the regularity ofthe 
packing was limited, most probably because the dimensions of the 
‘grooves were not exactly adapted to the natural period of the block 
copolymer (Li and Huck 2004). Nevertheless, this example ilus- 
trates nicely how one can combine two lithographic techniques 
together, namely, NIL and block copolymer lithography, since the 
PMMA can be etched away with UV radiation after imprinting, 
giving rise to a second level of patterning. 
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imprinted in full confinement in its hexagonal mesophase. The PMMA 
alignment of the mesophase. (Reprinted from Li, H.-W. and Huck, 


So far, all examples given above referred to line gratings as 
molds. Other feature shapes can be selected, but the success or 
failure of graphoepitaxy will depend on the match between the 
intrinsic size of the basic structural element and the shape of the 
nanofeatures of the mold (Givargizov 1994). When square cavi- 
ties are selected instead of grooves, itis obvious that one cannot 
expect anymore preferential alignment in the plane of the film. 
However, this does not preclude ordering effects from appearing. 
‘This was reported fora statistical copolymer poly(vinylidene fluo- 
ride-stat-trifluoroethylene) [P(VDE-TeEE)), which was imprinted 
in its paraelectric liquid crystalline phase, then crystallized by 
cooling into the ferroelectric pseudohexagonal -phase (Hu etal 
2008). The mold consisted of square nanocavities about 100nm 
in lateral size, allowing to shape the polymer film into a dense 
array of nanosquares (Figure 18.15a). As expected, there is no 
preferential orientation in the plane of the film after imprint; 
however, the polar b-axis is aligned almost vertically, and the 
crystalline perfection is improved. This results in a much lower 
voltage than usually required to switch the direction of the elec- 
trical dipole moment. Figure 18.15b isa map of local polarization 
acquired by piezoresponse force microscopy (PFM), after writing 
the word “FeRAM” with a positive or negative bias (5) in the 
array of P(VDF-TrFE) imprinted nanostructures. Interestingly, 
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FIGURE 18.15 Array of ferroelectric P(VDF-TFE) nanostructures 
rnanoimprinted in complete confinement. The orientation of the polar 
‘axis is lose to vertical. (a) AFM topography. (b) Piezoresponse ampli- 
tuide ofthe same region after local poling with a postive (bright letters) 
‘or negative dark letters) SV voltage. The piezoresponse amplitudeis pro- 
portional tothe local electric dipole moment, and was measured by PFM. 
(Adapted from Hu, Z. etal, Nat. Mater, 8, 62,2002) 


‘when nanoimprinting is performed with micro- instead of nano- 
meter-sized cavities, no preferential orientation of the b-axis is 
noted, and the performance of the device is not improved com- 
pared with the macroscopic film (Zhang et al. 2007). This under: 

lines the importance of confining crystallization to dimensions 
‘comparable to the intrinsic crystal size for optimal results. This 
‘example also illustrates that the combination of shaping and 
crystalline improvement afforded by NIL is extremely useful for 
device development. Indeed, high-density arrays of ferroelectric 
polymer crystals exhibiting a low switching voltage are attrac. 

tive for the development of cheap organic random-access memo: 

ries. Such systems are considered to be superior to electrically 
erasable and programmable read-only memories and to Flash 
memories in terms of write-access time and power consumption 
(Gheikholeslami and Gulak 2000). 


18.5 Conclusions and Perspectives 


NILis by now a well-established lithographic technique, expected 
to play a significant role in the development of semiconductor 
technology. Attractive features are the parallelism afforded by the 
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methodology, its potential low-cost, its high resolution, its versa- 
tility toward a large range of materials, the possiblity to mix it 
with photoresist technology, and its compatibility with integra- 
tion technology. However, the potential of NIL as a method to 
control the shape and internal order of functional materials is 
only being realized currently. NIL was shown in this chapter to 
be able to shape functional materials into gratings, arrays, nanow- 
ires, and other interesting nanoobjects for applications in optics 
or microelectronics. Far from being limited to polymeric materi- 
als, NIL is further opening its application range to biomacromol- 
ecules, sol-gel precursors of inorganic ceramics and glasses, and 
even hard crystalline solids such assilicon. When applied to mate- 
rials capable to self-organize or crystallize, NIL is also capable to 
orient graphoepitaxially the basic structural elements ofthe mate- 
rial, provided it be performed under full confinement. In rauch 
rarer cases such as for liquid crystals of low molar mass, partial 
confinement may also lead to preferential orientation. The control 
over the internal structure of nanomolded materials translates 
into improved device performance. Thus, it was shown that NIL- 
induced graphoepitaxy results in polarized light emission for elec- 
troluminescent polymers, increased mobility of charge carriers in 
semiconducting polymers, increased conductivity for conjugated 
conducting polymers, or easier switching of electrical dipole 
moments for ferroelectric materials. It was also demonstrated in 
this chapter that the principles governing graphoepitaxial orienta- 
tion can be rationalized based on the knowledge of the structure 
of the material and on the notion of basic structural element. This 
should help device designers to predict the effects of NIL on the 
microstructure of materials, and therefore to use fully the power 
ofthis promising nanoprocessing method. 
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How to Use It 


The on-resistance is the resistance imposed by 
the analog multiplexer on the signal flowing 
through it. While modern, specialized analog 
multiplexers may have an on-resistance as low as 
50, these are relatively unusual, An on-resistance 
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er supply voltage and the voltage being switch- 
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values of supply voltage, and will increase sig- 
nificantly with temperature. 


The curves in Figure 16-9 show on-resistance of 
an analog multiplexer varying with input volt- 
age, with three different power supplies: plus- 
and-minus 2.5VDC (described in the graph as a 
“spread” of SVDC), plus-and-minus SVDC (a 
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(a"spread” of 1SVDC). These curves were derived 
from a datasheet for the MC14067B analog mul- 
tiplexer; curves for other chips will be different, 
although the basic principles remain the same, 


‘Switching time is an important consideration in 
high-speed applications. The “on" and off” times 
specified ina datasheet (often as toy and tore) are 
a function of the propagation delay from the 
control input to the toggling of the switch, and 
are generally measured from the halfway point 
of the rising or falling edge of the control input, 
to the 90% point of the output signal level. 


Leakage current is the small amount of current 
(often measured in picoamperes) that the solid- 
state switch will pass when it is in its “off” state. 
This should be insignificant except when very 
high-impedance loads are used. 


Separate switches inside a multiplexer may have 
characteristics that differ slightly from one an- 
other, Differences in on-resistance between ad- 
jacent switches can be important when switch- 
ing parallel analog signals. A datasheet should 
mention the extent to which switches have 
matched characteristics, and may define the 
maximum deviation from one another using the 
abbreviation Roy even though this same term 


integrated circuit > digital > multiplexer 


may be used, confusingly, to denote the on- 
resistance of each individual switch. 
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Figure 16-9. Variations in on-resistance in an analog mut 
tiplexer. Each voltage “spread is the difference between 
positive supply voltage and an equal-and-opposite nega: 
tive ground voltage. Thus a “spread” of IOVDC means 
pplus and minus voltages of SVDC. (Curves derived fram 
On Semiconductor datasheet for MCM067B analog 
‘muttiplexer.) 
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‘A multiplexer may be used as a simple switch to 
choose one of multiple inputs, such as a choice 
of input jacks on a stereo system. A dual differ- 
ential multiplexer is useful in this application, as 
itcan usea single select signal to switch two sig- 
nal paths simultaneously. 


Amuttiplexercan also be used as adigital volume 
control by switching an audio signal among a 
variety of resistances, similar to a digital poten- 
tiometer. In this application, the possible pres- 
ence of pullup resistors inside the multiplexer 
must be considered. 


Where a microcontroller must monitor a large 
number of inputs (for example, a range of tem- 
perature sensors or motion sensors), a multiplex- 
er can reduce the number of input pins required. 
Its data-select pins will be cycled through all the 
possible binary states by the microcontroller, to 
select each data input in turn, while its single- 
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19.1 Introduction 


‘The modern integrated circuit (IC), comprising memory, 
logic processors and analog function devices, are multicom- 
ponent and multilevel nanostructures prepared by a series of 
patterning and pattern-transfer steps. Figure 19.1 shows the 
cross-sectional hierarchical structure that starts from the 
smallest feature, the transistor, to dielectrics and metal con. 
tacts that are each well defined and must precisely overlay the 
previous layer. This three-dimensional nanoelectronics struc 
ture is manufactured by a rapid patterning process called 
lithography. 

Since the invention of the transistor in 1947 by Bell Labs 
and Intel’s first microprocessor in 1971, modern lithog- 
raphy has enabled the semiconductor industry to shrink 
device dimensions. The early progress was first quantified by 
Gordon Moore in 1965 and is now known as Moore's law.! 
While progress in all process steps are required to achieve the 
continual shrinking of circuit elements, the advancements 
in lithography have been the overwhelming driving force. 
Figure 19.2 shows how Moore’s law has guided the industry's 
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systematic increase in the number of transistors per chip since 
the introduction of the IC. Indeed, now and in the future, the 
industry will achieve productivity improvement primarily by 
feature reduction? 

‘While a wide variety of lithography technologies have been 
developed, optical step and repeat lithography technologies 
are the predominant methods of printing features on the semi- 
conductor surfaces and overlying the interconnect structures. 
A number of competing technologies have been explored, 
such as x-ray" and flood electron beam (SCALPEL),"* but 
optical lithography has dominated through vigorous optical 
technology and tool developments that have left it the lowest 
cost solution with highest throughput. Direct-write electron. 
beam technology provides the highest resolution and remains 
the leading technique for manufacturing the masks used by 
optical lithography. A novel way of comparing different lithog. 
raphy strategies is by a plot of resolution versus throughput, 
also known as “Tennant’s Law,” as plotted in Figure 19.3. In 
this plot, direct-write approaches, such as single-atom place- 
ment by scanning tunneling microscopy (STM), atomic-force 
microscopy (AFM) tip-induced oxidation, and electron-beam 
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Cross section of an integrated circuit, showing the active semiconductor and multilayer interconnect levels. (Reproduced from 


International Technology Roadmap for Semiconductors, 2007 edition, SEMATECH, Austin, TX, Figure INTC2, 2007. With permission.) 
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FIGURE 19.2 A composite plot of the scaling of the number of 
transistors, clock speed, and manufacturing technology versus the 
year of introduction of Intel Processors. (Data from www.intel.com 
technology/timeline pdf) 


lithography are compared with optical step and repeat lithog- 
raphy that replicate the features of a mask. The continued 
advancements in optical lithography have pushed the resolu- 
tion to smaller features at higher pixel throughput, as analyzed 
by Brunner 

‘The fundamental guide for optical step and repeat lithogra- 
phy is the Rayleigh equation, which provides the scaling criteria 
for predicting the smallest optically definable image? 


(asa) 


where 
‘Lis the source wavelength 
isthe medium refractive index 
‘n sin @ is the numerical aperture (NA) with the incidence 
angle (8) 
, isa process dependent factor 


While the Rayleigh equation defines the resolution, the abil- 
ity of the photoresist to replicate the mask features is of critical 
importance. All approaches and manufacturing tools have taken 
advantage of the Rayleigh equation to predict transitions from 
each manufacturing technology node (smallest feature size) up 
to the diffraction limit. Optical lithography started with the near 
ultraviolet (UV) g-line (436nm) and i-lines (365nm) of mercury- 
arc lamps and made way for laser sources in the deep ultraviolet 
(DUV) from KrF (248nm) and ArF (193nm) excimers. A sig- 
nificant extension, immersion lithography, decreases the 193 nm 
wavelength by using water as the immersion fluid and ison track 
to produce features down to 32nm. The next-generation photo- 
resist materials, described in Section 19.2, for sub 22nm features 
expect to image 13.4nm radiation in extreme ultraviolet (EUV) 
with all reflective lithography imaging tools. 

While most of this chapter focuses on the leading-edge and 
next-generation technologies used for defining the finest fea- 
tures in nanoelectronics, it is important to recognize that for 
most applications it is necessary to connect the nano-world 
(transistor) to the macro-world (a computer motherboard). 
Figure 19.1 shows the cross section of an IC. Note that the inter- 
connect sizes increase at subsequent higher levels. Therefore, 
the previous-generation tools continue to play crucial roles by 
‘migrating to the higher levels of interconnect. 
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FIGURE 19,3 The progress of optical step and repeat lithography ha: 
Law” whereby the resolution (R) versus areal throughput (T) scales as R 
in Timp, G.M. (ed), Nanotechnology, AIP Press, New York, Chapter 4, p. 


Microelectronics and now nanoelectronics technology have 
become a collaborative and competitive worldwide effort, 
as exemplified by the International Technology Roadmap for 
Semiconductors (ITRS), available to the public at http://www. 
itrs.net. The ITRS is updated every two years by subject matter 
experts from the semiconductor manufacturing industry, the 
tool and materials supplier industries, the factory automation 
infrastructure, academia, and government agencies. An impor- 
tant guiding aspect of the ITRS roadmap is the identification of 
the status of the technology nodes and guidance of the phases 
of research, development, and pre-production. In particular, 
the 2007 edition identifies potential lithographic solutions out 
to 2022, with a predicted dynamic random access memory half 
pitch of 11 nm and FLASH memory half pitch of 9nm as shown 
in Figure 19.4 

In this roadmap, several emerging lithography approaches 
are highlighted. Double patterning with 193nm DUV water 
immersion is expected to extend to the 32m half pitch era with 
high-volume production in 2013. Alternatively, contending tech: 
nologies for 22:nm half itch are EUV Lithography, 193nm DUV 
immersion with higher index fluid and lens materials, maskless 
lithography (ML2), and nanoimprint lithography (NIL). NIL 
is rapidly emerging as a low-cost, high-resolution, and versatile 
alternative to optical lithography. Below 22nm half-pitch, the 
likely technology solutions are less clear. All the technologies 
mentioned above, along with new contenders, such as directed 
self assembly, have credible paths. However, each would have to 
surmount numerous technical difficulties while limiting exorbi 
tant cost and loss in throughput. 


1s driven to higher resolution and throughput as described by “Tennant’s 
= 2.372 (Adapted from Tennant, D, Limits of conventional lithography, 
11, 1999, With permission.) 


In the rest of this chapter, we describe some of the chal- 
lenges facing the photoresist materials (Section 19.2) used in 
optical lithography including some crucial aspects facing these 
materials as the feature dimensions are reduced to the length 
scale of the basic photoresist polymers. In Section 19.3, DUV 
lithography, the basic optics, advancements in steppers, and 
approaches to extend to higher-resolution, denser features are 
described. In Section 19:4, electron-beam lithography is cov- 
ered with respect to the metrics of resolution, throughput, 
overlay requirements, and cost. Section 19.5 highlights a non- 
optical lithography approach, NIL. In this section, several vari 
ations of NIL for transferring mask features into a photoresist 
are described. Finally, in Section 19.6, we end with an overview 
of the metrology requirements for nanolithography. Figure 19.1 
is a reminder that one must print and measure a wide-range 
of feature dimensions, from the nanoscale to the macroscale. 
Lastly, a separate chapter in this handbook is dedicated to EUV 
lithography. 


19.2 Photoresist Technology 


‘The optical image projected from a mask upon a thin film at 
the semiconductor wafer plane is the first step of photolithogra- 
phy: The thin films that replicate the mask features are called 
photoresists with basic process as shown in Figure 19.5. The high 
sensitivity of photoresists to radiation have consistently met 
the challenges of smaller, high-fidelity features with increased 
throughput driven by memory and processor chip performance 
to feature size gains (Moore's law). The etch resistance of the 
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FIGURE 19.4 Roadmap for half pitch scaling. (Reproduced from 
SEMATECH, Austin, TX, Figure LITHS, 2007. With permission.) 
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FIGURE 19.5. Schematic of the lithographic process for positive and 
negative tone resist. 


photoresist allows pattern transfer into the underlying semicon. 
ductor water. 

‘Test structures, such as a line and space pattern as shown 
in Figure 19.6, must meet criteria as defined by the ITRS road. 
map for critical dimension (CD). ‘The CD is the feature size, 
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for example, in a 32nm half-pitch 1:1 dense line, a line with a 
width of 32 nm is followed by a space of equal size. The Rayleigh 
equation defines the resolution; however, the ability of the pho. 

toresist to perfectly replicate the mask features is of critical 
importance. The line-width variations called line-width rough. 

ness (LWR) and line-edge roughness (LER) must be reduced to 
less than 2nm for 32nm half pitch (HP) as they impact device 
performance.'™"" Therefore, the photoresist materials chemistry 
plays a substantial role for both resolution and LER. Methods 
to extend resist resolution by double patterning methods and 
new photoresist architectures must be leveraged against meet 

ing the LER requirements for sub-22.nm lithography. 


19.2.1 Fundamentals 


‘The requirements for advanced photoresists are discussed in the 
2007 ITRS roadmap." Specifically, the “Lithography” chapter 
highlights difficult challenges: 


Resist materials at <32nm indicates three issues (1) Resist 
‘and antieflective coating materials composed of alterna 
tives to PEAS [perfluoroalkysulfonate compounds, (2) 
Limits of chemically amplified resist sensitivity for <32nm 
half-pitch due to acid diffusion length, and (3) materials 
‘with improved dimensional and LWR control. 


‘The details of the photoresist materials chemistry are at the heart 
of turning the optically defined patterns into three-dimensional 
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Tine 
FIGURE19.6 Example ofa cross-sectional SEM image of a 100m 1: line-space lithographic line. The fluctuations inthe feature critical dimen: 


sion along the line are quantified by line-edge roughness and line-width roughness metrics as indicated inthe schematic. 


nanoscale features. Chemically amplified photoresists are for 
ulations of an acid-sensitive polymer film mixed with pho: 
toacid generators (PAGs) and other additives, such as base 
‘quenchers. Upon exposure through a mask, strong acids are 
formed by photolysis of the molecularly mixed PAG within the 
thin film. A post-exposure bake is then applied and the acidic 
protons (photoacids) diffuse along with the counter-anions and 
catalyze a deprotection reaction on the acid-sensitive polymer 
to change the local solubility for development in an aqueous 
hydroxide solution as shown in Figure 19,7. The photoacids are 
true catalysts as they are regenerated by each deprotection reac: 
tion: hence, the term chemical amplification refers to the cas 
cade of reactions that occur within the photoresist induced by a 
single photon. Therefore, these photoresists may be used at low 
exposure doses. 
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‘The chemical reaction-diffusion that forms the latent 
image and development must be understood and controlled 
at the nanometer length scale. Chemically amplified photo- 
resists are also deposited onto bottom anti-reflection coat 
ings (BARC) to eliminate the effects of standing waves. 
Interactions and component transport between the BARC 
and resist layer can lead to loss of profile control or pattern 
collapse and therefore must also be understood. Detailed 
studies of these interactions and transport mechanisms are 
needed to design materials for the successful fabrication of, 
sub-32nm structures. 

As feature sizes are reduced to below 321m, a general problem 
of simultaneously minimizing dose sensitivity, CD,and LER was 
observed experimentally and theoretically. These observations 
suggest only two of these metrics may be met at the sacrifice of 
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FIGURE 19.7 Schematic of the photolysis process of a photoacid generator that forms a strong acid (H’R:) and the subsequent acid catalytic 
reaction that changes the solubility of the polymer in a developer solution. Schematic of the mask-defined dose profile, subsequent profile in 


the photoresist film that leads to a photoacid image and chemical latent image formed during the post-exposure bake. The final developed 


‘mage is formed alter selective dissolution in a developer solution as determined by the extent of chemical reaction in the nominally exposed 


regions. 
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the third. Several theoretical models'** have been proposed, 
such as those by Bristol (2007) 


(a2) 


where 
iis the number of photons/nm? 
Dis the dose at the line-edge (threshold for development) 
tis the fraction of light absorbed 
© is the quantum efficiency defined by the (molecules of acids 

produced)/(number of absorbed photons) 

Bis the effective photoacid diffusion length 
LILS is the latent-image log slope 


‘Asshown in the schematic of Figure 197, the initial photoacid 
image is followed by a post-exposure bake step whereby the pho- 
toacid diffuses and reacts. The extent of the reaction will define 
a chemical latent image in the photoresist. The local slope of the 
chemical transformation, or latent-image log slope (LILS), at 
the point of development is critical to maximize. Qualitatively, 
a large exposure dose leads to a lower LER at fixed LILS and 3. 
However, notice that once smaller features are desired (8 < CD), 
then the photoacid diffusion length should be reduced; hence 
at fixed D,, a smaller 5 may increase LER. The full problem is 
a nonlinear reaction-diffusion equation and typically requires 
additional parameterization to include the effects of photoacid 
loss, photoacid trapping, and amine quenchers that react and 
diffuse. However, approaches such as Equation 19.2 provide 
qualitative insights into the resist problem. In cases when 
the material specifics were not known, the form of material 
constant = (half-pitch)* x (LER) x (Sensitivity) has been used."* 

Such resolution limits are linked to the fundamentals of pho- 
toacid generation (via D,, 0, €) and chemical reaction-diffasion 
during the post-exposure bake that defines the LILS, choice of 
photoresist chemistry, PAG size, and processing time and the 
temperature that ultimately determines the photoacid diffu- 
sion length and development step that resolves the final feature. 
Experimental methods have been developed to quantitatively 
measure many of these parameters. More recently, parameters 
such as the photoacid diffusion length were estimated by model: 
ing of the lithographic feature power spectrum. 

“The efficient generation of photoacids is also crucial to pho- 
toresist technology. Analytical methods have been developed 
to measure photoacid generation and quantum effciency.*"* 
Many of these techniques rely on a well-defined dose upon pho. 
toresist thin films followed by analytical approaches to deter 
mine the acid concentration via titration with a standard base. 
More recently, quantifying the quantum efficiency and acid 
{generation mechanisms in EUV photoresists has taken a more 
important role as increasing the acid concentration or efficiency 
(Equation 19.2) is a method for reducing LER. For 248 and 
193nm lithography, photoresist polymers were designed for low 
absorbance, while the PAG absorbs strongly for photolysis. Since 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


organic photoresist polymers absorb strongly in the EUV, the 
photolysis induced by the direct exposure of the 92eV photon 
and secondary electrons are equally important. In fact, the ¢ for 
EUV exposure is greater than 1 due to the non-negligible con- 
tribution from lower energy secondary electrons. In both DUV. 
and EUV lithography, the photoacid image plays the important 
role of changing the local solubility of the photoresist polymer in 
the nominally exposed regions (Figure 19.7) 

During the post-exposure bake, the latent image (Figure 
19.7) formed is a composition profile of the photoresist within 
the line'space feature. The true shape of this profile is due to 
the photoacid catalyzed reaction-diffusion process that cleaves 
(deprotection) a nonpolar side-group of the photoresist poly- 
mer. The influence of the optical image quality on the final 
developed feature may be probed by varying the aerial image 
contrast. Hinsberg et al. elegantly showed that the initial pho- 
toacid distribution, controlled through the exposure quality by 
interferometric lithography, significantly affects the printed fea- 
ture quality: Furthermore, using an image-fading technique, 
Pavsloski etal. identified an apparent resolution limit in the final 
feature of 193m resists as quantified by LER versus the image- 
log slope (ILS).** These changes in the feature quality are also 
controlled by the reaction-diffusion of the photoacid”* into the 
unexposed regions that leads to image spreading or blurring.** 
However, even with an ideal step-exposure condition, mimicked 
by forming a bilayer stack, the reaction-diffusion process induces 
an image blur. Controlling the photoacid reaction-diffusion (via 
LILS and 8) remains an important strategy for improving fea- 
ture quality. 

‘The transport properties of the photoacid are also influenced 
by the changes in the local chemical composition that occur dur- 
ing the deprotection reaction.” Houle et al. demonstrated that 
the evolving resist polymer chemistry plays a crucial role in lth- 
ographic imaging.* An increased photoacid size decreased the 
apparent diffusion length, but also quantitatively increased 
the LILS.** However, the catalytic efficiency of the photoacid 
proton can dominate, such that by increasing the size ofthe pho- 
toacid counter-anion, image blur occurs primarily due to the 
local proton mobility, not diffusion of the acid-counter-anion 
pair." Neutron reflectivity methods were developed to charac 
terize the shape of the reaction-diffusion front with nanometer 
resolution.'*-" In these studies, the influence of the evolv- 
ing chemical composition on the spatial-extent of the reaction 
profile was directly measured. 

Base quencher additives are also used in photoresist for- 
mulations to limit the reaction and diffusion of the photoacid 
catalyst into unexposed regions."=* The influence of these neu- 
tralizing species on the reaction-diffusion process is complex.” 
‘The simplistic view of the quenchers solely acting to neutralize 
photoacid, thus decreasing the acid concentration, is not always 
correct.*® The quencher appears to partially neutralize the pho. 
toacid less than stoichiometrically, influence the dissolution 
either as promoters or inhibitors, and increase the development 
induction time." The partial neutralization initially reduces the 
amount of acid available after photolysis proportional to the 


ated circuit > digital > multiplexer 


wire output will carry the analog data to a sepa- 
rate pin on the microcontroller which performs 
an analog-digital conversion, 


Conversely, a demultiplexer (ie., an analog mul- 
tiplexer such as the 40678 chip which can be 
used in demultiplexer mode) can be used by a 
microcontroller to switch multiple components 
onand off. Four outputs from the microcontroller, 
canconnectwith the control pins ofa 16-channel 
demultiplexer, counting from binary 0000 
through binary 1111 to select output pins 0 
through 15. After selecting each pin, the micro- 
controller can send a high or low pulse through 
it. The process then repeats. (A decoder can be 
used in the same way.) 


Other Application Notes 
Multiplexers may be cascaded to increase the 
inputs-to-outputs ratio. 


Modern multiplexers are found on computer 
boards where they choose among video output 
ports, or as PCI express channel switches. 


A multiplexer may be used as a parallel-to-serial 
converter, as it samples multiple channels and 
converts them into a serial data stream. 


In telecommunications, a multiplexer can sam- 
ple voice signals from multiple separate inputs 
and combine them into a digital stream that can 
be transmitted at a faster bit rate over a single 
channel. However, this application goes far be- 
yond the simple uses for multiplexers described 
here. 


What Can Go Wrong 


Problems that are common toall digital chips are 
summarized in the section on logic gates (see 
“What Can Go Wrong" on page 105). 


Pullup Resistors 
While they are often necessary to prevent con- 
nections from floating, pullup resistors built into 


What Can Go W 


ong 


a multiplexer may have unexpected conse- 
‘quences if the user is unaware of them. 


Break Before Make 

For most applications, itis desirable for each in- 
ternal solid-state switch to break one connection 
before making a new one. This avoids the possi- 
bility of separate external components being 
briefly connected with each other through the 
multiplexer. Datasheets should be checked to 
verify that a multiplexer functions in. break- 
before-make mode. If it doesn't, the enable pin 
can be used momentarily to disable all connec- 
tions before a new connection is established. 


Signal Distortion 
Where a multiplexer is passing analog signals, 
signal distortion can resultif the on-resistance of 
iple internal switches varies significantly at 
different voltages. A datasheet for an analog 
multiplexer should usually includea graph show- 
ing on-resistance over the full signal range. The 
flatter the graph is, the less distortion the com- 
ponent will create, This is often described in 
datasheets as Row Flatness, 


Limits of CMOS Switching 

Although most multiplexers are built around 
CMOS transistors, their switching speed may be 
insufficient for video signals, and their on- 
resistance may vary enough to introduce distor- 
tion, Multiplexers are available with complemen- 
tary bipolar switching for very high-speed appli- 
cations. They impose some penalties in cost and 
power consumption. 


Transients 

Switch capacitance inside a multiplexer can 
cause transients in the output when the switch 
changes state. An allowance for settling time may 
be necessary. This will be additional to the 
switching speed claimed by the datasheet, 
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base concentration.” The influence of quenchers on the chem- 
ical gradients in the film were suspected to control LER." Direct 
‘measurements of the effect of amine quenchers on the reaction: 

diffusion profile shape (LILS) and spatial extent (6) were deter 

mined by neutron reflectivity.** 

‘A central assumption in these resolution limit models is a 
direct transfer of the chemical deprotection reaction-diffusion 
heterogeneity on the feature quality; the details of the develop: 
‘ment process are not considered. However, the bulk of photore 
sist thin films dissolve via reactive dissolution kinetics involving 
a well-defined steady-state swollen layer.“ This swollen layer 
‘must approach the nominally unreacted and unexposed zone as, 
bulk development ceases.*” This crucial transition zone results 
from the initial deprotection latent image that can be controlled 
by aerial images, polymer chemistry, photoacid generators and 
base additives, and post-exposure bake conditions.*™** The 
‘mechanism of how the advancing swelling dissolution front faces 
the transition of soluble to insoluble species (solubility switch) is 
crucial for the understanding of resist resolution limits. This was 
addressed by neutron reflectivity techniques that directly mea 
sured the developer penetration and extent of line-edge swel: 
ing.*-* The residual swelling fraction atthe feature edge remains 
diffuse over length scales (>10nm) far exceeding the polymer 
chain dimensions during hydroxide development and water 
rinse step; the swelling layer eventually collapses upon drying. 
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Alternative development approaches to control this residual 
swelling fraction may be needed to smooth and reduce LER. 


19.2.2 Advances by Material Structure 


In a typical polymer photoresist, the PAG is dissolved along 
with the photoresist polymer and spin cast to form a thin film 
mixture, or binary blend. Polymers provide flexible platforms to 
change functional groups in order to meet etch resistance, opti 
cal transparency, refractive index requirements, and a variety 
of acid-sensitive protecting groups. The high glass transition 
temperatures (typically, T, > 140°C) provide dimensional sta- 
bility and wide latitude in post-exposure bake temperature that 
increases the rates of reaction and photoacid diffusivity. Lastly, 
polymers have a large degree of lipophilicity in an aqueous base 
developer that provides a high-development contrast."? 

Driven by the CD requirements, it was considered that reduc- 
ing the photoacid diffusion length would enable smaller CD. The 
PAG and polymer blend approach may not be the most effective 
route, since the photoacid could diffuse to lengths longer than 
the CD. In order to address this viewpoint, an alternative resist 
structure was devised that covalently bonds the photoacid gen- 
erator to the polymer as shown in Figure 19.8a.°"" With this 
approach, after exposure, the photoacid counter-anion remains 
covalently bound to the polymer thereby restricting the acidic 


FIGURE 19.8 Cartoons of photoresist architecture alternative to polymer and PAG blends: (a) Photoresist polymer bound to the PAG, (b) molec: 
ular glass resist with variable core structure, (c) molecular glass resist bound to the PAG, and (d) PAG-core molecular resis. 
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proton diffusion length. Such approaches remain promising 
especially to increase the dose sensitivity. 

Since the CD and LER metrics are approaching the char- 
acteristic dimensions of the photoresist polymers, alterna. 
tive architectures were considered to extend photolithography 
by using lower molar mass molecules.* These molecular glass 
(MG) resists, while smaller, may also improve the uniformity of 
blends with PAG and other additives since miscibility of poly- 
‘mer blends decreases with increasing molar mass.%* In general, 
the molecular glass resist has a well-defined small-molecule 
core that bears protected base-soluble groups (such as hydroxyls 
and carboxyls) as shown in Figure 19.8b. With this approach, 
the core chemistry can vary from calix[4Jresorcinarenes (ring- 
like). branched phenolic groups,’ and_hexaphenolic 
‘groups (dislike). Early approaches with MG led to low glass 
transition temperatures, however, such problems were resolved 
by increased hydrogen bonding functionality and the design 
of the core structure. The MG resists may also benefit from a 
more uniform development due to the lack of chain entangle- 
ments and reduced swelling, when compared with polymers; 
these are active areas of research. Experimental data using the 
‘quartz crystal microbalance method demonstrate that swelling 
appears during development even with molecular glass resists.“ 
Most ofthese alternative resist structures adhere to the chemical 
amplification strategy. However, nonchemically amplified pho- 
toresists are also being considered as they do not contain photo. 
acid generators and hence do not suffer from photoacid diffusion 
length constraints. 

‘Two other novel MG variants are a PAG covalently bound to 
the molecular resist (Figure 19.8¢) and the core of the molecule 
serving as the PAG (Figure 19.8d). As designed, there would 
be no need for the blending of PAG with such resist systems. 
In the case of Figure 19.84, photolysis produces a photoacid, 
which then would deprotect the unexposed acid-sensitive 
protecting groups of the PAG-core molecular glass. These two 
approaches (Figure 19.8¢ and d) are smaller pixel sizes and true 
‘one-component systems that in principle eliminate surface seg- 
regation and phase separation in cast films. These alternate resist 
structures, however, typically require additives such as amine 
base quenchers to limit the diffusion of the photoacid catalyst 
into unexposed regions. 


19.2.3 Progress in Resists for EUV 


‘There has been progress in designing photoresists for EUV 
lithography in anticipation of the 221m nodes. The testing and 
development of new materials typically relies on direct litho- 
‘graphic testing to screen formulations. However, due to the lack 
of widely available EUV exposure tools, micro-field exposure 
tools (MET), such as the 0.3NA SEMATECH Berkeley MET 
have an important role for resist testing. Substantial progress" 
in reaching CD challenges with commercial chemically ampli- 
fied photoresist were reported with 20nm halfpitch with an 
EUV dose sensitivity of (12.7-15.2) ml/em?, which is near the 
theoretical Rayleigh resolution limit of the 0.3-NA system with 
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a k, of 0.45, While progress in resolution and sensitivity were 
observed, LER remains a challenge. In fact, the fidelity of the 
resist feature may have non-negligible LER contributions from 
the EUV mask and optical trains as ascertained by modeling. 
After subtracting an estimated mask contribution, resist LER 
values appear to approach the 2nm level. Additionally, a pattern 
collapse of sub-20nm dense features suggests the intrinsic reso- 
lution could be better than expected. In fact, unoptimized model 
EUV polymers and MG photoresists clearly show 201m features 
as quantified by the latent image and developed image rough- 
ness." Alternative development approaches may provide new 
directions to break the resolution limits (Equation 19.2), which 
currently do not directly consider development effects, such as 
swelling and swelling layer collapse. 


19.2.4 Progress in Resists for 193 nm 
Immersion Lithography 


By inspection, the Rayleigh equation (Equation 19.1) directs 
that the smallest feature may be achieved by employing higher 
refractive index media (photoresist and immersion fluids) 
Currently, highly purified water with n = 1.44 is used as the 
immersion fluid and typical 193.nm polymers have n = 1.7. The 
development of photoresists and immersion fluids with higher 
are needed. A strategy to increase the refractive index is by 
incorporating more polarizable heteroatoms, such as sulfur,” 
into the polymer structure. Halides such as Cl, Br, and I would 
increase the refractive index at the expense of absorption and 
possible photo-induced side reactions. Developer-soluble top- 
coat barriers” or engineered surface-segregating barrier 
layer additives" are typically used to reduce or mitigate the 
leaching of critical components (PAG and quenchers) into the 
immersion fluid. 


19.2.5 Concluding Remarks 


Sub-32nm critical dimensions come with many resist chal- 
lenges. The challenges of reducing feature size and decreasing 
LER and sensitivity are inter-related. Current attempts to sur- 
pass resolution challenges include novel resist process strategies 
such as double patterning and double exposure as well as novel 
architectures. However, itis clear that the quality of the final pat- 
terned structures is inter-dependent upon the spatial distribu- 
tion of the photoacid (optical image quality), the spatial extent 
of the reaction-diffusion process (latent image), and the develop- 
ment mechanisms. The guidance of the resist resolution metrics 
in cooperation with improved materials fundamentals will help 
photoresist materials achieve ever smaller features as suggested 
by the Rayleigh equation. 


19.3 Deep Ultraviolet Lithography 


Deep ultraviolet (DUV) lithography, using KrF or ArF excimer 
lasers with illumination wavelengths of 248 or 193m, respec- 
tively, is now the predominant technology for producing critical 
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FIGURE 19.9 (a) Schematic of the DUV photolithography exposure process. The numerical aperture is defined by NA = ni! sin 0, where 0 is 
the half angle of the marginal rays and ns the index ofthe fluid (gas or liquid) between the final lens element and the resist. (b) Illustration of 
‘a commercial 193 nm immersion lithography system (ASML TWINSCAN XT:1950)), showing the cylindrical optics barrel inthe center, the mask 
above the optics system, and an illuminated wafer below. (Courtesy of ASML, Veldhoven, the Netherlands, Ths illustration is based on an artist, 


impression. No rights can be derived from it) 


layers of leading-edge, mass-market semiconductor logic and 
memory ICs. The technology is based on illuminating a pat 

termed fused silica mask with diffused excimer laser radiation 
and imaging the transmitted light patterns with 4:1 image 
reduction onto a photosensitive-resist-coated Si wafer, using a 
diffraction-limited optical system. The process is indicated sche- 
matically in Figure 19.9a, The illuminated wafer is removed from 
the optical system for chemical processing steps to convert the 
exposed pattern (latent image) in the resist to a patterned struc- 
ture on the wafer and put back into the optical system multiple 
times for further exposure/processing steps. State-of-the-art ICs, 
are built up from about 20-30 layers, a significant fraction of 
which involve DUV exposure steps. An illustration of a leading 

edge 193nm immersion lithography exposure tool for volume 
production is shown in Figure 19.%. 

DUV lithography is an evolution of optical-projection lithog 
raphy developed in the late 1960s and the 1970s using the strong 
spectral lines from mercury discharge lamps to illuminate first 
at 436nm (g-line) and later at 365 nm (i-line). In these early sys- 
tems, the pattern on the mask for the entire circuit was illumi- 
nated and imaged onto the wafer for a specified exposure time, 
and then the wafer was “stepped” to an adjacent unexposed posi- 
tion for another imaging of the circuit pattern. This was repeated 
‘until the wafer was filed with as many identical exposures as the 
wafer size allowed. These wafer “step-and-repeat” systems were 
termed “steppers.” 

In modern leading-edge DUV lithography systems, the full 
circuit illumination of the mask is replaced by a “scanned” illu- 
mination. A fraction of the circuit pattern on the mask is illumi 
nated in a narrow strip across its width and the mask is scanned 
under this strip, while its image is projected with a 4:1 reduc- 
tion ratio onto a wafer scanning in the opposite direction, at a 
speed relative to the mask reduced by the factor of 4. When the 
full circuit pattern has been exposed, the wafer is stepped to the 
next position and the process repeated. The exposure image is 


stepped-and-scanned across the wafer, producing typically over 
50 full chip exposures on a 300mm diameter wafer at a rate giv- 

ing about 100 wafers per hour. These wafer “step-and-scan” sys- 

tems are referred to as “scanners,” though they are often referred 
toas “steppers” as well. 

‘The first commercially available production optical-projection 
lithography system, the DSW4800, was introduced by GCA in 
1978. It achieved a minimum feature resolution of alittle over 
1pm and a slightly larger depth of focus.” At the time, it was 
fully understood that the resolution of the optical-projection 
lithography approach was fundamentally restricted by the dif 
fraction limit given roughly by the Rayleigh resolution criterion 
in Equation 19.1. In DUV lithography, the process-dependent 
factor k, is of order 1 Ref. (10,84). Actually, Equation 19.1 is 
intended to capture both the limiting effects of diffraction and 
the impact of the resist processing. Considering just the diffrac- 
tion effects, Equation 19.1 would refer to the aerial image at the 
image plane, and k, would be determined only by the profile 
of the light intensity. However, the actual size of a feature ulti- 
mately created by the lithography process also depends on the 
chemical processing of the exposed resist as described in Section 
19.2. Foran isolated feature, this size can be any value, ie.k, has 
no fundamental restrictions. On the other hand, for the dense 
structures of real circuits, e.g., modeled by a periodic structure, 
the separation between printed features (the pitch) is fundamen- 
tally limited. With the minimum feature size in Equation 19.1 
defined as half the pitch for a single exposure, k, can be rigor- 
ously shown to have a minimum value of k, = 0.25 Ref. (10,84, 
This limit holds for any single-exposure process, as long as the 
process has a linear dose response. 

Because a functional circuit must have some topology and 
because imaging control is imperfect, the resist exposure pro- 
cess requires some finite depth of focus (DOF). This also has a 
diffraction and geometric limitation, which is characterized by 
Equation 19.3 
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where, for small NAs, a process-dependent prefactor k, is con- 
ventionally used. For large NAS, the exact form of the equa. 
tion conventionally incorporates a different process-dependent 
prefactor k, x 4° 

In the early 1980s, reasonable considerations about the pros 
pect of significantly altering the parameters in Equations 19.1 
and 19.3 to improve the resolution and DOF led to the con- 
clusion that optical-projection lithography had an ultimate 
dense feature size resolution of about 0.5m. Consequently, 
it was assumed then that progress in high-volume-production 
ICs would require switching within a decade or so to alterna 
tive lithography techniques with more extendibility potential 
‘These included electron-beam direct-write lithography (with 
rultiple parallel beams), electron-projection lithography, ion 
projection lithography, x-ray-proximity lithography, extreme 
ultraviolet lithography, and nanoimprint lithography.” Few 
people, if anyone, publicly predicted then that the factors in 
Equations 19.1 and 19.3 would be relentlessly driven to enable 
coptical-projection lithography to out-complete all the alterna- 
tive technologies mentioned above, in cost and performance 
capabilities for volume production, at least into the second 
decade of this century. 


19.3.1 DUV Lithography Steppers 


A primary driver for this progress has been the wavelength fac- 
tor in Equation 19.1. This can be seen in Figure 19.10, which 
shows a log-linear plot of critical feature sizes of leading-edge 
ICs as a function of year introduced into large-scale produc- 
tion, along with the illumination wavelength used. Wavelength 
reduction has been aggressively pursued in part because, as is 
clear from Equations 19.1 and 19.3, feature size reduction by 
decreasing wavelength reduces DOF less than that by increas- 
ing the NA. However, the switch from Hg-arc lamp illumina- 

tors with wavelengths at 436 and 365nm to the DUV excimer 
laser sources with wavelengths at 248 nm (KrF) around 1995 and 
193nm (ArF) around 2000 was a very challenging one. Hg-arc 
lamp sources are compact, relatively inexpensive, reliable, and 
operate continuously. KrF and ArF excimer lasers are much 
‘more complex, are substantially more expensive to purchase 
and operate reliably, have undesirable laser coherence proper 

ties, and the illumination is pulsed. This last characteristic has 
been particularly troublesome because obtaining the required 
exposure doses fast enough for acceptable wafer throughputs 
requires very high pulse peak intensities. This puts very strin 

gent requirements on the durability of lens and window materi- 
als in the optical system. Further, the shorter UV wavelengths 
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FIGURE 19.10 Plot of critical feature size (half pitch) of leading-edge 
semiconductor integrated circuits versus year of volume production, on 
a log-linear plot. Also included is the lithography wavelength used and 
the theoretical minimum half pitch for single exposures (0.25) for this 
wavelength, 157nm technology has not been brought into production, 
Effective 2 is hin for 193 am immersion lithography. Optical materials 
used for lenses at each A are also indicated, 


substantially limit material options for these optical elements. 
In particular, at the time of the introduction of 248 nm lithogra- 
phy, UV-fused silica glass was the only UV-transmitting mate- 

rial that could meet the tight optical properties specifications 
for the large lenses required. For 193 nm systems, in addition to 
UV-fused silica, a second high-quality material, crystalline cal- 
cium fluoride (CaF,), had to be developed for lenses to correct 
for chromatic aberrations in the optical system due to the wave- 
length dispersion of the index of fused silica (see Figure 19.10) 

Fused silica glass is an amorphous form of SiO,, which mini- 
mizes the large birefringence effects of the uniaxial crystal 
structure of crystalline SiO, (quartz). However, the amorphous 
structure makes fused silica a thermodynamically metastable 
material and it suffers structural changes under exposure to 
high 193nm laser intensities. These changes result in both vol- 
‘ume compaction and rarefaction effects with different intensity 
dependencies." The resulting refractive index and lens geom- 
etry changes can substantially degrade lens performance. To 
minimize these effects, maximum intensities have to be limited 
throughout the stepper optics, and the more durable CaF, lens 
elements generally must be used in the positions with highest 
intensities, for example, atthe final lens position. 

For wavelengths much below 193nm, UV-fused silica glass 
has poor transmission, leaving only the cubic structure Group 
II fluorides as practical lens materials. Of these, only CaF, has 
been made with lithography-grade optical quality. Hence, wave- 
length extension to 157 nm with F, excimer lasers would require 
the lenses to be made only from CaF,, or possibly from other 
related fluorides, such as BaF;, if the optical quality could be 
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significantly improved." The availablity of lithography-quality 
CaF, for lens material has been a key issue for the development 
of both 193 and 157 nm lithography technologies, and building a 
CaF, manufacturing infrastructure to support the needs of both 
of these technologies has been a major challenge. A principal dif 

ficulty with CaF, production is that its relatively low thermal con: 

ductivity and high thermal expansion coefficient requires it to be 
cooled very slowly from the melt in order to obtain low-strain, 
single-crystal material of the sufficiently large sizes needed for 
lenses. Even many weeks of controlled cooling in elaborate 
temperature-controlled furnaces gives a low yield of lens blanks 
meeting specifications. One result is that 193 nm stepper systems 
have been designed to use the minimum number of CaF, lens ele- 
ments possible, though CaF, has not been designed out entirely. 

‘A further unexpected complication from the use of CaF, 
lens elements in 193 and 157nm lithography systems resulted 
from a faulty assumption that the cubic crystalline structure 
of CaF, would ensure isotropic- and polarization-independent 
optical properties (for high-quality crystals) as could be “dem- 
“onstrated” by naive symmetry arguments and measurements at 
longer wavelengths. In fact, CaF, turned out to have substantial 
index anisotropy and birefringence at the short wavelengths of 
193 and 157nm.** ‘This is due to the symmetry-breaking effects 
of the finite photon momentum at these wavelengths, giving rise 
to.a “spatial-dispersion-induced” or “intrinsic” birefringence." 
Fortunately, the symmetric nature of this effect has enabled it to 
‘be minimized by judiciously orienting the crystal axes of several 
lens elements to substantially cancel the effects. 

Beyond 157 nm, a few shorter wavelengths have been consid- 
ered for further resolution extension: 126nm from Ar, excimer 
lasers” and 121.6nm from hydrogen Lyman-c. discharge 
sources." At these wavelengths, the only transmissive optical 
‘materials known are Lif, which has high extrinsic absorption 
and poor exposure durability, and MgF,, which has high natural 
birefringence due to its noncubic crystal structure. These shorter 
wavelength technologies have not been developed beyond feasi- 
bility studies.%* Below about 100nm, no practical material is 
transparent and refractive optics are not possible. For reasons 
primarily associated with the development of immersion lithog- 
raphy discussed later, 157nm lithography, though demonstrated 
to be technically feasible,” has been dropped off of technology 
roadmaps It now appears likely that the shortest wavelength 
that will be used for production lithography with refractive 
optics is 193m. 

‘As of 2008, 1931nm steppers are the primary tools for produc- 
ing critical layers of high-volume, leading-edge ICs. Their ArF 
excimer laser sources are pulsed (=6kHz, 10mJ/pulse) and line 
narrowed (£0.25 pm spectral bandwidth)” The transmission 
photomasks are made from fused silica with Cr absorbing fea~ 
tures and have thin-membrane pellicles to keep uncontrolled 
particles from collecting on the mask and imaging onto the 
‘wafer. The stepper optics are made of fused silica spherical and 
aspheric lenses, calcium fluoride lenses with clocked crystal axes, 
mirror elements with aspheric surfaces, and immersion fluids 
between the last lens element and the wafer, as discussed below. 
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While the wavelength was progressing down to 193nm, the 
other two factors in Equation 1911, k, and NA, were also being 
pushed towards their limits. A number of resolution enhance- 
‘ment techniques have been used to drive the k, factor down to 
achieve IC structures with half pitches corresponding to a value 
of k, approaching the limiting value of k, = 0.25." Nearly all of 
these have been taken over from established optical techniques 
in other fields such as microscopy. These have included (1) illu- 
mination methods (off-axis illumination and partial-coherence 
control), (2) mask modifications to engineer desired wavefronts 
(phase shift masks, sub-resolution mask structures, and other 
optical proximity corrections), and (3) resist contrast improve- 
ments. For the 45 nm technology node, logic manufacturers are 
expected to operate with , factors down to about 0.31,"" and 
further extension with k, factors down to 0.29 is considered 
feasible”* Unfortunately, accompanying these gains, process 
latitudes have been shrinking to marginally tolerable levels. 
Clearly, k, factor improvements for single exposures are nearly 
tapped out. 

‘The last factor left in Equation 19.1 is the numerical aperture, 
NA = nr sin 0. For air between the final lens element and the 
water, the liming value is NA = 1. The GCA 4800 DSW stepper in 
1978 had an NA of 0.28. The NA has been increased steadily in 
newer designs by increasing the size and complexity, and conse- 
quently the cost ofthe lens systems. To contain the number and 
size of lens elements as the NA was increased, the lens system 
designs had to incorporate aspheric lenses and off-axis mirror 
elements (catadioptric designs). Further, as the NAs approached 
0.9, the polarization effects could no longer be ignored and illu. 
mination polarization control became an essential part of the 
lithography process, further complicating the lithography tools, 
and processes.” State-of-the-art dry 193nm stepper optics 
have an NA of about 0.93, contain about 30 lenses, with a path 
length through lens material of about Im, and weigh 500kg 
or more.” With dry NA limit of 1.0, there is very little pos- 
sible gain left to justify the vastly increased cost and complex- 
ity needed for improvement—an exponential increase in cost 
for an asymptotic gain. The sin8 factor is now also essentially 
tapped out. 

Figure 19.10 shows, along with the critical feature size (half 
pitch), the limiting value of 0.254. for each wavelength. Clearly, 
bby 2006, the critical feature size 651m had approached its limit 
for 193 or 157nm. In the 1990s, this projection was the reason 
why it was nearly universally assumed that alternative technolo- 
gies, such as EUV lithography, would have to take over below 
this feature size. This has turned out to be incorrect primarily 
for two reasons: the NA is not limited to 1 if immersion fluids 
are included and the effective k, factor can be decreased below 
0.25 with multiple exposures and processing on the same layer. 


19.3.2 193m Immersion Lithography 


Equation 19.1 is valid at the image plane, which of course must 
be in the resist. In principle, the NA = 1 sin should be evalu- 
ated in the resist, which typically has a 193m index in the range 
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FIGURE 19.11 Schematic of an on-axis ray and a marginal ray 
through the last elements of an immersion lithography optical system. 
“The angles 0, 0, and O, are the angles of the marginal ray with respect 
to the surface normal in the len, fluid, and resist, respectively. For the 
cease shown here, the refractive index of the fluid is less than that of 
the lens and resist, and nis then the maximum possible NA of the 
system, 


n= 16-17, However, by Snell’s law (my sin ®, = ns sin @.), NA = 
nnsin @ can equally well be evaluated above the resist. Until the 
recent introduction of the immersion stepper, the space between 
the final lens element and the wafer was filled with air or N: gas, 
‘with an index near n = 1.0. A consequence is that in spite of the 
much higher index of the resist, the NA has a maximum value 
of 10. However, as microscopists have known and exploited for 
centuries, adding a fluid between the image plane and the final 
lens element allows the maximum NA to be increased.”*"* Fora 
planer final lens element, the NA can theoretically be increased 
up to the lowest index of the resist, the fluid, or the lens, as indi- 
cated in Equation 19.4 and Figure 19.11: 


NAc S (ni, nh, nl) (1s) 
Annearly ideal immersion fluid for 193 nm lithography turned 
out to be purified water. It has sufficient transparency at this 
wavelength, is relatively innocuous to the resist and lens materi- 
als, is compatible with resist processing, has low enough viscosity 
to enable rapid wafer scanning, and is inexpensive, These proper- 
ties enabled remarkably rapid development and implementation 
of immersion technology: From the inception of substantial 
193nm immersion lithography efforts in late 2002,""-#* it took 
only about 4 years for production-worthy water immersion 
systems to be built and the process brought into production. 
Immersion imaging does introduce some new issues, however, 
including bubble formation in the fluid, evaporation residue 
defects, resist-immersion fluid interactions, and fluid thermal 
effects Polarization effects, already issues for dry systems, have 
been exacerbated at the extreme NAs of immersion lithography, 
requiring careful polarization control for differently oriented 
structures, which puts some restrictions on IC design." 

With water as the immersion fluid, having a 193nm index 
of m= 1.437, the theoretical minimum half pitch (HP®) 
for a 193nm exposure tool decreases to HP®" = 0.25 x 
193.4nm/1.437 = 33.6nm, Furthermore, at HPs achievable for 
dry systems, Equations 19.1 and 19.3 show that for the same 
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HP, the DOF is larger for the immersion approach. Note that 
the minimum HP for 157nm dry systems is HP™ = 0.25 x 
157.6nm/1.0 = 39.4nm, higher than that for 193nm immersion 
systems. Attempts were made to identify high-index 157nm 
immersion fluids, but only relatively low-index (n [157mm] = 
1.38) fluorocarbon liquids were found to have any practical 
transparency at 157 nm,” and consequently 157 nm lithography 
technology was dropped from technology roadmaps. As of 2008, 
water-based 193nm immersion lithography systems are being 
operated at an NA in the range of 1.30-1.35 to satisfy the 45nm 
technology node with acceptable process latitudes." 

“Approaches to extend 193nm immersion lithography tech- 
nology further with higher-index fluids have been pursued. 
Practical 193nm transmitting organic fluids with 193nm 
indices near n = 1.65nm (second generation fluids) have been 
developed. However, the last stepper lens element is made 
of calcium fluoride with a 193nm index of m = 1.50, or fused 
silica, with an index of n = 1.57. By Equation 19.4, these materi- 
alsare the bottlenecks for resolution extension. Thus, significant 
NA gain from higher-index fluids requires higher-index last lens 
materials as well. Higher-index UV lens materials have been 
explored for this purpose. Key practical materials identified 
include Lu,A,0,,(LuAG) [n=2.21] and polycrystalline MgO, 
(ceramic spinel) [n = 1.93]. LuAG has the highest index, but 
efforts have not yet succeeded in improving the 193nm trans- 
mission to the specifications, which are stringent due to its high 
thermo-optic coefficient, dn/d7. Also, the large value of the 
intrinsic birefringence for this material is difficult to compensate 
for. Ceramic spinel solves this problem with its polycrystalline 
structure, but the polycrystalline nature also results in a high 
degree of scattering. A further possible high-index lens material 
being considered is a-Al,O, (crystalline sapphire) [x = 1.92) Its 
large natural birefringence due to its uniaxial crystal structure 
has limited its use in precision optics. However, with its crystal 
optic axis oriented along the optical axis of the system and with 
the polarization of all rays arranged to be oriented perpendicu- 
lar to this axis, a sapphire last lens element could be manage- 
able. As ofthis writing, LuAG is considered the most promising 
high-index lens material candidate," and the industry is still 
considering whether the practical NA gain to about 1.50is worth 
the development effort. 

Ifa third-generation immersion fluid with an index near or 
above m = 1.80 could be developed, then an NA increase to near 
NA = 17 could provide enough incentive to justify the substan- 
tial development effort required to implement it, because this 
‘would enable the 321m half pitch technology node. Pure organic 
fluids with indices this high cannot have practical 193nm trans- 
missions. However, the indices of the fluids could in principle 
be increased to this level by loading the liquids with approxi- 
‘mately (2-10) nanometer-size suspended particles of high-index 
oxide crystals, eg., HfO, or LuAG, while maintaining accept- 
able transmission, scattering levels, and viscosities." This 
approach is being explored, but it is regarded at best as comple- 
mentary to multiple patterning approaches to resolution exten- 
sion discussed next. 
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19.3.3 Double Patterning 


‘The process-dependent k, factor has been driven down to near 
the hard limit of k, = 0.25 for single exposures. However, for 
multiple exposures and processing steps on the same layer, 
structures with half pitches corresponding to lower effective 
, values are possible. A number of these multiple patterning 
approaches are now being pursued and these are expected to sat. 
isfy the requirements for the 32 nm half-pitch technology node 
and possibly the 221m node and below. These approaches differ 
by the number and sequence of exposure and processing steps 
used to achieve the desired features. Four basic types are illus: 
trated schematically in Figure 19.12." They all use the fact that 
while the structure pitch created by a single exposure is limited 
by diffraction, as characterized by Equation 19.1, processing can 
be used to tailor the line/space ratios in each period, and subse- 
‘quent exposure and/or processing steps can interleave further 
structures to increase the structure density. In the Litho-Etch. 
Litho-Etch process, Figure 19.12a, two Litho-Etch processes are 
done in sequence with the second process shifted by half the 
period to give a pitch doubling. This general process can be used 
to create arbitrary structures with the half pitch shrunk by a 
factor of 2 below the diffraction limit, though this scale shrink 
requires tighter tolerances on line edge control and overlay, 
among other issues. 


Litho-Etch-Litho-Etch 
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‘A serious difficulty with this process is that it requires that 
the wafer be taken out of the stepper track for etching and then 
realigned before the second exposure, creating overlay chal- 
lenges and decreasing the throughput for the layer by a factor of 
about 2. A preferred approach would have the two exposures done 
in sequence with just one etch step at the end: Litho-Litho-Etch, 
shown in Figure 19.12. Unfortunately, it can be shown that for a 
resist system with a linear dose response, as has been universal in 
DUV lithography, two exposures cannot generate patterns with 
pitches below the diffraction limit. However, witha nonlinear dose 
response system, this is possible. A number of nonlinear response 
approaches are being pursued, including contrast enhancement 
layers, 2-photon resists, and positive-and negative-tone threshold 
response resists." One version, Litho-Freeze-Litho-Etch, shown 
in Figure 19.12c, is, particularly promising." In this approach, 
the latent image captured in the resist from the first exposure is 
“frozen” by chemical treatment. The first frozen image region is 
protected from any photo response to a second exposure, then a 
single etch step can create the pitch-doubled structures. 

A different approach, known as side wall (or spacer assist) 
double patterning, requires only one exposure step to create pitch 
doubling."” As illustrated in Figure 19.12d, the first exposure and 
development step is only to create sidewalls at the desired posi- 
tions. A subsequent thin-film deposition on the sidewalls, chem- 
ical-mechanical polishing (CMP) to split the deposited structure, 
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FIGURE 19.12 Double patterning approaches: (a) Litho-etch-litho-ctch requires 2 exposures and 2 etch steps. (b) Litho-litho-etch (or double 
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intermediate complexity, equiring exposures, a chemical freezing process after the first exposure, and one etch step. (d) Side wall process (spacer 
assist) requires one exposure and one etch. Ituses side wall deposition and chemical-mechanical polishing (CMP) to achieve doubled pitch. 
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and elimination of the original pattern enables the desired 
pitch doubled structures. This approach takes advantage of the 
well-understood and highly controllable thin-film-deposition 
technology to obtain the desired linewidths, independent of dif. 
fraction limits. Furthermore, the sidewall-derived structures are 
automatically sel-aligned by the original structure. A difficulty 
with this approach is that restriction to patterning along side- 
walls makes design layout much more difficult, and not ll struc- 
tures are topologically possible with single exposures. Atleast a 
further exposure/processing step is generally required for arbi- 
trary structures. Still, this method is inherently extendable, and 
pitch quadrupling, etc. i possible in principle 


19.3.4 Ultimate Resolution Limits 
of DUV Lithography 


Double patterning methods are already being used in IC pro. 
duction, and they are the declared technology solutions, using 
193nm water immersion tools, for several volume semiconduc- 
tor manufacturers for the 32nm half-pitch technology node 
projected for about 2013." These approaches appear feasible for 
further resolution shrinking as well, e.g., the 22nm half-pitch 
technology node. Redesign of 193m immersion steppers with 
high-index fluids and lens materials, in combination with double 
patterning techniques, offer the potential for further resolution 
extension and relaxation of the k, factor for a given resolution. 
When double patterning becomes routine, consideration of tri- 
ple patterning, quadruple patterning, etc. may become tempt- 
ing. However, this would likely have to come at the cost of much 
tighter process control requirements, such as CD and overlay 
control, than is presently attainable. Improvements to meet the 
requirements, along with the increased complexity (more expo: 

sures and processing steps per layer) will surely drive up costs 
substantially. There is little doubt that these DUV lithography 
extension approaches can be made to work technically. Itis just a 
‘matter of whether they can operate at commercially viable costs 
and whether any reliable alternatives can be implemented at less 
cost. For example, rapidly increasing mask costs have made the 
numerous maskless technologies, such as multi electron-beam 
direct write schemes, very attractive, at least for low-volume 
production. 

For high-volume leading-edge ICs, itis generally agreed that, 
for the 22nm half-pitch technology node and below, a reliable 
single-exposure EUV solution, with its larger depth of focus 
and more natural extendibility, would be preferred. However, 
formidable challenges, repeated introduction delays, and espe- 
cially rapidly rising projected costs, have made this solution not 
so inevitable as it once seemed at the beginning of the decade. 
Cost is the ultimate driver. If or when DUV lithography is 
displaced, and what its ultimate practical resolution limits 
are, is now less clear than ever. The technology has thrived on 
remarkable innovativeness and resourcefulness and its devel- 
‘opment history does not suggest that these will cease. Previous 
predictions of its limits and of its imminent replacement have 
always been wrong. 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


19.4 Electron-Beam Lithography 


Electron-beam lithography has demonstrated its utility over 
several decades as both a primary pattern generation tool for 
the semiconductor industry and as the premiere means of pat- 
terning small structures for advanced device development and 
research in myriad fields. Like any lithographic technology, its 
suitability for a given application depends on its performance 
with respect to the four metrics of resolution, throughput, pat- 
tern placement, and cost-of-ownership. As we shall see in the 
following sections, electron-beam systems excel with respect to 
resolution and pattern placement, but suffer from fundamental 
limits in terms of throughput. 


19.4.1 Resolution 


Resolution in a lithographic process is a rather ill-defined quan- 
tity since, by virtue of the fact that iti a process involving many 
steps, a large number of variables are involved. These can fre- 
quently be manipulated to produce isolated features far smaller 
than might, at first sight, be judged possible. The true test of the 
process is the minimum pitch of the features that can be fabri- 
cated. In what follows, we will consider primarily those factors 
that are unique to electron-beam exposure and neglect those 
that are common across the various exposure techniques—those 
are covered elsewhere in this chapter. 

‘The ultimate resolution that can be obtained using electron- 
beam exposure is determined by the nature of the interactions 
of the electrons with the material being exposed. There are two 
parts to be considered: first, the trajectories that the incident, or 
primary, electrons follow within the material and second, the 
processes by which the energy deposited by the primary elec- 
trons is translated into developable chemistry in the exposed 
material 

‘The electron trajectories are determined by the combination 
of incident electron energy and resistsubstrate atomic num- 
ber." At low energies/high atomic numbers, the electrons 
scatter strongly within the solid, which leads to substantial 
broadening of the beam as it penetrates the material, Since most 
resist materials are organic, their average atomic numbers are 
not dissimilar from that of carbon, so the beam broadening, or 
forward scattering in the resist, is determined principally by the 
electron energy. For this reason, most high-resolution systems 
operate at energies of 50-100 keV. In addition, because the beam 
broadening increases progressively as the electrons undergo 
additional elastic scattering events on their way through the 
resist, thin resists yield higher resolution images. Very low 
(<500eV) incident energies have also been proposed as a means 
of generating high-resolution images.-"* In this case, the beam 
broadening is on the order of and constrained by the very short 
total range of the electrons within the resist. The resist thick- 
ness is therefore limited to that range, which may be insufficient 
for subsequent processing needs, and the resolution can only be 
improved by reducing the energy (and the resist thickness) to 
impractically small values. 


Nanoelectronics Lithography 


‘The incident electron energy, Ey, has a dramatic impact on 
the dose needed to expose resist, which, for energies above about 
5keV, varies linearly with E,, This isa reflection of how the inelas- 
tic scattering cross section varies with electron energy. The effect 
is captured by the Bethe continuous slowing-down approxima: 

tion" that describes the average rate at which fast electrons lose 
energy along their trajectories. At high energies and resist thick- 
nesses that are small relative to the electron range, the feature 
‘width is determined not by the deviations in the trajectories of 
the primary electrons due to elastic scattering, but by the volume 
in which they deposit energy. Although the primary electrons 
can cause chemical changes in the resist directly, it is normally 
assumed that the so-called fast secondary electrons generated by 
inelastic scattering of the primary beam are responsible for the 
majority of broken bonds in the resist." This is because the low. 

‘energy secondary electrons have a much larger interaction cross 
section than those of the primary beam."* Conceptually, each 
primary electron trajectory can be thought of as surrounded 
by a cylinder of material 10-20nm in diameter exposed by the 
secondaries that it generates. At very low incident electron ener- 
gies, the stopping power increases significantly and the electrons 
deposit all their energy efficiently in the resist film, rather than 
carrying on through to the substrate.” 

‘The resolution that can be achieved in a resist can also be 
estimated by considering the impact parameter for energy-loss 
events for the primary electrons. An electron traveling with 
velocity y, interacting with a stationary electron at a distance 
b delivers an impulse having a duration of approximately b/v 
and contains frequency components, , up to v/b. These cor: 
respond to a maximum energy transfer, AE, of ha/2n.!*6" 
For 100KV electrons and AEs of 5, 50, and 500eV, b is 10, 1, 
and 0.1 nm, respectively. Normally, the energy scale relevant 
to resist exposure is on the order of a few electron volts (3.6eV 
for the C-C bond), leading to an interaction distance of a 
few nanometers but in a few cases the energy needed is much 
higher, corresponding to a core-shell excitation, for example. 
In systems such as alkali metal halides, in which the exposure 
mechanism depends on the dissociation of the halide ions 
from the lattice, resolutions of 1-2nm are achievable.“ 
Unfortunately, the doses required are in the C/cm* range, 
which is not practical for manufacturing. Currently, the high: 
est resolution material that is suitable for nanofabrication is 
hydrogen silsesquioxane (HSQ), which has demonstrated fea- 
ture sizes as small as 7nm half-pitch.* This is an inorganic, 
small-molecule resist that essentially forms silica upon expo: 
sure and development. Its increased mechanical strength rela- 
tive to organic resist materials is one reason for its ability to 
produce small features, while its higher average atomic num: 
ber may help reduce the range of the fast secondaries, contrib- 
ting to its high resolution, 

Electron-solid interactions also affect the resolution in 
electron-beam systems through the proximity effect. This is 
the additional exposure of the resist by electrons backscattered 
from the substrate and it leads to a loss in contrast and thus toa 
loss in resolution. At higher voltages and on low-atomic number 
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substrates (eg, Si or SiO,), the backscattered electrons have a 
relatively large range (=V**) and the contribution of the forward 
and backscattered electron doses can be captured by the two- 
Gaussian model! 


(19s) 


where 
‘Dy is the incident dose 
Lis the width of the forward-scattering distribution 
Bis the width of the backscattered distribution 
1 is the effective dose contributed by the backscattered 
electrons 


[As we have discussed above, «tis typically on the order of, 
10nm, while B is on the order of micrometers. 1| can be quite 
large, depending on the substrate’s atomic number and is 
approximately 0.5 for Si at 100KV."* This model is applicable if 
the forward and backscattered dose distributions can be readily 
separated. In this case, small, isolated features receive a dose of 
Dj, the centers of large features receive a dose of D,(I +1), and all 
other types of features receive a pattern-density dependent dose 
that varies between those values. As long as the feature size is 
small compared with B, this dose variation can be corrected for 
either by adjusting the dose delivered to individual features," 
applying the inverse of the background dose to produce a flat 
background," or adjusting the size of the features!" by 
using a pattern density averaged over length scale on the order 
of B. However, if either o or B approach the feature size, then 
much more computationally intensive techniques must be used 
to perform an iterative correction procedure, as the correction 
applied to each feature affects its neighbor and vice versa." At 
low energies and in high atomic number substrates such as GaAs 
or InP, the deposited energy distribution is more complex!" 
and the proximity effect becomes much more difficult to correct. 
It is, however, important to point out that these phenomena are 
analogous to the flare and optical proximity effects encountered 
in advanced optical lithography, for which correction techniques 
are at an advanced stage of development. 

So far in our discussion, we have implicitly assumed an 
ideal point source of electrons incident upon the resist. A close 
approximation can be achieved in practice with low-current, 
focused probes in electron microscopes. However, for practi- 
cal applications, we need high beam currents, and this has a 
dramatic impact on the design and operation of electron-beam 
lithography tools and leads to systems in which the intrinsic 
resolution of the resist and process is often better than that of the 
electron optics 


19.4.2 Throughput 


In the design of most optical systems, including electron micro- 
scopes, there is a trade-off between blur due to diffraction, 
which scales as 1/NA, where NA is the numerical aperture of 


19:16 


the system, and aberrations that generally scale as some power 
‘of NA (a spherical aberration is often a dominant term and var- 
ies as NA’). In electron-beam lithography systems, through: 

put is critical to their cost of ownership and ultimate utility 
Unlike photons in a light-optical system, the electrons in an 
lectron-optical system affect one another strongly through 
unscreened Coulomb repulsion. The interactions give rise to 
three principal effects: (1) the forces between electrons along 
the electron-optical axis lead to the speeding up or slowing 
down of individual electrons, which is equivalent to an energy 
spread in the beam, known as the Boersch effect; (2) the aver- 
age force due to all the other electrons in the beam leads to 
deterministic changes in electron trajectories and leads, to first 
order, to an overall defocusing of the beam, known as the global 
space-charge effect; and (3) the interactions between individual 
electrons lead to random changes in individual electron trajec- 
tories, known as the stochastic space-charge effect. The sever- 

ity of the Boersch effect depends on the chromatic aberration 
in the system. The global space-charge effect can be thought of 
as creating a negative lens in the system whose effects can be 
compensated for by refocusing the beam. However, if the cur- 
rent density is not uniform across the beam, that lens becomes. 
highly aberrated and its effects cannot be compensated. The 
stochastic space-charge effect is not correctable. As might be 
expected, the space-charge effects are made worse when the 
electrons are forced closer together or can interact for longer 
periods and increase with beam current, J, and column length, 
L, and are mitigated when the electrons are spread farther 
apart or interact for shorter times and decrease with increasing 
‘numerical aperture @, the demagnification factor, M, and the 
accelerating voltage, V. The detailed dependence of beam blur 
‘on [,L, V, M, and cts particular to a given system and has been 
studied in depth for both single-column, probe-forming,"*? 
and projection systems." Note that improvements realized 
by increasing the voltage are offset by the need to increase the 
beam current to compensate for the linear decrease in resist 
sensitivity with voltage, 

‘The net result of these effects is that rather than balancing 
diffraction and aberration blurs, the system optimization must 
be performed by balancing space-charge and aberration blurs. 
‘This means that for any given beam current in a system, there 
isan optimum numerical aperture that must be used and a cor 
responding minimum blur that can be achieved. Any attempt 
to increase the beam current leads to an increase in beam 
blur. Electron-beam lithography systems for nanofabrication 
research are generally designed to provide the optimum reso- 
lution, with throughput as an important, but secondary goal. 
However, the semiconductor industry’s continuing demand 
for ever-smaller features and higher throughputs has resulted 
in the disappearance of electron-beam lithography from the 
direct IC fabrication process because of the conflict between 
the need for increased beam currents to increase throughput 
and the need for the decreased beam currents necessary for 
improving resolution cannot be resolved at the feature sizes 
now required. 
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In the future, the throughput of electron-beam lithography, 
even for mask making, is likely to become worse. To understand 
hy this is the case, itis necessary to examine how resist sensi- 
tivity scales with feature size. 

If we consider a feature of CD L and allow it to vary by no 
more than L/10, then we can define an image pixel as L/10 x 
L/10. In order for each pixel to be faithfully reproduced, we need 
the resist to be able to clearly distinguish between exposed and 
unexposed pixels. Even if the dose over a large area is fixed at a 
precise value, the arrival of the electrons at any pixel isa statisti- 
cal process, with the number of electrons delivered following a 
Poisson distribution. This effect is frequently referred to as shot 
noise and has been extensively studied."*“ We can, therefore, 
define a minimum number, n, of electrons per pixel that is nec 
essary to ensure that the error rate of improperly exposed pixels 
is suitably small. The total dose needed per unit area therefore 
becomes 100n/L*, ie, it scales as 1/L*, and the beam current 
necessary to maintain a given real exposure rate must therefore 
scale in the same fashion. 


19.4.3 Overlay 


‘The fact that magnetic and electric fields can deflect electrons 
precisely and at high speed is one of the great strengths of elec- 
tron-beam systems. In optical lithography systems, accurate 
and precise registration and overlay can only be achieved by 
ensuring nanometer-scale mechanical alignment between mask 
and wafer stages—physically massive systems that can only be 
controlled with bandwidths of a few tens of Hz. In electron- 
beam tools, it is not necessary to control the stage precisely 
(offsets of several micrometers between the actual and planned 
stage coordinates are common), because the position of the 
electron beam can be adjusted, at speeds of up to 100kH, to 
make up the difference, provided a suitable signal from the stage 
interferometers is available, There are generally differences in 
the coordinate system that are generated by the stage and the 
substrate. Normally, these are accounted for by periodically 
acquiring alignment mark information from the substrate. This 
procedure is susceptible to errors arising from drift occurring 
between mark measurements and schemes have been developed 
that enable registration data to be generated from the substrate 
continuously.” The ability to adjust the position of the beam, as 
well as characteristics such as focus and stigmation, in real time, 
makes it possible to correct for a large variety of errors, such 
as those caused by variations in substrate height. Along with 
the benefits it brings, the sensitivity to fields is also a source of 
difficulty associated with electron-beam systems: interference 
from dynamic fields must be reduced as far as possible, while 
that from static ones, such as those due to the small magnetic 
inhomogeneities of the stage, must be carefully mapped and 
calibrated out. 

Another source of error peculiar to electron-beam tools, 
particularly at high voltages, is substrate heating. The total 
amount of energy deposited in the substrate scales as the square 
of the accelerating voltage because of the combination of the 
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increasing energy per electron and the increasing resist dose 
required. The concomitant substrate heating can affect both 
pattern placement/overlay, as a result of thermal expansion," 
and CD control, as resist sensitivity may vary with tempera 
ture." Temperature increases are more severe in SiO, sub. 
strates because of silica’s poor thermal conductivity, while Si 
substrates, with their higher coefficient of thermal expansion, 
are liable to greater placement errors. 


19.4.4 Cost of Ownership 


‘As we have seen, although electron-beam systems provided 
exceptional resolution, and are capable of precise pattern 
placement,!® they are fundamentally limited in throughput. 
Historically, for relatively large feature sizes, the limiting fac- 
tor in throughput was the serial nature of the writing process 
in probe-forming, or Gaussian-beam, systems and this led to 
the development of schemes such as shaped-beam,'™ cell-pro. 
jection," large-area," and full-field projection’ that sought 
to deliver more than one pixel’s worth of information at a time. 
Unfortunately, as feature sizes decreased and the resolution 
requirements became more demanding, they all ran into space- 
charge limits. This has relegated electron-beam systems for 
production purposes to the fabrication of small numbers of high: 
value items such as photomasks, CD/DVD masters, and nano- 
imprint templates. There are two routes out of this dilemma: the 
first is to accept the limited throughput, but use the essential 
addressability of electron beams to create flexible systems— 
maskless lithography tools—that can create ICs without the 
need for masks and their associated costs; the second is to 
avoid the space-charge limits of single columns by dividing and 
conquering—using multiple small columns to keep the electrons 
far enough apart so that their interactions are insignificant. 
In the first case, the cost of ownership is competitive with pho. 
tolithography for short-production run devices where only a few 
wafers worth of devices are produced for each mask set. In the 
second case, providing that issues associated with source uni: 
formity, control, and brightness can be overcome, then it may be 
possible to have the best of both worlds—flexibility in patterning 
together with high throughput—making it directly competitive 
with optical lithography. Research and development are active 
in both areas. 


19.5 Nanoimprint Lithography 


Nanoimprint lithography (NIL) israpidly emerging asalow-cost, 
high-resolution, and versatile alternative to optical lithography 
as a patterning technology for semiconductor fabrication and 
‘ther applications that incorporate nanoelectronic devices." 
Optical lithographic techniques, including state-of-the-art tools 
based on 193nm radiation" or next-generation potential solu- 
tions, including extreme ultraviolet (EUV, 13.5nm radiation) 
lithography.“ rely upon selectively exposing a photoactive 
film to radiation via a photomask that defines the lithographic 
pattern of interest. A chemical reaction occurs in the exposed 
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regions of the film that renders them soluble in an aqueous base, 
creating a physical pattern defined by the unexposed regions in 
the film. Its becoming increasingly difficult to control the reso- 
lution ofthis patterning process. 

IL offers a potentially simplified alternative to chemically 
amplified resists. All NIL techniques rely on a simple squeeze- 
flow mechanism whereby a resist flows into a well-defined 
physical cavity of nanoscale dimensions. It is a molding or 
replication technique where the ultimate resolution is defined 
by the physical dimensions of the imprint mold cavities.""-" 
If high-resolution masters can be created, high-resolution cop- 
ies can be generated. It is also a repetitive stamping or replica- 
tion technique. The well-defined patterns in the imprint master 
can be used to create thousands of replicas, analogous to how 
the metallic master for an LP record were used to stamp thou- 
sands of inexpensive vinyl copies for consumer use. Compared 
with optical lithography for high-volume nanomanufacturing, 
there isan important distinction worth highlighting. With opti- 
cal lithography, every printing or copy of the nanostructured 
surface requires extremely tight control of the environmental 
conditions to maintain the sensitive balance of the complicated 
reaction, diffusion, and dissolution process for the chemically 
amplified resists.” This is precisely why state-of-the-art opti- 
cal lithography tools cost upwards of $30M apiece, providing 
a 65nm patterning resolution, and semiconductor fabrication 
lines cost billions of dollars to construct. 

‘The resolution of NIL s largely controlled by a simple squeeze- 
flow process." As long as high-quality, high-resolution 
imprint masters can be fabricated, it is relatively easy to stamp 
out copies of the mold. In optical lithography, the ultimate pat 
terning resolution is intrinsically coupled with the high vol: 
ume manufacturing process making process control measures 
extremely important. Every single copy manufactured requires 
stringent control over the reaction, diffusion, and dissolution 
processes. With NIL, the resolution is less coupled with the 
high-volume manufacturing process and more dependent on 
the mold or imprint master fabrication. For these reasons, NIL 
tools tend to be significantly ess expensive. Research and devel: 
opment grade imprint tools can be purchased for about $100K, 
‘while manufacturing grade tools cost approximately 2M, both 
‘witha sub 10m resolution, 

Both optical and nanoimprint lithography are dependent on 
high-resolution masks or masters. In optical lithography, the 
ask sets required to fabricate a semiconductor device can cost 
several millions of dollars to produce, comprising a significant 
fraction of the manufacturing costs. These are phase-shifting 
optical masks in which blanket UV radiation is exposed to one 
side, generating selectively exposed regions in the resist film 
on the other side. This exposure is also done through a series 
of lenses where the features in the mask are approximately four 
times larger than the image at the wafer plane. In NIL, these 
mask costs are likely to increase. The squeeze-flow is a direct 
write process where the features in the mold are the same size as 
the features in the wafer plane; there is no longer this 4x reduc 
tion. This means that high-resolution and costly electron-beam 
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lithography is needed to fabricate the imprint masks, compared 
with optical lithography where the mask resolution require 
ments are somewhat reduced because of the lens system. There 
are no lenses in NIL and the imprint masks may very well be 
more costly to produce. Furthermore, these expensive NIL mask 
sets must be mechanically pressed into the resis film. In opti- 
cal lithography, the masks are isolated from the resist behind a 
transparent and protective pellicle. There are no protective pel- 
licles in NIL and one must make direct mechanical contact of 
the expensive mask with the resist film. 

In this section, we provide a general overview of the NIL 
technology. Our discussion will be largely limited to the field of 
nanoelectronics, including complementary metal-oxide semi- 
conductor (CMOS) devices, although NIL is also widely consid: 
ered to be a manufacturing alternative for several other forms of 
nanotechnology. We will elaborate on the differences between 
NIL and existing optical lithography techniques and discuss 
some of the unique materials and metrology challenges that NIL 
processes introduce. We will also provide a brief overview of 
some of the recent developments in applying NIL to nanoelec- 
tronics technologies. 


19.5.1 Variations of NIL 
19.5.1.1 Thermal NIL 


NIL generically refers to pressing a hard mold or template 
decorated with nanoscale patterns into a softer material to 
lithographically define well-controlled nanostructures." In 
‘most cases, pattern formation is accomplished by a squeeze- 
flow mechanism whereby the material flows into the mold 
in a liquid-like state (Figure 19.13). Of course, this requires 
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FIGURE 19.13 Schematic ofthe NIL process, showing both the ther- 
mal and UV forms 
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“setting” the pattern in the liquid material. In the thermal 
embossing form of NIL, the resist is typically a glassy poly- 
mer. During the imprint process, the film and the imprint 
mold are heated to above the glass transition of the polymer 
while applying an external pressure. Under elevated pressure 
and temperature, the polymer flows into the cavities of the 
mold. ‘The pattern is set by cooling the system to below the 
glass transition of the polymer, where the material vitrifies into 
a rigid glass. When the mold is separated from the substrate, 
the surface is left with nanoscale patterns that are relief images 
of the mold cavities. A cavity in the mold becomes a polymeric 
pattern on the surface. 

‘The thermal embossing form of NIL is similar in concept to 
many of the bulk molding or forming processes used to manu- 
facture large scale plastic components. High molecular mass 
polymers, even at temperatures far above their glass transition, 
tend to be high viscosity fluids. Flow does not always readily 
occur under quiescent conditions meaning that pressures must 
be applied to squeeze the material into the mold. Most NIL tools 
designed for thermal embossing are capable of applying pres- 
sure as high as 5 MPa. This is combined with maximum temper- 
atures of typically 200°C-300°C, which means that most tools 
are capable of exceeding the rubbery plateau modulus for most 
polymer melts and able to induce material flow. 

‘There are several different options when it comes to apply- 
ing the heat and pressure for thermal NIL. One class of tools 
is largely based on the photomask aligner and wafer bonding 
systems widely used in the semiconductor industry. In many 
instances, an imprint module can be purchased as an add-on 
for an existing tool. In these systems, mechanical platens with 
heating elements are used to apply the temperature and pressure 
to the imprint mold and substrate. Their advantages are that 
they provide uniform heating through the large thermal mass 
of the platens and they often have a built-in capability for optical 
overlay alignment between the imprint mold and the substrate. 
‘The primary disadvantage is that maintaining parallel contact, 
between the platens can be difficult. Misalignment of just a few 
im can prevent conformal contact, which makes it very difficult 
to imprint nanoscale features over large areas. To overcome the 
conformal contact issues, some imprint tools utilize hydrostatic 
gas pressure to squeeze the imprint mold into the resist film.”= 
‘This pressure is applied through what is essentially a deformable 
gas bladder. Since the NIL molds or masters are usually etched 
into thin Si or quartz wafers and imprinted onto similar thin Si 
substrates, the molds and wafers are able to bend or flex toa cer- 
tain extent and increase the degree of conformal contact. In some 
tools, the pressure is applied through the top through the gas 
bladder while the substrate rests on a rigid metallic platen that 
provides the heating. These systems provide an optimal balance 
between uniform heating and conformal contact. There are also 
tools that utilize an entirely soft press technology, where pressure 
is applied through both the top and bottom through deformable 
gas bladders. In these cases, the bladders are transparent and the 
heating of the substrate is provided through infrared heat lamps. 
This soft press technology maximizes the pressure uniformity 
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across the mold and substrate while the reduced thermal mass 
{a0 platens) allows for rapid heating and cooling rates. However, 
the noncontact optical heating means that temperature unifor- 
mity and stability are more difficult to achieve. 


19.5.1.2 UV NIL 


‘One disadvantage of thermal NIL is that it requires heating and 
applying pressure to the substrate. For certain applications, the 
patterned substrate may or may not be able to withstand the 
thermal budget associated with this process. Likewise, large 
temperature changes can induce thermal distortions, which 
‘make overlay and alignment difficult. UV NIL offers alow tem 

perature alternative to thermal NIL. In UV NIL, the resist is a 
liquid-like (or low viscosity) monomer that readily flows into 
the mold cavities at room temperature with no heating and very 
little pressure."*"" In many instances, the liquid monomer is 
actually wicked into the mold via capillary forces, minimiz 

ing distortions of the substrate or the template (Figure 19.13) 
In the mold, the monomer undergoes a cross-linking reaction 
upon exposure to UV radiation, creating a hard glassy pattern 
that retains its shape after separating the mold from the sub: 

strate, This means that either the NIL mold or the supporting 
substrate must be transparent to the appropriate UV radiation. 
For this reason, the molds are typically fabricated in quartz 
‘wafers, whereas silicon and nickel are more common materials 
in thermal NIL. An additional requirement is that UV NIL is 
limited to patterning materials that cross-link under UV radia. 

tion. Thermal NIL can, in principle, be applied to any material in 
which flow can be induced, 


19.5.1.3 Transfer Printing 


Both the thermal and UV forms of NIL described thus far are 
similar to optical lithography in that a pattern is created in a 
resist film that has been previously deposited on the substrate of 
interest. It is also possible to employ the NIL technologies in a 
‘material transfer mode that is similar to most industrial forms of 
printing. In transfer printing, the material that is to be patterned 
is first applied to a patterned stamp or mold and then transferred 
via mechanical contact to the target substrate. This requires tun. 

ing of the differential adhesion between the pattern mold and 
the substrate such that the material adheres to the substrate 
‘more strongly than the patterned mold. There are two primary 
modes in which transfer printing can occur" (Figure 19.14). 

‘The first is a whole layer transfer where a continuous film with 
a nanoscale texture defined by the mold topology is transferred 
to the substrate. The second isa discrete transfer or inking mode 
‘where material is selectively transferred to the substrate from the 
protrusions of the mold; any material in the cavities of the mold 
is not transferred over. Whole layer transfer is used primarily 
to create topological patterns of a given material on the target 
substrate. Examples of this technology are being used to create 
nano- or microfluidic channels or devices. The discrete transfer 
‘mode can also be used to create physical patterns, but it also has 
the ability to create chemical patterns of a given surface energy 
or chemical functionality by essentially inking monolayers of a 
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FIGURE 19.14 Schematic of two modes of transfer printing: (@) 
whole-layer transfer and (b) inking. 


chemical compound. In this last case, the pattern may, to a first 
approximation, lack topology and not alter the smooth surface 
of the substrate. Chemical patterns like these are commonly 
considered in sensor-type applications. 


19.5.1.4 Functional Materials 


One of the biggest distinctions between NIL and competing 
optical lithography methods is rooted in the generality of the 
patterning process. In nearly all forms, optical lithography 
focuses on creating high-resolution patterns in sacrificial pho- 
toresist formulations. As mentioned previously, photoresists 
are highly complicated materials systems that balance chemical 
reactivity, acid diffusivity, and their dissolution behavior to opti- 
mize their patterning resolution. Once the pattern is formed, the 
resist becomes a sacrificial component for subsequent additive 
or subtractive processes to transfer the pattern into the func- 
tional materials of interest. On the contrary, the mechanical 
stamping and squeeze-flow processes used in NIL are generic 
mechanisms applicable to a wide range of materials. This means 
that a wide range of materials can be patterned directly by NIL, 
including functional materials. The resolution of NIL processes 
is controlled by the mold or mask fabrication process more so 
than optical lithography. The ability to directly stamp nanoscale 
structures into functional materials is a highly attractive way to 
simplify the number of parameters impacting patterning resolu- 
tion, reduce the number of nanofabrication steps, and thereby 
reduce manufacturing costs." 


19.5.1.5 Tool Types 


NIL is a low-cost nanopatterning alternative to optical lithog- 
raphy with the potential for high-volume manufacturability. 
Mechanical stamping processes have a long history in manu- 
facturing environments and the same appears to be bearing 
true for the emerging field of nanomanufacturing. Stamping 
processes are intrinsically compatible with manufacturing 
assembly lines. However, NIL is still in its infancy period and 
most of the tools that are commercially available today are 
geared for R&D or the technology development. There are 
examples of high-throughput tools in the market, but most of 
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the activity is still in the lab as opposed to pre-production. In 
this section, we review the different types of tools with respect, 
to patterning throughput. 

‘The most versatile tools on the market today also have the 
lowest throughput and least applicability for high volume nano: 
fabrication. These account for most of the imprint tools sold 
today from companies like Nanonex, Obducat, or Jenoptik that 
utilize gas pressure through some type of deformable bladder 
to apply a very uniform pressure to the mold and the substrate. 
‘Typically, these tools are very flexible and provide the user with 
a wide variety of process control, at the sacrifice of through: 
pput. The user has the freedom to place an arbitrary mold onto 
an arbitrary substrate, sandwiched between one or two sheets 
of deformable rubber or foil. This stack is then placed inside 
‘a movable gas chamber. The gas chamber closes down on the 
deformable bladders, creating pressure reservoirs on the top 
and/or bottom of the sample. A vacuum pumping system is 
also usually involved to evacuate the sample region between 
the bladders. Nitrogen or some other inert gas is then pumped 
into the chamber, generating pressures as high as approxi- 
mately 5 MPa to press the mold into the substrate. Heat is then 
applied through either the optical heat lamps or thermal sample 
block to enable flow of the material into the mold cavity. After 
1 prescribed heating cycle of a few minutes, the temperature is 
cooled back to room temperature and gas chambers are vented 
to release the pressure. The sample and the mold are then man. 
ually removed from the chamber and manually separated to 
reveal the patterned substrate. This process obviously describes, 
the thermal form of NIL. The same general process applies for 
UV NIL with these tools with the exception that lower pressure 
is required and UV radiation is applied instead of heat. In either 
case, UV or NIL, these single stamp tools are capable of gener- 
ating one patterned substrate approximately every 10-15 min 
‘with manual input from the user. For most applications, this 
throughput is not suitable for manufacturing, Rather they are 
designed for flexibility and ease of use. The sample chambers 
typically vary from approximately 5-20cm in diameter and 
allow arbitrary form factors or piece parts to be imprinted. This 
is primarily useful for technology development. One notable 
exception is a large area single imprint tool being developed 
at the Korean Institute of Machinery and Materials.”* This 
is a low pressure UV imprint tool capable of imprinting an 
entire 45cm (diagonal) flat panel display uniformly in a single 
imprint. Cycle times of 4-5 min here would probably be more 
acceptable given the limited demand for such high-end dis- 
plays. These cycle times would be totally unacceptable for the 
high volume demand of bit patterned magnetic media for data 
storage hard drives. 

‘There are efforts to increase the throughput of imprinting 
tools. The next class of tools generically utilizes a stamp and 
repeat technology to generate multiple copies of a single pattern 
across a large substrate. This form of stamp or step and repeat 
technology is naturally compatible with the form factor of mult 
ple dies (or devices) per wafer that is currently used in semicon- 
ductor fabrication.” So these types of tools tend to be targeted 
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for CMOS devices. Molecular Imprints, Inc. is the pioneer in 
developing step and repeat tools, although other companies 
including EV Group and Nanonex now offer tools with simi- 
lar capabilites. Throughput or manufacturability tends to be 
the primary driver for going from a single imprint to a step and 
repeat tool. For this reason, most step and repeat tools are based 
on the UV NIL process, which is usually faster because it lacks 
the heating and cooling cycles associated with thermal NIL. 
Furthermore, locally heating a selected region for imprinting on 
a larger wafer or substrate is dificult. It is much easier and faster 
to locally expose the imprinted region to UV radiation. Lastly, 
these step and repeat tools are usually optimized for throughput 
that comes at the price of the flexibility in the patterning pro- 
cesses or conditions. The general use single imprint tools typi- 
cally offer greater flexibility. For example, single imprint tools 
are usually capable of performing either UV or thermal NIL on 
a variety of materials whereas step and repeat tools tend to be 
limited to UV NIL patterning of a given resist formulation that 
has been optimized for the system 

The NIL tools discussed thus far have largely been designed 
as drop-in replacement technologies for optical lithography, 
with the target applications in CMOS. However, there have 
been recent advances in building roll-to-roll NIL tools that are 
capable of patterning continuous sheets or strips of a nanopat- 
terned substrate.” Roll-to-roll processes are capable of, 
generating patterned media at a rate at least several orders of, 
‘magnitude faster than traditional optical lithography, enabling 
high volume nanofabrication. However, rollto-roll processes 
tend to provide very poor overlay capabilities, practically lim 

ing the advantages to single-layer devices. For these reasons, 
the target applications migrate away from CMOS to emerging 
markets where nanopatterning has yet to be realized. Examples 
might include antifouling biological films, polarizing or anti- 
reflective optical coatings,” brightness enhancing films for 
large area displays, or flexible electronic devices like radio 
frequency ID tags.” In the roll-to-roll form of NIL, the mold 
cavities are fabricated onto either a circular drum or a tractor 
tread-like device. A continuous film is fed in between a pair 
of rollers that rotate in opposite directions, squeezing their 
textured surface(s) into the film. Roll-to-roll processes can be 
implemented in many different forms. The thermal form of 
NIL can be used to emboss nanoscale topology on the film or 
substrate by using heated rollers. Likewise, there are examples 
of UV NIL being implemented to create textured surfaces with 
roll-to-roll devices. The traditional forms of gravure or flexog- 
raphy can also be adapted to create roll-to-roll NIL transfer 
printing processes. 


19.5.2 Fundamental Issues 


‘There are a few commercial products being made with imprint 
today, proof that the technology is inherently manufacturable. 
Some of the companies operating in this space include Nano 
Opto, Heptagon, Omron, OVD Kingram, LG Electronics, 
Reflexite, MacDermid, Wavefront Technologies, and Spectratek. 


Nanoelectronics Lithography 


Dr. Michael P.C. Watts is the founder and president of Impattern 
Solutions, an independent consulting company in the field of 
NIL. The company’s website tracks the progress and commer- 
cialization of imprint-related technologies and provides updates 
at www.impattern.com. Most of the commercial success stories 
in the imprint field have thus far been related to optics or light. 
‘These include, in order of decreasing critical dimensions, refrac- 
tive, diffractive, and sub-wavelength optical devices. However, 
even with the sub-wavelength devices, the minimum dimen: 
sions of the structures being fabricated commercially are typi- 
cally on the order of 100nm or larger, which by many definitions, 
is not within the nanoscale domain. The community has yet to 
see the realization of devices fabricated by NIL with dimensions 
strongly into the sub-100nm regime. There are many examples 
of nanoelectronic technologies in the R&D phase that appear 
to have strong potential with respect to NIL, but several funda- 
‘mental issues need to be resolved before these ideas can success. 
fully make the transition from the lab to manufacturing, In this 
section, we briefly summarize some of the remaining technical 
roadblocks to the commercialization of nanoelectronics via NIL. 
techniques. 


19.5.2.1 Nanoimprint Materials Development 


‘There are several examples of high resolution patterning being 
achieved with NIL. For years, Professor Chou's fabrication of 
10nm vias was the ultimate demonstration of high resolution 
pattering with NIL. More recently, Professor John Roger’s 
{group demonstrated that the fabrication of 2nm replicas of car- 
bon nanotubes randomly distributed across a rigid substrate 
could be created within a polydimethylsiloxane (PDMS) resin 
using NIL processes. Professor Chou's group has gone on to 
report the patterning periodic line-space patterns with a 6nm 
half-pitch," indicating that NIL has the potential resolution and 
patterning control that is commensurate with nanoelectronics 
(Figure 19.15) 

However, there is still a need for improving NIL materials or 
resists. Resolution is only part of the picture and a NIL resist 
must also satisfy a number of different properties. First, the 
material must be able to readily flow into the imprint mold. If 
harsh conditions that plastically deform the patterned mate. 
rial are required, the NIL. processes may induce residual stress 
into the patterns." It is desirable that the patterned media 
readily flows into the imprint mold. Likewise, the imprinted 
patterns must have the mechanical strength to resist pat- 
tern collapse. There are several examples of the critical aspect 
ratio for pattern collapse with decreasing feature size."* NIL 
is capable of generating very small patterns that make pattern 
collapse a significant concern. Furthermore, it is critical that 
the mold separates easily from the imprinted structure without 
destroying the sample. This requires both low surface energy 
mold treatment strategies that minimize adhesion between the 
imprint and the substrate as well as imprint materials with the 
cohesive strength to withstand the shear stress generated dur 
ing mold separation. Since external forces are required to pry 
the mold from the substrate, a mechanical load is placed on the 
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FIGURE 19.15 Examples of high resolution patterning with NIL. 
Panels (a) shows a few carbon nanotubes with a diameter of 2nm on a 
flat surface tha served as the model imprint mold while panel (b) shows 
the resulting patterns that were replicated in PDMS. (Reprinted from 
Hua, Fetal, Nano Lett, 4(12), 2467, 2004. With permission. © 2004, 
American Chemical Society) Panel (€) shows well regular line-space pat 
terns that have been imprinted with critical dimension to a 61m half- 
pitch. (Reprinted from Austin, M.D. etal, Nanotechnology, 16(8), 1058, 
2005, With permission) 


patterns. It isa significant materials science challenge to maxi- 
mize these properties simultaneously especially with functional 
nanoimprint materials 


19.5.2.2 Template Fabrication and Availability 


‘The fabrication and availability of high quality templates or 
molds are crucial for NIL patterning technologies. With 
an ultimate resolution approaching just a few nm, even the 
slightest flaw in the master has the potential to be replicated 
into hundreds or thousands of imprinted copies. This means 
that significant efforts must be made to produce high qual- 
ity imprint masters. Electron-beam (e-beam) lithography is 
the industry standard for producing high-resolution patterns 
with a resolution on the order of 10-20nm. However, e-beam 
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lithography is not practical for manufacturing since itis a slow, 
serial writing process and is very costly. One of the greatest 
attributes of NIL is that it can be considered as an e-beam 
replication technique. Once a costly pattern is fabricated by 
e-beam lithography into a mold or master material, thousands 
of high-resolution copies of the pattern can be replicated via 
NIL processes at a fraction of the initial cost." This is a very 
attractive proposition, but it also means that a high quality 
imprint master is critical. Any mistake will be easily propa. 
gated through all of the copies. 


19.5.2.3 Defect Inspection and Dimensional 
Metrology 


‘The need to have high quality imprint templates has been 
articulated in the preceding section. Hand-in-hand with this 
requirement is the need to evaluate, quantify, and certify the 
pattern quality in both the imprint master and the resulting 
imprints. High-resolution patterning demands high-resolution 
pattern metrology. We have already mentioned the excessive 
costs for fabricating a NIL master or mold with large areas pat- 
terned with nanoscale features. Quantitative measurements to 
qualify that the imprint master meets the design specifications 
in terms of pattern shape are absolutely critical for making this 
investment. Likewise, fast and efficient high-resolution pat- 
tern metrology methods are also needed to monitor the high 
volume manufacturing processes. It is critical to have quan: 

titative measures in place to determine if the manufacturing 
processes drift out of tolerance. For high-resolution pattern- 
ing, this means high-resolution metrology. Even at the current 
65nm technology node, the “Metrology” chapter of the ITRS 
Roadmap contains roadblocks in terms of high-resolution CD. 
metrologies.** The leap from 65nm optical lithography to NIL. 
processes that offer better than a Snm resolution raise signifi- 
cant concerns regarding our ability to quantitatively evaluate 
the patterns that we fabricate. This is not that big of an issue in 
the R&D phase of technology development, where one usually 
deals with highly optimized prototypes. However, high volume 
‘manufacturing processes demand quantitative process moni- 
toring capabilities. With respect to pattern shape metrology, 
the ability to pattern with NIL greatly exceeds the limits of the 
current inspection tools. 

NIL is essentially a direct pattern transfer process whereby 
the patterns in the imprint have the potential to be a mirror 
image of the patterns in the mold. This brings up the fidelity 
of the pattern transfer concept—how closely do the imprinted 
features resemble the mold. To achieve the greatest fidelity of 
pattern transfer, one must be able to minimize the shrinkage 
of the imprinted material in the mold (either up cross-linking or 
cooling) or any distortions of the pattern after imprinting. The 
fidelity of the pattern transfer concept is fundamentally unique 
to NIL. However, in NIL one can directly compare the dimen: 
sions of the mold cavity to the pattern to quantify the fidelity 
of the pattern transfer. This means that dimensional metrolo- 
¢gies must be able to quantify both the mold and the imprinted 
patterns. 
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19.5.2.4 Residual Layer Control 


‘The objective in most imprint processes i typically to create iso- 
lated patterns on the substrate. However, there is always a con: 

tinuous residual layer of resist material between the substrate 
and the patterns that needs to be removed. Simple volume filling 
arguments dictate the thickness of the residual layer, comparing 
the volume of material per unit area in the smooth film to the 
‘volume of the cavities in the mold. Even f there isless material in 
the film than there isin the mold cavities, the protrusions of the 
‘mold cannot be completely pressed into direct contact with the 
substrate; there is always a finite residual layer on the order of a 
few nanometers thick. While this residual layer is easily removed 
through reactive ion etching (RIE) processes, itis critical to 
achieve both a minimized and uniform residual layer. The mini- 
mized residual layer is important to maintain CD control. RIE 
processes are highly anisotropic, etching primarily vertically, 
however, there is a small amount of lateral trimming that occurs 
(Figure 19.16). Ifone has to etch through a thick residual layer, 
then the extent of lateral trimming can be significant; minimiz- 
ing the residual layer minimizes the trimming. Furthermore, it 
is important to achieve a uniform residual layer across the entire 
field of the imprint. Ifthere are thick and thin regions of residual 
layer, the RIE will break through to the substrate first in the thin- 
ner regions. When this happens, a micro loading effect occurs 
in the etch process where the concentration of plasma increases 
upon breakthrough (the plasma etch chemistries are biased to 
consume resist over the substrate). The result of micro-loading 
is an increased lateral etch rate, i. a localized enhancement in 
the lateral trimming. This nonuniform lateral trimming leads to 
a distribution of the pattern dimensions (loss of CD control). 
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FIGURE 19.16 A schematic illustrating how an accurate knowledge 
and control of the residual layer thickness is critical to controlling 
lateral trimming and critical dimension control. Overestimating the 
thickness ofthe residual layer can lead to excessive lateral trimming. A 
non-uniform residual layer can lead to a distribution of linewidths and 
‘loss of CD control through a micro-loading effect. 
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Controlling the residual layer thickness is straight forward for 
imprint molds with uniform pattern fields. Simple volume fill 

ing calculations can be used to adjust the thickness ofthe film to 
‘minimize the residual layer, assuming that a uniform pressure 
is applied.” However, residual layer control becomes difficult 
when the pattern field contains a distribution of different pat 

terns with different sizes and density. In this case, the volume 
filling calculations are different for the different regions of the 
mold.” Resist films are usually applied via spin coating tech 

niques, which leads toa film of uniform thickness, In these situ- 
ations, itis difficult to control the residual layer. The Molecular 
Imprints series of tools use a GDS-based drop on demand tech: 

nology to deposit an optimized amount of resist material in each 
location to properly fill the mold. This technique can be very 
effective for minimizing the residual ayer. 


19.5.3 Overlay Accuracy and Control 


Depending on the application, it may or may not be important to 
align the imprint within the lateral directions with some features 
‘or fiduca markers on the substrate. There are many applications, 
such as anticeflective optical coatings, where pattern overlay is 
not required. However, for nanoelectronic applications, one could 
imagine it being very important to align the imprint with circuit 
elements in the substrate, Most imprint tools offer some type of 
alignment capability. The alignment is usually achieved by fabri 
catinga series of vernier gratings in both the imprint mold and the 
patterning substrate and use interferometers to sense very small 
changes in the in-plane dimensions." Piezoelectric actuators can 
be incorporated into the imprint head to generate very small lat 
eral position corrections that help precisely align the mold with 
the substrate. Most general use imprint tools are designed for 
‘molds and substrates that are not transparent, meaning that the 
comparison of the interference pattern from the two verniers is 
achieved through a series of mirrors and reflective light. With 
these types of tools, one is able to achieve overlay accuracies on 
the order of +200nm in the in-plane directions. Given the 5am 
or better patterning resolution of NIL, the accuracy with which a 
feature can be placed within the plane of the film is significantly 
‘worse. There are tools with higher overlay accuracy. Molecular 
Imprints produces highly specialized tools that are optimized for 
patterning with UV radiation only, using quartz molds that are 
‘optically transparent." When it comes to overlay alignment, sys 
tems that are dedicated to patterning with transparent molds have 
a significant advantage because through wafer comparison of 
the optical verniers is possible. Eliminating the series of mirrors 
and reflective optics reduces the error in the overlay alignment, 
‘enabling sub-15 nm 36 overlay accuracy. This is more commensu. 
rate with the ultimate patterning resolution of a few nm. 


19.5.4 Technology Examples 


‘There are a growing number of examples in the literature of 
nanoelectronic devices being fabricated by NIL processes, prov- 
ing that the technique has potential (Figure 19.17). The most 
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common examples are the cross-bar memory structures where 
a semiconducting material is sandwiched between orthogo- 
nally situated parallel line-space electrodes to be used as either 
data storage or logic devices. Here, NIL processes are used to 
fabricate the parallel line-space electrode arrays. These devices 
can have half-pitch values as small as 17 nm for the electrode 
arrays and memory densities as high as 100Gbit/cm?. On the 
CMOS front, a recent joint effort from Toshiba and Molecular 
Imprints have demonstrated the fabrication of a functional 
sub-32nm logic circuit using NIL.” Likewise, IBM and 
SEMATECH have reported the fabrication of 27 nm functional 
FINFET structures using NIL technologies.” Another sector 
where NIL processes are being widely adapted is for magnetic 
data storage media. The equivalent Moore’s law for the hard 
disc industry is even more aggressive than that of the semi: 

conductor industry, doubling in data storage capacity ever 12 
months. To keep pace with this trend, the industry is moving 
towards bit patterned media. NIL processes are being devel 

‘oped to fabricate 251m posts of magnetic media on a pitch of 
approximately 40 nm." These are just a few examples related to 
nanoelectronics where NIL technologies are being actively pur- 
sued. There are also a number of other applications in the opti- 
cal and biotechnology fields where NIL methods are poised to 
have an impact. Two of the most prominent examples include 
wire grid polarizer elements for screen and display technolo- 
gies*°2 and photonic structures to facilitate light extraction 
in high brightness LEDs.” 


19.5.5 Future Perspectives 


In some respects, NIL is just one of a long list of next. 
generation lithography techniques that has been developed 
as an alternative to deep UV optical lithography for the 
semiconductor industry. However, none of these alternate 
technologies have even come close to supplanting optical 
lithography as the high volume lithography of choice for the 
electronics industry. While a debate over the merits of NIL to 
replace optical lithography for CMOS fabrication is beyond 
the scope of this review, it is important to realize that NIL 
is the first next generation lithography candidate to have a 
viable life outside of CMOS, and there are already success 
stories for the patterning technology in non-CMOS tech- 
nologies. This means that the success or failure of NIL is not 
tied to the semiconductor industry; it has already succeeded. 
As microelectronics moves beyond CMOS into nanoelec- 
tronics with novel device architectures, dramatically dif- 
ferent principals of operation, and the need for nanoscale 
patterning, NIL is on-pace to be a well-established generic 
nanoscale patterning technology of relevance. Next genera- 
tion lithography techniques tied directly to the CMOS com- 
munity (193nm immersion, double patterning, EUV) are 
solely dependent on this community for success or failure. 
‘These patterning technologies will likely go away if they are 
not adapted by the semiconductor community. The same is 
not true for NIL, 
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FIGURE 19.17 Examples of several different technologies fabricated with NIL techniques (a) high-resolution image taken from the 17am half pitch 
cross-bar nanowire circuit arrays made by SNAP. (Reprinted from Jung, GY. etal, Nano Lett, 63), 351, 2006. With permission. © 2006, American 
Chemical Society) (b Bit patterned magnetic media for high density data storage showing 25nm magnetic posts fabricated by NIL. (Reprinted from 
Dobie, EA. etal, Proc. IEEE, 9611, 183, 2008. With permission. ©2008, IEEE.) (9 A cross-sectional view ofa 27am FinFET structure whose eitial 
dlimension was patterned by Step-and-Flash Imprint Lithography’ at Molecular Imprints, Astin, TX. Nominal identical structures led to functional 
inFET devices (From IBM Almaden Research Center, San Jose, CA. With permission) (d) An aray of photonic devices patterned uniformly over an 


entire 6nm waler for high brightness LED devices. (Reprinted from Miller, M. et al, Proc. SPIE, 6883, 68830D, 2008. With permission ) 


19.6 Metrology for Nanolithography 


19.6.1 Advanced Lithographic Processes 


As optical lithography reaches its limits, new processes such as 
double patterning and double exposure are being explored as 
means of extending 193nm immersion-based lithography. The 
‘goal of these patterning methods is patterning at dimensions 
that are less than those that can be printed in a single litho- 
graphic exposure step. Each of these process-based methods 
poses a unique challenge to all aspects of process control includ- 
ing metrology. These processes are summarized in Figures 19.18 
through 19,20. 

Double exposure uses two reticles that must be precisely 
aligned so that the pattern placement is one pitch across the 
printed area. One photoresist layer is exposed twice with spe- 
cially designed reticles resulting in densely spaced lines. This 
pattern can then be etched into the underlying films patterning 
the wafer with features having a 4 pitch less than can be printed 
using one reticle. This process is shown in Figure 19.18, 


Double patterning is also done using two reticles that must 
be aligned with accuracy, so that the pattern placement has one 
pitch and close to one linewidth across the printed area. The first 
photoresist layer is exposed and then the film stack is etched 
leaving the pattern in the hard mask layer. Then the wafer is 
coated with BARC and resist and the second set of ines is pat- 
termed into the second BARCi/resist layer. The resultant double 
pattern structure is etched into the poly silicon. Figure 19.19 
provides great detail for double patterning processes for lines. 
Similar process steps are used for contacts and trenches. 

‘Spacer double patterning is believed to be already in use in man- 
ufacturing. A slightly different film stack is used for spacer double 
patterning. First, a sacrificial poly silicon layer is patterned, spacer 
oxide is deposited, and the sacrificial poly silicon layer is removed 
resulting in a spacer pattern. This pattern is etched into the poly 
silicon ayer. In Figure 1920, this single reticle process is more fully 
described, The origin of the two sets of line shapes is due to the dif- 
ferent shapes of each side ofa spacer. The two sets of critical dimen- 
sions are due to the nature ofthe spacer deposition process. 


Nanoelectronics Lithography 19.25 


“hose clk anibinreeass “Positive” resist double exposure 


ere Soe 


vawemers 1. Lithography step 1: Expose ines 


Mask 2 


Poly slicon 
epee preeeaaerts 2. Lithography step 2: Expose second set 
oflines 


<r 
deni 22 shor 


o 


Resist 


c) 
FIGURE 19.18 The double exposure method of patterning lines is shown. Lines are patterned using positive resist (a) shows the film stack, and 
(b) shows the patterning process. 
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FIGURE 19.19 The double patterning method of patterning lines is shown. Lines are patterned using positive resist (a) shows the film stack, and 
(b) shows the patterning process. 
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FIGURE 19.20 The spacer double patterning method is shown. Lines are patterned using positive resist. a) shows the film stack, and (b) shows 
the patterning process. 
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Overlay plays an important role in double pattering, spacer 
patterning, and double exposure pattering of lines. Overlay must 
be near perfect to achieve a uniform pitch. If the second expo: 
sure is shifted, every other space will be different. This impacts 
further processing, the measurement of CD and lineshape, and 
device performance. Etch is known to be sensitive to lineshape 
and the distance between lines. Etch uniformity can be reduced 
‘when the resist pattern is etched into the layer below. 


19.6.2 Metrology for Advanced 
Lithography Processes 


Measurement needs start with control of feature shape and 
placement on the mask (reticle), and follow through until the 
features are etched into the active layer of the device or inter- 
connect structure." Since optical masks are glass with chrome 
features, scanning electron microscope (SEM)-based measure. 

ments must overcome the charging inherent in the measurement 
of an insulator. The chrome features must have the correct line- 
width and shape and must be placed on the mask in the cor- 
rect position relative to each other. The recent introduction of 
“environmental” SEM allows for charge neutralization during 
the SEM-based measurement of CD and line shape on the mask. 

‘The advanced lithographic process challenge metrology mainly 
through the two distributions of critical dimensions and line 
shapes especially the side wall angles of the lines. Two methods 
of CD measurement are used during manufacturing, namely 
CD-scanning electron microscopy (CD-SEM) and scatterom: 
etry. The term scatterometry typically refers to one of two opti: 
«al methods of measuring critical dimensions using a grating test 
structure. One example of a grating test structure is an array of 
lines with a constant pitch and linewidth. Others include an array 
of contact holes. Scatterometry measurements can be done in a 
spectroscopic ellipsometer; the main challenge is analyzing the 
changes in the optical response that the grating structure imparts 
versus the response of an un-patterned film stack. The other 
approach to scatterometry is to measure the diffraction pattern 
from a single wavelength across a range of angles. Both methods 
of scatterometry require that an extensive database of simulated 
cllipsometric responses be placed into a library. Some libraries 
contain tens to hundreds of thousands of simulated structures for 
single process step. Data from a sample is matched to this set of 
simulated responses. Accuracy requires that ellipsometry be sen- 
sitive to the small differences in optical response. 

Ellipsometry measures the change in polarization of light after 
reflection from the sample surface. Spectroscopic ellipsometry- 
based scatterometry relies on the changes in polarization due to 
changes in the grating test structure asa function of wavelength. 
Advanced lithographic processes pose two challenges to scat- 
terometry. One is shrinking feature size and the second is the 
‘two sets of distributions of CD and feature shape. Sensitivity to 
‘small changes in dimension is becoming increasingly difficult 
as feature size decreases below S0nm for both CD-SEM and 
scatterometry. The previous method of single exposure and etch 
patterning required that scatterometry measure the average CD 
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and line shape of a uniform grating structure. Double pattern- 
ing and double exposure requires that scatterometry produce 
the average CD and line shape of two distributions of line shape. 

In situations where overlay errors result in a nonuniform pitch, 
the number of simulated data sets is greatly increased. Small dif 
ferences in optical response make it very difficult to distinguish 
changes in CD and line shape. Recent commercial instrumen- 
tation extended the wavelength range of scatterometry further 
into the UV down to 150nm. In general, UV wavelengths have 
improved the ability of scatterometry to measure CD and line 
shape for features with sub 50nm dimensions. 

‘The specifics of ellipsometry-based scatterometry are use- 
ful in understanding how critical dimensions are determined 
from a method associated with the determination of film thick- 
ness for unpatterned layers. The premise of ellipsometry is that 
light polarized in-plane of reflection (P) reflects differently 
than light polarized perpendicular to the plane of reflection (S). 
Ellipsometry determines the change in polarization of light in 
terms of A, which is the difference in phase change = A, ~ Acand 
Y, which is related to the ratio of the change in intensity upon 
reflection through tan (|Ry|/|Rg)), where Ry and R, are the com- 
plex reflectivity’s parallel and perpendicular to the reflectance 
plane. The reflectivity is determined by the dielectric function 
of the film stack. Reflection from a single film on a substrate 
depends on the complex dielectric function (refractive index) of 
the materials and the Fresnel reflection coefficients r,, between 
(1 air and (2) the film and r,, between (2) film and (3) the sub- 
strate. The reflection from an unpatterned film is determined by 
well-understood reflection coefficients? 


(19.6) 
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where 
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‘The film thickness dependence comes from the exponential term 
where dis the film thickness, is the wavelength of the light, and 
Nyisthe complex refractive index of the film. The measurement of 
patterned film stack requires that Maxwell's equations be solved 
‘Typically, this is done using a rigorous coupled wave approxima- 
tion (RCWA), and the RCWA equations must be solved at each 
wavelength for each structure. Changes in and A vs wavelength 
require solving the RCWA equations at enough wavelengths to 
observe subtle changes due to CD and line shape** 

‘The CD-SEM measurement of critical dimensions is 
also challenged by double patterning and double exposure 
Measuring patterned photoresist requires the calibration of 


light source, indicator, or display > reflective > LCD. 


LCD 


The full term liquid-crystal display is seldom used. Its acronym, LCD, is much more com- 
mon. Sometimes the redundant combination LCD displays found. All three terms refer 
to the same device. In this encyclopedia, the first two words in liquid-crystal display are 
hyphenated because they arean adjectival phrase. Other sources often omit the hyphen. 


‘The acronym LED (for light-emitting diode) is easily confused with LED. While both 


devices display information, their mode of action is completely different. 


OTHER RELATED COMPONENTS 


+ LED display (see Chapter 24) 


What It Does 


‘An LCD presents information on a small display 
panel or screen by using one or more segments 
that change their appearance in response to an 
AC voltage. The display may contain alphanu- 
meric characters and/or symbols, icons, dots, or 
pixels ina bitmap. 


Because of its very low power consumption, a 
basic monochrome LCD is often used to display 
numerals in battery-powered devices such as 
digital watches and calculators. A small liquid- 
crystal display of this typeis shown in Figure 17-1 


Color-enabled, backlit LCDs are now frequently 
used in almost all forms of video displays, includ 
ing those in cellular telephones, computer mon- 
itors, game-playing devices, TV screens, and air- 
craft cockpit displays. 


How It Works 


Light consists of electromagnetic waves that 
possess an electric field anda magneticfield. The 
fields are perpendicular to each other and to the 
direction in which the light is traveling, but the 
field polarities are randomly mixed in most visi- 


ble radiation. 
incoherent. 


type of light is referred to as 


Figure 17. small, basic monochrome LCD. 


Figure 17-2 shows a simplified view of an LCD 
that uses a backlight. Incoherent light emerges 
from the backlight panel (A) and enters a vertical 
polarizing filter (B) that limits the electric field 
vector. The polarized light then enters a liquid 
crystal (C) which is a liquid composed of mole- 
cules organized ina regular helical structure that 
rotates the polarity by 90 degrees when no volt- 
age is applied to it. The light now passes through 
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the rate of shrinkage of the resist vs. electron beam exposure 
time. This calibration requires the collection of enough data to 
provide statistically significant shrinkage rates. This must be 
done for each resist material. It is important to note that dif- 
ferent resists are used for the fabrication of line and vias. Many 
IC manufacturers hold the resist formulas to be proprietary 
meaning that each resist formula will have different responses 
to electron beam exposure. Recent unpublished studies show 
that resist lines with a CD less than 25nm shrink more rapidly 
than lines with a greater CD. Scatterometry measurements may 
also impact resist lines especially when measurements are done 
in UV. 

‘There are important differences between CD-SEM and scat- 
terometry in terms of the nature of information each provides. 
Advanced CD-SEM is capable of measuring the CD of two or 
more lines simultaneously. Future CD-SEMs may be able to 
measure several lines in a test area providing the average CD as, 
‘well as the range of the CD in the test area. Scatterometry pro: 
‘vides the average CD in the test area 

‘The measurement of line edge roughness in resist is critical 
for the control of device performance including leakage current. 
Industry standards organizations such as SEMI have driven 
consensus documents describing measurement methods for 
‘quantifying line edge roughness. Line edge roughness on a 
nim scale produces gate CD width roughness that results in an 
increase in leakage current. Line edge roughness at longer scales, 
produces an increase in carrier surface scattering that increases 
line resistivity. At this time, line edge roughness measurements 
‘can be done using CD-SEM or CD-AFM. 

Overlay metrology is considerably more challenging for 
advanced lithography processes. Overlay measurements are 
typically done using specially designed optical microscopes 
and target structures that are patterned into both the upper and 
lower layers. Double patterning of trenches for interconnect 
lines have additional complications for metrology. If the over 
lay is shifted, then the trench CD also changes. Overlay mea: 
surement precision for all double patterning methods becomes 
at best a factor of 0.7 of the overlay required for a single expo: 
sure patterning of all the trenches. This has driven the devel: 
‘opment of new overlay test structures that include scattering 
bars that diffract light. SEM may provide an alternate means of 
measuring overlay. 


19.6.3 Proposed New CD Metrology Methods 


Many have speculated about the demise of CD-SEM and scat- 
terometry. Even optical microscopy-based CD measurement is 
still done for features have larger CDs such as microelectro- 
mechanical systems (MEMS). It is possible that CD-SEM and 
scatterometry can not extend beyond the 22nm half pitch. 
‘Two methods are being considered as potential replacements 
for scatterometry and CD-SEM. These are small angle x-ray 
scattering, which is known as CD-SAXS,2" and He ion micros- 
copy." In CD-SAXS, a focused, monochromatic x-ray beam 
is transmitted through a grating test structure, as shown in 
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Sample 


“rte de 


Array of patterns 
X-raybeam 


FIGURE 19.21 CD SAXS schematic of using collimated x-ray beams 
with energy that are transmissive through a patterned silicon wafer 
resulting in scattering from an array of patterns 


Figure 19.21, that is similar to the ones used for scatterome- 
try measurement, It is important to note that CD-SAXS can 
measure line edge roughness, average CD, individual CD, and 
line shape for the lines in the test structure." At this time 
(2009), evaluation of the capabilities of He ion microscopy are 
in the initial stages. 


Abbreviations 

@ Fraction of light absorbed, when referring to resist 
technology 

@ Width of the forward:-scattering distribution, when 
referring to electron-beam lithography 

8 Width of the backscattered distribution, when 
referring to electron-beam lithography 

3 Photoacid diffusion length, when referring to resist 
technology 

e Photoacid generation efficiency, when referring to 
resist technology 

n The effective dose contributed by the backscattered 


electrons, when referring to electron-beam lithography 
Bottom anti-reflective coating 

ical dimension 

ical dimension scanning electron microscope 
ical dimension small-angle x-ray scattering 

ical dimension atomic force microscopy 


CMOS Complementary metal-oxide semiconductor 

cop Chemical mechanical polishing 

De Dose at line-edge, when referring to resist 
technology 

Dy Incident dose, when referring to electron-beam 
lithography 

DOF Depth of focus 

DUV —_Deep-ultraviolet 

E, Incident electron energy, when referring to 
electron-beam lithography 

EUV Extreme-ultraviolet 

FINFET — Nonplanar, double-gate field effect transistor, “fin” 
refers to shape of semiconductor 

HP Half-pitch 
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HsQ Hydrogen silsesquioxane 

Ic Integrated circuit 

ITRS International Technology Roadmap —_for 


Semiconductors 
Latent-image log slope 

Light emitting diode 

Line-edge roughness 

Line-width roughness 

Microelectromechanical systems 

Molecular glass 

Maskless lithography 

Numerical aperture 

Nanoimprint lithography 

Photoacid generator 

Polydimethylsiloxane 

Number of photons/nm®, when referring to resist 
technology 


RIE Reactive ion etch 

SCALPEL Scattering with angular limitation in projection 
electron-beam lithography 

STM ‘Scanning tunneling microscopy 

uv Ultraviolet 


Official contribution of the National Institute of Standards and 
‘Technology; not subject to copyright in the United States. 

Certain commercial equipment and materials are identified 
in this paper in order to specify adequately the experimental 
procedure. In no case does such identification imply recommen- 
dations by the National Institute of Standards and Technology 
nor does it imply that the material or equipment identified is 
necessarily the best available for this purpose. 
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a horizontal polarizing filter (D) and is visible to 
the user. 


eflective > LCD 


light source, indicator, or display 


voltage must be used. An AC frequency of SOHz 
to 100Hz is common. 


Figure 17-2. The combination of two polarizers and a liq 
tid crystal appears transparent when voltage is not ap- 
plied. See text for details. 


+ A liquid crystal itself does not emit light. It 
can only modify light that passes through it. 


Figure 17-3 shows what happens when voltage 
is applied to the liquid crystal via transparent 
electrodes (not included in the figure). The mol- 
ecules reorganize themselves in response to the 
electric potential and allow light to pass without 
changing its polarity. Consequently, the vertical- 
ly polarized light is now blocked by the front, 
horizontally polarized filter, and the display be- 
comes dark. 


A liquid crystal contains ionic compounds that 
will be attracted to the electrodes if a DC voltage 
isapplied fora significant period of time, This can 
degrade the display permanently. Therefore, AC 


Figure 17-3. The LCD appears dark when voltage is ap: 
plied. See text for details. 
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A transmissive LCD requires backlight to be visi- 
ble, and is the type illustrated in Figure 17-2. In 
its simplest form, itisa monochrome device, but 
is often enhanced to display full color by adding 
red, green, and blue filters, Alternatively, instead 
of a white backlight, an array of pixel-sized red, 
green, and blue LEDs may be used, in which case 
filters are unnecessary. 


ints 


Backlit color LCDs have displaced cathode-ray 
tubes, which used to be the default system in al- 
most all video monitors and TVs. LCDs are not 
only cheaper but can be fabricated in largersizes 
They do not suffer from burn in, where a persi 
tentunchanging image createsa permanentscar 
in the phosphors on the inside of a tube. How- 
ever, large LCDs may suffer from dead pixels or 
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20.1 Introduction 


Extreme ultraviolet (EUV) lithography extends conventional 
‘optical lithography to higher resolution because it utilizes 
an exceedingly short imaging wavelength ( = 13.5nm) and 
provides a larger depth of focus because it employs a small 
numerical aperture (NA = 0.25) imaging system. Although 
it has a number of similarities with visible, deep ultraviolet 
(DUY), and 193nm lithography, EUV lithography (EUV) 
presents several unique technical challenges. For example, 
because EUV radiation is not transmitted through ambient 
air, an EUVL tool must be operated in a vacuum environ 
ment. Since all solid materials strongly absorb EUV radiation, 
conventional refractive optics is not an option and reflec 
tive reticles and optics must be employed. Since no naturally 
‘occurring material provides more than about 1% reflectivity 
at normal incidence in the EUV spectral region, EUV mirrors 
must be coated with special multilayer (ML) reflective coat 
ings. Since EUV sources are inefficient, a high-temperature 
plasma source requiring extremely high input power and 
careful management of waste heat must be used. Furthermore, 
because hydrocarbons and water vapor are cracked by EUV 
radiation, depositing carbon on mirror surfaces and oxidizing 
their reflective coatings, hydrocarbon and water vapor levels 
in an EUV exposure tool must be carefully controlled. While 
the development of EUVL has been and continues to be chal- 
lenging, the successful insertion of EUVL into semiconductor 
manufacturing will bring many benefits, among which are a 
much wider process window and an ability to print linewidths 
at 22nm and smaller. 


‘The key components ofa system for EUVL include (1) an illu- 
rmination system consisting of a plasma EUV radiation source, a 
condenser to collect the light, and an illuminator; (2) a patterned 
reflective mask; (3) a 4x-reduction reflective imaging system com- 
prised of six or more highly precise ML-coated aspheric mirrors; 
and (4) an EUV-sensitive resist. A diagram illustrating the key 
components in an EUV exposure tool is shown in Figure 20.1 

Although a variety of sources can generate EUV radiation, the 
source illustrated in Figure 20.1 isa high-temperature plasma of 
the kind that can be produced by focusing a high-power pulsed 
laser on a target of lithium, tin, orxenon. EUV radiation reflected 
from a patterned reticle located on the mask stage is imaged by 
4dcreduction projection optics onto a resist-coated silicon wafer 
located on the wafer stage. EUVL exposure tools use the same 
step and scan architecture employed in today’s DUV and 193nm 
exposure tools and will ultimately operate at similar through- 
puts, approximately 80-100 wafers/h. 

‘The development of EUV imaging systems from the early 
1980s to the present is summarized in Section 20.2, which also 
describes the key technology developments that made EUVL 
possible: ML reflective coatings, highly precise aspheric mir- 
rors, and phase-shifting point-diffraction interferometers. The 
current state of the art in EUVL is summarized in Section 20.3. 
‘The current status of EUVL infrastructure development in 
sources, masks, resists, mask handling, and optics and mask 
contamination is described in Section 20.4. The elements 
of EUV technology at highest risk of not being ready when 
needed and the timing of EUV insertion into manufacturing 
are discussed in Section 20.5, and an extensive list of references, 
is given at the end. 
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FIGURE 20.1 Sketch showing the major subsystems in an exposure 
tool for extreme ultraviolet lithography. 


20.2 Historical Background 
20.2.1 EUV Imaging System Development 


‘The most important developments in EUV imaging systems that 
took place in Europe, Japan, and the United States from 1985 to 
the present are illustrated in Figure 20.2 
‘The surface of each optical element in an EUV imaging sys 

tem must be provided with 2 ML coating that reflects EUV 
radiation at near-normal angles of incidence. The use of nor 
mal-incidence reflective optics for x-ray microscopes and x-ray 
telescopes was proposed first in the early 1980s,” but efficient 
ML reflective coatings were not sufficiently advanced at that 
time to be of much use and the results of the early soft x-ray 
imaging experiments were not very encouraging. The earliest 
EUV imaging experiments were carried out using projection 
optics consisting of two spherical mirrors, a convex primary, 
and a concave secondary, arranged in a Schwarzschild form. 
In fact, projection optics of this type were used by Hiroo 
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Kinoshita of NTT in 1985 in the very first EUVL imaging 
experiments. Initially, the imaging system mirrors consisted of 
tungsten-carbon MLs deposited on SiC substrates.‘ Later, an 
imaging system with reflective coatings designed to work near 
the absorption edge of Si was assembled at the High Energy 
Physics Laboratory in Tsukuba, Japan, but the alignment accu- 
racy of the optics was poor and all of the replicated patterns 
were severely distorted. In 1984, an image of a 4jim line and 
space pattern was finally produced and in 1986, at the Autumn 
Meeting of the Japan Society of Applied Physics, the results 
of the early imaging experiments were first made public.> 
Other early experiments that employed two-spherical-mirror 
projection optics were the demonstration by Bjorkholm et al. 
of AT&T in 1990 of diffraction-limited imaging near lnm 
wavelength using 20x reduction 0.08 NA Mo/Si ML-coated 
Schwarzschild optics to print features as small as 0.05 1m 
in poly (methyl metacrylate) resist,° and the development by 
‘Tichenor et al. of Sandia National Laboratory (SNL) in 1995 
of the first EUVL laboratory tool capable of precise overlay 
combining 10x reduction, 0.088 NA Schwarzschild optics with 
accurate mask and wafer stages, and an integrated through- 
the-lens alignment system. 

‘The second stage in the evolution of EUVL imaging systems 
involved the development of two-aspherical-mirror projection 
optics. In 1993, Kinoshita et al. of NTT fabricated a 5x reduc- 
tion, 0.07 NA two-aspherical-mirror imaging system with a 
20 x 0.4mm exposure area* based on a design first described 
by Kurihara et al.’ and demonstrated the imaging of features 
as small as 0.25 1m across a 10 x 0.6mm area and imaging of 
0.15 1m features over a portion of a2 x 0.6mm ring-shaped field, 
In 1996, Haga et al. succeeded in expanding the exposure area 
of the two-aspherical-mirror imaging system to 20 x 25mm by 
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FIGURE 20.2 Major developments in EUVL imaging systems from 1985 to present. 
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utilizing new critical-illumination optics to illuminate a 20 x 
(0.6mm ring-shaped area of the mask and by scanning the mask 
and wafer stages in synchronism." In 2004, Naulleau et al. of 
Lawrence Berkeley National Laboratory (LBNL) demonstrated 
the printing capabilities of a 0.3 NA EUV micro-exposure tool 
(MET) at the Advanced Light Source in Berkeley.’ The MET’s 
0.3 NA Sx-reduction two-aspherical-mirror imaging system 
(ovith maximum aspheric departure of 3.82 jim on the primary 
and 5.61 }1m on the secondary), manufactured by Carl Zeiss 
in Germany, had an annular pupil with a central obscuration 
radius equal to 30% of the full pupil, a 1 x 3mm field of view at 
the reticle plane (200 x 600 jim at the wafer plane), and provided 
-22.5nm resolution with conventional illumination (Rayleigh 
k, =0.5) and smaller than 16nm resolution with dipole illumina 

tion (Rayleigh k, = 0.35)" 

‘The third stage in the evolution of EUV imaging systems 
involved the development of projection optics, which could sup- 
port the larger exposure fields needed for device demonstra 
tions. In 1996, Murakami et al. of Nikon Corporation described 
the design of a three-aspherical-mirror ring-field imaging sys- 
tem. In 1998, Kinoshita et al. of Himeji Institute of Technology 
(Hyogo University today) described a three-aspherical mirror 
system for EUVL that included illumination optics, a scanning 
and alignment mechanism, a 0.1 NA 5x reduction imaging sys 
tem that utilized three aspherical mirrors and one plane mirror, 
‘which supported 0.1 um resolution printing by scanning a 1mm 
‘wide by 30mm long ring-shaped image field across a wafer, anda 


load-lock chamber for bringing wafers into and out of vacuum.'* 
In 2001, Tichenor et al. ofthe Virtual National Laboratory, with 
personnel from LBNL, Lawrence Livermore National Laboratory 
(LLNL), and SNL, described system integration and_perfor- 
mance of the EUV Engineering Test Stand (ETS) developed for 
the EUVLLC,* an Intel-led consortium of semiconductor man. 
ufacturers formed in 1997 to accelerate the commercialization of 
EUVL. The ETS's 0.1 NA 4x reduction projection optics, consist- 
ing of three aspherical mirrors (with max aspheric departures 
less than 10m) and one spherical mirror, provided a #0.5pm 
depth of focus (DOF), a scanned field size of 24 x 32.8mm, and 
100 nm resolution imaging. The extensive experimental work on 
the ETS and the involvement of personnel from six semiconduc- 
tor companies in the EUVLLC project resulted in a high level of 
confidence that EUVL was ready for commercial development. 
‘The most recent stage in the evolution of EUV imaging sys- 
tems includes the development of six-aspherical-mirror ring field 
projection optics by each of the three major suppliers of com- 
‘mercial lithographic exposure tools. The 0.25 NA 4x reduction 
imaging system in ASMLs full-field scanning EUV Alpha Demo 
‘Tool (ADT), two of which were delivered to customers in 2007, is 
designed to print 401nm dense lines and spaces over a 26 x 33mm 
field and has recently been used to print 28nm dense lines and 
spaces in a state-of-the-art resist." The 0.25 NA 4x reduction 
six-aspherical-mirror imaging system in Nikon’s EUV1 process 
development tool is designed to print 45 nm dense lines over 226 x 
23mm field, and aset of EUVI projection optics has recently dem- 
onstrated an extraordinarily low 0.4nm root mean square (rms) 
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wavefront error over a 26 x 2mm static exposure field.” ASML’s 
Model NXE: 3100 EUV preproduction tool, which is expected 
to be delivered to customers in 2010, will include a 0.25 NA six 
aspherical-mirror imaging system with even lower wavefront 
error and with reduced imaging system flare.* 


20.2.2 EUVL-Enabling Technologies 


Four scientific and technical breakthroughs critical to the devel- 
opment of EUVL occurred between 1981 and 1996, These four 
major advances were the first demonstrations of normal-inci- 
ddence imaging in the soft x-ray spectral region, the development 
of efficient ML reflective coatings, the fabrication and charac- 
terization of precision aspheres, and the improvement of phase 
measuring interferometry (PMI) 


20.2.2.1 Multilayer Reflective Coatings 


Below 30nm wavelength, no naturally occurring material pro- 
‘vides more than about 1% normal incidence reflectance because 
the index of refraction of all materials in this region is nearly 
unity (actually slightly less than one). In 1972, Eberhard Spiller 
of IBM showed that ML films composed of two materials that 
have nearly identical index of refraction, but that have widely 
different values of EUV absorption, can lead to constructive 
interference and, hence, enhanced reflection in a narrow wave- 
length band peaked at the Bragg wavelength, 4 = 2Asin(®), 
where A\ is the ML period and 6 is the angle of incidence. In 
1985, Barbee et al. demonstrated that the particular material 
combination of molybdenum and silicon results in an excep- 
tionally high normal-incidence reflectivity at wavelengths just 
longer than the Si L absorption edge at 12.4nm. Today, ML coat- 
ings can provide a usable normal incidence reflectance in nar- 
row bands of EUV wavelength from 4.5 to 30nm. The normal 
incidence reflectance of the best modern Mo/Si ML, an example 
of which is shown in Figure 20.3, now approaches 70% in a 
narrow band of wavelengths near 13.5nm. 
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FIGURE 20.3 Reflectance of a Mo/Si ML measured with a commercial 
EUV reflectometer. (Reprinted from Wood, 0., AIP Conf. Proc.,931, 375, 
2007. With permission.) 
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‘To maximize tool throughput, each of the mirrors in EUVL 
projection optics must have the highest possible reflectivity 
at 135nm. To maximize imaging performance, the central 
wavelength of the reflectivity must be controlled to better than 
0.01nm. To support diffraction-limited printing, the mirror 
surfaces must have surface figure errors of the order of about 
0.1nm rms, and the ML coatings must not contribute more than 
approximately one-quarter of the total error, a requirement that 
leads to strict requirements on the thickness uniformity. The 
processing conditions for the deposition of Mo/Si ML. coatings 
have now been optimized to obtain high reflectivity, low inter- 
nal stress, and graded thickness simultaneously, and ML coat 

ings are now available commercially at a number of institutions 
around the globe. Nikon Corporation recently succeeded in fab 

ricating an aspheric mirror for an EUV imaging system with as 
little as 60pm rms surface figure change before and after ML 
coating (small enough so that its effect on wavefront error can 
be ignored).” 


20.2.2.2 Fabrication and Characterization 
of Aspheric Mirrors 
‘The progress that has taken place in the fabrication and 
characterization of aspheric mirrors since the early 1990s is 
impressive. In the beginning, only low-departure aspheres 
could be fabricated and these were found to be only margin- 
ally usable in two-mirror EUV imaging systems. Polishing 
processes for aspheric mirrors have since been developed that 
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can simultaneously reduce low spatial frequency roughness 
(LSER), mid-spatial frequency roughness (MSER), and high 
spatial frequency roughness (HSFR). Today, aspheres that meet 
the stringent requirements of a high-NA six-mirror EUV litho- 
graphic imaging system, less than 0.1 nm rms for LSRF, MSFR, 
and HSER, are available commercially. Figure 20.4 shows some 
recent data from Nikon Corporation from a polished aspheric 
mirror for its EUV] projection optics on which Nikon achieved 
an LSFR of 38pm rms, an MSER of 80nm rms, and a HSER of 
68nm rms.” 

Surface figure data at low spatial frequencies, obtained from 
visible light interferometry, are needed to ensure diffraction- 
limited imaging. Surface finish data at high- and mid-spatial 
frequencies, obtained with an atomic force microscope and 
a white-light interferometric microscope, are needed to pre- 
dict the distribution of scattered radiation in the imaging 
system. Surface roughness at high-spatial frequencies results 
in a loss of EUV reflectivity and, hence, system throughput. 
Surface roughness at mid-spatial frequencies can scatter light 
into the image plane and result in a loss of image contrast. For 
this reason, MSFR and the imaging system flare it causes is a 
serious concern for EUVL even today. A complete set of power 
spectral density (PSD) surface height data from an asphere for 
Nikon's EUVI projection optics is also shown in Figure 20.4.” 
‘The smooth PSD curve shows that a high degree of precision 
has been successfully achieved in each of the important spatial 
wavelength regions, 
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FIGURE 20.4 Plot of surface height data from a polished aspheric mirror for the projection optics of Nikon's EUV projection optics expressed as 


power spectral density (nm) versus spatial frequency (am). (Reprinted from Murakami, K eta, Proc. SPIE, 6921, 69210Q, 2008. With permis 


ion) 
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20.2.2.3 The Phase-Shifting Point- Diffraction 
Interferometer 


To achieve the highest possible resolution (diffraction-limited 
printing), the wavefront error of an imaging system must be less 
than 4/14, where A is the operating wavelength (ess than I nm. 
when 4 = 13.5nm). Fora six-mirror imaging system, this means 
that the error contributions from each individual mirror can 
be no larger than about 0.1 nm rms (assuming that the errors 
are uncorrelated and taking into account the doubling of the 
error that occurs on reflection). Visible-light phase-measuring 
interferometry (PMI) is the metrology most commonly used to 
provide the feedback needed for figuring a mirror surface. Since 
PMI is a comparative technique, its accuracy is limited by the 
quality of the reference. Recognizing this, Gary Sommargren 
(LLNL) in 1996 developed a new type of PMI, called phase-shitt 
ing diffraction interferometry (PSDI) that utilized a reference 
based on diffraction.** An experimental arrangement for PSDI 
configured to measure the surface figure of a concave off-axis 
aspheric mirror is illustrated in Figure 20.5. 

Light leaving the end of a single-mode optical fiber diffracts, 
forming a spherical wavefront, Part ofthis wavefront is incident on 
the mirror being tested and is reflected back toward the fiber. This 
aberrated wavefront reflects from a semitransparent metal film on 
the face ofthe fiber and interferes with part of the original spherical 
‘wavefront to produce an interference pattern on a charge-coupled: 
device camera, Subsequent work has shown that PSDI can result in 
‘measurement accuracies approaching 0.10nm rms.” 

‘The total wavefront error of an EUV imaging system depends 
not only on the surface figure and alignment of each mirror 
but also on the spatially varying properties of their ML. coat 
ings. EUV interferometry, with phase-shifting point-diffraction 
interferometry (PS/PDI) and various forms of lateral-shearing 
interferometry, has been used to test and align a number of EUV 
imaging systems." In fact, the 0.3 NA SEMATECH Berkeley 
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MET was interferometrically aligned at EUV wavelengths using 
the PS/PDI technique and its wavefront error was shown to be 
about 0.8nm rms in a 37-term annular Zernike polynomial 
dominated by higher order spherical aberration" Because the 
wavefront error measured with visible light is not exactly the 
same as that measured with EUV radiation due to the phase 
change in reflection that occurs at a ML, to ensure that the six- 
mirror projection optics in future EUV exposure tools have 
wavefront errors below 1nm, EUV interferometry has been or 
is being developed by each of the major suppliers of commercial 
lithography tools. 


20.3 Current State of the Art 


EUVL development has accelerated significantly in the last few 
years. Alpha-class EUV exposure tools are now in operation in 
Europe, Japan, and the United States. Significant improvements 
in both line/space and contact-hole performance of EUV-resist 
materials have been made due in large part to the availability 
of EUV MET tools that provide high-quality and high-contrast 
aerial images. The first EUV device integration exercises have 
been carried out using full-field UVL exposure tools in Albany, 
New York and in Leuven, Belgium. This section presents the cur- 
rent state of the art in EUV exposure tools and a brief summary 
of the results of the device integrations exercise. 


20.3.1 EUVL Exposure Tools 


‘Two full-field EUVL research and development exposure 
tools were delivered by ASML in 2006, one to the College of 
Nanoscale Science and Engineering in Albany, New York and 
the other to the IMEC microelectronics research laboratory 
in Leuven, Belgium. Another full-field EUVL R&D tool was 
delivered by Nikon Corporation to the Semiconductor Leading 
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FIGURE 20.5 Experimental arrangement for a phase-shifting diffraction interferometer configured to measure the surface figure of a concave 


off-axis aspheric mirror. (Reprinted from Sommargren, 


» OSA Trends Opt. Photon.,4, 108, 1996. With permission.) 


20-6 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


@ 


FIGURE 20.6 (See color insert following page 20-14.) (a) Artis illustration of ASMLs EUV ADT showing a DPP EUV source on the lft, ilu- 
rmination optics in the middle, and mask, projection optics, and wafer on the right. (Courtesy of ASML, Veldhoven, the Netherlands) (b) Image of 
28nm lines and spaces printed in a 50nm thick layer ofa chemically amplified resist using an ASML ADT. (Reprinted from Meiling, H. et al, Proc. 
SPIE, 7271, 727102, 2009, With permission.) (e) Image of 27 nm isolated line in 80 nm thick EUV-65 resist printed with an ASML ADT, (Reprinted 
{from Pierson, B. etal, EUV resist performance on the ASML ADT and LBNL MET, International EUVL Symposium, Lake Tahoe, CA, 2008. With 
permission) (d) Image of 28nm diameter contact holes in 80m thick film of a chemically amplified resist printed at 45miJ/em* dose usingan ASML 
ADT. (Reprinted from Koh, C. et al, Proc. SPIE, 7271, 727124, 2009. With permission.) 


Edge Technologies (Selete) consortium in Tsukuba, Japan in 
20072" An artist’s rendering of an ASML EUV ADT is shown 
in Figure 20.6a. 

‘The EUV source for the ADT is a gas discharge-produced 
plasma fueled by Sn vapor. The ADT utilizes a reflective illu- 
‘minator to supply partially coherent illumination (6 = 0.5) toa 
6" x 6” x 0.25" patterned reflective mask. A 4x reduction 0.25 
NA reflective imaging system, comprised of six highly precise 
ML-coated aspheric mirrors, produces an image of the mask 
‘on resist-coated 300mm diameter wafers. The ADT utilizes 
the same step and scan architecture employed in today’s DUV 
and 193nm exposure tools, although its throughput is limited 
to a few wafers per hour by the available source power. The 
specifications for the ADT include 40nm resolution for dense 
lines and spaces, 30 nm for isolated lines, and 55 nm for contact 
holes, afield size of 26 x 33mm, an overlay error of 12nm mean 
+430, and an imaging system flare of 16%.** Nikon's EUV] expo- 
sure tool includes a 4x reduction 0.25 NA six-mirror imaging 
system with about 10% flare and an illumination system that 
provides 6 = 0.8 conventional illumination, and was designed 
for use in process development at the 45nm half-pitch node. 
‘The specifications for the EUV1 include 45nm resolution for 
dense lines and spaces and a field size of 26 x 33mm. Using 
0.25 NA EUV ADTs, ASML recently demonstrated 28 nm reso- 
lution for dense lines and spaces in a 50nm thick layer of a 


state-of-the-art chemically amplified resist (CAR) (illustrated 
in Figure 20.6b)."* ASML in joint work with AMD, IBM, and 
‘Toshiba demonstrated 27 nm resolution for isolated lines at a 
DOF of 200nm (illustrated in Figure 20.6c),*® and SEMATECH 
demonstrated 28nm resolution for dense contact holes in 
80nm thick films of resist at a DOF of 150nm (illustrated in 
Figure 20.64). 

Micro-field exposure tools have played and continue to play 
a key role in the development of EUV resists. This is because 
the relative simplicity of these tools enables them to provide a 
higher aerial image contrast than the early alpha-class EUVL 
exposure tools, since they utilize higher NA projection optics 
(0.3 NA instead of 0.25 NA) and support more sophisticated 
illumination modes, and their owners have been more willing 
to risk contaminating the projection optics by agreeing to print 
with resist materials that have high outgassing rates. Two MET 
tools, the Canon 0.3 NA small-feld exposure tool at Selete in 
‘Tsukuba, Japan and the SEMATECH Berkeley MET at the 
Advanced Light Source in California" use synchrotron radiation 
as their EUV source. The other two, an Exitech MS-13 at Intel 
Corporation in Oregon and another at the SEMATECH Resist 
‘Test Center in Albany, New York use a Xe discharge-produced 
plasma source. A CAD model of the SEMATECH Berkeley MET 
illustrating the major components of the exposure system as welll 
as the EUV beam path**is shown in Figure 20.7a 
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(@) CAD model of major exposure station components and beam path of the SEMATECH Berkeley MET. (b) Patterning of 1:1 


ist ata sizing dose of 15.2ml/em? using the SEMATECH Berkeley MET. 


using rotated dipole illumination. (-) Patterning of Isl dense contact holes in a chemically amplified resist using the SEMATECH Berkeley 


MET using annular illumination. (Reprinted from Naulleau, P.et al, Prec. 


‘As mentioned in Section 20.2.1, the 0.3 NA MET optics sup. 
port a resolution of 22.5nm at a Rayleigh k, factor of 0.5 and a 
resolution of 16nm at a Rayleigh k, factor of 0.35. Although the 
SEMATECH Berkeley MET utilizes the same projection optics 
design as the commercial METs, its unique lossless programma- 
ble-coherence illuminator allows it to print at considerably lower 
Rayleigh k, factor (that is, it supports better resolution) than the 
other MET tools. Another significant benefit of the SEMATECH 
Berkeley MET is that it is the only MET to have been interfer 
‘ometry-aligned at EUV wavelengths after integration into the 
tool at the operational location. Impressive resist performance 
improvements have been demonstrated for both line/space and 
contact-hole printing during the last year using the SEMATECH 
Berkeley MET. Figure 20.7b shows the printing of 22nm half- 
pitch lines/spaces in a 50mm thick resist film at about 20 mJ/cm? 
dose using 45° rotated dipole illumination”; Figure 20.7c shows 
the printing of 30nm diameter contact holes at 48.6 mJ/cm? dose 
using 0.35/0.55 annular illumination.** 

EUV interference lithography (IL) tools, like the ones at Paul 
Scherrer Institute (PSI) in Switzerland and at the University of 
‘Wisconsin in Madison, are exploring the ultimate resolution lim- 
its of resist materials and screening new candidate resist materi 
als for lithographic performance before subjecting the expensive 


SPIE, 7271, 72710W, 2009, With permission) 


projection optics in the full-field EUV exposure tools to the risk 
of contamination from resist outgas products. The EUV-IL tool at 
PSI uses a spatially coherent EUV beam from the XIL beamline at 
the Swiss Light Source, with a central wavelength of 13.4nm and 
a spectral width of about 2%-3%, to illuminate a transmission. 

diffraction-grating, based interferometer like the one illustrated in 
Figure 20.8a. The period of the interference fringes formed by this 
interferometer is equal to half the period of the diffraction grat- 
ings, which are patterned on thin silicon nitride membranes using 
electron beam lithography. Although the image contrast of EUV-IL. 
can be influenced by a number of factors (transverse coherence 
length of the source, a difference in intensity between the two 
interfering EUV beams, mechanical instabilities, etc), EUV-IL 
offers the advantage of nearly perfect aerial image contrast, per- 
formance that is difficult to achieve using projection or proximity 
lithography methods. EUV-IL at PSI has demonstrated resolution 
below 12.5nm half pitch in several electron beam resist materi- 
als. For example, a cross-sectional scanning electron microscope 
(SEM) image of 16.25nm half pitch lines and spaces in a 25nm 
thick film of calixarene resist (p-chloromethyl-methoxy-calix(4] 
arene) is shown in Figure 20.8b" and a cross-sectional SEM image 
of 201m half-pitch lines and spaces in a 35nm thick film of HSQ 
resist hydrogen silsesquioxane) is shown in Figure 20.8c.** 
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(@) Sketch of system for EUV interference lithography produced by EUV radiation from two transmission gratings illuminated 


with EUV radiation from an undulator beamline ata synchrotron light source. (b) Cross-sectional SEM image of HISQ resist patterns with half- 
pitch of 201m produced by the EUV interference lithography atthe PSI. (Reprinted from Ekinei, Vt al, Microelectron. Eng., 84, 700, 2007. With 


permission from Elsevier) (c) Cross-sectional SEM image of calixarene patterns with hal 


pitch of 16.25nm produced by the EUV interference 


lithography at PSI. (Reprinted from Solak, H. etal, J. Vac. Sci. Technol. B, 25, 91, 2007. With permission.) 


20.3.2 EUV Device Integration 


Now that the first generation of alpha-class EUVL exposure tools 
thas been deployed and major exposure tool suppliers have estab- 
lished detailed roadmaps for the ramp-up of EUVL technology, 
‘one of the main challenges facing the semiconductor industry is 
to begin integrating EUVL into the semiconductor fabrication 
process so the technology will be ready to support high-volume 
manufacturing (HVM) when needed. EUV device integration 


exercises not only provide a realistic test of technology readi: 
ness but also highlight any remaining technical issues. Two EUV 
device integration exercises were carried out in 2008 and a num- 
ber of others are currently underway. In 2008, the ASML EUV 
ADT in Albany was integrated into a standard semiconductor 
‘manufacturing flow by the AMD/IBM/Toshiba Alliance and used 
to pattern the first metal interconnect level of AMD test chips fab- 
ricated using 45nm logic design rules, and the ADT at IMEC 
in Belgium was used to pattern the contact hole level of a 32nm 


[aXedian 
In.25%~75% . 
Non-cutler range 

Raw data 


FIGURE209 (a) FUV resist image ofan area of the mask containing SRAM patterns. The unit cellis defined by the dashed rectangle. Rohm and Haas 
resist XP4502 witha fl thickness of 190nm was used. (Reprinted from La Fontaine, Bet al, Proc. SPIE, 6921, 69210P, 2008. With permission from SPIE) 
(6) Comparison of yield from a baseline 451m process anda process using EUVL to print the M1 level. ach point inthe baseline statistics represents a fll 
wafer, whereas each point inthe EUV statistics represents a 256 kbit SRAM area (Reprinted from La Fontaine, B. et a, The future of EUV lithography, in 
‘Yamamoto, N. (ed), Proceedings of SEMI Technology Symposium 2008, SEMI Japan, Chiba, Japan, 2008. With permission.) 
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sic-transistor SRAM cell based on FinFET technology:*” More 
recently, EUV Alpha Demo Tools were used by the IBM/AMD/ 
‘Toshiba Alliance in Albany to pattern two levels of a 22nm test 
chip* by Samsung to pattern a contract hole level at the 4x DRAM 
node," and by Hynix to compare the patterning fidelity of 193nm 
immersion and EUVL at the 4x, 3x, and 2x DRAM nodes." 

Some results from the AMD/IBM/Toshiba Alliance EUV 
device integration exercise at the 45nm logic node are shown 
in Figure 20.9. Figure 20.9a shows an EUVL image of memory 
structure (SRAM) patterns in a 150nm thick film of Rohm and 
Haas XP4502] resist." The SRAM unit cell is defined by the 
dashed rectangle. Once EUVL of the MI layer was completed, 
the patterns were transferred to the underlying dielectric layer 
using reactive ion etching. ‘The resulting trenches were filled 
with Cu using a damascene process and then polished. Electrical 
tests at the MI level showed that individual transistors con- 
nected in this way had electrical characteristics very similar to 
those patterned using standard 193 nm immersion lithography. 
fier further processing of the 45nm node test chips to the fifth 
interconnect level, 256kbit SRAMs were analyzed electrically 
for yield. The results in Figure 20.9 demonstrate the potential 
for EUVL to produce yield in extended devices when used to 
pattern one level. The yield data shown for the baseline process 
was calculated on full wafers, whereas the yield data for the 
EUV case was based on individual 256kbit SRAM areas on five 
wwafers.t! Some of the best yielding 26 Mbit SRAM blocks had 
nearly 100% yield but did contain two failing cells. The location 
of the failing cells coincided with the location of a hard defect 
‘on the mask discovered during subsequent wafer and reticle 
inspection, 


20.4 EUVL Infrastructure Status 


Even after more than two decades of development, a number 
of technical challenges still need to be met before EUVL can 
be used in HVM. ‘The steering committee of the International 
EUVL Symposium, with representatives from leading semicon. 
ductor manufacturers, EUVL Consortia in Europe, Japan, and 
the United States, and commercial EUVL exposure tool suppli 
cers, has identified and ranked the list of critical technical issues 
on a yearly basis since 2002. The current list of critical issues, 
‘which was last updated and re-ranked in October 2008, is shown 
in Table 20.1. Even though this year’s list is shorter than ever, the 


TABLE20. 2008 EUV Focus Areas 


Rank Key Focus Areas 


T Long-term source operation with 100W af IF and delivery of SMaay 
2 Defect-ree masks through lifecycle and inspection/eview 
infrastructare 


3 Resist resolution, sensitivity and LEP met simultaneously 
Areas of Significant Concern 

+ Reticle protection during storage, handling, and use 

‘+ ___Projection/lluminator optics and mask lifetime 
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top three issues (focus areas, sources, masks, and resists) have 
remained at or near the top of each year’s critical issue list and 
must be completely resolved before EUVL can be used in HVM. 


20.4.1 EUV Sources 


‘The wavelength and spectral bandwidth of the source for an 
EUVL exposure tool, a 2% wavelength band around 13.5nm, are 
set by the ML reflective coatings on the imaging system mirrors. 
The source power is set by the required exposure tool through- 
put, which to first order is determined by the transmission of the 
optical train (collector efficiency and illuminator, reticle, and pro- 
jection optic reflectivities) and the resist sensitivity. Lithography 
exposure tool manufacturers have agreed on the following top- 
level specifications for an HVM EUV source: 115 W of collected 
source power at a plane behind the first source collector optic 
called the intermediate focus (IF), an etendue limit of 3mm? st, 
and a repetition rate of 10kH1z or higher. The cost of ownership 
(COO) for an EUV source is likely to be determined by the life 
time of the source collector, which in turn will be limited by the 
effectiveness of the source debris mitigation system. The current 
EUV source requirements are very severe and significant progress 
needs to be made to achieve the performance required for HVM. 
‘while still maintaining an acceptable COO. For the later stages 
of HVM, EUY sources with up to 400W of IF power are likely to 
be needed. All sources under consideration for EUVL are based 
on hot plasmas created by an electrical discharge or by laser irra- 
diation. The current status of the two leading EUV source tech- 
nologies, discharge-produced plasma (DPP) and laser-produced 
plasma (LPP) are described in the next two sections. 


20.4.1.1 Discharge-Produced Plasma EUV Sources 


‘The major components of a DPP EUV source-collector module, 
the DPP source, the debris mitigation system, and the collector 
optic, are illustrated in Figure 20.10a, 

‘A number of discharge configurations have been evaluated 
for use in a DPP EUV source. What these discharge configu- 
rations have in common is the azimuthal magnetic field gener- 
ated by the large axial discharge current between the discharge 
electrodes, which compresses the source fuel (typically Xe gas or 
Sn vapor) to the hot plasma about 30 eV electron temperature) 
required for efficient generation of EUV radiation at 13.5nm. 
‘The debris mitigation system for a DPP EUV source must pro- 
tect the collector against (1) sputtering by high-energy ions and 
atoms, (2) contamination by tin fuel, and (3) contamination by 
electrode material. A reduction in the collector sputter rate by a 
factor of approximately 50,000 has been demonstrated through 
improvements in debris mitigation, and the lifetime of the col 
lector in a Sn DPP source today is limited only by contamina- 
tion, When the limits of active protection of the collector against 
contamination are reached, in situ cleaning will be needed to 
further prolong the collector lifetime. The collector used with 
DPP sources usually consists of a number of nested shells (in a 
so-called Wolter design) that are fabricated using a nickel elec 
troforming process and coated with a thick layer of ruthenium 
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FIGURE 20.10 (a) Schematic diagram of an EUV source-collector 
module containing an EUV Sn DPP source. (b) Schematic diagram of 
‘an EUV source-collector module for a Sn droplet source powered by @ 
‘carbon dioxide laser. 


to provide high grazing-incidence reflectance of EUV radiation, 
‘At SPIE Advanced Lithography 2008, Philips Extreme UV in a 
joint Phlips/Xtreme solution reported achieving 8 W ofin-band 
power at IF using 170W/2nsr Sn DPP EUV source, a foil-trap 
based debris mitigation system, and a six-shell Ru-coated graz 
ing-incidence collector. 

“The advantages of a DPP EUV source are its lower cost of 
‘manufacturing, its lower level of complexity, and its use of a 
lower cost grazing-incidence collector optic. DPP EUV source 
technology is more mature than LPP EUV source technology 
and DPP EUV sources are commercially available today. The 
disadvantages of DPP EUV sources are the large thermal load 
and short lifetime of the debris mitigation system and collector 
‘optic and the difficulty of scaling to higher powers without sac- 
rificing component lifetime and reliability 


20.4.1.2. Laser-Produced Plasma EUV Sources 


‘The major components of an LPP EUV source-collector module, 
an LPP source consisting of high-power pulsed laser, a droplet 
target generator, and a ML-coated normal-incidence collector, 
are shown in Figure 20.10b. In the early 1990s, a number of 
experimental and theoretical studies showed that LPP EUV 
sources could achieve conversion efficiencies from laser energy 
to EUV energy in a 2% bandwidth near a 13nm wavelength 
of about 1%-2% depending on target material, laser inten- 

sity, laser pulse width, and laser wavelength. It was apparent 
from the very earliest experiments that debris ejected from the 
plasma posed a major threat to the lifetime of the collector due 
to (1) deposition of debris (particulates) from the source hard- 
‘ware, (2) deposition of atomic vapor from the source plasma, 
and (3) erosion by high-energy ions. Since that time, a great 
deal of effort has been put into designing and testing a vari- 
ety of debris-mitigation schemes (gas curtains, electrostatic 
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repeller fields, etc.) for LPP EUV sources. The only alternative 
to debris mitigation is to minimize debris production using 
mass-limited targets that supply only the amount of target 
material needed for efficient production of EUV radiation. One 
of the most promising methods of producing a mass-limited 
target isto introduce a stream of tiny droplets of target mate- 
rial into the laser focus, as shown in Figure 20.10b. At SPIE 
Advanced Lithography 2009, Cymer Inc. reported achieving 
about 45W of EUV power at 50kHz repetition rate in 400ms- 
long bursts from a LPP EUV source operating at 50kHz repeti: 
tion rate using an approximately 12kW CO, laser to ionize a 
succession of tiny Sn droplet targets.“ Cymer has recently been 
able to accumulate nearly 1 MJ of EUV dose by operating a LPP 
Sn droplet source over a 3 day period for about 8h per day. 

‘The advantages of an LPP EUV source are a lower rate of 
debris production due to the use of a mass-limited target and 
a larger standoff distance between the hot plasma and the col- 
lector optic, a higher radiation-collection efficiency and better 
thermal management due to the use of a normal-incidence col- 
lector, and the possibility of power scaling through spatial, tem 
poral, and spectral multiplexing. The disadvantages of an LPP 
EUV source are its potentially higher capital cost and greater 
complexity (a high-power pulsed laser system, a droplet genera- 
tor, and an ML-coated collector are required) and the relative 
immaturity of LPP technology (even after many years of devel- 
opment, the measured power at IF from LPP EUV sources has 
only recently surpassed that from DPP EUV sources) 


20.4.2 EUV Masks 


‘The second most critical issue for EUVL is the inability to fabri- 
cate a defect-free mask blank and the lack of the infrastructure 
needed for defect inspection and review. A reflective mask for 
EUVL consists of buffer and absorber (eg., Cr or TaN) layers 
deposited on a ruthenim-capped Mo/Si ML.-coated blank. The 
performance requirements for an EUV mask blank can be found 
in the SEMI P38-1103 Specification for Absorber Film Stacks 
and Multilayers on Extreme Ultraviolet Mask Blanks. EUV 
masks are similar to masks for conventional optical lithography, 
except they are coated with 40 layer pairs of Mo (2.8nm thick) 
and Si (4.1nm thick) instead of a single layer of chrome, and 
the 6” x 6” x 0.25” mask substrate is a low thermal expansion 
material instead of quartz, as shown in Figure 20.11.* The per- 
formance specifications for EUV mask substrates can be found 
in the SEMI P27-1102 Specifications for Extreme Ultraviolet 
Lithography Mask Substrates.” patterned EUV mask, like the 
one shown in Figure 20.11, was fabricated from an ML-coated 
blank by selectively etching the absorber and buffer layers. 


20.4.2.1 EUV Mask Blanks 


Fabrication of a defect-free EUV mask blank is exceedingly dif 
ficult. First, it requires an almost perfectly flat (front-side flat- 
ness no more than 32nm peak to valley for the 32.nm technology 
node) and defect-free substrate with an extremely low coeffi- 
cient of thermal expansion (0 + 12ppb/K in the temperature 
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stuck pixels as manufacturing defects. Different 
manufacturers and vendors have varying poli- 
cies regarding the maximum acceptable number 
of pixel defects. 


In a reflective LCD, the structure is basically the 
same as that shown in Figure 17-2 except that a 
reflective surface is substituted for the backlight. 
Ambientlightenters fromthe frontofthe display, 
andis either blocked by the liquid! crystal in com- 
bination with the polarizing filters, or is allowed 
to reach the reflective surface at the rear, from 
which it reflects back through the liquid crystal 
to the eye of the user. This type of display is very 
easily readable in a bright environment, but will 
be difficult to see in dim conditions and will be 
invisible in darkness. Therefore, it may be aug- 
mented with auser-activated light source moun- 
ted at the side of the display. 


A transreflective LCD contains a translucent rear 
polarizer thatwillreflectsomeambientlight,and 
is also transparent to enable a backlight. While 
this type of LCD is notas brightasa reflective LCD 
and has less contrast, it is more versatile and can 
be more energy efficient, as the backlight can be 
switched off automatically when ambient lightis 
bright enough to make the display visible. 


Active and Passive Types 
‘An active matrix LCD adds a matrix of thin-film 
transistors to the basic liquid-crystal array, to 
store the state of each segment or pixel actively 
while the energizing AC voltage transitions from 
positive to negative. This enables a brighter, 
sharper display as crosstalk between adjacent 
pixels is reduced. Because thin-film transistorsare 
used, this is often described as a TFT display; but 
the term is interchangable with active matrix, 


A passive matrix LCD is cheaper to fabricate but 
responds sluggishly in large displays and is not 
s0 well suited to fine gradations in intensity. This 
type of component is used primarily in simple 
monochrome displays lacking intermediate 
shades of gray. 


Variants 


Crystal Types 
Twisted Nematic (TN) are the cheapest, simplest 
type of LCD, allowing only a small viewing angle 
and average contrast. The appearance is limited 
to black on gray. The response rate is relatively 
slow. 


‘Super Twisted Nematic (STN) displays were devel- 
oped inthe 1980s for passive LCDs, enabling bet- 
ter detail, wider view angle, and a faster re- 
sponse. The natural appearance is dark violet or 
black on green, or dark blue on silver-gray. 


Film-compensated Super Twisted Nematic (FSTN) 
uses an extra coating of film that enables a pure 
black on white display. 


Double Super Twisted Nematic provides further 
enhancement of contrast and response times, 
and automatic contrast compensation in re- 
sponsetoambient temperature. Theappearance 
is black on white. This display requires 
backlighting. 


Color Super Twisted Nematic (CSTN) isan STN dis- 
play with filtersadded for full colorreproduction. 


Seven-Segment Displays 

The earliest monochrome LCDs in devices such 
as watches and calculators used seven segments 
to display each numeral from 0 through 9. This 
type of LCD is still used in low-cost applications. 
Aseparate control line, or electrode, connects to 
each segment, while a backplane is shared by all 
the segments, connecting with a common pin to 
complete the circuit 


Figure 17-4 shows a typical seven-segment dis- 
play, The lowercase letters a through g that iden- 
tify each segment are universally used in data- 
sheets. The decimal point, customarily referred 
to as “dp” may be omitted from some displays. 
The array of segments is slanted forward to en- 
able more acceptable representation of the di- 
agonal stroke in numeral 7. 


Chapter17 161 


Extreme Ultraviolet Lithography 


Reflected 
EUV 


Incident 
EUV 


ic 


FIGURE 20.11 Cross-sectional TEM image showing EUV reflec- 
tive mask architecture. (Reprinted from Levinson, I.J., Principles 
of Lithography 2nd edn., SPIE Press, Bellingham, WA, 2005. 
With permission.) 
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range from 12°C to 25°C). Then, it requires a coating technology 
that can deposit Mo/Si MLs with high reflectivity (65%-70%), 
‘good thickness uniformity, and nearly zero defect density (the 
defectivity specification for the 32nm technology node is a 
defect density less than 0.003 defects/cm* at defect sizes greater 
than 25nm). EUV mask blanks meeting the SEMI P38-1103 
Class A production specifications for reflectance and unifor- 
ity are available today; deposition technologies and processes 
for zero-added-defect Mo/Si ML deposition are not. 
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In an attempt to accelerate the development of the zero- 
defect-adder Mo/Si deposition process needed to produce defect 
free mask blanks, SEMATECH established the Mask Blank 
Development Center (MBDC) in Albany, New York in 2003, 
During the MBDC ramp-up, SEMATECH, in partnership with 
Veeco Instruments, successfully transferred technology devel- 
oped at LLNL specifically for depositing low-defect ML coating 
on EUV blanks. A record of the MBDC’s progress in reducing 
the defectivity on EUV blanks is shown in Figure 20.12." 

‘The champion plate from a recent deposition run exhibited 
only eight defects in the quality area of the plate (132 x 132mm), 
corresponding to a defect density of 0.04 defects/cm* at defect 
sizes greater than 53nm (polystyrene latex sphere equivalent 
size). At the present time, the defect density on the best blanks 
are dominated by defects that originate from substrate pits and 
bumps. The rate of progress in blank defect reduction is currently 
limited by the performance of available defect inspection tools. 
According to recent data from Intel Corporation, the most sen- 
sitive defect inspection tools have a 98% capture rate for 45nm 
(SiO, sphere equivalent) defects on quartz and for 50 nm defects 
on MLs.* Further progress in defect-free EUVL mask develop. 
ment will require defect inspection tools with sensitivities down 
to approximately 25nm. Whether this level of performance can 
be achieved by incremental improvements to existing tools or 
will require the development of an entirely new defect inspec: 
tion tool platform is still an open question. 


20.4.2.2 EUV Mask Defectivity 
As with chrome-on-quartz masks for optical lithography today, 
the absorbing pattern on an EUV mask can be inspected using a 
commercially available DUV mask inspection tool and repaired 
as needed using focused-ion or electron-beam techniques. 
While the repair of defects that occur during the absorber pat 
terning process is reasonably straightforward, repair of defects 
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FIGURE 20.12 Record of the defect reduction progress at the SEMATECH Mask Blank Development Center in Albany, New York. (Reprinted 


from Kearney, Petal, Proc. SPIE, 6921, 69211X, 2008, With permission.) 
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FIGURE 20.13 Illustration of a multilayer phase defect that could 
result from a growth discontinuity or replicated substrate imperfection, 
which leads to an abrupt phase shift and, if resolved, a printable defect. 


in the ML coating or on the substrate below the reflective coating 
is problematic. Examples of these “phase defects” were noticed 
during the course of EUV printing experiments as early as 1992 
and were studied systematically by Nguyen et al. in 1994." The 
illustration in Figure 20.13 shows how a small height difference 
in a ML coating can lead to cancellation of the reflective waves 
and an unexpected, high-contrast feature in the aerial image. 
Recent results on EUV mask defectivity, determined by print- 
ing an EUV mask on resist-coated wafers and inspecting those 
‘wafers in a KLA-Tencor 2800 wafer inspection system operating in 
cell-to-cell mode, showed that only a few defects originated from 
the mask The resulting mask blank defect density inferred from 
these measurements (about 1 defect/cm®) is approximately 30 times 
smaller than expected based on mask blank inspection statistics 
(30-60 defects/cm?) and masks fabricated from state-of the-art 
mask blanks should provide even better defectivity performance. 


20.4.3 EUV Resists 


‘The development ofan EUV resist that can simultaneously meet the 
resolution, line-edge roughness (LER), and sensitivity requirements 
for insertion of EUVL into manufacturing is now ranked by the 
International EUVL Symposium Technical Steering Committee as 
the third highest risk to the commercialization of EUVL. 


20.4.3.1 Current State of the Art 


Because of the limited power available from current EUV sources, 
state-of-the-art EUV resists must be chemically amplified. The 
important properties of a chemically amplified resist (CAR) 
are due mainly to its photo acid generator and its polymer type, 
‘which in most casesis the same as those used in resists for 248 and 
193nm lithographies. The chief advantages of a CAR is its high 
sensitivity and resolution; its drawbacks are high LER, tendency 
towards pattern collapse, and high EUV light absorption. Pattern 
collapse depends on the aspect ratio of the resist pattern and, 
for features less than 30nm in width, the critical aspect ratio is 
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approximately 2. Assuming aspect ratio scaling continues to hold 
true, patterning for the 22nm half-pitch node will require film 
thicknesses near 40nm, although the situation can be improved 
somewhat using surfactant rinses, bilayer resist technologies, and 
supercritical CO, drying. The mechanism responsible for EUV 
light absorption in EUV resists differs from that in optical resists 
because the absorption results from the atomic nature ofthe exci- 
tation rather than from the making or breaking of molecular 
bonds. The high light absorption of a resist material in the EUV 
spectral region leads to resist patterns with sloping (non-vertical) 
sidewall profiles that, like pattern collapse, can be improved by 
using an ultrathin imaging layer over a hard mask in a bilayer or 
trilayer approach. The resolution performance of state-of-the-art 
EUV CAR resists printed with the SEMATECH Berkeley MET 
with 45° rotated dipole illumination i shown in Figure 20.7b, and 
with 0.35/0.55 annular illumination in Figure 20.72 


20.4.3.2 The RLS Challenge 


‘The key lithographic performance parameters of CARs, resolu 
tion (R), line-edge roughness (L), and sensitivity (S), are highly 
interdependent—a fact that is often called the RLS challenge or 
the RLS trade-off. The correlation between resist sensitivity and 
resolution for a collection of EUV resists evaluated with the 
SEMATECH Berkeley MET in 2007* is shown in Figure 20.14a, 
Clearly, the materials that exhibit the highest resolution tend to 
be the least sensitive. The correlation between line edge rough- 
ness and sensitivity fora large selection of EUV resists, also tested 
on the SEMATECH Berkeley MET, is shown in Figure 20.14b. 
Several attempts to model the interdependences among the per- 
formance parameters R, L, and S have been made. Among these, 
the lithographic uncertainty principle (K,») described by van 
Steenwinckel et al. and the Z-constant proposed by Wallow 
et al where [Z.~ (half pitch)'-LER®- sensitivity] have proven to 
be the most useful While no single material simultaneously meets 
resolution, LER, and sensitivity targets for the 22nm half-pitch 
node, a number of materials have been developed that meet both 
the resolution and sensitivity targets. LER remains the single most 
challenging performance parameter and, at this point, satisfac 
tory values can only be obtained with a high aerial image contrast 
imaging system and at an unacceptably high exposure dose. The 
curve in Figure 20.14b is the prediction of a simple model for the 
shot noise-limited LER. Because of ts short exposure wavelength, 
itis possible that EUVL could have an additional contribution to 
LER due to shot noise; for the same exposure energy, a EUV image 
will have a smaller number of photons per pixel. For the most 
sensitive resist formulations shown in Figure 20.14b, LER tends 
to be dominated by shot noise, whereas the LER in slower resists 
appears to be dominated by other effects. 


20.4.4 EUV Mask Handling 


Because EUV radiation is highly absorbed by all materials,a mem- 
brane pellicle for an EUVL mask is not generally considered to be 
practical and the current strategy for maintaining a defect-free 
EUV mask is to utilize a removable pellicle to protect the mask 
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FIGURE20.14 (a) Observed correlation between resist sensitivity (dose o size at 40 nm hal pitch) and limiting resolution for a collection of EUV resist 
‘evaluated using the SEMATECH Berkeley MET. (Reprinted from Wallow, T. et al, Proc. SPIE, 6921, 69211F, 2008. With permission from SPIE.) (b) LER 
and sensitivity fora large selection of EUV resists evaltated using the SEMATECH Berkeley MET. The curve representsa simple model estimate for shor 
noise-limited LER. (Reprinted from La Fontaine, B. etal, J. Vac. Sci Technol. B, 25,2089, 207. With permission ) 


<during shipping, handling, and storage and to remove the pellicle 
‘only when the maskis being inspected or when it sin the vacuum 
environment of an EUV exposure tool and is ready for exposure. 
‘An EUV-removable pellicle can be as simple as a protective, flat 
face plate that shields the patterned side of the mask from par- 
ticulate contamination. Variants of the simple face plate are the 
Fala/Intel Bracket, which adds an additional level of protection 
by shielding the sides of the mask, the ASML frame, and storage 
bbox, which is used as the reticle carrier in their ADTs, and the 
Nikon, Canon, and Entegris inner pod, which includes a backside 
lid to form the enclosure shown in the inset of Figure 20.15. The 
results of four recent test ofa SEMI (draft) 4466-compliant inner 
pod fabricated by SEMATECH (a so-called S-pod) are shown in 
Figure 20.15. The data shows, on average, about 0.1 particle added 
per cycle of use, where cycle is defined as a round-trip shipment, 


vacuum pump vent, and accelerated storage test at 53nm PSL 
equivalent inspection capability.>* 


20.4.5 EUV Optics and Mask Contamination 


Another area of significant concern is the shortening of the life 
time of the projection and illuminator optics and the reflective 
mask due to surface contamination. Water vapor and hydro- 
carbons are the two major contaminants present in the vacuum 
‘environment of an EUVL exposure tool that are known to reduce 
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FIGURE 20.15 
shipping, vacuum pumping and venting, and accelerated storage. Inset 
photograph of reticle pod. (Reprinted from Gomei, Y. etal, Proc. SPIE, 
(6517, 65170W, 2008. With permission from SPIE; He, L. et al, Proc. 
SPIE, 6921, 69211Z, 2008. With permission.) 


«Pod EUV reticle carrier test results for round-trip 


the lifetime of the reflecting surfaces. Of the two contaminants, 
carbon contamination is generally considered to be less dam- 
aging to optics’ lifetimes because carbon films can be removed 
by hydrogen or oxygen cleaning. A particularly egregious 
example of carbon contamination is depicted in 
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FIGURE 20.16 EUV illuminator mirror showing strong signs of con- 
tamination. (Reprinted from La Fontaine, B. etal J. Vac. Sci. Technol. 
B, 25, 2089, 2007. With permission.) 


which shows a photograph of the first illuminator mirror from 
the SEMATECH EUV MET in Albany with an annular-shaped 
zone of darkening where the EUV radiation impinged on the 
mirror surface. 

Because an oxide layer strongly absorbs EUV radiation 
(@ 0.3nm increase in oxide thickness leads to a more than 1% 
EUV reflectance loss) and is more difficult to remove, oxida 
tion is viewed as a more serious threat to optics’ lifetimes. The 
vacuum environment in an EUVL exposure tool can be modi- 
fied (by introducing the appropriate gases) to strike a balance 
between oxidation and carbon growth. This method of contami: 
nation control was utilized in 2001 in the EUV Engineering Test 
Stand (discussed in Section 20.2.1). Oxidation control involv- 
ing the use of long-life anti-oxidative capping layers comprised 
ofthe metal oxides of V, Cr, or W together with carbon-film sup- 
pression and removal using EUV + O, in situ cleaning is a con- 
tamination-control strategy currently being explored in Japan.** 
At the 2008 EUVL Symposium, ASML presented data showing 
that the lifetime of the projection optics in both of its ADTS is 
at least 4.5 x 10° source pulses (about 1.5 years)..” For an accept 
able COO, the operational lifetime of the imaging system in an 
EUV exposure tool for HVM must be greater than 5 years (or 
30,000 light-on hours). Since the models that have been devel- 
oped to predict how contamination scales with EUV power den- 
sity and environmental conditions have not yet reached the level 
of sophistication needed to accurately predict what the lifetime 
will be in an HVM tool, the integration of a moderately high- 
power EUV source with a full-field EUV scanner has become a 
critical need. 

‘The masks in the EUV METs currently in operation around 
the world have now received a sufficiently large cumulative dose 
of EUV radiation that carbon contamination on their surfaces 
is becoming an issue. Attempts are being made to character- 
ize mask contamination so the lifetime of an EUV mask can be 
predicted and a safe and effective mask-cleaning process can 
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be developed. Preliminary results from Auger emission spec- 
troscopy of the mask surface show clear signals of carbon and 
oxygen in the contaminated areas. Preliminary results from a 
print-based study of a contaminated mask showed that the pri- 
mary effect of the contamination is an increase in dose to size 
with increasing contamination."' An analysis of wafers printed 
with the same mask after cleaning show that the original dose 
to size was recovered with only a slight reduction in DOF. The 
results also suggest that the increase in dose to size could be used 
asa metric to trigger a mask clean, 


20.5 Future Perspectives 


‘The two EUVL technology elements that are at highest risk 
of not being ready when needed are source power at interme- 
diate focus (IF) and mask blank defectivity. Source power at 
IF, which is critically important to exposure tool throughput, 
currently falls far short of what will be needed for an EUVL 
pilot production tool. However, according to Cymer Inc’s 
LPP source roadmap, a LPP EUV source with beta-level per- 
formance will be delivered to ASML in 1Q09 and a LPP EUV 
source with 100W at IF will be available before the end of 
the 2009 calendar year.*” If Cymer’s LPP EUV source delivery 
schedule slips, ASML’s EUV preproduction tool schedule will 
also slip and—because of this—source power at IF is generally 
regarded as the technology element that will determine the 
date of EUVL manufacturing insertion, Mask blank defectiv- 
ity, which is critically important to the yield of electrically 
functional devices, also falls far short of what will be needed 
for HVM, and given the current rate of progress in blank 
defectivity reduction, it now seems likely that completely 
defect-free blanks will not be available in the foreseeable 


future, However, several of the blank-defect workarounds that 
are now being actively pursued, such as defect compensation 
and fiducials for blank disposition, could allow functional 
devices to be manufactured even at current blank defect lev- 
els. Most of the other EUVL technology elements are already 
able to satisfy 15nm pilot line requirements. Mask handling, 
optics quality, resist resolution, and sensitivity are already 
in specification. The only other performance metric that is 
of concern is resist LER. The current best LER, about 3.0nm 
(Bo) at 32nm HP and 15mJ/cm* dose, is much higher than 
the International Technology Roadmap for Semiconductors 
specification for the 15nm hp node, 1.1 nm (36)*; however, 
the use of smoothing under-layers, special rinse liquids, and/ 
or smoothing during etch transfer is expected to help close 
this gap. 

EUVL provides a wider manufacturing process window, has 
a potentially higher throughput, and is the most easily extend- 
ible of all the lithographic technologies that have been evaluated 
as possible replacements for optical projection lithography. The 
wider process window and easier extendibility for EUVL can be 
seen most clearly by rearranging the Rayleigh equation for reso- 
lution (RES = kyA/NA, where RES is resolution, 2 is wavelength, 
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NA is numerical aperture, and k, is a process-dependent con- 
stant) to give an expression for k in terms of resolution: 


a= [5 fuis-[S] ne 
where resolution (RES) has been replaced with the period, or 
HP (nm) for a 193nm immersion exposure tool with a 1.30 NA 


(20.1) 
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FIGURE 20.17 A plot ofthe Rayleigh k, parameter vs. the half-pitch 
fof dense I: lines and spaces for a 193nm immersion imaging system 
‘with 1.30 NA and 13.5am EUV imaging systems with 0.25, 0.35, and 
045 NA. 
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to work at lower values of k;, at the cost of tighter process con- 
trol, by employing a variety of resolution enhancement tech- 
niques such as off-axis illumination, phase-shifting masks, and 
application of optical proximity correction to the patterns on the 
mask. The limiting value for k, is 0.25, below which the image 
contrast for periodic line and space patterns is zero. The calcu- 
lated values plotted in Figure 20.17 show that EUVL, even with 
the smallest NA imaging system, will allow a return to manufac 
turing process windows that seems impossibly large by today’s 
standards. By utilizing EUV imaging systems with larger and 
larger NAs, the route to higher resolution that optical lithogra- 
phy took in the past, EUVL should be able to print dense features 
at HP well below 20mm. In contrast, the process window for 
single-exposure 193nm immersion lithography, with water as 
the immersion fluid, will shrink to zero at an HP approximately 
equal to 39nm (solid line at k, = 0.25 in Figure 20.17). Even if 
‘major advances in high-index immersion fluids, high-index lens 
materials, and high-index resists are made, SE 193nm immer- 
sion lithography is unlikely to be extended much below 32nm 
HB, and double-exposure double-etch (DE?) 193nm immersion 
lithography is unlikely to be extended much below 22nm HP 
(dashed line at k, = 0.18 in Figure 20.17). 

Several full-field EUVL pilot production tools will be avail- 
able in 2011. According to ASML’s EUVL tool roadmap," two 
EUVL exposure tool models will be available in 2011: the NXE 
3100 preproduction too! (illustrated in Figure 20.18), which hasa 
(0.25 NA imaging system, will support 4nm overlay, and provide 
a throughput of about 60 wafers per hour; and a first-generation 
HVM tool, which will have a 0.32 NA imaging system, will sup- 
port 3nm overlay, and provide a throughput of about 150 wafers 
per hour. According to Canon's EUV tool development plan,**a 
six-mirror 0.3 NA imaging system will be available in 2011 for in- 
house testing purposes, but the first of Canon’s VS2 HVM EUV. 
exposure tools will not be available until late in 2015. According 
to Nikon's EUVL tool development scenario,** a 0.25 NA EUV2 


FIGURE 20.18 (See color insert following page 20-14.) Artist illustration of ASML NXE: 3100 preproduction EUV exposure tool showing, 
the LPP EUV source on the right, the illuminator optics inthe center, and the mask and the projection optics on the right. (Courtesy of ASML, 


Veldhoven, the Netherlands) 
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process development tool with lower wavefront error and lower 
flare imaging optics will be available at its factory early in 2011 
and a greater than 0.3 NA EUV3 HVM EUVL exposure tools 
will be available early in 2012. 


Abbreviations 


ADT Alpha Demo Tool 
CAR chemically amplified resist 

COO cost of ownership 

DOF depth of focus 

DPP _discharge-produced plasma 
DRAM dynamic random access memory 
DUV deep ultraviolet 

ETS Engineering Test Stand 


EUV extreme ultraviolet 
EUVL — extreme ultraviolet lithography 
FET field-effect transistor 

HP half pitch 


HSER _ high-spatial frequency roughness 
HVM high-volume manufacturing 

IF intermediate focus 

IL interference lithography 

LBNL Lawrence Berkeley National Laboratory 
LER _line-edge roughness 

LLNL Lawrence Livermore National Laboratory 
LPP laser-produced plasma 

LSRF low spatial frequency roughness 


LSI _lateral-shearing interferometry 
MBDC Mask Blank Development Center 

MET micro-exposure tool 

ML multilayer 

MSRF — mid-spatial frequency roughness 

NA numerical aperture 

PMI _phase-measuring interferometry 

PSD _ power spectral density 

PSDI phase-shifting diffraction interferometry 

Pst Paul Scherrer Institute 

PSL _ polystyrene latex (sphere) 

PS/PDI phase-shifting point-diffraction interferometry 
SEM scanning electron microscope 


SNL Sandia National Laboratory 
SRAM static random access memory 
TEM transmission electron microscope 
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Seven-segment displays are not elegant but are 
functional and are reasonably easy to read, as 
shown in Figure 17-5. Letters A, B, C, D, E, and F 
(displayed as A, b, c,d, E, F because of the restric 
tions imposed by the small number of segments) 
may be added to enable display of hexadecimal 
values. 


In appliances such as microwave ovens, very ba 
sic text messages can be displayed to the user 
within the limitations of 7-segment displays, as 
suggested in Figure 17-6. 


The advantage of this system is low cost, as 7 
segment displays are cheap to fabricate, entail 
the fewest connections, and require minimal de 
coding to create each alphanumeric character. 
However, numbers 0, 1, and 5 cannot be distin: 
guished from letters O, |, and S, while letters con. 
taining diagonal strokes, such as K, M,N, W, X, 
and Z, cannot be displayed at all. 


U ics 
456 | 


Figure 17-5, Numerals and the first six letters of the af 


Adi nal Segments 

Alphanumeric LCDs were developed using 14 or 
16 segments to enable better representation of 
letters of the alphabet. Sometimesthese displays 
were slanted forward, like the 7-segment dis 
plays, perhaps because the style had become fa 
miliar, even though the addition of diagonal seg 
ments made it unnecessary. In other cases, the 
14 or 16 segments were arrayed in a rectangle. 
See Figure 17-7. 


The same words represented in Figure 17-6 are 
shown in Figure 17-8, using 16-segment LCDs. 
Clearly, the advantage gained by enabling diag 
onal strokes entailed the disadvantage of larger 
gaps in the letters, making made them ugly and 
difficult to read 
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21.1 Introduction 


Dimensionality and size are two factors that introduce new 
properties into semiconductor materials and enable us to pro: 
vide new functionality in semiconductor nanoelectrics and 
photonics. Semiconductor quantum wires have been intensively 
studied, on one hand, for the theoretical interest in physical 
properties due to quasi-one-dimensional quantum confinement 
‘of an electronic system (Sakaki, 1980; Ogawa and Takagabara, 
1991; Tanatar et al., 1998) and, on the other hand, for practical 
application to future optoelectronic devices such as low-threshold 
lasers (Arakawa and Sakaki, 1982) and polarization-sensitive 
devices (Wang et al. 2001). One-dimensional nanostructures 
have been primarily synthesized by lithography and an epitaxial 
technique on semiconductor substrates (Arakawa and Sakaki, 
1982; Ils et al, 1994; Someya et al, 1995). V- (Kapon et al, 1989) 
and T-shaped quantum wires (Pfeiffer et al., 1990) were fabri 
cated using epitaxial growth techniques (Wang and Voliotis, 
2006), namely, molecular beam epitaxy (MBE) and metalor 
ganic vapor phase epitaxy (MOVPE). However, excitons in the 
quantum wires were observed to be localized in monolayer 
step-induced islands at low temperatures (Guilet et al., 2003). 
‘The fluctuation of confinement potential along a quantum wire 
is a serious issue for realizing the characteristic property of a 
‘one-dimensional structure. 

‘The free-standing nanowires of many semiconductors are 
recently produced by the growth technique using nanosized liq- 
uid droplets of the metal solvent (Hiruma et al., 1995; Gudiksen 
et al, 2002; Wu et al, 2002). This technique has an advantage 


to produce heterogeneous structure along the wire such as p-n 
junctions (Gudiksen et al, 2002) and superlattices (Wu et al. 
2002). The optical properties of the nanowires have been studied 
by photoluminescence (PL) and absorption spectroscopy, which 
showed the blue shift of the peak energy due to the quantum 
confinement effect and giant polarization anisotropy in PL and 
optical absorption. Those properties will provide a potentiality 
for new application of the semiconductor nanowires. In spite of 
‘many works for synthesizing nanowites, there have been very few 
experimental works for studying the optical properties of self 
standing nanowires, especially for a single nanowire, because of 
the limitation in spatial resolution. An isolated single nanowire 
of InP was studied by PL (Wang et al, 2001), which showed giant 
polarization anisotropy in PL and photoconductivity measure- 

‘ment. The giant polarization anisotropy is partly due to the exci- 
tation process by light, because the electromagnetic field in the 
nanowire, which generates carriers, depends on the polarization 
direction of incident light. Polarization anisotropy can also be 
expected in the light emission process, asin the case of electro- 
luminescence (EL) and cathodoluminescence (CL). 

We studied the optical properties of semiconductor nanow- 
ires, observing cathodoluminescence (CL) spectra and polarized 
monochromatic CL images of nanowires by using a transmis- 
sion electron microscope (TEM) combined with a Cl detection 
system (TEM-CL). The TEM-CL technique has an advantage 
in high spatial resolution and ability to characterize nanoscale 
structures (Yamamoto, 1984; Mitsui et al., 1996; Yamamoto 
et al, 2003, 2008; Ino and Yamamoto, 2008). In Section 21.2, 
a principle of TEM-CL technique is described based on the 
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fundamental knowledge of radiative recombination processes 
and property of exciton. Luminescence in semiconductor 
nanowires shows characteristic properties in emission energy 
and polarization, because the optical transition between elec 
tronic states is affected by the quantum confinement effect. For 
understanding these properties, the theory of the band struc 
ture in semiconductors and optical transitions are described 
in Section 21.3. Quantum confinement effect on the optical 
properties of semiconductor nanowires and dielectric effect on 
polarization properties are described in Section 21.4. Finally, the 
experimental results of the TEM-CL technique for the InP and 
GaAs nanowires, which show the quantum confinement effect, 
and for the ZnO nanowires, which show the dielectric effect, are 
described in Section 21.5. 


21.2 Fundamentals 
of Cathodoluminescence 


21.2.1 Radiative Recombination 


Luminescence in semiconductors is light emission phenom: 
enon due to the recombination of excited electrons in the con- 
duction band with holes in the valence band (Voos et al., 1980) 
It is called photoluminescence (PL) when those electrons and 
holes, the carriers, are excited by light, and called cathodolumi- 
nescence (CL) when they are excited by fast electrons. The band 
structures are classified into two types, direct gap type and indi- 
rect gap type. In the former type, the conduction band mini 
mum is located at the F point (k = 0) in the k-space, whereas it 
is shifted from the F point in the latter type. The valence band 
maximum is located at the F point. Then in the case ofthe direct, 
gap band structure, the radiative interband transition from the 
electron states in the conduction band to the hole states in the 
valence band occur at the I point accompanying with emission 
‘of photon at high recombination probability. GaAs and InP have 
band structure of this type. Whereas in the indirect gap type, 
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the transition occurs with the association of phonon, and the 
recombination rate is rather small. Si and GaP have band struc- 
ture of this type. 

‘Typical recombination processes in semiconductors are 
depicted in Figure 21.1 (Pankove, 1971). First group is radia- 
tive recombination processes, ie, (a) interband transition from 
conduction band to valence band, (b)-(d) annihilation of free 
exciton (FX) composed of a pair of electron and hole, and related 
processes of bound excitons (BX), (e)-(g) transitions of carriers 
trapped by impurity states such as donor and acceptor states. 
Second group is nonradiative recombinations, ie., (h) multi 
phonon scattering, and (i) Auger process. 

Photon energies in the recombination processes in Figure 21.1 
are slightly lower than the band gap energy E,, though their 
values are different from each other. The emission intensity by 
the interband transition from conduction band to valence band 
is generally small compared with the other processes. Photon 
energies in the impurity-associated recombination processes 
(Figure 21.1e and) are given as follows: 


(D,l):E=E, ~B, au) 


(A):E=E, ~E qs (12) 


where E, and E, are binding energies of the donor level and 
acceptor level, respectively. Photon energy associated with the 
donor-acceptor pair transition (D, A) is given by 


(DA): E=E, 1.3) 
where 

Risa distance between donor and acceptor 

is the dielectric constant of the material 

is the elemental charge 
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FIGURE 21.1 Recombination processes in semiconductors 
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21.3 


TABLE 21.1 Basic Parameters on Exciton in Typical Semiconductors 
Bend GP (CV) picecse FX Radius 
Structure Band type _E,@K)_#,(G00K) Constant E.(meV) (am) 
Si Diamond Indiect 1168 LIL m7 403 
Ge Diamond Indirect «07454 0.669 1536 ans " 
GaAs Zinc-blend Direct, «1519143 aa B 
InP Zine-blend Direct’, «14236112 512 " 
GaN Wurtite iret «3507339028 3 
951) 
Zo Wurtite Direct, «3436337 BIL) 98 14 
a7) 


[Note:The data were gathered from many literatures. The values of PX radius are calculated from 


the data inthe other columns 


‘The last term indicates the Coulomb energy of the electron and 
hole pair, The impurities locate at latice sites and R takes many 
different values. Then the emission peak due to (D,A) is com- 
posed of the multiple peaks to become a single broad peak, and 
dependence of the peak position on temperature and excitation 
rate is different from that of the other luminescence peaks of a 
single recombination process. 


21.2.2 Exciton 


‘An electron and a hole in semiconductors attract each other to 
form a FX. FX emission dominates in the radiative recombination 
process at low temperatures. The binding energy of exciton can be 
‘obtained by solving Schréidinger equation for electron and hole sys- 
tem attracted by Coulomb potential (Basu, 1997; Yu and Cardona, 
1999). The binding energy ofthe lowest energy level and Bohr radius 
of FX ina bulk crystal are expressed by the hydrogen atom models 


ay 
eis) 
where 
€ is a relative dielectric constant 
‘mgis the electron mass 
His the reduced effective mass ((1/1 = (1/mf) + (l/mit)) 
4 is Bohr radius (0.0529 nm), respectively 
Photon energy of the FX emission is given by 
16) 


Some of excitons are trapped by impurities to form BX. The 
recombinations of excitons bounded by a neutral donor and 
ionized donor are expressed by (D°, X) and (D,X), respectively. 
Similarly those of excitons bounded by a neutral acceptor and 


ionized acceptor are expressed by (A®,X) and (A,X), respectively. 
‘The photon energy of the recombination is given by 


7) 


where E, is a binding energy for trapping exciton at impurities. 
‘The magnitude of B, is about 1/3 of E, and E, or less. 

Basic parameters are listed in Table 21.1 for typical semicon- 
ductors. The values of the band gap energy and exciton bind- 
ing energy are taken after several literatures (Pankove, 1971; 
Vugafiman et al, 2001). Exciton radius in the last column is calcu 
lated by (21.4) and (21.5) using the relative dielectric constants and 
exciton binding energies listed in the table. The values give only a 
measure of the exciton radius, because the differences among the 
reported values for the listed parameters are fairly large. 


21.2.3 TEM-Cathodoluminescence Technique 


TEM-cathodoluminescence (TEM-CL) isa technique to observe 
luminescence spectra and scanning images using a converged 
electron beam having a probe size of nm order (Yamamoto, 
2002, 2008). The characteristics of TEM-CL are as follows: (1) 
Inner structures can be observed by TEM using thin samples 
and comparison between TEM and CL images is possible and (2) 
high spatial resolution of about 100nm can be achieved. In CL, 
incident electrons are scattered in a specimen from the incident 
beam direction, as shown in Figure 21.2. The scattered electrons 
produce secondary electrons and plasmons, which generate 
electron-hole pairs in the hatched region (generation region). 
‘The excited carriers diffuse into surroundings and some of 
them recombine radiatively in a surrounding region (diffusion 
region). The diffusion of the excess minority carriers is impor- 
tant, because majority carriers exist everywhere. The resolution 
of CL is given by the diameter of the diffusion region, which is 
determined by the following factors: (1) the electron beam diam- 
eter, (2) size of the generation region, and (3) the diffusion length 
of the minority carrier. The diameter of the electron beam is less 
than 10nm, and is negligible compared with the other factors. 


Diffusion 


Thin film 


FIGURE 21.2 Carrier generation and light emission process in 
TEM-CL. 


‘The diameter of the beam spread due to elastic scattering in a 
thin specimen of thickness (um) is given by 


Zz : 
b=6.23{2 ° (um), a1.) 
( 2\: (um as) 
where 
Zis the atomic number 
Ais the atomic mass 
E (keV) isan incident electron energy 
p (g/cm) is the density (Goldstein et al., 1977) 
For example, assuming that for GaAs, Z,.= 32, Ay, =72.3, 


5.3g/emi, and a specimen thickness is 0.5m, we obtain b = 
0.24ym. However, Monte Carlo simulation of the electron 
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FIGURE 21.3 Monte Carlo simulation of (a) carrier generation by 
incident electrons and (b) carrier diffusion. 


scattering showed that the electron density is concentrated on 
the center of the beam, so the effective beam spread is smaller 
than that given by Equation 21.8 (see Figure 21.3) 

Equation 21.8 indicates that the higher accelerating voltage and 
thinner specimen thickness are advantageous for realizing high 
spatial resolution, However, when the accelerating voltage exceeds 
1OOKV, CL intensity starts to decrease because of the formation of 
specimen damage such as vacancies. TEM is typically operated at 
an accelerating voltage of SOKV for CL measurements 

Diffusion length is an effective parameter for determining 
spatial resolution in CL of semiconductors. In insulators we can 
ignore carrier diffusion, but in semiconductors, carrier diffu- 
sion occurs with diffusion length of about 100nm for GaN and 
1m for GaAs. The diffusion length depends on dopant density 
and temperature, and reduces by surface recombination effect in 
thin specimens (Nakaji et al, 2005; Ino and Yamamoto, 2008). 
In quantum structures of semiconductors, carriers are confined 
in the localized structures smaller than the diffusion length, and 
individual nanostructures can be observed in CL images with 
high resolution as in the case of self- standing nanowires. 

‘TEM-CL system based on a 200KV transmission electron 
microscope (JEM-2000FX) is illustrated in Figure 21.4. Samples 
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FIGURE 21.4 TEM-CLaystem. 


Cathodoluminescence of Nanomaterials 


are examined in the TEM, both in the stationary beam illumi- 
nation mode and the scanning beam illumination mode. ‘The 
scanning electron microscopy (SEM) imaging using a second 
ary electron detector and the scanning transmission electron 
microscopy (STEM) imaging using a transmitted electron beam. 
detector are both possible in the TEM. A beam size of 10nm in 
diameter and a probe current of In was conventionally used. 
‘The temperature of a sample can be varied from 20K to room 
temperature using a liquid-He cooling holder and liquid-N, 
cooling holder: 

Light emitted from a sample is collected by an ellipsoidal mir. 
ror or parabolic mirror, being guided through a polarizer and 
‘a monochromator, and is detected by a photomultiplier tube 
(PMT) witha GaAs photocathode for visible light and an InGaAs 
photocathode for infrared light. A CCD detector is also used for 
measuring spectra with high sensitivity. Monochromatic CL. 
images can be obtained by scanning the electron beam in the 
SEM mode. This imaging technique is similar to SEM or EDX 
mapping, because we use the light intensity collected by the mir- 
ror, instead of secondary electron yields or x-ray intensities, as 
in the case of the SEM. An image is composed of, for example, 
100 x 100 pixels, so that the focused electron beam is scanned 
across the specimen and stays 0.1 for each pixel. Therefore, it 
takes 1,005 to obtain one complete image. The CL images in 
this paper are shown with the absolute intensity. 

In the CL detection system, a linear polarizer is located 
between the ellipsoidal mirror and monochrometer to select lin 
early polarized components of the emitted light; here p-polarized 
(s-polarized) light, which is detected with the polarization direc: 
tion parallel (perpendicular) to the monochrometer slit, mainly 
involves linearly polarized light component parallel (perpen- 
dicular) to the longer axis of the ellipsoidal mirror or the axis 
of the parabola. A mask with a small hole is set in front of the 
CCD detector for the angular resolved measurement using 
the parabolic mirror. The mask is movable using an X-Y stage in 
plane normal to the light path and selects an emission angle. 


21.3 Optical Properties 
of Semiconductor Quantum 
Structures 


21.3.1 Band Structure of Semiconductor 


‘The wavefunction of a carrier in a semiconductor crystal of 
volume Vis of a form of Bloch function, 


wal 219) 


which isa product of a periodic function 1,3(r) of the crystal 
lattice and a slowly varying function exp(ik-#). Subscripts n 
and k indicate a number of the Bloch band and wavevector, 
respectively. In many semiconductors of diamond and zinc- 
blend structures, the carrier wavefunction at the bottom of the 
conduction band has the s-like orbital and that at the top of the 
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valence band has the p-like orbital (Basu, 1997; Yu and Cardona, 
1999). The function u,9(r) has a form of the atomic orbital in 
the vicinity of the atoms. The band structure of semiconductor 
has been treated by the k-p perturbation theory (Luttinger and 
Kohn, 1955). The wavefunctions of electron states at the T point 
in the conduction band are given by the product of the atomic 
<-orbital function and spin orbital function as 


1s) and «(-4) =|sh) 1.10) 


Here, ?)and |J) are the spin orbital functions with up and down 
spins, respectively. The wavefunctions of the hole states at I 
point in the valence band are given by the k-p theory using the 
atomic p-orbital functions |X), |Y), and |Z). Assuming that kis 
parallel to the z direction, the following functions are used as the 
valence band wavefunctions, 
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where subscripts j and min uj. are quantum number of total 
angular momentum J and the 2 component ., respectively. The 
functions u, , and uy_ express the heavy hole (hh) wavefunc- 


tion, uy yd te light hole (wavefunctions, and 
and u_ are those ofthe spliff band due othe sp 


inti! Han roc gy eh ad psn cant 
calculate by orthogonal the Lutnger ake Hamaltoclan 
containing fod onder kp pertiation rvs Glam, 1997) The 
Wand sree th net gap type ochaalely Shred 
in Figure 715. Iathevlenes band a the sine lend strate, 
dich andihtandsqis doped atthe ple asco the 
Sgn te pt baa stelo thes Whee the 
Stl itctoe tis egeitea os Sesnkcd and the AG 
bands xl acprately (Beue 2.90, The efectie mars hole 
i determined by the curvature of te diaperson care +=, 
Eee aeliceesies pes laipecterenas 

ifthe ymctocor ofc slender tke 
sere Hoes fhe taser baad change tam Hine ye 


o 


FIGURE 21.5 Band structures near the direct gap of (a) zinc-blend 
structure and (b) wurtzite structure. 


take a2’ axis parallel to kj, and 2” and y’ axes to be normal to 2, 
as shown in Figure 21.6. The Cartesian coordinates (x, y,2) are 
fixed in space, and the coordinates (x’,y,2’) are related to (x,y, 2) 
by the rotation of angle @ around the y-axis and successive rota 
tion of angle @ around the z-axis. The conversion matrix between 
the wavefunctions in the two coordinates is expressed as, 


‘cos@cosd -sindsinOcos¢ 
T=| cos@sing cos sin@sing (21.2) 
sin 0 cos8 


Namely, the wavefunction of the heavy hole is expressed in each 
coordinates as 


Lyi) 


{(cos6cos—ising)| X) 
= 


+ (cossing+icoso)|Y)—sind| Z)} [?) 
13) 


FIGURE 21.6 Relation between the coordinates fxed in space and 
those associated with the wavevector of hole k, 
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and that of the light hole is expressed as. 
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21.3.2 Theory of Light Emission 


Photon is emitted when an electron in the higher energy state 
transfers to the lower state. The transition probability can be 
given by the Fermi Golden rule, 


w FLL we oe -Ea) 115) 


Here, H’ isthe perturbation term due to the interaction between 
electron and photon appearing in the Hamiltonian, and is 
expressed as H’ = -(e/m)A-p using a vector potential A and 
momentum p. The wavefunctions of the initial and final states 
are denoted by |i) and [f), which are given by a product of wave- 
functions of electron and photon. ‘The summation over 2 in 


(21.15) is taken over modes of photons. Substituting the above 
expression for the perturbation term, (21.15) can be rewritten as 


FY>I(4) loylle-ple"*Iwoe 


X (m, +)A(E, ~ E, ~ho). 


(21.16) 


where K is a wavevector of photon. The first term in (1, + 1) 
expresses the stimulated emission and the second term expresses 
the spontaneous emission. In the following, weare only concerned 
with the spontaneous emission, 

‘The rate of the spontaneous emission at a frequency « in the 
transition from electron state in the conduction band to the hole 
state in the valence band is given by 


Ro) 


he). 


an( ey ra : 
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‘The summation over the photon modes is replaced by the optical 
density of states G, which is derived from the van Roosbroeck- 
Shockly relation as 
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where 1 is the refractive index of the material. f(E,) and f(E,) 
are Fermi distribution functions. It is noted that we should use 
the pseudo-Fermi energy instead of the equilibrium one, when 
carriers are excited by outer sources. The product of fl — f,) in 
(21.17) produces a sharp peak near the band gap energy (E,- E,) 
in luminescence spectra. This isclear difference from the absorp- 
tion spectrum which shows multiple peaks due to |M(@)|? above 
the band gap energy. 

‘The term M is an optical transition matrix element, giving 
emission intensity of the transition, and is written as 


M=(wile*"(e- pilye) 2119) 


where e is a unit vector parallel to the electric field of light, 
ice., the polarization direction. Using the momentum opera 
tor p = ~ihV and wavefunctions of the conduction and valence 
bands, (21.19) can be rewritten as 


laa 


‘The second term is zero because of orthogonality of the wave 
fanctions. The following equation is valid for any periodic func 
tion ofthe lattice translation, fle) = flr + R,), 


Jrnetorste ara Seton 


{us(e-Vu) tie ku? u, Jee] (21.20) 


xf fine) dro Bh, = K =k) 


(2121) 


Using this, the integral in (21.20) is found to be non-zero only 
when k, = k, + K, indicating the conservation of wavevector in 
the transition. The wavelength of light with band gap energy is 
relatively long, i., K < k,,k, $0 we may approximate as k, 
As a result we obtain 


M=(ule- plic)Br,4, (21.22) 
Here the condition k, = k, indicates the “vertical” interband 
transition, 


21.3.3 Polarization 


‘The vector e in the optical transition matrix element indicates 
polarization direction of the electric field of light. Thus, the 
polarization in luminescence derives from the property of the 
matrix element. Here we consider 


(uafplu.) 


asa momentum vector. The vector p reflects the polarization of 
the emitted light; when e is perpendicular to p, M is zero, which 
means that the polarization component perpendicular to p is 
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zero. In other words, the x component of the electric field, E,, 
is proportional to (u,|p,|u,). From symmetry, only the following 
matrix elements of 


(Xlpsd5) = py) = (Zp. 9) = (21.23) 


h 
snl = Pa 


are non-zero, where P is the factor introduced by Kane (1957). 
For example, in the transition from the electron state of |s 1) 


in the conduction band to the heavy hole state, the matrix ele- 
ments can be written as, 


From these, the relation among the electric field components can 
be written as 


(21.28) 


‘This means that the light emitted toward the z direction has a 
right-handed circular polarization. This situation is illustrated in 
Figure 217, where we express |X) and |Y) in terms of pure angular 
‘momentum states. The wavevector k, of the heavy hole is pointing 
to the z direction. The wavefunction of the heavy hole is extended 
parallel to the x-y plane, and its momentum vector p rotates on the 
same plane. The wavevector k, ofthe electron in the conduction 
band is parallel to the z-axis, and the wavefunction has a spheri- 
cal symmetry. In this recombination process of the electron and 
heavy hole, the angular momentum of the heavy hole is preserved 
as that ofthe circular polarized light. 
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FIGURE21.7 Wavefunctions of the electron in the conduction band 
and the heavy hole in the valence band. Circularly polarized and lin 
carly polarized light are emitted by the optical transition between them, 


Similarly in the transition from the electron states 1) in the 


conduction band to the light hole state the matrix ele- 


‘ments can be written as 


(21.26) 


‘Then, light with a left-handed circular polarization is emitted. 
‘Whereas in the transition from the electzon state |s J) tothe light 


3 _1\ 


hole state the matrix elements are written as 


(2127) 


In this case, light is linearly polarized parallel to the z-axis. 

‘The emission intensity of CL is proportional to a mean square 
of the electric field vector. Therefore, in the transition from |s T) 
in the conduction band to the heavy hole state in the valence 
band, the emission intensity of light polarized in each direction 
is expressed as 


(21.28) 


ix 
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Similarly in the transition from [s 7) in conduction band to the 


light hole state in the valence band, 


Ls 
Lecph, Le 21.29) 
ra (21.29) 


‘And in the transition from |s J) in the conduction band to the 
3 1\ 


light hole state in the valence band, 


I.0, 1, %0, 


i (21.30) 


‘The relative intensity and polarization of the emission associ: 
ated with the transition between the conduction band and the 
valence band states are schematically depicted in Figure 21.8. 
‘The semiconductors of zinc-blend structure are crystallograph: 
ically isotropic, and any direction can be taken as the z-axis. Thus, 
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FIGURE 21.8 Relative intensity and polarization of the emission 
associated with the transition between the conduction band and the 
valence band states. 


the luminescence from the bulk crystal is not polarized, because 
the polarization of each recombination process cancels out as a 
whole. Typical cases in which polarized emission occurs are lumi- 
nescence from quantum structures and that from semiconductors 
of wurtzite structure, In the case of quantum well structures, a 
‘unique axis appears normal to the well, and the heavy and light 
hole states have anisotropic distribution which causes dissociation 
of the band degeneration (Yu and Cardona, 1999), Similarly in 
semiconductors of wurtzite structure, the c-axis is a unique axis, 
and the bands of the heavy and light hole states are dissolved into 
the A and B bands. Ifthe highest energy state in the valence band 
is heavy hole as in the case of GaN, the optical transition to the 
heavy hole state mainly occurs, and the luminescence is polarized 
perpendicular to the c-axis. In addition, the polarization property 
of luminescence changes by a strain field in semiconductor crys- 
tals, because a lattice strain causes an anisotropic deformation 
potential and reconstructs the band structure (Hensel and Feher, 
1963; Pollak and Cardona, 1968), 


21.4 Quantum Structures 


When carriers are confined in small-scaled semiconductor 
structures, carrier wavefunctions form standing waves and start 
to show quantum character. The wavelength and wave number 
of a carrier in a one-dimensional potential well of an infinite 
height with a width of L are given as 
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where m is an integer number. The wave number k can only take 
discrete values in this direction corresponding to n= 1,2, 3, .-. 
and has continuous value in the other direction. Kinetic energy 
in this direction takes discrete values given by 
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(21.32) 


‘This anisotropy in k gives rise to anisotropy in optical transi- 
tion and polarization of luminescence. In the following section, 
we start with a quantum well structure because of simplicity in 
theoretical treatment and next move to a quantum wire struc- 
ture which shows strong polarization property. 


21.4.1 Quantum Well 


‘We consider carriers confined ina thin semiconductor plate of a 
‘width L. in the z direction. The wavefunction of electrons in the 
conduction band and holes in the valence band are expressed 
using the Bloch function u,,(r) at k= 0 under the effective mass 
approximation as 


; tr a (ey tel te 
v) sn( 352) u(r) = 042) ule) 


(21.33) 


r =) ule = Ze u(r) 
(134) 


where 6, and 6, are envelop functions of the electron and hole, 
respectively, showing standing waves in the confined direction. 
‘The energy of the electron and hole measured from the top of the 
valence band are given by 


Eines eerste, 2135) 
2 am, 
Bi)= Mise) e136) 
sae 2m, Im” 
where 
‘m, and m, are the effective mass of electron and hole 
respectively 


n.and n, are their quantum numbers 


Since wavevector components, k, and k, take continuous values, 
mini bands are formed for each quantum number, as shown in 
Figure 21.9. It should be noted that (21.36) is a rough approxi- 
mation because the band mixing should be considered for the 
valence band in the quantum structure, as shown in Figure 21.9. 
However, this gives a simple picture for the band splitting in the 
valence band. In the quantum well structure, the degenerated 
bands at the "point are dissolved, and the highest energy state 
is the heavy hole, Consequently, the transition from the electron 
state to the heavy hole state becomes dominant. Since the energy 
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FIGURE 21.9 Wave functions, band structure, and density of states 
ina quantum wel. 


shift of the valence band is relatively small compared to that of 
the conduction band, the emission energy is roughly estimated 
from (21.35) and (21.36). 

‘The probability of interband transition from the conduction 
band to the heavy hole state at the band edge (BE) is given by the 
following matrix element, 


M= (epi) =(du(z)o-(2))1 (21.37) 


uy sle- plc 


‘The product of the electron and hole envelop functions is 
non-zero only when 


(21.38) 


If Mis zero, the corresponding transition is inhibited. This gives 
the selection rule of the transition, and means that the optical 
interband transition only occurs between the electron and hole 
states of the same quantum number. The emission energy is 
given by 


LL eee 
Hop= non Boy= 2 (ME) Eg ker, (21,39) 


where pis the reduced effective mass. The lowest energy transi- 
tion occurs for n,= n, = n= 1. However, if the barrier height is 
finite, other transitions become permitted 

‘The polarization of emission from the quantum well is 
deduced from (21.37). Here we take the z-axis normal to the well 
In the transition between the lowest mini bands at the BE, the 
wavevector of carrier is k,= k, = (0,0,n/L,), which points to the z 
direction. Therefore, the result of (21.24) can be applied for this 
‘case, so the emission toward the z direction is a right-handed 
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circular polarized light. Whereas light emitted along the wel is 
linearly polarized parallel to the well. 

In the interband transition between the electronic states 
with a finite k, component normal to the z-axis, the wavevec 
tor of the carriers is inclined from the z-axis, and the wave 
function of the valence band changes according to (21.13). The 
emission energy increases according to (21.39). In order to find 
the polarization of emitted light with this energy, the transition 
‘matrix element should be integrated over equivalent transitions 
of the same energy. Firstly we consider the transition from the 
|s 7) state in the conduction band to the heavy hole state in the 
valence band. The wavevector component parallel to the z-axis 
is W/L,, and then k = (ksin@ cos, ksin8 sind, m/L.). The wave- 
function of the heavy hole is expressed by (21.13). The x and 
y directions are equivalent, so here we consider the emission 
propagating in the x direction with the electric field parallel to 
the y direction (TE wave in Figure 21.10). After integrating over 
the azimuth angle 6, the averaged transition matrix element is 
given as 


(LMP ia 28 


3 (1+ cos" 8) 


21.40) 


Similarly for the electric field parallel to the z direction (TM 
‘wave), the averaged transition matrix element is given as 


(MPa 


at) 


FIGURE 21.10 Wavevectors of the same energy slates in the mini 
band. Light emission of both the TM mode and TE mode occurs from 
a quantum well 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


Ifthe k, component is zero (k, = k, = 0), Le, © = Oat the mini-BE, 
the TM component is zero and the polarization of the emis- 
sion is parallel to the well. As the tilted angle 8 from the z-axis 
increases, the emission energy increases with increasing k and 
the polarization direction tilts from the well plane. 


21.4.2 Quantum Wire 

21.4.2.1 Energy Levels in Quantum Wire 

A semiconductor quantum wire of an infinite length along the 
z-axis with a rectangular cross section of the widths of L, and L, 
confines a carrier in an infinite barrier height. Electron wavefunc- 
tion in the quantum nanowire is expressed in the effective mass 
approximation by a product of the Bloch function at the BE and 
the envelop function in the x-y plane normal to the wire axis. For 
simplicity we consider the electron state at the BE of the conduc- 
tion band in semiconductors with a cubic symmetry and a direct 
band structure. The electron wavefunction is expressed as, 


FO =F ye ule) 1.42) 


‘The envelop function of the electron is written as, 


oO uy) 


) (2143) 


where n, and mare integer. The energy of the electron in the 
(14, m, band is given by 


Edm, 2+E, (2144) 


here mis the electron effective mass. The lowest energy band cor- 
responds to the quantum numbers of 7, = m, = 1. Mini bands are 
formed from (21.44) in the conduction band, as shown in Figure 
21.11, The density of states as a function of energy has sharp peaks 
at the mini-BE given by the fist term, and shows a sawtooth shape. 
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FIGURE 21.11 
ina quantum wire with a square cross section, 


‘Wave functions, band structure, and density of states 


Figure 17-6. 
7-segment displ 


A full character set using 16-segment LCDs is 
shown in Figure 17-9. This conforms partially 
with the ASCII coding system, in which each char 
acter has an identifying numeric code ranging 
from 20 hexadecimal fora letter-space to 7A hex 
adecimal for letter z (although this character set 
does not attempt to represent lowercase letters 
differently from uppercase). The ASCII acronym 
stands for American Standard Code for Informa- 
tion Interchange. 


Because backlit LCDs had become common by 
the time 16-segment displays were introduced, 
the characters were often displayed in light-on- 
dark or “negative” format, as suggested in this 
figure. LEDs, of course, have always used the 
light-on-dark format, asan LEDisalight-emitting 
component. 


Figure 177, LCDs using 14 segmer 
ments (right) were introduced to represent a ful alphabet 
in addition to ietimes these displays were 
forward, like the previous 7-segment type, even 
yesent the 


though this 
number 7 


35 no fonger necessary to 


Dot-Matrix Displays 

The 16-segment displays were never widely pop- 
ular, and the declining cost of microprocessors, 
LCD fabrication, and ROM storage made it eco- 
nomic to produce displays using the more easily 
legible 5x7 dot-matrix alphabet that had been 
common among early microcomputers. 
Figure 17-10 shows a dot-matrix character set 
that is typical of many LCDs. 


Because the original ASCII codes were not stand. 
ardized below 20 hexadecimal or above 7A hex- 
adecimal, manufacturers have represented a 
variety of foreign-language characters, Greek let 
ters, Japanese characters, accented letters, or 
symbols using codes 00 through 1F and 7B 
through FF. The lower codes are often left blank, 
allowing user installation of custom symbols. 
Codes 00 through OF are often reserved for con: 
trol functions, such asa commando starta new 
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(On the other hand, electrons in a quantum wire with a circu- 
lar cross section of radius R has the following envelop functions 
expressed using the cylindrical coordinates (p, @) a8 


juP 
R 


) cout or 1 22s (214s) 


(0.0) if 


where 
‘is the Bessel function of the éth order 
Jini the 0 point value of nth order given by the condition that, 


Thing) = 0 


“Thelowestvaluesare given as, =2405,j =3832,and ss 
[A set energy levels are derived as 
Ried 


Een = a + 


(21.46) 


All the energy states indicated by the quantum number (, 1) are 
doubly degenerated, except for 2 = 0. 

‘Change in electron energy levels in the conduction band due 
to the quantum confinement effect is large, whereas those of 
holes in the valence band are relatively small because of small 
curvature of the bands or large effective mass of hole. However, 
the band mixing occurs, and then the hole wavefunctions are 
formed by a mixture of the bulk wavefunctions in (21.11). This, 
affects the property of the optical transitions. The hole wave- 
functions are expressed by a linear combination of the bulk 
wavefunctions as 


wine e147) 


‘The envelop functions are written as 


i Letromsnl es) (4 cuss) 
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Here, we ignore the contribution of the split-off band to the 
mixing. The wavefunctions and energies in the valence band 
of the quantum wire can be derived from the theoretical cal: 
culation using the Luttinger-Kohn Hamiltonian in the effective 
mass approximation (Sercel and Vahala, 1990; Bockelmann and 
Bastard, 1992; McIntyre and Sham, 1992). 

‘Theoretical treatments were firstly applied to the quantum 
wires manufactured from the quantum well structures, in 
which the wire has an axis parallel to the growth surface and 
rectangular shape in cross section (Tanaka and Sakaki, 1989; 
‘Teuchiya et al,, 1989). Because of the technological develop: 
ment for the fabrication of self-standing nanowire, energy 
band calculations have been done for self-standing wires with 
circular and rectangular cross sections of Si (Zhao et al., 2004), 
GaAs (Persson and Xu, 2004, Redlinski and Peeters, 2008), 
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and InP (Pellegrini et al. 2005). The band dispersion of camel 
back structure appears in some of the high energy bands of 
the valence band. The character of the band structure such as 
the sequence of the levels does not change with the diameter 
of the quantum wire. The highest energy band in the valence 
band has a character of the light hole, and the second highest 
energy band has a character ofthe heavy hole. The difference in 
band structure between the nanowires grown in the (100] and 
{111} directions was shown in the GaAs nanowires (Redlinski 
and Peeters, 2008). 

‘The luminescence due to exciton is generally dominant at low 
temperatures. The emission energy of the FX is given by the band 
gap energy minus the exciton binding energy as in (21.6). Ifthe 
carrier confinement in quantum wires is perfect, the exciton bind- 
ing energy becomes infinite in the limit of small wire size (Basu, 
1997). Areal nanowire asa finite size in diameter, the divergence 
can be avoided using a following potential for the Coulomb inter- 
action between the electron-hole pair (Ando eta, 1991), 


ae 


Viz20 


(2149) 


where 2, is a parameter for the size effect of nanowire. Quantum 
confinement effect is large enough to be detected, when the 
diameter of the wire becomes comparable to or less than the 
exciton radius. The size dependence of the emission energy is 
approximately proportional to R, as in (21.46). The theoreti- 
cal calculations, including other effects, have been carried out 
for the size dependence of the emission energy; for example, 
the dielectric mismatch effect results in the R* dependence 
(Redlinski and Peeters, 2008), 

‘The barrier height of the carrier confinement is finite in real 
when a quantum wire is surrounded by another semiconduc- 
tor or even by ait. In such cases, the energy levels decrease from 
those given by (21.44) and (21.46), and the distances between the 
energy levels decrease, because they must exist below the bar: 
rier height level. When the diameter of wire decreases with the 
barrier height fixed, the energy levels move upward to gather 
near the barrier height level, and their total number decreases. 
However, atleast one level is left at the barrier height in the sym. 
‘metrical potential well in the limit of small size. 


21.4.2.2 Luminescence from Quantum Wire 


Luminescence from bulk crystals with cubic symmetry such as, 
Si and GaAs is generally unpolarized, whereas that with hex- 
agonal symmetry such as GaN and ZnO shows anisotropy in 
polarization because the c-axis is a unique axis. The lumines- 
cence from nanowires has been frequently observed to be polar: 
ized even for semiconductors with cubic symmetry. There are 
two reasons for the appearance of the polarization anisotropy 
in luminescence from nanowire; one is the anisotropy origi- 
nated from the quantum effect, and another is the anisotropic 
response of nanowire to the electromagnetic fields parallel or 
perpendicular to the wire axis (Ruda and Shik, 2005, 2006). 
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‘The former effect appears when a diameter of nanowire becomes 
smaller than the exciton radius, which gives rise to the polariza- 
tion anisotropy in the luminescence of excitons in the nanowire. 
‘The latter effect appears even in nanowires with diameter larger 
than the exciton radius. 


214.2.2.1 Quantum Cs 
‘The quantum confinement of carriers in thin nanowires affect 
cn the polarization of luminescence. Here we treat a nanowire 
of a square cross section with a dimension of a and an infinite 
length. The wire is isotropic in the cross-sectional plane and 
the confinement potential has an infinite barrier height for 
carriers in the wire. At first we ignore the band mixing in the 
valence band, and use the wavefunctions of the one-band model 
expressed as follows: 


nement Effect 


wea} 


yur) (21.50) 
When we take the heavy hole state for j, the transition matrix 
element is written as 


M=(w.le"*”(e: py.) = >, (@i0.Xuy (ke: plu.) 21.51) 


Electron wavefunctions of the lowest energy states in the conduc- 
tion band are expressed by (21.42) and (21.43) with n, 

transition occurs under the selection rule of 1, 
in (21.43) and (21.48). There are four corresponding heavy hole 
states of the same energy at the BE (k, = 0), having the following 
wavevectors: 


(21.52) 


‘The wavefunctions of the heavy hole states with these wavevec- 
tors are given by substituting ® = 90° in (21.13) as, 
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correspond to the four wavevectors. Similarly, the wavefunc 
tions of the light hole states with the same wavevectors are 
written as 
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If the transitions from the conduction band to those valence 
band states are assumed to occur independently, mean square of 
the transition matrix element is given as, 


| (21.56) 


Here, the term from |s J) to I 4(k)) is ignored, because it 


gives the same value as above. If we take the z direction along 
the wire axis, it follows that ep = p. for the polarization of emit. 
ted light parallel to the wire axis and ep = p, for that normal to 
the wire axis. Then the square of the transition matrix element 
is calculated using (21.52), and the two components parallel and 
perpendicular to the z-axis are obtained as 


2157) 


‘The component parallel to the wire axis is larger than the per- 
pendicular one because the transformed wavefunction in (21.52) 
involves a large |Z) component. When the polarization of light 
is inclined from the wire axis by an angle @ (Figure 21.12), the 
square of the transition matrix element can be written as 


b= pe costen dp? sin® 
IME. =+pi,cos?0+4 pi, sin*o au.se 
[aw = 5 rig (21.58) 


‘The transition matrix element from the conduction band to the 
light hole state is calculated in the same way using (21.54), 


Ime. (21.59) 


aad 
cos'8+ > pi sin®@ 
ne 


In this transition, the component perpendicular to the wire axis 
is larger than the parallel one. The two hole states locate at dif 
ferent energy levels, so the emission energy of this transition is 


E 
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FIGURE 21.12 Light emissions from a nanowire polarized in direc 
tions inclined from the wire axis by angles of @ = 0° and 90" 
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also different. If we use the relation p3,= 3M? in which Mis the 
averaged value in the isotropic bulk crystal, the ratio between 
these transition matrix elements can be written as 


ist pa 
bE, Lc0s'0+ Sainte 

a 2 z (21.60) 
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‘This result was derived by several authors on the basis ofthe one- 
band model (Tanaka and Sakaki, 1989; Tsuchiya et al, 1989), 
though this treatment was claimed to be too simple, and later 
more reliable one was proposed on the basis of band mixing in 
the valence band. 

In the photoluminescence excitation (PLE) spectrum of 
the quantum wires formed in the GaAs quantum well struc 
ture, two peaks were observed to appear near the BE energy, 
as shown in Figure 21.13 (Tsuchiya et al, 1989). On the other 
hand in the PL spectrum, only the lower energy peak appeared, 
‘The lower energy peak was assigned to be due to the transition 
to the heavy hole state, and the higher peak due to the transi 
tion to the light hole state, respectively. It appeared to be con 
sistent with the result of (21.57). However, it was suggested that 
the one-band model cannot explain the polarization property 
correctly, and the theoretical treatment taking account of the 
‘band mixing in the valence band should be necessary. Sercel 
and Vahala (1990) showed that ifthe coherent combination of 
the hole states with the four wavevectors is considered in the 
‘one-band model, Equation 21.57 has a constant value (=1/3) 
independent of 8. They calculated the polarization dependence 
of the optical transition using the mixed states of the heavy 
and light holes in a cylindrical wire. As a result, the transition 
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FIGURE 21.13 Photoluminescence (PL) and photoluminescence 
excitation (PLE) spectra of the quantum wires formed in the GaAs 
quantum well structure. (Prom Tsuchiya, M. et al, Phys. Rew, 62, 455, 
1989, With permission.) 


21-13, 


matrix elements associated with the two highest hole states 
were obtained as, 


1.61) 


(21.62) 


where I is an overlap integral. The optical transition of the low- 
est energy is C-V(1/2). The V(1/2) state involves only 41% of the 
heavy hole state. The single peak in the PL spectrum is due to 
this transition. The polarization component parallel to the wire 
axis is dominant in the emission, and the polarization ratio 
deduced from (21.60) is 60%. The polarization ratio becomes 
smaller as the barrier height decreases. The optical transition of 
the next lowest energy is C-V(3/2), and the V(3/2) state involves 
67% of the heavy hole state. The polarization direction of the 
corresponding emission is perpendicular to the wire axis. The 
property of the polarization in these two transitions is well con- 
sistent with those of the two emission peaks in the PLE spectrum 
in Figure 21.13. 

Similar results were obtained in the calculation of optical 
absorption for self-standing GaAs nanowires (Redlinski and 
Peeters, 2008). The highest energy state in the valence band has 
a character of the light hole. The optical transition matrix ele- 
‘ment associated with this hole state has both polarization com- 
ponents parallel and perpendicular to the wire axis, and the 
former is much larger than the latter. The fine splitting of the low- 
est energy peak in the absorption spectrum appears in the [111] 
wire because of the anisotropy in the cross-sectional plane. The 
next highest energy state in the valence band has a character of 
the heavy hole, and the absorption occurs only for the polariza- 
tion direction perpendicular to the wire axis. Emission ener- 
gies in these two transitions are slightly different, so in PL and 
CCL, the transition to the band having the light hole character is 
predominant. 


214.2.2.2 Dielectric Effect 
‘The second factor to affect the polarization of luminescence from 
semiconductor nanowires isthe dielectric effect (Ruda and Shik, 
2005). When a spatially homogeneous electric field is applied to 
ananowire of cylindrical shape with the electric field vector par- 
allel to the wire axis, magnitude and direction are the same both 
in and outside of the wire. Whereas the electric field is applied 
perpendicular to the wire axis, its magnitude is reduced by afac- 
tor of (2e,/e +), where € and e, are relative dielectric constants 
of semiconductor and surrounding material, respectively (Landau 
etal, 1984), ie., 


(21.63) 
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‘This is true for the oscillating electric field of light ifthe diameter 
of the wire is sufficiently smaller than the wavelength of light. 
From this, the polarization dependence of the optical absorption 
is expressed by 


(21.64) 


‘This anisotropy appears in PL and light-induced current excited 
by polarized light. 

AAs for the dielectric effect on the polarization of lumines 
cence, we consider an oscillating electric dipole with a frequency 
of and a dipole moment of dy=(dyu dy dy) in a cylindrical 
nanowire. We take the z-axis parallel to the wire axis and the 
xcaxis parallel to the propagating direction of emitted light 
which is normal to the wire axis. Here we consider an effec- 
tive dipole moment d= (d,,d,,d.) of which the electric potential 
ina free space is equivalent to that produced by d, outside the 
nanowire. The relation between d and d, can be written as 
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‘The magnitude of the pointing vector of light at the position far 
from the center of wire by x; is given by 
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for the components parallel and perpendicular to the wire axis, 
respectively. Here, cis the speed of light and ais a radius of the 
wire. Therefore, when the semiconductor is isotropic and dy, = 
doy = doo the ratio of intensity between the emissions polarized 
parallel and perpendicular to the wire axis is given as 


fide 1.67) 
3d, 
‘The polarization ratio is given by 
h-L j= ae 
(exe) —4e3 e169) 
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‘This indicates that P does not depend on the wire size. Since the 
dielectric constants of semiconductors are much larger than 1, 
the dielectric effect affects seriously on the polarization anisot 
ropy. In case that the internal emission is not isotropic such as 
in the case of the wurtzite-type semiconductors and quantum 
wires, we have to consider that dy, = dy, # dy. In such cases, 
(21.68) changes to 
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(21.69) 


where we define 


(21.70) 


asa measure of the anisotropic internal emission, 

For large nanowires, the above treatment becomes invalid 
when the diameter of the wire is comparable with the wave- 
length of emitted light, and the polarization depends on wire 
size. In this case, the retardation effect should be involved, and 
we have to solve the Helmholtz equation to find the electro- 
‘magnetic field in the nanowires instead of the Laplace equation 
(Ruda and Shik, 2006). Consequently, the following equations 
are derived corresponding to (21.65) 
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where Jand H are the Bessel and first-kind Hankel functions 


k= Ve. 
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‘The coefficient A expresses the effect of image force. It is noted 
that e,and¢ are the relative dielectric constants at the frequency 
6, and different from the static value listed in Table 21.1 The 
relation of the wave numbers of light in the nanowire and sur- 
rounding material is written as k= hJ@/é, =n, using the 
refractive index m of the material of the wire. The polarization 
ratio is given as 


172) 


Figure 21.14 shows polarization ratio P as a function of 
,a(=(C/ea), calculated for various values of€ and p. The polariza- 
tion is seen to strongly oscillate with ka In the case that € = 4 and 
p= Is the points where P = 0 are given by kya = 1.21, 1.91, 2.72, 
355... tis found that the polarization ratio has a value calcu- 
lated from (21.68), when the radius a is sufficiently smaller than 
the wavelength of light, 2. Then, the polarization ratio P decreases 
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FIGURE 21.14 Polarization ratio asa function of kya(=(cc)a) calculated by (21.72) for (a) various values of with p= 1, and (b) various values 


ofp with e= 4 


with increasing a, and is equal to zero ata, = 0.1932, With further 
increasing a, P gradually approaches ero with oscillation. Ifp isnot 
equal to 1, the asymptotic value of P is to be given by (21.69) for 
ka =O and (p-1)/(p +2) in the limit of kya — = 


21.5 Application of TEM-CL 
21.5.1 InP Nanowires 


InP has a direct band gap structure with a gap energy of 142eV 
at 4K. Exciton Bohr radius is about 11 nm, so the quantum con: 
finement effects, energy shift of the near-edge emission, and 
polarization characteristics are expected to appear for nanow- 
ires with a diameter smaller than this radius. Exciton binding 
energy is SmeV. The emission intensity of exciton in the bulk 
crystal is weak at higher temperatures, but it can be observed 
even at room temperature if the quantum effect is strong enough. 
‘The size dependence of emission energy by quantum confine 
ment effect has been measured in PL and absorption spectros. 
copy (Yu et al, 2003), and theoretically treated for cylindrical 
nanowires (Pellegrini et al, 2005). The PL study by Wang etal 
(2001) using a polarized light excitation showed extremely large 
degree of polarization (P=0.96) along the wire axis in the lumi 
nescence from single InP nanowires. The peak shift in PL. was 
small, and the anisotropic polarization was considered to be due 
to the dielectric effect. Mishra et al. (2007) showed that the PL. 
‘emission from the InP nanowires of 80nm in diameter having 
zinc-blend and wurtzite structures are polarized parallel and 
perpendicular to the wire axis, respectively. 

InP nanowires were grown on InP substrates by the metal 
organic vapor phase epitaxy (MOCVPE) technique with gold 
nanoparticles as the catalyst (Figure 21.15). From the TEM 
observation, the InP nanowire has the zinc-blend structure of 
cubic lattice. The wire axis is parallel to the {111} axis, and the 
nanowire contains many twin boundaries normal to the wire 
axis (Bhunia et al, 2003). The diameter of the nanowire is dis 
tributed in the range from 5 to 30nm, and the most frequently 
observed size is 20nm. The length can be controlled by the 


FIGURE21.15 A SEM image of InP nanowires grown on InP. 


growth conditions such as group-III source gas flow rate and 
total growth time, and that of the present sample is 700nm, 

Cross-sectional samples were made by cleaving the sample crys 

tal normal to the (11) substrate surface, and were examined by 
TEM-CL (Yamamoto et al. 2006). 

Figure 21.15a shows a SEM image of InP nanowires stand. 
ing straight on the InP substrate with various diameters. The 
image was taken at a tilt angle of 40°. Figure 21.16a shows a 
SEM image ofa cross-sectional sample where the InP nanow. 
ires are standing perpendicular to the incident electron beam, 
The CL spectra from the nanowires and a substrate region are 
shown in Figure 21.16b with a common vertical scale, which 
were taken at room temperature with an electron beam scan. 
ning over an 0.541m x 0.51m area in each region. A broad 
peak appears in the CL spectrum from the nanowire region 
at peak energy of 1.50eV. The band gap energy of the bulk 
InP is 1.34eV at room temperature, and this peak energy is 
much higher than that expected from the quantum confine- 
ment effect for the nanowire of 20 nm in diameter. The inten 
sity of the nanowire emission is one order stronger than that 
of the InP substrate. A monochromatic CL. image in Figure 
21.16c clearly shows that an intense emission comes from the 
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FIGURE 21.16 (a) ASEM image of a cross-sectional sample, (b) room temperature CL spectra from the nanowires (NWRs) and substrate region 
with a common vertical scale (c) and (d) are monochromatic CL images taken at photon energies of L419 and 1.473eV, respectively 


nanowires rather than from the substrate at room tempera. 
ture. Individual nanowire can be resolved in the CL image, 
as indicated by an arrow. The broad emission peak from the 
nanowires is considered to be due to the size distribution in 
wire diameter because the electron confinement energy of 
nanowire changes with wire diameter. Then the emissions of 
different energies are expected to come from the nanowires 
with different diameters. Figure 21.16c and d shows mono: 
chromatic CL images taken at photon energies of 1.419 and 
1.473 eV, respectively. The images should reveal the distribu 
tion of nanowires which produce the emissions of these ener- 
gies. However, the intensity distribution is almost the same 
in those images, and the nanowires with different diameters 
cannot be distinguished. This fact indicates that each nanow- 
ire gives the broad peak in the emission spectrum. 

‘The temperature dependence of the emission spectrum from 
the nanowire is shown in Figure 2.17. The emission intensity 
of the broad peak does not increase with decreasing tempera: 
ture from room temperature to 40K, while that from the InP 
substrate strongly increases with cooling. The broad peak blue- 
shifts with decreasing temperature and the behavior of the 
shift follows the Varshni’s law. The deviation of the broad peak 
from the exciton peak in the bulk InP is about 170meV. For the 
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FIGURE21.17 Emission spectra from the nanowires taken at various 
temperatures 
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recombination of carriers in the ground states (I= 0 and = 1), 
the emission energy shift from the bulk one is roughly esti 
mated from (21.46) to be AE, = 31meV for the InP wire of 
R= 10nm with 1 = 0,071 m and j,, = 2.405. From the compari 
son, the observed value is much larger than the value expected 
from the average diameter of 201m. The diameter of the InP 
quantum wire with the energy shift of 170meV is estimated 
to be about 5nm from the previous data by (Yu et al, 2003). It 
can be considered that there exists a depletion region near the 
surface or an oxide layer on the nanowire sidewalls (Dionizio 
et al, 2008), which decreases a practical size of carrier confine. 
ment region. 

Figure 21.18a shows CL spectra from the nanowire region 
and substrate region taken at 80K, with an electron beam scan: 
ning over an 0.5p1m x 0.5jimarea. The emission peak at 1.412eV 
comes from the InP substrate with a strong intensity, and the 
emission from the nanowires shows a strong peak at 1.417eV. 
‘The deviation from the InP peak is 5 meV. This peak shift is much 
smaller than the value estimated from the quantum confine 
ment effect. It is more likely to be considered that the emission 
‘comes from the strained InP substrate region near the surface, 
because a part of the carriers generated in the nanowires can 
drift into the substrate. 
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Figure 21.18 shows CL spectra in the wide energy range 
extended to more than 1.5eV. In this spectral range, the CL 
intensity from the nanowire region is much stronger than that from 
the InP substrate. A broad peak appears in the spectrum from the 
nanowire region at L60eV with a full-width half-maximum 
(FWHM) of 150meV. Figure 21.18 is a SEM image of the 
nanowire region, and a corresponding panchromatic CL image 
taken at 80K is shown in Figure 21.184. The InP substrate shows 
a brighter contrast than the nanowires in this image. On the 
other hand, in monochromatic CL. images taken at the photon 
energy of 1.55 and 1,632eV (Figure 21.18e and f), the nanow- 
ires show much brighter contrast than the InP substrate. It is 
noticed that the intensity distributions in Figure 21.18e and fare 
similar to each other in spite ofthe existence ofthe size distribu- 
tion in the nanowires. This means that the emission peak from 
each nanowire is sufficiently broad, even at low temperatures. If 
the broadening of the emission peak due to the phonon scatter- 
ing process is dominant, the FWHM of the peak should become 
narrow with decreasing sample temperature, and split peaks 
from the nanowires with different diameters are expected to be 
observed. However, any split from the broad peak has not been 
observed, even for the measurement under a converged elec- 
ton beam illumination at the nanowire region. One possible 
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FIGURE 21.18 
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(@) ACL spectrum from the nanowire region and substrate region taken at 80K, and (b) a magnified spectrum of (a). (e) A SEM 


image of the nanowire region and (d) a corresponding panchromatic CL image. (e) and (f) are monochromatic CL images taken at photon energy 


of 1.55 and 1.632eV, respectively 
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FIGURE 21.19 CL. spectra from the nanowire region and substrate 
region taken for the p (solid spots) and s (open spots) polarization 
directions. 


explanation is that the broadening of the luminescence peak 
‘occurs due to carrier scattering by the impurities or defects 
such as twin boundaries involved in the nanowire during the 
growth. In such case, the FWHM is independent of temperature. 
However, the origin of the broadening is not yet clear. 

‘The polarization dependence of the CL. spectrum was mea- 
sured, as shown in Figure 21.19, where p(s) polarization corre 
sponds to the electric field oscillation of light parallel (normal) 
to the nanowire direction. It is found that the luminescent light 
‘emitted from the nanowires is highly polarized parallel to the 
‘wire direction, while that from the substrate is not polarized. The 
polarization ratio at the peak energy of 1.6eV is 0.50. The value 
expected from the dielectric effect is P = 0.93 calculated in (21.68) 
with € = 12.0, where the size dependence of the dielectric effect is 
neglected. In addition, the quantum confinement effect should be 
involved, ie, (21.69) is used with p(>1), the expected value must 
be larger than 0.93. The observed value is much smaller than 
the expected one. This is partly because the polarization mixing 
‘occurs due to reflection by the ellipsoidal mirror which corrects 
light emitted to a large solid angle. Wang et al. (2001) reported a 
large degree of polarization (P = 0.96) in the photoluminescence 
from InP nanowires. The PL was excited by a polarized light, so 
the polarization anisotropy is enhanced in the absorption process. 
‘Whereas in the CL experiment, the excitation is performed by the 
incident electrons, there is no anisotropy in excitation of carti 
ers. Thus, the degree of polarization in the CL measurement is 
smaller than that in the polarized PL. The CL detection is recently 
improved by introducing the angler-resolved measurement sys- 
tem, as shown in the later section of ZnO nanowires, 


21.5.2 GaAs Nanowire 


Gallium arsenide (GaAs) has a zinc-blend structure, with a 
direct band gap of 1.519eV at OK. Exciton radius is rather large, 
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about 15nm, so the quantum confinement effect on photon 
energy and polarization of the FX emission is expected for thin 
nanowires. The binding energy of FX in the bulkis about 4meV, 
and the emission intensity of FX becomes weak at higher tem- 

peratures above 200K, even in thin nanowires. Recently, self 
standing nanowires of many semiconductors are produced by 
a growth technique using nanosized liquid droplets of a metal 
solvent (Hiruma et al, 1995; Gudiksen et al., 2002; Wu et al., 
2002), and optical properties were theoretically studied (Persson 
and Xu, 2004; Redlinski and Peeters, 2008). 

Figure 21.20a shows a SEM image of a GaAs nanowire sample 
covered by an Al, ,Ga, As layer, self standing on a Si(111) sub- 
strate, The average outer dimensions of the nanowires are 80nm. 
in diameter and 700nm in height, and the average density of 
the nanowires is about 10m. The sample was fabricated by 
a metalorganic chemical vapor phase epitaxy (MOCVPE) tech- 
nique using Au nanoparticles as the catalyst (Bhunia et al, 2003; 
Tateno et al., 2004). First, an Al, ,Ga, As nanowire was grown 
to 100nm in height on the Si substrate, and then Gas nanow- 
ire and Al, ,Ga,,As nanowires were successively grown to 100 
and 180nm, respectively. Finally, Al, ,Ga, ,As was deposited as 
a capping layer, with a thickness of 100nm to reduce the non- 
radiative recombination on the nanowire surface. Au dots with 
a radius of about 20m can be observed on top of the nanow- 
ires in Figure. 21.20a. Figure 21.20b schematically represents a 
diagram of the sample structure. The materials are direct-gap 
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FIGURE 21.20 (3) A SEM image of GaAs/AlGaAs nanowires with a 
core-shell structure, and (b) schematic diagram ofthe sample structure. 
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semiconductors, with energy gaps of 1.52eV for GaAs, 196eV 
for Al,,Ga,,As, and 2.11eV for Al, ,Ga, As at OK (Pavesi and 
Guzzi, 1994). The Al, ,Ga, As capping layer acts as a potential 
barrier, soa stronger (weaker) confinement structure is formed 
in the GaAs (Al, ,Ga,As) wire region. Carriers excited in the 
‘wire by an electron beam are expected to flow into the GaAs wire 
region, and recombine at the bottom of the band. Therefore, CL. 
only from GaAs nanowires is expected to have sharp emission 
peaks in the CL spectrum corresponding to their diameters. 
Figure 21.21a shows a SEM image ofthe sample observed from 
the direction normal to the surface. The image was observed in 
the SEM mode using the TEM operated at an accelerating volt 
age of 80KV with a scanning area of 1 im (Ishikawa et al.,2008). 
Figure 21.21b shows a panchromatic CL. image of the same area 
as that shown in Figure 21.20a taken at 60K. The localized CL 
intensity is distributed at the nanowires, and we can specify the 
‘emission of each nanowire from the comparison between the CL 
image and the SEM image. A spectrum from this area is shown 
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in Figure 21.21c, where two broad peaks with a complex shape 
appear, reflecting the size distribution of the nanowires exist- 
ing in this area. The emission spectra of similar shapes were 
frequently observed when the scanning area is of the order of 
1m, although the peak energies are different. The spectrum 
taken from the wider area becomes a single broad peak extend- 
ing over the energy range from 1.7 to 2.0eV. The broadening of 
the CL peak is due to the superposition of many CL peaks from 
the nanowires of different diameters. To determine the effect of 
size distribution, we used a focused electron beam illuminating 
individual nanowires, A, B, and C indicated by circles in Figure 
21.21a, As shown in Figure 21.214, sharp peaks were observed to 
appear at different energies because of the difference in diameter 
of the wire. It is noted that some nanowires such as A and C 
show double emission peaks. 

As for the diameters of the nanowires, itis dificult to deter: 
mine them from the SEM image since the wires are covered by 
the AlGaAs layer with outer diameters of about 100nm. The 
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(@) A.SEM image of the GaAs/AIGaAs nanowires, and (b) a panchromatic CL image taken at 130K. A scan area is Iim x 1m, 


(0A CLspectrum taken from the Im x Im area in (b). (d) CL spectra taken from the individual nanowires marked A, B, and C in (a) and (b) 
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energy levels were previously theoretically studied by Persson 
and Xu (2004) for GaAs nanowhisker grown in the [111] direc- 
tion, on the basis of a tight binding approach. According to 
the calculation of the transition at the point, the peak ener- 
‘gies from 1.7 to 2.0eV in the CL spectrum from the wide area 
correspond to the diameters from 5 to 2nm. These values are 
much smaller than that expected from a Au particle size of 
201m. This has been similarly observed in InP self-standing 
nanowires (Yamamoto et al., 2006), where the peak shift is 
much larger than that expected from the outer dimensions of 
the wire. This means that a practical size of carrier confine- 
ment region is much smaller than the apparent diameter. Such 
narrowing of the confinement region may result from the inner 
stress near the GaAs/AIGaAs interface and interdiffusion of Al 
into the wire. 

‘The temperature dependence of the CL spectra from the 
single nanowire A shown in Figure 21.2la is shown in Figure 
21.22. The lower energy peak (Pl) appears below 140K and 
the higher energy peak (P2) appears below 100K. Their inten- 
sities increase with decreasing temperature. The intensity 
of the P2 peak increases rapidly at lower temperatures, and 
exceeds the P1 peak intensity at about 60K. As shown in Figure 
21.22b, the PI peak energy shows a blue shift as temperature 
decreases, following the band gap shift described by Varshni’s 
law (solid ines). The PI emission can be attributed to the radia. 
tive recombination of excitons at the ground state of the GaAs 
‘wire because the emission peak predominates at low tempera 
tures. The luminescence of excitons remains at rather high 
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temperatures compared with that in bulk GaAs because the 
binding energy of excitons becomes large in nanowires owing 
to the quantum confinement effect (Basu, 1997). The appear- 
ance of the two peaks can be explained, assuming that the 
two parts having different energy states coexist along a single 
nanowire. The inhomogeneous intensity distribution was fre- 
quently observed along the tilted wires in the CL images and 
the polarization of the emitted light was randomly distributed 
with respect to the wire axis (Ishikawa et al., 2008). These 
facts indicate that the quantum-dot-like potential structure is 
formed along the wire, which does not emit a polarized light 
parallel to the wire axis. 

Figure 21.23a shows a SEM image of a GaAs/AIGaAs nanow- 
ire with a core-shell structure, as illustrated in Figure 21.20, 
and Figure 21.23b shows a corresponding panchromatic CL 
image taken at 130K. In the CL image, discontinuous contrast 
is seen to appear along the wire, which suggests the existence 
ofa quantum dot-like structure in the GaAs core. Figure 21.23¢ 
is a spectrum image taken with the electron beam scanning 
along the wire axis. A peak line at a wavelength of 830.nm is 
attributed to the bulk luminescence of GaAs. This indicates 
that the carriers excited in the wire diffuse into the GaAs sub- 
strate because this peak vanishes for the nanowire separated 
from the substrate. It is noted that the emissions from those 
dots have a common spectral shape in the wavelength range 
from 700 to 800 nm, and the anisotropy in polarization is very 
small. We still need more consideration about the property of 
this luminescence, 
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FIGURE 21.22 (a) Temperature dependence ofthe CL spectrum from the nanowire A in Figure 21.21. (b) Temperature dependence ofthe peak. 
energies of the two peaks. Solid lines show the temperature dependence ofthe band gaps of GaAs, Aly Ga, As, and Al, Ga, As, respectively, given 
by the Varshni' law, The solid curve of GaAs is shifted for easy comparison with the observed one. 
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Dot-matrix LCDs are usually packaged in arrays 
consisting of eight or more columns and two or 
more rows of characters. Thenumber of columns 
is always stated before the number of rows, so 
that a typical 8 x 2 display contains eight alpha 
numeric characters in two horizontal rows. An 
array of characters is properly referred to as a 
display module, but may be described, confus 
ingly, as a display, even though a single seven: 
segment LCD is itself a display. A 16x2 display 
module is shown from the front in Figure 17-11 
and from the rear in Figure 17-12. 
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FIGURE 21.23 (a) A SEM image of GaAs/AIGaAs nanowires and (b) a panchromatic CL image ofthe same area (3m x 3m) taken at 130K. 
(1A spectrum image taken with the electron beam scanning along line A-B through the central nanowire in (2) 


21.5.3 ZnO Nanowires 


Zinc oxide (ZnO) is a wide gap semiconductor of wurtzite 
structure, with a gap energy of 3.44eV at 4K. The valence band 
structure of bulk ZnO near the BE is composed of three bands 
(A, B, and C band), and the character of the band has been 
controversy for many years. The highest energy band (the A 
band) of many wurtzite-type semiconductors such as GaN and 
CdSe has a character of heavy hole (the , symmetry, as shown, 
in Figure 21.5b), whereas many authors assume the T, sym: 
metry character for ZnO (Meyer et al., 2004). The polarization 
studies showed that the inner emission due to the transition 
from the conduction band to the A band contain both polar- 
ization components parallel and perpendicular to the c-axis. 
‘The energy difference between the A and B band was reported 
to be very small, 4.9 meV. The exciton binding energy is about 
(60 meV which is much larger than the thermal energy at room 
temperature (kyT = 25meV), so the band-edge emission can 
be observed even at room temperature. However, the exciton 
radius is very small (ay = 1.3 nm), and itis difficult to fabricate 
a ZnO quantum wire of such a small diameter. The quantum 
effect of ZnO nanowires has rarely been reported so far. 
Recently, the optical properties of ZnO nanowires have been 
studied using self-standing nanowires grown parallel to the 
c-axis by MOCVD technique. Hsu et al. (2004) measured PL 
from narrow nanowires at room temperature and observed 
BE emission and green emission originated from defects. They 
showed that the BE emission is polarized parallel to the c-axis 
with the intensity ratio of Iy:1, = 1:0.7, whereas the green emis 
sion is polarized perpendicular to the c-axis with the ratio of 
Jy:1, = 0.85:1. The polarization dependence of photoconductivity 
was studied by Fan et al. (2004) using nanowires of 30-150nm 
in diameter. The photoconductivity had a maximum value for 
polarization direction parallel to the c-axis. Yu et al. (2003) 
‘measured temperature dependence of PL spectrum from ZnO 
nanowires, showing peaks of BX emission, the P emission, and 
their phonon replica. The nanowires of wurtzite-type semicon: 
ductors such as GaN (Zhang and Xia, 2006; Chen et al., 2008) 
and CdSe (Lan et al, 2008) have also been studied. Chen et al 
(2008) measured the size dependence in polarization of the BE 
emission from GaN nanowires, and explained the results from 


the dielectric effect and the anisotropy in the inner emission, 
‘The polarization ratio changed with temperature; the BE emis. 
sion is polarized parallel to the c-axis at room temperature, and 
is unpolarized at 20K. They explained this from the change in 
anisotropy of the internal emission, 

In the TEM-CL study, ZnO smoke particles were made by 
burning a Zn wire in air, and were collected by a copper mesh 
coated by a carbon film with micrometer-size holes. The smoke 
particle has a tetrapod-like shape, with four legs growing along 
the c-axis. Figure 2.24 shows CL spectra taken from a thick leg 
ofthe ZnO smoke particle at various temperatures. Two peaks at 
wavelengths of 368nm (3.370eV) and 375nm (3.307 eV) appear 
in the spectrum at 20K. The peak at 368nm can be attributed to 
the ionized donor BX emission (Meyer etal, 2004), and the peak 
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FIGURE 21.24 CL spectra taken from a thick leg of a ZnO smoke 


particle at various temperatures. 
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at 375nm is due to the P emission, which is generated by Auger- 
like process associated with two excitons (Hvam, 1973; Li et al., 
2008). A small peak at 393nm (3.155eV) is a phonon replica of 
the P emission. The photon energies of those peaks shift to lower 
energies with temperature, following the Varshni’s law. A broad 
single peak (a BE emission) at room temperature can be recog. 

nized as a mixed peak composed ofthe BX emission, Pemission, 
and their phonon replica, 

Figure 21.25a shows a SEM image of a ZnO smoke particle 
with thick legs, and Figure 21.25b and c are monochromatic CL 
images taken at the peak wavelength at room temperature for 
the p and s polarizations, respectively. The BE emission from a 
leg marked A extending along the y direction is strong in the p 
polarization, whereas that from a leg marked B extending along 
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FIGURE 21.25 (a) A SEM image of a ZnO smoke particle with thick 
legs, and (b) and (¢) are monochromatic CL images taken at the peak 
wavelength (383 nm) at room temperature for the pnd s polarizations, 
respectively (4) A monochromatic CL image taken at 395 nm. 
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the x direction is strong in the s polarization, These facts indicate 
that the BE emission is polarized perpendicular to the c-axis 
“The central part of the particle shows a dark contrast because 
the emission peak from this partis slightly shifted to the lon. 
ger wavelength, The central part showed a bright contrast in 
the monochromatic CL image taken at 395m (Figure 21.254), 
This peak shift may be caused by the band gap narrowing due to 
strain in the multiple twin structure atthe central part. 

“The polarization of the BE emission from ZnO nanowires 
dlepends on the diameter of the wire. CL light emitted from a 
single wire with a large diameter (300nm) elongating perpen. 
dicular to the axis of the parabolic mirror was measured with 
changing polarization angle @ defined in Figure 21.12, The CL 
intensity asa function of @ is shown in Figure 21.26a. The light 
was emitted in a direction perpendicular tothe thick wire axis 
‘The solid angle ofthe detection is about 0.05 st. The intensity of 
the BE emission at 383m has a minimum at @ = 0°, and shows 
cos? @-dependence. Polarization ratio is estimated to be ~0.43 
from the intensity ratio of I. /I,, = 0.40, which is deduced using 
the fitting function of, 


108) =(I,~1,)cos' +1, 173) 
Whereas the BE emission from a thin nanowire with a diam. 
eter of 60nm presented an opposite behavior in polarization, as 
shown in Figure 21.26b; the intensity has a maximum at 8 = 0° 
‘The polarization ratio is estimated to be 0.31 from the intensity 
ratio of Iill,. = 19. 

‘The quantum confinement effect cannot affect the polar 
ization property of the CL emission from the ZnO nanowires 
because the diameters of those wires are much larger than the 
exciton radius, Therefore, the parameter p related to the aniso 
tropic internal emission is fixed regardless ofthe diameter of the 
nanowires, and should be given by the character of the optical 
transition in the bulk crystal. Ifthe intensity ratio, /1,,= 0.40 
is considered as a bulk one, the parameter p can be calculated 
from (21.67) and (21.70) as follows: 
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FIGURE 21.26 CL intensity from (a) a thick wire (diameter of 300 nm) and (b) a thin wire (60m) of ZnO measured by changing an angle 0. 
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If the highest energy state in the valence band has a character 
of the light hole, p = 4 is expected from (21.58) for the transi: 
tion from the conduction band to valence band. The above value 


is too small compared to the expected one. In other words, the 
‘emission due to the transition to the light hole state should be 
mainly polarized parallel to the c-axis, but the observed one is 
rather polarized perpendicular to the c-axis. This fact indicates 
that the transition to the heavy hole state component in the A 
band considerably contributes to the CL emission. It was also 
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diameter measured from several nanowires with various diameters. 
Solid line is a calculated curve using the dielectric constant atthe peak 
‘wavelength of 4.0 and p= 0.25 
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observed that the polarization ratio does not change with tem 
perature from 20 to 300K 

‘The CL. emission from the thick nanowire is polarized per 
pendicular to the wire axis (the c-axis), whereas that from the 
thin nanowire is polarized parallel to the wire axis. We should 
consider the dielectric effect for explaining this size dependence 
of the polarization. Figure 21.27 shows the dependence of the 
polarization ratio on nanowire diameter calculated from (21.71) 
and (21.72) with the dielectric constant at the peak wavelength 
tobe 4.0 and with p = 0.25, This result well explains the behavior 
that the polarization ratio P is positive for thin nanowires, and 
turns to be negative for thick nanowires. The experimental values 
measured from ZnO nanowires with different diameters are plot 
ted in Figure 21.27. The polarization ratio changes sign around a 
diameter of 100mm, being fitted with the calculated curve 

‘The spatial variation of polarization can be measured from 


spectral images taken with scanning electron beam. Figure 
21.28a and b shows a SEM image of a ZnO smoke particle with 
thick legs and a panchromatic CL image, respectively. Change 
in CL intensity appears along the leg. Figure 21.28c and d are 
p- and s-polarized spectral images taken with scanning electron 
beam along the line A-B in Figure 21.28a. The peak wavelength 
is 383nm at room temperature. Polarization ratio calculated 
from the division of the peak intensities in the images of Figure 
21.28 and d is shown in Figure 21.28e. The polarization ratio 
is seen to be ~0.45 at a thinner part (D = 150nm) and -0.25 at 
a thicker part along the line. One of the legs is standing verti 
cally near the position B, and the polarization is vanished there. 
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FIGURE 21.28 (2) 
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SEM image of a ZnO smoke particle and (b) a panchromatic CL image, respectively (c) and (d) are p- and s-polarized spec 


tral images taken with scanning electron beam along the line A-B in (2). (€) Spatial variation ofthe polarization ratio along the line. 
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‘This behavior is qualitatively explained by the theoretical curve 
in Figure 21.27. 

Other types of emission appear under a high excitation con. 
dition, when a thin nanowire is illuminated by a strong elec- 
tron beam. The P emission is one of such types. Emission peak 
due to the exciton molecules appears near the BE peak, and 
shifts to the lower energies with increasing electron beam den- 
sity. The emission peak due to the electron-hole plasma also 
appears at the lower energy side of the BE peak, and becomes 
predominant under the high excitation rate. The effect of shape 
and size of nanowires on the property of these emissions such 
as threshold condition of lasing has been studied recently 
(Johnson et al, 2003). 
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Introduction 
Carbon Nanotubes 


‘Yoshihiko Kanemitsu 
Kyoto University 


22.1 Introduction 


Over the past two decades, there have been extensive studies 
‘on the optical properties of semiconductor nanomaterials from 
the fundamental physics viewpoint and from the interest in the 
application to functional devices, because they exhibit unique 
size-dependent quantum properties [I-11]. In this chapter, 
wwe discuss optical properties of semiconductor nanomateri 
als of zero-dimensional (OD) nanoparticle quantum dots and 
‘one-dimensional (1D) carbon nanotubes. In optical studies of 
nanoparticle quantum dots and carbon nanotubes, we would 
like to point out two important reports opening new active 
fields: the discovery of room-temperature-visible luminescence 
from porous silicon in 1990 [12] and the discovery of efficient 
luminescence from isolated carbon nanotubes in 2002 [13] 
‘These observations of efficient luminescence clearly show that 
nanoparticles and carbon nanotubes are high-quality crystal 
line semiconductors. Many different fabrication methods have 
‘been developed to obtain stable and efficient luminescence from 
nanoparticles and carbon nanotubes, eg., core/shell nanopar- 
ticles, suspended isolated nanotubes, and so on [14-20]. These 
nanomaterials become new materials for optoelectronic devices 
such as wavelength-tunable light-emitting diodes and lasers, 
‘quantum light sources, and solar cell applications. 

When semiconductor nanoparticles of sizes are comparable 
to or smaller than the exciton Bohr radius in bulk crystals, the 
excited state energies and optical properties are very sensitive to 
their sizes 1,21,22]. Usually, nanoparticle samples are an inho. 
mogeneous system in the sense that they have a distribution of 
size and shape, and variations of surface structures and sur- 
rounding environments [2]. large nanoparticle has small band- 
{gap energy and a small nanoparticle has large band-gap energy. 
Furthermore, the nanoparticles have large surface-to-volume 
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ratios, and then the optical properties of nanoparticles are also 
sensitive to surrounding environments. The exciton band-gap 
energy of semiconducting carbon nanotubes is also sensitive to 
the nanotube diameter and the chiral index. Then, we need to 
study the intrinsic optical processes in nanoparticle quantum. 
dots and carbon nanotubes hidden by sample inhomogeneity 
using sophisticated optical spectroscopy. 

Ifthe laser light excites all nanoparticles or all nanotubes in the 
sample, the sample shows broad luminescence, reflecting size or 
diameter distributions. This “global” photoluminescence (PL) or 
nonresonantly excited luminescence contains contributions from 
all nanoparticles or ll nanotubes in the sample, and the PL spec 
trum is inhomogeneously broadened, as shown in Figure 22.la. 
‘These sample inhomogeneities are the origin of nonexponential 
PL decay. In inhomogeneously broadened systems, resonant 
excitation spectroscopy is a powerful method to obtain intrin. 
sic information from broadened optical spectra. Under resonant 
excitation at energies within the global PL band, we can observe 
fine structures in PL spectra at low temperatures, as shown in 
Figure 22.1b, Resonant excitation at energies within the lumi- 
nescence band results in a single zero-phonon PL line or a well 
resolved phonon progression in PL spectra at low temperatures. 
In this case, we suppress the inhomogeneous broadening of the 
luminescence by selectively exciting a narrow subset of nanopar- 
ticles. Resonant excitation results in fluorescence line narrowing 
(FLN) in nanoparticle samples [23-27]. The resonantly excited 
PL spectra are sensitive to the nature of the band-edge struc- 
ture and the surface structure [27-29]. Moreover, luminescence 
hole-burning (LHB) spectroscopy is another resonant excitation 
spectroscopy. In the LHB experiments, the sample is excited by 
intense laser at the energy within the PL band [30-32]. After 
prolonged laser irradiation (burning laser excitation), a spectral 
hole is formed near the burning laser energy in the luminescence 
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FIGURE 22.1 Luminescence spectra of semiconductor nanopar- 


ticles: () global luminescence spectrum, (b) resonantly excited lumi- 
nescence spectrum, (€) LHB spectrum, and (d) single nanoparticle 
luminescence spectrum, 


band, We obtain similar optical information from the FLN and 
LHB experiments. However, in the resonantly excited PL or FLN 
spectra, it is dificult to obtain the detailed spectrum near the 
excitation energy because ofthe scattering ofthe excitation laser 
light. In the LHB experiment, itis comparatively easy to observe 
the spectral change just at the excitation energy (32) 

Single molecule (or nanomaterial) spectroscopy is the most 
powerful tool for understanding intrinsic optical properties of 
isolated molecules and nanomaterials [5,33] Single nanoparticle 
spectroscopy makes it possible to probe inherent and novel opt 
cal properties in nondoped and impurrty-doped semiconductor 
nanoparticles hidden by inhomogeneity, such as size distribu: 
tions and surrounding environment variations (34-37). As 
an example of unique optical phenomena, PL blinking (or PL 
intermittency) is revealed by single nanoparticle spectroscopy 
[35]. We have developed many different types of luminescence 
imaging microscopes. Our systems cover a wide spectral region 
and wide response times. The spatial resolution is typically 
about 1m in our confocal microscopes and about 50-100m 
in home-built near-field optical microscopes. In these space- 
resolved optical measurements, the most important point is 
the fabrication of stable and isolated nanomaterial samples. The 
nanomaterials should be isolated from each other, and the num- 
ber density is dilute (about 1/um? or less). The sample should 
be stable against oxidation and strong light illumination. Then, 
chemically synthesized materials are good samples for our opt 
cal studies, Here, we discuss the luminescence properties and 
the mechanism of spectral diffusion and PL blinking of single 
carbon nanotubes and nanoparticle quantum dots 


22.2 Carbon Nanotubes 


A single-walled carbon nanotube (SWNT) with about 1 nm diam- 
eter and a length greater than several hundred nanometers is a 
prototype of ID structures. The recent discovery of efficient PL 
from semiconducting SWNT [13,38] has stimulated consider: 
able efforts in understanding optical properties of SWNTs. The 
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semiconducting SWNTs are 1D direct-gap band structures (8) 
Because of the extremely strong electron-hole interactions (exci- 
tonic effects) in 1D materials, unique optical properties of SWNT 
are determined by the dynamics of 1D excitons [8,39]. In addition, 
the electronic structure and the PL. energy of SWNT strongly 
depend on the diameter and the chiral index [38]. The SWNT sam- 
ples are also inhomogeneous systems, similar to the nanoparticle 
samples, because many different species of nanotubes exist in the 
sample. The inhomogeneous broadening and the spectral overlap- 
ping of PL spectra cause the complicated PL dynamics of SWNTS. 
Single nanotube spectroscopy reveals the intrinsic excitonic prop- 
erties of SWNTs [40-46], such as exciton energy, bright and dark 
exciton structures, exciton-phonon interaction, and so on. 

For single nanotube spectroscopy, we synthesized spatially 
isolated carbon nanotubes on Si substrates using an alcohol 
catalytic chemical vapor deposition method [45,46]. In our 
experiments, the Si or SiO, substrates were patterned with par- 
allel grooves, typically 500m wide and 500nm deep using an 
electron-beam lithography technique. The isolated SWNTs grow 
from one side toward the opposite side of the groove. We used 
these SWNT samples without matrix and surfactant around the 
nanotubes to reduce the local environmental fluctuation effect. 
We show a typical PL spectrum of a single carbon nanotube 
suspended on the groove [assigned chiral index: (7,6)] at about 
40K in Figure 22.2a [46]. Very broad PL bands are observed in 
the ensemble-averaged spectrum of micelle-wrapped SWNTs 
dispersed in gelatin. The PL spectral shape of a single carbon 
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FIGURE 22.2 (a) PL spectrum of a typical suspended single SWNT 
[assigned chiral index (7,6) in comparison with the ensemble-averaged 
spectrum of micelle-wrapped SWNTs dispersed in gelatin. (b) Polar 
plot ofthe PL intensity ofa typical single SWNT versus the polarized 
direction of the excitation laser. The PL data (circle) were fitted using 
0640 sold line. (Reprinted from Matsunaga, R. etal, Phys. Rev. Lett 101, 
147404, 2008, With permission.) 
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nanotube is given by a Lorentzian function, and its linewidth of 
afew meV reflects homogeneous broadening. Figure 22.2b shows 
polar plot ofthe PL intensity of atypical single carbon nano 
tube versus the polarization direction of the excitation laser light 
[46]. Since a 1D dipole moment exists, strong optical absorption 
‘occurs when the polarization of the excitation light parallels 
the nanotube axis. This PL anisotropy is useful for determining 
the direction of the observed nanotube axis for single nanotube 
spectroscopy and modulation spectroscopy. 

‘The sharp luminescence spectra provide detailed information 
‘on the exciton fine structures. We studied the PL fine structure 
of single SWNTs under magnetic fields at low temperatures. A 
single sharp PL spectrum arising from bright exciton recom- 
bination is observed at zero magnetic field, as shown in Figure 
22.2a. When the magnetic field is parallel to the nanotube axis, 
‘anew peak appears below the bright exciton peak. Figure 22.3a 
shows PL spectra of a single carbon nanotube under magnetic 
fields [46]. These PL spectra are fit well by two Lorentzian func 
tions. With the magnetic field, the lower energy peak shows a 
redshift and the lower-energy peak intensity increases. We can. 
not observe these changes when the magnetic field is perpen: 
dicular toa single nanotube axis, as shown in Figure 22.3b [46] 
‘The splitting of the PL peak occurs due to the magnetic flux 
parallel to the nanotube axis. These splitting and magnetic field 
dependence can be explained by the Aharonov-Bohm splitting 
ofeexcitons based on the Ajiki and Ando model [8,47] The singlet 
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exciton states split into the bonding and antibonding exciton 
states, and this due to the short-range Coulomb interaction. 
‘The bonding state is odd parity (bright) and the antibonding is 
even (dark). The energy difference between the bright and dark 
exciton states also depends on the diameter of SWNT. These 
experimental observations are consistent with the theoretical 
calculation. The dark exciton state exists about several meV 
below the bright exciton state. Studies of 1D dark excitons influ- 
encing optical responses of carbon nanotubes [48-52] are very 
important for optical device applications. 

‘The diameter dependence of the exciton energy in single car- 
bon nanotubes is also revealed by single nanotube spectroscopy. 
At room temperature, the experimentally obtained PL. spectra 
can be approximately reproduced by single Lorentzian functions. 
‘The observed PL peaks correspond to the zero-phonon lines of 
free excitons, and the spectral linewidth of the PL spectrais deter 
mined by the homogeneous broadening. We obtained PL spectra 
from many different isolated SWNTs with a variety of chiral 
indices. Figure 22.4a shows a distribution of the PL peak energies 
for the single SWNT, indicated by diamonds [45]. In Figure 
22.4b, we show some of the PL spectra from isolated SWNT with 
various emission energies [45]. Only a single sharp peak can be 
seen in each spectrum. The PL linewidth clearly becomes broader 
as the diameter decreases. This shows that the exciton-phonon 
interaction is stronger in smaller diameter tubes. 

The lowest exciton has fine structures (bright and dark exci- 
tons), and the fine structures will determine optical responses 
and cause unique phenomena. At low temperatures, we observe 
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FIGURE 22.3 (a) Normalized magneto-PL spectra of a single (9.4) 
‘carbon nanotube at 20K in the Voigt geometry. The split PL spectra are 
fitby two Lorentzian functions. (b) The normalized magneto-PL spectra 
fof a single (9,5) carbon nanotube at 20K in the Faraday geometry. The 
PL spectra are fitby a Lorentzian function. (Reprinted from Matsunaga, R 
etal, Phys Rev. Let, 101, 147404, 2008. With permission.) 


FIGURE 22.4 (a) PL peak energy distribution of obtained PL 
spectra from about 180 different isolated SWNTS. (b) PL spectra for 
several species of single SWNTs at room temperature. SWNTS with 
higher PL emission energy tend to have a larger spectral linewidth, 
(Reprinted from Inoue, T. et al., Phys. Rev. B, 73, 233401, 2006, 
With permission.) 
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of the nanotubes show spectral diffusion. We consider that 
spectral diffusion is related to the exciton fine structure, bright 
and dark excitons. The PL fluctuation due to spectral diffusion 
is clearly observed at low temperatures. Spectral fluctuation 
‘occurs very slowly, the order of several seconds. Figure 22.5a 
shows a typical temporal evolution of the PL spectrum of SWNT 
showing spectral fluctuations at 40K [53]. During spectral dif- 
fusion, the PL spectra clearly show two peaks. The lower energy 
is fitted by Gaussian and the higher energy is Lorentzian. From 
spectral fitting, we can determine the peak positions and line- 
width of both peaks of the PL spectra. Temporal changes in 
two PL peak energies and linewidths of the lower energy PL 
band are shown in Figure 22.5b [53]. The higher energy peak 
is almost constant, but the lower energy peak fluctuates. We 
find a good correlation between the PL. peak energy and the PL 
linewidth of the lower energy band. When the PL peak shows a 
low energy, the linewidth becomes wider. To clarify the origin 
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FIGURE 22.5 (2) Temporal evolutions ofthe PL spectrum of a single 
‘SWNT showing spectral flictuations at 40K. The solid curves indicate 
the results of fitting analysis assuming Gaussian and Lorentzian func- 
tions. (b)Temporal trace of the higher and lower energy peaks of the PL 
spectra ofa single SWNT at 40K. The temporal trace ofthe linewidth 
(FWHM) ofthe lower energy peaks. (Reprinted from Matsuda, K. etal 
Phys. Rev. B, 77, 193405, 2008. With permission) 
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of the spectral diffusion in the lower energy peak, the PL line: 
width of the lower energy peaks is plotted as a function of the 
emission energy. We obtain the square root dependence of the 
linewidth on the emission energy [53]. This dependence sug- 
gests the quantum-confined Stark effect [54]. The spectral dift 
fusion can be explained by the fluctuation of local electric field. 
‘The Stark effect causes a redshift in the exciton energy. A small, 
fast, local electric field fluctuation results from surface charge 
oscillations. These observations show that the energy splitting 
between the bright and the dark exciton states is estimated to 
be about a few meV [53]. This conclusion is well consistent with 
the magneto-optic results as mentioned before. Detailed under- 
standing of fine structures of the lowest excitons is important for 
the optoelectronic applications of carbon nanotubes. 


22.3 Nanoparticle Quantum Dots 


imilar spectral diffusion and PL blinking phenomena are also 
observed in nanoparticle quantum dots. PL blinking phenom- 
enon is quite enhanced in OD nanoparticles rather than 1D car~ 
bon nanotubes. PL. blinking in single nanoparticles is caused by 
a random switching between light-emitting “on” and non-light 
emitting “off” states under continuous-wave (cw) laser excita 
tion, Since the first blinking observation in nanoparticles (35), 
the mechanism of nanoparticles PL blinking has been extensively 
discussed [55-70]. Ionization of nanoparticles due to nonradia- 
tive Auger recombination plays an essential role in PL blinking 
of single nanoparticles [53] It is well accepted in this field that PL 
blinking originates from the photoionization and neutralization 
of nanocrystals under ew light illumination. In CdSe nanocrys- 
tals, for example, the non-light-emitting off-time state is due to 
positively charged nanoparticles, and the light-emitting on-time 
state is due to the neutral nanoparticle (55,70), Spectral fluctua- 
tions during on-time suggest that both electronsand holes trapped 
on the nanoparticle surface cause transient and local electric field 
fluctuations in the light-emitting neutral nanoparticle. In neu- 
tral nanoparticles, excitons recombine radiatively. In ionized (or 
charged) nanoparticles, the photogenerated excitons and excess 
holes recombine nonradiatively through fast three-body Auger 
recombination. The PL blinking means that a nanoparticle repeats 
the neutralization and ionization under ew laser excitation. 

PL blinking behavior is very sensitive to the local surround- 
ing environments. Figure 22.6 shows the PL intensity time 
traces of a single CdSe nanoparticle on different substrates: 
glass, rough, and flat Au surfaces (66]. The samples are excited 
by ew laser at room temperature. The on-off PL blinking behav- 
ior is clearly observed on the glass substrate. The time distri- 
bution of the on and off states can be characterized by power 
law functions [57]. The power law distributions suggest that the 
PL blinking is caused by a very complicated process. On the 
metal surfaces, on the other hand, the PL off-time is drasti- 
cally suppressed. The PL. blinking suppression indicates that 
the very rapid neutralization of ionized nanoparticles occurs 
through the fast energy transfer. However, the enhancement 
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Multiple-character display modules have been 
widely used in consumer electronics products 
such as audio components and automobiles 
where simple status messages and prompts are 
necessary—for example, to show the volume 
setting or broadcast frequency on a stereo re 
ceiver. Backlighting is almost always used. 


Because the cost of small, full-color, high- 
D resolution LCD screens has been driven down 
rapidly by the mass production of cellular 


phones, color displays are likely to displace mon- 
ochrome dot-matrix LCD display modules in 


many applications, Similarly, touchscreens will 
tend to displace pushbuttons and tactile 
switches. Touchscreens are outside the scope of 
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Figure 1730. A dot-matrix character set typical of LCDs 
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FIGURE 22.6 PL intensity time-traces of single CdSe/ZnS nanopar- 
ticles on the glass (a), the rough Au surface (b), and the flat Au surface () 
‘The inset of (a) isthe histogram of the on-time (solid circles) and off- 
time (open circles) duration ofthe PL intensity time trace on the glass. 
(Reprinted from Matsunaga, R. etal, Phys. Rev. Lett, 101, 147404, 2008, 
‘With permission.) 


and quenching of the PL intensity depend on the roughness 
of the metal surface. On the rough surface, the PL. intensity 
increases. In this experiment, rough Au surfaces are composed 
‘of an assembly of hemispherical particles with lateral sizes of 
20-50.nm and peaks and valleys of roughly 15nm. On the flat 
surface, however, the PL. intensity decreases. The enhancement 
of the PL intensity depends on the excitation laser wavelength. 
‘The enhancement spectrum agrees well with the absorption 
spectrum for localized plasmon resonance (66. 

Even on rough Au surfaces, we can observe both enhancement 
and quenching phenomena of the PI. intensity. PL intensity on a 
rough Au surface depends on the polarization angle of the excita 
tion laser {71} Electric field enhancement depends on the polariza 
tion direction. The PL intensity ofa single nanoparticle on glass 
does not change with the polarization angle. We obtain the micro- 
scopic structure of semiconductor nanoparticles and rough sur: 
faces from the polarization and wavelength dependences. Thus, we 
conclude thatthe PL intensity enhancement is related to the electric 
field enhancement due to localized plasmon excitation. Studying 
PL blinking behaviors is a way to understand energy transfer pro- 
cesses between nanoparticles and surrounding environments. 

Close-packed nanoparticle films or nanoparticle arrays show 
unique exciton energy transfer and charge carrier transport 
beyond isolated nanoparticles [72-79]. Many different types of 
closely packed nanoparticle films, arrayed nanoparticle solids, 
and nanoparticle suprasolids have been prepared 72-79]. In 
‘order to control energy transfer between excitons in semiconduc. 
tors and plasmons in metals, we fabricate metal-semiconductor 
hetero-nanostructures and their PL spectrum and dynamics. 
We fabricated two types of semiconductor-metal nanoparticle 
heterostructures using the Langmuir-Blodgett technique: close 
packed CdSe nanoparticle monolayers on Au substrates [80] 
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FIGURE 22,7 PL lifetime and PL intensity a8 a function of the dis- 
tance between the CdSe nanoparticles monolayer and the Au film. 
(Reprinted from Ueda, A. et al. Appl. Phys. Lett, 92, 13318, 2008, 
With permission.) 


and mixed CdSe and Au nanoparticle monolayers [81]. In close- 
packed CdSe nanoparticle monolayers on Au surfaces, the inert 
polymer thin film was inserted between the nanoparticle mono- 
layer and the Au substrate, The distance between the excitons 
and plasmons, A, is controlled by the polymer thickness. Figure 
22.7 summarizes the distance dependence of the PL lifetime and 
the time integrated PL intensity [80]. There isa good correlation 
between the PL decay rate and the PL intensity. PL quenching 
only occurs when the distance between excitons and plasmons is 
less than 30nm. In large distance samples, the PL decay rates in 
close-packed monolayers are much larger than those in isolated 
nanoparticles in solutions. The PL lifetime in the CdSe mono- 
layers on the glass is governed by the nonradiative recombina- 
tion of excitons in nanoparticles and the energy transfer from 
small to large CdSe nanoparticles, which have lower exciton 
energies. Furthermore, the PL decay increases with a decrease 
of the distance between the Au surface and the CdSe nanopar- 
ticle monolayer. This can be attributed to energy transfer from 
nanoparticles to surface plasmons of the Au surfaces. The reduc- 
tion of both the PL lifetime and the PL intensity simultaneously 
occurs. PL quenching only occurs in the CdSe nanoparticle 
monolayer in close proximity to the Au films [80], 

Close-packed monolayer films composed of CdSe and Au 
nanoparticles have simple two-dimensional hexagonal lattices 
[8!]. The PL and optical density of the sample films depend on 
the Au nanoparticle concentration in the film, because of the 
spectral overlap between the exciton luminescence of CdSe 
nanoparticles and the plasmon absorption in Au nanoparticle. In 
the CdSe and Au nanoparticle mixed monolayer samples, the PL 
decay curves can be reproduced successfully using three expo- 
ential decay components. Three kinds of decay channel of 
excited states exist in the close-packed CdSe and Au nanoparti- 
cle monolayer. In mixed monolayer samples, the decay times are 
classified into three components: 0.2, l,and 10ns,as summarized 
in Figure 22.8a [81]. These decay times are almost independent of 
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the Au nanoparticle mixing ratio in the film. The 10-ns decay time 
originates from radiative recombination within CdSe nanopar- 
ticles in the films. As the Au nanoparticle fraction increases, the 
amplitudes of two 1- and 10-ns components decrease. The ampli- 
tude of the fast 0.2-ns decay component becomes dominant. 
‘These results indicate that the fast PL quenching is caused by the 
‘energy transfer to Au nanoparticles for the CdSe nanoparticles 
in contact with Au nanoparticles. Here, note that the decay com- 
ponent of about Ins is a unique characteristic of close-packed 
‘mixed nanoparticles solids. Energy transfer between the nearest- 
neighbor CdSe nanoparticles takes part in the slow PL quench- 
ing process of Ins in the mixed film. The I-ns PL quenching 
process is the stepwise energy transfer from a CdSe nanopar- 
ticle to a CdSe nanoparticle to a Au nanoparticle, as illustrated 
in Figure 22.8b [81]. Therefore, we conclude that the PL dynam: 

ics are explained by three kinds of decay channel. The energy 
relaxation rate in semiconductor nanoparticles is controlled by 
changing local surrounding environments. These close-packed 
nanoparticle heterostructures will show unique exciton energy 
transfer, and charge carrier transport beyond isolated nanopar- 
ticles opens new application fields. 


22.4 Multiexciton Generation 


Finally, we discuss unique exciton-exciton interactions in 
nanoparticles and nanotubes. Nanoparticle quantum dots and car- 
’bon nanotubes provide an excellent stage for experimental studies 
‘of many-body effects of excitons or electrons on optical processes 
in semiconductors [82-84], The reduced dielectric screening and 
the relaxation of the energy-momentum conservation rule in 
nanostructures enhance the Coulomb carrier-carrier interactions, 


leading to multi-carrier processes such as the quantized Auger 
recombination, multiple exciton generation (MEG), carrier multi- 
plication (CM), and so on 7,85]. The achievement of efficient CM. 
in semiconductors makes it possible to produce highly efficient 
solar cells with conversion efficiencies that exceed the Shockley- 
Queisser limit of 32% [86]. Strongly confined electrons and exci- 
tons in nanomaterials show unique nonlinear optical properties, 
compared to semiconductor bulk crystals. 

Strong interactions between carriers or between excitons 
cause fast nonradiative Auger recombination of multiple exci- 
tons or carriers [82]. Intense interest in Auger recombination in 
nanoparticles has been stimulated by investigations and searches 
for new laser and solar cell materials (87-89]. In laser and solar 
cell applications, nonradiative Auger recombination dominates 
both the carrier density and the carrier lifetime, determining the 
device performance. Moreover, in transient absorption, PL, and 
terahertz conductivity experiments, fast Auger recombination 
has also been used as a probe in MEG and CM processes [89-96], 
‘The CM efficiencies of nanoparticles are not clear, and the CM 
‘mechanism is under discussion. In SWNT, for example, strong 
Coulomb interactions enhance the many-body effects of excitons. 
‘The fast Auger recombination of excitons has been observed by 
means of exciton homogeneous linewidth [97] and pump-probe 
measurements [98-100]. We studied MEG processes in SWNTS 
at room temperature by temporal change in the carrier density 
[101]. The fast-decay component grows at increasing excitation 
intensity. When the photon energy is three times larger than the 
band-gap energy, Auger recombination occurs efficiently even in 
the weak intensity region. In our experiment, CM is estimated to 
be about 1.3 under 4.65eV excitation [101]. We pointed out that 
a possible mechanism of CM in carbon nanotubes is the impact 
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ionization, Strong interactions between carriers or between exci- 
tons cause unique optical processes in semiconductor nanoma- 
terials. Highly excited semiconductor nanomaterials show new 
optical functionalities. 


22.5 Summary 


We briefly discussed luminescence properties of carbon nano- 
tubes and nanoparticle quantum dots by means of single molec- 
ular spectroscopy and time-resolved optical spectroscopy. These 
semiconductor nanomaterials show unique luminescence prop- 
‘erties such as spectral diffusion and luminescence blinking. 
Energy transfer between nanomaterials and surrounding envi 
ronments affects the PL spectra and dynamics of nanomaterials. 
Although this chapter is written as a review-type survey of our 
recent studies, we hope that discussions and many references 
cited are useful for the readers. 
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23.1 Introduction to Nanoscale Excitons 


‘The optical properties of nanoscale excitons are of interest to 
researchers because their size tunability makes them of practi 
cal use; however, understanding the nature of these delocalized 
electronic states isa challenge (Scholes and Rumbles 2006, 2008). 
Nanoscale excitons are the electronic excited states formed by 
the absorption of light by nanoscale systems. A nanoscale system. 
is any chemical or physical system that is in the nanometer-size 
regime. The kinds of systems that are the subject of this chapter 
tend to have properties lying between those of molecules and 
those of bulk semiconductors. Unlike excitons in bulk semicon- 
ductors, the energies of nanoscale excitons can often be changed 
by the size of the system. That property is envisioned, for exam. 
pile, to allow the color of solid-state lasers to be tuned. 
‘Well-studied examples of nanoscale systems include semicon 

ductor nanocrystals, carbon nanotubes (CNT), organic conju: 
gated polymers, and molecular aggregates, shown in Figure 23.1 
‘The excitons in quantum dots and CNTs are closely related to 
molecular excited states; however, the size of the nanoscale sys 
tems has forced researchers to make severe approximations in 
their quantum-mechanical descriptions. Nonetheless, the excited 
states of nanoscale systems tend to be more amenable to approxi 
mate descriptions than molecules because the wavefunction 
delocalization reduces the importance of the electron correlation 
for an accurate calculation of the energies of electronic states. 
Such electronic excited states are often described as Wannier- 
Mott excitons (Banyai and Koch 1993; Basu 1997; Gaponenko 
1998; Jorio et al. 2008). Other systems, like molecular aggregates, 
«crystals, and certain proteins—namely, those involved in photo: 
synthetic energy transduction—have optical properties that are 
better described with reference to the molecular building blocks 
of the aggregate. The lowest electronic excited states of these 


aggregates are called Frenkel excitons (Kasha 1976). Conjugated 
polymers, now used in organic light-emitting diodes and dis. 
plays (LEDs), have excited states somewhere between these 
limits (Sariciftci 1997; Hadziioannou and Malliaras 2006). This 
relationship is illustrated in Figure 23.2, 

In the limiting case of Wannier-Mott excitons, it is 
assumed that the electronic interaction between the building 
blocks of the system—the atoms or unit cells—is large, akin 
toa chemical bond. In this case, orbitals that are delocalized 
over an entire system are a good starting point for describing 
one-electron states. Photoexcitation introduces an electron 
into the conduction orbitals, leaving a “hole” in the valence 
orbitals. Te Wannier-Mott description assumes that there 
are many electrons in the system, so the atomic centers are 
highly screened from the outermost electrons, that is, the 
dielectric constant is high. In that case, it is considered rea- 
sonable to assume that the electron and the hole move freely in 
the background dielectric continuum and are weakly bound. 
The strength of this electron-hole attraction determines the 
“binding” of the lower energy, optically allowed states com- 
pared to the dense manifold of charge carrier states that lie 
higher in energy. In this model, the electron and the hole move 
under their mutual attraction in a dielectric continuum, and 
then the exciton energy levels are found as a series analogous 
to the states of the hydrogen atom. Note that this model can 
be useful, but it must be realized that itis highly approximate 
(Scholes 20088), and its only able to give limited insights. The 
conceptual advantage of this model is that it converges to the 
free carrier limit where the electron-hole attraction is negli- 
gible compared to the thermal energies. It can thereby be seen 
how the photoexcitation of a bulk semiconductor exciton effi- 
ciently produces charge carriers, which is how a typical semi- 
conductor solar cell works. 
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synthetic antenna of purple bacteria, LH2, is an example of a molecular exciton, The absorption spectrum clearly shows the dramatic distinetion 
between the B800 absorption band, arising from essentially “monomeric” bacteriochlorophyll-a (Bchl) molecules, and the redshifted B850 band 
that is attributed tothe optically bright lower exciton states ofthe 18 electronically coupled Behl molecules. (b) The siz-scaling of polyene proper 
ties, for example, oligophenylenevinylene oligomers, derives from the size-limited delocalization of the molecular orbitals. However, asthe length 
of the chains increases, disorder in the chain conformation impacts the picture for exciton dynamics. Absorption and fluorescence spectra are 
shown asa function of the number of repeat units. c) SWNT size and “wrapping” determine the exciton energies. Samples contain many differ. 
cent kinds of tubes, therefore optical spectra are markedly inhomogeneously broadened. By scanning excitation wavelengths and recording a map 
of fluorescence spectra, the emission bands from various different CNTs can be discerned, as shown. (Courtesy of Dr. M. Jones). (2) Rather than 
thinking in terms of delocalizing the wavefunction of a semiconductor through interactions between the unit cells, the small size of the nanocrys- 
tal confines the exciton relative to the bulk. Size-dependent absorption spectra of PbS quantum dots are shown. (Adapted from Scholes, G.D.and 
Rumbles, G., Nat, Mater, 5, 683, 2006.) 


In order to further understand the formation of excitons in 
nanoscale systems, we will examine the case of semiconduc- 
tors as a model system. The optical properties of semiconduc- 
tor nanostructures lie in an intermediate regime between a 
‘molecular and a bulk description. In a bulk semiconductor, the 
dimensions of the system are practically infinite compared to 
the dimensions ofthe carriers (electrons and holes). In this case, 


the wavefunctions, which are standing waves in the material, 
are spread over an infinite number of unit cells (the repeat unit 
in a crystal), and the carriers (electrons and holes) are free par- 
ticles. The density of states for the bulk material is continuous, 
as shown in Figure 23.3a. Note that in the case of a bulk semi- 
conductor, the density of states for both the hole and the electron 
are continuous. These two continuous regions are separated by 
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Delocalized basis Localized basis 


Quantum dots Conjugated organic materials Supramolecular assemblies 


FIGURE23.2 Collective properties of nanoscale materials modify the optical properties, sch as the wavelength and the dipole strength for light 
absorption. The elementary excitations are known as excitons. Excitons are formed through the collective absorption of light by two or more repeat 
‘units in a crystal, a molecular assembly, or a macromolecule. Wannier excitons are typical of atomic crystals, semiconductor quantum dots, aro- 
‘atic molecules, CNTs, conjugated polymers, and so on, Supramolecular assemblies, including J-aggregates and photosynthetic light-harvesting 
antennae, typify Frenkel excitons—excitons in which the repeat units retain their identity to a significant degree, 
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FIGURE 23.3 Idealized representation of the density of electron states for (a) a bulk semiconductor system (3D) and a semiconductor system 
confined in (b) one dimension (a 2D system), (confined in two dimensions a 1D system) and (4) confined in all three dimensions (a 0D system). 
In the bulk case, the energy levels form a continuous band. With increasing confinement, the density of states becomes more discrete, resulting in 


the delta functional form of the density of states in the OD case. 
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the bandgap in which the density of states goes to zero for an 
ideal system. The bulk system is infinite in all three dimensions. 
‘The effect of spatially confining the electrons and holes in one, 
two, or three of those dimensions is to change the density of 
states. The spatial confinement of the electrons and holes in one 
dimension means that the wavefunctions of those particles are 
‘quantized in that same one dimension. However, the electrons 
and holes are not confined and can move freely in the other two 
dimensions. This is similar to the concept of a plane as a two: 
dimensional object in a three-dimensional space. Examples of 
these two-dimensional systems with a spatial confinement in 
‘one dimension are nanometer-height thin films and quantum 
‘wells. The quantization of the electrons and holes in one dimen- 
sion changes the density of states from the bulk continuum toa 
step-type function, as shown in Figure 23.36, Similarly, spatial 
confinement of the electrons and holes in two dimensions results 
in the quantization of the particles in those same two dimen. 
sions. In these systems, called quantum wires, the electrons and 
the holes can only move freely in one dimension. The quantiza~ 
tion in two of three dimensions results ina farther change in the 
density of states, which becomes more discrete with individual 
peaks as shown in Figure 23.3c. Finally, the spatial confinement 
of the electron and the hole in all three dimensions results in 
‘quantization in all three dimensions. In this case, the density of 
states is discrete and takes the form of delta functions, as shown 
in Figure 23.34. These systems are called quantum dots and are 
discussed in more detail later in this chapter. 

‘The physical confinement in one, two, or three dimensions 
changes the boundary conditions imposed on the wavefunctions 
and quantizes the behavior of the electrons and holes in one, two, 
or three dimensions. The boundary conditions associated with 
the spatial confinement of the wavefunctions, in turn, modify 
the density of states. The resulting change in the density of states, 
from a continuous band in the bulk to discrete levels in a quan- 
tum dot is analogous to the particle in a box model in quantum. 
mechanics. The physical dimensions required to spatially con- 
fine the electron or the hole depend on the size of the electron 
and hole wavefunctions. These are determined by the physical 
properties of the specific material and are usually on the order of 
‘one to tens of nanometers. 

‘The quantum confinement of the electron and the hole wave- 
functions modifies their interaction. ‘The spatially overlapped 
electron and hole wavefunctions can associate through an energy- 
lowering Coulomb interaction due to their relative negative and 
positive charges, forming an exciton. This association can be 
described in analogy to a hydrogen atom and, as such, the size of 
the exciton is described using a Bohr radius. Just ike the hydrogen 
atom, the lowest energy set of states is comprised of closely bound 
electron-hole pair configurations. These are the bound exciton 
states, which are the optically active states of the system (those 
that absorb and emit light). They tend to be clearly distinguished 
from a band of many higher energy states, which do not absorb 
light, but are the nanoscale-free carrier states (Scholes 2008). 

“Theenergy separation between the lowestenergy-exciton states 
and the onset of the carrier states is called the exciton-binding 
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FIGURE 23.4 Confining the electron and the hole in a potential 
results in the formation of a hydrogen-like exciton and bound exciton 
states, The binding of the exciton is mediated through the Coulomb 
interaction 


energy. We can think of the exciton-binding energy as the 
energy required to ionize an exciton. Notably, this ionization 
energy is significantly reduced compared to small, molecular 
systems because of the many different ways that the electron and 
the hole can be separated. The exciton-binding energy, medi- 
tated by an attractive Coulomb interaction, can also be thought 
of as the energy reduction associated with forming an exciton 
as compared to the energies of the free electron and hole con- 
fined in the three-dimensional potential. This exciton-binding 
energy shifis the positions of the energy levels. The exciton in a 
three-dimensional potential and the associated exciton levels are 
shown in Figure 23.4 

‘The binding energy of excitons is a topic of widespread inter- 
est, especially because of its relevance to photovoltaic science. 
In high dielectric constant bulk-semiconductor materials the 
exciton-binding energy is typically small: 27meV for CdS, 
1SmeV for CdSe, 5.1 meV for InP, and 4.9 meV for GaAs. The 
small exciton-binding energies of these materials make them 
well-suited for photovoltaic applications because the optically 
active exciton states absorb light, then the ambient thermal 
energy (-25meV) is sufficient to convert the exciton to free 
carriers. Thus, the potential energy of the absorbed photon 
is converted to an electrical potential. On the other hand, in 
molecular materials, the electron-hole Coulomb interaction is 
substantial—usually a few eV. In nanoscale materials, we find a 
middle ground where exciton-binding energies are significant 
in magnitude—that is, excitons are important. 

‘As an example, the valence and the conduction orbitals of a 
single-wall carbon nanotube (SWCNT) are shown in Figure 23.5. 
‘These are typical 1D densities-of-states as were introduced in 
Figure 23.3. If the electrons were non-interacting, then the lowest 
excitation energy of a SWCNT would be the same as the energy 
gap between the highest valence orbital and the lowest conduc- 
tion orbital. Infact, this is the energy corresponding to the onset 
of carrier formation. Suitable quantum-chemical calculations 
introduce interactions between the electrons in these various 
orbitals, which captures the electron-hole attraction and thus 
leads to a significant stabilization of the excited states relative to 


Color 
The addition of filters to create a full colordisplay 
is shown in simplified form in Figure 17-13. 


Figure 17-13. Th 
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Red, green, and blue are almost always used as 
primary colors for transmitted light, because the 
combination of different intensities of these RGB 
primaries can create the appearance of many 
colors throughout the visible spectrum. They are 
said to be additive primaries, as they create 
brighter colors when they are combined. The 
principle is illustrated in Figure 17-14 


The use of the word "primaries" to refer to red, 
green, and blue can cause confusion, as full-color 
printed materials use a different set of reflective 
primaries, typically cyan, magenta, and yellow, 
often with the addition of black. In this CMYK 
system, additional layers of pigment will absorb, 


ig all three additive 
tion af white light. This 
monitor with 


or subtract, more visible frequences. See 
Figure 17-15, 
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FIGURE 23.5 The attractive interaction of electrons and holes in a 
CT (represented by the model at the top of the figure) results in the 
formation of excitons. This sta 

“orbital energy difference, lowering the energy of the optical gop. 


izes the excited states relative to the 


‘those estimated with the more primitive model of orbital energy 
differences. That gives the correct energy of the optical absorp- 
tion bands. The energy difference between the orbital energy 
difference and the optical gap is the exciton-binding energy. It 
has been predicted for SWCNTs to be ~0.3~0.5eV (Zhao and 
‘Mazumdar 2004), which was later confirmed by an experiment 
(Ma et a. 2005; Wang etal. 2005). 

‘Asa result of the nature of excitons, the optical properties of 
nanoscale systems provide an interesting link between the prop- 
erties of extended “bulk” systems and those of molecules. The 
study of excitons provides the opportunity for new insights into 
the behavior of nanoscale systems. For the rest of this chapter, 
‘we will focus on the properties ofa particular nanoscale system: 
semiconductor quantum dots. 


23.2 Nonlinear Optical Properties 
of Semiconductor Quantum Dots 


Quantum-confined semiconductor nanocrystals, or quantum 
dots, have been the focus of intense study over the past three 
decades due to their size-tunable optical properties and unique 
physical characteristics. This area of research was founded in the 
early 1980s when researchers at Bell Laboratories (Rossetti etal 
1983) in the United States and the Yoffe Institute (Ekimov et al. 
1980, Ekimoy and Onushchenko 1982; Efros and Efros 1982) in 
Russia (then the U.S.S.R) independently described the proper- 
ties of nanometer-sized semiconductor quantum dots. This work 
‘was quickly followed by studies on colloidal samples (Spanhel 
et al. 1987), leading to a further understanding of the optical and 
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physical properties of quantum dots. Within less than a decade, 
a basic theoretical framework to describe the observed proper- 
ties had been proposed and work was underway to explore the 
fundamental physics of these materials. 

Much of the early work on quantum dots focused on semi- 
conductor-doped glasses. These materials are characterized by 
broad size distributions and offer no possibility of control over 
the shape or the interface characteristics of the particles. The 
limitations of these doped glasses, particularly the broad size 
distribution that results in a large static inhomogeneity, masked 
many of the fundamental physical processes that were occur- 
ring in the quantum dots. However, the study of quantum dot 
systems underwent a revolution in 1993 when it was discovered 
that nucleation and a controlled growth of colloidal semicon- 
ductors could be achieved by injecting highly reactive organo- 
‘metallic precursors into a solvent system that coordinates to the 
colloid surface (Murray et al. 1993). This coordinating solvent, 
trioctylphosphine oxide, was an important discovery because 
it serves to arrest growth and stabilize the nanocrystals. This 
method allowed a simple and reproducible synthesis of high 
quality, nearly monodisperse cadmium chalcogenide nanocrys- 
tal samples. This development led to an explosion in the field 
and opened new avenues for research and technology including 
increased processibility, the possibility of mass production, and 
chemical manipulation for tailored shape control. In particular, 
this reliable method of making high-quality samples allowed 
the exploration of phenomena that had been previously unob- 
servable due to static inhomogeneity associated with broad size 
distributions. 

In addition to doped glasses and colloidal samples, there are 
epitaxially grown quantum dots. While colloidal nanocrystals 
tend to be sized in the range of 1-10nm in diameter, epitaxial 
dots, which are grown on solid substrates, may be a couple of 
nanometers in height but with lateral dimensions of tens of 
nanometers. The physics of these materials differ from colloidal 
samples in some fundamental ways; however, the basic proper- 
ties associated with quantum-confined nanocrystals apply to all 
three types of quantum dots. Different aspects of these proper- 
ties have been explored in many comprehensive reviews. For 
instance, a review of the electronic properties was presented by 
Yotfe (1993, 2001). The optical nonlinearities of semiconductor 
nanocrystals were reviewed by Bant’s group (Banfi et al. 1998). 
Research on semiconductor quantum dots has evolved from 
fundamental science (Alivisatos 1996; Empedocles and Bawendi 
1997; Klimov 2000; Klimov et al. 2000a,b) to lasing and ampli- 
fication (Klimov 2006; Klimov et al. 2007), optical power limit- 
ing (He et al. 2007a,b), biological imaging (Bruchez et al. 1998; 
Dubertret et al. 20025 Larson et al. 2003; Michalet et al. 2005) and 
labeling (Seydack 2005), sensitization (Dayal and Burda 2008), 
and optical switching (Etienne et al. 2005; He etal. 2005). 

‘One of the defining features of a semiconductor is the band- 
gap, which separates the conduction band and the valence band. 
When a semiconductor material absorbs light, an electron is 
promoted from the valence to the conduction band. The wave- 
length of light absorbed and emitted from a semiconductor 
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material is determined by the width of the bandgap. In semi- 
conductors, when an electron moves from the valence to the 
conduction band, the resulting gap left in the valence band is 
called a hole. An exciton can be formed through an energy- 
lowering Coulomb interaction between the negative electron 
and the positive hole. In analogy with the hydrogen atom, the 
spatial extent of the exciton wavefunction is described by a 
‘quantity called the exciton Bohr radius. Asa result ofthe three 

dimensional spatial confinement of the exciton wavefunction, 
the density of states becomes discrete, as described earlier in the 
chapter. The position of these states, and therefore the energy 
‘of the gap, depends on the spatial confinement of the exciton, 
‘which is determined by the physical size of the nanocrystal. To 
a first approximation, this quantum-confinement effect can be 
described using the particle in a box or a simple quantum box 
model (Efros and Efros 1982; Brus 1984), in which the electron 
motion is restricted in all three dimensions by impenetrable 
walls. For a spherical nanocrystal with radius 2, the quantum 
box model predicts that the size-dependence of the energy gap 
is proportional to 1/R, indicating that the energy of the low- 
est transition increases as the nanocrystal size decreases. In 
addition, as described above, quantum confinement changes 
the continuous energy bands ofa bulk semiconductor into dis 

crete exciton energy levels. The exciton energy levels produce 
peaks in the absorption spectrum of quantum dots, which is 
in contrast to the continuous absorption spectrum of a bulk 
semiconductor (Alivisatos 1996). 

‘The colloidal quantum dots discussed here are composed of 
a semiconductor core surrounded by a shell of organic ligand 
‘molecules (Murray et al. 1993). The organic capping prevents 
the uncontrolled growth and agglomeration of the nanoparti- 
cles. It also allows quantum dots to be chemically manipulated 
as if they were large molecules, with solubility and chemical 
reactivity determined by the identity of the organic molecules. 
‘The capping also provides an electronic passivation of the nano- 
crystals by terminating the dangling bonds on the surface. The 
unterminated dangling bonds can affect the emission efficiency 
of the quantum dots because they lead to a loss mechanism 
where electrons are rapidly trapped at the semiconductor sur- 
face before they have a chance to emit photons. Using colloidal 
chemical synthesis, one can prepare nanocrystals with nearly 
atomic precision with diameters ranging from nanometers to 
tens of nanometers and a size dispersion as narrow as 5% stan- 
dard deviation. Because ofthe quantum-confinement effect, the 
ability to tune the size or shape of the nanocrystals translates 
into a means of controlling their optical properties, such as the 
absorption and emission wavelengths (Scholes and Rumbles 
2006; Scholes 2008a). 

Ina quantum dot system, the three-dimensional confinement 
‘modifies the Hamiltonian, adding a potential that restricts how 
far apart the electron and the hole can be. This forced spatial 
overlap changes the density of states as described earlier in the 
chapter. The interaction between the confined electron and the 
hole, mediated by a Coulomb potential, leads to the formation 
ofan exciton, which can be described in analogy to a hydrogen 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


atom where an electron interacts with a nucleus. As a result of 
the discrete character of the density of states in quantum dots, 
as shown in Figure 23.3d, the oscillator strength is concen- 
trated into those few transitions instead of being spread over a 
continuum of states. This means that the oscillator strength of 
the states in quantum dots is significantly enhanced. The con- 
centration of the oscillator strength into a few transitions also 
enhances the nonlinear optical properties of quantum dots as 
compared to the bulk (Shalaev et al. 1996). As a result of their 
enhanced nonlinear optical properties, synthetically control- 
lable size tunability and photostability, quantum dots continue 
to be of great interest both for fundamental research and device 
applications. One of these areas of research involves nonlinear 
two-photon absorption (2PA). 


23.3 Two-Photon Absorption 
in Semiconductor Quantum Dots 


‘Two-photon absorption in semiconductors is the simultane- 
ous absorption of two photons of identical or different fre- 
quencies required to move an electron from the valence to the 
conduction band. As opposed to the linear intensity depen- 
dence of one-photon absorption (IPA), 2PA depends on the 
square of the light intensity. Therefore, 2PA is a third-order 
nonlinear optical process and many orders of magnitude 
weaker than IPA. The 2PA coefficient, Bis directly related to 
the imaginary part of the third-order nonlinear susceptibility, 
x, by B=3nImy""'(Anjcey), where ng is the linear refractive 
index, ¢; is the dielectric constant in vacuum, 2 the laser wave- 
length, and c the speed of light in vacuum (Sutherland 2003). 
‘Compared to IPA, 2PA is associated with different selection 
rules for dipole transitions. For example, in CdSe quantum 
dots, one-photon transitions satisfy selection rules AL = 0, 22 
and AF = 0, #1 while two-photon transitions satisfy AL = +1, 
#3 and AF =, £1, £2, where L is the orbital angular momen: 

tum of the envelope wavefunction and F is the total angular 
momentum (Schmidt et al. 1996). Therefore, the comparison 
between IPA and 2PA spectza allows a more detailed optical 
analysis of electronic states in semiconductor quantum dots 
(Schmidt etal. 1996). For direct bandgap semiconductor quan- 
tum dots, a simple theory based on the effective mass approxi 

mation was proposed for both 1PA and 2PA (Fedorov et al 
1996). Although this simple model does not consider the mix- 
ing between the heavy and light holes bands, it works quite 
‘well for describing degenerate 2PA. Recently, this theory has 
been extended to obtain the analytical expressions for both 
degenerate and nondegenerate 2PA spectra of semiconductor 
quantum dots with the parabolic band approximation and 
Ep theory (Padilha et al. 2007) 

‘As the incident laser intensity increases, the 2PA in semicon: 
ductor quantum dots will be saturated due to the limited density 
of states of the quantized energy levels (He et al. 2005). If the 
allowed 2PA transitions are assumed to occur between the one 
atomic likeenergylevelin the conduction bandand the otherin the 
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valence band, the ensemble of quantum dots can be approximately 
treated as a two-level system, Since the semiconductor quantum 
dots are not uniform in size, the saturation of 2PA for such an 
inhomogeneous system may be derived as B(I) = / [1+ lalTeara 
(Sutherland 2003). The saturation intensity Jin quantum dots 
can be described quantitatively by an inhomogeneously broad 

ened, saturated 2PA model as (He et al. 2005b) 
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where 

4(g,)is the electronic degeneracy ofthe upper (lower state 

4, isthe half width at the maximum of the femtosecond laser 
pulse 

fois the photon energy 

Ny is the number density ofthe quantum dots in the sample 
‘material 

(2a) is the probability of « homogeneous clas of absorbers, 
witha central frequency of 20 


‘The quantity Aa is related to the dephasing time (T.) of the exci- 
tation, i,, the width of the homogeneous line shape. 

‘Two-photon transition does not involve a real intermediate 
state. The single photon energy is less than that of the quantum 
dots bandgap. So 2PA isa non-resonant optical nonlinearity. The 
2PA coefficients, B, can be determined by two-photon excited 
fluorescence, nonlinear transmission, Z scan, and pump-probe 
techniques (Sutherland 2003). For example, the differential equa 
tion describing the intensity change in a one-photon transparent 
but two-photon absorbing material is given by dlq/dz =—Bl3s 
where [is the peak intensity of the input laser beam inside the 
sample. The nonlinear transmission in such a material, excited 
by a focused continuous-wave (ew) Gaussian beam, can be 
expressed as follows (Sutherland 2003) 
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‘where ls the thickness of the quantum dot sample. A compari- 
son of the expressions for the energy transmittance of a cw top 
hat, pulsed Gaussian and sech? beam are available in Sutherland 
(2003). From Equation 23.2 one can see that at a given input inten- 
sity (J. level, if the nonlinear transmission value is measured, 
the B value can be readily determined. The 2PA coefficient B is a 
macroscopic parameter characterizing the quantum dot compos 
ite material. The intrinsic 2PA coefficient of quantum dots, Boo» 
can be derived as Bos =Beompouttt compte! (tan fe [f)» where 
‘f, isthe volume fraction of the quantum dots in the matrix and 
= 31 aul (1.q0 + 208 muna) is the local field correction that 
depends on the dielectric constant of the quantum dots and the 
‘matrix material. In addition, the 2PA cross section can be calcu. 
lated by the use ofthe definition: 6, = Bhw/N,. 
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‘Two-photon absorption in semiconductor quantum dots has 
many important potential applications, some of which are dis: 
cussed in more detail below. 


23.3.1 Biological Imaging 


Using quantum dot labeling, 2PA provides a possible way of per- 
forming biological imaging that is not possible by traditional 
one-photon methods as visible wavelengths cannot penetrate 
human tissue. As tagging materials, semiconductor quantum 
dots have advantages over fluorescent dyes, such as broad excita- 
tion and narrow emission bands, emission wavelength tunabil- 
ity, photostability, and enhanced brightness. The 2PA in robust 
water-soluble CdSe/ZnS core-shell quantum dots was found to be 
well-suited for use as fluorescent labels in multiphoton micros- 
copy for biological imaging (Larson etal. 2003). The near-infrared 
two-photon excitation of such quantum dots in the “tissue opti- 
cal window” (0.7-1.1 um), in which water and hemoglobin absorb 
very little light, allows the extensive imaging of living systems, 
making further developments in medical diagnostics possible. 


23.3.2 Amplified Stimulated 
Emission and Lasing 


Quantum dot lasers have potential advantages, such as a 
temperature-insensitive lasing threshold and wide-range color 
tunability. Due to the quantum-size confinement, the 2PA cross- 
sections in semiconductor quantum dots are enhanced com- 
pared to the corresponding bulk material. This allows for a lower 
lasing threshold with a 2PA pumping mechanism. In addition, 
quantum dot lasers with 2PA excitation in the “tissue optical 
window” have important application prospects on laser-assisted 
biological-medical diagnostics and therapy. Recently, upcon- 
verted laser emission from a solution-processed CdSe/CdS/ZnS 
quantum dot waveguide-resonant cavity has been successfully 
demonstrated with femtosecond excitation at a wavelength of 
800nm (Zhang etal. 2008), 


23.3.3 Optical Power Limiting 


Optical power limiting and stabilization can be used to protect 
sensitive equipment or to control noise in laser beams (He et al 
2008). In this case, the output laser intensity approaches a con- 
stant value when the input intensity increases beyond a cer- 
tain threshold, limiting the amount of optical power entering 
a system, Compared to optical-limiting materials based on 
organic chromophores, crystals, and polymers, semiconduc- 
tor quantum dots have a large 2PA cross section and better 
photostability. 


23.3.4 Two-Photon Sensitizer 


Semiconductor quantum dots are excellent sensitizers for near- 
infrared 2PA due to their large and size-tunable 2PA cross sec 
tions. For example, quantum dots linked to phthalocyanines 
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(Pes) can be excited using the 2PA of the quantum dots without 
any significant direct excitation of Pe molecules. In this case, 
Pes are electron acceptor molecules, and a near-infrared excita 
tion of the Pe molecules within the spectral therapeutic window 
(0.7-1.2um) can be realized via a two-photon sensitization of 
the quantum dot followed by an energy transfer tothe Pe (Dayal 
and Burda 2008). 


23.4 Conclusion 


Excitons in nanoscale systems, particularly in semiconductor 
‘quantum dots, provide a link between the bulk and the molecular 
regimes. In quantum dots, the discrete density of states associated 
with the exciton results in an increased oscillator strength in the 
‘optically active levels and an increased nonlinear cross section. 
‘The increased nonlinear optical properties of quantum dots pro- 
vvide an opportunity for novel devices and experimental applica- 
tions including those associated with 2PA. The unique properties 
‘of nanoscale excitons and the materials associated with them will 
provide inspiration and direction to future research, 
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24.1 Introduction 


‘The discovery of fullerenes (Kroto et al. 1985) and the experi 
mental evidence ofthe so-called magic cluster sizes (Knight et al 
1984, de Heer 1993), more than 25 years ago, were at the origin 
‘of unceasing investigations on small clusters and nanoparticles 
and have contributed to the emergence of nanosciences, at the 
crossing point of several branches such as physics, chemistry, 
‘or even biology. In view of their high surface-to-volume ratio, 
clusters possess properties, different from those of bulk matter, 
that are very sensitive to their size and shape, rendering them 
very attractive from both the fundamental and technological 
points of view. In particular, the metallic species of afew nano 
meters in diameter disclose electronic properties intermediate 
between those of molecular systems and those of bulk matter. 
‘Whereas the sparse energy levels are quantized in atoms and 
molecules and continuously distributed in the energy bands 
of the crystal (Ashcroft and Mermin 1976), they tend to bunch 
together in metallic clusters and thus pattern the so-called elec- 
tronic shells. This shell structure was evidenced experimentally 
(magic sizes) in the early 1980s in several metals (de Heer 1993) 
and nicely interpreted in the frame of the jellium model (Brack 
1993). However, it was shown that magic size can also be cor 
related with atomic shell closures (Martin 1996) and even that 
both electronic and geometric structures may compete with 
‘each other, depending on the temperature (Martin et al. 1990). 
‘The optical properties of metallic clusters being directly 
underlain by their electronic structure, their optical study is, in 
this respect, of fundamental interest. For the rest, the fascinating 
colors of glasses doped with metallic powders have been known 
for ages even if their origin long remained mysterious. The 


synthesis of such materials is utilized since antiquity in the art 
of making jewels, ornamental glassware, or stained glass in the 
Middle Ages. One can quote the famous cup of Licurgus (Barber 
and Freestone 1990) from the fourth century AC (appearing 
red in transmission and green in reflection) or the stained: 
glass windows of the Chartres Cathedral in France. The color- 
ful shade of these materials (such as glass ruby) was discovered 
empirically and various colors were obtained during the seven- 
teenth century by alchemists, metallurgists, or glassworkers. For 
instance, Glauber mentions that purple can be obtained by pre 
cipitating gold from its solution in aqua regia with a solution of tin 
compound (Hunt 1976). It was however only in the nineteenth 
century that their optical properties started to become more sys- 
tematically studied by Faraday who succeeded in producing gold 
colloids by reducing gold salts (Faraday 1857b) and showed that 
color effects are intimately correlated to the size and morphol- 
ogy of colloids. In the Bakerian lecture (Faraday 1857a), Faraday 
spoke about the experimental relations of gold to light in the fol- 
lowing terms: “Light has a relation to the matter which it meets 
with in its course, and is affected by it, being reflected, deflected, 
transmitted, refracted, absorbed, &c. by particles very minute in 
their dimensions.” In the lineage of Faraday, Zsigmondy worked 
on colloidal suspensions and set up the ultra-microscope based 
on the scattering of particles observed in dark field by illuminat- 
ing the material to be viewed with a light source placed at right 
angle to the plane of the objective (Zsigmondy 1926). In 192: 
Zsigmondy was awarded the Nobel Prize for Chemistry for his 
work on the heterogeneous nature of colloidal solutions. 

(On a theoretical point of view, the pioneering experiments by 
Faraday have been interpreted later by Mie (1908) who solved 
Maxwell’s equations of a metallic sphere in a homogeneous 
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medium submitted to an external electromagnetic field (plane 
wave). Mie showed that the original properties of metallic 
nanoparticles are a consequence of the “dielectric confinement” 
(imited volume of the material) of particles whose sizes are 
smaller or ofthe same order as the wavelength of the excitation 
field. At the same time, Maxwell-Garnett developed an effec- 
tive field model (Maxwell-Garnett 1904) in order to describe 
the optical properties of a medium containing “minute metal 
spheres.” The main feature in the optical extinction spectra of 
small metallic clusters is the emergence ofa giant resonance in 
the near UV-visible range, called surface plasmon resonance 
(SPR) that is related to the collective motion of the conduction 
electrons induced by the applied field. This resonance is clearly 
noticeable only in the case of simple metal (alkali, trivalent) and 
noble metal (god, silver, and copper) clusters. Its spectral posi 
tion and width depend on the morphology of the particles (size, 
shape, and internal structure for alloyed systems), but also on 
their dielectric environment (medium in which the particles are 
‘embedded, local neighborhood) (Kreibig and Vollmer 1995). The 
development of numerous cluster sources (Sattler et al. 1980, 
‘Smalley 1983, Milani and de Heer 1990, Siekmann et al. 1991) in 
the 1980 enabled to probe the intrinsic properties ofthe clusters 
‘of very small size for which quantum size effects were expected. 
From a fundamental point of view, alkali clusters constitute a 
perfect model owing to their simple electronic structure and 
hhave been widely studied in the gas phase (Pedersen etal. 1991, 
Blanceet al. 1992, Bréchignac et al. 1992, de Heer 1993). However, 
they are immediately oxidized in contact with air once deposited 
‘ona surface, and thus are not suitable for applications. In spite 
of their more complex electronic structure, noble metal clusters 
in solution or embedded in a transparent matrix are more prom- 
ising for potential applications because they are more robust 
toward oxidization. By varying the morphology, structure, or 
environment of these clusters, their optical response may be 
more or less controlled, making them attractive in several areas 
(linear and nonlinear optics [Kreibig and Genzel 1985], nano: 
materials, nano-photonics, plasmonics, biosensors. (Raschke 
etal. 2003). Conversely, asthe optical response is closely linked 
with the electronic structure, the SPR can also be used as a 
probe of the structure of metallic clusters, especially bimetallic 
systems or nanoalloys. Furthermore, the exaltation of the elec- 
tromagnetic field in the vicinity of the particle can be exploited 
to increase the coupling of molecules with light, for developing 
biological markers for instance (McFarland and Duyne 2003). 
Until the past few years, most of the experiments in this field 
‘were performed on cluster assemblies, and except the inves- 
tigation of size-selected clusters in the gas phase, the results 
are blurred by averaging effects due to the unavoidable cluster 
size and shape dispersions in samples (Kreibig and Vollmer 
1995, Cottancin et al. 2006). To overcome this drawback, new 
methods of spectroscopy have been developed within the past 
10 years, in order to study a single nanoparticle (Tamaru etal 
2002, Raschike et al. 2003, Arbouet et al. 2004, Dijk etal. 2006, 
Billaud etal. 2007). This has opened up a new field of research, 
allowing for instance to investigate reliably more complex 
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nano-objects or to study in detail shape effects on the optical 
response best than ever. 

‘The aim of this chapter isto give some keys to understand the 
linear optical properties (absorption, scattering, and extinction) 
of metallic clusters and nanoparticles" and to present the state 
of the art of the research in this field. Section 24.2 deals with 
the theoretical description of the optical response of a metallic 
particle submitted to an external field. After a brief focus on the 
optical response of a bulk metal, particular attention is paid to 
the dipolar approximation that is appropriate for clusters sizes 
much smaller than the wavelength of excitation. Size, shape, and 
structural effects that can be expected are then fully discussed. 
The case of small clusters, for which quantum finite size effects 
are expected, is concisely sketched, disregarding the case of very 
small clusters (below 100 atoms per cluster) for which ab initio 
calculations are necessary (Rubio et al. 1997, Bonacic-Koutecky 
et al. 2001, Harb et al. 2008). Finally, the broad outlines of the 
Mie theory required to describe the optical response of larger 
nanoparticles are given. 

Section 24.3 is divided into three subsections. The first one 
briefly sets out various methods for producing clusters together 
with spectroscopic techniques for probing their optical prop- 
erties. The second one gives an overview of the major results 
obtained on simple and noble metal clusters concerning size, 
shape, and multipolar effects in clusters and nanoparticles 
Ilustrations are taken equally from results obtained for cluster 
assemblies or single nanoparticle. Finally, the case of bimetallic 
clusters is described to illustrate the possibility of using the SPR 
asa structural probe 


24.2 Theoretical Description 


24.2.1 General Considerations on Bulk Metals 


In the bulk phase, the close packing of atoms involves an overlap 
of their outer atomic orbitals that strongly interact. This leads to 
a broadening of the discrete levels of the free atoms into bands 
(a continuum of electronic states), of very high density of states 
in metals. In this last case, the highest occupied energy band is 
called the conduction band and is filled with electrons originat- 
ing from the outermost atomic orbitals. These electrons weakly 
interact with the ionic cores, and can be considered as quasi-free 
particles. They are delocalized in the metal and responsible for 
most of electrical and thermal transport properties. The highest 
occupied energy level in the conduction band (not completely 
filled in metals) isthe Fermi level e, for which the electron veloc 
ity is the Fermi velocity v;. Lower-energy atomic orbitals will 
give rise to deeper energy bands (valence bands) in the solid, 
In noble metals for instance, the highest of these bands origi- 
nates from the nd atomic orbitals (n = 3, 4, for Cu, Ag, and Au, 
respectively). It is narrow owing to its weak hybridization with 


"The term cluster” is generally reserved for sizes lower than a few nano: 
rcters in diameter, whereas the term "nanoparticle" is used inthe range 
between a few nanometers toa few hundreds of nanometers, 
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the conduction band (Figure 24.1). When a metal interacts with 
light, it may absorb a photon of energy hv promoting an electron 
from an occupied state to an unoccupied state, the latter being 
located in the incompletely filled conduction band. As for the 
occupied state, it belongs either to the conduction band or to the 
valence band. In the first case, the corresponding transition is 
called “intraband” transition and occurs in the infrared (IR)~ 
visible range. The second case corresponds to “interband” tran. 
sitions that can occur only if the photon energy is larger than 
the limiting value hQ,, corresponding to the energy threshold 
required for reaching the Fermi level from the top of the valence 
band (see Figure 24.1) In simple metals like alkali or trivalents, 
this threshold is out of the optical domain (near UV-visible 
near IR). Thus, only optical transitions within the conduction 
‘band may occur. For noble metals, ilies in the UV-visible range 
and interband transitions may happen in the visible-UV range 
(see Figure 24.1). The energy threshold occurs in the UV range for 
silver (i, ~ 4eV, 2,,~ 310nm) and in the visible range for gold 
and copper (hi, ~ 1.9eV, dy, ~ 650m). 

‘The optical response of the metal can be described entirely by 
its dielectric function e(@), which reflects its electronic struc: 
ture. If a metal is submitted to an external electromagnetic 
(EM) field E = E, costa) = R(Ee"™'), itis polarized such that 

s polarization (defined asthe dipolar moment per volume unit) 
isP = e,xE, where e, is the vacuum permittivity and x the dielec- 
tric susceptibility. The displacement vector can then be written 
as D =e, +P = e,e(o)E, where eo) = 1 + x(0) denotes the 
relative dielectric function which is characteristic of the metal. 
‘A part of the response may be in phase with the exciting field 
(c.cos(et)), whereas the absorption effects induce a response in 
‘quadrature phase (ct sin(«). Therefore, the dielectric function 
can be decomposed into a complex form & =, + ie,. Let us recall 
that itis directly correlated to the optical index of the medium, 
he AE, in which mis the refractive index and x the 
extinction coefficient (Fox 2001). 1 
non-absorbing. 


anti 


lye iS real if the medium is 
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Inthe case of simple metals, the Drude model (Drude 1900a,b, 
Ashcroftand Mermin 1976), developed originally to explain why 
metals are good conductors of het and electricity, mains suc- 
cessful to interpret their optical properties uch as the fact that 
metals are good reflectors for frequencies lower than a thresh- 
old frequency, called plasma frequency (Fox 2001). This model 
‘makes the basic assumption that most of the metal properties can 
be explained in first approximation by those of the conduction 
electronsif they are considered as independent and quasi-ree. In 
this frame, when an oscillating electric field is applied, the free 
electrons oscillate and undergo collisions with other particles 
(electrons, ions, defects) with a characteristic scattering time 
= (1/9, where x, i the average collision rate of electrons. Since 
the electrons are independent, their global response isthe sum of 
all individual responses. By applying the principle of dynamics 
for an electron of effective mass mand charge ~c, one obtains: 


(24) 


where 7 is the complex position vector of the electron. One can 
easily solve this equation and deduce the polarization in the 
metal: 


£05 


a (24.2) 
molo+iy,) 


where p is the number of electrons per volume unit (electronic 
density) and 


2. 


(24.3) 
Yas 


the plasma angular frequency that is introduced to inter- 
pret the high reflectivity of metals (Fox 2001) for frequencies 
lower than ©. 
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FIGURE 24.1 (Left) Schematic diagram ofthe transition from diserete el 
als. (Right) Schematic density of states for the (n ~ 1)d and ns-p bands (le) 
in the metal is almost parabolic. As the atoms are brought closer together, 


Jectronic evels in atoms to electronic bands inthe solid for noble met 
) of noble metal, The ns-p band corresponding to quasi-ree electrons 
their outer orbitals begin to overlap with each other and their strong. 


interaction involves the formation of energy bands. Optical transitions inside the s-p band take place in the IR-visible range whereas interband 


transitions between the d-band and the conduction band may occu in the 


visible-near UV range. 
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FIGURE 24.2 Real and imaginary partse, and ¢, of the dielectric function of silver (let) and gold (right). Comparison between the Drude model 


(gray lines) and the experimental measurements of Johnson and Christy (1972) (squares) The influence of d-core electrons is patent in the imagi- 
nary part of ¢ where an increase of, appears around 1,9 for gold and 4eV for silver corresponding to the interband transition threshold hi, 


‘The so-called Drude dielectric function can then be written as 
(see also Figure 24.2) 


oF 


(0) =1- ea 


(24.4) 
(fy,<0) 


‘This model is well suited to reproduce the dielectric function of 
simple metals, but in the case of noble metals, another term has 
to be added to the dielectric function in order to account for the 
polarization of the core electrons. The dielectric function then 
takes the following form: 


sy ry? =e? se, 045) 
where €” denotes the component of the dielectric function asso 

ciated with the conduction electrons and well described by the 
Drude model (D). It is related to the electron excitations inside 
the conduction band. e is related to interband (IB) transitions 
and depicts the contribution of the core electrons (d-electrons 
mainly) to the metal polarizability (Ashcroft and Mermin 1976) 
Figure 24.2 displays a comparison between the dielectric func 

tion calculated with the Drude model and the measured one, for 
{gold and silver. fan almost clear agreement is observed in the IR 
range (below I-1.5 eV), the experimental values distinctly deviate 


from the calculated ones in the visible-UV range, because of the 
interband transition contribution. The steep increase in €, cor- 
responds to the interband transition threshold hi, In the case 
of copper (not shown here) the increase is steeper than in gold. 
Itoccurs at slightly higher wavelengths and is at the origin of the 
difference of the color of these two metals. As €,(«) and €,(@) are 
connected to each other with the Kramers-Kronig relationship 
(Ashcroft and Mermin 1976), the influence of interband transi 
tions also explains the disagreement observed in the real part of 
£e(«) between the Drude model and the experiment, the difference 
being larger in gold because of the proximity of the IB transitions. 


24.2.2 Optical Properties of Confined 
Metallic Systems 


24.2.2.1 Scattering, Absorption, and Extinction 

In general, light is absorbed and scattered by a particle (see 
Figure 24.3). Absorption corresponds to the energy dissipation 
(heating) in the particle, whereas scattering is an elastic interac- 
tion of the wave with the particle ‘The EM field is reradiated by 
the particle in the whole space without a change of wavelength 
(Rayleigh scattering). If one assumes a particle in a homoge- 
neous transparent medium (of dielectric function €,) submit- 
ted toan incoming plane wave E, = E,e'**-*" 
1, = (0/2)c€. Jem! (units: W-m), the absorption and scatter- 
ing cross sections (units: m’) are defined as the ratio between 
the absorbed power Ws, (unit: W) (cespectively the scattered 


power W,,) and the intensity : 6, = Wa/I, and 6, = Wa 


of average intensity 


Optical Properties of Metal Clusters and Nanoparticles 24-5 


Detector 


oars 


FIGURE 24.3 Schematic view of light absorption, scattering, and extinction of a particle. (Top) A particle excited by an incident plane wave 
reemits a part ofthe incident power by seatering (W,) and absorbs the power W,. An in-axis sensor placed far away from the particle detects the 
incident power minus the lost power related to extinction. The detector is far enough for neglecting adirect collection of the forward seattered light. 
(Bottom) Naive picture ofthe extinction cross section 6.,, corresponding to the loss induced by the presence ofa spherical particle inthe course of 


the plane wave. 6..:may be smaller or larger than the apparent surface ofthe particle aR 


‘The extinction cross section, related to the total power lost in 
the propagation direction of the incident plane wave far away 
from the particle, is defined as the sum of both absorption and 
scattering cross sections: 6, = Oi, + Gy This can be viewed 
naively in terms of perfectly opaque transverse areas shadowing 
the incoming plane wave (see Figure 24.3). It should be empha- 
sized that, depending on the wavelength, 6,,, may be different 
from the mere geometrical apparent area of the particle (see 
Figure 24.3) 

In the case of metals, in particular simple and noble metals, 
the dielectric confinement gives rise toa giant resonance (called 
SPR or Mie resonance) in the UV-visible range due to collective 
electronic excitations. It will be shown that the dielectric con- 
finement refers to as classical size effects 


24.2.2.2 Dipolar or Quasi-Static Approximation 
Let us consider a spherical metallic particle of radius R embed- 
ded in a transparent medium of real dielectric function & 
submitted to an incident EM field E, = E,e"“'-*°, whose diam: 
eter is very small as compared to the wavelength of excitation 
(diameter @ < 2). In this approximation, called quasi-static 
approximation, the spatial variations of the field inside the 


f e-ut-En 


particle can be ignored and the field can be written as B() 
(see the smaller particle in Figure 24.4). Moreover, as will be 
shown below, the scattering is negligible as compared to absorp- 
tion for diameters below 20-40.m (depending on the element) 
and Gu, Fs 

In the presence of the EM field, the small metallic sphere 
is polarized (see Figure 24.4). By solving the Poisson equa- 
tion in the absence of free charges (AV(7) = 0) inside and out- 
side the particle, and considering the boundary conditions 
at the interface, the internal field is shown to be as follows 
(Bobren and Huffman 1983, Berthier 1993): B,, = 3e,/(€ + 2£,) 
E(), and the external field can be viewed as the sum of the 
incident field and the one created by a fictitious point dipole 
PlO,t)= 4ne,2,,R°((e~e,.M€+2€,))E(t) = a@)E (0), where 
() is the dynamical polarizability (it is the reason why 
the quasi-static approximation is also called dipolar approxi- 
mation). The mean power dissipated inside the particle can be 
expressed in terms of the imaginary part of the dynamic polariz- 
ability (component in quadrature phase with the incident field 


Si (FOB u(t) de 
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elo) = e+e 


FIGURE 24.4 Metallic sphere of dielectric function e(0) in a transparent medium of real dielectric function ¢, submitted to an external field 
E = Ee, Case ofa small particle of diameter «the particle doesnot fee the spatial variations ofthe electric field this isthe quasi-static 
or dipolar approximation. The metalic sphere is polarized and the surface charge distribution creates a dipole. Case of a large particle of diameter 
(6~ A: the spatial variations ofthe field inside the particle induces a more complex surface charge distribution, leading to multipolar modes like the 
displayed quadrupolar mode (se Mie theory Section 24.2.2) 
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2 nd finally the absorption cross section 


or 


takes the following form: 


where j(t)= pei 


“(4 ’} (o) 
6 AS Jes 2en) + eOy 


oul) (246) 


where c denotes the velocity of light. 
In general €,(©) is relatively small in the case of simple and 
silver metals in the UV-visible range and 6,,,(@) is strongly 
enhanced when 
£,(0) +26, =0 47) 
‘This condition named resonance condition may be fulfilled for 
metals for which the real part of the dielectric function e,(0) is 
negative (see Figure 24.2). The correlative resonance phenom: 
enon is known as the SPR or Mie resonance and corresponds 
to the collective oscillation of the conduction electrons relative 
to the ionic background. By using Equations 24.4 and 24.5, the 
spectral position of the SPR can be approximately deduced from 
the resonance condition Equation 24.7. One obtains 


Ose ~ on (24.8) 
fel ars) + 2m 


‘This equation indicates that the frequency resonance depends 
both on the material through «and e!", and on the medium in 
‘which the particle is embedded through ¢,. In alkali metals, as 
the IB transitions are negligible, one gets in vacuum (€,, = 1) the 
simple relation (ye = nl, which generally holds for a per. 
fectly conducting metallic sphere 

It can be underlined that, in the frame of the quasi-static 
approximation, the extinction and scattering cross sections can 
be deduced directly from the Mie theory inthe small-size range 
(Bohren and Huffman 1983). They take the following form at the 
lowest order: 


(24.9) 
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2} (€0)-en)' +20 4.10) 
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6,,,varies with as 1/A+ (Rayleigh-scattering) (A = (2nc/«) being 
the wavelength in vacuum) and exhibits the same resonance con: 
dition as the absorption cross section. For a given nanoparticle 
of diameter R, (6,,,/6..) = (R/A). In the dipolar approximation 
(@ <2) the extinction is clearly dominated by absorption (6, 
i, = Ox, [Comparison of Equations 24.6 and 24.9)). 


24.2.2.3 Intrinsic Size Effects 
24.2.2.3.1 Dielectric Function of a Confined Metal 


Except a mere volume factor, it is clear from Equation 24.6 
that no size effects are predicted in the dipolar approximation, 
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However, in this description, the dielectric function of the parti- 
cle was assumed to be the one of the bulk. Actually, some modi- 
fications of the metallic dielectric function are expected because 
of confinement. Indeed, in a confined system, the collision 
rate of electrons is modified because of surface scattering that 
reduces the mean free path of electrons (Kreibig and Fragstein 
1969, Kreibig and Genzel 1985, Kreibig and Vollmer 1995). The 
extra-scattering rate scales at y/€, where vis the Fermi electron 
velocity and ¢ the limited mean free path for electron motion (of 
the order of the particle radius). Fora spherical particle of radius 
R, the collision rate can be written as 


R)=Y.+ 4) 


where gis the surface-scattering coefficient whose value is about 
unity (Kreibig and Vollmer 1995). The modification of the col- 
lision rate with size induces a modification of e(@,R). The 
dielectric function is then e(,R) =£(o,R) +e!"(,c0)~1, where 
£#((, 9) refers to as the interband dielectric function. 

In the dipolar approximation, this size dependence of the 
dielectric function induces a size variation of the absorption 
cross section, as illustrated Figure 24.5 in the case of copper, sil- 
ver, and gold clusters embedded in alumina. The main features 
in the spectra are a damping and broadening of the SPR with 
decreasing size. For gold and copper, slight red-shift of the res- 
nance is expected within the frame of this model, which is not 
observed experimentally due to quantum size effects (Cottancin 
et al. 2006) as will be shown in the following section. 

‘This phenomenological size evolution of €(«,R) may be recov- 
ered from a simple quantum approach of confined electrons in 
an infinite potential well (Kubo model [Kawabata and Kubo 
1966)). Nevertheless this simple model is too crude to give an 
interpretation of the size effects observed in small alkali and 
noble metal clusters (except silver) because an infinite potential 
well cannot lead to the well-known spillout of electrons beyond 
the classical radius of clusters. 


242.2.3.2 Quantum Size Effects 
In the classical Mie theory, the electronic density p,(r) perfectly 
matches the positive ionic charge, but quantum calculations 
(Brack 1993) predict a significant overflow of electrons beyond 
the classical radius* of the cluster Re ="%5N?”. Because of the 
finite depth of the potential wel, the electronic density does not 
vanish beyond the cluster radius R, (exponential decay). This 
spillout corresponds to an increase of a few angstroms of the 
effective cluster radius (conduction electron cloud) that becomes 
significant in small clusters (@ < 5nm). In particular, it has a 
great influence on the optical properties of metallic clusters, 
especially on the size evolution of the SPR spectral position. 


* Keeping in mind that the Wigner-Seitz radius r, is correlated with the 
volume occupied by a conduction electron (V, =(4/3)nr) in the bulk, 
fone can easily deduce that the classical radius ofa cluster containing N. 
conduction electrons i: Re = nN!" 


light source, indi 


or, or display > reflective > LCD 


The complete range of colors that can becreated 
as a combination of primaries is known as the 
‘gamut. Many different RGB color standards have 
been developed, the two most widely used be- 
ing sRGB (almost universal in web applications) 
and Adobe 1998 (introduced by Adobe Systems 
for Photoshop, providing a wider gamut). None 
of the available systems for color reproduction 
comes close to creating the full gamut that can 
be perceived by the human eye, 


Backlighting Options 
For monochrome LCDs, electroluminescent 
backlighting may be used. It requires very low 
current, generates very little heat, and has a uni- 
form output. However, its brightness is severely 
limited, and it requires an inverter that adds sig- 
nificantly to the current consumption. 


For full-color LCDs, fluorescent lights were orig- 
inally used. They have a long lifetime, generate 
le heat, and have low power consumption. 
However, they require a relatively high voltage, 
and do not work well at low temperatures. Early 
flat screens for laptop computers and desktop 
monitors used cold-cathode fluorescent panels. 


Subsequently, white light-emitting diodes 
(LEDs) were refined to the paint where they gen- 
erated a range of frequencies that was consid- 
ered acceptable. Light from the LEDs passes 
through a diffuser to provide reasonably consis- 
tent illumination across the entire screen. LEDs 
are cheaper than fluorescent panels, and allowa 
thinner screen, 


High-end video monitors use individual red, 
green, and blue LEDs instead of a white back- 
light. This eliminates the need for colored filters 
and produces a wider gamut. So-called RGB LCD 
monitors are more expensive but are preferred 
for professional applications in video and print 
media where accurate color reproduction is es- 
sential. 


Zero-Power Displays 
Some techniques exist to create LCDs that re- 
quire power only to flip them to and fro between 


How to Use It 


their transparent and opaque states. These are 
also known as bistable displays, but have not be- 
come as widely used. They are similar in concept 
to e-ink or electronic paper displays, but the prin- 
ciple of operation is different. 


How to Use It 


Solong as an LCD consists of just one numeral, it 
canbe driven by justonedecoder chip thattrans- 
lates a binary-coded input into the outputs re- 
quired to activate the appropriate segments of 
the LCD. The evolution of multi-digit displays, al- 
phanumeric displays, dot-matrix displays, and 
graphical displays has complicated this situation 


Numeric Display Modules 
An LCD consisting of a single digit is now a rare 
item, as few circuits require only one numeral for 
‘output. More commonly, two to eight numerals 
aremounted together ina small rectangular pan- 
el, three or four numerals being mast common. 
Atypical digital alarm clock uses a four-digit nu- 
mericdisplay module, incorporating a colon and 
indicators showing AM/PM and alarm on/off. 
Other numeric display modules may include a 
minus sign. 


Modules that are described as having 3.5 or 4.5, 
digits contain three full digits preceded by a nu- 
meral 1 composed of two segments. Thus, a 3- 
digit module can display numbers from 000 
through 999, while 3.5-digit display can display 
numbers from 000 through 1999, approximately 
doubling the range. 


Numeric display modules of the type described 
here do not contain any decoder logic or drivers. 
‘An external device, such as a microcontroller, 
must contain a lookup table to translate a nu- 
meric value into outputs that will activate the 
appropriate segments in the numbers in a dis- 
play, with or without decimal points and a minus 
sign. To avoid reinventing the wheel, a program- 
mer may download code libraries for microcon- 
trollers to drive commonly used numeric display 
modules. It is important to remember, though, 
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FIGURE 24.5. Size evolution of the theoretical absorption cross sec- 
tion oj, versus energy within the classical Mie theory in the dipolar 
approximation, taking into account the reduction of the mean free path 
in the particle, for copper, silver, and gold clusters embedded in porous 
alumina (€, = 2.7). (From Cottancin, E. et al, Theor. Chem. Acc, 116 
514, 2006,) 


‘Ona quantum basis, the metallic clusters ofa few nanometers 
in diameter are usually described by the standard jellium model 
(Brack 1993) in which the conduction electrons of a spherical 
cluster in vacuum are quantum mechanically treated, whereas 
the granular ionic structure is replaced by a spherical, homoge. 
‘neous, positive-charge distribution: the jellium (of total positive 
charge Q). The problem to be solved is then the one of N. elec- 
trons interacting together and with the potential created by the 
positively charged jellium. For r< Ry, the interaction potential 
energy between an electron and the jellium is equal to 


o 


e 


‘The first term corresponds to the potential of a harmonic oscil- 


where Os 


Into of angular frequency ay (the SPR frequency in vacuum) 
in the case of simple metals for which e =O (ee Equation 243), 

‘The resolution ofthe problem may be achieved inthe frame 
ofthe density functional theory (DFT) by solving self-consis- 
tently the Kohn-Sham equations (Hohenberg and Kohn 1964, 
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FIGURE 24,6 Schematic view of the jellium model: the ionie back: 
ground is replaced by a homogeneous positive charge distribution 
with which the conduction electrons interact. (Right, top) Geometrical 
aspect of the jellium (dark gray) and the electron spillout (ight gray). 

(Bottom) Corresponding evolution of both ionic (blackline) and elec 

tronic (gray line) densities versus r. The electronic density overflows 
beyond the classical cluster radius this isthe so-called spillout 


Kohn and Sham 1965). When convergence is reached, the sys- 
tem can be considered formally as equivalent to a system of 
N,-independent electrons moving in an effective central poten- 
tial V.g(0) of finite depth. The most relevant results obtained in 
this framework are the electronic shell and supershell struc- 
tures explaining the famous magic sizes, the beating patterns 
(Pedersen et al. 1991, Pellarin et al. 1995) and the rise of the 
spillout (see Figure 24.6) whose profile is almost independent of 
cluster size (Brack 1993). The interaction of a cluster with light 
may be investigated in the frame of the random phase approxi- 
mation (Yannouleas et al. 1989) (RPA) or in the frame of the 
time-dependent local-density approximation (Eckardt 1985) 
(TD LDA), both using the jellium model. These formalisms 
account for the quantum size effects ignored in the classical 
approach. Figure 24.7 shows for instance results obtained with 
the TD LDA for the magic sizes of sodium clusters in vacuum, 
For small clusters (N’ < 100), the absorption spectrum is broad 
and highly structured. This fragmentation of the plasmon band 
is due to a phenomenon known as Landau damping and can be 
explained in a simple manner in terms of a discrete state (the 
plasmon) coupled to a continuum (Cohen-Tannoudji et al. 1996) 
(one-electron excitations). When the cluster size increases, the 
fragmentation persists, but the oscillator strength is concen- 
trated in an ever-narrower spectral range around the plasmon 
frequency, adopting a quasi-Lorentzian distribution. A red-shift 
of the SPR with decreasing size is also observed, in qualitative 
agreement with experimental spectra obtained for alkali clus- 
ters as will be shown in the following section. 

This red-shift of the resonance obtained through quan- 
tum calculations is intimately linked to the increasing spillout 
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FIGURE 24.7 Absorption cross sections of sodium clusters calculated 
uusing the quantum TDLDA formalism within the framework of 
the jellium model. The gray line curve is the classical result obtained 
with the sodium dielectric function caleulated with the Drude model 
(¢, = 0.208nm). Spectra with thin lines for N = 58,138,1284 were caleu- 
lated using a smoothing parameter 10 times smaller (Perez et al 2007). 
“The spectra are highly structured at small sizes and red-shifted as com- 
pared to classical predictions. They gradually converge toward the clas- 
sical predictions (gray dotted line) as the size increases. (Prom Perez, A. 
et al, Nanoscience, Clusters and Colloids, Springer Verlag, Berlin) 
Heidelberg, Germany, 2007) 


influence. This correlation may also be viewed through a simple 
classical argument by considering the expression of the Plasmon 
angular frequency in vacuum js = (@p/y3). 

Recall that «) = ype*/(m.e, be the spillout 
parameter. The effective electronic cluster radius can be written 
as R, = Re +3, =1,N1? +8,. Asthe electronic density is the ratio 
between the number of electrons and their occupied volume in 
the cluster ((4/3)RR?), the angular frequency is approximately 


and let 


(24.12) 


‘The profile of the spillout being almost constant with the size, 
this relation shows that the SPR frequency shifts toward lower 
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energies with decreasing size. ‘The increasing influence of the 
spillout with decreasing size is pertinent to explain the red-shift 
of the SPR in alkali clusters. In the case of noble metal clusters, 
the screening of the core electrons (especially the d-electrons) 
and its modification near the cluster surface plays also a key role 
(see Section 24.3) that induces a blue-shift in copper and gold 
and a quenching of the resonance shift in silver (Lermé et al 
1998b, Palpant etal. 1998, Celep et al. 2004) 

Let us recall that the case of very small clusters (a few tens 
of atoms per cluster) requires ab initio calculations (Bonacic 
Koutecky etal. 1991, Rubio et al. 1997, Bonacic-Koutecky etal 
2001, Harb et al. 2008) and would demand a large development 
that is not the subject ofthis chapter. 


24.2.2.4 Shape and Structure Effects 


24.2.24.1 Influence ofthe Shape on the Optical 
Properties of Clusters 

‘The optical response of clusters is noticeably modified by their 
shape when they deviate from a perfect sphere. For instance, 
in the case of ellipsoids, the degenerate SPR splits into as many 
SPRs as the different principal axes of deformation (three in 
general and two for spheroids). Although quantum calcula- 
tions account well for these shape effects (Clemenger), they can 
be more easily understood in a classical approach assuming a 
quasi-static approximation. If the system exhibits a sufficient 
symmetry, like an ellipsoid, the problem can be solved analyti 

cally. Consider an ellipsoid of a metal of complex dielectric func~ 
tion €(@) in a medium of dielectric constant ¢,,. In the frame of 
the quasi-static approximation, the Maxwell equations can be 
solved in ellipsoidal coordinates (Bohren and Huffman 1983). 

‘Taking into account the boundary conditions at the metal- 
external-medium interface, the absorption cross section for a 
light polarization along the principal axes i = x, y,z (correlated 
to the semi-axes a,b, cof the ellipsoid [see Figure 24.7]) can be 
expressed as (Bohren and Huffman 1983) 


£:(0) 
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(4/3)nabc is the volume of the ellipsoid. The relation 
is similar to the one obtained for a sphere except for the addi 
tional geometrical factor: 


with ,=@1,=b,L= 6 
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‘The sum L, + L, + L,= 1 and fora sphere L, = (1/3) 

The optical response exhibits three resonances associated 
with the three principal axes of the ellipsoid if the excited 
light is not polarized. For a light polarization directed along 
the axis i, the resonance condition is in a first approximation: 
Le \({yq)+ (1-1), =0 and the resonance occurs at 
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In the case of a spheroid for which two semi-axes are equal 
(= c <a: prolate or a < b = c: oblate), the geometrical factors 
are analytically correlated to the aspect ratio (see Figure 24.8) 
of the spheroid (Bohren and Huffman 1983). 

‘The influence of the shape on the optical extinction cross 
section is displayed in Figure 24.8 for silver prolate and oblate 
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nanospheroids. In both cases, two resonance modes appear on 
each side of the resonance of the sphere of equivalent volume, 
the difference between both modes being al the more important 
as the aspect ratio is small. The resonances, red- or blue-shifted 
as compared to the resonance of the sphere, are correlated to the 
electronic motion along the large axis or the small axis of the 
particle. Experimentally, if the measurements are performed 
on non-oriented cluster assemblies all the resonance modes are 
observed and the resulting optical response is the sum of the 
responses along each axis, Actually, the shape influence is easier 
to investigate experimentally on single nanoparticles. 
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FIGURE24.8 Shape evolution ofthe SPR for spheroidal silver clusters embedded in siica (n= Jéq/~1.5)In each case, as one axis is degenerate 
the optical eaponse give rise to two resonances. The volume ofthe patil is constant and corresponds to the volume of aspherical particle of 
20nm in diameter (s) Evolution ofthe maximum ofthe SPR versus the ratio between the small axis andthe large ais (prolate and oblate cae). 
“The gray and white points correspond tothe white and gray arrows indicating the polarization direction ofthe incident light, respectively. (b) SPR 
foe diffrent aspect ratios = (fin silver casters embedded in silica (prolate case), Depending on the ight polarization direction (ee arrows} 
two resonances shifted as compared tothe resonance obtained in the spherical cas (blak line) may be excited (ray and blak citls) When the 
light polarization direction is along the large axis ofthe partite, the resonance is red-shifted, wheres itis bie shifted if the particle is excited 


along its small axis, the smaller the aspect ratio, the larger the shift 
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24.2.2.4.2 Influence of Chemical Structure 
‘The optical response of metallic nanoparticles not only depends 
‘on their size and shape but also on their internal structure that 
can be heterogeneous. This is, for example, the case of mixed 
clusters made of several species (two for simplicity) in various 
proportions. Consider two chemical structures: a more or less 
homogeneous bimetallic alloying or a full spatial segregation 
of both metals (core/shell structure for instance). In the case of 
alloyed structures, the main difficulty is the knowledge of an 
effective dielectric function to use as an input for calculating 
the optical response. Ifthe dielectric function has not been pre- 
viously determined on corresponding alloys in the bulk phase 
(by optical measurements for instance), it is usually taken as 
the weighted average of the dielectric function of each constit: 

uuent. But this hypothesis is crude because it assumes that the 
constituents are randomly segregated in nanodomains, each of 
them being described by a dielectric function taken as the one 
of the bulk phase. For alloyed structures at an atomic level, this 
approach may fail because the effective dielectric function of the 
alloy may be very different from those of each component. 

‘The only structure for which calculations are currently feasible 
is the segregated core/shell structure that may develop in some 
particular systems. The problem can be solved exactly in the dipo: 
lar approximation for spherical or ellipsoidal shapes, and may be 
‘generalized to multi-shell structures. By solving Maxwell’s equa- 
tions and applying the successive boundary conditions on each 
interface, one can deduce the extinction and scattering cross sec- 
tions. For a spherical core/shell cluster of core radius R,,,. and 
total radius R composed of two materials (with core and shell 
complex dielectric functions €, and €,, respectively), the cross 
sections take the following form (Bohren and Huffman 1983) 


here f, = (Ry/R) is the volume ratio between the core and 
the chister. 

Such calculations can be performed on various bimetallic 
clusters or in the case of nanohybrid systems (dielectric-metal 
or semiconductor-metal). The reduction of the mean free path 
in the core and in the shell may be also taken into account 
(Grangvist and Hunderi 1978). As an illustration the opti- 
cal response of a nanoshell containing a water core and a sil 
ver or copper shell embedded in water is displayed in Figure 
24.9 for various shell thicknesses. This calculation, made in the 
frame of the dipolar approximation, is valid only for relatively 
small particles (Bohren and Huffman 1983). The most impor- 
tant feature in the spectra is a large red-shift of the resonance 
when the thickness of the metal decreases. In the case of cop 
per, the SPR, damped and broadened in the full metal cluster, 
is progressively uncoupled from interband transitions (and thus 
enhanced) when the ratio between the thickness and the total 
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radius decreases. A very similar evolution is expected fora gold 
nanoshell (Jain and El-Sayed 2007). One can also notice that for 
small shell thicknesses the resonance occurs at the same spec: 
tral range independently of the material silver, copper, or gold). 
Such systems are very interesting because the position of the 
plasmon resonance can be easily tuned in the visible range by 
adjusting the shell thickness, which is very convenient for poten- 
tial applications in medicine (Weissleder 2001), 


24.2.2.5 Beyond the Dipolar Approximation: 
‘The Mie Theory 


‘As emphasized before, when the size ofthe particle is very small 
compared to the wavelength of the exciting field, light scatter- 
ing is negligible and the absorption cross section can be appro: 
priately calculated by assuming the quasi-static (or dipolar) 
approximation. On the contrary, for large sizes as compared to 
the wavelength, the spatial distribution of the field amplitude in 
the particle volume cannot be disregarded (see the larger particle 
in Figure 24.4). One has to resort to the Mie theory for calcu- 
lating the optical properties of particles subject to an incoming 
plane wave of angular frequency (. This theory allows to deter: 
mine the absorption and scattering cross sections, as well as the 
angular scattering pattern, of homogeneous spherical particles, 
‘of any radius, embedded in a homogeneous non-absorbing 
medium of dielectric function ¢,. 

‘The theory (Bohren and Huffman 1983, Lermé et al. 2008) 
may be shortly sketched as follows. In a homogeneous medium 
the electricand magnetic field, E and H respectively, both satisfy 
the equations V7'= 0 (zero divergence) and V7 + kV =0 (vec- 
tor Helmholtz wave equation), where k = (0e(«),}is the wave 
‘vector in the medium and V stands for E or H (€(0) = €gex(6) in 
the particle and e(() = €,, outside the particle) In the Mie theory 
the incident, internal and scattered fields are expanded on the 
two sets of appropriate vector functions Wf,, and N,, (referred 
toas “the vector spherical harmonics”) satisfying both previous 
‘Maxwell equations in the relevant homogeneous medium. These 
vvector functions can be expressed in spherical coordinates (the 
origin being the particle center), and written as follows: 


Mag( PK) = K pa XL, kr PTcos(@)expline)] 


NaaGFA) = 20% Maal 


where 
the Pi"(0)sareassociated Legendre polynomials (1 
-nS msn) 
2,(kr) are either spherical Bessel functions of the first kind 
jkr) (involved in the incident and internal electromag- 
netic field expansions), or spherical Hankel functions of 
the first kind h(kr) (involved in the scattered field expan- 
sion, for ensuring the outgoing wave radiation condition, 
‘and N,, are then denoted Mf, and N 


123,05 


Bigg, 1 


Ky, isa numerical factor 
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FIGURE 24.9 (See color insert following page 20-14.) Evolution ofthe absorption cross section ofa nanoshell of silver (top) or copper (bottom) 
in the dipolar approximation versus energy (eft) or versus wavelength (right) for various thicknesses ofthe shell. The core is filled with water and 


the external medium is also water (n = 1.33). The dielectric functions of copper and silver have been extracted from Palik (1985-1991). The co 
respondence between the energy in eV and the wavelength in nmis E (eV) 


thickness takes the following values: e= R ~ R, 


) = 1239.85/h (nm) The total radius ofthe cluster isalways 15nm and the 


4,3:2; Lnm corresponding to ratios between the shell thickness and the total cluster radius: 


(e/R) = 0.33; 0.27; 0.2; 0.13; 0.07. The spectra in black correspond to the fully homogeneous cluster. 


‘The three involved fields (incident, scattering, and internal 
fields) can then be expressed as follows: 


E@= y > (Pann + Gama 


[Min * Bam 
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‘Owing to the orthogonality properties of the vector spheri- 
cal harmonics, the four boundary conditions expressing the 
tangential continuity of the electric and magnetic fields at the 
surface of the sphere lead to a one-to-one relationship between 
the six various expansion coefficients corresponding to a given 
(1, m)-index set. For a given index set, they result in four linear 
algebraic equations allowing the expansion coefficients of the 
internal and scattered fields to be determined as a function of 
those characterizing the incident field. A mere proportionality 


relationship is obtained first between Py» dy» ANd Cyys anid SeC~ 
fond between Gunn Bw and dyqs the coefficients depending on 
£(0), Ey R, jo), and f(x) (and their derivatives) for x= AR or 
X= kyR. Finally, the integration of the flux of the Poynting vec- 
tor over a sphere enclosing the particle allows one to obtain the 
energy dissipated per second by scattering and absorption and 
thus extinction, and consequently the cross sections. All these 
observables can be expressed in terms of the expansion coeffi- 
cients of the three involved fields: 


on- 3 dhe + fnf he 
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‘The vector spherical harmonics are defined according to 
Appendix A in reference Lermé etal. (2008). 
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Silver nanoparticles in water 
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FIGURE 24.10 Extinction (bold black line), absorption (gray line), and scattering (thin black line) cross sections calculated for silver clusters of, 
diameter 6 in water (n= 1.33) in the frame of the Mie theory. The dielectric function of silver is extracted from Johnson and Christy (1972). For 
small sizes extinction is dominated by absorption (for @= 15 um absorption and extinction are identical), whereas scattering becomes predominant 


for larger sizes. 


Figure 24.10 gives the results of the Mie theory for silver 
nanoparticles of various sizes embedded in water (n = 1.33) 
A red-shift ofthe resonance with increasing size, which is corre- 
lated to multipolar effects, is clearly evidenced. Such size effects 
are sometimes referred to as extrinsic size effects (Kreibig and 
Vollmer 1995). The resonance is very different from the one 
expected in the quasi-static approximation and scattering is 
seen to be fastly dominant in the optical response for larger sizes. 
Notice that the spectra for smaller sizes do not involve surface 
effects and are thinner than the ones obtained previously since 
the modification ofthe collision rate at the cluster surface has not 
been included here (Section 24.2.2.3). Forlarger sizes, a shoulder 
appears at about 375m, which corresponds to the quadrupolar 
‘mode. This quadrupolar mode only appears in the absorption 
cross section for a diameter of about 60nm. Experimentally, it 
hhas been observed in silver nanoparticles embedded in silica 
glass (p. 289 from reference Kreibig and Vollmer (1995)), but it 
is easier to observe on single nanoparticles (Billaud etal. 2007) 

‘The Mie theory can be generalized to spherical core/shell 
structures and extended to. several interacting spherical 
nanoparticles excited by an incident plane wave. In this latter 
case, the field felt by the particle is then the sum of the applied 
field and the fields scattered by the other particles. The optical 
response can be auto-coherently resolved. It should be empha: 
sized that in addition to the analytical approaches, numerous 
‘numerical methods exist to deal with the particles of any shape 
or size (Kahnert 2003) or with pairs of nanoparticles in interac 
tion (Romero, 2006). This subject arouses a large interest but is 
out of the range of this chapter. 


24.3 Experimental Results: 
State of the Art 


This section gives a brief outline of the main results obtained 
in this field of investigation through some illustrations on size, 
shape, and multipolar effects observed in simple and noble metal 
clusters. But first, the most common methods for producing 
clusters and some techniques for performing their optical spec 
troscopy are described, 


24.3.1 Nanoparticle Synthesis 


Clusters and nanoparticles can be synthesized either by chemi- 
cal or physical processes. The former have been known for a long 
time and allow producing clusters in solution, in matrices or 
deposited on various substrates. The latter have been developed 
for almost 30 years. 


24.3.1.1 Chemical Methods 


Chemical methods can be classified into two main routes: 
the formation of clusters in glasses or the colloidal synthe- 
sis. The former has been worked out from antiquity and con- 
sists in including metallic powders and some reducing agent 
in a melting glass, which is then fastly cooled down in order to 
obtain a homogeneous glass doped with metal in an oxidized 
or ionic state (Doremus et al. 1992, Kreibig and Vollmer 1995, 
Shiomi and Umehara 2000). Various thermal or irradiation 
treatments are further applied to induce metallic reduction and 
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the growth of metallic nanoparticles embedded in a transparent 
glass. This technique is nevertheless limited to noble metals with 
2 low concentration (10-*to 10), but this is the only one giving 
volumic nanostructured glasses. The solgel technique (Brinker 
and Scherer 1990) is an alternative to elaborate such composite 
‘materials but only in the form of thin films. It consists in trans 

forming a solution of precursors (solid particles in suspension: 
the sol) into a polymerized gel containing metallic ions on vari- 
ous substrates (by dip-coating, spin-coating, or pulverization). 
‘Afier drying, the films are thermally treated (annealed under 
reducing atmosphere, UY, or laser irradiation) allowing the 
reduction in metallic nanoparticles. This technique enables to 
prepare noble and transition metal clusters (Nogami etal. 1995, 
Deetal. 1996, Canut et al. 2007) of sizes between a few nanome 

ters to a few tens of nanometers embedded in various matrices 
with concentration ranging from 10° to 10"! 

‘The second route is the colloidal technique (Link and 
El-Sayed 1999), which has known a large development within 
the past decades for elaborating self-organized nanostructures. 
‘The standard way consists in reducing metallic sats in aqueous 
solution at intermediate temperatures (300-400K) thanks to 
reducing agents. The addition of organic compounds adsorb- 
ing on cluster surfaces will stabilize and control the growth 
reaction. The final cluster diameter is controlled by the nature 
and the concentration of the reagents (organic compounds and 
reducing agents): it can vary from a few nanometers to a few 
hundreds of nanometers. By this way, bimetallic clusters can 
also be prepared in the form of alloyed or segregated struc- 
tures (Papavassiliou 1976, Torigoe et al. 1993, Liz-Marzan 
and Philipse 1995, Link et al. 1998). The optical properties of 
colloids are investigated either in solution or once they have 
been deposited on a substrate. However, they can be also 
transferred into the gas phase, with an electrospray source for 
instance, and then analyzed through mass spectrometry. They 
can even be deposited after an accurate selection of their size 
(Rauschenbach et al. 2006, Battger etal. 2007). More recently, 
new methods have emerged allowing a reduction of the size 
dispersion that is a prerequisite for cluster self-assembling. By 
those ways clusters are generally passivated with ligands or 
surface-active molecules having an hydrophilic head and an 
hydrophobic chain (surfactants). Depending on their shape, 
related to the ratio between the head size and chain length, 
these molecules may form direct or reverse dynamic micelles 
(Pileni 1989) that can be viewed as molds in which nanopar- 
ticles can be chemically synthesized. For instance, the reverse 
micelles form aqueous droplets in nonaqueous solution that 
serve as nanoreactors for the cluster growth (Lisiecki and 
Pileni 1995, Lisiecki et al. 1996). By adding anions that adsorb 
con clusters, the final cluster size may be accurately controlled. 
Moreover, the shape may be also monitored by taking advan 
tage of a selective adsorption on the various faces ofthe cluster 
during the growth. The mean size of the so-produced clusters 
is of a few nanometers in diameter, and nanorods, nanodisks, 
or nanowires may be obtained as well. This process reduces 
considerably the size dispersion and is thus a suitable way to 
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generate 2D or 3D superlattices (Schmitt et al. 1997, Courty 
et al. 2001) that are model systems for investigating the influ- 
ence of the cluster interactions on their optical or magnetic 
properties. 


24.3.1. Physical Methods 


An alternative way to generate clusters is the physical route. 
‘Two main approaches are usually considered. The first starts 
with the production under vacuum of an atomic vapor (ther- 
mal heating, laser ablation, etc.) that is further deposited on a 
suited substrate (de Heer 1993, Perez et al. 1997, 2001). Taking 
advantage of their diffusion on the surface, atoms can meet or 
be trapped on defects so as to form nucleation seeds that fur- 
ther grow under the form of clusters by the subsequent capture 
of other mobile atoms. This gives rise to 2D assemblies of clus- 
ter islands with size and shape dispersions that are generally 
difficult to control accurately. The atoms can also be depos- 
ited simultaneously with a dielectric matrix in which they are 
trapped and isolated. A further thermal treatment may then 
promote diffusion in the matrix volume so as to induce their 
grouping and the formation of embedded clusters. In this way, 
thin nanostructured films can be obtained (3D arrangement), 
but the cluster size and concentration are hardly controlled 
independently. It must be stressed that such samples can also be 
obtained, before annealing, by implanting high-energy metal- 
lic ions in a preformed thin film. A second method allows an 
independent and easier control of the cluster size and volumic 
concentration. It consists in directly producing clusters in the 
gas phase and depositing them on a substrate simultaneously 
with an embedding matrix. The available sources generating 
cluster beams work generally on the following principle (de 
Heer 1993): a metallic vapor obtained for instance by heating a 
metal in an oven is mixed with an inert gas to induce the clus- 
ter nucleation and growth. Then, the mixture undergoes an 
expansion through a nozzle giving birth to a continuous cluster 
beam. Depending on the temperature and pressure conditions 
in the source, the size range may strongly vary from a source 
to another one (seeded supersonic beam sources [Larsen et al 
1974], Sattler sources [Sattler et al. 1980), etc). Instead of a 
‘metallic vapor, a plasma can be produced by lasers (pulsed laser 
‘vaporization sources [Smalley 1983, Milani and de Heer 1990)), 
by an electric discharge (PACIS sources [Siekmann et al. 1991)), 
or by magnetron sputtering (Hahn and Averback 1990). Cluster 
growth takes place during the high cooling of the plasma with 
an inert gas and the so-formed clusters may be charged or neu- 
tral. The main advantage is that clusters of refractory metals or 
alloys may be produced. Moreover, the cluster size distribution 
can be varied by controlling the inert gas pressure in the source 
(Richtsmeier etal. 1985). 

‘The co-deposition technique of preformed clusters by the 
so-called low-energy cluster beam deposition (LECBD) has 
proven to be one of the most efficient technique for elaborat- 
ing nanostructured thin films for optical as well as for other 
investigations. Here we mainly focus on the optical studies of 
supported nanoparticles, but it must be emphasized that many 
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experiments have been carried out on free cluster beams pro- 
duced by sources such as those mentioned before. This will be 
‘outlined in the following, 


24.3.2 Techniques of Optical Spectroscopy 


Metallic clusters may be optically investigated either in the gas 
pphase or in nanostructured films. In the former, several meth: 
‘ods are available to probe their optical response such as photo: 
dissociation, multiphoton ionization (MPI) or photo-depletion 
spectroscopy (Kreibig and Vollmer 1995). They are of particular 
importance as they allow to get information about their elec- 
tronic structure. The principle of such methods is the following: 
‘a cluster absorbs a given number of photons of known energy, 
and its desexcitation leads to the appearance of atleast two reac- 
tion products (electrons, ions, or neutral fragments) that are 
detected and counted by mass spectrometry. The nature of these 
products and the wavelength dependence of their counting rates 
«give insight into the electronic structure of the primary cluster. 
MPI is rather devoted to very small clusters (of a few atoms), 
‘whereas beam depletion spectroscopy can be extended to larger 
clusters. By using size-selected cluster ion beams and detect- 
ing the fragment-size distribution, it is also possible to deduce 
photo-absorption cross sections (Bréchignac et al. 1992, 1993). 

Concerning embedded clusters (samples of nanostructured 
films or of colloids in solution), the general setup to investigate 
their optical properties is composed of a light source directed 
through the sample and detectors for the measurements of the 
incident, transmitted, reflected, and scattered light that may be 
analyzed with a grating monochromator (Fox 2001) (see Figure 
24.11), The transmittivity T yields the extinction of light corre- 
lated to absorption and scattering losses. 

For small clusters, the scattering being negligible with respect 
to absorption, the transmittivity directly reflects absorption 
(if the thin film reflectivity R can be neglected) through the 
Beer-Lambert law: T=(I,/I,)=e*, where Ky, = (4n/A) 
(0), x being the imaginary part of the effective optical index 
of the composite sample. This effective optical index may be 
estimated through effective medium theories, for instance the 
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Maxwell-Garnett theory developed in the frame of the dipolar 
approximation for small embedded spheres and valid for low- 
vvolumic particle concentrations (<10%). Note that the particles 
can be considered almost isolated from each other if the volu- 
‘mic metal proportions are lower than a few percents. The optical 
response can then be compared to the expected response of a 
single cluster in a transparent medium. Of course, this requires 
an accurate characterization of the matrix in which the clusters 
are embedded. On the other hand, in the case of weakly absorb- 
ing thin films, in particular when the resonance is strongly 
damped as is observed in small clusters), the reflectivity can no 
longer be neglected and multilayer effects (Fabry-Pérot fringes) 
may blur the intrinsic response of the embedded clusters. To 
get rid of this spurious effect, a simple trick consists in using 
p-polarized light under Brewster incidence when measuring 
transmission (Cottancin et al. 2003). 

All these measurements are carried out on cluster assemblies 
and the optical response corresponds to the average response 
of all the probed clusters. ‘The unavoidable geometry fluctua- 
tions in the samples make delicate a precise determination of 
their specific properties. To overcome this difficulty the clusters 
ray be size selected (Issendorff and Palmer 1999, Alayan et al 
2004) before co-deposition, but shape and environment fluctua- 
tions will persist. Another approach developed within the past 
10 years aims at investigating a single deposited or embedded 
metallic nanoparticle. It requires highly sensitive spectroscopic 
methods since the optical density of the sample is considerably 
lower than in conventional nanostrutured films. Such investiga 
tions may be achieved through near-field or far-field microscopy. 
Indeed, when a particle is excited by an incident field, the dif 
fracted field gives rise to evanescent waves in the vicinity of the 
particle and propagating waves far from the particle. In near-field 
microscopy an optical fiber tip is used as a probe of the field near 
the particle. By scanning the position of the tip on a sample, a 
‘map of the surface covered with deposited nanoparticles may be 
recorded, but the resolution is still limited by the tip size. In this 
way, gold nanoparticles of 20nm in diameter have been detected 
(Klar et al. 1998). However, the interaction between the tip and 
the nanoparticles prevents a straightforward deduction of the 
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particle intrinsic properties. Far-field is more convenient as the 
‘obtained response is easier to compare with theory. To “bypass” 
the Rayleigh criterion, the basic idea is to isolate nanoparticles 
from each other by depositing them with very low concentration 
(less than one particle per square micrometes) tobe sure that only 
‘one particle will be shined by a highly focused light beam. The 
most widespread technique isthe dark field confocal microscopy 
allowing the measurement of single-nanoparticle scattering and 
Which can be viewed as an improvement of the ultramicroscope 
of Zsigmondy. The high sensitivity is obtained by using high 
numerical aperture refractive objectives with a mask (Dijk etal 
2006) or reflective objectives, both generating a shadow cone in 
Which the scattered light can be collected with a negligible back- 
‘ground signal. Nevertheless, as the scattering varies as V*, such 
investigations remain restricted to particles larger than 20nm in 
diameter (Tamaru et al. 2002, Raschke et al. 2003). On the other 
hand, interferometric methods have been also developed to detect 
smaller nanoparticles (Lindfors etal. 2004, Berciaud et al. 2005). 
Besides scattering experiments, it is aso possible to detect the 
overall extinction of light by a nanoparticle in a transmission 
‘measurement configuration, just as in conventional spectropho 
tometers. Using tightly focused light beams in a confocal geom- 
etry, an increased sensitivity may be reached thanks to a spatial 
‘modulation of the sample and a lock-in detection (Arbouet etal 
2004, Muskens et al. 2006, Billaud et al. 2007). The main advan- 
tage of this technique is that it enables the absolute measurement 
of the extinction cross-section if the incident field distribution 
in the focal plane is accurately characterized. Finally, it should 
be noticed that scattering or extinction measurements on single 
nanoparticles may be correlated to their electron microscopy 
mages by using substrates compatible with optical measurements 
and electron microscopy (Tamaru et al. 2002, Bllaud et al. 2008). 


24.3.3 Experimental Results 


‘This last section draws up some of the major experimental 
results relative to size and shape effects on the optical proper- 
ties of metal clusters, emphasizing the role of the SPR asa probe 
of the internal structure of the cluster material. Because of the 
‘wealth of publications in this field for 20 years, the relevant state 
of the art will not be exhaustive. A more complete bibliography 
may be found in the appendix of Kreibig and Vollmer (1995) as 
‘well as in the references list cited below. 


24.3.3.1 Size and Shape Effects in the Optical 
Response of Metal Clusters 

24.33.11 Alkali Clusters 

Letus first examine the experimental results concerning the SPR 
in alkali clusters. As mentioned before, alkalis are the simplest 
metals and their clusters represent ideal model systems that were 
‘widely studied during the 1990s. Because of their high sensitivity 
toward oxidization, most of the corresponding experiments were 
usually performed on cluster beams in the gas phase through 
photo-evaporation or depletion spectroscopy (Bréchignac et al 
1992, 1993, Borggreen et al. 1993, Pedersen et al. 1993). In all 
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cases (lithium, sodium, potassium), the optical spectra are dom- 
inated from very small sizes (-8 atoms) by a broad absorption 
peak (the SPR) qualitatively similar to the classical predictions of 
the Drude model. Nevertheless, a red-shift of the resonance with 
decreasing size, correlated to the increasing spillout influence, is 
patent (see Figure 24.12a) whatever the element. The signature of 
the spillout effect has been also observed in the measurements of| 
the static polarizability of sodium and lithium clusters (Knight 
et al. 1985, Bénichou etal. 1999), Indeed we have already under- 
lined that because of the electronic spillout, the sphere containing 
the conduction electrons (of effective radius R,) is larger than the 
geometrical volume enclosing the ionic cores (sphere of radius 
R.). The main consequence is a correlated increase of the static 
cluster polarizability since itis proportional to the effective vol- 
ume (4/3)RR?. The calculations in the frame of the time-depen- 
dent local-density-approximation formalism (TDLDA) (within 
the simple jellium model) that have been shown in Figure 24.7 
reproduce qualitatively the experimental results, in particular 
the red-shift of the resonance with decreasing size. Nevertheless, 
it should be emphasized that these calculations slightly overes- 
timate the absolute value of the SPR in sodium clusters (the SPR 
occurs generally around 2.5-2.8eV for sizes smaller than 100 
atoms per cluster, whereas the calculations give values around 
3eV). In lithium the disagreement is larger. These discrepancies 
show that various ingredients, not included in the standard jel- 
lium model, have a noticeable influence. For instance the ionic- 
core polarization, which is disregarded in this framework, may 
induce a shift of the resonance toward smaller energies. This 
shift can be viewed classically through Equation 24.8 in which 
el? would be chosen different from zero. Moreover, the profile of 
the effective potential confining the conduction s-electrons and 
hence also the electron density are known to be softened when 
electron-ion interaction pseudo-potentials (non-coulombic) are 
taken into consideration (Rubio et al. 1993, Lermé et al. 1995). 

‘The surface sofiness increases the electron spillout relative to the 
standard jellium model in which the electron-ion interaction 
is assumed to be coulombic. At last, the nonlocal character of 
the electron-ion pseudo-potential results in an increase of the 
effective conduction electron mass (for instance, in lithium the 
effective massis mg 1.4m). Both these effects lead toa decrease 
of the bulk plasma angular frequency @,, and hence of Oy. 

On the other hand, the Drude parametrization of the dielec 

tric function also leads to a larger value of the SPR frequency 
(-35eV) than that deduced from experimental measurements 
on thin alkali films (-3.1 eV), showing similarly the crudeness 
of the model for the bulk phase. This shows that the conduction 
electrons do not really constitute a free electron gas in the bulk. 

If the details of the cluster electronic structure are obviously of 
great importance to obtain an accurate quantitative description 
of the optical properties of alkali clusters, the possible deviation 
of their shape from the ideal case ofa sphere relative to the ideal 
case of a sphere deserves to be considered with care. The one- 
peak resonance observed for Na,," and Na," (see Figure 24.12) 
indicates that these clusters adopt an almost spherical shape 
since these magic sizes correspond to exact electronic closures in 
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FIGURE 24.12 (a) Photoabsorption cross sections for large lithium clusters ions Li,’ versus the photon energy: (Prom Bréchignac, C etal. Phys 
Rev. Lett, 70,2036, 1993. With permission.) (b) Photoabsorption cross sections per electron versus the photon energy, for various sizes of sodium 
clusters. (From Pedersen et al, Z. Phys. D, 26, 281, 1993. With permission) In both figures, the lines are Lorentzian fits ofthe data. 


the spherical jellium model. For non-magic sizes, the resonance 
is asymmetric, reflecting the existence of at least two resonance 
modes corresponding to plasmon excitations along the different 
principal axes of deformation of the cluster (see Figure 24.12b). 
‘One can thus say that the profile of resonance is an efficient 
probe of the cluster shape. Nevertheless, for very small sizes the 
multi-peak absorption spectra also reflect the electronic-level 
‘quantization. 

At last, potassium and sodium clusters have been also inves: 
tigated once deposited under ultrahigh vacuum (UHV) and 
exposed to various gases (Iline et al. 1999), Since the gases mod- 
ify their surface tension after being adsorbed, clusters may expe- 
rience a change in shape that can be detected through variations 


in absorption spectra. Nevertheless, the influence of the gas is 
not so easy to interpret as the size was not well controlled. 


24,3.3.1.2 Noble Metal Clusters 


In noble metal clusters, as the valence d-band and the conduction 
s-p band are energetically close to each other, the SPR emerges 
more or less easily depending on the element and is strongly 
influenced by the d-electrons. The simplest metals silver because 
the threshold for interband transitions in the bulk is quite high 
(@round 4eV). The SPR emerges for very small sizes, in the range 
of ess than 20 atoms, and it was measured both for ionic clusters 
(Tiggesbaumker etal. 1993) and for size-selected neutral clusters 
deposited ina rare gas matrix (Fedrigo etal. 1993). Nevertheless, 


How to Use It 


that segments in monochrome LCDs must be ac- 
tivated by AC, typically a square wave with a fre~ 
quency of 30Hz to 90Hz. 


‘An alternative is to use a decoder chip such as 
the 4543B or 4056B, which receives a binary- 
coded decimal input (ie,, 0000 through 1001 bi- 
nary, on four input puts) and translates it into an 
output on seven pins suitable for connection 
with the seven segments ofa 7-segment display. 
The 45438 requires a square-wave input to its 
"phase" pin. The square-wave must also be ap- 
plied simultaneously to the backplane of the 
LCD, often identified as the “common” pin on da- 
tasheets. Pinouts for the 4543B are shown in 
Figure 17-16, 


The 45438 includes provision for “display blank- 
ing" which can be used to suppress leading zeros 
ina multidigit number, However, the lack of out- 
puts to control a minus sign or decimal point 
limits the decoder to displaying positive 
integers. 


Figure 176. Pinauts for the 45438 decoder chip, which 
Js designed to drive a seven-segment numeric LCD. 


The power supply for a 4543B can range from 
SVDC to 18VDC, but because the logic-high out- 
put voltage will be almost the sameas that of the 
power supply, it must be chosen to match the 
power requirements of the LCD (very often 
SVAC).(( 


light source, indicator, or display > reflective > LCD 
To drive a three-digit numeric display module, a 
separate decoder chip can be used to control 
each digit. Thedisadvantage of this system isthat 
each decoder requires three inputs, so that a 
three-digit display will require nine outputs from 
the microcontroller. 


To deal with this issue, it is common to multi- 
plex a multi-digit display. This means that each 
output from the decoder is shared among the 
same segments of llthe LCD numerals, Each LCD 
numeral is then activated in sequence by apply- 
ing AC voltage to its common pin. Simultane- 
ously, the decoder sends the data appropriate to 
that LCD. This process must be fast enough so 
that all the digits appear to be active simultane- 
ously, and is best managed with a microcontrol- 
ler. A. simplified schematic is shown in 
Figure 17-17. It can be compared with a similar 
circuit to drive LED displays, shown 
Figure 24-13, 


Alphanumeric Display Module 

Arrays of dot-matrix LCDs that can display alpha- 
betical characters as well as numerals require 
preset character patterns (usually stored in ROM) 
and a command interpreter to process instruc- 
tions that are embedded in the data stream. 
These capabilities are often built into the LCD 
module itself 


While there is no formal or de facto standard, the 
command set used by the Hitachi HD44780 con- 
troller is installed in many displays, and code li- 
braries for this set are available for download 
from sites dedicated to the Arduino and other 
microcontrollers. Writing cade from scratch to 
control all aspects of an alphanumeric display is 
nota trivial chore. The Hamtronix HDM08216L~ 
L30S is a display that incorporates the HD44780, 
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the core electrons (d electrons mainly) playan important role. The 
screening they induce is responsible for a global red-shift of the 
SSPR frequency as compared to the frequency expected from the 
standard jellium model Pollacketal. 1991, de Heer 1993, Liebsch 
1993a,b, Rubio and Serra 1993, Kreibig and Vollmer 1995, Lermé 
et al, 1998a,b, Palpant et al. 1998). For gold, the threshold for 
interband transitions is much lower (of the order of 2eV). This, 
results in a stronger red-shift of the SPR frequency and, in addi- 
tion, a strong damping and broadening of the resonance band, 
especially for small particles (Kreibig and Vollmer 1995, Alvarez 
et al. 1997, Palpantet al. 1998, Gaudry et al. 2001). For copper, the 
interband threshold is similar to that of gold, ofthe order of 2eV. 
‘The SPR occurs in the same frequency range as gold, but experi- 
‘ments show that the resonance band is much more damped and 
even disappears at low sizes for particles of typically 2-3nm 
in diameter (few hundred of atoms) depending of the observa- 
tion conditions (Lisiecki and Pileni 1995, Celep et al. 2004), e.g. 
on the dielectric constant of the matrix in which the particles 
are embedded. This specific behavior of copper clusters will be 
explained below. 
Figure 24.13 illustrates the size evolution of the SPR in noble 

‘metal clusters in a size range below 10nm in diameter for which 
‘quantum size effects are expected. The upper part of the figure 
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displays experimental results on the size evolution of the SPR 
on the samples of noble metal clusters (copper, silver, and gold) 
embedded in alumina matrix (Lermé et al. 1998b, Palpant etal 
1998, Lermé 2000, Celep et al. 2004, Cottancin et al. 2006) at 
low concentrations (the matrix and the cluster size distributions 
have been carefully characterized). As the samples were elabo- 
rated with the same protocol and in the same matrix, a com 
parative study can be achieved. In gold clusters, the SPR band 
occurs around 2.3-2.4eV in the same spectral region than the 
threshold ofthe interband transitions (2eV), which continue, as, 
for them, to induce adsorption in the UV range. Moreover, a 
blue shift and a damping of the resonance are observed when the 
cluster size decreases. In silver clusters, the SPR band peaks at 
about 2.9-3,0eV, well below 4eV the threshold of the interband 
transitions. Only very small blue-shift ofthe resonance is mea- 
sured when the cluster size decreases. For copper, the SPR band 
emerges hardly at about 2.15eV from the steep increase of the 
interband transitions. Actually in copper the interband thresh- 
old is close to 2eV (asin gold) but the corresponding absorption 
increases much more rapidly above 2eV. The damping and the 
broadening of the SPR band, with decreasing sizes, are the most 
important features of the experimental observations, rather 
than a clear blue-shift as in gold. At very small sizes, the SPR 
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FIGURE 24.13 Size evolution of the experimental (top) and theoretic 
noble metal clusters ofcopper, silver and gold embedded in alumina (Cott 


al (bottom) absorption spectra obtained in the semi-quantal model for 
tancin et al. 2006). The volumic concentrations of metallic clusters embed: 


dled in the transparent matrix are in all cases rather low (<5%-60) allowing to consider these systems as isolated clusters randomly dispersed 


(From Cottancin, E. etal, Theor. Chem. Acc, 16,54, 2006) 
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band tends to vanish in the steep rising edge of the interband 
transitions, but in the present experiments, it was not possible to 
produce clusters as small as 2nm, 

In the present size range (2nm < @ < Snm), the Mie theory 
is not suited to explain the size evolution of the SPR, even if a 
size dependence of the scattering rate is assumed (see Equation 
24.11), Indeed, the size evolution obtained from such calcula- 
tions (Figure 24.5) shows a red-shift of the resonance in gold 
and copper in contradiction with experimental results. For a 
better interpretation of the experimental results, and as long as 
large particles are involved, a structureless jellium-type model 
approach seems quite appropriate and reasonable for investi 
gating mean-size trends over broad-size domains. The calcula- 
tions are based on the TDLDA within a jellium model including 
phenomenologically the absorption and screening properties 
‘of both the ionic-core background and the surrounding matrix 
through their dielectric functions e"(@) and €,, (Lermé 2000), 
A first ingredient added in the model, well established in surface 
physics and correlated to the spatial localization of d-electrons 
‘wavefunctions, is a skin of a vanishing polarizability of thick 
ness d of a few angstroms in which the polarization ofthe d-core 
electrons is ineffective (e!* = 1 in this shell). This skin of inef- 
fective polarizability was firstly introduced by Liebsch for silver 
surfaces (Liebsch 1993a) and by Kresin forclusters (Kresin 1995). 
Moreover, a vacuum ring surrounding the particle, of thickness 
dd... is introduced in the model in order to mimic the local matrix 
porosity estimated experimentally (see Figure 24.14). 

Figure 24.13 shows the comparison between experiment and 
this semi-quantal theory: The theoretical calculations well repro- 
duce the experimental trends when the cluster size decreases, 
namely the strong blue-shift of the SPR for gold, the very small 
blue-shift for silver, and the gradual disappearance of the SPR 
in the rising edge of the interband transitions for copper. This 
blue-shift is mainly due to the skin of ineffective screening by 
the d-electrons, which results in an all the more important blue~ 
shift that the sizes are small. This blue-shift competes with the 
red-shift associated with the spillout of the s-electrons, that is a 
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pure quantum effect. In gold, the blue-shift is predominant as, 
compared to the red-shift. In silver, both are close to be compen- 
sated, inducing a rough quenching of the size effects. This dif- 
ferent behavior of gold and silver clusters is easy to understand 
because the real part of e (which quantifies the screening) is 
much smaller in silver than in gold (of the order of 4 and 11, 
respectively, in the spectral range of the SPR [Cottancin et al 
2006). The difference between gold and copper may be under- 
stood with regard to their respective dielectric functions. The 


‘main difference lie in the steeper increase of the imaginary part 
of e" for copper, just above the interband threshold, leading to 
a stronger damping of the resonance. Actually, the vanishing of 
the resonance in copper is a signature ofa blue-shft of the SPR, 
resulting in an increasing coupling with IB transitions. 

Finally, the semi-quantal calculations appear to be the best 
compromise between completely ab initio methods limited to 
relatively small sizes and completely classical calculations that 
disregard the quantum size effects. These semi-quantal calcula- 
tions, with avery limited number of semiempirical parameters, 
are able to predict the optical properties ofthe three noble met- 
als in a size range from 1.5 to 10nm in diameter. Above 10nm, 
the quantum size effects are negligible and the Mie theory is well 
adapted 

‘As for shape effects, experiments have been performed on 
small silver cluster beams showing similar results as in alka- 
lis (Tiggesbaiimker et al. 1992, Tiggesbaumker et al. 1993) 
However the shape influence on the optical response of noble 
metal clusters and nanoparticles (essentially gold and silver) 
has been mostly investigated within the past 10 years on single 
nanoparticles. Indeed, the tremendous advances in the syn: 
thesis of various nano-objects (such as rods, prisms, chains, 
core/shell structures, pairs of nanoparticles, etc.) opened up a 
new field of investigations on their optical properties, in a size 
zange where the multipolar effects are of major importance. For 


instance, silver nanoparticles of various shapes have been stud: 
ied using dark-field optical microscopy and spectroscopy, in 
correlation with their electron microscopy images (Mock et al 


[= Brectronie density] 


Spill-out 
Jellum / 


oa / 


d dy 


0 70 2 Rea 


FIGURE 24.14 (Left) jellium model: ionic (gray) and electronic (black line) densities. (Right) Semi-quantal model: cluster of radius R, 
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FIGURE 24.15 (See color insert following page 20-14.) (Top) Color 
image of a typical sample of silver nanoparticles as viewed under the 
dark-field microscope. The brightness ofthe particles increases from blue 
to red due to both the intrinsic optical scatering cross section and the 
spectral output of th light source (the red particle is overexposed). This 
{mages correlated tits electron microscopy image (Bottom). (Reprinted 
from Mock, JJ etal, J. Chem. Phys, 116, 6755, 2002, With permission.) 


2002). ‘The spectral position of the resonance is so much shape 
dependent that spheres appear blue, pentagons green, and tri: 
angles mostly red (see Figure 24.15). A significant dispersion of 
the SPR peak position for triangular particles is observed. This 
phenomenon is probably due to the high sensitivity of the reso. 
nance to the height, the edge length, and the apex shapes (sharp 
or truncated) of the triangles as has been evidenced through 
numerical calculations based on the discrete dipole approxima 
tion (Sherry et al. 2006). 

‘The main conclusion concerning all the numerous studies for 
‘which the state of the art is out of the topic of this chapter is that 
the SPR may be tailored by varying the shape or the structure of 
the nano-objects, Consequently, the attachment of specific mol 
ecules (such as proteins or antibodies) on the nanoparticle sur: 
face can be detected by an induced shift of the SPR (biosensors) 
(McFarland and Duyne 2003). 


24.3.3.2 The SPR as a Probe of the Internal 
Structure of Bimetallie Clusters 


Bimetallic particles are of double interest since they disclose 
size- and shape-dependent properties and mirror the original 
features of bulk alloys (a complete bibliography about nanoalloys 
can be found in Ferrando et al (2008). Depending on the ther. 
modynamic properties of both components, mixed particles can 
form either homogeneous alloys or segregated core/shell struc 
tures. An insight into the bulk properties of both constituent 
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materials (Wigner-Seitz radius (r,), surface energies) and their 
corresponding binary phase diagrams brings indications about 
the possible structure of the composite clusters. In general, one 
expects the metal component with the lower surface energy to 
accumulate preferentially at the surface. However, in the case 
Of systems in solution like colloids, one has to be careful with 
such simple rules, because the kinetics of reduction as wel as the 
surface-adsorbed ions and the surrounding medium also come 
into play. Thermodynamical equilibrium conditions are not 
necessary reached and such particle architectures may be only 
metastable in this respect. 

‘The dielectric function of mixed clusters being governed by 
its overall electronic structure, the optical response of bimetallic 
systems will be modified by varying the relative proportion of 
both constituents (Kelly etal. 2003, Hubenthal et al. 2008). For 
instance, in the case of gold-silver nanoparticles, by far the most 
studied binary system (Morriss and Collins 1964, Papavassiliow 
1976, Teo et al. 1987, Mulvaney et al. 1993, Liz-Marzan and 
Philipse 1995, Link et al. 1999), the SPR falls between those of 
gold and silver for alloyed systems. On the contrary, in core/ 
shell geometries (that can be essentially obtained by chemical 
‘ways), the optical response displays two resonance peaks for suf 
ficiently large particles. 

As an illustration, Figure 24.16 shows the evolution of the 
“optical response with varying compositions of aqueous solutions 
of alloyed gold-silver nanoparticles of diameters ranging from 
15 to 50nm (Russier-Antoine et al. 2008). The spectra exhibit a 
single SPR whose wavelength is found to move regularly, with 
increasing gold content, from the silver SPR to the gold one. This 
observation thus rules out the possibility of a core/shell struc- 
ture for which two resonances would be expected 

However, the experimental spectra cannot be correctly 
reproduced by the Mie theory if the dielectric function of the 
alloy is taken as the volume-weighted average of the pure mate 
rial dielectric functions. Such an hypothesis is physically rel 
evant ifthe particle can be considered as built by the stacking of 
pure nanodomains that individually retain the electronic struc- 
ture (dielectric function) of their corresponding bulk phase. Its 
failure indicates that the effective dielectric function is closely 
related to an alloying at a much lower scale (atomic level). It 
cannot be simply inferred from the dielectric function of each 
component but must be either obtained from available experi 
‘mental data on similar bulk alloys or calculated from solid-state 
theory assuming an alloying at an atomic scale. In this system, 
measurements on annealed alloys (Nilsson 1970) have been 
performed and the corresponding dielectric functions exhibit 
a regular shift of the interband transition threshold with the 
gold composition that is not reproduced in the average dielec- 
tric function evoked just before. If this IB threshold is taken 
into account, ie, if the dielectric function reproduces correctly 
the one measured experimentally, the optical spectra are in 
agreement with the theory, confirming thus that the nanopar- 
ticles adopt an alloyed structure at an atomic level. Similar 
works on smaller bimetallic gold-silver clusters produced by 
laser vaporization and embedded in alumina had lead to the 
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FIGURE 24.16 


(See color insert following page 20-14.) (Left) Normalized UV-visible spectra of Au-Ag alloy nanoparticles with varying com. 


position. (Insert) Location ofthe SPR maximum asa function ofthe gold content. (Right) Corresponding solutions whose colors vary from the red 
{pure gold nanoparticles) to the yellow (pure silver nanoparticle). (From Russier-Antoine, I. et al, Phys. Rev. B,78, 35436, 2008. With permission.) 


same conclusions about the internal structure of clusters, near 
from the one of annealed alloys (Gaudry 2001). Such a homo- 
geneous alloyed structure is the likely one (for clusters pro: 
duced by physical ways) in view of both their relative surface 
‘energies and Wigner-Seitz radii and regarding the bulk phase 
diagram of the Au-Ag system in which homogeneous solutions 
are thermodynamically possible for any relative composition 
(Massalski et al. 1986) 

In the same way, the internal structure of mixed Ni-Ag 
and Pt-Ag clusters of a few nanometers in diameter, produced 
by laser vaporization and embedded in an alumina matrix 
(Cottancin et al. 2003), has been investigated. Concerning the 
bulk properties of these materials, the phase diagram of Ni-Ag 
shows that Niand Agare immiscible over the entire composition 
range (Massalski et al. 1986). One can suppose that the silver 
atoms will move onto the cluster surface for both systems since 
the surface energy of silver isthe lowest one and that the result 
ing structure will be a core/shell one. As for the Pt-Ag phase 
diagram, several alloys are present (Massalski et al. 1986), so the 
assumption of a core/shell structure has to be taken with cau- 
tion. Moreover, the atomic Wigner-Seitz radii of Ag and Ni are 
noticeably different (r,(Ag) = 3.02 au. and r(Ni) = 2.6 au.) and 
‘a pronounced lattice mismatch is expected, whereas they are 
closer for Ptand Ag (r(Pt) = 2.9 a.) 

‘The experimental spectra of both systems are displayed 
in Figure 24.17. In the case of the Ni-Ag system, the optical 


properties are found to be intermediate between those of pure 
silver and pure nickel clusters, with an SPR enlarged and blue- 
shifted compared to pure silver clusters. his feature can be 
understood within the classical Mie theory assuming a segrega- 
tion between both metals in acore/shell geometry and including 
the reduction of the mean free path in the silver shell. Moreover, 
low energy ion scattering (LEIS) measurements that consist in 
probing the cluster surface provide the evidence that the sur- 
face of the clusters is mainly covered with silver atoms. Such 
results permit to conclude that the core/shell geometry with 
silver on the surface is the most likely structure and that the 
dielectric function of the bimetallic system remains closely con- 
nected with the ones of its constituents. As for Pt-Ag clusters, 
LEIS measurements lead also to the conclusion that the cluster 
surface is mainly composed of silver; nevertheless, the absorp- 
tion spectra do not exhibit a marked SPR, in contradiction with 
the calculated spectra for which a clear resonance is expected as 
in Ni-Ag clusters. Calculations assuming a dielectric function 
equal to the volumic-weighted average of the constituent ones 
predict also a large resonance band. Those results suggest that 
the Pt-Ag particles do not form a segregated core/shell struc 
ture, but rather an alloyed core with a surface enriched with 
silver atoms. Monte Carlo simulations (Calvo et al. 2008) per- 
formed on these systems show the same trends as from small 
sizes. In particular at zero temperature, silver and platinum 
seem to be segregated, whereas an increase in the temperature 
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FIGURE 24.17 (Left) (a) Evolution of the optical absorption spectra of Ni-Ag clusters (optical diameter of about 2.6-2.7.nm) with the nickel 
proportion. (b) Theoretical absorption K,., within the classical core/shell model when the reduction ofthe mean free path in the silver shellis taken 
{nto account. (Right) (a) Evolution of the optical absorption spectra of Pt-Ag clusters (optical diameter of about 4nm) with the platinum propor 


tion. (b) Theoretical absorption K.., within the classical core/shell model, 


induces a better alloying with the surface remaining rich in sil 
ver. Finally, one can conclude that the lack of the SPR in experi- 
mental spectra shows in this case that the dielectric function 
of the bimetallic system is not simply correlated to those of its 
constituents as itis the case for Ni-Ag, 


24.4 Conclusion and Outlooks 


‘This chapter intended to shed light on the main ingredients 
involved in the linear optical properties of metallic clusters and 
nanoparticles such as size, shape, environment, and the chemi- 
cal structure of particles. The optical studies of nanoparticles are 
naturally a wide-ranging field including dynamical processes or 
nonlinear optics that have not been developed in this chapter. 
Ithas been shown that the colors of samples contai 
ters or nanoparticles ori 


ing clus. 
inate from the strong absorption and 
scattering (SPR) of the metal nanoparticles when the frequency 
of the exciting electromagnetic field is coherent with the collec- 
tive conduction electron motion, 

In small particles (@ < 20-30nm), the optical response can 
be in a first approximation described in the frame of the dipo: 
lar approximation. In addition, quantum size effects have to be 
taken into account for cluster sizes below 5-10nm in diameter, 
involving a red-shift of the SPR in alkali clusters because of the 
increasing effect of the electronic spillout. In noble metals, the 
polarization of the core electrons (d electrons mainly) and their 
ineffective influence near the cluster surface result in a blue-shift 
that competes with the red-shift associated with the spillout 
effect. The size evolution of the SPR depends then on the element 


(Cu, Ag, or Au) constituting the clusters. 


For larger sizes ( > 20-301nm), the Mie theory accounts well 
for the optical response of spherical nanoparticles in a homo- 
geneous medium. When the size increases, higher resonance 
modes become dominant and the SPR is red-shifted and spec- 
trally broadened. 

‘The synthesis of new particles of various sizes and shapes in 
the past decades and the development of highly sensitive meth- 
ods for probing single nano-objects have opened a new field of 
investigations showing that the SPR may be tailored by tuning 
the shape or the composition of the metal particles. The under- 
standing of their behavior with the help of computational 
methods and experiments on single particles gives high hopes 
for potential applications. For instance, the high sensitivity of 
the SPR toward the local neighborhood of the particle or the 
chemical nature of its surface can be used for making biosen- 
sors, giving information about surface changes of the particles, 
as for instance the red-shift observed in silver nanoparticles 
after several molecules have adsorbed (McFarland and Duyne 
2003). Moreover the large local field enhancement that occurs 
near the particle surface is being used in Surface-Enhanced 
Raman Spectroscopy (Campion and Kambhampati 1998) or 
Plasmon Enhanced Fluorescence (Lee et al. 2004). The strong 
absorption of metal nanoparticles can even be exploited in 
plasmonic photothermal therapy (Dickerson et al. 2008, 
El-Sayed et al. 2006). 
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Figure 17:17. When two or more numeric displays are mut- 
tiplexed, a control device (typically, a microcontroller) ac 
tivates each af them in turn via its backplane (common 
terminal) while sending appropriate data over a shared 
bus. 


Regardless of which standard is used, some fea- 
tures of alphanumeric display modules are al- 
most universal: 


+ Register select pin. Tells the display whether 
the incoming data isan instruction, oracode 
identifying a displayable character. 

+ Read/write pin, Tells the display whether to 
receive characters from a microcontroller or 
send them to a microcontroller. 

+ Enable/disable pin. 

+ Character data input pins. There will be eight 
pins to receive the 8-bit ASCII code for each 
displayable character in parallel. Often there 
is an option to use only four of these pins, to 


What Can Go Wrong 
reduce the number of microcontroller out- 
puts necessary to drive the display. Where 
four pins are used, each 8-bit character is 
sent in two segments. 

+ LED backlightpin. Twomay be provided, one 
connected to the anode(s) of the LED back- 
light, the other to the cathode(s). 


+ Reset pin, 


Embedded instruction codes can be complex, 
including commands to reposition the cursor at 
a specific screen location, backspace-and-erase, 
scroll the display, and erase all characters on the 
screen. Codes may be included to adjust screen 
brightness and to switch the display between 
light-on-dark (negative) and dark-on-light (pos- 
itive) characters. 


Some display modules also have graphics capa- 
bility, allowing the user to address any individual 
pixel on the screen. 


Because of the lack of standardization in control 
codes, manufacturer's datasheets must be con- 
sulted to learn the usage of a particular alpha- 
numeric display module. In addition to data- 
sheets, online user forums are a valuable source 


of information regarding quirks and undocu- 
mented features. 
What Can Go Wrong 


Temperature Sensitivity 
Liquid crystals vary in their tolerance for low and 
high temperatures, but generally speaking, a 
higher voltage may be necessary to create a suf- 
iently dense image ata low temperature. Con- 
versely, a lower voltage may be necessary to 
avoid “ghosting” at a high temperature. An ab- 
solutely safe operating temperature ranges like- 
ly to be 0 through 50 degrees Celsius, but check 
the manufacturer's datasheet for confirmation. 
Special-purpose LCDs are available for extreme 
temperatures 
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25.1 Introduction 


Silicon, the second-most abundant element on earth (after oxygen) 
‘having superior mechanical and electronic properties, has become 
the principal material of the semiconductors industry from the 
dawn of microelectronics, and apparently will remain dominant 
in the foreseen future. Silicon is a semiconductor whose electrical 
conductivity can be controlled over a wide range, either dynami: 
cally or permanently. Its oxidized state (SiO.) is one of the best 
and most stable electrical insulator and its superior chemical and 
‘mechanical properties make silicon the ideal material foradvanced 
‘materials processing, For al these reasons, silicon became essen- 
tially the sole player in electronic integrated circuits, being the 
basic building block of most electronic devices, from transistors 
and diodes to microprocessors, solar cells, wireless communica 
tion devices, and more. Yet, silicon is not a good choice for pho- 
tonic applications where optically active elements are required 
due to its indirect energy bandgap characteristics where energy’s 
‘minima of the conduction and the valence bands do not fall at the 
same wavevector (ie. the crystal Bloch momentum normalized 
tof) The situation is schematically illustrated in Figure 25.1 where 
the energy-band diagram of silicon is shown and compared to that 
of GaAs, which isa direct bandgap semiconductor. 

In a steady state, electrons (open circles) occupy the lowest 
energy states of the conduction band while holes (filled circles) 
occupy the upper states of the valence band. The emission of a 
photon takes place once the electron and the hole recombine 
radiatively, namely, conduction electrons drop down to empty 


states of holes in the valence band and, releasing their energy to 
photons of energy, fa» = Ep ~ Ey = E, where E, is the bandgap 
energy ofthe semiconductor and huis the photon energy. Besides 
energy, momentum should also be conserved during the process. 

However, as the photon wavelength (i = 2t/k ~ 14m for silicon) 
is about three orders of magnitude larger than the de Broglie 
wavelength of the electrons (which is of the order of the lattice 
constant of the semiconductors -5A), the photon momentum 
can be neglected relative to that of the electrons and the holes. In 
direct bandgap semiconductors like GaAs, both the electrons and 
the holes have the same momentum at the center of the Brillouin 
zone (T-point in Figure 25.1) and vertical radiative recombination 
can take place. In silicon, however, the large momentum mis- 
‘match between electrons and holes does not permit direct radia. 

tive recombination unless another entity, a phonon, for example, 
is involved in the recombination process. As a result, silicon is 
poor emitter of light and cannot be utilized for applications where 
active light sources are required. In many papers and even text- 
books this property of silicon is considered to be a disadvantage. 
However, one should remember that radiative recombination in 
direct bandgap semiconductors is a fast process (usually of the 
order of a few nanoseconds in direct bandgap semiconductors 
with E,~1-2eV) that limits the lifetime of the carriers (mainly 
that of the minority carriers in the semiconductor). In silicon, the 
slow radiative lifetime (of the order of few milliseconds in pure 
silicon’) allows the minority carriers to diffuse over macroscopi: 

cally large distances (a few hundreds of micrometers and more), 
ahighly favorable property for electronic applications. 
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L T XL T 
Wavevector 
FIGURE 25.1 Energy-band diagrams for silicon and GaAs where the 


dispersion curves are along the [100] direction (X-point) and the [111} 
direction (L-poinl). Conduction electrons (open circles) and valence 
holes (filled circles) occupy the band’s minima with Ak (momentum/ti) 
being the wavevector’s difference for silicon. Photon emission is not 
allowed for silicon. 


‘The situation is substantially different when dealing with silicon 
nanostructures. Generally speaking, semiconductor nanostruc- 
tures" are artificially made semiconductor objects whose dimen- 
sions have been shrunk down to the nanometer length scales. 
‘They are classified according to their dimensionality, e.., two: 

dimensional (2D) quantum wells, one-dimensional (1D) nanow- 
ies (or quantum wires), and zero-dimensional (0D) nanocrystals 
(or quantum dots’), where the classification is according to the 
number of unconfined dimensions along which carriers (electrons 
and holes) are stil free to move. At the nanometric length scales, 
‘quantum confinement (QC) phenomena become important. For 
‘example, one should anticipate the momentum conservation law 
to relax with the decreasing size of the object. In case of silicon 
nanostructures, for example, a OD silicon nanocrystal of radius R, 
‘we may use the Heisenberg uncertainty principle to estimate the 
‘wavevector relaxation: Ak—I/R. As the relaxation ofthe wavevector 
conservation law increases with the decreasing size of the nano- 
structure, one may expect the radiative recombination rate to con- 
siderably increase once the wavevector mismatch, shown in Figure 
25.1, becomes comparable to Ak, raising the question: Can we gen: 

erate active photonic elements from silicon nanostructures? 

‘The above question has turned to be a practical subject in 
1990 when Canham’ reported on efficient red light emission 
from porous silicon (PS) under UV light illumination. PS is a 
nanometric random network of pores and silicon prepared by 
electrochemical etching ofa silicon substrate 

Figure 25.2 shows a typical spectrum of the photolumines- 
cence (PL) and a photograph of red light coming out from a PS 
layer. As the efficiency of the PL is comparable to that obtained 
from direct bandgap semiconductors, Canham in his pioneering 
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FIGURE 25.2 (See color insert following page 20-14.) The PL spec 
trum from porous silicon with a maximum PL ata wavelength of about 
675nm, The photograph at the inset demonstrates the red color of the 
emitted PL from a circular layer of porous silicon (the sample has been 
illuminated with a UV lamp). 


work has suggested that quantum size effects might be responsi- 
ble for efficient PL. Two complementary results seem to support 
this conclusion. The first isthe presence of fairly small crystal- 
line silicon nanostructures, in the form of nanocrystals and 
undulating nanowires, in the PS medium.’ Secondly, the consid- 
erable blueshift ofthe maximum PL energy, and accordingly the 
energy bandgap, from about 1.12eV (of bulk silicon crystals) to 
=1.8eV in PS, is another manifestation of QC in small semicon- 
ductor nanostructures. Following Canham’s discovery, a very 
extensive investigation has been conducted by many groups, 
aimed at verifying the QC model. Surprisingly, while many 
investigations provided additional support to the QC model,’ 
a considerable number of works have reported results and prop- 
erties of the PL that cannot be explained by the QC picture. 
This puzzle has led numerous researchers to propose alternative 
models and theories that do not rely on QC, the more notable 
cones suggesting that surface phenomena are responsible for 
the PL. In this picture, radiative transitions take place on the 
surface of the nanostructures either due to surface bonds, sur- 
face defects, imperfections, or even surface molecular species 
In particular, the fact that certain properties of the PL depend 
on “surface chemistry,” for example, the specific way that silicon 
surface bonds are terminated, have led certain researchers to 
suggest that surface phenomena are responsible for the lumi- 
nescence from silicon nanostructures.” 

Let us emphasize that surface phenomena are expected to play 
4 major role in small nanostructures. To follow this, let us esti- 
mate the surface-to-volume (STV) ratio for few nanostructures 
of different dimensionality but having a simple geometrical form 
such as spheres (0D), cylinders (1D), and slabs (2D), as schemati- 
cally shown in Figure 25.3. 

In order to define a “volume” of the surface, we may estimate 
the surface’s thickness ofa given nanostructure, do be about 1-3 
‘monolayers thick. For silicon (with lattice constant of-0.54nm), 
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FIGURE 25.3 The surface-to-volume (STV) ratio for a 2D slab, 1D cylinder, and OD sphere where R is the thickness of the slab, radius ofthe 
cylinder, and radius ofthe sphere, respectively. In all three cases, d represents the thickness ofthe surface. 


‘we may take, d~ Inm, to be an estimate of the surface’s thick- 
ness. Hence, fora OD spherical nanocrystal we find, STV = 3(d/R), 
where Ris the radius of the sphere, so that for R= 6nm nanocrystal 
‘we get, STV ~ 0.5, meaning that 50% of the silicon atoms belong to 
the surface while for R = 101m, 33% of the silicon atoms sit on the 
surface of the nanocrystal, We conclude that surface phenomena 
become more and more appreciable with the decreasing size of 
the nanostructures and, on the nanoscales not only quantum size 
effects can affect the electronic properties of the nanostructures 
but also surface phenomena should carefully be considered as a 
possible source of interactions that may affect electronic prop: 
erties of the nanostructures. ‘This is particularly true for silicon, 
which is known to be material sensitive to surface termination 
and usually requires a special treatment for passivation. 
Unfortunately, PS is not the ideal medium for the study of 
quantum size effects and surface phenomena at the nanoscale. 
PS is a random network of electrochemically etched pores and 
silicon that is characterized by a broad size and shapes distribu: 
tion, it is chemically and mechanically unstable and it tends to 
change its properties with time (aging effects). Hence, to a great 
extent, the puzzles and discrepancies between the QC and the 
surface chemistry (SC) models could not be resolved despite of 
the extensive investigation on PS. Yet, over the last decade, alter 
native techniques to fabricate silicon nanostructures, with better 
capabilities to control their size, shape, and the host matrix in 
which they are embedded, have emerged." With these improved 
techniques, itis now possible to investigate the evolution of opti 
caland electrical properties of silicon nanostructures versus size 
and dimensionality. Recent experimental results together with 
refined theories indicate that none of the above models alone, for 
example, the QC and the SC models, can explain the entire opti 
cal properties of silicon nanostructures.” Instead, a refined 
comprehensive model, which takes into account both quantum 
size effects and surface phenomena has to be developed." 
‘The purpose of this chapter is to describe these recent develop: 
ments in the field of silicon nanostructures, particularly those 
‘experiments and models that provide a support and verification 
to the mutual role played by QC and SC in shaping the optical 


properties of silicon nanostructures." The interested readers are 
referred to earlier reviews and the rich literature in the field dis- 

cussing each individual model (QC and SC) and the supporting/ 
contradicting experimental results. 


25.2 Synthesis of Silicon 
Nanostructures 


In this section, we briefly review some of the most popular tech- 
niques to synthesize light-emitting silicon nanostructures. The 
simplest and the less expensive method is based on PS, which is 
fabricated by electrochemical etching of crystalline silicon sub- 
strates using hydrofluoric acid (HF)-based solutions. The spe- 
cific conditions to obtain light-emitting PS (like the PS sample 
shown in Figure 25.2): are reviewed in detail in Refs. (22,23) 

Light-emitting PS has a random, nanometric sponge-like struc- 
ture with a fairly large surface area that can easily be accessed 
and chemically modified due to its porous characteristics. While 
this property of PS is of great advantage for certain applications 
such as chemical’ and biochemical sensing,” it represents 
major limitation for a consistent study of quantum size effects as 
the size, shape, and even the dimensionality of the nanocrystal- 
line silicon objects are not well defined and can vary between 
samples and preparation techniques. Furthermore, as the PS 
matrix may contain various species such as SiO,, amorphous 
silicon (a:Si, and other amorphous derivatives of silicon, the 
exact surface termination of the nanocrystalline silicon objects 
cannot be determined accurately. Aging effects can be quite sig 

nificant in PS and may affect both optical properties and trans- 

port phenomena. For al these reasons and despite the extensive 
literature on luminescence from PS, the author of this chapter is 
in the opinion that in practice, itis impossible to draw consistent 
conclusions about nanoscale phenomena from PS alone. 

‘The first experimental report on room-temperature PL from 
silicon nanostructures other than PS is related to silicon nano: 
crystals (SiNCs) fabricated by ion implantation of silicon into 
SiO, matrix. Recently after, other methods to produce SiN 
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embedded in SiO, matrices emerged,'* including chemical 
vapor deposition (CVD¥® of sub-stoichiometric oxide (SiO,), 
RF magnetron sputtering,” reactive evaporation," and plasma- 
enhanced CVD (PECVD). In principle, all these methods 
require high-temperature annealing of the deposited films to 
produce phase separation of the excess silicon from the SiO, 
matrix followed by crystallization of the silicon into nano- 
crystalline particles. The ion implantation method**-" is quite 
popular due to its compatibility with the standard silicon CMOS 
technology (where it is routinely used to create doped silicon 
regions). In this technique, silicon ions are extracted from the 
plasma, accelerated toward the SiO, substrate by an electric 
field and losing their energy after traveling a given depth in the 
substrate. The thickness and the profile of the implanted layer 
depend mainly on the implantation dose and the ion energy. In 
principle, the lower the ion energy the narrower the implanted 
zone, however, implantation dose also decreases at lower ion 
‘energies, setting up a practical limit on the ion energy, which is 
typically in the range of 1-10 keV. 

‘A similar result of forming oxide layers with excess silicon 
concentration has been obtained by RF magnetron sputtering. 
‘The sputtering process (sometime referred as physical vapor 
deposition = PVD) involves a bombardment of silicon and SiO, 
solid targets by energetic ions (usually argon ions), removing 
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atoms and molecules from the targets that are deposited on the 
substrate. As silicon dioxide isan electric insulator, an RF electric 
field is used to create the plasma between the substrate and the 
targets. A popular method to produce SiNCs is the co-sputtering 
technique'®* in which, the two targets (usually pure silicon and 
quartz) are simultaneously exposed to the ions, producing a 
mixed layer of silicon and oxide with the excess silicon being 
used to create SiNCs after high-temperature annealing. The 
thickness and the amount of excess silicon concentration are 
determined by the RF power as well as by the geometry of the 
sputtering chamber. Usually, in order to improve uniformity, 
the substrate is rotated and placed far enough from the targets. 
In certain cases however, particularly when size-dependent phe- 
nomena are to be investigated, itis desirable to put the substrate 
near the targets without rotation. In this case, the excess silicon 
concentration along the deposited film continuously varies from 
one edge of the substrate to the other edge,* as schematically 
illustrated in Figure 25.4 

‘The amount of excess silicon concentration can be determined, 
by measuring the volume ratio of silicon and SiO, obtained from 
reference depositions of the single components (Si and SiO,) 
under the same deposition conditions and is measured in unit of 
% excess silicon content ina given volume (s). In the experiments 
reported in Refs. [15,16], x varied from about 10% (at the edge 


FIGURE 25.4 Schematic view of the co-sputtering method with the two targets of silicon and SiO, simultancously exposed to energetic ions 
{for producing a mixed layer of silicon and SiO,, The amount of excess silicon decreases from the silicon target edge toward the SiO, target edge. 
Isolated silicon nanocrystals (and PL) have been observed in the range of 10% < x < 35%. The two cross-section TEM images were taken from two 


different locations along the substrate with x= 18% and 
sponding images obtained aftr spatial filtering 


5H. A few nanocrystals are marked by white squares where the insets are the corre 
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loser to the SiO, target) up to about 80% (at the edge closer to the 
Sitarget). Luminescent SiNCs are obtained after high-temperature 
annealing from a limited range of 10% £ x < 35% where isolated 
nanocrystals can be observed. At higher excess silicon content, 
a connected network of silicon clusters is formed, the PL dimin: 

ishes, and both dark- and photoconductivites from the deposited 
layers appear, leading Balberg et al.” to propose that a formation 
of percolating connected network of silicon clusters gives rise to 
‘mutual exclusion of the PL and the transport.” Annealing of the 
as-deposited films at high temperatures of about 1150°C-1200°C 
in a controlled environment (Ar or N gas) leads to phase separa- 

tion and crystallization of the silicon monomers. In Figure 254, 
"we present afew examples of cross-section transmission electron 
microscope (TEM) micrographs obtained after thinning the sam. 

ples by ion milling to allow passing of the electron beam through 
the specimen. The images shown in Figure 254 are related to two 
different values of excess silicon content, x = 18% and 25%. 
Neatly spherical SiNCs can clearly be seen in both images, revea- 

ing typical silicon lattice fringes of mainly the {111} silicon crys- 

tal planes (and sometime also the {220} crystal planes). The insets 
to each figure show the silicon crystallographic planes obtained 
after spatial filtering of the images in the frequency domain for 
selected SiNCs marked by solid white squares. The diameter of 
the nanocrystals is not constant but rather varies in the range 
of 2-10nm. The histograms shown in Figure 25.5 were obtained 
after statistical processing of numerous TEM images, identifying 
SINCs and measuring their diameters for each value of the excess 
silicon volume content. The profile of the histograms can be fit- 
ted to a Gaussian shape size distribution with a full width at half 
maximum (FWHM) of approximately 2nm at the lower content 
(Cc= 10%) and 3nmat the higher silicon volume content (x= 30%), 
reflecting the inhomogeneous characteristics of the samples, 
which are typical to almost all fabrication techniques. The aver 

age diameter of the nanocrystals increases with increasing silicon 
content and can be fitted to the following power law (solid line in 
Figure 25.5b) 


d(nm) 22-9)!" (5) 
where 

dis the average diameter of the SiNCs 

= B#2)% 


‘The power exponent of 1/3 stems from the relationship between 
the diameter and the volume of the nanocrystals, reflecting the 
spherical characteristics of the SINCs. Let us emphasize that 
‘SiNCs with a diameter smaller than 2nm have not been observed 
so far, independent of the fabrication method that has been 
utilized, and Equation 25.1 is rather limited to the range of 
10% <x < 35%, 

‘Another elegant method to produce continuous size variation 
‘of SINCs in a single deposition run is the laser pyrolysis of silane 
in a gas-flow reactor, which has been reported by Ledoux etal." 
In this technique, a pulsed CO, laser produces a molecular beam 
of silicon nanoparticles having a size distribution of 3-7am 
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FIGURE 25.5 (a) Histograms showing the size distribution for 
selected samples having different excess silicon volume contents 

‘The histograms have been obtained after statistical analysis of 
numerous TEM images, similar to those presented in Figure 25.4, 

identifying the nanocrystals and measuring their diameters. The 
solid lines represent the best fit toa Gaussian distribution function, 

(b) The variation of the average diameter of the nanocrystals versus 
the excess silicon volume content. The solid line represents the best 
fit to Equation 25.1 


with the larger nanoparticles moving slower than the smaller 
ones. Using a rotating mechanical chopper synchronized with 
the laser pulses, size-selected nanoparticles are transmitted 
and deposited at different locations across the substrate, The PL 
image shown in Figure 25.6 reveals a color variation of the PL 
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FIGURE 25.6 (See color insert following page 20-14, (a) A photo- 
‘graph showing the PL variation along the substrate from silicon nano- 
crystals deposited by the laser pyrolysis technique. (b) The normalized 
PL spectra from different postions along the substrate. (Reprinted from 
Ledoux, G. etal, Appl. Phys. Let, 80, 4834, 2002. With permission.) 
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across the substrate that is correlated with the average size of the 
silicon nanoparticles. 

A slightly narrower size distribution but a much better con- 
trol of the position and the density of SiNCs has been achieved 
by synthesizing Si/SiO, superlattices. This method has been 
introduced by Lockwood et al? who have used silicon molecu- 
larbeam epitaxy (MBE) system combined with ex situ UV ozone 
oxidation for growing alternating nanolayers of amorphous si: 
icon (aSi) and SiO,. Later, this approach has been adopted to 
«create alternating layers of SiNCs and SiO, using PECVD, low. 
pressure CVD (LPCVD)* and RF magnetron sputtering in the 
serial sputtering mode.“ A key factor in all these methods is a 
‘good control of the layer’ thicknesses down to the nanometric 
length scales and good uniformity, particularly of the interfaces 
between layers. A similar approach, based on depositing alter 
nating SiO,/SiO, layers with 1 < x < 2, has also been introduced 
where phase separation during annealing gives rise to a for 
‘mation of a:Si layers that later on crystallize to create SiNCs.” 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


Results obtained by serial sputtering of silicon/SiO, superlattices 
are shown in Figure 25.7." 

In this method, individual layers are deposited one on top of, 
the other at deposition rates of about 2-4nm/min to achieve a 
good thickness control. Cross-section HRTEM images, shown 
in Figure 257, reveal the presence of 2D alternating layers of 
SiNCs separated by amorphous SiO, layers. The order and the 
high quality of the interfaces can be appreciated from the low- 
magnification TEM image at the inset to Figure 25.7(a) while 
the higher magnification HRTEM micrograph of Figure 25.7(b) 
reveals 2D layers of SiNCs with average diameter of about 4.3nm 
and a statistical size distribution similar to those presented in 
Figure 25.5. Figure 25.7(a) presents a STEM (scanning TEM) 
micrograph obtained after introducing high angle annular 
dark field (HAADF) detector into the microscope for collecting 
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FIGURE 25.7 High-resolution, cross-section TEM micrographs of 
serially sputtered SiNCs embedded in SiO; matrices. (a) STEM image 
(high z-contrast) reveating nearly spherical SiNCs (bright spots) with 
average diameter of 3m, separated by 101m of SiO, layers. The inset 
shows @ lower magnification image of the superlattice. (b) HRTEM 
image of selected layers of SINCs (marked by circles) having average 
diameter of 4.3nm, 
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electrons that undergo high angle inelastic scattering to yield 
high z-contrast (where z is the atomic number of the element). 
In this image, the average diameter of the SiNCs is about 31m. 


25.3 Luminescence Properties 
of Silicon Nanostructures 


25.3.1 Optical Characterizations 
and Luminescence Bands 


In general, several luminescence bands can be excited from sili 
con nanostructures, but most of them are not directly related 
to the nanostructures but rather to defects and imperfections 
in the host matrix. A relatively strong but misleading band is, 
the so-called “F”-band (Fast-band) which has been observed for 
oxidized PS and for most silicon nanostructures embedded in 
SiO, matrices.""*° The emission spectrum of this band extends 
‘over the blue-green (400-350nm) range of the visible spectrum 
and is characterized by a fast PL decay time of several nanosec: 
‘nds. This band has been observed from fully oxidized PS and 
from silicon nanostructures, such as silicon nanowires," with 
fairly large diameters and therefore, cannot be associated with 
the nanostructures themselves but with Iuminescence oxide 
and interface defects. Other luminescence bands that have been 
reported but do not relate to quantum size effects are UV bands 
(-350nm) and near-IR bands of bulk silicon, unsaturated silicon 
bonds, and rare-earth heavy ions in the silicon matrix. 

‘The size-dependent luminescence band, which shows a clear 
correlation with quantum size effects in silicon nanostructures, 
is called the “S’-band (Slow-band) and has been the subject of 
extensive investigation over the past two decades.*“ The emis- 
sion spectrum from this band can be tuned over the green-red~ 
near IR spectral ranges (500-900nm) and is characterized by 
significantly slower PL. decay times (compared to the F-band) 
in the range of few microseconds. In a typical PL. experiment, 
carriers (electrons and holes) are optically excited via absorp: 
tion of photons of energies exceeding the energy bandgap of the 
nanostructures, followed by nonradiative relaxation of the pho- 
tocarriers into the lowest energy levels of the nanostructures and 
finally, radiative recombination of the carriers that generates PL. 
photons (see Figure 25.8) 

Several complementary methods including direct optical 
absorption, ellipsometry, and PLE**” (PL excitation) have 
been utilized for revealing the absorption spectra from silicon 
nanostructures. In general, the absorption is substantially blue. 
shifted relative to the PL spectrum with a weak tail below 3eV 
and increasing absorption above 3 eV that resembles some of the 
crystalline and the amorphous silicon characteristics. Therefore, 
it is not simple to correlate absorption data with the nanostruc- 
tures themselves as contributions from silicon species, defects, 
and other absorbing centers in the host matrix cannot be distin 
guished. The photoexcited carriers undergo a fast relaxation, on 
timescales of several picoseconds, releasing their energy via non: 
radiative processes (such as phonons emission) and are trapped 
in the lower energy levels of the nanostructures. Hence, the 
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FIGURE 25.8 Schematic ofthe optical excitation process (solid line) 
generating electron (dotted circle)-hole (slid circle) pairs, followed by 
nonradiative relaxation into the lowest energy levels ofthe nanocrystal 
(dashed-dotted lines) and finally, radiative recombination ofthe eleetron— 
hole pair (exciton) to generate a photon (gray arrow). The scaling laws 
for the exciton energy and the bandgap energy (according to the QC 
model) are shown atthe bottom ofthe figure. 


luminescence spectrum, particularly the luminescence from the 
S-band, can directly be correlated with the silicon nanostruc- 
tures to provide a direct tool for studying the size effects in these 
nanostructures. Two kinds of PL experiments can be performed. 
In continuous wave (cw) PL experiments, the system approaches 
a steady state where all relaxation and transient phenomena 
have already disappeared and a steady state PL spectrum is mea- 
sured. Time-resolved PL. experiments allow studying dynami- 
cal aspects of the nanocrystals where, the investigated dynamics 
depends on the temporal resolution of the measurement system, 
particularly the time resolution of the optical detection system 
that follows the decay of the PL signal shortly after the excitation 
pulse is switched off. In silicon nanostructures, the dynamics 
associated with interband (e.g., conduction to valence) radiative 
and nonradiative relaxation processes is on timescales of few 
microseconds and therefore, the excitation source can be either 
a pulsed laser or a beam of a cw laser modulated by an external 
light modulator (such as acousto-optical modulator). 


25.3.2 CW Photoluminescence Experiments 


(One of the most convincing evidences for quantum size effects in 
silicon nanostructures comes from cw PL. experiments on series 
of SINCs having different diameters. The room temperature, nor- 
malized PL spectra shown in Figure 25.6 (SiNCs fabricated by 
laser pyrolysis of silane") and Figure 25.9 (SiNCs fabricated 
by co-sputtering') demonstrate this phenomenon where all PL 
spectra are blueshifted to higher energies for smaller nanocrystals. 
This behavior of the PL. e-g.,a blueshift ofthe PL peak energy with 
the decreasing sizeof the nanocrystals, has also been observed for 
PS" and for SiNCs fabricated by other methods." The relatively 
large bandwidth of all PL spectra (FWHM = 200meV) has been 
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FIGURE 25.9 ‘The normalized PL spectra for co-sputtered SiNCs of 
different excess silicon volume content, 


assigned to the inhomogeneous characteristics of the samples, for 
example, the broad size distributions shown in Figure 25.5 for co 
sputtered SiNCs. 

Figure 25.10 (top) presents the variation of the PL peak energy 
‘with the increasing excess silicon volume content, x, in the range 
‘of 10% <x 35% (bottom axis of Figure 25.10) and accordingly, 
‘with the decreasing average diameter of the co-sputtered SINCs 
(upper axis of Figure 25.10). The solid line in this figure repre. 
sents the best fit of the experimental results to an inverse power 
lawas follows: 


a he 
Ca 


EAE, (25.2) 
where 
{8/3 = 0.45 + 0.1 is the power exponent 
E,= 1.12eV is the energy bandgap of bulk silicon 
1X = (9 # 2)% (very close to the experimental value of x, 
obtained for the variation of the average diameter with x; 
see Equation 25.1) 


Using Equations 25.1 and 25.2, we find a relationship between 
the PL energy shift (relative to bulk silicon) and the diameter of the 
SINCs: 


AE=E-Ee= (253) 


where 
85135203 
AB is called the “confinement energy” of the nanocrystals 


Avery similar inverse power law with essentially the same power 
exponent has been found for SINCs fabricated by laser pyrolysis 
of silane," by PECVD, and by other techniques. However, this 
‘power exponent deviates from the exponent predicted from a sim- 
pleQCmodel,eg.,aparticle confined into aspherical quantum dot 
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FIGURE 25.10. The variation of (a) the PL peak energy and (b) the 
integrated PL versus the excess silicon volume content (bottom axis) 
and the average diameter ofthe nanocrystals (top axis). The inset shows 
the non-normalized PL spectra at room temperature. 


having infinite potential barrier. In the latter case, the quantized 
energy levels of the dot are given by* Eyy =2h72,/(m*d*)~ Ud", 
where z, are the Ith root ofthe nth order spherical Bessel function 
and mis the effective mass of the carriers in the bulk medium. 

‘Therefore, in sucha simple effective mass model, one would expect 
the confinement energy to vary as AE~1/d?. Several factors may 
account for the deviation of 6 from this simple model. A major 
factor, which has been ignored so far, is the Coulomb interaction 
between electrons and holes to create excitons. Excitons are bound 
states of electron-hole pairs that are created by the Coulomb attrac- 
tion between the charged carriers. In a bulk silicon crystal, the 
Bohr radius of the exciton is given by a. 
‘where €y isthe dielectric constant of silicon and jis the reduced 
‘mass of the electron-hole pairs. QC modifies this picture, particu. 

larly when the size of the nanocrystals becomes comparable to the 
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Bohr radius of the exciton. In this case (d2 < a,,), which is called 
the strong confinement regime, the electrostatic Coulomb energy 
is scaled as Bu = e/(@sl/2)~1/d as opposed to Ud of the effec 
tive mass model; see Figure 25.8. Thus, we can expect the power 
exponent to vary in the range of 1 <8 <2 with 8 = 2 being the weak 
confinement limit for big nanocrystals. Indeed, recent first-princi- 
ple calculations (meaning that the many-body problem of having 
a finite number of silicon atoms in a dot, including the specific 
form of surface termination bonds, has numerically been solved) 
such as the LCAO (linear combination of atomic orbitals) and 
the pseudo-potential® methods, have found a power exponent of 
‘8 = 14, ina very good agreement with the experimental results, 
thus providing a solid support to the QC model. 

Yet, cw PL experiments provide additional information about 
SiNCs that cannot be easily interpreted by the QC model. Figure 
25.10b shows the variation of the integrated PL intensity, which 
is obtained by integrating the area below the non-normalized PL. 
spectra’ (inset to Figure 25.10a) versus the silicon volume con- 
tent (and the average diameter of the nanocrystals). In order to 
obtain the actual PL yield, one should take into account the vary- 
ing density of SINCs as lower x means lower density of SINCs. The 
corrected PL yield, obtained after dividing the integrated PL by x, 
is shown in Figure 25.11. In this presentation, the precise number 
of photons absorbed per each unit area could only be estimated. 
While this quantity has not been measured directly, in several 
other experiments aimed at measuring the absolute value of 
the PL yield, it has been found that the PL yield for SINCs hav- 
ing a diameter of 4~Snnm is fairly high in the range of 60%-80%. 
‘Similar values have also been found for PS.* The maximum yield 
of 30%-50% shown in Figure 25.11 (for nanocrystals emitting 
their light in the 650-750nm, red-orange spectral range) should 
bbe considered as a lower limit. However, the general trend of the 
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tom axis) and the average diameter of the nanocrystals top axis). The 
inset illastrates schematically the two relaxation channels of radiative 
recombination (followed by photon emission) and nonradiative relax- 
ation of the exciton, 


25.9 


PL yield, e.g, sharp increase with the decreasing diameter up to a 
maximum for 4~5nm in diameter nanocrystals and a decrease of 
the yield for smaller nanocrystals, has been confirmed by numer- 
ous groups. This finding cannot simply be explained by the QC 
‘model. According to this model, the smaller the nanocrystals the 
more pronounced is the relaxation of the momentum conserva- 
tion rule (as confirmed experimentally") and accordingly, a larger 
PL yield should be measured.“ Further implications of the high PL 
yield and its relation to the rates of radiative and nonradiative 
processes in SiNCs is discussed in Section 25.3.3. 

‘Among the first experiments indicating the mutual role of QC 
and SC is the one reported by Wolkin et al.” In this experiment, 
a series of PS samples having different porosities have been kept 
under controlled environment to avoid oxidation and to ensure 
that the surface of the silicon nanostructures is passivated by 
Si-H chemical bonds. The state of passivation has been moni- 
tored by FTIR infrared spectroscopy to exclude the presence of 
Si-O and Si-OH bonds. A second group of similar PS samples 
were exposed to air for 24h, allowing surface oxidation and the 
presence of Si-O bonds. Results of room-temperature PL. mea- 
surements from both series of samples are presented in Figure 
25.12. Despite that the actual average size of the silicon nano- 
structures cannot accurately be measured for PS, its well known 
that smaller silicon features appear for larger porosities of the 
samples.” The PL spectra, shown in Figure 25.12a, show indeed 
a consistent blueshift with the increasing porosity for hydrogen- 
terminated PS samples. On the other hand, oxygen-terminated 
samples (Figure 25.12b) show, at first, a blueshift of the PL spec- 
tra up to the yellow (-600nm) and then, no blueshift and even a 
redshift for the blue-green emitting PS samples. Clearly, this phe- 
nomenon cannotbe explained by the QC modelalone and the role 
of SC, particularly the passivation of the PS surface mustbe taken 
into account. The model proposed by Wolkin eta” assumes that 
some of the dangling bonds, on the silicon oxide interface, are 
passivated by the Si=O double bond, which is known to be more 
stable than other forms of surface passivation." Based on this 
assumption, the authors simulated the electronic band structure 
of SiNCs having Si=O double bonds at the silicon oxide interface. 
‘The results, shown in Figure 25.13, suggest that the QC model 
is valid for hydrogen-terminated SiNCs as radiative recombina- 
tions are via free excitons (eg. excitons of the bulk nanocrystal 
line silicon core) for all sizes of the nanocrystals. However, for 
-O passivated SINCs, both electrons and holes can be local- 
ized (or trapped) by the Si=O bonds where, in zone I of Figure 
25.13 none of the carriers are trapped, in zone II only electrons 
are trapped, and in zone III both electrons and holes are trapped 
to form surface-trapped excitons. This model provides a nice and 
elegant explanation to the experimental results shown in Figure 
25.12, particularly for kinetic properties associated with the joint 
contribution of SC and QC to the shift of the energy bandgap. 
Yet, as pointed out by these authors, the intensity of the PL (which 
is proportional to the integrated PL) increases by few orders of 
magnitude up to the orange emitting samples and then, dimin- 
shes for higher porosity samples emitting in the blue-green; quite 
similar to the PL yield presented in Figure 25.11 for co-sputtered 
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FIGURE 25.12 Room-temperature PL spectra from PS with different porosities (a) kept in Ar atmosphere, (b) after exposure to air. (Reprinted 


from Wolkin, MN. et al, Phys. Rev. Lett, 82, 197, 999, With permission) 
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FIGURE 25.13 Electronic states of SINCs as a function of the duster 
size and surface passivation. (Reprinted from Wolkin, MW. et al, Phys 
Rev. Lett, 82, 197, 1999, With permission.) 


SiNCs. Hence, dynamical characteristics of the nanocrystals still 
requie suficient explanations, particularly as the PL decay time 
from the blue-green PS samples have been reported” to be much 
faster (0.074 in the blue) than those of the red samples (211s) 
and therefore, according to the QC model, should exhibit higher 
PL yield, Further discussion of this topic will be given in Section 
25.4.2 after presenting the vibron model. 


25.3.3 Time-Resolved Photoluminescence 
Experiments 


‘The PL decay process from silicon nanostructures has been 
intensively investigated over the recent years, both from PS" 
and from SiNCs embedded in SiO, matrices." In atypical setup, 


a train of short laser pulses excites the carriers to their lowest 
excitonic state from which they radiatively recombine to gener- 
ate PL photons. The PL decay time is measured shortly after the 
pump laser is switched off using, for example, a gated photon. 
counting system that is mostly suitable for SiNCs since the 
relevant dynamics occurs on timescales of sub-microseconds up 
to few milliseconds. 

‘A typical room-temperature, time-resolved PL decay curve 
from co-sputtered SiNCs with x = 18% (average diameter 
of ~4.5nm) and at a PL energy of 1.65eV (PL wavelength of 
-7501nm), is shown in Figure 25.14. The temporal behavior of the 
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FIGURE 25.14 Room temperature, time-resolved PL. decay normal- 
ized tothe initial PL intensity taken at PL photon energy of 1.65eV for 
the x ~ 18% sample (average diameter of 4.5m), The sold line repre 
sents the best fit of the experimental data (symbols) to the stretched: 
exponential decay function (Equation 25.4). The inset shows the PL 
decay curves at various low temperatures 
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Excessive Multiplexing 
A twisted nematic display is 
poorly ifits duty cycles greater than 1 
words, more than four displays should not be 
multiplexed by the same controller. 


DC Damage 
‘An LCD can be damaged quickly and perma- 
nently if it is subjected to DC current. This can 
‘occur by accident if,for example, a timer chip is 
being used to generate the AC pulse stream, and 
the timer is accidentally disconnected, or has an 
incorrect connection in its RC network. Check 
timeroutputwithameter settomeasure AC volts 
before allowing any connection to the common 
pin of an LCD. 


Bad Communications Protocol 
Many alphanumeric display modules do not use 
a formal communications protocol. Duplexserial 


light source, indicator, or display > reflective > LCD. 
or 1I2C connection may not be available, Care 
must be taken to allow pauses of a few millisec- 
onds after execution of embedded commands, 
togive the display sufficienttimeto complete the 
instruction, This is especially likely where a com- 
mand to clear all characters from the screen has 
to be executed. if garbage characters appear on 
the screen, incorrect data transfer speed or lack 
of pause times may be to blame. 


Wiring Errors 
This is often cited by manufacturers as the most 
common cause of failure to display characters 
correctly, or lack of any screen image at all 
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PL does not follow a simple exponential decay function leg, 
Wl, = exp(-t!t}; notice the semilogarithmic scale of Figure 25.14], 
‘but rather stretched-exponential decay function of the form: 


K)=1, ~f-{ J | 


‘is the characteristic PL lifetime 
(<= 1is the dispersion exponent of the PL decay function 


25.4) 


where 


‘This form of the PL decay function has been observed for many 
classes of silicon nanostructures!” and is frequently assigned 
to disorder characteristics of systems where dispersive transport 
take place, particularly migration’™”? and trapping-detrapping 
(orrelease) of photoexcited carriers. This topic is directly related 
to transport phenomena in PS and SiNCs where dispersive trans- 
port has been observed and discussed," but will not be reviewed 
here. The solid line in Figure 25.14 represents the best fit of the 
experimental data to Equation 25.4, yielding a PL lifetime of 
about ~40 us and B ~ 0.85. As opposed to the dispersion expo: 

nent that is approximately independent on the PL energy, the PL 
decay time decreases with the increasing PL energy, from about 
100 ts at 1.4¢V to few ps at 2eV. This is rather important result 
as it indicates, again, about the inhomogeneous nature of the PL. 
spectrum, in accordance with the inhomogeneous size distribu- 
tions of the nanocrystals shown in Figure 25.5. According to the 
QC model, the smaller the SINCs (and therefore, the breakdown 
of the k-conservation rule) the larger the radiative transitions rate 
and the faster the radiative lifetime. We will follow this picture, 
assuming that each wavelength in the PL spectrum probes a dif 

ferent size of the nanocrystals, as suggested by the QC model. In 
addition, let us denote the substantial dependence of the PL decay 
time (at a given PL energy) on temperature, shown at the inset to 
Figure 25.14. The lower is the sample temperature the longer is 
the PL decay time, approaching fairly slow PL lifetimes of about 
few milliseconds at low temperatures (below 50K). The variation 
of the PL lifetime with temperature, for several PL. energies, is 
presented in the Arrhenius plot (semilogarithmic scale versus the 
inverse temperature) of Figure 25.15, 

‘We can identify two distinct temperature regimes in Figure 
25.15: a low-temperature regime (below 50-60K) where the PL 
lifetime is essentially independent of temperature and a high: 
temperature regime (above 60K) where the PL. lifetime gets 
shorter with the increasing temperature. To follow these char- 
acteristics ofthe PL lifetime let us briefly describe the exchange. 
splitting model that has originally been proposed by Calcot 
et al for PS, and later on adopted for other classes of silicon 
nanostructures.” In typical semiconductors the lowest excitonic 
state is composed of conduction electrons having a total angular 
‘momentum of J = 1/2 (the sum of L = 0 orbital angular momen: 
tum of the conduction band and spin 1/2 of the electrons) and 
heavy holes states having J = 3/2 (L = 1 of the valence band and 
spin 1/2). Hence, the total angular momentum of the exciton can 
be either 1 or 2. Of course, QC makes this picture much more 
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FIGURE25.15 Arrhenius plot (semilog scale versus the inverse tem. 
perature) ofthe PL lifetime, from the x ~ 18% sample, for several pho- 
ton energies. The solid lines represent the best fit of the experimental 
data to the exchange-splitting model shown schematically atthe inset 
with t,1,,and A being the upper state (singlet) lifetime, the lower state 
(triplet) lifetime, and the splitting energy, respectively. 


complicated as different bands can be mixed and the spherical 
symmetry of the ideal dot can be distorted (in fact, the spheri 
cal symmetry of the dot is always slightly distorted when con. 
structed from a cubic crystal). Therefore, Calcott et al.” treated 
the exciton as composed of two spin 1/2 particles assuming that 
only the spin components of the total angular momentum are 
conserved. In this case, the total spin of the exciton can be either 
S=1 (triplet) or $= 0 (singlet). The Coulomb exchange interaction 
between electrons and holes lifts the singlet-triplet degeneracy. To 
follow the role of the exchange interaction, let us point out that, 
according to the Pauli principle, a singlet state (which is antisym- 
metric with respect to exchange of the electron-hole spins) has to 
besymmetric with respect to exchange ofthe electron-hole orbital 
states, while the spin-triplet state has to be orbitally antisymmet- 
ric with respect to this exchange. Hence, the Coulomb energy 
associated with the exchange interaction is always larger for the 
spin-singlet state (S =0) relative to the spin-triplet state (S= 1). The 
situation is schematically illustrated at the inset to Figure 25.15, 
where A is the singlet-triplet exchange splitting energy. In a bulk 
silicon crystal, the splitting energy is fairly small, of the order of 
~150peV; however, since the exchange interaction is proportional 
to the overlap between the electron and the hole states, it can sig- 
nificantly be enhanced by confining the exciton into small nano- 
structures. This picture explains very well the behavior of the PL 
lifetime. Denoting the lifetimes of the upper singlet and the lower 
triplet states by t, and 1, respectively, and taking the population 
of the two states to be in thermal equilibrium (which is a reason- 
able assumption as relaxation processes between these neighbor- 
ing states should very fast, of the order of few picoseconds), we 
find the following expression for the PL radiative lifetime: 
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ge 
where 
1 s the rate of radiative transitions from the lower triplet 
state 
1/tyis the rate of radiative transitions from the upper singlet 
state 
= gilgu~3is the levels degeneracy ratio” and the Bolemann 
factor, exp(-AVKT), takes into account the relative (ther 
mal) population ofthe states 


‘The solid lines in Figure 25.15 represent the best fit of the PL 
lifetimes to Equation 25.5. The appearance of two temperature 
regimes can be understood now as follows. At low temperatures 
(where KT'< A), only the lower triplet state ofthe exciton is popu: 
lated and the PL decay time is dominated by the long lifetime of 
the triplet state. At higher temperatures, the upper singlet state 
‘becomes populated. If the radiative lifetime of this state is much 
faster than that of the lower triplet state, it will dominate the PL. 
decay time at high temperatures, giving rise to exponentially faster 
lifetimes (versus the inverse temperature), which is in a very good 
agreement with the results shown in Figure 25.15. The upper state 
lifetime is expected tobe (relatively) short since the spin singlet is 
‘an optically active state (¢., radiative recombination of the exci 
ton into the ground state of no exciton is allowed) as opposed to 
the lower triplet stat, which is optically forbidden state according 
to the spin selection rules. The spin-orbit interaction" can mix 
the singlet-triplt states, making the triplet state weakly allowed. 
However, this interaction is fairly weak in silicon so that the life 
time of the triplet state is expected to be quite long. 

Before discussing the application of this analysis to the vari- 
‘ous SiNCs samples (of variable silicon volume content), let us 
denote the contribution of nonradiative relaxation processes to 
the measured PL decay time. In principle, the measured (inverse) 
PL decay time is the sum of radiative and nonradiative relax 
ation rates, 7? =1)! +1yh, where yy is the nonradiative relax, 
ation time. Yet, as will be further explained hereafter, at high 
temperatures the measured PL decay time is dominated by radi 
ative processes and we may take, 1, = (where £, is the singlet 
lifetime). At low temperatures, the contribution of nonradiative 
processes cannot be neglected; thus we have 1;' = tj! + tie, with 
being the triplet (radiative) lifetime. 

‘The above analysis, which yields the upper level lifetime, the 
lower level lifetime, and the exchange-splitting energy for each 
of the PL energies, has been exploited to the entire set of SiNC 
samples having different average diameters. The results are 
presented in Figure 25.16 for selected samples. Let us empha 
size again that each of these samples is characterized by inho 
‘mogeneous, approximately Gaussian, size distribution of the 
nanocrystals (see Figure 25.5). The PL. energy probes a given 


"The degeneracy ratio depends on the assumption regarding the total 
angular momentum of the states. However, the lifetime analysis almost 
insensitive tothe specific value of this ratio, 
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FIGURE 25.16 The variation of (a) the upper level lifetime, (b) the 
triplet-singlet exchange-splitting energy and (¢) the lower level life 
time, aa function ofthe PL energy for various samples having different 
average diameters. The lower diameter scale correlates the PL energy to 
the diameter of the nanocrystals according to Equation 25.3. The solid 
lines in (a and b) represent a universal dependence of the upper level 
lifetime and the splitting energy on the diameter of the nanocrystals 
While the dashed lines in (@) show the dependence of the lower level 
lifetime on the average size of the samples. 


size (or diameter) of the nanocrystals within this distribution. 
This is schematically illustrated at the bottom of Figure 25.16, 
where a smaller PL energy is linked to a larger nanocrystal with 
a scale of diameters (based on Equation 25.3—the relationship 
between the PL. energy and the diameter of the nanocrystals). 
For a given size distribution, the PL intensity varies across the 
PL spectrum yielding more photons near the average size of the 


Photoluminescence from Silicon Nanostructures 


SiNCs. Nevertheless, according to the QC model the PL. life- 
time should be independent of the size distribution but rather 
characteristic of a given nanocrystal’s diameter. In other words, 
according to the QC model, the Pl. lifetime should vary with 
the PL energy but should be independent of the size distribu- 
tion of the nanocrystals. The results shown in Figure 25.16a for 
the upper state (singlet) lifetime and in Figure 25.16b for the 
exchange-splitting energy, remarkably follow the QC model 
‘The upper state lifetime, x,, decreases by an order of magni- 
tude (from about 40-50y1s down to 2-341s) with increasing PL 
‘energy, in agreement with the QC model where larger relaxation 
of the k-conservation rule is expected for smaller nanocrystals. 
Furthermore, all the results for t, from different samples having 
different average diameters, collapse into a single line (the blue 
line in Figure 25.16a) independent of the size distributions of the 
samples. The PL energy probes a lifetime of nanocrystals having 
the same diameter, which should be independent of how many 
nanocrystals ofthat size appear ata given distribution. A similar 
conclusion holds for the exchange-splitting energy. The smaller 
the nanocrystal, the larger the exciton confinement and the big. 
ger the splitting energy. Here again, as the splitting energy is a 
size-dependent property of the nanocrystals, this energy should 
be independent of the size distribution and the results for all 
samples should collapse into a single line. 

So far, we have found the upper state (singlet) lifetime and the 
cexchange-splitting energy to provide a solid support to the QC 
‘model. However, a completely different behavior appears for the 
lower state (triplet) lifetime, t,. The lower state lifetime is essen- 
tially independent of the PL energy and therefore, is not a size- 
dependent property of the nanocrystals. In contrast, x, depends 
‘on the excess silicon volume content (x), and accordingly, on 
the average diameter of the SiNCs. Thus, the lower state lifetime 
cannot be assigned to radiative relaxation from the triplet state 
but rather to nonradiative relaxation processes that depend on 
the environment of the SINCs, eg, the amount of excess sili 
con in the host matrix and, as will be explained later, on the SC 
(or passivation) of the SiNCs. These findings suggest that QC is 
responsible forthe relatively fast radiative transitions rates from 
SINGS, while SC is responsible for the fairly slow nonradiative 
relaxation processes in these nanocrystals. Yet, both processes 
are responsible for the PL yield, » (see Section 25.3.2), which is 
derived from the competition between radiative and nonradia 
tive recombination rates, as schematically illustrated at the inset 
to Figure 25.11, and is given by the following expression: 


ce; (25.6) 


ett tet Tk te 


where T'=t;'+tyk is the total (measured) PL decay time. 
For high-yield samples (average diameter in the range of 4.5~ 
5.5nm), the PL decay time varies by more than two orders of 
‘magnitude over the 50-300K temperature range (ee Figure 
25.15), while the integrated PL is approximately constant over 
the same temperature range it varies by less than a factor of 2; 
see Figure 25.17) 
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FIGURE 25.17 The variation of the integrated PL. as a function of 
temperature for various samples having different average diameters. 


Both experiments (Figures 25.16 and 25.17) suggest that over 
the 50-300K temperature range, the PI. decay time is dominated 
by radiative transitions of the exciton where, t, <« Ty. In this 
range, we find 1) = constant ~1, in a good agreement with the 
high yield measured for these SiNCs. At this temperature range, 
radiative transitions are dominated by the upper-state lifetimes, 
1 =, ~ 2-5041s, which should be compared to the nonradia- 
tive lifetimes, ty, ~ 1-3ms. Notice that nonradiative rates have 
been measured at low temperatures and, in general, one should 
expect faster nonradiative lifetimes at higher temperatures. 

Nevertheless, all experimental results indicate that t, << Ty, over 
the entire temperature range, up to room temperature, 

Based on the assignment of radiative lifetime to the upper 
(singlet) state, we can estimate now the oscillator strength for 
optical transitions from this state. The oscillator strength, f, 
is a dimensionless parameter that measures the strength of 
‘a dipole-allowed optical transition from a given ith state to 
another jth state, relative to all other dipole-allowed transitions 
from the same (ith) state. The oscillator strength is normalized 
so that the sum over all oscillator strengths originated from the 
‘same level, is equal to 1, a property which is known as the f-sum 
rule" (or the Thomas-Reiche-Kuhn sum rule). The relationship 
between the oscillator strength and the (spontaneous) radiative 
lifetime of the singlet state is given by'* 


2nme'he, 1 
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where 
‘mis the electron mass 
‘is the refractive index of the medium 
Eis the photon energy 


In Figure 25.18, we have plotted the oscillator strength for opti- 
cal transitions, from the upper singlet state, versus the confine- 
ment energy, AE. Here again, all results from samples having 
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FIGURE 25.18 Semilogarithmic plot of the upper level oscillator 
strength versus the confinement energy, fr various samples having differ- 
cent average diameters. The red line represents the best it to Equation 25. 


different average diameters collapse into a single function that, 
taking into account the limited range of variation, can be fitted 
into exponential form:* 


AE 
fos = fuexp| — 25.8) 
a 
where 
Eos = 04 # O.1eV is the characteristic oscillator strength 
energy 
‘fo=(35+ 1) x 10°*is the oscillator strength ofthe bulk crystal 


(no confinement) 


‘The above analysis ofthe PL. characteristics seems to adequately 
explain most ofthe experimental findings but, atthe same time, 
‘open up other fundamental questions concerning the origin of 
the PL. Let us briefly summarize these findings and the most 
relevant questions" 


1. Radiative Processes: QC plays a major role here. For small 
silicon nanostructures, QC gives rise to a blueshift of 
the bandgap energy, up to the visible range of the spec- 
trum, according to the power law of Equation 25.3. At 
the same time, the increasing bandgap energy gives rise 
to shorter radiative lifetimes since t,~ I/F (without tak- 
ing into account the effect of confinement on the oscilla 
tor strength, which will be discussed hereafter). A second 
contribution of QC to radiative processes comes from the 
breakdown of the k- (or momentum) conservation rule. 
However, the effect of confinement on the rate of radiative 
transitions has been overestimated by many researchers 
over the years. Our estimate of the oscillator strength for 
the case of no confinement is, fy ~ 10°, in a fairly good 


Over the limited range where the oscillator strength has been measured, 
other functions such as power laes could also be fited. The current expo- 
ential form should be considered a a guideline only. 


agreement with the poor optical emission and the fairly 
slow radiative lifetimes (210ms) from bulk silicon. QC 
enhances the oscillator strength for small nanocrystals, 
butonly to the order of ~(2-3) x 10-‘and, apparently up to 
10° for blue-emitting nanocrystals. For a comparison, in 
direct bandgap semiconductors the oscillator strength for 
interband transitions is -1, about 3-4 orders of magnitude 
larger than the oscillator strength of our silicon nano- 
structures. A direct consequence of this result isthe fairly 
slow radiative lifetimes in silicon nanostructures relative 
to direct bandgap semiconductors. For example, the radi- 
ative lifetime in GaAs (with energy bandgap of ~1.42eV) 
is about few nanoseconds compared to few microseconds 
in silicon nanostructures; a result which isa direct mani- 
festation of the 3-4 orders of magnitude differences in the 
oscillator strength. Some researchers might assign this 
conclusion to the so-called quasi-direct bandgap of silicon 
nanostructures, meaning that the oscillator strength for 
dipole allowed optical transitions is substantially smaller 
compared to direct bandgap semiconductors. However, 
the author of this chapter prefers not to talk about “bands” 
in small silicon nanostructures as we actually deal with a 
discrete set of levels rather than “bands.” 

Nonradiative Processes: As opposed to radiative processes, 
QC does not play a major role here. The efficient light 
emission from SiNCs is due to exceptionally slow nonra- 
diative relaxation processes in SINCs, of the order of few 
milliseconds. While this result explains very well the high 
quantum yield from SiNCs, it raises another fundamen- 
tal question. The measured nonradiative lifetimes of few 
milliseconds are typical for the purest silicon wafers, with 
impurity levels of about 10-10" cm’> (eg, one impurity 
atom per more than a billion of silicon atoms). It is well 
known that higher density of impurities enhances non- 
radiative relaxation rates, for example, in p-type silicon 
crystals with boron concentration of about 10 cm” the 
‘minority carriers lifetime is about 01-1. adding 10° cm"* 
‘Au impurities into the crystal gives rise to nonradiative 
lifetimes as short as 10" s. The high PL yield and the slow 
nonradiative relaxation times in SiNCs seem to be a uni- 
versal property of SiNCs, essentially independent of the 
method of fabrication (see Section 25.2). Yet, these fab- 
rication methods are not necessarily “clean” and free of 
imperfections, defects, and impurities. In fact, the quality 
of interfaces between SiNCs and the host matrices can- 
not be compared to those obtained by epitaxial growth 
methods; their shape and symmetry are less regular 
than nanocrystals synthesized by colloidal chemistry 
and the level of impurities and defects is far from those 
obtained by advanced silicon crystal growth techniques. 
Considering all these facts, one would expect to find 
much faster nonradiative relaxation times in SiNCs, at 
least a considerable variation of the PL. yield among the 
various preparation techniques. It seems that SC plays a 
‘major role in excluding nonradiative relaxation channels 
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in SINCs. Understanding what possible mechanism could 
give rise to remarkably slower nonradiative relaxation 
rates is a major issue in the field and is expected not only 
tocexplain the origin ofthe efficient PL, but also to explore 
novel aspects of SC at the nanoscales. A possible mecha: 

nism that could prevent nonradiative relaxation processes 
at these length scales, and is related to SC, is presented 
and discussed inthe following section (the vibron mode 

In principle, understanding this mechanism may open up 
new horizons concerning surface engineering of nonra- 
diative processes at nanoscale. 


25.4 The Vibron Model: 
The Relationship between 
Surface Polar Vibrations and 
Nonradiative Processes 


‘The purpose of this section is to discuss basic properties of 
SiNCs surfaces, particularly the silicon-SiO, interface (Section 
254.1) as most experimental data reported so far are related 
to SiNCs embedded in silicon dioxide matrices. The “vibron” 
model” (Section 25.4.2), which correlates surface vibrations at 
the silicon-SiO, interfaces to nonradiative processes, is proposed 
sa specific mechanism that passivates the nanocrystals against 
nonradiative relaxation channels. Such a mechanism can explain 
the role of SC and its influence on nonradiative relaxation pro- 
cesses in SiNCs. Finally, in Section 25.4.3, we describe recent 
experimental results that seem to support the vibron model 


25.4.1 The Silicon-Silicon Dioxide Interface 


‘The silicon-SiO, interface is one ofthe most studied interfaces 
due to the vital role it plays in microelectronics, particularly in 
the MOS (metal-oxide-semiconductor) technology: In general, it 
{swell known that thermally grown oxide on top ofa crystalline 
silicon substrate has amorphous structure down to distances 
of about 1-3nm avay from the interface. The common picture 
of the interface is that of 1-2 monolayers of non-stoichiometric 
SiO, (with 1 << 2), followed by 1-2nm of strained SiO, and a 
remaining layer of stoichiometric, strain-free amorphous SiO, 
‘The Si-SiO, interface plays a major role in the MOS technology 
asitcan permanently trap charges (interface charges) acting asa 
source of voltage that shift the electrical characteristics of MOS 
devices. The amount of surface traps can be as high as 108 cm? 
(meaning that essentially all surface atoms can trap charges) 
however, after hydrogen annealing that passivates most of sur 
face dangling bonds, the amount of surface traps can be reduced 
to level of 10° cm’ or less. The electronic properties of bullk 
silicon crystals are almost insensitive to these imperfections due 
to the very small STV ratio of bulk materials (ee, Figure 25.3) 
However, for small SINCs, the circumstances are substantially 
different as the number of atoms (or molecules) belonging to 
the surface of the nanocrystal is similar to the number of silicon 
atoms of the “bulk” nanocrystal 
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Several theoretical and experimental investigations have 
been conducted for exploring the nature of the interface transi- 
tion region, of about 1-3nm, where the structure changes from 
a perfect order of crystalline silicon to a disordered structure 
of amorphous SiO,. Numerous reports””-** have shown that the 
interface may include few monolayers of compressed crystalline, 
epitaxial-oxide phase in the form of either cristoblite," quartz, 
or even tridymite."* After few monolayers of strained crystal- 
line oxide, the stress is released and amorphous phase of SiO, 
appears. A quite remarkable demonstration to the presence of 
crystalline SiO, phase at the Si-SiO, interface has been reported 
by Cho et al* using thermally oxidized SOI (silicon-on-insulator) 
substrates to create a thin crystalline silicon layer embedded in 
between relatively thick amorphous SiO, (a 2D silicon quantum, 
well’). The cross-section HRTEM images of these structures, 
which can be considered as 2D analogous" of OD SiNCs, are 
shown in Figure 25.19a and b. Despite that the exact crystalline 
phase of SiO, could not be identified in this experiment, these 
images demonstrate the possibility of creating crystalline SiO, 
at the Si-SiO, transition region. Notice also that the model of 
surface passivation by Si=O double bonds (see Section 25.3.2) 
proposed by Wolkin etal.” has been shown to be consistent with 
the presence of cristoblite phase at the transition region of the 
interface." The remarkable point about the TEM images shown 
in Figure 25.19a and b is the fairly thick crystalline-oxide layer, 
of -2-3nm, which may contain more than 10 monolayers of 
crystalline SiO, The situation is much more complicated when 
dealing with nonplanar surfaces such as the spherical surface 
of SiNCs. The EFTEM (energy filtered TEM) image of a single 
SINC, shown in Figure 25.19c, was taken from Ref. (86] and is 
one of the best images ofa single nanocrystal ever been reported. 

Daldosso et al* provided clear evidences to the existence of a 
Si-SiO, spherical transition region, of about I nm in thickness, 
‘which is marked by the dashed lines in Figure 25.19c. While the 
signature of crystalline SiO, is absent in this image, itis worth 
noting that such a signature from few monolayers of acrystalline 
phase, thinner than 2nm, has not been observed even for planar 
surfaces and definitely not for the much more challenging spher- 
ical surfaces discussed here. The presence of a spherical tran- 
sition region made of crystalline SiO, is not a prerequisite for 
the vibron model to be discussed in Section 25.4.2. Yet, the exis- 
tence of such a surface would provide a supplementary support 
to the model as coherent vibrations across the SiNCs surface, 
are expected to enhance the vibron effect (see Section 25.4.2) 
as compared to noncoherent vibrations. The presence of such a 
surface would also help to understand the analogy between the 
“classical” polaron problem and the vibron model as “phonons” 


Some readers may ask fsuch 2D silicon nanostructures could show simi- 
lar quantum size effects (such as PL). However, as fara electronic proper 
ties are concerned, these 2D structures behave as OD SiNCs. The reason is 
local flictuations, on length scales of 1-2 monolayers, of the oxide layer 
that cannot be avoided during thermal oxidation, These fluctuations 
induce trong localization ofthe electronic wavefunctions that resembles 
the OD characteristics of SINCs (with esser control ofthe additional con 
finement scales) 
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FIGURE 25.19 
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HRTEM images of crystalline SiO, on ultrathin silicon (100) layers with thicknesses of (a) 1.9-2.2nm and (b) 14-L.6nm, 


(€) High-resolution energy filtered TEM ofa SINC. The presence of silicon (111) reticular planes is clearly visible in the core region. The dotted 
lines mark the interface transition region. (Reprinted from Daldosso, N. etal, Phys. Rev. B., 68, 085327, 2003, Cho, E.-C. etal. Appl. Phys., 


96, 3211, 2004. With permission.) 


are natural vibrations of a crystalline SiO, phase. However, this 
is essentially a technical point and the vibron model can be justi- 
fied even in the absence of a crystalline SiO, shell. 


25.4.2 The Vibron Model 


Following the conclusions of Section 25.3, particularly the 
conclusion that the high PL. effciency is due to the inhibition 
of nonradiative relaxation in SiNCs, we should look for a spe- 
cific mechanism, associated with SC, which can “passivate” the 
nanocrystals against nonradiative relaxation processes. Such a 
mechanism has been proposed in Ref, (18,19,8788] and is called 
the “vibron” model. Let us briefly explain this model that assigns 
the inhibition of nonradiative channels to a resonant coupling 
between electronic states of the nanocrystals and surface vibra- 
tions of the silicon-oxygen bonds. These vibrations can be either 
noncoherent, e.g, vibrations associated with the Si-O andor the 
SiO bonds on the surface of the SiNCs, or coherent vibrations 
‘of a spherical crystalline SiO, shell that wraps the inner crystal- 
line silicon core of the nanocrystals. 

In general, a major source of scattering and relaxation in any 
semiconductor isthe electron scattering from latice vibrations 
of its own crystal, known as phonons.” The phonon dispersion 
relation (eg, the relation between the frequency and the wave. 
vector of the phonons) consists of two branches: an acoustic 
branch (where « goes to zer0 as K approaches zero) and an opti 
cal branch of phonons that can interact with light (with non- 
zero value of @ at k > 0). In addition, each of these branches is, 
divided into longitudinal and transversal phonon modes where, 
for longitudinal modes (LO and LA), the atoms vibrate parallel 
to the propagation direction while for transversal modes (TO and 
TTA), the atoms vibrate perpendicular to the propagation direc- 
tion of the phonons. In polar semiconductors (such as GaAs), 
where fons constructing a unit cell of the crystal carry positive 
and negatives (ionic) charges, longitudinal vibrations of the crys- 
tal generate a long-range polarization feld. The polarization field 
is an electric feld produced by the electric dipole moment of the 


‘vibrating ions, which is responsible for the strong interaction 
between LO phonons and charged carriers (electrons and holes) 
in polar semiconductors, and is a major source of scattering and 
energy dissipation in these semiconductors. In silicon, however, 
the situation is quite different as silicon is a covalent semiconduc- 
tor having the same atoms in a unit cell ofthe crystal that do not 
carry a net charge. Therefore, neither longitudinal nor transversal 
phonon vibrations in silicon generate a polarization field, giving 
rise to significantly slower phonon scattering rates compared to 
polar semiconductors. The presence of charged impurities, vibrat- 
ing bonds, or any other source of oscillating electric dipoles (or 
charges) on the surface of silicon could generate electric field that 
interacts with the charged carriers. However, these are small sur- 
face effects that have minor impact on the electronic properties of 
bulk silicon crystals. 

The situation is substantially different when dealing with low- 
dimensional silicon nanostructures, particularly small SiNCs. 
In these nanocrystals, the surface can no longer be treated as a 
small perturbation since a significant portion of the atoms sit on 
the surface of the nanocrystals (see Figure 25.3). While vibra- 
tions of the core silicon crystal cannot produce a polarization 
field, polar vibrating bonds on the surface of the nanocrystals 
can generate a polarization field, in the vicinity of the nanocrys- 
tals, that interacts with the charged carriers. This is the basic 
‘mechanism that stands behind the vibron model", Some readers 
may argue that this picture seems to contradict our goal, eg, 
finding a mechanism that will allow to passivate the nanocrys- 
tals against nonradiative processes. Indeed, the smaller are the 
nanocrystals the bigger is the surface area giving rise to larger 
amount of nonradiative relaxation channels. This is also the 
case for SiNCs with a diameter larger than 10nm, However, for 
smaller SiNCs with a diameter less than 10nm, a new mecha- 
nism of resonant coupling between surface vibrations and elec- 
tronic states appears and allows passivating the nanocrystals 
against nonradiative channels. 

To follow the origin of this mechanism, let us consider the 
SINC schematically illustrated in Figure 25.20, which consists 
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FIGURE 25.20. Schematic illustration ofa spherical silicon nanocrys- 
tal terminated with slicon-oxygen bonds. The dashed area represents @ 
surface region where a crystalline SiO, shell could be formed. The inset 
illustrates the Si-O-Si asymmetric stretching mode of vibration, 


of (approximately) spherical nanocrystalline silicon core termi 
nated with silicon-oxygen bonds on its surface. Traditionally, 
finding the electronic levels and the vibrational modes of a bulk 
semiconductor have been treated as two independent prob: 

lems (the so-called adiabatic approximation) as the electronic 
‘energies are of the order of few eV while vibrational (or pho 

non) energies are an order of magnitude smaller. At present, 
‘we will follow this picture, but later on we will reexamine this 
assumption. The SINCs spectrum of electronic levels has been 
calculated by several groups using various techniques such as 
tight-binding," pseudo-potential,® and effective mass?” 
Most reports have focused on the lowest unoccupied conduc 

tion level (called the LUMO state) and the highest occupied 
valence level (the HOMO state) as these levels are involved in 
interband optical transitions contributing to the PL. However, 
the vibron model requires some knowledge about higher excited 
states of the system. In direct bandgap semiconductor nano: 

crystals, itis convenient to classify the electronic levels accord. 

ing to their orbital symmetry using the standard atomic orbital 
notations, e.g. S, P, D, etc: Several factors make the classifica 

tion for SINCs more complex. First, the anisotropic effective 
mass of conduction electrons (with a transverse mass of 0.19%, 
and longitudinal mass of 0.92m,) may gives rise to a splitting of 
the levels with lower energy levels associated with the heavier 
‘mass. Secondly, the six minima degeneracy of the conduction 
band in bulk silicon (near the X-point, along the family of (100) 
directions; see Figure 25.1), which should be preserved for an 
ideal spherical dot, will be lifted by any deviation from a per 

fect spherical symmetry. In addition, a unique splitting into 
two groups of levels that are symmetric/antisymmetric under 
inversion (eg., k > -K)) are expected for small SINCs due to 
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intervalley couplings." Finally, mixing between different bands 
is expected in small SiNCs 
For the purpose of our model, we will ignore most ofthese fine 
splitting and mixing features, referring to the lowest two sublevels 
ofeach bandas 1S, and LP, for conduction electrons (1S, and LP, for 
holes) as schematically illustrated on the lft side of Figure 25.2 
the effective energy bandgap (the energy difference between 
and the 1S, states) and AE, and AE, are the energy differ- 
ences between lowest conduction and valence sublevels, respec- 
tively: On the right side of Figure 25.21, we schematically illustrate 
the configuration space diagram for the Si-O surface bonds (¢, 
the variation ofthe potential energy versus the length ofthe Si=O 
bond) with aground vibrational stateanda frst excited state hav 
ing a vibrational energy of hy (a common approximation here 
is taking the potential energy to be parabolic and the quantized 
vibrational levels and energies being the levels of a simple har 
‘monic oscillator). The vibrational energies are measured upward 
for conduction electrons and downward for valence holes. Notice 
that vibrational energies are size independent (eg., independent 
on the diameter of the nanocrystal), depending only on the type 
of bonding used to terminate the surface of the nanocrystal. On 
the other hand, the quantized electronic levels ofthe nanocrystal 
are size dependent and should increase with the decreasing diam. 
eter of the SiNCs. Hence, for (relatively) big SINCs, one expects 
the conduction/valence energy differences to be fairly small com: 
pared to vibrational energies. With the decreasing size of the 


QD coordinate Si=O bond distance 


FIGURE 25.21 
coupling between electronic sublevels and surface vibrations. On the 
left, the lowest electronic sublevels of the conduction (IS, and LP. and 
the valence (1S, and 1P,) bands are shown. AE and AE, are the energy 
differences between these sublevels. On the right, the ground and the 
first excited vibrational states are shown (with fi, being the vibra 
tional energy). The solid lines represent the potential energy for surface 
vibrations (inthe configuration space). Resonant coupling occurs once 
the vibrational energy is equal to AE_or AE; 


Schematic illustration of the condition for resonant 
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nanocrystals, AE, (and AB,) increases until, fora given diameter 
of the nanocrystals, the two energies (electronic and vibrational) 
coincide. This is the condition for a resonant coupling between 
surface vibrations and the electronic states of the nanocrystals via 
4 polarization field ofthe vibrations. 

‘Theabove model should slightly be modified when dealing with 
surface phonons of a crystalline SiO, shell, but the main conclu- 
sion concerning resonant coupling between electronic states and 
surface phonons, remains valid” In this case, we will focus our 
attention on LO phonons as these phonons generate a consider: 
ably large polarization field. In general, the dispersion relation of 
the phonons should be taken into account (eg, the dependence 
‘of the phonon energy on the phonon wavevector, 4), but, toa first 
‘order approximation we may take the LO phonon energy to be 
dispersionless and equal to hta;o. When the condition fora strong 
coupling is fulfilled, AE = ho,,, the electrons and the phonons are 
not anymore in the weak coupling regime where scattering and 
energy dissipation occur. Instead, the strong coupling between 
electrons and phonons gives rise to a creation of virtually ever: 
lasting mixed electron-phonon modes, called polarons. In polar 
semiconductor quantum dots, these polarons are due to strong 
coupling between the electrons and the LO phonons of the same 
crystalline core while in the vibron case, a similar coupling occurs 
between surface phonons of the crystalline shell and the core 
electrons. These surface polarons “passivate” the surface against 
nonradiative relaxation processes. Let us emphasize that this 
process of creating surface polarons (vibrons) is expected to be 
particularly important in silicon where, as opposed to polar semi. 
conductors, only surface phonons (or vibrations) can produce a 
polarization field explaining the crucial role of SC in SINC. 

‘The polaron state of nanocrystals can be viewed asa “dressed” 
state of the electron-phonon system. A simple illustration of a 
polaron state is depicted in Figure 25.22 where the negatively 
charged electron produces a local disturbance to the polariza 
tion field of the lattice (wich i created by longitudinal lattice 
vibrations). Inthe vibron case, the surface polaron isa “dressed” 
state of the surface, meaning thatthe electron andor the hole are 
coupled to the surface ofthe SiNC. This provides a direct expla 
nation and a specific mechanism to the model of Wolkin et al.” 
of surface-trapped electrons/holes/excitons discussed in Section 
25.3.2. Here again, resonant coupling to surface vibrations can 
produce a localized (or trapped) electron-surface vibrations, 
hole-surface vibrations, or a localization of the entire exciton as 
suggested by Verzelen et al Another important characteristic 
of the polaron problem, which can be utilized for experimental 
verification of the model, is the polaron energy splitting due to 
confinement. To follow this phenomenon, one needs to solve the 
entire polaron Hamiltonian including the electron-polar pho 
non interaction, finding the new eigen-energies of the polaron 
that becomes a mixed state of the electrons (or the holes) and 


For the sake of simplicity, we have ignored the effect of confinement on 
the spectrum of phonons and their dispersion relation. However, this 
topic could lead to additional novel phenomena that have not been stud- 


ied so fae 
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FIGURE 25.22 Schematic description of the polaron formation 
mechanism. On the left, the polarization field from the unperturbed 
lattice of charged ions is shown while on the right, the perturbed field 
(eg. the polaron) created by a negatively charged electron (dotted cir 
cle) is presented 


the phonons. While the exact algebra is quite complicated and 
tedious, a simplified model has been proposed by Mahdouani 
etal? by limiting the interaction into the subspace of the [1S 
1g) and [1P,,,,07) uncoupled states, which are composed of the 
electronic ground state (1S,,,)+ 1 phonon state (19), and the frst 
excited electronic state (1P,,,) + 0 phonon state (04), respectively. 
In this subspace, the electron-phonon interaction Hamiltonian 
(known as the Frohlich Hamiltonian*) takes the following form: 
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where 
Ey Ep are the electronic energies of the 18 and the 1P sublev- 
ls, respectively 
hao. is the LO phonon energy 


‘The off-diagonal electron-phonon interaction term is given by 
W = (15,0, [MPa 0) 

‘The solution to this problem (e.g, diagonalization of the 
Frohlich Hamiltonian) yields the mixed electron (hole)-phonon 
states of the vibron and the energies ofthe vibron, which are 
schematically illustrated in Figure 25.23 

‘The lower energy branch (E.) has a phonon-like behavior (E.~ 
ho, ) for small SiNCs and behaves as an electronic state (1P.) for 
large SiNCs (with E. = AE, ~ 1/dt; see Equation 25.3), The upper 
branch (E,) is electronic-like for small SINCs and phonon-like for 
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FIGURE 25.23. Schematic presentation of the vibron energies (solid 
lines) as afunetion ofthe nanocrystal diameter. The dashed lines rep- 
resent the vibrational energy, which isnot alfected by the confinement 
(horizontal line), and the electronic energy (AE), which depends on the 
diameter of the nanocrystal 


large SiNCs. However, the most interesting behavior occurs for 
AES 

states are mixed states ofthe form [jor )= 44 15,19) +b [1..03) 
Gwith |a.['+p.[ =. Similar results can be obtained for the 
hole-phonon coupling” and for the exciton-phonon coupling * 
In principle, the same formalism can be applied to noncoherent 


‘hoo (the resonant coupling condition), where the polaron 


surface vibrations with fay replacing fiwo. Yet, this problem 
requires further investigation as the application of the Frahlich 
Hamiltonian for coupling to surface vibrations and/or amor- 
‘phous phases has not been investigated so far. Finally, let us point 
‘out that measuring the vibron energies can provide a direct veri- 
fication to the model. This is the subject of Section 25.4.3, 


25.4.3 Experiments Supporting 
the Vibron Model 


At first let us mention several reports about polar optical pho- 
rons of the silicon-SiO, planar interfaces, which have been theo- 
retically predicated” and experimentally observed.” In these 


planar Si-SiO, interfaces, polar optical phonons of the oxide layer 
give rise to enhanced scattering and energy dissipation, from 
charged carriers moving in the adjacent silicon channel of MOS 
devices and bipolar transistors having SiO, spacer layers.™* In this 
case, the interaction with polar optical phonons causes a lower 
‘mobility of the carriers and a degradation of the current-volt 
age characteristics. As discussed in the previous section, this is 
the regime of weakly coupled electrons-phonons that is reflected 
by energy dissipation and enhanced nonradiative relaxation rates. 

Among the first experiments providing direct evidence for 
vibrons in SiNCs is the one reported in Refs. [87,88] In this experi- 
‘ment, the aim was to measure inter-sub-level (ISL) optical transi 
tions between the quantized sublevels of SINCs"* for example, the 
[1S,) = [1P,) and the |1S,) — |1P,) ISL transitions between the 
‘quantized states ofthe conduction and the valence bands, respec- 
tively (ee Figure 25,21, lef) Ignoring band mixing, let us indicate 


25-19 


that these are optical transitions between sublevels coming from 
the same band and therefore, having the same Bloch wavefunction 
(for example, the same conduction Bloch state for both the [1S,) 
and the |1P,) sublevels). Hence, dipole matrix elements for optical 
transitions between these sublevels are reduced to dipole matrix 
elements between envelope states of these sublevels2”**" Thus, the 
[1,) > |LP,) transition is a dipole allowed optical transition (with 
the oscillator strength for this transition being close to 1") that can 
be measured by infrared absorption spectroscopy. Let us empha- 
size that ISL optical transitions are a direct manifestation of QC 
as these sublevels do not exist in bulk semiconductors. In addi- 
tion, according to the vibron model, these sublevels are expected 
to interact with surface polar vibrations yielding modified energy 
spectra similar to those presented in Figure 25.23. Therefore, this 
experiment should be sensitive to both QC and SC in SiNCs. 

‘The experimental setup for measuring ISL transitions™ in SNCs 
includes a visible pump laser exciting electron-hole pairs* (excitons) 
and a weak, tunable IR probe beam measuring the photoinduced 
absorption (PLA) spectra, Both the photoinduced transmittance, AT, 
and the linear IR transmittance, T,are measured (by modulating the 
pump laser beam in one experiment and the probe beam in a sec- 
ond experiment using a lock-in detection method”) to obtain PIA: 
PIA =AI/T." The same set of co-sputtered SiNC samples, with vary- 
ing average diameter (and silicon volume content; see Figure 25.5), 
which were used for the PL experiments (see Figures 25.9 through 
25.11), have also been exploited for PIA measurements to allow 
investigation of possible correlation between these experiments, 

Figure 25.24 presents the linear IR absorption (dashed line) and 
the PIA (solid line) spectra for SiNCs having an average diameter 
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FIGURE 25.24 Room temperature PIA (symbolsanda solid line) and 
linear IR absorption (dashed line) spectra for the sample with average 
diameter of 4 5nm, 


Since our SiNes are essentially undoped, the carriers must optically be 
induced. Once a technology to introduce dopants into SiNCs will emerge, 
‘it would be interesting to investigate direct ISL transitions from SINC 
having a single typeof carriers 

"The linear and the phot 
and AT = Th 
cient and Ad is the photoinduced absorption coeficient. Hence, we find 

‘2c where we have assumed that Add <1 


nduced transmit “s 


ice are given by T= The 


=] where «is the linear absorption coef 
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of 45nm (x = 18%). The linear IR absorption spectrum includes 
single absorption band, at about 130-150meV (1050-1210cm" 
in terms of wavenumbers), of the Si-O asymmetric stretching 
mode of vibration," schematically illustrated in Figure 25.20 

Similar linear IR absorption spectra have been obtained for all 
SINCs embedded in SiO, matrices. The PIA spectrum reveals two 
photoinduced absorption bands; a relatively strong and narrow 
band at ~135meV and a fairly broad, high-energy band at about 
280meV. The broadening of the PIA bands is expected here as 
absorption measurements average over all sizes of nanocrystals 
according to the size distribution of each sample (see Figure 
25.5). In fact, the fairly narrow linewidth of the low-energy band 
(FWHM of -20meV) is quite surprising taking into account the 
size distribution. As the PIA technique is not sensitive to the 
polarity ofthe carriers, we may use the effective mass approxima: 

tion for assigning the low-energy PIA band to valence-ISL. (VISL) 
transitions and the high-energy band to conduction-ISL. (CISL) 
optical transitions.*"*" However, another explanation of assign- 
{ng both bands to CISL transitions is possible, where the 1P, state 
of the conduction splits into two sublevels, mainly due to differ. 

‘ences between longitudinal and transversal conduction effective 
masses." In the following, we follow the first scenario but the 
main conclusions of this experiment remain valid for the second. 
scenario as well. 

Next, in Figure 25.25, we show the PIA spectra for a series of 
‘SiNCs having variable average diameter, from 4 up to 6nm. This 
is also the range of diameters where the two PIA bands could be 
resolved from the noise. Surprisingly, while the high-energy CISL. 
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FIGURE 25.25. PIA spectra for selected samples of different average 
diameters from 4 up to 6m. The dashed lines indicate the remarkable 
redshift of the CISL band and the much weaker shift ofthe VISL band, 
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FIGURE 25.26 ‘The measured ISL energies (left axis-CISL, right axis: 
VISL) versus the confinement energy. The horizontal dashed line indi 
cates the energy of the Si-O asymmetric stretching mode of vibration, 


absorption band shows a remarkable redshift with the increasing 
size of the nanocrystals, the low-energy VISL band presents a 
significantly weaker shift to the red, with the energy of the VISL 
transition (120-140meV) being fairly close to the energy of the 
Si-O asymmetric stretching mode of vibration (-135 meV). 

To correlate the results with the vibron model, we present in 
Figure 25.26 the PIA peak energies for both ISL bands (AE, and 
‘AE,) versus the confinement energy, AE (defined here as AE = 
Ey, ~ Ee with Ey, being the peak PL energy of the sample). The 
CISL energies display a linear dependence on AE as expected 
from the QC model (where both AE and AE, ~ Wd* according to 
Equation 25.3). On the other hand, the VISL energies show a sub- 
linear dependence on AE, approaching the vibrational energy of 
the Si-O stretching mode of vibration. The dashed line in Figure 
25.26 represents the expected dependence of the VISL energies on 
AE according to the QC model (ie., AEy ~ AE). This line crosses 
the vibrational energy of the Si-O vibration, which is independent 
of the sizeof the nanocrystals, and is represented by the horizon- 
tal dashed-dotted line in Figure 25.26. Hence, the anti-crossing of 
the VISL energies and the vibration energies, which resembles the 
anti-crossing shown in Figure 25.23 (the vibron model), suggests 
that electronic states of the valence band are resonantly coupled to 
Si-O surface vibrations to create vibrons. 
fotice also that the amplitude (or the strength) of the PIA 
bands increases with the decreasing size of the nanocrystals, 
up to a diameter of ~4.5nm and then, decreases until the PIA 
spectra could not be resolved for SiNCs smaller then 2.5nm. 
These results provide additional support to the vibron model. 
‘The correlation between the integrated PIA (e.g. the area below 
the VISL absorption bands shown in Figure 25.25) and the inte- 
grated PL, which is presented in Figure 25.27, suggests that the 
same mechanism, e.g. the formation of vibrons, is also respon- 
sible for the high PL efficiency. For SiNCs having a diameter in 
the range of 4-4.5nm, the energy difference between the lowest 
valence sublevels becomes comparable to those of the Si-O sur- 
face vibrations. As a result, long-lived vibrons are created giving 
rise to slow nonradiative relaxation rates that, in turn, enhance 


light source, indicator, or display > single source > incandescent lamp 


incandescent lamp | L@ 


The terms incandescent light, incandescent bulb, and incandescent light bulb are often 
used interchangeably with incandescent lamp. Because the term “lamp” seems to be 
most common, it is used here. A panel-mounted indicator lamp is considered to be an 
assembly containing an incandescent lamp. 


A carbon arc, which generates light as a self-sustaining spark between two carbon elec- 
trodes, can be thought of as a form of incandescent lamp, but is now rare and is not 
included in this encyclopedia, 


OTHER RELATED COMPONENTS 


+ LED area lighting (see Chapter 23) 
+ LED indicator (see Chapter 22) 

+ neon bulb (see Chapier 19) 

+ fluorescent light (see Chapter 20) 


What It Does are all functionally identical except that the one 
at ottom right is more likely to be used to rep- 
The term incandescent describes an object that __ resent small panel-mounted indicators, 

emits visible light purely as a consequence of 

being hot. This principle is used in an incandes- 

centlamp where awire ilamentglowsasaresult 

of electric current passing through it and raising 4 

ittoa high temperature. To prevent oxidation of 

the filament, itis contained within a sealed bulb 

or tube containing an inert gas under low pres- 


sure or (less often) a vacuum, )- Q. +S 


Because incandescent lamps are relatively inef- 

ficient, they are not considered a wise environ- 

mental choice for area lighting and have been Figure 18-1. variety of symbols can represent an incan 
prohibited for that purpose in some areas. HoW- descent lama The ane at bottom right may be more cont 
ever, small, low-voltage, panel-mount versions monly used for small panel-mounted indicators. 

are still widely available. For a summary of ad- 

vantages of miniature incandescent lamps rela. Thepartsofagenericincandescentlightbulbare 
tive to light-emitting diodes (LEDs) see "Rela- identified in Figure 18-2: 

tive Advantages” on page 179. A:Glass bulb, 


Schematic symbols representing an incandes- g; inert gas at low pressure. 
cent lampare shown in Figure 18-1. The symbols 
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FIGURE 25.27 The correlation between the integrated PL. (dashed 
line and circles) and the integrated PIA (solid line and squares) where 
both the PL. and the PIA have a maximum in the range of 4.5-Sam, 


the PL efficiency. This mechanism, which takes into account the 
mutual role of QC and SC, also explains the correlation between 
the PIA and the PL shown in Figure 25.27. Finally, let us point out 
that the Si-O asymmetric vibration is related to a “longitudinal” 
mode of vibration where the oxygen atom vibrates back and forth 
along the line joining the axis ofthe two silicon atoms (see Figure 
25.20). This vibrational mode is expected to generate a strong 
polarization field relative to other Si-O vibrations" such as the 
symmetric stretching mode (at about 810m), which can be seen 
in the linear IR absorption spectrum but without any correlation 
to the PIA spectra, and the Si-O rocking mode of vibration at 
~450 cm", Notice that, it has been suggested that the asymmetric 
lineshape of the Si-O stretching mode at -1100cm* (see Figure 
25.24) is due to the two “quasi-phonon” modes of the amorphous 
SiO, medium," with the AS, (frst asymmetric stretching) mode 
at 1076cm_ being related to “in-phase” motion of adjacent oxy 
gen atoms while the AS, mode at ~1250cm'* is related to “out- 
‘of;phase” motion of adjacent oxygen atoms." Clearly, only the 
AS, mode is expected to generate a long-range polarization field, 
a result that can explain the strong asymmetry of the VISL. band 
(see Figure 25.24), once approaching the high-energy shoulder of 
the linear Si-O stretching vibration. 

‘Additional experimental results supporting the v 
come froma single quantum dot spectroscopy of SiNCs fabricated 
by the laser pyrolysis technique (see Section 25.2). Martin et al."* 
have succeeded to dissolve SiNCs (surrounded by Si0,), disperse 
them in polymer matrices and to spin-cast the nanocrystals on. 
{glass substrates fora single silicon nanoparticle spectroscopy. The 
PL spectra, shown in Figure 25.28 for two different sizes of nano- 
crystals, reveal vibronic features of low-energy PL. satellites, at 
about 130-160meV below the high-energy peaks. These satellite 
peaks have been interpreted as (surface) phonon-assisted optical 
transitions where the high-energy PL band is related to a zero- 
phonon transition (having homogeneous linewidth of ~100meV) 
and a low-energy PL shoulder that is related to a phonon-assisted 
transition. Notice that phonon-assisted optical transitions (both 
interband" and ISL*) have been predicted for SiNCs; however, 
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FIGURE25.28 PL spectra of two, single SINCs prepared by the laser 
pyrolysis techniques with vibronic features (low-energy shoulders). The 
dotted lines represent fitting toa double Gaussian lineshape. (Reprinted 
from Martin, etal, Nano Lett, 8, 656, 2008. With permission.) 


in most cases the bulk phonons of silicon have been considered 
rather than polar surface vibrations (which could be either Si-O 
surface vibrations, or AS phonons of amorphous-SiO, or LO 
phonons of a crystalline SiO, shell). A similar phenomenon of 
vibronic satellites in the PL spectrum has also been reported for 
PS particles.” In another work, vibronic features due to surface- 
oxide absorption band using ellipsometric measurements have 
been reported. Seraphin et al." have shown that modifying the 
surface passivation of SINCs does not alter the PL spectrum and 
only the PL intensity is changed, apparently due to modification 
of the surface bonds with a higher PL intensity associated with 
the more polar surface bonds. 

Finally, let us discuss the recent magneto-PL experiment 
reported by Godefroo et al." In this experiment, pulsed mag- 
netic fields up to 50T have been applied to SINCs and the cor- 
responding energy shift of the PL has been measured. The 
high magnetic field acts to further confine the exciton with 
4 = yi/eB being the magnetic confinement length. Hence, free 
excitons of bulk nanocrystals are expected to show a blueshift 
in response to high enough B-fields, while localized or trapped 
excitons are not expected to show a similar shift. Indeed, no 
blueshift of the PL has been measured for SiNCs embedded in 
SiO,, The authors have interpreted these observations as a PL 
originated from defect centers in the oxide layer that wraps the 
nanocrystals, However, according to the vibron model, surface- 
localized vibrons should not present a blueshift either. In another 
experiment, the authors annealed the samples in hydrogen, at 
temperatures low enough to avoid the creation of hydrogenated 
a:Si. In this experiment a blueshift of the PL has been observed, 
thus confirming the experimental results of Wolkin et al.” 
where H-terminated SiNCs have shown monotonic blueshift of, 
the PL with the decreasing size of the nanocrystals (or with the 
increasing B-field in the case of the Godefroo experiment™), 
‘The topic of hydrogen-terminated SiNCs remains a puzzle that 
has not been addressed in this chapter for the very simple reason 
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that no reliable methods to produce stable, H-terminated 
have been reported so far. Yet, the Si-H bonds are expected to 
be considerably more polar than the Si-O bonds. Hydrogen 
atoms are highly mobile ions that can easily penetrate over few 
nanometers into the nanocrystalline silicon core, Even small 
amount of hydrogen in the silicon core is expected to produce 
considerable polarization field of the “core” nanocrystal. This 
topic calls for further investigation as the current knowledge 
about H-terminated SiNCs is insufficient for drawing any reli- 
able conclusions. 


25.5 Concluding Remarks 


‘This chapter has covered one specific topic from the much 
broader, rapidly expanding field of silicon nanostructures and 
their applications, focusing on the question about the origin of 
the PL and the specific role of QC and SC in the eluding game 
played by the luminescence. Yet, this specific question is an 
excellent example to a situation where smal is really different. 
Namely, not a property of matter that scales down in proportion 
to the size of the material, but rather a truly new phenomenon 
that appears at, and only at the nanometric length scales. The PL 
from silicon nanostructures appears to be such a property. The 
role of QC and SC is another fascinating example to the case 
where physics meets chemistry and both disciplines of science 
‘merge together into one, multidisciplinary field of nanoscience. 
‘The questions regarding the origin ofthe PL from silicon nano 
structures are far from being fully resolved. Many open questions 
still exist, some have been discussed in this chapter, some did not, 
and most likely, some new fundamental questions and puzzles 
will emerge soon. Yet, the basic direction in attempting to merge 
(QCand $C, rather than choosing one asa sole winner, seems to be 
the proper approach. Iti usta matter of time to see if this subjec- 
tive opinion of the author ofthis chpater is indeed correct or not. 
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26.1 Introduction 


Our goal is to present a large group of optical phenomena 
observed in anisotropic nanostructures such as nanowires 
(NWs) and nanorods (NRs) placed in an environment with a 
dielectric constant €, different from that of the nanostructure 
. Actually, this situation occurs for most experimental work on 
NWs and NRs. For instance, in recent years, a large number of 
‘works have emerged devoted to the fabrication and the investi 

gation of NWs grown in a free-standing fashion from catalyst 
particle nano-islands (Duan and Lieber 2000), or in a dielectric 
template with cylindrical pores (Mei et al. 2003), as well as for 
solution-grown NRs (Peng et al. 2000). Since the dielectric con. 

stant of the semiconductor € is usually of the order of 10or larger, 
this situation is realized for NWs and NR free-standing in air, 
dissolved in liquids, or embedded in most dielectric matrices. 

Such effects of dielectric mismatch are observed not only for the 
semiconductor but also for metal nanostructures, where € also 
differs noticeably from €. and, besides, has a complex character 
and a strong frequency dispersion. 

Due to the dielectric mismatch, the optical electric field 
in the vicinity of nanostructures is dramatically distorted by 
polarization effects (image forces), and the field intensity inside 
nanostructures, and hence all light-induced phenomena (opti 
cal absorption, luminescence, photoconductivity, etc), strongly 
depend on the orientation of NWs and NRs related to the light 
polarization. Similarly, light emitted by such nanostructures is, 
also strongly polarized. 

‘We emphasize that the effects considered have a pure electro 
‘dynamic nature. They are not related to the presence or absence 


of size quantization and other possible size phenomena in nano- 
structures, The effects have a very general character and, as will 
be shown later, the only condition for their presence, besides 
the dielectric mismatch with the environment, is the smallness 
of the NW and the NR diameter in comparison with the light 
wavelength, which is well satisfied in most semiconductor and 
metal nanostructures. 


26.2 Single Nanowires and Nanorods 


26.2.1 Polarization of Absorption: 
General Concepts 


26.2.1.1 Thin Nanowires and Nanorods 


Its well known that atthe interface of two media with differ 
ent dielectric constants, the parallel component of electric field B, 
and the normal component of electric induction ¢E must be con 
tinuous. Ifwe havea cylindrical NW in the externa field Ey, this 
‘means that its parallel component, Ey remains the same inside an 
NW: E) = Ey, On the contrary, the feld normal to the NW a 
Eis different inside and outside the NW. Fora planar interface, 
we would have E, = ¢E,,/e but for a cylinder where E, contains 
components both parallel and perpendicular to the interface, the 
expression is more complicated (Landau and Lifshitz 1984) 
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1f, instead ofa long (in theory—infinitely long) NW, we have an 
NR, which can be considered as a prolate ellipsoid of revolution 
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with semi-axes a and 1/2 (a<1/2) (Figure 26.1), the inter- 
nal field is expressed in terms of the so-called depolarization 
factors ny, 


e 
= FEE 


Bue Ee. (26.2) 


‘These factors depend only on the aspect ratio ail (see Figure 
26.1c) but not on the absolute dimensions and material of NRs 
and satisfy the conditions ny + 2n, = 1 and mn, < m,, so that for 
€ > €, the internal field, as in NWs, is maximal for the NR axis 
parallel to the electric field of light. For infinitely long NWs, 
n,=0, = 1/2, which gives us E)=E,, and Equation 26.1. For 
simplicity, most of the results below are presented for the case 
‘of NWs but can be easily generalized to NRs by repeating the 
same calculations starting from Equation 26.2, rather than 
Equation 26.1 

For €>€,, which is always the case for semiconductor nano. 
structures, Equations 26.1 and 26.2 have two important 
consequences: 


1. The amplitude of the high-frequency electric field and, 
hence, the probability of optical transitions in a nano- 
structure depend dramatically on the light polarization, 
acquiring maximal values for light with a polarization 
parallel to its axis. 

2. Illumination with unpolarized light creates a high- 
frequency electric field in the nanostructure with the pre- 
dominant direction of the polarization parallel to its axis 
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“The practical consequence of the first effect isa strong depen- 
dence of the absorption coefficient o: (both inter- and intraband) 
on the light polarization. The ratio of a. in NWs for the two light 
polarizations is 


oy _leres 
a | 2e 


(26.3) 


For most semiconductors, this factor exceeds 30 for free-stand- 
ing NWs (€, = 1) and 47 for NWs in the Al,O, matrix (€ = 3 
in the optical spectral region). Since photoconductivity and 
photoluminescence are proportional to the number of opti 
cally generated carriers, their anisotropy is given by the same 
Equation 26.3. 

Note that, we consider the classical electrodynamic effects 
caused exclusively by the difference of the refractive indices for 
nanostructures and the environment. In quantum nanostruc- 
tures with a noticeable size quantization, the optical matrix ele- 
ment becomes anisotropic (Sercel and Vahala 1990, McIntyre 
and Sham 1992), which may quantitatively modify the described 
polarization effects so that Equation 26.3 acquires an additional 
factor equal to the square of the ratio of the matrix elements for 
the two perpendicular directions. 

‘Though the given expressions are derived for static electric 
fields, they remain valid for high-frequency fields as well (with 
© and e, corresponding to the field frequency «), as long as the 
NW radius @ or both the NR dimensions a, I remain much less 
than the light wavelength A. The situation when this inequality 
is violated will be referred to as the case of “thick” NWs and 
considered separately in Sections 26.2.1.2 and 26.2.3.2. 

‘The direct measurement of optical absorption in a single 
NW 6is difficult but can be replaced by measurements of pho- 
toluminescence excitation or photoconductivity (for NWs 
provided with contacts). All the phenomena discussed should 
be polarization-sensitive acquiring their maximum for the 
exciting light polarization parallel to the NWs. ‘The effect in 
its pure form was first observed and explained in (Wang etal 
2001). The authors observed photo-luminescence and photo- 
conductivity in InP NWs increasing up to 49 times when the 
polarization of the exciting light changed from perpendicu- 
lar to parallel (Figure 26.2). This number exactly corresponds 
to Equation 26.3 for InP in air. Similar effects with a slightly 
lesser degree of polarization (maybe, owing to the misorienta- 
tion of the NWs, the role of that is discussed elsewhere (Ruda 
and Shik 2005a)) were also observed in the photoluminescence 
of Si NWs (Qi et al. 2003) and the photoconductivity of ZnO 
and GaN NWs (Fan et al. 2004, Han et al. 2004). 


26.2.1.2 Thick Nanowires 


‘The quasi-static approach of the previous section is adequate 
only for thin nanostructures with a < A. At the same time, a 
number of optical experiments (Fan etal. 2004, Hsu et al. 2004, 
Philipose etal. 2005) are performed in semiconductor NWs with 
a diameter as large as 100nm and more. This is comparable with 
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FIGURE 26.2 Photoconductivity versus light-polarization angle in an InP NW with a = 10mm. (a) Schematic depicting the use of an NW as a 
photodetector: inset, feld-emission scanning electron microscopy image of an NW and contact electrodes, sale bar 2jim. (b) Conductance, G, 


versus excitation power density for the illumination polarized parallel (upper curve) and perpendicular (lower curve) to the NWs inset, photocon- 


ductivity anisotropy versus excitation power, equal to 0.96 for the shown device. (c) Conductance versus polarization angle. The measurements 
‘were performed at room temperature forthe excitation wavelength 514.5nm. (From Wang, Jt al, Science, 298, 1455, 2001, With permission.) 


the interband light wavelength, which makes the formulae of 
Section 26.2.1.1 inapplicable for this case. 

Now we theoretically consider the anisotropy of light absorp: 
tion and the emission caused by image forces in semiconduct- 
ing NWs of an arbitrary radius a. For a comparable to the light 
wavelength, the high-frequency electric field inside NWs is no 
longer uniform, and the polarization characteristics acquire a 
noticeable, non-monotonic spectral dependence allowing one to 
‘observea number of new effects in the optical properties of NWs 
‘with submicron thickness 


We consider a cylindrical NW placed in an external ac elec 
tic field E, and find the real field distribution E(e) created by Ey 
together with the NW-induced image forces. Then we calculate 
the total absorbed power proportional to |E(®)| integrated over 
the NW volume and study the dependence of this characteristic 
‘on the angle between E, and the NW axis, which gives us the 
polarization dependence of our interest. 

‘The main distinction to Section 26.2.1.1 consists in the need 
to find E(x) not from the Laplace but from the Helmholtz wave 
equation. Using cylindrical coordinates (p,2,0), it can be writ- 
ten inside the NW (p <a) as. 


ab (26.8) 
ry 


where cis the light velocity. Outside the NW (p > a) the equation 
differs from Equation 26.4 only by the replacement € — €,. The 
character ofits solution depends on the mutual orientation of Ey, 


the light wave vector k, and the NW axis z. Below, we will give 
only the final results of calculations referring the reader to the 
original work (Ruda and Shik 2006) 

Fork 1.2 (say, k= k,) and By [| z, when E,(r) = E, 2 explikyp 
cos ql, the solution for E contains only a single component E, 
given by the expression (Batygin and Toptygin 1978) 


Tinka) Hy (koa) = Jn (ka) F(a) 


Elo : 
vee FET had kya) = Jal Ea) 


Jn kpexplimo) (26.5) 


where J. and H) are the Bessel and the first-kind Hankel func- 
tions, k= yale, ky = fist! 

For the same direction of k but perpendicular polarization, 
E, |] s Equation 26.4 gives the following general solution inside 
the NW 


(26.6) 


At small « Equation 26.6 transforms into the static expression 
(Equation 26.) 


26-4 
0 
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FIGURE 26.3 Spectral dependence of the polarization ratio 
pe =(-12)j(t{+12) in an NW fore = 9,e5 = 1. (From Rada, HLE 
and Shik, A.J App. Piys, 100, 024314, 2006, With permission) 


Equations 26.5 and 26.6 show that, contrary to the case of a 
thin NW, the field distribution inside itis essentially nonuni 
form. However, real experimentally measured characteristics, 
such as the absorption, the photoconductivity, and the photo- 
luminescence excitation spectra are determined not by details 
ofthis field distribution but by the total power absorbed, pro- 
portional tothe integral of the light intensity over the NW cross 
section °=[[| E(9,a)f dopdp (superscript a means absorp: 
tion). Figure 26.3 shows the spectral dependence of the ratio 
If-Ii/If +12) characterizing the polarization depen. 
dence ofthe absorbed light intensity 

For ka > 0, this ratio tends to the value 
(e? +2ee, — 3e3)/(e? +2ee, +5e?) corresponding to Equation 
26,3. However, at higher light frequencies (or for thicker NWs) 
wwe can no longer claim that ight with a parallel polarization 
has a much higher absorption coefficient since Ij and 1, as 
wel a thei ratio, demonstrate a strong frequency dependence. 
‘This dependence is especially dramatic for I, which tends to 
infinity ina series of critical points corresponding to roots of 
the denominator Equation 26.6 and P= -1 in Figure 26.3. In 
our example of € ~ 9, €, = 1, the first of these points are ka = 
0.68, 1.89, 3.02,.... Considering a cylindrical NW as an optical 
fiber, we can express each of critical points as the cut-off of a 
fiber mode LP,,, (1 = 1, 2, 3...) with the same angular field dis 
tribution as Equation 26.6. At the cut-off, these modes become 
purely transverse and excited by an incident wave. The spectrum 
of Ij («o) has no singularities due to the absence of modes with 
a purely longitudinal polarization (El 2). 

Since an infinite value I! at some fixed @ is definitely non- 
physical, we must discuss what initial theoretical assumptions 
are inadequate and shat phenomena are responsible forthe real 
height ofthe absorption peaks. In our calculations, we have con 
sidered one single NW in the electric field of an infinite plane 
wave. In this case, the field in an NW can, in theory, acquire 
arbitrary high values remaining equal to Ey at very large dis 
tances, For an array of NWs with an area density the electric 
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field will be redistributed between the NWs and their environ- 
ment so that the total wave energy remains the same as that pro- 
vided with external excitation in the absence of NWs and equal 
to )E;/4n per unit volume and the absorption coefficient is 
finite. There are also some other mechanisms of smoothening 
the mentioned singularities in I, eg, non-rectlinearity and 
thickness fluctuations of NWs, which may become dominant at 
a low NW density. 

“The described frequency dependence of polarization-sensitive 
absorption has not yet been studied experimentally, except for 
the observation (Fan etal. 2004) that two different frequencies 
of excited light caused different degrees of photoconductivity 
anisotropy. 


26.2.2 Metal Nanostructures: Plasmon 
Phenomena 


26.2.2.1 Longitudinal and Transverse Plasmons 


‘The conclusions of Section 262.1.1 and formulae presented 
there can be applied to both metal and semiconductor NWs and 
NR but result in the different spectral dependences of optical 
anisotropy. The degree of polarization in thin NWs, determined 
exclusively by €/¢,, in semiconductor nanostructures does not 
explicitly depend on the light frequency «(if we ignore the fre- 
quency dependence of, which in semiconductors is rather weak, 
even near the interband absorption edge). In metals, on the con- 
trary, © has a strong frequency dispersion caused by the electron 
plasma, which makes the polarization characteristics frequency- 
dependent even in the quasistatic limit of small nanostructures. 

For an analytical description ofthese effects, we will use for € 
the simplest Drude expression: € = 1-(3 /a(o—iv)) where @, 
is the plasma frequency in a bulk metal and v isthe scattering 
rate, Substituting this expression into Equation 26.2, we see that 
at a small v (weak electron scattering), the optical electric field 
inside NRs increases dramatically atthe frequency 


oy, = (26.7) 
B=. Fm 


called the plasmon frequency* which is smaller than @, and 
typically belongs to the visible spectral region. The optical 
absorption spectrum has a strong maximum near the plasmon 
frequency. Init seen that light polarized along the NR axis gen- 
erates plasmons with the frequency @, called longitudinal plas- 
‘mons, while light with the perpendicular polarization generates 
transverse plasmons with the frequency «,, larger than 6. In a 
random system of NRs with arbitrary orientations related to the 
light polarization (or for a nonpolarized optical excitation), the 
absorption spectrum has two absorption maxima: at @ and @, 
(Kreibig and Vollmer 1995). 


Tare often called the surface plasmon frequencies, to distinguish them 
from the plasmon frequency of bulk material, 


History 


C:Tungsten filament. 


D: Contact wires (connecting internally with 
brass base and center contact, below). 


E: Wires to support the filament. 
F: Internal glass stem. 

G: Brass base or cap. 

H 


fitreous insulation. 


i: Center contact. 


Figure 18-2. The parts of a typical incandescent lamp 
(see text for details), 


History 


The concept of generating light by using elec- 
tricity to heat a metal originated with English- 
man Humphrey Davy, who demonstrated it with 
a large battery and a strip of platinum in 1802. 
Platinum was thought to be suitable because it 
has a relatively high melting point. The lamp 
‘worked butwas not practical, being insufficiently 
bright and having a short lifespan, In addition, 
the platinum was prohibitively expensive. 


light source, indicator, or display 


single source > incandescent lamp 


The first patent for an incandescent lamp was 
sued in Englandin 1841, butitstillused platinum. 
Subsequently, British physicist and chemist Jo- 
seph Swan spent many years attempting to de- 
velop practical carbon filaments, and obtained a 
patent in 1880 for parchmentized thread. His 
house was the first in the world to be illuminated 
by light bulbs. 


‘Thomas Edison began work to refine the electric 
lamp in 1878, and achieved a successful test with 
a carbonized filament in October 1879. The bulb 
lasted slightly more than 13 hours. Lawsuits over 
patent rights ensued, Carbonized filaments were 
Used until a tungsten filament was patented in 
1904 by the German/Hungarian inventor Just 
Sandor Frigyes and the Croatian inventor Franjo 
Hanaman. This type of bulb was filled with an 
inert gas, instead of using a vacuum. 


Many other pioneers participated in the effort to 
develop electric light on a practical basis. Thus it 
is incorrect to state that "Thomas Edison inven- 
ted the light bulb” The device went through a 
very lengthy process of gradual refinement, and 
one of Edison's most significant achievements 
was the development of a power distribution 
system that could run multiple lamps in parallel, 
using filaments that had a relatively high resist- 
ance. His error was insisting on using direct cur- 
rent (DC) while his rival Westinghouse pioneered 
alternating currrent (A), enabling power trans- 
mission over longer distances through the use of 
transformers. The use of AC also enabled Tesla’s 
brushless induction motor. 


By themid-1900s, mostincandescent bulbs used 
tungsten filaments, 


How It Works 


All objects emit electromagnetic radiation as a 
function of their temperature. This is known as 
black body radiation, based on the concept of an 
object that absorbs all incoming light, and thus 
does not reflect any sources from outside itself. 
As its temperature increases, the intensity of the 
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‘We note that for long NWs «> 0, in other words, longitudi 
nal plasmons cease to exist. Formally, itis due to the fact that in 
infinitely long cylinders, the parallel component of the electric 
field must be continuous at the interface and hence is uniform, 
without any structure characterizing plasma oscillations. 


26.2.2.2. Transverse Plasmons in Nanowires 


If we substitute the Drude expression for e(@) into Equation 
26.3, we will see that the anisotropy of the optical absorption in 
‘metal NWs has an interesting spectral dependence. Far below 
the plasmon frequency, |e(«)] is very large, and the situation is 
similar to that in semiconductor NWs where the absorption is 
‘much higher for the light with parallel polarization. However, 
near the plasmon frequency, the absorption of the perpendicu: 

larly polarized light increases drastically, exceeding that for the 
parallel polarization and hence changing the sign of the anisot 

ropy,asillustrated by Figure 26.4. At — « the anisotropy tends 
toa constant value determined by e and equal to zero at &= 1 

‘Thus, the situation near the plasmon resonance is, to some 
extent, opposite to that of semiconductor NWs where, due to 
the large e, the electric field of light is polarized mostly along 
the NW axis. In metal NWs, for light with the frequency in the 
transverse plasmon region polarized perpendicular to the NW 
axes, & is close to zero. For this reason, the electric field in an 
NW has essentially normal polarization and very high ampli 
tude—the effect often called the plasmon amplification (see also 
Section 26.2.5.3) 

‘Though the described spectral dependences of absorption are 
very specific and interesting, their experimental observation is 
more difficult than for the effects in semiconductor NWs. In 
metals, we can measure neither the photoconductivity nor the 
luminescence excitation and have to restrict ourselves to direct 
measurements of optical absorption. The most straightforward 
method to employ is to investigate a large number of NWs sus 
pended in some liquid optically inactive in the spectral region of 
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FIGURE 26.4 Absorption anisotropy P*=(ky—k,)/(hy+k.) in 
metal NW for €, = (curves 1) and €) = 3 (curves 2) Sold curves cor- 
respond tov = 0.10, dashed curves to V = 0.50,, (From Ruda, HLE. and 
Shik, A., Phys, Rev. B, 72, 115808, 2005a, With permission) 
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FIGURE 26.5 Absorption spectrum of randomly oriented metal 
NWS. Solid curve corresponds to v= 0.10,, dashed curves to V = 0.50, 
(From Ruda, HE. and Shik, A, Phys. Rev. B, 72, 115308, 2005a. With 
permission) 


interest. In this case, the orientation of NWs is random, and no 
polarization dependence should be observed. A strong anisot- 
ropy of absorbing objects will be revealed in a specific charac- 
ter of spectral dependence of the absorption coefficient (Figure 
26.5). In this spectrum, strong low-frequency absorption is 
caused by NWs almost parallel to the light polarization while 
the plasmon maximum is formed by those with an orientation 
close to the perpendicular one. 


26.2.3 Semiconductor Nanostructures: 
Polarization of Luminescence 


26.2.3.1 Thin Nanowires and Nanorods 


In the previous sections 26.2.1 through 26.2.2, we considered 
the physical phenomena related to the fact that external nonpo- 
larized light becomes strongly polarized inside a nanostructure 
with a high refractive index. Now, we discuss the related prob- 
lem of polarization of light emitted by an NW. Asa first step, we 
solve the auxiliary problem of finding the electric field created 
by an electric dipole placed at the axis ofa cylinder with a radius 
anda dielectric constant €, in an environment with ¢,. Details 
of these calculations can be found in Ruda and Shik (2005a), and 
here we present only the final results. For the dipole moment 
4, parallel to the cylinder axis (c-axis), the electric field of the 
radiation far from the NW, has the same amplitude and con. 
figuration as would be created by a dipole with the moment dy 
in free space. For the normal orientation of d, (along x-axis), the 
corresponding effective moment is given by d = 2e,dy/(e + &). 

‘Asa result, even for NWs with isotropic interband matrix ele. 
ments (which is the case for cubic semiconductors and a moder- 
ate a when size quantization is negligible), where luminescence 
would otherwise be nonpolarized, a strong polarization under 
the influence of image forces is acquired. 
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‘As a second step, we consider the net polarization of lumi- 
nescence from a line x, y =O containing a mixture of different 
emitting dipoles. We take a point z along the wire axis contain 
ing three mutually perpendicular dipoles d,. d,. d. with a fre- 
quency @ and calculate the resulting electric field far from the 
NW at some point (x,,0,0) using the standard formula for the 
electric field of an emitting dipole and adding contributions 
of all line segments by integrating over 2. Since radiation from 
different segments is incoherent, we do not add electri felds, 
but Poynting vectors § containing no phase factors. The result 
ing S is directed along the x-axis and for the two different light 
polarizations is 


(26.8) 


Gnegc xy 


(26.9) 


where 1) is the density of dipoles per unit line length, 

‘Combining these two problemsand substituting d,, = 2e,da,y/ 
(€ + €,);d,=d,,into Equations 26.8 and 26.9, provides the result- 
ing polarization of light emitted by an NW. The intensity ratio 
for different light polarizations in the case of isotropic matrix 
elements is 


ideas (26.10) 


‘where superscript ¢ means emission. Ifthe bare dipole moment 
components d,,,,. do not coincide due to size quantization 
or/and crystal anisotropy, this modifies the polarization charac- 
ter introducing anisotropy even in the absence of image forces, 
similar to the case of absorption. 

It is seen from Equation 26.10 that light emitted by an NW 
with a dielectric constant higher than that of its environment, 
will be strongly polarized in the wire direction, which was clearly 
demonstrated experimentally (Wang et al. 2001, Qi et al. 2003). 
‘The effect is qualitatively similar to the property of absorption 
considered in Section 26.2.1.1 but the magnitude of polarization 
is different. By comparing Equation 26.3 with Equation 26.10 
cone can see that the degree of polarization for luminescence is 
less than for absorption. It is caused by the fact that, according 
to Equation 26.8, light with parallel polarization is generated not 
only by d. dipole moments but also by d, that are weakened by 
image forces. For example, for InP NWs (¢ = 12.7) where, as was 
already mentioned in Section 26.2.1.1, Gy/ct, =49, Equation 26.10 
gives 1}/1{ =30, in good agreement with the experimentally 
observed values of 04/04, =48 and Ij/1} =24 (Wang etal. 2001). 

All the results obtained above for semiconductor NWs remain 
valid also for NRs, except for the numerical values of polariza- 
tion coefficients, which for NRs depend not only on e/€, but also 
‘on the depolarization coefficients, or, in other words, on the NR 
aspect ratio, 
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26.2.3.2 Thick Nanowires 


Now we consider the polarization properties of luminescence 
from thick NWs where, according to Section 26.2.1.2, the electric 
field cannot be assumed uniform. Though in fact luminescence 
occurs throughout the whole NW volume, we will model it by an 
effective emitting dipole at the axis (p = 0). (Precise results can 
be obtained, if necessary, by using general formulae for a field 
created in a system of coaxial cylindrical layers by a dipole with 
an arbitrary position ro followed by integration over ry to be per- 
formed only numerically) The general approach to similar prob- 
lems is described in (Chew 1990), which allows us to present only 
the final expression for the resulting electric field outside the NW. 

For the dipole moment d, oriented along the NW axis 


(dy= da.), the electric field B, far from the NW (at p>> kj!) is 
given by 
B, 21% (eq cos Oexpliher—inis) 


we 
Abadi (ia) ~ Id) 


ja) H(i) (aa) 


(26.11) 


where 
Ki = koyf€/€, —cos” @ = kyle, cos" O/e 
Ky =hysin® 
ra\pez 


Fy is the distance tothe dipole 
6 = arccos(2r) isthe angle from the NW axis 


Ifwe consider the light emission normal to the dipole (along the 
y-axis) where = m/2, the corresponding electric field will have 
the same coordinate dependence as that of a free dipole ~(d. 
nexplikyr) with an additional factor given by the fraction in 
Equation 26.11. Thus, the influence of image forces is equivalent 
to the replacement of d;z with some effective dipole (Ruda and 
Shik 2006): 


Jka) Hy" (ka) ~ Jo(ka) Hi" (kay 


= dy, Je RO ho) hd _ 
ie Veh (ka)He" (ka) — Je Ju(ka)Ht" (ka) 


Adds 

(26.12) 
For the perpendicular dipole orientation (d, = da), similar cal: 
culations give 


Ji(ka)Hs" (ka) ~ Joka) Hi" (ka) 


Ve Ii ka) HS (ka) = Je Teka) (ka) 


dos 
(26.13) 


Figure 26.6a shows the frequency dependence of the effective 
dipoles d.and d,, At o— 0 they acquire the static values d,= dy. 
d, = 2eqd,/(€ + &) given in Section 26.2.3.1, and then demon- 
strate strong oscillations. At a larger 0 (or a larger a), the phases 
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FIGURE 26.6 (a) Spectral dependence of the effective dipoles d, (1) and d (2) for an NW with € = 9, = 1; (b) spectral dependence of the polar: 
ization ratio P* for the same NW. (From Ruda, HLE. and Shik, A... Appl. Phys., 100, 024314, 2006, With permission.) 


of oscillations close in, d, approaches dso that the radiation 
becomes almost unpolarized 

So far, we have analyzed the emission characteristics of one 
single effective dipole in an NW. To obtain the radiation charac 
teristics ofthe whole NW, we must perform an integration over 
its length assuming the dipole distributed uniformly along 2, 
exactly as it was done in Section 26 2.32. Substituting Equations 
26.12 and 26.13 into the fist equality of Equation 26.10 and 
assuming an isotropic internal emission (d, = da), we obtain 
the spectral dependence of the resulting polarization ratio 

1j 11/1 +13) presented at Figure 26.6b. The latter is 
seen tohave a strong oscillatory character changing sign at some 
critical frequencies difering from those describing the polaiza 
tion dependence of absorption (Figure 26.3) 

Ie is evident from Figure 26.6b that, ifthe luminescence spec 
trum of an NW material contains several lies with notice 
ably different frequencies, the polarizations ofthese lines can 
be essentially different and even have an opposite sign, It was 
confirmed by experiments (Hsu etal, 2004) in ZnO NWS. This 
material contains two strong luminescence lines with frequen 
cies differed 1.3 times (Figure 26.7a). As is seen from Figure 
26.7b, these ines have opposite angular dependences, indicating 
at opposite signs of luminescence anisotropy. 


Note that the same polarization phenomena must be observed 
not only for photo- but for any other mechanisms of lumines- 
cence. In the case of photoluminescence, a change in the exciting 
light polarization (for a fixed @,,) does not change the described 
spectra 1j/Ii:(@m), but modifies the amplitudes Ij and Ii 
synchronously according to the polarization dependence of the 
absorbed light intensity described in Section 26.2.1.2. 

The luminescence excitation spectrum in most physical sys- 
tems (including thick NWs with microscopic electronic properties 
coinciding with those of bulk semiconductors) actually repro- 
dduces the optical absorption spectrum and hence is given by the 
formulae of Section 26.2.1.2. Thus, we may claim that the polar- 
ization dependence of the luminescence excitation spectrum for 
any emission frequency and polarization is given by Figure 26.3. 


26.2.4 Nonlinear Phenomena in Metal 
and Semiconductor Nanowires 


26.2.4.1 Theory 


It is evident that the polarization dependence of the internal 
optical field in NWs and NRs must result in anisotropy not only 
of linear but also of nonlinear optical phenomena, such as, eg., 
the second harmonic generation (SHG). Moreover, one may 
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FIGURE 26.7 Luminescence spectrum of ZnO NW (a) with two emission lines and an angular dependence ofthe luminescence intensity (b) in 


these lines. (From Hsu, NE. etl. J. Appl. Phys, 96, 4671, 


004. With permission.) 
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expect the anisotropy of nonlinear effects to be larger than the 
linear ones, since the former are proportional to a higher degree 
of electric field, 

‘The analysis of the SHG in NWs and NRs is less straightfor- 
ward than that of linear effects where we took standard formu- 
lhe for light absorption or emission in bulk materials and simply 
substituted the specific optical field distribution of nanostruc- 
tures into them. On the contrary, in uniform bulk materials 
characterized by inversion symmetry, the SHG is completely 
absent. Hence, the theory of this effect in nanostructures should 
‘be developed from scratch. 

‘We start from the classical expression connecting nonlinear 
polarization at the frequency 20 with the spatial distribution of 
the electric field at the frequency « (Blombergen et al. 1968) 


Pe = /V(E") +BE*(VE*). (26.14) 


For nonconducting media, B = -2 and is determined by the 
square of linear susceptibility, while for metals B= e/(8n1*@} 
and 7 = Bll - €(20)] (for simplicity, ¢, = 1 is assumed). Our 
task is to find P® for the E°(e) determined for nanostructures 
in Section 26.2.1 and to use it for the calculation of the SHG 
intensity 

For the case of spherical nanocrystals, it was shown (Agarwal 
and Jha 1982) that the two terms on the right-hand side of 
Equation 26.14 correspond, respectively, to the volume com: 
ponent Pi" caused by the coordinate-dependent B® inside the 
nanostructure and having a dipole symmetry, and the surface 
component P™ caused exclusively by the nanostructure sur- 
face and with a quadrupole symmetry. Since the second term 
in Equation 26.14 for small nanocrystals essentially exceeds the 
first one, P?* has a larger amplitude than P* but, at the same 
time, with a quadrupole, rather than a dipole symmetry, which 
emits less efficiently. For this reason, the relative role of these 
components isa priori not evident and depends on the direction 
and the polarization of light. 

We restrict ourselves to the case of thin cylindrical NWs 
where «a/c « 1 can be used as a perturbation parameter. The 
particular expressions for E® depend on the directions of the 
‘wave vectorkand the electric field Ei oflght related to the NW 
axis (¢-axis) and can be obtained by expansion of the feld distri- 
butions Equations 26.5 and 26.6 in terms of w, There exist three 
possible optical geometties. 


a. kljz:E¥ 12 (longitudinal propagation, transverse 
polarization) 
Inthis case 


o 2 
[eo] 


(1+ike) (26.15) 


(& = 0/6, Substitution of Equation 26.15 into Equation 
26.14 shows that Pf is determined only by the coordi- 
nate-dependent component of E®(n), directed along the 
NW axis (z-axis) and has the value 


zo. SiKESP 
pps = SFT const) 
Teor] ‘ 26.16) 


‘Thus, each elementary volume of the NW dV can be con- 
sidered as an elementary dipole P?dV parallel to the 
NW axis. For such dipole orientation, its radiation is not 
disturbed by the image forces and is the same as for free 
dipoles (Ruda and Shik 2005a), not depending on the 
NW dielectric constant at the emission frequency, e(20) 
‘The resulting radiation electric field at the distance r > a 
from NW can be found as a sum of elementary dipoles 
along the whole NW. Calculations, shown in more detail 
in Ruda and Shik (2007), show that at a large distance r 
from an NW (r > a; kr >> 1) the SHG intensity per unit 
NW length is 


po eot[Pi _oarpora'[ EF] (617) 
[e+] 


‘The radiation is emitted isotropically (independent of a 
particular direction of light polarization) 

‘The surface component of polarization PE" is deter- 
‘mined by an E® discontinuity a the NW interface caused 
by a dielectric mismatch, and for its determination we 
can retain only the frst, uniform term in Equation 26.15, 
[After simple transformations, we have 


_ Ble] 
Tony Bmw 268) 


(9.0) are polar coordinates in the xy-plane. The direction 
of PP coincides with that of the Ei (x-axis). This distri- 
bution of polarization has a quadrupole symmetry. Due 
to the coordinate dependence of 2", the determination 
of the electric field of emitted light must contain integra- 
tion not only over z, but over p and o: as well. Besides, in 
this case, we deal with elementary dipoles directed not 
parallel (as for Equation 26.16) but perpendicular to the 
NW axis. Due to the image forces, the ac electric field of 
these dipoles is suppressed by the factor 2/[e(20) + 1] (see 
Section 26.2.3.1), Under the same conditions as before, we 
get the intensity ofthis surface-related SHG component: 


_ 4e'B'o%a' [e(o)—1f [ET 
* [e(@) +] [e20) +1) 


sin'(2) (26.19) 


where @ is the angle between the exciting light wave vec- 
torkand the direction to the observation point. As for any 
quadrupole emitter, the intensity [2° has four directional 
lobes. 
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b. kL2 Bf jz (transverse propagation, longitudinal 
polarization) 
In this case 
(26.20) 


prorat 


and P?*, which is always colinear with the light wave vec: 
tor, is directed along the x-axis normal to the NW and is, 
equal to 


iyk[ BF [1+ YeC@) ]=constie). (26.21), 


For such an orientation of elementary dipoles, the SHG 
is anisotropic with the radiation pattern directed per- 
pendicularly to k, and the ac electric field of these dipoles 
contains the factor 2/[e(20) + 1]. Adding the fields of ele- 
‘mentary dipoles in the same manner as before, we get 


seo'o'ey 
wort? 
av'fo'a'[e] b+ Jeol 


eeonp 


(26.22) 


Since Pi* is caused only by the normal component of 
E® suffering discontinuity at the NW interface, in the 
case considered it vanishes, and the SHG has only a dipole 
component given by Equation 26.22 and no quadrupole 


component. 
© KL2E? Lz (transverse propagation, transverse 
polarization) 
_ 26 sd 
acca coves aay (26.23) 


‘This geometry combines characteristic features of the two pre 
vvious cases. As in case (a), the SHG contains both dipole and 
quadrupole components. The dipole component of the polariza- 
tion has the same value as Equation 26.16 but a perpendicular, 
rather than a longitudinal, orientation. For this reason, its radia 
tion has an anisotropic pattern and is affected by the image force 
{asin case (b) resulting in the additional dependence of the SHG 
oneQa): 


anto'a'[ pe} 


.. ds6n'vo'a'fEs} 
Fao as 


°° FTeloy+ 1] [e2ay+iP 


(26.24) 
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“The surface polarization component caused by the first term 
in Equations 26.15 and 26.23 is exactly the same as in the case 
(@) (it results from the fact that this component is determined 
exclusively by light polarization being independent ofthe value 
and the direction of k) and hence is described by Equation 26.19. 

Let us summarize the results obtained thus far. The SHG 
was shown to consist of volume and surface components. They 
have, respectively, dipole and quadrupole symmetry and a dif. 
ferent spatial distribution of emitted radiation at 20. It can be 
isotropic (Equation 26.17), bidirectional (Equations 26.22 and 
26.24), or of a four-lobed shape (Equation 26.19). However, the 
integral radiation intensity, as inthe case of spherical nanodots, 
(Agarwal and Jha 1982), is given by qualitatively similar expres- 
sions differing by numerical coefficients and factors depend 
ing only on the NW dielectric constant. For this reason, SHG 
anisotropy is independent of the NW radius a (until the con- 
dition ae/c « 1 used in our calculations, remains valid). The 
explicit frequency dependence I ~ «is also the same in all 
formulae, and the possible spectral dependence of SHG anisot. 
ropy may occur only due to the frequency dispersion of the 
NW dielectric constant e. The latter is of minor importance in 
semiconductors and dielectrics but may be very strong in metal 
NWS. Thats why the characteristics of SHG anisotropy of these 
two classes of NW materials are very different and will be con- 
sidered separately. 

Semiconductor materials are characterized by high values of 
the dielectric constant (-10 or even more) with relatively weak 
frequency dependence, For this reason, in our estimates we do 
not distinguish between e() and e(2«) denoting both of them 
as¢, The ratio of the integral SHG for different NW orientations 
is independent not only of the NW material and the diameter 
but also ofthe light frequency «, being a function of one single 
parameter. Inthe limit e > 1, the ratio ofthe total SHG inten- 
sities IF" +12 (symbol [ means averaging over 6) for all three 
cases considered is 36:4, It means that the SHG is maximal 
for the case (b) when the exciting light is polarized along the 
NW axis. The result is not unexpected since only in this geom- 
etry the optical electric field inside the NW is not weakened by 
NW polarization and is equal to the external field. It correlates 
with the linear optical phenomena (absorption, photoconduc- 
tivity, photoluminescence) which are also maximal for this light 
polarization. Much less trivial isthe dependence of the SHG in 
perpendicularly polarized light in the direction of the light wave 
vvector. The SHG is essentially larger for ight propagating along 
the NW since, for this geometry, the effective dipoles forming 
PP* are oriented parallel to the NW and their emission is not 
weakened by NW polarization 

Itis worth noting that in all three cases, the spatial distribu- 
tion of the SHG has diferent characteristics. Incase (a), the sec- 
ond harmonic is emitted in all directions perpendicular to the 
NW (the contribution of the quadrupole component is around 
10%), while in case (b), the emission has a dipole and in case (c), 
a quadrupole symmetry. This fact should be taken into account 
‘while interpreting experimental results (see Section 26.2.4.2) 
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‘The main distinguishing feature of metal systems is the strong 
frequency dispersion of e(), which, as in Section 26.2.2, will be 
approximated by the Drude formula. It is seen that, due to the 
factors e() + 1 and e(20) + 1 in the denominators of Equations 
26.17, 26.19, 26.22, and 26.24, the SHG is amplified dramatically 
near the frequencies @,/422 and «,/(22) when the excitation 
frequency or its second harmonic coincides with the transverse 
plasmon frequency ina cylinder. In case (b), the resonance exists 
only for 20 since the exciting light is polarized along the NW 
and does not interact with plasmons. 

It is interesting to consider SHG anisotropy near these two 
resonance frequencies when the effect itself is anomalously 
large. As has been mentioned, at © =0,/y2. the SHG increases 
<dramatically for cases (a) and (¢) remaining constant in case (b). 
In other words, for light with parallel polarization, the SHG is 
negligibly small compared to the case of perpendicular polariza 
tion (the situation opposite to semiconductor NWs). The surface 
‘quadrupole component (Equation 26.19) is in this case almost 
‘two orders of magnitude less than the volume dipole component. 
‘The formulae, Equations 26.17 and 26.24, describing the latter 
fortwo different geometries, diffe by only 128. This means that 
for perpendicular polarization, contrary to the semiconductor 
ase, the total SHG intensity is practically independent of the 
direction of illumination, though in case (a), emission is isotro 
pic and is polarized parallel to the NWs, while in case cit hasa 
dipole symmetry and is polarized perpendicular to them. 

‘At the plasmon resonance for emitted light, w= @,/(2V2) 
all contributions to the SHG, except Equation 26.17, contain the 
diverging factor {¢(20) + If, so that the SHG forall light direc- 
tions and polarization increases at «> @,/(2V2) in a similar 
manner with the anisotropy remaining constant. Taking into 
account that (¢9,/(2v2) 
of this low-frequency resonance, light with the parallel polariza. 
tion (case (b)) causes a SHG three orders of magnitude larger 
than that with perpendicular polarization, qualitatively similar 
to the situation in semiconductor NWs. 


26.2.4.2 Experiment 


First experimental investigations of SHG in NWs (Barzda et al 
2008) were performed on ZnSe NWs with a length of 8-10 
microns and a diameter of 80-100nm, excited by a laser at a 
1029nm wavelength, that satisfies the quasi-static condition 
‘oa/e < 1, The angular dependence of the SHG efficiency 1(@) 
‘measured by changing the angle ® between the sample axis and 
the excitation beam polarization is presented by experimental 
points at Figure 26.8, Its seen that this dependence has a very 
strong character with J,y(0) (parallel polarization) exceeding 
(90°) (perpendicular polarization) by more than an order of 
magnitude, 

‘An adequate quantitative interpretation must be based 
con the theoretical results of Section 26.2.4.1. In the experi- 
ment, the light wave vector k was always perpendicular to the 
NW, so that only conclusions for the cases (b) and (e) are rele- 
vant It is claimed that the SHG caused by the optical field with 
a longitudinal polarization B, can be written as the radiation 
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FIGURE 26.8 Polarization dependence of the SHG intensity (Barzda 
et al. 2008). The dots represent experimentally measured values, the 
solid line corresponds to the theoretical formulae (Equations 26.25 and 
26.26). (From Barada, V. etal, Appl. Phys. Lett, 92, 113111, 2008. With 
permission) 


of an effective dipole parallel to the light wave vector with the 
intensity distribution Equation 26.22 proportional to si 
while in the SHG caused by E,, the dominating component 
has a quadrupole character (Equation 26.19) with the intensity 
proportional to sin*(2@). In the experiments, the detector col- 
lected radiation from a wide angle ~49° < @ < 49° (see Figure 
26.9), so that Equations 26.19 and 26.22 should be integrated in 
these limits. This results in an additional form-factor equal to 
0.36 for parallel and to 0.93 for perpendicular light polariza- 
tion. By taking into account that Ey = E, cos @ and E, = 22,sin 6/ 
(e + 1), we obtain the final result for the detected intensity of 
the SHG: 


E 
— 
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FIGURE 269. Schematic angular distribution of the SHG intensity 
for: (2) = 0 (pole mode) and (b)O = 90" (quadrupole mode). depicts 
the wave vector of the excitation light The NW axisis perpendicular to 
the page. The orientation ofthe optical electric field Eis perpendica 
lar to the page in (a) and lies inthe page plane in (b). The photodetec 
tor collects SHG radiation emitted inthe forward direction within the 
shaded area (From Barzda Vet al, Appl. Phys. Lett, 92, 113112, 2008 
With permission.) 
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For semiconductor NWs with € > 1, Equation 26.25 predicts 
giant angular oscillations of the SHG with the maximum/ 
minimum ratio of the order €'/10. For ZnSe, the value of € 
reported by different authors varies from 5.9 to 72 (Grigoriev 
and Meilikhov 1997) but even for the smallest of these numbers, 
the theoretical ratio exceeds the corresponding experimental 
value from Figure 26.8, which is close to 20. The most evident 
explanation is attributed to deviations from an ideal cylindrical 
NW geometry used in deriving Equations 26.19 and 26.22. Free. 
standing NWs are inevitably bent, so that the local value of 8 
changes along the NW. After replacing 8 by @ + 68 and averaging 
over small 80 with Gaussian properties, Equation 26.25 acquires 
an additional term 


Blas & 3E0 0) 


As a result, for (G6¥e* >2 the maximum/minimum ratio 
becomes equal to 3(66)", independent of the NW dielectric con 
stant. The solid ine in Figure 26.8 shows the theoretical angular 
dependence Iy,(8) given by Equations 26.25 and 26.26 demon- 
strating a good agreement between theory and experiment. The 
best fitting of results was obtained for the value of the average 


NW corrugation (3F 


26.2.5 Core-Shell Nanowires 

26.2.5.1 Potential Distribution 

So far, wehave separately analyzed the optical properties of semi- 
conductor and metal nanostructures and demonstrated their 
‘essential distinctions. In this connection, itis very interesting 
to investigate the properties of core-shell structures containing 
both types of layers, where luminescence in the semiconductor 
part can be amplified due to the plasmon effects in the metal 
part. Fabrication of such structures has been demonstrated 
experimentally (Lauhon et al. 2002, Choi et al. 2003). 

‘Asa starting point, we must find the formula for the intensity 
‘of the optical electric field inside such a structure, which would 
{generalize Equation 26.1 to the case of an NW consisting of a 
central core with r, and a dielectric constant ¢,, and a shell with 
radius r, and a dielectric constant €,. Calculations show (Ruda 
and Shik 2005a) that an external electric field Ey, perpendicular 
to the NW axis, creates in the core a uniform field 


48,0:E0 
(©: + €0) + ples — eG — Ee) 


AE, (26.27) 


where p= 1~(r/r,} is the relative shell volume. The field in the 
shell is a sum ofa uniform field and that of a linear dipole: 
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For E, parallel to the NW axis, , E,. Formulae (Equations 
26.27 and 26.28) can be used to determine the spectra and the 
polarization dependence of optical absorption in core-shell 
NWs, We restrict our analysis to the already mentioned case ofa 
‘metal shell and a semiconductor core, promising luminescence 
amplification. 

‘The specific features of the optical response of metal shells 
arise from the fact that the plasmon-related absorption maxi- 
mum for the light with perpendicular polarization is split into 
two maxima with positions depending on the relationship 
between r, and r,, The frequency regions near the plasmon 
resonances are characterized by an anomalously high electric 
field strength (light amplification) both in the core and in the 
shell. As it has been already pointed out for core-shell nanodots 
(Neeves and Birnboim 1989), this can be used for the enhance- 
ment of optical effects in a core (in NWs—only for light with 
perpendicular polarization). There is also a reciprocal effect: 
an oscillating dipole d, in the core is created far from the wire 
radiation field that may be considerably larger than that in a uni- 
form medium. ‘This effect of light amplification will be consid- 
ered later in Section 26.2.5.3. In the next section, we investigate 
the optical absorption near the plasmon resonances caused by 
the increased electric field E, in the shell. 


26.2.5.2 Spectra and Polarization 
Dependence of Absorption 


TTo calculate the optical absorption in a core-shell NW caused 
by light with a perpendicular polarization, we must integrate 
the local absorption Im ¢,[E,(0) over the whole shell. Using the 
Drude formula for €, and Equation 26.28 for E,(r), we obtain the 
absorption spectra shown by solid lines in Figure 26.10. These 
contain two maxima corresponding to plasmon resonances 
where the real part of the denominator in Equations 26.27 and 
26.28 vanishes and the electric field in the NW becomes anoma- 
lously large. With an increasing p, the maxima approach each 
other and the low-frequency one diminishes so that at p —> 1 
wwe get a single peak at «y= «,/V2 corresponding to the plasma 
resonance in a metal cylinder 

Similar phenomena in core-shell nanodots have been already 
observed experimentally (Zhou et al. 1994, Oldenburg etal. 1998) 
and have a good theoretical description (Neeves and Birnboim 
1989, Ruda and Shik 2005b).Itis important to emphasize that, con- 
trary to nanodots, the described two-peak absorption spectra in 
NWs are observed only for light polarized perpendicularly to the 
NWS. For parallel polarization, when the electric field in the NWs 
is equal to the external one, we have simple monotonically decreas- 
ing spectra reflecting the low-frequency absorption given by Im €;, 
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FIGURE 26.10 Absorption spectra of NW with a metal shell for p = 0.2 (a), 0.5 (b) 08 (6) and v = 0.10, and a semiconductor core with e) = 3 
(curves 1) and €, = 10 (curves 2) for light polarized perpendicularly to NWS. Solid curves correspond to the absorption in a metal shell, dashed 
‘curves—ina semiconductor core. (From Ruda, H.E. and Shik, A., Phys. Rev. B,72, 15308, 2005a. With permission.) 


If the core isa semiconductor with the bandgap E, < hoo then, 
besides the absorption described above, there is also interband 
absorption in the core proportional to |E,(x). The spectrum of 
this absorption can be easily calculated from Equation 26.27 and 
is shown by dashed lines in Figure 26.10. The spectrum also has, 
a double maximum structure qualitatively similar to a metal 
shell one, but contrary to that, suffers a dramatic drop with an 
increasing €, due to the extrusion of the electric field from the 
hhigh-e core. We emphasize that absorptions in a shell and a core 
depend on different parameters (i.e, the plasma frequency and 
the scattering rate in metals, and the bandgap width and the 
interband matrix element in semiconductors) and thus we can 
not compare the amplitudes of solid and dashed curves and say 
«priori what type of absorption is dominating. Moreover, itis 
also difficult to distinguish experimentally these two absorption 
‘components since the absorption spectra in a shell and a core 
have qualitatively similar characteristics. The problem can be 
solved by measuring the excitation spectrum for core Lumines 

cence, which is proportional only to the partial absorption in the 
core shown by the dashed lines in the figure. 

‘As mentioned above, the dashed lines in Figure 26.10 actu- 

ally show the spectral dependence of the electric field in a core 
JE,(@)P. As we have shown in Section 26.2.1, the semiconductor 


and the metal NWs have opposite characteristics of electrical 
anisotropy: the perpendicular component of the electric field is 
suppressed as compared with the parallel one, in a semiconduc~ 
tor NW, and enhanced in a metal NW in the vicinity of a plas- 
mon frequency. In composite core-shell structures, both cases 
can be realized, depending on the shell thickness and the light 
frequency. The corresponding “phase diagram” using p-00 axes, 
is shown in Figure 26.11. The areas above the line(s) correspond 
to the “metal” case E, > Ey, while those below the line(s)—to the 
“semiconductor” case E, < Ey,. In other words, these lines cor 

respond to |A| = 1 where the amplification factor A = E,/E,, is 
given by Equation 26.27. Ata small p, we naturally deal with the 
“semiconductor” regime. One might be surprised that at p —> 1, 


the regime is not “metal” but should be pointed so that the figure 
describes the field not in a metal shell, but in a semiconductor 
core, which in the limit of a pure metal nanowire p —> 1 simply 
disappears. 

‘The condition |A| > 1 is satisfied in the vicinity of plasmon 
resonances, which means that for light-inducing interband 
absorption in the core, the intensity of the electron-hole pair 
generation, and hence, the intensity of the luminescence caused 
by these pairs is larger than in the absence of a metal shell. That 
is why, for A, we use the term “amplification factor.” 


Polarization-Sensitive Nanowire and Nanorod Optics 


10 


I] 


4 


. 


02 


oo 
oo 02 oa 06 os 10 


elo, 


FIGURE 26.11 Values of p and ©, for which E, = E,, at e, =3 (olid 
line) and €, = 10 dashed lines). The area above the line(s) corresponds to 
E,> By,. (From Ruda, H.E.and Shik, A., Phy, Rev. B, 72, 115308, 2005a 
‘With permission) 


26.2.5.3 Luminescence Amplification 


Metal shells may cause amplification not only of the ac electric 
field of exciting light but also of the light emitted by a semicon- 
ductor core, The ac electric field emitted by a core, which can be 
considered as an effective dipole dy is disturbed by a metal shell 
so that the field far from the nanostructure looks lke one created 
by some other effective dipole d. By analogy with the previous 
section, we may expect that in the vicinity of a plasmon reso 
nance, the condition |d/d,| >> 1 can be realized, which means an 
effective amplification of the emitted radiation as well 

Calculations show thatthe luminescence of core-shell struc 
tures is characterized by exactly the same rules as absorption. 
‘he field of dipoles parallel to the NW axis is not disturbed by 
image forces, while the field of perpendicular dipoles acquites 
the same amplification factor A as given by Equation 26.27. Asa 
result, for an isotropic distribution of effective dipoles, such asin 
a cubic semiconductor core in the absence of size quantization, 
the emission from an NW acquis a partial polarization paral 
lel to its axis at [4] < 1 (asin Section 26.2.3) or perpendicular at 
|AI> 1. Since A has a strong frequency dependence, the compo 
nents ofthe emitted light with a different polarization may have 
different spectra depending on the metal shell parameters. 

From the applied point of view, the most important conclu 
sion is as follows: by a proper choice of the metal-shell param. 
eters, we can make one ofthe plasmon peaks coincide with the 
luminescence line in the core, which will result in an increase 
in the luminescence intensity (Ruda and Shik 2005b). It would 
beeven more atractive to enhance the photoluminescence dra 
‘matically by a simultaneous amplification of both the exciting 
and the emitting light. Such a situation often occurs in surface- 
enhanced Raman scattering (Moskovits 1985) but in lumi 
nescence, its realization is more difficult since the difference 


26-13 


in frequencies of exciting «,, and emitted «,,, light is usually 
quite large and cannot be covered by a single plasmon peak. 
However, in core-shell structures, such double amplification 
can be reached by using both plasmon peaks as shown in Figure 
26.10. In this case, the shell parameters should be chosen in 
such a way that the low-frequency peak corresponds to @eq in a 
given NW core while the source of excitation is tuned for @,, to 
coincide with the second high-frequency peak (Ruda and Shik 
2005a). 


26.3 Arrays of Nanorods 


26.3.1 Polarization Memory in Random 
Nanorod Arrays 


26.3.1.1 Theory 


‘The whole sections 26.2 was devoted to the optical properties of, 
individual NWs or NRs and now we will discuss similar effects 
V arrays, Al the polarization-dependent effects remain the 
same in such arrays as a system of parallel NWS (say, in porous 
dielectric matrices) with a relatively large distance between 
the NWs, but in the case of randomly oriented semiconductor 
NWs or NRs (say, in a polymer matrix or solution), the situa- 
tion changes. Such a system has macroscopically isotropic opti- 
cal properties but simultaneously possesses a very interesting 
property of polarization memory (Lavallard and Suris 1995, 
Ruda and Shik 2005a). If we excite photoluminescence in the 
system using polarized light, in accordance with Section 26.2.1, 
nonequilibrium carriers will be generated mostly in the NWs 
that are oriented close to and parallel to the light polarization, 
According to Section 26.2.3, light emitted by these NWs will 
have a preferable polarization parallel to their axes, or in other 
words, parallel to the polarization of the exciting radiation. In 
other words, an anisotropic random array of nanostructures 
“remembers” the polarization of the exciting radiation and emits 
luminescence in the same direction of polarization. 

‘To calculate this effect in a random system of thin NWs, 
wwe assume that the NW array occupies the semi-space x < 0 
and study the polarization of the net luminescence excited by 
z-polarized light and measured at some point (x».0,0) outside 
the array (that is, x) > 0). The principle of calculation is as fo: 
lows. We take some NWs with an orientation characterized by 
the spherical angles (8,0) and consider it as a line of emitting 
dipoles with components d, along the NW axis and 2d,e,/(e + €,) 
in two other directions. Then, as in Section 26.2.3.1, we find the 
components (S,), and (S,), of the Poynting vector created by 
these dipoles at the point (x,,0,0). Since, according to Equation 
26.3, the intensity of the absorbed exciting light and hence the 
intensity of the luminescence depends on @ being proportional 
to (€ + €,}%cos* @ + 4¢,sin? 8, we integrate (8), and (S,), over @ 
and a: with this weighting factor obtaining the total intensities 
1, of ight emission with polarizations parallel and perpendicu- 
lar to the polarization of the exciting light. 

Referring the reader to Ruda and Shik (2005a) for the details 
of calculations, we present only the final result: 


(e+e) +2 
Were! HEMET E, 


(e+e)? +20((e-+ ep)? +2e5]+21(e +e)? +3360) 
FARE Ea) + 2e;]+ OHEF Ea) +1OBES 


(26.29) 


Equation 26.29 shows that maximal possible polarization, 
reached at [e/é,| > 1, is equal to 1y/, = 3. In terms of the polar- 
ization ratio P=(I—1.)/(Iy+11) it corresponds to P = 0.5. 
Figure 26.12 shows this polarization ratio for an arbitrary rela 
tionship between € and €,. For InP NWs in air (e/€, = 127), we 
get P = 0.44 It is worth noting that at €< & (e.g, in metal NWs 
near the plasmon resonance), when the electric field in the NWs, 
has a preferably perpendicular orientation, the system also has a 
polarization memory. This eect is weaker than at alarge e, with 
the maximal P = 6/68 = 0.088. 

‘As we have shown in Sections 26.2.1.2 and 26.2.32, for thick 
NW5, the polarization characteristics for absorption and emis. 
sion vary dramatically with the light frequency. As a result, the 
polarization memory in these objects must demonstrate a strong, 
dependence on the frequency of both the exciting (,) and the 
emitted (©) light and even change its sign at some intervals of 
©,,and ©,,.. The quantitative description ofthis effect (Ruda and 
Shik 2006) is based on the same approach as that for thin NWs 
resulting in Equation 26.29 but with two distinctions. First, the 
values of the longitudinal and the transverse components of the 
effective dipole moments in the NW are no longer constant but 
given by Equations 26.12 and 26.13 with k = @,,/c. Second, the 
intensity of the absorbed exciting light and hence the intensity 
of the luminescence (the weighting factor in the angular aver 
aging) is now equal to Ij(@,,)cos"6+1/(@..)sin*® where the 
intensities of the absorbed light If and I}, are determined from 
Equations 26.5 and 26.6 according to the procedure described in 


04 


03 


P 


02 


oa 


00 


oO 5 10 
ley 


15 20 


FIGURE 26.12 Luminescence polarization ratio in a random system 
of nanowires exited by polarized light. The dot-and-dash line corre- 
sponds to the limiting value P = 0.5. (From Ruda, ILE. and Shik, A. 
Phys. Rev. B, 72, 15308, 2005a. With permission.) 
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Section 26.2.1.2. The final answer for the ratio of luminescence 
intensities with polarization parallel and perpendicular to that 
of the exciting light is 


Li 
Tr 
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1005) 304 (a 1132.) +1240) 


(26.30) 


y, we emphasize the difference in notations between 
Equations 26.29, 26.30 and 26.10 where Ij and Ii referred to 
the light polarized parallel and perpendicular to the NW axis. 
Figure 26.13 shows the dependences of the system polarization 
=Ii)/(Jj +15) on the frequencies of the exciting 
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FIGURE 26.13 Polarization ratio of photoluminescence for a ran- 
dom NW system with €= 9, e,= 1. (a) Luminescence spectra Pr(,.ale) 
for different «,.. Numbers at the curves indicate the values @/c. The 
curves corresponding to @,a/¢ = 2.6 and 2.8 practically coincide. (b) 
Excitation spectra P'(,,al) for different 0, 

indicate the values of @,,alc. The curves corresponding £0 Oqa/e= 18 
and 2.8 practically coincide, For «alc =2.6 polarization is very close 
to zero and isnot presented in the figure 


Numbers atthe curves 


radiation increases while the wavelength of the 
radiation tends to decrease. 


If the temperature is high enough, the wave- 
length of the radiation enters the visible spec- 
trum, between 380 and 740 nanometers. (A 
nanometer is one-billionth of a meter.) 


The melting point of tungsten is 3,442 degrees 
Celsius, but a lamp filament typically operates 
between 2,000 and 3,000 degrees. At the higher 
end of this scale, evaporation of metal from the 
filament tends to cause deposition of a dark res- 
idue on the inside of the bulb, and erodes the 
filament more rapidly, to the point where it even- 
tually breaks. At the lower end of this scale, the 
light will be yellow and the intensity will be 
reduced. 


Spectrum 
The color of black-body radiation is measured 
using the Kelvin temperature scale. The incre 
ment of 1 degree Kelvin is the same as 1 degree 
Celsius, but the Kelvin scale has a zero value at 
absolute zero. This is the theoretical lowest con- 
ceivable temperature, at which thereis complete 
absence of heat. Itis approximately -273 degrees 
Celsius. 


From this itis evident that if isa temperature in 
degrees Kelvin and Cisa temperature in degrees 
Celsius: 


K = C + 273 (approximately) 


Calibration of light sources in degrees Kelvin is 
common in photography. Many digital cameras 
allow the user to specify the color temperature of 
lights that are illuminating an indoor scene, and 
the camera will compensate so that the light 
source appears to be pure white with all colors 
in the visible spectrum being represented 
equally. 


Some computer monitors also allow the user to 
specify a white value in degrees Kelvin. 


Color temperature is used in astronomy, because 
the spectrum of many stars is comparable with 
that of a theoretical black body. 


andescent lamp How tt Work: 
Acolor temperature of 1,000 degrees Kk will have 
a dark orange hue, while 15,000 degrees K or 
higher will have a blue hue comparable to that 
of a pale blue sky. The color temperature of the 
sun is approximately 5,800 K. Interior lighting is 
often around 3,000 K, which many people find 
acceptable because it creates pleasant flesh 
tones. An incandescent bulb described by the 
manufacturer as “soft white” or “warm” will have 
alower color temperature than one which is sold 
as "pure white” or "paper white.” 


Graphs showing the emission of wavelengths at 
various color temperatures are shown in 
Figure 18-3. The rainbow section indicates the 
approximate range of visible wavelengths be- 
tween ultraviolet, on the left, and infrared, on the 
right. For purposes of clarity, the peak intensity 
for each color temperature has been equalized. 
In reality, increasing the temperature also increa- 
ses the light output. 
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and the emitted light, given by Equation 26,30. Since in standard 
photoluminescence measurements @,, always exceeds (,,, Parts 
of the curves in Figure 26.13 where this condition is violated are 
given by dashed lines. At @,., @,,, — 0, polarization tends to its 
low-frequency limit shown in Figure 26.12 and for our choice 
e/e, = 9 equal to P*= 0.40. 

It is important to mention that if the NW material is char- 
acterized by several luminescence lines with essentially differ 
cent frequencies, then these lines may have different degrees of 
polarization, in accordance with Figure 26.6. Since the curve at 
the figure crosses the level 1 = Ii, there exists even the possibil- 
ity when one of the luminescent lines may have. The latter case 
could be called “polarization anti-memory.” 


26.3.1.2 Experiment 


‘The effect of polarization memory was first observed in porous 
Si (Kovalev et al. 1995) that has only a distant resemblance 
to a system of NWs or NRs. Hence, for demonstration of its 
main experimental features, we have chosen subsequently 
‘more detailed measurements in CdSe/ZnS NRs (Kravtsova et al. 
2007) with the aspect ratio I/2a = 2.4 dissolved in a liquid and 
hence having a randomly distributed orientation. Figure 26.14 
shows the luminescence spectrum consisting of two peaks cor- 
responding to interband transitions between different size 

quantized states. Polarization properties of the emitted light 
are presented in the form of luminescence spectra for different 
angular positions of the analyzer related to the direction of the 
exciting light polarization Ey. The luminescence is seen to be 


Luminescence intensity (ast) 


Wavelength (nm) 


FIGURE 26.14 Photoluminescence spectrum of the NR solution for 
‘excitation by linearly polarized light with A =366nm, Different curves 
correspond to the luminescence components with a polarization 
in the direction forming the angle 0 with the polarization of excita- 
tion. @ increases from the upper to the lower curve with the step 10°, 
‘The amplitude of the luminescence in the spectral region A < 520nm 
is shown with the magnification factor 10, (From Kravtsova, Y. etal 

Appl. Phys Lett, 90, 083120, 2007. With permission.) 
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polarized mostly parallel to Ey, in qualitative agreement with 
theoretical predictions. 

‘The quantitative treatment of the results meets with some dif- 
ficulties. According to Equation 26.29, the amplitude of polariza- 
tion memory in small nanostructures has some universal value 
depending only on e/e,. However, in the experiment, this ampli 
tude differs noticeably for two different spectral lines in the same 
NRs. Besides, for the short wavelength peak, the amplitude of 
polarization memory exceeded the theoretically predicted one, 
while for the long wavelength peak, it was always less. These 
results could be explained if the matrix element responsible for 
the ground state 573 nm-long wavelength peak is larger for per- 
pendicular light polarization (itis realy the case for NRs with a 
small aspect ratio (Hu et al. 2001)) while that at 470m is either 
‘more isotropic or larger for parallel polarization. This isin agree- 
ment with the theoretical (Li and Wang 2003) and the experi- 
mental (Thomas et a. 2005) conclusions of essentially different 
polarization properties of diferent optical transitions in NRs. 


26.3.2 Plasmon Spectra in Self-Assembled 
Nanorod Structures 


26.3.2.1 Self-Assembling of Metal Nanorods 


In the recent years, an impressive success has been achieved in 
fabricating various arrays of metal NRs by their self-assembling 
in solution. The most comprehensive results in this direction 
were obtained by using Au NRs with the lateral surface covered 
by a double layer of hydrophilic molecules and the ends termi- 
nated with polystyrene molecular chains (Nie et al. 2007, 2008). 
Such building blocks in solution can form different ordered 
arrays, such as chains, bundles, raft-like structures, rings, etc 
(Figure 26.15), depending on the chemical composition of the 
solvent. In these systems, the distances between the NRs are very 
small, compared to their diameter, so that the electric fields of 
plasmons in neighboring NRs overlap and the plasmon spec- 
trum of the system becomes different from that of individual 
NRs and depends on the NR array topology. Figure 26.16 shows 
the plasmon absorption spectra in some of these structures 
formed from identical NRs. They consist of two peaks (longitu- 
dinal and transverse plasmons) where the long wavelength one, 
corresponding to longitudinal plasmons (see Section 26.2.2.1), 
demonstrates a strong dependence on the array geometry. 

Some general qualitative regularities were already formulated 
in literature and found their experimental confirmation in sys- 
tems of NRs and nanodots. It was demonstrated (Rechenberger 
etal. 2003, Su et al. 2003) that by reducing the inter-nanoparticle 
separation in the direction of light polarization, a red shift in 
the plasmon resonance occurs, in contrast with a blue shift for 
the perpendicular direction of polarization. Ithasa simple quali- 
tative explanation. The end-to-end alignment of NRs increases 
the effective length of an NR, which results in a decrease of the 
longitudinal depolarization factor n, and, according to Equation 
26,7, a decrease in the longitudinal plasmon frequency «, while 
the side-to-side arrangement increases the effective m and ©, 
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FIGURE 26.15 
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FIGURE 26.16 Optical absorption spectra for various NR arrays 
(From Nie,Z.H.etal, J. Am. Chem Soc., 130, 3683,2008. With permission) 


In the next sections, we present theoretical models allowing one 
to make some quantitative calculations of plasmon characteris. 
tics and their compari 


mn with the experiment. 


26.3.2.2 Longitudinal Plasmon Shift 

Let us consider some arbitrary system of metal NWS or strongly 
anisotropic NRs (further we will mention them simply as NWs) 
and find the polarization of each NW in an external uniform 


NR arrays obtained by self-assembling in different solvents. (From Fava, Det al, Adv. Mater, 20, 4318, 2008. With permission.) 


electric field Ey. We assume that the NW radius a is many 
times smaller than both their length /, so that for calculations 
of longitudinal plasmons, the radial distribution of the induced 
charges is inessential and we may characterize each NW by a 
linear charge density q(z) depending on one single coordinate z 
measured along the NW axis. In the absence of a direct electri 

cal contact between the NWs, their total charges remain zero: 


J. a(erde =0. For each metal NW; the charge distribution q() 

found from the condition of equipotentiality (Ruda and Shik 
2007b). It means that the external field potential -E,,2 is exactly 
compensated by the joint potential created by the charges of all 
NWs including the given one. To describe the potential created 
by q(@) ofthe same NW ina medium with the dielectric constant e, 
‘we use the approximate expression 2q(2)ln(lla)/e valid for I> a 
(Averkiev and Shik 1996) Potentials of all other NWs can be 
obtained by a simple Coulomb expression neglecting the finite 
thickness of NWS. 

We demonstrate the described procedure for the case of two 
in-line NWs separated by the interval b and occupying the seg 
ments (-1 ~ b/2, -b/2) and (b/2, 1 + b/2) of the z-axis. Noting the 
charge densities in the NWs as q_(e) and q, (2), respectively, we 
oblain the system of two equations: 


242(2) w(t)-a, ct 


432) gr, (2631) 
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Instead of q,, we introduce two dimensionless functions 9,(€) 
determined from 


Cae 
In(Wa) 


ale +n] 


(26.32) 


where & is the dimensionless coordinate measured from the cen: 
ter of the corresponding NWs: & = [2 (b/2 + 1/2)/l. It can be 
easily shown that n.(-&) = -1,(@). Finding C, from the neutrality 


condiions: J" n.(G)a6=0, we reduce Eaton 263119 one 
single equation for n, (6): 
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‘This equation was solved numerically for Ila = 10, which cor: 
responds to the experimental results (Nie et al. 2007) to be dis 
cussed later. After q(2) is found, the total dipole moment P of an 


2 


Bin] BO+B" 
+2" ae 


(26.33) 


Jale)ee, which in turn, determines 


the depolarization factor 1 = E,,V/(4nP) (V is the NR volume) 
(Landau and Lifshitz 1984), connected with the longitudinal 
plasmon frequency «9, by Equation 26.7. 

Usinga similar approach, the frequency @, was found (Ruda 
and Shik 2007b) for two other systems: the infinite periodic 
NR chain and a pair of two side-by-side NRs with the distance 
d > 2a between the axes. The resulting dependences of the lon- 
gitudinal plasmon frequency (@ on inter-NR distances b or d 
for all three cases are presented in Figure 26.17. It is seen that, 
in accordance with the above-mentioned qualitative consider- 
ations, @ demonstrates a red shift for chains and a blue shift 
for bunches of NRs. Figure 26.17 also contains experimen: 
tal points (Nie et al. 2007) partially taken from the curves of 
Figure 26.16. It is seen that the results for in-line structures 
(curves 1 and 2) demonstrate a good qualitative agreement but 
the experimental dependences are steeper than the theoretical. 
‘This effect can be caused by the fact that the polystyrene mol- 
ecules connecting the NR tips are also polarized in the external 
electric field, so that the effective local dielectric constant of 
this gap exceeds that of the solvent. This distorts the electric 
field pattern and increases the intensity of inter-NR interaction 
and hence, the value of P, as compared to the ideal case con: 
sidered above. For the side-by-side NR assemblies, practically 
all the lines of the electric field responsible for the inter-NR 
interaction are concentrated in the region filled by hydrophilic 
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FIGURE 26.17 Dependence of the longitudinal plasmon frequency 
{ (in units of, for individual NRs) on the distance between NRs with 
Ya = 10.1, two in-line NRs (experimental points—triangles); 2, chain of 
NRs (experimental points—squares); 3, two parallel NRs (experimental 
points—stars) 


molecules, so that the dielectric inhomogeneity of the system 
is irrelevant, and curve 3 demonstrates not only qualitative but 
also quantitative agreement. 


26.4 Conclusion 


We have described a large variety of polarization-sensitive opti- 
cal phenomena in anisotropic nanostructures, such as NWs and 
NRs. The phenomena have a universal character being exclu- 
sively due to the difference in the dielectric constants between 
nanostructures and their environment. They include a strong 
dependence of linear (absorption, photoluminescence, photo- 
conductivity, et.) and nonlinear optical properties on polariza- 
tion ofthe exciting light, as well asa high degree of polarization 
of luminescence emitted by these systems. The joint action of 
absorption and emission anisotropy results in a polarization 
memory in random arrays of NWs and NRs. In metal nano- 
structures, all the mentioned phenomena exhibit a dramatic 
dependence (including sometimes the change of sign) on the 
light frequency, related to plasmon effects. In composed metal- 
semiconductor nanostructures, these effects can be used for 
luminescence amplification. In ordered self-assembled arrays of 
metal NRs, the plasmon-related optical spectra are sensitive to 
the array geometry. All the described effects are provided with 
proper theoretical description and illustrated by experimental 
observations performed in recent years. 
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27.1 General Introduction: 
Fundamentals of Nonlinear 
Optics and Different 
Nonlinear Optical Effects 


Inrecent years, nonlinear optical (NLO) materialshaveattracted 
substantial research interests due to their potential applications 
in information processing and telecommunications [1-4]. NLO 
processes are particularly useful in photonic devices where pho. 
tons are used to transmit and process information. Modification 
in the optical properties of a material by the strong oscillating 
electric field of a laser beam is in general discussed in the study 
‘of NLO. NLO processes have been observed in a wide variety of 
materials starting from molecules and clusters to bulk materials 
[5-14], In molecular systems, the optical nonlinearity depends 
‘on the geometrical arrangement of molecules, whereas in case 
of bulk systems, the electronic characteristics of the system 
determine the optical nonlinearity. Various experimental as 
well as theoretical results have reported that NLO properties 
of small atomic clusters depend on the geometry and the elec 
tronic structure property of these materials (15,16 

In general, the electric dipole moment 1, of a molecular sys. 
temis expressed as 


AEMF.t) 
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In the above equation, E*(F,1), EMF,1), .... are the external 
electric fields consisting of a monochromatic and a static 


part, and a,b... are equal to the Cartesian directions x,y, or 
‘The first term in Equation 27.1 denotes the dipole moment 
of the system. Gj, Buys aNd Yo Fepresent the elements of 
the linear polarizability tensor, the first-order hyperpo- 
larizability tensor, and the second-order hyperpolarizabil- 
ity tensor, respectively. The time dependence of the dipole 
moment leads to various frequency-dependent polarizabili- 
ties and hyperpolarizability tensors. The first-order hyper 

polarizability tensor is described in terms of static first-order 
hyperpolarizability [B (0; 0, 0)}, second-harmonic generation 
(SHG) [B (20; ©, «)], electro-optical Pockels effect (EOPE) 
[B Co; ©, 0), optical rectification (OR) [f (0; @, ~@)], sum 

frequency generation (SEG), and difference-frequency gen- 
eration (DFG). Similarly, in the case of the second-order 
hyperpolarizability tensor, apart from the static part [y (0; O, 
0,0) there exists frequency-dependent components, namely 
the third-harmonic generation (THG) [y (30; @, ©, 0], 
the electro-optical Kerr effect (EOKE) [y (-; © 0, 0)], the 
dc-induced second-harmonic generation (de-SHG or elec 

tric field-induced second-harmonic generation (EFISH)) 
fy (20; ©, ©, 0)), and the intensity-dependent refractive 
index (IDRI) [y (-@; @, ~©, «)] or the degenerate four-wave 
mixing (DFWM). Among the different NLO properties, the 
first-order hyperpolarizability is important because itis the 
simple third-order molecular property and responsible for 
phenomena such as the SHG and the EOPE. On the other 
hand, the second-order hyperpolarizability tensor is related 
to physical properties like the EOKE. It is also significant in 
the perspective of quantum optical effects like self-focusing 
and self-defocusing effects in a material 

In the presence of an electric field of field strength 


B()= Be" +E $e0, (72) 
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the second-order nonlinear polarization induced in a crystal 
is expressed as 
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‘The first and second terms in Equation 27.4 represent the SHG, 
‘which is useful inthe perspective of optoelectronic phenomenon 
such as tuning the frequency of the laser beam. The expression 
2E,E,e""**" and 2E,E;e"~®" are associated with the sum- 
frequency generation (SFG) and the difference-frequency gen 
eration (DEG) respectively. The SEG is used to produce tunable 
radiation in the ultraviolet spectral region and the DFG produces 
tunable radiation in the infrared region. The process of the DFG 
isalso used in the design of the optical parametric oscillator. The 
last term of Equation 27.4 does not show any frequency depen- 
dence and leads to a process known as optical rectification (OR). 
‘The thitd order contribution to the nonlinear polarization is 
given by 
P= XE, (073) 
In the case of the monochromatic applied electric field (E(t) = 
& cos «o), the nonlinear polarization is expressed as 


Pv 
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‘The first term of Equation 276 illustrates the third-harmonic 
generation (THG), which describes the response of the sys- 
tem at the frequency of 30, The second term in Equation 27.6 
leads to a nonlinear contribution to the refractive index of the 
electromagnetic wave of frequency «, This is recognized as the 
intensity- dependent refractive index (IDRI), In the presence of 
such nonlinearity, the refractive index becomes 


non +nl, 77) 
‘where isthe linear refractive index and 
Bry, (7a) 


‘nis an optical constant that characterizes the strength of the 
optical nonlinearity. I is the intensity of the incident wave 
expressed as I = (n,c/8n). The intensity-dependent refractive 
index (IDRI) is related to optical phenomenon, such as the self 
focusing of the electromagnetic wave. Self-focusing occurs in a 
‘material in which mis positive and the electromagnetic waves, 
with a nonuniform transverse intensity distribution, curve 
towards each other after passing through such material, 
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27.2 Quantum Formulation 
of Nonlinear Optics 


A large number of quantum chemical techniques have been 
employed for the evaluation of the NLO properties of materi- 
als, Jensen et al. have developed a dipole interaction model. This 
model successfully describes the response properties of large 
aggregates of molecular clusters (17). The density-matrix renor- 
malization group (DMRG)-based formalism was proposed by 
Pati and coworkers and successfully applied in the description 
of the frequency- dependent NLO properties of t-conjugated sys- 
tems [18]. Standard techniques like the time-density functional 
theory, the time-dependent Hartee Fock technique, as well as the 
finite-field methods (19] based on DFT are also very successful 
in describing the NLO responses of several classes of materials. 
‘The quantum chemical approach, like the density functional 
theory, had its limitations in the case of long-range dispersion 
interaction and has been improved by the introduction of the 
dispersion-corrected DPT DED-D [20,21] technique. Higher- 
order wavefunction-based methods like the coupled cluster 
approach and the MP2 technique are also efficent but they are 
excessively expensive. In addition to these, the response prop- 
erties are also evaluated through semi-empirical methods like 
ZINDO/MRDCI (multi reference doubles-configuration inter- 
action) formalism with a correction vector. [22]. Another well- 
celebrated quantum chemical approach is the use ofthe two-state 
‘model proposed by Oudar and Chemla [23]. This model relates 
the nonlinear optical coefficients to the excited-state energy, the 
oscillator strength and the dipole moment of the molecule under 
consideration. The theoretical results of Zyss (24] and Andrews 
et al. 25] successfully established the two-state model of Oudar 
and Chemla. Datta and Pati [26] employed the two-state model to 
discuss the role of dipolar interaction and H-bonding in tuning 
the response properties in molecular aggregates. This model is 
simple and particularly useful in the case of charge-transfer sys- 
tems [27]. In this two-state model, the expression of Bis given by 


23 __@uf iin _ 
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where 
‘fis the oscillator strength 
‘is the applied frequency 
(y is the frequency of the optical transition between the 
‘ground state and the first dipole-allowed state 
jt is the difference in moments between the ground state 
and the first dipole-allowed state 


In the absence of an applied frequency, the above equation 
results in a first-order static hyperpolarizability tensor 


(B0;0,0 


In two-state formalism, the parameters like f; and At; 
are estimated through standard excited approaches like the 


Nonlinear Optics with Clusters 


configuration interaction scheme (CIS) or the time-dependent 
density-functional theory (TDDFT). 

‘Apart from all those techniques described in the above para- 
‘graph, another widely accepted quantum chemical technique of 
response calculation is the analytic approach. In this context, it will 
bbe useful to point out some of the basic differences between the 
finite-difference technique and the analytic approach. Inthe fnite- 
difference technique, the energy is calculated at different values of 
the electric field; there after, the finite differentiation is performed 
to obtain the derivative of energies. The finite-difference method 
is suitable for any program capable of energy calculation in a per- 
turbed system. However, the main limitation of this method is the 
prolonged computational time and it is not good enough when 
higher order derivatives of the energy are involved. On the con: 
trary, in the analytical approach, physical properties are obtained 
by analytically evaluating the derivatives of the energy and are 
ofien preferred in response calculations. The main advantage of 
this technique is that it gives access to frequency-dependent prop- 
erties and the data obtained are more accurate. This technique has 
‘been successfully applied by van Gisbergen et al. [28] in case ofa set 
‘of small molecules. Sen etal. employed the same technique in case 
of CdSe clusters and Al.M, clusters (11,13 

In the density-functional theoretical formulation of the ana. 
lytic approach, the starting equation is a variation on the time- 
dependent Kohn-Sham (TDKS) equation. In order to obtain the 
starting equation of the analytic approach in the time-dependent 
ddensity-functional theory (TDDFT), the action integral of the 
‘TDDFT is considered. 


4 = : 
A= fariyinliS Holo), 79) 


where y is the wave function of the system. In terms of time. 
dependent single-particle orbitals {9,(F,1)}, the action integral 
becomes 
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In Equation 27.10, the term ¥,.(f;4) is the time-dependent 
exchange-correlation potential and A,, is the exchange-corre- 
lation part of the action functional. On considering the ortho- 
normal Kohn-Sham orbital, the action integral produces the 
time-dependent Kohn-Sham equation as 


[ 
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In Equation 27.11, v(F,t) is the time-dependent Kohn-Sham 
potential and e,(7,1) is the Lagrangian multiplier. Different 
choices of Lagrangian multipliers are allowed. With (7,8) = 0 
‘we attain the canonical form of the Kohn-Sham equation. In 
the case of orbitals varying rapidly with time, €,(F,t) is suitably 
chosen to avoid an unphysical divergence in the Kohn-Sham 
equation. The time-dependent density p(7,f) is obtained from 
the relation 


P= >) fool, 


(e712) 


When 07,1) is expanded in a fixed time-dependent basis set of 
atomic orbitals {,(F)}, the resulting expression becomes 


OF) = YL xFELO, (2713) 


In Equation 2713, the coeficientC,() manifest the time depen: 
dence of ¢ (2). Finally, Equations 27.11 through 2713 produces 
the time-dependent Kohn-Sham equation in the matrix form 
given by 

a 


gC-12.sc=sce, 


a 7.4) 


where Sis the overlap matrix of the atomic orbitals with, 


Su farrgns, 715) 
‘The density matrix (D) is expressed in terms ofthe coeff 
cient matrix C and the occupation number matrix and is 
expressed as 


D=Cnc’. (27:16) 
‘The Kohn-Sham equation expressed in Equation 27.14 is the 
starting point of the perturbative expansion. Equation 27.14 is 
similar to the starting equation for the NLO calculation in the 
time-dependent Hartree-Fock technique (TDHF). In Equation 
27.14, the term F, represents the Kohn-Sham matrix or the Fock 
matrix. This is expressed as 

E=h+DX2J+¥0 e717) 
In the above equation, h is the one-electron integral matrix 
comprising kinetic energy, the Coulomb field of the nuclei, and 
the applied external electric field. J is the four-index Coulomb 
supermatrices. 

‘When all matrices are expanded in different orders of external 
perturbation and ¢ is chosen as the time-dependent zero-order 
‘matrix, the canonical Kohn-Sham equation for the ground-state 
DFT is obtained and given by the following expression: 


2718) 
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‘The Lagrangian multiplier matrix [e] can be chosen at each 
order of perturbation. Now, ifan external electric field of E*(7,1) 
is applied, the mathematical form of E*(F,t) being 

EXGN=E GN +e* +e™], e719) 
then in the dipolar approximation, the external perturbation 
term (H) to the Kohn-Sham Hamiltonian becomes 


H=W-EG,t) 


(2720) 


‘where is the dipole-moment operator of the electrons. 

‘The time dependence of the dipole moment produces various 
frequency-dependent hyperpolarizablity tensors. Frequency- 
dependent polarizability and hyperpolarizability tensors are 
obtained from the trace of the dipole moment matrix (H"] and 
the nth-order density matrix [D® (where n = 1 for the linear 
polarizability o., = 2for the first-order hyperpolarizability ten 
sor B, n = 3 for the second-order hyperpolarizability Y and so 
(on). Ifthe inducing electric field of frequency (0, (s, , ... acts 
in the direction a, b,c... the tensors can be represented as, 


G.(-0550)= Te HD"o,)], e720) 


Buc(-W9: 04,00,)=—Tr[H"D"(,,0,)}, 2722) 


Yotes(—Wn5 4,04) —Tr[ HD" (},0,,0,)}, 27.23) 


where @,=0,+0,+-~. These expressions are a set of general- 
ized equations in terms of frequencies. he polarizability and 
the hyperpolarizability tensors defined above are determined 
through the iterative solution of the time-dependent Kohn- 
Sham (TDKS) equations given in Equation 27.14 

In ordinary TDDFT, the zeroth-order Kobn-Sham matrix is 
used, which is given by 

B® =h +D°XAN+Ve, (2724) 

where 1i® contains the external potential terms that are of 
zero order in the external field, kinetic energy and the nuclear 
Coulomb field. The Coulomb super matrix J is independent of 
the external electric field and results in a Coulomb term of the 
form D*"(@,, @y .. ©,)X(2)) in the nth-order Kohn-Sham 
matrix F°°"(@,,@),....(@,). The external perturbation appears 
only in the first-order Kohn-Sham matrices. Higher-order 
Kohn-Sham matrices consist of a Coulomb and an exchange 
correlation part. Therefore, the general formula for the higher- 
‘order Kobn-Sham matrices becomes 


28s py--.0,) = D® Oy, Oys 
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‘The Taylor expansions of F, C, €, and D are inserted in the 
time-dependent Kohn-Sham equation (Equation 27.14), the 
normalization condition, and the density matrix (Equation 
27.16). This results ina first-order time-dependent Kohn-Sham 
equation as 


EX(@)C® + BIC) + 08'C"(@) =S'C'(@e” +8 C%E"(), 
(2726) 


Higher-order coupled equations are obtained by equating the 
left and the right hand sides of the TDKS equation, the normal- 
ization condition and the density matrix. The NLO properties 
are estimated through the iterative solution of the time-depen- 
dent Kohn-Sham equations up to a certain order n. Primarily, 
the static Kohn-Sham equations are solved that result in matri 
ces E, C®, £®, D and the converged SCF density p®. These 
matrices are needed for the solution of the first-order Kohn 
Sham equation, which produces the first-order density matrix. 
The first-order density matrix yields the frequency-dependent 
polarizability component [oy 0,: @,)] through Equation 
27.21, The solution of the first-order equation provides matrices 
required for an iterative solution ofthe second-order equation. In 
either cas, the technique adopted is called the (2n + 1) theorem. 
“The second-order equation is solved to get the second-order den 
sity matrix elements from which the frequency-dependent first 
order hyperpolarizability tensor is obtained through Equation 
27.23, Ifthe external fields of the frequency zero and a common 
frequency « are considered, a number of very important NLO 
properties become accessible. These are SHG [B (20; «, 0), 
EOPE [B (-@; ©, 0)], OR (B (0; @, ~@)), and the static hyper- 
polarizability [B (0; 0,0). Similar to the two previous cases, the 
(Qn + 1) theorem is also used to compute the higher-order hyper- 
polarizability tensors like 7, 8 (third-order hyperpolarizability 
tensor), and the rest. When '/is calculated only at frequencies 0 
and ©, THG [7 30 ©, ©), EOKE [y (-@; @, 0,0), de-SHG 
[720 © ©, 0)), and IDRI [y(-@; ©, ~, @)] become accessible. 

In practice, the average polarizability tensor is defined in 
terms of Cartesian components such as 


i (2727) 


where, 6, ,,. and ot, are the diagonal elements of the polariz- 
ability-tensor matrix. The first-order hyperpolarizability tensor 
is defined as the third derivative of the energy with respect to 
the electric field components, and hence, involves one additional 
field differentiation compared to polarizabilities. The average 
first-order hyperpolarizability is defined as 
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How it W 


Non-Incandescent Sources 

So long as light is generated by heating a fila- 
ment, plotting the intensity against wavelength 
will result in a smooth curve without irregulari- 
ties. A higher Kelvin value will simply displace 
and compress the curve laterally without chang- 
ing its basic shape to a significant degree. 


The introduction of fluorescent sources and, 
subsequently, light-emitting diodes (LEDs) has 
complicated this scenario. Because they are /u- 
‘minescent rather than incandescent, they do not 
generate an evenly weighted, continuous range 
of wavelengths. 


LEDs tend to emit monochromatic light, mean- 
ing thatit is tightly centered around just one col- 
or. A “white” LED is really a blue LED in which a 
phosphor coating on the semiconductor die is 
excited to create light over a broader range. A 
fluorescent light tends to create spectral lines 
which show up as sharp peaks at a few wave- 
lengths determined by the mercury inside the 
bulb, Figure 18-4 illustrates these problems. 


The human eye tends to compensate for the yel- 
low emphasis of incandescent lamps and for the 
irregularities in spectra emitted by other light 
sources. Also, the eye is often unable to distin- 
guish between “white” light created as a mix of 
all the visible wavelengths, and light that ap- 
pears white even thoughitis dominated bya few 
isolated wavelengths from a fluorescent source. 


However, when the eye views colors that are il- 
luminated by a source that has gaps in its spec- 
trum, some of the colors will appear unnaturally 
dull ordark.Thisis truealso ifanimperfect source 
is used as a backlight to create colors on a video 
monitor. Colors rendered by different light sour- 
ces are shown in Figure 23-7 and subsequent fig- 
ures, 


rks light source, indicator, or display > single so 


ce> incandescent lamp 


Intensity (relative to each curve) 


380 430 480 530 580 630 680 730 
Wayelength in nanometers: 


Figure 18-4. The relative performance of three light sour- 
ces compared with sensitivity of the human eye to the 
visible spectrum. Note that the range of wavelengths an 
the horizontal scale in this figure Is not the same as the 
range in the previous figure. The color assigned to each 
curve is arbitrary. Adapted trom VUI Corporation. 


Photography is adversely affected by the use of 
LEDs or fluorescents as a light source. Reds, for 
example, can seem dark when LEDs, 
while blues can be inappropriately intense. Be- 
cause the source does not have an emission 
curve comparable to that of an incandescent 
light, the auto-white balance feature of a digital 
camera may be unable to address this problem, 
and it cannot be resolved by entering a different 
Kelvin number manually. 


The fidelity with which a light source is capable 
of displaying the full visible spectrum is known 
as the color rendering index (CRI), ranging from a 
perfect score of 100 down to 0 or even lower 
(sodium-vapor street lighting has a negative val- 
ue). Computing the index requires standard ref- 
erence color samples and has been criticized for 
generating scores that do not correlate well with 
subjective assessments. 

Incandescent bulbs can have a CRI of 100, while 


an uncorrected "white" LED may score as low as 
80. 
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where the sums are over the coordinates x, y, 2 (i,j = % Js 2s 
and B,” refers to the conjugate of the vector B,. The second-order 
hyperpolarizability tensor involves one additional field differen: 
tiation compared to the first-order analog. The average second- 
order hyperpolarizability is defined as 


(2729) 


15 


Let HY j= y2) 


In some of the theoretical approaches second-order hyperpolar- 
izability tensors are determined from a combination of analyti: 
cal and finite-difference techniques [28]. All components of the 
¥y tensor of interest (de-SHG/EOKE/static second-order hyper- 
polarizability) are obtained from the analytical time-dependent 
calculation of the SHG/EOPE/static first-order hyperpolariz~ 
ability in the presence of small electric fields. E.g, the relation 
used in the evaluation of EOKE is 


Blo). 


Yaca(-050,0,0) 2730) 


Frequency-dependent response properties can also be caleu- 
lated from the time-averaged quasienergy [28 In this formal- 
ism, the response properties are obtained as the derivative of 
the quasi energy and the same is estimated by using the varia 
tional criterion for the quasienergy and the time-averaged time- 
dependent Hellmann-Feynman theorem. Molecular properties 
are obtained by using the variational Lagrangian technique in 
accordance with the 2n +1 and the 2n + 2 rules. Within this 
approach, the different frequency-dependent response proper- 
ties are obtained from the simple extension of the variational 
perturbation theory to the Fourier component variational per- 
turbation theory. 


27.3 Nonlinear Optics with Materials 


Much of the present research work in the field of nonlinear 
‘optics is motivated by certain nonlinear optical phenomena in 
suitable materials [14]. Some of these potentially useful phe 

nomena include the ability to alter the frequency or color of 
light, to amplify one source of light with another, and to alter its 
transmission features through a medium. The nonlinear opti: 

cal materials require unusual stability with respect to ambient 
conditions and high-intensity light sources. These materials can 
broadly be categorized into two major classes. The first is the 
class of inorganic materials, which includes semiconducting 
and metallic clusters, inorganic crystals, bulk materials et. The 
second belongs to the organic or, in general, molecular materi 

als that include mainly organic crystals and polymers. For these 
systems, the optical nonlinearities are usually derived from 
their structures. In the present chapter, we will focus only on the 
first type, ie, semiconducting and metallic clusters and their 
NLO behavior. 


27.5 


27.4 Why Are Clusters So Important? 


Nonlinear optical processes in cluster materials provide the 
necessary information about the exact understanding of the 
quantum confinements and the surface effects in these systems 
[11]. In general, the properties at the nanoscale are usually non- 
monotonic and oscillating in nature due to the quantum size 
effects, and as such, cluster materials can exhibit properties, 
which are quite different from those of the bulk (5,11,30]. More 
specifically, the energy band structure and the phonon distribu- 
tion of cluster materials may differ from that of the bulk systems. 
Numerous theoretical as well as experimental investigations 
have been performed that show that the cluster-assembled mate- 
rials have novel mechanical, electrical, and optical properties 
[5-16]. As mentioned earlier in this chapter, these NLO mate- 
rials find huge applications in high-speed electro-optic devices 
for information processing and telecommunications [1-4]. In 
Section 27.5, we present a review on nonlinear optics with vari- 
us cluster materials. 


27.5 Review of Nonlinear Optics 
with Clusters 


In this section, semiconducting clusters will be discussed first 
followed by metallic clusters. An example of a class of materi- 
als with a manifestation of unusual physicochemical and optical 
properties is cadmium selenide clusters [(CdSe),]. These (CdSe), 
clusters are found to be the precursors of a wide range of low: 
dimensional materials such as quantum dots (7,10), tetrapods 
{31], and nanowires (32] that exhibit a variety of optical and elec- 
tonic properties. The electronic properties of cadmium selenide 
clusters (CdSe), and quantum dots are semiconducting in nature 
and these materials find tremendous application in the design 
and the development of novel nonlinear optical (NLO) materi- 
als, There have been a lot of experimental investigations [15,33] 
on the exploration of the NLO properties in CdSe clusters. The 
Hyper-Rayleigh scattering technique provides the experimen- 
tal basis for NLO properties in CdSe clusters and nanoparticles 
[15]. Aktsipetrov et al. [33] have shown the size dependence of 
SHG from the surface of a composite material consisting of CdSe 
nanoparticles embedded ina glass matrix. The first-order hyper- 
polarizability in CdSe and CdS nanoparticles is reported to be 
very high [34] 

‘Apart from the experimental works, theoretical ab initio 
investigations (8,11,12] have also been performed in order to 
calculate the NLO coefficients in CdSe clusters. Troparevsky 
and Chelikowsky [35], in their work, reported on the struc- 
tural and the electronic properties (the energy gap between the 
highest occupied molecular orbital (HOMO) and the lowest 
unoccupied molecular orbital (LUMO), binding energies, and 
polarizabilities) of small (CdS), and (CdSe), clusters, where 1 
ranges from 2 up to 8 using the pseudopotential method in real 
space. Karamanis et al. [36] have used DFT for the computation 
of static polarizability and anisotropy in the static polarizabil- 
ity of small CdSe clusters up to tetramer units (see Figure 27.) 
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FIGURE 27.1 Evolution of the mean dipole polarizability with clas 


ter size in a small CdSe cluster, (CaSe),. (From Karamanis, P. et al, 
J. Chem. Phys, 124, 071101, 2006, With permission) 


‘Their investigations suggest that the optical properties of the 
bulk system can also be predicted from a plot of dipole polariz 
ability per atom. 

Later on, the same group of Karamanis extended their work 
‘on Cie clusters, highlighting the importance of basis sets and 
electron correlation in these systems [12]. However, the calcula 
tions of the frequency-dependent optical polarizability, as well 
as that of hyperpolarizability tensors using theoretical methods 
remained an unresolved issue for CdSe clusters. 

Recently, Sen and Chakrabarti [11], for the first time, inves- 
tigated the frequency-dependent nonlinear optical proper- 
ties (first- and second-order hyperpolarizability tensors) of 
(Case), clusters up to the tetramer using the time-dependent 
density functional theory (TDDFT). Within the TDDFT, both the 
local-density approximation (LDA) and the generalized-gradient 
approximation (GGA) technique have been used. The more accu- 
rate LB94 (van Leeuwen and Baerends 94) (37] functional has 
been used under the GGA scheme. Response calculations have 
been implemented in the Amsterdam density functional pack- 
age (ADF 2004.01) [38]. The analytical approach has been used 
for the evaluation of all the NLO coefficients. The calculated 
polarizability and hyperpolarizabilities depend on the choice of 
the basis set and the exchange-correlation potential. While the 
results obtained within the DFT are overestimated under the 
normal LDA and GGA functional, the coupled Hartree-Fock 
procedure exhibits exactly the opposite trend [39,40]. The static 
values of the average first-order hyperpolarizability ((B (0; 0, 0))) 
and the average second-order hyperpolarizability(¢y (0; 0, 0, 0))) 
of CdSe, Cd,Se,, Ca,Se,, and CdSe, are depicted in Table 27.1 

‘The frequency dependence of the SHG [8 (-20; ©, @)], the 
EOPE [B (0; ©, 0)], the EFISH [7 (20; ©, ©, 0)), and the 
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TABLE27:1 Average Static First and Second Order Static 
Hyperpolarizability in CdSe, Cd,Se,,Cd,Se, and Cd Se, 


Average Static First-Order Average Static Second-Order 


Hyperpolarzability Hyperpolarizabiliy, 
Sample (B(0:0,0)) (au) 4 10:0,0,0)) (aan) 
Ge ~540.07 (EDAD 356,80 (LDA) 
Case, Absent 73065 (LDA) 
4398.6 (L894) 
se, -0.12258 (LDA) 12.200 (LDA) 
01059125 (L894) 3929.3 (LB94) 
Case, Absent 39,565 (LDA) 
50,124 (LB94) 


Source: Sen, $. and Chakrabarti, S., Phys. Rev. B, 74, 205435, 2006 
With permission, 


EOKE [y (-@; ©, 0, 0)] was paid premier attention in the inves- 
tigation of Sen and Chakrabarti [11], For a complete evaluation 
of the frequency dependence of NLO properties in different 
CSe clusters, a wide range of frequencies (0 to 0.45 a.u,) was 
considered, 

Figure 27.2 manifests the frequency behavior of @ (20; 
©, 0) and (B (-@; © 0)) in the case of CdSe and Cd,Se, respec- 
tively. (B (200; «, «)), being a frequency-dependent property, 
is of paramount interest and has been investigated extensively 
in numerous previous investigations (15,41,42]. High degrees 
of fluctuations in (B (-20:; «9, 0)) are observed in all the cases. 
Experimentally, (8 (-2@; @, @)) in CdSe nanocrystals and 
quantum dots has been observed by the HRS technique and 
its size dependence was also verified (15). It is evident from 
Figure 272 that (B (-20; «, «) is negative over a wide range of 
frequencies. This makes CdSe and Cd,Se, more significant in 
the perspective of quantum optics. The frequency variation in 
(B (26; ©, @)) divulges one more significant information, ie., 
the abrupt increase in (B (-20:; ©, «0)) at specific frequencies. At 
specific frequencies the magnitude of (B (200; «,«)) becomes 
very high. It is a common notion that larger values of (B (20; 
©, @)) are obtained at a near resonance of the input energy [5] 
‘The presence of the near resonance indicates that linear absorp 
tion can occur at such frequencies. 

Similar to the components of the first-order hyperpolariz- 
ability tensors, the components of the second-order hyperpo- 
larizability tensors ((y (20; ©, , 0) and (y (-@; ©, 0, 0))) 
were reported to be highly sensitive to frequency variation, 
Figure 27.3 demonstrates the frequency dependence of dif- 
ferent tensors. It was concluded from both LDA and LB94 
results that both (y (-20; ©, ©, 0)) and ( (-@; ©, 0, 0)) are 
negative over a wide range of frequencies. The change in 
the sign of ¢y (20; ©, , 0)) and ¢y(-@; ©, 0, 0)), due to the 
change in frequency is a significant observation. This led to 
a frequency selection in assigning the optical activity of the 
particular cluster. 

In a separate study, Chakrabarti and coworkers [43] investi- 
gated the evolution of electric polarizability and the anisotropy 
of the polarizability at static as well as dynamic (Nd:YAG laser) 
frequencies with an increase in the cluster size for small, as well 
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as medium-sized (CdSe), (1 = 1-16) clusters within the density 
functional theory (DFT). The main motivation of that investiga 
tion was 


1, None of the theoretical studies reported had gone beyond 
a cluster size of eight for the polarizability calculations for 
the CdSe clusters. 

2. Except the study by Sen and Chakrabarti [11], no one was 
aware of any investigations where the dynamic hyperpo. 
larizability for any system size was reported for the CdSe 
clusters. 


Knowing the strong dependence of polarizability on the cluster 
diameter (the cluster size), they performed polarizability calcu 
lations beyond the cluster size of eight and calculated both static 
and dynamic polarizabilities. 

Table 272 describes computed polarizability values at static 
and Nd:YAG laser frequencies. An even-odd oscillating behavior 
is observed in the anisotropy values between the dimer and the 
heptamer CdSe clusters. 

Just like the CdSe clusters, GaAs is one such semiconducting 
cluster, which has gained a lot of importance over the past few 
years [5]. These cluster materials display long absorption tails in 
the low energy region [44] owing to the existence of free surfaces 
init. Moreover, the static polarizabilities of these systems exceed 
the bulk value and follow a decreasing tendency with the increase 
in the cluster size [45]. The variable nature in the polarizabilities 
also indicates its “metallic-ike” behavior. In the experimental 
investigation [46], it has been observed that the polarizabilities 
for small and medium-sized Ga,As,, clusters reside above and 
below the bulk limit. Albeit, there have been a lot of experimen: 
tal and theoretical investigations [47-49] based on the NLO 
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properties of GaAs bulk materials which suggest that GaAs 
should possess very large static second: and third-order suscep- 
tibilities, only afew of them deal with the theoretical evaluation 
of the hyperpolarizabilities of these cluster materials [50,51]. A 
recent work by Lan et al. [5] provides a systematic insight into 
the NLO properties of several small and medium Ga,As,, clus- 
ters, where m +1 runs up to 10. They employed the TDDFT 
method in combination with the sum-over-states (SOS) formal- 
ism to calculate the first- and second-order hyperpolarizability 
tensors. The results indicate the presence of large second- and 
third-order nonlinear susceptibilities in GaAs cluster materials 
similar to that of the bulk. These results also suggest that reso- 
nance absorption can be avoided in the frequency-dependent 
NLO experiments. Furthermore, the frequency dependence of 
second- and third-harmonic generation reveals that these clus- 
ters are good candidates for future NLO materials. 

Besides these two clusters, investigations of the NLO prop- 
erties have also been carried out on various other III atomic 
nanoclusters. Pineda and Karna [52] estimated the linear and 
the nonlinear polarizabilities of isolated GaN nanoclusters 
employing the ab initio time-dependent Hartree-Fock (TDHE) 
method. Their results suggest a strong dependence of the NLO 
properties on the size and the shape of the clusters. The linear 
and the nonlinear optical properties of (CdS), clusters were 
analyzed and the merits of the DET level calculations have been 
compared with different ab initio results, as well as the basis set 
dependence of the optical properties of these clusters has been 
evaluated by Maroulis and Pouchan [53]. 

Figure 27.4 depicts the variation in the mean polarizability 
and the mean second-order hyperpolarizability values in small 
(CaS), clusters. The values suggest a reduction in the mean 


TABLE27.2 Average Values of Flectric Polarizability per Atom ((q/2n) and Anisotropy in Polarizability (Aa) against the Cluster Size, 
2nat Both Static (0.0 a1) and NAYAG Laser (0.04283 a.u) Frequencies 


‘ALO au. Frequency 


ALNGAG Later (0.0128 au.) Frequency 


Polarzabily per Atom “Anisotropy in Polarzabilty per Atom “Anisotropy in 
Samples 0 2 (o)?2n) (aw) Polarzability (Aa) (ax.) ay2m) (au) Polarzability (Aa) (a..) 

T z ET) 3a5HI6 a7 wae 

2 4 30.9670 60.5853 32.5664 59.0703, 

3 6 29,5098 99.7527 305716 102.1434 

4 8 295301 0.0000 30.8635 0.0000 

5 10 sated 159.8706 33Ma8 166.2891 

6 n 291M 43821 30.0033 435338 

7 u 29,0036, I34asit 29.9893, 143.1402 

‘ 16 29,5565 114.3660 122. 

9 18 29.4061 49.9355, 54.6105 

wo 20 298171 124.1952 1327159 

u 2 29.8559 150.1088 160.6296 

2 4 28.4830, 0165 169 

B 26 30.9808 1190 287.1187 

4 28 30.3060 1927016 207.4891 

1s 30 30.2442 158.5999 170.6002 

6 2 335302 487594 34.9350 1254 


‘Source 


Tha, PC. etal, Comput Mater. Sci, 4, 728, 2008. With permission 
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FIGURE 27.4 Mean (a) dipole polarizability and (b) second-order hyperpolarizability in (CdS), clusters, (From Maroulis, G. and Pouchan, C., 
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dipole polarizability, as well as in the second-order hyperpolar- 
izability values with an increase in the cluster size. Moreover, 
the results obtained from BSLYP and other conventional ab 
initio methods are well in accordance with each other and also 
With the earlier theoretical results [35]. However, in the case of 
the monomer geometry, the difference in the hyperpolarizabil 
ity values between these methods is quite large. Champagne 
et al. estimated [54] average second-order hyperpolarizabili- 
ties of Si, (n = 3-38) clusters using MP2, MP3, MP4, CCSD, 
and CCSD(T) levels of approximations and demonstrated the 
variation of polarizability and hyperpolarizability against the 
cluster size. 


‘Apart from these semiconducting materials, cluster science 
has also made rapid progress in determining the electric proper- 
ties of various metal clusters [55] including that of mixed metal. 
At first, a review of the some of the works based on the metal 
clusters containing only one type of atom is discussed, which 
is followed by some detailed analysis on mixed metal clusters. 
‘There are investigations on lithium (18,56,57), sodium [58], 
copper [59,60], nickel [61], niobium (62), and zinc [63] clusters. 
Maroulis and Xenides (57] reported highly accurate ab initio 
calculations on the polarizability and the hyperpolarizabilities 
of lithium tetramer, Li, with specially designed basis sets for Li. 

‘The molecule, Li, has got a very high anisotropic dipole polariz 

ability and quite large second-order hyperpolarizability values. 

‘The main feature of this workis the extensive analysis ofthe basis 
set and the correlation effects in calculating the electric proper- 
ties. The results indicate a discrepancy in dipole polarizabili- 
ties between theory and experiment, which might be resolved 
bby measuring the anisotropy values experimentally. The same 
{group also presented a thorough analysis of the performance of 


several density functional theoretical (DFT) calculations of the 
(hyper) polarizability of Li,. Their investigations elucidated that 
of the various DFT methods employed: only the mPWIPWS91 
and the OSLYP methods produce reliable results. Papadopoulos 
et al. [63] studied the (hyper) polarizabilities of small and 
medium-sized zinc clusters employing a hierarchy of basis sets 
and computational methods. The relativistic effect on the elec- 
tric polarizabilities has also been investigated by employing the 
Douglas-Kroll approximation. It has been observed that the 
relativity contribution is significant in these cluster materials; 
however, the correlation effect plays a major part in influencing 
the electro-optic properties. 

‘The NLO properties of Ag nanoparticles embedded in a Si.N, 
matrix was investigated by Traverse et al. 64]. They performed 
a two-color sum-frequency generation (2c-SFG) spectroscopy 
experiment, which exhibited a surface plasmon resonance at a 
421 nm wavelength in the visible region and absorption in the 
infrared region. The third-order optical nonlinearity of dielec- 
trics in the presence of nanoparticles has been experimentally 
investigated by Flytzanis [65]. Chen and coworkers performed 
{66] high-level ab-initio calculations (HF, MP2, the fourth- 
order perturbation theory using single, double, quadrupole 
substitutions, CCSD, and QCISD] on (HCN),..-Li and Li 
(HCN), clusters with electride characteristics. A high value of 
static first hyperpolarizability is reported in both samples. The 
static second-order hyperpolarizability ofa series of tri-nuclear 
metal cluster MS4(M’PPh,),(M’PPh,) (M = Mo, W; M’ = Cu, 
‘Ag, Au) have been estimated by [67] Chen and coworkers. They 
employed a finite-field approach using the hybrid density func~ 
tional theory (B3LYP) and reported a very high value of second- 
order hyperpolarizability. The NLO properties of Au, clusters 
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TABLE 27.3 Average Hirshfeld Charge on the Al, Ring, Ground State Dipole Moment, Magnitude 
of Average Static First-and Second-Order Hyperpolarizability in Al.M, (M = Li, Na, and K) 


‘Average found State Average Static First Onder Average Static Second- 
Hirshfeld Charge Dipole Moment -Hyperpolarizability, Order Hyperpolarzability, 

Sample onthe AL, Ring (Debye) B00;0,0) (aw) {400,0,0) (aan) 

1, aby “oR 0019 Ta5922 T2991 

AML GD) oo1s 33079 2.406 « 10° 

ALNNa, 2D) 0.003 21537 1275108 

AL.Na, QD) 0054 187.843 1.961 x10 

ALK, (2D) 0.080 316781 3.380% 10" 

ALK, GD) 6513 8863.074 1.149 x 10 


Source: Sen, $. eta 


and their alloyed clusters, Au,,yM,, (M = Ag, Cus m= 1,2) have 
been theoretically investigated by Xu and coworkers (68]. They 
used the usual TD-DFT as well as the BSLYP hybrid density 
functional employing the LANL2DZ basis set and measured the 
first-order hyperpolarizabilites of such clusters. They suggested 
that the high degree of NLO properties ofthese clusters are due 
to the lack of a centro-symmetric feature in these clusters and 
an enhancement in the transition electric dipole moment in 
alloyed clusters. 

‘The optical properties of several mixed metal clusters such 
as Li,Cu,, Na,Pb,, Na,Pb, Al, Fe, and AlFe, Al,M, (M = alkali 
metals) have also been investigated extensively [69,70]. In this 
context, we particularly mention the NLO properties of alumi. 
‘num metal clusters (AIM, (M = Li, Na, and K)]. Various inves- 
tigations have been performed on these Al,M, systems and their 
anions due to their unique characteristic features and their 
structural similarity with that of cyclobutadiene, C,H, [6]. These 
cluster materials are also important since they are better polar- 
ized than their organic counterparts. Eatlier, Datta and Pati [6] 
investigated the static linear and nonlinear polarizabilities of 
‘Al,M(M=Li, Na, and K) systems. They predicted that structural 
changes through the broken inversion symmetry of AlM, could 
lead to a unique polarization response and large optical coeff 
cients. In their work, both the static linear and nonlinear optical 
properties of these Al,M, were estimated through ZINDO- 
multireference doubles configuration interaction (MRDCI) 
calculations. They emphasized that the large NLO properties of 
‘A.M, are due to the charge transfer from alkali metals tothe Al, 
ring. In spite of the fact that their work exhibits an exception- 
ally high magnitude of static linear and nonlinear optical coef- 
ficients it lacks the description of its dynamic counterparts. Itis 
tobe noted that the importance of a material in nonlinear optics 
and its applications in device fabrication demands a complete 
description of the frequency dependence. Hence, it was highly 
instructive to explore the dynamic (frequency-dependent) NLO 
properties of these clusters for their proper assessment in optical 
device fabrication and to explain whether the large NLO prop- 
erties are due to a charge transfer interaction or due to other 
excitations 

Recently Sen et al. [13] reported various components 
of first. (SHG, EOPE, static first-order hyperpolarizabil: 
ity) and second- (EFISH, EOKE, and static second-order 
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hyperpolarizability) order hyperpolarizability tensors at sev- 
eral near resonance frequencies. All these dynamic NLO prop- 
erties of ALM, (M =Li, Na, and K) clusters have been explored 
using the TDDFT as a prime investigating tool. Within the 
‘TDDFT, the generalized gradient approximation (GGA) tech- 
nique has been implemented with the use of a more accurate 
B94 (van Leeuwen and Baerends 94) functional. 

‘The magnitude of static (B) and (y) along with an average 
Hirshfeld charge on the Al, ring and the ground-state dipole 
moments are shown in Table 27.3. It is quite clear from Table 
27.3 that the magnitude of ((0;0,0)) increases significantly from. 
2D to 3D in the case of Al.Na, and Al.K,, on the other hand, a 
reverse trend is observed for Al Li, 

‘Table 27.3 also suggests that the magnitudes of the average 
static (Y(0:0,0,0)) are very high (of the order of 10 and 107 a.u,) 
for all the clusters under investigation. 

However, the central issue of the investigation of Sen and 
coworkers [13] was to explicate the frequency dependence of 
C20; 0, &)), BCH; 0, 0), 4-20, @, 0), and (Ys ©, 0, 0)) 
in aluminum metal clusters. These components of the first- and 
second-order hyperpolarizability tensors were estimated in the 
vicinity of near-excitation frequencies with a substantial oscil- 
lator strength and presented in Table 27.4. A closer inspection 
of Table 27.4 reveals that (B(-200; @, )) and (B(-@; @,0)) attain 
negative values at certain frequencies in all these cluster mate- 
rials. Exceptionally high values [of the order of 10-108 a.u] of 
(20; ©, ©, 0)) and ((-0: ©, 0, 0)) were also noticed. A sig- 
nificant observation was in the change in sign of (((-20; ©, 0 0)) 
and ((-0; © 0, 0)) due to the change in frequency, which lead 
toa frequency selection in assigning the optical activity of a par- 
ticular cluster. 

In order to explain the observed high NLO coefficients in 
these aluminum metal clusters, an analysis of the magnitude 
of gross populations of molecular orbitals with the most sig 
nificant SEO (Symmetrized Fragment Orbitals) was carried out 
‘The SFO study divulged the role of charge transfer interactions. 
Molecular orbitals with the most significant SFO gross popula 
tion indicated that except for Al,K, (2D and 3D) and Al,Li, 3D) 
there exists excitations other than a charge transfer interaction 
at near resonance frequencies. 

Moreover, it is worth mentioning that the dynamic first 
order hyperpolarizability tensors are functions of the excitation 
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TABLE274 (K(-20;0, 0), Gl- «0, 0), (7-205 0, 0), and fy(-; 0, 0)) Measured at Frequencies Nearer 


to Excitation Frequencies in Al,M, (M = Li, Na and K) 


Excitation Frequency 
Frequencies Oscillator which Data Are @-20:0,0)) @l-0:0,0))(-20:0,0,0)) (01.0.0) 
Sample (eu) Strength Taken (a) @u) au) @u) @u) 
IE, @by ‘0042 00200 ~eoai100 «17a women 27x 1 
0.0500 224900, 46.83 2523910 1.155% 10" 
00540 -371.630 361.960 1226 «10° 58 x 10° 
ALLA GD) 0.0360 4057900 —15,252 601910 1.663 x 107 
0.0640 968580 -902.360 79x10 BASE x 10 
0.0590 638.610 236.140 1.19910" 1.866 « 10 
ALNa, (2D) 0.0220 129.590 2697.10 1.266 x10 639 x10 
0.0390 51.085 -96 614 735x108 1.245% 10" 
0.0590 4641.50 93.815, 154010" 6290 10" 
ALNa, (3D) 0.0260 2193700 —13333, Le7s x10 6581 x10" 
00130 45234017882 445910" 5.213. 10° 
0.0560 7067500168550 122101401 x10" 
ALK, 2D) 0.0230 305.930, 64.090 126% 108 6.640. 10" 
ono 1465600477900 3.24010" 3.698 x 107 
ou 61908 -s013200 3143x108 sax 1? 
ALK,@D) 00215 0.0200 2180-16582 LsidxI0 1926x107 
0391 0.0380 29403 150.940 2791x107 
one 0100 =120770 380,220 feats 


Source: Sen, $. etal, Pys. Rev. B, 76, 115414, 2007. With permission, 


‘energy, the dipolar matrix, and the difference between the dipole 
moment of the ground and the excited states. On the other hand, 
components of the second-order hyperpolarizability tensor are 
associated with four dipolar matrices in the numerator and three 
excitation frequencies in the denominator. Hence, itis very di 
ficult to find all the factors that play a dominant role in the high 
Band yvalues in particular clusters. 


27.6 Conclusions 


‘Therefore, it is well established from both the theoretical as well 
as the experimental standpoint that cluster materials can be con- 
sidered as promising candidates for future NLO devices due to 
their high nonlinear optical coefficient. However, the exploration 
of the fundamentals of the unique physicochemical behavior of 
these clusters is a challenge to modern physical and chemical 
research. A theoretical determination of a higher-order nonlin- 
car optical coefficient is still a matter of extensive computation 
and there is need for further developments to provide a proper 
physical background for some of the higher-order optical coef- 
ficients. There is enough scope for future research work in the 
field of cluster science and the design of new cluster materials 
with interesting physical behavior. 
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light source, indicator, or display 


> single source 


Power Consumption 
Approximately 95% of the power consumed by 
an incandescent lamp generates heat instead of 
visible light. This wastage of power in room light- 
ing is compounded by the power consumption 
of air conditioning to remove the heat from en- 
closed spaces in hot climates. While the heat 
from incandescent lamps does reduce the need 
for space heating in cold environments, heat is 
delivered more efficiently by using systems de- 
signed for that purpose. Consequently, greater 
energy efficiency can be achieved with a light 
source that generates less heat, regardless of 
ambient air temperature. 


Variants 


Miniature Lamps 
Prior to the development of LEDs, all light- 
‘emitting panel-mounted indicators were either 
neon bulbs or incandescent lamps. The use of 
neon is limited by its need for a relatively high 
voltage. 


Miniature incandescents were the traditional 
choice for battery-powered light sources, and at 
the time of writing are still used in cheap flash- 
lights. Variants are available that are as small asa 
5mm LED, with a claimed life expectancy that is 
comparable, although they draw more currentto 
generate an equivalent light intensity, because 
much of their power is wasted in infrared wave- 
lengths. 


The photograph in Figure 18-5 is of a miniature 
lamp terminating in pins spaced 0.05" apart. The 
total height of the lamp, including its ceramic 
base, is less than 0.4" while its diameter is just 
‘over 0.1" It draws 60mA at SV and is rated for 
25,000 hours 


The photograph in Figure 18-6 is of a lamp of 
similar size and power consumption, but termi- 
nating in wire leads and rated for 100,000 hours. 
Itemits 0.63 lumens. 


Variants 


lamp 


Figure 18-5. A miniature lamp less than 0.4” high, termi 
nating n pins spaced 0.05" apart. 


Figure 18-6. This lamp is 0.25" high and terminates in 
wire feads, 
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28.1 Introduction 


‘The explosive growth of nanoscience and nanotechnology dur. 
ing the last decade has led to great interest in the investigation 
‘of nanoscale optical fields and to the development of experimen: 
tal tools for their study (Novotny and Hecht 2006). One of the 
most remarkable effects in light interaction with metal nano- 
structures is the strong and spatially localized field amplitude 
enhancement, due to lightning rod effects induced by the sharp 
curvatures (Novotny and Hecht 2006) and/or resonant excita: 
tion of collective electron oscillations (plasma oscillations) in 
single or coupled particles (Grand et al. 2003, Mahhlschlegel etal 
2005). The resonance frequencies associated with such oscilla 
tions and thus the optical properties can be tuned in a broad 
spectral range according to the material and the shape of the 
nanostructure, Particularly, gold and silver may sustain plasma 
‘oscillations at optical frequencies. 

Field enhancements are best observed by exploiting nonlin. 
ear optical effects such as second-harmonic generation (SHG) 
(Smolyaninov et al. 1997, 2000, Jakubezyk et al. 1999, Zayats 
et al. 2000, Shen et al. 2001, Biagioni et al. 2007, Breit etal. 2007) 
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or two-photon photo-luminescence (TPL) (Jakubczyk et al 
1999, Bouhelier et al. 2003, 2005, Imura etal. 2005, 2006), which 
depend on the square of the light intensity, thus amplifying local 
field variations. To observe a significant nonlinear response, the 
samples are typically illuminated by high peak intensities, such 
as those associated with ultrashort laser pulses. Nonlinear opti- 
cal microscopies, either in the far field or in the near field, are 
thus becoming powerful tools for the study of nanoscale field 
enhancements. 

SHG was first experimentally demonstrated in 1961 (Franken 
et al. 1961) and has since then found many applications, espe- 
cially in converting laser light to a different color. Another appli- 
cation more relevant to the content of this chapter is surface 
SHG. Although the sensitivity of the SHG process to boundaries 
was soon recognized (Bloembergen and Pershan 1962), it was 
only in the early 1980s that nonlinear optical spectroscopy of 
surfaces and interfaces started to develop as a well-established 
analysis tool in a wide area of fields (Shen 1989, Mc Gilp 1996, 
Bloembergen 1999, Liipke 1999, Downer et al. 2001). The SHG. 
ability to selectively probe surfaces and interfaces derives from 
a selection rule (see Section 28.2) that does not allow for dipole 
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‘emission from the bulk of centrosymmetric materials. At the 
surface or interface, however, the symmetry of the bulk is broken 
and dipole generation is no longer forbidden. This peculiar prop: 
erty has determined the enormous spread of SHG-based tech- 
niques in the community of surface and interface physics. This 
technique has the advantages of being highly surface-sensitive, 
capable of remote sensing and in situ measurement, and appli- 
cable to any interface between two condensed media accessible 
by light, even if buried. Among the applications, surface SHG 
can be used to monitor the growth of monolayers on a surface or 
to probe the alignment of absorbed molecules. 

‘This chapter presents theoretical and experimental results 
on SHG from metal nanostructures. It is organized as follows: 
Section 28.2 contains a brief description of the principles of 
nonlinear optics and SHG; Section 28.3 presents a survey of 
the recent literature on SHG from nanostructures; Section 28.4 
introduces a theoretical analysis of SHG from nanostructures, 
allowing to derive selection rules for the process; Section 28.5 
describes the light emission patterns and polarization, while 
Section 28.6 presents experimentally relevant illumination 
conditions. Section 28.7 reports experimental results on SHG 
from gold nanoparticles, while Sections 28.8 and 28.9 contain 
a discussion of possible future developments and conclusions, 
respectively. 


28.2 Nonlinear Optics and Second 
Harmonic Generation 


Nonlinear optics (Shen 1984, Boyd 2003) is the branch of phys- 
ies that describes the phenomena that occur when the matter 
is illuminated by very intense light fields that have the capabil- 
ity of modifying its optical properties, thus generating an opti- 
cal response that is a nonlinear function of the light intensity. 
Since electric fields strong enough to induce a nonlinear optical 
response can only be obtained by using the spatially and tempo- 
rally coherent radiations provided by lasers, the birth of nonlin- 
‘ear optics closely coincides with the invention of the laser. 

‘The physical origins of the nonlinear optical response of a 
material can be understood by recalling the Lorentz model, in 
which the atoms/molecules are modeled as harmonic oscillators 
that, driven by the external light field, become oscillating dipoles 
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emitting light atthe same frequencies as the driving field. In a 
harmonic oscillator, the restoring force is a linear function of 
displacement; fr large displacements, however, nonlinear terms 
in the restoring force start to become significant, thus leading to 
an anharmonic oscillation and emission of new frequency com- 
ponents not present in the driving field 
Let us consider an electromagnetic wave crossing a material: 

the time-varying electric field E() induces a time-dependent 
polarization (dipole moment per unit volume) P(0), which is 
responsible for light emission, At low light intensities, the polar- 
ization is a linear function of the driving field: 


P= ex EO, 


(28.1) 


where 
¢, is the vacuum permittivity 
2° is known as the linear susceptibility 


As the intensity increases, further nonlinear terms in which the 
polarization is proportional to higher powers of the electric field 
must be considered: 


PO =e) +LPE + LE) +], (28.2) 
where the quantities /* and ” are known as second- and third- 
order nonlinear susceptibilities, respectively. By considering the 
vectorial nature of Eand P,” becomes a second-rank tensor, 7 
a third-rank tensor, and so on. 

The x2 term is responsible for second-order nonlinear 
optical effects, such as sum frequency generation, difference 
frequency generation, and SHG. The following text briefly 
describes the SHG process, Let us consider the geometry shown 
in Figure 28.1a, in which a monochromatic wave at the funda- 
mental frequency @, E() = E, cos(a), impinges on a crystal with 
nonzero second-order susceptibility. The second-order polariza- 
tion can then be written as 


POE) = 0x""E2(0) = 8, °E} cos (Ot) =F e¢ El cos(208)) 


(28.3) 


Fayc0s (208) 
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FIGURE 28.1 
photon with double frequency. 
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Scheme of SHG in a nanoparticle: two incoming FW photons are absorbed by the particle and their energy converted in a single 
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‘The nonlinear polarization thus contains, in addition to a con- 
stant term (optical rectification), a component at the second: 
harmonic (SH) frequency 20, which irradiates a field at the 
corresponding frequency. Note that, since the second-order 
nonlinear polarization depends on the square of the driving 
field amplitude E,, the SHG efficiency is enhanced by high-peak 
power, pulsed illumination. The SHG process can also have a 
simple corpuscular interpretation, according to the energy-level 
scheme reported in Figure 28.1b: two fundamental wavelength 
(EW) photons at energy fiw are absorbed to a virtual level of the 
‘material, and an SH photon with energy 2ha is emitted, thus 
satisfying energy conservation. 

Inacentrosymmetric medium (ie.,a medium with a center of 
inversion), the 2 term vanishes identically. In such a medium, 
in fact, by changing the sign of the driving field, also the sign 
of the nonlinear polarization must change. By substituting in 
Equation 28.3, one obtains 


PA) = e071) =e B(0, (28.4) 


which can only be satisfied if 2 = 0. Since gases, liquids, amor- 
phous solids, and also several crystals possess an inversion 
symmetry, the second-order nonlinear susceptibility in such 
‘materials is zero, and thus, SHG is forbidden. 

‘At the microscopic level, one can consider the single emit 
ter (atom, molecule) as a nonlinear dipole radiating at the SH 
frequency 20. In order to generate a macroscopic SH signal, the 
fields emitted by the individual dipoles must interfere construc- 
tively, adding their contributions in phase. Since the phase of the 
nonlinear dipoles depends on the phase of the FW driving field, 
to achieve constructive interference between the nonlinear emis- 
sions at two different positions inthe nonlinear medium, one must 
‘match the phase velocities of the FW field vjey = (/kyy and the 
SH field vay = 2¢0/ky,. From Ypey = Ypy One obtains the condi- 
tion ky, = 2kjyp also known as “phase-matching” condition, 
which implies that rg, = jy where 1 is the refractive index of 
the medium. Ifthe phase-matching condition is satisfied, all the 
‘microscopic emissions add in phase and the SH field grows linearly 
{and the intensity quadratically) with the propagation distance. On 
the other hand, if Ak= ky, ~ 2k; #0, the SH field depends on the 
propagation coordinate xas Eye 7" sin(Ak 2/2). Itthus increases 
for propagation up to a “coherence length” L. such that Ak L. = m, 
and then starts to decrease due to destructive interference. 

‘Achievement of the phase matching condition is made dif: 
ficult by the fact that most materials display, in the optical 
frequency range, a refractive index increasing monotonously 
with frequency (normal dispersion), so that yy >My One can 
obtain phase-matching condition exploiting the birefringence 
of noncentrosymmetric crystals, that is, the dependence of the 
refractive index on the polarization and propagation direction. 
By polarizing the SH wave along the direction giving the lower 
refractive index, one can satisfy the condition 1,=nyy and thus 
achieve phase matching. Under such conditions, the SHG pro 
cess can become so effcient that nearly all the FW power is con- 
verted to the SH (Parameswaran et al. 2002). 
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28.3 Second Harmonic Generation 
in Nanosystems 


As discussed in Section 28.2, SHG is forbidden, within the 
dipole approximation, from the bulk of a centrosymmetric 
material but is allowed at its surface, where the inversion sym- 
metry is broken. For this reason, SHG has been extensively 
applied since its discovery to the investigation of the surface 
properties of centrosymmetric media. In more recent years, 
thanks to its surface selectivity, SHG has attracted a consider- 
able interest also as a tool to investigate the properties of nonpla- 
nar surfaces that characterize nanoscale systems. The following 
text presents a survey of the recent literature concerning SHG in 
nanostructures, 


28.3.1 Spherical Isolated Particles 
and Plane-Wave Illumination 


Perfectly spherical small particles made of isotropic material 
under FW plane-wave illumination represent the simplest geom- 
etry to study SHG in nanostructured systems. Experiments have 
been conducted on spherical dielectric (Wang et al. 1996, Yang 
etal. 2001, Shan etal. 2006) or metallic (Vance et al. 1998, Nappa 
et al. 2005) particles dispersed in dilute suspensions, or on col- 
loidal particles, ordered in a centrosymmetric crystalline lattice 
(Martorell et al. 1997). The influence of the particle diameter 
(Yang et al. 2001, Nappa et al. 2005, Shan etal. 2006), concentra- 
tion (Wang et al. 1996, Vance et al. 1998), and the presence of 
adsorbates (Wang et al. 1996) on SHG have been investigated, 
by performing angle- and polarization-resolved measurements 
(Martorell et al. 1997, Yang et al. 2001, Nappa et al. 2005, Shan 
etal. 2006). 

‘The theory is in good agreement with the experiments, con- 
firming that, when the sphere is small compared with the wave- 
length of light (Rayleigh limit), the leading-order SH radiation 
is emitted by a locally excited electric quadrupole and by an 
electric dipole directed along the direction of the propagation 
of the incident FW light beam that requires a nonlocal excita- 
tion mechanism, in which the phase variation of the pump beam 
across the sphere needs to be considered (Dadap et al. 1999, 
2004). The locally excited electric dipole term, analogous to the 
source for linear Rayleigh scattering, is absent for the nonlinear 
case because the FW field induces mutually canceling polariza- 
tions at opposite sides of a centrosymmetric spherical particle 
(Dadap et al. 1999, 2004). The theory predicts the absence of any 
SHG signal in the forward direction, with both dipole and quad- 
rupole contributions producing SH radiation with an intensity 
of leading order (ka), k being the wave vector and a the par- 
ticle diameter (Dadap et al. 1999, 2004). Theoretical models 
have been applied to describe SHG in particles larger than the 
Rayleigh limit (Dewitz et al. 1996, Pavlyukh and Hubner 2004) 
and to explicitly account for the electromagnetic response of 
conducting nanoparticles (Hua and Gersten 1986, Dewitz et al 
1996, Panasyuk et al. 2008). 
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28.3.2 Low-Symmetry Particles 


“The fact that SHG is forbidden in the bulk of centrosymmetric 
materials makes SHG very sensitive to the particle symmetry 
(Sandrock et al. 1999). For instance, experimental results suggest 
that SHG can be used to characterize the symmetry and chiral 
ity of carbon nanotubes (Su et al. 2008). It has been theoreti 
cally (Bachelier et al. 2008) and experimentally demonstrated 
(Martorell et al. 1997, Nappa et al. 2006) that slight structural 
deviations from the spherical shape may lead to SH radiation 
and polarization properties of nanoparticles differing signif 
cantly from those of a sphere. For gold particles with a diameter 
smaller than 50nm, SHG is dominated by a dipole contribu- 
tion that is not due to defects in the crystalline structure of the 
particle but to the deviation of the particle shape from that of 
a perfect sphere (Nappa et al. 2006, Bachelier et al. 2008). For 
larger sizes, retardation effects in the interaction of the electro: 
‘magnetic fields with the particles cannot be neglected any lon. 
ger, and the response exhibits strong quadrupolar contribution 
(Martorell et al. 1997, Nappa et al. 2006) 

‘The importance of local defects in breaking the symmetry of 
the particles and, consequently, in influencing the SHG process 
has been verified also in noncentrosymmetric gold nanostruc- 
tures lithographed on a glass substrate (Canfield et al. 2004, 
Canfield etal. 2006). SHG from such particles show a high degree 
of polarization sensitivity and reveals that responses forbidden 
to ideal, symmetric particles are not only present but are rela: 
tively large compared with the allowed response (Canfield et al. 
2004). Indeed, with respect to spherical or ellipsoidal nanopar- 
ticles, very different polarization selection rules and SH emis 
sion directions are obtained when the symmetry of the particle 
is lowered (Neacsu et al. 2005, Finazzi et al. 2007). 

Despite the nonlinear optical properties of a particle are 
very sensitive to local field enhancement, the presence of very 
strong fields alone may not be sufficient for efficient SHG from 
centrosymmetric nanoparticles, as a consequence of the high 
symmetry selectivity of SHG. An example is SHG from arrays of 
noncentrosymmetric T-shaped gold nanodimers with a nanogap 
(Canfield et al. 2007). In this case, SHG arises from asymme. 
try in the local fundamental field distribution and is not strictly 
related to the nanogap size, which determines the intensity of 
the electric field between the dimers. Calculations show that the 
local field contains polarization components that are not present 
in the exciting field, which yield the dominant SHG response. 
‘The strongest SHG responses occur through the local surface 
susceptibility of the particles for a fundamental field distributed 
asymmetrically at the particle perimeters. Weak responses result 
from more symmetric distributions despite high field enhance. 
‘ment in the nanogap. Nearly constant field enhancement persists 
for relatively large nanogap sizes (Canfield et al. 2007). 


28.3.3 Nonuniform Illumination 


‘The shape of particles participating in the SHG process is not the 
‘only geometrical parameter that might affect the SH emission 
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modes and efficiency. Actually, also the spatial distribution of 
the exciting field can have a great importance to determine the 
nonlinear response of particles. For instance, for a nonuniform 
polarizing field, the cancellation of the SH fields generated at 
opposite sides of a centrosymmetric spherical particle (see 
Section 28.3.1) is no longer exact and lower order SH emission 
becomes possible (Brudny et al. 2000). This issue is particu 
larly important since, in practical experimental geometries, the 
polarizing field is in general neither of a pure longitudinal char- 
acter nor a simple plane wave, asin the case illumination is per- 
formed by focusing the light beam with a microscope objective. 

In this context, itis worth mentioning an important applica- 
tion of SHG, namely, second-harmonic imaging microscopy 
(SHIM), which is a technique used for imaging living cells or 
tissue by detecting the SHG signal generated by noncentrosym- 
‘metric molecules (Campagnola and Loew 2003). By exploiting the 
quadratic intensity dependence of the SHG signal that confines it 
tothe focal volume, SHIM has the capability of three-dimensional 
imaging deep within the tissue. SHIM offers several advantages: 
since it does not rely on absorption from a real electronic state, as 
in fluorescence microscopy, it does not give rise to photobleach- 
ing or phototoxicity. In addition, as it exploits the intrinsic hyper- 
polarizability of noncentrosymmetric molecules, itis a label-free 
technique that does not require the use of exogenous probes. 

‘A general theory for the quadratic nonlinear response of a 
single small nonmagnetic centrosymmetric sphere illuminated 
by a nonhomogeneous electromagnetic field was developed by 
Mochan et al. (2003), while general symmetry-based selection 
rules for SHG with arbitrary illumination are given by Finazzi 
etal. (2007) and discussed in Section 28.4. The importance of the 
nature of FW illumination has also been demonstrated experi- 
‘mentally. In fact, it has been shown that the SH radiation gener- 
ated in Si spherical nanocrystallites displays a peak along the 
forward direction with a very narrow angular aperture (Jiang 
et al. 2001, 2002). As explained in Section 28.3.1, this result con- 
tradicts the behavior expected for the SH radiation produced by 
a single sphere illuminated by a plane wave, which should iden- 
tically vanish along the forward direction (Dadap et al. 1999, 
2004). Nevertheless, this observation can be explained (Brudny 
etal. 2003) by considering the nonuniform illumination FW field 
distribution, consisting of a strongly focused Gaussian beam. 
Similarly, in Si nanocrystals embedded uniformly in an SiO, 
matrix, a configuration consisting of two noncollinear, orthogo- 
nally polarized FW beams is found to greatly enhance the SHG. 
yield with respect to single-beam illumination (Figliozzi et a. 
2008). This effect has been attributed to the strong inhomogene- 
ities in the FW field under double-beam illumination (Figliozzi 
et al. 2008). 


28.3.4 Second Harmonic Generation 
in Resonant Metal Particles 


Although SHG is subject to the same geometry-based selection 
rules in both metal and dielectric nanoparticles (Finazzi et al 
2007), a relevant difference is represented by the fact that, in 
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metal particles, the linear and nonlinear optical properties are 
governed by collective electronic excitations (plasma oscilla 
tions), which can be tuned in a broad spectral range by choosing, 
the proper particle geometry. In nanosystems, the quasipar- 
ticles associated with the collective electron excitations are often 
addressed to as localized surface plasmons (LSPs), ras localized 
plasmon polaritons, to indicate the associated electric field. In 
particular, depending on the size and the shape, metal particles 
made of gold and silver may display LSP resonance in the visible 
region. Thanks to this tunability, the nonlinear optical proper- 
ties of noble-metal nanoparticles have found applications for in 
vitro and in vivo imaging (Nagesha et al. 2007), high-resolution 
analysis of tumor tissues (Durr et al. 2007, Bickford et al. 2008, 
Park et al. 2008), and enhanced photothermal therapies (O'Neal 
et al. 2004, El-Sayed etal. 2006). 

A relevant enhancement of the SHG efficiency is observed 
when either the FW (Hubert et al. 2007) or the SH (Antoine 
et al. 1997, 1998, Hao et al. 2002, Johnson et al. 2002, Abid 
et al. 2004, Russier-Antoine et al. 2004) frequency is set at the 
LSP resonance of the nanoparticles. When the SH wavelength 
is tuned in the vicinity of the surface plasmon resonance, the 
‘wavelength analysis indicates that the interband transitions do 
not play a significant role in the total SH response (Antoine et al 
1998). Rather, the nonlinear optical behavior of the clusters is 
dominated by the free-electron gas-like response of the conduc- 
tion band, the surface plasmon resonance being much sharper 
than the interband transition contribution (Antoine et al. 1998, 
Russier-Antoine et al. 2004). Similarly, the SHG efficiency as a 
function of the FW frequency shows a curve that reproduces 
the LSP resonance (Hubert et al. 2007). Both electric dipole and 
electric quadrupole contributions to the SH-radiated power are 
observed (Hao et al. 2002). 


28.3.5 Random Metal Nanostructures 
and Rough Metal Surfaces 


‘The strong local field enhancements in random metal nanopar- 
ticles and rough metal surfaces can be exploited to improve the 
efficiency of the interaction oflight with molecules approached to 
such nanostructures (Hartschuh et al. 2003), a phenomenon that 
can be exploited in surface-enhanced spectroscopies to obtain 
single-molecule sensitivity. Among these, surface-enhanced 
Raman scattering (SERS) makes use of the excitation provided 
by LSP and high local fields in such structures to enhance the 
Raman emission of adsorbed molecules by several orders of 
magnitudes (generally 10*, up to 10%). Surface enhanced spec- 
troscopies such as SERS are, therefore, intimately correlated 
with the plasmon properties of the nanostructures, offering, 
at the same time, unique potential for ultrasensitive molecular 
identification (Nie and Emery 1997). LSP-based nanosensors 
of biomolecules, based on the shift of the plasmon resonance 
frequency of thin metallic films, have been developed and are 
already commercially available. 
Since SHGisextremely sensitive to both local fieldsand LSP res 

conances, both theoretical (Agarwal and Jha 1982, Stockman etal 
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2004, Beermann et al. 2006, Singh and Tripathi 2007) and experi- 
mental studies performed with either far-field (Bozhevolnyi etal 
2003, Beermann and Bozhevolnyi 2004) or near-field techniques 
(Smolyaninov et al. 1997, Zayats et al. 2000) have addressed the 
SHG process in such disordered systems characterized by LSP 
interacting with local defects. The latter act as plasmon-scattering 
centers and might also provide highly localized electric fields due 
to the lightning rod effect. LSP resonances emerge as a conse- 
quence of multiple interparticle light scattering (Stockman et al 
2004, Beermann et al, 2006) and exhibit very different strength, 
phase, polarization, and localization characteristics (Bozhevolnyi 
et al. 2003, Beermann and Bozhevolnyi 2004). SH emission is 
experimentally observed from small and very bright spots, whose 
locations depend on the light wavelength (Bozhevolnyi etal. 2003) 
and polarization (Zayats et al. 2000, Bozhevolnyi et al. 2003). 
According to simulations (Stockman et al. 2004), the spatial dis- 
tributions of the fundamental frequency and SH local fields are 
very different, with highly enhanced SH hot spots corresponding 
to areas where FW and SH eigenmodes overlap (Beermann et al 
2006). Another feature of SHG in rough metal surfaces is that SH 
fields show a very rapid spatial decay and are strongly depolarized 
and incoherent (Stockman et al. 2004). 


28.4 Leading Order Contributions to 
the Second Harmonic Generation 
Process in Nanoparticles 


Asillustrated in Section 28.3, the shape of the nanoparticle plays, 
a significant role in determining the conditions for efficient 
SHG, which can also be significantly influenced by the illumi- 
nation geometry. The latter represents a particularly important 
point that needs to be considered when microscopic techniques 
are employed to locally study field-enhancement processes. In 
this case, the FW illumination is not a plane wave anymore, 
and strong field gradients (and even a nonvanishing longitudi- 
nal field component when scanning near-field optical micros- 
copy (SNOM) is used) can be present in the illumination area. 
Although nanoscale SHG has already been discussed in the liter- 
ature for few particle geometries excited by either far (Zhu 2007, 
Dadap 2008) or near (Bozhevolnyi and Lozovski 2000, 2002) 
FW fields, a set of general validity selection rules for SHG might 
be helpful in addressing more complicated particle geometries 
and FW field distributions. The following text addresses the con- 
cepts that allow one to derive selection rules for SHG in isolated 
nanoparticles from angular momentum and parity conservation 
laws, as discussed by Finazzi et al. (2007). 


28.4.1 Conservation of Parity 
and Angular Momentum 


In the rest reference frame of the particle, the SHG process con- 
sists of two photons, belonging to the FW field interacting with 
the particle, that transfer their energy to a photon in the SH field 
oscillating at double frequency (se Figure 28.1b). Therefore, the 
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‘energy of the electromagnetic field is conserved and the particle 
is let in the ground state, that is, the particle initial and final 
states in the SHG process coincide. This fact has relevant con 

sequences if the particle is symmetric. In this case, the particle 
‘ground state is an eigenstate of parity and, possibly, angular 
momentum operators. In other words, the particle has a well 
defined parity (or angular momentum). Since the particle initial 
and final states are the same, the electromagnetic field cannot 
transfer parity or angular momentum quanta to the particle, 
and the total parity or angular momentum of the field will be 
conserved. These concepts can be expressed more formally by 
considering the explicit expression of the SHG process cross sec- 
tion @. By using perturbation theory, 6 can be expressed as a 
third-order term of the form 
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where 
vis the particle ground state 
wand w are eigenfunctions corresponding to excited states of 
the unperturbed particle 
Ey E,,and E, are the corresponding energies 


Equation 28.5 consists of the sum of three terms, each corre- 
sponding to one of the Feynman diagrams shown in Figure 28.2. 
In the expression for 6, pis the particle momentum operator, 
‘Aj, the SH vector potential, and A,, the vector potential of the 
externally applied FW field. Note that the field generated by the 
particle should not be added to A,, in Equation 28.5. In fact, 
the particle self'interactions, thats, the interactions between the 
particle and the electromagnetic field the particle produces are 
accounted for by wand w, which describe the electronic as well 
as the electromagnetic excitations of the particle. Retardation 
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effects that play an important role in determining SHG in 
nanoparticles (Dadap et al. 1999, 2004) are therefore implicitly 
accounted for in Equation 28.5 

[As far as parity and angular momentum are concerned, 
it is convenient to expand the FW and SH fields appearing in 
Equation 28.5 in terms of electric (E) and magnetic (M) mul- 
tipoles, which represent the photon angular momentum eigen- 
states. Let 1’, and Iz be the L? quantum numbers of the two 
EW absorbed photons, M!, and M; their L, quantum numbers, 
z being an arbitrary quantization axis, and Ly, and M,, the 
respective quantum numbers for the emitted SH photon (see 
Figure 28.3). The Feynman diagram in Figure 28.2a gives a con- 
tribution to Equation 28.5 that can be expressed as the sum of 
T terms defined as follows: 


Teste 
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(28.6) 


where p-A(L, M) represents the electric or magnetic multipole 
operator of order (L, M). May is taken with a negative sign since 
the emitted SH photon carries the corresponding L, angular 
momentum component away from the particle. Similar terms 
can be given for the other Feynman diagrams in Figure 28.2. 
Each T term corresponds to an SHG interaction involving FW 
and SH photons characterized by a well-defined total angular 
‘momentum, 

‘The selection rules that determine the conditions for which a 
given T term is identically zero depend on how the multipoles 
in Equation 28.6 transform under the particle symmetry group 
operations. When the particle has spherical symmetry, its ground 
as wellas excited states are eigenstates ofboth I? and. Therefore, 
the SH photon must carry away a total angular momentum equal 
to the sum of the angular momenta of the two FW incoming 
photons. In cylindrical symmetry, only the projection of the 
photon angular momentum along the symmetry axis (taken as 
the quantization axis 2) needs to be conserved. The photon par- 
ity must be conserved in the case the particle displays inversion 
symmetry. If the particle is invariant under inversion symme- 
try with respect to a point (S, symmetry in Schoenflies notation, 
see Tinkham (1964)), then electric and magnetic multipoles of 


26 % 


rc) 


‘The three Feynman diagrams corresponding to SHG. (Reprinted from Finazzi, M.et al, Phys. Rev. B, 76, 125414, 2007. With 
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FIGURE 28.3 Scheme of SHG reporting the Land M quantum num- 
bers that define the angular momentum and parity of the photons 
involved in the process 


order (L, M) have opposite contributions to the total parity of 
the electromagnetic field, equal to (-1)' and (-1)*", respectively 
(ackson 1973). In the case the particle displays inversion sym- 
metry (C, symmetry) with respect to the quantization axis, elec- 
tric and magnetic multipoles have the same parity, given by (-1)™ 
(ackson 1975). Finally, considering inversion with respect to a 
plane perpendicular to the quantization axis (C,, symmetry), the 
parity of electric and magnetic multipoles of order (L, M) is given 
by CD! and 1)", respectively (Jackson 1975). 

By considering the electromagnetic field conservation laws 
imposed by the particle symmetry and contributions to angu- 
lar momentum and parity associated with each multipole, one 
can obtain the selection rules listed in Table 28.1, which allow to 


TABLE28.1 SHG Selection Rules forthe Different Particle 
Symmetries Illustrated in Figure 28.4 


‘Symmetry and Point Group Selection Rule 


Spherical 


ylindrcal 


Central, 


Asi 


Reflection, Cx eyermotsc 


‘Source: Reprinted from Finazz, M. etal, Py, Rev. 8, 76, 125404, 
207. With permission. 

‘Note: Conservation of angular momentum for spherical symme- 
tty corresponds to a condition involving a 3-j symbol (Tinkham 
1964). The value m indicates the numberof magnetic multipole tran 
sitions involved in the P term, 


@ C) i) @ © 


FIGURE 28.4 The particle symmetry groups discussed in the text 
and referred to the quantization axis =: (a) spherical, (b) cylindrical, 
(€ central, (d) axial, and (€) reflection symmetries across a mirror plane 
perpendicular to z (Reprinted from Finazzi, M.et al, Phys. Rev. B, 76, 
125414, 2007. With permission) 
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determine the nonvanishing T terms that contribute to the SGH 
process for any combination of FW and SH multipoles (Finazzi 
etal. 2007). Thus, to apply the selection rules listed in Table 28.1, 
cone has to determine the multipole expansion of the impinging 
FW electromagnetic field in order to understand which SH mul- 
tipoles can contribute to the generated SH radiation. 

If the symmetry of the particle results from a combination 
of symmetry groups, the corresponding conditions listed in 
Table 28.1 must be satisfied at the same time. For instance, SHG. 
from particles with C,, symmetry must obey both the selection 
rules for axial (C,) and reflection (C,,) symmetries with respect 
to the same quantization axis. For the same reason, when the 
particle exhibits two or three orthogonal symmetry axes, the 
corresponding selection rules must be simultaneously satisfied 
by the field multipole expansions expressed by using each sym- 
metry axis as the quantization axis. 

Note that, strictly speaking, the spherical and cylindrical 
symmetry groups would have to be excluded since they are not 
compatible with any of the symmetry properties of the vari- 
ous Bravais lattices. Moreover, crystallographic defects (such as 
grain boundaries, dislocations, and atomic vacancies) would dis- 
rupt the internal symmetry of the particles. Thus, it would seem 
that symmetry-based selection rules would not be respected by 
SHG in real nanostructures. However, such limitations are not 
expected to playa significant role in the metal structures that are 
usually investigated in nano-optics (Finazzi et al. 2007), which 
are typically realized in aluminum, silver, or gold. The electronic 
and electromagnetic properties of these materials are in fact 
well described by the free-electron model, so that the particle 
symmetry properties are independent from the particle crystal- 
lography but are just determined by the boundary conditions 
imposed by the particle surface. 


28.4.2 Long-Wavelength Limit 


In general, selection rules allow one to discriminate the transi- 
tions that, for symmetry reasons, cannot contribute to the cross 
section of a particular physical phenomenon, but they do not 
give any information about the magnitude of the nonvanishing 
contributions. However, by considering the multipole expansion 
of the electromagnetic FW and SH fields in the SHG process, it 
is possible not only to identify the emission channels that are 
ineffective to SHG but also to estimate a hierarchy among them, 
identifying the ones that mostly contribute to the SHG process. 
This is possible in the long-wavelength limit (Rayleigh limit) 
characterized by ka <1, with k being the FW wave vector and 
4 the particle lateral size. In fact, matrix elements of the form 
(u| B-A(L,M) | w) rapidly decrease when the multipole order L 
is increased (Jackson 1975). The ratio R(L) between matrix ele- 
ments for successive orders, Land (L + 1), of either electric or 
‘magnetic multipoles of the same frequency is 


ka 
R)-S 
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While the magnetic multipoles of order L have cross sections 
of the same order in ka as electric multipoles of order (L+ 1) 
(lackson 1975, Dadap et al. 2004). Since the expression of the 
SHG cross section 6 reported in Equation 28.5 depends on the 
square value of the sum of products involving three matrix ele 
‘ments, we need to consider only the contributions associated 
with the lowest order multipoles 

By restricting the analysis to the lowest order terms, five 
distinct SHG emission modes can be indicated. Following the 
notation in Dadap et al. 2004), these are El + El > El, El + 
E21, El + M1 EI, El + £1 2, and El + El > MI. In 
this notation, the first two symbols refer to the nature of the 
interaction with the FW field, and the third symbol describes 
the SH emission. For example, the El + E2 — El interaction 
represents electric dipole (EI) SH emission that arises through 
combined FW electric dipole and electric quadrupole (E2) 
excitations. MI indicates a magnetic dipole transition. The 
El + El El transition corresponds to the leading order con: 
tribution to the SHG process, generating an SH field with a 
‘magnitude of a factor (ka)” higher than the field generated by 
the other terms, resulting in a (ka) higher irradiated power. 
‘The El + El — El interaction violates parity conservation for 
any incident FW field distribution on centrosymmetric parti- 
cles since (-1)!"¥é*!s = (1)! =—1, thus violating the selec- 
tion rule for S, symmetry particles reported in Table 28.1. This 
channel may, however, be allowed for lower symmetry particles. 


28.5 Emission Patterns 
and Light Polarization 


‘The emission modes that participate in the SHG process can 
be experimentally identified by considering SH emission pat. 
tern and light polarization. In fact, each multipole contributing 
to the SHG process is characterized by a well-defined angular 
dependence of the irradiated intensity and polarization. 


28.5.1 Irradiated Intensity 


Letk,, be the SH wave vector and r the position with respect to 

the particle. According to Jackson (1975), in the far-field limit 

characterized by k,, >> r", the SH electric fields E'"),.,,(#) and 

Efiy.(8), produced by either electric or magnetic multipoles of, 
™M,,),are given by 


GXTXVY isc ana) (28.8a) 


eats PY. at) 


(28.8) 


In Equations 28.8 @, is a unit vector in the radial direction, 
and Yi.,aiy isthe spherical harmonic of order (Lyqy Mzg). Pure 
electric and magnetic SH multipoles have the same angular 
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Lag=2.M, 


FIGURE 28.5 Graphical representation of emission patterns 
APIAQULso, M,,) for dipoles (upper row) and quadrupoles (lower row). 
“The time-averaged radiated power per unit solid angle displays cylindri- 
cal symmetry around the quantization axis z (Reprinted from Finazzi, 
M.et al, Phys. Rev. B, 76, 125414, 2007. With permission.) 


distribution of the time-averaged radiated power per solid angle 
APIAQL sy) My). A graphical representation of the radiated 
power is given in Figure 28.5 for dipoles (Ly, ~ 1) and quadru- 
poles (L;,, = 2) (Jackson 1975). If more than a single multiplet 
is responsible for the generation of SH radiation, interference 
among the SH radiation emitted by the contributing multipoles 
occurs and the emission pattern can be significantly different 
from those in Figure 28.5. In such cases, identifying the mul- 
tipoles that are responsible for the SH emission might be quite 
complicated. Further information, however, can be extracted by 
analyzing the polarization dependence of the SH radiation as a 
function of the polarization of the impinging FW field. 


28.5.2 Second Harmonic Polarization 


From Equations 28.8, one can also obtain the polarization state 
of the emitted SH light. Table 28.2 reports the direction of the 
electric far field for pure electric and magnetic multipoles with 
yy $2. The direction is indicated by a combination of the mutu- 
ally perpendicular unit vectors fi, and ti, defined in a spherical 
coordinate system centered on the particle, in which @ and 6 are 
the polar and azimuthal angles, respectively, the former being 
referred to the z quantization axis. An imaginary (eal) ratio 
between the coefficients of i, and i, corresponds toa m/2 (zero) 
phase difference between the two field components and hence 
indicates elliptical (Iinear) polarization (Jackson 1975). 
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TABLE28.2 SH Electric Field Polarization for Pure Electric 
‘or Magnetic Multipoles with La, $2 


® sind, (cos Bi, = 1) 
(sini, ~e%(iiy = cos i) 
(B) ~isin® cosa, &*( cos 20, cin (cos 
+ c05 i) er) 
1.=2(M)—~isinB cost, -e¥(cos Ba, esin 6 (24, 
+ cos 208,) 4+ ic0s 0) 
Source: Reprinted from Finazzi, M, etal, Phys, Rev B, 76, 125414, 2007 


‘With permission. 

Note: Fr each point in space, the unit vectors and i, ae, respectively 
pale and perpendicular to the plane containing the = (quantization) ai, 
nd ae both perpendicular tothe radial unit vector & 


28.6 Allowed and Forbidden Second 
Harmonic Emission Modes: 
Examples 


‘This section discusses some examples of applications of the argu- 
ments discussed above. Two relevant cases of FW illumination are 
addressed, namely, illumination with a plane wave and illumina 
tion with a strongly laterally limited beam, for example, through a 
high numerical aperture or via a near-field tp. 


28.6.1 Plane-Wave Illumination 


In an arbitrarily polarized FW plane wave propagating along 
the z direction, the field vector A(2) can be expressed as A(O)e"*, 
with A(0) being a vector perpendicular to the propagation direc- 
tion, A(0)-8, = 0. By taking the origin of the z axis coincident 
with the particle position, and truncating the multipole expan: 
sion around 2 = 0 of the matrix element (u | p- A | w) to second 
order in ka, one obtains 


(ulpAlw; 


(ul r-E(0)| w) +(u|L -B(0) | w) 


iy 


+ik(u| p [xa (0)+ yA,(0)]| ). (28.9) 


In this expression, E(0) and B(0) are complex vectors represent. 
ing the amplitude and phase of the electric and magnetic fields, 
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respectively, at the particle position, while A,(0) and 4,(0) are 
the complex components of A(0), and L.= rx p. The three terms 
on the right-hand side of Equation 28.9 correspond to El, M1, 
and E2 transitions, respectively. 

Let us first discuss the case of circularly polarized light. In 
this case, it can be shown (Finazzi etal. 2007) that all the three 
EW absorption transitions described by the matrix elements in 
Equation 28.9 involve FW photons characterized by an L, quan- 
tum number M, either equal to +1 or -1 according tothe sign of, 
the circular polarization (right or let) of the FW light imping- 
ing on the particle. By recalling that dipole terms are charac- 
terized by 1? = 1 and quadrupole terms by L? = 2, the lowest 
allowed emission multipoles participating in the SHG process 
can be obtained from Table 28.1 in a straightforward manner. 
The allowed SH emission modes are listed in Table 28.3. As 
anticipated above, the lowest order transition El + El —> El is 
forbidden under circularly polarized FW plane-wave illumina- 
tion for particles displaying central symmetry, but itis allowed 
for noncentrosymmetric, noncylindrical particles. In this case, 
SH emission is given by an El term with M,, = 0 oF Ms, = #1 
for C, or C,, symmetry, respectively. This emission mode cor- 
responds to SHG from an electric dipole oriented parallel (for C, 
symmetry) or perpendicular (in the case of C,, symmetry) to z 
‘The lowest allowed SHG channel for spherical or cylindrical par. 
ticles is El + E1 > E2 (Dadap et al. 1999, 2004), with May = #2. 
This SH emission mode corresponds to an irradiated SH power 
angular distribution displaying cylindrical symmetry around 
the propagation axis of the FW field, with a maximum in the 
plane perpendicular to zand a null in the forward and backward 
directions (Dadap et al. 1999, 2004), as displayed in Figure 28.5. 

In the case of linearly polarized FW illumination, itis conve- 
nient to consider the selection rules that can be obtained by con- 
sidering both the propagation direction of the FW plane wave 
(axis) and the direction of the FW electric field vector (xaxis) as 
the quantization axis. Therefore, one should calculate two multi 
pole expansions of the FW wave, one for each choice of the quan- 
tization axis, and consider the possible values ofboth the L.and L, 
photon quantum numbers. Moreover, both axes should be taken 
into account to define the particle symmetry group. Let M,, and 
[M,q be the FW and SH photon L. quantum numbers, and N,, and 
Nj be the FW and SH photon L, quantum numbers, respectively 
Itcan be shown (Finazzi etal. 2007) that the multipole expansion 


TABLE28.3 SHG Selection Rules for the Different Particle Symmetries Illustrated in Figure 28.4, under Circularly 


Polarized Far-Field Plane-Wave Illumination 


Symmeyand 
PointGroup, = -EL+ EL Et Beer BemoH peMon eee 
Spheriad— Fomidden lowed for Fesidden Tosidden Tosiddcn 
Forbidden Allowed for Forbien Ferien Forbidden 
Forbidden Aled Allowed Allowed slowed 
Allowed for Allowed or My ‘lowed for My.=0 Allowed My*0 Allowed My 
Refleton Cy Allowed for M Allred for, ‘lowe for, =O Aller My =0 Allowed or 


Source: Reprinted from Finazz, M. etal, Plys Rev. B, 76, 125414, 2007. With permission 
Note: Every transition multipole is considered separately The propagation direction (= axis) is chosen asthe quantization axis. 
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TABLE 28.4 SHG Selection Rules for the Different Particle Symmetries Illustrated in Figure 28.4, under Linearly 


Polarized Far-Field Plane-Wave Illumination 


Symmetry and 


Point Group EL+EI EL ELS BLED ELS E29 EL Els MIEL ELV EI9ML 
Spheveal Forbidden “Allowed for Mi, ‘Allowed for M,,=0 Allowed for M,,=0 Forbidden 
Cylindrical Allowed for Mf, Allowed for M,, Allowed for M,,=0 Allowed for M,,=0 Forbidden 
Central, Forbidden Alloveed Allowed Allowed Allowed 


Axial, Allowed for M,, 
Reflection, Cy, Allowed for Ma, 


Allowed for M,, 
Allowed for Ms, 


Allowed for M,,. 
Allowed for Ms, 


Allowed for M,,, 
Allowed for Ml, 


Allowed for M,, 
Allowed for Ms, =0 


Source: Reprinted from Finazzi, Metal, Piys. Re B, 76, 125414, 2007. With permission, 
‘Note: ‘he propagation direction (= axis) is chosen as the quantization axis, 


TABLE28.5 SHG Selection Rules for the Different Particle Symmetries Illustrated in Figure 28.4, under Linearly 


Polarized Far-Field Plane-Wave Illumin: 


‘Symmetry and 
Point Group EL+EI EL BLY EL E2 ELS E29 EL LMI EL EL+E1 MI 
‘Spherical Forbidden Allowed for N= 1 Allowed for N, Forbidden 

Cylindrical Allowed for N,, Allowed for N,,=0,42 Allowedfor N,,=1 Allowed for N,, Allowed for, =0 
Central; Forbidden Allowed Allowed Allowed Allowed 

Axial, Allowed for Ny, Allowed forN,,=0,42 AllowedforN,,=£1 Allowed for Ny, Allowed for N,, =0 
Reflection, Cy Allowed for N, Allowed for N,=0,42 Allowed for Ny, =#1 Allowed forN Allowed for N= 


Source: Reprinted from Finazz, M. etal, Pys Rev B, 76, 125414, 2007 
Note:The electric feld polarization direction (x axis) is chosen a the quantization axis. 


of the FW plane wave corresponds to El, Ml, and E2 terms in considered asa plane wave any longer. In this case, other emission 
Equation 28.9 that involve FW photons with an M, quantum channels than those listed in Tables 28.3 through 28.5 become 
‘number that can be either +1 or -1 but not 0. On the other hand, available. In these conditions, in fact, the particle experiences 
the expansion obtained by choosing the x axis as the quantiza- large longitudinal components of the FW field, which are absent 
tion axis shows that the El, MI, and E2 terms correspond to inthe case of illumination with a plane wave. The presence of such 
transitions involving FW photons with [? and L, quantum num- longitudinal components can be easily understood for a converg- 


bers restricted to (L,,= 1, N, 
N, 


0),(L,=1,N,=#1),and (L,=2, ing beam focused by an objective, where the FW light wave vector 
1), respectively. With these figures in mind and the general _k has a broad angular distribution determined by the objective 


rrules summarized in Table 28.1, one can find the selection rules numerical aperture. Intense longitudinal components should also 
listed in Tables 28.4 and 28.5. From these, one can see that the _ be expected in the proximity of near-field probes (Novotny and 
El + El El SHG channel can be excited by linearly polarized Hecht 2006). The consequence is that SHG can be induced by a 
EW plane-wave illumination in all noncentrosymmetric particles combined FW photon absorption from perpendicular field com- 


(Finazi et al. 2007). In particular, ifthe particle exhibits 


",sym- ponents acting on the particle (Figliozzi et al. 2005), which is not 
metry either around the z or the axis, SH emission will be given possible for plane-wave illumination. For instance, 


lluminating 


by an oscillating dipole parallel to the C, symmetry axis (Finazzi_with a laterally confined beam, absorption of FW photons with 
et al. 2007). In centrosymmetric particles illuminated by linearly L, quantum number M, = 0 from a linearly polarized FW field 
polarized light, electric dipole SH emission is always given by a becomes possible, which is excluded for plane-wave illumina- 
dipole parallel to z, while the quadrupole SH emission pattern is tion (Finazzi etal. 2007). For the same reason, FW photons with 
symmetric around x (see Figure 28.4) (Finazzi et al. 2007). M1__M, =0, +1, £2 are available for E2 absorption (Finazziet al. 2007). 
‘emission is forbidden (Dadap et al. 1999, 2004) because the selec- “Another important difference with respect to in-plane wave 


tion rules would lead to Mz, = N, 


monopole term that cannot radiate (Finazzi et al. 2007). 


28.6.2 Illumination with a Laterally 
Limited Light Beam 


, which correspond to a _ illumination is represented by the fact that the rapid spatial vari- 


ations of the field intensity can increase the relative weight of 
the higher-order multipoles in the SHG process. This is readily 
understood in far-field illumination when the spot size, which 
is limited by diffraction to about 1/k, is comparable with the 
particle size a, resulting in a violation of the long-wavelength 


When the particle is illuminated by a laterally limited FW beam, approximation. Similarly, strong field gradients are expected at 
‘which might be obtained by focusing with high numerical-aper- the apex of a near field probe (Novotny and Hecht 2006), again 
ture objective or even with near-field illumination, and the beam invalidating the long-wavelength approximation and implying 
waist is comparable with the particle size, the beam cannot be that high-order multipoles cannot be a priori neglected. 


Variants 


The lamp pictured in Figure 18-7 isslightly larger, 
with a glass envelope about 0.25" diameter. It is 
rated for less than half the lifetime of the lamp in 
Figure 18-6 but emits three times as much light 
—a typical tradeoff Various base styles are avail- 
able, 


Figure 187, This lamp has a glass envelope about 0.35" 
high. Its screw-in base makes it easier to replace than an 
LED. 


In the United States, the light output from mi 
ature Incandescent lamps may be measured in 
lumens, butis more often rated in mean spherical 
candlepower (MSCP). An explanation of light 
measurementisincludedin "SCP" on page 178. 


Lamp lenses provide a quick and simple way to 
add colorto.aminiature incandescent lamp, Usu- 
ally the lens is cylindrical with a hemispherical 
end cap, and is designed to push-fit or snap-fit 
‘over a small lamp, Even when the cap is translu- 
cent, it may stil be referred to asa lens. 


Panel-Mount Indicator Lamps 
This term often refers to a tubular assembly con- 
taining a miniature lamp, ready for installation. 


The enclosure is often designed to snap-fit into 
a hole drilled in the panel. If the incandescent 
bulb inside the enclosure cannot be replaced, 
the component is said to be “non-relampable.” 
Figure 18-8 shows a 12-volt panel-mount indica- 
tor lamp. 


light source, indicator, or display > single source > incandescent lamp 


taunt indicator lamp is designed 
fo push-fit into a hole 1/2" in diameter. The bulb inside it 
| not eplacable, causing the assembly to be classified as, 
“non-relampable.” 


Halogen or Quartz-Halogen 
This is a type of incandescent lamp containing 
{gases under pressure in which halogens such as. 
ine or bromine cause evaporated tungsten 
atoms to be redeposited on the filament. A hal- 
‘ogen lamp can therefore operate at a higher 
temperature, creating a light that is less yellow 
and brighter than that from a comparable incan- 
descent lamp. It also enables a smaller bulb, but 
requires an envelope of borasilicate-halide glass 
(often termed fused quartz) instead of regular 
glass. A halogen lamp will be slightly more effi- 
cient than an incandescent bulb of the same 
wattage, and will ast longer. 


Halogensareavailableina variety of formats. The 
small bulb pictured in Figure 18-9 consumes 
75W, emitting 1,500 lumens at 3,000 degrees 
Kelvin. The light intensity is claimed to be equi 
alent to that of a 100W incandescent bulb. It has 
‘a mini-candelabra base. 


Oven Lamps 
‘Oven lamps are designed to withstand the high 
temperature inan oven. Typically they are usable 
with ambient temperatures up to 300 degrees C. 
Acommon power rating is 15W. 
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FIGURE 28.6 
particle with C, symmetry (axial particle over a substrate) excited by 
(a) a plane wave or (b) a laterally limited beam. The allowed directions 
of the particle electric dipole q,,, generating the El second-harmonic 
radiation are indicated by the double-headed arrows on the particle. 
(Reprinted from Finazzi, M. et al, Phys. Rev. B, 76, 125414, 2007. With 
permission ) 


Allowed El second-harmonic emission channels for a 


‘Asa relevant example let us address SHG in lithographed par- 
ticles on a substrate (see Section 28.7), such as those employed in 
surface-enhanced spectroscopy techniques. The presence of the 
substrate breaks the inversion symmetry with respect tothe parti 
le center. For ellipsoidal-shaped dots s those described by Grand 
etal. (2003) and Zavelani-Rossi etal. (2008), the particle symme- 
try group reduces to C,, (see Figure 28.6). In this case, the selec- 
tion rales governing SHG in C, symmetry around the z axis must 
apply, z being the substrate normal, which is taken parallel to the 
‘optical axis. The particles also belong to the C,, symmetry group 
defined with respect to either the x or y axis, oriented parallel to 
the in-plane principal axes ofthe ellipsoids. However, this further 
symmetry does not provide more restrictive selection rules. 

‘When such particles are excited with an FW plane wave with 
|| zand considering only the lowest-order El + El —> El transi- 
tions, M,,can only assume the values +1 both for linearly and 
circularly polarized light, so parity is conserved only for M,,.= 0, 
corresponding to SH emission from an electric dipole parallel 
to both k and z (see Figure 28.6) (Finazzi et al. 2007). When the 
particle is illuminated by a focused FW beam or by the near field 
‘ofa tip, photons with M, 0 can be absorbed. This results in new 
SHG channels, namely the ones that correspond to SH radiation 
from electric dipoles lying in the plane of the substrate, becom- 
ing available (see Figure 28.6) (Finazzi et al. 2007). In this case, 
the details of the SH-radiated intensity and polarization will 
depend on the particle ine structure, which defines the relative 
strength of each channel. 


28.7 Second Harmonic Generation 
in Single Gold Nanoparticles 


[As discussed in Section 28.3, the nonlinear optical response 
of nanostructured systems has been experimentally stud 
ied, so far, mainly by far-field techniques. These, however, are 
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limited by diffraction and do not allow a direct mapping of the 
nanoscale field enhancement. These limitations can be overcome 
by SNOM, which can reach sub-100nm lateral resolution. This 
technique consists of bringing the sample in interaction with the 
near field of a source (a tip or a backilluminated aperture in a 
metal-coated probe). In this case, the bandwidth of spatial fre- 
quencies associated with the evanescent waves from the probe is 
unlimited and the resolution can in principle be arbitrarily opti- 
mized. The response of the probe-sample interaction is recorded 
with standard far-field collection optics. State-of-the-art lateral 
resolution for aperture probes is around 50nm. Near-field non- 
linear optical microscopy is a powerful tool to characterize local 
field enhancements in metal nanostructures since it combines 
the great sensitivity of nonlinear optical response with the 
spatial superresolution of near-field microscopy. However, the 
technical challenges of combining scanning probe and ultrafast 
technologies and the typical low peak power available at the out- 
put of optical near field probes have so far limited the number 
of studies of SHG from single nanoparticles in closely packed 
arrangements (Biagioni et al. 2007, Breit etal. 2007, Celebrano 
et al. 2007, 2008a,b, Zavelani-Rossi et al. 2008) 

‘This section describes SHG from single gold nanoparticles 
obtained with a SNOM setup. As illustrated in Section 28.6.2, 
the high lateral confinement typical of near-field illumination 
enables the observation and exploitation of unusual and pecu- 
liar SHG modes. Moreover, the acquisition of SH maps provides 
complementary information to FW images, which typically 
results from a complex interplay between scattering, absorption, 
and reflection, all contributing to light extinction (Novotny and 
Hecht 2006). The comparison between FW and SH maps there- 
fore allows for a better interpretation of the optical response of 
metal nanoparticles and discriminating among different light 
extinction particle behaviors that would not be possible to 
address by just collecting the FW signals (Biagioni et al. 2007, 
Celebrano et al. 2007, 2008a,b, Zavelani-Rossi etal. 2008). 


28.7.1 Near-Field Microscopy Setup 


‘To observe SHG at the nanoscale, we combine high peak power 
and high spatial resolution by coupling femtosecond pulses to 
a hollow-pyramid aperture SNOM (see Figure 28.7). The pulses 


Hollow-pyramid 
probe 


Dichroic mirror 


WE 

SE 

<i ae Taye scanner a Xo. 
‘Pre-compressor — 


FIGURE 28.7 Schematics of our SN\ 
bbeam coupled to the measurement head: The collection optics, filters, 
and detector are also indicated. PMT indicates a photomultiplier tube. 


IM, with the ultrashort laser 
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are generated by a long-cavity mode-locked Tisapphire oscil- 
lator (26MHz repetition rate), producing 20n}, 27fs pulses at 
800m. The SNOM probe consists ofa silicon nitride cantilever 
with a hollow pyramid tip. The tip is aluminum-coated with a 
circular aperture at the apex, with diameter ranging between 
100 and 200nm. This probe offers several advantages com: 
pared with metal-coated tapered optical fibers, such as larger 
taper angle, lower absorption, preservation of light polarization 
(Biagioni et al. 2005), and pulse duration (Labardi et al. 2005) 
at the output. These improvements enable achieving peak pow. 
ers more than two orders of magnitude higher in the near field, 
resulting in greatly enhanced nonlinear optical response of the 
sample. Typical tip throughputs at 8001nm range between -10"* 
for the 100nm tips and 5 x 10° for the 200mm ones. ‘The tips 
‘with larger aperture were selected for the experiments presented 
in this section. Tip-sample distance is controlled by an optical 
lever that is sensitive enough to allow nondestructive contact 
mode stabilization on the samples. 

‘The FW/SH light is collected in the far field by a long work- 
ing distance microscope objective (numerical aperture = 0.75) 
and split by a dichroic filter. The FW and the SH are simulta 
neously detected by photomultiplier tubes. Bandpass filters are 
inserted in the SH beam to further reject the FW and TPL from 
the sample. A 30nm bandpass interference filter centered at 
405nm is inserted in the SH beam path to reject TPPL from the 
sample, which is negligible for wavelength shorter than 450nm 
(Bouhelier et al. 2005, Imura et al. 2005, 2006). The quadratic 
dependence of SH intensity on the excitation beam power was 
verified. A mechanical chopper with a 1:6 duty cycle allows 
increasing the peak power for a given level of average power, typ: 
ically 1 mW incident on the tip, and lock-in detection improves 
the signal-to-noise ratio, allowing for faster scans (integration 
‘time 30-100 ms per point). 

Hereafter, we present two different types of gold nanopar- 
ticles. The first ones are triangles (height 15~25nm) on a glass 
substrate obtained from a projection pattern (“Fischer pattern” 
(Fischer and Zingsheim 1981), ina hexagonal array with 453m. 
periodicity. Such a sample is chosen as an example of a SNOM 
study of SHG in a dense network of particles. The second type 
of particles are well-separated isolated ellipsoids (height about 
660 nm) produced by electron beam lithography on a quartz sub- 
strate (Grand et al. 2003) in square arrays. 
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28.7.2 Fundamental Wavelength 
and Second Harmonic Maps 


Figure 28.8a shows the topography of the Fischer pattern 
together with its SH optical image (Figure 28.8b). The topog- 
raphy shows the regular array of gold triangles: most of them 
are well separated, some are in contact with each other, and 
big defects cover portions of the sample. In the FW image (nat 
shown), triangles appear dark, although the resolution is poor 
due to the quite large aperture diameter. Nevertheless, con- 
trasted and well-resolved SHG maps from the gold triangles 
are detected. The background signal is attributed to SHG from 
both the glass substrate and the tip edges. The inset of Figure 
28.8b shows a line profile of the SH image, demonstrating very 
00d signal-to-noise ratio, high contrast (31), and good spatial 
resolution (better than 100nm, see Figure 28.8c). Figure 28.8 
highlights the unique capability of nonlinear SNOM to image 
SHG from closely packed metal nanostructures, Its interesting 
to note that not all the triangles observed in topography emit 
SH radiation with the same efficiency: some of them display an 
intense SH emission, while others are nearly dark. This supports 
the absence of topographical artifacts (Hecht et al. 1997) in the 
image, proved by the fact that in further measurements (not 
shown here), the topographic resolution was missing, yet a clear 
and well-resolved SHG image could still be collected. The high 
variability of the SHG signal is addressed further below when 
SHG in isolated nanoparticles is discussed. 

The lithographed nanorods are about 601m high, with a short 
axis ofabout 70nmandlong axes equal to 100, 150, or 400m. The 
array period is Ijim. According to the Mie theory, the plasmon 
resonances in elongated structures depend on their aspect ratio. 
Indeed, far-field extinction spectra (see Figure 28.9), with exciting 
‘white light beam polarization parallel to the major axis, display 
a peak around 690.nm for the 100nm ellipsoids, around 800mm 
(ce, resonant with our FW) for the 150nm ones and more than 
10001m for the 400nm ones (not shown). These three distinct 
particle geometries thus provide different resonating regimes that 
correspond to different linear and nonlinear optical behaviors 
and near-field properties. These are highlighted in Figure 28.10, 
showing the particle topography, FW near-field extinction, and 
SH emission obtained with the FW illumination linear polariza- 
tion parallel to the nanorod long axis. The optical images at both 
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FIGURE 28.8 Projection pattern (a) topography and (b) SH SNOM image (size: 5 x 2.9 um’). The dashed circle (A) shows an SH emitting triangle 
‘and solid circle (B) shows a dark one. (¢) Cross section from the raw data ofthe SH image, long the dotted line. 
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FIGURE 28.9 Extinction spectra of gold nanorods with a major axis 
length either equal to 100 (squares) or 150m (dots). The spectra have 
bbeen normalized to each other at the maximum extinction. The light 
polarization is parallel to the particle long axis. The extinction spec- 
tra of the 400nm-long nanorods also, discussed in the text, are not 
reported since the longitudinal plasmon resonance falls off the range of 
the analyzer. (Courtesy of J. Grand and P-M. Adam) 


the FW and the SH wavelengths strongly depend on the particle 
size. In particular, in FW maps, all the 100mm ellipsoids appear 
bright, while all the 150 and 400nm ellipsoids appear dark. In 
SH images, (1) most of the 100nm-long particles do not emit, 
(2) most of the resonant 150nm-long particles emit uniformly 
‘with high contrast (see line profiles in Figure 28.10), and (3) the 
400nm-long particles appear darker than the substrate. A general 
picture for these results can be obtained by a combined analysis 
‘ofthe FW and SH maps of the metal nanostructures. As apparent 
from Figure 28.10, the SH maps provide complementary informa- 

tion with respect to the FW images. For instance, only by com- 
paring the SH emission properties of the 150 and 400nm-long 
particles itis possible to recognize that these fall in different opti 

cal regimes, due to the FW excitation being on or off resonance, 
respectively, with respect to the particle LSP excitations. 

‘The near-field FW properties of the particles can be under: 
stood by recalling that the particle-to-background contrast in the 
near-field extinction maps results from the interference between 
‘an FW wave propagating into the far-field and a nonpropagating 
near-field distribution (Mikhailowsky et al. 2003). As a general 
rule, a metal particle should appear brighter than the back- 
‘ground when the frequency of the excitation is higher than that 
of the particle LSP resonance, while it should be darker when 
the frequency of the FW excitation is set below the resonance 
(Mikhailowsky et al. 2003). At the LSP resonance, the particle 
should show no contrast with respect to the background. The 
presence ofthese interference effects explains the trend observed 
in the FW maps displayed in Figure 28.10, where the particles 
have a well-controlled aspect ratio, but it may hinder the inter 
pretation of FW near-field images in other contexts, especially 
‘when the frequency of the LSP resonances of the particles is not 
known. However, the resonating behavior of the 150nm-long 
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FIGURE28.10 _(Seecolor insert following page 20-14.) Nanoparticles: 
@), (@), and (g) topography; (b), (9, and (h) FW transmission; and (0), 
(9, and () SH emission SNOM images with corresponding cross sec- 
tions along the dashed lines, from the raw data. Incident light is polar- 
ized parallel to the major axis. The particle major axis lengths are 
100mm (a)-(€), 150m (d)-(),and 400m (g)-(0). Image size: 3 x 3pm? 
(Reprinted from Zavelani-Rossi, M. et al, Appl. Phys. Lett, 92, 093119, 
2008. With permission.) 


nanorods becomes apparent from the SH maps, since these par- 
ticles efficiently emit SH radiation as a result of the presence of 
strongly enhanced and localized electric field associated with 
the particle LSP oscillations, which are effectively excited only 
for these particles. Instead, most of the 100nm-long particles 
do not emit SH radiation, and the 400 nm-long particles, being 
larger than the tip aperture, strongly absorb/scatter the SH light 
generated at the tip and appear darker than the background. 
‘The nonlinear optical behavior of off-resonance particles is 
further highlighted in Figure 28.11, where FW and SH maps are 
collected by exciting the nanorods with an FW field parallel to 
the rod minor axis. With this type of excitation, the LSP reso- 
nance frequencies are shifted toward the blue region of the spec- 
trum and cannot be excited by the FW light. In this case, SHG 
is observed at correspondence with the high-curvature regions 
of the particle, as a consequence of highly enhanced and local- 
ized electric fields by the lightning rod effect, in agreement with 
the theoretical predictions of Beermann and Bozhevolnyi (2004) 
and Stockman etal. (2004). It is interesting to note that, in Figure 
28.11, the bright spots in the SH maps seem to correspond to 
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FIGURE 28.11 
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SHG intensity 


@)-(© FW transmission and (d)-(0) SH emission excited by incident FW light polarized perpendicular to the particle major axis. 


“The particle major axis lengths are 100nm (a) and (d), 150nm (b) and (€), and 400m (¢) and (f). (Reprinted from Zavelani-Rossi, Metal, Appl 


Phys. Lett, 92, 093119, 2008. With permission.) 


dark spots in the FW images, that is, the high-curvature regions 
‘where strong fields are localized also correspond to areas where 
larger FW scattering/absorption occurs, giving rise to a larger 
local linear extinction cross section. We believe that intense 
localized defects are also responsible for the high variability of 
the SHG efficiency displayed by nominally identical particles 
displaying quite similar FW (see Figures 28.8 and 28.10). In this 
«ase, local field enhancement would be associated with high- 
curvature defects in the particles. 

‘To summarize, the SHG efficiency depends on the particle 
fine structure that determines (1) local FW field enhancements, 
induced either by LSP excitation or by lightning rod effects in 
areas with high-curvature or local imperfections and (2) the 
modes contributing to the emission process, which are described 
in the next section, 


28.7.3 Second Harmonic Polarization Analysis 


‘This section shows how the analysis of the polarization of the 
SH-emitted light might allow one to recognize which emission 
modes are contributing to the SHG process for a given particle 
geometry and illumination conditions. Such analysis will be 
applied to the same lithographed isolated gold particles, already 
described in Section 28.7.2 

‘The polarization state of the SH light emitted by the gold 
nanoellipsoids is analyzed as illustrated schematically in 
Figure 28.12. The FW light is polarized parallel to the major 
axes of the 150nm-long particles to excite their strong longi 
tudinal SPT resonance. The SH radiation polarization is ana- 
lyzed by a polarizer on detection. Figure 28.13 shows two typical 
SH maps that are obtained with the analyzer parallel (Figure 
28.13b) and perpendicular (Figure 28.132) to the excitation 
polarization. From these maps, one can see that the SH light 
‘emitted by the nanoparticle is polarized parallel to its short axis 


FIGURE 28.12 Experimental geometry of the polarization analysis 
setup in the SNOM microscope. The FW light is polarized parallel to 
the particle major axis. SH maps have been collected for the two ans. 
Iyzer directions (b) and (©), corresponding to SH linear polarizations 
parallel and perpendicular to the FW polarization, respectively. The 
corresponding SH maps are shown in Figure 28.13b and c, respectively 


(see Figure 28.13b,¢<4). This particular polarization pattern of 
the emitted SH light is incompatible with the lowest allowed 
emission modes one should expect for such particles for an 
FW plane-wave illumination. In this case, in fact, SH radia- 
tion would be emitted by a dipole oscillating perpendicularly 
to the substrate sustaining the particle, as illustrated in Figure 
28.6a. Such an emission mode would give the same SH maps 
independently from the direction of the analyzer axis. This is 
obviously in contradiction with the experimental results shown 
in Figure 28.13 and is a demonstration that a novel particle 
emission mode, which is forbidden for plane-wave illumination, 
becomes accessible. In fact, the presence of a symmetry-break- 
ing substrate together with the strong longitudinal FW field 
component, typical of near-field illumination, allow for efficient 
excitation of an SH-emitting electric dipole perpendicular to 
both the incident FW light polarization and the detection axes, 
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FIGURE 28.13 Nanoellipsoids with 150nm major axis: topography 
(@), SH emission with a polarizer on detection parallel (b), and perpen- 
dicular () to the major axis incident light is polarized parallel to the 
major axis), Image size: 0.6 x 0.6}1m*.(d) Intensity profiles from the raw 
data of images (b) (circles) and (€ (triangles). 


asillustrated in Figure 28.6b. From the analysis of the SH polar. 
ization pattern in Figure 28.13, one can conclude that only the 
SH-emitting dipole perpendicular to the particle minor axis is 
significantly excited by the FW field. For this particle geom: 
etry, the SHG selection rules discussed in Section 28.4 do not 
exclude the possibility that SHG could be due to a dipole oscil- 
lating in the direction of the long axis of the particles, so there 
is no simple symmetry-based justification to the fact that such 
‘emission is not observed. This behavior has to be ascribed to the 
particular shape and resonance conditions of the particles. Such 
characteristics can in effect influence in a complex way the par- 
ticle SH emission properties. To give a tentative explanation of 
this behavior, we remark that a much larger portion of gold-air 
interface is available along the long sides of the ellipsoid, so that 
‘a major contribution of SH light oriented parallel to the short 
axis might actually be expected as a surface contribution to 
SHG. Finally, we would like to stress that the spatial uniformity 
of the polarized SHG pattern measured on several particles is 
a hint of the negligible influence of particle defects, which can 
also lower the symmetry of the particles and contribute to SHG 
with modes that would otherwise be forbidden by parity and 
angular momentum conservation in a particle with a perfectly 
controlled shape. 


28.8 Perspectives 


Avery promising perspective for future nano-opticsis the possi: 
bility to simultaneously control ofthe spatial and temporal prop: 
‘erties of the optical near field in the vicinity ofa nanostructure by 
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illumination with broadband optimally polarization- and time 
shaped femtosecond light pulses. Adaptive shaping of the phase 
and amplitude of femtosecond laser pulses has been developed 
into an efficient tool for the directed manipulation of interfer- 
ence phenomena, thus providing coherent control over various 
quantum-mechanical systems. The interest to extend coherent 
control methods to nanostructures consists in overcoming the 
spatial limitation due to diffraction. Coherent control of the 
spatial and temporal evolution of optical near-fields by ampli- 
tude and polarization pulse shaping in plasmonic nanostruc- 
tures has recently been theoretically proposed (Stockman et al 
2002, Brixner et al. 2005, 2006, Sukharev and Seideman 2007) 
and experimentally demonstrated (Aeschlimann et al. 2007) by 
applying an adaptative method based on measuring the local 
fields with two-photon photoemission electron microscopy. 
Progress in the coherent control of electric fields in nanostruc- 
tures thus might open the access to simultaneously ultrafast and 
nanoscale new physics. 

Nonlinear near-field optical microscopy might thus play an 
extremely important rolein the development of nanoscale coher- 
ent control, since it can be employed as a probe of local field 
enhancement. In this frame, the temporal dynamics of the non- 
linear phenomenon is, however, extremely important. SHG rep- 
resents an ideal candidate to this task since the conversion of two 
FW photons into an SH photon is itself coherent process (Imura 
et al. 2005), at variance from, for example, TPPL, which is inco- 
herent in noble metal nanostructures (Imura etal. 2005). Indeed, 
wwe have recently demonstrated (Biagioni et al. 2009) that the 
TTPPL yield in gold nanowires becomes independent of the pulse 
duration for laser pulses shorter than about 1 ps, while an inverse 
proportionality with the pulse duration would be expected for a 
fixed pulse energy. The origin ofthis behavior consists ofthe fact 
that TPPL in gold nanostructures is obtained after a 3d hole is 
produced by two sequential absorption steps involving a single 
photon (Imura tal. 2005),andis governed by the relaxation time 
of the sp conduction band hole generated after the first photon 
absorption. This temporal limitation would advise against the 
utilization of TPPL in probing near-field enhancement for coher 
‘ent control applications, leaving SHG as a better adapted tool 


28.9 Conclusions 


‘Thanks to the combination of surface sensitivity and symme- 
try selectivity, SHG is a very powerful tool to investigate the 
nanoscale properties of matter. The application of SHG tech- 
niques for investigating the structure and various other prop- 
erties of small particles is a subject of considerable current 
interest and has stimulated a conspicuous number of both theo- 
retical and experimental works in a broad range of subjects. In 
particular, being SHG a nonlinear optical process whose yield 
depends on the square power of the FW field intensity, SHG 
has found many applications in the study of the electric field 
enhancement mechanisms in metal nanostructures, where the 
lightning rod effect associated with high-curvature particles 
or resonantly excited plasma oscillations can lead to extremely 
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intense and highly localized electric fields. Since nanosci- 
‘ence is attracting an exponentially growing attention, SHG in 
nanostructured systems will be a very hot topic for many years 
to come. 
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29.1 Introduction 


‘The physics of semiconductor nonlinear response unites under 
the same cover a fascinating variety of different physical phe 
nomena, theoretical ideas, and experimental approaches. It pro. 
vvides promising opportunities for technologies, for example, in 
the form of principally new light sources, and presents a con. 
venient testing field for studying long-standing fundamental 
‘questions while raising new ones in fields ranging decoherence 
to low-energy quantum field theory. 

It is not therefore, surprising, that the interest of research. 
‘ers remains steadily persistent for already many decades. There 
are many books and reviews devoted to the details of different 
topics. However, as investigations move forward, new types of 
problems surface and the question of the basic principles of the 
theory of nonlinear response is raised again and again. 

Perhaps the most clear demonstration of the recurring pro- 
cess of testing the background is the drastic change of the main 
theoretical methods, which took place in the 1990s. In the pre. 
1990s era, Green’s functions method was the main technique 
used in the limit of zero, finite temperature, or nonequilibrium 
(the Keldysh technique). The main questions were formulated in 
terms of the spectral characteristics, and using the adiabatical 
approximation was the usual practice. With the development of 
new experimental methods and the improvement of the qual 
ity of the samples, the attention gradually moved toward the 
temporal behavior and the transient features of the excitations. 
‘As a result, in the post-1990s era, time dependence turned out 
to be the major question, and the typical theoretical approach 
became the method of the dynamical equations of motion. 


Ina sense the whole topic was reinvented, making the question 
of fundamentals of the theory especially important. 

In the following sections, we present the derivation of the 
main dynamical equations for the electromagnetic field and 
the semiconductor excitations in the general context of quan- 
tum field theory. Such an approach is particularly useful 
because the resonant interaction of light with the semiconduc- 
tor results in constantly changing the number of elementary 
excitations in the semiconductor bands. Therefore, the respec- 
tive description must admit the creation and annihilation of 
particles on the fundamental level. Also, in order to cover at 
least partially the various physical situations relevant for the 
problem of nonlinear response, we avoid using specific approx- 
imations such as, for example, the spherical symmetry of the 
hole’s bands or the translational symmetry of the structures. 
The latter circumstance compels to formulate the major part 
of considerations in the coordinate representation. Finally, 
the main equations are derived for operators that makes them 
applicable for studying quantum statistics and other complex 
questions going beyond the single-particle correlation func- 
tions (Green's functions) 

‘The structure of the presentation is as follows. In Section 29.2 
we derive the quantum-field Hamiltonian in the k-p-approx- 
imation and briefly review the basic properties of the semicon- 
ductor bands. Section 29,3 is devoted to the derivation of the 
quantum equations of motion for the electromagnetic field and 
the semiconductor excitations. In Section 29.4, the perturba. 
tive approach of analyzing the quantum equations of motion is 
reviewed. Finally, in Section 29.5 we consider the semiconductor 
Bloch equation. 
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29.2. Semiconductor-Field Hamiltonian 
in k.p-Approximation 


‘The quantum dynamics of the electrons moving in the periodic 
lattice field in the semiconductor under the action of the exter- 
nal field is described in SI units by the Hamiltonian 


Hat = LY fevien | tir-eacor + 119+ Va} C0 


1 sfciaitcilic vietienets 
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where 

'y,(9) is the electron field operator 

sand sare the electron spin indices 

Ais the vector potential 

Ufa) is the periodic lattice potential 

U,s(@) is an external potential caused, for example, by the 
external static electric field 

V(x) = e%/4ne,e,[x|, with ¢, being the background dielec- 
tric constant, is the potential of the Coulomb interaction 
between the electrons 


In the following paragraphs we will be interested in establishing 
the relation with the standard k-p approach, therefore, we will 
‘omit both the external potential and the Coulomb interaction 
and will consider their effect later. 

‘The main idea of the k-p approach is to employ the fact that 
‘we are interested in the weak and spatially smooth perturbations 
of the semiconductor near its ground state. Thus, we want to 
account exactly the effect of the periodic lattice potential form: 
ing the semiconductor ground state and to consider the devia- 
tion from it in the spirit of the perturbation theory. 

In order to account for the effect of the periodic potential 
on the electron dynamics we need to develop an appropri- 
ate description of the respective electron single-particle states. 
‘The field operator y'(x) can always be expanded in terms of the 
Bloch modes as, 


vic) = D favor. cots, 292) 


where 
‘enumerates the bands and includes the spin index 
the Bloch wave vector k lies in the first Brillouin zone 
the wave functions (x) give the solutions ofthe respective 
Schrddinger equation in the periodic potential 
the operators a, are the operators, which create electrons in 
the respective Bloch states 


‘According to the Bloch theorem the electron wave function 
,.,(x) can be presented as 
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where 1,.(x) isa periodic function solving the equation 


fia : 
a AV FH taal) + Vila) = eu(k)uaa). 09-4) 


‘This equation is Hermitian and, hence, functions 1, x(x) for a 
fixed k = k, constitute a complete set on the space of periodic 
functions. We can, therefore, represent functions corresponding 
to other k# k, as the respective Fourier series 


11403) = J) an (thos) 


(295) 


with unitary a, (kk). The latter follows from orthonormality 
of the amplitudes, (8) 


29.6) 
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where Vis the volume of the elementary cell. Indeed, substitut- 
ing Equation 29.5 into Equation 29.6 we obtain 


Yer a2 (sk) = (297) 


which explicitly shows the unitarity of ,(k;ky). This motivates 
the introduction of new (Luttinger-Kohn) function describing 
the electron states 


Haale) =e (0). 298) 
‘These functions constitute a complete orthonormal set simi- 
larly to the electron wave functions 6,4(3). The proof demon- 
strates the typical line of arguments and, therefore, itis useful 
to consider itin detail. The completeness of the Luttinger-Kohn 
functions 


Y fate soon.(0) =8-x) @99) 


follows from the respective relation for the electron wave 
functions 


DY Javoratws)=8ee-x9 (29.10) 


if we use Equations 29.5 and 29.7. For orthonormality we need 
to consider 
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light source, indicator, or display > single source 


Figure 18-9. A halogen bulb slightly more than 2° in 
Jength, designed for 1I5VAC. 


Base Variants 

Miniature lamps are available witha wide variety 
of connection options, including wire terminals, 
single-contact bayonet, double-contact bayo- 
net, miniature screw base, and fuse style, Most of 
these options require a matching socket. 


Screw-in lamps for room illumination are com- 
mon in household lighting in the United States 
and many other countries (but not in the UK, 
where bayonet fittings are used). The US socket 
size is designated by letter E followed by a num- 
ber that gives the socket diameterin millimeters. 
‘Common sizes are E10, E14 and E27. 


A bayonet base is fitted with two small lugs pro- 
truding on opposite sides. The lamp is secured 
by pushingit in and twisting itto engagethe lugs 
in slots in the socket. The advantage of abayonet 


> incandescent lamp 


Values 
baseis that the bulb is less likely to become loose 
asa result of vibration, 


A pin base consists simply of a pair of pins that 
will push-fit into small holes in a socket. 


A flange base hasa flange that engages in a sock- 
et where flexible segments will retain it. 


A wedge base is forced between two contacts 
which retain the bulb by friction. 


‘Some indicator lamps terminate simply in long, 
thin leads that can be soldered. 


Values 


ize incan- 


While the power consumption of full 
descent lamps is rated in watts, small indicator 
lamps are rated in milliamps at the voltage for 
which they are designed. Miniature lamps may 
require specific voltages ranging from as low as 
2V to 24V. A higher voltage generally necessi- 
tatesa longer filament, which may entail a larger 
bulb. 


The light that a lamp will emit can be measured 
in twoways:eltheras the power of the lamp (not 
its power consumption, but its radiating power), 
or as the light delivered to a specific area at a 
specific distance. These two measurements may 
differ because a lamp may concentrate its light 
ina beam, as in the case of a reflector bulb or an 
LED. 


watts, isa measurement of energy flowin 
Joules per second. The total radiating power of a 
lamp, in all wavelengths, in all directions, is 
known asits radiant flux. Because invisible wave- 
lengths are of little interest when assessing the 
brightness of a lamp, the term Juminous flux is 
used to describe the apparent brightness of the 
lamp in the visible spectrum, The unit for lumi 
nous flux is the lumen. 


The human eye is most responsive to yellow- 
green hues in the center of the spectrum, Con- 
sequently, the measurement of luminous flux is 
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‘The product u’y, (x)ds:4,(X) is a periodic function and therefore 
can be expanded in the Fourier series 


A844) =) Bure, (2912) 


where the sum runs over the vectors of the reciprocal lattice and 


BulQ)= Tf dce uy ua(). 0943) 
Using this representation in Equation 29.11 we obtain 
(nn) = RY Byc(QB-K'+Q). (2914) 


‘The Bloch-wave-vectors k and k’ are inside the first Brillouin 
zone and, therefore, the only possibility to reach the singularity 
point of the 8-function is when Q = 0 leading to (1, k)y(sk’) = 
(2n)°B,,,(0)8(k-k’). Taking into account Equation 296 we 
arrive at 


(nuk{n’,k) = 8, 5(k-k’). (29:15) 


Such introduced functions 7.8) provide a general back- 
ground and are used in different contexts in solid-state phys 
ies (Luttinger and Kohn 1955, Johnson and Hui 1993). In what 
follows we limit ourselves to the case k, = 0 and will omit the 
index corresponding to the Bloch-wave-vector, simplifying 
notations. 

In terms of the functions 7, (x) the electron field operator is 
presented as 
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vic = Dy fabri cots, 


Substituting this representation into Equation 29.1, adopting the 
‘Coulomb gauge for the vector potential, V-A(x) =0, taking into 
account Equation 29.4 and using the same trick as for Equation 
2915 we obtain 
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where A:(q)= (2m) [dx A*(x)e"*. The parameters of great 
importance introduced in Equation 29.17 are the matrix ele- 
‘ments of the momentum operator between different bands 


ih 


Pow (2918) 


B fuse u0), 
which are responsible for the interband coupling and ate the 
main parameters quantifying the strength of the light-matter 
interaction 

‘The first term in the rhs, of Equation 29.17 describes the 
dynamics ofthe semiconductor excitations and the second term 
accounts forthe interaction withthe external fed. The specific 
feature ofthe “eigen-part” of the Hamiltonian (that isthe part 
which is independent of the externa field) is that tis not diago- 
nal with respect to bands. The reason for thisis the special status 
given to the states corresponding to k= ky = 0. hese states do 
not exhaust the eigenstates ofthe semiconductor and, therefore, 
the effective coupling between different bands should not be 
surprising. This coupling, however, is proportional to k. Thus, 
ifthe relevant excitations are relatively weak and smooth, then 
the main contribution into the semiconductor dynamics would 
come from small kand we an teat the respective band coupling 
asa perturbation. As the frst step we could just drop this term 
This, however, gives obviously wrong results for the dynam- 
ics near the extreme points of the bands. Indeed, the resulting 
Hamiltonian would predict that the mass of the excitations in 
the conductance band is the mass of eleczon in empty space and 
that the energy of states in the valence band increases with k. 
Both of these predictions contradict the experiment. Thus it i 
necessary to develop a consistent procedure that allows taking 
the band coupling into account, similarly to the perturbation 
theory in quantum mechanics. Unfortunately a straightforward 
implementation ofthis approach is significantly complicated by 
the complexity of the semiconductor band structure. It poses 
not principal, but technical dificulties, the resolution of which 
requires developing a special approach employing the symme- 
try properties ofthe semiconductor lattice. These questions are 
beyond the scope ofthe present consideration (see, eg, Chapter 
IL in Bir and Pikus (1974), therefore we limit ourselves to a 
semiqualitative analysis, which lealy illustrates the main ideas 
and can be readily adopted fora particular situation, for exam: 
ple for studying the effect of the static magnetic field and so on 

In order to eliminate the off-diagonal elements ofthe eigen 
part of the Hamiltonian we perform a unitary Scheieffer-Wollf 
transformation T= 6 


bux =D feavntitimadens 


> festmait" inte, 
7 (2919) 
such that the eigen-part of the transformed Hamiltonian 


Fae =T" HT is approximately diagonal. In Bir and Pikus 
(1974) a general procedure is discussed, which allows developing 
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the respective perturbation theory up to any order. Here, how- 
ever, we restrict ourselves to the first relevant order, as it is usu 
ally done in the k- p-approximation. In terms of the “generator” 
S the transformed Hamiltonian is written as 


1 
ra + [Hyatr SI + 511 Pa 
+1 Haw SI+ 3%. 


Sl+- (2920) 


where [4,B|=AB—BA denotes the usual matrix commu- 
fator. We want to treat different contributions on the dif- 
basis and therefore we present the Hamiltonian 

‘Hot Hy + Hy where Hy stands for the diagonal part of 
the first term in the rh.s. of Equation 29.17, 4, isthe k-p part and 
‘HL, is the term related to the external field. Using this presentation 
in Equation 29.20 we obtain 


A 


fo + Hy + Hy + [HS] +My S]+1 AS} 


1 1 1 
+ Pll S1S1+ 510 5151+ 511%ShS1+~ 29.21) 


Since the k- p-coupling between the bands is small, the transfor- 
‘mation diagonalizing the Hamiltonian is close to identical and, 
hence, the generator S is in some sense small -k-p. ‘Therefore, 
in the lowest order no contributions come from the terms not 
shown in Equation 29.21 and, moreover, we need to drop the 
term |[7S1,SI 

‘We choose Sin such a way that the off-diagonal part of My is 
canceled in the leading order of k--p. Or, since the diagonal part 
of Py is 0, we find such $ that 

Hy+[MyS]=0. (29.22) 

Resolving this equation with respect to the matrix elements of 
Syields 


(nuk pK) = S(k-k’), (29.23) 


where 

Using found S for the field related terms in Equation 29.21, 
‘we will have among the others the terms of the form A(q)®q, 
‘where ® denotes the tensor product, so that in a Cartesian basis 
kg, Generally the tensor A(q) ®q is not zero Its trace 
vanishes because of the Coulomb gauge imposed on the vec- 
tor potential, but there are no other general restrictions on its 
form. Such terms, however, can still be neglected because of the 
smoothness of the external field. Indeed, because of the slow 
spatial variation of A(x) the main contribution into A(q) arises 
from small , which leads to the essential reduction of the ten: 
sor A(q) ®q comparing to the field terms contained in Pi, non- 
commuted with S in Equation 29.21. Thus, we obtain the matrix 
elements of the transformed Hamiltonian 
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It should be noted that because of the smoothness property dis- 
cussed above the field terms are symmetric with respect to the 
change kk’ 

‘The Hamiltonian with the matrix elements given by Equation 
29.24 looks quite complex and barely simpler than the initial 
Hamiltonian, In order to discuss the physical meaning of differ- 
ent contributions into Equation 29.24, we introduce the spatial 
field operators c,(x) and c/(x) according to 


Jaxcvine** (29.25) 


caged 
a Oa, 


and the tensors M,,. of effective masses 


Additionally we need to analyze the different types of interband, 
nn’, and intraband, 1 = 1, couplings induced by the external 
field. It can be seen that the main term of interest from the per- 
spective of the semiconductor nonlinear response is A(q): Py 
while all others can be neglected. Indeed, the terms «A © k 
describing the interband coupling vanish in the limit k 0, and 
thus their contribution is negligible in the region of validity of 
the k- p-approximation. In turn, the effect of the terms yield- 
ing the intraband coupling is small provided the gap A between 
the valence and the conduction bands is relatively wide. As will 
be shown below (see Equation 29.56), the strong interaction of 
light with the semiconductor occurs when the frequency of the 
electromagnetic field is tuned into the resonance with the gap, 
‘ho = A. Thus, the intraband coupling is =f(AT)*, where Tis the 
duration of the external excitation field, and even at (reasonably) 
short time scales it can be neglected. 

‘Taking into account these considerations the semiconductor 
Hamiltonian takes a compact form 
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where diy: = Piye/m. This representation clarifies the physical 
meaning of the operators c{(x). These are the field operators of 
‘quasiparticles corresponding to different bands and character 

ized by specific tensors of the effective mass. The logic of per- 

turbative treatment of the band coupling implies neglecting the 
off-diagonal elements Myy for n # n! as the respective correc- 
tion are of higher order in k-p than those kept for derivation of 
Equation 29.27. This naturally leads to the definition of the effec- 
tive masses M,, of the respective bands. The explicit expression 
for the tensors of the effective mass given by 1 = n’ elements of 
Equation 29.26 gives the correct prediction of significant reduc- 
tion of the masses compared to the electron mass in the empty 
space and even the negative sign of the mass ofthe upper valence 
bands, italso describes correctly the dependence on the width of 
the gap. However, it lacks more subtle but nevertheless impor- 
tant features, such as the mixing of heavy and light holes. 

In order to discuss these features, we inspect closely the semi 
conductor band structure (see, eg., Chapter 2 in Yu and Cardona 
(2004). Ifthe electrons were spinless, the lowest energy bands were 
the valence and conduction bands. In semiconductors with dia 
‘mond- or zine-blende structures (e.g, Ge, GaAs, InP) the valence 
band would be threefold degenerate. It turns out that under rota- 
tions which map the lattice into itself the states belonging to this 
band transform similarly to the states with the orbital momentum 
= 1, Because ofthis, the band is called’ T,. The states in the con- 
duction band transform trivially, and in group-theoretical terms 
the band is called T.. In addition to this one needs to take into 
account the twofold degeneracy of each state due to the electron 
spin. This makes the conduction band twofold and the valence 
band sixfold degenerate. Directly it does not imply divergence 
of the terms in Equations 2923 and 29.26 corresponding to the 
degenerate bands because the respective matrix elements of the 
‘momentum operator are zero. This, however, does imply cer- 
tain sensitivity of these bands to the external perturbations. The 
interaction, which takes advantage of the degeneracy, is the spin- 
orbit interaction originating from the dependence of the electron 
energy on the orientation of the spin in spatially inhomogeneous 
potential (see, eg, Chapter XII in Schiff (1949) . The spin-orbit 
interaction leads to partial lifting of the degeneracy forming the 
semiconductor band structure schematically shown in Figure 29.1 

‘Thus, in order to be able to describe the complex picture of 
the band coupling in semiconductors, we need to consider the 
tensors of the effective masses as phenomenological parameters 
and, in particular, to keep the interband tensors M,,y with #1 
‘The great simplification comes from the consideration of restric- 
tions imposed on the form of these tensors due to the lattice sym- 
metry. Since the semiconductor lattice turns into itself under 
the action of the point symmetry group so does Hamiltonian 
(29.27), For a general set of tensors of the effective masses M,, 
it might not be the case, thus the symmetry implies that these 


etly speaking, the correct formulation should sound like “the states 
transform according to ireducible representation of the point symmetry 
group ofthe lattice” Detailed and practical introduction into the group 
theory can be found in Yu and Cardona (2004) and Bir and Pikus (1974) 
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FIGURE 29.1 Effects of the spin-orbit interaction on the semicon: 
ductor band structure. The vertical lines indicate the subbands in the 
valence and conduction bands, between which the matrix elements of 
the momentum operator are not zero, together with the helicity of the 
respective transition, The convention for masses is show, 


tensors must have a special structure. This line of arguments 
was implemented and clearly explained in the series of papers by 
Luttinger and Kohn (1955, Luttinger 1956). 

Studying these restrictions shows that in the conduction band 
the tensors ofthe effective masses are decoupled from all bands 
and are trivial M,y = 1m,5,,. where 1 is the unit tensor, and 
M,. = Mg, =0. The tensors of the effective masses of the heavy 
and light holes are coupled M,,..# 0 leading to the heavy-light 
hole hybridization. Additionally, the principal values of the ten- 
sors are not equal to each other leading to the anisotropy of the 
effective masses. It should be noted, however, that the anisot- 
ropy usually is not very strong and the mixing of the heavy and 
light holes is «k* and for small k the effect of hybridization is 
also small. This supports the popular approximation of spheri- 
cal, decoupled heavy-hole and light-hole bands widely used for 
description of the semiconductor weak excitations. We also will 
use it for the qualitative discussions of some questions while 
keeping the main equations as general as possible. 

So far we considered the case of a homogeneous semicon- 
ductor. In order to complete the derivation of the effective 
Hamiltonian we need to consider the spatial variation of the 
energies of the conduction and the valence bands due to the vari- 
ation of composition and to include the terms responsible for the 
effect of the external static field and the Coulomb interaction 


between the electrons. To this end we take into consideration 
the last two terms in Hamiltonian (29.1) and substitute ¢,(x) for 
the variation of the bands edges. Generally, strong coordinate 
dependence of ¢,(x) would break the whole line of arguments, 
which allowed us to derive Equation 29.27 and to introduce the 
effective masses. It turns out, however, that as smallas 10 elemen- 
tary cells are sufficient for the approximation of effective mass 
to work. In particular, it can be safely applied for the descrip- 
tion of the semiconductor quantum dots. Thus, the assumption 
of smoothness is fulfilled for composition-induced variations 
of the band edges (quantum heterostructures (Ivchenko 2005) 
or random interface fluctuations (Langbein etal. 2004)). It also 
usually holds for the external electric field (e., in the case of 
studying the quantum-confined Stark effect (Schmitt-Rink et al 
1989) on the optical semiconductor response). This assumption 
is employed in the standard manner. Taking into account that 
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the main contribution into the dynamics comes from the small 
part of Hamiltonian (29.24), one can show the validity of the 
important relation 


x 
Gm 


Je foorttatste(2)= Bef A fooe'®*™ 0928) 


for sufficiently smooth f(x). The key element is to observe that 
if the spatial Fourier spectrum f{q) falls off fast enough, then 
B(k’ ~k + q = Q), with Q being the vector of the reciprocal lat- 
tice, reaches its singularity only when Q = 0, or, in solid-state 
theory terms that the Umklapp processes can be neglected. 
Using relation (29.28) makes the transformation to the field 
operators ¢,(x), following Equations 29.16 and 29.19, trivial 

‘The Coulomb potential V(x) is singular at the origin, there. 
fore, generally its variation over an elementary cell is not small. 
However, the effect of the motion of electrons when they are 
extremely close to each other is not significant for the problem of 
the optical response. The strongest effect of the Coulomb interac- 
tion can be expected when it leads to the formation of bound states 
(excitons). The typical distance between the particles in such states, 
significantly exceeds the lattice constants and the details of the 
behavior of the interaction potential atthe origin are not impor 
tant. Therefore, with good accuracy the Coulomb potential can be 
considered as slowly varying and one can apply relation (29.28). 

Collecting these considerations, we can write down the full 
Hamiltonian in terms of the operators c,(x) and ci(x) 
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(29.29) 


29.3 Quantum Equations of Motion 


‘The main objectof interest while studying the nonlinear response 
is the time dependence of observables such as the macroscopic 
electromagnetic field A(x)=(A(x)}. These are determined by 
the state of the whole electromagnetic field-matter system. For 
example, if the system is in the coherent regime, that is, if the 
system can be described by the vector of state |()), then 


AC 


(HAO) = (0) 


|" GitaAIUCsto)[O10)}, 
(2930) 
‘where [®(0)) is the inital state of the system and the time depen 


dence of the system state [®(t)) = U(tst)}(0))is written in terms 
of the evolution operator 


Ultsto) = Teexp] Jarre 


(29.31) 
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with 7, being the standard time-ordering operator. Here we 
have taken into account that the Hamiltonian may explicitly 
depend on time because of the presence of the external driving 
electromagnetic field 

“The same ideology works also if the intial state is a mixture 
(eg. thermal equilibrium) and therefore it should be described 
by the density matrix 60) Ifthere are no decohering processes, 
then one has 


AG) =Tr[ 6OAGO] = TH{ POU’) AGOUC:t)] HO). 
(29.32) 


Here we have explicitly spelled out the time dependence of 
the density matrix in the absence of the incoherent processes 
H(t) = Ultit,)p(e)U"(tst.). The situation, however, becomes more 
complex when the decohering processes, for example, inter- 
action with bath’s phonons, is present. This problem can be 
treated rigorously using special methods (see, e.g., Chapter 3 
in Mukamel (1995), which are beyond the scope of the pres- 
ent consideration because they are somewhat excessive for the 
problem of finding the macroscopic electromagnetic field when 
a simple introduction of a phenomenological decay of the mac- 
roscopic polarization usually suffices 
‘The typical structure 

00) =U", )OU,) (29.33) 
appearing in Equations 29.30 and 29.52 defines the Heisenberg 
representation of the field operator O. Since this representation 
plays the same role whether the initial state is coherent or not, 
itis often more convenient to study its time dependence rather 
than directly the time dependence ofthe state ofthe system or its 
density matrix. It can be easily checked that the time evolution 
of O(t) is governed by the Heisenberg equations of motion. 


a0 


in 2 -[6,n1] (29.34) 


Since the explicit time dependence of the Hamiltonian does not 
change the derivation of the main equations of motion (all oper- 
ators entering Equation 29.34 are taken at the same instant), we 
will omit the time argument in what follows. 


29.3.1 Electromagnetic Field 


We begin the general analysis of the semiconductor optical 
response from the derivation of the equations of motion of the 
electromagnetic field. The commutator in this equation is found 
using the commutation relation for the electromagnetic field in 
the Coulomb gauge (Cohen-Tannoudji etal. 1992) 
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where 
n(x) is the refractive index, which is allowed to be spatially 
inhomogeneous 
and I denote the Cartesian coordinates 
3'(x) is the transverse 5-function (Cohen-Tannoudji et al 
1992) 


[As Helmholtz’s theorem (Arfken and Weber 2005) states any 
vector field V(x) can be presented as the sum of irrotational and 
solenoidal parts, U(x) = Ujx) + Uj) with V x U(x) = 0 and 
V-U{x) =0. The convolution of the vector field with the trans. 

verse 8-function returns the value of the solenoidal component 
V(x) at the point of singularity 


Jax 64ce- x90) = Ue. (29.36) 


‘The Hamiltonian of the electromagnetic field has the standard 
form 


Ms 
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where the transverse electric and magnetic fields are defined 
in terms of the vector potential as E(x)=-aA(x)/at and 
B(x) = V x A(x). Substituting into Equation 29.34 11 = He + aus 
where Hus is given by Equation 29,29 one obtains the quantum 
equations of motion for the electromagnetic field 


a sa fervd (ex dnc 


(2). (29.38) 


‘This equation has the standard form of the inhomogeneous 
‘wave equation for the vector potential with the integral in the 
hss representing the current source. 

Writing Equation 29.38 we have taken into account that 
V-A vanishes in the Coulomb gauge used for derivation 
of Equation 2927, Since, generally, the vector field 


UH) = He dne0ka() snot necessarily solenoidal the 


presence of the transverse 6-function in the rh.s. of Equation 
DOCH is npoFtant ta enduréthat at shy indent Ace) deeniat 
violate the Coulomb gauge. Clearly, if one replaces the transverse 
8-function by the usual local) 8-function it implies effective add 
ing tothe source the irrotational component of Ula). According 
to Equation 29.36, the convolution of U(x) with the transverse 
Fy functonis fd 54(x—x’U(x') = U(x) - U(x). Equation 29.38 


is linear, therefore A(x) can be presented as a superposition of two 


components, A(x) = A(x) +A,(x), which satisfy the wave equa- 
tion of the same form as Equation 29.38, with U(x) and -U(x) 
serving as sources. Since U,(x) is irrotational it can be presented 
as.a gradient ofa scalar function U(x) = V(x). Furthermore, 
following the standard line of arguments as in electrostatics we 
obtain 
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x)= Je ’ (2939) 


‘Thus (x) has the same form as the potential created by the 


charge spatially distributed with the density ¢.V-U(x). If A(x) 
satisfies the same initial conditions as A(x) the component A(x) 
is early shown to be rotational and, hence, it does not contrib- 
ute to the outgoing radiation field but leads to a modification of 
the electron-electron interaction. This modification identically 
vanishes in many important physical situations, such as the 
excitation by the normally incident wave at a frequency tuned 
to the response with the heavy-hole excitons. While a rigorous 
study of the effect of Af) on the semiconductor dynamics is 
yet to be conducted, it can be conjectured that for the prob- 
Jems which will be studied below the respective correction of 
the electron-electzon interaction is rather small and can be 
neglected; in other words one can approximate A(x) = A(x) 
“This significantly simplifies Equation 29.38 since we can use the 
conventional 5-function instead of 6*(x-x') and perform the 
integration over x, obtaining 


Aca) = VAG) +e Ydacl(en(a. 2940) 


This equation completely describes the electromagnetic field 
driven by the semiconductor excitations. The macroscopic 
field, as has been discussed above, is found by averaging A(x) 
over the state of the combined semiconductor-feld system. 
It should be noted, however, that Equation 29.40 can also be 
used in a more general context to find higher-order moments 
of the field, fr example, single- or two-photon density matrix 


29.3.2 Semiconductor Dynamics 


‘The current, which enters the equation of motion of the electro- 
magnetic field as a source, is determined by the operator of the 
interband polarization c{(x;)cy(&,) taken at the diagonal x, = x, 
Its time evolution is governed by the Heisenberg equation of 
motion (29.34). The electron operators obey the canonical anti 
commutation relation, 


{elem} } = MB eB, 2), (9.41) 


where {A, B} = AB + BA. The commutator [¢}(x,)en(x.).1 ] is 
expressed in terms of the anticommutators using the relation, 
which holds for any four operators 


[AB,CD] = A(B,C}D -[A,C)BD + CA(B,D}—CIA,D}B._ (29.42) 
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Substituting P= He + Ma we obtain 
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X JOE (uC) (29.43) 
‘where indices at V's denote the number of the spatial variables 
they act on. The form of Equation 29.43 shows why it is not 
enough to consider directly the time dependence of the operator 
cf{a)eq(x,) at the diagonal x, =.x,. Because of the presence of the 
spatial derivatives the rate of change ofthe operator at the diago- 
nalis determined by the value the operator takes atthe neighbor- 
ing points requiring, thereby, studying the general case x, 4X, 
Equation 29.43 is presented in a general form unifying the 
conduction and the valence bands. This makes a constructive 
analysis difficult because the excitations belonging to different 
bands have distinctively different properties, for example, the 
‘mass of excitations in the conduction band (electrons) is posi- 
tive while in the valence band (holes) it is negative. In order to 
account for these differences it is convenient to introduce spe- 
cial field operators for holes. It is done following the simple 
rrule—creation of an electron in the valence band corresponds 
to annihilation of a hole and vice versa. As has been discussed 
above, different subbands in the valence and the conduction 
bands are enumerated by the projection of the angular momen- 
‘tum (j=1/2 and j=3/2 for the conduction and the valence bands, 
respectively). Thus, we introduce the hole operators according to 
464) =¢, 9) and v,(4) =} (x). For the electrons in the conduc: 
tion band we leave the same notation but will keep only the index 
corresponding to the spin of the electron so that c{(x) = c] (x). 
Rewriting Equation 29.43 in terms of the electron and hole 
operators is straightforward but is not free from the formal dif- 
ficulties related to the fact that the holes exist on the background 
ofallelectrons filling the valence band. In a sense, in order to cre- 
ate a hole, one first needs to fill completely the valence band and 
then remove one electron. This naturally leads to divergences of 
the Coulomb energy. In order to demonstrate one kind of diver- 
gence let us consider the Coulomb term, which appears at the 
hss. of Equation 29.43 for n= {c, ,}, m= {c, sand j= {v, 6} 


a (x) fer[Vex, =X) =V(xq, = 2) Woe} Oe, 045). 29.44) 


If one tries to rewrite this expression in the normal form, that is, 
with ll the creation operators collected on the lef, one getsan addi- 
tional term =[v,(&’), Usee)} = d(x’ x’), which is infinite if not 
meaningless. There are different ways to work around this diver- 
igence. One of them is to consider Equation 29.44 as a continuous 
limit of the respective model formulated in a discrete space, where 
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the field operators taken at different cells of the space anticommute 
to Kronecker’ 8 so that {,., 4.7} = NBs» with some constant 
[his gives forthe term proportional othe anticommutator 


Satur Vor 


‘Truncating the Coulomb potential V, at infinity we see that this 
term vanishes regardless of the parameters ofthe truncation and 
the discretization. Thus, we can conclude that these divergencies 
do not contribute to the equations of motion 

‘A more different obstacle is the divergent band-gap renor- 
malization, which enters the equations of motion in the form 
6, + ¥(0). This divergence is of the same origin as the pre- 
vious one but it cannot be discarded as easily. The reason is 
that we have introduced the band edges as the solutions of a 
single-electron problem, while the hole sees the band edges in 
the presence of all the electrons filling the valence band minus 
one. Therefore, the renormalization is a real physical effect. We 
incorporate it in the theory in a similar way as the elementary. 
charge renormalization is dealt with in quantum field theory. 
We will consider from now on that the hole energy offset €,() 
in the equations of motion is the genuine one. This can be done 
because the actual band gap between the conduction and valence 
bands is directly observable (see, ¢.g., Equation 29.56). 

‘Taking into account these considerations we obtain 


(29.45) 
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where 
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Equations 29.40 and 29.46 describe the coupled dynamics of 
the electromagnetic field and the semiconductor excitations in 
the endless variety of physical situations. They can be used for 
studying the modification of the radiative decay of the sem 
conductor excitations in photonic crystals Sakoda 2005) or the 
speckle pattern caused by electron scattering on surface inho- 
mogeneties of quantum wells and so on. In what folloves we wil 
be mostly interested inthe effect of the many-body correlations 
‘on the nonlinear optical response and, therefore, we make the 
proper simplifications of the problem. We assume that the life 
time ofa photon in the structure isnot too long so that the polari- 
tons, which are the coupled states of the photons and the 
semiconductor excitations, are not formed. In this case one can 
neglect the reabsorption of the photons emitted in the course 
ofthe radiative decay. This significantly simplifies the analysis of 
Equations 29.40 and 29.46 because nov we can consider A(x) 
in Equation 29.46 asthe external classical excitation field, solve 
Equation 29.46 for cix,)c,(&,), and then find the field produced 
by the semiconductor excitation using Equation 29.40 


29.3.3 Rotating Wave Approximation 


‘The interaction of light with the semiconductor has a strong 
resonant character when the frequency of the excitation field, 
Q, sweeps the vicinity of the gap, hi ~ A. In order to see how 
the resonances show up in the equations of motion we consider 
Equations 29.46 in the linear approximation when we need 
only the equation with respect to the operator of the interband 
polarization 
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where the operator i, is defined as 


is, 


(61) ~ €a(2) — Vai 32) — 


We have also neglected the heavy-hole-light-hole mixing set- 
ting My, = ByjeM,. This does not make principle changes in the 
character of the following consideration, but greatly simplifies 
the notation. i 
Next weemploy the spectral representation of the operator, 


fens) =) 69 a) f td 0x) flax, 
x (29.50) 
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where the formal summation over implies summing over the 
discrete part and integrating over the continuous part of the 
spectrum of the operator ig and B, and 64x) are, respec: 
tively the eigenvalues and the elgenfanctionsi.., = Eyty. The 
operator , is (ormally self adjoint and, hence its eigenvalues 
arereal and th eigenfunctions forma complete orthonormal set 

Using Equation 29.50 in Equation 2948 and convolutin both 
sides of Equation 29.48 with 0; we obtain the ordinary ifferen- 
tal equation 


~n db (= BA O+ AW, e951) 
where we have introduced 
BY o= fasrdxsoy(xoubta)elos) 09.52) 
and 
At) Jo.c02)A00, 1): ds, (29.53) 


‘The solution of Equation 29.51 is written as the sum of the gen- 
eral solution of the homogeneous equation (with A, (®)=0) and 
the partial solution of inhomogeneous 


BNO = Bie “ag fare OMA). (29.54) 


‘he first term is determined by the initial value of the opera 
tors v{(x,)cJ(x,) or, according to the definition of the Heisenberg 
representation (see Equation 29.33), by their bare values. If, for 
example, initially the semiconductor is in the vacuum state 
(empty conduction band and filled valence band) the average 
value of the first term vanishes (see Equation 29.30) and, hence, 
itdoes not contribute to the average interband polarization and, 
accordingly, to the macroscopic electromagnetic field, which, as 
follows from Equation 29.40, is driven by (v!(x)c! (x) 

In order to discuss the effect of the external field, we first 
assume that the external field changes harmonically with time 


A(t) = 


(x, Q)e + AY (x, Qe, (2958) 


which yields 


P00 fo) = Ane tA 


(29.56) 


where A¥!?(Q) and A¥!)(Q) are found using in Equation 29.53 
A(x, Q) and A*(x, 0), respectively. If Q=E,/h, then at the time 
scale (+ E,/h)* < t-«|92— E, (hil the second term in Equation 
2956 increases linearly with time reflecting the resonant 
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semiconductor response and eventually prevails over the first 
term, so that one can neglect the nonresonant contribution. 
‘This constitutes the rotating wave approximation widely used in 
studying the semiconductor optical response. For estimates we 
note that the smallest value E, is determined by the width of 
the gap, A = €, ~ €,, minus binding energy of a possible bound 
state, The value of the binding energy cannot be expected to be 
significant compared to A and thus we can take E, = A. In GaAs 
A= L5eV yielding the characteristic time scale 


Ty =hniA = 1fs (2957) 
‘Thus, ifthe excitation field is approximately tuned into the reso: 
nance with the semiconductor gap and the duration of the exci- 
tation pulse significantly exceeds 1 fs, one can use the resonant 
approximation and neglect the nonresonant contribution. The 
reverse, however, should also be mentioned. The experiments 
‘with pulses with duration of few femtoseconds are readily avail- 
able now and one should be careful in applying the resonant 
approximation for the description of such experiments, 

Next we consider a more general case wherein the external 
field changes harmonically with slowly varying amplitude, for 
example, when the excitation field is a pulse of finite duration 
much longer than T,, so that the temporal Fourier transform 
is localized in a vicinity of A with both detuning | — A/h| and 
the width ofthe distribution much smaller than A. Obviously, in 
this case we can again separate the resonant and nonresonant 
contributions. Indeed, this is true for each major harmonic and, 
hence, for the whole excitation pulse. 

‘This motivates taking advantage of the resonance condition 
cn the level of the equations of motion. This can be easily done. 
Let the external field be of the form 


Alxt)= Agia +e, 


(29.58) 


where Ag(x, 1) isa function slowly changing with time. Following 
Equation 29.54, we use in Equation 29.46 the ansatz 


Velx) eM VGO0, 6:00) eMC (x). (29.59) 


‘After canceling the factor ein the equation with respect to the 
‘operator of the interband polarization there will be two type 
of terms explicitly depending on time in the r.h.s. of Equation 
29.46. The terms of the first type oscillate much faster than any 
typical time scale for the operators defined in Equation 29.59 and 
their contribution is small on the time scale f > T,. Neglecting 
such terms corresponds to the rotating wave approximation and 
defining the operators according to Equation 29.59 is called the 
transition to the rotating frame. 

We do not provide the form of the semiconductor equa: 
tions of motion in the rotating frame but we would like to 
note that the width of the gap between the conduction and the 
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valence bands in the equation for the operator of the interband 
polarization is renormalized by the frequency of the external 
field e,~€, > €,  €, ~ fiQ. These equations can be derived as 
the Heisenberg equations of motion from the Hamiltonian 
WH Hoo + Ho, where His the electron-hole Hamiltonian 
written in the rotating frame 
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and #1, is the Hamiltonian of interaction with the electromag- 
netic field in the rotating approximation 


Ham Y festa (st) la!) + ALO ,6(4)¥9(9 


(2961) 


where Ag(x,t) is the amplitude slowly changing with time 
It is worth noting that Hamiltonian (29,60) reflects that holes 
and electrons have opposite charges—the Coulomb interaction 
between electrons and between holes increases the energy and, 
hence, leads to repulsion while the Coulomb interaction between 
the electrons and holes decreases the energy and corresponds to 
attraction. 

While we derived Equation 2961, taking into account only 
external classical excitation field, it canbe generalized to describe 
the interaction of the semiconductor with the quantized electro- 
‘magnetic field in the rotating wave approximation. For this one 
should represent A(x) in terms of the photon creation and anni- 
hilation operators and use in Equation 29.61 instead of Ag(x,1) 
the part containing only the annihilation operators and instead 
of Aj(x,t) the part with the photon creation operators. ‘This 
illustrates an evident but important feature of the light-semi- 
conductor interaction. The process of absorption of a photon is 
accompanied with the creation of the electron-hole pair and the 
emission results in destruction of a pair, so that the operator of 
the difference between the total numbers of the electrons and 
holes isa constant of motion 
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29.4 Perturbation Theory: Four-Wave 
Mixing Response 


‘The best understood way of analyzing the semiconductor non: 
linear response is the perturbation theory with respect to the 
external excitation field because it allows for a general model 
independent formulation. For example, in Ostreich et al. (1998) 
the powerful formalism of Hubbard operators is used, which, 
as has been demonstrated in Ostreich (2001), allows a relatively 
straightforward extension to higher orders. Here we choose 
a more traditional approach developed in the standard T= 
‘quantum field theory. The derivation of the main equations, 
however, significantly benefits from the idea of describing the 
semiconductor excitations in terms of genuine eigenstates bor- 
rowed from Ostreich et al. (1998) 

We limit our consideration to the case when there is no 
external static field, ie., U,,(x) = 0, and the spatial variations 
of the band edges correspond to a single quantum well grown 
along z direction, €,(x) = €, + Ae,(2). As has been discussed 
above the states reached in the course of the resonance exci- 
tation of the semiconductor are characterized by the definite 
‘numbers of the electron-hole pairs. The simplest states contain 
cone such pair and can be created by acting on vacuum with the 
operator 


i= > Jonny (x, 22) 0}, (ele), (2963) 


‘where the index jt enumerates different states of the single elec 
tron-hole pair. The function 4,(,) is chosen in such a way 
that the state |p) = By 0) is the eigenstate of the semiconductor 
Hamiltonian without the excitation field 


He |H)= Ey IH). (29.64) 
Substituting Equations 29.60 and 29.63 into this equation, we 
find that ¢,(x,,x,) satisfies the differential equation, which has 
the familiar structure (compare with Equation 29.48) 


EO, (1X2) =| €, (83) ~€,, (8) HQ 


1) [4(400%2). 


(29.65) 


‘This equation has the meaning of the stationary Schrodinger 
equation for two particles with opposite charges (the hole at 
point x, and the electron at the point x,) moving in potentials 
€9,(%:) and €, (x). Thus, $,(%,%,) has the physical meaning of 
the electron-hole wave function corresponding to the particular 
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stationary state. For a general form of potentials €,,(x,) and 
«,(x,). Equation 29.65 cannot be solved exactly and different 
approximate methods are developed for investigating the spe- 
cific features of the solutions. We discuss the general properties 
of solutions of Equation 29.65 adopting the 6 functional approx- 
imation for the quantum well. In the framework of this approxi- 
mation, the support of electron-hole wave function, that is, the 
region where the function is not identically zero along z direc 
tion is assumed to be limited by the position of the quantum well 
Additionally, we neglect the off-diagonal interband elementsand 
the anisotropy of the tensor of the holes effective mass, so we use 
Meo, = 189:2,Me,, where 1 is the unit tensor. This corresponds 
to neglecting the heavy-hole-light-hole mixing, which is valid if 
the hole momentum in plane of the quantum well isnot too high 
(Zu and Huang 1987). Under these approximations Equation 
29,65 turns into the well-studied (and yet nontrivial (Parfitt and 
Portnoi 2002}) problem of the two-dimensional hydrogen atom. 

‘The spectrum consists of the discrete and the continuous 
part. The discrete part corresponds to the bound electron-hole 
states, which are called excitons. Often this term is reserved for 
the bound states, however, often itis convenient to treat bound 
and unbound states on the equal ground and, therefore, the 
term “exciton” is also used as the short synonym of “electron- 
hole pair” regardless whether they are bound or not. From the 
perspective of Equation 29.64 operators B} with the respective 
kernels 6,(x,,x,) acting on vacuum create the exciton and thus 
BL have the meaning of the exciton creation operators. 

Because ofthe translational invariance of the rhs. of Equation 
20,65 in the plane of the quantum well, the wave function admits 
the presentation 


(29.66) 


=x), 


where 
K, is the momentum 
R= (Mg, x; +1.X:)/(Mg, +m.)is the position of the center of 
‘mass of the pair 


Similarly to the three-dimensional case, the eigenstates of the 
two-dimensional hydrogen atom are enumerated by the main 
quantum number n and the angular momentum &, Thus, in this 
case, the index jl in Equation 29.63 combines all the quantum 
numbers characterizing the specific exciton state Ut = {Ky 5,» js 
‘ny, €,): The important property of the eigenstates of the two 
dimensional hydrogen atom is that the wave function corre- 
sponding to the states with & # 0 vanishes at x, = x,. Thus, as 
follows from Equation 29.1, these states do not contribute to the 
coupling with the electromagnetic field. Among the states with 

© the most important one is the state with the lowest energy, 
‘whose wave function has the form 


4 = Fee i 


(2967) 
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where the Bobr radius of the two-dimensional exciton is gi 
by 1, =€,/2m,e* (notice that itis two times smaller than in 
three dimensions) with m,, being the electron-hole-reduced 
mass, Ung, = 1m, +1/Mg,. 

Using solutions of Equation 29.65 we can incorporate the 
single-pair states into the theory. The full set of solutions is 
complete 


B(x, =x/)8(2 - x3), 


Serer, c6a9 (29.68) 


‘where summation over 1 implies summation over the discrete 
quantum numbers (eg, @ and 1 for hydrogen-like bound exci- 
tons) and integration over continuous ones (such as the center 
‘of mass momentum K,). Relation (29.68) allows us to express 
any electron-hole operator in terms of the exciton operators, for 
example 


vadely= Yo ofexyya! (29.69) 


and represent in terms of the exciton operators the Hamiltonian 
ofthe interaction of the semiconductor, Equation 2961, with the 
electromagnetic field 


Hoc= SlAnOB, + A,B!) (2970) 


where 


Ae 


J de Aa (Xt)-d, 9,07 (03). ean) 
‘The similarity between Equations 29,63 and 29.71 and Equations 
29,52 and 29.53 is not accidental. If we act by the frst equation 
in Equations 29.46 on vacuum |0) in the case of absent external 
field, we obtain the nonstationary Schrddinger equation for a 
single-pair state, so the operator L,., defined in Equation 29.49 
has the meaning of the single-pair Hamiltonian. The spectral 
representation of L., allows projecting on the eigenstates of the 
single-pair Hamiltonian, which are analogous tothe projections 
‘on the genuine single-particle states defined by Equations 29.63 
and 2971, This demonstrates that the procedure shown above 
can be generalized to go beyond the adopted approximations. 

‘The interaction Hamiltonian H.. is considered as a per 
turbation and the theory is then built following the standard 
lines. First we account for the nonperturbed dynamics exactly 
introducing 


[ow |o@), (29.72) 
‘so that if there is no perturbation, then |(f)) does not change 


with time. Using the fact that the system state satisfies the 
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equation if | (1) / 
is governed by 


‘Hj, we find that the time evolution 


HclO|O(), (29.73) 


where 


(29.74) 


Haglter"esis 


‘The solution of Equation 29.73 is written in terms ofthe §-matrix 


[oo)=se@joo), (29.75) 
where 
sot D (EY fo J titted Malt 


(29:76) 


Often this expansion is presented in the compact form 
S(t) = Texp ih fa, (t)} sian to Equation 29.1; we, 
however, will need in what follows the explicit form of expansion 
(29.76). 

‘Next, we express the observables 


Olt) = (O)= (O(t) |G] @)} = (H()| "Ge" (0) 
09277) 


and notice that in this equation and in Equation 29.74 appears 
the same structure 


Ot=e™""Gemen, (29.78) 


which is called the interaction representation of the operator O. 
‘Taking into account Equation 29.75 we obtain 


0) = (S"(O—S(9),, (29.79) 
where (,..), = ((0)|...,©(0)). Finally, the perturbation series is 
obtained substituting expansion (29.76) into Equation 29.79. The 
order of the perturbation is determined by the highest order of, 
‘(t) kept in the resulting expression. 

‘We illustrate the perturbation theory in action finding the 
macroscopic exciton polarization, P, = (8,)or 


SBS). (29.80) 


Let the initial state of the system be vacuum [¢b(0)) = |0). Below 
we will consider only such initial state, therefore, in order to 


Values 


weighted toward green at a wavelength of 555 
nanometers. Red and violet are considered to 
have low luminous flux, while infrared and ultra- 
violet have a zero value. 


When considering a value expressed in lumens, 
remember: 


+ Lumens are a measure of the total radiated 
power output of a light source, in all direc- 
tions, in the visible spectrum only, weighted 
toward the characteristics of the human eye, 

+ The numberof lumens ofa light source does 
not define the direction in which the light is 
shining, or its uniformity. 

+ The abbreviation for lumen is Im. 


‘A conventional incandescent lamp that con- 
sumes 100W of electricity is likely to havea light 
output of about 1,500lumens. A 40W fluorescent 
tube can have a light output of about 2,600 
lumens. 


illuminance 

The illuminance ofa light source is defined as the 
luminous flux per unit of area, This can be 
thought of as the brightness of a surface illumi- 
nated by the source. 


Illuminance is measured in /ux, where 1 lux 
lumen per square meter. For accurate calibrat 


n, 
the illuminated surface should be spherical in 
shape, and must be located 1 meter from the 
light source, with the source at the geometrical 
center of the sphere. 


Illuminance used to be measured in foot- 
candles, where 1 foot-candle was 1 lumen per 
square foot. 


+ Thenumberoflumens persquare meter (lux) 
does not define the size of the illuminated 
area, only the brightness per unit of area. 

+ Alamp that has a tightly focused beam can 
achieve a high lux rating. When selecting a 
lamp for an application, the angle of disper- 


light source, indicator, or display 


ce> ineandescent lamp 


single so 


sion of the beam must be considered in con- 
junction with its lux rating. 


Intensity 
‘A candela measures the luminous flux within an 
angle of dispersion, The angle is three- 
dimensional, and can be imagined as the sharp- 
ness of a point of a cone, where the light source 
is at the point and the cone represents the di 
persion of light. 


The three-dimensional angle of dispersion Is 
measured in steradians. If light source is at the 
center of a sphere that has a radius of 1 meter, 
and is illuminating one square meter of the sur- 
face of the sphere, the angle of dispersion is 1 
steradian, 


+ A source of 1 lumen which projects all its 
light through a dispersion angle of 1 stera- 
dian is rated at 1 candela, 

+ The number of candelas does not define the 
angle of dispersion, only the intensity within 
that angle. 

+ Alight source rated for 1,000 candelas could 
have a power of 10 lumens concentrated 
within an angle of 0.01 steradians, or could 
have a power of only 1 lumen concentrated 
within an angle of 0.001 steradians. 

+ There are 1,000 millicandelas in 1 candela, 
The abbreviation for candela is cd while the 
abbreviation for a millicandela is mcd. 

+ LEDsare often rated in mcd. The number de- 
scribes the intensity of light within its angle 
of dispersion. 


MSCP 

Although the term candlepoweris obsolete, ithas 
been redefined as being equal to 1 candela, 
‘Mean spherical candlepower (MSCP) is a meas- 
urement of all the light emitted from a lamp in 
all directions. Because the light is assumed to be 
omnidirectional, it fils 4 * m (about 12.57) stera- 
dians, Therefore 1 MSCP = approximately 12.57 
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shorten notations we will omit the index 0 and write averages 
‘over vacuum simply ..). Since the semiconductor Hamiltonian 
‘Ho preserves both the number of electrons in the conduction 
band and the number of holes in the valence band, the exciton 
‘operator in the interaction representation acts in a similar way 
as in the Schrédinger or Heisenberg representations, namely, 
B}(t) creates and B,(t) destroys an electron-hole pair, respec- 
tively. Hence, the terms in the expansion ofthe rhs. of Equation 
29,80, which give nonzero contribution, must have balanced 
rhumbers ofthe exciton creation and annihilation operators. In 
particular, one can easily check that there are no contributions 
of even orders (zeroth, second, and so on). 

‘There s only one term in the first order 


Pea)= “af {B.(B4(e)) Ale) 


en re 
res Ay(t)s (9.81) 


where in the second equality we have taken into account 
Equation 29.64 and the fact that B,B} 0) = 6, ,|0), which follows 
from the commutation relation forthe exciton operators 


(29:82) 


where 


Jetx dy tty 0 ¥ 850% V4, 4,08 -¥.. 5 


tel (y2e,,(V}8R-X'23,, 0, 1 (29.83) 


‘These operators describe the deviation of excitons from bosons. 
It should be noted, however, that the deviation depends on the 
number of the electrons and holes. Thus, in the limit of weak 
excitations, the excitons can be approximately considered as 
bosons. However, as the population of the valence and conduc- 
tion bands increases, one has to take into account the full form 
of the commutation relation. 
Differentiating Equation 29.81 with respect to time we find 


nd nrn= EPPO +Ault. (29.84) 


‘Comparing this with Equation 29.51 we can see that Equation 
29.84 is nothing else but the exciton polarization of the linear 
response. This shows that the perturbation theory built with the 
help of the interaction representation correctly accounts for the 
nonperturbed dynamics of the semiconductor. With this regard 
it should be noted that this presents a convenient opportunity 
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to account for the incoherent processes, which take place in real 
systems. As has been noted before a rigorous introduction of 
the decoherence requires developing a complex technique. For 
many purposes, however, it suffices to introduce the imaginary 
part of the single-exciton energies, E, > E, ~ ily 

Before we move further, we would like to discuss some basic 
features of the amplitudes 4, (t). Substituting Equation 29.66 
within Equation 29.71, we obtain 


m AnGiN-der (2985) 


Gof ace" 
where the integration is taken over the plane of the quantum 
well, Thus if the excitation feld has the form of a plain wave 
‘Aq(x) exp(iK-x), then A, «8(K)—K,), that is, the plane 
wave only excites the exciton states with the same center of mass 
‘momentum as the projection of K on the plane of the quantum 
well, Kj. Moreover, as follows from Equation 29.40 the same in- 
plane momentum will be passed to the outgoing electromag- 
netic field. Such conservation ofthe in-plane momentum is not 
a specific feature of the linear response. If the excitation field 
is a plane wave, the translations Ax in the plane of the quan- 
tum well lead to the amplitudes Ag(x) acquiring a phase factor, 
Ag(x + Ax) = exp(iKj-Ax)Ag(x); in other words, the excitation 
field possesses the translational symmetry. If this isthe case, 
then, as can be easily checked, the full system ofthe equations 
of motion, Equations 28.46, is also translationally invariant 
(amore precisely t has the same translational symmetry as the 
external field) with the following transformation rales for the 
solutions 


VG, + Axe] (x, +Ax) = v4Cx Jee, 


6) + Ax}e, 0 + Ax) = €) (4,)6,(0), (29.86) 


Vi, (2 +X) 1 + AK) = V5, (4:)V9 6X). 


Thisalso results in the transfer of the incoming in-plane momen- 
tum to the outgoing wave. 

The picture becomes more complex if the external field is 
a superposition of two-plane waves Ag(x)=Ayexp(iK®-x) + 
A.exp(iK®-x) with noncollinear in-plane components of 
the momenta, K}? # aKj? for any number a. In this case, the 
external field is invariant with respect to infinitesimal transla- 
tions in the direction perpendicular to AK = Kj? —aK}?, while 
in the direction along AK it is invariant only with respect to 
finite shifts AR = 2R/AK. For the polarization of linear response 
it brings nothing new, as one could expect only the exciton 
polarizations with the center of mass momenta K;! and K?” are 
produced. However, this is not necessarily the case for the non- 
linear system of equations. Generally, itis invariant only with 
respect to finite translations. As we know from the basic theory 
of crystals whenever one has such symmetry, the momentum 
conserves only up to the vectors of the reciprocal lattice, which 
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in our case are mAK with integer m. Thus, in addition to the in 
tial momenta presented in the excitation field, one might expect 
to see additional momenta appearing in the nonlinear response. 
“his is, indeed, the case and the exciton polarizations corre- 
sponding to the “new” momenta are called the polarizations of 
‘multiwave mixing response for reasons which will become evi- 
dent later. 

In order to see the multiwave mixing response one needs to 
consider next orders of the perturbation theory, In the third 
‘order we have four terms, which we show schematically as 


pe) ~(B,BB'B'\+(B,B'BB'\+ (BB'B, B+ (BB,B'BY 
(29.87) 


‘The operators that appear to the right from B, originate from the 
expansion of S(t) in Equation 29.80, and those to the left from B,, 
‘come from S'(1). After some algebra we obtain 


2 maeonenrgnre 


Hit (Boab ) An ORL" ORO 


4D PO fdt (da ner BY A, PE, 


(29.88) 


where we have introduced the operator 


[a[&es]} 


which appears in calculations as (0[B!B{(4..1- Ey —B,)= 
(0[B.». In terms of the electron and hole operators B,,, is 
swritten as 


Day 


(29.89) 


2) 


Bay = fat cd. ony WC ary NV ay x 


Xe Yi)Voy(}en (Ye )Woe(s)> (29.90) 
where Voxy ys Xa ¥s) = Vee — x.) + Vii — ya) — Vu - ¥2) - 
V(x, ~y,) is the energy of the Coulomb interaction between two 
excitons. 

‘We rewrite the last term in Equation 29.88 in order to express 
it solely in terms of the polarizations of the linear response. For 
this we notice that for a symmetric matrix G., = G,,, one has 


in egstgnen 2 
Thee Pl 


= Le. 
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Using this relation for the terms under the time integral in 
Equation 29.88 (the symmetry is ensured by (B}, Bt] = 0) and 
integrating by part we obtain 


2 ping = {Fx 2 
2p o'er, jn wid 


i SACP OREO, 
ot 


FDP" of BgAronro 


1 eg error rpm @rypne’ 
+5] e BE =P RC, 
(2992) 


where we have introduced the incoherent decay into the 
integral term assuming that the decay of the pair of exci- 
tons is not affected by the interaction between them. We also 
have introduced CP" =(B,C.»Bt), BES =(DiyBLBt}, and. 
Big) = (Buse), 

‘The term eC in Equation 29.92 accounts for the effect of 
Pauli blocking of electrons. The parameters B"" and the memory. 
function i;(t) describe the effect of the exciton-exciton cor- 
relations. It should be emphasized that since we have taken into 
account exactly the dynamics of the semiconductor nonper- 
turbed by the external field these parameters exactly account for 
the Coulomb interaction between the excitons, More complex 
many-body states, for example, triples of excitons will contribute 
only to the higher orders of the perturbation theory. 

‘The important feature of C7", BS, and FY" is that all of them 
are proportional to 8(K,,+ K, - K, - K,). The proof consists 
of two steps. First, we notice that after we expand the defini- 
tions of the operators entering the respective mean values, we 
will have at hand the vacuum averages of a set of the electrons 
and holes creation and annihilation operators taken at different 
coordinates multiplied by some scalar functions. The vacuum 
averages, however, do not change if we uniformly shift in the 
plane of the quantum wel all the coordinates ofthe creation and 
annihilation operators, Indeed, when we transform the operator 
uunder-averaging to the normal form, that is, with all creation 
operators collected on the let side we perform transpositions 
of neighboring operators, which are functions of, say, x, and 
Xp taking into account their anticommutation relations. This 
results at most in the appearance of (x, - x,); thus, the vacuum 
average can depend only on the differences between different 
coordinates and, therefore, it does not change after the uniform 
translation. 

Next, we notice thatthe scalar functions, which are obtained 
after the expansion of all definitions, acquite the phase factor 
only due to the translational properties of the exciton wave 
functions (see Equation 29.66), all other functions including © 
and the Coulomb potential in the Hamiltonian 2... are trans- 
Jationally invariant, so eventually we end up with an integral of 
the form 
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1K,...Ky fos sf = is x): 
(2993) 
here ft: + AX, X4-+ AR) = fis. 34). We want to show that 
HK, .K,) « 8(K, + ~- + K,).To this end we present th inte 


gral in Equation 29.93 as 


1K,, 2K.) Jace" fats seal DX -} 


X MOF x x: FMM), 


(29:94) 


using the translational invariance of the function fix, .... x,) 
and change the variables of integration in the multiple integral. 
‘This yields 


1K, = Josoo[ Ss xfs sea Sx “) 


XflO%2.- Xs) (2995) 
‘The multiple integral does not depend on x,, so we can perform 
integration over x, obtaining I(K,, ....K,) = 8(K, + -- + K,). 

‘Thus, we prove that P.° = 6(K, + Ki —K, — K,). Because 
four momenta have to add up to zero in order to have nonvanish- 
ing P, this type of response is called four-wave mixing response 
(see Figure 29.2). The possible values that K, can takeare obtained 
looking at different combinations of the momenta of the polar- 
izations of the linear response, which are determined by the 
‘momenta ofthe incomingexcitation, K}” and K. We can see that 
in addition to K{? and K/? we also have 2K? ~K{? = Kj? + AK 
and K'" —AK in agreement with expected conservation of the 
‘momentum only up to multiples of AK. 

It is important that the response in the four-wave mixing 
direction is created only owing to the many-body correlations 
in the semiconductor. As a result, the signal in the respective 
directions is not blurred by the nonabsorbed excitation field and 
the linear response. Therefore, four-wave mixing spectroscopy 
is a popular tool for experimentally studying the many-body 
properties of solids. Higher order of the perturbation theory 
‘will produce higher orders of wave mixing originating from the 
respective correlations, which recently started attracting signifi 
cant attention 

‘We conclude the survey of the basics of the perturbation 
approach for developing a qualitative theory of the two-dimen. 
sional Fourier spectroscopy (Khalil et al. 2003, Jonas 2003), 
‘which recently became a powerful tool for studying the dynam: 
ics of the semiconductor excitations (Zhang et al. 2005, Li et al. 
2006). The general scheme is the same as that of the standard 
four-wave mixing experiments with three pulses propagating 
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Four-wave 


FIGURE 29.2 Linear and four-wave mixing responses. Bold solid 
arrows show the momenta ofthe external excitation field. Dashed lines 
show the linear. Notice that the horizontal component of momentum 
ddoes not conserve and the outgoing wave exists in both half-spaces. The 
solid arrows show the outgoing waves produced by the exciton polariza- 
tion ofthe four-wave mixing response, 


along K", K®, and K" launched at =f, ty, and t,, respectively. 
‘he difference from the standard technique is that measure- 
ments of the four-wave mixing signal are performed not at a 
fixed or at just a few values of the delay time t = min(t, t,) 

but rather for a dense series of values lying in some interval. 
Subsequently, the Fourier transforms are done with respect 
to the delay time as well as with respect to the signal time. 
‘These two Fourier transforms constitute the two-dimensional 
Fourier spectrum. 

Equation 29.92 can be directly applied for finding the exciton 
polarization produced by the excitation pulses, one only needs 
to take into account that the pulses with different directions 
of the wave vectors strike the quantum well at different times 
(Erementchouk et al. 2007). As the simplest approximation 
‘we neglect the contribution of the memory function F(t) and 
assume that its effect can be accounted for by a renormalization 
of BRE. Let © and @ correspond to the Fourier transform with 
respect to the signal and delay times, respectively. As one would 
expect the two-dimensional spectrum P!°(Q, ) has resonances 
atthe frequencies corresponding to the light-hole and the heavy- 
hole excitons (see Figure 29.3) It turns out, however, that the 
form of the resonances depends on whether they are created due 
to the Pauli blocking «C3 or due to the Coulomb interaction 
Bu. We denote the respective contributions to the spectrum by 
P,(Q, w) and P_(Q, 0) respectively. One can show that near par- 
ticular resonance 


LOS +1 Mork 


or 


P(Qa)e 


QTE TO ET a Or Bil) 


(29.96) 


where « and 2 stand for 1s state of either heavy- or light-hole 
excitons. 

‘The contribution to the spectrum from the Pauli blocking 
has the Lorentz form along both the vertical and horizontal 
axes. The reason is that, as can be readily seen from Equation 
2992, the dependence on both the signal time [P”(t)] and delay 
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FIGURE29.3 (See color insert following page 20-14.) The imaginary part of the two-dimensional Fourier spectrum, P(Q, @). (a) The spectrum 
calculated using Equation 29.92. (b) The experimental results of Zhang etal. (2005). 


time (through P{""(t) in the r.h.s. of Equation 29,92) is essentially. 
the free evolution of the polarization directly created by the short 
excitation pulse. This evolution has the form of oscillations, 
Which produce a simple pole after the Fourier transform. At the 
‘same time the resonances created by the Coulomb interaction, 
PQ, ©), fall off asymptotically as «1/09 and =1/Q%, along the 
and Q-axes, respectively. This is a consequence of the fact 
that the polarization of the four-mixing response P(t) is con- 
tinuously excited by the polarizations ofthe linear response. The 
dependence on the signal time is found as a convolution of the 
respective Green function with the source, similarly to how it 
‘was done in Equation 29.54. After the Fourier transform with 
respect to signal time it yields the product of Fourier images of 
the Green function and the source. This results in the asymp- 
totic form =1/? because of the harmonic time dependence of 
these functions. 

‘This simple consideration shows that the two-dimensional 
Fourier spectroscopy allows one to distinguish between dif- 
ferent types of the many-body correlations, which is almost 
impossible to do with the standard approach. For example, in 
experiments reported in Li et al. (2006), the form of the two- 
dimensional spectra is clearly asymmetric along different axes 
(see Figure 29.36) indicating that due to relatively low inten- 
sity of excitations the contribution of the Pauli blocking into 
the nonlinear response was small compared to the effect of the 
Coulomb interaction, 


29.5 Nonperturbative Methods: 
Rabi Oscillations 


‘The drawback of the perturbative treatment of interaction of the 
electromagnetic field with the semiconductor is overestimating 
the resonant response. As follows from Equation 29.81 if the 
excitation field is tuned exactly to the resonance with an exciton 
state, the amplitude of the respective exciton polarization will 
indefinitely increase linearly with time. This, however, is impos- 
sible since with increase of the population of the conduction and 
the valence bands it becomes more dificult to add additional 


particles due to the Pauli blocking. Therefore, one would expect 
that the rate of change ofthe exciton polarization should change 
with time. 

It turns out, however, that the effect of the environment is 
even stronger. The rate not only decreases, it reaches zero and 
then changes its sign, so the polarization starts to decrease until 
it completely vanishes. As a result the actual time dependence 
of the polarization has the form of oscillations, which are called 
Rabi oscillations by analogy with the effect of rotation of the 
‘magnetic moment in an external oscillating magnetic field. 

In order to describe this effect we need to take into account the 
interaction with the electromagnetic field nonperturbatively. 
‘The problem of developing such nonperturbative description is 
that on the one hand there is no general way to study nonlinear 
operator equations other than using perturbation theory, while 
on the other hand there is no general way to map such equations 
onto the respective problem for regular functions. For example, 
averaging the first equation from Equations. 29.46 over vacuum 
(see e.g, Equation 29.30) one gets the dynamical equation for 
the interband polarization p3,.(x,,x:)=(v4(x,)c](x2)}, which 
contains in the r-h.s. the correlation functions of higher order, 
for example, (v'c'c'c), that is, the system will not be closed. An 
attempt to close the system by writing down the dynamical 
equation for new quantities will bring to attention correlation 
functions of even higher order and so on to infinity. Thus, one 
has to make the special approximation to truncate this hierar- 
chy ofthe dynamical equations. 

“The simplest approximation of such kind is the Hartree-Fock 
approximation, It forces the closure atthe level of the equation 
‘with respect to the interband polarization by applying the spe- 
cial decoupling scheme, which is illustrated by 


(vb(ade} (el, Gxsde, (4)) = (DE de} (wa) (el De, 084) 


0), (3) (e} (X2)e(84)) 
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‘Thus, we can express the four-point correlation functions in 
terms of the products of the two-point ones. 
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In the framework of the Hartree-Fock approximation we obtain 
from Equations 29.46 in the rotating wave approximation (here 
and below the summation over dashed spin indices is implied) 
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where A, .(x)=Ag(x,t)-d,. the electron and hole cor- 
relation functions are ¢,..(x,x,)=((ai)c.,(t)) and 
Jig. o(Xi Xs) =(V5,(X,)Vq,(82)), and we have introduced the 


modified coupling between the interband polarization and the 
charge densities 


Aa.) = As (X)8(X = y) = V(X=y) Pas(%Y): 


‘The operators 
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are expressed in terms ofthe integro-differential operators F 
‘he action ofthese operators is defined by 
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where U,(x) = (Uj(x)) (see Equation 29.47). It should be noted 
that for a semiconductor excited by a single-plane wave this 
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potential vanishes in an overall neutral system due tothe trans- 
lational invariance. Inthe two-wave excitation setup the effect of 
U, is small for bound exciton state if the order of the multivrave 
mixing response isnot oo high 

Equations 29.100 constitute the semiconductor Bloch equa- 
tions, which are widely used for studying nonperturbative effects 
in the dynamics of optically excited semiconductors. It should be 
emphasized thatthe quantity of main interes isthe exciton polar- 
ization P, since these are the excitons that constitute true single- 
particle semiconductor states. As follows from Equations 29.63 
and 2972, Pi elated to the interband polarization p,, through 

y Jaxtyorenyr,, afoey) (29.102) 
For bound exciton states this naturally introduces a characteris. 
tic spatial scale, the exciton Boh radius ry (see Equation 29.67) 
At this point we assume that we deal with a deep and narrow 
quantum well, e(x) = € + Ae(z), and that the system is invari- 
ant with respect to translations along the quantum wel, that is, 
there are no random fluctuations of the width of the well. 

‘The existence ofthe characteristic spatial scale together with 
the assumption that the typical spatial variation of the external 
excitation in the plane of the quantum wells small compared to 
the Bohr radius Kr, « 1 allows one to simplify the semicon- 
ductor Bloch equation using the parametric approximation. For 
this we introduce new spatial variables R = (x+ y)/2 and r=x-y. 
Having in mind the consecutive convolution of the solutions 
with the exciton wave function we can neglect the terms «AKr, 


and leave only the dependence on R running along the quantum 
well as a parameter, Thus, assuming for simplicity that K" = 0 
‘we approximate Equations 2998 by 
hp (0) = K,,Lp]+ Ay, (RBC) 
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Here Ag. (t,R)=Az,(R)8(H)-V()p..(6R) and the integro- 
differential operators in Equations 29.100 are substituted by 
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Equations 29.103 are sufficiently general for studying various non- 
linear effects. Before we turn to further approximations in order 
to extract the Rabi oscillations, we would like to sketch the proce- 
dure to find the polarizations of multiwave mixing response. As 
has been discussed earlier in the case of two-wave excitation the 
translational invariance of the semiconductor equations along 
the quantum well is broken. Instead one has the symmetry with 
respect to finite translations AR = 2nAK/AK2. The same holds for 
the semiconductor Bloch equations, which is especially evident 
in the parametric approximation. Indeed, the parametric depen- 
dence on R originates from A(R), which is a periodic function of 
AR and, hence, so are the solutions of Equations 29.103, Thus, the 
interband polarization p,,(r = 0,R), which serves as the source 
of the outgoing re-emitted electromagnetic wave (see Equation 
29.40), can be expanded in the Fourier series 


(29.105) 


‘The terms m= 0 and m = I correspond to the momenta brought 
by the excitation field, while the remaining terms are the polar- 
izations of multiwave mixing response, for example, m = -1, 2 
give the four-wave mixing polarizations, m = -2,3 are the six- 
‘wave mixing components, and so on. In order to find the ampli- 
tudes of the multiwave mixing responses we merely use the 
formula of the inverse Fourier transform 


(29.106) 
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‘Thus, once the solution of Equation 29.103 is known, the 
polarizations of the multiwave mixing response can be found 
immediately 

In order to see the oscillatory behavior ofthe interband polar 
ization driven by the external field we need to make drastic sim: 
plifications of Equation 29.103, which correspond to considering. 
the case of very short excitation pulses of high intensity. Such 
simplification is possible owing to the existence of the charac- 
teristic spatial scale and the radius of exciton states responsible 
for the resonant response. We consider al the terms in the rh. 
‘of Equation 29.103 besides the kinetic energy as sources. The 
response, therefore, is governed by the free-particle propagators 
for the correlation functions and the Coulomb propagator for 
the interband polarization. The fundamental property of these 
propagators is that in the short time limit t -> 0 they turn to 
spatial 5-functions owing to fast spatial oscillations ofthe kernel 


K(snst)= Eeoolink -nfvat} e107) 


For example, for the interband polarization in the short time 
limit, the Coulomb propagator can be approximated by the 


free-particle propagator (Blinder 1984, Kunikeev 2000) with 
m= m=! +My) ‘and m (nc! + Ma)", where m, are 
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the excitons’ reduced masses. The effect of the dispersion of the 
electrons and holes on the exciton polarization is expressed as 
the distortion of the exciton wave function under the action of, 
the free-particle propagators. The time scale, at which the distor- 
tion becomes essential, can be estimated asthe time required for 
the initial 8-shape of the kernel to acquire the width ofthe order 
of the exciton Bohr radius. This leads to the estimate 


(29.108) 


‘The numerical value of the typical time scale for GaAs is deter 
mined by my, = 045imy, my, = 0.082m1y, m= my, and ry 
6 /2m,e, where m, is the electron mass in empty space and 
6, = 13s the background dielectric function. Using these values in 
Equation 29.108 we find T, ~20fs. We would like to draw attention 
to the fact that 7, > T, = 1 fs (see Equation 29,57), so that the rotat- 
ing wave approximation is applicable at such time scales. Thus, for 
pulses with duration shorter than 20 fsand sufficiently high inten- 
sity, we can treat the semiconductor excitations as dispersionless. 
Itcanbe shown that for the statesin the discrete spectrum the con- 
dition is even less strict (Erementchouk and Leuenberger 2008). 

In the dispersionless limit, Equations 29.103 take the simple 
form 
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mie (R)= A RDP yn (R)—Ay (RDP (ER), (29.109) 


Hill, (OR)= AB, (RDP o.e(BR) Ay, (RDP, ABRs 


where we assumed the strong resonance regime and neglected 
the small contribution (€,~€,~f@)p,,. ‘The solutions of 
Equations 29.109 are singular, «5(x), but by virtue of Equation 
29,102 it does not pose any problem. 

We limit ourselves to the consideration of the simplest case 
when the external field is circularly polarized with positive helic- 
ity (right polarized) and has the amplitude constant in the time, 
which corresponds to the continuous wave excitation tuned to 
resonance with the gap. The condition of circular polarization 
leaves only two nonvanishing interband polarizations corre- 
sponding to p,, and p,,,thatis {6 = -3/2, s=-1/2} and {6 = -1/2, 
‘5 = 1/2), respectively. Thus we find for the respective interband 
polarizations 


1 


SOT aR) 
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where A, (B)=|4,,(R)} It should be noted that only when 
Q,, is uniform along the quantum well, that i, in the case of 
the single-wave excitation, it defines the frequency of the Rabi 
oscillations. When the semiconductor is excited by two incom- 
ing waves, the frequency of temporal oscillations of the polar- 
izations of the multiwave mixing response at sufficiently long 
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FIGURE 29.4 The exciton polarization in the ease when the excitation consists of two plane waves with noncollinear wave vectors. The solid 
and dashed lines show the response in the forward (m = 1) and the four-wave mixing (m = 2) directions for (a) 9/02! =1, (b) QQ! =2. The 


effective time is defined asf = 02 


time scales have two characteristic frequencies obtained as 
superpositions ofthe Rabi frequencies ofeach pulse [+0 
(see Figure 29.) 


29.6 Conclusion 


In order to keep the introduction into the theory of the semi 
conductor nonlinear response concise, we have concentrated on 
the problem of low energy excitation, when the dynamics of the 
semiconductor is determined by the bound states ofthe electron 
hole pairs (excitons). In this regime the most natural description 
is provided by the effective quantum field theory, which accounts, 
for the nonconstant number of particles in the semiconductor 
‘bands. The operator equations of motion, in turn, give access to 
all the information about the semiconductor and the electromag. 
netic fields. Using these equations one can either study the time 
‘evolution of the observables such as the macroscopic electromag. 
netic field (A(x,)) or the exciton polarization (B, \; or one can 
turn, for example, to the single-particle exciton density matrix 
(1B, in order to incorporate into the picture the decoherence 
{effect of the interaction with the phonon bath; or one can study 
the many-body properties of the semiconductor excitations look- 
ing at, say, the two-exciton density matrix ( B{B)B,.B, 
Unfortunately, the analysis of the equations of motion is tre- 
‘mendously hardened by their nonlinearity. The complexity is not 
of merely technical origin but reflects the concealed variety of 
physical phenomena. This should be taken into account when the 
equations of motion are simplified. As demonstrated in the main 
text, one can relatively easily develop the perturbational descrip 
tion of the semiconductor dynamics. However, one should be 
careful in applying the results ofthe perturbational approach to 
the situation, when the intensity of the excitation is significantly 
high, so that the properly defined pulse area approaches ™. The 
perturbational series diverges in this case signifying the appear- 
ance of a new class of phenomena related to the reconstruction 
of the spectrum. The effect of the reconstruction on the semicon 
ductor dynamics requires a non-perturbative treatment and has 
been illustrated above for the example of the Rabi oscillations. 


‘We have covered the basics of the theory to the degree where 
it can be straightforwardly applied to various physical situa 
tions. However, we have left many details mentioned only on 
the formal level, such as the symmetries of the semiconductor 
‘bands, the specific form of the tensors of effective masses, and 
the matrix elements of the momentum operator between differ 
entbands. These details, while being easy to incorporate into the 
theory developed in the main text, may significantly simplify 
the analysis of the particular case. As a source of the fundamen: 
tal insight into the physics of semiconductors we would like to 
refer the reader to the great book by Yu and Cardona (2004), the 
details of the symmetrical properties of the solids are provided 
in Bir and Pikus (1974), and the optical semiconductor response 
is considered in Haug and Koch (2004), 
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30.1 Introduction 


‘The progress in nanotechnology has led to a possibility of fabri 
cating needlelike crystals that have transverse dimensions in the 
submicron range. They can be grown from different inorganic 
semiconductor materials such as InP (Duan et al., 2001; Wang, 
et al, 2001), ZnO (Huang et al, 2001), GaN (Johnson et al, 
2002), CdS (Duan et al, 2003), GaSb (Chin et al, 2006), as well 
as from p-phenylene oligomers (Balzer and Rubahn, 2001, 2005; 
Schiek et al., 2005). Alternatively, one can also obtain fibers with 
a diameter ofa few tens of nanometers by means of drawing from 
silica (Tong et al, 2003). Such structures are called nanofibers or 
nanowires. The morphology of individual nanofibers and their 
mutual alignment can be controlled by the use of appropriate 
‘growth conditions and substrate surfaces (Balzer and Rubahn, 
2005). The nanofibers can be detached from the substrate, thus 
allowing one to study their properties under a variety of differ 
‘ent conditions, including free-floating nanoaggregates (Brewer 
et al, 2005). They act as optical waveguides (Balzer et al., 2003; 
Johnson et al, 2003; Tong et al, 2003; Barrelet etal, 2004) and 
demonstrate remarkable photoluminescence properties (Wang 
et al,, 2001; Thilsing-Hansen et al., 2005). Under pumping con- 
ditions, they can operate as nanoscale lasers (“nanolasers”) 
(Huang et al,, 2001; Johnson et al., 2002, 2003; Duan et al., 2003; 
Agarwal et al, 2005; Quochi et al., 2005, 2006; Chin et al., 2006; 
Zimnmler et a, 2008), 

Light scattering by nanofibers plays an important role in 
optical processes at the nanoscale. Being grown on a substrate, 
nanofibers form an irregular array. The optical properties of such 
‘an ensemble are determined, on the one hand, by the optical 


response of individual aggregates and, on the other hand, by light 
scattering from nanofibers, which results in interaction between 
them. Light incident ata sample can launch the nanofiber optical 
modes or create excitons. Both processes manifest themselves in 
the intensity distribution of scattered light, thus providing valu- 
able information on different nanofiber properties. 


30.2 Background 


In the simplest theoretical approach, a nanofiber is represented 
by an infinitely long dielectric circular cylinder. Light scatter- 
ing by such an object was the first diffraction problem to be 
solved rigorously. Its solution dates back to Lord Rayleigh (Lord 
Rayleigh, 1881), who found the electromagnetic field diffracted 
from a cylinder of arbitrary radius and refractive index illumi- 
nated by a plane wave incident perpendicularly to its axis. Much 
later, that result was generalized to the case of oblique inci 
dence (Wait, 1955). Ifa. is the incidence angle relatively normal 
to the cylinder axis, then the scattered radiation is propagated 
along the surface of the cone with apical angle (1t ~ 2a) (Kerker, 
1969). The field amplitudes inside the cylinder and outside it are 
expressed in terms of a series of the Bessel functions of the first 
kind and Hankel functions, respectively. The result depends 
on the polarization of the incident wave. One can decompose 
it into two independent polarizations: (1) the transverse mag- 
netic (TM) mode for which there is no magnetic vector com- 
ponent along the cylinder axis and (2) the transverse electric 
(TE) mode for which there is no electric field component along 
that axis. When the incident wave propagates perpendicularly 
to the cylinder axis, both the field inside the cylinder and the 
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scattered field are ofthe same polarization as the incident wave. 
For oblique incidence, however, the incident TM waves are par- 
tially converted into scattered TE waves. Similarly, the incident 
‘TE waves are partially converted into scattered TM waves. 

Light scattering in the far zone is characterized by the scatter- 
ing efficiency, Quy which is defined as the scattering cross sec- 
tion per unit length ofthe cylinder integrated overall the values 
of the scattering angle, 8, divided by the cylinder diameter, 2a. If 
the polarization ofthe scattered radiation is not specified, ight 
scattering is completely described by the two scattering effcien- 
cies, 2" and Q'S, where the superscript denotes the polariza- 
tion of the incident wave. In the limit where the diameter of the 
cylinder is sufficiently small relative to the wavelength, all the 
results are considerably simplified. Ifthe refractive index of 
the cylinder relative to that of the surrounding medium is n 
and the wave number of the incident wave is k, the scattering 
efficiencies are reduced to the following form (Kerker, 1969): 


Qa = (in -1¥; QS = 


(kay Fe (ka)* (9? 
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‘This leads to the conclusion that the radiation scattered in both 
forward and backward directions will be partially polarized 
even ifthe incident radiation is completely unpolarized. 

‘The abandonment of the assumption of an infinite cylinder 
length leads to the necessity to use numerical methods. For some 
ranges of the relevant parameters, simplified treatments can pro- 
vvide accurate results. If the cylinder radius ais much smaller than 
the wavelength A, the integral equation for the electric field ampli- 
tude can be solved by the method of moments (Uzunoglu et al, 
1978).In the case where the parameter ka(n1— 1) iscomparable with 
unity or smaller, an iterative method can be applied, which is quite 
effective for both long (Cohen eta, 1983) and short (Haraczet al, 
1984) cylinders. For the general case of a finite cylinder length 
1, the approach based on solving the electric field integral equa~ 
tion by using the method of moments is not very efficient. A more 
appropriate way is to apply a Fourier transform, which leads to 
a Fredholm integral equation of the first kind. This method has 
been applied to the cylinders with aspect ratios p = Ii(2a) as large 
as 10 and the lengths parameters up to kl ~7 (Shepherd and Holt, 
1983). An alternative approach exploits the extended boundary 
condition method (EBCM), also known as the T-matrix method, 
in which both the incident and scattered fields are expanded in 
spherical vector wavefunctions. The truncation of the expansions 
at N terms leads to the system of 2N linear equations for the scat- 
tered field coefficients. The EBCM calculations carried out for 


7 We reckon the angle @ from the plane perpendicular to the plane of 
Incidence (see Figure 30.1) 
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the backscattering from a dielectric rod in the microwave region 
have demonstrated a satisfactory agreement with the existing 
experimental data (Ruppin, 1990). However, the EBCM method 
is tractable only when the size parameters ka and p are less than 
certain limits; eg, for m= 1.31, ka <2.75 and p < 5.0 (Kuik et al., 
1994). Its convergence also becomes more difficult with increasing, 
the dielectric constant of the cylinder. 

A remarkable feature of light scattering from a dielectric cylin- 
der at a fixed angle of incidence isthe existence of resonant peaks 
in the scattering cross section plotted versus the size parameter 
(Van Bladel, 1977). Such peaks do not occur for a perfectly con- 
ducting cylinder and their sharpness increases with the dielectric 
constant ofthe cylinder. The resonant frequencies are determined 
by the poles of the expansion coefficients in the complex plane of 
the size parameter (Owen etal, 1981) The linewidths of the peaks 
are very sensitive to the circularity of the cylinder and to optical 
loss within or on the cylinder surface. These findings were con- 
firmed experimentally in the scattering of either broadband radia- 
tion or light from a tunable laser by optical-communication fibers 
and used for the accurate determination of their diameters and 
shapes (Ashkin et al, 1981; Owen eta, 1981). The peaks of another 
kind are displayed in the dependence of the differential scattering 
efficiency on the angle between the incident light beam and the 
cylinder axis (Birkhoff et al, 1977). Fitting the angular positions 
of observed maxima in the scattered intensity provides a sensitive 
‘method for determining fiber radi, reproducible within 39-59. 

‘An essential feature of light scattering from nanofibers is 
reflection of the scattered radiation from the substrate surface. 
Therefore, itis desirable to take this effect into account when 
‘modeling nanofibers. Ifthe cylinder axis is oriented parallelly to 
a flat reflecting surface, the diffraction problem is reduced to a 
two-dimensional one. The influence of the substrate can be cal- 
culated by introducing the Fresnel reflection coefficients. The cor- 
responding solution can be found in the form of a series of the 
Bessel and Hankel functions. The procedure involves the trun- 
cation of the expansions for the field amplitudes at some index 
N, which is related to the size parameter by the rule N ~ 3ka 
(Borghi et al, 1997). Light scattering from nanofibers grown on a 
substrate involves the multiple-scattering effect. In some special 
cases, the nanofibers form an array of mutually parallel nanoag- 
sgregates oriented either parallelly or perpendicularly to the sub- 
strate surface. Asiithas been shown for an arbitrary configuration 
of parallel cylinders, the light scattering in such a system can be 
expressed as an infinite sum of the orders of scattering (Twersky, 
1952). The first-order scattering originates from a diffraction 
of the incident wave on each cylinder. The second order results 
from a diffraction of the first-order-scattered radiation on each 
cylinder, and so on. A common approach to calculating the scat- 
tered field is to express the multiple-scattering linear equations in 
matrix form and then to find the corresponding scattering coef- 
ficients either by iterative method, or by direct matrix inversion, 
or by using a quadratic programming algorithm. By this means, 
it has been found, in particular, that in an array of abutting cyl- 
inders, the resonant character of the cylinders with respect to the 
size parameter, ka, is damped (Bever and Allebach, 1992). 
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lumens. In the United States, MSCP is still the 
most common method of rating the total light 
‘output of a miniature lamp. 


Efficacy 
The radiant luminous efficacy (abbreviated LER) 
assesses how effective a lamp is at channeling its 
‘output within the visible spectrum, instead of 
wasting it in other wavelengths, especially infra- 
red, LERis calculated by dividing the power emit- 
ted in the visible spectrum (the luminous flux) by 
the power emitted over all wavelengths. 


Thus, if VP is the power emitted in the visible 
spectrum, and AP is the power emitted in all 
wavelengths: 


LER = vp / AP 


LER is expressed in Jumens per watt. It can range 
from a low value of around 12 Im/W for a 40W 
incandescent bulb to 24 Im/W for a quartz halo- 
gen lamp. Fluorescent lamps may average 50Im/ 
W. LEDs vary, but can achieve 100 Im/W. 


Efficiency 
The radiant luminous efficiency (abbreviated LFA) 
of a lamp measures how good its radiant lumi- 
nous efficacy is, compared with an imaginary 
ideal lamp. (Note the difference between the 
words “efficiency” and “efficacy.’) LER is deter- 
mined by dividing the radiant luminous efficacy 
(LER) by the maximum theoretical LER value of 
683 Im/W, and multiplying by 100 to express the 
result as a percentage. Thus: 


LFR = 100 * ( LER / 683 ) 
The LFR ranges from around 2% for a 40W bulbs 


to 3.5% for a quartz halogen lamp. LEDs may be 
around 15% while fluorescentsare closer to 10%. 


How to Use It 


When first introduced, LEDs were limited by their 
higher price, lower maximum light output, and 
inability to display blue or white. The price dif- 
ference has disappeared for small indicators, 
while gaps in the color range have been filled 


at lamp fo Use It 


(although the color rendering index of LEDs is 
still inferior). 


Brightness remains an advantage for large in- 
candescents relative to LEDs, as they are more 
upwardly scalable. However, fluorescents and 
vapor lamps have an advantage for very high 
light output, as in the lighting of big-box stores 
orparking lots. Thus the range of applications for 
incandescent bulbsis diminishing, especially be- 
cause common types are now illegal for domes- 
tic light fixtures in many parts of the world. 


Relative Advantages 
When choosing whether to use an incandescent 
lamp or an LED, these advantages of an incan- 
descent lamp should be considered: 


+ The intensity can be adjusted with a triae- 
based dimmer. Regular fluorescents cannot 
be dimmed, while LEDs often require differ- 
ent dimmer circuitry. 


+ The intensity can also be adjusted with a 
rheostat. The output from fluorescents can- 
not. 


+ Easy white-balance correction, LEDs and flu- 
orescents do not naturally produce a consis- 
tent output over the visible spectrum. 


+ Can be designed to operate directly from a 
wide range of voltages (down to around 2V 
and up to around 300V). A higher voltage 
entails a longer filament wire, which may re- 
quire a larger bulb. LEDs require additional 
components and circuitry to use higher 
voltages. 

+ Incandescent bulbsaremoretolerant of volt- 
age fluctuations than LEDs. With battery op- 
eration, the incandescent will still provide 
some reduced light output when the voltage 
has diminished radically. LEDs will not per- 
form at all at currents lower than their 
threshold. 


+ Anincandescentis nonpolarized and may be 
socketed, which simplfiesuserreplacement. 
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30.3 Basic Theory 


In this section, we shall give the basic equations that describe 
light scattering from nanofibers (Bordo, 2006, 2007). We shall 
consider two models ofa nanofiber: (1) an infinite circular dielec- 
tric cylinder (Figure 30.1) and (2) an infinite circular dielectric 
semicylinder placed on a perfectly reflecting surface (Figure 30.2) 
Although it might be possible that these models do not reproduce 
some details of light scattering, they nevertheless provide a fun- 
‘damental understanding of this phenomenon. To match the con: 

ditions of many experiments with nanofibers, we assume that the 
incident radiation is represented by a pulsed Gaussian light beam. 


30.3.1 Diffraction by a Cylindrical Nanofiber 


Let us assume first that a nanofiber has a circular cross-section 
of radius a, both the nanofiber and surrounding medium are iso- 
tropic and are characterized by the dielectric functions e, and e,, 
respectively. We choose the z axis along the nanofiber axis and 
the y axis in the plane containing both the 2 axis and the beam 
axis. Then the incident wave electric field has the form 


E(x, ¥,251) = Bol y.2.0expligioy +iByz—iyt), (30.3) 


ky 


FIGURE 30.1 Model ofa nanofiber: dielectric cylinder. 


FIGURE 30.2 Model of a nanofiber: dielectric semicylinder on a per- 
fectly reflecting surface. 


30.3, 
where the field amplitude is given by 


+(ysina+zcosa)* | o(_# 
Seba; 


0.4) 


Eq(xy.2.0)= Byexp] — 


where 
quo and i, are the projections of the wave vector onto the 
axes yand 2, respectively 
‘ys the frequency ofthe incident wave 
Lis the angle of incidence with respect tothe y axis 
G and tare the radius and pulse duration of the light beam, 
respectively 


A similar expression is valid for the magnetic field of the inci- 
dent beam, Hi(x, y, 2,0 

In experiments, the beam radius is much larger than the 
nanofiber radius, i, ¢>> a. In such a case, in the vicinity of the 
nanofiber, Equation 30.4 is reduced to the following* form: 


E,(z,t)= 


(On the other hand, to simplify the consideration, we shall 
assume that the beam radius is much less than the nanofiber 
length. Then one can neglect the edge effects and consider the 
nanofiber as infinitely long. 

‘The total electric field has the form 


E+E, ifr>a, 
Es 30.6) 
E, ifr<a, 


where E, and E, are the electric field vectors of the scattered field 
and the field inside the nanofiber, respectively. The total mag- 
netic field vector, H, is represented in a similar form. The fields 
E,, E,,H,, and H, in turn can be found in terms of the Hertz vec~ 
tors, I], and [],, whose rectangular components satisfy the sca- 
lar wave equation. The Hertz vector for an infinite cylinder has 
the only nonzero component, [],= y, which can be decomposed 
into two contributions, yi™ and yi, associated with TM and 
TE polarizations, respectively. Then, the electromagnetic field 
components in the cylindrical coordinates (r, 8, 2) are found as 
(Stratton, 1941) 


This approximation is valid outside the nanofber region 


30-4 
G09) 
aye 
7 atad cdr” ad 
ayn ews 
Bary ac08” Pay, 
H.-P (012) 
oF 
where 


cris the speed of light in vacuum 

the subscript jlabels different media: j= 1 corresponds to the 
surrounding medium, whereas j = 2 denotes the nanofiber 
interior 


‘We shall seek the functions W! (1 = 
the Fourier integral 


M or TE) in the form of 


_ J Joeopore® “Bde. (30.13) 


Hx, yz) = 


‘The representation (30.13) can be considered as a superposition 
ofan infinite number of the elementary waves Wie", each of 
‘which should satisfy the wave equation. The Fourier-transformed 
‘quantities WW}, therefore, can be expanded in the series of the 
cylindrical functions as follows: 


Y 44) (B.0)sin(e) +248.) 


(0.14) 


SY aanle n(B.0)sin(n) +4, (B,c0)cos(nt) J, 


z 


<7 015) 
where the functions Z,(X) are determined as 
zene {tan stro; Bite) 
Ig) ifr<a, 
with 
017) 


J,and H}! are the Bessel functions of the first kind and Hankel 
functions, respectively. The choice of the Bessel functions for the 
cylinder interior ensures finiteness of the solution at its center, 
whereas the Hankel functions have proper behavior at infinite 
distance from the cylinder. 
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‘The continuity of the tangential components ofthe total fields, 
Ey, Es Hg, and H,., across the boundary r= a leads to the equa- 
tions for the coefficients a, By» yy and d,.. Taking into account 


that y = sin 8, one can use the expansion 


met =D Ialgorie® 60.18) 


in Equation 30.3. Then, combining the terms with the same 
@-dependence in the boundary conditions and performing the 
inverse Fourier transform, one obtains the following equations: 


019) 
(30.20) 
where 
° -H'qe) ° 
“ lita) — 8 10 (q0) “(qa) 
a =| 2 ae 
2 qe - By ge) urge 2 Hrqa 
h ro oh a 
o Jelgea) o -HS (qa) 
60.20) 
and 
i, 1&8 0.22) 
te 


Here, the prime above the Bessel and Hankel functions 
denotes differentiation with respect to their argument. The vee- 
tor functions and G, depend on the polarization ofthe inc- 
dent beam and are determined as 


216, Bo COS 01) (qioa) 
20, E, sina n),(qua)/ua] 


B™. ns (0.23) 
26,F4 holga) 
o 
-2t.(1-6,)Bo cos af u(quia) 
~2i1 1-6, )Bp sina n),(4.ca) aus 
it,(1-6,)Egsina nf, (q.0)/4usa] ao 


~2it, (1-6, Halal) 
0 
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and 


o 


me Pits) Blau) } ods 
~2it,(1-6,)Ho sina nf (qua /qia] 


2te(1~G,) Ho CosOH(quoa) 


° 
-20,E0hi(qua) 
-26,Asinal nfa(que)/quoa | 
210 F080 (Gut) 


Gre 30.26) 


with 


if miseven; 


if nisodd, (0.27) 


and 


ae (60.28) 
neo 


Here, we have introduced the Fourier-transformed amplitudes 


of the incident beam 
B-fyy'o" | [_-ay'e 
2cos* | 2 i 


Eq(B0)= 2 Btn 
(30.29) 


and a similar expression for H,(B, 0). 

Solving Equations 30.19 and 30.20, one obtains the Fourier- 
transformed electromagnetic field components both inside the 
nanofiber and outside it. We shall be interested, however, in the 
field scattered by the nanofiber, which is described by the coef- 
ficients @,y, By Cy and d,,. They are found as 


(3030) 


(30.31) 


(30.32) 


(30.33) 


30.5 


where 
isthe determinant of the matrix Mf, 

D,, and D,, ate the determinants of the matrices obtained 
‘com A, by replacing the third and fourth columns with 
the column given by F, respectively 

ind D,, are the determinants of the matrices obtained 
rom M,, by replacing the third and fourth columns with 
the column given by G,, respectively 


‘The corresponding Fourier-transformed electric and mag- 
netic field amplitudes can be written in the form 


E,(1,8; B,@) = E(B.) 


>IEe (F5 B,e)sin(n®) + Byars B,eo)cos(n) J, 


6034) 
Fy (1,8; B,@) = Ho(B,@) 


x By [Gun(rs B.e)sin(n) + D,q (1s Bea) cos(n6) |, 


(30.35) 


where the subscript t runs over the components r, 8, and z, and 


the functions Ay, Bya» Cys and D,,,are given by the equations 


2 (qunay(B0)— age SE HY aniduiB.o), 
(30.36) 

utr) =r gio) + AEG eB.) 
(30.37) 


Antes Baa) = Ee HG) ~ Fi Geno, 
60.38) 
Bul Buo)= o HG au(G.0)~ Basar B,), 
(30.39) 
Aca(B,0) =H Gira (BO), 60.40) 
Ba(r5B,@) = Hy"(qur)by(B,). 0.41) 
CuBr) =H gin ase 7 HE (grke(B0), 


cgir 


(30.42) 
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Daslts Bs) = Hy (qrdu(B.0), 
(30.43) 
668.0) = SH (rau tB.0)~ SEH gnhttB.0, 
(30.44) 
Dat Bro) =H (gr (B.0)+ BE gr(BO, 
(30.45) 
Colt; BO) = Hy qr en(B.o), (30.46) 
D.,(r; B,@) = Hy” (qir)d,,(B,0). (30.47) 


‘Taking the Fourier transforms of Equations 30.34 and 30.35, 


Eyl, 8,20 


1.05 Bode 
rl J 4(r,0;B,o)e""dBde, (30.48) 


Hy (r,8,2,0)= 


ims 


iieeene™, 
a JAsce:bo ‘Bde, (30.49) 


‘one obtains the solution of the problem under consideration. 

‘The integrands in Equations 30.48 and 30.49 have the poles 
given by the zeros of the denominators D,(B,«) in Equations 
30.30 through 30.33. On the other hand, these zeros determine 
the allowed values of pairs (B, @) for the electromagnetic field in 
a free nanofiber, ie. its normal modes (Stratton, 1941). 


30.3.2 Nanofiber Normal Modes 


Among the solutions of the equations 


D,{G.0)=0, 60.50) 
there are those which are represented by pairs of real quantities 
(Byu» ©yy)- They give the propagation constants and frequencies 
of the waveguide (bound) modes. Such modes provide a com- 
plete description of the light propagation along the fiber in the 
steady-state regime far from the light source (Snyder and Love, 
1983). Besides that, Equation 30.50 has solutions for which either 
Bor @, or both, have imaginary parts, ie., 


B=B' +8, (30.51) 


o= 0 —iw 


(30.52) 


‘The contribution of such poles to the integrals (30.48) and 
(0.49) leads to the transients along the fiber length or in time, 
rin both length and time, respectively. If B is small, the modes 
of the first type can propagate over long distances, and their 
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FIGURE 30.3 Dispersion curves of the SD modes. Real parts of the 
mode propagation constants, The modes with very large values of are 
not shown in the figure. ¢, = 1, & = 2.89, (Reprinted from Bordo, V, 
J. Phys: Condens, Matter, 19, 236220-1, 2007. With permission.) 


portions localized within or near the fiber core are known as 
leaky modes (Snyder and Love, 1983). In the following, to dis- 
tinguish between different modes, we shall call the first-type 
modes as space-decaying (SD) modes, whereas the second-type 
onesas time-decaying (TD) modes. Figure 30.3 shows the disper- 
sion curves B'(0) calculated numerically for the SD modes, SD, 
‘with » = 0-3 and represented in dimensionless variables. It has 
bbeen assumed that ¢, = I and €, = 2.89, which correspond to an 
isolated nanofiber obtained from an isotropic para-hexaphenyl 
material immersed in vacuum. The dispersion curves for the 
bound modes are also shown in Figure 30.3. They are disposed 
between the light lines w = B/ Je, (LL,) and w = cB/ Je, (LL), 
and are denoted as itis accepted in the optical waveguide theory 
(Snyder and Love, 1983). The dispersion curves for the quantities 
Bio) are shown in Figure 30.4. Figure 30.5 represents the dis- 
persion relations «(B) for n = 0-3 calculated for the TD modes, 
“TDyx The corresponding imaginary parts, «(B), for the modes 
that are not strongly decaying are plotted in Figure 30.6. Here, 
the subscript m numerates the modes with a given n according 
to the order they approach the axis B’ for the SD-modes or the 
axis «y for the TD-modes. One can observe that some of these 
modes, both SD and TD, can be considered as a continuation of, 
waveguide modes beyond cutoff, which coincides with the light 
line LL, The imaginary parts of the propagation constants or 
frequencies for such modes increase with the deviation of the 
corresponding real parts from cutoff. 


30.3.3 Calculation of the Scattered Field 


When carrying out the integration in Equations 30.48 and 
30.49, one can take into account that the functions £4(B,«) 
and H(B,0) in the integrands are essentially different from 
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an 


FIGURE 30.4 Same as Figure 30.3 but for the imaginary parts of 
the mode propagation constants. (Reprinted from Bordo, V., J. Phys 
Condens, Matter 19, 236220-1, 2007, With permission.) 


HE HEs, 


walldne) 


FIGURE 30.5 Dispersion curves of the TD modes. Real parts of the 
mode frequencies. €, £89, (Reprinted from Bordo, V. J. Phys 
(Condens. Matter, 19, 236220-1, 2007. With permission.) 


zero around their maxima at B = B, and @ = @,. For typical 
experimental parameters, the widths of the corresponding 
peaks, AB < 1/a and Ad <€ c/a, and the slowly varying functions 
Au(B, ©), B,,(B, ©), Cy(B, ©), and D,,(B, @) can be taken off the 
integral at the point (B,, «,) The remaining integration leads 
to the result 


* See Bordo (2007) for detail 
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FIGURE 30.6 Same as Figure 30.5 but for the imaginary parts ofthe 
mode frequencies, which fall into the range |w/a/(2x0)| <0.1 (Reprinted 
from Bordo, V, J. Phys: Condens. Matter, 19, 236220-1, 2007. With 
permission) 


By (0 8,21) = Bo(e,texpliByz —ioo,t) 


XD [ante Bs (0y)sin(®) + Byg(rsB,00s)cos(n®) J, 


. (033) 
Hyslr.0,20 


Ha(z,texpliByz—io,t) 


XD [ cut By. 0, )sin(n®)+ Day(s By» ,)cos(n6) |, 


(30.54) 


where Eo(z,1) and Ho(2,t) are the amplitudes of the incident 
wave electric and magnetic fields, respectively. In other words, 
under typical experimental conditions, the illumination by a 
pulsed light beam can be treated as the case of an incident plane 
monochromatic wave if instead of its amplitudes, E, and H, 
‘one substitutes the pulsed beam envelope functions, E,(2,f) and 
Hole, 1), respectively 

We shall be interested in the intensity of light scattered in 
the xy plane. This quantity is determined by the time-averaged 
radial component of the Poynting vector 


Rel Ett. — EH), (30.55) 
an 

‘where the asterisk denotes complex conjugation. The substitution 
of the field components, as shown in Equations 30.53 and 30.54, 
into Equation 30.55 gives the intensity of the scattered electro- 
‘magnetic field at any distance from the nanofiber, Le, in both 
near-field and far-field regions. In the far zone where r>> 2, the 


30-8, 


Hankel functions and their derivatives can be replaced by their 
asymptotical expansions. Then in the leading order one obtains 


S=545,", 


(30.56) 


where the TM- and TE-polarized components are given by 


SMO) = TE| i" ealPoonyin ee) +h. G.erdosey 
(057) 

and 

S@)= oe (reumasninredadseo oa 


(30.58) 


respectively. The total intensity scattered in all directions per 
unit length of the nanofiber is determined by the quantity 


s, 


(30.59) 


with 


and 


wtb.onf + > [uiB..0nf + pseu 


(30.61) 


Ifinan experiment, one varies either the angle of incidence of 
the light beam at a fixed frequency, or tunes the light frequency 
at a fixed angle of incidence, the scattered intensity will also 
change. In the former case, the intensity (30.56) has maxima at 
the values By = Bix corresponding to the SD modes. In the latter 
«case, the maxima in intensity occur at © = (hy and correspond 
to the TD modes. The widths of those peaks are determined by 
the quantities Big and Gy, respectively.* 


"Resides the maxima relatively the light frequency discussed here, there 
‘may also be maxima originating from resonances in €,(0) 
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30.3.4 Semicylinder on an Ideally 
Reflecting Surface 


‘The approach developed above can be equally applied to the 
nanofiber model represented by a circular semicylinder placed 
on an ideally reflecting plane. When the reflecting plane at 
J = is present, the total electric field in the half-space y > 0 
can be written as 

E=E,+ES +E, +E, (30.62) 
where E“ and," are the electric fields specularly reflected from 
the plane y = 0 originating from the incident wave and the field 
scattered by the nanofiber, respectively. A similar expression 
is valid for the magnetic field vector. The condition of an ide- 
ally reflecting surface implies that the tangential components of 
the total electric field at it are equal to zero. This requirement 
will be fulfilled if to introduce, instead of the reflecting plane, 
an image semicylinder illuminated by the image of the incident 
wave below the plane y = 0 so that E, = E, = 0 at both @ = 0 and 
(=x (Rao and Barakat, 1994). The same is true for the magnetic 
field components. The fields scattered by the image semicylinder, 
Ef" and H®, are determined by Equations 30.34 through 30.47 
with the substitutions 


on 


mw die 


Pres 


‘dy. (30.63) 


‘Then the components of the field scattered by the semi- 
cylinder in the presence of the reflecting plane are found as 
E,(0)+E/°(-@) and H,(6)+H'"(-€). Formally the field compo- 
nents can be obtained from Equations 30.53 and 30.54 with the 
following substitutions: 


Aun 2A Ban 0 Cov 2 2Gyay Diy 0. (30.64) 


Let us assume that the angle of incidence, o, differs from 
zero. Then the fields E'" and H!* do not contribute to the scat- 
tered intensity determined by S,. In the far zone, its TM- and 
‘TE-polarized components are given by 


so) 


Scien Danii 60.65) 


and 


Eerste 30.66) 


o 


0 


Regie 


respectively. The corresponding total intensity scattered in all 
directions per unit length of the nanofiber is determined by the 
quantity 


S. 


= Yloku@.ooh +fen(Bn}f 


2rgier 


Jocouo = 


(30.67) 
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Note that here the sum over the modes starts from 1 = 1, indi 
cating that the modes with n = 0 are not excited in the course of 
light scattering. The suppression of such modes is conditioned by 
the presence of the reflecting plane. 

Let us consider the special case of normal incidence with 
respect to the substrate surface (t= 0). In such a case, B, = 0 
and the equations for TM and TE polarizations are completely 
separated. This means that for TM incident wave polarization, 
‘one can set ¢,, = dj, = 0. Besides that, the vector F,, Equation 
30.23, is nonzero only for odd indices n, Then the coetficients a, 
are nonzero for odd n and only such modes can be observed in 
scattering. For TE incident wave polarization, a,, = b,, = 0 and 
the vector G,, Equation 30.26, is nonzero for odd n. AS a result, 
‘one obtains the same selection rule as for TM polarization. 


30.4 Some Numerical Results 


‘We shall illustrate the general theory considered above with 
some numerical examples. All the calculations have been carried 
‘out for ¢, = 2.89 that corresponds to an isotropic para-hexaphenyl 
film. We shall compare the results obtained for two different 
models of a nanofiber. 


30.4.1 Angular Distribution of Scattered Light 


Let us consider first the dependence of the Poynting vector 
component S,, Equation 30.55, calculated in the far zone on the 
detection angle, 8. This quantity is determined by the coeffi- 
cients jy, Diy Cy and d,,, as shown in Equations 30.30 through 
30.33. Their variation with the nanofiber radius, a, is more rapid 
for larger values of guy = (@,/¢)yf€; cosot and hence for smaller 
angles of incidence, a. Figures 30.7 and 30.8 show the angular 
distributions of light scattered by a cylindrical nanofiber for the 
'TM and TE incident light polarizations, respectively, and for 
1 = 45°, One can see that in the case of the TM incident wave 
polarization, there are two lobes directed along the normal to 
the plane of incidence (at @ = 0° and @ = 180°). For relatively 
large nanofiber radius, additional two lobes appear. In the case 
of the TE incident wave polarization, these lobes are more pro: 

nounced. Besides that, for small nanofiber radius, the angular 
distribution of scattered light is more isotropic as compared to 
the TM polarization. 


180 


FIGURE 30.7 Angular distribution of light scattered from a cylindsi- 
cal nanofiber of diferent radii, TM incident wave polarization. = 45°, 
€,= 1, =289. All curves are normalized to their maximum values, 
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FIGURE 30.8 Same as Figure 30.7 but for TE incident wave 
polarization. 
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FIGURE 30,9 Sameas Figure 30.7 but fora semicylindrical nanofiber 
fon a perfectly reflecting surface. 


‘The same quantity but calculated for a semicylindrical nano- 
fiber placed on a perfectly reflecting substrate and for the TM 
incident wave polarization is depicted in Figure 30.9, The scat. 
tering diagram for the TE incident wave polarization has a simi- 
lar form. In this case, the lobes directed along the substrate plane 
are suppressed and light is scattered mainly around the plane of 
incidence. 


30.4.2 Total Scattered Intensity 
versus Incidence Angle 


Let us consider the total scattered intensity, Sy as a fanc- 
tion of the incidence angle, a, of, equivalently, the quantity 
By =(o/c),/; sinas, Figure 30.10 shows this dependence calcu- 
lated for a cylinder and for the TM incident wave polarization 
with an account of the terms n = 0-10 in Equations 30.60 and 
30.61, The individual contributions from the terms with n = 0, 
1,and 2 ate also shown in Figure 30.10, whereas the other con- 
tributions have much smaller amplitude. The intensity drop at 
ya = 2.2 originates from the approach to the cutoff at which 
du ~ 0. The curve corresponding to n = 2 exhibits a shoulder 
around B,a = 1.75, which is also seen in the total intensity curve. 
Turning to Figure 30.3, one can identify it as being originating 
from the mode SD... The contributions of the other modes are 
not pronounced because of the large values of the propagation 
constant imaginary parts, B', corresponding to them. This plot 
can be compared with Figure 30.11, which represents the results 
of calculations fora semicylindrical nanofiber placed on an ide- 
ally reflecting surface. In this case, the zeroth term does not con- 
tribute to Sand the contribution ofthe term with n = 2s equal 
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FIGURE 30.10 Light intensity scattered from a cylindrical nanofiber 


asa function off, calculated for ¢, = 1, €, = 2.89, and a@,a/(2nc) = 0.35. 
"TM incident wave polarization, 
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FIGURE 30.11 
ber on a perfectly reflecting surface. 


Same as Figure 30.10 but for a semicylindrical nanofi- 


to zer0 at B,~ 0 (normal incidence) in accordance with the selec- 
tion rule discussed in Section 30.3.4. As a result, the shoulder 


in the total intensity originating from the mode SD., becomes 


more distinct. 


30.4.3 Total Scattered Intensity 
versus Frequency 


Another situation when the light beam frequency is scanned at 
a fixed angle of incidence (ct = 0) is illustrated in Figure 30.12 
for the case of scattering of a TM-polarized beam by a cylindri- 
cal nanofiber. This time the features in the total scattered inten- 
sity originate from the TD modes. They can be identified when 


comparing the positions of maxima, which occur for the curves 
with different» with the mode frequencies at B,~0 in Figure 30.5. 
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FIGURE 30.12 Light intensity scattered from a cylindrical nanofiber 
asa function of @, calculated for €,= 1, = 2.89. Normal incidence. TM 
incident wave polarization, 
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FIGURE 30.13 Same as Figure 30.12 but fora semicylindrical nanofi- 
ber on a perfectly reflecting surface. (Reprinted from Bordo, V, J. Phy. 
Condens. Matter, 19, 236220-1, 2007. With permission.) 


In the case ofa semicylinder placed on an ideally reflecting plane 
(Figure 30.13), only modes with odd n can be excited, as it is 
expected from the selection rule (see Section 30.3.4). It is worth- 
while to note that the modes distinct from those for TM polar- 
ization can be observed in the scattering of a TE-polarized light 
beam (not shown), 


30.4.4 Excitation near Exciton Resonance 


So far we have implied that the frequency of the incident beam is 
far from any resonance in the dielectric function of the nanofi- 
ber and its frequency dispersion can be neglected. Let us assume 
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FIGURE 30.14 Angular distribution of scattered light inthe vicinity 
‘of the exciton resonance. TM incident wave polarization. ¢, = 1, €.= 
2.89, a= 4cld@y @, = 1.205 T = 10°, and ot = 30° 


now that the frequency @, is close to an exciton resonance of the 
nanofiber. Then its dielectric function can be written as follows: 


wi - 0" 


O° a rar 


ah (30.68) 


where 
(;and @, are the frequencies of the transverse and longitudi: 
nal excitons, respectively 
is the relaxation constant 
«_ is the high-frequency dielectric constant, and the spatial 
dispersion has been neglected 


Figure 30.14 shows the angular distribution of the scattered 
light in this case calculated for a semicylindrical nanofiber on 
an ideally reflecting surface. It is seen that the polar diagram 
of scattering changes dramatically in a narrow spectral interval 
when the frequency of the incident beam scans across the exci: 
ton resonance. 


30.5 Experimental Implementation 


Experimentally, one can observe light scattering from nanofi 
bers in the following setup (Figure 30.15) (Fiutowski et al., 2008). 

Asample with deposited organic nanofibers is attached to a half 

sphere made of fused silica (n, = 1.48 at 325 nm) with a radius of 
10mm. The sample is oriented so that the nanofiber axes would 
be parallel to the plane of light incidence. A flat domain of paral: 

lelly oriented organic nanofibers is illuminated with a linearly 
polarized beam of a He-Gd laser (A = 325nm) from the half- 

sphere side, and the scattered light intensity is detected along the 
normal to the sample surface from the backside. The extinction 
ratio of the polarization system is 10%. The light beam passes a 
pinhole of diameter 40041m and is collimated before entering 
the half-sphere, which results in a beam divergence of less than 
0.7° after leaving the half-sphere. The angles of incidence can be 
varied between 20° and 65° with respect to the normal axis of the 
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FIGURE 30.15 Experimental setup. HWP, half-wave plate; P, polar 
izer; Ph, pinhole; MO, microscope objective; F, filter; and PMT, photo- 
multiplier Inset: Fluorescence microscopy image of a sample domain, 
(Reprinted from Fiutowski, J etal, Appl. Phys. Lett, 92, 073302-1, 2008, 
With permission) 


plane of the half-sphere. A photomultiplier mounted on a gonio- 
metric table allows one to detect scattered light intensity distri 
butions froma spot on the sample of a diameter of about 500 jim, 
The acceptance angle of the detection system is 44°. The absolute 
and relative accuracies of the incident and the detection angles 
are 1° and 0.5°, respectively. To observe only the wavelengths of 
interest, one can use band pass or interferometric filters in front 
of the photomultiplier. 

‘The intensity of light scattered perpendicularly to the sam- 
ple surface as a function of the incidence angle, a, is shown in 
Figure 30.16. Clear peaks at «= 40° in both TE and TM incident 
light polarizations are observed. Those peaks originate from the 
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FIGURE 30.16 Intensity of light scattered perpendicularly to the 
sample surface as a function of the angle of incidence. The incident 
wave polarization is indicated in the inset. (Reprinted from Fiutowski, | 
etal, Appl Phys Lett, 92, 073302-1, 2008, With permission) 
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nanofiber array exclusively, as seen from a comparison with the 
{ata obtained from a nanofiber-free mica surface. The scattered 
intensity decreases when the incidence angle exceeds the critical 
angle for total internal reflection at the quartz semisphere-air 
interface, c= 42.5°. To describe the optical properties of a nano. 
fiber grown on a substrate, we use the nanofiber model repre- 
sented by a semicylinder placed on an ideally reflecting surface 
and considered above. Figure 30.17 shows the dispersion curves 
of the nanofiber normal modes plotted in the range of the size 
parameter, a/A, corresponding to the experimentally observed 
typical nanofiber widths (2a) as well as the wavelength of the 
He-Cd laser used for excitation. The condition of the phase 
‘matching between the incident light and the nanofiber normal 
‘mode can be written as fi = (2n/A)n, sin ct. The corresponding 
dispersion line for the angle 0: = 40°, at which the resonance in 
scattering is observed, is also shown in Figure 30.17, 

‘The analysis of the polarization properties of the excited nor: 
‘mal modes allows one to specify them. The sharp peak seen in 
the scattered light intensity at = 40° has comparable ampl 
tudes in both TE and TM incident wave polarizations. It can 
therefore be associated with the excitation of the hybrid SD,; 
mode. The increase in intensity at ot < 26° originates probably 
from a resonance with the hybrid SD,, mode. The mode SD, 
is suppressed in scattering due to the presence of the reflecting 
substrate (see Section 30.3.4). 

‘The positions of the maxima in Figure 30.16 correspond to 
the most probable size parameter within the illuminated spot. 
‘The broadenings of the peaks observed in light scattering allow 
‘one to estimate the distribution of the nanofibers in the array 
over their widths. The angular broadening of about 7° corre- 
sponds to a scattering of 0.124 in nanofiber diameters, which 


HE}, HE: 


FIGURE 30.17 Dispersion curves of the SD modes plotted in the 
range of size parameters corresponding to measured nanofiber widths. 
‘The inclined dot-and-dash line indicates the dispersion for light inci 
dent a the angle o = 40°, 
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gives approximately 40nm for the relevant wavelength. This 
value agrees qualitatively with that measured via atomic force 
microscope (AFM). 


30.6 Discussion 


We have considered here the simplest theoretical models of 
nanofibers and applied them for the interpretation of the experi- 
mental results on light scattering from an array of organic 
nanoaggregates deposited on a mica substrate. Although the 
morphology of nanoaggregates is far from a cylindrical shape, 
light scattering from them can be similarly described in terms 
of excitation of their radiative normal modes. This conclusion 
is also supported by the measurements of photoluminescence 
excited in the course of light scattering (Fiutowski et al, 2008). 
In that case, the peaks in the photoluminescence intensity versus 
the angle of incidence originate from matching with the nanoag- 
gregates’ normal modes, both radiative and waveguiding. Such 
measurements being carried out at a varying frequency of inci- 
dent light should allow one to determine the dispersion curves 
of the actual normal modes of nanoaggregates. Then, using an 
appropriate model, one could extract information on the mor- 
phology of nanofibers. However, it is necessary to keep in mind 
that the actual normal modes may differ from those of an isotro- 
pic cylindrical nanofiber. In particular, the optical anisotropy of 


nanoaggregates can cause distortion of the dispersion curves as 
well as their splitting, 

‘Another point which has to be taken into account is the differ- 
ent morphology of nanoaggregates within the illuminated spot. 
As we have already mentioned, this leads to a broadening of the 
peaks in the intensity of scattered light. On the other hand, the 
data obtained from the scattering of a focused light beam reflect 
the local morphology of a sample and, thus, can be used for its 
local characterization. 


30.7 Summary and Outlook 


In this chapter, we have considered the theory which describes 
the scattering of a pulsed Gaussian light beam at an infinitely 
long dielectric cylinder. The results obtained for this model 
have been generalized to the model represented by a semicyl- 
inder placed on a perfectly reflecting plane. Although being 
rather simple, these approaches reproduce the main features of 
light scattering from nanofibers. In particular, this process can 
be understood in terms of the excitation of nanofiber radiative 
modes. As a result, the dependence of the scattered light inten- 
sity on the angle of incidence exhibits maxima corresponding to 
matching with the nanofiber SD modes. 

‘These conclusions are in agreement with the measurements, 
of light scattering from organic nanoaggregates grown on mica, 
which have demonstrated experimental evidence of mode 
launching in this system. Those modes show up as pronounced 
peaks in light scattering from the nanofibers. Using the model, 
one is able to identify specific modes that have been excited in 
the course of light scattering from the sample. The obtained 


What 


-an Go Wrong 


LEDs are polarized and are usually soldered 
in. 

+ Can be powered by AC or DC without any 
modification or additional circuitry, LEDs re- 
quire DC, which must be provided through 
a transformer and rectifier, or similar elec- 
tronics, if AC power is the primary source. 


+ Can be equally visible from a wide range of 
viewingangles. LEDs have restricted viewing 
angles. 

+ The heat output from an incandescent bulbs 
may occasionally be useful (for example in a 
terrarium, or in incubators for poultry). 

+ Trouble-free switching, Fluorescents tend to 
hesitate and blink when power is applied, 
and they require a ballast to energize them. 
The lifespan of fluorescents is reduced by 
frequent switching. 

+ No low-temperature problems. Incandes- 
cent lamps are not significantly affected by 
low temperatures. Fluorescents may not 
start easily in a cold environment, and may 
flicker or glow dimly for 10 minutes (or more) 
until they are warm enough to function 
properly. 

+ Easy disposal. Fluorescent lights contain 
small quantities of mercury that are an envi- 
ronmental hazard. They should not bemixed 
with ordinary trash, Compact fluorescent 
lamps (CFLs) and LEDs used for roomlighting 
will be packaged with electronics that 
should ideally be recycled, although this is 
not very practical. Incandescent bulbs im- 
pose the least burden on the environment 
when they are thrown away. 


However, the incandescent lamp has some ob- 
vious disadvantages: 

+ Relatively inefficient. 

+ More susceptible to vibration. 

+ More fragile, 


+ Likely to have a shorter natural life expect- 
ancy than LEDs, fluorescents, orneon bulbs, 


light source, indicator, or display 


ce> incandescent lamp 


single so 


although the lifetime of a small panel indi- 
cator can be equal to that of an LED if a low 
color temperature is acceptable. 

+ Requires a filter or tinted glass envelope to 
generate colored light. This further reduces 
the lamp’s efficiency. 

+ Cannot be miniaturized to the same degree 
as an LED indicator. 


Derating 

The lifespan of a lamp can be greatly extended 
by choosing one with a higher current rating or 
using it at a lower voltage. The light output will 
be reduced, and the color temperature will be at 
a lower Kelvin number, but in some situations 
this tradeoff may be acceptable. 


The graphs in Figure 18-10 suggest that if the 
voltage of a hypothetical miniature lamp is re- 
duced to 80% of the manufacturer's recom- 
mended value, this can make the lamp last 20 
timesas long. Note, however, that this will cut the 
light intensity to 50% of its normal value. 


Conversely, using 130% normal voltage wil 
250% of the normal light output, while shorten- 
ing the life of the lamp to 1/20 of itsnormal value, 
Naturally these figures are approximations that 
may not apply precisely toa specific lamp. 


What Can Go Wrong 


High Temperature Environment 
If an incandescent lamp is used in an environ- 
ment hotter than 100 degrees Celsius, the life of 
the lamp is likely to be reduced by the “water 
cycle” Any water molecules inside the glass en- 
velope will breakdown, allowing oxygen tocom- 
binewiththetungsten filament to form tungsten 
oxide. The tungsten is deposited on the inside of 
the glass while the oxygen is liberated and be- 
gins a new cycle. 
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results provide detailed information about possible electromag- 
netic mode propagation in nanosized, needle-shaped aggregates 
and also form the basis for a new way of optically characterizing 
the morphology of sub-wavelength. sized nanostructures via far- 
field scattering. The further development of this technique by 
using a tunable light source should allow one to determine the 
actual dispersion curves of nanofibers. On the other hand, one 
can usea broadband light source to illuminate the sample instead 
ofa laser. In such a case, one should expect to observe peaks in 
the spectrum of scattered light, which originates from the exci- 
tation of TD nanofiber modes. The implementation of this tech: 
nique with the use of a scanning near-field optical microscope 
for the registration of scattered field would provide an additional 
advantage. The data obtained in such a setup are not influenced 
by an averaging over the illuminated spot and, thus, are related 
to individual nanofibers. Another possible application of light 
scattering from nanofibers stems from correlation between the 
positions of peaks in scattered intensity and the dispersion of 
nanofiber normal modes. Any change in the optical properties 
‘of nanofibers caused by either heating, or mechanical tension, or 
adsorption of molecules from ambient medium would result in 
a shift of the peaks in light scattering. This opens up new oppor- 
tunities for the creation of nanosensors of various kinds. Due to 
its generic nature, the method discussed in this chapter is not 
limited to organic nanofibers but can be equally well applied to 
‘ther kind of light-emitting nanoaggregates. 
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31.1 Introduction 


‘Three centuries of research, beginning with Hooke and Newton, 
have revealed a diversity of optical devices at the nanoscale (or 
at least the submicron scale) in nature.! These include structures 
that cause random scattering, 2D diffraction gratings, 1D multi 
layer reflectors, and 3D liquid crystals (Figure 31.la through d). In 
2001, the first photonic crystal was identified as such in animals,? 
and since then the scientific effort in this subject has acceler 
ated. Now we know ofa variety of 2D- and 3D-photonic crystals 
in nature (e., Figure 31.le and f), including some designs not 
encountered previously in physics. 

Biomimetics is the extraction of good design from nature. Some 
‘optical biomimetic successes have resulted from the use of conven: 
tional (and constantly advancing) engineering methods to make 
direct analogues ofthe reflectorsand antieflectors found in nature. 
However, recent collaborations between biologists, physicists, 
engineers, chemists, and material scientists have ventured beyond 
merely mimicking in the laboratory what happens in nature, lead- 
ing to a thriving new area of research involving biomimetics via 
cell culture. Here, the nano-engineering efficiency of living cells is 
harnessed, and nanostructures such as diatom “shells” can be made 
for commercial applications via culturing the cells themselves. 


31.2 Engineering of Antireflectors 


Some insects benefit from antireflective surfaces, either on 
their eyes to see under low-light conditions, or on their wings 
to reduce surface reflections in transparent (camouflaged) areas. 
Antireflective surfaces, therefore, occur on the corneas of moth 
and butterfly eyes? and on the transparent wings of hawkmoths.* 


‘These consist of nodules, with rounded tips, arranged in a hex- 
agonal array with a periodicity of around 240nm (Figure 31.2b). 
Effectively they introduce a gradual refractive index profile at 
an interface between chitin (a polysaccharide, often embedded 
in a proteinaceous matrix; ri. 1.54) and air, and hence reduce 
reflectivity by a factor of 10. 

‘This “moth-eye structure” was first reproduced at its cor: 
rect scale by crossing three gratings at 120° using lithographic 
techniques, and employed as antireflective surfaces on glass 
windows in Scandinavia.> Here, plastic sheets bearing the anti 
reflector were attached to each interior surface of triple-glazed 
windows using refractive-index-matching glue to provide a sig- 
nificant difference in reflectivity. Today the moth-eye structure 
can be made extremely accurately using e-beam etching,* and is 
employed commercially on solid plastic and other lenses. 

A different form of antieflective device, in the formofa sinusoi- 
dal grating of 250nm periodicity, was discovered on the cornea of 
1 45-million-year-old fly preserved in amber” (Figure 31.2a). This 
is particularly useful where light is incident at a range of angles 
(within a single plane, perpendicular to the grating grooves), as 
demonstrated by a model made in photoresist using lithographic 
methods’ Consequently it has been employed on the surfaces of 
solar panels, providing a 10% increase in energy capture through 
reducing the reflected portion of sunlight.‘ Again, this device is 
embossed onto plastic sheets using holographic techniques. 


31.3 Engineering of Iridescent Devices 


Many birds, insects (particularly butterflies and beetles), fishes, 
and lesser-known marine animals display iridescent (changing 
color with angle) and/or “metallic” colored effects resulting from 
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‘Summary of the main types of optical reflectors found in nature; a-d where a light ray is (generally) reflected only once within, 


the system (Le, they adhere to the single scattering, or first Born, approximation), and e and f where each light ray is (generally) reflected multiple 
limes within the system. (a) An irregular array of elements that scatter incident light into random directions. The scattered (or rellected) rays do not 
superimpose. (b) A diffraction grating, a surface structure, from where light is diffracted into a spectrum or multiple spectra. Fach corrugation is about 


500nm wide. Diffracted rays superimpose either constructively or destructively. (c) A multilayer reflector, composed of thin (ca. 100nm 
thick) layers of alternating refractive index, where light rays rellected from each interface in the system superimpose either constructively or 
destructively. Some degree of refraction occurs. (d) A “liquid crystal” composed of nano-fibers arranged in layers, where the nano-fibers of one 
layer lie parallel to each other yet are orientated slightly differently to those of adjacent layers. Hence spiral patterns can be distinguished within 
the structure. The height of the section shown here—one “period” ofthe system—is around 200nm.(e) Scanning electron micrograph ofthe “opal 
structure—a close-packed array of submicron spheres (a “3D photonic erystal")—found within a single scale ofthe weevil Metapocyrtus sp, scale 
bat 


im. (9) Transmission electron micrograph ofa section through a hair (neuroseta) of the sea mouse Aphrodita sp. (Polychaeta), showing a 


cross section through a stack of submicron tubes (a “2D photonic crystal”); scale bar = 5 um. 


photonic nanostructures. These appear comparatively brighter 
than the effects of pigments and often function in animals to 
attract the attention of a potential mate or to startle a predator. 
‘An obvious application for such visually attractive and optically 
sophisticated devices is within the anticounterfeiting indus. 

try. For secrecy reasons, work in this area cannot be described, 
although devices are sought at different levels of sophistication, 
from effects that are discernable by the eye to fine-scale optical 
characteristics (polarization and angular properties, for exam- 
ple) that can be read only by specialized detectors. However, new 
research aims to exploit these devices in the cosmetics, paint, 
printing/ink, and clothing industries. They are even being tested 
in art to provide a sophisticated color-change effect. 

Original work on exploiting nature's reflectors involved copy: 
ing the design but not the size, where reflectors were scaled up to 
target longer wavelengths. For example, rapid prototyping was 
‘employed to manufacture a microwave analogue of a Morpho 
butterfly scale that is suitable for reflection in the 10-30GHz 
region. Here the layer thicknesses would be in the order of lmm 


rather than 100nm as in the butterfly, but the device could be 
employed as an antenna with broad radiation characteristics, or 
asan antireflection coating for radar. However, today techniques 
are available to manufacture nature's reflectors at their true siz. 
Nanostructures causing iridescence include photonic crystal 
fibers, opal and inverse opal, and unusually sculpted 3D architec 
tures. Photonic crystalsare ordered, often complex, sub-wavelength 
(ano) atices that can control the propagation of ight atthe single 
wave scale in the manner that atomic crystals control electrons? 
Examples include opal (@ hexagonal or square array of 250nm 
spheres) and inverse opal (a hexagonal array of similar-sized holes 
ina solid matrix). Hummingbird feather barbs contain variation 
ultrathin layers with variations in porosity that cause thei irides- 
cent effects, due to the alternating nanoporous/fully dense ultra 
structure” Such layers have been mimicked using aqueous-based 
layering techniques” The greatest diversity of 3D architectures 
can be found in butterfly scales, which can include micro-ribs with 
nano-ridges, concave multilayered pits, blazed gratings, and ran 
domly punctate nano-layers The cuticle of many beetles contain 
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FIGURE 31.2 Scanning electron micrographs of antirellective sur- 
faces. (a) Fly-eye antreflector (ridges on four facets) on a 45-million- 
‘year-old dolichopodid fly's eye. (Micrograph from Mierzejewski, . With 
permission.) (b) Moth-eye antireflective surfaces. (e) Moth-eye mimic 
fabricated using ion-beam etching. Scale bars = 344m (a), 1um (b),2um 
(©. (Micrograph by Boden, S.A. and Bagnall, D.M., Biomimetic subwave- 
length surfaces for near-zero reflection suntise to sunset, Proceedings 
‘4th World Conference on Photovoltaic Energy, Conversion, Waikoloa, Hl, 
12006. With permission.) 


structurally chiral films that produce iridescent effects with circu. 
lar or elliptical polarization properties.” These have been replicated 
in titania for specialized coatings," where a mimetic sample can 
be compared with the model beetle and an accurate variation in 
spectra with angle is observed (Figure 31.3). The titania mimic can 
be nanoengineered for a wide range of resonant wavelengths; the 
lowest so far isa pitch of 60nm for a circular Bragg resonance at 
220nm ina $c,0, film (Ian Hodgkinson, pers. com). 

Biomimetic work on the photonic crystal fibers of the Aphrodita 
sea mouse is underway. The sea mouse contains spines (tubes) with 
walls packed with smaller tubes of 500nm, with varying internal 
diameters (50-400 nm). These provide a bandgap in the red region, 
and are to be manufactured via an extrusion technique. Larger 
_lass tubes packed together in the proportion of the spine’s nano: 
tubes will be heated and pulled through a drawing tower until they 
reach the correct dimensions. The sea mouse fibre mimics will be 
tested for standard PCF applications (eg, in telecommunications) 
but also for anticounterfeiting structures readable by a detector. 
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‘The analogues of the famous blue Morpho butterfly 
(Figure 31.4a) scales have been manufactured."*** Originally, 
corners were cut. Where the Morpho wing contained two lay- 
crs of scales—one to generate color (a quarter-wave stack) and 
another above it to scatter the light—the model copied only the 
principle." The substrate was roughened at the nanoscale, and 
coated with 80nm thick layers alternating in refractive index.” 
Therefore the device retained a quarter-wave stack centered in 
the blue region, but incorporated a degree of randomness to 
generate scattering. The engineered device closely matched the 
butterfly wing—the color observed changed only slightly with 
changing angle over 180°, an effect difficult to achieve and useful 
for a broad-angle optical filter without dyes. 

A new approach to making the 2D “Christmas tree” struc- 
ture (a vertical, elongated ridge with several layers of 70nm thick 
side branches; Figure 31.4b) has been achieved using focused: 
ion-beam chemical-vapor deposition (FIB-CVD)." By com: 
bining the lateral growth mode with ion-beam scanning, the 
Christmas tree structures were made accurately (Figure 31.40) 
However, this method is not ideal for low-cost mass produc- 
tion of 2D and 3D nanostructures, and therefore the ion-beam. 
etched Christmas trees are currently limited to high-cost items 
including nano- or micron-sized filter (such as “pixels” in a dis- 
play screen or a filter). Recently further corners have been cut 
in manufacturing the complex nanostructures found in many 
butterfly scales, involving the replication of the scales in ZnO, 
using the scales themselves as templates'® (Figure 31.4d and e). 


31.4 Cell Culture 


Sometimes nature's optical nanostructures have such an elab: 
orate architecture at such a small (nano) scale that we sim- 
ply cannot copy them using current engineering techniques. 
Additionally, sometimes they can be made as individual reflec- 
tors (as for the Morpho structure), but the effort isso great that 
commercial-scale manufacture would never be cost-effective. 

‘An alternative approach to making nature’ reflectors is to 
exploit an aspect other than design—that the animals or plants can 
make them efficiently. Therefore we can let nature manufacture the 
devices for us via cell-culture techniques. Animal cells are in the 
order of 10\um in sizeand plant cells up to about 100jtm, and hence 
suitable for nanostructure production. The success of cell culture 
depends on the species and on type of cell from that species. Insect 
cells for instance, can be cultured at room temperature, whereas 
an incubator is required for mammalian cells. Cell culture is not a 
straightforward method, however, since aculture medium must be 
established to which the cells adhere, before they can be induced to 
develop to the stage where they make their photonic devices 

‘The current work in this area centres on butterfly scales. The 
cells that make the scales are identified in chrysalises, dissected, 
and plated out. Then the individual cells are separated, kept alive 
in culture, and prompted to manufacture scales through the 
addition of growth hormones. Currently we have cultured blue 
‘Morpho butterfly scales in the lab that have identical optical and 
structural characteristics to natural scales. The cultured scales 
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FIGURE 31.3 (2) A Manuka (scarab) beetle with (b) titania mimetic films of slightly different pitches. (c) Scanning electron micrograph of 
the chiral reflector in the beetles cuticle. (d) Scanning electron micrograph of the titania mimetic film, (Reproduced from DeSilva, L. etal 
lectromagnetics, 25, 391, 2005, With permission) 
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FIGURE314 (2) A Morpho batterfly with (b) ascanning electron micrograph ofthe structure causing theblue reflector in its scales. €) scanning elec: 
tron micrograph ofthe FIB-CVD fabricated mimic. A Ga’ ion beam (beam diameter 7nm at 0.4pA; 30KV), held perpendicular tothe surface, was used 
to etch a precursor of phenanthrene (C,H). Both give a wavelength peak at around 440nm and atthe same angle (30°) (From Watanabe, Ket a, Jpn 
Appl. Phys, 44, L48, 2005. With permission.) (d) Scanning electron micrograph ofthe base ofa scale ofthe butterfly Ldeopss smiles (e) Scanning elec 
tron micrograph ofa ZnO replica ofthe same part ofthe scale in (d). (Reproduced from Zhang, W. etal. Bioinspir.Biomtim., 1,89, 2006. With permission.) 
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‘could be embedded ina polymer or mixed into a paint, where they 
may float to the surface and self-align. Further work, however, is 
required to increase the level of scale production and to harvest the 
scales from laboratory equipment in appropriate ways. A far sim. 
pler task emerges where the iridescent organism is single-celled. 


31.5 Diatoms and Coccolithophores 


Diatoms are unicellular photosynthetic microorganisms. The 
cell wall is called the frustule and is made of the polysaccha 
ride pectin impregnated with silica. The frustule contains pores 
(Figure 31.5a through c) and sis that give the protoplasm access 
to the external environment. There are more than 100,000 dif 
ferent of species of diatoms, generally 20-200jm in diameter 
cor length, but some can be up to 2mm long. Diatoms have 
been proposed to build photonic devices directly in 3D." The 
biological function of the optical property (Figure 31.54) is at 
present unknown, but may affect light collection by the dia 
tom. This type of photonic device can be made in silicon using 
4 deep photochemical-etching technique (initially developed by 
Lehmann’) (eg, Figure 3.5e). However, there is a new poten 


tial here since diatoms carry the added advantage of exponential 
‘growth in numbers—each individual can give rise to 100 million 
descendents in a month. 

Unlike most manufacturing processes, diatoms achieve a 
high degree of complexity and hierarchical structure under mild 
physiological conditions. Importantly, the size of the pores does 
rot scale with the size of the cell, thus maintaining the pattern. 
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Fuhrman et al.” showed that the presence ofthese pores in the 
silica cell wal ofthe diatom Coscinodiscus granii means that the 
frustule can be regarded as a photonic crystal slab waveguide, 
Furthermore, they present models to show that light may be 
coupled into the waveguide and give photonic resonances in the 
visible spectral range. 

‘The silica surface of the diatom is amenable to simple chemi- 
cal functionalization (e.g, Figure 31.6 through c). An inter- 
esting example of this uses a DNA-modified diatom template 
for the control of nanoparticle assembly: Gold particles were 
coated with DNA complementary to that bound to the surface 
of the diatom. Subsequently, the gold particles were bound to 
the diatom surface via the sequence-specific DNA interaction, 
Using this method up to seven layers were added showing how a 
hierarchical structure could be built onto the template. 

Porous silicon is known to luminesce in the visible region 
of the spectrum when irradiated with ultraviolet light” This 
Photoluminescence (PL) emission from the silica skeleton of 
diatoms was exploited by DeStafano” in the production of an 
optical gas sensor. It was shown that the PL of Thalassiosira 
rotula is strongly dependent on the surrounding environment. 
Both the optical intensity and peaks are affected by gases and 
organic vapors. Depending on the electronegativity and polar. 
izing ability, some substances quench the luminescence, while 
others effectively enhance it Inthe presence of the gaseous sub: 
stances NO,, acetone, and ethanol, the photoluminescence was 
quenched. This was because these substances attract electrons 
from the silica skeleton of the diatoms and hence quench the PL. 
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FIGURE 31.5 
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(@-0) Scanning electron micrographs of the intercalary band of the frustule from two species of diatoms, showing the square 


array of pores from C. granii (a) and (b)) and the hexagonal arrays of pores from C. wailesi (). These periodic arrays are proposed to act as 
photonic crystal waveguides. (d)Iridescence of the C. granii girdle bands. (e) Southampton University mimic of a diatom frustule (patented 
for photonic crystal applications); scanning electron micrograph, (Micrograph by Parker, G. With permission.) 
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FIGURE 31.6 Modification of natural photonic devices. (a)-(e) Diatom surface modification. The surface of the diatom was silanized, then 
treated with a heterobifunctional cross-Linker, followed by attachment of an antibody via a primary amine group. (a) (i) Diatom exterior surface 
(i) APS (i) ANB-NOS (iv) primary antibody (v) secondary antibody with HRP conjugate. Diatoms treated with primary and secondary antibody 


with (b) no surface modification (2) after surface modification. (4 and e) Scanning electron micrographs showing the pore pattern ofthe diatom 


C. wailesi(d) and after growth inthe presence of nickel sulphate (e. Note the enlargement of pores, and hence change in optical properties, in (@). 


(0 "Photonic crystal” of the weevil Metapocyrtus sp, section through a scale, transmission electron micrograph; scale bar: 1jtm (see Parker). 


() A comparatively enlarged diagrammatic example of cell membrane architecture: tubular christae in mitochondria from the chloride cell of 


sardine larvae. Evidence suggests that preexisting internal cell structures playa role inthe manufacture of natural nanostructures if these ean be 
altered then so will the nanostructure made by the cell. (From Threadgold, LI, The Ultrastructure ofthe Animal Cell, Pregamon Press, Oxford, 


UK, 1967) 


Nucleophiles, such as xylene and pyridine, which donate elec: 
tons, had the opposite effect, and increased PL. intensity almost 
ten times. Both quenching and enhancements were reversible as, 
soon as the atmosphere was replaced by air. 

‘The silica inherent to diatoms does not provide the optimum 
chemistry/refractive index for many applications. Sandhage 
ct al. have devised an inorganic molecular conversion reaction 
that preserves the size, shape, and morphology of the diatom 
‘while changing its composition. They perfected a gas/silica dis 
placement reaction to convert biologically derived silica struc 
tures such as frustules into new compositions. Magnesium was 
shown to convert SiO, diatoms by a 


vapor phase reaction at 


900°C to MgO of identical shape and structure, with a liquid 
Mg,Si byproduct. Similarly, when diatoms were exposed to tita 

nium fluoride gas, the titanium displaced the silicon, yielding a 
diatom structure made up entirely of titanium dioxide; a mate- 

rial used in some commercial solar cells. 

An alternative route to silica replacement hijacks that native 
route for silica deposition in vivo. Rorrer et al.*" sought to incor 
porate elements such as germanium into the frustule—a semi- 
conductor material that has interesting properties that could be 
of value in optoelectronics, photonics, thin film displays, solar 
cells, and a wide range of electronic devices. Using a two-stage 
cultivation process, the photosynthetic marine diatom Niteschia 
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_frustulum was shown to assimilate soluble germanium and fab- 
ricate Si-Ge-oxide nanostructured composite materials. 

Porous glasses impregnated with organic dye molecules are 
promising solid media for tunable lasers and nonlinear opti: 
cal devices, luminescent solar concentrators, gas sensors, and 
active waveguides. Biogenic porous silica has an open sponge- 
like structure and its surface is naturally OH-terminated. 
Hildebrand and Palenik* have shown that rhodamine B and 6G 
are able to stain diatom silica in vivo, and determined that the 
‘dye treatment could survive the harsh acid treatment needed to 
remove the surface organic layer from the silica frustule. 

Now attention is beginning to turn additionally to coc- 
colithophores—single-celled marine algae, also abundant in 
‘marine environments. Here, the cell secretes calcitic photonic 
crystal frustules, which, like diatoms, can take a diversity of 
forms, including complex 3D architectures at the nano- and 
microscales. 


31.6 Iridoviruses 


Viruses are infectious particles made up of the viral genome 
packaged inside a protein capsid. The iridovirus family com- 
prises a diverse array of large (120-300 nm in diameter) viruses 
With icosahedral symmetry. The viruses replicate in the cyto: 
plasm of insect cells. Within the infected cell the virus particles 
produce a paracrystalline array that causes Bragg refraction of 
light. This property has largely been considered esthetic to date, 
but the research group of Vernon Ward (New Zealand), in col- 
laboration with the Biomaterials laboratory at Wright-Patterson 
Air Force base, is using iridoviruses to create biophotonic crys: 
tals, These can be used for the control of light, with this labora- 
tory undertaking large-scale virus production and purification 
as well as targeting the manipulation of the surface of iridovi 
ruses for altered crystal properties. These can provide a struc- 
tural platform for a broad range of optical technologies, ranging 
from sensors to waveguides. 

Virus nanoparticles, specifically Chiloand Wiseana Invertebrate 
Iridovirus, have been used as building blocks for iridescent 
nanoparticle assemblies. Here, virus particles were assembled 
in vitro, yielding films and monoliths with optical iridescence 
arising from multiple Bragg scattering from closely packed crys- 
talline structures of the iridovirus. Bulk viral assemblies were 
prepared by centrifugation followed by the addition of glutar- 
aldehyde, a cross-linking agent. Long-range assemblies were 
prepared by employing a cell design that forced virus assem: 
bly within a confined geometry followed by cross-linking. In 
addition, virus particles were used as core substrates in the 
fabrication of metallodielectric nanostructures. These com. 
prise a dielectric core surrounded by a metallic shell. More 
specifically, a gold shell was assembled around the viral core by 
attaching small gold nanoparticles to the virus surface using 
inherent chemical functionality of the protein capsid* These 
gold nanoparticles then acted as nucleation sites for electroless 
deposition of gold ions from solution. Such nano-shells could 
be manufactured in large quantities, and provide cores with a 
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narrower size distribution and smaller diameters (below 80 nm) 
than currently used for silica. These investigations demonstrated 
that direct harvesting of biological structures, rather than bio- 
chemical modification of protein sequences, is a viable route to 
create unique, optically active materials. 


31.7 The Mechanisms of Natural 
Engineering and Future Research 


Where cell culture is concerned it is enough to know that cells 
do make optical nanostructures, which can be farmed appropri- 
ately. However, in the future an alternative may be to emulate 
the natural engineering processes ourselves, by reacting to the 
same concentrations of chemicals under the same environmen- 
tal conditions, and possibly substituting analogous nano- or 
macro-machinery. 

‘To date, the process best studied isthe silica cell wall formation 
in diatoms. The valves are formed by the controlled precipitation of. 
silica within a specialized membrane vesicle called the silica depo- 
sition vesicle (SDV). Once inside the SDV, silicic acid is converted 
into silica particles, each measuring approximately 50nm in diam- 
eter. These then aggregate to form larger blocks of material. Silica 
deposition is molded into a pattern by the presence of organelles 
such as mitochondria spaced at regular intervals along the cyto- 
plasmic side of the SDV These organelles are thought to physi 
cally restrict the targeting of silica from the cytoplasm, to ensure 
laying down ofa correctly patterned structure. This process is very 
fast, presumably due to optimal reaction conditions for the synthe- 
sis of amorphous solid silica. Tight structural control results in the 
final species-specific, intricate exoskeleton morphology. 

‘The mechanism whereby diatoms use intracellular compo- 
nents to dictate the final pattern of the frustule may provide 
a route for directed evolution, Alterations in the cytoplasmic 
morphology of Skeletonema costatum have been observed in 
cells grown in sublethal concentrations of Mercury and Zinc” 
resulting in swollen organelles, dilated membranes, and vacuo- 
lated cytoplasm, Frustule abnormalities have also been reported 
in Niteschia liebethrutti grown in the presence of mercury and 
tin. Both metals resulted in a reduction in the length to width 
ratios of the diatoms, fusion of pores, and a reduction in the 
number of pores per frustule. These abnormalities were thought 
to arise from enzyme disruption either at the silica deposition 
site or at the nuclear level. We grew Coscinodiscus wailesii in 
sublethal concentrations of nickel and observed an increase in 
the size of the pores (Figure 31.6d and e), and a change in the 
phospholuminescent properties of the frustule. Here, the dia- 
tom can be “made to measure” for distinct applications such as 
stimuli-specific sensors. 

Further, trans-Golgi-derived vesicles are known to manufac- 
ture the coccolithophore 3D “photonic crystals.”® So the organ- 
elles within the cell appear to have exact control of (photonic) 
crystal growth (CaCO, in the coccolithophores) and packing 
(SiO, in the diatoms)" Indeed, Ghiradella’ suggested that 
the employment of preexisting, intracellular structures lay 
behind the development of some butterfly scales, and Overton” 


31.8 Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


reported the action of microtubules and microfibrils during 
butterfly-scale morphogenesis. Further evidence has been found 
to suggest that these mechanisms, involving the use of molds 
and nano-machinery (eg., Figure 31.6f and g), reoccur with 
unrelated species, indicating that the basic “eukaryote” (con. 
taining a nucleus) cell can make complex photonic nanostruc- 
tures with minimal genetic mutation. The ultimate goal in the 
field of optical biomimetics, therefore, could be to replicate such 
machinery and provide conditions under which, if the correct 
ingredients are supplied, the optical nanostructures will self- 
assemble with precision, 

For further information on the evolution of optical devices, 
in nature, including those found in fossils, or when they first 
appeared on earth, see references. ™°> 
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Figure 18-10. The life expectancy of a hypothetical minia 
ture lamp is very strongly inuenced by voltage. Applying 
only 60% of the rated voltage can make a lamp last 500 
times its normal ltespan, although it will greatly reduce 
light output. Note that the vertical axes apply ta curves of 
the same color. Adapted from "Characteristics of Minia: 

ture Lamps" from Toshiba Lighting and Technology Cor 

poration. 


Fire Risk 

The partially evacuated bulb of an incandescent 
lamp provides some separation and protection 
from the heat in the filament, but if the bulb can- 
not disperse heat by radiation or convection, its 
temperature can ise to the point where it ignites 
flammable materials. 


Halogen lamps havean elevated fire risk because 
they operate at a higher temperature and are 


What Can Go Wrong 


smaller, providing less surface area to disperse 
the heat. They also contain gases under seven to 
eight atmospheres of pressure. Thermal stress 
can cause a halogen bulb to shatter, and finger- 
prints on the glass can increase this risk. 


Current Inrush 

When an incandescent lamp is first switched on, 
its filament has one-tenth the resistance that it 
will exhibit when it becomes hot. Consequently, 
the lamp will take a large initial surge of current, 
which stabilizes after about 50 milliseconds. This 
should be considered if one or more small lamps 
sharesa DC power supply with components such 
as logic chips that may be sensitive to voltage 
fluctuations. 


Replacement Problems 
Because of the limited life of incandescentlamps, 
they should be installed in such a way that they 
are easy to replace. This can be an issue with 
panel indicators, where disassembly of a device 
may be necessary to reach the lamp. 


The range of small incandescent lamps is dimin- 
ishing, and may continue to diminish in the fu- 
ture. Future availability of replacement lamps 
should be considered when designing a circuit. 
When building equipment in small quantities, 
spare lamps should be purchased for future use. 
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32.1 Introduction 


‘You might think that the great success of quantum electrody- 
namics (QED) would settle the debate on the nature of light to 
provide aclear view ofits behavior, where the photon is regarded 
as the unit of excitation associated with a quantized mode of 
the electromagnetic (radiation) field. However, Heisenberg’s 
uncertainty principle tells us that a state of definite momentum, 
‘energy, and polarization associated with a plane wave used as a 
basis function of quantization must be completely indefinite in 
space and time. It suggests the difficulty of spatial localization of 
photon as a particle. In fact, Newton and Wigner showed that 
a free photon, as a massless particle with spin 1, has no local- 
ized states on the basis of natural invariance requirements that 
localized states for which operators of the Lorentz group apply 
should be orthogonal to the undisplaced localized states, after a 
translation (Newton and Wigner 1949). According to them, one 
can obtain a general expression for a position operator for mas 

sive particles and for massless particles of spin 0 or 1/2, not for 
massless particles with finite spin, which indicates that there is 
no probability density for the position of the photon, and thus 
4 position-representation wave function cannot be consistently 
introduced. It has also been shown that photons are not localiz 

able, on the basis of imprimitive representations ofthe Euclidean 
‘group (Wightman 1962). Its now believed that photons are only 
‘weakly localizable, although single-photon states with arbi- 
trarily fast asymptotic falloff of energy density exist, and that 


a lack of strict localizability is directly related to the absence of, 
a position operator for a photon in free space and a position- 
representation photon wave function (Hawton 1999), 

(On the other hand, several authors have claimed that a mini- 
mum modification of the naive route leads to a wave-function 
description of a photon, even though the probability density 
for the position of a photon and a position-representation wave 
function cannot be consistently introduced. For example, it has 
been shown to be possible to introduce a position-representation 
wave function W(F, t) for a photon, which is the expectation 
value of the photon energy in a region dF about F (Sipe 1995, 
Scully and Zubairy 1997, Hawton 1999, Roychoudhuri and Roy 
2003). Mandel etal, from another viewpoint, have found that a 
photon wave function as a probability amplitude is possible in a 
coarse-grained volume whose linear dimensions are larger than 
the photon wavelength (Mandel 1966, Mandel and Wolf 1995, 
Inagaki 1998). The localization of the photon energy density 
and photodetection rates having an exponential or arbitrarily 
fast asymptotic falloff have been discussed, as well as causality 
(Hegerfeldt 1974, Pike and Sarkar 1987, Hellwarth and Nouchi 
1996, Adlard et al. 1997, Bialynicki-Birula 1998, Keller 2005). 

When the interactions with matter were considered, differ- 
ent views opened up. Dressed states and operators, dressed and 
half-dressed sources in nonrelativistic QED, electromagnetic 
field correlations, and intermolecular interactions between mol- 
ecules in either ground or excited states have been discussed 
(Compagno et al. 1988, 1995, Cohen-Tannouajiet al. 1989, 1992, 
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Power and Thirunamachandran 1993), focusing on the fact that 
bare source interacting with a quantum field is surrounded by 
a cloud of virtual particles. It has been shown that the dress. 
ing of the source, or virtual cloud effects, can be detected by a 
test body (detector) located close to the source. Carniglia and 
Mandel (1971) proposed a complete basis for electromagnetic 
fields interacting with a material of refractive index m filled in a 
half space separated by vacuum in order to quantize the source 
fields, while Inoue and Hori (2001) discussed the detector modes 
and the behavior of a photon-atom interacting system near the 
material surface. Kobayashi etal (2001) focused on the environ- 
mental effects on a nanomaterial interacting with photons and 
obtained a near-field optical interaction as an effective interac- 
tion between nanomaterials electronically disconnected, but 
closely located, in order to detect the cloud of virtual photons. 
‘They have also applied it toa discussion of nanophotonic devices 
(Sangu et al. 2004). Focusing on the photon degrees of freedom, 
‘on the other hand, photon hopping has been employed to dis 
cuss a photon-material interacting system (John and Quang 
1995, Suzuura et al. 1996, Shojiguchi et al. 2003), and a photon 
<dressing by material excitations has been recently discussed by 
using the photon-hopping model in real space and a quasipar- 
ticle model (Kobayashi etal. 2008). 

Focusing on light-matter interactions at the nanoscale, we 
discuss a near-field optical interaction between nanomaterials 
surrounded by a macroscopic system, a dressing mechanism, 
and spatial localization of photons in this article, which is orga. 
nized as follows. Section 32.2 is devoted to background issues for 
photon localization, in particular, the difficulty ofthe definition, 
effective methods, and fee-field quantization. In Section 32.3 we 
discuss a dressing mechanism of photons and their localization 
in space, including virtual clouds of photons, electromagnetic 
field correlations and intermolecular interactions, effective near- 
field optical interactions, and phonons’ effects on photon local- 
ization, Finally, a summary and a future outlook are presented. 


32.2 Background 


32.2.1 Difficulty in Defining a Wave 
Function of a Photon in Real Space 


Since there is no probability density for the photon, and thus 
' position-representation wave function in free space cannot 
be consistently defined, one has to follow quantum electrody- 
namics (QED), that is, to redefine one- and a few-photon wave 
functions in a physically meaningful way in order to obtain 
fruitful insights into the photon-matter interacting system 
at the nanoscale, In the following subsections, we will give an 
overview of both approaches, ater pointing out the difficulties 
involved with a position-representation wave function of a pho- 
ton in free space 
‘We begin with Maxwell's equations in vacuum: 


(32.12) 
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ak, 


(32.16) 


where 
cis the speed of light 
EG, 1) and B(F, t) are electric and magnetic fields, respectively 


Let us now define (1) as ,(7,t)= BF, 1) iB(F, 0); then, it 
follows from Maxwell’s equations that @, (Ft) should satisfy 


00, (7,1) 
haar 
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Using the Fourier transform ofthese functions, we introduce the 
vectors 7s(P,t) as 


br.n=f 


which is associated with y.(p,1) as ¥(B, 0) 


te, 32.3) 
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Yo(B 1 (p) with 


le(pe 


seat 
R= FT (32.40) 


where two unit vectors \(p) and @,(p) are defined such that the 
unit vectors 


[4.20 P= PA) (2.4b) 


form a righthanded triad. Then, it is easy to verify that 
‘Ye(pst) satisfy a Schrddinger-like equation in the momentum 
representation 

i,t 


2 arti, (2.5) 


which indicates that 7,({, t) are probability amplitudes for pho- 
tons of momentum j, energy E = cp with p = |p}, and positive/ 
negative helicity. Here note that 


FGF. B.NdB=F-B-1)- FAB dp (32.6) 


and 


VGO-7G.O=0 62.66) 
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show the probability of detecting a photon of positive helicity 
and momentum f between f and p + df, and likewise for a pho- 
ton of negative helicity. Then the normalization condition is 


G27) 


[FGoF6.0+eFGo]ep 


which leads to 


and it follows from the dynamical equations that 


82.9) 
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Here we note that the sum of ®.(F, 1) might be regarded as the 
position-representation wave function of a photon, but it can- 
not be regarded as such because Newton and Wigner and also 
Wightman have shown that the photon, being a massless parti- 
le isnot localizable in free space, and that there does not exist a 
probability amplitude and density for the position of the photon 
in the usual sense (see also (32.15a) and (32.15b)) (Newton and 
Wigner 1949, Wightman 1962). 


32.2.2 Effective Spatial Wave Function 
of a Single Photon 


In order to avoid the difficulties mentioned above, Mandel 
defined an operator representing the number of photonsin a vol 
ume Vas the integral over V of a so-called “detection operator,” 
which led a simple formula for the probability that n photons are 
present in V, when the linear dimensions of V are larger than the 
‘wavelength of light used (Mandel 1966). 

Sipe took another approach to this issue, seeking a probability 
amplitude (7, ¢) for the photon energy to be detected about d? 
of 7 (Sipe 1995). Assuming that the integral of W’(7.,1)- PF, t)d? 
‘overall space is proportional to the photon energy, we normalize 
itas follows 


Jr eoV.ner-folRGoTGo 
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itis easly shown thai (is setas 
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the normalization condition is satisfied. Here note that 
FPN N=0=F-G.0-FG) 82.12) 
and 
nt sax beer.o, 213) 


oF 


At the same time, ¥, (7,1) should be chosen to satisfy an initial 
condition given by 


VPs a gyeenn,orn, 
ane hO ?. 
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Since ¥,(,t) and , (p,) are not the Fourier transform pairs, 
the arguments of the photon momentum P and the position 7 
associated with the photon energy are not conjugate variables. 
When ©, (7,t) and (7, ) are related by a local kernel, it can 
usually be regarded as a particle. However, ©, (7,¢), the Fourier 
transform of 7: (p,), is not a reasonable candidate for the posi- 
tion-representation wave function of the photon because of the 
following relation between ©, (7, t) and ¥, (7,1) 


O10) 
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with the nonlocal kernel 


(82.156) 


Nevertheless, ‘(i',t) might be meaningful to describe the 
dynamics of a photon such as a spontaneous emission from an 
atom and the inverse process, ora leat we can detect a photon, 
within the range of a detector’s precision by placing a detector 
like an atom close to the source. In other words, it indicates that 
light-matter interactions near the source play an important role 
and should be treated consistently. 


32.2.3 Canonical Field Quantization: 
Mode Functions, Field Operators, 
and Quantum States 


It is natural to follow the canonical quantization of the electro- 
‘magnetic field as a starting point for a discussion of light-matter 
interactions at the nanoscale, Since a lot of famous textbooks on 
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QED or quantum field theory have been published, we follow the 
essence of the theory and restrict ourselves to the free field that 
is free from charges and currents and whose scalar potential can 
be set to zero (Sakurai 1967, Roychoudhuri and Roy 2003). In the 
Coulomb gauge with V-A(”, t) =0 for the vector potential A(t), 
three basic equations we work with for the fre-field case are 


BG, )=VxAGn, (2.16a) 
BG,.p=-1 AE, (32.166) 
ar 
age 1 eAG) 
vagy (2.166) 


We expand A(t) into a complete set of mode functions i) 
defined by the Helmholtz equation 

(WR Vite) =0, (2.17) 
and the boundary conditions set by the shape of a virtual cavity, 
for example, a box taken to be a cube of side L = V". It follows 
from the Coulomb gauge that the direction of ii, (7) has to be 
‘orthogonal to the wave vector k, and thus there are wo polariza 
tion degrees of freedom indicated by the index c. Note that the 


mode functions become more complicated, or even impossible 
for more sophisticated cavity shapes. The mode functions satisfy 


the orthonormality condition 


eee 
2 farntt@).t,)=8. 52.18) 
T arritey a0) =8, (2.18) 
where we have for simplicity combined the three components 
othe wave vector and the polarization index cto one index ¢ 
Using the normalization constant A, and the time-dependent 
amplitude q,(t), we have 


Je.n= Laan araiowi®), 6219) 


where q(t) follows from the differential equation of a harmonic 
oscillator of frequency Q = ¢|kif 


Fadt) + (32.20) 


de 


‘The Hamiltonian of the field is 
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the Hamiltonian can be expressed in terms of a collection of 
independent and uncoupled harmonic oscillators as 


1p 4.0303) 
H= i507 +0) 62.26) 
Here, P, and Q, are seen to be canonical variables: 
ap, __ aH ; 
aa 62.27) 
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‘The natural method to quantize the field isto replace the vari- 
able q, and its conjugate momentum p, = dg,ldt by operators j, 
and p, that satisfy the commutation relations [4,, pr] = ihB yc, oF 


[QP ]=ih8... Then, the Hamiltonian operator for the quan- 
tized field can be written as follows: 
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‘Next we consider linear combinations of P;andQ, given by 


ile be 3 

a= (eta (62.29a) 
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where we insert a factor to make 4, and é dimensionless and 
thus satisty the following boson commutation relations: 


EiP.Qel=8e. 62.30) 


‘Taking care ofthe order of é,and di, we obtain the Hamiltonian 
operator of the electromagnetic field as 


Lai +} 


ly denotes the number operator. The contribu- 
tion 1/2 arises from the commutation relations and results in 
the familiar zero-point energy. Since there are infinitely many 
‘modes, the zero-point energy becomes infinite, but in general 
‘we drop this contribution by shifting the vacuum energy, which 
does not influence the dynamics, The quantization procedure is 
completed by writing the vector potential in terms of and 4! 
asa field operator 


ie) PE i + ali 


(2.31) 


where fi 
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is called the cretion operator for a photon specified in 
£ as corresponding to the quantum-mechanical excitations of 
the electromagnetic field, while d is interpreted asthe anni 
lation operator fora photon in slate Its important to note 
that the Fand ¢ that appear inthe quantized fed A(,) ate not 
quantum- mechanical vrlables bu just parameters on which the 
field operator depends, and, in particular, Pand ¢ should not be 
regarded a the space-time coordinates othe photon 

‘When we adopt aLinealy polarized plane wave as the mode 
function 


(32.33) 


with the polarization vector &;,, the energy and momentum of 
1B lots ate ky Hc ae NE especie herctove the 
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mass ofthe photon is zero. In addition, since &,, transforms like 
a vector, the general theory of angular momentum encourages 
us to associate with it one unit of angular momentum, which 
‘means that the photon has one unit of spin angular momentum, 

‘The field operators described above operate on quantum state 
vectors, and quantum states |¥) ofthe electromagnetic field are, 
in general, multimode states that involve quantum states |y,) for 
each mode ¢ One of the usefull quantum states is photon num- 
ber states denoted by |n,), which are eigenstates of the number 
operator fi 


filo) =nlnu) 62.34) 


with integer eigenvalues n, At the same time, |n,) are eigenstates 
of the Hamiltonian with eigenenergy n/u2, that is, n, times 
the fundamental unit fi. It should be noted that n, quanta of 
energy hi, are in the mode, but the energy is distributed over 
the entire space, that is, not localized. Other useful quantum 
states used later are coherent states a), which are eigenstates of| 
the annihilation operator 4, with eigenvalues 0 
axle) = ole. (2.35) 

‘The phase of the coherent states is completely determined, while 
the number of photons is completely undetermined. 

In the subsequent sections, we will employ a quantum electro- 
magnetic field discussed above in order to discuss the nature of 
light-matter interactions apparently exhibited at the nanoscale. 


32.3 Dressing Mechanism and Spatial 
Localization of Photons 


32.3.1 Virtual Photon Cloud Surrounding 
a Neutral Source (in Ground State 
or Excited State) in QED 


A quantum source material system interacting with a quan- 
tum field is influenced by virtual processes such as emission 
and absorption of virtual quanta of the field, and the source 
can be described as a dressed source, that is, the “bare” source 
surrounded by a cloud of virtual particles (Compagno et al. 
1988, 1995). It is true for a detector. The virtual-cloud effects are 
responsible for the modification of the values of fundamental 
constants. For example, in nonrelativistic quantum electrody- 
namics, the presence of a virtual cloud around a hydrogen atom 
in its ground state contributes to the Lamb shift. Dressed-source 
effects can also be seen in different physical systems, such as a 
nucleon coupled to the meson field, and an electron coupled to 
the optical phonon modes of a semiconductor (polaron). The 
virtual cloud around the source also modifies the energy den- 
sity distribution of the electromagnetic field, and the detailed 
properties have direct physical significance. The energy density 
of the virtual photon cloud at a given point is in fact related 
to the van der Waals interaction experienced by a suitable test 
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object as a detector at that point. The presence ofa virtual cloud 
around a source can influence not only its energy levels but also 
its dynamics. 

Let us roughly estimate the linear dimensions of the virtual 
cloud surrounding the source or the detector. Even when the 
source-field system is in the ground state, a fluctuation of the 
field leads to the possibility of absorption or the emission of pho- 
tons, not necessarily to the conservation of energy. Such energy 
imbalance BE is constrained by the Heisenberg uncertainty prin: 
ciple 8E ~ fi/t, where t is the duration of the fluctuation. Since 
these fluctuations take place continuously, a steady-state cloud 
of virtual photons is continuously emitted and reabsorbed. The 
virtual photon can only attain a finite distance from the source 
or the detector given by 


(32.36) 


where ¢ is the speed of light. For a transition corresponding to 
‘one of typical visible light, we set 3E ~ 2eV and obtain a typical 
linear dimension of 100m. This indicates that dressing effects 
‘might be prominent at the nanoscale. 

‘We have discussed the virtual clouds of the source or detec- 
tor in its ground state. From now on, we discuss the virtual 
cloud of the source or the detector in excited states, which 
can decay by emission of real photons. The above discussion 
inclines us to use the perturbation theory, but it fails due to the 
near degeneracy of states that gives rise to vanishing energy 
denominators at all the orders of perturbation theory. Another 
difficulty is the description of decay processes in a consis 
tent way. One of such attempts is based on an extension of 
the eigenvalue problem to the complex E-plane. The underly- 
ing theory, unfortunately, has not yet been established, but it 
seems to imply time symmetry breaking and irreversibility in 
the dynamics of the system Section 32.3.2 will be devoted to 
an approach focusing on field correlations and intermolecular 
interactions due to the virtual clouds. 


32.3.2 Electromagnetic Field Correlations 
and Intermolecular Interactions 
between Molecules in Either 
Ground or Excited States 


‘The London-van der Waals interaction between two molecules 
in their ground states located in free space is attractive with an 
© power law, where R is the intermolecular separation (Power 
and ‘Thirunamachandran 1993). When both molecules are 
excited, the potential energy gives a repulsive force. Ifone of the 
pair is excited, the sign of the potential depends on the relative 
magnitudes of the relevant transition energies of the two mole. 
cules. In both cases the power law is R-*in the near zone. On the 
other hand, the power law in the far zone tends to R” for large 
intermolecular separations, which is called the Casimir-Polder 
potential, since the finite speed of propagation (retardation 
effect) plays an important role in the far zone. 
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In these kinds of studies, the multipolar quantum dynamicsin 
Coulomb gauge is employed because all the interactions, except 
for the Coulomb binding within each molecule, are mediated by 
transverse photons, and at the same time the retarded effects are 
automatically satisfied (Power and Thirunamachandran 1993). 
For example, for upward transitions from the ground state |0) 
to an excited state |m), the electric-electric spatial correlation 
expectation value after spatial averaging of the molecular orien- 
tation is given by using the second-order perturbation method 
to include virtual-cloud effects: 
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where D,() 
vector field D(F), which satisfies V-D(?) = 


is the -component of the transverse displacement 
fi” is the electric 


dipole transition moment for the molecular states [mi) and 0), 


with the m <0 transition of the molecule. The i-component of 
the unit vector? is designated by ?, while the absolute value of 
the position vector 7 is expressed by r. The Kronecker delta is 
denoted by 8, 

Similarly, for downward transitions from an excited state [p) 
to the ground state |0), the electric-electric correlation function 
is obtained: 


2H Tg, ain. tortarzone aro, 
(B07), -} oe 
ual (8) +3), for near zone (pyr <1), 
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where p,= pp, = (E, ~ Fale) denotes the wave number associ- 
ated with the 0 < p transition ofthe molecule. It should be noted 
that the r dependence arises from the real photon emission, 
while the r* dependence and the 7 dependence are due to the 
virtual photon exchange. The far-zone behavior for the mag- 
netic-magnetic correlation functions due to an electric-dipole 
source i also described by the same ror r? dependence, while 
the near-zone result is different from its electric analog and the 
power law is instead of 

We have discussed the electric and magnetic correlation 
functions leading to the electric and magnetic energy densities 
associated with eletric-dipole transitions in a source molecule, 
which can be detected by their effect on polarizable test bodies 
placed in the neighborhood of the source. This situation is analo- 
gous toan optical near-field system in which a nanometric mate- 
rial source connected to a macroscopic material and light source 
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interacts with a nanometric detector connected to a macroscopic 
detector system. The difference is that the nanometric detector 
serving as a test body can disturb the field formed by the nano: 
metric source in the case of the optical near-field system. We will 
‘move on to this topic in Section 32.3.3 


32.3.3 Effective Near-Field Optical 
Interaction between Nanomaterials 
Disconnected but Closely Separated 


Several theoretical approaches to optical near-field problems, 
different from each other in viewpoints, have been proposed in 
the last two decades (Pohl and Courjon 1993, Ohtsu and Hori 
1999). The optical near-field problems, including the application 
tonanophotonics, are ultimately regarded as how one should for- 
ulate a separated (more than two elements) composite system, 
each of which consists of a photon-electron-phonon interacting 
system on a nanometer scale as a source or a detector system 
and, which, at the same time, is connected with a macroscopic 
light-matter system. These questions must be clearly answered 
to achieve practical realization of nanophotonics. In order to 
provide a base fora variety of discussions in this research field, a 
new formulation has been developed within a quantum theoreti- 
cal framework, putting matter excitations (electronic and vibra 

tional) on an equal footing with photons (Kobayashi etal. 2001). 

[As discussed in Section 32.2, a “photon,” whose concept has 
been established as a result of quantization of a free electromag 
netic field, corresponds toa discrete excitation of electromagnetic 
‘modes in a virtual cavity. Unlike an electron, a photon is mass- 
less, and itis dificult to construct a wave function in the position 
representation that gives a picture of the photon as a spatially 
localized point particle like an electron. However, if there is a 
detector near the optical source, such as an atom, to absorb a 
photon in an area whose linear dimension is much smaller than 
the wavelength of light, it would be possible to detect a photon 
‘with the same precision as the detector size. In optical near-field 
problems, itis required to consider the interactions between light 
and nanomaterials surrounded by a macroscopic material sys- 
tem and detection of light by other nanomaterials on a nano- 
meter scale. Then, a more serious question for the quantization 
of the field is how to define a virtual cavity, or which normal 
modes are to be used, since there exist more than two systems 
(nano-source and nano-detector) with arbitrary shape, size, and 
material in the nanometer region, which are still connected with 
‘a macroscopic material system, such as a source or a detector 
system. In this section, we describe a model and a theoretical 
approach to address the issue, which is essential to understand 
the operating principles nanophotonic devices, as well as nano- 
fabrication using optical near fields (Ohtsu et al. 2008), 

Let us consider a nanomaterial system surrounded by an inci- 
dent light and a macroscopic material system, which electro- 
magnetically interacts with one another in a complicated way, as, 
schematically shown in Figure 32.1. Using the projection opera- 
tor method, we can derive an effective interaction between the 
relevant nanomaterials in which we are interested (nano-source 
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FIGURE 32.1 
incident light and a macroscopic material system, 


Nanometric source and detector system induced by 


and nano-detector—either one is in the excited state), as a result 
of renormalizing the other effects. It corresponds to an approach 
to describe “photons localized around nanomaterials,” as ifeach 
nanomaterial would work as a detector and light source in a 
self-consistent way. The effective interaction related to optical 
near-fields is hereafter called a near-field optical interaction. As 
will be discussed in detail in this section, the near-field optical 
interaction between nanomaterials separated by R is as follows: 


exp(caR) 


Ves 
R 


(32.39) 


where ais the interaction range that represents the character: 
istic sizeof the nanomaterials and does not depend onthe wave- 
length ofthe light used. It indicates that photons are localized 
around the nanomaterials (either of which sin the excited state) 
asa result of the interaction with matter fils, from which a 
photon, in turn, can acquire a inte mass. Therefore, we might 
Consider that the near-feld optical interaction is produced via 
localized photon hopping between nanomaterials. On the basis 
of the projection operator method, we will investigate formula 
tion of an optical near-field system that was briely mentioned 
above. Moreover, the explicit funcional form of the near-field 
optical interaction will be given by using the effective Interac 
tion mina perturbative way. 


32.3.3.1 Relevant Nanometric Subsystem and 
Irrelevant Macroscopic Subsystem 
[As schematically illustrated in Figure 32.1, the optical near-field 
system consists of two subsystems: One isa macroscopic subsys- 
temincludingthe incident light, whosetypicaldimensionismuch 
larger than the wavelength of the incident light. The other is a 
nanometric subsystem (nano-source and nano-detector), whose 
constituents are, for example, a nanometric aperture or a protru- 
sion at the apex of a near-feld optical probe, and a nanometric 
sample, We call such an aperture or a protrusion a probe tip. 
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As a nanometric sample we mainly suppose a single atom/ 
molecule, or quantum dot (QD). Two subsystems are interact 
ing with each other, and it is very important to formulate the 
interaction consistently and systematically. Here let us call the 
nanometric subsystem a relevant subsystem n, and the macro. 
scopic subsystem an irrelevant subsystem M. We are interested 
in the subsystem n; in particular, the interaction induced in the 
subsystem n, Therefore, itis the key to renormalize the effects 
originating from the subsystem M ina consistent and systematic 
‘way. Now we show a formulation based on the projection opera: 
tor method, described below. 


32.3.3.2 P Space and Q Space 


It is preferable, for a variety of discussions, to express exact 
eigenstates |y) for the total system described by the total 
Hamiltonian in terms ofa small number of bases of as small a 
number of degrees of freedom as possible, which span P space. 
In the following, let us assume two states as the P-space com. 
ponents: [4) = [s)}p)®[0jy) and [0,) = |9]p")®0,,). both of 
‘which are eigenstates ofthe unperturbed Hamiltonian i, Here 
|s) and |s*) are eigenstates of the sample that is isolated from the 
others, while |p) and |p*) are eigenstates of the probe tip, which 
is also isolated. In addition, exciton polariton states, which are 
a mirture of photons and electron-hole pairs, are used as bases 
to describe the macroscopic subsystem M, and thus |0,..) rep. 
resents the vacuum for exciton polaritons. Note that thee exist 
photons and electronic matter excitations even in the vacuum 
state [0,,,). The direct product is denoted by the symbol ®. The 
complementary space tothe P space is called Q space, which is 
spanned by ahuge numberof bases ofa large number of degrees 
of freedom not included inthe P space, a schematically shown 
in Figure 32.2. 


32.3.3.3 Effective Interaction Exerted 
in the Nanometrie Subsystem 


Noticing the relation between a bare interaction Hamiltonian 
0/-F—Aljand an effective interaction Hamiltonian operator 


Total space spanned by 
eigenstates ofthe total Hamiltonian 


space 


)— 
1) bh) — aa 
f 
space 


FIGURE 32.2. Subdivision of the space spanned by eigenstates of the 
total Hamiltonian of the system, 
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namely, (y|/|y) = (y|PV.<Ply), we obtain the effective interac- 
tion Hamiltonian operator in the P space, given by 

Ver =(P'fPY PRP VIPPF PY, (32.40) 
and tracing out the other degrees of freedom gives an effective 
interaction Hamiltonian of the nanometric subsystem 1 after 
renormalizing the effects from the macroscopic subsystem M. 
Here, Pis the projection operator, and Q is the complimentary 


operator defined by Q = 1 ~ P, both of which satisfy the follow- 
ing relations: 


(2.412) 
2 [QA ]=0, (32.416) 
PQ=QP=0. (2.416) 

‘The operator jis defined by 
1-(E-Ayy'Ovy', (32.42) 


where B are the eigenvalues ofthe total Hamiltonian H. Using 
the effective interaction Hamiltonian, one can forget the sub- 
system M as ifthe subsystem n were isolated and separated from 
the subsystem M. 

‘To obtain an explicit expression of the effective interaction 
Hamiltonian, let us employ the bare interaction V between the 
two subsystems, which in the multipolar formalism (Craig and 
Thirunamachandran 1998) is given by 


(32.43) 


-[i.- 3 Gat, de, 
where the canonical momentum ofthe vector potential operator 
AG) is proportional to the transverse displacement vector field 
operator* D'(), while the electric dipole operator is denoted as 
JiG). It should be noted that there are no interactions, i.e. 
= 0, without incident photons in the macroscopic subsystem 
[M.The subscripts sand p represent physical quantities related to 
the sample and the probe tip, respectively. Representative posi 
tions ofthe sample and the probe tip are chosen, for simplicity, 
by the vectors 7, and 7, respectively, but may be composed of 
several positions In that case the quantities inside curly brackets 
in (32.43) should be read asa summation. The operator Ti(F) con- 


Jugate to A@) is expressed in terms of BY(?) as fllows: 


The transverse component is defined by VF =0, while the longitudinal 


component is defined by Vx F = 0, fran arbiteary vector Bld F(). 
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where E'() and P'(F) are the transverse electric field and the 
induced polarization field, respectively. With the help of the 


mode expansion of A(r) and Ii(7’), that is, 


A® 


Es i} ad fae" +attie}, 
: (32.45) 


and 


i Ss ( 2nhwo, 
aera 
(32.46) 


ment operator as 


DG) E)fanet” ayer“), 


(@247) 


where the plane waves are used for the mode functions, and 
the creation and annihilation operators of a photon with wave 
vector k, angular frequency @, and polarization component 
are designated by a}(k) and 4,(k), respectively. The quantiza- 
tion volume is V, and the unit vector related to the polarization 
direction is shown by é(k). Note that the electric field outside 
the material corresponds to B'(). 

Sinceexciton polariton statesare employed as bases to describe 
the macroscopic subsystem M, the creation and annihilation 
‘operators of a photon in (32.47) are rewritten using the exciton 
polariton operators &1(k) and E(k), and then they are substi- 
tuted into (32.43). Using the electric dipole operator defined by 


(2.48) 


with the creation and annihilation operators of excitation in sub- 
system n, BY(®,) and B(f,), and the transition dipole moments 
ii, (4 s,), we obtain the bare interaction inthe exciton pola- 
ton picture: 


LEA) 


* (ie) fluid EE Ww) 


(2.49) 
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Here K,,(&) is the coupling coefficient between the exciton polari- 
ton and the nanometric subsystem n, given by 


(2.50) 


x= (a. 8h) fbe"* 


with 


(32.51) 


The complex conjugate of K(f) is denoted by K2(G), while, (8), 
and @arelight speed in vacuum and the eigenfrequencies ofboth 
exciton poariton and electronic polarization of the macroscopic 
subsystem M, respectively. The dispersion relation fora free pho- 
ton, = ck, isused in (2.51), Note that the wave-numier depen- 
dence of fk) characterizes a typical interaction range of exciton 
polaritons coupled tothe nanometric subsystem n 

‘The next step is to evaluate the amplitude of the effective 
interaction exerted on the nanometrc subsystem, for example, 
the effective sample-probe-tip interaction in the P space after 
tracing out the polariton degrees of freedom 


Veg 21) 


(al Val). (32.52) 


With the fistorder approximation j of jin (52.42), we can 
explicitly write (32.52) inthe following form: 


Veu(2.1) = (@PVOQV (Et — E3)"P 11) + @s1PCER BG)" VQV PIO) 


= Leelwreimymlaveten a ri 


(32.53) 


‘The second line shows that a virtual transition from the initial 
state |p.) in the P space to an intermediate state [mm in the Q 
space is followed by a subsequent virtual transition from the 
intermediate state |m) to the final state [6,) in the P space. Here 
Eh(Ef.) and Eh, denote eigenenergies of 0}\9,)) in the P space 
and that of [@,.) in the Q space, respectively. Now we can proceed 
to the next step by substituting the explicit bare interaction 
in (32.49) with (32.50) and (32.51) into (32.53). First of all, note 
that the one-exciton polariton state among arbitrary intermedi- 
ate states |m) can only contribute to nonzero matrix elements. 
‘Therefore, (32.53) can be transformed into: 


KKB) 
22,5} 
2.54) 


Vee(2u1) 


ap] Ko(R)K7 
bi [aes 


where the summation over is replaced by Fintegraton, ie 


—Ja’k, in the usual manner. Excitation energies of the 
eo) 
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sample (between |") and [)) and the probe tip (between [p*) and 
[p)) are denoted as E, = hi2,(s) and E, = hi2,(p), respectively 
Exchanging the arguments 1 and 2, or the role ofthe sample 


and probe tip, we can similarly calculate V.9(1,2) = (216): 

hfs, | KOK) | KOK 

Veo(t.2)=-— A fare] BORO, KORO 

02=-aae See aS 
(62.55) 


‘Therefore, the total amplitude of the effective sample-probe-tip 
interaction is given by the sum of (32.54) and (32.55), which 
includes the effects from the macroscopic subsystem M. We 
‘write this effective interaction for the nanometric subsystem 1 
as Vig(?) in the following way: 


ED Joelle 2s 2.0)) 


x wa Work Wp. 62.56) 
where we have set E(k) = hO(k), and B, = h2,(a") ~ h(a) for 


= p and 0 = s. The summation over polarization A is per: 
formed as 


YVawe.w- 


(32.57) 


and thus the summation of (11, -&,)}(ii,-2,@) over & can be 
reduced as fllows: 


Di 4.0)(ii.-&.6)= YY le 


i)\(i,2,00) 


(32.58) 


= Dots (8,- 


with the unit vector 
sin @d@dp and 


/k. Noticing that Pk = kedkdQ = Kedk 


a,fe"aa= af Jem ntaconty yaa —e#, 


(32.59a) 


ean 
F 


wv, fora 49.9, 


(32.596) 
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we find 


Jie.-hine'aa= 


xfs (tae) 
(32.60) 


where f is the unit vector defined by # = f/r, and the jth com- 
ponent is denoted by #,. Hence, the effective interaction can be 
rewritten as 


2 akhf\ 1 1 
ac oS (aE E(k) -. 


Gini, net” 


(32.61) 


where the integration range is extended from (0, e) to (-=, =) 
When the dispersion relation of exciton polaritons, which have 
been chosen as a basis for describing the macroscopic subsystem 
‘M, is approximated as 


. (32.62) 


in terms of the effective mass of exciton polaritons, m,j, oF 
E,,=m,,,? and the electronic excitation energy of the macro- 


scopic subsystem M, E,, = hi, (32.61) is further simplified: 


eanr oy Te 


1 1 
spats (REI, | 


(32.63a) 


DY [Meas G+ Veen @] 
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with 
Ags = 2E(En EE): (Eq>Ea). (2.63) 
he 2 


‘The k-integration can be performed with the residues evaluated 
at k=iA,,, and we have 


Veal) 


es 
fa.6, 


Uh Mfg 


where the constants W,, are defined by 


Veal 


ote x fh. (Ae 


(32.65) 


is obtained for the effective interaction, or the near-field opti 
cal interaction V.q(¢), which consists of the sum of the Yukawa 
functions Y(A,,r)=¢"%/r with a shorter interaction range 
A, (heavier effective mass) and a longer interaction range 
‘a (lighter effective mass) 

‘To sum up, we find that the major part of the effective inter- 
action exerted in the nanometric subsystem 1 is the Yukawa 
potential after renormalizing the effects from the macroscopic 
subsystem. This interaction comes from the mediation of mas- 
sive virtual photons corresponding to the counter-rotating term, 
or polaritons, where exciton polaritons have been employed in 
‘an explicit formulation, but in principle other types of polari- 
tons would be applicable. In this section we have mainly focused 
‘on the effective interaction of the nanometric subsystem n, after 
‘acing out the other degrees of freedom. It is certainly possible 
to have a formulation with a projection onto the P space that is 
spanned in terms of the degrees of freedom of the massive virtual 
photons, although this is left as the subject of future work. This 
kind of formulation emphasizes a “dressed photon” picture, in 
Which photons are not massless but massive, due to light-matter 
interactions at the nanoscale. 


Stel 2 3 ow 
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32.3.4 Localization of a Photon 
Dressed by Matter Excitation in 
Nanomaterials at the Nanoscale 


In this section, we consider a simple model system, for example, 
a pseudo one-dimensional near-field optical probe system, to 
discuss the mechanism of photon localization in space as well 
as the phonon’s role. In order to focus on the photon-phonon 
interaction, the interacting part between photon and electronic 
excitation is first expressed in terms of a polariton, and is called a 
photon in the model. Then the model Hamiltonian that describes 
the photon and phonon interacting system is presented. Using 
the Davydov transformation, we rewrite the Hamiltonian in 
terms of quasiparticles. On the basis of the Hamiltonian, we pres- 
ent numerical results on the spatial distribution of photons and 
discuss the mechanism of photon localization due to phonons. 


32.3.4.1 Model Hamiltonian 


We consider a near-field optical probe, schematically shown in 
Figure 32.3, as an example system where light interacts with 
both phonons and electrons in the probe on a nanometer scale 
Here, the interaction of a photon and an electronic excitation 
is assumed to be expressed in terms of a polariton basis, as dis- 
cussed above, and is hereafter called a photon so that special 
attention is paid to the photon-phonon interaction. The system 
is simply modeled as a one-dimensional atomic or molecular 
chain coupled with photon and phonon fields. The chain consists 
of finite N molecules (representatively called), each of which is 
located at a discrete point (called a molecular site) whose sepa- 
ration represents a characteristic scale of the near-field system, 
Photons are expressed in the site representation and can hop 
to the nearest neighbor sites due to the short-range interaction 
nature of the optical near fields 
‘The Hamiltonian for the above model is given by 


(32.66) 


where 
4! and 4, correspondingly denote the creation and annihila- 
tion operators of a photon with energy fio at site iin the 
chain 
4, and f, represent the displacement and conjugate momen- 
tum operators of the vibration, respectively 


Nea 


FIGURE 32.3. Simple one-dimensional model fo a light-matter interacting system on a nanometer scale. 
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“The mass of a molecule at site iis designated by m, and each 
molecule is assumed to be connected by springs with spring 
constant k. The third and fourth terms in (32.66) stand for the 
photon-vibration interaction with coupling constant z and the 
photon hopping with hopping constant J, respectively. After 
the vibration field is quantized in terms of phonon operators of, 
mode p and frequency @,, 6}, and 6,, the Hamiltonian (32.66) 
can be rewritten as 


yy (6, +b,) Sue fa tain), 


cy 267) 


with the coupling constant x, of a photon at site i and a phonon 
‘of mode p. It should be noted that the index p designates not 
the momentum but the mode number, because the translational 
invariance of the system is broken and the momentum is not a 
‘good quantum number. ‘The site-dependent coupling constant 
Yep is related to the original coupling constant in terms of the 
transformation matrix as P, as, 


(32.68) 


and the creation and annil 


lation operators of a photon and a 
phonon satisfy the boson commutation relation as [4,)]=8, 
and [6,,0]]=8,,- The Hamiltonian (32.67), which describes the 
‘model system, is not easly handled because of the third order of 
the operators inthe interaction term. To avoid this difficulty, this 
direct photon-phonon interaction term in (32.67) is eliminated 
by the Davydov transformation in the following subsection 


32.3.4.2 Davydov Transformation 


Before going into the explicit expression, we discuss a unitary 
transformation U generated by an anti-Hermitian operator S, 
defined as 


Usexp(5), with $* 


(32.69a) 
and 
Ur=0 (32.696) 


Assume a Hamiltonian i that consists of a diagonalized part Al, 
and a non-diagonal interaction part: 


Al+V. 


(32.70) 
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‘Transforming the Hamiltonian in (32.70) as, 


: (2.71) 


we have 


Ey 


[SQ A]+Z[SI6 Al] + 


to+ V +(S Hol [8, V]+5[8 [SH] + 2.72) 


If the interaction 7 can be perturbative, and ifthe operator. 
chosen so that the second and third terms in (32.72) are canceled 
out, then 


ASF), 


(2.73) 


the Hamiltonian (32.70) is rewritten as 


(32.78) 


and can be diagonalized within the first order of 
Nove we apply the above discussion tothe model Hamiltonian 
(32.67), 


(32.754) 


fie Seat #S 09,60, 


(32.756) 


tentatively neglecting the hopping term, Assuming the anti 
Hermitian operator § 


(32.76) 


YY Maititiy-i,), 
we an determine fy fom (32.73) a fllows 


(32.760) 


This operator form of § leads us to not the perturbative but the 
exact transformation ofthe photon and phonon operators: 


~i (82.772) 
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e0-} (32.776) 


(32.770) 


=Ub,U' = Ke 5 7 
6, = 06,0 “ie (32.774) 
‘These transformed operators can be regarded as the creation and 
annihilation operators of quasiparticles—dressed photons and 
phonons—that satisfy the same boson commutation relations as 
those of photonsand phonons before the transformation, namely, 
[.4}]=0" [a,,a,]0~8, ana[6,,8; ]=0"[é,.65 JO =3,, 

Using the quasiparticle operators, we can rewrite the 
Hamiltonian (32.67) as 


a Dioatr Yaa. DEY ew aja, 


Saljatins +ftetse) 


(32.78a) 


with 


rool 


where tisnoted that the direct photon-phonon couplingterm has 
been eliminated, while the quadratic form N,N, with the number 
‘operator of N= dlc has emerged as well asthe site-dependent, 
hopping operator jin (32.786). The number states of quasipar- 
tices are thus eigenstates of each terms of the Hamiltonian 
(62.78a), except the last term that represents the higher-order 
effect of photon-phonon coupling through the dressed photon 
hopping. Therefore itis a more appropriate form to discuss the 
phonon’ effect on photon's behavior as localization, 


i} (32.78b) 


32.3.4.3 Quasiparticle and Coherent State 
In the previous section, we have transformed the original 
Hamiltonian with the Davydov transformation. In order to 
grasp the physical meanings of the quasiparticles introduced 
above, the creation operator ti is applied to the vacuum state |0). 
‘Then, it follows from (32.772) that 


G} jo) 


alexp LE H(i, jp 


ilo, 62.79) 
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where a photon at site jis associated with phonons in a coherent 
state, Le.,a photon is dressed by an infinite number of phonons. 
This corresponds to the fact that an optical near field is gener- 
ated from a result of interactions between the photon and matter 
fields. 


‘When fi} is applied to the vacuum state |0), we have 


6; 0) =6},0), (32.80) 


and itis expressed by only the bare phonon operator (before the 
transformation) in the same p mode. Therefore, we mainly focus 
on the quasiparticle expressed by (@!,@,) in the following sub- 
section. Note that its valid only if the bare photon number (the 
expectation value of dG, is not so large that the fluctuation is 
‘more important than the bare photon number. In other words, 
the model we ae considering is suitable for discussing the quan- 
tum nature of few photons in an optically excited probe system, 

In the coherent state of phonons, the number of phonons, as 
well as energy, is fluctuating. This fuctuation allows incident 
photons into the probe system to excite phonon fields, When all 
the phonons are in the vacuum state at time f= 0, the excitation 
probability P() that a photon incident onsite in the model sys- 
tem excites the phonon mode pat time ts given by 


4s Jtowa- e281) 


where the photon-hopping term is neglected for simplicity. The 
excitation probability oscillates ata frequency of 2n/@, and has 
the maximum value at t = 1/0, The frequencies of the localized 
phonon modes are higher than those of the delocalized ones, 
and the localized modes at the earlier time are excited by the 
incident photons. 

Figure 32.4 shows the temporal evolution of the excitation 
probability P, (t) calculated from 


P| ron (f2) 


x oof SE} toeo-a (2.82) 


(orf 


where a specific phonon mode p, is excited, while other modes 
are in the vacuum state. In Figure 32.4, the solid curve repre- 
sents the probability that a localized phonon mode is excited as 
the p, mode, while the dashed curve illustrates how the lowest 
phonon mode is excited as the p, mode. It follows from the figure 
that the localized phonon mode is dominantly excited at an ear- 
lier time. 
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FIGURE 32.4 Temporal evolution of a specific phonon mode. The 
solid curve represents the probability for a localized phonon mode, 
while the dashed curve shows that of the lowest delocalized phonon 
mode. 


32.3.4.4 Localization Mechanism of Dressed Photons 


In this section, we discuss how phonons contribute to the spatial 
distribution of photons in the pseudo one-dimensional system 
under consideration. When there are no interactions between 
photons and phonons, the frequency and hopping constant 
are equal at all sites, and thus the spatial distribution of pho- 
tons is symmetric. It means that no photon localization occurs 
at any specific site. However, if there are any photon-phonon 
interactions, spatial inhomogeneity or localization of phonons 
affects the spatial distribution of photons. On the basis of the 
Hamiltonian (32.78a), we analyze the contribution from the 
diagonal (the third term) and off-diagonal (the fourth term) 
parts of the Hamiltonian (32.78a) in order to investigate the 
localization mechanism of photons. 


32.34.4.1 Contribution from the Diagonal Part 


Let us rewrite the third term of the Hamiltonian (32.78a) with 
the mean field approximation as, 


Yroat, 62.830) 


DY yea a}, = 


with 


(32.83b) 


In addition, for the moment, we neglect the site dependence of 
the hopping operator j, which is approximated as J. Then the 
Hamiltonian regarding the quasiparticles (& and 6) can be 
expressed as 
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Hoo Na+ (eis # Bad) 


a 2.84) 
or in matrix form as 
o-o J ° 
| J 0-0 
f= nat} (62.850) 
J 
° J o-ox 
with 
(32.85b) 


where the effect from the phonon fields is involved in the diago- 
nal elements «, Denoting an orthonormal matrix to diagonal- 
ize the Hamiltonian (32.85a) as Q and the rth eigenvalue as E, 
we have 


(32.86a) 
with 

(32.866) 
and 

(32.860) 


Using the above relations (32.86a) through (32.86c), we can write 
down the time evolution of the photon number operator N, at 
site ias follows: 


NwaenfBr}i exp| 


YY ead, explilE, - E.)} 


@2.87) 


‘The expectation value ofthe photon number operator N() is 
then given by 


WINGY.) =) )10.0,2.0, cosf(E, - Et}, 


(No), 


(32.88) 
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in terms of one photon state at site j defined by 


Ww) 


(32.89) 


a 0) = J" 0A?) 


Since the photon number operator N, commutes with the 
Hamiltonian (32.84), the total photon number is conserved, 


th means that a polariton, called a photon in this sec- 
tion, conserves the total particle number within the lifetime. 
“Moreover, (N(0)), can be regarded as the observation probability 
ofa photon at an arbitrary site i and time ¢, intially populated 
at site j, This function is analytically expressed in terms of the 
Bessel functions J, 


Ne), 2.90) 


21) (DT QI} 


when there are no photon-phonon interactions (@, = 0) and the 
total site number N becomes infinite, Here the argument Js the 
photon hopping constant, and (32.90) shows that a photon ini 
tially populated at site j delocalizes to the whole system, 
Focusing on the localized phonon modes, we take the summa- 
tion in (32.83b) over the localized modes only, which means that 
an earlier stage is considered after the incident photon excites 


the phonon modes, or that the duration of the localized phonon 
modes that are dominant over the delocalized modes is focused 
‘on (see Figure 32.4). This kind of analysis provides us with an 
interesting insight into the photon-phonon coupling constant 
and the photon hopping constant, which is necessary for under 
standing the mechanism of photon localization, 

‘The temporal evolution of the observation probability of a 
photon at each site is shown in Figure 32.5. Without the photon- 
phonon coupling (x = 0), a photon spreads over the whole sys 
tem as a result of the photon hopping, as shown in Figure 32.5, 
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FIGURE 32.5 (See color insert followi 
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Here the photon energy ho = 1.81 eV and the hopping constant 
AJ = 0.5eV are used in the calculation. Impurities are assumed 
to be doped at sites 3, 7, 11, 15, and 19, while the total number 
of sites N'is 20, and the mass ratio of the host molecules to the 
impurities is 5. Figure 32.5b shows a result with % = 14 x 10° 
fs nm’; the other parameters used are the same as those in 
Figure 32.5a, Itfollows from the figure that a photon moves from 
one impurity site to another impurity site instead of delocalizing 
to the whole system. As the photon-phonon coupling constant 
becomes much larger than x = 14 x 10° f&"" nny, a photon can- 
not move from the initial impurity site to others, but stays there. 

“The effect due to the photon-phonon coupling constant x 
is expressed by the diagonal component in the Hamiltonian, 
‘while the off-diagonal component involves the photon hopping 
‘effect due to the hopping constant J. The above results indicate 
that a photon's spatial distribution depends on the competi- 
tion between the diagonal and off-diagonal components in the 
Hamiltonian, i. x and J, and that a photon can move among 
impurity sites and localize at those sites when both components 
are comparable under the condition 


a 
we 2.91) 


where the localization width seems very narrow. 


32.3.4.4.2 Contribution from the Off Diagonal Part 
In the previous subsection, we have approximated Jasa constant 
independent ofthe sites, in order to examine the photon’s spatial 
distribution as well as the mechanism of the photon localiza- 
tion, Now let us treat the photon hopping operator j, more rig- 
orously, and investigate the site dependence of the off:diagonal 
contribution, which includes the inhomogeneity of the phonon 
fields. Noticing that a quasiparticle transformed from a photon 


) 


age 20-14.) Probability that a photon is found at each sites a function of time () without the photon— 


phonon coupling, and (b) with the photon-phonon coupling comparable tothe photon hopping constant. 
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‘operator by the Davydov transformation is associated with 
phonons in the coherent state (see (32.772) and (32.77b)), we 
take expectation values of j, in terms of the coherent state of 
phonons |) as 


= (ihn. 


(32.92) 


Here, the coherent state [j) i an eigenstate ofthe annibilation 
operator 6 with eigenvalue’, and satisfies 


iy 


ly)= ely). 32.93) 
Since the difference between the creation and annihilation oper. 
ators of a phonon is invariant under the Davydov transforma 
tion, the following relation holds: 


8, -B, 62.98) 


Using (32.78), (32.93), and (32.94), we can rewrite the site 
dependent hopping constant J, in (32.92) as 


sol Sets ha 


snl 15.3} 


(32.95a) 


We 
-Ioo[ 2306 } 
where C, is denoted by 


(32.956) 


Figure 32.6 shows the site dependence of J, in the case of 
N= 20. Impurities are doped at sites 4, 6, 13, and 19. The mass 
ratio of the host molecules to the impurities is 5, while hi = 0.5 eV 
and z= 14.05" nny" are used. It follows from the figure that 
the hopping constants are highly modified around the impu- 
rity sites and the edge sites. The result implies that photons are 
strongly affected by localized phonons and hop to the impurity 
sites to localize. Here we have not considered the temperature 
dependence of J, which is important for phenomena domi- 
nated by incoherent phonons. This is because coherent phonons 
‘weakly depend on the temperature of the system. However, there 
remains room to discuss a more fundamental issue, ie., whether 
the probe system is in a thermal equilibrium state or not. 

In Figure 32.7, we presenta typical result that photons localize 
around the impurity sites in the system as the photon-phonon 
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FIGURE 32.6 Site dependence of the hopping constant J in the case 
of 

ofthe host molecules to the impurities is 1-0.2, whereas hi = 0.5eV and 
1.= 40.088"! nm! are used. 


20. Impurities are doped at sites 4, 6, 13, and 19. The mass ratio 
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FIGURE 32.7. Probability of photons observed at each site. The 
filled squares, circles, and triangles represent the results for x = 0, 
40.0, and 54.0 f-! nny", respectively. Other parameters are the same 
as Figure 32.6, 


coupling constants % vary from 0 to 40.0fs* nm or 54.0fs" 
nm, while keeping hiJ = 0.5 eV. As depicted by the filled squares 
in the figure, photons delocalize and spread over the system 
without the photon-phonon couplings. When the photon 

phonon couplings are comparable to the hopping constants, 
= 40.0! nm, photons can localize around the impurity site 
with a finite width and two sites at half width and half maxi- 
mum (HWHM), as shown by the filled circles. This finite width 
of photon localization comes from the site-dependent hopping 
constants. As the photon-phonon couplings are larger than 
% = 40.085 nm, photons can localize at the edge sites with a 
finite width, as well as the impurity sites. In Figure 32.7, the pho- 
ton localization at the edge site, shown by the filled triangles, 


light source, indicator, or display > single source > neon bulb 


neon bulb 


‘The terms neon bulb, neon indicator, and neon lamp tend to be used interchangeably. 
In this encyclopedia, a neon bulb is defined as a glass capsule containing two electrodes 
in neon gas (or a combination of gases in which neon is present). A neon lamp is an 
assembly containing a neon bulb, usually using a plastic tube with a tinted transparent 
‘capat one end, A neon indicators miniature neon lamp that is usually panel-mounted. 


Large-scale neon tubes used in signage are not included in this encyclopedia. 


OTHER RELATED COMPONENTS 


« incandescent lamp (see Chapter 18) 
+ fluorescent light (see Chapter 20) 
«+ LED indicator (see Chapter 22) 


What It Does 


When voltages applied between two electrodes 
inside a neon bulb, the inert gas inside the bulb 
emits a soft red or orange glow. This color may 
be modified by using atinted transparent plastic 
cap, known as a lens, ina neon lamp assembly. 


‘Aneon bulb is usually designed for a power sup- 
ply of 110V or higher. It functions equally well 
with alternating or direct current. 


The schematic symbols in Figure 19-1 are com- 
monly used to represent either a neon bulb ora 
neon lamp. Theyareall functionally identical. The 
black dot that appears inside two of the symbols 
indicates that the component is gas filled, The 
position of the dot inside the circle is arbitrary. 
Even though all neon bulbs are gas filled, the dot 
is often omitted. 


29 O9 


Figure 19-1. Any of these symbols may represent a neon 
bulb or a neon iamp. The dot in two of the symbols ind 
cates that the component is gas filled. All neon bulbs are 
25 filled, but the dot is offen omitted, 


The photograph in Figure 19-2 shows a neon 
bulb with a series resistor preattached to one 
lead. Many bulbs are sold in this configuration, 
because a resistor must be used to limit current 
through the bulb. The bulb has no polarity and 
can be used on an AC or DC power supply. The 
same bulb is shown in its energized state in 
Figure 19-3. 
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Photon Localization at the Nanoscale 


‘originates from the finite size effect of the molecular chain. This 
kind of localization of photons dressed by the coherent state of 
phonons leads us to a simple understanding of phonon-assisted 
photodissociation using an optical near field: molecules in the 
electronic ground state approach the probe tip within the local 
ization range of the dressed photons, and can be vibrationally 
excited by the dressed-photon transfer to the molecules, via a 
multi-phonon component of the dressed photons, which might 
be followed by electronic excitation. Thus, it leads to the disso 
ciation of the molecules even iff an incident photon energy less 
than the dissociation energy is used. 

‘Asa natural extension of the localized photon model, we have 
discussed the inclusion of the phonon’s effects into the model. 
‘The study was initially motivated by experiments on the pho 
todissociation of molecules by optical near fields, whose results 
show unique features different from the conventional one with 
far fields (Ohtsu et al. 2008). After clarifying whether the vibra: 
tion modes in a pseudo one-dimensional system are delocalized 
or localized, we focused on the interaction between dressed 
photons and phonons by using the Davydov transformation. We 
have theoretically shown that photons are dressed by the coher- 
ent state of phonons, and found that the competition between 
the photon-phonon coupling constant and the photon hopping 
constant governs the photon localization or delocalization in 
space. The obtained results lead us to a simple understanding 
of an optical near field itself as an interacting system of photon, 
electronic excitation (induced polarization), and phonon fields 
in a nanometer space, which are surrounded by macroscopic 
environments, as well as phonon-assisted photodissociation 
using an optical near field 


32.4 Summary and Future Perspective 


‘We have briefly outlined the difficulties in defining the position- 
representation wave function of a photon, followed by several 
trials to overcome these issues. On the basis of canonical quan. 
tization of the electromagnetic fields in free space, we have 
discussed a dressing mechanism and spatial localization of 
photons, which is a natural viewpoint from light-matter inter- 
actions, or from virtual photon clouds and field correlations. 
Finally, with the projection operator method, we have shown an 
effective interaction between nanomaterials electronically dis 
connected, but closely separated, which are also surrounded by 
‘a macroscopic system, in order to detect the virtual clouds. We 
have discussed the photon dressing by material excitation and 
pointed out the importance of the phonon’s role for spatial local- 
ization of photons at the nanoscale. 

‘The pace of development in photonics has accelerated, but 
most of the underlying science of the field is still Maxwell’. 
<lassical electromagnetism, not field-quantized photons. In the 
near future, however, we are anticipating new breakthroughs in 
nano- and atom photonics, where the localized and quantized 
nature of photons, as well as an exact quantization formulation 
for an optical near-field system, including relaxation processes 
at the nanoscale, will play a critical roe. 
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33.1 Introduction 


Recently, a vast number of studies on nanophotonics have been 
published in the field of nanoscale optical measurement and bio- 
imaging with super-resolution (Ohtsu 1998, Maheswari et al. 
1999, Hosaka and Saiki 2001, Matsuda etal. 2003) and informa 
tion processing technologies (Biolatti et al. 2000, Rinaldis etal 
2002, Troiani et al. 2002), owing to the unique characteristics of 
‘optical near field, which far exceed the technical limitations of 
conventional optics (Ohtsu et al. 2008). Especially, nanophoton- 
ics has shown promise and is expected to be the technology for 
next-generation nanoscale devices dealing with large amounts 
of information resources and low energy consumption (Ohtsu 
et al. 2002). In such devices, optical near field plays an impor. 
tant role in nanophotonic device operations, since the optical 
near field isa mixed state between photon and matter excitation, 
not only breaking the diffraction limit that is dependent on the 
‘wave nature of light, but also utilizing interesting characteristics 
inherent in nanophotonics, such as unidirectional energy trans. 
fer, optical forbidden transition (Kawazoe et al. 2002), and oper- 
ations based on coherence of nanometric matters (Sangu et al 
2004), which have not been used in conventional optical devices. 
Nanophotonic device is interpreted as a system that con 
sists of several matter systems, localized photon field (optical 
near field) for driving carriers in the systems, and free pho- 
ton (radiation) field for extracting some information, as illus 
trated in Figure 33.1. The important point of nanophotonic 
system is that the spatial distribution of photons is localized in 
ananometric space rather than the matter itself being nanome- 
ter-sized. From this point, valuable device operations incon- 
siderable in conventional optical devices are expected. Relating 
to a theoretical viewpoint, some restrictions under the long, 


wavelength approximation is allowed in a nanophotonic device 
system (Cho 2004). Moreover, quantum nature appears in car- 
rier dynamics 

In order to control the carriers, quantum systems with 
discrete energies, such as quantum dots and molecules, are 
adapted as matter systems because the processes with matter 
coherence and with energy dissipation are clearly distinguish- 
able. And also, excitation energies and dissipation dynam- 
ics are readily determined by adjusting the sizes of quantum 
objects. In addition, optical allowed and forbidden transitions 
for external far-field light are usable to prepare initial exci- 
tations. In this chapter, a quantum-dot system is assumed as 
a matter system of nanophotonic device, and thus the signal 
carriers correspond to excitons, that is, electron-hole pairs, in 
the quantum dots. Although such systems resemble a quan: 
tum computation device, let us note that a nanophotonic 
device need not keep quantum coherence in the entire system, 
and is divided into several quantum coherent parts via 
sipative process. 

In this chapter, operation principles of typical nanopho- 
tonic operations are covered by describing exciton popula- 
tion dynamics theoretically and numerically on the basis 
of the density matrix formalism (Walls and Milburn 1994, 
Carmichael 1999, Breuer and Petruccione 2002). Basic for- 
ulations for energy transfer, dissipation, and exciton excita- 
tion are explained, and then, nanophotonic switch and carrier 
up-converter are numerically demonstrated in Section 33.2 
In Section 33.3, nanophotonic device operations, such as logic 
gates and memory, are described, in which system coherence 
and spatial symmetries play important roles. As a summary 
design concepts for nanophotonic device systems are discussed 
in Section 3344 
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33.2 
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FIGURE 33.1 Schematic representation of a nanophotonic device system, in which carriers are transferred via localized photon field with 


interaction length in the order of a matter size. 


33.2. Dissipation-Controlled 
Nanophotonic Devices 


In this section, nanophotonic devices, where signal carrier in a 
single input terminal transfers to that in an output one, are for- 
mulated and evaluated numerically. Dynamics of signal trans. 

fer and control in a nanophotonic device can be described by 
density matrix formalism. Since quantum mechanical theory 
expresses an energy-conservative system, dissipation process 
should be introduced by some sort of approximation because a 
functional device operation needs to guarantee unidirectional 
signal transfer. After explanation of basic principles of exciton 
‘energy transfer and creation of excitation in a quantum-dot sys- 

tem with dissipation process, some concrete functional opera- 
tions are explained in the later part of this section, 
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33.2.1 Basic Principles 


FIGURE 33.2 Energy diagram of a two-quantum-dot system, where 
the sizes of quantum dots are determined to satisfy the resonant condi 
tion, and are set as a (QD-A) and y2a (QD-B), There are exciton sub- 
levels in QD-B because of unidirectional energy transfer. Intra-sublevel 


33.2.1.1 Energy Transfer between 
Two Quantum Dots 

[As the simplest example of carrier dynamics, exciton energy 

transfer between two quantum dots with radiative and non- 


relaxation originates from coupling between excitons and phonon 


radiative relaxations is described by using density matrix 
formalism (Carmichael 1999, Sangu et al. 2003). Figure 33.2 
denotes energy diagram for a two-quantum-dot system, where 
exciton ground state in QD-A and first exciton excited state in 
QD-B resonantly couple with each other. This resonant condi 
tion can be realized by adjusting the size of quantum dots. For 
‘example, in the case of a cubic quantum dot, such as CuCl quan 
tum dot (Masumoto 2002, Kawazoe et al. 2003), the energy with 


the quantum numbers (11, ny.) is given as, 


where M and , denote the exciton mass and bulk exciton 
energy, respectively. Obviously, when the sizes of QD-A and 
QD-B are set as a and 2a, respectively the (1, 1, 1-level in 
QD-A and (2, 1, 1), (1, 2, 1), and (1, 1, 2)-levels in QD-B are the 
same energy and, thus, they couple resonantly. Inthe following, 
the energy levels for three quantum numbers are dealt with co- 
lectively and labeled as hO, and hO-levels, since degeneracy of 
several energy levels isnot essential. Energy state ofthe system 
is described by the following non-perturbative and interaction 
Hamiltonians: 
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where 
Q, and Q, are eigenfrequencies of QD-A and QD-B 
Urepresents the optical near-field coupling strength, and cre 
ation and annihilation operators for excitons are depicted 
in Figure 33.2 
‘The interaction Hamiltonian Hy, 
type interaction (Forster 1965), which is often used by describing 
intermolecular and inter-quantum-dot interaction. Although 
the actual interaction between QD-A and QD-B occurs via inter- 
mediate virtual states of exciton-polaritons (Kobayashi et al 
2000), which are the coupled state of excitons and photons, such 
exciton-polariton degree of freedom is neglected in Equation 
33.2 asis traced out and renormalized in the coupling strength U. 
Exciton dynamics can be expressed by using density operator 
(0), which is a projection operator expanding a certain energy 
state to appropriate bases depending on possible exciton states in 
aquantum-dotsystem, There area three-exciton state, three two- 
exciton states three one-exciton states, and a vacuum state in a 
‘two-quantum-dot system, as illustrated in Figure 33.3. Equation 
‘of motion of the density operator is given by the Liouville equa- 
tion in the case without dissipation (Breuer and Petruccione 
2002). Dynamics with dissipation is often expressed by so-called 
Lindblad type notation on the bases of the first-order Born 
approximation (Carmicheal 1999), in which free photon and 
phonon fields are considered as energy reservoirs as follows: 


is well known as the Férster- 
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‘nis the number of phonons in the reservoir, and the number 
of photons is assumed as zero because of external field being a 
vacuum state. As you readily understand from the bottom of 
Equation 33.4, energy transfer between the excited and ground 
states ofan exciton occurs by mediating the intra-sublevel transi- 
tion with non-radiative relaxation constant I, which guarantees 
unidirectional energy transfer in the two-quantum-dot system 
Since analytical solution of Equation 33.3 is complex and 
the physical meaning is unclear, the following is discussed on 
the basis of numerical calculations. For far-field light excita- 
tion, excitons in a two-quantum-dot system are created via 
mixed states of several bases, which are shown in Figure 33.3, 
because the two quantum dots cannot distinguish each other 
due to the diffraction limit of light. On the other hand, high 
spatial resolution of optical near field permits direct access for 
individual quantum dots. For example, an optical fiber probe 
possesses sub-100 nm spatial resolution (Hosaka and Saiki 2001, 
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FIGURE 33.3 Appropriate base states in which excitation and ground states for an isolated quantum dot are used. There are eight bases, which 
include a three-exciton state, three two-exciton states, three one-exciton states, and a vacuum state. 
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Matsuda etal. 2003) and plasmonic excitation in metallic nano 
structures are utilized as an interface in a nanophotonic device 
(Yatsui etal. 2001, Nomura et al. 2005). As an initial condition 
to demonstrate energy transfer between the two-quantum-dot 
systems, an exciton in QD-A is locally prepared that is expressed 
by density matrix elements of p,(t)=«(e|, (¢.8[6|e),[88),=1 
and otherwise being zero. Output population is given by the 
density matrix element of paul) =(¢\, (8.eI6[8),|gve),» which 
is the lower-level state excited in QD-B, and (|g, es)" = xg, e|- In 
this case, two- and three-exciton bases decouple from the output 
population dynamics, and itis enough to consider only four base 
states for calculating the dynamics. 

In the following, numerical solutions in Equation 33.3 are 
explained, in which two types oftypical dynamicsappear depend 
ing on the optical near-field coupling strength, Figures 33.4 and 
33.5 show the exciton population in the input (QD-A) and output 
(QD-B) energy levels, respectively, when the optical near-feld 


coupling strength are applied as U = 10ps (Figures 33.4a and 
33.5a) and 50ps (Figures 33.4b and 33.5b). For Figure 33.4a, oscil- 
lating behavior still remains because the sublevel relaxation con- 
stant T is the same order of the coupling strength U. While in 
the case of I’ > U, coherence in the upper energy levels quickly 
reduces, and the exciton energy that is stored in the lowest energy 
level in the system is released as radiative relaxation. The exciton 
population given in Figure 33.5 is proportional to photolumines- 
cence intensity from the coupled quantum-dot system. 

Key point to design of a nanophotonic device is to deter- 
mine energy transfer paths by using resonant coupling among 
plural energy states, and internal and external dissipation pro- 
cesses. Density matrix formalism discussed above is a useful 
tool to solve signal dynamics in an exciton-photon coupled or 
polariton-mediated system. In addition, multi-exciton process 
is important for functional operations, such as nanophotonic 
switch, which are given in Sections 33.2.2 and 33.2.3. 
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FIGURE 33.5 Temporal evolution of exciton population in the A-level in QD-B (output). The optical near-field coupling strength are 
(@) U+ = 10psand (b) 50ps, and the other parameters are the same as in Figure 33.4 
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33.2.1.2 Creation of Excitation by an External Field 


Before explanation of multi-exciton process, a way to describe 
the creation of signal carriers in a quantum-dot system is dis 
cussed by means ofthe density matrix formalism. There are two 
types of carrier excitations: resonant and nonresonant. In the 
resonant excitation, energy of external photon field (laser pulse) 
corresponds to that ofthe exciton state (Carmicheal 1999), and 
the equation of motion, which is given in Equation 33.3, is moat 
fied with addtional contribution of Has 

pit) _ 1 
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‘where @ and 4" represent annihilation and creation operators 
of external photon field, and on the basis of the semi-classical 
approximation, (4) = (a") = V(#)/g. It means that the annihila. 
tion and creation operators are renormalized in the parameter 
(Rabi frequency) V(). Equation 33.5 expresses the coherent pro- 
cess, which is well known as x-pulse excitation, 

While in the case of the nonresonant excitation, coherence 
between an exciton and a photon is already lst because ofinterac- 
tion among a large number of energy states. This situation appears 
insucha casethatanexciton creates mediated by continuous energy 
levels and surrounding barrier levels, The formulation of exciton 
excitation is equivalent to exciton creation from photon reservoir 
with finite emperature, According to Equation 334, the following 
term is added to Equation 33.3 for nonresonant excitation 
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‘where V,(@ is pumping ratein the optically allowed state in QD-c. 
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‘The above formulations are useful for making initial excited 
states in a quantum-dot system as well as for applying control 
signal to select energy transfer paths. In the following, exciton 
population dynamics for a two-quantum-dot system (Figure 
33.2), which is driven by the external photon field, is explained 
by using numerical results of Equations 33.5 and 33.6. When the 
bases are restricted less than the one-exciton state, there are four 
states inthis system (See Figure 33.3). Temporal evolution of exci- 
ton population in the fi@,-levels in QD-A and iQ, level in QD-B 
are plotted in Figure 33.6a and b, respectively, which isin the case 
of resonant excitation, The results for nonresonant excitation are 
also given in Figure 33.7a and b. In both cases, the time width of 
pumping is set as 50ps, which is denoted by the vertical dashed 
lines in Figures 33.6a and 33.7a. Temporal evolutions for resonant 
and nonresonant excitation are similar with each other except for 
those in the period when an external field is applied. Since the 
resonant oscillation keeps matter coherence, the population once 
increases and then decreases beyond r-pulse excitation. Figures 
33.7b and 33.8b represent the population in QD-B, and the tem- 
poral profiles are similar in both cases, where the decay profiles 
are determined by the radiative relaxation constant in the lower 
energy level in QD-B, but total populations (the area of popula- 
tion curves) reflect the population for the early stage in QD-A. 

Resonant and nonresonant exciton creations are important for 
projecting input signal toa quantum-dot system as well a for con- 
twolling signal carrier transiently in a nanophotonics device. Due 
to the above formulations for energy transfer, dissipation, and 
creation of excitation, some functional device operations can be 
demonstrated numerically, which are discussed in Sections 33.2.2 
and 33.2.3 


33.2.2 Nanophotonic Switch 


General switching device consists of three terminals, which 
correspond to input, output, and control. Similarly, a three: 
quantum-dot system can operate as a nanophotonics switch, 
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FIGURE 33.6 Temporal evolution of exciton population in (a) h@-level in QD-A (input terminal) and (b) f-level in QD-B (output terminal), 


‘where fiQ,-Level in QD-A is resonantly excited. The optical near-field coupling strength is U* 


Ops, and the other parameters are the same as in 


Figure 33.4. The solid, dashed, dotted, and dot-dash, dot-dot-dash curves represent the pulse area of 0.5m, 0.75m, LOR, 1.25n, and 1.5m, respectively. 
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FIGURE 33.7 Temporal evolution of exciton population in (a) hQy-level 
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in QD-A (input port) and (b) hi -level in QD-B (output port), where 


‘AQ, evel in QD-A is nonresonantly excited. The parameters are the same as in Figure 33.6. The solid, dashed, dotted, dot-dash, and dot-dot-dash 


curves represent the pulse area of 0.5n,0.75m, LOM, 1.25m, and 1.5, respect 


tively. 
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FIGURE 33.8 Energy diagram of a nanophotonic switch that consists of 


control signals are injected in the hi2,-level in QD-A and the i, level in QD- 


‘QD-B. By mediating intra-sublevel relaxations, unidirectional energy tran: 


Where three quantum dots correspond to input, output, and 
control terminals (Kawazoe et al. 2003). In Figure 33.8, energy 
diagram of the three-quantum-dot system is illustrated where 
the two resonant paths are labeled M2, and fif2,. The resonance 
conditions can be realized by choosing the quantum-dot sizes 
a8 A:B:C=1: 4:2 (see Equation 33.1), where the interaction 
between QD-A and QD-Bis not considered because interdot dis 

tance between them is assumed large enough for neglecting the 
interaction. The principle ofthe switching operation isas follows: 

when the control signal is injected in the fQ,-level in QD-C, 
the dissipation path toward the f,-level is blocked because of 
Fermionic feature of excitons ina system with discrete energies, 
‘an initial exciton in QD-A transfers to the second stable state of 
hQ,-levels in QD-B, and annihilates an exciton with a radiative 
photon. What is important for this type of functional operation, 


three quantum dots with the size ratio A:B3C=1: 2:2. Inpt and 
spectively and ouipat signals detected from the Revel in 
fei guaranteed in thiseyter 


in which dissipation paths are selectively determined, is to deal 
with a malti-exciton dynamics in a system. 

Equation of motion of the nanophotonic switch can be 
written in accordance with the manner presented in Section 
33.2.1, where the considered bases are extended in two-exci- 
ton states, and resonant exciton excitations are applied as an 
input signal in QD-A and a control signal in QD-C. Since 
output luminescent intensity is proportional to the fiQ,-level 
population in QD-B, the population dynamics in QD-B is 
discussed in the following. 

Figure 33.9 represents the numerical result of one and two- 
exciton population dynamics. The dashed curve shows the 
output population in QD-B, when rectangular optical pulse 
(x-pulse) with the duration of 10ps is injected in the input ter 
minal of QD-A. The exciton created in QD-A transfers to QD-C 
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FIGURE 33.9 Temporal evolution of exciton population in the hi. 
level in QD-B (output terminal). The dashed and solid curves represent 
the cases where a single rectangular optical pulse is injected in QD-A 
{npat terminal) and rectangular pulses are injected in the fi2-Level in 
QD-A (input terminal) and the ff2level in QD-C (control terminal. 
“The parameters are set as follows: optical near-field coupling strength 
Uj = Ua = 50 ps, pulse duration At = 10ps(x-pulse amplitude), radia- 
tive relaxation time 2?y,1=29%y_! = ye! =1000 ps, intra-sublevel 
relaxation time Psy =10 ps, and Ti 20 ps. 


‘via optical near-field coupling U,cand then relaxes to the lowest 
energy level in QD-C because of fast intra-sublevel relaxation. 
‘Therefore, output population in QD-B is detected as very small 
value (OFF-state). While, the solid curve represents the case that 
‘two optical pulses with 10 ps-pulse duration are injected simul: 
taneously in the lowest energy levels in QD-A and QD-C. In 
the early stage of the dynamics, a somewhat large signal with 
oscillation appears (ON-state). This is the result of occupation 
in the fi, Level in QD-C, which is the optical nutation between 
lower resonant energy levels in QD-B and QD-C. The rise time 
or switching time is estimated less than 100ps, which depends 
con the optical near-field coupling strength (Sangu et al. 2003). 

‘The readers may see that the signal falling time from ON- 
to OFF-state is quite slower than the rising time from OFF- to 
‘ON-state. This is surely constrained by the radiative relaxation 
time in the control port of QD-C. However, the falling time 
is controllable by injection of the third control pulse, because 
pulse excitation can remove the exciton occupied in the hQ, 
level in QD-C. Figure 33.10 represents the same result of exciton 
population dynamics shown in Figure 33, but additional rect 
angular optical pulse is injected with the delay of 200ps in the 
control port of QD-C. The dashed curve represents timing of the 
control pulse. By injecting the third pulse, the optical nutation 
completely disappears and the dissipation path toward the low- 
est energy level in QD-C becomes effective 

‘Nanophotonic switches and nanophotonic devices, in which 
dissipation paths are controlled by the state-filling property of 
excitons, can realize quite low energy operations. Ideally, the 
energy loss is determined by intra-sublevel relaxation, which is 


10001500 
Time (ps) 


20002500 


FIGURE 33.10 Temporal evolution of exciton population in the h0 
level in QD-C (output port). The dashed curve represents the profile 
of the third rectangular optical pulse (n-pulse). The pumping pulse is 
injected with a delay of 200ps and pulse duration of 10ps. The other 
parameter values st are the same as in Figure 33.9, 


in the order of a few tens of meV. his is a big advantage not only 
for miniaturizing photonic devices, but also for heat dissipation 
and wiring in nanometric devices. 


33.2.3 Carrier Manipulation (Up-Converter) 


Unidirectional energy transfer and switching operation are 
guaranteed by considering the phonon reservoir system which 
is coupled with excitons. On the other hand, intense pulse exci- 
tation can create the finite phonons in the phonon reservoir 
system. This leads to blow back an exciton from lower to upper 
energy levels, instantaneously. Therefore, direction of energy 
transfer is also controllable by external optical pulse, which has 
been demonstrated experimentally in the recent publication 
(Yatsui et al. 2009). This up-conversion dynamics is formulated 
in a two-quantum-dot system, as shown in Figure 33.2. The 
intense optical pulse should be dealt with coherent interaction 
between excitons in the fiQ,-level in QD-B and external pho- 
tons. Therefore, the equation of motion described in Equation 
33.5 isadopted. Since the atomic lattice in the reservoir system is 
transiently vibrated by the optical pulse, the phonon number of 
‘n(@,) in Equation 33.4 is given as the following function: 


1 


m@o)= “[hawlk,TU) 


(337) 


where @,, T, and ky are the angular frequency of incident 
light, temperature of the system, and the Boltzmann constant, 
respectively. Equation 33.7 is the Bose-Einstein distribution 
function. For simplicity, the temperature is assumed to be 
proportional to the time integration of the optical pulse, J, 
‘The calculated results of the exciton population dynamics are 
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FIGURE 33.11 


‘Temporal evolution of exciton population in (a) the h(2-level in QD-B and (b) the hQ,-level in QD-A, when the optical pulse is 


injected atthe time 10ps. The solid, dashed, and dotted curves represent the pulse area of 0.5m, 1.0m, and I Sn, respectively. The parameters are set as 


{ollows: optical near-field coupling strength U~' = S0ps, pulse duration At 


and intra-sublevel relaxation time P= 


plotted in Figure 33.11. Figure 33.11a and b represent the popu 
lations in the fiQ,-level in QD-B and in the hQ;-level in QD-A 
which is the up-converted energy level. The solid, dashed, and 
dotted curves correspond to 1/2-pulse, -pulse, and 31/2 

pulse, respectively. Owing to coherent excitation process by 
optical pulse injection, the population in the lower energy 
level in QD-B maximally increases for n-pulse excitation, and 
decreases for more intense excitation. Temporal evolution 
in this energy level obeys solely relaxation time of the lower 


energy level. The population dynamics in QD-A is more com- 
plex. The peak values depend on the population in the hi,-Level 
in QD-B for each optical pulse area while the number of pho: 
rons in the phonon reservoir monotonically increases depend- 
ing on the power of the optical pulse. Therefore, population 
lifetime depicted in the dotted curve in Figure 33.11b becomes 
longer than the dashed one because of longer pulse injection 
period. Such an up-conversion signal cannot observe in an iso: 
lated quantum dot, since dipole inactive transition from QD-B 
to QD-A never occurs without optical near-field interaction. 

Carrier dynamics driven by both exciton-photon and exci- 
ton-phonon interactions has large possibilities for some applica 
tions, such as novel light sources, optical near-far field interface 
devices, efficient photodetectors, and efficient photoelectric con: 
version devices (Yatsui etal. 2009), 


33.3 Nanophotonic Devices Using 
Spatial Symmetries 


In Section 33.2, nanophotonic devices, in which dissipation 
paths are selected by a state-filling condition in multi-exciton 
excitation states, were discussed. While another type of device 
using a coherently-coupled state shows interesting features. For 
such devices, the number of excitons in a system as well as the 
spatial symmetry of the system determine the device operations. 
In this section, some logical operations, memory operations, and 


(Ops (t-pulse amplitude), radiative relaxation time 2 000 ps, 


}ps in QD-B. The phonon number in given by exp (8.0/A!) ~ I}' where A denotes the pulse area 


operations mediating quantum entangled states are explained 
with basic theoretical formulations. 


33.3.1 Basic Principles 

33.3.1.1 Symmetric and Antisymmetric States 

When two identical quantum dots sharing an exciton are cou- 
pled with each other, as shown in Figure 33.12, appropriate bases 
for coupled states instead of those for individual quantum dots 
give a clear view for system dynamics. There are two coupled 
states via optical near-field interaction that are described by 
using mixed states between vacuum and exciton states for indi- 
vidual quantum dots, are as follows: 


May (lebals)s Ie) aledo)/V2 


= (leaks) *le) ler») /¥2. 
(33.8) 


where the bases for the coupled states, |S) and |) are called as sym. 
metric and antisymmetric states as explained later in this section. 
At the beginning, energies in the symmetric and antisymmetric 
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FIGURE33.12 Energy diagram for two identical quantum dots (lef). 
“The system is expressed as a superposition of symmetric and antisym 
metric states (right 


How It Works 


Figure 19-2. 4 typical neon bulb with series resistor at 
tached to one lead. 


How It Works 


Construction 

The parts of a neon bulb are illustrated in 
Figure 19-4. When the bulbis fabricated, it begins 
as a glass tube. The leads are made of dumet, 
consisting of a copper sheath around a nickel 
iron core, This has the same coefficient of expan- 
sionasglass, so that when the glassis heated and 
melted around the leads, it forms a seal that 
should be unaffected by subsequent tempera- 
ture fluctuations, This area is known as the pinch 
in the tube. 


Nickel electrodes are welded onto the leads be- 
fore the leads are inserted into the tube. The 
electrodes have an emissive coating that reduces 
the minimum operating voltage. The glass tube 
is filled with a combination of neon and argon 
gases, or pure neon for higher light output 
(which reduces the life of the component). The 


light source, indicator, or display > single source > neon bulb 


top end of the glass tube is heated until it melts, 
and is pinched off. This creates a distinctive pro- 
trusion known as the pip. 


Figure 19-3. The same bulb from the previous photo 
graph, energized with LISVAC. 


lonization 

When a voltage is applied between the leads to 
the bulb, the gas becomes ionized, and electrons 
and ions are accelerated by the electric field. 
When they hit other atoms, these are ionized as 
well, maintaining the ionization level. Atoms are 
excited by collisions, moving their electrons to 
higher energy levels. When an electron returns 
froma higher level toa ground state, a photon is 
emitted, 


This process begins at the starting voltage (also 
known as the striking voltage, the ignition volt: 
age, or the breakdown voltage) usually between 
45V and 65V for standard types of bulb, or be- 
tween 70V and 95V for high-brightness types. 
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states are evaluated. Since the system Hamiltonian in a two- 
‘quantum. dot system with optical near-field coupling is given as 


H=Hy+ Fa 
Ay = how A+ nosh, 3.9) 


A, 


=n (ats AB), 
where raative relaxation terms are ignored for simplicity and 
2ssuming thatthe elaatonIifetime is lnger than that of opt 
tal near ld interaction. ‘The energies for these tates ae easily 
dived a 


(slis)=1(0+0), 


i (3:10) 
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n(Q-U) 


Equation 33.10 explains that the symmetric and antisymmetric 
states have positive and negative energy shift U from the energy 
in each quantum dot, respectively. In order to extract carrier 
excitation from the two identical quantum-dot systems, the 
third (output) quantum dot is set with resonance energy to the 
symmetric state or antisymmetric state. Detailed explanation of 
energy transfer properties in the three-quantum-dot system is, 
given in Section 33.3.1.2. 

In this stage, to examine total dipole moment in such a system 
is quite instructive. The total dipole moment is expressed by an 
expectation value of a summation of creation and annihilation 
‘operators, such as 


SD (@ +a)[e), |e), 


(ale D(a! +e) ley 


vu, 


(3) 


where {t denotes the dipole moment for QD-A and QD-B. 
Apparently, transition from vacuum state to the antisymmet- 
ric state is inactive and, thus, it cannot couple to the external 
far-field light; this is the reason this state is known as the anti 
symmetric state. In contrast, optical near field can excite the 
antisymmetric state because it has a spatial localization charac- 
ter beyond the diffraction limit of light, and can create an exci- 
ton ina one-side quantum dot. The state with an exciton is equal 
to.a superposition between symmetric and antisymmetric states. 

As described above, if the symmetric and antisymmet- 
ric states can be manipulated freely, coupling from near- to 
far-field light becomes controllable, which is useful for some 
functional operations, such as nanophotonic buffer memory. 
Furthermore, optical near-field coupling between the two 
identical quantum dots and the third output dot creates char- 
acteristic behaviors depending on spatial symmetry, where the 
symmetric and antisymmetric states play important roles, as 
explained in Section 33.3.1.2 
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33.3.1.2 Selective Energy Transfer 


For far-field light, excitation in each quantum dot is not distin- 
guishable and radiation is proportional to total dipole moment, 
Which is discussed in Section 33.3.1... However, optical near 
field can resolve the spatial distribution of exciton occupation 
in a nanometer scale. In order to access the excited states in a 
two-identical quantum.dot system by using optical near feld, 
third quantum dot, QD-C, is considered as an output port. 
Figure 33.13 represents the energy transfer from two-identical 
quantum-dot system to the third quantum dot. The two iden- 
tical quantum dots make symmetric and antisymmetric states 
‘via optical near-field interaction, and these states also couple to 
the third quantum dot with optical near-field interaction. Here, 
to evaluate transition moment between two identical quantum 
dots to the third quantum dot is useful for understanding the 
effect of spatial alignment of quantum dots. The interaction 
Hamiltonian is given as 


Figsc= AU se(A'C+€°A), 


Fase = Wac(B1C+ CB), (33:12) 


where U,cand Ucrepresent optical near-field coupling strength 
between QD-A and QD-C, and QD-B and QD-C, respectively 
Using these interaction Hamiltonians, the transition matrix ele- 
‘ment from symmetric state to excited state in QD-C reads 


lela llclel(Hase + Hause). 


(33.13) 


and that from antisymmetric state to excited state in QD-C is 
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FIGURE 33.13 Schematic representation of energy transfer between 
tovo-identical quantum-dot system (input) and a larger quantum dot 
(output) than the other two, Antisymmetric state becomes dipole- 
allowed and dipole-forbidden states, depending on spatial symmetry of 
the output quantum dot. 
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From Equation 33.14, the transition matrix element can take a 
zero value when the initial state is an antisymmetric state and 
the coupling strength toward QD-C are set as Uye = Use # 0. 
‘This condition can be realized by spatial symmetric alignment 
‘of quantum dots. Therefore, energy transfer mediating anti- 
symmetric state is strongly dependent on spatial symmetry in a 
‘quantum-dot system. 

‘The feature of selective energy transfer is useful for functional 
‘operations of a nanophotonic device, such as logic and memory 
‘operations. In the following sections, some functional opera- 
tions using coherently coupled states, which are symmetric and 
antisymmetric states, are explained with numerical calculation 
results 


33.3.2 ANI 


- and XOR-Logic Gates 


Similar to Section 33.3.1.2, let us consider a three-quantum: 
dot system that consists of two identical input quantum dots 
(QD-A and QD-B) and the third output quantum dot (QD-C) 
‘with energy sublevels. QD-Ciis located in symmetrical position 
from QD-A and QD-B. Important points for this system are 
energy transfer reflecting spatial symmetry and difference of 
resonance conditions in one- and two-exciton states. By using 
these points, the principle of logic operations has been proposed 
(angu et al. 2004). 

First, the case QD-C negatively detuned with energy shift hU 
is considered. Figure 33.14 represents energy diagram from ini: 
tial state to final state in this system. ‘The left (initial state) has 
no excitation in QD-C, and the right (final state) has an exciton 
in QD-C. Although negative energy shift creates resonance con: 
dition between the states of |A)|g)- and |g),|g)le)c for the one: 
exciton state, the energy transfer mediated by the antisymmetric 
state is not permitted in the quantum-dot system that is sym: 
‘metrically aligned, as explained in Section 33.3.1.2. While, for 
the two-exciton state, the excited state |e),le)lgc couples reso- 
nantly to the symmetric state [)|e)., which i allowed transition. 
‘Therefore, this quantum-dot system permits the energy transfer 
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FIGURE 33.14 Energy diagram in three-quantum-dot system, which 
consists of two identical quantum dots (input port) and a third quan- 
tum dot (output port). The third quantum dot is negatively detuned 
against each input quantum dot. The energy transfer occurs only in the 
‘case of two-exciton state 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


Dipole 
204 - lea )al}—— > -4-4— Ie 
HH lee 
ao-u 
ary Sde-—e— Y 2 
(a-u) Q-— — FH loniowloc 
~ While txiedalde 
Initial state Final sate 


FIGURE33.15 Energy diagram in three-quantum-dot system, which 
consists of two identical quantum dots (input port) and a third quan- 
tum dot (output port). The third quantum dot is positively detuned 
ageinst each input quantum dot, The energy transfer occurs only in the 
case of one-exciton state 


only in the case of two-exciton state. This behavior represents 
just an AND-logic operation. 

Second, the energy level in QD-C is set as positive energy 
shift fU. The energy diagram is illustrated in Figure 33.15. In 
this case, two-exciton state is inactive because of antisymmetric 
state, while symmetric one-exciton state [$)]g)c can resonantly 
couple to the final stat of |g), |g)lé)c. This means that the energy 
transfer occurs when either QD-A or QD-B is initially excited, 
where excitation in a quantum dot in two-identical quantum- 
dot system is equivalent to excite symmetric and antisymmetric 
states, simultaneously (see Equation 33.8). This corresponds to 
the XOR-ogic operation, 

‘Temporal evaluation of the above two logic operations can be 
derived analytically on the basis of the density matrix formal- 
ism. The system Hamiltonian is the same as Equation 33.9 except 
for additional third quantum dot terms, which include non-per- 
turbed energy and non-radiative intra-sublevel relaxation, and 
radiative relaxation is ignored because optical near-field coupling 
and sublevel relaxation process are assumed to be fast enough, 
Final solution for one-exciton state, which is detected in lower 
energy level in QD-C, is written as follows (Sangu et al. 2004): 


au? 


Povanlt)= 5+ 


x[cosd, cos(oo,t +4,) cos. cos(wt+6.)], 
(33.15) 
where Parge(t)= -(e[, (el, (eles) Le), 
ing abbreviations have been used: 


oy and the follow- 
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‘where fiAQ is the energy shift in QD-C against that in QD-A or 
QD-B. In Equation 33.15, the second term denotes the energy 
transfer or nutation between two-identical quantum-dot system 
QD-A and QD-B, and the third of QD-C. Apparently, this term 
becomes the maximum value in the case of positive detuning 
AQ = U, because the denominator (3 ~@ becomes minimum. 
‘This corresponds to dynamics in the XOR-logic operation, as 
is mentioned in Figure 33.15. The exciton population can reach 
maximum value of 0.5 not 1. This is because one-side quantum. 
dot in QD-A or QD-B is excited as an initial excitation, which 
is same as coupled state between symmetric and antisymmetric 
states, and the antisymmetric state cannot couple to QD-C due 
to the symmetrically aligned system. 

(On the other hand, analytical solution for two-exciton state is 
given ina similar form as 


Pasll)*Paneg(l) 
=2)5+ re * [cose cos(iait +94) cos. cos(a't+4°)] 
(3.17) 


where Psse(t)+ Pyy2e,g20lt 1 (Sie). + el, (el, (elem 


|e), [e),[2e)c #8 defined as the population in the lower level in 
QD-Cand 


(33:18) 


From Equations 33.17 and 33.18, negative detuning 
AQ = -U makes resonance condition for two-exciton state, 
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while the negative detuning for one-exciton state is off-resonant 
to symmetric state (see Equations 33.15 and 33.16). Therefore, 
the energy transfer rate is quite small. This is the AND-logic 
operation. 

Population dynamics in these devices are plotted in Figure 
33.16, where exciton population in QD-C is analytically derived 
by using Equations 33.15 and 33.17. The solid and dashed curves 
represent one- and two-exciton states, respectively. Figure 
33.16a is the result of the AND-logic gate with negative detun- 
ing AQ = -U, where the strength of optical near-field interac- 
tion between QD-A and QD-B, and that between QD-A(B) and 
QD-Care set as U' = 10ps and U’" = 50ps. In this operation, 
the two-exciton state in QD-A and QD-B is resonantly coupled 
with QD-C, while the one-exciton state is not, because of off- 
resonant condition. On the other hand, the XOR-logic operation 
is shown in Figure 33.16b. In this case, the one-exciton state in 
QD-A and QD-B is resonant to the energy level in QD-C, where 
initial population is prepared in QD-A, which is same as the 
coupled state between symmetric and antisymmetric states, and 
thus, the population reaches only the value of 0.5 because the 
antisymmetric state isa dark state in a spatially symmetric sys- 
tem. Although ON/OFF ratio is not so high, the XOR-logic gate 
operation is surely observed. 


33.3.3 Nanophotonic Buffer Memory 


As mentioned in Section 33.3.1.2, using energy transfer via a 
dipole inactive state, which can be controlled by energy detuning 
and quantum dot alignment or spatial symmetry, various func- 
tional operations inherent in nanophotonic devices are expected. 
In this section, one of interesting operations of a nanophotonic 
buffer memory is introduced. Quantum-dot alignment for real- 
izing nanophotonic buffer memory is illustrated in Figure 33.17, 
in which two identical quantum dots (QD-A and QD-B) couple 
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FIGURE 33.16 Temporal evolution of exciton population in three quantum-dot systems, which consist of inputs two identical quantum 


dots (QD-A and QD-B) and an output-side quantum dot (QD-C) with intra-sublevel relaxation. a) and (b) represent the cases where upper energy 
level is negatively (AND-Logic gate) and positively (NOR-logic gate) detuned. The solid and dashed curves correspond to the one-exciton and two- 
exciton states, respectively. The calculation parameters in Equations 33.15 through 33.18 are set as U! = 10s, U!= S0ps, and T= lOps. 
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FIGURE 33.17 Schematic representation of nanophotonic bulfer 
memory, which consists of two identical quantum dots, and the larger 
‘quantum dot with positive detuning A = U. "The three quantum dots 
are aligned maximally asymmetric and, thus, the coupling strength 
between QD-A and QD-C can be neglected 


to the third quantum dot (QD-C) with maximal asymmetric 
position. The third quantum dot is detuned positively with the 
energy f(@ + U), that is, AQ = U, which has the same energy 
diagram as in Figure 33.15, but energy transfer via antisym: 
metric state is allowed. When both QD-A and QD-B are excited 
as an initial condition, the two-exciton state in the input side 
resonantly couples to antisymmetric state with excitation in 
QD-C and then relaxes to the one-exciton antisymmetric state. 
‘This antisymmetric state decouples with outer far-field light 
because of dipole inactive (dark) state. This is just buffer memory 
‘operation. 

Dynamics of buffer memory operation is numerically evalu: 
ated by using density matrix formalism, as explained above. The 
calculation results are plotted in Figure 33.18, where the vertical 
axis represents population relating to the two-exciton coupled 
states, and the coupling strengths via optical near field are set as 
U*t= 10ps for QD-A and QD-B, and U"* = 50ps for QD-B and 
QD-C (QD-A and QD-C are decoupled). The solid and dashed 
curves represent antisymmetric and symmetric states, respec 
tively. In this calculation, radiative relaxation is ignored because 
the radiative relaxation time is longer than exciton population 
dynamics via optical near field and, thus, two-exciton antisym- 
‘metric state becomes the final state. Actually, the two-exciton 
state decays into the one-exciton antisymmetric state with a 
photon radiation from QD-C, and an exciton is retained in the 
system. 

In Section 33.3.2, the dark state is used for suppressing energy 
transfer, leading to logical operations, while itis used to create 
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FIGURE 33.18 Temporal evolution of exciton population in three 
{quantum-dot systems, which have maximal asymmetric configuration 
(Gee Figure 33.17). The solid and dashed curves represent the popula 
tions forthe antisymmetric (o-exciton state and the symmetric two. 
exciton state, respectively: The antisymmetric state has a dipole inactive 
nature and, thus, the excitation is maintained in the three-quantum. 
ddot system, The calculation parameters are set as U"! = 10ps, U"! = 
50ps, and I~! = Lops 


excitation in a dark state in this section, which enables us to con- 
twol far- and near-field conversion. It is one of the characteristic 
features of nanophotonic devices. 


33.3.4 Manipulation of Quantum- 
Entangled States 


[As mentioned in Sections 33.3.1 through 33.3.3, a nanophotonic 
device system consists of coherent energy transfer process 
and dissipation process. Since the coherent energy transfer 
process maintains quantum coherence, this system can be 
used for quantum information processing as well as interface 
between quantum and classical computations. As an instruc- 

tive example, a typical device that identifies quantum mixed 
states is numerically demonstrated in this section. Figure 33.19 
schematically shows spatial alignment of quantum dots, where 
two identical quantum dots couple resonantly, and the excita- 
tions are led to two output quantum dots with positive (QD-C) 
and negative (QD-D) detuning, Both QD-C and QD-D are set at 
symmetricand asymmetric positions, respectively. Apparently, 
QD-€ resonantly couples to the symmetric state in the input 
quantum dots, and QD-D couples to the antisymmetric state. 
Therefore, this device operates that input signal with arbitral 
quantum state divides two quantum bases of symmetric and 
antisymmetric states into two different output signals with 
different optical frequencies as well as different positions in a 
nanometric space. Temporal evolution of an input quantum 
mixed state is numerically calculated in Figure 33.20. When 
an input state c,|S) + cA) is injected, where one-exciton state 
is assumed, the output exciton population in QD-C and QD-D 
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FIGURE 33.19 Spatial arrangement of a four-quantum-dot system, 
which has symmetric and asymmetric configurations simultaneously 
QD-C resonantly couples with symmetric state in QD-A and QD-B, 
and QD-D couples with antisymmetric state. 
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FIGURE 33.20 Population dynamics in four-quantum-dot systems 
that have two identical quantum dots (QD-A and QD-B) for input ports 
fof an arbitral quantum state, and output quantum dots (QD-C and 
QD-D) for identifying the input quantum states. The solid and dashed 
curves represent the output population of QD-C and QD-D, respec- 
tively, and the dotted lines correspond to the coefficients of an initial 
{quantum mixed state. The calculation parameters in Equations 33.15 
through 33.18 are set as U"!= 10ps, U"! = 50ps, and T= 10ps. 


reflects the coefficients ofc, and c, of an input state. In Figure 
33.20, the coefficients of initial quantum mixed state are set as 
= 1/3 and ¢, = 2/3, and thus, the output populations approach 
these values asymptotically. 

Although general quantum information processing devices 
are built upon quantum coherent states in whole device systems, 
nanophotonic devices are characterized by the control of dis 
sipation processes, but keeping the quantum coherence locally. 
Such a mixed operation of classical and quantum information 
processing may open up future device technologies. 
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33.4 Summary 


In this chapter, operation of a nanophotonic device, in which 
characteristics of the light localized among nanometric objects, 
that is, optical near fields, are positively used, has been demon- 
strated theoretically and numerically. Resonant energy trans- 
fer between quantum systems mediated by optical near-field 
interaction and fast energy relaxation in intra-energy levels 
via exciton-phonon interaction are fundamental for a switch- 
ing device and excitation carrier manipulations, as discussed 
in Section 33.2. By using coupled states, which are made from 
resonant optical near-field interaction between quantum sys- 
tems, nanophotonic logic-gate, memory, and quantum-classical 
interface devices can be realized with the help of selective energy 
transfer depending on energies of the coupled state and a selec 
tion rule for optical near and far fields. These nanophotonic 
devices are taken as extensions of classical devices, in which 
simple functions are tandemly arranged, to novel-type devices 
locally utilized the quantum nature. Here, the optical near fields 
play important roles for controlling quantum coherence and/or 
decoherence. 

‘As a summary, key fundamental design concepts for nano- 
photonic inherent operations are enumerated in the following: 


+ Externally switchable dissipation paths 

+ Dependence of the number of excitation carriers 

+ Selection rule for optical near field based on spatial 
arrangement of quantum systems 

+ Selection rule for optical far field based on total dipole 
moment 


‘The above may not explain all concepts for designing nano- 
photonic devices—additional unique natures may be hidden. 
Accomplished device systems might be realized, which have 
possible advantages such as low energy consumption, low 
heat liberation, large parallelism, miniaturization, and envi- 
ronmental tolerance, by comprehending physical phenomena 
inherent in nanophotonics correctly and designing nanopho- 
tonic devices from a standpoint throughout from nano- to 
macro-scales. 
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34.1 Introduction 


‘To accommodate the continuously growing amount of digital 
data and qualitatively new requirements demanded by industry 
and people in society, optics is expected to be highly integrated 
and to play a wider role in enhancing system performance. 
However, many technological difficulties remain to be in over- 
come in adopting optical technologies in critical information 
and communication systems; one problem is the poor integra: 
bility of optical hardware due to the diffraction limit of light 
(Pohl and Courjon 1993, Ohtsu and Hori 1999) 

Nanophotonics, on the other hand, which is based on local 
interactions between nanometer-scale matters via optical near 
fields, offers ultrahigh-density integration since it is not con. 
strained by the diffraction limit. Fundamental nanophotonic 
processes, such as optical excitation transfer via optical near 
fields between nanometer-scale matters, have been studied in 
detail (Ohtsu etal. 2002, 2008, Maier et al. 2003). Moreover, this 
higher integration density is not the only advantage that optical 
near fields have over conventional optics and electronics. From 
‘a system architectural perspective, nanophotonics drastically 
‘changes the fundamental design rules of functional optical sys- 
tems, and suitable architectures may be built to exploit this. As 
a result, it also gives qualitatively strong impacts on information 
and communication systems. 

‘This chapter discusses system architecture for nanophoton: 
ics considering the unique physical principles of optical near- 
field interactions as well as their experimental verification based 
‘on technological vehicles, such as quantum dots and engi 
neered metal nanostructures. In particular, two unique physical 
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processes in light-matter interactions in the nanometer scale are 
exploited. One is optical excitation transfer via optical near-field 
interactions and the other is the hierarchical property in optical 
near-field interactions, which are explained in Sections 34.2 and 
34.3, respectively. 

‘The overall structure of this chapter is outlined in Figure 34.1. 
‘Through these architectural and physical insights, nanophotonic 
information and communication systems are demonstrated, 
which overcome the integration-density limit imposed by the 
diffraction of light with ultralow-power operation, as well as pro- 
vide unique functionalities that are only achievable using optical 
near-field interactions. 


34.2 System Architectures Based 
on Optical Excitation Transfer 


34.2.1 Optical Excitation Transfer via 
Optical Near-Field Interactions 
and Its Functional Features 


In this section, optical excitation transfer processes involv- 
ing optical near-field interactions are reviewed from a system 
perspective. Here, their fundamental principles are first briefly 
reviewed and their functional features are introduced for later 
discussion, 

‘The interaction Hamiltonian between an electron and an 
electric field is given by 
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34.2 Handbook of Nanophysics: Nanoelectronics and Nanophotonics 
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FIGURE34.1._ Overview of this section: from light-matter interactions on the nanometer scale to system architectures for nanophotonics. 
where where 


{lisa dipole moment 
WG) and Wl) are, respectively, creation and annihilation 
operators of an electron at ? 


BG isthe operator of electric ux density 


In usual light-matter interactions, the operator D(?) isa con 
stant since the electric field of propagating ight is considered 
to be constant on the nanometer scale. Therefore, a is well 
known, one can derive optical selection rules by calculating 
a transfer matrix of an electrical dipole. As a consequence, 
in the case of cubic quantum dots, for instance, transitions 
to states described by quantum numbers containing an even 
number are prohibited. In the case of optical near-field inter 
actions, on the other hand, due to the steep electric field of 
optical near fields in the vicinity of nanoscale matter, an 
optical transition that violates conventional optical selection 
rules is allowed, 

Optical excitations in nanostructures, such as quantum dots, 
can be transferred to neighboring ones via optical near-field 
interactions (Ohtsu et al. 2002, 2008). For instance, assume two 
cubic quantum dots, QD, and QD, whose side lengths L are 
a and Ja, respectively (see Figure 34.2a). Suppose that the 
‘energy eigenvalues for the quantized exciton energy level spect 
fied by quantum numbers (1. ny n, in a QD with side length 
Lare given by 


AE (nh nt +r), 


Eeayae) = 
2ME 


(34.2) 


Ey is the energy of the bulk exciton 
‘Mis the effective mass of the exciton 


According to Equation 34.2, there exists a resonance between 
the level of quantum number (1,1, 1) for QD, and that of quan- 
tum number (2, 1, 1) for QDp. There is an optical near-field 
interaction, which is denoted by U, due to the steep electric 
field in the vicinity of QD,. Therefore, excitons in QD, can 
move to the (2,1, 1)-level in QD,. Note that such a transfer is 
prohibited for propagating light since the (2,1, 1)-level in QD, 
contains an even number (Tang etal. 1993). In QD,, the exciton 
sees a sublevel energy relaxation, denoted by T, which is faster 
than the near-field interaction, and so the exciton goes to the 
(1,1, Delevel of QD,. It should be emphasized that the sublevel 
relaxation determines the unidirectional exciton transfer from 
QD, to QDy, 

Now, several unique functional aspects should be noted in the 
above excitation transfer processes. First, as already mentioned, 
the transition from the (1,1, 1)-Level in QD, to the (2,1, 1)-level 
in QD, is usually a dipole-forbidden transfer. In contrast, the 
optical near field allows such processes. Second, in the reso- 
nant energy levels of those quantum dots, optical excitation 
can go back and forth between QD, and QD,, which is called 
optical nutation. The direction of excitations is determined by 
the energy dissipation processes. Therefore, based on the above 
mechanisms, the flow of optical excitations can be controlled in 
quantum-dot systems via optical near-field interactions. 

From an architectural standpoint, such a flow of excitations 
directly leads to digital processing systems and computational 
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(@) Optical excitation transfer between quantum dots via optical near-field interactions. (b) Global summation: a basic function 
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distribution of the output of 3-dot AND gates. 


architectures. First of all, two different physical states appear 
by controlling the dissipation processes in the larger dot; this is 
the principle of the nanophotonic switch (Kawazoe et al. 2003). 
Also, such a flow control itself allows an architecture known as a 
binary decision diagram, where an arbitrary combinatorial logic 
‘operation is determined by the destination of a signal flowing 
from a root (Akers 1978). 

Such optical excitation transfer processes also lead to unique 
system architectures. In this regard, Section 34.2.2 
massively parallel architecture and its nanophotonic implemen. 
tations. Also, Section 34.2.3 demonstrates that optical excitation 


transfer provides higher tamper resistance against attacks than 
conventional electrically wired devices, by focusing on environ: 
mental factors for signal transfer. 


34.2.2 Parallel Architecture Using 
Optical Excitation Transfer 

34.2.2.1 Memory-Based Architecture 
This section discusses a memory-based architecture where 
computations are regarded as a table lookup or database search 
problem, which is also called content addressable memory 
(CAM) (Liu 2002), The inherent parallelism of this architecture 
is well matched with the physics of optical excitation transfer, 
and provides performance benefits in high-density, low-power 
operations. 

Inthis architecture, input signal (content) serves asa query to 
lookup table, and the output is the address of the data match. 
ing the input. This architecture plays a critical role in various 
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systems for example in a data router where the output port for 
‘an incoming packet is determined based on the lookup tables. 

‘All optical means for implementing such functions have 
been proposed, for instance, by using planar lightwave circuits 
(Grunnet-Jepsen et al. 1999). However, since separate opti 
cal hardware for each table entry is needed if based on today’s 
known methods, if the number of entries in the routing table is 
‘on the order of 10,000 or more, the overall physical size of the 
system becomes impractically large. On the other hand, by using 
diffraction-limit-free nanophotonic principles, huge lookup 
tables can be configured compactly 

‘Then, itis important to note that the table lookup problem is 
equivalent toan inner product operation. Assume an N-bit input 
signal $ = (s,..5y) and reference data D = (dy....dy). Here, the 


s/-d, will provide a maximum value 


inner product S-D 


when the input perféctly matches the reference data with an 
appropriate modulation format (Naruse et al. 2004). Then, the 
function of a CAM is to derive j, which maximizes the $ - 


34.2.2.2 Global Summation Using Near-Field 
Interactions 


[As discussed in Section 34.2.2. the inner product operations 
are the key functionalities of the memory-based architecture. 
‘The multiplication of two bits, namely, x, = 5, d,, has already 
been demonstrated by a combination of three quantum dots 
(Kawazoe et al. 2003). Therefore, one of the key operations 
remaining is the summation, or data gathering scheme, denoted 
by }\x, where all data bits should be taken into account, as 
schématically shown in Figure 34.26, 

In known optical methods, wave propagation in free-space 
oor in waveguides, using focusing lenses or fiber couplers, for 
example, well matches such a data gathering scheme because the 
physical nature of propagating light is inherently suitable for the 
collection or distribution of information, such as global sum- 
‘mation. However, the level of the integration of these methods is 
restricted due to the diffraction limit of ight. In nanophotonics, 
on the other hand, the near-field interaction is inherently physi- 
cally local, although functional global behavior is required. 

‘The global data gathering mechanism, or summation, is 
realized based on the unidirectional energy flow via an optical 
near field, as schematically shown in Figure 34.2c, where sur- 
rounding excitations are transferred toward a quantum dot QD 
located at the center (Kawazoe et al. 2005, Naruse et al. 2005). 
‘This is based on the excitation transfer processes presented in 
Section 34.2.1 and in Figure 34.2a, where an optical excitation 
is transferred from a smaller dot (QD,) to a larger one (QD,) 
through a resonant energy sublevel and a sublevel relaxation 
process occurring at a larger dot. In the system shown in Figure 
34.2c, similar energy transfers may take place among the reso- 
nant energy levels in the dots surrounding QD, so that excita 
tion transfer can occur. The lowest energy level in each quantum 
dot is coupled to a free photon bath to sweep out the excitation 
radiatively. The output signal is proportional to the (1, 1, 1)-Level 
population in QDy, 
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A. proof-of-principle experiment was performed to verify 
the nanoscale summation using CuCl quantum dots in a NaCl 
matrix, which has also been employed for demonstrating nano- 
photonic switches (Kawazoe et a. 2003) and optical nano-foun- 
tains (Kawazoe et al. 2005). A quantum-dot arrangement where 
small QDs (QD,-QD,) surrounded a large QD at the center 
(QD,) was chosen. Here, at most three light beams with different 
wavelengths, 325, 376, and 381.3nm, are irradiated, which excite 
the quantum dots QD,-QD, having sizes of 1, 3.1, and 4.1 nm, 
respectively. The excited excitons are transferred to QDg, and 
their radiation is observed by a near-field fiber probe tip. Notice 
the output signal intensity at a photon energy level of 3.225 eV 
in Figure 34.24, which corresponds to a wavelength of 384nm, 
or a QDg size of 5.9nm. The intensity varies approximately as 
1:2:3 depending on the number of excited QDs in the vicinity, as 
observed in Figure 34.24. The spatial intensity distribution was 
measured by scanning the fiber probe, as shown in the inset of 
Figure 34.2d, where the energy is converged at the center. Hence, 
this architecture works as a summation mechanism, counting 
the number of input channels, based on exciton energy transfer 
vvia optical near-field interactions. 

Such a quantum-dot-based data- gathering mechanism is also 
extremely energy efficient compared to other optical methods 
such as focusing lenses or optical couplers. For example, the 
transmittance between two materials with refractive indexes n, 
and n, is given by 4n,n,/(n, + n,) this gives a 4% loss ifn, and n, 
are 1 and 1.5, respectively. The transmittance of an N-channel- 
guided wave coupler is 1/N from the input to the output if the 
coupling loss at each coupler is 34B. In nanophotonic summa- 
tion, the loss is attributed to the dissipation between energy 
sublevels, which is significantly smaller. Incidentally, itis energy- 
and space-efficient compared to electrical CAM VLSI chips (Lin 
and Kuo 2001, Arsovski etal. 2003, Naruse et al. 2005a). 


34.2.2.3 Broadcast Interconnects 


For the parallel architecture shown in Section 34.2.2.2, it should 
also be noted that the input data should be commonly applied 
to all lookup table entries. In other words, broadcast intercon- 
nect is another important requirement for parallel architectures 
Broadcast is also important in applications such as matrix- 
vector products (Goodman et al. 1978, Guilfoyle and McCallum 
1996) and switching operations, for example, broadcast-and- 
select architectures (Li etal. 2001), Optics isin fact well suited to 
such broadcast operations in the form of simple imaging optics 
(Goodman et al. 1978, Guilfoyle and McCallum 1996) oF in 
optical waveguide couplers; thanks to the nature of wave propa 
gation. However, the integration density of this approach is 
physically limited by the diffraction limit, which leads to bulky 
system configurations. 

‘The overall physical operation principle of broadcast using 
optical near fields is as follows. Suppose that the arrays of nano- 
photonic circuit blocks are distributed within an area whose 
size is comparable to the wavelength. For broadcasting, multiple 
input QDs simultaneously accept identical input data carried by 
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When the bulb is operating, it emits a soft radi- 


ance known as a glow discharge with a wave- 
length ranging from 600 to 700 nanometers. 
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Figure 19-4. The parts of a neon bulb, See text for details 


The ionization of the gas allows current to flow 
through it. This will continue even if the power 
supply is reduced by 10 to 20 volts to a level 
known as the maintaining voltage. 


Negative Resistance 

When the glow discharge persists below the 
starting voltage, thisisaform of hysteresis, mean- 
ing that the neon bulb tends to “stick” in its on 
state. It remains on while its power supply de- 
ceases to the maintaining voltage, but once it 
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switches off, it will “stick” in its off state until the 
power supply increases again above the main- 
taining voltage to the starting voltage. The con- 
cept of hysteresis is discussed in the entry on 
comparators. See Figure 6-2. 


Aneon bulb is said to have negative resistance. If 
the current is allowed to increase without re- 
straint, the resistance eventually decreases while 
the current increases further. Ifthis runaway be- 
havior is not controlled, the bulb will destroy it- 
self. 


This behavior is characteristic of gas-discharge 
tubes generally. A graph showing this appears in 
Figure 19-5, Note that both scales are logarith- 
mic. Also note that the curve shows how current 
will be measured in response to voltage. If the 
voltageis reduced after it has increased, thetran- 
sitional events shown by the graph will not recur 
in reverse order. This is especially true if arcing is 
allowed to begin, as it will almost certainly de- 
stroy the component. 
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Figure 19-5. A gas discharge tube, such asa neon bulb, is 
said to have a negative resistance, as current passing 
through it tends to increase uncontrollably after the gas is 
fonized and becomes canductive. (Derived from measure: 
‘ments made by David Knight, on a web page named after 
his radio ham call sign, G3YNH.) 


Aneon bulb can be controlled very simply with 
aseries resistor that maintainsitin gas-discharge 
mode. To understand the operation of the resis 
tor, consider the combination of the lamp and 


Chapter19 185 


System Architectures for Nanophotonics 


<iffraction-Limited far field light by tuning their optical frequency 
so that the light is coupled to dipole-allowed energy sublevels 

‘The far- and near-field coupling mentioned above is explained 
based on a model assuming cubic quantum dots, which was 
introduced in Section 34.2.1. According to Equation 34.2, there 
exists a resonance between the quantized exciton energy sub 
level of quantum number (I, 1,1) for the QD with effective side 
length a and that of quantum number (2,1, 1) for the QD with 
effective side length Ja. Energy transfer from the smaller QD 
to the larger one occurs via optical near fields, which is forbid 
den for far-field light (Kawazoe etal. 2003), 

‘The input energy evel for the QDs, that is the (1, 1, )-level,can 
also couple tothe far-field excitation. This fact can be utilized for 
data broadcasting. One of the design restrictions is that energy 
sublevels for input channels do not overlap with those for out. 
put channels. Also, ifthere are QDs internally used for near-field 
coupling, dipole-allowed energy sublevels for those QDs cannot 
be used for input channels since the inputs are provided by far 
field light, which may lead to the misbehavior of internal near 
field interactions if resonant levels exist. Therefore, frequency 
partitioning among the input, internal, and output channels is 
important. The frequencies used for broadcasting, denoted by 
Q, = {0,5 0,3. ©,,h should be distinct values and should not 
overlap with the output channel frequencies ©, = {0 @, 9.» 
,,).A and B indicate the number of frequencies used for input 
and output channels, respectively. Also, there will be frequen 
cies needed for internal device operations, which are not used 
for either input or output, denoted by 2, = {0,5 @,.-- Ouch 
where Cis the number of those frequencies. Therefore, the design 
criteria for global data broadcasting isto exclusively assign input, 
output, and internal frequencies, Q, Q,, and Q,, respectively 

In a frequency multiplexing sense, this interconnection 
‘method is similar to multi-wavelength chip-scale interconnec- 
tion (De Souza et al. 1995). Known methods, however, require a 
physical space comparable to the number of diffraction-limited 
input channels due to wavelength demultiplexing, whereas in 
the nanophotonic scheme, the device arrays are integrated on 
the sub-wavelength scale, and multiple frequencies are multi 
plexed in the far-field light supplied to the device. 

‘To verify the broadcasting method, the following experiments 
were performed using CuCl QDs inhomogeneously distributed 
in NaCl matrix at a temperature of 22K (Naruse etal. 2006). To 
‘operate a 3-dot nanophotonic switch (2-input AND gate) in the 
device, at most two input light beams (INI and IN2) were irradi. 
ated. When both inputs exist, an output signal is obtained from 
the positions where the switches exist, as described above. In the 
experiment, INI and IN2 were assigned to 325 and 384.7nm, 
respectively. They were irradiated over the entire sample (global 
irradiation) via far-field light. The spatial intensity distribution 
of the output, at 382.6nm, was measured by scanning a near- 
field fiber probe within an area of approximately 1m x 1 um, 
‘When only INI was applied to the sample the output of the AND 
gate was ZERO (OFF state). When both inputs were irradiated 
the output was ONE (ON state). Note the regions marked by 
), and in Figure 34.2e. In those regions, the output signal 
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levels were, respectively, low and high, which indicate that mul- 
tiple AND gates were integrated at densities beyond the scale of 
the globally irradiated input beam area. That is to say, broadcast 
interconnects to nanophotonic switch arrays are accomplished 
by diffraction-limited far-field light. 

Combining this broadcasting mechanism with the summation 
mechanism discussed in Section 34.2.2.2 will allow the develop- 
ment of the nanoscale integration of massively parallel architec- 
tures, which have conventionally resulted in bulky configurations. 


34.2.3 Secure Signal Transfer in Nanophotonies 


In addition to breaking through the diffraction limit of light, 
such local interactions of optical near fields also have important 
functional aspects, such as in security applications, which par- 
ticularly tamper resistance against attacks (Naruse et al. 2007) 
One of the most critical security issues in present electronic 
devices is so-called side-channel attacks, by which informa- 
tion is tampered either invasively or noninvasively. This may be 
achieved, for instance, merely by monitoring their power con- 
sumption (Kocher et al. 1998). 

In this section, itis shown that devices based on optical excita- 
tion transfer via near-field interactions are physically more tam- 
per-resistant than their conventional electronic counterparts. 
‘The key is that the flow of information in nanoscale devices can- 
not be completed unless they are appropriately coupled with their 
environment (Hori 2001), which could possibly be the weakest 
link in terms of their tamper resistance. A theoretical approach 
is presented to investigate the tamper resistance of optical exci- 
tation transfer, including a comparison with electrical devices. 

Here, the tampering of information is defined as involving 
simple signal transfer processes, since the primary focus is on 
their fundamental physical properties. 

In order to compare the tamper resistance, an electronic 
system based on single-charge tunneling is introduced here, 
in which a tunnel junction with capacitance C and tunneling 
resistance Ry is coupled to a voltage source V via an external 
impedance Z(«), as shown in Figure 34.3a. In order to achieve 


FIGURE34.3 Model of tamper resistance in devices based on (a) sin- 
gle charge tunneling and (b) optical excitation transfer, Dotted curves 
show the scale ofa key device and dashed curves show the scale of the 
environment required forthe system to work, 
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single charge tunneling, besides the condition that the electro- 
static energy Ec = '/2C ofa single excess electron be greater than 
the thermal energy ky the environment must have appropriate 
conditions, as discussed in detail in Ingold and Nazarov (1992). 
For instance, with an inductance L in the external impedance, 
the fluctuation of the charge is given by 


Eo 


(4.3) 


thon, 
«ore 
kT 


‘Therefore, charge fluctuations cannot be small even at zero 
temperature unless p > 1. This means that a high-impedance 
environment is necessary, which makes tampering technically 
«easy, for instance by adding another impedance circuit. 

Here, let us define two scales to illustrate tamper resistance: 
(0) the scale associated with the key device size and (2) the scale 
associated with the environment required for operating the sys- 
tem, which are, respectively, indicated by dotted and dashed 
curves in Figure 34.3. In the case of Figure 34.3a, scale I is the 
scale of a tunneling device, whereas scale II covers all of the 
components. It turns out that the low tamper resistance of such 
‘wired devices is due to the fact that scale II is typically the mac. 
roscale, even though scale Lis the nanometer scale. 

In contrast, in the case ofthe optical excitation transfer shown 
in Figure 34.3, the two quantum dots and their surrounding 
environment are governed by scale I. Its also important to note 
that scale I isthe same as scale I. More specifically, the transfer of 
an exciton from QD, to QD, is completed due to the non-radia 
tive relaxation process occurring at QDs, which is usually difficult 
to tamper with. Theoretically the sublevel relaxation constant is, 
given by 


T=2n| e(0)f Dio), G44) 


where 
ig() is the exciton-phonon coupling energy at frequency 


nis Planck’s constant divided by 2 
D(@) is the phonon density of states (Carmichael 1999) 


‘Therefore, tampering with the relaxation process requires some 
how “stealing” the exciton-phonon coupling, which would be 
extremely difficult technically. 

It should also be noted that the energy dissipation occurring 
in the optical excitation transfer, derived theoretically as B , ~ 
Egan) in QD, based on Equation 34.2, should be larger than the 
exciton-phonon coupling energy of otherwise, the two levelsin 
QD, cannot be resolved. This is similar to the fact that the condi 
tion p > 1 is necessary in the electron-tunneling example, which 
‘means that the mode energy fio, is smaller than the required 
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charging energy E.. By regarding hi as a kind of mode energy in 
the optical excitation transfer, the difference between the optical 
excitation transfer and a conventional wired device is the physi- 
cal scale at which this mode energy is realized: nanoscale for the 
optical excitation transfer and macroscale for electric circuits. 


34.3 Hierarchical Architectures 
in Nanophotonics 


34.3.1 Physical Hierarchy in Nanophotonics 
and Functional Hierarchy 


In this section, another feature of nanophotonics, the inherent 
hierarchy in optical near-field interactions, is exploited. As sche- 
matically shown in Figure 34.4a, there are multiple layers associ- 
ated with the physical scale between the macroscale world and 
the atomic-scale world, which are primarily governed by propa- 
gating light and electron interactions, respectively. Between 
these two extremes, typically in scales ranging from a few nano- 
meters to wavelength size, optical near-field interactions play a 
crucial role. In this section, such hierarchical properties in this 
‘mesoscopic or sub-wavelength regime are exploited, 

‘Such physical hierarchy in optical near-field interactions will 
be analyzed by a simple dipole-dipole interaction model and an 
angular spectrum representation of optical near fields, as shown 
in Section 34.3.2. Before going into the details of the physical 
processes, functionalities required for system applications are 
briefly reviewed in terms of hierarchy. 
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FIGURE 34.4 (a) Hierarchy in optical near-field interactions. (b) 
Dipole-cipole interaction. (c) Signal contrast as a function of the ratio 
of the radius of the sample and the probe. 
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‘One of the problems for ultrahigh-density nanophotonic sys- 
tems is interconnection bottlenecks, which have been addressed 
previously in Section 34.2.3 regarding broadcast interconnects. 
In fact, a hierarchical structure can be found in these broadcast, 
interconnects by relating far-field effects at a coarser scale and 
near-field effects at a finer scale 

In this regard, it should also be mentioned that such physi- 
cal differences in optical near-field and far-field effects can be 
used for a wide range of applications. The behavior of usual opti 
cal elements, such as diffractive optical elements, holograms, 
or glass components, is associated with their optical responses 
in optical far fields. In other words, nanostructures can exist in 
such optical elements as long as they do not affect the optical 
responses in far fields. Designing nanostructures accessible only 
vvia optical near fields provides additional, or hidden, informa. 
tion recorded in those optical elements, while maintaining the 
original optical responses in far fields. In fact, a “hierarchical 
hologram” or “hierarchical diffraction grating” has been experi- 
‘mentally demonstrated, as schematically shown in Figure 34.5 
(Tate et al. 2008). 

Since there is more hierarchy in the optical near-field regime, 
further applications should be possible, for example, it should be 
possible for nanometer-scale high-density systems to be gradu- 
ally hierarchically connected to coarse layer systems. 

Hierarchical functionalities are also important for several 
aspects of memory systems. One is related to recent high-density, 
huge-capacity memory systems, in which data retrieval or 
searching from entire memory archives is made even more dif- 
ficult. Hierarchy is one approach for solving such a problem by 
‘making systems hierarchical, that is, by recording abstract data, 
‘metadata, or tag data in addition to the original raw data. 
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Hierarchy in nanophotonics provides a physical solution to 
achieve such functional hierarchy. As will be introduced below, 
low-density, rough information is read out at a coarser scale, 
whereas high-density, detailed information is read out at a finer 
scale, Sections 34.3.2 and 34.3.3 will show physical mechanisms 
for such hierarchical information retrieval, 

Another issue in hierarchical functionalities will be security. 
High-security information is recorded at a finer scale, whereas 
less-critical security information is associated with a coarse layer. 
Also, in addition to associating different types of information 
with different physical scales, another kind of information can 
also be related to one or more layers of the physical hierarchy, for 
instance, traceability, history, or aging of information. Section 
34.3.3 will demonstrate a traceable memory as an example. 


34.3.2 Hierarchical Memory Retrieval 


This section describes a physical model of optical near-field 
interactions based on dipole-dipole interactions (Ohtsu and 
Kobayashi 2004). Suppose that a probe, which is modeled by a 
sphere of radius 1, is placed close to a sample to be observed, 
which is modeled as a sphere of radius r,. Figure 34.4b shows 
three different sizes for the probe and the sample. When they 
are illuminated by incident light, whose electric field is E,, 
electric dipole moments are induced in both the probe and 
the sample; these moments are denoted by py = aE, and ps = 
O,E,, respectively. The electric dipole moment induced in the 
sample py, then generates an electric field, which changes the 
electric dipole moment in the probe by an amount Ap, = Aot,B,, 
Similarly, p, changes the electric dipole moment in the sample 
by Ap, = AG,E,. These electromagnetic interactions are called 
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Hierarchical optical elements, such as hierarchical holograms, based on different optical responses obtained in optical far 
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dipole-dipole interactions. The scattering intensity induced by 
these electric dipole moments is given by 


T=[po+ Ap +ps+Apsf 


= (Op +05) [Ef +4Aclo +05)| Eo 34.5) 


‘where Adi = Acts = Adp (Ohtsu and Kobayashi 2004). "The second 
term in Equation 34.5 shows the intensity of the scattered light gen 
erated by the dipole-dipole interactions, containing the informa- 
tion of interest, which is the relative difference between the probe 
and the sample. The fist term in Equation 34.5 is the background 
signal for the measurement. Therefore, the ratio of the second term 
to the first term of Equation 34.5 corresponds to a signal contrast, 
‘which will be maximized when the sizes of the probe and the sam- 
pile are the same (ry = r,), as shown in Figure 34.4c. (A detailed 
derivation is found in Ohtsu and Kobabashi (2004)) Thus, one 
‘can see a scale-dependent physical hierarchy in this framework, 
‘where a small probe, say rp = D/2, can nicely resolve objects with a 
comparable resolution, whereas a large probe, say r» = 3D/2, can: 
not resolve a detailed structure but it can resolve a structure with 
a resolution comparable to the probe size. Therefore, although a 
large diameter probe cannot detect smaller-scale structure, it 
could detect certain features associated with its scale. 

Based on the above simple hierarchical mechanism, a hierar- 
chical memory system is constructed. Consider, for example, a 
‘maximum of N nanoparticles distributed in a region of a sub- 
wavelength scale. These nanoparticles can be nicely resolved by 
a scanning near-field microscope if the size of its fiber probe 
tip is comparable to the size of individual nanoparticles; in 
this way, the first-layer information associated with each dis 
tribution of nanoparticles is retrievable, corresponding to 
2'-different codes. By using a larger-diameter fiber probe tip 
instead, the distribution of the particles cannot be resolved, but 
a mean-field feature with a resolution comparable to the size 
of the probe can be extracted, namely, the number of particles 
within an area comparable to the size of the fiber probe tip. 
‘Thus, the second-layer information associated with the number 
of particles, corresponding to (N + 1)-different level of signals, 
is retrievable. Therefore, one can access different set of signals, 
2 or N + 1, depending on the scale of observation. This leads to 
hierarchical memory retrieval by associating this information 
hierarchy with the distribution and the number of nanopar- 
ticles using an appropriate coding strategy, as schematically 
shown in Figure 34.6a, 

For example, in encoding N-bit information, (N ~ 1)-bit sig 
nals can be encoded by the distributions of nanoparticles while 
associating the remaining 1-bit with the number of nanoparti- 
cles. The details of encoding/decoding strategies will be found in 
Naruse et al. (2005c). 

Simulations were performed assuming ideal isotropic metal 
particles to see how the second-layer signal varies depending on 
the number of particles using a finite-difference time-domain 
simulator (Poynting for Optics, a product of Fujitsu, Japan). 
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Here, 80nm-diameter particles are distributed over a 200nm- 
radius circular grid at constant intervals. The solid circles in 
Figure 34.6d show calculated scattering cross sections as a 
function of the number of particles. A linear correspondence to 
the number of particles was observed. This result supports the 
simple physical model described above. 

In order to experimentally demonstrate such principles, an 
array of Au particles, each with a diameter of around 80nm, 
was distributed over a SiO, substrate in a 200nm-radius circle, 
‘These particles were fabricated by a liftoff technique using elec- 
tron-beam (EB) lithography with a Cr buffer layer. Each group 
of Au particles was spaced by 2m. A scanning electron micro: 
scope (SEM) image is shown in Figure 34.6b in which the values 
indicate the number of particles within each group. In order to 
illuminate all Au particles in each group and collect the scat 
tered light from them, a near-field optical microscope (NOM) 
with a large-diameter-aperture (500nm) metallized fiber 
probe was used in an illumination collection setup. The light 
source used was a laser diode with an operating wavelength of 
6801nm. The distance between the substrate and the probe was 
maintained at 750nm. Figure 34.6c shows an intensity profile 
captured by the probe, from which the second-layer informa 
tion is retrieved. The solid squares in Figure 34.6d indicate the 
peak intensity of each section, which increased linearly. These 
results show the validity of hierarchical memory retrieval from 
nanostructures. 


34.3.3 Design of Unscalable 
Hierarchical Response 


The coarse graining process is usually an averaging process, 
‘meaning that the signal in the coarser layer is obtained in terms 
of a mean-field approximation of the fine-grained, lower-layer 
signals, which is also the case shown in Section 34.3.2. However, 
it should be noted that the optical near-field amplitude can be 
distributed independently at different scales of observation. In 
other words, the coarse graining of the optical near fields in fact, 
provides an optical property independent of the lower-layer fea- 
ture; such an unscalable hierarchical property of optical near 
fields wil be analyzed below. 

Here, the angular spectrum representation of the electromag 
netic field is used for discussing the hierarchy in optical near 
fields (Wolf and Nieto-Vesperinas 1985, Inoue and Hori 2005, 
Naruse et al. 20076). This allows an analytical treatment and 
gives an intuitive picture of the localization of optical near fields 
and represents relevance/irrelevance in optical near-field inter- 
actions at different scales of observation since it describes elec- 
tromagnetic fields as a superposition of evanescent waves with 
different decay length and corresponding spatial frequency. 

Suppose, for example, that there is an oscillating electric 
dipole, dt = d®(cos6",0), on the xz plane, which is ori 
ented parallel to the x axis. Now, consider the electric field of 
radiation observed at a position displaced from the dipole by 
R=(q’cosg",2"). The angular spectrum representation of 
the z-component of the optical near field is given by 
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FIGURE 34.6 (a) Hierarchical memory retrieval from nanostructures. (b) SEM picture of an array of Au nanoparticles. Each section consists of 
up to seven nanoparticles. (c) Intensity pattern captured by a fiber probe tip whose diameter is comparable to the size ofeach section of nanopar 


ticles. (4) Square marks: calculated scattering cross sections in each section, circular marks: peak intensity of each section in the intensity profile 


shown in (6). 
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Fils”, ~ 0°91 (Kes) 
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Here, sis the spatial frequency of an evanescent wave propagat 
ing parallel to the x axis, and J,(x) represents Bessel functions 
of the first kind. Here, the term f(s), d,..., ) is called the 
angular spectrum of the electric field. 

Inthe following, a two-layer system is introduced where (1) by 
observing very close to the dipoles, two items of first layer infor 
mation are retrieved, and (2) by observing relatively far from the 
dipoles, one item of second-layer information is retrieved. 


Suppose that there are two closely spaced dipole pairs (so there 
are four dipoles in total). The dipoles d” and d are oriented in 
the same direction, namely, ¢" =" = 0, and another dipole 
pair, d®” and d®, are both oriented in the opposite direction to 
a and d®, namely, g = @/*= m. These four dipoles are located 
at positions shown in Figure 34.7a. Here, at a position close to 
the x axis equidistant from d'” and d®, such as at the position A, 
in Figure 34.7a, the electric field is weak (logical ZERO) since (1) 
the angular spectrum originating from a” and d® vanishes, and 
(2) the electric field originating from d and d' is small because 
they are far from the position A, In fact, as shown by the dashed 
curve in Figure 34.7b, since the angular spectrum at position A, 
oscillates, the integral of the angular spectrum, which is corre- 
lated to the field intensity at that point, will be low. 

For the second layer retrieval, consider the observation at 
an intermediate position between the dipole pairs, such as the 
position B in Figure 34.7a. From this position, the four dipoles 
effectively appear to be two dipoles that are oriented in oppo- 
site directions to each other. As shown by the solid curve in 
Figure 34.7b, the angular spectrum involving relatively low 
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FIGURE 34.7 Examples of unscalable hierarchy in optical near fields. (2) The positions and orientations of four electric dipole systems. (b) And 


the corresponding angular spectrum observed at positions Ay, Ay 


and B, indicating that the first-layer signals (obtained at A, and A,) are logical 


ZEROs, while the second layer signal (obtained at B) is logical ONE. (c) Calculated electric field intensity distribution agreed with theoretical 
predictions shown in (b). (2) Another electric field distribution where logical ONES are retrieved atthe first layer (A, and A,) and logical ZERO is 


retrieved atthe second layer (B) 


spatial-frequency components shows a single peak, indicating 
that the electric field in the xy-plane is localized to the degree 
determined by its spectral width so that a logical ONE is retriev: 
able at position B. Meanwhile, the angular spectrum observed at 
position A., shown in Figure 34.7a, is identical to that observed 
at position A,, meaning that the electric field at A; is also at a 
low level. 

‘To summarize the above mechanisms, a logical level of ONE 
in the second layer can be retrieved even though the two items 
of information retrieved in the first layer are both ZEROs; there. 
fore, an unscalable hierarchy is achieved. 

As described above, one of the two first-layer signals, the elec 
tric field at A,, primarily depends on the dipole pair d and d®, 
and the other, the electric field at A,, depends primarily on the 
dipole pair d® and d", The second-layer signal is determined 
by all of those dipoles. Concerning such a hierarchical mecha 
nism, it was shown that a total of eight different signal combina: 
tions were achieved by appropriately orienting the four dipoles 
(Naruse et al. 2007) 

‘Numerical simulations were performed based on finite-dif 
ference time-domain methods to see how they agree with the 
theoretical analysis based on the angular spectrum. Four silver 
nanoparticles (of radius 15nm) containing a virtual oscillating 
light source were assumed in order to simulate dipole arrays. 
‘Their positions are shown in Figure 34.7c. The first and the sec 
‘ond layers were located 40 and 80 nm away from the dipole plane, 
respectively. The operating wavelength was 488nm. The electric 
fields obtained at A,, A,, and B agree with the combinations of the 


first- and second layer signals to be retrieved, as shown in Figure 
34.7c, As another unscalable hierarchy example, Figure 34.7d rep- 
resents a situation where logical ONEs are obtained at the first 
layer, while logical ZERO is obtained at the second layer. These 
agree with the theoretical analysis based on the angular spectrum. 


34.3.4 Versatile Functionalities Based on 
Hierarchy in Optical Near-Fields 


‘The hierarchical nature has been further exploited by combining 
other physical mechanisms in nanophotonics. For example, we 
can associate one of the hierarchical layers with energy dissipa- 
tion processes. Specifically, a two-layer system is demonstrated 
where (1) at smaller scale, called Scale 1, the system should 
exhibit a unique response, and (2) ata larger scale, called Scale 2, 
the system should output two different signals. Such a hierarchi- 
cal response can be applied to functions like the traceability of 
optical memory in combination with a localized energy dissipa- 
tion process at Scale 1 (Naruse et al. 2008). Optical access to 
this memory will be automatically recorded due to energy dissi- 
pation occurring locally in Scale 1, while at the same time, infor- 
mation will be read out based on Scale 2 behavior. Therefore, 
such hierarchy enables the traceability of optical memory, which 
will be important for the security (confidentiality is ensured) 
and management of digital content. 

Shape-engineered metal nanostructures can achieve the hier- 
archy required for traceable memory (Naruse et al. 2008e). Here, 
two types of shapes are assumed. The first one (Shape I) has two 
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triangular metal plates aligned in the same direction, and the 
other one (Shape Il) has them facing each other, as shown in 
Figure 34.8a. The metal is gold, the gap between the two apexes 
is 50nm, the horizontal length of one triangular plate is 173 nm, 
the angle at the apex is 30°, and the thickness is 30nm. An 
incident uniform plane wave with a wavelength of 680nm 
assumed for input light. The polarization is parallel to the x axis 
in Figure 34.8, Now, Scale 1 is associated with the scale around 
the gap of the triangles, and Scale 2is associated with the scale 
covering both of the triangles, as shown in Figure 34.8a. 
Regarding the optical response at Scale 1, as shown in Figure 
34.8b, the electric field near the surface (ism away from the 
metal surface) shows an intensity nearly five orders of magni 
tude higher than the surrounding area. It should also be noted 
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that neatly comparable electric field enhancements are observed 
near the apexes of Shapes I and II, which are, respectively, 
denoted by the squares and circles in Figure 34.8b. 

On the other hand, Shapes I and II exhibit different responses 
at Scale 2. As shown in Figure 34.8c, Shape I exhibits larger scat 
tering cross section compared to Shape Il. This indicates that a 
digital output is retrievable by observing the scattering from the 
entire structure (Scale 2), where, for example, digital | and 0 are 
associated with Shape I and Shape II, respectively. 

In order to experimentally demonstrate the principle, Shapes I 
and II were fabricated in gold metal plates on a glass substrate by 
a liftoff technique using EB lithography. A NOM in an illumi 
nation collection setup was used with an apertured fiber probe 
having a diameter of 500m, as shown in Figure 34.84. The light 
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FIGURE 34.8 (2) Hierarchy in optical near fields by engineering the shape of metal plates at nanometer scale. (b) In Scale 1, both shapes exhibit 


comparable electric-field enhancement. (c) In Seale 2, 
(€) Blectric field intensity for Scale 2 signals for both Shapes I and IL 


hey exhibit different system responses. (d) Experimental setup for Scale 2 signal retrieval. 
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source used was a laser diode with an operating wavelength of 
780nm. The distance between the substrate and the probe was 
maintained at 375nm. Figure 34.8e shows the electric field 
intensity depending on the shape of the metal plates, where the 
Shape I series exhibited larger values compared to the Shape II 
series, as expected, 

Hierarchical nature in optical near-field interactions provides 
other unique functions. For example, the near-field photolumi- 
nescence of semiconductor quantum dots exhibits a hierarchi 
cal nature and its spectra diversity is maximized at an optimal 
scale of the optical near fields. This leads to a novel non-pix- 
elated memory architecture, which can simultaneously retrieve 
‘a sequence of bits, as opposed to conventional bit-sequential 
pixelated architecture. The principles have been experimentally 
verified by InAs quantum dots (Naruse et al. 2008a). Also, a 
nanophotonic lock-and-key system has been demonstrated for 
the authentication of applications based on shape-engineered 
nanostructures and their associated optical near fields (Naruse 
et al. 20086.) 


34.4 Summary 


In this chapter, fundamental nanophotonic system architectures 
were presented along with two principal physical features of 
nanophotonics: one is optical excitation transfer and the other 
is hierarchy in optical near-field interactions. Both of these 
physical features originate from light-matter interactions on the 
nanometer scale. It should be emphasized that those basic fea- 
tures provide versatile applications and functionalities besides 
the example demonstrations shown in the above sections. Also, 
there are many other degrees-of-freedom in the nanometer scale 
that need to be deeply understood for systems. Further explora 
tion and attempts to exploit nanophotonics for future devices 
and systems will certainly be exciting, 


References 


‘Akers, §. B. 1978. Binary decision diagrams. IEEE Trans. Comput. 
€-27-509-516. 

Arsovski, L, Chandler, T, and Sheikholeslami, A. 2003. A ternary 
content-addressable memory (TCAM) based on 4T static 
storage and including a current-race sensing scheme. IEEE 
J. Solid-State Circuits 38:155-158. 

Carmichael, H. J. 1999. Statistical Methods in Quantum Optics 
1 Berlin, Germany: Springer-Verlag, 

DeSouza, E. A., Nuss, M.C., Knox, W. H. etal. 1995. Wavelength: 
division multiplexing with femtosecond pulses. Opt. Lett. 
20:1166-1168, 

Goodman, J. W., Dias, A. R., and Woody, L. M. 1978. Fully paral: 
lel, high-speed incoherent optical method for performing. 
discrete Fourier transforms. Opt. Lett. 2:1-3. 

Grannet-Jepsen, A., Johnson, A. E., Maniloff, E. . et al. 1999 
Fibre Bragg grating based spectral encoder/decoder for 
lightwave CDMA. Electron. Lett. 35:1096-1097. 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


Guilfoyle, PS. and McCallum, D. , 1996, High-speed low-energy 
digital optical processors. Opt. Eng. 35:436-442. 

Hori, H. 2001. Electronic and electromagnetic properties in 
nanometer scales. In Optical and Electronic Process of Nano: 
‘Matters, ed. M. Ohtsu, pp. 1-55. Tokyo: KTK Scientific! 
Dordrecht, the Netherlands: Kluwer Academic. 

Ingold, G.-L. and Nazaroy, Y. V. 1992. Charge tunneling rates 
in ultrasmall junctions. In Single Charge Tunneling, eds. 
H. Grabert and M. H. Devoret, pp. 21-107. New York: 
Plenum Press. 

Inoue, T. and Hori, H. 2005. Quantum theory of radiation in 
‘optical near field based on quantization of evanescent elec- 
tromagnetic waves using detector Mode. In Progress in 
‘Nano- Electro-Optics IV, ed. M. Ohtsu, pp. 127-199. Berlin, 
Germany: Springer-Verlag. 

Kawazoe, ., Kobayashi, K., Sangu, S.et al. 2003. Demonstration 
of a nanophotonic switching operation by optical near-field 
energy transfer. Appl. Phys. Lett. 82:2957-2959. 

Kawazoe, T, Kobayashi, K.,and Ohtsu, M. 2005. Optical nanofoun- 
tain: A biomimetic device that concentrates optical energy in 
ananometric region. Appl Phys. Lett. 86:103102 1-3, 

Kocher, P, Jaffe J, and Jun, B. 1998, Introduction to differential 
power analysis and related attacks. Cryptography Research. 
http://www.cryptography.com/resources/whitepapers/ 
DPATechInfo.pdf 

Li, B, Qin, ¥,, Cao, X. et al. 2001. Photonic packet switching: 
Architecture and performance. Opt. Netw. Mag. :27-39. 

Lin, P-F.and Kuo, J.B. 2001. A 1-V 128-kb four-way set-associative 
‘CMOS cache memory using wordline-oriented tag-compare 
(WLOTC) structure with the content-addressable-memory 
(CAM) 10-transistor tag cell. IEEE J. Solid-State Circuits 
36:666-675. 

Liu, H. 2002. Routing table compaction in ternary CAM, IEEE 
Micro 2258-64. 

Maier, S. A., Kik, P.G., Atwater, H. A. et al. 2003. Local detec 
tion of electromagnetic energy transport below the diffrac: 
tion limit in metal nanoparticle plasmon waveguides, Nat 
‘Mater. 2:229-232, 

Naruse, M., Mitsu, H., Furuki, M. et al. 2004. Terabit all-optical 
logic based on ultrafast two-dimensional transmission gat- 
ing. Opt. Lett. 29:608-610. 

Naruse, M., Miyazaki, T, Kawazoe, Tet al. 2005a. Nanophotonic 
computing based on optical near-field interactions between 
quantum dots, IEICE Trans. Electron. E88-C:1817-1823, 

Naruse, M., Miyazaki, L, Kubota, F. et al. 2005b, Nanometric 
summation architecture using optical near-field interaction 
between quantum dots. Opt. Lett. 30:201-203 

Naruse, M, Yatsui, T, Nomura, W. et al.2005c. Hierarchy in opti 
cal near-felds and its application to memory retrieval Opt 
Express 13:9265-9271. 

Naruse, M., Kawazoe, T, Sangu, S. et al. 2006. Optical inter 
connects based on optical far- and near-field interac- 
tions for high-density data broadcasting. Opt. Express 
14;306-313. 


System Architectures for Nanophotonics 


Naruse, M., Hori, H., Kobayashi, K. et al. 2007a. Tamper resis- 
tance in optical excitation transfer based on optical near- 
field interactions. Opt. Lett.32:1761-1763. 

Naruse, M,, Inoue, , Hori, H. 2007b, Analysis and synthesis of 
hierarchy in optical near-field interactions at the nanoscale 
based on Angular Spectrum. Jpn. J. App. Phys. 46:6095-6103. 

Naruse, M., Nishibayashi, K., Kawazoe, T. et al. 2008a. Scale- 
dependent optical near-felds in InAs quantum dots and 
their application to non-pixelated memory retrieval. Appl 
Phys. Express 1:072101 1-3. 

Naruse, M., Yatsui, T., Hori, H. et al. 2008b, Polarization in opti 
cal near- and far-field and its relation to shape and layout of 
nanostructures. App. Phys. 103:113525 1-8, 

Naruse, M., Yatsui, T., Kawazoe, T etal. 2008c. Design and simu- 
lation of a nanophotonic traceable memory using localized 
energy dissipation and hierarchy of optical near-field inter- 
actions IEEE Trans. Nanotechnol. 7:14-19. 

Naruse, M., Yatsui, T, Kawazoe, T, Tate, N. et al. 2008¢. 
Nanophotonic matching by optical ner-fields between shape- 
engineered nanostructures. Appl. Phys. Express 1:112101 1-3. 

Naruse, M, Yatsui, T, Kim, JH. et al, 2008e. Hierarchy in optical 
near-fields by nano-scale shape engineering and its applica- 
tion to traceable memory Appl. Phys. Express 1:062004 1-3. 


34.13 


Ohtsu, M. and Hori, H. 1999. Near-Field Nano-Optics. New York: 
Kluwer Academic/Plenum Publishers. 

Ohtsu, M. and Kobayashi, K. 2004. Optical Near Fields. Berlin, 
Germany: Springer-Verlag 

Obtsu, M., Kobayashi, K., Kawazoe, T. etal. 2002. Nanophotonics: 
Design, fabrication, and operation of nanometric devices 
using optical near fields. IEEE J. Sel. Top. Quantum Electron. 
8:839-862. 

Obtsu, M., Kobayashi, K., Kawazoe, T. et al. 2008. Principles of 
‘Nanophotonics. Boca Raton, FL: Taylor & Francis. 

Pohl, D. W. and Courjon, D. eds. 1993. Near Field Optics. 
Dordrecht, the Netherlands: Kluwer Academic. 

‘Tang, Z. K., Yanase, A., Yasui, T. et al. 1993. Optical selection rule 
and oscillator strength of confined exciton system in CuCl 
thin films. Phys. Rev. Lett. 71:1431-1434. 

Tate, N., Nomura, W,, Yatsui, Tet al. 2008. Hierarchical hologram 
based on optical near- and far-field responses, Opt. Express 
16:607-612. 

Wolf, E. and Nieto-Vesperinas, M. 1985. Analyticity of the angu- 
lar spectrum amplitude of scattered fields and some of its 
consequences. J. Opt. Soc. Am. A. 2:886-890, 


Use It light so 
the resistor as a voltage divider, as shown in 
Figure 19-6, Before the lamp begins to pass cur- 
rent, it has an almost infinite resistance. There- 
fore, the voltage on both sides of the resistor will 
be approximately equal, the bulb passes almost 
no current, and it remains dark. 


20K 


20K 


‘Series resistor imi eurent 
Tough the neon bulb 


Figure 19-6. A series resistor is essential to limit the cur- 
rent throught a neon bul 


After the lamp begins to pass current, the re- 
quirement now is for the series resistor to reduce 
the voltage from the supply level (probably 
around 110V) to the maintaining level (probably 
around 90V). This means that the desired voltage 
drop is 20V, and if the manufacturer's specifica- 
tion tells us that the lamp should pass ImA (Le, 
0,001 amps), R, the value of the series resistor, is 
given by Ohm's Law: 


= 20 / 0.001 


Thus, the value for R is 20K. In fact, the value of a 
resistor supplied with a neon bulb may range 
from 10K to 220K, depending on the character- 
istics of the bulb and the supply voltage that will 
be used. 


Nowif the bulb's effective internal resistance falls 
radically, the resistor still limits the currrent. Ina 
hypothetical worst-case scenario, ifthe bulb's re- 
sistance drops all the way to zero, the resistor 


ce, indicator, or display > single source > neon bulb 


must now impose the full voltage drop of 110V, 
and the current, |, will be found by Ohm's law: 


I= 110 / 20,000 
That is, about SmA, or 0.005A. 


Neon tubes used in signage require a more so- 
icated voltage control circuit which is not 
Included inthis encyclopedia. 


How to Use It 


The use of a neon bulb for an indicator lamp is 
primarily limited to situations where domestic 
supply voltage (115VAC or 220VAC) is readil 
available. "Power on” lights are the obvious ap- 
plication, especially as neon indicators can ac- 
cept AC. The switch shown in Figure 19-7 is illu- 
minated by an internal neon bulb. The rectan- 
gular indicator in Figure 19-8 is designed to run 
on domestic supply voltage, andits internal bulb 
and resistor can be clearly seen through the 
green plastic. The assembly in Figure 19-9 is 
about 0.5” in diameter, which is the lower limit 
for neon indicators. 


Figure 197, This power switch Is iluminated by an inter 
‘nal neon bulb 
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35.1 Introduction 


‘The optical near field is an electromagnetic field that mediates 
the interaction between nanometric particles located in close 
proximity to each other, Nanophotonics utilizes this field to real: 
ize novel devices, fabrications, and systems. That is, a photonic 
device with a novel function can be operated by transferring 
the optical near-field energy between nanometric particles and 
subsequent dissipation. In such a device, the optical near field 
transfers a signal and carries the information. Novel photonic 
systems become possible by using these novel photonic devices. 
Furthermore, if the magnitude of the transferred optical near- 
field energy is sufficiently large, structures or conformations of 
nanometric particles can be modified, which suggests the feasi 
bility of novel photonic fabrications. 

Note that the true nature of nanophotonics is to realize “quali 
tative innovation” in photonic devices, fabrications, and systems 
by utilizing novel functions and phenomena caused by optical 
near-field interactions, which are impossible as long as conven. 
tional propagating light is used. On reading this note, one may 
understand that the advantage of going beyond the diffraction 
limit, that is, “quantitative innovation,” is no longer essential, 
but only a secondary nature of nanophotonics. In this sense, 
‘one should also note that optical near-field microscopy, that is, 
the methodology used for image acquisition and interpretation 
in a nondestructive manner, is not an appropriate application 
of nanophotonics because the magnitude of the optical near- 
field energy transferred between the probe and sample must be 
extrapolated to zero to avoid destroying the sample. 

‘Quantitative innovation has already been realized by break: 
ing the diffraction limit. Examples include the optical-magnetic 


hybrid disk storage systems, nanophotonic devices and systems, 
and photochemical vapor deposition and photolithography. 
However, it is important to note that these examples also realize 
qualitative innovation, Details of these examples are described 
in this chapter. 


35.2 Excitation Energy Transfer 
in Nanophotonic Devices 


Kagan et al. observed the energy transfer among CdSe quantum 
dots (QDs) coupled via a dipole-dipole inter-dot interaction [I 
Crooker et al. also studied the dynamics of the exciton energy 
transfer in close-packed assemblies of monodisperse and mixed. 
size CdSe nanocrystal QDs and reported the energy-dependent 
transfer rate of excitons from smaller to larger dots [2]. These 
examples are based on the optical near-field interaction. The 
physical model for the unidirectional resonant energy trans- 
fer between QDs via the optical near-field interaction has been 
presented, and the optically forbidden energy transfer among 
randomly dispersed CuCl QDs has been demonstrated experi- 
mentally using optical near-field spectroscopy [3]. The theo- 
retical analysis and temporal evolution of the energy transfer 
vvia the optical near-field interaction were discussed in Ref. [4]. 
This section reviews the principles of nanophotonic devices and 
experimental works involving the direct observation of energy 
transfer from the exciton state in a CuCl QD to the optically for 
bidden exciton state in another CuCl QD using optical near-field 
spectroscopy. 

Cubic CuCl QDs embedded in an NaCl matrix have the 
potential to be an optical near-field coupling system that exhibits 
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the optically forbidden energy transfer. This is made possible 
because for this system, other forms of energy transfer, such as 
carrier tunneling and Coulomb coupling, can be neglected as 
the carrier wave function is localized in the QDs; this occurs 
because the potential depth exceeds 4eV and the Coulomb inter- 
action is weak due to the small exciton Bohr radius of 0.68nm in 
‘CuCl (3). The energy transfer via a propagating light is also neg- 
ligible, since the optically forbidden transition in nearly perfect 
cubic CuCl QDs is used; that is, the transition to the confined 
exciton energy levels hasan even principal quantum number [5] 

So far, this type of energy transfer has not been observed directly 
because such a nanometric system is usually extremely complex. 
However, CuCl QDs in a NaCl matrix isa very simple system. The 
translational motion of the exciton center of mass is quantized due 
to the small exciton Bohr radius for CuCl QDs, and CuCl QDs 
become cubicin a NaCl matrix [6-8]. The potential barrier of CuCl 
QDs in a NaCl crystal can be regarded as infinitely high, and the 
energy eigenvalues &,,,. for the quantized Z, exciton energy level 
(11, ny n) in a CuCl QD with side length L depends on the val- 
ues of quantum numbers 11,1, 11, and the effective side length 
d= (L ~ a,) found after considering the dead layer correction [6], 
‘where a, is an exciton Bohr radius. The exciton energy levels with 
even quantum numbers are dipole-forbidden states, which are 
‘optically forbidden (5]. However, the optical near-field interaction 
is finite for such coupling to the forbidden energy state (9 

Figure 35.1 shows schematic drawings of different-sized cubic 
CuCl QDs (A and B) and the confined exciton Z, energy levels. 
Here, dand Jd are the effective side lengths of cubic QDs Aand 
B, respectively. The quantized exciton energy levels of (1,11) in 
QD A and (2,1,1) in QD B resonate with each other. Under this 
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FIGURE 35.1 (a Schematic drawings of closely located bic CuCl 
QDe A and B with elective side lengths (=) of and 2d, espec- 
tively where Landay re the side lengths ofthe cubic quantum dos and 
theeaciton Bohs radius, respectively (9) Tei exciton energy level 
nq and m represent quantum number ofan exciton, By isthe exciton 
coergy lel ina bulk crystal 
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resonant condition, the coupling energy of the optical near-field 
interaction is given by the following Yukawa function [9,10} 


where 
Aisa proportional constant 
ris the separation between the two QDs 
ais the size of the QD 
'm, isthe effective mass of an exciton-polariton 
1m, isthe effective mass of an electron 


Assuming that the two CuCl QDs in the NaCl matrix have 
side lengths 5 and 7nm (a size ratio of 1: y2) and the inter-dot 
distanceis 6.1 nm, then the coupling energy V(r) is 5.05 eV. This 
corresponds to an energy transfer time of 130s due to the opti- 
cal near-field coupling, which is much shorter than the exciton 
lifetime of a few nanoseconds. In addition, the inter-sublevel 
transition 1, from higher exciton energy levels to the lowest, 
as shown in Figure 35.1 is generally less than a few picoseconds 
{11} and is much shorter than the transfer time t,. Therefore, 
most of the energy of the excitation in a cubic CuCl QD with a 
side length of d is transferred to the lowest exciton energy level 
in a neighboring QD with a side length of V2d and recombines 
radiatively in the lowest level 

‘The CuCl QDs embedded in NaCl matrix used experimen- 
tally were fabricated using the Bridgman method and succes- 
sive annealing, and the average size of the QDs was found to be 
431m, The sample was cleaved just before the near-field opti- 
cal spectroscopy experiment to keep the sample surface clean, 
“The cleaved surface of a 100 m-thick sample was sufficiently flat 
for the experiment; that is, its roughness was less than 50nm, 
at least within a few microns squared. A 325nm He-Cd laser 
was used as the light source. A double-tapered fiber probe was 
fabricated using chemical etching and a 150m gold coating was 
applied [12]. A 50mm aperture was fabricated using the pound- 
ing method [13] 

“The spatial distributions of the luminescence intensity, 
that is, near-field optical microscope images, clearly show 
anti-correlation features in their intensity distributions, 
This anti-correlation feature can be clarified by noting that these 
spatial distributions in luminescence intensity represent not 
only the spatial distributions of the QDs, but also some kind of 
resonant interaction between the QDs. This interaction induces 
energy transfer from QDs A (L = 4.6nm) to QDs B (L = 6.3nm) 
because most of the 4.6nm QDs located close to 6.3nm QDs 
cannot emit light, but instead transfer the energy to the 6.3nm 
QDs. Asa result, in the region containing embedded 6.3nm 
(QDs, the luminescence intensity from 4.6m QDs is low, while 
the intensity from the 6.3m QDs is high at the corresponding 
position. This anti-correlation feature originates from the near- 
field energy transfer, which appears for every pair of QDs with 
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different sizes to satisfy the resonant conditions of the confine- 
ment exciton energy levels. This is the first spatially resolved 
‘observation of energy transfer between QDs via an optical near 
field. This evidence of the near-field energy transfer between 
QDs can give rise to a variety of applications, as shown in the 
following sections. 


35.3 Device Operation 


Optical fiber transmission systems require increased integration 
‘of photonic devices for higher data transmission rates. Since con: 
ventional photonic devices, for example, diode lasers and opti- 
cal waveguides, have to confine light waves within their cavities 
and core layers, respectively, their minimum sizes are limited by 
the diffraction of light [1d]. Therefore, they cannot meet the size 
requirement, which is beyond this diffraction limit. An optical 
near field is free from the diffraction of light and enables the 
operation and integration of nanometric optical devices. That 
is, by using a localized optical near field as the carrier, which is, 
transmitted from one nanometric element to another, the above 
requirements can be met. Based on this idea, nanometer-sized 
photonic devices have been proposed, which are called nano- 
photonic devices (15]. A nanometric all-optical AND gate (i.e. 
‘ananophotonic switch) is one of the most important devices for 
realizing nanophotonic integrated circuits, and the operation of 
ananophotonic AND gate has been already demonstrated using 
a coupled QD system. 

‘A logic gate, for example, an AND gate and a NOT gate, is 
1 block in a digital system. Logic gates have some inputs and 
some outputs, and every terminal is under one of two binary 
conditions, low (0) or high (1), given by different optical intensi- 
ties for the optical device. The logic state of the input terminal 
is controlled by the optical input signal, and the logic state of 
the output terminal changes depending on the logic state of the 
input terminals. An intensity of approximately zero and a much 
higher intensity are preferable in the low and high logic states, 
respectively, such that the ratio of high to low intensity exceeds 
30db. For nanophotonic devices, the high state (1), which is 
called “true,” is defined simply as the higher intensity state and 
the low state (0), which is called “false,” is defined as the lower 
intensity state. 

Section 35.3.1 presents the operation of nanophotonic AND 
gates using three CuCl QDs [16,17], while a nanophotonic NOT 
gate using CuCl QDs is outlined in Section 35.3.2. The optically 
forbidden energy transfer between neighboring nanostructures 
vvia the optical near-field interaction, which was reviewed in 
Section 35.2, isa key phenomenon for these operations. 


35.3.1 Nanophotonic AND Gate 


Operation of a nanophotonic AND gate using cubic CuCl QDs 
embedded in a NaCl matrix has been demonstrated [16,17] 
When closely spaced QDs with quantized energy levels reso: 
nate with each other, near-field energy is transferred between 
them, even if the transfer is optically forbidden, as noted in 
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FIGURE 35.2 Principle of AND-gate operation. (a) and (b) The 
false" and “true” states of the nanophotonic AND gate respectively. 


Section 35.2. The output is “true” when both inputs are “true”; 
otherwise, the output is “false.” Figure 35.2a and b explains the 
“false” and “true” states of the proposed nanophotonic AND. 
gate. Three cubic QDs, QDiaya x» QDparos AN QD ae used 
as the two inputs and output ports of the AND gate, respectively 
‘Assuming an effective size ato of: 2:2, the quantized energy 
levels (1,11) in QDygurar 2s11) iM Deipys ANd (2,2,2) iM Drop 
resonate with each other. Furthermore, energy levels (1,11) in 
QDacip ANA (2,1,1) iM QDgpaa alS0 resonate. In the “false” state 
operation (Figure 35.2a), for example, input A is “true” and 
input B is “false,” almost all of the exciton energy in QDyyu.s iS 
transferred to the (1,11) level in the neighboring QDyujuy and 
then to the (1,11) level in QD, q- Therefore, the input energy 
escapes to QDjagu.gs and consequently no optical output signals 
are generated from QD,uip4- This means that the output is “false.” 
In the “true” state (Figure 35.2a) when inputs A and B are both 
“true,” the escape route to QDiyuis i blocked by the excitation of 
QDjyan due to state filling in QD,opa:y 0” applying the input B 
signal. Therefore, the input energy is transferred to QDjipy aNd 
an optical output signal is generated. This means that the output 
is “true.” These operating principles are realized with the condi: 

tion T,,> > Tas Where Tyo Ty and Ty, are the exciton lifetime, 
energy transfer time between QDs, and inter-sublevel transition 
Tio and ty, are a few nanoseconds, 
100ps, and a few picoseconds, respectively, for the CuCl QDs 
used in a NaCI matrix, the condition of operation described in 
Section 35.2is satisfied, 


time, respectively. Since Ty 
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In an experiment using CuCl QDs embedded in a NaCl 
‘matrix, a double-tapered UV fiber probe was fabricated using 
chemical etching and coated with 150nm-thick aluminum (Al) 
film. An aperture less than 5Onm in diameter was formed by 
the pounding method [13]. To confirm the AND-gate operation, 
the fiber probe was used to search for a trio of QDs that had an 
effective size ratio of 1: 2:2. Since the homogeneous linewidth 
ofa CuCl QD increases with the sample temperature {18,19}, the 
allowance in the resonatable size ratio is 10% at 15K. The separa. 
tion of the QDs must be less than 30m for operation of the pro: 
posed AND gate because the energy transfer time increases with 
the separation; moreover, it must be shorter than the exciton 
lifetime. Its estimated that at least one trio of QDs that satisfies 
these conditions exists in a2 x 2j1m scan area. To demonstrate 
AND-gate operation, a QD trio had to be found in the sample, as 
shown in Figure 35.2. 

‘Near-field photoluminescence (PL) pump-probe spectroscopy 
‘was used to find the QD trio. Figure 35.3 shows the PL spectrum 
obtained at the position where the QD trio exists. In this figure, 
peaks appear at the positions of the (1,1,1) levels in the 4.6 and 
3.5nm QDs. The appearance of the satellite peaks means that 
the AND-gate system proposed in Figure 35.2 was present in the 
area under the probe. In other words, a trio of cubic QDs with 
sizes of 3.5, 4.6, and 6.3nm existed. Since their effective respec- 
tive sizes L ~ a, were 2.8, 39, and 5.6nm (ay: an exciton Bohr 
radius of 0.7nm in CuCl), the size ratio was close to 1: y2 :2.and 
they could be used a QDiapass QDoupur ANd QDypaus FESPEC 
tively. The pumping to the 6.3nm QD blocks the energy transfer 
from the 35 and 4.6nm QDs to the 6.3nm QD due to state fill- 
ing of the 6.3nm QD, and the 3.5 and 4.6nm QDs emit light 
that results in the peaks in Figure 35.3, Therefore, a QD trio for 
a nanophotonic AND gate was found. The PL peak from the 
4.6nm QD corresponds to the output signal in Figure 35.2b. 
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FIGURE 35.3 Near-field differential PL spectra measured atthe post- 
tion of a QD trio acting asa nanophotonic AND gate 
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‘The PL intensity from the 4.6nm QD was 0.05-0.02 times the 
PL intensity from the 6.3nm QD, which was obtained with 
the probe laser only: This value is quite reasonable considering 
the pumping pulse energy density of 10Wiem? because the 
probability density of excitons in a 6.3nm QD is 0.1-0.05 [18], 
‘which is close to the PL intensity from the 4.6m QD. This result 
indicates that the internal quantum efficiency of the AND-gate 
system is close to unity. 

In the experiment examining the AND-gate operation, the 
second harmonics of Tisapphire lasers (wavelengths 379.5 and 
385nm), which were tuned to the (,1,1) exciton energy levels of 
QWDargas ANd QDypuss Fespectively, were used as the signal light 
sources for inputs A and B. The output signal was collected by 
the fiber probe, and its intensity was measured using a cooled 
microchannel plate after passing through three interference fil: 
ters of Inm bandwidth tuned to the (1,1,1) exciton energy level in 
QD sip at 383 nm. Figure 35.4a and b shows the spatial distribu. 
tion of the output signal intensity in the “false” state (i.e, with 
cone input signal only) and in the “true” state (.e., with both input 
A and input B signals) using near-field spectroscopy at 15K. The 
insets in this figure are schematic drawings of the existing QD 
trio used for the AND gate, which was confirmed by the near 
field PL spectra. Here, separation of the QDs by less than 20m 
was estimated theoretically from time-resolved PL measure 
‘ments, as explained in the next paragraph (see the illustrations 
in Figure 35.4). In the “false” state, no output signal was observed 
because the energy ofthe input signal was transferred t0 QD oyun 
and swept out as PLat 385nm. To quench the output signal in the 
“false” state, which was generated by accumulating excitons in 
QD ya the input signal density to QD, pa Was regulated to less 
than 0.1 excitons in QDjypap: In the “true” state, a clear output 
signal was obtained in the dashed circle of Figure 35.4b. The out 
put signal was proportional to the intensity of the control signal, 
‘which had a density of 0.01-0.1 excitons in QDypu 

Next, the dynamic properties of the nanophotonic AND gate 
were evaluated using the time-correlation single-photon counting 
method. Asa pulse-input B signal source, the 385nm second har 
monic ofa mode-locked Ti:sapphire laser was used. The repetition 
rate of the laser was 80MHz. To avoid cross talk originating from 
spectral broadening of the pulse duration between input signals 
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FIGURE 354 Spatial distribution ofthe output signal from the nano- 
photonic AND gate in the “false” (a) and “true” (b) states measured 
using near-field microscopy. 
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FIGURE 35.5. Temporal evolution of the output signal from the 
rnanophotonic AND gate located in the dashed circle in Figure 35.4. 
“The duration and repetition rate of the control pulse were 10ps and 
80MHz, respectively 


‘A and B, the pulse duration of the mode-locked laser was set to 
10ps. The time resolution of the experiment was 15ps. Figure 35.5 
shows the temporal evolution of the input B pulse signal (lower 
part) applicable to QDyryy and the output signal (upper part) 
from QD,4jpy- The output signal increases synchronously with the 
input B pulse within less than 100ps, which agrees with the theo- 
retically expected result based on the Yukawa model (9]. As this 
signal rise time is determined by the energy transfer time between 
the QDs, the separation between the QDs can be estimated from 
the rise time as being less than 20 nm; the rise time can be short- 
ened to a few picoseconds by decreasing the separation of the 
QDs. Since the decay time of the output signal is limited by the 
exciton lifetime, this nanophotonic AND gate can be operated 
at afew hundred megahertz, and the operating frequency can be 
increased to several gigahertz by exciton quenching using plas- 
‘mon coupling [20]. The output signal ratio between “true” and 
“false” was about 10, which is sufficient for use as an all-optical 
AND gate, and can be increased using a saturable absorber and 
electric field enhancement of the surface plasmon [21] 

‘The advantages of this nanophotonic device are its small size 
and high-density integration capability based on the locality of 
the optical near field. The figure of merit (FOM) of an optical 
AND gate should be more important than the switching speed. 
Here, the FOM is defined as F = C/Vi,,Pay where C, V, tug and 
P,,are the “true”-"false” (ON-OFF) ratio, volume of the device, 
switching time, and switching energy, respectively. The FOM of 
the nanophotonic AND gate is 10-100 times higher than that of 
conventional photonic gates because its volume and switching 
‘energy are 10° times and 10~ times those of conventional pho- 
tonic gates, respectively. 


35.3.2 Nanophotonic NOT Gate 


AnanophotonicNOT gateisakey device for realizing afunction- 
ally complete set of logic gates for nanophotonic systems, and its 
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FIGURE 35.6 A nanophotonic NOT gate. (a) and (b) Schematic 
explanation ofthe “true” and “false” states using cubic QDs. 


operation is demonstrated in this section using CuCl QDs (22) 
Figure 35.6 shows a schematic explanation of the nanophotonic 
NOT gate. QDjy and QDour correspond to the input and out- 
put terminals of the NOT gate, respectively. Assuming a pair 
of QDs with a size ratio of 1+ 4: 2(a <1), the quantized 
energy levels with the set of quantum numbers (2,11) in QD3y 
and (1,1) in QDov; are slightly nonresonant with each other. 
‘The energy from the optical power supply generates an exciton 
in QDoyy- Without the input signal (ie, the input is “false”), 
the exciton in QDour disappears and emits a photon, which is 
observed as an output signal, as shown in Figure 35.6. That is, 
input = “false” and output = “true.” Conversely, by applying the 
input signal (Le, the input is “true”), the energy level (21,1) in 
QDjy becomes resonant to (15,1) in QDour due to broadening of 
its line width. This broadening was confirmed experimentally 
for CuCl QDs; anticholes appear on both sides of the spectral 
hole in the absorption spectrum of CuCl QDs observed in a far 
field hole-burning experiment at 5K, This experimental result 
shows thatthe excitation broadens the homogeneous line width 
of QDs, which might arise from shortening of the phase relax- 
ation time of the excitons in QDs due to carrier-carrier scater- 
ing. Consequently, the exciton energy in QD ours transferred to 
QDy via an optical near-field interaction [3], which suppresses 
output signal generation (Figure 35.6b, ie, input = “true” and 
output = “false"), As a result, the temporal behavior of the out- 
put signal isthe inverse ofthat of the input signal. By selecting a 
suitable threshold to distinguish “true” and “false” these behav. 
iors are used for a NOT gate. 

CuCl QDs embedded in a NaCl matrix were used to verify 
operation of the NOT gate, as CuCl QDs offer discrete energy 
levels similar to the exciton described in Figure 356 [6]. The 
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mean size of the QDs was 4.1 nm and the mean distance between 
the QDs was 25nm. In the experiment, the second harmonics 
of a continuous-wave (CW) Ti:sapphire laser (Hi = 3.2704eV) 
and a mode-locked Ti:sapphire laser (fi) = 3.2195 eV) were used 
as the optical power supply and input signal pulse, respectively 
‘The respective power densities were 1 and 2 Wicm? at the sample 
surface. Under the excitation condition, fewer than 0.1 excitons 
occurred in a QD. These lasers excited the sample from its back 
and the output signal was observed using a near-field spectrome- 
tern collection mode. The sample temperature was controlled at 
15K. To find the QD pairacting as a nanophotonic NOT gate, the 
QD positions were mapped by measuring the luminescence dis- 
tribution on the sample, which was obtained using a near-field 
spectrometer using He~Cd laser excitation (fi = 3.81eV). The 
signal was observed after several QD pairs were selected as can- 
didates for nanophotonic NOT- gate operation. Finally, a nano- 
photonic NOT gate was found, with the probability of about one 
device per 1jim? of scanning area. Figure 35.7a shows the spa 

tial distribution of the optical near-field output-signal intensity 
‘when an input signal is “false” (ie., with the optical power supply 
only). Figure 35.7b shows the distribution when the input signal 
is “true.” The insets in this figure are schematic drawings of an 
existing QD pair that function as a NOT gate, which was con- 
firmed from the PL spectra. The sizes of the two QDs estimated 
from the wavelengths of their luminescence were 5.0 and 6.3m, 
‘which satisfy the NOT-gate operation condition, as shown in 
Figure 35.6. Note that the photon energy of the optical power 
supply (fw = 3.2704eV) is maintained nonresonant to the (1,1,1) 
exciton level in the 5.0nm QD (li = 3.2304eV) to decrease the 
artifact originating from the laser by using narrowband optical 
filters and observing a clear output signal. Sufficiently low opti- 
cal power was supplied to the 5.0nm QD from neighboring QDs 
[3,23]. The NOT-gated signal appears at the center of the dashed 
circle in Figure 35.7a, from which the size of the device was esti- 
‘mated to be 20mm. Comparison of Figure 35.7a and b clearly 
‘demonstrates the operation of a NOT gate. 

‘The dynamic behavior of the NOT gate was observed using. 
the time-correlation single-photon counting method. Figure 
35.8 shows the temporal evolution of the output signal. The hori- 
zontal dashed line indicates the output signal level without the 
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FIGURE 35.7 ‘The spatial distribution of the output signal from a 
nanophotonic NOT gate measured using nearcld microscopy at 


Input = “false” (a) and Input = “true” (b). 
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FIGURE 35.8 The temporal evolution of the output signal from the 
nanophotonic NOT gate circled in Figure 357. 


input signal pulses (ie, the input is “false”). Without the input 
pulses, the signal level is constant, since a CW laser was used as 
the optical power supply. This signal level is defined as “true.” 
With the input pulses, the output signal increases within a time 
period shorter than the time resolution of 20s due to the arti- 
fact of the input pulses, and it decreases toa level lower than the 
initial level. Here, the signal level lower than the dotted line is 
defined as “false.” Then, the output signal level becomes “false” 
50ps after the “true” input pulse. The fall time of the output sig- 
nal to the minimum level is about 100ps, which corresponds to 
the energy transfer time between QDs. he “false” output sig. 
nal level recovers to the “true” level within 10ns. The recovery 
time is longer than the exciton lifetime in 6.3nm CuCl QDs 
(G,, ~ Ins) because the energy transfer from the optical power 
supply affects the recovery. That is, the recovery time depends 
on the competition between exciton annihilation via recombina- 
tion and exciton creation via energy transfer. 


35.3.3 Interconnection with Photonic Devices 


[An interconnection device needs to be developed to collect the 
incident propagating light and drive the nanophotonic device 
for efficient operation of the system (15,24,25]. Conventional far- 
field optical devices, such as convex lenses and concave mirrors, 
cannot be used for this interconnection because of their diffrac- 
tion-limited operation. This section demonstrates a novel opti- 
cal device, the optical nanofountain, which concentrates optical 
energy in a nanometric region using optical near-field energy 
transfer among QDs. This nanometric optical device enables 
highly efficient interconnection to nanophotonic devices. The 
optical nanofountain is operated using the energy transfer 
between QDs via an optical near-field interaction, as shown 
in Figure 35.1 [9-11]. The unidirectional energy transfer from 
smaller to larger QDs concentrates the optical energy in a nano- 
metric region. When different sized QDs with resonant energy 
sublevels are distributed, as shown in Figure 35.9, energy trans- 
fer occurs via the optical near field, as illustrated by the arrows. 
Light incident to the QD array is ultimately concentrated in 
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FIGURE35.9.Optical nanofountain. (a) Schematic explanation ofthe optical nanofountain and unidirectional energy transfer. (b) Spatial distri 
bution of the PL intensity in an optical nanofountain, The bright spot surrounded by a dashed circle isthe focal spot. (e) Spatial distribution ofthe 


PL intensity of CuCl QDs for 2.5m <L-< 10nm (3.215eV <E, 
from the PL intensity distribution 


3.350eV) 


the largest QD. The area of optical energy concentration corre- 
sponds to the size of the QD. 

‘The name optical nanofountain was proposed because light 
spurts from the largest QD after it is concentrated by stepwise 
energy transfer from smaller neighboring QDs, so that this 
device looks like a fountain in a basin. From the experimental 
tests of nanophotonic AND-gate operation in Section 35.3.1, the 
concentration efficiency of this device should be close to unity 
because no other possible relaxation paths exist in the system. 
‘The operation of an optical nanofountain was demonstrated 
using CuCl cubic QDs embedded in a NaCl matrix. The aver 
age QD size was 4.2nm and the average separation was less than 
20nm. Although the QDs have an inhomogeneous size distri 
bution and are arranged in the matrix randomly, the operation 
can be confirmed if an appropriate QD group is found using a 
nanometric-resolution near-field spectrometer. For the opera 
tion, the optimum sample temperature T was 40K. At T< 40K, 
the resonant condition becomes tight due to narrowing of the 
homogeneous line width of the quantized energy sublevels, while 
at T > 40K, the unidirectional energy transfer is obstructed by 
the thermal activation of excitons in the QDs. A 325nm He-Cd 
laser was used as the excitation light source. A double-tapered 
UV fiber probe with an aperture 20nm in diameter was fabri 
cated using chemical etching and coated with a 150nm-thick Al 
film to ensure sufficiently high detection sensitivity 12] 

Figure 35.9 shows the typical spatial distribution of the PL 
from QDs operating as an optical nanofountain. The bright spot 
inside the dashed circle corresponds to a spurt from an opti 
cal nanofountain, i.e, the focal spot of the nanometric optical 
condensing device. The diameter of the focal spot was less than 
20nm, which was limited by the spatial resolution of the near- 
field spectrometer. From the Rayleigh criterion (ie, resolution = 
(0.61-A/NA) [26], its numerical aperture (NA) was estimated to 
be 12 for 2 = 385nm. To demonstrate the detailed operating 
‘mechanism of the optical nanofountain, we show the size-selec 
tive PL intensity distribution; that is, the photon energy is shown 
in Figure 35.9. Here, the collected PL photon energy, E,, was 
3.215eV < E,  3.350eV, which corresponds to the PL from QDs. 
of size 2.5nm < L < 10nm. he area scanned by the probe are 


forthe same area as in (b). The cubes represent the positions estimated 


equivalent to those in Figure 35.9b. The PL intensity distribution 
is shown using a gray scale. 

‘This device can also be used as a frequency selector based on 
the resonant frequency of the QDs, which can be applied, for 
example, to frequency domain measurements, multiple optical 
memories, multiple optical signal processing, and frequency 
division multiplexing. 

Practical nanophotonic devices for room-temperature opera: 
tion are under development using III-V compound semicon. 
ductor QDs [27] and ZnO nanorods (28| 


35.4 Nanophotonics Fabrication 


This section presents the nonadiabatic processes involved in 
optical chemical vapor deposition (CVD) and photolithography. 
These methods have realized qualitative innovation in nano- 
fabrications by utilizing the spatially localized nature of optical 
near fields 


35.4.1 Nonadiabatic Near-Field Optical CVD 


Conventional optical CVD utilizes a two-step process: photodis. 
sociation and adsorption. For photodissociation, a propagating 
light must resonate the reacting molecular gases to excite mol- 
ecules from the ground state to an excited electronic state. The 
Franck-Condon principle holds that this resonance is essential 
for excitation. The excited molecules then relax to the dissocia. 
tion channel, and the dissociated atoms adsorb to the substrate 
surface. However, a nonadiabatic photodissociation process 
is observed in near-field optical chemical vapor deposition 
(NFO-CVD) under the nonresonant condition of the electronic 
transition, which violates the Franck-Condon principle. This 
section discusses the nonadiabatic NFO-CVD of nanometric 
Zn dots and presents experimental results based on the exciton. 
phonon-polariton (EPP) model 

Figure 35.10 shows the cross-sectional profiles of the shear 
force topographical images after NFO-CVD for photon energies 
of 5.08eV (A = 244 nm; broken curve) and 2.54eV (4 = 488nm; 
solid curve) of Zn dots deposited on a sapphire substrate in 
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FIGURE 35.10 Cross-sectional profiles ofthe shear-force topograph- 
ical images of the deposited Zn patterns. 


atomic-level steps [29]. In the experiment, diethylzinc (DEZn) 
was used as the CVD gas source. For the broken curve, the laser 
power was 1.6W and the irradiation time was 60. Before car 
rying out NFO-CVD, 0.4nm-high atomic-level step structures 
were clearly observed on the sapphire substrate. After NFO: 
CVD, they disappeared and a deposited Zn dot less than 50nm_ 
in diameter was seen at the center of the image. This occurred 
because the optical near field deposited the Zn dot directly under 
the apex of the fiber probe. Furthermore, since high-intensity 
propagating light leaks from a bare fiber probe, that is, one with: 
out a metallic coating, and is absorbed by the DEZn, a Zn layer 
vas deposited on top of the atomic-step structures. 

For the solid curve, the laser power was 150 W and the irra 
diation time was 75s. The photon energy (2.54eV) was higher 
than the dissociation energy of DEZn, but it was still lower 
than the absorption edge of DEZn [30]. Therefore, it was not 
absorbed by DEZn. However, a Zn dot less than 50.nm in diam: 
eter appears at the center. While using conventional CVD with 
propagating light, a Zn film cannot be grown using light source 
with a photon energy lower than the absorption edge (4.13eV: 
4.= 300nm) [31]. Deposited Zn dots were observed on the sub: 
strate just below the apex of the fiber probe using NFO-CVD. 
‘The atomic-level steps in this figure are still observed, despite the 
leakage of the propagating light from the bare fiber probe. These 
curves confirm that Zn dots with a full-width at half-maximum 
(FWHM) of 30nm were deposited in the region where the opti 
cal near field is dominant. 

‘The dashed curve has 4nm-high tails on both sides of the dot, 
which represent the deposition caused by the leaked propagat 
ing light. This deposition process is based on the conventional 
adiabatic photochemical process. In contrast; the solid curve has, 
no tails; therefore, itis clear that the leaked 488nm propagat- 
ing light did not deposit a Zn layer. Note that a Zn dot 30nm in 
diameter without tails was deposited under nonabsorbed condi 
tions (i = 488nm) 

Figure 35.11 shows shear-force topographical images of 
the sapphire substrate after NFO-CVD using an optical near 
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FIGURE 35.11 _Shear-force topographical images after NFO-CVD at 
wavelengths of A = 325nm (a), 488nm (b), and 684nm (¢). The laser 
‘output power and irradiation time for deposition were 2.3HW and 60s 
(@), 360 and 180s (b), and 1 mW and 180s (c), respectively 


field with photon energies of 3.81 eV (1 = 325nm) (a), 2.54eV 
(= 488nm) (b), and 1.81eV (A = 684nm) (©). The respective 
laser power and irradiation time were (a) 2.3W and 60s, (b) 
3601W and 180s, and (c) ImW and 180s. The high quality of 
the deposited Zn was confirmed by x-ray photoelectron spec 

troscopy. Furthermore, PL was observed from ZnO dots, which 
were fabricated by oxidizing the Zn dots deposited by NFO. 

CVD [8]. In Figure 35.11a, the photon energy (fi) exceeds the 
dissociation energy (E,) of DEZn, and is close to the absorption 
band edge (E,,) of DEZn, ie, fio > E, and ho = E,., [30]. The 
diameter (FWHM) and height of the topographical image were 
45 and 26nm, respectively. The small tal (shown by the dotted 
curve) represents Zn layer less than 2nm thick, and was depos. 

ited by the propagating light leaking from the bare fiber probe. 

‘This deposition is possible because the DEZn absorbs some of 
the propagating light at fiw = 3.18eV. The very high peak sug. 

gests that the optical near field enhances the photodissociation 
rate at this photon energy because its intensity increases rapidly 
at the apex of the fiber probe. In Figure 35.11b, the photon energy 
still exceeds the dissociation energy of DEZn, but is lower than 
the absorption band edge of DEZn, ie. E,,, > hao > E, (30). The 
diameter and height of the image were 50 and 24nm, respec- 

tively. This image has no tail because Zn was not deposited by 
the high-intensity propagating light leaking from the bare fiber 
probe. This confirmed that the photodissociation of DEZn and 
Zn deposition occurred only with an optical near field of hao = 
2.54eV. Figure 35.1lc represents the cases ho < Ej and ha < Es, 

Zn dots were deposited successfully at these low photon energies. 
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FIGURE 35.12 The relationship between the photon flux and the rate 
‘of Zn deposition. The dotted, solid, and dashed curves represent the 
calculated values fitted to the experimental results. 


‘The topographical image showed dots with a diameter of 40nm 
and a height of 25nm. The experimental results in Figure 35.11 
demonstrate dissociation based on a nonadiabatic photochemi- 
cal process that violates the Franck-Condon principle. 

‘To discuss this novel dissociation process quantitatively, 
Figure 35.12 shows the relationship between the photon flux (J) 
and the deposition rate of Zn (R). For hw = 3.81 €V (A), Ris pro: 
portional to I. For hua = 2.54eV (a) and 1.81eV (e), higher order 
dependencies appear and Ris fitted by the third-order function 
R= dual + bial? + Cyl. The respective values Of ajay Bjg» and 
Cm BFE Ay = 5.0 X 10°, Bq, = 0, and cya, = O for hed = 3.81eV, 
41x 10°, bygy = 21 x 10 and cz, = 1.5 x 10 for 
ay = 2.54 eV, and a 4) = 0, by = 4.2 x 10, and cy = 3.0 x 10-# 
for fuo = 1.81 eV. The results of fitting are shown with the solid, 
dashed, and dotted curves in Figure 35.12. Since no conventional 
photochemical processes, for example, the Raman process and 
‘two-photon absorption, can explain these experimental results, 
the discussion below uses a unique theoretical model based on 
the discussion in Ref. [32] 

Figure 35.13 shows the potential curves of an electron in a 
DEZn molecular orbital drawn as a function of the internuclear 
distance of the C-Zn bond, which is involved in photodissocia 
tion (30]. The relevant energy levels of the molecular vibration 
‘mode are indicated by the horizontal broken lines in each poten- 
tial curve. When a propagating light is used, photo-absorption 
(indicated by the white arrow) triggers the dissociation of DEZn 
[33]. With an optical near field nonresonant to the electronic 
state, there are three possible origins of photodissociation (34) 
(1) the multiple-photon absorption process; (2) a multiple-step 
transition process via the intermediate energy level induced by 
the fiber probe; and (3) multiple-step transition via an excited 
state of the molecular vibration mode. Case (1) is negligible 
because the optical power density was less than 10kWicm:. 
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FIGURE 35.13 Potential curves of an electron in DEZn molecular 
orbitals. The relevant energy levels of the molecular vibration modes 
are indicated by the horizontal broken lines 


Case (2) is also negligible because the DEZn was dissociated by 
ultraviolet-near-infrared light, although DEZn does not have 
relevant energy levels over such a broad wavelength region. As 
a result, the experimental results strongly support Case (3). That 
is, the photodissociation is caused by a transition to an excited 
state via a molecular vibration mode, which involves three mul: 

tiple-step excitation processes, as shown in Figure 35.13. Since 
the system is strongly coupled with the vibration state, it must be 
considered a nonadiabatic system. 

For this consideration, an exciton-phonon polariton (EPP) 
‘model was presented in Ref. [52], The EPP model holds that the 
optical near fields excite the molecular vibration mode due to 
the steep spatial gradient. Since the optical near-field energy 
distribution is spatially inhomogeneous in a molecule due to its 
gradient, the electrons respond inhomogeneously. As a result, 
the molecular vibration modes are excited because the molecu- 
lar orbital changes and the molecule is polarized as a result of, 
the inhomogeneous response of the electrons. The EPP model 
describes this excitation process quantitatively. The EPP is a qua- 
siparticle, which is an exciton-polariton carrying the phonon 
(lattice vibration) generated by the steep spatial gradient of the 
optical field energy distribution. In contrast, since the propagat- 
ing light energy distribution is homogeneous in a molecule, only 
the electrons in the molecule respond to the electric field of the 
propagating light. Therefore, the propagating light cannot excite 
the molecular vibration. 

Zinc-bis{acetylacetonate) (Zn(acac),) has never been used for 
conventional optical CVD due to its low optical activity. With 
NFO-CVD, however, the optical near field can activate the mol- 
ecule nonadiabatically and the dissociated Zn atom is adsorbed 
under the fiber probe. Figure 35.14a shows a shear-force topo- 
graphical image of Zn deposited on a sapphire substrate. The 
laser power and irradiation time were 1mW and 15s, respec- 
tively. The Zn dot was 70nm in diameter and 24 nm high (35,36) 
The chemical stability of Zn(acac), keeps the substrate surface 
clean and helps to fabricate an isolated nanostructure. Figure 
35.14b shows the shear-force topographical image of a depos- 
ited Zn dot that is among the smallest ever fabricated using 


35-10 


o 


FIGURE 35.14 Shear-force topographical images after NFO-CVD 
using Zn(acac), with a 457nm-wavelength light source. a) A deposited 
Zn dot with a diameter of nm and height of 24nm. (b) A deposited Zn 
with a diameter of am and height of 0.31, 


NFO-CVD (Snm in diameter and 0.3 nm high). The deposition 
conditions consisted of Zn(acac), ata pressure of 70 mTorr in the 
CVD chamber and a laser wavelength, power, and irradiation 
time of 457 nm, 65 LW, and 30s, respectively. 


35.4.2 Nonadiabatic Near-Field 
Photolithography 


Section 35.4.1 reviewed a unique nonadiabatic photochemical 
reaction, which was explained using the EPP model. According 
to this model, the nonadiabatic photochemical reaction can be 
considered a universal phenomenon and is applicable to several 
photochemical processes. This section reviews the application of 
the nonadiabatic photochemical reaction to photolithography, 
which can be called nonadiabatic photolithography [36,37]. For 
the mass production of photonic and electronic devices, non. 
adiabatic photolithography can be used because conventional 
photolithographic components can be applied to this system. 
‘The wave properties of propagating light cause problems 
for high-resolution photolithography due to diffraction and 
the dependence on the coherency and polarization of the light 
source. To fabricate high-density corrugations, the optical 
coherent length is too long compared to the separation between 
adjacent corrugation elements, even when a Hg lamp is used. 
In addition, the absorption by the photoresist is insufficient 
to suppress interference of scattered light. Furthermore, since 
the intensity of the propagating light transmitted through a 
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FIGURE 35.15 Experimental results of nonadiabatic photolithogra- 
phy. (a) A schematic of the photomask and Si substrate on which the 
photoresist (OFPR-800) was spin-coated. (b) Atomic force microscopy 
images of photoresist OFPR-800 exposed to the g-line of a Hg lamp. 
(6) AFM images of photoresist OFPR-800 developed after a 4h exposure 
with a 672mm laser. 


photomask strongly depends on its polarization, the photomask 
‘must be designed while considering these dependences. In con: 
trast, the outstanding advantage of nonadiabatic photolithogra 
phy is that it is free from these problems. 

Figure 35.15a shows a schematic configuration of the photo. 
‘mask and the Si substrate on which the photoresist (OFPR-800: 
Tokyo-Ohka Kogyo) was spin-coated. They were used in con: 
tact mode. Figure 35.15b and c shows atomic force microscopy 
(AFM) images of the photoresist surface after development. 
Figure 35.15b shows the result obtained using conventional pho- 
tolithography. The g-line (436nm) from a Hg lamp was used as 
the light source. The fabricated pattern of corrugation was an 
exact replica of the photomask. Conversely, with nonadiabatic 
photolithography using a 672nm-wavelength light source, the 
grooves on the photoresist appeared along the edges of the Cr 
‘mask pattern, as shown in Figure 35.15c. The corrugated pattern 
was 30.nm deep. The line width was 150m, which was narrower 
than the wavelength of the light source. On the photomask, a 
steep spatial gradient of optical energy distribution is expected 
due to optical near fields, while direct irradiation with 672m 
light cannot expose the photoresist. This demonstrated that the 
photoresist was patterned using a nonadiabatic process. 

Figure 35.16 shows AFM images of another photoresist sur 
face (TDMR-AR87 for the 365nm-wavelength i-line from a Hg 
lamp: Tokyo-Ohka Kogyo) after development. Figure 35.16a 
shows the corrugated pattern fabricated using linearly polar 
ied g-line light. Two-dimensional arrays of circles and T-shapes 
have also been fabricated successfully on this photoresist 


light source, indicator, or display > 


Figure 19-8. The neon bulb and its series resistor are visi 
bile nice this indicator. 


Figure 19-9. 4 relatively small neon indicator lamp. de 
signed for insertion in a hole 0.5" diameter. 


Limited Light Output 

Neon bulbs have a light output of around 0.06 
lumens per milliamp of consumed power (stan- 
dard brightness type) or 0.15 lumens per milli- 
amp of consumed power (high brightness type). 


Comparing this value with the intensity of LED 
indicators is difficult. Their light output is cus- 
tomarily measured in millicandelas (mcd), be- 
cause LED indicators almostalways include alens 
that focuses the light, and the candela is ameas- 
urement of luminous flux within an angle of dis- 


neon bulb 


fo Use It 


persion. Moreover, because the intensity ofneon 
indicators is not of great interest in most appli- 
cations, datasheets usually do not supply an in- 
tensity value. 


‘One way around the problem of comparisons is 
to use the standard of radiant luminous efficacy 
(LER), which is defined in the entry on incandes- 
cent lamps (see “Efficacy” on page 179). A 
standard-brightness neon bulb has an LER of 
about 50 lumens per emitted watt of luminous 
flux. A light-emitting diode may reach an LER of 
100 Im/W. However, a neon bulb operates typi- 
callyaround 1mA whilean LED indicator may use 
20mA. Therefore, a typical LED indicator may ap- 
pear to be 30 to 50 times brighter than a typical 
neon bulb. 


Consequently, neon may be an inferior choice in 
a location where there is a high level of ambient 
light. Direct sunlight may render the glow of a 
neon indicator completely invisible. 


Efficiency 
Because a neon bulb does not use a lot of power 
and generates negligible heat, itis a good choice 
where current consumption is a consideration 
(for example, if an indicator is likely to be on for 
long periods). The durability and low wattage of 
neon bulbs, and their convenient compatibility 
with domestic power-supply voltage, made 
them a favorite for nightlights and novelty 
tamps in the past. Figure 19-10 shows an antique 
bulb containing an ornamental electrode, while 
Figure 19-11 isa piece of folk art, approximately 
1indiameter, mounted on a plug-in plastic cap- 
sule containing a neon bulb. 


Ruggedness 
Neon bulbs are a good choice in difficult envi- 
ronments, as they are not affected by vibration, 
sudden mechanical shock, voltage transients, or 
frequent power cycling, Their operating temper- 
ature range is typically from -40 to +150 degrees 
Celsius, although temperatures above 100 de- 
grees will reduce the life of the lamp. 
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FIGURE 35.16 Experimental results of nonadiabatie photolithography. (a) AFM images of photoresist TDMR-ARST exposed to the linearly 
polarized g-line of a Hg lamp for 3s, (b) AFM images of photoresist TDMR-ARS7 exposed to the linearly polarized g-line of a Hg lamp for 10s 
using a circle-shaped array photomask. (c) AFM images of photoresist OTDMR-ARS7 developed after a 40s exposure to the gc-line of a Hg lamp 


using a T-shaped array photomask. 


(Gee Figure 35.16b and ©). This would be impossible using adia- 
batic photolithography due to its polarization-dependent nature 
and interference effects. 

‘An optically inactive electron beam (EB) resist film (ZEP- 
520: ZEON) can also be patterned nonadiabatically Figure 35.17 
shows an AFM image of the developed EB resist surfaces. The 
light source was the third harmonic of a Q-switched N4YAG 
laser and the exposure time was Smin. A two-dimensional array 
of 1im-diameter disks was fabricated successfully, even on the 
EB resist, which would be impossible using propagating light. 
‘The developed pattern had a depth of 70nm, which is sufficient 
for the subsequent etching of the substrate. Since the EB resist 
film has an extremely smooth surface, the homogeneity in the 
contact with the photomask was improved. This suggests that a 
smooth organic or inorganic thin film can be used as a photore- 
sist irespective of its optical inactivity. 


To00 am 


FIGURE 35.17 AFM image of the surface of an electron beam resist 
exposed for Smin using a Q-switched laser (355m) anda circle-shaped 
(141m diameter) array photomask. 


35.5 Summary 


After nanophotonics was proposed by M. Ohtsu in 1993 [38], 
it now exists as a novel feld of optical technology in nanomet- 
ric space. However, the name “nanophotonics” is occasionally 
used for photonic crystals [39], plasmonics [40], metamaterials 
[41,42], silicon photonics [43], and QD lasers [44] using con- 
ventional propagating lights. For example, plasmonics utilizes 
the resonant enhancement of the light in a metal by exciting 
free electrons. The leters “on” in the word “plasmon” represent 
the quanta, or the quantum mechanical picture of the plasma 
oscillation of free electrons in a metal. However, plasmonics 
utilizes the classical wave optical picture using conventional 
terminology, such as the refractive index, wave number, and 
guided mode. Even when a metal is irradiated with light that 
obeys the laws of quantum mechanics, the quantum mechani- 
cal property is lost because the light is converted into the 
plasma oscillation of electrons, which has a short phase 
relaxation time. Furthermore, the energy transferred via this 
interaction must be dissipated in the nanometric particles or 
adjacent macroscopic materials to fix the position and mag- 
nitude of the transferred energy. Since plasmonics does not 
deal with this local dissipation of energy, it is irrelevant for 
quantitative innovation by breaking the diffraction limit, or 
for qualitative innovation. Local energy transfer and its subse- 
quent dissipation have become possible only in nanophotonics 
by using optical near fields [45,46]. 

Here, we should consider the stern warning by C. Shannon 
on the casual use of the term “information theory.” which was 
a trend in the study of information theory during the 1950s 
[47]. The term “nanophotonics” has been used in a similar way, 
although some work in “nanophotonics” is not based on optical 
near-field interactions. For the true development of nanopho- 
tonics, one needs deep physical insights into the virtual exciton~ 
polariton and the nanometric subsystem composed of electrons 
and photons. 
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36.1 Introduction 


Systems of optically coupled quantum structures should be 
applicable to quantum information processing (Bayer et al.2001, 
Stinaff et al. 2006). Additional functional devices, ie., nano: 
photonic devices (Ohtsu et al. 2002, Kawazoe et al. 2003, 2005, 
2006), can be realized by controlling the exciton excitation in 
quantum dots (QDs) and quantum-well structures (QWs). This 
chapter reviews the recent achievements with nanophotonic 
devices based on colloidal QDs (Section 36.2) and nanorod QWs 
ection 36.3) 


36.2 Nanophotonic Devices 
Based on Quantum Dots 


36.2.1 Discrete Energy Levels in 
Spherical Quantum Dots 


‘The translational motion of the exciton center of mass is quan: 
tized in nanoscale semiconductors when the size is decreased 
so that it is as small as an exciton Bohr radius. If the QDs are 
assumed to be spheres with radius R, with the following potential 


(36.1) 


the quantized energy levels are given by a spherical Bessel func 
tion as 


Rul) = Aa; i(o. ! (36.2) 


Figure 36.1 shows the Ith order of the spherical Bessel function, 
Note that an odd quantum number of has an odd function and 
it is a dipole-forbidden energy state. To satisfy the boundary 
conditions as, 


RylR) (Pp)=0 (6.3) 
the quantized energy levels are calculated using 
Find =Fy+ 2 (6.4) 
. 8 ome 


where n&,) = p,) is the nth root of the spherical Bessel 

function of the ith order. The principal quantum number 1 

and the angular momentum quantum number I take values 

and 1 = 0,1,2,.. respectively. 6, takes values 

L Es 2 = 1.83, E,9 = 2, and so on (see Table 36.1) 
(Sakakura and Masumoto 1997), 

Figure 36.2 show schematic drawings of different-sized spher 


ical QDs (X and Y) and confined exciton energy levels. Here, R 
and 143R are the radii of spherical QDs X and Y, respectively 
According to Equation 36.4, the quantized exciton energy lev 

els of £(1,0) in QD X and (1,1) in QD Y resonate with each 
other. Although the energy state E(1,1) is a dipole-forbidden 
state, the optical near-field interaction is finite for such coupling 
to the forbidden energy state (Kobayashi et al. 2000).In addition, 
the intersublevel transition, t,, from higher exciton energy lev. 

els tothe lowest one, is generally less than a few picoseconds and 
is much shorter than the transition time due to optical near-field 
coupling (t,,) (Suzuki et al. 1996). Therefore, most of the energy 
of the exciton in a QD X with radius R transfers to the lowest 
exciton energy level in the neighboring QD Y with a radius of, 
1.43R and recombines radiatively at the lowest level. In this man- 
ner, unidirectional energy flow is achieved. 
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FIGURE 36.1. Ith order of spherical Bessel function. (a) = 0 (j(3) = 
(sin 3/8), (0) = 1 (j(4) = (18) (sin 2) ~ cos x), and (9 T= 2 (ji) = 
(is) (B~ 222) sin 3) ~ (Bix) €08 2). 


TABLE 36.4 
of 6 


Calculated &, to Satisfy the Condition 


36.2.2 The Observation of Dissipated Optical 
Energy Transfer between CdSe QDs 


‘To evaluate the energy transfer and the energy dissipation, we 
used CdSe/ZnS core-shell QDs from Evident Technologies. As 
described in Section 36.2.1, assuming that the respective diam. 

eters, D, of the QD,, and QD,, were 2.8 and 4.1 nm, the ground 
energy level in the QD,, and the excited energy level in the 
QD,; resonate (Trallero-Giner et al. 1998). A solution of QDs,, 
(D=2.8nm) and QDs,,(D= 4.1 nm) in L-feniloctane ata density 
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FIGURE 36.2 Schematic drawings of different-sized spherical QDs 
(Cand ¥) and the confined exciton energy levels. 


of LOmg/mL was dropped on mica substrate (see Figure 36.3a), 
such that areas A and C consisted of QDs,, and QDs,,, respec 
tively, while there were both QDs,, and QDs,; in area B. Using 
transmission electron microscopy (TEM), we confirmed the 
mean center-to-center distance of each QD was maintained at 
about less than 10nm in all areas, due to the 2nm-thick ZnS 
shell and surrounding ligands (2nm-length long chain amine) 
of the QDs (Figure 36.36). 

In the following experiments, the light source used was the 
third harmonic of a mode-locked ‘i:sapphire laser (wavelength 
306 nm, frequency 80 MHz, and pulse duration 2ps). The incident 
power ofthe laser was 0.6mW and the spot size was 1 x 10° cm 
‘The density of QDs was less than 3.5 x 10" cm-?and the quantum 
yield of CdSe/ZnS QD was 0.5. Under these conditions, the prob- 
ability of exciton generation by one laser pulse in each QD was 
calculated to be 1.6 x 10-2, Therefore, we assumed single-exciton 
dynamics in the following experiments. 

‘The energy transfer was confirmed using micro-photolumi- 
nescence (PL) spectroscopy. Temperature-dependent micro-PL 
spectra were obtained. In the spectral profile of the PL emitted 
from area A, we found a single peak which originated from the 
ground state of QD,, at a wavelength of 2 = 540nm, from room 
temperature to 30K (broken line in Figure 36.4). From area C, 
the single peak, which originated from the ground state of QD,, 
‘was found at 2 = 600 nm (dotted line in Figure 36.4). By contrast, 
area B had two peaks at room temperature, as shown by solid 
line in Figure 36.4. This figure also shows that the PL intensity 
peak at 2 = 540nm decreased relative to that of at 4 = 600nm 
oon decreasing the temperature. This relative decrease in the PL 
intensity originated from the energy transfer from the ground 
state in the QD,, to the excited state in the QD,, and the sub- 
sequent rapid dissipation to the ground state in the QD,.. This 
is because the coupling between the resonant energy levels 
becomes stronger due to the increase in the exciton decay time 
on decreasing the temperature (Itoh et al. 1990). Furthermore, 
although nanophotonic device operation using CuCl quantum 
cubes (Kawazoe et al. 2003, 2005, 2006) and ZnO quantum wells 
(Yatsui et al. 2007) has been reported at 15K, we observed the 
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(@) Schematic images of CdSe QDs dispersed substrate. Areas A, B,and Care covered by QDs,, both QDs,. and QDs,:,and QDs, 


respectively. (b) TEM image of dispersed CdSe/ZnS core-shell QDs in area B. 
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FIGURE 36.4 Temperature dependence of the miero-PL. spectra, 
Broken, solid, and dotted lines show the spectra from areas A, B, and 
respectively. 


decrease in the PL intensity at = 540nm at temperatures as 
high as 130K, which is advantageous for the high-temperature 
‘operation of nanophotonic devices. 

‘To confirm this energy transfer from QD, to QD, ,at the tem. 
perature under 130 K, we evaluated the dynamic property of the 
‘energy transfer using time-resolved spectroscopy with the time 
correlation single photon counting method. Circles A,., squares 


By, and triangles B,, in Figure 36.5a represent the respective 
time-resolved micro-PL intensities (60K) from ground energy 
level in QD,, (D = 2.8nm) in area A, QD,, (D = 2.8nm) in area 
B, and QD,,(D= 4.1 nm) in area B. The peak intensities at t= 0 
were normalized to unity. Note that B,, decreases faster than 
A, although these signals were generated from QDs of the 
same size. In addition, although the exciton lifetime decreases 
on increasing the QD size, owing to the increased oscillator 
strength, B,, decreased more slowly than A,, over the range 
£< 0.2ns (see the inset of Figure 36.5a). Furthermore, as we did 
not see any peak in the power spectra of A,,,B,y, and B,s, we 
believe that the temporal signal changes originated from the 
optical near-field energy transfer and subsequent dissipation. 
Since the QDs, in area B were near QDs,, whose excited energy 
level resonates with the ground energy level of the QD,, (see 
Figure 36.5b), near-field coupling between the resonant lev- 
els resulted in the energy transfer from the QD,, to the QD,. 
and the consequent faster decrease in the excitons of the QD,, 
in area B compared with area A. Furthermore, as a result of 
inflow of the carriers from the QD, to the QD,., the PL inten 
sity from the QD,, near the QD,, decayed more slowly than that 
of the QD,, 

For comparison, we also obtained time-resolved PL. pro: 
files of different pairs of CdSe/ZnS QDs. Their diameters were 
D = 2.8nm (QD,) and 3.2nm (QD,,), which means that their 
energy levels did not resonant with each other. Figure 36.6a 
shows a schematic image of a sample named area D, where QDS, 
and QDs,, are mixed with a mean center-to-center distance of 
less than 10nm, Circles A,, and diamonds D,, in Figure 36.66 
show the time-resolved PL intensity (30K) from the ground 
energy level in QDs,, from areas A and D, respectively. There 
is no difference in the decay profile. This indicates that the 
excited carriers in QDs,, did not couple with QDs,, due to their 
off-resonance and, consequently, no energy was transferred 
(Figure 36.6c). This supports the postulate that Figures 36.4 and 
36.5 demonstrate energy transfer and subsequent dissipation 
due to near-field coupling between the resonant energy levels of 
the QDs,, and QDs... 
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FIGURE 36.5 (a) Time-resolved PL intensity profiles from QDs,, in area A (circles A,)), QDs,, in 


(Gsiangles 8.) The peak intensities were normalized att 


FIGURE 36.6 


area B (squares B,, 


and QDs, in area B 


0, (b) Schematic of the respective system configurations in areas A and B. 


‘AreaD 


(@) Schematic image of CdSe QDs dispersed substrate area D. (b) Time-resolved PL intensity profiles from QDs, in area A (circles 


A.) and QDs, in area D (diamonds D.,). The peak intensities were normalized a = 0, (e) Schematic ofthe system configuration in area D. 


To discuss the exciton energy transfer from QD,, to QD,: 
‘quantitatively, we investigated the exciton dynamics by fitting 
multiple exponential decay curve functions to curves A,», By, 
and B,, (Bawendi et al. 1992, Crooker et al. 2003) 


+ t 


Ai wenr( zt) +Ron( =} 65) 
Bu=Re Ast Roon( =} (36.6) 
and 
Ruexp{ —}+Rusexp{ — (66.27) 
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‘We used double exponential decay for A,, and B,, (Equations 36.5 
and 36.7), which corresponds to the non-radiative lifetime (fast 
decay: Ts, and t,,) and radiative lifetime of free-carrier recombina 
tions (slow decay: t., and 1,,). Given the imperfect homogeneous 


distribution of the QDs,, in area B, some QDs,, lack energy trans- 
fer routes to QD,,. However, we introduced the mean energy 
transfer time 1, from QDs,, and QDs,, in Equation 36.6. In these 
equations, we neglected the energy dissipation time of about Ips 
(Guyot-Sionnest et al. 1999) because that is much smaller than 
exciton lifetimes and energy transfer time. Figure 36.7 shows 
the best-fitted numerical results and experimental data. Here, 
wwe used exciton lifetimes of 10ns and 1; = 179ns. The 
‘mean energy transfer time was t, = 135ps, which is comparable 
with the observed energy transfer time (130s) in CuCl quantum, 
cubes (Kawazoe et al. 2003) and ZnO QWs (Yatsui et al. 2007). 
Furthermore, the relation 1,< ,, agrees with the assumption that 


most of the excited excitons in QDs,, transfer to excited exciton 
energy level in a QD, , before being emitted from QD,, 


36.2.3 Controlling the Energy Transfer 
between Near-Field Optically 
Coupled ZnO QDs 


ZnO isa promising material for room-temperature operation of 
nanophotonic device because of its large exciton binding energy 
(Obtomo et al. 2000, Huang et al. 2001, Sun et al. 2002). Here, we 


Nanophotonic Device Materials 


Saat and tap 


Bye Tay Ton aNd Ty 


oa 


2 
g 


oot 


001 


ns) 


FIGURE 36.7 Experimental results (circles, squares and trian- 
sles) and fitting curves (broken, solid, and short broken lines) using 
Equations 36.5 through 36.7 for the PL. intensity profiles. The fitting 
parameters are R,, = 0.560, ty = 2.95% 10-Y, R, = 0.329, = 2.10 x 10" 
R= O70, R= 0.330, = 1.35 % 10-8, Ry, = 0.785, %, = 2.94 x 10-%, 
Ryz= 0.201, G = 1.79% 10". 


used chemically synthesized ZnO QD to realize a highly inte 
igrated nanophotonic device. We observed the energy transfer 
from smaller ZnO QDs to larger QDs with mutually resonant 
‘energy levels. The energy transfer time and energy transfer ratio 
between the two QDs were also calculated from the experimen- 
tal results (Yatsui et al. 2008). 

ZnO QDs were prepared using the sol-gel method (Spanhel 
and Anderson 1991, Meulenkamp 1998). 


1. A sample of 1.10g (Smmol) of Zn(Ad),-2H,0 was dis 
solved in 50mL. of boiling ethanol at atmospheric pres 
sure, and the solution was then immediately cooled t00°C. 
{A sample of 0.29g (7mmol) of LiOH-H,O was dissolved 
in 50m of ethanol at room temperature in an ultrasonic 
bath and cooled to 0°. The hydroxide-containing solu 
tion was then added dropwise to the Zn(Ac), suspen- 
sion with vigorous stirring at 0°C. The reaction mixture 
became transparent afer approximately 0.1 gof LiOH had 
been added, The Zn0 sol was stored a 0°C to prevent par- 
ticle growth 

2. A mixed solution of hexane and heptane, with a volume 
ratio of 3:2, was used to remove the reaction products 
(LiAc and H,0) from the Zn0 sol 

3. To initiate the particle growth, the ZnO solution was 
warmed to room temperature. The mean diameter of ZnO 
QD was determined from the growth time, 7, 


Figure 36.8a shows a TEM image of synthesized ZnO dots after 
the second step. Dark areas correspond to the ZnO QD. This 
image suggested that monodispersed single crystalline particles 
were obtained. 
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‘To check the optical properties and diameters of our ZnO 
QD, we measured the photoluminescence (PL) spectra using 
He-Cd laser (2 = 325nm) excitation at SK. We compared the 
PL spectra of ZnO QD with T, = 0 and 42h (solid and dashed 
curves in Figure 36.8, respectively). A redshifted PL spectrum 
was obtained, indicating an increase in the QD diameter. Figure 
36.8c shows the growth time dependence of the QD diameter. 
This was determined from the effective mass model, with peak 
energy in the PL spectra, Ei = 3.35eV, m, = 0.28, m, = 18, 
and € = 3,7 (Brus 1984). This result indicated that the diameter 
growth rate at room temperature was 1.1 nm/day. 

Assuming that the diameters, D, of the QDS and the QDL. 
were 3.0 and 4.5m, respectively, Ey, in the QDS and E,, in the 
QDL resonated (Figure 36.9a). An ethanol solution of QDS and 
QDL was dropped onto a sapphire substrate. The mean surface- 


to-surface separation of the QD was approximately 31m, 

The spectra $ and L in Figure 36.9b correspond to the QDS 
and the QDL, with spectral peaks of 3.60 and 3.44eV, respec 
tively. The curve A in Figure 36.9b shows the spectrum from the 
QDS and QDL mixture with R = 1, where Ris the ratio (number 
of QDS)/(number of QDL). The spectral peak of 3.60eV, which 
corresponded to the PL. from the QDS, was absent from this 
curve. This peak was thought to have disappeared due to energy 
transfer from the QDS to the QDL, because the first excited 
state of the QDL resonated with the ground state of the QDS. 
Our hypothesis was supported by the observation that when R 
was increase by eightfold, the spectral peak from the QDS reap- 
peared (see spectrum C in Figure 36.9) 

To confirm this energy transfer from the QDS to the QDL at 
5K, we evaluated dynamic effects using time-resolved spectros: 
copy with the time-correlated single photon counting method. 
‘The light source used was the third harmonic of a mode-locked 
Tissapphire laser (photon energy 4.05¢V, frequency 80MHz, 
and pulse duration 2ps). We compared the signals from mixed 
samples with ratios R = 2, 1, and 0.5. The curves T, (R = 2), 
T, (R= 1), and Te (R = 0.5) in Figure 36.10 show the respective 
time-resolved PL intensities from the ground state of the QDS 
(Eq) at 3.60eV. We investigated the exciton dynamics quanti 
tatively by fitting multiple exponential decay curve functions 
(Bawendi et a. 1992, Crooker et al. 2003): 


(36.8) 


We obtained average 1, and 1, values of M4ps and 443ps, 
respectively (see Table 36.2). Given the disappearance of the 
spectral peak at 3.60.eV in the PL. spectra, itis likely that these 
values corresponded to the energy transfer time from the 
QDS to the QDL and the radiative decay time from the QDS 

respectively. This hypothesis was supported by the observation 


that the average value of t, (I44ps) was comparable with the 
observed energy transfer time in CuCl quantum cubes (130 ps) 
(Kawazoe et al. 2003). 
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FIGURE 36.8 (a) TEM image of the ZnO QD. The dark areas inside the white dashed circles correspond to the ZnO QD. (b) The PL spectra 


observed at SK. The solid and dashed curves indicate growth time T, = Oand 42h, respectively. (c) The growth time dependence of the mean ZnO 
QD diameter. 
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FIGURE 36.9 (2) Schematic of the energy diagram between a QDS and QDL.(b) The PL spectra observed at 5K. The labels Sand L indicate QDS 
and QDL, respectively. The labels A, B, and C indicate mixes with R ratios of 1,4, and 8, respectively 


When AC current passes through the bulb, both 
terminals will glow. 


Ifa bulb (with series resistor) is placed between 
the "hot" side ofa domestic AC power supply and 
ground, the bulb will glow. fitis placed between 
the neutral side of the supply and ground, it will 
not glow. 


These features enable a neon bulb to be used for 
simple power-supply testing, 


fe Expectancy 

The metal of the electrodes gradually vaporizes 
during everyday use of a neon bulb. This is 
known as sputtering and can be observed as the 
glass capsule becomes darkened by deposition 
of vaporized metal, The electrodes will have a 
more limited life in a lamp used with DC voltage, 
where sputtering affects only the cathode. Using 
AG, the electrodes take turns functioning as the 
cathode, and vaporization is distributed be 
‘tween both of them, 


Figure 19-10. In byg 


Failure of a neon lamp can occur as sputtering 
erodes the electrodes to the point where the 
maintaining voltage will increase until it almost 
reaches the level of the power supply. At this 
point, the bulb will licker erratically. 


Failure canalso be defined asa gradual reduction 
inbrightnessto 50% of ated light output, caused 
by accumulated deposition in the glass capsule 
Because deposition occurs more heavily on the 
sides ofthe bulb, alongerapparentlifeis possible 
if the bulb is mounted so that it is viewed from 
the end. 


Typically, neon bulbs are rated for 15,000 to 
25,000 hours (two to three years of constant op: 
eration). However, the life can be greatly in 
creased by a slight reduction in voltage, which 
Figure 19-11, Neon folk art survives in this hand-painted ‘May be achieved by substituting a series resistor 
jt light sold in a Florida tourist shop. with a slightly higher value. 


The relationship between operating life and re 
sistor value is shown below. If LA is the normal 
operating life, LB is the extended operating life, 


Power-Supply Testing 
When driven by DC current, only the negative 
electrode (the cathode) of a neon bulb will glow. 
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TABLE36.2 Dependence of the Time 
Constants (t, and %) on R as Derived from the 
‘Two Exponential Fits of the Time-Resolved PL. 
Signals and the Coefficient Ratio Ay/Ay 
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We also investigated the value of coefficient ratio A\/A, (see 
‘Table 36.2); this ratio was inversely proportional to R, hence pro: 
portional to the number of QDL. This result indicated that an 
excess QDL caused energy transfer from QDS to QDL, instead 
of direct emission from the QDS. 

We observed the dynamic properties of exciton energy trans 
fer and dissipation between ZnO QD via an optical near-field 
interaction, using time-resolved PL spectroscopy. Furthermore, 
‘we successfully increased the energy transfer ratio between the 
resonant energy state, instead of the radiative decay from the 
QD. Chemically synthesized nanocrystals, both semiconductor 
QD and metallic nanocrystals (Brust and Kiely 2002), are prom: 
ising nanophotonic device candidates, because they have uni- 
form sizes, controlled shapes, defined chemical compositions, 
and tunable surface chemical functionalities. 
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36.3 Nanophotonic AND-Gate Device 
Using ZnO Nanorod Double- 
Quantum-Well Structures 


ZnOIZnMgO nanorod heterostructures have been fabricated 
and the quantum confinement effect has been observed from 
single QW structures (Park et al. 2003, 2004). In this section, we 
review the time-resolved near-field spectroscopy to demonstrate 
the switching dynamics that result from controlling the optical 
near-field energy transfer in ZnO nanorod double-quantum- 
well structures (DQWs). We observed nutation of the population 
between the resonantly coupled exciton states of DQWs, where 
the coupling strength of the near-field interaction decreased 
exponentially as the separation increased (Yatsui et al. 2007) 

To evaluate the energy transfer, three samples were pre- 
pared (Figure 36.11a): (1) Single-quantum-well structures 
(SQWs) with a well-layer thickness of L, = 2.0nm (SQWS), 
(2) DQWs with L, = 3.5nm with 6nm separation (1-DQWS), 
and (3) three pairs of DQWs with L,, = 2.0nm with different 
separations (3, 6, and 101m), where each DQW was separated 
by 30nm (3-DQWS). ZnO/ZnMgO quantum-well structures 
(QWs) were fabricated on the ends of ZnO nanorods with a 
mean diameter of 80nm using catalyst-free metalorganic 
vapor phase epitaxy (Park et al. 2002). The average concentra 
tion of Mg in the ZnMgO layers used in this study was deter- 
mined to be 20 atm % 

‘The far-field PL spectra were obtained using a He-Cd laser 
(A = 325nm) before detection using near-field spectroscopy. 
‘The emission signal was collected with an achromatic lens 
(f= 50mm). The near-field photoluminescence (NFPL) spectra 
were obtained using a He~Cd laser (A = 325nm), collected with 
a fiber probe with an aperture diameter of 30nm, and detected 
using a cooled charge-coupled device through a monochroma- 
tor. Blueshifted PL peaks were observed at 3.499 (I,), 3429 (Iys)s 
and 3.467 (Isp) eV in the far- and near-field PL. spectra (Figure 
36.12a). These peaks originated from the respective ZnO QWs 
because their energies are comparable to the predicted ZnO 
well-layer thicknesses of 1.7 (I. 34 (lip), and 2.2 (Iyp) nm, 
respectively, calculated using the finite square-well potential 
of the quantum confinement effect in ZnO SQWs (see Figure 
36.12b) (Park et al. 2004). 

To confirm the near-field energy transfer between QWs, we 
compared the time-resolved near-field PL (TRyry,) signals at 
the ly ly 
troscopy, the signal was collected using a micro-channel plate 
througha band-pass filter with Inm spectral width. Figure 36.13, 
shows the typical TRyey, of SQWs (TR), I-DQWs (TR,,), and 
3-DQWs (TRiv) 

We calculate the exciton dynamics using quantum 
mechanical density-matrix formalism (Coffey and Friedberg 
1978, Kobayashi et al. 2005), where the Lindblad-type dissi- 
pation is assumed for the relaxation due to exciton-photon 
and exciton-phonon couplings: 


and Iyy peaks. For the time-resolved near-field spec- 
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FIGURE 36.11 Zn0/ZnMgO nanorod quantum-well-structures. 
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c-axis of the ZnO stem, (a) Schematic of ZnO/ZnMgO SQWs, DQWs 


- of DQWS (3-DQWS).(b) Z-contrast TEM image of 3-DQWS clearly shows the compositional variation, with the bright, 
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FIGURE 36.12 Near-field time-resolved spectroscopy of ZnO nanorod DQWs at 15K. (a) NF,, NF p, NFyp! near-field PL spectra, FF, FF,» FP,o 


far-field PL spectrum of Za0 SQWS (L,, = 2.0nm), 1-DQWS (L, = 3.5m, 


‘6nm separation), and 3-DQWs(L, = 2.0nm:; 3, 6, and 10nm separation). 


(b) Well width dependent on the exciton ground state and the first excited state. SQWs: open triangle, 1-DQWs: open circle, -DQWs: open square. 


{2A,pA,'—A,"A,p—pA,'A,) (36.9) 


[Hol+ 


where 
pis the density operator 
His the Hamiltonian in the considered system 
Ay! and A, are creation and annihilation operators for an 
exciton energy level labeled n 
is the photon or phonon relaxation constant for the energy 
level 


‘The exciton population is calculated using matrix elements for 
all exciton states in the system considered. First, we apply the 


calculation to a three-level system of SQWs (Figure 36.14a), 
where the continuum state fiQ. is initially excited using a 10ps 
laser pulse. Then, the initial exciton population in ZnO QWs is 
created in fQ,,, where the energy transfer from hiQ to hs is 
expressed phenomenologically as a Gaussian input signal with a 
temporal width of 2,, (an incoherent excitation term is added 
in Equation 36.9), because non-radiative relaxation paths via 


exciton-phonon coupling make a dephased input signal, statis 
tically. Finally, an exciton carrier relaxes due to the electron. 
hole recombination with relaxation constant 7. Figure 36.14b 
shows a numerical result and experimental data. Here, we used 
20,3 = 100ps, and, was evaluated as 460ps. 

‘A similar calculation was applied for DQWs. We used two. 
three-level systems, coupled via an optical near-field with a 
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FIGURE 36.13 TR, TRyy, and TR show TRyyp signal obtained at 
I,stip, and Ii, respectively, using the 4.025eV (2. = 308 nm) light with a 
pulse of lps duration to excite the barrier layers of Zn QWs. 
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coupling strength of U,, (Figure 36.l4c). Figure 36.l4d shows 
the numerical results for the exciton population in QWs, and 
the experimental data. Here 26,» and 20;,, were set at 200ps, 
which is twice the value for SQWs, because the relaxation 
paths extend the barrier energy state in the two quantum wells 
(QWS). Yyp and yp are evaluated as 200 ps. We believe that the 
faster relaxation for DQWs compared with SQWs reflects the 
lifetime of the coupled states mediated by the optical near 
field, Furthermore, the characteristic behavior that results 
from near-field coupling appears as the oscillatory decay in 
Figure 36.14d. This indicates that the timescale of the near 
field coupling is shorter than the decoherence time, and that 
coherent coupled states, such as symmetric and antisymmet- 
ric states (Sangu et al. 2004), determine the system dynamics, 
Furthermore, nutation never appears unless unbalanced ini 
tial exciton populations are prepared for jy and hy. In the 
far-field excitation, only the symmetric state is excited because 
the antisymmetric state is dipole-inactive. Then, the exciton 
populations of the two quantum wells are equal and they have 
the same decay rate. By contrast, in the near-field excitation, 
both the symmetric and antisymmetric states are excited due 
to the presence of a near-field probe. Since the symmetric and 
antisymmetric states have different eigenenergies, the inter- 
ference of these states generates a detectable beat signal. The 
unbalanced excitation rate is given by A\/A, = 10 here. From 
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FIGURE 36.14 The schematic depict the (a) SQW and (€) 1-DQWs system configurations. hi: barrier energy state with a central energy 
‘Theoretical results on the transient exciton population dynamics (solid curves) and experimental PL data (filled squares) of (b) SQW (same as 
‘curve TR, in Figure 36.13) and (d) 1-DQWS (same as curve TR,» in Figure 36.13) 
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FIGURE36.15 Evaluation of the nutation frequencies between the QW. (a) PS,,PS,p, and PS,» show the power spectrum of TR,,TRyp, and TRio, 


respectively. (b) Separation D dependence of frequency ofthe nutation, 


the period of nutation, the strength of the near-field coupling is, 
estimated to be U,, = 7.7 ns" (= 4.9 eV). 

We evaluated nutation frequencies using Fourier analysis. 
In Figure 36.15a, the power spectral density of SQWs (PS,) 
does not exhibit any peaks, indicating a monotonic decrease. 
By contrast, the power spectral density of 1-DQWs (PS,,) had 
a strong peak at a frequency of 2.6ns", Furthermore, that 
of 3-DQWs (PS,,) had three peaks at 1.9, 47, and 7.1ns* 
ince, the degree of the coupling strength, which is propor- 
tional to the frequency of the nutation, increases as the sep: 


aration decreases, the three peaks correspond to the signals 
from DQWs with separations of 10, 6, and 3nm, respectively 
Since the coupling strength AU [eV] is given by inf (f¢ nuta 
tion frequency), hU is estimated as 4.0, 9.9, and M4.2ueV for 
DQWs with respective separations of 10, 6, and 3nm. These 
values are comparable to that estimated above (U,, = 4.9 eV). 
Furthermore, the peak intensity for the DQWs with 3 nm sep: 
aration is much lower than for those with 10nm separation, 


which might be caused by decoherence of the exciton state due 
to penetration of the electronic carrier. Considering the car- 
rier penetration depth, the strong peak of DQWs with 10nm 
separation originates from the near-field coupling alone. The 
solid line in Figure 36.15b shows the separation dependence 
of the peak frequency. The exponentially decaying dependence 
represented by this line supports the origin of the peaks in 
the power spectra from the localized near-field interaction 
between the QWs. 

Next, we performed the switching operation. Figure 36.16a 
and explains the “OFF” and “ON” states ofthe proposed nano- 
photonic switch, consisting of two coupled QWs. QW, and QW, 
are used as the input/output and control ports of the switch, 
respectively: Assuming L, ~3.2 and 3.8nm, the ground exciton 
state in QW, and the fist excited state in QW, resonate. In the 
“OFF” operation (Figure 36.16a), all the exciton energy in QW, 
is transferred to the excited state in the neighboring QW, and 
relaxes rapidly to the ground state. Consequently, no output 
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FIGURE 36.16 The switching operation by controlling the exciton excitation. Schematic ofthe nanophotonic switch of (a) “OFF” state and (b) 


“ON” state 
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FIGURE 36.17 (a) NFoxy NFeqann and NForr show NFPL signal 
obtained with the illumination of input laser alone, contro! laser alone, 
‘and input and control laser, respectively. 


signals are generated from QW,, In the “ON” operation (Figure 
36.16b), the escape route to QW, is blocked by the excitation of 
‘QW, owing to state filling in QW, on applying the control signal; 
therefore, an output signal is generated from QW,. 

Figure 36.17 shows the NFPL for the three pairs of DQWs with 
L, = 3.2 and 3.8nm with different separations (3, 6, and 10m). 

‘urve NF, was obtained with continuous input light ilumina- 

tion from a He~Cd laser (3.814eV). No emission was observed 
from the exciton ground state of QW, (E,,) or the excited state 
‘of QW, (Ey) ata photon energy of 3.435eV, indicating that the 
excited energy in QW, was transferred to the excited state of 
QW,. Furthermore, the excited state of QW, is a dipole-forbid: 
den level. Curve NFasua shows the NFPL signal obtained with 
control light excitation of 3.425eV with a 10ps pulse. Emission 
from the ground state of QW, at a photon energy of 3425eV was 
observed. Both input and control light excitation resulted in an 
‘output signal with an emission peak at 3.4356V, in addition to the 
‘emission peak at 3.425 eV (curve NFoy), which con 
ground state of QW,. Since the excited state of QW 
forbidden level, the observed 3.435eV emission indicates that the 
energy transfer from the ground state of QW, to the excited state 
of QW, was blocked by the excitation of the ground state of QW. 

Finally, the dynamic properties of the nanophotonic switch: 
ing were evaluated. We observed TRyypy signals at 3435eV with 
both input and control laser excitation (see Figure 36.18). The 
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FIGURE 36.18 Near-field time-resolved PL signal with “ON” state 


decay time constant was found to be 483 ps. The output signal 
increased synchronously, within 100ps, with the control pulse 
Since the rise time is considered equal to one-quarter of the 
nutation period + (Sangu etal. 2003), the value agrees with those 
obtained for DQWs with the same well width in the range from 
1/4 = 36ps (3m separation) to 1/4 = 125ps (10.nm separation) 

We observed the nutation between DQWs and demonstrated 
the switching dynamics by controlling the exciton excitation in 
the QWs. Examination of the electronic coupling between QWs 
is now in progress to analyze the detailed switching dynam 
ics. For room-temperature operation, since the spectral width 
reaches thermal energy (26meV), a higher Mg concentration 
in the barrier layers and narrower L, are required so that the 
spectral peaks of the first excited state (E,) and ground state (E,) 
do not overlap. This can be achieved by using two QWs with 
L, = L5nm (QW,) and 2nm (QW,) with a Mg concentration of 
50%, where the energy difference between E, and E, in QW. 
50meV (Park 2001). 
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37.1 Introduction 


‘The term nanophotonics may be understood as abbreviation from 
“photonics of nanostructures.” This rapidly evolving research area 
deals with light interaction in nanostructured materials and their 
applications in photonic devices like light sources, modulators, 
detectors, etc 


37.1.1 Basic Types of Waveguides 
for Nanophotonies 


Optical waveguides are structures that are able to confine 
and guide optical electromagnetic field. Classical waveguides 
(optical fibers, Figure 37.1a) use refractive index difference 
between the core and the cladding layer to guide light by total 
internal reflection. When the size of waveguide approaches 
the wavelength of light, the confinement decreases and losses 
increase. Therefore, the size of practical classical waveguides 
is limited to several hundreds of nanometers. Somewhat bet- 
ter confinement can be achieved in more complex waveguides 
with guiding properties determined by the formation of pho: 
tonic bands due to their regular spatial structure (Figure 37.1 
and ©): (1) photonic crystal waveguides using “defects” in peri- 
odic structures of photonic crystals to confine light and (2) 
plasmonic waveguides based on metallic nanostructures with 
plasmon resonance (see, e.g., Pavesi and Guillot 2006). Due 
to limited space, we are going to describe only a special type 
of the “classical” waveguides formed by luminescing silicon 
nanocrystals (Si-nc). 


37.1.2 Silicon Nanophotonics 


‘The recent years can be characterized by the association of micro- 
electronics with optoelectronics or photonics. While the micro- 
electronicsisbased almost exclusively on silicon indirectband-gap 
semiconductor), photonic light sources are currently made out of 
direct band-gap III-V compounds (family of GaAs materials). In 
order to reduce the material diversity, an effort to develop an effi- 
cient, electrically pumped silicon-compatible light-emitting device 
is becoming very strong (Pavesi and Lockwood 2004). This ten- 
dency to “sliconize photonics” is driven also by the need to reduce 
the overheating of silicon integrated circuits due to the ohmic resis- 
tance of excessively long multilevel metal interconnects (Pavesiand 
Guillot 2006). Supplementary advantages like the reduction in 
charging (RO) time constant (speeding up the circuit performance) 
and prevention from crosstalks can be obtained as a bonus. 

Since bulk silicon, as an indirect band-gap semiconductor, 
is a very bad light emitter, nanometer-sized silicon nanocrys- 
tals, brightly luminescent at room temperature, represent one 
of the possible solutions (Pavesi and Lockwood 2004). It is then 
expected that the light signal originating in Si-nc and carry- 
ing the required information propagates in a low-loss medium, 
which assures, at the same time, a good directionality of the 
radiation. It has been discovered recently that slabs of fused 
quartz SiO, “doped” with Si-nc are able to accomplish both the 
role of a light emitter and that of a waveguide (Khriachtchey 
et al. 2001, Valenta et al. 2003a, Khriachtchev et al. 2004). We 
shall call this type of nanophotonic waveguides (which generate 
the luminous signal themselves and therefore there is no need to 
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FIGURE 37.1 


Plasmonic waveguide 


Nanophotonic waveguides: (a) “Classical” waveguide based on total internal rellection using the core with higher refractive index 


than the cladding. (b) Photonic erystal waveguide formed by a “defect” in the regular structure—here is the W1 waveguide formed by a row of 
‘missing holes. (c) Plasmonic waveguide formed by a row of metallic nanocrystals. 


couple the light to them from an external source) “active wave- 
‘guides.” In this chapter, we shall describe the preparation meth: 
‘ods of active nanocrystalline waveguides, their experimentally 
‘observed properties, and relevant theoretical description. We 
shall also briefly mention their various application possibilities. 


37.2 Fabrication of Planar 
and Rib Waveguides 


‘There have been many various methods of how to grow thin 
sheets of luminescent Si-nc embedded in an optically transparent 
matrix: (1) Implantation of fused quartz (SiO,) slabs with Si ions 
(Figure 37.2) (Cheylan et a. 2000), (2) reactive Si deposition onto 
fused quartz (Khriachtchev et al. 2002), (3) plasma-enhanced 
chemical vapor deposition (PECVD) of substoichiometric sili 
con oxide SiO, thin films on a Si substrate (Iacona et al. 2000), 
) co-sputtering of a Si wafer and a piece of glass using fused 
quartz plates or Si wafers as a substrate (Imakita et al. 2005), 


400 keV 
1-65 10" em? 


(6) crystallization of Si/SiO, superlattices with nm-thick amor- 
phous Si or SiO layers (Riboli et al. 2004), and (6) embedding 
of porous silicon grains into sol-gel derived SiO, layers (Luterova 
et al. 2004), to list at least the most frequently used. Most of 
these techniques comprise high-temperature (1100°C-1200°C) 
annealing of deposited SiO, films in order to achieve the phase 
separation between Si-nc and the SiO, matrix. The thickness of 
the resulting sheets containing Si-nc can vary from hundreds 
of nanometers to tens of micrometers. Due to the difference in 
refractive index between the matrix (1... ~ 1.45) and silicon 
(0n,= 3), such sheets actas planar or rib waveguides. Interestingly, 
the attractive waveguiding features that we are going to discuss, 
namely, the wavelength selective guiding of light (which can be 
also called “spectral filtering”) and microcavity-like behavior, 
are critically dependent upon the preparation method: Till now, 
they have been discovered only in samples fabricated using the 
first two methods. We describe them in detail 

Implantation of accelerated Si* ions can be applied either 
to fused quartz (silica) slabs or to a thin SiO, layer thermally 
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FIGURE 37.2 (a) The schematics of Si-nc planar waveguide preparation. (b) Refractive index profiles (nas a function ofthe depth z beneath the 
surface) of silicon nanocrystalline waveguides (implanted with 400 keV Si* ions and different implant fluences), extracted from optical transmis 


sion measurements. (After Valenta, J. etal, J. Appl. Phys. 96, 5222, 2004.) 
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{grown on a silicon wafer. Implantation energy varies usually 
between 30 and 600KeV, and implant fluences (ion doses) are 
of the order of 10-10" cm, The attractive waveguide prop: 
erties of fabricated planar waveguides, ie., pronounced emis- 
sion line narrowing and high output beam directionality in the 
visible region, have been found in waveguides prepared from 
Imm thick silica (Infrasil) slabs with optically polished surface 
and edges, using the implantation energy of 400keV and the 
implant fluences 1 x 10" cm* to 6 x 10" emr2, Because the Si* 
ions are almost monoenergetic, their stopping distance beneath 
the silica slab surface has only a small dispersion, which results 
in narrow and slightly skewed implant distribution, as reflected 
in the resulting refractive index profiles shown in Figure 37.2 
(Valenta et al. 2004), Peak excess Si concentration was up to 26 
atomic’. Spherical silicon nanocrystals with diameter distri 
bution roughly from 4 to 6nm were formed by annealing the 
implanted samples at 1100°C in a nitrogen ambient for 1h. To 
enhance several times the luminescence intensity of Si-nc, an 
additional anneal at 500°C in forming gas (N, + H,) for 1h was 
applied (Cheylan and Elliman 2001). The last operation pro- 
‘motes enhanced hydrogen passivation of non-radiative defects. 
‘The reactive silicon deposition has yielded substoichiomet- 
ric SiO, films on circular 1mm-thick substrate silica plates 
(Khriachtchev et al. 2001, 2004). Electron beam evaporation 
and radio frequency cells were used as silicon and oxygen 
sources. The SiO, layer thickness was -2y1m, and the value of 
the x parameter varied around x = 1.70. The as-grown mate- 
rial contained amorphous Si inclusions. Annealing of these 
“suboxide” films at 1100°C in nitrogen atmosphere resulted in 
the formation of well-defined Si-nc with diameters of 3-4nm, 
as evidenced by Raman spectroscopy. Extensive investigations 
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of this type of silica waveguides containing Si-nc discovered a 
small effective optical birefringence inside the layers, however, 
without radically influencing the properties of the waveguides 
(Khriachtchev et al. 2007). Refractive index profile across the 
thickness of these waveguides is flat, unlike the preceding case 
of the implanted layers 

‘The reason why Si-nc waveguides fabricated using other tech- 
niques do not show the spectral filtering effect are not fully clear 
at present. Of course, the condition sine non qua is asymmetry 
of the waveguide, ie, the waveguiding layer must not be sand- 
wiched between two materials (cladding layers) having the same 
effective refractive index, as we shall se in the next section. One 
can speculate about several further critical parameters: suitable 
composition and optical quality ofthe matrix; suitable density of 
Siomc (in the order of 10" cm); favorable layer thickness (around 
11m); excellent flatness and parallelism of both interfaces; and, 
last but not least, certain optimum value of propagation losses 
(Geveral dB/cm). The dominant losses in the waveguides under 
discussion are probably due to self-absorption and Mie light 
scattering on Si-nc clusters, not due to surface roughness (Pelant 
etal, 2006). 

The above discussion has dealt implicitly with planar wave- 
guides. Rib-loaded waveguides containing nanocrystals seem, 
in principle, even more desirable for nanophotonic applications. 
They can be also prepared using the ion implantation technique 
in either thin SiO, films thermally grown on Si or in polished 
fused quartz slabs, as described above. The rib structure can be 
formed (using standard photolithography and etching) by two 
possible means: either before or after the implantation proce- 
dure, Figure 37.3a represents schematics of such a rib waveguide 
structure 
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FIGURE 37.3 (a) Sketch ofa rib waveguide structure with silicon nanocrystals, prepared on a polished silica slab. The ribs were fabricated by 


‘optical lithography before: 


implantation. (b) Microscopic (reflection) image of apart ofthe structure. The spacing between the ribs is 100 um, 


(c) Methods to selectively excite the ib waveguides through the TIR prism or the evanescent field ofa fiber. (After Skopalové, E., Mode structure in 
the light emission from planar waveguides with silicon nanocrystals, Diploma thesis, Charles University, Prague, Czech Republic, 2007) 
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Lateral confinement of the light in a narrow rib is expected, 
in comparison with the planar waveguides, to have some advan: 
tages: saving considerable space in photonics circuits and offer. 
ing much wider variability in their design. On the other hand, 
the transition from the two-dimensional to the one-dimensional 
case can degrade the optical quality of the waveguide and intro. 


duce additional losses, such as those due to sidewall roughness 
or even due to considerably deformed rib cross section. Indeed, 
measurements of propagation losses in similar waveguides 
have given values above 10dB/cm, and this loss coefficient even 
increases for rib widths below 4j1m (Pellegrino et al. 2005). 
‘Therefore, in what follows, we discuss predominantly the two: 
dimensional nanocrystalline waveguides, and limited space 
only wil be given to the rib structures. 


37.3 Experimental Techniques 


37.3.1 Techniques to Study 
Internal Photoluminescence 
Propagation in Waveguides 


One of the most important advantages of active waveguides is 
that light sources are embedded in the waveguide. In our mate. 

rial, Si nanocrystals forming the waveguide core can efficiently 
‘emit luminescence in the orange-red-infrared spectral range 
when excited with the UV-blue light (usually focused laser 
beam). Such internally produced light is automatically coupled 
to all possible modes of the waveguide: radiation, substrate, and 
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guided modes (see Section 37.5). The emission modes may be 
distinguished by measuring their propagation direction, spec 
tra, and polarization, which imposes requirements to experi 
mental setup. 

Two types of setups can be conveniently applied to study 
luminescence from active waveguides: (1) The micro-imaging 
spectroscopy setup is based on a microscope connected to an 
imaging spectrograph with a CCD camera (Figure 37.4a). For 
good angular resolution, low numerical aperture (NA) objec 
tive lenses should be used (in our experiments, we used mostly 
the lens with 2.5 x magnification and NA = 0.075, ie., an 
angular resolution of about 8.6"). The sample is fixed to an 
x-y-< table with a rotating holder and excited by a laser beam 
(251m from the cw He-Ca laser), approximately perpendic 
ular to the objective axis. 2) In order to achieve better angular 
resolution, an experimental arrangement based on a goniom: 
eter is employed (Figure 37.4b). Here, the sample is fixed to the 
center of the goniometer, and the photoluminescence emission is 
collected by a silica optical fiber (core diameter 1mm) rotated 
around the sample at a distance of 50mm, giving an angular 
resolution slightly less than 1 (NA~0.01). The output of the 
fiber can be coupled to the same detection system (a spectrograph 
with a CCD camera), as described above. 

‘Typical images observed with the microscopic setup (Figure 
37a) ar illustrated in Figure 37-4c and d. Here, the diameter of 
the excitation spot, located about 1 mm from the sample edge, is 
roughly Imm. One can easily recognize PL emission from the 
excited spot asa bright ellipsoid, However, there i 
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FIGURE 37.4 


Substrate 


{@) Micro-spectroscopy setup for studying spatially resolved emission from waveguides, (b) collection of signals from a waveguide 


using optical fiber mounted on a goniometer. (c,d) Luminescence microimages of the ative planar waveguide (obtained with the setup illustrated 


in pane! a), where the elliptical spot is the spot excited by the laser beam and the light line is emission emanating from the sample facet. The inclina 
tion of the sample with regard to optical axis is -15° and +15, respectively. (Adapted from Valenta, J. etal, J. App. Phys. 96, 5222, 2004.) 


light source, indicator, or display source 


RAis the normal resistor value, and RB isa higher 
resistor value: 


B=1A*(RB/ RA) 33 


For example, ifa normal resistor value is 20K, and 
itis increased to 22K, the life of the lamp should 
increase by a factor of slightly more than 1.4, 


Variants 


A typical neon bulb terminates in leads, and a 
lamp assembly often has solder tabs, although it 
may have a base with a screw thread, flange, or 
bayonet pins for insertion into a compatible 
socket. A lamp assembly thatdoes not usea base 
will either snap-fit into a hole of appropriate size 
and shape, or may be retained with a nut that 
engages with a plastic thread on the cylinder of 
the lamp. 


Some neon bulbs or lamp assemblies terminate 
in pins for direct insertion into a printed circuit 
board. 


Almost all neon bulbs operate either in the 100V 
to 120V range or in the 220V to 240V range. 


Light intensity is expressed either as “standard” 
or"extra-bright’ although datasheets usually do 
not define those terms. 


Tubes 

Nixie tubes, first marketed in 1955, were used to 
display numerals from 0 through 9 in the days 
before LEDs took over this capability. They are no 
longer being manufactured. 


Each numeral was physically formed from metal 
and functioned as an electrode inside a tube fil- 
led with a neon-based gas mixture. The typo- 
graphical elegance of the digits and their aes- 
thetically pleasing glow made Nixies enduringly 
popular. With a long lifespan, vintage tubes are 
still usable and can be purchased cheaply from 
sources such as eBay. Many originate in Russia, 
where Nixie-type displays were manufactured 
into the 1980s. The Russian tubes can be identi- 


neon bulb 


fied by their use of a numeral 5 that is a numeral 
2 turned upside-down. 


Nixie tubes typically require 170VDC. This creates 
a challenge for a power supply and switching, 
and can be a safety hazard, 


Figure 19-12 shows six Nixie-type tubes repur- 
posed for use as a 24-hour digital clock, 


Figure 19-12. A 24-hour clock using Nixie-type tubes. 
Source: Wikipedia, public domain. 


What Can Go Wrong 


False Indication 

Because a neon bulb requires so little power, it 
may be energized by induced voltages from else- 
where in a circuit, especially if inductive compo- 
nents such as transformers are used. To prevent 
this, ahigh-value resistor canbe placedin parallel 
with the bulb, in addition to the series resistor 
that must always be used. 


Failure in a Dark Environment 
Because a neon bulb requiresa minimal amount 
of light to initiate its own photon emissions, it 
may take time to start glowing in a very dim en- 
vironment, and may not light at all in total dark- 
ness. A few bulbs include a small amount of ra- 
dioactive material that enables them to self-start 
in complete absence of ambient light. 
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contribution emanating from the facet of the sample. This light 
is obviously guided in the implanted layer or close to it. The 
images in Figure 37.4c and d were collected for sample incl 
nation angles of -15° and +15°, respectively, ie., in a geometry 
for which the excited spot was observed either directly (Figure 
37.4c) or through the substrate (Figure 37.4d). The experimen: 
tal arrangement shown in Figure 374a enables the detection of 
the PL either from the excited spot or from the edge of sample 
by positioning the entrance slit of the spectrograph to differ- 
ent locations of the PL image. All experiments described in this 
chapter were performed at room temperature, 


37.3.2 Techniques to Study Propagation 
of Light from External Sources 


‘The coupling of external light to narrow submicrometer waveguides 
isadifficult task. The most used approaches are as follows: (1) Prism 
‘coupling oflight from the surface of the sample (Figure 37-5a). Light 
from Xe lamp, halogen lamp, or LED is collimated into a prism in 
contact with waveguide. For better optical contact, an immerse 
liquid should be dropped between the prism and the sample (the 
best optical contact—i.e., minimizing reflections on interface—is 
achieved when refractive index of the immersion liquid is between 
the values for the materials to be connected). A second prism may 
be placed on the opposite surface of waveguide to couple out the 
passing beam to avoid total internal reflection. (2) Direct coupling 
into the fact (Figure 37-5b, sometimes called end-ire coupling). The 
‘edge of the sample can be polished at some angle (here 70") in order 
to separate light refracted to the higher index waveguide from light 
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FIGURE 37.5 External light coupling into a narrow waveguide: (a) 
prism coupling, (b) end-fre coupling, () grating coupling, and (dl) eva- 
nescent-wave coupling. (Adapted from Janda, Petal, J. Lumin., 121, 267 
2006; Pavesi, L. and Guillot, G. (Eds), Optical Interconnects. The Silicon 
Approack, Springer Verlag, Berlin, Germany, 2006,) 
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entering lower index substrate. For both the external light coupling 
setups, the signal can be collected by an optical fberand guided to 
the entrance slit of the imaging spectrometer with a CCD detector. 
‘The other coupling methods desribed in literature are grating cou- 
pling and evanescent wave coupling (sometimes called waveguide- 
‘o-waveguide coupling) (see Figure 37.5c and d) 


37.3.3 Techniques to Study Losses and Optical 
Amplification in Waveguides 


‘The losses in waveguide are divided into insertion (coupling) losses 
and propagation losses, which contain scattering, radiation, and 
absorption (Figure 37.6a). Ifthe waveguide material can be pumped 
to reach population inversion, the guided light may be amplified 
by stimulated emission. In this case, the absorption coefficient « 
becomes negative and it is called the gain coefficient g(g =~ 

‘The most used methods to measure losses in waveguides are 
(Figure 37.6b through ¢) (1) “cutback” method detecting light 
output from waveguide with different length; (2) scattering 
detection from different points of waveguide surface; (3) Fabry- 
Perot resonance method, which can be applied to waveguides 
with good facets; and (4) shifting excitation spot (SES) method: 
which can be applied to active waveguides. 

Optical gain is measured by the variable stripe-length (VSL) 
method or by the pump-and-probe (PP) method. The principle of 
the VSL method consists in excitation of a narrow stripe-like region 
at the edge of a sample (Figure 377) (Shaklee and Leheny 1971, 
Valenta et al. 2003b, Dal Negro et al. 2004). Ifthe pumping is able 
toinduce population inversion in studied material, photons passing 
through the excited region can be amplified by stimulated emis 
sion. It corresponds to a single-pass optical amplifier. If the emis- 
sion from the sample edge P*(I,2) is detected as a function of the 
stripe length /, the net optical gain G(A) is calculated from a simple 
equation 


Tp) 
GO) 


rd 


exp(G)-)-1}, (7) 
where 
I,yis the intensity of spontaneous emission 
G(Q) = [g(Q)—K] is net optical gain (K stands for losses and 
‘g(A) is material gain coefficient, ie., negative absorption 
coefficient) (Valenta et al. 2002) 


Equation 37.1 is valid only when 1,(2) and g(A) are constant over 
the whole excited stripe. It means that the exciting power density 
and properties of sample must be uniform. Also, the coupling of 
the output emission to a detector must be constant, independent 
of x, for any part ofthe stripe. In reality, the geometry and emis- 
sion properties of the sample are never perfectly constant, and 
the coupling of light is influenced by directionality of emitted 
light, limited collection angle (NA), the confocal effect of imag- 
ing optics, etc. (Valenta et al. 2003b). Therefore, the SES method 
has been proposed to correct the VSL method (Valenta et al 
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FIGURE37.6 (a) Schematic illustration of losses in a waveguide. Methods to measure losses: (b) cutback, () scattering light detection, (4) Fabry 
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FIGURE 37.7 The principle ofthe (a) VSL and (b) SES methods and FIGURE 37.8 Schematic illustration of the principle of combining. 
typical dependence of the detected signal as function of the excited the SES and VSL experiments, 
Iength and the distance from edge, respectively (lower panel). (Adapted 


from Park, J.H.and Steck, AJ. Appl. Phys Lett, 85, 4588, 2004.) measurement with the spot width equal to the shift step. Let us 


assume that the VSL measurement is done using the same ele- 
2002). The principle of the SES method takes advantage of the _ mental steps x, as the SES experiment (obviously, also the stripe 
fact that instead of the whole stripe, only small segments are width and excitation density must be the same for both SES and 
excited and measured separately (Figure 377b). VSL). Then we can compare the VSL signal IY" for a stripe con- 

Figure 378 illustrates the procedure to compare the VSL sisting of n elemental steps (I = n-x,) with integrated SES signal 
and SES results. The most transparent approach consists of SES _[;*S,ie., sum of SES signals from m steps 
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FIGURE 379 ‘The basic arrangement of the PP experiment fora (a) planar and (b) rib waveguide. 


1 = ue. 


Integrated SES signal should contain the same amount of spon- 
taneous emission as the VSI measurement (including losses and 
effects of imperfect experimental conditions), the only differ 
cence being that in VSL experiment some photons go through the 
excited area and might be amplified by stimulated emission or 
affected by induced absorption. Which effect takes place is clear 
from plotting both 1S" and 15 in one figure. 

Similarly, we can calculate the differential VSL. intensity 
18, ie, the difference of signals obtained for stripe lengths 
T= n-xyand 


and compare it with ISS, Again, the detected signal comes 
from spontaneous emission in the nth excited spot that is 
passing through the excited or unexcited area for the dVSL 
and SES, respectively. In the ideal case, we can use equations 
18 = constexp|(g—K)d,]and [SS = constexp(-Kad, to derive 
the net optical gain g() 


in( 0/09) 
oo 


where d, is the distance of the center of the nth spot from the edge. 

‘The PP technique is based on the application of two beams: the 
first one is pumping the active sample and the second one is test: 
ing the state created by the pumping beam. In case of studying 
stimulated emission, the test beam may beamplified by stimulated 


emission. In general, the test beam spot must be situated inside the 
pumping spot in order to test area pumped as homogeneously as 
possible. Incase of pulsed beams, the temporal coincidence ofboth 
pumping and testing pulses must be controlled (the test beam may 
be delayed after pumping pulses to study decay ofthe effect). Ifthe 
thickness of the active layer is small, the induced effect on the test 
beam may be difficult to detect. Therefore, for waveguide samples, 
the test beam is often coupled to the waveguide, which i excited 
from the surface (Figure 379). Then, changes of the outcoupled 
light with and without pumping are detected. 


37.4 Main Experimental Observations 
in Active Si-nc Waveguides 


‘The most important observations for active planar waveguides 
are (1) spectral filtering; (2) TE (transverse electric) and TM 
(transverse magnetic) mode splitting; and (3) high direction- 
ality of TE, TM mode emission. These effects are illustrated in 
Figure 37.10; the panel (a) shows that the PL leaving the edge of 
waveguide layer is substantially different from the PL perpen- 
dicular to the layer. The perpendicular PLis formed by a single 
band that corresponds to the well-known emission of Si nano- 
crystals, but the edge PL contains two narrow PL bands. Both 
narrow lines are linearly polarized, one in the direction of the 
waveguide layer (TE mode) and the second one perpendicular 
to the layer (TM mode). The spectral position of the TE and 
‘TM modes depends on the exact profile of the refractive index, 
it means on the implantation fluence (see also Figure 37.16, 
which shows spectra of another set of samples). The panels (b) 
and (¢) illustrate that the TE and TM modes are emitted only 
in an extremely narrow angle (a few degrees), basically in the 
direction of the waveguide plane (only slightly inclined to the 
substrate, ie., under positive angles in our notation) 
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FIGURE 37.10 PL spectra of five fused silica slabs implanted to the fluences of 4x 10” emo 6 x 10” em, (a) Upper curves (a single wide band) 


correspond to PL emitted in a direction perpendicular to the waveguide, 
(= 5° (a sketch of the experimental arrangement is shown in the inset). 


while lower spectra with doublet peaks are facet_PL detected in a direction 
(b) Angle-resolved facet PL spectra of the sample 6 x 10” em. (¢) Polar 


representation of integrated PL intensity ofthe angle-resolved facet spectra from the panel b. Most ofthe PL intensity is emitted in a direction close 


00°. (Adapted from Janda, Petal, J Lumin., 121, 267, 2006.) 


‘The coupling and propagation of external light in active 
Si-nc waveguides were studied by the direct (end-fire) and the 
prism coupling (Figure 37a and b). The results for one sample 
are illustrated in Figure 37.11. For prism coupling, two broad 
transmission bands (in the blue and red spectral region) are 
‘observed in the measured spectral range. The positions of both 
bands coincide with those of the PL modes (Figure 37.10a). Our 
calculations show that the red and blue bands corresponds to 
the second and third order of substrate modes (the first order 
being in the infrared region), see Section 37.5 and Figure 37.14 
Broadening of the mode structure may be a consequence of the 
very low number of reflections undertaken by coupled light 
before escaping to the substrate, Coupling of external light 
through a truncated facet (Figure 37.5b) gives the best result 
for a coupling angle 7 ~ 20°, as expected (Figure 37.11, upper 
curves). In this configuration, the narrow and polarization 

split peaks at an output angle o.~2° are detected. The peaks 


are, however, not transmission but absorption peaks. This can 
be understood if itis assumed that the detected light comes 
not from substrate modes (which represent a small portion of 
transmitted light) but from filtered transmitted light propagat- 
ing almost parallel to the Si-nc waveguide from which a part 
of power escaped to the substrate modes that are, however, 
gradually absorbed in the waveguide core. The blue third order 
‘modes are much stronger compared to second order because of 
higher absorption in the blue spectral region. 

Experimental observation of rib waveguides indicates 
(Figure 37.12) that normal guiding of light is improved—see 
increased intensity of the long-wave edge of PL spectra in 
Figure 37.12a and b. This is due to the introduction of confine- 
ment in the second lateral direction of waveguide (in this case, 
the confining refractive index profile is symmetrical and the 


contrast higher (compared to the implanted layer profile) as the 
surrounding medium is air). On the other hand, roughness of 
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FIGURE 37.11 
5.5 x 10" em? obtained by the direct facet-coupling (upper curves, solid 
line—no polarization, dashed and dotted lines correspond to TE and TM 
polarization, respectively) and by the prism coupling (lower spectrum) 
(Adapted from Janda, P. et al, J. Lumin., 121,267, 2006) 
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FIGURE 37.12 Comparison of the edge PL spectra from planar and 
rib waveguides (dashed and continuous line, respectively) in samples 
implanted toa fluence of) 3 10" emy®,(b) 4x 10” em, €) 5x 10 
mm? and (d) 610" em 

the rib edges can introduce significant losses due to scattering, 
‘The influence of rib structure on the substrate (leaky) modes is 
less significant (see Figure 37.12c and d). This is because these 
modes propagate mostly in substrate, where the effect of side 
walls is negligible. 
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37.5 Theoretical Description 
of Active Lossy Waveguides 


Light coupling to a waveguide and its further propagation may be 
understood in terms of coupling between the waveguide modes 
and nanocrystals emitting photons. Light field inside the wave- 
guide may be expressed as a coherent superposition of excited 
waveguide modes, which arise as a solution of a homogeneous 
wave equation with proper boundary conditions {the waveguide 
modes are an orthonormal basis of the waveguide optical field 
(Snyder and Love 1983}].Itis therefore necessary to distinguish 
between various types of the waveguide modes in order to explain 
different types of energy transport in the waveguides. 

Let us consider a common model structure with three trans 
parent layers (see Figure 37.13): the top cladding layer with the 
refractive index n,, the bottom substrate with the refractive index 
rng and the core with the refractive index n, >n,>n, and thickness 
dd We may imagine the modes as rays emerging from inside the 
waveguide core and propagating toward one of the core boundar- 
ies. At the boundary, the ray may be either totally reflected back 
to the core or it may be partially reflected and partially refracted. 
‘The ray then travels toward the other boundary where it totally 
or partially reflects again. Only those modes that are totally 
reflected twice during one round-trip may propagate in the core 
without losses: these are the common guided modes. There are, 
in addition, lossy modes that are called the substrate radiation 
‘modes (they are refracted only into the substrate) and the radia. 
tion modes refracted both to the substrate and the cladding. 

In many applications, considering traveling of light at large 
distances compared to its wavelength (and thus working in the 
far-field limit), we may consider only the guided modes as effi 
cient carriers of energy between a source and a detector. In sili 
con-based nanophotonics devices, however, the situation may be 
even more complicated. The typical distances between compo- 
nents on a chip may be comparable to the light wavelength and 
the far-field approach fails. It is therefore important to analyze 
an influence of the substrate radiation modes on the response. 
We may rule out the radiation modes at this stage: compared to 
the substrate modes, they play only a negligible role in the overall 
system behavior. 


nt) z 


x Side view 


FIGURE37.13 Schematic representation of propagation and decoupling 
of substrate modes 
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Once light is emitted by a nanocrystal inside the waveguide 
‘mode, it undergoes internal reflections at the core/cladding and 
the core/substrate boundaries. The overall intensity of electric 
field of an excited mode inside the waveguide core may be written 
a superposition of the partial waves: 


Egaie( 8: 


091+ so | Sete 


EQ(A) 


Tras explsrin,dcos(®;)/ M1 


Here, rz, and r,, are the reflection coefficients at the respective 
boundaries, which depend upon the propagation angle @,. The 
wavelength is 2 and E,(A) is an effective emission amplitude of 
a nanocrystal to the waveguide mode. Considering the guided 
modes and thus [ry = [rss = 1, the electric field intensity reveals 
sharp resonances implying there are well-defined discrete guided 
modes. The energy carried by each modes finite, indeed. Unlike 
the guided modes, the electric field intensity is finite for the sub. 

strate modes and there are no sharp resonances in the spectra 

We may, however, resolve some weak resonances, depending on 
the phase factor of the term r,yr,, expl4nin,d cos(®,)/A): the elec: 

tric field is maximum if this term is positive and real. 

Itis clear from the ray optics that there are substrate modes 
that refract to the substrate at the angles near n/2, which means 
that they propagate nearly parallel to the core/substrate bound- 
ary; these modes may be understood as a crossover between the 
{guided modes and the substrate radiation modes which decou: 
ple rapidly from the core, possessing mixed characteristics of the 
both types of modes. As the modes may be assigned to a distinct 
{guided mode of the nth order (energy of the substrate mode is 
slightly below the cutoff energy of the nth guided mode), we 
denote each series of the substrate modes to be of the nth order 
(6ee Figure 37.14) The Fresnel formulae give us [r,| = 1 and [ra = 1 
in such a case (Figure 37.15), and it is then clear from Equation 
372 that these substrate modes reveal sharp resonances in the 
spectra (for a fixed angle 0, < arcsin(n,/n,). Energy carried by 
the substrate modes may be therefore comparable to the energy 
carried by guided modes. The most important point here is that 
this type of substrate modes cannot be experimentally distin 
guished from the guided modes at short distances from the 
source as they propagate near the core/substrate boundary. The 
substrate modes therefore significantly contribute to the system 
response and they may play an important role in many experi 
‘ments as well as in real on-a-chip devices. 

‘Although the guided and the substrate modes propagate 
in a similar direction, they may behave in very different ways 
because they propagate in two different environments. In our 
particular case, the guided modes are mostly localized inside 
the waveguide core doped by Si-nc, providing a possibility of 
reabsorption or optical amplification. The substrate modes, on. 
the contrary, propagate in a transparent substrate and they are 
therefore neither amplified nor attenuated. Rigorous deriva 
tion of PL spectra in real waveguides accounting for losses or 
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FIGURE 37.14 (See color insert following page 20-14.) Calculated 
spectral positions of the substrate modes as a function of (a) the refrac 
tive index contrast An = ,~,and (b) the relative thickness ofthe wave- 
{guide core compared to the sample 5x 10" $i em Gray scale indicates 
intensity from black up to white for the highest intensity, Several orders 
of modes ae seen starting from the first one in infrared region. 
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FIGURE 37.15. Rellectance & = jr and phase shifts 9 on the planar 
boundary between two dielectric media plotted for TE and TM modes 
versus incident angle 0. Sand G stand for substrate and guided modes, 
respectively. (Adapted from Pelant, I etal, Appl. Phys. B 83, 87,2006) 


amplification, decoupling of the light from the waveguide and 
real detection geometry is presented elsewhere (Ostatnicky etal 
2008); here, we summarize only the main results, 

Considering lossy waveguide core, the substrate modes become 
dominant in the optical response of a waveguide when detected 
in the direction parallel to the core/substrate boundary using a 
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FIGURE 37.16 (See color i 


sert following page 20-14.) (a) Photograph of the edge of a set of Si* ion implanted layers with direction of PL 


indicated by arrows, the edge is on the left. (b) Measured PL from samples implanted to different Si ion fluences in standard (the broadest curves) 
and waveguiding geometry (black lines, the slight lighter gray lines stand for TE and TM resolved polarizations). (2) Theoretically calculated PL 
spectra, We note that these results were obtained on different set of samples than in Figure 37.10. The mode positions are not exactly the same for 
samples with identical implantation dose because the annealing conditions were slightly different. Therefore, the refractive index profiles are not 


identical. (Adapted from Pelant, I. et al, Appl. Phys. B, 83, 87, 2006.) 


detector with a small numerical aperture. This situation is clearly 
illustrated through the comparison of our experimental data with 
the theoretical estimates in Figure 37.16 (we considered a continu- 
‘ous refractive index profile in our calculations). The broad part 
of the emission spectra originates from the (attenuated) guided 
modes and the narrow peaks are due to the substrate modes. The 
double-peak structure is further resolved as two single peaks 
‘with the respective TE and TM polarizations. In order to explain 
this point, we should remark that the coefficient r,s rea for the 
substrate modes while the coefficient r,, is in general complex. 
‘Considering. fixed angle of incidence ®,, 1, gives different values 
of the phase shift for the respective TE and TM polarizations (see 
Figures 37.14 and 37.15). Therefore, the resonance condition is met, 
at different wavelengths for different polarizations. From these 
considerations, the necessity of waveguide asymmetry for the 
appearance of the TE~TM polarization-resolved modes follows. 
‘The TE-TM splitting was also reported in Khriachtchev 
ct al. (2004), but the respective peaks have an opposite order 
in the spectra compared to our experiments. Our numerical 


calculations have shown that the TE-TM splitting depends 
strongly on the refractive index profile of the waveguide core. 
For the three-layer structures, the TE mode is positioned always 
at the high-energy side of the PL spectra. Its, nevertheless, pos- 
sible to fabricate a structure with multiple layers or with a graded 
refractive index profile, which provides an arbitrary TE-TM 
splitting (including both negative and positive values and also 
their degeneracy); this feature is well illustrated in Figure 37.14b, 
where the respective TE and TM modes interchange depending 
on the thickness of the guiding layer. 

‘The appearance of the substrate modes is well controllable 
by the parameters of the particular layers of the waveguide. 
Clearty, the optical thickness of the core d determines the reso- 
nance condition through the exponent in the denominator in 
Equation 372 and the ratio n,/n, has influence on the phase of 
the r,, term. The latter may be used in detectors integrated on a 
chip—the cladding can be made of a material that changes its 
refractive index due to the changes of the surrounding environ- 
‘ment conditions, and the position of the emission peak may then 
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FIGURE 37.17 (a) Measured PL spectra at different detection angles 
4 relative to the waveguide axis. (b) Numerical simulation of the mea- 
surements from the panel a, The sample with an implantation fluence of 
5 x 10" em’. (Adapted from Ostatnicky, T. et al, Guiding and ampli- 
fication of light due to silicon nanocrystals embedded in waveguides, 
in Khriachtchev, L. (ed), Silicon Nanophotonics, World Scientific, 
Singapore, 2008, pp. 267-296.) 


be correlated with some external variable (temperature, pH, etc. 
see Figure 37.20) (Luterové et al. 2006). 

‘As the sharp resonance in the spectra of the substrate modes 
is restricted only to the region where r,, ~ 1, we may expect dis. 
appearance of the substrate modes at large detection angles, ie, 
when the substrate modes do not propagate parallel to the core/ 
substrate boundary. This feature is illustrated in Figure 37.17 in 
comparison to the experimental and the theoretical data. We see 
1 very good agreement justifying the correctness of our model 

‘An important aspect of nanodevices is the magnitude of the 
decoupling length for the substrate modes, i.., the distance at 
which the substrate modes completely leak out from the wave- 
guide core. Our calculations (Ostatnicky et al. 2008) show that 
this distance may be few micrometers but also it may be as large 
as several hundreds of micrometers. As a consequence, the 
appearance of the substrate modes and their decoupling from 
the waveguide core may be of a big importance in nanodevices 
on the contrary to the fiber optics where the optical response to 
any excitation is provided solely by the guided modes at the typi- 
cal distances of the order from meters to kilometers. 


37.6 Application of Active 
Nanocrystalline Waveguides 
37.6.1 Amplification of Light 


“The significant narrowing of substrate leaky mode emis 


sion suggests immediately that optical amplification could be 
responsible for this observation. The VSL method (described 
in Section 37.33) has been applied to the planar asymmetric 
Si-nc waveguides in several laboratories (Khriachtchev et al 
2001, Ivanda et al. 2003, Luterova et al. 2003). It is tempting 
to interpret the frequently observed initial weak exponential 
growth of the VSL curve (Figure 37.18a) as a manifestation of, 
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FIGURE 37.18 VSL and SES measurements on a sample implanted 
to the dose of 4 10” em? under continuous wave excitation 325nm, 
0.26 Wlem*: a) VSL measurement atthe peak of TE and TM modes and 
for non-guided PL around 825nm. The fits (lines) give values of G = 35, 
and 28 cm for TE and TM modes, respectively, and losses of 11 em for 
rnon-guided PL. (b) Results of the SES measurement performed under 
identical conditions as the VSL. (c) Integration of data from panel (b). 
‘The gain fits (lines) give values of G = 29 and 22cm" for TE and TM 
modes, respectively. (Adapted from Valenta J et al, Appl. Phys. Let, 
81, 1396, 2002) 


the occurrence of optical gain. High output directionality of 
the substrate mode emission apparently supports such inter- 
pretation. However, it has turned out that, as shown above, itis 
very difficult if not impossible to evaluate correctly the optical 
gain magnitude of the substrate modes because the nonlinear 
growth can originate in the mode leaking itself. Figure 37.18 
demonstrates that the evaluation of the VSL. experiments can 
yield a false optical gain if proper comparison between the 
VSL and SES results is not taken into account. On the other 
hand, VSL measurements employing a high pulsed laser exci- 
tation, performed on a similar sample, revealed a characteris- 
tic switch from the light attenuation (G < 0) to amplification 
(G > 0) with increasing excitation energy density (Figure 37.19) 
It may be also of interest here to call the reader's attention to 
recent articles reporting firmly positive optical gain on leaky 


Waveguides for Nanophotonics 


TM polarization ° 
a ° 
30 
3 Y[e Pumping uence 86 lien 
2 {fo Pumping fuence 5 ales? 
° 


10 


Stripe length (am) 


FIGURE 37.19 Time-resolved VSL measurement of optical amplt- 
fication at position of the TM mode (760.nm) under pumping by 6ns 
pulses, 3551nm. The ft with Equation 37.1 gives the net gain coefficient 
(of (-6 #6) and (12 £ 2) em" for pumping fluence of 5 and 86m/em?, 
respectively. The threshold for positive gain is about SOmJ/em?. Sample 
was implanted to adose of 4x 10" em. (After Luterova, K. et al, Phys 
Status Solid (9), 2, 3429, 2005.) 
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substrate modes in asymmetric thin-film organic waveguides 
(Nakanotani et al. 2007, Yokoyama et al. 2008). 

‘At present, checking the reliability of the VSL method in the 
case of active asymmetric thin waveguides represents an issue 
requiring further investigation. 


37.6.2 Other Applications 


Although the benefit of the waveguide spectral filtering for 
nanocrystalline thin-film laser design is still controversial, the 
substrate modes may be attractive for other nanophotonic appli- 
cations. Firstly, they provide a way how to generate easily the spec: 
trally narrow, polarization resolved and directional emissionin the 
wavelength range 650-950nm without the necessity of building 
optical (micro)cavities. Moreover, this emission can be spectrally 
tuned simply by engineering the silicon excess content, as shown, 
in Figures 37.10 and 37.16. Potential feasibility of these properties 
for demultiplexing optical signal in photonic circuitsis evident, but 
improvement in quality of the rib waveguides is anticipated. 
Secondly, spectral sensitivity of the radiative substrate modes 
to surrounding (organic) compounds can be utilized in pho- 
tonic sensing (Figure 37.20): Magnitude of the refractive index 
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FIGURE 37.20 The influence ofa drop of liquid on the PL spectra: (a) the drop ison the excited spot and (b) the drop is out of excited spot (between 
the spot and the sample edge) c-) Comparison of experimental (points) and calculated (line) positions of PL maxima for different refractive indices 


‘of liquid drops. Sample is implanted to a dose of 5 x 10" em”, (Adapted from Pelant, I. et 


rs. 100, 074307, 2006.) 


. Appl. Phys. B, 83, 87, 2006; Luterové, K. eta. . Appl 
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rn, of the compound (playing role of the cladding layer) affects 
markedly the spectral position of the TE~TM doublet. When 1, 
exceeds the magnitude of the core refractive index (1, = 1.45), 
the condition of total reflection |r| = 1 is canceled and the TE- 
‘TM doublet completely disappears. A more systematic research 
in this direction is, however, missing. 

Finally, the active waveguides give the chance to circumvent 
the coupling problem connected with discrete photonic elements, 
ice, the problem of how to inject efficiently light from an external 
source in a waveguide (Orobtchouk 2006). The active waveguides 
eliminate the need of any optical couplers and enable it to design 
integrated photonic circuits. Theoretical analysis of active Si-nc 
devices integrating optical emission and waveguiding, compat- 
ible with silicon VLSI processing technology, have been submit- 
ted quite recently (Milgram et al. 2007, Redding et al. 2008). 


37.7 Conclusions 


‘Active waveguides formed by densely packed silicon nanocrys- 
tals represent a promising type of nanophotonic waveguides. In 
contrast to other types of nanowaveguides (based on photonic 
waveguides, plasmonic structures, etc), it can be prepared by 
various technological approaches available and well mastered in 
many research and industrial laboratories. Its potential applica- 

tions range from optical amplifiers and filters to optical sensors. 

‘The descriptions of characterization techniques and theory of 
waveguide modes in this chapter are applicable to many other 
waveguide structures. 
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Premature Failure with DC 

The life expectancy quoted in datasheets for ne- 
on bulbs usually assumes that they are powered 
by AC. Because DC results in faster vaporization 
of the electrodes, the expected lifetime should 
be reduced by 50% if DC power will be used. 


Premature Failure through Voltage 
Fluctuations 

Because the deterioration of a neon bulb accel- 
erates rapidly with current, a sustained voltage 


light source, indicator, or display > single source > 


neon bulb 


that passes slightly more current can radically 
reduce the expected lifespan. 


Replacement 
Replacement can be an issue with panel indica- 
tors, where disassembly of a device may be nec- 
essary to reach the bulb. Bear in mind, however, 
that an easily removable bulb becomes vulnera- 
ble to tampering. 
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38.1 Introduction 


Due to the constant development of nanotechnologies and func 
tional nanomaterials used in information systems, researchers 
need to look for new ideas and radically new constructive solu 
tions to ensure efficient device operation, record-breaking high 
speed, and integration of elements. On the other hand, functional 
clements being formed in nanometer range require landmark 
approaches. It refers especially to the formation of information 
logical devices at the molecular level. That is, the formation of 
nanodevices by direct impact on separate molecules or atoms is 
not efficient in the long run. The total time taken for operations 
with separate molecules leads to tremendous amount of time 
taken to form the device and huge costs. 

‘Another techno-systematic problem is the necessity to use 
“macro-nano” and “nano-macro” interfaces to put in the origi- 
nal information and deduce final results. The advantages of the 
small-size molecular elements cannot help to ensure access to 
them. Probably the only effective way to arrange the bonding 
‘with molecular system is to use optical interaction. 

Under the circumstances, it seems quite reasonable to refer 
to the most competent specialist, whose experience in creat- 
ing molecular systems cannot raise any doubts, that is, to the 
nature itself and try to apply bionic principles to engineering 
and design. The solution seems to be connected with hierarchic 
structural and functional self-organization of molecular sys 
tems that use assemblies of molecules as a basis for molecular 
information-logical appliances. 

‘Amongall the information systems, bionic approach seems to 
bbe the most effective, harmonic, and holistic one; itis important 


to point out molecular neural network appliances. Both adap- 
tive self-organization principles of data processing and self- 
organization principles of functional nanostructures can be 
applied to those systems. 

Below you will ind a detailed description of techno-systematic 
approaches aimed at implementation of biomolecular neural net: 
work appliances. Mentioned below, biological material—protein 
“bacteriorhodopsin”—has unique technological potential and its 
optical properties allow the use of optical input-output devices 
and create molecular appliances based on self-organization 
principles, 


38.1.1 Bacteriorhodopsin Is an Advanced 
Material for Molecular Nanophotonics 


Bacteriorhodopsin (BR)—light-sensitive protein—is similar to 
the optic rhodopsin of the human eye. BR is obtained from halo- 
bacteria containing BR in cellular membranes (so-called purple 
membranes). During the separation from the bacterial cells, 
purple membranes save the entire structure (Vsevolodov, 1988; 
Oestethelt et al, 1991). The typical size of purple membranes is 
500-1000nm. It is the unique biocrystalline structure capable 
of saving its permanent properties for a number of years, which 
consists of dry and polymer films with the thickness from Snm 
(monolayer) up to a few tens of micrometers. 

‘The fundamental BR property is the photochemical cycle 
availability: after the light quantum absorption, BR molecule 
passes through the sequence of states and spontaneously returns 
to the primary form (Figure 38.1). At that point, in compliance 
with the cycling of BR molecule state, the light-induced cycling 
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FIGURE38. BR photocyele 
of optical characteristics (refraction and absorption indices) 
‘occurs (Haronian and Lewis, 1991; Zeisel and Hampp, 1992) 
Each of the interstitial states is identified as the intermediate 
according to its absorption spectrum. The existence of branched 
photocycles is typical for some BR types (Birge et al, 1999). 

‘The main BR function in purple membranesislight-dependent 
proton transfer (H’) over the purple membrane that results in 
electrochemical hydrogen potential formation on halobacteria 
membrane. The potential energy is utilized by cell. Ejection of 
H° occurs outside the cell membrane, and the H’ is captured 
inside the cell (from cytoplasm). Supposedly, it happens dur- 
ing the formation and the disappearance of intermediate M412 
(Giebert et al, 1982; Haronian and Lewis, 1991). 

BR spectral sensitivity lies in the optical band (Figure 38.2) 
Absorption maximum in primary state of BRS70 corresponds to 
‘wave length 570nm. M412 in the main intermediate state reaches 
itsabsorption maximum at wave length 412nm (Birge etal, 1999) 
‘The absorption of optical emission by BR-containing medium is 
characterized by certain peculiarities. That happens due to the 
change of adsorption sites concentration (molecules in form 
R570), which is the result of light quantum absorption at wave 
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length 570m by these sites and transition to form M412 with a 
low absorption at wave length 570nm. As a result, absorption in 
the yellow range reduces; medium becomes more transparent- 
bleached. The intensity of BR-containing medium bleach effect 
depends particularly on the time of intermediate M412 molecules 
relaxation to form BRS70, Relaxation time is characterized by 
halE-value period of intermediate M412 molecules. The light effect 
at wave length 412nm results in fast coercive transition of mol- 
ecules to the primary state, The values of photocycle time param: 
eters lie in the range from microseconds up to tens of seconds. 

‘Thus, BR behaves as a photochromic medium with a quick 
time of information storage. Optical and dynamic BR character- 
istics change in wide range by production conditions and matrix 
composition (medium). 


38.2 Some Techniques of Neuro- 
Molecular and Molecular 
Information Processing Using 
Bacteriorhodopsin (Basic Processes, 
Constructions, Technology) 


38.2.1 Basic Process of Classic 
Optical Neural Network in 
Bacteriorhodopsin Medium 


BR properties listed above allow us to illustrate one of the avail- 
able basic processes of data transformation in BR-containing 
media. Itis based on reversible light-sensitive changes of absorp: 
tion index and appears in optical effects considered below. 


38.2.1.1 Nonlinear Absorption of Optical 
Radiation: Medium Bleaching 


‘The absorption of optical radiation in substance is described by 
some known classic equations. Generalized Bouguer-Beer law 
associates intensities of the incident light and the light transmit 
ted through the substance layer with the thickness of the layer 
and molecular concentration of absorption agent: 


Tale? =1e™ 
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where 
Tis the transmitted light intensity 
J, is the incident light intensity 
Dis the optical density of the substance 
1s the absorption index of the substance 
dis the thickness of the substance layer 
cis the molar concentration of absorbing substance molecules 
is the extinction coefficient, characteristic feature of absorb- 
ing substance molecule 


‘The values of €, «, and D depend on the wave length of inci 
dent light. When the values of coefficients in Equation 38.1 are 
invariable, the transmitted light intensity is in direct proportion 
to the incident light intensity. 
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Nonlinear absorption of optical radiation by BR-containing 
‘medias connected tothe change of absorption centers concentra. 
tion (molecules in form BR570) asa result of ight quanta absorp. 
tion by these centers at wave length 570 nm and transformation to 
‘M12 with low absorption at wave length 570:nm. Finally, as was 
‘mentioned above, absorption in the yellow range (k= 570m) 
decreases, medium becomes more transparent—bleached 


38.2.1.2 Indirect Interaction of Optical 
Radiation Fluxes in Bacteriorhodopsin- 
Containing Media 

Mediated interaction of optical radiation fluxes appears during 

the sequential or combined transmission through the same part, 

of BR-containing medium and is at its clearest for monochro- 

matic radiation with wave length 412 and 570nm. 

‘Asa result of interaction between BR and the radiation with 
‘wavelength570nmduringthetransmission throughthemedium, 
the energy of the light flux is absorbed, and in BR-containing 
‘medium, the photo-induced allocation of the absorption index 
forms. The light-induced allocation of the absorption index vari- 
ation corresponds to energy distribution along the surface of the 
transmitted light wave front (Figure 38.34) 

Non-modulated along the front surface, the light pulse with 
the wave length of 570 or 412 nm (as actuating or inhibiting sig. 
nal) absorbs spatially and nonuniformly in compliance with the 
changed value of the absorption index (Figure 38.3B and C), 

‘Thus, the energy distribution along the preceding pulse front 
surface, indirectly, over the BR-containing medium, modulates 
the energy distribution along the following pulse front surface. 

‘Asa result, BR-containing medium is capable of accumula 
ing (summing up) effects signed “+” and °-,” correspondingly, 
at wave lengths 570 and 412nm. Predicating upon the indirect 
interaction of optical radiation in BR-containing media, the 
‘method of formal neuron creation in such media is available to 
offer. At that point, all the main functions can be realized by opti 
cal technique. 
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38.2.1.3 One of the Possible Methods of Formal 
Neuron Main Functions Realization 
in Bacteriorhodopsin Medium 


Realization of the main operations of neuronet algorithms— 
weighing of input signal vector according to the matrix of weigh- 
ing coefficients of synaptic bonds; composition of weighed values 
of input signals; realization of activation (threshold) function 
by optical method without optoelectronic buffering—permits 
to simplify the construction and the technological realization 
of multilayered optical neuronet, to increase the integration of 
neuro-like elements in device, and to solve the problem of areal 
density limitation inherent in microelectronic elements and 
electric connections. 


38.2.1.4 Formation of the Neuro-Like Element 


‘The neuro-like element is formed under the exposure of optical 
emission with the spectrum, corresponding to the absorption 
spectrum of BR molecules initial state and BR-containing mate 
rial medium. This element isa partof the BR-containing medium 
with photo-induced absorption index. The threshold properties 
of such neurons are defined by the concentration ratio of mol- 
ecules in primary and photo- induced forms, and the interaction 
of neuro-like elements is provided by optical emission. 

The example of the similar neuronet realization, based on 
information conversion of basic process in BR-containing media 
(Figure 384), is considered below. 

Construction for optical neuronet formation includes the 
following: 


1. The source of the plane light front (transparent for normal 
incident light flux) providing the signal formation and 
transfer to neurons. 

2. Photo-detecting layer based on BR-containing material 
for imaging of the input optical information by photo- 
induced variation (according to light energy distribution 
along the surface of input light front) of absorption/trans- 
mission in BR-containing medium. 


| 
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FIGURE 38.3. The indirect interaction of optical radiation fluxes in BR-containing media: (A) green light pulse (modulated along the front sur 
face) acts on a layer of BR-containing medium (nontransparent for green light; (B) modulated allocation of molecules in form M12 (transparent 
for green light) and BRS70 (nontransparent for green light), (C) the action of unmodulated blue light pulse, (D) modulated blue pulse as a result of 
transmission via the modulated medium (BR-containing medium layer recovered the primary state 
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FIGURE 38.4 Neuronet organization based on the basic process 1 
6—plane waveguides, including gitters for emission input/output; 2,4, 

'—BR-containing layers (photo- detecting layer, ayer of weighting coef- 
ficients and neuron layer); 3,5—cylindrical lenses. 


3, Light flux expanding lens. 

4. Layer of synaptic bond synthesis (matrix of weighing coef- 
ficients) made of BR-containing material. 

5, The lens, focusing the light flux on layer 7 and forming the 
combination of input optical signals based on neuro-like 
elements in that manner, 

6. The source of flat light front (transparent for normal inci 
dent light flux) for parallel comparison with thresholds, 
formation, and transfer to other layers of output neuron 
signals in layer 7 as light front, modulated by intensity 
along front surface according to the values of absorption/ 
transmission area of BR-containing medium (correspond- 
ing to neuro-like elements). 

7. The layer of neuro-like optical elements (being obtained 
on the basis of BR-containing material) composes input 
optical signals, traversing matrix 4 and realizing the 
activation function during the light front traverse from 
the source 6, and forms thereby output signals. 


‘The input optical information in the form of light flux (input 
vector) effects the photo-detecting layer 2 that results in the 
absorption of light flux energy in BR-containing medium of 
photo-detecting layer and the distribution of the photo-induced 
absorption index forms. 

Distribution of the photo-induced BR-containing medium 
absorption index along the surface and in depth corresponds 
to the power distribution along the surface of the effective light 
front. 
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Plain light front from the source 1, modulated by intensity accord- 
ing to the contour of absorption index of photo-detecting layer 2 by 
lens 3,allocateson the surface of weighing coefficients layer 4. 


38.2.1.5 Realization of Weighing Function 


‘The input vector weighing function comes around during the 
transfer process of input light signal—the components of input 
‘vector—over the matrix of weighing coefficients 4. By the com- 
ponent of input vector, we mean the quantity of the light energy 
(the intensity multiplied by exposure—exposition) affecting the 
matrix section 
‘Weighing coefficient (by which the input vector component 
is multiplied) is a transmission coefficient of the corresponding 
section of BR-containing matrix: 
Tay ty Iauts 68.2) 
where 
1, isthe light intensity transmitted over the ij matrix section 
‘or weighed component of the input vector 
1, is the light intensity of the light front section or a compo- 
nent of the input vector 
tis the exposition time of the corresponding component of 
the input vector 
‘©, is the weighing coefficient or transmission of the corre- 
sponding i-section of the BR-containing matrix 


‘Transmission of the ij matrix section is defined according to 
Bouguer-Beer law 


38.3) 


where 
€ is the BR absorption factor 
dis the thickness of BR-containing layer 
yy is the concentration of the BR molecules in the initial 


State in the ij matrix section 


‘The properties of the input vector weighed components are 
formed by lens 5 in a light flux that gets to the inputs of the cor- 
responding neuro-like elements of the layer 7. 


38.2.1.6 Realization of the Weighed Signals 
Composition Function 


Composition function of the input signals is realized in the 
BR-containing medium in layer 7 by the converging cylindri- 
cal lens § as a result of the combined effect at the same area of 
BR-containing medium of the light energy exposition by the 
corresponding components of the input vector. 

Every component of the input vector contributes to the forma- 
tion of the molecules ensemble in photo-induced state in pro- 
portion to the intensity and exposure time: 


G84) 
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where 

Ac»: is the concentration of BR molecules in photo-induced 
spectral state 

k is the coefficient of proportionality depending on the 
concentration of BR molecules in the initial state, cross 
section interaction, photo response of BR-molecules tran- 
sition from the initial to the photo-induced form, and the 
effecting light wave length 

1, yis the intensity ofthe input vector weighed i-component 

tis the exposure time of the input vector i-component 


Thus, Ag, 
weighed input interactions sum on the j-neuron, 


contains information about the value of the 


38.2.1.7 Realization of the Activation Function 


Magnitude SP 1y:t (he total dose of light energy electing 
on the jarea of BR-containing medium) assigns the point at 
the graph (dependence ofthe transmission vale onthe sum of 
weighed input effects) and defines the transmission ofthe light 
Sigal over he jneur lke element 

"he changed transmission. vale ofthe BR-containing 
medium paction according tothe -nero-like clement assigns 
the value ofthe atvation function snd the output signal ofthe 
neurvlke clement in layer 7, according to Figure 38. This 
magnitude depends on the number of molecules posesing the 
changed spectral properties ofthe medium setion correspond 
ingto the neurodike element af the layer 7 according o 
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FIGURE 38.5. Transmission (P,a/P,,) of BR-containing layer depend- 


ing om the effective emission energy (P,) 
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‘The graphic chart on the dependence of the BR-containing layer 
relative transmission on the emission energy consists of the area 
with the initial transmission value (unequal to zero), the area of 
almost linear transmission change, and the saturation area (Figure 
38.5). In general, the curve corresponds to the activation function 
proposed for the neuronet realization by Grossberg (Wasserman, 
1988). The similar compressive function automatically provides 
the output signal range from 0 to 1 and corresponds to the nec 
essary requirements for realization of reconversion algorithm 
during the neuronet learning, for example, according to scheme 
(Wasserman, 1989). 

‘The output signal formation of neuro-like element (threshold. 
comparison and realization of the activation function) is car- 
ried out by the light front of the specified intensity and duration 
induced by the source-former 6. 

‘The output signal of the neuro-like j-element is formed as an 
energy portion of the active light signal being transferred over to 
the corresponding section of BR-containing medium in the layer 
of neuro-like elements 7 (according to the transmission of the 
section considered) in conformity with the formula 

Teaase“trane = Wy 


1, 


1, 


loan (68.6) 
‘The minimum value of the output signal is fixed by the trans- 
mission of non-firing neuron (the input signals sum value is 
close to zero) and corresponds to the initial transmission of 
photochromic medium, and the maximum value is close to 
the value of active front energy and corresponds to the satu- 
ration area of the curve (Figure 38.5) and to the maximum 
excited state (transmission) of firing neuron. Output signals 
of neuro-like elements form the continued light front being 
modulated according to the activation function at every point 
of BR-containing layer 7, System learning (formation of matrix 
‘weighing coefficients) corresponds to the formation of adequate 
values of transmission coefficients of matrix sections based on 
BR-containing medium that can be achieved by the inverse 
transformation method, 

‘The optical version of the inverse transformation method 
can be simply and effectively realized (failing optoelectronic 
transformations) by combined presentation of learning pair: the 
input image in its usual direction and the ordered output as the 
light front in the counter direction. Due to the reversibility of 
the light passing, both of light fronts will affect the matrix made 
of BR-containing material and will change the matrix transmis- 
sion corresponding to the intensity distribution 


38.2.2 Neuronets Based on Multilayered 
Optical Structures Including Polymeric 
Bacteriorhodopsin-Containing Layers 


‘The considered approach of neuro-computer element base for- 
mation takes into account the cyclicity of processes in living 
systems appearing, for example, in spontaneous activity of pace- 
making (assigning the rhythm of functioning) neurons. As was 
conclusively shown in Prigogine (1980), the cyclicity proceeds 
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as a result of the processes’ self organization in open nonlinear 
nonequilibrium systems and the origination of stable dissipative 
structures due to which the coordination of trophic processes 
(providing cell nutrition) is possible in living systems. 

‘The similarity of cyclic processes in the living cell membranes 
(including neurons) and the processes under optical emission 
exposure in isolated purple membranes is obvious, particularly, 
taking into consideration that in that case one ofthe halobacte 
ria trophic cycles i reproduced. 

If the neuron is represented as a structure population (purple 
membranes) allocated in media and the interactions between the 
neurons are carried out by light fluxes, the “neurolike medium” 
in question can be considered as the alternative to the net of 
neuro-like elements (Grebennikov, 1997). 

In the interpretation being stated, the problem of neuronet 
formation isin simulation of nonequilibrium nonlinear systems 
in BR-containing media with allocated parameters by optical 
emission of two different wave lengths corresponding to the 
absorption maxima of two “long-living” intermediates. Itcan be 
solved in the following consequence: 


1, Using the spectral sensitivity of BR in optical range to ini- 
tiate the cyclic light-dependent processes by the light flux 
and to control the processes by the application of emission 
with various wave lengths. 

2. Stationary and dynamic structuring of BR-containing films 
by modulated light fluxes to create the conditions of forma. 
tion and development of neuro-like relations in neuro-like 
medium and to correlate the multitude of cyclic processes. 


Data input and processing in that case is “deformation” of the 
correlated cyclic processes in BR-containing medium, and the 
commands of system behavior control are the transient pro- 
cesses originating in the organized neuro-like medium, 

(On the other hand, analyzing the development tendencies of 
neuronet technology, the best perspective can be emphasized, 
and their combination in the same device can provide essential 
expansion of neuronet data processing: 


1. Optical mechanism of data transmission and processing, 
which will allow to construct three-dimensional nets that, 
function simultaneously at high speed. The problem of 
wide application is in large dimensions, peculiar to optical 
systems, and the inevitable efficiency losses due to multi- 
ple intermediate optoelectronic conversions and the finite 
size of the optoelectronic elements. 


‘The application of continuous photochromic media with high 
resolution close to molecular level of data representation and 
processing can become a solution to the problem. BR is the most 
available and well-investigated (at present) photochromic mate- 
rial with sufficiently high cyclicity (10°) and is suitable for the 
considered purposes. Using BR enables to carry out data pro: 
cessing in optical mode without intermediate optoelectronic 
conversions and to increase the areal density of neuro-like ele 
‘ments value comparable to the native neuron systems. 
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2. Newro-like structure construction on the principles of self- 
organization of the processes in the open nonlinear allo- 
cated dissipative systems like biological objects. Although 
in model version, systems require substance transfer 
proceeding for nonequilibrium conditions maintenance. 


BR application can solve the problem of substance transfer that 
complicates the construction and limits the continuous working 
life of neuro-like media processing. Light-dependent properties 
of that material allow the open nonlinear allocated dissipative 
systems to simulate effectively. Optical exposure in the range of 
520-650 nm is like the input flux and dissipative properties, and 
in that case can be provided by the component of trophic cycle 
that remains invariable in composition of artificial medium (for 
example, in polymeric matrix) and also by emission exposure in 
blue light range (A= 400-420 nm). 


3. Element base adaptability to losses of some elements dur- 
ing the preparation and exploitation compensated by 
self-organizing and self-modification of neuro-like struc 
tures, Application of continuous media based on BR in 
conjunction with optical methods permits to form neuro- 
like elements, and the bonds between it suit requirements 
according to the light energy allocation, 


Classic methods of the light fluxes formation by lens systems 
result in the loss of advantages expected from significant density 
of neuro-like elements and dimension restrictions of elements 
and systems, peculiar to optical computers. Moreover, when the 
‘volume of BR-containing medium is greater, the probable pro- 
cess integration is higher. However, the emission access to all the 
molecule groups is more unfavorable as the medium absorption 

In the field of optoelectronic technology, efforts are made to 
deflate the construction dimension of optical neuro-comput- 
ers by the application of multilayered structures. Multilayered 
structures forming neuronets and containing the layer of spa- 
tial light modulators as the liquid crystal matrix, the layer of 
Photoconducting material (Engel, 1990) or material with the 
photovoltaic effect (Akiyama et al, 1995), and the layer of elec- 
tric transducer-amplifiers (forming and transducing the com- 
mands to liquid crystal panels) are proposed. 

Essential disadvantage of the proposed constructions is the 
facility of intermediate conversion of light exposure to elec- 
tric current or voltage used for the following changes of opti- 
cal transmission modulator. Furthermore, neuronet function 
realization requires the application for these purposes of opto- 
electronic and microelectronic elements. Consequently, the 
application of metallic conductors in inter-cell links for realiza- 
tion of neuro-systems with a great number of neurons results in 
delays in communication lines and neuronet processing deceler- 
ation due to the capacity influence of inter-cell communication 
lines. The existing areal density restrictions of optoelectronic 
elements and electrical bonds inevitably limit the spatial resolu- 
tion of constructions. 
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38.2.2.1 Multilayered Constructions, Including 
Bacteriorhodopsin-Containing Films 


We proposed multilayered structures including layers based on 
the BR for the realization of neuronet medium in nonequilib- 
rium nonlinear dynamically allocated dissipative systems. 

Supposedly, the multilayered structures would allow the 
data processing to continue at the level of BR molecules groups 
by forming neuro-like elements using optical methods in 
BR-containing media. 

‘The basic processes in BR medium are defined by light- 
dependent changes in absorption index allocation profile along 
the surface of BR-containing polymeric films. In multilayered 
structures, many light fluxes circulate without interaction. This 
property is usually proved as an advantage of optical methods 
enabling data processing and transmission in the three-dimen- 
sional space. Atthe same time, the information arraysin the form 
‘modulate indirectly by intensity light fronts over the reciprocal 
fluctuation of absorption index local value of BR-containing 
‘media sections, and the local intensity value of the light front 
sections realize concurrent information interactions in the 
three-dimensional space of the multilayered structure. 

‘We would like to consider a possibility of neuro-like element 
net organization in BR medium by optical method using mul: 
tilayered structures (Figure 38.6) including BR-based layers, 
wave guide layers, and reflecting layers. To allocate light fluxes, 
the system of waveguides, transparent in the optical range, is 
formed in BR-containing medium. It is possible to input the 
controlled emission in the form of light front in BR-containing 
medium, activating at that point the groups of neuro-like ele 
‘ments, by producing the sections with the disturbed conditions 
of total internal reflection in waveguides. 

It's expected that the multilayered structure will provide not 
only functioning and interaction of neurons and their ensembles 
but also the generation of new neurons and links (emission out- 
put from one layer and penetrating to the other layers) between 
single neurons and neuronets, and will permit, according to the 
information (image) at system output, to connect and to cor- 
relate the cyclical processes originating in BR medium. At that 
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FIGURE 38.6 Fragment of multilayer structure: 1—substrate (glass 
K-8}; 2, 10—layers, containing BR; 3, 5—boundary layers of flat 
waveguide; 4—guide layer of flat waveguide; 6—emission input ara 
7-—input emission; 8—output emission; 9—output emission gitter, 11 
input emission gitter; Lis the length of the output emission giter 
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point, the process of self-organization of data processing system 
will continue. 

‘The adaptability principles realization of data processing ele- 
ments and system self-organization will permit to essentially 
reduce the requirements of the elements and facility as a whole 
to provide reliable functioning in case of the single-element 
failure. 

Reduction of technological requirements is achieved by that 
neuro-like elements and links that are formed in continuous 
(uniform, ie, not divided into constructive matrix elements) 
transparent (without optical dispersion) layer of photochromic 
material according to the light energy allocation. 


38.2.2.2 Expected Parameters of the Element Base 


According to the traditional criteria, itis acceptable to evaluate 
the number of the neuro-like elements in medium containing 
BR at area 10mm¥ in quantity not less than 10*. At the area in 
question, not less than 10" bonds per second are realized (circuit 
time 0.1 ms, coefficient of bond formation 10). 


38.2.2.3 The Basic Elements of the 
‘Multilayered Structures 


‘The multilayered structures (Figure 38.6) for the realization of 
the basic neuronet data processing include: the system of flat 
waveguides, the elements of optical emission input as gitter, and 
the devices of the surface light front formation (Figure 38.7). 

BR-containing polymeric films are meant for neuro-like ele- 
ments formation by the change of the absorption/transmission 
surface geometry by modulated light flux effect. 

‘The elements of optical emission input in flat waveguides and 
the elements of output are made as diffraction lattices (gitters) 
(Zlenko et al., 1975; Unger, 1980). The angles of radiation input 
and output depend on different layer indexes and gliter spacing; 
therefore, those angles can be different for various multilayered 
waveguides. 


FIGURE38.7 Device for surface ight front formation: ©,,@,—angles 
of emission input; A,, A,—diffraction lattice spacings my, my ,—refrac- 
tion indices. 
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‘The device for surface light front formation (Figure 38.7) gen- 
erates directed light fluxes for effective allocation of the light 
energy in BR-containing polymeric films for neuro-like elements 
concurrent formation, their concurrent interaction, and output 
of the data processing results in neuro-like element medium as 
optical signals. 


38.2.2.4 Requirements of BR-Containing 
Polymeric Films 


‘The following are the requirements of optical and geometrical 
properties of BR-containing polymeric films. 

For photochromic effects (induced changes of refraction and 
absorption indexes) to significantly appear during functioning 
process, high optic density and consequently substantial BR 
concentration in polymeric films are needed. Optical density 
of such films should be 0.8-1.3. In those conditions, basic char- 
acteristics of BR-containing media are utilized under optimum 
light flux density so that the media could be used for technical 
purposes. Exposure to light of the fluxes with radiation density 
‘equal to 10-100 mWcm: induces the films to experience changes 
in their absorption and transmission characteristics as much as, 
10%-50% from the original indexes in as long as 0.1-10s. 

Functioning of films under induced changes in absorption 
level requires quite homogenous distribution of BR concentra 
tion, as optical heterogeneity infringes the conversion of optical 
information. 

Besides, we must ensure repeatability of the main structural 
parameters: film thickness, surface finish, homogenous BR dis- 
tribution throughout film surface (1-10cm:), ete. 

Requirements to physical and chemical properties of poly- 
‘meric matrix. Selection of matrix material 

‘To minimize the influence of diffraction divergence on infor: 
‘mation conversion processes, the thickness of BR-containing 
films must be 6-14im. To reach the specified optical density 
‘with that thickness, the volume of BR content in polymeric films 
should be 40%-50%. Far from all, the polymers transparent in 
optical range can meet the requirements above. Moreover, only 
‘water-soluble polymers can be used to form BR-containing poly. 
meric films. 

‘The comparative studies held to form polyvinyl alcohol- and 
gelatine-based BR-containing polymeric films have proved 
that gelatin-based polymeric matrixes have obvious advantages. 

Gelatin-based films could apparently have the highest possi- 
ble BR concentration (up to 50 vol. %) without aggregation of PM 
fragments due to thermodynamic peculiarities of gelatin polym: 
erization process. Gelatin properties allow us to avoid destruc 
tion of BR protein structure while making polymeric mixture 
and further polymerization, 

PM fragments embedded into a gelatin matrix are long-lasting 
and resistant to many technological factors. Polymerized gelatin 
creates optimum conditions for BR to function while retain: 
ing enough water needed for photochromic cycle. For the same 
reason, gelatin matrices make it possible to place environment. 
modifying water-soluble components and to change the photo 
cycle time frame. 
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38.2.2.5 Obtaining of Bacteriorhodopsin-Containing 
Polymeric Films for Multilayered Structures 


Itis important for processing and conversion of optical informa- 
tion to take into consideration the dispersion of optical emission 
in BR-containing media conditioned by purple membranes size 
(600-1000 nm)—comparable to the wave length of the optical 
range emission. Therefore, the primary suspensions of PM and 
BR-containing films based on them are optically nonhomoge- 
neous, which results in the functional properties loss. 

‘The dispersion demagnification is reached consequently: at 
the step of preparation of purple membranes suspension—by 
PM fragments separation; at the steps of polymeric mixture 
preparation and polymerization—by elimination of the aggre- 
gation process of the purple membranes fragments 


38.2.2.5.1. Preparation of Bacteriorhodopsin Suspension 


For the preparation of PM suspension, the triple centrifugal 
purification (3000rpm, Smin) was carried out; pH value and BR 
concentration in suspension were measured. The pH value is sig- 
nificant for the following polymeric solutions and film obtain- 
ing, since the investigations showed that at pH less than 4.1 PM. 
aggregated, the optical transparency of the suspension was not 
achieved. Itwas determined that the ultrasound exposure results 
in the decrease of pH value in suspension at 0.2-0.4. The control 
of pH value was managed by the addition of 0.01 M borax buf- 
fer solution Na,B,0,- 10H, pH = 9.18. During the ultrasound 
treatment, the suspension temperature must not exceed 36°C. 
AAs the result of technological investigations of ultrasound 
treatment, optically transparent homogeneous BR suspensions 
were obtained without detergent addition. The side effect can be 
the partial melting of protein. Optically transparent PM suspen- 
sions were obtained with BR concentration up to 15 mg/mL. 
ize evaluation (8.7 # 0.5m) of PM fragments in treated 
suspensions was carried out by the intensity of Rayleigh scatter- 
ing and showed that the applied technological mode of suspen- 
sion treatment permits to separate PM into naturally minimum 
fragments—trimers without BR protein destruction and the prin- 
ciple possibility of BR-containing medium optical resolution at 
the level ofa few thousand lines per millimeter can be considered. 


38.2.2.5.2 Preparation of Bacteriorhodopsin-Containing Mixture 
During the preparation of polymeric mixture based on BR, the 
last exhibited the property of aggregation on the polymer mol- 
ecules that lead to optical heterogeneity of films. As the result of 
technological experiments combining thermal parameters and 
operating pH of components, the conditions selected under that 
aggregation were not observed and transparent optically homo- 
geneous BR-containing polymeric mixtures were obtained. 
At the step of polymeric mixture preparation, pH control of 
gelatine solution was carried out because pH value in gelatine 
solution depends either on the obtaining method or on gela- 
tine concentration. The component stirring in the mixture was 
also carried out by the ultrasound exposure. All the modifying 
components were put into the polymeric mixture at the last step 


light source, indicator, or display > single source > fluorescent light 


fluorescent light 


This entry deals primarily with fluorescent tubes (infrequently but sometimes described 
as fluorescent lamps), and compact fluorescent lamps (CFLs) that are marketed as a sub- 
stitute for incandescent lamps. Cold-cathode fluorescent lamps (CFLs) are also men- 
tioned. 


‘Vacuum fluorescent devices have a separate entry in this encyclopedia. A fluorescent 
tube or CFL does not contain a vacuum. 


Although the diode(s) in a white LED area lighting unit are coated with a layer of flu- 
orescent phosphors, they are not categorized here as fluorescent lights, and have their 
own entry. 


Aneon bulb resembles a fluorescent light in that it is a gas-discharge device, but the 
interior ofits glass envelopeis usually not coated with fluorescent phosphors, and there- 


fore it has its own entry. 


OTHER RELATED COMPONENTS 


«+ incandescent lamp (see Chapter 18) 
«+ LED area lighting (see Chapter 23) 

+ vacuum fluorescent devices (se2 Chapter 25) 
+ neon bulb (see Chapier 19) 


What It Does 


How It Works 


Fluorescent tubes or compact fluorescent lamps 
(CFLs) are primarily used for area lighting. A par- 
tially disassembled CFL appears in Figure 20-1, 
showing the control electronics that are normal- 
ly hidden inside the base, 


There is no standardized schematic symbol to 
represent a fluorescent light. Figure 20-2 shows 
three commonly used symbols for a fluorescent 
tube on the left, and three symbols for a CFL on 
the right. Note that two of the symbols for a CFL. 
ate the same as those for an incandescent 
Jamp, shown in Figure 18-1. 


Luminescence is the emission of light as a result 
of a process that does not require heat. (The op- 
posite phenomenon is incandescence, in which 
heating causes an object to emit light; see Chap- 
ter 18 fora description of incandescent lamps.) 


Fluorescence is a form of luminescence. It occurs 
when electrons in a material are energized and 
then make a transition back to ground level, at 
which point they radiate their energy as visible 
ight. The incoming energy can consist of other 
ight at a higher frequency. Some creatures, in- 
cluding species of arachnids and fish, will luo- 
resce when they are lit with ultraviolet light. 


1 


Biomolecular Neuronet Devices 


tunder condition: the final pH value of the polymeric mixture 
had to be >4.1 


38.2.2.6 The Properties of BR-Containing Polymeric 
Films for Multilayered Structures 


According to the elaborated technology, there are transparent 
and optically homogeneous BR-containing polymeric films 
(thickness 6-14 im with optical density 0.8-1.3D at = 570mm) 
fon substrates of glass K-8 and fused quartz (area up to 
60 x 48mm*) and also on Si plates (76mm in diameter) 


38.2.2.6.1 Evaluation of PM Size Embedded to Film 


Since during the film polymerization from the polymeric mix- 
ture fragment aggregation is possible, the evaluation of PM frag- 
ments size is being embedded into film. The placement of films 
with the embedded PM fragments in detection system between 
crossed polarizers resulted in no changes in the initial zero sig- 
nal of photodetector. It means either no rotation of polarization 
in the light-pass direction, or no significant dispersion that con. 
firms the PM fragments size to be much less than 0.63 um, 

Optical heterogeneity specified by surface geometry and allo: 
cation of BR concentration to the film surface is given below. 

‘The distribution of optical absorption heterogeneity coeffi 
cient of BR-containing films is specified by the product of two 
values: the allocation heterogeneity of BR bulk concentration 
to the film surface and quality of the film surface as the local 
dilatation from the average thickness value. In the aggregate it 
results in the local dilatation of so-called surface concentration 
and, correspondingly, the optical density. 

‘The optical homogeneity of the film being specified only by 
the surface quality is provided comparatively easily both for the 
films being realized by glazing method and for the films being 
‘obtained by centrifugation method. It was determined that 
the typical thickness deviation of BR-containing films being 
‘obtained equals less than 50nm at length 10mm, that, for exam: 
ple at film thickness >5 jim equals <1%, 

‘The support of the optical homogeneity being concerned with 
the allocation of BR bulk concentration along the film surface 
is hampered by the molecules migration in polymeric solu- 
tions during the polymerization process to the area of increased 
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FIGURE 38.8 The structure of BR-containing polymeric film surface being formed from the polymeric mixture: (A) pH = 


38.9 


surface tension, Nevertheless, the attained deviation from the 
average value for allocation of BR bulk concentration does not 
exceed 3% since the changes of surface concentration and opti- 
cal density lie in the same range. 


38.2.2.6.2 The Structure of Bacteriorhodopsin- 


It is ascertained that the structure of BR-containing polymeric 
films surface depends on the obtaining conditions. Depending 
on pH, the surface is either smooth (Figure 38.8A) or it has 
punctual (100-300nm) and rectilinear (400-1000nm length- 

wise, 100-200nm wide) protuberances (Figure 38.8B and C) 

‘The cutting of the surface geometry elements is observed (Figure 
38.8B). These investigations confirmed the necessity of pH value 
maintenance higher than 4.1. 

Surface roughness (step height R, of surface geometry) 
of the film with particle size of BR phase <10nm amounts to 
R, = 0.1pm, with particle size of BR phase -100-1000nm 

0.6-3.81m. 

‘The analysis of the films with thickness 20m (containing 
R-phase cutting) by Roentgen diffractometry led to the missing 
crystalline phase. Only amorphous gallo is observed on roent- 
genograms of BR-containing polymeric films, being formed 
under various conditions in the range of Bragg angles 20 = 5°-8° 
(ko.—copper emission). 

Clearly defined diffraction maximum appears on roentgeno- 
jgrams of some samples for angles 20 7.8° (Figure 38.9) 
corresponding to interplanar spacing d/n = 1.179-1.133nm. For 
a number of samples, diffraction maximum appears on roent- 
sgenograms for angles 20 = 18°-19° (d/n = 0.467-0.493nm). That 
indicates the ordered placement of protein complexes in poly- 
meric (gelatinous) matrix. Apparently, the axial texturing of 
lamellar protein complexes exists by the axis normal to the sur- 
face of BR plates. 


Containing Films 


38.2.2.6.3 Refraction Index of BR and BR-Containing 
Polymeric Films 

Information about refraction index in literature (Hampp, 2000) 

inconsistent and not exact enough to solve the problem of the 

multilayered structure construction. Therefore, we made our 

own measurements, 
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3.8-4.0 (the enlarged surface fragment is presented atthe insertion}; (C) pH = 35-37. 
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FIGURE 38.9 Roentgenograms, obtained on the samples: 1—glass 
K-8;2—glass K-8 with the deposited gelatinous film; 3—glass K-8 with 
the deposited BR-containing polymeric film. 


‘The refraction index measurement was carried out using 
refractometer IRF-454B capable of measuring the refraction 
index in the range from 1.2 to 1.7 in reflected and transmitted 
light. BR-containing film was formed on the surface of measur- 
ing prism by the method of suspension glazing (concentration 
15-20mg/mL) and the following drying at 22°C temperature, 
relative 60% humidity. The film thickness reached 205 41m, 

‘The value 1.534:40,002 of refraction index was obtained in 
the white light. This result is well reproducible on every one of 
the samples being prepared from the three different halobacte- 
ria strains and conforms to the results of the following refrac: 
tion index measurements in polymeric BR-containing films. The 
value of the refraction index in that case is defined by BR con: 
centration in the film. 

‘The refraction index measurement of gelatin was held in order 
to predict the parameters of the polymeric BR-containing films 
under construction depending on BR concentration in the film. 
‘The refraction index value of polymeric film based on gelatin 
‘without BR (formation by the glazing method on the surface of 
the refractometer measuring prism) got equal to 1.543+0.001. 
Refraction index was measured at 22°C temperature and relative 
660% humidity. 

‘The refraction index value of BR-containing gelatinous 
film with thickness 50+ 101m lies in the range of 1.539-1.542 
depending on BR concentration in gelatin, 


38.3 Nanostructuring of 
Bacteriorhodopsin-Containing 
Molecular Media 


Functional parameters of BR-based multilayered structures on 
the base of BR (the increase of photochromic sensitivity, manage. 
ment of photocycle duration) can reach their maximum capac- 
ity in use by additional nanostructuring of molecular media. 
Enhancement of functional properties of multilayered structures 
is caused by introduction of new functional elements—hybrid 
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nanostructures—making it possible to further realize a new class 
of optical information systems based on self-organizing oscil- 
latory and auto wave hierarchical processes in BR-containing 
nanocomposites. 

Both nanotechnological and nanotechno-systematic approaches 
are described below. 

While developing BR-based media used to process informa- 
tion with neural network methods, two ways of material structur- 
ing are applied. The first way means introduction of modifying 
organic and nonorganic additives into the system to improve 
functional characteristics of BR. Modification is done on molecu- 
lar level that is why such material is a molecular one. The second 
‘way means building of hybrid functional structures with every 
component performing its own function. In this way, structur- 
ing goes at nanometric range instead of molecular level. Hybrid 
nanostructures are systems made of three components—colloidal 
nanoparticles (metal or semiconductor structures based on tran- 
sition element [TM] chalcogenide), bridge molecules (spacers) 
with various linear dimensions, and BR molecules. 


38.3.1 Procedure of Complex Estimation 
of Functional Characteristics of 
Bacteriorhodopsin-Containing Materials 


To characterize and compare functional characteristics of 
BR-based films made by various methods and difference in 
thickness, optical absorption, structure, and content (including 
concentration of BR molecules), itis convenient to apply the des- 
ignated factor for quantity estimation of photochromic sensitiv- 
ity. For optimization of experimental investigations, we developed 
the simulator of photo-dependent processes and designated factor 
(0) of the photo-induced transitions of BR molecules from the 
primary state BRS70: 


Ket) 8.7) 


where 
N; is concentration of BRS70 
Nyis the concentration of BR412 
N, + N;=Nyis the total concentration of BR molecules 


That factor ko(0) named by us as the coefficient of photo- 
induced transition of BR molecules from basic state BR570 was 
determined from experimental data of changing optical absorp- 
tion at wavelength 570nm under the influence of active induc- 
ing radiation. This complex parameter takes into consideration 
the temporary characteristics of excitation and relaxation pro- 
cesses, quantum efficiency, and cross-section of BR molecules 
contained in the nanocomposite nanostructured films (media). 
While studying the influence of technological formation 
processes on properties of BR-containing materials, it is very 
labor-consuming to measure each of the above specified charac- 
teristics. Therefore, we use a model to describe photo-dependent 
processes that pass in BR-based materials under radiation, 


Biomolecular Neuronet Devices 


Light source “B” 
Light source "A" 


Shutter“A" 


g 


Testing light source 


Optical filter 


38-11 


Photomultipier #2 
Oscilograph 


FIGURE 38.10 Schematic diagram of a soft and hardware complex designed to study functional characteristics of BR-based materials. 


‘We have also designed a method to assess the functional charac- 
teristics of those media after one measurement. To carry out all 
necessary measurements, we can use a soft- and hardware com- 
plex (Figure 38.10), making it possible to combine light exposure 
‘with two wave lengths in the band of main intermediate absorp: 
tion (at 570 and 412nm, respectively). 

‘The light radiated by the source of continuous testing radia- 
tion with up to 2mW/em* intensity passes through the sample 
and falls onto the monochromator where a narrow spectrum line 
(at 570nm) is allocated. The signal goes to the photo-electronic 
multiplier being adjusted to convert the signal and transfer it to 
the oscillograph. The sample is exposed to light pulsed by the 
source of exciting radiation with intensity atleast 10 times more 
than the intensity of testing radiation. The signal registered with 
the oscillograph goes to the computer for mathematic curve pro- 
cessing as per the below physical and mathematic ratios. 

Based on the Buger-Lambert-Beer law, taking into consid: 
eration photo-induced changing concentrations N, and N,, the 
expression has been obtained that allows to calculate the value 
of kzo(f) from the experimental data recording testing light 
4.= 570nm transmission changing under illumination of excit- 
ing radiation: 


san er. 


(38.8) 


where 
{his the intensity of the incident test light 
[Lis the intensity of the transmitted test light in the absence 
of exciting radiation 
(0 is the intensity of the transmitted test light under exciting 
radiation at the time moment f 


Also the proposed method of the complex estimation is based 
on the kinetic equation evaluating concentration distribution of 
BR molecules between forms of BRS70 (N,) and M412 (N,) 


8.9) 


where 
4G, is the absorption cross-section of BR570 form (on wave- 
length of acting light) 
A; is the quantum yield of photoreaction 
is the power density of acting light 
Tis the lifetime of M412 form 
his the Plank constant 
vis the acting light frequency 


From the same experimental data (Figure 38.11) based on the 
solution of equation evaluating concentration distribution of BR 
molecules between forms BR570 (N;) and M412 (N,), the estima- 
tion of quantum yield of photoreaction A, from the value of the 
derivative at the point = 0 (the beginning of exciting radiation 
action) and the estimation of the lifetime of M412 form t from 
vvalue of derivative at the point ¢ = t* (the end of exciting radia. 
tion action) may be obtained. As time goes by film transmission 
value being influenced by the relaxation of excited molecules 
approaches to the original transmission level 


38.3.2 Functional Characteristics of 
Nanostructured Bacteriorhodopsin Films 


‘To form the effective functional structures out of biomaterials, 
we need to apply various technological methods. In particular, 
wwe can use BR-containing materials to prove the necessity to use 
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FIGURE 38.11 Typical curve of photo-induced changes of optical 
transmission of BR-containing media, 


the additional nanostructuring of functional biomolecular films 
subject to storage and neural network processing with optical 
methods. 

‘Asa result of non-modified BR films’ investigations, we estab- 
lished that immediately after obtaining the values, K.x(@) are 
in interval 0.5-0.7 and then decrease to value 0.2 for 3-5h 
and demonstrate this value during a few years. In the primary 
formed films, BR molecules constitute the structure that in time 
is destroyed in consequence of the heat oscillations, resulting 
in disordered molecule orientation relative to each other and 
destruction of hydrogen bonds. To keep the high photochromic 
sensitivity forthe whole period, we can create additional linkages 
(covalent or hydrogenous) between protein molecules by using 
chemical reagents 

For example, our use of diamine (1.4-diaminobenzen [DAB)) 
in the ratio of BR:DAB = 1:3, 1:6 1:9 (molecular ratio) has 
resulted in increased values of factor kz) (0.35-0.5) in compar- 
ison with non-modified BR films (02-0.25) during 12 days. The 
stabilization of the primary formed BR structure occurs due to 
the fact that 14-diaminobenzen is an aromatic amine and capa- 
ble to interact with the carboxyl groups of glutamic and aspartic 
acids. In our opinion, the high values k,,(t) for BR:DAB films are 
the result of raising the lifetime of M12 form owing to the fact 
that 1,4-diaminobenzen screens extract proton groups 

‘At the same time the use of glutaric dialdehyde (GA) with 
sodium tetraborate for the alkaline catalysis of the reac- 
tion of bonding between amine groups of BR lysine residues 
and aldehydic groups of GA (the Schiff base) for the samples 
BR:GA = 1:5 had more high values of factor ksa() = 0.55 (Figure 
38.12), whereas BR:GA = 1:10 and 1:30 had K,y(t) = 04-05, 
Which is explained by the high content of GA oxidation prod- 
ucts by atmospheric O, (glutaric acid) that partially destroy 
BR molecules. The dynamics change of decay factor ky(0) 


value was studied during 1 year for BR:GA films (Figure 38.12) 
‘The samples BR:GA = 1:5 kept the high value of factor kyu(t) 
(20.45) for 120 days. After 330 days forall the samples of BR:GA 
Keglt) = 0.3. 

Introduction of amino acids in the content of BR-containing 
films leads to even better results. The films of BR: glycine, BR: 
isoleucine, and BR: lysine in molecular ratio from 1:1 to 1:25 
had been made. The BR: glycine and BR: isoleucine films were 
first inhomogeneous optically and characterized by the high 
light scattering, and consequently had low values of factor kyu(t) 
within the limits of 0.05-0.1. The BR: lysine films were opti- 
cally transparent and homogeneous. ‘The dynamics of chang- 
ing value k,(t) for the films with ratio BR: lysine = 1:10 and 
1:25 was shown in Figure 38.13. The samples with the ratio 
BR: lysine = 1:25 kept stable higher values during not less than 
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FIGURE 38.13 Changing values ksx(t) in the operation process for 
the films. BR: lysine = 1:10 and 1:25, 
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80 days—k,(t) (0.4-0.55)—in comparison with the check sam. 
ple (0.15-0.2). At that optical density and transparency, films 
did not change throughout that time. The samples with ratio 
BR: lysine = 1:10 demonstrated higher values k,(#)(0.35-0.5) in 
comparison with the check sample (0.15~0.2) for 330 days. 

‘The above results prove that there are considerable opportu- 
nities to improve functional characteristics of BR-containing 
materials by nanostructuring (by forming additional bonds 
between BR molecules) 


38.3.3 Metal Nanoparticles and 
Bacteriorhodopsin-Based 
Hybrid Nanostructures 


‘The other way to expand the functional opportunities of molecu- 
lar nanophotonics materials sto form hybrid nanostructures. We 
suggest the system use of some physical phenomena common for 
nanoscale structures as the basic processes for photonic informa- 
tion systems. In particular, we can use the effect that nano-objects 
have on the lifetime of excited atoms and molecules located closer 
than radiation wavelength. This effect is rapidly enhanced near 
nanoparticles when strong electromagnetic fields locate at plasma 
resonance frequency. Strong local fields influence the speed of 
electron transitions (i., the processes of light absorption and 
spontaneous radiation) Such fields can also change spectral char- 
acteristics of those processes and lead to substantial enhancement 
of various nonlinear optical effects. In particular due to strong 
local fields we can manage tumescence enhancement and effec- 
tive suppression (depending on the distance), have radiationless 
energy transition, and manage the quantum efficiency of BR 
photoreaction and the lifetime of its spectral intermediates. The 
specified mechanisms could be useful to design photonic devices, 
Which perform basic functions of information systems on the 
basis of nonlinear dissipative media with distributed feedbacks. 
Its to be taken into account that the effect nanoparticles have 
‘on the excited state of the functional molecule becomes different 
‘with the change ofthe distance between them. This circumstance 
creates wide opportunities to crease hybrid nanostructure-based 
composition materials with bridge molecules of various lengths. 
In general, hybrid nanostructures are the systems made of 
three components—colloidal nanoparticles, bridge molecules 
(spacers) with various linear dimensions, and functional (pho- 
tochromic, photoluminescence, electroluminescence, etc. mol- 
ecules. Below is the description and diagram (Figure 38.14) to 
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FIGURE 38.14 Schematic composi 


mn of hybrid nanostructures, 
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show different aspects of hybrid nanostructures’ formation with 
metal nanoparticles. 

Formation of the hybrid nanostructures with adjusted dis- 
tance between a nanoparticle anda functional molecule includes 
several key stages: 


1. Formation and stabilization of nanoparticles in the polar 
or nonpolar solvent. 

2. Modification of nanoparticle surface in order to function- 
alize and to ensure selective and self-organizing hybrid 
nanostructures. 

3. Binding of functional molecules with nanoparticle surface. 


Formation of nanoparticles compatible with BR photochromic 
protein has its own peculiarities due to the biological nature of 
the material as water is used as the main solvent. 

‘The number of spacers used to form BR-based hybrid structures 
is quite limited due to the chemical properties ofboth components. 
First, the spacers must be hydrophilic substances, well soluble in 
water. Second, functional groups are also very limited. As BR is a 
protein, its structure is based on polypeptide amino acid conse- 
quence, including among others asparagic and glutamic acid resi- 
dues. Those residues have free carboxylate groups taking no part in 
the formation of peptide bonds. pH area, where BR demonstrates its 
functional characteristics, is limited to pH > 5. Under those condi- 
tions the molecule is negatively charged. Therefore, to bind with BR 
functional spacer, the groups must be positively charged. The most 
efficient spacers look like molecules, including free aliphatic posi- 
tively charged amino acids. Those substances include, for example, 
symmetrical diamines (1.6-diaminohexane, 17-diaminoheptane) 
or lysine (2.5-diaminopentane acid). Besides, in low-molecular 
compounds, one can use polymers, including amino acids in their 
structure. Polylysine is one of such polymers. 

Gold nanoparticle-based nanohybrid structures are relatively 
easy to form as gold nanoparticles are chemically inert in aque- 
ous suspensions. At the first technological stage we apply the 
borohydride method, which makes it possible to get smaller par- 
ticles with more homogenous size distribution than nanopar- 
ticles obtained by using the citrate method. Besides to reach that 
we do not need to use any additional technological tricks. To 
apply the borohydride method, add ImL 1% HAuCl,, 0,5mL 
0.1M K,CO, to 100mL distilled water. While stirring the mix- 
ture vigorously with a magnetic stirrer, add 1401 0.1 M NaBH, 
solution (in some 1041L portions during 10min). 

‘The technological methods of forming hybrid structures that 
wwe are developing are based on mechanisms of special bonding 
and self-organization activated by interaction of spacers with 
the appropriate functional groups. To build hybrid nanostruc~ 
tures based on formed gold nanoparticles, we have to modify 
nanoparticle surface with amino-containing spacers, which are 
able to actively interact with both BR molecules and the sur- 
face of nanoparticle. We have selected symmetrical aliphatic 
diamines, in particular, 1.6-diaminohexane. ‘The surface of 
nanoparticles is modified by introducing 1.6-diaminohexane 
water solution with up to 5000 spacer molecules to 1 nanopar- 
ticle. The intensity of spacer molecules bonding with the surface 
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‘of nanoparticles can be indicated by the fact that after introduc 
ing 1.6-diaminohexane, excess gold nanoparticles are quick to 
aggregate (sometimes with residue). The results of that process 
‘can be seen while extracting films out of suspensions by methods 
‘of atom microscopic investigation (Figure 38.15). 
‘Comprehensive studies have proved that we need to not only. 
modify the surface of gold nanoparticles but also remove the 
suspension reacting system components that have failed to react, 
during nanoparticle synthesis as those components destruct 
BR molecules and obstruct synthesis of hybrid structures. To 
solve this problem, we have suggested the use of dialyze. Place 
nanoparticle-containing suspension in the so-called dialysis 
bag, which is a hollow plastic container with some nanometer: 
size holes. Sink the dialysis bag into the solution of the sub. 
stance to be introduced into the system (concentration of the 
solution should be enough to modify the surface of nanopar- 
ticles effectively). The volume of that solution is usually at least 
10 times more than the volume of the original suspension. 
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FIGURE 38.15 AFM characterization of the surface of gold 

nnanoparticle-based films extracted from (A) a suspension with opti- 

mum 1.6-diaminohexane level; (B) from a suspension with excessive 
sminohexane level 
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During the process, small organic and nonorganic molecules 
migrate through the hollow walls of the dialysis bag, depend- 
ing on the concentration gradient of the hole. Nanoparticles 
that are bigger than bag holes stay inside the dialysis bag. Some 
time (around 2 days) later thermodynamic balance is reached. 
‘That means that concentration of organic and nonorganic sub- 
stances get homogenous throughout the volume. Therefore, the 
solution inside the dialysis bag experiences dilution due to con- 
taminating impurities to an extent and solution volume relates 
to the volume of the original suspension. Concentration of the 
substance to modify nanoparticle surface is the same as that of| 
the original solution. Using this method, we have obtained gold 
nanoparticles with 1.6-diaminohexane-modified surface. Those 
suspensions are stable. The studies of spectral characteristics of| 
such suspensions have proved that dialysis has no effect on the 
spectrum of gold nanoparticles form (Figure 38.16). 

We have synthesized hybrid structures with nanoparticles to 
BR molecules ratio 13600. BR suspension (51 mg/mL) is used as 
an original one. Hybrid structures are formed by vigorously stir 
ring the suspension with a magnetic stirrer for 2 days atthe tem 
perature ofthe reaction mixture equal to 20°C-25°C. Figure 38.17 
demonstrates spectral characteristics of the hybrid nanostructures 
suspension based on gold nanoparticles, 1.6-diaminohexane, and 
BR. We have to stress that characteristic spectral maximums of 
certain components do not decompose and therefore make it more 
complicated to study functional characteristics of those structures. 
By using extraction, we have obtained films with the surface char- 
acterized by atom microscopic investigation (Figure 38.1). 

‘The use of silver nanoparticles providing optimum combina 
tion of spectral characteristics in the nanoparticle-BR system is 
of more interest. At the same time, silver nanoparticles demon- 
strate substantial chemical and photochemical activity in water 
suspension and require special stabilization measures. 
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FIGURE 38.16 Spectrum of gold nanoparticles after dialysis with 
1.6-diaminohexane solution, 
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FIGURE 38.17 Absorption spectrum for suspension of hybrid 
nanostructures based on gold nanoparticles, 1.6-diaminohexane, 
and BR. 
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FIGURE38.18 AFM characterization of the surface of hybrid nano- 
structures films based on gold nanoparticles, 1.6-diaminohexane, 
and BR. 


‘To solve this problem, we introduce bridge molecules with 
various functional groups into the reaction system used to 
synthesize nanoparticles. This single technological operation 
includes two stages: formation and stabilization of nanoparticles 
and modification of their surface. 

By using this method, we have obtained water suspensions 
of hybrid nanostructures based on BR and silver nanoparticles 
while using cysteine, arginine, lysine, and polylysine as spacers. 
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‘To form water colloidal suspension of silver nanoparticles we 
have used the following original water solutions: 


1. Cysteine, arginine, and lysine with concentrations 
= 0.09%, 0.118%, and 0.122% (weight) correspondingly 

2. Polylysine with concentration c = 0.125% (weight) 

3. Silver nitrate with concentration c = 0.024% (weight) 

4, Water solution of sodium boron hydride with concentra- 
tion c= 0.4% (weight) (to stabilize particles we have added 
2.5% (vol.) IM solution of sodium hydroxide) 


To form nanoparticles, first we add the specified volume of 
spacer solution (up to 0.2% total volume) into silver nitrate 
solution. Then we introduce 120uL boron hydride solution 
(divided into several 301L portions to be introduced every 
Smin) while stirring the mixture vigorously with a magnetic 
stirrer. Characteristic absorption maximums in the spectrums 
of silver nanoparticles suspensions stabilized with lysine, argi- 
nine, cysteine, and polylysine are at wavelength 390-400 nm 
(Figure 38.19). Comparing the bands of absorption of silver 
nanoparticles stabilized with monomer amino acids and sta- 
bilized with polylysine, we can conclude that nanoparticles 
stabilized with amino acids are smaller in size than nanopar- 
ticles stabilized with polylysine. That conclusion is proved by 
the fact that the spectral maximum of the polylysine-stabi- 
lized nanoparticles is located in a longer wavelength area, 
at A = 398nm, whereas absorption maximums for amino- 
acid-stabilized nanoparticles are located at 4 = 390-392nm. 


Nanoparticles of smaller sizes are likely to occur due to the 
higher mobility of monomer molecules as synthesis is a quick 
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FIGURE38.19 Absorption spectra for suspensions of silver nanopar 
ticles stabilized with various amino acids (arg—arginine;cys—eysteine; 
Iys—ysine;plys—polylysine) 


38-16 


g 
g 
é 


3005700 
Wavelength (am) 


FIGURE 38.20 Absorption spectra for suspensions of cysteine 
stabilized nanoparticles depending on spacer 
concentrations. 
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reaction, whereas polymer molecules of polylysine are too big to 
take optimal confrontation that fast. It could also be explained 
by the fact that silver nanoparticles quite easily form nonspheri 
cal structures. This can lead to absorption maximums moving 
to the long wavelength area (Krutyakov et al., 2008). 

‘The spectral characteristics (location of absorption maximum. 
and absorption intensity) of the silver nanoparticle suspensions 
also depend on spacer concentration. Nanoparticles of the most 
homogenous sizes have been formed in suspensions with silver 
into spacer ratio close to 1:1. The fact is proved by the smaller 
semi-width of characteristic peaks in the nanoparticle spectrum 
(igure 38.20) 

Figure 38.19 demonstrates that characteristic maximums in 
the spectrum of absorption of silver nanoparticles and BR are 
divided into 160-170nm to make it easier for the analysis and 
application of hybrid nanostructure optical properties to form 
functional nanocomposites to happen. 

‘As mentioned above, the technological methods of forming 
hybrid nanostructures are based on the mechanisms of special 
bonding and self-organization activated by selecting appropri 
ate bridge molecules for various functional groups. For example, 
during formation and stabilization of silver nanoparticle mol- 
ecules of cysteine, arginine, lysine, and polylysine bond with the 
surface with the help of thio- (cysteine), guanydo- (arginine), or 
amino groups (lysine and polylysine). At the same time those 
‘molecules are spacers as they include additional amino groups 
which are able to actively interact with carboxyl groups of glu- 
tamic and asparagic acid residues, included in the amino acid 
consequence of BR. So, by using silver nanoparticles and BR 
‘molecules we can obtain hybrid nanostructures. 
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Such hybrid structures are synthesized with nanoparticles 
into BR molecules ratio equal to 1:3600. We use Smg/ml. BR 
suspension as the original one. The hybrid nanostructures are 
formed by vigorously stirring the suspension with a magnetic 
stirrer for I day at the temperature of the reaction mixture equal 
to 22°C-25°C. 

Figures 38.21 and 38,22 demonstrate spectral characteristics 
of hybrid nanostructures using lysine and polylysine as spacers. 
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FIGURE 38.21 Absorption spectrum for suspension of hybrid nano- 


structures based on silver nanoparticles lysine, and BR 
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FIGURE 38.22 Absorption spectrum for suspension of hybrid nano. 
structures based on silver nanoparticles, polylysine, and BR. 
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‘While analyzing the technological results of obtaining hybrid 
nanostructures, we have to pay attention to the following: 

‘The spectral characteristics of hybrid nanostructure sus- 
pensions demonstrate two characteristic spectral maximums, 
corresponding to certain components. It proves that BR and 
nanoparticle bonding causes no destruction of materials and BR. 
molecules keep their functioning. 


1. The characteristic spectral maximums of certain compo 
nents of hybrid nanostructures may be offset. For example, 
the suspension of hybrid nanostructures based on silver 
nanoparticles, lysine, and BR demonstrates absorption max- 
imum offset for silver nanoparticles from 391 to 408nm 
(Figure 38.21), whereas the location of absorption maximum 
for BR stays the same—568nm. The suspension of hybrid 
nanostructures based on the silver nanoparticles, polyly- 
sine, and BR demonstrates absorption maximum offset for 
BR from 568 to 560m, whereas the location of absorption 
‘maximum for the silver nanoparticles stays almost the same 
400nm (Figure 38.22). It could possibly happen because of 
the different distances between nanostructure components 
due to various spacer molecules (=0.75nm of lysine and 
=1.5nm of polylysine), the type of bonding with nanopar- 
ticle surface, and BR. 

2. After measuring the spectral characteristics of hybrid 
nanostructures, we have found out considerably increased 
absorption by every component of hybrid nanostructure 
against the adaptive spectral characteristic calculated by 
the simple adding of the spectrum of separate components 
in the same concentration they have in the suspension of 
hybrid nanostructures. The absorption increase reaches 
13% at A = 394nm (cysteine-stabilized silver nanoparti- 
cles) and 26% at A = 568nm (BR) (Figure 38.23). 


‘Therefore, synthesized hybrid nanostructures demonstrate 
functionality, mutual influence of certain components on spec- 
tral characteristics of each other, as well as an influence on BR 
photocycle. 
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FIGURE 38.23 Factual spectrum of hybrid nanostructure suspen- 
sion based on silver nanoparticles, cysteine, bacteriorhodopsin, and 
additive spectrum from spectra of separated components. 
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38.4 Summary 


‘The use of molecules with conformation-adjusted relative posi- 
tion (distance and angle) of molecular groups including bridge 
functional groups as spacers can contribute to the develop- 
‘ment of nanotechnological and nanosystem approaches based 
on self-organization. Using the above method, we can regu- 
late dipole-dipole interaction of a nanoparticle and a func- 
tional molecule. The effect is more obvious for nonspherical 
particles. Taking into the account that BR molecule performs 
photo-dependent transit of charge (H'’), the above method of 
regulating photochromic photoreaction and the lifetime of 
intermediates must be quite effective. The suggested approach 
can also be applied for hybrid nanostructures with different 
composition, 

‘Therefore, we have demonstrated the system and technologi- 
cal aspects of self-organization of functional nanostructures of 
molecular photonics realizing bionic principles of neural net- 
work appliances operation. 

The systems designed are expected to have some functional 
characteristics, making them to sense and analyze like live 
intellectual neural systems. For example, apart from having 
distributed and content-addressed memory and the ability to 
learn and identify steady images, those systems will be able to 
identify dynamic images, ie., images of evolving objects. Such 
abilities are based on new functions built upon self-organization 
of structures and processes, including: adaptive sensing with 
feedbacks, regulating activity of various parts of artificial retina; 
adaptive change of sampling rate and of retina coverage; model- 
ing of tunable retinal receptive fields with spatial filtering; and 
formation of structures sensitive to the direction and speed of 
object movements. 
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Figure 20-1. A compact fluorescent lamp with its base 
cut away ta reveal the contro electronics, 


<> 
ce 
-&- 


Figure 20-2. Schematic symbols to represent fluorescent 
tubes and bulbs are nat standardized. See text for details 


A fluorescent tube or lamp contains a very small 
amount of mercury vapor that can be stimulated 
to emit ultraviolet light. This encounters a thin 
layer of phosphors coating the inner surface of 
the glass enclosure. The light causes the phos- 
phors to fluoresce, emitting a diffuse radiance in 
the visible spectrum, 


The tube or lamp also contains one or more inert 
gases such as argon, xenon, neon, or krypton at 
about 0.3% ofnormal atmospheric pressure. Two 
electrodes inside the glass enclosure are made 
primarily from tungsten, which can be preheated 


light source, indicator, or display > single source 


tluore 


vtlight 


to initiate ionization ofthe gas. Confusingly, both 
electrodes are often referred to as cathodes. 


The function of the gas is not to emitlight, but to 
conduct electric current, so that free electrons 
may encounter mercury atoms, raising theirelec- 
trons briefly to a higher energy level, When one 
of these electrons reverts from its unstable ener- 
gized state to its previous energy level, itemits a 
photon at an ultraviolet wavelength. 


Figure 20-3 provides a diagram showing the in- 
terior of a fluorescent tube, 
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Figure 20-3. The basic parts of a fluorescent tube. 


Ballast and Starter 
Heating the tungsten electrodesis necessary but 
not sufficient to trigger ionization. A high 
voltage pulse is also needed when the light is 
switched on. In a typical 48" tube, the pulse may 
range from 200V to 300V. 


After current flow has been established, the gas, 
whichis nowa plasma, entersa phase of negative 
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39.1 Introduction: Properties 
of Laser Radiation 


‘A laser is a device that emits light (or more generally electro 
magnetic (EM) radiation) through a process called stimulated 
‘emission. The term “laser” is an acronym for light amplification 
by stimulated emission of radiation [I], Th first working laser 
‘was demonstrated on May 16, 1960, by Theodore Maiman at 
Hughes Research Laboratories. twas pulsed ruby laser. The main 
characteristics of laser beam are monochromaticty, coherence, 
divergence, and brightness. 

‘Monochromaticty is associated with the fact that in a laser, 
only an EM radiation at a particular frequency (or wavelength) 
is amplified. In practice, it has a certain range, called linewidth, 
which is determined by homogeneous and inhomogeneous broad- 
ening factors. The linewidth is very small compared with typical 
light sources. Additionally, ue to the laser cavity, which forms 
resonant system, the oscillation can occur only at the resonance 
frequencies of this cavity. This leads to the further narrowing of 
laser linewidth, often by several orders of magnitude 

Coherence is associated with the phase difference. For any 
EM wave, there are two kinds of coherence, namely, spatial and 


temporal coherence. Typical laser source emission is very coherent. 
Most other light sources emit incoherent light, which has a phase 
that varies randomly with time and position. 

Let us illustrate first the spatial coherence. For that, consider 
two points of EM wave, which, at time f = 0, have phase differ- 
ence @,. If for any time f > 0 the phase difference of EM wave at 
those points remains 4, we say the EM wave has perfect coher 
ence between the two points. If this is true for any two points of 
the wave front, we say the wave has perfect spatial coherence. 

Now, considera fixed point on the EM wave front. [fat any time 
the phase difference between time f and time ¢ + At remains the 
same, where Ar is some time delay, we say that the EM wave has 
temporal coherence over a time At. FAtcan be any value, we say the 
EM wave has a perfect temporal coherence. If this happens only in 
arrange 0 < AY < f,, we say it has partial temporal coherence, with a 
coherence time equal to f,. Laser light is highly coherent, and this 
property has been widely used in measurement, holography, et. 

Laser beam is also highly directional, which implies that laser 
light has very small divergence. This is a direct consequence of the 
fact that laser beam comes from the resonant cavity, and only waves 
propagating along the optical axis can be sustained in the cavity. 
‘The directionality is described by the light beam divergence angle. 
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‘The brightness of alight source is defined as the power emitted 
per unit surface area per unit solid angle. Brightness is inversely 
proportional to the square of laser divergence; therefore laser 
light is much brighter than normal light source. 


39.2 Overview of Lasers 


In gas lasers, the active medium can be regarded effectively as an 
‘ensemble of absorption or amplification centers (like, eg., atoms 
‘or molecules) with only electronic energy levels, which couple 
to the resonant optical field. Other electronic states are used to 
excite or pump the system. 

‘The generic laser structure is shown in Figure 39.1 It consists 
‘ofa resonator (cavity) formed by two mirrors and gain medium 
where the amplification of electromagnetic radiation (light) 
takes place. A laser is an oscillator analogously like an oscillator 
in electronics and requires a resonator, which provides feedback. 
Feedback is provided by two mirrors. Mirrors confine light and 
provide optical feedback. One of the mirrors is partially trans- 
mitting, which allows the light to escape from the device. There 
‘must be an external energy provided into the gain medium (pro- 
«cess known as pumping). The most popular (practical) pumping 
mechanisms are by optical or electrical means. 

‘The gain medium can be created in several ways. Conceptually, 
the simplest one is the collection of gas molecules. The pumping 
process excites these molecules into a higher energy level. The 
popular visualization of such collection of molecules is as two: 
level systems (TLS) (see Figure 39.2). Only two energies (out of 
many in the case of a molecule) are selected and the transitions are 
considered within these two energies. As illustrated, three basic 
processes are possible: absorption, spontaneous emission, and 
stimulated emission. 

Such TLS are found very often in nature. Generally, for an 
atomic system, for the case under consideration, we can always 
separate just two energy levels: upper level and ground state, 
thereby forming TLS. 


Resonator (two mirrors) 


FIGURE 39.1 Generic laser structure: two mirrors with a gain 
medium in between. The two mirrors form a cavity, which confines the 
light and provides the optical feedback. One of the mirrors is partially 
transmitted and thus allows light to escape. The resulting laser light is 
directional, with a small spectral bandwidth, 
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FIGURE 39.2 Possible electronic transitions in two-level system. 
{@) Absorption, (b) Stimulated emission, and (e) Spontaneous emission. 


Electron can be excited into upper level due to external 
interactions (for lasers through a process known as pumping) 
Electrons can lose their energies radiatively (emitting photons) 
or nonradiatively, say by collisions with phonons. 

For laser action to occur, the pumping process must produce 
population inversion meaning that there are more molecules in 
the excited state (here upper level with energy £,) than in the 
ground state. If population inversion is present in the cavity, 
the incoming light can be amplified by the system (see Figure 
39.2b) where one incoming photon generates two photons as 
the output. 

‘The way how TLS is practically utilized results in various 
types of lasers, like gaseous, solid state, or semiconductor. Also, 
different types of resonators are possible as will be discussed in 
subsequent sections. 


39.3 Semiconductor Lasers 


A significant percentage of today’s lasers are fabricated using the 
semiconductor technology. Those devices are known as semi- 
conductor lasers. Over the last 15 years or so, several excellent 
books describing different aspects and different types of semi- 
conductor lasers have been published [2,3] 

‘The operation of semiconductor lasers as sources of elec- 
tromagnetic radiation is based on the interaction between EM 
radiation and the semiconductor. Typical semiconductor laser 
structures are shown in Figure 39.3. These lasers can be classified 
asin-plane laser where light propagates ina parallel direction [4] 
and vertical cavity surface emitting laser (VCSEL) [5] 

‘The largest dimension of in-plane structures is typically in 
the range of 250 1m (longitudinal direction) and as such cannot 
be considered as a nanolaser. The structure of interest to us isthe 
cone where light propagates perpendicularly to wafer’ surface and 
itis known as VCSEL (see Figure 39.36). The typical diameter of 
VCSEL cylinder is about 10u1m. 

‘The basic semiconductor laser is just a p-n junction (see 
Figure 39.4) in which the cross-section along the lateral-trans- 
versal directions is shown. Current flows (holes on p-side and 
electrons on n-side) along the vertical direction, whereas the 
light travels horizontally and leaves the device on both sides. 

Light propagation with amplification is illustrated in Figure 
39,5, Mathematically itis described by assuming that there is no 
phase change on reflection at either end (left and right). The left 
end is defined as z= Oand right end as z= L. At the right facet, 
the forward optical wave has a fraction r, reflected (amplitude 
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reflection) and after reflection the fraction travels back (from 
right to left) 

In order to form a stable resonance, the amplitude and phase 
of the single round trip must match the amplitude and phase of 
the starting wave, At arbitrary point z inside the cavity (see Figure 
39,5) the forward wave is 


Ee i 
‘where we have dropped e! common term and g=g,~ Oy. Here rg 


and r, are, respectively, right and left reflectivities, gis gain (and 
Joss), Llength of the cavity, and B the propagation constant, 


where m is an integer. The last equation determines wavelengths 
of oscillations since 


(39.7) 


with 2, being the wavelength, 

In VCSEL, the cavity is formed by the so-called Bragg mirrors 
and an active region typically consists of several quantum well 
layers separated by barrier layers (see Figure 39.3). Bragg mirrors 
consist of several layers of different semiconductors, which have 
different values of refractive index. Due to the Bragg reflection, 
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FIGURE 39,6 Illustration of various active regions with different 
dimensionality. (2) three-dimensional (3D) or bulk structure, (b) two- 
dimensional (2D) structure known as quantum well, (6) one-dimen- 
sional (1D) structure knowns quantum wire, and (d)zer0-dimensional 
(0D) structure known as quantum dot. (Adapted from Arakawa, Y.and 
Sakaki, H., Appl Phys. Lett, 40,939, 1982.) 
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FIGURE 39.7 Calculated gain spectra for quantum dot, quantum 
‘wire and quantum well. For comparison, results for bulk crystal are also 
shown as dotted line. (Adapted from Asada, M. etal, IEEE J. Quantum 
Electron, 22, 1915, 1986.) 


such a structure shows a very large reflectivity (around 99.9%). 
Such large values are needed because a very short distance of 
propagation of light does not allow to build enough amplification 
‘when propagating between mirrors, 

From the electromagnetic analysis of the optical cavity, the 
‘quality factor Q of the cavity [6] can be determined as 


(9.8) 


where 
Adis the cavity linewidth, 
6 the resonant frequency of the cavity 
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Gain spectra {also other properties) strongly depend on size 
of the active region. Different gain media are possible, consisting 
of OD, 1D, 2D, 3D (bulk) structures (see Figure 39.6). The typical 
thickness of a quantum well is about 10nm. The dimensionality 
of these structures have profound consequences on laser proper~ 
ties. An illustration of gain spectra obtained with gain media for 
structures of different dimensionalities is shown in Figure 39.7 
[As can be seen, the shape of spectrum becomes sharper with 
increasing quantization dimension. This is due to the variation 


of the density of states 


39.4 Rate Equation Approach 


In a typical laser, there exists two types of subsystems: pho- 
tons and carriers. A quantitative description of a laser system 
is given in terms of rate equations. One introduces the number 
of photons S inside the cavity and number of carriers N (can be 
also a number of excited molecules for some systems). The rate 
equations describe the time evolution of $ and N, as follows: 


aN) IN 
Ney t-X-v,g0ys 

ae gy G99) 
as S TBR» (39.10) 


a 


We have explicitly indicated that gain g depends on the carrier's 
concentration, 

In Equation 39.9 the first term is responsible for pumping 
(in this case electrical), with I being the current, the second 
term accounts phenomenologically for losses, and the last one 
describes coupling to the photon system. 

‘The last term in Equation 39.10 accounts for spontaneous 
‘emission (with the coefficient f). The f coefficient describes the 
amount of spontaneous emission that contributes to the lasing 
mode. The B factor is inversely proportional to the number of 
available modes into which the gain medium can spontaneously 
emit photons. In typical in-plane lasers, it is a small number 
(like 10 (3). The value of Bis between 0 and 1 

‘The typical power-current characteristic of semiconductor 
laser is shown in Figure 39.8 for two extreme cases of B. When 
B = 1,all the spontaneously emitted photons end up in the las- 
ing mode. For small values of B, the laser has a well-defined 
threshold. At threshold, the optical gain compensates for the 
losses. Above the threshold, the laser operates in a stimulated 
emission mode and below the threshold, spontaneous emission 
dominates. 

AA large B is the key factor in single-photon laser sources [78] 
The (still hypothetical) case of = 1 is often referred to asa thresh- 
oldless laser [9]. In the thresholdless laser, all photons participate 
in the stimulated emission. Such a device would require a small 
amount of energy to operate. Its dimensions should be very small, 
say. 
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FIGURE 39.8 Current-power characteristics for two values of spon- 
tancous emission factor. 


Several issues must be addressed before one could fabricate 
thresholdless laser (10,11). Those include: (a) optical modes that 
induce undesired spontaneous emission should be suppressed 
where possible, (b) creation of a single-cavity mode with a suff 
ciently high Q factor and a small modal volume is essential, and () 
excited carriers should be concentrated to emit light coupled to 
the single-mode cavity. 


39.5 Definition of Nanolaser 


‘The need to reduce the size of the semiconductor laser is one of 
the most active and challenging areas of modern optoelectronics. 
On the theoretical side, size reduction is important for under- 
standing the basic laser concepts and fundamental light-matter 
interactions. On the practical side, smaller lasers will find various 
applications as light sources in integrated optical systems. 

If photonics should be compatible with VLSI as for as lasers 
are concerned, photonic devices must shrink in size to 100m (or 
Jess) length scales. As indicated inthe previous section, the small 
est lasers available commercially today are VCSELs. However, in 
the last few years, the new type of even smaller devices is emerg- 
ing, namely, nanowire lasers. Their cylindrical dimensions range 
from few tens up to hundreds of nanometers, whereas their 
lengths are typically within a few hundreds of microns. 

‘The typical volume of conventional miniature lasers such as 
\VCSELS is determined by the volume of the cavity mode. The 
effective wavelength in the dielectric should be of the order of 
the characteristic length of the device. ‘This leads to the e 
tence of the effective modal volume V>(A/2n), a condition 
known as the diffraction limit. Reduction of the volume of the 
active region is the potential factor for lowering the threshold 
current. 

Recent advances in technology allow the fabrication of 
optical nanoscale devices where the wave nature of photons 
becomes one of the most critical variables. It provides the chal 
lenges in the realization ofa tiny coherent photon source. The 
localization of the wave is difficult when wavelengths of pho 
tons become much larger than the spatial variation of the con- 
finement structure. 
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‘As the dimensions of optical nanodevices scale down, devices 
can be fabricated with effectively only one optical emission mode. 
‘These structures could be termed nanolasers (se [8)). Alternatively, 
nanolasers can be defined as structures having dimensions 
smaller than the wavelength of light in all three dimensions (12) 
Recent summaries of research on nanolasers can be found in 
Refs. (12,13). 

In the following sections, we will discuss examples of recently 
the developed nanolasers (and related) structures: 


+ Nanowire lasers 
+ Plasmonic lasers. 

+ Photonic crystal lasers 
+ Scattering lasers 

+ Organic lasers 


We conclude this chapter with a brief discussion of applications 
of nanolasers in sensing and medicine. 


39.6 Nanowire Lasers 


Various types of nanocavities have been fabricated and a coherent 
laser emission from such structures has been observed. Among 
others, lasing has been demonstrated in droplets [14,15], silica 
(16), and polystyrene spheres [17], semiconductor microdisks 
{18-20}, micropillars (21), photonic crystal cavities [22], nanorib- 
bons (23], ZnO arrays [24], GaN nanowires [25], and single-crystal 
ZnO nanowires [26] 

Several methods of the synthesis of semiconductor nanow- 
ire heterostructures have been developed, including chemical 
vapor deposition and the vapor-liquid-solid growth of crys- 
talline semiconductor nanowires. Recent progress in the 
development of semiconductor nanowires was reviewed by 
Lauhon et al. [27] 

‘The schematics ofa typical cylindrical nanowire laser is shown 
in Figure 399 and the possible schemes of current injection are 
schematically shown in Figure 39.10. These structures provide pho- 
ton confinement in volumes of afew cubic wavelengths. A typical 
lateral dimension of a nanowire is between 20 and 400nm, with a 
length in the range of 2-40 1m. As was shown in the journal articles 
cited earlier, itis possible to grow nanowire arrays with tight control 
over size (diameter <20nm) and uniformity (<+10%). 

A significant reduction in size of nanometer laser was possible 
ddue to large spatial overlap between the active medium (the wire 
itself) and the guided mode, which propagates along the axial 
direction. A. strong lateral optical confinement is also created. 
It originates due to the size of the structure itself and also due to 
large dielectric contrast (difference) between the nanowire material 
itselfand the surrounding material. The end facets of the nanowire 
form axial Fabry-Perot-type cavity necessary for laser action. 

Early experimental evidence for guided modes in nanow- 
ires surrounded by air has been reported by Johnson et al. [25] 
and Duan et al. [28]. Lasing was observed in structures that are 
rather thick (radius in the 80-200nm range). In these structures, 
quantization effects are absent. Such structures can function as 
the active medium and waveguide at the same time. Structures 
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FIGURE 39.9 Side view of a nanowire laser. (Adapted from Maslov, 
AN.and Ning, C.Z., Appl. Phys. Lett, 83, 1237, 2003) 
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FIGURE 39.10 Possible schemes of current injection in nanowires: 
(a) through the ends of the nanowire and (b) from the core and shell 
regions. (Adapted from Maslov, A. J. Appl. Phys, 99, 024314, 2006.) 


with much smaller dimensions (radius about 1nm) have also 
been fabricated [29]. In such samples, quantization effects play 
a dominant role, As an example, resonant nanowire cavity 
fabricated by Huang etal. [24] achieved gain and lasing through 
an excitonic lasing action in ZnO with a threshold of 40kWiem? 
under optical excitation. (In this case, because of optical pump- 
ing, the density of optical power is provided instead of value of 
electrical current)) A summary of the properties of basic materi 
als used to fabricate nanowires is shown in Table 39.1 


TABLE39.1. Basic Properties of Materials Used. 
to Fabricate Nanowires 
Emission 
Wavelength Threshold 
Materials fam) ——_(afem=! 
7 500 
an 70 
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39.6.1 Ring Resonator Nanolasers 


Microrings are common building blocks in photonics [30], 
Formation of nanoring resonator is also possible by converting 
the nanowire into a ring [31] 

‘This change of shape results in a significant modification 
of the optical spectra of the cavity. For example, the photolu- 
minescence displays Fabry-Perot (FP) resonances that match 
those calculated for ring resonance. Also, the dielectric imper- 
fection at the overlapping junction causes each FP mode to split 
into a doublet, thus breaking the degeneracy between clock- 
wise and anticlockwise photon propagation (see Figure 39.11b). 

Microring nanolasers were fabricated and analyzed by 
Berkeley group led by Yang (31). The ring structure was fabri- 
cated from a linear GaN nanowire (see Figure 39.11). We show 
here a GaN nanowire before manipulation into a ring configura- 
tion (a) and after creation of ring geometry (b). It is not a sub- 
wavelength device as can be seen from that figure. In the ring 
after coupling, a dielectric discontinuity is introduced (since 
each ends of the original wire are now positioned side by side). 
‘This side-by-side overlap is responsible for evanescent coupling 
between cavity arms (see Figure 39.12). 

‘The circulating optical modes within a resonator cavity 
containing a defect are theoretically equivalent to a photonic 
molecule [32] (compare Figure 39.11c). Dielectric discontinu- 
ity after coupling leads to perturbation within the cavity and 
breaks the resonance degeneracy into clockwise and counter- 
clockwise mode propagations. It is known that such perturbed 
cavity is theoretically equivalent to two perfect cavities that are 
coupled. 
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the theoretically equivalent photonic molecule. (Adapted from Pauzauskie, 
PJ.etal, Phys. Rex. Lett, 96,143903, 2006) 


FIGURE 39.12 Cross-section view of the ring structure showing 
the side-by-side overlap that enables evanescent coupling between 
cavity modes, 


Nanolasers 


‘The lasing behavior between nanowires and their resonator 
counterpart also markedly different. The emission maximum of 
ring laser is red shifted up to 101m relative tothe wire (ee [31 


39.6.2 Theoretical Analysis of Nanowires 


For a mathematically oriented reader, we provide here the main 
clements of theory of nanolasers. This section can be skipped in 
the first reading. 

‘Theoretical and numerical analysis of nanowire lasers was 
reported in a series of papers by Maslov and Ning [33-37] and 
also by Chen and Towe [38]. From experiments, we know that 
lasing occurs through the end facets ofthe nanowire (see Figure 
39.9 (from Ref. [33]}) 

‘The nanowire can support transverse electric (TEy,) and 
transverse magnetic (TM,,) modes, which have only three field 
components and no dependence on @ and hybrid modes (HE yo 
and EH,,,), which have all six field components (33) In the axial 
approximation, the field components are of the type [34] 


Ada(R29)s rer’ 
EO= 4B) +G¥ler), r’'<r<R G90) 
D,Hylsr). rR 
EAR), rer 
(=JGJAN+NY OG, <r R (39.12) 
MHS), r>R 


where J, and ¥, are the Bessel functions of the first and second 
kind, respectively. H, =H.” =], +i¥, is the Bessel function of 
the third kind (Hankels function). Also, the following definitions 
of transverse wave numbers were introduced: xis =€, 07/6" 
‘The eight unknown coefficients A, B, C, D, F,G,N, and M should 
be determined from the boundary conditions at the interfaces 
r=randr=R. 

‘The numerical approach is based on solving Maxwells equa: 
tions using finite difference time-domain (FDTD) method in 
cylindrical coordinates [35]. Typical computational window is 
shown in Figure 39.13 

‘The modes supported in such nanowire structures are similar 
to those of optical fibers (for a discussion of modes in fiber, see 
{39}) but are more localized due to high refractive index contrast 
between the nanowires and the surrounding air. 

‘The Maslov-Ning analysis suggests thatthe natural facts ofthe 
nanowires provide very low quality factors (of the order of hun- 
dreds) for nanowires of about 10,um in length. ‘These factors are 
very sensitive to the mode type and nanowire radius. 

Far-field patterns ofthe emitted radiation were also discussed 
(34,35). Itwas determined how the radiation pattern depends on 
the lasing mode. The radiation is emitted in a very broad range of 
angles with respect to the nanowire axis. Also, the directionality 
‘weakens with an increase of the nanowire radius. 


39.7 


Far field 


BS 


Nanowire ——>] 


RE 
FIGURE 39.13 Schematic of the FDTD computational domain. 
(Adapted from Masloy, AV. and Ning C.Z., Opt. Lett, 28, $72, 2004.) 


Incident 
wave packet 


Using their methods, Maslov and Ning recently reported on 
the numerical analysis of semiconductor nanowire covered with 
a metal as a possible laser waveguide [40]. Their analysis opens 
the possibilities of fabricating even smaller nanowire-based 
lasers. Maslov and Ning analyzed the possible advantages of 
using a semiconductor nanowire encased in a metal as a laser 
waveguide. They showed that despite large Joule loss, such struc 
ture can be a good candidate for subwavelength laser operating 
in TM,, mode. 

Coupled drift-diffusion simulations of nanowire lasers have 
been recently reported by Chen and Towe [38]. They extended the 
FDTD approach by including carrier effects. Their method is based 
on numerical solution of the steady-state 2D drift-diffusion carrier 
transport equations, which are coupled with the photon genera- 
tion rate equations. The basic system of equations is as follows: 


V-[-eVw(xy)] =4[ pls») —ne 9) +.N5 -N, 


(39.13) 


VJ, = —a[ Gt P)—Ry (th P)~ Ru (0h P) — Rages P)~ Renal P)) 
69.14) 


VJ, =a[ G0 p)— Rl, PRs p)— Raa ( P)—Rouslr p)] 


915) 

Jo=gD.Valxy)aHanssy)VyCoy) (9.16) 
917) 
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where G(n, p) is the carrier generation rate, Ry(n, p) is 
the local spontaneous recombination rate, R,(n, p) is the 
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local stimulated recombination rate, Ryguy(thp) represents 
Shockley-Read-Hall (SRH) dark recombination rate, Gy Sys 
Tn Rinm A¥@, Fespectively, the modal gain, the photon number 
in the cavity, photon lifetime and for the mth lasing mode, 
and the spontaneous emission rate that couples to the mth 
lasing mode. 


39.6.3 Recent Work on Nanowire Lasers 


‘We conclude the section on nanowires with a description of 
recent works that go beyond single cylindrical nanowire. First, 
wwe describe nanowires with metal coating and then the combi- 
nation of nanowires and quantum wells 

‘The dimensions of semiconductor nanolasers can be further 
shrunk by using metal-coated nanowires, Such a structure was first 
fabricated in 2007 by Hill etal. [41] and this structure was shown to 
be the smallest electrically pumped nanolaser. They coated a thin 
semiconductor heterostructure post made of In/InGaAs/InP with 
a layer of gold as shown in Figure 39.14. The diameter was 210nm. 
Electrons are injected through the top of the pillar and holes are 
injected through a large-area lateral contact. 

‘The device lased in the near-infrared at a wavelength of 
M08nm. The mode was an HE,,-like mode oscillating near the 
InGaAs region cutoff frequency. 

All previously described studies have concentrated on fab- 
ication of nanolasers from homogeneous semiconductors 
such as gallium nitride (GaN). This means that the laser wave- 
length is determined by the band gap of the used material. In 
such a design, there is no possibility to tune the properties of 
the laser. 

However, with proper technological tools, structures in which 
gain and cavity functionalities are decoupled can be designed 
and fabricated. The purpose of decoupling the gain medium and 
the cavity is not to separate but to combine the best properties of 
both subsystems. Thus quantum wells provide the optical gain 
‘medium whereas the nanowire acts as the optical cavity. 
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FIGURE 39.14 (a) Structure of the cavity formed by a semiconduc- 
tor pillar encapsulated in gold, (b) Cross-section ofthe pillar (Adapted 
from Hill, MIT etal, Nat, Photonics, , 589, 2007) 
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FIGURE 39.15 Cross-sectional view of a (a) GaN-based core/multi- 
shell nanowire structure and (b) the corresponding energy band 
gram, (©) InGaN multiple quantum well (MQW) nanowire structure. 
(Adapted from Qian, Fetal, Nat. Mater, 7,701, 2008; Qian, F. etal 
Nano Lett, 5, 2287, 2005) 


‘This new type of nanolasers was described by Qian et al. [42] 
‘The structure is shown in Figure 39.15. It consists of a GaN 
nanowire core that acts as the optical cavity surrounded by 
InGaN/GaN multiple quantum well (MQW) shells that serve 
asa composition-tunable gain medium. By varying the indium 
content, the emission wavelength can be tuned between 365 
and 494nm, with all devices operating at room temperature. 
Their nanowire heterostructure contains 3 to 26 quantum 
wells. Typical nanowires were 200-400nm in “diameter” and 
20-60 41m in length. Although the nanolasers were optically 
pumped, the authors believe that electrical injection is possible. 


39.7 Plasmonic Lasers 


Surface plasmon mode confinement has been used to achieve 
subwavelength modal dimensions at the expense of optical 
loss [43-45]. Several structures that involve plasmons were 
proposed. A comprehensive introduction to the main physical 
aspects involved in plasmonic devices were recently summa- 
rized by Dragoman and Dragoman [46] 

A summary of the analysis of the plasmonic nanoresonators 
has recently been provided by Maier [47]. Plasmon cavities can 
confine electromagnetic energy into both physical and effective 
mode volumes far below the diffraction limit. 

Manolatou et al. [48,49] proposed and analyzed a family of 
nanoscale cavities for electrically pumped surface-emitting semi- 
conductor lasers that use surface plasmons to provide optical con- 
finement. The analyzed cavities have radii between 100 and 300nm 
and the heights ofthe dielectric part of the cavity between 100 and 
250 nm. The metal layers were assumed to be thick enough to pro- 
hibit light transmission. The typical circular nanopatch laser ana- 
lyzed by Manolatou and Rana [49] is shown in Figure 39.16. 
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resistance. Current passing through it will tend 
to increase even if the voltage decreases. This 
process must be controlled to prevent the for- 
mation of an arc, which will destroy the electro- 
des. (A similar process occurs in any gas dis- 
charge tube, such as a neon bulb, and is de- 
scribed in a graph in Figure 19-5.) 


To heat the electrodes, ionize the gas, and then 
control the current, the fixture for a fluorescent 
tube contains components that are separate 
from the tube. In their simplest, traditional form, 
these components consist of a starter and a bal- 
last. The starter is a neon bulb that contains a 
bimetallic strip serving as a normally closed 
switch. Itallows current to flow through the elec- 
trodes in series, to heat them. The basic circuit is 
shown in Figure 20-4. 
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Figure 20-4, The traditional circuit to trigger ionization of 
the gas ina fluorescent tube uses a starter (shown at the 
bottom as a neon tube containing a bimetallic strip, which 
‘serves as a switch) and ballast (an inductive load, shawn 
at lett) 


The starting process may not be immediately 
successful, in which case the starter may repeat 
several times in succession, causing the tube to 
flicker before its discharge becomes stable. Ina 
cold environment, the tube will have more diffi- 
culty starting 

After the tube becomes conductive, current be- 


tween the electrodes bypasses thestarter. Atthis 
point, the ballast limits the current to prevent an 


at ight Variants 
atc from forming, The simplest form of ballast is 
a coil that functions as an inductor. 


In a more modem system, an electronic ballast 
replaces the starter-ballast combination. It not 
only applies the initial surge of high current but 
also raises the S0Hz or 60Hz frequency of the 
power supply to 10KHz or more. This increases 
the efficiency of the tube and eliminates any visi- 
ble flickering of the light. 


All compact fluorescent bulbs (CFLs) contain 
electronic ballasts. The small components visible 
in Figure 20-1 are the ballast. 


Flicker 

When a fluorescent tube uses a conventional 
ballast and is illuminated with 50Hz or 60Hz AC, 
the glow discharge stops each time the current 
flow passes through the zero point in its cycle. In 
fact, the ionized gas in the tube cannot conduct 
Until it is close to the maximum voltage, and 
stops conducting when the voltage rolls off. Con- 
sequently, the voltage across the tube fluctuates 
in an approximate square wave, and the light 
output begins and ends very abruptly. Although 
this occurs 100 times per second on a SOHz sup- 
ply and 120 times per second on a 60Hz supply, 
some people complain that the flicker is notice- 
able and can induce headaches, 


The rapid on-off discharge is hazardous when it 
illuminates rotating parts in machinery, asa stro- 
boscopic effect can make the parts seem to be 
stationary. To mitigate this effect, adjacent tubes 
ina fixtureare powered by separate suppliesthat 
are out of phase. This is done either by using a 
three-phase power supply or by adding an LC 
circuit to the supply for one of the tubes. 


Variants 


The traditional type of ballast is also known as a 
rapid-start ballast. By preheating the electrodes, 
itreduces damage to them that otherwise tends 
to occur during the starting process. A tube de- 
signed for use with a rapid-start ballast has two 
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Nanolasers 


FIGURE 39.16 Circular nanopatch laser 


y 
Quantiim dot 


FIGURE 39.17 Horseshoe optical nanoantenna. (Adapted from 
Sarychev, A.K. and Tartakovsky, G., Phys. Rev B, 75, 085436, 2007) 


Sarychev and Tartakovsky [50,51] proposed plasmonic nano- 
laser where the metal nanoantenna operates similarly to ares. 

conator. The structure is shown in Figure 39.17. In this type of 
laser, metallic horseshoe-shaped nanoantenna interacts with 
a two-level amplifying system (TLS). TLS can represent quan- 
tum dot and can be pumped optically or electrically. The size 
of the proposed plasmonic nanolaser is much smaller than the 
wavelength. 


39.7.1 Bowtie Structures 


Bowtie structure consists of two opposing tip-to-tip metallic 
nanotriangles separated by a gap with an active element in the 
form of quantum dot in-between or quantum wells below it. 
‘The interaction of a single quantum dot with a bowtie antenna 
‘was demonstrated by Farahani et al. (52| for visible light. The 
enhancement of the electromagnetic field in such a structure 
was described by Sundaramurthy et al. (53]. They also con- 
ducted FDTD analysis. The theory of the electrically pumped 
plasmonic nanolaser based on bowtie structure was recently 
reported by Chang et al. (54). They considered both quantum. 
dot and quantum well 

‘The geometry of a bowtie nanolaser is shown in Figure 39.18. 
It consists of a metallic bowtie separated (typically) by about 
201m. Multiple quantum wells are located below the metal- 
lic bowtie, which at optical frequencies have negative dielec- 
tric constant. The bowtie tips reduce the effective volume of 
the cavity mode and lead to the field enhancement around the 
bowtie tips. This results in an increase of the stimulated and 
spontaneous emission rates and significant decrease of the 
threshold current. 
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FIGURE 39.18 The geometry of @ bowtie plasmonic nanolaser. 
‘Typical separation between metallic nanotriangles is 20mm. (Adapted. 
from Chang, SW. et al, Opt. Express, 16, 10580, 2008.) 


39.7.2 Dipole Nanolaser 


Diple nanolaser (DNL) has been proposed by Protsenko et al 
{55,56}. It consists ofa metallic nanoparticle of size r, and a two- 
level system (TLS) of sizer, formed bya quantum dot, separated 
by a small distance r (see Figure 39.19). The device does not need 
an optical cavity and may have a volume much smaller than 
the lasing wavelength. An incoherent pump provides population 
inversion in the TLS. The system can be pumped optically or 
electrically, in which case pumping is provided by injection of 
carriers from the bands of a semiconductor material surround: 
ing an embedded quantum dot. 

“The transition frequency of TLS @, is close to the plasmon 
resonance frequency «of the metallic nanoparticle. There is a 
strong interaction (a dipole interaction) between those two sys- 
tems through a near field. It is known that such coupled interac- 
tion significantly modifies optical emission. 

‘To understand the operation of DNL, let us remind ourselves 
that the usual lasing mechanism involves stimulated emission 
into the mode of a cavity (for the single mode operation) from 
a medium in which there is a population inversion. Above the 
threshold condition, when stimulated emission (gain) exceeds 
absorption plus internal losses, the energy from incoherent 
pump is transferred into coherent laser radiation with a narrow 
lasing spectrum. 

In DNL, instead of electromagnetic field, one deals with lin- 
ear oscillations of polarization of a medium. Such a medium can 
be excited in such a way that the total energy flux into polariza- 
tion exceeds losses. This leads to polarization oscillations with a 
narrow spectrum. The analysis of dipole nanolaser conducted by 
Protensko et al. [55] is based on equations of motion identical to 
Maxwell-Bloch equations for a TLS in the electromagnetic field 
of a cavity. Lasing conditions are created when the population 


f=; 


<—_______ 


a 
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FIGURE 39.19 Dipole nanolaser. Nanoparticle (here on the right) is 
labeled with 0." TLS (here on the left) has label “2.” (Adapted from 
Protsenko, LE. eta, Phys. Rev. A, 71, 063812, 2005) 
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inversion D of energy states of TLS is maintained by optical 
pumping or injection current to be [56] 

D>Dy 919) 
where Dy = (rr), hy = (Affe) and 64, and ay are polariz 
abilities of the nanoparticle and the TLS. When D exceeds the 
threshold value D,y, the macroscopic dipole moment of two 
particles appears spontaneously and they emit coherent dipole 
radiation at the frequency © = @,,» the nanoparticle plasmon 
resonance frequency. Condition (39.19) is fulfilled ifthe distance 
between particles is small, which means a strong interaction 
between them through the near field, 


39.8 Photonic Crystal Lasers 


Photonics crystal (PC) structure consists of a drilled repeat 
ing pattern of holes through the laser material. This pattern is, 
called a photonic crystal. One can deliberately introduce an 
irregularity, or defect, into the crystal pattern, for example, by 
slightly shifting the positions of two holes. The photonic crystal 
structure and the defect prevent light of most frequencies from 
existing in the structure, with the exception of a small band of 
frequencies that can exist in the region near the defect. 

Photonic crystal defect microcavities can provide extremely 
‘small mode volume [22,57]. The schematic of the laser proposed by 
Painter etal. (22] is shown in Figure 39,20. The interhole separation 
is 515nm. It was fabricated from InGaAsP grown by MOCVD on. 
an InP substrate. The active region consists of four (here only two 
are shown) 9nm 0.85% compressively strained InGaAsP quantum 
wells. Two-dimensional photonic crystal hexagonal lattice was 
formed by etching, resulting in air holes that penetrate through 
the active region and into an underlying sacrificial InP layer. 

‘Overtthe last few years, various devices have been fabricated and 
characterized [58-61]. Such structures are associated with single 
photon sources, which are required for quantum computing and 
quantum communications. Single-photon sources are recent 
applications ofthe Purcel effect in quantum-dot microcavities. 


Etched ai holes 


Active 
region 
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Recently, scientists from the Yokohama National University in 
Japan (61] have reported interesting results concerning PC nano- 
lasers. They demonstrated high-performing room-temperature 
nanolaser in the form of PC slab. The laser is made of a GalnsP. 


‘This ultrasmall laser has a modal volume close to the diffraction 
limit. When operating in a high-Q mode (about 20,000), it will 
be useful for optical devices in optical integrated circuits. In a 
moderate-Q (1500) configuration, the nanolaser needs only an 
extremely small amount of external power to bring the device to 
the threshold of producing laser light. In this near-thresholdless 
operation, it might permit the emission of very low light levels, 
even single photons. 


39.8.1 Edge-Emitting Photonic 
Crystal Nanolaser 


‘Tiny resonators and waveguides based on photonic crystals 
provide a promising approach to fabricating high-density pho- 
tonic integrated circuits. Recently, Yang et al. (62] reported the 
first demonstration of an edge-emitting photonic crystal nano- 
cavity laser integrated with a photonic crystal waveguide. The 
structure is based on a double-heterostructure photonic crystal 
nanocavity with a InAs quantum dot active region. The device 
consists of four photonic crystal sections, each with a slightly 
different lattice constant. Five layers of InAs quantum dots, each 
with a quantum dot density of about 2 x 10"em*, were embed- 
ded in the 220nm-thick GaAs membrane. An output waveguide 
is butt coupled to the mirror with the fewer number of periods. 
The device was optically pumped with a semiconductor laser 
diode at 850nm wavelength. The threshold peak pump power 
absorbed by the cavity was estimated to be 12 UW. 


39.8.2 Silicon Nanocrystals 


Compatibility with CMOS materials have stimulated research on 
nanoscale silicon laser by Jaiswal and Norris [63]. They have the- 
oretically analyzed and numerically simulated various designs 
based on photonic crystal concept and utilizing Si nanocrystals 
embedded in SiO,, Their studies were motivated by observations 
of optical gain in silicon nanocrystals [64]. 

Pavesi etal. 64) observed light amplification in silicon itself 
Silicon nanocrystals in the form of quantum dots were dispersed ina 
silicon dioxide matrix. Net optical gain was seen in both waveguide 
and transmission configurations, with the material gain being of the 
same order as that of direct band gap quantum dots. Their findings 
‘open the possibility fr the fabrication of silicon laser. 


39.9 Scattering Lasers 


Defect 
region 


FIGURE39.20 Cross-section through the middle ofthe photonic crys- 
tal microcavity. A defect is formed (shown in the middle) by removing 
single hole. (Adapted from Painter, O. eta, Science, 284, 1819, 999) 


In scattering lasers, the feedback is provided through scattering 
of ight instead of cavity [65]. These lasers are of two basic types: 
Mie lasers consisting of only one sphere and random lasers that 
are formed by many scattering particles. In Mie lasers, the sur- 
face of the sphere serves as multiple scatterer, while in random 
lasers, scattering is provided by randomly distributed particles. 


Nanolasers 


In both types of scattering lasers, the average particle size used 
in typical experiments was about 5-104im [66,67]. They are, 
therefore, not of the size of true nanolasers. 


39.9.1 Mie Nanolasers 


Ina Mie nanolaser, the mirrors of a conventional laser are replaced 
by the boundary of a microsphere. Light is multiply scattered at 
the boundary, and along the boundary, whispering gallery modes 
(WGMs) at a certain wavelength exist for specific sizes of the 
sphere. 

WGMs occur at particular resonant wavelengths of light for 
a given droplet size (see Figure 39.21). At these wavelengths, the 
light undergoes total internal reflection at the particle surface 
and, after one roundtrip, interferes constructively. It becomes 
trapped within the particle for timescales of the order of 
nanoseconds. 

‘The nomenclature of these modes derive from the observation 
of Lord Rayleigh in the dome in St. Paul’s Cathedral in London. 
He observed sound (“whispers”) propagating along the walls, 
and circling around the dome several times. 

‘Theoretical and experimental study of spherical resonators, 
which form the basis of Mie lasers, is still an open field of research. 
‘This interest stems from the analysis of fundamental processes 
such as scattering, energy propagation through disordered media, 
and cavity quantum electrodynamics, and from the large number 
of applications in photonics, chemistry, meteorology, astronomy, 
and sensing. 


39.9.2. Random Lasers 


In random lasers, the conventional optical cavity is replaced by 
light scattering from many particles. They do not have mirrors 
‘or optical elements. 

In random lasers, the feedback is provided by multiple scat- 
tering of light at many scattering points. Random laser does 
not have a clear feedback mechanism like a conventional laser. 
It is nonresonant, even disordered and works in qualitatively 
different way than feedback by a resonant cavity (see [68] for 
a recent review). A comparison of conventional and random 
laser is shown in Figure 39.22. The wavelengths of random 
lasers span from the ultraviolet to the mid-infrared region. The 
materials used in random lasers include inorganic dielectrics, 
semiconductors, polymers, and liquids. The size of random 
lasers can vary from a cubic micrometer to hundreds of cubic 
millimeters. 


FIGURE 39.21 Whispering gallery mode inside a microsphere, 
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FIGURE 39.22 Comparison of conventional and random laser. 
(Adapted from Wiersma, D,, Nature, 406, 132, 2000.) 


A short history ofthe development of random lasersis as follows: 


+ In 1968, Letokhov [69] described an idea of scattering 
with “negative absorption.” 

+ In 1994, Lawandy et al. [70] conducted experiments on 
scatterers in laser dye and observed threshold and line 
narrowing. 

+ In 1995, Wiersma et al. [67] conducted multiple scattering 
experiments in Ti:AI,O, random lasers. 


Recently a definite reference on solid state random lasers was 
published by Noginov {71} who tried to answer the question 
of what is a random laser by reviewing many types of random 
lasers. On the theoretical side, we mention two approaches to 
describe scattering lasers [72.73] 

Fratalocchi et al. [72] derived a 3D vector set of Maxwell-Bloch 
equations, which were solved numerically by employing FDTD 
method. They performed a series of numerical experiments by 
investigating the process oflaser emission froma single nanosphere 
covered bya layer of active material for diferent pumping rates, 

Novel theoretical approach to diffusive random lasers has 
recently been developed by Tuereci etal [73]. They developed 
a model by considering all the possible ways in which light can 
reflect back and forth in the medium. In their approach, they 
considered coexistence of gain, nonlinear interactions, and 
overlapping resonances. 


39.10 Organic Nanolasers 


Ease of fabrication make organic materials attractive for vari- 
ous optoelectronic devices, including lasers. O'Carrol etal. 74] 
used the flexibility of structuring organic materials to fabricate 
subwavelength optical nanowire lasers. 

Using a meltassisted template wetting method, they synthe- 
sized arrays of semicrystalline nanowires with diameters ina range 
of 150-400nm, and with typical length of ~6m. Their structures 
are cylindrical wires with optically flat end facets, which form opti- 
cal cavities. Lasers were optically pumped by an external pump 
laser. The observed that lasing wavelength (about 2 = 460nm) was 
determined by a standard standing wave condition, 

Organic lasers can potentially have various applications {75} 
as inexpensive and lightweight sources of coherent radiation. 
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39.11 Applications 


‘To conclude this chapter, we briefly discuss few recent applications 
of nanolasers focused on nanowire and photonic crystal-based 
devices. 


39.11.1 Nanolaser Device Detects 
Cancer in Single Cells 


Investigators at Sandia National Laboratories in New Mexico 
reported a method to rapidly detect cancer in a single cell using 
nanolaser techniques {76,77]. Their technique, which allows 
the investigator to distinguish between malignant and normal 
cells, has the potential of detecting cancer at a very early stage, 
a development that could change profoundly the way cancer is 
diagnosed and treated, 

‘The method of determination of malignant cells is based on 
‘a technique that rapidly assesses the properties of cells flown 
through a nanolaser. They observed biophotonic differences in 
normal and cancer mouse liver cells by using intracellular mito- 
chondria as biomarkers for disease. This difference arises from 
the fact that mitochondria, the internal organelles that produce 
energy in a cell, are scattered in a chaotic, unorganized man- 
ner in malignant cells, while they form organized networks in 
healthy cells. This difference produces a marked change in the 
way that malignant cells scatter laser light. 


39.11.2 Biological and Chemical Detection 


Opiofluidic integration of a new type of photonic crystal nanola- 
ser incorporated into a microfluidic chip was described by Kim 
etal. [78]. The proposed nanolasers are an ideal platform for high 
fidelity biological and chemical detection tools in micro-total 
analytical or lab-on-a-chip systems. Its operation is based on the 
‘wavelength tunability induced by the refractive index variation of 
the fluid 

‘A record high sensitivity utilizing photonic crystal nanolaser 
‘was recently reported by Kita et al. [79]. The index resolution 
limit of their sensor could be <10™~. 


39.11.3 Ultrahigh Data Storage 


Ikkawi et al. [80] reported the development of a near-field opti- 
cal system capable of focusing light into a spot with diameter of 
less than 30 nm. To fabricate this type of nanolaser, they depos- 
ited a 100nm thick aluminum film on the emitting edge of a 


laser diode and then used a focused ion beam to etch various 
apertures into the film. Their nanolaser technique is capable of 
storing data beyond 10 Tbit/in® 


39.12 Conclusions 


In this chapter, we provided an introduction to the concept 
of nanolasers, which are considered to be applicable as main 
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elements, among others, in nanoscale optoelectronics. We dis- 
cussed numerous examples of recently developed nanolasers. 

The field of nanolasers shows rapid progress both on the 
research side as well as in applications. Examples include 
nanowire lasers with diameters as small as 100mm. They find 
applications in medicine and in biological and chemical sensing. 
There is no doubt that field of nanolasers is set for interesting 
research in future and that nanolaser devices will find new and 
yet unforeseen applications. 
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40.1 Introduction 


‘The success of optoelectronics is largely based on the availability 
of efficient and reliable semiconductor lasers. Most prominent 
among the many applications are optical data storage solutions 
‘on CDs, DVDs, and BDs or the fiber-based optical communica- 
tion. The initial success started with conventional laser diodes 
(Casey and Panish, 1978a,b; Agrawal and Dutta, 1993; Chuang, 
1995). More recent microcavity lasers (Li and Iga, 2003) provide 
anew level of miniaturization and novel emission properties. 

In general, the laser emission is based on population inver- 
sion of the electronic states, which contribute to the radiative 
recombination, For semiconductor lasers, it has been realized 
arly (Dingle and Henry, 1976) that the carrier confinement in 
‘quantum wells leads to improved laser properties, like a laser 
threshold reduction. The successful demonstration of this effect, 
‘was based on advances in the material growth (Tsang, 1982). The 
use of quantum dots (QDs) as an active material promises even 
{greater benefits. First of all, one gains more freedom to engi- 
neer the emission wavelength (Bimberg et al., 1999). Another 
advantage is the enhancement of the single-particle density of 
states. For states experiencing a carrier confinement in all three 
dimensions, discrete electronic energies similar to the spectrum 
of atomic systems are obtained. This has led to predictions of 
further increased efficiency for laser applications, which are 
based on less temperature-dependent operational parameters 
(Arakawa and Sakaki, 1982), further reduced threshold currents 


and higher differential gain (Asada et al, 1986), higher modu- 
lation bandwidth (Kim et al., 2004) and reduced anti-guiding 
effects (Newell et al, 1999), as well as a reduced sensitivity to 
material defects. Also, the miniaturization of the active mate- 
rial in connection with new microcavity laser resonators 
opens the door for novel applications in quantum information 
technologies. 

‘he goal of this chapter is to provide an introduction to the 
physics underlying QD lasers. We will discuss the fundamental 
properties of the QDs, which are relevant for laser applications, 
as well as the important interaction processes that determine the 
laser properties. 


40.1.1 Material Systems 


Various techniques can be employed for the fabrication of 
QDs. Each approach has advantages for particular applica- 
tions. Seléassembled QDs, which are typically obtained in the 
Stranski-Krastanov growth mode, are the most widely used for 
optoelectronic devices. Colloidal semiconductor nanostruc- 
tures, which can be functionalized as biological markers, are 
less practical for the device integration. Lateral QDs, which are 
fabricated by etching of quantum wells following electron beam 
lithography, have the advantage of better controllable size and 
position. They are favorable for quantum-transport studies. The 
slow preparation process, the low dot density, and defect forma- 
tion prevent the broad use of this method in optoelectronics. 
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ion in the near infrared and red, including the 
frequencies for optical fiber telecommunication networks at 
1300 and 1500nm, the GaAs material system (GaAs/AIGaAs, 
InGaAs/GaAs) is routinely used. The self-organized growth 
‘of QDs is well established for this material system. The fabri- 
cation starts with the strained growth of a two-dimensional 
wetting layer (WL) on a substrate with a higher band gap and 
lower lattice constant. After a critical thickness is reached, par- 
tial strain relaxation changes the morphology to a thinner two 
dimensional layer and small three-dimensional islands. These 
islands constitute the self-assembled QDs after their overgrowth 
with a higher band-gap material 

IL-VI compounds with a wider band gap like CdSe, CéTe, or 
ZnSe provide emission in the green and yellow spectral range 
(Klude et al, 2004; Sebald et al., 2009). However, issues of the 
device lifetime due to degradation effects have so far prevented 
the broad application in light emitting devices. Also the growth 
mechanism often differs from that in III-V compounds. For 
example, CdTe/ZniTe has a similar lattice mismatch to InAs/ 
GaAs, but the growth of CdTe QDs starts with two-dimensional 
platelets on which small dots are formed. Isolated dots are grow 
ing, when the material thickness exceeds a critical value. 

‘The group-IIl nitride material system, like GaN/AIN or 
InGaN/GaN, received much attention for applications in light 
emitters due to their extended range of emission frequencies 
from visible ight to UV emission (Nakamura and Chichibu, 
2000), While the nonradiative loss of carriers due to trapping 
at threading dislocations lowers the efficiency of group-III 
quantum-well light emitters, this effect is reduced by the three- 
dimensional carrier confinement in QDs. Nitride-based hetero- 
structures with a wurtzite crystal structure are known to have 
built-in electrostatic fields due to the spontaneous polarization 
and piezoelectric effects, which lower the spatial overlap of the 
electron and hole wave functions thereby reducing the interband 
recombination efficiency. 


40.1.2 Edge Emitter Laser Diodes 


‘Two different types of semiconductor lasers need to be distin: 
guished in general. They vary in design, properties, and applica- 
tions. In conventional edge-emitting laser diodes, the feedback 
for the laser mode is provided by an optical cavity, which is 
formed by the cleaved end faces of the device (Agrawal and 
Dutta, 1993; Chuang, 1995). Correspondingly, the emission 
‘occurs from the edge of the semiconductor chip. The low mir. 
ror reflectivity due to the jump of the refractive index from the 
semiconductor material to air results in a short cavity lifetime 
(large cavity damping). To compensate for the cavity losses, a 
large propagation length of the laser mode through the active 
material is necessary. The large cavity length in the range of a 
few hundred micrometers in turn leads to a small frequency 
spacing between the cavity modes, so that many modes appear 
within the gain region of the active material. As a result, edge 
emitters typically operate multimode. Also the spontaneous 
‘emission of the active material is distributed over a large number 


Handbook of Nanophysics: Nanoelectronics and Nanophotonics 


° 


c 
w 

A 

w 

c 

) ) 

FIGURE 40.1 Edge-emitting laser (left) and vertical-cavity surface 


emitting laser (right) with active region (A), waveguide layers (W) 
upper and lower Bragg mirrors (B), contacts (C), and light output (©). 
“The arrows indicate the direction of the current flow. 


of nonlasing modes, which leads toa pronounced laser threshold 
as discussed in Section 40.5 

‘The optical gain is achieved by current-injection pumping of 
the active material. For an edge-emitting laser diode, it is out- 
lined in Figure 40.1 that the electrical injection current flows 
perpendicular to the optical cavity modes and the emission 
direction, which is characteristic for this type of devices. To 
provide an efficient confinement of the pumped charge carriers 
to the active region, a heterostructure design is used, where 
the active layer is positioned between materials with wider 
band gaps. A common heterostructure has a GaAs active layer 
between AlGaAs barriers. The carrier confinement is increased 
by designing the laser structure to be very thin inthe direction 
of current flow, which is also the epitaxial growth direction, 
Additional cladding layers can be used to confine the optical 
mode in the transverse direction by means of a waveguide 
geometry and to increase the spatial overlap of the optical 
‘mode with the active region. Such a design is called double het- 
erostructure and was independently proposed by Kroemer as 
well as Alferov and Kazarinov (Casey and Panish, 1978a). The 
conventional laser configuration works very well, as is evident 
from its wide ranging applications in many electro-optical 
systems, 

This design allows for a natural integration of self-organized 
(QDs as active material. Since the dots are grown in layers, these 
can serve as the planes in which the optical mode propagates 
‘To increase the modal gain, often several layers are staggered. 
Accompanied with the large number of QDs and unavoidable 
fluctuations of the individual QD properties (mostly geometry 
and composition) is a large inhomogeneous broadening of the 
emission spectrum of the active material 

On the other hand, the combination of edge emission and 
active layer shape give rise to several disadvantages (indepen 
dent on whether quantum wells or QDs are used as active mate- 
vial), For edge emission, the laser transverse and lateral modes 
depend on the cross section of the gain region, which is very thin 
in the transverse dimension for carrier confinement and wide in 
the lateral dimension for output power. The resulting near field 
of the laser emission is highly elongated, which does not match 
well to the circular cross section of optical fibers for possible 
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‘out-coupling. Since the transverse beam dimension is very small, 
typically of the order of 1 1m or less, the transverse beam diver- 
‘gence is rather high (typically ~50” full angle) because of diffrac- 
tion. Therefore, the far field of the laser emission is also highly 
elongated. The beam astigmatism together with the high diver: 
gence makes design and fabrication of coupling optics rather 
challenging. Approaches to single-mode operation involve 
‘embedded gratings or buried heterostructures, which increase 
the unit costs and limit the output power. 


40.1.2.1 Microcavity Lasers 


Microcavity lasers represent a new type of devices. In analogy 
to the carrier confinement, one utilizes a strong confinement of 
the electromagnetic field. Cavity dimensions of the order of the 
light wavelength are characteristic of microcavity lasers. Due to 
the strongly reduced gain length, this requires very high mir- 
ror reflectivities larger 99%. To characterize microresonators, 
one uses the cavity quality factor Q = «,/Ae, with the cavity fre- 
quency @, and the spectral linewidth Aq. The combination of 
small mode volume and high Q-factor leads to modifications in 
the density of states of the electromagnetic field. According to 
Fermi’s golden rule, this allows to enhance or inhibit the spon. 
taneous recombination probability, which is known as Purcell 
effect (Vahala, 2003; Lodahl et al., 2004). Particularly important 
for lasers is that the small cavity dimensions strongly increase 
the frequency spacing between the cavity modes. Microcavity 
lasers can be designed in a way to find only a single high-Q cav- 
ity mode within the gain spectrum of the active material, thus 
allowing genuine single-mode laser operation. The Purcell effect 
can also be used to suppress the spontaneous emission into other 
low-Q modes (e.g, modes propagating in other directions). This 
leads to a strongly reduced laser threshold, and the possibility of 
thresholdless lasers has been discussed (Yokoyama and Brorson, 
1989; Rice and Carmichael, 1994) asa consequence of the novel 
physics 

‘The foundation of microcavity lasers lies in the improved 
engineering of optical resonators in combination with the new 
physics in the field of cavity-quantum electrodynamics. This 
includes mastering Maxwells equations in even more and more 
complicated materials and geometries and still being able to pre 
dict the electromagnetic properties and the response of devices. 
‘The photon confinement is based either on Bragg or total inter- 
nal reflection. A central role plays the concept of photonic band- 
{gap materials. Here, one uses the analogy to the electronic band 
structure, which emerges for the electron motion in a lattice 
periodic potential. Photonic structures with periodic modula 
tions ofthe refractive index can be designed in a way that a pho- 
tonic band gap for the ight propagation, the so-called stop band 
appears. 

For practical device applications, vertical-cavity surface- 
emitting lasers (VCSELs) are frequently used, since many of 
the above mentioned disadvantages of the edge-emitting design 
are avoided. The VCSEL constitutes of a Fabry-Perot resonator, 
in which the very high reflectivity is achieved with distributed 
Bragg reflectors (DBRs), consisting of epitaxially grown periodic 
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layers of different refractive indices (Jewell et al., 1991). The typi- 
cal DBR has alternating layers that are each 1/4 thick so as to 
provide constructive interference of the reflected waves from 
each interface. The spacer layer between the DBRs acts as a 
defect giving rise to the high-Q cavity mode, which provides the 
photon confinement. 

‘The basic VCSEL structure is that of an effectively one. 
dimensional resonator with a length of a few jim. The active 
region between the mirrors consists either of one or a few quan- 
‘tum wells or layers with QDs, which are embedded between 
cladding layers. The short cavity length of this structure allows 
to design a single high-Q (longitudinal) cavity mode within the 
spectral gain region of the active material. For laser structures, 
current confinement to a small area of the active region has been 
introduced by means of oxide apertures. 

Since the optical cavity axis isin the vertical (epitaxial growth) 
direction (see Figure 40.1), the laser emission for a VCSEL occurs 
‘out of the surface of the wafer. This surface emitting configura 
tion has several desirable features. Being independent of the gain 
layer cross section, there is more flexibility in the shape and size of 
the transverse optical mode. In particular, a circular beam canbe 
realized. With an approximately 611m diameter circular output 
aperture, lowest order (Gaussian-like) transverse mode operation 
with less than 10° beam divergence is possible (Chang-Hasnain 
et al, 1991). Other advantages of a VCSEL are even more prac 
tical in nature. Unlike an edge-emitter, the VCSEL mirrors are 
fabricated during the epitaxial growth of the entire wafer, so that 
the mirrors of hundreds of lasers can be manufactured simulta- 
neously. Edge emitters can only be combined to one-dimensional 
laserarrays, whereas with surface emitters truly two- 
arrays are routinely possible. To test an edge emitter, one needs 
to expose the edges, which means cleaving the wafer and apply- 
ing the necessary facet preparations. These are time consuming 
and therefore costly steps that have to be repeated for each laser 
diode. Surface emitters can be fabricated, tested, and operated at 
the water level 

‘The VCSEL design has its own challenges. This gain-length 
reduction has to be compensated by the high cavity Q, putting 
great demands on the quality of the DBR mirrors. Having only 
cone high-Q cavity resonance in the spectral gain region, the 
laser threshold current is very sensitive to the position of this 
resonance in relation to the peak of the material gain spectrum. 
From this, a related complication arises: the cavity-gain align- 
‘ment can be maintained typically only within a small tempera 
ture range, because gain spectrum and cavity resonances have 
different temperature dependences. The gain spectrum shifts in 
frequency because of the temperature dependence of the band- 
gap energy and the carrier distributions. The cavity resonances 
shift with temperature due to thermally-induced changes in the 
refractive indices of the mirror material and the material within 
the optical cavity. The result is a temperature dependence of the 
cavity-gain alignment, which plays an important role in the sen- 
sitivity ofa VCSEL output to temperature variations. 

An additional transverse mode confinement in VCSEL strue- 
tures can be introduced with the fabrication of micropillars, eg., 
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{due to a combination of electron-beam lithography and various 
etching methods. The resulting three-dimensional confinement 
of the optical mode to a very small volume of the order of the 
cubic light wavelength strongly increases the efficiency of the 
light-matter interaction. With the three-dimensional photon 
confinement, the Purcell effect can be used for a strong suppres- 
sion of the spontaneous emission into non-lasing modes. Even 
higher cavity-Q factors for three-dimensional mode confine 
‘ment have been achieved in microdisks or microspheres. They 
lack, however, the directionality of the light emission. The ulti- 
‘mate control of the photon confinement and record values for 
the cavity-Q has been possible in photonic crystal structures. 

Both in conventional edge-emitters and in microcavity lasers, 
the QD physics that determines the properties of the gain mate 
rial is the same and the effects discussed in the subsequent 
chapters equally apply. Nonetheless, the miniaturization of 
‘icrocavity lasers can be pushed to the extreme case where only 
a single QD resonantly interacts with a single high-Q optical 
‘mode. This system is the analogous to the single-atom microma- 
ser or the one-atom laser of quantum optics and opens the door 
for novel applications in quantum- information technologies like 
quantum cryptography (Fattal et al, 2004) and quantum com- 
puters (Scholz et al, 2006). Essential physical effects or mecha 
nisms are the generation of single-photons on demand (Michler 
et al, 2000) or correlated photons (Moreau et a., 2001), as well 
as the demonstration of vacuum field Rabi oscillations (strong 
coupling) (Reithmaier et al, 2004; Yoshie et al., 2004). 


40.2 Electronic States of Quantum Dots 


‘The single-particle states will be taken as the starting point for 
the description of the electronic and optical properties of semi- 
conductor QDs as active material in lasers. In terms of quan- 
tum mechanics, single-particle states constitute the basis for the 
analysis of interaction processes. Interaction matrix elements 
can be formulated with the corresponding wave functions, and 
transition processes can be described in terms of the single- 
particle states. 
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40.2.1 Localized and Delocalized States 
in Self-Assembled Structures 


Due to the three-dimensional carrier confinement, QDs pos- 
sess localized states in contrast to the band structure of the 
bulk material. Nevertheless, the single-particle states are closely 
related to the properties of the bulk material. Especially the 
optical selection rules and symmetry properties of the interac- 
tion matrix elements reflect properties of the underlying crystal 
lattice. Also band mixing effects and built-in crystal fields are 
results of the lattice properties. 

Depending on material composition and growth conditions 
like temperature and material flux, a variety of different QD 
geometries can be fabricated (Jacobi, 2003). In the following, we 
consider self-assembled QD systems in a characteristic geom- 
etry, which consist of lens-shaped caps positioned on a residual 
two-dimensional WL, as shown in the left part of Figure 40.2. 
For the frequently used InGaAs/GaAs material system, one 
finds typically a diameter of 10-30nm and a height-to-diameter 
aspect ratio of 0.3-0.4. The random distribution of QDs on the 
WL plane has a density of 10-10" cm 

From the geometry of the QD-islands on top of the two- 
dimensional WL, the single-particle energy spectrum can be 
understood qualitatively. The WL provides a confinement of 
carriers in the growth direction and—in the absence of QDs—a 
free carrier motion in the perpendicular WL plane, asin a quan- 
tum well. At the position of the islands, the height of the lower 
band-gap material increases, thus reducing the ground-state 
energy and therefore giving rise to an additional in-plane con- 
finement potential. The resulting effective three-dimensional 
carrier confinement in the QDs leads to a localized state with 
discrete energies for electrons and holes. These discrete states 
are located energetically below a quasi-continuum of delocal- 
ized states, corresponding to the two-dimensional motion of 
carriers in the WL. At even higher energies, one finds the bar- 
rier states, which are delocalized in all three dimensions. The 
energy levels of the combined QD-WL system are sketched in 
the right part of Figure 40.2. The actual number of discrete QD 
states is limited by the height of the confinement potential as 
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FIGURE40.2 Cross section (a) and top view (b) TEM image of self-assembled InGaAs/GaAs QDs. The corresponding energy spectrum (€} contains 
localized states due to the three-dimensional carrier confinement, which are positioned energetically below a quasi-continuum of delocalized states 
corresponding tothe two-dimensional motion of carriers in the WL. (From Anders, . et al, Phys. Rev B, 66, 125309, 2002.) 


contacts at each end, and is referred to as a bi- 
pin tube. 


‘An electronic ballast is also known as an instant- 
start ballast. It does not preheat the electrodes, 
and a tube designed to work with it has only one 
pin at each end. 


CCFLs 

A cold cathode fluorescent lamp (CCFL) may re- 
semble a miniature fluorescent tube, typically 
measuring 2mm to 5mm in diameter. The tube 
may be straight or bent into a variety of shapes. 
It works on the same principle as a full-size fluo- 
rescent tube, containing mercury vapor and one 
or more inert gases, with an interior coating of 
phosphors to enable fluorescence. CCFLs are 
available in many colors and many shades of 
white, 


As its name implies, the electrodes in a CCFL are 
not heated to establish ionization. Instead, a very 
high voltage (1,000VAC or more) is applied, drop- 
ping to SOOVAC to 600VAC after the flow of cur- 
rent has been established, Because CCFLs have 
been often used to backlight laptop computer 
screens, inverter circuits are commonly available 
that create a high-frequency output at a high 
voltage from an input that can range from 3VDC 
to 20VDC. The inverter also includes provision to 
dim the CCFL by using pulse-width modulation. 


Some CCFls are designed for illumination of 
small spaces—for example, the interior of a dis- 
play case. A few CCFLs look exactly like CFLs and 
can be used in light fixtures. Some may be com- 
patible with the type of dimmer designed for in- 
candescent lamps. 


ACCCFL usually has a limited light output com- 
pared with that of a conventional fluorescent 
tube, but has the advantage of working better at 
low temperatures. Some are designed for sig- 
nage and exterior lighting in cold-weather loca- 
tions. 


They have a relatively long lifetime of up to 
60,000 hours. A hot-cathode fluorescent lamp 
may fail between 3,000 and 15,000 hours. 


light source, indicator, or display 


‘Any tube or bulb that uses unheated electrodes 
to ionize a gas is technically a cold-cathode de- 
vice, but will not be identified as a CCFL unless it 
also has an inner layer of phosphors to achieve 
fluorescence. 


It is important to match a tube with the type of 
ballast installed in a fixture. This is not an issue 


with CFLs, as they have the appropriate ballast 
built in. 


Sizes 
Straightbi-pin tubes are sold in the Ui 
in the following standard sizes: 


.d States 


+ T5:5/8" diameter. A more modern tube, but 
still with tungsten electrodes that serve to 
heat it. 

+ Ta: 1" diameter. Very often 24” or 48” in 
length, consuming 18W or 36W respectively, 

+ T12:1-1/2" diameter, 


+ 117:2-1/8" diameter. 


CFLs are sold in a very wide variety of configura- 
tions. 


Comparisons 
Fluorescent lights have significant advantages 
and disadvantages. On the plus side: 


+ After the fixture containing the ballast has 
been paid for,atubeis relatively cheap.A CFL 
oran LED light doesnot have this advantage, 
as the electronics are built in and will be di 
carded when the light fails. 


+ Fluorescent lights have a longer life thai 
candescent bulbs. 


+ Fluorescent lights are available in a wide 
range of shades of white. 

+ Fluorescent tubes create a diffuse radiance 
thatisideal for general lighting using ceiling- 
mounted fixtures. They do not cast harsh 
shadows. 
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well as the geometry of the dots. As we will discuss in Section 
40.3, the delocalized states play an important role for the scatter- 
ing processes in light-emitters based on QDs and, hence, need to 
be included in the analysis of the single-particle states. 


40.2.2 Envelope-Function Approximation 
and Effective-Mass Approach 


‘The simplest approach to the carrier confinement in semicon: 
ductors is based on the envelope-function approximation. The 
starting point is the Bloch theorem, which represents the wave 
functions in a three-dimensional crystal in the form 

O(n) =e ur), (40. 
describing plane waves modulated with the lattice-periodic Bloch 
function u,(0), where his the band index and kis the carrier wave 
vector. In a confinement situation, one assumes that the three 
dimensional plane wave can be replaced with envelope wave func 
tions that are localized in one, two, or three dimensions. 

In effective-mass approximation, one assumes that the actual 
QD and the two-dimensional WL consist of the same semicon- 
ductor material, in which the carrier motion experiences a con: 
stant potential energy and a kinetic energy of the carriers that 
can be expressed in terms of an effective mass m*. The structure 
is embedded in a buffer material with a larger band gap. This is 
described by a step-wise increase of the confinement potential 
Vp) to the outside region. Typically, the effective mass is also 
different in the buffer material, which is expressed with a step: 
‘wise constant mr*(r). The Schrodinger equation 


oo) (40.2) 
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defines the confinement wave functions 6,(r), which replace the 
plane waves in Equation 40.1, and provides the corresponding 
energies g, for the single-particle states 

For the geometry displayed in the left part of Figure 40.2, 
several simplifications of the solution of Equation 40.2 are pos 
sible. The rotational symmetry allows for a classification of the 
single-particle states according to their angular momentum 
and to effectively reduce the three-dimensional problem to a 
‘two-dimensional one. Details for the solution of this problem 
are discussed in Wojs et al. (1996). Additionally, when the QD 
height-to-diameter aspect ratio is small, one can distinguish a 
‘weak (strong) confinement situation in the WL plane (growth 
direction), and in good approximation the confinement wave 
function can be separated into the corresponding components 


(7) = QO oa(2,(s (403) 


with r = (, 2). The in-plane envelope function ¢(@) represents 
both localized and delocalized states for the QD and WL contri- 
butions, respectively. In a simple but often useful approximation, 
the in-plane confinement of flat QDs with cylindrical symmetry 
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is described by a two-dimensional harmonic confinement poten- 
tial with a characteristic equidistant spacing of the corresponding 
energies (Wojs et al, 1996).In the WL, the in-plane momentum k 
is a good quantum number if the effect ofthe localized states on 
the continuum is neglected. Thus, the quasi-continuum of the WL 
states (in the absence of QDs) is modeled by using plane waves for 
the corresponding in-plane envelope functions (,3(@)- However, 
the localized QD states and the delocalized WL states are solu- 
tions of a single-particle problem for one common confinement 
potential and must, therefore, form an orthogonal basis. By per- 
forming a separate ansatz for the QD and WL contributions, this 
orthogonality is not ensured. It can be enforced, for example, by 
an orthogonalization procedure of the continuum states. The 
obtained so-called orthogonal plane waves (OPWS) represent a 
more correct description ofthe WL states. For details, we refer the 
reader to Nielsen etal. (2004, 2005). 


40.2.3 Continuum Approaches 
and Atomistic Models 


‘The effective-mass approach has several shortcomings. Band- 
mixing effects usually modify the electronic states, and a more 
detailed description of the valence-band structure is often desired. 
This can be included in semiempirical continuum approaches like 
k.p-models or atomistic tight-binding approaches. ‘The latter 
account also for symmetry properties of the atoms in the crystal 
unit cell, which can influence optical transition rules, and allows 
to study systematically the combined influence of structure and 
chemical morphology including alloy fluctuations and defects. 

‘These effects are particularly important in nitride-based het- 
erostructures, and for these systems extensive studies of the elec- 
tronic states have been performed. The valence band ofa wurtzite 
nitride semiconductor is strongly nonparabolic due to the small 
spin-orbit and crystal-field splitting (Chuang and Chang, 1996; 
Vurgaftman and Meyer, 2003). The hexagonal symmetry of the 
crystal leads to the subbands having the same effective mass 
along the c-axis. Therefore, the confinement of the holes in this 
direction due to the WL is not able to separate these subbands, 
and strong subband mixing, and nonparabolicity effects remain 
present, Also modifications of the wave functions due to built-in 
fields and their screening due to excited carriers are important. 

First_principle calculations are available for the computation 
of the electronic structure of small QD systems (200-400 atoms). 
Due to the large number of atoms together with the absence of 
translational symmetry, which greatly simplifies bulk calcula- 
tions, density functional theory-based approaches are computa- 
tionally too demanding to date. 


40.3 Scattering Processes of 
Carriers in Quantum Dots 


To utilize the specific optical properties of QDs, we are inter- 
ested in recombination processes between the conduction and 
valence band states associated with the three-dimensional car- 
rier confinement. Efficient light emitters like LEDs rely on a large 


40-6 


QD relaxation. 


Pumping 


meee 


FIGURE40,3 Fundamental cartier scattering processes in QD-based 
light emitters, 
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population of the QD states with electrons and holes. For laser 
applications, the realization of optical gain even requires popu- 
lation inversion. Electrical current injection leads to the genera 

tion of carriers in the delocalized states. These carriers need to 
be scattered into the localized QD states (carrier capture). Also 
efficient carrier scattering between the QD states (carrier relax 

ation) is necessary to obtain a large ground-state population. 
‘The corresponding transition processes are schematically shown 
in Figure 40.3. Likewise, optically pumped QD lasers depend on. 
fast carrier-scattering processes. The two important intrinsic 
scattering mechanisms contributing to the capture and relax- 
ation are the carrier~carrier Coulomb interaction, which can be 
assisted by carriers in bound (QD) or extended (WL) states, and 
the carrier-phonon interaction. Both mechanisms are discussed 
separately in Sections 40.3.1 and 40.3.2. These scattering pro- 

‘cesses are also an important source for optical dephasing, which 
strongly influences the optical properties. Furthermore, this 
underscores the integral part the WL states play for the physics 
and application of self-assembled QDs. 

Experimental insight into carrier scattering processes can be 
obtained by ultrafast optical pump-probe spectroscopy, ranging 
from absorption measurements to advanced two-color pump- 
probe and four-wave mixing experiments (Shah, 1999). Both at 
room temperature and at lower temperatures, efficient carrier 
scattering processes have been demonstrated. 


40.3.1 Carrier—Carrier Interaction 


‘The most simple and at the same time most efficient form of car. 
rier-carrier collisions involves the energy transfer between two 
particles. To analyze the corresponding re-distribution of the 
carrier population within a quantum-statistical treatment, one 
can investigate the dynamics of the carrier population f(t) for 
the state v as a function of time t. The corresponding equation 
‘of motion for ft) can be formulated on different levels of refine- 
‘ment. Frequently used are kinetic equations with Boltzmann 
scattering rates, which describe the temporal change of the 
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carrier population f(0) due to various scattering processes into 
and out of the states v according to 


a 


Se= (= false — fo (40.4) 


co 


To obtain this form, a Markov approximation has been used, 
here one assumes that the population changes at a given time 
£ depend explicitly only on the population functions f,(f) at the 
same time. Generally, the scattering rates are proportional to 
the population f of the initial states and to the nonoccupation 
1 fof the final states. Correspondingly, on the RHS of Equation 
4014, the in-scattering (out-scattering) rate, which increases 
(decreases) the population, is proportional to the non-occupa- 
tion probability 1 ~f, (occupation probability f,) 

For the Coulomb interaction, where two carriers are scattered 
from the states v, and v, into v and v, and vice versa, the scatter- 
ing integral Sis given by 
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A similar expression for the out-scattering contribution $2" is 
obtained by replacing f+ 1—f. The population factors account 
for the availability of scattering partners, as discussed above 
‘The sum involves al available initial states for in-scattering pro- 
cesses as well as all possible scattering partners that can be pro- 
vvided in QD or WL states. 

In Markov approximation, the delta function accounts for 
strict energy conservation of the scattering processes. This 
approximation is valid in the long time limit, where scatter- 
ing events are considered for times that are much larger than 
the inverse scattering rates. Even in this case, it is necessary to 
account for renormalizations of the single-particle energies é, by 
the Coulomb interaction instead of using free-carrier energies &, 
as done in the perturbation theory. 

‘The scattering cross section is also determined by the matrix 
elements of the screened Coulomb interaction Wov9,- The first 
and second terms in the square brackets correspond to direct 
and exchange Coulomb scattering, respectively. 

A treatment beyond the Markov approximation is possible 
within a quantum-kinetic description (Haug and Jauho, 1996). 
‘Then the delta-function is replaced by the spectral functions of 
the involved carriers, and time-integrals over the past of the sys- 
tem account for memory effects. The most simple form of a quan- 
tum-kinetic equation requires two further approximations: (1) 
Within the generalized Kadanoff-Baym ansatz (GKBA), closed 
equations for single-time population functions are obtained (see 
Haug and Jauho, 1996 for detailed discussions). (2) The quasi- 
particle properties of the involved carriers are described by 
renormalized energies and damping (finite lifetime of the qua- 
siparticle state), which can be summarized in complex energies 
{,. The latter approximation is related to the Fermi liquid theory 
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FIGURE 40.4 Capture times for electrons (a) and holes (b) and relaxation times for electrons (c) and holes (A) asa function of the total carsier 


density in the system N,,, 


for the following quantum-dot states of an InGaN/GaN material system and room temperature: s-shell (solid lines), 


shell (dotted lines), dj-shell(dashed-dotted lines), and d,-shell (dashed lines). (From Nielsen, TR. etal, Phys. Rev. B, 72, 235311, 2005, With 


permission) 


and valid for large carrier densities, where excitonic effects can 
be neglected. The quantum-kinetic equation with the discussed 
approximations has the form 


2h Jar{a-seeristaey-fuerseey}, 40) 


where the in-scattering rate, which now depends on two time 
arguments, is given by 
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‘The out-scattering rate is again obtained from f—> 1—f It turns 
out, that especially for the calculation of dephasing and its 
influence on optical absorption and gain spectra, the quan. 
‘tum-kinetic description leads to more realistic results. As dis 
cussed in Lorke et al. (2006a), for the description of dephasing 
in optical spectra, equations similar to (40.6) and (40.7) are 
used for the polarization dynamics, which will be discussed in 
Section 40.4.3. 

‘The results for the capture of carriers from the WL into the 
QD states and for the relaxation between the QD levels are 


shown in Figure 40.4, Capture and relaxations times have been 
defined as those times t,, in which the system returns to ther- 
mal equilibrium due to the respective processes after a small 
perturbation. In relaxation-time approximation, one finds 
Vt, =SP +S", where the scattering rates are evaluated for 
quasi-equilibrium population functions. With increasing car- 
rier density in the system, the scattering times are decreasing 
due to the larger number of available scattering partners. For the 
energetically lower s-shell, direct carrier capture from the WL is 
less efficient than capture into the p-shell and subsequent relax- 
ation into the s-shell, For further details, we refer the reader to 
Nielsen etal. (2005). 

In the following, we provide additional information on the 
analysis of carrier-carrier scattering processes. ‘The determi- 
nation of the Coulomb interaction matrix elements, which 
enter in Equations 40.5 and 40.7, involves two steps. The bare 
(unscreened) interaction matrix elements can be calculated 
from the single-particle wavefunctions ®(r), see Section 40.2, 
of the involved electronic states according to 


Vou = te rORn oye mer, 08 


where v(r—r’) =*/(4ne,elr—r'l) is the Coulomb potential with 
the background dielectric function €. The electron charge 
and the vacuum dielectric constant are given by ¢ and &), 
respectively. 

‘A second step involves the inclusion of screening effects due to 
excited carriers. From the nature of screening as well as from the 
excitation conditions at elevated temperatures (considered for 
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optoelectronic applications), it appears natural to account only 
for screening due to the carriers in the delocalized WIL states. 

A consistent theory of screening for the QD-WL system is devel- 
‘oped in Nielsen etal. (2005). On these grounds, a simplified treat- 
ment can be justified, which consists in the replacement of vr-¥) 
in Equation 40.8 by a two-dimensionally screened Coulomb 
potential. The time-dependence of the screened Coulomb matrix 
elements Wo,» (t) is introduced via the carrier population func- 
tions f.(0, which determine the screening for the present excita 

tion conditions viaa longitudinal dielectric function. 

‘The renormalized single-particle energies, that enter in the 
scattering rates (40.5) and (40.7), can be obtained from the free- 
carrier energies by adding Hartree, exchange, and correlation 
self-energy contributions. The Hartree self-energy involves the 
electrostatic interaction with all other excited electrons and 
holes. Only in a system with local charge neutrality, the Hartree 
terms cancel. In QDs, local charging appears as a result of dif 
ferent electron and hole populations, different envelope wave 
functions for electrons and holes, as well as due to the charge 
separation of electrons and holes in a built-in electrostatic fields 
(Nielsen et al, 2005), 


40.3.2 Carrier—Phonon Interaction 


For low carrier densities, when carrier-carrier Coulomb scat- 
tering is less important, the interaction of carriers with phonons 
provides the only remaining efficient scattering mechanism. At 
higher carrier densities, the carrier-phonon interaction remains 
important, since the Coulomb scattering is unable to dissipate 
kinetic energy from the carrier system, Note that the carrier-carrier 
scattering leads to an evolution of the carrier system towards 
‘a quasi-equilibrium state for electrons and holes. However, it 
conserves the average kinetic energy of the carriers. Pumping 
of carriers with above-average kinetic energy and the preferred 
recombination of carriers in the highly populated states with 
below-average kinetic energy effectively heats up the carrier sys- 
tem. This excess kinetic energy can only be dissipated to the crys- 
tal lattice via the emission of phonons. A thermalization of the 
carriers with respect to the crystal lattice is essential for efficient 
laser operation, since the increasing carrier temperature dimin- 
ishes the optical gain via a reduction of the population inversion, 


40.3.2.1 Perturbation Theory versus Polaron Picture 


‘The early work on carrier-phonon interaction in semiconduc- 
tor QDs has been based on the application of time-dependent 
perturbation theory. This method has previously been applied 
to bulk semiconductors or quantum wells. In these cases, its 
success is based on the application to carriers in continuum 
states. For the discussion of carrier~phonon interaction involv- 
ing localized QD states with discrete energies, one has to con 
sider the fact that the transition matrix elements provide only 
efficient coupling to phonons with small momenta (Bockelmann 
and Bastard, 1990; Inoshita and Sakaki, 1997). The strongest 
contribution to the interaction of carriers with lattice vibrations 
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is typically provided by LO-phonons due to the Coulomb-like 
coupling of carriers to latice displacements in polar crystals. The 
nearly constant LO-phonon energy, at least for the considered 
small phonon momenta, and the energy-conservation require- 
‘ment from Fermi’s golden rule led to the prediction of inefficient 
carrier transitions between the QD states, except for the unlikely 
coincidence of transition energies between the QD states with 
the LO-phonon energy. The other, usually less important inter- 
action process is provided via deformation potential coupling 
to LA-phonons. For small phonon momenta, their energy is too 
small to facilitate efficient carrier scattering processes between 
the QD states. On these ground, particularly due to the applica- 
tion of perturbation theory, inefficient carrier~phonon scatter- 
ing processes in QD systems have been predicted (Benisty et a., 
1991) To prevent this so-called phonon bottleneck, ony much less 
efficient higher-order processes, like those involving combina- 
tions of LA- and LO-phonons (Inoshita and Sakaki, 1992; Jiang 
and Singh, 1998) or the contributions of carrier-carrier scatter- 
ing processes at elevated carrier densities have been proposed. 

For a more advanced description of the interaction with 
LO-phonons, one has to take into account that freely moving 
charge carriers in ionic crystals are surrounded by a cloud of 
lattice distortions. The renormalization of electrons and holes 
introduced by the corresponding interaction leads to the emer- 
gence of a quasiparticle called polaron. In the past, polarons 
have mostly been studied for semiconductor structures with 
a quasi-continuum of electronic states, like bulk materials or 
quantum wells. Then, electronic transitions are already possible 
within a free-carrier picture. For the usually considered materi- 
als with weak polar coupling, this explains why the application 
of perturbation theory already provides the leading contribu- 
tions of polaron effects. They consist in a lowering of the carrier 
energy (polaron shift) in a renormalization of the carrier mass 
and the dielectric constant for the Coulomb interaction of car- 
riers, and in a small broadening of the electronic states (Schafer 
and Wegener, 2002) 

On the contrary, thas been pointed out in Inoshita and Sakaki 
(1997) and Kral and Khas (1998), and Verzelen et al. (2002) that 
even in materials with weak polar coupling, the interaction of 
carriers in localized QD states with LO-phonons leads to strong 
modifications of the electronic properties. In this case, the pho- 
non satellites of one state hybridize with other discrete states, 
even ifthe level spacing does not match the LO-phonon energy. 
‘The resulting new quasiparticle of the strongly interacting sys- 
tem are called QD-polarons. They cannot be treated within 
perturbation theory. Therefore, a simple discussion of carrier 
phonon interaction based on Fermi’s golden rule is not appli- 
cable to QDs. Related to this is an ongoing controversy in the 
QD literature regarding experimental evidence for (Minnaert 
et al, 2001; Urayama et al, 2001; Xu et al., 2002) and against 
(itsishvili et al, 2002; Peronne et al., 2003; Quochi etal, 2003) 
the phonon bottleneck. 

Early investigations of QD-polarons have been based on the 
“random phase approximation” (RPA) (Inoshita and Sakaki, 
1997; Kral and Khas, 1998) or on the direct diagonalization of 
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a restricted state space (Verzelen et al. 2002), where only local- 
ized states are considered. For a single discrete electronic state, 
fan analytic treatment of the interaction with LO-phonons is 
possible within the “independent boson model” (Mahan, 1990). 

‘The numerical extension to several discrete electronic states is 
discussed in Stauber et al., (2000). However, in this work, the 
influence of delocalized WL states with a quasi-continuum of 
‘energies, which plays a key role for carrier generation in opto: 

electronic devices, has been neglected. When investigations 
are restricted to localized states with discrete energies, RPA 
results deviate from a more accurate direct diagonalization of a 
restricted system. On the other hand, the inclusion of WL states 
provides a natural source of broadening of the electronic states, 
‘which justifies the application of the RPA. 

‘The next step in the analysis of carrier-phonon scattering in 
QD systems was the development of a theory that accounts for 
the scattering of renormalized quasiparticles (QD-polarons). 
‘This became possible within a quantum-kinetic theory that has 
been applied to the problem of carrier capture and relaxation 
(Seebeck et al, 2005). Such a quantum-kinetic description natu- 
rally incorporates both non-Markovian effects on ultrafast tim. 
escales and a nonperturbative treatment of the carrier~phonon 
interaction in the polaron picture. Polaronic renormalization 
effects have been found to be the main origin for fast carrier 
capture and relaxation processes, as well as efficient carrier ther- 
malization on a picosecond timescale, The results strongly devi 
ate from a perturbative treatment using Fermi’s golden rule. 


40.3.2.2 Polaron States and Kinetics 


In the following, the retarded Green's function Gj) with the 
time t and the state index a. is used to describe the quasipar. 
ticle renormalizations of QD electrons and holes in the single- 
particle states c due to the nonperturbative interaction with 
LO-phonons. In the absence of interaction, this function oscil: 
lates with the free-carrier energy €, according to 
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and the Fourier transform 
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with the frequency @ has a pole at the free-carrier energy with 
11> 0, 1) > 0. Quasiparticle renormalizations are obtained from 
the solution of the Dyson equation: 
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‘here the sum involves all available states . The Dyson equa. 
tion contains a self-energy for the many-body description of 
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interaction processes. In Equation 40.11, the so-called random- 
phase approximation has been used to formulate the interaction 
term with the phonon propagator 


Dig(t)= Dl Mag DFP XImoe*°" ++ mo)e"), 
7 
(40.12) 


where 
nyo is a Bose-Einstein function for the population of the 
phonon modes (assumed to act as a bath in thermal 
equilibrium) 
(o/s the LO-phonon frequency 


‘The sum over the three-dimensional phonon wave vec~ 
tor involves all phonon modes. For an introduction into the 
many-body theory in general and Green's functions in par- 
ticular, we refer the reader to Schafer and Wegener (2002) and 
Mahan (1990) 

‘The Dyson equation (Equation 40.11) takes into account all 
possible virtual transitions due to carrier-phonon interaction 
for a carrier in the state . The single-particle energies for both 
localized and delocalized states are considered, and the corre- 
sponding wave functions enter via the interaction matrix ele- 
ments My 
‘The Fourier transform of the retarded Green's function 
directly provides the spectral function G,((o) = —21mG(0) that 
reflects the density of states (DOS) for a carrier in the state 
Only for noninteracting carriers, the spectral function contains 
a delta-function at the free-particle energies, expressing that 
each state is associated with a single energy. This picture changes 
due to the quasiparticle renormalizations. 

‘The dynamics of the carrier population due to interaction 
with LO-phonons can be described with a quantum-kinetic 
equation (Schafer and Wegener, 2002; Seebeck etal, 2005) 
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In comparison to Boltzmann scattering rates, the delta-functions 
are replaced by convolutions of the phonon propagator with 
retarded Green's functions. The later account for the polaronic 
renormalizations ofthe initial and final carrer states. Furthermore, 
‘memory effects are included by the time dependence ofthe popula- 
tion factors on the past evolution ofthe system. 

Boltzmann scattering integrals follow as a limiting case, 
when the Markov approximation is applied (population func- 
tions f((?) are taken at the external time #) and when quasipar- 
ticle renormalizations are neglected with the use of free-carrier 
retarded Green’s functions (40.9) 

Examples for ultrafast carrier scattering processes in the 
polaron picture are displayed in Figure 40.5, Even if the level 
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FIGURE 40,5 Temporal evolution of the QD electron population due to scattering of carriers with LO-phonons. Calculations have been per 
formed in the polaron picture for the InGaAs/GaAs material system at room temperature, Left: carrier relaxation from the initially populated 
p-shell (op) into the intially empty -shell (bottom). Right: carrier capture from the WL into the initially empty p-shell (op) and s-shell (bottom). 
Dilferent energy spacings AE between the s- and p-shell in units of the LO-phonon energy are compared. (From Seebeck, Jet al, Phys. Rev. B,7l, 


125327, 2005. With permission ) 


spacing between sand p-shell and between p-shell and WL band- 
‘edge exceeds the LO-phonon energy by 40%, efficient carrier 
relaxation and carrier capture are observed, while Boltzmann 
scattering integrals would predict vanishing carrier transitions 
for the interaction with LO-phonons. 


40.4 Optical Gain of the Active Material 


Of central importance for the design process and for various 
‘emission properties of lasers are the optical gain of the active 
material and the corresponding refractive index changes. Both 
‘quantities are linked via the optical susceptibility, which is 
introduced in this section 

In the following, we give some examples for the role of the 
‘optical gain. The threshold current of a laser is determined by 
the transparency carrier density at which the active material 
switches from absorption to optical gain. The carrier-density 
dependence of the gain influences the modulation bandwidth, 
and the temperature dependence of the optical gain is the main 
factor for the temperature stability of the laser operation. It is 
also important to study the physical mechanisms of gain satura. 
tion, which limits the achievable optical gain. 

For the edge-emitting laser structures, the optical mode 
propagates in the QD plane and refractive index changes, which 
are induced by excited carriers, directly influence the mode 
properties like frequency chirp or filamentation, as well as the 
laser linewidth. In the following, we establish a microscopic pic 
ture to determine these gain and refractive index properties in 
QD systems. 


40.4.1 Optical Susceptibility 
From Maxwell's equations, a wave equation for the optical feld 
(r,t) can be derived, which describes how the emitted field from 
the sample can be traced back to the macroscopic polarization 
(r,t) inside the sample 
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‘he polarization represents the macroscopic dipole density in 
the medium, which is induced by the field itself, as expressed by 
the optical susceptibility 
Porst)= far faryie.e eB), 40.5) 

In order to fulfill Equations 40.14 and 40.15 simultaneously, asl. 
consistent solution is necessary the field determined fom the wave 
equation should be the same function entering the calculation of 
the polarization Fr simplicity, weneglect the tensorial character of 
iLand consider given polarization directions fr Pand E 

From Equation 40.15 can be inferred that the susceptibility 
isa response function describing the answer of the medium to 
the optical field. Mathematically this can be expressed with the 
functional derivative 
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‘The optical absorption spectrum is commonly defined via the 
linear response of the medium. In this case, 1 depends only on 
the difference of the time arguments (as can be shown from the 
explicit quantum mechanical calculation of the macroscopic 
polarization). Then one obtains in Equation 40.15 a convolution in 
time, which translates into a product in Fourier space and to give 
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For notational simplicity, we have no longer written the space 
dependence of the functions. In the considered case of an active 
‘material of QDs, the optical susceptibility is given as the mac- 
roscopic QD polarization Pan divided by the linear optical test 
field at the QD position Eqo. 

‘The absorption spectrum c1(@) as well a the refractive index 
changes of the medium due to resonant excitation n(n) of the 
QD system is given by 


K8n(o)+io(0) 
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Engel 
where 
cand €, are the speed of light and permittivi 
y's the background refractive index 
Lis the thickness of the QD sheet 
Kis the wave number of the optical field 


40.4.2 Interband Transitions 
and Macroscopic Polarization 


“The macroscopic optical QD polarization can be determined 
from the quantum mechanical expectation value of the dipole 
operator (d) = Tr{dp} = Dyiy.dy. Prams Which is calculated with 
the statistical operator p. Since d isa single-particle operator, a 
partial trace over the statistical operator can be performed in 
a way that only the single-particle statistical operator with the 
‘matrix elements P,.. contributes. The sum involves all single 
particle states of the chosen basis, as discussed for QD systems 
in Section 40.2. 

In the following, we further specify the single-particle den- 
sity-matrix elements. The diagonal elements represent the pop. 
ulation of the state V and have already been abbreviated by f, 
in Section 40.3. The off-diagonal elements Y,,, are transition 
amplitudes between the corresponding states. Then the single 
particle density matrix has the form 
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sider only interband transition contributions to the dipole 
coupling. For the final calculation of the macroscopic QD 


Pass (40.19) 
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polarization, we assume that the optical field averages over suf: 
ficiently many QDs to obtain 


Paolt)=Mgo(d)=Mop Yass Mawlts (40.20) 


with the (sheet) density of QDs no, 


40.4.3 Optical Gain Calculations 


A consistent microscopic theory for the calculation of coherent 
optical properties (related to the interaction of the active mate- 
rial with a classical optical field) can be formulated on the basis 
of equations of motion for the single-particle density matrix ele- 
rents, These equations can be derived from the Hamiltonian of 
the QD system, which contains the contributions of free-carriers, 
their dipole interaction with the optical felds, as well as Further 
relevant interaction processes like the Coulomb interaction of 
carriers and the carrier-phonon interaction. 

‘When only the free-carrier Hamiltonian and the dipole inter- 
action with the optical field are considered, the density matrix ele- 
rents obey the optical Bloch equations (Meystre and Sargent III, 
1991), We obtain coupled equations for the interband transition 
amplitude Y(t) and for the occupation probabilities f(t 


a ih 
nm, ( eee ae sty — fo ia Eas 
(40.21) 
(40.22) 
(40.23) 
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[A phenomenological way to include the influence of carrier scat- 
tering and dephasing is via time constants T,,, respectively. For 
the last term in Equations 40.22 and 40.23, a relaxation-time 
approximation has been used, which describes the evolution of 
the occupation probabilities f,,. toward quasi-equilibrium func 
tions R,,,ona time-scale T,. Damping of the interband transition 
amplitude W,.,., which determines the linewidth of the inter- 
band transitions, is accounted for with the dephasing time 7, in 
Equation 40.21 

“The stationary solution of Equation 40.21 together with 
Equations 40.17 and 40.20 allows to calculate the optical suscep- 
tibility in the form 


Ho0(0)= tor Yl n.P Ula — fe) 


1 1 
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er 


(40.24) 
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‘The imaginary part of 7.,(«) describes the absorption spectrum 
of the system and reveals discrete lines for interband transi 
tions between the QD states v,, with a linewidth 1/7; at the 
interband energies ¢,,, =€,,~¢,- When the population in the 
upper state exceeds that in the lower state, the population factor 
‘for ~ fz changes its sign and the system switches from absorp- 
tion to optical gain 

It should be noted that the optical Bloch equations (Equations 
40.21 through 40.23) and the resulting susceptibility (40.24) 
represent only a free-carrier picture, which is usually a poor 
approximation for a quantitative analysis. Important isthe addi 
tional inclusion of Coulomb interaction effects in the optical 
Bloch equations for semiconductor systems (Haug and Koch, 
2004), which is responsible for different types of effects. First 
of all, the interband Coulomb exchange interaction between 
electrons and holes accounts for excitonic effects at low excita- 
tion densities and interband Coulomb enhancement of the opti: 
cal transitions. Secondly, energy renormalization shows up as 
excitation-dependent shifts of the transition energies, of which 
the band-gap renormalization is the most prominent signa 
ture, A closer inspection reveals, however, nonrigid shifts ofall 
states. As a third modification, the microscopic replacement for 
scattering terms, expressed by the relaxation approximation in 
Equations 40.22 and 40.23, has been provided in Section 40.3 
For consistency, similar terms need to be used in Equation 40.21 
to describe the excitation-induced dephasing, which replaces 
the constant dephasing time T,. Furthermore, screening of the 
Coulomb interaction contributes to a nonlinear dependence of 
the optical properties on the excitation conditions. 


40.4.4 Gain Saturation, Refractive 
Index, and a-Factor 


‘A microscopic theory for gain calculations in QD systems, which 
includes excitonic effects as well as excitation-induced energy 
renormalization and dephasing due to the screened Coulomb 
interaction and carrier-phonon interaction, has been devel- 
‘oped in Lorke et al. (2006a). An example for the transition of a 
QD system from absorption to gain with increasing excitation 
density is shown in Figure 40.6. The calculations are performed 
at room temperature and assume a quasi-equilibrium distribu- 
tion of the carriers over the QD and WL states due to efficient 
carrier-scattering processes. For alow excitation density (dotted 
line), QD s-shell and p-shell transitions as well as the WL exci- 
ton resonance at E ~ E = 138, ~80, and ~17 meV, respectively, 
are broadened due to carrier-phonon and carrier-carrier scat 

tering processes. With increasing carrier density, the transition 
lines are bleached (due to phase-space filling) and further broad: 

‘ened (due to increased scattering efficiency). Note that bleaching 
reduces the oscillator strength, which needs to be distinguished 
from the increasing the linewidth (broadening). With popu: 

lation inversion of the QD states, optical gain is realized. Just 
above the transparency carrier density, only the s-shell transition 
exhibits optical gain, At higher carrier densities, the optical gain 
of the p-shell and of the WL are taking over. The WL. gain is due 
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FIGURE 40.6 
ing the absorption spectrum, versus energy relative to the band edge 
of the WL for a InGaAs/GaAs QD system. The spectrum contains two 
interband transitions due to confined states, which are magnified in 
the inset. (From Lorke, M. et al., Phys. Rev. B, 73, 085324, 2006. With 
permission.) 


Imaginary part ofthe optical susceptibility, represent: 


to the increased population of the corresponding quantum-well- 
like states. The combination of band-gap shrinkage and band 
filling positions the WL gain near the low-density WL exciton 
resonance. The related small excitation-dependent shifts of the 
quantum well gain are discussed in Chow and Koch (1999) 

When the QD states are completely populated with electrons 
and holes, a further increase of the total carrier density in the 
system does not lead to a larger optical gain at the correspond- 
ing transitions. This is clearly visible at the s-shell transition for 
the largest carrier densities in Figure 40.6. A higher carrier den- 
sity in the assumed quasi-equilibrium situation only increases 
the population of the higher QD states and the WL states. The 
complete filling of the QD states is the origin for the observed 
gain saturation. Adding even more carriers to the system finally 
starts to reduce the QD ground-state gain due to further increas- 
ing dephasing (Lorke et al., 2006b). 

‘At low carrier densities, the QD interband transition lines can 
be associated with QD excitons. The terminology might be viewed 
with reservations, since the electron-hole pairs are restricted to 
the QDs by the confinement potential and not—like quantum- 
well or bulk-semiconductor excitons—bound by the Coulomb 
interaction. The interplay of direct and exchange Coulomb inter- 
action even allows for “anti-bound” states; a biexciton transition 
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with an energy larger than that of two exciton transitions is the 
most prominent example. With the term “QD exciton,” one 
emphasizes the role of the Coulomb interaction for character 

izing the states. For quantum well and bulk semiconductor 
excitons, itis known that the delicate balance of energy renormal: 

ization (mainly band-gap shrinkage) and reduction of the exci 

ton binding energy due to phase-space filing and screening leads 
to a nearly constant energetic position of the exciton resonance, 
‘which is bleached and broadened for increasing carrier density. 
‘The same behavior is observed for the WL exciton in Figure 40.6. 

However, the QD excitons show a pronounced red shift, which 
persists as a shift of the gain peaks at elevated carrier densities. 

‘When the energy renormalization is determined within a many- 
body theory formulated in a single-particle basis, itis the result of 
1 partial compensation of state-diagonal and state-nondiagonal 
self-energies. It can be shown that this partial compensation is 
strongly reduced in QD systems (Lorke et a., 2006) 

‘The physics of QD gain spectra is expected to play an impor- 
tant role for QD-microcavity lasers with a small number of dots. 
In edge-emitting devices, inhomogeneous broadening can mask 
the discussed effects until the sample quality improves or the 
laser behavior (saturation effects, gain dynamics) is examined 
in greater detail 

‘The excitation-induced refractive index changes are directly 
linked to the corresponding absorption spectra via the Kramers 
Kronig relation (Haug and Koch, 2004), since both can be derived 
from the complex optical susceptibility according to Equation 
40.18. Refractive index changes directly influence the mode prop: 
erties of edge-emitting lasers, including filamentation, as well as 
frequency chirp and emission spectra. In the past, the a-factor 
(linewidth-enhancement factor, antiguiding parameter) has been 
used to characterize the importance of the excitation-density- 
induced refractive index changes. In the free-carrier picture 
outlined above, the discrete nature of the QD states leads to sym- 
‘metric absorption lines and vanishing refractive index changes at 
the absorption peak. The resulting value of zero for the a-factor 
has led to the prediction of many beneficial properties of QD 
lasers. Calculations based on microscopic semiconductor mod: 
els show deviations from this simple picture, but also smaller 
‘factors than for quantum-well lasers (Lorke et a., 2007). 


40.5 Laser Emission Properties 


‘The optical gain characterizes the active material itself, while the 
steady-state and dynamical emission properties of lasers depend 
‘more generally on the interplay of the photon and carrier systems. 
‘The optical gain determines the rate of stimulated emission of 
‘photons into the laser mode. Together with the spontaneous emis- 
sion rate, which is related to the photoluminescence spectrum, 
and the cavity losses, these processes govern the laser field inside 
the laser resonator and the light output. The carrier dynamics is, 
determined by the interplay of the pump process, the transfer of 
carriers into the laser levels, as well as the optical processes. 

‘The most intuitive approach to the steady-state and dynami: 
cal properties of lasers is provided by rate equations, which 
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will be introduced in Section 40.5.1. Such a theory is based on 
restricting the information about the laser output to the mean 
photon number in the laser mode, as well as on a convenient 
parametrization of the rates for various processes. A generaliza- 
tion, which allows the systematic inclusion of semiconductor 
effects, is outlined in Section 40.5.2. The statistical properties of 
the light emission as well as the control of light-matter interac- 
tion in microcavity lasers are addressed in Section 40.5.3. 


40.5.1 Rate Equations for Quantum-Dot 
Systems 


Inarate-equation description (Yokoyama and Brorson, 1989; Rice 
and Carmichael, 1994), one uses two coupled dynamical equa- 
tions for the number of photons in the laser mode n and the num- 
ber of excited emitters N, which are QDs for the present purpose: 
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‘The pump rate P increases the emitter number, while the cavity 
loss rate 2k reduces the photon number. The loss rate is directly 
connected to the Q-factor of the laser mode, Q = hn/2x, with 
the laser frequency «@, The total rate of spontaneous emission 
Nit» which includes emission into all available lasing and non- 
lasing modes, reduces the number of excited emitters, while only 
the spontaneous emission directed into the laser mode N/t, con- 
tributes to the increase of the respective photon number. The 
simulated emission is additionally proportional to the mean 
photon number n, and the corresponding rate nN/t, appears in 
both rate equations with opposite signs. 

‘An important parameter to characterize laser resonators is 
the B-factor, which is defined as the ratio of the spontaneous 
emission rate into the laser mode to the total spontaneous emis- 
sion according to 


ut a 
Bere (40.27) 
In edge-emitting laser diodes, the large number of nonlasing 
modes leads to small values of B = 10-*... 10° while in micro- 
cavity lasers the spontaneous emission into nonlasing modes 
can be strongly suppressed and = 1 is approached. 

‘A general evaluation of the rate equations can be readily per- 
formed by means of a direct numerical solution in time for a 
given pump rate P. If the initial condition is the unexcited sys- 
tem and the pump rates are switched on to a constant value, 
the solution either shows a smooth evolution to the steady-state 
or damped relaxation oscillations (Milonni and Eberly, 1991), 
depending on the chosen parameters. 

‘The results forthe steady-state solution and various B-factors 
are shown in Figure 40.7. A set of parameters referring to 
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FIGURE 40.7 Calculated input-output curves from the laser rate 
‘equations for B= 1 to 10- from top to bottom. The photon number and 
the pump rate are scaled with B in order to have the thresholds appear 
at equal pump intensities for better comparison. (From Gies, C. etal 
Phys. Rev. A, 75, 013803, 2007. With permission) 


QD-microcavity lasers as been used: t,, = 50ps and x = 20peV. 
‘The corresponding cavity lifetime is about 17ps, yielding a 
Q-factor of =30,000. The curves show a typical intensity jump = B* 
from below to above threshold, In the limit B = 1, the kink in the 
input-output curve disappears. 

‘The above discussed form of the rate equations is based on 
various assumptions. Only one optical mode is subject to stimu: 
lated emission; otherwise separate rate equations for the pho: 
ton numbers in different laser modes need to be used and their 
‘modal gain determining 1, needs to be distinguished. The deri- 
vation of the rate equations from a microscopic theory is based 
‘on the adiabatic elimination of transition amplitudes as well 
as on the factorization of carrier and photon correlations (Rice 
and Carmichael, 1994). Furthermore, in the rate equations, one 
assumes that the spontaneous and stimulated recombination 
rates are proportional to number of excited emitters N. Our dis- 
cussion of the optical gain in Section 40.4.3 has already revealed 
thatthisis only a rough estimate neglecting optical nonlinearities 
and saturation effects. Furthermore, each QD is assumed to pos 
sess only two possible configurations, the excited and de-excited 
state. In reality, QDs often contain more than two localized states, 
that can be occupied by several charge carriers. This can lead to 
various modifications of the simple “atomic approach.” 

‘The form of the spontaneous recombination term in the laser 
rate equations predicts an exponential decay of the photolumi- 
nescence after pulsed excitation and in the absence of stimulated 
emission. Recent experiments with self-assembled InGaAs! 
GaAs QDs embedded in GaAs-based micropillars (Schwab 
et al., 2006) showed, however, a nonexponential decay of the 
time-resolved photoluminescence. Furthermore, this decay was 
shown to be accompanied by a strong dependence on the exci 
tation intensity. These two effects make it impossible to assign 
4 single spontaneous emission lifetime to the QDs and ques- 
tion the simple picture used in the rate equations. This further 
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underscores the importance of semiconductor models for a 
more detailed microscopic description of photoluminescence 
and gain in QD systems, 


40.5.2. Microscopic Generalization: 
Semiconductor Effects 


A semiconductor theory for QD lasers can be formulated on the 
basis of equations of motions forthe carrier occupation probabil- 
ies of the QD levels and the photon number in the laser mode. 
For a microscopic derivation, one starts from the Hamiltonian 
describing the quantized electromagnetic field, the carrier sys- 
tem in second quantization, and the carrier-photon interaction 
in dipole approximation. Further interaction processes, like the 
Coulomb interaction of carriers and the carrier-phonon inter- 
action, can be included systematically. Heisenberg equations of 
motion for the carrier and photon operators can be used to derive 
dynamical equations for the mean photon number (n=b's) 
and the carrier occupation functions f =(c\c,), ft =1~ (vv) 
In these expectation values, bt and b are photon creation and 
annihilation operators, c! and c, are creation and annihilation 
operators for conduction-band carriers in the states v and v'vy 
are the corresponding valence-band operators, respectively. The 
contribution of the interaction of carriers with the laser mode 
then leads to 
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(40.29) 


with the light-matter coupling strength g. It can be seen that 
the corresponding dynamics of the photon number and carrier 
populations are determined by the photon-assisted polarization 
(W'vic,), that describes the expectation value for a correlated 
event, where a photon is created in connection with an interband 
transition of an electron from the conduction to the valence 
band. The sum over v involves all possible interband transitions 
from various QDs 

‘The time evolution of the photon-assisted polarization follows 
from its equation of motion, 
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Here, the free evolution of (b'v{c,) is determined by the detun- 
ing of the QD transitions at the renormalized energies &" from 
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(40.30) 
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On the minus side: 


+ Fluorescents were traditionally more 
energy-efficient than any other light source, 
but LED area lighting is now more efficient 
in some designs, LEDs are expected to be- 
come more efficient in the future. 

+ A fluorescent tube with a traditional type of 
ballast may cause complaints offlickering. By 
comparison, an LED light uses DC, and an in- 
candescent bulb retains sufficient heat be- 
‘tween power cycles so that it does not ap- 
pear to flicker. 

+ Fluorescent flicker creates problems when 
shooting video. 

+ The fluorescent emission spectrum has 
sharp peaks that give the lighting an un- 
natural look. 

+ In applications that require a defined beam 
oflight, a fluorescent source cannot be used. 

+ Conventional ballasts can create radio inter- 
ference, especially in the AM band. 

+ Because fluorescenttubesand bulbs contain 
mercury, they require proper disposal, which 
can incur fees. 

+ Even an instant-on fluorescent light tends to 
hesitate briefly when it is switched on, 

+ The lifespan of a fluorescent light is greatly 
reduced if t is cycled on and off frequently. 
‘An incandescent bulb is less severely affec- 
ted by cycling, and an LED light is not affec- 
ted atall. 

+ Fluorescent lights have difficulty starting at 
low temperatures. 


Values 


Brightness 
The intensity ofa fluorescent light is measured in 
lumens per watt. Because invisible wavelengths 
are of little interest when assessing brightness, 
luminous fluxis used to describe apparent bright- 


light 


ness in the visible spectrum, The unit for lumi- 
nous flux is the /umen. Additional informati 
about light measurementis included inthe entry 
describing incandescent lamps (see “Power” on 
page 177). 


Spectrum 
The spectrum of photons emitted from mercury 
vapor ina fluorescent light has wavelengths that 
peak at 253.7 nanometers and 185 nanometers 
(A nanometer, customarily abbreviated as nm, is 
one-billionth ofa meter) These wavelengths are 
invisible, being in the ultraviolet range, but when 
the light is transposed into the visible spectrum 
by the layer of phosphors, “spikes” in the range 
ofwavelengthsare still present. Foracomparison 
of output curves for incandescent, fluorescent, 
and LED lights, see the graph in Figure 18-4. 


Various formulations for the phosphors in a tube 
or CFL attempt to modify the character of the 
light to suit the human eye, but none of them 
looks as “natural” as the radiance from an incan- 
descent bulb, probably because the character 
tics of incandescentlightare very similartothose 
of sunlight. 


What Can Go Wrong 
Unreliable Starting 


Ata low temperature, the mercury inside a fluo- 
rescenttube may be slowto vaporize. Atvery low 
temperatures, vaporization may not be possible 
at all. Until the mercury vaporizes, fluorescence 
will not occur. 


Terminal Flicker 

‘Asa tube ages, it may start to conduct current 
only in one direction, causing it to flicker visibly. 
As itages more, the gas discharge becomes even 
less reliable, and the flicker becomes erratic. 
Eventually, the gas discharge fails completely. In 
this state, a tube may show only a dim light at 
each end, in proximity to the tungsten 
electrodes. 
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the optical mode, Cavity losses x and dephasing processes rep 
resented by T lead to a damping of the time evolution and to a 
broadening of the spectral components of the optical processes, 
‘which are spontaneous and stimulated emission. When deriving 
the equation of motion for (b'y{c,), one finds that the source term 
of spontaneous emission is described by an expectation value of 
four carrier operators (cle). For uncorrelated carriers, the 
Hartree-Fock factorization of this source term leads to ff 
‘which appears as the first term on the right and side of Equation 
40,30, It describes a spontaneous recombination probability pro 

portional to the occupation probabilities of electrons and holes, 
as expected ina free-carrier picture, but opposed tothe situation 
in an atomic system, where the recombination depends only on 
the electron population. However, electrons and holes will not 
just contribute as independent cariers, Correlation contributions 
to the spontaneous emission are included in Chia = 8(chvlewWa). 
‘These correlations describe the joint probability ofa two-particle 
proces, where two interband carrier transitions between the tates, 
Gand ¥ take place. As mentioned above, the indices include not 
only the electronic states but also the QD position. Consequently, 
‘one must distinguish between correlated transitions within one 
QD, which can be due to an excitonic population, and correla- 
tions of transitions within two separate QDs. The latter case is 
connected to the phenomenon of superfluorescence or super- 
radiant coupling of diferent emitters. The Coulomb interaction 
contributes to the excitonic correlations of electrons and holes, 
‘which, in turn, are weakened by screening, phase-space filling, 
and dephasing effects ofthe excited carriers. The detailed micro 

scopic description ofthese correlations isan intricate problem of 
many-body theory, and for further details we refer the interested 
reader to Baer et al. (2006). 

Ina similar fashion, stimulated emission ot re-absorption of 
photons is represented by (1-f¢—ft)n in the absence 
of carrier-photon correlations, The latter are represented by 
8(b'bele,) and &(b'bv\v,), which require their own equations of 
motion. Furthermore, the interband Coulomb-exchange inter- 
action with the matrix elements Vag is responsible for excitonic 
effects similar to its appearance in the semiconductor Bloch 
‘equations (Haug and Koch, 2004). 

While the semiconductor theory offers the potential to 
account for various interaction effects in a much more detailed 
way, this also complicates a numerical analysis significantly. 
Results from the semiconductor theory for the input-output 
curves are shown in the lower part of Figure 40.8. Deviations 
from the rate-equation results involve a diferent height in the 
intensity jump at the laser threshold and saturation effects. The 
semiconductor theory also opens the possibility to calculate 
parameters entering rate equation models based on single-parti- 
cle properties and interaction effects. 


40.5.3 Quantum-Dot Microcavity Lasers: 
Modifications of the Photon Statistics 


Latest advances in the growth and design of semiconductor-QD 
microcavity lasers have now attained the regime of B-values 
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(¢= 0) for various B factors calculated with the semiconductor model 
(From Gies, Cet al, Phys. Rev. A, 75, 013800, 2007. With permission.) 


close to unity (Strauf et al, 2006; Ulrich et al, 2007). The 
strongly increased cavity-Q (Corresponding to along lifetime of 
photons in the cavity) allows to fabricate QD-based lasers with a 
small number of dots in the active region. The strongly enhanced 
light-matter coupling and the operation with a small number of 
photonsin the laser mode leads to novel emission properties that 
are directly related to the quantum-mechanical nature of light. 

In particular, the photon statistics ofthe emitted radiation does 
no longer exhibit the transition from thermal to coherent radia- 
tion for increasing pumping, and “nonclassical” properties on 
the level of few photons can be realized, 

“To characterize these systems, one needs to study the coher- 
ence properties of the emitted light and the statistical proper- 
ties of the photons. Following Glauber, the quantum states of 
light can be characterized in terms of photon correlation fanc- 
tions. Coherence properties ofthe electromagnetic field itself are 
reflected by the (normalized) correlation function of first order, 


(0g) = Ae" (oUt +2)) 
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(40.31) 


Its decay in t 


determined by the coherence time of the emit- 


ted light 1, =fisr dt. Here, bt and bare again the creation 
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and annihilation operators for photons in the laser mode. 
Information about the statistical properties of the emitted light 
can be deduced from the correlation function of second order at 
zero delay time 


(oe) (n) _ (o'bb'0) = (8) 
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(40.32) 


‘The function g(t = 0) reflects the possibility of the correlated 
emission of two photons at the same time. Often discussed are 
the limiting cases of light emission from a thermal, a coherent, 
and a single-emitter light source. Thermal light is character- 
ized by an enhanced probability that two photons are emitted 
at the same time (bunching), reflected in a value of g2\(0) = 2. 
For coherent light emission with Poisson statistics, one finds 
.g°(0) = 1. An ideal single-photon emitter exhibits antibunch- 
ing with g(0) = 0. This, the second-order correlation function, 
can be used to characterize the emission and to analyze the 
transition from thermal (or even sub-Poissonian) to coherent 
light emission. 

For atomic systems, various methods have been established 
to analyze photon correlation functions. A master equation can 
be used to describe an ensemble of emitters interacting with 
a single high-Q laser cavity mode and a bath of non-lasing 
modes (Rice and Carmichael, 1994). Fora single-atom laser, a 
direct analysis of the von Neumann equation for the statisti 
cal operator including the coupling to dissipative systems is 
possible (Mu and Savage, 1992). Semiconductor effects can 
be included in generalized equations of motion for higher- 
order carrier and photon correlation functions (Gies et al., 
2007). Results of a semiconductor theory for the second- 
order photon correlation function are displayed in the upper 
part of Figure 40.8. For smaller B-factors referring to conven: 
tional lasers, the output-intensity jump at the laser thresh- 
old is accompanied with a sudden change of the correlation 
function between values representing thermal and coherent 
light. For increasing values of B, the gradually disappearing 
jump in the photon number is connected with a smoother 
transition of g20) and the presence of correlations for small 
pump rates, 
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41.1 Introduction 


Over the last three decades, laser physics has advanced dramati- 
cally. Starting from lasers operated in a continuous wave (cw) 
regime, scientists have developed techniques for generating 
periodic sequences of optical pulses with ultrashort durations— 
between a few picoseconds (1 x 10-15) and a few femtoseconds 
(1 x 10 3). To put this into perspective, 1fs compared to 1 is 
the same as 1s compared to 32 million years! Such ultrafast lasers 
hhave important applications in medicine, micromachining, 
optical communications, spectroscopy, and anything else that 
requires studying physics at extremely high powers or extremely 
short timescales. For instance, these lasers have been success 
fully adapted in eye surgery, because ultrashort pulses can make 
extremely precise cuts with minimum thermal damage. 
However, despite the wide range of important areas that can 
benefit from ultrafast lasers, the use ofthese lasers is constrained 
ddue to several limitations. The ultrafast lasers currently avail 
able are often bulky, expensive, and difficult to operate. The 
{deal ultrafast laser would be a low-cost, handheld, and turnkey 
laser—features which could be offered by semiconductor lasers. 
Semiconductor lasers cannot yet directly generate the sub-100 8 
pulses routinely available from crystal-based lasers, but they 
represent the most compact and efficient sources of picosecond 
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and sub-picosecond pulses. Furthermore, the bias can be easily 
adjusted to determine the pulse duration and the optical power, 
thus offering, to some extent, electrical control of the character 
cs of the output pulses. These lasers also offer the best option 
for the generation of high-repetition rate trains of pulses, owing 
to their small cavity size. Ultrafast diode lasers have thus been 
favored over other laser sources for high-frequency applications 
such as optical data/telecommunications. Being much cheaper 
to fabricate and operate, ultrafast semiconductor lasers also offer 
the potential for dramatic cost savings in a number of applica 
tions that traditionally use solid-state lasers. The deployment of 
high-performance ultrafast diode lasers would therefore have a 
significant economic impact, by enabling ultrafast applications 
to become more profitable, and even facilitate the emergence of 
new applications. 

Novel nanomaterials such as quantum dots (QDs) have 
enhanced the characteristics of semiconductor lasers, greatly 
improving their performance. QDs are tiny clusters of semicon- 
ductor material with dimensions of only a few nanometers. At 
these small sizes, materials behave very differently, giving QDs 
distinctive physical properties of quantum nature—for instance, 
the emission wavelength or “color” depends on the size of the 
dot! These nanomaterials afford major advantages in ultrafast 
science and technology, and they can form the basis for very 
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compact and efficient lasers delivering short pulses of the order 
of hundreds of femtoseconds (Rafailov et al, 2007). 

In this chapter, we show how QDs have enabled the genera. 
tion of ultrashort pulses from compact optical sources based 
‘on semiconductor laser diodes. In Section 41.2, the necessary 
background information is presented on ultra-short-pulse 
generation from diode lasers. The concept of mode locking is 
introduced, and an overview of the mode-locking techniques 
available for semiconductor lasers is provided. The unique 
properties of QD materials and their suitability for ultra-short- 
pulse diode lasers are explained in Section 41.3. Finally, a sum- 
mary of the state of the art in the field of QD mode-locked laser 
diodes is provided in Section 41.4. The chapter is finalized by 
a summary and an outlook on the future perspectives of this 
fascinating field. 


41.2 Ultrafast Laser Diodes 


41.2.1 Basics of Mode Locking 


Mode locking is a technique that involves the locking of the phases 
of the longitudinal modes in a laser. This results in the generation 
‘ofa sequence of pulses with a repetition rate corresponding to the 
cavity round-trip time. This well-established technique enables 
the production of the shortest pulse durations and the highest 
repetition rates available from ultrafast lasers, whether they are 
semiconductor or crystal-based laser systems. In a standing-wave 
resonator, the pulse repetition rate fis given by 


Ink 


where 
cis the speed of light in vacuum 
mis the refractive index 
Lis the length of the laser cavity 


In terms of Fourier analysis, there is an inverse proportional 
ity between the duration of a mode-locked pulse and the cor- 
responding bandwidth of its optical spectrum. The product of 
both the pulse duration Ar and the optical frequency bandwidth 
Av is called the time-bandwidth product (TBWP). For a given 
frequency bandwidth, there is a minimum corresponding pulse 
duration—if this is the case and the optical spectrum is sym 
‘metrical, then the pulse is said to be transform: limited, and the 
‘TBWP equals a constant K, whose value depends on the shape of 
the pulse, whether itis Gaussian, hyperbolic, secant, squared, or 
Lorentzian. By measuring the full-width at half maximum from 
an optical spectrum Ad, itis easy to calculate the TBWP of a 
given pulse: 


Another important property of mode-locked lasers is that 
the energy that was dispersed in several modes while in cw 
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operation, is now concentrated in short pulses of light. This 
implies that although the output average power P, may be lov, 
the pulse peak power P,.. can be significantly higher: 


E, 
os ees 
eat At 


where E, is the pulse energy. 


41.2.2 Mode-Locking Techniques 
in Semiconductor Lasers 


In recent years, mode-locked laser diodes have been at the center 
of a quest for ultrafast, transform-limited, and high-repetition- 
rate lasers. To achieve these goals, a variety of mode-locking 
techniques and semiconductor device structures have been 
demonstrated and optimized (Vasilev, 1995). The three main 
forms of mode locking can be described as active, passive, and 
hybrid techniques, as outlined below 

‘Active mode locking relies on the direct modulation of the 
gain with a frequency equal to the repetition frequency of the 
cavity, or toa sub-harmonic of this frequency. The main advan- 
tages of this approach are the resultant low jitter and the ability 
to synchronize the laser output with the modulating electrical 
signal. These features are especially relevant for optical trans- 
mission and signal- processing applications. However, high rep- 
etition frequencies are not readily obtained through directly 
driven modulation of lasers because fast RF (radiofrequency) 
modulation of the drive current becomes progressively more 
difficult with increase in frequency. 

‘The frequency limitation imposed by electronic drive cir- 
cuits can be overcome by employing passive mode-locking 
techniques. This scheme typically utilizes a saturable absorb- 
ing region in the laser diode. In a saturable absorber, the loss 
decreases as the optical intensity increases. This feature acts as a 
discriminator between cw and pulsed operation and can facili- 
tate a self-starting mechanism for mode locking. Most impor- 
tantly, saturable absorption plays a crucial role in shortening 
the duration of the circulating pulses, as will be explained, thus 
providing the shortest pulses achievable by ll three techniques 
and the absence of a RF source simplifies the fabrication and 
operation considerably. Passive mode locking also allows for 
higher pulse repetition rates that are determined solely by the 
cavity length. 

Inspired by active and passive mode locking, the technique 
of hybrid mode locking meets the best of both worlds because 
the pulse generation is initiated by an RF current imposed in 
the gain or absorber section, while further shaping and shorten- 
ing is assisted by saturable absorption. The next section explores 
in more detail the physical mechanisms behind passive mode 
locking 


* From this point, mode locking will implicitly mean passive mode locking, 
tunes otherwise state. 
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41.2.3 Passive Mode Locking: 
Physics and Devices 


So far, a simple frequency-domain picture for mode locking 
hhas been provided, where the relative phases are of primary 
relevance. A physical model for passive mode locking can alter- 
natively and equivalently be described in terms of the temporal 
broadening and narrowing mechanisms. 

Upon startup of laser emission, the laser modes initially oscil: 
late with relative phases that are random such that the radiation 
pattern consists of noise bursts. If one of these bursts is energetic 
‘enough to providea fluence that matches the saturation fluence of 
the absorber, it will bleach the absorption. This means that around 
the peak of the burst where the intensity is higher, the loss will be 
smaller, while the low-intensity wings become more attenuated. 
‘The pulse generation process is thus initiated by this family of 
intensity spikes that experience lower losses within the absorber 
carrier lifetime. 

‘The dynamics of absorption and gain play a crucial role in 
pulse shaping. In steady state, the unsaturated losses are higher 
than the gain. When the leading edge of the pulse reaches the 
absorber, the loss saturates more quickly than the gain, which 
results in a net gain window, as depicted in Figure 41.1. The 
absorber then recovers from this state of saturation to the initial 
state of high loss, thus attenuating the trailing edge of the pulse. 
It is thus easy to understand why the saturation fluence and the 
recovery time of the absorber are of primary importance in the 
formation of mode-locked pulses. 

‘This temporal scenario can be connected to the previously: 
described frequency domain description of mode locking. The 
burst of noise is the result of an instantaneous phase locking 
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FIGURE 41.1 A schematic diagram of the main components that 


formsa two-section laser diode (top). Loss and gain dynamics that lead 
to pulse generation (bottom). 
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FIGURE4I.2 _A schematic ofa two-section semiconductor laser diode. 


occurring among a number of modes. ‘The self-saturation at 
the saturable absorber then helps to sustain and strengthen 
this favorable combination, by discriminating against the lower 
power ew noise. 

In practical terms, a saturable absorber can be integrated 
monolithically into a semiconductor laser, by electrically isolat- 
ing one section of the device (Figure 41.2). By applying a reverse 
bias to this section, the carriers that are photogenerated by the 
pulses can be more efficiently swept out of the absorber, thus 
enabling the saturable absorber to recover more quickly to its 
initial state of high loss. An increase in the reverse bias serves to 
decrease the absorber recovery time, and this will have the effect 
of further shortening the pulses. 


41.2.4 Requirements for Successful 
Passive Mode Locking 


Ultrafast carrier dynamics are fundamental for successful 
mode locking in semiconductor lasers, particularly in the sat- 
urable absorber, because the absorption should saturate faster 
and recover faster. Indeed, the absorption recovery time is one 
of the determining factors for obtaining ultrashort pulses. In 
particular, for high-repetition-rate lasers, the absorber recovery 
time should be much shorter than the cavity period so that the 
absorber can return to state of total attenuation prior to the inci- 
dence of each incoming pulse. The fast absorption recovery also 
prevents the appearance of satellite pulses within the window of 
the net gain. On the other hand, the gain recovery time should 
be shorter than the cavity round-trip time. Thus, for lasers oper- 
ating at pulse repetition rates of 20 GHz or more, this means that 
the recovery times of both gain and absorption should be much 
shorter than 40ps. 

‘The saturation dynamics represents another crucial aspect for 
successful mode locking, as shown schematically in Figure 41.3 
Such dynamics can be translated in terms of saturation fluence 
F.,orsaturation energy E,,,= A” F,,,where A is the optical mode 
cross-sectional area. ‘The saturation energy is an indication of 
how much energy is necessary to saturate the absorption or the 
gain. Indeed, to achieve robust mode locking, the saturation 
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FIGURE 41.3. Dependence of absorption/gain with carrier concen- 
tration in a semiconductor laser. 


energy of the absorber Et, should be as small as possible and 
smaller than the saturation energy of the gain E 


1 AVA pe _ IVA 
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where 
his Planck’s constant 
vis the optical frequency 
aa/@N andag/@N arethe differentiallossand gain, respectively 


‘The special dependence of the loss/gain with carrier density 
in a semiconductor laser allows 2a/AN > ag/@N, as shown in 
Figure 41.3. 

‘This condition implies that the absorber will saturate faster 
than the gain for a given pulse fluence, thus enabling the cre- 
ation of the net gain window as already mentioned. ‘The ratio 
between saturation energies should also be as large as possible 
to ensure that the losses saturate more strongly than the gain. 


41.2.5 Self-Phase Modulation and Dispersion 


In a semiconductor material, both the refractive index and 
gain (or loss) depend on the carrier density and are thus 
strongly coupled. As the pulse propagates in the gain section,* 
the carrier density and thus the gain is depleted across the 
pulse, as the carriers recombine through stimulated emission. 
‘This leads to a dynamic increase ofthe refractive index, which 
then introduces a phase modulation on the pulse, changing 
the instantaneous frequency across the pulse. This phenom: 
‘enon is called self-phase modulation (SPM) and is one of the 
main nonlinear effects associated with pulse propagation in 
semiconductor media 

‘To understand the mechanism of SPM, consider the simple 
and illustrative example ofa plane wave E(t, ») 


in the following discussion, reference is made mostly to gain to simplify 
the description, Hovrever, allthis reasoning can be applied equally well to 
the absorber. 
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where 
‘(tis the time-varying phase 
kis the wave vector 
‘0, is the optical carrier frequency 
cis the speed of light, 
‘(tis the time-varying refractive index 


‘The instantaneous frequency is the time derivative of the 
phase and thus can be written as 


y An) 
cot 


a 
= FO = 


From this expression, it is clear that if the refractive index 
varies with time, then the instantaneous frequency of the plane 
wave will vary relative to @, and in a manner proportional to 
the temporal derivative of the index. The time dependence of 
this instantaneous frequency is called the frequency chirp. An 
up-chirp’ (down-chixp) means that the frequency increases 
(decreases) with time. An example of a frequency up-chirped 
pulse is illustrated in Figure 41.4 

SPM is not dispersive in itself, but the pulse will not remain 
transform-limited when it propagates in a dispersive material 
such as the laser medium. The effect of dispersion manifests 
itself in the variation of refractive index for different wave- 
lengths which means that different spectral components will 
travel at different speeds. For an up-chirped pulse, the frequency 
is higher in the trailing edge than in the leading edge. When 
the pulse propagates through a material exhibiting positive (nor- 
mal) dispersion, the trailing edge of the pulse propagates more 
slowly than the leading edge of the pulse and so this results in a 
temporal broadening of the pulse. 

In a monolithic two-section mode-locked semiconduc- 
tor laser, where a saturable absorber and a gain section coex- 
ist, the resulting chirp is a balance between the effects caused 
by the absorber and the gain. In the gain section, a frequency 
up-chirp results, while the saturable absorber helps to further 
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FIGURE 41.4 Illustration of an electric field of a strongly up-chirped 
pulse, where the instantaneous frequency increases with time. 


1" Up-chitp isalso known as blue-chirp or positive chirp 
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shape the pulse by contributing with a negative chirp. With a 
suitable balance between both sections, the chirp can be close to 
zero thereby leading to transform-limited pulses. Unfortunately, 
this is the exception rather than the rule, because this usually 
only occurs for a limited set of bias conditions and/or for given 
ratios of absorber/gain lengths. Therefore, up-chirp prevails for 
passively mode-locked lasers, leading to significant pulse broad- 
‘ening as the pulse propagates. The combined effect of SPM and 
dispersion impose the strongest limitation in the achievable 
shortest duration of pulses from mode-locked semiconductor 
diode lasers. 

‘The mechanism of SPM implies that in addition to the origi 
nal frequency @,, there are now more frequencies inside the 
pulse envelope. This richer spectral content is not necessar- 
ily unhelpful because it can provide bandwidth support for 
shorter pulses, ifthe chirp of a pulse can be removed by provi 
sion ofa suitable dispersion-induced chirp of the opposite sign. 
For up-chirped pulses, a dispersion compensation setup can 
be configured such that a negative (anomalous) group velocity 
dispersion is able to slow down the leading edge of the pulse 
and speed the blueshifted trailing edge to such an extent that 
ata certain point both edges propagate simultaneously and the 
pulse is shorter. 

To routinely generate pulses that are nearly transform. 
limited, an alternative could be found in the choice of a mate: 
rial that exhibits lower coupling between refractive index and 
gain, as described by linewidth enhancement factor (LEF), or 
ov-factor: 
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‘A higher o-factor implies a more significant coupling between 
gain and refractive index changes with carrier concentration and 
thus the possibility for higher levels of SPM and frequency chirp. 


41.3 Quantum Dots: Distinctive 
Advantages for Ultrafast 
Diode Lasers 


41.3.1 The Role of Dimensionality 
in Semiconductor Lasers 


‘The history of semiconductor laser materials has been punctu: 
ated by dramatic revolutions. Everything started with the pro: 

posal of p-n junction semiconductor lasers in 1961, followed by 
experimental realization on different semiconductor materials 
(Basoy et al, 1961; Basov, 1964). However, the lasers fabricated 
at that time exhibited an extremely low efficiency due to high 
optical and electrical losses. In fact, until the mid-1960s, only 
bulk materials were used in semiconductor devices, which were 
functionalized by introducing a doping profile. At the time, 
pioneers like Alferov and Herbert Kroemer independently con. 

sidered the hypothesis of building heterostructures, consisting 
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of layers of different semiconductor materials (Alferov, 2001) 
The classic heterostructure example consists of a lower band- 
gap layer surrounded by a higher bandgap semiconductor 
material, Such design results in electronic and optical confine- 
‘ment, because a higher bandgap semiconductor also exhibits a 
higher refractive index. The enhanced confinement improved 
notably the operational characteristics of laser diodes, in par- 
ticular the threshold current density, which decreased by two 
orders of magnitude. 

But another revolution was about to come when it was real- 
ized that the confinement of electrons in lower dimensional 
semiconductor structures translated into completely new opto- 
electronic properties, when compared to bulk semiconductors, 
And how small should this confinement be? In order to answer 
this question, let us recall the concept of the de Broglie wave- 
length of thermalized electrons, Ay 


where 
his the Planck’s constant 
pis the electron momentum 
in is the electron effective mass 
Eisthe energy 


In the case of III-V compound semiconductors, hy is typi- 
cally ofthe order of tens of nanometers (Saleh and Teich, 1991) 
If one of the dimensions of a semiconductor is comparable 
or less than 2, the electrons will be strongly confined in one 
dimension, while moving freely in the remaining two dimen- 
sions—this is the case of a quantum well (QW). A quantum 
wire is a one-dimensional confined structure, while a QD is 
confined in all the three dimensions. QDs are thus tiny clus- 
ters of semiconductor material with dimensions of only a few 
nanometers, surrounded by a semiconductor matrix that has a 
higher bandgap. 

“The spatial confinement of the carriers in lower dimensional 
semiconductors leads to dramatically different energy-momen- 
tum relations in the directions of confinement, which results in 
completely new density of states, when compared to the bulk 
case, as depicted in Figure 41.5. As dimensionality decreases, 
the density of states is no longer continuous or quasi-continuous 
but becomes quantized. In the case of QDs, the charge carri- 
exs occupy only a restricted set of energy levels rather like the 
electrons in an atom, and for this reason, QDs are sometimes 
referred to as “artificial atoms.” 

For given energy range, the number of carriers necessary to 
fill out these states reduces substantially as the dimensionality 
decreases, which implies that it becomes easier to achieve trans- 
parency and inversion of population—with the resulting reduc- 
tion of threshold current density. In fact, this reduction has been 
quite spectacular over the years, with sudden jumps whenever 
the dimensionality is decreased (Alferov, 2001) 
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FIGURE 41.5. Schematic structures of bulk and low-dimensional semiconductors and correspondling density of states. The density of states in 
different confinement configurations: (a) bulk; (b) quantum well (€) quantum wire; and (d) quantum dot 


41.3.2 Quantum Dots: Materials and Growth 


‘The group of QD materials that has shown particular promise is 
based on III-V QDs epitaxially grown on a semiconductor sub- 
strate, For instance, InGaAs/InAs QDs on a GaAs substrate emit 
in the 1-1.3m wavelength range, which could be extended to 
1.55]1m. Alternatively, InGaAs/InAs QDs can be grown on an 
InP substrate that covers emission in the 14-1.9\m wavelength 
range (Ustinov et l., 2003) 

‘The remarkable achievements in QD epitaxial growth have 
enabled the fabrication of QD lasers, amplifiers, and satu- 
rable absorbers offering excellent performance characteris. 
tics. To date, the most promising results have been achieved 
using the spontaneous formation of three-dimensional islands 
during strained layer epitaxial growth in a process known as 
the Stranski-Krastanow mechanism (Goldstein et al., 1985; 
Ustinov et al, 2003). In this process, when a film A is epitaxi 
ally grown over a substrate B, the initial growth occurs layer 
by layer, but beyond a certain critical thickness, three-dimen. 
sional islands start to form—the quantum dots. A continuous 
film lies underneath the dots, and is called the wetting layer. 
‘The most important condition in this technique is that the lat 
tice constant of the deposited material is larger than the one of 
the substrate. This is the case of an InAs film (lattice constant 
of 6.06 A) on a GaAs substrate (lattice constant of 5.64 A), 
for example. 

In spite of being an extremely complex process, the Stranski 
Krastanow mode is now widely used in the self-assembly of QDs. 
An advantage of this technique is that films can be grown using 
the well-known techniques of molecular beam epitaxy (MBE) 
and metal organic chemical vapor deposition (MOCVD), and 
therefore the science of QDs growth has benefited immensely 
from all the previous knowledge gained with this technology. 
‘These are also good news for commercialization, because manu- 
facturers do not have to invest in new epitaxy equipment to fab- 
ricate these structures. 

Due to the statistical fluctuations occurring during growth, 
there isa distribution in dot size, height, and composition but, at 
the moment, epitaxy techniques have evolved to such an extent 


that the amount of fluctuations can be reasonably controlled, 
and can be as small asa few percent. 

If the dots are grown on a plane surface, their lateral posi- 
tions will be random. An example of such structure is shown in 
Figure 41.6. In the self-assembly process, there is no standard 
way of arranging the dots in a planar ordered way, unless they 
are encouraged to grow at particular positions in a pre-patterned 
substrate. 

At present, the densities of QDs lie typically between 10° em? 
and 10" cm, The sparse distribution of QDs results in a low 
value of optical gain. Thus, the levels of gain and optical confine 
‘ment provided by a single ayer of QDs may not be enough for the 
optimal performance of a laser. In order to circumvent this prob- 
lem, QDs can also be grown in stacks, which allows an increase 
in the modal gain without increasing the internal optical mode 
loss (Smowton et al., 2001), where the various layers are usually 
separated by GaAs barriers. The GaAs separators are responsible 
for transmitting the tensile strain from layer to layer, inducing the 
formation of ordered arrays of QDs aligned on top of each other. 
Further optical confinement is enabled through the cladding of 
such arrays within layers of higher refractive index and bandgap 
energy, therefore forming a heterostructure. 


FIGURE 41.6 Photographs of an InGaAs quantum dots grown on 
GaAs substrate: (a) A TEM image of a single sheet of quantum dots. 
(b) ATEM image ofa cross section ofan 8-layer thick stack of quantum 
dots in GaAs layers 
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Cannot Dim 

Neither the older style of "conventional" ballast 
nora modem electronic ballast will respond ap- 
propriately to a dimmer of the type designed for 
incandescent bulbs. This may be an important 
factor when an incandescent bulb is swapped 
out fora CFL. 


Burned Out Electrodes 

Like the tungsten filament in an incandescent 
lamp, the tungsten electrodes in a fluorescent 
tube suffer progressive erosion. This is evident 


light source, indicator, or disy 


lay > single source > fluorescent light 


when a black tungsten deposit forms on the i 
side of the tube at one or both ends. 


Ultraviolet Hazard 

‘Some critics of CFLs maintain that the complex 
shape of a coiled or zig-zag tube tends to permit 
small imperfections in the intemal phosphor 
coating, potentially allowing ultraviolet light to 
escape. Ifthis occurs, and ifa CFLis used ina desk 
fixture in close proximity to the user, ultraviolet 
light could elevate the risk of skin cancer. 
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Mode-Locked Quantum: Dot Lasers 


41.3.3 Broad Gain Bandwidth 


A.QD laser was proposed in 1976 (Dingle and Henry, 1976) and 
the first theoretical treatment was published in 1982 (Arakawa 
and Sakaki, 1982). The main motivation was to conceive a design 
for a low-threshold, single-frequency, and temperature-insensi- 
tive laser, owing to the discrete nature of the density of states. 
In fact, practical devices exhibit the predicted outstandingly low 
thresholds (Kovsh et al., 2004; Liu et al., 2005), but the spectral 
bandwidths of such lasers are significantly broader than those of 
conventional QW lasers (Rafailov et al., 2007). This results from 
the self-organized growth of QDs, leading to a Gaussian distri- 
bution of dot sizes, with a corresponding Gaussian distribution 
of emission frequencies. Additionally, lattice strain may vary 
across the wafer, thus further affecting the energy levels in the 
‘quantum dots. These effects lead to the inhomogeneous broad- 
‘ening of the gain—a usefull phenomenon in the context of ultra: 
fast applications, because a very wide bandwidth is available 
for the generation, propagation, and amplification of ultrashort 
pulses. The effects of inhomogeneous broadening on the density 
Of states are schematically illustrated in Figure 41.7. However, 
it is important to stress that a highly inhomogeneously broad- 
‘ened gain also encompasses a number of disadvantages, because 
it partially defeats the purpose of a reduced dimensionality, by 
broadening the density of states. Indeed, the fluctuation in the 
size of the QDs has the effect of increasing the transparency cur- 
rent and reducing the modal and differential gain (Qasaimeh, 
2003; Dery and Eisenstein, 2005). Therefore, much effort has 
been put into improving the dots uniformization by engineer- 
ing the growth and post-growth processes (Ustinov et al., 2003). 

“The extremely broad bandwidth available in QD mode-locked 
lasers offers potential for generating sub-100 fs pulses provided 
all of the bandwidth can be engaged coherently and dispersion 
effects suitably minimized, 
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FIGURE4L7 Schematic morphology and density of states for charge 
carriers in (g)an ideal quantum-dot system and (b) areal quantum-dot 
system, where inhomogencous broadening is illustrated. 
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FIGURE418 Schematic of the energy levels ina QD material (a), and 
radiative transitions via GS—ground state (b) and ES—excited state (). 
(CB—Conduction band; VB—valence band, 


Indeed, it has been shown that there is usually some gain in 
narrowingyfiltering effects in mode-locked QW lasers (Delfyett 
et al, 1998). With the inhomogeneously broadened gain band- 
width exhibited by QDs, there is support for more bandwidth 
and this can oppose the effect of pulse broadening that may arise 
from spectral narrowing. Additionally, due to the particular 
nature of QD lasers, many possibilities open up in respect of the 
exploitation of ground.state (GS) and excited-state (ES) bands” 
as schematically represented in Figure 41.8. Such versatility 
has been successfully exploited in a multiple-wavelength-band 
switchable mode locking (Cataluna et al., 2006c). On the other 
hand, the interplay between GS and ES can be deployed in novel 
mode-locking regimes (Cataluna et al, 2006a). Using an exter- 
nal cavity, itis possible to set up tunable mode-locked sources 
that can operate in the wavelength range that extends from the 
GS to the ES transition bands (Kim et al., 2006a) 


41.3.4 Ultrafast Carrier Dynamics 


In the initial studies of QD materials, it was thought that their 
carrier dynamics would be significantly slower than those in QW 
materials due to a phonon bottleneck effect (Mukai et al, 1996). 
Interestingly, experiments have demonstrated quite the opposite. 
[Asa consequence of access to a number of recombination paths for 
the carriers, QD structures exhibit ultrafast recovery both under 
absorption and gain conditions (Borri etal, 2006). In two evalua- 
tions, the absorber dynamics of surface and waveguided QD struc- 
tures were investigated by using a pump-probe technique (Borri 
et al, 2000; Rafailoy et al, 20048). This showed the existence of at 
least two distinct time constants for the recovery ofthe absorption 
A fast recovery of around I pss followed by a slower recovery pro- 
cess that extends over 100ps (Rafailov et al, 2004b), 

More recently, sub-picosecond carrier recovery was measured 
directly in a QD absorption modulator when a reverse bias was 
applied (Malins et al, 2006). Absorption recovery times ranged 
from 62ps down to 700s and showed a decrease by nearly two 
orders of magnitude when the reverse bias applied to the structure 
was changed from OV to -10V. This important observation pro- 
‘vides significant promise for ultrafast modulators that can operate 


* Ground and excited states are also available in quantum wells. However, 
the B-like density of states associated with quantum dots enables an easier 
access tothe BS, owing tothe faster saturation ofthe GS in quantum dots 
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above 1 THz and for the optimization of saturable absorbers used 
for the passive mode locking of semiconductor lasers at high rep- 
tition rates, where the absorption recovery should occur within 
the round-trip time of the cavity. Crucially, the shaping mecha- 
nism of the fast absorption recovery also enhances the shortening 
of the mode-locked pulses, and thus QD lasers have the potential 
for generating shorter pulses than their QW counterparts. 


41.3.5 Low Absorption Saturation Fluence 


QD-based saturable absorbers exhibit lower saturation flu 
cence than QW-based materials due to their delta-like density of 
states. For example, in a QD one electron is enough to achieve 
transparency and two to achieve inversion. This characteris. 
tic facilitates the self-starting of mode locking at modest pulse 
‘energies. This feature is particularly important in high-repeti- 
tion-rate lasers where the optical energy available in each pulse 
is small. Indeed, it has also been observed that the saturation 
power is at least 2-5 times smaller for a QD saturable absorber 
than for a QW-based counterpart when integrated in a mono. 
lithic mode-locked laser (Thompson et al, 2004a). In this paper, 
the authors pointed out that saturation would further depend on 
the density of dots, reverse bias, and inhomogeneous broadening. 


41.3.6 Low Threshold Current and Low 
‘Temperature Sensitivity 


As devices, QD diode lasers have the advantage of requiring 
a very low threshold current to initiate lasing (Ustinov et al, 
2003). This attribute applies also to operation in the mode- 
locking regime, because most QD lasers exhibit mode-locked 
‘operation right from the threshold of laser emission. (Bistability 
between the non-lasing state and the onset of lasing/mode lock 
ing might be present, as has been shown experimentally (Huang, 
et al, 2001; Thompson et al, 2006b) and numerically (Viktorov 
et al,, 2006)) A low threshold current is clearly advantageous 
because this can represent a device that is compatible as an effi- 
cient and compact source of ultrashort pulses where the demand 
for electrical power can be very low. Furthermore, having a low 
threshold avoids the need for higher carrier densities for pump: 
ing the laser and this implies less amplified spontaneous emis 
sion and reduced optical noise in the generated pulse sequences. 

Due to the discrete nature of their density of states, QD lasers 
also exhibit low-temperature sensitivity (Mikhrin et a., 2005), 
making them excellent candidates for applications where resl 
ience to temperature effects is important. 


41.3.7 Low Linewidth Enhancement Factor 


One of the main motivations for the enthusiastic investigation of 
(QD materials in the last few years has been the theoretically pre- 

dicted potential for very low values of LEF, owing to the symme- 
try of the gain associated with QD structures. The possibility of 
alow LEF is very attractive for a number of performance aspects, 
such as lower frequency chirp in directly modulated lasers, 
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lower sensitivity to optical feedback effects, and suppressed 
beam filamentation. The potential of a lower effect of SPM in 
QD lasers also held a promise for the generation of transform: 
limited pulses. However, disparate reports have been published 
in the last 3 years, with some reports of LEF values of nearly 
zero (Newell et al, 1999), and others with values of LEF similar 
(Ukhanov eta, 2004) or significantly higher than in QW struc- 
tures (Dagens et al, 2008). Ultimately the LEF is a characteristic 
that is highly dependent on the operation conditions ofthe laser, 
and as such, its meaning always needs to be contextualized for a 
set of particular conditions. This sa topic that is currently under 
intense investigation, 


41.4 Mode-Locked Quantum-Dot 
Lasers: State of the Art 


41.4.1 Pulse Duration 


‘The first demonstration of a QD mode-locked laser was reported 
in 2001, with pulse durations of -17ps at 1.3m and repetition 
rate of 7.4GHz, using passive mode locking (Huang etal, 2001) 
Hybrid mode locking at the same wavelength was demonstrated 
in 2003 by the Cambridge University group (Thompson et al., 
2003); they reported an upper limit estimation of 14.2ps for the 
shortest pulses measured at a repetition rate of 10GHz. Later in 
2004, the same group demonstrated Fourier-transform-limited 
10ps pulses at 18 GH repetition rate, using passive mode locking. 
(Thompson etal, 20046), 

In 2004, we demonstrated the generation of sub-picosec- 
ond pulses directly from a QD laser where the shortest pulse 
durations were measured to be 390fs, without any form of 
supplementary pulse compression (Rafailov et al., 2004a, 
2005). These pulses were generated by a two-section passively 
mode-locked QD laser and this was the first time that sub- 
picosecond pulses were generated directly from such a mono- 
lithic laser. 

‘The generation of sub-picosecond pulses was reported later by 
several groups (Laemmlin et al, 2006; Thompson et al, 2006b). 
In one of these reports (in 2006), Thompson and coworkers 
demonstrated the generation of pulses as short as 790fs, by 
using a flared waveguide configuration in a two-section QD 
laser (Thompson et al, 20066). Because the beam mode size in 
the saturable absorber section was much smaller than that in 
the gain section, the ratio of saturation fluences in the absorber 
and gain sections was increased. This enhanced the pulse for- 
mation mechanisms and allowed for better pulse shaping and 
shortening 

‘There has also been much effort in designing QD-based 
mode-locked sources that could be deployed in the 1.55)m 
band (Lelarge et al, 2007). Ultra-short-pulse generation has 
been achieved from single-section lasers based either on InAs 
QDs (Renaudier et al., 2005) or quantum dashes (Gosset et a., 
2006) grown on an InP substrate. These authors have suggested 
that there are no fundamental differences between the QDs and 
dashes in the context of mode-locked laser sources. 


Mode-Locked Quantum-Dot Lasers 


41.4.2 Toward Higher Pulse Repetition Rates 


‘To achieve higher repetition rates in mode-locked lasers, it 
is necessary to decrease the cavity length. This poses a sig- 
nificant challenge to QD lasers because of their lower gain 
and the operation in short cavities may shift the emission to 
the ES band (Markus et al., 2003). To avoid this problem, a 
higher number of QD layers should be deployed in the active 
region. Using this simple approach, the highest repetition 
rate directly generated from a passively mode-locked QD 
two-section laser was 80GHz (Laemmlin et al., 2006), when 
a 15-layer structure was used. Another method to boost the 
repetition rate of mode-locked lasers is to use colliding pulse 
mode locking. This technique is similar to passive mode lock- 
ing, but the saturable absorber region is placed at the precise 
center of the gain section. Two counter-propagating pulses 
from each outer gain section therefore meet in the saturable 
absorber region, bleaching it much more efficiently than if just 
‘one pulse was present. This process can also result in shorter 
and more stable pulses. Owing to the device geometry, mode 
locking is achieved at the second harmonic of the fundamental 
(round-trip) frequency, and the pulse repetition rate is dou: 
bled. A variation of colliding pulse mode locking is harmonic 
mode locking, where more than two pulses circulate in the 
cavity, the number being equal to the harmonic. Colliding 
pulse mode-locking was first demonstrated for QD lasers in 
2005 (Thompson et al, 2005), resulting in a modest repetition 
rate of 20 GHz, Harmonic mode locking has also been demon- 
strated with repetition rates of approximately 40, 80, 120, and 
240 GHz (Rae et al., 2006) 


41.4.3 Temperature Resilience 
of Mode-Locked QD Lasers 


Due to their delta-function-like density of states, QDs offer 
great potential for designing temperature-resilient devices. 
If their high-speed performance is also proven to be resil- 
ient to temperature, QD lasers can become the next genera- 
tion of sources for ultrafast optical telecoms and datacoms, 
because the constraint of using thermoelectric coolers can be 
avoided, thus decreasing cost and complexity. In this context, 
‘we have demonstrated stable passive mode-locked operation 
ofa two-section QD laser over an extended temperature range 
(from 20°C to 80°C) at relatively high output average powers 
(Cataluna et al, 20060). 

‘Additionally, to meet the requirements for high-speed com 
munications, it is important to investigate the temperature 
dependence of the pulse duration. For instance, in communi: 
cation systems with transmission rates of 40Gb/s or more, the 
temporal interval between pulses is less than 25s and so 
the duration of the optical pulses should be well below this value 
at any operating temperature. We have shown that the pulse 
duration and the spectral width decrease significantly as 
the temperature is increased up to 70°C (Cataluna et al, 2007). 
‘The combination of all these effects resulted in a sevenfold 
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decrease of the time-bandwidth product (the pulses were still 
highly chirped due to the strong SPM and dispersion effects in 
the semiconductor material). 

To account for the decrease in pulse duration with tempera- 
ture, a model for mode locking in QD lasers was used. It was 
found that the pulse durations are determined principally by 
the escape rate of the carriers in the absorber section, which 
lead to a decrease of absorber recovery time with increasing 
temperature, thus inducing a decrease in the pulse durations, 
This has been verified recently using ultrafast spectroscopy to 
probe the absorber recovery time as a function of temperature 
(Malins et al., 2007) 


41.4.4 Mode Locking Involving 
Excited-State Transitions 


Ithas been observed that laser emission in QD lasers can access 
the transitions in GS, ES or both (Markus et al., 2003), as rep- 
resented in Figure 41.8. Furthermore, sub-picosecond gain 
recovery has been demonstrated for both GS and ES transitions 
in electrically pumped QD amplifiers (Schneider et al., 2005). 
In this reported work, the LEF was shown to decrease signifi- 
cantly for wavelengths below the GS transition, even becoming 
negative at ES thereby implying a potential for chirp-free oper- 
ation for the range of wavelengths involved. Laser emission in 
the ES is also characterized by a higher differential gain than 
GS, with associated benefits for ultrafast QD lasers. We have 
demonstrated an optical gain-switched QD laser, where pulses 
were generated from both GS and ES, and where the ES pulses 
were shorter than those generated by GS alone (Rafailoy et al., 
2006). The potential for shorter and chirp-free pulses from ES 
transitions motivated us to investigate the mode-locked opera- 
tion of QD lasers in this band. We demonstrated, for the first 
time, passive mode locking via GS (1260nm) or ES (1190nm) 
in a QD laser, at repetition frequencies of 21 and 20.5GHz, 
respectively (Cataluna et al., 2006c). The switch between these 
two states in the mode-locking regime was easily achieved by 
changing the electrical biasing conditions, thus providing full 
control of the operating spectral band. It is important to stress 


that the average power in both operating modes was relatively 
high and exceeded 25mW. In the range of bias conditions 
explored in this study, the shortest pulse duration measured 
for ES transitions was ~7 ps, where the spectral bandwidth was 
5.5nm, at an output power of 23mW. These pulse durations 
are similar to those generated by GS mode locking at the same 
power level 

Although pulse durations from ES spectral band have been 
below expectations so far, it is our opinion that exploitation of 
the ES transitions—a unique feature of QD lasers—can lead 
to a new generation of high-speed sources, where mode lock- 
ing involves electrically switchable GS or ES transitions that 
are spectrally distinct. This could enable a range of applications 
extending from time-domain spectroscopy, through to optical 
interconnects, wavelength-division multiplexing, and ultrafast 
optical processing. 
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41.5 Summary and Outlook 


41.5.1 Critical Discussion 


In this chapter, we have presented the physics and reported on 
the progress of ultrafast laser diodes based on QD materials 

‘The results presented inthe literature show that monolithic pas. 
sively mode-locked QD lasers can currently surpass the perfor: 
mance of similar QW lasers in terms of pulse duration (Rafailov 
et al, 2005, Thompson et al, 2006b). There are other particular 
features where QD lasers have already been shown to have a supe- 
rior performance, notably in the case of pulse timing jitter where 
record low values have been reported (Choi etal, 2006, Thompson 
et al, 2006a). 

‘We strongly believe that the appeal of QD lasers also resides 
in the novel functionalities that are distinctive of QDs. These are 
the exploitation of an ES level as a means to achieve novel mode- 
locking regimes; the temperature resilience offered by the quan- 
tized density of states; lower threshold and higher output power 
levels; and access to the enlarged spectral bandwidths associated 
‘with the inhomogeneously broadened gain features. These charac- 
teristics are not only useful from an operational point of view, but 
also provide some insights into a more comprehensive understanding 
‘ofthe underlying physical mechanisms of mode lockingin QD lasers. 


41.5.2 Future Perspectives 


Although there have been many advances in the control of the 
‘growth of QD laser having ultra-low threshold current and tem: 
perature resilience, it is not yet understood what is the most 
advantageous QD structure layout to be used in the regime of 
mode locking. In particular, it is not clear what is the optimum. 
level of inhomogeneous broadening that results in shorter and 
higher peak power pulses. Therefore, itis relevant to investigate 
if and how the inhomogeneousty broadened spectral modes are 
‘engaged coherently in the generation of ultrashort pulses and 
how that effect could be used to improve the performance of the 
lasers toward sub-picosecond pulse durations. Exploiting novel 
‘QD materials based on p-doped and tunnel injection structures 
could also bring advantages in minimizing the effect of any del- 
eterious SPM effects in mode-locked lasers. 

‘Comparison between theory and experiment of undoped and 
pp-doped lasers has shown how this technique can improve the 
LEF (Kim and Chuang, 2006b). By tuning the level of doping, 
lasers can exhibit zero and even negative LEF at low current den- 
sities (Alexander et al.,2007). Tunnel injection QD structures can 
also be of great interest for use in mode-locked lasers, as the injec- 
tion of cold carriers may bring many benefits to the operation of 
mode-locked lasers (Delfyett, 2006). The LEF has been recently 
calculated and has been demonstrated to be much less than that 
reported for other lasers (Mi and Bhattacharya, 2007). Selective 
excitation of population in these lasers has been demonstrated, 
‘which could lead to a mitigation of the inhomogeneous broaden- 
ing effects and contribute to a narrower spectrum and the pro- 
duction of transform-limited pulses (Bret and Gires, 1964). 
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‘The ES spectral band can also be exploited in tunable lasers 
using QD materials where the inhomogeneous broadening is 
controlled so as to maximize the overlap between GSs and ESs, 
While in cw operation, QD lasers have been demonstrated with 
tunability ranges up to 200 nm (Varangis, 2000), by exploiting 
the gain available from the GSs and ESs. Combining this tun- 
ability with the possibility of generating ultrashort pulses, it 
will be possible to achieve a new generation of versatile lasers 
emitting pulses across a wide range of wavelengths—as if we had 
compressed many different lasers into a single laser! Such dis- 
ruptive characteristics will offer endless possibilities and enable 
applications never seen before in science and technology. 
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sixcmirror imaging system, 20-6 
high-power pulsed laser, 20-1 
immersion lithography, 20-15 
intermediate focus, definition, 20-9 
LPP EUY source-collector module, 20-10 
multilayer (ML, reflective coating, 20-1, 
20-3 thr 20-4 
snormal-incidence rellective optics, 20-2 
‘optics and mask contamination, 20-13 
thru 20-14 
phase-shifting point-difraction 
interferometer (PS/PDI), 20-5 
projection optics, 20-2 thru 20-3 
Rayleigh equation, 20-14 thru 2 
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Fabry-Perot cavity, 76 
Feedback-controlled nanocantilevers, 3-12 
thru 3-13 
Fermi Golden rule, 21-6 
Ferroclectrcity fundamentals 
ferroelectric correlation length, 6-4 
ferroelectric hysteresis loops, 6-4 
perovskite oxide BaTiO3 unit cll, 6-3, 
phenomenological definition, 6-2 
second-order ferroelectric phase 
transition, 6-3 
thermodynamic theory, 6-3, 
Ferroelectric RAM (FeRAM), 2-4 thru 2-5 
Ferromagnetic islands 
experimental techniques, 4-5 
ferromagnetic domains, 4-2 thra 4-3 
ferromagnetic dots 
longitudinal Bragg MOKE, 4-8 thew 
49 
‘micromagnetic simulation results, 47 
thru 4-8 
nucleation and annihilation field, 4-7 
permalloy dots array, 4-7, 
ferromagnetic rings, 4.9 
ferromagnetic spirals, 4-10 thru 4-11 
ferromagnetism, 4-1 thru 4-2 
hysteresis loops, 4-3, 
‘magnetostatic interactions 
Fhoneycomb structure, 4-13 
‘onion state, 4-12 
‘open frame system, 4-11, 
Py dipole arrays, 4-12 thru 413, 
spin ice state, 4-11 
‘symmetrical stable remanent states, 
412 
‘micromagnetic simulations, 4-3 thru 4-5 
noncircular rings, 4-9 thru 4-10 
rectangular and elliptical islands, 4-6 
thru 4-7 
suub-micrometer-sized island 
preparation, 4-5 
Ferromagnetic molecular magnets, 9-1 
Ferromagnetic rings, 4-9 
Ferromagnetic spirals, 4-10 thru 4-11 
Fick's first aw, 11-3 thru 11-4 
Figure of merit (FOM), 35-5, 
Finite difference (FD) method, LLGS 
Ampére field, 8-10, 
anisotropy field computation, 8-10 
exchange field computation, 8-9 
exchange length, 8-8 
Langevin equation, 8-11 
‘magnetostatic field computation, 8-10 
mesh for, 8-8 
spatial distribution field, 8-11 
thermal field computation, 8-12 
vs, FE method, 8-8 
Flash memories 
electron per cell vs. feature size, 2-4 
schematic band structure, 2-3 
vs, DRAM, 2-4 
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Floating nano-dots, 5-2 
Fluctuation-dissipation theorem, 8-11 
Fokker-Planck equation, 8-11 
FOM, see Figure of merit 
Forster type interaction, 33-3, 
Fourier transform, 32-2 
Fowler-Nordheim tunneling, 6-1 
Fractal nanotechnology 
fractals in nature, 17-12 thra 17-13, 
producing nanoscale fractals via 
17-13 thra 1 
Franck-Condon factor, 10-13, 10-15 
Puhrer's device, 3-4 
Fallerene (Cy) 
discovery of, 15-4 thru 15-5 
FET 
Bell Laboratory misconduct, 15-2 thra 
153 
characterization on SiO/AIN, 15-19 
thre 15-20 
fabrication of, 15-18 thru 15-19 
field effet doping, 15-3 
‘operation principles, 15-3 thru 15-4 
solid C,, and insulator films interface, 
153 
superconductivity, 15-4 
MBE, 15-10 thru 15-1 
‘micro-clusters 
properties of, 15-5 thru 15-7 
solid crystals, 15-1 thru 15-2 
absorption and luminescence 
spectra, 15-8 
crystal structure, 15-7 
electronic structures, 15-7 thru 
15-8 
optical measurements results 
photo-conducting spectra, 
photoluminescence spectrum, 15-8 
structural phase transition, 15-7 
third nonlinear susceptibility 15.9 
van det Waals interaction, 15-7 
synthesis of, 15-5 
van der Waals epitaxy (see van der Waals 
epitaxy) 
Fallerene-based superconducting weak links, 
747 thru 7-18 
Pull-width at half-maximum (FWHM), 
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35-8 
Fully depleted silicon-on-insulator (EDSON) 
devices, 12-3 


G 


(Gas evaporation method, 15-5 
Giant magnetoresistance (GMR), 8-12 thru 
813, 13-5 
Graphene-based superconducting weak 
links 
proximity effect, 7-15 thru 7-17 
SQUIDs devices, 717 
Graphene ribbon nanotransistors, 12-7 thra 
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Grover algorithm, 1-9 thrw 1-12 


H 


Half pitch scaling, 19-4 
Hamiltonian model, 32-11 thru 32-12, 
Heisenberg's uncertainty principle, 32-1 
Hellmann-Feynman theorem, 27-5 
Helmholtz equation, 32-4 
Hierarchical memory retrieval, 34-7 thru 34-8 
Horseshoe optical nanoantenna., 39-9 
Hot-cartier diode, 13-1 
Hybrid nanostructures 
absorption spectrum, 38-14 thra 38-15, 
APM characterization, gold nanoparticle, 
38-14 thru 38-15 
borohydride method, 38-13 
bridge molecules, 38-15, 
dialyze, 38-14 
factual spectrum, 38-17, 
gold nanoparticles spectrum, 38-14 
schematic composition, 38-13 
spectral characteristics, 38-17 
Water colloidal suspension, silver 
‘nanoparticles, 38-15 thru 38-16 
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TI-V semiconductor quantum dots 
selF-organized quantum dots 
based nanomemories, 2-10 
‘carrier emission process, 2-9 
electron and hole states, 2.9 
fabrication, 2-8 
semiconductor material hetereostructure, 
27 thru 2s 
193 nm Immersion lithography 
UV lithography, 19-11 thru 19-12 
photoresist technology, 19-8 
Imprint lithography (IL), 17-3 thew 17-4 
Incoherent Zener tunneling, 9-7 thru 9-8 
Inelastic electron transport 
Buttiker model, 10-5 thru 10-6 
coherent transport 
‘curves, 10-4 thru 10-5 
electrochemical potential expression, 
103 
self energy parts expression, 10-3 
through a carbon chain, 10-8 
‘via HOMO, 10-2 
vyia LUMO, 10-2 
dissipative transport 
‘contact time, 10-9 
electron conductance vs. voltage, 
10-10 thru 10-11 
junction power loss, 10-11 
phonon bath, 10-9 thru 10-10, 
through large DNA molecules, 10-10 
molecular junction conductance and long- 
range reactions, 10-13 thru 10-15 
polaron effects, 10-11 thru 10-13. 
vibration-induced inelastic effects 
electron transmission vs, energy, 10-7 
clectron-vibron interaction, 10-6 thr 
10.07 
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inelastic electron tunneling spectrum, 
10-8 thru 10-9 
polaronic shift, 10-7 
Inelastic electron tunneling spectrum (IETS), 
10-8 thru 10-9 
InGaAs/GaAs quantum dots 
carrier storage, 2-17, 
with additional AlGaAs barrier, 2-18 thra 
220 
Intensity-dependent refractive index (IDRD), 
22 
Interband transitions, 40-11 
Intrinsic size effects 
dielectric function, 24-6 
quantum size effects 
absorption cross section vs. energy, 


27 
jellium model, 24-7 
Mie theory, 24-6 


plasmon angular frequency, 24-8 
Iridoviruses, 31-7 


J 


Jaynes-Cuamings model, 16 thru 1-7 
Josephson weak link, 7-2 thru 7-3 


K 
Kohn-Sham equation, 24.7 
Kohn-Sham matrix, 27-4 


Kalan segment, 18-11 


L 


Tandau-Ginzburg-Devonshire theory, 6 
thru 6-2 
Landau-Lifshitz-Gilbert-Slonczewskt 
(LLGS) equation 
general form, 8-6 
solution based on FD method 
“Ampére field, 8-10 
Anisotropy field computation, 8-10 
‘exchange field computation, 8-9 
exchange length, 8-8, 
Langevin equation, 8-11 
magnetostatic field computation, 
8-10 
mesh for, 8-8 
spatial distribution field, 8-11 
thermal field computation, 8-12 
vs, FEmethod, 8-8 
Landau-Zener model, 9-7 
Langevin equation, 8-11 
Laser emission properties 
‘microscopic generalization, 
semiconductor effects, 40-14 thru 
40-15 
photon statistics modifications, 40-15 thru 
40-16 
rate equations description, 40-13 thru 
40-14 
Laser produced plasma EUV source, 20-10 


light source, indicator, or display > single source > laser 


laser 


The term maser was coined in the 1950s to describe a device that used stimulated emis- 
sion to amplify microwaves. When a device using similar principles amplified visible light 
in 1960, it was termed an optical maser. However, that term is now obsolete, having been 
replaced with laser. This term is always printed in lowercase letters, even though itis an 
acronym for Light Amplification by Stimulated Emission of Radiation, 


The invented verb to Jase is derived from Jaser and is used to describe the process of 
generating laser light, with the past participle lased and present participle lasing some- 
times being used, 


Thousands of laser variants exist, Because of space limitations, this entry will concentrate 
primarily on laser diodes, which are the smallest, most common, and most affordable 


type. 
OTHER RELATED COMPONENTS 


+ LED indicator (see Chapter 22) 


What It Does 


A laser generally emits a thin beam of intense 
ight, often in the visible spectrum, and usually 
in such a narrow range of wavelengths, it can be 
considered monochromatic. The light is also co- 
herent, as explained below. 


Light output froma laser has three important at- 
tributes: 


+ Intensity. A high-powered laser can deliver 
energy to a very small, well-defined area, 
where it may be capable of burning, cutting, 
welding, or drilling. Large lasers may also be 
used as weapons, or for power transmission. 


+ Collimation. This term describes a beam of 
light that has parallel boundaries, and there- 
fore does not disperse significantly when 
passing through atransparentmedium such 
as air, glass, or a vacuum. A laser beam can 
have such excellent collimation, it can be 


used in precision measuring devices andhas 
been transmitted over very long distances, 
even from the Earth to the Moon, where as- 
‘tronauts placed reflectors during the Apollo 
missions. 


+ Controllability. Because the beam can be 
generated with eletrical power, its intensity 
can be modulated rapidly with relatively 
simple electronic circuits, enabling applica- 
tions such as burning microscopic pits in the 
plastic of a CD-ROM or DVD. 


Laser diodes are now more common than all oth- 
er forms of lasers. They are found in pointers, 
printers, barcode readers, scanners, computer 
mice, fiber-optic communications, surveying 
tools, weapon sights, and directional lighting 
sources. They are also used as a light source to 
trigger more powerful lasers. 


No generic symbol is used for a laser, but a laser 
diodeis often represented with the same symbol 
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Laser-vaporization cluster beam mass 
spectroscopy, 15-4 
Lawrence Berkeley National Laboratory 
(LBND), 20-3 
Liftoff technique, 6-7 
Linear bearing nanoswiteh, 3 
Liouville equation, 33-3, 
Localized surface plasmons (LSPs), 28-5 
Loss-DiVincenzo proposal 
RKKY interaction, 1-8 thru 19 
using quantum dots and electric gates, 1-7 
thr 18 
Low-dimensional sp* carbon structures, 7-4 
thre 7-5 
Low-energy cluster beam deposition 
(LECBD), 24-13, 
Low linewidth enhancement factor, 41-8 


thru 3-16 


M 


Macroscopic polarization, 40-11 
Magnetically ordered materials, 8-1 thru 8-2 
Magnetic-metallothionein (mM), 1-2 
Magnetic protein folding 
Donnan effect, 11-3 
first order like state transition model, 1-3 
of Mn,Cd-MT, 11-2 
protein folding phase diagram, 11-4 
‘quasi-static thermal equilibrium dialysis, 
U5 thre 
selfassemble, 1 
three well model, 11-4 
Magnetocrystalline anisotropy, 4-4 
Magnetoresistive RAM, 2-5 
Mask Blank Development Center (MBDC), 
20-11 
Garnett theory, 24-14 
MBE, see Molecular beam epitaxy 
Metal and semiconductor nanowire 
dipole orientation, 26-8, 
frequency dispersion, 26-10 
Gaussian properties, 26-11 
linear optical phenomena, 26-9 
nonlinear polarization, 26-8 
plasmon resonance, 26-10 
radiation pattern, 26.9 
second harmonic generation (SHG), 26-7 
thru 26-8 
SHG angular distribution, 26-10 
Metal clusters and nanoparticles 
alkali clusters, 24-15 thru 24-16 
bimetallic cluster 
annealed alloy measurement, 24-19 
dielectric function, 24-19 
gold-silver alloy nanoparticle, 24-19 
thru 24-20 
low energy ion scattering (LEIS) 
rmeastirement, 24-20 
Ni-Ag cluster optical absorption 
spectra, 24-20 thru 24-21, 
bulk metals 
conduction band, 24-2 thru 24-3 
dielectric function, 24-3 


Maxwell 


Drude dielectric function, 24-4 
intraband and interband transition, 
3 
Kramers-Kronig relationship, 24-4 
plasma frequency, 24-3, 
cluster source, 24-2 
confined metallic systems, optical 
properties 
chemical structure influence, 24-10 
thru 24-11 
luster shape influence, 24-8 thru 24-9 
dielectric function, 24-6 
dipolar approximation, 24-10 thru 
24-12 
‘quantum size effects, 24-6 thru 24-8 
‘quasi-static approximation/dipolar, 
24-5 thru 24-6 
scattering, absorption, and extinction, 
24-4 thru 24-5 
diclectric confinement, 24-2 
electronic shells, 24-1 
‘minute metal spheres, 24-2 
nanoparticle synthesis 
chemical methods, 24-12 thru 2413, 
physical methods, 24-13 thru 24-14 
noble metal clusters 
discrete dipole approximation, 24-19 
‘gold clusters, 24-17 
jellium model, 24-18, 
silver clusters, 24-17, 
SPR, 24-16 thru 24-17 
TDLDA, 24-18, 
optical spectroscopy, 24-M4 thru 24-15, 
single nanoparticle, 24-2 
spectroscopic techniques, 24-2 
Metallic dot 
capacitance and coupling coefficient, 5-3 
thru 5-4 
influence of polarization 
‘coupling coefficient analytical 
expression, 5-6 thru 5-7 
dielectric medium potential, 5-7 
method of images, 5-4 thru 5-5 
numerical implementation 
invertible matri, 5-7 


vs. classical approximation, 5-7 thru 
59 
semi-analytical expression for 
capacitance 
B, coefficients expression, 5-4 thru 
55 


capacitance matricial expression, 5-6 
partial capacitance expression, 5-6 
semi-analytical expression for potential, 
56 
‘Metal nanolayer-base transistor 
band diagram 
band banding conditions, 3-1 
Co/Si-n Schottky diode characteristic, 
132 
hot-carrier diode, 13-1 
MS contacts, 13-1 thru 13-2 
TE theory, 13-2 
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fabrication 
atomic arrangement, 13-4 thr 13 
dependency of the current gain, 13-7 
epitaxial growth, 13-4 
_low discharge-deposition process, 13-4 
magnetic multilayers, 13-5 thra 13-6 
‘organic semiconductor as top layer, 13-6 
test of dependency, 13-7 

J-V characteristic, 13-3 thru 13-4 
Metal nanostructures 


allowed and forbidden second harmonic 
‘emission modes 
[aterally limited light beam, 28-10 thru 


28-11 
plane-wave illumination, 28-9 thru 
28-10 
emission patterns and light polarization, 
28-8 thru 28-9 


field enhancements, 28-1 
lightning rod effects, 28-1 
second harmonic generation 
nanoparticles, 8-5 thru 28-8 
nanosystems, 28-3 thru 28-5 
nonlinear optics, 28-2 thru 28-3 
single gold nanoparticles, 28-11 thru 
28-15 
two-photon photo-luminescence (TPPL) 
yield, 28-15, 
‘Metal-semiconductor (MS) junetion, 13-1 
Microcavity lasers, 40-3 
‘Micromagnetic theory, 8 
‘Mie nanolasers, 39-11 
Mie theory, 24-6, 24-10, 24-12, 
‘Mode-locked quantum-dot lasers 
advantages, 41-5 thru 41-8 
basics, 41-2 
excited-state transitions, 41 
passive mode locking, physics and devices, 
413 
pulse duration, 41-8, 
pulse repetition rates, 41-9 
requirements, 41-3 thru 4l-4 
self phase modulation and dispersion, 
La thru dL 
semiconductor lasers, 41-2 
temperature resilience, 41-9 
‘Molecular beam epitaxy (MBE), 6-5 thru 6-6 
Cy 15-10 thru 15-11 
‘Molecular junction conductance, 10-13 thru 
tos 
‘Molecular magnets preparation 
magnetic properties, molecular 
j0hrw LAL 


nanostructures, 1 
‘magnetic protein folding 
Donnan effec, 11-3 


first-order-like state transition model, 
fey 

of Mn.Cd-MT, 11-2 

protein folding phase diagram, 

‘quasi-static thermal equilibrium 
dialysis, 11-5 thra 11-6 

selfassemble, 11-5 

three well model, 1-4 
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nanostructured semiconductor templates 
direct inkjet and mold imprinting, 


nz 
nanopatterned SAMs for 3D 
fabrication, 11-7 theu 11-8 


patterned self-assembly, 11-6 thr 117 
selfassembling growth 
patterned magnetic molecules, 
‘AFM, 11-8 
patterned MT molecules, AFM, 11-9 
Si template, SEM image, 11-9 
‘Molecular nanomagnets 
coherent Néel vector tunneling 
doped antiferromagnetie molecular 
wheel, 9-10 
satellite resonance, 9-10 
‘ovo degenerate classial ground 
state, 9-9 
incoherent Zener tunneling in Fey 9-7 
thru 9-8 
phonon-assisted spin tunneling in Mnys 
acetate, 9-5 
single-molecule magnet transistors, 9 
thru 9-12 
spin tunneling 
anticrossing of adiabatic eigenvalues, 
93 
Berry's phase and path integrals (see 


[Berry's phase interference) 
generalized master equation, 9-4 
Pauli or master equation, 9-3 thru 9-4 
Rabi oscillation, 9-3, 
spin Hamiltonian, 9-2 
uniaxial anisotropy, 92 
‘Molecular transistors, 718 
‘Molecular tunnel junctions, 12-9 thew 12-11 
‘Monte Carlo simulation, 24.20 
‘Moore's law, 12-1 thru 12-2 
‘Multiferroic tunnel junction, 6-18 
‘Multilayer polymeric structures 
bacteriorhodopsin suspension 
preparation, 38-8 
basic elements, 38-7 thru 38-8 
containing mixture, 38-8 thr 38-9 
cyclicity processes, 38-5 thru 38-6 
data transmission and processing, 38-6 
clement base adaptability, 38-6 
expected parameters, 38-7 
fragments, 38-7 
property, 38-9 thru 38-10 
requirements, 38-8 
‘Multilayer (ML) reflective coating, 20-1, 
20-3 thru 20-4 
‘Multispacer patterning technique 
abstract technology 
bodies and surfaces, 17-15 
conformal deposition and isotropic 
etching, 17-15 thru 17-17 
directional processes, 17-17 thru 17-18, 
17-18 
additive route—S*PT,, 17-5 thru 177 
addressing cross-point, 17-10 thew 17-11 
concrete technology, 17-18 thru 17-19 


crossbar-architecture fabrication steps, 
172 

crossbar comparison, 17-11 thew 17-12, 

clectronics application, 17-12. 

energetics application, 17-12 

fractal nanotechnology 


fractals in nature, 17-12 thru 17-13, 
producing nanoscale fractals via 
SPT, 17-13 thru 17-14 
multiplicative route—S°PT,, 17-8 thra 
179 


nonlithographic nanowire preparation 
imprint lithography (IL), 17-3 thru 
17-4 
spacer patterning technique (SPT), 
W7-athra 17-5 
three-terminal molecules, 17-9 thru 
17-10 


N 


‘Nano-dot, see Spherical dot in plate 
capacitor 
'Nanoelectromechanical systems (NEMS) 
based memory 
capacitive force response, 3-9 
feedback-controlled nanocantilevers, 3-12 
thru 3-13 
linear bearing nanoswitch, 
nnanorelays, 3-11 thru 3-12, 
nonvolatile random access memory, 3-10 
thru 3-11 
properties, 3-9 
vertically aligned carbon nanotubes, 3-13 
thru 3-14 
[Nanoelectronics lithography 
advanced lithographic processes 
CD-SAXS, 19.27 
CD- scanning electron microscopy 
(CD-SEM), 19.26 
double exposure method, 19-24 thru 
19.25, 
cllipsometry measurements, 19-26 
line edge roughness measurement, 
19.27 
overlay measurements, 19-27 
scatlerometry measurements, 19-26 
spacer double patterning method, 
19.25 
DUV lithography 
‘CaP; lens elements, 19-11 
depth of focus (DOF), 19-9 thru 19-10 
double patterning, 19-13 thra 19-14 
fused silica glass, 19-10 
193nm immersion lithography, 19 
thru 19-12 
numerical aperture, I 
‘optical-projection lithography system, 
19.9 
photolithography exposure process, 
19.9 
plot of critical feature size, 19-10 
ultimate resolution limits, 19-14 


14 thew 3-16 
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electron-beam lithography 
‘cost of ownership, 19-17, 
‘overlay, 19-16 thru 19-17, 
resolution, 19-14 thru 19-1 
throughput, 19-15 thru 19-16 
NIL 
defect inspection and dimensional 
metrology, 19-22 
functional materials, 19-19 
nanoimprint materials development, 
19.21 
overlay accuracy and control, 19-23 
residual layer control, 19-22 thru 19-23, 
technology examples, 19-23 thra 19-24 
template fabrication and availability, 
19-21 thru 19-22 
thermal NIL, 19-18 thew 19-19 
tool types, 19-19 thru 19-20 
transfer printing, 19-19 
UV NIL, 19-19 
photoresist technology: 
‘base quencher additives, 19-6 thru 
197 
EUV lithography, 19-8 
line and space pattern, 19-4 thru 19-5 
material structure advances, 19-7 thru 
19-8 
195nm immersion lithography, 19-8 
photolysis process of photoacid 
‘generator, 19-5 thru 19-6 
positive and negative tone resist, 19-4 
residual swelling fraction, 19-7 
resist materials, 19-4 thru 19-5 
Nanofibers light scattering 
angular distribution, 30-9 
cylindrical nanofiber diffraction 
Bessel function, 30-4 
clectromagnetic field components, 30-3 
Fourier-transformed amplitudes, 30-5 
thru 30-6 
incident beam polarization, 30-4 thr 
30-5 
incident wave electric field, 30-3, 
inverse Fourier transform, 30-4 
definition, 30-1 
dispersion curves, 30-12, 
exciton resonance excitation, 30-10 thr 
30-11 
Fresnel reflection coefficient, 30-2 
Hankel functions, 30 
He-Cd laser, 30- 
ideal surface reflection, 30-8 thru 30-9 
inorganic semiconductor materials, 30-1 
multiple-scaltering linear equation, 30-2 
normal modes, 30-6 
optical process, 30-1 
photoluminescence measurement, 30-12 
photomultiplier, 30-11 
polarization properties, 30-12 
pulsed Gaussian light beam, 30-12 
scattered field calculation, 30-6 thru 30-8 
scattered light intensity, 30-12, 
scattering efficiency, 30-2 
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‘T-matrix method, 30-2 
total scattered intensity vs. frequency, 
30-10, 
total scattered intensity 1s. incidence 
‘angle, 30-9 thru 30-10, 
"Nanoimprint lithography (NIL) 
‘eavity fll process, 18-4 thru 18-5 
control ordering and assembly processes 
crystal growth process, 18-8 
crystallization process, 18-8 
full confinement factor, 18-11 thru 
18. 
partial confinement factor, 18-9 thru 
18. 
semicrystalline polymers morphology, 
18-8 
defect inspection and dimensional 
metrology, 19-22 
fanetional materials, 19-19 
fanetional materials nanoshaping 
antireflective structure creation, 18-6 
biomaterial shaping, 18-6 thru 18-7, 
interface shaping, 18-5 
nanopore generation, 18-5 


‘optical grating creation, 18-5 thru 18-6 
imprinting resists, 18-4 
‘molds in, 18-4 
‘nanoimprint materials development, 
192 


overlay accuracy and control, 19-23 
residual layer control, 19-22 thra 19-23 
resolution limit, 18-4 
technology examples, 19-23 thru 19-24 
template fabrication and availability, 19-21 

thr 19-22 
‘thermal NIL, 19-18 thru 19-19 
{for thermoplastic polymers, 18-3 
tool types, 19-19 thru 19-20, 
transfer printing, 19-19 
UVNIL, 19-19 

Nanolasers 
applications, 39-12, 
definition, 39-5 
laser radiation property, 39-1 thru 39-2 
nanowire, 39-5 thru 39-8, 

‘organic nanolasers, 39-11 

overview, 39-2 

photonic crystal lasers, 39-10, 

plasmonic lasers, 39-8 thru 39-10 

rate equation approach, 39-4 thru 39-5, 
scattering lasers, 9-10 thru 39-11 
semiconductor lasers, 39-2 thru 39-4 


Nanomaterials 
cathodoluminescence 
band structure, types, 21-2 
donor-acceptor pair transition, 21-2 
exciton, 21-3, 
recombination process, 21-2 
‘TEM-CL (see Transmission electron 
microscope-cathodoluminescence) 
kinetic energy, 21-8 thru 21-9 
‘optical spectroscopy 
global photoluminescence, 22-1 


luminescence hole-burning (LHB) 
spectroscopy, 22-1 
luminescence spectra, 22-1 thru 22-2 
smultiexciton generation, 22-6 thru 
nz 
nanoparticle quantum dots, 22-4 thru 
26 
optical properties, 22-1 
semiconductor nanoparticles, 22-1 
single molecule spectroscopy, 22-2 
SWNT (sce Single-walled carbon 
nanotube) 
photoluminescence (PL), 21-1 thru 21-2 
{quantum well, 21-9 thru 21-10, 
quantum wire 
density of states, 21-10 
electron wavefunction, 21-10 


hole wave-functions, 21-11 

homogeneous electric feld, 21-13 

intensity and polarization ratio, 21-14 
thre 21-15 

Lattinger-Kohn Hamiltonian, 21-11 

optical absorption, 21-14 

photoluminescence excitation (PLE) 
spectrum, 21-13, 

polarization anisotropy, 21-1 

{quantum confinement effect, 21 


thre 21-13 
transition matrix element, 21-12 thru 
2113, 


semiconductor quantum structures, 
‘optical properties 
Bloch function, 21-5 
conversion matrix, 21 
light emission theory, 21-6 thru 21-7, 
Lattinger-Kohn Hamiltonian, 2 
polarization, 21-7 thru 21-8 
semiconductor quantum wires, 21-1 
transmission electron microscope (TEM), 
24-1 thru 2k 
Nanomemories 
based on III-V semiconductor QD, 2-7 
thru 2-10 (ee also Quantum dot 
memories) 
semiconductor 
charge trap memories, 2-6 thru 2-7 
single electron memories, 2-7 
Nanometer-sized ferroelectric capacitors 
characterization of films and capacitors 
P-Ehysteresis loop measurements, 


6-l0thra 6-11 

RBS, 6-8 

scanning probe techniques, 6-1 thr 
613 


XRD, 6-8 thru 6-10 
deposition techniques 

combinatorial PLD and MBE systems, 

6-8 

MBE, 6-5 thru 6-6 

PLD, 6-6 

sputter deposition, 6-6 thru 6-7 
ferroclectrcity fundamentals 

ferroelectric correlation length, 6-4 
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ferroelectric hysteresis loops, 6-4 
perovskite oxide BaTiO3 unit cell, 6-3 
phenomenological definition, 6-2 
second-order ferroelectric phase 

transition, 6-3 
thermodynamic theory, 6-3, 
low-temperature superconducting 
Josephson junctions, 6-18 thru 6-19 
multiferroic tunnel junction, 6-1 
novel functional oxide tunnel junctions, 
6-18 
patterning 
clectron beam lithography, 6-8 
lift-off technique, 6-7 
pphoto-mask steps, 6-8 
physical phenomena 
depolarizing-feld effect, 6-15 thru 6-16 
intrinsic size effect, ultrathin films, 
17 
strain effect, 6-14 thru 6. 
‘esearch triangle” 6-1 thru 6-2 
tunneling magnetoresistance (TMR), 6-18, 
Nanoparticle quantum dots 
‘Au nanoparticles, 22-6 
CaSe/Zn8 nanoparticles, 22-4 thru 22-5 
close-packed monolayer films, 22-5 
decay times, 22-5 thru 22-6 
enhancement and quenching phenomena, 
25 
light-emitting neutral nanoparticle, 22-4 
PL blinking phenomena, 22-4 
tunique exciton energy transfer, 2-5 
Nanophotonic buffer memory, 33-11 thru 
33-12 
Nanophotonic devices 
AND-gate, ZnO nanorod 
electronic cartier penetration, 36-10, 
cexciton-phonon couplings, 36-7 thru 
36-8 
exciton populations, 6-9 
input laser Ilumination, 36-11 
ricro-channel plate, 36-7, 
near-field spectroscopy, 36-7 thru 36-8 
nutation frequency evaluation, 36-10 
schematic depict, SQW, 36-9 
single-quantum-wel structures(SQW), 
136-7 thru 36-8 
switching operation, 36-10 thru 3 
dissipation-controlled nanophotonic 
devices 
carrier manipulation (up-converter), 
33-7 thru 33-8 
‘energy transfer between two quantum 
dots, 33-2 thru 33-5 
nanophotonic switch, 3-5 thru 33-7 
operation 
‘excitation energy transfer, 35-1 thru 
35-3 
nanophotonic AND gate, 35-4 thru 
35-5, 
nanophotonic NOT gate, 35-5 thru 35-6 
photonic devices interconnection, 35-6 
thru 35-7 
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quantum dot materials 
controlling the energy transfer, 36-4 
thru 36-6 
discrete energy levels, 36-1 thru 36-2 
dissipated optical energy transfer, 36-2 
thru 36-4 
snear-filed optically coupled Zn0 QDs, 
36-4 thru 36-7 
schematic representation, 33-2 
using spatial symmetries 
AND- and XOR-logic gates, 3-10 thra 
334 
nanophotonic butfer memory, 33-11 
thr 33-12 
quantum entangled states 
‘manipulation, 33-12 thru 33-13 
selective energy transfer, 33-9 thru 
334 
symmetric and antisymmetric states, 
33-8 thru 33-9 
‘Nanophotonics 
devices (see Nanophotonic devices) 
fabrication 
NFO-CVD (sce Nonadiabatic near 
field optical CVD) 
rnonadiabatic near-field 
photolithography, 35-10 thra 35-11 
hierarchical architectures 


memory retrieval, 34-7 thr 34-9 
physical and functional, 34-6 thrw 
M7 
tunscalable design, 34-8 thru 34-10, 
‘optical excitation transfer (ee Optical 
excitation transfer) 
parallel architecture 
broadcast interconnects, 34-4 thru 
MS 
global summation, 34-4 
‘memory-based architecture, 34-3 thru 
pet 
secure signal transfer, 4-5 thru 34-6 
switch 
energy diagram, 33-6 
exciton popillation, 33-6 thru 33-7 
ON: to OFF-state, 33-7 
switching operation, 33-6 
versatile functionalities, 4-10 thru 34 
waveguides (see Nanophotonic 
waveguides) 
Nanophotonic waveguides 
active lossy waveguides 
cladding layer, 37-9 
double-peak structure, 37-11 
electric feld intensity, 37-10 
Fresnel formulae, 37-10, 
substrate modes, 37-12 
‘TE-TM splitting, 37-11 
active Si-ne waveguides 
direct facet-coupling, 37-8 thrw 37-9 
PL spectra, 37-7 thru 37-8 
prism coupling, 37-8 
refractive index, 37-7 
external source light propagation, 37-5 


internal photoluminescence propagation, 
37-4 thra 37-5 
losses and optical amplification 
insertion (coupling) loss, 37-5 
loss measurement methods, 37-5 thru 
37-6 
propagation loss, 37-5 
pump-and.probe (PP) method, 375, 
377 
shifling excitation spot (SES) method, 
37-5 thru 37-6 
variable stripe-length (VSL) method, 
37-5 thre 37-7 
nanocrystalline waveguides 
light amplification, 37-12 thra 37-13 
‘optical couplers, 37-14 
photonic circuits, 37-13 
PL spectra, 37-13 
planar and rib waveguide fabrication 
advantages, 37-4 
cladding layers, 37-3 
fused quartz implantation, 37-2 
thru 37-3 
‘optical transparent matsix, 37-2 
reactive silicon deposition, 37-3 
SiO, film, 37-3 
spectral fltering, 37-2 
silicon nanophotonics, 37-1 thru 37-2 
Nanorelays, 3-11 thr 3-12 
Nanoscale excitons 
definition, 23-1 
density of states, 23-2 thru 23-3, 
clectron-hole atraction, 23-1 
clectron quantum confinement, 23-4 
exciton-binding energy, 23-4 
extended bulk system, 23-5 
Frenkel excitons, 23-1 
‘optical properties, semiconductor 
nanostructure, 23-2 
semiconductor quantum dots 
nonlinear optical properties, 23-5 
thru 23-6 
two-photon absorption (2PA), 23-6 
thru 23-8 
single-wall carbon nanotube (SWCNT), 
23-4 thru 23-5 
spatial electron confinement, 23-3 thew 
Bet 
Wannier-Mott excitons, 23-1 
Nanoscale spin valves 
anisotropic effects, 8-4 
computational micromagnetics (see 
‘Computational micromagnetics) 
energy balance and free energy functional 
formulation, 8-5 
equation of motion, 8-5 thru 8-6 
exchange interactions, 8-4 
external bias field, 8-5 
‘magnetization vector, 83 thru 8-4 
‘magnetostatic interactions, 8-4 thru 8-5 
spin-transfer torque effects, 8-6 thru 8-7 
‘Nanoshaping functional materials 
antirellective structure creation, 18-6 
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biomaterial shaping, 18-6 thru 18-7 
interface shaping, 18-5 
ranopore generation, 18-5 
optical grating creation, 18-5 thru 18-6 
Nanotube-based superconducting quantum, 
interferometers 
magnetometry applications, 7-13 thru 7-14 
quantum information applications, 7-14 
thru 7-15, 
quantum interference with weak links, 
7A0thra 7-11 
tunability ofthe phase shift, 7-1 thru 7-12. 
Nanowire lasers 
basic properties, 39-6 
cavity structure, 39-8 
GaN nanowire cross section, 39-8 
ring resonator, 9-6 thru 39-7 
schematic representation, 39-5 thru 39-6 
1N, atmospheric train-sublimation method, 
15-5 thru 15-6 
‘Near-field optically coupled Zn QDs 
energy diagram, 36-6 
growth time dependence, 36-5, 
‘TEM image, 36-5 thru 36-6 
time constants dependence, 36-7 
time-resolved PL intensity, 36-5, 36-7, 
‘Near-field photoluminescence (NFPL), 36-7 
Negative differential resistance (NDR), 10-13 
Nonadiabatic near-field optical CVD 
(NFO-CVD), 35-7 
clectron potential curves, 35-9 
photodissociation, 35-7 
photon flax relationship, 35-9 
sapphire substrate, 35-8 
shear-force topographical images, cross 
section, 35-7 thru 35-8 
Nonadiabatic photolithography, 35-10 
Noncircular rings, 4-9 thr 4-10 
Nonconventional semiconductor memories 
FeRAM, 2-4 thru 2-5 
magnetoresistive RAM, 2-5 
PCRAM, 2-5 thru 2-6 
Nonlinear optics 
average Hirshfeld charge, 27-11 
cadmium selenide clusters ((CdSe),), 27-5 
cluster materials, 27-5 
density functional theory (DET), 27.9 
Douglas-Kroll approximation, 27-10 
electric dipole moment, 27-1 
excitation frequency, 27-11 thru 27-12 
frequency-<lependent optical 
polarizability, 27-6 
frequency variation, 27-6 thra 27-8 
generalized-gradient approximation 
(GGA) technique, 27-6 
byperpolarizability tensor, 27 
inorganic materials, 27-5 
intensity-dependent refractive index 
(DR), 27-2 
lithium tetramer, 2 
rican dipole polarizability, 27-5 thru 27-6 
‘mean second-order hyperpolarizability, 
27-9 thr 27-10 
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metallic cluster, 27-5 
mixed metal cluster, 27-11 
nnanocluster, 27-9 
N&YAG laser frequency, 27.9 
‘organic materials, 27-5 
quantum formulation 
average polarizability tensor, 27-4 
density matrix, 27-3, 
dipole interaction model, 27-2 
frequency-dependent response 
‘properties, 27-5 
Kobn-Sham equation, 27-3 
Lagrangian multiplier matrix, 27-4 
‘Taylor expansion, 27-4 
time-dependent density-fanctional 
theory (TDDET), 27-3 
tovo-state model, 27-2 
second-order hyperpolarizability tensor 
27-12 
second-order nonlinear polarization, 27-2 
semiconducting cluster, 27-5, 
of semiconductor nanostructures (see 
Semiconductor nanostructures) 
symmetrized fragment orbitals (SFO), 
Ean 
time-dependent Hartree-Fock (TDHF) 
method, 27-9 
‘Nonlithographic nanowire preparation 
{imprint lithography (IL), 17-3 thew 17-4 
spacer patterning technique (SPT), 17-4 
thra 17-5 
‘Nomplanar multi-gate transistors, 12-3 thru 
fem 
‘Nonvolatile memories (NVM), see Flash 
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Optical excitation transfer 
parallel architecture 
broadcast interconnects, 34-4 thru 
35 
global summation, 34-4 
y-based architecture, 34-3 thru 


secure signal transfer, 4-5 thru 34-6 
via optical near-field interactions 
global summation, 34-2 thru 34-3, 
light-matter interactions, 34-2 
Optical nanofountain, 35-6 thru 35-7 
‘Optical near-field (ONF), 34-10 thru 34-12 
coupling strength, 33-4 thru 33-7 
ONE system, 32-6 thru 32-7 
Optical neuronets 
basic elements, multilayered structures, 
38-7 thru 38-8 
cyclicity processes, 38-5 thru 38-6 
data processing, 38-6 
clement base parameters, 38-7 
light faxes formation, 38-6 
multilayered constructions, 38-7 
polymeric film property, 38-9 thru 38-10, 
polymeric film requirements, 38-8 


polymeric mixture preparation, 38-8 thru 
38-9 
suspension preparation, 38-8 
Optical-projection lithography system, 19.9 
Optical spectroscopy 
Juminescence hole-burning (LHB) 
spectroscopy, 22-1 
luminescence spectra, 22-1 thru 22-2 
‘multiexciton generation, 22-6 thru 22-7 
nanoparticle quantum dots, 2-4 thru 22-6 
‘optical properties, 22-1 
semiconductor nanoparticles, 22. 
single molecule spectroscopy, 22-2 
SWNT (see Single-walled carbon 
nanotube) 
Optical transition matrix element, 2-7 
Organic FET 
‘am-bipolar operations, 1 
device structures, 15-16 
field effect doping, 15-17 
‘metal/organic layer interface, 15-16 thru 
15417 
Organic nanolasers, 39-11 
Ovonic unified memory (OUM), 
see Phase-change RAM 
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Passivation, 1-7 thru 14-9 
Passive mode locking 
physics and devices, 41-3 
requirements, 413 thru 41-4 
Pauli equation, 9-3 thru 9-4 
Phase-change RAM (PCRAM), 2-5 thru 2-6 
Phase-matching condition, 28-3 
Phase-shifting point-difraction 
interferometer (PS/PDI), 20-5 
Phonon-assisted spin tunneling, Mn, acetate, 
95 
Photolithography, 18-1 thru 18-3; see also 
‘Nonadiabatic photolithography 
Photoluminescence (PL) 
cenergy-band diagram, 25 
photon momentum, 25-1 
porous silicon (PS), 25-2 
quantum confinement (QC) model, 25-2 
‘quantum size effects, 25.3, 
silicon nanostructures 
‘Arthenius plot, 25-11 
confinement energy, 25-8 
co-sputtered SINC, 25-7 thru 25-8 
Coulomb exchange interaction, 25-11 
dynamical characteristics, 25-10, 
excitons, 25-8 
{fsum rule/Thomas-Reiche-Kubn sam 
rile, 25-13 
nanocrystal size distribution, 25-12 
thru 25-13, 
nonradiative process, 25-14 thru 25-15 
optical characterizations and 
luminescence bands, 25-7 
oscillator strength vs. confinement 
‘energy, 25-13 thru 25-1 


thru 25-2 
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PL decay time, 25-10 
PL yield vs. silicon volume content, 
25.9 
radiative process, 25-14 
relaxation process, 25-11 
spin-orbit interaction, 25-12 
surface passivation, 25-9 
synthesis, 25-3 thru 25-7, 
Si0,, 25-1 
surface phenomena, 25-3, 
surface-to-volume (STV) ratio, 25-2 thru 
25-3 
vibron model 
adiabatic approximation, 25-17 
conduction-ISL (CISL), 25-20 
‘core nanocrystal, 25-22 
electron-phonon interaction, 25-18 
inter-sub-level (ISL) optical transition, 
25-19 
laser pyrolysis technique, 25-21 
nanocrystal passivation, 25-16 
noncoherent surface vibration, 25-19 
phonon dispersion relation, 25-16 
photoinduced absorption (PIA) 
spectra, 25-19 thru 25-20 
polaron formation mechanism, 25-18, 
polar optical phonon, 25-19 
resonant coupling condition, 25-17, 
silicon-oxygen bond, 25-16 thru 25-17 
silicon-silicon dioxide (SiO,) interface, 
25-15 thru 25-16 
Si-O vibration, 25-20 thru 25-21 
valence-ISL (VISL}, 25-20 
Photolysis process, 19-5 thru 19-6 
Photo-mask steps, 6-8 
Photonic crystal lasers, 39-10, 
Photonic crystal waveguide, 37-1 thru 37-2 
Photon localization 
canonical field quantization 
eigenstates, 32-5, 
Hamiltonian operator, 32-4 thru 32-5, 
harmonic oscillator, 32-4 
Helmholtz equation, 32-4 
light-matter interaction, 32-3 
{quantization procedure, 32-5 
dressing mechanism and spatial 
localization 
Davydov transformation, 32-12 thr 
32-13, 32-16 
effective interaction Hamiltonian 
‘operator, 32-8 
effective sample-probe-tip interaction, 
32410 
lectric displacement operator, 32-9 
lectromagnetic field correlations and 
{intermolecular interactions, 32-6 
thru 32-7 
exciton polariton, 32:9 
Hamiltonian model, 32-11 thru 32-12, 
irrelevant macroscopic subsystem, 
32-7 thru 32-8 
mean field approximation, 32-14 
ranomaterial system, 32-7 
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phonon-asssted photodissociation, 
3247 
photon-clectron-phonon interacting 
system, 32-7 
photon hopping operator, 32-15 thru 
3246 
photon number operator, 32-14 thru 
3245 
photon-phonon coupling constant, 
3245 
pseudo one-dimensional near-field 
‘optical probe system, 32-11 
P space and Q space, 32-8 
quasiparticle and coherent state, 32-13, 
thr 32-14 
virtual photon cloud, 32-5 thru 32-6 
Yakavra functions, 32. 
effective spatial wave function, 32:3 
Heisenberg’s uncertainty principle, 32-1 
position-representation wave function, 
a4 
{quantum electrodynamics (QED), 32-1 
virtual cloud effects, 32-2 
wave function definition, 32-2 thru 32-3 
Photoresist technology 
base quencher additives, 19-6 thra 19-7 
EUV lithography, 19-8 
line and space pattern, 19-4 thru 19-5 
‘material structure advances, 19-7 thre 
19-8 
1931m immersion lithography, 19-8 
photolysis process of photoseid generator, 
19-5 thru 19-6 
positive and negative tone resist, 19-4 
residual swelling fraction, 19-7 
resist materials, 19-4 thru 19-5 
Piezoresponse force microscopy (PFM), 6-12 
thra 6-13 
Plasmon amplification, 26-5, 
Plasmon frequency, 26-4 
Plasmonic lasers 
bowtie structures, 38.9 
dipole nanolaser, 39-9 thew 39-10 
horseshoe optical nanoantenna., 39-9 
surface plasmon mode confinement, 39-8 
Plasmonic waveguides, 37-1 thew 37-2 
PLD, see Pulsed laser deposition 
Point contacts and conductance quantum, 
124 
Poisson-Schrédinger resolution, 5-13, 5-1 
Polarization-sensitive nanowire and nanorod 
‘optics 
absorption coefficient, 26-4 
anisotropic nanostructure, 26-1 
core-shell nanowires 
luminescence amplification, 26-13 
potential distribution, 26-11 
spectra and polarization dependence, 
26-11 thru 26-13 
depolarization factors, 26-2 
clectrodynamic effects, 26-2 
firstckind Hankel function, 26-3 
Helmholtz wave equation, 26-3 


light-induced phenomena, 26- 
metal and semiconductor nanowires, 
nonlinear phenomena 

dipole orientation, 26-8 
frequency dispersion, 26-10, 
Gaussian properties, 26-11 
linear optical phenomens, 26-9 
nonlinear polarization, 26-8 
plasmon resonance, 26-10, 
radiation pattern, 26-9 
second harmonic generation (SHG), 
26-7 thru 26-8 
SHG angular distribution, 26-10 
‘metal nanostructures, 26-4 thru 26-5 
‘optical properties, 26-3 
photoconductivity, 26-2 thru 26-3 
planar interface, 26-1 
plasmon spectra 
longitudinal plasmon shift, 26-16 thr 
26. 
self-assembling, 26-15 thru 26-16 
polarization memory, random nanorod 
arrays 
luminescence polarization ratio, 26-14 
polarization antimemory, 26-15, 
polarization-dependent effects, 26-13, 
polarization ratio, 26-4 
semiconductor nanostructures, 26-2 
intensity ratio, 26-6 
isotropic interband matrix element, 
26-5 
Poynting vector, 26-6 
radiation characteristics, 26-7 


refractive index, 26-5, 
Za0 NW luminescence spectrum, 
26-7 
Power spectral density (PSD), 20-4 
Proximity effec, 7-15 thru 7-17 
Pulsed laser deposition (PLD), 6-6 
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Quantum computing 
atom-light interaction 
Jaynes-Cummings model, 1-6 thru 
in RWA, 1-4 thru 1-6 
Loss-DiVincenzo proposal 
RKKY interaction, 1-8 thru 1-9 
using quantum dots and electric gates, 
17 thra 8 
physical implementation conditions, 1-3 
‘qubits and quantum logic gates, 1-2 thru 
13 
semiconductor quantum dots 
classical Faraday effect, 
clectronic band structure, 1-12 
‘quantum Faraday effect, 1-13 thru 114 
SPEE 
‘conditional Faraday rotation, 
(GHZ quantum teleportation, 
1s 
Jaynes-Cummings Hamiltonian 
description, 1-14 thew 1-15 


16 thru 
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‘quantifying EPR entanglement, 1-16 
{quantum computing, 1-18 thra 1-20 
with molecular magnet 
<double-well potential, L-1L 
Feynman diagrams, 1-10 
Grover's algorithm implementation, 
42 
single-spin Hamiltonian description, 
110 
Zeeman effects 
strong external field, 1-4 
4 


weak external field, 
Quantum dot laser 
edge emitter laser diodes (see Bdge emitter 
laser diodes) 
electronic state 
‘continuum approaches and atomistic 
models, 40-5 
cenvelope-function approximation, 
40-5 
localized and delocalized, self 
assembled structures, 40-4 thew 
40-5 
laser emission properties 
ticroscopic generalization, 40-14 thru 
40-15 
photon statistics modifications, 40 
thru 40-16 
rate equations, 40-13 thru 40-14 
material systems, 40-1 thru 40-2 
optical gain 
{gun saturation, refractive index, and 
ca-factor, 40-12 thra 40-13, 
interband transitions and macroscopic 


polarization, 40-11 
‘optical gain calculations, 40-11 thew 
40-12 


‘optical susceptibility, 40-10 thru 40-11 
transparency carrier density, 40-10 
scattering process 
ccarrier-carrier interaction, 40-6 thru 
40-8 
ccarrier-phonon interaction, 40-8 thru 
40-10 
Quantum dot (QD) memories see also Self 
organized quantum dots 
hysteresis measurements, 2-22 
write time measurements, 2-22 thru 2-23 
Quantum entangled states, 33-12 thru 33-13 
(Quantum Faraday effect, 1-13 thew 1-14 
Quantum spin tunneling 
anticrossing of adiabatic eigenvalues, 9-3 
Berry's phase and path integrals (see 
Berry's phase interference) 
generalized master equation, 9-4 
Pauli or master equation, 9-3 thru 9-4 
Rabi oscillation, 9-3, 
spin Hamiltonian, 9-2 
uniaxial anisotropy, 9-2 
Quantum teleportation, 
Quasipartile poisoning 
energetics of the nonequilibrium process, 
16-7 thru 16.9 


thru 1-18 
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in ramped current measurement, 16-1 
thre 16-12 
in rf measurement, 16-15, 
Quasi-static thermal equilibrium dialysis, 
11-5 thew 11-6 
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Rabi oscillation, 9-3, 29-16 thru 29-19 

Radosavijevic’s device, 3-5 

Random lasers, 3 

Rate window method, 2-15 thru 2-16 

BS, see Rutherford backscattering 
spectrometry 

Rectangular and elliptical islands, 4-6 thrw 
47 

Relevant nanometric subsystem, 32-7 thra 
32.8 

“Research triangle," 6-1 thru 6-2 

Resistively and capacitively shunted junction, 
(RCS) model, 16-3 thru 16-4 

Richardson's constant, 13-2 

Rotating wave approximation (RWA), 1-4 
thra 6 

Rutherford backscattering spectrometry 
(RBS), 6-8 
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Sawyer Tower circuit, 6-10 
Scattering lasers, 39-10 thru 39-11 
Schottky barrier, 13 
Schottky contact, 2-11 thru 2-12 
Second harmonie generation 
nanoparticles 
crystallographic defects, 28-7 
Feynman diagram, 28-6 
fundamental wavelength (FW) field 
interaction, 28-5 
long-wavelength limit, 28-7 thru 28-8 
perturbation theory, 28-6 
retardation effects, 28-6 
scanning near field optical microscopy 
(SNOM), 28-5 


SHG selection rules, 28-7, 
nanosystems 
low-symmetry particles, 28-4 
nonuniform illumination, 28-4 
random metal nanostructures and 
rough metal surfaces, 28-5, 
resonant metal particles, 28-4 thru 
28-5 
spherical isolated particles and 
plane-wave illumination, 28-3 
nonlinear optics, 28-2 thru 28-3 
SH electric field polarization, 28-9 
single gold nanoparticles 
Fischer pattern, 28-12, 
lithographed nanorods, 28-12 thew 
28-13 
near-field FW properties, 28-13 
near-field nonlinear optical 
microscopy, 28-11 


nonlinear optical behavior, 28-13 thru 
28-14 
second harmonic polarization 
analysis, 28-14 thru 28-15, 
SHG efficiency, 28-14 
SSNOM, 28-11 thru 28-12 
Second harmonie maps, 28-12 thru 28-14 
Self-organized quantum dots 
based nanomemories, 2-10 
carrier emission process, 2-9 
charge carrier storage 
hole storage in GaSb/GaAs QD, 2-17 
thru 2-18 
in InGaAs/GaAs QD, 2-17 
InGaAsiGaAs QD with AlGaAs 
barrier, 2-18 thru 2-20 
storage time, 2-20 thru 2-21 
clectron and hole states, 2-9 
fabrication, 2-8 
localization energy and carrier 
storage time determination (see 
Capacitance spectroscopy) 
Self-phase modulation (SPM), 41-4 thru 41-5 
Semi-analytical approach numerical 
validation 
convergence, 5-19 
FEM approach, 5-19 thru 5-21 
Semiconductor lasers 
[Bragg mirrors, 39-3 
{in-plane laser, 39-2 theu 39-3 
vertical cavity surface emitting laser 
(VCSEL), 39.2 
Semiconductor nanomemories 
charge trap memories, 2-6 thru 2-7 
single electron memories, 2-7 
Semiconductor nanostructures 
{four-wave mixing response, perturbation 
theory 
clectron-hole pair, 29-11 
‘excitation field possess, 2 
excitons, definition, 29-11 
Green function, 29-16 
macroscopic exciton polarization, 
29:12 
rmultiwave mixing response, 29- 
Pauli blocking spectrum, 29-15 
phase factor, 29-14 
‘quantum well, 29-11 
semiconductor nonlinear response, 
294 
S-matrix, 29-12 
Green's functions method, 29-1 
quantum equations 
Coulomb energy, 29-8 
‘Coulomb gauge, 29-6 
density matrix, 29-6 
divergent band-gap renormalization, 
28 
electromagnetic field-matter system, 
2-6 
lectron-clectron interaction, 29-7 
Heisenberg equation, 29-7 
Heisenberg representation, 29-6 
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Helmholtz’ theorem, 29-7 
radiative decay, 29-9 
rotating wave approximation, 29-9 
thru 29-10, 
quantum feld theory, 29. 
abi oscillations, nonperturbative 
methods 
exciton polarization, 29-19 
Fourier series, 29-18 
Hartree-Fock approximation, 29-17 
integro-cifferential operator, 29-17 
interband polarization, 29-18, 
spacial decoupling scheme, 29-16 
semiconductor-field hamiltonian, 
ke: p-approximation 
Bloch mode, 29-2 
‘Coulomb gauge, 29-4 
effective mass, 29-5 
clectron field operator, 29-3 
Fourier series, 29-3 
hheavy-light hole hybridization, 29-5, 
Hermitian equation, 29-2 
interband coupling, 29-3, 
intraband coupling, 29-4 
Luttinger-Kohn function, 29-2 
‘quantum dynamics, 29-2 
Schrietfer-Wolff transformation, 29-3 
semiconductor quantum dot, 29-5 
spatial feld operators, 29-4 
spatial Fourier spectrum, 29-6 
spin-orbit interaction, 29-5 
Semiconductor quantum dots 
nonlinear optical properties, 23-5 thru 
26 
two-photon absorption (2PA) 
amplified stimulated emission and 
lasing, 23-7 
CaS, 23-6 
continuous-wave (ew) Gaussian beam, 
27 
incident laser intensity, 23-6 thew 23-7 
‘optical power limiting and biological 
‘imaging, 23-7 
two-photon sensitizer, 23-7 thru 23-8 
Silica deposition vesicle (SDV), 31-7 
iliconize photonics, 37-1 
ilicon nanostructures 
Arshenius plot, 25-11 
confinement energy, 25-8 
co-sputtered SINC, 25-7 thru 25-8 
Coulomb exchange interaction, 25-11 
dynamical characteristics, 25-10, 
excitons, 25-8 
{fsum rule/Thomas-Reiche-Kubn sum 


rale,25-13 
nanocrystal size distribution, 25-12 thru 
25-13 


nonradiative process, 5-14 thru 25-15 

optical characterizations and 
luminescence bands, 25-7 

oscillator strength vs. confinement energy, 
25-13 thru 25-14 

PL decay time, 25-10, 
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DL yield vs. silicon volume content, 25-9 
radiative process, 25-14 
relaxation process, 25-1 
spin-orbit interaction, 25-12 
surface passivation, 25.9 
synthesis 
co-sputtering method, 25-4 
electrochemical etching, 25-3, 
high angle annular dark field 
(HAADE) detector, 25-6 thru 25-7 
laser pyrolysis, 25-5 
molecular beam epitaxy (MBE) 
system, 25-6 
silicon nanocrystals (SINCs), 25-3 thra 
Bet 
silicon/SiO, serial sputtering, 25-6 
transmission electron microscope 
(TEM), 25-5 
Silicon quantum dot 
boundary conditions, 5-14 
charge density in the nanocrystal, 
DOF vs. maximum mesh size, 5-16 
‘mesh algorithm, 5-15, 
‘meshing optimization, 5-16 
(quarter-steucture in FEM, 5-14 
structure for FEM simulation, 5-14 
total energy of system, 5-17 
+, metallic approximation, 5-17 thru 5-18 
Single electron memories, 2-7 
Single-electron transistor (SET), 12-8 thru 
129 
Single-molecule magnet transistors, 9-11 thr 
912 
Single-photon Faraday rotation (SPFE) 
conditional Faraday rotation, 1-16 
GHZ quantum teleportation, 1-16 thra 
118 
Jaynes-Cummings Hamiltonian 
description, 1-14 thru 1-15 
{quantifying EPR entanglement, 116 
quantum computing 
Alice’ quantum dot, 1-19 
Bob's quantum dot, 1-19 
Leuenberger’s scheme, 1-18 
optical Stark effec, 1-20 
Single-walled carbon nanotube (SWNT) 
ID direct-gap band structure, 22-2 
exciton states, 22-3, 
Lorentzian function, 22-3, 
DL spectrum, 22-3 thru 22-4 
Si/SiO, substrate, 22-2 
spectral diffusion, 22-4 
Stark effect, 22-4 
‘Small angle x-ray scattering (CD-SAXS), 
19.27 
‘Spacer double patterning method, 19-25 
‘Spacer patterning technique (SPT), 17-4 thra 
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Spatial symmetry 
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334 

{quantum entangled states manipulation, 
33-12 thru 33-13. 


selective energy transfer, 33-9 thru 33-10, 
symmetric and antisymmetric states, 33-8, 
thru 33-9 
AND and XOR logic gates, 38-10 thru 
33d 
‘Spherical dat in plate capacitor 
{geometry and notations, 5-3 
metallic dot 
5B coefficients expression, 5-4 thru 
55 
boundary conditions for potential, 5-4 
capacitance and coupling coefficient, 
53 thre s-4 
capacitance matricial expression, 5-6 
method of images, 5-4 thru 5-5 
‘numerical implementation and results, 
57 thre 5-9 
partial capacitance expression, 5-6 
polarization influence, 5-6 thru 5-7 
semi-analytical expression for 
potential, 5-6 
semiconductor dot 
multiple electrons, 5-12 thru 5-13. 
{quantization effects, 5-9 thra 
{quantum dot with single electron, 5-10 
thru 5-11 
second electron addition, 5-11 thr 
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silicon quantum dot 
boundary conditions, 5-14 
charge density in the nanocrystal, 5-17 
DOF vs, maximum mesh size, 5-16 
mesh algorithm, 5-1 
meshing optimization, 5-16 
‘quarter-structure in FEM, 5-14 
structure for FEM simulation, 5-14 
total energy of system, 5-17 
metallic approximation, 5-17 thru 
58 
Spin-transfer torque effect, 8-3 
for both directions of current, 8-6 
and giant magnetoresistance, 8-12 thra 
813, 
LLGS equation, 8-6 
spin-didusion length, 8-7 
Spin transistor, 12-9 
Spintronies, -1, 8-3, 12-9 
Spin-valve system 
active region, 8-3 
nanoscale (see Nanoscale spin valves) 
Sputter deposition, 6-6 thru 6-7 
Static random access memory (SRAM) 
unit cell, 20-8 thr 20-9 
Stratonovich interpretation, 8-1 
‘Sub-KTVqswiteh, 12-8 
Substrate radiation mode, 37.9 
Superconducting Josephson junction 
‘Ambegaokar Barato relation, 16-2 
concerns specific to small junctions, 
16-4 
field emission micrograph, 16-2 
L-Veurve, 16-2 thra 16-3, 
RCS} model, 16-3 thru 16-4 
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‘Superconducting quantum interferometers 
(SQUID), see Nanotube-based 
superconducting quantum 
interferometers 
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carbon nanotube weak link 
‘experimental realizations, 7-6 thru 7-7 
Fabry-Perot cavity, 7-6 
high-frequency irradiation, 7-9 thru 
710 
nanotube quantum dot, 7-7 thr 7-9 
coherent transport, 7-2 
electronic state density, 7-2 
fullerene-based links, 7-17 thra 718 
gate control, 7-4 thru 7-5 
sraphene-based links 
‘proximity effec, 7-15 thru 7-17 
SQUIDs devices, 717 
Josephson effect, 7-2 thra 7-3 
low-dimensional sp? carbon structures, 
7athru 75 
nanotube-based SQUID, 
rmagnetometry applications, 7-13 thra 
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{quantum information applications, 
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‘quantum interference with weak links, 
740 thru 7-11 
tunability ofthe phase shift, 7- 
72 
normal electron transport, 7-3 
transport through Andreev bound states, 
7Sthra 74 
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depletion width and effective diameter, 
fen 
electrode CS, 14-12 thru 4-13 
Tps-Ve curves, 1-12 
surface band bending, 14-13 

Surface plasmon resonance (SPR)/Mie 
resonance, 24-2, 24-6 

Surface-roughness effets, 1-7 thru 14.9 

Sweep rate effect, 4-9 thru L 
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‘Three-dimensional carrier confinement, 40-4, 
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“Thrce-terminal molecules, 17-9 thru 17-10, 
‘Time-bandwidth product (TBWP), 41-2 
‘Time-dependent Kohn-Sham equation, 27-3 
‘Time-dependent local-densty approximation 
(TD LDA), 24-7 thru 24-8, 25-15 
‘TMOS, schematic behavior, 5-1 thru 5-2 
‘Transfer printing, 19-19 
‘Transistor structures 
atomic-scale TCAD, 12-11 thru 12-12, 
carbon nanotube transistors, 12-6 thra 12-7 
graphene ribbon nanotransistors, 12-7 
thru 12-8 
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molecular tunnel junctions, 12-9 thru 
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Moore's law, 12-1 thru 12-2 
nonclassical transistor structures, 12-7 
nonplanar multi-gate transistors, 12-3 
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point contacts and conductance quantum, 
2 
‘quantum effects, 12-5 thru 12-6 
SET, 12-8 thru 12-9 
silicon processing, technology boosters, 
12-2 thew 12-3 
spin transistor, 12-9 
sub-KT/q switch, 12-8 
‘Transmission electron microscope- 
cathodoluminescence (TEM-CL) 
carrier generation and light emission 
process, 2-3 thru 21-4 
characteristics, 21-3, 
diffusion length, 21-4 
gallium arsenide (GaAs) nanowire 
CL spectra, temperature dependence, 
21-20 
GaAVAIGaAs nanowire, SEM image, 
21-18 thru 21-19, 21-21 
zine-blend structure, 21-18 
InP nanowires 
broad peak blue-shifts, 21-16 
CLspectra, 20-17 thru 21-18, 
degree of polarization, 21-18 
electron confinement energy, 21-16 
emission energy, 21-15 
metal-organic vapor phase epitaxy 
(MOCVPE) technique, 21-15, 
phonon scattering process, 21-17 
SEM image, 21-15 thru 2-16 
‘Monte Carlo simulation, 21-4 
photomultiplier tube (PMT), 2 
resolution factors, 21-3 
scanning electron microscopy (SEM), 21-5 
zinc oxide (ZnO) nanowires 
CLintensity, 21-22 
CL spectra, 21-21 
emission peak, 21-24 
fitting function, 21-22, 
optical properties, 21-21 
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smoke particles, 21-22 thru 21-23 
wurtzite-type semiconductor, 21-21 

‘Tunneling magnetoresistance (TMR), 6-18 

‘Tunnel magnetoresistance (TMR) effect, 2 

‘Two-level amplifying system (TLS). 39-9 
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Ultrafast laser diodes 
broad gain bandwidth, 41-7 
dimensionality role, 4-5 thru 41-6 
low absorption saturation fluence, 1-8 
low threshold current and low 
temperature sensitivity, 41-8 
‘materials and growth, 41-6 
ultrafast carrier dynamics, 41-7 thru 41-8 
Ultrahigh data storage, 39-12 
UVNIL, 19-19 
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\Vertical-cavity surface-emitting lasers 
(VCSELs), 40-3 


w 


‘West-Zamino phase, see Berry's phase 
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Xcray diffraction (XRD) 
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specular relletivity method, 6.9 thru 
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synchrotron x-ray scattering 
‘measurements, 6-9 
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‘Zeeman effects, -4 
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operation beyond 1 GHz, 16-14 thru 
16-1 
quasiparticle poisoning, 16-15, 
relation to the cooper-pair bos, 16-16 
sf measurement setup, 16-13 thru 16-14 
Zn0 nanorod double quantum-well 
structures, 36-7 thru 36-11 
ZnO nanowire field-effect transistors 
crystal structure of ZnO, 14-2 
fabrication and characterization 
back gate and top gate configurations, 
re 
passivation and surface-roughness 
clfects, 1-7 thru 14.9 
sweep rate effect, M-9 thru 14-11 
FET, 143 thru 4-4 
general growth methods, 14-2 thra 
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physical parameters of ZnO, 14-2 
surface-architecture-controlled 
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Tog-Ve curves, 14-12 
surface band bending, I-13 
vapor transport method 
FESEM images, vertically well-aligned 
nanowires, MS thru 14-6 
furnace system schematic, 1-4 thew 
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that is used for a light-emitting diode. See 
Figure 22-2 in the entry for LED indicator 


How It Works 


Alaser is built around a gain medium, which is a 
material that can amplify light. The medium can 
be a solid, liquid, gas, or plasma, depending on 
the type of laser. 


Initially, an input of energy provides stimulation 
for some atoms in the gain medium. This is 
known as pumping the laser. The energy input 
can come from a powerful external light source, 
orfrom an electric current. 


Stimulation of an atom raises the quantum en- 
ergy level of an electron associated with the 
atom, When the electron collapses back to its 
former energy state, it releases a photon. This is 
known as spontaneous emission. 


If one of the photons encounters an atom that 
has just been excited by the external energy 
source, the atom may release two photons. This 
isknownasstimulatedemission. Beyond thresh- 
old level, the number of released photons can 
increase at an exponential rate. 


Iftwo parallel reflectors are mounted at opposite 
ends of the gain medium, they form a resonant 
cavity. Light bounces to and fro between the re- 
flectors, while pumping and stimulated emission 
amplifies the light during each pass. f one of the 
mirrors is partially transparent, some of the light 
will escape through itin the form of alaser beam. 
The partially transparent mirror is known as the 
output coupler. 


Laser Diode 

A laser diode contains an LED. (See "How It 
Works" on page 207 foramoredetailed description 
ofthe function ofan LED) The p-njunction of the 
diode functions as the resonant cavity of the la- 
ser. Forward bias injects charges into the junc- 
tion, causing spontaneous emission of photons. 
The photons, in turn, cause other electrons and 
electron-holes to combine, creating more pho- 


ight source 


indicator, ar d 


splay > single source > laser 
tonsin the process of stimulated emission, When 
this process crosses a threshold level, current 
passing through the diode causes it to lase. 


The original patent for a laser diode was filed by 
Robert N. Hall of General Electric in 1962, and the 
diagram in Figure 21-1 is derived from the draw- 
ing in that patent, with color added for clarity. 


Electrode 
connector 
nl 
Neyer Junction 
eae) 


Polished 
surface 


Roughened 
surface 


Figure 211. The original design fora laser diode, from the 
patent fled in 1962, 


Inthe figure, the junction shownasa yellow layer 
forms the resonant cavity in which lasing occurs. 
It measures only 0.1 microns thick (the diagram 
is not drawn to scale), Its vertical front side is 
highly polished, and is parallel to the back side, 
which is also highly polished. Thus, photons re- 
flect between these two vertical sides, The slan- 
ted face visible in the figure, and the other slan- 
ted face opposite it, are oriented and roughened 
to minimize internal reflection between them. 


Figure 21-2 shows a simplified cross-section of 
the laser diode, 
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FIGURE 16.4 ‘The ground (¢,) and frst excited «) states calculated by numerically diagonalizing Equation 16.11 with the energies indicated in 


the figure 
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histograms versus n, Histogram height is displayed in grayscale on the right-hand side, whereas all counts are dis- 


FIGURE 16.11 (3) Type, 
played equally on the left-hand side. As in Figure 16.7, the gray box in (a) denotes regions where the island potential is trap like for quasiparticles. 
246 eV, A, = 20SpeV, Ke 1SpeV, and E,, = By, = 82peV. 


(b) Selected histograms corresponding to several gate voltages. Device parameters: A 
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FIGURE 16.13 (a,c) Switching current (1,) histograms and (bd) derived switching/escape rates for a type H (barrier-like) and type L (trap-ike) 
PTs, For the type L device, the quasiparticle trapping behavior is evident in the bimodal J, distribution. In this case, the poisoning rate [can 
be read directly from the derived escape rate in (d) as shown. Although the type H device is barrier-ike for most mit still looks like a trap near 

199 as compared with the escape rates at other n,n (b). 


1,= I (see Figure 16.7). This is apparent inthe "curvy" structure ofthe escape curve for 1, 
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FIGURE 20.6 (a) Artist illustration of ASMI’s EUV ADT showing a DPP EUV source on the lft, illumination optics in the middle, and mask, 
projection optics, and wafer om the right, (Courtesy of ASML, Veldhoven, the Netherlands.) 


FIGURE 20.18 Artist illustration of ASML NXE: 3100 preproduction EUV exposure tool showing the LPP EUV source on the right, the illumi- 
nator optics in the center, and the mask and the projection optics on the right. (Courtesy of ASML, Veldhoven, the Netherlands) 
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FIGURE 23.1__Excitons and structural size variations on the nanometer length scale (a) The photosynthetic antenna of purple bacteria, LH2, is 
an example of a molecular exciton. The absorption spectrum clearly shows the dramatic distinction between the B800 absorption band, arising 
‘rom essentially “monomeric” bacteriochlorophyll-a (Behl) molecules, and the redshifted B850 band that is attributed to the optically bright lower 
exciton states of the 18 electronically coupled Bch! molecules. (b) The size-scaling of polyene properties, for example, oligophenylenevinylene 
‘oligomers, derives from the size-limited delocalization of the molecular orbitals, However, as the length of the chains increases, disorder in the 
chain conformation impacts the picture for exciton dynamics. Absorption and fluorescence spectra are shown as a function of the number of 
‘repeat units. (€) SWCNT size and “wrapping” determine the exciton energies. Samples contain many different kinds of tubes, therefore optical 
spectra are markedly inhomogeneously brosdened. By scanning excitation wavelengths and recording a map of uorescence spectra, the emission 
bands from various different CNTs can be discerned, as shown. (Courtesy of Dr. M, Jones). (d) Rather than thinking in terms of delocalizing the 
‘wavefunction ofa semiconductor through interactions between the unit cells, the smal size ofthe nanocrystal confines the exciton relative to the 

D.and Rumbles, G., Nat. Mater, 5, 683,2006,) 


bulk. Size dependent absorption spectra of PBS quantum dotsare shown. (Adapted from Scholes, 
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FIGURE 24.9 Evolution of the absorption cross section of a nanoshell af silver (top) or capper (bottom) in the dipolar approximation versus 
‘energy (lef) or versus wavelength (right) for various thicknesses ofthe shell. The core is filled with water and the external medium is also water 
(n= 1.33) The dielectric functions of copper and silver have been extracted from Palik (1985-1991) The correspondence between the energy in eV 
and the wavelength in nm is E (eV) = 1239.85/2 (nm). The total radius of the cluster is always 1Snm and the thickness takes the following values: 
= R~R, =5;4; 3: 2; 1nm corresponding to ratios between the shell thickness and the total cluster radius: (e/R) = 0,33; 0.27; 0.2; 0.13; 0.07. The 
spectra in black correspond to the fully homogeneous cluster, 


FIGURE 24.15 (Top) Color image of a typical sample of silver nanoparticles as viewed under the dark-field microscope. The brightness of the 
particles increases from blue to red due to both the intrinsic optical scattering cross section and the spectral output of the light source (the red 
particle is overexposed). This image is correlated to its electron microscopy image (Bottom). (Reprinted from Mack, JJ. etal, J. Chem. Phys. 116, 


2002. With permission.) 
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FIGURE 24.16 (Left) Normalized UV-visible spectra of Au-Ag alloy nanoparticles with varying composition, (Insert) Location of the SPR 
maximum a¥a function ofthe gold content. (Right) Corresponding solutions whose colors vary from the red (pure gold nanoparticles) tothe yellow. 
(pure silver nanoparticle). (From Russier-Antoine, I eta, Phys. Rev. B, 78, 35436, 2008, With permission.) 
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FIGURE 25.2 The PL spectrum from porous silicon with a maximum PL at a wavelength of about 675m. The photograph at the inset demon- 
strates the red color of the emitted PL from a circular layer of porous silicon (the sample has been illuminated with a UV lamp). 


Substrate 


@ 


(au) 


20 1s 16 
O) Energy (eV) 
FIGURE 25.6 


{@) A photograph showing the PL variation along the substrate from silicon nanocrystals deposited by the laser pyrolysis tech 
nique. (b) The normalized PL spectra from dilferent positions along the substrate, (Reprinted from Ledoux, G. et al, Appl. Phys. Lett, 80, 4834, 
2002. With permission.) 
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FIGURE24.10 Nanoparticles), (and (g) topography; (9), and (b) FW transmission an (9) (0) and () SH emitsion SNOM images with 


corresponding cross sections along the dashed lines, from the raw data. Incident light is polarized parallel to the majoraxis. The particle major axis 
Tengths are 100m (a)-(9, 150nm (d)~(0), and 400mm (g)-(0). Image size: 3 x 3 yum". (Reprinted from Zavelani-Rossi, M.et al, Appl. Phys. Lett, 
92, 093119, 2008, With permission) 
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FIGURE 29.3. The imaginary partof the two-dimensional Fourier spectrum, P(O, a). (a) The spectrum calculated using Equation 29.92. (b) The 
experimental results of Zhang etal. (2005). 
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FIGURE 32,5 Probability that « photon is found at each site asa function of time (a) without the photon-phonon coupling, and (b) with the 
photon-phonon coupling comparable to the photon hopping constant 
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FIGURE37.14 Calculated spectral postions ofthe substrate modes asa function of (a) the refractive index contrast A = n,~m, and (b) the rela- 
tive thickness of the waveguide core compared to the sample 5 x 10" Sicm-. Gray scale indicates intensity increasing from black up to white for 
the highest intensity. Several orders of modes are seen starting from the frst one in infrared region. 
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FIGURE37.16 (a) Photograph ofthe edge ofa set of i ion implanted layers with direction of PL indicated by arrows, the edgeison the eft (b) Measured 
PL fram samples implanted to diferent Sion fluences in standard (the broadest curves) and waveguiding geometry (back lines, the slightly lighter gray 
lines stand for'TE and TM resolved polarizations). (¢) Theoretically calculated PL spectra. We note that these results were oblained on different set of 
samples than in Figure 3740. The mode positions are not exactly the same for samples with Wlentical implantation dose because the annealing conditions 
‘were slightly different. Therefore the refractive index profile are not identical. (Adapted from Pelant, etal, Appl Ps. B, 83, 87,2006) 
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www.PositiveOffset.com 
Electronic Kit & Parts for Educators, Researchers & Hobbyists 


30 kHz / 1 kHz Zapper Kit 
with Color Illustrated Instructions 
$50.00 Add to Cart 


Our Zapper Kit contains all the parts necessary to build either a 30,000 Hz 
or a 1,000 Hz Positive Offset Square Wave Frequency Generator Unit. This 
breadboard kit is based on Dr. Hulda Clark's zapper circuit design that was 
recently updated and published in 2003. Copper Pipes and 9 Volt Battery 
are not included in kit. For copper pipes and individual electronic parts, 
click the links in the right column. 


PositiveOffset.com 


Hulda Clark Zapper Kit with Color Illustrated Instruc 
$50.00 Add to Cart 


Zapper Kit includes: Breadboard, 555 CMOS Timer, (2) 1K Ohm resistors, 
2.2K Ohm resistor, 4.7K Ohm resistor, 39K Ohm resistor, (2) 270K Ohm 
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+ 30_kH2/1 kHz Zapper Kit 

+ 10047 uF Capacitors 
iLuH Inductors, 

ik Ohm Resistors 
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5.9K Ohm Resi 

4.7K Ohm Resi 

39K Ohm Resistors 

270K Ohm Resistors 

555 CMOS Timer 

Pin Wire Wrap Socket 

9 -Volf Battery snap 

Alligator Clip Converter 

Alligator Leads 

Aluminum Square 

Banana to Alligator Leads 

Bresdbosra 

Color Coded Jump Wires 

Copper Pipes 

Nuts and Bolts 

‘On/Off Toggle Switch 

Red Mini LED 

‘Switching diode 1N914 

Video Instructions 
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Figure 21-2. Simplified cross-section ofa laser diode. 


Figure 21-3 shows a cross-section of the diode 
installed in a component sold as a laser. It in- 
cludes a photodiode to sense the intensity of 
light emerging through the polished rear end of 
the laser diode. External electronics are necessa- 
ry to control the intensity of the laser, using feed- 
back fram the photodiode. 


The component has three pins (shown pale yel- 
low in the figure), one connecting to the photo- 
diode, another connecting to the p-type layer of 
the laser diode, and the third being common to 
then-typelayerofthe laser diodeand the ground 
side of the photodiode. 


‘A photograph of a laser diode is shown in 
Figure 21-4, Note the three pins, comparable to 
the pins shownin Figure 21-3, indicating that this 
component requires external control electronics. 


In Figure 21-5, a laser is shown a surface- 
mount chip adjacent to the solder pad connect- 
ing the blue wire, The presence of this chip, with 
‘only two wires, indicates that this component 
has its own control electronics and requires only 
a DC power supply. 


> laser 


How It Works 


Photodiode 


Figure 21-3. A laser diode is typically mounted with a 
photodiode ta provide feedback for a driver circuit, to con 
trol the current consumed by the laser. 


Figure 21-4, Lite-On 50ST laser diode that emits light at 
‘650nm. Power consumption SmW at 26VDC. As indica: 
fed by the graph squares, this component is only about 
02" indiameter. 
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eats Zooper Kit 
resistors, (2) .UU4/ uF Capacitors, Mini Ked LED, (9) Color Coded Jump 
Wires, 9-Volt Battery Snap, (2) Alligator leads, and an On/Off Switch. All 
this comes in a sturdy little cardboard box you can use to house your 
finished circuit. The full-color instructions will help you build either a 
30,000 Hz or 1,000 Hz circuit. 


It's so easy to build. No soldering required! Watch the video instructions 
right here (36 minutes). 


* YouTube video instructions: 9 easy steps to build this circuit 


* Build a zapper Frequently Asked Questions and Answers 
* Already have electronic parts? Download PDF Instructions 


Remember the Hulda Clark Zapper has not been licensed as a medical 
device by the US FDA. Zapper Kit is sold as an educational tool only, no 
medical claims are intended by the sale of these electronic parts. Our 
Zapper Kit is a great project for a school science fair, or to learn the 
basics of building simple electronics. 


Please note that when ordering electronic parts and kits we can assume 
no liability on the customer's ability to use them. Safety, craftsmanship, 
experience, and ability are the user's responsibility. 


Electronic parts are small and fragile. We can not offer refunds or 
replacements on electronic parts. Buy electronic parts and kits only if you 
believe you can accomplish the work. If you experience difficulty with your 
build, or have little experience in electronics, please order replacement 
parts along with your kit. 


The 555 CMOS Timer is the most likely part to need replacement, so it may 
be smart to order extras when building a kit. 


The 555 CMOS Timer is vulnerable to static electricity. If you walk on a 
carpeted floor and the 555 receives a static shock it may burn out and 
need replacement. 


555 CMOS Timers are sold separately for those who want to have several 
at hand during a kit build, or to troubleshoot a circuit that is not working. 


If you are new to electronics, or just want to be cost effective, you may 
want to purchase extra 555 CMOS Timers when building your first kit. We 
can not offer refunds or replacements on electronic parts. 


View Shonpina Cart / Checkout 
‘ww postiveotiset. com 
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Customer Service Information 


We accept all major credit cards via our secure shopping cart. We also 
accept checks and money orders through the mail. All packages are 
shipped United States Postal Service Priority Mail with Delivery 
Confirmation. If you have an existing order and would like to track your 
package's Delivery Confirmation, click: USPS Delivery Confirmation. If 
you have any other question or concern about your order, please send an 
email to Customer Service. 
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www PositiveOffset.com 


www.PositiveOffset.com 
Electronic Kit & Parts for Educators, Researchers & Hobbyists 


Hulda Clark 30 kHz / 1 kHz Zapper Kit 
with Color Illustrated Instructions 
Order Zapper Kit Here 


Hulda Clark Zapper Kit includes: Breadboard, 555 CMOS Timer, 7 resistors: (2) 1K Ohm, 2.2K SSM ETRE 
‘Ohm, 4.7K Ohm, 39K, (2) 270K Ohm, (2) .0047 uF Capacitors, Red LED, (8) Color Jump Wires, (2) + ESS. CMOS Timer 
Alligator Leads, and Soldered Battery Snap/On-Off Switch. All this comes in a sturdy little cardboard = SO 
box you can use to house your finished circuit. The full-color instructions will help you build either > HELAMHSLESeRs 
30,000 Hz or 1,000 He circuit. Kit does not include copper pipes. Click here to order copper pipes. Ars 
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VIEW CART 


Order Zapper Kit Here 


If you are new to building electronics, you may also want to watch the instruction video. The ‘Build A 
Zapper Video' shows how to build this Clark Zapper breadboard kit. Watch the video below. (Note: 
There are minor updates to the "Bulld Your Own Zapper” Kit. We have adjusted the jump wires for a 
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better fit. We have also pre-soldered the 9-volt battery snap to the on/aff switch. These updates are 
not shown in this video, but are clearly described in the kit instructions.) 


It's so easy to build. No soldering required! Watch the video instructions right here (36 minutes). 


& 


More Video Instructions 


+ Build a Zapper, Plate Zapper, Food Zappicator, and Toothbrush Zappicator 
+ Zapper Kit Frequently Asked Questions and Answers 
+ Already have electronic parts? Download PDF Instructions 


The Hulda Clark Zapper has not been licensed as a medical device by the US FDA. Zapper Kit is sold 
as an educational tool anly, no medical claims are intended by the sale of these electronic parts. Our 
Zapper Kit is a great project for a school science fair, or to learn the basics of building simple 
electronics. 


Please note that when ordering electronic parts and kits we can assume no liability an the customer's 
ability to use them. Safety, craftsmanship, experience, and ability are the user's responsibility. 


Electronic parts are small and fragile. We can not offer refunds or replacements on electronic parts. 
Buy electronic parts and kits only if you believe you can accomplish the work. 


The 555 CMOS Timer is the most likely part to need replacement, so it may be smart to order extras 
when building a kit. 


The 555 CMOS Timer is vulnerable to static electricity. If you walk on a carpeted floor and the 555 
receives a static shock it may burn out and need replacement. If you ever touch the 9 volt battery 
backwards to the battery snap, it may burn out the 555. You may want to protect your 555 by adding 
2 1N914 Switching Diode to your kit (diode sold separately). 


‘555 CMOS Timers are sold separately for those who want to have several at hand during a kit build, 
6 to troubleshoot a circuit that is not working. If you are new to electronics, or just want to be cost 
effective, you may want to purchase extra 555 CMOS Timers when building your first kit. We can not 
offer refunds or replacements on electronic parts. 


View Shopping Cart / Checkout 
‘Customer Service Information 


We accept all major credit cards via our secure shopping cart. We also accept checks and money 
orders through the mail. All packages are shipped United States Postal Service Priority Mail with 
Delivery Confirmation. If you have an existing order and would like to track your package's Delivery 
Confirmation, click: USPS Delivery Confirmation. If you have any other question or concern about 
your order, please send an email to Customer Servi 
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Order A Hulda Clark Zapper - Order Dr. Clark's Books - Order Electrical Supplies 


Welcome to the Zapper Lab. Here we have the step-by-step instructions for building your 
very own Hulda Clark Zapper, reprinted with permission fram the books by Dr. Hulda Clark, 
Dr. Clark has improved her original zapper circuit and published this update in 2003. 
Knowing her readers have varying experience with building electronics, this recent update 
released several different sets of instructions on how to build a zapper, depending on 
one's electronic expertise. 


* The original published Zapper instructions require soldering or twisting the parts 
together. It is best when soldered, which does require some special tools and skill. 
These instructions are found reprinted below from Dr. Clark's 2003 update. 

* Anewer, easier to build design employs the use of an electronic breadboard. A 
breadboard does not require soldering, as one can push the electronic components 
into place onto the breadboard to easily build a circuit. Dr. Clark published designs 
for the 30 kHz Zapper, and the 1000 Hz Zappicator to be built on a breadboard. 
The instructions for building both breadboard zapper circuits are at ClarkZapper.net 
along with a nifty on-line video to help guide you through the process. 

* And last, for advanced electricians, Dr. Hulda Clark published a schematic for 
building the updated Zapper (see photo below). 


If you do not know anyone who could put one together for you, you can order a pre-built 
Zapper at the web site, www.ClarkZapper.com. Remember, the Hulda Clark Zapper is not 
a licensed medical device. It has not been tested by the FDA or AMA for use on humans 
or animals. The Clark Zapper can be sold and used only as an experimental device, and no 
claim can be made as to a diagnosis, cure or treatment for any medical condition or 
disease. Dr. Clark's book states to not experiment with a zapper if you are either 


pregnant or wearing an electronic pacemaker. Please be sure to read one of Dr. Clark's 
books before using a Hulda Clark Zapper. 


Order A Hulda Clark Zapper - Order Dr. Clark's Books - Order Electrical Supplies 


How To Build A Hulda Clark Zapper 


click here to print the 2003 schematic for building a zapper 
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Order A Hulda Clark Zapper 


Instructions for building your very own zapper can be found reprinted 
below from the books by Dr. Hulda Clark. You can get all the parts you 
need at online electrical supply stores such as: PositiveOffset.com. If 
you would rather order a pre-built zapper, just click: Clark Zapper. 


Dr. Clark has released new devices called the Food Zappicator and the 
Toothbrush Zappicator. For the instructions on how to build this new 
type of zapper, visit: FoodZappicator.com and ToothZappicator.com 


NEW! Build A Hulda Clark Zapper Video Instructions 


Nine short videos that take you step-by-step through the process of building 3 Hulda Clark Zapper. 


How To Build A Hulda Clark Zapper 
The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 
Zapper instructions have been updated for 2003 by Dr. Hulda Clark 


Hints for absolute novices: Don't let unusual vocabulary deter you. A 
"lead" is just a piece of wire used to make connections. When you 
remove a component from its package, label it with a piece of tape. A 
serrated kitchen knife works best, as does a large safety pin. Practice 
using the micro clips. If the metal ends are L-shaped bend them into a 
U with the long-nose pliers so they grab better. Chips and chip holders 
(wire wrap sockets) are very fragile. It is wise to purchase an extra one 
of each in case you break the connections. The "555" timer is a widely 
used component; if you can't locate this one, try another electronics 
shop. 


The Shoebox Way 
This circuit has been improved since the one given in earlier books. A 


resistor has been added that gives every pulse an added Positive Offset 
of 1/4 volt. You no longer need to operate your zapper so daringly close 
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to a Negative voltage. 


Get from Radio Shack, (serial number included to make it easy). 
Order these parts from their web site at: www.RadioShack.com. If any electrical 
parts are unavailable at Radio Shack, visit another on-line electrical supplier of 
these items, such as: www.PositiveOffset.com to buy your electrical parts. 


Parts List for the 30,000 Hz Zapper Circuit 


Item Radio Shack Catalog Number 
lUse Shoebox or Buy a Plastic Project Box 270-1809 
9 volt battery 
9 volt battery snap connector 270-324 (set of 5 you need 1) 
on-off toggle switch 275-624A micro mini toggle switch 


If not available, choose any toggle switch with holes in the contact points or Radio 
Shack 275-612 


1K Ohm resistor, brown-black-red-gold 2215312 (500 \plece-assortarent) 


use 2 
3.9 K Ohm resistor, orange-white-red-gold Use 2 from 500 piece assortment 
39 K Ohm resistor, orange-white-orange-gold From 500 piece assortment 
low-current red LED 276-044 
0047 uF capacitor 272-130 (set of 2, you need 1) 
“01 uF capacitor 272-131 (set of 2, you need 1) 
555 CMOS timer chip (TLC 555) ae (you may: wish foibuy a 
8 pin wire-wrapping socket for the chip [900-7242 


If only 16 pin sockets are available, cut one in half OR leave half empty. Editor's Note: 
These parts have been discontinued at most Radio Shacks. 8 pin wire wrap sockets are 
available at many other electrical supply stores such a 

short (12") alligator clip leads fany electronics sho} 
If not available, use 14” length from Radio Shack, 278-1156 


Re (you need 2 packages of 
2) 


Micro clip jumper wires 


If not available, use mini-clip jumper wires 278-016 


2 bolts, about 1/8" diameter, 2” long, with 4 nuts and 
14 washers 


2 copper pipes, 3/4" diameter, 4” long hardware store 
[Sharp knife, pin, long-nose pliers, tape, 4 twist ties or rubber bands. 


hardware store 


Editor's Note: 


The 8 pin wire-wrapping socket has been discontinued at many Radio 
Shacks and readers have asked what to do. We know a great electrical 


supply store where 8 pin wire wrap sockets are available, as well as 
easy-to-build science kits for making a 30,000 Hz Frequency Generator 
with all the parts listed above in one simple package. 


A Hulda Clark zapper is basically just a common Frequency Generator 
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set at 30,000 Hz, with a 100% positive offset square wave. The cost for 
the electrical parts to build one is about $30-$40 for them all. Visit the 
electrical suppliers at PositiveOffset.com for all your electrical needs. 
They have everything you'd need to build a basic 30,000 Hz Positive 
Offset Square Wave Frequency Generator, and their kit is much easier 
to build than the instructions given below, because it uses a breadboard 
so there is no need to twist or solder wires, you simply push the 
electrical parts into place on the breadboard. -editor. 


Assembling The Zapper 


If you have tools such as a drill, needle nose pliers, and small drill bits, 
buy one of the plastic project boxes on the list, otherwise build your 
zapper in a shoe box, or a box half the size of a shoe box. 


1. You will be using the lid of the shoe box or plastic lid of the project 
box to mount the components. Save the box to enclose the finished 
project. 


2. Pierce two holes near the ends of the lid. Enlarge the holes with a 
pen or pencil until the bolts would fit through. Mount the bolts on the 
outside about half way through the holes so there is a washer and nut 
holding it in place on both sides. Tighten. Label one hole "grounding 
bolt" on the inside and outside. 


3. Mount the 555 chip in the wire wrap socket. Find the "top end" of the 
chip by searching the outside surface carefully for a cookie-shaped bite 
or hole taken out of it. Align the chip with the socket and very gently 
squeeze the pins of the chip into the socket until they click in place. 


4. Make 8 pinholes to fit the wire wrap socket. Enlarge them slightly 
with a sharp pencil. Mount it on the outside. Write in the numbers of 
the pins (connections) on both the outside and inside, starting with 
number one to the left of the "cookie bite" as seen from outside. After 
number 4, cross over to number 5 and continue. Number 8 will be across 
from number 1. The pins are numbered like this: 


uannoa 


1 
2 
3 
4 


5. Pierce two holes ‘2 inch apart very near to pins 5,6,7, and 8. They 
should be less than 1/8 inch away. (Or, one end of each component can 
share a hole with the 555 chip.) Mount the .01 uF capacitor near pin 5 
on the outside. On the inside connect pin 5 to one end of this capacitor 
by simply twisting them together. Loop the capacitor wire around the 
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pin first; then twist with the long-nose pliers until you have made a 
tight connection. Bend the other wire from the capacitor flat against the 
inside of the shoe box lid. Label it .01 on the outside and inside. Mount 
the .0047 uF capacitor near pin 6. On the inside twist the capacitor wire 
around the pin. Flatten the wire from the other end and label it .0047. 
Mount the 3.9 K Ohm resistor near pin 7, connecting it on the inside to 
the pin. Flatten the wire on the other end and label it 3.9. Mount the 1 
K Ohm resistor and connect it similarly to pin 8 and label it 1K. 


6. Pierce two holes ‘2 inch apart next to pin 3 (again, you can share the 
hole for pin 3 if you wish), in the direction of the bolt. Mount the other 
1 K Ohm resistor and label inside and outside. Twist the connections 
together and flatten the remaining wire. This resistor protects the 
circuit if you should accidentally short the terminals. Mount the 3.9 K 
Ohm resistor downward. One end can go in the same hole as the 1K 
resistor near pin 3. Twist that end around pin 3 which already has the 
1K resistor attached to it. Flatten the far end. Label. 


7. Next to the 3.9 K Ohm resistor pierce two holes % inch apart for the 
LED. Notice that the LED has a positive and a negative connection. The 
longer wire is the positive (anode). Mount the LED on the outside and 
bend back the wires, labeling them + and - on the inside. 


8. Near the top pierce a hole for the toggle switch. Enlarge it until the 
shaft fits through from the inside. Remove nut and washer from switch 
before mounting. You may need to trim away some paper with a 

serrated knife before replacing washer and nut on the outside. Tighten. 


9. Next to the switch pierce two holes for the wires from the battery 
holder and poke them through. Do not attach the battery yet. 


10. An inch away from the switch pierce two holes 1/4 inch apart. Mount 
the 39 K Ohm resistor on the outside and label it inside and outside as 
"39 K, Positive offset." Flatten the wires on the inside. 


39K 
POs ° switche . Bat 
orr® ° 
Bolt bs Gi 
exe rounding Bolt 
e eOiT@ e 
3.9K etre 
@ LED 
+. 
ZapperLab.com 
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Now To Connect Everything 


1. Twist free ends of the two capacitors .01 and .0047 together. 
Connect this to the Grounding Bolt using an alligator clip. 


2. Bend the top ends of pin 2 and pin 6 (which already has a 
connection) inward towards each other in an L shape. Catch them both 
with an alligator clip and attach the other end of the alligator clip to the 
free end of the 3.9 K Ohm resistor by pin 7. 


3. Using an alligator clip connect pin 7 to the free end of the 1 K Ohm 
resistor attached to pin 8. 


4. Using three micro clips connect pin 8 to one end of the switch, pin 4 
to the same end of the switch, and one end of the offset resistor to the 
same end of the switch. (Put one hook inside the hole and the other 
hooks around the whole connection. Check to make sure they are 
securely connected.) Connect the free end of the offset resistor to the 
bolt using an alligator clip. 


5. Use an alligator clip to connect the free end of the 1 K Ohm resistor 
(by pin 3) to the bolt. It is the output resistor. 


6. Twist the free end of the 3.9 K Ohm resistor by pin 3 around the plus 
end of the LED. Connect the minus end of the LED to the grounding bolt 
using an alligator clip. 


7. Connect pin number 1 on the chip to the grounding bolt with an 
alligator clip. 


8. Attach an alligator clip to the outside of one of the bolts. Attach the 
other end to a handhold (copper pipe). Do the same for the other bolt 
and handhold. 


9. Connect the minus end of the battery snap connector (black wire) to 
the grounding bolt with an alligator clip. 


10. Connect the plus end of the battery snap connector (red wire) to the 
free end of the switch using a micro clip lead. Attach the battery very 
carefully. Before attaching the battery to its snap connector, cover one 
terminal with tape. After snapping in one terminal, remove the tape to 
attach the other terminal. This is to prevent accidental touching of 
terminals in a backwards direction. If the LED lights up you know the 
switch is ON. If it does not, flip the switch and see if the LED lights. 
Label the switch clearly. If you cannot get the LED to light in either 
switch position, double-check all of your connections, and make sure 
you have a fresh battery. Even if it does light up, check every 
connection again. 


11. Finally tie up the bunches of wire with twist-ties or rubber bands 
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Coherent Light 


The emission of co ht by a laser is often 
explained by suggesting that wavelengths are 
synchronized with each other. In fact, there are 
two forms of coherence that can be described 
approximately as spatial coherence and wave 


If an observer looks up ata cloudy sky, the eye 
will perceive light radiating chaotically from 
many distances and directions. Thus, the light is 
not spatially coherent. The light also consists of 
many wavelengths, and thus it is not 
wavelength-coherent. 


The filament of an incandescent lamp is a much 
smaller source of light, but still large enough to 
generate a profusion of light emissions that are 
spatially incoherent. The lightalsoincludes many 
different wavelengths. 


Suppose a barrier containing a very tiny hole is 
placed in front of the incandescent lamp. If the 
aperture is very small, an observer on the far side 
willsee the lightasa point source. Consequently, 
the light that emerges from it is now spatially co: 
herent, and will not have chaotically overlapping 
waves. Ifthe light then passes through a filter, its 
wavelengths also will become coherent. This is 


suggested in where the light source 
is an incandescent lamp emitting a wide range 
of wavelengths. 


Wavelength 
coherent 
light 


Spatially 
coherent 
lignt 


Radiating 
waves of 
Incoherent Incandescent 


lamp 


Fi An incandescent lamp, at the bottom af th 

light at many wavelengths (exag 

ity). When it passes through a pin 
ly coherent. When it the 


figure, emits 


becomes spati sats 


The small amount of light emerging through a 
pinhole is inevitably much dimmer than light 
from the original source. A laser, however, am 
plifies its light output, as well as tending to be 
have like a point source. The “hall of mirrors” ef. 
fect of the parallel reflective surfaces in the res 
onant cavity causes much of the light to shuttle 
to and fro over a long distance before it emerges 
through the output coupler. Any light that devi 
ates significantly from theaxis of the laser will not 
escape at all, because the deviations will be cu 
mulative with each reflection. Thus, the light 
froma laser appears to come from a point source 
at an almost infinite distance. 
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and replace the lid on the box. Slip a couple of rubber bands around the 
box to keep it securely shut. For safer storage, place it inside a larger 
box. 


Note: Having gained this much experience, you may prefer to build your 
next zapper on a piece of cardboard folded and able to fit inside a 
shoebox or plastic electronic project box for more protection. 


* Optional: measure the frequency of your zapper by connecting an 
oscilloscope or frequency counter to the handholds. Any electronics 
shop can do this. It should read between 20 and 40 kHz. The shop 
can also read the voltage (peak to peak) and the amount of 
Positive offset (on the .5 volt-per-division scale). The voltage 
output should be about 8 volts. 


* Note: a voltage meter will only read 4 to 5 volts because it 
displays an average voltage. 


Using The Zapper 


1. Wrap handholds in one layer of wet paper towel before using. More 
will reduce the current. Grasp securely and turn the switch on to zap. 
Keep a bottle of water handy to keep them wet. 


2. Zap for seven minutes, let go of the handholds, turn off the zapper, 
and rest for 20 minutes. Then seven minutes on, 20 minutes rest, and a 
final seven minutes on. This is the routine for regular zapping. 


Tell us about your zapper experience at the zapper message board. 
To Visit The Zapper Museum - Click Here! 


Order A Hulda Clark Zapper - Click Here! 
See The ‘Build A Zapper’ Video - Click Here! 
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Learn about Dr Clark's latest zapping technique called: Plate Zapping 


Learn about Dr Clark's latest inventions: 
The Food Zappicator and The Toothbrush Zappicator 


Order Electronic Parts at RadioShack.com and Frequency Generator kits at PositiveOffset.com 


All information is for educational purposes only. These statements have not been evaluated by the FDA. 
Not intended to diagnose, treat, prevent, mitigate or cure disease. Visit www.HuldaClark.com for more 
information on Dr. Clark's Syncrometer™ Science, and the Zapper. Legal Disclaimer Privacy Policy 


www.HuldaClark.com 
The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 
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KEELYNET 


————— 


Zapper Schematics 
No claims are made by KeelyNet for any of these plans 
They are provided for informational purposes only! 
KeelyNet 01/10/02 


Simple Zapper Schematic 


+9 


ANQ14 or equivalent 
y oT 
43k 


Lis 39k } 


Positive Probe 


{________4 Negative Probe 


The Research of Dr. Hulda Regehr Clark, Ph. D. 


Ihave recently (9/15/2000) come across the research of Dr. Hulda Regehr Clark, 
Ph. D., N.D. In her books, she states that many diseases, among which are cancer 
and HIV/AIDS, can be cured by the use of, among other things, certain herbs and a 
frequency generator called a "Zapper" that was invented by her and her son. 


Speaking of mothers :), my mother, 62, had fatigue and arthritic symptoms in her 
hands before I found out about and told her about Dr. Hulda Clark. She is a 
seamstress, so the arthritic symptoms hindered her work. After doing the Parasite 
Cleanses and using the Zapper, she doesn't have to take naps like before and her 
hands are flexible again, She has done the complete Parasite Cleanse only twice 
but she Zaps practically every day. 
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Simple Zapper Information 


Schematic updated on 12/21/2001 
Simple Zapper Information text updated on 12/21/2001. 


1 forgot to mention that the Simple Zapper that I'm using has a 1 Megohm 
potentiometer instead of the 2.2k ohm resistor in order to vary the output 
frequency. If you use a potentiometer with the circuit put it in series with the 2.2k 
ohm resistor because the chip gets hot when there is too little resistance. 


The duty-cycle is pretty consistent with a range of 51% to 57%. With the 
oscilloscope's frequency analyzer in storage mode, I hold the Zapper probes and 
put the oscilloscope probes somewhere on my body and then I vary the frequency 
of the Zapper using the 1 Megohm potentiometer. 


When testing my body on a spectrum analyzer while using the Simple Zapper with 
an output of around 5 Volts (tested on a DC voltmeter), I noticed that the 
frequencies around 4,000 hz to around 18,000 hz had larger peaks telling me that 
my body at the time was more conductive (less reactive?) and/or less resistive to 
frequencies in this range at the given voltage. 


With my body being more conductive (less reactive?) at these frequencies, I 
believe that there is a better dispersal of the Simple Zapper’s output within my 
body. I did this recent test with one Zapper probe in each hand (as opposed to both 
in one hand) and the oscilloscope probes (RCA to 1/4" phone plug adaptor) in my 
mouth near my wisdom teeth with my lips around the RCA ground (like a lollipop). 


The oscilloscope's frequency analyzer was in storage mode. With the Simple 
Zapper circuit on this page, change the 2.2k ohm resistor to 4.3k ohm if you want a 
~15,000 hz frequency. I have recently built a couple of Zappers with optimized 
output frequencies of around 11,000 hz. I haven't tested anyone using the Simple 
Zapper other than myself, so there is the possibility that your body's response may 
differ. 


For more information, check out my Simple Zapper webpage at: 


www.members.aol.com/mas 191 1/index.html 


or for really interesting free circuit schematics: 


www.members.tripod.cony~mas 191 1/zappers20011221tripod.html 


You can write the Author of Simple Zapper if you have comments or questions. 
Ee ee 


The following document, written by Luke Parrish, provides instructions on building 
an astable multivibrator in DC pulse mode, identical in output to the Zapper, 
described in The Cure For All Diseases by Dr. Hulda Clark. 
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Plans For Zapper 


This page tells how to make a Hulda Clark-style "Parasite Zapper". It's a simpler 
and more efficient version, but works just as well. We make no theraputic claims 
for this device. It is for experimental purposes only. We provide a ready made 
version for those who prefer not to spend so much time building it. 


Materials 


- A CD4069 hex inverter (Radio Shack link) 

- 11M resistor, 1 10k resistor, and 1 1k resistor (Radio Shack link) 
(Resistor color code) 

- 1 1000 pF capacitor (Radio Shack link) 


NOTE: The size of the resistors and capacitors can vary, because they 
determine the frequency of the zapper, which doesn't really matter 
much according to Hulda Clark, 


‘The following parts may be substituted according to preference, though 
something similar will be needed: 
- Solderiess breadboard (Radio Shack link) 
- 9-volt battery 

- 4 alligator clip-leads sets Radio Shack link 
-2 copper pipes (hand-holds) 


Instructions 


Plug the components into the solderless breadboard according to the 
following schematic. Make sure none of the wires touch each other. To 
hook up the power, attach an alligator clip-lead to each side of the 
capacitor that stretches from hot to ground. Clip the one that goes to 
hot to the positive terminal on the battery and the one that goes to 
ground to the negative terminal. The two hand-holds are attached with 
the other two clip-leads. (One goes to ground, the other to the end of a 
resistor that goes to pin 12.) 


Schematic 
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4069 Hex Inverter 


Copper electrodes 


The above instructions are not the only way to do it. You can, for example, solder 
all the components directly to a 14-pin socket, like we do in our ready made 
version. This is a lot more trouble and more time-consuming for most people, which 
is why we recommend a breadboard. The resistors and capacitor don't all have to 
be the exact sizes mentioned here to make a working Zapper. However, any 
variation in capacitance or resistivity will change the frequency. (There are certain 
limits on how high of frequencies the chip can handle, so don't stray too far from 
the specified values.) If you have an oscilliscope, that's handy to check 
working. 


Ready made Zappe! 
———————————— 


Free plans from Zapperlab.com 
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Here we have the easy step-by-step instructions for building your very own Hulda 
Clark Zapper reprinted with permission from her books (provided below). For 
advanced electricians there is a schematic for building a Hulda Clark Zapper as 
well. If you do not know anyone that could put one together for you, you can now 
order the zapper Hulda Clark uses as described in "The Cure For All Cancers" 
and "The Cure For All Diseases" at: www.SyncroZap.com. The Dr. Clark Zapper 
can be sold only as an experimental device, and no claim can be made by us legally 
as to a diagnosis, cure or treatment for any medical condition or disease. 


Build A Dr. Clark Zapper 


lot 


Order A Dr. Clark Zapper 


Instructions for building your very own zapper can be found 
reprinted below from the books by Dr. Hulda Clark. If you would 
rather order a pre-built zapper, just click here. 
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How To Build A Zapper from The Cure For All Cancers: 
The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 


Get from Radio Shack, (serial number included to make it 
Order these paris trees thal web site at: 
www.RadioShack.com 

____ Black plastic Project Box Radio Shack # 270-1809 

____ 9 volt battery 

____ 9 volt battery clips: Radio Shack # 270-325 

____ On off switch: Radio Shack # 275-624A 

____ 1K Ohm resistor: RS# 271-1321 

____ 3.9K Ohm resistor: RS# 271-1123 

___ low current red LED: RS# 276-044 

___ -0047 uF capacitor: RS# 272-130 

____ -01 uF capacitor: RS# 272-1065 

____ 555 CMOS timer chip: RS# 276-1723 

____ 8 pin wire wrapping socket for CMOS chip: RS# 276-1988 

____ two packs of Microclip test jumpers: RS# 278-017 

___ one pack of 14" alligator clip leads RS# 278-1156C 


Get from any Hardware Store: 
2 Bolts 1/8" diameter, 2" long with 4 nuts and washers. 


2 pieces of %4" copper pipe, cut to 4 inches long each. 


Editor's Note: 


The 8 pin wire-wrapping socket has been discontinued at many 
Radio Shacks and readers have asked what to do. Some say it is 
still available on their website at www.RadioShack.com, if not: 


There are a couple options. One can still get the 16 pin wire- 
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wrapping socket. Pull out the bottom grouping of 8 pins, and you 
now have an 8 pin socket. Just make sure when you plug the 555 
Timer into it, you line it up with the remaining 8 pins. Very 
simple. 


There is also a Low Profile 8 pin socket. The pins are so small 
one must solder to them. 


The wire-wrap socket has long pins for easy twisting onto other 
wires. The low profile is for those that solder electronics. 


If you are soldering your zapper together get the low profile 8 pin 
socket. Since the socket is just a saddle for the 555 Timer, it is 
not a vital part of the circuit. It's just a way to put long or short 
pins on the 555 Timer for easy twisting. If you cannot find one at 
your local Radio Shack, simply get the 16 pin wire-wrap socket, 
and pull out 8 pins. -editor. 


Assembling The Zapper 


If you have tools such as a drill, needle nose pliers, and small 
drill bits, buy one of the plastic project boxes on the list, 
otherwise build your zapper in a shoe box, or a box half the size 
of a shoe box. 


1. You will be using the lid of the shoe box or plastic lid of the 
project box to mount the components. Save the box to enclose 
the finished project. 


2. Pierce two holes near the ends of the lid. Enlarge the holes 
with a pen or pencil until the bolts would fit through. Mount the 
bolts on the outside about half way through the holes so there is 
a washer and nut holding it in place on both sides. Tighten. Label 
one hole "grounding bolt" on the inside and outside. 


3. Mount the 555 chip in the wire wrap socket. Find the "top 
end" of the chip by searching the outside surface carefully for a 
cookie-shaped bite or hole taken out of it. Align the chip with the 
socket and very gently squeeze the pins of the chip into the 
socket until they click in place. 


4. Make 8 pinholes to fit the wire wrap socket. Enlarge them 
slightly with a sharp pencil. Mount it on the outside. Write in the 
numbers of the pins (connections) on both the outside and inside, 
starting with number one to the left of the "cookie bite" as seen 
from outside. After number 4, cross over to number 5 and 
continue. Number 8 will be across from number 1. The pins are 
numbered like this: 
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3 6 
4 5 


5. Pierce two holes ‘2 inch apart very near to pins 5,6,7, and 8. 
They should be less than 1/8 inch away. (Or, one end of each 
component can share a hole with the 555 chip.) Mount the .01 uF 
capacitor near pin 5 on the outside. On the inside connect pin 5 to 
one end of this capacitor by simply twisting them together. Loop 
the capacitor wire around the pin first; then twist with the long- 
nose pliers until you have made a tight connection. Bend the 
other wire from the capacitor flat against the inside of the shoe 
box lid. Label it .01 on the outside and inside. Mount the .0047 uF 
capacitor near pin 6. On the inside twist the capacitor wire around 
the pin. Flatten the wire from the other end and label it .0047. 
Mount the 3.9 K Ohm resistor near pin 7, connecting it on the 
inside to the pin. Flatten the wire on the other end and label it 
3.9. Mount the 1 K Ohm resistor and connect it similarly to pin 8 
and label it 1K. 


6. Pierce two holes ¥2 inch apart next to pin 3 (again, you can 
share the hole for pin 3 if you wish), in the direction of the bolt. 
Mount the other 1 K Ohm resistor and label inside and outside. 
Twist the connections together and flatten the remaining wire. 
This resistor protects the circuit if you should accidentally short 
the terminals. Mount the 3.9 K Ohm resistor downward. One end 
can go in the same hole as the 1K resistor near pin 3. Twist that 
end around pin 3 which already has the 1K resistor attached to it. 
Flatten the far end. Label. 


7. Next to the 3.9 K Ohm resistor pierce two holes % inch apart 
for the LED. Notice that the LED has a positive and a negative 
connection. The longer wire is the positive (anode). Mount the 
LED on the outside and bend back the wires, labeling them + and 
- on the inside. 


8. Near the top pierce a hole for the toggle switch. Enlarge it 
until the shaft fits through from the inside. Remove nut and 
washer from switch before mounting. You may need to trim away 
some paper with a serrated knife before replacing washer and nut 
on the outside. Tighten. 


9. Next to the switch pierce two holes for the wires from the 
battery holder and poke them through. Attach the battery and 
tape it to the outside. 


Now To Connect Everything 


Twist free ends of the two capacitors .01 and .0047 together. 
Connect to Grounding Bolt using an alligator clip. 


Bend pin 2 and pin 6 together inward, using an alligator clip, catch 
them and connect to free end of 3.9K Ohm (by pin 7). 
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or, or display > single source 


Because of the particular geometry of a light- 
emitting diode, the output from a laser diode is 
not naturally collimated, and tends to spread by 
an angle of around 20 degrees. A lens must be 
Used to focus the beam. 


Variants 


Lasers are sold generally as fully assembled tools 
for a specific purpose. A very brief summary of 
C02, fiber, and crystal lasers is included here. 


CO2 Lasers 

The gain medium is primarily carbon dioxide but 
also contains helium and nitrogen, with some- 
times hydrogen, water vapor, and/or xenon. The 
laser is electrically pumped, causing a gas dis- 
charge. Nitrogen molecules are excited by the 
discharge and transfer their energy to the CO2 
molecules when colliding with them. Helium 
helps to return the nitrogen to base energy state 
and transfer heat from the gas mixture. 


CO2 lasers are infrared, and are commonly used 
in surgical procedures, including ophthalmolo- 
gy. Higher powered versions have industrial ap- 
plications in cutting a very wide range of mate- 
rials. 


Fiber Lasers 

Light is pumped via diodes and amplified in 
purpose-built glass fibers. The resulting beam 
has avery small diameter, providing a greater in- 
tensity than CO2 lasers. It can be used for metal 
engraving and annealing, and also for working 
with plastics, 


Crystal Lasers 
Like fiber lasers, they are pumped by diodes 
These compact lasers are available in a very wide 
variety of wavelengths, covering the whole visi- 
ble spectrum, infrared, and ultraviolet. They find 
applications in holography, biomedicine, inter- 
ferometry, semiconductor inspection, and ma- 
terial processing. 


laser 


Variants 


Values 


The output power of a laseris measured in watts 
(or milliwatts). This should not be confused with 
the power consumed by the device. 


In the United States, any device sold as a laser 
pointer is limited to a power output of SmW. 
However, laser diodes packaged similarly tolaser 
pointers can be mail-ordered with an output of 
200mW or more. The legal status of these lasers 
may be affected by regulations that vary state by 
state. 


Ina CD-RW drive thatis capable of burning disc, 
the diode may have a power of around 30mW. A 
laser mounted in a CD-ROM assembly is shown, 
in Figure 21-7. 


Figure 217, An assembly incorporating a laser for reading 
CD-ROM, 


Lasers have sucha narrow range of wavelengths, 
they are given specific output values in nano- 
meters. A laser in an optical mouse may have a 
wavelength of 848nm; in a CD drive, 785nm; ina 
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Alligator clip Pin 7 to free end 1K Ohm (near pin 8) 


Using two microclips Pin 8 and pin 4 to one end of switch (use 
hole to attach both microclips). 


Free end of 1K Ohm (by pin 3) to the Bolt using an alligator clip. 


Alligator clip the free end of 3.9K Ohm (by pin 3) to plus end 
(long) of LED. 


Minus end (short) of LED to Grounding Bolt with an alligator clip. 
Alligator clip pin 1 to the Grounding Bolt. 

Alligator clip Black battery wire to Grounding Bolt. 

Micro clip the Red battery wire to free end of switch. 


Hook up the battery, and the light should turn on, click the switch 
if it does not, check connections if LED does not light up. 


Build A 
CLARK ZAPPER! 


Dr. Clark's NEW 
Breadboard Design 


. NO 
~ SOLDERING! 


, dust Push 
into the Grid. 


Kits & Parts: 
Attach a long lead wire to the grounding bolt & bolt, and then to 


the copper handles. Wrap handles in paper towel, clip with lead 
wire, wet handle when you are ready to zap.) 


How To Zap 

Wrap handles in wet paper towel, or wet cotton sleeves, and hold 
in each hand. If you have wrist cuffs, run them under water to 
wet them, attach to each wrist. 

Attach handles or wrist cuffs to zapper. 

Tum zapper on, zapping for 7 minutes. 

At end of 7 minute zapping rest 20 minutes. 


Do this a minimum of three 7 minute zapping sessions, with a 20 
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minute break in between each session. Some people zap five 
times in extreme cases. 


Order A Dr. Hulda Clark Zapper lick Hers 
Learn about Dr Clark's latest zapping technique at: www.PlateZapping.com 


All information is for educational purposes only. These statements have not been evaluated by 
the FDA. Not intended to diagnose, treat, prevent, mitigate or cure disease 


uit designed by Geoff Clark and approved by Dr. Hulda 
Clark 


SOTA Instruments Inc. presents 
“The Zapper” as per Dr. Hulda Clark, Ph.D., N.D. 


Low Battery Waring ~30kHZ Square-Wave Output, Output LED 
<7.2Volts DC 50% Duty Cycle, Positive Offset 


Certified and Approved by Dr. Clark's son Geoff Clark. 
Designed & Drawn by Russell J. Torlage, CTech, President, SOTA Instruments Inc. 
Model: ZHC3 Rev 4.0 


Revised: June 9, 1999. (At Resor ar VW, 5% Tl 221 sir 1% 


Crests nto bo sear commer snr SOTAnsmmersi. __) 


If you found this file useful or interesting, 
please consider a donation or a purchase to 


help keep KeelyNet online and providing ipay pall 
free information. Even a dollar will help. Feprel 


Others sell it, we prefer to share it, thanks! 
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COMPONENT DESCRIPTIONS, SOURCES, AND CURRENT PRICES. 
Revision November 24, 1996, Copyright (c) 1991/1998 Robert C, Beck, D.Sc. 


Note: These data are for theoretical, informational and instructional purposes only and are not to be construed as 
medical advice. Consult with your licensed medical practitioner. Hundreds have been built successfully if duplicated 


exactly as shown. 


F F100] Ensure the 1C chip U1 
11958 CMOS Operationa! Amelie (OP-AMP) ei (anece uu MASE fs wiatonesly 
Da7 | The location of Pin #1 is 
24 magohm walt 5% rosistor =D m shown below: 
120 ohn wal 5 restr ent | Pad 
‘owes rst vite ne ers Pr 
26 
‘Wot Sowa tper po. 12 walt Catanies P58 
{Stee 14 wat 5% rosistor —emnt — had 
820 ch 14 wat 5% resistor ents Cae baa 
0.1 mF 50 (or higher) ceramic capactor ws a |S NOTE 
a RESISTOR 
22 mF 35 V (or higher) electrolytic capacitor cz = 
Ma mah COLORS NOT 
Tar 
18 VotZener diodes (NTESI27A) eg [seenze07 | D TO SPEC, 
Bul, 63V 0075 Type 7377 Ca a CHECK 
Bicolor LED RediGreen 4 RSH 276-012 ‘LED! sie RESISTOR 
\ iq] COLOR VALUES 
Jack for electrode leads (3.5mm or 1/8" mono-phone jack) sé | Rss 274.251 381.59 | Jt 
Jack for siver wire leads (2.5mm or 332" mono-phone jack) Rsa 274-292 98159 | 12 ons 
a7 
‘3 Alkaline 9 V batteries, 1604 etc. Sfor 
hued a] electrodes: 
3x9 batier snaps (ip-on connectors) R9#2703%5 pkg, | ssnza | 1 3/32x1 
ia stainless steel cotter 
Misi wee ad, oe pins -hardware store- 
aioe 228 Snap pins in half across 
the curve. and wrap the 
Lead wire wih 3.5 mm plug, 6 ft, Mouser or Calrad Electronics =p 035 headphone wires com- 
: ming from the mono 
Electrodes, stretch elastio, Veloo, cotton flannel, aligator cis, ete. plug around the curve 
Total Cost forall components for improved do-it-yourself project smear of each half of the pin. 


‘All components listed above check your local electronics store. 
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DISCLAIMER 


‘This books a research publication of Borderland Sciences Research Foundation. It consists of our 
MWO and RCO files which have been put into some semblance of order to preserve the records of 
many people with new and different ideas on how to study the energetic states of living systems and 
how these systems may be influenced by externally applied energies, and also to allow for further 
experimentationin this field by competentresearchers. Read thisbook thouroughly before undertak- 
ing any experiments becasue you will find many different opinions, some conflicting, as to how to 
proceed. High frequency electrical apparatus can cause serious shock injury and should only be 
handled by knowledgable, competent people. Allexperiments are conducted solely at your own risk. 
Wedisclaim any responsibility for the use or misuse of any information in this book. While this book 
touches on the subjectofhuman health, all informationshouldbe considered as anecdotaland should 
notin any way be construed as medical advice. We are not qualified to give medical advice and the 
use of the experimental equipmentandresearch techniques described inthis bookmay providea false 
sense of security wherein one may neglect professional medical care. Use your brains. Thanks. 


Tom Brown 
Editor/Publisher 
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‘A dead cel. This diagram shows a cell where the chromosomes 
have stopped oscillating, and for this reason have ceased to live. 
But the chondromes, visible through the opening, continue to 
live an independent life. They are surrounded by a tough 
‘membrane and are multiplying so as to burst open the outside 
of the cell, as a baby chick, when it comes to maturity, breaks 
through the egg shell to come out. 


A group of dead cells, bit not yet destroyed, in which the 
neoplasic cells are forming. One can see the transforma- 
tion in the neoplasi tissue, 


Photograph taken during the treatment of Mrs Su» who sits 
between the MWO antennas at Calvary. Behind the patient is 
Dr. Marquer, head physician of the hospital to the leftis Dr Z... 
assistant, three voluntary Nurses, & to the right is Georges 
Lakhovsky. 


‘At left, Madame C.. 
Before Treatment. 
Rodent Ulcer in ine 
ner angle of left eye. 


At right, Madame C.. 
After Treatment. 


Excerpts from: 


RADIATIONS 


AND WAVES 


Source of Our Life 
by Georges Lakhovsky, 1941 


THEORY OF CELLULAR OSCILLATION 

Before presenting the therapeutic results obtained 
with my multiple short wave oscillator and presented at 
the International Congress of Short Waves in Vienna 
Guly, 1937) it may be useful to give a rapid survey ofmy 
theory ofcellular oscillation which Thave developed fully 
in a number of books.” 

Alll living cells are composed of two essential ele- 
ments; the nucleus and the protoplasm in which it is 
bathed. This nucleus is itself composed of many tubular 
filaments: the chromosomes. In addition, hundreds of 
much smaller filaments or chondromes are present in the 
cytoplasm, 

Chromosomes and chondromes are sheathed in an 
insulating substance (cholesterine, resin, fat, plastrin, 
etc.) and contain a liquid-like serum with the same min- 
eral content as sea water, and consequently aconductor of 
electricity. Thus, these filaments constitute ultramicro- 
scopic oscillating circuits capable of oscillating electri- 
cally over a wide scale of very short wavelengths, 

Thave demonstrated in my works that these cellular 
oscillating circuits, chromosomes and chondromes, vi- 
brate electrically under the stimulus of electro-magnetic 
‘waves: cosmic, atmospheric and telluric, 

Now, many intemal and external influences may 
upset the oscillating equilibrium of these cells. For 
instance, a variation or change in the field of cosmic, 
telluric or atmospheric waves, a demineralization of the 
organic matter constituting the cellular substance, trau- 
mas causing the destruction by shock of the protoplasm or 
the nucleus. 

Thave shown in my books, The Secret of Life and 
especially in The Earth and Ourselves, that every living 
‘cell draws its oscillatory energy from the field of second- 
aryradiationsresulting from the ionization ofthe geologi- 
cal substances of the earth by cosmic radiations. 

‘But certain natural radiations are particularly toxic, 
especially those originating in geologically-induced geo- 
pathic zones, Many cancer cases have been attributed to 
these toxic radiations which has been proven experimen- 


* ‘The Secret of Life; Contribution to the Etiology of Cancer; 
‘The Earth and Ourselves; Cellular Oscillation; Nature and 
Her Wonders. 


tally, notably in Germany by Dr. Rambeau of Marburg, 
‘Therefore, earth radiations sometimes cause disturbance 
of the cellular oscillatory equilibrium of the organism, 

Under these varied circumstances cellular oscillation 
may cease; the cell is then dead. But within the dead cell, 
the chondromes sometimes continue to oscillate electri- 
cally on their own natural frequencies. Fortunately, this 
phenomenon occursrarely, orall humanity would already 
have perished from cancer. 

‘The chondromes then envelope themselves inamem- 
brane and continue to oscillate and multiply indepen- 
dently of the cell. They may then become neoplasiccells, 


THE RADIO CELLULAR OSCILLATOR 

‘Tore-establish this equilibrium, I thought of creating, 
in 1923, a constant compensating field of very short 
tadiations (2 to 10 metre wavelengths) to neutralize the 
action of the disturbing rays, and give the living cell the 
necessary stimulation for a return to its normal oscilla- 
tion. 

To this end, in 1923, I constructed my short-wave 
oscillator, using two triode tubes for very short waves 
made especially for this apparatus. I tried several cross 
leakages for this machine using one or more tubes and 
then multiple triodes with a tube containing oscillatory 
circuits within the bulb, Finally I adopted the oscillator 
with symmetrical cross leakage comprising two triodes. 
The oscillating circuits formed a single spiral, branched 
between the two grilles and the two anodes, It was fed 
directly by altemating current from the local supply 
circuit. 

With this short-wave apparatus I was able to cure 
plants inoculated with cancer. For six years at the 
Saltpetriere I observed and checked the effects of these 
short waves. 

Using very low power, from 10 to 12 watts, and a 
limited duration of treatment, I succeeded in curing can- 
erin human beings, but also had to record some failures. 

The news of the success of my experiments became 
widespread. In many countries, as early as 1928, they 
began to build short-wave oscillators of considerable 
power producing thermal effects. 

‘But here was great danger that the chromosomes and 
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bar-code reader, 670nm;ina modem laser point- 
er, 640nm; in a Blu-ray disc player, 405nm. 


How to Use It 


While powerful lasersina laboratory settinghave 
exotic applications, a typical low-power laser di- 
code has become so affordable (costing less than 
$5 insome instances, at the time of writing) itcan 
be considered merely as a useful source of a 
clearly defined light beam, ideal for detecting the 
position of a movable mechanical component or 
the presence of an intruder. 


Generic light-emitting diodes are made with a 
view angle (ie, a dispersion angle) as low as 3 
degrees, but the beam is soft-edged compared 
with the precise boundary of a laser beam, and 
cannot be used reliably in conjunction with sen- 
sors ata distance of more than a few inches. 


Laser diodes thatare sold as components may or 
may not have current-limiting control electron- 
ics built in. Applying power to the laser diode di- 
rectly will result in thermal runaway and rapid 
destruction of the component. Drivers for laser 
diodes are available separately as small, preas- 
sembled circuits on breakout boards. 


For many applications, it may be simpler and 
cheaper to buy a laser diode as an off-the-shelf 
product. A laser painter provides an easy way to 
geta source oflaserlight, and ifitwould normally 
bedriven by two 1.5V batteries, itcan be adapted 
to run off a 5V supply by using a 3.3V voltage 
regulator. 


Common Applications 
In addition to being used with PowerPoint pre- 
sentations and in conjunction with position sen- 
sors, laser pointers have other applications: 


+ Astronomy. A high-powered laser beam Is 
visible even in clear air as a result of interac- 
tion with air molecules, Thisis known as Ray- 
leigh scattering. The phenomenon allows 
one person to point out a star (or planet) for 
another person. Because celestial objectsare 


ight source 


indicator, ar d 


splay > single source 
so far away, parallax error is not detectable 
by two people viewing the beam while 
standing next to each other. A laser pointer 
mayalsobemountedonatelescope toassist 
in aiming the telescope at an abject of inter- 
est. Thisis easier than searching foran object 
through an eyepiece. 

+ Target acquisition. Lasers are commonly 
used on firearms to assist in targeting, espe- 
cially in low-light conditions. Infrared lasers 
can be used in conjunction with infrared 
viewing goggles 

+ Survival. A small laser can be included in 
emergency supplies to signal search teams. 
Alaser can also be used to repel predatory 
animals. 


What Can Go Wrong 
Risk of Injury 


Lasers are potentially dangerous. Those that 
have an infrared or ultraviolet output are more 
dangerous than those with a visible beam, as 
there is no visual warning that the laser is active, 
Alaseris capable of scarring the retina, although 
controversy exists regarding the power output 
that should be considered a high risk 


If a project incorporates a laser, it should be 
switched off while building or testing the device, 
It may be advisable to wear protective glasses 
that blocklaser light even when an experimenter 
feels confident that a laser is switched off. 


Active lasers should never be pointed at people, 
vehicles, animals (other than dangerous ani- 
mals), or oneself. 


Inadequate Heat Sink 
Lasers may be designed and rated for interm 
tent use. The burner assembly for a CD-ROM 
drive, for instance, will be rated for pulsed power, 
not continuous power. Read datasheets careful- 
ly, and provide an adequate heat sink. 
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chondromes, which arebarelyaten-thousandth or twenty- 
thousandth ofamillimeter in thickness, mightnotsurvive 
under a high frequency current, They offer much resis- 
tance, even to alow current which is sufficientto dissolve 
and destroy them. 

Itis simple to prove this by bringing a small bulb of 
from 2 to 5 volts with a filament of several hundredths of 
millimeter, inserted between metal rods forming anten- 
nas, within the radius of a short wave transmitter, The 
bulb will ight up and sometimes bum out, ifitis brought 
too near the apparatus, 

Moreover, the chondromes and chromosomes of all 
living cells, which are infinitely finer than the filaments 
ofthe bulbs, are sensitive centers of thermal phenomena, 
which may provoke their fusion. Undoubtedly thismethod 
is effective in killing microbes in the organism and in 
neoplasic cells. Butit can also destroy millions of cells of 
healthy tissue in every irradiation. 


‘THE MULTIPLE WAVE OSCILLATOR 

‘Onthe otherhand, Ithoughtitpossibleto obtain better 
results by administering an oscillatory shock to all the 
cells in the organism simultaneously. Such a shock, very 
brief, produced by dampened or weakened electrostatic, 
waves, does not provoke thermal and prolonged effects 
and involves no risk of bumning living cells. 

I therefore sought to produce an artificial oscillatory 
shock causing a periodic oscillation of the weak or dead 
cells. 

‘At first glance this problem seems physically in- 
solubleasthere are approximately 200 quintillion cells in 
our bodies, each oscillating on its own natural wave- 
length. Theoretically, therefore, we would have to have 
a different wave length for each cell, so that every cell in 
the organism would oscillate in resonance on its own 
wavelength, 

After much research I was able to construct an appa- 
ratus creating an electrostatic field covering all frequen- 
cies from 3 metres to the infra-red, so that every cell can 
find its natural frequency and vibrate in resonance. 

‘We know that in physics, a circuit fed by damped or 
weakened high frequency currents creates many harmon- 
ics. Consequently, I conceived an oscillator of multiple 
wavelengths with a broad scale in which every organ, 
every gland, every tissue, every nerve, could find its 
natural frequency. 

To obtain this result I set up a transmitter composed 
ofaseries ofcircular concentric oscillating circuits linked 
by a silk cord but not contiguous. These circuits are 
stimulated by damped high frequency currents from a 
spark gap. Thus each circuit of the transmitter vibrates not 
only on its natural frequency, but also on numerous 


harmonics. 

Thus, I built an oscillator with all the basic wave- 
lengths from 10 centimetres to 400 metres, that is, all 
frequencies from 750,000 to 3,000,000,000 cycles per 
second. But each circuit also emits many harmonics, 
which, with their basic waves, theirinterferencesand their 
effluvia can reach the scale of infra-red and even that of 
visible light (1 to 3000 trillion vibrations per second.) 

Since all the cells as well as the chondromes oscillate 
precisely at frequencies in that range, they can therefore 
find, in the output of such an oscillator, the frequencies 
which cause them to vibrate in resonance, 

Youknow theresults I obtained with continuous very 
short waves using triode tubes at a distance, with no 
contact electrode... 

‘As early as 1931, I began using this multiple wave 
oscillator in various Paris hospitals: the Saint Louis, Val- 
de-Grace, Calvary, Necker, etc... Among the many cures 
with this treatment, I will mention especially those of 
various cases of cancer which X-ray and radium treat- 
‘ments failed to improve, These patients, cured six years 
ago, havehad norecurrence and are in perfect healthat this 
date, In all pathogenic cases this treatment gives very 
good results, As it does not attack the microbes directly, 
itdoesnot destroy live tissue, butreinforces the vitality of 
the organism by accelerating cellular oscillation. It is 
thereforethereinforced organism that successfully resists 
the microbes and all pathogenic causes. 

So, while X-rays and radium destroy microbes, 
neoplasic cells and healthy tissue at the same time — 
which accounts for the serious accidents which occur 
during and after such treatments ~-high frequency radia- 
tions (short waves) applied at a distance and without 
thermal effect cure diseases of all kinds, even those of the 
prostate to a considerable degree. 

Whatever the pathogenic cause, the multiple wave 
oscillator reproduced the frequencies necessary to re- 
establish the cellular oscillatory equilibrium. 

In general, itis sufficientto seat the patient, ortohave 
him stand in the radius of the apparatus, before the 
transmitter. The duration of the treatment is usually from 
five to ten minutes, every other day. These figures are 
purely arbitrary, since these radiations reinforcing cellu- 
lar oscillation donot produce organic disturbances, what- 
ever the duration of the treatment may be. 

Despite the many cases successfully treated, almost 
without exception, it must be understood that my oscilla- 
tor cannot cure all types of cancer in all its stages of 
development. In many cases, when the cancerous tumor 
has already destroyed important blood vessels, my appa- 
ratus is powerless to rebuild that tissue before the fatal 
haemorrhage. 


INFLUENCE OF COSMIC WAVES 


ON THE OSCILLATION OF LIVING CELLS 


Part 3, Chapter 1, From La Science et le Bonheur, by Georges Lakhovsky, Paris 1930 
‘Translated by Brigitte Donvez, Edited by Tom Brown, 
©1991 BSRE. 


‘This pert of my study is devoted to the trials, experimentation 
and applications of the theory of the oscillation of living beings. 

T have assembled here short technical reports about the 
processes and methods employed, as well asa collection ofall the 
papers read at the French Sciences Academy and at various French 
‘and foreign Scientific Societies about oscillatory therapeutics and 
all its domains of application. 

We intend first to examine successively the influence of 
cosmic waves on the oscillation of living cells, taking a8 a concrete 
‘example the influence of solar activity upon the quality of wine and 
vintage. Then we will examine the construction of an electromag 
netic short-wave generator, such as the radio-cellular-oscillator for 
the treatment of animal and plant 


intensities in the reception of electromagnetic waves (see Fig. 1). 
(nthe other hand, the sun does not only send light, heat and 
actinic (oltra-violet) radiations, but also electromagnetic waves, 
especially during the eruptive periods of its prominences (sun- 
spots). The influence of the sun’s electromagnetic radiation be- 
‘comes obvious if we consider the variations in the earth's magnetic 
field and the spinning of a compass’ magnetic needle during 
‘magnetic storms, under the influence ofthe elluric eurrents induced 
inthe ground. The ionization produced by the sun's radiation also 
‘generates atmospherics and statics which disturb radioclectric re- 
ceptions. 
Astrophysicists, notably those of the Meudon Observatoire 
under the direction of Mr. 


organisms. 
‘We will later consider the 
applications of the radio-celiu- 
Jar-oscillator, particularly inthe 
experimental treatment of plant 
‘cancer, diathermy and the artifi- 
ial production of fever. 
Concurrently, we will in- 
troduce the application of open 
oscillating circuits to the treat- 
ent of diseases in various liv- 
{ng beings, inthe absence of any 
other oscillations but those pro- 
duced by the natural cosmic and 
atmospheric waves. Wewillalso 
review in this chapter the obser~ 
vations of scientists and practi- 
‘toners who clinically applied my 
oscillating circuits. 
Finally we willtakeup the 
very latest applications of oscil- 
lating circuits to water and liquid 
sterilization, and to the activa- 


Fig. | — Distribution of the highest intensity of 
electromagnetic waves observed by Mr. Vincent, 
‘as a function of the moon phases. 


Deslandres, have been able to 
‘establish a correlation between 
the periodicity of cataclysms on 
‘earth (tidal waves, tides, earth- 
quakes) and that of the recur- 
rence of sun-spots in the earth 
plane (about 27 days), 

We can observe that the 
graphs which render geophysi- 
cal, electric (ionization, gas con- 
ductivity, auroraborealis—north- 
‘em lights), magnetio (variations 
of the earth field, compass spin- 
ning) and electromagnetic (dis- 
turbance in wave propagation, 
atmospherics and tellurie para 
sites) phenomena, as a flnction 
oftime, arevery appreciably par- 
allel to each other and to the 
‘curve of solar activity. An 11% 
‘year periodicity appears on these 
‘raphs, confirmed by mmerous, 


tion of the germinative power of 
plants, 

Obviously, the number of these applications, presently lim- 
ited to certain domains, tends to rapidly expand and touch upon the 
various problems presented by therapeutics, biology, agriculture 
and zoology. 

Thave discussed elsewhere the role played by cosmic radia- 
tions in the development of living beings, dusto the very oscillatory 
nature ofthe cell. Now, as a consequence ofthe earth’s rotation and 
the stars’ reciprocal motion, the cosmic and atmospheric radiation 
field is not constant, but rather variable. Living beings are subse- 
quently under the influence of these variable cosmic radiations, 
‘whose nature either weakens or strengthens the cell’s oscillatory 
balance. 

‘have mentioned elsewhere! that the lunar radiation inter- 
feres with the waves of radioclectric stations. Every week, the 
recurrence of moon phases enables us to obtain highest and lowest 


1. L’universion, p.127, Gauthiers Villas publishers 


previous observations in the do- 
main ofmeteorology. Inparticu- 
lar certain tropical rainfall pattems show a 33 to 35 year periodicity, 
three times longer than the previous one, 

Tresearched the extent to which cosmic radiations which 
condition physical and meteorological phenomena, also influence 
biological phenomena and the developmeat of living beings. 

‘As early as 1801, while cosmic radiations were not oven 
suspected, Hershel pointed out: “the scarcity of vegetation when the 
sun has no spots”. Starvations recur every eleven yearsin India with 
altemances of heat and rain. From 1901 to 1909, the canon Th. 
“Moreux noticed that the wheat crop in France and in the world more 
orless followed the solar activity, so did arthritic conditions, andthe 
nervousness of students and teachers. 

‘compared the graphs ofthe solar activity, as recorded atthe 
Meudon Observatory, with the statistics of wine production in the 
Bourgogne and Beaujolais regions, and I noticed that the outstand- 
ing vintages coincided precisely with the year of recrudescent solar 
activity. 

‘On this topic, Professor d’ Arsonval agreed to present in my 


name at the Academie des Sciences (Academy of Sciences) on 
March 28, 1927, an original report entitled Influence of Cosmic 
‘Waves On The Oscillations Of Living Cells which is entirely 
‘reproduced here. 


INFLUENCE OF COSMIC WAVES 
ON THE OSCILLATION OF LIVING CELLS 
oper by Mr. Georges Lakhovsky, presented on March 
28, 1927 to the Academie des Sciences (Academy of 
Science) by Professor d'Arsonval.) 


Inmy book The Origin of Life, Radiation and Living Beings, 
that Professor D’Arsonval did me the honor to present to the 
Academie des Sciences (Academy of Science), at the siting of the 
15th of February 1926, Texposed my theory about the influence of 
(Cosmic) penetrating radiations onliving beings. Asamatter of fact, 
demonstrated that the nucleus of each living cell, having the form 
of a tubular filament made of a dielectric matter filled with a 
‘conductive substance, could be compared to an 
oscillating circuit, equipped with self-induc- 


Inaddition, let’spoint out thatthe wine of 1811 was called the 
‘wine of the comet, and we could ascribe its excellent quality to this 
‘comet’ sradiation.Itisthesame with white Bordeauxand Bourgogne 
wines. 

‘Tam sure that there are many other biological phenomena 
‘which recur periodically after a few years or a fow centuries as a 
function ofthe relative revotution ofthe earth around the stars. 1am 
‘convinced that all the scourges which ravaged humanity during the 
‘Middle-Ages: plague, leprosy, cholera, etc... and disappeared there- 
after without traces in other regions will reappear some day, when 
‘theearth shall oncemore occupy the same positionas then inrelation 
to the stars, producing thus by interference with the cosmic waves 
the same oscillatory imbalances of the cells, which at that time, had 
‘produced these same diseases. 

Fortunately till then, thanks to the oscillating circuits and the 
new methods that scientific discoveries will put to our disposal 
‘without delay, we'll be in a position to fight Victoriously against 
these illnesses provoked by the interference of the stars’ radiations. 


tances, electric resistance and capacity. The 

ving cells can thus oscillate at very high fre- 
‘quencies under the influence of cosmic radia- 
tion emitted by stars. 

Tmade certain to verify the exactness of 
this theory by studying the influence of cosmic 
radiations (sun-spots, comets, interferences of 
stars’ radiations, etc...) on biological matter. 

‘My observations werebased onthe curves 
recorded by the astrophysicists of the Meudon 
Observatoire, curves which revealed since 1845, 
the activities of the sun-spots, the frequency of 
magnetic disturbances, and the frequency of 
aurora borealis — northern lights. 

‘These three curves are appreciably paral- 
lel, Tendeavored to study the existing correla 
tionbetween these cosmic radiations, onthe one 
‘hand, andthe development of vital activity inthe 
plant and animal domains, onthe other. As for 


Figure 2 


any given individual, periods of fatigue and - 
illness alternate with periods of health, in the Range t ecto 
same way thereis, for fruit and erops in general, votes le 
foreach species, years of good quality and years , | ead ot Ponca 
of rather mediocre quality. Tle 

‘As to what concerns wine, according to ince stios ison 
‘the documentation established by the Chambers 4994 Mediocre yer sf ey 
of Commerce of the Bordeaux and Bourgogne 1895 Was & Bry woes falbotied,disiguished 
regions, I observed that, from 1845 until 1915, 5 Ca shamed 
the outstanding vintages corresponded exactly ls 
tothehighest activity ofthesun-spots, as shown ee 


by the curves on Figure 2. 
‘The results for red Bordeaux wines are: 
‘Maximum of 1848; outstanding vintages of 1847 
and 1848; 
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‘Maximum of 1858; outstanding vintages of 1857 
and 1858; 

Maximum of 1869: outstanding vintages of 1869 
‘and 1870; 

From 1880 to 1889: period of phylloxera. 

Maximum of 1893: rather good vintages of 1890 
and 1893; 

Maximum of 1906: good vintages of 1906 and 
1907. 


Figure 2-- Graph showing the coincidence of outstanding vintages with 
the intensity of the waves emitted by the sun and corresponding to the 
variation in intensity: !) ofsun-spots, 2) of earth magnetic disturbances, 
3) of polar lights. ‘The graph has been established for red Bordeaux 
‘wines; the greatest intensities correspond to the outstanding vintages, 
the lesser intensities correspondto the years ofmediocrewines. Wecan 
‘establish a similar graph for the other vintages, notably Bourgogne and 
Beaujolais wines. 


THE RADIO-CELLULAR-OSCILLATOR 
AND ITS APPLICATIONS 


by Georges Lakhovsky 
Part 3, Chapter 2, from La Science et le Bonheur, Paris 1930 


I demonstrated in the last chapter, how, according to my 
cellular oscillation theory, alteration in organic tissues came from a 
Variation in the intensity of the cosmic waves’ radiations and from 
these waves’ frequency, thus causing the oscillation of the cells. 

‘To reestablish the balance of these natural astral fields, the 
radiation of which we can no more directly influence, than 
meteorologist can influence the weather, I thought of using a local 
oscillator, generating waves and creating an artificial and auxiliary 
‘magnetic field. 

Incidentally, Ishould add that this method is analogousto the 
methods used in radiotelegraphy, known as heterodyne and super- 
heterodynemethods, These methods use the interferences produced 
‘between the waves received and the waves generated by the local 
‘generator at the required frequency and intensity, 

‘About 40 years ago (1890) Professor D’Arsonval advocated 
the treatment of certain illnesses by high frequency electrical 
‘currents, that were atthe time produced in waves strongly damped 
by means of a Ruhmkorff coil and a spark gap (arrester). 

My radio-cellular-oscllator is a generator of continuous 
‘waves of very high frequencies, the first application of triode lamps 
to biological research and pathological treatments. 

We know the difficulty of obtaining very short waves, be- 
‘cause of the parasitic capacitance present in electronic amps due to 
the electrodes themselves and, within the bulbs, to tube sockets and 
‘connective wires. 

In 1924, when I studied the possible construction of a triode 
lamp oscillator for very short waves, shorter than 2 meters, the 
radioelectrical technique, in France and abroad, was still a the stage 
‘of ong-wavesand the length of the so-called short-waves wasin fact 
from 200 to 500 meters. 

‘Therefore, Ihad to do my own research in view of studying 
type of lamp appropriate to the generation of very short waves, 
‘Thus, I have been led to design lamps with multiple electrodes 
enclosed inthe same bulb. These multiple lamps have been patented 
{in France! and in Germany*. 

Later, I intentionally abandoned the idea of working this 
patent and preferredto giveit upto the public domain, in a scientific 
aim, s0 that no patent claim could oppose disinterested researches 
undertaken for the radioelectric prophylaxis of diseases, especially 
‘cancer. 

‘However, ifthe French industry did not engage in the con- 
struction of these multiple lamps, the problem was reconsidered in 
‘Germany three years later and partly resolved as the double or triple 
“‘multi-vaive”” by Dr. Siegmund Loewe?. 

‘Toreduce connections to a minimum, as well as the parasitic 
capacity between electrodes, to achieve the generation of waves of 
less than 1.5 meters while avoiding low efficiency, deformation, or 
distortion of the wave which would jeopardize the purity of the 
transmission and particularly alter the modulation, [proposed inmy 
‘patent oenclose the oscillating circuit and its connections withinthe 
bulb. This invention, which cannot conveniently be applied to long 
‘waves is, on the contrary, easy to carry out for very short wave 
circuits, of which the bobbins are reduced to several turns of coil, 


1.G, Lakhvosky. French patent #601,155 of October 18,1924 
2. Lakvbosky. Geman patet#427,396 of May 26, 1925 
3 Patent application in France on May 7, 1927 


even to a fraction of a turn, and of which the condensers have a very 
small capacity (Fig. 3). 


Fig. 3 ~ Triode generator of very short waves, after the original 
drawing of Lakhovsky’s patent. 


Practically, the oscillating circuit only includes a turn of 
several centimeters in diameter. The only connections getting out 
of the tube are the feeders, bringing in the plate voltage (anode 
voltage) and the heating current (thermo-current). 

‘These tubes can generate oscillations and transmit them by 
induction to outer circuits (aerials, loops, antennas). 

Beside the practical simplification, the improvement of the 
efficiency comes from the fact that all electronic elements Work with 
the same degree of vacuum, Thisis what observed when! grouped 
Within one same glass tubing the bulbs of a 4 triode lamp device 
Gig. 4). The equal distribution of the vacuum among the various 
clectrodes increases the purity and stabilizes the functioning, 


Fig. 4~ Glass tube T helps maintain thesame vacuum pressureinside 
the four triodes ofa classic resonancereceiver. Author's realization. 


According to this principle, I indicated the possibility of 
constructing not only a certain number of simple ot multiple 
lectrical cell oscillators but also all kinds of triodes or electronic 
Jamps' contained in a same bulb. Figure 5, quoted from my patent, 
shows the diagram of a symmetrical oscillator, with double elec- 
trodes and filaments connected in parallel. This oscillator is 
‘completely enclosed in a same casing. 
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Fig. 5 — According to the original drawing of the author's patent. 
Multiple triode including inside the bulb the connections of a 
symmetrical short-wave transmitter, wth laments setup in parallel, 


Figure 6, also taken from my patent, presents a double, 
symmetrical oscillator of which the filaments are connected in 
series. A possible tuning condenser is anticipated, which would be 
placed in the same vacuumed bulb as the electrodes and turns ofthe 
circuit. 
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Fig. 6 ~ Mukiple triode symmetrically connected with filaments in 
series, according to the original drawing of the author's patent. 


Figure 7 shows the case of a double oscillator with a unique 
filament, 
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Fig. 7 — Double triode multiple amp with symmetrical connections 
‘anda singlefilament, accordingto the original drawing of theauthor’s 
patent. 


For loug-waves, moreover, I indicated the possibility of 
putting together the circuits outside the bulb, 

‘These various constructions areextremely general. Weknow 
‘that for all practical purposes Dr. Loewe has only introduced 
resistances and capacitances inside his multiple lamps, reducing 
therefore its use to low and high frequencies amplifications of long 
waves. These lamps’ efficiency is bound to be rather mediocre for 
the following reasons: great connection resistances, strong plate 
voltage (about 160 to 200 volts), and impossibility to stabilize the 
cirouits and cause a resonance. 

nthe contrary, always anticipated inner couplings through 
Dobbins and capacitances ensuring the greatest efficiency. The 
redonance is obtained through a variable condenser inside the lamp 
‘and commanded from outside without any mechanical element, For 
example, if you use the gravity field, it suffices to place a counter- 
‘Weight on the sliding condenser and to direct the lamp in space. Or 
you can use a maguetic field produced by a magnet or an electro- 
‘magnet. (Fig. 8). 

T indicated the means of building an oscillator of good 
efficiency for ultrashort waves, with the possibility to tune it into 
a whole range of frequencies. 

To resolve this problem on a practical level, before people 
started to produce multiple lamps, Tused a symmetrical oscillator 
including two triode lamps, Itis the radio-cellular-oscillator which 
used in 1924, at the wards of the Saltpetriere Hospital in Paris, to 
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‘teat and heal geraniums inoculated with experimental plant cancer. 
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Fig. 8 — Variable 
sliding condenser 
M, balanced with 
a counterweight 
W within a tri 
‘odelamp,accord- 
ingto the original 
drawing in 
author's patent. 


‘The simplified diagram of the radio-cellular-oscillator is 
indicated in Figure 9 (Mesny set-up). 
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Fig. 9~-Simplifed diagram of the Lakhovsky radio-celular-oscilator. 


Pilates, grids and filaments parallel connected. The grids and 
plates circuits all comprise one turn, These two turns are variably 
‘coupled between them. Plates and filaments are directly supplied 
‘with alternating current of the mains by means of the appropriate 
‘transformer. Inthese conditions, the transmission of waves startsas 
soon as the plug is connected onto the mains. By using a tuning 
‘condenser, one can produce the entire range of waves of a length 
‘comprised between 2 and 10 meters. The supply of alternating 
‘current creates a great number of harmonics with which the oscilla- 
tons ofthe various cells can enter into resonance. The fundamental 
‘wave length can moreover be regulatedaccording to thenature ofthe 
cells tobe treated, 

The biological role of the radio-cellular-oscillator is to rees- 
tablish the oscillatory equilibrium ofthe living cell, threatened by 
any alteration, and in particular by neighboring microbes. Whea it 
resumes its normal vigor, thanks to the auxiliary radiation of the 
radio-cellular-oscillator, the cell can destroy the microbe itself by 
damping down its pernicious radiations. 

The fundamental experiment I presented at the Saltpetriere 
‘Hospital demonstrates the functioning of the adio-cellular-oscilla- 
tor. Tt dealt with cancerous plants inoculated according to Erwin 
‘Smith's method, 

‘This fundamental experiment was the subject, on the 26th of 
Iuly 1924, ofareportto the Societe de Biologic (Society of Biology) 
and itis reproduced here in extenso, from the society's newsletter. 


ATTEMPT AT TREATMENT 
OF EXPERIMENTAL PLANT CANCER 


Report to the Society of Biology 
by A. Gosset, A. Gutmann, G. Lakhovsky, J. Magrou 


‘We know that we can produce tumors comparable to 
animal cancer (Erwin F. Smith)' on various plants, by inocu- 
lating them with the Bacterium tumefaciens. Using this 
methoé?, one of us obtained experimentally a greatnumber of 
tumors. ‘These tumors have an 
indefinite growth; they might par- 
tially necrotize but they only die 
completely when the entire plant 
oat least the branch infected by 
the tumor has succumbed to the 
cachexia. Even when surgically 
removed, these tumors continued. 
to proliferate, 

‘We intend to study, in this 
resent report, the influence of 
‘magnetic waves of great frequen- 
cies, obtained by means of a de- 
vvice built by one of us, for thera- 
peutic applications and following 
his theoretical views?:the Georges 
Lakhovsky Radio-Cellular-Oscil- 
lator. This device generates o3- 
cillations of a 4. wave length = 
about 2 meters, and corresponds 
to 150 millions (150,000,000) vi- 
‘rations per second. 

AA first plant (Pelargonium 
zonatum) has been experimented 
with a month after its inoculation 
with Bacterium tumefaciens; it 
showedatthatpointseveral, small, 
white tumors, of the approximate 


and the tumor could be taken off by the slightest traction. The 
necrosiseffect of theradiation was extremely elective, limited 
only fo the cancerous tissues which it followed into the very 
depth and root ofthe tumor; the healthy pars, stalk and leaves 
remained unhurt and retained all their vigor. 

A second Pelargonium was treated in the like manner, 
but the time of exposure to the radiations was lengthened 
(leven 3-hour sessions); 16 days after the first session, the 
tumor it carried started to necrotize and several days later it 
dried out completely. As in the first case, the healthy part 
remained unhurt, 

With a third Pelargonium 
which underwent nine hours of 
radiation (three 3-hour sessions) 
the necrosis of the tumor’s lobes 
followed the same path. 

‘Sixteen control Pelargoni- 
umsremaineduntreated. Allbore 
‘tumors in full activity which of: 
ten became enormous. 

Asa summary, we may say 
that the Pelargonium which be- 
came cancerous after inoculation 
ofthe bacterium tumefaciensand 
for which a surgical intervention 
could not prevent recurrence 
seemed to heal under the influ- 
‘ence of the magnetic waves indi- 
cated above. (Clinique Chirur- 
gicale de la Saltpetriere.) 

‘Avery clear conclusioncan 


‘Onthe one side, we observe 
that, on the control subjects, in- 
oculated with the Bacterium 
tumefaciens and left untreated, 
‘enormous tumors grew which by 


volume of a cherry kernel. The Fi és absorbing the plants’ vital energy 
A ig- 10 — Sight of the tumor of an untreated witness : ‘ 
plant has been exposed twice to check sample. — Subject: Pelargonium zonatum inocu- ‘ead them to a quick and certain 
the radiation, witha24-hourbreak ated April 0, 1924. Weseethegrowth ofthecancerous death. 
and during three hourseach time. tumor onthe stalk. (Clinique Chirurgicaie dela Saktpetriere). ‘Onthe other hand, the plants 
Tn the days following the treated by the radio-cellular-os- 


‘treatment, the tumor continued to 

‘grow rapidly, like the check sample tumors, forming a great 
plurilobate mass. About sixteen days later, after the first 
treatment day, the tumor suddenly started to necrotize. A few 
days later (about 15 days) the necrosis was complete; the lobes 
of the tumor, retracted and completely dried out, separated 
from the stalk bearing them, through furrows of elmination, 


1, Bewin F. Smith, n Introduction to Bacterial Diseases of Plans, 1st vol, 
Philadelphia and London 1920. 

2.1. Magrou, Revuede pathologie comparee, March 1924, Two otherreports 
‘il be soon published inthe Rew de pathologie vegealeet.d'ensolmologie 
‘agricole and in the Annales de Vnstint Pasteur. 

3. Georges Lakhovsky, Radio-revue, November 1923 and Conference to 
L'Beole Superieure des PLT, June 2nd, 1924. 
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cillator, and moreover taken at 
random from among the inoculated subjects, have been healed 
quickly and acquired a considerable vitality, as is proven by 
their growth, their continual development and abundant flow- 
ring. 

‘We can see it in the photograph (Figure 12), taken one 
‘year after the healing of the geranium, 

My theory of cellular oscillation, that I had moreover 
proposed before I realized this experiment, enables us to 
understand cancer pathology and to direct its therapy onto a 
new path, 

‘Cancer, mostly reaching older people, comes from the 
ageing of tissues as aresult ofthe cells and blood decay. This 
impairing of the cells results from a modification of the 


Fig. 11 Sight ofthe scar ofthe treated subject. Subject:Petargonium 
Zonatum, inoculated April [0, 1924 with the Bacterium tumefaciens, 
‘treated from May 24, to june 14, 1924, during eleven three-hour 
sessions with the Lakhovsky oscillator with antennas, photographed 
afterithealed on July24, 1924. Clinique Chirurgicale dela Saktpetrier). 


Figure 12 Sight of the treated subject after healing. ~ This 
pelargonium is no other than the one of Figure 10, treated by the 
Lakhovsky oscillator, on May 24, 1924, healed on the Ath of June, 
1924, and photographed in July 1925. As you can see, this plant is 
In perfect health and abundantly flowered. On the other hand, the 
sixteen inoculated but untreated check samples died long ago. 


chemical composition due to the contribution of foreign 
bodies which appearasresiduesof he organism. Such are, for 
instance, blood haematoblasts, rich in iron and phosphorus, 
produced by residues of fibrin, leucocytes, and hematites. 
Bach cell destruction brings withitasmall massof cholesterol, 
an insulating substance forming the armature of the nuclear 
filament, which later clogs the nucleus. Therefore older 
people first experience a decrease in the mumber of active cells 
and of the white and red corpuscles, which is reflected in the 
regression of the blood count, and on the other hand, an 
increase of the quantity of mineral (iron, phosphorus, 
haematoblasts) and organic (cholesterol) residues. These 
chemical modifications of the cell esultin the variation ofthe 
cellular oscillation both in intensity, as a consequence of the 
changes of electric conductivity and resistance, and in the 
Tadiation frequency, because of the changes of capacitance 
and inductance. 

‘The decayed cell appears like a pendulum with a 
pendulum-bob one could have lengthened, shortened or dam- 
aged. This oscillatory disorder provokes, because of the 
excess of cosmic waves, a too rapid cellular division, which 
results in the formation of neoplasms, or cells vibrating at a 
different frequency from the regular frequency of the tissue. 
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For long years, it has been wondered whether cancer is 
contagious and hereditary, or whether it is caused by a 
microbe. Histological analyses seem to invalidate the exist- 
ence ofamicrobe. On the other hand, inoculations of cancer 
only succeed, and moreover very rarely, with impaired tissues 
‘composed of abnormal cells, such as certain moles and this, 
‘would seen to ruin the hypothesis of contagion and heredity. 

In fact, I believe that the true cancer microbe is the 
neoplastic cell which forces the neighboring cells into oscil- 
lating a its own frequency, thus transforming by electromag- 
netic induction, the healthy cells into neoplasms. To prevent 
cancer, isto prevent thisneoplastic induction and to give back 
the healthy cell enough vigor to reestablish its oscillatory 
equilibrium, 

Twas pleased to observe that, apart from the skepticism 
ofa few, my experimentshave been taken up again with great 
success in France and abroad by various scientists and prac- 
titioners whounderstood the future ofoscillation therapeutics. 

It seems appropriate to quote the works pursued in 
Germany by Professor Esau at the Technisch-Psychaliches 
Institut of ena, 

Although directed toward paths sometimes very differ- 
‘ent from mine, these works present a very clear analogy with 


those I have conducted from the use of a very short wave circuits on which variable plugs can be installed. Another 


oscillator similar to my radio-cellular-oscillator, 


Fig. 13 ~ Simplified diagram of Dr. Esau’s very short wave oscillator. 


‘The transmitter-receivers used by Professor Esau donot 
essentially differ from the devices 1 advocated. I indicated 
moreover that connections were irrelevant as long as they 
produced the desired very short waves. Professor Esau’s 
connections, which were describedin the technical magazines 
of Dr. Emest Busse, assistant at the Teana Institute’, are 
characterized by the use of a single triode lamp, functioning 
in direct current. ‘The transmitter’s filament (Fig. 13) is 
supplied through a filter preventing high frequency back 
currents, ‘The coilings are simple fractions of turns, as in the 
radio-cellular-oscillator, which only includesabouthalfa tum 
for each oscillating circuit 

A test receiver (Fig. 14) is provided with square loop 


4, Dr, Emest Busse, Die Breeugung ulrakurzer Wellen. (Radio-Wel,No.49, 
1928, p.77. Vienna.) 
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device is provided witha circularturn, of whicharadial cursor 
allows connection to the necessary position, 


UF 


aF 


Fig. 14 ~ Simplified diagram of Dr. Esau’s very short wave recelver. 


‘The works of Professor Esau in the biological domain 
are rather recent, for during the Radio-electric Symposium in 
Bremen (August 1928)*, he stated that he had been doing 
research, for only a year, on the physiological effects of ulira- 
short waves, or, according to his definition, very high fre- 
quency waves comprised between a length of 1.50 and 3 
‘meters, of which I indicated the use in 1924 in my report 
addressed to the Societe de Biologie, reproduced here. He 
indicated then that since July 1928, he successfully con- 
structed a very short wave receiver, 

About this subject Professor Esau pointed to the factthat 
the main difficulties came from the electronic lamps, and that 
he had to use foreign lamps, particularly French lamps, which 
are more appropriate for very short waves techniques. I 
indicated earlier that, 4 years before, I had studied and had 
these special short-wave lamps built, which were designed for 
iy radio-cellular-oscillator, 

1 shall also point out that a very short transmitter has 
recently been used by Dr. Frantz Seidel from Vienna, for the 
destruction of bacteria, particularly in the sterilization of 
milk This subject will be investigated at a later time, 


45, Oscar Gadamer. Theultra-short wees and thet flld of application. (Der 
Deutsche Rundfunk, August 31, 19281. VI, p-240, Berlin.) 

6. Lesondesulra-courte contre les bacteies, Radio-Well, January 1, 1929, 
‘No.4. 108, Vienna.) 


THE LAKHOVSKY 
RADIO-CELLULAR OSCILLATOR 


‘a synopsis by Jorge Resines 


‘What you are about to read is my resume of the book La 
Science et le Bonheur, Longevite et Immortalite par les 
vibrations -- Science and Good Health, Longevity and Immor- 
tality Through Vibrations —~ by Georges Lakhovsky. More 
specifically, this synopsis encompasses Part II, chapters 1 and 
2, being pages from 137-171 of said work, and whatever I 
translate from it will be forwarded by the words ""Lakhovsky 
said”, 

Mr. Lakhovsky begins by indicating the influence of 
heavenly bodies upon all facets of everyday life, from their 
influence upon the cells up to how magnetic compasses are 
affected by magnetic storms originating in the Sun (he refers 
‘the readership tohis book L"Universion, published by Gauthier- 
Villars of Paris, France). He says that the French Astronomer 
Mr. Deslandres with his collaborators at the Observatory of 
Meudon have established a cycle of about 27 days for sunspots 
affecting both tides and earthquakes. ‘This lapse is part of 
‘another larger cycle of 11% years (or about) that most usually 
forms in turn part of another, larger, cycle of 33 to 35 years. 

Mr. Lakhovsky also discovered, as indicated by the 
small circles at the lunar orbit of Figure 1, that lunarradiations 
Provoke interferences with the waves broadcasted from 
radioelectric stations at said marked positions. 


Figure | T= Earth 
LI = Full Moon 12 = Waning Moon 
L3 = New (Dark) Moon L4 = Waxing Moon 


Carrying his researches step further, helped also by the 
people at the Observatory of Meudon, he correlated the highs- 
and-lows of three different factors (to wit: a. Sunspot activity, 
b. Perturbations of Terrestrial Magnetism, and c. Polar Au- 
ora) with the type of wines collected at different French 
regions. For a single zone and type of wine, his findings are 


shown in Figure 2 (next page). You will easily notice how the 
highs of the three factors are in coincidence with the best 
collections of wines, with a single exception: the 1880-1889 
period when the grape-wines were massively attacked at 
France by the “‘Phylloxera”’ plague. Though Mr. Lakhovsky 
does not explain the reason for this adverse period (when the 
‘opposite was expected), he does voice his opinion that cellular 
and iological phenomenais periodically affected by the same 
type of radiations (and the generated-sicknesses they pro- 
duce), proposing at the same time to destroy the scourges by 
overriding the ‘‘astrally-produced radiations” (his words) 
with this ““Radio-Cellular Oscillator.” 

About the basic concept behind his devices, Lakhovsky 
said: “‘To re-establish the balance of these heavenly fields 
from nature, upon which variations we are ableto act directly, 
unlike Meteorology which cannot make weather change, I 
willresort toa local oscillating-generator of waves creating an 
auxiliary artificial electromagnetic field. 

“By the way, Imustadd this method isanalogoustothat, 
employed in radiotelegraphy and known under the names of 
heterodyning and supetheterodyning. These procedures em- 
ploy the interferences generated between the received and 
generated waves by a local generator, at the necessary fre- 
quency and intensity.” 

Mr. Lakhoysky states that his inspiration came from 
Professor Arsene D’ Arsonval, who in 1890 had put forth the 
‘opinion that different sicknesses could be eliminated by 
means of high-frequency currents. He continues on, explain- 
‘ng that by about 1924 he studied the possibility of generating 
‘waves under 2 meters in length, but that the electronics of said 
period considered ‘‘short” only those waves from 200 to 500 
meters. 

‘Toovercome such ahindrance, Lakhovsky developeda 
‘vacuum tube with multiple-electrodes and received two pat- 
cents for it French Patent No, 601,155 granted in October 18, 
1924 and German Patent No. 427,596 granted in May 26th, 
1925--afterwards another scientist of that time, Dr. Siegmund 
Loewe, improved on his ideas and demanded a French Patent 
‘on May 07, 1927 (this Patent is not indicated as either granted 
oF not; further investigation is needed here). 


Figure 3 
+HT=Posive High Volage © = Condenser 
“HT = Negative High Volage S = Loop of Cai 
G Grid F = Fiament 
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Figure 2 -- RED BORDEAUX WINES. 


1847-48 
‘Outstanding vineages 


1869-70 
Questanding vintages 


1890-93 & 1896 
Rather good vineages: 
Full-bodied, distinguished) 
‘& mellow wines 


1857-58 


‘Outstanding vineages 


1906.07 
Good vinsages: 
Fine distinguished wines 
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‘with nese and aroma, 
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[= disturbances 
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1851, 52,54, 55,56 
Average & mediocre vintages 


¥ 


1894 Mediocre year 
1895 Warm & fery wines 


1872, 73, 74, 76,77 
‘Average & mediccra vineages 


1308-15 
Modiocre, bad & 
very bad vintages 


Graph showing the coincidence of outstanding vintages with the intensity of the waves emitted by the sun and corresponding to the 


variation in the intensi 


|) of sun-spots, 2) of earth magnetic disturbances, 3) of polar lights. The graph has been established for 


red Bordeaux wines; the greatest intensities correspond to the outstanding vintages, the lesser intensities correspond to the years 
‘of mediocre wines. We can establish a similar graph for the other vintages, notably Bourgogne and Beaujolais wines. 


‘Toproduce waves ‘under 14 meters’ (his words), Mr. 
Lakhovsky enclosed within a vacuum tube’s glass vessel 
4ifferent elements, as is seen in Figure 3, About this new type 
of tube, Lakhovsky said: ‘The oscillating circuit does not 
involve but a loop with a diameter of several centimeters, The 
only connections going out of the tube are the supply-wires, 
leading the plate-voltage and the heating current. These tubes 
‘can generate oscillations and transmit them toexternal circuits 
(Gquare-loop antennas) by induction.”” 

I will stop now the synopsis to introduce a personal 
comment: Ttis not clear on the illustration of Figure 3, WHY 
the filament is connected -- in a controllable fashion as the 
schematic indicates-- to the loop ‘*S”;neither do Isee clearly 
indicated whether the tube is one of direct or indirect heating 
and which type of vacuum tube — existing atthe time, with its 
specifications ofthatera—served.asthe foundation todevelop 
the tube of Figure 3, and how this was made in both constitu- 
ents, procedure of manufacture, etc. 

Neither is it indicated if there was a constitutional 
modification involying a change of material(s) for the new 
type of tube Mr. Lalhovsky first employed. I do not want to 
spoil anybody’s fun in experimentation, I am just suggesting 
caution... Let's go on with Mr. Lakhovsky. 
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Another feature employed to ensure a high-quality 
‘When in use by Mr. Lakhovsky was to puta group of electronic 
tubes, as illustrated in Figure 4, directly over these lines, inthe 
same vacuum pump. Asallthe tubes were connected in series, 
when the apparatus was made to work it produced the same 
degree of vacuum within them all. 


Figure 4 
Ly Ly be Ly = Identical Vacuum Tubes 
T= jolning tube 


light source, indicator, or display > si 


Uncontrolled Power Supply 
Adiode laser that does not have a feedback sys- 
tem in place to control the flow of current can 
self-destruct. 


Polarity 
Both the light-emitting diode and the photo- 
diode in a three-pin laser package can be dam- 


le source > laser 


What Can Go Wrong 


aged by incorrect polarity of applied power. Pin 
functions should be checked carefully against 


datasheets. 


Chapter 21 


203 


A further development of his idea, “extracted from his 
patent” he claims without indicating which one (French or 
German) this is, is the multiple triode illustrated in Figure 5. 
From its analysis we notice that Mr. Lakhovsky adhered to 
electronic theory, which says that electricity is a flow of 
electrons, andina semiconducting device as the usual vacuum, 
tube there is only a single direction of flow, from the “Cath 
ode” (ornegative pole) to the “Anode” (or positive pole). In 
the multiple triode of Figure 5, the filaments are connected in 
parallel. 


Figure 5 

+BT = Positive Filament Voltage 
-HT = Negative High Voltage 
G, = Grid Tube No. 1 

Py Gy F, = Same for Tube #2 


4+HT = Positive High Voltage 
P, = Plate Tube No. 1 

F, = Filament Tube No. | 
C= Condenser 


+4 


A further improvement of the device is seen in Figure 6, 
of which Lakhovsky says: “This illustration, also taken from 
my patent, shows a double and symmetrical oscillator where 
the filaments are mounted in series. It is also provided for, 
eventually, to place within a condenser 50 located as the 
electrodes and the loops of the oscillating circuit, within the 
same evacuated glass-vessel”, 


Figure 6 P, = Plate Tube No. | 
G, = Grid Tube No. | F, = Filament Tube No. | 
Py Gy Fy = Same for Tube #2 C= Condenser 


-AIT = Negative High Voltage +HT = Positive High Voltage 
-BT = Negative Filament Voltage +BT = Positive Fiament Voltage 
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Figure 7 shows us a double-oscillator with a single 
filament, that is the two lamps of Figure 6 within a single 
‘vessel and with just one heat-source. 


Figure 7 

4+HT = Positive High Voltage 

+41- BT = Positive and Negative Filament Voltage 

$= Loop of Coll 
P, = Plate No, | 


Tremind the readership that all the models of vacuum 
tubes shown so far are for short waves under 2 meters, 
Lakhovsky indicated that to obtain long waves it sufficed to 
place the same elements outside a vacuum tube. 

After saying that everything so far shown were just 
“‘extremely general things’” Lakhovsky said: “‘One can, 
almost, say that Dr. Loewe just introduced resistances and 
capacities within his multiple-tubes, where performance is 
justreducedto amplifying low and high frequenciesupon long 
‘waves. The performance of these tubes is very mediocre 
because of the following reasons: a) Heavy linking resis- 
tances, b) Strong plate-voltages (about 160 to 200 volts), c) 
‘impossibility of coupling circuits and thus producing a reso- 
nance."* 


M = Mobile blade of condenser 
A= Fixed blade of condenser 
W = Weight to move blade “M” 
H= Turning point for the combi- 
nation of “M” with “W" 


Here, in the former comment, is an apparent contradic- 
tion: Lakhovsky criticized Dr. Loewe for including resis- 
tances and capacities within his multiple-tubes, while at the 


Tr {000} 
110V > _ 


Figure 9 

Lakhovsky Triode 

nother Lakhovsky Triode 

Loop associated to Grids 

D = Loop associated to Plates 

Connection to Filament 

Connection to High Voltage of 

Transformer secondary tap S, 

S, = High Voltage tap of AC Transformer 
secondary 

S, = Filament Voltage tap of AC Trans- 
former secondary 

‘Te= AC step-up Tranformer with a 
tapped secondary winding 


same time he did the same! But Lakhovsky's capacitors are 
different to the common types. 

‘What he did was to “‘separate”’ a variable condenser’s 
blades and to “‘counterweight”” the moving blades, as indi- 
cated in Figure 8, so that the blades would move within the 
fixed armature of the condenser as the whole tube was rotated 
and weight ““W" responded to gravity! He doesnot indicate, 
‘thus making it an object of personal experimentation on the 
part of the readership, if there was just one or more of these 
special variable condensers. 

‘Now, in order to produce a wide range of frequencies 
with only two of his special triodes, Lakhovsky built the 
“*Radio-Cellular Oscillator” that is shown in schematic form 
in Figure 9, which he used at the Clinic of Salpetriere in 1924 
to treat and heal Geranium plants which he experimentally 
inoculated with the disease of cancer; it was mounted, hesays, 
according to the ‘“Montage Mesny,’” thus indicating that one 
‘man called Mesny originated the setup at that time (this is 
another source for research, try finding in old books from 
either the "20s or ’30s anything made by a Mr. Mesny). 

‘This is what, on the device, Lalchovsky says: “Plates, 
grids and filaments are connected in parallel. The circuits of 
grid and plate have each a single loop. These two loops are 
coupled variably between themselves. Plates and filaments 
are fed directly from the Altemating Current of the place by 
‘means of the appropriated transformer. Within these condi- 
tions, it is produced the emission of waves because it is 
‘branched the intake of current upon the electrified section, 

“Using, accordingly, a condenser itis possible to pro- 
duce the whole spectrum of waves between 2 and 10 meters 
of wavelength, The supply from AC produces a large number 
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of harmonics upon which can enter into resonance the oscil- 
lations of different cells. ‘Therefore, the fundamental wave- 
length can be regulated according to the nature of those cells 
to treat. 

“The biological role of the Radio-Celfular Oscillatoris 
to re-establish the oscillatory equilibrium in the living cell, 
under threat by any alteration, particularly by a close microbe. 
When recovering its normal strength thanks to the auxiliary 
itradiation from the Radio-Cellular Oscillator, the cell can all- 
by-itself destroy the microbe by counter-acting its deleterious 
radiation.” 

‘Mr. Lakhovsky goes on indicating that he established 
the aforementioned concept as the foundation of his device by 
first inoculating several plants of Pelargonium zonatum with 
the Bacterium tumefaciens in orderto generate tumors similar 
to those of animals in plants (his source was: AnIntroduction 
‘to Bacterial Diseases of Plantsby Erwin. Smith, Londonand 
Philadelphia, 1920). He was helped with inoculating the 
plants by Mr. A. Gosset, Mr. A. Gutmann and Mr. J. Magrou, 
the latter being the one who had more articles published on the 
subject ofplant-inoculation (see the Revue de Pathol. Vegetale 
et d’entomologie agricole and within that the Annales de 
Lilnstitut Pasteur, by this author). 

‘He then applied his Radio-Cellular Oscillator, using 
waves of about 2 meters, which he equated witha vibration of 
150,000,000 cycles per common-second. He broadcasted the 
‘oscillator’s output upon the infected plants and got them all 
back to health after a given time. He had already explained 
howhisoscillator worked tohis fellow Frenchmen inan article 
(Radio-Revue, November 1923) and a conference (given at 
the Eoole Superieur des Postes, Telegraphes and Telephones 


Figure 10 


on June 2nd, 1924), 

After detailing how the experiment in plant-healing 
progressed and how the plants were healed, he goes on to 
explain that — in his conception -- cancer is provoked by an 
“aging” of the cells that makes them both reproduce at a 
slower rate and to evacuate a higher amount of wastes. This, 
in combination with radiations coming from space at different 
times, produces an oscillatory disequilibrium in the cells 
resulting in cancer of different types. Mr. Lakhovsky rejects, 
‘onthe ground of histological examinations he performed, both 
the “microbial” theory of cancer and its hereditary transmis- 
sion. 

If you have followed all ofthe writing up to this point, 
carefully noting the concepts involved in Lakhovsky's proce- 
dures, you will remember that; 

(1) His Radio-Cellular Oscillator created an auxiliary 
electromagnetic field capable of restoring balance to the 
diseased cell(s) and body. 

@ This was done 


‘waves that did NOT comply with what he needed for therapy. 

(©) He included, within his special tubes, a variable 
condenser that could be tuned to the desired capacity by 
‘moving the tube in space so that the internal variable capacity 
‘could generate the coupling needed in therapy. 

If all of this has been, so far, an essential group of 
conditions necessary to produce the short waves of about 2 
‘meters, then why ~- as seen in Figure 9 -- does he place two 
electrified loops OUTSIDE the vacuum tubes of his special 
design???” 

Incompliance with this “loops outside” line, he goeson 
quoting the works by one of many foreign scientists who, he 
claims, have followed his line of research: 

Lakhovsky says: “It is convenient to quote the works 
made by Professor Esau at Jena’s Technisch-Physicalishes 
Institut Germany). If they are directed by ways somewhat 
different to mine, his works show the similitude of using an 
oscillator of very short waves similar to my Radio-Cellular 
Oscillator, Professor Esau’s emitters and receivers do not 
differ essentially from the apparatus I champion. I have 
already indicated that the arrangements of constituents are 
indifferent, because they produce the very short wavesneeded. 

“The setups by Professor Esau — described in the 
Institute's technical magazines by Dr. Emest Busse (see Die 
Erzeugung Ultakurzer Wellen — Research on Ultrashort 
Waves -- in Radio Welt, No. 49, page 77, Vienna, 1928), 
secretary to the Institute of Jena, are characteristic because 
they employ a single triode working with DC. 

‘The emitter’s filament — as seen in Figure 10 ~-is fed 
by a filter preventing the return of high-frequency currents, 
Windings are made with simple fractions of tums, as in the 
Radio-Cellular Oscillator, which does not involve but a half 
‘tum per oscillating circuit. 

“‘An experimental receiver (see Figure 11) is supplied 
with a circuit possessing a single square-loop, upon which can 
bbe made variable taps. Another apparatus is possessed of a 
single circular-loop upon which a radial cursor allows to take 
Just the necessary fraction of circuit. 

“Works by Professor Esau in the realm of Biology are 
very recent, because at the August 1928 Radioelectric Con- 


by means of very short 
‘waves (during the period 
he experimented) of 


Figure 1 


about 2 meters and Q 
150,000,000 cycles per 
second. 

@) To achieve the 


necessary shortness of 
wave he introduced dif- 
ferentelementswithinan 
evacuated glass-vessel, 
‘thus creating a different 
type of vacuum tube. 
(@) He purposely 
indicated that external 
elements created long 
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gress of Bremen (see ultra-¢ 

‘application — Ultrashort Ewavesand Ther Feldof Applica 
tion ~ by Oscar Gadamer in 

German Radio ~ of August 31st, 1928, volume VI, page 240, 
Berlin) this author states that after aboutayearhe investigated 
the physiological effects of ultrashort-waves thatis, according, 
to his definition, waves of very high frequencies between 114 
and 3 metersin length, of which Ihave indicated how employ 
‘them in a 1924 communication to the Society of Biology 
(Note: Itis on the inoculation and healing of the Pelargonium 
zonatum as explained on page four ofthis writing). Prof. Esau 
then indicated that, since July 1928, he builtareceiver of very 
short waves, 

“About this subject, Professor Esau remarked that the 
main difficulties come from electronic tubes, for he was 
forced to use foreign tubes, particularly French ones, that are 
better fitted to the technology of very short waves. I must 
remind (the readership) that four years before him I studied 
and had built these special lamps for short waves, to be used 
in my Radio-Cellular Oscillator. 

“Twill also point out that an emitter of very short waves 
has recently been employed by Dr. Franz Seidel of Vienna for 
destroying bacteria, particularly to sterilize milk (see Les 
‘ondes ultra-courtes contre les bacteries ~ Ultra-short Waves 
Against Bacteria ~- in Radio Welt ~ Radio World, January 
27th, 1929, No. 4, page 108, Vienna).”” 

We have two definitely contradictory positions in the 
same chapter dealing with the same type of device: 

(st) In the paragraph translated under Figure 3 of this 
paper, Lakhovksy emphasized that the elements to produce 
ultrashort waves (under 2 meters) must be inside the tube. 
‘Figures 3 to 8 are dedicated to showing specific constituents 
for thisspecial type oftube. Though he only speaks on Triodes, 
there is no reason to suppose he did not experiment with 
‘Tetrode and Pentode tubes (plus others of his own design not, 
usually covered in publicly available technical literature), 

(Qnd) The formerly-indicated conditions change radi- 
cally when he speaks of his experimental device employed to 
eliminate tumors affecting inoculated plants, this being the 
device of Figure 9 of this paper. Notice how the emitting 
elements in this apparatus are outside the vacuum tube; 
furthermore Mr. Lakhovsky claims that other, similar, devices 
developed by Professor Esau at Jena’s Technisch- 
Physicalysches Institut are based in his ‘‘internal”” design 
‘when the opposite is quite true! 

Grd) In order to make a better synopsis, I went back to 
read my copy of The Secret of Life, a translation into Spanish 
by M, Aquilar (Madrid, 1929). Therein are explained the 
basics of the Multi-Wave Oscillator but the Radio-Cellular 
Oscillator is NOT shown. It is reproduced in the 1924 
communication to the Society of Biology. Neither source 
‘mentioned here reproduced the special vacuum tubes, with 
internal constituents, as explained in La Science tle Bonheur, 
‘the subject of this synopsis. 


(4th) In Mark Clement's The Waves that Heal, the 
Multi-Wave Oscillator is explained as: “The apparatus con- 
sists ofa transmitter and a receiving resonator, both arranged 
80 as to set up an electromagnetic field in their immediate 
vicinity.” The Multi-Wave Oscillator seems, in my opinion, 
derived from the “experimental receiver” of Figure 11 plus 
those of Heinrich Hertz (as I have indicated in my Some Free 
Energy Devices, a BSRF publication, quoting directly from 
The Secret of Life and introducing complementary informa- 
tion from other sources), rather than fiom the multiple-tubes 
shown in Figures 3 through 8 of this paper. 

Gth) Considering everything explained from (Ist) to 
(4th), it is my opinion Mr, Lakhovsky produced several types 
of apparati, along different lines of research, while pretending 
inhis books that only a single-line of investigation was being 
pursued. 

‘What are the reasons for doing this? There are many: 

(®) Trying to disorient his fellow scientists by covering 
‘up his actual intentions and actions, so that the actual secret of 
the apparati ested with him. 

(*) Trying to foil any attemptby the ‘organised medical 
profession’” to steal his “secret” — whatever this could 
actually be, 

(*) Having discovered something thathe wantedtokeep 
for himself in the course of his researches. This is, in my 
opinion, the most likely possibility, for Mr. Lakhovsky's 
researches were well-received in Europe, South America and 
Asia before WWII began. Even more, he was outspokenly 
backed by men of science and Academies of great reputation 
and his enemies were very few (outside of the USA, of 
course... 

I do not mean to slander him and his researches, I just 
‘Want to indicate the necessity for greater and deeper research 
into what he did from all possible sources of information, 


VERY IMPORTANT NOTE 

In order to facilitate the understanding of the illustra- 
tions, I have taken a few liberties to aid the non-French 
speaking associates: 

(1) All the “lateral letterings”’ from Figure 3 to Figure 9 are 
of my doing, they did not exist in the original text. 

@) I changed into English, keeping the true meaning in 
translation, the writing in Figure 2. 

@) Imade some additional lettering in some illustrations for 
greater understanding: L1 to LA in Figure 1; Tadded the 
“Cin Figure 5, the same ““C”” was added in Figure 6; 
Finally, I added the “EH” in Figure 8 for greater clarity. 

@ In French the letters “HT” are the abbreviation of 
“Haute Tension” that means in English ‘High Volt- 
age"; in Spanish we also use the word ‘Tension’ in 
electricity meaning ‘*Voltage,” as the French do. The 
letters “BT” stand for “Basse Tension” which I trans- 
late not as “Low Tension” but as ‘Filament Voltage” 
for this is the actual meaning. 
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1. 250-23) 


The present invention has for its object an appa- 
ratus capable of sending out simultaneously differ- 
ent wave lengths so that among these waves or their 
harmonics there is found almost always one or 
several capable of producing the best effect sought 
for any application whatever. 

There is used for that purpose the property of 
open circuits having well determined wave length if 
they areexcited by electric impulses emanating from 
discharges of any source. 

The radiating part of the system, producing 
waves of various lengths, is therefore constituted by 
a certain number of concentric open rings of differ- 
ent diameters, which are maintained insulated by 
any appropriate means. These rings may or may not 
be terminated by small spheres forming capacities, 

‘These rings may be arranged either in the same 
plane or in different planes so as to form any 
surfaces, such as portions of cones, spheres, parabo- 
loids, ellipsoids, etc..., these surfaces being of a 
nature to concentrate the waves in a determined 
direction in the manner of a reflector, for example, 

‘These rings may be fed by any producing device 
whatever of high frequency, for example, a combi- 
nation comprising a trembler coil (or any other 
transformer) and a high frequency circuit provided 
with a self-induction coil and a capacity. 

‘One of several points of this high frequency 
circuitis or are connected to the end of one or several 
of the rings forming the radiating apparatus. The 
other rings not connected are excited by induction. 

‘The complete apparatus (coil, high frequency 
circuits, rings, etc....), may be mounted in a box or 
upon a small board capable of sliding along a guide 
or rocking so as to be able to be placed in the most 
convenient position. 

In the accompanying drawing, by way of ex- 


ample, not limitative, there is shown: 

Fig. 1 a diagram of the system. 

Fig. 2 the position of the rings in the form of a 
cone, 

Fig. 3 the apparatus mounted upon a foot orbase. 

In Fig. | thereis seen atT the transformer or coil 
(® the primary, $ the secondary of this coil), V the 
screw of the trembler, C the condenser the discharge 
of which across the spark gap E produces oscillations 
in the self-induction coil L1, which in its turn acts by 
induction upon the self-induction coil L1; this self- 
induction coil L2 is connected on one side to the first 
exteriorring a, on the other sideto the followingring 
». It thus forms an electrostatic field of high fre- 
quency which induces oscillations in the other rings 
adef. 

‘Asamodification, 2 may be suppressedand the 
rings a and b may be connected each to one of the 
ends of L1, 

One of the ends, or even any point of the self- 
induction coils L1 orL2 may likewise be connected 
to any one of the rings. 

Fig. 2 shows the arrangement of the rings in the 
form of a cone. The open circuits a, b, c....f can be 
constituted by solid conductors. They can also be 
tubular circuits, this being advantageous, since, for 
the same bulk, the radiating surface is larger. Fi- 
nally, the area of the cross section of each of these 
various circuits can vary from one circuitto the other 
for instance, this area can decrease from the periph- 
ery (ring a) to the center (ring f) of the radiating 
system. 

Fig. 3 shows the apparatus mounted upon a foot 
Aalong whichitcanslide, in orderto beplaced atany 
desired height and upon a hinge B which allows it to 
be oriented upon the horizon. 

Iclaim:-- 

1. An apparatus adapted to produce electric 
fields ofhigh frequency havingmultiple wavelengths, 
comprising a high frequency producing device, a 
series of high frequency radiating circuits consti- 
tuted by concentric insulated split rings of different 
diameters, the split ends being spaced from each 
other and terminating with small spheres. 

2, An apparatus adapted to produce electric 
fields ofhigh frequency having multiple wave lengths, 


comprising a high frequency producing device, a 
series of high frequency radiating circuits consti- 
tuted by concentric insulated split rings of different 
diameters and terminated by small spheres forming 
capacities. 

3, An apparatus adapted to produce electric 
fields ofhigh frequency havingmultiplewavelengths, 
comprising a high frequency producing device, a 
series of high frequency radiating circuits consti- 
tuted by concentric insulated split rings of different 
diameters and arranged in one and the same plane the 
split ends being spaced from each other and termi- 
nating with small spheres, in staggered position as 
regards adjacent rings. 

4, An apparatus of the type described compris- 
ing a base, a plate slidably mounted on said base, a 
support pivoted to the said plate, aseries of openand 
insulated, high frequency radiating circuits mounted 
on thepivoted support, and ahigh frequency produc- 
ing device for the excitation of the said circuits. 

5, An apparatus adapted to produce electric 
fields ofhigh frequency having multiple wave lengths, 
comprising a high frequency producing device, a 
series of high frequency radiating cirouits, said 
circuits being open, insulated, and having dimen- 
sions different from each other. 

6. An apparatus adapted to produce electric 
fields ofhigh frequency havingmultiplewave lengths, 
comprising a high frequency producing device, a 
series of high frequency radiating circuits arranged 
inthe same plane, said cirouits being open, insulated, 
and having dimensions different from each other. 

7. An apparatus of the type described compris- 
ing a transformer, a high frequency energizing cir- 
cuit fed by the said transformer and provided with a 
self-induction coil and a capacity, a series of open 
and insulated high-frequency radiating circuits hav- 
ing dimensions different from each other, and induc- 
tive connection between two of these radiating cir- 
cuits and respectively each of the poles of the 
outgoing element of the high frequency energizing 
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‘This invention relates generally to electric de- 
vices excited by electric impulses and more par- 
ticularly to multiple wave length conducting 
and/or producing means, This invention has for 
its primary object the provision of such means 
disposed within a vacuum tube or a tube contain- 
ing rare gas or gases. 

‘My work over a perlod of more than 20 years 
‘has Jed me to the bellef that there is great necd 
for means conducting and/or producing multiple yo 
‘wave lengths which may be employed in many 
Sndustrial and medical elds. Suitable appara- 
tus for producing waves of various lengths Is dis- 
closed in my U.S, Letters Patent No. 1,962,565, 
dated June 12, 1934, Embodiments of this appa- 
ratus have been in use the World over. Because 
of the need for simplification in such apparatus 
0 that it may be hancy end easily used by per- 
sons Jacking skill in electrical matters, I have 
concluded that by providing one unit which in- 99 
corporates oselllation generating means and an- 
other in which the wave lengths are produced, 
‘the apparatus may be more universally used in 
the treatment of cellular life in therapy, in the 
aging or treating of Uquids and in other inéus- 95 
‘trial Aelds, 

‘The present invention deals with those units, 
preferably combined with one another and con 
structed as a portable device and as stated above, 
‘has for its major object the provision cf a unl 30 
‘tary multiple wave length producing and/or con- 
ducting device in the form of vacuum tube, 

‘The present invention further contemplates 
‘the incorporation in such @ tube, of meens for 
‘varying the effect of wave lengths, or sel 
employing the means therefor enclosed 
forming part of sald tube. 

‘This invention further seeks to provide a tube 
of the indlested type incorporeting means for 
‘senerating oscillations. 

‘Another object of the invention ts to provide a 
single unit which contains an oseilation genera~ 
tor, which produces waves of definite frequency, 
aad further indvetance means each permitting 
emanation of wave lengths of various values, 45 

‘The structural features of my invention also 
form a material part of this disclosure, tae ob- 
Jects and advantages being attained in structures 
Buch as shown in the ncc-mpanying drawing, 
which exemplifes the invention. ‘The following 60 
specification, based on seld drawing, more clearly 
olnts out the purposes and advantag s of my in- 
vention, 


Ta the drawing: 
Fig. 1.18 a vertical, partial sectional, partial ele- 65 
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‘Vational view of a tube incorporating features of 
my favention. 

Pig, 2 is a similar view of an altemate form 
thereof, 

Fig. 3 fustrates in a similar manner a modi- 
‘fed form of my invention, 

Fig. 4 is a fragmentary sectional view of a mod- 
sMeation made in accordance with the invention, 

Fig. 6 is a similar view of another modification, 

Figs, 6 and 7 are sectional views Mlustraxing 
types of wires used in elther of the forms of my 
sovention es shown tn Figs. 1, 2 and 3. 

Pig. 8 is a partial sectional, partial elevational 
view illustrating a tube incorperating ® plurality 
of grids ard selective capacity means for varying 
‘the effects of sald grids. 

Pig. 9s a similar View of a tube, such as shown 
tm Figs, 1 or 2 and incorporating oscillating or 
‘vibrating means. 

In that form of my invention shown in Fig. 2, 
there 1s provided « sealed preferably transparent 
envelope 10 made of glass or like material affixed 
in the usual manner to a screw or Edison plug 1. 
‘The latter is conventionally provided with a sheli 
terminal 12 and a central terminal 13. ‘The sup- 
ort or seal 14 of the tube serves to hold wires 
fuch as (Sand (8 whieh connect fo the terminals 
12 and 13, 

Connected to the wires 18 and {8 is a primary 
inductance member in the form of a loose coll (7 
‘which may be disposed axtaliy of the envelope 10, 
as shown, The upper end of said member {7 
forms a tight wound coll 18 which serves to radl- 
ate the strongest induced wave lengths. 

Surrounding the primary inductance member 
17, there are arranged a plurality of separate 
coils of wire each being of different length and 
capacity. ‘Thus, I provide a coll 18 having great- 
est capacity and successive colls 20, 21,22, 23, 
and 25, each having less capacity than the pre- 
‘ceding coll. These coils 48 to 28 form secondary 
Inductance means each permitting emanation of 
‘8 wave length of different magnitude and value 
than the other. 

I may support the secondary colls in several 
ways, As shown, I prefer to provide a dielectric 
‘member such 3 6 giass sleeve 26 surrounding the 
primary. inductance wire member (1 and to 
mount the secondary colls 18 to 28 on the outer 
surface of sald sleeve, leaving the coll 18 exposed 
at the top thereof. in order to effectively sup- 
ort and centralize the glass aleeve 26, 1 provide 
spacing washers 21 and 28 of mica or the ilke, 
‘top and bottom, and provide a supporting cross 
plece 29 on the iower portion of the wire 17. 


‘The tube above described may be employed as 
indicated for the treatment of cellular structures 
by connecting {t to any one of the rings in the 
electrostatic fleld of high frequency, such as 
shown in said U, &, Letters Patent No. 1,962,565, 5 
each of the colls 18 to 25 producing by induc- 
tHon a different wave length, as can be under- 
stood. 

In the form of my invention shown in Fig. 2, 
the envelope 18a 1s somewhat differently shapes 
‘and the wire (7a straight instead of arranged as 
fan open coll. In other respects, the structure 
follows that described with reference to Fig. 1. 

‘As shown in Fig. 3, there may be arranged & 
plurality of open rings 20, 21, 32, 23, 34, 35, 30, 37 
38, 29, and 40 in frustro-conical form, for in- 
stance, with the largest of sald rings at the top 
and the smallest one adjacent the bottom. I 
have shown sald rings es supported, for instance, 
by glass posts 41 and 42, said posts being sup- 
Ported on the seal 14, as by a band 43,  pro- 

fe extensions for the terminal wires 184 and 
18a and connect sald extensions 44 and 48 to 
the upper ring 20 and the next lower ring 31, re- 
spectively. a 

‘The rings 30 and 31 may become the primary 
snductsnce members, whereas the remaining rings 
constitute the secondary inductance members as 
before set forth. Electric current conducted to 
the euitably spaced rings 30, 31 will cause a spark 
48 to be drawn between the rings 20 and aI pro- 30 
‘viding oscillations emanating from electrical dis- 
charges therebetween and causing the radiation 
of waves of various lengths within the envelope 
Hb cud affecting the remaining rings. & 

Im Figs. 1 and 2, T have shown the secondary 
coils as formed of wires having tniform eross- 
section, Fig. 4 illustrates how euch wires may 
be made progressively smaller In the eucceeding 
colls 19¢, 20¢, and Ble, ete, Similarly, I have 4s 
shown the rings of Fig. 3’ made procressively 
smaller in Fig. 6, sald rings being designated by 
‘numerals 20d, 31d, 424, 32d, 34d and 35d, etc. In 
such various manners, the wave length producing 
effect of the secondary colls or rings may be ar- 
rived at. « 

‘The secondary colls or rings may be round or 
somewhat fattened wire as shown in Fig. 6 or 
tubular as in Fig. 7, offering ® yet greater flez- 
Ability of design. » 

‘The devices of Figs, 1 and 2 above described 
may be incorporated in the aystem shown in said 
U. 8, Letters Patent by connecting one of the 
rings a, 8, ¢, d, e, or f with plug Ut of Fig. 1, 
since either terminci 15, 6 1s in contact with gg 
primary inductance memt-r (7. To this end a 
‘conductor not shown) connects such a ring with 
‘sald plug or socket, 

In Fig. 8, I have shown a modification of the 
fnvention which comprises a vacuum tube $0 cor- gy 
taining a plate 61 and w plurality of different 
wave lengths producing grids 82, 63, and $8. T 
connect each grid with « variable capacity de- 
vice, such as 85, $8, and 67 carried by said tube 
60 and preferably by its base support 63, wherety gs 
the grids may be selectively conuected into an 
operating cirewlt (not shown) by means of the 
respective’ prongs ‘and 60, and the plate 
prong 61. Heating or other exciting means may 
‘be incorporated in the tube in a well-known man- 
ner. This combination tube 60 is designed to 
replace plurality of known tubes each operat~ 
ing with different and variable wave length ef- 
fect, mcr exterior manipulation at seid base 
supPort brings about change of the capacities OF, 16 
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, and 81 and cutting in one or more of the 
ride 82, 83, and 5 

The effect of the spark as produced in the 
form of the invention depicted in Fig. 3 may be 
further utilized in Fig. 9 in which I alco incor- 
orate a vibrator 62 which produces electrical 
oscillations by a spark intermittently generated 
between the end of the primary inductance mem- 
ber {1 and vibrator armature 64, In other re- 
spects the structure follows that of Fig. 1. 

1, may be noted that any type of spark pro- 
ducing or oscillation generating means may be 
substituted for the vibrator shown. The tubes 
shown in Figs, 3 and 9 may be used in the manner 
described for Pig. 1 by connecting one terminal 
of the base as set forth to produce an induction 
effect. These tubes may be also connected across 
both terminals with a suitable potential to obtain 
the spark effect. 

‘From the foregoing it may be seen that T have 
Provided tubes in various forms for the purpose 
Of generating and ccnductin; multiple wave 
Jengths. Other forma of the invention may be 
produced within the spirit and scope of the in- 
vention as claimed, 

‘Having thus described my invention, what I 
claim as new and desire to be secured by Let- 
ters Patent, is: 

1. A device of the character described com: 
prising a vacuum tube having an envelope and 
base, pritiary inductance means, and a phi- 
rallty of separate secondary inductance means 
of different length for radiating waves of various 
lengths extending above sald primary inductance 
means, all sald inductance means being arranged 
within said envelope. 

2, Adevice of the char-cter described compris~ 
ing a vacuum tube heving on envelope and base, 
primary inductance member axially arranged 
in said envelope, and a plurality of secondary 
inductance members spaced apart and independ- 
ent from each other each member surrounding 
‘8 respective portion of sald primary inductance 
member and within the fleld of influence thereof. 

3. A device of the character described com- 
prising @ vacuut tube Laving an envelope and 
base, a primary inductance member axially ar- 
ranged in said envelope, and a plurality of sec 
‘ondary inductance members each surrounding 
the pririary inductance member and within the 
field of influence thereof, each of sald secondary 
inductance members having a different wave 
length effect than the others. 

4. A device of the character described com- 
prising @ vacutm tube having an envelope and 
base, 8 primary inductance member comprising 
pair of split rings in inductive relation, and 
& plurality of secondary inductance members 
each comprising split rings. 

5. A device of the character described com- 
prising @ vacuum tube having an envelope and 
base, @ primary inductance member comprising 
pair of split xings in inductive relation, and = 
paurallty of secondary inductance members each 
comprising split rings, said latter rings being ar~ 
ranged in different planes and being of different 
Iength to produce a different wave length effect. 

|. Ine device of the character described, 
means for producing multiple wave lengths eom- 
prising wire member, enclosing dielectric 
means for sald member, and a plurality of sepa- 
rate wire colls of different lengths on sald di- 
electric means and in the fleld of inductance of 
said wire member, 

7. In a device of the character described, 
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‘means for producing multiple wave lengths com- 
prising a wire member, enclosing dielectrio 
‘means for said member, and a plurality of wire 


means for producing multiple wave lengths 15 

‘comprising two split rings in inductive relation, 

and s plurallty of split rings in inductive rela~ 

tion to the two split rings, the plurality of rings 

being of smaller diameter than the mentioned 

fo tings and each progressively smaller than go 
others. 


10, In a device of the character described, 
means for producing multiple wave lengths 
comprising two split rings in inductive relation, 
and a plurality of split rings in inductive rela- 
Hon to the two split rings, the plurality of rings 
being of smaller diameter than the mentioned 
Fo Tings and enen progressively smaller sean 
others, all of the rings being arranged 
frusto-conical disposition, 

11, In a vacuum tube having 9 primary tn- 
ductance member and seconda:y inductance 
‘members, a vibrator arranged in the field of in- 
fluence of sald primary inductance member and 
secondary inductance members, a vibrator ar- 
Tanged in the fleld of influence of sald primary 
inductance member for affecting the induction 
of sald secondary members. 


GEORGE LAKHOVSEY. 
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LAKHOVSKY'S VIBRATORY CIRCLE 


Author Unknown, Source: BSRF files 
Translated from the German by Bodo Capeller, 1988 


"We owe to magic all progress in physics and chemistry.” 
(Jules Lermina, 1915) 


The Paris professor with the Russian name Georges Lakhovsky claims to capture, 
with so called open vibratory circuits (circuits oscillants), cosmic waves and pass 
them on to humans (neck antenna) and plants. Healing of people has been verified by 
French and Italian medical practitioners, healing of Cancer injected plants has been 
proven through photographic records. 


The vibratory circles are manufactured from heavy copper wire with a diameter of 
5-10 millimeters. Those wires 5-8 millimeters in diameter had a more pronounced 
effect than the much thinner variety. The spiral (of the open ended circle), which 
can be single or double, is guided around the plant and is supposed to be insulated 
against its support by "Ebonit" (1). 


Instead of copper wire medical practitioner Dr. Ernst Busse (Garmisch, Germany) 
recommends the use of thin copper tubing: “because of the short wave length of cosmic 
vibration only the surface effect (skin effect) is effective (that means electricity 
is only present on the surface of a conductor, not in the middle) which requires the 
use of maximum surface area. Besides this the tubing is easier to work with and has 
less weight. (Private Correspondence 1/10/1953) 


Helmut Friedensdorff (Berlin, Germany) did report already in 1932, from himself 
as well as others, on the effectiveness of an open vibratory circuit against lumbago 
among other ailments. He inserted a simple isolated copper wire into surgical tubing 
and positioned it at the problem spot in a manner that both wire ends did not touch 
Q). 


Canon Smythe of Great Britain did proceed in a similar manner: “The only tools 
required are a one meter length of flexible electrical wire and a sidereal pendulum. 
The insulation is removed at both ends for a length of 2 centimeters, the wire is 
stripped and the wire strands are removed except a single strand. Then the wire is 
laid out on a table and the pendulum is positioned over the wire ends. It will rotate 
over the positive end in a clockwise motion, over the negative end in reverse. Then 
one proceeds to make a knot at the negative end for identification purposes. It 
should be positioned on the left side of the body or in the vicinity of the leg, the 
bare wire pointing to the left. The wire may be installed over the clothing and can 
be braided or fastened with safety pins, the ends should point into the proper 
direction. 


“arthritis in one toe should be treated by using the wire like a stocking holder 
wound around the leg where the knotted end will point to the left. The author makes no 
claims for the healing arthritis but reports a lessening of pain. 


“With severe headaches the wire is wound just above the eye level around the head 
so that the negative end rests over the left temple. 


"Severe coughing is treated with one wire around the throat, another one around the 
abdomen. 
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A just started cold is removed by our associate in a few hours with two wires, 
one with the positive connected to the negative end of the next wire joined as a2 
meter long wire. "I wound the wire over the shirt under a sweater around the chest 
until I reached under the arm pits and made sure that the negative end is on left side 
of the chest pointing to the left, the positive end pointing the opposite way.” 


Smythe published this in a paper many years ago called “The Other Half of 
Medicine". He is supported by the research of a recently deceased friend, Dr. Martin 
of Airaines, France who had been promoted to the medical faculty in Paris in 1932 with 
a dissertation "Diagnostic Radiesthesique en medecine veterinaire” under the tutelage 
of professor Nathering-—without an examination! In 1935 a Dr. Girard presented a 
similar thesis before the University at Lyon. 


Medical practitioner Arnold Mannlicher (1880-1958) from Salzburg carried in his 
rear pocket an open vibratory circuit which also acted as a cell detector. 


Vibratory circuits proliferated after the announcements by Lakhovsky's discovery 
as “throat antennas, broadcast jewelry and healing chains” in the market place. T 
cannot say at the moment if they were of the open or closed kind. Apparently between 
the two kinds exists a fundamental difference in their effectiveness, open circuits 
veduce the tension within the body, closed circuits raise it. A closed broadcast 
chain can easily be transformed into an open one when it is opened and is closed with 
an insulator inbetween (rubber band, silk thread). 


The open circuit is nothing new at all. Dr. Beck, former head of the municipal 
children's clinic in Bayreuth says: “the open bronze rings of the Hallstadt area from 
grave sites can be understood as protection against radiation effects very similar to 
the rings worn by the Negro tribes around the arms, legs and throat.” The ancient 
Germans wore “broadcast jewelry"--in order to coin a modern word--an open solar 
spiral. Dr. Heermann has revived this. He writes: "invigorating liver and intestines 
the solar wheel acts like a plated iron spiral with the windings running from the 
center clockwise.” 


Smaller--sown into green material-~is my usual aid in stomach ulcers and swollen 
glands. Underneath his illustration (not shown) the researcher explains: “a spiral 
ending growth rays to the abdomen” (3). 


The never tired Dr. Busse since 1954 has also tried out open rings beside 
vibratory chains and belts. Earlier he replaced acupuncture needles with metal foil 
band aids and states now in a letter dated 4/19/1954: "instead of metal foil one may 
arrive at the same effect by wearing open copper rings on certain fingers and joints. 
When you put a ring that is cut open or manufactured from heavy copper wire on the 
corresponding finger an immediate change of pulse at the radial pulsation can be 
observed". 


One of his associates who experimented with these open finger rings was surprised 
by the achieved results. 


I am very much indebted to this versatile medical practitioner. 


Because copper rings are a tuner (strengthening, invigorating) it was required to 
find a second metal which reduces organic functions. It turned out to be aluminum. 
On closed rings it was already reported in the chapter "Amulets". As far as the 
application of aluminum is concerned the welder Herbert Bauer (born 1921) from 
Freiburg, Germany has manufactured many years ago the so called “Zelemente”. 
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According to the description it was recently manufactured from a three metal alloy 
which reminds of the “seven metal (electrum magicum)” of Hermetic fame. We are 
dealing here with closed chains that are supposed to protect from dangerous radiations 
of technical and cosmic nature and are therefore named radiation protective antennas. 
They look flat and are meant to be moistened in the morning and evening. 


Whatever the effect is of the vibratory circuit on the world of plants has been 
shown in 1905 when sick elm trees were healed on a Hamburg street. 


The Vienna engineer Lambert Binder (born 1905) caused, during a growth experiment 
in 1944 on orange trees, accelerated growth by surrounding the tree with an isolated 
wire spool. 


R.E. Esspiau tried out in 1954 the following experiment with the Lakhovsky 
antenna arrangement. He connected the first on a three stalk head of cabbage to free 
standing antenna, the second to ground the third one to water which was replaced every 
24 hours. In less than a week the first buds began to form, within four weeks other 
stalks were formed and developed leaves while a control plant withered away (4). 


PHOTO TEXT: 


Illustration A: This illustration shows a Lakhovsky experiment on a Cancer infected 
geranium plant. The cancerous growth is clearly visible. Pelargonium zonatum 
(Geranium) inoculated with Bacterium tumefaciens on April 10th, 1924 and photographed 
June 6th, 1924. It will be observed that the stem of the plant bears a massive 
tumour. 


Illustration B: An astounding discovery by Prof. Lakhovsky: a free standing antenna 
ring manufactured from copper that surrounds the geranium caused the plant to drop the 
cancerous growth (resting on the rim of the container) and made the plant whole again. 
Photographed June 1925. 


Illustration C: The test plant three years later. The antenna ring has completely 
healed the plant and protected it from other damage. To the side are two unprotected 
similar control plants of same age that became victims of the same disease. 
Photographed on March 13, 1928. 


Picture credits: These three illustrations are designated tables II, V, and VII in 
Lakhovsky's Secret of Life. 
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THE RUSSIAN LAKHOVSKY REJUVENATION MACHINE 
by Bob Beck 
from the November 1963 Journal of Borderland Research 


In September 1963, Dr. L.O, Anderson, 
‘Anderson Research Center irectorand BSR 
Associate, phoned me about a “marvelous 
‘electronic machine” purported to “‘cure” 
almost any human ailment. P've looked into 
dozens ofthese “modalities” every year; 50 
with extreme skepticism I gathered instru- 
‘ments and took off to check another possible 
hoax. 

1 found a heavy spark-gap Tesla Coil 
inside a four-foot cabinet. This console was 
rigged to circular “‘antennas"” and was par- 
tially shielded inside a home-built Faraday 
cage in the living room of Dr. Anderson's 
friend. Ithadn’t functioned in overa decade, 
and had been given up by some twenty-odd 
‘medical instrument repairmen and engineers 
as unfathomable. 

‘The machine, which had no nameplate 
oF other identification, turned out to be @ 
Lakhovsky “Multiple Wave Oscillator”, or 
MWO. Fortunstely the present owner had 
found patents and two books describing its 
‘operation. We were able to reconstruct the 
circuits and after several hours had it operat- 
ing perfectly. The machine was not a hoax. 

‘Lakhovsky didhisresearchpriortoworld 
War Il and died in 1942. No infringement 
‘can be involved in duplicating Lakhovsky's 
work, since his U.S, Patent #1,962,565 ex- 
pired in 1951 andisin public domain. Thave 
found from the book The Waves that Heal 
by Mark Clements that MWOs are exten- 
sively used in hospitals in France, Germany 
and taly, and although tested in aNew York 
‘Hospital with fantastic success, MWOs re- 
main practically unknown in the United 
States. 

MDs testing Multiple Wave Oscillators 
reported up to 98% cures of terminal cancer, 
arthritis and other “hopeless” conditions, 
Case histories were complete with before 
and-after photos. Often rejuvenation was 
demonstrated, not only in human beings but 
in plants and animals as well! 

So, on Sept. 18, 1963, I designed and 
built a modern MWO based on Nikola Tesla 
and Lakchovsky’s original work and patents. 
‘The transistorized instrument fits into a brief 
case and weighs under 14 Ibs. Experiments 
with the MWO on some eighteen volunteers 
have demonstrated almost unbelievable re- 
sults, Atthis writing, Oct 20th, every single 
subject, including myself, reports fantastic 
gains. 

My mother, age 72, who has suffered 
‘from hypertension and glaucoma for many 
years, measured absolutely normal blood 
pressure the moming after her first treat- 


ment. And the eye tension, tested by her MD 
the week following, had dropped to a lower 
pointthan inthe previoustwo years. Another 
‘woman with a long-standing back condition 
says she was permanently relieved in one 15, 
‘minute exposure. An asthmatic with chronic 
‘bronchial complications claims he is now 
symptom-free after two exposures and her 
Iusband witha bad dermatological condition 
of seven years history appears to be very 
definitely improved. Perhaps the most dra- 
is Mr. N.V.C. who had broken his leg 
skiing last December. Because of an old 
‘polio complication the broken leg had never 
healed and flesh surrounding the fracture 
‘was in a very poor, waxy condition, After 
‘one exposure he phoned to say he hed re- 
‘gained feeling in the area. ‘The next day we 
made an “after” photo slide of nearly nor- 
ral tissu 

A friend suffering allergies flongstand- 
ing says she can now eat anything and her 
MD admits he as startled by her youthful 
appearanceand new vitality. The Lakhovsky 
literature illustrated many such rejuvens- 
tions as an unexpected side effect of cancer 
‘cases. Subject’s wrinkles disappeared along 
with the tumors! 


‘THEORY OF OPERATION 

‘Lakhovsky pointed out that all cells ca- 
pable of reproduction contain in their nuclei 
“filaments” of highly conductive material 
surrounded by insulating media, This fila- 
‘ment, which may be the RNA-DNA com- 
plex, is always in the form of spiral or helix 
~inother words, acoil. Therefore, each will 
react as a tuned circuit if its resonant fre- 
quency can be approximated by an external 
oscillating coil, 

Lakhovsky didn’t cary this to it’s con- 
clusion; however, Ipostulate that by exciting 
the nuclei with electromagnetic energy a 
“charge” can be induced by the long estab- 
lished principle of electromagnetic induc- 
tion. This demonstratively raises the energy 
level and perhaps the vitality of every cell in 
the field simultaneously. Since each cell is 
anindividual, and of slightly different physi- 
cal dimensions, the exciting wavelengths 
‘must be multiple, and must span a broad 
frequency spectrum. Diathermy machines, 
limited to crystal-controlled single frequen- 
cies inthe 27.255 MC region, can donothing 
but heat the tissue; and yet this approach, 
abandoned by Lakhovsky in the 1930s, can 
still be found in “modern’” doctor's offices! 

‘The Blectromotive Force (EMF) pro- 
duced by the MWO and induced in the cell 
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nucleus, canraise thecell’s metabolicrateby 
Electrolysis, and perhaps jog the RNA-DNA 
“‘memory” and reproductive capabilities to 
their level at an earlier, younger age, thus the 
rejuvenation, Even more subtle changes 
might be postulated, such as magnetic “‘pro- 
‘gression’ effects as evidenced by heavy 
‘Water in magnetic fields. 

By contrast, any chemical taken into 
one’s system by mouth orby injection such 
asvitamins, food or medicine— must first be 
absorbed in proper solution and ratio with 
unknown tract elements, then be transported 
by the blood to affected tissue only to be 
‘possibly rejected by the target areas, 

Perhaps in cancer the EMF induced by 
the MWO raises the vitality and memory of 
‘marginal cellstonormal reproduction levels. 
In the case of other disease, perhaps a cel’s 
‘given higher energy levels can more readily 
throw off affliction, 


A WAVE FOR EVERY BODY CELL 

‘TheMultiple Wave Oscillator described 
here radiates a bandwidth of radio frequency 
(RE) energy from the audio frequencies up 
‘beyond microwave frequencies. By actual 
measurement with standard field strength 
meters, this vast bandwidth of frequencies 
andharmonics can beshown. Infact, abluish 
slow of “brush discharge” surrounds the 
‘antenna when operating, A fluorescent lamp 
hheld anywhere within several feet of the 
subject glows brilliantly. Within this mul- 
tiple-waverangeof frequencies, every cellin 
thebody can find its ONE resonant frequency 
and absorb energy at its own natural wave- 
Tength. 

Obviously the Electrostatic energy can~ 
not penetrate the body. This is known as the 
“‘skin effect”. However, the Electromag- 
netic component of the energy can and does 
permeate and will induce an EMF in each 
call. It is precisely this energy to which 
Lakhovsky attributes his almost miraculous 

‘Avword of warning, although no delete- 
rious side effects have ever been reported for 
hhuman reactions, the MWO has input power 
exceeding 35 watts, Itradiates RF interfer- 
ence overa bandpass of 15 Kilocyclesto well 
beyond 250 Megacycles. The Federal Com- 
‘munications Commission has stiff penalties 
for unlicensed transmitters and radioand TV 
interference — not to mention making all 
your neighbors very unhappy. We operate 
‘our machine in a shielded room, and the 
battery input prevents RF interference from 
feeding back into the power line. 

‘The deluxe MWO diagrammed here can 
be built by any intelligent 16-year old with 
readily available electronic parts. I do not 
plan to build, manufacture, sell or otherwise 
exploitthis device, as my interest is purely in 


research. Several Associates given this cir- 
cuit have successfully constructed MWOs. 
We would certainly like to hear from any 
BSR Associates who undertake this project, 
but please do not communicate until after 
building the unit. I cannot correspond over 
details which any intelligent person would be 
able to thresh out with his or her own teehni- 
cal friends, 

‘At one stage we had planned construct 
ing a much higher-powered unit but the re- 
sults with the “portable” are so gratifying 
that Model Two was shelved. Extensivetests 
are scheduled with plants and animals, and 
every effort is being made to remove any 
element of ‘suggestion’ from results. A 
physician fiend is cooperating with the 
project by sending a few 
“problem” patients for test. 
Itis much too soon, however, 
to make a finished statement 
‘concerning the MWO’s po- 
tential. No cures can be 
claimedevenif obviously dem- 
onstrated, since our laws are 
controlled by medical unions 
forbidding the use ofthe word 
‘except by MDs. But I have 
satisfied myself with nearly 
‘twenty miracles in these few 
‘weeks of tests that the MWO 
‘might well be the most prom- 
ising deviceto cometolightin 
‘many years. 

Thave onerequest, thatno 
one building this device ever 
bbe tempted to charge a fee, 
donation, orreimbursement of 
any kind whatsoever for its 
use. T feel most strongly that 
any device potentially helpfal 
to suffering humanity should 
be available completely free 
ofchargeto aayoneneedingit. 


CONSTRUCTION TPs 

‘My MWO is built on an 
11 x 11% inch plastic panel. 
Components extend 3% in. 
below this, so the unit fits 
nicely intoasmallattachecase. 
The 6 volt battery was a 
‘SonotonelifetimeNickelCad- 
‘ium unit; however, five war- 
surplus NiCads (1.2 v each) 
wired in series would be less 
expensive. 

(My first unit used a tran- 
sistorized driver for the Tesla 
Coil but the Ford coil works 
‘equally well, is far cheaper, 
but has the disadvantage of 
making a buzzing noise, The 
Ford Model T coils may still 
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‘beavailable at Pep Boys stores in California, 
or can possibly still be purchased from J.C. 
Whitney & Co,, 1917 Archer Ave., Chicago, 
IL 60616. The spark gap was made from 
salvaged tungsten relay contact points about 
V4 in, in diameter, (Chevrolet Six timer 
points, 1950, do very well). Therelay spring 
arm can be tuned by a Nylon 6-32 screw 
adjusting its natural spring tension, The gap 
must be carefully tuned formeximum output 
for every individual, since the subject’s ab- 
sorption seems dependent on his body fluids 
andweight. Adjust for maximum sparking at 
random times and intervals between several 
‘ofthe inner antenna rings. 
‘Theautomatictimer, zeroto 15 minutes, 
‘the meter, the intemal battery charger, the 
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RFCeircuits, etc. areallsimply conveniences 
and may be left out of the circuit without in 
‘any way subtracting from results. By not 
‘building in these deluxe features, the entire 
‘MWO will cost much less to build. Use 
plastic instead of metal screws around the 
high voltage coils. High voltage capacitors 
canbe tracked down at surplus stores or well 
stocked electronics parts sources. The Tesla 
Coil must behand woundas itis notavailable 
‘commercially. 
Wehavedeterminedexperimentally that 
‘a workable pair of antennas, radiator and 
resonator, can consist of 16 concentricrings, 
ranging from an outside diameter of 10-3/4 
inches down to 1/2 inch. These were con- 
structed by cementing a one-foot square of 


‘BECK ADAPTATION OF LAKHOVSKY MILTZPLE-HAVE OSCILLATOR, U.S. Patent 21,962,565 


Rechargable NiCad 
G vole Battery, & amp hrs 


Dae 


Timer 


Hang the 


31 


Teale Cotl Secondary 


1h 05, 64" of #36 Foruvar 


Antenna 


shou 
Byte. 


~ 


Original cover providing template 
for aluminum MWO antenna. 


Reynolds Kitchen aluminum foil to an 11 
inch square of thin fiberglass. The outline of 
‘each set of circles was carefully scribed with 
a sharpened compass, razor or Scripto blade. 
By scoring or cutting the aluminum foil was 
cut through to the plastic backing and the 
‘waste arca strips pulled away before the 
cement hardened, Excess cement was re- 
‘moved with a solvent. The gaps were then 
‘cut withthe razor. Note that gaps are alter- 
nated in position each 180°, as per drawing 
noriginal cover page, This was drawn from 
‘an actual antenna and you can set your com 
pass distances for each ring from it, Keep 
‘gaps between inner rings narrow to encour: 
age random arcing between rings. Trim the 
comers from the gaps of the three or four 
outside rings to discourage fixed arcing at 
these places, Also be suretto clean away any 
bits of foil between rings. These also will 
cause fixed arcing, 

Tnuse, the ring second from the outside 
is connected to the high side of the Tesla 
secondary. (Refer to ‘antenna terminal” on 
original cover page illustration) This is the 
radiatorcoil. The arcing from this ing tothe 
‘outside ring causes the “shock excitation” 
‘ofthe fourteen otherantennaelements. Since 
each radiator is of different diameter, the 
array spans a broad, multiple-wave segment 
of the Radio Frequency (RF) spectrum. The 
‘other antenna element, called the Resonator, 
is connected with a five-foot, high-voltage 
meter wire othe groundside ofthe Teslacoil 
secondary. 


PUTTING THE MWO TO USE 

‘Theantennaandresonatorare suspended 
‘from non-conductive supports about three 
feet apart, such as wooden chairs with no 
nails or screws. The subject of the experi- 
‘ment, preferably with all metal removed 
from their person, including belt buckles, 
Zippers, hooks, fasteners, coins, hairpins, 
earrings, rings, et, is seated on a wooden or 
plastic rest between the antenna and resona- 
tor (hung vertically, the fol rings toward the 
subject. Unless the Resonatoris powered by 
separate Tesla Coilit will not arc. Metal on 
the subject wil produce eddy currents in the 
field of radio frequencies, reducing their 
effectiveness.) Experiments should last from 
nine to over 1Sminutes. A four-day interval 
between experimentsis recommended. Four 
such experiments over 16 days should suf 
fice to demonstrate anything, 

‘Warning, two-inch sparks can be drawn 
from antenna; so keep subject atleast three 
inches away, [ftouched amild and harmless 
sting can be felt. HF effects can be demon- 
strated in a darkened room by holding a 
fluorescent lamp anywhere near the subject. 
‘The RF energy will cause the lamp to light 
although no wires are touching it, Field 


strength measurements read several watts of 
power from the audio frequency spectrum to 
‘beyond 250 megacycles. 

The illustration to the right is from 
Clement's Waves That Heal, Lakhovsky’s 
illustration of living cell. “In the ceatre is 
4 twisted filament which, possessing self- 
inductance and capacity, constitutes an os- 
cillating circuit, ‘The similarity to a short- 
‘wave circuit is manifest; the filament shown 
here oscillates like acoil having avery small 
number of spirals.” He quotes Lakhovsky: 
“Every living being emits radiations”, and 
‘adds: “the living ell can thus play the part of 
transmitter orreceiver of exceedingly short 
radio-electric waves which give rise to high 
‘requency currents in the circuits ofthe cel- 
ular nucieus.”” 


‘Nuclear 
Fluid 


THE FOLLOWING PHOTOS were kindly furnished by Borderland Sciences 
Research Associates from their own experimental work with the MWO during the 
years of 1964 and 1965. 


‘THEPRINTED-CIRCUIT ANTENNA foilis gluedtoan | I-inch square of I/16thinch 
thick fiberglass. Spray one surface of the fiberglass with Hobby Shop spray glue and 
stretch smooth-surfaced kitchen aluminum foil across. Press the foilon firmly from 
the center out, smoothing out repeatedly witha soft cloth. Any remaining air bubbles 
canbe released through a small pinhole. The circles are more easily cut if you make 
a jig with a 16-inch square of plywood with a headless nail for a center post. Using 
the antenna pictured on the front cover as a pattern, mark and notch an old ruler 
cor stick where each circular cut isto be made. This marked guide ruler is mounted 
‘over the antenna on the plywood jig as shown at right. The foil-covered surface is 
then turned clockwise with the left hand against the Scripto blade held firmly in the 
successive notches by the righthand. Be careful to cut through the foil. fyou don't, 
inlifting the cutouts afterward, you may also lift or tear the rings. Ifametal grommet 
is placed in the terminal hole in the second ring this will prevent the high-frequency 
are from burning the foll and fiberglass during operation. Copper foil can be used 
for the printed-circuit antenna rings but deposits build up on it from arcing, wherever 
it occurs. There is no deposit buildup on aluminum foil. 
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‘THE RADIANT ENERGY of the MWOis 
‘obvious in this three-minute time exposure 
during operation in a darkened room. Note 
the brush discharge of etheric energy all along 
the edge of the outside ring, going three or 
four inches, Look at the random arcing 
between the antenna rings, down to the 
eighth ring! This antenna received full power 
by being mounted on the MWO case, directly 
at the positive end of the Tesla Coil. 


AT LEFT IS A TYPICAL EXPERI- 
MENTAL SETUP, with a chair for 
“guinea pig" between antenna and reso- 
nator. Beck's original equipment called 
foran 18-inchlead wirefrom the positive 
end of the Tesla coil to the antenna. It 
‘was found that there was too much loss 
‘of power along this wire, The later 
development shownabovehasthe MWO 
set upright, with the antenna mounted 
directly against the positive end of the 
Tesla Coil in the case. 


THE INTERIOR HARDWARE 
LAYOUT is shown at right in this 
photo of another MWO, neatly pack- 
aged for an attache case. A. The five Ni- 
Cad batteries, 1-1/4 volts each at full 
power. B. Timer. C. Tesla Coil, D. 
TISVAC transformer (for house current 
operation if desired). E. Spark-gap using 
modified Chevy Six points. F. Model T 
Ford Coil. G. Battery Charger. 
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RECTIFYING THE FORD COIL OUTPUT using a IB3GT or 1G3GT high-voltage tube. 


To Spark Gap and Condenser Wind 15 or more turns of fairly heavy insulated copper wire 

around the middle of the Model T Ford Coll, One lead from the 

RECTIFYING THE FORD COIL OUTPUT ‘winding goes to the Hi-voltage output of the Coil, and to pin2 or 7 

of the 1B3 tube. The other lead goes to the other pin, as only two 

pins ofthe tube, 2 and 7, are used in this hookup. The souped-up or 

"rectified voltage is drawn off the top of the tube to the spark gap and 
condenser. 


H 


MODIFIED VERSION OF THE BECK TESLA COIL 

15 volt house current into the black leads of the 
6 volt transformer, one green lead to the T Coil 
‘negative terminal, the other to an SCR 45 amp Diode 
to make direct current to the Plus terminal of the T 
Coil. A 12-volt currentto the T Coil heats it upand ill 
“ not increase the spark. Radio Shack’s 6.3 volt, 3 amp 

transformer does very well for a power supply. 

‘Wrap 16 turns of insulated hookup wire around 
the middle of the T Coil and feed to pins 2 and 7 of the 
1B3 rectifier tube. Feed the plus output of the T Coil 
into pin 2 or 7 of the 1B3 also. 

Hisvoltage from the top of 1B3 goes to Spark plug. 
- ‘Widen gap of plug to 1/8 inch or more for maximum, 

‘output of Secondary coil to Antenna. 

‘One 10,000 WVDC (Working Volts Direct Cur- 
uu rent) commercial-type Capacitor, on the plus side, will 
do very well in this circuit. Capacity can be from 0015 + 
to 005 microfarads. 

Beck's tunable Tesla Primary called for 20 or more 
turns of bare wire for his movable contact but experi- 
‘ence shows that 16 turns of insulated #19 wire for a 
Primary and adjust one turn more or less for maximum 
ua sparkat Plus end Secondary coil, This is 4-1/4 inches of 
#34 insulated wire, or 4-3/4 inches of #32 insulated 
wire, for 420 turns more or less on I-1/4 inch coil form 
6 in. long. The Primary is wound on a2 or 2% in. coil 
form. There should be heavy insulation between 
Primary and Secondary to prevent power-loss arcing 
between Coils, 

i REMEMBER, the goal isa thin blue, or blue-white 
spark at least 3/4 inch long at the plus end of the 
Secondary. When fed into the center hole of the 
ig Antenna it should light up like a Christmas tree, with 
arcing between every ring, Feeding the coil output into 
the center hole gives more power to the shorter wave 
lengths. We get plenty of the longer wave-lengths from 
other electrical apparatus and from power lines. 

This coil would be a good high-frequency power 

supply for Kirlian Photography. 
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light source, indicator, or display > single source > LED indicator 


LED indicator 


In this encyclopedia, an LED indicator is defined as a component usually 10mm or 
smaller in diameter, made of transparent or translucent epoxy or silicone, most often 
containing one light-emitting diode. \tis purposed asa status indicator in a device, rather 
than as a source of illumination, and is sometimes referred to as a standard LED. 


LED indicators that emitinfrared and ultraviolet lightare included in this entry. LEDs that 
are designed to illuminate large interior or exterior areas are discussed ina separateentry 
as LED area lighting. They are sometimes described as high-brightness LEDs and almost 
always emit white light. 


The term light-emitting diode is becoming less common, as the acronym LED has 
become ubiquitous. The acronym does not usually include periods between the letters. 


The words “light emitting” are hyphenated here, as they form an adjectival phrase, but 
in everyday usage the hyphen is often omitted, and no definitive rule seems to exist. 


Originally, a standard LED contained only one diode, but may now include multiple di- 
odes, either to emit additional light of to provide a range of colors. In this encyclopedia, 
a single epoxy of silicone capsule is still considered to be an LED indicator regardless 
of how many diodes it contains. By contrast, any component consisting of multiple sep- 
arately discernible light-emitting diodes, as in a seven-segment numeral, a 14- or 16- 
segment alphanumeric character, a dot-matrix character, or a display of multiple char- 
acters, is listed in a separate entry as an LED display. 


OTHER RELATED COMPONENTS 


«+ Incandescent lamp (see Chopter 18) 
«+ neon bulb (see Chapier 19) 
+ Taser (see Chapter 21) 


# 


What It Does The color of the light is initially determined by 
the chemical compounds used internally, and by 
‘An LED indicator emits light in response to a their dopants; therefore, a water-clear LED may 


‘small current, typically around 20mA (but some- 
times much less), at a voltage lower than SVDC. 
Itis usually molded from epoxy or silicone that 
may be colorless and transparent (often referred 
to as water clear), or colorless but translucent, or 
tinted and transparent, ortinted and translucent. 


emit colored light. 


Ultraviolet LEDs are usually water-clear, Infrared 
LEDs often appear to be black, because they are 
opaque to the visible spectrum while being 
transparent to infrared, 
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THE TRANSISTORIZED MWO 
By Gerald W. Steele 


Here is tentative information on the solid-state MNO. I say tentative since 
this is the 3rd version I've built. The first used an automobile spark coil for T2 
but I found this undesirable since it lacked higher frequency harmonics. Even worse, 
the lower frequency ones could be harmful to living systems. 

Version 2 was with a small black and white TV flyback transformer running at 2 
slow (100 pulses per sec.) pulse rate. I eventually sped it up but could never get 
the required 1” spark from the Tesla coil. 

This version uses a color TV flyback and a higher power discharge circuit. 
Nominal lowest frequency is 1.5 Khz though it could go as low as 270 Hz. 

All diodes, SCR, and transistor can be substituted with universal replacement 
types available at electric part outlets. 

As you can see, electronically it is simple. The power metering circuitry in 
the original MWO can also be used here if desired. I've had enough trouble 
maximizing the output of this device to worry about monitoring the power. 

This device is excellent for use in Kirlian photography several ways: A modified 
circuit could be used for A, for a wide range of pulse rate settings. 

There are two possible voltage sources for Kirlian use, each with unique 
characteristics. First is the output directly from 12 with or without the Tesla coil 
circuitry connected. Second is the Tesla coil output itself. 

Other modifications include rectifying 12's output. The old MWO manual 
recommended the use of a tube rectifier out there are solid state types available. 

Be sure it is a color TV high voltage rectifier. Connect as shown: 


IHI-5¢ 
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One question may arise in the builders mind: the need to heatsink SCR. No need. 
Not much heat generated. 

Be sure R3 (or combination of resistors forming it) get ventilation. They get 
hot. 

Always short Cl just after turning off power to work on the device. Remove 
short before reapplying power. The device is perfectly safe if you exercise car: 
R6 is a safety feature, it discharges Cl when turned off ~ but still short Cl when 
servicing, a standard safety procedure. 

I am making constant improvements. The alternate values given for R3, C5 may 
give greater power at a higher pulse rate. I have yet to try them since 225 watt 
resistors are hard to find and apply. Besides it seems to work quite well as it 
stands. The only complaint one might have is the cost of construction principally 
due to the flyback transformer T2. But scavenging could help here. 

Enclosing the spark gap in a plastic box could reduce its audible noise level. 
Ventilation of the spark gap gives more consistent operation. If the spark gap can be 
physically constructed above R3 the heat will produce air currents giving natural 
ventilation. 

As I said, I am making constant improvements. Its too early to finalize it, but 
perhaps other associates may be interested in constructing and improving it. The 
lack of interrupter contacts gives a high level of reliability and consistent output. 
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Its too early in use for me to comment on its effects except that I think it is 
quite positive. 


CIRCUIT DESCRIPTION: 

The circuit consists of: low voltage oscillator, high voltage capacitive 
discharge generator, and Tesla coil. 

The low voltage oscillator consists of Ql a unijunction transistor operating as 
a relaxation oscillator. Frequency is variable from 270 Hz to 26 Khz with most power 
generated at 1500 Hz. VRI controls this frequency. The DC Power for this circuit 
comes from a voltage doubler on the power transformer low voltage windings. The low 
voltage DC value was chosen to be as low as possible with consistent firing of the 
SCR. 

The high DC voltage is rectified and filtered in Cl. Ri is surge protection. 
The high DC voltage charges C5 through R3 until Ql fires SCR1 whereby C5 is 
discharged through the primary of flyback transformer T2. D5 protects the SCR from 
high reverse voltage transients. 

The secondary of 12 feeds the adjustable shunt spark gap and then through the 
Tesla coil resonating capacitors. Two capacitors are used here due to voltage 
requirements though one 15Kv capacitor could be used. From this point on it is all 
standard MO fare. 

Transformer T2 is expensive although any used color TV flyback could be tried. 
In all experimentation or adjustment the goal is maximum spark output at the Tesla 
coil secondary. 
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Note: Optional ground for Tesla coil secondary, if it reduces output do not use. 

R3 made from four 25K 10w resistors in parallel. VRl linear taper. Cl may or may 
not be polarized. C6, C7 could be single .0025/15KV capacitor. SCR1, Ql and all 
diodes can be standard replacement equivelants. : 

MFR Type: Tl - TRIAD. 12 ~ Stancor HO 6246, Thordarson fly. 

Alternate values: R3 - 1K ohm, 225 watts; C5 - 1 microfarad, 600v. 
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THE LAKHOVSKY MULTI-WAVE POWER SUPPLY 
by KLARK KENT 


Many of us have read the Borderland Sciences Research Foundation (BSRF) 
publication "The Lakhovsky MWO" in which electrical wizard Bob Beck 
astounds us with tales of wonder. He tells how he was informed of the 
location of an old Lakhovsky Multi-Wave Oscillator that had been declared 
"unfathomable". He was able to reconstruct the circuits and after several 
hours the machine worked perfectly! 


Mr. Beck and fellow experimenter Ed Skilling designed and built a modern 
version of the MWO based upon Nikola Tesla's and Lakhovsky's original works 
and patents. Georges Lakhovsky, a herald of the New Age, was no doubt a 
skilled experimenter and investigator of the Life Energy, This is evident 
by his practical application of Nikola Tesla's famous coil. 


Super Science has updated both Lakhovksy's original and Bob Beck's 
adaptation of the Multi-Wave Oscillator. Looking at the schematic diagram 
in Bob Beck's article, we will eliminate everything but the 12 volt 
battery (or 12 volt power supply), switch, Model T Ford Coil, high voltage 
capacitors, and the Tesla Coil. A large high voltage diode is added to 
rectify the output of the Model T Ford coil which leaves us with a stripped 
down but thoroughly functional MWO power supply. 


12 volt lantern battery--. 


Switch --- 
Ford Coil --- 


Diode, ECG-513, 45kv --. 


Spark gap --~ 
Capacitors; .00Smfd @10,000 volts -- 


Tesla Coil -- 


Resonator antenna connection 


Before proceeding further, let's remember that the MWO is an experimental 
device and not for any healing or medical purposes! All experimenters 
should be in at least reasonably good health when building or experimenting 
with this high voltage, high frequency Tesla Coil Multi-Wave Oscillator 
power supply. 
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LET'S BUILD! 


To begin our MWO Tesla Coil power suppl: 
ply project, we can round 
needed parts and components. Basic parts list: : pee tes 


712 volt power supply; this can be a 12 volt lantern battery available from 
Radio Shack or any plug in power supply rated from approx 2 to 7 amperes. 


-Model T Ford Coil; these old time induction coils are still available from 
J.C. Whitney Co, 1917 Archer Ave, PO Box 8410, Chicago, IL 60680. The MWO 
power supply will work adequately with the Model T Ford coil but a 
transistorized driver for a modern “hot rod" auto ignition coil will 
produce a Tesla Coil power supply with far more power! 


-Switch; the on/off switch can be of any type. There is a switch already 
present on the plug in 12 volt power supply. I prefer to add a second 
switch of the key type, which prevents unauthorized use of the unit and a 
piece of vinyl tubing can be fitted over the metal key to create an 
insulated switch (this is important when turning the unit off). 


-Diode, ECG-513 at 45 KV. The diode rectifies the output from the Model 
T Ford coil or the auto ignition coil by taking out the stray ac signals. 
This diode is a high voltage device rated at 45 Kilovolts (45 KV) peak 
inverse voltage. 


-Spark Gap; an ordinary spark plug works adequately in this application. 

Try wrapping the spark plug in a large piece of vinyl tubing to insulate 
the spark gap. For a better spark gap, use a set of tungsten points. 
Chevy 6 cylinder 1965 mode] year works well to fabricate an adjustable gap. 


-Capacitors; .005 mfd and rated at least at 10 KV (20 KV is better). 

We buy our capacitors or make them ourselves. I prefer to buy them. Check 
with your local electronic supply house to special order these high voltage 
capacitors; they will not be cheap... An alternative is to scrounge the 
local surplus stores to fabricate high voltage capacitors from several 
capacitors of a lower rating. It is easy to round up some 2500 wvdc 
capacitors with a 5000 volt test rating and .005 mfd capacitance. Wire the 
capacitors together in a series/parallel arrangement to arrive at the 
desired value. Series connections add the voltage rating and lessen the 
capacitance by division of the total number of capacitors in the series. 
Thus four capacitors rated at 5000 volts wired together in series yield one 
20,000 volt capacitor. If the capacitance was originally .005 mfd each, 
now it will be .00125 mfd for the series. Thus we need to connect four of 
the series capacitors together in a parallel arrangement to create one 20 
KV capacitor at .005 mfd. Parallel connections have no effect on the 
voltage rating but parallel connections add the capacitance of each 
individual capacitor. 


CAUTION! Capacitors store electrical energy and can shock even when unit 
is turned off, Be sure to discharge the capacitors before touching them... 
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TESLA COIL 


We make the Tesla Coil ourselves using the basic parameters worked out by 
Bob Beck in his original MWO adaptation from Georges Lakhovsky. The Super 
Science Tesla Coil is a close coupled, liquid filled coil that produces a 
3" spark discharge when driven by a Darlington transistor and "hot rod" 
auto ignition coil setup. 

For making the Tesla Coil, I like to use pvc pipe for the secondary coil 
form and acrylic tube for the primary coil form. The acrylic is 
transparent which permits visual inspection of the interior of the coil to 
observe any corona leakage or malfunction. 


For the secondary winding: cut a 1 1/4" outside diameter piece of pve pipe 
seven inches long. For the primary winding: cut a 2 1/2" outside diameter 
piece of clear acrylic tubing (1/4" wall thickness) seven inches long. 
Wind the secondary coil form with #32 gauge bare enameled copper wire so 
that the turns are tightly packed to create a winding approx six inches 
long with a 1/2" gap at either end. Wind the primary coil form with #14 
gauge stranded and insulated copper wire. Wind exactly 18 turns and 
tightly pack them together. The vinyl insulation on the #14 gauge stranded 
wire will provide the correct spacing between turns. 


Place the secondary winding inside the primary winding and use Super glue 
to hold the windings in place. For the terminals of the windings, use 
ordinary banana jacks to create a modular coil with a standard banana plug 
connector system. There will be tremendous electrical stress between the 
primary and secondary windings. We could reduce this dialetric stress by 
using a pancake style primary winding, but the pancake style primary takes 
up a lot of room. To solve the dialetric breakdown between the two 
windings, we insulate the space with liquid mineral oil. The liquid 
mineral oil is self healing should a dialetric breakdown occur. Solid 
forms of insulation such as paraffin wax are useless once a short circuit 
path has been created between the two windings. 


To use the mineral oil] insulation system, finish the coil first. Then 
drill a small hole in one end and squirt the oil in using a squeeze bottle. 
Then seal the hole using a piece of acrylic and Super glue. A word about 
Super Glue! This stuff is quite remarkable and is sold in hobby shops that 
specialize in flying, gas powered, model airplanes. Use accelerator to fast 
dry the glue. The brand name of the Super glue is "Gap Filler” and the 
accelerator is "Insta Set" both made by Bob Smith Industries. 


HIGH 
VOLTAGE 


SPARK GAP 


Even though an ordinary spark plug will work for a spark gap, we can do 
much better with an adjustable spark gap made from a set of tungsten auto 
ignition points. Chevy six cylinder, vintage 1960's are fine. To fabricate 
the adjustable spark gap, cut the base plate of the point assembly into two 
parts; make the cut near the spot where the two tungsten contacts normally 
meet. You should now have two base sections, with a contact point on each 
section. The reason we cut the base plate is to prevent the high voltage 
from jumping from the connections to the base and bypassing the breaker 
points. File down any sharp points where the base was cut. Mount the two 
tungsten points in such a way that the contact points barely touch each 
other and the base sections are as far apart as possible. Mount the spark 
gap assembly on a small piece of acrylic sheet. Wood is not suitable to 
mount the spark gap because the high voltage current will pass right 
through the wood base, possibly setting it on fire! Use a large nylon bolt 
to mechanically adjust the points. Mount the nylon bolt (Toilet seat bolts 
work well) in the side of the briefcase so that it butts against the spring 
loaded contact arm; this acts as a spark gap adjuster. 


The advantage with an adjustable spark gap is that we can tune the gap 
while the MWO is in operation. The closer the two tungsten points are to 
each other, the faster the frequency of the spark jumping the gap. The 
further apart, the slower the frequency of the spark jumping the gap. 
Typically the Violet Ray Bulb Assembly calls for a fast frequency spark 
gap setting; while the High Power Radiator Antenna or Golden Ratio Antenna 
call for a wider gap spark setting to produce more power. 


One side of the spark gap points will be at "ground" potential; while the 
other side will be at "high voltage" potential. Leave a metal discharge 
point exposed on the high voltage side of the spark gap assembly. We do 
this so that the entire MWO power supply may be discharged with a test wire 
running from the Ground Bus to the high voltage point. This provides a 
quick way to discharge the capacitors before troubleshooting the unit. 

Also, cover the spark gap 
assembly with a visual 
block made from 
translucent acrylic. This 
visual screen will block 
the ultraviolet light 
emitted by the spark 
jumping the gap. Leave 
the sides of the spark 
gap assembly open to allow “OV BX7 
circulation of air around 
the points; this will 
"quench" the spark gap and 
prevent the jumping spark 
from turning into a 
constant arc. Also, mount 
the cooling fan air intake 
near or directly above 
the spark gap assembly; 
this will serve to further 
quench the gap for better, 
more bouncy performance... 
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555 TIMER AND TRANSISTORIZED DRIVER 


Even though the Model T Ford coil works adequately to power the MWO Tesla 
Coil power supply, we can really do better with a modern "hot rod" auto 
ignition coil. Mallory makes an aftermarket coil for drag racing that puts 
out approx 45 KV. The "MSD Blaster” is another aftermarket auto ignition 
coil that really gets the job done. Even an ordinary UC-15 replacement 
coil with its 30 KV rating will outperform the Model T Ford coil. 


However there is one consideration to using an auto ignition coil as the 
primary high voltage source. Since we are working with 12 volts direct 
current, we need to interrupt or chop the 12 volts going into the auto coil 
to enable it to function as a transformer. The Model T Ford coil had a 
built in interrupter for this purpose. We will make a much better 
interrupter from a 555 timer chip and a high power Darlington transistor. 
The 555 timer chip will chop or interrupt the 12 volts going into the auto 
ignition coil from 130 times per second to 1300 times per second while the 
Darlington transistor handles the power. With the Model T Ford coil we 
were stuck with the fixed frequency of the interrupter (approx 200 Hz). 
With the 555 timer system, we can tune the frequency of the primary high 
voltage from 130 Hz to 1300 Hz. This really makes a difference when we try 
to get maximum performance from our Tesla Coil when it is driving the MWO 
Golden Ratio Radiator Antenna or driving the Violet Ray Bulb Assembly for 
direct stimulation. 


Below is the schematic for the 555 Timer/Transistor Assembly. It is shown 
hooked up to the auto ignition coil. You can hardwire this circuit using 
a Radio Shack #276-162 project board. I use a large heatsink to mount the 
Darlington transistor (RCA 8766) and to mount the 50K ohm tuning 
potentiometer. When the MWO power supply is housed in a briefcase, the 
shaft of the 50K ohm potentiometer can extend through a hole in the side 
of the case. Go ahead & slip a short piece of vinyl tubing over the 
potentiometer shaft both to extend the shaft and to insulate it from high 
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GROUND BUS 
An external Ground Bus is important because it lets us reference the high 
voltage to the zero potential of the Earth itself. Without a true Earth 
ground, the negative side of the circuit can pick up a substantial voltage 

“by induction from the high voltage potentials in the circuit. This 
condition is known as a "floating ground" and could result in the 
experimenter getting shocked. The shock itself is harmless, but the 

surprise that an accidental shock causes may lead the experimenter to jump 
back and bump his head! The Ground Bus may be connected by a long wire to 
a cold water pipe or to a steel fence post or to a piece of rebar driven 


4 into the ground. The Ground Bus is a handy reference point when 
discharging the circuit before troubleshooting. 
SAFETY 


.. Try to follow the "one hand rule" when actively adjusting the live high 
voltage circuit. This means keep one hand in your pocket or one hand behind 
your back. If an accidental shock should occur, then the electrical current 
does not travel across the heart when the experimenter follows the "one 
hand rule". Another safety procedure is to use a 12 volt lantern battery 
to power the circuit while it is still under construction. Once all the 
problems have been solved, then a more powerful 12 volt supply can be used. 

“TESTING THE CIRCUIT 

Let the circuit run in darkness and try to observe any corona leaking from 

exposed high voltage points. There are two good and easy ways to stop high 

voltage leaks. One method is ordinary vinyl tubing: wrap wires carrying 
high voltage in vinyl tubing to absolutely stop them from leaking power 
robbing corona. Auto parts store sell expensive spark plug wire which will 

+ withstand the high voltages we are dealing with. If you use spark plug 
wire, be sure that it is metal wire, not "radio suppressor" wire (it's 
carbon fiber and impossible to solder or connect to), 

ke Another good method of insulating high voltage is 100% silicone clear 
caulk! With your caulking gun, apply some 100% silicone clear caulking to 
exposed wires, exposed high voltage points and other places where you can 

4. observe leaking high voltage corona. 
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LAKHOVSKY 
MULTI —WAVE 
OSCILLATOR. 


HOW IT WORKS: 

The MWO sets up a high 
voltage oscillating 
electromagnetic field between 
the two antennas. 
Experimental subject sits or 
stands in this field and 
every cell in the body is 
exposed to the resonant 
effect of the multiple waves. 
Just as one guitar string 
will sound when exposed to 
its resonant tone; so will 
each cell vibrate to its 
own natural frequency! 


Modular construction works 
well for the Tesla Coil in 
the Super Science MWO power 
supply. This high voltage 
Tesla Coil can produce a 3" 
spark discharge from the 
smooth HV Discharge Terminal! 
The unit is a versatile 
experimenter's kit that can 
be used for Kirlian 
photography, or to create a 
plasma of Argon gas in the 
Violet Ray Bulb Assembly. 


SUPER SCIENCE 
P.O. Box 392 


Dayton, Ohio 45409 44 
(513) 298-7116 


In this time lapse 
photo, we can see the 
dramatic effect of 
the high voltage 
excitation of each 
ring of the MWO 
antenna! Each ring 
radiates at its 
characteristic 
wavelength and 
frequency to cover 
a range from approx 
200 Hz to 14 Giga Hz! 


\- ANTENNA HOOKUP 


Experimental subject is 
placed within the 
oscillating electrostatic 
field between the two 
antennas which are approx 
4 to 6 feet apart. All 
metal such as heavy belt 
buckles is removed from 
the body. Clothes are 
optional. Sessions should 
last approx 20 minutes; 
skip at least one day 
between sessions to allow 
the body a chance to 
detoxify. 
With the Golden Ratio 
Radiator Antenna, the use 
of the second Resonator 
is not required due to 


the unique "Scalar" 
“properties of this 
design. 
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MWO WITH HIGH POWER RADIATOR ANTENNA AND RESONATOR ANTENNA 


nat It Does light sour 
When an LED indicator is described as being 
through hole, it has leads for insertion into holes 
ina circuit board. The term does not mean that 
the indicatoritselfismeantto be pushed through 
aholeina panel, although this may also be done. 
The LED is cylindrical with a hemispherical top 
that acts as a lens. The leads are relatively thick, 
to conduct heat away from the component. A 
dimensioned diagram ofatypical LED measuring 
‘5mm in diameter is shown in Figure 22- 
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Figure 22-1. Dimensions of a typical 5mm LED. The 
longer wire connects with the anode, while the shorter 
wire cannects with the cathode. Adapted from a data 
‘sheet published by Lite-On Technology Corporation. 


‘An LED indicator that is not the through-hole 
type is usually a surface-mount component. 
LEDs for surface mounting are mostly rectangu- 


ndicator, ar display > single source > LED indicator 


lar and can be as small as Imm x 0.5mm. They 
may require a heat sink. 


Schematic Symbols 
Figure 22-2 shows a variety of symbols that are 
commonly used to representan LED. Thetriangle 
at the center of each symbol points in the direc- 
tion of conventional (positive-to-negative) cur- 
rent flow—from the anode to the cathode. Each 
pair of arrows radiating away from the diode in- 
dicates emitted light. Wavy arrows are some- 
times used to represent infrared (thermal) radia- 
tion, Often, however, an infrared LED is repre- 
sented in exactly the same style as an LED that 
emits visible light. With the exception of the wa- 
vyarrows, the various styles of schematic symbol 
are functionally identical and do not identify dif- 
ferent attributes of the component such as size 
or color. 
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Figure 22-2. Various symbols may be used to represent 
an LED, See text for details, 


Common Usage 

LED indicators have mostly displaced neon 
bulbs and miniature incandescent lamps for 
the purpose of showing the status of a device. 
Theyare foundin industrial control panels, home 
audio systems, battery chargers, washer/dryer, 
and many other consumer-electronics products. 
Higher output variants are used in flashlights, 
traffic signals, taillights on automobiles, and for 
illumination of subjects that are being photo- 
graphed. LED indicators may be assembled in 
large numbers inattention-getting displays such 
as Christmas lights. 
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Encyclopedia of Electronic Components Volume 2 


From the December 1963 Journal of Borderland Research 


Excerpts from: 


THE WAVES 


THAT HEAL 


The New Science of Radiobiology 


by Mark Clement 
edited with commentary by Riley Hansard Crabb 


Bob Beckhas loanedusacopy ofthe late 
Mark Clement's brief, illustrated review of 
Georges Lakhovsky's Multiple Wave Oscil- 
lator showing pictures of antennas, before- 
‘and-after skin cancers apparently cured by 
the Oscillator, and of cancerous plants re~ 
turned to normal health by two means: 1. 
Radio-Cellular Oscillator, and 2,Single Wire 
Oscillating Circuits. 

“Oathe day Hitler’smechanizedhordes 
drove into Prague 2 book was published in 
London entitled The Secret of Life by 
Georges Lakhovsky, a Russian-born engi- 
ner resident of Paris. The book had previ- 
ously appeared in French, German, Italian 
and Spanish translations and Lakhovsky’s 
‘theories were well known on the Continent 
long before the English Translation was pub- 
lished. 

“The evil designs of the Nazis soon 
‘ave rise to depressing repercussions in all 
spheres of human activity and Lakhovsky’s 
remarkable work was eft virtually unnoticed 
{in this country (England) by the medical 
profession and the public alike. A few dis- 
cerning ities, however, exprossodtheirviews 
with appreciative understanding. The Hos- 
pital said ‘Lakhovsky’s theories areso inter- 
esting from the point of view of furure devel- 
‘opments that it will repay any keen hospital 
officer to give them his close attention.” 
‘Science Forum said “The admirable transla- 
tion of Lakhovsky’s The Seeret of Life will 
beheartily welcomed in progressive circles. 
‘The general theory is one which physicists, 
biotogists and medical men cannot afford to 
ignore,’ But these were voices in the wilder- 
‘ness and the field forexperimental investiga- 
tion was left open to a few amateurs devoid 
of scientific training and lacking the neces- 
sary resources, 

“The impartial investigation of claims 
of cure of various diseases by un-orthodox 
‘methods demands high qualities ofmind and 
character possessed by very fewmenindeed, 
Scientific truth is no respecter of persons or 
of vested interests, and Lakhovsky’s spec 
tacular results in the treatment of plants and 
animals and human beings were inevitably 
bound to antagonize orthodox practitioners 
‘and exponents of popular medical cults. 

“On the Continent Lakhovsky’s work 
attracted 2 great deal of attention in scientific 


circles, particularly in Germany and Italy. 
Italian investigators were among the first to 
study Lakhovsky’s theories and put them to 
the test in laboratories and clinics. It was, of 
course, tobe expected that thenew science of 
Radiobiology should make a special appeal 
tothe intellectual heirs of Galvani, Voltaand 
Marconi. It is somewhat depressing to ob- 
serve that in England, the country of Faraday 
and Clerk Maxwell, Lakhovsky’s theories 
hhave not yet received the attention they de- 
serve, 


REGENERATING OSCILLATING CIR- 
currs 

“Lakhovsky hasbeen criticizedby physi- 
cists ignorant of biology and by biologists 
ignorant of physics! These self-appointed 
‘censors of knowledge soon found they were 
‘confronted with aredoubtable opponent who 
{lly realized the value of experimental evi- 
dence. Its publication resulted in causing 
annoyance to the custodians of infallible 
doctrines who made up with carping ver- 
biage what they lacked in clarity of vision 
Bat Lakhovsky’s achievements with his os- 
cillating circuits supported by astonishing 
photographs of regenerated tissues in plants 
and human beings could not be exploded by 
more verbal fireworks, andas evidence acu 
mulated the skepticism of hostile critics re- 
Japsed into morose silence. 

“The indisputable fact remains that La- 
Khovsky was the first experimenter to make 
‘use ofhigh frequency electro-magnetic waves 
in the domain of biology. ‘Thus out of the 
application of radio-clecticity to biology his, 
‘work developed and gradually established 
the foundations ofthe new science of Radio- 
biology. The first international Congress of 
Radiobiology washeld in Venice in 1934. A 
leading authority on electro-therapy, the late 
Dr. EP. Cumberbatch, wrote: ‘Although it 
‘had been frequently observed thatthe short 
‘Hertzian waves could produce heat at a dis- 
tance from the transmitter the first scientific 
investigation from abiological point of view 
‘was made by Lakkovsky and his colleagues 
‘who published a paper in 1924 on the effects 
‘of very short waves on cancer in plants.” 

“When France was occupied by Ger- 
‘man troops, Lakhovsky, being a prominent 
anti-Nazi, decided to leave Paris and made 


46 


hhis way to New York where he died in 1942 
at the age of 73. 

“Inthe United States Lakhovsky’stheo- 
ries were putt the practical test with typical 
American speed. Noticing that patients 
treated with Lakhovsky’s Multiple Wave 
Oscillator showed signs of rejuvenating ap- 
pearance, the possibility of exploiting this 
side-effect proved irresistible to an enter- 
prising ‘beautician’. A film was made fea- 
turing casesatftertreatment with Lakhovsky’s 
MWO, which proved to be both interesting 
and convincing. 

“in New York Lakhovsky was ap- 
proached by several hospitals witha view to 
testing his apparatus experimentally. The 
remarkable results obtained . . . in a large 
‘New York City hospital, andalso by apromi- 
nent Brooklyn urologist are fully set out in 
the text, 

““Inthiscountry (England), owingmainly 
totheinauspicioustimeat which Lakhovsky’s 
‘major work wes published, verylittleinterest 
has been shown on the part of those best 
qualified to judge its merits. The medical 
profession, whose conservatism is the most 
formidable barrier to progress, has been no- 
toriously slack in investigating the new ra- 
dio-clectrical methods of treating disease as, 
originated by Lakhovsky...”” 

Mark Clement’s observation on the for- 
midable conservatism of the medical profes- 
sion in 1949 is still tre today. Effective 
electronic diagnosis and treatment of disease 
isstillaclosed door here in America as faras 
the AMA is concerned. Those brave MDs 
who have tried to keep medical practice 
abreast of developments in electronic sci- 
ence have been discouraged, if not actually 
driven out of practice. Dr Abrams is a good 
example, with his Oscilloclast, developed 
and proven effective in San Francisco about 
thetimeL akhovsky was developing the MWO 
in Paris inthe 1920s, Radical innovations in 
aay line of endeavor are usually thought up 
and proven by rank outsiders. Georges La- 
Khovsky was no doctor, but an electrical 
engineet! 

Doctors, with their own pharmacies and 
with massive investments in the drug indus- 
try, are not likely to show much interest in 
radical new ways for treating human ail- 
‘ments, especially ifthe new way sa threatto 
profitable practice; and, as long as Ameri- 
‘cans think they can buy health in a pill or a 
shot in the fanny, doctors will continue to 
treat them with poisonous drugsat topprices. 
‘This is good business, 


BORDERLAND RESEARCH 

‘But for those of us who would like to 
keep our bodies as uncontaminated — and as 
healthy ~ as possible, Lakhovsky’s theories 


It is highly significant that about the 

only rays and ray machines approved for 
‘general use by the American Medical Asso- 
ciation are the destructive ones of X-rays and 
atomic radiation for the mis-treatment of 
‘cancer. 
“Since Lakhovsky’s oscillating circuits 
‘ere frst used for the treatment ofcancerous 
‘eraniums, an experiment fully desoribed in 
communications to the French Academy of 
Science, the same method las been success- 
fully applied in Continental hospitals and 
‘nursing homes.”” 

Photos of the successful treatment of 
‘cancerous geranium plants are included in 
Clement's book, along with the pictures of 
the disappearing skin cancers in human be- 
ings. So Clement describes the major fea 
tures of Lakhovsky’s workin this first chap- 
ter, the simple, one-coil Oscillating Circuit 
powered by cosmic rays, and the electric- 
powered Multiple Wave Oscillator. “There 
are photos of the Multiple Wave Oscillator, 
showing clearly the unique circular anten- 
nas. These were made of metal tubing, 
separated and suspended with silk thread. 
‘The simpler, aluminum-foil printed circuit 
in Bob Beck’s adaptation is an easy way to 
experiment with the idea. 


‘THE OSCILLATING CIRCUIT 

“The diagram on this page shows where 
the oscillating circuits should be worn, ic. 
‘round the neck, waist, and above the elbows 
and knees. The effect is intensified if more 
than onecircuit is worn. Generally speaking, 
‘the neck and waist are the favoured sites and 
likely to bring about the best results. 

“In the light of Lakhovsky’s theories 
the fight between the living organism and 
microbes is fundamentally a ‘war of radia- 
tions’. Ifthe radiations of the microbe win 
the cell ceases to oscillate and death is the 
ultimate result. If, on the other hand, radi 
tions of the cell gain the ascendant the mi- 
‘robe is killed and health is preserved. 


‘THESECRET OF LIFE (ATTHERORM 
LEVEL) 

“*Broadly speaking, health is equivalent 
to oscillatory equilibrium of living cells 
Whereas disease is characterized by oscilla- 
tory dis-equilibrium. This general principle 
thas given rise to a vast number of experi- 
ments covering the whole field of biology. 
Plants, animals and human beings have been 
successfully treated by the application of 
Lakhovsky’s oscillating circuits and the 
reader is referred to his major work The 
Sceret of Life for a full discussion of this 
important subject. 

‘Those of you who have been studying 
‘the Kabala with Mrs, Crabb and me must 
have been struck immediately by the meta- 


physical soundness of Lakhovsky’s basic 
theory expressed above, One wonders if this 
Russian escapee from Communism, and from 
Naziism, wasa’t indeed a student of the 
‘Western Mystery Tradition, perhaps even an 
Initiate! The Tree of Life isthe groundplan 
of our Tradition. On the Tree we show the 
descent and the ascent of power, oscillating 
back and forth from left to right and right to. 
leftacross the Midale Pillar, orbalancepoint. 

Now for the final paragraph of Chapter 
One. “During recent years observations on 
the part of several investigators have estab- 
lished the fact that most animals, including 
insects and birds, emit radiations while they 
are also seasitive tothe influence of external 
electromagnetic waves. These radiations 


Single wire oscillating cireuits around 
subject's neck, arms, waist and knees. 


‘emitted by all living beings cover an indefi- 
niterange (infiniterange?)andarecharacter- 
‘zedby amultitude of different wavelengths. 
In the immense range of existing radiations 
wwe can only perceive the luminous octave 
(isibte light) but we know that whole gam- 
uls of radiations exist beyond the narrow 
limits of the visible spectrum. The limita- 
tions of our senses prevent us from perceiv- 
ing radiations of living beings and this sen- 
sory incapacity also excludes from the field 
of diectawareness the vast gamut of electro- 
‘magnetic waves traversing our atmosphere. 
Yet all these radiations and waves exist and 
affect all forms of organic life in various 
ways.” 


DR. RAUL ARAUJO’S REPORT 

Tn Chapter Two Mark Clement gives 
“Medical Reports on Lakhovsky’s Oscillat- 
ing Circuits.” We'll give only one, by Dr. 
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Araujo, Physician atthe Prophylactic Insti- 
tute, Montevideo Uruguay. “In 1929, Dr. 
Araujo was suffering from a long-standing 
infection of the larynx which his eminent 
colleagues had failed to cure. While in Paris, 
he met Lakhovsky who advised him to wear 
one of his oscillating circuits in the form of 
collar. Although fecling rather skeptical 
about this unorthodox method of treatment 
Dr. Araujo wore the oscillating circuit for 
several months with the result that he fully 
recovered and has hadno relapse since. This. 
‘personal experience led him to treat his own 
Patients with Lakhovsky’s oscillating cir- 
‘cuits. Having treated over 300 patients suf- 
fering from a wide variety of diseases Dr. 
Araujo succeeded in curing or greatly im- 
proving cases of rheumatism, asthma, ane- 
mia, neuralgia, gastric ulcer, colitis, glandu- 
lar disturbances, sterility, genito-urinary af- 
fections, general weakness and even cancer. 
Dr. Araujo observed that in cases in which 
Lakhovsky’s oscillating circuits appeared to 
sive no definite results there was invariably 
alatent infection whichrequired special treat- 
‘ment suchas syphilis, cholecystitis, sinusitis, 
pyolitis, dental sepsis, etc. ..A fullaccount of 
Dr, Araujo’s Report appeared in a mono- 
‘raph entitled ‘Cosmic Rays and Oscillating 
Circuits’ by Dr. P. Rigaux, Paris, 1932.” 


CHAPTER THREE, THE MULTIPLE 
WAVE OSCILLATOR 

‘Most ofthis has been well explained by 
Bob Beck in his article in the November 
Joumal, though we might quote again in 
Clement's own words: ‘“Afler many experi- 
ments Lakhovsky succeeded in constructing 
‘anapparatus generating an electrostatic field 
in which all frequencies from 3 metres to the 
infra-redregion couldbe produced, Hencein 
this field every cell could find its own fre- 
‘quency in resonance... Thns atype of oscilla- 
‘torwas obtained givingall fundamental wave 
lengths from 10 cms. to 400 metres, corre 
sponding to frequencies of 750,000 to 3 
milliards per second. .. 

“Since 1931 the Multiple Wave Oscil- 
lator has been tsed in most European coun- 
tries and in America for the treatment of 
many diseases including cancer. No contra- 
indications for the use of the apparatus nor 
any harmful effects on patients have ever 
been reported. ‘This is in striking contrast 
with short-wave therapy in general, X-rays 
‘and radium whose application in the hands of 
‘experts has not infrequently been followed 
‘by the most serious consequences. ..” 

‘Then follow several pages of photos of 
before-and-after cancer cures and medical 
reports from doctors. This one is typical, 
from Dr. Nicholas Gentile, Chief Radiolo- 
‘ist of the Clinic for Incurables ofthe Apos- 
tolic Ladies of the Sacred Heart of Jesus, 


offer away out ofthe clutches of the medical 
trust. Theres ttle likelihood that the AMA 
‘will support research in this area of elec- 
tronic science for years to come, There is 
every probability thet there will be murder- 
‘ous opposition to any attempt to exploit the 
‘MWO on a national scale. This means that 
you will have to build and test your own 
‘equipment, or make friends with some clec- 
‘tonic technician — engineer, TV or radio 
repairman -- and prevail upon him or her to 
build it for you. This is the active kind of 
Dorderland research which requires that you 
‘getup out of your easy chair and get to work! 
If you live in an isolated spot, take a mail 
order course in basic radio construction. If 
‘you live near a high school that has an adult 
‘education program, sign up for the evening 
class in radio theory and bench work. Idid at 
‘Barstow in 1958, so can you. Ifyou want to 
beacitizen of heNew Age youshould make 
someeffort to keep upto date, even ifthe sick 
industry doesn’t! 

‘What are Lakhovsky's generaltheories? 
‘Mark Clement sums them up neatly in Chap- 
ter One of The Waves That Heal: 

“The fundamental principle of 
Lakhovsky’s scientific system may be 
‘summed up in the axiom “Every living being 
emits radiation’. Guided by this principle 
Lakhovsky was able to explain such diverse 
phenomena as instinct in animals, migration 
in birds, health, disease, and, in general, all 
the manifestations of organic life. 

“According to Lakhovsky the nucleus 
of a living cell may be compared to an 
electrical oscillating circuit. This nucleus 
‘consists of tubular filaments and chromo- 
somes made up of insulating material and 
filled with a conducting fluid containing al 
‘the mineral salts found in sea water. These 
filaments constitute minute oscillating cir- 
‘cuits endowed with capacity and inductance 
‘and capable of oscillating according to a 
specific frequency. They are comparable to 
the circuits, coils and windings of radio re- 
ceivers.”” 

T believe Clement’s comparison of a 
body cell witha radio receiver is only half- 
true, The cell ean also be compared with 2 
radio transmitter whenit is releasing energy. 
We are both radio-receptive and radio-ac- 
tivel Lakhovsky’s theory should be accept- 
able to any oocult scientist. The push-pull 
‘dea, the positive and the negative, the Law 
‘of Opposites, is basic to all forms and to all 
lifeat this level of existence, By inductance 
‘Clement means that radio-elecricity can be 
induced or put into every cell of your body. 
‘By capacity hemeans that each body cell can 
hold a charge of adio-electricity, just as the 
battery of your car can carry a charge of 
electricity. In the case of your body, the 
charge is put in through invisible but very 


real radio waves. These can travel unim- 
peded through any solid object! 

“The living cell can thus play the part of 
transmitter or receiver ofexceedingly short 
radio-electric waves which give rise to high 
frequency currents in the circuits ofthe cel- 
Iularnucteus, Now the vibration of an oscil- 
lating circuit is maintained by radiated en- 
ergy. But where does it come from. 


COSMIC RAYS 

“Scientists have established the exist- 
ence of highly penetrating waves to which, 
by reason of their universality, they have 
siven the name of cosmic rays. ‘These rays, 
‘generated by the interference of astral radia 
tions, are capable of traversing dense metals 
‘and soils to a great depth. Lakhovsky has 
demonstrated the cellular oscillation of liv 
ing organisms is maintained by cosmic ra- 
diation, According to him disease may be 
said to result from oscillatory dis-equilib- 
rium due to either a deficiency or an excess 
of cellular radiation. An important factor in 
this connection is the nature of the soil. A 
reinforcement of cosmic rays takes place on 
soils which are good conductors of electric 
ity such as clay, erruginous and carbonifer- 
ous soils. 


RESONATE IN HARMONY WITH THE 
‘UNIVERSE 

“To avoid the harmful effects of loss of 
oscillatory equilibrium it is necessary to en- 
sure the regularization of the cosmic field 
ound the living organism by filtration. 
Latchovsky’s own explanation of the prob- 
lem offiltrtion sas follows: ‘The terrestrial 
‘atmosphere is known to be impregnated by a 
‘Vast range of electro-magnetic oscillations 
of all wave lengths and intensities as a result 
of unceasing electrical discharges (thunder, 
etc.), Besides that we know that electric 
‘motors and other electrical machines create 
in the atmosphere a field of auxiliary waves. 
‘Moreover, during the past 25 years the earth 
has been flooded with radio-telegraphic, ra- 
o-telephonic and other waves. Under such 
conditions it is easy to understand why any 
‘oscillating circuit of any form or dimensions 
is likely to find inthis vast field of waves its 
‘own resonance with which it can vibrate 
harmoniously. Itis therefore obvious that to 
make any oscillating circuit oscillate there is 
no need to have recourse toa local generator 
such asthe Radio Cellular Oscillator used by 
Lakhovsky in 1924 when he frst treated and 
‘cured geraniums inoculated with cancer. The 
oscillating circuit utilized by Lakhovsky in 
‘his second series of experiments ~ a circuit 
having no artificial source of excitation ~ 
proved equally effectivein uring geraninms 
‘rendered cancerous by inoculation.”” 

Yes, in 1924 Lakhovsky ‘graduated? 
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from electronics toradionicst He discovered 
and proved to his own satisfaction that in 
some ways a simple, one-turn coil of wire or 
fibre was as effectiveas the electric powered 
Multiple Wave Oscillator. The simple Oscil- 
lating Circuit, as Lakhovsky called it, has 
two advantages over the MWO. It doesn’t 
‘have to be plugged into a battery or 110 volt 
home power supply, aud it broadcasts no 
interference withradio and TV sets. Itactsas 
1 step down transformer for life-positive 
cosmic radiation. 

‘Clement says that ‘it must be particu- 
larly stressed that only Circuits madein strict 
accordance with Lakhovsky’s directions 
should be used, otherwise the results will 
prove to be entirely negative.”” Unfortu- 
nately we do not have Lakhovsky’s direc 
tions, and Clement certainly doesn't give 
them. You are still free to investigate this 
‘type of research and many have. Ifyou want 
to experiment in this area then get yourself 
some copper wire (solid or stranded, re- 
search should be done on both) in various 
lengths, (8 inches is one wave length which 
hhas worked well on tomato plants) and make 
them into a circle with the ends overlapping, 
but with the metal ends insulated or sepa- 
rated from each other. Lengths can be deter- 
‘mined through radiestheticmeans (that i, by 
dowsing) or perhaps in geometric relation- 
ship with the structure ofthe plant. Consid- 
ering the radionic and radiesthetic viewpoint 
geometric shapes would also have an infiu- 
ence and can be experimented with. Always 
use control samples in your experiments to 
see what works and what doesn’t. 

‘Togetbackto Clement’stext: “Through 
the action of this constant field of radio- 
‘electric waves which emanates from the sur- 
rounding atmosphere the oscillating circuit 

‘made to resonate like an instrument intune 
with certain sounds. Thus the oscillating 
circuit creates a field which canalizes and 
filters, soto speak, the cosmic waves neces- 
sary for cellular oscillation. 


‘THE DANGER OF BURNING X-RAYS 

“Furthermore, this filtration isa general 
phenomenon, Ithasbecn discovered, through 
the investigations of Lakhovsky, that radia- 
tions such as those associated with light, 
ultra-violet rays, X-rays, etc., have the prop- 
erty of making cosmic rays act, as it were, to 
the advantage or disadvantage of the cells. 
‘Now the field created by an oscillating cir- 
cuit is constant and emits a steady and sus- 
tained force. Itinvariably acts ina favorable 
manner on the oscillation of the body cells, 
facilitating by the filtration of cosmic rays, 
regular cellular division, a fact which ex- 
plains the immunity impartedto thecells and 
their consequent capacity of resistance to 
diseases and microbes. 


Rome, published in the medical review 
fedicina Rome: 
"Effects On The Nervous System. Gener- 
ally speaking Ihave observed a marked anal- 
sgesic action following the application of the 
Maltiple Wave Oscillator in all affections 
associated with pain, particularly in the clas- 
sical cases typical of such affections. For 
‘example, patient suffering from cephalagia, 
resulting from violent cranial trauma, for a 
‘uration of 10 years, was subjectedto a great 
variety of treatments, but all in vain, The 
patient was definitely cured after 2 months? 
‘treatment with the MWO. Improvement was 
‘manifest after only 3 applications.” 

Dr. Gentile also reported the effects of 
the MWO onthe Central Nervous System, on 
Chronic Inflammations, on Metabolism, on 
Disorders of the Cardio-Vascular System, 
‘and on miscellaneous cases. He says he 
adopted the technique of localized irradia- 
tion, Generally speaking, treatment is given 
every 4 days for a duration of 5-15 minutes 
persession. This i the technique which has 
‘givenme the best results after having experi- 
‘mented with many forms of application. For 
children, old people and debilitated women, 
arelatively weaker application is indicated. 
Ifresults are not apparent after 7 or 8 appli- 
cations, I continue until 15-30 applications 
are givenat therate ofa singletreatment once 
aweek. Ibavenever observed ay ill-effects 
fromthe MWO treatment, whatever thenum- 
ber of applications was in aay given case. 
Moreover, the general condition of patients 
is always improved, even if only tempo- 
rarily, so much so that the patients them- 
selves sometimes insist on having further 
treatments...” 

‘This chapter on the MWO concludes 
with four pages of reports of notable im- 
Provemeat or cure by American doctors. 
‘Chapter Five is concerned with the remark 
able results obtained by using the Multiple 
Wave Oscillator on animals. Chapter Six 
contains Lakhovsky’s prophecy that some 
time in the future diagnosis of disease would 
be obtained by television! This is something 
which Dr. Ruth Drown’s Radio-Vision and 
Homo-Vibra Ray instruments have already 
accomplished. 


THE NOVEMBER CONVENTION 
TESTING PROGRAM. 

‘There were two Multiple Wave Oscilla- 
tors available, These were generously fur 
nished by Bob Beck and Ed Skilling, and 
‘were set up in the shielded seance room. 
Only short exposures of from 2 to 5 minutes 
‘were given, during the Iunch and dinner 
hours on Saturday and Sunday. In that time 
‘perhaps 100 people volunteered for tests. 
Until a follow up inquiry is made, no statis- 
tical conclusion can bemade, or even begun! 


‘A few individual cases reported to your 
Director are worthy of note, including my 
‘own, By mid-morning on Saturday a spinal 
injury from my old, hockey-playing days 
wwasactingup. Doctorshavecalleditaspasm 
inthesacro-iliacarea. EdSkillinginvitedme 
to sit inthe rays from the MWO for a couple 
‘of minutes while the seance room was being 
readied for testing. Within a minute the 
spasm relaxed completely and the pain was 
gone, This was not a permanent change, of 
course, but the analgesic effect was certainly 
noticeable. 

Mrs. Fred Rannenberg, financial seere- 
tary of Harmony Groveanda BSR Associate, 
told me she had had a sharp pain in the area 
ofher left hip for over two weeks atthe time 
of the Convention. One 3-minute exposure 
to the rays of the MWO removed this com- 
pletely. When I attended the Grove Board 
‘meeting a week later she said the pain had 
still not returned, 

‘One Associate did report a negative re- 
action to the MWO. She attributed it to 
arsenic poisoning. She had a severe case of 
this earlier in the year. When the machine 
‘was turned on she felt a severe pain through 
her right side, as though someone had jabbed 
‘knife into her. Tt conld be that some ofthe 
Jead poison was still in her system and the 
stirring of the cells in the mid-section pro- 
duced this reaction. It was endurable, how- 
‘ever, and she sat out the exposure without a 
murmur. The pain persisted that night and 
she had to put cold compresses on her sideto 
got to sleep. The next morning she felt fine 
and was eager to take another exposure to the 
‘multiple waves. This time there was no 
negative reaction, 

‘The most starting subject of all was the 
woman Who had been awake all Saturday 
night with a migraine headache, an old and 
recurring ailment, By Sunday morning, Nov. 
10th, she was sick and nauseated. Tt was 
suggested that before takingher toa doctoror 
hospital she be given a short exposure to 
‘MWO rays. Within minutes all pain was 
‘gone and she retumed to her cottage to lay 
‘down and sleep like a baby. 


‘THE PSYCHEDELIC EFFECT 

Bd Skilling is the only I know who has 
stayed in the MWO field or rays for longer 
than 1Sminutes. While testing and adjusting 
his equipment at his microphone factory 
several weeks ago he deliberately stayed 
between the antennas for anhour. Atthe end 
of that time he was beginning to feel light- 
headed and dreamy he thought it a good 
idea to get out before losing consciousness 
angie. 

‘An even more spectacular possibility 
the Time-Machine effect in connection with 
rejuvenation. Tf, as Bob Beck suggested in 
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his article, the MWO tends to take the body 
cell back down the timestrack to a more 
‘youthful, more vital period, what would hap- 
pen to. person who stayed in the field ofthe 
‘machine for fourhours? Wouldhis vibratory 
rate be speeded up to where he would disap- 
pear completely? Like the hero of H.G. 
Wells’ “Time Machine"? Anybody want to 
tay it? It seems, from hints George Van 
‘Tassel has been dropping over the years, that 
his Integratron at Giant Rock, California 
‘might do somethinglikethis--ifandwhenhe 
sgetsit working! As Trecall,both George and 
‘the Canadian Saucerian, the late W.B, Smith, 
spoke of the four dimensions of electricity: 
1. is the electricity moving in one direction 
along a copper wire, 2, is the magnetic field 
aroundthe wire, 3. isthestatic chargecreated 
bythe first two effects, and4. is Time—orthe 
“teanpic field” as Smith called it. The Time 
Field equates with Space, where conscious- 
ness is everywhere present. Seems to me 
Lakhovsky’s Multiple Wave Oscillator is a 
‘gadget which gives us the opportunity ~ for 
the first time — of approaching the Time 
Field with scientifically acceptable equip- 
‘ment, operating in known frequencies. Re- 
member, that with its circular antennas it 
operates on the vortex principle. Each indi- 
‘vidual antenna in the group is a segment of 
60 degree cone. The 1/2 inch gaps, at alter- 
nate 180 degrees from each other, conform to 
the altomating principle and give a damped 
or pulsed wave. 


‘THE SPACE AGE EFFECT 

Copies of our November 1963 Journal 
hhave gone all over the world. Each day's 
mail brings new orders. We are confident 
‘that Lakhovsky’s invention, far ahead of its 
‘time in the 1920s and 30s, has been given a 
new lease on life and will be pushed to its 
ultimate development on every continent, 
‘There will be vigorous opposition from the 
right-wing conservatives and reactionaries. 
Their resistance will furnish the platform 
from whichelectronic'“medicine” willeven- 
tually sweep the world. 

see the day when a device, similar to 
the MWO, will be a standard part of every 
hhome bathroom or cleansing center. You 
willconsider itasnecessary and asroutine to 
take an electronic showerbath, as to take a 
‘waterbath, Home from work, tired, dirty and 

‘ouraged, you strip, flip on the MWO 
switch, and while shaving, doing your hair or 
‘whatever, re-balance your wholesystem with 
a two or three minutes exposure to the puls- 
ing waves from the oscillator as they flood 
the whole room. For the sale of the house of 
‘the future it will be as important forthe adto 
say “‘shielded beth with MWO” asit will 0 
say “tile bath with radiant heat.”” 

Mr. Skilling told me he was tired and 


“dragged out’” after processing dozens of 
volunteer “guinea pigs’ late Saturday after- 
noon, Before shutting down the equipment 
he satin the nail-tess wooden chair between 
‘the antennas and gave himself athree minute 
shotof pulsed waves. Refreshed andrevived 
he looked forward to a good dinner and the 
full evening program. 

T don’t know of a better Christmas gift 
‘we could have given the Associates than the 
idea and the plans for the Lakhovsky MWO, 
researched and so generously offered us by 
Bob Beck in the true borderland science 
tradition, Now it is up to you to carry it 
forward in your own individual way. We 
‘welcome your comments, observations and 
research data as you develop equipment and 
a testing program. 


AND NOTHING HAPPENED! 

“"No doubt you are deluged with corre 
spondence about your articles on the La- 
Khovsky Rejuvenation Machine. Since you 
said itis possible for any intelligent 16-year- 
‘old to build one that is exactly that which I 
have had to rely on. Fortunately, my son is 
fairly well informed on electronics but obvi- 
ously no expert at his age, 16. He followed 
‘your diagram but instead of battery powerhe 
used an electric train transformer, Which he 
assures me, is equally efficient.” He also 
found he had to make one change in the 
hookup of the Tesla Coil. Ihave taken four 
‘exposures and the results! Nil!” 

‘Maybe this lady expected to be rejuve- 

nated back toherearly twenties. As faraswe 
know, no such claims have ever been made 
forthe Lakhovsky gadgets —though it would 
bbe interesting if it happened! As for power 
supply to the Model T Ford coil, any 6, 8, 10 
or 12 volt battery or transformer should do, 
depending on what you have available and 
Where you intend to do your experimenting 
We understand the old Model T magneto 
delivered ashigh as 18 voitsto the four oils. 
One handy source of 6 or 12 volt electricity 
is the cigarette lighter on the dash of the car. 
Plug in there for power when you want to 
‘expose Yourself while driving or out in the 
country. 
“Thad been fighting a virus for several 
ays andthe day afterthe first exposure! felt 
‘a great deal better, but the second day T was 
rightback where Thad been, But that was the 
pattem the virus had been taking. One day 
Ted feel fairly normal, the next miserable 
again. So it is difficult to know if the 
Lakhovsky machine could be credited with 
the temporary improvement,” 

‘That's right, ma’am, some people show 
little or no reaction to the mytogenic waves, 
put out by the Lakhovsky instrument, The 
resultsare unpredictable, Perhapsthat's why 
the research was pushed no further in the 


1930sbyauthoritieshereintheUnitedStates. 
You, like most people, think that health can 
bbe bought in a package. Lakhovsky didn’t 
agree with this erroneous conclusion. His 
‘theory was that health is a condition of bal- 
ance ofall the forees ofthe body. Til health 
is a condition of imbalance caused by your 
misbehavior. Ifyou continue to misbehave, 
any force applied from the outside, whether 
itbe mytogenic waves, manipulation, drugs, 
medicine or surgery, will only bring tempo- 
rary relief. Pain is an insistent teacher, 
urging you to change your mind; but if you 
can'tchiange your mind, how can youchange 
your body? 

“One possible reaction to the exposure 
can report is that I took the first one just 
before going tobed at night. Ittookme three 
hours to get to sleep. Several things puzzle 
‘me about the machine we have constructed. 
First ofall, although we have experimented 
‘with a Tesla coil of the size your diagram 
calls for, a well as one almost twice the size 
and strength, we cannot get atwo-inch spark 
‘rom the anteana orresonator, 1/2to3/4ofan 
inch is the absolute maximum.” 

‘The mention of the two-inch spark was 
‘Mr. Beck’s error. 1/2 to 3/4 inch arcingis all 
this circuitry will produce and that is ad- 
‘equate to affect notable changes in many 
forms of cell life. More power might pro- 
duce faster changes, and much harm! Be 
reasonable, a living cell is so small as to be 
invisible withouta microscope. Only minute 
amounts of energy are necessary to affect a 
cell to stimulate itor to kill it. 

“Second, underno conditions do we get 
the ‘biuish glow ofbrush discharge” from the 
antenna that you mention; although we have 
no trouble lighting up a two-foot fluorescent 
amp.” 

Operate your Oscillator intotal darkness 
‘and you should see some brush discharge at 
some points on the antenna, True this re- 
designed equipment puts out nothing like the 
five-inch brush discharge visible inthe photo 
of some of the original Lakhovsky equip- 
‘ment in Mark Clement's book, ““Waves That 
Heal”, and Lalchovsky’s antenna appears to 
be at least two feet across. 

But power isnot the answer to balanced, 
cell life! Dr, Abrams discovered this with his 
early electronic experiments in San Fran- 
‘cisco in the 1920s. Its the quality and the 
variety of the pulsed waves that counts! In 
any event weaker equipment can be compen- 
sated by longer exposure, and this may be 
‘more beneficial to living matter. 

“And thirdly, since we have not con- 
structed any outer shield for the machine, 
such as a Faraday cage of copper screen, I 
have been monitoring the operation on our 
radiosandtelevision. Ontheradio, onenotes 
aa annoying and loud buzz, but on T.V. 
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‘except for a couple of light horizontal lines 
and a very slight hum, there is no serious 
‘effect. So I doubt that we're bothering our 
neighbors very much. In any case, we try to 
se the oscillator very early or very ltein the 
day, when few people are using their radios 
‘or TV. I have sent for Clement’s book, 
“Waves That Heal,” and Lakhovsky’s ‘The 
‘Secret of Life’, not only to better understand 
‘what we are trying to work with but also in 
the anxious hope that I will find out way our 
machine does not have the affect it appar- 
cently should have.” 

Letmeassureyou, good lady, thereisno 
single cure-all for man’s ills. The clue to 
better health is in the profound statement of 
the Savior of our race: ‘*As a man thinketh 
in his heart, so ishe.”” Pain is still the great 
teacher in the world and will be for a long, 
long time to come. I don’t know what your 
physical condition is and it’s none of my 
business; that’s between you and your doc- 
tor. Ifyou have a long history of frustration 
and thwarted ambition, going back to child- 
hhood and even into past lives, this mass of 
energy of crystallized thought-forms, is not 
going to be broken up and dissipated over- 
night. Ifyou have consciously and willfully 
flouted Cosmic laws, or have tumed them to 
your own selfish ends, the consequences of 
‘this misbehavior will have to be worked out 
at this level. The occult scientist cals this 
Fixed Karma. In this comection, one of my 
favorite teachers, Dion Fortune, reminds us: 
“What cannot be cured must be endureé.”” 

Ifthe Lakhovsky oscilstor does havean 
analgesicaffect —asitappearsto have had in 
some cases -ithas this advantage over pain 
relieving drugs; it does not leave aresidue of 
poison in our already over-loaded liver and 
Kidneys! 


WORD OF A SIMILAR INSTRUMENT 
UNDER DEVELOPMENT 

‘We have a second letter from this same 
lady Associate, also worthy of note in con- 
nection with the Lakhovsky Multi-Wave 
Oscillator. 

“Firstoff, whenmy brother received the 
machine we had built for him, using the 
battery indicated in the schematic, he felt the 
power source might be too weak. It so 
‘happens hehas a business contact with one of 
‘the largest electronic instrument companies 
in the area where he lives. He decided to go 
straight to the president and seek his advice. 
‘With the whole idea placed before him this 
gentleman said, ‘This is very interesting. I 
‘Want you to meet one of our physicists who 
is working on avery similar instrument.” A 
‘meeting with the physicist revealed two in- 
teresting pieces of information: first, the 
physicist had never heard of Lakhovsky or 
his machine; second as soon as this new 


instrument was completed, arrangementshad 
boenmadeto testitina largenearby hospital! 
Is this latter not a cheering bit of news?” 
Both cheering and discouraging. The 
basic principle discovered by Lakhovsky is 
certainly available to the mental probing of 
other sincere researchers, so lot us Keep it 
alive by all means. But barring a revolution 
in the ultra-conservative leadership of the 
‘American Medical Association, noclectronic 
developments will be allowed to threaten the 
‘high-profit position of the drug industry. 
“Intheir discussionofthe powersource, 
thephysicistsuggested my brother usea wet- 
‘ell car battery, #50, 39 plates, 70 A.H. We 
are using one too and it makes a much better 
spark from the antenna, although itstill iso 
ereater than 1/2 to 3/4 inch, It does seem 
stronger. Of course the machine is not so 
readily portable with such a heavy battery. 
‘My brother had only one exposure at this 
‘writing but he reports anoticeable improve- 
‘ment inthe arthritic pain botheringhim in his 
rightarm formonths. On te other hand, the 
report on the use of my own machine is 
somewhat less encouraging. The only posi- 
tive results concer my husband. After his 
firstten-minuteexposure, withina fewhours, 
4 painful bursur in his shoulder cleared up. 
He has been subject to off-again, on-again 
attacks of bursitis there for some 15 years; 
for which he had taken medication, short 
vwave, and even X-ray treatments, when the 
attacks were severe, He has since taken 
another exposure, but neither this nor the 
first one seemed to help an itching-skin al- 
lergy which has bothered him for someyears. 


NOT THE FOUNTAIN OF YOUTH SHE 
EXPECTED! 

“As for myself, Ihave taken at least a 
half-dozen exposures and cannot in all hon- 
esty detect the slightest difference from them. 
T’mnot sureifitis amatter of ‘suggestion’ or 
desire to prove the capabilities of the ma- 
chine. On the contrary, [notice such strange 
‘contradictions as the fact that although [took 
anexposure yesterday morning, intheevening 
the fourth and fifth fingers on my right hand 
‘were painful, from some kind of arthritis or 
sheumatism, I had never had anything like 
this before. Does it not seem odd that it 
should develop on the day of the exposure?” 

Not at alll Any positive reaction to 
‘exposure to the mytogenic rays of the La- 
Khovsky oscillator indicates that itis work- 
ing! Mr. Lakhovsky's theory is that the 
‘waves or oscillations excite the cell, causing 
it to release mor energy, also to shake off 
accumulated poisons and/or tensions. If 
your system is loaded down with tensions 
from daily living in America, if your system 
is loaded down with poisons from processed 
foods and contaminated air and water, you 


‘can expect painful reactions when the junke 
‘breaks fre. [believe that is what sickness is 
‘the body struggling to get rid of poison. For 
‘you, things may get worse before they get 
better! 


HOW OFTEN AND HOW LONG? 

“With the mention of two successive 
‘exposures in two days I get to what is the 
‘most important question in the use of the 
MWO. No onc has explained why exposures, 
are suggested at four-day intervals. Is it 
harmful or useless to take them more fre- 
‘quently? When one is uncomfortable or in 
pain, one is anxious to rid oneself of the 
discomfort as quickly as possible. And to 
have to wait four more days for additional 
‘improvement seems unnecessary if there is 
xno harm in the exposures. Ihave exposed 
myself at more frequent intervals and still 
hhave observed no reactions?” 

‘The suggested exposure rate of fifteen 
minutes every four days came from Dr. 
‘Gentile’s extensive researches with Lakhov- 
sky equipment in Rome in the 1930s. This is 
‘atypical professional approach to treatment 
of disease by doctors. From long experience 
‘with drugs and other proven formsof therapy, 
thoy know that it takes time for the human 
‘organism to adjust itself to radical changes— 
‘without harming the organism. 

‘Whether or not this holds true for the 
‘operation and effect of the Lakhovsky ma- 
chineremainsto be proven and you’llhaveto 
be your own guinea pig. It’s your machine; 
it’syourbody; it’s yourlife. Youcantakean 
exposure every hour on the hour if you like; 
stay in all day. Who’s going to stop you? 
‘This is bordetiand research and you are a 
borderland scientist, looking for new knowl- 
‘edge which may be of benefit to yourself and 
the human race, judging from the last lines of 
your letter. 

“I am so excited and hopeful of the 
efficacy of this MWO machine that I do not 
want to leave any avenue unexplored that 
may possibly help in understanding its use 
‘and making it freely available to anybody I 
‘can possibly help. May [take this opportu- 
nity to tell youhow tremendously enthusias- 
tic and interested I am in BSRA, not only 
‘what you are trying to do but what you are 
accomplishing, too. From what youimply of 
the financial situation, it seems tobe largely 
a labor of love and service on your par, for 
‘whtich you deserve great praiseand the heart- 
felt thanks of every BSRA member and oth- 
ers whose lives they touch, Please acceptthis, 
very, very small donation of the enclosed 
check, as a symbol of my appreciation.” 

‘The donation is most welcome and will 
beputtoward the expenses ofcarrying onthis 
work, also the words of appreciation, The 
lady was also most curious about the La- 
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hovsky cireuits, those single bands of wire 
‘which ae placed around the waist, or knees, 
or ankles, wrist or neck, and seem to have a 
subtle but very real affect onthe wearers. We 
have some information on the Lakhovsky 
Circuits orBelts from Associate A.B, Powell, 
a retired lieutenant colonel of the British 
Tndian Army: 


‘THE OSCILLATING CIRCUIT 

“The Belts can be made by almost any- 
one, for a few cents, At most hardware 
stores, fora few cents per foot, one can buy 
twin electric cable insulated with white rub- 
ber, used for lamps, ete. Get the smaller size 
1/4 inch wide, having 42 strands of copper 
wire. Slit an end with a knife and the two 
wires easily tear apart. 

“For the button, get white sheet plastic 
about 1/8th inch thick, saw it into pieces 
about 14by 5/8th inches, and drill near each 
end a hole large enough to take two wires. 
Round the comers of the plastic and bevel 
‘edges. ‘Thread the wires, from opposite di- 
rections, up through one hold and down 
‘through the other, leaving about half an inch 
projecting beyond each end of the button. 
‘Where a circuit can be slipped off the body 
without unbuttoning, you may overlap the 
‘ends ofthe wire beltan inch ortwo, bind with 
fine string and smear with Duco cement for 


‘Parallelism and overlap ofthe endsare 
important. This builds up capacitance, pro- 
duces inductance and generates an alternat- 
ing current, Circuits may be worn, as many 
asyouplease, round chest, waist, neck, arms, 
wrists, legs, ankles, neck or head continu 
ously. Water will do them no harm. 

“-Gladly will I supply Circuits, in any 
quantity, with buttons or bound ends. To 
avoid trouble with the FoodandDrug people, 
Imake no charge. Donations, however, are 
acceptable, and go intact intomy Fund forthe 
‘Sick. For long this has been doing fine work 
and I’m sure you will approve. For reasons 
stated I make no claims whatsoever for the 
Circuits, and no guarantee or promise of any 
kind. If ou want to give them a trial, that is 
‘wholly your affair.”” Col. A.B, Powell (Col. 
Powell died in March 1969). 


MWO USED TWENTY YEARS AGO 

“Therecent article in he BSRA Journal 
pertaining to the Lakhovsky Oscillator is of 
special interest to me. First, I am an engi- 
neer, Physician and Surgeon, anda Scientific 
Consultant forthe U.S. Government, (Tech- 
nical Intelligence). Tam not in any manner 
snooping for the government. This is com- 
pletely personal. We built several oscillators 
in 1944, These were used in my sanatorium 
in Dallas where we had some startling re- 
sults. Aswe didnothave te proper facilities 


to research the instruments adequately, we 
‘became more and more conservative. Many 
patients would show reactions, resembling 
the old fashioned Flu, after a few days fol- 
lowing exposure tothe oscillator. Trealized 
‘we were Using too much power, s0 cut the 
level several times with good results; but we 
didnot completely eliminate the side effects, 
In 1946 I was sent to Germany for the Gov- 
‘exnment to explore Electro-biology and Bio- 
physics in its application to electro-medical 
equipment. I felt it wise to destroy the 
‘machines s0 injudicious use would not be 
indulged. ‘The possibilities have intrigued 
me ever since. It looks as though you have 
solved most if not all of the problems in- 
volved. Hence my renewed interest. The 
‘excess power upset the enzyme complex of 
the body, orassome felt, distortedthe double 
¢lectric layers of charge carried on the cells, 
hence allowing for the penetration of virii 
directly into the cells (viri operate within the 
cells ~ bacteria operate between the cells). 
Calls as well as organs function in a force 
field so mild oscillating currents not only 
‘work through resonance but seem to regener 
atethese force fields. Here is where applica- 
tiontocancercan be optimistically explored.” 

‘Speak for your own state, Doc! Here in 
California the medical association has de- 
creed that only four forms of treatment for 
cancerarelegal; drugs, surgery, burning rays 
and death. 

“Proof of energy flow from the fingers 
and thumb is here and must be recognized. 
We have demonstrated it by its effect on 
Yeast cells, viewed under the microscope 
(Girwich research). Whether it comes from 
the conscious rather than the subconscious 
sindiis harder to prove, but am impelled to 
believeitdoes. Thismay interest you. Years 
‘ago we experimented with crystallization. 
Precipitated water vapor to snowflakes in a 
‘chamber with electrodes planted intwo sides. 
‘When we threw a current into the chamber at 
a given frequency the flakes were all the 
same. Changing thewave length changed the 
‘crystallization pattern. Each frequency had 
its own pattem, Here is the explanation of 
‘energy absorption by the chemical used, and 
the control ofthe crystalline patterns by the 
nature of the energy flowing,” 

‘Naturopaths are in 100% disagreement 
ith the doctor’s above explanation of the 
affects of his use of the MWO on his 
patients. IfTunderstand the theory correctly, 
according thenatural view ofcolds, fu, virus 
infections, etc., these are attempts by the 
‘human organism to throw off mucous, to 
climinate intolerable accumulations of poi- 
son from the system. Exposure to the field 
created by the MWO tends to raise the gen- 
eral tone of the whole system by stimulation. 
‘The raised vibrations release an unusual 


amount of mucous and other junk into the 
elimination channels, and until this is elimi 
nated one would have a cold or flu and the 
usual aches and pains which generally go 
with such a condition. 

‘Another doctor stopped by herenot long, 
ago to tell of his sad experience in trying to 
use spark-gap electronic equipment in his 
‘medical practice “for those suffering pa- 
tients not helped by drugs.”” This powerful, 
high-frequency machine produced a two- 


inch spark! Every time he tuned it on, 
‘everyone in town seemed to know it and the 
phone would ring. Even a Faraday cage 
didn’t shield the output of this monster. 
Finally hewas called before the county medi- 
cal board to explain what he was doing, The 
‘board presented a staggering combination of 
fatuous conceit and stubborn ignorance. 
“They didn’t want to know anything about 
the affects of radio waves on the body and 
idn'tcarel”” 


CURING CANCEROUS PLANTS 
WITH ULTRA KADIO FREQUENCIES 


by Georges Lakhovsky 
From Radio News February 1925 


“The new application of short wave- 
length oscillations described in the following 
article” wrotethe Editor of Radio News, “is 
one ofthe most important ever found, and we 
are pleased to preseat to our readers this 
article by Mr. Georges Lalchovsky, the well 
known French scientist. The experiments 
Aescribed were carried out in collaboration 
with several doctors and scientists of high 
standing and it seems from results obtained, 
that the very high frequency treatments will 
play an importantrolein the future, We shall 
‘publish in a later issue another article on this 
‘new system together with the effects of ultra 
radio frequenciesin the treatment of diseases, 
in human beings.” 

‘Since November 1923 Ihave published 
in various technical and radio publications, 
several papersin which [explained my theory 
that the instinct or special feeling, which 
permits rds to direct themselvesin space, is 
only theresuts ofthe emission and reception 
of rays by living beings. While developing 
thistheory, lexplained how thoroughly was 
‘convinced that science will discover, some 
day, not only the nature of microbes by the 
radiation which they produce, but also a 
‘method of killing disease bacilli within the 
Ihuman body by means of the proper radia- 
tions. 

‘TheresearchesThavemade by means of 
special apparatus have shown such results, 
that I believe my theory is correct. This 
theory is that life is born from radiations, 
kept going by radiation and suppressed by 
any accident producing the destruction ofthe 
oscillatory equilibrium, especially by the 
radiations of certain microbes, wich sup- 
press those of the weaker cells. 

Before going any further in our reason- 
ing, it is necessary, in order to present the 
facts to the uninitiated reader, to imagine 
‘What oscillations really are. The motion ofa 
‘pendulum will be used for this explanation. 
‘When a pendulum is displaced from the 
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position of equilibrium, it moves back and 
forth producing what are known as ochrone 
oscillations, until the energy stored is en- 
tirely exhausted. By means of a motor, a 
spring, or an electro-magnet, itis possible to 
keep the motion of the pendulum of constant 
amplitude, producing undamped oscillations. 
If, on the contrary, the source of power is 
removed, the oscillations die down and itis 
necessary not only to re-apply the power 
sustaining the oscillations, butalsoto furnish 
additional energy to start the pendulum in 
motion. This oscillation of a pendulum re- 
Produces exactly what happens inthe cells of 
a living being. 

‘Ourorgansarecomposedofeellsformed 
of protoplasm containing various mineral 
‘matters and acids, such as iron, chloride, 
phosphorous, etc. Itisby the combination of 
these elements that the cells detect outside 
waves and vibrate continuously at a very 
high frequency, probably higher than the 
period of X-rays or over all other vibrations 
known and measured today (1925). The 
amplitude of cell oscillations must reach a 
‘certain value, in order that the organism be 
strong enough to repulse the destructive vi- 
brations from certain microbes. 


COSMIC RAYS AND CELL LIFE 

‘The astrophysicians are actually carry- 
{ng out experiments of great interest on the 
existence of vibrations, which have been 
called penetration rays and of which the 
‘requency is higher than that of X-rays and of 
the alpha, beta and gamma rays of radium. 
‘Such rays, according to the theory, are pro- 
duced by the earth itself and some others 
come from outer space, Some accurate mes- 
surements have proved the correctness of 
thistheory. Therefore, itis quite permissible 
to believe that these penetration rays, or at 
least some of them, produce the vibratory 
‘motion of living ces and consequently theit 
life, 


For instance, let us suppose a cell vie 
‘brates ata certain frequency and a microbe 
vibrates ata different frequency; themicrobe 
beginsto fightthe cell, and sicknessis started. 
Ifthe ell cannot repel the stronger vibrations 
and if the amplitude of its own vibration 
decreases, the microbe gains and its vibra- 
tons in decreasing and stopping those of the 
cells, bring dangerous sickness or death. If, 
on the contrary, the living cell is started 
vibrating with the proper amplitudeby inside 
of outside causes, the oscillatory attack is 
repulsed. Such is my theory. 

‘The problem is somewhat similar to the 
situation in which a rescuer finds himself 
‘when, coming to helpa friend ina dangerous 
situation, finds himself fighting hand to hand 
against strong aggressors, The rescuer does 
not dare to fire his gun; fearing to harm his 
{friend mixed up with the aggressors in the 
selec. Similarly, microbes and healthy cells 
are exposed t electric orradio-active action, 
‘which could be used to destroy the unwanted 
rays and it is difficult to suppress them 
without harming or killing atthe same time, 
thecells whichareto be treated In fac, since 
Pasteur, scientists have been constantly 
searching for means of destroying microbes. 
‘The great difficulty with all methods found 
was that in destroying the bacillae, the cell 
was attacked too. The experience gained in 
‘cancer and tuberculosis treated with radium, 
X-ray, or ultra-violet rays, shows how diffi- 
‘ult is the work of the investigators, 


ARADICALLY NEW METHOD 

‘The remedy in my opinion is not to kill 
the microbes in contact with the healthy 
cells, but to reinforce the oscillations of the 
cell either directly by reinforcing the radio 
activity of the blood or in producing on the 
cells a direct action by means of the proper 
rays. During January 1924 I began to build, 
‘according to this theory, and with the pur- 
ose of therapeutic applications, an appara- 
‘tus which I have called Radio-Cellular-Os- 
cillator, with the firm belief that the cells 
vibrating at extremely short wave-lengths 
‘would find their own in the Hertzian waves, 
which have the properties of producing ex- 
‘temely short harmonics. The cell with very 
‘weak vibrations, when placed in the field of 
‘multiple radiations, finds its own frequency 
and startsagainto oscillatenormally through 
‘the phenomenon of resonance. This type of 
vibration which I proposetouse, isharmaless, 
unlike those of X-rays and radium. Their 
application, therefore, does not present any 
danger to the operator. 

‘exposed in front of my apparatus, dur- 
ing long periods, a certain number of mi- 
‘robes in culture, which developed them- 
selves normally. 1, myself, have never felt 


the effect of these ultra radio frequencies, 
although I remained for a great many days 
near the apparatus, during the treatment ap- 
plied to the living cells. Itis only when two 
living beings such asacell and amicrobe, are 
in contact, that the rays produced by the 
Radio-Cellulat-Oscillatorhaveany directef- 
fect upon cellular structure, 


WORK IN A FRENCH HOSPITAL 

‘The experiments which I carried out at 
‘the Salpetriere Hospital in Pars, inthe ser- 
vice and with the collaboration of Prof. 
Gosset, were made with plants inoculated 
‘with cancer, and the results were described in 
paper preseatedon July 26, lastyear, before 
the Biological Society. The text ofthis paper 
follows. 

“One knows that it is possible to pro- 
duceby inoculation of Bacterium tumefaciens 
inplants tumors similarto those of cancer in 
animals. One of us obtained experimentally 
by this method, a great number of tumors. 
‘These had various degrees of development. 
Some of them dry up partially, but do not die 
‘entirely until the entire plant or atleast the 
‘mb bearing the tumor dies. Even removed 
by surgical methods, these grew again on a 
sick limb, 

‘We propose to describe in this paper, 
the action of electromagnetic waves of very 
high frequency obtained by means of the 
Radio-Cellular-Oscillator of Georges La- 
Khovsky. This apparatus produces wave- 
lengths ofthe order of two meters and less, 
‘corresponding to 150 million oycles per sec- 
ond. A first plant was submittedto the effect 
ofradiation onemonthafter being inoculated 
‘with cancer; at this time sunall tumors of the 
size of a chery stone were visible upon it 
This plant was submitted to the rays twice, 
forthreehours each time, During the follow- 
ing days, the tumors continued to grow rap- 
idly inthe sameway asthose on plants, which 
hhad not been submitted to the effect ofradia- 
tions. However, 16 days after the first treat- 
‘ment, the tumors began to shrink and dry up. 
A few days later the tumors were entirely 
dried up and could be very easily detached 
from the limb ofthe plantby merely touching 
them. The drying action of the radio fre- 
‘quency radiations is selective and affects 
only the sickpart ofthe plant. Eventheinside 
sick tissues were destroyed, although they 
‘were next to healthy cells in the center ofthe 
limb, showing that the radiations iad not 
affected the healthy parts. 

“Another plant was treated in the same 
‘way, except that it was exposed 11 times for 
‘three hours each time, tothe radiations ofthe 
oscillator. Sixteen days after the first expo- 
sure the tumors, which were rather large as 
shown in one of the photographs, began to 
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shrink and dry up and were easily detached 
from the limb exactly as in the first case. 
Again in this case, the healthy parts of the 
plant were not affected in the least. A third 
plantexposedto theradiations forninehours, 
that is, three treatments of three hours each, 
‘was cured in the same manner as the two 
others. Sixteen plants also inoculated with 
cancer, were left without treatment. They 
‘have tumors in full activity, several of wich 
are very large. These experiments show 
‘conclusively that plants inoculated with can- 
‘cer can be treated and cured by means ofthe 
ultra radio frequency vibrations, whereas 
surgical treatment fails. 

“Such are the results of my researches 
with plants. At the present time, similar 
experiments are being carried out with ani- 
malsanditseems thatthe effect oncancerous 
‘animals is the same as on cancerous plants. 

“Tam highly pleased to present my 
theory and the results of my work ina scien- 
tific review of the United States, this great 
‘country, which has always been inthe lead in 
the fight against this horrible sickness, can- 
‘cer, and whose sympathy and help I would 
sreatly appreciate. 

“In conclusion I wish to call the atten- 
tion of the reader to the fact that I have 
‘obtained very conclusive results not only 
with a wave length of two meters, but with 
louger and shorter wave-lengths, ‘The main 
thing is to produce the greatest number of 
harmonics possible.” 


‘This February 1925 article from Radio 
News magazine shows how long some of 
Lakhovsky’s theories have been known in 
‘America, Thisarticlewas furnishedto BSRA. 
by an Associate who lad met the Russian- 
Frenchscientistin New York. Heclaimsalso 
to have visited several times the New York 
‘hospital which set up a research program on 
the Multi-Wave Oscillator and saw the La- 
Khovsky-type equipment. No information 
onthemachine or its effects could be licited 
from the hospital authorities and in the early 
1950s the shielded room was dismantled and 
equipment destroyed. 

‘We feel that Lakhovsky’s theories and 
‘arly researches should be followed up. It 
shouldbe publicly proven that high-frequency 
‘waves, in the proper concentrations, do af 
fect living organisms in a beneficial way, or 
‘that Lakhovsky be declared an idle dreamer. 
Since research of this kind falls within the 
purposes of Borderland Sciences Research 
Foundation, Inc., members are encouraged 
‘0 build their own equipment and, in a suit- 
ably shielded or isolated environment, carry 
ontheir ownresearch program. Ifyoucannot 


obtain the necessary materials, BSRF maybe 
able to put you in touch with another border- 
lander Who can be ofhelp. Until the medical 
authorities come forth with official approval, 
of this radical approach to the state of imbal- 
‘ance or un-health attributed to disease, no 
‘one but a foo! would go into commercial 
production of this kind of equipment in 
‘America today. It is now said to take a 
minimum of $300,000 in research money 
and three years of testing to develop medi- 
cally acceptable data, 


HOW DR. JAMISON WAS TRAPPED 

In a letter dated Aug. 29, 1967, Dr. 
Jamison enclosed this news clip from the 
Modesto Bee: “Turlock — Veterinarian 
Stanton L. Jamison yesterday was fined $249 
in Turlock Judicial District Court after being 
convicted of three charges stemming from 
his use of an electronic machine to treat 
human patients for cancer. A jury of nine 
‘women and three mea returned a verdict of 
guilty on one count of practicing medi 
‘without a license and two counts of advertis- 
ing a device represented to have effect on 
cancer, stomach ulcers or bone diseases. The 
decision followed a two day trial in which 
Jamison defended himself. .. 

“They Jamisonandhis assistant, Martha 
‘Ann Davis) were arrested last December 
following, lengthy investigation by Turlock 
police officersand agents ofthe State Bureau 
of Food and Drug Inspection. The investiga~ 
tion began when Police Chief John Viarengo 
requested assistance from the bureau after 
learning ‘the cancer-curing machine? was 
being operated here. 

“Daring the investigation, Food and 
Drug agents Willis Worley and Harvey Lec 
arranged several meetings with Jamison on 
the pretense they were interested in purchas- 
{ing machines similar to his. Jamison report- 
edly organized a church as a front for his 
operation, The facility, located at 200 West 
Main St,, was known as the Life Aquarium 
Center. Worley and Lee became bishops of 
the church as did deputy District Attorey 
Frank Damrell, J, who prosecuted the case, 
Atthe time of the investigation, Darnell was 
employed in the State Attorney General’s 
office, 

“Worley said Jamison’s intention was 
to open other treatment centers throughout 
the state, using his bishops to setup facilities 
‘under protection of the church. ‘This wasthe 
most fantastic investigation I've ever been 
invoived in,’ said the agent this morning, 

(Yes, itis fantasticto think anyone would 
‘want to give or donate healing services free 
‘when thereare billions tobemade onthe four 
kkinds of cancer treatment authorized by the 
California Medical Association: Drugs, Sur- 


gery, Radiation and Death. RHC.) 

‘Worley points out the manufecturer of 
Jamison’s machine wes convicted of grand 
theft two weeks ago in Los Angeles after 
selling similar machine toa Food and Drug 
agent under false pretenses. (This was prob- 
ably Ralph Bergstresser, Burbank, Calif, 
‘who was manufacturing and selling the Bob 
Beck MWO for $250.) 

“After Jamison’s conviction yesterday, 
Damtell called for imposition of a prison 
term for the veterinarian. Ifhe had received 
the maximum penalty, he could have been 
sentenced to 18 months in jail and fined 
$1,500. 

“*We felt very strongly on this,” said 
Worley, ““because Jamison could easily be- 
‘come a menace to many innocent victims 
throughout the state.”” 


MWO IN USE AT INDIAN CLINIC 

“Tam continuing my experiments with 
the MWO and my experience is that in prac- 
tically all cases there san aggravation of the 
existing symptoms, and previous symptoms 
are brought to the surface. Hemorrhage was 
seea in another case and treatment was 
stopped forthwith. Thisisoneproblem which 
hhas to be tackled before MWO can be used 
‘with confidence. I think MWO treatment 
should not be givento tubercular cases. Also 
in cases where there is a hemorthagic ten- 
dency this would do more harm than good. 

“*Neurtis seems to respond nicely to 
thistreatment. Sciatica is definitely cured by 
this. Some cases of Rheumatism and Arthri- 
tis are benefited, responding at first but the 
improvement does not last much longer. I 
cannot understand the reason for this eccen- 
tric behavior, I think there must be some- 
thing withthe frequencies.”” 

Don’t blame it on the frequencies, Doc, 
‘blame it onthe patients who stubbornly clings 
to their fixed ideas and rigid unyielding 
mental pattems. We have no evidence that 
the radio frequencies of the MWO reach into 
‘the mental world. Each person’s aura is 
loaded with “signatures”, national, family 
and religious concepts hammered into him 
over the years. His creative energies, flow- 
ing freely down from the higher worlds, 
‘channel through these deeply cut “grooves” 
inmind and emotions. The health or ilth of 
the physical body indicate whether the 
‘person's ideas are in tune or out of tune with 
Creation, As aman thinketh in his hear, 80 
ishe. 

“Can you please let me know what are 
the ranges of frequencies these machines 
have? Have they been measured and are they 
the same in all instruments? Is there any 
difference in the models prepared inthe USA 
‘and France? Which model was tried by 
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Lakhovsky in the New York hospital? What 
ate the actual frequencies used by him?” 

‘Theonly frequency readings we have on 
an MWO were those submitted by Bob Beck 
originally, ffom the output of his own ma- 
chine. “It radiates RF interference over a 
bandpass of 15 Kilocycles to well beyond 
250 Megacycles. This blocks AM, FM and 
Television reception for hundreds of yards” 
‘But so does my electric razor, and I've been 
using one for years, Iwas told by sailor that 
electric razors are very effective as “‘scram- 
blers” for knocking out the electronic brains 
of guided missiles, and have been so used as. 
defensive equipment during missile exer- 
cises on aircraft carriers at sea. No one has 
furnished us with RF output figures from 
original Lalchovsky equipment, either at the 
‘New York hospital or from Europe. Ifany- 
‘one has these figures Taope they will be kind 
‘enough o forwardthem toyou, Lakhovsky’s 
available technical record is very slim. 

“am Associate writes ‘A very good psy- 
chicin Florida gave the following, inasitting 
devotedto the MWO. Itisnot anywherencar 
developed to its potential. It has unlimited 
amplifications to be made. The use of the 
MWO can change the auric field, thus spiri- 
tually it can change the individual. This is 
done with the work of the seven rays of life. 
‘The MWO should be used in conjunction 
‘with the radionics instrument." What about 
this radionics instrament? Twould appreci- 
sto it ff you can throw some light on this.”” 

Sony Doc, the punitive hand of the 
‘American Medical Association has driven 
radionics builders and users underground 
here in the United States. No one but a fool 
like me would stand up on the firing line. 
England isn’t quite the potice state Americ 
is and you can get information on radionics 
andradionics equipment from the Delawarre 
Laboratories, in England, and from Bruce 
Copen, in Sussex, England. Radionics ex- 
pperts have developed rates for every organ in 
the body. Equilibrating those rates with 
specific radio frequencies offers an interest- 
ing field for borderland research. 

“T have tried both the Vitic and the 
Reman Screens. I am still continuing my 
experiments with the Beman Screens. Only 
a couple of days back I gave a set of screens 
‘to apatient who is having an encyclopedia of 
complaints. The MWO did not give her 
‘much improvement hence the change, Thave 
one set of Vitic with me and whenever I feel 
abit out of sortsI sit for ten minutes and get 
back my vigor, Lam using a very strong pair 
‘of magnets and a carbon rod 1% inch in 
diameter. After I received the MWO my 
interest in the other two flagged. Ithink will 
have to cultivate them again.”” 


Dr. AK. Bhattacharya 


From the March 1964 Journal of Borderland Research 


ARMY MEDICAL RESEARCH SUPPORTS LAKHOVSKY THEORY! 


That's our headline, and it's derived from news clips loaned to us by an 
Associate. One especially is from the New York “Times” for Friday, Aug. 19, 1960 by 
John Osmundsen. 


The heading says that Radio Microwaves Produce Molecular Changes in Human Beings- 
This is merely a repetition of what Georges Lakhovsky proved with his pioneering work 
in Paris hospitals in the 1920s! 


“New and possibly important biological effects of radio and radar waves were 
reported at a three-day scientific meeting that concluded here yesterday. One 
scientist told of producing 'a profound molecular change’ in human gamma globulin with 
specific wave lengths of radio waves in the high frequency to very high frequency, or 
VHF range. 


“Alterations so created in the molecules that constitute an important part of the 
body's defense apparatus were accompanied by at least a fourfold increase in their 
biological activity, the scientist said. ‘The changes can be produced under widely 
varying conditions of voltage, power, pulse width, and pulse repetition rate, provided 
the frequency is suitable,’ according to Lieut. Col. Sven A. Bach of the Army Medical 
Research Laboratory in Fort Knox, Ky.” 


If Col. Bach had been working from Lakhovsky’s original theories and equipment, 
he wasn't saying. This is obvious in reporter Osmundsen's next paragraph. 


"This is believed to be the first report of a proven frequency-specific effect of 
radio waves on human chemistry. Dr. Bach's report appeared to cause more comment at 
the conference than almost any other, for the effect of radio frequencies on human 
gamma globulin in the test tube were clearly not a result of heating. 


It was suggested by Dr. Bach that the increased biological activity of the 
molecules as measured against a rabbit serum sensitized to them might have resulted 
from an unfolding of their structure, thus exposing more active spots 


YUP, THEY MIGHT EVEN CURE CANCER 


Later in 1960 an electronics magazine revealed even more about the proceedings of 
this Fourth Annual Tri-Service Microwave Conference held in New York. Our news clip 
is only half a page which reveals neither the magazine nor the writer, but about Dr. 
Bach's claim of a four-fold increase in the production of gamma globulin, he says: 


“What does this mean to you? Gamma globulin plays an important part in the 
body's defenses against disease. Speed up its activity fourfold and it may be four 
times as effective a disease fighter. Some day your doctor may give you 'a shot of 
microwave! to keep you well. 


Dr. Joe Howland of the University of Rochester found that dogs which had been 
exposed to microwaves were able to withstand heavy doses of X-rays far better than 
dogs not so treated. No specific application for this technique is now known, but 
such discoveries frequently lead to undreamed-of advances. 


55 


light source, indies 


or, or display > single source 


Red, orange, yellow, green, and blueare the basic 
standard colors, LEDs that appear to generate 
white lightare common, but they do not emit an 
evenly weighted spectrum of wavelengths. See 
"Non-Incandescent Sources’ on page 174 for a 
discussion of this topic. 


How It Works 


An LED, like any diode, contains a semiconduc- 
tor PN junction that conducts current only in the 
forward direction (i., from the more-positive 
side of a power supply to the more-negative 
side). The diode becomes conductive above a 
threshold voltage sufficient to force electrons in 
the n-type region and holes in the p-type region 
to combine with each other. Each time this oc- 
curs, energy is released. The energy liberated by 
one electron-hole combination creates a pho- 
ton, or one quantum of light. 


The amount of energy released depends on the 
band gap, which is a property of the semicon- 
ductor material. The band gap isthe smallest en- 
ergy that can create an electron-hole pair. The 
energy determines the light's wavelength, and 
thus the color. 


The band gap also determines the threshold 
voltage of the LED. For this reason, LEDs of dif- 
ferent colors have widely different threshold vol- 
tages. 


Because an LED will often be used in devices 
where the DC power supply exceeds the maxi- 
mum forward voltage, a series resistor is custom- 
arily used as a simple way to restrict current 
through the diode. 


The light emitted by a colored LED indicator 
tends to include only a narrow range of wave- 
lengths. However, the addition of a phosphor 
coating to the diode can broaden the output. 
This technique is used to make the light from a 
blue LED appear white, as shown in Figure 22-3. 
Most white LEDs are actually blue LEDs with a 
colored phosphor layer added, See the section 


D indicator 


How It Works 


on LED area lighting in Chapter 23 for a more 
detailed discussion of this topic. 
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Figure 22-3, Increasing the range of emitted wavelengths 
by adding phosphors to a blue LED. Source: Philips Gard 
co Lighting 


Multicolor LEDs and Color Mixing 
Ifred, green, and blue light sources are mounted 
extremely close together, the eye perceives them, 
asa single source, of a color determined by their 
combined relative intensities. This system of ad- 
ditive color mixing is shownin Figure 17-14in the 
entry dealing with LCDs. It is used in LED indica- 
tors that contain red, green, and blue light- 
emitting diodes ina single epoxy orsilicone cap- 
sule, 


While most video monitors use white LEDs or 
fluorescent lights to form a backlight for an 
LCD video screen, some high-end monitors use 
a matrix of very tiny red, green, and blue LEDs, 
because the combination of these separate cal- 
ors generates a wider gamut of color wave- 
lengths. The concept of gamut is discussed in 
"Color" in the LED entry. The tiny LEDs in a back- 
light cannot be considered as indicators, but in- 
dicators are used for this purpose in billboard- 
sized video displays. 


Chapter 22207 


“And finally, some evidence has been gathered to indicate that certain kinds of 
cells, under the right conditions, will simply disintegrate -- fly to pieces -- in the 
Presence of the right radiation. But surrounding cells are unaffected. Could such a 
selective beam ever be used to destroy cancer cells while leaving healthy tissue 
unaffected? Scientists don't yet know.” 


The writer didn't say which scientists he is speaking for, certainly not for 
Georges Lakhovsky, who died in that very same New York City 17 years before the 
Microwave Conference. Before-and-after photos of skin cancer cures effected by the 
Lakhovsky Multi-Wave Oscillator in Paris hospitals in the 1930s show that the Russian 
inventor did know just how selective radio microwaves can be. ‘These pictures are 
reproduced in Lakhovsky's book, "The Secret of Life”. 


To continue with the magazine article: "said Col. George M. Knauf, one of the 
foremost experts on the biological effects of microwaves, speaking of these recent 
advances, 'Our work has progressed sufficiently for us to be fairly certain that the 
beneficial uses to which this energy may be put will greatly outweigh any harmful 
results it may produce in men.' All this of course does not mean we should forget 
that uncontrolled microwave energy can be dangerous. But like fire or W-rays, 
microwaves can, when used intelligently and with understanding and respect for the 
hazards involved, be among man's most valuable tools.” 


MULTI-WAVE OSCILLATOR USE IN A NEW YORK HOSPITAL 


Georges Lakhovsky crossed the Atlantic to New York City in 1941, there to observe 
the effects of his MWO under controlled, technical conditions in a New York Hospital. 
A brief report of the positive and beneficial results of MO treatments is appended to 
the English translation of his book, "The Secret of Life”, by Mark Clement, on page 
201. These treatments were given from July 1st to Aug. 2lst and the name of the 
hospital and of each patient are withheld for ethical reasons. 


Patient Illness Treatments Results 

x Arthritis, both knees 14 Good improvement 

0.P. Endocervicitis. Abdominal pain 6 Condition good 

FT. Periarthritis of shoulder 12 Marked improvement after first 
treatment, condition good 

MM. Osteoarthritis 7 Marked improvement after two 
treatments, stiffness diminished 

WK. General Chronic Arthritis iL Slight improvement 

M.O. Arthritis of ankle 3 Results good 

AES Post-operative fracture 6 Results good 

cv. Arthritis, both knees 4 Marked improvement 

M.D. General arthritis 8 Marked improvement 

JH. Epicondylitis of elbow 7 Results good 

D.C. Chronic arthritis 10 No cough, no soreness, marked 
improvement 

S-L. General arthritis 10 Marked improvement 

BLM. Arthritis and circulatory 

disturbances 6 Improving 

ML. Arthritis of ankle and knee 7 Improvement, no recurrence 

MAB. Arthritis of shoulder 7 Marked improvement 

M.0. Tenosynovitis, hand 6 Improvement 

S.S. Arthritis, both knees 7 ‘Improvement 
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S.C.N. Congenital hip dislocation 3 Marked improvement 
RL. Fracture, both ulnae. 
Synovitis, both knees 5 No pain 


Additional Cases 


Case 1. G.D., female, aged 25: Patient complained of pain in the chest and muscles 
of the right arm and back, and constant cough. She did not respond to medical 
treatment and massage. Treatment with Lakhovsky Multiple Wave Oscillator was 
instituted. After the fourth treatment coughing stopped, pain in the chest became 
infrequent, and the tired feeling inthe back disappeared. At the end of 12 
treatments the patient no longer complained of previous symptoms. 


Case 2. M.M., female, aged 51: Patient complained of pain and stiffness in the right 
hip. X-ray examination disclosed a marked narrowing of this articulation associated 
with large spurs at the margin of the acetablum which appeared to ankylose the joint. 
There were proliferative changes in the upper margin of the femoral head. Diatherny 
and massage failed to relieve the pain and stiffness. After 10 treatments with 
Lakhovsky's M.W.0. the stiffness markedly reduced. 


Case 3. F.T., female, aged 38: For two months the patient complained of pain in both 
shoulders. Abduction of the right humerus was limited to 45 degrees. A diagnosis of 
periarthritis was made and treatment with Lakhovsky's M.W.O. was started. After three 
treatments the patient said she felt much better. The improvement continued. After a 
series of 11 treatments the patient did not return. Apparently permanent relief had 
been obtained. 


Case 4. A.B., male, aged 60: Patient gave history of pain in both knees beginning in 
1940. Diathermy and massage for one year gave only slight relief. Treatment with 
Lakhovsky's M.W.0. was instituted. After one treatment patient stated that he felt 
better. After four treatments patient felt so much better that he took only one 
treatment in two weeks. 


Case 5. M.M., female, aged 42: Patient complained of pain in lower left back and hip. 
X-ray examination of the lumbar spine and pelvis showed calcification at the anterior 
margins of the inter-vertebral discs between the ninth and tenth and the tenth and 
eleventh vertebrae. There was also a slight scoliosis of the lumbar spine. Treatment 
with Lakhovsky's M.W.0. was instituted. After the first treatment patient felt 
better. After the fifth treatment improvement was very marked. Patient did not 
return after nine treatments. 


Case 6. S.N., female, aged 59: Patient complained of pain in the right shoulder and 
inability to extend the arm more than 5-10 degrees, accompanied by severe pain. X-ray 
examination disclosed irregular calcification in the region of the greater tuberosity 
of the right humerus. Treatment with Lakhovsky's M.W.0. was instituted. After one 
treatment patient said she felt much better. The improvement continued steadily until 
10 treatments were completed. 


Case 7. C.P., female, aged 38: Gynecological examination showed uterus slightly 
enlarged and hard. Right para-metrium tender. Diagnosis --Parametritis. Treatment 
with Lakhovsky's M.W.0. was instituted on July 17, 1941. After four treatments 
patient felt better, and after 12 treatments patient was found to be much improved. 
Examination on Oct. 7th showed the adnexa and parametrium to be painless. Patient 
was considered cured. 
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REPORT OF CASES TREATED WITH LAKHOVSKY'S MULTIPLE WAVE OSCILLATOR BY A PROMINENT 
BROOKLYN UROLOGIST 


The following results were obtained by a prominent Brooklyn urologist whose name 
must be omitted for ethical reasons. He is a Fellow of the American College of 
Surgeons and enjoys a great reputation as a skilled specialist. We treated hundreds 
of patients with Lakhovsky's MNO but only a few typical cases can be given here. 


HG. Acute urinary retention 
due to enlarged prostate 2 Retention ceased 
RB. Bleeding from uterine 
fibroids of two years standing 3 Bleeding ceased 
SoM. Mild multiple sclerosis with 
halting gate 6 Marked improvement, was able to 
run on several occasions 

RR. Cellulitis of nose with pain 2 Cleared completely after two 
treatments of ten minutes each 
in one day. 

B.T. Acute urinary retention 

due to enlarged prostate 2 Retention ceased. 

S.B. Bleeding from cancer of the bladder 3 Bleeding checked. The tumor 
cleared up nicely and was 
reduced in size when seen again 
on cystoscopy three weeks later. 

JG. Chronic aczema of Axilla 2 Cleared entirely. 

L.G. Severe pains form duodenal ulcer 2 Greatly improved. 


In addition to the above cases this Brooklyn specialist treated six cases of 
enlarged prostate with nocturnal frequency (three to five times per night). After two 
treatments with Lakhovsky's M.W.0. frequency was reduced "to only once a night or did 
not occur at all.. 


The above American reports were not included in the first edition of Georges 
Lakhovsky’s “The Secret of Life", published in 1935, but were added by the English 
translator, Mark Clement, to later editions. We are quoting from the 1963 edition 
published by Health Science Press, Sussex, England. Health Research, (P.0.Box 70 
Mokelumne Hill, California 95245) offers this same book. 


This early (1941) research with the Lakhovsky equipment seems to nave been 
ignored by the American medical authorities, who are still concentrating on cure by 
surgery or medicine. If you want to discover the effects of weak radio waves on 
living organisms you'll have to dig for yourself. Our BSRA brochure, “The Lakhoveky 
Multi-Wave Oscillator”, will give you some hints about setting up your own research 
program, and is available from headquarters. 


"DOCTORS SAY RADIO TREATMENT IS EFFECTIVE AGAINST ARTHRITIS’ 


Apparently some doctors didn't ignore the research work done by Georges 
Lakhovsky. Take this news item from the New York "Post" for Feb. 8, 1962, with an 
Associated Press dateline from Washington, D.C. “A device theoretically capable of 
bouncing radio signals off the moon has yielded highly effective results in the 
treatment of stubborn cases of arthritis and certain other ills, a group of doctors 
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reported today. The machine generates high-frequency, short-wave~length radio waves 
and emits them as pulses lasting only 1/17,000th of a second each. The pulsed 
currents are directed into a patient's body, with a maximum achievable penetration of 
eight inches. 


“Use of the technique in treating arthritis, bone infection after hip operations, 
inflammation of the female pelvis due to gonorrhea and other conditions, and in 
speeding the healing of surgical wounds was described in reports by Dr. Euclid M. 
Smith of Hot Springs, Ark.; Dr. Dana Street of the University of Arkansas; Dr. Bruce 
Camern of Baylor University; Dr. Marshall Lobell of Harlem Hospital, N.Y.; and Dr. 
Solon N. Blackberg of Chicago. The reports were made last night at a private 
conference to which several Congressmen and Public Health Service doctors were 
invited. Blackberg later told reporters the researchers would like to enlist 
government support for expanded research by themselves and their investigators. 


“smith, in his report on arthritis, said the technique had been employed with 
“highly “effective results in 99 out of a series of 100 cases treated by him. 
Declaring that some of the patients treated had arthritis for up to 25 years before 
receiving radioactive treatment. Smith told reporters that “marked improvement” was 
achieved in all cases in from three to six months. 


PUBLIC RECOGNITION OF RADIOWAVE TREATMENT 


This sensational advance in the treatment of human ailments should have been 
welcomed from coast to coast in every newspaper. Dr. Blackberg and his distinguished 
fellow scientists from Baylor, Arkansas and Harlem should have received public acclain 
from President Kennedy's Dept. of Health and Welfare and from the American Medical 
Association. But only a thunderous silence followed that early 1962 news item ion the 
private meeting in Washington -- until the Aug. 24, 1963 edition of the Saturday 
evening Post! In this national magazine, radiowave treatment of arthritis was branded 
medical quackery in the article "Hucksters of Pain". There Drs. Smith, Street, 
Camern, Lobell and Blackberg had their answer to “government support for expanded 
research". Fortunately, not every American is going to take this kind of libel 
without striking back at the mouthpieces of the vested interests who lend themselves 
so readily to control of the mass mind. Read this news clip from the Los Angeles 
“Times” for Nov. 1, 1963. 


“SATURDAY EVENING POST SUED FOR $7.5 MILLION" 


"New York -- The Saturday Evening Post, still smarting from one of the largest 
libel awards in history, was hit Thursday with another libel suit demanding $7.5 
million. 


"The suit was filed in Federal District Court here by the Diapulse Corp. of 
America, manufacturer of a machine that employs high-frequency waves in the treatment 
of infections and inflammations, including arthritis. The company said it was defamed 
in an article, “The Hucksters of Pain", which appeared in the Aug. 24 edition of the 
magazine. The article dealt with quack remedies for arthritis. The suit seeks $2.5 
million in compensatory damages and $5 million in exemplary damages." 
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From the June 1964 Journal of Borderland Research 
LAKHOVSKY OSCILLATING CIRCUITS 


“About eight years ago I sent to the Health Science Press, Sussex, England for 
a little book, “Quick and Free Healing", and also “The Waves That Heal” and found 
that there are healing waves in the air we breathe. I ama sensitive with the 
pendulum. The book told to take an insulated copper wire and find the positive and 
negative ends with the pendulum, so I would know which end to put to the left side 
of my body -~positive to the right and the ends overlapping. If you can't keep them 
in place, wrap an elastic band around them. For me, the pendulum swings clockwise 
for negative and back and forth for positive. First use of the wire came when I 
skinned my shin with a five-inch gash. The bleeding made me sick and I had to lie 
down. I thought of my wire circuit, got up and put it on just above the knee. It 
always had taken a long time for sores to heal on ny body but this healed in three 
days time and showed only a narrow line about the width of small yarn, This 
convinced me that the oscillating circuit wasn't foolish. 

"I loaned my little books to a high school student that was taking science. I 
thought they would interest him but he made all manner of fun of me, for believing 
such a thing. None of my family are interested in the good things that I have 
learned. I have been a member of BSRA since 1951 and think your journal is the best 
magazine I have ever read. Anyone wanting to learn more about the Lakhovsky 
circuits can write to Col. A.E. Powell. (Now deceased) 

“Forty years ago I was taking treatments from an osteopathic doctor who 
sometimes diagnosed with the pendulum. When I became pregnant he told me he was 
going to discover the sex of my unborn child. He took his gold band ring off, tied 
astring to it and held it over me. It didn’t seem to have any definite swing, 
maybe around once and back and forth. ‘That's strange,’ he said, ‘I've never missed 
yet!' When the baby came there were two, a boy anda girl! I didn't ask him then 
where he learned about the pendulum or what it meant. Years afterward I sent to New 
York for one and found that I could ask questions and get yes or no answers that 
satisfied me. A medium told me that the pendulum is spirit controlled and mine was 
controlled by young girl who was rather mischievous. If you want to put my 
experiences in the BSRF Journal it is all right with me. I got my education in the 
little red schoolhouse. I am 73 years old and still learning. They say you never 
get too old to learn and I find it is very true." Mrs. Earl Holfinger, Piqua, Ohio 


‘A "HOPPED UP MYO" IS DANGEROUS! 
"It is far too early to draw final conclusions regarding my experiences with 
the higher powered Multi-Wave Oscillator, a word of warning is in order. I powered 
mine with a 250 VA, 10 KV oil burner transformer. This is DYNAMITE and could, in my 
opinion, be fatal if too much power is used and I didn't miss it by much. My 
equipment sparks the antenna down to the 4th ring and the resonator to the second, 
with occasionally a week spark to the third. 10 hours after the first high-power 
exposure I felt like running instead of walking (age 72) and walked all around town 
and back, about six miles and no tiredness, whereas two miles would tire me before. 
That first exposure was about ten minutes for me and four for the wife (age 75). 
Immediate reaction for me was a moderately strong sensation of tingling from head to 
foot for about three hours before I could get back to sleep. None of this for the 
wife. Then, as aforementioned, I felt on top of the world. 24 hours after that, 
however, the wife and I developed the grandaddy of all colds and flu symptoms that 
we'd ever had. I hadn't had any real cold or flu in 15 years. This one dredged 
such an amount of mucus and toxic waste as I'd never seen before in my life. It was 
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rough. It lasted two days before it wore off. 

“This all had me guessing until your brochure arrived, with the experience of 
your Engineer-Physician Associate. He told that many of his patients developed flu 
symptoms after MYO exposure. His increasing conservatism was well founded. 1 
decided to find out if the doctor's hypothesis of viral penetration would hold up. 
If so, a second high-powered treatment of equal strength and duration should produce 
much the same flu symptoms. But, having wound another coil, I used more power than 
the firet time, sparking antenna and resonator down to the fourth and fifth rings. 
Results: no more flu, only a very slight tingling sensation, no feeling of 
exhilaration as before. Five days later I took another exposure, of seven minutes, 
with a little less power. This one did it. No tingle, no exhilaration, only a 
feeling of rapidly increasing depression, no sleep that night, a rather severe pain 
in the chest and heart region, extremely weak pulse, hardly pep enough to life an 
arm, and a nervous shaking all over. For a while I thought, this is it. It took 
five days for this to wear off and it isn't all gone yet. One night I lay awake 
until three a.m. figuring out how to pep up the MWO still more. Out of the blue, a 
voice clear and distinct and very emphatic: 'This is dangerous!" Again very 
emphatically, "Yes!" Normally 1 am not the least psychic, clairvoyant or 
clairaudient; so I choose to heed this as a warning from a discarnate guide or 
guardian." 


Let this Associate's experience be a warning to you, if you feel the urge to 
build a hopped-up Oscillator, to transform yourself overnight! Bob Beck's original 
article cautions against this and his original equipment falls well within the 
safety tolerances set by the Air Force and the telephone companies for personnel 
working around radar and micro-wave broadcasting and relay equipment. Most of you 
taking part in this research program have built your equipment only in the last two 
ox three months. Tt would be wise to stick closely to the original design for a 
year before altering it for further research. 


LAKHOVSKY'S ORIGINAL THEORIES ARE SOUND! 


With one or two exceptions all reports in to date show beyond question that 
Georges Lakhovsky's theories are sound: Radio waves do effect living organisms. In 
certain concentrations these waves appear to benefit cell growth, even to stimulate 
it. This BSR Associates have proven to their own satisfaction in only six months 
from the publication of our first article. Now it ie up to others to exploit this 
knowledge while we turn our attention to other projects. 


BHR dick ik tek 
From the July-August 1964 Journal of Borderland Research 
LAKHOVKSY OSCILLATING CIRCUITS 


“The danger of strong reaction to a hopped up MMO, as told in the June Journal, 
reminds me of my experience with the single circuits. Months ago I wrote to Col. 
A.E. Powell and he sent me single circuits to wear around waist, neck etc. This I 
did for two months or so, daily. I'd been under the weather enough to hope for 
benefit. Instead, I had three successive colds something I never, never had in 
my life before, even during the worst of my catarrh years. It never once dawned on 
me it could have been the Lakhovsky oscillating circuits; now I wonder?” 

A California Associate 
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Yes, it had been the experience of others that the apparently powerless 
Oscillating circuit, of only one wire looped around the body, can produce a strong 
reaction on living tissue. A San Fransisco Associate told us during our May trip 
north that she received a wire loop from Co. Powell and wore it to bed that night, 
and forgot about it. Early in the morning she awoke with such a violent pain 
through her middle she thought she'd die! She lay there and stuck it out until the 
pain left and went back to sleep. In the morning she awoke refreshed and ready to 
go, with the oscillating circuit still around her middle. Tt began to dawn on her 
that this was the cause of the pain, but it also had affected the healing of a long- 
suffered condition. At the time we were there, weeks later, the condition had not 
returned. Certainly no permanent cure of any condition can be expected unless the 
original cause in mind, emotions or spirit is changed, and if a person insists on 
indulging his vices, use of oscillating circuits may only cause needless pain! 


teiek doe wink dink 


From the OCTOBER 1964 Journal of Borderland Research 
‘HE PREFERS VITIC TO MO 


“Personally, while feeling the passage of the high tension flow from the 
antenna of the Multi-Wave Oscillator, 1 found no beneficial effect. On the other 
hand, the Associate with whom I obtained the MWO realized definite improvement. He 
has kept up the use and told me lately that he is feeling steadily better and lays 
the improvement to the use of the outfit. Some years ago I had frequent conferences 
(thru a medium) with one who was said to be Madame Blavatsky. During the course of 
these talks she dismissed the subject of electricity as of little value in 
comparison with a study of magnetism. That in the study of magnetism lay the 
secrets of many valuable matters. I am led to refer to this because I recently 
obtained relief, and apparent cure, froma troublesome irritability of the bladder 
by the use of a magnet. Other treatments had been of no value. I made no report of 
this until the fact was definite. The use of the magnet was experimental and came 
from the suggestions of a Chicago University specialist in the subject, relayed to 
me via various Biomagnetic reports and some correspondence." 

Associate A.N. Onymous, Dixie, U.S.A. 


This letter from an elderly Associate was dated Sept. 3, 1964. It certainly 
provides an interesting and stimulating commentary on the material in the preceding 
pages of the Journal. Interestingly enough, we've had many reports of successful 
and continued relief of irritating bladder and prostate conditions from exposure to 
the MWO. In the Vitic device we now have a borderland gadget that is far less 
troublesome to build and to operate. How effective it is remains to be proven. 


THOSE LAKHOVSKY CIRCUITS AT WORK 
“About the Lakhovsky wire circuits, there is no other way to account for the 
consistently maintained energy I receive. I wear one all the time as do several 
others I know, all of whom report amazing results. One man past 80 finds it peps 
him up too much, so he wears it intermittently.” 
Howard D. Clark, Yucca Valley, Calif. 


tek Soke sek tink 
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From Jan-Feb 1965 Journal of Borderland Research 
HE WORKED WITH GEORGES LAKHOVSKY 


"A friend of mine sent me your pamphlet describing the Lakhovsky Multiple Wave 
Oscillator. I was the first man that bought this instrument in New York in 1940, on 
the advice of a physician who saw it at a medical congress in Vienna. My young son 
had developed a face lesion. It was diagnosed as tubercular. 1 was having a joint 
office at that time with a progressive MD. I was practicing dentistry. Her success 
with the MWO was phenomenal, but when she began to treat cancer cases the American 
Medical Association got after her and we and revoked our licenses. 1 had translated 
some of Lakhovsky's works into English from the French. Professor Lakhovsky came 
often to my New York office. He told me the Pope was using one of his instruments. 
The success obtained in the hospitals was excellent but the reports were suppressed. 
The good professor died of @ broken heart. Our case was a regular frameup by the 
AMA, the lawyers and the courts. Iwas foolish enough to fight the case and spend 
lots of money, not knowing that the AMA controls even the courts and judges. I 
still have some copies of the booklet and a photo of my Lakhovsky instrument. If I 
can locate them I'll send them to you. I sold my instrument to a doctor in Texas 
and left New York state in 1945. I am a licensed Naturopath in Florida and 
Chiropractor in California. Am enclosing § for membership. I belonged to BSRA 
several years ago." Dr. N.S. Hanoka, Miami Beach, Florida 


GHER Toe ok ae 
From March 1965 Journal Borderland Research 


“THE SECRET OF LIFE" 


“I loaned my copy of Lakhovsky's 'The Secret of Life’ to my chiropractor, also 
your Journal. He had one build and I've been taking treatments from him on the 
Multi-Wave Oscillator. After two treatments I got an awful cold and I have never 
blown so much bloody mucous out of my nose. Also, after each treatment, it would 
leave me weak. 1 would have to lie down several times a day. There always was a 
reaction but my bad sinus condition has cleared up considerable. 1 also had trouble 
with my liver and there were so many things that I hadn't been able to eat, for 15 
years or more. Now I can eat them and enjoy them. The MWO is certainly worth 
having and I am improving.” Mrs. A.N. Onymous, Somewhere, Indiana. 


Joe Sok ariek eae 
From the October 1966 Journal of Borderland Research 


HITTING THE HEALING TRAIL WITH THE MNO 


"It would be appreciated if you would put an announcement in the Journal that 
Dr. S-L. Jamison, D.V.M., N.D. (Gr.Br.) announces the opening of a practice of 
naturopathy in Santa Cruz, California. 

"The climate has changed greatly from the old burning-of-books days by the FDA. 
We cannot ail stand back and wait for “George” to do something. I have the 
advantage of a lot of training in a legitimate field of allopathic medicine. Only a 
veterinarian would be able to make such a move and escape retribution for it. A 
regular M.D. would be branded a traitor to his fellows. 

"Ihave moved to Santa Cruz to set up practice as a naturopath, using the 
M.W.O. unit, spiritual healing and diet ~- along with naturopathy measures for the 
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healing of old injuries and chronic degenerative diseases. There will be no charge 
if there are no results. Since my fees will have no legal status, this will be made 
clear to the people using the service so they will be under no compulsion to pay, 
even if results are satisfactory! 

"There are no incurable diseases but there are incurable patients! 

“With the MWO we have not gotten uniform results classified by the disease the 

patient had. About two out of ten people do not respond to the MWO unit at all. 
You had just as well breathe on them. I strongly suspect that these people should 
consult an allopathic physician, M.D., as they would be helped better by 
conventional medicine. You might say our cases were selected, as people came to us 
in the last stages of sheer desperation ~~ conventional methods (including 
chiropractic) having failed. 
‘Some of these (not many) also do not respond to the MWO. They usually respond 
to spiritual healing methods when this happens. This I have not figured out good as 
yet. Once in awhile an arthritic will claim to have been worsened by the unit. 
This occurs usually in an arthritic with arthritis in a number of joints. One 
treatment seems to break the poison loose in their body, and they fall like the 
wrath of hell about two days after. Get them in immediately and run them again, and 
everything is alright. 

“To sum it all up, I have got so I do not care what disease a person has got as 
long as it is not an acute infectious disease, or a recent stroke case. I have been 
afraid to try it on either of these as all we would need is for somebody to fall 
over dead while on the unit and we would be wearing striped suits or breathing HCN 
in a gasper chamber. . . The unit regenerates the whole body." $.L. Jamison, D.V.M. 


Seek coke kik sok 


From the July-Aug 1967 Journal of Borderland Research 
A TRANSTSTORIZED MWO 


“T would like to compare operational notes with some one who has built one of 
these MWOs because I question some of the statements made in the original article. 
I'Ll just give a brief description of mine and some of the things I ended up doing. 
I started with aluminum elements but had trouble with the gluing process so ended up 
with using printed circuit boards so my elements (antennas) are copper. I have good 
arcing between first four rings. Can make ‘em all are if I bring point of wooden 
pencil near the smallest, but pencil must be held certain way or I'll get knocked on 
my haunches. 

"I ended up with a 9 in. Tesla coil. Tried 7, 6 and 5 but ended up with nine. 
The trouble here was with leakage between primary and secondary. It was terrific 
until I took means to reduce to a minimum. The transistorized drive I use is 
partially a hangover from the days of when I used transistorized ignition in my one 
vehicle. The ignition coil was modified to increase the step-up ratio and since the 
coil was mounted originally in oil, it was a ‘slippery as an eel' project. The 
driver uses 5 transistors plus diode and operates on a source power supply which can 
supply up to 20 volts dec. The drive seems to function best at about 15 ~ 16 volts. 

“Now for a question. If Mr. Beck, as he indicated in his original article, 
‘reconstructed the circuits’ of an original MO in a certain man's house, why didn't 
you people publish a diagram and dimensional data on that original piece of 
equipment? That would be @ project a man could sink his teeth in. Instead this 
pee-wee MWO which you now say is not much good unless everything arcs. You mean 
arcing all the way down to the smallest ring????2? When you get your up-dated MWO 
data published, let me know as I would like a copy. R.A. Rieck, Rochester, Minn. 
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Arcing between the first four rings, from the outside in on the MWO antenna, is 
about as good as any we saw when we were researching the instrument in 1964; so it 
sounds as though your transistorized MWO -- the first we've heard of ~~is doing very 
well and should be putting out enough energy to affect living cells. You any wish 
you had cut aluminum antenna rings after all. For some reason, the arcing between 
copper rings builds up deposits which must be cleaned off periodically. Bob Beck 
didn't offer us a schematic of the original Lakhovsky equipment he saw. He said it 
was housed in a 300 1b. cabinet. The antennas were of circular-formed pipe rings. 
The outside ring was two feet in diameter. There was a large, separate Tesla Coil 
driving each antenna. This is a professional model designed to impress the patient. 
It also probably puts out enough static to antagonize the neighbors for blocks 
around. We believe Bob Beck deserves all credit for grasping the principle of 
multiple wave propagation developed by Lakhovsky during radio's infancy in the 1920s 
and redesigning it into a simpler, smaller device for present-day borderland 
research. 


LATER COMMENT ON THE MWO BY MR. BECK 


“The key factor is that the rings MUST arc profusely all around the 
circumference of the outside and THIRD ring simultaneously. There is no effect, 
either on a calibrated Hewlett-Packard field strength meter, or physiologically, at 
the target frequencies if this arcing does not shock-excite the rings. And yet I 
have seen at least three machines that did not have sufficient voltage from the 
Tesla Coil to even drive the outside ring, let alone the third element! It would be 
ashame to invalidate the device because of this. Some of the machines I've seen 
drive the Model T Coil from an A.C. transformer! The obvious fallacy here is that 
the coil's vibrator is a resonant device supplying the make-and-break voltages (and 
magnetic field) to the T coil primary at the designed frequency. Since the 
transformer is on and off 120 times a second, the chances of the T coil points 
‘breaking’ at the precise instant that the 60-cycle house current is at a POSITIVE 
Peak is about one in fifty. And even if it fires ‘sometimes’, the T coil is 
modulated with the 120 cycle line (twice the 60 cycle frequency, since each cycle 
has two peaks, both a positive and a negative). 

“Try it at 300 mc. and 10 kmc. on a field-strength meter some time. You'll see 
what I mean, The Tesla Coil, incidentally, is just a convenient supply of free 
electrons. The cascade of electrons or ‘high voltage' breaks down the air's 
resistance (by arcing) and then drives the antenna rings. But if the drive is 
interrupted, the rings may not absorb and resonate properly. At any rate, it is 
difficult to kid the Hewlett-Packard meter, and I'd like to see the original design 
followed, at least for the first year.” 


AN IMPORTANT MODIFICATION 


“The greatest modification to date was the discovery of a box of war surplus 
very high voltage rectifiers in a bin at a Burbank electronics store. The 30,000 to 
60,000 volt selenium stack rectifiers.....climinates the necessity for a tuneable 
gap, and roughly quadruples the output of the Tesla Coil, also lowers battery drain 
to half.” 
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Variants 


Variants 


LED indicators vary widely in size, shape, inten- 
sity, view angle, diffusion of light, wavelength of 
light, minimum and maximum forward voltage, 
and minimum and maximum forward current. 


Size and Shape 
The original sizes for round LED indicators were 
3mm, 5mm, or (more rarely) 10mm in diameter. 
Today, through-hole LEDs are sold in many inter- 
mediate sizes, although 3mm and Smm are still 
most widely used. 


The traditional round LED indicator is now aug- 
mented with square and rectangular shapes. In 
aparts catalog, pair of dimensions suchas mm 
x Smm suggests that the LED is rectangular. 


Intensity 

The light intensity of an LED is usually expressed 
in millicandelas, abbreviated mcd, There are 
1,000 mcd in a candela. For more information 
about units for measurement of light, see “Inten- 
sity" on page 178. 


The candela measures the /uminous flux, or visi- 
ble radiant power, contained within a specified 
angle of dispersion, usually referred to as the 
view angle. This can be imagined as the rotated 
angle at the apex of a cone, where the cone de- 
fines the "spread" of the light, and the source Is 
at the apex. 


Ifa diode is emitting a fixed amount of luminous 
flux, the rating in mcd will increase with the in- 
verse square of the view angle. This is because 
the light delivered to an area in front of the LED 
will become more intense as the angle becomes 
smaller. The use of mcd to rate the brightness of 
an LED can be misleading ifit is not considered 
in comparison with the view angle. 


For example, suppose an LED is rated at 1,000 
mcd and has a view angle of 20 degrees. Now 
suppose the same diode is embedded in a dif- 
ferent epoxy or silicone capsule with a lens that 
creates a view angle of only 10 degrees, The LED 


light source, indicator, ar display > single source > LED indic: 


will now be rated at 4,000 med, even though its 
total power output is unchanged. 


+ To compare the brightness of two LED in 
cators meaningfully, they should share the 
same view angle. 


Four through-hole LED indicators with a wide 
range of specifications are shown in Figure 22-4. 
From left to right: water-clear white generic, 
10mm; Vishay TLCRS800 Smm (emitting red, 
even though the capsules water-clear), rated for 
35,000mcd with 4 degrees view angle; Everlight 
HLMPK150 Smm red diffused, rated for 2med 
with 60 degrees view angle; and Chicago 
4302F5-5V 3mm green, rated for mcd at 60 de- 
grees view angle, containing its own series resi 
tortoallow direct connection with a 5VDC power 
supply. 


Figure 22-4, Four assorted LED indicators with very dif- 
ferent specifications. See text for details 


Efficacy 
The radiant luminous efficacy (LER) of an incan- 
descent light source compares how effective itis 
at channeling its output within the visible spec- 
trum, instead of wasting it in other wavelengths, 
especially infrared, Note that the word efficacy 
has a different meaning from efficiency. The LER 
acronym may help to avoid confusion, 


LER is expressed in lumens per watt, and in an 
incandescent bulb itis calculated by dividing the 
power emitted in the visible spectrum (the /umi- 
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BEWARE THE PUNITIVE HAND OF THE AMA 


Turlock, Calif. “Daily Journal", Dec. 2, 1966: "Dr. Stanton L. Jamison, formerly 
in charge of the state Poultry Pathological Lab here, was arrested yesterday for 
practicing medicine without a license. The veterinarian is charged with using an 
electronic device -- with high voltage sparks crackling and jumping about on either 
side of a patient --with the claim it was beneficial in cancer and bone diseases. 

“After posting $1100 bail, Dr. Jamison defended his machine. He said parts for 
the machine cost less than $50. If someone followed up on the apparatus, he 
claimed, it would be a ‘blessing to humanity’. Police Chief John Viarengo, Lt. 
BLll Ladd and investigators for the California Bureau of Food and Drug Inspection 
took Dr. Jamison into custody in the offices of his Life Aquarian Center in the 
Mercantile Building. Lt. Ladd said a sign reading ‘Universal Life Church, Inc.' was 
prominently displayed in the front office. He said four or five agents had been 
‘ordained’ as ministers in the church by telling Dr. Jamison they wanted to become 
preachers. Soon their official ordination certificates arrived in the mail, said 
Lt. Ladd. 

“Police described the apparatus as similar to an electric chair, with four-inch 
metal rings looking like handcuffs hanging over doors to the room. The theory was 
to determine polarity of a patient with e pendulum and then proceed to change 
negative polarity to positive with the 70,000 volt device. Chief Viarengo said 
patients were being treated for a variety of diseases, including stomach ulcers and 
cancer. Investigation into Dr. Jamison's operations started in May, when police 
began receiving complaints from relatives of patients. No money was charged for 
treatment, according to Lt. Ladd, but patients were expected to make donations to 
the church. Dr. Jamison headed the state poultry lab here for a decade. He will be 
arraigned on the charges in Turlock Judicial Court next Friday morning. 

“In a statement released following his arrest, Dr. Jamison said the ‘multiple 
wave oscillator’ picked up by police resembles many electronic gadgets used, usually 
ineffectively, in the past for treatment of many complaints. However, he insisted, 
his oscillator appears to be the exception that proves the rule. 

“'The unit suffers from a sort of ‘guilt by association’ with other electronic 
gadgets to the point where serious doubt would be the reaction of any trained 
scientist on first observing it,’ he admitted. ‘I know that this was my reaction.' 
However, he said he suffered continuous pain following a 1962 automobile accident 
and, willing to try anything, tried the unit. It helped him, he insisted, and has 
helped many others. He said the unit had been tested and checked by qualified 
medical men in Europe in the late 1930s. ‘Some progressive healer will follow up my 
lead in continuing to develop the electronic unit,’ he said.” 


Sok dink tek bk 


From the November 1968 Journal of Borderland Research 
AN MilO. PHENOMENON 


"Please find enclosed § for another year's subscription to your wonderful 
Journal. It has been very enlightening, and I always look forward to receiving it. 
T have taken treatments on the MWO for a long time and have been puzzled. Soon 
after I started to take treatments, the hair stopped growing under my arms. I have 
wondered about this and if anyone else has had the same reactions?" 

Mrs. E.H. Piqua, Ohio 


This is new to us! If any of you researchers have experienced or observed a 
similar phenomenon, we'd be glad to hear about it and share it with the rest through 


66 


the pages of the Journal. The Tesla Coil problem has been solved with the discovery 
of a good commercial coil made by Master Appliances, Marion Indiana. This coil will 
drive one antenna very well. 

Go ok i ak 
From the Jan-Feb 1971 Journal of Borderland Research 


THE PASSING OF CYRIL SCOTT 


“Cyril Scott, born Sept. 27. 1879 in England, died first week of 1971, so two 
friends here inform me. I'm always happy to see one who writes so intelligently 
regarding diet and health, vindicates his ideas by living that long. Not many dol 
BUT, I read in our local paper yesterday of the death of a former neighbor who died 
on ith January at 93, and she knew nothing regarding diet, positive thinking, etc. 
So, where are we? I can't ever make 2 & 2 come to four, woe is me+ 

“Two small books come from Muriel Archdale, England, by Cyril Scott, 'Safe and 
Saner Remedies', and ‘Health, Diet and Common Sense'. On page 162 of the latter he 
mentions the George Lakhovsky book, 'The Secret of Life’, memory of which caused Mr. 
Scott to suggest using a copper wire around his middle to a man who was too 
breathless to walk far or uphill. The man wore the Lakhovsky loop for twelve hours, 
had a copious and offensive bowel movement, then on following day and another 
uphill walk, the man was able to keep up with Scott! I found my copper flex soon 
after but it is awkward to keep in place to make sure the negative end is to the 
left. Cyril Scott gives the homeopathic remedies needed, particularly emphasizes 
potassium for cancer.” A.F., Santa Cruz, California 


COPPER BRACELET CURES “TENNIS ELBOW" 


News Item from Crosby Golf Tournament at Pebble Beach, California a year ago. 
1/24/70: “Bert Yancey one had to give up golf because of a nervous breakdown. He 
also came close to quitting the professional tour last year because of a ‘tennis 
elbow’. But he didn't mainly because he found a remedy endorsed by Australian 
tennis pros John Newcombe and Tony Roche. The so-called remedy is a $7.50 copper 
bracelet, otherwise known as ‘The Absorber’ or a 'Voodoo Bracelet”. 

"Yancey wears‘ one on his right wrist to correct an arthritic condition in his 
elbow and he has worn it for the past five tournaments, including the $150,000 Bing 
Crosby National Pro-Am, which he leads by two strokes at 137 going into today's 
third round. 

“'Z don't know why it works, but it does,' said Yancey, a 31-year old former 
West Point cadet who finished third in the 1967 and 1968 Masters and won the Atlanta 
Classic last year. He said a tennis pro in Napa Valley suggested last summer that 
he wear the bracelet and got confirmation from Newcombe and Roche, who have suffered 
from similar ailments, that it would work. 

“Yancey strained his right elbow two summers ago lifting a concrete birdbath in 
the backyard of his home in Tallahassee, Fla. He took a pain-killing drug that 
enabled him to compete in the U.S. Open at Rochester (where he finished third), but 
he was warned that the drug w 'dangerous...that it gives you ulcers’. 'I never 
got ulcers, but I felt a pull in my stomach. That's when I quit using the drug.' 

“He said he hasn't needed the pills anyway, since wearing the bracelet. The 
therapeutic effect of the copper, he said, has to do with chemical displacement 
within the body. 'I majored in chemistry while taking pre-med courses in college 
and I think I know enough about copper deficiency in the body to believe that, 
somehow, the bracelet can help me.! 
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“Somebody then pressed Yancey for an answer about what makes the bracelet such 
an effective remedy. 'I don't know for sure,' he drawled, ‘maybe it's all 
psychological.'” 


YANCEY WINS THE CROSBY OPEN 


Sports writers are always looking for a new angle for stories and Bert Yancey 
withstood a spectacular charge by Jack Nicklaus on the final round, with a 65, and 
came in with a hot round of his own a 69, to win the tournament and a cash prize of 
$25,000. Yancey and his Voodoo Bracelet were headlined all over the country. The 
LA "Times" called it a "Copper Caper” in its Jan. 26, 1970 story. 

As was to be expected, the medical authorities in desperation had to prepare an 
immediate counter blast of propaganda to keep the public hypnotized. The sales of 
medical snakeoil went down as arthritis sufferers flocked to buy non-medical copper 
bracelets! The “Times” and other metropolitan newspapers willingly cooperated. 
After all, patent medicine advertising is a big source of revenue, and who knows how 
much profitable pharmaceutical stock is owned by the publishers of the papers? 

The “Times medical writer, Harry Nelson, dutifully wrote: “The Arthritis 
Foundation, a legitimate group interested in getting better treatment for arthritis 
sufferers (There is a contradiction here, Harry, for medical authorities claim there 
is no cure for arthritis!) refers to copper bracelets as ‘an age-old fraud which has 
no scientific basis whatsoever’. Yancey is the latest sports figure to get taken by 
the ‘copper caper’, which the attorney general of New York last summer called ‘one 
of the oldest and most vicious swindles’.” 

These opinions by the Arthritic Foundation and the attorney general are of 
course; utterly worthless. They are not based on the results of intelligent 
scientific research, but are based on the profit motive of the medical trust. The 
electrical nature of living cells was established beyond any shadow oaf doubt two 
generations ago, by the sound theories and research of Dr. Abrams in San Fransisco 
and Georges Lakhovsky in Paris. Thousands of supporting tests since then have 
proven conclusively that body cells have polarity, and that in an unbalanced or 
unpolarized condition, disease or injury, the subtle oscillations of a wire coil or 
Loop will restore polarity. Sad to say, there is nothing of this in the training of 
medical students today and it is left to Borderland science to carry the torch. The 
honest, straightforward testimony of public figures like Bert Yancey, Tony Roche and 
John Newcombe is ridiculed by the witch doctors of authority for medicine. 


JUST KEEP TAKING YOUR EXPENSIVE PILLS! 


Under orders from above Harry Nelson interviewed Dr. John Calabro, the 
arthritis authority at University of California in Los Angeles, "He points out that 
the bracelets may seem to work because arthritis can improve spontaneously and it is 
easy for the person to associate his improvement with the bracelet. 

"'I tell patients it's OK to wear the bracelet providing they do all the other 
things I ask them to do,' said Dr. Calabro." Including, of course, the purchase of 
poisonous pain killers at fancy prices. Wow much scientific integrity does Dr. 
Calabro have when he and his university accepts fat research contracts from the 
medical trust? Is it any wonder that today's Aquarian Age students are publicly 
questioning the morals and ethics of their professors? They are told that the goal 
of a university is the search for truth -- at least that is what the Chancellors say 
in their public speeches. But when the student gets to the laboratory he finds that 
the search is for profitable products for industry -- or help maintain a well~ 
established profit position. 
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LARHOVSKY BELTS, LOOPS or OPEN CIRCUITS 


“Thank you for the clarification of the Lakhovsky belts described by the late 
Gol. Powell in his publication. I tried what you suggested and after some thought I 
finally understood what he meant and I believe the belts should look like this: 


You might want to try experimenting with flat ribbon cable for these belts or 
coils. It can be bought at most electronic stores and it comes in different widths 
or colors. I am wondering also, is it really necessary to separate the lamp cord 
and use only half of it? Could it not be used as it is, with two strands of copper 
wire, insulated, side by side?” G.B.F., San Fernando, California 


Yes, in our one-loop coils of white insulated lamp cord, we now use it just as 
it comes from the store, without separating the two strands. But you plastic 
‘buckle’ or 'button' shown above may allow too much slippage; so the ones we make 
for ourselves and for research-minded Associates have separate entrance and exit 
holes for each end of the insulated wire. The white insulated wire seems preferable 
from the hygiene angle, seeing that it is usually worn next to the skin. 


Bick Riek kik 
From the March-April 1971 Journal of Borderland Research 
OUR LOOP-THE LOOP PROJECT 


“It looks to me like the Lakhovsky loops work homeopathically. It's not the 
copper element, per se, but the loop the loops it makes, throwing back into the body 
forces which the body 1s throwing off. It's an automatic homeopathic prescription, 
each body being its own pharmacist! 

“The Yogi does it when he goes into suspended animation, re~breathing his own 
air. Urine therapy, drinking one's own urine, as described by Armstrong, is 
homeopathic. An ostrich putting his head in the sand breathes his ow air. 
Breathing into a paper bag and re~breathing the contents is a specific cure for old 
age pains and hiccoughs. Dianetics was mental homeopathy, i.e., the original book 
but not no more. Dianetics is re-thinking one's own thoughts. You imbibe your own 
aberrations, attaching like with like. Homeopathy is like a feedback system. Gods 
ate their own offspring. It's Isis picking up the pieces. The smaller the dose the 
more potent the cure. Btc. Etc. 

“Send me two kits of three experimental loops. Maybe I can fatten up on them.” 

P.E., Florence, Arizona 
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“L read that part in the Journal about the copper wire loops so today I did 
loop one around me and sure enough the oscillating motion calmed me down. It sure 
was a sensational feeling because lately at times it got so bad I though I would 
spin off, even though I do the five Rites nightly. On occasion I also experience a 
terrific pain in my left side which forces me to sit down, just a great pressure 
especially after standing over the stove preparing meals for maybe three to four 
hours at a time. The customers just couldn't understand how I stood up under 
pressure of serving so many people. Seems like mass production. 

"So with this new item I feel like a new person! And I'm going to have you 
send me one of your experimental kits, to see how it compares to what I hooked up on 
nyself. Of course I just taped the wire on and this is only about six hours since I 
put it on.” ‘J.M.S., Charleston, South Carolina 


A DEDICATED BORDERLANDER 


"Enclosed is a check for membership renewal and for five sets of experimental 
loops. I want to compare the effects of the Lakhovsky coil with the Japanese-made 
magnetic health bands which I sell to my tennis customers. I am very active in 
tennis playing and teaching. The results with this band are very good.” 

A.M., Miami, Florida 


BEYOND THE PHYSICAL 


An Associate writes that she had success in “curing” and arthritic elbow by 
wearing a copper bracelet on her wrist. Then the pesky condition showed up in her 
knee! From there is moved to another part of her body. Then it began to dawn on 
her that their Higher Self was trying to tell her something, that the swollen and 
painful joints were an outward manifestation of an inner mento-emotional condition 
of resentment and bitterness over an unhappy marriage. With the cooperation of an 
understanding doctor and more orthodox heat treatments, etc., and a more positive 
and cheerful attitude on her part, the condition was finally eliminated. It took 
months to cleanse the system of the accumulated poisons, physical, emotional and 
mental. 


1920's era Violet Ray 
‘Massager. From the 
BSRF Collection. 
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From the Jan-Feb 1966 Journal of Borderland Research 


SHE LAKHOVSKY MWO IN INDIA 


“The MWO is giving wonderful service and days are passing and I am gaining some 
new experiences which have not been recorded in the book. I will appreciate if you 
Kindly clear some of my doubts. In practically all the cases I am finding 
aggravation after three or four sittings. Do you think that it is due to a sudden 
oscillatory shock that is given to the patient as it so happens when Homeopathic 
medicine is given? I feel that it should have at least been recorded by some one. 
One more question. What is the reason for metals being removed from the person of 
the patient? In case they are not removed will there be any adverse effect? This is 
very vital because here in Bengal there is a custom that the married ladies must wear 
one Iron bangle. They will not remove it under any circumstances. What is the 
remedy for this? 

“I find that the appetite improves in practically all cases. Rheumatism and 
Arthritis cases are definitely benefitted. In one case a Tumour which is there since 
about 20 years has definitely gone down with only 4 sittings. I am watching the case 
carefully and if the Tumour disappears it will be a great achievement for the MWO. 
Debility is markedly reduced in nearly all cases. In a recent case of Spondylitis 
the MWO has done wonderful work. The flexibility was 8-1/2" from the floor which has 
come to 6" after 7 treatments and all the pains have practically disappeared. Due to 
the New Moon and Eclipse there is an aggravation but I hope it will gradually go. 
Asthma cases have not responded so well but I am not yet disappointed with the 
results. It is as yet too early for me to assess the capabilities of the MWO on 
various diseases. As you say I also believe that this instrument will work on all 
persons irrespective of their complaints but still there must be some specific organs 
on which there is more influence of this. 

“Something which I forgot to mention previously, can you tell me whether you 
have seen Hemorrhage as a result of MWO treatment? In at least 3 cases I have seen 
bleeding start where there was no previous history of bleeding. What is it due to? 
In one case there was profuse bleeding after 2 sittings and that has made me a bit 
nervous. Just now a patient reported that he was getting blood in the sputum even 
though there is nothing in the lungs. In the third case blood appeared in the urine. 
Please give a thought to this as this is a very serious complication if it is caused 
by the MWO." Dr. A.K. Bhattacharya, West Bengal, India. 


The above is a portion of a letter to Associate Al Goeke, Redmond, Washington, 
which Al passed on to me for comment. I thought the rest of you would be pleased to 
know that this East Indian doctor has gotten very encouraging results from the very 
beginning in the use of the Multi-Wave Oscillator. If by aggravation the doctor 
means a sudden release of mucous, heavy cold or flu, this is a sure indication that 
the MWO is working and affecting a release of accumulated poisons in the body. This 
is touched on in our brochure, in the comment from a midwestern doctor which built 
and used such equipment in the 1940's. When he began producing mild flue -- as he 
called it -- in his patients, he got scared off! The hemorrhaging by the doctor's 
East Indian patients is more serious but we believe it is still a result of the same 
thing, a sudden releasing of accumulated poisons through the shedding of bad blood. 
We know one oriental who had a heavy nose bleed after the first exposure to the MWO 
field. Apparently orientals, some of them at least, are more sensitive to the soft 
radio wavers than Caucasians living in America; so the doctor's prescribed treatments 
should probably be somewhat shorter in duration and spaced further apart. 

Yet I well remember the radio technicians in Honolulu, Hawaii. I was an 
announcer and producer there for several years. Some of them were of Chinese and 
Japanese ancestry. When repairs were needed on the radio towers, these men wouldn't 
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hesitate to jump on, climb up and work for hours while the station was putting out a 
steady five to ten thousand watts of power. I don't recall any of them suffering any 
ill effects such as internal bleeding. Yet their tools would get so hot because of 
the strong field that they would have to wear gloves in handling them! It was these 
eddy currents caused by an inert piece of metal in the pulsing field that Bob Beck 
was concerned about. There isn't enough power in the MNO to cause heating in bits of 
metal about the body, if one can't strip down for an exposure. The piece of metal, 
say a zipper or a ring, might reduce the efficiency of the field in that area but we 
didn't worry about this when testing the equipment we had for a short while in 1964. 
I don't think Dr. Bhattacharya should either. The machine seems to produce results 
anyhow. 


Joe ook aka 


From the March 1966 Journal of Borderland Research 


BASIC NEW AGE PHYSTCS 


(Publication of Dr. Bhattacharya's letter in the Journal, page 20, Jan-Feb 1966 
issue, elicited the following significant comments by Mr. Constable.) 


Aword on Dr A.K. Bhattacharya’s reports concerning the Lakhovsky Multi-Wave 
Oscillator he is using successfully at his West Bengal, India clinic. The results 
are indistinguishable from those systematically recorded and published over a long 
period by the late Dr. Wilhelm Reich, M.D., concerning his "orgone therapy". Reich 
was the discoverer of Primary Energy -- pre~material and mass-free -- which he named 
Orgone. 

The improvement of the appetite, the reversal of rheumatism and arthritis even 
to structural changes, the rapid reduction of tumors and the hemorrhage effects are 
all to be found in Reich's massive clinical literature on orgone therapy. Dr 
Bhattacharya's reports, plus others any my own experiences with the MWO serve to 
confirm my previous evaluation of this unit as published in the Journal over two 
years ago. In essence, the MWO is a device for orgone therapy. It achieves its 
startling results because it is a generator of primary energy, or at least a focus 
for primary energy. 

Any person with a modest extension of physical vision who will observe an 
operating MWO under conditions of indirect, rather dim fluorescent lighting, will see 
for himself that primary energy from the earth's atmosphere (the Orgone of Reich) 
condenses prolifically between the coils of the unit. The concentration is many 
times that which normally surrounds a living organism. 

The basic New Age physics involved, for which we are indebted to Reich, are as 
follows: Wherever secondary energy, i.e. energy obtained from matter in some way, is 
released, primary energy tends to concentrate to extinguish this energy. Secondary 
energy is life-negative, i.e. inimical to the living, a fact which is illustrated, 
in its ultimate extension, in the lethality of atomic energy. Where so-called “soft” 
radio waves are involved, the antagonism of primary energy to their emission is 
evidently considerably diminished over the violent effects that accompany radioactive 
substances in the presence of primary energy accumulators. 

In the case of the MWO, the tremendous band of frequencies covered results in an 
extreme concentration of primary energy, which also has its frequencies and 
correspondences (the Rates of radionics) with the secondary, electromagnetic 
spectrum. That this effect is achieved with minimal secondary emission is the beauty 
of the Lakhovsky unit. 


TWO-FOLD FUNCTION OF THE MWO 


In my view, the dramatic results obtained are due to a two-fold function of the 
unit. First, there is the undeniable concentration of primary energy around the body 
of the patient, particularly potent where a limb or other readily accessible member 
may be exposed. Secondly, there is the reaction of the specific biological energy of 
the individual organism, from within, to the stimulus of the secondary waves, which 
it rushes to combat. 

Under the laws of primary energy first discovered by Reich, the patient, as a 
living organism, is a stronger vital system than the MWO. Accordingly the patient 
attracts and withdraws the charge of primary energy produced by the device. This is 
in direct contradiction to formal electrical laws, and as such is typical of the 
criteria that rule primary energy. The continued emissions of the Lakhovsky unit 
provide a continuous concentration of primary energy on which the patient draws. 
Just how long this process should be allowed to continue, per treatment, is where we 
run afoul of allopathic (MD) thinking. 

The acquisition of a strong primary energy charge by the ailing organism results 
ina reversal, or at least in the reduction of life~negative, i.e. diseased, 
processes. Reich found with his orgone accumulators that the reduction of tumors was 
not as great a problem as the auto-infection resulting from the overloading of the 
excretory apparatus. The debris and bacilli from the diminishing tumors must be 
eliminated, and unfortunately, because the excretory apparatus is frequently involved 
in the general putrefaction of which the tumor is the end result, this was the major 
problem in managing such cases, in Reich's experience. 

The medical lectures of Rudolf Steiner, Ph.D., contain one of the master keys to 
successful therapy, particularly appropriate to the use of the MWO. Steiner pointe 
out that what the ailing organism needs is the significant, vital impulse in the 
right direction, then careful nursing and management as it recovers out of its own 
forces. This was also the view of another genius, the late Dr Ruth Drown, who knew 
from experience how important the first impulse back to health is for the sick 
individual. 

Hence, it seems that the old allopathic urge to convulse the patient with 
therapy, to repeat the massive dose again and again, is something that should be 
resisted in using the MWO, at least where tumors are being dealt with. The idea of 
applying the MWO in daily doses may stand in need of modification. We are all to 
some degree creatures of gross, non-vital thinking that stands behind our allopathic 
medical civilization, and we will need to carefully train and think ourselves out of 
the absurdity that the massive dose is the sine qua non of therapeutic success. 


THE TRUE-BLUE ROOT CAUSE OF DIS-EASE 


As far as unexpected hemorrhaging from the lungs and similar manifestations are 
concerned, I think the problem is essentially that diagnosis is so inept and 
inaccurate that the physician does not have a true blueprint of his patient. After 
my years of association with Dr Drown I am sharply aware of the fact that nobody just 
hhas one ailment or problem, but that we are all bearers of a veritable plexus of 
malfunctions which usually proceed from one primary and obscure root cause. What 
happens with the MWO is that the injection of primary energy into an ailing organism 
results in multiple manifestations of the healing impulse, and not just a direct 
effect upon the object of our attention --which may be a tumor, ulcer or other 
extreme symptom. 

All the effects produced by exposure to MWO units are identical to those 
experienced in orgone accumulator. The healing agency in both cases is primary 
energy, and I hold that this is so no matter what plausible arguments might be 
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advanced to reconcile the MWO with formal theories and thus win the neurotically- 
desired approval of physicists and doctors. It perhaps seems incredible that one can 
obtain the same effects produced by the MYO by sitting in an orgone accumulator, with 
absolutely no electronic apparatus connected to is, but it happens to be so. Try it 
and see! 

MWO experimenters owe it to themselves to study Reich's work in full. As long 
as they wander in these fields, they may as well build into themselves the 
realization that electromagnetic energy has an inevitable and unavoidable and 
inescapable concomitant -- primary energy, life-positive, mass-free energy whose 
criteria and laws are the exact opposite of the energy accepted by formal physics. 
The best testimony to Reich's tremendous contribution to human advancement is that he 
died in a U.S. Federal Prison. As all Borderlanders know, innocent bumblers die in 
bed in their own homes, untroubled by the status quo. 


FoR do tek dete 


From the April 1966 Journal of Borderland Research 


MWO SURGERY AT SHASTRI VILLAGE 
AND RELATED MATTERS 
by Al Goeke 


I believe you and the Associates would like to hear the latest comments from Dr. 
A.K. Bhattacharya, Naihati, West Bengal, India on the Beck adaptation of the 
Lakhovsky Multi-Wave Oscillator he is using in his clinic there. 


“The other day I had an unique experience with the MYO. I think this should be 
published. I was treating a lady for rheumatism. After four sittings, once a week, 
she had a pain under the tongue and there was some inflammation with pus coming out. 
L asked her to take a further sitting. After about five minutes all of a sudden the 
thing burst inside the mouth and five pieces of stone came out. When I took her 
medical history I found that she had an operation two years before and a bit of 
Salivary Calculi was extracted, but the surgeon had told her that some still remained 
behind. The MWO treatment eliminated the foreign matter which would not have come 
out without an operation. This then paves the way for research with Gall Stones and 
Kidney Stones. I would like to know if anyone else had an experience like mine. 
his time I can give you some reports about the special attachment you sent. A 
patient was having much pain in the knee and there was swelling. I held the Bulb 
against the knee for five minutes, and after that it was found that the swelling had 
reduced and the pain also was much less. In an asthma case I applied the Bulb on the 
chest for ten minutes. The report is the patient had no recurring attack for two 
days. Yesterday I was having pain in my thigh so I applied the Bulb. In five 
minutes I got wonderful relief. Gradually I am getting the hang of it and I think 1 
will be using it more and more." 


I, too, am using the Argon more and more, and the more I experiment with it, the 
greater I think it is, also the MWO. I have had two test cases of young men who, 
after five minutes in the MWO, said they could feel something happening inside their 
heads. Both cases had a history of head injuries. 1 take it that the MWO 
reactivates a dormant, abnormal condition that perhaps one day would cause trouble. 
Another test case was a mental patient in Texas. The use of the MWO was part of the 
test program which brought about a marked improvement in only nine days. 

Some time ago a BSRA associate spent an evening with me and told of an 
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interesting borderland gadget. People came from miles eround to sit in its healing 
radiations. I built one for experimentation and found the results good. A Texas 
Associate says that it works! The original was set in the ground, but I wanted it in 
the house where it would be more convenient, and figured on running a ground wire 
outside; but this is not necessary. I have found that it corrects polarity of anyone 
sitting in the seme room. The one I built radiates out 25 ft. One length of 6” 
stovepipe is used, filled with alternate 2" layers of crushed granite, and of 
charcoal. For a quick charge of energy, touch your foot on wire at lower end and 
hand on wire or rod sticking out of the upper end. I have checked the walls and 
ceilings or rooms (with pendulum) and found them negative. After a few minutes with 
this borderland gadget ina room, the walls and ceilings check positive! Here is 
something that should be shared with Associates. 


Copper Wire 
or Tube 


oe 


Standa’ 
Length 
of 
6 in, 
ft. 


TK _Base. 


le on 
ETHERIC CONDENSER 


(Here is our drawing from the rough sketch in Goeke's letter, of the borderland 
gadget explained above. This is just another of many simple devices which 
concentrate or condense etheric energies of the higher physical sublevels into a 
field or vortex of force available or useful in beneficial amounts to a living 
organism within that field. The drawing is not to scale. The dimensions are not 
critical. It is the relation of the parts that is important. You can consider the 
upper end of the copper wire as positive and the lower end coming out of the base as 
negative, but with the alternating layers of crushed granite and charcoal there must 
be an alternating or pulsating effect. Remember, charcoal is carbon, so this Etheric 
Condenser is a Vitic device, but not nearly so concentrated as the field between the 
Alnico magnets of Vitic. Iron filings sifted in the crushed granite would probably 
increase the power of this thing. This gadget would augment the power of your Eeman 
Screens, if you are using then, by adding extra etheric vitality to the circuit. Add 
long wire leads to the upper and lower ends of the Condenser, so you can hold one in 
each hand while holding the handles of the Eeman Screen leads. Which Condenser lead 
should go to each hand? I dunno! This is borderland research and you'll have to 
experiment on yourself, and be you own authority! ‘This is one of the first 
principles of the Aquarian Age into which we are moving at breakneck speed. Now to 
continue Al Goeke's article. RHC) 
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light source, indi 


or, or display > single source 


nous flux) by the power emitted over all wave- 
lengths. This is described in detail on Efficacy” 
‘on page 179 in the entry dealing with incandes- 
cent lamps. 


In an LED indicator, almost all the radiation can 
be within the visible spectrum, but some power 
is wasted by generating heat internally. The effi- 
cacy varies depending on the type of LED; thus a 
red-orange indicator can have an efficacy of 98% 
while a blue LED will be probably below 40%. 
Diffusion 

‘Some LED indicators use epoxy orsilicone that is 
formulated to be translucent or “cloudy” instead 
of transparent. They diffuse the light so that it is 
not projected in a defined beam, has a softer 
look, and has an approximately equal intensity 
when viewed from a wider range of angles. 


*Clear” and “diffused” are options that must be 
taken into account when choosing LEDs from an 
online catalog, unless the users willing to turn a 
clear LED into a diffuse LED by applying some 
sandpaper. 


Wavelength and Color Temperature 
The wavelength of light is measured in nanome- 
ters (abbreviated nm), a nanometer being 1 bil- 
nth of a meter. The visible spectrum extends 
from approximately 380nm to 740nm. Longer 
wavelengths are at the red end of the spectrum, 
while shorter wavelengths are at the blue end. 


Atypical LED emits a very narrow range of wave- 
lengths. For example, Figure 22-5 shows the 
emission froma standard red LED indicator man- 
ufactured by Lite-On, Graphs of this type are typ- 
ically included in manufacturers’ datasheets. 


Becauseared LED stimulates the conesin theeye 
that respond to red light, it “looks red” even 
though the coloris not comparable with the nat- 
ural red thatis seen, for instance, ina sunset. That 
natural color actually contains an additional 
spread of wavelengths, 


LED indicator 
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Figure 22-5. The narrow range of wavelengths emitted by 
a typical red LED indicator. 


The following list shows the ranges of peak out- 
put values, in nanometers, for the most com- 
monly available basic LED indicators (LEDs that 
emit other wavelengths are available, but they 
are less common): 

+ Infrared LED: 850 to 950 

+ Red LED: 621 to 700 

+ Orange LED: 605 to 620 

+ Amber LED: 590 to 591 

+ Yellow LED: 585 to 590 

+ Green LED: 527 to 570 

+ Blue LED: 470 to 475 

+ Ultraviolet LED: 385 to 405 


Figure 22-6 shows this list graphically, omit 
infrared and ultraviolet LEDs. 
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For almost 30 years, blue LEDs were a laboratory 
curiosity of little practical value, as efficiencies 
were stuck around 0.03%, An efficiency of more 
than 10% was finally achieved in 1995, Blue LEDs 
were marketed soon afterward. 


However, when yellow phosphors are added to 
create the impression of white light by spreading 
the output over the whole visible spectrum, the 
wavelengths around 500nm are still not well rep- 
resented, as suggested in Figure 22-3. 
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GERMICIDAL EFFECT OF ULTRA-VIOLET LIGHT 


The use of the Argon bulb (General Electric AR-1) as a pain-killer and 
infection reducer is not a new idea. Nikola Tesla used a gas-filled tube or bulb, 
excited by high-frequency current to rejuvenate himself every day in his laboratory. 
40 years ago the RenuLife Electric Co. of Detroit was making and selling such a 
treating device to doctors all over the country. The offered a choice selection of 
vacuum tubes for getting into the body to release rejuvenating, purifying ultra~ 
violet rays. I don't know that their tubes were filled with Argon gas, as is the 
current General Electric bulb. Maybe this is why the GE bulb is so effective. There 
is a greater concentration of ultra-violet light in the most beneficial wavelengths, 
from pure, excited Argon gas. 

We visited one chiropractor on a trip last year who used an MWO machine on his 
patients, and also uses the Tesla Coil of the MWO to drive the Argon bulb. General 
Electric designed this little gas-filled bulb for use on the regular 115 volt house 
current. As a very dimly burning, ultra-violet night light it is a good spook-chaser 
and can be left on all the time because it uses only pennies worth of electricity in 
a month! The little bulb has a curved metal plate inside it, as shown here, on which 
you can see a faint, ultra-violet luminescence when it is turned on, in a standard 
light socket. 


BUT, when you put a hundred thousand volts through it from the MWO Tesla Coil, 
that Argon gas gets real excited and throws off powerful ultra-violet energy which 
can penetrate into the body and destroy infection and break up tension, inflammation. 
Showers of sparks jump from the surface of the clear glass to the skin unless the 
bulb is held so it touches. Sparks will also jump into your hand unless the socket 
mounting is well insulated. The mounting or socket shown here is the standard rubber 
base with heavy, six-inch leads for outdoor lighting. Our local hardware store sells 
the socket for 39 cents. The Argon bulb needs only one connection ~~ to the antenna 
lead of your MHO. The black and white leads from the socket can be twisted together 
and soldered to a female Banana Plug. This will take the male connection from the 
Antenna lead. The twisted socket leads can be wrapped with heavy, insulating tape if 
any of the ultra-high voltage gets through to tickle your hand. 

The chiropractor who makes use of this in his work asks his patients if they 
have any infected teeth, or a toothache. One five-minute treatment over an aching 
tooth, rubbing the Argon bulb on the cheek over the infected area, stopped a 
toothache for us. It also relieved a throat, sore from too much lecturing. 

General Electric also makes an identical Neon bulb. ‘This gas throws off an 
orange radiation, which would probably give off more of a surface, heating effect 
because of the longer wave-length. You won't find these special bulbs in your local 
stores, probably, but will have to order them through some wholesale dealer, say an 
electric contractor and builder who has the GE catalog of special bulbs. A compact, 
professionally built Tesla Coil can be bought from Edmond Scientific Co, Barrington, 
New Jersey. It doesn't put out as much energy as the MWO coil designed by Bob Beck, 
but it will cause the GE Argon bulb to emit considerably more ultra-violet radiation 
than the 115 volt house current. 


76 


From the MAY-JUNE 1971 Journal of Borderland Research 


‘A HIGH-POWERED MULTI-WAVE OSCILLATOR 


A HIGH-POWER MULTI-WAVE OSCILLATOR 


Antenna Antenna 


4% in. Dia. 
Glass Jar 


Secondary coil, A 

70 turns #23 wire, 

Heavy Insulated 
Formvar 


4 Secondary coil, 
70 turns #23 wire, 
Heavy Insulated 
Formvar 
Last 2 end turns 
spread out to 8 in. 
between turns. 


Primary, 
9 turns 
#18 wire 
insulated. 


AS 


0015 MF 
Capacitor 
(condenser) 


Single layer wound 
RFChoke to soak up 
steep wave front 
from condenser dis- 
charge across gap and 
keep it from possibly 
puncturing insulation 
of end turns of trans- 
former winding. 


< 10 KV - 250 vA 
Transformer 


‘¢ 75 watt lamp 


115 VAC house current 
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"Your brochure article stating that Georges Lakhovsky's original MWO had a 
separate Tesla coil driving each antenna is most interesting. This is in line with 
my experience here in Manila. I find that when livening up both antennas to full 
voltage, to spark each antenna down to the 3rd ring with an occasional slop-over to 
the 4th ring, it is much more effective than when keeping one antenna (or resonator) 
down to near ground potential; and it is least effective when actually grounding this 
antenna ~~ as Mr. Beck does ~-through a 1/10 MF capacitor! 

“One five minute treatment a week is enough for me and the equivalent of two 15 
minute treatments with only one antenna up to full voltage. However, I drive both 
antennas up to full voltage with only one Tesla coil. It has rather tightly coupled 
primary and secondary windings, wound as an auto~transformer, on a 4-1/4 in. diameter 
glass jar, as per enclosed sketch. 

“The present spark gap is 1/8 inch, a fixed, constant gap, needs no turning with 
variable distances between antennas, subject or no subject. The sparking is much the 
same and the gap is not at all critical, 1/32nd, plus or minus, works just as well. 
Gap electrodes are 1/4 inch tungsten. The present primary circuit capacitor is .0015 
Micro Farads, but this also is not at all critical, can be varied up to .0025 and 
still give much the same sparking and effect on subject. 

“I tried using #28 Formvar wire, heavy insulated, 70 turns each on the 
secondaries, to shorten coil and get tighter coupling, primary to secondary, but coil 
was too short and flashed over from end to end. 

“Just plug it in and use it, no tuning manipulation of any kind required. The 
input of 115 VAC to the 10,000 volt oil burner ignition transformer is only 17 VA 
through the 75 watt lamp as a limiting resistor. Never use more than a 100 watt 
lamp. This is all I can take. More power becomes rapidly depressing. And the full 
250 VA out put of the transformer I once used, with a 5/8 inch spark gap, was nearly 
fatal. It took me four months to get over the effects of it. Pass this info on to 
your Associates.” J. Gilbert E. Wright 


Associates can benefit from this dedicated borderlander's experience, which 
confirms Lakhovsky's warning that healthy cells can be over-stimulated and killed by 
powerful high-frequency waves ~~ as well by X-ray and radium waves. It may be easier 
to locate Neon Sign transformers of 5,000 to 7,500 volts output as power supplies for 
this MWO, at a cost of $15 to $20. In this case the wattage of the “limiting 
resistor” electric light could be increased to 150 or 200 watts, or eliminated 
altogether, if it 1s necessary to get enough power to cause random arcing down to the 
third and fourth rings on both antennae. The good doctor says nothing about 
shielding but care should be taken to prevent radio interference from this powerful 
spark. 


“No data is given in the drawing (May-June 71 Journal) on the size of the 
antennas. I would suggest that the outer ring be about 18 inches in diameter with a 
3 inch gap. Alternate down through the rings separating them about 2 inches apart 
and held together with plastic electrical tape. Wire should be #10 bare. The 
secondary leads connects to the second ring from the largest diameter outside ring. 

George Van Tassel, Giant Rock, California 


An even more spectacular possibility is the Time-Machine effect in connection 
with rejuvenation. If, as Bob Beck suggested in his article, the MWO tends to take 
the body cell back down the time-track to a more youthful, more vital period, what 
would happen to a person who stayed in the field of the machine for four hours? 
Would his vibratory rate be speeded up to where he would disappear completely? Like 
the hero of H.G. Wells' 'Time Machine’? Anybody want to try it? It seems, from 
hints George Van Tassel has been dropping over the years, that his Integratron at 
Giant Rock, California might do something like this -- if and when he gets it 
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working! As I recall, both George and the Canadian Saucerian, the late W.B. Smith, 
spoke of the four dimensions of electricity: 1. is the electricity moving in one 
direction along a copper wire, 2. is the magnetic field around the wire, 3. is the 
static charge created by the first two effects, and 4. is Time — or the 'tempic 
field' as Smith called it. The Time Field equates with Space, where consciousness is 
everywhere present. Seems to me Lakhovksy's Multiple Wave Oscillator is a gadget 
which gives us the opportunity -~ for the first time -- of approaching the Time Field 
with scientifically acceptable equipment, operating in known frequencies. 


BLOPHYSICIST CONFIRMS LAKHOVSKY'S THEORIES! 


LA "Times", March 28, 1971: "The ‘magnetic resonance’ of the nuclei of atoms (in 
living cells) has been used to tell the difference between cancer and normal tissues. 
This resonance is the reaction of the nuclei to electromagnetic energy —-first its 
absorption and then its emission. The process can be timed. 

"Raymond Damadian, a biophysicist at the State University of New York's 
Manhattan Medical Center, said his achievement may open the way to major advances in 
the diagnosis of cancer in humans... Like other attempts to find a way of making 
early diagnosis of cancer, Damadian's research began with a hunt for significant 
differences between cancer and normal cells. 

“He relied on a law of physics on which nuclear magnetic resonance is based -- 
that the atoms in each element in the periodic table absorb and then emit 
electromagnetic energy on an individual wavelength that is different from that 
absorbed and emitted by the atoms of any other element. In his system, radio waves 
are aimed at atoms in strong magnetic fields. If the wavelength is the right one for 
that atom, the atom will absorb the energy and then emit it, returning to a "resting! 
state afterwards. 

“The reactions differ according to the kind of molecule the various atoms are 
incorporated in. They also differ when very subtle changes have taken place in the 
molecules. The measure Damadian uses is what is called the "relaxation time' of 
hydrogen atoms in water molecules within the (body) cells... He found that it takes 
longer for protons (nuclel) in cancerous tissue to ‘relax’ than it does for protons 
in normal tissue... The relaxation time of protons in normal liver tissue, as one 
example, was .25 of a second, compared with .86 of a second for cancerous tissue. 

“Damadian's findings confirm the theory proposed by several scientists that 
water molecules in a normal cell are held in a fairly well organized structure by 
electromagnetic attraction exerted by the molecules in the cell. But, it was 
theorized, when a cell begins the uncontrolled growth of cancer, the structure begins 
to collapse because of the cell's increasing disorganization. 

"Damadian thinks the device for detecting cancer in humans (his experiments were 
conducted on mice and mouse tissue) that may come out of his work would be a radio 
frequency coil to emit the electromagnetic waves to be aimed at the atoms in the 
water molecules under study. The device also would include a magnet to create the 
field required for measurement. 

"The coll would be wrapped around the patient while the magnet would be moved 
back and forth over his body. The reading of how long it takes the atomic nuclei to 
relax would be made and then computers would do the matching up and make the 
diagnosis." 


Interesting, isn't it, how the 1970s researches of biophysicist Damadian 
parallel the pioneering work of electrical engineer Georges Lakhovsky in the 1920s? 
The goals are quite different, of course, in that Damadian only wants to prove the 
existence of cancer so the victim can go on to be drugged, operated or radiated with 
destructive X-rays or Cobalt rays, at fancy prices, a procedure inspired by the 
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soulless monsters who guide the American Medical Association from the Lower Astral 
plane. 

The irony of Damadian's proposed diagnostic technique is that it combines two 
electro-magnetic healing procedures. If it is used on sick people, sooner or later 
someone is going to be healed of cancer while being diagnosed! Can you imagine the 
disagreeable shock this would cause in orthodox medical circles? Extensive surgery 
would have to be cancelled. The sale of drugs would be lost. Under these 
circumstances it isn't likely that his diagnostic technique will ever receive the 
approval of the AMA. 

So, borderland science will have to continue to carry the torch of research on 
electro-magnetics in this area, as George Van Tassel is doing with his Integratron up 
at Giant Rock, California. In his newsletter “Proceedings” he gives more details of 
his research program there. We learn that in addition to creating a field of soft, 
high frequency radio waves, and a magnetic field, the Integratron will also bathe the 
subject in an atmosphere charged with negative ions. 


HOPPING UP THE HIGHER FREQUENCIES 

“There is one thing you may wish to try on the MWO. Close the center hole in 
the driven antenna with a washer and screw. Connect this to the driven ring (second 
ring from the outside) with a 500 mmf condenser, 10,000 volt rating. This increases 
the power of the higher frequencies. I think you will be pleased with the results. 
Mount the condenser at the back of the antenna. Mankind has been saturated with the 
lower frequencies for years; 60 cycles and their first few harmonics are almost 
everywhere in more than adequate power. Radio, TV, radar, etc. also saturate our 
world but the amount of power available to the average person is very small. In 1942 
Tused to cure my sinus trouble in minutes by getting close to the transmitter 
section of a radar transmitter. Few get that close, though, and it is a good thing as 
this power can kill. I have seen birds and larger animals killed instantly. It can 
happen to humans, too.” H.B., Melbourne, Florida 


SEND A FEW BUTTONS 


“Received the Lakhovsky loops and am pleased to feel the response to the body. 
I wear my belt only at night. I gave one to a friend who was having a problem with 
her leg and anticipating hospital treatment for same and the response was also to the 
good... So all I want now is for you to send me a few buttons so I can make some 
more loops myself and help to lessen some misery around here, for someone. I tried 
to have some buttons made here, but no success.” J-M.S., Charleston, S.C. 


The non-slip loop buttons we make are of 1/16 inch thick, white fiber glass 
plastic. 


MORE POWER NEEDED 


Enclosed is §. Please send me the magnet assembly with carbon rod (March-April 
71 Journal). Have not had the hoped for results with the loops. Possibly the 
assembly, which can be used more directly over the research area, will be more 
effective.” M.S., Ellensburg, Washington 


If we've proven one thing in our borderland research, there is no single cure 
for any or all of mankind's ailments. Injury and disease are outward manifestations 
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of an invisible cause, which may involve three or four levels of consciousness and 
extend back two or three lives. You Director has found in over thirty years of 
counselling people on their borderland problems, half of them don't really want to 
get well, they just want to be free of pain so they can go on indulging their vices. 
And by the time the hidden vice surfaces as a disease in some target organ of the 
body, an unhealthy trend has been established in the cell life there. It usually 
requires a strong jolt or shock to reverse this trend, such as a powerful magnetic 
field, a drug, chiropractic, even surgery -- anything to break the negative pattern 
which created the condition. One of the simplest and most effective methods, and 
cheapest, is fasting for a week or two. This gives the system a chance to purge 
itself of all filth. 


OPEN ENDED COPPER BRACELETS 


"Your article on copper bracelets sent me to the typewriter! It is quite well 
known in England and has figured on TV as anklets for racehorses! Open-ended copper 
bracelets sold freely in shops for some years here, but not recently. However, I 
have a copper bracelet from Rhodesia which I wear always, never take it off, and of 
course no arthritis or rheumatism. But I'd like your experimental loops for throat, 
waist and wrist. J.G., London, England 


THE PRO AND THE CON 
"Thanks for the wire rings. Sorry to report no favorable results. My husband 
refused to try. I wore them several nights but seemed to feel even worse afterward. 
It was a good experiment. I guess my trouble is psychosomatic.” 
Mrs. A.H., Enid, Oklahoma 


“Lwant to thank you for sending me the kit of Lakhovsky coils. 1 especially 
appreciate your taking the time to prepare a larger-than-usual coil for my chest. I 
guess I'm, too young to have any really serious physical ailments -- except for 
insomnia! And the coils eliminated that the first night I wore them to bed!” 

J.T.D, Venice, California 


Joe ok nik de 


From the September-October 1971 Journal of Borderland Research 


UPGRADING CELLULAR ACTIVITY WITH ELECTRO-MAGNETISM 
By Aaron H. Steinberg, Ph.D. 


For too many years now the scientific knowledge of electro-magnetics and its 
positive effects on cell life has been collecting dust and cobwebs on the shelves of 
ignorance, brought on by those special interests who fear the Truth. We are now 
seeing a rebirth, if you will, with scientists both professional and amateur, who are 
reviewing the work of their predecessors and making improvements in the mechanical 
application of magnetic fields. 

In 1969 I visited the USSR to see for myself what and how they were utilizing 
Electro-magnetism. In several country homes for retirees I was most pleasantly 
surprised to see electro~magnetism used daily on most of the old folks. I should say 
young folks since may who claimed to be over 100 years young, looked and acted like 
fost people at 50! The main object of the E-M was to reverse the ageing process by 
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altering the cellular structure. I was most anxious to purchase a piece of the 
equipment, ‘but alas no sale. 

Seek and you shall find has always been one of my dominant characteristics. $o 
when I learned that Japan was truly advanced in this field, having been using such 
equipment since 1936, I decided to go there in 1970. I sought out the one company 
that had been most productive in this field. They were most kind and cooperative. 1 
was introduced to several scientists who had done much useful research. Their claims 
were backed up by scientific facts and I was convinced that they had a well 
constructed instrument, simple to use by anyone so desirous. They named their 
equipment The Magnetizer. 

I returned to the U.S. with a Magnetizer and immediately began a research 
Program. I can report that the results obtained to date have been most favorable, 
after nine months of experimentation. The magnetic flux generated by the coils can 
be measured accurately over any part of the body, thus determining those areas where 
the flux is penetrating as well as those where it is weak. 

Chemicals and pollution are surely contributing to an unhealthy alteration in 
our cellular activity and human magnetic filed. It will be many years, if at all, 
before this mess can be rectified and controlled. But in the meantime, those who are 
aware and see the danger signals, will not sit by and wait for the clean up, which 
may never happen. Instead they will seek to upgrade their cellular activity so that 
the body's natural resistance may be at peak ohms. There is some indication that the 
aura force centers known as chakras or vortexes are stimulated by electro-magnetism. 

From the Japanese scientists I learned the following about the effects of 
magnetic flux. It is different from ordinary electric current, which only flows 
along the surface of matter. It is different from X-rays, which do not penetrate the 
bones. The magnetic flux of ultra-long wave generated by the Magnetizer penetrates 
deeply in muscles, fat and bones and has an intensive effect on the nerves. 

Magnetic flux never causes unpleasant sensations in the body, such as pain or 
shock, but instead produces comfortable, warm sensations. These sensations are also 
known as Joule's heat, which strengthens the function of the cell, corrects spasms 
and inflammations. When magnetic flux passes through tissues, a secondary electric 
current called the eddy current is created around the magnetic lines of force in the 
tissue cells, which ionized the protoplasm and rejuvenates the tissues as a result of 
activating metabolism. Furthermore, magnetic flux, in the process of penetrating the 
tissues, works to increase hormone secretions. These maintain youth by providing 
energy as a result of normalizing function of the internal organs. 

Flux strongly stimulates magnetic substances in the blood, like iron. 
Accordingly, the hemoglobin in the blood vessels moves actively, accompanying the 
lymph circulation, when the Magnetizer ts turned on. The therapeutic effect is not 
singular but collective, thus eliminating constitutional weakness. 


Joe TUR ok dean 


From the May-June 1971 Journal of Borderland Research Clips, Quotes & Comments 


OSCILLATING LOOPS AND COILS 


"I have a necklace which is definitely an oscillating circuit. I'm sure you 
have seen them. They are a wire around the neck instead of a chain. The only thing 
is that they come with a hook arrangement to clasp them. 1 cut the ends off, and 
rounded them to make a real oscillating circuit. Then, too, I got a pair of earrings 
which are simply coiled wires, like this: 


One of these days maybe I'll have a headache (this is rare), and I will try either or 
both of these. Mrs. C.M., Watertown, Wisconsin 


REMEDIES, HOMEOPATHIC AND ELECTRO-MAGNETIC 


"You might spread the word around that the Copen Vibro-Potentizer actually can 
make any Homeopathic remedy in any potency from 1X to 10M. 

“Since the medical-industrial complex is trying to destroy Homeopathy and its 
pharmacists, those who know of it and are doing research on its remedies would do 
well to get such a machine. It can also make a remedy from a radionic rate. I made 
Skull-Staphylococcus 10M and reduced an intractable sinus infection. The 
possibilities are fantastic and open up a new field in healing. One can make color 
remedies and aura remedies with greater power than radionic treatment of the same.” 


From his own research this Associate is suggesting that homeopathic remedies, 
being closer to physical matter than radionic treatment rates, may bring physical 
body changes more effectively. A hundred years ago in Philadelphia, Dr. Pancoast was 
curing practically every know human disease with colored light, either blue or red. 
But he (she?) also prepared color-treated dosages of ofl or water for internal use, 
to back up or augment the shining of colored light on the outside of the body. 


“May I remind you that the Multi-Wave Oscillator requires an antenna without any 
edges, to give efficient radiation. Lakhovsky's original had round bars or tubing 
with spherical ends. Edges lose most of the radiation. In addition the largest ring 
should be based on that fundamental resonance of the human organism, 3.66 meters as 
discovered by Bell Laboratories. This could be a quarter-wave antenna length of .91 
meters or a circle of pi diameter. 

"However, this should be doubled so that the human organism resonance is the 
first octave. Individual resonances vary slightly above and below 3-66 meters. By 
giving lower octave and with the variations supplied by the spark gap all wavelengths 
would be reached. Therefore, the outer ring should be 1.82/pi meters. 

“The relative size of the outer rings could be determined by examining one of 
Lakhovsky's original antennas. The outer ring should be fed current at both ends, 
quarter wave style, I believe (to a H.V. Coil) not at the middle of the second ring 
as the Beck antenna does. ‘The frequency of human resonance, 3.66 meters or 
approximately 84.6 megacycles is the key to radionics. [By my calculations, using 
the formula wavelength in meters (3.66 meters) equals (=) the speed of light in 
meters per second (300,000,000 m/s) divided by the frequency in cycles per second, I 
figure the frequency to be 81.97 megacycles. 1T.B.] The human sample or witness —~ 
lood spot, etc. radiates around that frequency, varying according to the disease and 
the person, 1 believe. The homeopathic remedy also has a resonant frequency and 
alters the human frequency for better (or worse). In addition there are harmonics 
and possibly sub-harmonics. 

“The resistance rates discovered by Dr. Abrams, followed by Guyon Richards, are 
still valid even though this work was done 50 years ago. The rate for Aqua Marina 
(sea water) put on a Copen V.P. produces a very effective remedy good for almost 
everyone. This rate comes from Richards’ book 'Chain of Life’, 1934." 

$.M.S., Chicago, Illinois 


We welcome this Associate's observations on the MWO antenna, radionics rates and 


homeopathic remedies. 
Riley Hansard Crabb, editor JBR 1959-1985 
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BSRF MWO Update - Issued May 31, 1988 


Compiled by Tom Brown from the BSRF Files 
In consultation with Eric Dollard & other BSRF Associates 
(Contains the complete 1986-87 MWO Update materials) 


As there has been a continuing strong interest in the Lakhovsky Multi-Wave 
Oscillator we felt the need to compile this information into the present book. This 
documentation is the result of a wide variety of analysis and experimentation with 
the MWO and covers many years of active research. 


There have been many comments made concerning the inherent healing effects of 
the MWO, but as it cannot be stated enough, the device is merely a tool of research, 
of which one may draw their own conclusions as to whether or not the device actually 
has any healing properties. It may be interesting to note that in a personal 
conversation with Dr. Ita Wegman, Rudolf Steiner stated that electricity, magnetism, 
and the force upon which nuclear phenomena is based, are all corrupted ethers. 


We have found through studying Goethe's indications on the phenomenon of Light 
and Color in conjunction with Eric Dollard's high frequency researches that 
electricity is a reflection of the Light Ether. This matter is being discussed 
further in The Journal of Borderland Research, so it is sufficient for present: 
veference to say that Light has its two poles, red~yellow and blue-violet. The red- 
yellow pole in nature is longitudinal (direct rays from sun) and the blue-violet pole 
is a progressive type of transverse wave (rounded sky, Reich's KRW wave/blue orgone). 
Electricity has its two poles, electro-magnetism: red-yellow-hot, (retarded 
transverse); and dielectricity: blue-violet-cold (longitudinal). Hence, there are 
experimental indications that electricity really is a reflection of the Light Ether. 


In light of this trail of thought we quote with permission from a 1986 private 
communication with Trevor James Constable: "The MWO I regard as a false path. The 
cellular stimulation theories sound and seem good because they are mechanistic, and 
therefore sympathetic with the mechanistic weltanschaung. With the MWO you can avoid 
the etheric~-or so it seems~-and therefore those who feel adrift in the etheric ocean 
cling to things like this. Healing is one hundred percent an etheric problem. Any 
dysfunction or hyperfunction not caused by direct trauma has to be tackled via the 
ether body, and even the direct traumas respond best to etheric correction, such as 
getting the displaced double back into occlusion through the use of arnica 
compresses, etc., etc. In between the MNO antennas, there is a general marshaling or 
focus of light and chemical ethers. Its quite evident even with a minor extension of 
vision. This is the healing agency, not the sparks. The ether rushes to suppress 
the EM activity, and because it is low power, the ether accumulates around the 
spirals and in between them. Any stricken area placed in such a high concentration 
of formative energy, is going to respond with a return towards normal. BUT, why go 
to all that trouble when a simple orgone blanket--a layered structure that can be 
directly applied to a traumatized or dysfunctional area~-does a much more efficient, 
controllable job without that infernal juice. In my time with Ruth Drown, I heard it 
over and over again, and I pass it on to you: keep that 115V juice away from the 
organism. The post material EM energy is life negative, but no one seems to feel 
that they can get results unless they INJECT the alien EM activity into the stricken 
carcass. It's pure ignorance really. My own experience with orgone accumulators and 
blankets leaves me with no other choice but to regard the MWO as superfluous. A good 
tule for any experimenter: If it gets simpler, you are on the right track. Remember 
always Steiner's dictum: “the spirit of man is always healthy!.....it is the 
obstruction or dysfunction in the lower sheaths that distorts the manifestation of 
the spirit and personality via the body. 
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Photo 1 
"Beck" style MWO from 
the BSRF collection 
(note: foot plate at lower 
left goes to ground) 


Variants 


light sour 


SSS828858 85288382388 


Ranges of common peak wavelengths (nanometers) 


Figure 22-6. Ranges for peak wavelengths of the most 
commonly used LEDs. (Source: Survey of approximately 
6000 through-hole LEDS stacked at wiww.mouser.com.) 


Fluorescent lights perform even more poorly 
than white LEDs, as can be seen in Figure 18-4in 
the entry describing incandescent lamps. 


Because white LEDs do not emit a single peak of 
wavelengths, their color is expressed in color 
temperature rather than nanometers. The con- 
cept of color temperature is explained in "Spec- 
trum" on page 173. White LEDs are available rat- 
ed from 2,800 to 9,000 degrees Kelvin, and are 
discussed in more detail in the LED area light- 
ing entry in this encyclopedia. 


Internal Resistor 

To eliminate the chore of adding a series resistor 
to limit current through an LED, some indicators 
are sold with a series resistor built in. They may 
be rated for use with SVDC or 12VDC, but are ex- 
termally indistinguishable from each other. They 
are also externally indistinguishable from LEDs 
that do not contain series resistors. Figure 22-7 
shows two 3mm LEDs, the one on the right con- 
taining its own series resistor, the one on the left, 
being a generic LED without a series resistor. 


Because of the nonlinear response of a diode, 
LEDs with or without internal resistors cannot be 
distinguished from each other reliably with a 
multimeter. If the meter is set to measure ohms, 
typically it will give an “out of range” error to all 
types of LED. If it is set to identify a diode, the 
reading will not tell you ifthe LED contains a re- 
sistor. 


indicator, or display > single source > LED indicator 


I = 
z= [| 
Figure 22 An LED (ef) that doesnot contain it on 


series resistor usually indistinguishable trom one that 
does (right). 


‘One way to determine whether an LED contains 
an internal series resistor would be to connect it 
with a variable power supply through a multi- 
meter set to measure mA. Carefully increase the 
supply voltage from zero until the meter shows 
a current of 20mA. If the LED does not contain a 
series resistor, the supply voltage will be close to 
the recommended forward voltage for that type 
of LED (no lower than 1.6V for a red LED, and no 
higher than 3.6V for a white LED). Ifthe LED does 
contain a series resistor, the supply voltage will 
be higher. This procedureis time consuming, but 
may be worthwhile to evaluate multiple LEDs 
that are known to be identical. 


Multicolored 


The leads for an LED indicator containing two or 
more diodes can be configured in several ways: 


+ Twoleads, two colors. Two diodes are moun- 
ted internally in parallel, but with opposite 
polarity. 

+ Three leads, two colors. Two diodes share a 
common anode or common cathode. 

+ Four leads, three colors (RGB). Three diodes 
shareacommon anodeorcommon cathode, 
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Encyclopedia of Electronic Components Volume 2 


Not much more need be said in that vein except that of a reinforcement of 
Trevor's comment. Our present society is not on the path of Nature so therefore some 
people feel the need for a device such as this. Wilhelm Reich discovered how to 
concentrate the living energy of the universe, which he termed the Orgone. The Yogic 
sciences teach us how to accumulate this energy without any outside apparatus, so 
therefore the simpler and more passive a device is, the closer it resembles Nature. 


In the following pages you will find some of the results of MWO experimentation 
and consideration by BSRF and Associates. We hope the information proves useful, but 
again it is for research purposes only. We do not recommend the MWO for medical use 
because we are not qualified to give medical advice, nor do we want to create any 
false hope where one may neglect professional health care. We do fully support a 
persons right to investigate and research with devices such as the MWO. No one has 
all the answers and the MWO is an interesting device which deserves true scientific 
verification or rejection. 


THE BASICS 


The general theory behind the MO is to excite a concentric ring antenna which 
produces a wide spectrum of radio frequency waves. In this theory it is understood 
that the RNA-DNA coil in the nucleus of every cell has a resonant frequency within 
this range. Just as a tuning fork will ring when an identical fork is struck in 
close proximity, the cells will resonate to their individual frequency pulled from 
the frequency ocean of the MWO. Most people don't consider that there are different 
types of waves and two poles of electricity, and these distinction have not generally 
been noted. 


The antennas on the currently popular “Beck” MHO system, serve as simple 
capacitor plates which transmit dielectric waves out of the Tesla Coil (see figure 1 
and photos 1 and 2). The second MWO plate in such a system must be connected to a 
second Tesla coil or to a double pole (half wave) Tesla coil (May-June 1971 JBR), not 
a single pole (quarter wave) Tesla coil as per the Bob Beck/Klark Kent style MWO. 
Action in the MWO antenna is neutralized by the fact that capacitor currents flow 
radially inward and little electron current flows around the loops. Copper plates 
can be substituted for the ring antennas. This system operates 1000 times stronger 
if a spark gap exists across the double coil. A description of the action is in 
DIELECTRIC & MAGNETIC DISCHARGES IN ELECTRICAL WINDINGS by Eric Dollard from BSRF. 


Lakhovsky's Multi-Wave Oscillator, as pictured in THE SECRET OF LIFE and 
reproduced here as photos 3 & 4, created a structured electro-magnetic field fed by 
two wires contacting the ends of the outside ring of his antennas. This is obviously 
an end-fire antenna so the component reaching the person is a novel energy needing 
clarification. Several researchers have expressed that Lakhovsky used a quenched 
spark gap which creates damped waves allowing free oscillation in the antenna. A 
Tesla coil is not required since the Multiple Wave Oscillator IS THE COIL. However a 
Tesla coil still can be used as the high voltage power supply. 


Lakhovsky's patents will cover both types of units so it seems as though he 
experimented with both, but the pictures in THE SECRET OF LIFE are an indicator as to 
what he actually used. After having gone over the patents I'm beginning to think 
that Lakhovsky buried his secret to mislead copycats. That is the purpose for a 
patent, to protect the inventor. The Tube MWO Patent 2,351,055 gives some 
interesting insights into the overall picture of Lakhovsky's work and study of it 
will provide many research leads. 
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Photo 3 
Lakhovsky’s Multiple Wave Oscillator 


Photo 4 
Lakhovsky’s MWO. Close-up of transmitter in action, showing 
effluve (electric brush). Note this is end-fire antenna. Regeneration 
‘may have come from novel component at 90°to antenna plane. 


Log periodic antenna 


LOG PERIODIC ANTENNAS 


Our research indicates that Lakhovsky worked with log periodic antennas and may 
have been the first to use them. The antenna will create a harmonious structure in 
the ether. The Beck style MWO produces a dielectric field 90 degrees out of phase 
with this, and utilizes the dielectric breakdown (arcing) of the field. This is 
basically a radio frequency noise generator and the most popular derivation of 
Lakhovsky's first MWO patent. 


Scaling the rings non-uniformly using correction factors is not needed 
according to log periodic antenna theory (see figure 2 and photos 5 & 6). Lakhovsky 
states that any high frequency radiating circuit will drive the antennas. We are 
striving for waveforms mirroring the harmonic laws of nature. As an example the old 
Yagi antenna has non-uniform distribution of the elements. Log periodic design uses 
the uniform distribution of the elements such as is found everywhere in nature. This 
Presents superior MYO performance. Lakhovsky's Speaker and Microphone Patent 
indicates that the log periodic design can be applied to sound as well as radio 
frequency energy. 


LAKHOVSKY'S MWO 


Figures 3 & 4 are a preliminary attempt by Eric Dollard to accurately reproduce 
the MWO system as pictured in SECRET OF LIFE. Figure 3 is a simplified version for a 
single antenna, figure 4 is a double antenna system. Photo 7 is an experimental 
setup utilizing this design. We feel that Lakhovsky was working with quenched spark 
gaps which produce damped waves in the form of the antenna. This type of circuit is 
needed to power log periodic antennas to create their structure in the ether 
harmonious with the Golden Ratio structure of the human body and life in general. 


This information is not definitive, but is the result of experimental and 
theoretical considerations. We present this so that Borderland researchers can carry 
on with new input. We are not saying that the “Beck/Kent” models do not work. There 
are many claims that they do, but based on Tesla's theories, rather than Lakhovsky's. 
Figure 1 unit works off of longitudinal dielectric waves (displacement current). 
Figs 3.& 4 work off of Transverse electromagnetic waves (Hertzian) and residual 
scalar waves. 


Figure 5 is a low power driver based on the Steinmetz lightning wave, a 
reproduction of the wave naturally occurring in the atmosphere. Values given need to 
be experimented on for optimum pulse formation. A mathematical analysis of this wave 
by Steinmetz is included as an addendum to this book. See DISTRIBUTED SERIES 
CAPACITY. 


GOLDEN RATIO ANTENNA 


Eric Dollard has designed a log periodic antenna based on the Golden 
Proportion, as found in living systems such as plants and animals. These antennas 
are two sided, the first side looking somewhat similar to currently used MWO 
antennas, the second side being capacitive loading (as Lakhovsky mentions, he used 
spheres on the ends of his antenna rings) based on the Golden Ratio. This design can 
be seen in photo 8. These antennas are gold plated to provide direct contact with 
the ether. Their actual size is 12" in diameter. 
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pare Figure 3 
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Photo7 
Golden Ratio antenna driven by 1919 era 
‘double-phase marble-top medical Tesla Coil, 
‘Mid-frequency D'Arconval currents are utilized 
in this arrangement. Setup is as per Figure 3 (above), 
and is our understanding of the arrangement as utilized 
in THE SECRET OF LIFE. Coil donated to BSRF by 
‘John Crane from laboratory of Royal R. Rife. 
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The term Golden Mean, Ratio or Section refers to the mathematics of life, which 
is a logarithmic function. This ratio can be found everywhere in nature. It is the 
Sacred Geometry used in the architecture of ancient Greek and Roman temples, the 
Great Pyramid, etc. It has also been concluded by certain Orgonomists that "the 
Golden Ratio is a basic mathematical property of the orgone energy” discovered by Dr. 
Wilhelm Reich. (Journal of Orgonomy, V.8, N.2, Rosenblum, THE GOLDEN SECTION). Tt 
is evident from Lakhovsky's MWO Tube patent that he was aware of the Log Periodic 
design. 


The MWO has usually been understood as having to be driven by a high-frequency 
source such as Tesla Coils and neon transformers generate. However, those who have 
looked into Lakhovsky's work know that he used simple wire circles to cure plants of 
cancers, and to make plants grow better in general. The Golden Ratio Antenna is a 
series of Lakhovsky rings because the rear conjugate strips on the antenna close the 
loops and in effect make Lakhovsky oscillating rings which are a complete circuit for 
focusing the ethers. The log periodic (following a logarithmic pattern) antenna 
design carries this effect further and preliminary indications are that the log 
periodic design creates a structure in the ether even without power, in may be an 
orgone accumulator of sorts, ‘Further experimentation in this vein is being 
undertaken. 


Log periodic antennae have the interesting property of creating a virtual (non 
existent but functioning) antenna extending about 1-1/2 times beyond the actual. It 
is also frequency independent and is an excellent antenna for Amateur Radio 
communications. 


The ethers harmonize to Golden Section Mathematics, (as demonstrated by Trevor 
Constable in his PRIMARY ENERGY WEATHER ENGINEERING ON THE HIGH SEAS video), so it 
can be understood that a living organism is a discharge of energy into the Golden 
Section space. We have observed the discharge of sprout energy into living sprouts 
when one of these antennas is directed at them. We found that it makes the sprouts 
grow better. Then we found that simply the pattern makes the sprouts grow better. 
So here we present you with the Golden Ratio Pattern that you can photocopy and use 
for experiments. This pattern may be copied as many times as you like for 
experimentation. We have reports that this pattern keeps the scale out of water 
heaters and fish tanks. 
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Log Periodic —- Golden Ratio 
design for research into the 
subtle vibrations from patterns. 


‘om 65Re 


In 1986 Borderland produced a limited amount of Golden Ratio Antennas in copper 
and gold. These were precision engineered Log Periodic antennas, and were quickly 
absorbed into the research network. They can be reproduced if sufficient interest is 
generated through this book. There is an appendix on log periodic antennas in this 
ook for those who wish to pursue this interesting subject directly related to MWO 
research. 


BUT ~ DO THEY WORK? 


For all the material in this book we still haven't personally seen any solid 
documentation on the results of either type of MWO that could be re-verified as true 
to any investigator. I've seen listings and testimonials, but even the photos in THE 
SECRET OF LIFE look doctored to enhance the cancers (tar can be seen on the wound and 
the hair!). What was Lakhovsky really up to and which type of device works better? 
If anyone reading this knows any more than we do then please drop a line. In 
Lakhovsky's Tube patent he states that his instruments are in use the world over. It 
is important to check out one of his originals first hand, if any readers have access 
to such please drop Borderland Sciences 2 line. We'll make the information available 
for research. Thanks. 


CONCLUSIONS 


There are no conclusions at this point in time. Borderland has been publishing 
MWO information for 25 years now. This book marks the beginning of a new phase of 
research and development. Perhaps in 1995 after people do some serious research into 
the subject of the Multi-Wave Oscillator can some conclusions be drawn. 


It is important to keep in mind during these researches that just because a frog 
leg will jump when electricity is applied it doesn't necessarily mean that 
electricity and life are the same thing. If we labor under this (quite common) 
delusion we may as well hope for our television sets to “heal” us of our ills: 
Rather, as astute phenomenological observers, we see that there is a relationship 
between electricity and life and in the understanding of that relationship we can 
come to a clearer comprehension of our place in this manifest universe. 
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Golden Ratio MWO Antenna 
Measurements for reconstruction of 
Golden Ratio MWO Antennas (in inches 
starting from the outside ring). Template 
artwork is shown actual size, 


Ring Outside Inside Gap, 
diameter diameter 


1) 12.00 o7e + 
2 943 846 - 
3) 742 6.66 + 
4) 583 523 - 
5) 458 4.10 + 
6) 3.60 322 - 
7 283 254 + 
8) 223 2.00 A 
175 157 + 
10) 138 124 : 
1) 108 097 + 
12) 085 076 - 


Front back stripsare the samo width. Gap 
fn front ls an 18° triangle, sections on back 
area 36° triangle. Backsections cover gapon 
rings with 9° overlap on each side of ring. 
This provides for capactive loading of the 


At left is a Golden Ratio pattern 
burned into particle board using 
Tesla Coil pictured below, seen 
here discharging into free space. 
Scientist Eric Dollard, builder of 
this coil, has deduced that the 
Golden Ratio is a property of space 
itself. The proportions are decided 
by the amount and type of discharge. 
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LTI-WAVE OSCILLATOR 
Loui 


Let me make it perfectly clear, I 
Present this information for information 
and research purposes only and I make 
no suggestions orrecommendations.asto 
its use for healing or medical purposes 
whatsoever. If you are sick see your 
doctor. Ipresent to you only what Ihave 
learned inmy research and observations. 
Tam not a medical doctor and the infor- 
‘mation Igive should be used for educa- 
tion and research only. 


‘Topreface this, Ihave been interested 
inandstudied and collected articlesonthe 
‘unusual sciences for over 30 years and 
have built many unusual devices. My 
attention was directed to the Lakhovsky 
MW.O. by an article given to me by a 
friend. Iread it several times and studied 
ittand then putit away, (punched holes in 
itand put tin a notebook). I don’t know 
why —I can’t tell you — but I couldn’t get 
itoutof my mind, so I got it out again and 
read it some more -- this time going 
through it sentence by sentence digesting 
it - now I was hooked! 

I tried to gather all the information I 
could on the M.W.O., and as usual it 
‘wasn’t easy —- I had to dig. Bottom line, 
Istarted to build Bob Beck’s high power 
multi-wave oscillator ~ I still haven’t 
finished it, but I will, The more I studied 
the M.W.O. (being an average person ~ 
not an electrical engineer, but amechani- 
cal engineer) it seemed to me, compli- 
cated, difficult, and had tobe adjusted for 
‘each person and circumstance, Looking 
atitnow I see that isn’ tall true--itwas me. 
Back to square one — I search for some 
way simpler, and out of it came the spiral 
coil M.W.O. 

Tam a recent member of Borderland 
Sciences and I have read many fine ar- 
ticles published in this Journal. Many of 
the articles are very high-tech and delve 
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into the how, where, when and why, and 
that is how it should be if one is to 
research, Questions have to be asked and 
answers have to be found. I am not a 
professional writer and it isn't one of my 
‘greatest talents, so I ask that you have 
ppationce with me and I will do my best to 
tell you about my spiral coil M.W.O. 

‘When I was trying to develop this 
spiral coil M.W.O, all I wanted was re- 
sults and J didn’t really care how or why 
it worked, my goal was results, and in 
doingso tried many things that! wouldn't 
have normally tried had I planned each 
step and tried to fight my way through 
with pure brain power. Inretrospect, [can 
see that I approached this project with a 
more light hearted attitude and I have 
enjoyed developing and building this 
M.W.O. Butat times I did have problems 
to work out. 

experimented by winding coils, and 
coils, and coils. I got to be the electric 
supply house’sbest copperwire customer, 
orat least it seemed that way. Afterboxes 
and boxes of copper coils, I was ready to 
throw in the towel and give up —- but 
having the handicap of being stubborn 
likeTam, Idecidedto wind one more coil, 
so I went out to the garage and wouldn't 
you know it, no more wire. I looked 
around and all I could find was some old 
solid strand 16 gauge house wire, It was 
too light and flimsy for what I wanted, so 
in desperation I decided to take 2 pieces 
and twist them together to make 1 heavy 
piece of wire. Well -- bingo —Imade a 
coil and got a tingle, that did it. After 
winding more coils and more coils and 
experimenting I got to where Lam now, 0 
I present to you the Spiral Coil Multi- 
Wave-Oscillator. 

‘Waming — this unit is deceiving (it 
just sits there and looks innocent like it 
couldn’t do much), in fact some of my 
friends upon first seeingithave laughed at 
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it, andcommented youbave tobe kidding. 
Another friend of mine asked me to help 
him build one which I did ~ and he was 
lying on his bed in his shorts with a sheet 
over him and had the unit about 2 foot 
above the bed and he fell asleep for about 
‘hours (he had an infection from a wound 
in his leg). When he woke up he had a 
white blister on him about the size of a 
nickel - he has done this twice. I wam 
you, use it with care, it is more powerful 
‘than it seems. I think he percolated the 
infection up out of his leg, as he is fine 
now. 

‘Now, know someone is going to say 
~ I made mine from an old coat hanger 
and hung it off the coiling with a piece of 
string, and Il say — gee that’s nice, do 
what you wish—butif you want itto work 
and work properly build it as it i, use it, 
experiment with it, and then change it as 
you wish. 

‘Warming -- persons who have or are 
diabetic should notuse this unit, as itmay 
change the blood sugar level in some 
people. Diabetes is one of the few things 
that a M.W.O. will not correct or help, 
Lakhovsky states this in his book THE 
SECRET OF LIFE. Ithink [mow why 
but I won’t get into it now. 

NOTE -- The spiral coils of this unit 
work all the time ~ that is ~ they never 
stop ~ they work with or without the 
vibrator. Who said there is no free en- 
ergy? If you put it over a bed with an 
electric blanket, it will charge the blanket 
and you will probably have difficulty 
sleeping. Ifyou do not swingit far enough 
away from the bed at night it will cause 
unusual dreaming, 

AAs near as I can tell this coil broad- 
casts at about 120° angle, although its 
peak energy is centered straight down 
from the small coil. 

Question: is it patented or am I going 
to patent it? Answer: NO ~- as far as I'm 
conceredit’s free to everybodyand that’s 
as it should be. 

‘The advantage of using spiral is that 
‘oneshould getall the frequenciesuptothe 
maximum diameter of the outer diameter 
©.D) ofthe spiral. If you draw a spiral 
‘on a paper and place one point of a com- 
pass at the center, you can choose any 
Giameter you wish up to the coil OD. 
diameter and the scribing diameter will 


light source, indic: 


or, or display > single source 


+ Six leads, three colors, Three diodes, each 
with its own pair of leads, separate from the 
others. 


Infrared 

Most infrared emitters are LEDs that generate 
wavelengths longer than 800nm. They are found 
in handheld remotes to control consumer- 
electronics devices suchas televisionsand stereo 
systems, and are also used in some security sys- 
tems, although passive infrared motion detectors, 
which assess infrared radiation from sources 
such as people or vehicles, are more commonly 
used for this purpose. 


In conjunction with an infrared emitter, an infra- 
red sensor is necessary, and must be sensitive to 
the same wavelength. To prevent false positives, 
the emitter modulates its output, typically with 
a carrier frequency between 10 and 100kHz. Re- 
motes often use carrier frequencies of 30 to 
56kHz. At the receiving end, the signal is pro- 
cessed with aband-passfilter matchingthemod- 
ulation frequency. Many different pulse-coding 
schemes are used, and no particular standard is 
dominant. 


Ultraviolet 

Because ultraviolet radiation can damage the 
eyes, LED indicators that emit ultraviolet light are 
potentially dangerous and should be used with 
caution. A yellow eyeshield can be worn to block 
the short wavelengths. 


Ultraviolet light can be used to cure some adhe- 
sives and dental filling material, It can also kill 
bacteria, and can detect fluorescent print on 
banknotes, to check for counterfeiting, Ultravio- 
let flashlights are sold to detect some species of 
pests, such as scorpions, which fluoresce in re- 
sponse to ultraviolet light. 


Values 
The specification for an LED will include the 


wavelength of emitted light, luminous intensity, 
maximum forward voltage and current, maxi- 


LED indicator 


mum reverse voltage and current, and working 
values for voltage and current. All these values 
are important when choosing an indicator for a 
specific function. 


White LEDs for room lighting or external use are 
calibrated differently. See the entry for LED area 
fighting in Chapter 23. 


Forward Current 

About half of all the thousands of available types 
of LED indicators are rated for a typical forward 
current of 20mA to 25mA. Absolute maximum 
ratings may be twice as high, but should not 
generally be applied. 


The light intensity of a typical Smm red LED in- 
dicator is plotted against its forward current in 
Figure 22-8, Note that current and light intensity 
have an approximately linear relationship up to 
the typical working current of 20mA. Even above 
this point, to the absolute maximum of S0mA, 
the light intensity rolls off only a very small 
amount. 


Although an LED indicator can be dimmed by 
controlling the current passing through it, the 
current does not have a linear relationship with 
the applied voltage, and the indicator will stop 
functioning completely when the voltage drops 
below the threshold required by the diode. Con- 
sequently, LEDs are commonly dimmed by using 
pulse-width modulation, 


Because of the nonlinear response of a diode, 
LEDs with or without internal resistors cannot be 
distinguished from each other reliably with a 
multimeter. If the meter is set to measure ohms, 
typically it will give an “out of range” error to all 
types of LED. If it is set to identify a diode, the 
reading will not tell you if the LED contains a re- 
sistor. 


Low-Current LEDs 

Indicators that requirea very low forward current 
are convenient for direct connection to output 
pins of logic chips and other integrated circuits. 
Although a single output from an HC family chip 
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fall some place on the spiral. 
‘This unit can be operated in 6 modes: 
. The coil only. 
. The coil plus the vibrator. 
‘The coil plus the vibrator plus the coil 
shocker. 
4, ‘The coil plus the vibrator plus constant 
coil charge. 
5. The coil (no vibrator) 
plus the coil shocker. 
6. The coil (n0 vibrator) 
plus the constant coil 
charge. 
Soasone can see there 


bye 


connecting a ion generator 
tomine—thatreally blows 
meaway—tryitifyouhave 
one. 

Ifyou are experiment- 
ing withmagnets~be care- 
fulifyouuse them with this 
uunitassome people getbad 
reactions. Ipersonallyhave 
used magnetic water and 
this M.W.O. and have had 
no bad reactions. 

‘Warning ~ although 1 
have-I suggest you donot 
usethisonthe headorabove 
‘the neck. 

‘Warning--ifyouhave 
aheart problem do not use 
‘this unit asin some people 
it tends to reduce blood 
pressure and lower the 
pulse or heart rate. 

Well -- now that I've 
scared the hell out of you, if you still want 
to build it I'l tell you the good side. In 
‘most all people who have used it or tried 
it they get a tingle or a feeling of heat 
ight). Most people geta boost ofenergy 
when they use it and it seems to help 
circulation. I am not sure why. I don’t 
know ifit tends to dilate the blood vessels 
of not. One man that used it can now 
wiggle his toes andhe hadn't been able to 
do that for about 3 to 4 years. 

Tknow someone will ask what type or 
kind and amount of energy is emitted by 
these coils and the answer is I do not 
‘know, but Ido know that it works. 1 wall 
eave that to someone who has the proper 


instruments and the know how to checkit, 
sothereisstillalotofworktobedone here 
if someone wishes to do it. Now, before 
someone starts climbing my ladder, let 
me say that I give the credit to Lakhovsky 
what I did was to modify, update and 
expandupon the base ofsome of his work. 
‘You donothave to be gifted in the know!- 


‘Spirat Con MuctipLe Wave OsciLLaTor 


edge of the sciences to build this M.W.O. 
and do not need special equipment or 
tools. However, there are little tricks that 
Thave leamed that make it easier to build 
that I will give in another article. The 
body or base of this unit is made of P.V.C. 
pipe, also the vertical and swing arm, the 
vibrator base and also the drop tube that 
hhangsthe coils, We want aunit that islow 
incost, tough and durable, light in weight, 
corrosion resistant, portable, easy to fab- 
ricate (and repair if necessary) and looks 
nice, so we will build our unit out of 
P.V.C. pipe. 

ALL COILS ON THIS M.W.O. 
MUST BE RIGHT HAND COILS, IN 
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RELATIONTOTHE UNIT AND EACH 
OTHER. If they are not you will get 
negative energy. (I'm not speaking of 
polarity here.) 

Tuse a fish tank air pump (modified) 
~ (Challenger 1) about $8.50. This pro- 
vides the oscillatory motion to the coils. 
I’m not in love with it and would like to 
find something better — 
something of higher fre- 
quency, but it works. If 
anyone has any sugges- 
tions on this I would like 
to hear from them. 

T chose to design the 
unit so it can access any 
part of the body freely 
without a lot of excess 
adjustments. The body 
when lying downisin one 
plane or height (approxi- 
mately), soT built the unit 
50 it would extend over a 
bedortable, addedaswing 
arm, anda vertical adjust- 
ment (holesin the vertical 
tube arm and a wood 
dowel or pin stop) -- that 
seemed simple enough, re- 
member we're trying not 
to get complicated here. 

If you are going to 
build ‘this M.W.O. T 
strongly suggest that you 
read Lakhovsky’s book, 
‘THE SECRET OF LIFE. 
When I finally decided to 
try to build an altemative 
type of M.W.O., I read 
everything I could get my 
hands on about the subject. I read care- 
fully and took notes of key points, func- 
tions etc., then I pat my books away and 
studied my notes — the basics. 

‘M.W.O, ~ MULTI-WAVE OSCIL- 
LATOR 

MULTI — meaning more than one or 
many. 

‘WAVE ~ energy (given off) 

OSCILLATOR -- Tlooked this up in 
‘Webster's — and simply stated it says — 
‘motion deflected from center to one side 
back to center — deflected to the oppo- 
siteside back to center, OR— Vibration. 

Now, Lakhovsky inhisbookstatedhe 
made anoscillatorof | loopor coil of wire 


errata: This page was inadvertantly left out of the book. 


electrical supply house. Ifyou cannot get 
bare wire, you will have to get plastic 
coated and strip the coating witha sharp 
Jackknife,takingcarenotto nickthe wire, 
‘or yourself, 

2. Youneed apiece of aluminum bar 3/16 
x 1-1/2 inces, 20 to 24 inches tong. 

3. Youneed a medium size pairofpliers. 
4, Soldering iron and acid core solder. 
5. Small coil of 19 gauge coated (ehel- 
lacked) copper wire. 

‘Now—wehave 17-1/2 8. of 10 gauge 
‘copper wire, lay it out on a flat clean 
surface and straighten it out taking the 
ccurve out of it and the kinks and bends. 
Next we needa secure and strong place to 
fasten the ends of the wire to — like a 
trailerhitchorbumper ofacarortruckete. 
After you have found a place to secure 
your wire, fasten both ends ofthe wire to 
itas shown in Fig, 1. 

Slowly pall the center ofthe wire so 
that you have 2 pieces of wire, put your 
aluminum bar in the loop and pull tight. 
‘With a par of pliers close the wire down 
(on the bar tight so that it passes between 
the sorews. Pull hard on the wire with the 
bar ~ it won't break, Start twisting as 
shown in Fig. 1~ alwayskeep tensionon 
the wire — do not let go of the bar. 
(COUNTER CLOCKWISE). Twist the 
wire, stopping at time, give the wire a 
couple of good yanks. NO, it won'tbreak. 
‘Twist the wire until you have a good tight 
twist on it, When you think you have 
‘twisted it enough ~ twist it little more. 
‘When you get it where you like it — 
SLOWLY backthe pressure offofthe bar. 

‘Remove I screw on the barand slide 
theloop outoroffofthe bar. Unfasten the 
wire where you secured it and cut the 
spiral wire as close as possible at secured 
end. Lay the twisted wire down fat. 
‘Measure 3" down from the top ofthe loop 
asshownin Fig, 2andmarkitwithapencil 
‘or pen. Hard or tight bend the wires as 
shown in Fig 2, 90 degrees. Grip the 
tovisted wire at the bend point with a pair 
of pliers, and start forming the spiral. 
Continue forming 1 or2 loops. Remove 
the pliers, grip the wire and hand form the 
spiral as shown in the drawing #2. When 
you have formed about 4 loops of the 
‘spiral, stop and apply light heat tothe coil 
with a hair dryer or similar device to 
relieve some of the stress in the wire, so 


that the loops that you have formed will 
stay where you have bent them. Repeat 
the operations and continue forming uatil 
‘you have your spiral. 

DO NOT BEND END OR TIP IN 
YET. 

Put your spiral inthe freezer of your 
reftigerator for 30 to 45 minutes, and 
freeze it, This will tend to stabilize the 
copper some andrelieve some more ofthe 
sess. 

In Fig. 4 we can see that if we bend a 
piece of metal the inside of the curve is 
compressed and the outside is stretched, 
this stress is what we are trying to get rid 
of, About now some of you will be 
thinking ~GAD —heeventells ushowto 
hold the hammer. Tam sure that some of 
‘your who are pro’s at metal forming and 
{abricationcan bud this thing —WHAM- 
BANG, but please have patience, not all 
are gifted in some of these skils. 

‘When you have formed your spiral 
and itis shaped as you Want it, hold the 
Toop of the spiral with your thumb and 
point fingers at eye level height and sight 
across the spiral, itshould hang so that all 
coilsarelevelandevenwitheach other, 50 
that it is lat — ifnot form itso itis. Put 
the collin the freezer again, repeat freez- 
{ng operation several times, this tends to 
age harden the coll some. 

With avery hot soldering ion solder 
the end ofthe col, wash tin warm water, 
dry it, and bend end in as on drawing #2. 
‘After you bend the tip i, bend it down a 
litte bit so the bent in tip clears the 
‘erossed coil by about 1/4 inch. 

Dill 2 small holes in the spiral at 
points marked on Fig. 6, taking carenotto 
‘break the drill, use light pressure. Cut 1 
piece of coated coll wire (19 ga) about 4 
U2-eet ong. Pushone end of wire (about 
1-1/2 inches) up through bottom ofbote in 
spiral, and wrap wind (twisted) loops of 
wire to second hole. Straight wrap 1 loop 
at hole area, this locks the standing wire. 
Pull standing wires tight with pliers and 
cut standing wires to about 1-1/4 inches. 

Refreeze spiral and warm to room 
temperature. Sand or remove shellac 
from standing wires down about 3/4 ofan 
inch, this makes electrical contact for the 
coll shocker. Youhave finished the main 
spiral coil. Youhave just done the hardest 
part, the rest of it is easy. Save your 
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‘aluminum bar; you may want to build 
‘other types and shapes of coils and spirals 
to experiment with, I have wound and 
twied 2 wire coils, 3 wire coils, cone 
‘shaped spirals, step spirals, spirals with 
Wires attached and hanging down with 
soldered tips etc. There is no end — you 
can experiment to your heart’s delight, 
it's only limited by your imagination. 

In closing, I would like to tell you a 
story ~a true story about a close relative 
‘who gave me permission to tel of his 
experience with my M.W.O., but prefers 
to remain anonymous. I will not elabo- 
rate, butjuststate the factsastoldtomeby 
hhim and his nurse. 

‘This relative took a trip by car to the 
southwest part of the U.S. with some 
‘fiends, Before he left he called me and 
seid that he would come to California and 
‘would stop to visit with me. This was in 
the ate summer of 1990. Afterarriving at 
hhis destination in the southwest, the 
‘weather turned very hot for the whole 
western U.S. Due to this extreme hot 
spell, he phoned me and said he was 
returning home and would not come to 
California. 

‘When I talked to him on the phone 
beforeheleft, Itoldhim Thad built Multi 
‘Wave Oscillator forhim and Twould give 
ito him when he came to see me, and be 
‘could take it back with him. He did not 
‘make it to Calif. but returned to his home 
inthe midwest. After retuming home he 
became ill and went to see his doctor. 
‘Afier being checked by is doctor, he had 
tests, and the doctors discovered that he 
‘had cancer of the large intestine. When I 
‘Phoned him and found that he had cancer, 
asked him ithe wantedto ty myM.W.O. 
‘Told him that I could not guarantee that 
it would help bim — but I said — what do 
youhave to lose. He said yes, he wanted 
to try it, so I sent it to him. 

‘When he received the M.W.0.,itwas 
assembled from instructions I sent him. 
He used it twice a day for approximately 
‘weeks, Hehad additional medical prob- 
Jems, he had diabetesandcongestiveheart 
failure plus the cancer plus a back prob- 
Jem, Thad made the M.W.O. for him in 
hopes that it might help his back. When 
hhe went back in 6 weeks to see a cancer 
specialist doctor they gave him extensive 
tesis and could nof find any traces of 


ofagiven diameter thatoverlapped. Also, 
Thave read that it isn’t the intensity or 
power of the unit that is desired, but the 
quality of the signal and also the number 
of frequencies, signals or waves, as the 
power can be offset by a longer exposure 
time. It seemed obvious that a spiral 
should produce all ormost of the wavesor 
signals desired and that it would be better 
than one loop with a limited signal effect. 
If Lakhovsky could cure cancer in plants 
and people with one loop itis logical that 
aspiral shouldbe even better. OSCILLA- 
TION--how aboutinducing it artificially 
~ vibrate or agitate the coil or coils. 

This unit producesit’s peak energy at 
12 o'clock at night, but it can be used 
during the daylight hours too; it’s energy 
diminishes some toward mid-day. 
Lakhovsky stated thisandhe isright. I've 
gotto give itto him, he did hishomework. 
Exposure rates or time of treatment with 
an electronic double screen M.W.O. is 
said to be 10 to 15 minutes every 3 to 4 
days, Exposure time for a spiral coil 
M.W.O. (tule of thumb) is about 20 to 25 
minutes or 45 minutes maximum per day, 
or less, depending on what is treated. 

Lakhovsky also stated that he treated 
plants, animals and people with belts, 
collars, braceletsetc.,consisting ofasingle 
loop of copper wire. From what I can 
gather, if a subject was wearing a 
Lakhovsky coil they never took it off. 

My spiral oil M.W.O. ishalfandhalf 
— part 1 loop + of wire, and part elec- 
tronic. Ifa subject got 1 exposure every 
3 t0 4 days with a conventional M.W.O., 
itmeans that the subject’s system was hit 
hard or shocked, and it needs time to 
adjust. A spiral coil M.W.O. requires a 
longer ormore oftenexposure and this can 
beanadvantageas it gives usmore control 
of the research subject’s requirements. 
‘The negative side is that the subjecthasto 
‘spend more time more often. 

‘There is one unusual thing that I and 
others have experienced with this unit, 
‘When you first use it the sensation of heat 
‘or tingling is light and you require longer 
‘exposure time, like about 25 minutes be- 
fore you feel that you have had enough. 
After you use it for about 1 to2 weeks you 
will find that after 10 to 15 minutes you 
feel that you have had enough. Simply 
stated Lakhovsky said that a M.W.O, 


activates or excites the cells. It’s kind of 
like pushing a car, it takes a lot of energy 
to get it started, but once it’s rolling it’s 
easier to push. Maybe the body just 
becomes more sensitized to the energy 
after the M.W.O. is used for a while, In 
Lakhovsky's THE SECRET OF LIFE on 
page 75, “The circuit is subjected to any 
kind of electric or magnetic shock it is 
then said that it vibrates according to its 
natural period."’ So, now what do we 
have? 

1. A spiral coil (Providing Multiple 
Frequencies) 

2. Vibrator (artificial oscillation), 

3. Blectric current (D.C.) (shock to the 
coil) provided by a small transformer 
limited by bulbs turned on and off by a 
Christmas light blinker or winker, 

Now! said previously that most of the 
unit is made of P.V.C. schedule 40 pipe 
(white). P.V.C. pipe being what it is has 
the tendency to sag if placed in a horizon- 
tal position, fastened at one end with 
weight suspended at the other end. We 
‘can correct this by inserting a piece of 1 
inch diameter .050 aluminam tubing in- 
side the P.V.C. and gluing it with an 
adhesive or simply by drilling a 1/8 inch 
hole through both pieces and inserting a 
#8 sheet metal screw. Remember also I 
said there were little tricks you can use to 
build it as given above, so before you get 
too anxious to build, wait till I can write 
the HOW TO BUILD article, itmay make 
your job easier and you will not have to 
change or rebuild the second time. Iam 
trying tosavesome of youall the mistakes 
Imade. 

‘The heart ofthis M-W.O. isthe large 
main spiral coil. This coil is in simple 
termsanantenna, Itisadual antenna, that 
is, 2 in 1 as it is a receiving antenna and 
also a broadcasting antenna. The antenna 
can be shaped in many forms and still 
retain the right hand spiral. Do we wind 
it tight toward the center and increase the 
spacing as we go out? This configuration 
T have found best, but other configura- 
tions can be formed to achieve different 
effects. Ihave experimented with differ- 
ent shapes and some have given unusual 
results. There is still a lot of work that 
could be done here also. I wound a3 wire 
coil that was very effective but I had 
problems twisting the copper wire and 
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lost several of them. I would suggest that 
the first coil you make be a 2 wire twist 
coil. If you want to build the M.W.O, 
complete you will have a total of 4 coils. 

1 large main spiral coil, 

1 small spiral coil (that is mounted 

under the large coil). 

2 straight tube coils. 

We use these coils because they all 
have independent functions. We are go- 
ing to squeeze it and milk it for all we can, 
to get everything we can out of it. The 
main spiral coil produces most of the 
waves or energy, however, due to its 
design and nature the inside of the spiral 
cannot be wound tight to create small 
oops in the coil, so we will add another 
smaller spiral coil under the large main- 
spiral, this will give usthe higherwaves or 
frequencies we desire. We drill 2 small 
‘holes in the main spiral and tight wind a 
piece of 19 gauge coated coil wire around 
the twisted copper wire, and pull the wire 
up through the holes, leaving 2 standing 
19 gauge wires. We sandthe endsofthese 
and fasten spring clips that hold the tube 
coils. The other end of the tube coil wire 
is connected to a banana plug ~ into a 
receptacle, we connect our coil shock to 
these. 

Limow there aresome of you outthere 
who are like I am, (impatient) and are 
curious and would like to try this to see if. 
this guy is telling the truth or ifhe is just 
full of it, 1 am aware that the Journal is 
published every 2 months and maybe 
‘some of you don’t want to wait 2 months, 
so for those of you who are like Tam —let 
me tell you how to build the main spiral 
coil. This one coil in and of itself won't 
‘knock you over —- but you can get started, 
and you can play with it until I can write 
the HOW TO BUILD article. This coil 
will emit energy by itself if suspended 
horizontally. Fasten it to something, a 
piece of plastic tube or wood dowel etc. 
‘Try it on your feet as the feet seem to be 
sensitive to these energies. Well — here 
we £0. 


HOW TO BUILD THE MAIN 
SPIRAL COIL, 

‘You will need to purchase a few things. 
1, You need 17-1/2 feet of 10 gange 
Golid) bare copper wire (cost about 14 
cents per foot). You can get this at any 


/ JO SAT COPPER WIRE 
=. Twist 
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cancer. After his tests he phoned me and 
said the doctors could find NO traces of 
‘cancer whatsoever, Lasked him did you 
take any medications whatsoever for your 
cancer? he said NO. asked him — did 
you take any radiation treatments for you 
cancer? — he said NO. I asked him — did 
‘you take anything at all for your cancer? 
he said NO. To this date he has not had 


Several years back she was leaving a 
market and caught her foot in a disposed 
plastic bag on the sidewalk, fell and 
broke her hip and leg. The doctors 
repaired it by wrapping screen around 
the bone andadded a few screws and pins 
here and there. She was OK for several 
years and then she got to the point where 
‘the pain was so bad she could walk only 


her leg -- (some choice). NOTE -—- She 
does not have a coil shocker on her unit, 

In all honesty I have to say that my 
spiral coil M.W.O. does not affect all 
people the same. Ihave had no negative 
‘or bad reports to date from anyone using 
it with good common sense and discre- 
tion, There are a few people that it does 
not seem to help to any great degree, 


any return of his cancer. ashortdis- tance. There are also some people that it seems 

Now, where does this leave us? He toalmostworkmiracles forthem, IWwould 
either had spontaneous remission or aS say of these persons that maybe it was 
he was helped by the M.W.O. As SS ‘mental, except that I have been 
T understand and have been told that some have said ~ 
told, some forms of cancer S “well, I don’t think the 
in the upper stomach are damned thing will do 
inoperable, My rela- Za any good, but I'll try 
tive is the 3rd per- Ca \ it”. Tcould go on 
son who seem- and on but we'll 
inglyhashadre- O Z SESS \ leave it at that, 
mission from iy i If you de- 
cancer from if \ \ cide to build 
using my SS \ my MW.O. 
MWO. I iy Wh iy i Twouldwel- 
do not like S come any 
to use the TF) serious 
word and hon- 
cured if. 7 estexperi- 
when ) YASS y} mental in- 
speakingof putas this 
cancer, and { \ unit still 
Tsay seem- S has many 
inglyas this : if areas that 
is all in the iy need to be 
experimental explored. 
stages of re- \ Sometimes I 
search, Uy back way off 

Then there Ye and just stop and 
is Al Mills who look at all this — 
builtanduseda copy < A and realize that it 
of my M.W.0. He had NS NN should be the scientists 
prostate cancer; he's fine Qe and doctors doing what is 
now, but we can’t count him — ae oF being done -- but I'm not go- 
as he has taken medications for ing to hold my breath until that 
it, Ihave heard that doctors have said happens. I guess the only way it’s 
that prostate cancer is very difficult to Ficure 6 ‘going to get done is for people like you 
‘teat. Then there also is Simon Lucas S h e has and me getting off our backsides and 


who built my M.W.O. and loaned it to a 
lady who has LUPUS (a cutaneous dis- 
ease due to the tubercle bacillus). He 
said she is feeling and doing much better 
now. I also built a M.W.O. for my 
mother who lives in So. Sioux City, 
Nebraska, across the river from Sioux 
City, lowa. Isentitto her--she couldnot 
assemble itso I flew back to do it forher. 


used the M.W.O, for about 2 months. 
She called me the other day and said she 
took the busall over town, did shopping, 
came back, took her pull cart and did her 
food shopping ~ 6 blocks up and 6 blocks 
back --and then walked up to the restan- 
rant and got her dinner, all in 1 day and 
she said she feels fine. The doctors gave 
her the choice of pain shotsor cutting off 
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getting it done. If enough will work at it 
and add a little bit, it'll get done, I 
sometimes wonder what the end-run po- 
tential ofmyM.W.0. is, Hovethe doctors 
(God Bless them!), we need them, but I 
wish they were more open minded and 
that they were not so profit orientated and 
stigmatized by their organizations. Ithink 
these ideas I present here will help. 


InPart One Iexplained how the spiral oil 
M.W.0, evolved and how I came to build it 
and notes on things Thave leamed about itand 
itsuse. Talso explained with drawings how to 
build the main spiral coil. For those of you 
who wish to build this unit, I have added 
additional drawings and notes so you can 
build the rest ofthe coils, base, etc. 

Before I begin I would like to address an 
issue that has bothered me for some time, it 
pertains to my M.W.O. and maybe other 
‘M.W.O's in general. It is a situation or 
function that has been ignored by many or all 
buta few. Inmy articlein Part, saidall coils 
oa this unit must be right hand coils. What I 
‘am referring to is what I call RIGHT HAND. 
SPIN, Inmy study of Lakhovsky’s and others 
‘work, Ihavenotbeen abletofindany informa- 
tion pertaining to direction of spin, although 
he gave very precise directions how collars, 
baits, bracelets etc, were to be made. Did he 
know and was it his secret? Was he not tell- 
ing? Lakhovsky stated that his M.W.O, 
stimulated the twisted filament or mucteus of 
the cell, and the cell oscillated accordingto its 
natural frequency. A weak oscillating cell 
‘would increases oscillations back tonormal. 
‘The question is, do certain oscillations cause 
the cell to spin right hand or left hand, or 
clockwise or counter-clockwise, if the fre- 
quencies spin right hand or left hand? Some 
might say — what difference does it make. 
‘The people who use or practice the Five 
Tibetan Rites always spin right ~ never left. 
‘Sir Lawrence Bragg (Nobel Prize winner) 
discovered that healthy people have “RIGHT 
HAND” spinning blood. And physicist Dr. B. 
‘Mersmann discovered that people exposed to 
electronic smog have “LEFT HAND” spin- 
ning blood, the same as people who have 
‘cancer ~they also have “LEFT HAND” spin 
blood. Maybe ifthe earth spun inthe opposite 
direction, left hand spin blood would be nor- 
mal, So, is left hand spin or right hand spin 
important? Yes, Ithink so. Thave purposely 
made and used left hand coils and they made 
smo feel sick and ill, There is an instrument 
that has been built that emits weak pulsed 
electromagnetic waves that causes the blood 
tospinright hand in people who haveleft hand 
spin blood, however ifthe unit is removed the 
blood will o back to abnormal left hand spin. 

‘Ifyou pat your hand ina bucket of water 


‘youcanspinittotheright ortotheleft—isthis 
polarity? Does magnetic polarity have an 
effect on matter causing right or left spin? 
Yes, it seems to, But how about induced spin 
direction on a non-magnetic or non-electrical 
energy orwave? IfThold amagnetic compass 
near the spiral coil of my M.W.O., I get 
nothing — no needle movement, If Thold 
pocket radio under the coil with vibrator and 
‘une it off station, I get static on A.M. from 
about 80 on down, none above 90 and up, but 
T don’t think that static is coming from the 
vibrator. Warning: I damaged my radio by 
usingiffor testing. Atfirst thought twas the 
battery, but a new battery did not correct it. 
Sometimes when I turn it on now it doesn’t 
‘wantto come on, by flippingthe switchon and 
off several times it then works. I had no 
problem with this radio before I used it for 
testing. 

‘Whatever the answers are, I would sug- 
‘est you use right hand coils. Look very 
carefully onpages 113and 114, theseareright 
lnand coils in relation to the subject, (ref. The 
Secret of Life). If you build the spiral coil 
‘M.W.O. youwill have the basicunit. Youcan 
experiment and try all types of coils and 
spirals, as I said in Part, itis only limited by 
your imagination. Ifind it fun and interesting 
‘to try unuswal and weird coils, it’s not expen- 
sive and you only have to remove a couple of 
serews, no big deal. 

Thave been thinking of building a cheap 
copy of Lakhovsky's coil of tube and wire, 
also. foil coil of equal size, to test if the coils 
‘when vibrated emit equal energies efe., and 
‘what the differences wouldbe. Itmay answer 
the question why some of the foil coils don’t 
seem to produce the results as good as some 
‘would like. In Lakhovsky’s book there are 
pictures of, and he speaks of, the oscillator 
coils of Hertz. There isa strikingresemblance 
of Lakhovsky’s coils on his oscillator antenna 
to Hertz’s coil. Could he have been influ- 
enced by or borrowed the Hertz oscillator coil 
for his unit — did he expand upon the base of | 
Hertz’s work for his antenna coil? (interest- 
ing thought) 

Enough digression -- back to our spiral 
coil building project. Ifyou look at drawing 
#3 you will see that it is self descriptive, 
aiving diameters, lengths etc. We make most 
all of our unit out of schedule 40 PVC plastic. 


100 


pipe. Take enough care to make your cuts, 
‘square and clean, debur the ends ofthe tubes, 
0 they will side into the glued slip fittings 
correctly. Now, here comes the stinky part If 
‘you want your unit to looknice, you will have 
toclean the tube, (after cutting), taking offall 
‘the dirt, the ink lettering ete. Tse a laundry 
‘ub, a small amount of water, laundry deter- 
gent, Comet, and some wet or dry #200 
sandpaper and a lot of elbow grease. 

‘Warning: PVC glue sets fast, in a matter 
of seconds. [put glue on the female fittings 
only —none on the male side, slide ittogether 
firmly and whack it with short piece of 2x. 
4. Glue part #7 to part #8 and drill a 5/16 hole 
through fitting — this is so you can tighten or 
remove the threaded fitting by inserting a 
phillips screw driver or rod in the hole. This, 
‘makes your unit portable. 

Glue pieces 1-1-5-4-4, also 3-3-5-4-4, 

[Now glue part 2 to part 6, also part 3 t0 
patt 6. 

‘Thread assembly 7-8 (large vertical tube) 
into assemble 2-6-3. 

Wewill slide assembly 11-5-44 onto tube 
#2, but we will mot glueit, Place this ona flat 
table, and adjust tube 8 so it is vertical. 

‘When you get it where you like it, glue 
assembly 33-5-44 to loose tube 3, let this dry 
for 20 minutes. 

‘Now remove assembly 11-5-4, apply 
alueto fitting #5 and glue it to tube #2 on your 
flat table, You now have the base finished. 

Glue the rest of the tubes and fitings 
together on your table. NOTE: Do not glue 
parts #19 and #20, we leave these loose and 
just set them in place, as we may add some- 
‘thing additional here later. 

‘NOTE: Before you glue tubes #11 and 
#15, cut some one inch diameter .050 alumi- 
‘mam tube full length of tubes and slide them 
inside of plastic tubes, this eliminates sag 
Drill a 1/8 inch hole through plastic tube and 
‘aluminum tube, screw a #8 sheet metal screw 
‘through both tubes. ‘Tube #11 has holes in it 
sowecanadjust the height, drillthese 2inches 
apart, 5/16 inch holes. We insert a 1/4 inch 
wood dowel through fitting #10 and through 
tube #11. 

We drill 2 holes in tube #21 and thread 
them 10-24, we fasten our spiral coils and 
antenna to these, The first hole is drilled 5/16 
‘ofan inch up from the bottom edge ofthe tube 
and the second hole is drilled 3/4 of an inch 
from the first hole. 

‘When you buy your 1-1/2 PVC tube, get 
a piece with a flared end, as we set a reducer 
fitting init to make a sleeve for the #11 one 
finch tube. To keep tube #11 guided at the 
bottom of tube #8, drill 3 holes atthe bottom 
of tube #11 equally spaced around the diam- 
eter and insert 3 #8 sheet metal screws. 


Parts #9 and #10-will eve tobe filed out 
ormachined out so the one inch tube will slide 
‘through them. 

Part#16, the vibrator base, ismade of flat 
stock PVC. If you cannot buy it froma plastic 
supply house, cut a couple pieces of 1-1/2 
PVC tube about 3-12 inches long, cut them 
again length wise, so you have half tube 
pieces, Placethehalftube pieces between two 
~1W8inch aluminum plates and heat in a stove 
oven with a brick or Weight ontop. Let them 
ool andthe plastic will come out flat. Layout 
and mark parts on flat sheet and eu out. 

Glue al the pieces of vibrator base to- 
‘gether and fit to tube #15 and glue it tight. A 
‘Wood match works Wood to lay glue in joints. 

‘Make and fit your metal brace from alu- 
sminum ornon-corrosivemetal and ested with 
two - #8 sheet metal screws. Cut out part #23, 
fit it to T -#22, drill two holes for banana 
recepiaclesand glue securely, also cordholder 
#4. 

Make your small spiral coil from .0625 
Jow carbon stainless steel heli-arc weldingrod 
~ 36 inches long, do not twist wire, use asi 
Youcan getthis from any welding supply; get 


LEGEND 
USE PY.C. (WHITE) SCHEDULE 40 


KEY 
LSLENGTH D=DIAMETER C=CUT 


‘TSTUBE T.F=THREADED FITTING 
PART # DESCRIPTION (in inches) 
i -1/2, CL=10 
15112 
=112, CL=8-1/4 
CAP-D=I-172 (4) 


‘T-D=1-12, CL=28-1/2 
9. REDUCER - D=1-1/2 TO | 
10, REDUCER - D=1-I/2 TO I INV. 


1 TD=1, CL=28-172 
12, T.R-D=1 NIPPLE 
13, ELBOW -D=1 - TF, 


14 CORD HOLDER (ELEC) 
15. T-D=1, CL=20-172 

16 VIBRATOR BASE 

17. METAL BRACE 


73. _R:T.G. BANANA RECP. 


4.0r5 pieces. Also make antenna from same 
wire, To make small spiral use the full length 
‘orrod. Start by forming an eye on one end for 
the 10-24 screw. Move down3 1/4 inches and 
form spiral same as large spiral coil, also 
bending end tip in, Put an offset kink in the 
stem so it will passthrough the main coil, 

‘The tube coils are made from #19 shellac 
insulated coil wire, 12to 14 turns, Itightbend 
90 degree bend, so Thavea | inch long tail. 
place this parallel ona pencil or wood dowel 
and tight wind the coil. Grip the wire tail and 
dowel witha pair ofpliers. Remove the dowel 
and freeze for 30 minutes, warm to room 
‘temperature. Grip the ends of the coil with. 
‘yourthumb and middle fingernailsandstretch 
‘the coil to the desired length, rofreeze for 30 
‘minutes, Bend long tail of coil 90 degrees and 
fitto banana plug. Trim short end to 3/4 inch, 
‘lean and solder pinch clip to coil. The pinch 
clipis made from light gauge hard stainless or 
‘brass. Blank size is 7/32 x 1-1/4. 

After youhave everything glued and fin- 
ished put a coat of auto polish on PVC tubes, 
as this keeps them clean and they will not 
‘finger mark or get dirty. Also put a coat of 


vaseline on the threaded fttingsso they canbe 
removed easily as they tend to stick. 

If you are, or want to be, the serious 
‘experimenter type, buy a note book and keep 
records and notes. Keeping a log with dates, 
‘exposure times, etc. can be a very useful tool 
to compare results of different coils etc. I 
‘would welcome hearing from you on the use 
of the spiral coil M.W.O., i.e. your success 
and problems. NOTE: Don’ texpectresults in 
2or3 exposures, asthis unitis more gentleand 
‘may requirea longer time of weeks or several 
‘months to get permanent results. To this date 
Thave not hada single report from anyone for 
over-exposure if used with common disero- 
tion, Thave used belts collars, wire loopsete, 
with the M.W.O., this seems to multiply the 
energy. Talso have used a spin magnetic unit 
‘with a reticular energy filter before and after 
‘M.W.O. exposure. This seems to work well 
for joint problems. 

Please Nate: Lous 
ture oF sell this MWO: § : 
knowledge and experience as a giftto the 
world. ‘He may be written o/- BSRF.. 
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COIL SHOCKER FOR 
SCHAD SPIRAL COIL MW.0. 


“This unitprovidesaD.C. shockto the 
spiral coll. tshould be builtina woodbox. 
cr grounded metal box for safety sake as 
‘we use |15V A.C. power source. All the 
parts can be purchased from an electrical 
supply, except auto bulb and socket, Get 
these from an auto parts supply house. 

‘The Leviton dimmers notnecessary, 
butt gives more control. | usea ceramic 
base for 40 watt bulb. A smaller trans- 
former can be used, but I find the 3A-12V 
best. Itisnice to adda handleto the box. 
I dropped mine once. Put ventilation 
holes in the box, and rubber bumper feet 
‘on the bottom. 
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This is an update on the work I have 
done on the spiral coil MWO. Ihave built 
and tested several new coils and made 
‘changes in design of shapes and twist of 
the wire and different size of wires etc. 1 
have experimented on plants and myself 
for the past several months. 

Tnmyarticle in the Journal of Border- 
Jand Research of March-April 1991, page 
15, figure 1, I stated, to 
twist the wire counter 
clockwise, as Iwas told 
by someone of authority 
that this was best, Inow 
find after experimenting 
andtesting that thisisnot 
so. Inow twist the wire 
clockwise, causing a left 
hand spin of the wire 
when viewed -- or 
counterclockwise. Ifthe 
wire is twisted in this 
manner it more than 
doubles the energy and 
theplantsandIboth seem 
to like it better. If the 
wire is twisted as stated 
itwill produceenergy not 
only ina spiral shape but 
also in single loop rings 
(overlapped) and also in 
just a straight length of 

Tmade a coil like a 
target or a series of one 
looprings oftwisted wire 
of different diameters 
and wire sizes, from 
about I inchto 8inch and 
overlapped them about % inch and wired 
them toa X shaped piece of thin plywood, 
and it produces more energy than I need. 
I can stay under it only about 7 to 10 
minutes, IfI stay under itlonger than this, 
Tgetover exposure or toomuch energy in 
my body, and it makes my feet and hands 
tingle. 

T made a spiral coil from 1/8 inch 
copper tubing, twisting itlike a solid wire, 
and it produces more energy than a like 


spiralmade from solid wire. Idonotknow 
if the energy travels on the inside of the 
tube and the outside also, but the energy 
produced is much more than is required 
for normal use. 

Talso have been experimenting with 
new and different ways to pump or project 
the energy. In my original design I used 
2 vibrator to increase the output. Inow 


Srirat Coin. Muctipte Wave OscittaTor 


find that with the new coils (twisted as. 
stated) that they develop as much ormore 
‘energy without the vibrator as the old 
coils did with the vibrator. It seems that 
the field or energy pattem given off by a 
straight (twisted) wire is different than 
those of a single loop (twisted wire) shape 
‘or spiral shape. 

Tam building anew coil thatusesboth 
and looks like a spider with 8 legs of 
different length. It has 2 single loops 
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(overlapped). One loop is 2-3/8 in diam- 
eterandthe otheris 4-1/8in diameter. The 
smallloop is centered in the largeloopand 
inthe same plane. Imade a wood jig with 
nails for pins to hold them in place and 
soldered twisted straight lengths of wire 
Pointing from the center outward. I will 
bend the tips of the straight twisted wires 
down 90 producing a shape like a spider. 
T'lllet you know ifitis different from the 
spiral coil shape in energy output. 

It now becomes obvious that a spiral 
is not the only configuration that will 
‘generate or collect and broadcast energy 
of unknown origin. If other shapes or 
designs willalso produce 
energy, istheiroutputdif- 
ferent? If so, what are 
the differences? Are the 
wave lengths different, 
are there different pat- 
tems to the waves or en- 
ergy? How doesit affect 
the living organism? 

Whenaspiral orcoil 
is placed in front of a 
reticular energy field it 
produces unusual sults. 
Coils can be combined 
with many other forms 
of energy, magnetics, 
light, audio, vibration 
etc, 

In my article I said 
youcan design and build 
‘oils of all shapes and 
types, as it is only lim- 
ited by yourimagination. 
It is my personal belief 
that someday someone 
will design ahd develop 
coil ofanature that will 
be highly beneficial to 
‘humanity, we need your 
input, ideas and help. 

If a coil of twisted 
‘wire wos builtin a target configuration of 
a series of overlapping loops so as to be 
similar in design to a Lakhovsky coil, and 
was powered by a Beck MWO output, 
what would be the results? Ifa twisted 
wire coil will produce and project energy, 
connecting it to the field of a Beck type 
unit should be interesting. Are there any 
takers? 


Values light sour 


is capable of supplying 20mA without damaging 
the chip, the current will pull down the output 
voltage, so that it cannot be used reliably as an 
input to another chip while also lighting the LED. 


a 


Relative luminous intensity 
(of a 5mm red LED) 
¥s. forward current 


5 


a 


Relative intensity (normalized at 20m) 
er 


1 0200 «304080. 
Forward current (mA) 


Figure 22-8. The relationshia between forward current 
and light intensity of 2 typical Smm LED indicator 1s ap: 
proximately near up to the 20mA operating current, and 
‘almost linear up to the absolute maximum of SOmA. 


Various LED indicators drawing 2mA or 1mA are 
available, with intensities typically ranging be- 
‘tween 1.5mcd and 2.5mcd. This low light output 
is still bright enough for viewing in a lab-bench 
environment. Low-current blue LEDs are not 
available. The only LEDs that drawaslittleas 1mA. 
are red, as this is the most efficient type. 


Usinga higher value series resistor with a generic 
LED will of course reduce its current consump- 
tion, and some light will be visible so long as the 
forward voltage across the LED remains at its 
minimum level or above. 


Forward Voltage 

Red is the color that requires not only the least 
forward current, but the lowest forward voltage. 
Inthe range of 1.6VDC to 1.7VDC, all the LEDs are 
red. Typical forward voltages for various colors 
are shown here: 


+ Infrared LED: 1.6V to 2V 
+ Red LED: 1.6V to 2.1V 


ndicator, ar display > single source > LED ind 


+ Orange LED: 1.9V to 2.1V 
+ Amber LED: 2V to 2.1V 

+ Yellow LED: 2V to 2.4V 

+ Green LED: 2.4V to 3.4V 

+ Blue LED: 3.2V to 3.4V 

+ Ultraviolet LED: 3.3V to 3.7V 
+ White LED: 3.2V to 3.6V 


Color Rendering Index 
The color rendering index (CRI) evaluates the fi- 
delity with which a light source is capable of di 
playing the full visible spectrum. It ranges from 
a perfect score of 100 down to 0 or even lower 
(sodium-vapor street lighting has a negative val- 
Ue). Computing the index requires standard ref- 
erence color samples and has been criticized for 
generating scores that do not correlate well with 
subjective assessments. 


Incandescent bulbs can have a CRI of 100, while 
an uncorrected white LED may score as low as 80. 


Life Expectancy 
Because the light output from an LED tends to 
decrease very gradually with time, the life ex- 
pectancyis often defined as the numberof hours 
required for the output to diminish to 70% of its 
output when new. Life expectancy is commonly 
stated on datasheets for high-brightness white 
LEDs, but is often omitted from datasheets for 
LED indicators. 


Unlike incandescent lamps and fluorescent 
lights, LEDs do not have a shorter lifespan if they 
are frequently cycled on and off, 


ight Output and Heat 
The light intensity of an LED, measured in med, 
can vary from a few mcd to a maximum of 
40,000mcd. Intensities above 30,000mcd gener- 
allyare achieved by limiting the view angle to 15 
degrees or less, Because the candela is weighted 
toward the central, green segment of the visible 
spectrum, green LEDs are likely to have a rela- 
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Lakhovsky’smultiple wave oscillatorhas 
always intrigued me. I tried to build my first 
‘one in 1976 based on Bob Beck's schematics, 
‘These early experiments failed miserably, but 
I remained interested. In 1987, I had the 
‘opportunity to see one of Bob Beck's MWOs 
atameeting ofthe Los Angeles Psychotronics, 
Association. Iam a healer anda sensitive by 
nature, and I was looking forward to finally 
secing the mythical machine in action, Bob 
‘had seid that is was a very high power model 
and he was right about that. 

‘The unit was of the design that has been 
popular since the 60s; a high voltage spark- 
‘gap transmitter driving an antenna of concen 
tricrings. Bobtumed it on andranit forabout 
threeminutes. Itmadea loud zappingnoiseas 
‘hundred of sparks jumped from ring to ring on 
the antenna. 

was standing in the back of the room, 
about 30 feet from Bob's MWO. 


Jhome with the intention of building one of 
Low's units to experiment with. 
‘AflerconsideringLou's design carefully, 
decided to make a few changes and by Inte 
‘May 1991 Thadmy firstunit. As ittumed out, 
‘my unit didnot lookatall like Lou’s, butit did 
embody the fundamental principles that he 
innovated. These included a spiral main an- 
tenna that was charged with static electricity 
and physically vibrated. Lou's antenna was 
complicated to build. I decided to use an 
antenna design that I had been developing 
uses for for three years, a spiral based on the 
phiratio thet I could have printed right onto a 
Circuit board. ‘That solved the problem of 
‘antenna fabrication. Another thing I changed 
‘was the method to induce the physical vibra~ 
tions, Lou had used an aquarium pump. It 
‘worked well but was limited to only one rate 
of vibration. I decided thatthe rate of vibra- 


ing for 4% months or since mid-June. The 
results are preliminary. Nocuresareclaimed. 
However, all indications point to systemic 
detoxification, energizing and rejuvenation, 
just what you would expect to see from a 
broadly stimulated natural healing process, 

‘The VegaTest procedureis very sophist- 
cated. It uses a bio-feedback mechanism to 
establishbaselines for toxicity evel, systemic 
stress and specific organ stress as well as the 
presence and location of specific pathogens 
and types of toxic substances. Toxicity level 
is measured on a scale of Oto 21, where 21 is, 
the most toxic. A “Biological Score”” is 
developed from the toxicity values that come 
up and can have from 1 to 6 numbers ranging, 
from 1 to 21, 6 numbers being the most toxic. 
‘An “Ideal Score” is determined on a scale 
from 1 to 15 where normal for adults om first 
testing range from 7 to 11. Stress on the 
‘immune system and endocrine system ismea- 
sured on a scale from 0 to 5. 


CASE A is a 21-year old female who has 
never been treated with other remedies. The 
patient was VegaTested, then received one 20 
‘minute session with the MWO and then was, 
retested. (See box insert) These scores sug- 


‘gest that even one session can tem- 
‘As soon as he tumed it on I felta | SCORES BEFORESESSION SCORES AFTERSESSION | horarily reduce stress levels sig- 
blast of irritation hit my aura, I | Ideal Score: 6 edeal Scares) nificantly and promote detoxifica- 
could handle the etherie fying of | Biological Score: 19-16-14-12-9 Biological Score: 1210-8 | tion, 

my energy field for only about | 5 scores with high numbers Immune System Stress: 

thirty seconds beforeIhadtoleave | !s considered very toxic. Endocrine System Stress: 0 | CASE Bisa72-yearoldmalewith 
‘the room. When I came back in, | Immune System Stress: 3 ‘extreme intraocular pressure. The 
everyone's enerny had been fried. | Endocrine System Stress: paticat received only three ses 
‘Themeeting quickly digressedinto sions with the MWO. The pres- 


a break, with everyone talking to their neigh- 
bor. It was quite a sensation! 

Inthirty seconds Ihad become convinced 
oftwothings. First, this MWOwas extremely 
damaging tothe subtle energy field and there- 
foremust be incapable of promoting systemic 
healing. And second, this MWO must be 
‘unrelated to what Georges Lakhovsky was 
reporting in his book Secret of Life. 

Since I drew those conclusions back in 
1987, Ihave been confronted with numerous 
testimonials of people gaining benefit from 
this style of MWO. While I do not doubt the 
accuracy of these stories, I must admit, I do 
‘not understand by what provess the benefit is 
derived, 

‘Here is where the MWO languished in 
‘my mind until Lou Schad’s articles appeared 
inthe March/April and May/June 1991 issues 
ofthis journal. Intuitively felt Lou was onto 
something very important. On a visit to 
Borderland Headquarters, I had a chance to 
evaluate a unit Lou had given to Tom, The 
energy coming from the antenna was gentle 
but very penetrating, Iwas excited, I went 


tion might be important to look at so my unit 
was made with a variable rate of vibration 
from 2¥4 vibrations per second upto about 14 
vibrations persecond, The last changeTmade 
‘was the vertical antenna, Not knowing the 
height I needed for the optimum effect, I 
simply used a retractable replacement an- 
tenna from Radio Shack, the kind you usually 
see on portable radios. This gave mea way to 
vary the electrostatic charge on the spiral, by 
raising or lowering the antenna, 

By early June 1991 T had made an ar- 
rangement with alocal acupuncturist in town 
torrun some clinical trials with the unit. This 
medical professional has asked to remain 
anonymous and so for the purposes of this 
article, Iwill refer to this person as “‘Tohn’”, 
Johnisa gifted sensitive and an advanced bio- 
energetic diagnostician using equipment from 
Germany called the VegaTest. John also has 
hhad assistance in this evaluation by another 
sifted sensitive who can see auras in vivid 
color and detail. I will refer to this second 
person as “Pam”, As ofthis writing in early 
‘November, their evaluation has been on-g0- 
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sure within the eyes lessened with each se3- 
sion, Pam reported that before the MWO 
sessions, the region of the eyes and head was 
completely dark and devoid of life force. 
After the first session, the darkness cleared 
about 40%, With the second session, the 
darkness cleared about 80% and with the third 
session, the energy around the eyes was com- 
pletely vibrant, 


Without going into a lot of specific case 

histories, ornaming disease conditionstreated, 

John and Pam are consistently seeing the 

following: 

1, TheMWO expands the energy fieldaround 
the body 3 t0 6 feet. 

2. It functions to reduce accumulated stress 
‘on many levels. 

Itclears theenergeticimprintsofillnesses. 

It fills in breaks and cracks in the aura, 

It builds vitality at a very deep level and 

combats fatigue. 

6. Itpromotes the drainage of stale and stag- 
nant life eneray down the arms and legs 
‘and out the hands and feet. Several times 


yay 


Pam has seen dark yellow or dark green 
‘energy drain out of acupuncture points oF 
organs, to be replaced by cleaner and 
clearer colors. 

7. Everyone experienced improvement, re~ 
gardiess of their condition, 


METHOD OF USE FOR THE MWO, (de- 
veloped by John and Pam during this testing 
period) is as follows: 

1. A person using the MWO should sit in a 
‘comfortable chair with their feet flat on 
the floor and their hands apart, laying on 
their thighs, palms up is best. The chair 
should be about 6 feet from the MWO. 
‘During the session they should periodi- 
‘ally rotate their wrists and ankles to help 
promote the draining. 

2, TheMWOshould be started at slow vibra- 
tionrates 2-3)andslowly moved tohigher 
vibration rates (5-9) and then at the ené, 
movedto slower ones again. Sessions can 
bbe from 10 to 25 minutes. 

3. After the MWO is turned off, the person 
shouldremain seated for 10-15 minutes to 
‘continue to drain while the energy field 


slowly shrinks back from its highly ex- 
panded state 

4, Rooms where the MWO isused may need 
10 be cleared after its use due to the stale 
‘energies that drain out. Sun light, fresh 
air, toning, sage or other means may need 
tobe employed to keep the MWO session 
room clear, 


‘THE BSRF MWO PROJECT contin- 
ues to develop, as this and other articles inthis 
issue clearly show. A special thanks to Lou 
Schad for his brilliant ane original departure 
from the errors ofthe past and showing us the 
‘rue Borderland spirit in action. 

One final note. We at Borderland are 
constantly railing against people who invoke 
the name of some famous researcher, like 
Rife, Tesla or Lakhovsky, and then sell the 
ublic a piece of equipment unrelated to the 
original work. This isno better than bait-and- 
switch hncksterism and we deploreit. There 
fore, letus state for the record from the outset, 
‘that this new lectrostatic MWO is not what 
Georges Lakhovsky was doing, Neitherisita 
direct attempt to duplicate his work. Lak- 


hovsky claimed to have had his units in use 
around the world, but after years of research 
‘we have found no physical evidence of this. 
He never published detailed schematics of 
any complete devices. This new MWO is a 
‘modem attempt to address the same problems 
that Lakhovsky was grappling with. We call 
it a multiple wave oscillator because it is, 
clearly, a device that produces a wide spec- 
‘tum ofoscillatory emissions simultaneously. 
Lakhovsky pioneered this line of research. 
This unit is not a “‘Lakhovsky MWO” but, 
strictly speaking, no other unit sold inthe last 
30 years has been either. 

‘As this MWO is part of an ongoing re- 
search project, a limited numberof these units 
will be produced and made available to the 
public. 

‘The new BSRF Electrostatic MWO is for 
investigational purposes only. It is not a 
substitute for professional medical care andis 
not indicated asa specific cure for any disease 
condition, Any such use goes directly against 
the intent of the manufacturer. The perfor 
‘mance characteristics ofthis device have not 
been established. 


MuLtipLe WAVE OSCILLATOR 


Borderland Sciences Research Foundation is proud to announce that their new Electrostatic Multiple 


Wave Oscillator is now available for investigational purposes. 


TOTALLY NEW APPROACH 


‘This unique Multiple Wave Oscillator uses specially designed spiral coll that 
is both physically vibrated and simultaneously charged with a safe quantity of 
staticpotential, unlike designs usinghigh voltage discharges between concentric 
rings. ‘The result is a wide-spectrum wavefront of electromagnetic and 
etheric vibrations. It also provides a means to introduce a wide variety of 
other subtle influences into the broadcast much like a substance biocireuit. 
‘The Electrostatic MWO from Borderland Sciences isa versatile investigational 
tool. 


‘The MWO has a wide range of vibratory rates and charge intensities. It is 
‘acne square foot cube witha Golden Mean Spiral MWO antenna on thefront 
anda retractable antenna on the top for tuning. Powered with standard AC. 
Constructed using no toxic materials. 


ELECTROSTATIC MWO 
The Electrostatic MWO is a high quality device produced 
in limited quantity for our research network. Interested 
researchers may inquire with BSRF as to current availabil- 
ity of units. 
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‘SUN-ETHER DISC 
By Albert Zock 


The German inventor Oscar Korschelt based his cosmic ether accumulator, German 
Patent #69340, dated July 14, 1891, on the teaching of Wilhelm Weber not realizing 
that it incorporated the implosion principle as well. Weber professed that all 
particles of the ether, having an electrical charge, are circling around solid objects 
without touching them, the molecular particles being negative and the ether particles 
being positive, according to the law of attraction and repulsion. Since a solid body 
attracts ether particles, Korschelt searched for a way to collect, condense and to 
rectify them. 


On a wooden disc with a hole in its center, Korschelt fastened spirals of copper 
wire, on both sides, one wound clockwise and the other, as a mirror image, counter 
clockwise, and connected the ends together through the hole in the center. His 
assumption was that the collected energy would be condensed in the center and then be 
beamed off at a right angle to the disc. He termed the side facing the light positive 
and the other negative. To increase the condensation and lengthen the antenna, 
Korschelt wound small coils like key rings and assembled them like links in a chain. 
He was convinced this device would give additional life energy if the beam was 
directed at the neck of a person in the height where the 18 cranial nerves are leaving 
the skull, (medulla oblongata). Such a spiral resembles a Nornen coil, which is 
stretched out and is used to eliminate undesirable emanations. 


An application of a Korschelt coil seems to have its merits. In one case a 
relative of an elderly man suffering an acute pneumonia, being already unconscious and 
according to his physician, beyond hope, hung a Sun-Ether Disc over his bed. From 
this moment, his condition improved rapidly. Fourteen days later, he was almost 
normal again. In another case, a Sun-Ether Disc hangs over the door in the waiting 
room of a Naturopath. Every one walking in is amazed over its warmth, and the flowers 
are flourishing like in a green house, even though it is not heated and faces north. 
When asked for the reason, the ower points smilingly to the disc and gladly explains 
how it works and how to build one. 


on a plywood disc with a diameter of 50 cm (20-3/4 in.) are two coils, one on 
each side, wound in a mirror image, the front one counter-clockwise and the other 
clockwise, almost on top of each other. Both are connected through the hole in the 
center which has a diameter of 10 mm (6/8 in.). The space between each winding is 15 
mm (5/8 in.). Aluminum wire is best. To make the key rings, take a 4 mm (3/16 in.) 
thick wire, fasten it into an electric drill and wind the armature wire around it 
tightly, by allowing the rotating wire in the drill to do the spinning. Make sure to 
wind the links for the front counter-clockwise and for the back clockwise. Then 
separate every fourth winding and cut it to get the links shaped like key rings. Now 
attach the rings onto one another like a chain. Each link will lengthen the antenna 
and work like an oscillator. Fasten the chain onto the board, using nails or screws, 
but to be accurate, give the chain a light tension so it will not slip off. Twist the 
ends in the hole together, or better, solder them. The counter-clockwise winding for 
the front applies to people living in the northern hemisphere; in the southern 
hemisphere it might need to be reversed. 


In Korschelt's time, some made “beam-handbags" carried on a shoulder strap. The 
material had to be framed to it could not move, then the spiral was embroidered and 
fasted to the inside of the bag, the whole bag measuring about 20 x 20 cm (8 x 8 in.) 
and the windings being 1 cm (3/8 in.) apart. Such bags were more powerful than the 
disc. 
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From Mar-Apr 1988 Journal of Borderland Research 


ETHER RADIATING APPARATUS 
An Apparatus For Therapeutic Use Without Direct Or Indirect Suggestion 
Oscar Korschelt of Leipzig. German Patent #69340, July 14, 1891 
Translated from the German by Bodo Capeller, 1986 


This apparatus utilizes the living forces of the ethers for healing purpose: 
The electro dynamic theory of Wilhelm Weber concerning the structure of smallest parts 
results in the insight that all ether is identical with Webers electric particles, 
that all solids rotate around it at a certain distance because of attraction of 
Positive to negative ether particles in relation to solids. Through a corresponding 
arrangement of solids it ought to be possible to condense the diffuse ether and 
redirect it. A similar arrangement has been utilized in the following described 
apparatus which has been named by the inventor "Ether Radiating Apparatus”. 

This apparatus can be used for the purpose of increasing the intensity of the 
power of living ether. The difference between several versions of this apparatus is 
that of shape of materials used. In order to get increased power electric current may 
be used. Since the same appears to consist of positive and negative particles that 
try to find equilibrium, the amount of liberated ether particles within the wiring of 
the apparatus and the diameter of the wire formed ether vortex will increase with the 
spun off ether particles. 

In drawings 1 through 5 an ether radiating device is shown. Within the apparatus 
the arrangement of the metal wiring is formed in a spiral that will cause ether 
particles to spin in a predetermined direction so that the living force can be 
utilized in many ways. 

The version in drawing #3 shows the wire is formed in spiral configuration on 
both sides of plate E and is connected in the center. Through this arrangement the 
ether particles will accumulate in the center of the disk and be thrown forward. In 
order to achieve a longer path for the ether vortex one may utilize a chain instead of 
a simple wire which consists of horizontal displaced links (drawing #5). The disk is 
intended to cause physiological changes in humans (see drawing #1). 

Patent request: An apparatus for therapeutic purposes with direct or indirect 
suggestion consisting of a non conductive disk (E), free standing or installed in a 
tube, where both sides of the disk contain spiral wound wire with the side toward the 
light exposed as the collector and the opposite the radiating portion. 


Fig. 2 


Figs. Fig. 4 
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‘March-April 1988 JER, 
VIEW FROM THE BORDERLANDS 
by Tom Brown 


NATORAL ELECTRICITY 
Erst Lehrs, writing in MAN OR MAT- 
‘TER aboutearly views by Volta and Galvani 
on electric fish, provides insight into the 
nature of animal electricity. “The electric 
‘organ of such a fish consists of many thou- 
sands of little piles, each made up of a very 
great number of plates of two different 
kinds, arranged in alternating layers. The 
‘twokinds differ in substance: inonecasethe 
plate is made from a material similar to that 
present inthe nervous system of animals: in 
the other the resemblance is to a substance 
‘present inthe muscular system, though only 
‘when the muscles are ina state of decay. In 
this way the two opposing systems of the 
animal body seem to be brought here into 
direct contact, repeated many thousands of 
times, 

“In the electric fishes, accordingly, 
sensation and will are brought into a pecu- 
liar interrelation, For as a result of the 
spatial fixation and the state of deterioration 
of its bodily foundation the animal’s wil 
pole is related to its bodily foundation in a 
‘manner which otherwise obtains only be- 
‘ween the nervous system and the psycho- 
logical processesco-ordinsted witht. These 
fishes have the capacity to send out force 
‘currents which produce inother animalsand 
in man ‘concussion of the limbs’, or in 
extreme cases paralysis and even death. 
When contemplated with pure observation 
this phenomenon tells us that in cases of 
minor strength, this force causes processes 
of a volitional character in bodies affected 
by it. Through stronger effects the organic 
system which serves the will ofthe creature 
involved passesinto disuse, either foratime 
‘or for good. By describing the process in 
this way we realize that electricity appears 
here as metamorphosed animal will, which 
takes this peculiar form because part of the 
animals’ volitional system is assimilated to 
its sensory system in an exceptional man- 
ner. 

“It is known today that what nature 
reveals so strikingly in the case ofthe elec- 
tric fish is nothing but the manifestation of 
principle at work in the bodies ofall beings 
‘endowed with sensation and volition ~ in 
‘corporeal terms, with the duality of a ner- 
‘vousand amuscilar system and therefore 
at work also in the human body. Observa- 
tion has shown that the activities of these 
two systems in man and animal are accom- 
panied by the occurrence of different elec- 
tric potential in different parts ofthe body. 
Manifold in detail though the relevant ob- 


servations are, they all confirm a definite 
correlation of negative electricity with the 
nerve-and-sense pole (sensation) and of 
positive electricity with the blood-and- 
muscle pole (volition).”” From MAN OR 
MATTER, © 1958 Emst Lehrs, Rudolf 
Steiner Press, London, 

‘Thus we see that natural electricity is 
formed by processes which can be mirrored 
in non-living matter. But if we can have 
‘access to the primary form of the energy 
‘why pursue the secondary, and seek out that 
“‘magic frequency” that will cure AIDS, 
cancer, and assorted body clogs that go 
under fancy medical names? The answer is 
that everyone has their individual path to 
travel. Spiritual healing sometimes takes a 
long time, while an electronic device may 
‘getthe person back on the track oftheir day- 
to-day life. The spiritual lesson of the 
sickness is buried forthe future, Blectricity 
isthe subsensible force, but itis areal foree 
with the ability to alter the functioning of 
the hnman body. 


November-Decomber 1989 JBR. 
VIEW FROM THE BORDERLANDS. 
by Tom Brown 


MWO NOTES 
The work of Georges Lakhovsky continues 
to be of strong interest. Thave been inves- 
tigating the Lakhovsky MWO for about four 
years now and my views have consistently 
‘changed with new information. BSRF's 
MWO Handbook is getting quite popular! 
However, my views have changed some- 
‘what since doing that book, and eventually 
anew edition will hve to be put out to keep 
up with the new data. 

‘What was Lakhovsky really up to? 
‘Well, his basic experiments were with cop- 
per wires which were circled around plants 
Lakhovsky felt that these rings were acti- 
‘vated by cosmic radiation. Lakhovsky was 
‘extremely interestedin subtle energies, such 
as those that guided birds on thoir migra- 
tions. Thecopperrings, when placed around 
plants, would heal cancers in the plants, 
‘THE SECRET OF LIFE, Lakhovsky’s best 
known book in English shows pictures of 
these experiments. Lakhovsky then moved 
to bring these healing energies to humans. 

Lakhovsky also intuited the DNA spi- 
ral coil inthe center ofevery cell ong before 
anyone “discovered” it. He felt that a 
properly generated multiple wave electrical 
field would make the coil in each cell reso- 
nate at its proper frequency, just asa tuning 
fork resonates when its frequency is struck 
on a nearby similar fork. 

‘Today’ sconceptions ofa Multiple Wave 
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Oscillator (MWO) are quite different from 
‘what Lakhovsky was really doing, Lak- 
hovsky tried to reproduce the healing ener- 
gies of the cosmos by electrically energi2- 
ing coils to produce energy fields which 
apparently regenerated aberrant cells along, 
the ines ofhis theories. Lakhovsky first did 
this by producing an antenna, comprised of 
‘concentric copper tubes, the outer one being 
‘energized with two wires from his power 
source. Our impression of his antennas is 
‘that they were log periodic, that is logarith- 
mic in nature (Lakhovsky doesn’t come 
right out and say this, but his patents are 
definitely worded to cover such an arrange- 
meat). New data coming in (but not yet 
verified) tells us that these copper tubes 
were filled with one or more of the noble 
‘gasses (also called rare, or inert gasses). 

‘As anyone could guess, these antennas 
would be somewhat hard to manufacture, 
Lakhovsky then miniaturized the antenna 
‘and inserted it ina gas bulb. His US patent 
¥2,351,055 says vacuum bulb, but also cov- 
cers low pressure gasses. There aretwomain 
keys here, One is the log periodic antenna, 
All higher forms of life are based on loga- 
rithmic pattems, from fems to humans. 
Lakhovsky was creating a structure in the 
ether which would bring cells into proper 
functioning, The other is the vacuum / ow 
pressure gas effect. For those who wish to 
Understand the potent effect of the vacuum 
on life then the reading of The Nature Of 
Substance by Rudolf Hauschka is required. 
According to Walter Russell the noble gas- 
ses are the octave matkers in the harmonic 
spiral ofthe elements, which also exists ina 
logarithmic pattern. 

I recently visited with Dr. Norman 
MeVea of Stinson Beach, California. 
Norman has several high frequency ges 
‘tubes built trying to understand what Lak- 
hovsky and Royal R. Rife were up to. 
‘Norman has a MWO built of 12 glass con- 
centric rings with various noble gasses in- 
serted in them. When we checked it out it 
was running at 60 cycles, pulsed at 7.8 
cycles. My recommendation to Norman 
‘was to run the unit with a radio-frequency 
oscillator which can be tuned from 1 to 30 
‘megacycles, and modulated with a variety 
of sources for research. Norman has pro- 
duced the most unique MWO T’ve seen in 
ourmoder times, and he is certainly on the 
right tack. Hei also working to reproduce 
Rife’s high-frequency gas bulbs. 

‘The Key to Royal R. Rife’s frequency 
instrumentisalso theuse of the noble gasses 
‘energized at high frequency (possibly 4.5 
‘megacycles), which were then modulated 
‘with specific musical tones. Lakhovsky's 
units were energized similarly, but used the 


‘frequency-independent log periodic anten- 
nas, giving abroad band of treatment, rather 
than the specifics of Rife’s units, In many 
‘ways these two pioneers were working with 
the same keys, 


WHO DUNNIT? 
Rife and Lakkhovsky have another similar- 
ity, that is, that people today are building 
equipment obliquely related to their work 
and offering them as original, or “improve- 
ments,” This needs serious examination, 
‘The last two years has brought on an under- 
ground cult of so called “Rife Frequency 
Generators.”” There are hordes of these s0- 
called “Rife” units being sold which are 
‘merely fancy variations of TENS (Transcu- 
taneous Electrical Nerve Stimulation) de- 
vvioes. ‘The conception for these units, usu- 
ally producing square audio waves, comes 
from John Crane who knew and worked 
‘with Rife in his later years. John has affida- 
vits from people who swear that they were 
healed from cancers and such by his square 
‘wave units in the early 1960's. It is ex- 
‘tremely important to note that Rife’s work 
fn the 1930’s through the 1950"s was with 
high frequency gas tubes and all is docu- 
mentation covers those units, History is 
rapidly becoming blurred inthe raceto cash 
in on people's poor health. 

Modera purveyors of the so-called 
“Rife” equipment are making several er- 
rors: The first is that they claim that Rife 
developed the use of the square wave gen 
cerators with electrodes. That is incorrect, it 
‘was John Crate (which makes Crane a pio- 
neet of TENS research!), The second is that 
they claim that Crane’s equipment was junk 
and would never work. Maybe the equip- 
ment wasn’t of the highest quality (we have 
‘anoriginal unit in ourcollection!) but Crane 
does have a lot of signed affidavits, several 
of them in our files, claiming that the units 
worked on specific diseases. In general, 
people are being misled in orderto sell them 
‘equipment they probably don’tneed. Thatis 
‘a bad reflection on the field of eleotro- 
‘therapeutic research. 

Perhaps these modem “Rife” (TENS) 
units have some merit in killing certain 
types of pathogens. I've spoken with many 
people who were completely dissatisfied 
‘with their so-called “Rife” units, and I've 
spoken with two people who have claimed 
that they have killed infections such as foot 
rotand herpes. Maybe they do, but forall of 
thethousands ofdevices being putout where 
isthe documentation? Whereis the proof? 
Thave seen Crane’s affidavits of the early 
1960°s, but have seen no medical studies 
from anyone, not even basic notes!!! There 
is obviously a very important bit of work to 


do in researching the effects of pulsed DC 
on the human body. TENS units kill pain, 
that has been clinically documented. The 
claims ofthe so-called “‘Rife”’ unitsare just 
that ~ claims, and unsubstantiated to boot. 
Until any substantial research work is doue 
in this area I would recommend that people 
donot follow the mob hysteria which shrewd 
‘hucksters have instigated over Royal R. 
Rife’s work. 

Lakhovsty’s story is similar, All the 
units being built today are based on Bob 
Beck’s early 1960°s interpretation of 
Lakhovsky’s first patent (#1,962,565), Af 
‘er four years oflooking atthese devicesand 
readingLakhovsky’s patents and books ve 
com to the conclusion that Bob was misled 
by the patent. From an electrical engineer's 
viewpoint Bob’s units make sense, From 
the standpoint of understanding subtle ener- 
‘gies within and surrounding the body the 
“units are merely RF noise generators which 
have questionable effects on the body, and 
ost likely interfere with natural energetic 
processes (chi flow, etc.). The Beck MWO 
is a variation of one of Tesla’s clectro- 
therapeutic devices, the variation being that 
‘Tesla Went to great pains tomake the anten- 
nas spark-proof, and Beck's antennas spark 
away. Lakhovsky’s units didn’t spark ei- 
ther! 

‘What makes this more interesting is an. 
article which appeared some months ago in 
the Health Freedom News, titled Who 
Dunnit? by Mike Brown, Mike givesa weak 
case for his view that Lakhovsky was inept, 
that his earlier units didn't work, and who 
needed Tesla to fix them up and make them 
‘work. Perhaps Mike didn't notice that 
Lakhovsky’s SECRET OF LIFE, which he 
‘sells to promote his units (in the ad follow- 
‘ing the article), is based on the units he 
claims in the article didn't work! Mike 
tefers readers to Tesla’s article High Fre- 
quency Oscillators For Plestro-Therapentic. 
And_Other Purposes (Lectures, Patents, 
Articles by Nikola Tesla, Beograd, 1956), 
but failsto notice that Tesla’sarticle contra 
dicts what he is doing with his units. I 
‘wonder how that article gotpast the editors? 


CORRECT DIRECTIONS 

Lakhovsky was a brilliant scientist, highly 
regarded on the European continent, His 
name comes up in many books, most re- 
cently T found him referenced in Lilly 
Kolisko’s AGRICULTURE OF TOMOR- 
ROW. Ifheand Tesla met, 'm sure it was 
formorethan to fix poorly engineered units. 
“There are three types of units that I feel 
should be built for research into this area: 
Oneis Tesla’s oscillator circuit, The higher 
quality Beck MWO units, such as those 
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built by Klark Kent, can be converted feirly 
easily. Usetheunit’s powersupply asis, but 
for antennas use insulated copper plats (or 
spheres, as Tesla preferred for maximum 
effect) coated with heavy dielectric mate- 
rial such as beeswax. Eliminate the spark- 
ing! A necessary design change for future 
units will beto change the %4 wave coil to'% 
wave, 

The second is a reproduction of 
Lakhovsky’s Tube MWO, It will take min- 
faturizing the Golden Ratio antennas that 
Eric Dollard designed for the MWO and 
i them into low-pressure rare gas 
bulbs, which will then be driven at high 
‘frequencies. It is my estimation that this is 
the best way to pursue Lakhovsky’s high 
frequency researches, The mathematics for 
‘the antenna, along with further reference 
taterials on log periodic antennas, are in 
‘The Lakhovsky MWO Handbook. 

‘The third is a reproduction of Rife's 
original type of equipment being a rare gas, 
‘bulb driven at high frequencies, modulated 
‘with musical tones. This will take RF 
‘roadcastequipment and arare gastube. No 
electrodes! 

Its time that researchers in this area 
begin to go in the correct direction. Bob 
Beckmadeanoble effort in the early 1960°s 
with his conception of the MWO, and gave 
people something to work with for25 years. 
‘That phase is definitely over and anewone 
beginning. 

‘The “Rife generator” craze should be 
stopped now before it takes people another 
25 years to find they've been misled. Seri- 
ous research into the effects of pulsed DC 
should be undertaken by those with the 
wherewithal, 

‘And Keep it uppermost in your mind 
thatelectricity is asub-sensibleforce. Inthe 
borderland sciences one should look to the 
superseusible, such as Dr. Wilhelm Reich’s 
orgone energy (which, by the way, reactsto 
electricity in such a way that makes it detri- 
mental to the human body), and the human 
vital energy such as is utilized in Biocireuit 
research (as begun by L.B. Beman). 


snuary-Rebruary 1990 JR, 
VIEW FROM THE BORDERLANDS. 
by Tom Brown 


‘THE WONDROUS 
ELECTRICAL FORCES 

Electrical research is a primary area of 
borderland research. While the term “oc- 
cult” puts many people off, it should be 
realized that electricity is an occult force 
Whose effects we only see when equipment 
is properly engineered. Four to five hun- 


dred yearsago onewouldprobably bebumned 
atthestakeifit wouldhave been possible for 
‘them to demonstrate electrical devices. 

Electricity is considered by some to be 
‘a degraded form of the Light Bther, that the 
‘etheric force gets bound up in matter in a 
‘way that itcan be used. But being bound up 
in matter it provides mankind with the op- 
tion of using it properly or improperly. 
Many articles on the detrimental effects of 
electric fields have been published, and 
‘more studies are no doubt underway on this 
mportanttopie. There arealso somerecords 
of electro-therapentic devices that used this 
force forhealing. Tesla envisioned aworld~ 
wide electrical power system and did the 
basic testing to show himself that t 
was viable, and needed but to be 
‘built, Tesla was a man of great 
intellect andwasa reader of Goethe 
‘and other great minds. One would 
feel that he was in some way famil- 
iar with Goethe's Farbenlehre 
(olor theory). ‘The type of elec- 
tricity being sent around our globe 
‘on wires is of a different, lower 
form that that of Tesla’stransmtis- 
sion of electricity without wires. It 
is quite possible that Tesla’s elec- 
tricity was of a beneficial nature, 
Tesla did research into electro- 
therapeuticsand wasno doubtaware 
‘of both beneficial and detrimental 
effects. With the power system he 
‘envisioned online wemay nothave 
‘ended up with the electrical prob- 
Jem we are justbeginningto see the 
“tip of the iceberg” of. 

This point needs clarification 
and elaboration beyond what most 
people now imagine. We periodi- 
callymention certain aspects ofDr. 
Lilly Kolisko’s experiments with 
the crystallization of metallic salts 
rising contra gravity. These ex- 
periments were done to establish 
‘whether or not the planets had any 
direct connection to the metals as 
alchemical lore supposed. 

‘The connections she investigated are 
Gold-Sun,Silver-Moon, Mercury-Mercury, 
Copper-Venus, Iron-Mars, Tin-Jupiter, 
‘Lead-Saturn, For exampleDr. Koliskowould 
take gold chloride solution (196) and allow 
‘a portion of it in a laboratory dish to climb 
‘a segment of bloter paper. As it dried the 
fine details of crystalline form could be 
seen. After many experiments the charac- 
teristic form of each metal’s salt could be 
comprehended. It was scientifically estab- 
lished that the actions of cosmic bodies 
‘would have direct effects upon the crystal- 
lizing actions in the lab. Gold chloride 


‘would not crystallize properly during sev- 
‘eral solar eclipses that Dr. Kolisko reported 
on (1927, 1947). A darkening effect was 
noticed on these slides. 

Just recently I came across this in the 
reoollections of Dr. Rudolf Hauschka, 
founder of Wala Pharmaceuticals: ‘In the 
courseofrescarchesintothe delicatechanges 
in matter which are revealed in the capil- 
lary-dynamic method, an alarming symp- 
tom came to the fore, At one of the Easter 
conferences of the Anthroposophical Doc- 
tors? Working Group in Comburg in 1964, 
Frau Kolisko, the past-master of the capil- 
Jary-dynamic method, spoke on “Gold and 
the Signs of the Times.” In earlier years she 


hhad demonstrated by means ofthe Steigbild 
(literally isingpictures, also knownaschro- 
‘matograms) the connections between the 
‘metals and the planets, and in particular the 
‘effect on gold of an eclipse of the sun, 
Duringaneclipseofthesunthe gold Steigbild 
which normally glows with beautiful col- 
ors, shows a darkening and the emergence 
‘of grey formations. Frau Kolisko now 
showed a series of gold Stefgbild produced 
in the last years almost hourly and at all 
times of the day and of the year. Without 
exception all of them showed the same 
sinister dark formations which hadappeared 
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carlicr, inthe first half of the century, only 
atthe time ofa sun eclipse. She closed her 
lecturewithaquestionto the doctors, namely 
whether, considering the change now in 
gold, they could still be answerable for its 
‘seasamedicine. There wasnodoubtabout 
itt since the middle of the century gold had 
become different — it was sick, Or, to 
‘express it differently, the connection be- 
tweea the spheres of the sun which stream 
down and the metal which they permeate is, 
disturbed.” 


ELECTRICITY: 
‘THE MAIN CULPRIT 

‘The main culprit inthis sickness of earthly 
matter is none other than the elec- 
trical environment that has mani- 
fested on this planet. Certainly 
there were radio communications 
going during Dr. Kolisko's early 
‘experiments, butas this chart from 
Trevor Constable's COSMIC 
PULSE OF LIFE shows, the post 
‘WWlenvironment washeavy with 
these signals, culminating in 
today’s total saturation point. 
Imagine what the Steigbild would 
have shown in previous centuries 
before the electrical force began 
its manifestation. 

‘Nuclearproliferationsmustalso 
‘be considered as adding to this 
‘phenomenon, but electricity is the 
degraded form of the light ether, 
‘whose source the sun is related to 
‘gold, Walter Russell, in ATOMIC 
SUICIDE, indicates that thespread 
of nuclear energy will destroy the 
‘atmosphere surrounding thisplanet 
and now scientists are scratching 
their heads as the hole in the plan 
etary ozone layer gets larger. (OF 
course chlorofluorocarbons and 
‘New Zealand sheep farts have all 
been blamed for the ozone deple- 
tion, but nuclear energy is a pri- 
mary cause.) This atmospheric 
destruction could well aid in cut- 
ting off gold from its cosmic wellspring of 
life. 

Rudolf Steiner had many insights into 
the truenature of electricity, itsrelationship 
‘to humanity and ts role in our future. Per- 
‘tinent to the matter at hand let us consider 
‘the following remarks, a portion of his an- 
swertoa question about electrical treatment 
of animal fodder: 

“You must consider the whole part 
played by electricity in Nature ... to the 
effect that human beings cannot go on de- 
‘veloping in the same way in an atmosphere 
permeated om all sides by clectric currents 


and radiations. It has an influence on the 
whole development of man. This is quite 
‘true; man’s inner life will become different 
if these things are carried as far as is now 
intended. Itmakesa difference whether you 
simply supply a certain district with steam- 
engines or electrify therailway lines. Steam 
works more consciously, whereas electric- 
ity has an appallingly unconscious influ- 
ence; people simply do not know where 
certain things are coming from. Without a 
doubt there is a trend of evolution in the 
following direction. Considerhow electric- 
ity is now being used above the earth as 
radiantandas conducted electricity tocarry 
the news as quickly as possible from one 
place to another. This life of men in the 
midst of electricity, notably radiant elec- 
tricity, will presently affect them in such a 
way that they will no longer be able to 
understand the news which they feceive so 
rapidly. The effect is to damp down their 
intelligence, Such effects are already to be 
seen today. Even today you can notice how 
people understand the things that come to 
‘them with far greater difficulty than they did 
a few decades ago. 

‘Itis aremarkable fact that whenever 
somethingnew appears, as arulein theearly 
stages itisheraldedasaremedy—ameans of 
healing. Then the prophets get hold ofit. It 
is strange, where anew thing appears, clair- 
‘yoyant perception is often reduced to.a very 
‘human levell Here is a man who makes all 
sorts of prophecies about the healing pow- 
‘ers of electricity, whereno such thing would 
previously have occurred to him. Things 
‘become fashionable! No one was able to 
imagine healing people by electricity so 
Tong as electricity was not there. Now—not 
because it is there, but because it has be- 


clnimedasameans ofhealing. Hlectricity— 
applied as radiant electriity~is often no 
‘more ameans ofhealing than it would be to 
take tiny little needles and prick the patient 
allover with them. Tt isnot the electricity 
it is the shock that has the healing effect. 

“Now you must not forget that elec- 
tricity always works on the higher organiza~ 
tion, the head-organization both ofman and 
animal; and correspondingly, on the root- 
‘organization in the plant. It works very 
strongly there, If... you pour electricity 
through the foodstutis—you create food- 
stuffs which will gradually cause the animal 
that feeds on them to grow sclerotic. Itis a 
slow process; itwillnot be observed at once. 
‘Electricity will not at first be recognized as 
the cause; it will beascribedto allmanner of 
other things. 

“Blectricity, once and for all, is not 
intended to work into the realm of the liv- 


ing—it is not meant to help living things 
especially; it eannot do so. Yoummust know 
that electricity is atalower level than that of 
living things.” (ftom Agriculture by Ru- 
olf Steiner) 

‘How pertinent and timely these words 
are today on many levels of borderland 
research, Hlectrical/electronicmedicinehas 
the glamorous position on stage at most of 
theconferences,andinmany people's minds, 
in today’s ‘borderiand’ field. People are 
racing to buy instruments which are de- 
signed by electronic engineers with little or 
no training in the comprehensive constitu- 
tion of humans. Its the fashion! There is 
xo consideration that true healing comes 
‘rom the spiritual realms, thatthe spirit is 
always healthy, and that dis-ease comes 
from a condition where the various subtle 
levels ofthe body are not aligned properly 
‘with the physical. 

‘These electrical instruments have the 
potential to produceapparentresutsintreat- 
‘ng disease symptoms. But what ofthe long 
term effets ofthe subseasible electric eur- 
rent? Considering the alarming state of 
affairs viewed through the information just 
‘presented I pose the question to the reader, 
Do you prefer the natural or the unnatural 
forms of treatment?” Many people flock to 
‘electronic medicine because they feel that 
thepetro-chemical drugsthat are prescribed 
by the medical establishment ae detrimen- 
tal to their long term health. Very possibly 
so, but will electricity be any better? What 
about your own vital energy and its relation 
to cosmic life forces? 

“Electrical stimulation ofthebody treats 
‘a symptom and fails to allow for the body's 
natural healing process. Aselectrcity isan 
cexternalized part of humanity's inner voli- 
tional force we can see that there will be 
Aefinite effects ftom the subsensible cur- 
reat, Butthe effects will berelative and the 
{nnerhealing processput onsecondarymode, 
Blectro-therapy, while emerging asa viable 
‘medicine of the future, still ignores the 
‘natural healing process, 

‘This does not mean that we should not 
research electro-therapy. Inwhatmay seem 
contradiction to many readers, [am 100% 
for further research into thisarea. Itwillno 
doubt be of benefit to many. Our relation- 
ship with electricity is one of the greatest 
questions ofourtime, Peopleunconsciously 
Use this force, and the results are such as 
those noted by Lilly Kolisko. Electricity is 
intimately connected to the Life Force, but 
‘great care must be taken not to confuse the 
two. Electro-therapeutic research helps 
define the boundaries, and thusis of interest 
‘to Borderland Researchers, but it certainly 
‘does not mean T recommend 
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‘Mar-Apr 1990 JBR, 
BSRF Bulletin Board 


‘MWO QUESTIONS: 

Your comments re the MWO in the Nov- 
Dec 89 JBRare of much interest and raise 
the following questions in my mind: 

1. Will yoube publishing any information 
by Dr. Norman MeVea? 

2, How can the Kent units now in circuls- 
tlon be converted to produce a 1/2 wave? 
Perhaps Klark would be willing to pub- 
lish an article on this or be willing to do 
the converting for a price. 

3. Has any member ever tried ¢o obtain 
any information on the circumstances of 
Lakhovsky’s death? About three years 
ago a reference librarian made a serio\ 
effort for me to obtain any information 
Lakhovsky, with absolutely no success. 
Perhaps there was an obit in the NY 
‘Times at the time he died, assuming that 
4s where he was at the time. 

4, Where in the world would we obtain 
copper spheres like Tesla used? Perhaps 
a member can suggest a source. 

PVP. 

California 


Tn answer to your questions: 

1. Norman McVea has sent us in a bit of 
material on his latest oxygen researches. He 
has opted for the oxygenation approach 
instead of the electrical, 

2, 1 don’t know about conversion of Kent's 
units to 1/2 wave, you should check with 
‘him on that. Itwill probably be easier tose 
itas itis— they are good power supplies for 
‘experimentation — and in the future engi- 
neer units with more refined outputs, After 
reading my column Klark added a rare gas 
tube assembly to his “Rife”” units. He has 
always listened to other people and has 
‘constantly worked to improve his units. 

3. Ifany readers have info on Lakhovsky's 
death, ois life for that matter, these pages 
are open to pursue the matter. 

4, Anybody know where to get copper 
spheres? Tesla also used copper plates 
‘coated with a heavy dielectric, 


‘September-October 1990 JBR 
BSRF Bulletin Board 


MWO EXPERIMENTS 
T have been very fascinated with your 
Journal. Thank you for the now world 
youkave opened uptome-For thelast few 
‘months Thave begun to workonanMWO. 

have completed the antennas but 
did not do as well with the Tesla-col. 1 
decided to buy the ready made coll from 


“«@dmonds”. I connected the secondary 
to the center of my antennas and did get 
some action in the form of a purple glow 
around thethird and fourth smaller rings. 
ean only assume that I need more power 
tothisunitalthoughIwas““Quite” pleased 
at the limited reaction on my first at- 
tempt. would iketoreach outtoa fellow 
member who might be able to help me 
with some advice at this point. 

‘Any advice you would send my way 
‘would be greatly appreciated, 
PD. 
New York 


‘Naturally, the quality of output of any elec- 
trical device is dependent on not only the 
‘quality of materials, but also the geometry 
ofstructure and arrangement. Thebetterthe 
coil, thebetter the antenna, the more refined 
the fields will be that are put out around the 
device. As Ihave pointed out in the article 
‘mentioned above in my remarks about the 
“Rife” devices, thetypes of “Lakhovsky”” 
‘MWO’s being built today vary quite a bit 
from what Lakhovsky was actually building 
‘and using himself, 

Lakhovsky used very refined electrical 
designs ané probably log-periodic antennas 
with both poles of a Tesla coil feeding the 
utsidering in such a manner that there was 
a logarithmic, electro-magnetic structure 
oscillating in space which apparently had 
quite beneficial effects on living organisms. 

‘The modem variations, based on Bob 
Beck's schematic of 1963, feed one pole 
{nto an antenna (and the other into a second 
antenna), creating a dielectric field, which 
when it collapses, due to the rings on the 
‘antennas, creates unnecessary sparking and 
random radio-frequency noise with ques- 
tionable effects. It is an organic system 
alterant, but is quite different electrically 
from Lakhovsksy's original equipment. 


‘Nov-Dec 1990 JBR, 
BORF Bulletin Board 


‘THAT MWO AGAIN 

recently purchased your MWO HAND- 
BOOK. In the book are many references 
to the “Golden Ratio”. I was unable to 
determine what the mathematical basis 
for the Golden Ratio is. I have other 
material which describe the Golden Sec~ 
tion, and it is a ratio of .618 to 1. The 
closest I came to a value for the Golden 
Ratio is from the MWO antenna data on 
age 188 of your book the ratio appears 
tobe 1.27:1. Could you please clarify the 
‘mathematics ofthe Golden Ratio antenna? 
BCS, California 


+ I recently purchased THE LAKHOV- 
SKY MWO HANDBOOK. I am in the 
process of building an oscillator, Ihave 
all the parts except SKv .00Smf eapaci- 
tors. No electronic store in Alaska has 
them, or knows howto get them. Lwould 
appreciate it if you would send the ad- 
dross of either the manufacturer or an 
electronic store that carries 6Kv .005pE 
‘capacitors. Ihave one more question. Do 
youknowofa meter or electronic appara- 
tus that measures the amount of energy 
Ievel the human body produces? Itseems 
‘that like fingerprints, all human bodies 
are differentin theamount ofenergy they 
use or produce, Ifone can coordinate the 
‘energy level of the oscillator to that ofthe 
body far less damage would be done and 
far greater healing potential be made. 
SN. 

Alaska 


For the first question, the Golden Ratio 
‘antenna uses the golden ratio as a base, but 
it was engineered to conform to other con- 
siderations of antenna propagation. Tt is 
‘what iscalled a log periodicantenna. These 
‘antennas are based onthe square root of phi, 
‘that is the inner ring is multiplied by the 
square root of phi to get the next ring, or 
inversely the outer ring is multiplied by one 
over the square root of phi to get the next 
inner, etc. This provides the Golden Ratio 
mathematics (every other ring is phi re- 
Ite. 


MWO NEWS FROM FRANCE 
T-d like to mention with regard to “Elec- 
tricity the Main Culprit” that just after 
the war, Gurdjieff wrote a chapter in his, 
book ALL AND EVERYTHING entitled 
“‘Beolzebub says that man’s capture and 
subsequent destruction ofelectricity from 
nature is one of the main causes of the 
eduction in the human lifespan.”” And 
you are lucky in the US. In Europe we 
hhave a 230V system that is far more 
‘harmful than yours. 

‘A final comment on the MWO which 
seems as popular asever. When Ilived in 
Paris I made the acquaintance of 
Lakhovsky’s son and saw two of the 
MWO?s built by his father in operation. 
‘The demonstration was very impressive 
but it didn’t last too long because the old 
units interfered seriously with radio and 
television reception in the area. They 
were very big units, about as large as an 
early TV set. Idon’t know where they are 
now since he later loaned them to friends 
living in the country. 

RC. 
France 


112 


Very curious quote from Gurdjieff as it 
‘concurs with what Steiner indicated, that 
‘electricity makes living things sclerotic. If 
‘perhaps you wouldn't mind searching your 
memory a bit more [have question about 
Lakovsky’s device: You say it interfered 
with radio and television reception. Was 
this from internal spark gaps o did any unit 
you see arc between antenna coils. The 
pictures in THE SECRET OF LIFE indicate 
‘that the then necessary spark gaps were 
interior to the unit, and the pictures of the 
effiuvia coming off the anteana are obvi- 
ously pictures of corona discharge and not 
arcing as in the units builtin the US today. 
Bob Beck, in his 1963 article on MWO's 
claims he built a unit from an original, but 
his antenna hook-up is quite different from 
‘Lakhovsky’ spictures. Many years fsearch- 
ing have failed to produce an original unit. 
‘Themodernunits are derived from the most 
obvious derivation of Lakhovsky’s first 
‘MWO patent, which is written to both pro- 
tect his design and cover infinite variations 
thereof. A detailed account of an original 
‘MWO in action would be of great value in 
this research. 


‘SOUTH OF THE BORDERLAND 
‘ThavoreadMarkClement’s THE WAVES 
‘THATHEAL and discoveredalittlepiece 
of information not included in the cur- 
rent edition to THE LAKHOVSKY 
M.W.O. HANDBOOK. In WAVES I 
noted short sentence indicating that one 
set of rings transmits energy through 
space which falls upon the patient's body 
and (it must be ascertained through ex- 
periment whether this is as I tell here or 
otherwise) Inter absorbed by the recetv- 
ing resonator which resonates it for re- 
broadcastinginto thepatient’sbody. Thus 
the true Lakhovsky MWO, and UNLIKE. 
the Beck-reconstructed model, would be 
amore-complexdeviceinvolvingfeatures, 
so-far unthought of. It must be ascer- 
tained what KIND of “receiving resona- 
tor”* Lakhovsky employed, ifithad or not 
special constituents not described at any 
of his patents included in the MWO 
HANDBOOK and what other features 
could be complementary to both. 
‘Another feature to be considered, 
and which I discovered in the photo on 
page 30 of Clement’s book is that there 
are two protruding spheres connected to 
the outermost ring of the Lakhovsky set- 
up. In the copy of the BSRF publication 
Thave, these two photographs are re- 
duced and with not the same kind of 
resolution of the work by Clement. Each 
protruding sphere is connected to a cable 
‘and following the path of least resistance 


the electrostatic current flows both along 
the metallic path of the outermost ring 
and the excesses accumulated from at- 
‘racting ether from the environment are 
projected towards the patient (in the case 
of the transmitter) and collected forreso- 
nating (in the instance of the recelving 
resonator). Alsonotice that therearetwo 
“bracing wires” to both keep the 
‘rings in place and at the same time 
‘ofulfllthe90*division determined 
for Earth by the metric theorems 
Which are the foundation of the 
Energy Grid! This adds another 
feature of complexity to the dupli- 
cation of the MWO, which carries 
‘theLakhovsky invention, again, far- 
ther from the Beck-built model. 
Please mention my paper 
‘SOME FREE-ENERGY DEVICES 
{for the MWO analysis I made is at 
best very incomplete, not including 
‘he feature of non-uniformity the 
true MWO does possess. 
Jorge Resines 
Buenos Aires, Argentina 


‘Thanks for your further insights into 
the MWO. I feel that a continuing 
Aialoguewilleventually producemore 
‘evidence as to what type of equip- 
‘ment Lakhovsky used in his success- 
ful researches into cell regeneration 
‘and how to best reproduce it. The 
resonator antenna setup on 
Lakhovsky’s original is more com- 
plex than the Beck MWO, as, like the 
primary antenna, italsohastwo feeder 
‘wires. The two spheres you mention, 
‘rom which brush discharges can be 
seen, have always struck me as the 
nus that held the heavy antenna onto 
its stand. Some mechanical contriv- 
ance was necessary and the mini- 
spheres fitthe bill withthe possibility 
that they may have been further con- 
figured to produce a specific capaci- 
tance, as our evidence indicates that 
Lakhovsky’s antennas were very pre- 
cisely built, probably log periodic. 
‘We have heard that Lakhovsky was a 
radiethesiest and would dowse the 
sites where he set his equipmentup. Hewas 
certainly info the subtle energies, and the 
French school was very precise in itsradies- 
thetic work, being the source material for 
muuch of Christopher Hills Supersensonics 
work. We have an unconfirmed report that 
the original tube antennas were filled with a 
rare gas such as argon. This would seem to 
bethe case as in Lakhovsky's second MWO 
patent he reduced the antennas and puts 
‘them into vacuum or low pressure gas bulbs 


(Gs the first, this patent is written to be very 
specifically vague). This wasmeantto bean 
‘improvement over the original units, and 
probably was. What it tells us is that the 
‘Beck’” units appear to be far from what 
Lakhovsky was doing and where he was 
‘going, though because ofmorethan 25 years 
of people building and using Beck modelsit 


iGap-spheres, 


Detail of outer ring on Lakhovsky’s 
original MWO antenna. 
Front view above, side view below 


Protruding 
Spheres 


[papsphers 


{shard find informationon the original. The 
“bracing wires” are supposedly silk. Their 
angle was probably determined solely by 
‘mechanical function. 

‘Wehave actually comeunderattack for 
our attempts to clarify the MWO story! In 
brochure put out by MWO salesman Mike 
Brown, Box 25, Pleasant Hope, MO 65725, 
‘we come in for the following treatment: 
“Then there are the characters who, withno 
formal training whatsoever, denigrate tings 
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[sic] they know less than nothing about. 
One outfit calling itself Borderland Re- 
search sent out a bulletin claiming that no- 
one today is manufacturing a Lakhovsky 
‘Multiple Wave Oscillator, “These charac- 
{ers arrived at their conclusion by compar- 
ingphotos ofa 1935 unitto ones being made 
today. The units don’t have the same exter- 
nal appearance. Quite often people 
‘with no formal training in electron- 
ies of electricity don’t understand 
that an electronic device and how it 
‘operates are determined by the cir- 
cuitry contained within the unit, not 
by the box it comes in.”” My com- 
mentsarethat thereare perhaps tings 
‘we don’t know but we do know that 
‘what is inside counts as much as the 
outside on the MWO. Thaveput five 
‘years of serious investigation into 
‘the MWO and would haveto say that 
‘what we published is the result of 
serious consideration by a umber 
of intelligent people-some highly 
‘tained electrical and mechanical 
engineets~interacting andexchang- 
ing ideas, We have published the 
‘evidence to support our contention, 
and have infact stated that if we can 
beshowntobe wrongthen we would 
like to know, that we have no final 
Conclusions, just some of the facts 
A.crude attempt to belittle BSRF’s 
research by ignoring the main facts 
does not change the facts and the 
facts are that the units pictured in 
Lakhovsky’s book THE SECRET 
OF LIFE are quite a bit different 
than the units being built today, in- 
dicated specifically by the antenna 
hookups, from which basic logic 
‘would indicate the need for a differ- 
centinteriorsetup. A thorough analy- 
sis of the basic differences between 
thetwo types ofunits canbe foundin 
‘The Lakhovsky Multiple Wave Os- 
cillator Handbook, edited by my- 
self, Tom Brown (no relation to 
Mike). Mike’s brochure then goes 
on to claim that “the equipment 
necessary to regrow arms and legs 
‘can be purchased at Radio Shack for 
about $10”, that is a “metal plate, copper 
‘wire, battery, and 100K-obm to 1.5Megohm 
resistor.”” Heck, if you can regenerate an 
‘amputated limb with a only battery and a 
resistor then why do we need all the elec- 
tronies in a MWO just to drive out mere 
‘cancerous tissue?! 

‘As a final note on this, I would like to 
point outthat electricity isasystem alterant. 
‘Whether it alters the system for better or 
worse depends on many other factors, in- 
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tively high med rating. LEDs rated between 
20,000mcd and 30,000med, with a view angle of 
30 degrees, are almost all green. 


Datasheets may often include a derating curve 
showing the lower limit that should be placed an 
forward current through an LED indicator when 
its temperature increases. In Figure 22-9, the LED 
should be operated only within the boundary 
established by the green line. 
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Figure 22-9. Safe operation of an LED entails limiting the 
forward current if the temperature increases, The green 
line shows the boundary for operation of this particular 
‘component. 


View Angle 
An LED formed from transparent epoxy or sili- 
cone (either water-clear or tinted) will create a 
well-defined beam with a view angle as narrow 
as 4 degrees or as wide as 160 degrees (in a few 
instances). The most common view angles for 
LED indicators are 30 degrees and 60 degrees. 


Datasheets for LED indicators often include a 
spatial distribution graph showing the relative in- 
tensity ofthe light when viewedat various angles 
from the axis of the LED. The spatial distribution 
graph in Figure 22-10 is for an LED with a view 
angle defined as 40 degrees. This is the angle at 
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which the relative luminous intensity diminishes 
t0 50%. 
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Figure 22-10. A spatial distribution graph shows the rela 
tive intensity of light fram an LED at various view angles. 


The view angle is of special concern in devices 
suchas flashlights, where the spread of the beam 
affects the functionality. 


How to Use It 


Like all semiconductor devices, LEDs can be im- 
paired by excess forward current and may break 
down irreversibly if subjected to excess reverse 
voltage. Their limits for reverse voltage are much 
lower than those ofa rectifier diode. They arealso 
vulnerable to heat, but are not particularly vul- 
nerable to static electricity. 


Polarity 
A through-hole LED will have two leads of un- 
‘equal length. The longerlead connectsinternally 
with the anode of the diode, and should be wired 
externally to the "more positive" side of a power 
source, The shorter lead connects internally with 
the cathode of the diode, and should be wired 
externally to the "more negative’ side of a power 
source. 


To remember the functions of the leads, consider 
that the plus sign would be twice as long as a 
minus sign if its horizontal and vertical stroke 
were disassembled and placed end to end. 
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‘cluding mental status and diet, As Trevor 
Constable pointed out back in the 1960s in 
this Journal, the healing powers attributed 
to the MWO could be caused by the etheric 
force rushing to suppress the life-negative 
electro-magnetic activity. Itisalso possible 
that any benefits coming from modem day 
MWOsare psycho-tronic in nature that is 
the mind is doing the cure and the instru- 
‘ment provides a physical anchor for the 
psychic energies. The actual operation of 
‘the equipment, the sparking and gross elec- 
trical output, is superfluous to the matter, 
‘other than in convincing the mind that 
someting is happening. 
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LAKHOVSKY’S ORIGINAL 
‘You ask whether the original Lakhovsky 
MWO had any arc between antennacoils. 
‘don’t remember any but to make sure I 
checked up with a friend who has worked 
onthe MWO and knowsit inside out. He 
was also present when I saw the device 
working. He tells me that there is defi- 
nitely no are between coils. The are 
‘occurs inside the machine after the “Ru- 
hmkorffcoil”. Healso saysthat there are 
‘wo tungsten plates which aredrawn apart 
and brought together manually. 

‘The other thing I remember is a sort 
of metal wand with a knob at one end 
which is used between the two units to 
treat people. At the time I saw it, one of 
the persons present had a bad back, The 
two MWO antennas were turned on and 
vere facing each other about 6 ft apart. 
‘The “wand” was applied to the sore 
back. I seem to remember that it kind of 
‘gave off sparks, but I’m not sure of this. 
T touched the wand and I could clearly 
feel something coming through. My 
knowledge of electricity isnil, however, if 
you have further questions, I could al- 
‘ways try my friend who should be able to 
answer them for you, 

RC, France 


‘Many thanks, as this confirms the evidence 
of Lakhovsky’s own pictures used in his 
‘books. Would yoube so kind as to ask your 
friend if itis possible to get a schematic 
(evena rough drawing frommemory) ofthe 
basic layout of the MWO, which we could 
reproduce on these pages, also any antenna 
‘construction details. Many questions re- 
‘main such as what components are in the 
‘metallic tubes holding the antennas up, and 
such (Eric Dollard finger-dowsed the pic- 
‘res of the tubes and felt it was an arrange- 


rent of capacitors and spark gaps ~ his 
basic MWO diagram, an intelligent guess of 
‘What Lakhovsky was doing, isin this Hand- 
book). “A basic schematic would probably 
‘be the most important piece of information 
todate, Pleasereadon,pothasbeenstred.. 


LAKHOVSKY ANTENNAS 
I got my Nov-Dec 89 Journal where it 
‘shows an update on Lakhovsky’s anten- 
nas. On page 181 of SECRET OF LIFE it 
alsoshows thesame thing, Takeamagni- 
fying glass and you can see it. I disagree 
with all the experts, it seems that they are 
chasing a phantom ghost. Lakhovsky 
gave us all his secrets in his book, all we 
have to dois read carefully. 

He could cure cancer and other ail- 
ments with a simple piece of copper wire. 
Lakhovsky wasn’tdumb, can yousee him 
‘telling doctors to cure with a piece of wire 
they would tell him to get lost, so he buil 
avery complex machine to impress them, 
also he would have something to sell. I 
think Beek’s machine is close except the 
antenna, Who came up with this alumi 
‘num foil glued to plastic? That’s where 
they fell on their face, Ifyouread page 75 
ofthe same bookhe repeats VIBRATES3 
times. That's why he hung his rings with 
silk thread, s0 it wouldn’t damp the VI- 
BRATIONS. 

Can you imagine a pipe organ with 
copper strips glued to a board? I have 
designed an antenna using copper tube of 
varying sizes held by fish leader that I 
think would work fine. I'd bet a penny to 
‘0bucks that Georgeused thin wall bronze 
tube as it will resonate better — but it’s 
expensive to fabricate, 

Louis A. Schad 
California 


Yup, I agree that Georges was no dummy. 
Hisbook showsplantcancers that havebeen 
cured viause ofa single copper wire single- 
coiled around the plant. He felt that thepre- 
matter cosmierays (or what l wouldcall the 
material pole of the etheric instreams) were 
“ringing” the coppercoil, ineffect creating 
a tone that would heal the plant. 1 got the 
impression, from studying Lakhovsky’s 
progress towards the vacuum (or low pres- 
sure rare gas) patent, thet in his equipment 
Georges tried to invert the process --excit- 
ing the ring with a post-material high fre- 
quency current that would create a healing 
tone, By using log periodic antennas (as, 
would be allowed under the MWO patents) 
a vibrant chorus would ring in the ether, the 
tones, viathestructure ofthe antenna, would 
be such that they could harmonize the func- 
tioning of the human body. 
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‘The aluminum foil antennas were de- 
veloped by Riley Crabb, as a low cost way 
for experimenters to make their own anten- 
nas without having to have printed circuit 
boards made, and many folks were quite 
happy with the results. The physical evi- 
dence now clearly indicates that the Beck 
‘unit is quite different from the original 
Lakhovsky unit for which the cell regenera- 
tion results were recorded. What I have 
termed the “BECK MWO” must stand on 
its own merits and it can lay no claim to 
Lakhovsky’s recorded results. As stated 
several times in the past Beck’s device is 
morelike one of Tesla’s electro-therapeutic, 
oscillators, except Tesla used copper sphere 
antennas, Coated with a heavy dielectric to 
suppress sparking. Beck’s unit would be 
covered under Lakhovsky’s original (and 
very generalized) patent, but research of 
Lakhovsky’s own material shows itis not 
what he used for olectro-therapeutic re- 
searches, To excite the antennas in the Beck 
‘manner will not create the same vibrating 
field that Lakhovsky’s antennas excitation 
circuit will. But it does create an electrical 
field that some claim is beneficial toa live 
body placed in its proximity. 

It makes much sense that the antenna 
should also vibrate physically as well as 
electrically. Ab... if we simply had an 
original unit to weigh and measure... 

‘Lou has sent us in a MWO of his own 
design with a single spiral antenna made of 
‘two twisted bare copper wires. We will be 
‘running a several part article on construc- 
tion and use starting next issue. This unitis 
reminiscent of the Sun-Ether disc of Oscar 
Korschelt, circa 1891, Havingsat in frontof 
a number of different operating MWO’s 
over the last six years I have to say that 
Lou's unit is the most exciting thing I've 
ever seen like this. Icould strongly feel the 
effect 10-12 inches away, and there was no 
electrical excitation ofthe antenna, rather it 
is physically vibrated. Thereis a low volt- 
age shocker that can drive the antenna 
through two smaller copper coils. It’s easy 
to build and use, simpler than the Beck 
‘nits, and should provide borderlanders with 
years of workable ideas. Lou will not be 
selling these devices but will provide com- 
plete building plans in the JBR. 

We received a call from Patrick 
Flanagan, He reports that he has a MWO 
unit built by Lakhovsky’s son in Paris. Itis 
a little box with a one tube white noise 
generator and it has a multi-stranded cable 
‘which wraps around the body. lt shows that 
the evolution of Lakhovsky’s device has, 
taken a different tum among those who 
actually knew what he was doing. This unit 
is based on the Radio-Cellular Oscillator. 


Also, Klark Kent (of Super Science, 
Box 392, Dayton OH 45409) just called to 
say that he has completed a run of Golden 
Ratio antennas from the original B.S.RF. 
artwork. These are double sided (with in- 
‘Verse gap strips, to simulate the ball capaci- 
tanceon the original tube antennas, on back) 
‘gold plated and are available from Klark for 
$100 cach. (These antennas have produced 
‘beneficial effects on plants without any 
electrical excitation. Many experiments 
‘can be done and the results quantified with 
Various protocols such as those used by 
Rudolf Hauschka and Lilly Kolisko.) 

‘There is no doubt that there is a new 
phase of MWO research being undertaken. 
For 25 years people built Beck’s model, 
with many people claiming beneficial re- 
sults, and others experiencing nothing but 
xno one keeping track of results for evalua- 
tion, Thanksto Bob Beck’s schematic (pub- 
lished by BS.RF. in 1963) the idea was 
‘kept alive and now people will have many 
{ideas to choose from in their search for 
‘measurable effects from energies ranging 
from the gross electrical to the fine etheric. 
‘Thanks to everyone who has interacted on 
this ongoing aspect of our researches! 


EVEN MORE LAKHOVSKY STUFF 
Some time ago I bought your excellent 
handbook of the Lakhovsky Multi Wave 
Oscillator and due to pressure of other 
things have only just found time to read 
it. Interesting because it parallels some 
esearch done by myself and friends, or 
should I say we duplicated some of the 
‘original. This was only to be expected as 
the entire principle is so outrageously 
simple, toosimplefor establishment minds 
to comprehend. 

I should like to offer a few ideas 
which might be of interest and in return 
would be grateful for some additional 
information. 

T helped develop the Betatron now 
sold by All-Source Systems, PO Box 596, 
Morton, WA.98356, The Betatron uses 2 
‘TVFlyback transformer andis very simi- 
lar to the Master Violet Ray devices. The 
nlcest feature is that the applicator is an 
‘ordinary clear light bulb. Even a burnt 
‘out one will do. There are differences; 
some makes of bulb will not work at al 
perhaps due to different gas fillings. The 
Betatron can also be used with the L 
Khovsky concentric antenna with spec- 
tacular results. This of course has been 
donein the book’s articles although as far 
as I know it was not actually copied, but 
was an obvious choice of experiment. 

I have tried out an improvement 
which I did not see in the Handbook or 


anywhere else, perhaps you will be inter- 
ested. TheStandard circuit whilst appar- 
ently covering a very wide range of fre- 
quencies, must, because of its inherent 
fixed Inductance andcapacitancehave its 
‘own natural fandamental frequency. Our 
Betatroniisaround 21 Kilocycles (refuse 
to use the meaningless term Kilo Hertz), 
and other units seem to be basically tuned. 
fo one fundamental even though they do 
strayand produce an almostinfiniterange 
of harmonics. 

My firstimprovementisto substitute 
a “Jacob’s Ladder” for the spark gap. 
‘This consists of two 1/4" copper tubes 
spaced 5/32" apart at the bottom and 
tapering outwards to 1” at the top then 
abruptly turning out at 1" radius. The 
spark travels up the ladder from bottom 
to top and is extinguished by the sudden 
{increase of gap, then begins again at the 
bottom. This sequence takes place at 
about2 second intervals. The wholepoint 
of this is, as the spark progresses up the 
ladder, the Iength of the tuned circuit is 
progressively increased, then suddenly 
decreased again ditto repeato. As the 
adder is about 9" Yong the length of the 
tuned primary of the Tesla coil is pro- 
gressively made 18" longer, then back to 
its original length, Thereby resonating at 
infinite numbers of frequencies within its 
range and delivering virtually the same 
ower at all those frequencies. 

‘A further improvement on this fea- 
ture is to make the ladder a Spiral Stair- 
case by using a solid rigid central elec- 
‘rode, saya" copper tubeand the spiral 
‘be wound in an ever increasing diameter 
onthe outside, the startbeing about5/32" 
gap and vertical to begin with, 

Alternatively the spiral can be the 
inside clement wound on a porcelain 
former such as is used in radiant “bow!” 
heaters with plain copper tube sur- 
rounding it or perhaps a perforated tube 
as used in decorative lighting fixtures. 
Thespark windsits way around thespiral 
statrease and alters the frequency ac- 
cordingly. The Spiral Staircase provides 
amuch longer path and morevariation in 
frequency range. Thave not yet perfected 
thisandruined a few porcelain formersin 
the process. It requires some exact pro- 
gressive increases in the travelling spark 
gap but there are no serious obstacles. 

Both the Jacobs Ladder and the Spi- 
ral Staircase have the advantage of easily 
‘cooling the spark gap. We had experi- 
enced problems due to overheating of the 
leetrodesina fixed gap, evenspark plugs 
‘transmitted the heat to other parts and 
carbonized insulation. The addition of a 
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cooling fan (the low power kind used in 
computers) providesacurrent of air which 
accelerated the progress of the spark up 
the Jacobs Ladder andmore importantly 
up the Spiral Staircase. The spark is 
sometimes reluctant to leaveits easy path 
at the base of the ladder and even more 
Feluctant to wend its winding way up the 
coll, but the air flow does the trick and 
keeps everything cool. 

The fan also helps remove Ozone 
from the enclosure. Ozone has the de- 
lightful habit of attacking insulation. Tt 
has also been blamed for respiratory ill- 
nesses. Tam skeptical of the latter as I 
have breathed plenty of Ozone and found 
itexhilarating. 

Master Violet Ray even included an 
Ozone Inhaler with its de-luxe model!lt, 
recommended for asthma, bronchitisetc. 
What's more M.D.s used it on their pa- 
tients, Certainly Ozone is about the only 
i which will quickly digest Carbon 
‘Monoxide in a hurry and it deodorizes a 
room when the cat has misbehaved. 

‘The Betatron and Lakhovsky ma- 
chine both can beused to destroy trouble- 
some warts and moles, by simply wrap- 
ping a wire around the electrode and 
applying the point of the wire to the 
offending growth. I had some trouble- 
some warts removed in this way by a 
Dermatologist. It was not until I got 
involved with this project that I realized 
the Dermatologist was using a Lakhovsky 
device. 

‘He anesthetized the area first but I 
have since got rid of warts and moles 
without this. Tt caused some ‘“Discom- 
fort” which asany mother knowsis worse 
than mere pain, but it was tolerable. 

T hope the foregoing vaill be useful 
and will not bein the leastsurprised ithas 
not already been done, but I would like to 
know what you think of it. 

Regarding Spark Coils. I recently 
found at the local Flea Market, a small 
spark coil about 3%" overall length 
dia, with a sturdy vibrator assembly and 
aturret mounted sideways. Itlooked like 
‘a sinall steam boiler in fact. Its labelled 
“Coil, Booster, Battery Operated. Type 
C1, 24 Volts DO Spec. #94-32182, Serial 
#96082, order #A,C 27073, Kelipse Avia- 
tion Bendix, NJ. Division of Bendix 
Corp. I don’t know what itis for but on 
L2voltsit delivers lively3/8" spark. The 
absence ofa Zip Code suggests itis fairly 
‘ld, but this is the ideal driver for a 
compact testa coll. I do not know if it 
contains condensers but I added some 
anyway. The adjusting screw has a click 
stop adjustment. Have you come across 


one of these? It works well on 6 volts 
which is just as well as it draws a lot of 
Juice and 8 D cells won't fire it. 

‘Nowa request for information about 
Lakhovsky Treatment and parts. Please 
Please. On my knees! Where can I 
obtain High Voltage Capacitors as used 
in theLakhovsky Machine?????? Ihave 
tried all the surplus stores I know of in 
thisarea but the highest voltage they have 
is 450, Irecently paid over $50 for a 660 
volt one for a 12 v trailer power supply 
and that was ordered spectally from New 
York. HELP! Teven tried making one 
from instructions in the Boy Electrician, 
‘a Sunday School prize from the 1930s, T 
used Acrylic 1/8" dielectrics instead of 
glass. They worked well for a time but 
soon tracked and failed. I don’t fancy 
using glass plates any way but I desper~ 


ately need some HV Capacitors at less 
‘han Pentagon prices. 

Re Treatments. One of the contribu 
tors to the Handbook reports that treat- 
ment with the Lakhovsky Machine re- 
sulted in the dis-appearance of underarm 
hair. (The report of decreasing under~ 
arm hair is from the Nov. 1968 Journal of 
Borderland Research by Mrs. E.H., Piqua, 
Ohio.) This is very interesting as Iam a 
heavy construction worker, and after a 
hard day at the office! like to drop in for 
a cool beer and fraternize with nice hot 
ladies. However, underarm odor which 
results from my dally exertion and defies, 
Right Guard AFTER for 2 hours, is a 
Repellant. I did find that shaving the 
offending fuzzhelped alot. Tearingit out 
by the roots was even better; itseemed to 
de-activate the sweat glands. 
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After I sprained my shoulder I used 
‘teBotatron all around the joint andhave 
noticed that underarm hair now grows 
much more slowly, and I have much less 
trouble with B.O. I used the Betatron 
frequently and the Ozone removes any 
residual stink... 

NOW the Big question. Has anyone 
succeeded in using the Lakhovsky ma- 
chine to stimulate hatr growth??? Thave 
hair ike Yul Brynner. Maybe some folks 
think its sexy but I find it repulsive and 
‘worst ofall it makes me look and feel 20 
yarsolder atleast without ahat. Itseems 
tome that themachine could well be used 
to rejuvenate hair cells since it can re- 
verse most other degenerative processes. 
Itsastrange thingthat men who areshort 
on top have an overabundance of super- 
fluous body hair in places where it is 

utterly wasted. 
‘Hasanyonedoneanyresearch 
on this subject with the Lakhov- 
‘sky Machine??? If so please let 
me know. I will be most grateful 
for any information and will of 
® __courseinform youof theresults of 
my ovm experiments. 

It occurs to me that such a 
phenomenon could well dispense 
with the daily chore of shaving 
and make Gillette obsolete, Tam 
forever disgusted that such a lot 
of life force is wasted growing 
hair on my face instead of whereit 
belongs, On Top! Would be most 
grateful for your ideas. 

‘remember the Master Vio- 
let ray being demonstrated in a 
department store in the 1930s, I 
must have been about 7 years old. 
My mother who was with me 
‘watched the demonstration and, 
of course, was fascinated, Isaid, 
“Oh Mom do buy one, it’s just 
‘what you need for your rheuma- 
tism”. Mother replied, “Oh no, 
You just want it to play with”. 
‘How right she was. Well, in spite 
of all the quack devices which 
come and go, Lakhovsky in ll his 
forms is still with us. Thats rec- 
‘ommendation enough. The AMA 
persecution ofcourse confirmsits 
effectiveness. 

‘A Naturopathic Doctor saw 
‘mewearingacopper bracelet. He 
vas treating me for arthritis, ef 
fectively with electro therapy ete. 
and asked if I really believed in 
the copper. [sald “No”, then he 
said “Why wearit?” “Becausoit 
works.” He laughed and said, 
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“Look at that green stain on your wrist. 
‘That's copper salts and they are being 
ingested; maybe that’s how it works, you 
might have a copper deficiency, well it’s 
ccheaper than pills.” 

Very Sincerely, 

KV.AR, Washington 


First off, without further ado, let me con- 
gratulate you on taking a stand on refusing 
tousethe word Hertzto designate cycles per 
second, Why use mumbo-jumbo designa- 
tors when simple English will do. Teslasaid 
that the acceptance of the Hertzian theory 
‘wouldcometobeseenby future generations 
as the greatest aberration of the scientific 
mind, Ofcourse Testa is probably rolling in 
his grave (at 3600 rpm?) at the modem 
‘etherless explanations of electricity. He, 
and others of his day, regarded the (trans- 
verse) Hertzian waves as the “‘waste’” put 
offby coils. The Tesla (longitudinal) wire- 
Jess system would have been worldwide 
(cluding radio and power), with the trans- 
verse waves engineered to a minimum, 
Whereas the radio we have today, with the 
transversewaves engineered toapeak, fades 
‘out a8 one goes around a hill or a decent 
distance from the emitting source. This is 
dealt with much more specifically in THE 
‘THEORY OF WIRELESS POWER by Eric 
Dollard. Regarding use of the Jacobs Lad~ 
der asa spark gap, thats an interesting idea 
and thanks for sending it in. As far as your 
hair growth problems go, pethaps our other 
readers have further comments. You have 
provided a lot of food for thought, thanks! 


HIGH VOLTAGE SOURCES: 
Re; Nov/Dec Journal and inquiry of S.N. 
Capacitor 6KV (6000V) .0047 uF (which 
isthe standard value, not 0051) available 
(64.90) from: Antique Electronic Supply, 
6221 8. Maple Ave, Tempe, Arizona 
‘85283. (602) 820-5411. 

AA. 

Massachusetts 


‘Source for high voltage equipment: Plas- 
tie Capacitors, Inc., 2623 N. Pulaski Rd, 
‘Chleago TL, 60639-2190. Write for cata- 
Jog @ealer for aboveis NewarkElectron- 
ics). Also recommended is Homemade 
Lightning: CreativeExperimentsinElec- 
tricity by R.A. Ford, ISBN 0-8306-3576- 
9, TAB Books, Blue Ridge Summit, PA 
17294-0850. Can be ordered through 
your bookstore. 

Simplified Tech Service 

PO Box 2140A, Champaign IL, 61825 


In the Nov-Dec 90 issue S.N. of Alaska 
asks about a 6Kv.005 ufeapacitor. Radio 


‘Shack sells a Kv .01 capacitor #272-160, 
‘Three connected in series willbe 6KV.003, 
uf, another 3 connected in parallel across 
the first three will be 6Kv .006 uf. Six of 
these costs about $3. 

Regarding the MWO, when Hiero- 
ymus lived near me in Ft. Lauderdale I 
asked him about the MWO, He didn’t 
recommend it because the broad spec- 
trum of frequencies had both beneficial 
and harmful frequencies which could not 
be separated. 

RB. 
Florida 


“Thanks for all the input on where to get HV 
‘capacitors. Also, thanks Ron, for Hierony- 
sus’ viewpoint. With theBeckstyleMWOs 
would agree. A mass of radio frequency 
noises generated. With akhovsky’sorigi- 
nal units driving structured antennas one 
ould produce multiple wavelengths of a 
more refined nature. We don’t recommend 
the MW Oto anyone, that isnot our purpose. 
‘This Journal acts asa forum to ideas such a8 
these tobe explored, and the MWO refuses 
to go away, rather interest is rowing and it 
is time we closely examine the field. Read 
om. 


‘THE BECK MWO 
‘MyMWO is aBeckmodel, Ithassuccess- 
fully killed a sien cancer on the back of 
my hand. Yet Iam wondering about its 
resonator. There seems to be no action, 
it’s of no use and is as if dead. I did not 
realize that we are having trouble estab- 
lishing a real Georges LakhovskyMWO. 
This enclosed] information from Europe 
may help clear up our need, 

DM. 

Bryte, 


‘A good puzzle truly has many pieces, so 
thanks for your experiences. Inever said 
that the Beck MWOs didn’t work, but that 
they are not the same as Lakhovsky built. 
‘Theenclosedadwas forradionic andrelated 
equipment including MWOs from Radionic 
Instrumentation & Research, Dorset, En- 
gland. Itmay bethatthisis theradionic type 
of MWO originally sold by Copen Labs. 1 
honestly don’t know a thing about these 
MWOs, so any info would be greatly appre- 
ciated especially a schematic. Years ago I 
‘had heard them spoken of disparagingly by 
peoplewho claimed that they wouldn't work 
because there wasn’t enough power, an ar- 
sgument [never bought. It would seem that 
the more subtle and refined the energy the 
more beneficial itisto the human orgsnism. 
‘The ieldis still open fornew ideasand fresh 
impulses... 
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‘KKLARK KENT CHECKS IN! 
‘Just a note to say thanks for the mention 
in the Journal about the availability of 
the Golden Ratio Antennas from Super 
Science, And also to say that the articles 
‘on the continuing developments of the 
MWO are most welcome. Especially in- 
teresting is the comparison of the Beck 
MWO to the Lakhovsky original! 

T have never seen an original Lak- 
hovsky MWO. Only from the patent 
information can we really get schematic 
Information, cireuit diagrams, antenna 
structures, ete. As you know from all of 
‘the freeenergy patentscireulating around, 
@ patent wrapper and drawing is not 
really enough to produce the claimed 
device. If it were, then we should have 
many free energy devices in production 
today! 

Several months ago a contact in New 
Yorkmadea generous ffertoprocurean 
original Lakhovsky MWO. I passed this, 
information along to you and to others. 
‘So far no one has come forth tomy knowl- 
edge with information leading to the 
whereabouts of an original Lakhovsky 
MWO. What this means is that we must 
‘grope our own way in replicating the 
technology first developed by Lakhov- 
sky. 

‘So I guess I owe Bob Beck a word of 
‘thanks because he was the one who made 
itpossibleforresearchersto actually build 
a MWO. The information left to the 
‘world by Lakhovsky is (in my opinion) 
wholly inadequate to build and construct 
the device. ‘The patent information is, 
like most patents, just not adequate to 
‘enable someone to replicate the device. 
And this brings up the question: Just 
‘what constitutes the original Lakhovsky 
MWO? We don’t havean original device 
(anda bounty of$100,000hass0far failed 
fo produce one). The information given 
inthepatents doesn’treally tellusenough. 

Borderland Sciences can help out by 
continuing to publish articles about the 
‘MWO which emphasize cireuit diagrams 
and construction details. In this way, 
Borderland researchers can redevelop 
this important technology. 

Tenclose a letter we received from a 
‘customer. Since the letter is of the testi- 
‘monial variety, It is best not to reference 
itinthe Journal. But the pointis thateven 
a Beek adaptation MWO can seem to 
Produce positive experimental resultst 
Klark Kent, Super Science, 

P.O. Box 392, Dayton, OH 45409 


Glad to hear you are open to new research. 
Lakbovsky left much information — it just 
never got translated into English. BSRF 
‘will continually publish the results of ongo- 
ing MWO research, and will always be on 
the lookout for the best information avail- 
able. Here is the letter submitted to Kiark, 
from a person known to us here also: 


Dear Mr. Kent, 
Atlonglast! get around writing to you 
and share some of my experiences 
with the MWO I bought from you. 

‘The unitarrivedon May 17, 1990in 
‘excellent condition. Your packagingis 
superb. | inspected the unit superf- 
cially but, because of some profes- 
sional problems, was not able to make 
use of it until October. 

Let me comment first on general 
‘appearance and workmanship. While 
‘obviously not industrially produce 
thisisawell-builthigh quality machine, 
using fine components. Having been 
anelectronics engineer part of my life 
(before | became a philosopher), | feel 
‘well qualified to make thatjudgement. 

‘The instructions are generally ad- 
‘equate but | was glad that I did order 
your audio cassette, done by you with 
a fine dramatic flair, worthy of Chris- 
topher Reeve, whodoesresembleyou. 
My suggestion: include the cassette 
with the MWO as a matter of course. 

lused the machine about thirty 
times, sometimes dally, sometimes 
skipping a day or two for 35 min. per 
session, mostly in the High Power 
Radiator mode. 

| suffered over a period of about 
fifteen years from amild chronic bron- 
chitis, some coughing in the morning 
with some phlegm, rest of the day just 
fine. The medicine men told me that 
1 just have to live with it". Though | 
am 70, | judge myself being in great 
health. 

Now, your machine has definitely 
improved my condition. 1 know, of 
course, that my testimonial is worth- 
tess toyou,sinceyoucannotmake,and 
do not make, any health claims. But 
still! thought you might want to know. 

1 do have several radionics ma- 
chines (Dela Warrand Copen) but we 
allrealize that thisissympatheticmagic; 
great stuff, thought 
‘With best wishes, faithfully yours, 
NAME WITHHELD 


ELECTRONIC ENTITY REMOVAL 
‘Sudging by the letters you receive and 
Print in the BULLETIN BOARD people 


are still experimenting and building 
MWOs. Itshouldbe accepted thatno two 
MWOs will be identical due to different 
components, circuits, ete. Also, Lakhov- 
sky did nothave some mystical secret that 
isexclusiveto hisparticular instruments; 
he built one that generated his required 
multi-frequencies and there are no doubt 
many ways to effect this. 

‘ThelargeMWO Ibuiltin 1966 worked 
as well as [could expect and, although I 
never use it now, its circuit can be re- 
garded as a basic Tesla coil, starting out 
‘with a 12KV neon transformer. Other 
circuits I have experimented with unfor- 
tunately appeared not to give the same 
results. Your MWO Handbookshouldbe 
the starting point for would-be experi- 
menters keeping in mind that most of the 
“transistorized’ models do not have 
‘enough energy to effect the desired re~ 
sults. 

Amajor point that never seems to be 
mentioned is that the subject should be 
‘seated ON ANINSULATED PLATFORM 
with the antenna about six inches from 
the back. In this way all the cells of the 
body are raised to their full potential for, 
say, ten minutes during which each cell 
can absorb energy at its one resonant 
frequency. The subject should ground 
‘himself for an instant before stepping off 
the platform. Then switch off the instru- 
‘ment. I found this procedure mandatory 
to obtaining positive results and have 
founditodd that this pointhasnever been 
‘mentioned in the literature. 

T might also bring up the very real 
possibility (discussed with Riley Crabb in 
the past) that atleast part ofthe positive 
results obtained with the MWO could be 
attributed tothe removal ofspirit entities 
by the high voltage involved, Regretta- 
bly, Borderland appears to skirt this is- 
sue, 

AsThavestated before, the Journalis 
an important platform for the meeting of 
the minds and I wish you well in your 
efforts. 


Appreciate your input and valuable ideas. 
Pmcertainly opento the possibility thatthe 
results obtained from the MWO could be 
attributed to the removal of spirit entities. 
This should also bring up the question of 
whether or not what is perceived as spirit 
catities (negative inthis sense)could bealso 
related to their potential physical anchors, 
ive. virus and bacteria. Maybe we see the 
same thing but interpret differently. 

‘As faras using different configurations 


1s 


to achieve multiple wavelengths, different 
arrangements will produce qualitatively dif- 
ferent results. A French hom and a clarinet 
‘will show the same frequency for the same 
note played, but the difference in quality of 
sound should be obvious to all. The major 
difference between the hookup of 
‘Lakhovsky’s and Beck’s units makes them 
fall into quite separate categories. A silver 
bell rings finer than tin. 


MWO REPORT FROM FRANCE 
[finally managed to get hold of my friend 
(see BSRF Bulletin Board, Jan-Feb 1991) 
butheis very, very busy and only gaveme 
some of the information I wanted. 

Firstly, he declined to provide any 
basic layout of the MWO because he say 
no two units were the same, Apparently 
Lakhovsky experimentedall thetimeand 
each machine was a “one-off” model, 
different from the others. 

‘The origins of the MWO are in Tesla’s 
work. A French professor, Mr. 
D’Arsonval took some of Tesla’s equip- 
‘ment and modified it. Lakhovsky used 
D’Arsonval’s work to build his machine. 
‘Tesla heard about D’Arsonval’s experi- 
‘ments and, convinced that D’Arsonval 
‘was stealing his patents, came to France 
with the idea of startinglegal proceedings 
against the professor. However, he found 
D’Arsonval so courteous and charming 
that he returned to America having 
dropped the idea of court action. 

‘My friend tells me that the whole 
secret of the MWO isin the ‘‘diffuseur””. 
‘He further indicated two sources ofinfor- 
‘mation, both in French. A series of books 
hhave been written and published by the 
Study Group ‘“Arkall” called 
““L’Emergence de Enel” dealing with 
all aspects of the MWO. The second 
muree is George Lakhovsky's book 
“L’oscillation cellulaire” which has been 
re-edited in Belgium. Unfortunately, my 
friend did not know the editor, so T sug- 
gest you will have to contact the Ameri- 
‘can Embassy in Belgium and they should 
Deableto giveyou addresses of bookshops 
where it can be obtained. Apparently, 
‘this book givesall thereferences concern- 
ing the people I have mentioned. 

Pm sorry can’t be more helpful but 
the whole question seems to be much 
‘more complicated that I at first thought. 
Tnshort, ’m afratd you willhaveto wade 
through “L’oscillation cellulaire” and 
the “L*Emergence de Enel” to see how 
Lakhovsky himself worked out theidea of 
the first MWO's. 

RC 
France 


‘Thank you, your input has been most valu- 


+ ableand stimulating, The “‘diffuseur” (it- 


erally: loudspeaker or nozzle) would prob- 
ably be the antenna, so the “secret” could 
‘very well be (as we have intimated over the 
years) in his mathematical arangemeat: 
‘much more important consideration under 
‘Lakhovsty’santenna feedarrangementthan 
‘with Beck's, 


Jul-Aug 1991 JBR, 
BSRF Bulletin Board 


MWO CORNER 
Received the Journal yesterday and was 
very excited about the Spiral Coil MWO. 
Teongratulate Mr. Schad on doing a very 
good job and would submit the following 
input for future models. 

1) No aluminium tubing should be 
used. Copper or steel tubing should be 
used instead. Aluminium is wholly nega 
tive. It attracts negative radiation like 
honey attracts files. In this connection, I 
heard this morning on the British radio 
‘that a ‘mobile home” site had just been 
devastated in the USA. If Pm right, 
“mobile home” site means trailer park, 
{in which there is a huge quantity of Al. 
These are prime targets for tornadoes 
and all kinds of negative influence. My 
chief reference for this is Dr. Starbard 
Webb, Box 200, Orangevale, CA 95662. 
She has been studying the subject sinco 
1956andhas accumulated amass of data. 
Be patient for she travels a lot in the 
States doing seminars etc. 

2) Therest is from a Tibetan lama to 
‘whom I showed the drawing. If you're 
wondering whata lama would know about 
the MWO I would say that they seem to 
now about everything that matters. For 
instance, in my own field (medicinal 
plants), their knowledge is not great, itis 
simply colossal, far beyond anything 
‘known in the West. The Lama tells me 
that there should be 12 coils, no more no 
less (Fig. 6. The “up” wire (seeillustra- 
tion) should be five times longer than the 
diameter of the coil. No doubt further 
information will be forthcoming when 
the whole of the MWO is described. 


Gilad to hear of your suggestions for further 
research on Lou's spiral coil MWO. His 
articles have stimulated a lot of work that 
should provide a lot of new ideas overtime. 
Peter Lindemann has taken Lou’s concept 
of physical vibration and is experimenting 


‘with phiratioed antennas thatarestimulated 
with sub-audible sound, Also, Lou calledto 
make sure that it was clear tht the antenna 
side facing the subjectisa counterclockwise 
spiral. It is clockwise from the top. 

Interesting thoughts on the mobile 
homes, whichare reverse orgone accumula 
tors. A few items congruent with your 
‘comments have showed up over the years 
and perhaps we can get more on that in an 
‘upeoming issue, 


LAKHOVSKY COIL INFORMATION 
The following was forwarded to us from 
Heaith Research, Box 70, Mokelumne Hill 
CA 95245: 
On Health Research’s flyer for THE 
HANDBOOK OF UNUSUAL ENER- 
GIES, the artist shows the copper wire 
positioned incorreetly through the wood 
support. 

have made a number of discoveries 
‘which I even find hard to believe by using 
this COILED COPPER WIRE. I expect 
towritea booklet on my findings and you 
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‘may want to represent it in your sales 
catalog. I have proven over and over 
‘again what Ihave done but, to date, have 
uot shared anything with anyone else. I 
had to be ABSOLUTELY CERTAIN be- 
fore I ‘went public’. 

‘When I first received the books THE 
SECRET OF LIFE and THE WAVES 
THATHEAL from you about4 yearsago, 
Tnoted carefully justhow the copper wire 
was COILED around the plant. Please 
note that the copper wire STARTS from 
INSIDE THE EBONITE and MOVES 
COUNTER CLOCKWISE and then ends 
ABOVE the ebonite... This is shown on 
page 14 of THE WAVES THAT HEAL, 
and page 110 of THE SECRET OF LIFE. 

In the past four years I have made 
dozens of experiments and ve gone far 
beyond what even Lakhovsky did or 
thought of NOW, to prove my point 
about the proper way the copper MUST 
bbe coiled, I deliberately experimented by 
coiling the wire the way you have shown 
it and NOTHING HAPPENED in all my 
experiments. That’s why IKNOWTHAT 


1 AM RIGHT and it is imperative that 
you change your picture to show the cor~ 
Tect way. Lam not a scientist of a profes- 
sional person, but [ KNOW what I have 
done and you will have to take my word 
for it unless you want to YOURSELF, 
conduct the same experiments Ihave and 
PROVE it to yourself... I have not the 
slightest idea WHY the copper wire MUST 
becoiled this way but1DO KNOWTHAT 
yr MusT. 

‘You know as well as I that EVERY- 
‘THING in the COSMOS is perfect, exact, 
precise and absolute that the LAWS, 
FORCES, ENERGIES, POWERS, FRE- 
QUENCIES, RAYS... and alltherest func 
tion flawlessly and cannot allow any varia~ 
tions even for aninstant. Life as we know 
it will cease forever if even an INSTANT 
change is made by whatever cause. 

T would dearly love to see one of 
Lakhovsky’s BELTS, COLLARS, 
BRACELETS hecalls them OSCILLAT- 
ING CIRCUITS, ofcourse, and although 
the picture on page 63 of WAVES THAT 
BEAL is interesting, I am wondering if 
there is more to it that what this artist 


WOOD SUPPORT 


WRONG 


RIGHT 


GROUNDED 
END 


HOT END 


concept shows. Ihave yet to experiment 
with a HUMAN BODY asIwill need to be 
very careful to use the RIGHT PERSON 
‘who will not think that Thave gone off the 
deepend and headed for the ‘funny farm’. 
But Lakhovsky certainly has plenty of 
evidence to show. Ifyou know of anyone 
who has one of the ORIGINAL Lakhov- 
‘sky oscillating circuits, let me know. Its 
imperative that the ‘human’ circuits 
MUST be done, and applied, correctly. 


BSRF Bulletin Board 


MWO RESEARCH 
Five years ago I duplicated the MWO as, 
best could with my limited knowledge. I 
scaled up the antennas from the book 
WAVES THAT HEAL using copper tub- 
ing of all different sizes and soldering 
brass hex caps of varioussizes on theends 
after I rounded them off with a grinder. 
‘The outside ring was about 2 ft. across. 
Iwas ableto duplicatethe exact brush 
discharge atternin thepicturewith Tesla 
coil 4" diameter with about 1,000 turns of 
regular hook up wire, 500 turns gave a 
discharge of 2"-3" evenly all around the 
outer ring. 1,000 turns gave a discharge 
of S"-6" at the bottom with less and less 
towards the top except for some off the 
two balls at the top, like in the picture. 
‘found it necessary to run two con- 
nections from the feed wire otherwise 
with oneconnection thesparkwould travel 
around the ring and out the other end 
burning anything used to suspend the 
ring. Two connections eliminated this 
problem forcing all energy towards the 
bottom of the ring like in the picture. 
‘Theresonator was grounded just ike 
the Beck model to the ground end al- 
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‘though Iused two wires one goingtoeach 
end of the outer ring. Even so, at this 
power you could draw a small spark off 
the outer ring and if you turned the unit 
off and on you could hear the resonator 
ring just like it was struck by a small 
hammer. 

‘Tused a 30mA 15,000 volt sign trans 
former or stronger. ‘These tend to burn 
‘out unless you put the primaries of two in 
serles to share the load and restrict cur- 
rent. Actually,Istartedusinghalfburned 
out transformers using mid point ground 
and the good half for 7,500 volts which is 
much safer for the capacitors. Tused two 
005 uf 20,000 volt eapacitors in parallel 
for.010. Thestationary spark gap wasair 
cooled with a small blower fan. 

There was no spark between rings. 
The side effects from this unit were too 
strongto continue treatments soXam now 
working on smaller units. After 15 min~ 
ites your head would be full of mucus. 
The closer the antennas were to each 
other the stronger the effect to the point 
‘of making one very nauseous. 

‘Also, did anyone else purchase and 
test Dr. Charles T. Turley’s square wave 
‘sound MWO two printed antennas pow- 
‘ered by a sound generator? 

TA. 
Ohio 


‘Thanks for yourmost helpful input. Would 
‘be most interested in Dr. Turley"s MWO as 
itmay very well relate to Lou Schad’s spiral 
‘coil MWO, presented several issues back, 
‘which worked on physically vibrating the 
‘oil, Peter Lindemann has picked up on this 
‘and is experimenting with vibrating the 
antennas with sound waves and through 
other mechanical means, A wholenew field 
of MWO research is opening up and it 
sounds like Dr. Turley is working in the 
satnedirection. Please sendusany informa- 
tion you may have on this. Thanks. 


From the March-April 1992 JBR 
BSRF Bulletin Board 


MWO CORNER! 

‘ere is a nice present for you and 
Your readers, Some tidbits about George 
Lakhovsky. I phoned my knowledgeable 
friend on Sat, 14th Dec. To my surprise 
not only washe at home but he invited me 
to spend the afternoon with him the fol- 
owing day. 

Firstly itis comforting to know that 
‘there arestill about four original MWO's 
within a radius of 200 miles from Paris, 
and the people who have them are likely 
to take good care of them. 

Secondly, from what I can gather, L. 
took very great pains with each MWO. I 
understand now what my friend meant 
‘when he said that each one was different. 
L. would caleulate allsorts of parameters 
relating to the place where the MWO was 
to be used. He would then do the ‘fine 
tuning” with the help, sometimes, of an 
‘unusual cleric Abbe Breuil. 

L. arrived in France around 1896. 
He was a friend of Tesla and when the 
latter came to France the first person he 
wanted to see was L. I don’t know any- 
thing about this early period but two 
episodes occurred later which gave L. 
quite a bit of money and enabled him to 
finance his future research himself. 1) 
During the 1914 war, there was a dearth 
of methylated spirits in France and L. 
negotiated supplies, on behalf of the 
French government, with the Russians. 
2) He invented a gadget which was used 
everywhere on the French railways and 
which brought in tidy sums in royalties. 
He was thus able to invite titled people to 
his table, the Count of this and the Duke 
of that and, of course, Abbe Breuil. This 
curious cleric was very well known in 
Franee, not for saintly endeavors on be- 
hhalfof the Church but for his exploration 
of caves in search of traces of early man. 
He became the High Priest of Pre-history. 
However, what interests us here s that he 
was an extraordinary medium. For in- 
stance, L, at table, would say something 
like this: “Abbe, I’ve just thought up a 
new design for the MWO (passing him 
‘the drawings) what do you think of it?” 
And the Abbe might reply: ‘The 
antenna’s too thick here, you should take 
1 millimetre off and here, you are using 
the wrong kind of metal.”” In this way, L. 
gradually refined each model, using the 
‘Abbe's intuition to verify his own find- 
ings, until he got it as near perfect as 
possible. 

‘What follows is a translation of the 


notes scribbled down by my friend yes- 
terday. T offer no comments because I 
wouldn’tknowa Hertz dipoleif{ fell over 
one in the dark. 

‘These are some of the parameters taken 
Into consideration by L. 

1) Diometer: D. 

2) Thickness of the wire of the tube (not 
to be confused with the section). 

3) Distance ‘‘e” between the two ends. 
4) Orientation of the cireuif with respoct 
to the horizontal plane (29 70 N). 

8) Kind of circuit. Should it be made of 
‘or hollow glass containing chemi- 
‘cal salts. 

6) Orientation of the distance ‘e” with, 
respect to the magnetic North. 

7) Study of the terrain: the mineralogi- 
cal, geological, 
‘geodesicandtec- 
tonic factors. 

8) Study of the 
nature ofthesur- 
face of the cir- 
cuitand whether 
andhowitshould 
be covered. 

T see now that 
what Thad taken 
for solid rods 
making up the 
antenna were in 
reality hollow tubes. 

Thope that you and your readers will 
find this information interesting, Itsheds 
anew light on how L. operated. He used 
the pendulum a lot and, as we have seen, 
themediumistic talents ofhis friend Abbe 
Breuil. My best wishes to yourself and to 
BSRF in 1992. 

RC 
France 


Hertz dipole 
MWO antenna 


‘Your input on the MWO project has 
‘beenmosthelpfulto everyone trying to find 
‘the trata of the story, andl offermy thanks 
and I’m sure the thanks of BSRF members, 
the world around. Georges Lakhovsky was 
a complex individual whose ideas on cell 
regeneration have ignited many a secking 
mind, Itseemsasthoughhehadsomerather 
intoresting friends also, Nikola Tesla, Pro- 
fessor D’Arsonval, and the curious Abbe 
Breuil! Your friend’s comments indicate 
some important factorsin Lakhovsky’s con- 
siderations: He was very concerned about 
the orientation towards thenatural energetic. 
lines ofthe earth, even considering latitude 
(what youhavetermed the horizontal plane) 
as a determining factor in the energetic, 
‘output of his devices, He must have been 
aware of the interaction of the electric out- 
put with the planetary magnetic, electro- 
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static and etheric fields. He was also con- 
cemed about the underlying earth itself. In 
his Seeret of Life he proposes his theory 
that cancers are more predominant in areas 
where the soils (such as clays) reflect the 
‘cosmic radiation back to the surface, caus- 
ing interference pattems that disrupt the 
body's energetic flows. It is interesting to 
note thathis antennas were constructed with 
all these factors involved. It is also very 
interesting that he relied on the pendulum 
and the mediumship of Abbe Breuil for his 
refinements. Lakhovsky was a true border- 
land scientist? Also ofnote is your point #5 
mentioning thehollow glass circuit contain- 
ingcheiica salts. Somethingnew to figure 
in our researches. We also have the open 
‘question of whether or not some of his tube 
‘antennas contained rare gases, which his 
‘MWO Tube Patent implies by its refine 
‘ments in miniaturization. This has been en 
exciting period of discovering what La- 
khovsky was really up to in his vast re- 
searches. Please read on. 


AREAL LAKHOVSKY SCHEMATIC! 

‘This schematic is from a Lakhovsky 
Radio Cellular Oscillator manufactured by 
Lakhovsty’s son in Paris long after the 
untimely deat his father in the early 1940s. 
It shows that the Lakhovsky's own family 
followed the path of theradio-cellular oscil- 
latorand not that suggested by Lakhovsky’s 
turnto damped electrostatic power supplies 
inhisMWO. Ourmany thanks goto Patrick 
Flanagan for providing this information to 
BSRF, Patrick obtained the unit, removed 
the seal at risk of voiding the warranty, and 
provided us with the circuit description you 
see here. Also, a special thanks to Roger 
Modjeski of RAM Tube Works of Santa 
Barbara, California for providing thepinouts, 
and tube conversion info. AS far as our 
extensive research notes show, this is the 
firstreal, complete schematic of an working, 
Lakhovsky device that has been published 
in the US! 

‘This unit, which fits in a staal! box that 
can be held in the hand, is a very powerful 
white noise generator with a treatment coil 
comprising of coax cable which is looped 
around the subject when in use. ‘The treat 
ment coil loop is 1 meter in length, the 
center wire and shield are connected. This 
‘unit will interfere with electronic communi- 
cation devices up to the satellite TV range, 
and may be illegal to operate under FCC 
rales. The tube is an EL83, a French tube 
(Telefunken manual givesthe German num- 
ber as PL83) whose US equivalent is given 
a3 a 6CKS video output pentode, but GE 
never made them. It is very similar in 
function to 2 6CL6 which has a different 
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Lakhovsky MWO/Radio Cellular Oscillator submitted by Patrick Flanagan 


eplate/anode 


damage from continuous-waveradio fe 
quencies. But then we sec that 
Lakhovsky’s son was still manufactur- 
ing RCOs after the death of his father! 
So we can see that the final conclusion 
‘has yet to be drawn as to exactly how the 
original MWOs werebuilt, and ofcourse 
‘we would also like to see some actual 
MWO Tube units that Lakhovsky pat- 
ented. We also see the RCO asa poten- 
tial low-cost method of researching 
Lakhovsky’s basic theory of radio-fre- 
quency cell regeneration. This MWO 
Handbook contains the essential keys to 
all our questions and more. Much re- 
search has to be done and Borderland 
Sciences is willing to help any serious 
researcher who wishes to pursue these 
streams of activity. 

The Journal of Borderland Re- 
search is the publication of record in the 
English language for these and many 
other research subjects. Please join in 
andexchange information withus. With- 


pinout, We provide the pinouts for both. 

The 5 and 20 tun colls are % inch 
diameter tightly wound with #20 plastic 
coated wire. They are air core and all three 
are wound in the same right hand direction. 
‘They are spaced tightly and arranged ex- 
actly as shown, Varying the physical dis- 
tance between the primary and secondary 
coils would vary the output strength. The 
resistors are % watt. The 01 capacitor is 
ceramic at $00 volts. The choke is 33 iH. 
"The power supply is not shown, but is im- 
plied by the circuit. 

Webaveno exact details ofthe interac- 
tion ofthis generation of Lakhovsky device 
‘with the human system, only that suggested 
by Lakhovsky’s original RCO research and 
its extension through time. This data is 
provided forresearch purposes ndtorecord 
‘yet another development in radio-biologi- 
‘cal research. 

We would still be most interested in 
finding the schematic of one of the original 
‘MWOs pictured in Lakhovsky’s various 
publications such as that pictured below 
from his book La Terre Et Nous (The 
Earth and Ourselves), Fasquelle Editeurs, 
Paris, 1933, as it would provide the exact 
‘antenna feed for the concentric ring anten- 
nasand other pertinent details. Notethat the 
‘antennas on this unit stand above the arm, 
unlike the well publicized pictures from 
‘The Waves that Heal and Secret of Life. 
‘This indicates that the protruding spheres 
seen in the detail on those pictures have a 
‘mechanical function, perhaps more impor- 


‘certainly incorporate the optimum charac- 
teristics for the main antenna feeds. 
‘Wehave discovered the basicconstruc- 
tion of the Radio-Cellular Oscillator and 
know that Lakhovsky moved from them to 
the MWOs with damped electrostatic power 
supplies and concentric ring antennas be- 
‘cause ofthe potential for thermal shortwave 


out the help of the many borderland 
researchers sending us their ideas for over 
‘quarter of a century this book would not 
‘exist, Thanks to all and best wishes on your 
researches ~- may they be serious, stright- 
forward, and well documented for others to 
ear from, 

‘Tom Brown 


tant than their electrical function, though The complete Lakhovsky Multiple Wave Oscillator apparatus which creates 
an ambient electromagnetic field between its two resonateurs. 


with Lakhovsky’s methodology, he would 
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HIGH FREQUENCY OSCILLATORS FOR ELECTRO-THERAPEUTIC 
AND OTHER PURPOSES* 


by Nikola Tesla 


Some theoretical possibilities offered by currents of very high frequency and 
‘observations which I casually made while pursuing experiments with alternating currents, 
as well as the stimulating influence of the work of Hertz and of views boldly put forth 
by Oliver Lodge, determined me some time during 1889 to enter a systematic investigation 
of high frequency phenomena, and the results soon reached were such as to justify further 
efforts towards providing the laboratory with efficient means for carrying on fhe research 
in this particular field, which has proved itself so fruitful since. As a consequence 
alternators of special design were constructed and various arrangements for converting 
ordinary into high frequency cutrents perfected, both of which were duly described and 
are now — I assume — familiar. 

One of the early observed and remarkable features of the high frequency cusrents, 
and one which was chiefly of interest to the physician, was their apparent harmlessness 
which made it possible to pass relatively great amounts of electrical energy through the 
body of a person without causing pain or serious discomfort. This peculiarity which, 
together with other mostly unlooked-for properties of these currents I had the honor 
to bring to the attention of scientific men first in an article in a technical journal in 
February, 1891, and in subsequent contributions to scientific societies, made it at once 
evident, that these currents would lend themselves particularly to electro-therapentic uses. 

With regard to the electrical actions in general, and by analogy it was reasonable to 
infer that the physiological effects, however complex, might be resolved in three classes. 
First the statical, that is, such as are chiefly dependent on the magnitude of electrical 
Boteoil: second, the dynamical, thats, those principally dependent on the quality of 
electrical movement or current's strength through the body, and third, effects of a dist 
nature due to electrical waves or oscillations, that is, impulses in which the electrical 
energy is alternately passing in more or less rapid succession through the static and 
dynamic forms. 

Most generally in practice these different actions are coexistent, but by a suitable 
selection of apparatus and observance of conditions the experimenter may make one or 
other of these effects predominate. Thus he may pass through the body, or any part 
of the same, currents of comparatively large volume under 2 small electrical pressure, ot 
he may subject the body to a high electrical pressure while the current is negligibly small, 
‘or he may put the patient under the influence of electrical waves transmitted, if desired, 
at considerable distance through space. 

‘While it remained for the physician to investigate the specific actions on the 
‘organism and indicate proper methods of treatment, the various ways of applying these 
‘cutrents to the body of a patient suggested themselves readily to the electrician. 


* Read at the cighth annual meeting of The American Electro-Therapeutic Association, Buffalo, 
N.Y, Sept. 13 to 15, 1898 


123 


jo Use It tight sour 
Ifa round LED has a flange around its base, a flat 
spot in the flange will be closest to the cathode 
side of the component. 


Series Resistor Value 

Because the effective internal resistance of a di- 
ade is not a constant value at different voltages, 
a trial-and-error approach may be necessary to 
determine theideal value fora series resistor with 
an LED indicator. For this purpose, a trimmer po- 
tentiometercan be used with asample LED while 
measuring the current through itand the voltage 
drop across it. A fixed-value resistor can then be 
substituted. If the choice is between a resistor 
value that isa little too high and a value that isa 
little too low, the higher value resistor should be 
used. 


An approximate value can be found using a very 
simple formula in which R is the resistor value, 
Vcc is the supply voltage, Vr is the forward volt- 
age specified for the LED, and lis the desired cur- 
rent: 


R= (Mec - Ve) JT 


Normally a series resistorrated at 1/4 watt will be 
acceptable, and 1/8 watt may be used in SVDC 
circuits. However, care should be taken with a 
power supply of 9V or higher. Suppose an LED is 
rated for 1.8V forward voltage at 20mA. In a SV 
circuit, the voltage drop across the series resistor 
will be: 


V=S5- 1853.2 


Therefore, the resistor must dissipate 3.2V * 
20mA = 64mW. This is comfortably below the 
125mW rating of a 1/8 watt resistor. However, 
with a 9V power supply, the voltage drop across 
the series resistor will be: 


Ve9- 1827.2 


Now the resistor must dissipate 7.2V * 20mA 
144mW. This exceeds the 125mW limit fora 1/8 
watt resistor. 


single source > LED indi 


ndicator, ar display jor 


LEDs in Parallel 

If multiple LEDs are to be driven in parallel, and 
none of them has to be switched individually, it 
is naturally tempting to save time by using a sin- 
gle series resistor for all of them. In these circum- 
stances, assess the maximum current carefully 
and multiply by the voltage drop imposed by 
each of the LEDs, to determine the wattage of a 
series resistor. 


Linking dissimilar LEDs in parallel is not recom- 
mended, because the threshold voltage decrea~ 
ses with increasing temperature. The hottestLED 
will therefore receive the largest current, and 
thus become even hotter. Thermal runaway can 
result. 


LEDs containing their own series resistors can 
safely be wired in parallel. 


Multiple Series LEDs 
Aseries resistor wastes current by dissipating it 
as heat. In an application where two or more LED 
indicators will beilluminated simultaneously, the 
LEDs can be connected in series with a lower- 
value resistor, and three LEDs in series may elim- 
inate the need for a resistor completely, depend- 
ing on the voltage of the power supply. Here 
again a trimmer potentiometer should be used 
to determine an ideal value for any series resistor 
that may be necessary. 


Comparisons with Other Light 
Emitters 

Because LED indicators have largely replaced ne- 
‘on bulbs and miniature incandescent lamps, 
comparisons are of limited importance at this 
point. The situation regarding LED ight- 
gis differentin that itis till competing actively 
with fluorescent lights and, in some instances, 
halogen. A list of advantages and disadvantages 
for high-intensity white LEDs is given in “Com- 
parisons’ on page 223. The advantages of incan- 
descent lamps are listed in "Relative Advantag- 
es" on page 179, 
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‘As one cannot be too cleat in describing a subject, 2 diagrammatic illustration of 
the several modes of connecting the circuits which I will enumerate, though obvious for 
the majority, is deemed of advantage. 

The first and simplest method of applying the currents was to connect the body of 
the patient to two points of the generator, be it a dynamo or induction coil. Fig, 1 is 
intended to illustrate this case. The alternator G may be one giving from five to ten 
thousand complete vibrations per second, this number being still within the limit of 
practcbily. “he elecrometive force as mensured by 2 hot wite instrament — may be 

‘om fifty to one hundred volts, To enable strong currents to be passed through the tissues, 
the terminals TT, which serve to establish contact with the patient's body should, of 
course, be of large area, and covered with cloth saturated with a solution of electrolyte 
hharmless to the skin, of else the contacts are made by immersion, The regulation of the 
currents is best effected by means of an insulating trough A provided with two metal 


Figs. 1, 2, 3, 4. 


terminals T’ T' of considerable surface, one of which, at least, should be movable. 
‘The trough is filled with water, and an electrolytic solution is added to the same, until 
a degree of conductivity is obtained suitable for the experiments. 

‘When it is desired to use small currents of high tension, a secondary coil is resorted 
to, as illustrated in Fig. 2. T have found it from the outset convenient to make a dey 
from the ordinary ways of winding the coils with 2 considerable number of small turns. 
For many reasons the physician will find it better to provide a large hoop Hi of not less 
than, say, three fect in diameter and preferably more, and to wind upon it a few turns 
of stout cable P. The secondary coil S is easily prepared by taking two wooden hoops h h 
and joining them with stiff cardboard. One single layer of ordinary magnet wire, and not 
too thin at that, will be generally sufficient, the number of turns necessary for the 
particular use for which the coil is intended being easily ascertained by a few trials, 
‘Two plates of large surface, forming an adjustable condenser, may be used for the 


124 


purpose of synchronizing the secondary with the primary circuit, but this. is generally 
‘not necessary. In this manner 2 cheap coil is obtained, and one which cannot be easily 
injured. Additional advantages, however, will be found in the perfect regulation which 
is effected merely hy altering the distance between the primary and secondary, for which 
adjustment provision should be made, and, furthermore, in the occurrence of harmonics 
‘which are more pronounced in such large coils of thick wire, situated at some distance 
from dhe primary. 

The preceding arrangements may also be used with alternating’ or interrupted 
currents of low frequency, but certain peculiar properties of high frequency cuszents make 
it possible to apply the latter in ways entirely impracticable with the former. 

One of the prominent characteristics of high frequency or, to be more general, of 
rapidly varying currents, is that they pass with difficulty through stout conductors of high 
selF-induction. So great is the obstruction which self-induction offers to theie passage that 
it was found practicable, as shown in the early experiments to which reference has been 
‘made, to maintain differences of potential of many thousands of volts between two points 
— not mote than a few inches apart — of a thick copper bat of inappreciable resistance, 
This observation naturally suggested the disposition ilusuated in Fig, 3. The source of 
high frequency impulses is in this instance a familiar type of transformer which may 
be supplied from a generator G of ordinary direct or alternating currents. The transformet 
comprises a primary P, a secondary S, two condensers C C which are joined sn series, 2 
loop ot coil of very thick wire L and a circuit interrupting device or break b. The currents 
are detived from the loop L by two conlacts c ¢’, one or both of which are capable of 
displacement along the wire L. By varying the distance between these contacts, any 
difference of potential, from a few volts to many thousands, is readily obtained on the 
tetminals or handles TT. This mode of using the currents is entirely safe and particularly 
convenient, but it requires a very uniform working of the break b employed for charging 
and discharging the condenser. 

Another equally remarkable feature of high frequency impulses was found in the 
facility with which they are transmitted through condensers, moderate electromotive Forces 
and very small capacities being required to enable currents of considerable volume to 
pass. This observation made it practicable to resort to a plan such as indicated in Fig, 4. 
Here the connections are similar to those shown in the preceding case, except that the 
condensers C C are joined in parallel. This lowers the frequency of the currents, but has 
the advantage of allowing the working with a much smaller difference of potential on the 
terminals of the secondary S, Since the latter is the chief item of expense of such 
apparatus and since its price rapidly increases with the number of turns required, the 
experimenter will find it generally cheaper to make a sacrifice in the frequency, which, 
however, will be high enough for most purposes. However, he only needs to reduce 
propottionately the number of turns or the length of primary p to obtain the same 
frequency 2s before, but the economy of transformation will be somewhat reduced in so 
doing and the break b will require more attention, The secondary S' of the high frequency 
coil has two metal plates t t of considerable susface connected to its terminals, and the 
current for use is derived from two similar plates t' t’ in proximity to the former. Both 
the tension and volume of the currents taken from terminals T T may be easily regulated 
and in a continuous manner by simply varying the distance between the two pairs of 
plates t t and t' t' respectively. 

A facility is also afforded in this disposition for raising or lowering the potential 
ot one of the terminals T, irrespective of the changes produced on the other terminal, 
this making it possible to'cause a stronger action on one or other past of the patient's 
body. 


‘The physician may find it for some or other reason convenient to modify the 
arrangements in Figs. 2, 3 and 4 by connecting one terminal of the high frequency source 
to the ground. The effects will be in most respects the same, but certain peculiarities 
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will be noted in cach case. When a ground connection is made it may be of some 
consequence which of the terminals of the secondary is connected to the ground, as in 
high frequency discharges the impulses of one direction are generally preponderating. 
Among the various noteworthy features of these cussents there is one which lends 
itself especially to many valuable uses. Tt is the facility, which they afford for conveying 
Iarge amounts of electrical energy to a body entirely insulated in space. The practicability 
of this method od energy transmission, which is already receiving useful applications and 
promises to become of great importance in the near future, has helped 40 dispel the 


old notion assuming the necessity of a return circuit for the conveyance of electrical 


Figs. 5, 6, 7, 8. 


energy in any considerable amount. With novel appliances we are enabled to pass through 
4 wire, entirely insulated on one end, currents strong enough to fuse it, or to convey 
through the wire any amount of energy to an insulated body. This mode of applying high 
frequency currents in medical treatment appears to me to offer the greatest possibilities 
at the hands of the physician. The effects produced in this manner possess features 
entirely distinct from those obscrved when the currents are applied in any of the before 
mentioned or similar ways. 

‘The circuit connections as usually made are illustrated schematically in Fig. 5, which, 
with reference to the diagrams before shown, is self-explanatory. The condensers CC. 
‘connected in series, ate preferably charged by a step-up transformer, but a high frequency 
alternator, static machine, or 2 direct current generator, if it be of sufficiently high 
tension to enable the use of small condensers, may be used with more or less success. The 
primary p, through which the high frequency discharges of the condensers are passed, 
consists of very few turns of cable of as low resistance as possible, and the secondary 
s, preferably at some distance from the primiry to facilitate free oscillation, has one of 
its ends — that is the one which is nearer to the primary — connected to the ground, while 
the other end leads to on insulated terminal T, wit the body of the patient is 
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connected, It is of importance in this case to establish synchronism between the 
oscillations in the primary and secondary circuits p and s respectively. This will be as 
a rale best effected by varying the self-induction of the circuit including the primary 
loop or coil p, for which purpose an adjustable self-induction e is provided; but in cases 
when the electromotive force of the generator is exceptionally high, as when a static 
machine is used and a condenser consisting of merely two plates offers sufficient capacity, 
it will be simpler to attain the same object by varying the distance of the plates. 

“The primary and secondary oscillations being in close synchronism, the points of 
highest potential will be on a part of terminal T, and the consumption of energy will 
‘occur chiefly there. The attachment of the patient’s body to the terminal will in most 
cases very materially affect the period of oscillation in the secondary, making it longer, 
and a readjustment of the primary circuit will have to be made in each case to suit the 
capacity of the body connected with terminal TT. Synchronism should always be preserved, 
and the intensity of the action varjed by moving the secondary coil to or from the 
primary, as may be desired. I know of no method which would make it possible to subject 
the human body to such excessive electrical pressures as are practicable with this, or 
of one which would enable the conveying to and giving off from the body without 
sjury amounts of electrical energy approximating even in a remote degree those 
are entirely practicable when this manner of applying the energy is resorted to. 
‘This 8 eddeatiy dee tthe fact that action ig cht ly supesfidal, Se large posstle 
section being offered to the transfer of the current, or, to say more correctly, of the 
energy. With a very rapidly and smoothly working bresk'I would not think it impossible 
to convey to the body of 2 person and to give off into the space energy at the rate of 
several horse power with impunity, while 2 small part of this amount applied in other 
‘ways could aot fail to produce injary. 

‘When 2 person is subjected to the action of such a coil, the proper adjustments being 
carefully observed, luminous streams are seen in the dark issuing from all parts of the 
body. These streams are short and of delicate texture when the number of breaks is very 
‘great and the action of the device b (Fig. 5) free of any irregularities, but when the 
umber of breaks is small or the action of the device imperfect, long and noisy streams 
appear which cause some discomfort. The physiological effects produced with apparatus 
of this kind may be graduated from a hardly perceptible action when the secondary is 
at a great distance from the primary, to a most violent one when both coils are placed 
at a small distance. In the latter case only.a few seconds are sufficient to cause 2 feeling 
of warmth all over the body, and soon after the person perspires freely. I have repeatedly, 
jin demonstrations to friends, exposed myself longer to the action of the oscillations, 
and each time, after the lapse of an hour or so, an immense fatigue, of which it is 
difficult to give an ides, would take hold of me. It was greater than I experienced on 
some occasions after the most staining and prolonged bodily exertion, I could scarcely 
make a step and could keep the eyes open only with the greatest difficulty. 1 slepe 
soundly afterward, and the after-effect was certainly beneficial, but the medicine was 
‘manifestly too strong to be used frequently. 

‘One should be cautious in performing such experiments for more than one reason. 
‘At or near the surface of the skin, where the most intense action takes place, various 
chemical products are formed, the chief being ozone and nitrogen compounds. The former 
is itself very destructive, this feature being illustrated by the fact that the rubber insulation 
of a wire is destroyed so quickly as to make the use of such insulation entirely 
impracticable. The compounds of nitrogen, when moisture is present, consist largely of 
nittic acid which might, by excessive application, prove hurtul to the skin. So far, 1 have 
not noted injuries which could be traced directly to this cause, though on several 
occasions burns were produced in all respects similar to those which were later observed 
and attributed to the Réntgen rays. This view is seemingly being abandoned, having not 
been substantiated by experimental facts, and so also is the notion that these rays are 


127 


transverse vibrations. But while investigation is being tumned in what appears to be the 
right direction, scientific men are still at sea. This state of things impedes the progress 
of the physicist in these new regions and makes the already hard task of the physician 
still more difficult and uncertain. 

One or two observations made while pursuing experiments with the apparatus 
described might be found as deserving mention here. As before stated, when the 
oscillations in the primary and secondary circuits are in synchronism, the points of highest 
potential are on some portion of the terminal T. The synchronism being perfect and the 
Tength of the secondary coil just equal to one-quarter of the wave length, these points 
will be exactly on the free end of terminal ‘I, that is, the one situated farthest from 
the end of the wire attached to the terminal. If this be so and if now the period of the 
oscillations in the primary be shortened, the points of highest potential will recede 
towards the secondary coil, since the wave-length is reduced and since the attachment 
of one end of the secondary coil to the ground determines the position of the nodal 
points, that is, the points of least potential, Thus, by varying the period of vibration 
of the primary circuit in any manner, the points of highest potential may be shifted 
accordingly along the terminal T, which has been shown, designedly, long to illustrate 
this feature. The same phenomenon is, of course, produced if the body of a patient 
constitutes the terminal, and an assistant may by the motion of a handle cause the points 
‘of highest potential to shift along the body with any speed he may desite. When the 
action of the coil is vigorous, the region of highest potential is easily and unpleasantly 
located by the discomfort or pain experienced, and it is most curious to feel how the pain 
wanders up and down, or eventually actoss the body, from hand to hand, if the connection 
to the coil is accordingly made — in obedience to the movement of the handle controlling 
the oscillations, Though I have not observed any specific action in experiments of this 
kund, T have always felt that this effect might be capable of valuable use in clectro- 
therapy. 

Another observation which promises to lead to much more useful results is the 
following: As before remarked, by adopting the method described, the body of a pen 
may be subjected without danger to electrical pressures vastly in excess of any producible 
by ordinary apparatus, for they may amount to several million volts, as has been shown 
in actual practice. Now, when a conducting body is electrified to so high a degeee, small 
particles, which may be adhering firmly to its surface, are torn off with violence and 
thrown to distances which can be only conjectured. I find that not only firmly adhering 
‘matter, as paint, for instance, is thrown off, but even the particles of the toughest metals, 
are torn off, Such actions have been thought to be restricted to a vacuous inclosure, but 
‘with a powerful coil they occur also in the ordinary atmosphere. ‘The facts mentioned 
would make it reasonable to expect that this extraordinary effect which, in other ways, 
Thave already usefully applied, will likewise prove to be of value.in electro-therapy. The 
continuous improvement of the instruments and the study of the phenomenon may shortly 
ead to the establishment of a novel mode of hygienic treatment which would permit an 
instantaneous cleaning of the skin of a person, simply by connecting the same to, or 
possibly, by merely placing the person in the vicinity of a source of intense electrical 
Oscillations, this having the effect of throwing off, in a twinkle of the eye, dust or 
particles of any extraneous matter adhering to the body. Such a result brought about in 
4 practicable manner would, without doubt, be of incalculable value in hygiene and 
would be an efficient and ‘time-saving substitute for a water bath, and particularly 
appreciated by those whose contentment consists in undertaking more than they can 
accomplish. 

High frequency impulses produce powerful inductive actions and in virtue of this 
feature they lend themselves in other ways to the uses of the electro-therapeutist. These 
inductive effects are either electrostatic or electrodynamic. The former diminish much 
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more rapidly with the distance — with the square of the same — the latter are reduced 
simply in proportion to the distance. On the other hand, the former grow with the square 
of intensity of the source, while the latter increase in a simple proportion with the 
intensity, Both of these effects may be utilized for establishing a field of strong action 
extending through considerable space, as through a large hall, and such an arrangement 
might be suitable for use in hospitals or institutions of this kind, where itis desirable to 
treat a number of patients at the same time. 

Fig. 6 illustrates the manner, as I have shown it originally, in which such a field of 
clectrostatic action is established. In this diagram G is a generator of currents of very 
high frequency, C a condenser for counteracting the self-induction of the circuit which 
includes the primary P of an induction coil, the secondary $ of which has two plates tt of 
large surface connected to its terminals, Well known adjustments being observed, a very 
strong action occurs chiefly in the space between the plates, and the body of a person 


— 


Fig. 9. 


is subjected to rapid variations of potential and surgings of current, which produce, even 
at a great distance, marked physiological effects. In my first experiments I used two 
metal plates as shown, but later I found it preferable to replace them by two large 
hollow spheres of brass covered with wax of 2 thickness of about two inches. The 
cables leading to the terminals of the secondary coil were similarly covered, so that any 
of them could be approached without danger of the insulation breaking down. In this 
manner the unpleasant shocks, to which the experimenter was exposed when using the 
plates, were prevented. 

Tn Fig. 7 a plan for similarly utilizing the dynamic inductive effects of high 
Frequency currents is illustrated, As the frequencies obtainable from an alternator are 
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not as high as is desired, conversion by means of condensers is resorted to. The diagram 
will be understood at a glance from the foregoing description. It only need be stated 
that the primary p, through which the condensers are made to discharge, is formed by 
a thick stranded cable of low self-induction and resistance, and passes all around the 
hall. Any number of secondary coils sss, each consisting generally of a single 
layer of rather thick wire, may be provided. I have found it practicable to use 
as many as one hundred, each being adjusted for a definite period and responding 
to a patticular vibration passed through the primary. Such a plant I have had in use in 
my laboratory since 1892, and many times it has contributed to the pleasure of my 
‘visitors and also proved itself of practical utility. On a latter occasion I had the pleasnre 
of entertaining some of the members with experiments of this kind, and this opportunity 
T cannot let pass without expressing my thanks for the interest which was awakened in 
me by their visit, as well as for the gencrous acknowledgment of the courtesy by the 
Association. Since that time my apparatus has been very materially improved, and now 
Tam able to create a field of such intense induction in the laboratory that a coil three 
fect in diameter, by careful adjustment, will deliver energy at the rate of one-quarter 
of a horse power, no matter where it is placed within the area inclosed by the primary 
loops. Long sparks, streamers and all other phenomena obtainable with induction coils 
are easily producible anywhere within the space, and such coils, though not connected 
to anything, may be utilized exactly as ordinary coils. and what is still more remarkable, 
they are more effective. For the past few years I have often been urged to show 
experiments in public, but, though I was desirous to comply with such reaueéts, pressing, 
work has so far made it impossible, These advances have been the result of slow but 
steady improvement in the details of the apparatus which I hope to be able to describe 
connectedly in the near future. 

However remarkable the electrodynamic inductive effects. which I have mentioned, 
may appear, they may be still considerably intensified by concentrating the action upon 
1 very small space. It is evident that since, as before stated, electromotive forces of many 
thousand volts are maintained between two points of 2 conducting bar or loop only a few 
inches long, electromotive forces of approximately the same magnitude will be set up 
in conductors situated near by. Indeed, I found that it was practicable in this manner 
to pass a discharge through a highly exhausted bulb, although the electromotive force 
required amounted to as much as ten or twenty thousand volts, and for 2 long time 
T followed up experiments in this direction with the object of producing light in a novel 
and more economical way. But the tests left no doubt that there was great energy 
consumption attendant to this mode of illumination, at least with the apparatus I had 
then at command, and, finding another method which promised a higher economy of 
transformation, my efforts tumed in this new direction. Shortly afterward (some time 
in June, 1891), Prof. J. J. Thomson described experiments which were evidently the 
‘outcome of lone investigation, and in which he supplied much novel and interesting 
information, and this made me return with renewed zeal to my own experiments. Soon 
my efforts were centered upon producing in a small space the most intense inductive 
action, and by gradual improvement in the apparatus I obtained results of a surprising 
chatacter. For instance, when the end of a heavy bar of iron was thrust within a loon 
powerfully energized, a few moments were sufficient to raise the bar to a high 
temperature. Even heavy lumps of other metals were heated as rapidly as though they 
were placed in a furnace, When a continuous band formed of a sheet of tin was thrust 
into the loop, the metal was fused instantly, the action being comparable to an explosion, 
and no wonder, for the frictional losses accumulated in it at the rate of possibly ten 
horse power. Masses of poorly conducting material behaved similarly, and when a highly 
exhausted bulb was pushed into the loop, the glass was heated in a few seconds nearly 
to the point of melting. 
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When I first observed these astonishing actions, I was interested to study their 
effects i tissues. As may be assumed, I proceeded with all the necessary caution, 
and well I might, for I had the evidence that in a turn of only a few inches in diameter 
an electromotive force of more than ten thousand volts was produced, and such high 
pressure would be more than sufficient to generate destructive currents in the tissue. 
‘This appeared all the more certain as bodies of comparatively poor conductivity were 
rapidly heated and even partially destroyed. One may imagine my astonishment when 
I found that I could thrust my hand or any other part of the body within the loop and 
hold it there with impunity. More than on one occasion, impelled by a desire to make 
some novel and useful observation, I have willingly or unconsciously performed an 
experiment connected with some risk, this being scarcely avoidable in laboratory 
experience, but have always believed, and do so now, that I have never undertaken 
anything in which, according to my own estimation, the chances of being injured were 
so great as when I placed my head within the space in which such terribly destructive 
forces were at work. Yet I have done so, and repeatedly, and have felt nothing. But 
Tam firmly convinced that there is great danger attending such experiment, and some 
one going just 2 step ferther than I have gone may be instantly destroyed, For, conditions 
ray exist similar to those observable with a vacuum bulb. Tt may be placed in the field 
of the loop, however intensely energized, and so long as no path for the current is 
Formed, it will remain cool and consume practically no energy. But the moment the 
first feeble current passes, most of the energy of the oscillations rushes to the place of 
consumption. If by any action whatever, a conducting path were formed within the 
living tissue or bones of the head, it would result in the instant destruction of these and 
death’ of the foothardy experimenter. Such a method of killing, if it were rendered 
practicable, would be absolutely painless. Now, why is it that in a space in which such 
violent turmoil is going on living tissue remains uninjured? One might say the currents 
cannot pass because of the great self-induction offered by the large conducting mass. 
But this it cannot be, because a mass of metal offers a still higher self-induction and 
js heated just the same. One might argue the tissues offer too great a resistance. But 
this again cannot be the reason, for all evidence shows that the tissues conduct well 
enough, and besides, bodies of approximately the same resistance are raised to a hich 
temperature. One might attribute the apparent harmlessness of the oscillations to the 
high specific heat of the tissue, but even a rough quantitative estimate from experiments 
with other bodies shows that this view is untenable. The only plausible explanation 
T have so far found is that the tissues are condensers. This only can account for the 
absence of injurious action. But it is remarkable thet, as soon as a heterogeneous circuit 
is constituted, as by taking in the hands a bar of metal and forming a closed loop in 
this manner, the passage of the currents through the arms is felt, and other physiological 
effects are distinctly noted. The strongest action is, of course, secured when the exciting 
loop makes only one turn, unless the connections take up a considerable portion of the 
total length of the circuit, in which case the experimenter should settle upon the least 
number of turns by carefully estimating what he loses by increasing the number of turns, 
and what he gains by utilizing thus a greater proportion of the total length of the 
circuit, It should be borne in mind that, when the exciting coil has a considerable number 
of turns and is of some length, the effects of electrostatic induction may preponderate, 
as there may exist a very great difference of potential — 2 hundred thousand volts 
‘or more — between the first and last turn. However, these latter effects are always 
resent even when 2 single turn is employed. 

‘When 2 person is placed within such 2 loop, any pieces of metal, though of small 
bulk, are perceptibly warmed. Without doubt they would be also heated — particulacly if 
they were of iron — when embedded in living tissue, and this suggests the possibility of 
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surgical treatment by this method. It might be possible to sterilize wounds, of to locate, 
or even to extract metallic objects, or to perform other operations of this kind within 
the sphere of the surgeon’s daties in this novel manner. 

‘Most of the results enumerated, and many others still mote remarkable, are made 
possible only by utilizing the discharges of a condenser. It is probable that but a very 
few — even among those who are working in these identical fields — fully appreciate 
what a wonderful instrament such a condenser is in reality, Let me convey an idea to this 
cffect. One may take a condenser, small enough to go in one's vest pocket, and by 
skilfully using it he may create an electrical pressure vastly in excess — a hundred times 
_preater if necessary — than any producible by the largest static machine ever constructed. 
(Or, he may take the same condenser and, using it in a different way, he may obtain from 
it currents against which those of the most powerful welding machine are utterly 
insignificant, Those who are imbued with popular notions as to the pressure of static 
machines and currents obtainable with a commercial transformer, will be astonished at 
this statement — yet the truth of it is easy to see. Such results are obtainable, and 
easily, because the condenser can discharge the stored energy in an inconceivably short 
tume. Nothing like this property is known in physical science. A compressed spring, 
or a storage battery, or any other form of device capable of storing energy, cannot do 
this; if they could, things udreamt of at present might be accomplished by their means. 
‘The nearest approach to charged condenser i «high explosive, as dynam But eren 
the most violent explosion of such a compound bears no comparison with the discharge 
or explosion of a-condenser. For, while the pressures which are produced in the detonat- 
jon of a chemical compound are measured in tens of tons per square inch, those which 
‘may be caused by condenser discharges may amount to thousands of tons per square inch, 
and if a chemical could be made which would explode as quickly as 2 condenser can 
be discharged under conditions which are realizable — an ounce of it would quite 
certainly be sufficient to render useless the largest battleship. 

‘That important realizations would follow from the use of an instrument posses- 
sing such ideal properties I have been convinced since long ago, but I also recognized 
carly that great difficulties would have to be overcome before it could replace less perfect 
implements now used in the arts for the manifold transformations of electrical energy. 
‘These difficulties were many. The condensers themselves, as usually manufactured, were 
inefficient, the conductors wasteful, the best insulation inedequate, and the conditions 
for the most efficient conversion were hard to adjust and to maintain. One difficulty, 
however, which was more serious than the others, and to which I called attention when 
I first described this system of energy transformation, was found in the devices neces- 
satily used for controlling the charges and discharges of the condenser, They were wantine 
in efficiency and reliability and threatened to prove a decided drawback, greatly restricting 
the use of the system and depriving it of many valuable features, For a number of years 
T have tried to master this difficulty. During this time a great number of such devices 
‘were experimented upon. Many of them promised well at first, only to prove inadequate 
in the end. Reluctantly, I came back upon an idea on which I had worked long before. 
Tt was to replace the ordinary brushes and commutator segments by fluid contacts. I had 
encountered difficulties then, but the intervening years in the laboratory were not spent 
in vain, and I made headway. First it was necessary to provide for a circulation of the 
fig, bat forcing though by = pump proved ielf impractical. Then the happy idea 
presented itself to make the pumping device an integral part of the circuit interrupter, 
inclosing both in 2 receptacle to prevent oxydation. Next some simple ways of maintain 
ing the circulation, as by rotating a body of mercury, presented themselves. Then I learned 
how to reduce the wear and losses which still existed. I fear that these statements, 
indicating how much effort was spent in these seemingly insignificant details will not 
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convey a high idea of my ability, but I confess that my patience was taxed to the utmost. 
Finally, though, I had the satisfaction of producing devices which are simple and 
reliable in their operation, which require practically no attention and which are capable 
of effecting a transformation of considerable amounts of energy with fair economy. It 
is not the best that can be donc, by any means, but it is satisfactory, and I feel that the 
hardest task is done, 

‘The physician will now be able to obtain an instrument suitable to fulfil many 
requicements. He will be able to use it in electeo-therapeutic treatment in most of the 
‘ways enumerated, He will have the facility of providing himself with coils such as he 
may desire to have for any particular purpose, which will give him any current or any 
pressure he may wish to obtain. Such coils will cor of but a few turns of wire, and 
the expense of preparing them will be quite insignificant, The instrument will also 
tenable him to generate Rontgen rays of much greater power than obtainable with ordinary 
apparatus. A tube must still be furnished by the manufacturers which will not deteriorate 
nd which will allow to concentrate larger amounts of energy upon the electrodes, When 
this is done, nothing will stand in the way of an extensive and efficient application of 
this beautiful discovery which must ultimately prove itself of the highest value, not only 
at the hands of the surgeon, but also of the electro-therapist and, what is most important, 
of the bacteriologist. 

To give a general idea of an instrument in which many of the latter improvements 
are embodied, I would refer to Fig. 9. which illustrates the chief parts of the same in 
side elevation’ and partially in vertical cross-section. The arrangement of the parts 
the same as in the form of instrament exhibited on former occasions, only the exciting 
coil with the vibrating interrupter is replaced by one of the improved circuit breakers 
to which reference has been made. 

‘This device comprises a casting A with a protruding sleeve B, which in a bushing 
supports a freely rotatable shaft a. ‘The Iatter carries an armature within a stationary 
field magnet M and on the top, a hollow iron pulley D, which contains the break proper. 
‘Within the shaft a, and concentrically with the same, is placed a smaller shaft b, likewise 
freely movable on ball-bearings and supporting a weight E. ‘This weight being on one 
side and the shafts a and b inclined to the vertical, the weight remains stationary as the 
pulley is rotated. Fastened to the weight E is a device R in the form of a scoop with 
very thin walls, nartow on the end nearer to the pulley and wider on the other end. 
A still quantity of mercury being placed in the pulley and the latter rotated against 
the narrow end of the scoop, a portion of the fluid is taken up and thrown in a thin 
and wide stream towards the centre of the pulley. The top of the latter is hermetically 
closed by an iron washer, as shown, this washer supporting on a steel rod L a disk F of 
the same metal provided with a number of thin contact blades K. The rod L is insulated 
by washers N from the pulley, and for the convenience of filling in the mercury a small 
screw o is provided. The bolt L forming one terminal of the circuit breaker is connected 
by a copper steip to the primary p. The other end of the primary coil leads to one of 
the terminals of the condenser C, contained in a compartment of a box A, another 
compartment of the same being reserved for switch $ and terminals of the instrument. 
‘The other terminal of the condenser is connected to the casting A and through it to pulley 
D. When the pulley is rotated, the contact blades K are brought rapidly in and out of 
contact with the stream of mercury, thus closing and opening the circuit in quick 
succession. With such a device it ig easy to obtain ten thousand makes aad breaks per 
second and even more. The secondary a is made of two separate coils and so arranged 
that it can be slipped out, and a metal strip in its middle connects it to the primary coil. 
This is done to prevent the secondary from breaking down when one of the terminals 
is overloaded, as it often happens in working R&ntgen bulbs. This form of coil will 
withstand a very much greater difference of potential than coils as ordinarily constructed, 


‘The motor has both field and armature built of plates, so that it cen be used on 
alternating as well as direct current supply circuits, and the shafts are as neatly as possible 
vertical, $0 as to require the least cate in oiling. Thus, the only thing which really 
requires some attention is the commutator of the motor, but where alternating currents 
are always available, this source of possible trouble is easily done away with, 

‘The circuit connections of the instrument have been already shown and the mode 
of operation explained in periodicals. The usual manner of connecting is illustrated in 
Fig. 8, in which Ag Ag ate the terminals of the supply circuit, L, a self-induction coi 
for raising the pressure, which is connected in seties with condenser C and primary 
P P. The remaining letters designate the parts correspondingly marked in Fig. 9 and 
will be understood with reference to the latter. 
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light source, indicator, or display > single sou 


Other Applications 

LEDs are used in optocouplers and in solid- 
state relays. Usually an infrared LED is embed- 
ded inside a chip or a plastic module, and emits 
light through an interior channel to activate a 
phototransistor. This arrangement provides elec- 
trical isolation between the switching signal and 
the switched current. 


‘Some sensors use an LED paired with a photo- 
transistor at opposite sides of a U-shaped plastic 
mount. A sensor of this type can monitor indus- 
trial processes or may be found inside a photo- 
copy machine, to detect the presence of a sheet 
of paper. 


What Can Go Wrong 


Excessive Forward Voltage 

Like any diode, the LED has threshold voltagein 
the forward direction. If this threshold is excee- 
ded, the effective internal resistance of the LED 
falls very rapidly. Current rises equally rapidly, 
and quickly damages the component, unless itis 
protected by an appropriate series resistor. 


Excessive Current and Heat 

Exceeding the recommended value for forward 
current, or allowing an LED to overheat, will 
shorten its lifetime and cause a premature dim- 
ming of light output. LEDs generally require 
some current limiting or regulation (most com- 
monly with a series resistor). They should not be 
connected directly to a voltage source such asa 
battery, even if the battery voltage matches the 


LED indicator 


What Can Go Wrong 


voltage of the diode. The exception to this ruleis 
if the internal resistance of the battery is high 
enough to limit the current, as in the case of 
button-cell batteries. 


Storage Issues 
LEDs of different types are often indistinguisha- 
ble from each other. They can also be indistin- 
guishable from photodiodes and phototran: 
tors, Careful storage is mandatory, and reusing 
LEDs that have been breadboarded may cause 
future problems if they are wrongly identified. 


Polarity 
Ifthe leads on an LED indicator are trimmed, and 
if the indicator lacks a flange in which a flat spot 
willidentify the cathode, the componentis easily 
misused with reversed polarity. Ifit is connected 
witha component that has limited current sourc- 
ing capability (for instance, the output pin of a 
digital chip), the LED will probably survive this 
treatment. However, maximum reverse voltage 
is often as low as SVDC. To minimize the risk of 
errors, the anode lead can be left slightly longer 
than the cathode lead when they are trimmed 
for insertion in a breadboard or perforated 
board. 


Internal Resistors 

As previously noted, itis difficult to distinguish 
an LED that contains its own series resistor from 
another LED that does not. The two types should 
be stored separately, and should be reused cir- 
cumspectly. 
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THE MAGNETIC-ARC INSTRUMENT OF S.S. KNIGHT 


by Mark 


L. Gallert 


Reprinted from 
NEW LIGHT ON THERAPEUTIC ENERGIES, 1976 


Mr. Knight, a chemical and electrical engineer of 
Walnut Creek, California, wasimpressed withthe severity 
and persistence of pain suffered in certain types of cancer. 
Realizing that pain is a sensation representative of an 
electrical phenomenon of excessive nerve-current flow, 
he decided to experiment to see if there was some way of 
interfering with that nerve flow through artificial im- 
pulses, in the effort to stop or alleviate the pain. 

‘Towards this end, he developed an instrument com- 
bining several features of electro-therapy: 

1. A wave pulsed at 90 times per minute, taking 
advantage of data obtained from experience with the older 
types Faradic machines, 

2. Arest interval exceeding 75% of the duration of 
each pulsing cycle - enhances the beneficial effect, 

3. Breaking the treatment by mechanical opening of 
contacts in such a way as to create an arc at each of the 
pulsing intervals. An arc produces a very wide band of 
frequencies, from those of very low frequency, to the 
highestthat can bemeasured. Themultiplicity of frequen- 
ccies seems to play a part in masking or interrupting the 
sensation of pain, 

4, Aunique feature of the Knight instrument is that 
the arc is broken in a strong magnetic field produced by a 
large, powerful, permanent magnet. This introduces what 
is called the “Zeeman effect”, that is, a magnification of 
the arc impulses, and a spreading of frequencies. 

5. Use of very low power output - below 1/100 of a 
Watt, so that there will be no perceptible heating of tissue 
when the complex of impulses from theinstrument are fed 
to the patient through electrodes applied to the skin, 

Experiments on cases which had been declared termi- 
nal cancer by medical doctors, showed that this device not 
only brought outstanding relief of pain in the majority of 
instances, but also produced some surprising “‘remis- 
sions” characterized by shrinking of tumour masses, and 
restoration of general health to the patient. 

Dr. C.P, Bryant of Seattle, Washington, who used 
these instruments extensively in his practice over aperiod 
of years, declared that with their use he was able torestore 
tohealth 75% ofall cancer cases which had not undergone 
surgery, X-ray or radium, and 25% of those cancer cases. 
which had been subjected to surgery, X-ray or radium. 

The Knight family has never represented these instru- 
ments as a “‘cancer cure”. The original aim was to find 
some way to relieve the pain of cancer. Reports from 
doctors of apparent cures through use of the instruments 
were received with interest, as well as reports of benefits 


from the application of the instrument to conditions other 
than cancer. 

Mr. S.S. Knight, aman with pronounced humanitarian 
ideals, made the circuit of the instrument available to all, 
inquirers and encouraged the building of instruments by 
anyone who wished to copy his circuit and specifications, 
He was keenly disappointed when reports reached him of 
failure, or lack of therapeutic effect from instruments 
constructed by others. It developed that adjustments were 
quite critical, particularly concerning the making and 
breaking oftheare, Mr. Knight could tell by lookingatthe 
arcand listening to it, when itwas “right”. Itwas difficult 
to develop objective criteria for adjustment of the equip- 
ment, 

A puzzling circumstance, was that the maximum ef- 
fect from Mr. Knight's instruments was obtained when 
they were new; after a few weeks of use the effect began 
to diminish; after some months it was perceptibly weaker, 
and after a year or more, of very little use. Several years 
ago, the reason for the lessening of effect was determined, 
The isolation transformer used to block the direct flow of 
the arc frequencies from the electric line supply (an 
isolation required to eliminate radio interference) was 
being saturated by the magnetism from the large magnet 
surrounding the are. The more saturated the transformer 
became, the less electricity it passed. The equipment was 
re-designed to place the transformer out of range of the 
field of the magnet, 

‘The instrument can be classed with experimental 
devices, as therehavenotbeen sufficienttests madeunder 
controlled conditions to establish with certainty the per- 
centage of cases of various types of cancer that can be 
alleviated, arested,andperhapscured, buttheteststo date 
indicate at least that this is a promising approach, which 
should be explored further. 

An imitation instrument has been marketed by others, 
using an electro-magnet instead of a permanent magnet, 
Mr. Knight was opposed to this substitution, having a 
number of reasons for believing that the permanent mag- 
net was preferable, Other changes have also been madein 
constructing these imitation instruments, including the 
type of electrodes. So far as your compiler has been able 
to determine, the instruments using electro-magnets have 
some valuein relieving pain ina variety of conditions, but 
the effect on cancer seems to be slower and less pro- 
nounced than that obtained from the genuine Knight 
instruments when the latter are functioning properly and 
are in adjustment. 
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to dabbling in the mysteries that the 
ultra short waves have created. 

On the other hand, medical-scfentific 
personages are making use of thelr 
medical Imowledge, plus a large por- 
tion of electronics, in efforts to make 
the world a better place to live in with 
Jess ‘aches ‘and pains to bother us, 


eave er ena inact tae mle 
Many engineers employed in lange 
exestTet Tboratenien have me 
able use of their knowledge p we cet 
Ing to the ultra short waves, and have isln tea with Mak power 
Goistractod oscillators of ‘high power divest tne serra teen caind cn (ha the hey tnpertee tenet at 
Fae epee oe SEA EE'E atten ft gum, ct ha furan wih ovat team a "power ener, Se 
act that fever ig nature's, dector to-a ar 
tain degree. “If tenn be produced 
{neste wher therein go opine Sop 8 
igh fever, the ‘patient's chance “for 
Fecovery and cure ia far better than 
Sombatting disease by Injection of ma- 
{aria germs, ets, which may produce 
reactions worse than the disease itself sioy'tiais"on 
Unknown Quali {Botta eon eto fo humans may 

However, the production of fever by be aPhied, (our duly te stein est 
‘an osclliator ia-e simple procedure, but 
Bhe"applieation” of” these “wave 
speeds ig’ the bumen body i ane 
Ghely diferent matter, “Secondly, the 
‘output or radiation ‘of an ultra "high 
frequency oscillator iss "never. been 
completely identified. 

TE seems that for every known ele- 
ment discovered there ave many others 
Within—undiseovered. --An illustration 
Df this fact wan brought to ight vo 
Teeently, in which the writer witnesse 
fb demonatration of photo-electrie cell 
‘works 

"A. dovble-cell_ apparatus, menufac- 
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Short Waves in Medicine 


ULTRA SHORT 
WAVES IN 
MEDICINE 


By Dr. FRITZ NOACK 


ROFESSOR ESAU, of the Unie 
versity of Jens, the well-known 
pioneer in the field of ultra short 
waves, was the one who nearly 

two years ago pointed out that very. 

evidently the ultra short wave exercised 
beneficial medicinal effects 

For further investigation of this 
effect, small mice were put between the 
condenser plates of the sender; and Lot 
after some time the mice fell vietims to 

4 sort of tetanus, which eventually led 

to death, The result of this fact was 

that, Prof. Esau resolved to commission 

a physician to make a further study of 

the physiological effect of these ultra 

short waves. Naturally the serious in- 
ion of medicinal effects requires 
experience in physical ‘measurements, 

likewise an apparatus operating in a 

constant and easily controlled manner. 


Siemens and Halske Interested 
It is gratifying that a manufacturer 
which already. possesses very great ex- 
perience in constructing electro-medieal 
apparatus and which also has the requi- 
site experience in physical measure- 
ments, the prominent. firms of Siemens 
and Hialske took up the matter, Now 
this company has manufactured a first 
ultra-short wave radiation apparatt 
and recently exhibited it to a picked 
group of scientists and to the press, 
‘The pictures show the new set which, 
of course, has to be considered as the 
first of an evolutionary series, There 
will still be necessary all sorts of ex- 
periments to produce the set in. such 
form that it will correspond to all the 
needs of the ‘medical profession. ‘The 
present set will, for the time being, be 
‘used for the further study of the physi 
Togical effect of ultra short waves. Ib 
will be the problem of the doctors to 


One of the “fair 
sex” receiving a 
treatment through 


The ultra-short wave medical appa- 
ratus with ite electrode arm adjusted 
to permit the waves passing through 


solution for experiment. 
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(Bextiny 


Investigate the fields of use and the con- 
ditions under which the set may be used. 


Arrangement of U. 8. W. Generator 

Im the large shielded box are the real 
ultra short wave generator— (actually 
resembling a radio transmitter) and the 
parts needed for its operation. The gen- 
erator ean work on two waves, four and 
ight meters. ‘The wavelength ie d= 
Justed by inserting the proper tuning 
‘coils. The arm which projects out of 
the apparatus has inside it two lead 
wires Which convey the oscillations out 
ward; they are Jed to the two electrode 
which are placed at the ends of the two 
Visible “supports. 


In the eross-beam at the end of the 
arm is a “tuning” device, which tones 
the electrode oscillatory circuit exactly 
to the wavelength of the generator. The 
exact tuning can be rend on a meter, 
which is above the arm on the box; this 
shows the direct plate current of the 
transmitter, which, with correct tuninit 
of the elettrode circuit, adjusts to = 
minimum; the value then indicated by 
the meter gives, after calibration of the 
‘2 value for the electrode eneriy. 


To be able to adjust the electrodes, 
‘as ja necestary from one ease to amr 
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other, the electrode arms are set in ball- 
Joints, To ascertain whether oscil 
Yons are actually present in the elec- 
trode oscillatory circuit, there is on one 
lectrode arm a little glow lamp (Neon 
ube), which Tights up in the presence 
of oscillations, 


Blectrodes Swing on Giant Arm 
‘The arm projecting out of the appa 
xatoy can be sang fh all dreetiona for 
the better se’ of the whole anit.” To 
fccomplish this, i i ied to the box in 
Siniversel olot, The end crosepece 
Sethe arm can furthermore be turned, 
{> that the slectrodes. cam assume. any 
dealt. dectin. The sight side wall 
Sf the bow contains the sain. current 
Site, as wll as aresistor with whisk 
fhe filaments of the eabes are regulated. 
‘The apparatos i Infact contrasted fost 
Tike acim. tube radio transmits 
"The clttrodes may take various forme; 


Homan 


By DR. ERWIN SCBLIEPHAKE, M.D. 
(Of the Jena University Medical Clinic 


Fig. 1 


‘Arrangement of the apparatus used by Dr. Schliephake in messi 
Ing and observing the effects of short waves on he human body, 


absorption, et cetera.” H, 
fantenna, c 


in accordance with the most recent ex: 
periences, they are so shaped that they 
do not have to be put armly against the 
body, but exercise. their effect even in 
the presence of a Inyer of air between 
body and electrode. At the same time, 
the remarkable fact may be determined, 
that the thickness of the layer of air 
and the “depth effect” are dependent on, 
feach othe 


Advantages of Ultra Short Waves 

‘According to all experiences thus far, 
the medicinal ultra-short wave radiator 
ig sort of diathermal apparatus; there- 
fore i serves to conduct to the part of 
the body, or the organ to be treated, 
‘electric wave energy, which is converted 
into hest and thereby exercises a heal. 
ing effect. As compared with the usual 
diathermal sets (Which operate on a 
wavelength of about 600 meters, using 
leaden electrodes, which have to be put 
right on the body), the ultra-short wave 


arabolic reflector formed of wires; D, 
rged inductively by the coil S; vacuum tube at R, and 


‘beside it wave changing condenser; subject at Mf. 
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act offers a considerably better control 
of the direction in which the heat is to 
bbe applied, 20 that one can better reach 
any desired organ than was possible 
before. Furthermore, by changing the 
wavelength, one ean ‘also adjust for a 
definite deep-lying stratum. Unpleasant 
‘accompanying phenomena, which result 
with the utusl diathermal sets, where 
the electrodes do not rest firmly on the 
‘body, do not occur in the case of the 
ultra short wave radiator. Tt is espec- 
ially important to note that one ean now, 
for the first time, perform a “therapy” 
or treatment directly on the head, The 
‘operation of the set is very simple, 


‘Whether, besides the warming of the 
different strata in the body, still other 
biological effects occur or ean be accom- 
plished, with the new ultra short wave 
radiator, is, &t the present ‘time, still 
‘matter of question, 


Bercs as 
ANTENNAS 


ity of powerful radio trans 

they are exposed to a very strong 

electromagnetic field. One must 
therefore ask what significance these 
radiations have for the internal organs, 
and how the body reacts to them, This 
‘question is justified by the fact that all 
other kinds of electromagnetic rays in- 
fluence the human body more or less 
strongly. 

‘The character, however, of the reae- 
tion is different, according to the wave- 
lengths. Radium rays and X-rays, for 
example, because of the extraordinary 
shortness of the waves and the high 
effectiveness of energy under these con- 
Gitions, exercise a vary strong effect on 
the structure of atoms; so that serious 
injuries to the organism can arise (for 
instance, under certain conditions, can- 
cer). Less serious are the effects of 
ight rays which, however, in the ultra 
violet part of the spectrum, can still 
‘occasion serious injuries; while the vis- 

Ja light which we perceive is of too 
Tow a frequency to injure healthy per- 
sons. There are, however, subjects, 
made sensitive by illness, who suffer 
serious affections of the skin from strong 
illumination. Above the optical spec- 
trum, there follow the infra-red and 
Theat ‘waves, whose effect on atoms is 
elatively slight; in the case of still 
fonger waves only molecular effects are 
to be expected. Here we are entering 
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‘the range of the Hertzian waves, elec: 
trie waves in the stricter sense. Of 
these, the shortest are about half a milli. 
‘meter (02-inch) tong, and therefore just 
above the heat radiations, 

From direct analogy, it is to be 
assumed that the shortest of these 
‘aves must be absorbed by human bod 
Jes, as in the ease of heat rays, and 


NSE 
DO YOU KNOW — 


GQ What effect short waves have on 

the hair and scalp in genera 

‘Whether the current in the excit- 

ing antenna increases or decreases 

when a person stands in its field? 
ay" 


Why? 

If the person stoops will this affect 
Ge ceil a enor eee 
Hite 
@ Whether ‘cold” or “heat” is pro- 
duced inside the body by an over- 
dose of the high frequency waves? 
@The effect of short waves on the 
as aeaat 


this absorption can he actually demon- 
strated, 


Absorption of Radio by the Body 
With specially-built transmitters, et 
pecially such as those which have been 
‘dexeribed by Kohl, electric waves only 
a few centimeters in length ean be pro- 
‘duced; these waves can be reflected by 
mirrors, exactly like light rays. If one 
puts the antenna in the focus of a con 
‘cave ‘mirror, then there is formed a 
parallel beam of radiation which ean be 
concentrated again in another concave 
mirror, By means of a lens placed in 
the course of the radiation, the ray is 
made very sharp. If a person steps into 
this path, reception ceases, Since no re- 
ection by the human body or only 
very slight one is demonstrable, absorp- 
tion of the radiation must have occurred; 
this effect is, moreover, demonstrable in 
the case of other organic substances or 
water. “Unfortunately, not much can yet 
bbe said about the physiological effects of 
‘these radiations; the power of the trans- 
mitters of extremely short waves is still 
too low to produce perceptible changes, 
It is otherwise with the wavelengths 
from three meters up, to the production 
of which powers of several kilowatts 
can be applied. Here the above described 
‘optical phenomena eannot be so well 
demonstrated, because the diffraction is 
‘much greater; but absorption by the hu- 
‘man body can be very well shown. 
‘When an antenna is inductively coupled 
to a S-meter transmitter, the oscillations 
‘can be indicated by a detector even at a 
Gensiderable datane away, “If howara 
48 person puts himself in the place of thi 
antenna, the detector’ responds much 
‘more weakly, although the power con- 
‘sumed by the transmitter remains the 


same. Accordingly, a part of the power 
must have been used ‘up in the body. 
‘The same phenomenon ean be demon 

strated as follows: a closed or open ot- 
cillation cireuit. is inductively couples 

with the transmitter (see Fig. 1). ‘The 
ammeter in the circuit shows a deSnite 
current strength. If a person places 
himself on an insulating stool beside it, 
the current in the oscillation circuit is 
reduced, This withdrawal of energy, 
however, depends on the length of the 
body; for if the subject stoops, or 
changes to a sitting position, the current 
jn the other circuit increases (Fig. 2). 
Therefore, it appears as though, by the 
tuning of the subject, to about half the 
wavelength, the power tranemitted to 
im becomes muck greater. 


Concentrating Power by Means of a 
Reflector 

By means of a large concave mirror 
fone can also collect. the transmitted 
power to a focus. Such a mirror need 
consist only of parallel wires stretched 
between two wooden frames, Its height 
must be equal to the wavelength, the 
‘opening one and one-half times the wave- 
length. It is best to use elliptical reflee- 
tors, with the transmitting antenna at 
fine foeus; then the reflected radiation is, 
at the other focus of the ellipse. With 
a “dipole” (“Hertzian” antenna) con- 
taining an ammeter, especially strong 
concentration of energy at this point can 
be demonstrated. Here a lessening of 
the current in the dipole is instantly 
shown if a person steps into the vicinity. 
Since the human body is to be regarded 
essentially as an electrolytic system, 
with regard to the electric wave, and T 
have tried to demonstrate the effect in 
‘the following manner in a model experi 
ment. 

‘A glass tube, of half the wave's length, 
was filled with an 0.5% sodium chloride 


(salt) solution, to which gelatine was 
‘added to prevent convection. In thie jelly 
the temperature was measured, at dif- 
ferent places, by thermo-elements. It 
‘was shown that the heating was great- 
est in the middle and least at the ends; 
being half as strong at the quarter pointe 
of entire length as it was in the middle, 
Since the maximum strength of the eur 
rent is at the middle, the greatest 
heating is therefore connected with this, 

Physiological Effect of Short Waves 

Especially noteworthy, also, was a 
feeling of vibration, which was particu- 
larly evident if the’ hand was raised in 
front. We could establish thit sensation 
only ‘at our transmitter, which is op- 
erated with 50-cycle alternating current. 
‘There must be, therefore, « direct infla~ 
ence on the nervous system. Here too 
we have, therefore, another proof that 
the ultra-short radio waves exercised an 
effect on the nerves. 

‘These vibrations are also felt if the 
hand is placed in a condenser’s field. 
Many persons who remain close to the 
transmitter also experience remarkable 
sensations on the head, near the roots of 
the hair; these are’ like a peculiar 
prickling, the hair likewise standing up 
alittle. In many subjects we could also 
observe slight increases in bodily teme 
perature, wi 
05 of a degree, Centigrade (0.9 degree 
Fahrenheit). Since the body contains 
extremely fine regulators, by which the 
‘temperatare is always kept constant, and 
since also the amounts of energy which 
‘ean be conveyed into the body, even by 
powerful radio transmitters, give (when 
translated into heat unite) only a rela- 
tively low number of ealories, this in- 
‘erease in heat is probably not attribu- 
‘table to the received energy alone. As 
is to be shown later, nervous effects may 
play an important part in this. 

‘The effect on the nervous system is 
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plainly felt by all persons who work a 

ily long time with short waves. The 
jensations are different with the indi 
‘duals; there are persons who are rel 
Lively insensitive, and others who very 
seon complain about the disturbances of 
their health, Usually there is first an 
increasing sleepiness; they are very tired 
by day, but at night they sleep badly. 
Several times a night they start out of 
their sleep, and they are tired and sleepy 
in the morning. 

‘These phenomena increase more and 
more, Often there are also intensive 
headaches, particularly covering the 
back of the head. Many persons com- 
plain of digestive disturbances and pres- 
‘ure on the stomach, Most of them are 
furthermore easily excited and irritated, 
being inclined to complaining and to 
violence, This increased excitability of 
‘the nervous system can also be shown by 
‘electrical tests of the nerves. 

Effects of the Blectrostatie Fi 

It is much easier to study these 
changes by using the condenser field. 
Here it is not the elestromagnetic wave 
which is used, but the electrostatic field, 
‘which always’ accompanies it. Here, how- 
ever, the effect may be much more 
strongly concentrated. I have generally 
‘used plates four inches in diameter, be- 
‘tween which the parts of the body in 
question were treated. ‘The field be- 
‘tween these plates suffices to heat 100 
¢e. of a 0.5% sodium chloride (salt) so 
lution 6 degrees C. (99 F.) in one minute. 
If parts of the human body are intro- 
duced into this field, and the blood is then 
‘taken from some part of the body (for 
instance, from the earlobe) on investi- 
‘gation obvious changes are found. 

‘The number of red corpuscles per 
cubic millimeter is very greatly i 
creased; i.e, if they formerly amounted 
to 5 million, the number has risen to 6 
million. ‘The same is true of the haemo- 
globin (a constituent of the blood) and 
‘the white corpuscles, the number of 
which likewise increases. But this is not 
always true to the same extent, depend- 
ing upon the strength of the radiation 
and the place treated. One frequently 
sees instead a lessening of these 
amounts, which would therefore corre: 
spond to a thinning of the blood. Like- 
wise, the albumens of the blood undergo 
ertain changes which I cannot discuss 
here. 


In the case of these strong effects it 
is to be assumed that the tissues of the 
body also undergo changes; which, how- 
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Dangers and Beneficial Possibilities 
After these experiences, T have not 
dazed to expose entire human beings to 


Human Beings As 
Antennas 


By Dr, Erwin Schliephake, MD. 


‘samme time, effective heating of the body 
fever, cannot be directly proved in a sub- can be accomplished, equally ‘well: in 
fect. other ways; such as with the well-known 


‘Apostoll “condenser bed,” which can be 
Reeults of Experiments on Animals connested to any diathermal apparatus, 
In experiments with animals, on the With the method. previously described, 

contrary, such changes are plainly recog- only serious dangers. for’ the patients 

nizable. ‘They occur particularly strong treated would have been conjured up, 

Jn projecting parts of the animals, without the possiblity of producing © 

Suet tin the ets sod ti of the tals; Fondamentaly new eect 

‘Yeoy often, one see avie time after the 0% the other hand, the diatarbances of 

treatment, that the parts in question are tH Physical health, which we conld ol 

dying and falling off, In the case of a Setve in the field of free radiation of 

rabbit whose leg had been too strongly Powerful transmitters, have never been 
cxpomad fo the sastrontatie ld, T 09 bait arnt ot secorery of 

Heed a complete. disintegration 4 few weeks, with no irradiation, all ef 

fish ina sing- shaped region so that only £€2ts have been observed to vanish. For 

the bone remained; but then, after a {00% years now, I have almost daily 

Seen ee atposat 
That the nervous sytem of the ani the Chests ony Putte dissipation; and 

mals ts leo nfvenced is shown By the ghogtstetcften Yery unpleasanty ave 

Yact that many of them shudder on the w9¥S gone back to normal on stopping 

switching on or of of the fel at 8 

time when there can be no question of & In these things the wavelength is also 

Strong heating effect. cxttainy of importance: al fe tact te 
‘Also very interesting are the disturb- have the impression that the disturb- 

ances of the internal heat, regulation, ances to health became stronger as the 

‘which one ean produce in animals, if) Wave was shortened. Anyway, the un- 

The resion of the neck and the ack of Pleasant ‘sensations appeat much 

the head of a rabbit are exposed to a quicker with » threemeter wave than 

limited capacitative field and the tem- With longer ones 

perature is afterward measured, one can From all these experiences, it ie at 

Goon note a permanently increased tem- any rate clear that treatment with elee- 

perature, which often lasts for some tie waves can in no way be regarded as 

Weeks. if a very powerful dose of “irra- always harmless for the human body. Tt 

Uintion” is administered the opposite can is iain that their incorrect use can 

‘cccur: the bodily heat falls’ more and cause serious injuries to health. Cer 

tore, often below 5 degrees C. (95°F), tainly such injures aze to be expected 

Until’ these low temperatures are no only when the frequencies are very high; 

Jonger compatible with life. At the same thst is, with Ultrashort waves; even then 

Hime, it is interesting to observe that there ia nothing to fear except with 

almost all animals which have had such faily high transmitter power. 

disturbances of their heat regulation | On the other hand, with proper use, 
after a few weeks developed inflamma. the short electric waves seem to be & 
tion of the lungs and pleurisy, afterward Valuable means of treatment. According 
dying. It seems as though, by the dio- to our experiments to date, with bacteria 
turbance of the heat regulation, the re- cultures and infected animals, the germs 
sistance of the animals to disease had of disease can be killed. There is the 
suffered greatly; s0 that in this path added point that certain defensive proce 
throughout the central nervous system ¢S5€5 are stimulated in the body. ‘Tbave 
there was created a special susceptibility also already repeatediy treated human 

20 colds, On investigating the spinal beings; and, in about hundred cases, 1 

marrow of such animals microscopical, have been. able to attain an extraordl- 

serious injuries to the nerve cells have narlly quick cure’ of suppuration (pus 
been observed. formation). 


Ills Treated by Short 
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ron THEORY AND CALCULATION OF TRANSIENT PHENOMENON & 


ELECTRIC OSCILLATIONS by Charlee Proteus Steinaets, 1920 


CHAPTRR V. 
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NEW RESEARCH FINDINGS show that all diseases, 
have simple explanations and cures once their true 
cause is known. This book describes the causes of 
both common and extraordinary diseases and gives, 
specific instructions for their cure. 


The Cure for all Diseases 


With Many Case Histories 


of diabetes, high blood pressure, seizures, chronic fatigue 
syndrome, migraines, Alzheimer's, Parkinson's, multiple 
sclerosis, and others showing that all of these can be simply 
investigated and cured. 
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Electricity can now be used to kill bacteria, viruses and 
parasites in minutes, not days or weeks as antibiotics require. 


If you have been suffering from a chronic infection or have 
cancer, or AIDS, learn to build the electronic device that will 
stop it immediately. It is safe and without side effects and does 
not interfere with any treatment you are now on. 
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Notice to the Reade! 


The opinions and conclusions expressed in this book are 
mine, and unless expressed otherwise, mine alone. The opinions 
expressed herein are based on my scientific research and on 
specific case studies involving my patients. Be advised that 
every person is unique and may respond differently to the 
treatments described in this book. On occasion we have provided 
dosage recommendations where appropriate. Again, remember 
that we are all different and any new treatment should be applied 
in a cautious, common sense fashion. 

The treatments outlined herein are not intended to be a re- 
placement or substitute for other forms of conventional medical 
treatment. Please feel free to consult with your physician or other 
health care provider. 

T have indicated throughout this book the existence of pol- 
lutants in food and other products. These pollutants were identi- 
fied using a testing device of my invention known as the 
Syncrometer."™ Complete instructions for building and using this 
device are contained in this book. Therefore anyone can repeat 
the tests described and verity the data. 

The Syncrometer is more accurate and versatile than the best 
existing testing methods. A method for determining the degree of 
precision is also presented. However at this point it only yields 
positive or negative results, it does not quantity. The chance of a 
false positive or a false negative is about 5%, which can be 
lessened by test repetition. 

It is in the public interest to know when a single bottle of a 
single product tests positive to a serious pollutant. If one does, 
the safest course is to avoid all bottles of that product entirely, 
which is what I repeatedly advise. These recommendations 
should be interpreted as an intent to warn and protect the public, 
not to provide a statistically significant analysis. It is my fervent 


hope that manufacturers use the new electronic techniques in this 
book to make purer products than they ever have before. 


Dedication 
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reluctance to be defeated. 
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LED area lighting 


The term LED area lighting is used in this encyclopedia to describe a white LED source 
that is bright enough to illuminate rooms, offices, or outdoor areas. It may also be used 
in desk lamps or table lamps as task lighting. LEDs for these purposes may be categorized 
as high-brightness, high-power, high-output, or high-intensity. A complete fixture con- 
taining at least one light source is properly known as a luminaire, although the term is 
not uniformly applied and is sometimes written incorrectly as a luminary. 
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For this purpose, the LED acronym has become universal. Periods are not normally placed 
between the letters 
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segment alphanumeric character, a dot-matrix character, or a display of multiple char- 
acters, is listed in a separate entry as an LED display. 


The term OLED is an acronym for Organic Light-Emitting Diode, a thin panel in which an 
‘organic compound is contained between two flat electrodes. Despite its functionality as 
a form of LED, its design is similar to that of thin-film electroluminiscent light sources. 
Therefore itis discussed in the entry on electroluminescence. 
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+ LED indicator (see Chapter 22) 
« incandescent lamp (see Chapter 18) 

| fluorescent light (see Chapter 20) 

+ neon bulb (see Chapier 19) 

«+ electroluminescence (see Chapter 26) 
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What It Does 


High-brightness white LEDs provide a plug- 
compatible alternative to incandescent lamps, 
halogen lighting, and fluorescent lights for 
work spaces and the home, 


At the time of writing, products are still evolving 
rapidly in the field of LED area lighting. A shared 
goal of manufacturers is to increase efficiency 
while reducing retail price to the point where 


high-brightness LEDs will displace fluorescent 
tubes for most low-cost lighting applications. 


‘A wall-mounted LED reflector-bulb that emu- 
lates a halogen fixture is shown in Figure 23-1. A 
small LED floodlight for exterior use is shown in 
Figure 23-2. An early attempt to package an LED 
area light in a traditional-style bulb is shown in 
Figure 23-3, Within a decade, as LED area lighting 
continues to evolve, some of these examples 
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How It Works 


may look quaint. Configurations are evolving, 
with final results that remain to be seen. 


Figure 23-1. A smal LED reflector-ight emulating a halo- 
zen fixture. Note the square of yellaw phosphors mounted 
‘on the diode. 


Figure 23-2. A floodlight for exterior use. Nine LEDs are 
assembled behind the yellow phosphors. The steel frame 
‘measures about 4" by 3, 


Trends in Cost and Efficiency 

The luminous flux of a source is the total power 
that it radiates in all directions, within the visible 
spectrum, The unit that measures luminous flux 
is the Jumen. For a more detailed discussion of 
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this topic, see "Power” on page 177. Since 1965, 
the cost per lumen of light from a given color of 
LED has decreased by about a factor of 10, while 
the maximum number of lumens emitted by an 
LED package has increased by a factor of 20, dur- 
ing each decade. This is known as Haitz’s Law, 
named after Dr. Roland Haitz of Agilent Technol- 
ogies. Figure 23-4 illustrates it graphically. 


Figure 23-3. An LED light bulb. Unlike an incandescent 
bulb, it focuses the illumination in ane direction, like a 
reflector-ight. Consuming only 6W. it is claimed to be 
equivalent to a 40W incandescent bulb 


Schematic Symbol 
Schematic symbols that are commonly used to 
represent an LED are shown in Figure 23-5. The 
symbol remains the same regardless of the size 
or power of the component, but architectural 
plans may represent any type of light using the 
Circle-and-X symbol at bottom right. 


How It Works 


A high-brighteness LED functions on the same 
basis explained in the entry describing LED in- 
tors. Photons are emitted when electrons 
are sufficiently energized to cross a PN junction 
and combine with electron-holes. 


An LED that appears white, or off-white, actually 
emits blue light that is re-radiated over a wide 
range of wavelengths by adding a layer of yellow 
phosphors to the chip. A cutaway diagram of an 
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Preface 


The sick have been held hostage for their money or intangible 
assets since time immemorial. Doctors, even primitive and 
natural healers, surround themselves with mystery as they use 
herbs or chemicals and incantations or “prognoses” to help the 
sick recover. Today, the medical industry (doctors and their 
suppliers and insurers) take a significant amount of the worker's 
earnings. Wouldn't it be nice if they could all go back to gar- 
dening or some other primitive and useful endeavor? Wouldn't it 
be wonderful if the sick could join them? 

The most promising discovery in this book is the effective- 
ness of electricity to kill viruses, bacteria and parasites. Does 
this mean you can cancel your appointment with your clinical 
doctor? No it does not. Killing your invaders does not make you 
well instantly. But happily, at your next doctor visits she or he 
will be removing drugs, not adding them. 

You might think that such an invention should be quickly 
patented. That was my universal advice. But I chose not to. It 
helps me, my children, and my grandchildren, if you are well. 
The whole world needs to come out of the dark ages of medicine 
and illness, And to learn the true causes of infection and disease. 
‘We must and can usher in the new age of disease-free living. 

No diabetes, no high blood pressure, no cancer, no 
HIV/AIDS, no migraines, no lupus and so on! 

Not a single disease is left unconquerable with this new un- 
derstanding! 
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The Promise 


Step into a new world. 
A world without chronic diseases. 
Step out of your old world. 


It has kept you a prisoner. 


Try something new. 


The prison has no walls. It has only lines. Lines that mark the 
ground around you. Inside the lines are your old ideas, Outside 
are new ideas that invite you to step over and escape your 
prison. Dare to try these new ideas and your illness promises to 
recede. In a few weeks it can be gone. 


If you are very ill or chronically ill you must have asked 
yourself many times: why have these problems chosen me? Will 
there never be a way to conquer them? 

You may be quite familiar with your doctor's explanation of 
your illness or your child's illness. A Coxsackie virus has en- 
tered your child's brain causing inflammation (encephalitis) 
there. You pray that your child's immunity will overcome it. You 
may be familiar, but so very helpless against this microscopic 
invader. 

If you had the proverbial 3 wishes they would be: 1) please 
spare my child's life; 2) please make it so my child doesn't have 
permanent damage; 3) please bless and guide the wonderful 
doctors and nurses who are keeping the oxygen tent going, and 
are watching my child's temperature and vital signs, 
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What if you could turn a dial and in 3 minutes kill every 
Coxsackie virus in your child's body? 

‘What if this had no side effects? 

What if the virus never came back? 

In this book you will learn how to do that. You will also 
learn why your child got encephalitis or other disease and how to 
prevent it forever. 

If this is too mind boggling, just take it a step at a time: Fi 
learn about the radio-type broadcasting that all living animals do. 
Second, find the “station frequencies” that your particular 
invader(s) broadcast at. Third, leam how to “jam” their 
frequency until they expire: it takes only minutes! 

Finally, learn how to make your own diagnostic and treat- 
ment devices. The instructions are simple enough for anyone. 
Only by putting this power in your hands will it be safe from 
government regulation, however well intended. 


Only Two Health Problems 


No matter how long and confusing is the list of symptoms a 
person has, from chronic fatigue to infertility to mental problems, 
I am sure to find only two things wrong: they have in them 
pollutants and/or parasites. I never find lack of exercise, 
vitamin deficiencies, hormone levels or anything else to be a 
primary causative factor. So the solution to good health is obvi- 
ous: 


Problem Simplest Cure 
Parasites Electronic and herbal treatment 
Pollution Avoidance 


It’s a valiant quest: The quest for health. With optimism in 
one hand and determination in the other, you too can work the 
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miracles for yourself that my clients accomplished in the case 
histories. 

More good news is that it is not expensive. The cost will 
range from a few hundred dollars to only a few thousand in order 
to eliminate both problems and cure your chronic diseases 


Be A Health Detective 


After curing your own diseases, teach your friends and family 
how it's done. Families are related and their problems are 
related. This should make the task easier. Keep a small notebook 
to become part of the treasured family legacy as much as 
photographs do. If your aunt, father and brother had diabetes as 
well as yourself and all were cured after introducing them to this 
concept and technology, isn't this worthy of notes in your family's 
history? 

Notice what a strong line of inheritance there can be, not due 
to sharing genes but due to sharing a roof, a table, a su- 
permarket, and a dentist! 

Many problems can be disinherited. Cure yourself of retinitis, 
pigmentosa, Muscular dystrophy (the “inherited” kind), and 
break down your family's faith in the gene-concept for these 
diseases. Bring hope to your family by proving diseases’ true 
etiology. Bring respect back for your loyal genes that bring you 
hair color, and texture, not hair loss. That bring you eye color, 
not eye disease. Your genes brought you the good things about 
your ancestors, not the bad things. Parasites and pollution 
brought you the bad things. 

Killing all your invaders is just the first step, though. It is 
indeed the life-saving step. But getting well is more than saving 
your life. Next comes the more tedious task of finding their 
sources. Where did they come from? Why did they invade you so 
massively. Why you? 
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The story of your personal pollution unfolds as in a book. 
Look closely and you see the whole panorama of your numerous 
tiny invaders being held at bay by your valiant immune sys 
your white blood cells. You can see what they are fighting 
besides the invaders. Your ill-chosen diet and lifestyle products! 

‘Your heart may go out to those tiny white blood cells. Never 
again, you may say, will you give them arsenic and mercury and 
lead. Never again, cobalt and asbestos and freon, 

That great body of wisdom, your body, the same as listened 
to your three wishes, will reward you over and over as you co- 
operate with it, until you have had not 3 but 30 wishes granted, 
each one seemingly as impossible as climbing Mt. Everest. 


+ Your chronic yeast infection can go away. 

+ Your hair can stop falling out-might even grow back. 

+ Your body can become pregnant-when you had already 
given up. 

+ Your fatigue can vanish. 

+ Your insomnia can be gone. 

+ Your warts can fall off. 

+ Your sight and hearing can sharpen. 

+ Your constant hunger can disappear. 


Health isn't just being free of sickness. Health is feeling 
great, feeling like laughing at funny things. Health is feeling 
grateful to be alive. It is feeling happy to see the sky and to see 
growing things and to feel confident in human society's progress. 
Health is remembering the good parts of childhood and believing 
you still have a lot of them. 


LED chip (properly known as a die), mounted un: 
der a silicone lens, is shown in Figure 23-6. 
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LEDs are mass-produced by etching them into 
crystals thatare then cutinto wafers before being 
subdivided into dies, like silicon chips. Most ofthe 
blue LEDs that form the basis of white lighting 


use sapphire crystals as their substrate. The crys- 
tal may range in diameter from two inches to six 
inches. Large sapphire wafers are also finding 
potential applications in camera lens covers and 
scratch-resistant cover plates for cellular phones. 
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While a die for an LED indicator may be 0.3mm x 
0.3mm, a die in a high-brightness LED is often 
Imm x Imm. The size is limited by technical is- 
sues involving total internal reflection ofthegen- 
erated light. 


The precise color of the light is adjusted by 
adding red phosphors to the yellow phosphors. 
This reduces the overall efficiency of the LED by 
around 10% but creates a “warmer” radiance. A 
graphical illustration of this principle is shown in 
Figure 22-3, in the entry on LED indicators, 


The color temperature of white or offwhite light 
is measured in degrees Kelvin, typically ranging 
from 2,500K to 6,500K, where a lower number 
representsa light with more red in itanda higher 
number represents a light with more blue in it 
This system of measurement was originally used 
with incandescent bulbs to define the temper 
ature of the filament, which determined its color. 
See "Spectrum” on page 173 for a detailed ex: 
planation. 
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The Discovery 


What makes me think I can find things in the human body that 
a blood test can not? What new technology makes this possible? 
Why is electronic testing superior in many ways to chemical 
methods? What are my claims of electrically Killing parasites 
based on? 

In 1988 I discovered a new way to scan a body organ. It was 
electronic. We already can “see” an organ with a sonogram, X- 
rays, computerized tomography (CAT) scan, or with magnetic 
resonance imagery (MRI). These techniques can identify ab- 
normal shapes in an organ without having to explore or guess. 
But my new electronic technique can check for viruses, bacteria, 
fungi, parasites, solvents and toxins, and in addition is simple, 
cheap, fast and infallible. Electricity can do many magical things; 
now we can add detecting substances in our body to that list. 

The method rests on radio electronic principles. 

If you match, very precisely, the capacitance and inductance 
properties of an external circuit so that its resonant frequency is 
the same as the emitted frequency coming from somewhere else, 
the circuit will oscillate. This means there will be positive 
feedback in an amplifier circuit. You can hear it. Like when a 
public address system squeals. 

The external circuit I use is called an audio oscillator, quite 
easy to build or buy. Your body provides the emitted frequen- 
cies. When you combine the audio oscillator circuit with your 
body, and you hear resonance, then you have detected a match! 
Something in your body matches something in the circuit on the 
test plate. By putting a laboratory sample of, say, a virus on the 
test plate, you can determine if your body has that virus by lis- 
tening for resonance. Hearing resonance is easy if you're a radio 
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technician or musician, Others must patiently practice. The de- 
tails are given in the Bioelectronics chapter (page 457). 


You do not have to be an expert in anything to learn the 
electronic detection method. But a keen sense of hearing helps. 


In 1988 I leared a way to put anything on my skin, blind 
folded, and identify it electronically in a few minutes. I could 
taste something without flavor and identify it electronically. The 
system worked fine for detecting things in the skin and tongue 
Would it be reliable for internal organs, too? 

‘A whole world of discovery lay ahead of me. I wanted to 
know what was in my inner ear causing tinnitus, in my eyes 
causing pain, in my stomach causing indigestion and a thousand 
other things. 

But behind the daily excitement of new discoveries, a 
gnawing question lingered in my mind. How is this possible 
without some pretty high frequency energy source, radio fre- 
quency in fact, running through my circuit? My audio oscillator 
was only 1000 Hz (hertz, or cycles per second); radio frequency 
is hundreds of thousands of Hz. And the phenomenon could be 
produced with an old-fashioned dermatron', too, that only puts 
out DC (direct current)-no frequencies at all! 

A high frequency energy had to be coming from somewhere. 
Was it me? Ridiculous 

But there was a way to test. If my own body was putting forth 
the high frequency energy, it could be bled off and diverted into 
the ground with a correct size capacitor. This should stop the 
feedback oscillations. This turned out to be true; it was stopped. 
But ridiculous kept ringing in my ears and I tried an- 


‘The dermatron was invented decades ago and made famous by 
Dr. Voll. Establishment science disdained it! 
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other test. If there was indeed radio frequency (RF) running 
through my circuit I should be able to block it with the right snap- 
on choke. It did block. I thought of a third test. If this was truly a 
resonance phenomenon I should be able to add a capacitance to 
this circuit and see the resonance destroyed. Then add an 
inductance and see the resonance return, It did just that. I made 
graphs of the relationship between capacitance and inductance. 
They were entirely reproducible. 

Then why couldn't I see the RF on my RF oscilloscope? 
Probably because it was high frequency energy, not high energy 
frequency, and I didn't know how to amplify it above the back- 
ground noise level. It was nevertheless not convincing. Yet much 
too tantalizing to ignore. 

I thought of yet a fourth test. If I was really producing RF 
radiation that could be channeled through a circuit, I should be 
able to interfere with it by adding another RF radiation from an 
outside source. I added a frequency from my frequency generator, 
first at 1,000 Hz. Now there was no resonance. It interfered. Did 
this mean that my body was not producing radiation at 1,000 Hz? 
Or was my 1,000 Hz radiation being matched and canceled? I 
raised the frequency gradually, from 1,000 to 10,000 to 100,000 
to 1,000,000 Hz. There was no resonance anywhere, and I 
couldn't draw any conclusions. It was 5 o'clock on Sunday 
afternoon, Quitting time. But one last look at my generator 
reminded me that it could reach 2,000,000 Hz and I was just at 
1,000,000. One more quick experiment wouldn't take much time. 
I cranked it to 1,800,000 Hz. And now a resonance screamed out! 
Was I “hearing things?” No more interference. I did it over and 
over. Why was it resonating now and not before? Had I arrived 
at my body's own bandwidth (transmission range), and this was 
the reason it no longer interfered? 

I found the lowest frequency that resonated to be 1,562,000 
Hz. All frequencies that I checked (about 2,000) from there up 
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to 2,000,000 (my frequency generator would go no higher) also 
resonated. 

‘A year later I purchased a better frequency generator to 
search for the upper end of my bandwidth. Any frequency be- 
tween 1,562,000 and 9,457,000 Hz could be added to the circuit 
and produce resonance. 


It seemed obvious, then, that the human body broadcasts 
electrically, just like a radio station, but over a wide band of 
frequencies and very low voltages, which is why it has not been 
detected and measured until now. 


Everything Has A Unique Frequency 


It was a busy year, now 1989. I was determined to find a 
bandwidth for other living things: I found them for flies, beetles, 
spiders, fleas, ants, They were between 1,000,000 Hz and 
1,500,000 Hz; cockroaches were highest amongst insects I tested. 

Then came a dismaying finding. A dead insect had a band- 
width too! Much narrower, and near the top end of the same 
range it had when living, but distinctly present. So it wasn't al- 
together a living phenomenon, 

But if dead things had a resonant bandwidth, then maybe a 
prepared microscope slide of a dead creature could be used, and 
my trips to the garden and telephone calls to abattoirs (for meat 
parasites) could cease. That was a lucky thought. My first slide 
was of the human intestinal fluke, a huge parasite, scourge of 
humanity. I had just found it to be present in the liver (not in- 
testine) of every cancer sufferer I saw. The (dead) adult parasite 
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had a resonant frequency around 434,000 Hz. Slides of that 
parasite’s redia resonated nearby (432,000 Hz), as did its other 
stages. 

Dead things still resonated! The entire catalog of biological 
supply companies, hundreds of specimens of viruses, bacteria, 
parasites, molds, and even toxins, were now available to re- 
search with this new technique! 

Suddenly an idea bolted out of the blue. If a person were to 
hold on to the frequency generator while it was generating 
434,000 Hz, what would happen to the adult fluke, if you were 
infected with it? 

I tested this plan that same week on myself, not with the fluke 
but with Salmonella bacteria and Giardia and Herpes that 1 
carried chronically. After a 3 minute treatment, I retested myself. 
I could no longer find them in my organs! There were no 
emissions at their characteristic frequencies. I repeated and re- 
peated. Were they really dead? Maybe they were just numbed or 
were suddenly hiding. But symptoms were gone quickly too. My 
Herpes lesion stopped tingling. It was all too simple and 
unbelievable. 

But was it safe? Within three weeks I had reliable data re- 
garding the necessary level of electrical treatment. It only took 5 
volts for three minutes at the specific frequency. It is not as if you 
had to use house current which would kill you, along with the 
parasite. 


Selective Electrocution 


In twenty minutes (three minutes at six different frequencies) 
a whole family could get rid of this parasite. Cancer cases 
showed that in a few hours the universal cancer marker, ortho- 
phospho-tyrosine could be banished from their bodies by killing 
this same parasite. 
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“Incurable” HIV cases lost their virus in a few hours, too. 
Laboratory retesting for HIV came back negative! Most cases of 
pain got immediate relief if I could identify the correct “bug” and 
have its frequency found by the next office visit. This seemed to 
be absolute proof that living things had an essential high 
frequency output of some kind of energy. 

‘What was actually happening to the bacteria or parasites? If I 
could kill something as large as an Ascaris worm or intestinal 
fluke, then perhaps I could kill something even larger, like an 
earthworm or flea, something I could see with my own eyes in- 
stead of having to imagine its demise inside my body. 

Ten minutes at a frequency chosen near the top of their 
broadcast range seemed to anesthetize them. But they didn't die. 
Later I checked the body bandwidth (the range of frequencies 
they emit) of each. The earthworms had lost a lot of their band- 
width, both at the top and bottom. The fleas seemed hardier; they 
had only lost a little. However they did not recover, even weeks 
later, from this loss. 

Could it harm humans to douse them with RF frequencies in 
their own bandwidth? Quite probably, if the voltage were high 
enough. There was no need to experiment, though, because the 
parasites we want to kill have characteristic frequencies that do 
not overlap the characteristic frequencies of a human. In fact, 
they are far away (see the chart on page 17). 

‘So my electronic method attacking illness was born. Find the 
resonant frequency of a bacterium, virus or parasite using a slide 
or dead bit. Treat the living invaders inside the human body with 
this frequency and in a matter of minutes they are no longer 
transmitting their own bandwidths—they are dead or sick and 
will be removed by our white blood cells. 

It was a worrisome truth, Perhaps the department of defense 
would use this knowledge and develop super high voltage de- 
vices to kill people (“enemies”) somewhere in the world. But I 
couldn't let sick people suffer. Besides, it would probably re- 
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quire a voltage much like lightning to kill people from a distance. 
Possibly a way could be found to shield yourself from 
frequencies harmful to humans by wearing a choke (inductor) 
coil which suppresses these frequencies. Remember, there was 
no recovery, just a slow death for my experimental animals. It 
must not happen to humans! 

Meanwhile, people must be alerted that they can safely Kill 
their invaders and heal their chronic illnesses. Invaders that have 
been increasing exponentially due to lowered immunity in recent 
decades. Possibly this is true for all species on our planet. The 
pollution of the entire biosphere has been increasing and with it 
the prospect of acquired immune deficiency syndrome (AIDS) 
for all of us. 


Remember, though, that the true challenge is not to kill our 
invaders but to regain our health and immunity. 


More than just parasites are making us sick! Pollution is too. 
Selective electrocution rarely makes people completely well. 
Sick people always have an environmental factor that must be 
corrected also. 

How do we do that? The ship of “progress”, of increasingly 
complex, processed foods and products, must be turned around 
and simplicity become our goal. Survival is in simplicity of food 
intake, simplicity of life habits. Did Ralph Waldo Emerson 
foresee this when he said “To be simple is to be great? Or will 
daily parasite and pathogen electrocution become another crutch 
that makes us just enough better that we can continue a detri- 
‘mental lifestyle? Yet another “Band-Aid” treatment for our poi- 
soned planet? 
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Bioradiation 


Strange as it appears, it now seems obvious that every living 
creature broadcasts its presence like a radio station, the sun, or 
the stars. I have named it bioradiation. 

Perhaps it is the same energy as the Asian chi; perhaps it is 
merely related to it. Perhaps it is the energy that runs along the 
meridians discovered eons ago by Asian practitioners. 

Perhaps it is the energy that faith healers and religious 
teachers know how to hamess, perhaps not. 

Perhaps it is the energy that psychics perceive and that drives 
occult phenomena, perhaps not. 

‘What is truly amazing is that ordinary persons have disco 
ered such energy well ahead of scientists. Persons using the “art” 
of kinesiology, pendulums, radionics, dousing rods and many 
other forms of “strange energy” have no doubt harnessed a part of 
this bioradiation. It is a tribute to the generally high intelligence 
of common people and to their open-mindedness that they 
discovered this energy, in spite of opposition from scientists of 
today. 

Over a century ago the scientists of Europe proposed the 
existence of a “life force” called “élan vitale.” They were 
scorned out of existence (and out of jobs). Young scientists, 
(including myself) were systematically taught to scorn this idea. 
Of course we were also taught that a good scientist was unemo- 
tional, does not scorn ideas, has a completely open mind, and 
does not rule something out until it is disproved to their satis- 
faction, The youthfulness of college years is so susceptible to 
prejudices of all kinds, and the desire for acceptance is so great, 
that special effort needs to be made to teach neutrality. Or at least 
to distinguish between emotion and fact. Where have these basic 
pedagogic principles gone? I was indeed inspired with the 
phrase “search for truth” but then promptly led down the path of 
“search for acceptance.” 
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I do not know what bioradiation, this electrical broadcast 
from our cells, is made of. Only its frequency was noticed and 
caught (modulated) in such a way as to be measurable. And this 
frequency, 1,520,000 to 9,460,000 Hz (for a human infant) is in 
the radio frequency (RF) range”. 

Anyone who is experienced with RF knows its strange be- 
havior. Not strange in the “unknown” sense but in the amazing 
sense. Circuits don't need to be complete or closed for it to 
travel. Bodies and objects can “pick it up” without being in the 
circuit. These amazing properties are due to the capacitive and 
inductive properties of objects all around us, including our- 
selves. 


Zapping Bugs 

By zapping I mean selectively electrocuting pathogens. For 
years I used a commercial frequency generator to “zap” one 
pathogen after another. 

First I made a chart of the frequencies for most of the bacteria 
and viruses in my collection (over 80, see page 561). Then I 
would test the sick client for each one of these, and hope they did 
not have one for which I didn't have a sample. Even persons with 
a simple cold typically had a dozen they tested positive to (not 
just Adenovirus). 

Next it was time to tune in the frequency generator to a dozen 
frequencies for three minutes each. The total process, testing and 
treatment, would take about two hours. They frequently got 
immediate relief. But often the relief would be temporary. What I 
didn't know at that time was that viruses could 


2AM radio broadcasts are from 540,000 Hz to 1,600,000 Hz (slight 
overlap with lower end of human band), FM is 88,000,000 to 
108,000,000 Hz (out of the human range). 
13 
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infect a larger parasite such as a roundworm. Until you killed 
your roundworm and your virus, you would keep getting the virus 
back promptly. 

In 1993 my son, Geoffrey, joined me and we tried a new ap- 
proach. He programmed a computer controlled frequency gen- 
erator to automatically cover all the frequencies populated by all 
the parasites, viruses, and bacteria, from 290,000 Hz to 470,000 
Hz. It spent about three minutes for every 1000 Hz it covered. 
This was more efficient, but it meant spending ten hours being 
zapped. 

‘Again, the results were disappointing. Arthritis pain, eye 
pain, colds were improved, but not completely cured overnight. 
Months later I would find that organisms were transmitting as 
low as 170,000, and as high as 690,000 Hz. My specimen col- 
lection was obviously incomplete. To cover this larger range, 
spending three minutes for every 1000 Hz, would take 26 hours. 
Still worth doing if it would indeed help all our illnesses. But 
even this method of zapping was not 100% effective for reasons 
yet to become clear. 

In 1994 my son built a hand held, battery operated, accurate 
frequency generator. The purpose was to enable everyone to kill 
the intestinal fluke at 434,000 Hz with a low cost device. Enough 
benefit would be derived from zapping at various frequencies 
that I thought everyone should know how to make one, When I 
tested it on one of my own bacteria, however, three others at 
much different frequencies died also! This had never happened 
before. When I tested it on others, even though they had dozens of 
pathogens, all were killed! 

Subsequent testing showed it was not due to some unique 
design, or special wave form produced by the device. It was due 
to battery operation! 


14 


Visible Differences 

The effects of different types of illumination are 
compared in Figure 23-7. To create this figure, 
firsta color chart was prepared in Photoshop and 
printed on high-gloss photo-grade paper with a 
Canon Pro9000 Mark I! inkjet printer, which has 
separate colors for red and green in addition to 
cyan, pale cyan, magenta, pale magenta, yellow, 
and black. 


The color chart was then photographed twice 
with a Canon 5D Mark Il, using a fixed white bal- 
ance of 400K. The first exposure was made with 
“daylight spectrum” LED lighting (claimed color 
temperature of 6500K) while the second was 
made with halogen lighting (claimed color tem- 
perature of 2900K). The photographs were ad- 
justed in Photoshop for levels only, to fill the 
available range of 256 values. The two exposures 
show how the same chart would appear when 
viewed under the different lights, if the human 
eye did not adjustitself atall. Note the large area 
of the LED exposure which is rendered in shades 
of blue or purple, Also note the dullness of the 
reds. This confirms the everyday belief that "day- 
light spectrum” LEDs tend to have a cold, pur- 
plish cast while incandescents have a warmer, 
yellow look. 


The same camera was then used to make two 
more exposures, this time with thewhite balance 
set to 6500 for LED lighting and 2900 forhalogen 
lighting, which would be the recommended 
standard procedure, suggesting the kind of com- 
pensation thatthe human eyealsotendstomake 
fordifferentambientlighting. The resultis shown 
atFigure 23-8. The LED version hasimproved, but 
the reds and yellows are still muted. The halogen 
version also looks better than before, but the 
magenta end of the spectrum has too much yel- 
low in it. These images show the limits of white 
balance correction for indoor photography. 


rks light source, indicator, or display 


Figure 23-7. The same printed color chart viewed with 

‘daylight white" LEDs (top) and halogen lighting (bot- 
tam), without any compensation ta allow for the different 
light spectra. A fixed white balance of S000K was used for 
both pictures. 


Side-by-Side Comparison 
Because the human eye is much better at com- 
paring colors when they are adjacent to each 
other, another color chart was prepared using 
just six color bars of fully saturated red, yellow, 
green, cyan, blue, and magenta, with paler and 
darker versions above and below. The bars were 
separated with large white gaps. The chart was 
photographed first with the white balance set to 
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Any positively offset frequency kills all bacte- 
ria, viruses and parasites simultaneously 


given sufficient voltage (5 to 10 volts), duration (seven 
minutes), and frequency (anything from 10 Hz to 500,000 Hz). 


Before this I had always set my commercial frequency gen- 
erator to alternate between positive and negative voltage. Now I 
tried setting it to alternate between positive and zero voltage 
(positive offset). It was just as effective as the battery operated 
frequency generator my son designed. 


Generating positive offset frequencies is the 
best way to kill all pathogens quickly. 


But it takes more than one treatment. 


It takes three treatments to kill everything. Why? The first 
zapping kills viruses, bacteria and parasites. But a few minutes 
later, bacteria and viruses (different ones) often recur. I conclude 
they had been infecting the parasites, and killing the parasites 
released them. The second zapping kills the released viruses and 
bacteria, but soon a few viruses appear again. They must have 
been infecting some of the last bacteria. After a third zapping I 
never find any viruses, bacteria or parasites, even hours later. 

Why didn't the virus inside the parasite die with the first 
zapping? It may be because electricity travels on the exterior of 
things. The body of the parasite shielded the interior. This is why 
my earlier, promising work spending hours on a frequency 
generator gave only partial or temporary improvement—it was 
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only done once, not three times. And it explains why a single 
treatment with a frequency generator or zapper frequently gives 
you a cold! 


Zapping does not kill shielded organisms 


such as those that may be in the middle of your stomach or 
intestines. The electricity travels along the stomach or intestine 
wall, not through their contents. 


So zapping is still not perfect, but can bring such manifest 
relief that everyone should buy or make one. Parts cost less than 
$25.00; the plans are in the next chapter. 


The Bioradiation Spectrum 


Everything emits a characteristic range of frequencies 
(bandwidth). In general, the more primitive the organism, the 
lower its bandwidth. Advanced animals have higher frequencies 
and the range is wider. 
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BANDWIDTH OF BIORADIATION OF ANIMALS 
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Fig. 1 Selected animal bandwidths. 


The human range is from 1520 KHz to 9460 KHz. Pathogens 
(molds, viruses, bacteria, worms, mites) range from 77 KHz to 
900 KHz. Fortunately for us we can work on zapping pathogens 
in the lower ranges without affecting humans in the upper range. 
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Fig  ' Selected pathogen bandwidths. 


Applying an alternating electrical voltage within an organ- 
ism's bandwidth injures it. Small organisms with narrow band- 
widths are extinguished quite readily (three minutes at five 
volts). 

Positively offset frequencies can kill the entire range of small 
organisms (viruses, bacteria, parasites) in just seven minutes. 
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Building A Zapper 


Being able to kill your bacteria and other invaders with 
electricity becomes much more of a panacea when you can do it 
all in three 7 minute sessions. No need to single out specific 
frequencies or to sweep through a range of frequencies one KHz 
at a time. No matter what frequency it is set at (within reason), it 
kills large and small invaders: flukes, roundworms, mites, 
bacteria, viruses and fungi. It kills them all at once, in 7 minutes, 
even at 5 volts 

How does it work? I suppose that a positive voltage applied 
anywhere on the body attracts negatively charged things such as 
bacteria. Perhaps the battery voltage tugs at them, pulling them 
out of their locations in the cell doorways (called conductance 
channels). But doorways can be negatively charged too. Does 
the voltage tug at them so they disgorge any bacteria stuck in 
them? How would the positive voltage act to kill a large parasite 
like a fluke? None of these questions can be answered yet. 

Other fascinating possibilities are that the intermittent posi- 
tive voltage interferes with electron flow in some key metabolic 
route, or straightens out the ATP molecule disallowing its 
breakdown, Such biological questions could be answered by 
studying the effects of positive frequencies on bacteria in a lab. 

The most important question, of course, is whether there is a 
harmful effect on you. I have seen no effects on blood pressure, 
mental alertness, or body temperatures. It has never produced 
pain, although it has often stopped pain instantly. This does not 
prove its safety. Even knowing that the voltage comes from a 
small 9 volt battery does not prove safety, although it is reas- 
suring. The clotting of red blood cells, platelet aggregation and 
functions that depend on surface charges on cells need to be in- 
vestigated. But not before you can use it. Your safety lies in the 
short period of exposure that is necessary. Viruses and bacteria 
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disappear in 3 minutes; tapeworm stages, flukes, roundworms in 
5; and mites in 7. One need not go beyond this time, although no 
bad effects have been seen at any length of treatment, 

The first seven minute zapping is followed by an intermis- 
sion, lasting 20 to 30 minutes. During this time, bacteria and 
viruses are released from the dying parasites and start to invade 
you instead. 

The second seven minute session is intended to kill these 
newly released viruses and bacteria. If you omit it, you could 
catch a cold, sore throat or something else immediately. Again, 
viruses are released from the dying bacteria. The third session 
kills the last viruses released. 


Do Not Zap If You Are Pregnant 
Or Wearing A Pacemaker. 


These situations have not been explored yet. Don't do these 
experiments yourself, Children as young as 8 months have been 
zapped with no noticeable ill effects. For them, you should weigh 
the possible benefits against the unknown risks 


That is all there is to it. Almost all. The zapping current does 
not reach deep into the eyeball or testicle or bowel contents. It 
does not reach into your gallstones, or into your living cells 
where Herpes virus lies latent or Candida fungus extends its 
fingers. But by zapping 3 times a day for a week or more you can 
deplete these populations, too, often to zero. 


Killing The Surviving Pathogens 


The interior of gallstones may house parasites inaccessible to 
the zapping. Eliminate this source of reinfection by flushing them 
out with liver cleanses (page 552). 
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Although the center of the bowel contents is often unaffected 
by electric current, which lets bowel bacteria like Shigella, 
Escherichia coli (E. coli) and parasite stages survive, sometimes 
it is nearly all sterilized by zapping. This results in considerable 
shrinkage of the bowel movement. Eliminate remaining parasites 
and bacteria with a single dose (2 tsp.) of Black Walnut Hull 
Tincture, Extra Strength (see page 543). 

There is no way of distinguishing between “good” and “bad” 
bacteria with either of these methods. However even good 
bacteria are bad if they come through the intestinal wall, so 
zapping targets mostly “bad” bacteria. The good news is that 
perfect bowel habits often result in a few days. Evidently, the 
good bacteria are benefited by killing the invasive ones. Home- 
made yogurt and buttermilk (see Recipes) are especially good at 
recolonizing the bowel. But it does not seem wise to culture 
yourself with special commercial preparations and risk getting 
parasite stages again when you can become normal so soon 
anyway. If you do decide to take some acidophilus bacteria to 
replenish your intestinal flora make sure you test for parasites 
like Eurytrema first. 

When a large number of parasites, bacteria and viruses are 
killed, it can leave you fatigued. Try to give yourself a low-stress 
day after your initial zapping. But there are no significant side 
effects. I believe this is due to the second and third zapping 
which mops up bacteria and viruses that would otherwise be 
able to go on a feeding frenzy with so much dead prey available. 

To build your zapper you may take this list of components to 
any electronics store (Radio Shack part numbers are given for 
convenience). 


Zapper Parts List 


Tem Radio Shack Catalog Number 
Targe shoo box 
9 vol battery 
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Soli battery dips BIOS (wat TS you need T) 
‘On-Off togale switch 2275-604A micro mini toggle switch 

TKS resistor 271-1921 (get of 5, you need 2) 

9 KO resistor 271-1125 (set of 2, youneed 2) 

Tow-current red LED 276044 oF 2T6O4T oF 276-045 

(0047 uF capacitor ‘272-190 (set of 2, you need T) 

(Of uF capacitor 272-1065 (set of 2, you need 1) 

1555 CMOS timer chip ‘276-1725 (set of , you need 1) 

@ pin wire-wrapping socket for — [276-1986 (set of 2, you need 1) Note: Radio 
the chip ‘Shack is discontinuing all wire wrap sockets. 


Find anather pars store or use 276-1905 (out the 

logs are much shorter and harder to atach clips 

10) 

Sho (2 aligator ip leads [any electroias shop. gat 

irooi test jumpers 27017 (you need 2 packages of] 

2 bolls, about /8" clameer, hardware store 

long, with 4 nuts and 4 washers 

2 copper pipes, idiameter, 4 haraware Hore 

long 

sharp Ke, pin, longenose ples 
Hints for absolute novices: Don't let unusual vocabulary 

deter you. A “lead” is just a piece of wire used to make connec- 

tions. When you remove a component from its package, label it 

with a piece of tape. A serrated kitchen knife works best as does 

a large safety pin, Practice using the microclips. If the metal ends 

are L-shaped bend them into a U with the long-nose pliers so they 

grab better. Chips and chip holders are very fragile. It is wise to 

purchase an extra of each in case you break the connections. 


. —— twakhe 8 m 
Ri 1K en "3 
R2 3.9K m" ert 
fo ik a oe 
R4 3.9K a = jb fre 
ct tit ea 3 
C2 .o0a7it sk 
U3 MC1455 ro 
LED! 2ma LED Red ceo 
Pin1 ground a 
pin 8 power = 


Give this to an electronics person or make it yourself in a shoebox by 
using the following instructions. 
Fig. 3 Zapper schematic. 
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Assembling The Zapper 


1. You will be using the lid of the shoe box to mount the 


2. 


components. Save the box to enclose the finished project. 
Pierce two holes near the ends of the lid. Enlarge the holes 
with a pen or pencil until the bolts would fit through. 
Mount the bolts on the outside about half way through the 
holes so there is a washer 
and nut holding it in place 
on both sides. Tighten. 


Label one hole “grounding |e Granteg tot 
bolt” on the inside and | © . 
outside. 


. Mount the 555 chip in the 
wire wrap socket. Find the 
“top end” of the chip by 
searching the outside surface carefully for a cookie-shaped 
bite or hole taken out of it. Align the chip with the socket 
and very gently squeeze the pins of the chip into the socket 
until they click in place. 

Make 8 pinholes to fit the wire wrap socket. Enlarge them 
slightly with a sharp pencil. Mount it on the outside. Write 
in the numbers of the pins (connections) on both the outside 
and inside, starting with number one to the left of the 
“cookie bite” as seen 
from outside. After 
number 4, cross over 


to number 5 and | ox b 
continue. Number 8 . 5 
will be across from 

number 1. 


Pierce two holes % 
inch apart very near 
to pins 5, 6, 7, and 8, They should be less than 1/8 inch 
away. (Or, one end of each component can share a hole 
with the 555 chip.) Mount the 01 uF ca 
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pacitor near pin 5 
on the outside. On 
the inside connect 
pin 5 to one end of 
this capacitor by 
simply twisting 
them together. 
Loop the capacitor 
wire around the 
pin first; then twist with the long-nose pliers until you have 
made a tight connection. Bend the other wire from the 
capacitor flat against the inside of the shoe box lid. Label it 
.01 on the outside and inside. Mount the .0047 uF capacitor 
near pin 6. On the inside twist the capacitor wire around 
the pin. Flatten the wire from the other end and label it 
0047. Mount the 3.9 KQ resistor near pin 7, connecting it 
on the inside to the pin, Flatten the wire on the other end 
and label it 3.9. Mount the 1 KQ resistor and connect it 
similarly to pin 8 and label it IK. 

6. Pierce two holes nch apart next to pin 3 (again, you can 
share the hole for pin 3 if you wish), in the direction of the 
bolt. Mount the other 1 KQ resistor and label inside and 
outside, Twist the connections together and flatten the re- 
maining wire. This resistor protects the circuit if you 
should accidentally short the terminals. Mount the 3.9KQ 
resistor downward. One end can go in the same hole as the 
IK resistor near pin 3. Twist that end around pin 3 which 
already has the 1K ————————] 
resistor attached to 
it. Flatten the far 
end. Label. 


Patt cae ‘Grounding Bolt 
7. Next to the 3.9KQ ° | Speco @ 


resistor pierce two 
holes % inch apart 
for the LED. No- 


24 


light source, indicato 


6500 under “daylight white” LED lighting and 
then again with the white balance at 2900 for 
halogen lighting. In Photoshop, the bars from the 
halogen version were copied and pasted beside 


the bars from the LED version to facilitate an A-B 
comparison. The result is shown in Figure 23-9. 


Figure 23-8. The same color chart a5 before, photo 


graphed with appropriate color temperature settings of 
£6500K (top. using “daylight-spectrum” LEDs) and 290K 
(bottom, using halogen). 


In each pair of colors, LEDs lit the one on the left, 
and halogen lights lit the one on the right. This 


area lighting How It Work 
figure shows the dramatic difference at the red 
end of the spectrum, and the poor reproduction 
of yellows by LED lighting. However, the LED ren- 
dering of green is better, and likewise the ren- 
dering of magenta, except where its darker ver- 
sion is concerned. Among the pale versions of 
the colors, the LED lights produce much less den- 
sity (ie, they have a brighter look) in the blues, 
greens, and cyans. The low densities will show up 
as pale highlights in a photograph of an object, 
and the picture will tend to have excessive con- 
trast. This will also contribute to the “harsh” look 
of “daylight white” LED lighting which may be 
perceived by the eye. 


Lili 


Figure 23-9. A range of six fully saturated colors, with 
lighter and darker shades added above and below, phato- 
graphed first with “daylight spectrum” LEDs and then 
with halogen lights, after which the two sets of colors were 
paired for easy comparison. The LED version is on the left 
Ineach pai 


Halogen is deficient at the blue-violet end of the 
spectrum, even when the camera hasan appro- 
priate white-balance setting. Photographers can 
correct this using image-editing software, LED 
"daylight spectrum” lights are more difficult to 
correct. LEDs classified as “warm” should repro- 
duce reds better, but may not do so well with 
blues. 


Diffuse light from a uniformly cloudy sky may be 
the most ideal form of lighting for photograph 
ing objects, but thisisoflittle help for people who 
work (ortake photographs) underartificial lights 
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tice that the LED has a positive and negative connection. 
The longer wire is the anode (positive). Mount the LED on 
the outside and bend back the wires, labeling them + and - 
on the inside, 

8. Near the top ati SO. Ses 
pierce a hole for 
the toggle 
switch. Enlarge | Bot 
it until the shaft] @ 
fits through from aq 
the inside. 
Remove nut and @teo 
washer from ? 
switch before 
mounting. You may need to trim away some paper with a 
serrated knife before replacing washer and nut on the 
outside. Tighten. 

9. Next to the switch pierce two holes for the wires from the 
battery holder and poke them through. Attach the battery 
and tape it to the outside. 


. 
ectite 

excite Slounding Bolt 
eons e 
ecabe 


NOW TO CONNECT EVERYTHING 


First, make holes at the corners of the lid with a pencil. Slit 
each comer to the hole. They will accommodate extra loops of 
wire that you get from using the clip leads to make connections. 
After each connection gently tuck away the excess wire. 

1. Twist the free ends of the two capacitors (.01 and .0047) 
together. Connect this to the grounding bolt using an alli- 
gator clip. 

2. Bend the top ends of pin 2 and pin 6 (which already has a 
connection) inward towards each other in an L shape. 
Catch them both with an alligator clip and attach the other 
end of the alligator clip to the free end of the 3.9KQ re- 
sistor by pin 7. 
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10. 


Using an alligator clip connect pin 7 to the free end of the 
1KQ resistor attached to pin 8. 

Using two microclips connect pin 8 to one end of the 
switch, and pin 4 to the same end of the switch. (Put one 
hook inside the hole and the other hook around the whole 
connection. Check to make sure they are securely con- 
nected.) 

Use an alligator clip to connect the free end of the other 
1KQ resistor (by pin 3) to the bolt. 

Twist the free end of the 3.9KQ resistor around the plus 
end of the <——————————) 
LED. Connect 
the minus end 
of the LED to 
the grounding 


bolt using an pam 
alligator clip 

Connect pin 

number 1 on itcosn 
the chip to the the inside.) 


grounding bolt 
with an 
alligator clip. 
Attach an alligator clip to the outside of one of the bolts. 
Attach the other end to a handhold (copper pipe). Do the 
same for the other bolt and handhold. 

Connect the minus end of the battery (black wire) to the 
grounding bolt with an alligator clip. 

Connect the plus end of the battery (red wire) to the free 
end of the switch using a microclip lead. If the LED lights 
up you know the switch is ON. If it does not, flip the 
switch and see if the LED lights. Label the switch clearly. 
If you cannot get the LED to light in either switch position, 
you must double-check all of your connections, and make 
sure you have a fresh battery. 
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11. Finally replace the lid on the box, loosely, and slip a cou- 
ple of rubber bands around the box to keep it securely 
shut, 


= 
Fig. 4 Finished zapper, outside and inside. 


+ Optional: measure the frequency of your zapper by con- 
necting an oscilloscope or frequency counter to the hand- 
holds. Any electronics shop can do this. It should read 
between 20 and 40 kHz. 

+ Optional: measure the voltage output by connecting it to an 
oscilloscope. It should be about 8 to 9 volts. Note: a 
voltage meter will only read 4 to 5 volts. 

+ Optional: measure the current that flows through you when 
you are getting zapped. You will need a 1 KQ resistor and 
oscilloscope. Connect the grounding bolt on the zapper to 
one end of the resistor. Connect the other end of the resistor 
to ahandhold. (Adding this resistor to the circuit decreases 
the current slightly, but not _ significantly.) 
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The other handhold is attached to the other bolt. Connect 
the scope ground wire to one end of the resistor. Connect 
the scope probe to the other end of the resistor. Turn the 
zapper ON and grasp the handholds. Read the voltage on 
the scope. It will read about 3.5 volts. Calculate current by 
dividing voltage by resistance. 3.5 volts divided by | KQ 
is 3.5 ma (milliamperes). 


Using The Zapper 


1. Wrap handholds in one layer of wet paper towel before 
using. Grasp securely and turn the switch on to zap. 

2. Zap for 7 minutes, let go of the handholds, turn off the 
zapper, and rest for 20 minutes. Then 7 minutes on, 20 
minutes rest, and a final 7 minutes on, 

Trying the zapper on an illness to see “if it works” is not 
usefull. Your symptoms may be due to a non-parasite. Or you may 
reinfect within hours of zapping. The best way to test your device 
is to find a few invaders that you currently have (see Lesson 
Twelve, page 492, or Lesson Twenty Seven, page 509). This 
gives you a starting point. Then zap yourself. After the triple 
zapping, none of these invaders should be present. 


Simple Pulser 


If you are ill or want a reliable zapping, make the first model. 
However, there is another way to make a zapper if you can not 
afford to build the first model. 

‘An ordinary battery is a source of positive voltage. It is the 
positive voltage that eliminates so many parasites at once, not a 
specific frequency. So although the zapper's frequency is about 
30 KHz (thirty thousand “zaps” per second), even 5 Hz (five 
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“zaps” per second), about as fast as you can tap the battery 
with your hand, is moderately effective! 

You must be connected to both terminals. One will be marked 
+ (positive) and the other ~ (negative). If you simply touch these 
terminals with your wet fingers, nothing much happens. That is 
because your resistance to the current starts going up right away, 
so less and less current passes through you. 


: a “ee 


Fig. 5 Simple pulser. 


However if you tap the positive terminal with your wet hand, 
and tap it at a fairly high rate, your body's capacitors come into 
play. Capacitors only take part in the flow of electricity when 
they are charged and discharged. Tapping the terminal starts and 
stops the voltage so capacitors charge and discharge. This kind 
of resistance to current flow is much smaller. 

The faster you tap, the greater the frequency of current pulses 
and the lower this kind of resistance becomes. Now you can have 
a considerable sustained current flow through your body. 
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If you can tap even twice per second (2 Hz) for ten minutes 


without interruption you can give yourself a zapping that is 
moderately effective. Remember to take an intermission of 
twenty minutes and then repeat to avoid catching new viruses. 
After a second twenty minute intermission repeat zapping a third 
time. 


Using The Simple Pulser 


av ey 


Wrap each handhold with 
vor baton” 

one layer of wet paper [2shor (127 algater ip leads Wom 
towel. Place each on a |any-lectonics shop) : 
non-conductive surface, [2eRPEe PES 2 saretor lng 
like a plastic bag. 
Connect the positive battery terminal to one handhold and 
the negative terminal to the other handhold using alligator 
clip leads. 
Don't let the handholds touch, 
Place a clock in front of you to time yourself. 
Pick up the right handhold with your right hand. 
Leave the left handhold on the table. Tap it with your left 
hand, preferably the fleshy part of the palm. You may brace 
yourself with your fingers on the plastic. Keep up a steady 
pace as fast as you are able. 
When you get tired pick up the left handhold with your left 
hand and tap with your right hand. Keep changing off with 
the least interruption. 
Repeat a second time 20 minutes later, and a third time 20 
minutes after that. 

A single 9 volt battery will wear out rather quickly used this 


way. Put two together, in parallel, for longer lasting power. This 
requires two more short alligator clips. Connect positive termi- 
nals of the batteries to each other, and the negatives also. 
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The word “parasites” is used in two senses. Everything liv- 
ing on you or in you, not just to perch, but to take its food from 
you is a parasite. No matter what its size, it can be called a 
parasite. 

But in some way the big worms need to be distinguished from 
the medium-sized amoebae, the even smaller bacteria and the 
smallest of all—viruses. So often the term parasite is reserved 
for the bigger things, from amoebae on up. In this book, the word 
parasite will be used in both ways as usual. You can easily guess 
what is meant. 

Parasitic worms are divided into roundworms and flat- 
worms. Roundworms are round like earthworms even though they 
may be as thin as hairs (threadworms, filaria) or micro- 
scopically small (like Trichinella). Flatworms are more like 
leeches. They have a way to attach themselves sometimes with 
the head (scolex) like tapeworms, sometimes with a special 
sucker like flukes. 


Worms 


Flatworms Roundworms 


Tapeworms Flukes Threadworms Pinworms Hookworms 


Worm parasites go through stages of development that can 
look very, very different from the adult, 
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Roundworms like Ascaris 


(common cat and dog round- 

worm), are simplest. The eggs CS 
are swallowed by licking or 

eating a bit of filth, They hatch 
into a tiny larva. The larva treks 
to the lungs. You cough it up and 
swallow it. Meanwhile it has 
molted a few times. It then 
crawls to the intestine where it 
becomes an adult, shedding eggs 
in your stool. 

Worms usually have preferred locations. The favorite organ 
for Dirofilaria (dog heartworm) is the heart (even human heart). 
Sometimes the rules can be broken, My tests show Dirofilaria 
can live in other organs, too, if they are sufficiently polluted with 
solvents, metals and other toxins. 

Flatworms like tapeworms are much more complicated in 
their life history. You could eat the eggs accidentally with dirt. 
‘After hatching, the tiny larva burrows into its favorite organ. 
Your body encases it with a cyst. The white blood cells have 
been taught never to attack your body...and the cyst case is your 
body! So the tapeworm stage has safe residence for some time. If 
you are a meat eater, you could eat such a cyst if it happens to be 
lodged in the meat you are eating! Your teeth break it apart as 
you crunch. The little larva is swallowed and tries to attach itself 
to your intestine with its head. Then it grows longer by making 
segment after segment. The segments with their eggs leave with 
the bowel contents. I often see dog tapeworm of the small variety 
in their human family. 

Flatworms like flukes are also very complicated. The eggs, 
passed out with bowel contents were not meant to be eaten as 
such, They were meant to hatch in a pond where snails and 
minnows eat them, The larva grows up in these new 


Fig. 6 Ascaris. 
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“secondary” hosts. Later, the snail sheds them and they attach 
themselves to foliage near the pond. They over-winter ina tough 
metacercarial cyst. An unsuspecting browsing animal now eats 
them. They come out of their metacercarial cyst as a small adult 
and quickly attach themselves to the intestine with a sucker. They 
now have “safe haven” and can go about maturing and laying 
eggs. 

Four common flukes are: human intestinal fluke, human 
liver fluke, sheep liver fluke, pancreatic fluke of cattle. Don't 
let the terms sheep and cattle mislead you. They are all found in 
humans 


qe 6. 


Fig. 7 (L to R) Human intestinal fluke, pancreatic fluke, sheep 
liver fluke, and human liver fluke. 


The Worst Parasite 


Fasciolopsis buskii is the fluke (flatworm) that I find in 
every case of cancer, HIV infection, Alzheimer's, Crohn's dis- 
ease, Kaposi's, endometriosis, and in many people without these 
diseases. Its life cycle involves six different stages: 
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Stage 


Normal Life Cycle 


Tess 


Expelled with bowel movement onto 
soil. Washed by rain into ponds. 


Tiiraciaia 


Hatches from egg in water. Has cilia, 
‘can swim vigorously and must find 
intermediate snail host in one to two 
hours or may be too exhausted to in- 
vade. 


TRedia 


Develop inside miracidi 
Until expelled. Those are " 
redia, and each one bears "daughter" 
redia for up to 8 months, all stil inside 
the snail, and living on the fluids in the 
lymphatic spaces. Similarly, daughter 
redia are continually developing cer- 
caria. 


Cerean 


Have a tall, use it fo exit from snail and 
swim to a plant. If the snail is feeding 
‘on a plant, cercaria can latch onto 
plant with sucker mouth and start to 
‘encyst (form a “cocoon” within 
minutes. Tail breaks off and swims 
away to dissolve. 


3 Metacercar 


Two-walled cyst. The outer wall is very 
sticky. But as you eat the plant it is 
stuck to, the least pressure will break 
it, leaving the cyst in the mouth. The 
“almost unbreakable” inner cyst wall 
protects it from chewing, and the 
keratin-like coat prevents digestion by 
stomach juices. However when it 
reaches the duodenum, contact with 
intestinal juices dissolves away the 
cyst-wall and frees it. It then fastens 
itself to the intestinal lining and begins 
to develop into an adult 
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LED lights that contain separate red, green, and 
blue emitters may perform better, but create a 
different problem, in that shadows will tend to 
have color fringes caused by the small offsets 
between the colored emitters. 


Heat ation 

An LEDis ess than 100% efficient because notall 
electrons mate with electron holes, Some man- 
age to bypass the semiconductor junction; some 
recombine without generating light; and some 
transfer their energy to other atoms. In each in- 
stance, waste heat is created. While the heat 
an incandescent bulb is mostly dissipated by ra- 
diation, an LED must get rid of the heat almost 
entirely by conduction, typically through a heat 
sink. This complicates the design of a fixture, be- 
cause the integrity of the pathway to dispose of 
the heat must be retained when the LED bulb or 
tube is replaced. 


Efficacy 
The radiant luminous efficacy (LER) of an incan- 
descent light source measures how effective itis 
at channeling its output within the visible spec- 
‘trum instead of wa: frared radiation, 
LER is expressed in lumens per watt, and in an 
incandescent bulk, itis calculated by dividing the 
power emitted in the visible spectrum (the [umi- 
nous flux) by the power emitted over all wave- 
lengths. Thisis described in detail in "Efficacy" on 
page 179 in the entry dealing with incandescent 
lamps. 


In an LED indicator, almost all the radiation can 
be contained within the visible spectrum, which 
suggests that its efficacy should be 100%, How- 
ever, because some waste heat is still created in- 
ternally, the efficacy is calculated by dividing the 
light output, in lumens, by the power input, in 
watts, at the voltage required by the LED. (Lu- 
mens can be converted directly to watts, and 
therefore this division makes a comparison be- 
‘tween similar units). 


In an LED lighting fixture that contains its own 
electronics to converthigher voltage ACto lower 


light source, indicator, or display 


single source > LED area lighting 


voltage DC, the power consumption of the fi 
tureismeasured notat the diode, butat the input 
side of the electronics. Therefore, theinefficiency 
of the electronics reduces the efficacy value of 
the lighting unit. 


Dimming 
An incandescent bulb is very sensitive to reduc- 
tion in power. It becomes radically inefficient, 
emitting perhaps 1% of its normal light output if 
the power is reduced to 40%. 


LEDs have an almost linear response to the sup- 
plied power. Usually a triac-based dimmer will 
not work well with LED area lighting, and a dim- 
mer designed for LEDs must be substituted, us- 
ing pulse-width modulation, 


Ultraviolet Output 
The gas plasma in a fluorescent light generates 
Ultraviolet wavelengths that are shifted to the 
Visible spectrum by the phosphor coating inside 
the glass envelope. Imperfections in the phos- 
phor coating can potentially allow leakage of ul- 
traviolet light, causing some researchers to claim 
that the use of CFLs (compact fluorescent light- 
ing) for close-up work with desk lamps can in- 
crease the risk of developing some forms of ski 
cancer. (This claim remains controversial) 


LED manufacturers are quick to point out that 
white LEDs do not emit any ultraviolet radiation. 
Figure 23-10 shows spectral power distribution 
curves derived from measurements of three 
high-brightness Color Kinetics LEDs manufac 
tured by Philips. The manufacturer states cate- 
gorically that "The LED-based color and white 
light products made by Color Kinetics do not 
emit outside the visible spectrum.’ Infrared radi- 
ation is also negligible. 


Color Variation 

The correlated color temperature (CCT) is deter- 
mined by finding the conventional incandescent 
color temperature which looks most similar to 
the light from a white LED. Unfortunately, be- 
cause the CCT standard is insufficiently precise, 
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6 Adult Lives in your intestine and can pro- 
duce 1000 eggs per bowel movement 
and live many years. 


normal life cycle. 


Fig. 8 Fasciolopsi 


Note that the adult is the only stage that “normally” lives in 
the human (and then only in the intestine). Fasciolopsis depends 
ona snail, called a secondary host, for part of its life cycle. But 
when your body has solvents in it, the other five stages can 
develop in you! 

If propyl alcohol is the solvent, the intestinal fluke is invited 
to use another organ as a secondary host—this organ will 
become cancerous. If benzene is the solvent, the intestinal fluke 
uses the thymus for its secondary host, setting the stage for AIDS. 
Wood alcohol invites pancreatic flukes to use the pancreas as a 
secondary host. This leads to pancreatic dysfunction which we 
call diabetes. If xylene (or toluene) are the solvents, I typically 
see any of four flukes using the brain as a secondary host. If 
methyl ethyl ketone (MEK) or methyl butyl ketone (MBK) are 
the solvents, the uterus becomes a secondary host and 
endometriosis a likely result. 

This is a new kind of parasitism, based on pollution. I call 
the diseases caused by fluke stages in inappropriate locations 
Fluke Disease; it is discussed in more detail later (page 249). 

‘Are tapeworms and roundworms affected by solvents this 
way, too? This is a fascinating and very important question. 
Search for the answer and help others search for the answer. I do 
not know yet. 
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Pollution 


Pollutants are all the dead things around us that should not get 
into your body because they interfere with its work. As long as 
they don't penetrate your tissues, they wont interfere, like plastic 
eyeglasses and clothing. But if they are invasive, your body must 
fight to remove them. 

Pollutants can invade your body via the air you breath, the 
foods and beverages you eat, and the products you put on your 
skin. 


The biggest tragedy is not recognizing 
when a pollutant is harming you. 


Two people can use the same face cream. One develops a 
rash, the other does not. The one who did not assumes the cream 
is not harmful to them. ..that they are like a bank vault, impreg- 
nable to that product. A better assumption is that the face cream 
is somewhat toxic, as evidenced by the rash that can develop, 
and they escaped the rash only because they had a stronger im- 
mune system. The immune system is like money, paid out of the 
bank vault, for every toxic invasion, When the money is gone, the 
bank (your health) fails. 


Solvent Pollution 


Solvents are compounds that dissolve things. Water is a use- 
ful, life giving solvent. Most other solvents dissolve fats and are 
life threatening, because fats form the membrane wall around 
each of our cells, especially our nerve cells. 

The solvent that does the most harm is benzene. It goes to the 
thymus, ruins our immune system, and causes AIDS. The next 
worst solvent is propyl alcohol. It goes to the liver and 
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causes cancer in some distant organ. Other major culprits of 
disease are xylene, toluene, wood alcohol, methylene chloride, 
and trichloroethane (TCE). I'll discuss each one later, with the 
ailment it's associated with. 


Metal Pollution 


Biochemists know that a mineral in raw element form always 
inhibits the enzyme using that mineral. Copper from the meat and 
vegetables you eat is essential. Inorganic copper, like you would 
get from a copper bottomed kettle or copper plumbing, is 
carcinogenic*. Unfortunately, the inorganic form of metals is what 
pervades our environment. We put metal jewelry on our skin, eat 
bread baked in metal pans, and drink water from metal plumbing. 

Another obvious metallic threat is tooth fillings. Mercury 
amalgam fillings, despite the assurances of the American Dental 
Association, are not safe. And sometimes the mercury is polluted 
with thallium, even more toxic than mercury! Gold and silver 
seem to have fewer harmful effects, but no one should have any 
pure metal in or on their body. 

Other prevalent toxic metals include lead and cadmium from 
soldered and galvanized plumbing, nickel and chromium from 
dentalware and cosmetics, and aluminum from food and drink 
cans, and cooking pots. 


“Haleem J. Issaq, The Role of Metals in Tumor Development and 
inhibition. From Carcinogenicity and Metal lons, volume 10, page 61, 
of a series called Metal lons in Biological Systems, edited by Helmut 
Sigel, 1980. 
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Mycotoxins 


Molds produce some of the most toxic substances known, 
called mycotoxins. One small moldy fruit or vegetable can pol- 
lute a huge batch of juice, jam or other product. Although molds 
are alive, and can be killed by zapping, mycotoxins are not, and 
must be detoxified by your liver. 

But because mycotoxins are so extremely poisonous, a tiny 
amount can incapacitate a part of the liver for days! 

Aflatoxin is the most common mycotoxin I detect. It is pro- 
duced by molds that grow on quite a variety of plants. For that 
reason I am always cautioning people to eat only perfect citrus 
fruit, and never drink commercial fruit juice. Of the thousands of 
oranges that go into the batch of orange juice you drink, one is 
sure to be moldy, and that is all it takes to give your liver a 
setback. 

A heavy dose of vitamin C helps the liver recover quickly. It 
also helps get rid of aflatoxin before it is consumed, right in the 
food container. So keep a plastic shaker of vitamin C powder 
handy and use it like salt on all your food. 

There are thirteen other mycotoxins I have searched for in our 
foods. They are described in the section on moldy food (page 
381). 


Physical Toxins 


Breathing in dust is quite bad for you so your body rejects it 
by sneezing, coughing, spitting up and out. Imagine breathing in 
broken glass particles. They cut into the lungs in a thousand 
places and couldn't be coughed up. They would travel. Imagine 
swallowing a needle or open pin. If the tip was blunt it could 
move through the intestine. But because it is sharp it gets caught 
in your tissue, then works its way deeper and deeper. 
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Would we ever knowingly breathe in broken glass? We are 
justifiably afraid of it in our food or under our bare feet. We are 
unaware that it fills our homes when fiberglass insulation is left 
imperfectly sealed off. Any hole made through the ceiling or 
wall, even if covered with cloth, lets swarms of broken glass bits 
into the house air. Air currents flow inward, into your living 
space. So all holes leading to the attic or insulated spaces must 
be sealed airtight. Of course, fiberglass should never be used in 
home construction, draperies, or around water heaters. The best 
advice is to have it all removed while you are away and then 
vacuum and dust 

Occasional exposures by house builders working outdoors 
does much less harm. Chronic exposure from a single small hole 
in the ceiling does a lot of harm, leading to cyst formation. And 
that cyst is a perfect place for parasites and bacteria to settle and 
multiply. When the intestinal fluke settles there it becomes 
malignant! 


Cancer patients with solid tumors have either fiberg!: 
asbestos in them. 


sor 


Asbestos is another tiny bit, sharp as glass, that moves 
through your body like a swordfish, impaling your cells until it, 
t00, gets routed into a cyst. 

We have been led to believe that we no longer have asbestos 
in our homes because we have outlawed the fireproofing mate- 
rials it was used in, While that may be true, the source I find most 
often is all too prevalent: the clothes dryer belt. As it gets hot the 
belt releases a blast of asbestos particles that are forced through 
the seams of your dryer, and also openings in your exhaust hose, 
by the high pressure formed inside. It is now in your air. 
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Chemical Toxins 


Chlorofluorocarbons (CFCs) or freon is the refrigerant in 
your air conditioner and refrigerator coils. CFCs are suspected 
of causing the ozone hole above the South Pole. All cancer suf- 
ferers test positive for CFCs in their cancerous organ! I have 
preliminary evidence that it is CFCs that attract other pollutants— 
fiberglass, metals, PCBs-to form a growing tumor instead of 
allowing their excretion. This would make it a “super car- 
cinogen.”. How could you detect CFCs leaking in your home? By 
the time your air conditioner or refrigerator needs recharging, 
you have been exposed for a long time. We desperately need an 
inexpensive, in-home test for this unsuspected killer. 

Arsenic is used in pesticide. Why would we poison our- 
selves along with the cockroaches? Is it because we can't see it 
happening? Just as we couldn't see the fiberglass floating in the 
air? Our diligent scientists have studied the mechanism of arsenic 
poisoning in great detail. Then why are we allowed to put it on 
our lawns to be carried into our carpets via shoes? 

Polychlorinated biphenyls (PCBs), oily compounds with 
wonderfully useful electrical properties, were originally used in 
transformers until their inability to break down into less toxic 
substances in our environment was spotlighted, Banned from use, 
I find them in most commercial soap and detergents! Is 
transformer oil being disposed of by selling it to soap maker 

Formaldehyde is used to cure foam As a result, foam fur- 
niture, pillows and mattresses give off formaldehyde for about 
two years after manufacturing. If you sleep with your nose buried 
in a new foam pillow all night, you are risking major lung 
problems. 

Every cleanser in your house probably has a toxic warming on 
its label. Every fluid your automobile uses is toxic. Every 
pesticide, herbicide and fertilizer you put on your lawn is 
probably toxic. Every paint, varnish, wax, lubricant, bleach and 
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detergent will send you to the hospital if even a small amount is 
ingested. Why do we keep them around? See Recipes (page 513) 
for safe, old-fashioned, alternatives. 

If you are ill even after zapping, it is toxins still at work. 
Getting rid of them is a major step toward being well. 
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| DONT THINK WE SHOULD 


LET HUMANS INTO THE HOUSE. 


WELL GET ALL THEIR PARAsiTes, | YEAH, | JUsT can'r 
GET RID OF THIS 
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What if you invented a device that could search people for 
the presence of mycotoxins (extremely toxic substances made by 
food molds)? And what if you found that although many people 
had them, those who were sick with a cold always had at least 
one of them, Would you ask whether a sudden buildup of 
mycotoxins is what really lets colds develop? Why do some 
people in the same family get the cold while others do not? 


+ What if you found everyone with cancer had the human 
intestinal fluke in their liver, and no one else did? 

+ What if you found everyone with diabetes had the pan- 
creatic fluke of cattle in their pancreas, and few others did? 

+ What if you found everyone with environmental illness 
tested positive for Fasciola (sheep liver fluke) in their 
liver? 

+ What if you found everyone with asthma tested positive 
for Ascaris in their lungs? 


What if you always found every mysteriously ill 
person had some unsuspected parasite or 
pollutant? 


The device is the Syncrometer™, and these “what ifs” are all 
true. They forced me to alter my entire outlook on what really 
causes some of our “incurable”, mysterious disease: 

We used to believe that diabetes was caused by over con- 
sumption of sugars, a cold by a virus you caught from some- 
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body, cancer from carcinogen exposure, depression from poor 
parenting. This multicausal concept is what made the study of 
medicine so difficult that only a few could undertake it. And 
every year new syndromes are added to the list of human ill- 
nesses. 

But these diagnoses are based on a description of what is 
happening at a particular place in your body. This is like calling 
‘a mosquito bite behind the ears by one name and a mosquito bite 
behind the knee by another name. If you never see the true cause, 
a mosquito at work, this system could be excused as somewhat 
sensible. 

‘And, until now, the profession of medicine has made some 
sense. The new truths, however, make the old descriptive system 
obsolete, You can now find the true causes of all your illnesses. 
‘And you can find them yourself by building the electronic 
diagnostic circuit (page 457)! 

‘Once you have seen a mosquito at work on your body you no 
longer need to go to the doctor for a red, itchy bump. You don't 
need to search for the correct diagnosis and an appropriate drug. 
You put up screen doors and windows! 

Once you have seen how common house dust is implicated in 
the common cold you get rid of the house dust. Once you have 
seen the mold in your food facilitate the cold virus you throw out 
that moldy food. But only seeing is believing. Nothing is left to 
faith. The electronic resonance method described in this book 
will let you see all these things for yourself. 

‘You are not a hapless pawn attacked by bacteria and viruses 
that dart at you from nowhere to make you ill. You are not at the 
mercy of diseases all around you, hoping, by chance, to escape, 
like a soldier hoping to come home from the war. Nature and 
your body make good sense. 

There is no disease that can outwit you if you know enough 
about it. Not even Lou Gehrig's disease! Nor asthma or diabetes. 
Read how the people in the case histories made themselves 
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light source, indicator, or display > single source 


and because small manufacturing inaccuracies 
can occur, two LED sources with the same CCT 
number may still appear different when they are 
side by side. While the human eye adjusts itself 
to overall color temperature, itis sensitive to dif- 
ferences between adjacent sources. If two or 
more white LEDsin a lighting fixture do not have 
identical spectra, the difference will be 
noticeable. 
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Figure 23.10. Spectral power distribution curves for three 
high-brightness white LED lamps showing no ultraviolet 
emissions. (Adapted from a graph in a white paper put 
lished by Color Kinetics Incorporated.) 


To address the issue, manufacturers introduced 
the concept of *binning’’ in which lights are sub- 
classified to tighter specifications and are as- 
signed bin numbers based on their measured 
characteristics. The Philips Optibin system, for 
instance, assesses the light fram various angles, 
as well as perpendicularly to the source. This is 
especially important where a large area such as 
a building lobby is painted white and Is lit by 
high-brightness LEDs that must appear uniform 
in color temperature. 


Variants 


LED area lighting products are often designed to 
emulate the form factors of incandescent bulbs, 


LED area lighting 


Variants 


halogen reflector bulbs, orfluorescenttubes. The 
standard screw-in base of an LED light bulb, the 
pin-base of a miniature 12V LED reflector bulb, 
and the pins on an LED tube enable easy migra- 
tion to the newer technology. 


Strip lights are unique to LED lighting systems. 
They are thick, flexible plastic ribbons in which 
are embedded a series of LEDs. For area lighting, 
the LEDs are white, and the strips can contain 
necessary control electronics for conversion of 
AC power. Thestrips can be placed behind ledges 
‘or moldings to provide soft, even illumination of 
the celling above. 


Strip lights are also available for 12VDC power, to 
create lighting effects in customized automo- 
biles and trucks. These strip lights are available 
in various colors in addition to white. Many have 
multicolor capability and can be controlled with 
a handheld remote. 


Comparisons 

The advantages of an incandescent lamp are 
listed in "Relative Advantages’ on page 179, 
while advantages of fluorescent lights are lis- 
ted in “Comparisons” on page 194. These lists can 
be compared with the following advantages for 
LED area lighting: 


+ While the life of an incandescent lamp for 
room lighting can be as little as 1,000 hours, 
LED area lighting typically claims up to 
50,000 hours. 


+ The lifetime of an incandescent bulb is the 
average time it can emit light before cata- 
strophic failure. The lifetime of an LED is the 
average time it can emit light before gradu- 
ally dimming to 70% of its rated output. This 
is a much gentler, less inconvenient failure 
mode that does not require immediate re- 
placement. 


+ Unlike a fluorescent light or incandescent 


bulb, the LED does not contain hot tungsten 
that fails as a result of erosion. 


Chapter 23.223 


How We REALLY GET SICK 


well. Read why some people failed. You have an advantage they 
did not have. Their instructions were hard to carry out because 
they had to have faith in them. You don't, You can replace faith 
with your own hard headed observations by building the 
diagnostic circuit (Syncrometer). The great convincer is seeing it 
yourself. When you personally find the mold in your peanut 
butter, or Shigella in your cheese, you have the knowledge, not 
faith, that convinces and guides you. 


All illness comes from two causes, 
PARASITES and POLLUTANTS. 


Only two causes! This is what simplifies the picture to make 
it possible for you to cure yourself. 

We have been taught that illness is largely our own fault. That 
it is due to “catching something”, not eating what we should, like 
roughage or vitamins, or not doing what we should, like dressing 
properly, exercising or going to bed on time. Somehow, it's our 
own fault, Either by doing something we shouldn't or not doing 
something we should. When absolutely no fault can be found we 
are told it's in our genes! True inherited diseases are extremely 
rare. Our genes have evolved over millions of years to produce 
healthy humans. Nor are genes that mutate during your lifetime at 
fault, Pollutants, which are known to be mutagens, are the real 
culprits. 

Neither the parasites nor the pollutants in you are “your 
fault”. Notice that other people all around us are doing the same 
things or not doing the same things, and even share our genes and 
don’t have our illness. The current concepts on disease causation 
blaming our actions and our genes are simply not logical. 

But until now they appeared logical. Suppose 1000 people 
were bitten by a mosquito or flea, it would always be in a dif- 
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ferent place, and if you were using the location and effect system 
to diagnose the problem you could have a thousand diagnoses 
listed for them, including a defective gene. Could you be 
persuaded to accept a gene replacement for your red itchy 
bumps? The new gene might be for antihistamine production so 
the welts don't become large, red and hot, or lead to impetigo. If 
you were the research doctor, you might be tempted to alleviate a 
thousand persons' distress with a new gene. Fortunately, you are 
not and only need to solve your own problems. You can be more 
logical 

After you have found the parasite interlopers hiding in your 
body you can kill them electronically. And after you have iden- 
tified the pollutants stuck in your organs you can stop eating them, 
breathing them or putting them on yourself. In response, your 
body will begin to heal, just as surely as a mosquito bite heals. 

Heal from multiple sclerosis, emphysema, myasthenia? Yes!! 
Some healing will be swift. Some healing will be slow. Healing 
is not understood, It is much faster in young persons. But fast or 
slow you know it has begun. It will be an exciting adventure to 
watch yourself lose your symptoms and get stronger. 


Self Health 


The entire purpose of this book is to enable you to diag- 
nose and treat yourself for any disease. You have three new 
approaches that make this wish a reality: the understanding that 
only pollution and parasites make you sick, the quick and inex- 
pensive diagnostic circuit that lets you find which pollutants and 
parasites they are, and the zapper or herbal recipe that kills the 
parasites. 


46 


How We REALLY GET SICK 


Wouldn't it be nice not to have to go to the doctor for your 
aches and pains? And not to be dependent on the doctor to diag- 
nose and treat you? 


Self health means keeping yourself healthy. Doing it your- 
self. 


Suppose your doctor has already diagnosed you as having 
typical Lateral Sclerosis” or “Shoulder-Hip Girdle Metas- 
table Aplasia.” Could you re-diagnose this for yourself so as to 
treat and cure it? And be successful? Why not? You have already 
succeeded in many enterprises. You leamed to talk, walk, read, 
get along with people. These skills took a few years to master. 
Learning to keep well is a new skill. It may take a few years too. 
After you have learned these skills you may pass them on to your 
children, And so a new gift is given to humanity, like the gift of 
music or the art of cooking. 


How To Heal 


Your body has been trying to rid itself of its parasites and 
pollutants all your life! It had its own ways. It made stones, it 
made mucus secretions, it made itself toxic dumpsites. These 
were good tactics but now of course, they are no longer neces- 
sary. Can you help your body get rid of these accumulations and 
sweep itself clean again? 

Sweeping your liver clean is the most powerful way of 
helping your body to heal itself after the parasites are gone. 
There are thousands of bits of “trash” accumulated in the liver 
bile ducts. They will turn into stones (gallstones) if left in place. 

The kidney, t00, has made numerous small stones in its effort 
to keep your body clear of lead, cadmium, mercury and 
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other impassable pollutants. You can a 
all these. 

In days, not weeks or months, you can feel the healing effects 
of clearing gallstones and kidney stones from your body. But 
there are miles of bile ducts (50,000 ducts) in the liver; the 
herbal recipes that do this are used over and over, patiently, until 
all, the “trash” is removed, This can take several years. 

So, although you can stop your disease very quickly from 
progressing, the healing process may not be complete for years. 

Nevertheless, you are healthy again. This means your pains 
are either gone or greatly reduced. Your organs are functioning 
better. You have a new sense of well being. Your energy is up. 
Your desire to live and accomplish something is back. 

Organs that have been damaged beyond the ability of our 
simple methods to reverse can be treated with the magic of 
modern surgery. Cataracts, bunions, old injuries are examples. 
Possibly, these too, are “stone” formations. But no recipe has 
been found to clear them up simply and in a useful time frame. 


st the kidney to expel 


Killing parasites, removing pollutants and clearing gallstones 
and kidney stones from your body is a powerful combination of 
treatments. It is so powerful you can change yourself into a new 
person in half a year. And then go on improving for years more. 


Should you stop taking your prescription medicine while you 
are treating yourself? NO. Wait until you have cured yourself of 
the condition that required the medicine. Reduce your medicine 
and eventually go off it. Will your doctor approve? Find one that 
will. Remember that the medicine is buying you the time to cure 
yourself, something to be grateful for. 
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The Road To Wellness 


To review our new understanding of health vs. disease: 
* We have only two problems: parasites and pollutants. 
Parasites are things that live on us, using up our food and 
giving us their wastes. Pollutants are toxic things in us 
making it difficult for our organs to do their work. These 

two things are responsible for all our other problems. 

+ Our bodies have been trying to rid us of these by making 
stones, making secretions, giving us swellings, inflamma- 
tions and benign tumors. We develop deficiencies and dis- 
abilities. 

+ Finally, some permanent damage is done. Our hair tums 
gray, we develop cataracts, the spine bends, nerves and 
muscles die. We weaken. 

Our strategy to undo all this will be a logical one. 

First, we will kill all parasites, bacteria, viruses and fungi 

Second, we will remove the toxic molds, metals and chemi- 
cals in our foods and body products. 

Third, we will clear away and wash away the stones, secre- 
tions and debris already formed, that hinder healing. 

Fourth, we will use herbs and special food factors to hasten 
healing, being very careful to use pure products. (These act more 
quickly when given intravenously but the emphasis in this book 
will be on oral consumption.) 

Finally, for repairs that are beyond our abilities, we will 
seek help from health and medical professionals. 

‘What could be more exciting than finding the tremor is out of 
your arm or the pain is out of your shoulder? Won't it be ad- 
mirable to correct your pulse and your high blood pressure, by 
yourself? What an adventure it could be to get rid of all your 
warts. 
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But getting rid of pain seems like a first priority to me, since 
pain often undermines our morale, our initiative to do things, 
even our interest in getting well! 


Many of our illnesses are caused by unsuspected sour 
found pigeon tapeworm in humans, for instance. 

Fig. 9 Feed animals out of your yard and away from where 
children play. Their wastes contain pathogens. 
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Pain From Toe To Head 


I would rather die than endure excruciating, unrelievable 
pain. That puts pain at the very top of my priority list. 

Fortunately for us, pain killers are at hand to get us through it 
and buy us the time it takes to solve the real problem behind it. 

The pain killing industry also brought us the addiction in- 
dustry. As we turn to electrical pain killing the need for addicting 
drugs should decline. There are other very useful pain killers: 
acupuncture, massage, listening to music, feedback devices, 
contemplation, hypnotism, and prayer. 

But we will focus on getting rid of the cause of pain and 
healing the organs that are in pain so none of these methods are 
needed. 

Iam not talking about the pain of a broken bone, twisted 
ankle, bee sting or sunburn, I am not talking about the pain of a 
misaligned vertebra or stretch trauma in your leg muscles or arm 
muscles. I am referring to pain that is in one of your organs and 
refuses to go away. For example, arthritis. Other pains are 
headache, foot pain, elbow pain, hip pain, chest pain. All of 
these may have special names like rheumatoid arthritis, cluster 
headache, fibromyalgia, bursitis, tennis elbow and so on, but they 
are all the same phenomenon. 

Knowing that parasites and pollutants are the real culprits, let 
us get right down to the job of finding out which they are, where 
they come from, and how to get rid of them. 

The parasites that cause pain are not the large ones, like 
worms or amoebas. Nor are they the very tiny viruses. They are 
bacteria, Bacteria are the right size to get into the doorways of 
our cells. Our cells try to keep their doorways tight-shut but, of 
course, they have to open to let food in, or hormones, or other 
life-signals. If bacteria are swarming around the outside of cells, 
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some will manage to slip into a doorway while it is open. A 
battle begins. The cells refuse to let the bacteria in. The bacteria 
refuse to let go of the door latch. There is probably a specific 
electrical attraction between them and an exact physical fit. The 
body's extra forces, the immune system, are called in to help 
quell the invasion, The bacteria multiply as fast as they can, 
There is swelling. There is heat produced. There is pressure 
against other organs. All together it is called inflammation and 
infection. 

The answer is not to deinflame with drugs (like the cortisone 
variety). The answer is not to reduce swelling or body tem- 
perature. The answer is certainly not pain killer. The answer is 
to kill the bacteria. (Even this is not the ultimate answer. We 
must stop the source of the bacteria and your body's invitation to 
be invaded. We will get to this later.) 

So Step One is to search for the bacteria nibbling at our 
painful regions and identify them. This gives us the clue to 
finding their source. Step Two is to exterminate them electri- 
cally, Within minutes they fall out of the doorways to our cells. 
Your white blood cells are waiting for them, and will gobble 
them up in a grand feast. 

But, remember, there is another cause of pain, pollutants. 
Step Three is to find the pollutants and identify them because 
this gives us a clue as to their source. Step Four is to eliminate 
our pollution sources. And the job is done. Pain is gone. 

‘An intriguing question will pop into your head as you search 
your organs for parasites and pollutants. Which came first? 
Pollutants can jam their way into your cell's doorways too. Does 
this allow the bacteria to swim in? Or do the bacteria come first, 
jamming open the doorways so the pollutants can enter? Both 
seem possible. Maybe both events go on simultaneously. Perhaps 
that is why bacteria and pollutants are always seen together. 
Viruses can land on your cell's doorways, too, and cause viral 
diseases, but they are not as often pain producing. 


52 


PAIN FROM TOE To HEAD 


You will also notice something, as you keep testing and 
watching over your health. Your body is very good at killing 
bacteria and viruses. Your body kills them faster than a wave of 
a magic wand! The only ones that get away are those that are 
stuck in doorways and ‘channels with pollutants in them! This 
seems like evidence that pollutants do the gate-opening. But it 
isn't proof and we must keep all possibilities in mind. 


Fortunately we do not have to know exactly how parasites 
and pollution make us sick in order to get well. 


Searching For Bacteria 


In order to find which organs have the bacteria and which 
bacteria are present you will need to learn the new technology 
that makes all of this possible. This technology is a simple 
electronic circuit that is capable of trapping frequencies in such a 
way that you can hear them. Your body's frequencies, the fre- 
quencies of bacteria, viruses and parasites are all different and 
can be heard as distinctly as a mooo, baah, tweet, or oink 
coming from a farm yard. 

But do you have to do all that? 

No! You don't. You could simply electrocute all these tiny 
invaders. But how would you know what to avoid in the future? 
If your pain returned how would you know if it was the same old 
bacteria or a new one? 


Learning to test takes the guesswork out of 
diagnosis. 
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My hope is that you will find it all so intriguing, so abso- 
lutely fascinating, that in spite of some chronic pain, you will feel 
compelled to make the searches yourself. Find someone willing 
to help. Trade your information. It is less difficult than learning 
to use a computer. 


What You Will Find 


First we will study and cure pains of all kinds, starting with 
the toes and working our way up the body. We don't need to be 
very specific about the location of the pain since bacteria and 
toxins flow over to nearby locations anyway. 

For each kind of pain, we will look into the causes so you 
can eliminate them, Pain could come back in an hour if you didn't 
know the bacteria were coming from cheese and you had a 
cheese sandwich after zapping (killing parasites electrically). In 
fact, the pain may not have had time to go away before the next 
onslaught begins and you might conclude, wrongly, that this 
method doesn't work. 

Parasites might also come back to your specially painful 
place from a few far away places that are hard to reach by your 
zapper's electrical current. The inside of your eyeball, the testi- 
cle, the interior of gallstones, the middle of a tooth abscess or the 
bowel contents are such places. Your zapper current, because it 
is high frequency, prefers to “go around” these items, rather than 
through them. But with repeated zapping, and herbal parasite 
treatment, you can decimate them, too, and stop reinfecting the 
rest of your body. 
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Variants 


+ Unlike a fluorescent light, an LED does not 
contain mercury, and therefore does not re- 
quire special recycling arrangements that 
entail associated fees. 


+ While fluorescents can have difficulty start- 
ing in low temperatures, an LED is not sen- 
sitive to a cold environment. 


+ Bright LEDs are available in a wide range of 
colors that do not require filtering. Filters 
greatly reduce the efficiency of incandes- 
cent bulbs when they are used in applica~ 
tions such as traffic signals or rear lights on 
automobiles. 


+ High-brightness LEDs can be dimmable. Flu- 
orescent lights are usually not dimmable, or 
perform poorly in this role. 

+ LEDs are inherently directional, because the 
die radiates light at an angle of 90 degrees 
to its plane. This makes it ideal for ceiling 
mounting, where as much light as possible 
should be directed downward. A fluorescent 
tube or incandescent bulb often requires a 
reflector which reduces the overall 
efficiency. 

+ LEDs are insensitive to cycling. The life ex- 
pectancy of an incandescent bulb or (espe- 
cially) a fluorescent tube is reduced by cy- 
cling it on and of. 

+ No flickering. Fluorescent tubes may start to 
flicker as they age, 

+ No electrical interference. Fluorescent tubes 
can interfere with AM radio reception and 
some audio devices. 

+ Safe from breakage. LED area lighting does 
not necessarily use any glass. 


However, high-brightness LEDs still have some 
barriers to overcome: 


+ Cost. In the United States, before 60W incan- 
descent bulbs were legislated out of exis- 
tence, they could be sold profitably for less 
than $1 each. A T8 fluorescent tube, meas- 
uring 1” diameter and 48" long, currently 


light source, indicator, or display > single source > LEI 


area lighting 


costs between $5 and $6 (retail) buthasalfe 
expectancy in the region of 25,000 hours, 
and uses only 20% of the power of an incan- 
descent bulb to generate two to three times 
as much light. Clearly the fluorescent tube is 
a more economical choice, despite the price 
of the electronics that must be included in 
the fixture to start the tube, By comparison, 
currently the purchase price of an LED tube 
is three times that of a fluorescent tube. It 
may lasttwice as long, butis not significantly 
more efficient, generating perhaps 100 lu- 
mens per watt while a fluorescentis typically 
capable of 90 lumens per watt. Prototype 
high-brightness LEDs have exceeded 200 lu- 
mens per watt, and should be competitive 
with fluorescents by 2020, but even then, 
migration will take time. 


Heat sensitivity. Heat reduces the light out- 
put and the lifespan of LED fixtures. 
Placement issues. Because LEDs are heat 
sensitive, they must be installed in locations 
that do not become excessively hot, their 
heat sinks must be correctly oriented, and 
they must have adequate ventilation. 


Color shift, Heat and age may cause the color 
temperature of an LED to shift slightly, as the 
color is usually derived from two types of 
phosphors. 


Nonuniformity. Manufacturing inconsisten- 
cies can cause LEDs of the same type to dis- 
play slightly different color temperatures. 
Fluorescents and incandescents are more 
uniform. 

Lower heat output than incandescents. 
While this is an advantage from the point of 
view of efficiency, it can be a disadvantage 
in applications such as traffic signals or air- 
port runway lighting where waste heat can 
help to keep the lights free from snow orice. 
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In fact, it is such knowledge about reinfection and sources of 
our pollutants that is the most important contribution of the case 
histories. 


After dealing with pains we will turn our attention to the 
diseases that aren't pain producing, like diabetes, myasthenia 
gravis and so on. 


Toe Pain 


The ends of your feet get the poorest “service” from your 
blood supply. They are the furthest away. The blood here has the 
most accumulated acid and the least oxygen supply. The body 
produces quite a bit of uric acid and this should, of course, be 
excreted into the bladder by the kidneys. But if the kidneys are 
doing a poor job of this, levels in the body and blood stream rise. 
The blood can only hold so much. It holds even less in acid 
conditions such as the ends of your feet experience. Uric acid 
begins to settle out or precipitate at our feet. 

Hippuric acid, too, is found where pain is found, Hippuric 
acid is made in large amounts (about 1 gram/day) by the liver 
because it is a detoxification product. It makes no sense to con- 
sume benzoic acid, the common preservative, since this is what 
the body detoxifies into hippuric acid. Read all labels on food 
you buy. Don't buy any beverages or baked goods preserved with 
benzoic acid. Citric acid is fine. The joints of the big toes are 
favorite places for pain to develop. This is made even worse 
when circulation is poor. Take a cayenne capsule with each meal 
to improve circulation. If you cannot find your pulse just below 
your inner ankle your circulation is poor. 

The accumulation of uric and hippuric acid invites bacteria to 
feed on them. As bacteria multiply the tissue fights back with 
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inflammation. Now the stage has been set for pain. Some people 
do not have pain although these acids and other deposits are 
present making their joints knobby and unbending. Bacteria have 
not found them yet or haven't multiplied sufficiently in them to 
invade your tissues. Perhaps there are other reasons as well. 

If you have toe pain your course of action is this: 


1. Kill all bacteria possible with your zapper. Repeat daily 
until no further benefit is seen. 

2. Dissolve the deposits away. An herbal recipe, quite elabo- 
rate, is capable of doing this. It is called the Kidney 
Cleanse (page 549). Toe deposits are made of the same 
crystals as kidney stones, which is why the Kidney Cleanse 
works for toe pain. But because these deposits are far away 
from the kidney, it takes longer than merely cleaning up 
kidneys. It may take six months to make a significant dent 
on these deposits. This will at the same time remove kidney 
crystals so that these are no longer a source of bacteria. 

3. Get teeth cavitations cleaned (cavitations are bone infec- 
tions in the jaw where a tooth was pulled; it never healed; 
see Dental Cleanup page 409). This can “magically” stop 
the toe pain the same day as they are cleaned. The effect 
lasts for days afterward showing it is not the dental anes- 
thetic that is responsible. It also teaches you that the bacte- 
ria in the toes can come from the teeth. But pain may retum 
as other bacteria find the deposit 

4, Clean the liver of stones using the Liver Cleanse (page 
552). This, too, can give immediate pain relief in the toes 
showing you they are a source for bacteria. Liver cleaning 
may take you two years to complete! Meanwhile your toe 
pain is receding. And, of course, this pays extra dividends 
in health for your body. 


56 


PAIN FROM TOE To HEAD 


5. Reduce the acidity in your toes. First, check your acidity 
with pH. paper meant for testing urinary pH, called Ni- 
trazine™ paper. Ordinary pH paper, as for fish tanks, is 
almost as accurate and will serve as well. Tear a Yainch 
piece and hold it in the urine stream. Early morning is the 
time your urine is most acid. If this reads below 5.5 your 
feet must have been even lower in the night (lower is more 
acid). 


Once deposits start, it is hard to stop them. If they start 
forming at 2 a.m., they are likely to continue for several hours 
even if the pH goes back up to normal, Your tactic will be to go 
to bed with an alkalizing action. Taking a calcium and magne- 
sium supplement at bedtime, drinking milk at bedtime, using 
baking soda at bedtime are all remedies to be tried. They should 
raise your urinary pH to 6 in the morning. 


Balance Your pH 


Most persons with painful deposits anywhere in their feet 
have a moming urine pH of 4.5! At 4.5 it is safe to guess that a 
Jot has precipitated again in the night. During the day, your body's 
pH swings back and forth, The urine gets quite alkaline right after 
a meal; this is called the alkaline tide. Three meals a day would 
bring you three alkaline tides. During these periods, lasting about 
an hour, you have an opportunity to dissolve some of your foot 
deposits. But if you allow your pH to drop too low in the night 
you put the deposits back again. The net effect decides whether 
your deposits grow or shrink. 

To alkalinize yourself at bedtime, choose one of these op- 
tions: 


1. Two oyster shell tablets, equaling 750 mg. of calcium plus 


a magnesium oxide tablet, 300 mg (see Sources). The 
magnesium helps the calcium dissolve and stay in solu- 
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tion, Taking more calcium at one time is not advised be- 
cause it cannot be dissolved and absorbed anyway and 
might constipate you. For the elderly only one calcium 
tablet is advised. Take calcium tablets with vitamin C or 
lemon water to help dissolve (% tsp. vitamin C powder, 
adding honey is fine), 

2. One cup of sterilized milk or buttermilk, drunk hot or cold, 

plus | magnesium oxide tablet, 300 mg. (adding cinnamon 
is fine). 
If these two remedies work for you, your morning urinary 
pH will come up to 6.0 but if for some reason they don't, 
you need to take more drastic measures. Take the supple- 
ments and milk earlier in the day and reserve bedtime for: 

3. Vasp. baking soda in water. This is sodium bicarbonate. 
But don't use baking soda from a store because most brands 
Thave tested are polluted with benzene! (See Sources for 
safe baking soda.) Using a combination of sodium and 
potassium bicarbonate in a ratio of 2:1 is actually a much 
more healthful potion. You can make your own or ask a 
pharmacist to make it for you. Mix two parts baking soda 
and one part potassium bicarbonate (see Sources) in a jar. 
Keep tightly closed. Label it sodium potassium 
bicarbonate alkalizer (this potion is also very useful in 
allergic reactions of all kinds). Take | level tsp. in water 
at bedtime. If your pH reaches 6 in the morning continue 
each night at this dose. If it does not, take L¥4tsp. Keep 
watching your pH, since it will gradually normalize and 
you will require less and less. If you are using plain baking 
soda, instead of the mixture, watch your pH each morning, 
also, so you can cut back when the pH goes higher than 6. 


Persons with a limit on their daily sodium intake must care- 
fully count the grams of baking soda consumed in this way. 
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Each tsp. weighs about 2 grams, of which half (1 gram or 1000 
milligrams is sodium, The sodium/potassium mixture would only 
give you half as much sodium (Yagram per tsp.). By comparison, 
the usual daily intake of sodium is about 5 gm., although salt 
eaters consume twice that amount. 

You have done five things to pull the rug out from under the 
bacteria living in and around the deposits in your toes. Now 
when you kill bacteria with your zapper, you can expect the pain 
to go away and stay away. 

Locations at the base of toes may be painful due to a neu- 
roma, Deposits and bacteria here are even more painful because 
this is the location of nerve centers. If the build-up is large, you 
may prefer some surgical help or a cortisone shot rather than 
wait several years for solid relief. 


Foot Pain 


This kind of pain does not involve as much deposits as toe 
pain and is therefore easier to clear up. But trauma to the foot is 
more important, First, even though your shoes are comfortable, 
change them Get wider shoes, longer shoes, lower heels. Alter- 
nate two pairs of shoes in a single day. In your home take shoes 
off. 

Keep feet very warm. Wear natural fiber socks, not synthet- 
ies. If your circulation is poor, take a cayenne capsule with each 
meal. When circulation is moderately poor, your feet get cold 
easily. When circulation is very poor, the heart pulse cannot be 
felt in your feet (take your pulse just below your inner ankle). 
Again: 


+ Get teeth cavitations cleaned (Dental Cleanup, page 409). 


+ Do the herbal Kidney Cleanse (page 549). 
+ Kill parasites and bacteria with a zapper. 
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+ Then clean the liver (page 552). 

* Check body pH in the moming upon rising using Ni- 
trazine™ or other pH paper. Correct it as discussed in Toe 
Pain. If the urinary pH is 7 or higher, it means you have a 
bladder infection. Treat it immediately (page 101). 


If there is any swelling around the foot or ankle, you are 
“holding water.” It may be called edema. This is due to poor 
adrenal and kidney function. The adrenals are located on top of 
the kidneys and together they regulate how much salt and water 
stays in your body. Because they are situated so close together, 
they share their parasites and pollution. When the kidneys form 
kidney crystals the flow 
through the kidney tubes is 
hindered, and less water and 
salt can leave the body. It 
stays in your tissues as 
edema, 

The kidney herb recipe 
will dissolve the crystals. 
But you must remove toxins 
such as metal from tooth 
fillings and kill parasites. 
Continue doing the Kidney 
Cleanse after the original six Fig. 10 Your kidneys with the 
weeks is up until all foot adrenal glands sitting like hats 
pain and edema are gone. ontop. The ureters lead to the 
Continue killing your tiny bladder. 
invaders with a zapper 
twice a week. You may need to cleanse the liver several times, 
t00, before all the pain and edema are gone. 

The supplement, pantothenic acid (see Sources), is particu 
larly good for feet. Take 500 mg three times a day for several 
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weeks to see if it helps. Massage and reflexology are also good 
for them. 


Heel Pain 


‘Sometimes heel pain is due to heel spurs, sometimes it is not. 
Heel spurs are due to deposits. The usual heel deposits are uric 
acid and various phosphates. Urie acid deposits become a 
breeding ground for bacteria. The phosphates give the deposits a 
rigid structure that is hard to dissolve. You may have to choose a 
pain Killer, get specially built “orthopedic” shoes, or stop your 
daily walks to get relief from the piercing pains. These will not 
cure the problem but may “buy you some time” while you make 
basic changes in your lifestyle. 

Stop drinking tea and cocoa because they contain oxalic acid. 
Stop drinking coffee, decaf’, fruit juice and soda pop because 
they are contaminated with solvents. All of these must be 
detoxified by your body and eliminated by your kidneys. We 
should spare the kidneys these extra tasks when we wish them to 
clean up heel spur deposits. You must first dissolve the deposits, 
then help the kidneys eliminate them. 

To dissolve them, you alkalinize your body's pH, watching 
over it carefully with pH paper or Nitrazine paper. To help kid- 
neys eliminate them, use the Kidney Cleanse and drink lots of 
water. Only water, not a beverage, helps the kidneys to eliminate. 


Drink a pint of water upon rising in the morning, and a pint of 
water between meals. 


Do not buy “special” water. Use your cold tap water only. If 
you don't like the taste of your own tap water, get it from some- 
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body else's tap. Use only glass or reused polyethylene jugs. 
Polyethylene is opaque, not clear. It has already lost its plasti- 
cizer into the water that stood in it earlier. (Somebody drank it!) 
Purchased water has traces of solvents from machinery and 
sterilizing equipment used in its bottling. Your own tap water is 
not pure (indeed it may have 500 toxic elements), but it never 
contains solvents in amounts I can detect. 


Traces of solvents are worse than traces of other toxins. 


Water filters are not the solution. They trap the pollutants 
and then allow a tiny amount to enter the water on a daily basis. 
Chronic toxin consumption is much worse for your health than 
periodic surges of toxins. You can use a small filter, that gets 
changed every month without much risk. This would dechlorinate 
the water, at least, and improve the flavor. The pitcher variety (it 
should be made of hard, inflexible plastic) and the faucet variety 
are listed in Sources, 


Bottled water is popular, 


and tasty, and has appealing advertising, but it is just not safe 

Why is it easier for everyone to spend dollars per day, for the 
rest of their life, buying water instead of insisting that their water 
pipes are metal-free? 


‘Another reason not to drink water from bottles, however 
convenient, is that it is stagnant and is soon contaminated with 
our own bacteria from contact with mouth or hands. Staphylo- 
coccus (Staph) and E, coli are commonly seen. The solution is 
not to add still more chemical disinfectants, the solution is to 


drink from a flowing source, such as our faucets. If you must 
carry water, use glass containers; plastic is porous and much 
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more difficult to wash clean (sterilizing in a dishwasher is ef- 
fective, though). 

By drinking a total of four pints of water in a day, the kidneys 
will notice the assistance. (Any single herb tea without added 
salt or sweetener counts as water.) The urine will stop having 
any odor and will become very light colored. This is especially 
important while you are dissolving the heel deposits since your 
body is now carrying these in the circulation. 

Killing bacteria with a zapper may give you instant pain re- 
lief and is, of course, beneficial to your body. But you can't ex- 
pect the pain to stay away until the deposits are gone and the 
source of bacteria is also removed. Go after the usual sources: 
teeth and stones. Another source is dairy food contaminated with 
Salmonella and Shigella bacteria. Sterilize all of it by boiling. 
Even the amount put on cereal in the morning or used in 
scrambled eggs is enough to reinfect you! Butter and heavy 
whipping cream also need boiling. Stop eating yogurt and cheese 
which can't be boiled. 

Phosphate deposits are a mixture of three phosphates: 
monocalcium phosphate (CaH, PO,), dicalcium phosphate 
(CaaH POs) and tricalcium phosphate (Cas PO,). They are 
formed by eating too much (way too much) phosphate relative to 
calcium. 

Our high phosphate foods are meats, carbonated beverages 
and grain products like rice, cereals, breads, pastas and nuts. 

The body's normal elimination tactic for phosphate is to 
combine it with calcium and magnesium in order to neutralize it 
first. Unneutralized phosphate is very acidic and would burn the 
delicate kidneys. But where shall the calcium and magnesium be 
taken from? Magnesium is often in very short supply since it 
comes from green vegetables in the diet and is not stored up in 
any special organ. So it falls on calcium to be used for this pur- 
pose since it is stored up (in your bones and teeth). 
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The acid condition created by phosphates dissolves your 
bones and allows large amounts of bone structure to be washed 
out with the urine: this can be directly seen with an analysis of 
urine (you can ask your doctor to order this at a lab). If you catch 
all the urine in a 24 hour period you can measure all the calcium 
you have wasted. You should not lose more than 150 mg calcium 
in a day because this is all you can absorb in a day!* If you do 
lose more than 150 mg in a day, you are dissolving your bones at 
a fast clip. This also means there is too much calcium in your 
blood and lymph, from dissolving so much bone so quickly. 

Once you have dissolved your bones it is not so easy to put 
the calcium back into them. Your body will try to put it back as 
soon as possible—as soon as your acid condition is gone. But 
your bones can't do this without vitamin D. Vitamin D may 
“come from” sunshine and from vitamin D in milk but it isn't that 
simple. Vitamin D must be activated by your kidneys before it 
can go to work! Remember, though, it was the kidneys that had a 
problem in the first place, allowing deposits to form! With old 
kidneys, clogged with crystals, hampered by heavy metal and 
mold toxins, and beleaguered by bacteria and parasites, is it any 
wonder that sunshine and vitamin D fortified milk don't supply 
large amounts of activated vitamin D? It takes large amounts to 
put back into your bones the large amount of calcium that 
dissolved out during the acid state you put yourself in by over 
consuming phosphate food. 

If you can't put the calcium back into your bones promptly 
where is it to go? It may attach itself to tissues that were never 
meant to be used this way. Your arteries fill with “scale,” your 


“You absorb 5 to 10% of what you eat. If you eat 1 gram (1000 
mg) you absorb 50 to 100 mg. But you absorb 25-40% if it comes from 
milk! 
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Values 


Although the output from an LED area light is 
directional, while the output from an incandes- 
cent bulb ora fluorescent light is omnidirection- 
al, he intensity ismeasured the sameway in each 
instance, using lumens. This unit expresses the 
total ightemission, withouttaking directionality 
into account. (The intensity of LED indicators is 
calityrated in candelas, which measure the power 
within an angle of dispersion; but candelas are 
not used for area lighting.) 


Typical values for incandescent bulbs are 450 lu- 
mens for a power consumption of 40 watts, 800 
lumens for a consumption of 60 watts, 1,100 lu- 
mens for a consumption of 75 watts, and 1,600 
lumens for a consumption of 100 watts. Because 
much of the output from an incandescent bulb 
may be wasted by using inefficient reflectors or 
allowing the light to shine in directions where it 
is not needed, a high-brightness LED rated at 
1,000 lumens may actually appear brighter than 
a 75-watt incandescent bulb. 


ATS fluorescent tube measuring 48” long by 1” 
in diameter consumes only 32 watts but emits 
almost 3,000 lumens—when it is new. This out- 
put gradually diminishes by as muchas 40% over 
the lifetime of the tube. 


Incandescent bulbs deliver between 10 and 15, 
lumens per watt, approximately. A new fluores- 
cent tube produces around 80 to 90 lumens per 
watt, and LED area lighting at the time of writing 
can provide 100 lumens per watt, under real- 
world conditions. 


What Can Go Wrong 


Wrong Voltage 
Many high-brightness LED lighting units can be 
used with either 115VAC or 230VAC. There are 
exceptions, however. Check the specifications to 
make sure. Also, itis important to avoid applying 
domestic supply voltage to 12V LED miniature 
reflector-bulbs that are intended to replace 
12VAC halogen bulbs of the same size. 


LED area lighting 


Overheating 
Ifa high-brightness LED fixture is equipped with 
a heat sink, this must be exposed to freely flow- 
ing air, Any vanes on the heat sink should be ori- 
ented vertically to encourage convection, and 
the fixture must not be placed in an enclosure. 
Overheating will radically shorten LED life. 


Fluorescent Ballast Issues 
Afluorescent fixture containsa ballastto limitthe 
tendency of the tube to draw excessive current. 
The ballast is contained in a plastic box attached 
to the back of the frame in which the tube is 
mounted. 


A magnetic ballast contains a coil, and is by- 
passed by an additional starter that applies un- 
limited current for one second when the power 
is switched on, preheating the tube to initiate 
plasma discharge. 


Anelectronic ballast performs the same fun 
without a separate starter, 


Some LED tubes designed as substitutes for flu- 
orescent tubes may allow a magnetic ballast to 
remain in the circuit, but may not tolerate an 
electronic ballast. Other LED tubes require any 
type of ballast to be unwired from the circuit. The 
unwiring operation will require disconnection of 
a couple of wires by removing wire nuts (assum- 
ing that the fixture has been designed to comply 
with U.S. building codes). The wires are then re- 
connected to apply power directly to the tube, 
and the wire nuts are reapplied to complete the 
new connection. The ballast can remain passive- 
lyin the fixture, 


Failing to remove the ballast and/or the starter 
from a fluorescent fixture before installing an 
LED tube that requires direct connection to the 
power supply can damage the tube. Connecting 
the power incorrectly to the LED tube may result 
in it failing to light up. Documentation supplied 
with the LED tube should provide guidance for 
disconnecting the ballast and connecting the 
tube. Note that the pin functions on LED tubes 
are not standardized at this time. 
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kidneys form calcium phosphate crystals, heels form spurs, joints 
become knobby with deposits. 

Young persons and children, with healthy unclogged kidneys, 
make-that is, activate-ample vitamin D, so even if they consume 
too much phosphate and develop an acid condition that dissolves 
their teeth and bones, they can put the dissolved calcium back 
in its proper place. They don't develop hardened arteries, heel 
spurs, and knobby joints, at least not at first. Their bodies can 
take a considerable amount of abuse without showing it. 

In general, people eat way too much phosphate. Meat eaters 
eat too much meat. Vegetarians eat too much grain. Most eve- 
ryone drinks phosphated beverages. In this way we set the stage 
for hardened arteries, joint disease, calcified tissues that no 
longer have flexibility. We all get kidney crystals that become 
stones. This is aging. All these deposits invite bacteria to live in 
them and on them, creating pain. 


Old age and pain go together as if they were true partners, 
Yet it is just the result of bad food choices. 


Try to undo as much of this false aging as possible. 


1, Reduce your meat consumption. Switch to fish which 
supplies calcium in the tiny bones. It is true, these bones 
are made of calcium phosphate and one might expect, 
logically, to be getting a less effective calcium source. 
Logic isn't necessarily biologically correct. The bones of 
fish work nicely as a calcium source and their phosphate 
content is not too great. Such a diet has worked for many 
primitive societies. Further, I have never seen a case of 
mercury toxicity from eating fish; amalgam tooth fillings are 
our truly significant source. 
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2. Reduce your grain consumption. Instead of cereal for 
breakfast, add fruit and reduce the cereal to half. Cut bread 
consumption in half, Cut pasta consumption in half, Cut rice 
and corn consumption in half. Eat more bananas and other 
fruits. Eat more vegetables; always choose potato (not 
potato chips) instead of rice or macaroni. Always choose a 
leafy salad instead of pasta salad. At any restaurant or 
salad bar ask yourself: is this wheat, rice or corn? If so, 
choose potatoes or other vegetables. Choose coleslaw. 
Choose mixed fruit. You don't need to go off the grains, 
only reduce them to improve your condition. 

3. Take vitamin D as a supplement. Nothing less than 40,000 
units has any real impact by the time there are problems. 
This strength is available by prescription only (usually 
50,000 units, which is close enough). To avoid getting a 
polluted product, ask your pharmacist to follow the recipe 
on page 560. (In the past some cases of poisoning by 
overdosing resulted in this regulation, If you overdose you 
will get joint and muscle pain and nausea but it is reversi- 
ble.) Take one a day (not more), for the first three weeks, 
then two a week forever after. 

4, Finally, toss the carbonated beverages right out of your diet 
or make your own (see Recipes). It is not the carbonation 
that is harmful, it is the added phosphate. Drink water, herb 
teas, homemade fruit and vegetable juices, milk or 
buttermilk. 


Milk, like fish, is full of calcium in the form of caleium 
phosphate. Again, logic might speak against the effectiveness of 
this form of calcium. Again, logic is wrong. Evidently, the cal- 
cium and phosphate story must be much more complex than I am 
depicting here. 

Milk works best as a calcium source, in spite of its phosphate 
content. Possibly the lactose and other complexities of its 
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composition contribute to this. My recommendation when de- 
posits have formed anywhere in the body, such as heel, toe, ar- 
teries, joints, is to switch to milk as a beverage. Compare the 
calcium level of your urine before and after the switch (allowing 
several weeks first). Also compare calcium levels in your blood 
serum, It should move towards normal. This means up if it is too 
low (below 9.2). It means down if it is too high (10). If you are 
monitoring the effectiveness of the kidney herb recipe in 
dissolving away your phosphate crystals, notice that drinking 
milk keeps them from reforming. Taking calcium tablets does not! 
Taking nothing lets them reform the quickest. 


The milk must be 2% or higher in butter fat to be effective. 


With your body fluids at their proper acid level, with your 
kidneys able to flush out acids, with heavy metal toxins no longer 
settling in, with your bone-dissolving stopped, your heel deposits 
can shrink, Bacteria have no place to feed and breed. You can 
kill them several times more with your zapper to catch stragglers. 
‘And your heel pain becomes history. Be careful not to bruise the 
sensitive tissue with too much walking or running immediately 
after the pain is gone. Wear cushioning socks and well cushioned 
shoes, 


‘Names in the case histories have been changed to ones of the 
same sex, picked at random from a telephone directory. Other 
facts may have been altered in non-essential ways. 


Walter Jones, a man of 67, was diabetic for 14 years. His feet and 
upper legs hurt so much for the past 13 years he could barely 
shuffle along now. They were also cold and clammy. The herb, 
juniper berry was added to the Kidney Cleanse recipe to make it 
even more effective for him and he was advised to stop smoking, 
using alcohol, and caffeine. He also started the parasite killing 
program (at that time an herbal parasite program was being used 
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instead of a zapper) and a liver cleanse that yielded several hun- 
dred small gallstones. Three months from his first visit his legs 
were better and feet OK, although he still had some trouble waking 
due to pain in upper thighs. 


Dinah Sagun, a minister's wife, had a lot of walking and standing to do 
besides traveling a lot. She had knee surgery 15 years ago to re- 
move deposits but now they were getting bad again. Also her heels 
were sore. My tests showed she had phosphate and oxalate 
deposits in her kidneys. She was started on the Kidney Cleanse 
followed by the parasite program. She stopped using benzene 
polluted items, especially her Chap Stick™. Her diet was changed 
to include mik and leave out store-bought beverages. In 4% 
months her heel pain was gone along with the bad headaches we 
had not even started to work on. 


Julie Fernandez came with a list of 10 serious problems including foot 
pain and ankle swelling. Her urinalysis showed crystals. My test 
showed they were uric acid crystals. Her parasites included Tri- 
chinella. There was a house cat. Her toxic metal test showed tel- 
lurium and platinum accumulation from metal dentalware and 
arsenic from pesticide. She was to start on a Kidney Cleanse and 
add the parasite program two weeks later. She was to remove all 
roach hives and other pest Killers from her house and arrange for 
dental metal replacement. At her third visit, four weeks later, she 
could walk without pain although she stil had Trichinella and ar- 
senic problems. Two months later she was aching all over again 
and her kidneys hurt. She still had Trichinella and some dental 
work to do. She was to do a 5-day high dose parasite treatment 
and treat the cat also and repeat the kidney cleanse. This relieved 
her pain. 


Dorothy Shelley had numerous pains including foot pain in the arch, 
lower back pain and cramps with her period. She had oxalate and 
uric acid crystals in the kidneys so was started on kidney herbs. 
Three weeks later her foot pain and low back pain were gone. 


Paul Longtin had toe cramps, calf cramps, and heel pain. After cutting 
down on smoking, quitting caffeine and soda pop and taking niacin 
(250 mg time release; 1 capsule each meal and upon rising in 
morning) and doing a kidney cleanse, all in three weeks, he was 
much improved and didn't even need his arch supports. 
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Juan Onley, age 58, came for his gout in both feet and one hand. He 
could hardly walk, in spite of soft shoes and pain killer. It started 7 
years ago. He also had prostate pain and couldn't sit comfortably. 
My tests showed his kidneys were full of uric acid, oxalate and 
cystine stones. His prostate was full of Gardnerella and Campylo- 
bacter bacteria. His wisdom teeth were harboring plantar wart #4 
virus and Coxsackie B4 virus. Gardnerella often comes with fluke 
parasites and indeed he had intestinal flukes in his kidney! He be- 
gan with the kidney herb program, then the parasite killing pro- 
(gram. It took five months to clear them all. Then he could walk and 
sit without pain. 


Leg Pain In Children 


It is commonly accepted 
as normal(!) in children to 
have pain in the shins or 
calves of the leg. They may 
even be called “growing 
pains.” Children may cry 
with the pain and never tell 
anyone the reason for 
crying. It happens mostly 
after napping. This may be 
caused by cramping of the 
leg or spasms of the blood 
vessels. Lead toxicity is a 
common cause of both. Test 
for the presence of both 
lead and cadmium in the tap 
water. Only your own 
electronic tests are helpful. Fig. 77 All disposable diapers I 
Water department tests are tested had mercury and thallium! 
much too crude. These toxins can be absorbed 
If either poison is through babies’ skin. 
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found, test the water supply from each faucet in the house, in the 
morning, before it has been run, Find the offending sources, 
change the water pipes to polyvinyl chloride (PVC). 

Also search for thallium or mercury in the child’ saliva. If it 
is there, remove all dental metal. Stop using all commercial 
disposable diapers, dental floss, cotton swabs and bandages; 
they are polluted with mercury and thallium probably from 
manufacturing them in foreign countries where it is legal to 
sterilize with mercuric chloride. Test again, several times, after 
plumbing or dental work has been completed. To relieve pain: 

+ immerse legs in warm water 

+ massage legs gently 

+ give 25-50 mg niacin, not time-release, to dilate blood 

vessels. 


Leg Pain In Adults 


Leg pain in adults is usually associated with cadmium or 
thallium, Cadmium is present in tap water that runs through cor- 
roded galvanized pipes. The cadmium is probably a contaminant 
of the zine used for galvanizing. Test the water, electronically, 
for cadmium. If you have all copper pipes but there is cadmium 
in the water, there must be a short piece (a Y or a T joint) made 
of old galvanized pipe lurking somewhere. Track it down by 
testing water from all your faucets. 

Cadmium causes the blood vessels to spasm and it is made 
worse by smoking, that's why the condition is sometimes called 
Smoker's Leg. But extremely painful legs are due to chronic 
thallium poisoning more than any other cause! 

It is very important to know exactly how toxic thallium is. 
Read the clipping on page 417 right now! 
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Where would you ever get thallium? From your very own 
mouth! The mercury in fillings is often itself polluted with thal- 
lium! Replace your amalgam fillings with composite. 


Bandages Sanitary napkins and tampons 


Floss Toothpicks (the one on the right is ten 
ST years old and had no mercury or 
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Thallium has another source: it is riding along as a pollutant 
in cotton swabs, cotton balls, commercial bandages, toothpicks, 
floss, gauze, sanitary napkins, tampons, disposable diapers, and 
paper towels. Evidently these are being sterilized with mercuric 
chloride which, in tum, has thallium pollution, 


+ Line disposable diapers with a tissue 
+ Line sanitary napkins and pads with a tissue 

+ Use the polyester puff in the top of vitamin bottles in place 
Twirl some around a plastic stirrer for a 


+ Use pieces of tissue and masking tape for bandages. 


Use cheesecloth in place of gauze. Use monofilament fish line (2 oF 4 Ib. test) 
for floss 


Fig. 13 Safe substitutes for personal products. 


If you do have thallium in your white blood cells and you 
haven't used toothpicks, etc. earlier in the day, then it is in your 
tooth fillings and you have no higher priority than getting the 
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amalgams out. Find a dentist immediately who will remove 
them, drilling deeply and widely not to miss a speck of it, thereby 
getting the thallium out, too, You cannot cure your leg pains 
without removing thallium, 


Leg Pain Protocol 


Vs 
2: 
3. 


ws 


Stop smoking. 
Repair plumbing. 

Do dental cleanup and chelate out the mercury and thallium 
that has gotten into your tissues with EDTA (see Sources). 
You will need to find a chelating doctor; ask a friendly 
chiropractor to help you locate one. Or at least take thioctic 
acid 100 mg, (2 three times a day) and vitamin C (5 gm or 
one teaspoon) daily for a month, 

Take magnesium oxide 300 mg (take | twice a day). 

Take niacin, as much as you tolerate—time release varie- 
ties are less effective. Try 50 mg with each meal. 

Change your diet to reduce phosphate and include milk 
(sterilized). 

Do the herbal Kidney Cleanse (page 549) followed by a 
Liver Cleanse (page 552). 

Zap yourself on alternate days at bedtime. If this zapping 
makes no difference whatever, your problem is purely 
spasms. But if you get relief, even if it’s very short lived, 
you must have killed something. Bacteria must come from 
somewhere. Concentrate your efforts on dental health and 
better diet. 


Jean Booth, age 30, had sore, tired legs and severe three-day head- 


aches. She would get stabbing pains in back of her thighs. After 
we found thallium and mercury in her kidneys she did a Kidney 
Cleanse and got all her metal tooth filings replaced. She then felt 
fine for one year. Suddenly she got fatigue and heavy legs again 
with stabbing pain at the outer thigh. She had seen a neurologist. 
Her chiropractor suggested it was leftover mercury so she came 
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back to us. Indeed, she was toxic with lead, mercury, thallium, but 
her dentist could not find the leftover metal in her mouth. Three 
cavitations were cleaned; she was put on thioctic acid; eight va- 
rieties of bacteria and viruses were killed with a frequency gen- 
erator and her legs became well again. Our test showed thallium at 
4 teeth, but it was not a big enough deposit to show up on dental 
X-ray. She may eventually choose to have these redrilled 


Charlie Snelling was a picture of pain: pain 
in arms, elbows, shoulders, wrist, 
hands, chest, low back, legs, knees, 
and feet. He was started on kidney 
herbs and a few pains were reduced. 
He was toxic with cadmium so he 
changed his plumbing to plastic. How- 
ever, he continued to be toxic with 
‘cadmium and thallium throwing suspi- 
cion on his numerous old tooth filings. 
He got them all replaced and cavita- 
tions cleaned. He used our frequency 
generator to kill beta Streptococcus, 
Pseudomonas, Troglodytella and 
Staphylococcus aureus all of which 
were under one tooth (#15). A year 


Fig. 14 Tooth num- 


later he still had bouts of leg pain. He bering system. 

still had numerous bacteria under his teeth because the jaw bone 
was not healing. He had not been taking vitamin D, nor magnesium 
nor drinking milk for the necessary calcium. But he had improved 
‘enough to go back to work full time. 


Victor Abhay, age 16, could no longer play in high school sports be- 
cause of knee pain. It began “with a virus” and high temperature 
two years ago. His knee started to bother him after that. He had 
cysteine kidney crystals and four parasites: Cryptocotyl, human 
liver fluke, Echinococcus granulosus cyst and Echinostomum 
revolutum in his white blood cells. He was to start the kidney herb 
recipe and follow this with the parasite program. Five months later, 
when we next saw him, his knee was fine. 


Kim Murphy, 45, had painful legs, feet and knees. They also were 
swollen and itched. She was parasitized by Trichuris, (dog whip- 
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Misleading Color Representation 

Because the spectrum ofa white LED is not even- 
ly weighted across all wavelengths, it will fail to 
represent some colors accurately, as shown pre- 


ource > LED area lighting 


viously. This can be important if LEDs are used to 
illuminate full-color printing or artwork, or if they 
are installed in stores selling merchandise such 
as clothes, furnishings, or food. 
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worm). She also had tapeworm stages (Taenia pisiformis) and 
intestinal fluke in the intestine. She started on the kidney herbs, 
followed by the parasite program. She stopped using zitconium- 
containing products (deodorant) and barium (lipstick). She stayed 
out of bus exhaust. (She knew she was allergic to diesel exhaust.) 
In one month her leg pain and itching were gone; slight swelling 
remained, 


Naney Tong, 80's, had edematous legs. In fact she could get no 
stockings on. They appeared like pillars with no taper at all. She 
was on diuretic medicine from her doctor. It kept her blood pres- 
sure down but she was losing ground with water excretion. This 
raised her general toxicity (blood BUN") which made her feel bad 
most of the time. Yet she drank enough water, curtailed her salt, 
used no caffeine and had no really bad habits. She had to wear 
several pads for incontinence. We found she was toxic with cad- 
mium and lead, which were probably responsible for her huge ac- 
‘cumulation of kidney stones. The metals were in her tap water and 
she was unable to resolve this problem since she lived in a senior 
citizen center. We advised her to move, or to have her tap water 
carried in, but she could do none of these. Although the situation 
was hopeless, she did the kidney cleanse, parasite killing program 
and changed her metal rimmed glasses and wrist watch to plastic. 
‘She gained enough ground from these improvements to be able to 
wear elastic hose and thereby give some physical assistance to 
her body. This encouraged her to do a liver cleanse. She had a 
headache with the cleanse but immediately afterwards she fit into a 
smaller size "Keds" (elasticized stockings). A half a year from the 
beginning, her legs had taper to them; she didn't even mind 
wearing a dress. 


Fibromyositis and Fibromyalgia 


When pain is widespread, not just in joints or legs but in 
many muscles and soft tissues of your body your doctor may call 
it fibromyositis or fibromyalgia. 


“BUN stands for blood urea nitrogen. It is a body waste and is 
normally kept low by the kidneys. 
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For bacteria to get all over your body, they must be riding 
along with parasites that get all over your body. Microscopically 
tiny roundworms can do this 


Trichinella is the most common ~~, 
cause of these diseases, but sometimes oe 
Ascaris larvae or hookworms or 

fox Ae 


strongyle larvae are the main culprits. 
These wormlets bring hosts of bacteria 
with them, — mainly “Streps” 
(Streptococcus varieties) and 
“Staphs” (Staphylococcus varieties), 
but also “Clostridiums” (Clostridium — Fig. 15 Trichinella 
varieties) and “Campyls” larvae settled in mus- 
(Campylobacter varieties). The cles. 

bacteria are probably the pain causers. By killing all bacteria— 
Staphs, Streps, Clostridiums and Campyls—using a zapper, you 
may get relief for one hout 

By killing Trichinella and Ancylostomas (worms) first, fol- 
lowed by the bacteria, you may get relief for several hours. By 
killing the parasites and bacteria in every household member and 
the pets at the same time and by never putting your fingers to your 
‘mouth, you can expect permanent pain relief. It is interesting to 
speculate why the other family members, who are also infected 
with these tiny roundworms don't develop fibromyalgia. Perhaps 
the larvae stay in the intestine or go to the diaphragm (causing 
coughing) or the eyes (causing “lazy” eye muscles). Pethaps they 
merely cause anemia. Trichinella, hookworms and_strongyles 
are extremely difficult to get rid of in a family. 

These roundworm larvae undoubtedly cross the placenta into 
the unborn child during pregnancy, too. So they can be 
“inherited.” Try to clear up the whole family before the next 
pregnancy. 
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Clearing up pets of these parasites is even harder. The best 
advice is to give your pets away. They will continue to harbor 
them even though they are on a pet parasite program, It is im- 
possible to stay free of the parasites your pets have: they will 
move to your soft tissues immediately, giving you the bacteria 
and inflammation again. 

The next most important advice is to keep fingers out of your 
mouth (read Hands, page 397). None of these parasites enter 
through your skin (this is in spite of teachings that hook-worms 
enter this way), you must put them into your mouth somehow! 
Consider your mouth off limits to anything but food and kissing. 

Finally, if there is a baby in diapers in the family, be patient. 
‘When diapering days are over you will have less bowel contact, 
giving you an opportunity to finish your own treatment, Mean- 
while, wash fingernails in Skin Sanitizer (see Recipes) after 
cleaning up children’s bowel movements, diapers and yourself. 
Use borax liquid for soap to leave an antibacterial residue on the 
skin, 

Try to identify your parasites before killing them so you can 
be on the lookout for them in the future. Get slides or dead cul- 
tures of various pathogens and search in your white blood cells. 
If you can't do this, at least save a saliva sample of your own; 
keep it frozen or preserved. Also make a saliva sample for your 
pet. This gives you specimens to test yourself for later. You 
won't know which parasite is in this saliva specimen, but if you 
ever test positive for it again you will know you got it back. Then 
zap yourself. 

Brenda Byrd was diagnosed with myofibrositis two years earlier at the 
age of 36. Her blood test showed triglycerides slightly high (152 
mg./DL), indicating the beginnings of urinary tract problems. Her 
urinalysis stated “hazy” (hazy with bacteria or crystals) instead of 
clear urine. It also listed white blood cells, red blood cells, and a 
few bacteria present in her urine. Our tests revealed mercury and 
numerous other heavy metals distributed in her thyroid, stomach, 
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kidney, lungs, bones and bone marrow. She was also full of beryl- 
lium (usually from “coal oil") contained in the hurricane lamps she 
kept in every room. She had numerous parasites, including 
Strongyloides and hookworms spread through her body tissues. 
‘She was thrilled to learn how to get her health back and started 
with the dental problem, 


Marcia Cochran, 36, had muscles twitching all over her body. It was 
diagnosed as fibromyalgia. Her joints were tender and her chest 
felt “tight.” She had bronchitis twice a year. She was on Amytryp- 
taline™ for muscle twitching and Bentyl™ to calm the intestine 
(spastic colon). She had depression with it and was on medicine 
for that. It all started with fever and chills that she thought was the 
flu but after they went away, she was left with a tremor. Sometimes 
she felt that litle electric shocks were going through her. She had 
Ascaris and hookworm larvae widespread in her body. She had 
sheep liver flukes in her liver. She was started on the parasite 
program. She was also toxic with PVC and tellurium (dental metal). 
‘The PVC was traced to plastic storm windows applied to the inside 
of the window and to new shower curtains. Two months passed 
and she had not solved any of her problems. Then she did her first 
liver cleanse and got over 100 stones out. This instantly reduced 
her fibromyalgia to occasional attacks. She was so encouraged 
she decided to go ahead with dental cleanup. 


Joint Pain or Arthritis 


Two main kinds of arthritis are recognized clinically, os- 
teoarthritis and rheumatoid arthritis. In osteoarthritis the joints 
have bacteria living on the deposits left there. In rheumatoid 
arthritis the bacteria come from larger parasites—wormlets ac- 
tually living in these joints. The worms are the common little 
roundworms whose eggs hatch into microscopic wormlets that 
travel. 
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Fig. 16 Hookworms, strongyles, and whipworms. 


We have four common roundworms: Ascaris, hookworm, 
Strongyloides, Trichinella. Their life cycle normally directs 
them to travel to the lungs but in some people they travel through 
the entire body, including brain, muscles and joints. More 
research is necessary to explain this, My suspicion is that there 
are toxins, like mercury, thallium, cadmium, lead, as well as 
solvents, distributed through the body, lowering immunity and 
allowing the tiny larvae to reside there. Once the pathway 
(routing) to these organs has been established, it continues to be 
used by other parasites as well. Soon a variety of parasites, their 
bacteria and viruses, and pollutants are all headed toward these 
organs. 


Osteo or Common Arthritis 


When joints are painful it is a simple matter to Kill the bac- 
teria with an electronic zapper. Treat yourself with a zapper 
daily until the pain is gone. Maybe it will stay away, but chances 
are the bacteria have a steady source. 

The most common source for Staphs and Streps are small 
abscesses in the jaw bone, under and beside old extractions, root 
canals and mercury fillings. You may get immediate pain relief 
just from a dental cleanup, and again disappointment may follow. 
Staphs and Streps are such ubiquitous bacteria, they may come 
not only from jaw bone infections but from gallstones, kidney 
stones and other parasites. The correct treatment for ar- 
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thritis is a complete overhaul of body health: a diet cleanup, a 
body cleanup, and environmental cleanup. 

Start with the herbal parasite program and zapping. Follow 
this with a kidney cleanse, then liver cleanse. If any toxin is 
overlooked, especially asbestos and fiberglass, it is sure to find 
your joints and permit bacteria to return and cause pain, Make 
Sure to correct your body acid levels after doing pH measure- 
ments of the urine (page 57). 

Arthritic deposits contain a large amount of phosphates 
combined with calcium. This calcium came from some other 
bone, such as the base of your spine or the wrist. Here the bones 
are getting weaker due to this calcium loss. Calcium was taken 
out of your bones for the simple purpose of neutralizing the ex- 
cess phosphate in your diet. Reduce phosphate consumption 
(meats, soda pop, grains) by half, eating fish, milk, vegetables 
and fruit instead. Drink three cups of milk a day. If you are al- 
lergic to milk, do several liver cleanses, switch brands of milk, 
use milk digestant, and use it in cooking and baking. Cheese and 
cottage cheese are not substitutes for milk (the calcium stayed in 
the whey). Dairy products must be boiled before consuming and 
should be no less than 2% butter fat. It takes bile to make calcium 
absorbable, yet milk with less than 2% butterfat does not trigger 
the gallbladder to empty it's bile at mealtime. 

If you are not used to dairy products, start slowly and work 
up gradually to the 3 cups a day needed. 


Carol Lachance was diagnosed with arthritis of her back and knees. 
(She had spurs in both places.) She was positive for Trichinella, 
Ascaris and Dirofilaria (she also had pain over the heart). They 
had an outdoor dog. Her blood test showed a high phosphate and 
alkaline phosphatase level showing she was dissolving her bones. 
After changing her diet to include milk, extra oyster shell calcium 
(one a day), magnesium oxide and vitamin Bg, and reducing her 
meat and grain consumption her phosphate level went down to 
normal (below 4). She did the kidney cleanse and liver cleanse as 
well as parasite program but still had pain. A toxic element test 
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revealed lead in her bones. It was traced to a drugstore variety 
multivitamin tablet she had taken daily for years. When she 
stopped these and added prescription vitamin D (50,000 units) for 
three weeks to help her bones heal she got relief. 


Gail Hildebrand, age 62, had painful arthritic hands and gum disease. 
‘She had 12 parasites free-loading on her and was toxic with as- 
bestos. This was traced to her clothes dryer. Four months later, 
after killing parasites, her hand pain and gums were much better. 
‘She had the dryer vent taped up tighter and this got rid of her as- 
bestos problem. She started on kidney herbs and in one month 
saw that her enlarged knuckles were beginning to go down. 


Norma Littrell, age 53, came in for her severe arthritis of six years. Her 
knees, shoulders and hands were painful. | explained to her that 
painful shoulders did not belong to the arthritis picture but had a 
gallstone etiology which she could easily fix in a single night at a 
later time (liver cleanse). She also had mid-back, upper back and 
lower back pain; again the upper back pain belonged to the liver 
problem. She had tricalcium phosphate kidney crystals as well as 
uric acid crystals. She was told to go off coffee (no decaf either), 
decrease her meat and grain consumption (phosphate) and in- 
crease milk and use 
stone ground cornmeal 
products (genuine stone 
ground tortilas as well as 4 i 
pickled pigs’ feet are high ‘ Arai 
in utilizable calcium). She Santa Ey 
started on the kidney : 
herbs. In 33 days her low 
back pain had improved a 
lot, she could wash her 
‘own hair again and she 
could sit down and get up 


‘awit pee ao as Fig. 17 Stone ground corn tor- 


elated but we tillas, high in calcium. 


recommended less stress 
than such exercises for her joints. 


Patticia Robinson, age 76, had pain in her knees, feet, lower back, 
hands and wrists. Also in her shoulders and upper back which is 
not part of the arthritis 
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picture. She had swollen puffy eyelids which is a telltale sign of 
Ascaris. She had heartbum, cold feet and insomnia as well as high 
blood pressure. She was on several medicines. We started her on 
the kidney recipe and ornithine (four to eight as needed at 
bedtime) for sleep. We hoped she could stop her Ativan™ drug 
soon. She was to go off coffee, tea and decats. Her hands were 
knotted and misshapen at the joints, also tender. Two months later 
there was litle change; her doctor had put her on Prozac™ and 
she hoped that would do a lot for her (so she stopped the kidney 
herbs) but it didn’t. The parasite test still showed Ascaris and she 
was started on the parasite program. We also found fluoride (from 
toothpaste), iridium, samarium and palladium, all from her tooth 
implants. She was to remove as much metal as the dentist could 
replace, clean cavitations, and take thioctic acid, 2 a day, to help 
clear metal from her body. In four weeks the sharp pain in her 
back was gone and in three more weeks the pain in her hands was 
gone. 

Lynne Snyder, 72, had pain in every joint and had to be on pain medi- 
cine to keep moving. Her potassium level was very low (3.6—an 
adrenalkidney problem), and she was started on kidney herbs, 
carrot juice, vegetable juice and bananas. In ten days she could 
feel some new energy but her pains were terrible, especially her 
knees. She was taken off tomato juice, cranberry juice, citrus, 
pepper (she was using a lot), and given buttermilk as a beverage 
which she enjoyed. After three weeks of kidney herbs she was 
started on parasite killing herbs. In another month her arthritis was 
much better. She was not on any pain medicine and could get to 
sleep without it. She thought it was mostly going off pepper that 
helped. 


Rheumatoid Arthritis 


When inflammation and swelling affect your joints, besides 
pain, it is called rheumatoid arthritis. In addition, a blood test 
may reveal “rheumatoid factor” to be present. In this case, the 
common tiny round worms have invaded your joints. These are 
Ascaris, Ancylostomas, Strongyloides, and Trichinella. Their 
eggs are everywhere around us, in dust and dirt and the filth un- 
der fingernails and our own bowel movements. 
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Superior sanitation is your first defense. Rinse fingernails in 
alcohol after cleaning up bowel movements or changing diapers. 
Never, never, tolerate long fingernails in any family member. If 
this discipline can't be enforced, do not allow food preparation 
by “long nails” unless gloves are worn, He or she may not be 
getting ill (yet) from the family parasites, but you are. Of course, 
you can Kill them with a zapper (internally, not the ones under the 
nails) but that is after you have been infected. They are easily 
picked up again, It would be wise to zap for roundworms every 
week, just in case, 

Make sure your pet is treated with parasite herbs or by zap- 
per as well. A pet that goes outdoors will quickly (the very next 
day) bring these roundworms into the house again. Give away 
your pets if possible. 

Check for dental problems. Do the Dental Clean-Up (page 
409). Then do a Kidney Cleanse and Liver Cleanse. 

‘You may relieve your pain and begin to heal immediately 
after zapping but it is wise to do all the health programs, anyway. 
Change your diet. Reduce phosphate, start using sterilized milk 
for calcium, Switch to fish from meats. Drink much more water. 
Use only harmless beverages (see Recipes) and foods. Switch to 
toxin-free body products. Live in a non-toxic house. Stay on a 
maintenance parasite program of herbs, and zap regularly. Stay 
on the kidney cleanse for three to six weeks and repeat a one- 
week session every few months to keep removing deposits which 
may also choose these sick joints to settle in. Knees are a 
favorite location for rheumatoid arthritis. Knees are very 
dependent on kidneys. 

To summarize, do everything as for osteoarthritis, empha- 
sizing the roundworm parasites for elimination, 
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Allergic Arthritis 


A prominent food toxin that is said to affect knees is piper- 
ine, found in the pepper family which includes black and white 
pepper (not cayenne). The Solanaceae family of plants (potatoes, 
tomatoes, eggplant, tobacco!) also has a common “allergen” that 
produces joint pain. Try going off these for two weeks to see if it 
helps. Two more chemicals that can trigger arthritis-like pain are 
hippuric acid and phenylisothiocyanate (PIT). 

Your body makes large amounts of hippuric acid, up to a 
gram a day. It is the product of benzoic acid detoxification by the 
liver. Quite a few fruits contain natural benzoic acid. But we can 
easily triple and quadruple our benzoic acid intake by consuming 
commercial beverages and pastries where benzoic acid is used 
as a preservative. It is indeed a “natural” preservative. All of it 
must be detoxified, though, and this gives us way too much 
hippuric acid. The kidneys are unable to excrete such overloads 
of hippuric acid, so it distributes itself in our organs. I suspect a 
simple mechanism could explain its pain-triggering action: 
hippuric acid molecules could attach themselves to our cell's 
conductance channels keeping the gates jammed open. This might 
invite bacteria and viruses to enter there. But there are also 
hippuric acid-loving bacteria that feed on it. Perhaps hippuric 
acid can cause pain without the help of bacteria. This requires 
further study. It is only sensible for persons with chronic pain not 
to consume benzoic acid (or benzoate) preserved foods. 

PIT is a food chemical found especially in chicken, eggs, the 
cabbage family, peas. PIT is also part of the body's own chem- 
istry, taking place in the liver, and involving detoxification of 
cyanide-containing foods. Many vegetables, notably the cabbage 
family, contain such cyanides, giving them protection from 
insects, disease, and grazing animals. It can take the liver a 
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LED display 


In this encyclopedia, a component consisting of multiple separately discernible light- 
emitting diodes, such as a seven-segment numeral, 14- or 16-segment alphanumeric 
character, a dot-matrix character, ora display module containing multiple characters, is 
categorized as an LED display. The term light-emitting diode is hardly ever used to de- 
scribe an LED display, as the LED acronym has become ubiquitous, The acronym does 
not usually include periods between the letters. 


‘An LED indicator is defined here as a component usually Smm or smaller in diameter, 
made of transparent or translucent epoxy or silicone, most often containing one light- 
emitting diode. tis purposed as a status indicator in a device, rather than as a source of 
illumination, and is sometimes referred to as a standard LED. 


LEDs that are designed to illuminate large living or working areas are discussed in a 
separate entry as LED area lighting, They are sometimes referred to as high-brightness 
LEDs and almost always emit white light. 


The term OLED is an acronym for Organic Light-Emitting Diode, a thin panel in which an 
organic compound is contained between two flat electrodes. Despite its functionality as 
a form of LED, its design is similar to that of thin-film electroluminiscent light sources. 
‘Therefore itis discussed in the entry on electroluminescenc 


OTHER RELATED COMPONENTS 


+ LED indicator (see Chapter 22) 
+ LED area lighting (see Chapter 23) 

+ vacuum-fluorescent (see Chapter 25) 
«+ electroluminescence (see Chapter 26) 
+ LeD (see Chapter 17) 


What It Does 


‘An LED display presents information on a panel 
or screen by using multiple segments that emit 
ight in response to a DC current, almost always 
ata voltage ranging between 2VDC and SVDC. 
The display may contain alphanumeric charac- 
ters and/or symbols; simple geometrical shapes; 
dots; or pixels that constitute a bitmap. 


A liquid-crystal display, or LED, serves the same 
purpose as an LED display and may appear very 


similar, except that a liquid crystal reflects inci- 
dent light while an LED emits light. The increas- 
inguse of backlighting withLCDshasmadethem 
appear more similar to LED displays. 


Thereisnoschematic symbol torepresentan LED. 
display. Where a segmented display is used, 
often the segments are represented with drawn 
outlines. 


The simplest, most basic, and probably the best- 
known example of an LED display is the seven- 
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week to detoxify a meal full of these cyanides: in the meantime, 
PIT levels are higher in the body. PIT is very reactive. In fact, it 
is the chemical used as a general reactant with amino acids in the 
well known Edman degradation reaction. But now, your body is 
the reaction flask, supplying the amino acids. Since all organs 
supply amino acids, it is no wonder they can all react to PIT, 
giving you multiple allergic reactions and pains 

If you have any kind of arthritis, stop eating the high-PIT 
foods and clean the liver until you are free of all allergies you 
are aware of. This suggests that the liver is capable, again, of 
detoxifying the cyanides for you in a reasonable time and you 
may eat them again. These foods do have many benefits, of 
course. 

Joint pain, or arthritis, was known in antiquity long before 
dogs and cats were household pets and giving us their parasites. 
Pigs and horses harbor these roundworms too and may have been 
the source at that time, 

Herbs and treatments that help arthritis are, therefore, plenti- 
ful. Maybe they act by killing roundworms, bacteria, and viruses, 
or help metabolize hippuric acid and PIT. Homeopathic 
treatments, as well as massage, heat and electronic devices also 
help. With this wide range of effective treatments dating to the 
distant past, why is none of them a permanent cure? The answer 
is simple. The common roundworms are everywhere about us, 
sanitation is poor, and our civilized lifestyle leads to deposit 
formation that invites bacteria. But knowing this, you can stop 
your pain and remove the causes to become one of the first hu- 
mans to achieve a permanent cure. 


Verna Plumb, age 46, was diagnosed with rheumatoid arthritis four 
years earlier. Since then she had been continuously on 
methotrexate™ and prednisone.™ This had caused her to gain a lot 
Cf weight from water retention. The drugs were no longer effective 
and she would need to do something else very soon. She had the 
typical causes: her body was toxic with mercury and nickel from 
tooth filings. Her kidneys were full of five kinds of 
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stones. She had numerous roundworm parasites including two 
kinds of Ascaris, two kinds of hookworm, Strongyloides and Tri- 
chinella. She would have to clean everything up to get relief. She 
started on the kidney herbs, killed parasites with a frequency gen- 
erator and in two months noticed her swelling was receding 


Camille Franklin had hands that were swollen and hot and painful. She 
also had “arthritis’ in shoulders and knees. We explained that 
shoulders were not part of the arthritis picture. She could deal with 
that in a single evening, soon. She also had bone spurs at sinuses 
which needed surgical removal. Her kidneys revealed tricalcium 
phosphate crystals. She was given a diet change; onto milk, fruits 
and vegetables, off other beverages, less meat and grains. She 
was started on kidney herbs. In five weeks all the swelling and 
redness and heat was out of her finger joints. 


Thigh Pain 


Inner thigh pain often stems from the sciatic nerve which is 
suffering pressure at the lower back. If this is so, chiropractic 
adjustments should help. The correct treatment, after killing 
bacteria electronically, is to clean up the entire kidney area using 
the kidney herb recipe. 

If this is not the correct explanation, (and you're not getting 
pain relief) you may have a trauma—perhaps you overstretched 
your leg in some exercise. The minor trauma invited bacteria to 
settle there and give you pain. 

If the pain recurs after clearing it several times, there must be 
a chronic source of bacteria. Since the kidneys are already 
cleaned, consider the teeth, as well as recurring parasites, and 
the liver. Clean the liver every two weeks until 2000 or more 
stones have appeared and no more appear. This could take 1-2 
years. Be patient. Do a dental clean up. Keep killing the bacteria 
so they can't spread. And, of course, let the painful leg rest. 
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Hip Pain 


Hip pain is always due to bacteria. In fact, these bacteria 
regularly come from two sources: the kidneys and the teeth. This 
simplifies the treatment since neither of these places takes a long 
time to clear. 

Start yourself immediately on the kidney cleanse (page 549) 
to clean your kidneys. Continue on the recipe until the dental 
cleanup has been completed. Both must be clean together to stop 
exporting bacteria to the hip. 

The dental cleanup could take several weeks if extensive 
work is required. During this time, kill all parasites electroni- 
cally. Keep killing bacteria, especially Staphs, Streps, Clos- 
tridia, Campyls. 

The dental problem is not always on the same side as the hip 
pain. The jaw may be very fragile and porous, full of invading 
bacteria. Cleaning these cavitations may give immediate pain 
relief in the hip (proving the bacterial source). But getting the 
jaw bone to heal by taking up caleium again is not guaranteed by 
the cleaning process. 

Give your jaw bone every chance to heal: 

+ Start taking vitamin D (40,000 to 50,000 u.), every day for 
three weeks from the day of the dental work or before. 
After this, take it twice a week forever. Do not take more. 

+ Take vitamin C (1+ gm a day) and B, (250-500 mg a day) 
for healthy gums. 

+ Get one gram of usable calcium in your daily diet. 


Bone Strengthening 


Vegetable calcium can't be dissolved by our stomachs 
(ruminants, like cows, can dissolve it—they have an extra 
stomach loaded with special bacteria who do the actual retriev- 
ing of calcium). Tablet-form calcium can't be dissolved well 
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either, especially as we age. We need predissolved calcium if a 
little is to go a long way. 

Primitive people who lived on fish or stone-ground meal ate 
4-6 grams of calcium a day.° Even if only 20% of this got dis- 
solved, they would still have about 1 gram of utilizable calcium 
for themselves. Chances are good they dissolved even more, 
since they were young (life expectancy was less than 50 years). 
Their skull remains show beautiful, cavity-free teeth. They lived 
outdoors, mainly, so getting enough sunshine-derived vitamin D 
was not a problem, Their natural diet supplied enough vitamin By 
to protect them from UV (ultraviolet) damage from sunshine 
exposure. 

But these are civilized times. Our lives are stretched into old 
age, when our stomachs no longer produce enough acid to kill 
bacteria, nor to dissolve the minerals in our food. So they need to 
be dissolved for us. Milk is a beverage where the calcium has 
already been dissolved by the other ingredients. The lactic acid 
in milk formed during digestion gives the calcium the correct 
chelated structure for absorption by the intestine. Even the bile 
participates in calcium absorption. Milk also contains phosphate, 
but not too much to be useful. I recommend milk as a calcium- 
source to heal the jaw bone after and before dental work. You 
need 1+ grams a day. One quart of milk has 1 gm (1000 mg) of 
utilizable calcium. You absorb only 250-400 mg. The rest is 
excreted and eliminated. Only the absorbed calcium can heal 
your jaw bone. Use milk in cooking as well as a beverage. The 
calcium in it is indestructible. 

Bones are not made of calcium alone. Magnesium is essen- 
tial. Since magnesium is more soluble and easy to assimilate than 
calcium, the tablet form (magnesium oxide, 300 mg, see 


°Read Nutrition and Physical Degeneration by Weston A. Price, 
DDS first published in 1939. At least, gaze at the pictures. Ask your 
library to buy a copy, available from Price-Pottenger Nutrition Founda- 
tion, (800) 366-3748. 
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Sources) will do. If you are not absorbing the magnesium it will 

stay in your intestine and act as a laxative. If this happens acidify 

your stomach during meals: always add fresh lemon, vinegar, or 
vitamin C to your food or drink to help digest milk and dissolve 

minerals for you. Boron (3 mg. once a day) and manganese (15 

mg. once a day) are additional bone hardeners. 

When your diet is improved, your dental problem is cleared, 
and your kidneys are clean, your hip pain will stay away and you 
can stop thinking about hip replacement surgery. 

Mary Hammond, 48, had two painful hips. She was diabetic and 
drinking five cups of coffee a day. She had Staphylococcus 
aureus infections under three teeth that she no longer had. After 
going off caffeine (caffeine may spread bacteria by making tissues 
more permeable) and getting some dental work done, her right hip 
stopped hurting. When cavitations were cleaned, her left hip 
stopped hurting too, but after a week the pain retumed. She still 
had parasites and their bacteria to Kill. She had solvents to elimi- 
nate and a kidney cleanse to do but she was quite enthusiastic and 
enjoyed showing off how well she walked. 


Groin Pain 


Lymph nodes are situated here, as well as in armpits and 
around the neck. Lymph nodes are your best friends. They are 
hives of activity. Your white blood cells “nest” here. Lymph 
nodes sample your body fluids (lymph) at these locations, much 
like the water department and health department sample our milk 
and water, making sure they are pure and sterile. Of course, they 
never really are. But your white blood cells keep working at it, 
They are busy removing impurities like zirconium and titanium 
and pathogens like bacteria and viruses. 
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‘When an especially challenging dose of 
parasite or pollution arrives at the node, it 
enlarges, in order to handle the bigger 
sized task. This enlargement can be felt. It ( 
may press against other organs and you feel 
the pain of pressure in the groin, This 
should alert you, of course, to the danger. 
Kill the parasites and pathogens immedi- 
ately with your zapper. Start the kidney 
cleanse. Stop using toxic products and 
eating toxic food. If you are being effec- 
tive, the lymph nodes will begin to shrink 
in a few days, relieving the groin pain. If it 
does not come back, you probably elimi- 
nated the main cause. But if it recurs, try to fig. 78 Your lymph 
diagnose it accurately. Test yourself for nodes are your best 
HIV and AIDS and then to pet saliva, dairy friends. 
products and other disease specimens. Stop 
reinfecting from humans or pets or dairy food. Assist your body 
by cleaning up your dentalware, and environment. Check all 
supplements for toxins before using them on a daily basis. (If they 
show up in your white blood cells a few minutes after eating 
them, there is a toxin.) If your groin pain doesn’t go away, you 
probably missed something! 

There are other causes of groin pain, though, such as hernia. 
A physician will help you identify it. Have it surgically repaired. 
The Shouldice Hospital’ has the best surgical record and will 
disclose their statistics! You won't even need full anesthesia 
there. 

Pain from the ovaries is often felt near the groin. Sometimes 
a large cyst in the ovary puts pressure on the sensitive nearby 


7Shouldice Hospital, 7750 Bayview Ave. Box 370, Thornhill, On- 
tario, Canada L3T-4A3, telephone (416) 889-1125. 
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organs. The formation of cysts, cystic ovaries, is a common 
condition of cats, too. Obviously, something is not right in the 
ovaries. 

Ovaries make hormones: progesterone and estrogen. If 
bacteria (like Gardnerella, syphilis, gonorrhea) are living there, 
the ovaries are handicapped and may under-produce or over- 
produce some hormone. The first treatment should be to kill 
parasites, especially the flukes. Then kill all other parasites and 
bacteria, especially Gardnerella and enteric bacteria which can 
migrate easily from intestine to ovary. In spite of all this, the cyst 
‘may not shrink. In order to shrink the cyst you must determine 
what is filling the cyst. Then stop filling it. The cyst will 
eliminate itself and shrink. 

Many kinds of pollution can fill an ovarian cyst. Test for 
CFCs and PCBs. Gold is another favorite, Particulate pollutants 
like asbestos and fiberglass are often put into cysts by your body. 
Your body is wise. If these can't be eliminated through the 
kidneys or bile, it will at least keep them all together (in the form 
of a cyst) the same way a toxic dump spares the rest of the 
landscape. As long as you are adding to it, it cannot get smaller. 
Fortunately, your loyal white blood cells are trucking toxins 
away from your cysts every minute of every day and night. All 
you need to do is stop adding. Remove dental mental, clean up 
your body, diet, and environment. 

You will notice shrinking of cysts in three weeks. What you 
actually notice is absence of pain, implying shrinkage. Mean- 
while pain relief by killing bacteria, herbal ovarian assistance 
(try wild yam), chiropractic, pain Killers are all useful. De- 
congest the area by means of a kidney cleanse. If your cyst does 
not shrink you have missed the pollutants. After it does shrink, 
stay on a regular program of parasite killing, herbal or elec- 
tronic, and improved lifestyle. 
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Ovaries may be giving you pain even without a cyst present. 
By cleaning up parasites and pollutants you can eliminate it 
quickly; much more quickly than when a cyst has formed, 

Synthetic hormones (Provera,™ Premarin,™ Ogen,™ etc.) 
are often used to clear up ovary problems of various kinds. Don't 
continue to use them when the need no longer exists. Although 
they have low toxicity, there are disadvantages such as the need 
for liver detoxification, and risk of heavy metal pollutants. 
Cancer acceleration has been seen when taking estrogens. 


M 


Low Back Pain 


We have been told that lower back pain originates in an i 
herited weakness of the spine at its base because we humans 
walk upright instead of on four legs. And we have been told that 
the bony hooks that keep the spine aligned are flatter in some 
families, making it harder for them to hold the spine together. We 
are also told that “proper exercises” could have kept this part of 
our bodies strong so lower back pain could be avoided. 


These theories become obsolete when, with- 
out surgery or exercise or change in posture, 
lower back pain can be made to disappear 
quickly and permanently. 


Acupressure massage and chiropractic can bring 
“miraculous” relief. The most severely crippled lower back pain 
sufferer can shuffle lamely into a chiropractor's office and walk 
out normally, without pain or painkiller after treatments. So al- 
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though there has been slippage of dise or spine, apparently it 
goes back into place rather easily. 

If muscle relaxation is the clue, we must ask why these 
muscles spasm so easily. Any muscle spasms if you irritate or 
injure it suddenly. In fact, your whole body spasms and flinches 
if a sliver or bit of broken glass is in your shoe. If you remove 
these objects, the leg can walk normally, 

Oxalic acid erystals are as sharp as broken glass. Use the 
kidney cleanse (page 549) to dissolve them and other stones. All 
lower back pain can be cured by removing the sharp crystals in 
the kidneys. It takes about three weeks to dissolve them. In some 
very severe cases, it may take six weeks. 


Whether you have suffered a year or 20 years, the permanent 
cure is only weeks away. 


Our bodies make eight or more different kinds of kidney 
“stones.” The oxalic acid variety is associated with sharp stab- 
bing pains. In its effort to eliminate this extremely vicious acid 
your body neutralizes it with calcium first to make calcium ox- 
alate. Your kidneys can keep a bit of calcium oxalate in solution 
but not a lot. The excess hardens into crystals. A glass of regular 
or iced tea (not herb tea or green tea) has about 20 mg" of oxalic 
acid—way too much for kidneys to excrete. Tea is a toxic drink, 
not to be considered a beverage. Chocolate is very high in ox- 
alate, too, and should not be used as a beverage (as cocoa). 
Children should never drink tea or cocoa. Their delicate 
kidneys should not be faced with the daily burden of excreting 
large amounts of oxalic acid. And calcium used to neutralize 


“Taken from Food Values 14th ed. by Pennington and Church, 
1985. 
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oxalic acid is wasted, Calcium is a precious nutrient, It should be 
conserved for children’s bone development. 

It isn't necessary to find which variety of kidney crystals are 
causing your muscle spasms. Different herbs dissolve different 
kinds. And by combining them into a grand herbal mixture you 
can be dissolving all varieties at the same time. 

Wherever oxalate crystals have formed, a particular bacte- 
rium, Proteus vulgaris, can be found. Does that bacterium 
somehow thrive on oxalate crystals? Or even help them form? 
Does Proteus itself contribute to lower back pain? Is lower back 
pain in reality two pains in one—the sharp jabbing of glass-like 
particles plus the inflammatory effect of bacteria? Fortunately, 
you can kill Proteus vulgaris electronically. 

By using your new diagnostic skills, you can test your kid- 
neys for crystals. The kidney stone varieties I have tested for are: 
calcium oxalate, uric acid, cysteine, cystine, monocalcium 
phosphate, dicalcium phosphate, tricalcium phosphate. All 
these varieties can be dissolved by the herbal mixture. But all 
can be formed again in a week! 

To prevent oxalate formation stop drinking oxalic acid 
(cating oxalate rich vegetables is not significant—spinach, chard, 
thubarb and sorrel all have their place in the diet). Also take 
magnesium and Bs supplements (as directed in the kidney 
cleanse). 

To prevent phosphate crystals from forming, reduce phos- 
phate consumption and drink milk as a calcium source. Keep 
your kidneys squeaky clean with herbs and copious water 
drinking. After drinking one quart of sterilized milk, two pints of 
water, one-half glass of homemade fruit juice and one-half glass 
of vegetable juice, there is little desire for additional beverages. 

Thave no understanding of what may cause eysteine or cys- 
tine stones (the genetic theory does not explain them either, 
considering that people without cystinuria make these stones). 
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segment numeral, one of which is shown in 
Figure 24-1. This is a Kingbright HDSP-313E with 
a character height of 0.4" 


Figure 24-1, The most basic LED display. able to create 
numerals from O through 9 using seven light-emitting seg: 
‘ments that can be illuminated individually. An eighth seg. 
‘ment forms the decimal point. 


How It Works 


The process by which an LED generates light is 
explained in "How It Works” on page 207, in the 
entry dealing with LED indicators, Each light- 
emitting diode in an LED display is functionally 
the same as the diode in an LED indicator. 


LEDs must be driven with DC. This is a primary 
distinction between an LED display and an LCD, 
which requires AC. 


Vai 


ints 


LCD comparisons 
LCDs and LED displays can look very similar. This, 
raises the obvious question: whichis appropriate 
fora particular application? 


LCDs (without backlighting) are more appropri- 
ate for applications such as digital watches and 
solar-powered calculators where power con- 
sumption must be minimized. They are capable 
of running for years from a single button cell. 


or, or display > multi-source or panel > LED disp 

LCDs are easily visible in bright ambient light, 
where LED displays are not. LCDs can also be de- 
signed to display complex pictographic shapes 
and symbols, while the segments of an LED dis- 


play are more constrained to be simple in shape. 


An LCD is more likely to be affected by tempera- 
ture than an LED, and powering it entails some 
slight inconvenience, because it requires an AC 
source that is unlikely to be useful elsewhere in 
a circuit. If the LCD uses LED backlighting, it will 
also require a low-voltage DC power source for 
the backlight: An LED display is easier to use in 
that it can be driven directly from a microcon- 
troller or logic chip, with only some series resi 
torsto limit the current, and the addition of tran- 
sistors to provide additional power where nec- 
essary. 


Seven-Segment Displays 
Early seven-segment LED displays were used in 
digital calculators, before LCDs became an af- 
fordable, practical alternative that greatly exten- 
ded battery life. Initially, the size of the diodes 
was limited, sometimes requiring magnifying 
lenses to make them legible. 


Seven-segment displays are still used in some 
low-cost applications, although LCDs have be- 
‘come more common. 


Figure 24-2 shows how the segments are identi- 
fied with letters a through g. This scheme is used 
universally in datasheets, and is also used for 
LCDs, The decimal point, customarily referred to 
as “dp”’is omitted from some displays. The seg- 
ments are slanted forward to enable more ac- 
ceptable reproduction of the diagonal stroke 
numeral 7. 


Although seven-segment displays are not ele- 
gant in appearance, they are functional and are 
reasonably easy to read. They also enable the 
representation of hexadecimal numbers using 
letters A, B, C, D, E, and F (displayed as A, b, c,d, 
E, F because of the restrictions imposed by the 
small number of segments), as shown in 
Figure 24-3. 
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Since they are sulfur-containing, and I have seen them appear 
after taking sulfa-drugs, it may be wise to avoid use of sulfa- 
drugs if you have a choice, or go on the kidney cleanse after- 
ward, 

If you have severe lower back pain you probably have s 
eral kinds of stones. Some persons have all seven kinds! 


si 


Rosie Zakar, age 30, came to see us because her mother was cured 
of lower back pain so severe she could do no housework for 30 
years. Rosie had the usual crystals in her kidneys: oxalate, urate 
‘and phosphates. She was started on the kidney herb recipe. In 
three weeks she was so much better she would have missed her 
appointment if she had not wanted to cure her digestive problem 
and fatigue too. 


Vera Vigneault, age 32, came mainly for help in getting pregnant but 
she already had lower back pain and mid-back pain. If she had 
gotten pregnant before clearing this up, she might have developed 
eclampsia and high blood pressure which are kidney-related 
disorders. She was started on kidney herbs for these. She chewed 
‘gum a lot and had bleeding gums. She stated her bad teeth were 
hereditary (meaning other family members had bad teeth also). 
For this she was instructed to stop chewing gum, start drinking 
three glasses of 2% milk a day and take a vitamin A&D perle. She 
was to floss her teeth once a day. (All floss varieties are polluted 
with mercury and thallium. Use monofilament fish line, 2 to 4 Ib. 
weight.) Immediately after flossing she was to brush them with a. 
new very soft toothbrush with five drops of 17/4% food grade 
hydrogen peroxide. She was to avoid brushing teeth with metal 
filings to reduce erosion. She was to brush them a second time 
without flossing first, this time with five drops of white iodine 
(potassium iodide) made up by the pharmacist, again avoiding the 
metal. She had only oxalate kidney stones and was to stop drinking 
regular tea, replacing it with single-herb teas. In five weeks her 
‘gums were better although she was still chewing a little gum and 
the "peroxy” had been too painful for her to use. Her low back and 
mid-back pains were gone too. 


Gerhard Rogers, age 39, came for his lower back pain and leg 
‘cramps. He had mono, di and tricalcium phosphate crystals in his 
kidneys. His diet was changed to reduce phosphate (meat, cereal, 
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breads, pasta, carbonated beverage) and increase calcium and 
minerals. He was to drink three glasses of 2% milk a day and to 
start the kidney herb recipe. In 25 days he had only minor im- 
provement. He stil had phosphate crystals. He was afraid to drink 
milk because he had heard so many bad things about it. He was 
told to boilit first to eliminate these “bad things”. A toxic element 
test showed a buildup of copper, arsenic, cobalt, cadmium, lead, 
thallium, vanadium and radon. This could easily explain his leg 
cramps, headaches and sleep problem, too. The arsenic came 
from pesticide, cobalt from detergent, thallium and copper from. 
tooth filings. The vanadium was fixed by having the gas pipes 
tightened, and radon could be reduced by improving ventilation 
under the house. He was thankful for the information and set about 
cleaning up his body and environment. 


Alberta Mellos age 52, came in for lower back pain and upper back 
pain. It was explained to her that lower back pain was simply due 
to tiny stones cutting into her tissues but upper back pain was due 
to gallstones. She could clear her low back pain first. The kidney 
test showed she had oxalate and cysteine crystals. She was 
started on the kidney herb recipe. Nineteen days later she arrived 
with a cold but stated that her low back pain was gone. 


Glenn Dirk, age 62, called on the telephone to say his urination had 
stopped, probably due to kidney stones. This had happened once 
before and now he was in a panic. He started our kidney herb 
recipe the same day and passed 117 stones the same night with- 
out bleeding or enough pain to need painkiller. After this, he could 
focus on his prostate enlargement and pain with sitting. He had 
intestinal flukes and other stages in his prostate gland as well as in 
his intestine. He also had Clonorchis (human liver flukes and their 
eggs) in his prostate. He had carbon tetrachloride methyl butyl 
ketone and TC Ethylene from food pollution accumulated there too. 
After stopping grocery store beverages and killing parasites with a 
frequency generator, he could urinate normally, freely and without 
pain. 
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Lower Abdominal Pain 


The lower abdomen on the left side has the sigmoid colon as 
it comes down and bends. This is a favorite location for larger 
parasites to settle permanently. Flukes, roundworms, parasites of 
all kinds and their attendant bacteria and viruses can be felt if 
they produce gas and pain. Sometimes they live perfectly quietly, 
seemingly in harmony with us. 

Moving the bowel more frequently expels them repeatedly 
and prevents their numbers from getting very high. Nature may 
help you with this by setting up diarthea. Diarrhea is your clue 
that intestinal freeloaders are present. 


The small intestine leads 
into the colon at your 
lower abdomen on the 
right side. At the junction 
is the ileocaecal valve that 
prevents backwash, and 
the appendix The 
ascending colon goes up 
your right side then 
becomes the transverse 
colon that crosses your 
abdomen at the belly 
button level. The colon 
descends on your left 
side, leading into the 
sigmoid. Fig. 19 Colon. 


E, coli and Salmonella and Shigella are “enteric” (they live 
in your bowel) bacteria that can give you severe abdominal dis- 
tress and pain, In fact, you can become a chronic sufferer. They 
can live on hands and under your fingernails, so reinfection from 
yourself is the most important source. Never, never touch your 
fingers to your lips. Most importantly, don't try to stop 
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your frequent bowel movements. 
They will stop on a dime when your 
parasites and bacteria are dead and 
gone. 

Other sources of E. coli are 
personal water bottles, other peo- 
ple's hands, hands that have changed 
baby diapers or cleaned bathrooms. 

Hands do everything. To 
eliminate their threat of reinfection, 
cut out the section on hands (page 
397) and paste it on your refrig- 
erator. 


Stomach Pain Fig. 20 Keep personal 


Our dairy foods are polluted — Water bottles sterile. 
with Salmonella and Shigella bacteria. It is impossible to 
operate a dairy without getting some cow manure into the milk. 
Although udder wash contains antiseptic it does not kill all 
manure bacteria. Later, when milk is pasteurized, many heat 
sensitive bacteria are killed like the “friendly” streps and 
staphs, but not all the harmful Salmonellas and Shigellas. Some 
survive to colonize the milk, then later infect the consumer. Only 
milk that is sterilized is safe. A commercial source of sterilized 
(safe) milk can sometimes be found on the shelf (unrefrigerated). 
If it had any bacteria, it would not survive shelf life for more than 
one day! 

You may not notice any discomfort from drinking milk, 
buttermilk, or eating yogurt without sterilizing it. Your stomach 
acids may be strong enough to kill them, or your liver able to 
strain them out of your body fluids and dump them, dead, into 
your bile ducts. Or they may live quietly in some part of the 
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bowel where you feel no effects. Sterilize all your dairy foods by 
heating at the boiling point for 10 seconds, even if you have no 
symptoms. 

If_you are intolerant of milk it doesn't mean that you are 
lactase deficient, but that you are unable to kill any Salmonellas 
and Shigellas. These, in turn, can make you lactase deficient via 
frequent diarrheas. You can correct this situation by not eating 
any more bacteria. Give your body clean food, as intended by 
nature. Don't eat any deli foods, don't eat salad bar food or res- 
taurant food unless it has been baked or cooked. Never eat 
chicken or red meat at restaurants. They are not thoroughly 
cooked. 

‘As soon as a new abdominal pain or discomfort, or a gassy 
condition appears, zap bacteria and try to eliminate your bowel 
contents. Use the herb, Cascara sagrada (follow directions on 
label) as a laxative, or Epsom salts if necessary. Also start the 
Bowel Program (page 546). 

If you have chronic abdominal problems, make sure you 
eliminate the bowel contents two or three times a day. There are 
herbs that can kill enteric bacteria, known to our ancestors of 
various cultures. Echinacea was a treasured herb of American 
Indians. Goldenseal is another favorite. Turmeric can kill E. 
coli and some Shigellas. Fennel can also kill some. But a single 
dose of Black Walnut Tincture Extra Strength seems to do the 
most. Make it yourself if possible (see Recipes, page 543). 

If your body has lost its ability to kill Salmonellas and Shi- 
gellas, all the antibiotics and herbs and good bowel habits can- 
not protect you from these ubiquitous bacteria. You could ask 
how you lost your natural protection from them. There is evi- 
dence that common antibioties that kill Streptococcus and 
Staphylococcus varieties are responsible. 

‘A fraction of your bowel bacteria should be the friendly 
Strep. lactis and Staph. epidermidis. After repeated doses of 
penicillin-like antibiotics (that you may be taking for your strep 
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throat) they are eradicated along with the “bad” Strep. pneumo- 
niae bug. No amount of acidophilus culture (which contains ac- 
tive Lactobacillus) can replace these Streps or Staphs. 

In mice, it takes a million Salmonella bacteria to start an in- 
fection, After giving them streptomycin, it only took 10 bacteria 
to infect them!” Your intestines are similarly handicapped after 
antibiotics, and allow even very small amounts of Salmonella 
and Shigella to escape and multiply! 

Try to get some natural killing power back. This means im- 
proving the stomach's ability to produce acid and the liver's 
ability to make bile. In turn, this means getting the toxins out of 
the stomach and cleaning the liver. Certain toxins accumulate in 
the stomach when the liver and kidneys can't keep up with 
elimination. Arsenic is a prominent stomach toxin, Get all 
sources of arsenic removed. Freon is another stomach toxin, 
Switch to a non-Freon containing refrigerator. 

The metals from dentalware: mercury, silver, copper, thal- 
lium, first are swallowed and then land in the stomach. Clean up 
your dentalware. Toxins you inhale such as asbestos, formalde- 
hyde, fiberglass, also are coughed up and swallowed to accu- 
mulate in the stomach, Test for them and clean up your 
environment. Any stomach can recover a significant part of its 
function by cleaning it up. Even though you regain your tolerance 
toward minute bits of filth in dairy products, do not go back to 
unsterilized milk products. 


Appendicitis 


The lower abdomen on the right side has the valve that sepa- 
rates the small intestine (ileum) from the large intestine 


°Sherwood L. Gorbach, M.D., Perturbation of Intestinal Microflora, 
Vet Human Toxicol 35 (Supplement 1) 1993, 
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(caecum) called the ileocaecal valve. It is a common trouble 
spot because large parasites can attach themselves behind it and 
Keep themselves safe from elimination, (A parasite's biggest 
worry is your elimination.) It is a favorite location for pinworms 
in children. It is near this point where the appendix attaches and 
this, t00, is a favorite location of pinworms. With an appendix 
full of pinworms and their bacteria, is it any wonder when it gets 
inflamed and causes pain? 

Appendicitis refers to inflammation of the appendix. Often, 
the pain isn't felt over the appendix but over the navel (this is an 
example of pain being caused at one location but felt at another; 
it is called referred pain). If there are any suspicions of appen- 
dicitis, zap pinworms and all enteric parasites and bacteria im- 
mediately. Because the current does not penetrate the bowel 
contents very well, zap every day for two weeks and take 2 tsp. 
(Yasp. for children) Black Walnut Hull Tincture Extra Strength 
one time. Make sure bowel movements are regular after this (see 
the Bowel Program, page 546, for hints) and hands are washed 
after bathroom use and before eating. Keep fingernails short for 
the whole family. 

If appendicitis does not clear up it can lead to a burst appen- 
dix, spewing the dreadful contents into the abdomen. Kill pin- 
worms and roundworms and enteric parasites regularly (once a 
week) in children. Keep pets on a regular diet of parasite-killing 
herbs. 


Urinary Tract Pain 


Urinary tract infections, including bladder, kidney, and ure- 
thral infections, are easier to clear up than to test for. Start by 
drinking a half gallon of water a day. Put yourself on the kidney 
herb recipe (page 549). This will dissolve the tiny crystals 
where bacteria hide and multiply. 
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Common urinary tract pathogens are Gardnerella, Proteus, 
Trichomonas, Campylobacters, E. coli, and Salmonellas. Sex 
will give you an instant dose of your partner's urinary tract bac- 
teria. Make sure both of you clean up the urinary tract by zapping 
and doing the Kidney Cleanse. 


Irritable Bowel Syndrome(IBS), 
Colitis, and Spastic Colon 


are all conditions that combine parasite and bacterial prob- 
lems plus an allergic trigger. If dairy foods trigger yours, you can 
guess it is not allergic at all but simply Salmonella or Shigella 
infection. Boil all dairy foods, stop eating ice cream, cheese and 
yogurt which you cannot boil. If eating lettuce triggers your 
intestinal attack, but other roughage does not, it may be a true 
allergen and cleaning the liver will eventually cure it. Apples, 
cinnamon and other “allergic” foods can be salvaged the same 
way. Wheat “allergy” is due to the pancreas being full of 
pancreatic flukes, wood alcohol, Kojic acid (a mycotoxin), and 
gold. 

Alll these bowel diseases are quite easily cured by killing all 
parasites, bacteria, and viruses. Since reinfection is such a big 
problem, give your pet away until you are completely cured. 
Have your pet on the herbal parasite program before bringing it 
back. Clean up your diet, dentalware and environment. Your 
abdomen will be happy once more and grateful to you for your 
kind attention, Remember that zapping does not penetrate into the 
bowel contents. It kills only the outside layer of pathogens. For 
this reason you should zap daily for several weeks. For this 
reason, too, I recommend the Bowel Program (page 546) and 
Black Walnut Hull Tincture Extra Strength even though you may 
have gotten immediate relief from zapping alone. 


102 


PAIN FROM TOE To HEAD 


Crohn's Disease 


is somewhat more serious because the sores are higher up in 
the digestive tract. This is because sheep liver fluke and pancre- 
atic fluke are commonly the main parasites and these live in the 
pancreas and liver. They often spill over into the upper intestine. 
Salmonella and Shigella are always part of the picture, too, as 
are various amoebae and fungi. The treatment is the same, kill all 
parasites and remove all pollutants, especially wood alcohol in 
commercial beverages. Healing of the digestive tract is very 
quick, often in a week. Reinfection is very quick too, if the rule 
about cooking dairy foods is not observed. Keep up meticulous 
hand sanitation 


Michelle Whorton had stomach pain at the middle of her abdomen, not 
related to eating. She had occasional very bad diarthea and also 
daily headaches. She was started on the kidney herbs for other 
reasons. Her diarthea disappeared! We found she had Ascaris 
(probably in her stomach where they cause indigestion and in- 
flammation). She zapped them with a frequency generator set to 
408 KHz for three minutes at 10 volts. She was to be very careful 
with sanitation since they owned a number of farm dogs. Next seen 
after six weeks, she stated that all her previous problems were 
gone but she had a different pain in the mid-lower abdomen that 
got worse during her period and sent pain shooting down both 
legs. 

This turned out to be uterine in origin, but not endometriosis. Her 
uterus was full of asbestos, arsenic, gold, silver, titanium, propyl 
alcohol, benzene, styrene, toluene and carbon tetrachloride. This 
would invite any bacteria toward it! 


Mark Lippman, age 51, came in for his irritable bowel syndrome, hop- 
ing we would find Giaraia and put an end to it quickly. Actually, he 
had intestinal flukes, beginning to invade the liver. He also had 
propyl alcohol built up in his body giving him a precancerous con- 
dition that needed immediate attention. The flukes were Killed in 
twenty minutes, along with Ascaris (he had swollen eyelids). He 
was allergic to milk as could be expected with so much interfer- 
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ence with digestion. He was immediately better and did not need to 
come back. 


Billy Henry, a 9-year-old boy, had diarthea daily and stomach aches. 
He also wet the bed. There was an indoor pet dog and a bird. 
Electronic testing showed he had two kinds of Ascaris and pin- 
worms. His young body also had a buildup of benzene, moth balls 
and carbon tetrachloride that he was eating, drinking, and 
breathing. His bed wetting stopped after kiling parasites with the 
herbal program. His other problems recurred until he was older 
and could stop licking his fingers when eating. 


‘Tom Ochs, age 36, had chronic stomach problems, alternating consti- 
pation and diarrhea, was labeled “lactose intolerant” after an 
elaborate test, and finally had been diagnosed with irritable bowel 
syndrome. Actually, he had Ascaris, besides other smaller para- 
sites. He was also toxic with cesium from drinking beverages out of 
clear plastic bottles. This frequently causes depression and he was 
happy to understand his mood changes. After changing to purer 
food and products and kiling his parasites, he did not need to 
‘come back. Five months later he was able to drink all the milk he 
wanted, no longer had sinus problems and lost his IBS. 


Rex Callahan, age 5, had dark circles under his eyes, numerous ear 
infections until tonsils were removed and tubes put in, and many 
strep throat infections. Clinically, he was found allergic to dust 
mites, pollens, and animal dander. His skin got “rashy” if he drank 
too much fruit juice. He had frequent diarthea. We found he had 
Ascaris parasites. They were not difficult to clear and he was soon 
anew person. 


David Falls, age 52, had stomach pain and numerous health problems 
stemming, no doubt, from his diagnosed Crohn's disease. He be- 
came allergic to the sulfa drugs commonly used in this disease. 

We found he had sheep liver flukes and all their developmental 
stages in his blood and intestine. He was put on the herbal parasite 
program which he found difficult to follow. Nevertheless, in three 
months his bowel was nearly normal and the pain in his intestine 
much less. 


Edward Marsili age 7, had bouts of stomach pain. He had intestinal 
flukes and a build-up of benzene in his body. This would seriously 
lower his immunity and abilty to fight off tiny parasites. He was 
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Figure 24-2. A seven-segment LED display 


are universally used in dat 


In appliances such as microwave ovens, very ba 
sic text messages can be displayed to the user 
within the limitations of seven-segment displays, 
as suggested in Figure 24-4 


Numbers 0, 1, and 5 cannot be distinguished 
from letters O, |, and S, while letters containing 
diagonal strokes, such as K, M, N,V, W, X, and Z, 
cannot be displayed at all 


Multiple Numerals 

Displays consisting of a single numeral are now 
rare, as few applications require only one digit 
Displays of two, three, and four digits are more 
common, as shown in Figure 24-5. 


Additional Segments 

Displays with 14 or 16 segments were introduced 
in aneffortto enable the representation of allthe 
letters of the alphabet. The segment layout of 
these LED displays is identical to that of compa 

rable LCDs. The differences between 14-segment 
and 16-segment displays are shown in 
Figure 24-6, Some are angled forward like seven. 

segment displays, even though the addition of 
diagonal segments makes this unnecessary for 
display of characters such as numeral 7. 


OOo 
ooog 


Figure 24-3. N 


Figure 24-7 shows the scheme for identifying the 
segments of a 16-segment display. This naming 
convention is used in all datasheets. The lower- 
case letters that were customary with seven 
segment displays are usually abandoned in favor 
of uppercase, perhaps to avoid confusion with 
the letter L. Note that letter |is omitted from the 
sequence, 


For a complete alphanumeric character set en 
abled by a 16-segment display, see Figure 17-9 
in the entry discussing LCDs. 


An example of a 16-segment alphanumeric LED 
display is shown in Figure 24-8, mounted on a 
breadboard and wired to show the letter N. This, 
is a Lumex LDS-F8002RI with a character height 
of 0.8". Thecomponentisstillavailableatthe time 
of writing, but in limited quantities. 
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using a product containing an herbal oil that was polluted with 
benzene. His parasites were quickly killed with a frequency gen- 
erator and he was put on the herbal parasite program. One month 
later his stomach felt much better, but he still had an occasional 
stomach ache. Testing showed hookworm and rabbit fluke. His 
benzene was now gone so the tendency to “pick up everything” 
was gone too. Staying on a child's maintenance parasite program 
would protect him. 


Kim Johnson, almost two years old, had lots of ear infections. It started 
at eight months so the mother took her off cow’s milk and wheat. 
This stopped her ear infections until mid-winter. She had to be 
back on antibiotics and a few months ago the doctor began 
discussing tube implants with her since she was still on antibiotics 
(six months). Another ear, nose and throat doctor agreed with this 
pinion, but was wiling to wait until Autumn. The baby had been 
passing a lot of undigested food and was unhappy. They were 
vegetarians. The baby nursed. Our test showed panereatic fluke 
infestation; this would easily lead to bad digestion, especially of 
milk and gluten in wheat. Fortunately, she was nursed throughout, 
in spite of going to daycare. Simply killing the parasites (in both 
mother and baby) solved both problems and she did not need to 
‘come back. The ear infections were probably caused by bacteria 
and viruses brought in by the parasites, 


Cynthia Prout, age 36, brought her three children because of their 
poor health. They all, including herself, had stomach problems, a 
lot of allergies, asthma, ear infections, and milk intolerance. One 
boy, age 8, was intolerant of both milk and wheat and hadn't had 
them for years. He was infested with two kinds of Ascaris and 
pancreatic flukes. His sister, Nola, had itching legs and headaches 
besides; she was toxic with bismuth and antimony (from shampoo 
fragrance and laundry fragrance). She also showed a build up of 
vanadium, implying a gas leak in the home. The youngest, age 5, 
had frequent stomach aches and vomiting, It was a simple matter 
to kill Ascaris electronically at 408 KHz and the pancreatic fluke 
with all its stages (421 through 434) after which the children did 
fine. 


Sofia Sobel had extreme ulcerative colitis although she came for her 
headache. She had been on Prednisone for a month with no relief. 
We found she had the three large flukes plus Chilomastix, dog 
whip worm, and amoebas in her intestine (but not in body organs). 
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There were several house dogs. Her stomach and intestines were 
much too sensitive to accept parasite herbs, or in fact, anything— 
anything except slippery elm powder. This herb (1 tbs. made into a 
paste first with water and then drunk as a beverage three times a 
day) paved the way for acceptance of two oyster shell calcium, 
‘one magnesium and one zinc tablet. Her blood test showed high 
phosphate levels since she was dissolving her bones to get cal- 
cium. She added sodium alginate (‘4 tsp. to a cup of vegetable 
broth soup) twice a day to help her tolerate the parasite killing 
herbs. Her children were given VMF (vermifuge or parasite Killing) 
syrup. By the 12th day of the parasite program she no longer 
needed colitis medicine; her bowel movements were down to twice 
a day, soft and formed, but stil with a lttle blood streaking. She 
loved the alginate mixed with slippery elm. She was able to eat 
fruits and vegetables but agreed to stay off wheat and corn until 
her liver was cleansed. In another week she was free from all 
abdominal complaints except a heaviness over the uterus, possibly 
due to two missed periods. The thought of pregnancy put her in a 
panic. She was instructed to induce her period (Emmenagogue, 
see Recipes). She was sure she wanted her period, not a 
pregnancy and this seemed to be her God-given right. Three 
weeks later she had a flare up of colitis due to Salmonella in food; 
it also gave her a urinary tract infection. This time she took 
Quassia herb to kill invaders in addition to the maintenance 
parasite program which she had begun to neglect. She had been 
very busy, had lots of energy and wasn't on medications. She 
treated her urinary tract infection with betaine-hydrochloride (to 
acidify the stomach), began using plastic utensils to reduce her 
nickel intake (see Prostate Pain, page 124) and drank a lot of 
water. This experience taught her valuable lessons that she was 
eager to learn, benefiting her family and herself immensely. 


Rebecca Goetz, age 53, had ulcerative colitis and her husband had 
Crohn's disease. She had been on Azulfidine™ and Flagyi™ fre- 
quently. Her parasites were only intestinal flukes and their stages, 
and Endolimax, an amoeba. It was a simple task for her to clear 
her problems by killing them and by sterilizing her dairy foods. 
Wes, her husband, had three surgeries to remove sections of 
bowel due to Crohn's disease. He now had a colostomy but was on 
‘Advil™ for pain in the rectal area. He could hardly sit. He had been 
tried on anti parasitic medicine (Cypril™ and Flagyl) but 
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they did no good. He had intestinal flukes and all their reproductive 
stages in his body, also pancreatic flukes, Capillaria roundworm, 
and Diphyllobothrium erinacea scolex. We interrupted his testing 
at that point. His kidneys were full of phosphate crystals— he ate 
no dairy products. He was started on half-doses of kidney herbs 
and only part of the parasite program in view of his colostomy and 
possible diarrhea. Two weeks later we continued testing, finding 
pinworms, Haemonchus, Leishmania tropica, Paragonimus, 
Sarcocystis, Stephanuris and Trichuris (whip worm) Quassia 
was added and doses increased. His blood test showed a high 
thyroid hormone level (T4), contributory to over activity of his 
bowel He was started on goat milk, vitamin C (3 gm. daily) and Br 
shots. He was given magnets to sit on for pain. He was toxic with 
cadmium, from his old tooth filings. But in five weeks he could sit 
comfortably without pain pills. There was less blood in the stool. 
Dental work would bring him his next big improvement. 


Benito Villamar, a middle age man, had severe side pain for several 
weeks. He was also gassy. He had sheep liver fluke and stages in 
his thymus and intestine. The thymus is under the top of the 
breastbone and is a very important organ of immune function. It is 
easily damaged by benzene. He did, indeed, have benzene ac- 
cumulated there. He was given a list of benzene-polluted products 
to avoid and was started on the parasite killing herbs after killing 
the flukes instantly with the frequency generator. Two weeks later 
his side was very much better, his benzene was gone and he was 
eager to rid himself of lower back pain, which he also had. 


‘AI Vickers, age 9, had stomach aches, headaches, a constantly runny 
nose and asthma. He was on Slo-Bid™ medicine and allergy 
treatment. He had a sleep problem. He also had two dogs, one rat 
and two hamsters. The dogs and he had high levels of Ascaris. He 
was zapped for Ascaris and the four common flukes (without 
testing). He was put on vermifuge syrup and Rascal capsules. This 
ended his problems and began a new chapter of better care for his 
health by his parents. 


Tim Metton, age 16, had several colitis attacks yearly, requiring hos- 
pitalization, from third grade to the present. He also drooled con- 
stantly, needing to spit a lot. (This is due to mercury toxicity from 
amalgam filings. It is better to spit out the mercury than to swal- 
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low it) He had intestinal flukes at a high level for which he was 
started on the parasite program. One month later he was very 
much better. He had only one diarthea session since the last visit. 
But he still had sharp pains under both buttocks (probably due to 
kidney stones). He had been an iced tea drinker and had numer- 
ous oxalate and cysteine crystals deposited. He was appalled that 
‘a common beverage could be so harmful. 


Central Abdominal Pain 


can be coming from the uterus, bladder, or bowel. It is diffi- 
cult to tell which is the source. The first step is to simply kill 
enteric (bowel) free-loaders and get into good bowel habits. Gas 
and bloating should be gone. If this isn't the solution to the pain 
there may be special bladder parasites with their bacteria. 
Schistosomes prefer to invade the bladder wall. In fact, very 
many parasites temporarily invade the bladder because the body 
is trying to excrete many of them. The whole family should be 
cleared of these same parasites. Kill them by zapping. Pets 
should not be kept indoors since they have many of these para- 
sites, too, and they are easily transmitted to us. 


Interstitial Cystitis 


is one of the most painful conditions described by clients. 
Schistosomes are the real perpetrators but after the bladder wall 
is weakened, other parasites and their bacteria and viruses ac- 
cumulate here too. To regain your bladder’s health all toxins must 
be cleared as well. Dental metal, environmental toxins, including 
radon, asbestos, formaldehyde, must be cleaned up. The diet, 
body products and home should be carefully searched for toxins. 
Schistosomes are easily zapped but easily picked up 
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off toilet seats and doorknobs. Always wash hands after toilet- 
ing: a single droplet reinfects you! 


Uterine Pain 


Endometriosis 


Many a woman's dreams have been shattered by her inability 
to have a child. Endometriosis is often the cause. It starts with 
painful cramps at period times. They get worse and worse until 
pain killers are necessary just to get out of bed and move about 
the house. There are flukes in the uterus! Large intestinal flukes in 
a rather small organ! Did they migrate to the uterus from the 
intestine or did they develop there from eggs? 

‘Sometimes sheep liver fluke is seen there. Once an avenue to 
the uterus is established, numerous other parasites move in the 
same direction: Clonorchis, the human liver fluke and even 
Eurytrema, the pancreatic fluke, can invade the uterus wall. Why 
have they taken up so abnormal a living place? Because the 
uterus has solvents in it! This is the green light for flukes. This 
disarms your organs so they are left helpless against fluke stages 
left there by the blood and lymph. Stop eating solvent-polluted 
foods. There are solvents in all cold cereals. Make cooked 
cereal. There are solvents in purchased drinking water. Drink 
from your cold kitchen faucet. There are solvents in grocery store 
bread, grocery baked goods and cholesterol-reduced foods. Eat 
none of these. Buy baked goods and bread at your local bakery. 
Stay away from “low cholesterol” foods. There are solvents in 
decaffeinated and other powdered mixes for beverages. Drink 
nothing except milk from the grocery store (sterilize it). Milk 
does not have solvent pollution. The hormones, antibiotics and 
udder wash can be tolerated—solvents cannot. 
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Beverages and powdered mixtures sold at health food stores 
are no exception. Use no powdered mixture intended for weight 
loss or weight gain, nor vitality supports, nor dietary supple- 
ments. They are all polluted. Some solvents (I often see methyl 
ethyl ketone and methyl butyl ketone) choose the uterus to ac- 
cumulate in. This sets the stage for endometriosis and fertility 
problems. Where there are large parasites, smaller ones soon 
crowd in. All bring their own bacteria and viruses. Gardnerella, 
especially, is found in cases of endometriosis, ovarian cysts and 
menstrual problems. The flukes evidently travel from the uterus 
to other parts of your body cavity, distributing bits of the uterine 
lining as they go. Once this distribution has occurred, can the 
bleeding (regular menstrual bleeding) at these extra sites ever be 
stopped? 


It stops immediately when the flukes are dead! 


Your body knows how to clean up after dead flukes and does 
the job perfectly. You can be free of pain in time for your next 
period. Zap to kill the four common flukes, Gardnerella, all 
other common parasites, and urinary tract bacteria (common ones 
include Proteus, Salmonella, Campylobacter, Chlamydia, 
Trichomonas). Avoid reinfection by avoiding solvents! It is im- 
possible not to pick up parasites. If your uterus has solvent in it, 
they will find their way to it in a day. Without solvent, they will 
not. 

The solvents will leave by themselves. Help your body get 
rid of them with vitamin C and B, (3 grams and 300 mg. re- 
spectively, daily, see Sources). 

To heal the uterus so it no longer attracts parasites, clear up 
its internal pollution besides solvents. This means mainly the 
dental metal that has piled up and environmental toxins such as 
asbestos, arsenic, fiberglass, and formaldehyde. Gold and silver 
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are especially attracted to the uterus. Don't wear gold rings or 
any metal jewelry touching your skin anymore, and, of course, get 
all metal out of your teeth. Never try to get pregnant before you 
have cleared up endometriosis. 

The advice given by obstetricians to get pregnant to solve 
your pain problem is most unwise. Indeed, pregnancy changes 
your body's metabolism and without periods you get pain relief. 
But it seems much too risky to grow a baby in an infested, pol- 
luted uterus. Fear of birth defects is an intelligent fear. Be careful 
not to get pregnant while you are killing parasites and getting 
mercury removed from your teeth, 


Healing starts as soon as all the parasites and pollutants are 
gone. 


Joanne Biro, age 22, had severe cramping pain with her periods, di- 
agnosed as endometriosis. She had adult intestinal flukes and the 
cercaria stage in her uterus. She had a xylene (solvent) buildup in 
both her brain (cerebrum and cerebellum) and uterus. She was 
started on the herbal parasite program following the kidney 
cleanse. Her next period was pain free. A check up showed she 
was free of flukes but had thallium in her immune system. Dental 
cleanup was next on her agenda. 


Denise Leyva, 22, was on birth control pills to control the growth of 
‘endometrial tissue. She had laser surgery previously. She had 
hexanedione and methyl butyl Ketone buildup in her uterus sup- 
porting the intestinal fluke and its eggs in the uterus. There were 
also some sheep liver flukes and human liver fluke stages there! 
‘She was advised to stop eating cold cereals and commercial bev- 
erages and kill the parasites immediately. She had no recurrence. 

Anita Pierce, age 32, had numerous surgeries for her endometriosis. 
She also had chronic fatigue syndrome, and several allergies. She 
had two beautiful poodles in her home. She could not part with 
them so she gave them the pet parasite herbs faithfully. She had 
intestinal flukes, tapeworm stages, Ascaris and various other 
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flukes in the uterus. She had all her dental metal removed and 
home detoxified. Her body was teeming with Nocardia and Epstein 
Barre Virus (EBV). In spite of repeatedly killing the flukes and 
bacteria with a frequency generator and making herculean efforts 
she was no better off eight months later. She was unable to solve 
the problem of reinfection from her dogs. 


Christine Solton, age 27, had extremely heavy and painful periods and 
didn't stop bleeding between periods. A large cyst had been seen 
by X-ray in the uterine wall. She also had constant bladder pain 
Both problems kept her in the bathroom most of the time (90 vis- 
its/day). She had the intestinal fluke in her uterus (probable cause 
of cyst) and Schistosoma haematobium (bladder parasite) 
throughout her body. She was started on the parasite program and 
in one week her bladder pain was under control but bleeding (from 
the cyst in uterine wall) continued. Schistosomes are very 
contagious, probably even from toilet seats and the house dust of 
an infected person. She had them again three weeks later. This 
time she zapped them and got instant relief. Her bladder and 
uterus were both full of propyl alcohol, tooth metal, fluoride, cobalt, 
zirconium, aluminum, antimony, cadmium, and formaldehyde. She 
was delighted, though, to understand her problem and made the 
dental appointment. 


Contraception 


There is an excellent pamphlet available at health food 
stores, called Wild Yam for Birth Control Without Fear” that 
informs that 3 capsules taken two times a day provides reliable 
(perfect) contraception provided you give it a two month head 
start. Also, an emmenagogue recipe is on page 546. 


The Silent Cervix 


The cervix is a big “trouble spot” for women just as the 
prostate is for men. It seldom lets you know with pain, however, 


‘Willa Shaffer, published by Woodland Health Books, PO Box 
1422, Provo, Utah 84603. 
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that bacteria or parasites or toxins are present. Sometimes a brief 
needle-like pain does alert you to something going on there, but it 
is easy to miss. The cervix is constantly secreting a little bit of 
mucous and this helps it stay clean but why give it mereury and 
copper and gold to secrete? Many a fertility problem has been 
solved by stopping the toxic pollution of uterus, ovaries, and 
cervix. Clean up your dentalware and clean up your diet and 
environment. 

Kill parasites and bacteria regularly, every week, with the 
herbal recipe or by zapping. You should have no pain with men- 
struation, no bloating, fatigue or headaches. A PAP smear test 
should always be “good”. If it isn’t, hurry to the rescue of your 
cervix. 


Menopausal Symptoms, Hot Flushes, PMS 


Insomnia, irritability, PMS (pre-menstrual syndrome), de- 
pression, anxiety, nervousness, are all not to be expected at and 
after menopause. They may certainly be caused by hormone 
imbalances. It is these imbalances that are not normal. 


NO menopausal symptoms are normal 


After the ovaries are done with their cycles of estrogen and 
progesterone production, the adrenal glands’ hormone produc- 
tion was meant to “kick in” and make up any deficit. 

During your fertile years, you were meant to have a peak of 
100 picograms/milliliter (pg./ml) of estrogen on day 9 and day 
22 of your cycle. Progesterone, on the other hand, only peaks 
once, on day 22, and it should reach a level 20 to 100 times as 
high as estrogen! After this ends, your adrenals can still keep 
your hormone levels regulated. Typical values are 20 pg/ml 
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estrogen and, again, 20 to 100 times as much progesterone 
Keeping these two hormones in balance is just as important as 
the actual amounts. 20 pg/ml estrogen is enough to prevent 
menopausal symptoms including hot flushes, and to give you 
heart protection and bone density protection, Taking synthetic 
hormones usually gives you exactly such levels. But if your own 
adrenal glands can supply them, surely it is a better approach. (A 
blood test can tell you your levels; do it on day 21, 22 or 23 
before menopause, after menopause the day is not critical.) 
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Fig. 21 Estrogen and progesterone levels (pg./ml). 


Why aren't your adrenals producing them? Because they are 
hampered by parasites and pollutants! Kill all the parasites, 
bacteria and viruses, especially Gardnerella, Proteus, Chlamy 
dia, Campylobacter, Neisseria, Treponema, Salmonella. Use 
the zapper. 

Notice that these are also the favorite urinary tract bacteria! 
This makes good sense, because the adrenal glands sit right on 
the kidneys and would be geographically close to the kidney 
bacteria. To avoid getting them back, do a kidney cleanse (page 
549) to remove all crystals where they might hide. 
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Generally speaking, 16-segment displays were 
never very popular, because the gaps between 
adjacent segments impaired legibility. LED ver 
sions remain more readily available than LCD 
versions, but dot-matrix displays allow a better: 
looking, more easily legible alphabet, with the 
added possibility of simple graphics. 


In the 1980s, some personal computers used a 
video character setin which each letter, numeral, 
punctuation mark, and special character was 
formed ona video screen froma fixed-size matrix 
of dots. Asimilaralphabet isnow usedin LED dot- 
matrix displays (and LCDs, as shown in 
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After this, hot flushes can be suddenly gone. If not, continue 
the cleanse. Meanwhile, do some permanent lifestyle improve- 
ment, Start drinking two pints of water between meals plus water 
and milk (sterilized) at mealtime. 

Don't drink cranberry juice with its copious hippuric acid 
and its solvent pollutants. You won't need such insufficient help 
after cleaning up your body, dentalware, and environment. Be- 
sides giving you a better hormone supply, your newly revitalized 
adrenals will get you through stress in better shape and keep your 
blood pressure normal. 

If bacteria are not kept down they will begin to invade other 
organs. Gardnerella goes to ovaries to feast on the corpus luteum 
after ovulation. This keeps the corpus luteum from making enough 
progesterone and PMS results. 

Menstrual problems and PMS, in general, although they may 
not be pain-causers, are a sign that all is not well with the uterus 
and ovaries. Go on a cleanup program. Kill your invaders with 
herbs or the zapper. Clear up your toxic accumulations from 
dental metal and environmental sources. 

Don't be surprised by a pregnancy! This is not the time to get 
pregnant, though. If you wish to get pregnant, clean up your body 
first, being very careful to prevent pregnancy during this time. If 
this is not under your control do your dental work first. Since 
every cleanup job increases your fertility, it is best to get the 
‘mercury, thallium, copper and nickel out of your body before 
your risk of conception is raised further by making other 
improvements. Many an amalgam replacement job had to be 
halted in the middle due to pregnancy! Couples just couldn't 
believe they could have a child as a result of cleaning up their 
bodies so they were careless in spite of my warnings! A dentist 
will not take out mercury during pregnancy. 

Nicole Truett, 40ish, had PMS before her periods. She was a retuming 

‘student and couldn't afford to feel emotionally upset. She also had 

recurrent yeast infections, Herpes and panic attacks. She com- 
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plained that her thinking was weird, although she was an excellent 
student (she got her birth date wrong on our office forms!) She 
had high levels of mercury and we suggested dental work imme- 
diately. Two months later she was feeling much better and had all 
metal removed but was experiencing a slight return of symptoms 
which panicked her. She still had E. coli and Bacillus anthracus at 
four tooth locations, giving her chronic sinus symptoms. She 
needed her cavitations cleaned. Four weeks later she described 
how she had gotten immediate emotional relief after two cavitations 
were done. Our solvent test showed methyl butyl ketone, benzene 
and carbon tetrachloride (which we found in her Mountain Valley 
Arkansas Spring Water). They were lowering her immunity giving 
recurrent Herpes and yeast problems. These disappeared in a 
week. She was so happy to find the cause of her problems and yet 
‘so angry at the nature of the cause that she planned to write to the 
water company. We need more such environmental activists. 


Monica Koziol was on Ibuprofen™ for menstrual cramps. She also got 
a severe sugar craving and minor depression and headache with 
her period. She was toxic with silver, copper, platinum, mercury 
and lead. She also had hookworms, pinwotms, human liver fluke 
and cat liver flukes infesting her. A hormone test showed very low 
estrogen (57.6 pg/ml) probably due to all these interfering factors. 
She had all the metal from her filings replaced and killed parasites 
with the herbal recipe. This gave her regular normal periods for 
several months. She decided to get pregnant but couldn't. A follow- 
up showed she was full of parasites again. She had stopped the 
maintenance parasite program. She resumed it and began kidney 
and liver cleanses to get longer lasting benefits. 


Barbara Ashby, age 43, had suffered for 1% years from menstrual 
pain. She had oxalate crystals in her kidneys and was started on 
the kidney cleanse. She followed this with the parasite program 
and dental metal replacement. Then she cleaned her liver and after 
three cleanses (she got over 1,000 stones the first timel) she said 
she felt great again. 


Terri Entzminger, age 16, had a long list of health problems including 
painful ovaries and painful periods for which she was put on birth 
control pills by her doctor. She had several bacteria in her genital 
tract: Neisseria gonorrhea, Plasmodium cyano, Staphylococcus 
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aureus (also at tooth #28 which had a plastic filing), Streptococ- 
cus pyogenes (also at tooth #28). A parasite test showed intestinal 
fluke adults in the uterus, not in the intestine or liver. There were 
also fluke cercaria here. She was started on the parasite herbs. 
‘Three weeks later there was no improvement. She had a rabbit, a 
dog and a hamster. She was to get them all onto the pet parasite 
program. Her diet was changed to exclude solvents. Six weeks 
later her periods were “great”, she did not need the pill and she 
was keeping the whole household on a maintenance program 
killing parasites. Three weeks later she had cramps again. This 
time it was sheep liver fluke in the uterus. She probably got them 
from the snails in her fish tanks. She was off the maintenance 
program and drinking caffeine free cola again. This would fill her 
with solvents that make fluke disease possible. She killed them all 
with a frequeney generator and decided to be more vigilant over 
parasites as long as she was such an ardent animal lover. 

Azar Moya, 57, was on Premarin™ and Provera™ for hot flushes and 
‘emotional extremes, Synthroid™ for the thyroid, Xanax™ for 
nerves and sleep problems, something for diarrhea and something 
for depression. In five months she needed none of it. She had 
done a liver cleanse by then and got a commode-full of stones 
(about 1,000), she had changed her plumbing, got rid of the water 
softener, killed parasites and cleansed her kidneys. She still had 
sinus problems and some arthritis and was planning dental metal 
replacement and cavitation cleaning to clear them up too. 


Infertility 


An ominous sign in any species, infertility is not just an- 
other disease or “problem.” 

When birds’ eggs don't hatch their species is doomed. So we 
leamed from the DDT experiment humans did with birds in the 
1960's. The DDT changed the thickness of their egg shells so they 
cracked when the mother bird sat on them, All changes are 
experiments whether intentional or unintentional. Nature by itself 
produces sweeping changes, too, such as droughts, wind 
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storms, fires, ice ages, but usually living things had time or mo- 
bility to adapt to them. When there wasn't time, and they couldn't 
run away, the species went extinct. 

‘Are we humans an exception to this rule of adapt or perish? 
Nobody feels more helpless and hopeless than the infertile cou- 
ple. They can not run away, time is limited, and obviously ad- 
aptation is not occurring. More likely their lineage will perish. 
The couples’ only wish is “Give us one child, now.” Surely, it is 
their birthright, as it is any living creatures’, to reproduce. 

Can we relax with the assurance that our intelligence, through 
the arm of science, will always rescue us? Are test tube 
fertilizations, fertility drugs, Cesarean sections, incubators for 
premature babies all triumphs for science? No, they are signs of 
reproductive failure for the human species. 

When the concem is overpopulation of this planet, repro- 
ductive failure might seem less ominous. Maybe it's no worse 
than the natural way any species curbs its growth rate. Maybe 
only those who can survive parasitism, pollution and immune 
deficiency should survive in order to strengthen the species. But 
when reproductive intervention becomes a necessity, not an op- 
tion, surely the danger signal is present as it was for the DDT'd 
birds who saw cracks develop in their eggs. The solution to our 
reproductive failure is not to find ever more artificial ways to 
conceive, to give birth, and to care for damaged babies. The 
solution is to fix the old fashioned way; to safeguard the natural 
way. 

If you are unable to conceive or to provide viable sperms use 
an intelligent approach. Remove the obstacles. The obstacles 
are parasites and pollutants, the same enemies of health we 
have seen before. 

Kill all large and small parasites with a zapper and the 
herbal parasite killing program. Don't try to keep a pet parasite 
free, give it away. Living close to another species is a luxury you 
can't afford at present. The pet can live with its parasites, 
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you can't, Remember to kill bacteria and viruses too, especially 
Gardnerella, Neisseria, Treponema, the ancient enemies of hu- 
man reproduction. 


Is it safe to parasites 
if you might be pregnant? 


The electronic way of killing parasites is safe if you use a 
frequency generator. The frequencies of parasites and bacteria 
are far away from human frequencies. The treatment with each 
frequency is short. There are no side effects. 

‘The zapper has not been tested and should not be used 
ig pregnancy. 

The herbal way of killing parasites has been used by pregnant 
women without bad effects but this is not enough safeguard. I 
recommend waiting until the baby is born if at all possible. The 
treatment is long and intense. The growing baby is exposed 
continuously to herbs. Perhaps this is preferable to the toxins 
produced by parasites. You must use your own judgment. 
Obviously it is wiser to take a chance on herbs than to take a 
chance on inheriting AIDS or “genetic” diseases. 

Part two of regaining your reproductive freedom to have a 
child is removing pollutants. Gold, silver, copper and mercury 
can accumulate in the reproductive organs, wrecking the delicate 
hormone balance between estrogen and progesterone, or 
wrecking the motility of sperm. Research has not been done to 
search for dental metal in the uterus, ovaries and testicle of in- 
fertile couples. You can do this research yourself. Slides of 
ovary tissue cost less than $10.00 as do other parts of the repro- 
ductive system. Search for dental metal yourself, Remove all 
dental metal from your mouth, and replace it with metal-free 
composite. Extract teeth with root canals. 


du 
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A Word Of Warning! 


Be extra careful with contraception during the dental cleanup. 
You could get pregnant the very next day! This is no joke. It is a 
serious hazard to conceive a child while mercury is loose and 
rampant in your body from the removal process. It may be a 
higher risk than leaving it untouched. If you are pregnant no 
dentist will want to finish the job of mercury removal! Don't try 
to get pregnant yet. 


You may have tried fertility pills, in vitro fertilization, and 
other methods for getting pregnant over a ten year time period, all 
to no avail. Then you start cleaning up your body and taking your 
mercury out and suddenly you are pregnant before the job is 
complete! It may seem unreasonable and illogical to have to be 
careful after ten years of no worries, but play it safe. 

If you fail to observe this warning and do get pregnant too 
soon, you may pray for miscarriage. Otherwise, take vitamin C 
and thioctic acid and hope for the best. Men should add daily 
zine and arginine (60 mg. and 450 mg, respectively) to their di- 
ets, Both men and women should add vitamin E (200 mg.), a 
prenatal multivitamin and multimineral tablet, eat freshly grown 
vegetables for folic acid, and add vitamin C (at least a gram 
daily, see Sources). No other supplements! Supplements pol- 
luted with heavy metals or solvents do more harm than good. If 
you are not sure of their purity, test one by eating it and searching 
for it in your immune system five minutes later. If it is there, it is 
harmful; eat no more. 
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Nausea 


of pregnancy is the scourge of expectant parents. After 
waiting hard and long for the desired pregnancy, the mother-to-be 
feels rotten, salivates and gags at the thought of food, and wants 
no more sex. Maybe sex is ill-advised during pregnancy, no 
matter how reassuring the male or male-oriented obstetrician is! 
Maybe salivation is actually mercury excretion being attempted 
by the body. Maybe nausea is all about keeping toxins out of the 
body and away from the developing child. These are intriguing 
possibilities, worthy of your research expertise, 

A few decades ago the treatment for nausea was a weekly By 
and B, shot. Ask your obstetrician for this to see if it helps. 

‘An older, herbal remedy was cinnamon tea: 2 tbs. cinnamon 
(bark or powder) in 2¥2cups boiling water, steeped for 10 min- 
utes, Strain and add honey to taste. Dose: 4 cup three times a day 
before meals 

‘Nausea invites starch eating—pasta, potatoes, rice and bread. 
Starches can absorb. Perhaps they absorb the noxious substances 
causing nausea. Make sure you add vitamin C to grains. In any 
case you must still eat additional nutritious food to grow your 
baby. In spite of craving a pickles/chocolate pudding/carbonated 
beverage lifestyle, you must eat mainly good food. Craving can 
take strange turns, Search for the taste you crave in good food 
and in long forgotten childhood foods. 


These are all the fertility cases I saw in a year's time. None 
were left out in order to hide failure. Assess the success rate 
yourself: 


Domilita Renshaw and her husband had been trying for six years to get 
pregnant. Both had been tested and treated in assorted ways. 
Domilita's period was irregular, a sure sign that all is not well in 
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the area of reproduction. | gave them the usual warning about not 
risking pregnancy during their deparasitizing and depolluting pro- 
cedures they both would be going through. Her hormone test 
showed slightly high (125 pg/ml) estrogen levels for day 22 (if it 
really was day 22!) and higher stil if it was not yet day 22! Obvi- 
ously, something was irritating the ovaries into overproduction of 
estrogen. She had oxalate and urate crystals and was put on the 
kidney herb recipe. She was switched to milk (3 glasses 2% a 
day) as her primary beverage besides water. She was toxic with 
nickel (dental metal) which would invite hordes of urinary tract 
bacteria, dangerously close to the ovaries. She made her dental 
appointment. She had sheep liver flukes and was started on the 
parasite program. She broke out in hives from a new hair spray 
polluted with praseodymium which got into her ovaries. She pre- 
pared to clean her liver for her frequent hives. Then she called to 
cancel her next appointment because she was pregnant (four 
months from first visit). Fortunately she had one visit with dentist 
completed. Nine months later she had a beautiful perfect baby. 


Lindy Maloy and her husband had been trying for eight years to have 
their second child. They all had Ascaris, including, of course, their 
house dog. They wormed the dog monthly and did not want to part 
with it since they did not believe it mattered. They used the pet 
parasite program, but five months later she had higher Ascaris 
loads than ever. She also could not rid her uterus of intestinal fluke 
stages in spite of killing them with a frequency generator and using 
the parasite herbs. She remained full of solvents, bacteria and 
platinum from dentalware. Her endometriosis continued. They gave 
up. 

Rosemary Peterson, age 33, had been trying to get pregnant for 
fourteen years. She had seven laparoscopies for endometriosis 
and very hard cramps with her period. She had intestinal flukes 
and sheep liver flukes in her uterus. There were sheep liver flukes 
and human liver flukes in her liver. There were intestinal fluke redia 
and cercaria in her saliva. The solvents in her uterus were methyl 
butyl ketone, acetone, carbon tetrachloride (from drinking store 
bought water), styrene (from drinking out of styrofoam cups), 
xylene (from carbonated beverages) and decane (from 
cholestetol-reduced foods). She also had a chronic yeast infec- 
tion, treating it constantly with Nystatin™. She killed the flukes and 
yeast electronically before leaving the office and started her- 
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self on the parasite program and diet restriction. She got pregnant 
immediately, and did not return. 


Elisabeth Tran, age 37, had tried to get pregnant for five years. She 
did get pregnant recently, on a special “gift” surgery program, but 
lost it. Her ovaries and uterus were toxic with mercury and thallium 
from polluted dental alloy. She also had barium and titanium in 
them, probably from lipstick. We did not see her again, we hope 
she solved these problems. 


Christopher Gravely, a young man of 26 and Frederica, 22, promised 
faithfully not to get pregnant unti their cleanup was complete. He 
was found by his doctor to have slow moving (low motility) sperm. 
He was robust and healthy looking but suffered a lot from low back 
pain—a clue to swarms of bacteria in the lower abdomen. An 
electronic search of his testicles and prostate (which had been 
infected once) revealed iridium, platinum and yttrium. This impli- 
cated tooth metal. He was also started on kidney herbs. Eight 
months later he had completed all his tasks, his low back and pain 
with urination had stopped, and this encouraged him to continue 
with his fertility program. We started him on thioctic acid two a day 
and zine (60 mg.) two a day, switched him to an electric razor so 
he wouldn't have to use any chemicals on his face, and recom- 
mended that he ventilate his garage which was attached to the 
house, to reduce fumes in his home. 


Meanwhile, Frederica, his wife, was also checked for toxic ele- 
ments. She had antimony (from mascara) in her ovaries and 
breasts. She had sensitive painful breasts during her periods 
which were quite irregular. She also had indium and gallium, dental 
alloys in the ovaries and breasts. She, too, was started on the 
kidney herbs and instructed to get metal tooth filings replaced. 
After two months they canceled their appointment. Frederica was 
pregnant! Not for long, though, and a wiser couple returned a few 
months later. Frederica finished her dental work. Both started the 
parasite program. Frederica's periods became regular. She was 
started on thioctic acid (one a day) plus zinc, (one a day), until 
her first missed period. Twelve months later they sent me their 
baby's picture: he was two months old. 
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Ginger Hart had been trying for three years to get pregnant. After an 
‘endometrial biopsy, a D&C,"" and laparoscopy she was diagnosed 
with ‘inadequate corpus luteum.” We found her ovaries toxic with 
nickel and europium from tooth filings and strontium from 
toothpaste. She was delighted to understand her problem and set 
about correcting it. 


Marjory Davis, age 28, had been on the “pill” (synthetic hormones) a 
long time but was off now and couldn't get pregnant. She actually 
got pregnant about one year ago but lost it at one month. A toxic 
element test showed her ovaries and uterus were full of beryllium 
(gasoline and coal cil), gadolinium and gallium. The metals are 
alloys of gold used in dentistry. She wore a lot of jewelry, just loved 
her chains, necklaces, rings, etc. But she agreed to go off all 
‘except two rings which did not have these alloys. To reduce fossil 
fuel fumes in the house she removed all gas cans and the lawn 
mower from the attached garage. They parked the cars outside. 
‘She was started on kidney herbs and promised to use con- 
traception until she was done. She was to drink three glasses of 
2% milk a day and take a magnesium tablet and stop drinking 
other beverages. Three weeks later her husband canceled her 
appointment because she was too embarrassed and delighted to 
calll herself. 


Prostate Problems 


If urination is not complete, so you must soon go again, es- 
pecially in the night, it is suggestive of pressure on the urethra 
from an enlarged prostate gland. Keeping a little urine from being 
voided is conducive to bladder and kidney infection, too, 
because bacteria soon find this “free food.” 

The prostate collects toxins as if it were a designated dump 
site, especially for nickel. Urinary tract bacteria quickly find 
“their” metal, nickel. Any supply of nickel will attract bacteria 


‘A surgical procedure, called dilation and curettage, meaning di- 
late the bladder with air and scrape away the inner lining 
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Figure 24-8. A 16-segment alphanumeric LED display 
showing the letter N 


Alphanumeric dot-matrix characters are often 
grouped in two or more rows with eight or more 


LED disy ariant 


characters per row. The number of characters is 
always listed before the number of rows, so that 
an &x2 display would contain eight alphanumer- 
ic characters in two horizontal rows. This type of 
component is properly described as a display 
module. 


Display modules are used in consumer electron- 
ics products such asa stereo receiver where sim- 
ple status messages and prompts are necessary 
—for example, to show the tone contral settings 
or the frequency of a radio station. Because the 
cost of small, full-color, high-resolution LCD 
screens has been driven down rapidly by the 
mass production of cellular phones, and because 
these high-resolution screens are much more 
versatile, they have already displaced dot-matrix 
display modules in many automobiles and are 
likely to follow a similar path in other devices. 


Pixel Arrays 
The 8x8 pixel array of LED dots shown in 
Figure 24-9 measures 60mm square (slightly 
more than 2”) and contains 64 LEDs, each ap- 
proximately 5mm in diameter. Similar arrays are 
available in other sizes and with different num- 
bers of dots. Displays of the same type may be 
assembled edge-to-edgeto enable scrolling text 
or simple graphics. 


Figure 24-9, An 848 matrix of LED dots measuring more 
than two inches square, 
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as quickly as crumbs and cheese attract mice. Urinary tract 
bacteria are making use of your urea as their food. To digest it, 
they first break the urea molecule apart into two ammonia 
molecules. It is the ammonia smell of the urine that gives away 
their presence. The urine should have no ammonia smell. Our 
bodies do not make ammonia. Only bacteria can do this! Their 
digestive enzyme is called urease. In order to do its job, this 
enzyme requires the element nickel. 

Nickel is plentiful in the soil which is undoubtedly where 
these bacteria belong, breaking up and utilizing the urine and 
droppings left there by animals. They perform an essential task in 
our environment, destroying animal excrement and_ thereby 
cleaning-up the soil around us. What folly it is to load ourselves 
up with nickel so that in one short hop from the earth they are 
residing in us! Bacteria are all around us doing their valuable 
jobs. We cannot stop associating with bacteria. We were not 
meant to feed them, however. If we did not supply them with 
nickel, as if we were just another patch of earth, they could not 
gain a foothold in our urinary tract and then to the prostate. 

How can we rid our bodies of nickel? This is the challenge. 
‘Are we eating dirt? A small amount of dirt can't be avoided on 
our food, But we can stop sucking on nickel as if it were a lolli- 
pop. Our spoons, forks and knives are made of nickel! Stainless 
steel is 8% nickel! Does it really come off as you eat? When you 
stick a knife into the mayonnaise jar, it is stained in a few 
minutes. Try it. The mayonnaise has reacted with the metal 
loosening the nickel. When you smear the knife over your bread, 
this film comes off and you eat it. If you were to put the knife in 
your mouth, now, you could taste the metal. You will later wash 
the knife but not before you have eaten enough nickel to supply 
all the bacteria in your body with the daily allowance of their 
essential element, nickel. Nickel is not our essential mineral. 
Even plants keep their nickel levels very low. But due to 
pollution of animal feed with it, even a hen’s egg now has 3 
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meg/100 gm of nickel in it.'* To produce a nickel-polluted egg, 
the chicken must be polluted. 

Especially infants and children should never be given metal 
cups or cutlery. They need all their immune power to combat the 
barrage of new bacteria and viruses that is emerging in this age 
of AIDS. Nickel is part of dirt and belongs there, not in our pots 
and cutlery. 

Another large source of nickel is metal dentalware. It is used 
to harden gold! If you suffer from prostate problems, remove 
metal from your dentalware. Nickel is used to make bridges, gold 
crowns, retainers, amalgams. Exchange it all for plastic ware and 
composite buildups (see Sources for more dental information). 
Stop eating and cooking with metal utensils; use old fashioned 
wooden or sturdy plastic cutlery instead. Always use a plastic 
knife for butter or mayonnaise. Never buy foil-wrapped butter. 

Nickel is fat soluble and is stored in your skin fat temporarily 
when a surge of it enters the body. Your skin oils may be loaded 
with nickel causing “allergies” in the skin, Male pattern baldness 
is such an allergy. The sweat tries to excrete it for you. Always 
wash off your scalp sweat to help with this excretion. The skin 
oils dissolve nickel from metal jewelry (sometimes leaving your 
skin with a greenish black color) and transport it into your body. 
Don't wear metal jewelry. Earring posts should be plastic. Metal 
watches and metal rimmed glasses should be replaced with all 
plastic types. Metal rings should be replaced. After lowering 
your total body nickel levels and your prostate disease is only a 
memory, you might notice scalp hair returning to sparse areas. 
Search around the edge of the hair line for the first returnees. 

Bacteria cannot live in the prostate without nickel being pre- 
sent. You can cure your prostate problems with the simple tactic 


"Food Values by Pennington and Church, 1985 
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of stopping nickel pollution of your body. Notice that you get a 
fresh attack after accidentally using metal cutlery in a restaurant 
or eating mayonnaise-style salad with a metal spoon stuck in it. It 
might be wise to take a histidine capsule (about 500 mg., one a 
day for three weeks, see Sources) when this happens. Histidine 
is a nickel chelator. Taking zine is helpful too (60 mg. two times 
a day for a month). Possibly, the nickel was poisoning zine 
enzymes. Read about the benefits of flaxseed, too, but remember 
to test every product for pollutants before accepting it as a 
supplement. 

Prostate problems of all kinds clear up when bacteria are 
zapped, the Kidney Cleanse is done, dental cleanup is done, and 
the Bowel Programis followed. 


Richard Traylor, age 71, had suffered from prostate and urinary tract 
disease for three years. Scar tissue had to be removed occasion- 
ally from prior treatments of them. He was started on the kidney 
herbs and in two weeks (13 days) he had a considerable im- 
provement in urine flow. At his follow-up visit we searched for 
toxins. He had radon, chromate, yttrium and strontium in his genital 
and urinary tract. He got rid of his water softener (such salts are 
polluted with chromate), toothpaste (strontium source) and opened 
the crawl space vents (source of radon). This cured these 
problems in less than two months. It also cured his stomach ulcers 
for which he had to take medicine. He was so pleased he decided 
to install a crawl space fan and pursue a parasite program and 
dental health just to see what extra health improvements he might 
get 

‘Omer Whitney, age 45, had always been a strong, healthy, hard 
worker. He could now barely walk, due to weakness and pains of 
several kinds; his prostate problems began several years ago. Our 
tests showed 4 kinds of kidney stones. He was started on only halt 
a dose of the herbal recipe to give them a chance to dissolve more 
slowly. One month later he still had some stones although his leg 
cramps were already gone. At this time we found Ascaris (both 
kinds) which he killed with a frequency generator. We also found 
carbon tetrachloride and pentane (in decaf beverages) built up in 
him; also gasoline and TCE. He was considera- 
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bly improved five weeks later and was quite eager to improve 
further. A toxic element test showed he was full of copper, anti- 
mony (from mineral ice massages), cobalt (aftershave), zirconium 
(deodorant), thulium (vitamin C fortified orange drink) and mercury 
(very high, from tooth filings). He planned on cleaning all of it out 
of his body and regaining his lost strength. 

Harvey Van Til, age 35, came in for his prostate and testicle swelling 
which began shortly after a vasectomy. He ached over the front 
right side of his abdomen. He was started on the kidney herbs and 
in four weeks he had eliminated his oxalate crystals and felt 
considerably better. We next found the adult intestinal flukes and 
human liver flukes in his prostate gland! After killing them immedi- 
ately with a frequency generator and getting instant relief of pain, 
he got his own device and did not need to retum. 

Clayton Gamino, 26, had pain during urination which he interpreted as 
a left-over from a prostate infection he once had. He got all the 
metal out of his mouth, and did a kidney cleanse. A half year later 
he had no remaining pains and was able to father his first child 


Side Pain 


Pain on the right side can 
come from problems at the 
ileocaecal valve or the appen- 
dix or the large intestine itself. 
It can also come from the liver 
which is higher up but is 
sending its pain message to 
your side. Pursue it as an in- 
iestinal problem first, killing i 
parasites and bacteria and 
normalizing bowel movements pie 79 The liver has a large 
with the Bowel Program If the ope on your right side with the 


Lost bane Mes pir Mie gallbladder tucked inside. The 
peaches saps tne ace “onine left lobe is smaller. 
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middle of the waist, it is probably due to the liver. 

The liver is a large organ, mostly on the right side of the 
body, but with a smaller lobe on the left side. It is the chemical 
manufacturing plant for the body. It pulls in the food from the 
intestine (that you ate hours ago) and makes your body's chemi- 
cals from them. Toxic items are changed chemically into non- 
toxic items that the kidney is able to excrete into the bladder. 
Fatty things must be made water soluble for them to leave with 
the urine. The liver also makes bile and sends toxic items along 
with it to the intestine through the bile ducts. The bile enables 
calcium and fat to be absorbed. If the liver isn’t getting much bile 
to the intestine, fat is left in the bowel contents and the feces will 
float in the toilet bowl. That is your clue to bile duct blockage. 

Bile is bright green. Mixed with intestinal contents it turns the 
bowel movement dark brown. If the bile is not arriving in the 
intestine the bowel movement will stay light colored, even 
yellow or orange. This is another clue to bile duct blockage. 
‘Over a quart of bile should exit the body each day. Since bile is 
loaded with cholesterol this daily excretion of bile is a major 
method of keeping cholesterol levels low. If the bile ducts are 
choked with debris so only half as much (often only a cup instead 
of a quart!) bile is produced and excreted you can expect 
cholesterol levels to rise, and digestion to be bad. When food 
isn't promptly digested and absorbed the ever present, ever-ready 
bacteria will grab it for themselves. 


Taking cholesterol-lowering drugs should be reserved for 
cases where natural excretion cannot be regained. 


E, coli and other intestinal bacteria, which do no harm in 
moderate numbers, can overgrow in a few hours to give you 
bloating, gas and pain, Your body produces no gas. Only bacte- 
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ria can produce gas. If your side pain is accompanied by bloating 
and gas, you know you have a digestive problem And that this 
digestive problem stems from a congested liver if the pain is 
directly under it or over it, or if the feces are light colored or 
your cholesterol levels are high. Not everybody has all the 
symptoms. 

To clear the clogged passages of the bile ducts, you simply 
do the liver cleanse (page 552) over and over until the problem 
is gone. There is one catch. If there are living parasites in the 
bile ducts, they will not let the bile ducts clear themselves. They 
are stuck fast to your ducts as a tick can be to your skin. They 
must be killed before they will let go. Zap them all, or you may 
use the herbal parasite program, staying on a twice a week 
maintenance program. Only after parasites are dead (after day 20 
if using the herbal program) will you get a lot of “green stuff” 
and be able to clear “stones” out of your bile ducts. Only one 
large duct at a time will clean itself. We have hundreds of larger 
ducts and thousands of tiny ducts feeding into the larger ones! 
Stay on a schedule of cleansing the liver every two weeks 
(unless you are ill) until your side pain is gone, your digestion is 
normal, and you are bouncing with energy. You may also lose 
some weight, but only if you are overweight. 

Remember that a clogged liver 
does not necessarily give you pain by 
itself, It is more likely the bacteria in 
the gall bladder and bile ducts, 
causing inflammation there and in 
your intestine, that cause pain. Don't 
wait till pain occurs over the liver. 
Use whatever clues you can to diag- 
nose your clogged condition. Or just 
assume it is clogged. Do the cleanse, 
and see if you get any stones out. It 


can never hurt and can help a lot. Fig. 23 Gallstones. 
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Bruce Hearn, 40ish, had severe side pain for several weeks and was 
rather gassy. He had seen a clinical doctor who found him in good 
health. But we found sheep liver flukes in the intestine and in the 
thymus! The thymus is an immunity-giving gland, so anything in 
the thymus is a very serious matter. He also had benzene in his 
thymus (inviting AIDS). He quickly switched from drinking soda to 
drinking milk. He went off everything in the benzene list. He Killed 
the flukes electronically and started on the parasite program. Three 
weeks later the benzene was gone, his side was very much better 
and he could begin a kidney cleanse for his low back pain. He 
hadn't cleansed his liver yet! His improvement was probably due to 
improving his immunity which then controlled the bacteria. 


Midabdomen Pain, Stomach Pain 


The colon crosses over from your right side to the left side at 
the midabdomen, This is also the location for the bile duct to join 
your small intestine. Most midabdomen pain comes from either 
the colon or the bile duct connections. Kill parasites and bacteria 
by zapping or with the herbal recipe. Improve your digestion 
with diet clean up (off moldy food, boil dairy products). 
‘Sometimes the midabdomen pain stems from the stomach itself. 
The valves at the top and bottom of the stomach are meant to 
keep the food in. The valve at the top where the stomach joins the 
esophagus is a favorite location for bacteria. 

You seldom feel them here though. This is just under your 
breastbone. They do their work quietly. Eventually, the tissue 
there is so weakened, the valve can't shut tightly and food is al- 
lowed to go back up the esophagus. This is called reflux and you 
may be told to sleep with your head elevated and to eat small 
meals, especially at bedtime. You may be given Reglan,™ a 
drug to help empty the stomach faster. Digestive enzymes will 
help empty the stomach, too, but may harbor molds. The real 
solution is to kill the bacteria in this area and 
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keep them from reinvading it. Start by killing the Salmonellas 
and Campylobacters (zap them). 

Within a day or so, 
however, the area can 
be re-invaded. Some 
bacteria are coming 
from your teeth! Some 
come from the liver! 
Often both sources are 
supplying bacteria to 
the "stomach. The 
stomach allows a little 
bile to enter at the end Fig. 24 Stomach, esophagus, 
of each meal, this is diaphragm, gallbladder. 
normal. But if the bile 
is full of live parasite stages and bacteria they may try to colo- 
nize the stomach, too. If there is insufficient stomach acid to kill 
them or if there is an accumulation of toxin in the stomach, they 
will get a foothold. Then they can burrow down deep to escape 
acid. Eventually, an ulcer can develop. 


Stomach Ulcer 


Often, such an ulcer is painless. 

You are, therefore, not alerted to the parasites’ presence until 
they have established themselves in good hiding places. Taking 
antacids, of course, works in their favor. The solution for both 
stomach pain and stomach ulcers is to kill parasites and bacteria, 
followed by dental and liver clean ups. One very common toxin 


that accumulates in the stomach is the pesticide arsenic. You 
inhale it right along with the flies and roaches you may be trying 
to kill with arsenic-laced pesticides. 
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Other inhaled toxins are fiberglass, asbestos, formaldehyde 
and freon. Your nose and mouth mucous traps a lot of these 
whereupon you swallow them and they glide into the stomach. 
Tooth bacteria and tooth metal get into the stomach the same wa 
You simply swallow them. 

Clean up your air, don't use any pesticides (see other methods 
in Recipes). Your dentalware may be cleaned up in a few dental 
visits but the liver cleanses must go on for a year or two before it 
is reasonably clean. You may get pain relief in a few weeks but 
this should not derail your intention to revitalize yourself 
completely with a cleaned liver and stomach. 


Hiatal Hernia 


‘When bacteria have spread 
to the diaphragm and weak- 
ened it, along with the upper- 
stomach valve, food is al- 
lowed to get pushed up right 
through the diaphragm. Pres- 
sure in the abdomen from Fig. 25 Hiatal hernia. 
overeating or sitting in an easy 

chair pushes it up. Walk after eating. Empty the stomach before 
going to bed. Don't sit in recliners. Very many of us, about 25%, 
have a smalll hiatal hernia. It only hurts if it is inflamed. Work at 
clearing the inflammation first, to get pain relief. In time, the area 
will strengthen and the hernia itself may get smaller. 


Jeffy, 3/2 months, had been screaming a lot ever since birth. He was 
very gassy. He could not be put down without starting to cry. He 
was congested and had colds. He was on mother's milk exclusively 
80 his chronic Salmonella infection must have come from 
someone who was a carrier, possibly his mother, although she 
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had no symptoms. The mother had platinum and tellurium in her 
milk (Salmonella can be transmitted in milk but this was not 
checked). The solution was to clean up the mother's milk by getting 
the dental metal out of her mouth, and washing hands before 
nursing, Jetfy’s father had an Ascaris and intestinal fluke infesta- 
tion. Itis quite possible the baby had these also, giving him a nasty 
tummy ache in addition to the gas pains. The baby's older sister 
had screamed and cried the first nine months, too, so the parents 
were told it was a “familial thing,” She also had ear infections, 
colds and a flaky patch of skin occasionally. She, too, had 
Ascaris. They were very pleased to be able to clear up the whole 
family’s problems by killing parasites and removing toxins. 


Ruby Adair, age 14, filled a page with her symptoms. She was also 
chronically fatigued and had consumed enough antibiotic “to fill a 
room.” She had shooting pains from under her feet up her legs. A 
quick check revealed mercury and thallium in her immune system. 
Instead of being dismayed, this news filled her with hope for re- 
covery. She arranged for dental metal replacement. Then she re- 
lated her stomach “story”. While at a wedding, a year ago, she 
began vomiting with diarthea. She thought it was the stomach “flu’ 
but she didn't recover for six months and had to miss school. The 
psychologist thought it was emotional. She was still only attending 
school one hour a day. We found Fasciolopsis, the intestinal 
fluke, in her stomach wall as well as in her intestine. She started 
the parasite program and in three weeks her appetite was back, in- 
somnia was gone, fatigue was better and a significant improvement 
was evident. 


Respiratory Illness 


Asthma 


is a very old disease described in the ancient literature. The 
only progress we have made to date with this disease is to give 
drugs to soothe the symptoms. 

‘Asthma is associated in all (100%) cases with tiny Ascaris 
larvae. As soon as eggs hatch (in the stomach, immediately after 
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Multiple Bar Display 
A boar display is a row of small rectangular LEDs 
ina single component. It may be used for digital 
representation of an analog signal. The higher 
the voltage of the signal, the more bars will be 
illuminated. A typical application would be to 
show the signal strength of an input to an audio 
recorder. Ten bars are often used, asin thedisplay 
shownin Figure 24-10, but multiple components 
can be combined end to end. 


Figure 24-10. Two LED bar displays in which segments 
ccan be lit individually 


Single Light Bar 
A light bar can be thought of as a single-source 
LED, as it is configured as a single square or rec- 
tangle. It is mentioned here, rather than in the 
entry for single-source LED indicators, because 
variants may be subdivided into two, three, four, 
or (sometimes) more discrete sections. These 
variantsare often includedinthe same datasheet 
as the monolithic version. 


Aight bar contains multiple LEDs (often, four in 
number) behind a translucent panel that pro- 
vides evenly diffused radiance, 


Values 


The values for most LED displays are basically the 
same as for LED indicators, in terms of color, 


(or, or display > multi-sourc: 


> LED display 


brightness, current consumption, and voltage. 
See "Values" on page 211 for information. 


Multiple-character dot-matrix LED display mod- 
ules may have differentrequirements for forward 
voltage and forward current, depending on driv- 
ers that are incorporated in the module. Because 
there is no standardization for these modules, it 
will be necessary to consult the manufacturer's 
datasheet. 


How to Use It 


Seven-Segment Basics 

The diodes ina seven-segmentLED display share 
eithera common anode oracommoncathode, the 
latter being more frequently used. The two types 
of internal wiring are provided for convenience 
only. Externally, the displays function identically. 


A schematic suggesting the internal wiring and 
pinouts of a typical ten-pin common-cathode 
display is shown in Figure 24-11, The pins are 
numbered as seen from above. Appended to 
each number is the identity of the segment to 
which itis connected. Pins 3 and 8 are connected 
with the cathodes of all the internal LEDs, Both 
of these pins should be used, to serve as heat 
sinks for the display. 


Note that series resistors are not included inside 
the display and must be added externally. Their 
value will be determined by the power supply, to 
limit the forward current and forward voltage 
through the LEDs to the extent specified by the 
manufacturer. 


‘An encapsulated resistor array containing either 
seven or eight resistors in an SIP or DIP chip can 
be used instead of individual resistors. A seven- 
segment LED display would require the type of 
resistor array in which both ends of each resistor 
are accessible. 


Where two or more numerals are combined ina 
single component, this type of display s likely to 
have two horizontal ines of pins. n this case, pin 
1 will be at the bottom-left corner, seen from 
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swallowing filth) the microscopic larvae travel to the lungs, not 
the intestines. Imagine the distress of lungs full of tiny worms! 
One tries to cough them up, of course, but in our misguided effort 
to be polite we teach children to swallow anything they cough 
up! Some swallowing is inevitable and the young worms are 
back in the stomach, this time to set up their housekeeping in the 
intestine. Some never leave the stomach, causing. children 
stomach aches and, of course, a large entourage of bacteria 
which, in turn, have their viruses. 

Most cases of Ascaris infestation also show Bacteroides 
‘fragilis bacteria which, in turn, carry the Coxsackie viruses 
(brain viruses). Whether or not these bacteria or viruses will 
thrive in you depends on whether you make a good home for 
them, namely have low immunity in some organ, The preferred 
organs for Bacteroides are liver and brain (brain tumors always 
show Bacteroides). The preferred organs for Coxsackie viruses 
appear to be tooth abscesses and brain, 

Not everybody with Ascaris develops asthma, even though 
they always go through a lung stage. Does it depend on the age of 
the person when the infection develops? Or how many Ascaris 
are present? Or the time of year when lung infection is present? 

That innocent cough of early childhood should not be ne- 
glected, as simply “croup.” At the first sign of a cough, use a 
frequency generator set to 408 KHz, the frequency for Ascaris, or 
use a zapper. Pay extra attention to washing hands before meals. 
Pay extra attention to the animals nearby. Kill their Ascaris with 
a Zapper and keep it up daily or put parasite killing herbs in their 
food. 

Asthma sufferers become allergic to many air pollutants such 
as pollen, animal dander, smoke. The production of histamine in 
the lungs and the vast interconnectedness of histamine to allergies 
has been well studied scientifically. Although invasion by worms 
is known to result’ in both histamine production 
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and high eosinophil counts (over 3), and asthma clients typi- 
cally have both, they are not routinely checked for worms 
clinically! They are simply given drugs to enable better breath- 
ing. More and better (though toxic) drugs have been developed. 

But you can put an end to your asthma by terminating your 
Ascaris infection. Then wash your hands and fingernails with 
grain alcohol, and let no more filth past your lips. Wear plastic 
gloves for a week to break a nail biting or finger sucking habit. 
For children wash hands before eating anything, even between 
meals; keep fingernails short. 

Dogs, cats, pigs and horses all get Ascaris. Never, never let a 
child clean up any vomit or mess left by an animal. This could 
lead to massive infection, the kind that could result not only in 
asthma but seizures. Kill the worms in animal messes before you 
clean them up too, Never use your dustpan or broom. Use 
cardboard, newspaper or anything that you can afford to throw 
away with the mess. Squirt povidone iodine (available at drug 
stores) on the mess-even if it's outside-and cover with salt be- 
fore cleaning up. Discard it in outside trash. Wash your hands 
with grain alcohol, paying special attention to fingernails. If you 
are a food preparer, you could infect the whole family if you 
don't wash carefully. 

If there is an asthmatic in your family, the whole family 
should be treated for Ascaris with a zapper or with the herbal 
parasiticides. Even after everybody including the pets have been 
treated, pets should not be allowed in the bedroom of the asth- 
matic person, Asthma is more than parasitism. It is also an al- 
lergic reaction, to the pet and to other inhaled bits of matter. 

Clean the air. Smoke of any kind, fragrance and chemicals of 
any kind, all household cleaners, polishes, and so forth should be 
removed. Store essentials in the garage, not the basement, since 
basement air rises. Clean up the whole house. Persons who must 
use hair spray or nail polish should do so outside in the summer 
and in their own rooms with the doors closed in 
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winter. Use a chlorine filter for the water, especially at the 
shower. Install central air conditioning if possible, with maxi- 
mum filtering (but never with chemicals added to the filter and 
never with a fiberglass filter) at the furnace. A room air filter 
(not fiberglass) is next best. Use it for an hour in the bedroom 
ahead of bedtime so the air currents can cease. Just moving dust 
around is worse than leaving it there. Never do dusting when an 
asthmatic is in the house. Lungs heal quickly when the air is clean 
and there is no reinfection. The best place to recover is outdoors 
away from trees and bushes or indoors with total pollution-free 
air conditioning (free of asbestos, formaldehyde, arsenic, 
fiberglass, pet dander). 

‘As your asthma lessens, reduce your inhalers, but always 
keep them on hand. When you suddenly need them, try to identify 
your source of reinfection or allergens. Use this experience 
wisely. Try to understand the recurrence of your asthma. Keep 
notes. It may take half a year with a dozen recurrences to finally 
learn and conquer! It will feel great to breathe without spraying 
yourself and taking medicine. If it comes back a year later, figure 
‘out what is happening that's seasonal. A pine tree near the house, 
a flowering bush, the first mown grass? Stay away from these 
until you are completely healed. 

There are traditional herbs for helping lungs. Grow your own 
comfrey and garlic. Make mullein tea from the dried herb (see 
Sources). Read herb books for more help. Dry some for winter 
use, being careful to do it right and not let it mold. 


‘Suzanne Carlyle, 45, had asthma from infancy. She was currently on 
Albutesol™ spray and tablets daily. Now she was beginning to have 
arthritis too. She was given arginine to replace caffeine. She had 
two species of Ascaris and was allergic to cats and other animals. 
‘She was started on the herbal parasite program after killing 
Ascaris, Bacteroides and Coxsackie viruses with a frequency 
generator. Her lungs showed kerosene, carbon tetrachloride, 
mineral oil, benzalkonium (from udder wash, she was also milk. 
sensitive), aluminum from her cookware, and aluminum sili- 
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cate from her salt. She had two extra lung parasites: Paragonimus, 
a lung fluke, and Pneumocystis. She was immediately improved 
after cleaning up these sources and canceled her future 
appointment. 


Cay Wenkert, 63, had asthma for many years for which she took 
Proventil™, but this gave her such bad side effects she had to stay 
home now and not venture out. Her lungs were full of benzalkonium 
(toothpaste), arsenic (ant poison under kitchen sink), zirconium 
(deodorant), and nickel from tooth metal. She had dog heartworm 
in her lungs(!), in addition to her heart where she sometimes felt 
pain. She had Ascaris and Naegleria, mycoplasma, Endolimax 
and the intestinal fluke in her lungs! She coughed up blood, after 
her doctor had diagnosed bronchiestasis recently, meaning her 
lungs were not capable of sweeping out the daily refuse we all 
breathe in. In spite of killing these and cleaning up her 
environment she got no improvement. She repeatedly got 
parasitized. She had four or five root canal teeth which she was 
unwilling to have pulled. Hopefully, the tradeoff between teeth and 
health will soon begin to look poor. 


‘Amy Newberry, 41, had recently begun to have asthma attacks. She 
had been on cortisone but now was on inhalers through the day 
(two puffs Ventillin™ 3x/day, plus three putts Intel™ 3x/day plus 
four puffs Asthmacor™ 3x/day). She was often hospitalized for 
attacks. She also had stomach trouble and sinus problems (had 
pneumonia recently). She had Ascaris larvae, Endolimax, Naegle- 
ria and Acanthocephala in her lungs! She also had arsenic and 
palladium (tooth metal). Going onto homeopathic medicine for 
stutfiness helped her avoid some hospital visits. It took several 
months (5 visits) to track her arsenic source to the bedroom car- 
pets (stain resistance). After steam cleaning it herself and doing a 
liver cleanse (atter first kiling parasites) she was amazed at her 
improvement. She had not been to the hospital in a month and was 
only using inhalers preventively. She planned to get dental work 
done. She got all her former health back. 


Laura Brewster, 25, lived in a very old house. The slightest exertion 
would give her an asthma attack. She frequently got pneumonia, 
too. Her lungs had beryllium (coal oil) and asbestos, and two 
parasites, Paragonimus (lung fluke) and Ascaris. She got rid of all 
the old fashioned lamps and candles in the house, but could not 
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find the source of asbestos. She got rid of the attacks but her 
‘cough and pneumonia bouts will continue until she moves from that 
house. 


Brett Wilsey, 70, was congested most of the time, had chronic sinus 
problems, was getting allergy shots for dust and mold, and was on 
several inhalers for his asthma plus emphysema. He had asthma 
for eight years. He had oxalate, urate, and all three phosphate va- 
riety crystals in his kidneys. He was started on kidney herbs. His 
blood test showed high “total carbon dioxide” or “carbonate” 
showing that his air exchange was not good. His potassium was 
low, showing that his adrenals couldn't keep his electrolytes 
(Sodium, potassium and chloride) regulated, in turn, giving him 
muscle weakness. His LDH was very high, showing that his heart 
muscle) was in distress, too. Fortunately, his RBC was slightly 
elevated, to help with oxygen delivery. (See Anemia page 285). His 
eosinophil count was high, as is the rule for asthmatics since they 
all have Ascaris worms. Besides Ascaris he had pancreatic and 
intestinal flukes in his lungs(!) plus Heterakis (a chicken 
roundworm), human hookworm, and Prosthogonimus, another 
fluke. He was started on the parasite herbs. Two weeks later he felt 
a lot better although he still had some Ascaris. He was toxic with 
barium and hafnium (which were traced to his dentures) nickel, tin, 
rhenium. He stopped using commercial “denture-soak.” His wife 
stopped using hair spray and they started leaving the car out of the 
garage and walked around to the front door, instead of using the 
attached garage. He also started drinking homemade comfrey tea. 
This made him feel stil better. 


When he removed his watch he got rid of his nickel source. Nickel 
has an affinity for lungs (as well as prostate and skin). He was now 
down to one puff of inhaler instead of two, only four times a day 
instead of hourly. He could breathe deeper than before. Then the 
lead in his water was found and traced to a single “sweated joint 
in the pipes. He was started on food grade hydrogen peroxide, 
working up a drop at a time; now his cough became “productive”, 
he was coughing up a lot. 


He got the plumbing fixed and did a liver cleanse after which his 
fatigue lifted. He couldn't stop laughing and joking about the 
“emphysema” he was so worried over earlier. 
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Bea Karnes, 49, had asthma from childhood when she also had ec- 
zema. She was presently on several medicines plus allergy shots 
and antibiotics for it. She was toxic with antimony although she 
used no eye makeup and europium, tantalum, and gadolinium from 
dental metal. She also had hand swelling in the morning and was 
started on kidney herbs. She killed her intestinal flukes (in the 
intestine) and Ascaris in her lungs and was not seen for half a 
year. When we eventually saw her, she said her asthma had been 
“wonderful.” She was faithfully controlling parasites with the 
maintenance program and occasionally drinking kidney herb tea. 


Cynthia Prout’s whole family (mentioned previously) had asthma. She 
was told it was inherited. The three young children and herself 
were on inhalers, nose sprays, cough syrups and antibiotics. Nola, 
age 10, also had ear infections and numerous allergies. Lewis, 
age 8, was a slight, nervous boy; he had been off wheat and milk 
for many years due to intolerance. Irwin, age 5, seldom went with 
the family due to his frequent stomach aches and the fact he could 
vomit without notice. The mother and two children who were with 
her (Irwin stayed home) had Ascaris infection and Lewis also had 
pancreatic flukes. Their home was toxic with vanadium, namely, a 
gas leak. The parasites were quickly Killed and gas leak repaired. 
The whole family got well and canceled their next appointment. 
‘Some inherited disease! 


Asthma is just one of our common respiratory problems. The 
causes are always a combination of Ascaris and other parasites 
with pollutants (allergies). 


Bronchitis, Croup, Chronic Cough 
+ In bronchitis the bronchioles are the site of the problem. 
+ In croup it’s further down, 
+ In cases of chronic little hacky coughs it may be heart- 
worm! 


Bud Portillo, 62, worked on earth moving machines. He frequently had 
‘a “bronchial virus” or "bronchial infection.” He was always cough- 
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ing. He had Ascaris infestation and arsenic pollution in his home. 
He also had palladium toxicity from tooth filings. As soon as they 
removed the mouse bait from their home, tore down the hallway 
wallpaper (arsenic source) and changed wells (the well water had 
arsenic in it from seepage!) and Killed parasites, his cough was 
gone. He also finished his dental work. All this took six months. 


Gene Mizell, age 4, was constantly clearing his throat. His parents 
wondered if it was a “nervous habit.” He had two species of As- 
caris living inside his small body. He was started on a small dose 
of parasite herbs immediately, stirred into a daily dose of VMF 
syrup (see Sources). He also had PCBs, aluminum silicate, lute- 
tium from recent painting in the house and xylene and toluene 
solvents. He was switched off soda pop and onto milk. We saw him 
five weeks later. He had gone through three treatments with 
vermifuge syrup. His throat clearing was gone, as well as his 
hacky cough and the blue circles around his eyes. He still had 
PCBs, which they later cleared by switching off detergent. 


Carmen Castro, 30ish, had a chronic cough without being ill. She also 
had some heart irregularity. She had Dirofilaria (dog heartworm) 
and Loa loa. There were no indoor pets. After killing the parasites 
with a frequency generator and starting on the parasite herbs she 
was still coughing a bit but her pulse was down to 80 (from 120). 
She still had toluene, TC Ethylene solvents and mercury, platinum 
and lead in her body. Then a gas leak developed in their home. 
‘She used moth balls and painted a room. After this she had to be 
on antibiotics for her extreme cough. This time she had myco- 
plasma, Haemophilus and influenza. She killed these electroni- 
cally and her coughing stopped. Until she gets the dental work 
done she will continue to pick up new infections. 


Hope Feldman, 57, had been coughing for half a year. She had seen 
many doctors including a reflexologist. She had mycoplasma and 
alpha strep at tooth #17 (lower left wisdom tooth). As soon as 
these were Killed with a frequency generator her cough stopped. 
‘She was advised to wear turtleneck sweaters for extra warmth over 
her bronchii and get a cavitation cleaned at tooth #17. 


Teresa White, 37, had bronchitis several times each winter and was 
put on antibiotic for the whole season to keep it from breaking out. 
Her lungs were loaded with tantalum from dental metal, cobalt from 
detergent and thulium from her vitamin C. She had taken 
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herself off milk, thinking it might be a factor, and used an air 
cleaner but without results. As soon as she had the tooth metal 
replaced with plastic (in less than a month) she could go off anti- 
biotics and also was rid of a chronic sinus condition, but still had a 
bronchitis bout. She had Ascaris larvae in her lungs and phos- 
phate and oxalate crystals in her kidneys. Her diet was changed to 
include milk and fish, magnesium, lysine (500 mg one a day), 
vitamin B: and a vitamin A+D capsule. She started on the kidney 
cleansing herbs and then the parasite program. In another month 
the whole problem was gone. Wisely, she got ready to cleanse her 
liver. 


Craig Stewar, 2, had a history of respiratory problems. He had been 
‘on Ceclor™ and Ventilin™ for a long time; he had pneumonia the 
previous year. He had whip worm ( Trichuris) infesting his intestine 
which was promptly killed with parasite herbs (as much as his 
parents could get down him was effective). He was toxic with as- 
bestos. When the clothes dryer belt was changed to a US. variety 
(imported belts contain asbestos which flies into the air when the 
dryer is used), Craig's health turned around. 


Doris Gumb, 26, was on Isoniazid", Tussionex™ and Rifodin™ for 
tuberculosis. It started with coughing. She was down to 98 Ib. in 
weight. Her lungs were toxic with berylium (coal oil fuel), mercury, 
uranium, and tellurium, She began by clearing all toxic items from 
her house and basement and then bringing an air sample for 
testing. She also had Ascaris larvae in her lungs and pancreatic 
fluke in her pancreas. In three weeks she was coughing less and 
producing less with each cough. The “clean” air sample stil had 
uranium, tellutium, mercury and beryllium. She had no metal tooth 
fillings, though. In the next three weeks she found a hole in the 
floor to the crawl space. It was letting up uranium dust and radon. 
‘The mercury was traced to the carpet in a child's bedroom. After 
throwing it out, her sputum cleared up and she was on the way to 
recovery, although we never found the source of tellurium. 


Breast Pain 


Although lumps and cancer in the breast produce no pain, 
they sometimes do give you little warming twinges. These 
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twinges cross into the breast from the armpit or from any direc- 
tion. It is gone in a second, leading one to believe it couldn't be 
serious. If the breast has any unusual sensations, painful or not, 
investigate immediately. 

Test yourself for cancer. (You may use a specimen of 
mother's milk as a cancer test since this has mitotic stimulants in 
it—see Curing Cancer page 331). If you have purchased a slide 
of breast tissue (mammary gland) you can search your breast for 
cancer. If not, but you find “mother's milk” in your white blood 
cells, assume it is cancer and clear it up immediately. 

If you don't have cancer, search for the pollutants giving you 
these twinges of pain. Search for your deodorant, cosmetics, and 
soap in your white blood cells. Search for dental metal. The 
breasts are often full of nickel. Nickel is quite soluble in fat and 
the breast is mainly fat. Nickel is one of the top carcinogens 
listed by researchers. It could even explain the high incidence of 
breast cancer. But titanium and barium from cosmetics, as well 
as asbestos and fiberglass are also quickly accumulated in the 
breast. Clean up your dentalware and body products. Check for 
exposed fiberglass. Change your dryer belt. Buy a new non-CFC 
refrigerator. Never try to get rid of these pains with pain killers; 
let the pains show you whether the clean up has been complete. 


Breast Sensitivity 


Breast sensitivity can be quite uncomfortable to the point of 
not being able to wear a bra, especially near period time. It may 
be due to high estrogen levels; this is also conducive to breast 
lumps and breast cancer. Most of your estrogen is produced by 
the ovaries before menopause and later by the adrenal glands. 
Too high estrogen levels plague the modern woman. Certain 
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food molds, particularly zearalenone, causes. over- 
estrogenization. It affects men too. I have found it in popcorn and 
com chips! And brown rice. Stop eating these. Eat white rice. If 
you make cooked cereals be sure to add vitamin C to them before 
cooking (1/8 tsp. per cup), to detoxify food molds. I do not know 
whether taking vitamin C with your popcorn would detoxify 
zearalenone. Don't risk it. The excess estrogen compounds must 
be detoxified by the liver. Yet, the liver may be incapable of this 
because you ate yet another food mold! See the section on moldy 
food (page 381). 

Over-estrogenized women are over-emotional, seemingly on 
a roller coaster of enthusiasm and despondence. They can de- 
velop a high pitched voice, that almost sounds squeaky. High 
enough estrogen levels are important for fertility but too high 
levels can cause infertility. Your body is eager to set the level 
just right, if only you will clean up the ovaries of parasites and 
pollution. Don't stop your clean up until the breast feels normal 
again throughout your cycle and you don't feel over-emotional, 
even just before your period. 


Breast Lumps 


Breast lumps may or may not be painful. If you feel one, don’t 
wait to be more certain, don't wait to analyze it with tests, don't 
wait for a doctor's diagnosis or a mammogram. Obtain a 
frequency generator or zapper and zap yourself immediately. 
Also do the herbal parasite program immediately (page 338). 
Your body often turns the breast into a collecting station for 
toxic wastes that have been drawn downward from the top of 
your body. From your head where shampoo and hair spray and 
cosmetics leave their daily deposits, from your dentalware with 
its constant supply of heavy metals, from neck and armpits where 
cologne, deodorant and soap leave their toxic residues. The 
lymph nodes under the armpit and the region above the 
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above. As always, the pins are numbered coun- 
terclockwise, seen from above. 


Figure 24-11. A schematic view af internal connections 
and pinouts of 2 seven-segment common-cathade LED 
tisplay. The numbers refer ta the pins af the component, 
seen from above. The I pin may also have a mark beside it 
‘an the component, for identification, The orientation of 
the display can be deduced if there is a decimal point, as 
this should be atthe bottom-right corner. 


Where three or more numerals are combined in 
a single component, the pinouts may be de- 
signed for multiplexing rather than individual 
accessto every segment of each numeral. Afour- 
digit clock display, for instance, may have seven 
pins that connect in parallel to respective seg- 
ments in all of the numerals, and four additional 
pins that can ground each numeral in turn, so 
that they can be selected sequentially. 


Driver Chips and Multiplexing 

Illuminating the appropriate segments in a sin- 
gle numeral can be done directly from a micro- 
controller, or through a driver chip such as the 
well-known and widely used 45438 that converts 
a binary-coded decimal input into appropriate 
segment output patterns. The chip can source 
sufficient currentto drive each segment through 
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a series resistor. Its pinouts are shown at 
Figure 24-12, 
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Figure 24-12. Pinouts of the 45438 seven-segment LED 
driver chip. 


When used in conjunction with a microcontral- 
ler, the 45438 can drive several seven-segment 
displays by multiplexing them. The basic sche- 
matic to achieve this is shown in Figure 24-13, 
omitting optional features such as leading-zero 
blanking or connections fora decimal point. The 
microcontroller sends the binary code for the 
first numeral and simultaneously grounds the 
common cathode of that numeral through a 
transistor, which is needed because as many as 
seven segments of the numeral may be passing 
current in parallel. The microcontroller then 
sends the binary code for the second numeral, 
and grounds it; then sends the binary code for 
the third numeral, and grounds it; and the cycle 
repeats, So long as this process is performed at 
sufficient speed (at least S0Hz), persistence of vi- 
sion will create the illusion that all the numerals 
ate active simultaneously. The circuit can be 
compared with a similar circuit to drive LCDs, 
shown in Figure 17-17, 
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breast, collect it all and let it slip into the breast where it is bun- 
dled up in a cyst. Pethaps the kidneys are clogged so toxins are 
forced to go to a designated dump site instead of out through the 
bladder. Do a kidney cleanse. Don't rest until all your breast 
lumps are gone. They will begin to shrink in three weeks if you 
are removing the correct toxins. Even radon and asbestos go to 
the breast, so be meticulous with your cleanup. 

When the platelet count (in a blood test) is very high (over 
400) there is quite a tendency to form cysts or lumps since 
platelets make your blood clot. The platelet count goes up when 
parasites are present. Maybe your blood is attempting to clot 
them! These clots make “nests” for fluke stages which may be 
why breast lumps often become cancerous. If yours is over 300, 
(it should be 250,000/cu mm) start patrolling parasites regularly. 
‘Stopping the use of caffeine and taking vitamin E (400 u. a day) 
are helpful in recovery but don't rely on these minor measures. 
Breast lumps definitely invite breast cancer. 


Leslie Yeager, age 37, had breast soreness and "fibrocystic lumps”. 
‘She had cerium and nickel accumulated in her breasts. They 
cleared up in weeks after her dental metal was gone (she simply 
took out her retainer). Later she replaced it with a partial made of 
plastic. 


Kari Pfeifer, age 36, had numerous cysts in both breasts and uterus. 
Her estrogen level was too high (187 pg/ml on day 22 of her cycle; 
the day of testing is important since it varies through the cycle). 
Her breasts were full of beryllium (coal oil from hurricane lamps) 
and radon. After these toxins were removed, all her breast lumps 
got smaller. After she did the kidney and Liver Cleanse, the lumps 
got softer and breasts were no longer painful. She had several root 
canals which filed her breasts with numerous bacteria, mainly 
Histoplasma cap (root canals develop infection around 
themselves). After starting her dental cleanup and killing bacteria 
with a frequency generator, all her breast lumps disappeared. 


Claudia Davis, age 41, had breast soreness ever since a mammogram 
two years earlier. She had numerous other pains and indigestion. 
‘She had intestinal flukes in her intestine and fluke eggs in 
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her blood: a dangerous situation. They might land in the breasts 
and start developing there. This is how cancer begins. But she did 
not have cancer yet. She had a buildup of niobium from polluted 
pain killer drugs and thulium from her vitamin C. She had 
‘Salmonella and several other bacteria in her white blood cells, 
which accounted for digestive problems. In eight weeks she had 
cleaned kidneys, Killed parasites and gotten rid of her heavy met- 
als. Her breast pain was better and a lump on her eyelid had also 
disappeared. 


‘Stephanie Nakamura, 68, had six surgeries to remove breast lumps, 
‘going back to youth. Her recent mammogram was O.K. Her 
breasts were toxic with cadmium, lead, gold, radon, uranium, gal- 
lium, silver. Our tests showed she had kidney crystals and she was 
started on the kidney cleanse. She was given vitamin E, (400 units 
daily), sodium selenite (150 mog daily) and vitamin C (1 or more 
‘grams daily). Her triglycerides were also very high showing again 
that she had kidney problems. She was given magnesium (300 mg 
daily), vitamin Bs (250 mg daily) and lysine (500 mg daily). She 
killed parasites and cleaned up everything except gallium, silver, 
mercury, gold, cadmium. These must have come from her gold 
crowns. Her dentist advised against removing these and 
proclaimed they had nothing to do with her developing glaucoma, 
arthritis and stomach ulcers. It was a tough decision for her and 
she made the wrong choice. Perhaps if she had been up for the 
next breast surgery she would have gotten those “gold” crowns 
replaced with composite too. 


Heart Pain 


Pain over the heart region is usually quite real, even though 
an EKG does not find any abnormality. The most common cause 
is Dirofilaria, heartworm of dogs. It often begins as a pain just 
above the heart but spreads itself over the whole heart region. 
Kill it with your zapper. Parasite herbs can also be effective. If 
you did kill them, the pain often intensifies for a day before it 
leaves. Then the pain should be completely gone. 
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Heartworm is very easy to pick up again. If you have had 
heartworm, you should no longer keep a dog for a pet. Give it 
away. 

Another heart parasite, Loa loa, is also a filarial worm and 
may be the causative factor. Both Dirofilaria and Loa loa can be 
obtained as slide specimens to use for testing yourself, Heart 
muscle can also be obtained as a slide specimen, but a chicken 
heart from the grocery store or snippets of beef heart (make sure 
to sample all 4 chambers) will do. 

Follow up on your heart, even when no pain remains. These 
tiny heart parasites have stages that you may not be able to pur- 
chase in slide form and therefore can't test for. These stages, if 
not killed, will become adults so a maintenance parasite killing 
program, herbal or electronic, is essential. Virtually all dogs 
have Dirofilaria in spite of monthly medicine to kill it. They pick 
it up immediately after their last treatment for it and can give it to 
you again. The only way to live safely with pets is to give them 
parasite killing herbs daily in the feed. 

Other heart problems such as irregular beat and mitral valve 
prolapse can clear up along with the pain. Or they may be due to 
bacteria (see Heart Disease, page 318). 


Meredith Zackman, age 53, came for her diagnosed cardiomyopathy 
(heart disease). She owned a beautiful, old, very big dog, and of 
course she would never part from him. We knew she would lose 
her battle against heart disease. She had both Dirofilaria and Loa 
‘oa which we killed instantly with a frequency generator. She was 
‘on Lanoxin™, Furosemide™, Captopril™ and Metoprolol. We 
found she also had Cytomegalovirus, Staphylococcus aureus, 
Streptococcus pneumoniain her heart. The Staph bugs were also 
in tooth #17. She had copper in her heart (from tooth fillings) and 
cobalt and PCB from her detergent. There was zirconium from her 
deodorant and fiberglass from somewhere. Her pulse was typically 
in the 90's. Eight days later, after her dental work to replace metal 
was done her pulse was normal (low 70's), both worms were gone 
and she felt much better. But she stil carried four bacteria, five 
viruses and two tapeworm stages: Taenia solium 
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scolex in the spleen (she had chronic pain there) and Taenia 
pisiformis in the liver. She was started on Rascal (an herbal com- 
bination) for these. Six days later she had all of her problems back 
including Loa Joa. She repeated everything, then she had to go off 
her heart medications because they lowered her blood pressure 
and pulse too much. She started the dog on the parasite program 
but continued to be heavily laden with parasites and bacteria that 
always found their way to her heart. She purchased her own fre- 
quency generator and was quite faithful with dog treatments. She 
may outlive her dog and then regain her health, finally. 


Bruce Walby, age 42, had chest pain for three years. We found he 
had Dirofilaria and Loa loa in all four chambers of his heart. When 
he zapped them, the pain left a day or so later. 


D’Ann Fonties, age 22, had a lot of chest pain but was told by her 
doctor it was simply “gas bubbles”. She also had a serious diges- 
tion problem. She had Dirofilaria, high levels of styrene (from sty- 
rofoam drinking cups) and benzene. This information delighted her 
and she planned to change her habits. 


Sheila Osborn, age 27, had chest pain when she lifted objects. Her 
pulse was slightly elevated (81) and slightly irregular. She had Di- 
rofilaria. Five weeks after starting the parasite program she was 
feeling much better but still had the chest pain. This time she had 
Loa loa (but not Dirofilaria). 


Wendy Lewellen, age 28, had a chronic cough and chest pain at mid- 
sternum (the sternum is the bone attached to the ribs and runs up 
the middle of the chest). She had Dirofilaria in one chamber of her 
heart (right auricle). She had xylene and toluene solvents which 
‘came from her daily beverage, Mountain Dew." She was also full 
of asbestos from her trips to do laundry nearby (this could not be 
proved, but when she switched laundromats, the asbestos went 
away). Two months later, after killing parasites, she was free of 
heartworm and her cough and chest pain were almost gone. She 
was probably healing very slowly due to the asbestos which was 
stil present. 

Lupita Cline, a young mother, had a chronic hacky cough and 
irregular heart beat. She had Dirofilaria in all chambers of her 
heart and Loa /oa in her blood but not in her heart. She had 
carbon tetrachloride, propyl alcohol, hexanedione, toluene, and TC 
Ethylene 
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buildup from drinking Pepsi™ and Mountain Dew.™ Her pulse was 
slightly elevated at 80. There were no pets in the house. She was 
started on the parasite program and two months later was rid of 
her heartworm but now had Loa Joa in her heart and was still 
coughing a bit. She was full of platinum, mercury and palladium 
from tooth metal as well as vanadium from a gas leak in her home 
and paradichlorobenzene from using moth balls. She was on anti- 
biotics for a "bronchial infection” and was happy to learn about a 
better solution. 


Slow Pulse/Syncope (Passing Out) 


Mason Heckler, 30s, was a mechanic by trade and could not afford to 
pass out on the job. Yet, it had been happening off and on for 10 
years. He had acquired high blood pressure in his teens! This was 
‘soon followed by an extremely slow pulse (50 beats/mm). No 
medicine worked (he had been tried on many) so he was on none. 
Then he got high blood pressure, it was 160/80 currently. He also 
had constant chest pain around the left nipple. He had heartworm 
and was started on the herbal parasite program. He never had a 
dog. In five weeks his pulse was 72; the parasite was gone. | pre- 
sume his syncopes were due to sudden blood pressure changes 
or missing a few heart beats in a row. He began the kidney 
cleanse next to lower his blood pressure. 


Chest Pain 


When there is a tightness or just a little pain at the middle of 
the chest, especially under the breastbone, you may be merely 
having an allergic reaction. You might be feeling little spasms 
coming from the esophagus, and reaching up toward the throat 
from gallstones. You might also have HIV/AIDS disease which 
has a similar symptom over the sternum. So it is very important 
to pay attention to even a minor symptom in the chest. 

Ruling out HIV disease ranks first in importance. Search for 
its emission at 365 KHz, or purchase a microscope slide with 
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the dead virus on it as a test specimen (see Sources). Or pur- 
chase a set of slides representing all the stages of Fasciolopsi 
buskii. Without this parasite you can't get the HIV virus. Purchase 
a slide of the thymus gland or make your own specimen of throat 
sweetbreads. Check yourself for benzene buildup in the thymus. 
(See Using The Syncrometer page 462.) 

If you have neither the benzene nor the parasite stages, you 
have no risk. Your chest distress is due to something else. Im- 
prove your air quality so that your lungs are not in distress. This 
includes radon, chlorine (from the bleach bottle under the sink), 
colognes, room fresheners as well as the usual pollutants 
(asbestos, arsenic, formaldehyde, fiberglass, freon). 

If you feel waves of pain reaching up to your throat, you 
probably have a gallstone stuck in a bile duct. Epsom salts can 
relax that bile duct in 20 minutes. Take a tablespoon in %cup 
water but only on an empty stomach or you may feel quite ill. 
Taking a large dose of valerian herb (6 to 8 capsules) may also 
buy you a little time by relaxing the duct. If you do get relief, you 
can be sure it was a spasm of some kind, The magnesium in 
Epsom salts relaxes spasms. I would recommend cleaning the 
liver (page 552) a number of times to try to dislodge the sticking 
gallstone. The instructions for liver cleansing advise you to kill 
parasites and cleanse the kidneys first. But if your throat pain is 
severe enough, you might just zap and go ahead with it at once. 


Upper Back Pain 


The main pain may be a dull ache over a shoulder blade, or 
between the shoulder blades or running right through you from the 
front to the back of the chest. These are all gallstone pains 
coming from the liver! Get yourself ready to clean them out. 
Clean the kidneys first, kill all the parasites that might be re- 
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siding in the bile ducts and blocking them (flukes, pinworms and 
roundworms) and get onto a maintenance parasite program, Then 
mark your calendar for your first liver cleanse. Even if your first 
cleanse gives you only a dozen bits of green “stuff” you have 
done well; you have accessed the bile ducts. The pains will 
probably be “magically” gone the next day, but they might start to 
retum in two days. The bile ducts are having spasms again due to 
the remaining stones. 

After you have cleaned out 1,000 or more, you will get per- 
manent relief. Repeat every two weeks, unless ill, until the upper 
back pains are gone, permanently. If chest pain or upper back 
pain is severe, try going off your favorite high fat food (ice 
cream, butter, cheese). Also try taking 6 valerian capsules, 4 
times a day including bedtime to relieve the spasms. 


Shoulder Pain 


Some shoulder pain is called bursitis and some is called ar- 
thritis. But it always derives from stuck gallstones in the bile 
duets of the liver! You can prove this by taking a tablespoon of 
Epsom salts in 3écup water at 6 p.m. instead of supper and on an 
empty stomach (or you may feel quite ill). If some of the pain 
subsides then you have evidence as to its true cause, because 
Epsom salts relax the bile duct valves. 

Get started cleaning the liver (page 552). By the time you 
have chronic or acute shoulder pain you have about 3,000 
Stones! Count them roughly, as they float in the toilet after the 
liver cleanse so you know how much progress you have made 
toward the final goal. Don't start cleaning the liver until you have 
killed parasites and spent three weeks cleaning the kidneys 
though. This improves elimination of liquid toxins so a liver 
cleanse is promptly cleaned up for you. 
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‘What emerges from the liver is the most contaminated mess 
imaginable, full of bacteria and viruses and parasite eggs and 
stages (all dead we hope) of every kind. It needs prompt clearing 
from your body. The diarthea sees to the bowel elimination. But 
some toxins can only pass through the kidneys. Kidneys should be 
clean and capable of doing the job. Remember it is unwise to 
clean the liver before all parasites are dead, especially flukes, 
because they produce a substance that inhibits any action of the 
bile ducts! 

You are only one day away from freedom of shoulder motion 
and sleeping on your side again. Permanent improvement, though, 
depends on progress with your total stone count. Your bursitis 
can return in a few days or a few weeks. Be patient. You may 
only cleanse once in two weeks, and not if you are ill. After six 
cleanses you can be quite sure of being relatively pain free. 

Between cleanses use valerian capsules to stop the spasms. It 
takes 6 capsules 4 times a day to be effective. 

Typically only some bile ducts are spasming, and typically 
those ducts have a single fatty food trigger. Stop eating the high 
fat food you consume the most (it's probably your favorite). If 
that hasn't helped in two days choose a different high fat food to 
omit. The most common culprits are ice cream, potato chips, 
salad dressings, cheese, butter, cream, and milk. 

Perhaps the pain is actually caused by bacteria living in the 
blocked bile ducts and invading the shoulder. This point has not 
been clarified. Using your zapper or frequency generator does no 
good for this pain. Only liver cleaning brings your shoulders 
back to their youthful mobility. 
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Upper Arm Pain 


Excruciating pain in the upper arm soft tissues can keep your 
arm hanging straight down for fear of worsening it with motion, 

Magnets of high strength (2x5000 gauss) taped to your arm, 
under your sleeve, can get you through the day. Also try valerian 
capsules (6 capsules four times a day). Go off all fat in the diet to 
let the spasm subside. Then start your liver cleanse at 6 p.m. If 
you used pain killer drugs during the day, the cleanse may not 
yield anything but it's worth a try anyway. You might be lucky 
and pop out the chief culprit stone. If not, you should wait several 
days before trying again; this time avoid pain killers the day of 
the cleanse. Be sure to zap parasites the day before or earlier. 


Peggy Patton, age 60, had shoulder pain and painful feet in addition to 
aching all over. The aching was due to Trichinella which both she 
and her husband had. It took six months on the parasite program 
before it stayed away. She had clay colored stools, evidence of 
bile duct blockage. Then two liver cleanses cured her shoulder 
pain, nausea and remaining pains. She started gardening again 
and immediately picked up hookworms and Trichinella again. But 
she learned to sanitize her hands with grain alcohol after washing 
away dirt and this kept her parasites in check. 


Jessica Atkinson, a middle age school teacher, developed a pain in the 
right cheek quite suddenly. She also had pain over the right mid 
abdomen and right side at the waist but X-rays and scans showed 
nothing (she had been X-rayed three times). She struggled for 
seven years to stay employed. She was having severe pain attacks 
over the liver and described her stool as almost white after these 
attacks. She cleaned her liver at least 30 times before she related, 
‘one day, that her joy in living had returned. Her gallstones were 
exceptionally large (¥2 x % inch). Eventually the abscesses in her 
upper teeth were found, clearing up her cheek pain and protecting 
the liver from recurrent infections from these bacteria. Only then 
did she get permanent and complete pain relief. 
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Lisa Mattie, 72, had her right arm hanging limply by her side. It was so 
painful she bent forward to let it hang straight down. But in seven 
months she had done 6 liver cleanses, getting over 3,000 stones 
out. All pain was gone although some numbness in that arm per- 
sisted. She could also stop using Tums™, stop coughing, and no 
longer was bothered by her hiatal hemia. 


Elbow Pain 


One variety of elbow pain is due to an inflamed tendon there; 
it is sometimes called “tennis elbow.” It is not due to playing 
tennis or any other arm use. The inflammation is caused by a 
liver full of stones and parasites, especially flukes which 
manufacture a chemical that affects tendons. Kill all flukes and 
cleanse the liver for quick relief. Using your elbows while they 
are inflamed is traumatic to them, like working with a sore 
thumb. Don't play tennis or do other arm exercises until they are 
pain free. 

Parasites consume large amounts of your vitamins and min- 
erals, Give yourself vitamin A (25,000 u daily), zine (60 mg. 
daily), and B,, (250 mg twice a day) until the pain is gone. 


Wrist Pain 


Tendons passing through the wrist can become inflamed from 
the unnatural chemicals produced by fluke parasites in the liver. 
Using the wrists to work further traumatizes them (injures them) 
making it harder for them to heal. A small hole between the 
tendons lets the nerve and blood vessels through into the hand. 
Fluke parasites also make chemicals that thicken tendons. When 
tendons at the wrist thicken, they can squeeze down on the nerves 
and blood vessels until the hand or fingers feel numb. If you have 
pain at the wrist or numbness in your hands, killing 
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Figure 24-13. A basic, simplified circuit for driving mutt 
pile seven-segment LED displays by multiplexing them. 


The disadvantage of this system is that the mi- 
crocontroller must update the numerals con- 
stantly while performing other duties, To reduce 
this burden, a “smarter” driver such as the 


or, oF display > multi-source or pai 


> LED disp 


MC14489 can be used, controlling up to five 7- 
segment digits, or the Intersil ICM7218, which 
can control up to eight 7-segment digits. 


The MC14489 controller receives data serially, 
using SPI protocol, and handles the details of ad- 
dressing the LEDs, Because it contains latches to 
sustain the displayed data, amicrocontrolleronly 
needs to communicate with the driver when the 
displayed information needs to be updated. 


The ICM7218 is a more sophisticated chip, avail- 
able in several variants, one of which can receive 
data on an 8-bit bus and run the seven-segment 
displays in hexadecimal mode. 


Sixteen-Segment Driver Chip 

The MAX6954 by Maxim can drive up to eight 16- 
segment alphanumeric LED displays using a 
scheme known as Charlieplexing, named after a 
Maxim employee named Charlie Allen who came 
up with the concept asa way of reducing the pin 
count required for multiplexing. Other Ma 
controllers use this same protocol, whichis trans- 
parent to the user. 


Amicrocontroller sends data serially via l2C pro- 
tocol to the MAX6954, which contains a variety 
of features. It can drive 14-segment and 7- 
segment displaysas wellas 16-segment displays, 
and contains a 104-character alphabet for each 
of them, Setting up a microcontroller to send the 
various necessary command codes to the 
MAX6954 is not a trivial matter, and bearing in 
mind the probably impending end-of-life of 16- 
segment displays, a better option may be to use 
dot-matrix LED display modules that have con- 
troller logic built in. 


Dot-Matrix LED Display Modules 

‘A dot-matrix LED display module requires data 
to define a character set, and a command inter- 
preter to process instructions that will be em- 
bedded ina serial data stream. These capabilities 
are provided either by separate chips or (more 
often) are incorporated into the LED display 
module itself. 
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parasites and cleaning the liver may give you the permanent cure. 
Wearing a wrist bandage or support can help reduce trauma 
damage to the wrist while it is healing. 

Numbness of hands, without wrist pain, is more often due to a 
brain problem with parasites and pollutants. Lead, mercury, fluke 
parasites are the usual culprits. 


Thumb Pain and Hand Pain 


can be due to liver parasites. Get yourself ready for a liver 
cleanse. If the pain goes away beforehand, while you are on the 
kidney cleanse, it shows you had deposits in your joints. You 
were headed for arthritis in your hands. Read the information on 
arthritis (page 78) to protect yourself. 


Finger Pain 


This is pain in a joint, often accompanied by some enlarge- 
ment or knobbyness of the joint. It is not hard to recognize thes 
as deposits of the same kind as we saw in the toes. You can test 
yourself to identify the variety. Uric acid and phosphates are the 
commonest types. Read the section on toe pain (page 55) for 
detailed instructions. You can greatly reduce your finger joint 
deposits and the size of the knobs. In six weeks after starting the 
kidney cleanse and changing your diet, the knobs may already be 
shrinking. A large magnet (5000 gauss—used only as directed) 
may bring pain relief but only dental cleanup and environmental 
cleanup will give you lasting improvement. 
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Back Of Neck Pain 


The back sides of the neck seem to be highways that run 
between the teeth and liver. Both contribute to pain at the back of 
the neck. Pulling an infected tooth or cleaning a cavitation can 
bring complete relief, only to return the next time a tooth is 
extracted. Extractions should be followed by cleaning out the 
cavity created so an infection can't start here. Cleaning the liver 
can also bring immediate relief, only to find pain and stiffness to 
return months later. You must cleanse many times for permanent 
relief. 

An allergic reaction to potatoes and tomatoes can express it- 
self in neck pain too. When the liver can no longer detoxify the 
chemicals (solanine, etc.) in this food family they are free to 
roam the body with the circulation. Perhaps they prefer to attach 
themselves at a particular neck site and cause inflammation here. 
Perhaps an injury was already there, beforehand. Whiplash is 
often blamed for back-neck pain and indeed chiropractic ad- 
justments can bring total relief. Perhaps the trauma of whiplash 
first invited all of these contributors. Merely killing bacteria with 
a zapper is not long lasting. But dental cleanup plus liver 
cleansing is. 


Front Neck Pain 


Lymph nodes under the jaw strain your body fluids of the 
head, removing bacteria and toxins. They are sometimes called 
“neck glands.” If the stream of bacteria is endless such as when 
they are coming from a hidden tooth infection, the lymph nodes 
will enlarge to do a better job. They will also try to remove toxic 
metals, mouthwash, and toothpaste for you. 
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To see what is affecting 
your lymph nodes, purchase a yg 
slide of lymph nodes. Since 

we have lymph nodes in many 
locations in the body, you 
can't single out the neck ° 
nodes for study. So you will % 
get to see all the toxins af- oe 
fecting lymph nodes every- 
where: PCBs in your 
underwear being removed by 
groin lymph nodes, lead in - 

your intestinal lymph nodes Fig. 26 Lymph node neck glands 
from the water you are 

drinking, mercury in your neck lymph nodes from amalgam 
fillings. Eliminate all these, Don't rest as long as any of your 
glands are enlarged. 


uw 


Roland Sanford, 23, had minor pain and a lot of stiffness along the 
sides of his neck. His arms had some numbness. He only had one 
metal tooth filing but his whole body was toxic with samarium, be- 
ryllium, indium, copper, cesium, and mercury. When it was re- 
placed, his neck pain and numbness got better. 

‘Audrey Doyle had severe neck pains she attributed to sitting all day 
and sleeping in her wheelchair. She had to take pain killers to get 
to sleep at night because they were so bad. She knew eating 
cream and butter made it worse but she had no will power, she 
said. After a liver cleanse, getting “thousands” of tiny stones, she 
was free of it. for one day! But it was enough to convince her and 
she was determined to be off pain killers. 


Temporal Mandibular Joint (TMJ) 
Problems 


Pain at the angle of your jaw is not due to a poorly fitting 
joint. It fits perfectly but the muscles nearby are pulling it out of 
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joint with their frequent spasms. There is always a hidden tooth 
infection present. Ask the dentist to search for hidden tooth in- 
fections and to clean your cavitations (you will need to find an 
alternative dentist, and read Dental Cleanup, page 409). Begin 
immediately to heal these bone lesions with vitamin D (40,000 to 
50,000 units once a day for 3 weeks, followed by 2 such doses 
per week forever), milk-consumption for calcium, and a 
magnesium oxide tablet. (See bone healing, page 87). 

Kill pinworms with a zapper or frequency generator in your- 
self and family members twice a week and keep everyone's fin- 
gemails short for extra hygiene in the family for a month to 
prevent reinfection. Pinworms can cause tooth grinding and 
contribute to TMS dysfunction. For extra muscle relaxation, take 
two magnesium tablets at bedtime and valerian capsules. 


Tooth Ache 


Before the pain becomes acute and excruciating, kill bacteria 
of the mouth, including “tooth decay” and “tooth plaque” 
frequencies (see frequency list, page 561). Make your dental 
appointment immediately. If zapping bacteria several times in a 
few hours relieves pain enough to get you through the night or 
past the weekend, do not delay a single day. Zapping does not 
reach into the middle of an abscess—it circles around, so some 
bacteria are left to repopulate. 

Try to understand the problem. If there are teeth with root 
canals near the location of pain, extract them. The toxic materials 
of the root canal jeopardize your total body health, Removing 
them always helps and may let the jaw heal normally where they 
were extracted. Since the pain is caused by a bulging infection 
pressing on a jaw nerve, and because each tooth has a related 
organ(s) it is especially important to clear up all infections to 
protect these organs. 
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These relationships are not understood yet. Finding that teeth 
have the same tissue frequency as some distant organ sheds a 
little light on the situation. Until the meaning and function of these 
frequencies is understood we can only guess that they interact 
somehow. Bacteria have taken advantage of this common 
resonance and have invaded both organs. 

Heart infection by Staphylococcus aureus is an example. It is, 
a common heart bacterium, causing much of our heart ailments, 
particularly mitral valve disease and irregularity problems. They 
always derive from teeth, whether present or missing! After 
wisdom teeth are extracted, the hole left in the jaw frequently 
does not heal, it picks up Staphylococcus aureus from the mouth 
and a chronic infection is started. For this reason it seems ill 
advised to pull wisdom teeth if it isn't necessary. 

Another heart bacterium, Nocardia, can originate in the teeth. 
Nocardia can also invade the brain and nerves. Persons with 
Parkinson's disease always harbor quite a population of 
Nocardia. Zap all these bacteria before and after your dental 
visits. Remember that killing bacteria in itself is not a panacea. 
Pain and body damage will return unless you do the proper re- 
pair and cleanup work. 


Throat Pain 


Recurring sore throats are always improved by removing 
dental metal and root canals, and by cleaning up hidden tooth 
infections. This is essential for a permanent solution. Bacteria 
and viruses that cause sore throats are thriving in hiding places 
under and around dental metal. It is quite difficult to reach the 
center of such places (abscesses) with electric currents. Even if 
you could, you would reinfect the very next time you ate non- 
sterile food! Zapping is not a substitute for cleaning up your 
dentalware. 


159 


THE CURE FOR ALL DISEASES 


Keep your neck warmer than would be perfectly comfortable, 
gargle with hot water to bring in extra circulation, Use zine 
tablets (60 mg. see Sources) twice a day; suck on them before 
swallowing. After cleaning up dentalware you may never have 
another sore throat! 

Children with recurrent sore throats usually do not have a 
dental problem. They invariably have an air pollution problem. 
Asbestos, formaldehyde, fiberglass, Freon and arsenic are the 
chief culprits. Clean these out of the house. Eating moldy food is 
especially conducive to respiratory illness. The immunity drop 
can last for weeks! Go off the moldy suspects to raise your 
family's resistance. 


Eye Pain 


is caused by parasites. 
The eye is a favorite 
location for many para- 
sites, including Giardia, 
amoebas, —_ hookworm, 
schistosomes, 
Toxoplasma, and innu- 
merable others. The eye 
has two large bodies of 
watery fluid: the aqueous 
humor and vitreous 
humor, where no blood ight travels through the comea, through 
traverses to bring in extra the aqueous liquid, the lens, and then the 
white blood cells when vast vitreous humor, finally stiking the 
the need arises. It has its Super sensitive spot on the retina, called 
own protective devices, the macula. 
like tears, but some Fig. 27 Bye. 
parasites, like 
Toxoplasma, have overcome _—all__—the_~—_—~body's 
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defenses and regularly invade the eye if they get into the body 
somewhere. 

We get Toxoplasma from cats; the infectious stage is in cat 
feces. 

Toxoplasma infection could be the beginning of a lifetime of 
eye disease due to weakening of the eyes at an early age. 
Toxoplasma also invades the brain, frequently causing a dull 
ache or pressure at the back of the head. Trichinella is another 
common eye parasite, invading the eye muscles, so that a muscle 
is weakened and doesn't allow perfect alignment of the two eyes. 
Dogs and cats are the source of these. 


There should never be a cat box in the house. 
Never let a child near a cat box. 


By killing all the large parasites plus a few bacteria 
(Staphylococci, Chlamydias, Neisserias) the eye can become 
pain free in a few days. If pain returns, you missed something or 
reinfected yourself. Everyone in the family including pets needs 
to be treated for all the parasites. No indoor pets should be kept 
by a person of low immunity, since infecting yourself daily and 
then killing parasites daily is not a solution, 

Herpes of the eye is not a single actor. The true host of this 
virus is a larger parasite, possibly a tapeworm stage. Tapeworm 
stages should be killed with an herbal preparation, Rascal, or 
with a zapper. (Not with a frequency generator. Only a zapper 
can kill all the segments and eggs at once, leaving nothing alive 
to wander about and find a new tissue to invade.) 

Mary Rauch, age 60, filled a page with different pains and problems. 
Even her eyes had a dull ache around and behind them, some- 
times reaching to the back of the head. Her teeth hurt when she 
ate and she had been getting Bis shots once a week for 36 years 
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for pernicious anemia. She was full of Ascaris, amoebas and pin- 
worms which kept her legs twitching and jerking in bed at night, 
even waking her up. She was so much better after the kidney 
cleanse and parasite program she was eager to cleanse her liver. 
Before two months had passed her eye pain was gone. 


Jessie Healy, middle aged and in good health otherwise, had carried 
the anxiety of having inherited retinitis pigmentosa for forty years. 
Now her drivers’ license was in jeopardy due to fast progression of 
her disease. Numerous heavy metals had accumulated in her 
retina, including cerium from dental floss, arsenic from pesticide, 
tin from health food brand deodorant, PCB from skin salve, cobalt 
from dish detergent and indium from tooth metal. She had eight 
parasites in the retina including Toxoplasma from association with 
cats years ago. Removal of dental metal alone arrested the disease 
process. Two years later she was slightly improved and still driving 
her car. 


Macular Degeneration 


Dolores Bollapragada, 50ish, had suffered from clinical ergot poison- 
ing in the past which put her in a coma for several weeks. Ergot is 
a grain (especially rye) fungus, very toxic to the liver. Its byprod- 
ucts are used in migraine medicine. She had overdosed, some- 
how. Perhaps her liver never recovered. It no longer detoxified 
solvents for her, allowing them to accumulate in her retina. There 
she had propyl alcohol, benzene, carbon tetrachloride acetone, 
butyl nitrite, styrene, gasoline, wood alcohol, paradichlorobenzene 
(moth balls), pentane, methylene chloride and decane. She 
stopped snacking on cold cereal through the day. She had many 
habits and products to change. But she was determined to salvage 
her sight. She did. 


Headache and Migraines 


Headaches can take the joy out of living. They can lower 
your motivation level so low that you don't even want to do 
anything about them! People with daily headache deserve our 
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deepest sympathy since they must carry on with life's daily duties 
in spite of it. Often, no medicine helps. Although there are 
common headaches, sinus headaches, migraines, and others, the 
causes of all overlap a great deal. 


Tooth infection, urinary tract infection, bowel problems, and 
a wormlet, Strongyloides are the common causes. 


There are also allergic connections which include milk, eggs, 
citrus and salty foods. But the allergy-approach is difficult to put 
into practice. It is almost impossible to stay off these foods for 
long time periods. Eliminating bacteria and Strongyloides leads 
to a permanent solution. 

Possibly the parasite wormlet comes first, since even young 
children can suffer with migraines. Strongyloides is a micro- 
scopically small threadworm that horses are plagued with, but 
humans and our pets pick it up easily. Every migraine sufferer 
(100%) has high levels of this tiny worm, Perhaps it is really the 
special bacteria it brings with it that cause the blood vessels to 
seep or to spasm in the brain, causing pain, Zap it immediately. 

Bacteria hidden under a tooth filling or root canal or in a 
space where once a tooth was pulled can be the cause. Staphylo- 
coccus aureus is a favorite, but various Clostridia, Streps and 
others are often seen, too, You don't feel pain from this small 
abscess because the pressure isn't building up inside it. It has 
found a way into your body-namely, your brain!-so no pressure 
builds up to alert you. Find an alternative dentist with experience 
cleaning cavitations and finding small hidden abscesses. If you 
get immediate relief from dental work, only to lose ground again 
later, the abscess may have formed again (they are notorious for 
forming again). Go back to the dentist. Inrigate the dental wound 
site with white iodine (potassium iodide, 12 drops) or Lugol’s (6 
drops) to 4 cup water using a curved-tip syringe. 
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Do not use iodine if you know you are allergic to it. 

The colon is always a thriving mass of bacteria. It should be 
emptied at least twice a day to keep their levels down. Use the 
simple herb, Cascara sagrada, senna tea, or magnesium oxide 
tablets (2 to 3 a day) to help you eliminate frequently if your own 
regularity is lacking. 

Gallstones in the liver and a congested liver are sources of 
bacteria, too. Do several liver cleanses and note the effect. 

Is it the toxins made by bacteria or the inflammation from the 
bacteria or wormlets themselves that produces the headache? 
Certainly, one can eat the toxins by themselves in foods like 
yogurt, cheese, wine, sour cream and develop “royal” headaches. 
Stay away from these tyramine containing foods. Boil all your 
dairy foods to prevent Salmonellas and Shigellas from 
swimming into your beleaguered brain. Don't eat dairy foods that 
can't be boiled for ten seconds. 

Begin by Killing all Strongyloides and other parasites, bacte- 
ria and viruses with a zapper. Hopefully, this will only leave a 
few stragglers behind in abscesses, gallstones and the colon 
contents. If the colon bacterium, E. coli, is your headache cause, 
start the Bowel Program. Search for the source of your E. coli in 
food or polluted water. Stop reusing water bottles. Most people 
get their Strongyloides back in a few days from pets, other fam- 
ily members, and themselves! Zap every day for three weeks. Try 
to “clean up” family members and pets. Never let a horse or pet 
salivate on you. Never put your fingers in your mouth, Always 
sanitize your hands with grain alcohol after using the bathroom. 

To summarize the steps to cure migraine headaches: 


1. Kill Strongyloides and bacteria by zapping. 
2. Do the herbal kidney cleanse. 

3. Clean up dentalware, 

4, Do the Bowel Program. 
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The SSD1306 is a monochrome graphical con- 
troller capable of I2C or SPI serial communica- 
tion, or parallel communication. When this ca- 
ability is built into a display module, only one 
of these types of communication may be activa- 
ted. 


The SSD1331 is a color graphical controller with 
similar communication capabilities. 


The WS0010 is a monochrome controller, com- 
patible with HD44780, which is designed to con- 
trol LCDs. 


Typical controller functions are summarized in 
“Alphanumeric Display Module" on page 168. 
Because there is no standardization in this field, 
precise details must be found in manufacturers’ 
datasheets. 


Pixel Arrays 
The connections inside an &x8 pixel array are 
shownin Figure 24-14, where the schematicsym- 
bols for LEDs have been replaced by gray circles 
for space reasons. To illuminate one LED, power 
is supplied tothe intersection where it resides. In 
the figure, each vertical conductor (identified as 
1, A2...A8) can power the anodes of a column 
of eight LEDs, while each horizontal conductor 
(identified as C1, C2 ...C8) can ground the cath- 
odes of a row of eight LEDs. If only one vertical 
conductor is connected with positive power 
while one horizontal conductor is grounded, on- 
lyone LED will light up, at the intersection of the 
active conductors. 


A problem occurs if we wish to illuminate two 
LEDs. Suppose they are located at (A3,C2) and 
(A6,C5). Unfortunately, providing power to them 
will also result in activating LEDs at (A3,C5) and 
(A6,C2), as shown in Figure 24-15, where the yel- 
lowcirclesrepresent LEDs that have been switch- 
edon. 


The answer to this problem is to rasterize the 
process. In other words, data is supplied on the 
array one lineata time, asin the process by which 
a TV picture is generated. If this is done quickly 
enough, persistence of vision will create the 


or display > multi-source or panel > LED display 


illusion that the LEDs are illuminated 


simultaneously. 


Figure 2414, internal connections in the 8x8 matrix 
Each gray cirele represents an LED. 


rorererere 
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Figure 24:5. An attempt to illuminate LEDs at (A3,C2) 
and (AG.CS) will also activate the LEDs at (A3C5) and 
(C2). 


A form of multiplexing is used to achieve this. 
Onerow of LEDsis connected tonegative ground 
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5. Boil all dairy foods. 
6. Do liver cleanses. 


This has never failed to substantially reduce migraine inten- 
sity and frequency. 

Headaches are also caused by toxins in your environment; 
especially things you breathe in. Household gas is the most 
common offender. You don't smell it after you get used to it! Gas 
pipes are notoriously leaky. Conducting gases through pipes with 
joints in them, where gases could escape, must be the most 
ludicrous of all modern “conveniences”. Would you try to 
conduct water through pipes with holes in them? You would soon 
see the water on your kitchen or bathroom floor. But gas doesn’t 
land on the floor, it doesn't make a puddle, so you, the consumer, 
are left helplessly believing you don't have leaks. Every gas pipe 
that has a seam should have a clear plastic boot around it 
containing indicator compound to let it be known when gas is 
escaping. Other methods could be invented to make the gas utility 
safe. As you will see from the case histories, very many persons 
are living in a cloud of poisonous gas. 

The telltale element is vanadium, When your vanadium test 
is positive, you have a gas leak that your body found, even though 
the gas company may not, Many gas companies use outmoded 
equipment to search for it. Four out of five gas companies miss 
the gas leak, Health Departments and building contractors use 
modem equipment that detects even the tiniest leak; call them. 

If you are a headache sufferer, fixing the pipes is not good 
enough. Switch from fossil fuels to electric. There will be many 
dividends. (Remember not to use candles as part of your life- 
style, nor to be a smoker.) Your air needs to be clean: clean of 
perfumes and colognes, clean of potpourri and air fresheners, 
clean of air sprays, pesticides, formaldehyde, freon, carpet and 
car odor, fireplace lighter, and of wood smoke. 
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Janette Donovan, age 52, had migraines every day but could not tol- 
erate any medication for it. She walked about ‘like a zombie” most 
of the time. She frequently had vomiting with them. She was gassy, 
had pain in her right groin for many years and chronic bladder 
leakage. Our kidney stone test showed urate crystals. Her 
urinalysis also showed urate crystals and a slight amount of blood, 
obviously chronic urinary tract infection. The parasite test showed 
Strongyloides, Trichuris and Fasciolopsis buskii in the intestines. 
Her heavy metal test showed beryllium. This was tracked down to 
hurricane lamps that once held coal-oil in them— it filed her house 
air unbeknownst to her. Thirty five days later she had done an 
herbal parasite killing program, done the kidney cleanse, cleared 
out the hurricane lamps and all fuel containers. Her headaches 
were "more like pressure” now than pain. She still had 
Strongyloides. Four months later she had some headaches stil but 
not migraines. They were down to once a week. Three months 
after that she had done a liver cleanse and gotten abut 3,000 
stones out! She was stil getting some headaches. She tested 
positive to Histoplasma and Coxsackie virus #4 (a common brain 
virus) probably stemming from dentalware. She had many root 
canals and couldn't decide what to do. Keep her teeth and risk 
return of migraines; or get partial dentures. After eight months of 
indecisiveness she was back up to ten headaches per month, 
although not migraines. 


Patsy Olsen, age 30, had migraines daily, frequently with vomiting. 
She had Strongyloides as well as Ascaris, and other bowel para- 
sites as did her husband and two children. She couldn't tolerate 
any medication and had to give herself an enema daily for consti- 
pation. The whole family was put on parasite killing herbs. A gas 
leak was found and fixed and the baby's diapers were changed to 
non fragrant. Ten months later, the whole farnily still had Strongy- 
loides. By one year she was experiencing a couple of good days 
‘month although she stil had Ascaris, Coxsackie viruses, and 
various tooth-related bacteria. Her two and a half year old had 
swollen neck glands, was toxic with bismuth from disposable 
diapers but did not have Strongyloides. The eight year old was 
also toxic with the lotions and fragrance of baby-stuff in the home; 
she was constantly congested and coughing but became free of 
Strongyloides in six months. After another ten months (the baby 
had been 
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potty-trained meanwhile) the mother began to have headache-free 
days. 


Donald Schaible, age 14, had migraines, learning disabilities and se- 
vere acne. The parasite test showed Strongyloides, hookworm 
and Ascaris. In spite of being on the parasite program two weeks 
and zapping, he still had Strongyloides. 


Kenneth Jones had migraines for thirty five years and had tried all the 
new medications. They worked for a while, then stopped helping, 
but he continued taking them anyway. He usually went to the 
‘emergency room for the really bad ones, once a week but lived 
with the constant daily variety. There were two house dogs. They 
and the whole family had Strongyloides. After cleaning up an as- 
estos problem, killing parasites for five months and clearing kid- 
neys of urate stones, he was down to two to three mere headaches 
‘a week. Two months later, he was getting migraines again; they all 
had Strongyloides again. With renewed efforts, one month later 
his bad headaches were down to one a month, although his low 
level chronic headache persisted: they had the dogs on a strict 
schedule of parasite kiling herbs as well as themselves. He had not 
been to the emergency room for a month. 


Angelina Gander, age 46, had daily headaches, not migraines. She 
also had persistent urinary tract infection and sinus infection. She 
was put on the herbal parasite program and four weeks later was 
much better. She also lost her chest pain due to heartworm and 
regained her milk tolerance. 


Gracie Arlington had a boy age 6 who wet the bed, a girl age 8 with a 
behavior problem at school. She was stressed by an unfaithful 
spouse and thought she should go back to school for a Nursing 
degree so she could support the family. But she was getting two or 
three migraines a week in addition to colitis attacks which she 
feared would make her unable to study. The two cats, a dog, the 
children and herself all had Strongyloides, Ascaris, and a variety 
of other intestinal parasites. The humans were promptly zapped for 
parasites and the boy was dry that night for the first time in his life. 
‘A few nights later he was wet again. This time the animals were 
zapped and put on the pet parasite program and the children’s 
toileting was carefully supervised. When she dropped her extreme 
vigilance over all, they all relapsed. After a year of trying, they 
gave away their beloved dog, put the cat box in the porch 
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and the mother did the cleaning herself but nothing prevented re- 
lapses. A half year later, her six year old son asked if he could 
launder his own sheets and blankets. This request broke her heart 
and she planned to give away one cat. Even with only one cat, the 
gir’s behavior and grades fluctuated extremely, the mother had a 
migraine a week and the boy wet. During a vacation the mother 
loaned the last cat, (her cat) to which she was very endeared, to a 
friend, to see if it made a difference. The boy never wet again, the 
girl made straight A's, and the mother’s headaches became sinus 
headaches. Some intensive dental work cleared these up. She 
brought her Nursing diploma to our office two years after begin- 
ning. She should have had another diploma for Intelligent Par- 
enting. 


Earache 


Earache is particularly common in children. Bacteria, mainly 
Streptococcus pneumoniae, have built up to a high level. Zap 
them. They were probably introduced by some larger parasite. 
But why did they multiply and thrive in your child's ear? There 
must have been food for them and protection from the immune 
system, Probably the Eustachian tubes are full of mucous, 
providing habitat. The mucous is present because some air toxin 
is irritating the sensitive linings. Clean up the air: not just 
asbestos, fiberglass, formaldehyde, freon, and arsenic, but per- 
fumes, fragrant school supplies, potpourri. 

Being housebound, as in winter, makes the air-toxin problem 
worse. Use summer time to strengthen your child for the winter— 
spend summer outdoors. Always wash hands a lot. Stay away 
from moldy food. Give small doses of niacin (25 mg., niacin 
thins mucous so it can run away) along with vitamin C (250 mg.) 
at bedtime. 

Putting in “tubes” is a short term solution that is better than 
perpetually staying on antibiotics, but neither should be neces- 
sary. 
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To hasten healing, as soon as earache is suspected put room 
temperature olive oil in both ears, tug the earlobe to let bubbles 
out, and stopper them with cotton wool salvaged from vitamin 
bottles (other types are polluted with mercury). Put on a light bat 
that covers the ears. 

When adults get earache, the Streps are hiding under tooth 
fillings and in gallstones. Clean up these two sources and zap. 

Drinking non sterile milk adds Salmonellas and Shigellas to 
the Strep ear infection! Small wonder milk is thought to make 
people mucousy. The ears must now battle them, too. Even a few 
bacteria consumed in milk can start a whole colony if bowel 
bacteria have been disturbed by antibiotics. If your child has 
become “allergic” to milk or gets mucousy, remove cheese and 
ice cream-not milk-from the diet. Even cheese can be eaten if 
baked as in pizza or casseroles. Milk must be boiled. Try to 
reduce the child's Salmonella sensitivity by avoiding unneces- 
sary antibiotics. Keep immunity high by avoiding moldy food! 


Ear Noises And Ringing 


This is also called tinnitus. A hissing or buzzing sound is 
heard in one or both ears. It can be continuous or pulsing off and 
on. It can be as loud as roaring. 

Tinnitus is caused by three things acting in partnership: toxic 
elements, an allergy to salicylates (the aspirin family) and a 
bacterium Streptococcus pneumoniae (the pneumonia bug). This 
“bug” can be carried in the chronic state after a bout of 
pneumonia or what seems to be a head-cold. It is always present 
in earache. It is easily activated by exposure to cold wind or 
drafts and certain toxic substances. For this reason I recommend 
keeping the ears warm in winter by keeping them covered or 
wearing a cotton plug or ear-muffs. The Strep bug can also cause 
Meniere's syndrome, congestion, loss of balance and 
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chronic sinus problems. Often an antibiotic of the penicillin 
family helps immediately, then loses its effectiveness. This 
shows you that bacteria are involved but cannot be truly van- 
quished with antibiotics. 

Streptococcus pneumoniae often hides in pockets under in- 
fected teeth and in holes left where teeth have been pulled— 
especially wisdom teeth, These can be found by alternative 
dentists who clean these cavitations. Strep also resides in the 
liver; clean them out with liver flushes. 

Certain foods and many medicines, especially cough medi- 
cine and lozenges contain salicylate. 

To cure the tinnitus we must stop using aspirin or any high 
level source of salicylates. We must also stop the exposure to 
certain toxic elements—lead, beryllium, zirconium, benzalk- 
onium, They are present in the air at gas stations and in many of 
our body lotions, soaps and salves. Switch to safe varieties. 
Niacin tablets, such as 100 mg, taken three times daily is another 
treatment, intended to increase the blood supply to the inner ear. 
Taking a thyroid tablet, by prescription, often helps too. 

These methods never fail to improve tinnitus but a complete 
cure is seldom possible. 


William Thall, 47, had a headache daily and was on pain medicine for 
it daily. He had tinnitus, a loud humming noise in the right ear. He 
had Shigella (producing nerve toxins) and Borellia (Lyme disease 
virus). He had Gaffkya, a respiratory bacterium under two wisdom 
teeth (right side). He also had Campylobacter and Anaplasma 
growing on him somewhere. He had Strongyloides too. He was 
toxic with vanadium (gas leak) and asbestos. After ten weeks he 
had two cavitations on the right side of his jaw cleaned, he had 
been on the parasite program and his tinnitus was gone, (he still 
had occasional headaches indicating he still had some Strongy- 
loides). 


Billie Scott, 26, had a history of ear problems, and lots of headaches. 
‘She was started on the kidney cleanse. Then she added the 
parasite program including their two dogs. She had a cyst in her 
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left buttock, due to PCBs traced to the well water. She stopped 
using this well and switched off detergents for laundry and dishes. 
She switched off soda pop, onto milk. In 372 months her tinnitus 
was gone and the cyst was shrinking, 


Larry Pelegrini, 59, had tinnitus in both ears but was otherwise a 
strong, tall, intelligent person, who cared for sick people, whether 
family or not. As soon as he saw how simple it was to kill invaders 
with a frequency generator, he bought one. Preventing their recur- 
rence was his big challenge since he had neither the means nor 
insurance to do dental work. He was toxic with aluminum, copper 
and PCBs. After switching to borax for all washing purposes, he 
got rid of aluminum and could feel his memory improve. The kid- 
ney herbs cleared him of uric acid and oxalate and he felt more 
supple. He had to go off his favorite beverage to get rid of pentane 
and methyl ethyl ketone. Twice a week he Killed two dozen’ 
parasites and bacteria, that just seemed to pop up from nowhere, 
in order to feel better and reduce his tinnitus. But he lived alone, 
had to cook, garden, take care of animals and his sick friends 
which gave him a lot of parasite exposure. Sometimes he would be 
toxic with arsenic (a new pesticide he tried out) or vanadium (gas 
leak) but mainly it was tooth filing metal. If only this wonderful man 
could afford his dental work: what a blessing to society he could be 
for a long time to come. 


Scalp Pain 


Infection anywhere in the head can cause sensitive scalp and 
scalp pain, Even a common cold can cause bouts of scalp pain. 
Clean up your dentalware and environment. 

Lumps on the scalp are often called sebaceous cysts, actu- 
ally this is where your body has sequestered PCBs 
(polychlorinated biphenyls, extremely hazardous, now banned in 
the U.S., but often a pollutant in detergents.) Get rid of them by 
switching off detergents for all purposes. See Recipes for 
dishwasher liquid, dishwasher detergent, and laundry detergent 
replacements. 
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Non-Painful Diseases 


Explanations for many of these “mysterious” diseases be- 
come rather obvious when you see a common parasite, or 
pollutant, or both consistently show up in case after case. 


Diabetes 


All diabetics have a common fluke parasite, Eurytrema pan- 
creaticum, the pancreatic fluke of cattle, in their own pancreas. It 
seems likely that we get it from cattle, repeatedly, by eating their 
meat or dairy products in a raw state. It is not hard to kill with a 
zapper but because of its infective stages in our food supply we 
can immediately be reinfected. 

Eurytrema will not settle and multiply in our pancreas with- 
out the presence of wood alcohol (methanol). Methanol pollution 
pervades our food supply—it is found in processed food 
including bottled water, artificial sweetener, soda pop, baby 
formula and powdered drinks of all kinds including health food 
varieties. I presume wood alcohol is used to wash equipment 
used in manufacturing. If your child has diabetes, use nothing 
out of a can, package or bottle except regular milk, and no 
processed foods. 


By killing this parasite and removing wood alcohol from the 
diet, the need for insulin can be cut in half in three weeks (or 
sooner!) 


Be vigilant with your blood sugar checks. The pancreas with 
its tiny islets that produce insulin recovers very quickly. Even if 
90% of them were destroyed, requiring daily insulin shots, half 
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of them can recover or regenerate so insulin is no longer neces- 
sary. The insulin shot itself may be polluted with wood alcohol 
(this is an especially cruel irony—the treatment itself is wors- 
ening the condition). Test it yourself, using the wood alcohol in 
automotive fluids (windshield washer) or from a paint store, as a 
test substance. Try different brands of insulin until you find one 
that is free of methanol. 

Artificial sweeteners are polluted with wood alcohol! In- 
stead of helping you cope with diabetes, they are actually pro- 
‘moting it! Do not use them, 

Drugs that stimulate your pancreas to make more insulin may 
also carry solvent pollution; test them for wood alcohol and 
switch brands and bottles until you find a pure one. You may not 
need them much longer, so the extra expense now may soon 
reward you. 

Many persons can detoxify the amount of wood alcohol that 
pollutes our foods. They do not have a food mold, Kojie acid, 
built up in their bodies as diabetics do. I have found Kojic acid 
in coffee, and potatoes with gray areas inside. Do not eat dis- 
colored potatoes or peels, even if cooked or baked. Being able to 
detoxify a poisonous substance like wood aleohol should not 
give us the justification for consuming it. All poisons are bad for 
us. Do not consume them. 

All diabetic persons also carry a virus, HA virus in the pan- 
creas. This virus grows in the skin as a wart but is spread quite 
widely in the body such as in the spleen or liver besides pan- 
creas. It is not necessary to kill this virus since it disappears 
when the pancreatic fluke is gone. The HA virus undoubtedly 
belongs to the pancreatic fluke. The question can be asked: Does 
the fluke or its virus cause diabetes? There might even be a 
bacterium, so far missed in our observations, that is the real 
perpetrator. 
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for a brief interval. During this interval, the ano: 
des of selected LEDs are powered momentarily. 
Then the next row is grounded, and selected 
LEDs along that row are powered momentarily. 
This process is repeated for all eight rows before 
being repeated, 


If several 8x8 matrices are assembled edge to 
edge, their horizontal conductors can be com 
mon ta all of them, A horizontally scrollable dis 
play (sometimes referred to by the archaic term, 
electric newspaper) would then be possible, al 
though the circuit design would be nontrivial. 


Multiple Bar Display Driver 

The LM3914 is a river for a bar display that com 
pares an analog input with a reference voltage 
and provides power to the segments of a multi 
ple bar display, ranging from 2mA to 30mA, ad. 
justable to match the specification of the display 
that is being used. The chip can generate either 
a "thermometer" effect, as more outputs are ac 
tivated when the analog input increases, or a 
"moving dot” effect, in which only one output is 
on ata time. 


One-Di; 
While multi-character dot-matrix LED display 
modules are a versatile way to display prompts 
and numbers, a simpler component is some 
times sufficient. The Texas Instruments TIL311 is 
a minimal dot-matrix LED display that receives a 
binary value from 0000 through 1111 on its four 
input pins and generates the output in hexadec- 
imal form, using numerals 0 through 9andletters 
A through F. The sixteen possible outputs in the 
dot-matrix display are shown in Figure 24-16. Al 
though this component is no longer being man: 
ufactured, it is widely available from many sour- 
ces, especially in Asia. It eliminates the series re 
sistors and controller chip that are customary for 
a seven-segment display, and has a better 
looking output. 


Figure 24-16. Sixteen possible outputs that can be 
played by the Texas Instruments TIL31J to show a hexa 


A sample of the TIL311 Is shown in Figure 24-17 
displaying the number 2. 


If two or more of these chips are put together, 
they can be multiplexed to display multi-digit 
decimal or hexadecimal integers. 


The chip features two decimal points, one to the 
left of the displayed numeral, and one to the 
right. If they are activated, they require their own 
series resistors to limit the current. 


Encyclopedia of Electronic Components Volume 2 


NON-PAINFUL DISEASES 


While recovering from diabetes, it is very important to check 
your blood sugar every day. Improvement is so rapid, you may 
suddenly be over-insulinized by your next shot. Cut down your 
dose to suit your actual need. 


There are additional aspects to diabetes that have been 
studied by alternative physicians. For instance, allergy to wheat 
and other grains containing gluten is common, Perhaps the pan- 
creas and its islets would heal much faster if grains were out of 
the diet for a while. Perhaps the 50% improvement that is con- 
sistently possible just by killing parasites and stopping wood 
alcohol consumption could be improved further by a month of 
grain-free diet. Eating fenugreek seeds has been reported to 
greatly benefit (actually cure) diabetes cases. Are they a specific 
fluke killer, virus killer, or neither? It seems like a good idea to 
add this to your diet if you are a diabetic. Wood alcohol also 
accumulates in the eyes, and there is a connection between dia 
betes and eye disease. Bilberry leaves are an herbal treatment 
for both diabetes and weak eyes. Do they help by counteracting 
wood alcohol or detoxifying Kojic acid? Make a tea for yourself, 
using %4 cup leaves to three cups water. Drink Yscup a day. 
Chromium is another must for diabetics (200 meg three times a 
day). It helps insulin enter your cells. 

Gold is attracted to the pancreas. Heavy metals should be 
removed from dentalware including all gold crowns and no metal 
should be wor next to the skin as jewelry, including all gold 
items. 


Blythe Jenkins was on Micronase™ (5 mg) daily for her diabetes but 
she still had a morning blood sugar of 183. She had pancreatic 
flukes and sheep liver flukes in her pancreas, vanadium (a gas 
leak) in her home and cadmium in her water (old pipes). After kill 
ing parasites and cleaning kidneys her moming blood sugar was 
down to 148. She also got rid of her hot flushes, groin and leg 
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pain. This encouraged her so much she did the rest of her body 
cleanup and could go off her medicine completely. 


Robert Greene, age 65, had been on insulin five years already, getting 
two shots a day (25 u each), and even this was not controlling his 
blood sugar which was 288 in the morning. He was raised to 30 
units without much improvement. His legs and feet were too painful 
to walk without a walker to lean on. He had Loa loa in his 
pancreas. (This is another example of a parasite going to the 
“wrong” location, this time the pancreas instead of the heart. | be- 
lieve the solvent makes this possible.) Also mumps virus, HA wart 
virus, mycoplasma, flu virus, chicken pox virus, Adenovirus and 
Shigella, all making their home in his pancreas! This was possible 
because he had wood alcohol accumulated there, from drinking 
various beverages and using artificial sweetener. As soon as he 
stopped this practice and Killed everything with a frequency gen- 
erator his blood sugar fell below 100 in the morning and he had to 
reduce his insulin to 20 units. He was also on chromium 200 meg 
(2 three times a day). Meanwhile, he cleared 2,000 stones out of 
his liver. He could now walk well again and decided to take a part 
time job. The whole process took one year. 


Ralph Dixon, age 72, had been switched to 30 units of insulin, once a 
day, after six years on pills for his diabetes. He still had a fasting 
blood sugar of 242. He had the panereatic fluke and a host of 
bacteria and viruses in his pancreas. He had a poodle. After killing 
the pathogens and cleaning his kidneys, his blood sugar dropped 
so he cut his insulin to 25 units (blood sugar was at 111) Soon he 
had to cut it o 20 units. He was also on chromium 200 meg (2 
three times a day), manganese 50 mg. (one a day), fenugreek 
capsules (2 a day), and bilberry leaves, each supplement by itself. 
He also lost his angina and fatigue with all this body-cleaning. But 
if he went off the maintenance parasite program he would promptly 
get a spike in his blood sugar, showing how easy it was for him to 
reinfect and how new parasites would immediately find his 
pancreas. 


Melissa Bird, 54, had major illnesses including heart disease (2 an- 
gioplasties), numerous other surgeries and diabetes. She took 15- 
18 units of insulin once a day. Besides pancreatic flukes in her 
pancreas, she also had intestinal flukes there(!) plus widespread 
Ascaris. She also had warts and candidiasis. Fortunately there 
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were no pets. Her parasites were instantly eliminated with a fre- 
quency generator and she was started on kidney herbs for her 
other problems. Seven weeks later she stated she had to cut down 
her insulin because her morning blood sugar had dropped to 90. 
Then she eliminated the decafs and artificial sweetener that were 
giving her wood alcohol, started the parasite herbs and did a liver 
cleanse. The day after the liver cleanse her blood sugar went up to 
164 but was completely normal after that (under 100) and she did 
not dare take any more insulin or pills. We advised her to keep 
monitoring her blood sugar and be very, very vigilant and to please 
stop smoking. 


John Angert, 65, was not on any medicine in spite of his diabetes. He 
was too embarrassed to tell us his blood sugar. He had a long list 
of other health problems, too. He was toxic with thulium (vitamin C) 
and palladium (from tooth filings). He had a variety of parasites. 
After doing some dental work and parasite killing his fasting blood 
sugar dropped to a normal 98. But his leg cramps kept returning in 
spite of doing a kidney cleanse. Only after changing his diet to 
include milk did the phosphate crystals stay away and eliminate his 
cramps. 


Comelius Edens, age 33, came for his diabetes, although he also had 
fatigue, digestion problems, and headaches. He had numerous 
other minor symptoms like chest pain over the heart, soreness in 
testicles, etc. His diabetes was only diagnosed one year ago. he 
was on insulin (Humulin™ 20 long acting plus 6 regular units) in the 
morning. He often omitted the evening dose which should be 14 
long plus 6 regular. This brought his fasting blood sugar down to 
166 in the morning. 


He had pancreatic flukes in his testicles besides in his pancreas. 
His aflatoxin level was very high; he was told to stop eating grocery 
store bread, eat bakery bread only. He had silver, nickel and very 
high levels of gold-probably all three coming from his gold crowns— 
he was to have them all replaced with composite. He had fiberglass 
in his pancreas. Wood alcohol was present in large amounts in his 
pancreas as expected. He was to stop drinking all store bought 
beverages, whether frozen, powdered, or ready to drink. He did 
not test positive to benzene, propyl alcohol, Salmonellas, 
Shigellas, or E. coli. But he had Staph aureus growing at high 
levels in his pancreas. The usual source for this is in teeth, 
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's0 he was told to ask his dentist to search for cavitations and clean 
Up hidden tooth infections while replacing the gold crowns. He was 
to find the exposed fiberglass and seal it off. He was to zap 
parasites every other day for 1 month. His supplements were 
vitamin C (1 tsp. with each meal for constipation; then 1 tsp. daily), 
vitamin B-50 complex (2 per day), thioctic acid (2 per day). He 
was to start the Kidney Cleanse recipe for his testicle problem, and 
after 6 weeks do a Liver Cleanse. He was to follow up with us in 3 
weeks, after dental work was completed. He never returned. Four 
months later we received a phone call he was too embarrassed to 
make himself. He needed no insulin and was doing fine. Another 3 
months later he was still doing well, and off insulin. 


Prediabetic 


Alyce Dold, 64, came because she was worried about her blood sugar 
and chest pain. Indeed, a blood test showed her fasting blood 
sugar to be 136, just beginning to show insufficient insulin produc- 
tion by her pancreas. She had pancreatic flukes and wood alcohol 
there. Also mumps virus and HA virus. She had six more solvents 
accumulated due to eating raisin bran and other cold cereals each 
day. She was glad to be forced off this routine: she switched to 2 
eggs every other day with biscuits or bread (not toast) and cooked 
cereal in between. Her chest pain was due to dog heartworm and 
Staphylococcus aureus bacteria that originated at teeth #16, 17, 
1, 32. The worms and Staph were killed with a frequency gen- 
erator. She was referred to a dentist for cavitations and started on 
kidney herbs. Two weeks later, there was stil a litle residual heart 
pain due to Staph; dental work was not yet done. She was given 
chromium (600 meg per day) to help her insulin regulate sugar. 
Her LDH (See tests) was still high from the recent heart stress, no 
doubt. But she had accomplished a lot and planned to get it al 
done. 


Diabetes Of Childhood 


The problem is the same for diabetes of childhood as for 
diabetes of later onset, but much easier to clear up, provided the 
whole family cooperates. 
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Wesley Evanco, age 6, had his onset at age 11 months. Prior to that 
he had chicken pox and his baby shots. He had pancreatic flukes 
and their reproductive stages in his pancreas as well as wood al- 
cohol. He had no other solvents accumulated. The problem was 
clearly due to these two enemies of his small body. Wesley's fa- 
ther did not have pancreatic flukes but his mother had very high 
levels, along with wood alcohol. She had to clear hers up before 
Wesley could recover. She chose not to. She couldn't believe the 
connection. Our most persuasive efforts were not successful. We 
hope Wesley can forgive us all in due time. 


Herpes 


The Herpes family of viruses includes Herpes Simplex Virus 
(HSV) | and 2, Epstein Barre Virus (EBV), shingles or Chicken 
Pox (Varicella zoster), Cytomegalovirus (CMV) and some 
newly discovered ones. 

Herpes simplex virus 1 is the virus that breaks out around or 
inside the mouth. We call it a cold sore because it often follows 
a cold in childhood. As children, we may get HSV 1 once or 
twice each winter. When they come more often the child's im- 
munity is low. Adults who get repeated attacks also have low 
immunity (this is obvious from a blood test where the white 
blood cell count is less than 5,000 per cu mm). 

Herpes simplex virus 2 breaks out in the genital area. It is 
often blamed on promiscuous sex but I believe it has quite dif- 
ferent origins. 

I believe the virus is introduced to our bodies by another 
large parasite. Perhaps it is pinworms, or Ascaris. Perhaps it is a 
tapeworm stage, picked up from dust and dirt. 

Thave some evidence that it is released from dog tapeworm 
stages when these are being killed by your immune system. It is 
probably the same tapeworm stage as releases the Adenovirus 
(cold virus) which would explain why children frequently get 
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“cold sores” during or after a cold. (See Curing The Common 
Cold, page 357.) 

Nevertheless, you would not get sick from these viral re- 
leases unless your immunity was lowered. 

Herpes lives in your nerve centers (ganglia) and it is from 
here that you can be attacked after the initial infection. Evidently 
your immune system can destroy them as quickly as they emerge. 
But a meal of aflatoxin or other moldy food suddenly “gags” 
your white blood cells and lets a viral attack happen. 

The viruses can also be “triggered” which lets them out of 
hibernation (latency) to multiply and travel along the nerve fiber 
to the skin, Triggers are things that put these nerve centers to 
work: sudden cold and heat, trauma from chafing and friction, 
Never drink water with ice cubes in it. Never eat hot soup with a 
‘metal spoon. Don't tweeze hairs. 

Begin your prevention program by raising the immunity of 
your skin; this means removing all toxins from the skin. Use only 
natural lotions, softeners, cleansers on your skin made from 
recipes in this book. Health food brands are not superior. This 
will get rid of nickel, chromate, titanium, zirconium, aluminum, 
and benzalkonium from your skin and probably your whole body! 
Do laundry with borax and washing soda, only, to eliminate 
commercial detergent as a source, 00. 

‘As soon as you feel that warming tingle or sensation of Her- 
pes, Zap or use a frequency generator at 293 and 345 KHz (HSV 
1) or 360 and 355 KHz (for HSV 2). Immediately take a cayenne 
capsule and 8 lysine tablets (500 mg each). The cayenne slows 
down travel of the virus along the nerve. 

Attacks probably occur when the triggers act at the same time 
as an immune drop occurs. Immune drops happen frequently due 
to eating moldy food. Of course, mercury in amalgam tooth 
fillings keeps immunity chronically lowered. Many persons 
report they stopped breaking out with Herpes 1 after 
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replacing their amalgams. Stopping wearing tight synthetic un- 
derpants helps reduce Herpes 2 out breaks. 

When you get an outbreak, mop up a droplet of the blister 
fluid and prepare it as a specimen for yourself. If you search for 
it in your white blood cells when your attack is over, it will not 
be found because it is in hiding inside your nerve cells. Zapping 
does not reach them inside your own cells. Nevertheless, you can 
totally eliminate them by repeated zapping provided you kill 
them at their earliest warning. Evidently, they haven't multiplied 
yet, so gradually their numbers go down. 

Even after you have been Herpes free for a long time, stick to 
your preventive principles. Avoid the trigger foods, peanuts, and 
chocolate, or be ready to zap. Avoid cold wind or direct sunlight 
on your face. Don't eat abrasive or acid foods like popcorn, nuts, 
toast, crackers, candy, citrus. Although you may stop the virus in 
its tracks by zapping, healing the lesion takes time. Keep the skin 
softened with a cornstarch or sodium alginate recipe (see 
Recipes). 

A lysine mush helps too: crush a lysine table with a large 
wooden spoon, add a pinch of vitamin C powder and a pinch of 
zine oxide, Save part of this mixture for later use. Wet a small bit 
of it with a few drops of water to make a paste. Apply to lesions 


Bazezew Hailey, 38, started breaking out in the genital area after a 
period of antibiotic use. She was started on lysine (500 mg, 8 a 
day), cayenne caps (one with each meal). She was to fil her pre~ 
scription for Zovirax™ from her doctor, though. By the time she 
had it filed, the next day, her lesion had stopped enlarging, and 
she could reduce her supplements. Her skin was full of mercury, 
lead, strontium, aluminum. Her white blood cell count was low, 
showing low immunity. Her ratio of segmental to lymphocyte white 
blood cells was low, evidence for a chronic viral condition. Her 
bone marrow contained lead and radon. She stopped using tooth- 
paste (strontium), salt, deodorant, detergents (aluminum). She got 
the metal out of her mouth and eliminated her radon problem by 
‘opening crawl space vents. The lead source was never found, but 
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after she moved to a new house it went away. Herpes 2 stayed 
away. A year later she still hadn't opened the Zovirax™ bottle. 


Fatigue 


Fatigue, whether minor or extreme, is always associated with 
blood sugar disturbances. The more disturbance, the more 
fatigue. We have three organs that do most of the sugar regu- 
lating: our adrenals, the liver, and the islets in the pancreas, In 
severe fatigue, that keeps you partly bedridden, all three organs 
are heavily parasitized. Epstein Barre Virus (EBV) is running 
amok in your body, as a rule, even when clinical culture 
techniques cannot find it. With your frequency generator and 
Syncrometer you can find it emitting at 380 KHz. Killing the 
viruses is not as important as killing the larger parasites and 
getting your organs functioning for you again. The viruses will go 
away by themselves. 

The liver's role in blood sugar regulation is to get it out of 
storage when needed. When sheep liver flukes have taken up 
residence they're spewing their chemicals as well as their own 
bacteria and viruses into your circulation; it is surprising that the 
liver has any sugar in reserve and can function at all. Sheep liver 
flukes are commonly seen in fatigue syndrome cases. 

The adrenals (the outer layer called the cortex) help to 
regulate the blood sugar in a complex way. Some adrenal factors 
influence the thyroid which is another energy-related organ. Both 
adrenals and thyroid have toxic buildups in fatigue cases! Their 
work is hampered. 

The heart of sugar regulation is in your panereas in the tiny 
islands of cells that secrete insulin, called the islets of Langer- 
hans, Here we always find the pancreatic fluke in residence. It 
actually breeds there when wood alcohol accumulates in it. 
Wood alcohol is a common pollutant of food, even in artificial 
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sugar which is often recommended to replace real sugar and 
spare the pancreas. There is wood alcohol in store-bought 
drinking water, fruit juice, powders meant to be stirred into bev- 
erages, even if they are health food varieties. It's probably being 
used to clean tubes and hoses in the manufacturing plant. The 
only beverage you can safely buy (not safe unless you sterilize it, 
though) at a grocery store is milk. Make your own beverages 
using recipes in this book. 


Fig. 28 Bottling equipment should be rinsed with ethyl (grain) 
alcohol, not propyl alcohol or wood alcohol. 


‘Your first step toward curing your fatigue syndrome is to kill 


the pancreatic fluke and all other living invaders of the pancreas, 
liver, adrenals and thyroid. Use a zapper. Drink milk or 
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buttermilk for several days afterward to provide lactic acid for 
the “good” bacteria to feed and recover on. 

Your second step is removing metal from your mouth, par- 
ticularly gold. Gold from teeth and jewelry readily goes to the 
pancreas! Do everything in the Easy Lifestyle Improvements 
chapter. 

‘Your energy can bounce back in a few weeks by attending 
your liver, adrenals and pancreas. Help these organs heal and 
grow strong again. Avoid food molds (read Moldy Food, page 
381). The most powerful assistance to the liver is a cleanse. This 
will eliminate liver viruses such as EBV and Cytomegalovirus 
(CMV). Be patient. Do it on a schedule until you have over 2,000 
stones out. Take vitamin C at least 3 gm/day, to help both liver 
and adrenals. Take B and Bg to help adrenals and kidneys. Take 
glucose tolerance factor, chromium (two 200 meg tablets 
3x/day). See Sources for all of these. Take these supplements for 
three weeks, then cut the dose in half, and take on alternate days 
only, as a hedge against possible pollution in these. 

Although your energy may be normal in three weeks, you are 
at higher risk for fatigue than the average person. Reinfection 
with anything will put the new parasites right back where the old 
ones were. Other bacteria, solvents and toxins will head for the 
pancreas, liver and adrenals again because these are weakened 
organs. It could take two years to build your health to its 
previous level, but is well worth it to have youth, initiative, and 
a beautiful appearance again. Going back to school is a good use 
of your time when your initiative has returned but your physical 
strength is still not up to housework or a job. When your energy 
comes back to you, it is tempting to overwork: to clean the whole 
house or to get into some gardening. 
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Figure 24-17. The Texas Instruments TIL311 can be driven 
directly by a micracantrolier ar counter chip, with no ser 
jes resistors necessary. It can generate a hexadecimal 
output. 


What Can Go Wrong 


Common Anode versus 

Common Cathode 

An LED display containing a common cathode is 
usually identical in appearance to a display con- 
taining a common anode, and the two versions 
will be distinguished by only one digit or letter 
in their part numbers. Because LED displays have 
alimited tolerance for reverse valtage, partnum- 
bers should be double-checked before applying 
power, 


Incorrect Series Resistance 


Acommonertoris toassume that only one series 
resistor is necessary for a seven-segment LED 


What Can Gi 


display, either between the common cathode 
pin and ground, or, if there is a common anode, 
between thatand the positive power supply. The 
problem is that if the resistor is suitable for a sin- 
gle LED, its value will be too high when several 
segments of the display are sinking current or 
drawing current through it Ifits valueis reduced, 
it will be too low when only two segments are 
using it (as when generating the number 1). 


Toprovide equalillumination of allthe segments, 
each must have its own series resistor. 


When several displays are multiplexed, they nat- 
urally appear dimmer, creating a temptation to 
compensate by upping the current. Because cur- 
rent is only being applied to each display inter- 
mittently, a natural assumption is that a higher 
current can be safely used. 


This may or may not be true. When running an 
LED device with pulsed current, the peak junc- 
tion temperature, not the average junction tem- 
perature, determines the performance. At re- 
fresh rates below 1kHz, the peak junction tem- 
peratureis higher than theaveragejunctiontem- 
perature, and theaverage current must therefore 
be reduced. 


Datasheets must be checked to determine 
whether a device is designed with multiplexing 
in mind and, if so, what the recommended peak 
currents. Very often this value will be accompa- 
nied bya maximum duration in milliseconds, and 
a calculation may be necessary to determine the 
refresh rate, bearing in mind how many other 
LED displays are being multiplexed in the same 
circuit at the same time. 


Irresponsible multiplexing will shorten the life of 
an LED display or burn it out. 
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It is better to be moderate today 
than in bed tomorrow. 


Anyone who has suffered from Chronic Fatigue Syndrome 
(CFS) or recurrent EBV has learned that lesson well. 


June Timony, age 38, was diagnosed with Chronic Fatigue Syn- 
drome), EBV and Candida around 1%/ years ago by her family 
doctor. She also had a thyroid problem and a high estrogen level 
(165 pg/ml). She had severe depression at times. Our test showed 
her body was full of bismuth (fragrance) and silver (tooth filings) 
especially in the ovaries. She cleansed her kidneys and killed 
parasites but could not make up her mind to do the expensive 
dental work. 


Janice Brown, age 21, had EBV with chronic fatigue and depression 
along with a dozen more symptoms. Her skin, kidneys, breasts, 
brain, ovaries and pancreas were all loaded with mercury, platinum 
and other metals. She was full of radon and bus exhaust and the 
plumbing was shedding cadmium. Rather than do all this she and 
her husband decided to move. Before the moving date arrived she 
had cleansed kidneys, killed parasites and done dental work and 
was feeling noticeably better. Then they moved. She immediately 
was very fatigued again and worried that the move had been in 
vain. This time she had a liver full of Salmonella and a return of 
phosphate crystals in her kidneys. But it was easy to clear up and 
it was a very useful lesson to her to avoid unsteriized dairy 
products. She was much more careful after this. 


Dee Safian, age 36, came especially for her low energy. She had EBV 
once. It left her extremely nervous. We advised going off caffeine 
but not substituting for it by drinking decafs. Her tissues were full 
of arsenic from pesticide; her urinalysis showed kidney crystals 
and her eosinophil count was high 5.5% (parasites). She had 
sheep liver flukes and stages in her pancreas due to a buildup of 
wood alcohol there. In four months after killing parasites and doing 
a kidney cleanse she was much improved. 
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Josefina Linzer, age 32, came for her fatigue and depression. Her 
tissues were full of arsenic, PCBs, chromate (eye makeup), mer- 
cury, yttrium, radon and terbium. She needed tooth metal re- 
placement but could not schedule it immediately. She had Ascaris 
and pancreatic flukes in her pancreas and reacted to sugar in her 
diet quite strongly, so avoided it. She also had Strongyloides and 
Trichinella. She killed all these with a frequency generator and 
started on the kidney herbs. Her wood alcohol buildup was coming 
from carbonated beverages. She went off. In 6 weeks she had 
done everything except the mercury removal and was feeling much 
better. 


Brigette Dawn, age 21, had Chronic Fatigue Syndrome with EBV, 
along with other problems. She cleaned her home and cleansed 
kidneys, Killed parasites, and did two liver cleanses. Still the fatigue 
would return two days later. Meanwhile, though, her infertility 
problem got solved (she got pregnant) and this encouraged her to 
continue the battle against fatigue after the baby was born. 


Hector Garcia, age 14, was getting gamma globulin injections every 
three weeks for his chronic fatigue syndrome. He had pancreatic 
flukes in his pancreas, sheep and human liver flukes in his liver 
and intestinal fluke in his intestine. He had a buildup of benzene, 
propanol, and carbon tetrachloride as well as aflatoxin from his 
granola breakfasts. He also had Candida and measles in his white 
blood cells. He killed parasites with a frequency generator and 
went off the solvent polluted items in the propyl alcohol and ben- 
zene lists. He immediately (in 20 days) felt much better. 


Dana Levi, age 16, had chronic fatigue syndrome and dizziness; he 
was not in school. He had pancreatic fluke in his pancreas, sheep, 
human and intestinal flukes in his liver! Both benzene and propyl 
alcohol were present in his immune system. As soon as the para- 
sites were killed (with a frequency generator) and he changed a lot 
of his products, he felt better but soon lost his improvement. At the 
next visit, our tests showed a buildup of vanadium (from burning 
candles in his bedroom). When he stopped this, he was better 
again for a while only to relapse again. His propyl alcohol level was 
up as was aflatoxin. But getting a taste of normal energy gave him 
the determination to get himself well! He embarked on a liver 
cleanse program and stil more careful food selection. 
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Dennis Dillard, age 16, was beginning to do poorly at schoo! due to 
fatigue. He had to stop athletics although his regular doctor pro- 
nounced him well. He was also getting chronic sinus infections. His 
lungs and trachea had accumulated seven heavy metals: va- 
nadium, palladium, cerium, barium, tin, europium, beryllium. His 
fasting blood sugar was low (73 mg/DL) and LDH very low (90 url; 
it should have been 160). The body makes LDH in response to 
lactic acid levels. When the muscles aren't making much lactic. 
acid from their normal metabolism, LDH levels will fall too. Was he 
developing a muscle disease? The gas leak was fixed (vanadium), 
the garage was sealed off from the house to eliminate barium and 
beryllium but the other toxic elements came from his dental 
retainer. As soon as his retainer came out, and they stopped using 
flea powder on their dog, his energy became normal and sinuses 
cleared up. A year later he stil had not been ill. 


Evelina Rojas, age 12, was having extreme fatigue with mood problems 
and sudden fevers. She killed Ascaris and sheep liver flukes with 
the parasite program but promptly got them back due to a benzene 
buildup | believe due to using products containing an herbal oil 
Her high levels of Streptococcus pneumoniae (cause of fevers), 
Staphylococcus aureus and Nocardia could not be eliminated until 
her three baby teeth (with root canals) were pulled. After that, she 
was well. 


Elaine Perkins, 48, came specifically for her low energy and nervous- 
ness. She was toxic with arsenic, a substance that replaces en- 
ergy with nervous excitement and exhaustion. She also had a 
backlog of antimony (using baby oil), aluminum, rhenium (hair 
spray), benzalkonium (toothpaste) and radon. In four months, she 
had the arsenic and three other toxins eliminated and already had 
more energy. 


Neil Youngblood, 53, was so fatigued, he had to brace himself even 
while sitting. A blood thyroxin level (T,) of 1.0 instead of the normal 
7.5 mog/DL explained his fatigue. He had a mouthful of assorted 
dental metals which were accumulating in the thyroid, inviting 
viruses, particularly CMY, into it. He had to be on four grains of 
thyroid to feel near normal. After he had all his tooth metal 
removed, he only needed one grain to feel O.K. This encouraged 
him to clean up more of his body. 
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Scott Pennington, 50ish, was on thyroid medicine for his hyperthy- 
roidism. He had been on iodine-radium earlier. He had the mirac- 
idia of the intestinal fluke, sheep liver fluke, and panereatic fluke in 
his thyroid! Adult human liver flukes were also there! His thyroid 
was toxic with iridium, nickel, tellurium and mercury (metal tooth 
fillings) and decane, TC Ethylene and pentane solvents. He had 
been drinking a great deal of regular tea, which let oxalate crystals 
deposit in his kidney and slow down the excretion of toxins. The 
parasites were Killed with a frequency generator, he changed his 
diet to get rid of solvents. In two weeks he was feeling better, had 
more energy and better sleep. This encouraged him to do the 
dental work. 


Skin Problems 


Sebaceous Cysts 


Your body, in its wisdom, keeps toxins together and out of 
harm!s way by making a cyst out of it. All the sebaceous cysts I 
have seen are filled with polychlorinated biphenyls (PCBs). 

Get rid of PCB sources in order to clear PCBs from your 
body. This can take 6 to 12 months. Change all detergents (for 
dishes, laundry, and body use) to borax and/or washing soda. 


Commercial detergents are 
wonderful cleaners... 


but are unquestionably toxic. Whether you have cysts or not, 
it is always a good idea to use borax and washing soda instead. 


If you have a particularly visible cyst, try to poultice it to the 
surface. Washing away some of it would be a great help to your 
body. Read herb books on pouttices or just take whatever wild 
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leaves you can gather; make a mush out of them with a blender, 
mix with honey or homemade skin softener to make it spread like 
peanut butter and cover the cyst with it night and day, covered 
with a piece of plastic. The wetness has drawing power. The 
plant juices have other benefits. If you can't poultice and must 
rely on kidney excretion, be sure to take kidney herbs at the same 
time. 


Skin Rash 


Rashes can be caused by many things. To find the cause, 
follow a logical pattern. It may be due to: 


+ HIV 
+ Yeast and Fungus 
+ Allergy 


* Childhood Diseases (rubella, etc.) 


HIV is the most alarming possibility. Eliminate it first by 
testing for it. It's often too early for a clinical test to be positive 
for HIV, so use the Syncrometer (page 457). I often see the rash 
disappear within days of eliminating the virus. 

Probably the most common cause of rash is yeast. Candida 
has a resonant frequency of 384-388 KHz. If you test positive for 
it, stop all commercial soap and detergent for all possible uses. 
Zapping Candida may drive it away for a few days. The fungus 
is hosted by another parasite but finds your skin quite satisfactory 
for a home, at least while your skin immunity is low. It may be 
low from wearing metal jewelry, having metal tooth fillings, 
aluminum (from lotions and soaps), cobalt (from shaving 
supplies), and zirconium (from deodorant.). When all these are 
removed, the skin will dry up quickly in open air or under a heat 
lamp. 

In babies’ skin, immunity is low from diaper chemicals 
(mercury and thallium), wipes, and soap and detergent chemi- 
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cals. Tight fitting, mercury treated diapers 
are a modern atrocity. Always line them 
with a tissue and keep them loose fitting. 

The skin that has rash or fungus should 
be dried with paper towels, unfragranced 
and uncolored, in order not to contaminate 
the cloth towels, and thereby transport the 
tiny infectious spores to other skin loca- 
tions, You may use skin healers, 

Only the skin healers given in Recipes 
are safe to use. Keep them refrigerated 
when not in daily use. Commercial lotions, 
including health varieties, all contain toxic 
ingredients. 

Many adult rashes are due to allergies. 
Allergy to nickel is common, the reaction is 
easiest to see under rings or watches. The 
metal is pulled into the body for 
elimination. Since nickel is used by so many 
bacteria, especially urinary tract bacteria, it 
doesn't get eliminated, it gets taken up by 
bacteria, It also piles up in kidneys, 
adrenals, bladder and prostate where 


Fig. 29 Tight dia- 
pers are a modern 
atrocity, forcing 
‘mercury and thal- 
lium into the 


baby’s sponge- 
like skin. 


bacteria thrive on it. Strangely, it also accumulates in the male 
scalp (and in women's scalps who have male pattern baldness). 
Allergy to strawberries, perfume, deodorant or chlorinated 
water, however different they are, can all be expressed the same 
way, in a rash. The liver has refused (been unable) to detoxify 
the chemicals in these items and allows them to circulate in the 
body. Not for long, though, since great damage could be done to 
brain and other tissues. Mercifully, the skin grabs these chemi- 
cals into itself, Ultimately, it must still be removed. The allergic 
reaction and your immune system come to your skin's rescue, 


although bringing you discomfort. 
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Why didn't the liver detoxify the chemicals given to it? The 
answer is based on a simple experiment. Try cleaning your liver 
(page 552) several times or until 1,000 bits of refuse have been 
washed out of the bile ducts. This relieves the back pressure on 
that part of the liver, and allows it to do its work again. The 
physiological details are not understood, Fortunately, the results 
are instantaneous. The day before the liver cleanse you would 
never eat a strawberry or peanut for fear of a reaction. A few 
days after the cleanse, your body “knows” which food it might 
tolerate and as you try a bit, you notice no reaction, no rash This 
simple experiment suggests that the liver couldn't detoxify these 
foods because of the refuse in its ducts. 

Each liver cleanse “cures” a different set of allergies sug- 
gesting that the liver is compartmentalized—different parts 
having different duties. It follows that by getting all the stones out 
all your allergies will disappear. Experience shows this to be 
tue, although it can take two years to carry out such a program. 

Meanwhile, avoiding the offensive food or product is very 
important. It is quite destructive to bathe the brain in strawberry 
chemicals or your toes in maple syrup chemicals. Stay off al- 
lergy-producing foods and products even if you can tolerate a 
little or can be “desensitized” to them with shots or homeopathic 
methods. Use these methods for relief, not license to continue 
using items that tax your body. 

Certain childhood diseases produce a rash and this can be 
diagnosed by testing for the suspected disease with a slide or 
culture of it. Then use a zapper to kill both the bug and any larger 
parasites that may have brought it in, 


Hives 


Sometimes your body will break out in hives instead of a 
rash, Again, gallstones in the liver and gallbladder are responsi- 
ble. Do the Liver Cleanse. 
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Acne 


The more severe cases of acne cover parts of the body as 
well as face and can pit the face so badly there is hardly any 
clear skin left. 

In ten days you can reverse this, so most of the skin is beau- 
tifully clear. There are bacteria involved and skin oils of youth 
feed these bacteria. Acne has been extensively studied by scien- 
tists. Perhaps the true culprit was too big to be seen with a mi- 
croscope or too small (antigen) to be recognized or just too 
unimaginable. I inevitably find Trichinella, one of the four 
common roundworms that infect humans. 

Test yourself to Trichinella with the slide called “larvae in 
tissue.” Search for it in your skin. It is generally believed to re- 
side in muscles, especially the diaphragm, but in acne cases it is 
in the skin, 

If you only have a frequency generator, set it at 404.5 KHz 
and at neighboring numbers, extending 5 KHz on each side, to be 
sure to include all eggs and other molt stages. Or zap. 


Psoriasis, Eczema 


Psoriasis and eczema are both caused by Ascaris. Their 
molting chemicals are quite allergenic; perhaps it is these that are 
affecting the skin, Since pets pick these worms up daily, there is 
chronic reinfection in families with pets. Keep zapping. 


Bernadette McNutt, 34, had acne on her back, chest and face. She 
had been treated since teen age with ultraviolet light, Retin A, and 
antibiotics. She already had a history of shingles and fungus, two 
more skin conditions. Her skin was toxic with strontium and her 
kidneys had cadmium, silver and beryllium deposits inhibiting ex- 
cretion. She had only one parasite, extremely high levels of Tri- 
chinella. Her children were also infected as was the cat. In spite of 
using parasite herbs for months she got no improvement until the 
baby was out of diapers. Then she cleared up. 
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Royce Hamilton, 17, had acne so dense on his face there was no good 
spot the size of a dime anywhere. He had it about one year. His, 
urinalysis showed "amorphous" crystals (stones of all kinds) and a 
trace of protein. He had Trichinella worms throughout his organs. 
He was very fatigued. He was started on kidney herbs so there 
would be good excretion after killing the Trichinella. His thyroid 
and kidneys were full of zirconium and titanium from all the lotions 
he used for his skin. He didn’t need deodorant. Evidently even his 
armpit bacteria had been affected. It took four months to clear his 
Trichinella although there were no young children or pets in the 
house. His face was beginning to heal, but three months later he 
had a recurrence, although his parent was not a carrier. After this, 
he cleared it up again and his face looked as beautiful as a child's. 


Evan Knight, 36, had psoriasis at elbows and knees from age 9 but 
now it was spreading to his fingers and scalp. He occasionally had 
bronchitis and puffy eyelids, indicative of Ascaris but at the time of 
his visit he had Trichinella fluke stages and Echinostomum in his 
skin, He was started on the parasite program and in three weeks it 
was clearing instead of advancing. He switched to milk for his 
beverage to raise his immunity and removed the arsenic, 
formaldehyde and thulium (from his vitamin C) by doing the 
necessary cleanups. 


Gerry Chastain, 41, had a red nose, erupted along the sides. He had 
been on sulfa drugs and Emycin.™ He had Leishmania tropica. 
He killed it in the office with a frequency generator and got imme- 
diate improvement but four weeks later it was back. He had four 
solvents built up in his body: benzene, TCE, TC Ethylene and 
hexanedione. This situation would make recovery impossible since 
he was no doubt reinfecting himself. He also had titanium, platinum 
and silver accumulated in his tissues and needed to replace his 
dentalware before expecting a permanent cure. 


Floyd Oldham, 50s, was getting pimples on his nose. His whole face 
was red and flushed looking. His bowels were loose and he had 
some urinary urgency. He harbored two kinds of Leishmania (bra- 
ziliensis and tropica). He killed the Leishmanias with a frequency 
generator and started himself on the kidney herb program. Five 
weeks later the pimples were gone but general redness had 


193 


‘THE CURE FOR ALL DISEASES 


reappeared. The Leishmanias were still gone but this time he was 
toxic with cobalt. 


Cobalt is known to promote skin cancers and also heart dis- 
ease. This was discovered decades ago when an outbreak of 
heart disease occurred in England. It was traced to a pub (where 
they all partook) where cobalt was added to the beer to make the 
foam rise higher! In fact, the foam will just stay in place like a 
hairdo, if you add cobalt. It was made an illegal additive. 
Gradually, it has crept back into consumer's products: first toilet 
cake (blue), then window washer (blue), then dishwasher deter- 
gent, and now even mouthwash. If you see a blue colored prod- 
uct, stay away from it. It accumulates in the heart and skin, 
People with skin cancers often have cobalt build up. 


Floyd stopped using all these products and cleared up again. 


Grethe Driscoll, middle aged, wore tons of make up, so skilfully applied 
that scars from a face lift could never be detected. When she had 
minor breakouts, which usually occurred while away on a trp, it 
seemed like a catastrophe. She tried everything available but could 
not get to her parasite herbs until she was back home several 
weeks later. After one week on them (5 day high dose plus 
maintenance) her complexion was perfect again. 


Crofton Thorton, 15, had an embarrassing case of acne. He had As- 
aris, hookworm and Strongyloides (he also had migraines) all re- 
acting in the skin. He stopped drinking commercial beverages that 
gave him solvents. He killed parasites electronically and with herbs 
and got a considerable improvement. But he still had Strongyloides 
‘one month later. Nevertheless, he had seen the connection and he 
knew it was just a matter of persistence to a clear complexion. 
Note, he should have had Trichinella—did | miss testing for it? 
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Warts 


Could we get warts from playing with toads in childhood? 
We don't play with toads anymore. Yet we get warts. We don't 
know how we get them. But after learning how to get rid of them, 
you will probably know how you got them. Not all warts are the 
same. In fact, they might all be different: each one is made up of 
5 or 6 different viruses, not just one as we had believed. 

Peel a tiny fragment off one of your warts. Prepare it for 
testing by placing it in a small bottle. Add a few tsp. filtered 
water and a %4 tsp. grain alcohol, Label it with the location you 
got it from: like “eft middle finger knuckle. “First, search your 
body for other locations of this wart (organs that test positive to 
your sample). You can easily find them in your skin, of course. 
But also search electronically in your liver, spleen, muscles, 
stomach, heart, pancreas. Notice how often they are present in 
the panereas. The pancreas seems to be a wart-virus heaven. 
Are they in the islets or the rest of the pancreas? 

Without a zapper, you will need to find the frequency of each 
virus to completely destroy it. Attach your frequency generator 
and search between 400 and 290 KHz. When you find its 
resonant frequency, kill it by treating yourself for three minutes at 
10 volts from a frequency generator. Will your warts fall off? 

In a few days one or two of your warts will begin to shred. 
After a week you may lose one or two completely, and find that 
several more have become smaller. The remainder are un- 
changed. Continue to identify and kill them. Notice that they are 
not necessarily gone from the pancreas or other organs at the 
same time as they are gone from the skin, Perhaps warts are not 
the benign entities we have believed them to be. They may, in 
fact, ride into the body on some common bacteria, like Salmo- 
nella, or common parasite like pinworms or tapeworm stages. 
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Zapping doesn't reach all the viruses in a wart either. It takes 
repeated zappings to start the shredding and gradual Killing of 
warts. 


Guy Laird, age 11, had warts on his lips besides fingers. His job was 
feeding the three outdoor dogs. He was full of Ascaris. He had 
Taenia pisiformis and Taenia solium bladder cysts in his liver. 
These were shedding viruses into Guy. He was started on Rascal 
for six weeks (this was before the zapper was invented). Maybe his 
benzene buildup was responsible for letting so many parasites 
(and their viruses) survive and multiply in his body. He stopped 
using toothpaste, killed Ascaris (408 KHz) and some flukes (434 to 
421 KHz) and improved his diet. All except one wart came off 
(without bleeding). He was given different chores, too, to reduce 
his contact with animals and their parasites. 

Georgiana Mills, a middle age music teacher, broke out with warts all 
‘over her hands, at least 30 in total. A few months later she was 
diagnosed with bone cancer; she always wondered if there was a 
‘connection. She cleared up her cancer and killed her viruses and 
bacteria with a frequency generator. Nearly all her warts disap- 
peared. But her indoor pet brought new parasites daily, especially 
‘Moniezia tapeworm stages. With each Moniezia infection (about 
‘once a month) she got new warts. She was never able to clear 
them completely. 


I concluded that each wart is actually composed of 3 to 6 vi- 
ruses and these viruses are distributed throughout our bodies! 
How satisfying to be able to rid our bodies of them, once and for 
all even in internal organs. There is a catch, Small remnants of 
some warts do not disappear in spite of killing most of them. 
More accurately, they disappear and then reappear in our internal 
organs. Could this suggest to us their true origin? Could it be a 
tapeworm stage? 
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Tapeworm Stages 


Our bodies harbor numerous stages of tapeworms, But not the 
tapeworm itself, which may belong to a dog, cow, or pigeon. 
Tapeworms lead complicated lives, much like insects with their 
caterpillars, larvae, larval molts, pupae and eventual adults. 
Tapeworms shed eggs with the bowel movement of the animal 
host. The eggs blow in the dust and reside in the earth. A vege- 
tarian animal nibbling vegetation near this filth, or licking dirt 
and dust off its coat, swallows the eggs. Humans, too, eat plenty 
of filth by licking their fingers. As children we all eat dirt simply 
by eating with unwashed hands 

The Jewish society discovered the great importance of 
washing hands before eating, thousands of years ago. But many of 
us choose to ignore truths that seem old fashioned. In our own 
relatively short life times we cannot see the whole picture as 
well as the prophets and seers of ancient 
cultures could. We eat plenty of dirt and 
along with it, the eggs of tape-worms. 
Dog and cat tapeworms are most 
prevalent, but sheep, cow, pig, and sea- 
gull tapeworms are also common, 

There is hardly a predator species in 
existence that doesn't have its own char- 
acteristic tapeworm, Whatever animal 
species you live near, or once lived near, 
you probably swallowed some of its filth 
and some tape eggs. The eggs hatch in 
your stomach and the tiny larvae burrow 
into a neighboring organ without any 
consideration that this is your stomach 
wall or spleen or muscle. The larva's 
plan is not to grow into a long worm— 
that can wait. The larva must simply 


Fig. 30 Some cys- 
ticercus varieties 
(types) have multiple 
heads. 
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survive until you can be conveniently eaten! A wolf or a tiger 
will surely come along! In bygone days it did. 

The larva is about 4 inch long, surrounded by a “sac of wa- 
ters,” like a tiny water balloon. Looking very closely at this sac, 
called a eysticereus, we see a head (scolex), complete with 
hooks and suckers, turned inside out, inside a bladder. 

As the tiger's teeth bite down on the 


cysticercus, the pressure pops it out. The or, 
head is now right side out with hooks 4G 
and suckers ready for action. Now it W 


grows in the tiger! 

It quickly hooks into a loop of intes- 
tinal wall so it can’t be swept away and 
begins its growth into a regular long 
adult tapeworm, The tiger is the true or 
primary host. We were merely the sec- 
ondary or intermediate host. Why does 
the adult tapeworm prefer the tiger instead of us? Only Mother 
Nature knows. But the best way to get to a carnivore is through 
its prey. 

‘You can find these larval cysts in your organs using slides of 
the cysticercus stage of various common tapeworms. Search in 
your muscles, liver, stomach, pancreas, spleen, intestine and 
even brain, You will not find even little bits of them in your 
white blood cells. My explanation for this curious finding is that 
the tapeworm leaves no debris to be cleaned up by your white 
blood cells. Evidently your body builds a cyst wall around the 
larva to tightly encase it and prevent toxins and debris from 
entering your body. Thus your white blood cells are not alerted 
in any way. Of course, the larva is much too big to be devoured 
by tiny white blood cells anyway. Yet, it seems that if a pack of 
white blood cells had attacked the larva just as soon as it hatched 
from the egg they would have been able to devour it. Perhaps it 
enlarges too rapidly. Perhaps our white blood cells are 
preoccupied. In any case, we begin to load up on tapeworm 


Fig. 31 Emerged 
cysticercus. 
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stages from infancy and by the time we are middle aged we have 
dozens tucked away in our organs. 

Some do die in the course of time. Perhaps their true secon- 
dary host is a rabbit or a mouse instead of a human. The short life 
span of these other hosts might mean that the life span of the 
icercus is also quite short, not 40 years! When they die, the 
white blood cells do clean them up and we can see them in our 
white blood cells at this time. It can take several weeks for the 
cysticercus to be completely gone by this natural method. During 
this time, we become ill! Numerous bacteria and viruses spring 
up, as if from nowhere, in our organs. 

Don't be surprised if you are testing yourself during illness to 
find a tapeworm or two in your white blood cells! It is well 
worth searching for at such a time. Help your body dispatch the 
tapeworm stages all together with your zapper. A frequency 
generator is bound to miss some. Some cysticercus varieties 
consist of many heads, and each head has even more heads inside 
it! These might have different resonant frequencies. Only killing 
them together has the desired effect. Remember bacteria and 
viruses are released by killing tapeworms, so always follow 
with a second zapping in 20 minutes, and a third zapping 20 
minutes after that. Only then can your tapeworm-related illness 
disappear. 

If you do nothing, your body will be kept busy killing bacte- 
ria and viruses as the tape cysticercus wears down and eventu- 
ally dies. You may not wish to identify all of them (but at least 
search for Adenovirus, the common cold) and just note where 
you are being attacked: your nose, throat, ears, lungs, bronchi. 
Internal organs are attacked too. It seldom takes more than three 
weeks, though, for your body to clean up a tape stage even 
without any help from a zapper. The attendant illness will be 
gone by then, too, 

‘Watching these events in your body gives you insight into the 
very powerful forces at work, called immunity or body de- 
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fense. The body “knows” a great deal more than we have sur- 
mised. There is yet so much to discover. 

‘What initiated the death or dying process of the tapeworm 
stage in the first place? Has your body been trying all along and 
finally succeeded? Has the cysticercus reached the end of its life 
span naturally? Have its (the tapeworm’s) own viruses and bac- 
teria gotten the upper hand and Killed it? Did it accidentally ab- 
sorb something that killed it? 

By taking a herbal combination, Rascal, you can soon find a 
tapeworm stage in your white blood cells where you could not 
find it earlier. It is now dead or dying. This proves the effec- 
tiveness of Rascal, even though it is slow. 

Since we all eat dirt and inhale dust that is laden with dog 
feces or other animal excrement, we all harbor tapeworm stages, 
although none may be present in our white blood cells. Are they 
harming us? Pethaps they are living out their lives as quietly as 
they can in our organs, the way mice or ants try to live in our 
dwellings. Yet, when tapeworm stages are being killed, either 
spontaneously by your body or with a zapping device, we see an 
assortment of bacteria and viruses spread through the body, 
including the common cold. 

Getting rid of the tapeworm stages in your organs seems a 
very worthwhile goal. Since each of us has been associated with 
dozens of animal species in our past, we probably have dozens 
of varieties of tapeworm stages in us. I cannot identify more than 
a handful due to lack of prepared slides. You can find them 
without identifying first, though, by listening to their emission 
frequencies. Their emissions are often extremely weak, possibly 
due to being encased in a cyst. Search between 510 KHz. and 410 
KHz. You may wish to “track” them for a while before killing 
them. You may wish to search for identical frequencies in your 
pet's saliva. Or you may wish to dispatch them as rapidly as 
possible. Use the zapper, not a frequency generator. Remember 


to “mop up” after your tapeworm killing by zapping 
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again to kill bacteria and viruses that have been released from 
the tapeworm, 

You may be disappointed not to feel any different after rid- 
ding yourself of numerous tapeworms and their pathogens. Evi- 
dently, the tapeworm stage itself doesn't make you sick; it is 
simply there like a wart is there, without making you sick. Its 
viruses can make you sick. Depending on which virus itis, it ean 
make you very sick or not sick at all. Different viruses invade 
different organs. And some of these tum into warts! 


The Flu 


Influenza is a virus that can cause “the flu.” Does it belong to 
us as humans or to a larger parasite we are hosting? It is easily 
transmitted from person to person and in less than a year can 
spread across the planet, Some flu examples are Influenza A, B, 
Cand Swine flu. 

However, much that is called “flu” is actually caused by a 
bacterium, either Salmonella or Shigella. If someone in your 
family is “catching” a flu, test their saliva for the presence of 
dairy products, implicating the Salmonellas and Shigellas. Also 
test for influenza A, B, and C. Children's “flus”, especially when 
there is a fever, are usually due to Salmonellas. Even after 
zapping it can take an hour for the symptoms and fever to go 
away. 

Go straight to the refrigerator and throw away all dairy 
products. Throw away all milk, cheesecakes, buttermilk, cream, 
butter, yogurt and cottage cheese, deli food and leftovers. You 
may wish to identify the food source of your family's bacteria 
first, and save the uncontaminated food. Use the sick person as a 
subject, searching for foods that appear in her white blood cells 
(or search their saliva sample for the food offender). If the flu is 
“going around” your neighborhood, you might wish to tell 
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some of your neighbors which foods you found were contami- 
nated. They may have purchased the same food! Obviously, when 
a contaminated shipment of dairy products arrives in your 
grocery stores, quite a few people will be consuming it, setting 
the stage for a “bad flu” that “goes around”. 

Why can some people eat contaminated food without getting 
sick? Maybe their Salmonellas don't multiply rapidly. Maybe 
their stomach acid is strong enough to kill most of them. Maybe 
their bowel movements are frequent enough to expel them 
quickly. Maybe they haven't been on frequent treatments with 
anti-strep antibiotics. The answer is not known yet. After a seri- 
ous bout with Salmonellas or Shigellas the body does not com- 
pletely clear itself of them. They stay in hiding somewhere. When 
a new batch of bacteria arrives, even though very sparse, as in 1 
tbs. of milk, the two subtypes can hybridize and produce a much 
more vigorous offspring. This is called virulence. You are made 
much sicker by more virulent subtypes of bacteria. You may have 
diarthea, vomiting, illness. Especially if you believe you have 
“lactose intolerance,” pay attention to Salmonella and Shigella. 

If your flu is due to an influenza virus, kill it with your zap- 
per. Some family members may prefer to take a homeopathic flu 
“remedy” such as Oscillococcinum™ or Flusolution."™ Others 
may take herbs. These probably act by prying the viruses out of 
your cells’ gateways and channels so the white blood cells can 
easily devour them. 

But flu due to Salmonella is not easily zapped away. Re- 
member, the zapper current does not penetrate the bowel con- 
tents, which is exactly where Salmonella lives! Besides zapping 
to clear them from your tissues, you must eliminate them from the 
bowel by using the Bowel Program (page 546). 

Lugol’s iodine solution (see Recipes) can quite quickly get 
rid of Salmonella throughout the body. Use 6 drops (small drops 
from an eyedropper) in Yaglass of water four times a day. If no 
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more Salmonella is consumed, it will be vanquished in a day or 
two. 
If your flu brings you a fever, use Lugol's. 


Fever 


Fevers are there to help your body fight the invaders...up to a 
point. Don't use a fever medication unless the body temperature 
goes over 102°F, and then only enough to bring the fever down a 
bit. 

Most fevers, especially “fevers of unknown origin” are due 
to Salmonellas and Shigellas. Your body may be young and 
strong enough to kill them but not strong enough to kill an ev- 
erlasting supply of them coming from dairy foods you eat on a 
daily basis. Stop eating salads at restaurants immediately. Stop 
eating food made by others’ hands unless it is sterilized. Stop 
eating dairy foods until you have cooked them. Stop eating those 
that can't be cooked. 


‘Sam Ells, age 7, had two episodes of severe abdominal pain with fever 
lasting two weeks. He got hyperactive with milk products, had a 
frequent cough and stuffy nose. (Here the picture is quite clear. 
The milk products were bringing him Salmonellas, Shigellas and 
other bacteria which grew in his intestine to produce pain. But why 
only Sam and not his brothers?) Sam had a buildup of benzene 
from using bathroom soap containing a special herbal oil. Sam 
also had hookworms, intestinal fluke, and rabbit fluke, probably 
due to his lowered immunity from the benzene. Then his mother 
boiled Sam's milk, removed the polluted soap (she planned to use it 
herself!) and killed his parasites with the parasite herbs. His fever 
went away and stayed away. He said he enjoyed all this because 
now he “could play after schoo!” without a stomach ache and he 
wasn't being sent to the nurse's office because of a fever. Notice 
the bacteria causing the temperature went away by themselves, 
probably due to the return of his normally strong immune system. 
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Jalene McCormick, 46, had been passing lots of kidney stones 
(hundreds) for years and had a temperature most of the time for 
Which she was on antibiotics. It took her six months on our kidney 
herb recipe to dissolve and pass so many they no longer showed 
up on X-ray, and to stop making them. Then her fever left, not to 
return. 

Kristen Jane Johnson, a young mother, had recurrent fevers and fa- 
tigue but, besides EBV, her doctors found no cause. We found 
HIV virus and a lot of bacteria and parasites. The fever-causing 
bacterium was Salmonella. To stop her Salmonella attacks she 
had to raise her immunity besides boiling all dairy products. Moldy 
foods (pasta) and lunch meats (benzopyrenes) were the source of 
liver toxicity. Each new Salmonella attack immediately invaded the 
liver so a vicious cycle was set up. When she stayed meticulously 
on the parasite program, meticulously off unsterilized dairy prod- 
ucts, and meticulously off benzene-polluted items, she cured her- 
self of fevers and night sweats and the HIV infection. Perhaps in 
two years the liver will have recovered enough to kill Salmonella 
that enter it, but she is not taking any chances till then. 


Although Kristen was eating food polluted with both Sal- 
monellas and Shigellas she only “picked up” Salmonella, never 
Shigella! Why is that? In contrast, people with multiple sclerosis 
“pick up” Shigellas, not Salmonellas. 


Multiple Sclerosis & Amyotropic 
Lateral Sclerosis 


Multiple sclerosis (MS) is a disease of the brain and spinal 
cord. It is called lateral sclerosis if the disease is mainly in the 
spinal cord. 

It is caused by fluke parasites reaching the brain or spinal 
cord and attempting to multiply there. Any of the four common 
flukes may be responsible. Kill them immediately with your 
zapper or a frequency generator (434 KHz. to 421 KHz). They 
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light source, indicator, or display > multi-source or panel > vacuum 
fluorescent 


vacuum-fluorescent display 


The term vacuum-fluorescent display is seldom hyphenated, but the first two words 
are hyphenated here as they constitute an adjectival phrase. The acronym VFD is be- 
coming increasingly popular, although it is ambiguous, being also used to identify a 
variable frequency drive. In both instances, the acronym is printed without periods be- 
tween the letters. 


‘The entry in this encyclopedia dealing with fluorescent lights does not include VFDs, 
because their purpose and design are very different, A VFD is an informational display, 
often showing numerals and letters, while a fluorescent light merely illuminates a room 
or work area. Although a VED does use fluorescent phosphors, they ate printed onto 
light-emitting segments of the display instead of being applied to the inside surfaces of 


# 


oe Te 


aglass envelope. 


OTHER RELATED COMPONENTS 


+ LED indicator (see Chapter 22) 
+ L€D display (see Chapter 17) 
sctroluminescence (see Chispicr 26) 


What It Does 


How It Works 


Avacuum-fluorescent display or VFD superfi- 
cially resembles a backlit monochrome LCD or 
an LED display, asit can represent alphanumer- 
ic characters by using segments or a dot matrix, 
and can also display simple shapes. It is often 
brighter than the other information display sys- 
tems, and can emit an intense green phosphor- 
escent glow that some people find aesthetically 
pleasing, even though a grid of very fine wires is 
superimposed internally over the displayed im- 
age. 


There is no specific schematic symbol to repre- 
sent a vacuum-fluorescent display. 


The display is mounted inside a sealed capsule 
containing a high vacuum. A widely spaced ser- 
ies of very fine wires, primarily made of tungsten, 
functions asa cathode, moderately heated to en- 
courage electron emission. The wires are often 
referred to as filaments. 


Afluorescent light uses AC, and both ofits elec- 
trodes are often confusingly referred to as cath- 
‘odes. A VFD uses DC, and its cathode array has 


the function that one would expect, being con- 
nected with the negative side of the DC power 
supply. 


the cathode, just a few millimeters 
is an anode that is subdivided 
alphanumeric segments, symbols, or dots in a 
matrix. Each segment of the anode is coated with 
phosphors, and individual segments can be sep- 
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cannot return unless you reinfect yourself. Stop eating meats, 
except fish and seafood. All meats are a source of fluke parasite 
stages unless canned or very well cooked. Pets and family 
members are undoubtedly carriers of the same flukes, although 
they do not show the same symptoms. Give away your house 
pets. Don't kiss your loved ones on the mouth, Make sure your 
sex partner has also been freed of fluke parasites. 

The most important question you must be able to answer is 
why did these parasites enter your brain and spinal cord? When 
the brain contains solvents, it allows flukes to multiply there. The 
solvents, xylene and toluene are common brain solvents always 
seen in MS cases, Evidently these solvents accumulate first in the 
motor and sensory regions of the brain, inviting the parasites to 
these locations. 

Xylene and toluene are industrial solvents used in paint and 
thinners. It is also a pollutant of certain carbonated beverages (I 
found it in 7-Up,"™ ginger ale and others that I tested). Stop 
drinking them. 

All MS cases I have seen also harbor Shigella bacteria in the 
brain and spinal cord. These come from dairy products. They are 
manure bacteria. Be absolutely meticulous about sterilizing dairy 
products. Even one tsp. unsterilized milk added to scrambled 
eggs could reinfect you. Not even heavy whipping cream or 
butter is safe without boiling. Kill bacteria every day with a 
zapper. Shigellas produce chemicals that are toxic to the brain 
and spinal cord. Eliminating Shigellas brings immediate im- 
provement. 

Alll large parasites like flukes have their own entourage of 
bacteria and viruses. Perhaps it is these that initiate the brain's 
reaction, which is inflammation and scar tissue formation in the 
outer covering of brain cells and nerve fibers. Perhaps it is the 
fluke stages themselves. Your brain is trying desperately to heal 
these lesions, only to be assailed by a fresh batch of solvent and 
Shigellas and another generation of parasites and pathogens. 
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The other pollutant associated with MS is mercury from 
dental metal. The mercury that is constantly released in the mouth 
does not all get excreted by the kidneys or eliminated by the 
bowels. Some of it travels up to the brain and gets into the spinal 
cord as well. You will be able to eliminate and excrete more 
mercury by doing a kidney and liver cleanse. The mercury may 
itself be polluted with thallium which is even more toxic. For 
this reason mercury removal should be done extra thoroughly to 
be sure no thallium has been left behind. 

If you are concerned about MS-like symptoms, purchase 
slides of the brain regions, cerebrum, and cerebellum. Or pur- 
chase pork brains at the grocery store and snip out a portion of 
the sensory lobe and cerebellum. Prepare these as test substances 
(sterilize your hands afterward). Test your daily foods and body 
products for their presence in these brain areas. Also test for 
parasites, bacteria (especially Nocardia and Shigella) and other 
pollutants such as arsenic and pesticides. If the disease (tremor 
and lack of sensation) has not progressed too far, you can cure it, 
In all cases you can stop it from progressing further by cleaning 
up dentalware, the environment and diet, 


Brandi Rainey, age 34, of Amish religious culture, was diagnosed with 
MS four months earlier after an MRI confirmed it although she had 
symptoms for many years. She was told she had inherited a gene 
for it and that Amish folk are particularly susceptible to MS for 
reasons of inbreeding. She had a constant pain running down the 
side of her neck, and headache. Her legs were getting too heavy 
to get up stairs. Our tests showed her brain was full of scandium 
(tooth metal alloy) and fluoride (toothpaste). Her vision was getting 
worse; her eyes were full of wood alcohol. She lost no time in 
getting dentures: there were no teeth that could be saved. She had 
several bacteria growing in her jaw bone: Strep G (sore throat 
bacteria), Staphylococcus aureus (this was raising her pulse to 
over 100), Clostridium tetani (causes great stiffness), and Shigella 
(produces nerve toxins). She killed these with a frequency gen- 
erator. Five weeks later the pain and stiffness in her neck were 
gone, her pulse was down to 100, her periods were free of pain 
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and her hands seemed to shake less. She was put on the parasite 
program plus thioctic acid (2 a day) and histidine (500 mg, one a 
day to keep nickel levels down)and advised to cook and eat with 
non metal. Four weeks later her pulse was down to 80, her legs 
were much better. She zapped four remaining bacteria. Two 
months later the numbness and tremor had left; her legs stil felt 
tired and her hands sometimes shook but she was quite reassured 
that MS would not claim her life. Nor had a gene betrayed her. A 
half year later she was walking and working normally, doing liver 
cleanses and keeping up her vigilance against parasites and 
pollutants. 


Kendra Welch, 56, was diagnosed with MS a year ago, by MRI. She 
went to a chelating doctor and this cleared up her temporary 
ischemic attacks (T.|.A's) which were occurring daily. But she had 
lost her balance, eyesight was getting worse, her feet and hands 
stung. Her sister also had MS but nobody else in the family did 
which baffled her doctor. Her brain tissue was full of barium, 
europium, gadolinium, and platinum. These are dental alloys, al- 
though barium could come from bus exhaust (she wore no lip- 
stick). She was advised to have all metal removed from her mouth 
immediately. Two days afterward she came into the office without 
any neurological symptoms. She stated she was afraid to stop her 
new health program, though, and this was good policy. 


Lynne Ceretto, age 15, was diagnosed with an “MS-like syndrome” by 
MAI. She had intestinal flukes and stages, human liver flukes and 
Trichinella in the brain. She had no tooth filings. But there was 
benzene in her thymus keeping her immunity low. She also had 
propane and asbestos in her brain from leaky pipes and a worn 
washing machine belt. She, too, was told she had a “bad” gene. 
‘She was barely able to walk with help. It took several months to 
track down the source of benzene—the drinking water. Sometimes 
it was polluted; sometimes it was not! When the pump was oiled, 
‘some of it dripped onto the cement platform. Rain washed it to the 
center and down the pipe in the well. They eagerly removed the 
platform, found the oil on the water surface, cleaned everything up 
carefully, until no benzene could be found which put her on the 
road to recovery. A year later she had recovered further. 


Norma Luellen, a young mother, had tingling, numbness and weakness 
on the entire left side of her body. She was in process of 


207 


THE CURE FOR ALL DISEASES 


clinical tests for MS. Her body was full of pentane, possibly from 
her workplace since 12 other persons working there also had MS 
(such a situation should make our government eager to jump at 
investigations)! She had intestinal flukes and their stages, not in 
the intestine or liver or thymus, but in her brain! We found her 
home air toxic with bismuth too, probably from cosmetics. In spite 
of staying on the parasite program she got reinfected with sheep 
liver fluke, probably from eating hamburgers. She was not able to 
stop her carbonated beverage habit and frequently showed xylene, 
acetone, methylene chloride in addition to pentane in her white 
blood cells. 


‘Shannon Synder, age 44, had been getting more numb over her whole 
body for several years and was presently considered by her 
doctor to have MS. Her muscles twitched all night, making sleep 
impossible, and her hands shook. She had intestinal flukes in the 
brain (cerebrum and cerebellum) but none in the intestine! The 
brain also had wood alcohol from drinking Diet Coke.” She also 
had bismuth (cosmetics), palladium, copper, samarium, and 
tellurium (tooth alloys) in her brain. She began to improve enough 
to be off Prednisone by her 10th day of the parasite program. 


Erica Blake, age 41, was diagnosed with MS two years earlier although 
her symptoms went back 13 years. She was on Prednisone™ but 
her balance was getting so bad she had to be in a wheelchair. 
Chelation treatments kept her from deteriorating further. Her brain 
was full of gasoline; she used to work at a gas station and now was 
getting it from the attached garage. Her hands and feet were 
completely numb. She had 5 root canals extracted and a few days 
later was able to stand. She could now walk with a cane. She had 
human liver flukes, sheep liver fluke and Trichinellas and dog 
tapeworm stages in her cerebellum (motor control center). After 
killing parasites and starting to take thioctic acid (4 a day) and 
cleaning up her environment she improved enough to drive a car 
again, walk without a cane in her home. She regained enough 
feeling in her hands and legs to do her housework, too. 


Kurt Nielsen, age 43, was told he had peripheral neuropathy. His feet 
were so numb he had to look at the clutch to drive. Also both hands 
were numb. He was full of kerosene and benzene possibly from 
fuel oil that he pumped for a living. There were fluke stages 


208 


NON-PAINFUL DISEASES 


in his brain and a dozen bacteria and viruses. He also had mer- 
cury and thallium in his immune system which came from tooth 
filings. However, he had all his metal flings replaced two years 
earlier! He thought there was no mercury left in his mouth! Actu- 
ally, he had litle bits (called tattoos) left somewhere. And they were 
giving him the classical symptoms: numbness of hands and feet 
and gradual destruction of his nervous system. His peripheral 
neuropathy was due to thallium poisoning. The dentist couldn't find 
tattoos, and he was left in his predicament. (This was before | 
found mercury and thallium sources in many personal products.) 


Duncan Wood, a middle age father of 5 young children, could still 
slowly shuffle along when he arrived. He could not raise his arms 
to eat. He had uncontrolled inappropriate laughter every minute. 
He was diagnosed with MS two years earlier and told he had a 
“bad” gene. The fact that one child was beginning to show similar 
symptoms strengthened their belief in the gene theory. Ten days 
later his inappropriate laughter stopped; he could get his right hand 
to his face, he walked twice as fast and had very litle tremor 
remaining. Strong chelating treatments obtained at a Mexican 
clinic had drawn much of the mercury and thallium out of his brain. 
He Killed the flukes and Shigella bacteria electronically and 
stopped consuming unboiled milk. The brain solvents, xylene and 
toluene were removed quickly, too, as well as asbestos. His fast 
improvement showed them how important it was to remove the 
source of these pollutants in his home. 


‘Two days later he regressed considerably which made him feel 
quite depressed, since his chelating treatments had not stopped. 
Was there still an unknown factor? It was a return of Shigella 
bacteria! He had inadvertently eaten a non-sterile dairy food: milk 
added to soup when it was already done cooking! This was a 
valuable lesson. Nothing else had retumed. He was away from the 
asbestos and xylene from the workshop at home. He zapped the 
bacteria again and applied greater vigilance to eating only 
sterilized dairy foods. He recouped his losses in one day. 


Then they scheduled their dental work, which had already been 
done once two years ago! He had leftover mercury and thallium. 
Now, selecting a dentist with experience in finding tattoos and 
cleaning cavitations made much more sense to him than it had 
before. He also planned to do a kidney and liver cleanse after re- 
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turing home. And to stay out of the workshop until the asbestos- 
containing belt had been replaced and the furniture painting had 
been moved to a different building 


Shigella also causes irritability and depression, a frequent 
problem for MS cases. 


High Blood Pressure 


High blood pressure is one of the easiest problems to correct 
without resorting to drugs. 

The most important change to make is to stop using caffeine 
as in coffee, tea, or carbonated beverages. Don't use decaffein- 
ated coffee or tea either because of the solvent pollution in them. 
Switch to hot milk or hot water if a hot beverage is desired, or 
any of the beverages given in the recipe section. If being without 
caffeine leaves you fatigued, take an arginine tablet in the 
morning (500 mg), 

Blood pressure is mainly controlled by the adrenal glands 
which sit like little caps on top of the kidneys. Whatever is af- 
fecting the kidneys is probably affecting the adrenals, too, since 
they're so close to each other. You must find out what it is. 

You could do your search in the kidneys since kidney tissue 
is available in grocery stores. Adrenal tissue is available on mi- 
croscope slides. What will you find? Probably cadmium. 

Search for the cadmium source in your drinking water! 
Cadmium comes from the metal pipes. In fact, you could scrape a 
galvanized pipe to get a cadmium test substance. Conducting or 
storing drinking water in containers of metal is as foolish a 
practice as eating food off the floor. Water picks up everything it 
touches simply because it is wet! You may not see what it picked 
up any more than you can see if it has picked up sugar or salt, 
The cadmium and other metal is dissolved in the water. The 
older the pipes the softer, more corroded they are, and the 
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more metal is picked up as the water rushes by. If you find 
cadmium in your hot or cold water, you will never be able to 
filter it out. Nor should you switch to bottled water. The amount 
of cadmium in your clothing from doing laundry with this water 
is already too much for your adrenals and kidneys. 

Change your galvanized pipes to PVC plastic. If you believe 
you already have plastic pipes or all copper (which leads to leu- 
kemia, schizophrenia and fertility problems) you will need to 
search every inch of plumbing for a very short piece of galva- 
nized pipe left in the system! A piece as short as a 2 inch T or Y 
can be causing all the trouble. 

The toxicity of cadmium, in fact, the high blood pressure 
connection, has been known a long time. After finding the cad- 
mium start on the kidney cleanse. You might miss the cadmium 
problem if you don’t attend to it first. Also remove all metal from 
your mouth. 

All (100%) cases of high blood pressure I have seen could 
be easily cured by eliminating cadmium and other pollutants, 
followed by cleansing the kidneys. 

To test whether you still need your blood pressure medicine, 
wait until your pressure is down to 140/90 or better. Then cut the 
dose in half. Check it again next day. If it has climbed back up 
you are not ready; go back to %4or a full dose of medicine. Try 
again a few days later. If your blood pressure stays down, cut 
your medicine in half again (you are now down to 1 the regular 
dose) and see if your blood pressure stays improved. 

When you are down to 130/80 go off completely. But stay on 
the kidney herb recipe. At 120/80 try yourself on a few shakes of 
sea salt. The amount of salt eaten, once the pressure is down, has 
little influence. In fact increasing salt intake improves energy 
without raising blood pressure. Take no more than one teaspoon 
a day (2,000 mg sodium), total, including cooking. Better yet, 
make a salt that is a mixture of sodium and potassium chlorides 
(see Sources). Mix it for yourself in a 1 to 1 
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ratio or whatever your taste can accept. The sodium portion 
could be sterilized sea salt (test and make sure it has no alumi- 
um silicate in it first). 

Mold toxins have specific kidney effects! Especially T-2 
toxin, found mostly in dried peas, beans and lentils. Rinse these 
thoroughly first, throw away shriveled ones, and add vitamin C 
to the cooking water. All cases of serious kidney disease show a 
build up of T-2 toxin. Be extra careful to avoid moldy food (read 
Moldy Food, page 381). 


Bala Cuzmin, age 72, had high blood pressure for ten years but the 
upper (systolic) pressure remained high in spite of various medi- 
cines that were tried. She had three kinds of kidney stones and 
only one functional kidney. She stopped using caffeine, switching 
to arginine tablets to get over the let-down. Her diet was changed 
to reduce phosphate and add calcium, and she took magnesium 
and Vitamin Bs to assist the kidneys. She was very anemic and 
her mean cell volume (MCV) was high due to Ascaris infestation. 
She killed parasites, cleansed kidneys but saw no drop in blood 
pressure which stayed at 150 to 170 systolic. Her adrenal glands 
were choked with copper and platinum. She had all the metal in 
her mouth replaced and promptly saw a blood pressure drop to 
145-1 50. Three months later it was at 128 to 133 on half her 
medicine. She had not been tested for T-2 toxin yet, nor changed 
her copper water pipes. 


‘Sabrina Patton, 66, had a long list of health problems, including high 
blood pressure for six years. She was on Corgard™ and diazide 
drugs which kept it down to 140-160/74-80. She had phosphate 
crystals in her kidneys and was started on kidney herbs and a diet 
change to include milk and exclude soda pop. She had high levels 
of mercury and copper in her immune system. She was feeling so 
much better after the kidney cleanse that she decided to remove 
her last filings and replace her bridge, too, since it was shedding 
ruthenium, On her way home from the dentist, her ears stopped 
ringing and soon her blood pressure was down to 126/68. She was 
still on half a dose of drugs because she was too afraid to go off 
entirely. But when her pressure stayed down she found the 
courage to go off completely. This gave her the energy she wanted 
to play basketball with the grandchildren again. 


NON-PAINFUL DISEASES 


Rolf Ehrhart, 61, had 80% blockage of heart arteries and high blood 
pressure for which he was on a Hydropres™ patch, Tenormin™, 
and Logol™ (diuretic). He had phosphate and uric acid crystals in 
his kidneys. He was started on kidney herbs followed by the para- 
site herbs. His Ascaris and flukes were zapped. He stopped using 
store-bought beverages. Then he could cut back on his medicines, 
measuring his blood pressure daily to guide him. After seven 
weeks it was down to 140/85, so he decided to do without 
medicine, a bit early. He was also getting chelation therapy and 
was now able to walk 2-4 miles a day. His next chore, which he 
approached gladly, was removal of all metal from his mouth. 


Len Gerald, 45, was on Vasotec™ for high blood pressure. He was 
constantly sleepy; his blood test showed a low thyroid level in spite 
of being on Euthyroid." He was started on kidney herbs followed 
by parasite herbs. In two weeks, barely into his program, his blood 
pressure dropped. He had to go off his blood pressure medicine. It 
stayed at 126/80. He still had some Ascaris and other health 
problems but was highly motivated to clean them up, too. 


Glaucoma 


In glaucoma the pressure in the eyeball gets too high, putting 
pressure on fragile retina cells that do your seeing. The first 
question to ask is: “Is my blood pressure too high?,” because 
there is a link between high blood pressure and elevated eyeball 
pressure. 

Your blood pressure should be 120/80. Your doctor may say 
140/85 is “not high.” He or she is kindly refraining from giving 
you drugs until this level of pressure is reached. It is your tip-off, 
though, that something is not right and you should correct it now, 
when it is easy, and before other damage is done. Read the 
section on high blood pressure (page 210) to learn how to reduce 
it by going off caffeine, checking for cadmium poisoning from 
your water pipes, and cleansing the kidneys (page 549). Even 
though your doctor has explained how the tiny tube draining your 
eyeball is too narrow, you should ask: was it not 
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too narrow before high blood pressure struck? Simply getting 

your blood pressure to normal is sufficient help for beginning 

glaucoma. 

Antonia Guerrero, age 51, had glaucoma for five years and was dete- 
riorating rapidly. She cleansed her kidneys, killed parasites and 
changed her diet to the anti-arthritic one since she also suffered 
from arthritis in her hands for ten years with painful enlarged 
knuckles. She didn't get relief from taking aspirin. She got rid of 
her asbestos toxins by bringing her own hair blower with her to the 
hairdresser. After seven months she had pain relief for her arthritis, 
(without aspirin) and her glaucoma was pronounced stable by her 
ophthalmologist. 


Tooth Decay 


The strongest part of our body structure is our bones. The 
strongest bones are our teeth. How can they decay? We must look 
at the enamel, dentine and root of the tooth as well as the bone 
they rest in for some answers. 

Scientists have already searched very hard and long for an- 
swers. But their work is hampered by commercial interests that 
try to shape the results. Since commerce determines which re- 
search can be done (that is, paid for) sacred territory can be ig- 
nored. For example, the effects of sugar-eating, gum-chewing, 
tooth brushing, fluoridation, tooth filling materials and diet can 
be ignored if it interferes with product sales. Trivial studies such 
as comparing shapes of toothbrushes, studying the chemical 
composition of plaque, and studies of bacterial structure and 
genes are done instead. Studies “at the molecular level” do not 
threaten existing industries. 

Important research has lapsed since the 40's and 50's. Per- 
spective on tooth health was sound and clear in the mind of Dr. 
Weston Price in the 1930's. His scientific studies stand as a bea- 
con even today because truths, once found, do not change. He 
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arately energized via a substrate, When electrons 
strike a positively charged anode segment, it 
emits visible light in a process of fluorescence. 
This behavior can be compared with that of a 
cathode-ray tube, However, the cathodes ina VFD 
are efficient electron emitters at a relatively low 
temperature, while the cathodes in a cathode- 
ray tube require substantial heaters. 


Anode, Cathode, and Grid 

A grid consisting of a mesh of very fine wires is 
mounted in the thin gap between the filaments 
of the cathode and the segments of the anode 
A simplified view of this arrangement is shown 
in Figure 25-1 


Figure 25-1 The basic elements of a vacuum-fluorescent 
display. 


The polarity of the charge on the grid controls 
and diffuses electrons emitted by the cathode. If 
a grid section is negatively charged, it repels 
electrons and prevents them from reaching the 


sections of the anode beneath it. Ifthe grid sec~ 
tion is positively charged, it encourages elec- 
tronsto reach theanode. Thus, the grid functions 
in the same way as the grid in a triode vacuum 
tube, but its conductors are so thin, they are 
barely visible. 


How to Use It 


Electronic calculators used vacuum-fluorescent 
displays during the 1970s, before LED displays 
and LCDs became more competitive. Purely nu- 
meric VFD modules are still available as strings of 
digits, although they are becoming uncommon 
and have been replaced by alphanumeric dot- 
matrix modules where each VFD character is 
mounted in its own glass module on a separate 
substrate. 


Figure 25-2 shows the interior of a Commodore 
calculator from the 1970s, with its nine-digit 
vacuum-fluorescent display enclosed in one 
glass capsule, 


A closeup of three digits from the previous figure 
appears in Figure 25-3, showing the grid super- 
imposed above each numeral 
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traveled the world over in search of good teeth. Anywhere and 
anytime he found them, he described the people who had them. 
This is excellent science. It lets you draw the conclusions. He 
described what he saw in a book, titled Nutrition and Physical 
Degeneration." They came to these conclusions from the fol- 
lowing observable facts: 

1. Skulls of primitive peoples who lived along coastlines, 
such as Peruvians, Scandinavians and various islanders, 
and whose staple foods included fish daily, showed perfect 
teeth; not a single cavity in a lifetime. They had strong 
bones that didn't break even once in a lifetime of 45 years. 
Skeletal structure was fully developed, meaning the jaw 
bone was not undershot or cheek bones squeezed together, 
forcing the teeth to grow into a smaller than ideal space. 
Consequently, there was room for the wisdom teeth, and no 
need to crowd the remainder. They saw no crooked teeth or 
unerupted wisdom teeth. The authors estimated a daily 
consumption of 4 to 5 grams of calcium in their fish 
containing diet. 

Our daily consumption of less than I gram calcium daily is 
small by comparison. Our wisdom teeth erupt poorly, our other 
teeth are often crooked. But today bad teeth go shamefully un- 
heeded because we don't need to chew our food, we can lap it 
(ice cream) or suck it, or gum it (applesauce). 

2. These primitive peoples got all the calcium, magnesium, 
phosphate, boron and other bone builders they needed 
simply from eating (fish) bones. Mexican peoples got 4 to 
6 grams of calcium a day from stone-grinding of corn for 
their staple, tortillas, instead of from fish. 


‘Sit is still available from the Price-Pottenger Nutrition Foundation, a 
non-profit organization that seeks to keep his observations alive. Their 
address is PO Box 2614, La Mesa, California 91943, (800) 366-3748. 
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Where do we get our calcium? Milk is our only supply. One 
quart supplies one gram. There is little excuse for a carnivorous 
society like ours to regularly throw away the bones of its food 
animals in view of our dire shortage. It leaves us dependent on 
milk alone. Milk has so many disadvantages. It is impossible to 
milk a cow by machine and not get a few manure bacteria, Sal- 
monellas and Shigellas, into the milk. These bacteria are not 
completely killed by pasteurization the way more susceptible 
bacteria are. It takes boiling temperature to kill all of them. Why 
isn't milk sterilized? Water was sterilized for human consumption 
in distant decades. Chlorination of water is not ideal but it did 
sterilize the water. Milk could be sterilized by boiling or flash- 
heating. 

Milk has other disadvantages: dozens of antibiotics, both by 
feed and by shot, bovine growth hormone, chemicals added in 
milk processing, the bad effects of homogenization, and allergy to 
milk. Yet, in a choice between milk drinking and bone loss, one 
must choose the milk. This would not be necessary if bones were 
properly salvaged-ground to powder and added back to the meat 
where it belongs-to offset the acidifying effect of the phosphate 
in meat. One gram of calcium is not much bone (Yatsp.) but it 
requires a whole quart of milk. Bone powder added back to 
ground meat, soups, stews could greatly improve our tooth decay 
problem, bone density problem, and skeletal growth problems. 


Softened teeth set the stage for decay; 
bacteria do the dirty work. 


Zapping bacteria does not kill them all. The zapper current 
does not reach into abscesses under metal filled teeth or around 
root canals. Staphylococcus aureus, which we are constantly 
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stuffing in our mouths as we lick our fingers, finds an immediate 
hiding place in a crevice where it can't be zapped. Many other 
bacteria hide here, too: those that cause ear ache, sore throats, 
bronchitis, stiff knees, joint disease. You can try zapping all the 
Clostridia, Streps and tooth decay or plaque bacteria. But the 
only way to successfully eliminate them is to pry them out of 
hiding and wash them away. This is a job for the dentist (see 
Dental Cleanup page 409). 

Strep. mutans is considered to be the bacterium that causes 
tooth cavities. I have found it in milk, evidently another pas- 
teurization escapee. All the more reason to sterilize dairy prod- 
ucts, 


Frannie LaSalle, 52, was getting compression fractures in her spine, 
but the weak bone condition was evident in her mouth (many teeth 
were loose—they could be jiggled!). Her gums were red and 
inflamed. A low thyroid condition (she needed 2’ grains a day of 
thyroid—in one day the normal body goes through 5 grains of thy- 
roid products) contributed to this. Her blood phosphate level was 
high (4.7 mg/DL—should be below 4.0) and her alkaline phos- 
phatase was 205, also high, showing she was dissolving her bones 
(including tooth sockets) at a rapid pace. Her whole system was 
too acid, as could be seen in elevated CO, levels (28, when 23-30 
is normal). 


Only the major minerals, sodium, potassium, calcium and magne- 
sium can have an impact on this major disturbance. The dentist 
said she had to have all her teeth pulled and replaced with den- 
tures. Her kidneys showed all three types of calcium phosphate 
crystals. She drank no milk. She had only three weeks before her 
oral surgery appointment. She was started on ¥/ cup 2% milk, 6 
times a day plus 50,000 units of vitamin D (a prescription dose) to 
make sure she absorbed all the calcium. She also took magnesium 
‘oxide (300 mg. once a day) and vitamin Bs 500 mg (one a day). 


‘She was started on the kidney cleanse to help activate the vitamin 
D and to help the adrenal glands make estrogen. Her estrogen 
level (5.2 pg/ml) was too low to get the calcium deposited back into 
her bones. She was also given licorice herb for their estro- 
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gen-like action to help with this and vitamin C, 1 gram (1,000 mg) 2 
to3aday. 

Her mouth care was to be as follows: potassium iodide (white io- 
dine, made up by dissolving 88 gm potassium iodide in one li- 
ter/quart water). Purchase a new very soft toothbrush. Use no 
toothpaste or store bought floss. Use 2 Ib. or 4 Ib. (the 4 Ib. is 
coarser) fish line (rinse first). Brush twice a day; floss only once at 
bedtime before brushing. Use 6 drops of food grade hydrogen 
peroxide for daytime brushing. Use 6 drops of potassium iodide for 
nighttime brushing. Use no mouthwash, chewing gum, candy. In 
three weeks her teeth could not be jiggled. Her dentist was as- 
tonished (but was not interested in how she achieved this). In six 
weeks her mouth looked normal and she could chew some foods. 
Her vitamin D was tapered as follows: Take 6 a week for the first 
week (miss one day). Take 5 a week for the second week (miss 
two days). Take 4 a week for the third week. Then 2 a week in- 
definitely. She never lost a tooth. 


Muscle Diseases 


There are a variety of muscle wasting diseases, thought to be 
genetic in their cause. Yet, what could be more easily inherited 
than a parasite? Persons living together share food, living habits. 
refrigerators, and parasites. Their shared genes indeed give them 
similar susceptibilities but if we take muscle parasites away, 
muscle diseases “magically” disappear. 

Of course, there is no magic involved. It is actually hard 
work, Hard work to rid the whole family of parasites that are 
shared and possibly were present even at birth, Parasites that 
normally don't go to the muscles. For example liver flukes and 
intestinal flukes. They belong in the liver and intestine! Yet, in 
muscle disease they show up and reproduce themselves in the 
muscles. The reason for this becomes clearer when you see that 
certain solvents have accumulated there. Heavy metals, bacteria, 
and viruses have accumulated there, too. The host's muscles, 
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instead of kidney and bowel, have taken on the duties of toxic 
dumping grounds. Could it be that the regular routes of elimi- 
nation were overwhelmed? Or did the muscles, traumatized by 
these unusual parasites, invite the toxins? A tantalizing question. 

But in seven minutes you can methodically kill everything and 
anything that is alive in your muscles and shouldn't be there. Zap 
until you are free of all parasite invaders. Your muscles will feel 
lighter afterward. 


Muscular Dystrophy 


In muscular dystrophy the solvents, xylene and toluene are 
seen to accumulate in muscles. These also accumulate in brain 
and nervous tissue! (See Alzheimer's page 269 and multiple 
sclerosis, page 204). Could it be that these solvents are actually 
present in the nerves of the muscles? 

Fortunately these solvents will leave your body, by them- 
selves, in five days after you stop consuming them! Stop drinking 
all store bought beverages, including water and powders that you 
mix, and including health food varieties. Water claims and health 
food powder claims sound as convincing and strong as a twelve 
inch plank to walk on, But if the plank leads out over the side of 
a ship, would you walk it? 

Throw all your possible sources of solvents out, Flavored 
foods are the chief offenders (cold cereals, sweets and candy 
too). But of course, you should check in your basement or at- 
tached garage for cleaning solvents. Places where painting is 
done or automobiles are worked on should be off limits to you. 

If you've been wondering whether you have muscular dys 
trophy, which I consider to be a fluke disease, search your mus- 
cles electronically. Use prepared slides of flukes along with a 
sample of hamburger meat to represent your muscles. If flukes 
have already taken up residence in them, you should diagnose 
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yourself as “Positive”. If not, but other parasites and toxins are 
present, you have pre-muscular dystrophy. 

Also, the likelihood of finding thallium is quite high, judging 
by the case histories. 


Mel Rickling, age 18, had been seeing a specialist for bouts of mus- 
cular weakness for several years, but no diagnosis was given. His, 
condition was not yet severe enough although it was difficult for 
him to raise an empty glass or get upstairs. It began at puberty, 
not too long after his first mercury tooth filing. He had asthma in 
childhood. The flukes attacking his muscles were liver fluke, in- 
testinal fluke, and pancreatic fluke. Other parasites in his muscles 
were Leishmanias, several dog tapeworm cysts, and pinworm. 


He also had assorted bacteria in his muscles. The solvents propyl 
alcohol, benzene, toluene, and xylene were accumulated there too. 
Ortho-phospho-tyrosine (cancer test) was already positive. His, 
doctors had not searched for cancer in their biopsies. His drinking 
water contained lead and since he had lived in one house since 
birth he was probably drinking lead every day of his life. He also 
had high levels of mercury and some thallium accumulated in his 
muscles; these came from the tooth filings in his mouth and could 
explain why his problems began after his first filing was put in 


His flukes and other large parasites were killed immediately with a 
frequency generator. He was started on the herbal parasite pro- 
gram to prevent reinfection. His diet and body products were 
changed to exclude solvent pollution. He could have no commer- 
cially prepared beverages except milk which needed to be boiled to 
kill bacteria. In twelve days his daily stomach pains were gone, so 
he was able to eat more and gain some much needed weight. The 
rash on his face was gone, the pain at his right side was gone, his 
muscle twitches were gone, his joints no longer ached and his 
mood was much better. The whole family was put on the parasite 
program and Mel was scheduled for dental cleanup. The plumbing 
repairs removed lead from the water and he was soon able to walk 
upstairs, in fact run upstairs. 


‘A young man, seeing himself regain normaley, wants nothing more 
than to lead a normal life" which includes reckless behavior. But 
after several warnings from his muscles he stuck to his re- 
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strictions and gained the weight he wanted in order to participate 
in athletics, 


Myasthenia Gravis 


is probably a fluke disease. Some chemical, possibly coming 
from the fluke, may affect the acetylcholine receptors, thereby 
causing an allergic reaction so they become inefficient. This is 
most noticeable in the eyelids. They droop from lack of strength 
to lift them, 

The thymus is often involved, too. The thymus is extremely 
sensitive to benzene and with so much benzene pollution in our 
products and foods (pollution from gasoline is negligible by 
comparison), you will probably find benzene accumulated there. 
Search the thymus and the muscles for parasites, bacteria and 
tooth metal as well as toxins in the foods eaten daily. Kill in- 
vaders twice a week with a zapper or stay on an herbal parasite 
program until all danger of recurrence is past (one to two years). 

Clean up dentalware, diet and environment. Keep no indoor 
pets since any new parasite, however tiny, will surely find the 
niche left behind by the flukes and give you a new myasthenia 
gravis-like disease. The whole family must be parasite-free to 
protect the member with myasthenia gravis. But it is a task easily 
accomplished and desirable in its own right, so discuss your plan 
immediately with family members. Don't delay. The flukes don’t 
waste a single minute. They go right on feeding and breeding. 


Carmen Opsal, age 37, was told by her specialist she had her myas- 
thenia from birth since she didn't have the strength to nurse. She 
had pancreatic fluke stages throughout her body. Her plan was to 
start on the parasite killing program, clean her kidneys, remove 
toxic elements, kill bacteria and clean her liver. Long before she 
accomplished this, in one month, she was feeling better and had 
return of her strength on some days. She still had the solvent, 
methylene chloride, from drinking “pure” orange juice and praseo- 
dymium from eating foitpackaged foods, also thulium from her 
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brand of vitamin C. She was full of auto exhaust and nickel from 
dental metal. There was hafnium from nail polish and hair spray 
and zirconium from deodorant. She planned to get rid of it all, and 
never need to return. 


Universal Allergies 


If minor allergies are due to a disabled liver, then extreme 
allergies must be due to an extremely disabled liver. This is the 
case for persons suffering from “universal” allergies, namely 
“everything”, like the lacquer on floors, plastic chairs, the 
neighbor's flowers, and the grocery store. 


Fig. Black threads in toilet are indicative 


of fluke remains 


Sheep liver fluki 
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They have more than merely clogged bile ducts. They have 
the sheep liver fluke living in the bile ducts! A tip-off to this 
situation is allergy to wool and wool fat (lanolin). A few flukes 
might not be noticed but a liver full of flukes that spill over into 
the intestine can give the worst case of allergy imaginable. 

Sometimes the body manages to kill them with its own re- 
sources (maybe you ate something even too toxic for them!) They 
come through the bowel in a torrent, In the water of the toilet 
bowel they explode, spewing their infectious eggs all over in 
little black threads. Because these look like hairs, you may 
believe you passed “things with black hairy legs.” These are 
actually burst flukes with black strings of highly infectious eggs. 
Why some people are literally taken over by these flukes is 
unclear, Amongst sheep, only certain sheep will be severely 
affected, being called “liver-rot.” The disease in animals has 
been extensively studied. 

Kill flukes with a frequency generator (434-421 KHz) or 
zapper. Come to the aid of the liver by avoiding food molds, 
removing dental metals, stopping chronic Salmonella infection 
and finally cleaning the kidneys and liver. 


Environmental IlIness 


is another name for “universal” allergies. When more than a 
few flukes are present in the liver, they keep the liver from doing 
its major job: detoxifying all the food and chemicals that are 
taken into your body. 

Different parts of the liver have different detoxifying jobs. 
One part detoxifies plastics and solvents, another part detoxifies 
perfumes and another newsprint ink, and so on. Foods have 
natural chemicals that need detoxification. By changing our food 
constantly we avoid overburdening any one of our detoxifying 
mechanisms. This is probably the basis for wanting differ- 
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ent food at each meal and different meals each day. We somehow 
“know” when we're ready for the same food again. 

Less extreme forms of allergy can be due to other flukes in 
the liver, such as human liver fluke (Clonorchis), or just plain 
clogging with numerous cholesterol crystals. 

‘Anything that is lodged in the bile ducts obstructs the flow of 
bile. This causes back pressure in that part of the liver so it 
produces less bile. 

The bile duct system is a gigantic tree with lots of intercon- 
necting branches. Remember how “stringy” liver can be when 
you buy it in the grocery store. These strings are bile duets. When 
one is obstructed, others take over its job. But when a whole 
section of the liver gets obstructed and it can't detoxify a whole 
set of chemicals you dare not get those chemicals into you again. 

What if you do? These chemicals go coursing all over your 
body! They are taken up by various organs. The brain has special 
protection, called the blood brain barrier. But this can get 
broken by parasites that burrow. Now chemicals can roam 
through the brain. Some attach themselves and cause an “allergic 
reaction”. Beryllium, from “coal oil,” kerosene and gasoline 
attaches itself to the brain easily. Then other things attach 
themselves to the beryllium! 

The extreme form of allergies simply requires killing the 
sheep liver fluke and other flukes inhabiting the liver. They tend 
to overflow the liver and inhabit the intestine, too. In this case, 
you might actually see some in the bowel movement after killing 
them. They won't let go of you as long as they are alive. 

They have two attachments to hold onto you, yet, they are not 
difficult to kill, even with herbs. Use the herbal parasite recipe 
(page 338), zapper, or a frequency generator. 

Sheep liver flukes might actually be breeding, that is, multi- 
plying in the liver of the hyperallergic person. This is not normal. 
Sheep liver flukes “should” only spend their adulthood in 
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1¢ digits from the previous figure, show 
that controls their illumination. 


ing the grid 


A tinted filter of the same color as the display is 
usually placed in front of it, to conceal some of 
its workings. Thus, the Commodore calculator 
used a green filter in front of its green numerals. 
Figure 25-4 shows two seven-segment numerals 
from another device, with the filter removed. This 
reveals not only the grid but also the horizontal 
wires that function as the cathode. Connections 
between the segments of the numerals and a 
backplane are also visible. 


Figure 25-4 Seven-segment numer. 
3d iter reveating the cathode (ho 
(wire mesh. 


viewed without a 
conta wires) and 


Modern Application 

Amodern VFD module is likely to be mated with 
adriver that converts SVDC to the higher voltage 
(typically SOVDC to 60VDC) required for the dis- 
play. Built-in logic may offer the option to receive 


data via an 8-bit parallel bus or with SPI serial 
protocol, and will contain a character set. A typ- 
ical display resolution is 128 x 64 pixels. 


The combination of a grid and a segmented 
anode enables a VFD to be controlled by multi- 
plexing. For instance, in a display of four seven: 
segment numerals, the same equivalent seg- 
ments in all four numerals can be connected in 
parallel while a separate grid covers each numer- 
al. When each grid is positively energized, it se 
lects the corresponding numeral, and the on-off 
segment patterns appropriate to that numeral 
are supplied. This procedure is repeated for each 
numeral in turn, Persistence of vision makes it 
appear that they are all active simultaneously. 


Variants 


Color 

Although a VFD cannot provide a full-color dis- 
play, selected anode segments can be coated 
with different phosphor colors, which can fluo: 
resce simultaneously. Two or three individual 
colors re typically used, asin the display fora CD 
player where color helps to distinguish a variety 
of different functions, A closeup of a portion of 
the display from a CD player (with color filter re- 
moved) appears in Figure 25-5. 


VGROOVE jir7].) [it irl. 
CSPACE rn i iy 
siurpom (Al (Af: 


ALLIDISC S ALBM._ = 
(_ oe ts we REPT 


FS) 


[USOT MOVER 
am Jt 


Figure 25-5. The lefthand section of a 
fluorescent display from a CD player 
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our bodies. When the baby stages are also found in our bodies, 
(instead of in minnows or snails) there is undoubtedly a specific 
solvent involved. Environmentally ill persons have quite a few 
solvents accumulated in their organ tissues. Which one enables 
the sheep liver fluke to go through all of its development in the 
human is not known yet. 

Obviously, the extremely allergic person, should remove all 
solvents from their diet and environment, Begin with eliminating 
propyl alcohol and benzene. The same products have other 
solvents too. It is processing of foods that puts solvents into 
them. Go completely natural. Dairy products are free of solvents, 
except for some cheeses. Remember to boil them to get rid of 
bacteria. Salt, olive oil, butter, and honey are free of solvents. 
With electronic technology, you can find solvent free products. 
Otherwise, if it didn't grow or you didn't make it from scratch, 
you must assume it has solvents! Cook from scratch, make your 
‘own pasta, bread, fruit juices, beverages. 

Often, but not always, persons with sheep liver fluke, have a 
specific allergy to lanolin, a sheep product. Since lanolin is 
widely used in other products, this becomes a very broad range 
allergy. Such persons “can get no fat” at mealtimes or wear no 
wool without a considerable reaction. The allergy to lanolin 
does not disappear the day the flukes are all dead. But cleaning 
the liver with several liver cleanses (page 552) after killing 
parasites will start the recovery proce: 

Which comes first, the flukes or the solvents? That can't be 
answered. But what happens next is easily seen. The more flukes, 
the less able the liver is to detoxify solvents. The more solvents 
the better able the fluke is to multiply. A vicious cycle is set up 
that accelerates the illness. 

Perhaps neither of these came first. Perhaps something else 
poisoned the liver so both solvents and flukes are given a home 
in your liver! Such a powerful liver poison would be a food 
mold: aflatoxin, cytochalasin B, sterigmatocystin, zearalenone, 
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ochratoxin, sorghum mold, griseofiulvin, citrinin, T-2 toxin, Ko- 
jic acid, ergot and others. Avoid food molds—see Mold Free 
Diet, page 365. The diet must be quite limited at first, to allow 
the liver time to “regain” its detoxifying capability. 

Of course, it is assumed that environmentally ill persons have 
had their dental metal replaced by metal free composite. This 
includes gold, Gold accumulates in the pancreas, another organ 
of digestion. This may mean choosing partial dentures. Read the 
section on healing the jaw and Bone Strengthening (page 87) to 
ensure this move brings you success. 

The liver is a versatile organ, It can regenerate itself but it 
won't if food molds block regeneration. Given half a chance it 
will become like new. After killing parasites do the liver cleanse 
(page 552). If it has been a month or more since you killed para- 
sites, then go on a high dose parasite herb treatment the week 
before, or zap. Don't use the herbs the day of the cleanse. With 
one major allergy gone after each cleanse and by timing liver 
cleanses two weeks apart, it takes only six months to have a rea 
sonably normal life again, You can endure indoor air again, sit 
on plastic chairs, read newspapers, wear cotton clothing and 
leather shoes without reacting. You must still be patient and 
careful as you take back the world for you to live in, 


Delores Flores, 53, was brought by her husband to the driveway in 
front of the office. There she put on her mask and advanced to the 
outdoor bench. She did not dare to come in. Without doing any 
testing her condition was obvious. She must start killing liver 
parasites. But it seemed too simple to be believable. And she knew 
she'd be allergic to the parasite kiling herbs (this was before the 
Zapper). She decided to do nothing. 


Patricia Humphry arrived wearing an industrial painters’ mask. It 
‘smelled rubbery. Her winter boots smelled moldy. And a faint scent 
of mothballs came from somewhere. Even her car had an engine 
problem, spewing exhaust fumes into the driveway. | suggested 
she begin with some basic reading material on allergies. She did 
not return either. 
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Arlene Kelly, 50ish, could eat no fat—not the tiniest snippet. But at 
Thanksgiving she allowed herselt a litte gravy. The consequences 
were swollen eyelids, swollen face, swollen throat: quite a 
dangerous situation. After killing Ascaris and the flukes, and 
cleansing the liver (all in time for Christmas) she dared a ttle pie— 
and got along quite welll 


Alcoholism 


When the portion of liver that detoxifies ethyl alcohol (the 
drinking kind) is hampered you are at risk for alcoholism The 
other contributors to alcoholism are beryllium and ergot. Per- 
haps there are even more contributors. 

Beryllium is plentiful in coal products such as “coal oil”, and 
in gasoline to which kerosene or coal oil has been added. Fuel 
for “hurricane lamps” is a common offender, filling the air with 
beryllium, Liver blockage can force beryllium to circulate 
through the body; if it happens to attach itself to the addiction 
center of the brain, you're in a heap of trouble. Beryllium is very 
reactive. Any other allergen coursing by can react with it. If this 
happens to be alcohol-the drinking kind-you will be alcoholic 
unbeknownst to you. 

When the liver is quite disabled, there may still be aleohol 
coursing through your body the day after you drank even a little 
bit! It is bound to find the beryllium stuck to the addiction center. 
Together, they turn the brain into a uncontrolled machine. 
Neurotransmitters are released that shouldn't be; others not re- 
leased that should be. Mood is affected in a typically “alcoholic” 
way. Depression may be lifted—or caused! 

Alcoholic persons should remove all fossil fuels from their 
environment, and never choose a career that exposes them to 
paint, cleaners, or automotive products. They should do liver 
cleanses until 2,000 stones or more are out. 
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Of course, they should never touch a drop of alcohol: not 
even the Black Walnut Hull Tincture in the herbal parasite pro- 
gram, The aqueous recipe should be made for them. Since alco- 
hol is produced anyway, in the body, the liver should never be 
poisoned by molds, especially ergot: the very mold that is so 
abundant in alcoholic beverages! Alcohol and ergot interact to 
make each more toxic. 

To help the brain recover its neurotransmitter status, take 
glutamine (500 mg.), a B-SO complex, and niacinamide (500 
mg—to help detoxify ergot), with each meal. 

To prevent alcoholism, protect your liver from food molds, 
especially ergot. Add vitamin C to nuts, pasta cereals, grains and 
even alcoholic beverages! Avoid fossil fuel pollution of your 
home by switching to all electric utilities. 


Alcohol Addiction 


There are many definitions of addiction. My definition is 
based on the special brain toxins, beryllium and ergot 

The brain has a region called the addiction center. If this 
center is stimulated it produces pleasure-chemicals. It is care- 
fully controlled so that not too much pleasure or happiness can be 
experienced. 

When a toxic substance, beryllium, is inhaled it circulates 
with the blood to the brain and may land at the addiction center. 
The more beryllium is inhaled the bigger the chance that it will 
occupy the addiction center. The brain cells in the addiction 
center have receptor sites for glutamate (the same glutamic acid 
that comes from the protein in our food), Normally, glutamate 
activates the addiction center. But when beryllium has “stolen” 
these seats, the glutamate is powerless to activate the joy and 
happiness center. The result is a low level chronic depression. 
The more beryllium there is to clog the receptors the worse the 
depression. Giving glutamic acid does not help but giving glu- 
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tamine does! Addicted or depressed persons should take glu- 
tamine, no less than 3 grams (3000 mg) a day. It comes in 500 
mg. tablets. It is completely harmless. 

When we drink alcohol or put it on the skin (as in mouth- 
wash, tinctures, medicine) or produce it by fermentation in the 
intestines (Candida produces alcohol) a substance, salsol, is 
formed. Salsol reacts with beryllium. If the beryllium is in the 
pleasure center it reacts with it there. This reaction has the effect 
of activating the cells! Now a large amount of pleasure-chemical 
can be released. The amount is larger than normal because so 
many clogged cells are activated together. This explains the 
alcohol “high”. In all the alcohol-addicted persons I studied, 
salsol was present, along with beryllium, on the receptor sites 
normally activated by glutamate (or NMDA or kainate). As we 
removed the beryllium we saw that the salsol also disappeared. 

The solution to alcoholism is to avoid ergot contaminated 
food and avoid beryllium inhalation. We also remove the brain 
beryllium using thioetie acid, Stopping the use of aleohol may 
save a life or career but does not correct the problem. Even after 
30 years of abstinence, I still see the beryllium present in the 
addiction center and the salsol, derived no doubt from endoge- 
nous sources, still attached to the beryllium. This is why the ad- 
diction is never gone even after years of abstinence, 

If any member of the family is, or was, addicted to alcohol 
the house should be searched for beryllium sources. Hurricane 
lamps or antique lamps are the most common sources. Remove 
them permanently. Washing does not clean them, Remove all 
solvents, cleaners, lighters. Switch to a butane lighter. The air 
should be tested for beryllium. The garage door to the house 
should be permanently closed, and the car and lawnmower kept 
out of it. Addicted persons should not be painters! Nor walk into 
a dry-cleaning business. Soon you will see a more cheerful 
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disposition in the addicted person and this will be rewarding for 

the whole family. 

Miguel Alcorn’s wife cleaned up the environment for Miguel, whose 
aleoholism was 30 years long. Even lighter fluid was removed. The 
garage was sealed off from the house. She added vitamin C to his 
meals so he didn't have to “take anything”. She was very careful 
about moldy grains. He lost his preoccupation with drinking after 
kiling parasites. She believes he is not sneaking any. Our hats are 
off to her. 


Seizures 


are always caused by tiny Ascaris larvae in the brain. 

I suppose they find their way to the seizure center by acci- 
dent. It is not normal for them to be in the brain, they typically 
travel between the stomach and lungs. Ascaris eggs are present 
everywhere in animal filth. Dogs, cats, horses and pigs all get 
Ascaris. Their excrement dries and flies about in the dust, but 
mostly it resides in the soil. Children playing in the dirt cannot 
help but pick up Ascaris eggs. The eggs hatch in the stomach and 
the tiny larvae, microscopic in size, travel first to the lungs. Here 
they go through a molt. This causes some coughing. 

Whenever a child coughs for part of the day do not assume it 
is harmless. Use a frequency generator set to 408 KHz, or use a 
zapper. Children should be treated for Ascaris anyway, whether 
coughing or not, once a week. The tiny larvae are in the cough up. 
Children should not be taught to politely swallow this. They 
could be swallowing their own future seizures, asthma, or 
eczema. Teach children to use tissues for all spit up. The lungs 
are doing what they can to rid the body of these invaders. Your 
intelligence must cooperate with your lungs. 

Ascaris do not come sweet and clean in themselves. They 
bring their own bacteria and viruses. One of these bacteria is 
Bacteroides fragilis. Bacteroides needs a host like Ascaris so it 
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can be oxygen-free. Such a requirement is termed obligatory 
anaerobic meaning “must have absence of ait.” 

Being transported to the brain inside Ascaris larvae is 
probably the means by which Bacteroides gets into the brain, 
Brain abscesses and brain tumors usually have Bacteroides fra- 
gilis growing there, Brain tumors will not shrink unless all the 
parasites, bacteria and viruses are dead. Bacteroides, in turn, are 
big enough to house thousands of viruses. Two common viruses 
seen with Ascaris are Coxsackie B, and Coxsackie By. Pethaps it 
is the toxins of the Ascaris larvae or Bacteroides or Coxsackies 
that induces the seizures. Maybe it is something else about the 
infestation that induces them. But by killing Ascaris, Bacteroides 
and Coxsackies (zapper or frequency generator at 408, 325, 364, 
362.5 KHz) you have eliminated the first essential link in the 
chain of developments that causes seizures. 

The brain does not quietly tolerate these invaders. It fights 
back with its immune system. But the wormlets are already too 
big to be eaten by white blood cells. The brain fights back by 
producing inflammation, 

Inflammations are intended to attract caleium so a wall can 
be built around the intruders. Inflammations are negatively 
charged regions so the positively charged calcium can find its 
way to the inflamed site. But lead and mercury are also pos 
tively charged! Perhaps this is how these toxie metals are at- 
tracted to the brain, All metals are positively charged. Perhaps 
this is their fateful poisonous attraction to living things. Perhaps 
they do not poison when no inflammations are present! In seizure 
cases we see many tooth metals in the brain. These must be 
removed so the inflamed site can heal. 

Other toxic substances have also found their way to the in- 
flammation at the seizure center: vanadium from leaking 
household gas; PVC from new carpets; titanium from face 
powder; zirconium from deodorant; asbestos from the clothes 
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dryer belt or hair blower; lead from tainted drinking water. Do a 
good clean up of your environment. 

Solvents accumulate here, too. Especially toluene and xy- 
lene. These are found in paint (persons with seizures should 
never be around fresh paint) but are also found in trace amounts 
in carbonated beverages. A person with seizures should drink no 
commercial beverages: see the Recipe section for homemade 
carbonated and other beverages. There are several other specific 
brain irritants that accumulate at the seizure center. 

The food fungus, ergot, is always seen in seizure cases. Per- 
haps it can act alone to produce seizures. After all, seizures are 
an ancient malady, existing long before chemicals and solvents 
were manufactured. 

MSG, which is monosodium glutamate should never be used 
in food. It was already banned in infant food in Europe a decade 
ago. Why are we still allowing it? Are our children not as 
precious? Healthy adults may tolerate it better than young 
children. But what about sick adults? Specifically, adults with a 
brain illness? Glutamic acid is a natural constituent of protein in 
our foods. And the sodium glutamate it must form in the body 
does no harm, But MSG is not biologically produced. It is lab- 
made. Lab-made amino acids are not the same as biologically 
made. Perhaps it is these “isomers”, perhaps it is the simple 
overdose of a natural thing that is brain-toxic. Whatever the 
mechanism, MSG should not be consumed by anyone, let alone a 
seizure sufferer. Fortunately, you can ask at restaurants, where 
(not whether) MSG is used so you can avoid these foods. 

BHT and BHA, standing for bishydroxytoluene and bishy- 
droxyanisole are food preservatives and also seizure triggers. 
They are often put on the boxes of cereals, rather than the cereals 
themselves, so the cereals can be pronounced preservative-free. 
Imagine how much the box must be drenched with to prevent 
oxygen leakage into the interior? 
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‘A more insidious seizure trigger is a perfectly natural sub- 
stance, malvin, Malvin is the natural dye found in grapes, 
strawberries, plums and blueberries. Stop eating strawberry and 
grape jam or juice. Chickens and the eggs they lay, have lots of 
malvin too, stop eating chicken and eggs. 

Here are foods relatively free of malvin: artichokes, aspara- 
gus, almonds, barley, beans of all kinds, green beans, broccoli, 
Brussels sprouts, cantaloupe, celery, nectarines, citrus, dates, 
mango, pears, kiwi, pineapple, Granny Smith apples. 


To Summarize 


To stop your seizures on a dime, and not have another one: 

1. Avoid malvin in food. Eat nothing colored red or blue, 
chicken, eggs, MSG, BHA & BHT. Boil all dairy products 
or don't eat them. 

2. Avoid ergot in food. Eat no whole grain products; take 
niacinamide 500 mg three times a day to help the liver 
detoxify tiny bits in other foods. 

3. Kill Ascaris, Bacteroides and Coxsackie virus and stay on 
a maintenance program of killing them. Avoid reinfection. 
It would be wise to have only outdoor pets. 

4, Replace dental metal with metal-free plastic (See Dental 
Clean-up). 

5. Clean up the home environment and body products of toxic 
substances. 

6. Keep your fingers sanitary: spray them with 10% grain al- 
cohol or vodka after bathroom use. 

You can often tell by how you feel whether you are near to 
having a seizure. But some people get no warming. Don't take 


“Taken from A Guide to the Identification and Treatment of Bio- 
catalyst and Biochemical Intolerances, 1988 by J. A. Krohn, Los Ala- 
mos Medical Center, 3917 West Road Suite 136, Los Alamos, NM 
87544, 
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chances. Keep your drugs with you, even though you no longer 
need to take them. Drugs like Tegretol" and Phenobarbital™ 
are not harmless. Once you can tell that you're better, try reducing 
your drug dosage slightly. See how you manage. If you have a 
breakthrough seizure you could fall and break a bone. Don't take 
chances. Even a year after your last seizure you should carry your 
medicine with you and have some in your house. This is because 
it is s0 easy to pick up Ascaris again. The highway to the brain 
its seizure center-is still open. They will travel it again. It might 
only take two days from the time of accidental swallowing of 
animal filth, to having little larvae in the brain. Use a frequency 
generator every day at first, or zap daily to guard against this. 
Notice that killing parasites the first time may actually start a 
seizure coming. Simply stop zapping if you feel one coming. Do 
shortened zapping until you can tolerate a regular treatment. Have 
someone with you while zapping. 

Say good-bye to seizures forever. But don't forget your sus- 
ceptibility. I believe you should be extra careful for two years. If 
you have a recurrence, repeat the whole procedure. This time it 
should be curable in a single day. 


Doug's mother was distraught when she brought him, age 8 months. 
Her doctor only seemed sympathetic with her purpose to keep the 
baby's temperature down the next time he catches a cold, But her 
doctor had referred her to the county social worker. She had been 
completely honest with her doctor, because she was that kind of 
trusting person. Since her baby had only experienced one seizure 
(which was during a fever), she didn't see why her beautiful first 
born child should be on medicine “the rest of his life”. She wanted 
her baby to be perfect. But the social worker had called her, talked 
about “the law’ and being an unfit mother. She was all apart. The 
baby was supposed to be on Phenobarbital™ twice a day. Our 
tests showed Doug had Ascaris plus lead toxicity. He was also 
getting home made strawberry and grape juice. She promised to 
put the three cats outdoors, keep the baby off the floor, keep 
Doug's fingernails short and always wash his hands before eating. 
‘The parasites were easily killed. The lead was spo- 
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ja Wrong light source 
Character Sets and 
Pictorial Design 

Inthe past, VFDs have combined seven-segment 
numerals in the same display as custam-shaped 
anodes. Solid-state gain meters in an audio am- 
plifier, for instance, have used numerals beside a 
pictorial representation of gain levels resem- 
bling analog meters. The look and layout of a 
display of this type has been unique to a partic- 
ular product. 


Modern VFDs tend to use a generic dot-matrix 
display in which a character set in firmware dic- 
tates how patterns of dots are grouped to form 
numbers, letters, symbols, or icons, 


The appearance of character sets generated with 
generic segments and dot-matrix arrays is thor- 
‘oughly discussed and illustrated in the entry de- 
scribing liquid-crystal displays in Chapter 17. 
VED alphanumeric modules are identical in vis- 
ual design to LCD modules, even though the in- 
temal electronics are different. 


Comparisons 
Twoadvantages ofa VFD are thatit functions well 
at low temperatures (unlike an LCD) and has suf- 


ndicator, or display > multi-source or panel 


vacuum fluorescent 


ficient brightness and contrast to be usable in 
sunlight (unlike many LED displays). It can be 
viewed from almost any angle. 


Typical applications have included digital instru- 
mentation in automobiles, information displays 
in audio and video consumer-electronics equip- 
ment, and numerical readouts in vending ma- 
chines, medical devices, and some digital clocks. 


Because a VFD requires a relatively high voltage, 
has significant power consumption, can show 
only a limited range of fixed colors, and is more 
expensive than LED displays or LCDs, its popu- 
larity has declined since the end of the 1990s. 


What Can Go Wrong 


Fading 
VFDs gradually fade with age, as a result of re- 
duced electron emission from the electrodes or 
diminishing performance of the phosphor coat- 
ings. Increasing the working voltage can prolong 
the life of a display. 
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radically present in the water. She planned to move, and until then 
would filter all the drinking water so her breast mik would be free 
of it too. His diet was changed to eliminate eggs, chicken and the 
red and blue fruits. We recommended leaving the state in order to 
be able to peacefully raise her child. We promised to treat her 
child free of charge if another seizure should occur. Two years 
passed and we heard she was doing fine with her child. 


Clara Scruggs, 50ish was losing control over her seizures and had to 
be hospitalized while a new medicine was tried. It changed her 
personality (again!) which upset her husband, too. She was started 
on the herbal parasite program but could only increase by one 
drop of Black Walnut Hull Tincture a week, instead of daily, since 
each new increase would give her a seizure. In half a year she 
was fairly free of seizures in spite of being off drugs. After each 
seizure, a checkup showed she had picked up Ascaris again 
sometimes with additional parasites. She could not bear to put her 
cat outside; Boots had been a friend in need many times. When 
she finally got Boots onto a regular parasite program she improved 
‘enough to go to church and church events again. When Boots 
finally “wanted out" she didn't mind. She decided to do a liver 
cleanse—this, too, gave her two seizures the next day but paid big 
dividends in other ways. She eventually improved to an incidence 
of one small seizure (‘spacey” time or incoherent speech) in two 
weeks. 


Chun Yee, age 28, has been on Dilantin™ from age 15. Now he was 
Up to five pills a day and it didn't control his seizures. Any activity 
would trigger it. He was put on a low malvin diet and started on the 
kidney cleanse. His blood test showed he was anemic with a high 
MCV (104 cu microns), suggesting the Ascaris worms were using 
Up all his vitamin B12 too. In six weeks he was down to one or two 
seizures per week, although he had not yet started the parasite 
program. He had beryllium built up in him, probably from a 
kerosene heater. When the pets and family were all treated for 
parasites he had no more breakthrough seizures and could cut his 
medicine in half which gave him much more energy. He was no 
longer in danger of losing his job. 


Shiresse Nobel, age 7, was having minimal seizures but the mother did 
not want to start her on medicine. Shiresse had high levels of 
mercury in her body, although she had no tooth filings. The whole 
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family cleared their Ascaris infestation and in three weeks the sei- 
zures were gone but aggressive behavior remained. There was 
mercury in the air of some rooms but it was not in the paint. The 
bathroom was the worst. When everything in the bathroom was 
removed, the air cleared and so did Shiresse's behavior problem. 


Drew Seaton, age 8, had his first seizure lasting nearly a minute. The 
parents were very fastidious and extremely conscientious about 
diet and habits. They were distraught. They all had Ascaris. A 
baby was still being diapered. Drew had arsenic (pesticide under 
kitchen sink), formaldehyde (some remodeling) and PVC (a new 
carpet) accumulated in his body. The carpets had to be steam 
cleaned to get rid of the arsenic. He was started on parasite herbs 
at once, since he was on medication that would shield him from 
having another seizure while killing Ascaris. Two weeks later eve- 
rybody, except the mother, was free of Ascaris. In another two 
weeks they were all free and had cleaned up house toxins. They 
dared to stop his medicine. This let Drew's former happy person- 
ality come back to everyone's delight. Two years later there was 
still no recurrence, 


‘Cosmo Maser, 30ish, was in a hospital across the country. He was 
having continuous seizures, although he had been there a week. It 
seemed impossible to transport him but, against doctor's orders, 
they got him into a station wagon. He had nothing to eat or drink 
that had any malvin in it (he ate four very well done hamburgers, 
plain, with lettuce on his trip) and his seizures stopped immedi- 
ately. They felt a bit sheepish upon arrival 20 hours later since he 
could sit up, could tell his own story and no longer looked ill. He 
was without medication, too. They had left in a hurry. They imme- 
diately removed all the metal from his mouth; this cleared his 
mercury problem. He was started on parasite medicine and 
weathered the small seizures each increase gave him. He could 
retum home in five days with his new diet and thioctic acid daily as 
a supplement. He occasionally had a seizure (2 a month) until they 
moved away from the busy street below their apartment. About a 
year later he could hold a job and go off Social Security support. 


236 


NON-PAINFUL DISEASES 


Weight Problems 


Overweight is not the same problem as obesity. In fact, I do 
not have the answer to either problem, only a part of the answer. 

In obese women, the ovaries, pancreas and thyroid are all 
involved. Perhaps the adrenals, the brain satiety center, and the 
liver are also involved. Maybe it's as simple as gold accumula- 
tion in all these places. Perhaps it is bacteria in all these places. 
When you weigh close to 300 pounds obviously some organ isn't 
working right. Try several things, but not a starvation diet. 

The cause is not eating too much. Try removing all gold: gold 
teeth, gold jewelry and gold rings. Replace them with non metal 
varieties. After removing the gold, pull the remaining gold out of 
your tissues with thioctic acid (2 or 3 a day for several months). 
‘Make sure kidneys are able to excrete the gold instead of making 
crystals by doing a kidney cleanse. Gold accumulates in the 
pancreas, the brain (possibly in a control center here) and the 
ovaries (causes some infertility here). Also try clearing the body 
of all bacteria and parasites by regularly using a zapper. Use the 
Bowel Program (page 546) to evict the last of the Shigellas. Be 
very careful to avoid nonsterile dairy products. Try cleansing 
your liver by doing liver cleanses. Get 3,000 stones out. 

Make sure you are getting enough nutritious food; make carrot 
and vegetable juice; use no commercial beverages. Avoid moldy 
food—don't take risks. If all these measures bring your weight 
down to the level of mere overweight give yourself good grades. 

Overweight is a low energy condition. Your food is being 
tumed into fat instead of energy. The decision not to make energy 
is being made in the liver mainly, but perhaps other organs as 
well. 

Try cleaning the liver (page 552) until no more stones come 
out: get at least 2,000 stones. Notice that as the liver gets 
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cleaner you get more and more energy right after each cleanse. 
Some cleanses have a dramatic effect. Others do not. This sug- 
gests that a certain part of the liver is the responsible part. Soon 
after the cleanse-within a week-the same old lassitude sets in. 
But during these few days notice how your body feels. It feels 
light. Your abdomen feels tight, like it's a part of you again. 
You're mind isn't on food throughout the day. It's very easy to 
lose weight, in fact you may lose five pounds in these few days 
without dieting or exercising. Definitely, your long-lost weight 
regulation is back in force. But then it vanishes. Fortunately, a bit 
of the weight loss stays with you, and by repeating cleanses (only 
once in 2 weeks, though) you can shed the pounds you want and 
gain energy in a permanent way. It is probably the way nature 
intended. 

Try increasing your bowel movements. Notice how cats and 
dogs seem to derive energy from emptying their bowels. A cat 
walks to its litter box; after emptying its bowels and carefully 
covering it up, it jumps from the box and rung away. It now has 
its playful mood. A body chemical, acetylcholine, plays a role 
in emptying the bowels. Acetylcholine is a necessary operator 
for many of our muscles. Is there a disturbance in our acetyl- 
choline metabolism in overweight conditions? 

Coax your body to release more acetylcholine, at least in the 
intestines, by using a herbal laxative like Cascara sagrada, Other 
varieties are useful, too, but don't use a drug laxative: it burdens 
the liver more. Try to have three bowel movements a day. 

Shigella bacteria can cause dreadful constipation. Immedi- 
ately, the body feels sluggish, abdomen feels disconnected or 
hanging out. A nameless hunger sets in. Keep a close watch on 
dairy foods to make sure they are sterile. Zap when in doubt and 
do the Bowel Program. 

Exercise helps as long as you keep at it. Strict dieting works 
as long as you keep doing it. But there's the problem. When you 
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stop, you lose ground, It doesn't solve the problem of an ineffi- 
cient body metabolism. 

Raising thyroid levels helps but this can be dangerous. 
Raising thyroid levels naturally, by removing toxins is a very 
effective method—provided it was low to begin with. Over- 
weight people often have a low body temperature, showing that 
the thyroid is involved: it is under producing. But giving the 
body extra thyroid doesn't solve the thyroid's problem. It 
only temporarily solves the rest of the body's problem. The 
thyroid will have viruses and heavy metals in it. The metal in 
your mouth drains downward to the stomach passing very close 
to the thyroid, Perhaps its iodine uptake is inhibited. The chlorine 
in water and bromine in bread may inhibit iodine uptake by the 
thyroid, too. After all, they are all halogens. Stop eating bleached 
bread and filter out the chlorine in your water. If this raises your 
body temperature you could expect better weight control. 

The traditional herb, Fucus, was used to treat thyroid prob- 
lems (and overweight) in days when herbs ruled medicine. 
Herbalists made a point of discouraging use of plain iodine. Fu- 
cus, they said, was much more effective. See Recipes. 

If all these measures don’t work for you, at least you have 
improved your health trying. 

There are some advantages of being overweight. Overweight 
people seem to weather illness better. They laugh more. But one 
look in the mirror or at the scales ruins it, Put away the long 
mirror and scales, Don't ruin your whole life over it. Make a 
reasonable effort and then let go. Enjoy your stay on this planet. 

Underweight can be just as difficult as overweight to cor- 
rect. Once the stomach has been trained to say “full” or “full 
enough,” even after a few mouthfuls, it is difficult to heal. Sal- 
‘monellas in the stomach wall are often seen, Giardia and other 
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common parasites, that don't belong in the stomach, are seen here 
in cases of underweight. 

The stomach is invaded by bacteria and parasites when its 
immunity is low. The common culprit is tooth metal draining 
down continuously into the stomach. Remove every bit of mouth 
metal. Don't cook or eat with metal. Stimulate your appetite with 
B-vitamins. And, again, the liver plays a role. If it is toxic with 
mold, it may say “eat no more” and the body obeys. 

‘A stage of cancer illness is weight loss. This is called 
cachexia. The victim believes he or she is eating enough. They 
may not even have a poor 
appetite. Yet weight 
drops steadily. This 
metabolic problem has 
been studied —_scien- 
tifically. A chemical, 
hydrazine sulfate 
(prescription only), can 
reverse it to some de- 
gree. Use 65 mg three 
times a day for 30 days. 
Perhaps a lesson taken 
from cachexia _metabo- 
lism could be applied to. Fig. 33 I found all calorie boosters 
obesity. For the cachexia 0 be polluted with wood alcohol. 
sufferer, life would end Make your own. 
sooner if high calorie supplements were not used. But don't use 
canned “calorie boosters”. They are polluted—often with the 
very solvent that makes the condition worse. Instead, make an 
eggnog: Yup boiled milk, 14 cup boiled whipping cream, a raw 
egg (exterior carefully washed), | tsp. olive oil, a banana, honey, 
cinnamon, cloves, nutmeg to taste. Mix all in a blender. Drink 1 
cup a day. Vary it daily to keep it interesting. 
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If all this fails, give yourself credit for achieving health im- 
provement and shift your focus to a different project. Under- 
weight is not all bad either. 


Sleep Problems 


All big animals sleep, but some sleep by day instead of night. 
‘When humans do this, that is, work the night shift, they don't feel 
as well, Humans need about seven hours of sleep out of the 
twenty-four. Younger ones sleep more; newborns sleep much 
more. When we are deprived of sleep we are grouchy, think less 
clearly next day and have less energy. In spite of lots of research 
at “sleep labs” sleep problems are not understood, except for 
sleep apnea. Breathing should be even, When breaths are missed 
it is called apnea. It is especially disturbing when a baby shows 
apnea. 


Sleep Apnea 


Since breathing is regulated by acid levels in the blood and 
this is influenced by air quality, air toxins should be searched for 
first. Cigarette smoke is an air toxin. Vanadium from a gas leak 
is a very serious air toxin and can go unnoticed. Do your own 
checking since gas companies give wrong answers four out of 
five times. Ask a home construction company to check for gas 
leaks or the Health Department. PVC from new carpeting may be 
polluting the air. Arsenic from “treated” carpets and drapes and 
furniture also pollutes. Asbestos from clothes and hair dryers 
may be the toxin responsible. Perhaps even fiberglass, 
formaldehyde, or freon. 

Adults with sleep apnea show swollen throat tissues: not 
necessarily pain. This makes the air passage smaller; long gasps 
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of air are taken to try to make up for the missed oxygen and the 
carbon dioxide build up. 

Swelling of the throat is a common allergic reaction, The 
possibility of allergy should get second consideration after air 
quality. Drug reactions, even in a nursing baby, where only the 
mother is using a medicine could be the problem. Allergy to 
food, chemicals has been suggested, as well as a simple lack of 
vitamin C (implicating mold and medicine which consume vi- 
tamin C in the detoxification process). 

A third possibility is infection. Many bacteria and viruses 
can cause throat swelling. Redness of the throat is a telltale sign. 
It doesn't necessarily hurt. Kill all invaders with a zapper and try 
to understand the basis of low immunity in the throat. 

Keeping metal in the mouth constantly, is a cause of low 
throat immunity since it must drain past the throat. 

If you snore, you can deduce that your throat is swollen, even 
if you don't have sleep apnea. Pursue all three possible causes 
(air toxin, allergy, infection). 

Overweight and obesity have been emphasized as causes. 
This may apply to some cases but certainly not to babies. 

Whatever you do, don't do nothing. Keep removing bad things 
until you find the cause of irregular breathing. 


Chester Fannon, 5Oish, was quite overweight and wore a mask at night 
with an air blower to assist his breathing. He had been referred to 
a sleep center for sleep apnea. He had extreme dryness of his 
throat at night and some hearing loss in one ear. He was toxic with 
arsenic (roach killer), bismuth (cologne), tin (toothpaste), and 
thallium (polluted dentalware). He was infested with both species of 
Ascaris and had a hacky cough. He had four solvents 
accumulated in his tissues. He was growing nine pathogens: 
Mycoplasma, Haemophilus inf., Streptococcus pneu, A-strep, 
Nocardia, Staphylococcus aureus, Bacillus cereus and Flu virus, 
‘over half of them in his throat. These were Killed with a frequency 
generator and a general cleanup was done. After two teeth were 
pulled he no longer needed his mask, he no longer had apnea. 


NON-PAINFUL DISEASES 


Peter Day, middle age, was set for throat surgery in a few days. He 
had a couple of scary nights when he thought he was dying and 
couldn't risk many more nights with his obstructed airways. He was 
‘overweight. His throat was red and swollen, although he felt 
nothing. He never even had colds. His diet was completely 
changed, to things he rarely ate (bananas, milk, soup, oatmeal) 
and off things he ate daily (hamburgers, fries, tea, pancakes with 
genuine maple syrup). In two days, his throat was quite clear, the 
tissues having become unswollen. Maybe it was the molds in the 
maple syrup, maybe it was the oxalic acid in the tea, or something 
else he could not detoxify in these foods. He was certainly happy 
not to live the rest of his life with an artificial voice box. 


Insomnia 


Another sleep disturbance is waking in the night and not 
being able to go back to sleep for hours. Or not being able to get 
to sleep. 

I believe these problems are caused by a high ammonia level 
in the brain. This belief is based on two observations. Ornithine, 
an ammonia reducer, induces a wonderful sleep in sleep- 
deprived persons. It is also observed that after killing parasites, 
which produce ammonia, sleep is much improved. Our metabo- 
lism does not produce ammonia, We produce urea which is ex- 
creted by the kidneys along with water and then called urine. 
‘When we are parasitized, our metabolism is burdened with am- 
monia, though, made by the parasites. We have to turn it into urea 
in the liver and kidneys so we can excrete for them. But this can’t 
be done in the brain! The brain lacks an essential enzyme, 
ornithine carbamyl-transferase, for this bit of biochemistry. The 
brain was never meant to be parasitized or infected and has no 
defense. Most of our parasites come from animals we associate 
with. We weren't meant to live with horses, cows, sheep, pigs, 
monkeys, guinea pigs, cats, dogs and chickens nor to come in 
contact with dozens more at a 200. We do so at our own peril. 
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It is known that ammonia is a strong brain irritant, In fact, a 
person can be awakened from a coma by being made to smell 
ammonia “smelling salts.” Omithine reacts with ammonia, 
mopping it up like a sponge. Arginine, another amino acid, also 
reacts with ammonia, but does not put you to sleep. So there is 
more to insomnia than mere inability to reduce ammonia levels. 
Arginine results in alertness and therefore should be used in the 
morning, when needed. Omithine, given at bedtime, may take ¥2 
hour to do its magic. Both are perfectly safe, since they are 
natural to your body, and a food constituent. 

Start by taking two ornithine capsules (each 500 mg.) on the 
first night. Take four the next night. Take six the night after and 
choose the dose you like best. Sometimes it takes five days to 
“catch up” on everything that needs to be done for the brain and 
get you sleeping. Meanwhile, of course, you are planning to kill 
your parasites and be done with insomnia in the most effective 
way of all. 

Another sleep aid is herbal. A couple of herbs, valerian and 
skullcap, are known for such action. The mechanisms are not 
understood and this makes for nonuniform action. Some persons 
sleep well with them, others do not. Simply try them to find out. 
We are all so different in our metabolism details, we respond 
differently to herbs. But it is a blessing that the mechanism is not 
understood. Herbs, a tradition that precedes civilization, need to 
be forever off limits for intervention by government agencies. 

‘Tryptophane, another amino acid, is about twice as power- 
ful as omithine, but was taken off the market a few years ago. 
‘Some persons taking it daily were seen to become quite ill and 
some deaths ensued. Since tryptophane had been used in prior 
years without noticing toxicity, something unusual should have 
been suspected. My tests showed extreme pollution of trypto- 
phane capsules. They contained PCBs, mercury, ruthenium, 
strontium, praseodymium, aluminum, and benzalkonium. I can 
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light source, indicator, or display > multi-source or panel > 
electroluminescence 


electroluminescence 


The field of electroluminescent devices is sometimes referred to as EL. The same acro- 
nym can also be applied as an adjective to an individual electroluminescent device, as 
in, for example, “an EL panel.” 


An organic light-emitting diode, more commonly known by its acronym OLED, is included 
inthis entry because itis technically an electroluminescent device and its design concept 
is similar to that of an electroluminescent panel. Generic LEDs are also technically elec- 
troluminescent, but are not commonly described as such, and have their own entries in 
this encyclopedia under the subject categories LED indicator, LED area lighting, and 


LED display. 


OTHER RELATED COMPONENTS 


+ LED indicator (see Chapter 22) 

+ LED display (see Chapter 17) 

«+ fluorescent light (see Chapter 20) 

«+ vacuum-fluorescent display (see Chapter 25) 


What It Does 


An electroluminescent device configured as a 
panel, ribbon, or rope-light contains phosphors 
that emit light in response to a flow of electricity. 


Panels can be used as backlights for LCD displays 
r, more often, as always-on low-power devices 
such as exit signs and night lights. Ribbons and 
rope lights (the latter being also known, more 
accurately, as light wires) are used mainly as rec- 
reational novelties. They can be battery powered 
through a suitable voltage converter. A battery- 
powered rope light can be wearable. 


Thin-film OLED electroluminescent panels are 
used in small video screens in handheld devices. 
At the time of writing, OLED TV screens measur- 
ing50" ormore have been demonstrated, butare 
not yet economic for mass production. 


No specific schematic symbol exists to represent 
any electroluminescent device or component. 


How It Works 


Luminescence is the emission of light as a result 
ofa process that does not require heat. (The op- 
posite phenomenon is incandescence, in which 
heating causes an object to emit light; see Chap- 
ter 18 fora description of incandescent lamps.) 


Electroluminescenceisluminescenceresulting 
from stimulation by electricity. This very broad 
definition really includes devices such as LEDs, 
although they are hardly ever described in those 
terms. Electroluminescence generally refers to 
panels, films, or wires where electrodes are in 
direct contact with light emitters such as 
phosphors. 


The exception is an organic LED, usually known 
by its acronym OLED, which is frequently de- 
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only speculate that a mixing vat broke, dumping its precious load 
onto the floor—but it was salvaged. Or that the mixing vat wasn't 
cleaned thoroughly from it's last use. 

Persons with illness due to taking tryptophane developed an 
extremely high eosinophil count in their blood test—an index of 
parasitism, too. Parasitism, that would have led to insomnia in 
the first place! Were these unfortunate victims seeing the cause or 
the result of their tryptophane use? This tragic event should have 
led to a discovery of the heavy pollution, a revelation of the 
industrial manufacturing process, and a safeguarding against any 
repetition. It has not been done (certainly not publicly). 

Foreign countries’ manufacturing processes do not come un- 
der U.S. scrutiny or jurisdiction, although some imported prod- 
ucts must pass tests. There are no safeguards against repetition of 
the tryptophane experience. It behooves us to demand safe 
supplements and medicines. It is not the list of ingredients that 
informs. Lot analysis, after bottling, would give us the necessary 
safeguard. The presence of filth contamination and toxins cannot 
be completely avoided but the consumer can make informed 
choices if he or she knows it is there. Disclosure, of course, is 
the bane of the manufacturing business. Interest rate disclosure 
was the bane of the money lending business. Such important 
matters can't be left to “self-regulation” policies. The consumers 
must simply demand to know what they are consuming. 


Ruby Adair, 14, ached all over, had ringing in her ears, sinus problems 
‘and chronic fatigue. She couldn't get to sleep, ever; and had been 
half a year out of school already. She had intestinal flukes in her 
stomach. In three weeks she had eliminated them with parasite 
herbs and she could go to sleep naturally. 
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Yeast Infections 


The most common yeast in humans is Candida albicans. 
Candida has always been around. It flies in the air, searching for 
a place to land and reproduce. It can invade a variety of human 
tissues like the mouth (called thrush), skin (including some kinds 
of diaper rash), vagina, and the digestive tract. We all have some 
yeast in our digestive tract, but when it gets out of hand, it's 
called candidiasis. 

Yeast is a fungus. It needs dampness to survive and sugar to 
grow. 

Our immune system, white blood cells, are capable of eradi- 
cating yeast provided it isn’t growing too fast. And provided the 
white blood cells aren't immobilized or preoccupied with 
something else. 


Diaper Rash 


A baby's rash is an example of the white blood cells being 
preoccupied, When chemicals are used in the diaper, the white 
blood cells go after the chemicals and let the yeast grow. Drying 
the baby's skin helps since the yeast must have dampness. This 
should be done with air, sunlight and a heat lamp, not with more 
chemicals! Certainly not with cortisone containing salves that 
further reduce the immune competence of white blood cells. 

Use a heat lamp for five minutes at a time, several times a 
day. Switch to cloth diapers; do not bleach them with chlorine 
bleach, the residual chlorine trapped in the cloth is a chronic 
irritant, setting the stage for another rash and future chlorine- 
allergy. Cloth diapers should be sterilized, not bleached. Use the 
hottest water your laundry system is capable of producing. Add 2 
cup borax for the washing process. If you have homemade 
Lugol’s iodine (made by your pharmacist or by yourself, see 
Recipes), add a tsp. to the wash or rinse. Vinegar is a yeast in- 
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hibitor, add it to the rinse. Dry diapers at the hottest setting. Dry 
to kill, Kill all the yeast spores in the diapers. 

To strengthen the baby's skin against future infection, do not 
put chemicals on the skin, Do not use any soap, fragrance, bath 
oil, ointment or lotion, Do not use cotton balls or baby wipes. Do 
not give a daily bath. Wash bottoms gently, with borax followed 
by a vitamin C rinse. Vitamin C is acid and is our natural healing 
agent but it will sting on a broken skin surface. Use it as dilute as 
necessary to be tolerated. Zine oxide is another natural healer 
because it competes away the iron that fungus and bacteria need 
for their reproduction. Never use commercially available zinc 
compounds though, simply purchase your own zinc oxide 
powder, mix it with comstarch and keep in a large old salt 
shaker, dust it wherever there is moisture or fungus growth. 


Treat Yeast or Fungus the Same 


Other fungus growths, like Tinea (crotch itch), ringworm (not 
a worm at all), athlete's foot, along with Candida, can be 
similarly eradicated: 

1, Deprive the fungus of moisture. 

2. Deprive the invaders of iron, 
Deprive the fungus of sugar. 
Strengthen the skin's immune power. 
Strengthen the skin's healing ability. 


yay 


It may be impossible to deprive the fungus of moisture, for 
example if your feet sweat and you must wear socks. Take your 
socks off as soon as you are at home, treat your feet with a heat 
lamp. Use zine oxide or cornstarch to powder and dry the skin, 
Boil your socks when laundering. Dry them to tinder-heat (too 
hot to touch). Launder with borax only (soaps and detergents 
contain aluminum which pollutes the skin). Rinse skin with vi- 
tamin C water. It takes all these measures used simultaneously 
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to clear up athlete's foot fungus. And great persistence. They may 
have developed a foothold underneath the toe nail where a steady 
supply of moisture, iron and sugar is available to them. 
Nevertheless, your white blood cells will eventually gobble them 
up if you let them. 

In thrush (yeast infection of the mouth) you must again outwit 
its growth by doing everything possible at one time. Eat no sugar, 
drink no fruit juice, stay off antibiotic. Avoid trauma like eating 
abrasive foods (crusts, popcorn, nuts, lozenges) or sucking on 
things. Floss teeth only once a day (using monofilament fish line), 
followed immediately by brushing with white iodine (or Lugol’s, 
but this may temporarily stain). Hydrogen peroxide is not strong 
enough. Remember to sterilize your toothbrush with grain alcohol 
or iodine. You may also rinse your mouth with Lugol’s (6 drops 
to % cup of water). Or apply 6 drops directly to the tongue and 
rub it in lightly with your lips. 


Do not use Lugol’s iodine if you have been told you are al- 
lergic to iodine. 


Kill Candida daily with a frequency generator or zapper. 
Since reinfection is constant, you must continue to do all the 
treatments given to permanently cure yourself of fungus disease. 
Since Candida grows right into your living cells (which you 
are not attacking!) you cannot kill it all at once. Only surface 
fungus can be accessed by either Lugol’s or electrical “zapping”. 
But as the top layer is Killed, exposing the next layer, you will 
make progress. It will take a month of daily treatment to clear it. 
Clearing up fungus at one location but not another will not 
bring you a permanent cure, either. Damp locations like under the 
breasts, under the belly fold, groin and crotch need to be 
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kept dry with cornstarch daily. Keep it up long after it seems to 
be cured. 


Fluke Disease 


Flukes, or flatworms, have a complex life cycle with many 
stages. Although sheep, cattle, pigs and humans can be “natural” 
hosts to the adult stage, the other stages are meant to develop 
outdoors and in secondary hosts. When fluke stages other than the 
adult are able to develop in us, I call it fluke disease. 

Or, when an adult that “normally belongs” to another species 
is able to develop in us, I also call that fluke disease. Or even 
with adult flukes in their “normal” host, when they move from the 
organ that they “normally” colonize to other organs in the body I 
call this fluke disease, too. 

Four fluke varieties engaged in this extra territorial pursuit 
are the intestinal fluke, sheep liver fluke, pancreatic fluke, and 
human liver fluke. 

‘As you can see from their names, scientists have studied them 
well, and know exactly which animals are the “normal” hosts, 
and which organ in that animal is the adult fluke's “normal” 
home. Fluke disease is when any of these is “wrong. 

Flukes don't have eyes to see with or legs to walk with, so 
how can they find and travel to the organ they want in the middle 
of your body? Scientists do not know for sure. However it’s 
concluded from many scientific studies that the liver fluke, Fas- 
ciola, for example, has no trouble seeking out and colonizing the 
liver. 

Here are some examples of what can happen when flukes go 
‘wron; 

+ Adult flukes (any of the four mentioned) in the uterine wall 

causes cramping and bleeding when it is not men- 
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strual period time. If an adult crosses the wall to the inside 
and then manages to get out through the fallopian tubes to 
the abdominal cavity it takes some endometrium with it— 
causing endometriosis. 

+ If adults develop in the kidneys, it can cause lupus or 
Hodgkin's disease. 

+ If adults complete their cycle in the brain, Alzheimer's 
disease and multiple sclerosis result. 

+ If the intestinal fluke (Fasciolopsis buskii) becomes adult 
in the liver it causes cancers of many (hundreds) kinds. 

+ If the pancreatic fluke completes its cycle in the pancreas it 
leads to diabetes. This is not an example of flukes straying 
into the wrong organs, but of having its stages reproducing 
where they never could before. 

+ If flukes develop in the thymus, immunity is lowered. If it 
happens to be the intestinal fluke, HIV (Human Immu- 
nodeficiency Virus) is released there. In turn, HIV invades 
other tissues, like penis and vagina. 

+ These four flukes can also invade the muscles, causing 
dystrophies. 


As dissimilar as we always thought these diseases to be, it's 
obvious to me that they are but one disease—fluke disease 


Considering the size of these flukes (adults are easily visi- 
ble), it is not surprising that they can quickly lay waste a human's 
organs. Yet a human is big and makes a valiant effort to kill the 
stages, block access to tissues and otherwise battle them. 

But only the human's intelligence can be counted on to defeat 
them. The intelligent approach is to discover what enables these 
mighty monsters to do their reproducing in our bodies instead of 
the pond with its snail/minnow secondary hosts. 
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Flukes and Solvents 


The explanation I have found for two of these flukes is the 
presence of solvents in our bodies. The presence of isopropyl 
alcohol is associated in 100% of cancer cases (over 500 cases) 
with reproduction of the intestinal fluke stages in a variety of 
organs causing cancers in these organs. 

The presence of benzene is associated in 100% of HIV cases 
(over 100 cases) with reproduction of intestinal fluke stages in 
the thymus. 

The presence of wood alcohol is associated in 100% of dia- 
betes cases (over 50 cases) with reproduction of pancreatic fluke 
stages in the pancreas. 

The presence of xylene and toluene is associated in 100% of 
Alzheimer cases (over 10 cases) with the reproduction of intes- 
tinal fluke stages in the brain, 

Much more work needs to be done to examine the relation- 
ship between fluke reproduction, the solvent and the chosen or- 
gan, But it seems probable that the solvent allows it all to 
happen. And our intelligence, to save us, must find a solution. 

Stopping use of these solvents seems to me to be the most 
urgent advice. Finding which foods and products are polluted 
with them is the first step. It is imperative that you test everything 
you use or eat for solvent pollution. The Syncrometer makes that 
an easy task. Ideally, we should all pool our results, adding to the 
body of knowledge I have begun. 

In my observations, when the big sources of solvents are 
stopped, the body's levels go back to zero. In other words, the 
‘minute amounts that we inhale here and there do not accumulate 
to the point of serious damage. We have to eat, drink or absorb 
them on a daily basis to injure us! So where can they come from? 

The sources of benzene and propyl alcohol that I found are 
given in special lists (page 354 and 335). The sources of wood 
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alcohol are not as well known, but include commercial bever- 
ages, cold cereals, artificial sweetener, vitamins, and drugs. 
Other solvents are even less studied. But a pattern is emerging: 
foods and products that require sterilization of bottles and ma- 
chinery to fill these bottles are polluted with propyl alcohol or 
wood alcohol. Foods and products containing flavorings or oils 
are polluted with benzene. Let the buyer (you) be wary! Test your 
own products if possible. If not, do not purchase them. 

There are many other flukes and many other diseases. Are 
there other fluke/solvent/disease trios? Has fluke disease been 
going on for a long time or is it a recent phenomenon? Certainly 
cancer is 100 years old, so is the use of propyl alcohol. Diabetes 
is quite old as an illness, too, and so is its associated solvent, 
wood alcohol. But HIV, AIDS and Alzheimer's are recent dis- 
eases. Should we conclude that benzene, xylene and toluene were 
used much less in the past? 

Fluke diseases could be eradicated with some simple ac- 
tions: monitoring of solvents in foods, feeds and products. 
Hopefully, this will begin. It is in the interest of the consumer to 
have her or his own independent way of monitoring too. 
Chemical ways can be devised, besides the electronic way pre- 
sented in this book. Imagine a small test strip like a flat toothpick 
which turns color when in contact with propyl alcohol. Keep a 
pack in your pocket and never be unknowingly dosed again...all 
in tomorrow's world. 


Flukes Not Alone 


There are other families of parasites. The roundworms and 
tapeworms are gaining ground too. Are they associated with 
solvents? Or with yet undiscovered factors? Are they changing 
their life cycles to take advantage of our lowered immunity? 
These are important questions. But you are armed with excellent 
technology. The answers will be found. 
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‘And along with answers there will surely develop a new in- 
dustry. An industry that not only proclaims purity for its products 
but provides the proof to your satisfaction, 


Burning And Numbness 


Burning sensations in the skin let you know that nerves are 
involved. Mercury is the most common offender. Mercury may 
have started the trek of a host of other toxins as well into your 
nervous system: pesticide, automotive chemicals, household 
chemicals, fragrance and even food chemicals. Some people can 
get a burning sensation after a car trip, some when exposed to 
perfume, some when walking down the soap aisle in a grocery 
store. When the affected nerves don't go to skin but instead go to 
an organ like toes, you might feel a toe cramp or finger cramp 
instead. Remove your mercury sources. 

Burning skin is an ancient malady—maybe even the basis of 
concepts like “hell.” St. Anthony's fire was caused by ergot 
(food fungus) ingestion. Molds don't necessarily come singly. 
Maybe other mold toxins can go to your nerves, too (see Moldy 
Food, page 381). Maybe the mold toxins interfere with pan- 
tothenic acid used by your body, because giving pantothenate 
(500 mg three times a day) can sometimes relieve the condition 
and, of course, this is good for your body. 

Monosodium glutamate (MSG) can cause burning, espe- 
cially of the face and lips. Sometimes swelling occurs too. MSG 
is used as a flavor enhancer. It was found decades ago to be a 
brain toxin and was taken out of baby food. But what about 
adults? Especially those who already have a brain problem. 
Throw it all out of your kitchen. Ask at restaurants which foods 
have it. 
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Numbness has a similar cause. Numbness of fingers or feet 
has become quite common since thallium and mercury toxicity 
has spread so widely. 

If you have burning and numbness, can multiple sclerosis, 
(MS) be far away? Remove all the metal in your dentalware 
immediately, replacing with composite (see Dental Cleanup, 
page 409). Hopefully, your immune system is still strong enough 
to clear the bacteria growing around the metal and in pockets in 
the jaw. Check and clean cavitations. Start your jaw healing with 
the milk, magnesium, vitamin D diet. Use thioctic acid to help 
clear your tissues of remaining metal (3 to 6 a day). 

The most common nervous system bacterium is Shigella. Its 
beginning can already be seen in cases of burning and numbness. 
It is deeply entrenched in cases of MS. Three kinds of Shigella 
are readily obtainable on slides: Shigella dysenteriae, Shigella 
flexneri, Shigella sonnei. Shigella flex causes depression and 
irritability. All can cause gas and bloating. Zapping doesn't kill 
all of them because they inhabit the bowel. You must empty your 
bowels frequently, two or three times a day. And do the Bowel 
Program until all symptoms are gone. Be very careful not to put 
contaminated dairy food in your mouth again. Boil all milk 
products. They must be at boiling point for 10 seconds. This 
includes cheese, cottage cheese, buttermilk and regular milk. Eat 
only home made yogurt or home made buttermilk. Butter and 
whipping cream need this treatment, too. Never use raw dairy 
products. 


Nana Hughes, 48, had numbness of the whole right arm, hand and 
right side of her head; it was particularly bad in the last four 
months. She was toxic with PCBs, titanium and dysprosium (paint). 
‘She was on thyroid, Xantac™ (for stomach) and chlorazipate 
medicines. We also found dog heartworm (she had chest pain 
over the heart). She started on the parasite program, stopped 
using nail polish, and stopped all detergents for dishes or laundry. 
In three weeks her numbness was greatly reduced. She still had 
titanium buildup from dental metal (a partial bridge). See- 
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scribed as an electroluminescent device, per- 
haps because its configuration as a sandwich of 
thin, fat layers resembles an electroluminescent 
panel. Two of the layers are semiconductors, and 
they interact as light-emitting diodes. 


Phosphors 
‘A phosphor is a compound such as zinc sulfide 
that will emit light when it receives an energy 
input from another light source or from electric- 
ity. Typically the compound must be mixed with 
an activator such as copper or silver. 


For many decades, TV sets and video monitors 
were builtaround cathode-ray tubes in which the 
interior of the screen, at the front of the tube, was 
coated with phosphors. Abeam of electrons that 
fluctuatedin intensity generateda picture on the 
screen by drawing it as a series of lines, 
Derivation 

The term phosphor Is derived from phosphores- 
cence, which in turn comes from the name of the 
element phosphorous, which will glow when it 
oxidizes in moist air. (These terms were estab- 
lished before other forms of luminescence were 
discovered and understood. The behavior of 
phosphorousis really an example of chemilumin- 
scence.) 


For our purposes, a phosphorisa compound that 
is capable of fluorescence or electrolumines- 
cence. 


Variants 
Panels 


Electroluminescent panels using phosphor pow- 
der, sometimes referred to as thick phosphor, are 
a popular choice where a constant, uniform, low 
light output is acceptable. 


An electric potential is established between two 
films that act as electrodes, separated by a layer 
of phosphor crystals. Some manufacturers refer 
to this configuration as a light-emitting capaci- 
tor because the structure resembles a capacitor, 


tor, or display > multi-source or panel > 


lectroluminescence 


even though thatis notits purpose. The front film 
is transparent, allowing light to escape. 


‘An electroluminescent panel can be powered by 
‘AC or DC but requires at least 75V. Its power con- 
sumption is self-limiting, so that no control elec- 
tronics are required other than a voltage con- 
verter if battery power is used. 


The phosphors generate a constant, evenly d 
tributed luminescence over the entire area, al- 
though the output is not very intense. Applica- 
tions include night-lights, exit signs, and back- 
lighting for wristwatches. 


Panelescent electroluminescent lighting by Syl- 
vania was used for instrument panel displays in 
some car models such as the Chrysler Saratoga 
(1960 through 1963) and Dodge Charger (1966 
through 1967). Its still used for night-lights. In- 
diglo electroluminiscent displays are still widely 
used in wristwatches. 


The interior components of a disassembled elec- 
troluminescent night-light are shown 
Figure 26-1. The panel emits natural pale green 
glow. A separate blue or green filter passes the 
glow while blocking other colors ofincident light 
that would otherwise reflect off the panel. 


Figure 26-1. The two interiar components of an electrolu 
‘miniscent night-light: the luminescent panel, and 3 sena~ 
‘ate translucent fter. 
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ing she was on the right track, she stopped use of MSG in her 
food, switched from concocted beverages to milk and cut down on 
her smoking. She brought her arm pretty near to normal. 


Maria Santana, 45, had numbness in both arms; they would tingle and 
“go to sleep" a lot. It was spreading to one leg. Her muscles were 
toxic with thallium. It was in some very old pesticide, stil effective 
and stil in use in the house. It was also in the well water, probably, 
from pesticide seepage. She went off all commercial body 
products, did a kidney cleanse and killed parasites. She had diff- 
culty getting rid of Prosthogonimus but in two months she had 
everything cleaned up. Her legs, arms, sleep problem, urinary tract 
problems were all gone and she could focus on her last problem, 
digestion. 


‘Candy Donaldson, 44, had numbness from her shoulder to the wrist of 
one arm it started a year ago. She was toxic with iridium, lithium. 
and vanadium from a gas leak. She was advised to stop caffeine 
use and switch to milk (her calcium level was low: 9.0 mg/DL) and 
a magnesium tablet (300 mg daily). Her triglycerides were high, 
implying a kidney problem. She had urate and phosphate crystals 
in her kidney. She decreased the phosphate in her diet (meat, 
nuts, grains, soda pop) and started the kidney cleanse. When the 
{gas leak was fixed, both her lithium and vanadium toxicity disap- 
peared. In six weeks she had also killed parasites and her periods 
became regular for the first time. An ovarian cyst had disap- 
peared, too, as checked by ultrasound. Soon her PMS was gone, 
including hot flushes. After four months she had done three liver 
cleanses and suddenly her numbness improved. After a few more 
there was no numbness at all. 


If cleaning cavitations brings you immediate improvement 
you know that these bacteria were part of the problem. Have 
them checked again if problems return; dental bacteria are noto- 
rious for returning. If kidney cleansing makes it worse for a day 
and then better, you know kidney bacteria are partly responsible. 
If liver cleanses (page 552) make matters worse for a day and 
then better, you know bacteria are entrenched in the liver. 
Continue cleansing until none of these sources exist any longer. 
Kill all bacteria at least once a week electronically. Burning and 
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numbness can be cured, not just arrested. In other words, your 
nerves can be cleaned up and healed. 


Depression 


Alll persons I have seen with clinical depression had small 
roundworms in the brain, Is it any wonder the brain can't make 
enough neurotransmitters or gets them out of balance? The usual 
worms are hookworms (Ancylostoma), Ascaris of cats and dogs, 
Trichinellas and Strongyloides. 

Although it is commonly believed that hookworms penetrate 
the skin when walking barefoot on earth, this appears to be a 
negligible route. The important routes are eating animal filth and 
inhaling filthy dust. Our pets pick these worms up daily. We get 
them and give them in constant exchange with our pets and family 
members. Diapering babies is an especially hazardous, though 
necessary, business. Letting little children clean up after their 
own bowel movements is even more hazardous. Hands should be 
sanitized with grain alcohol after dealing with bowel contents, 
whether your own, your child's, or an animal's. If you clean up a 
messy diaper and then your hands well with soap, then go to 
make the chopped salad for dinner, you're sure to give each 
family member a dose of whatever the baby has. It was hiding 
under the fingernails. Animals clean up the easy way: they simply 
lick the youngster's bottom. But, we humans are not strong enough 
to take on a dose of bottom with each meal. We must sanitize 
our hands. 

Cleaning bathrooms is also dangerous. Wear gloves. If no- 
body suffers from depression, you can use bleach (stored in the 
garage) to disinfect the stool, otherwise use alcohol (50% grain 
alcohol). Keep doorknobs and faucet handles wiped with alco- 
hol, too. 
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If you suffer from depression use your zapper to immediately 
kill these four roundworm species: Ancylostoma, Ascaris, 
Trichinella and Strongyloides. 

Other family members should be cleared of these four worms 
on the same day or as close to it as possible. Reinfection always 
occurs. In the depressed person, the microscopic parasites travel 
immediately to the brain. In others, they may simply reside in the 
intestine or lungs or liver, or other organs. Pathways (routes) to 
the brain have become established for the depressed person. 
These must heal before there is any tolerance to reinfection. 

Solvents and other toxins, also in the brain, slow down or 
prevent healing. For this reason the depressed person should do 
the Four Clean-ups. 

The bacteria of the Shigella family are always seen in de- 
pression cases. Kill all Shigellas and avoid reinfection by boil- 
ing dairy products and not eating those that can't be boiled. Go on 
the Bowel Program (page 546). Do not eat deli food or hand 
prepared salads at salad bars. Finally, do the Liver Cleanse, re- 
peating every two weeks. Depression, even of long standing, can 
lift within days after the brain finally has its territory to itself. 
Look in the mirror and smile at yourself for your success in 
vanquishing your invaders. Never again, let these creepy crawl- 
ers into the happiness-center of your brain. 


Manic Depression 


This variety of depression is associated with Strongyloides, 
as the main parasite in the brain. Plus chlorine as an allergen! 
Strongyloides is the same worm that causes migraines and other 
severe types of recurrent headache. It probably depends on 
where these tiny worms have set up their “housekeeping” which 
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symptoms you get: manic depression or migraines. Maybe chlo- 
rine is the deciding factor. 

These tiny wormlets can pass the placenta into the unborn 
fetus. Is it any wonder that these brain disturbances seem to be 
inherited? Of course, there is ample opportunity to simply eat 
them off hands, other people's hands, and off floors during 
childhood. The amazing truth is that some family members do not 
get infected with it or at least do not get brain symptoms! It is 
very difficult to eradicate Strongyloides in a whole family and 
thereby let the depressed person get well. It is, in fact, impossi- 
ble if there is a pet or other animal connection. Getting rid of the 
chlorine allergy is also very challenging. Step one is to zap all 
parasites. 

I usually see an accumulation of bromine as well. Since 
bromine, fluorine and chlorine are all halogens, maybe getting 
too much of any one could saturate the liver’s ability to detoxify 
chlorine. Stop eating brominated (bleached) bread. Stop taking 
drugs containing bromides. That is the easy part. You must also 
stop even washing your face in chlorinated water (use a pure 
carbon filter system). You inhale it as you wash. Never drink it 
or use it for any purpose. Of course, there should be no bleach 
container in the house, even when tightly closed; nor should 
bleached clothing be worn. 

Do the Four Clean-ups. Sometimes the cloud lifts and the 
‘mind clears on the way home from the dentist. Recovery can be 
very rapid—less than a week. And recurrence just as rapid when 
a tiny bit of chlorine is inhaled or drunk. But your careful vigi- 
lance pays off. In half a year you can expect no recurrence. 

Humans, it seems, must lick fingers with the same compulsion 
that cows lick their noses and cats lick their rears. The single, 
most significant advance in human hygiene would most assuredly 
be stopping the hand to mouth habit. We must always eat with 
utensils. And never leave a bathroom without washing. These are 
difficult changes but the new age of parasitism makes 
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it necessary. Together with the new pollutants, solvents, and 
heavy metals, parasites will overtake us unless we change. 

Don't go off lithium and other medicines until your doctor 
agrees you are ready, about a half year. After this, make sure you 
still keep it handy. Although you may be free of manic depression 
in a day, reinfecting yourself weeks later will attack your brain 
like a hurricane; it has not yet healed, the routes are open. Be 
patient; healing will happen as it did for these happy persons. 


Lena Constantine, age 39, had a history of migraine, TMJ, heavy clot- 
ting with periods and numerous pains but it shouldn't have made 
her try suicide 1% years ago. She was put on Prozac™ afterward. 
‘She was parasitized by intestinal flukes (in the intestine), dog 
whipworm, Strongyloides and human liver flukes. She was started 
on a parasite program and kidney cleanse. This made her feel so 
good she took herself off Prozac and landed in the hospital for 
reasons she couldn't remember. After 42 days spent there she got 
out, wiser than before. She set to work again, leaving no detail 
undone, because she could remember how good it felt to be free 
of depression (not drugged out of i). Three months later she stil 
had Strongyloides (she had a cat) but she did her first liver 
cleanse anyway. She got over 500 stones out. Her depression was 
gone. She substituted 4 ornithine and 2 ginseng capsules daily 
(more if tension was not relieved) for Prozac and cured her 
problem. 


Mona Zabala, 33, was extremely depressed over her job. She was full 
of mercury, arsenic, PCBs, chromate from eye liner, wood alcohol 
from drinking colas and she had Ascaris, pancreatic flukes, Tri- 
chinellas and Strongyloides. She thought she was a hopeless 
case. But in less than three months, when only half her clean-up 
chores were done, she was already saying positive things about 
her job. 


Acey O'Hara, a young graduate student, was very careful to avoid junk 
food, caffeine, fragrance, and body products because he had 
learned the hard way that he didn't tolerate them. When “crying” 
depression hit him he was not only surprised but angry that his 
good health habits “hadn't paid off.” He was buying his drinking 
water; it came in clear plastic containers. He had cesium in his 
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tissues and brain. When he switched back to plain tap water 
(fitered in small quantities) the depression lifted in a week and he 
was no longer erying over anything. 


Leisa Underwood, 46, was clinically depressed and in therapy. She 
believed it was due to going through menopause. She had a heavy 
burden of Strongyloides but no other worms. Only one of her two 
dogs had Strongyloides (saliva test) and the cat was free of them 
also. She was full of cesium (from drinking refrigerator water) and 
vanadium (from a gas leak). In two months she had accomplished 
the impossible: all pets and herself were free of Strongyloides, 
they had repaired three gas leaks and her depression was just a 
memory. 


Roland Greeley was diagnosed as manic depressive a few years ago 
and was put on Ativan™ and Prozac.™ This controlled him but did 
not relieve depression. He had a prominent tremor. He had 
Ascaris and sheep liver fluke stages in the brain. Also Trichinella, 
Strongyloides and human liver fluke stages. Styrene (from styro- 
foam cups), methyl ethyl ketone (beverage) and carbon tetrachlo- 
ride were in his brain also, probably setting the stage for parasite 
reproduction. He had high levels of mercury and silver but highest 
of all throughout his body-was chlorine (from bleach and tap 
water). In four weeks he had all the metal removed from his mouth. 
He stated that this “unchained’ him. He could already tell on his 
way home from the dentist that something special had happened. 
His depression was simply gone ‘the way you lift a blanket off a 
bed’. He resolved to clean up his whole body and recover from his 
illness using logical methods, like ours. Staying away from regular 
chlorinated water was a fine challenge to his resolve but with whole 
house filtering now available he may have done it. 


Darren Knox, age 48, had been on Thorazine™ for 36 years but was 
recently changed to Desyral™ and Valium™ and lithium. He had 
Ascaris and hookworm and two dozen more assorted parasites 
including fluke stages. His brain was also hosting Bacteroides and 
Nocardia. All parasites were killed in half an hour by frequency 
generator at his first visit whereupon he immediately announced 
himself tree of depression; better than the last eight years. He had 
many metals in his brain, also chlorine. In four weeks his tremor 
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was way down, after dechlorinating his tap water. His depression 
never came back after dental work was done. 


Schizophrenia 


Much more mold toxin was seen in schizophrenic families 
than in other kinds of illness. They usually had four or more kinds 
of mold toxins at the same time, meaning that one toxin was not 
detoxified before the next was already eaten. It may reflect on the 
liver as much as the food selected. The initial injury, though, to 
the liver may have occurred in early childhood. 

Schizophrenia does not require mercury or other dental metal 
pollution for its expression. This pattern is logical when it is 
seen that young children can have schizophrenia. Schizophrenia 
is an ancient illness, being described in some very old literature, 
before dentistry existed. But parasites existed. And moldy food 
existed. And copper existed! 

Ergot is always seen in sick persons. Other mycotoxins are 
also present, including sterigmatocystin, cytochalasin B, and 
aflatoxin. As the mycotoxin panorama changes, brain symptoms 
can change from compulsive hand washing to paranoia or from 
hearing voices to meanness in disposition. 


It is my belief that the current increase in violent crime in 
US. society can be attributed to the especially high levels of 
mold consumption in foods and beverages, with the resultant 
effect that behavior erupts into violence with almost no provo- 
cation, merely some frustration. It would not be difficult or ex- 
pensive to experiment with a mold-free diet in our prisons. 


A bacterium, Mycobacterium phlei, may also be a cause be- 
cause I have seen a high correlation between it and schizophre- 
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nia cases. What its specific effects are, I don't yet know. This 
bacterium may be hiding under teeth. It is also seen in dogs 

Shigella bacteria from nonsterile dairy foods are part of the 
problem, too. They produce brain and nerve toxins resulting in 
irritability, depression, anger. In fact, anger can be so intense, it 
erupts in violence. 

Lead and copper are commonly seen in schizophrenia suf- 
ferers. The usual source for these is the household water 
(household plumbing may have lead solder joints). Change 
plumbing to PVC, then take thioctic acid (100 mg, twice a day). 

Parasites always found in schizophrenia are hookworms (4 
Ancylostoma varieties) in the brain, 

Instructions: 

1, Stop eating all grain products, nut products and syrups 

immediately. 

2. Sterilize all dairy products. 

3. Search for lead and copper in the water. 

4. Stop drinking commercial beverages, including bottled 
water. 

5. Zap the parasites in the whole family for three days, fol- 
lowed by repetitions twice a week. 

6. Eliminate Shigellas with the Bowel Program (page 546). 

7. Give away pets. Schizophrenia is too serious to risk rein- 
fection. 

8. Do the dental cleanup (page 409). 

The need to zap repeatedly arises from reinfection. Nothing 
needs to be killed twice. But reinfection from self, family mem- 
bers, pets and food happens every hour. One cannot rely on 
zapping to stay well. Do a thorough diagnostic search of all 
foods eaten at the last meal, the water drunk, the air breathed. 
Only when all these are clean, will the brain heal. 

‘When can you eat grains again? When you are well. Find a 
cereal or pasta that has no mold. Test it for the mold frequencies 
(77, 88, 100, 126, 131, 177, 188, 232, 242, 277, 281, 288, 295 
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KHz). Search especially for ergot (295). Remember, ergot makes 
lysergic acid diethylamide (LSD), not a good thing for a 
schizophrenic brain. Honeys, too, have ergot. Ergot takes longer 
(up to 20 minutes) to detoxify with added vitamin C. (Read the 
section on Moldy Food, page 381). If you become ill again after 
starting grains, go off again, Take 500 mg. niacinamide 3 times a 
day to speed up ergot detoxification by the liver. Avoidance is 
much easier. 

Healing of the brain is very rapid; in less than one week 
feelings and behavior are more normal, Perhaps there are herbs 
that hasten healing; considering how old the illness is, there must 
surely be several useful herbs. But considering that herbs, too, 
can be moldy, be very careful to search for molds electronically 
before using any herbs. Blue vervain, sage, and ginseng are herbs 
worth trying. 

‘A question may have popped into your mind as well as mine. 
If the whole family is eating moldy food, why aren't they all 
schizophrenic? In fact, family members usually do suffer from 
some symptoms that are similar to the victim. But every person's 
collection of parasites and pollutants is unique. Certainly, the 
whole family should obey the moldy food rules, in order to 
function better. 


Autism 


Childhood brain disorders suggest an inherited genetic de- 
fect. Yet numerous parasites and pollutants are able to pass into 
the unborn child through the placenta. Even some bacteria and 
viruses can. 

Lead accumulation is always seen in children with autism. 
Was it acquired before birth? 

Mercury can be transmitted from mother to child, too. If 
mercury fillings were not removed before pregnancy, have them 
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replaced as soon after delivery as possible (never during preg- 
nancy since the removal itself causes a surge of heavy metal to 
enter the body). 

The common tiny worms such as Ascaris, hookworm, 
Strongyloides and Trichinellas easily enter the brain. They are 
present in dirt, Dirt enters buildings via shoes. Shoes carry ani- 
mal filth, Don't let children put their own shoes on until they have 
learned to avoid touching the soles. Don't let your child craw! on 
the floor of a public building, even though it looks glossy. Don't 
set shoes on furniture or table! A preferred habit is to leave 
shoes at the door. 

Once wormlets have found a pathway to the child's brain it is 
difficult to reroute them, They must all be killed repeatedly since 
there is daily reinfection from putting hands in mouths. All family 
members should kill these parasites weekly to protect the child 
with autism. When lead and parasites are gone consistently for 
several weeks the pathway to the brain heals and reinfection no 
longer sends them to the brain and your child can resume a 
normal life. 

T have not treated enough cases to point to a particular para 
site or pollutant. For this reason you must do a total cleanup: 
body, environment, dental, diet (especially solvents and molds). 


Leon Dickson, age 10, appeared normal at birth but he crawled and 
walked late. At age 3% he began having seizures and was also 
diagnosed with autism, (Seizures are caused by Ascaris larvae, 
they probably began the routing to the brain). He was started on 
Phenobarbital™ by his clinical doctor; switched to Ditantin™ then 
two other drugs were tried. Now he was on Tegretol™ plus Depa- 
cote.™ The mother used no anti nausea medicine during preg- 
nancy, no caffeine, no alcohol or nicotine, not even a single 
aspirin. In spite of his medicines he seemed to have headaches, 
continued to have seizures which disturbed his sleep and he wasn't 
trying to talk. He vomited a lot. He would take no pills or drops (no 
herbs even mixed with honey) and our frequency generator 
method was not discovered at that time. He couldn't kill his para- 
sites and Shigellas. His brain was full of thallium (not mercury!) 
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Electroluminescent night-lights were popular in 
the 1970s and 1980s, often featuring cartoon 
characterstoappeal to children. Figures 26-2and 
26-3 show the same night-lightin its daytime off- 
state and its night-time on-state, respectively. 


Figure 26-2. A vintage Panelescent brand night-light 
several decades old, ints off-state. 


Figure 26-3. The same night-light, with its green radiance 
visible under canditians of law ambient light 


Advantages of electroluminescent panels in- 
clude the following: 


+ Lowcurrent consumption. One US manufac- 
turer claims that a single exit sign will use 
electricity costing less than 20 cents peryear, 
while the annual cost of a night-light will be 
less than 3 cents per year. 


+ Long life, up to 0,000 hours. 


‘or, or display > multi-source or panel 


.ctrolum Variants 


+ Self-regulating; no control circuitry required. 
+ Omnidirectional light output. 


+ Very wide operational temperature range, 
between approximately -60 and +90 de- 
grees Celsius. 


Disadvantages include: 


+ Limited light output. 

+ Very limited choice of colors. 

+ Not very efficient, 2 to 6 lumens per watt (al- 
though the low light output naturally entails 
low power consumption). 

+ Gradual reduction in phosphor performance 
over time, 

+ High voltage required: 60V to 600V. Ideal for 
plugging into a wall outlet, but requires a 


converter when used with battery-powered 
devices. 


Flexible Ribbons 


The light-emitting layers inside a night-light are 
somewhat flexible, and can be made more flexi- 
ble by reducing their thickness. The result is an 
electroluminescent ribbon that has some novel- 
ty value, and may be used for customizing auto- 
mobiles. Figure 26-4 shows a ribbon about 1.5” 
wide and 12" long, designed for 12VDC power 
applied through an inverter. 


Rope Light 
A rope light or wire light may resemble a glow- 
stick. However, a glowstick generates light from 
chemiluminescence (chemical reactions that re- 
lease photons), whilea rope light uses electricity. 


Figure 26-5 shows a rope light powered by two 
AA batteries connected through an inverter. 


Atthe center of the rope light is a conductor that 
servesas one electrode. Itis coatedin phosphors, 
and the layer of phosphors is protected by a 
transparent sheath. One or more thin wires is 
wrapped around the sheath in a spiral, with large 


Ghapter26 245 


NON-PAINFUL DISEASES 


besides the roundworm larvae. He must have gotten this from Q- 
tips™ or cotton balls or some other mercury-sterilized product. 
Leor's favorite food was grilled chicken which he ate nearly every 
day, as well as two eggs a day. 


His diet was changed to exclude chicken, eggs, bacon, chips, 
preservatives and colors in foods, grape jelly and strawberry jam. 
‘One month later he had not improved, nor had they been able to 
kil his parasites with the herbal recipe. The diet change was ex- 
tremely difficult; he was screaming for his favorite junk food and 
the whole family was upset over his restrictions. But we encour- 
aged the mother to stick to her purpose, get a different baby-sitter 
who would obey her, and to try fo get some parasite herbs and 
thioctic acid (100 mg. daily, stirred into honey, to take out lead) 
down him. The first week the new baby-sitter succeeded in getting 
him to take thioctic acid. He had only one seizure that week. This 
encouraged the mother to enforce the parasite program and the 
diet rules. He became attentive in one month and tried to voice 
sounds. 


The problem with eggs is that they are contaminated with 
Salmonellas. I find, however that it is the outside of the eggshell 
and the carton that is contaminated. The safe way to handle eggs 
is to remove them and return the carton to the refrigerator, then 
wash the eggs and your hands before cracking them. Eggs also 
contain malvin, a known seizure trigger. 


Kirk Peeples, age 5, did not have any words yet but he would point to 
something and voice M-M-M to mean he wanted it (usually food). 
He was in a special school and “doing well.” He had the brain toxin 
MSG, and antioxidants BHT and BHA accumulated in him. In other 
words, his liver was not able to detoxify these common food 
chemicals. At that time, | had not found the mold toxins yet; | would 
now surmise that they were responsible for the liver’s disability. 
Besides going off these food additives he was “desensitized” to 
them with homeopathic drops by an alternative allergist. The result 
was immediate. In one week he tried several new sounds and 
managed his first word: “box.” After Killing parasites with the herbal 
program over a four week time period he could speak 19 words. 
The parents were bewildered with joy. They cleaned the toxins out 
of their home so thoroughly, there 
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was no place to sit and nothing familiar to eat. But their son could 
say things and the parents loved each new sound as if it came 
from a newborn baby. In two months he was saying two-syllable 
words and putting phrases together. He needed us no more (he 
was on homeopathic thyroid drops, too). 

Geoff Berkely was diagnosed autistic. He went about his business of 
‘examining everything in the office without a word. He was infested 
with both species of Ascaris (there was a pet dog) and was started 
on the herbal parasite program: just a little less than the adult 
doses. (Children's' syrups are not as effective.) He was toxic with 
mercury, too. He had 2 or 3 "baby" root canals. These were to be 
pulled out. He was also taken off food color, MSG, chicken and 
‘eggs. The parents accomplished all this very quickly and called to 
say their child had become normal but they didn't want us to 
spread the good news to the “autism” club they attended for fear of 
criticism for doing unorthodox things. Only in the USA could such 
thinking occur! 


Digestion Problems 


Burping, bloating, and being gassy are signs that your di- 
gestion isn't perfect. What has gone wrong? Burps are gases es- 
caping upward. Bloating is due to bubbles of gas causing 
pressure. Your body does not make gas! Gas can only be made 
by bacteria. The immediate conclusion is that bacteria are 
growing in your digestive tract (stomach and intestines) that 
should not be allowed to do so. They are likely to be the common 
enteric (digestive tract) bacteria: Salmonellas, Shigellas, E. 
coli, Bacteroides fragilis. 

You may wish to identify them before killing them with the 
zapper. Or you can sweep through the whole bacterial and viral 
range killing all with a frequency generator. The good effects can 
be felt in an hour, although the last gases may take days to get rid 
of. Salmonella and Bacteroides fragilis are two bacteria that can 
eat bile, and can do without oxygen, so they are com- 
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monly seen in the liver. Bacteroides probably escaped from its 
roundworm host, Ascaris. Salmonella probably came with non- 
sterile dairy food, 

If you have an intestinal problem involving digestion or pain, 
start immediately to boil all dairy foods. Stop eating those that 
can't be boiled: cheese sandwiches, yogurt, ice cream. It must be 
boiled for 10 seconds. The bacteria are in the liver because your 
liver attempted to strain them out of your blood and lymph in 
order to kill them with bile. Instead, they tuned around and “ate” 
the bile, turning it brown as evidence. Now, every time the liver 
lets down bile into the intestine (and stomach), a population of 
these bacteria goes with it. The intestine becomes a seething 
mass of bacteria, bubbling away as they produce COs, SO,, H:S, 
CO (carbon dioxide, sulfur dioxide, hydrogen sulfide, carbon 
monoxide). Some of these gases are quite toxic. 

Help your liver expel its bacterial overload with liver 
cleanses (page 552) until all the bile is a beautiful bright green, 
This is evident as dark brown bowel movements. Without the 
green color of bile added to your intestine, the bowel movement 
remains light colored, such as tan, yellow or orange! By stopping 
eating polluted food, Killing bacteria and cleansing the liver, 
digestion becomes normal again, 

Of course, there must be enough acid in the stomach and di- 
gestive enzymes produced to make good digestion possible. 
Otherwise, leftover food goes to feed the waiting bacteria. 

Persons with a chronic digestion problem may also find they 
harbor lead, cadmium, or mercury in the intestine! This is very 
good in a sense. Your body has kept these toxins in the intestine, 
preventing it from getting into your vital organs. The bad news is 
that their presence in the intestine could start an intestinal 
disease. Toxins in the intestine would inhibit your immune 
system (here the white blood cells are in clumps called Peyer's 
patches), from gobbling up the “bad” enteric bacteria. Maybe 
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the “good” bacteria found your intestine too toxic to live there. 
Clean up your dentalware. Search for lead and cadmium in your 
drinking water. After improving your lifestyle, continue to do 
liver cleanses. Keep your goals high: a flat tummy that feels en- 
ergetic, no burps or gas. 

Stomach ache (page 98) and hiatal hernia (page 133) are 
also digestive problems but are dealt with under pain. (See also 
lower abdominal pains, page 97, and appendicitis, page 100). 


Alan Barth had his two young sons with him. One of them had a very 
sensitive stomach, a poor appetite, wanting nothing but sweets or 
chips to eat. The 16 year old had aches and pains that were 
keeping him out of sports. The father had a tonsil problem; they 
swelled if he drank milk. One problem was obvious. Their milk was 
tainted with Salmonellas and Shigellas, setting up throat problems 
for the father, stomach problems for one child and a pain 
syndrome for the other child. Boiling all their milk, not bringing raw 
chicken into the house (Salmonella Source) and stopping eating 
yogurt and cheese was the solution. There were traces of lead in 
their tap water and the house air had vanadium in it, announcing a 
gas leak. They were all heavily parasitized. When these problems 
were cleaned up, the whole family’s health improved. 


Kae Nakajima, middle age, had a history of ulcers and stomach prob- 
lems. She took a lot of Zantac™ and Tagamet™ over the years. 
She was drinking coffee, tea and colas. She had Ascaris and 
cadmium in her stomach. Five months later she had cleaned up 
everything except dentalware and was feeling very good. She 
didn't need any medicines. She stil had arthritis and sinus prob- 
lems but felt so encouraged she had the dental work scheduled. 


‘Sven Lippencott, age 4, had been tube fed for several years due to 
weak stomach action. He was quite underweight for his age. He 
had a population of intestinal fluke in his stomach along with arse- 
nic (pesticide). The rest of the family also had intestinal flukes. 
After killing parasites and washing the upholstered furniture, Sven's 
appetite went up so he ate more by mouth and grew immediately. 
But he soon picked up Ascaris and cat liver fluke (there was an 
indoor cat). Then the whole family got intestinal flukes again. They 
all, including Sven, drank carbonated beverages ad 
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libitum (whenever they wished). With both parents working it would 
not be possible to discipline the habit. Sven had wood alcohol, 
methyl butyl ketone, hexanedione, methylene chloride and toluene 
buildup making his recovery hopeless. 


Alzheimer's 


‘What was once a rare disease has become a household word 
because it now affects so many. Two new pollutants of the brain, 
inviting an old parasite to a location it would not normally be, is 
the explanation. The new pollutants are solvents that seek the 
brain. 

Xylene and toluene are pollutants of popular beverages, de- 
caffeinated powders and carbonated drinks. At first, the body can 
detoxify these but with a steady stream of solvent arriving, 
detoxification slows down and parasites begin to build up in the 
brain. Common fluke parasites which we eat in undercooked 
‘meat and perhaps get from our pets, can now reach the brain and 
multiply there. 

Other toxins are also present, such as aluminum, mercury, 
freon, thallium, cadmium, Aluminum buildup is seen in all Alz- 
heimer's sufferers (100%). This is undoubtedly part of the true 
cause. Did it come before or after the parasites? 

‘Whatever the answer, your job is clear. Remove every bit of 
aluminum from the food and environment, Throw out the pots, the 
aluminum foil, the cookie sheets, the tea ball. Throw out the 
kitchen salt, the pickles, the baking powder. Buy things made 
with baking soda (not baking powder), use a plastic salt shaker, 
buy salt without added aluminum, Stop using commercial soaps 
and lotions, Make the soap recipes in this book. Finally, tape 
over all aluminum handles in the bathroom and elsewhere (e.g. 
the walker) with masking tape. Then find a chelating doctor to 
help remove aluminum from the brain, Also use thioctic acid 
(100 mg; take 2 three times a day). 
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Kill the four common flukes with the first frequency genrator 
or zapper you can get your hands on. Prevent reinfection from 
meats and pets. Stop all commercial beverages, including water. 
The processing has left xylene and toluene in them. They are not 
put in intentionally. For the same reason, health food beverages 
are similarly polluted. Only milk is safely bought from the store. 
You must still sterilize it, however. Make your own fruit juices. 
Select beverages from the list of recipes given. Drink water from 
your cold water tap, filtering it with a small pure carbon filter as 
in a filter pitcher (see Sources). 

‘As much as xylene and toluene are brain-seeking solvents, 
Shigella is a brain-seeking bacterium. The symptoms it causes 
are not always the same since they depend on the location of 
infection. Sometimes they cause tremor, sometimes loss of bal- 
ance, sometimes speech problems. But they are very serious 
problems. Kill Shigellas every day at bedtime with your zapper. 
Start the Bowel Program (page 546). When improvement is 
lasting you know you have stopped reinfecting from your own 
bowel or from polluted dairy products. 

Remove dental metal and use thioctic acid as a help to clear 
tissues of metal. Use vitamin C (3 grams) and By (300 mg) to 
assist the liver with detoxification. Use B complex (2 a day) to 
{ the liver generally. Avoid food molds; ergot especially has 
strong mental effects (see Moldy Food, page 381). 

Start a kidney cleanse (page 549) as soon as you can. Follow 
this with a liver cleanse (page 552). Clean up environment and 
diet. Your beloved family member or friend with Alzheimer's 
can regain her or his mental function to a considerable degree. 
Most important is stopping the mental deterioration before it 
is not reversible. 


Lisa Anne Reed, 60ish, was tentatively diagnosed with Alzheimer’s 10 
years ago. She needed complete care at present but was able to 
walk (could disappear quickly) and eat. She could occasionally 
say her name. Her brain had intestinal flukes and their eggs and 
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was toxic with aluminum (cooking pots) and aluminum silicate 
(Galt). One week later she stil had the parasites because nobody 
could skillfully give her the parasite program. She was also toxic 
with benzene so reinfection was occurring. In addition she was 
toxic with bromine (from brominated bread”), chlorine (chlorinated 
water?) lithium, bismuth, vanadium, and tungsten, all known to have 
strong brain effects. She was also toxic with moth balls and iridium. 
She harbored Naegleria, another brain parasite. In another week 
there still were no changes due to inability to administer the 
treatment. 


Isabelita Utford, 77, was in a wheelchair, brought by her two daughters 
who took turns caring for her. She was on Clanopin™ medicine, 
did not try to speak and needed total care, including feeding. She 
had been ill about seven years. She had intestinal flukes and their 
stages in her brain (the cerebrum) as well as intestine. She also 
had isopropanol solvent, aluminum, chromate and high levels of 
arsenic in her body. She was given the parasite herbs plus in- 
struction to get rid of solvents and metals but the plans could not be 
carried out. The parasites could not be killed without considerably 
more help than was available. She was a dear, sweet person. The 
daughters were highly motivated but were overwhelmed with the 
size of the task. 


Beth Hamm, 60ish, arrived led by her ever-vigilant, ever-caring hus- 
band. She was started by medical doctors on EDTA chelation to 
remove aluminum from her brain. My tests showed aluminum, 
toluene, sheep liver flukes, asbestos and Shigella bacteria. The 
parasites and bacteria were zapped immediately and her husband 
began the difficult task of excluding non-sterile dairy produets from 
the diet provided. In four days she was able to walk by herself, 
knowing where she was going. She could finish a short sentence 
and comply with directions to sit down and get up. Then she had a 
set back—she had acquired Salmonelias in the brain from a bit of 
dairy food that had slipped by his attention. She was given Lugol's 
and she improved further. In ten days she was a new person; an 
interview of twenty minutes length did not reveal Alzheimer 
symptoms. Will she be able to hold on to her gains? Only if the 
aluminum and asbestos are removed from her home environment, 
his vigilance with dairy food keeps up, and she stays on a 
maintenance parasite program. But her husband appeared intent 


271 


THE CURE FOR ALL DISEASES 


on her recovery. She is a person again. And there seems to be a 
delightful companionship. 

Ruben Camberos was brought by his wife and a friend for Alzheimer's. 
The first day he arrived, the intestinal flukes in his brain were 
found and Killed. He was started on EDTA chelation. They were 
warned about non sterile dairy foods. His Shigella was zapped. 
Four days later he spoke his first meaningful sentence: it was 
three words long. He could pay attention to the appointment 
proceedings. Two days after that he was reading a newspaper. 
This was utterly shocking to his wife. In another three days, he 
could hold a conversation consisting of very short sentences. 
Larger ones became hopelessly garbled. He was started on omi- 
thine (4) and valerian capsules (6) at bedtime: this produced a 
beautiful nights sleep (especially for his caretakers!) and his days 
were less agitated. There were stil setbacks later but his wife was 
determined to get him well. 


Dementias, Memory Loss 


Memory loss is progressive with age but not due to aging. 
There are plenty of nonagenarians and centenarians with clear 
minds and good memories to prove that age is not the deciding 
factor in the dementias. Why do some people deteriorate much 
sooner? Could you prevent personal deterioration of mental 
abilities? You probably can. You will know it by noticing 
memory improvement. Telephone numbers that left you with no 
recall, unless you wrote them down, number by number, now 
form groups as you hear them, and you can jot them down the 
way you always did! This is a good sign of memory improve- 
ment. Your writing can improve. The jagged, crooked, mis- 
aligned words can be smoothly written again! You can remember 
things that happened earlier in the day and talk about it later, at 
mealtime. You can finish your thoughts in conversation 


NON-PAINFUL DISEASES 


Mental deterioration of the elderly is not as complicated as is 
generally believed. Although circulation and blood pressure play 
arole, the effect of toxins is much greater. The action of toxins 
is greater in age than in youth. The same polluted water and food 
causes disorientation in the elderly when it only gives a young 
person a stomach ache. 


The liver's detoxification capability may be the real issue. 
Indeed, the liver may age, in accordance with the calendar date. 
Perhaps the liver is the only truly aging organ. It may even de- 
termine your life span. The answer, then, is to stop giving it toxic 
substances and shortening your life span. 


As the liver is less able to detoxify them, common toxins are 
allowed to roam the body with the circulation, doing harm to all 
the organs. The brain feels disoriented or dizzy; there is memory 
loss. At first, the liver can “catch up” its work and finally clear 
the toxin for excretion. But, eventually, it can't catch up or keep 
up. The body, notably the brain, is bathed in toxic chemicals that 
interfere with its functioning, Now, the elderly person must use a 
cane for stability, must walk very carefully not to fall, must write 
everything down to remember it, calls people by their wrong 
names, can't “find” the right words to speak with, can't finish 
sentences, must write on a calendar to keep the days straight, 
starts talking to themselves to help think of things, develops 
tremors and unsteady gait, acquires a passive personality, loses 
weight, gets stooped, stops reading the newspaper. 


Alll these signs of aging (dementias) can be reversed by sim- 
ply removing the common toxins with which we are already 
familiar. 
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Of primary significance are food molds. These cause brain 
hemorrhages. Clean up diet, mouth, body, environment, very 
meticulously. 

Of course, an elderly person cannot bring these changes to 
herself or himself. If you have a loved one with symptoms of 
aging, and this person is willing to cooperate with you, you can 
honestly promise them numerous improvements. Spend a good 
deal of your effort on persuasion since living longer or being 
healthier may not seem worth giving up a coffee and doughnut 
breakfast. On the other hand, they might respond to the goal of 
needing fewer pills, getting into their own apartment again or 
becoming freed from a walker. 


Walter Heffern, 64, had been to various neurologists but could not find 
any help. He appeared to have the same kind of mental deteriora- 
tion as his mother, but at a much earlier age. He couldn't under- 
stand an ordinary conversation; he constantly spoke about winning 
money, walked hesitantly and had to be left undisturbed to 
accomplish anything—even eating and dressing. He needed a lot 
of care. We found he had Ascaris larvae in the brain—in the 
cerebrum, where you think. He also had Acanthocephala, Dipe- 
talonema (a chicken roundworm), amoeba (Entamoeba histo- 
Iytica) and Fischoedrius in the thinking part of his brain. He had 
been in the poultry business all his life: his mother probably shared 
this exposure, as well as other lifestyle habits that gave them 
solvents and pollutants besides parasites. He had constant ringing 
in his ears, this could affect hearing an ordinary conversation. He 
had a water softener that would have supplied a daily dose of 
aluminum to the brain, too. There always were dogs in the house. 
Perhaps the marvel is that he was no worse off, a tribute to human 
strength in general. 
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gaps between one turn and thenext. These wires 
serve as the second electrode. The wires are en: 
closed in transparent insulation that forms an 
outer sheath, 


When AC is applied between the electrodes, the 
layer of phosphors emits light that radiates out 
in the gaps between the thin wires. The color of 
the light can be modified by using tinted outer 
insulation. 


OLED 

‘An OLED uses two thin, flat electrodes, some 
what like a thick-phosphor electroluminescent 
panel, except that it contains more layers and is, 
capable of generating more light. The layers in 
an OLED are “organic” in that they consist of 
chemically organic molecules containing carbon 
and hydrogen atoms and generally do not con: 
tain heavy metals. 


While an LCD video monitor or TV screen must 
have a separate backlight, an OLED generates its, 
own light. This reduces the thickness of the dis: 
play toa few millimeters and makesit potentially 
more efficient. 


The semiconductor layers are subdivided into 
pixels, each functioning as a light-emitting di 
ode, while additional layers carry a matrix of con 
ductors for pixel addressing. In an AMOLED, the 
conductors form an active matrix, while in a 
PMOLED, they form a passive matrix. 


In an active matrix, each pixel is backed with a 
n transistor to store its state while the en 
ergizing voltage transitions. This is often de 
scribed as a TFT display; but the term is inter 
changable with “active matrix 


Ina passive matrix, each pair of conductors sim- 
ply supplies currenttoa pixel. Thisis cheaperand 
easier to fabricate but is less responsive. 


The terms “active matrix” and “passive matri 
have the same meaning as when used to de 
scribe a liquid-crystal display. 
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Pushing Back Age 


This chapter is a tribute to Jimmy, Nazy, Michele, Suzanne, 
Marlena and all the others who achieved excellence with daily 
care-taking of Mary Austin, deceased at 97. 

It’s true that we have to die sometime. But why die before our 
life span is up? If many people can live to 100 years, then surely 
this is the human life span, not three score and ten, Some 
scientists think the true human life span is closer to 140 years! 
‘And that we all lead shortened lives. The shortening is due to 
failure of some organ in us. Other organs are dependent on the 
failing organ and begin to fail also. When the brain fails, death 
occurs, sometimes in five minutes. 

If we knew which organ is failing, we could come to its as- 
sistance and prevent the collapse of the whole body. Often it is 
easy to see which organ is failing. But whether this is the true 
beginning of the body's problems we cannot know. Before death 
there may have been appetite loss. Before the appetite loss there 
may have been a broken hip. Before the broken hip, dizziness. 
Before the dizziness a blood pressure or blood sugar problem. 
Before these, an episode of “flu” or a dental “repair.” Sometimes 
we know what started it all. But often we don't. Just make a guess 
and begin somewhere. 


Diet 

If your aging friend or relative is in a home for the elderly, 
you may be able to persuade him or her to choose a diet that is 
wiser than the average diet people eat there. This can help a lot. 
Just stopping drinking the coffee, decaf, iced tea and carbonated 
beverages that are served, and switching to the recipes in this 
book could get them off some of their medicines. 
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The beverages to encourage are sterilized milk and hot wa- 
ter—delicious with whipping cream, honey and cinnamon. This 
gets them away from solvents, oxalic acid and caffeine. 

Old age is not a time when you “no longer need milk.” Cal- 
cium losses increase in old age. Milk has the organic form of 
calcium, chelated with lactic acid, and it has the cream to pro- 
mote absorption. For this reason, milk should never be reduced 
in fat content (not less than 2%). The cream is necessary to im- 
prove calcium absorption. 

In old age it is downright dangerous to be taking many cal- 
cium tablets. The stomach does not have the acid necessary to 
dissolve them. They pass into the intestine, disturbing its function 
and acid levels, With tablets, too, one must be careful with 
dosages, while food is self limiting. No elderly person would be 
able to drink more than one cup of milk at a time. This contains 
250 mg. of calcium, 

Milk, however, requires stomach acid to curdle it as the first 
step in digestion, If there is not sufficient acid, it will pass undi- 
gested into the intestine, causing new problems. We must listen to 
the elderly when they say milk gives them gas or other troubles. 

Having the milk warm to hot helps in getting digestion started 
in the stomach. Milk served hot with cinnamon accomplishes two 
purposes: it will stimulate acid secretion and the cinnamon is an 
insulin aid. Milk served hot with honey adds the nutritive value 
of honey, displacing the need for other unnatural sweets. The 
‘meal should always include something sour to curdle the milk. It 
does not have to be added to the milk; it can simply be included 
with the meal somewhere. 

Lemon juice or vinegar can be put in certain foods but the 
most reliable way to get it into the diet is to put | tablespoon into 
the water glass along with a teaspoon of honey. This gives the 
water a “sweet and sour” flavor, enough to make it interesting 
throughout the meal. The fresh lemon juice or white dis- 
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tilled vinegar and a honey dispenser that is easy to use should 
always be on the table. Bring these two items to your loved one 
at the “home” if it cannot be provided regularly and reliably. Pop 
in at mealtime to check up on it. Powdered vitamin C (¥4 tsp.) is 
another useful acid if the first two are not effective enough. 

The lemon and honey habit, alone, can add years (healthier 
years) to an elderly person. The extra acid taken with lunch and 
Supper (the stomach has its own best supply of acid in the 
morning, for breakfast) improves overall digestion and helps 
dissolve the calcium, magnesium, iron, zine, manganese, and 
other minerals in the food so they can be absorbed. 

The habit of using vinegar and honey in water as a beverage 
was made famous by Dr. Jarvis in his book Folk Medicine, cirea 
1960. He recommended apple cider vinegar for its extra potas- 
sium. In those days, vinegar was made of good apples. Now, all 
the regular vinegars have mold in them. The toxin, patulin, in 
moldy apples has been carefully studied by scientists. It taints the 
vinegar as well as apple juice and concentrate made from them. 1 
have not tested patulin to see if it can be detoxified by vitamin C. 
We must use only white distilled vinegar, even though it lacks 
potassium, aroma and popularity. Using a variety of honeys can 
make up for the need to vary the flavor. Get orange blossom, 
linden blossom, buckwheat, wildflower, and sage honey, besides 
clover blossom. 

But honey is not perfect food. It usually has ergot mold, a 
very serious toxin, To detoxify the ergot, you simply add vitamin 
C to the honey as soon as it arrives from the supermarket. This 
gives it plenty of time to react with the ergot before you eat it. 
Bring your “fixed” honeys to the home. 

If your elderly loved one has not tolerated milk in years, start 
with the vinegar and honey beverage, or lemon and honey, and be 
patient until that is accepted. Then add only 4 cup milk to the 
day's diet, (in the morning, on homemade cereal). Go up 
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very gradually and only when digestion allows it. Of course, the 
milk must be sterile. 

If it is not sterile, the final warming will only increase the 
bacterial count. You must be sure of its sterility. Boil the milk 
yourself, Near-boiling is not hot enough. It must be heated until it 
bubbles up and almost goes over the container for ten seconds. 
Use a non-metal pot that holds one to two quarts. You may throw 
away the skin. Then cool and refrigerate. Supply it to the home, 
too. 

Milk that is marketed in paper containers that need no re- 
frigeration has been sterilized; it is safe. 

Once the body, even an aged body, finds a nutritious food that 
does not cause troubles of its own, it asks for more. Your loved 
one will accept it and drink it without forceful coaxing, if there is 
no problem with it. As long as your loved one tries to avoid 
drinking it, your challenge is to find the problem and solve it. It 
is not a matter of taste or habit. It is a matter of digestibility and 
lack of toxicity. When your loved one is drinking three cups of 
milk (or buttermilk or whey) a day and three cups of water, there 
will be no room (nor request) for the usual coffee and tea and 
other bad beverages. 

We all must die of something. But it needn't be a stroke, or 
heart failure, or cancer. Choose what seems to be the most 
pressing problem to work on. Common problems that plague the 
aged are brain problems, incontinence, bad digestion, diabetes, 
tremor, weakness, feeling cold, sensitivity to noise, losing the 
sense of taste and smell, hearing loss, insomnia, kidney and heart 
failure. 


Increase Oxygen 


Brain problems include memory loss, communication deficit, 
dementia (calling things by inappropriate names and saying 
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inappropriate things). The brain is simply not getting enough 
oxygen and food to work right. It is like having a pocket calcu- 
lator with rundown batteries: it will give you wrong answers 
(without telling you they are wrong). Not enough oxygen to the 
brain is the main cause of memory loss, inability to find the right 
words, getting words mixed up and not being able to speak in 
sentences. You can prove this by providing oxygen from a tank; 
modern equipment is very easy to use and inexpensive. If your 
loved one responds well to a few hours of oxygen, you have 
proof of the problem. 
How can you increase oxygen in the brain? 

1, Open the blood vessels wider. 

2. Increase pressure of blood running through the blood ves- 
sels. 

3. Raise the oxygen level in the air that is breathed. Less car- 
bon dioxide, tobacco smoke and auto exhaust. All these, 
including a gas leak from the pipes in the house, compete 
with oxygen, 

4. Increase the oxygen delivery system to the brain by raising 
hemoglobin levels. Cure anemia and low iron levels. 

5. Raise oxygen saturation of blood by keeping body acidity 
down. 

6. Correct a slow and irregular heart beat. 


jiacin 

Open blood vessels wider by giving niacin, Give it early in 
the morning, upon rising, as soon as the feet are set on the floor. 
Keep it at the bedside, use small capsules or tablets and combine 
this chore with water drinking. The water should not be cold and 
should have nothing added to make it a beverage. (Drinking 
water within minutes of sitting upright may also move the bowels 
soon.) A 250 mg. time-release niacin tablet (see Sources) is a 
good choice. The elderly have little side ef- 
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fects. Even the niacin-flush, which reddens the face and neck is 
welcomed since it gives a sensation of warmth, 

The flush is intensified by giving hot liquids or acids (even 
vitamin C) to drink. The flush is reduced by giving cold liquids. 
The opening of blood vessels by niacin only lasts a few hours. If 
you see it has a good effect on your loved one, give several a 
day. Do not use a prescription variety, since they are polluted 
with heavy metals; use only the brand in Sources, or a brand that 
you have tested pure. You can freely experiment with niacin to 
find the best dosage and variety; it is not toxic in this amount; but 
the size of the tablet should not turn it into an unpleasant chore. 
Reduce it if it seems too large to swallow. Don't cut tablets in 
half, the rough edges can scratch the throat. 

Hawthorn berry is an herb that opens blood vessels, par- 
ticularly to the heart. Carefully watch the effect on blood pres- 
sure when using it. 

Food mold, particularly er- 
got, has the opposite effect of 
niacin, Brain blood vessels are 
made narrower, cutting down 
the oxygen supply. Ergot is a 
common contaminant of grains: 
don't provide rye or 
pumpernickel breads or crack- 
ers. Don't provide wine or 
other alcoholic beverages; they 
are too contaminated with er- 


got and aflatoxin. Narrowing 
the blood vessels in the brain 
can lead to stroke. If you notice 
an attack of dementia coming, 
try a niacin tablet (100 mg, not 
timed release) immediately. 


Fig. 34 Alcoholic beverages 
contain ergot and aflatoxin. 
Add vitamin C (1/8 tsp.) upon 
opening and wait 10 minutes 
for it to act. 
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TIA’s, Strokes and Purpura 


Sometimes, the elderly person is aware of the onset of a 
brain attack; they may see stars or peculiar shapes or lose vision 
temporarily. These are called temporary ischemic attacks 
(TIA's). Immediately give a 100 mg tablet of niacin, 1 gram vi- 
tamin C, and a B-complex in this order of importance. 

TIA’s are caused by spasming in the brain blood vessels. If 
this causes them to spring a tiny leak somewhere, a part of the 
brain will not get its usual oxygen and nourishment. A stroke 
results. 

The spasming was probably caused by sorghum molds. 
Cooking during the manufacturing of sorghum syrup kills the 
mold but its toxic byproducts (mycotoxins) are still present. 
Other syrups may have sorghum added, polluting them. Brown 
sugar is also polluted with sorghum molds, but fortunately you 
can detoxify this mold with vitamin Cas usual. Mix well % tsp. 
powdered vitamin C with each new (1 Ib.) box of brown sugar. 

Purple patches, like bruises, on the hands or arms of an eld- 
erly person are called purpura, and is also caused by sorghum 
molds. It weakens blood vessels so they break easily. 

When an elderly person has purpura or TIA’s and the mold 
source isn’t obvious, you must track it down. Test in a saliva 
sample for all the sweetenings used recently (at least an hour 
ago). At the very least, keep notes on all the sweeteners being 
used. Look for a common one at the next attack. Never let the 
trigger food be eaten again. 


Blood Pressure 


Increase blood pressure if it is habitually too low. Blood 
pressures below 110 may prevent strokes but ruin the quality of 
life. Low blood pressures are often due to toxins from foods. But 
severe salt deprivation in the diet can also cause this. If the 
adrenal glands are not conserving salt properly, too much so- 
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dium is allowed to leave the body with the urine, resulting in low 
sodium levels in the blood and a blood pressure drop. Adrenal 
performance is improved by taking the kidney herb recipe. 

The kidney herbs (page 549), at half dose level (Ycup a day 
instead of a whole cup) can be given daily for three weeks and 
then on alternate days indefinitely. Be very careful to keep the 
herbal tea sterile by reheating. Elderly people seem to sense the 
improvement given by kidney herbs. Try other kidney herbs from 
time to time: shave grass, cedar berries, juniper berries, 
butcher’s broom, cornsilk. None interfere with drugs. Re- 
member, they also have a diuretic effect. Be prepared to use ex- 
tra paper padding in underwear to help catch the extra urine 
output. The first few nights may be disturbed by extra urination, 
Interpret this positively. 

After the blood pressure comes up to 115 (systolic) mental 
performance will be greatly improved. Don't try to bring it up to 
120 since this raises the stroke potential without giving you much 
improvement in performance. Use an electronic device to 
measure blood pressure, one with a finger cuff, not an arm cuff 
which can itself induce broken blood vessels. Purchase a device 
that needs no adjustments of any kind and has automatic cuff 
tension control (see mail order catalogs if your pharmacy does 
not have one). 


Air Pollution 


Improve the quality of the air by lowering the pollution level. 
Check into carbon dioxide, carbon monoxide, fumes from a gas 
stove pilot light, auto exhaust from an attached garage or nearby 
highway, arsenic from household pesticide, PVC from new 
plastic curtains or carpeting, formaldehyde from wearing new 
clothing before washing it, asbestos from hair dryers, freon from 
a refrigerator, fiberglass, and chlorine from running tap water. 
Some of these displace oxygen, some are simply toxic to 
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the body and lungs. Clean up the air according to the general 
principles of environmental cleanup (see Four Clean-ups, page 
409). 

For the elderly pay special attention to chlorine in the air. 
Shower water puts a lot of chlorine into the bathroom air which 
then distributes itself through the rest of the house. Notice 
whether your elderly person goes into the bathroom in fair shape 
mentally but comes out confused, unreasonable. Not every day's 
chlorine exposure will have the same effect. Trust your judgment, 
Attach a carbon filter to the shower head (see Sources). Purchase 
a variety that has very simple-to-replace cartridges. Figure out 
how long it should last and write the date for replacement on the 
outside of it for your own convenience. 


U x 


INTO | OUT 
When into and out of the bathroom is a different performance 
suspect chlorine. Put a filter on your faucets. 
Fig. 35 Chlorinated water can cause mental problems. 


Washing hands and face in chlorinated water can give off 
enough chlorine to trigger a manic episode in a manic-depressive 
person. Certainly, it is enough to cause mental ef- 
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fects in an elderly person. Of course, the chlorine bleach bottle 
should not be kept under the sink. It should be kept in a closed 
plastic bag in the garage. It should not be used while the elderly 
person is in the house and never for his or her laundry. Use 
chlorine-free bleach. 

Don't pollute the air with fresh flowers, potpourris, or room 
fresheners. These can induce a dizzy spell. 

Room air conditioners may have a fiberglass filter! This fills 
the house with tiny particles of glass to be breathed by every- 
body. The body makes tumors out of them in order to stop them 
from cutting through your tissue. Replace the filter with a foam 
sheet. This sheet is 1/8 inch thick and washable. I have not found 
these types of foam filters to emit formaldehyde. 

Room air filters are not the answer to polluted air. Removing 
the pollution source is. Air filters may remove some of the toxic 
elements but by blowing the air (and dust) around vigorously the 
remaining toxins are made much more vicious in their effect. The 
noise of a filter motor and fumes it may put out itself adds misery 
to the simple job of breathing. Using a non-fiberglass filter at the 
furnace is a better idea. 

Make sure all fragrances are removed from the air, even 
though family members “like” them. They don't belong in air. The 
Jungs treat them like toxins to be coughed up or removed by the 
kidneys and immune system. This includes colognes, scented 
tissues, soap and shampoo and shaving supplies. If you can walk 
into the bathroom blindfolded and know you're in the bathroom, 
it's not clean enough. Everything in the bathroom pollutes the air 
of the whole house. People who must use fragrance should apply 
it outdoors to keep the indoor air less polluted. 


284 


light source, indies 


Monochrome OLED display modules with dot- 
matrix characters are currently available from 
China forjusta few dollars. Althoughthey appear 
superficially similar to LCD modules, they gener- 
ate pure white-on-black characters. 


‘Small full-color OLED screens are used in smart- 
phones and on camera backs, but at the time of 
writing, large OLED screens are not a mature 
technology, partly because of production costs. 
Agreat variety of chemicals and layer configura- 
tions have been tried, and the application of pix- 
els to a substrate has been attempted with vac- 
uum deposition through a shadow mask and 
witha system similarto inkjet printing. Pixelsthat 
emit red, green, and blue light have also been 
used. Filtered pixels have been used. One domi- 
nant process has not yet emerged. 


Longevity and brightness have been problems. 
Where red, green, and blue diodes have been 


‘or, or display > multi-source or panel 


Variants 


used, the different colors deteriorate at different 
rates. While the human eye tolerates an overall 
reduction in brightness, it does not tolerate a 
slight color shift caused by blue pixels, for in- 
stance, losing brightness more rapidly than red 
pixels. 


Because OLED screens promise to be thinner, 
lighter, and brighter, and may eliminate theneed 
for a fragile glass substrate, there is a strong in- 
centive to develop this technology, which seems 
likely to gain dominance in the future. 


OLED panels may also become a source of dif- 
fuse, shadowless room lighting or office lighting 
when practical problems have been solved and 
costs have fallen significantly. 


Ghapter26 247 


Anemia 
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Oxygen gets to the brain on a carrier 
system of tiny rafts called red blood 

cells. They were meant to be an exact 

shape and size to fit the most oxygen 

molecules onto them 

Each red blood cell is shaped like a Fig. 36 Red blood 
doughnut without the hole. This fits alot ¢élls, top and side 
more oxygen, Oz, than round balls view. 
would. Yet, if there isn't enough vitamin Biz, the dimple isn't put 
into them to make them doughnut shaped. This reduces the body's 
oxygen supply and the disorder is called “pernicious” anemia. 
The changed shape of the red blood cells is reflected in a bigger 
volume called mean cell volume (MCV). The correct volume for 
red blood cells is about 90 cubic microns. Many elderly persons 
have a MCV over 100! 

Thave seen pernicious anemia to be associated with Ascaris 
infestation. Kill Ascaris on a frequency generator (408 KHz) or 
zap. The source of Ascaris is usually a pet, owned in the past. 
Once infected, the tiny worms do not leave your body on their 
own. The infestation may date back to childhood. What a relief 
for the bone marrow whose job it is to make red blood cells to 
have enough vitamin By» again! What does Ascaris do with your 
B,:? By. is a beautiful rose colored vitamin, Some worms are 
actually pink from absorbing your Bj! Giving By: shots is the 
current clinical treatment for By: deficiency. Killing Ascaris 
twice a week by zapping and taking By2 lozenges (see Sources) is 
a better solution. (If your loved one is getting shots, make sure 
that no isopropyl alcohol is used on the skin beforehand. Provide 
vodka yourself in a small pocket flask or 70% grain alcohol for 
this purpose. Unfortunately, the shot itself may contain traces of 
this harmful solvent—take a sample home for testing.) 
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Other kinds of “anemia” can deprive your elderly person of 
oxygen. A low red blood cell count (under 4.4 million/mm’) is 
the “garden” variety. Sometimes iron levels are low and can ex- 
plain the low red blood cell count. Sometimes they are not. 


Most regular anemias, including low iron levels, are associ- 
ated with hookworm infestations. 


Kill all Ancylostomas along with Ascaris twice a week. It is 
not wise to take iron pills, even if they do raise hemoglobin lev- 
els, except in life-threatening situations, Remove the tiny crea- 
tures that cause microscopic bleeding instead. Iron in the form of 
pills is too easily snatched up by bacteria who also need it, 
making them more virulent to the body. Use grain aleohol rinse in 
the bathroom to kill Ascaris and hookworm eggs under fin- 
gemails. Don't have pets in the house or keep them on daily 
parasite killing herbs. 

It takes nutritious food to build the blood back up to its 
normal hemoglobin level. Eggs and meats (all very well cooked) 
are the richest sources of iron and other minerals used in blood 
building. B, and other vitamins are also involved and can be 
given as a B-complex (see Sources). Do not use black strap 
molasses as an iron source, or any molasses, since it contains 
toxic molds. (The molds could be detoxified with vitamin C the 
same way as honey. However, I have not tested enough molasses 
for solvents and you cannot risk these.) In the past, when the 
nutrient properties of molasses were discovered, the molasses 
manufacturing was a small, carefully conducted business. Now it 
has molds which cause platelet destruction, (purpuric spots) 
internal bleeding, and immune failure. 
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Acid Levels 


Oxygen must first jump onto its raft, the hemoglobin, in the 
Jungs. Later, in the brain, oxygen must jump off again to enter the 
brain cells. A difference in acid levels makes this possible. Acid 
levels operate the latching system that decides whether oxygen 
will be attached to hemoglobin or let go! Acidity unlatches 
oxygen. There should be no acidity in the lungs so oxygen can 
attach here. Sometimes, the entire body is too acid! Diabetics, 
asthmatics, arthritics, especially, suffer from total body acidity. 

‘Acid was meant to be removed from the blood and loaded 
into the stomach at mealtime for digestion. When this isn't hap- 
pening, it was meant to be shipped out of the body with the urine. 
But the kidneys may be doing a poor job because they are 
clogged with tiny crystals and because not enough water is drunk, 
so the body's acid levels rise. You can test total body acidity by 
measuring the pH of the morning urine. It should not be under 
(more acid than) 5.5. If the body acid level is too high, help the 
kidneys excrete it by adding more water to the diet and more 
minerals to neutralize the acid. The main minerals for this 
purpose are calcium and magnesium. 


Increase Minerals 


Adding water to the diet could be the most difficult of tasks if 
your elderly loved one “doesn't like it.” Calcium should be in the 
form of milk, magnesium as a tablet. When tablets cannot be 
swallowed; use magnesium oxide powder (see Sources). Use 1/8 
tsp. added to cooked cereal, soup, stew, pudding. Magnesium, 
being a mineral, does not get destroyed as vitamins may. You can 
add it anywhere in the diet where it won't be tasted. Notice how 
calming it is to have extra magnesium in this gradual way. And 
how much better the sleep is at night. 
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When water “doesn't taste good,” there is probably a valid 
reason. The body may be trying to reject chlorine or other toxins 
in it. In this case, filter it with a small all-carbon unit that is 
changed right on sched- 
ule. A_ plastic pitcher 
(not clear plastic or 
flexible plastic) with a 
carbon pack fitted into 
the top is best. Sterilize 
it once a week by putting 
a cup of water and one 
tbs. of grain alcohol in it 
and tuming it upside 
down so the filter can 
soak for 15 minutes. 
Flush out the aleohol 
with two pitchers of 
water. Make sure the 
temperature suits the 
person. Temperature can 
mean everything to the 
never-thirsty person. 
Don't allow ice cubes, 
however, nor beverage 
making, with the essen- 
tial water. Adding lemon 
or vinegar (white dis- 
tilled) and 1 tsp. honey is 
probably the best way to 
stimulate both thirst and 
appetite. 

When blood is properly oxygenated it takes on a bright red 
color, unoxygenated blood is more purple. A chelation doctor 
can easily see the state of oxygenation. 


Fig. 37 Water pitcher with filter. 
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Chelation 


Chelation is a powerful way to quickly improve oxygenation 
of blood. The most important rule to observe, though, is to take 
the treatment slowly. Especially if ethylene diamine tetra 
acetate (EDTA) is being used to remove heavy metals, it is im- 
portant to take the treatment over a two hour time period. Mini 
doses may be given in a shorter time. Generally, you are in 
charge of the flow rate. Discuss it with the nurse. Weekly 
chelations can correct many problems of the elderly that no other 
treatment could. 

Because of hostility from insurance companies who do not 
wish to add another cost to their ledger and doctors indoctrinated 
with misinformation, bad publicity is given to this wonderful, 
life-prolonging mode of treatment. Clinical doctors who have no 
time to really investigate the statistics of chelation treatments and 
for whom this is purely competition may feel antagonistic to 
these treatments. Your loved one should not be the one who must 
suffer from medical politics. Go to see for yourself what 
chelation is all about. The receptionist should be glad to show 
you around, The secret is to talk to the patients themselves. They 
are usually sitting around a room, eating their lunch and reading 
as their IV's drip. The pulse, blood pressure and blood chemistry 
is also carefully monitored. Sit down with them to find out their 
stories. Get a realistic picture of benefits and costs. 


Pulse 


The pulse reflects the heartbeat. A slow pulse can give weird 
brain symptoms besides great fatigue. The cause is usually a drug 
that is being taken to correct a fast pulse! Check with the nurse. 
Read the insert included with packaging for all drugs used. The 
drugs responsible are usually “beta _—_blockers 
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used for the purpose of smoothing out the heart beat, that is, 
making it regular. Often the drug can be changed. 

Less than 60 beats per minute will lead to trouble. For a 
young person it is a good sign to be as low as 60, provided no 
drug is involved. But for the elderly it does not reflect a strong 
athletic heart beat. 

The heart is made of four separate “chambers” or compart- 
ments each pulsing in turn, They are like four horses pulling a 
wagon. Unless they pull evenly, the wagon feels jerky, and ir- 
regular. The wagon will wear out sooner with jerky pulling. To 
smooth them out you simply slow them down. Apparently they 
sense each other better and can pull evenly now. 

‘A heart that is beating 100 times per minute, not unusual for a 
weak old heart, can be so irregular that it misses every fourth 
beat, That creates a terrible deficiency of oxygen. Imagine your 
four cylinder car or lawnmower missing one out of four engine 
strokes! Beta-blockers have some quite undesirable side effects 
but heart regularity has a higher priority. So drugs are the im- 
mediate choice. Later, when heart health is improved, the heart 
will beat regularly without drug use. In the meantime, watch over 
the pulse. When the pulse drops below 60 the new danger is 
slowness. Take the pulse daily when a new drug has been added, 
or when you are working on heart health, without getting your 
loved one anxious about it. 


Heart Health 


To improve heart health, the first steps of course would be to 
g0 off caffeine and to kill parasites and bacteria. This alone 
could drop the pulse from 120 to 80 in a few days. Obviously, 
the need for a drug is gone. Cut the drug dosage in half immedi- 
ately. Don't wait for a doctor's appointment to O.K. it. If you 
waited another day the pulse could be below 60. 
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Many common bacteria, especially Staphylococcus aureus, 
choose the heart as their favorite location. Their nesting place, 
though, will be under a missing tooth in the jaw (cavitation) 
Heartworm and Loa loa are two very common heart parasites. 
You can have all these killed in a day, without side effects and 
your heart is once more free to beat regularly. Don't take a 
chance on over-medicating. As soon as the beat is regular and 
under 100 per minute, reduce your heart drugs. Stop them when 
you are regular and under 80. Fatigue will leave and the brain 
will work better. 

Raising potassium levels slows the pulse. Try to do this with 
diet by eating more potassium rich food and by conserving on 
potassium losses. The adrenals are in control of losses. Give 
them a thorough cleaning. The adrenals are situated right on top 
of the kidneys where all toxic things are being excreted. Being 
this near to the urinary tract will result in shared toxins, Urinary 
tract bacteria, small kidney stones, moldy foods and metal from 
dentalware are the chief offenders. Switch to composite tooth 
fillings. Use non-metal jewelry. Cook and eat with non-metal 
ware. Don't handle metal unconsciously throughout the day. 
Aluminum objects that must be touched should be wrapped in 
masking tape: this includes walker, shower door, bathroom sup- 
ports. 

Door knobs, taped walker handles, and cane handles should 
be wiped daily with a grain alcohol solution. 


Treat the adrenal glands to 5 supplements 


1, Vitamin C: shake some into all foods that can absorb a bit 
of the sour taste, even cooked cereal and vinegar water. 

2. Pantothenic acid: 500 mg., one daily. 

3. Bg: 250-500 mg. daily. 
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4. Folie acid: 800 meg. daily. 
5. By: 150 mg. daily. These are minimum dosages. 


If no capsules or tablets can be swallowed put a three day 
supply in a heavy plastic bag. Pound with a hammer; then roll 
finer with a big glass jar. Use about 1/3 of the mix each day. If 
you are trying to do all this in a nursing home, feed it to your 
loved one while visiting. Put the powder mix in a plastic (not 
styrofoam) cup, add honey and stir until you get a paste. Feed the 
paste directly by spoon. Often the elderly prefer it this way in 
order not to bother with pill taking at meal time. Remind them it 
will turn the urine yellow. 

When the brain problems are corrected for an elderly person, 
be sure to relate the improvement to him or her. Improvements 
should not be dismissed lightly. Keep notes. This encourages the 
elderly, letting them know their existence and quality of life is 
important to you. Improvements are not merely steps to yet 
further improvements. Enjoy each bit of progress; it is often too 
subtle for your loved one to notice even when it is glaringly 
obvious to you. Before and after a chelation treatment can show a 
dramatic change in mood, energy, appetite and communication 
ability, yet get no comment from your loved one. Point it out 
explicitly so your loved one can look forward to it, too. 

Aging is no fun. The elderly long for a brisk gait, laughter, 
and a picnic at a park again. They dwell on dying, though, be- 
cause they know it isn't far away and wonder what to do about it. 
They dare not talk about it because it is too painful a subject for 
the loved ones. And the immediate problems are too pressing to 
allow much contemplation of future problems. Talk about aging 
in its positive aspects. Let your loved one express feelings about 
it. 
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Incontinence 


plagues most elderly persons. It begins to plague women 
much earlier—after childbirth, for instance. Surgically shortening 
the bands that hold the bladder in position (called bladder 
“lifting”) can give temporary relief, but the surgeon may be the 
first to tell you that it is a temporary fix. Still, it is so shocking 
not to be able to run a few steps or sneeze or cough without 
wetting the underwear, that anything seems better than doing 
nothing. Surgeons will tell you that the bands have been 
“overstretched.” 

The real reason why nothing, not even surgery, is permanent 
is that the support bands are weak. Bacterial invasion causes 
most of this weakness. Low potassium levels (due to excess 
potassium losses by the adrenals) causes more weakness. When 
you kill bacteria (and Schistosomes and Ascaris and other para- 
sites that bring in bacteria) and blood potassium levels go up, the 
problem is solved. Overnight you may throw those pads away. 
Even though you needed three pads to be “safe” you will not 
need any. Whether you have killed bacteria permanently 
determines whether you have permanently cured the condition, 
Make sure all dairy foods are absolutely sterile. Ask that the milk 
be boiled for ten seconds and other foods that can't be sterilized 
are not on the menu, like sour cream, Sour cream has too much 
tyramine to be safe. Tyramine is a bacterial by product that is 
quite toxic; it is rather high in aged cheese, also. With the food 
bacteria, Salmonellas and Shigella, out of the way and parasites 
being killed regularly, you can focus attention on the adrenals 
which control potassium levels. 


Be careful not to rave about the foods that your loved one 
cannot eat. 
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Eating more potassium in food is a good nutrition project. 
Bananas are the top choice. Fresh fruit salad and baked potatoes 
and soup also provides a lot. Mixing potassium salt with regular 
salt, half and half, for the shaker is another easy trick, even if you 
only use it in cooking where the taste cannot be detected. 
Potassium by prescription is often used by clinicians to conserve 
body potassium during diuretic use. This need not be stopped (if 
the pills are not polluted) although taking potassium pills is less 
useful than salting it in because the adrenals will let any big dose 
escape anyway. A sign of too much potassium is a slow pulse. 

It may be necessary to wear some Kind of incontinence un- 
derwear. Try to avoid them at night, though, so the skin can 
breathe freely. Bring a commode near the bed for the night, rather 
than diapering your loved one (but don't call them diapers; say 
“underwear”). Absorbent pants of all kinds are heavily 
chemicalized. This is absorbed by the skin and adds to the toxin 
level. Less will be absorbed if you powder the skin with corn- 
starch first. Use them minimally and line them with tissue or 
paper towel. Chair and bed pads, too, are chemicalized. Don't sit 
on them with bare skin, To facilitate getting to the commode 
quickly in the night, dress the elderly in a short night shirt, no 
pajamas or long gown. Bed socks on the feet help with warmth, 

Wash the body parts daily, around the urinary and rectal 
outlet, using borax water. Follow with 5% grain alcohol. Put 
washcloth in laundry after a single use. Nothing, not even brain 
improvement, impresses and encourages an elderly person as 
much as seeing the incontinence lessen. This bit of progress will 
put him or her solidly on your side. When they believe in you, it 
makes your task more rewarding. Remember to enjoy and cele- 
brate your achievements together; don't make a grim business out 
of it. 
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Bad Digestion 


with its excessive gas and burping is another plague of the 
elderly. They would rather not go to church nor visit a friend than 
embarrass themselves in that way. 


Chewing 


It all begins with the stomach although chewing food well is 
essential for really good digestion, Dentures should fit perfectly 
so the mouth does not develop sores. Using denture cream is not 
a good substitute for correct fit and is toxic, Denture plastic is 
often toxic, even containing mercury in its composition! Toxins in 
plastic can seep! Such toxins lower the immunity of the mouth 
and throat and stomach since it all flows down into the stomach. 
Low immunity in the mouth permits throat infections to be 
chronic. If your elderly loved one has a red-looking mouth or 
throat, instead of pink, an infection is going on in spite of no 
coughs and no complaints. 

It will do no good to keep zapping bacteria when reinfection 
is so easy. First kill the bacteria in the dentures by soaking in 
70% grain alcohol. Then test the dentures for toxins. Soak the 
dentures in water for several hours. Rinse and soak again in fresh 
water. Repeat a third time to insure that any toxin found came 
from the dentures, not the saliva. Save this water for testing. 
Search for heavy metals in the denture water. If you find any, you 
know the dentures are toxic! Get new ones, made of uncolored 
methacrylate (see Dental Cleanup, page 409). 

The denture-soak should kill bacteria each night. Plastic has 
tiny pores where bacteria can hide. Use 70% grain aleohol which 
you make yourself or plain vodka which is about 50% alcohol. 
Since alcohol evaporates and is expensive, use a wide mouth jar 
with close fitting non-metal lid for all this. Fish them out with 
your toothbrush so it gets sterilized too. It only takes 
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minutes to kill everything. Commercial denture cleaners are much 
‘more toxic than grain aleohol; don't use them. 

Use food grade hydrogen peroxide or salt water to brush 
teeth in your mouth, never toothpaste. Toothpaste has toxic 
metals (tin, fluoride, strontium) besides benzene pollution. See 
the section on brushing teeth (page 532) for details and sources. 
If you are responsible for this daily chore, use homemade floss 
(2 pound to 4 pound nylon fish line) first; then brush. If your 
loved one is seated they may be able to handle the brush by 
themselves, giving them pride in the achievement. 

If an elderly person refuses or can't wear dentures, provide 
food that is soft and without chunks since this decides whether 
the stomach can digest it. The stomach is the weak point of the 
digestive process for the elderly because nearly all don't produce 
enough acid to get the job done. 


Stomach Acid 


The body produces hydrochloric acid (HCL) which gets 
pushed into the stomach from the blood! The enzyme, carbonic 
anhydrase, a zine enzyme, is involved. Not many ways are 
known to stimulate this whole process. Drinking water before 
meals stimulates it in unknown ways but is hard to do for the 
elderly. Next best is to provide acid. 

Because strong HCL would dissolve teeth it is not available 
as a solution to aid digestion. Ask a pharmacist to make a 1% 
HCL solution and use 10 drops of it in a beverage at mealtime 
once a day, HCL as a tablet (“Betaine HCL”) is available but 
doesn't have enough HCL in it. 

Using a lemon or vinegar and honey beverage helps with di- 
gestion although this provides citric or acetic acid, not hydro- 
chloric. These acids are completely metabolized so they don't 
add to the body acid level. But the fact that it is not hydrochloric 
means that it can’t kill bacteria and parasites in the stomach 
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like regular hydrochloric acid could, The stomach becomes a 
haven for Salmonellas and other bacteria and this is the biggest 
digestive plague of the elderly. Salmonellas dig deep into the 
stomach wall, safe from antibiotics and stomach acid and aren't 
washed away with the food, When they take over the region near 
the top of the stomach, it weakens the esophageal sphincter and 
food keeps coming back up a bit—a most uncomfortable 
development, especially after supper or when lying down. 

When the Salmonellas spread out further to invade the dia- 
phragm around the sphincter, the diaphragm weakens, and lets a 
bit of the stomach up through the hole. 

This causes hiatal hernia distress. Don't settle your loved 
one in an easy chair after supper. This presses the stomach up- 
ward and the food up, too. Leave them sitting at the table a while, 
then walk a bit, to get the food down lower. The food will sink 
lower if some of it can leave the stomach at the lower pyloric 
end, But if Salmonellas are entrenched here, too, the lower end 
does not have enough action to push the food through the valve. 
Drugs like Reglan™ are given to speed this up. 

‘What helps most is getting digestion completed. This sets up 
the natural cues for emptying. Digestive enzyme tablets have been 
in popular use to help digestion. But they may not be safe since 
they have not been sterilized. Always try the vinegar and honey 
method first. Coughing during eating is a sign that the diaphragm 
is irritated (by a hiatal hernia). If drinking water starts the 
coughing, omit it at the beginning of meals. Work in sips during 
the meal. 


Salmonella and Shigella 


Some Salmonella infections can bring dizziness to your eld- 
erly person. Dizziness is another plague of the elderly, keeping 
them from going shopping, getting to church and even from getting 


around their own homes. Drugs such as Antivert™ are 
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given but only take the edge off the problem. Feeling dizzy can 
make your loved one home bound and stuck to a walker for every 
move. 

Salmonellas, along with Shigellas, produce very toxic sub- 
stances that cause dizziness. There are three common Salmonella 
varieties: Salmonella enteriditis, Salmonella paratyphi, and 
Salmonella typhimurium (386, 380, 354 KHz). Kill Salmonellas 
daily for a month by taking Lugol’s iodine (6 drops in a half cup 
water, after meals and bedtime, see Recipes). Unfortunately, this 
will not kill Shigellas; follow the Bowel Program (page 546) to 
get them. 

During this time set up a system of sterilizing all dairy 
products (see Milk, page 425) since this is the source of rein- 
fection, Set up a system of rinsing fingers (and fingernails) in 
10% grain alcohol in the bathroom. Deli food and restaurant 
salads carry Salmonellas and Shigellas, too. Kill them, rou- 
tinely, after eating such food due to necessity. A warm stomach 
full of food at a neutral pH is just the right culture condition for 
these bacteria. It’s like putting yeast into a bowl of warm water, 
flour and sugar. In half an hour it is overflowing with growth, 

Once Salmonella is entrenched in an organ it is difficult to 
eliminate. Only an electric zapper can kill them all (in an organ, 
not the bowel). If your body has the right conditions (like a low 
acid stomach) to let them grow you dare not swallow another 
one! Shigellas arrive with dairy foods, too, but prefer the lower 
intestine as their headquarters. Indigestion that starts right after 
eating is probably due to Salmonellas. If your indigestion comes 
in the night, this suggests Shigellas, since they've had time to 
reach their favorite place further down. 

Campylobacter and E. coli, other digestive bacteria, are 
sometimes the culprits. The Bowel Program is effective against 
these also. Besides getting digestive improvement you get mental 
improvement, less depression, less dizziness, less irritability 
after clearing these up. Remember that eating bacteria and 
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killing them later will not solve the problem. Stopping eating 
them will. 


Other Clues 


Digestion problems that remain after eliminating bacteria can 
be diagnosed in a rational way. Ask these questions: 

+ Is the stool orangish-yellow, or very pale, instead of 
greenish brown? If so, bile isn't getting delivered to the 
small intestine from the liver. 

+ Is there abdominal pain? (More about this on page 97). It 
may be due to Ascaris, flukes, or other parasites. 

+ Is there constipation? This will let wastes accumulate, all 
the longer for bacteria to thrive on them. 

+ Is there bloating? This is due to gas made by bacteria. 

+ Does the stool float? If so, it must be lighter than water and 
contain fat or a great deal of undigested material. 


Liver Bile 


Bile is necessary for digestion, Absorption of fat and caleium 
depends on bile mixing with the food. When fat isn't absorbed, it 
stays in the intestine. Fat is lighter than water; it makes the stool 
float. Feces should not float. When the stool floats you can 
assume that calcium isn't being absorbed either, leaving the 
blood in a deficit which will be taken from the bones. 

If the stool floats or is orangish in color prepare your elderly 
person for a liver cleanse (page 552) to clear a bile duct of ob- 
struction, They get quite fond of these cleanses and will ask to 
have one. Liver cleanses are completely safe, even for persons in 
their 80's. One of the stones pictured on page 554 came from a 
woman age 97. The general rules apply to the extremely elderly: 
Kill all parasites first by zapper if possible, otherwise by 
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herbal parasite killing. Do a kidney cleanse (page 549) first, 
using half a dose instead of the regular dose, for three to six 
weeks. Attend your loved one in person for the liver cleanse, 
have a commode at bedside, protect bedding from accident: use 
paper underwear if necessary. Share the joy of getting gallstones 
out painlessly with your loved one; let them see and count them if 
they wish before you flush them (use a flashlight). 

Be extra careful with the skin cleansing. Hot water soothes 
and heals. Use starch skin soother to dispense onto the wet paper 
towel, besides borax solution and alcohol. Don't use ordinary 
soap. The starch skin softener gives the smoothness of soap, and 
prevents the pain of friction, An elderly person may have no 
diarrhea at all with the Epsom salts! Evidently the body absorbs 
all the magnesium so eagerly, none is left in the intestine to 
absorb water and create diarrhea. It is especially important 
though to rehydrate your elderly person after a diarrhea. This 
time they do not balk at water consumption. The liver cleanse, it 
seems, gives them new thirst as well as new appetite. But it 
doesn't last long. As the stones from the far corners of the liver 
move forward, they compact into larger stones and plug the ducts 
again. Their previous symptoms return, Try to give a cleanse 
once a month until the dark color of the stool returns and it no 
longer floats. 

The benefits of a liver cleanse will last longer if valerian 
herb is taken the day after the cleanse and from then forward. It 
may be preventing spasm of the bile ducts. Use 2 07. of the herb 
(cut) in 3 cups water. Simmer for 5-10 minutes, let settle or 
strain. Add honey to sweeten. Give a few tbs. every 4 hours (or 6 
capsules) for several days followed by a daily dose at bedtime. 
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Constipation 


If constipation is a problem, use an herbal product rather than 
adrug until you have removed the cause. Caseara sagrada (half 
dosage) or prunes work for many people. Adding roughage to 
the diet is a good solution but often doesn't work. If you try bran, 
you should add vitamin C and boil it, first, because it is very 
moldy. But even eating tree branches for supper won't move a 
bowel that has the wrong bacteria in it. 

Bacteria are part of the cause; and part of the result! Consti- 
pation increases the bacteria level which causes further consti- 
pation! You may solve the constipation problem immediately by 
zapping. Even though this kills some “good” with some “bad” 
bacteria, no harm is done. The stool is recolonized in one to two 
days. 


Poop Your Troubles Away 


Two bowel movements a day are the minimum necessary for 
good health, The first one should be in the morning. The morning 
cup of water, drunk at the bedside has the magical ability to 
move the bowels. Cold water may fail. But the water effect only 
works in the early morning. Waiting until after breakfast may not 
work. Notice the energy lift your loved one gets from this most 
primitive body cleanse. Take advantage of this to exercise them. 
Go immediately for the morning walk. This might be the only 
time of day they can enjoy their walk. 


Walking and liver cleansing are the most health-promoting 
activities you can do for your loved one. 


Make walking as essential as eating. Walking is not merely 
walking about the house or shopping. Walking should be done 
outdoors. Walking is a brisk exercise, done as speedily as possi- 
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ble and lasting at least Your. Only if the weather doesn't allow 
outdoor walking can an indoor walk be substituted. Don't let your 
elderly person choose whether they will walk that day. To 
overcome resistance, find a cheerful neighborhood person will- 
ing to do this task for pay. The need to respond to a new stranger 
energizes the elderly more than your persuasion can. 


Sugar Regulation 


Diabetes is a common development in the elderly. If your 
loved one is already on a pill for beginning diabetes, take this as 
your challenge never to let it get worse. It is not a chronic meta 
bolic deterioration. It is a destruction of the pancreas 
(specifically the islets) by the pancreatic fluke which is attracted 
to the pancreas by wood alcohol. Zap flukes and eliminate wood 
alcohol as described in the section on diabetes (page 173). 

Use no artificial sweetener and no beverages besides milk, 
water and the recipes given in this book. This is one regimen 
your loved one will not resent. They are well motivated to pre- 
vent the need for giving themselves daily shots of insulin, Use 
this motivation to acquire the taste for new foods and beverages. 


Elderly Person’s 7 Day Diabetic Diet 


Daily supplements: 4 chromium (200 meg. each), 1 or 2 B- 
50 complex, vitamin C (1,000 mg. or M4 tsp.). Take with food. 


Breakfast 


Choose any one; they need not be in order. 
1, Two eggs, (replace carton and wash hands and eggs before 
cracking), wheat-free, corn-free bread, not toasted (special 
breads can be found in the freezer section of natural food 
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stores), with butter and 1 tbs. orange blossom honey. 1 
peeled pear, raw, with whipping cream. One cup hot milk 
with cinnamon, 

2. Old fashioned oats, with 1/4 tsp. cinnamon and 1/8 tsp. 
vitamin G stirred in just before serving. Mix whipping 
cream with sterilized milk to make a “half n half” for the 
cereal. | ths. honey. 1 banana. One half cup milk, one half 
glass water with honey and vinegar. 

3. Fried potatoes with 2 eggs (use only butter, olive oil or 
lard), 1 cup hot or cold milk, A quartered orange (wash the 
orange before quartering). 

4. Cream of rice, with homemade “half n half” or whipping 
cream, cinnamon and vitamin C stirred in. 1 cup milk, 1 
banana. 

5. Cottage cheese, cooked in covered skillet to sterilize. Add 
chives or peeled fruit (not canned). Wheat-free, corn-free 
bread, or rice bread with | ths. honey. 1 nectarine or piece 
of melon. | cup hot milk. Water with vinegar and honey. 

6. Pancakes or waffles with butter and eggs (no sweetening). 
Fruit (peeled), hot milk, water. 

7. Fruit cup, large bowl of peeled, chopped mixed fruit with 
whipping cream and 1 tbs. honey and rice bread or other 
wheat-free, corn-free bread with unsalted butter. 1 cup hot 
milk with cinnamon, 

Remember, all honey must be pretreated with vitamin C. All 
fruit is peeled and free of blemishes and soft spots. All milk, 
cream, butter must be sterilized for 10 seconds at full boiling 
point. Butter must not be “raw”. Get wheat-free, comm-free bread 
at a natural foods store. 


Lunch 


It is better to have most of the day's calories in the middle of 
the day than at the end. Arrange for dinner at noon if possible. 
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Dinner 


Choose any one. 
1, Green beans with potatoes, meat dish, cabbage apple salad, 
water with lemon juice and honey, 1 cup hot milk. Water. 

Fresh green beans, especially fava beans contain a sub- 
stance that is described in old herbal literature to be espe- 
cially beneficial to diabetics. Don't overcook them—it 
might harm this substance. 

For the same reason, don't use canned green beans. If 
“fresh” isn't possible, choose “frozen” but rinse the 
chemicals off before cooking. Potatoes (not overcooked), 
peeled to make sure there are no blemishes (contain mold 
and pesticide) can be cooked with the beans. Cook with 
onions and oregano for flavoring. Add fresh chopped 
parsley to the sauce or butter for both green beans and 
potatoes. Fresh parsley has special herbal goodness (high 
magnesium, high potassium, diuretic.) 

The meat dish should be overdone. “Fast food” is 
plopped from the freezer into the boiling grease which 
browns the outside nicely but can easily leave the inside 
undercooked. Meat must never be “rare.” There should be 
no redness near bones! Canned meat is safe from parasites 
but may have smoke flavoring added (contains benzopy- 
rene) or nitrates. Avoid these chemicals. Avoid MSG too. 
Whenever a meat dish is not accepted, substitute sardines. 
Let them choose from a display of six kinds. Purchase the 
flip-top cans to avoid eating metal grindings from the can 
opening process. 

Cabbage for salad should be chopped fine enough to be 
digestible. Add finely chopped apples (peeled) and a few 
apple seeds and whipping cream for the dressing. 
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transducer 


The term transducer is used here to describe a noise-creating device that is driven by 
external electronics. By comparison, an audio indicator (discussed in the next entry) 
contains its own internal electronics and only requires a DC power supply. Either of these 
components is often described as a beeper or buzzer. 


A speaker, more properly termed a loudspeaker, is an electromagnetic transducer but 
is seldom described in those terms. It has a separate entry in this encyclopedia and is 
defined hereas a soundreproduction device thatis larger and more powerful than atypical 
transducer and has a more linear frequency response. 


While piezoelectric transducers formerly used crystals, only the more modern piezo- 
electrictype that uses a ceramic wafer will be considered here. 


Some transducers convert sound into electricity, but these are categorized as sensors, 
and will be discussed in Volume 3. The only transducers discussed in this entry are those 


that convert electricity into sound, 


OTHER RELATED COMPONENTS 


io indicator (see Chapter 28) 
«+ headphone (see Chapter 29) 
| speaker (see Chapter 30) 


What It Does 


An audio transducer is a device that can create 
an alert. It requires an AC signal that is supplied 
by external electronics, and in its simplest form 
may be referred to as a buzzer ora beeper. 


Audio alerts are used in microwave ovens, wash- 
er/dryers, automobiles, gasoline pumps, security 
devices, toys, phones, and many other consumer 
products. They are often used in conjunction 
with touch pads, to provide audio confirmation 
that a tactile switch has been pressed. 


The schematic symbols in Figure 27-1 can be 
used to represent any kind of audio alert, includ 
ing indicators, which contain their own elec- 
tronics to generate a simple tone or series of 


tones. Type A is probably the most popular sym- 
bol. Types B and C often appear with the word 
“buzzer” printed beside them for clarification. D 
and E are really symbols for a speaker, but are 
often used for an alert. Fis the symbol for a crys- 
tal, now sometimes used to indicate a piezoelec- 
tricnoise maker. G specifically represents an elec- 
tromagnetic transducer, but is seldom used. 


How It Works 


A circular diaphragm is glued at its edges inside 
a cylindrical plastic enclosure, usually measuring 
from around 0.5” to 1.5” meter. The enclo- 
sure is sealed at the bottom but has an opening 
at the top, so that sound can emerge from the 
upper side of the diaphragm without being par- 


249 


PUSHING BACK AGE 


Sweet things are reserved for dessert. Since a diabetic's 
tissues are not absorbing sugar, they crave it more and 
more. As the diabetes improves they crave it less. For des- 
sert, serve I tbs. of honey to satisfy this craving without 
endangering their blood sugar regulation. It can be used in 
the hot milk or in other ways. Undercooking the vegetables 
also helps slow down the sugar release. Never serve 
mashed potatoes for this reason. 

The drinking water should always have a little vitamin C, 
lemon juice or vinegar added, and 1 tsp. honey if desired. 

. Asparagus, potato, raw salad, fowl dish, fruit, water with 
vinegar and honey, | cup hot milk. 

The asparagus can be fresh or canned. Bake the potato: 
not in aluminum foil, not baked until fluffy. Don't let the 
skin be eaten, Use genuine butter, only, or a homemade sour 
cream dressing (see Recipes). Fresh chopped chives may 
be added but no regular sour cream since this is very high 
in tyramine, a brain toxin, 

The raw salad should be chopped small enough to be 
edible by dentures. Use homemade salad dressing with a 
preference for oil and vinegar styles. 

The fowl dish should be very well done, never “fast 
food”. 

For dessert, fresh fruit chunks dipped in a homemade 
honey sauce (honey, water and cinnamon). Less sweets are 
consumed if you dip the fruit rather than pour the sauce 
over. Limit the total to 1 ths. honey. Don't serve grapes or 
strawberries due to the intense mold problem. 

. Soup, sandwich, fruit, hot milk, water. 

Soup should be homemade from scratch. Add bones and | 
ths. vinegar (white distilled) or a tomato to the kettle to 
ensure some calcium leaches out of the bones. A. fish 
chowder serves this purpose very well, too. 


305 


THE CURE FOR ALL DISEASES 


The sandwich has lettuce, real butter, and whatever else 
tastes good (no cheese, bacon bits or condiments). The 
bread is wheat-free, comm-free, stored in freezer. Home- 
made salad dressing can be added. 

The fruit may be chopped with whipping cream, cinna- 
mon and honey sauce (not more than 1 tbs. honey) 

The water may be plain if there was vinegar in the soup. 

4, Fish, green beans, potatoes, other greens, fruit, hot milk, 
water. 

Fried or baked fish is served with lemon or lime. Green 
beans are served with a cheese sauce so a lot will be eaten. 
(Cheese sauce: add milk, olive oil to a block of cheese. 
Melt and cook at least 10 seconds.) Serve au gratin pota- 
toes or scalloped potatoes or any kind of potatoes that will 
be enjoyed. The extra greens can be beet greens, collards, 
mustard greens or spinach served with a favorite dressing 
to make sure it's eaten. (No croutons or bacon bits, though.) 

Never serve dessert if the plate has not been cleared. 
Your loved one isn't hungry enough. If appetite is very 
poor, sweets will only worsen the problem. Try to change 
the menu to stimulate the appetite. Acid foods stimulate; 
spices and B-vitamins (especially B,) stimulate; hot foods 
stimulate. Much appetite is controlled by the liver and 
brain. Toxins at either location (especially food-derived 
toxins) tell the body to stop eating. Suspect food molds 
first, bacteria and chemical additives next. 

5. Asparagus, meat dish, white rice (brown rice contains 
mold), coleslaw, milk, water, ice cream. 

A hot meat dish (no pasta, no wheat flour, no regular 
gravy) can be fried, cooked or baked, but not grilled. As- 
paragus is fresh, frozen or canned. Rinse if frozen. Fix it 
differently than last time. Season rice with parsley and 
minimal salt and pure herbs like thyme; no MSG or mixed 
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seasoning, make butter sauce. Dessert is homemade ice 
cream (see Recipes). 


. Fish or seafood hot dish. Green peas or peas and onions. 


Peeled sweet potato with butter (not canned). May switch 
sweet potato with rice on asparagus day. Sliced tomatoes 
or cucumber or other raw vegetables with or without 
dressing. Milk, | ths. honey (can be used on sweet potato). 

Chili or stew with unlimited rice-bread and butter. If chili 
produces gas, stay away from it. Serve no canned varieties. 
Grated carrot salad with stewed raisins added and heavy 
cream. Milk, water as usual. Blueberry pie, sweet potato 
pie, custard pie. 


If more bread is requested, provide a wheat-free, corm-free 
variety; but limit bread eating to “after main dish” eating. If not 
enough milk is drunk: make custard pudding or rice pudding so 
the daily amount (3 cups) is consumed. 


Supper 


1s 


Tuna with salad dressing or tuna salad (no pasta). Non- 
wheat raisin bread (from natural foods store) and butter. 
Milk, water. 


. Custard, cooked greens, baked potato. Rice-bread and 


butter. Herb tea with milk added (single herb only, not 
mixed herbs). 


. Vegetable soup, homemade, from scratch, Leftover meat 


sandwich with rice-bread (no deli or cold cuts or luncheon 
meat). Milk, water. 


. Baked squash with butter, rice pudding with cinnamon, 


raisins, and honey. Canned salmon or sardines with wheat 
free, corn free bread. Milk, water. 


. Chili or stew leftovers with wheat free, cor free bread. 


Custard pudding sweetened with honey, and  nut- 
meg/cinnamon mix. Milk, water. 


307 


‘THE CURE FOR ALL DISEASES 


6. Sardines and rice bread or other wheat free, corn free 
bread. Homemade tomato juice with celery, strained. Milk, 
plain water. Pie a la mode (homemade pumpkin or squash 
pie and homemade ice cream). 

7. Potato salad. Leftover meat dish and beans, stewed toma- 
toes, squash. Baked apple with cinnamon, cream and honey. 
Milk, water. 

Many diabetics lose 50 points (mg/DL) of blood sugar in a 
few days on this diet. This is why: there is less bread than a dia 
betic would prefer. There is very little cheese (it must always be 
boiled in a sauce to sterilize). There is no fruit or vegetable juice 
except homemade, and not much of that because it crowds out 
milk and water. If your elderly loved one can't eat all this, make 
sure there are no snacks consumed between meals that are for- 
bidden. 

There is no pasta anywhere. Pasta is mold-ridden. Even after 
cooking, it may be toxic. There is no wheat or corn bread. The 
menu is heavy on green beans and asparagus and cinnamon. If by 
chance, your elderly person hates these and starves themselves to 
get your sympathy, add a lot more potatoes and rice (never 
brown) to raise calories. 

There is no sweetening other than honey (5 kinds). There are 
no syrups or sugars. Honey is self limiting—the taste for it is all 
gone after 1 ths. Not so for other sugars. The heavy use of cream 
and butter is offset by no deep fat fried food and little cheese. 

Keep in mind that this diet may reduce the need for insulin 
almost immediately. You may have to cut it in half! But how 
would you know this? The moming blood sugar test is essential 
to keep track of changing circumstances. Don't neglect it. Be 
careful not to use rubbing aleohol when making the finger stick 
(use vodka or grain alcohol). Your elderly person will feel it is 
all worthwhile (doing without coffee or pie) if one less insulin 
shot is needed or if they can go back on tablets instead of insu- 
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lin. Or even just the knowledge they are staying well controlled 
and will never have to take insulin shots. Remember to give 
yourself the credit for a fine accomplishment when your loved 
one's diabetes improves. 


Diabetic Supplements 


Several supplements are especially good for diabetics: 

+ Fenugreek seeds, 3 capsules with each meal. 

+ Fresh vegetable juice made of raw green beans and carrots 
(Ycup total). 

* Bilberry leaves. Maybe they have something in them that 
helps detoxify wood alcohol, since bilberry leaves are 
good for eyes, too. Get in capsules or make a tea. 


Diabetic Eating Out 


Since the rules are always somewhat relaxed when “eating 
out” a diabetic loved one will badger you to go out with them. If 
rules are sure to be broken, calculate it into the rest of the day so 
you can compensate for it. 


Extra Diet Tips For The Elderly 


Food should taste good. 

Eating is a fundamental pleasure of living. In old age there is 
no other pleasure that can equal enjoyment of food. It is a time 
when we long for the foods of our own childhood, too. Ethnic 
foods often had to be given up when children were raised 
(switched to hot dogs and pizza) but with this diversion gone, a 
return to family food would be most weleome and most healthful. 
Ethnic foods were made from scratch. And they certainly were 
made at home where cleanliness and “persnickitiness” are at 
their finest! A speck in the batter gets noticed. Not so in a 
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commercial mixing vat. Pots and pans are sanitized with hot 
water, not chemicals. 

Good advice is to return to old fashioned home cooking: with 
its flour and butter, lard and cream, homemade pasta, olive oil 
and soup, coarse cereal grains and plain fruit. Gone are the fruit 
juices, flour mixes, crackers and sweets that fill grocery shelves. 
‘What about convenience? Old fashioned cooking took most of the 
day. It does take 3 or 4 hours to make a soup from scratch. But 
you then get 3 days off! Each day you reboil it, it is sterile again, 
Or freeze half of it (take the potatoes out first). It does take a 
whole moming to make pasta or some ethnic dish. Freeze it in 
plastic sealed containers so the delicate flavor isn't spoiled. 
Baking homemade bread is automated now. Do at least this much 
to get away from the mold-ridden grocery store loaves. Make 
your own ice cream and nut butters. They last many days and free 
your schedule, 

Time is the great inhibitor but if you have the means or the 
help, the best advice, nutritionally, is a return to old-fashioned 
cooking and recipes. Use your new insights to improve them 
where you can, Don't use your mother's aluminum ware; use her 
enamel ware or the new glass and ceramic ware. Don’t use her 
copper-bottomed tea kettle or gold-rimmed cups or “silver”. Use 
her wooden spoons, glass glasses, and plain dishes, her wooden 
and straw bowls and enamel pots and pans. 


Salt 


Should you avoid salt? No, But a good salt rule is to either 
cook with it or have it on the table, but not both. Use aluminum- 
free sea salt, and make sure the salt is sterilized by heating five 
minutes at 400°F in a glass pie plate to kill mold. (Sea gulls fly 
over the salt flats where sea salt is gathered. Their droppings 
provide a medium for mold.) 
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Fig. 38 Sea salt flats are often roosting places for sea gulls. 


The best salt is a mixture of 1 part of your aluminum-free, 
sterilized sea salt and | part potassium chloride (another kind of 
salt, see Sources). Potassium ousts sodium (salt) from your body, 
so you can use twice as much of this kind of salt! Also, the extra 
potassium helps lift fatigue and has other benefits. 

Always use a non-metal salt shaker with a closable lid to 
keep out moisture. Don't put rice in your salt because it invites 
mold. 

Since you, the cook, know where the salt is, (mostly in soups 
and stews), don't serve as much of these when there is heart and 
kidney illness or high blood pressure. Don't put salt in cereal, 
cooking vegetables, or other dishes. Just leave it out! Use herbs 
instead. Tip: encapsulated herbs stay fresher and are more 
potent. Fenugreek and thyme are the most beneficial of the 
common cooking herbs. Just open a capsule and season. 
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Tremor 


Tremor is a symptom, not a natural part of aging. The nerves 
controlling the hands and arms are poisoned. The nerves 
originate in the brain where the poison has accumulated. What is 
the poison? Did it happen long ago? No! It could have happened 
as long as two weeks ago but not longer! 

Tremor is the result of ongoing poisoning! It is important to 
find the poison as soon as you can since the rest of the body will 
soon be affected, too. Search your memory for the new things that 
happened in the last two weeks. It is a herculean task but only 
gets harder each day, so keep notes as you ask: Is there new 
carpeting? Is there a new furnace? Is there a different water 
supply? Is there a new hair dresser? Did somebody bring a vase 
of fresh flowers? Is there a new laundry person? Was the place 
sprayed for insects? Is there a new medicine (drug) or supple- 
ment? Was remodeling done? Is there a new food? 

The list is endless and the situation looks hopeless because 
so many new things can happen in two weeks 

Rather than asking individual questions like these, let's ask 
only five general questions and have the assurance that one of 
them will catch the culprit. 

1. Isit in the air? This will catch insecticide, flowers, carpets 
all together. 

Is it in the water? 

Is it in the medicines or supplements? 
Is it in the clothing? 

Is it in the food or on the dishes? 

To answer each question, test the item using your Syn- 
crometer searching technique. Make a test substance. Then search 
a saliva sample for it. 

To test the air, take a dust sample off the kitchen counter or 
table (this gives you fresh dust). Pick up the dust with a few 
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wipes by a small, two inch square of damp paper towel. Place in 
a resealable baggy. 

To test the water, make samples by putting about a tsp. of hot, 
cold, or filtered water into a resealable baggy with a bit of paper 
towel in it. Try to get the first morning water before it has run, 

To test the medicines and supplements put one of each in re- 
sealable baggies. 

To test clothing (laundry) use a bit of it, (such as a sock) 
rolled up tightly. 

Testing food is the biggest job. If there are leftovers in the 
refrigerator or freezer, this helps. You can combine all the lefto- 
vers in a single baggy. Frozen things don’t need to be thawed for 
testing. Still, the chance of missing a food culprit is quite high. 
Be sure to test everything eaten in a two week time period: un- 
usual things like popcorn, candy, crackers, cookies, health foods 
and special powders. A consolation is that you will find a num- 
ber of bad foods that are not necessarily the tremor causes but 
which cause other health problems. 


Tremor Remedies 


1. Let us imagine that the air (dust) sample proves toxic 
(resonates with the saliva sample). What is it in the air that is 
toxic? These are the biggest suspects: 

+ CFCs (from leaking refrigerant, check refrigerator and air 
conditioner by removing them from the house and retesting 
the dust after three days, or simply buy a non-CFC variety) 

+ vanadium (from leaking house gas from a fuel line— 
repair) 

+ arsenic from pesticide (switch to boric acid) 

+ solvent from a lamp or can of lighter fuel (take them out of 
the house) 
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+ chlorine from water (use carbon filters; remove bleach 
bottles) 
+ asbestos (clothes dryer belt) 
+ paint thinner, carpet cleaner (remove from house) 
+ fiberglass from bare insulation somewhere (fix holes in 
ceiling or wall) 
+ formaldehyde (new foam bedding, new fabric or clothing) 

2. Suppose the water proves toxic (appears in your white 
blood cells); search for lead, copper, and cadmium. Although 
municipal water tests occasionally detect small amounts of pro- 
pyl alcohol, benzene, or wood alcohol, I have never detected 
them—you need not search for them, 

3. If the medicines are toxic just change brands. Your 
pharmacist can help you find a replacement brand. Find which 
ones are toxic and stop using them, (Don't use up any of the 
polluted pills or supplements.) They do more harm than good. 

4, If the clothing or dishes are toxic (appear in the saliva), 
suspect 

* cobalt +*PCB + aluminum 

Stop all detergent use. Use borax, or washing soda, or use 
paper plates and plastic cups (not styrofoam). 

5. If the food is toxic, suspect 

* food molds + aluminum * bacteria 

Don't eat that food any more. 

6. Any bacterium or toxin that invades certain brain centers 
can cause tremor. The most common culprits are Shigella, mer- 
cury, thallium and arsenic. Try to identify these for your sake as 
weil as your loved one. 

The Salmonellas and Shigellas will have come from some 
food. Be sure all dairy foods, including butter and whipping 
cream, are sterilized. Parasites come from meats. Be sure no un- 
dercooked or fast food meats are eaten. Kill all bacteria, viruses 
and parasites with a zapper. Sterilize fingernails with grain al- 
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tially cancelled by sound of opposite phase that 
is emitted from the underside of the diaphragm, 
The enclosure also amplifies the sound by reso- 
nating with it, in the same way that the body of 
a guitar or violin amplifies a note being played 
onthe strings. 


ee 
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Figure 27-1. An assortment of symbols which can repre- 
sent a transducer or an indicator. See text for details. 


The diaphragm is activated either electromag- 
netically or piezoelectrically, as described next. 


Externally, a transducer may be indistinguisha- 
ble from an audio indicator such as the one pic- 
tured at Figure 28-1. 


Variants 


Electromagnetic 

‘An electromagnetic transducer contains a dia- 
phragm that is usually made of plastic. Mounted 
onitisa smaller ferromagneticdisc that responds 
to the fluctuating field from AC passing through 
a coil. When the diaphragm vibrates, it creates 
pressure waves that are perceived by the human 
ear as sound. 


Acar horn is a particularly loud form of electro- 
magnetic transducer. 


Piezoelectric 

Apiezoelectric transducer containsa diaphragm 
consisting ofa thin brass disc on which is moun- 
ted a ceramic wafer. When an AC signal is applied 
between the piezoelectric wafer and the disc, the 
disc flexes at that frequency. 


sound source > audio alert > transducer 


The term piezo is derived from the Greek piezein, 
which means “to squeeze or press” 


Ultrasonic Transducer 

The diaphragm in an ultrasonic transducer vi- 
brates ata frequency above the range of human 
hearing. This component may be electromag- 
netic, piezoelectric, or crystal-based. Often it is 
used in conjunction with an ultrasonic receiver 
asa distance measuring device. The two compo- 
nents can be sold pre-mounted on a breakout 
board, An output from the board can consist of 
a pulse train where the pulse duration is propor- 
tional to the distance between the transducer 
and the nearest sound-reflecting object. 


An ultrasonic transducer is pictured in 
Figure 27-2, Its internal components are shown, 
in Figure 27: 


Figure 27-2. The exterior of an ultrasonic transducer 


‘Submersible ultrasonic transducers may be used 
in cleaning systems, where they agitate a liquid 
that dislodges dirt or debris. Ultrasonic trans- 
ducersare also used in echo-sounding and sonar 
equipment with marine applications. 
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cohol to prevent reinfection. Use Lugol’s (see Recipes) and the 
Bowel Program (page 546) to clear them up. 

Bacteria, coming from teeth and jaw (bone infections, called 
cavitations) may not seem as recent as two weeks. Indeed, they 
may have been there for ten years. But something recent may have 
aggravated them, so they now can enter more easily into the 
blood and brain. You may never find out what caused this. It is 
wisest to check this possibility with a dentist before doing weeks 
of other testing. See a dentist who can find and clean cavitations. 
Do dental repair according to the principles described in the 
dental section. 


Going after a tremor problem in this logical 
way always finds the cause of tremor 


whether its a simple short attack or a situation of long 
standing tremor with head shaking and drooling. If your situation 


is extra difficult, you will at least improve it and stop its 
progression. This includes Parkinson's cases. 


In cases of Parkinson’s disease I often find the bacterium 
Clostridium tetani, well known for causing stiffness. It hides 
under tooth fillings, too. 

Remember, there is a consolation for doing all this work. 
When you find the culprit, you not only will be stopping the 
tremor, you will be improving a lot of other conditions along the 
way. Conditions like hesitant speech, shuffling walk, getting up 
stiffly and slowly from a chair. These are extra dividends for 
your loved one. And you have leamed which things to avoid for 
yourself too. 
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One more thing, don't take no for an answer. 


If the problem is a drug, don't accept “No, it can't be 
changed.” Everything can be changed. Go to higher levels of 
authority. Doctors are very understanding and sympathetic with 
your intent. If the problem is leaking house gas, don't accept “We 
can't find a leak,” implying there is none. Go to a building 
contractor or the Health Department. Their equipment is better. If 
you get nowhere, change to electric utilities. If the problem is 
auto exhaust, don't accept “But we have to use the kitchen door to 
the garage, because it's cold outside.” Conveniences vs. tremor is 
no contest. Everyone benefits by excluding auto fumes from the 
house. Lock the door and cover it with plastic. By the time you 
have identified the culprits (probably 20 hours of work) surely 
you have won the right to make changes. 

Often others are not impressed. Even when the tremor lessens 
and the elderly person plainly states they feel better, family 
members may disregard your recommendations. Get tough! It's 
your loved one. You have something at stake too. Be sympathetic 
with negative responses. But very firm. Make their choices clear: 

+ Either the inside door to the garage gets sealed off or the 
cars and lawn mower get parked outside and anything 
containing gasoline or solvents gets put in a detached shed. 

+ Either the girls use their hair dryers in their bedrooms with 
the door closed or you'll get them all new ones that don’t 
contain asbestos. 

+ Either the clothes dryer gets a new belt or it is taped se- 
curely shut and the laundry is dried on the line or taken to a 
Laundromat. 

+ Either the plumbing gets changed (to plastic) or each faucet 
in the house gets a filter. (If your plumbing is corrod- 
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ing, not even filters are a good idea—you would have to 
change them every week!) 


Weakness 


should not be taken for granted in the elderly. Especially if 
they themselves complain about it. It isn't normal for them. 
Sometimes they will describe “spells” of weakness. This is an 
important clue. Check the pulse immediately. Count for 30 beats 
at least. Are there missing beats? There should not be! Missing 
two beats in a row certainly can produce a weak or 
spell. The brain and body need every pulse of blood sent out 
right on time, 

Check into caffeine use first. Take it all away. Caffeine 
speeds up the heart; then the overworked heart has to “take time 
out” for itself by missing a beat. Don't switch to decafs because 
this introduces solvents and new problems. If no other natural 
beverages appeal, serve hot water with cream and cinnamon, 
‘After stopping caffeine use ask: Is the pulse too slow or too fast? 
The pulse should be between 60 and 80 beats per minute. 

If it is lower than 60, a medicine may be at fault. Ask the 
clinical doctor about it immediately. A slow pulse could cer- 
tainly bring about weakness. A young athlete may have a slow 
pulse legitimately, due to having a very strong efficient heart, but 
your elderly person does not fit this category. The cause must be 
found. 

If the pulse is quite high, over 100 perhaps, this will wear the 
heart out much sooner than necessary. Ask why it is beating so 
fast? A probable answer is that it is so weak that it has to beat 
faster to keep up with its job of circulating the blood. What is 
making the heart so weak? 
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Heart Disease 


When the heart is enlarged, the valves don't quite close 
where they should, making the work harder for it and weakening 
it. It may be called “congestive heart failure.” Why is it en- 
larged? Possibly because it is so weak! Yes, it becomes a 
vicious cycle, getting worse and worse. But you can break into 
this cycle and get it all reversed again. The real culprit is para 
site invaders and toxic pollutants. 

The most common parasite heart invaders are Dirofilaria, 
heartworm “of dogs” and Loa loa, another small filaria worm. At 
one stage these worms are so tiny that they can slide through the 
smallest blood vessels. They are very contagious. Even persons 
who don't live with a house dog can pick up heartworm. Loa loa 
is thought to be a tropical parasite but it is alive and thriving in 
the USA! The source of Loa loa seems to be tapeworm stages; 
this is not a certainty. 

Both heartworm and Loa loa are very easy to kill with a 
zapper and both are very easy to pick up again. Treat your eld- 
erly person twice a week if there is any heart problem. It makes 
no difference that the house dog is getting monthly preventive 
treatments for heartworm. They pick it up daily and have thirty 
days to develop it and give it to others between treatments. 
Killing the dog's parasites twice a week with a zapper would be 
very helpful to you. These heart parasites may not cause any 
pains, yet disturb the rhythm or the pulse of the heart and cause it 
to enlarge. 

Staphylococcus aureus is a bacterium hiding out in far away 
places like pockets left under teeth when they were extracted or 
along root canals, Make sure extractions heal and don't leave 
permanent cavitations where bacteria can live. Ask a dentist fa- 
miliar with cavitations to do a mouth search. Once the mouth 
source is cleaned up, the bacteria do not come back to the heart 
(after one last zapping). If they do, go back to the dentist! 
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Killing these three invaders (heartworm, Loa loa, Staphylo- 
coccus aureus) should cure an irregular heart beat immediately 
(within a day). 

If the elderly person is on a heart-slowing drug, check the 
pulse twice a day after zapping to make sure it doesn’t drop too 
low. They may need to be off their heart medicine. Nobody will 
notice the relief of going off this medicine as much as you. The 
sunshine breaks out! Your loved one can smile again at little 
things! Even interest in sex returns so watch out! Life is nor- 
malized when drugs, especially beta blockers are gone. (Other 
heart medicines, such as Digitoxin,"™ don't have this depressive 
effect. They are used to make the heart beat stronger, not to affect 
the rate of beating.) 


The pulse should be around 70 beats per minute and perfectly 
regular. 


If it isn't, there is still something wrong. Get rid of toxic body 
products and house pollutants. Test your air for gas leaks 
frequently. Gas heat, gas stoves and gas water heaters are noto- 
riously leaky. Weather changes, namely temperature changes 
make pipes expand or shrink—leaving cracks! The gas is toxic 
and a small amount can't be smelled. What a predicament! De- 
livering poisonous house gas to our homes in pipes that are not 
fail-safe is an archaic practice. Especially when the blood test 
shows a high “total CO," level, near the upper limit, search for 
an air pollutant like house gas or auto fumes. And read the sec- 
tions in this book on pulse (page 289) and brain problems (page 
278) very closely for more things to check. 

With the heart regular again, it will be much stronger, too, 
since it doesn't have to work against itself. This strength is nec- 
essary to push the blood into the farthest “comers” of the body, 
especially the hands and feet, and warm them up! If your loved 
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one constantly has cold hands or feet, try to improve circulation, 
Dissolve phosphate crystals with the kidney herb recipe. Give 
niacin (page 279). Give cayenne capsules (one with each meal). 
Blood thinning drugs to improve circulation are dangerous— 
only if the doctor insists. Monitor blood clotting time if your 
loved one is on a thinner. 


Heart/Kidney Relationship 


A strong heart is necessary, too, to push the blood through the 
kidneys. Often a kidney problem is linked to the heart disorder. 
Kidneys are made of tubes that get finer and finer. It takes 
pressure, namely strength, to push the blood through them so 
wastes and extra water can be let down the kidney tube. Think of 
the kidneys as a colander full of tiny holes of various sizes that 
let certain things through them but not bigger things. These holes 
are constantly being adjusted by the adrenals which sit right on 
top of the kidneys and “supervise”. 

If the elderly person is not producing four cups of urine in a 
day (24 hours), it is not enough. The body cannot get enough 
cleansing action from less than four cups. More liquid must be 
consumed. If most of the urine is passed in the night this reflects 
on unhealthy kidneys. Use the kidney herb recipe—but only half 
a dose (so it will take six weeks instead of three to see good 
effects). As the tiny “colander” holes open up there is freer flow 
and many more trips to the bathroom result. The urine loses its 
awful odor (no ammonia, acetone and bacteria!) and gets a clear 
look that shows no sediment. Now that water and wastes (urea 
and uric acid and other acids) can leave the body quickly through 
more holes, it takes less pressure from the heart to get blood 
pushed through the kidneys. This brings relief to the heart 
because its work is easier. The heart and kidneys work together. 
Like horse and wagon the heart provides the power and the kid- 
neys follow. 
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This is why heart medicine and diuretics are commonly given 
together. Diuresis (urine flow) helps the heart and a stronger 
heart helps the kidneys. Similarly, they fail together. In the old 
days this was called dropsy. Urine that should have left the body 
is backed up in the tissues. Sometimes it shows up in pockets that 
hang like giant oranges from the skin. 


Even (especially) when the strongest diuretics (Maxzide™, 
Lasix™) fail to work, even when coupled with strong heart 
medicine (Digitoxin™), the kidney herb recipe can bail you out 


of the emergency. 


The secret is in the varied actions of different herbs. This 
makes them work together. Be very careful to keep the herb tea 
sterile by reheating every fourth day. Freeze unused larger 
amounts. If too much is drunk at once, especially on the first day, 
a stomach ache can develop and a pressure felt in the bladder 
that is most uncomfortable. Go extra slow on the first few days, 
even though you find it quite tasty, so there is no discomfort (only 
lots of bathroom visits). 


Diuretics 


As soon as urine is flowing better, blood pressure may drop. 
Keep track of this twice a day with a modem electronic finger 
device (not an arm cuff that itself can break blood vessels). Cut 
down on drug diuretics gradually, using only ¥idose the first day, 
then Yadose, then % dose. The amount of urine produced or the 
weight of the person can be used to assess how effective your 
method is. Your goal is to not need any drug diureties. Again, 
mood will improve dramatically when diuretic drugs are 
removed for your loved one. The sense of humor comes back: 
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be prepared for some new jokes and new laughter. Give yourself 
good grades for this accomplishment. 

Don't throw out the drug diuretics. After being off them for a 
while, they become more potent again. So if an emergency 
(sudden edema) should arise they could again be useful. 

With a parasite and pollution-free heart and a low-resistance, 
freely flowing kidney, some reserve strength will soon be built 
up. Weak spells are gone and forgotten. Your loved one is 
walking better, needing less sleep, and a “golden age” finally 
arrives. It is free of pain, free of medicine, free of shots and 
doctor visits, free of dementia, free of the dreadful weakness that 
demands so much help. They are free to enjoy family and friends 
again. Seeing themselves gain strength and be able to do more for 
themselves gives the elderly a sense of pride. 

Give them the credit for improving their health. When they 
balk at having to take herbs or vegetable juice, remind them of 
the days they were on a handful of pills and still had heart fail- 
ure, pain and kidney disease. 


Feeling Comfortable 


If all this improvement doesn't warm up their feet or hands 
(feel them yourself) put extra socks on. Warming up their feet 
might have the effect of warming up hands, too. But if it doesn't, 
raise the room temperature. 

Being forced to feel cold is an undeserved misery of the 
aged. 

Others must accommodate to the elderly’s need for body 
warmth, The thermometer does not tell all. Comfort is paramount 
for each of us. Younger persons can undress for comfort. The 
elderly can't make changes for themselves. Usually, by the time 
they are complaining of cold, they have suffered a long 
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time, feeling too guilty to request a temperature hike. Ask your 
loved one. They will appreciate it. A shawl, a lap-blanket, 
woolen sweater, long underwear and fleecy thermal outerwear 
help a lot. But if your hand still senses cold feet, the thermostat 
must still go higher. Cold body temperature is an invitation for 
fungus and viruses to multiply. Viruses escape into the body 
daily. Don't give them the advantage. 


Do you find it warm in here? That's OK, Mom, | don't mind. 


Fig. 39 Too hot and too cold. 


But unless all these things are tried, don’t raise the tempera- 
ture. It is much healthier to be warmly dressed and breathe cool 
air than to be lightly dressed in an 80°F room. The heart, espe- 
cially, benefits by the cooler air temperature. 

For this reason, it is important to have air conditioning during 
the hot season, Keep your elderly person warmly dressed, away 
from air conditioner or fan drafts, but keep it cool. As cool as 
their body temperature and comfort will allow. Don't seat an 
elderly person under a fan in restaurants. The blowing air not 
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only chills them, but brings filth in dust that blows in the air 
currents. Bacteria and viruses are soon to follow. 

Being comfortable, knowing you are there to care for them, 
brings out the best in your elderly person. They might get well 
enough to long for a genuine relationship again. And put you to 
the test. The test of listening. This can be very rewarding if they 
are still able to communicate and distill their life experience into 
wisdom for you. If you can listen and be interested in their dis- 
tillations or their ramblings their longing for relationship will be 
fulfilled. There's just one catch, if the new found interest in 
communication can't be expressed. If they haven't communicated 
much for a long time, it would be easy for you to miss a simple 


fact. They can't hear! 


Hearing Loss 


The hearing deficit in an elderly person is always much 
greater than they or you realize. Try to understand these com- 
munications: 


What you What the What they think What they 
(caregiver) say _| erly person respond 
hears 
Look atthe sun | “Look at some: | What a stupid sen Timm 
shine, isntita | thing, isnt ita | tence. But she wants | (Meaning, 
rice day?” nice bay? ‘an answer. So here yes.) 
goes, 
‘Well have such a_| “Have a..rock” | Rock what? Tm notin @ 
rice walk.” rocking char. | better 
not say anything, 
‘What Kind of soup | “What kind of | T havent used a hoop Tor | “T dont know? 
should Imake?" | hoop should | | embroidery for a long 
make? time. Why is she 
digging that up. | better 
ssay | don't know. 


Don't let this ruin your relationship. It takes the fun out of 
their life as much as yours. Get hearing aids. 
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> audio alert > transducer 


Figure 27-3, Inside an ultrasonic transducer, a small alu 
‘minum cone is the sound radiating element. The white 
blobs are adhesive to secure the thin wires 


Formats 

Some transducers are availablein surface-mount 
format, measuring about 0.5" square or less. Be- 
cause the resonant frequency is related to the 
size of the component, surface-mount transduc- 
ers usually generate a high-pitched beep. 


Values 


Frequency Range 
‘Audio frequency is measured in Hertz, abbrevi- 
ated Hz, named after Heinrich Rudolf Hertz, the 
first scientist to prove the existence of electro- 
magnetic waves. The H in Hz is capitalized be- 
cause itrefers toa real name. One thousand Hertz 
can be written as 1 kiloHertz, almost always ab- 
breviated as 1kHz (note that the k is lowercase). 


The human ear is often described as being able 
to detect sounds between 20Hz and 20kHz, al- 
though the ability to hear sounds above 15kHz 
is relatively unusual and diminishes naturally 
with age. Sensitivity to ll frequencies can be im- 
paired by long-term exposure to loud noise. 


The most common frequencies applied to audio 
transducers range between 3kHz and 3.5kHz. 


Piezoelectric elements are inefficient for gener- 
ating sounds below 1kHz, but electromagnetic 
transducers are better able to generate lower 
frequencies. Their response curve can be approx- 
imately flat to frequencies as low as 100Hz. 


Sound Pressure 

Sound pressure can be measured in Newtons per 
square meter, often abbreviated as Pa. Newtons 
are units of force, while Pa is an abbreviation of 
Pascals. 


The sound pressure level (SPL) of a sound is not 
the same as its sound pressure. SPLis a logarith- 
mic value, to base 10, in units of decibels (dB), 
derived from the pressure of a sound wave rela- 
tive to an arbitrary reference value, which is 20 
micro-Pascals (20uPa). This is the agreed mini- 
mum threshold of human hearing, comparable 
to a mosquito at a distance of three meters. It is 
assigned the level of OdB. 


Because the decibel scale is logarithmic, a linear 
increase in the decibel level ofa sound does not 
correspond witha linear increase in actual sound 
pressure: 


+ For each additional 6dB in the SPL, theactual 
sound pressure approximately doubles. 

+ For each additional 20dB in the SPL, the ac- 
tual sound pressure is multipled by 10, 


Bearing in mind that 0dB corresponds with the 
reference sound pressure of 20Pa, an SPL of 
20dB represents a sound pressure of 200uPa 
(that is 0,0002Pa), and so on. 


Many tables show an estimated decibel level for 
various noise sources. Unfortunately, these 
tables may contradict each other, or may fail to 
mention the distance at which a sound is meas- 
ured. Figure 27-4 shows estimates derived by 
averaging eight similar tables. It should be 
viewed as an approximate guide. 
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Don't ask your loved one if they need a hearing aid. The an- 
swer may be “I'm not deaf.” You can go about it more persua- 
sively. Every time you talk, come quite near to the person's ear 
and speak loudly. They can see that you must come near. If they 
are fighting against the whole business, they will say things like, 
“You don't have to shout. I can hear you.” (It's what you're saying 
that’s wrong!) 

Arrange for a hearing test. It is free. That will appeal. The 
results of a hearing test, as it is told by a salesperson, is much 
more persuasive than you can be. Let the salesperson use his or 
her special talents to sell your loved one on hearing aids. But you 
make the choice on quality. Both you and your elderly person 
deserve the best tone quality that is made. Plus a regular cleaning 
service. Most companies do offer this but don't tell the customer 
because of the dreadful amount of time it would take if 
everybody took advantage of it. You take advantage of it. 
Clogged hearing aids are the most troublesome feature of any of 
them—and never mentioned! Make it a rule to buy your batteries 
at the same hearing aid office where they are cleaned free of 
charge. This repays them and serves the elderly best. Hearing 
loss is too subtle to leave to chance; have the hearing aids 
cleaned each time you buy fresh batteries (about three months). 
Take your loved one to a nurse for ear cleaning every six months 
after hearing aids are begun, Wax and debris accumulate behind 
the aid because the channel is stopped up. 

With hearing aids that hear, and kidneys that flush and a heart 
that beats strongly, your elderly person may choose to attend 
concerts again, go to church or gatherings—and leave you out of 
the picture. Give yourself good grades for this achievement. Get 
them incontinence pants, get regular taxi service. Do whatever it 
takes to get your loved one out into the world again! 

If the excitement of night out keeps him or her from sleeping 
use ornithine and valerian capsules. They are good 
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for the health anyway. Hot milk and a piece of cake (homemade, 
never chocolate) may do as much. 

But if insomnia is the rule, not the exception, you need to go 
after it as a special problem. 


Insomnia 


is always associated with high levels of parasites and bacte- 
ria. This leads me to believe it is their waste products, namely 
ammonia, that really causes insomnia, Read the section on In- 
somnia under Sleep Problems for more on this (page 243). 

‘A sound sleep refreshes as nothing else can. Your elderly 
person will have more energy throughout the day and a better 
mood if sleep was good. 

Of course you must guard against daytime napping if nights 
are sleepless. Sleep at night is more important than sleep by day. 
They are not equal. Try to turn your loved one’s cycle back to 
night-time sleeping if it has become turned around by bad kidney 
function (frequent urination at night) or too much daytime 
napping. Sleep can be disturbed by taking vitamins at bedtime 
too. Sleep is enhanced by taking magnesium. Limit bedtime 
supplements to magnesium, omithine, valerian (6 capsules) taken 
with hot milk. 


Healthful Habits 


If your loved one had his or her way, they would drive the 
car forever, wear the same cosmetics forever, smoke or chew 
tobacco forever and eat their favorite dessert forever. 

But if you are the caretaker, you know that some things must 
stop. You also know that gentle persuasion is useless; it merely 
erodes your relationship. Here are a few tips. 
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Ask your loved one to ask their doctor (clinical doctor or 
trusted medical advisor) the following question: “Would it 
be better for my lungs to stop smoking?” Be present so the 
question does not turn into “Will smoking a few cigarettes 
once in a while kill me?” Hearing it from the doctor is 
what's needed. 

2. Don't ever purchase something you believe is detrimental 
to your elderly person. Whether it's coffee, cigarettes, beer 
or lipstick, say “That is something I can't buy for you; it's 
against my principles.” Don't be surprised if you cave in a 
few times to some super ruse they use on you, But the next 
time, have your answer ready. 

3. Let your family and other caretakers know you are no 
longer supplying these items (the car keys, the wine bottle, 
the codeine-containing pain pills). Try to get cooperation. 
Discussing it with your loved one may do more harm than 
good. If they start the discussion, you end it. This is not a 
task for the timid! After it's done, you'll wonder what was 
so difficult. 

4, Don't buy a wheelchair if your loved one can still walk 

with your help. Stay with a cane as long as possible. Then 

the walker. Stay with a walker as long as possible. Then 
your personal help. Once a wheelchair has been accepted, 
the last bit of exercise, walking, is lost. Fight against it. 

Hide it in a far away closet. 


Aging is necessary but chronic illness and 
pain are not. 


If you have managed to free your loved one from having to 


take pills or from certain disabilities that would soon require 
pills, you can give yourself great credit. Perhaps you, too, will 
find the needed natural help when you are aged and have lost 
your authority and your way mentally. Our lives are all fore- 
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shortened, much like the life of a domestic steer's. Does a captive 
animal learn from seeing its companion disappear? It does 
nothing to escape its fate, Should we accept our fate with the 
same docility? None of us can remember how things were in 
precivilized times. We are eager to believe the present is the best 
time that has ever been. The steer, too, has its feed provided, its 
water provided, its shelter for the night provided, seemingly the 
best time it ever had. Perhaps the price we pay for civilization, 
like the steer’s price, is simply too high. There must be other 
ways. As a society, we should search for our lost longevity. 


Not Old Yet 


For persons merely over 40 and not ill a most important rule 
is: don't overdo. 

It’s easy to injure tendons and muscles by pulling or 
stretching them too far. Don't try, with almighty determination to 
open a jar. Leave it for stronger hands. Don't try to stretch a 
gigantic stretch to reach something on a high shelf, Wait for 
someone taller to come along and reach it down for you. Don't do 
exercises, that have left you with strains in the past. Do different 
exercises. Don't do new exercises, with a determined approach; 
start moderately; stay moderate. If you start a new job that uses a 
foot, leg, hand or wrist a lot, more than it was used before, even 
though it's in ordinary use, it can feel injured. These stresses and 
strains invite bacteria toward themselves. Bacteria from the liver 
or your own intestines find these strained tissues immediately 
and intensify the pain. Kill the bacteria with a zapper, cleanse the 
liver, and start the Bowel Program if this has already happened 
to you. 
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Don't kneel on the floor to do some cleaning job. Don't sit on 
the floor at a gathering. Don't let your grandchildren take “rides” 
on you. Don't bend over as far as you can to pick something up. 
Let your family know you are aiming to reach 100 years in 
healthy condition. 


Super Longevity 


We should be able to live to 140 years of age. Middle age 
might begin at 65, old age at 90. What is the clue to long life? 
Surely it is keeping all your cells healthy so they can coordinate 
the constant tasks of nourishing themselves, removing their 
wastes, plus whatever job that cell was meant to do. 

Since your cells divide and therefore start again at age zero, 
even though you are 90, why do you age at all? Only the nerv 
system does not divide. Is it the nerve that ages then, and decides 
death for each of us? 

It would never do to live forever. It would clutter the planet. 
Are evolutionary forces at work preventing this? But we have 
never cluttered the planet yet. So how could evolutionary forces 
have “learned” to establish death to prevent overpopulation? 
Living to age 140 is not living forever. Wisdom comes with age. 
Wisdom would serve our society well. Pethaps wisdom is 
needed more than ever for humans to survive. Part of the human 
tragedy is war. Wisdom gathered from a knowledge of history, 
might help end wars! But history can't be gathered and under- 
stood in less than 100 years. If centenarians can’t think well or 
express themselves, their perspectives are lost. Longevity seems 
a very useful trait if only it were accompanied by health! 
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Dying 

Although it can't be avoided it can be helped. Dying alone is 
the most barbaric of all society's practices. 

Itis still like death in the forest amongst chimpanzees. Unable 
to feed, to run, to call for help brings pain, fear, loneliness and 
finally, death. When your loved one is in the mood to talk about 
dying, listen. Especially if it is about their own imminent death. 
This doesn't obligate you to carry out any of their wishes. When 
death approaches the important thing is simply to be there. They 
may not have requested this, out of a sense of guilt or masochism, 
or plain dementia. But it is the most primitive of needs, the same 
as having a loved one nearby during childbirth. It is just a 
presence that counts. How can you be there if you have a job or 
are attending a family's needs? It is a time of great frustration for 
you. All your hard work and successes are culminating in one 
grand failure! 

The good news is that it need not be you who attends your 
loved one every minute of the last week. Pay for someone to 
sit—someone who is recognized. But arrange for immediate 
privacy when you return. No matter how much your loved one 
admonishes you to go about your business, you will know when 
you share the final minute that your presence helped. The lone- 
liness of the last coma, the last silence is unspeakable. Give 
yourself the reward of knowing you shared the pain, fear and 
silent cry for help. 
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Curing Cancer 


Cancer is no longer the deadly disease it once was. In fact, 
you can clear it up in less time than it takes to get a doctor's ap- 
pointment for a check up. If you notice a lump or think you might 
have cancer, don't rush to see a doctor first. Rush to clear it up, 
yourself, first. By the time your doctor's appointment arrives, you 
can be sure of a negative test. 


Another Fluke Disease 


Cancer is so easily cured because it is a parasite-caused dis- 
ease. Kill the parasite and you have stopped the cancer. This 
does not mean you have also stopped being ill. If the cancer 
damaged your ovaries or prostate, you still must heal these or- 
gans. The Ca-125 or PSA test will not drop to normal unless you 
begin to heal them, These markers reflect the condition of the 
organ, not its malignant nature. Remember that killing a mosquito 
does not remove the lump it caused. That will take its course. It 
will heal beautifully if you let it. But if you scratch it mercilessly, 
it will take longer. Removing toxins from the affected organs lets 
them heal. 

Fortunately for us, cancer is not like a fire, unstoppable 
once it has started. It takes only 7 minutes to zap all the parasite 
adults and their stages which cause your cells to multiply. 

The responsible parasite is Fasciolopsis buskii, the human 
intestinal fluke, a flatworm, It is a human parasite although it 
can also parasitize other species. It normally lives quietly in the 
intestine. (The goal for all larger parasites is to live quietly. Af- 
ter all, your demise is their demise.) They were meant to pass 
their thousands of eggs with your bowel movement, outside, to 
some pond where snails live. But when the eggs hatch before 
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they leave your body and are allowed to continue their devel- 
opment inside you, the setting is right for cancer to develop. 

If the fluke eggs and other stages go through their develop- 
ment in your breast it can become breast cancer. If it is in the 
prostate it can become prostate cancer. And so on. Each different 
kind of cancer means the developmental stages of the intestinal 
fluke are present there. Only one more thing is needed to bring 
about an avalanche of reproduction, so that hundreds of little 
larvae turn into hundreds more in a short time: a growth factor. It 
makes them multiply and your cells are similarly affected. This 
growth factor, ortho-phospho-tyrosine (and possibly, also, 
epidermal growth factor and insulin-dependent growth factor) 
really begins your cancer. 


Teamed With A Solvent 


The good news is that this growth factor, which is essential 
for cancer to develop, cannot be made, without the presence of 
an abnormal solvent, propyl alcohol (or more exactly, isopropyl 
alcohol), 

Without taking in propyl alcohol you could never get cancer. 
It takes two things, together, to give you cancer: propyl alcohol 
and the human intestinal fluke parasite. 

Since it takes a frequency generator (3 minutes at each of 
434, 432, 427, 425, 423, 421 KHz) or zapper mere minutes to 
kill the fluke and its stages you will be stopping the production of 
growth factors immediately. 


Zap yourself every day for three seven minute 
periods, until after you are completely well. 


CURING CANCER 


After killing the flukes, those growth factors already formed 
will disappear in one hour. Your malignancy is stopped. It cannot 
return unless you infect yourself with the parasite again! 

Getting rid of propyl alcohol is also a simple task. Once you 
have stopped using it, the last remnants leave your body within 
three days. 

We must marvel at the body's wisdom and capabilities for 
restoring health, You are not permanently damaged by this large 
and hungry parasite. Given half a chance your body will throw 
the rascals out and restore order in your tissues. 

Read the list of foods and products that are polluted with 
propyl alcohol. It is not, of course, usually on the label. If it is 
used as an ingredient, it is on the label, easy for you to avoid. It 
is the pollutants not appearing on the label that pose sinister 
hazards. 


All the store 
bought shampoo | 
tested had propyl 
alcohol. Health 
brands were no 
exception 
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All bottled water 
is polluted with 
antiseptics from 
the bottling 
procedure. This 
is a main source 
of propyl alcohol. my 


— 
laced with propyl.) 
alcohol. Use the |» 
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Fig. 40 Products with propyl alcohol. 
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130 | Threshold of pain 
110 Automobile horn at 1 meter 


90. | Propetior plane 300 meters above 
80 | Freight train at 15 meters 
70 | Vacuum cleaner 
60 | Business office 
50 | Conversation 
40 | Library 
30. | Quiet bearoom 
20 | Leaves rustling 
10. | Calm breathing at 1 meter 
© | Aliditory threshold 


Figure 27-4, Approximate decibel values for some sound 
sources (averaged from a selection of eight similar 
charts). 


Sometimes the claim is made that an increase of 
+10 on the decibel scale will correspond with a 
subjective experience that the noise is "twice as 
loud.” Unfortunately, this statement cannot be 
quantified. 


Weighted Sound Values 

Subjective assessment of sound is complicated 
by the nonlinear frequency response of the hu- 
man ear, which causes some frequencies to seem 
“louder” than others, even though their sound 
pressures the same. The frequency weighting of 
the ear can be determined by playingareference 
tone of 1kHz at 20dB and then doing an A-B 
comparison with a secondary tone at another 
frequency, asking the subject to adjust the gain 
of the secondary tone up or down until the two 
tones seem equally loud. 


This procedure is performed for a range of fre- 
quencies. The testis then repeated with a louder 
TkHz reference tone, at 30dB. Repetitions con- 
tinue to a final reference tone of 90d8. 


sound source > audio alert > transducer 
The resulting curvesareknownas equal-loudness 
contours. Anaveraged set, from multiple sources, 
has become an international standard with ISO 
number 226:2003. The curves shown in 
Figure 27-5 are derived from that standard, The 
curves show that the sound pressure of lower 
frequencies must be boosted by a significant 
amount to sound as loud as a 1kHz frequency, 
while a frequency around 3kHz must be reduced 
slightly, because ittends to sound louder than all 
others. 


‘Compensation in dB 


10 Snow 
Sigg ess Sas 


‘Augio frequency (2) 


Figure 27-5. Equal foudness contours derived from ISO 
226:2003 See fet for details. 


Although the accuracy of equal-loudness con- 
tours is controversial, they have been the basis 
of a widely used weighting system to adjust dB 
values to represent subjective perceptions of 
loudness. This A-weighting system remains the 
best-known and most widely applied audio stan- 
dard in the United States, even though it has 
been criticized for assigning too little value to 
sounds that are brief in duration. if sound level 
is expressed in dBA, it is A-weighted, meaning 
that the sounds to which the ears least sensitive 
are assigned a value that Is lower than their 
measured value, Thus,a tone of 100Hzhas a dBA 
value about 20dB lower than its dB value, be- 
cause the human ear is relatively insensitive to 
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Propy! Alcohol Polluted Products 


THROW THESE OUT 


even if propyl alcohol is not listed on the label! 


+ shampoo, even health bottled water, distilled 


brands water, or spring water 

+ hair spray and mousse + rubbing alcohol 

+ cold cereals, even + white sugar (brown is 
“natural” granolas OK if detoxified) 

+ cosmetics (make your + all shaving supplies in- 
own) cluding aftershave 

+ mouthwash + carbonated beverages 

+ decaffeinated coffee, + store-bought fruit juice, 
Postum™, herb tea including health food 
blends (single herb teas brands 


are OK) 


+ vitamins, minerals and 
supplements (unless you 
test them) 


Tear out this page, put it on your refrigerator, and make a 
copy to stick on your medicine cabinet. Remember propyl alco- 
hol is also called propanol, isopropanol, isopropyl alcohol and 
rubbing alcohol. You won't drop dead from getting propyl 
alcohol, but your cancer will flare up with each small addition. 
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Avoid the entire list, meticulously. Even using one of these, 
¢ your favorite shampoo or bottled water, will result in 
failure. Your body will continue to make human chorionic go- 
nadotropin (hCG) and the pathology will remain 
“indeterminate”—not cancerous but not well, either. If you have 
learned the new bioelectronic technology described in this book, 
you can test all your foods and products for isopropyl alcohol. 

When you find a beverage that is free of propyl aleohol, it 
may have other pollutants, Xylene and toluene invite parasites to 
the brain. Wood alcohol invites them to eyes and pancreas. The 
diseases caused by these are not as frightening, perhaps, as 
cancer, but entirely avoidable, For this reason, I suggest in this 
book that you go back (actually “forward”) to self made prod- 
ucts, unprocessed food and a limited number of tested supple- 
ments. 


Getting Well After Cancer 


The ravages of cancer must be healed once the malignancy 
has been stopped. This is where carcinogens play a role. The 
Jung lesions will not heal unless cigarette smoking, freon, as- 
bestos, and fiberglass exposure is stopped. Carcinogens were 
thought to be the cause of cancer. Actually, they drew the cancer 
to the organ, Nickel draws cancer to the prostate. Barium found 
in lipstick draws cancer to the breast. And so on. 

The following toxins can be present in any organ! I consider 
these to be our most serious threat. Starting with the worst, they 
are: 

1, Freon (same as CFCs or refrigerant). I have not found a 
single person to be entirely free of it, including persons 
without cancer or disease. But in cancer sufferers it is al- 
ways concentrated in the cancerous organ, and facilitates 
the accumulation of other toxins. This makes your refrig- 
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erator, if it leaks even microscopically, the top cancer 
hazard in the country! 

2. Copper from water pipes. All cancer sufferers have an 
accumulation in the cancerous tissue. This makes plumbing 
the second greatest hazard. 

3. Fiberglass or asbestos is present in about 25% of the 
cancer victims I see. 

4. Mereury as in tooth fillings. 

5. Lead from solder joints in copper plumbing. All colon 
cancer sufferers test positive, 

6. Formaldehyde as in foam bedding and new clothing. 

7. Nickel usually from dental metal. Most prostate cancer 
sufferers test positive. 


At first, tumors are benign—what a relief to find your tumor 
was benign. Its true nature is still unknown, but it contains freon, 
other toxins, and later propyl alcohol! Since tumors are often 
large, many centimeters in diameter, and toxins do not occupy 
much space, there is much unidentified substance. These tumors 
can multiply and enlarge, as in fibrocystic breast disease, all 
without being malignant. But what a convenient place for baby 
stages of the fluke to hide out and multiply, safe from your 
immune system. After being colonized by fluke stages, the tumors 
become malignant. Eventually they also become infected when 
metastasis sets in. 


All malignancies have the same two fundamental causes: 
intestinal flukes and propyl alcohol. Whether you have a rhab- 
domyosarcoma or a mesothelioma or melanoma, you can cure it 
quickly, never to return 
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Herbal Parasite Killing Program 


Flatworms, roundworms, protozoa, even bacteria and viruses 
are remarkably easy to kill using a combination of zapping and 
this herbal program. Thus it is not just for cancer, but a general 
treatment that can benefit almost every illness 


1, Black Walnut Hull Tincture Extra Strength (see Reci- 
pes, page 543): 
Day 1: (this is the day you begin; start the same day you 
receive it) 
Take one drop. Put it in Yeup of water. Sip it on an empty 
stomach such as before a meal. 


Day 2: Take 2 drops in Vcup water same as above. 
Day 3: Take 3 drops in Vcup water same as above. 

Day 4: Take 4 drops in Vcup water same as above. 

Day 5: Take 5 drops in Vcup water same as above. 

Day 6: Take 2 tsp., all together in % cup water. Sip it, don’t 
gulp it. Get it down within 15 minutes. (If you are over 150 
pounds, take 2/4sp. Do not take more than 3 tsp. because no 
additional value has been observed.) 


This dose kills any remaining stages throughout the body, 
including the bowel contents, a location unreachable by 
electric current. The alcohol in the tincture can make you 
slightly woozy for several minutes. Simply stay seated un- 
til you are comfortable again. You may put the tincture in 
lukewarm water to help evaporate some of the alcohol, 
but do not use hot water because that may damage its 
parasiticide power. Then take niacinamide 500 mg to 
counteract the toxicity of the alcohol. You could also feel 
a slight nausea for a few minutes. Walk in the fresh air or 
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simply rest until it passes. You may add more water or 
honey or a spice to make it more palatable. 


For a year: take 2 tsp. Black Walnut Hull Tincture Extra 
Strength every week or until your illness is but a hazy 
memory. This is to kill any parasite stages you pick up from 
your family, friends, or pets. 


Family members and friends should take 2 tsp. every other 
week to avoid reinfecting you. They may be harboring a few 
parasite stages in their intestinal tract without having symptoms. 
But when these stages are transmitted to a cancer patient, they 
immediately seek out the cancerous organ again. 


You may be wondering why you should wait for five days 
before taking the 2 tsp. dose. It is for your convenience 
only. You may have a sensitive stomach or be worried 
about toxicity or side effects. By the sixth day you will 
have convinced yourself there is no toxicity or side 
effects. 

Going faster. In fact, if you are convinced after the first 
drop of the restorative powers of Black Walnut Hull 
Tincture Extra Strength, take the 2 tsp. dose on the very 
first day. 

Going slower. On the other hand, if you cringe at the 
thought of taking an herb or you are anxious about it’s 
safety, continue the drops, increasing at your own pace, 
until you are ready to brave the decisive 2 tsp. dose. 


2. Wormwood capsules (should contain 200-300 mg of 
wormwood, see Sources): 


Day 1: Take | capsule before supper (with water). 
Day 2: Take | capsule before supper. 
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Day 3: Take 2 capsules before supper. 
Day 4: Take 2 capsules before supper. 


Continue increasing in this way to day 14, whereupon you 
are up to seven capsules. You take the capsules all in a 
single dose (you may take a few at a time until they are 
all gone). Then you do 2 more days of 7 capsules each. 
After this, you take 7 capsules once a week forever, as it 
states in the Maintenance Parasite Program. Try not to 
get interrupted before the 6th day, so you know the adult 
intestinal flukes are dead. After this, you may proceed 
more slowly if you wish. Many persons with sensitive 
stomachs prefer to stay longer on each dose instead of 
increasing according to this schedule. You may choose 
the pace after the sixth day. 


3. Cloves: 

Fill size 00 capsules with fresh ground cloves; if this size 
iy not available, use size 0 or 000. In a pinch, buy gelatin 
capsules and empty them or empty other vitamin 
capsules. You may be able to purchase fresh ground 
cloves that are already encapsulated; they should be 
about 500 mg. Grocery store ground cloves do not work! 
Either grind them yourself or see Sources. 


Day I: Take one capsule 3 times a day before meals. 
Day 2: Take two capsules 3 times a day. 

Days 3, 4, 5, 6, 7, 8, 9, 10: Take three capsules 3 times a 
day. 

After day 10: Take 3 capsules all together once a week 
forever, as in the Maintenance Parasite Program. 


Take ornithine at bedtime for insomnia. Even if you do not 
suffer from insomnia now, you may when you kill parasites. 
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Parasite Program Handy Chart 


Strike out the doses as you take them. 


Black Walnut Hull 
Tincture Extra 
Strength Dose 


Wormwood Capsule 
Dose (200-300 mg) 


Clove Capsule Dose 
(Size 0 oF 00) 


Day ‘rope 1 time per day, 
like before a meal 


‘capsules 1 Time par 
day, on ompty stom: 
‘ach (before meal) 


‘capsules Sines per 
day, like at mealtime 


7 T 1 Tit 
2 2 t 222 
3 3 2 3.3.3 
4 4 2 3.3.3 
3 3 3 3.3.3 
6 Zisp. 3 3.3.3 
7 Tow once a weak 4 3.3.3 
@ 4 3.3.3 
@ 3 3.3.3 
10 3 3.5. 
11 é a 
12 6 Now once a week 
13 Zip. 7 

14 7 

15 7 

16 7 

7 Now one a week 

18 z 


‘At this point you do not need to Keep a strict schedule, but 
instead may choose any day of the week to take all the parasite 


program ingredients. 


Continue on the Maintenance Parasite Program, indefinitely, 


to prevent future reinfection. 


Maintenance Parasite Program 


YOU ARE ALWAYS PICKING UP PARASITES! 
PARASITES ARE EVERYWHERE AROUND YOU! YOU GET 
THEM FROM OTHER PEOPLE, 
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YOURSELF, YOUR HOME, YOUR PETS, UNDERCOOKED 
MEAT, AND UNDERCOOKED DAIRY PRODUCTS. 

I believe the main source of the intestinal fluke is under 
cooked meat. After we are infected with it this way, we can give 
it to each other through blood, saliva, semen, and breast milk, 
which means kissing on the mouth, sex, nursing, and childbearing. 

Family members nearly always have the same parasites. If 
one person develops cancer or HIV, the others probably have the 
intestinal fluke also. These diseases are caused by the same 
parasite. They should give themselves the same de-parasitizing 
program. 

Do this once a week. You may take these at different times in 
the day or together: 


1. Black Walnut Hull Tincture Extra Strength: 2 tsp. on an 
empty stomach, like before a meal. 

2. Wormwood capsules: 7 capsules (with 200-300 mg 
wormwood each) at once on an empty stomach. 

3. Cloves: 3 capsules (about 500 mg. each, or fill size 00 
capsules yourself) at once on an empty stomach. 

4. Take ornithine as needed. 


Black Walnut Hull | Wormwood Capsule | Clove Capsule Dose 
Tincture Extra Dose (200-300 mg) (Size 0 or 00) 
Strength Dose 

Day T time per day. on | capsules Time per | capsules Time por 
‘empty stomach | day, on empty stom- | day, on empty stom: 

ach ‘ach 

7 Zip. 7 a 

z 

z 

4 

5 

q 

T 

a Zip. 7 a 

a 

10 
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i 


1 


re 


4 


15 Zip. 7 a 


‘and s0_[ on. 


The only after-effects you may feel are due to bacteria and 
viruses escaping from dead parasites! Be sure to zap after taking 
your maintenance parasite treatment. After-effects also let you 
know that you did indeed kill something. Try to discover how 
you might have picked up parasites and avoid them next time. 


Pet Parasite Program 


Pets have many of the same parasites that we get, including 
Ascaris (common roundworm), hookworm, — Trichinella, 
Strongyloides, heartworm and a variety of tapeworms. Every pet 
living in your home should be deparasitized (cleared of para- 
sites) and maintained on a parasite program. Monthly trips to 
your vet are not sufficient. 


You may not need to get rid of your pet to keep yourself free 
of parasites. But if you are quite ill it is best to board it with a 
friend until you are better. 


Your pet is part of your family and should be kept as sweet 
and clean and healthy as yourself. This is not difficult to achieve. 
Here is the recipe: 


1, Parsley water: cook a big bunch of fresh parsley in a quart 
of water for 3 minutes. Throw away the parsley. After 
cooling, you may freeze most of it in several 1 cup 
containers. This is a month's supply. Put 1 tsp. parsley 
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water on the pet's food. You don't have to watch it go 
down. Whatever amount is eaten is satisfactory. 


All dosages are based on a 10 pound (5 kilo) cat or dog. 
Double them for a 20 pound pet, and so forth. 


Pets are so full of parasites, you must be quite careful not to 
deparasitize too quickly. The purpose of the parsley water is to 
keep the kidneys flowing well so dead parasite refuse is elimi- 
nated promptly. They get quite fond of their parsley water. Per- 
haps they can sense the benefit it brings them. Do this for a week 
before starting the Black Walnut Hull Tincture. 


2. Black Walnut Hull Tincture (regular strength): 1 drop 
on the food, Don't force them to eat it. Count carefully. 
Treat cats only twice a week. Treat dogs daily, for in- 
stance a 30 pound dog would get 3 drops per day (but work 
up to it, increasing one drop per day). Do not use Extra 
Strength. 

If your pet vomits or has diarrhea, you may expect to see 
worms. This is extremely infectious and hazardous. Never let a 
child clean up a pet mess. Begin by pouring salt and iodine'* on 
the mess and letting it stand for 5 minutes before cleaning it up. 
Clean up outdoor messes the same way. Finally, clean your hands 
with diluted grain alcohol (dilute 1 part alcohol with 4 parts 
water) or vodka. Be careful to keep all aleohol out of sight of 
children; don't rely on discipline for this. Be careful not to buy 
isopropyl rubbing alcohol for this purpose. 

Start the wormwood a week later. 


"S “Povidone" iodine. topical antiseptic, is available in most drug 
stores. 
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low-pitched sounds, dBA values are used in reg- 
ulations that limit noise in the work place and 
other environments. 


Unweighted Values 
If sound intensity is expressed in dBSPL, it is a 
measurement of the actual Sound Pressure Level 
and has not been adjusted with the A-weighting 
system. A graph of unadjusted dbSPL values will 
display low frequencies as if they are more in- 
tense than the ear will perceive. In practical 
terms, subjective perception of low-end rolloff 
will be even more severe than the graph makes 
itappear. 


Ifsound intensity is expressed merely in dB, prob- 
ably it is unweighted and should be considered 
as dBSPL. 


From a practical point of view, when choosing a 
tone for a transducer, a 500Hz tone may sound 
relatively mellow and not subjectively loud. A 
3.5kHztone can bea good attention-getting sig- 
nal, as the ear is most sensitive in that range. 


Transducers generally have a sound pressure rat- 
ing in dBSPL ranging between 65dBSPL to 
95dBSPL, with just a few products that can make 
more or less noise. 


Measurement Location 

The sound pressure from an audio alert will nat- 
urally diminish if the measurement point moves 
farther away. Therefore, any rating in decibels 
should be expressed with reference to the dis- 
tance at which the measurement is made. 


Measurement locations may be expressed in 
centimeters or inches, and may vary from 10cm 
to 1 meter, even in datasheets for different devi- 
ces from the same manufacturer. Ifthe measure- 
ment distance doubles, the SPL diminishes by 
approximately 6dB. 


Limitations 

A piezoelectric transducer is not intended as a 
sound reproducer, and does not have a smooth 
orflat frequency response, The curve forthe Mal- 


lory PT-2040PQ is not unusual, reproduced in 
Figure 27-6, This component measures about 
3/4" in diameter, is rated for SVDC, and uses only 
1.5mA to generate 90dB (measured ata distance 
of 10cm). Like many piezoelectric audio devices, 
its response peaks around 3500kHz and dimin- 
ishes above and below that value, especially to- 
ward the low end, While it is perfectly adequate 
as a “beeper;’ it will not reproduce music suc- 
cessfully. 


Decibels 
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Figure 27-6. The frequency response from a typical small 
piezoelectric transducer. 


An electromagnetic transducer is better able to 
generate low frequencies than a piezoelectric 
transducer. It has a low impedance that may be 
suitable in some circuits. However, itis slightly 
heavier than a comparable piezoelectric trans- 
ducer, uses much more power, and as an AC de- 
vice containing a coil, it can create electroma- 
getic interference or may cause fluctuations in 
the circuit as an inductive load. It is also vulner- 
able to magnetic interference from elsewhere, 
while a piezoelectric transducer is not. 


While an electromagnetic transducer can be 
used to reproduce speech or music, and will do 
a better job than a piezoelectric transducer, its 
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3. Wormwood capsules: (200-300 mg wormwood per cap- 
sule) open a capsule and put the smallest pinch possible on 
their dry food. Do this for a week before starting the 
cloves. 


4. Cloves: put the smallest pinch possible on their dry food. 

Keep all of this up as a routine so that you need not fear your 
pets. Also, notice how peppy and happy they become. 

Go slowly so the pet can learn to eat all of it. To repe: 

+ Week 1: parsley water. 

+ Week 2: parsley water and black walnut. 

+ Week 3: parsley water, black walnut, and wormwood. 

+ Week 4: parsley water, black walnut, wormwood, and 


cloves. 
Parsley] Black Walnut | Wormwood | Clove Cap- 
Water | Hull Tincture | Capsule Dose | _sule Dose 
Dose (Size 0 or 00) 
Teaspoons on] drops on food, | open capsule, | open capsule 
ood cats twice per | put smallest’ | put smallest 
‘week, dogs | pinch on food | pinch on food 
dally 
7 Tormore, 
based on size 
z of more T 
3 T oF more Tar mare, T 
based on size 
a Tar more oF mare 7 T 
‘Sand T oF more oF more 1 T 
onward 


Parasites Gone, Toxins Next 


Healing is automatic when you clean up your body tissues. 
Killing parasites and bacterial and viral invaders is fundamental. 
Removing toxins which invite them into your organs is even more 
fundamental. 
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How do you know which toxins are responsible for your 
cancer? Unless you use a Syncrometer to test, you can not know 
So learn to use a Syncrometer, it will save your life. 

The only other alternative is to move to a safer environment. 
Go on vacation. Stay in hotels less than ten years old (so the 
plumbing hasn't started to corrode) but not in new construction 
(give the carpets time to outgas). Do not have a freon containing 
refrigerator in your room. Do not use the hair drier they supply. 
Do not let them spray your room with anything. Launder the 
sheets and towels yourself at a Laundromat with borax and/or 
washing soda. Don't hesitate to drink the municipal water. Get 
busy with your dental cleanup. 

‘When you get better on vacation, let that be your inspiration 
to move from your home. All of the toxins come from a civilized 
lifestyle. Resolve to leave it behind. Select a warm climate 
where you can spend your time outdoors in the shade most of the 
day. Have no refrigerator, air conditioner, clothes dryer, hair 
dryer, new clothing, detergent. Check that the plumbing is rela- 
tively new and that no pesticide is being used. Make the Easy 
Lifestyle Improvements (page 397). Throw away non-essential 
health supplements (unless tested) and drugs. The risk is greater 
than the benefit. 


Watch For Bacteria 


In the later stages of cancer the tumors are more and more 
infected with the common bacteria Salmonella, Shigella, and 
Staphylococcus aureus. Killing parasites prepares a feast for 
these ubiquitous bacteria. Now, more than ever, must you stay off 
dairy products (except for boiled milk), do the Bowel Program, 
take Lugol’s, Remove Staphs by doing the dental cleanup (page 
409). Don't delay. 


346 


CURING CANCER 


Help Your Family, Too 


If you had cancer, your whole family should be freed of in- 
testinal fluke parasites to protect you! They may not be getting 
cancer (yet!) but your closeness puts you at risk. Kissing on the 
mouth could reinfect you. Request that family members zap 
themselves and take at least one 2 tsp. dose of Black Walnut Hull 
Tincture Extra Strength while living with you. 

Pets, too, can be a source of cancer fluke stages (in their 
drool). They get propyl alcohol from their feed. Use unflavored, 
uncolored feed for them to minimize pollution from processing. 
‘Add 1 ths. vitamin C powder to the top of a 5 Ib. bag; it will 
stick to the pellets as they pour out. Zap your pet along with 
yourself by holding them and touching a bare spot such as nose or 
paw 

Never eat rare meats or fast food chicken. Parasite stages 
survive heat up to the boiling point. If you have taken a risk, zap 
yourself as soon as you get home to minimize the damage. 

Cancer could be completely eliminated in the entire country 
if laws required testing for solvents in animal feeds and human 
food and products. Presently it is allowed in the United States 
Code of Federal Regulations (CFR) (see page 428)! 

Another reason for propyl alcohol pollution (and other pol- 
lutants) in our food are the chemicals used by manufacturers to 
sterilize their food handling equipment. 


21 CFR 178.1010 (4-1-94 Edition) Sanitizing solutions. 

Sanitizing solutions may be safely used on food-processing 
equipment and utensils, and on other food-contact articles as 
specitied in this section, within the following prescribed condi 
tions 

(a) Such sanitizing solutions are used, followed by adequate 
draining, before contact with food. [Note rinsing or drying is 
not required!] 
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(b) The solutions consist of one of the following, to which 
‘may be added components general recognized as safe and com- 
ponents which are permitted by prior sanction or approval 

[Now comes (1) through (43) permissible sterilizing solu- 
including several with isopropyl alcohol, like] 
s solution containing elemental iodine (CAS 
Reg. No. 7553-56-2), potassium iodide (CAS Reg. No. 7681- 
11-0), and isopropanol (CAS Reg. No. 67-63-0). In addition to 
use on food processing equipment and utensils, this solution may 
be used on beverage containers, including milk containers and 
equipment and on food-contact surfaces in public eating places. 

[Then in paragraph (c)( 19) the exact concentration of the 
iodine is specified. Nowhere is the concentration of the 
isopropanol specified. It can be as strong as desired. 

Fig. 41 U.S. regulations on sterilizing solutions. 


Even if there were regulations governing removal of sani- 
tizing solutions, the overwhelming truth is missed: that nothing 
can ever be completely removed after it has been added. Or 
pethaps the lawmakers didn't miss this fact. Perhaps they be- 
lieved that small amounts—too small to measure with an ultra- 
violet spectrophotometer-could surely do no harm. 

Meanwhile, protect yourself by avoiding propyl alcohol. And 
by observing 2 extra rules: 


1. Never eat moldy foods. 2. Always take vitamin C. 


Aflatoxin 


A common mold found on bread, nuts and fruit and in beer, 
apple cider vinegar and syrups, produces aflatoxin. This is what 
prevents you from detoxifying tiny bits of propyl alcohol that get 
into your body! 

Buy bakery bread or bake your own, Roast nuts after washing 
in vitamin C water to destroy aflatoxin and then store in re- 
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frigerator. Keep moldy fruit out of the refrigerator where the 
spores can spread. Use only white distilled vinegar. Use honeys 
instead of syrups and even add vitamin C to them. 


Vitamin C helps your body detoxify all the 
mold toxins | have tested, including aflatoxin. 


Keep powdered vitamin C in a salt shaker. It belongs on the 


table with salt and pepper, and at the stove. Put it in everything 
possible, from cereal to soup to rice (1/8 tsp. is enough). Besides 
this take 1/8 tsp. powdered 
vitamin C with each meal (500 
mg). 

Developing cancer is a 
chain of events. This explains 
why it is a disease of aging. 
For ten years or more you poi- 
soned your body with freon, 
fiberglass, asbestos, mercury, 
lead, copper, etc. You con- 
tinually ate moldy food (chips, 
nuts, etc.) which was toxic to 
the liver. But the liver regen- 
erated the pieces that died. 
Eventually a mold toxin pre- 
vents the liver from regener- 
ating. Your aflatoxin-ed liver 
then lets propyl alcohol build 
up after using it, You use more 
and more propyl alcohol. Somewhere, over the years, you pick 
up the intestinal fluke in a hamburger or from a pet or person. 
The stage is set and cancer is inevitable. 


Fig. 42 Keep both salt and vi- 
tamin C powders in closable 
plastic shakers. 
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But pull out any one of the links in this chain and cancer is 
impossible. Pull them all out for a return to good health. 

So cure yourself, prevent reinfection, heal the damage and go 
through life without this sword hanging over you. 

Over 100 consecutive case histories of cured cancer vie- 
tims are the subject of another book'® along with more detailed 
instructions and suggestions. 


"© The Cure For All Cancers, by the same author, New Century 
Press 1993. 
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HIV and AIDS disease are very similar to cancer. That is 
why cancer is so often seen with HIV/AIDS. It is caused by the 
same parasite but the solvent is benzene instead of propyl alco- 
hol. 


HIV stands for 
Human Immunodeficiency Virus 


AIDS stands for 
Acquired Immune Deficiency Syndrome 


Many researchers believe HIV causes AIDS. I observe them 
both caused by parasites and solvents! 


When the body can no longer detoxify benzene it soon may 
not be able to detoxify propyl alcohol. Food mold, at the base of 
the propyl alcohol problem, is also at the base of the benzene 
problem. Zearalenone, a mycotoxin I find in popcorn, corn chips, 
and brown rice specifically inhibits detoxification of benzene. 
None of us should be eating these foods untested. 

Several common mold toxins inhibit the immune system, t00, 
specifically those white blood cells that are supposed to eat and 
destroy viruses. Consequently, the HIV virus cannot be checked 
once it is introduced in the body. 

Benzene goes to the bone marrow where T-cells are made, 
and to the thymus where T-cells are programmed, two big blows 
to the immune system. 

Benzene, a most unthinkable pollutant, is widespread in ex- 
tremely small amounts. But when benzopyrenes are added, the 
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total is entirely too much for the liver and it begins to accumulate 
in your thymus. 


Fig. 43 Grilled food has benzopyrenes as do hot dogs and 
“smoke flavored” foods. 


Benzopyrenes are made right in your food by direct flame- 
heat, Grilled food, smoked food, hot dogs and lunch meats with 
“smoke flavor” all have benzopyrenes—even toast has it. Food 
fried in a skillet does not (even if you burn it black!). As the 
thymus deteriorates from its benzene burden so does your im- 
munity. 


Without benzene in your body 

you can't get AIDS. 
Without the intestinal fluke 
you can't get HIV. 


your body 


After killing the parasite and its stages the HIV virus will be 
gone in 2 hours, almost as quickly as the cancer marker, ortho- 


CuRING HIV/AIDS 


phospho-tyrosine. It is not necessary to zap the virus itself at 
365 KHz. 

But the AIDS is not gone. This depends on removing benzene 
from your body and keeping it out of your body. Keeping it out 
on alternate days or 5 days of the week will not suffice. It must 
be out consistently. Only then can your thymus and bone marrow 
recover. 

‘As your thymus recovers your immunity returns. Immunity to 
all the diseases that lurk at very low level in our bodies. They 
are already in us. We have accumulated them in a lifetime. 
‘Mumps, measles, chicken pox, CMV, Staphylococcus aureus, E. 
coli, are all there. Until now they have been controlled-kept 
down-by an ever vigilant immune system. If this system fails you 
are an easy target for any and all of these invaders. 


Method Of Treatment 


‘As soon as you find you are HIV positive, don't panic. It was 
inevitable. It is also inevitable for many others with unex- 
plainable risk factors. If you have a source of infection with the 
intestinal fluke and at the same time a source of benzene, HIV and 
AIDS are a logical result. You must stop the source of both. 

Purchase or make a zapper or use somebody's frequency 
generator (434 KHz to 421 KHz giving 3 minutes to each KHz). 
Kill your flukes immediately. Take vitamin E2 immediately to 
help detoxify benzene (three 100 mg. tablets 3 times a day, 9 
altogether). Zap daily until you feel completely well: no night 
sweats, no coughing, no symptoms of any kind. 

Remember parasites are all around us. We pick them up 
daily. And your weakened immune system lets everything gain a 
foothold in your body. Avoiding benzene will restore your 
immunity. Use the benzene pollution list to guide you. 
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Benzene Polluted Products 


THROW THESE OUT 


Your health is worth more than 


the fortune you spent on them! 


+ Flavored food, yogurt, 
jello, candies, throat loz- 
enges, store-bought cook- 
ies, cakes 

+ Cooking oil and shortening 
(use only olive oil, butter 
and lard) 

+ Bottled water, whether 
distilled, spring, mineral, 
or name brand. Bottled 
fruit juice. 

+ Cold cereal, including 
granola and health brands 

+ Toothpaste, including 
health brands 

+ Chewing gum 

+ Ice cream and frozen yo- 
gurt 

+ Pills and capsules. At least 
a third of all I test are 
polluted. This includes 
herbal extracts and pre- 
scription drugs. Test yours 
and switch brands until you 
find a safe one. 


+ Vaseline products 
(Noxzema™, Vick's™, Lip 
Therapy™), chap stick, 
hand cleaners 

+ Vitamins and other health 
supplements, unless tested. 


+ Rice cakes, even the plain 
ones 

+ Personal lubricant, in- 
cluding lubricated condoms 

+ Baking soda and corn- 
starch (see Sources) 

+ Soaps, hand creams, skin 
creams, moisturizers 
Flavored pet food, both for 
cats and dogs 
Bird food made into cakes 


a 


Fig. 44 Mexican made candy 
with no benzene. 
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performance will still be dissatisfying. A minia- 
ture speaker is more appropriate for the task. 


Voltage 

Transducers are typically designed to work with 
voltages ranging from 5VAC to 24VAC. The ce- 
ramic wafer in a piezoelectric transducer usually 
cannot withstand voltages much above 40VAC, 
and its sound output will not increase signi 
cantly above 30VAC., 


Current 

Typical piezoelectric transducers use less than 
10mA and generate negligible heat. An electro- 
magnetic transducer may draw as much as 
6omA. 


How to Use It 
Appropriate Sound Intensity 


‘Analert should be chosen with reference to the 
environment in which it will be used. To be easily 
heard, it should be at least 10 dB louder than 
ambient background noise. 


Volume Control 

‘Sound pressure can be lowered by reducing the 
voltage. Becausea transducer does not consume 
much current, a trimmer can serve as a volume 
control. Alternatively, a rotary switch with a set 
of fixed-value resistors can select preset sound 
values. 


AC Supply 

Although a transducer is an AC device, it is un- 
likely to be designed for voltage that fluctuates 
positively and negatively either side of a neutral 
value. Typically it is intended for voltage that 
fluctuates between OV (ground) and the rated 
positive value of the power supply, and its pins, 
wires, or terminals are usually marked accord- 
ingly. If it has wire leads, the red lead should be 
connected to the more-positive side of the sup- 
ply. Ifit has pins, the longer pin should be more 


sound source > audio alert > transducer 
The altemating signal for a transducer can be 
supplied by any simple oscillator or astable mul- 
tivibrator circuit. For a given peak voltage, a 
square wave will generate a louder signal than a 
sinusoidal wave. A simple 555 timer circuit can 
beused, with a second monostable timer tolimit 
the duration of the beep if necessary. An astable 
555 can be used to test the transducer and select 
the audio frequency that sounds best. 


Self-Drive Transducer Circuit 

Ifa transducer has three wires or pins, itis prob- 
ably a self-drive type. The datasheet may ide: 
its inputs as M, G, and F, meaning Main, Ground, 
and Feedback. The Feedback terminal is connec- 
ted with a section of the diaphragm which vi- 
brates 180 degrees out of phase with the Main 
terminal. This facilitates a very simple external 
drive circuit, such as that in Figure 27-7, where 
the frequency is determined by the transducer’s 
resonant frequency. 


Figure 277. A circuit to control a self-drive type of piezo: 
electric transducer. 


What Can Go Wrong 


Overvoltage 
Mallory Sonalerts, one of the largest producer of 
piezoelectric alerts, states that in the "vast ma- 
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It is impossible for me to have tested 
every batch of every food and product, 
but so many test positive you simply can 
not risk any of the foods and products on 
the list. 

Lear to use the Syncrometer to do 

your own testing. While you are learn- 
ing, observe the rules perfectly. There is 
no half way measure with benzene. Take 
an attitude of over-compliance, not 
“getting away” with as much as possible. Fig. 45 Pollutants are 
Over-compliance can bring back radiant in unlikely places 
health, strength you never knew you had, 
a beautiful normal body again! You will be able to resume your 
plans for education, professional life, personal relationships, 
free of the sword hanging over you, You will not be infectious to 
anybody. Let over-compliance enthuse you. 


Fig. 46 Every brand of popcorn and corn chips I tested had 
zearalenone contamination. 


There are 2 extra rules that help eliminate benzene buildup: 
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1. Never eat moldy or grilled foods including popcorn, corn 
chips, grocery store breads, pasta, nuts, alcoholic bever- 
ages, toast, brown rice (white is OK). 

2. Always take Vitamin B, (three 100 mg tablets three times a 
day) and vitamin C (1/8 tsp. with each meal). 


Plan For The Future 


After you are well again, you may wish to indulge in some 
philosophy. How did an obscure virus-a snail virus!-become a 
human virus? This is not so bizarre. After all, rabies virus comes 
to us from animals, and many encephalitis viruses come from 
mosquitoes. How did HIV spread so rapidly? How did a 
pollutant as dangerous as benzene get to be in our very food? Are 
other parasites getting set to spring on us? What must be done to 
protect ourselves and loved ones from future disasters? Would 
getting away from fossil fuel be a big answer? Would getting 
away from preoccupation with chemistry be a big answer? 
Would more disclosure of industrial practices be an answer? 
Should the government agencies responsible for food and product 
safety be depoliticized? Should public inspection of food 
manufacturing be a right? Should disclosure of foreign origins of 
food ingredients be mandatory? Would communicating with other 
cancer and AIDS survivors be useful? The computer age would 
make communication possible. Communication leads to answers. 
Answers might lead to new policies. Policies supported at the 
grass roots level can bring about change. 

Over 50 case histories of cured HIV victims are the subject 
of another book’ along with more detailed instructions and 
suggestions. 


"The Cure for HIV and AIDS, by the same author, New Century 
Press, 1993. 
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Curing The Common 
Cold 


Sometimes you can zap Adenovirus, the common cold virus, 
at 393 KHz for three minutes with a frequency generator and be 
rid of your cold, magically, in five minutes. But magic and luck 
are not really responsible for this. And most of the time the cold 
will reappear a few hours later. 

Homeopathy, too, can immediately banish your cold symp- 
toms, The reason is not mysterious either. But, this time, the cold 
reappears later in a different location. Choose the right 
homeopathic remedy for that, and you can chase it away again, 


Tapeworm Stage or Mites 


The fascinating story of how we really “catch” a cold kept 
me spellbound for a year. I was hot on the heels of Adenovirus 
wherever it might be in my body. Sometimes I saw it; sometimes 
I didn't. Sometimes I had cold symptoms; sometimes I didn't, 
Sometimes I could zap it; sometimes it did no good. 

It is now apparent to me that Adenovirus isn't our (a human) 
virus at all! It belongs to other parasites. Parasites as varied as 
tapeworm stages and mites. Perhaps it belongs to many other 
parasites, as well. My evidence comes from a tapeworm stage, 
cysticercus of Diphyllobothrium erinacea, the mites Sarcoptes 
and Dermatophagoides, and our own colon bacteria, E. coli. 

The tapeworm stage flies in the dust as eggs, you can trap 
these by setting out a pint jar with a little water in it. In three 
days’ time you are likely to find its frequency near 487 KHz in 
your jar. You are also likely to find it on your kitchen sponge, 
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since you wipe up dust each day. To test it, place it in a plastic 
bag, wet it thoroughly and search from 510 KHz downward, one 
KH7z at a time. The various tapeworm stages emit between 510 
and 440 KHz. 

If you have a household pet, you will always be able to find a 
tapeworm stage in your sponge or in a dust sample you collect 
from the table or kitchen counter in the morning. Gather dust with 
a damp bit of paper towel, put it in a plastic bag. Then wash your 
hands or you may accidentally eat some. 

This, of course, happens to every household member. Eating 
the dust off the tables, inhaling the dust, and eating off surfaces 
wiped by the kitchen sponge happens to everyone. And everyone 
“catches” colds. If you search for Adenovirus, though, in your 
dust sample, it isn't there! 

Similarly, you can search for the mites in your house dust. 
Search near the frequencies given for them. There is a good 
chance you will have one that is not given, because the list is so 
incomplete. Name it after yourself. Compare notes with others; 
maybe it is common, maybe it's a rare one. Again, you will not 
find Adenovirus beeping its characteristic frequency out of your 
mite specimen. Why not? Possibly, it is too faint; it must multiply 
and create a loud chorus before you can hear it, But multiply it 
will, if given a chance, in you. You must, of course, first eat or 
inhale the dust. 

Then the tape eggs hatch into the cysticercus stage, which 
promptly gets to the liver. Sometimes it gets to other organs, like 
the muscles, the spleen, the pancreas. Presumably the liver 
screened it out of the blood originally. 

Soon you will zap them, wherever they are. If you are using a 
slide specimen of cysticercus you can locate it in your body. If 
you are only listening to its beeps, you can't. If you can do both, 
you may be able to see which organ allows the virus to replicate 
after it emerges. Maybe only the respiratory organs do; maybe 
they start to replicate in the organ where they emerge, such as 
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the liver and then get to the respiratory tract. This is a fascinating 
avenue I have not yet explored. 

Mites are inhaled or swallowed or both, just as tapeworm 
eggs are. They are on your kitchen sponge, and in any food or 
dishes that stand uncovered anywhere in the home. Never drink 
water from a glass that has “stood out” all day. After finding one, 
you will notice it beeping in you for several days. Then the beep 
disappears; presumably the mite is dead. 

The tapeworm stage beeps may disappear in a few days, too, 
presumably dead. Except in cases of disease. Muscles that are 
diseased will take in the newcomer and allow it to survive add- 
ing to the parasites and pollutants already there! Evidently the 
immune power of such diseased locations is way down, 


On the day that the mite stops beeping, 
the day it dies, Adenovirus appears! 


Not many Adenovirus at first. You will need to search sev- 
eral times during the day to find it in your white blood cells. 
(And you have no symptoms, yet, either!) Is it a coincidence that 
Adenovirus appeared directly after a tapeworm stage or mite 
died? 

You can find out by waiting until a time when you have a 
tapeworm stage or mite and no Adenovirus. Then kill your 
tapeworm stage or mite by zapping for seven minutes. Within 
minutes after that, the beeping of the tapeworm stage or mite is 
gone and Adenovirus can be heard, loud and clear at 393 KHz! 
‘And minutes later you may feel a stuffy nose, a slight congestion 
developing, a certain head feeling that is different. You are 
“catching” a cold! 

Will you really get this cold? Will it become a full blown 
cold of the usual kind? After seeing this happen dozens of times 
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after killing a mite or tapeworm stage I concluded that Adenovi- 
rus really belongs to them; the virus is scuttling its dying host 
like people jumping off a sinking ship into the ocean. Our bodies 
are the ocean for them. They too, immediately swim and search 
for a hospitable island. Our respiratory tract is such an island; 
pethaps other organs, too. 


Yes, this “baby cold” will develop into a full blown cold if, 
but only if, you have a mold in you! 


Molds and Colds 


This is part two of the cold story. You may have Adenovi- 
ruses quietly slipping into your blood stream and tissues from a 
tapeworm stage or mite you inhaled, or E, coli bacteria that 
strayed into your tissues, and which is being slowly killed by 
your immune system. Your immune system can keep up with them 
quite easily provided you don't have a mold in you at the same 
time. The significance of the mold is that it lowers your 
immunity, specifically and generally 


Mold eluded, is health improved. 


This has already been studied extensively for a number of 
food molds. There are a variety of ways that mold toxins lower 
immunity. Some simply kill white blood cells. Others seem to 
“bind and gag” them so they just can't go about eating viruses. 

So with mold toxins present, Adenovirus, fleeing the dead 
tapeworm stage, mite, or E. coli is not gobbled up. It has time to 
get to its favorite organ and enter the cells there. It may get in 
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your lungs if they're full of arsenic or formaldehyde, in your 
throat if it's full of mereury from your fillings, in your spinal cord 
if it's full of thallium. Sometimes you feel the viral attack, 
sometimes you don't. 

When E. coli is the source of your Adenovirus, a question 
pops up. Why don't you have a perpetual cold, since these bac- 
teria are always in your colon...and should be! As long as E. coli 
stays dutifully in your colon, no Adenovirus is seen. But as soon 
as any cross the colon wall to invade your body, your white 
blood cells pounce on them. After this, Adenovirus appears and 
again you are catching a cold. They may go to your internal or- 
gans where you don't feel them. 

One place you do feel an attack is in your respiratory tract: 
lungs, bronchi, sinuses, nose, Eustachian tubes, inner ear, eyes or 
head. And the size of the attack depends on whether you recently 
ate moldy food. 

Human food (in general, in the U.S.) is very, very moldy. We 
do not taste it because manufacturers have been using more and 
more flavorings in food. This covers up small amounts of mold 
or “off” flavor. Measures to reduce mold are not effective 
enough. 

Bread is a good example. Calcium propionate is added to 
bread-stuff to inhibit molding. That's fine. But then the bread is 
encased in plastic to hold in moisture and keep it “fresh”. The 
moisture acts to incubate mold spores and overwhelms the in- 
hibitor. Vinegar is used instead of calcium propionate in some 
breads but, again, the plastic ruins its effectiveness. 

Another good mold inhibitor is lime water. This is used in 
making tortillas. None of the old fashioned tortillas (made with 
just corm, water, lime) that I tested had any mold, even without 
propionate added! Other tortillas made of flour and calcium 
propionate frequently had molds. 
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Fig. 47 This Mexican bread has no molds. It is made from 
white, unbleached flour and is not wrapped in plastic. 


Bread is such a staple we must correct its mold problem 
immediately. The two likely sources for the mold spores are: in 
the flour to begin with, or just flying about the bakery and landing 
on the newly baked loaves. Bread flour in the grocery store is 
quite free of mold spores, so maybe it is the bakery that needs to 
change. Perhaps it is not possible to bake 24 hours a day in the 
same building, year after year, without bits of flour and moisture 
accumulating in the millions of tiny cracks and crevices that all 
buildings have and germinating mold. Yet bread from small 
neighborhood bakeries does not have mold! 
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Only buy fresh bread not wrapped in plastic. 


As soon as you feel a cold coming, ask yourself: what did 
you eat recently that might have been moldy? Cold cereal, hot 
cereal, bread, crackers, cookies, rice, other grains, fresh fruit, 
store bought fruit juice, nuts, syrups, pasta, honey? This takes up 
a large part of any person's diet, even in a single meal. The 
answer is yes, no doubt you ate moldy food recently. 

So you can't catch a cold directly from some sneezy com- 
panion, or E, coli, or tapeworm stages, or mites. You have to eat 
moldy food first. This lowers your immunity, allowing any 
Adenovirus to invade your weakest tissues. If that happens to be 
your respiratory system, you get classic symptoms. (Those same 
“cold” symptoms can be caused by bacteria, for which I have 
preliminary evidence of arriving in a similar fashion.) 

‘As fascinating as this whole story is, the bottom line is: how 
can you stop a cold, in record time? 


The Cure 


Remember, zapping does not Kill your cells. So anything 
hiding in them will not be harmed by the electric current either. 
Viruses live inside your cells while they reproduce. You can 
only kill the outsiders: those stuck in your cell gateways. The rest 
will be killed by your own cells in time. Not much time. Five or 
six hours at most. Your cells do it with mucous secretion, 
inflammation and other unknown ways. So zapping is an 
imperfect solution. 

Using a frequency generator to electrocute Adenovirus (393 
KHz for three minutes) is not effective either because you are 
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not Killing the mites and tapeworm stages at the same time, and 
the Adenoviruses are coming from them. 
The best advice to stop a cold is to: 

1, Eat sterile food for 24 hours. Follow the Mold Free Diet 
on page 365. Do not eat one questionable item. 

2. Take vitamin C (10 grams or 2 tsp.), 2 B50 complex (2 
tablets), and niacinamide (3 500 mg tablets) to help de- 
toxify the mycotoxins already in you, See Sources. It will 
still take five or six hours for your white blood cells to re- 
cover their ability to capture viruses, for the “gag” to wear 
off 

3. Zap for seven minutes, killing all viruses, tapeworm stages 
and mites together. Wait twenty minutes to let viruses and 
bacteria in the dead larger parasites emerge. Zap a second 
time for seven minutes to kill those viruses and bacteria. 
Wait twenty minutes to let any viruses infecting the killed 
bacteria emerge. Zap a third time for seven minutes to kill 
the last viruses. 

4, Now you need only wait for your tissues to decongest and 
stop making mucous, ete. 

5. Immediately start the Bowel Program (page 546) in case 
yours is an E, coli cold. You can't, and wouldn't want to, 
kill all the bacteria in your bowel. Zapping kills the escap- 
ees, though, to give a bit of relief, and the Bowel Program 
stops the invasive E. coli. 

6. Do additional zapping as time permits until the Bowel 
Program has stemmed the invasion. 


In five or six hours your cold could be gone. 


Of all these measures, stopping mold consumption is the 
most important. If you eat peanut butter now, your cold will 
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sound source > audio alert > transduce! 


jority” of returned products, the failure was 
caused by excessive voltage, often in the form of 
a transient voltage spike. 


Leakage 
If an alert makes a small, low-volume sound 
when it is supposed to be off, some current is 
leaking through it. Less than ImA may be 
enough to cause this problem. According to one 
manufacturer, it can be fixed by placing a 30V 
Zener transient voltage suppressor diode in ser- 
ies with the alert, or by wiring a small ineandes- 
cent lamp in parallel with the alert. 


Note that when the alert is activated, the full 
supply voltage will be seen at the lamp. 


Component Mounting Problems 
Some alerts are packaged with mounting holes, 
but many are not. Those with pins can be sol- 
dered into a board, but those without must be 
glued in place or inserted into a cavity from 
whichthey cannotshake loose. Silicone adhesive 
istecommended, butcaremustbe taken toavoid 
any of it dripping into the alert before it sets. 


What Can Go Wrong 


Moisture 

If an alert will be used in a location where it is 
vulnerable to moisture, itshould be ofa type that 
is sealed against the environment. Even a sealed 
unit should ideally be oriented so that it faces 
slightly downward. 


Transducer-Indicator Confusion 

Externally, a transducer and an indicator often 
look identical, and some of them are not marked 
with a manufacturer's part number. Damage can 
be caused by applying DC toa transducer or AC 
to an indicator. If both types of parts are kept in 
inventory, they should be carefully labeled. 


Connection with a Microcontroller 
Apiezoelectric transducer can be driven by a mi- 
crocontroller, butan electromagnetic transducer 
is not appropriate in that role, because of its rel- 
atively higher current consumption and its be- 
havior as an inductive load. 
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return with a vengeance. If you eat cheese it will add Salmonella 
to your illness and you may develop a fever. Your own immune 
system is the most powerful cold killer, so stop handicapping it. 

Test yourself for the presence of molds to see if you are ac- 
complishing your goal. The various molds I have tested had these 
emitting frequencies: 77, 88, 100, 126, 133, 177, 181, 188, 232, 
242, 277, 288, 295 KHz. 

In about five hours, some relief will be felt. The time it takes 
depends on how much mold you ate. But if you stop immediately 
and eat only perfectly safe food, your illness will be over in the 
shortest time. Shorter than merely zapping. 


Mold Free Diet 


Stick to this for 24 hours, even if you feel better much sooner. 


Before starting to cook sterilize your kitchen sponge 
(microwave it for three minutes), and wash hands. 


Breakfast 


+ Lor2 eggs any style. The egg carton and egg exterior have 
Salmonella on them, so remove the eggs, replace the 
carton, wash the exterior of the eggs and then your hands 
again before cracking them. You don't want a Salmonella 
infection added to your cold. 

+ Hash brown potatoes 

+ Pancakes or waffles with artificial maple syrup made with 
brown sugar and vitamin C. 

+L cup herb tea with vitamin C, cinnamon, or other spice. 
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Water with a tsp. of vinegar and honey. 


Lunch 
+ Soup without noodles, without rice or any grain product. 
+ Homemade biscuits or bakery bread with butter. 
+ Homemade pudding or custard, all ingredients well 
cooked. 
Supper 


dose of mold at the outset of your cold, the toxicity las 


Well cooked fish or seafood (canned O.K., like sardines, 
salmon and tuna). 

Fresh green vegetables, in perfect condition. 

Cooked vegetables with olive oil and salt (pure, see 
Sources). 

Canned beans, any variety. 

Baked or boiled potato (don't eat skin) with olive oil and 
salt as described on page 310. 

Hot water with whipping cream and cinnamon. 

A perfectly unblemished banana. 

Water with lemon. 


‘You can “mix and match” these safe foods. If you get a hefty 
quite a 


long time. Repeat the diet the next day and the next until you are 


well 
mol 


I. In animal experiments reported by scientists, toxicity from 
d usually lasted three weeks. Sometimes the real damage was 


only seen after three weeks! Keep up your vigilance. When you 
decide to take some risks, make sure vitamin C has been added 
to the new food and mixed with it thoroughly. 


366 


CURING THE COMMON COLD 


Fig. 48 Goods baked in a panaderia (Mexican style bakery) 
never tested positive to molds. 
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Prevention 


What is the best way to prevent a cold? Stop eating moldy 
food. We were never meant to eat rotting, spoiling food. We 
were meant to be repelled by the bad odor, the bad appearance, 
the bad taste. Our parents were supposed to teach us in childhood 
to distinguish between good and bad food. This system no longer 
works. By mixing spoiled food with good food, by adding 
flavors and changing the food consistency, parents can't 
distinguish substandard foods, nor teach their children to. 

We rely on government agency assurances, like beef grades, 
expiration dates, approved food colors and additives. And when 
they fail? We land in a debacle such as the present one, where 
large segments of society are ill with uncontrollable behavior 
(called crime), suffer from hormone imbalances and sexual dis- 
turbances, are sidelined by chronic fatigue and new illness. But 
the greatest social disaster is lowered immunity—AIDS. 

We cannot individually control the destiny of our species. 
But we can get ourselves out of the path of the falling human tide. 
We can dissent. We can say NO to rotten moldy food. 

‘What about exposure to a cold? Won't you catch one if you're 
in a roomful of coughing, sneezing people? Or you shake hands 
with a coughing, sneezing person? Or you drink from the same 
glass as a person with a cold? Or your child plays with the same 
toys as sick children? 

Yes, you will catch the virus, but you won't get sick. If you 
are tracking Adenovirus using the electronic techniques in this 
book, you will see that it infects you immediately after eating 
coughed-on food. It stays in you about twenty minutes. Then it 
disappears, evidently eaten up by your white blood cells, pro- 
vided there is no mold toxin in you. But if you do have a mold 
toxin in you, the virus spreads, multiplies and gives you a cold! 1 
have only followed Adenovirus behavior. There are numerous 
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other “cold bugs” left for you to track. Each illness in your family 
could provide you with a specimen to research. 

This throws light on self infection, too. When we cough into 
our hands and then eat with them, we self-infect, But it only 
makes us sicker if we harbor molds. 


Curing Symptoms 


Cold symptoms alone can be cured much faster than the cold, 
Taking drugs proves that. Most of the drugs on the market can 
cure some symptoms in less than one hour. But not without a 
price, such as a harmful side effect. 

Homeopathy can cure cold symptoms too, without side ef- 
fects. There are three or four favorite homeopathic remedies for 
colds and eight or nine less common ones. To use them you read 
the symptoms listed and take the remedy with the closest match. 


Homeopathic Remedy __| For These Symptoms 
‘Aconitum ‘arly cold with fever, headache, hoarse cough 
‘lium clear runny nose with burning of ips or eyes 
‘Aesenicum ‘sneezing cold, frontal headache, tickling cough 
Belladonna igh fever cold with flushed face, trobbing head 
Kall 6 thick post nasal drip, colored discharge, sinus 
headache 
Spongia ‘croupy cough 


Fig. 49 Starter set of homeopathic remedies. 


There are lots more remedies with fascinating symptoms to 
try to match with your own. Books suggest that you start with a 
6X or a 12X remedy, but success is more certain with 30X. Use 
three remedies simultaneously. If you get total relief at some 
point, stop. If the cold has moved or won't budge, try another set 
of three after an hour. Don’t take them within 15 minutes of 
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food or anything else. Homeopathy makes very interesting 
reading. 

Homeopaths say they stimulate the immune system specifi- 
cally. My results show they do much more. They go right to the 
gateways of your cells and evict the tiny parasite, bacteria or 
virus stuck to the latch and trying to get in, Your immune system 
would be able to gobble them all up if they weren't gagged by the 
food mold you ate. 

Different homeopathic remedies go to different tissues, so 
you can only clear one tissue at a time. If you plan on trying this 
for yourself, order the set of cold remedies listed above (see 
Sources). The homeopathic method would be a beautiful cold 
cure if it weren't for the mold intrusion. 

Herbs, too, can cure symptoms rather quickly. Elderberry 
tea mixed with peppermint is cited in herbal textbooks and it 
could probably do a lot if it weren't for the mold immuno- 
suppression. If you plan on trying these start with a set of thyme, 
fenugreek, sage (for throat). Since both herbs and homeopathic 
remedies work on the principle of ejection, they could eject each 
other. Maybe the last one to arrive takes over. This is an exciting 
field for you to explore. 

Ultimately, the length of time your own white blood cells are 
bound and gagged decides how soon you are really cured of your 
cold. Remember taking vitamin C (10 grams or more) helps 
detoxify the molds. If you find a recipe that works for everybody 
in less than five hours, be sure to let everybody know. 


True Origins Of Viruses 


Your body can eliminate any virus in a short time, such as 
hours or days. It can even keep up with a steady stream that is 
coming from tapeworm stages! 
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Let us apply these new insights to several diseases we are 
familiar with. Let us speculate what could really be happening. 

Epstein Barre Virus (EBV) is a mysterious disease because 
in spite of building up antibodies, it attacks repeatedly. I only see 
EBV if the person also has Eurytrema (pancreatic fluke) in the 
pancreas. When the fluke is gone, I no longer find EBV in the 
white blood cells. This suggests that the virus comes from the 
fluke. As each fluke dies and is finally removed, the body's white 
blood cells can catch up with the viruses and you begin to feel 
better again, which can be as quick as one day. But reinfection 
with an EBV-carrying Eurytrema (plus a wood alcohol 
containing beverage to allow the fluke to go to the pancreas) can 
spark the next recurrence. 

Shingles is a recurrence of chicken pox. I always find As- 
caris in persons with shingles! Unfortunately, killing the Ascaris 
does not cure shingles. Herpes Zoster (the shingles/chicken pox 
virus) is known to hide in nerve cells. Perhaps Ascaris facilitates 
it's release, or simply suppresses the immune system in a way 
that allows it to suddenly multiply. 

Polio was once a scourge. At that time, we can theorize that a 
new large parasite was making its appearance. Was a new 
animal association taking place in the early 1900's? Life was 
indeed becoming more urban with horse manure on all streets. 
Owning a dog for a house pet was becoming an acceptable life- 
style. Could the tapeworms of these animals give us a tapeworm 
stage that hosts polio virus? Many polio sufferers also had mi- 
graines. These are caused by Strongyloides, a horse threadworm, 
Does Strongyloides host polio virus? 

The HIV virus infects us during the time the intestinal fluke, 
Fasciolopsis buskii, is being hosted. Persons test negative to 
HIV shortly after the fluke and its stages are eliminated. 

Coxsackie viruses give us some of our encephalitises. I never 
see Coxsackie viruses without the bacteria, Bacteroides 
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‘fragilis, and I never see Bacteroides fragilis without Ascaris (a 
roundworm) I conclude that one lives inside the other! 

We may be deriving viruses from all the roundworms, flukes, 
tapeworms and bacteria that infect us! It would be a fascinating 
study, simply to examine each of these parasites singly, searching 
for their viruses with an electron microscope. They could also be 
searched for using immunological methods. 

Fortunately, your health improvement does not need to wait 
on such studies. Your electronic technique can detect them in 
your body long before you are made ill by them. You don't need 
to know their hosts in order to stop hosting them yourself. 

Itis a time of great change for this planet as pollution spreads 
from pole to pole, The growth of industrial activity, mining, 
chemical manufacturing, the food “industry”, and personal habits 
like smoking have spread new chemicals to every comer of the 
globe. The element polonium, which is radioactive and in 
tobacco smoke, is harmful to human lungs, but may not be harmful 
to a small lung parasite, like Pneumocystis carnii. 

Benzene, which is a solvent and extremely harmful to hu- 
mans, may not be harmful to fluke parasites living within us. 
Propyl alcohol facilitates the intestinal fluke but is toxic to us. 

Parasites are doing abnormal things. Is this because of 
pollution? 

The tables are gradually being turned against us in favor of 
our parasites and pathogens. Such large changes are called 
evolutionary. Is the human species doomed, or will some of us 
“adapt”. Will some of us survive to pass on our “better” genes to 
a new population of cancer-resistant, AIDS-resistant, Alz- 
heimer’s-resistant, etc.-resistant humans? How many of us will 
die trying? 


The common cold should not be so common! 


Body Wisdom and Why 
Bad Food Tastes Good 


Don't let yourself eat junk food just because your body craves 
something in it. Try to figure out what it is your body craves. 
Could it be fat? Could it be salt? Could it be starch? 


Salt 


If it’s salt, you might also love popcorm and other salty food. 
This implicates the adrenal glands. Maybe they're letting too 
much salt (sodium chloride) leave the body through the kidneys. 
Maybe they're letting too much potassium chloride through, too. 
A diuretic pill could certainly have a similar effect. 

Help the adrenal glands do their job of regulating sodium and 
potassium chloride by cleaning them up. Let salt-hunger be your 
signal to do a kidney cleanse (page 549). This will clean 
adrenals too. Even a slight drop in sodium and potassium chlo- 
ride in the blood (body fluids) can make you too fatigued to tie 
your own shoelaces. 

Remember, when your body craves potato chips, it craves 
something in the potato chips. If you let yourself eat highly salted 
food while you're giving the adrenals a clean up, at least add 
potassium chloride to your diet. Make yourself a mixture of equal 
parts of sodium chloride and potassium chloride. Part of salt 
hunger is actually potassium hunger. Let your body (your taste) 
decide on the amount of potassium chloride to add. Maybe one 
part potassium chloride to two or three parts sodium chloride is 
a better mixture for you. After mixing, store it in the original 
containers (re-label them) to prevent caking. If you put 
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it in an ordinary salt shaker, it will cake soon. 
a lid that closes. 


se a shaker with 


Fats 


Maybe you like French fries because of the fat. If you deprive 
yourself of the “good” normal greases that come from plant or 
animal sources which would ordinarily make up 25% of your 
calories, of course you'll crave grease. But what a bad trade it is. 
Now you are getting lab-made (hydrogenated) grease with a non- 
biological structure, and loaded with the carcinogen nickel. 

So if you're body tells you that you need grease, go back to 
olive oil, butter, cheese (baked only), lard, avocados, nuts and 
nut butters (homemade only) and seeds. Humankind has been 
cating these natural fats long before cholesterol was vilified. The 
key to cholesterol control is not fat avoidance, but a liver 
cleanse! 


Starch 


If switching to natural greases doesn't satisfy your “fat-tooth”, 
maybe its the potato in the French fries that your body craves. 
Plain, pure starch. Do you also love bread and pasta (more pure 
starch though very inferior to potatoes)? Pure starch is very easy 
to digest and has a large adsorptive capability for toxins. In fact, 
if any family member should accidentally eat something 
poisonous, drinking cornstarch will quickly mop it up and keep it 
stuck so it can't enter your tissues. (This doesn't work for all 
poisons.) By craving pure starches, your body could be telling 
you about a need to improve your digestion (liver disorders) or 
to eat and breathe less toxic things. 
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Maybe a stomach-full of baby Ascaris is telling you to eat 
only food that doesn't need a lot of acid: "just potatoes, bread and 
pasta, please, and skip the sauce.” Ascaris inhibits acid pro- 
duction by the stomach. This can result in an aversion to meat. 

It doesn't take much acid to digest pure starch and get it on its 
way out of the stomach. And out of the stomach means relief: 
relief of the pressure on the diaphragm and liver, heartburn, that 
too-full feeling, and other digestive disturbances. 


Sugar 


Your body runs on sugar. If you are short on sugar it will turn 
fat into sugar. If you are short on both, it will turn your muscles 
into sugar. However eating more sugar doesn't cure the craving. 
You have to find out why you are so short, in spite of eating it. 
The first thing to try is 1 mg chromium (five 200 meg tablets, 
see Sources) per day. If you still crave sugar after a week the 
problem is something else. Perhaps you have pancreatic flukes 
upsetting your sugar regulation. Kill them and go off commercial 
beverages that may contain wood aleohol. Sugar regulation is 
very complex, but these two approaches help most of the time. 


Dislikes 


Respect your body's opinion when it says, “No, I don't want 
to eat that.” Our education about nutritive value of food may be 
sound but there are other facts to consider. We should take a 
lesson from nursing babies: when they refuse to nurse, there is 
something unpalatable in the mother’s milk. Usually the mother 
has eaten onions or members of the cabbage family. The baby 
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tries it once, and learns to reject it immediately. The baby's liver, 
in its wisdom, does not want the baby to eat what it can’t 
properly digest. The mother may feel: “Now, this breast milk is 
good for you and drink it you must, or you shall go hungry.” 
Unfortunately, this works for 2-year-olds and up. They are forced 
to eat carrots, peas, and other vegetables; vegetables that taste 
terrible, (modern agriculture has ruined the flavor). They alone 
taste the bitterness of PIT, a cyanide-related chemical, and very 
difficult for the liver to metabolize. Broccoli and onions may 
bum the tongue with its sulfur-containing acids. Green beans, 
onions, garlic, eggplant, all have unique chemicals in them. If you 
or your child are not ready to eat them, avoid them carefully, so 
you don't get a surprise dose of the toxic chemical. 

The more mold a child eats, inadvertently, in peanut butter, 
bread, potato chips, syrups, the less capable the liver is of de- 
toxifying foods. This will certainly increase the “pickiness” of a 
child's appetite. If your child has too many foods on her or his 
personal “off list”, let this signal you to improve liver function. 
Stop the barrage of chemicals that comes with cold cereals, 
canned soup, grocery bread, instant cheese dishes, artificially 
flavored gelatin, canned whipped cream, fancy yogurts and 
cookies or chips. Move to a simpler diet, cooked cereal with 
honey, cinnamon and whipping cream (only 4 ingredients), milk 
(boiled), bakery bread, canned tuna or salmon, plain cooked or 
fried potatoes with butter, and slices of raw vegetables and fruit 
without any sauces, except honey or homemade tomato sauce, to 
dip into. 

It is frustrating to cook “a fine meal” for the family and find 
everybody likes it except Ms. Picky. The good news is that she 
can usually think of something she would rather eat. If it's nu- 
tritious, be thankful. If its not say No. 

Adults should hide their junk food, including everything off 
limits to children. Don't “hide” your junk food in the refrigerator 
and lower level cupboards! Treat yourself as well as your 
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child. If a food tastes bad, don't eat it. If you crave it, try to un- 
derstand the message. 


Outwit The Cravings 


Here are some examples. Suppose you crave these items: 


+ Pickles. They supply vinegar and are often loved by per- 
sons with little acid in their stomachs or a lot of yeast 
(vinegar is a yeast inhibitor). Start drinking water with 
Iemon juice or vinegar and honey. 

+ Bacon, The fat soothes the stomach and slows down di- 
gestion. Switch to butter and cream, with meals. 

+ Sugar coated cereals. Loved by persons with disturbed 
sugar regulation. Kill parasites, avoid wood alcohol, use 
chromium tablets and a lot of cinnamon. 

+ Crunchy munchies. Your jaw and teeth want some work to 
do. Try salads, an apple, raw sunflower seeds (beware of 
moldy seeds, nuts and dried fruit). 

+ Ice cream. Ice cold food stimulates the thyroid; loved by 
low thyroid persons. Clean up the thyroid by doing dental 
work and liver cleanses. 

+ Caffeine-laced beverages. Stimulate many body tissues, 
raise blood pressure. Loved by low energy people. Do a 
general body and environment cleanup. (There are people 
who say coffee puts them to sleep. Insomnia has better 
solutions than caffeine, though.) 

+ Candy. The more you eat the more you crave because 
chromium is being used up as you eat it and yet it is nec- 
essary to utilize more sugar. Give yourself chromium 
(GTF) tablets totaling 1 mg. (1,000 meg.) a day and watch 
your sugar craving shrink. 

+ Pretzels. You want salt plus crunch. 
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+ Potato chips. You want salt, grease, starch and crunch, No 
wonder they are so popular! 


If your body still has its wisdom, or most of it, why can't it 
detect the mold in peanuts, crackers and bread for us? There is a 
very sound reason. Our food manufacturers have gone to great 
lengths to fool our native senses. Salt and sugar, roasting and 
flavoring, do most of it. 

Your body is accustomed, natively, to interpret sugar, salt, 
and flavors as “good, good, good.” Of course, the mold is “bad, 
bad, bad.” But when you mix them, what is your body to read? 
The “goods” always win; manufacturers don't stop until they do. 
More flavorings are added. The result is that you can be eating 
rotten moldy food without knowing it. 

Food that is predominantly concocted can't be interpreted by 
your body wisdom. You must use your second-best ally, your 
intelligence. 

How would you interpret these situations, taken from real 
life: 


+ An elderly person can't stand butter, wants and enjoys 
margarine. 

+ Acchild prefers canned spaghetti for the real thing. 

+ A child wants to eat only sweets, everything else must be 
coaxed down. 

+ A young man needs “his” beer to enjoy a cook-out. 

+ A young man with serious mental illness drinks half a 
gallon of Mellow Yellow™ a day. 

+ Achild wants ketchup on everything. 

+ A pregnant woman puts herself on a pickled pigs feet and 
white bread diet. 
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Back To Normal 


Body wisdom was not meant to substitute for parental 
teaching. They must both be there. But when there is conflict, 
trust your wisdom. Will you ever get your primitive body wis- 
dom back and enjoy vegetables, fruit, simple styles of cooking 
and baking them? Yes, to a considerable extent. You'll hold your 
nose at all seeds and nuts and most flour (they smell so rancid), 
You'll back away from cookies and cakes, especially icing (they 
taste like you imagine shortening tastes). You'll retreat from deep 
fat fried foods: the dripping grease will just undo the appetite 
You'll say “No thanks” to canned food and metal cutlery (you can 
taste the metal now). You'd have to force yourself to eat grocery 
bread (it's so doughy and sour smelling). Wheat germ smells 
terrible (rancidity). Even vitamin tablets may smell awful. 

Has life been ruined, now that plain potatoes and butter taste 
good? Your body wisdom has returned. You are the true gourmet. 
It is as different as corn on the cob is from the canned variety. 
Perhaps you are “spoiled” now by eating un-rotten food. Accept 
the charge with humor and dignity—as long as you're not 
expected to eat any more spoiled, moldy food. 


Toxic Food 


Grilled food develops benzopyrenes in it that are very toxic. 
In an age of lowered immunity, it makes little sense to de- 
liberately poison the food with benzopyrenes. Especially for 
children, who will be faced with new viruses and parasites in 
their lifetimes. Will they be able to overcome them or succumb at 
middle age? Only the strength of their immune system decides 
this. 
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Benzopyrenes must be detoxified using the liver's valuable 
benzene-detoxification system. With so many benzene-polluted 
items, there is hardly enough detoxification capability to get it all 
taken care of. NAD enzymes (the N stands for niacin) come into 
play too. These are essential for alcohol detoxification, If you 
have consumed alcohol, like a can of beer, NAD enzymes must 
be shared between the alcohol in the beer and the benzene in the 
beer. It takes longer to detoxify both the benzene and alcohol. 
The time delay is a time of lowered immunity and facilitates a 
growth spurt for parasites and pathogens. 

Foods that are raised to very high temperatures, made possi- 
ble with a microwave oven, produce benzopyrenes. Ordinary 
bread-toasters can do this too! Old fashioned toasters had a layer 
of metal separating the bread from the wires. Toasting bread in a 
frying pan or a stove top surface protects it too. But your stove 
grill, whether electric or flame, will produce benzopyrenes in 
your food unless there is a separating wall between them. 

It does not matter what kind of fuel is used, the benzopyrenes 
develop due to lack of shielding between the food and heat 
source. A metal wall between them absorbs some of the heat. 

Do not burn your food in a microwave oven. Since the tem- 
perature may go higher than your regular oven, you can produce 
benzopyrenes. Your regular oven is thermostated so that it cannot 
go higher than it states. Baking and browning is never done 
above 425°F. This is your safety feature. If anything in your 
microwave has turned dark brown or black or has melted plastic, 
throw it out! 

‘Supplements that help your body to detoxify the benzopyrenes 
are: 

1, Niacin or niacinamide. These are NAD-builders. Take 50 
mg with each meal. 
2. Vitamin By (riboflavin). Take 50 mg with each meal. 
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For unpolluted vitamins see Sources. 
It would be wise to teach children the habits that maximize 
their immune strength. Avoiding food toxins that are specifically 
immune-lowering is most important. Besides the benzopyrenes, 
certain mold toxins and solvents do this and are found in foods. 


Moldy Food 


Everything that’s animal or vegetable can get moldy. While 
living things are alive, the mold attackers can be held at bay. As 
soon as they are dead, molding begins. First it molds; then bac- 
terial action sets in, This is what makes things biodegradable. It 
is a precious phenomenon. It does away with filth—in an exqui- 
site manner. Without mold and decay the streets of New York 
‘would still be full of horse manure from the days of the horse and 
buggy and our lakes too full of dead fish to swim in, 

Every grain has its molds; every fruit has its molds; tea and 
coffee plants have their molds; as do all herbs, and vegetables. 
Nuts have their molds; nuts grown in the ground (peanuts) are 
especially moldy because the earth is so full of mold spores. But 
the wind carries these spores high up into trees, and even up to 
the stratosphere. Molds are not very choosy. They have their 
preference for certain plants and conditions. But the same molds 
can grow on many plants. This is why aflatoxin, for instance, is 
found not just in your cereal, bread and pasta but in nuts, maple 
syrup, orange juice, vinegar, wine, ete. Where is it not? It is not 
in dairy products or fresh fruit and vegetables, provided you 
wash the outside, It is not in meat, eggs, and fish. It is not in 
water. 

Although I find aflatoxin in commercial bread, I do not find it 
in carefully screened wheat that has had its discolored, shriveled 
seeds removed before using it for making bread, cereals 
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and noodles. It is not in baked goods bought at bakeries, left open 
to air. Evidently the system of wrapping baked goods in plastic 
keeps moisture trapped and starts the molding process. In spite of 
adding mold inhibitors, American bread-stuff is far inferior to 
Mexican baked goods in which I do not find aflatoxin! 

Here is some good news for cooks: if you bake it yourself, 
adding a bit of vitamin C to the dough, your breads will be mold 
free for an extended period (and rise higher). 


Aflatoxin 


What is so important about molds? Some of them produce 
very, very toxic chemicals wherever they grow. They produce 
some of the most toxic chemicals known to exist. Aflatoxin is one 
of these, My tests show it is always present in cancer patients; in 
other words it has built up due to the body's inability to detoxify 
it in a reasonable time. A great deal of research has been done on 
aflatoxin, Any library would have more information. 

Aflatoxin reaches the liver and simply kills portions of it. 
After a hefty dose the liver is weakened for a long time— 
possibly years. Hepatitis and cirrhosis cases always reveal afla~ 
toxin. The liver fights hard to detoxify aflatoxin and manage its 
own survival. It manages for 2 to 3 weeks; then a portion of it 
succumbs. So the toxic effects of a dose of aflatoxin aren't even 
noticeable for several weeks! And without a taste or smell to 
guide you, how would you know to stop eating the moldy peanut 
butter or spaghetti? The answer is: 


make and bake things for yourself 
test the things you dearly love but can't make 
treat things that are treatable for molds 
throw the rest out of your diet 


Pepe 


Bopy WISDOM AND WHY BAD Foop TASTES GooD 


Treatments mentioned in the industrial research journals are 
hydrogen peroxide, strong alkali such as lime-water, metabisul- 
fite (a common reducing agent) and high heat. I have tried heat 
and vitamin C, which is also a reducing agent. 

Just heating a food to the boiling point does not kill the 
molds. Boiling for many minutes at a higher temperature or 
baking does kill them (but not ergot, another mold) and also de- 
stroys aflatoxin they produced and left in the food. For foods you 
can't heat that high, for example nuts that are already roasted, or 
vinegar, vitamin C comes to the rescue. I suppose it acts a lot 
like the bisulfite; chemically destroying the mold toxin 
molecules. 


Eradicating Aflatoxin 


Simply sprinkling vitamin C over roasted nuts is not effec- 
tive because the molds have penetrated the surface. Rinse the 
nuts in water first (a lot of mold is removed in this simple way). 
Cover the nuts with water, add about 4 tsp. vitamin C powder 
(for a pint of nuts) and mix. Let stand for 5 minutes. The water 
penetrates the nuts, taking the vitamin C with it and detoxifies 
them, Pour off the water and dry the nuts in the oven at low heat. 
(Don't burn them or you will make benzopyrenes.) 

Rice and pastas can be demolded partly by cooking and 
partly by adding vitamin C before or after cooking. There is no 
need to add so much it affects the flavor. Brown rice is espe- 
cially moldy. 

Vinegars can simply have vitamin C added and placed in the 
refrigerator. 

Honey can be warmed and treated the same way (4 tsp. per 
pint). 

Bread cannot be salvaged. Switch to bakery breads or 
homemade. Use it up in a few days, left in its paper bag. Or slice 
and place in a plastic bag in the freezer. 
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Since all foods have both their own and others’ molds, there 
must be thousands of molds. Very many have been studied be- 
sides aflatoxin producers, 


Zearalenone 


Zearalenone, an anabolic and uterotrophic metabolite, is fre- 
quently found in commercial cereal grains and in processed 
foods and feeds, and is often reported as causative agent of 
naturally occurring hyperestrogenism and infertility in swine, 
poultry and cattle." 


‘What this means is, in animals, “zear” looks likes extra es 
trogen to the body. Does it affect humans the same way? Are high 
estrogen levels a problem for us? I find nearly every breast 
cancer case shows a too-high estrogen level for years before the 
cancer is found! It starts females maturing too early, too. It could 
cause PMS, ovarian cysts and infertility. Not everybody gets all 
of these effects. And what is the effect on men and boys of eating 
an estrogen-like mycotoxin in their daily diet? This female 
hormone could have a drastic effect on the maturing process even 
in small amounts. 

Zearalenone ("zear") and aflatoxin both have immune low- 
ering effects. Zearalenone can induce thymic atrophy and 
macrophage activation." If you have low immunity (low T- 


'® Bottalico, A., Lerario, P., and Visconti, A., Production of 
Zearalenone, Trichothecenes and Moniliformin By Fusarium Species 
From Cereals, In Italy. From Toxigenic Fungi, Vol 7, edited by H. 
Kurata and Y. Ueno, copublished by Kodansha Ltd, Tokyo and El 
sevier Science Publishers B.V., Amsterdam, 1984, page 199. 

" Luster, M.l., Boorman, GA., Korach, K.S., Dieter, M.P., and 
Hong, L. 1984. Myelotoxicity toxicity resulting from exogenous estro- 
gens evidence for bimodal mechanism of action. Int. J. Immunophar- 
macol. 6:287-297. 
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audio indicator 


indicator is defined here as a noise-creation device that generates a sim- 
ple tone or series of tones, Unlike a transducer, which requires an external source 
of AC to determine its audio frequency, an indicator contains its own electronics and 
requires only a DC power supply. Either of these components is often described as 
a beeper or buzzer. 


While piezoelectric alerts formerly used crystals, only the more modern piezoelectric 
type that uses a ceramic wafer will be considered here. 


# 


¢ 
= 


OTHER RELATED COMPONENTS 


+ transducer (see Chapter 27) 
«+ headphone (see Chapter 29) 
«speaker (see Chapter 30) 


What It Does 


When DC power is applied to an audio indica- 
tor, ints simplest form itcreates a continuous or 
intermittent tone of a fixed frequency. This is 
called an alert. 


‘Audio alerts are used in microwave ovens, wash- 
er/dryers, automobiles, gasoline pumps, security 
devices, toys, phones, and many other consumer 
products. They are often applied with touch 
pads, to provide audio confirmation thata tactile 
switch has been pressed. 


A few indicators are programmed to create a 
two-tone sound, or multiple-tone sequences. 


See Figure 27-1 in the previous entry for an as- 
sortmentof schematic symbols that maybeused 
to represent either an alert or a transducer. 


How It Works 


A circular diaphragm is glued at its edges inside 
acylindrical plastic enclosure, usually measuring 


from around 0.5” to 1.5” in diameter. The enclo- 
sure is sealed at the bottom but has a small hole 
at the top, so that sound can emerge from the 
upper side of the diaphragm without being par- 
tially cancelled by sound of opposite phase that 
is emitted from the underside of the diaphragm. 
The enclosure also contains electronics to gen- 
erate one or more audio tones, and amplifies the 
sound by resonating withit, in the same way that 
the body of a guitar or violin amplifies a note be- 
ing played on the strings. 


A PUI XL453 piezoelectric audio indicator is pic- 
turedin Figure 28-1, fullyassembled on the right, 
and with its circuit board and diaphragm re- 
moved on theleft. This indicator creates a pulsed 
tone at 3.5kHz with a sound pressure of 96dB. It 
draws 6mA at 12VDC and measures approxi- 
mately 1” in diameter, 


Formore information about the measurement of 
sound frequency and pressure, see "Frequency 
Range" on page 251 and "Sound Pressure” on 
page 251 in the previous entry. 
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cells, low white blood cell count, and so forth), immediately go 
off moldy food suspects. 

“Zear” is the mycotoxin that prevents you from detoxifying 
benzene. Every AIDS sufferer I see has a crippled ability to de- 
toxify benzene; they also have zear! 

The main zear sources I have found so far are popcorn, corn 
chips, and brown rice. But it was absent in fresh com, canned 
corn, corn tortillas, and white rice, making me wonder how it 
gets in our processed corn products. 


Sterigmatocystin 


Sterigmatocystin 
(sterig”) is plentiful in 
pasta. Emphasize baked 
pasta dishes, not boiled. 
This raises the temperature 
much higher than boiling. 
Better yet, make your own 
pasta with a pasta maker. 
USS. bread flour is quite 
free of mold; the mold in 
our pastas must come from 
using inferior quality flour. 
Always add vitamin Ct Fig. 50 All U.S. brands of pasta I 
pasta before or after cook- tested had mold, including health 

ing! food brands like the one shown 
here (left). No Mexican brands of 

pasta, like the one pictured 
(right), had any molds. 

A food mold that causes strange feelings and behavior is er- 
got. Although laws regulate the amount of ergot allowed in 


Ergot 


385 


‘THE CURE FOR ALL DISEASES 


foods.” this is not enough protection. Ergotoxins, for example 


LSD, are active in extremely minute (less than a microgram, 
about one thousandth of a fly speck) quantities. They are not 
destroyed by heat and are especially toxic to children, I found 
traces in cereals, whole grain breads, wines, and honey. It can be 
detoxified by adding vitamin C but takes longer; about 10 
minutes. Detoxify all your honey as soon as it arrives in your 
house. Warm it slightly and add vitamin C (1/8 tsp. per cup). Stir 
with wood or plastic. 

Ergot toxicity could explain “Jekyll and Hyde” behavior in 
children, commonly attributed to “allergies”. In fact, the 
mechanism, inability by the liver to keep up with detoxification, 
fits well into the “allergic” concept. If your child has undesirable 
behavior, try going off the moldy food suspects for three weeks 
(cold cereals, nuts and nut butters, store bought breads and baked 
goods, syrups). Substitute cooked cereals, bakery breads, 
potatoes, and honeys. Add vitamin C to honey, pasta and cooked 
cereals. Pancakes and waffles made from scratch would be O.K. 

Combining alcohol with ergot is more toxic than either is 
alone. Aleohol seems to drive the toxin deeper into your tissues. 
Thave found ergot and aflatoxin in beer and wine! Perhaps some 
of the bizarre behavior and speech of intoxication is really due to 
the mold-alcohol combination, By delaying alcohol detoxifi- 
cation, the mold could even be responsible for deaths “due to” 
alcoholism. It would be safer to brew your own alcoholic bever- 
ages. Start with pristine fruit. Or at least add vitamin C (1/8 tsp. 
per cup) to the store bought container you are consuming. 

Older children and adults are quite susceptible to ergot too. If 
bizarre behavior shows up, such as saying mean and cruel things, 
expressing unusual, irrational thoughts, feeling emo- 


"Canada allows one ergot grain per 300 grains of #3 or #4 wheat. 
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tionless or unreal, try the same diet changes, but put alcoholic 
beverages, soy sauces and other sauces, and other grain derived 
foods on the “off” list. Try this diet on yourself if you have a 
temper or crying spells or frequent colds! Ergot can make you 
super religious, hearing voices of command or threat, Ergot also 


Fig. 51 All cold cereals I tested were full of mold toxins 
(besides solvents), health food varieties were worst. 
causes seizures! 


Cytochalasin B 


Cytochalasin B (“cyto B”) is another immune lowering fun- 
gus. I find it mostly in pasta. It stops cells from dividing. Dead 
portions of the liver cannot regenerate as they otherwise would 
after a toxic encounter! 
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Kojie Acid 

Kojie acid is a mycotoxin that appears to be responsible for 
wood alcohol build up. In other words, the toxic effect prevents 
you from detoxifying wood alcohol. This leads to pancreas 
damage, invites pancreatic fluke infestation, and typically results 
in diabetes. I find it in potatoes; don't eat potato skins. If you are 
a potato lover fix your own so you can peel them and remove any 
gray parts, I have also found it in regular coffee. 


T-2 Toxin 


T-2 toxin is a mold I have found in all cases of high blood 
pressure and kidney disease. It is present on dried peas and 
beans but it can be detoxified in 5 minutes by adding vitamin C to 
the water they are soaked in, Remember to throw away imperfect 
ones, fir 


Sorghum Molds 


Sorghum and millet carry these. Don't buy sorghum syrup. 
Rinse millet in vitamin C water before cooking, or add vitamin C 
to the cooking water. 

These mold toxins cause hemorrhaging, appetite loss, and 
inability to swallow. Elderly people are more easily poisoned 
than others; their hemorrhages show up as strokes and purple 
blotches on the skin. 


Patulin 


is the major fruit mold toxin. It is present in most common 
fruits if they are bruised. It is particularly hazardous since the 
mold that produces it can actually grow in your intestine in 
patches. At these locations, bowel bacteria, E. coli and Shigella, 
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can climb through the colon wall to invade you. These bacteria 
are then free to spread to regions of injury and tumors. 

If you have cancer or bowel disease go off fresh fruit 
(bananas and lemons are OK) for a few weeks. Then choose your 
fruit meticulously. Peel everything so you can see and avoid 
every bruise. Also take a 2 tsp. dose of Black Walnut Hull 
Tincture Extra Strength. This kills these bowel fungi. But you can 
reinfect with a single soft grape. 


Mold Avoidance 


We should be much more critical of our food. 

Crackers are notoriously moldy. Never let your child eat 
crackers, Make crisp things in the oven from left over bakery 
goods. Just sprinkle with cinnamon, 

Dried fruits are very moldy. Soak them in vitamin C water. 
Rinse and bake to dry again. Then store in the refrigerator or 
freezer. When fresh fruit gets overripe, don't quickly bake it or 
preserve it. I's too late. 

Peanut butter (store bought) and other nut butters can't be 
detoxified by adding vitamin C due to the mixing problem, even 
if you stir it in thoroughly. Make your own, Making your own 
peanut butter is a great adventure (see Recipes). Mix it with 
home made preserves, honey, marmalade, not very homogene- 
ously so the bright colors and individual flavors stand out in 
contrast. Having three or four such spreads in the refrigerator 
will give your children the right perspective on food— 
homemade is better. Store bought jams are sweeter and brighter 
in color but strangely low in flavor and often indistinguishable 
from each other. Let your children eat the polluted foods that 
friends and restaurants serve (but not rare-cooked meats) so they 
can experience the difference. Their livers are strong enough to 
detoxify occasional small amounts. 
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Tea is quite moldy if purchased in bags. Although I used to 
recommend single herb teas (tea mixtures have solvents), I can 
now only recommend single herb teas from fresh sources in bulk 
(see Sources). This also gets you away from the benzalkonium 
chloride and possibly other antiseptics in the bag itself. When 
you get them, store them in their original double plastic bag. 
These herbs are so fresh, you'll only need half as much to make a 
cup of tea. Use a bamboo strainer (non metal). Bake the strainer 
occasionally or put through the dishwasher to keep it sterile. 


52 Packaged herb tea is moldy and polluted with solvents. 
Get yours in bulk from an herb company. 


It comes as a surprise that pure, genuine maple syrup has the 
deadly aflatoxin and other molds. You can often see mold 
yourself, as a thin scum on the surface or an opaque spot on the 
inside of the glass after the syrup has stood some time, even in 
the refrigerator. Some mold spores were in it to begin with. 
Others flew in, After some time they grew enough to be visible. 
In my testing, aflatoxin can be cleared with vitamin C but sterig 
and others need to be treated with a high temperature as well. 
Fortunately, this is easy to do with a syrup. Heat to near boiling 
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while in the original jar with the lid removed. Keep refrigerated 
afterwards. 

Artificial maple flavor 
did not have benzene, propyl 
alcohol or wood alcohol, 
nor molds. Turbinado sugar 
had none of _ these 
contaminants either. Brown 
sugar had sorghum mold. 
White sugar had propyl 
alcohol pollution. You can 
make your own syrup, 
safely, with artificial flavor 
and turbinado sugar. Of Fig. 53 Three safe flavorings. 
course, you'll be missing the taste and nutritional minerals pro- 
vided by the natural maple product but in a contest between nu- 
tritional value and toxicity, always choose the safe product. 

The mold in our hot cereals can be spotted. Pick out all dark 
colored, shriveled bits. This represents most of it. Add honey, 
and salt while it's cooking—this raises the boiling temperature 
and detoxifies more. At the end, turn off heat and add a sprinkle 
of vitamin C powder. Rolled oats never showed molds in my 
testing, although they have their characteristic fungi, too. Don't let 
grains mold on your shelves simply from aging. Nothing should 
be more than six months old. Remember you can't see or smell 
molds when they begin. Molds must have a degree of moisture. 
‘As soon as you open a cereal grain, put the whole box in a 
plastic bag to keep moisture out. This keeps out Weevils too, so 
you won't have to put the box in the freezer later to kill them, 

Anything that is put in the refrigerator or freezer and then 
taken out develops moisture inside. Store cereals in kitchen 
cupboards or the freezer. 
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No government agency can test for all of these mycotoxins in 
all of our foods. Production and storage methods must be better 
regulated so as to be fail-safe. Simply sending inspectors out to 
look into the bins at grain elevators is not sufficient. Crusts of 
‘mold, sometimes several feet thick, that form on top of grain bins 
can be simply shoveled away before the inspector arrives. The 
humidity and temperature of stored grain should be regulated, 
requiring automated controls. This would soon be cost effective, 
too, in terms of reduced spoilage losses and higher quality prices 
earned. I believe that zear, aflatoxin and ergot require special 
regulations. Products that are imported should be subjected to the 
same tests as ours. Test results should be on the label. 


Getting Away From Grains 


In view of the many molds that are grain-related, and because 
these cannot be seen or smelled in pastas, breads, cold cereals, it 
would be wise to steer away from grain consumption, Always 
choose potatoes, because it is a vegetable instead of a grain, if 
you have a choice. The potato appears on your plate the way it 
was harvested. Whereas grain was hulled, stored for quite a long 
time, perhaps degerminated (the bran and germ picks up 


Fig. 54 Don’t eat the green on the potato. 
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mold the fastest). Then it was mixed with assorted chemicals 
(fumigation, anti oxidants), each polluted in its own way, pack- 
aged again and stored again. Grains have a more tortuous history 
than potatoes that simply get sprayed. 

The spray isn't simple, of course. Scrub it off under the tap. If 
potatoes weren't heavily sprayed they'd be sprouting in the 
stores. The spray accumulates in the eyes. Cut away all the eyes. 
By the time you have done this you may as well have peeled 
them, But no blemish, no cut, no dark spot inside may be left for 
you to eat. Don't buy potatoes that show a tint of green on them 
(the green color is due to scopolamine; it is toxic). Red potatoes 
have different chemistry that doesn't produce the green toxin, buy 
these often. Store potatoes out of the light, to slow down the 
greening process. They are still a nutritious, vitamin C-rich 
food—provided you don't fry them in benzene-polluted, 
hydrogenated grease! 

Potatoes have their 
molds but they are 
nicely visible. And 
washing and peeling 
does away with them. 
Old literature advises 
that potatoes should be 
harvested by 
moonlight so the green 
drug isn't produced in 
= the white varieties. 

Fig. 55 Potato harvest of the future. With modern 

mechanized harvesting 

this should pose no problem. But perhaps this must await the age 
of robots. 
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Pets Teach Health Lessons 


Dogs don't eat hay and cats don’t eat fruit. This is not simply 
due to their inability to digest them. Nor to training. Their body 
wisdom guides them. But we can trick them into eating corn and 
soybeans by adding the flavors they like and thereby defeat their 
wisdom the same way we defeat ours. A concoction is made for 
them that is called “complete nutrition” and we feed this meal 
after meal, day after day, a most unnatural situation. The liver is 
deluged with the same set of pollutants time after time and never 
gets a rest, Humans still obey their body wisdom about varying 
their meals. This gives the liver a chance to catch up with 
detoxifying one pollutant while the new one builds up. If the liver 
is absolutely unable to handle something, you are informed quite 
quickly with an allergic reaction to the food. 

Cats and dogs with their monolithic diet get no opportunity to 
reject food (except by vomiting or starvation). It is not surprising 
they are getting cancer with increasing frequency, a situation 
where the liver can no longer detoxify isopropyl alcohol, a 
common pollutant in their food. 

Should we go back to the old days and make their food for 
them? Yes, they deserve pure food, they deserve variety. Table 
scraps would be much less toxic for them than their commercial 
feed. But what if they like and prefer their monolithic 
“scientific”, “complete”, polluted diet? If our food was doused 
with sugar for breakfast, lunch and supper, we wouldn't care 
much about what was under the sugar either. And we'd continue 
wanting sugar, sugar, sugar the way a pet might want its favorite 
food and nothing else. Such is the deception of flavorings. 

All change should be brought about slowly and with kindness 
for animals and humans alike. Learn what makes a good pet diet. 
Cats and dogs are both meat eaters. Cook chicken in a pressure 
cooker to kill all parasites. Put portions in the freezer. Add table 
scraps, dressed with a little butter, cheese or lard 
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Figure 28-1. A typical piezoelectric audio indicator. 


Externally, an audio indicator may be indistin- 
Quishable from transducer. However, internally, 
an indicator is almost always a piezoelectric de- 
vice, in which a ceramic wafer is mounted on a 
thin brass diaphragm, The term piezo is derived 
from the Greek piezein, which means to squeeze 
or press. 


A transducer (described in the previous entry) is 
apiezoelectricor electromagnetic alert that does 
not usually contain its own circuitry and must be 
driven by an external source of AC, which estab- 
lishes the audio frequency. 


The distinction between an indicatorandatrans- 
ducers often unclear in parts catalogs, where all 
alerts may be identified as buzzers, even though 
they mostly beep rather than buzz. 


Audio Frequency 
For a discussion of audio frequency, see "Fre- 
quency Range” on page 251 in the previous en- 


ty. 
History 


Probably the earliest form of electrically activa~ 
ted alert was the door bell, in which a 6VDC 
battery-powered solenoid pulled a spring- 
loaded lever terminating in a small hammer. The 
hammer struck the bell, but the motion of the 


rt > audio indie: 


sound source > audio a 


lever also opened a pair of contacts, cutting off 
power to the solenoid. The lever sprang back to 
its rest position, which closed the contacts and 
repeated the cycle so longas power was supplied 
through an external pushbutton, 


Subsequent systems used a small loudspeaker 
powered by AC house current through a step- 
down transformer. This created a buzzing sound 
and may have been the origin of the term 
“buzzer” 


‘Small components that made a beeping sound 
only became common when digital equipment 
required a simple, cheap way to confirm user in- 
put or attract attention to the status of a device. 


Variants 


Sound Patterns 

Because an audio indicator containsits own elec- 
tronics, the manufacturer has the freedom to 
create various patterns of sound output. 


The default isa steady tone, Other common var- 
jants include an intermittent tone and a dual 
tone that fluctuates rapidly between two fre- 
quencies. This is sometimes referred to as a si- 
ren, A few variants can generate an output pat- 
tern consisting of several tones in sequence, or 
effects such as warbling or whooping sounds, 
which are used mainly in alarm systems. 


Formats 

Some audio indicators are available in surface- 
mount format, measuring 1/2" square or less. Be- 
cause the resonant frequency is related to the 
size ofthe component, surface-mountalerts usu- 
ally make a high-pitched beep. 


Panel-mount and board-mount formats range 
from about 1/2" to 1.5"in diameter. A small audio 
alert designed to be mounted on a circuit board 
is shown in Figure 28-2, with its top removed on 
the right to expose the brass diaphragm glued 
around the edges. The same component is 
shown with its plastic enclosure removed com- 
pletely in Figure 28-3. 
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Don't wash the pet dishes with your own—dishwashers don't 
reach the boiling point. Serve fresh water daily. Standing water 
picks up bacteria, Don't let food get more than a day old in the 
dishes. It picks up molds. Don't feed pets at the table, keep them 
outdoors during mealtime. 

After your pets have stopped eating propyl alcohol polluted 
food and are not getting propyl alcohol in their shampoos, there 
is no way they can get cancer. Whatever cancer they have will 
clear up by this change in diet and by giving them the pet parasite 
program, 

Now they are back to a natural state and do not host human 
flukes. What a relief it is not to worry about reinfection from 
your pets. 


395 


Easy Lifestyle 
Improvements 


None of us likes to change a habit. But once it is changed you 
are back to an automatic way of doing something. By selecting 
wise habits your improved lifestyle pays you back for the rest of 
your life. 


Living Hand To Mouth 


Hands do everything. They pick up things from the floor. 
They handle money. They touch other peoples’ hands. They clean 
up bottoms. They touch all kinds of door knobs. And then they 
pick up food to eat. Some people even lick their fingers when 
they're sticky or just to turn a page! 

‘What is on the hands that you don't want to eat but can't see? 
Bacteria and viruses from coughing and sneezing into your 
hands! And eysts! Cysts are the “eggs” made by parasites. Cysts 
are so tough not even bleach kills them. They hide under our 
fingernails when we wash our hands. Then we eat them along 
with our food. This is called oral-fecal route. They hatch in the 
stomach and go to the intestine to live. 

To stop reinfecting yourself the little cysts under the nails 
need to be killed. Food grade alcohol solution kills them. Buy 
Everclear™ or Protec (potable) alcohol and make a 5% solution 
(add % cup of 95% alcohol to a quart of water). Keep it in a 
small pump bottle at the sink. After using the bathroom and 
washing your hands, treat your fingernails with alcohol. Pump 
aleohol into one palm. Put the fingernails of the other hand into 
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it, Scratch a bit. Pour it into the other palm and do the remaining 
fingernails. Rinse. 


+ Don't eat with your hands! Use a fork. 

+ Never eat food off the floor! 

+ Always wash hands after petting an animal! 

+ Never touch the bottoms of shoes! Keep shoes off couch or 
bed or chair. 

+ Always cough or sneeze into your clothing or a tissue, not 
your hands. 

+ Keep your fingers out of your mouth. Don't lick your fingers 
to turn pages or open plastic bags. 


Sick persons need a 50% alcohol solution. Add Yscup 95% 
alcohol to Yacup cold tap water or buy plain vodka, 80 to 100 
proof. Pour the vodka into the pump bottle. Be careful that no- 
body tries drinking it, If there are teenagers in the house, add a 
hefty dose of cayenne to it. 

Lugol’s iodine will also sterilize your hands. However most 
commercial Lugol's is polluted with isopropyl alcohol. Ask your 
pharmacist to make it from scratch for you (there are only two 
ingredients and water, see Recipes). Then make a solution to 
wash in (1 tsp. to a quart of water). This can stain some things. 
Do not use “tineture of iodine.” 


Better Laundry Habits 


Boil your underwear. In long-ago days, all sheets, towels, 
table cloths, and underwear were separated and boiled. 

With the convenience of our electric washing machine, we 
tend to overlook the fact that underwear is always contaminated 
by fecal matter and urogenital secretions and excretions. Mixing 
these with socks and towels and dishcloths is all right if you are 
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going to Kill everything anyway. But if you don’t kill them, as in 
cold water washes, you are mixing the yeast, parasite eggs, 
bacterial spores, and fungus from underwear with all the other 
clothing you and your family wear. An enlightened system would 
be to add an antiseptic to the wash or rinse cycle. Lime water 
(calcium hydroxide) or iodine based antiseptics seem obviously 
simple methods to accomplish this. In the absence of this 
protection, use dryer heat to do your sterilizing. Underwear 
should be dried until too hot to handie. 

Bleach can kill a lot, but doesn't kill Giardia spores and a lot 
of types of fungus. Don't rely on bleaching. Besides, your skin 
absorbs it from clothing, it is quite toxic to you, and can cause 
‘mental effects. 

Commercial detergents are polluted with PCBs and have 
cobalt added. Both of these are easily picked up through your 
skin, Use washing soda and borax in the wash cycle. They do 
not clean quite as well as modern detergents, but there is less 
static cling, eliminating the need to put more chemicals in your 
dryer. For spot removal use homemade bar soap. 


Better Kitchen Habits 


Once a day, sterilize the sponge or cloth you use to wipe 
up the table, counter tops and sink. This little piece of contami- 
nated cloth is the most infectious thing in the house, besides the 
toilet. It's more dangerous than the toilet because you do not 
suspect it. Sometimes it has a slight odor at first, which may 
warn you, but most pathogens do not have an odor! As we wipe 
up droplets of milk, we give the milk bacteria, Salmonellas and 
Shigellas, a new home to multiply and thrive in. We add crumbs, 
picking up molds this way. We add dust, picking up parasite eggs 
and stages, They all feed on the milk and food residue. 
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‘As the counter and table and stove get wiped “clean” a film 
of contamination is left everywhere. A few varieties may die but 
most of them don't. The general moisture in the kitchen is enough 
for them to survive. The cloth or sponge recolonizes the kitchen 
and dining room table several times a day. 

No doubt, the last thing you do before leaving the kitchen is 
squeeze it dry with your hands. Now all the pathogens are on 
your hands! 

Where do your fingers go? To your mouth to remove a hull or 
bit of something from your teeth. Or to eat a last bite of 
something. Or to turn a page of the telephone directory. You have 
just eaten a culture sampling from your own kitchen sponge. In 
two hours they are already multiplying in the greatest culture 
system of all: your body! You have given yourself your next sore 
throat, or cold or headache. The worst possible habit is to wipe a 
child's face and hands with the kitchen cloth. Or to have a handy 
towel hanging from the refrigerator handle. 

To sterilize the sponge: drop it into a 50% solution of grain 
alcohol at the end of each day. Keep a wide mouth glass quart jar 
handy just for this. Keep the jar tightly closed and out of the 
reach of children, Dunk your sponge and plop it onto the sink. If 
you stand it on end in the sink it will partly dry overnight. 

Another way to sterilize the sponge or cloth is to microwave 
it, after wetting it, for 3 minutes. Any shorter time simply warms 
and cultures the pathogens and multiplies them. Or boil the cloth 
like our grandparents did. Drying out the dish cloth helps kill 
many-but not all-pathogens. It takes three days of drying to kill 
all! Another strategy is to use a fresh cloth or sponge each day, 
putting the used one to dry until laundry day. 


During the day, set the sponge on end to start drying and slow 
down culturing 
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Don't eat food directly off the counter top or table top. 
You wouldn't slice a tomato or egg directly on the counter top. It 
would pick up something: some little particle of dust or dirt. 
Treat bread the same way. Always on a new clean surface, such 
as a plate. The counter and table top have on them whatever is in 
the kitchen dust and on the wipe cloth. Dust is always falling! 
‘And the sponge is always culturing. Don't eat the dust! 

Keep the cutting board sterile like dishes. Wash it the same 
way and keep it in the cupboard. 

Keep food containers closed. Milk or water glasses are 
picking up dust as soon as you set them out. Dust is everywhere. 
Every step on the carpet sends up a puff of dust. Vacuuming 
sends up a hurricane of dust and distributes bathroom dust to the 
kitchen and kitchen dust to the bedrooms. So if one person has 
brought in a new infection, the whole family is exposed to it in 
hours via the dust. 

It is very helpful not to eat the new infectious pathogen. 
Breathing it is not so damaging. Our noses collect such pathogens 
and we blow them out again. Touching the infected person is not 
very damaging either; the pathogens can't get through our skins 
and since we wash hands before eating we are not at great risk of 
infection this way. But eating the pathogen is 100% effective in 
infecting us. The new pathogen is in the dust. The newly 
contaminated dust drops into your ready and waiting glasses on 
the table and the open foods. Of course, there is no defense if 
somebody should cough or sneeze at the table. 

Teach children to cough and sneeze into a suitable col- 
lecting place like a tissue, not their hands. Pathogens live 
bountifully on hands. Hands not only provide moisture but often 
food from the last meal, Hands are second only to the dish cloth 
in contamination level. If you must cough or sneeze and a tissue 
is not within reach fast enough, use your clothing! That's what 
clothing is for—to protect you. Cough and sneeze into your own 
clothing; this protects the cougher and sneezer, as well as eve- 
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rybody else. A sleeve is handy for children. The inside of your 
T-shirt for T-shirt wearers. The inside of coat for suited persons. 
The inside of the neck line for dresses. Of course, paper is best, 
but in emergency use cloth. Never, never your hands unless you 
are free to immediately dash into the washroom and clean the 
contamination off your hands. 

Teach children this old rearranged verse: 


If you cough or sneeze or sniff 
Grab a tissue, quick-quick-quick! 
‘And if you're sitting at the table 
Do it in your sleeve if able. 


Better Housekeeping 


Throw out as much of the wall to wall carpeting as you can 
bear to part with. It is injurious to everyone's health, even though 
it's comforting to bare feet and looks pretty. 

Carpets clean our shoes. Modern shoes, with their deep 
treads, bring in huge amounts of outdoor filth which settles deep 
down into the carpets. In spite of vacuuming every week, the filth 
accumulates, 

‘Vacuum the carpets when the children, the sick and elderly 
are out of the house. The dust raised and distributed throughout 
the house isn't just dirt, it's infectious dirt. It lands on tables and 
counters. These get wiped with a cloth or sponge and then ap- 
plied to dishes. The dust in the kitchen falls on open food and 
into open containers. 

Clean carpets with a “steam cleaner”. When you see how 
much filth is in the water and realize how much dirt you were 
living with, you might be willing to trade in the “beauty” of 
carpets for the cleaner living of smooth floors. Don't add chemi- 
cals (commercial cleaning solutions) to the steam cleaning ma- 
chine; these chemicals leave a residue in the carpet which dries 
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and flies up into the air to add to the dust. Popular stain resis- 
tance treatments contain arsenic. Cobalt, which adds “lustre” to 
carpets, causes skin and heart disease after it has built up in your 
organs. Use borax instead of detergent. Use boric acid to leave a 
residue that kills roaches and fleas (but not ants). Add vinegar 
that leaves a residue to repel ants. Nothing controls fleas 
reliably, except getting rid of the carpets and cloth furniture 
(Keep pets out of bedrooms). Removing all the borax is what 
brings luster to the carpet. Use citric acid in the rinse water for 
this purpose. Adding lemon peel to the rinse also adds luster and 
ant deterrence. Just drop the whole lemon in the tank so it can't 
block the hoses. 

Fleas and other vermin in the carpet simply craw below the 
wetness level when you wash the carpet. Spraying a grain alco- 
hol solution with lemon peel in it (it needs to extract for a half 
hour) on the damp carpet will reach and kill a lot of these, to- 
gether with the residual bacteria. The damp carpet lets it spread 
evenly and reach all the crevices. 

We are trapped in our dwellings. Primitive peoples were 
mobile. This got them away from accumulations of filth and 
rubbish in their living space. Much living was done outdoors, the 
cleanest space of all. 

Now, air conditioning has made indoor living more com- 
fortable. But also has added new hazards. The strong currents of 
air blow the dust about continuously. Molds and bacteria that 
grow right on the air conditioning unit get blown about for all to 
inhale. Never, never use fiberglass as a filter or to insulate your 
air conditioner around the sides. It is a carcinogen. And the 
danger of freon escaping from a tiny leak is another major health 
hazard. 

Forced air heating systems are undesirable, too. All dirt 
brought into the house by shoes gets circulated throughout the 
house by forced air systems of heating or cooling. Old fashioned 
radiant heat from radiators or a stove did not distribute the 


403 


THE CURE FOR ALL DISEASES 


dust so effectively. A retum to linoleum floor covering for 
kitchen and bathroom and hardwood for other rooms would be a 
good step of progress for a health conscious society. Mopping, 
instead of the vacuum cleaner, keeps dirt to a minimum. Throw 
rugs at doors and bedside, easy to clean, would “catch the dirt” 
as was the original intention, Carpets were intended to help keep 
filth out of the air. These smaller rugs should be laundered 
weekly. 

Furniture should be wood, cane, or plastic, with cushions to 
soften the impact. These can be washed weekly if the covers are 
removable. Modern cloth furniture with its foam interior is a 
repository of filth and fumes and a constant source of infectious 
dust. 


This old fashioned setting is more progressive than our carpeted, 
modern homes. 
Fig. 56 Smooth floors allow every bit of dust to be removed. 


Dust your furniture with a damp paper towel. You are picking 
up and removing highly infectious filth (Ascaris and pinworm 
eggs, pet parasites, “dander” and house mites). Instead of 
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sound source > audio alert > audio indicator 


Figure 28-2. An audio indicator approximately 0.5" indi 
ameter. partially disassembled on the right, revealing its 
brass diaphragm. 


Figure 28-3. The same indicator from the previous pho: 
tograph, with its enclosure completely removed, 


Values 


Foran explanation and discussion of sound pres- 
sureanditsmeasurementin decibels, see"Sound 
Pressure" on page 251 in the previous entry. 


Audio indicators generally haveasound pressure 
rating in dBSPL ranging between 65dBSPL to 
‘95dBSPL, with just a few products that make 
more or less noise. At 120dB and above, most 
products are packaged as alarm sirens ready for 
installation, often with a small horn attached. 
Their power consumption can be 200mA or 


more, and they are many times the price of a 
simple indicator designed for circuit-board 
mounting. 


Voltage 

Anaudio indicator containing its own electronics 
will almost always be rated somewhere in the 
range from SVDC to 24VDC. Sirens intended for 
use with burglar alarms are often designed for 
12VDC or 24VDC, as these are popular values for 
security systems with battery backup. However, 
in addition to a rated voltage, a datasheet may 
specify a wide range of acceptable operating 
voltages. For example, an indicator with a rated 
voltage of 12VDC may have an operating voltage 
of 3VDC to 24VDC. Naturally, the sound intensity 
will vary with the voltage, butnotas much as one 
might assume. The graph at Figure 28-4 shows 
that the sound output from an alarm, measured 
in decibels, increases by only 8dB when voltage 
increases by almosta factor of five. Of course, the 
decibel scale is not linear, but human perception 
of sound is not linear, either. 
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distributing these from room to room, throw the paper towel 
away after each room is done. Use plain water or vinegar water 
(50%), not a chemical combination which further pollutes the air. 

Clean windows with vinegar water, too. Use a spray bottle. 

Keep your dishes in cupboards. This keeps them free of dust. 
This principle is ancient. It is tempting to leave some of them out. 
If you must keep the juicer or dishes outside of cupboards, keep 
them covered or placed upside down so they don't catch dust. 
Even inside cupboards, store them upside down. When using the 
“good” dishes or glasses, that haven't been used in a while, wash 
them first. 


Windows Open Or Closed? 


In places like Chicago where you can smell the air as you 
approach the city, it is wiser to keep your windows shut. You 
can't breath the industrial “soup” all day and night and expect to 
stay healthy. Of course, it all enters the houses anyway. Central 
air conditioning and a plain carbon filter at the furnace location 
(see Sources) may be the best solution in spite of blowing dust 
around the house. Keep the vents to the bedrooms closed to re- 
duce the air turbulence there but leave the cold air return open. 
Clean the vents in other rooms each week along with floors and 
carpets by pulling up the grating and reaching down the passage 
as far as possible. 

If you believe the air is free of highway exhaust and indus- 
trial smoke open the windows every day. This will let some of 
the indoor toxins blow away. Asbestos, fiberglass, freon, radon 
and plain dust can be reduced to a minimum by keeping windows 
open. If you are ill, sit outdoors (on the porch) as much as you 
can. Escape to a suitable climate that makes this possible. 
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Just a few decades ago, many people had summer living 
quarters that were different from winter living quarters. Gone 
was all the accumulated infectious dust of half a year of habita- 
tion. 


Fig. 57 Moving into the summer kitchen got you away from the 
accumulation of filth from winter! 


Don't have a basement where you stockpile toxic items. 
Basements invite mold, mice and radon besides toxic things. 
Fumes travel upward where you live! Keep your toxic things in 
the attic. If there is no attic, store them in the utility room. Close 
off the ventilation between utility room and the rest of your 
house. If you have none of these, perhaps because you live in a 
senior citizen community or condominium, don't keep any toxic 
things stored anywhere. Don't save any leftover paints, solvents 
or cleaners. Buy such small quantities that you can afford to 
throw it all away when you are done with them, 

Live on top of the earth as was intended by nature. 

Never have a basement room “finished” for actual living 
space. Don't buy a house that has a “lower level” built into the 
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earth. This will be the most polluted and dangerous room in your 
house. If you are ill, move out of such a room. There is no way 
that it can be “cleaned up”. Move to the other end of the hous 
and furthest away from an attached garage door. 


What Kind Of Heat 


The worst is coal. The best is none. Breathing coal fumes 
during the beginning of the industrial age may have brought the 
new lung diseases: tuberculosis (TB), and pneumonia. It may 
also have worsened alcohol addiction (beryllium toxicity). 
Choose electric heat if possible. Even though electricity is based 
on other fuel consumption, you don't have to breathe those fumes 
directly. 

Wood stoves can be made safe by making sure the chimney 
works properly. Never use a lighter fluid. Don't fill the house 
with smoke when stoking. 

Minimize your use of fossil fuels in every way you can. 


Getting Rid of Mites 


We do not tolerate external parasites like bedbugs, lice, 
ticks, leeches. Bedbugs were once a scourge amongst northern 
Europeans. I remember our parents spraying for them (kerosene) 
in the bedroom. This only “controlled” them. What eliminated 
them was a law against sale of used mattresses. Lice were 
originally “controlled” by frequent washing, louse combs, and 
ironing the seams of clothing. What eliminated them was the 
cutting of long hair as a societal practice. But what about mites? 
They live with us and other animals. 
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Mites are too tiny to see, 
tiny enough to ride on a dust 
particle as if it were a magic 
carpet. They resemble  in- 
sects. Chiggers are really 
mites. Mange in animals is a 
mite infestation, Dust. mites 
live on our dander (scales of 
dead skin). 

Get rid of their breeding 
places: beds, cloth covered 
chairs and soft sofas. Humans 
leave enough dander behind 
in these places to support 
these ultra small insects. Cover mattresses with plastic covers 
Use throws on easy chairs and sofas and wash them often. Never 
allow a pet into the bedroom or the dust will have tapeworm 
eggs as well as mites. Throw out rugs that have been pet-beds. 
Spray the air with a mist of 50% grain alcohol before vacuuming. 
If you have an illness wear a mask to vacuum. Deep, soft, wall to 
wall carpets compromise an ancient concept: everything should 
be washable and cleanable, without throwing the dirt into the air 
for humans to inhale. Vacuuming a carpet blasts mites and tape 
eggs into the air. Never shake bedding or rugs where the dust 
will blow back into the house behind you. 

Mites don’t bite us but we inhale them as they float in the ever 
present dust in our homes. The mucus in our lungs traps them and 
in a few days they die, only to release a drove of Adenoviruses 
(common cold virus) in us. 


Fig. 58 Mite. 
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Chronic health problems are not due to exposures of the past. 
They are ongoing. Your body is constantly fighting to remove 
pollutants. In order to stay sick, you must be constantly 
resupplied! These four clean-ups-dental, diet, body, home-are 
aimed at removing parasites and pollutants at their source. Only 
then can your body heal. 


Dental Clean-up 


(This section on dentistry was contributed by Frank Jerome, 
DDS) 

Dr. Jerome: The philosophy of dental treatment taught in 
America is that teeth are to be saved by whatever means avail- 
able, using the strongest, most long lasting materials. Long-term 
toxic effects are of little concern. The attitude of the majority of 
dentists is: whatever the American Dental Association (ADA) 
says is OK, they will do. 

A more reasonable philosophy is that there is no tooth worth 
saving if it damages your immune system. Use this as your 
guideline. 

The reason dentists do not see toxic results is that they do not 
look or ask. If a patient has three mercury amalgam fillings 
placed in the mouth and a week later has a kidney problem, will 
she call the dentist—or the doctor? Will they ever tell the dentist 
about the kidney problem or tell the doctor about the three 
fillings? A connection will never be made. 

It is common for patients who have had their metal fillings 
removed to have various symptoms go away but, again, they do 
not tell the dentist. The patient has to be asked! Once the patient 
begins to feel well they take it for granted, and don't make the 
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connection, either. If everybody's results were instantaneous, 
there would be no controversy. 

Find an alternative dentist. They have been leading the 
movement to ban mercury from dental supplies. Not only mer- 
cury, but all metal needs to be banned. If your dentist will not 
follow the necessary procedures, then you must find one that 
will. The questions to ask when you phone a new dental office 
are: 


1, Do you place mercury fillings? (The correct answer is NO. 
If they do, they probably don’t have enough experience in 
the use of non-metal composites.) 

2. Do you do root canals? (The correct answer is NO. If they 
do, they do not understand good alternative dentistry.) 

3. Do you remove amalgam tattoos? (The correct answer is 
YES. Tattoos are pieces of mercury left in the gum tissue.) 

4. Do you treat cavitation? (The correct answer is YES. By 
cleaning them.) The complete name of cavitations is al- 
veolar cavitational osteopathosis. They are holes 
(cavities) left in the jawbone by an incompletely extracted 
tooth. A properly cleaned socket which is left after an ex- 
traction will heal and fill with bone. Dentists routinely do 
NOT clean the socket of tissue remnants or infected bone. 
A dry socket (really an infected socket) is a common result. 
These sockets never fully heal. Thirty years after an 
extraction, a cavitation will still be there. It is a form of 
osteomyelitis, which means bone infection. 


Ninety percent or more of dental offices will not be able to 
answer ANY of the above questions correctly. If you allow the 
work to be done by a dentist who does not understand the im- 
portance of the above list, you could end up with new problems. 
Find the right dentist first even if you must travel hundreds of 
miles. There are 6,000 to 10,000 dentists who should be able to 
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help. Some can do part of the work and refer you to a specialist 
for the rest. Five hundred to one thousand of these dentists ean do 
it all 

Normal treatment cost is about $1,000 for replacement of 6 to 
8 metal fillings including the examination and X-rays. For people 
with a metal filling in every tooth, or for the extraction of all 
teeth (plus dentures), it may be up to $3,000 (or more in some 
places). 

Remember, the simpler the treatment, the better. If the 
dentist says that he or she can change your metal fillings to 
plastic but it would be better to crown them, say “NO!” 


Guidelines For A Healthy Mouth 


ifyou have What to do 
Metal filings change to plastic filings 

Inlays and onfays change to plastic filings 

‘Crowns (all types) change to plastic crowns 

Bridges change to plastic crowns, partials 
Metal partials change to plastic partials(Flexite™) 
Pink dentures change to clear plastic 


Porcelain denture teeth | change to plastic denture teeth 
Badly damaged teeth | become extractions 


Root canals become extractions 
Braces and implants | avoid 

Cavitations need to be surgically cleaned 
Temporary crowns use plastic 

Temporary fillings use Duralon™ 


Fig. 59 Dental replacements. 
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The guidelines can be summarized as: 


1. Remove all metal from the mouth, 
2. Remove all infected teeth and clean cavitations. 


Dr. Clark: Removing all metal means removing all root ca~ 
nals, metal fillings and crowns. Take out all bridge work or 
partials made of metal and never put them back in, But you 
may feel quite attached to the gold, so ask the dentist to give 
you everything she or he removes. Look at the underside. You 
will be glad you switched. 


The top surfaces of tooth filings are kept glossy by brushing (you 
swallow some of what is removed). Underneath is tarnish and foulness. 
Ask to see your crowns when they are removed. 

Fig. 60 Tops and bottoms of some metal crowns. 
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The stench of the infection under some teeth may be over- 
whelming as they are pulled. Bad breath in the morning is due 
to such hidden tooth infections, not a deficiency of mouthwash! 

All metal must come out, no matter how glossy it looks on 
the surface. Metal does not belong in your body. It is an un- 
natural chemical. Do this as soon as you have found a dentist 
able to do it. Find a dentist with experience and knowledge 
about this subject. It is more than replacing acknowledged cul- 
prits like mercury-amalgam fillings. This is metal-free 
dentistry. Only metal-free plastic should be put back in your 
mouth 

Dr. Jerome: If your dentist tells you that mereury and other 
metals will not cause any problems, you will not be able to 
change his or her mind. Seek treatment elsewhere! 

Your dentist should do a complete X-ray examination of your 
mouth. Ask for the panoramic X-ray rather than the usual series 
of 14 to 16 small X-rays (called full mouth series). The 
panoramic X-ray shows the whole mouth including the jaws and 
the sinuses. This lets the dentist see impacted teeth, root frag- 
‘ments, bits of mercury buried in the bone and deep infections. 
Cavitations are visible in a panoramic X-ray that may not be seen 
in a full mouth series. 

The cost of removing metals should be viewed in the proper 
light. It took years or decades to get into your present condition, 
When you do a lot of dental repair in a short time, it can seem to 
be costly. Unfortunately, many people are in a tight financial 
position because of the cost of years of ineffective treatment, 
trying to get wel 

Your dentist may recommend crowning teeth to “protect” or 
strengthen them. Unfortunately, the very concept of crowning 
teeth is flawed. First, the enamel is removed from a tooth to 
prepare for the crown, This is permanent and serious damage! 
Many teeth, up to 20%, may die after being crowned and will 
need to be extracted. For this reason, you should only get 
REPLACEMENT crowns and NO NEW crowns. Your metal 
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crowns can be changed to plastic. (Remember, no metal must be 
left under the crown.) 

If you have many crowns, you should have them all removed 
as quickly as possible. But you should not spend more than two 
hours in the dentist's chair at any one time. That is too much 
stress for your body. 

Dr. Clark: Don ‘t accept intravenous (IV) treatments 
during amalgam removal. Both IV bags and the supplements 
used in them are polluted with propyl alcohol, benzene, and 
wood alcohol. 

Dr. Jerome: It is quite all right to have temporary crowns 
placed on all teeth that need them in the first visit. You may then 
go back and complete treatment over the next 6 to 12 months. It is 
common to find a crowned tooth to be very weak and not worth 
replacing the crown, particularly if you are already having a 
partial made and could include this tooth in it. 

Dr. Clark: We are accustomed to thinking that plastic is 
metal-free. This is wrong. The original dental plastic, methyl 
methacrylate was metal-free. But modern plastic contains 
metal. The metal is ground up very finely and added to the 
plastic in order to make it harder, give it sheen, color, etc. 

Dr. Jerome: Dentists are not commonly given information on 
these metals used in plastics. The information that comes with 
dental supplies does not list them either. Most dentists never look 
at a dental materials book after they graduate. The ADA, 
however, has a library full of such information.”" 

Dr. Clark: There are many lanthanide (Rare Earth) metals 
used in dental plastic. Their effects on the body from 
dentalware 


*' Call the American Dental Association at (800) 621-8099 (Illinois 
(800) 572-8309, Alaska or Hawaii (800) 621-3291). Members can ask 
for the Bureau of Library Services, non-members ask for Public Infor- 
mation, 
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Current 

Typical piezoelectric indicators use less than 
10mA (often as little as SmA) and generate neg- 
ligible heat. 


Frequency 
The most common frequencies for indicators 
range between 3kHz and 3.5kHz. Piezoelectric 
elements are inefficient for generating sounds 
below 1kHz. 


Duty Cycle 
jezoelectric alerts generate very little heat and 
can be run on a 100% duty cycle. 


If an alert will be pulsed briefly, the minimum 
pulse timeis 50ms. A shorter duration will merely 
generate a clicking sound, 


How to Use It 
Appropriate Sound Intensity 


An indicator should be chosen with reference to 
the environment in which it will be used. To be 
easily heard, it should be at least 10 dB louder 
than the ambient background noise, 


sound source > audio alert > audio indie: 


Volume Control 

Sound intensity can be reduced by reducing the 
voltage. Because an indicator does not consume 
much current, a trimmer can serve as a volume 
control. Alternatively, a rotary switch with a set 
of fixed-value resistors can select preset sound 
values. 


However, in many indicators, variations in volt- 
age may have relatively little effect on sound 
output, as shown in Figure 28-4, 

Wiring 

Anindicator requires DC voltage. Because the i 
dicator contains a transistor, polarity of the pow- 
er supply is important. Ifthe indicator has leads 
attached, the one intended for connection to the 
positive side of the power supply will be red. If it 
has pins, the longer pin will be for the positive 
connection. 


What Can Go Wrong 


The potential problems in an indicator are the 
sameas those fora transducer. See "What Can Go 
Wrong” on page 254 in the previous entry. 
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have NOT been studied. Yet their cancer-promoting ability is 
known in many cases.” Only metal-free plastic is safe. 

Dr. Jerome: These are the acceptable plastics; they can be 
procured at any dental lab. 


+ Plastic for dentures: Methyl Methacrylate. Available in 
clear and pink. Do not use pink.” 

* Plastic for partial dentures: Flexite™ Available in clear 
and pink. Do not use pink. 

+ Plastic for fillings: Composite Materials. This is the mate- 
rial that has been used in front teeth for 30 years. It has 
been used in back teeth for 10 years. There are many 
brands and there are new ones being marketed constantly. 
‘The new ones are very much superior to those used 10 
years ago and they will continue to improve. They do, 
however, contain enough barium or zirconium to make them 
visible on X-rays. There are no alternatives available 
without these metals. 


Dr. Clark: Composites with barium are not good, but 1 
haven't seen enough barium toxicity from fillings at this time to 
merit advising extraction instead. Hopefully, a barium-free va- 
riety will become available soon to remove this health risk. 

Dr. Jerome: Many people (and dentists too) believe that 
porcelain is a good substitute for plastic. Porcelain is aluminum 
oxide with other metals added to get different colors (shades). 
The metal DOES come out of the porcelain! It has many technical 
drawbacks as well. Porcelain is not recommended. Some- 


 Thulium and ytterbium have been studied for their tumor-seeking 
ability. See page 321 in the book METAL IONS In BIOLOGICAL 
SYSTEMS, Vol. 10, Carcinogenicity and Metal fons. Editor Helmut 
Sigel 1980. 
® The pink color is from mercury or cadmium which is added to 
the plastic. 
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times the white composite fillings are called porcelain fillings 
but they are not They also require more tooth structure to be 
removed. 

If you have a large bridge, it cannot be replaced with a plas- 
tic bridge because it isn't strong enough. A large bridge must be 
replaced with a removable partial (Flexite™). 

The methods used to remove metals and infections are tech- 
nical and complicated. See dental information in Sources. 

Dr. Clark: I'd like to thank Dr. Jerome for his 
contributions to this section, and his pioneering work in metal- 
free dentistry. I hope more dentists acquire his techniques. 


Horrors Of Metal Dentistry 


Why are highly toxic metals put in materials for our mouths? 
Because not everyone agrees on what is toxic at what level. Just 
decades ago lead was commonly found in paint, and until 
recently in gasoline. Lead was not less toxic then, we were just 
less informed! The government sets standards of toxicity, but 
those “standards” change as more research is done (and more 
people speak out). You can do better than the government by 
dropping your standard for toxic metals to zero! Simply remove 
them, 

The debate still rages over mercury amalgam fillings. No one 
disputes the extreme toxicity of mercury compounds and mercury 
vapor. The ADA feels that mercury amalgam fillings are safe 
because they do not vaporize or form toxic compounds to a 
significant degree. Opponents cite scientific studies that 
implicate mercury amalgams as disease causing. Many dentists 
advocate mercury amalgam fillings simply because they are ac- 
cepted by the ADA, which they believe protects them from 
malpractice litigation. Why risk your health and life on their 
opinions? Remember everything corrodes and everything seeps, 
so amalgams must too. 
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Cadmium is used to make the pink color in dentures! Cad- 
mium is five times as toxic as lead, and is strongly linked to high 
blood pressure. 

Occasionally, thallium and germanium are found together in 
‘mercury amalgam tooth fillings. Thallium causes leg pain, leg 
weakness, and paraplegia. If you are in a wheelchair without a 
very reliable diagnosis, have all the metal removed from your 
mouth. Ask the dentist to give you the grindings. Try to have them 
analyzed for thallium using the most sensitive methods available, 
possibly at a research institute or university. 

I was astonished to find thallium in mercury amalgams! It 
couldn't be put there intentionally, look how toxic it is: 


TEJ500 HR:3 

‘THALLIUM COMPOUNDS 

‘Thallium and its compounds are on the Community Right To 
Know List. 

‘THR: Extremely toxic. The lethal dose for a man by inges- 
tion is 0.5-1.0 gram. Effects are cumulative and with continuous 
exposure toxicity occurs at much lower levels. Major effects are 
on the nervous system, skin and cardiovascular tract. The periph- 
eral nervous system can be severely affected with dying-back of 
the longest sensory and motor fibers. Reproductive organs and 
the fetus are highly susceptible. Acute poisoning has followed 
the ingestion of toxic quantities of a thallium-bearing depilatory 
and accidental or suicidal ingestion of rat poison. Acute 
poisoning results in swelling of the feet and legs, arthralgia, 
vomiting, insomnia, hyperesthesia and paresthesia [numbness] of 
the hands and feet, mental confusion, polyneuritis with severe 
pains in the legs and loins, partial paralysis of the legs with 
reaction of degeneration, angina-like pains, nephritis, wasting 
and weakness, and lymphocytosis and eosinophilia. About the 
18th day, complete loss of the hair on the body and head may 
occur. Fatal poisoning has been known to occur. Recovery 
requires months and may be incomplete. Industrial poisoning is 
reported to have caused discoloration of the hair (which later 
falls out), joint pain, loss of appetite, fatigue, severe pain in the 
calves of the legs, albuminuria, eosinophilia, lymphocytosis and 
optic neuritis followed by 
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atrophy. Cases of industrial poisoning are rare, however. Thal- 
lium is an experimental teratogen [used to induce birth defects 
for study]. When heated to decomposition they [sic] emit highly 
toxic fumes of TI [thallium]. See also THALLIUM and specific 
compounds * 


Fig. 61 Thallium excerpt. 


Thallium pollution frightens me more than lead, cadmium and 
mercury combined, because it is completely unsuspected. Its last 
major use, rat poison, was banned in the 1970s, Every 
wheelchair patient I tested was positive for thallium! One current 
use for thallium is in Arctic/Antaretic thermostats. When added 
to mercury the mercury will stay liquid at lower temperatures. 
‘Are mercury suppliers then providing the dental industry with 
tainted amalgam? 

The cancer causing or carcinogenic action of metals has been 
studied for a long time, although it doesn't get attention by our 
regulatory agencies. A scientific book on this subject_ was 
published in 1980. One table from this book is shown on page 
431. We can see that chromium and nickel compounds are the 
most carcinogenic metals. Nickel is used in gold crowns, braces, 
and children's crowns! 

Note that the form of the metal is very important, For instance 
chromium is an essential element of glucose tolerance 


4 Dangerous Properties of Industrial Materials, 7th ed. by N. 
living Sax and Richard J. Lewis Sr., Van NOSTRAND, Reinhold N.Y. 
1989. 

® The tile is Carcinogenicity and Metal lons. It is volume 10 of a 
series called Metal lons in Biological Systems, edited by Helmut Sigel. 
‘A university chemistry library should have this book. It has a fascinat- 
ing chapter on the leukemias by two scientists from the Academy of 
Sciences of the USSR, E. L. Andronikashvili and L. Mosulishvili. Their 
briliant work and discussion was largely responsible for my pursuit of 
the whole subject of cancer. 
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‘factor, but most of its other compounds are extremely toxic. In 
general, xenobiotic compounds (foreign) are 
to be avoided! Metal doesn't belong in our 
foods or in our bodies. 


Dental Rewards 
i After your mouth is metal and infection- 


ge _ “ee notice whether your sinus condition, 

. fe carctinging, enlarged neck glands, headache, 

© enlarged spleen, bloated condition, knee pain, 

Fig. 62 More 0% pain, hip pain, dizziness, aching bones 
Jontal metal, 24 joints improve. 

Keep a small notebook to write down 
these improvements. It will show you which symptoms came 
originally from your teeth, Symptoms often come back! So go 
back to your dentist, to search for a hidden infection under one or 
more of your teeth, or where your teeth once were! That infection 
can be the cause of tinnitus, TMJ, arthritis, neck pain, loss of 
balance, and heart attacks! 

Dentures can be beautiful. Of course, plastic isn't natural, but 
it is the best compromise that can be made to restore your mouth. 
At least it isn't positively charged like metals; it can't set up an 
electric current nor a magnetic field in your mouth, all of which 
‘may be harmful. 

Do not be swayed . 


by arguments that plastic , 
is not as strong as metal. 4 ‘." 
You see dentures : | 
ae 
“€ ; 
~ 


everywhere and they 
seem strong enough to 
Fig. 63 Beautiful plastic mouth. 


eat with. You will be 
told that “noble” metals 
like gold and platinum 
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and silver are OK, that they are “inert” and do not corrode or 
seep. Nothing could be more untrue. You may be keeping them 
glossy by the constant polishing action of your toothpaste. But if 
you look at the underside, the view is frightful. Everything 
tarnishes and everything seeps. You wouldn't expect even a 
gold or silver coin that 
was dropped in a foun- 
tain 50 years ago to be 
intact. As metal corrodes 
your body absorbs it! 

In breast cancer, es- 
pecially, you find that 
metals from dentalware 
have dissolved and ac- ai 
cumulated in the breast. Fig. 64 Ugly metal in mouth. 
They will leave _the 
breast if you clear them out of your mouth (and diet, body, home). 
‘The cysts shrink and are simply gone. No need to do surgery! 


Diet Clean-up 


Breakfast 


Cook your cereal from scratch. Don't eat cold cereal; it has 
numerous solvents and molds. Buy hot cereals that say “no salt 
added,” like cream of wheat, steel cut oats or old fashioned 
oats,”* millet, corn meal, cream of rice, or Wheatena. Cook it 


®° Rolled oats have 235 mog nickel per serving of 4 ounces, picked 
up from the rollers, according to Food Values 14th ed. by Pennington 
and Church, 1985. | have only found nickel in the “one-minute” or 
stant” variety of oats, however. 
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with milk to add nutritive value. Add your own (non-aluminum) 
salt and a pinch of vitamin C before cooking. Make granola from 
a recipe (see Recipes). Use honey, or brown sugar. Add raisins 
that were soaked for 5 minutes in vitamin C water. Use whipping 
cream or butter (both boiled) if you need to gain weight. Isn't this 
a delicious way to start your day! Add cinnamon to flavor, or 
frozen fruit and honey. 


Fig. 65 Unpolluted breakfast cereals. 


Or start your day with fried potatoes, an egg, and glass of 
milk. Don't worry about cholesterol since you will be doing liver 
cleanses anyway. (We have been told that eggs carry Salmonella 
bacteria. I found Salmonellas only on the outside shell and the 
egg carton—never inside! Could the researchers have 
accidentally transferred the bacteria from the shell to the inside 
while they were testing?) 

The milk should be 2% or more butterfat because the caleium 
in milk cannot be absorbed without at least this much fat, Eat 
homemade yogurt and add honey or homemade preserves 
yourself. You need 3 cups of a milk product each day. Home- 
‘made buttermilk is fine. If you don't tolerate milk, and get diar- 
thea from it, try a milk digestant tablet to go with it. Start with 
only % cup at a time. Do not choose chocolate milk. There is no 
substitute for milk; calcium tablets are not satisfactory. Vegeta- 
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ble matter, although high in calcium, does not give you available 
calcium either, unless you buy a juicer and make vegetable juice 
out of it. Eating fish can give you a lot of calcium, but it is in the 
tiny bones hidden in the fish. Don't try to remove them. Canned 
salmon has a lot of calcium; tuna does not. On a day that you eat 
fish, you would not need milk. Goat milk is probably better than 
cows’ milk, but more difficult to get used to. 


Lunch 


Cook your food from scratch. Don't start with cans or pack- 
ages or frozen items to make some recipe. In fact, don't bother 
with any fancy recipes. Just cook two or three vegetables for 
lunch and eat them with butter and salt or homemade sauces. 
Bread and milk rounds it out, plus fruit (not canned or frozen). 
Soup is a nice change. Cook it with all the vegetables you can 
find, Don't start with a can or packet or cube. Use a bit of onion 
and genuine herbs to give it zest. Thyme and fenugreek, together, 
make a flavorful combination you can purchase in capsules. Just 
pull apart and season. 

If all this is too much work, make fresh vegetable juice once 
a week and freeze enough so that you can have a daily nutritious 
‘meal just by pouring a glass of it, together with bread and yogurt 
or milk. 


Never diet during illness 


This is a rule based on common sense. A weight-loss diet 
must wait at least two years. 


Bake your own bread! I found aflatoxin in commercial 
bread after just four days in my bread box, but none in homemade 
bread even after two weeks! Aflatoxin is a most potent 
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carcinogen and immunosuppressant. Aflatoxin is the toxin in your 
diet that keeps you from clearing propyl alcohol from your body 
(see 382)! Aflatoxin is a substance made by mold; bread starts to 
mold on the grocery store shelf. Don't buy plastic-wrapped 
bread, Don't ever salvage moldy food, whether it is fruit, breads 
or leftovers in the refrigerator. Throw them out. Buy a bread 
maker. It can do everything, including baking the bread. Use 
unbleached (unbrominated) flour and add Ystsp. vitamin C 
powder per loaf to help retard mold further (it also makes the 
bread rise higher). 


Supper 


Cook your supper from scratch. Emphasize fish for animal 
food, not beef, pork, turkey or chicken. Don't buy bread crumbs, 
use your own, Don't buy batter, make your own. Use genuine 
eggs, not substitutes. Wash your hands after handling raw meat or 
eggs. 

Make your own salad and salad dressing out of olive oil, 
fresh lemon juice or white distilled vinegar (apple cider vinegar 
has aflatoxins), honey, salt and herbs to flavor. If your digestion 
isn't strong enough for raw vegetables or fruit, make juice. Get a 
sturdy juicer and make your juice about half carrot juice and half 
from vegetables like celery, squash, lettuce, and broccoli. Make 
your own tomato sauce with pure herb seasoning, not from ajar 
or can (home canned foods are fine, of course, as long as they are 
not made in a big aluminum pot with aluminum-containing salt). 

Cook real potatoes, not instant varieties. Peel them to get rid 
of Kojic acid (mycotoxin) and scopolamine (the green part). 
Make mashed potatoes from scratch, with milk, not box potatoes, 
nor chips nor French fries. Chips and fries were made in 
chemical grease called “hydrogenated.” There is a large amount 
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of nickel in hydrogenated fats.”” Fry your potatoes in butter, lard 
or olive oil, Find butter that is not wrapped in foil and is not 
salted. Salt your own butter, using aluminum-free salt. Don't 
wrap potatoes in foil to bake, coat with butter or olive oil. Don't 
cat the peels. 


Eat no meat that hasn't been cooked as 
thoroughly as if it were pork. 


Other animals are as parasitized as we, full of flukes and 
worms and Schistosomes in every imaginable stage, and if the 
blood carries these, would we not be eating live parasites if we 
eat animals in the raw state? We have been taught to cook thor- 
oughly any pork, fish or seafood. Now we must cook thoroughly 
any beef, chicken or turkey. It must be at cooking temperature 
(212°F or 100°C) for 20 minutes. Freezing is not adequate. 
Canned meats are safe from living parasites, but are not 
recommended due to added chemicals. 


Beverages 
Drink 6 kinds of beverages: 


+ milk + vegetable juices 
+ water + herb teas 
+ fruit juices + homemade (see Recipes) 


27 444 mcg/100 g. Taken from Food Values 14th ed. by Penning- 
ton and Church, 1985. 

8 Salt has aluminum in it to keep it from caking. Buy salt that has 
magnesium carbonate as its anti-caking agent. Sea salt must be baked 
for 5 minutes at 400°F to destroy molds. Or buy chemically pure salt 
(see Sources). 
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headphone 


The term headphone is used here to include almost any device that fits into or over the 
ear for the purpose of sound reproduction. (Hearing aids are not included.) Because 
headphones ate used in pairs, the term is usually pluralized. 


The term phones is fairly common as a colloquial diminution of headphones but is not 
used here 


‘An earphone used to bea single sound reproduction device designed for insertion into 
the ear, but has become rare. Pairs of earbuds are now common. 


Because this encyclopedia assigns more emphasis to electronic components than to. 
consumer products, this entry provides only a superficial overview of fully assembled 
headphones, and deals more with the drivers inside them, their principles of operation, 
and the general topic of sound reproduction, 


OTHER RELATED COMPONENTS 


«+ transducer (see Chapter 27) 
speaker (see Chapter 20) 


What It Does 


Aheadphone converts fluctuations of an electric a] 
signal into pressure waves that the human ear 

perceives as sound. It can be used for reproduc- 
tion of music for entertainment purposes, or for 
speech in telecommunications, broadcasting, 
and audio recording. 


How It Works 


Two symbols for headphones are shown in 
Figure 29-1, The symbol on theleft showsasingle 


headphone or earphone; when this symbol is. Audio Basics 


2S 


-63- 


Figure 29.1. Schematic symbols fora single earphone or 
headphone (left) and a pair af headphones (right). 


flipped horizontally, it can represent a micro- 
phone. The pictographic symbol on the righthas 
been used for many decades, but is still often 
found in schematics. 


Sound is transmitted as pressure waves through 
amedium thats usually air butcan bea gas, fluid, 
orsolid, The speed of transmission will vary with 
the density and other attributes of the medium. 
‘Small hairs in the inner ears, known as cilia, vi- 
brate in sympathy with pressure waves and 
transmit nerve impulses to the brain, which in- 
terprets the impulses as sound. 
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This means getting off caffeine. And if you are already fa- 
tigued, this means you might be even more fatigued for a short 
time. You might have headaches from withdrawal, too, But they 
will only last 10 days. Mark your calendar and count off the 
days. Take headache medicine, if necessary, but make sure it 
does not contain caffeine. For energy, to replace caffeine, take 
one arginine (500 mg, see Sources) upon rising in the morning 
and before lunch. Soon you won't need it. 

Cutting down on coffee, decaf, soda pop and powdered 
drinks won't do. You must be completely off. They contain very 
toxic solvents due to careless, unregulated production methods. 
Much is imported and can't be sufficiently regulated. 

Even though grain (drinking) alcohol is the recommended 
substitute for propyl alcohol, that doesn't mean you may safely 
drink it, It is inadvisable to drink any form of alcohol at least 
until you are fully recovered. 

1. Milk: 2% or higher, drink three 8 oz. glasses a day. Al- 
ternate brands. Buttermilk will do. Homemade yogurt is fine. 
Goat milk is also fine. Start with % cup and increase gradually, if 
you are not used to it. If you do not drink milk because it gives 
you more mucous, try to drink milk anyway. If you have other 
reactions, like diarrhea, try milk digestant tablets (available at 
health food stores). Milk is too valuable to avoid: there are many 
unwanted chemicals in most brands of milk, but it is solvent-free, 
mold-free and very nutritious. The only exception should be for 
serious symptoms, like swelling, colitis, flu, or chronic diarrhea. 

But all milk, whether goat or cow, is contaminated with 
Salmonella and Shigella bacteria as well as fluke parasite 
stages. Cattle are immunized against Salmonella but it does not 
prevent its persistence in the bowel. All these are very harmful. 
Pasteurization does not kill all of them. Only heating to a rolling 
boil makes milk safe. To do this in the easiest way, pour 1 or 2 
quarts milk into an enamel double boiler or microwavable glass 
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jar. Stay in the kitchen while the heat is on. When the bubbles 
have risen to indicate boiling, turn off the heat. You may throw 
away the “skin”, Pour into glass jar and refrigerate. Another easy 
way is to use a pressure cooker that holds several pint jars of 
milk. All dairy products that have only been pasteurized are still 
contaminated. Ultrapasteurization does not improve matters. 
Dairy products that cannot be sterilized should not be consumed. 
It may be possible to find sterilized milk in paper containers on 
the store shelf—not in the refrigerator; if it wasn't sterile it 
would go foul in a day! Canned milk has solvent pollution, 
Powdered milk has both solvent and bacterial pollution. 

2. Water: 2 pints. Drink one pint upon rising in the morning, 
the other pint in the afternoon sometime. The cold water faucet 
may be bringing you cadmium, copper or lead, but it is safer than 
purchased water, which inevitably has solvents in it. Let it run 
before using it. Filters are rather useless because water pollution 
comes in surges. A single surge of PCB contaminates your filter. 
All the water you use after this surge is now polluted, so you will 
be getting it chronically, whereas the unfiltered water cleans up 
again after the surge passes. Until you can test your own water 
for solvents, PCBs and metals, no expensive filter is worth the 
investment. An inexpensive pure carbon filter that is replaced 
every month may improve your tap water. Inflexible plastic 
pitchers fitted with a carbon filter pack are available (see 
Sources). Never buy filters with silver or other chemicals, even 
if they are just added to the carbon. Keep the filter sterile by 
soaking in diluted grain alcohol weekly. 

3. Fruit juice: fresh squeezed only. Some stores make it 
while you wait. If they freeze some of it, you could purchase the 
frozen containers. Bottled fruit juices have traces of numerous 
solvents, as do the frozen concentrates, as do the refrigerated 
ones, don't buy them You have to see it being made, but watch 
carefully: I recently went to a juice bar where they made every- 
thing fresh, before your very eyes. And I saw them take the fruit 
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right from the refrigerator and spray it with a special wash “to 
get rid of any pesticides,” then put a special detergent on it to 
clean off the wash! So instead of getting traces of pesticide, I got 
traces of propyl alcohol!” Another grocery store had a machine 
that squeezed the oranges while you watched. But if you did not 
watch them filling the jugs, you missed seeing them add a 
tablespoon of concentrate, from a bottle out of sight, to give it 
better flavor. It still qualifies as “Fresh squeezed 100% orange 
juice,” but thanks to that concentrate it now has toluene and 
xylene in it! Best of all, buy a juicer, select completely unbruised 
fruit, wash with plain water, and make your own juice (enough 
for a week—freeze it in half pint plastic bottles). For stronger 
flavor, leave some of the peel in the juice. 

4, Vegetable juice: fresh or frozen only. If you or a friend 
would be willing to make fresh juice, this would be much better 
than purchased juice. Start with carrot juice. Peel carrots (don't 
scrape them, it's too easy to miss small dirt spots) and remove all 
blemishes carefully, then rinse, Drink Yglass a day. After you are 
accustomed to this, add other vegetables and greens to the juice 
to make up half of it. Use celery, lettuce, cabbage, cucumber, 
beet, squash, tomato, everything raw that you normally have in 
your refrigerator. Then drink one glass a day. 

5. Herb tea: fresh or bulk packaged. Tea bag varieties are 
moldy. Buy a non-metal (bamboo is common) tea strainer. 
‘Sweeten with honey or brown sugar with vitamin C added. 

6. Homemade beverage. If you will miss your coffee or 
decaf, try just plain hot water with boiled whipping cream. 
Sweeten with honey. Please see Recipes for many more sugges- 
tions. 


® Yes, | took a sample of the wash to test. 
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Horrors In Commercial Beverages 


Commercial beverages are especially toxic due to traces of 
solvents left over from the manufacturing process. There are 
solvents in decaffeinated beverages, herb tea blends (not single 
herb teas), carbonated drinks, beverages with Nutrasweet™, fl 
vored coffee, diet and health mixes, and fruit juices, even when 
the label states “not from concentrate” or “fresh from the or- 
chard,” or “100% pure.” 

It is allowable to use solvents to clean machinery used in 
bottling (please look again at page 347)! It is also allowable to 
use solvents to make spice oleoresins, which are used as fla- 
voring. 


21 CFR 173.240 (4-1-94 Edition) Isopropyl Alcohol. 
Isopropyl alcohol may be present in the following foods un- 
der the conditions specified: 
(a) In spice oleoresins as a residue from the extraction of 
spice, at a level not to exceed 50 parts per million. 
(b) In lemon oil as a residue in production of the oil, at a 
level not to exceed 6 parts per million. 
(©) (Discusses its use in hops extract.] 


Here is a summary of other solvents mentioned: 


Solvent Allowable residue Paragraph 
In spice oleoresins in 21 CFR 
‘Acetone 30 PPM 173.210 
Ethylene dichloride 30 PPM 173.230 
Methyl alcoho! 50 PPM 173.250 
Methylene chloride 30 PPM 173.255 
Hexane 25 PPM 173.270 
Trichioroethylene 30 PPM 173.290 


Fig. 66 Lawful uses of solvents in food. 
I have found all these solvents and others in commercial 


beverages! Some of the solvents I have found are just too toxic to 
be believed! Yet you can build the test apparatus yourself 
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(page 457), buy foods at your grocery store, and tabulate your 
own results. I hope you do, and I hope you find that the food in 
your area is cleaner than mine! Remember that the Syncrometer 
can only determine the presence or absence of something, not the 
concentration. There may only be a few parts per billion, but a 
sick person trying to get well cannot afford any solvent intake. 
For that matter, none of us should tolerate any of these: 


+ Acetone in carbonated drinks 

+ Benzene in store-bought drinking water (including dis- 
tilled), store-bought fruit juice (including health varieties) 

+ Carbon tetrachloride in store-bought drinking water 

+ Decane in health foods and beverages 

+ Hexanes in decafs 

+ Hexanedione in flavored foods 

+ Isophorone in flavored foods 

+ Methyl butyl ketone and Methyl ethyl ketone in flavored 
foods 

+ Methylene chloride in fruit juice 

+ Pentane in decafs 

+ Propyl alcohol in bottled water, commercial fruit juices, 
commercial beverages. 

+ Toluene and xylene in carbonated drinks 

+ Trichloroethane (TCE), TC Ethylene in flavored foods 

+ Wood alcohol (methanol) in carbonated drinks, diet drinks, 
herb tea blends, store-bought water, infant formula 


If you allowed a tiny drop of kerosene or carpet cleaning 
fluid to get into your pet’s food every day, wouldn't you expect 
your pet to get sick? Why would you not expect to be sick with 
these solvents in your daily food? I imagine these solvents are 
just tiny amounts, introduced by sterilizing equipment, the 
manufacturing process, and adding flavor or color. Flavors and 
colors for food must be extracted somehow from the leaves or 
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bark or beans from which they come. But until safe methods are 
invented, such food should be considered unsafe for human 
consumption (or pets or livestock! 


Fig. 67 Some unsafe beverages. 


Food Preparation 


Cook your food in glass, enamel, ceramic or microwavable 
pots and pans. Throw away all metal ware, foil wrap, and metal- 
capped salt shakers since you will never use them again. If you 
don't plan to fry much (only once a week), you might keep the 
Teflon™ or Silverstone™ coated fry-pan, otherwise get an 
enamel coated metal pan. Stir and serve food with wood or 
plastic, not metal utensils. If you have recurring urinary tract 
infections, you should reduce your metal contact even further; eat 
with plastic cutlery. Sturdy decorative plastic ware can be found 
in hardware and camping stores. Don't drink out of styrofoam 
cups (styrene is toxic). Don't eat toast (many toasters spit 
tungsten all over your bread and make benzopyrenes besides). 
Don't buy things made with baking powder (it has aluminum) or 
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baked in aluminum pans. Choose goods made with baking soda 
and sold in paper or microwavable pans. Don't run your drinking 
water through the freezer or fountain or refrigerator. Don't heat 
your water in a coffee maker or tea kettle. Don't use a plastic 
thermos jug (the plastic liner has lanthanides) the inside must be 
glass. Don't drink from a personal water bottle (it begins to breed 
bacteria) unless you sterilize it daily. 

Why are we still using stainless steel cookware when it 
contains 18% chromium and 8% nickel? Because it is rustproof 
and shiny and we can't see any deterioration. But all metal 
seeps! Throw those metal pots away. Get your essential minerals 
from foods, not cookware. 

Never, never drink or cook with the water from your hot 
water faucet, If you have an electric hot water heater the heating 
clement releases metal. Even if you have a gas hot water heater, 
the heated water leaches metals or glues from your pipes. If your 
kitchen tap is the single lever type, make sure it is fully on cold 
for cooking. Teach children this rule. 


Food Guidelines 


It is impossible to remember everything about every food, but 
in general do not buy foods that are highly processed. Here are a 
few foods; see if you can guess whether they should be in your 
diet or not. 


breads Yes, but only from a bakery, and never 
wrapped in plastic. 

toast No. It has benzopyrene and tungsten. Yes, 
if made on a cookie sheet or ina frying 
pan. 

cheese Yes, if used in baked dishes. 

chicken ‘Only if cooked for 20 minutes at boiling 
point, as in soup, or canned (never pre- 
pare raw chicken yourselt). 

wine with dinner_[ No. 
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peanut butter | Yes if you grind it yourself and add % tsp. 
vitamin C powder as you grind. 
cottage cheese | No, it can't be sterilized easily. 


desserts Yes, but again, only if flavored with safe 
extracts. 

Tice Yes, if vitamin Cis added before cooking. 
Use white only, brown is too moldy. 

pasta Yes, with homemade sauce and vitamin C. 

Jell-O™ No, it has artificial flavor and color. 

egg dishes Yes, but not “imitation”, cholesterol-free or 
cholesterol-reduced varieties. 

fish, seafood Yes! 


‘soy foods (tofu) | No. It's the extensive processing that taints 
it. 


‘soup Yes, if seasoned only with herbs (no 
bouillon cube). 

sugar Yes, turbinado or brown if treated with 
vitamin C. 

herb tea Yes, if not in a bag and not in a mixture of 
herbs. 

cheesecake Yes. 


Fig. 68 Some good foods 


Choose brands with the shortest list of ingredients. Alternate 
brands every time you shop. 
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Fig. 69 All breads I tested had mold if they were in plastic. 


Dining Out 

Restaurants (excluding fast food) are generally quite safe to 
eat at, Here are some do’s and don’ts; 

Do carry your own aluminum-free salt and vitamin C powder 
with you. 

Do ask for plastic cutlery. 

Do drink the water if from the tap. 

Do ask for boiled, not just steamed, milk. 

Don’t eat or drink from styrofoam. If getting food “to go,” get 
it in clear plastic containers, or ask them to line the styrofoam 
container with paper or plastic wrap, and line the styrofoam cup 
with a plastic baggy. 

Don’t use their ketchup and condiments (they have been 
standing out too long). 

Here is a list of things that are generally safe to order: 
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pancakes, French | Dont use their imitation syrup (has 


toast, waffles benzoate), use honey instead 

eggs Any style except soft boiled and 
scrambled. The white should be solid. 

hash browns IHightly fried, not deep fried. 

soup Only if nothing else is available. (It 


probably came in a can and was 
‘cooked in an aluminum pot and is full 
of aluminized salt.) 


vegelarian sand- | But no soy products (too processed). 
wiches 

baked or boiled po- | Use only cheese sauce, bring your 
tatoes ‘own salt, don't eat the skin, 


cooked vegetables | Broccoli, Brussels sprouts, beets, com, 
squash, and so forth 

vegetable salads Don't eat the croutons, bacon bits, and 
anything that doesnt look fresh. 
vegelarian dishes | But no soy ingredients and or sauces. 
Fresh ketchup OK. 

bread and biscuits | White only, not toasted, not 
“cholesterol-free” varieties. 

fish and seafood | Anything but deep fried (the oll may 
have benzene) is fine: baked, steamed, 
fish cakes, seafood cocktails, etc. 


Mexican food ‘Any of the numerous baked dishes. 
Chinese food Except dishes with tofu or MSG. 
fruit cup ‘With honey and cinnamon. 


fruit pies, cobblers _ | But not with ice cream (every flavor 
has benzene), 

Temon orlime me- | Indulge yourself. 

ringue pie 


Fig. 70 Good restaurant foods. 


As you see your symptoms disappear, one after another, you 
will feel the magic of healing. Many sick persons have 50 or 
more symptoms to start out! They could fill two sheets of paper, 


Variants 


Three quantities describe the propagation of any 
type of wave, including a sound wave: its fre- 
quency (customarily represented with letter f), 
its speed of propagation (represented with letter 
¥, for velocity), and its wavelength from peak-to- 
peak (represented by the Greek letter lambda, 
which appears as this A symbol). 


The relationship is defined by a very simple 
equation: 


vente 


Velocity is usually measured in meters per sec- 
‘ond, wavelength in meters, and frequency in 
Hertz, abbreviated Hz. One cycle per second is 
‘Hz. The His always capitalized, as it refers to the 
name of Heinrich Rudolf Hertz, the first scientist 
to prove theexistence of electromagnetic waves. 
One thousand Hertz can be written as 1 kilo- 
Hertz, almost always abbreviated as 1kHz (note 
that the k is lowercase). 


The human ear is often described as being able 
to detect sounds between 20Hz and 20kHz, al- 
though the ability to hear sounds above 15kHz 
is relatively unusual and diminishes naturally 
with age. Sensitivity to all frequencies can be im- 
paired by long-term exposure to loud noise. 


Naturally occurring sounds can be converted to 
fluctuations in voltage by a microphone, w! 
will be found listed asa sensorin Volume 3 of this 
encyclopedia. Artificial sounds can be generated 
as voltage fluctuations by oscillators and other 
electronic circuits. In either case, the output fluc- 
tuations can range between an upper limit set by 
a positive supply voltage and a lower limit es- 
tablished by electrical ground (whichis assumed 
to be 0 volts). Alternatively, the fluctuations can 
range between the positive supply voltage and 
an equal and opposite negative supply voltage, 
with OV lying midway between the two. This op- 
tion can be less convenient electrically but is a 
more direct representation of sound, because 
sound waves fluctuate above and below ambi- 
ent air pressure, which can be considered anal- 
‘ogous to a ground state. 


sound source > repraducer > headphane 


The concept of positive and negative sound 
wavesis illustrated in Figure 29-2 (originally pub- 
lished in the book Make: More Electronics). 


> 
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Figure 29-2. The use of positive and negative voltages to 
represent 3 wave of high sound pressure followed by a 
trough of lower pressure. 


The topic of sound amplification is explored in 
detail in the entry on op-amps in Chapter 7. 


‘A headphone inverts the function of a micro- 
phone by converting electricity back into a 
pressure waves. Thisis done electromagnetically 
(moving a diaphragm in response to an electro- 
magnet) or electrostatically (moving a mem- 
brane in response to electrostatic force between 
‘two charged electrodes). 


Variants 


Moving Coi 
Themost enduringly popular type of headphone 
usesacoilattached toa diaphragm. Thisisknown 
as a moving-coil headphone, as the coil moves 
with the diaphragm. It can also be referred to as 
having a dynamic driver or dynamic transducer, 
“dynamic” referring to the movement of the coi 
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one symptom to each line. It can be quite shocking to see a list of 
all your symptoms. 

‘Sometimes a new symptom appears as fast as an old one 
disappears. The coincidence makes it tempting to believe that 
one symptom turns into a different one. But it is not so. If a new 
symptom appears, it is because another pathogen has become 
activated due to a new toxin. Try to identify the new item. Stop 
using any new food, supplement, or body product, even if it is a 
health variety, and see if it goes away. 


Body Clean-up 


We are living in a very fortunate time. We are not expected to 
all look alike! The 60's brought us this wonderful freedom. 
Freedom to dress in a variety of styles, use make-up or no make- 
up, jewelry or no jewelry, any kind of hair style, any kind of 
shoes. 

You will need to go off every cosmetic and body product that 
you are now using. Not a single one can be continued. They are 
full of titanium, zirconium, benzalkonium, bismuth, antimony”, 
barium’, strontium®, aluminum, tin, chromium, not to mention 
pollution solvents such as benzene and PCBs. 

Do not use any commercial salves, ointments, lotions, 
colognes, perfumes, massage oils, deodorant, mouthwash, 
toothpaste, even when touted as “herbal” and health-food- 
type. See Recipes for homemade substitutes. 


® Breast cancer cases show titanium, zirconium, benzalkonium, 
bismuth and antimony accumulation in the breast. 

*" Barium is described in the Merck Index as "Caution: All water or 
acid soluble barium compounds are POISONOUS." 10th ed. p. 139 
1983. 

® This element goes to bones. 
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People are trying desperately to use less toxic products. They 
seek health for themselves. So they reach for products that just 
list herbs and other natural ingredients. Unfortunately, the buyers 
are being duped. The Food and Drug Administration (FDA) 
requires all body products to have sufficient antiseptic in them. 
‘Some of these antiseptics are substances you must avoid! But you 
won't see them on the label because manufacturers prefer to use 
quantities below the levels they must disclose. And by using a 
variety of antiseptics in these small amounts they can still meet 
sterility requirements. The only ingredient you might see is 
“grapefruit seed” or similar healthy-sounding natural antiseptic. 
This is sad for the consumer of health food varieties, 


+ [have seen rocks sold as “Aluminum-Free Natural De- 
odorant”. You rub the rock under your arms. It works be- 
cause the rock is made of magnesium-aluminum-silicate. 

+ Men's hair color has lead in it. 

+ Lipstick has barium, aluminum, titanium, 

+ Eye pencil and shadow have chromium, 

+ Toothpaste has benzene, tin, and strontium, 

+ Hair spray has propyl alcohol and PCBs. BEWARE! Stop 
using it today. 

+ Shampoo, even health varieties, has propyl alcohol! 
BEWARE! Stop using it today. 

+ Cigarettes have lead, mercury, nickel and Tobacco Mosaic 
virus 

+ Chewing tobacco has ytterbium 


Some of the unnatural chemicals listed are present because of 
residues in the manufacturing process, but others you will 
actually see listed on the label! 

Propyl alcohol and wood alcohol are present because the 
tubing used to fill the bottles is sterilized and cleaned with them. 
Ice cream machines are “oiled” with a gel containing pe- 
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troleum products. This could explain why I always find benzene 
in ice cream. 


Fig. 71 Examples of commercial “food lube.” 


How can propyl alcohol in shampoo get into your body in 
significant amounts? The skin is more absorbent than we realize, 
and time and time again I see cancer victims who have gone off 
every body product except their favorite shampoo. They harbor 
propyl alcohol until they make that final sacrifice. It is better to 
switch shampoos than to not need any due to radiation and 
chemotherapy! 

See Recipes for easy-to-make, natural cosmetics, But you 
might consider just stopping them all. Especially if you're going 
on vacation, 

Use nothing that you wouldn't use on a new-born baby. This, 
is a permissive age. You will be the only one feeling “naked.” 
Others won't even notice. Don't forget advertising is aimed at 
you, even if other people's eyes are not! 

Don't even use soap unless it is homemade soap (see Reci- 
pes) or borax straight from the box. Borax was the traditional 
pioneer soap. It is antibacterial and can be made into a solution. 
It is also a water softener and is the main ingredient in non- 
chlorine bleach. Borax can remove grease, too, and some stains. 
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But even borax is 7 | 
not natural to 
your body and it 
is therefore wise ‘ 


to use as little as " 
necessary. See 

Recipes for anti- 

bacterial borax L 

soap. : 


Dishes and clothing are primary source of 
PCBs. 


Fig. 72 Detergents with PCBs. 


homemade soap pure borax 
Fig. 73 Safe soaps. 

Don't use toothpaste, not even health-food varieties. To 
clean teeth, use plain water or chemically pure baking soda 
(see Sources)—but dissolve it in water first, otherwise it 
is too abrasive. Or brush with hydrogen peroxide food 
grade, not the regular variety (see Sources). Don't use 
floss; use 2 or 4-pound monofilament fish line. Floss has 
mercury antiseptics (with thallium pollution!). Throw away 
your old toothbrush—solvents don't wash away. 

Don't use mouthwash. Use saltwater (aluminum-free salt) or 
food grade hydrogen peroxide (a few drops in water). 
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Don't use hair spray. 

Don't use massage oils of any kind. Use olive oil. 

Don't use bath oil. Take showers, not baths, if you are strong 
enough to stand. Showers are cleaner. 

Don't use perfumes or colognes. 

Don't use commercial lotions or personal lubricants. 


Stop Using Supplements 


Stop using your vitamin supplements. They, too, are heavily 
polluted. This is the saddest, most tragic part of your instructions. 
T have found solvents, heavy metals and lanthanides in 90% or 
more of the popular vitamin and mineral capsules and tablets I 


‘The capsule in the foreground is a notorious tryptophane capsule. It 
had the following pollutants: PCBs, mercury, ruthenium, thulium, 
strontium, praseodymium, aluminum, benzalkonium, 

Fig. 74 Some polluted supplements. 
test. These substances will do more harm in the long run than the 

supplement can make up for in benefits. 
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Most of the varieties of vitamin C that I have tested are 
polluted with thulium! Until all vitamins and minerals and other 
food supplements have been analyzed for pollutants, after they 
are encapsulated or tableted, they are not safe. We need more 
disclosure on our products. No manufactured product is pure. We 
can't expect that. But at least we should be able to tell what 
impurities we are getting, and how much. 

Itis possible to do detailed analy- 
sis of foods or products at a reason- 
able price. Look at the bottle of 
common table salt, sodium chloride, 
that is used by beginning chemistry 
students to do experiments. It must be 
thoroughly analyzed for them because 
minute impurities affect their results. ati 
(Those minute impurities, like lead, 
affect you, too.) Look at the label on 
the boitle in the picture. Even after all 
these tests, the cost of laboratory salt 
is only $2.80 per pound.” Fig. 75 Pure salt. 

It is most important not to be 
fooled by ingredient claims, like 
“made from organically grown vegetables”. Sure that's great, but 
the analysis J trust would be done on the final, cleaned, cooked 
and packaged product on the shelf. The package is a major 
unlisted ingredient. 

Toxic solvents like decane, hexane, carbon tetrachloride and 
benzene will get more flavor or fat or cholesterol out of things 
than metabolizable grain alcohol. Of course, the extraction 
process calls for washing out the solvent later. But it can't all be 
washed out, and a detailed analysis on the final product would 


* You will pay about $8.00 per pound (Spectrum Chemical Co.) 
for USP (United States Pharmaceutical) grade. But the same analysis 
is done on the cheaper grades, and my point is that the analysis is 
cost effective enough that it should be done on our daily foods. 
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give the public the information they need to make informed 
choices. 


All supplements must be tested for purity by 
yourself. If this cannot be done, 
don't take them. 


Polluted supplements do much more harm than good. Get 
your super-nutrition by juicing vegetables of all kinds and making 
herbal teas. 


Safe Supplements 


There are, no doubt, 
lots of safe supplements to 
be had. The problem is 
knowing which they are. ‘ad ss 
The nature of pollution is ce saiakes 
such that one bottle might 
be safe, while another of 
the same brand is not. In 
view of this, as I found a 
polluted bottle, I stopped 
using any more of that 
brand. That is why I am Common salt for student use is thor- 
reduced to recommending _ SU9RY analyzed for poluton. The labo 

. ives you the final “Actual Lot Analysis" 
nears ag ee. the ON he product. Itis not ie 

Vitamin C. in enystal 8 78 Laboratory salt label 


form, is a must in your lifestyle. It helps the liver, and possibly 
other organs, detoxify things. It also helps retard mold, and 
pethaps even destroys aflatoxins! Keep some next to your 
refrigerator so it is handy when you put away groceries. Add 1/8 
tsp. to — maple. —syrup, —vinegar, cooked 
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cereal, fruit juice, leftovers. Have 4 tsp. (1 gram) with each 
meal. 

Vitamin B,, 100 mg. This is the vitamin that helps detoxify 
benzene! Take one to three a day. While recovering from AIDS 
you need 3 tablets three times a day 

Vitamin Bg, 250 mg, and B-complex, 50 mg. Undoubtedly 
these help the liver and kidneys in many ways. One a day. 

Magnesium oxide, 300 mg., is another must. Take one or two 
a day. It is a major mineral; all of our cells need lots of it. Only 
leafy vegetables provide it. 

Hydrogen peroxide, food grade. It is advantageous to Kill 
bacteria and viruses to some extent every day. Hydrogen per- 
oxide lets you do this. It should never come in contact with metal, 
including its container or metal tooth fillings. If you get a few 
drops on your skin it may tum white and sting, but does no harm, 
so simply wash it off. Instructions for its use come with the 
product. 

Herbs. These are excellent supplements, both in bulk and 
capsules, but not extracts, concentrates, or concoctions. There 
are many books that describe their use: 

Thioctic acid or lipoic acid. Presumably this chelates (traps 
and prepares for elimination) heavy metals, and helps the liver in 
detoxifying obscure and deadly poisons. Everyone would benefit 
from 100 mg. per day. I find it outstanding, and give it to many ill 
persons, even when not mentioned in the case histories. It comes 
as a 100 mg. capsule (see Sources). I use it at doses from one 
capsule, 3 times a day, to 2 capsules, 5 times a day. I have seen 
no side effects at these dosages, even in very sick persons. 

Lugol’s Iodine Solution (see Recipes) is old-fashioned 
“iodine.” Iodine has a distinctive trait: it hangs up on anything 
and everything. In fact, it attaches itself so quickly we consider 
everything it touches as “stained.” This is just the property we 
want to make it safe for use. The amount you use is immedi- 
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ately hung up, or attached, to your mucous and can not be quickly 
absorbed into the blood or other organs. It stays in the stomach. 
‘And for this reason it is so useful for killing vicious bacteria like 
Salmonella. 


Do not take Lugol’s iodine if you know you are 
allergic to iodine. It could be fatal. 


Six drops of Lugol’s solution can end it all for Salmonella. If 
you have gas and bloating, pour yourself Vglass of water. Add 6 
drops of Lugol’s (not more, not less), stir with wood or plastic, 
and drink all at once. The action is noticeable in an hour. Take 
this dose 4 times a day, after meals and at bedtime, for 3 days in 
a row, then as needed. This eradicates even a stubborn case of 
Salmonella. 

Notice how calming 6 drops of Lugol’s can be, soothing a 
manic stage and bringing a peaceful state where anxiety ruled 
before. 

Lugol’s is perfectly safe (if not allergic) to take day after day, 
when needed, because of its peculiar attaching property. It 
arrives in the stomach, reattaches to everything in proximity. 
Doomed are all Salmonellas; doomed also are eggs of parasites 
that might be in the stomach (cysts). 

Naturally, one would not leave such medicine within the 
reach of children, Also, one would not use anything medicinal, 
including Lugol’s unless there were a need, like cancer, AIDS, or 
bowel disease. When the gas and bloating problem has stopped, 
stop using Lugol’s. If one or two doses of Lugol’s cures the 
problem, stop. Store it in a perfectly secure place. In the past, 2/3 
of a teaspoon (60 drops) of Lugol’s was the standard dose of 
iodine given to persons with thyroid disease. Six drops is small 
by comparison. 
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‘Turmeric and fennel are herbs also used as cooking spices. 
They can eradicate invasive E. coli and Shigella bacteria! They 
are completely harmless, and are part of the Bowel Program. 

Other supplements. The concept of supplementing the diet is 
excellent, but the pollution problem makes it prohibitive. Use 
only supplements and brands recommended in Sources, although 
the best approach is to test them yourself with your Syncrometer. 
I can't guarantee the brands in Sources will stay pure. If in doubt, 
leave it out. 


Home Clean-up 


This is the easiest task because it mostly involves throwing 
things out. Hopefully your family and friends will jump to your 
assistance. 

+ The basement gets cleaned. 

+ The garage gets cleaned. 

+ Every room in the house gets cleaned. 


Your Basement 


To clean your basement, remove all paint, varnish, thinners, 
brush cleaners, and related supplies. Remove all cleaners such 
as carpet cleaner, leather cleaner, rust remover. Remove all 
chemicals that are in cans, bottles or buckets. 

You may keep your laundry supplies: borax, washing soda, 
white distilled vinegar, bleach and homemade soap. You may 
keep canned goods, tools, items that are not chemicals. You may 
move your chemicals into your garage. Also move any car tires 
and automotive supplies like waxes, oil, transmission fluid, and 
the spare gas can (even if it is empty) into your garage or discard 
them, 
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sound source > reproduce: 
The moving-coil concept is illustrated in 
Figure 29-3, The coil slides into a deep, narrow, 
circular slot in a magnet that is attached to the 
plastic frame of the headphone. The diaphragm, 
is supported at its edges by a flexible rim. Varia~ 
tions in current passing through the coil create a 
fluctuating magnetic field that interacts with the 
field of the fixed magnet, causing the diaphragm 
to move in and out. A very similar configuration 
is used in many loudspeakers. Detail modifica- 
tions may be made to increase efficiency, reduce 
production costs, or enhance sound quality, but 
the principle remains the same. 


Diaphragm 


Mase and coil 


Figure 29-3. The basic elements of a moving-coil head: 
phone. 


The internal element of a headphone is shown in 
Figure 29-4. A plastic diaphragm is visible, meas- 
uring slightly less than 2” in diameter. The mag- 
net and coil are concealed underneath. 


The element in the previous figure is normally 
enclosed in an assembly such as the one in 
Figure 29-5, which incorporates a soft padded 
rim to rest upon the ear. 


In an effort to achieve a more balanced frequen- 
cy response, some designs use two moving-coil 
drivers in each headphone, optimized for low 
frequencies and high frequencies, respectively. 


Earbuds, described after the next section, often 
use a miniaturized version of the moving-coil 
design. 


Variants 


Figure 29-4. The sound reproducing element removed 
from a headphone. 


Figure 29-5. The sound reproducing element from the 
previous figure 's normally packaged inside this enclosure. 


Other Types 
Electrostatic headphones use a thin, flat dia- 
phragm suspended between two grids that 
function as electrodes. A fluctuating potential 
between the grids, coupled witha reverse-phase 
voltage on the diaphragm, will vibrate the dia- 
phragm, generating pressure waves. A relatively 
high voltage is necessary to achieve this, any- 
where from 100V to 1,000V, supplied through a 
conversion unit between the headphones and 
an amplifier. Electrostatic headphones are 
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Seal cracks in the basement and around pipes where they 
come through the wall with black plastic roofing cement, In a few 
days it will be hard enough to caulk with a prettier color. Spread 
a sheet of plastic over the sewer or sump pump. 


Your Garage 


Do you have a garage that is a separate building from your 
home? This is the best arrangement. You can move all the 
basement chemicals into this garage. Things that will freeze, such 
as latex paint, you may as well discard. But if your garage is 
attached, you have a problem. Never, never use your door 
between the garage and house. Walk around the outside. Don't 
allow this door to be used. Tack a sheet of plastic over it to slow 
down the rate of fume entrance into the house. Your house acts 
like a chimney for the garage. Your house is taller and warmer 
than the garage so garage-air is pulled in and up as the warm air 
in the house rises. See the drawing. 

In medieval days, the 
bar for the animals was 
attached to the house. We we 
think such an arrangement 
with its penetrating odors is ae 
unsavory. But what of the 
gasoline and motor fumes we 
are getting now due to 
parked vehicles? These are ju 
toxic besides! This is even 
more medieval. 

If your garage is under your house, you cannot keep the 
pollution from entering your home. In this case, leave the cars 
and lawnmower outside. Remove cans of gasoline, solvents, etc. 
Put up a separate shed for these items. 


Fig. 77 Garage fumes. 
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Special Clean-up for Freon (CFCs) 


Because I consider Freon to be the top health hazard in our 
home, [ recommend turning in your refrigerator for a non-CFC 
variety. Dispose of all spare units. Remove window air condi- 
tioners or test the dust in your home (page 485) for Freon. Have 
your car's air conditioning system checked. Dispose of old pres- 
surized cans. Even one whiff is too much. It never leaves the 
body because the body has no detoxification methods for it! 

Only one useful reaction with Freon comes to mind. Freon is 
thought to be responsible for the ozone “hole” at the South Pole. 
Would Freon react with ozone supplied to your body and thereby 
become biodegradable? Indeed, it does! But only if you drink it 
as ozonated water. Other ozone routes, as intravenous or rectal, 
have not been observed to be as effective. 

If you are following your progress with the Syncrometer, you 
will see that Freon now appears in the liver for the first time. 
(Before this, it was marooned in the parathyroids, thymus, and 
other organs.) You may also detect a feeling like indigestion. 
You must come to the assistance of your liver. Even ozonated 
Freon is extremely burdensome to the liver. 

‘A combination of herbs (Liver Herb Drink in Recipes, page 
552) rescues the liver from its plight, and prevents the indiges- 
tion, After drinking liver herbs you will see that the Freon now 
appears in the kidneys. Yet it is marooned there unless you assist 
them. Take the kidney cleanse to assist the kidneys so they can 
finally excrete the Freon into the urine. 

It’s an elaborate detoxifying program and usually takes six to 
eight weeks to get most of the Freon out. Afterward, continue the 
programs at one fourth dosage for half a year. 

Forane is one of the new refrigerants. Although toxic, at least 
I observe it in the liver directly, suggesting that your body is 
capable of handling it. Remember your new refrigerator will 
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still be using a toxic coolant, and it would be best to keep it out- 
side or at least vented to the outside. 


Special Clean-up for Fiberglass 


Fiberglass insulation has microscopically small bits of glass 
that are free to blow into the air. When house drafts pull it into 
the air you will inhale them. They cut their way through your 
lungs and organs like millions of tiny knives, spreading through 
your body, since there is no way out for them. You smell nothing 
and feel nothing. This makes it a very sinister poison. Your body, 
though, recognizes these sharp, pointed bits and tries to stop their 
spread by sequestering them in cysts. 

Most solid malignant tumors contain fiberglass or asbestos, 
another glass-like particle. In nearly all cases a hole can be 
found in the ceiling or walls, leading to fiberglass insulated parts 
of the house. When these holes are sealed in an air-tight manner 
the house air no longer is positive for fiberglass. Covering with 
paneling is not sufficient. Check your dwelling for uncovered 
fiberglass. Repair immediately. Search for small screw holes 
intended for pictures, or electric outlet plates that are missing. 

Also remove fiberglass jackets from water heater and fiber- 
glass filter from furnace. Replace with foam or carbon. Best of 
all, hire a crew to remove it all from your home, and replace in- 
sulation with blown-in shredded paper or other innocuous sub- 
stance. 

Never build a new house using fiberglass for any purpose. 


Special Clean-up for Asbestos 


The biggest source of asbestos is not building materials! It is 
the clothes dryer belt and hair dryer! To be safe, remove the belt 
from your dryer and check to see if it says “Made in USA” on 
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the belt itself. If so, it is OK. If not, it is imported, and probably 
contains asbestos. Exchange it for a USA belt (see Sources). 

Hair dryers, too, may be imported and shed asbestos. It is 
especially hazardous to be aiming a stream of hot asbestos right 
at your face! If you can't find a safe model (see Sources), or are 
unsure, don't use any. If you have cancer or are ill, no one in the 
house should use an unsafe hair dryer. 

Tur off radiators and electric heaters and cover them with 
big plastic garbage bags, or paint them, or remove them. They 
give off asbestos if their paint is old. 


Your House 


To clean the house, start with the bedroom. Remove every- 
thing that has any smell to it whatever: candles, potpourri, soaps, 
mending glue, cleaners, repair chemicals, felt markers, colognes, 
perfumes, and especially plug-in air “fresheners”. Store them in 
the garage, not the basement, Since all vapor rises, they would 
come back up if you put them in a downstairs garage or 
basement. 

Do not sleep in a bedroom that is paneled or has wallpaper. 
They give off arsenic and formaldehyde. Either remove them or 
move your bed to a different room. Leave the house while this is 
being done. If other rooms have paneling or wallpaper, close 
their doors and spend no time in them. 

Next clean the kitchen. Take all cans and bottles of chemicals 
out from under the sink or in a closet. Remove them to the garage. 
Keep only the borax, washing soda, white distilled vinegar and 
homemade soap. Use these for all purposes. For exact amounts to 
use for dishwasher, dishes, windows, dusting, see Recipes. 
Remove all cans, bottles, roach and ant killer, moth balls, and 
chemicals that kill insects or mice. These should not be stored 
anywhere, They should be thrown out. Remember to check the 
crawl space, attic and closets for hidden poisons also. 
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To keep out mice, walk all around your house, stuffing holes and 
cracks with steel wool. Use old-fashioned mouse traps. For 
cockroaches and other insects (except ants) sprinkle handfuls of 
boric acid™ (not borax) under your shelf paper, behind sink, 
stove, refrigerator, under carpets, etc. Use vinegar on your 
kitchen wipe-up cloth to leave a residue that keeps out ants. Do 
this regularly. To wax the floor, get the wax from the garage and 
put it back there. A sick person should not be in the house while 
house cleaning or floor waxing is being done. 

Remove all cans and bottles of “stuff” from the bathroom. 
The chlorine bleach is stored in the garage. Someone else can 
bring it in to clean the toilet (only). Leave only the borax soap, 
homemade soap, and grain alcohol antiseptic. Toilet paper and 
tissues should be unfragranced, uncolored. All colognes, after 
shave, anything you can smell must be removed. Family members 
should buy unfragranced products. They should smoke outdoors, 
blow-dry their hair outdoors or in the garage, use nail polish and 
polish remover outdoors or in the garage. 

Do not keep new foam furniture in the house. If it is less than 
one year old, move it into the garage until you are well. It gives 
off formaldehyde. So does new clothing; it is in the sizing. Wash 
all new clothes before wearing. If you have a respiratory illness, 
move all the clothes in the clothes closet out of your bedroom to 
a different closet. 

Do not use the hot water from an electric hot water heater for 
cooking or drinking. It has tungsten. Do not drink water that sits 
in glazed crock ware (the glaze seeps toxic elements like 
cadmium) like some water dispensers have. Do not buy water 
from your health food store that runs through a long plastic hose 
from their bulk tank (I always see cesium picked up from flexi- 


** Boric acid is available by the pound from farm supply stores and 
from Now Foods. Because it looks like sugar keep it in the garage to 
prevent accidental poisoning 
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ble clear plastic). Also ask them how and when they clean their 
tank. Best is to observe that it is done with non-toxic methods. 

If your house is more than 10 years old, change all the gal- 
vanized pipe to PVC plastic. Although PVC is a toxic substance, 
amazingly, the water is free of PVC in three weeks! If your house 
has copper pipes don't wait for cancer or schizophrenia to claim 
a family member. Change all the copper pipe to PVC plastic 
immediately. If the pipes are not accessible, ask a plumber to lay 
an extra line, outside the walls. This is less expensive, too. 

If you have a water softener, by-pass it immediately and re- 
place the metal pipe on the user side of the softener tank. Sof- 
tener salts are polluted with strontium and chromate; they are 
also full of aluminum, The salts corrode the pipes so the pipes 
begin to seep cadmium into the water. After changing your pipes 
to plastic, there will be so little iron and hardness left, you may 
not need a softener. If the water comes from a well, consider 
changing the well-pipe to PVC to get rid of iron. While the well 
is open, have the pump checked for PCBs. Call the Health 
Department to arrange the testing. If you must have softening after 
all this, check into the new magnetic varieties of water softener 
(although they only work well when used with plastic plumbing). 

The cleanest heat is electric. Go total electric if possible. If 
you must stay with gas, have a furnace repair person check your 
furnace and look for gas leaks before the heating season starts. 
Don't call the gas company even though it is free. The gas com- 
pany misses 4 out of 5 leaks! The Health Department does not 
miss any; call them! House builders and contractors are also re- 
liable in their gas leak detection. 
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Unnatural Chemicals 


And where I found them... 
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PCB's 


CHROMIUM 


from insulation behind holes in ceiling or uncovered. 
outlets, water heater jackets, stuffed around fans 
‘and air conditioners, insulation 


in inair in spray 
refrigerators conditioners cans 
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MERCURY and THALLIUM 
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YTTERBIUM, PRASEODYMIUM, NIOBIUM, 
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Variants 


known for low distortion and an excellent high 
frequency response, at some extra cost. 


Electret headphones work on a similar principle, 
except thatthe membraneis permanently charg- 
ed, and a high voltage is not required. Electret 
headphones tend to be small, inexpensive, and 
not of high sound quality. 


Abalanced armature design, often referred to by 
the acronym BA, uses a pivoting magnet that is 
claimed to increase efficiency while reducing 
stress on a diaphragm. BA drivers can be ex- 
tremely compact, contained within asealed met- 
al enclosure measuring less than 10mm x 10mm 
x 5mm. They are commonly used in conjunction 
with in-ear earphones, described in the next 
section. 


Mechanical Design 
ircumaural headphones use large soft pads to 
encircle the ear and block external noise. Their 
size tends to make them heavy, requiring a well- 
designed headband to provide comfortable sup- 
port, Supra-aural headphones are smaller and 
lighter, resting on the ears instead of enclosing 
them. They cannot exclude ambient noise, and 
may have inferior bass response compared with 
the circumaural type. 


Open-back headphones, also known as acousti- 
cally transparent, are favored by some audio- 
philes because their vented outer surfaces are 
thought to create a more natural sound, similar 
to that of a speaker. The open backs naturally 
allowambientnoiseto intrude, but alsoallow the 
sound generated by the headphonesto be heard 
by others in a room. Closed-back headphones 
contain their sound and provide more insulation 
against ambient noise. 


Earbuds rest just within the outer folds of the ear, 
facing inward like a pair of tiny speakers. They 
are easily dislodged and provide very litle insu- 
lation against ambient noise. Their use became 
common after the introduction of Apple's iPod. 
A pair of earbuds, one of them with its plastic 
cover removed, is shown in Figure 29-6, 


sound source > reproducer > headphone 


Figure 29-6. A pair of earbuds, one with its cover re 
‘moved to show the sound reproducing element, which 
closely resembles the diaphragm in a full-sized head: 
phone. 


In-earheadphonesare designed for insertion into 
the ear canal, often using a soft sheath that con- 
forms with the ear like an earplug. This sheath is 
disposable for hygienic reasons, and because it 
may lose some of its plasticity with use. It ex- 
cludes most ambient noise, and by minimizing 
the air gap between the driver of the headphone 
and the eardrum enables ahhigh quality of sound 
reproduction. 


In-earheadphones arealso knownas in-earmon- 
itors, IEMs, ear canal headphones, earphones, and 
canalphones. A pair of in-ear headphones is 
shown in Figure 29-7, one of them with its foam 
sheath removed. The rectangular silver-colored 
object in the headphone on the left contains a 
transducer to create sound pressure. 


A headset consists of one or two headphones 
plus a flexible microphone that extends to the 
promiximity of the mouth of the user. 


Noise-cancelling headphones, popularized by 
Bose, monitor external noise with a bt mi- 
crophone and generate sound of opposite 
phase, to provide some cancellation. They are 
particularly effective on jet aircraft, where back- 
ground noise tends to be consistent. 
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Bioelectronics 


The most important electronic device to make or buy is a 
zapper—a compact pulse generator operating from a common 9 
volt battery whose output is about 30 KHz. It kills all parasites, 
bacteria, viruses, molds, and fungi even though their individual 
resonant frequencies are either higher or lower (50 KHz to 900 
KHz). Building a zapper is described in an earlier chapter. 

The next most useful device to have is a Syncrometer.™ It 
lets you diagnose yourself and monitor your progress until you 
are cured. It consists of an audio oscillator cireuit with your 
body as part of the circuit. Utilizing samples of parasites or 
pollutants, it lets you test for them in any product or body tissue. 
Tinclude a design that you can make yourself 

A third very useful device is a frequency generator. You 
can use it to electrocute individual organisms, or together with 
the Syncrometer™ to find an organism's particular frequency. 
You need one that operates in the parasite, bacteria and virus 
ranges, from 50 KHz. to 900 KHz. It must also be able to select a 
particular frequency, like 434 KHz, quickly and accurately. 
Frequency generators are available for as little as $300.00, but it 
is worth paying a little more to get a digital display of the fre- 
quency. 


Making A Syncrometer 


This is an audio oscillator circuit in which you include 
yourself by means of a handhold. You listen to the current in your 
circuit with a loudspeaker. Other oscillator circuits will work, 
too. A lot of fascinating opportunities present themselves with 
this concept. 
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I have previously published three ways to build the Syn- 
crometer circuit.” Here is the circuit diagram: 


amplifier’ s 
Speaker 3 


Ui 


probe 
handhold 
test plates 
4700pf moly cap 
1 mtd 16v cap 
2N2907 PNP 
‘min output transf 8-900) 
150 .25w res 
AA batteries 
‘speaker (like Radio 
‘Shack 277-1008C) 


Fig. 79 Syncrometer schematic. 


If you are not an electronics enthusiast, you can still assemble 
a Synerometer using a hobby kit. No soldering is required. Here 
is what you need: 


Making a Hobby Kit Syncrometer 


Ttem Radio Shack Cat. No. 
200 in One Electronic Project Lab by | 28-262 

Science Fair 

3 AA 1% volt batteries: 


“Sin The Cure for all Cancers and The Cure for HIV/AIDS. 
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Alligator clip test jumpers You need 2. 
Handhold. A four inch length of 94 
inch copper pipe, like for plumbing. 
These dimensions are critical to 
assure maximum skin contact. 
Probe. A banana plug, Precision Mini-Hook 
Test Lead Set (contains 
two, you only need one) 
278-1160A 


Pencil, new. 


Fig. 80 Syncrometer parts list. 


Build The Electrosonic Human in the 200 in One Electronic 
Project Lab. It takes about 10 minutes. 


Later, when you use the probe to press against your knuckle 
you may find getting the right sound is painful. In this case try 
substituting the .005 microfarad capacitor for the .01 microfarad 
capacitor in the circuit. 


Attach the Probe. The Archer Precision Mini-Hook Test 
Lead Set has a banana plug for the probe on one end and a mini- 
hook on the other end for easy attachment to the circuit. Tape a 
long, new pencil to the probe to make it easier to hold. Connect 
the Probe to middle post of the primary side of the transformer (it 
also connects to the negative battery post). You will not be using 
the two connections the instructions tell you to hold, 

Attach the Handhold. Clip the Handhold to one end of an 
alligator clip test jumper, and clip the other end to the base (B) 
of the transistor used in the circuit. 

Attach an alligator clip to the post of the transformer that 
connects to the two capacitors. This will go to the test plates. 

Final test. Tum the control knob on and keep turing the 
potentiometer to nearly the maximum. (This reduces the resis- 
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tance. The schematic has a 150 ohm fixed resistor in place of the 
potentiometer.) Make sure you have good batteries installed. Test 
the circuit by briefly touching the Probe to the Handhold. The 
speaker should produce a sound like popping corn. If it does not, 
check that your alligator clips are not bending the spring 
terminals so much that other wires attached there are loose. 
Finally, turn switches OFF. 


Making Test Plates 


This is the box you attach to the basic Synerometer circuit. It 
has test plates to put your test substances and tissue samples on, 
The wiring in it is arranged so that you can test for a toxin in a 
product, as well as search in yourself. This means you can search 
for Salmonella in the milk or cheese you just ate, not just for 
Salmonella in your stomach. 

Only if the resonant frequency of an item on one plate is 
equal to the resonant frequency of an item on the other plate will 
the entire circuit oscillate or resonate! This implies the two 
plates have something in common. By putting a known pure 
sample on one plate you can reliably conclude the other sample 
contains it if the circuit resonates. 

‘You may build a test plate box into a cardboard box (such as 
a facial tissue box) or a plastic box. Here are the instructions for 
the cardboard box model. 


Test Plates Parts List 


+ Stiff paper. 

+ Aluminum foil. 

+ A facial tissue box is easiest. A plastic project box, about 
7’ x4” x 14 makes a more durable product, but requires a 
drill, and you should discard any metal lid it comes with. 
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+ 3 bolts (tapered heads) about | inch long, 1/8 inch diameter 
and 6 washers and nuts to fit. 

+ toggle switch with OFF-ON positio: 

+ Alligator clip test leads. 


Test Plates Assembly 


Cut two 3-1/2 inch squares out of stiff paper such as a milk 
carton. Cover them with 4¥inch squares of aluminum foil, 
smoothed evenly and tucked snugly under the edges. You have 
just made yourself a set of open capacitors. Turn the box upside 
down and draw squares where you will mount them at the ends of 
the box. Don't actually mount them, to save wear and tear on 
them, until the rest of the box is complete. 

Mount the ON OFF switch on the front of the box, underneath 
the right hand plate. Line it up so ON is downward and OFF is 
up. (An electronics shop can determine this for you at the time of 
purchase.) Label the box with ON and OFF signs. 

Two bolts will be reserved for the plates. The third bolt is 
used as a terminal where the current from the oscillator circuit 
will arrive. Make a hole on the side of the box, near the left hand 
plate and mount the bolt so it sticks half way inside and halfway 
outside the box. It does not matter whether the head is inside or 
outside. Tighten it there with a nut on each side of the box. Label 
it TERMINAL. It merely means connecting place. 

Mark the center of each square that you drew and each ca- 
pacitor you built. Pierce first with a pin; follow with a pencil 
until a round hole is made at the center. Mount each plate with a 
bolt, fastening it below with a nut. Washers are optional. 

The left side connection (terminal) gets attached to the left 
plate (bolt) with an alligator clip. Use another clip to attach the 
same left plate (bolt) to the ON OFF switch (there are two con- 
nections, use either one). Finally attach the ON OFF switch 
connection you didn't use to the right plate (bolt). Make sure the 
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connections at the switch are not touching each other; you might 
tape them to guard against this. 

Alll these connections should be checked carefully to make 
sure they are not touching others accidentally. But if you leave 
the box open so you can see any problems and use clear tape 
around connections to prevent accidental touching to the wrong 
connection, it should work OK. 

Finally, trace your current, It comes in from the Syncrometer 
at the main terminal on the left. It is brought to the left plate. 
When the switch is ON it is simultaneously brought to the right 
plate, Notice that the plates are not connected to anything else. 
They are simply capacitors, letting current in and out momen- 
tarily and at a rate that is set by the frequency of the oscillator 
circuit, about 1,000 hertz. This frequency goes up as the resis- 
tance (of the circuit or your body) goes down. 

The probe and handhold allow you to include yourself in the 
Syncrometer circuit. You grasp these when testing. This makes 
you part of the circuit. 

The speaker lets you “listen” to the current. As resistance 
drops, current goes higher and frequency goes up. As frequencies 
go higher in the circuit, pitch goes higher. You will be comparing 
the sound of a standard “control” current with a test current. 


Using The Syncrometer 


Fill a saucer with cold filtered tap water. Fold a paper towel 
four times and place it in this dish. It should be entirely wet. 

Cut paper strips about 1 inch wide from a piece of white, 
unfragranced, paper towel. Dampen a paper strip on the towel 
and wind it around the copper pipe handhold to completely cover 
it. The wetness improves conductivity and the paper towel keeps 
the metal off your skin, 
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+ Start with the test plate switch at OFF. 

+ Tum the control knob (potentiometer) on, and to near 
maximum. 

+ Touch each plate with the probe, while holding the copper 
pipe with one hand. Only the left plate should give you a 
sound from the speaker. Tum the test plate switch ON. 
Now both plates should give you a sound when the probe 
touches them. 

+ Tum the test plate switch OFF again. 

+ Pick up the handhold, squeeze it free of excess water. 

+ Pick up the probe in the same hand, holding it like a pen, 
between thumb and forefinger. 


Dampen your other hand by making a fist and dunking your 
knuckles into the wet paper towel in the saucer. You will be 
using the area on top of the first knuckle of the middle finger or 
forefinger to learn the technique. Become proficient with both. 
Immediately after dunking your knuckles dry them on a paper 
towel folded in quarters and placed beside the saucer. The de- 
gree of dampness of your skin affects the resistance in the circuit 
and is a very important variable that you must learn to keep 
constant. Make your probe as soon as your knuckles have been 
dried (within two seconds) since they begin to air dry further 
immediately. 

With the handhold and probe both in one hand press the 
probe against the knuckle of the other hand, keeping the knuckles 
bent. Press lightly at first, then harder, taking one half second. 
Repeat a half second later, with the second half of the probe at 
the same location. There is an additive effect and you get two 
chances to listen to the current. All of this takes less than two 
seconds. Don't linger because your body will change and your 
next probe will be affected. 


463 


THE CURE FOR ALL DISEASES 


‘Subsequent probes are made in exactly the same way. As you 
develop skill, your probes will become identical. Plan to 
practice for one or two hours each day. It takes most people at 
least twelve hours of practice in order to be so consistent with 
their probes that they can hear the slight difference when the 
circuit is resonant. 

For reference you may wish to use a piano. The starting 
sound when you touch down on the skin should be F, an octave 
and a half above middle C. The sound rises to a C as you press to 
the knuckle bone, then slips back to B, then back up to C-sharp as 
you complete the second half of your first probe. If you have a 
multitester you can connect it in series with the handhold or 
probe: the current should rise to about 50 microamps. If you have 
a frequency counter the frequency should reach 1000 Hz. You 
should arrive at C-sharp just before the probe becomes painful. 

Two things change the sound of the probes even when your 
technique doesn't change. 

1. The patch of skin chosen for probing will change its prop- 
erties. The more it is used, the redder it gets and the higher 
the sound goes when you probe. Move to a nearby location, 
such as the edge of the patch, when the sound is too high to 
begin with, rather than adjusting the potentiometer. 

2. Your body has cycles which make the sound go noticeably 
higher and lower. If you are getting strangely higher sounds 
for identical probes, stop and only probe every five 
minutes until you think the sound has gone down to stan- 
dard. This could take five to twenty minutes. Learn this 
higher sound so you can avoid testing during this period. 

You may also find times when it is impossible to reach the 
necessary sound without pressing so hard it causes pain. You 
may adjust the potentiometer if that helps. 
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Figure 297. A pair of in-ear headphones, supplied with 
disposable foam plugs that conform flexibly with the ear 
canal, The headhone on the left is shown with its plug re 
‘moved. 


Although an earphoneis almost obsolete, itis. 
obtainable from specialty suppliers. It has a high 
impedance, making it suitable for use with a 
crystal-set radio. An earphone is pictured in 
Figure 29-8. 


Figure 29-8. A vintage earphone of the type suitable for 
use with a crystal-set radio. 


Values 


Values 


Intensity 
Sound pressure is measured in decibels. For a 
complete explanation and discussion of weigh- 
ted and unweighted decibel scales, see "Sound 
Pressure” on page 251 in the transducer entry. 


Frequency Response 
A plot of sound pressure as a function of fre- 
quency shows the frequency response of a head- 
phone. Measuring the sound pressure meaning- 
fullyisa challenge, because the ear anal will add 
coloration to the sound and can amplify some 
frequencies while masking others. Ideally, meas- 
urement should bedoneatthe ear drum, but this 
is not feasible, Consequently, high-end head- 
phones are evaluated by making sound meas- 
urementsinside simulated earcanalsinadummy 
human head, 


A comparison between a high-quality $500 au- 
dio product and a transducer that is sold as a 
‘component for less than $1 illustrates the differ- 
ence in frequency response; see Figure 29-9. The 
Sennheiser headphones have a smooth re- 
sponse that rises toward the low end, compen- 
sating for the lack of bass response that tends to 
bea problem in headphones, and the relative in- 
sensitivity of the human ear to low frequencies. 
The fluctuationsat the high end are within about 
‘SAB. 


By comparison, the Kobitone emphasizes the 
range between 3kHz and 4kHz because its pri- 
mary task is to be heard, and these are the fre- 
quencies where human hearingis most sensitive. 
Its low-frequency response trails off (although is 
still much better than that of a piezoelectric 
transducer, where the low response typically di 
minishes by 40dB to 50dB). The low-frequency 
‘output of the Kobitone is actually impressive 
bearingin mind thatthe componentis only 9mm. 
in diameter. It draws 60m<A at SVAC. 
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All tests are momentary. 


This means less than one second. It is tempting to hold the 
probe to your skin and just listen to the sound go up and down, 
but if you prolong the test you must let your body rest ten minutes, 
each time, before resuming probe practice! 


For our purposes, it is not necessary to locate acupuncture 
points. 


Resonance 


The information you are seeking is whether or not there is 
resonance, or feedback oscillation, in the circuit. If there is the 
test is YES (positive). You hear resonance by comparing the 
second probe to the first. You can never hear resonance on the 
first probe, for reasons that are technical and beyond the scope of 
this book. You are not merely comparing pitch in the two probes. 
During resonance a higher pitch is reached faster; it seems to 
‘want to go infinitely high 

Remember that more electricity flows, and the pitch gets 
higher, as your skin reddens or your body changes cycle. These 
effects are not resonance. 

Resonance is a small extra hum at the high end of the probe. 
As soon as you hear it, stop probing. Your body needs a short 
recovery time (10 to 20 seconds) after every resonant probe. The 
longer the resonant probe, the longer the recovery time to reach 
the standard level again. 

Using musical notes, here is a NO (negative result): F-C-B- 
Cé# (first probe) F-C-B-C# (compare, it is the same sound). Here 
is a YES (positive) result: F-C-B-C# (first probe) F-D (stop 
quickly because you heard resonance). In between the first and 
second probe a test substance will be switched in as described in 
lessons below. 
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It is not possible to produce a resonant sound by pressing 
harder on the skin, although you can make the pitch go higher. To 
avoid confusion it is important to practice making probes of the 
same pressure. (Practice getting the F-C-B-C# tune.) 


Making Pure Water for Testing Purposes 


Since the water you purchase is likely to have solvents in it 
and since your tap water may be polluted with heavy metals and 
since your (or a store's) filtration system may be clogged, it is 
important to make your own pure water. 

Purchase a “filter pitcher” made of hard, opaque plastic, not 
the clear or flexible variety (see Sources). Fill the pitcher with 
cold tap water, only, not reverse osmosis, distilled, or any other 
water, since solvents do not filter out as easily as heavy metals 
The filter should be made of carbon only. To make test sub- 
stances, use fresh water in the pitcher and pour. 

If your water has lead, copper or cadmium from corroded 
plumbing, the filter will clog in five days of normal use. So use 
this pitcher sparingly, just for making test substances and for 
operating the Syncrometer. 


Lesson One 


Purpose: To identify the sound of resonance in the circuit. 

Materials: Potentized (homeopathic) solutions. Prepare 
these as follows: find three medium-sized vitamin bottles, glass 
or plastic, with non-metal lids. Remove any shreds of paper 
sticking to the rim, Rinse well with cold tap water. Then rinse 
again with filtered water. 

Pour filtered water into the first bottle to a depth of about 
inch, Add about 50 little grains of table salt using the tip of a 
plastic knife. This is a “pinch.” Replace the lid. Make sure the 
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outside is clean. If not, rinse and dry. Now shake hard, holding it 

snugly in your hand, Count your shakes; shake 120 to 150 times. 

Use elbow motion so each shake covers about an eight inch 

distance. Shaken samples are different from unshaken ones, that's 

why this is so important. When done label the bottle on its side 
and lid: SALT #1. Wash your hands (without soap). 

Next, pour about the same amount of filtered water into the 
second and third bottles. Open SALT #1 and pour a small 
amount, like 1/4 to 1/2 of a teaspoon (do not use a spoon) into the 
second and third bottles. Close all bottles. Now shake the second 
bottle the same as the first. Clean it and label it SALT #2. Do the 
same for the third bottle. Label it SALT #2 also and set aside for 
Lesson Four. 

These two solutions have unique properties. SALT #1. al- 
ways resonates. Use #1 to train your ear. SALT #2 shouldn't 
resonate, Use #2 to hear when you (your body's internal resis- 
tance) have returned to the standard level. 

1, Tum the Synerometer ON. 

2. Place the SALT #2 bottle on the right test plate. 

. Start with the plate switch OFF. 

. Make your first probe (F-C-B-C#). 

Flip the plate switch ON, taking only one half second. 
Brace your hand when switching so it is a fast, smooth, 
operation. 

6. Make the second probe (F-C-B-C#). Total probe time is 2% 
seconds. Count it out, “a thousand and one (done with first 
probe) a thou, (done with switching) a thousand and one 
(done with second probe.” 

7. The result should be a NO (negative). If the second probe 
sounds even a little higher you are not at the standard level. 
Wait a few more seconds and go back to step 3. 

8. If the first result was NO, remove SALT #2 and put SALT 
#1 on, Put the test plate switch back to OFF and repeat the 
test. This time the circuit was resonating. Learn to hear the 
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difference between the last two probes so that a resonant 
probe can be terminated early (reducing rest time). 

9. The skin must now be rested. When SALT #1 is placed in 
the circuit there is always resonance whether you hear it or 
not. Therefore, always take the time to rest the skin. 

10. How can you be sure that the skin is rested enough? Any 
time you want to know whether you have retuned to the 
standard level, you may simply test yourself to SALT #2 
(just do steps 3 through 6). While you are learning, let your 
piano also help you to learn the standard level (starts 
exactly at F). If you do not rest and you resonate the circuit 
before returning to the standard level, the results will 
become aberrant and useless. The briefer you keep the 
resonant probe, the faster you return to the standard level. 
Don't exceed one half second when probing SALT #l. 
Hopefully you will soon hear resonance within that time. 

This lesson teaches you to first listen to the empty plate, then 
to SALT #2, to check for standard state. Then to compare the 
empty plate to SALT #1 to check for resonance. In later lessons 
we assume you checked for your standard level or are quite sure 
of it. 


Practice hearing resonance in your circuit every day. 


White Blood Cells 


Checking for resonance between your white blood cells and a 
toxin is the single most important test you can make. 

Your white blood cells are your immune system's first line of 
defense. In addition to. making antibodies, interferon, inter- 
leukins, and other attack chemicals, they also “eat” foreign sub- 
stances in your body and eliminate them. By simply checking 
your white blood cells for toxins or intruders you save having to 
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check every other tissue in your body. Because no matter where 
the foreign substance is, chances are some white blood cells are 
working to remove it 

It took me two years to find this ideal indicator, but it is not 
perfect. Tapeworms are a notable exception. They can be en- 
cysted in a particular tissue which will test positive, while the 
white blood cells continue to test negative. Also, when bacteria 
and viruses are in their latent form, they do not show up in the 
white blood cells. Fortunately, in their active form they show up 
quite nicely. Freon is an example of a toxin that is seldom found 
in the white blood cells; but typically, the white blood cells are 
excellent indicators of toxins. 


Making a White Blood Cell Specimen 


Obtain an empty vitamin bottle with a flat plastic lid and a 
roll of clear tape. The white blood cells are not going into the 
bottle, they are going on the bottle. The bottle simply makes them 
easy to handle, Rinse and dry the bottle. Make a second specimen 
on a clean glass slide if available. Squeeze an oil gland on your 
face or body to obtain a ribbon of whitish matter (not mixed with 
blood). Pick this up with the back of your thumb nail. Spread it in 
a single, small streak across the lid of the bottle or the center of 
the glass slide. Stick a strip of clear tape over the streak on the 
bottle cap so that the ends hang over the edge and you can easily 
see where the specimen was put (see photo). Wipe the lid beside 
the tape to make sure all white blood cells are covered. For the 
slide, apply a drop of balsam and a cover slip (see Sources). 
Both types of preparation will give you identical results. The 
bottle type of white blood cell specimen is used by standing it on 
its lid (upside down) so that the specimen is next to the plate. 
The lid is used because it is flat, whereas the bottom of most 
bottles is not. 
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Lesson Two 


Purpose: To add a white blood cell specimen to the circuit 
and compare sound, 
Method: 


1 
2. 
3 


Tum the Syncrometer ON. 
Start with test plate switch OFF 

Place the white blood cell specimen on the left plate. Place 
some junk food in a plastic baggy on the right plate. 

Eat some of the junk food. 

After Yaninute listen to the current. Flip the plate switch ON 
and listen again. 


. If the circuit is now resonating, the junk food is already in 


your white blood cells. It is toxic, 


Take vitamin C and a B-50 
complex to clear it rapidly; it may 
have had propyl alcohol or ben- 
zene in it. Test every 5 minutes 
afterward to see how long it takes 
to clear out. 


Lesson Three 


Purpose: To determine the 
purity of the filtered water you are 
making. 


Fig. 81 Bottle with white 
blood cells taped on top. 


Method: Pour a few tsp. of filtered water into a bottle or 
plastic bag. Place your white blood cell specimen on one plate 
and the water sample on the other. Listen to your circuit. Taste 
your filtered water. After Yaminute, listen to your circuit again, 
just as in Lesson Two. If it appears in your white blood cells at 
any time you can conclude the water is not pure. You must have 
pure water available to you before continuing. 
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Lesson Four 


Purpose: To determine your percent accuracy in listening for 
resonance. 
Materials: The SALT #1 and SALT #2 solutions you made 
for Lesson One. 
Method: Move the SALT #1 and SALT #2 labels to the 
bottom of the bottles so you can not tell which bottle is which. 
1, Tum the Synerometer ON. 
2. Start with the test switch OFF. 
3. Mix the bottles up, select one at random, and place it on the 
right plate. 
4, Listen to the current. 

Flip the plate switch ON and make your second probe. 

6. Resonance indicates a SALT #1, no resonance indicates 
SALT #2. Check the bottom. Remember to rest after the 
SALT #1, whether or not you heard resonance. 

7. Repeat steps 3 through 5 a number of times. Work toward 
getting three out of three correct. Practice every day. 


‘Trouble shooting: 

a) If you repeat this experiment and you keep getting the 
same bottles “wrong”, start over. You may have accidentally 
contaminated or mislabeled the outside of the bottle, or switched 
bottle caps. 

b) If you get different bottles wrong each time, the plates 
may be contaminated. Wash the outside of the bottles and rinse 
with filtered water and dry. Wipe the plates very gently too, with 
filtered water and dry. Or replace the plates. 

©) If all the bottles read the same, your filtered water is 
polluted. Change the filter. 
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Preparing Test Substances 


It is possible to prepare dry substances for testing such as a 
piece of lead or grains of pesticide. They can simply be put in a 
plastic bag and placed on the test plate. However, I prefer to 

place a small amount (the size of a pea) of the substance into a ¥2 
ounce bottle of filtered water. There will be many chemical 

reactions between the substance and the water to produce a 

number of test substances all contained in one bottle. This 

simulates the situation in the body. 

Within the body, where salt and water are abundant, similar 
reactions may occur between elements and water. For example, a 
strip of pure (99.9% pure) copper placed in filtered water might 
yield copper hydroxide, cuprous oxide, cupric oxide, copper 
dioxide, and so forth. These may be similar to some of the 
reaction products one might expect in the body, coming from a 
copper IUD, copper bracelet or the copper from metal tooth 
fillings. Since the electronic properties of elemental copper are 
not the same as for copper compounds, we would miss many test 
results if we used only dry elemental copper as a test substance. 


Impure Test Substances 


It is not necessary to have pure test substances. For instance, 
a tire balancer made of lead can be easily obtained at an auto 
service station. Leaded gasoline and lead fishing weights also 
make good test substances for lead. There is a disadvantage, 
though, to using impure test substances. You are including the 
extra impurities in your test. If your lead object also has tin in it, 
you are also testing for tin, Usually, you can infer the truth by 
some careful maneuvering. If you have searched your kidneys for 
leaded gasoline, fishing weights and tire balancers and all 3 are 
resonant with your kidneys, you may infer that you have lead in 
your kidneys, since the common element in’ all 3 items is 
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lead. (You will learn how to specify a tissue, such as your kid- 
neys, later.) 

Using pure chemicals gives you certainty in your results. You 
can purchase pure chemicals from chemical supply companies 
(see Sources). Your pharmacy, a child's chemistry set, a paint 
store, or biological supply company can also supply some. 


The biggest repository of all toxic substances is the grocery 
store and your own home. 


‘You can make test substances out of your hand soap, water 
softener salt, and laundry detergent by putting a small amount 
(1/6 tsp.) in a Younce glass bottle and adding about 2 tsp. fil- 
tered water. (Or for quick testing just put them dry or wet in a 
sealed plastic baggy.) Always use a plastic spoon. 

Here are some suggestions for finding sources of toxic 
products to make your own toxic element test. If the product is a 
solid, place a smail amount in a plastic bag and add a tablespoon 
of filtered water to get a temporary test product. For permanent 
use put it in a small amber glass bottle. If the product is a liquid, 
pour a few drops into a glass bottle and add about 2 tsp. filtered 
water. Keep all toxic substances in glass bottles for your own 
safety. Small amber glass dropper bottles can be purchased by 
the dozen at drug stores (also see Sources). Seal your test bottles 
with tape for safety and to prevent evaporation, 


Aflatoxin: scrape the mold off an orange or piece of bread; 
wash hands afterward. 

Acetone: paint supply store or pharmacy. 

Arsenic: 1/16 tsp. of arsenate pesticide from a garden shop. A 
snippet of flypaper. 

Aluminum: a piece of aluminum foil (not tin foil) or an 
aluminum measuring spoon. 
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Aluminum silicate: a bit of salt that has this free running agent 
init. 

Asbestos: a small piece of asbestos sheeting, an old furnace 
gasket, 1/4 inch of a clothes dryer belt that does not say 
“Made in USA”, or a crumb of building material being 
removed due to its asbestos content (ask a contractor). 

Barium: save a few drops from the beverage given clients 
scheduled for an X-ray. Lipstick that has barium listed in 
the ingredients. 

Benzene: an old can of rubber cement (new supplies do not 
have it). A tsp. of asphalt crumbs from a driveway. 

Beryllium: a piece of coal; a few drops of “coal oil” or lamp 
oil. 

Bismuth: use a few drops of antacid with bismuth in it. 

Bromine: bleached “brominated” flour. 

Cadmium: scrape a bit off a galvanized nail, paint from a 
hobby store. 

Cesium: scrape the surface of a clear plastic beverage bottle. 

CFCs (freon): ask an electronics expert for a squirt from an 
old aerosol can that used freon as a cleaner. (Squirt into 
water, outdoors, put the water in a sample bottle.) 

Chromate: scrape an old car bumper. 

Cobalt: pick out the blue and green crumbs from detergent. A 
sample of cobalt containing paint should also suffice. 

Chlorine: a few drops of pure, old fashioned Clorox.™ 

Copper: ask your hardware clerk to cut a small fragment off a 
copper pipe of the purest variety or a % inch of pure copper 
wire. 

Ergot: a teaspoon of rye grains, or rye bread. Add grain al- 
cohol to preserve. 

Ether: automotive supply store (engine starting fluid). 

Ethyl alcohol (grain alcohol): the purest “drinking” alcohol 
available. Everclear™ in the United States, Protec™ 
(potable) in Mexico. 
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Figure 29-9. Comparison between frequency responses 
of a $I electromagnetic transducer intended as an audio 
alert and a $500 pair of headphones intended for sound 
reproduction. The upper graph is derived from a review 
online at headroom.com; the lawer graph is from the 
‘manufacturer's datasheet. 


Some manufacturers of audio reproduction 
equipment prefer not to supply frequency re- 
sponse curves. Instead they may claim, for ex- 
ample, that the frequency response of a product 
ranges from 100Hz to 20kH2z. This claim means 
very little unless it is accompanied by a range of 
sound pressure levels. f the frequency response 
is consistent within a range of, say, plus-or-minus 
5dB, this may be acceptable. If the range is plus- 
or-minus 20dB, itis not acceptable, The ability to 
reproduce a high note or a low note is not useful 
if the sound is too faint to hear. 


Distortion 

The total harmonic distortion (THD) of any audio 
equipment measures its tendency to add spuri- 
‘ous harmonics of a single frequency. If head- 
phones are required to reproduce a pure 1kHz 
sinewave, they will also tend to create an addi- 
tional 3kHz tone that is an artifact. This can be 


sound source > repraducer > headphone 


caused by the mechanical behavior ofa vibrating 
diaphragm. The human earrecognizes distortion 
as a fuzzy or rasping sound. A square wave the- 
oretically contains all the harmonics that are odd 
multiples of its fundamental frequency, and 
sounds extremely distorted. 


THD should be less than 1% in good-quality au- 
dio devices. 


Impedance 
The electrical impedance of headphones is rele- 
vant in that it should match the output spe 
cation of the amplifier that drives them. 


What Can Go Wrong 


Overdriving 
Headphones can be damaged by overdriving 
them. Because a low frequency requires larger 
excursions of a diaphragm to transmit the same 
energy as a high frequency, headphones are es- 
pecially vulnerable to being damaged by bass at 
high volume. 


Hearing Damage 

Human hearing can be damaged by prolonged 
listening to headphones at a high volume. Some 
controversy remains regarding an acceptable 
limit for sound pressure, 


Mismatched Impedance 
Iftheimpedance of headphones doesnot match 
the output of the amplifier driving them, distor- 
tion or a skewed frequency response can result. 
This is known as mismatching. 

Incorrect Wiring 

In most consumer products, a pair of head- 
phones will share a common ground. While the 
connections in a typical three-layer jack plug 
have been standardized, hand-wired repairs or 
extensions should be tested carefully. Incorrect, 
wiring will cause unpredictable results, 
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a dentist for a small sample. 

Formaldehyde: purchase 37% at a pharmacy. Use a few 
drops only for your sample. 

Gasoline: gas station (leaded and unleaded). 

Gold: ask a jeweler for a crumb of the purest gold available 
or use a wedding ring. 

Kerosene: gas station. 

Lead: wheel balancers from a gas station, weights used on 
fishing lines, lead solder from electronics shop. 

Mereury: a mercury thermometer (there is no need to break 
it), piece of amalgam tooth filling. 

Methanol: paint supply store (wood alcohol). 

Nickel: a nickel plated paper clip, a washed coin. 

Patulin (apple mold): cut a sliver of washed, bruised apple. 

PCB: water from a quarry known to be polluted with it (a 
builder or electrical worker may know a source). 

Platinum: ask a jeweler for a small specimen. 

Propyl alcohol: rubbing alcohol from pharmacy (same as 
propanol or isopropanol). Use a few drops only, discard 
the rest. Do not save it. 

it in the ingredients (polyvinyl chloride). 

Radon: leave a glass jar with an inch of filtered water in it 

standing open in a basement that tested positive to radon 
using a kit, After 3 days, close the jar. Pour about 2 tsp. of 
this water into your specimen bottle. 

ilicon: a dab of silicon caulk. 

Silver: ask a jeweler for a crumb of very pure silver. Silver 
solder can be found in electronics shops. Snip the edge of a 
very old silver coin. 

Sorghum mold: 1/8 tsp. sorghum syrup. 

Styrene: a chip of styrofoam 

‘Tantalum: purchase a tantalum drill bit from hardware store. 
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Ti 


serape a tin bucket at a farm supply. Tin solder. Ask a 
dentist for a piece of pure tin (used to make braces). 

Titanium: purchase a titanium drill bit from a hardware store. 

Toluene: a tube of glue that lists toluene as an ingredient. 

‘Tungsten: the filament in a burned out light bulb. 

Vanadium: hold a piece of dampened paper towel over a gas 
stove burner as it is tuned on. Cut a bit of this paper into 
your specimen bottle and add 2 tsp. filtered water. 

Xylene: paint store or pharmacy. 

Zearalenone: combine leftover crumbs of three kinds of com 
chips and three kinds of popcorn, 


This list gets you off to a good start. Since few of these 
specimens are pure, there is a degree of logic that you must apply 
in most cases. If you are testing for barium in your breast, a 
positive result would mean that a barium-containing lipstick tests 
positive and a barium-free lipstick is negative. 

A chemistry set for hobbyists is a wonderful addition to your 
collection of test specimens. Remember, however, the as- 
sumptions and errors in such a system. A test for silver using 
silver chloride might be negative. This does not mean there is no 
silver present in your body; it only means there is no silver 
chloride present in the tissue you tested. 

You are bound to miss some toxins; don't let this discourage 
you. There is more than enough that you can find. 

The most fruitful kind of testing is, probably, the use of 
household products themselves as test substances. The soaps, 
colognes, mouthwash, toothpaste, shampoo, cosmetics, breads, 
dairy products, juices and cereals can all be made into test 
specimens. Put about 1/8 tsp. of the product in a small glass 
bottle, add 2 tsp. filtered water and M4 tsp. grain aleohol to pre- 
serve it. For temporary purposes use a plastic baggy and water 
only. If you test positive to your household products in your 
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white blood cells you shouldn't use them, even if you can not 
identify the exact toxin, 

For a list of toxins and solvents I use, see page 571. To order 
pure substances see Sources for “chemicals for testing.” 


Making Organ Specimens 


To test for toxic elements or parasites in a particular organ 
such as the liver or skin, you will need either a fresh or frozen 
sample of the organ or a prepared microscope slide of this organ. 
Meat purchased from a grocery store, fresh or frozen, provides 
you with a variety of organ specimens. Chicken, turkey, beef or 
pork organs all give the same results. You may purchase chicken 
gizzards for a sample of stomach, beef liver for liver, pork brains 
for brain, beef steak for muscle, throat sweet breads for thymus, 
tripe for stomach lining. Other organs may be ordered from a 
meat packing plant. 

Trim the marrow out of a bone slice to get bone marrow. 
Scrub the bone slice with hot water to free it of marrow to get a 
bone specimen. Choose a single piece of meat sample, rinse it 
and place it in a plastic bag. You may freeze it. To make a dura- 
ble unfrozen sample, cut a small piece, the size of a pea, and 
place it in an amber glass bottle (/20z.). Cover with two tsp. 
filtered water and % tsp. of grain alcohol (pure vodka will do) to 
preserve it. These need not be refrigerated but if decay starts, 
make a fresh specimen. 

Pork brains from the grocery store may be dissected to give 
you the different parts of the brain. Chicken livers often have an 
attached gallbladder or piece of bile duct, giving you that extra 
organ, Grocery store “lites” provides you with lung tissue. For 
kidney, snip a piece off pork or beef kidney. Beef liver may 
supply you with a blood sample, too. Always wash hands and 
rinse with grain alcohol after handling raw meat. 
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I use Yoz amber glass bottles with bakelite caps (see 
Sources) to hold specimens. However, plastic bags or other 
containers would suffice. After closing, each bottle is sealed 
with a Parafilm™ strip to avoid accidental loosening of the cap. 
You may use masking tape. 

To make a specimen of skin, use hangnail bits and skin 
peeled from a callous, not a wart. A few shreds will do. Re- 
member, they must be very close to the test plate when in use; 
add 2 tsp. filtered water and 44 tsp. grain alcohol. 


Making a Complete Set of Tissue Samples 


My original complete set was made from a frozen fish. As it 
thawed, different organs were cut away and small pieces placed 
in bottles for preserving in filtered water and grain alcohol. In 
this way, organs not available from the grocery store could be 
obtained. The piece of intestine closest to the anus corresponds 
to our colon, the part closest to the stomach corresponds to our 
duodenum, The 2 layers of the stomach and different layers of the 
eye, the optic nerve and spinal cord were obtained this way. 

Another complete set of tissue samples were obtained from a 
freshly killed steer at a slaughter house. In this way the 4 
chambers of the heart were obtained, the lung, trachea, aorta, 
vein, pancreas, and so forth, 


Purchasing a Complete Set of Tissue Samples 


Slides of tissues, unstained or stained in a variety of ways for 
microscope study give identical results to the preparations made 
by yourself in the ways already described. This fact opens the 
entire catalog of tissue types for your further study. See Sources 
for places that supply them. 
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Fig. 82 Some purchased parasite and tissue slides. 


You now have a set of organ samples, either fresh, frozen, 
preserved or on slides. You also have a set of test substances, 
whether chemical compounds, or elements, or products. Your 
goal is to search in your own organs and body tissues for the 
substances that may be robbing you of health, 


Keeping yourself healthy will soon be an easy, daily routine. 


Body Fluid Specimens 

Each of these fluids should be prepared by putting about 4 
tsp. in a Yoz amber glass bottle. Add about 2 tsp. filtered water 
and 4 tsp. grain alcohol for preservation. Undiluted specimens 
do not work for reasons that are technical and beyond the scope 
of this book. It is important not to shake the specimen, but to mix 
gently. 

Urine. It is desired to have a pure, uninfected urine sample as 


a tissue specimen. Since this cannot be proved with cer- 
tainty, obtain several urine samples from different persons 
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whom you believe to be healthy and make several test 
specimens in order to compare results. Label your speci- 
mens Urine A (child), Urine B (woman), Urine C (mine), 
and so forth. 

Semen. A sample from a condom is adequate. Aged speci- 
mens (sent by mail, unpreserved and unrefrigerated) work 
well also. Use one to ten drops or scrape a small amount 
with a plastic knife. 

Blood. One to ten drops of blood should be used. Clotted or 
chemically treated blood is satisfactory. A blood smear on 
a slide is very convenient. 

Milk. Cow's milk is too polluted with parasites to be useful. 
Electronically, a dead specimen is equivalent to a live 
specimen, so that pasteurization of the milk does not help. 
A human milk specimen is preferred. 

Saliva. Use your own, if you have deparasitized yourself and 
test negative to various fluke stages. Otherwise find a well 
friend or child. 


Specifying a tissue is the most powerful investigative 


technique in your arsenal. Any of your tissue samples can be 
tested for any of your toxic substances. 
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You Can Now Test Three Different Ways! 


When you test with a substance on one plate and nothing on 
the other, you are searching your entire body for that substance. 
Such a test is not very sensitive. 

By putting a tissue sample on the other plate you are testing 
for the substance specifically in that tissue, and this is much more 
sensitive. The tissue need not be the white blood cells. To find 
mercury in your kidneys you would use a mercury sample on one 
plate, and a kidney sample on the other. The technique is the 
same as when you use white blood cells. 

If you put a substance on each plate, a resonating circuit 
means the two samples have something in common. For example, 
if you have mercury on one plate and some dental floss on the 
other, a positive result indicates mercury in the floss. 


Lesson Five 


Purpose: To watch substances travel through your body. 

Materials: Prepare a pint of brown sugar solution (white 
sugar has propyl alcohol pollution) using filtered water. Use 
about I tsp. brown sugar, 1/8 tsp. vitamin C (to detoxify sorghum 
mold), and a pint of filtered water. Do not shake it; gently mix. 
Make a sample bottle by pouring about Ysinch into a clean used 
vitamin bottle. Rinse and dry the outside of the sample bottle. 
Finally wash your hands with plain water. 

Method: 

1, Test your skin for the presence of brown sugar, using the 
newly made sample bottle and your skin specimen, It 
should not be there (resonate) yet. 

2. Prepare a paper applicator by tearing the corner from a 
white unfragranced paper towel. Fold it to make a wick. 

3. Dip the paper wick in the pint of sugar water and apply it to 
the skin of your inner arm where you can rub freely. 
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Rub it in vigorously for about 10 seconds (otherwise it 
takes minutes to absorb). Leave the shredded wick on the 
skin and tape it down with a piece of clear tape about 4 
inches long (this increases the time you have to work). 
Quickly wash your fingers. 

4. Place your skin tissue specimen on one plate and the sugar 
specimen bottle on the other plate. 

5. Probe for resonance every 5 seconds. As soon as you hear 
resonance, implying that the skin has absorbed the sugar 
solution (which may take a full minute), replace the skin 
specimen with one of liver and listen for resonance again. 
There should be none, yet. 

6. Alternate between the skin and liver. Soon the skin will be 
clear and the liver will resonate. Also check the pancreas 
and muscles to see how quickly sugar arrives there. 

7. Check white blood cells and kidneys. It should not appear 
here (unless it is polluted with a toxin), 

8. After five to ten minutes the sugar will be gone from all of 
these tissues and your experiment is ended. Wash your arm 
with plain water. 


Notice that you have only a few minutes to get all your testing 
done after the skin has absorbed the test substances. 


Lesson Six 


Purpose: To verify the propyl alcohol and benzene lists. 
Method: We will use the Syncrometer to test for a toxin in a 
product. Assemble the products named in the propyl alcohol list 
(page 335) and benzene list (page 354)...as many as you can find. 
Also make sample bottles of benzene and propyl alcohol. 
1, Place the propyl alcohol test substance on one plate and 
your products, in turn, on the other. 
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2. Listen to the current with only one of the plates in the cir- 
cuit. Then listen with both plates in (the test plate switch 
ON). This method can detect one part per quadrillion in 
concentration. It is not as sensitive as the skin test (Lesson 
Five). 

3. Repeat, with the benzene test substance. 

Even tiny amounts of solvents are toxic! They must not be 
consumed or be left in our environment. 

Thave found that too many unsuspected products test positive 
to benzene. This is such a global tragedy that people must protect 
themselves by using their own tests. Rather than assurances, 
regulatory agencies should provide the consumer with cheap and 
simple tests (dip sticks and papers so we need not lug our 
‘Syncrometers around). Even if some test should fail, not all tests 
would fail to find an important pollutant like benzene. It would 
come to public attention much faster than the present debacle has. 


Fig. 83 Table of the future. 


483 


THE CURE FoR ALL DISEASES 


Lesson Seven 


Purpose: To test for the presence of aluminum in your brain 
and your foods. 

Materials: An aluminum measuring spoon, a tsp. of free 
flowing aluminized salt, a square inch of aluminum foil, a pack- 
age of pork brain from the grocery store, kept frozen. (Other 
animal sources will do). Or a stained slide of cerebrum, cere- 
bellum or other brain tissue. 

Method: 

1. Cut a piece of brain tissue (about 1 tsp.) and place in a 

plastic bag. 

2. Place the aluminum samples in separate plastic bags. Add 
filtered water to each, about I ths. Keep all surfaces and 
your hands meticulously clean (do not use soap). 

3. Place the aluminum sample on one plate and the brain 
sample on the other plate. 

4. Probe for resonance. If the circuit resonates you have alu- 
minum in your brain. 

5. If your aluminum specimen actually has cadmium or copper 
in it, you are also testing for these in your brain. Repeat the 
aluminum test with other aluminum objects. If they all 
resonate, you very, very likely have aluminum in your 
brain, If you can, test yourself to cadmium and copper, 
separately. If you don't have these in your brain, the 
aluminum test result is even more likely to be correct. 

6. Of course, it would be desirable to have absolute certainty 
about this. To achieve this, purchase pure aluminum or an 
Atomic Absorption Standard, These are available from 
chemical supply companies. 


If you do have aluminum in your brain, where is it coming 
from? 
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speaker 


The term speaker is a diminution of loudspeaker. The full word is now so rarely used, 
some catalogs do not recognize it as a search term. This encyclopedia acknowledges 
contemporary usage by using speaker rather than loudspeaker. 


‘fully assembled consumer product can be referred to asa "speaker’ butitalso contains 
‘one or more individual components that are described as “speakers.” To resolve this 
ambiguity, referring to the components as drivers is helpful, but this practice can create 
‘mote ambiguity because other types of components are also called “drivers,’ The only 
real guide to the meaning of speaker is the context in which itis used. 


For the purposes of this entry, a speaker is a sound reproduction device, distinguished 
from a typical electromagnetic transducer by being larger and more powerful, with a 
more linear frequency response. A transducer may be used as a noise-creating device to 
provide an alert, informing the user of the status of a piece of equipment. Because some 
speakers have been miniaturized for use in handheld products, they may be used as 
transducers, allowing some overlap between the two categories. 


Because this encyclopedia assigns more emphasis to electronic components than to. 
consumer products, this entry provides only a superficial overview of fully assembled 
speakers, and deals more with the drivers inside them, their principles of operation, and 
the general topic of sound reproduction, 


OTHER RELATED COMPONENTS 


«+ headphone (see Chapter 29) 
«+ transducer (see Chapter 27) 


What It Does 


‘Aspeaker converts fluctuationsof anelectricsig- =a 
hal into pressure waves that the human ear per- 
ceivesas ound. Itcan be used forentertainment 


purposes or to provide information in the form 
of spoken words or distinctive sounds (as in the 
case of a miniature speaker in a cellular phone, 
playing a ring tone). 


The internationally accepted schematic symbol 
for a speaker is shown in Figure 30-1. 


Figure 30-1. Only ane symbol exists to represent a speak- 
er. This st 


How It Works 
For a summary of basic concepts and terminol- 


‘ogy relating to sound and its reproduction, see 
"Audio Basics" on page 261 inthe previous entry. 
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7. Leave your purest aluminum test substance on one plate, 
and replace the brain sample with these items, testing them 
one at a time, Remember to rest after each positive result. 

+ a teaspoon of cottage cheese or yogurt taken from the top 
of a container of a foil-capped variety 

+ apiece of cream cheese or butter that was wrapped in 
foil 

+ a chip of bar soap or a bit of hand lotion 

+ apiece of cake or rolls baked in an aluminum pan 

+ apiece of turkey skin or hot dish that was covered with 
aluminum foil 

+ anything baked with baking powder 

+ acarbonated beverage from an aluminum can 


Alternative Lesson: 

To test for dental metal in your tissues. Use a piece of amal- 
gam from an old tooth filling. This tests for the rest of the alloys 
in amalgam fillings as well as mercury. If you can't get a piece of 
mercury amalgam, use a mercury thermometer (don't break it, just 
put the bulb on the plate). Choose tissues like kidney, nerves, 
brain, liver, in addition to white blood cells. 


I have never dissected human tissues and subjected them to 
confirmatory laboratory tests. It seems reasonable that because 
skin and tongue are directly provable, that other tissues work 
similarly. 


Testing the Air 


Fine particles and gas molecules that are in the air stick to the 
dust and eventually fall down onto the table, kitchen counter, and 
other places. Every night a film of dust accumu- 
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lates, even though you can't see it. To test for air pollutants, 
gather some dust. Wipe the kitchen table and counter with a 
dampened piece of paper towel, two inches by two inches 
square. Place it in a resealable baggie. Do not get old dust, like 
from the top of the refrigerator or back shelves, because it does 
not represent the current air quality. 


Testing Someone Else 


Seat the person comfortably with their hand resting near you. 
Choose the first knuckle from the middle or first finger just like 
you do for yourself. Since you are touching this person, you are 
putting yourself in the circuit with the subject. 

To exclude yourself, you need to add inductance to yourself. 
A coil of about 10 microhenrys, worn next to the skin, works 
well and is easily made. Obtain insulated wire and wrap 24 turns 
around a ball point pen (or something about that size), closely 
spaced. Cut the ends and tape them down securely. Keep it in a 
plastic bag, even when in your pocket. A commercial inductance 
of 4.7 microhenrys, worn touching your skin also works well. It 
can be worn on a string necklace. (Remember to remove the 
necklace when testing yourself.) The inductance acts as an RF 
(radio frequency) choke, limiting the alternating current that can 
flow through you while testing another person. 

Test your inductor in this way. Repeat Lesson One with the 
coil next to your body. No resonance, even to SALT #1, should 
occur. If it does, make the coil bigger. Remove the inductor when 
you are not testing others. 


Lesson Eight 


Purpose: To detect aluminum in the brain of another person. 
Materials: same as previous lesson, you wear the inductor. 
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Method: 

1. Place the aluminum sample on one plate and the brain 
sample on the other plate. 

2. Give the other person the handhold. You use the probe. 
Hold their finger steady in yours. 

3. Probe the other person for resonance. The first probe is 
with only one plate in the circuit. The second is with both 
plates in the circuit. Resonance implies there is aluminum 
in the person's brain. 


Saliva Testing 


This may become your most useful test. The saliva has in it a 
bit of almost everything toxic that is in you. But it is not the first 
tissue to carry the HIV virus or a bit of a tapeworm stage. 
Nevertheless, Salmonella in your liver, mercury in your kidney: 
aluminum in the brain all show up in the saliva, too. And saliva 
can be sent by mail or stored in the refrigerator. It should be 
frozen for long storage to prevent mold invasion, Or it may have 
grain alcohol added to preserve it. This test is not as sensitive as 
having the person present in the circuit, though. 

To make a saliva specimen, place a two inch square piece of 
white, unfragranced paper towel (tear, don't cut) in a lightweight 
resealable baggy. Hold the open baggy near your mouth, Don't 
touch the paper towel with your fingers. Drool or spit onto the 
paper towel until half of it is damp. Zip it shut. Before testing, 
add enough filtered water to dampen the whole piece of paper. 


Lesson Nine 


Purpose: To search for shingles or Herpes. 
Materials: A saliva specimen from the person being tested; 
they may be thousands of miles away. Also a specimen of the 
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virus. This can be obtained from someone else's lesions—one 
droplet is enough, picked up on a bit of paper towel. The whole 
thing, towel and all, can be pushed into a glass bottle for pre- 
serving. Water and alcohol should be added. It can also be put on 
a slide, Herpes, homemade. A homeopathic preparation of the 
virus does not give accurate results for this kind of testing, due to 
the additional frequency imposed on it by potentizing. (However, 
homeopathic preparations can be used if the potency matches the 
tissue frequency where it resides. Hopefully, some way of using 
homeopathic sources will soon be found.) 

Method: Place the saliva specimen in its unopened baggy on 
one plate. You may wish to open it briefly, though, to add enough 
filtered water to wet all the paper and add 4 tsp. grain alcohol to 
sterilize or preserve it. 

Place the virus specimen on the other plate and test as usual 
(like Lesson Six). A positive result means the person has active 
Herpes. 

The main disadvantage of saliva testing is that you do not 
know which tissue has the pathogen or the toxin, You can only 
conclude that it is present. Usually this is enough information to 
carry out a corrective program. 


Surrogate Testing 


Although saliva testing is so easy, it is also possible to use an 
adult as a surrogate when testing a baby or pet. The pet or baby 
is held on the lap of the surrogate. A large pet may sit in front of 
the person. The handhold is held by the surrogate and pressed 
firmly against the body of the baby or pet. It can be laid flat 
against the arm, body or leg of a baby and held in place firmly by 
the whole hand of the adult. The paper covering should be wet. 
For a pet, the end is held firmly pressed against the skin, such as 
between the front legs or on the belly. The other hand of the adult 
is used for testing in the usual way. The 
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adult must wear an inductor for surrogate testing as well as you, 
tester. 

An ill or bedridden person may be tested without inconven- 
ience or stress. He or she rests their whole hand on the skin of 
your leg, just above the knee. A wet piece of paper towel, about 
4 inches by 4 inches is placed on your leg, to make better contact. 
You must use an inductor for yourself with this method. You may 
now proceed to probe on your hand instead of the ill person's. 


Lesson Ten 


Purpose: To test for cancer. 

Materials: Ortho-phospho-tyrosine. Here are four ways to 

obtain some: 

1, Order a pure sample from a chemical company (see 
Sources). Place a few milligrams (it need not be weighed) 
in a small glass bottle, add 2 tsp. filtered water and %4 tsp. 
grain alcohol. 

2. All persons with cancer have ortho-phospho-tyrosine in 
their urine as well as in the cancerous tissue. It is seldom 
found in other body fluids. Obtain a urine specimen from a 
friend who has active cancer. Freeze it if you can't prepare 
it immediately. Keep such specimens well marked in an 
additional sealed plastic bag. Persons who have recently 
been treated clinically for cancer are much less likely to 
have ortho-phospho-tyrosine in the urine. 

Urine cannot be considered a chemical in the same way as 
a sugar or salt solution. Urine is a tissue and has its own 
resonant frequency as do our other tissues. If combined 
with another tissue on the test plates, it will not resonate as 
if a solution of pure ortho-phospho-tyrosine were used. To 
use urine as an ortho-phospho-tyrosine specimen, you must: 
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a) Pour a few drops of urine into your specimen bottle 
b) Add about 2 tsp. of filtered water 
c) Add a few drops of grain alcohol 
Gently mix, do not shake. Rinse and dry the outside of the 
bottle. Label it “urine/cancer”. 

3. Cancer victims also have other growth factors being pro- 
duced in their bodies. These are the same as can be found 
in mother's milk—for example, epidermal growth factor 
and insulin-like growth factor. Obtain a sample of mother's 
milk and use it to make another test substance for cancer. A 
few drops is enough. 

4. There is still another way to prepare an ortho-phospho- 
tyrosine test sample. Common snails from a fish tank or 
outdoor snails are the natural hosts for Fasciolopsis buskii 
(human intestinal fluke) stages. The stages will produce 
ortho-phospho-tyrosine when the snails are fed fish food 
polluted with propyl alcohol. Over half the fish food cans 
purchased had propyl alcohol pollution. Buy several 
brands of fish food. Test them for propyl alcohol and ben- 
zene. Obtain some snails, put them in a tank, feed them 
propyl alcohol polluted fish food. (Feed a separate group 
of snails benzene polluted fish food to obtain samples of 
HIV.) After two days put each snail in a zipped plastic bag, 
and test them individually against someone diagnosed with 
cancer or their saliva. The snails that the person tests 
positive to have ortho-phospho-tyrosine, Put these snails in 
the freezer to kill them humanely, then crush them and place 
in a specimen bottle with 50% grain alcohol to preserve. 
The bottles can be kept sealed and at room temperature. 
Similarly, your benzene snails can be tested against some- 
one known to be HIV positive. Any snails that test positive 
can be used to prepare an HIV test specimen in the same 
way. The fish food must be tested for both benzene 
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and propyl alcohol pollution, and separated appropriately, 
or you run the risk of making specimens that have both 
ortho-phospho-tyrosine and HIV. 


Method: 
1, Test for cancer by placing the test sample you just made 
(any of the four) on one plate and a white blood cell sample 

on the other plate. 

2. If you resonate with both samples in the circuit you have 
cancer. Immediately, search for your cancer in your breast, 
prostate, skin, lungs, colon, and so forth. 

3. To be more certain, test yourself to the other kinds of test 
samples, You should not resonate. 

‘As you know by now, you can confirm the cancer by testing 
yourself to propyl alcohol and the human intestinal fluke in the 
liver. You should eliminate propyl alcohol from use, and zap all 
parasites. Keep testing yourself for cancer until it is gone. It 
should take less than one hour. Also continue to test yourself for 
propyl alcohol and the intestinal fluke in the white blood cells; 
make sure they are gone. Also test yourself for aflatoxin and 
freon, 


Lesson Eleven 


Purpose: To test for HIV. 

Materials: Purchase a few milligrams of Protein 24 antigen 
(a piece of the HIV virus core) or the complete HIV virus on a 
slide (see Sources). You may use the vial unopened if only one 
test specimen is needed. To make more specimens, use about | 
milligram per Younce bottle. Add 2 tsp. filtered water and 4 tsp. 
grain alcohol. Or prepare an HIV specimen from snails as 
described in the previous Lesson. 

Method: Search in the thymus (throat sweet breads), vagina 
and penis for the virus because that is where it will reside al- 
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most exclusively for the first year or two. If you don't have those 
tissue specimens, you could search in urine, blood, saliva, or 
white blood cells, but only a positive result can be trusted. Also 
search for the human intestinal fluke and benzene in the thymus. 
Of course, a positive test in these tissues is very significant. If 
you are positive, zap parasites immediately. You should test 
negative in less than an hour. Remove benzene polluted items 
from your lifestyle. Also test yourself to several varieties of 
popcom, brown rice, and corn chips as an indication of 
zearalenone, which must be eliminated in order to get well. 
Follow up on yourself every few days to be sure your new found 
health is continuing. Test yourself for freon, 


Lesson Twelve 


Purpose: To test for diseases of all kinds. 

Materials: Use slides and cultures of disease organisms. 
Homemade preparations of strep throat, acute mononucleosis, 
thrush (Candida), chicken pox, Herpes | and 2, eczema, shin- 
gles, warts, measles, yeast, fungus, rashes, colds, sore throats, 
sinus problems, tobacco virus, and so forth can all be made by 
swabbing or scraping the affected part. A plastic spoon or bit of 
paper towel works well. Put a small bit on a slide. Add a drop of 
balsam and a cover slip. Or put the towel in a bottle, add water 
and aleohol as described previously. Microscope slides can 
greatly expand your test set (see Sources). 

Method: Test yourself for a variety of diseases, using your 
white blood cell specimen first. Then search in organs like the 
liver, pancreas, spleen. Notice how many of these common ill- 
nesses don't “go away” at all. They are alive and well in some 
organ. They are merely not making you sick! 
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Lesson Thirteen 


To test for AIDS. 

Materials: Benzene sample, slides of tissue samples like 
thymus, liver, pancreas, penis, and vagina. Also a collection of 
disease specimens such as the ones used in the previous lesson. 

Method: Search in the thymus for benzene. If it is positive 
throughout the day, you are at risk for developing AIDS, although 
you may not be ill. Search other tissues for benzene. The more 
tissues with benzene in them the more serious the situation, 
Immediately search all your body products and foods for 
benzene. 


Stay off benzene polluted items forever. 


Tally up the diseases you tested positive for in Lesson 
Twelve. Test at least ten. If you had more than half positive you 
already have AIDS. (50% is my standard, you may set your own; 
an ideal standard for defining a healthy person should be 0% 
positive.) 


Lesson Fourteen 


Purpose: To test for aflatoxin. 

Materials: Do not try to purchase a pure sample of aflatoxin; 
it is one of the most potent carcinogens known, Having it on hand 
would constitute unnecessary hazard, even though the bottle 
would never need to be opened. Simply make specimens of beer, 
moldy bread, apple cider vinegar, and any kind of peanuts using 
a very small amount and adding filtered water and grain alcohol 
as usual. 

Method: Test yourself for these. If you have all of them in 
your white blood cells and the liver then you very, very proba- 
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bly have aflatoxin built up. Next, test your daily foods for their 
presence in your white blood cells. Those that test positive must 
be further tested for aflatoxin. Notice the effect of vitamin C on 
aflatoxin in your liver. Find a time when your liver is positive to 
aflatoxin (eat a few roasted peanuts from a health food store and 
wait ten minutes). Take 1 gram vitamin C in a glass of water. 
Check yourself for aflatoxin every five minutes. Does it clear? If 
not, take 5 or 10 grams vitamin C. How long does it take? 


Lesson Fifteen 


Purpose: To test for parasites. 

Method: If you test positive to your pet’s saliva, you have 
something in common-a parasite, no doubt. You must search your 
muscles and liver for these, not saliva or white blood cells, 
because they are seldom seen in these. Zap yourself for parasites 
until you no longer test positive to your pets’ saliva. 

Tapeworms and tapeworm stages can not (and should not) be 
killed with a regular frequency generator. Each segment, and 
probably each scolex in a cysticercus has its own frequency and 
might disperse if your generator misses it. Only zapping kills all 
and is safe for tapeworms. 

Be sure to treat your pet on a daily basis with the pet parasite 
program, 


Lesson Sixteen 


Purpose: To test for fluke disease. 

‘A small number of intestinal flukes resident in the intestine 
may not give you any noticeable symptoms. Similarly, sheep 
liver flukes resident in the liver and pancreatic flukes in the 
pancreas may not cause noticeable symptoms. Their eggs are 
shed through the organ ducts to the intestine and out with the 
bowel movement. They hatch and go through various stages of 
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Construction 

A speaker contains a diaphragm or cone with a 
coil attached to it. Fluctuations of current 
through the coil interact witha permanent mag- 
net, causing the speaker to emit pressure waves 
that are proportionate with the current, The de- 
sign is similar in concept to that of a headphone, 
shown diagrammatically in Figure 29-3. The pri- 
mary difference is that a speaker of around 2" or 
morewill usea cone rather thana flat diaphragm. 
The cone shape is more rigid and creates a more 
directional sound. 


‘A2" speaker rated for 1/4W with a 639 coil is 
shownin Figure 30-2, undamaged on the left but 
with its cone cut out on the right. The neck of the 
cone, which is normally inserted in the circular 
groove in the speaker magnet, is shown with the 
inductive coil wrapped around it. 


Figure 30-2. On the left is 2 2° speaker. On the right. its 
cone has been cut away to reveal the magnet, with a ci 
cular groove in it. The neck of the cone, which normally 
slides into the groove, is shawn removed, 


A speaker with a cone 4” in diameter is shown 
from the rear in Figure 30-3. 


‘A miniature surface-mount speaker is shown 
from the front and from the rear in Figures 30-4 
and 30-5, It measures just under 0.4” diameter 
and was made for Motorola. Its power rating Is 
somw. 


Figure 30-3. The back side of a speaker with a cone 
‘measuring approximately 4" in diameter. Its magnet is the 
large round section that 1s uppermost. This unit is rated 
for 4W and has an impedance of 82 


Aspeaker designed for a cellular phone is shown 
in Figure 30-6, Note the close resemblance in de- 
sign to the driver used in an earbud, shown in 
Figure 29-6 in the previous entry. 


In the past, speaker cones were made from 
tough, fibrous paper. Modem cones are more 
likely to be plastic, especially in small sizes. 


Figure 30-4. Front view of a surface-mount speaker 
‘measuring less than 0.4" diameter. 
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development outdoors and in other animals. But if you become 
the total host so that various stages are developing in your or- 
gans, you have what I term fluke disease. I have found that can- 
cer, HIV, diabetes, endometriosis, Hodgkin's disease, 
Alzheimer's disease, lupus, MS and “universal allergy  syn- 
drome” are examples of fluke disease. 


You can test for fluke disease in two ways: electronically 
and by microscope observation. 


Materials: Cultures or slides of flukes and fluke stages from 
a biological supply company (see Sources) including eggs, 
miracidia, redia, cercaria, metacercaria. Body fluid specimens to 
help you locate them for observation under a microscope. 

‘Method: Test for fluke stages in your white blood cells first. 
If you have any fluke stages in your white blood cells you may 
wish to see them with your own eyes. To do this, you must first 
locate them. Place your body fluid samples on one plate, your 
parasite stages on the other plate, and test for as many as you 
were able to procure, besides adults. After finding a stage 
electronically, you stand a better chance of finding it physically 
with a microscope. 


Lesson Seventeen 


Purpose: To see how sensitive your measurements can be. 
(How much of a substance must be present for you to get a 
positive result?) 

Materials: filtered water, salt, glass cup measure, 13 new 
glass bottles that hold at least 4 cup, 14 new plastic teaspoons, 
Your skin tissue sample, paper towel. 

Method: Some of the best measurement systems available 
today are immunological (such as an ELISA assay) and can de- 
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as little as 100 fg/ml (femtograms per milliliter). A milliliter 
about as big asa pea, and a femtogram is 
,000,000,000,000,000th (10°) of a gram! 

Rinse the glass cup measure with filtered water and put one 
half teaspoon of table salt in it. Fill to one cup, stirring with 
a plastic spoon. What concentration is this? A teaspoon is 
about 5 grams, a cup is about 230 ml (milliliters), therefore 
the starting concentration is about 242.5) gm per 230 ml, 
or .01 gm/ml (we will discuss the amount of error later). 


2. Label one clean plastic spoon “water” and use it to put nine 


spoonfuls of filtered water in a clean glass bottle. Use 
another plastic spoon to transfer one spoonful of the .01 
gmv/ml salt solution in the cup measure to the glass bottle, 
stir, then discard the spoon. The glass bottle now has a | in 
10 dilution, and its concentration is one tenth the original, 
or 001 gm/ml. 


3. Use the “water” spoon to put nine spoonfuls of filtered 


water in bottle #2. Use a new spoon to transfer a spoonful 
of salt solution from bottle #1 to bottle #2 and stir briefly 
(never shake). Label bottle #2 *.0001 gm/ml”. 


4, Repeat with remaining bottles. Bottle #13 would therefore 


coul 


be labeled “,000000000000001 gm/ml.” This is 107° 
gmv/ml, or | femtogram/ml. 

. Do the skin test with water from bottle #13 as in Lesson 
Five. If you can detect this, you are one hundred times as 
sensitive as an ELISA assay (and you should make a bottle 
#14 and continue if you are curious how good your 
sensitivity can get). If you can not, try to detect water from 
bottle #12 (ten times as sensitive as ELISA). Continue until 
you reach a bottle you can detect. 


Calculate the error for your experiment by assuming you 
1d be off by as much as 10% when measuring the salt and 
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water adding up to 20% error in each of the 13 dilutions. This is 
a total error in bottle #13 of 280%, or at most a factor of 3. So 
bottle #13 could be anywhere from 0.33 to 3 femtogram/ml. If 
you can detect water from bottle #13, you are definitely more 
sensitive then an ELISA, in spite of your crude utensils and in- 
expensive equipment! Note that the starting error of using 2.5 gm 
instead of 2.3 gm only adds another 10% error. 

If you want to calculate how many salt molecules you can 
detect, select the concentration at the limit of your detection, and 
put 2 drops on a square inch of paper towel and rub into your 
skin, Assume one drop can be absorbed. If you can detect water 
from bottle #13, you have detected 510,000 molecules (10'° 
fg/ml divided by 58.5  gm/M multiplied by 6.02x10™ 
molecules/M divided by 20 drops/ml). Water in bottle #12 
would therefore have 10 times as many molecules in one drop, 
and so forth, Even if your error is as much as a factor of 2 
(100%), you can still get a good idea of what you can measure. 

Atomic absorption standards start at exact concentrations; it 
is easy to make a more exact dilution series with them. When 
testing for iridium chloride by this skin test method, I was able to 
detect 3025 molecules! 

‘Troubleshooting: 

Always extend your set until you get a negative result (this 
should happen by at least bottle #18). If you always “detect” salt, 
then you shook the bottle! 

Never try to reuse a bottle if you spill when pouring into it. 
Get another new bottle. 


Sensitivity of Pollutant-In-Product Testing 


Get some slides of Salmonellas and Shigellas and find some 
milk that tests positive to at least one. Make a dilution series of 
the milk up to bottle #14, being careful not to shake the bottles. 
Start with 2 drops of milk in bottle #1. Use an eye dropper to 
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deliver 2 drops to subsequent bottles. Begin testing at bottle #14, 
using the slide that tested positive. You will lear to search by 
frequency later. My sensitivity was routinely around bottle #12, 
for a variety of pathogens. It was the same for toxic elements 
starting with standard solutions, about 1000 ug/ml, showing this 
‘method is less sensitive than skin testing. 


Microscopy Lesson 


Purpose: To observe fluke stages in saliva and urine with a 
microscope. 

Materials: 

a. A low power microscope. High power is not needed. A 
total of 100x magnification is satisfactory for the four 
common flukes, Fasciolopsis, sheep liver fluke, human 
liver fluke and pancreatic fluke. 

b. Glass slides and coverslips. 

c. A disposable eye dropper. 


Fig. 84 Microscope, slides and coverslips. 
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d. For sanitation purposes (wiping table tops, slides, micro- 
scope and your hands) a 50% to 70% alcohol solution (not 
rubbing alcohol!) is best. Dilute 95% grain alcohol 7 parts 
aleohol plus 3 parts water. Vodka or 76% grain alcohol 
can be used undiluted. 

e. Formaldehyde, 20%. Formaldehyde 37% is commonly 
available at pharmacies. Dilute this with equal parts of 
filtered water to get 18/4, which is close enough to 20%, 
for the purpose of “fixing” (killing) the specimens. Store in 
a glass bottle in the garage, away from sunlight. Label. 
Specimens that are fixed properly do not lose their life-like 
appearance. 

£ Iodine solution. This is only useful for the urine specimens. 
Lugol’s iodine and tineture of iodine are both useful. Ask a 
pharmacist to prepare Lugol’s Iodine Solution for you, as 
follows: 

+ 44 grams (1072) iodine crystals 

+ 88 grams (3 07) potassium iodide crystals 
Dissolve both in 1 liter (quart) filtered water. This may 
take a day of frequent shaking. 


Method for saliva: 

1, Pour the 20% formaldehyde into a small amber bottle or 
other receptacle to a depth of about 1/8 inch. Keep tightly 
closed. 

2. The person to be tested is asked to salivate into the bottle 
so the organisms are immediately “fixed” without under- 
going cooling first. The total volume should be about 
double the original amount of formaldehyde used. Make a 
mark on the container so the subject knows how much to 
produce. The resultant concentration of formaldehyde will 
be about 10%. 

3. Shake the bottle a few times. Set it aside for 24 hours to 
settle (less if testing is urgent). 
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4. With a dropper, draw up some of the bottom settlings. Put 
one drop on a slide and apply a coverslip. 

5. View under low power of microscope. Compare objects 
you observe with specimens obtained on slides from bio- 
logical supply companies. 

Note: Persons with HIV and moderate AIDS will show about 
one to ten parasite stages per slide. It requires several hours of 
searching. Persons with HIV and severe AIDS show 10 or more 
fluke stages per slide; this makes the task of finding them much 
easier. Persons with terminal untreated cancer have many more 
fluke stages than relatively well persons. 


Method for urine: 

1, Prepare bottles of formaldehyde fixative ahead of time. Put 
about 4 to Yainch of 20% formaldehyde in each. Keep 
tightly closed. 

2. Add freshly voided* urine from cancer or HIV sufferers to 
the formaldehyde in approximately equal amounts, resulting 
in a 10% formaldehyde solution. Shake immediately. Let 
settle several hours. The sediment has a higher number of 
fluke stages. Cancer victims with cervical or prostate 
cancer will show higher numbers of stages in urine than 
other cancer types. 

3. Staining the slide is optional. It helps to outline fluke stages 
slightly. Prepare Lugol’s solution as described above. 

Slides may be stained in either of these two ways 

+ Puta drop of “fixed” urine on a slide, Add a drop of 
50% Lugol’s (dilute 1:1 with filtered water). Apply 
coverslip. 


* Urine that has cooled even slightly below body temperature does 
not show miracidia and redia in their original shapes. 
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+ Put a drop of “fixed” urine on a slide. Apply cov- 
erslip. Add 1 to 3 drops of 50% Lugol’s to edge of 
coverslip and allow it to seep in. 

Note: persons who have been treated for cancer or HIV using 
any of the known drugs may show only 1 to 2 fluke parasite 
stages per drop of saliva or urine, For this reason, you may need 
to search through 20 or more slides to find flukes. Very ill per- 
sons may show up to 10 parasites per drop (slide). 


Taking Pictures Of What You See 


You may be unsure of what you see even if you have the 
microscope slides of labeled flukes and their stages to study and 
compare. In real life, they vary so much in shape and size that 
absolute identification is difficult without experience. Unfortu- 
nately in a few hours, just as you are getting proficient, your 
magnificent specimens will be drying out and unfit for observa 
tion. To preserve them longer you can seal the edges by painting 
around the coverslip with fingernail clear enamel. Or dribble hot 
sealing wax along the edges and then place them in sealed plastic 
bags (one per bag). Melt sealing wax in a metal jar lid. Make an 
applicator from a piece of coat hanger wire bent in the shape of a 
small square to fit around the coverslip and a handle. 

Or take photographs. To take pictures of what you see under 
the microscope you will need a photomicrographic camera, 
which costs $200.00 and up (see Sources). It is easy to use. Re- 
member to label your pictures so you know which slide they 
came from. 

Even photographs do not scientifically prove identity of 
parasite stages, but it is very good evidence. Proof would require 
that the saliva or urine sample could be cultured and seen to 
produce the known parasite stages. 
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Using A Frequency Generator 


Frequency generators come in all sizes and costs and capa- 
bilities. If you can purchase one that reads out the frequency for 
you in numbers (digital type) and lets you produce a fraction of a 
kilohertz by turning a dial, it meets your most elementary needs. 
It should also be possible to set it on positive offset (100% 
positive) and still give you 5 volts. Then it can be used as a 
zapper. You should also be able to select a sine wave or square 
wave 

The advantages of having a frequency generator are that you 
can do your own diagnosing. You can find, in a few minutes: 


1. Which invaders you have by dialing in to their frequencies. 
2. At what frequencies you are broadcasting to the world. 
3. What frequencies are used by other living things. 


The Theory 


Every living animal and every cell type produces its own 
frequencies and responds to these frequencies as well. We may 
speak of frequencies but we really mean waves, waves of en- 
ergy. All waves have a frequency associated with them, so it's 
not really misleading to say frequencies when we really mean 
waves. 

When the animal is alive it produces them, when it is dead it 
still responds to some of them. It is like the opera singer and the 
glass goblet. The opera singer produces frequencies in the air. 
The goblet responds to them because of its structure, not because 
it's alive. The goblet “picks up” on that particular frequency of 
sound because its own “resonant” frequency is exactly the same. 
If the singer sings. loud enough the _goblet 
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shatters from the vibrations set up in it. An identical goblet, made 
of plastic, would not have the same resonant frequency. 

There is not merely a structural and chemical difference 
between the living and non living. Living things are transmitting 
energy of some unique kind. And with your simple device, you 
will be able to trap this energy. And measure its exact frequency. 
This is not the same as understanding its makeup and source. We 
must leave that to others. But we can observe and use our 
observations to track down bacteria and other parasites. We can 
track down pollutants. We can measure our health quantitatively 
and perhaps in the future predict life expectancy. 


The Synerometer at left is attached to the handhold. The frequency 
generator at right is also clipped to the handhold. 
Fig. 85 Setup for finding resonant frequencies. 


The Syncrometer traps the frequencies that match the ones in 
the material on the test plates and delivers them to an audio 
speaker in a range that you are able to hear. Instead of test tis- 
sues or pathogens, we are now going to use pure test fre- 
quencies! Remarkably, few things have overlapping 
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frequencies, making this technique extremely useful for identi- 
fication, even without a specimen! 


Lesson Eighteen 


Purpose: To search for the intestinal fluke in your body by 
listening to its broadcast frequency at 434 KHz. 

Method: Tum on the frequency generator, select a frequency 
a short distance above the one you are interested in, like 438 
KHz, turn the voltage (amplitude) down to less than one volt. 
Select sine waves. The lead coming from the frequency generator 
will have two connections, usually red and black (ground). We 
will not use the black (ground), just tape it out of the way. Pick 
up the handhold and probe in the usual way. Attach the red lead 
coming from the generator to your handhold. This makes two 
wires attached to your handhold. Although there is nothing on the 
test plates, they must be connected as usual with the switch at 
OFF (one plate is still ON). 

Tum the Syncrometer ON. Probe yourself as usual. Your 
body's waves are being sent to the capacitor (plate) in the test 
plate box. The frequency from the Syncrometer is sent there, too. 
‘And now the 438 KHz waves from the generator are being sent 
there as well. Three different frequencies are mingling on the 
plate! If the two from your body and the generator are the same, 
the circuit will oscillate, and you will hear resonance. Turn the 
generator to 437 and probe again. Next, 436. 

Sometimes, you can hear the resonance start to build. Con- 
tinue on. 

Next try 435. Then 434. 

If your body is emitting a frequency of 434 KHz (coming 
from a live intestinal fluke inside you) it will be reinforced by 
the generator’s 434 KHz, The reinforcement will put oscillations 
or resonance in the circuit, the same as you are accustomed to 
hearing with the Syncrometer. If there was none, you don't have 
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Figure 30-5. Rear view of the speaker shown in the previ 
us figure 


Figure 30-6. A miniature speaker measuring slightly 
more than 1/2" diameter and only 0.13" thick, designed 
for use ina cellular phone. It has an impedance of 1500. 


How it 


Multiple Drivers 

Generally speaking, a large-diameter speaker 
cone is more effective than a small cone at mov- 
ing the greater volumes of air associated with re- 
production of bass notes. However, the inertia of 
a large cone impairs its ability to vibrate at high 
frequencies. 


To address this problem, a large speaker and a 
small speaker often share a single enclosure. A 
crossover network using coils and capacitors pre- 
vents low frequencies from reaching the small 
speaker and high frequencies from reaching the 
large speaker. The basic principle is shown in the 
simplified schematic in Figure 30-7. 
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Figure 30-7. The basic principle ofa crossover network 


Because the crossover network must be “tuned” 
to match the characteristics of the speakers, and 
because the combined sound pressure of the 
speakers must be relatively consistent over a 
wide range of frequencies, an actual network 
usually includes additional components. 


Because the audio output from an amplifier con- 
sists of alternating current, polarized capacitors 
cannot be used. Polyester capacitors are 
common. 


The small speaker in a pair is known asa twee- 
ter while the large speaker is a woofer. Although 
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the intestinal fluke anywhere in your body. Confirm this by 
starting at 430 KHz and working your way up. 

If you hear resonance, you do have it. You may wish to verify 
this independently using a prepared slide of the fluke. Kill your 
flukes immediately as described in the next lesson. 


Lesson Nineteen 


Purpose: Killing the intestinal fluke with a frequency gen- 
erator. 

Materials: A frequency generator, two handholds with alli- 
gator clip leads for them. 

Method: Wrap a single layer of paper towel over each of the 
two handholds. Wet them under the tap; squeeze out excess 
water. Clip them to the red and black wires of the frequency 
generator. (We use both wires for this purpose.) Dial up 434 
KHz, Set the amplitude (voltage) at 10 volts. Grasp the hand- 
holds in each hand and hold on for three minutes. That is all. You 
have killed whatever tiny invader has a resonant frequency the 
same as the setting on the generator. Remember to zap all the 
stages, too; see Pathogen Frequencies. 

If your frequency generator has a positive offset capability, 
you can use it like a zapper, and a single session will kill all 
pathogens, provided it is 100% offset and can give at least 5 
volts at this setting. When using this technique, the generator can 
be set to any frequency from 2 KHz to 800 KHz, and you should 
g0 for 7 minutes. But even a small percentage of negative voltage 
will ruin this effect and do more harm than good! To be certain 
your generator is set correctly it would be best to observe the 
output on an oscilloscope. 

Experiment with other voltage settings. Notice that less than 
one volt is also effective. 
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Lesson Twenty 


Purpose: To find the bandwidth of a small living animal. 

Materials: A fly, beetle or other insect, Syncrometer, fre- 
quency generator. 

Discussion: Persons using a Synerometer might have already 
tried putting a small insect on one of the plates. The circuit 
always resonates when you join the circuit at the handhold and 
probe. Even the tiniest ant placed in a glass bottle or plastic 
baggy will resonate the circuit. Unless it is too far away from the 
plate. If it has climbed up the side you will lose the resonance. 
‘At least one foot must be touching the bottom of the bottle. If the 
animal is dead this ceases. Obviously the living thing is affecting 
the circuit differently before and after death. Is it some kind of a 
wave form energy? To find its frequency you must add another 
frequency that will reinforce or interfere with the frequency 
already on the plate. Adding the generator frequency does just 
that. 

Method: Use the same method as described in the last Les- 
son; however for an ant or fly, start at 1,000 KHz and proceed 
upward in big steps like 10 KHz. Use the right test plate which is 
controlled by the ON-OFF switch. Always listen to the current 
with the switch OFF, first, then ON. Move the frequency up and 
repeat. Continue until you hear resonance. Stop immediately. 
Rest your skin and go back down to the nonresonant frequency 
region. Move up in smaller steps this time. Repeat and repeat 
until you feel sure you know just where the resonance begins. But 
where does it end? 

Start testing well above the suspected range taking big steps 
downward until you reach a resonant frequency. Rest and repeat 
until you find the upper limit of resonant frequencies. Record the 
bandwidth, for example, 1009-1112 KHz. 
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Lesson Twenty One 


Purpose: To see if similar living things interfere with each 
other when put on the plate together. 

Materials: Two identical living insects or very small living 
things 

Method: Find the broadcast range of each one separately and 
then together on the plate. 

Note: Identical living things do not interfere with each oth- 
ers’ frequencies. 


Lesson Twenty Two 


Purpose: To see if different living things interfere with each 
other when put on the plate together. 

Method: Find the lower and upper end of the broadcast 
range of two different living things, such as a fly and a beetle or 
2 kinds of flies or beetles. Then put them on the plate together. 
Notice there is no resonance in the accustomed range for either of 
them. They are interfering with each other on the plate. 

Now add the 2 lower ends, then the two upper ends. Also 
subtract the 2 lower ends, then the two upper ends. For example 
imagine two insects, one with a spectrum of 1000 to 1090 KHz, 
the other with a range of 1050 to 1190 KHz. Adding the lower 
ends gives us 2050 KHz. Subtracting the lower ends gives us 50 
KHz. Adding the upper ends gives 2280. Subtracting the upper 
ends gives 100. Now search for resonance at 50, 100, 2050, 
2280 KHz. (These last two may be outside the range of your 
frequency generator. Choose more primitive life forms which 
have lower frequency bandwidths to stay within your limit.) 

Notice that you hear resonance at exactly these frequencies 
and not above or below them. This is evidence for modulation of 
the frequencies: namely fusing them together. 
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Lesson Twenty Three 


Purpose: To find your own bandwidth of emitted frequen- 
cies. 

Materials: A frequency generator that goes up to 10 MHz. If 
yours only goes to 2 MHz you can still investigate the lower end 
of your band, 

Method: You do not need to put yourself on the plate, since 
you are already there by being in the circuit at the handhold, 
However, if you are measuring someone else, they can simply 
touch the plate with a finger. Attach the frequency generator to 
the circuit at the handhold. 

Since human adults begin to emit at about 1560 KHz, start 
searching at 1550, going upward in 1 KHz steps until you hear 
resonance. 

Younger or healthier humans start emitting at a lower fre- 
quency and sometimes end at a higher frequency. In other words, 
they broadcast on a wider band. 

Very young infants begin their band at about 1520 KHz. 
Could you ever regain this ability? 

Most adults terminate at 9375 KHz 

By eliminating molds from my diet, killing as many parasites 
and removing as many toxins as I became aware of, I have been 
able to expand my bandwidth from an initial 1562-9457 KHz in 
1990 to 1520-9580 KHz in 1994! I hope this challenges you to 
accomplish a health improvement reflected in an even broader 
bandwidth for yourself. 


Lesson Twenty Four 


Purpose: To find the effect of a variety of things on the lower 
end of your spectrum, such as body temperature, eating, time of 
day, rainy weather, feeling sick. Notice that you may not change 
for weeks at a time, then suddenly see a shrinking of your 
bandwidth. You may assume you have eaten a mold. 
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Search for mold frequencies from 75 KHz to 295 KHz. Or test in 
your liver with mold samples. If this is positive go on a mold 
free diet—watching carefully for mold in your white blood cells. 
Even after removing the mold from your diet, so that no molds 
appear in your white blood cells, notice that your bandwidth 
does not recover. It regularly takes 2-3 weeks for mine to 
recover. 

Surely, this sheds light on the poisonous effect of eating bad 
food. 


Lesson Twenty Five 


Purpose: To find an emission spectrum using a saliva sam- 
ple, 

Materials: A regular frequency generator. 

Method: Search for the bottom of the resonant frequency 
band as in the previous lesson. 

You may store it in the refrigerator for a few weeks without 
seeing a change. After that the band begins to shrink. 


Lesson Twenty Six 


Purpose: To observe the effect of dying on the bandwidth, 
Method: Freeze the insect you tested in Lesson Twenty to 
kill it humanely. Repeat the search for its bandwidth. Note the 
bandwidth has become very narrow. 
Note the bandwidth also depends on the accuracy of your 
particular frequency generator. 


Lesson Twenty Seven 


Purpose: To find unknown invaders of your body. 

Method: Start at 900 KHz. and proceed down to 77 KHz in 1 
KHZ steps, to search for all pathogens. If you find a resonating 
frequency, go to the Pathogen Frequency Chart (page 561) to 
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identify likely candidates for it. Verify the identity of the invader 
by using a slide or culture specimen. If your pathogen remains 
unidentified, add it to the chart. This lets you determine whether 
the next illness is new or a recurrence of this one, Or just kill it. 

Use the frequency generator at one pathogen’s frequene: 
Wait ten minutes and retest all of the ones you found. Only that 
one will be gone. Now zap, wait ten minutes, and test again for 
all of the ones you found. Notice they are all gone. After one 
hour, search yet again for the pathogens you had. Any that are 
back must have come from an internal source not reached by the 
zapper current, like from the bowel or an abscess. 


Lesson Twenty Eight 


Purpose: To observe the action of a positive offset frequency 
on a very small animal, Does the animal die or is it just 
incapacitated? 

Materials: A slug or small earthworm. 

Method: Place the small animal in a plastic container like a 
cottage cheese carton. Add a few tsp. of water to wet the bottom. 
Attach a metal teaspoon to each of the generator clips. Place 
them on opposite sides in the carton and fasten with tape. Set the 
generator to positive offset at a frequency of about 30 KHz and 5 
to 10 volts. Experiment with different voltages and compare 
effectiveness. Measure the time it takes for the animal to seem 
lifeless. You may try to revive it by keeping it for some time in 
the presence of food. Retest its emission band. 


Lesson Twenty Nine 


Purpose: To kill the bacteria in dairy products. 
Materials: A glass of regular pasteurized milk, a carton of 
cottage cheese. A zapper. 
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Method: Search for Salmonellas and Shigellas first in the 
milk and cottage cheese. Search by frequency, using the chart, or 
with slides of these bacteria. If you don't find any, search dif- 
ferent dairy foods until you find some bacteria. Attach metal 
teaspoons to the red and black leads of the generator. Place them 
inside the milk glass or cottage cheese carton, across from each 
other. Secure with masking tape. Attach the zapper. Zap them for 
7 minutes. Remove the electrodes and wait 5 minutes. Test again 
for the same bacteria. They should be gone (but the food is not 
safe to eat due to the metal released from the teaspoons). 

These experiments point to some exciting possibilities. Per- 
haps water supplies as well as foods and medicines could be 
sterilized this way. Pethaps sewage could be treated more effi- 
ciently, electrically. Best of all, maybe you could protect your- 
self from unsanitary products. If you do decide to explore this 
possibility, remember not to put metals in your mouth or food. 
Nor to use currents greater than 10 milliamps, or for longer than 
10 minutes. 
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There are many commercially available function generators 
that can meet your needs. Two are shown here. 


Fig. 86 Function generators. 
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Recipes 


Read old recipe books for the fun and savings of making your 
own nutritious food. Change the recipes to avoid processed 
ingredients. Here are some I found: 


Beverage Recipes 


Anything made in your own juicer is fine. Experiment with 
new combinations to create different flavorful fruit and vegetable 
juices. Consider the luxury of preparing gourmet juices which 
satisfy your own individual palate instead of the mass-produced, 
polluted varieties sold at grocery stores. Remember to wash all 
fruit, including citrus before juicing. This removes the ever- 
present pesticides and common fruit mold. 


Lemonade 


1 cup fresh lemon juice, 1 cup honey, 1Yaquarts water. Bring 
honey and water to a boil if you plan to keep it several days. 
Then add lemon juice and store in the refrigerator. 


All honey and maple syrup should have vitamin C added to it 
as soon as it arrives from the supermarket. Warm it first; then stir 
in V4 tsp. per pint. 


Fresh Tomato Juice 


Simmer for Yshour: 12 medium-sized raw, ripe tomatoes, 2 
cup water, 1 slice onion, 2 ribs celery with leaves, Vbay leaf, 3 
sprigs parsley, Strain these ingredients. Season with: | tsp. salt 
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(aluminum-free), Y tsp. paprika, Yatsp. honey. Serve thoroughly 
chilled. Makes about 4 servings. 


Fresh Pineapple Juice 


Peel a pineapple. Remove all soft spots. Cut it into cubes. 
Extract the juice by putting the pineapple through a food grinder 
or a blender. There will be very little pulp. Strain the juice and 
serve it on ice with sprigs of mint. Makes about l¥cups of juice. 
Mix the pulp with an equal amount of clover honey and use as 
topping (kept in freezer) for homemade ice cream (below), 
pancakes, or yogurt 


Maple Milk Shake 


For each milk shake, blend or shake together: | glass of milk 
and 2 tablespoons maple syrup. 


Remember, all milk gets boiled. 


Yankee Drink 


Mix together 1 gal. water, 3 cups honey, Yacup fresh lemon 
juice or distilled white vinegar, and 1 tsp. ginger. 


Hot Vanilla Milk 


Add one inch of vanilla bean and one tsp. honey to a glass of 
milk and bring to a near boil. You may add a pinch of cinnamon 
or other pure spice. You may even use vanilla extract (see 
Sources). 


these appellations were whimsically coined, they 
have endured. 


More than two speakers may be combined in an 
enclosure, in a wide variety of configurations. 


Venting 

Aspeaker radiates pressure waves from the back 
side of its cone as well as from the front, and be- 
cause the waves from front and back are oppo- 
site in phase, they will tend to cancel each other 
out. 


Ina miniature speaker, this problem can be ad- 
dressed simply by sealing the section of the en- 
closureatthe rear. Forlarger components, amore 
efficient enclosure can be designed with a vent 
orreflex port at the front. Pressure waves from the 
back of the speaker are diverted over sufficient 
distance inside the cabinet so that by the time 
they emerge through the port, they are approx- 
imately in phase with low frequencies from the 
front of the speaker, although the back wave will 
lag the front wave by one wavelength. 


This design is referred to as a bass-reflex enclo- 
sure, and was almost universal in high-fidelity 
components until amplifiers became increasing- 
ly powerful during the 1960s. At that point, 
‘Acoustic Research, located in Massachusetts, 
marketed a product line in which speaker enclo- 
sures were sealed, the argument being that 
when an amplifier can deliver 100W per channel, 
efficiency is no longer an issue, and a sealed en- 
closure can eliminate compromises associated 
with a bass-reflex design. 


Acoustic Research referred to their concept as 
"airsuspension/’asthe cushion ofairinthesealed 
cavity helped to protect the speaker by limiting 
its excursion. This configuration is now often re- 
ferred to as a closed-box speaker. Some audio- 
philes argue that it must always be inherently 
superior to a bass-reflex design, partly because 
of the one-wavelength lag time associated with 
a reflex port. However, as in many aspects of 
sound reproduction, the debate is inconclusive. 


sound source > reproduce 


Resonance 

The enclosure for a speaker will tend to have a 
dominant resonant frequency. This should be 
lower than the lowest frequency that the speaker 
will reproduce; otherwise, the resonance will em- 
phasize some frequencies relative to others, cre- 
ating unwanted peaks in the response. 


One reason why high-quality speakers tend to be 
physically heavy is to reduce their resonant fre- 
quency. A modern Thiel speaker assembly, for 
instance, uses a front panel of particle board that 
is a full 2” thick. However, heavy enclosures are 
expensive to transport and inconvenient to lo- 
cate or relocate in the home. 


To address this problem, a tweeter and a woofer 
can be mounted in separate boxes, The enclo- 
sure for the tweeter can be very small, light- 
weight, and suitable for placement on a shelf, 
while the heavy box for the woofer can go on the 
floor. Human senses have difficulty locating the 
source of low-frequency sound, so the woofer 
can be located almost anywhere in a room. In 
fact, its single speaker can serve both stereo 
channels, 


This configuration has become the default for 
computer speakers, It is also used in home- 
theater systems, where the woofer has now be- 
comea subwoofer capable of very low frequency 
reproduction 


Miniature Speakers 
Ifan electronics project hasan audio output, and 
the circuit board will be sharing an enclosure 
with a small speaker, the size of the box and the 
material from which itis fabricated willaffect the 
sound quality significantly. Aboxmade from thin 
hardwood may add resonance that sounds 
pleasing, if the speaker is being used just for sim- 
ple electronic tones. By comparison, a metal box 
may sound “tinny.” A box fabricated froma plastic 
such as ABS will be relatively neutral, provided 
the plastic is reasonably thick (1/4” being pref- 
erable). 
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RECIPES 


Red Milk 


Equal parts fresh carrot juice (use a juicer) and sterilized 
milk. Save the carrot pulp for salads and soups. 


C-Milk 
Milk can absorb a surprising amount of vitamin C powder 


without curdling or changing its flavor. Try Yatsp. in a glass of 
cold milk 


My Own Soda Pop 


Excellent for stomach distress. Put 1 tsp. citric acid, 2 tbs. 
vegetable glycerin (see Sources), 2 tbs. honey, and 1 lemon, 
juiced by hand, into a quart jar and fill with cold water. Refrig- 
erate until ready to use. Then add 1 tsp. baking soda (chemically 
pure only, see Sources) and shake a few times, keeping the lid 
tight. Pour over a few ice cubes. Many variations are possible: 
other fruit concentrates, made in the blender, can be used along 
with some lemon juice; for example, 2 blended whole apples 
(peeled), blended pineapple, orange or grapefruit. Always add a 
bit of lemon to give it zip. You may add a pinch of ginger or 
other pure spice. 

Note: The amount of sodium in Ytsp. baking soda is 476 
grams. If you have heart disease, high blood pressure, or edema, 
use potassium bicarbonate instead. Ask your doctor what an ac- 
ceptable amount of sodium or potassium bicarbonate is. I would 
suggest limiting yourself to one glass of soda pop a day, even if 
you do not have heart disease. 

Another Note: the citric acid kills bacteria, while the car- 
bonation brings relief. 
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My Own Super C-Pop 


An excellent way to get lots of vitamin C into a child and 
relieve stomach distress at the same time, Squeeze | slice of 
lemon and 1 whole orange into an 8 ounce bottle that has a tight 
lid. Add 1 tsp. vitamin C powder (ascorbic acid), % tsp. citric 
acid, and 2 ths. vegetable glycerin (you may also experiment 
with honey for sweetness). Fill the bottle to the top with cold 
water. Then add YAtsp. chemically pure baking soda and close 
tightly. Shake briefly and serve immediately. 


Half And Half 


Mix equal parts whipping cream and milk or water. Boil and 
chill. 


Buttermilk-C 


Stir | tsp. vitamin C powder into a glass of milk. Add a pinch 
of potassium chloride. Additional seasoning may be pepper and 
herbs. Stir and enjoy. 


Food Recipes 


Despite the presence of aflatoxins, benzopyrenes, and sol- 
vents in many foods, it is possible to have a delicious and safe 
diet. Many persons need to gain weight, and with the emphasis in 
today's society on losing weight, consider yourself lucky in this 
respect. Help yourself to lots of butter, whipping cream, whole 
milk, avocados, and olive oil. Make your own preserves and 
baked goods, including breads. Remember, when you are 
recovering from a major illness it is essential not to diet to lose 
weight. You must wait two years after you are recovered to try to 
lose weight. 
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Daily Foods 


Dairy products should contain at least 2% fat to enable you 
to absorb the calcium in them. 


All milk should be ste: 


ized 


by boiling it for 10 seconds. If it makes mucous, you already 
have a chronic respiratory infection. Try to clear this up. 


Change brands every time you shop to prevent the same 
pollutants from building up in your body. 

If frying or cooking with fat, use only olive oil, butter or 
lard (the BHT and BHA preservatives in lard are OK except for 
seizure sufferers). Mix them for added flavor in your dishes. 
Never use margarine, Crisco™ or other hydrogenated fats. Do 
not cook over flames or grill, even when electric. 

Eat lots of fresh fruits and vegetables. Wash them off only 
with cold tap water, not commercial food “wash”. Scrub hard 
with a stiff bristled brush. Then cut away blemishes. Always 
peel potatoes, apples, and carrots. Modern dirt is full of chemi- 
cals and is toxic to you. 

Be sure to drink plenty of plain water from your cold faucet 
throughout the day, especially if it is difficult for you to drink it 
with your meals. If you don't like the taste of your own tap water, 
try to get it from a friend with newer plumbing. Use a poly- 
ethylene (opaque) water jug from a grocery store to transport it. 
Never drink water that has been run through a water softener or 
copper plumbing or has traveled through a long plastic hose. 
Don't drink water that has stood in a container for a day. Dump it 
and sterilize the container. To further improve flavor and to 
dechlorinate attach a small faucet filter made of carbon only. Or 
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buy a filter pitcher (see Sources). Don't drink water that has 
stood in the filter pitcher very long, either. 

Because commercial cold cereals are very convenient, but 
have solvents, here are two replacements. 


Two Granolas 


7 cups rolled oats (old fashioned, not quick) 
1 tsp. salt 
1 cup wheat germ (fresh, not defatted) 
Ya cup honey 
¥% cup sunflower seeds, immaculate quality 
¥% cup milk (no need to sterilize, itis being baked) 
¥% cup melted butter 
1 cup raisins, rinsed in vitamin C water 

Mix dry ingredients together. Mix liquid ingredients and add 
gradually, while tossing until thoroughly mixed. Place in large 
ungreased pans and bake in slow (250°) oven. Stir occasionally, 
baking until brown and dry, usually 1-2 hours. Store in airtight 
container in freezer. 


6 cups rolled oats 
‘Ye cup raw wheat germ 
1 cup sesame seeds 
1 cup sunflower seeds (raw, unsalted) 
1 tsp. cinnamon 
Ye cup melted butter 
‘Ye cup honey 

Preheat oven to 250°. Toss all ingredients in mixing bowl. 
Spread thinly on a baking sheet and bake 20-25 minutes. Stir 
often in order to brown evenly. When golden, remove and let 
cool. Makes 12 cups. 

If you would like to add nuts to your granola recipes, rinse 
them in cold tap water first, to which vitamin C powder has been 
added (V4 tsp. per pint). This removes aflatoxins. 
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Peanut Butter 


Use fresh unsalted roasted peanuts—they will be white on the 
first day they arrive at the health food store from the distributor. 
(Ask when they will 
arrive.) Or shell fresh 
roasted peanuts 
yourself, throwing 
away all shriveled or 
darkened nuts. Grind, 
adding salt and vita- 
min C (4 tsp. per 
pint) as you go. For 
spreadability, _espe- 
cially for children, Fig. 87 Light colored, roasted peanuts 
grind an equal in the shell had no aflatoxin. 
volume of cold butter along with the peanuts. This improves 
spreadability and digestibility of the hard nut particles. This will 
probably be the most heavenly peanut butter your mouth has ever 
experienced. 


Sweetening and Flavoring 


Brown Sugar. Although I am prejudiced against all sugar 
from a health standpoint, my testing revealed no benzene, propyl 
alcohol, wood alcohol. However it does contain sorghum mold 
and must be treated with vitamin C to detoxify it. Add % tsp. to a 
1 pound package; knead until well mixed. 

Maple syrup. Add vitamin C to newly opened bottle, 4 tsp. 
to retard mold. Keep refrigerated and use promptly. 

Flavoring. Use maple, vanilla (both natural and artificial), 
and any pure spice. They are free of molds and solvents. 

Honeys. Get at least 4 flavors for variety: linden blossom, 
orange blossom, plain clover and local or wild flower honey. 
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Add vitamin C to newly opened jar to detoxify ergot mold (¥4 tsp. 
per pint) 

Jams and jellies. They are not safe unless homemade. 

Fruit syrup. Use one package frozen fruit, such as cherries, 
blueberries or raspberries. Let thaw and measure the amount in 
cups (it might say on the package). Add an equal amount of 
clover honey to the fruit. Also add % tsp. vitamin C powder. Mix 
it all in a quart canning jar and store in the refrigerator. Use this 
on pancakes, cereal, plain yogurt and homemade ice cream too. 
Use to make your own flavored beverages in a seltzer maker or 
to make soda pop. If you wish to use fresh fruit, bring it to a boil 
to sterilize. Use it up in a few days or boil to sterilize it again. 


Note for diabetics 


Diabetics must not use artificial sweeteners. Nor can they use 
all the sweeteners listed. Try stevia powder instead. 


Preserves 


Keep 3 or 4 kinds on hand, such as peach, pineapple, and 
pear. Peel and chop the fruit. It should not have any bruises. If 
you use a metal knife, rinse the fruit lightly afterwards. Add just 
enough water to keep the fruit from sticking as it is cooked 
(usually a few tablespoons). Then add an equal amount of honey, 
or to taste and heat again to boiling. Put in sterile jars in 
refrigerator. Make marmalade the same way, slicing the fruit and 
peel thinly. Always add vitamin C powder to a partly used jar to 
inhibit mold. Never use up partly molded fruit by making 
preserves out of it, Throw it out. 


520 


RECIPES 


C Dressing 
¥2 cup olive oil 

4 cup fresh lemon juice or white distilled vinegar 

1 tsp. thyme, fenugreek or both (capsules are freshest) 


1 tsp. vitamin C powder 
¥etsp. brown sugar 


Combine the ingredients in a clean salad dressing bottle. 
Shake. Refrigerate. The basic recipe is the oil and vinegar in a 
2:1 ratio. After mixing these, add any pure spice desired. Or add 
fresh tomato chunks for creaminess, 


Cheese Sauce 


Add milk to cheese in equal amounts, Gradually heat to 
boiling while stirring. Add more of either to obtain the desired 
consistency. Boil 10 seconds. Use immediately. 


Sour Cream-C 


2 cups heavy whipping cream, previously boiled 

Ya tsp. citric acid 

4 tsp. vitamin C powder 

1 tsp. fresh onion juice or other seasoning (optional) 
Stir until smooth, refrigerate 2 hours. 


Yogurt 


Buy a yogurt maker. Be sure and use boiled milk. 


Soups 


All home made soups are nutritious and safe, provided you 
use no processed ingredients (like bouillon), or make them in 
metal pots. Use herbs and aluminum+free salt to season, Always 
add a dash of vitamin C or tomato juice or vinegar to draw out 
calcium from soup bones for you to absorb. 
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Fish and Seafood recipe 


Any kind of fish or seafood is acceptable, provided it is 
well-cooked. Don't buy food that is already in batter. The sim- 
plest way to cook fish is to poach it in milk. It can be taken 
straight from the freezer, rinsed, and placed in % inch of milk 
(unboiled is fine) in the frying pan. Heat until it is cooked. Tum 
over and repeat. Throw away the milk. Serve with fresh lemon 
and herbs. 


Baked Apples 


Peel and core carefully. Remove all bruises (this is where 
the patulin is). Cut in bite-sized pieces, add a minimum of water 
and cook or bake minimally. Add a squirt of lemon juice when 
done. Serve with cinnamon, whipping cream and honey. 


Ice creams 


from the grocery store are loaded with benzene and other 
solvents. Fortunately there are ice cream makers that do every- 
thing (no cranking)! Or try our recipe which uses a blender. Be 
sure not to add store bought flavors, except vanilla or maple. 


5 Minute Ice Cream 


(Strawberry) Use 2 half pints of whipping cream, previously 
boiled, 1 package of frozen strawberries (about 10 07.), and ¥ 
cup clover honey. Pour frozen strawberries into blender. Pour 
whipping cream and honey over them. Blend briefly (about 10 
seconds), not long enough to make butter! Pour it all into a large 
plastic bowl. Cover with a close fitting plastic bag and place in 
freezer. Prepare it a day ahead. Try using other frozen fruits, such 
as blueberries and cherries. Keep a few berries out of the 
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blender and stir them in quickly with a non-metal spoon before 
setting the bowl in the freezer. There are many ice cream recipes 
to be found in old cook books. Avoid those with raw eggs or 
processed foods as ingredients. You may add nuts if you rinse 
them in vitamin C water. 


Cookies, cakes and pies 


Bake them from scratch, using unprocessed ingredients. Use 
simple recipes from old cook books. 


Seven Day Sample Menu 


Because processed foods have many toxins, you must cook as 
much from scratch as possible. So for convenience sake, keep 
your meals simple in preparation, You may want to prepare 
ahead and refrigerate your dressings and toppings. Or you could 
make a hot soup for dinner, refrigerate, and eat the leftovers for 
lunch, Don't save leftovers more than two days. Make sure they 
are covered. Try baking several potatoes at one time, refrigerate 
and put them in a salad the next night. Variety is the spice of life, 
so combine the allowed foods in the most creative ways you can 
imagine. And don't forget herbs and spices; learn to use them 
from old cook book: 


Breakiast Tuneh Dinner 
Day 1 | Granola and honey | Fresh ground peanut | Orange roughy fish 
wath mi, haf n’ half or | butter and preserve | Fresh green beans with 
whipping cream sandwich butter 
1 cup fresh squeezed | Soup Baked potato with Sour 
fruit juice wk Gream-C topping or fresh 
Water Water chives 
Mik Pie (homemade) 
Mik 
1 cup fresh squeezed or 
frozen vegetable juice 
Water 
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Day 2 | Eag (mit is 2) Bagel (rom bakery) | Homemade bean or lent 
Fried potatoes Sour Cream-C ‘soup 
1 glass mike Tomato Sardines 
Peppermint herb tea | 1 cup vegetable juice | Dinner roll and buttor 
Fresh orange juice | Water Salad 
Mik Homemade dressing 
Ico cream (homemade) 
Water 
Day 3 | Cream of Wheat “Tuna sandwich wih | Baked sweet potato wih 
cooked with raisins | olives and butter butter and sweetening 
and milk Soup Fresh broccoli with 
Banana Mik ‘cheese sauce 
Peppermint herb tea | Water Bread and butter 
¥ cup milk ‘Chopped, peeled pear 
Water ‘and whipping cream 
1 cup vegetable juice 
Mik 
Water 
Day 4 | Fronch toast with ‘Avocado and sour Lobster or sautéed 
maple syrup cream sandwich shrimp 
Egg "4 cup vegetable juice | Fresh asparagus 
Homemade grapettut | Bread and butter Potatoes, any style 
juice Water ‘% cup vegetable juice 
Mik Water 
Water Mik 
Day 5 | Cooked coreal Cold potato salad wih | 1 can sardines or salmon 
1 glass mike C Dressing in easy-open can (can 
Sliced banana with | Soup ‘openers shed metal) 
whipping cream and | % cup vegetable juice | Salad of lettuce, tomato, 
honey Custard ‘lives, avocado with 
1 glass water Water homemade dressing 
Mik Bread with butter 
Ico-cream (optional) 
‘¥ cup vegetable juice 
Water 
Mik 
Day 6 | Egg and homemade | Homemade peanut | Gourmet pizza: home 
biscuit with honey and | butter sandwich baked bread topped with 
butter “4 cup vegetable juice | olive ol, siced tomato or 
Mik Mik homemade sauce, grated 
Fruit juice Water cheese, sardines or 
(homemade) anchovies, chopped 
Water vegetables, garlic and 
Salad 
Mik 
Water 
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Variants 


Electrostatic Speaker 
The principle of an electrostatic speaker is the 
same as that of an electrostatic headphone. A 
charged membrane is stretched between two 
grids in front of it and behind it that act as elec- 
trodes, Because the membrane is so light, it re- 
sponds with very little latency, and its large sur- 
face area creates a diffused sound that many au- 
diophiles find pleasing, However, a high voltage 
is required to drive electrostatic speakers, and 
they are not cheap. 


Powered Speakers 
Aunit containing its own driver electronics is re- 
ferred toas a powered speaker, and is used almost 
universally with desktop computers, because the 
computer itself does not contain a power ampli- 
fier, Powered speakers may also enable a more 
versatile crossover network. 


subwoofer may haveits own amplifier allowing 
control of the cutoff frequency above which the 
speaker will not attempt to reproduce sound. 
The electronics can include protection for a 
speaker against being overdriven. 


Wireless Speakers 
Awireless link between a stereo receiver and its 
speakers will eliminate the speaker wires that are 
normally necessary. However, the speakers 
themselves must be powered, and will have to 
be wired to electric outlets. 


The need for small speakers in consumer prod- 
ucts such as laptop computers has encouraged 
innovative designs. The speaker in Figure 30-8is 
just 1” square, and its shape is easier to accom- 
modate in a small product than the traditional 
circular speaker. In Figure 30-9, the interior of the 
same speaker shows that inductive coils are ap- 
plied toa square plastic diaphragm. 


Variants 


Figure 30-8. A speaker I” square, suitable for use with a 
small electranic device. 


Figure 30-9. The speaker from the previous figure, 
‘opened fo shaw its inductive coils applied to a square 
plastic diaphragm. 


Values 


The typical impedance for speakers in audio sys- 
tems is 80. Small speakers may have a higher 
impedance, which can be useful when driving 
them from devices that have limited power, such 
asa TTL-type 555 timer. 


In the United States, the diameter of a circular 
speaker is usually expressed in inches. Speakers 
larger than 12” are rare for domestic use. A 4” 
speaker used to be considered minimal because 
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Day 7 | Pancakes ‘Salmon sandwich ‘Siinfy vegetables: 
Banana or chopped | (trom fip op can) broccoli, carrots, cab: 
frut with cream Yeccup vegetable juice | bage, inolve oll and 
Mik Mik butter 
Water Water Bread and butter 

Pie (optional) 
Mik 
Water 


Remember, take vitamin C and B-complex with each meal. 


Too Sick To Cook, Too Tired To Eat 


Pick three meals from the sample menu that need no cooking 
and eat them every day. 


Recipes for Natural Body Products 


You can use just borax (like 20 Mule Team Borax™) and 
washing soda (like Arm & Hammer Super Washing Soda™) for 
all types of cleaning including your body, laundry, dishes and 
your house! You don't need all of those products you see in 
commercials for each special task! 

Even if you have dry skin, difficult hair or some other unique 
requirement, just pure borax will satisfy these needs. A part of 
every skin problem is due to the toxic elements found in the 
soaps themselves. For instance aluminum is commonly added as 
a “skin moisturizer”. It does this by impregnating the skin and 
attracting water, giving the illusion of moist skin. In fact you 
simply have moist_aluminum stuck in your skin which your 
immune system must remove. While borax won't directly heal 
your skin or complexion, it does replace the agents that are 
causing damage, so that healing can occur. 
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Borax Liquid Soap 


Empty 1 gallon jug 
1/8 cup borax powder 
Plastic funnel 


Funnel the borax into the jug, fill with cold tap water. Shake 
a few times. Let settle. In a few minutes you can pour off the 
clear part into dispenser bottles. This is the soap! 

Easier way: use any bottle, pour borax powder to a depth of 
a Yinch or so. Add water. Shake. When you have used it down to 
the undissolved granules, add more water and shake again. Add 
‘more borax when the undissolved granules get low. 

Keep a dispenser by the kitchen sink, bathroom sink, and 
shower. It does not contain aluminum as regular detergents and 
soaps do, and which probably contribute to Alzheimer's disease. 
It does not contain PCBs as many commercial and health food 
varieties do. It does not contain cobalt (the blue or green gran- 
ules) which causes heart disease and draws cancer parasites to 
the skin, Commercial detergents and non-soaps are simply not 
safe, Switch to homemade bar soap and borax for all your tasks! 
Borax inhibits the bacterial enzyme urease and is therefore an- 
tibacterial. It may even clear your skin of blemishes and stop 
your scalp from itching. 


For Laundry 


Borax (Yacup per load). It is the main ingredient of non- 
chlorine bleach and has excellent cleaning power without fading 
colors. Your regular laundry soap may contain PCBs, aluminum, 
cobalt and other chemicals. These get rubbed into your skin 
constantly as you wear your clothing. For bleaching (only do this 
occasionally) use original chlorine bleach (not “new improved” 
or “with special brighteners”, and so forth). Don't use chlorine if 
there is an ill person in the house. For getting out 
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stubborn dirt at collars, scrub with homemade bar soap first; for 
stains, try grain alcohol, vinegar, baking soda. 


For Dishes 


Don't believe your eyes when you see the commercials where 
the smiling person pulls a shining dish out of greasy suds. Any 
dish soap that you use should be safe enough to eat because 
nothing rinses off clean. Regular dish detergents, including health 
brands, are now polluted with PCBs. They also contain harmful 
chemicals. Use borax for your dishes. Or use paper plates and 
plastic (not styrofoam) cups. 


In The Dishwasher 


Use 2 tsp. borax powder pre-dissolved in water. If you use 
too much it will leave a film on your dishes. Use vinegar in the 
rinse cycle. 


In The Sink 


Use a dishpan in the sink, Use % cup borax and add a mini- 
mum of water. Also keep a bit of dry borax in a saucer by the 
sink for scouring. Don't use any soap at all for dishes that aren't 

easy and can be washed under the faucet with nothing but 
running water. Throw away your old sponge or brush or cloth 
because it may be PCB contaminated. Start each day by steril- 
izing your sponge (it harbors Salmonella) or with a new one 
while the used one dries for three full days. Clean greasy pots 
and pans with a paper towel first. Then use homemade bar soap. 
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q 


Fig. 88 Make a bottle of borax liquid to fill your soap dispens 
ers and shampoo bottle. Use citric acid to rinse and condition. 


Shampoo 


Borax liquid is ready to use as shampoo, too. It does not 
lather but goes right to work removing sweat and soil without 
stripping your color or natural oils. It inhibits scalp bacteria and 
stops flaking and itching. Hair gets squeaky clean so quickly (just 
a few squirts does it) that you might think nothing has happened! 
You will soon be accustomed to non-lathery soap. Rinse very 
thoroughly because you should leave your sealp slightly acidic. 
Take a pint container to the shower with you. Put % tsp. citric 
(not ascorbic) acid crystals (see Sources) in it, For long hair use 
a quart of rinse. Only citric acid is strong enough to get the borax 
out, lemon juice and vinegar are not. After shampooing, fill the 
container with water and rinse. Rinse your whole body, too, 
since citrie acid is also anti-bacterial. All hair shampoo 
penetrates the eye lids and gets into the eyes although you do not 
feel it. It is important to use this natural rinse to neutralize the 
shampoo in your eyes. + (Some —people._—_—have 
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stated that citric acid makes their hair curlier or reddens it. If this 
is undesirable, use only half as much citric acid.) Citric acid also 
conditions and gives body and sheen to hair. 


Hair Spray 


I don't have a recipe that holds your hair as well as the bottle 
of chemicals you can buy at the store. Remarkably a little lemon 
juice (not from a bottle) has some holding power and no odor! 
Buy a | cup spray bottle. Squeeze part of a lemon, letting only the 
clear juice run into the bottle. Fill with water. Keep it in the 
refrigerator. Make it fresh every week. Spraying with just plain 
water is nearly as good! For shinier hair, drop a bit of lemon 
peel into the bottle. 


Homemade Soap 


A small plastic dishpan, about 10” x 1: 
A glass or enamel 2-quart sauce pan 
1 can of lye (sodium hydroxide), 12 ounces 

3 pounds of lard (BHT and BHA are OK here) 

Plastic gloves 

Water 

1. Pour 3 cups of very cold water (refrigerate water overnight 
first) into the 2-quart saucepan. 

2. Slowly and carefully add the lye, a little bit at a time, stir- 
ring it with a wooden or plastic utensil. (Use plastic gloves 
for this; test them for holes first.) Do not breathe the vapor 
or lean over the container or have children nearby. Above 
all use_no metal. The mixture will get very hot. In olden 
days, a sassafras branch was used to stir, imparting a fra- 
grance and insect deterrent for mosquitoes, lice, fleas, 
ticks. 
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3. Let cool at least one hour in a safe place. Meanwhile, the 
unwrapped lard should be warming up to room temperature 
in the plastic dishpan, 

4. Slowly and carefully, pour the lye solution into the dishpan 
with the lard. The lard will melt. Mix thoroughly, at least 
15 minutes, until it looks like thick pudding. 
5. Let it set until the next morning; then cut it into bars. It will 
get harder after a few days. Then package. 
If you wish to make soap based on olive oil, use about 48 
ounces. It may need to harden for a week. 


Liquid Soap 
Make chips from your homemade soap cake. Add enough hot 


water to dissolve. Add citric acid to balance the pH (7 to 8). If 
you do not, this soap may be too harsh for your skin. 


Skin Sanitizer 


Make up a 5 to 10% solution of food grade alcohol. Food 
grade alcohols are grain (ethyl) alcohol or vodka. Find a suit- 
able dispenser bottle. Mark it with a pen at about one tenth of the 
way up from the bottom. Pour 95% grain aleohol (190 proof) to 
this mark (for 50% grain alcohol or vodka make your mark one 
fifth of the way up). Add water to the top. Keep shut. You may 
add a chip of lemon peel for fragrance. 

Use this for general sanitizing purposes: bathroom fixtures, 
knobs, handles, canes, walkers, and for personal cleanliness (but 
use chlorine bleach for the toilet bowl once a week). Always 
clean up after a bowel movement with wet toilet paper. This is 
not clean enough, though. Follow with a stronger damp paper 
towel. This is still not clean enough; use a final damp paper 
towel with skin sanitizer added. After washing hands, sanitize 
them too, pouring a bit on one palm and put finger tips of the 
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other hand in it, scratch to get under nails, repeat on other hand. 
Rinse with water. 


Do not use this recipe, nor keep any bottles of aleohol in the 
house of a recovering alcoholic. 


Deodorant 


Your sweat is odorless. It is the entrenched bacteria feeding 
on it that make smells. You can never completely rid yourself of 
these bacteria, although they may temporarily be gone after 
zapping. The strategy is to control their numbers. Here are sev- 
eral deodorants to try. Find one that works best for you: 

Vitamin C water. Mix % tsp. to a pint of water and dab it on. 
Then dab on cornstarch. 

Citrie Acid water. Mix ‘4 tsp. to a pint of water and dab it 
on. Then dab on comstarch. 

Only a few drops of these acids under each armpit are nee- 
essary. If these acids burn the skin, dilute them more. Never ap- 
ply anything to skin that has just been shaved! 

Corn starch. Many people need only this. Dab it on. 


Use only unpolluted cornstarch (see Sources). 


Baking soda has been deleted as a deodorant because ben- 
zene was found in some boxes. 
Lemon juice. This acid is not as strong, use what you need. 
Pure alcohol (never rubbing alcohol). The food grade alco- 
hols are grain alcohol and vodka. Dab a bit under each arm 
and/or on your shirt or blouse, then dab on cornstarch, If the al- 
cohol burns, dilute it with water. Be very careful not to leave the 
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bottle where a child or alcoholic person could find it. Pour it into 
a different bottle! 

Pure zine oxide. You may ask your pharmacist to order this 
for you. She or he may wish to make it up for you too, but do not 
let them add anything else to it. It should be about 1 part zinc 
oxide powder to 3 parts water. It does not dissolve. Just shake it 
up to use it. After you get it home, you can add cornstarch to it to 
give it a creamy texture. Heat 3 tsp. cornstarch in | cup of water, 
to boiling, until dissolved and clear. Cool and add some to the 
zine oxide mixture (about equal parts), Store unused starch 
mixture in the refrigerator. Only make up enough for a month. 

Alcohol and zine oxide. This is the most powerful deodor- 
ant. Apply alcohol first, then the zinc oxide, then dab on com- 
starch, 

Remember that you need to sweat! Sweating excretes toxic 
substances, especially from the upper body. Don't use deodorant 
on weekends. Go to the sink and wipe clean the armpits like our 
grandparents did. Often, just plain cornstarch is enough! These 
homemade deodorants are not as powerful as the commercial 
varieties—this is to your advantage. 


Brushing Teeth 


Buy a new toothbrush. Your old one is soaked with toxins 
from your old toothpaste. Use only water or chemically pure 
baking soda if you have any metal fillings. Put a pinch in a glass, 
add water to dissolve it. Use food-grade hydrogen peroxide (see 
Sources) if you have only plastic fillings. Dilute it from 35% to 
1746 by adding water (equal parts). Store hydrogen peroxide 
only in polyethylene or the original plastic bottle. Use 4 or 5 
drops on your toothbrush. It should fizz nicely as oxygen is 
produced in your mouth. Your teeth will whiten noticeably in 6 
months. Before brushing teeth, floss with 4 or 2 pound mon- 
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filament fish line. Double it and twist for extra strength, Rinse 
before use. Floss and brush only once a day. If this leaves you 
uncomfortable, brush the extra times with plain water and a 
second “water-only” toothbrush. Make sure that nothing solid, 
like powder, is on your toothbrush; it will scour the enamel and 
give you sensitive teeth, especially as you get older and the 
enamel softens. Salt is corrosive—don't use it for brushing metal 
teeth, Plain water is just as good. 


For Dentures 


Use salt water. It kills all germs and is inexpensive. Salt 
water plus grain alcohol or food-grade hydrogen peroxide makes 
a good denture-soak. 


Mouthwash 


‘A few drops of food grade hydrogen peroxide added to a 
little water in a glass should be enough to make your mouth foam 
and cleanse. Don't use hydrogen peroxide, though, if you have 
metal fillings, because they react. Don't use regular drug store 
variety hydrogen peroxide because it contains toxic additives. 
Health food store varieties contain solvents from the bottling 
process. See Sources. Never purchase hydrogen peroxide in a 
bottle with a metal cap. 

For persons with metal tooth fillings, use chemically pure 
baking soda or just plain hot water. A healthy mouth has no odor! 
You shouldn't need a mouthwash! If you have breath odor, search 
for a hidden tooth infection or cavitation. 


Contact Lens Solution 


A scant cup of cold tap water brought to a boil in glass 
saucepan. After adding % tsp. aluminum free salt and boiling 
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again, pour into a sterile canning jar. Refrigerate. Freeze some of 
it. 


Lip Soother 


For dry, burning lips. Heat | level tsp. sodium alginate plus 1 
cup water until dissolved. After cooling, pour it into a small 
bottle to carry in your purse or pocket (refrigerate the remain- 
der). Dab it on whenever needed. If the consistency isn't right for 
you, add water or boil it down further. You can make a better lip 
soother by adding some lysine from a crushed tablet, vitamin C 
powder, and a vitamin E capsule to the alginate mix. If you have 
a persistent problem with chapped lips, try going off citrus juice. 


Foot Powder 


Use a mixture of cornstarch and zinc oxide poured into a salt 
shaker with a lid, Add long rice grains to fight humidity. You 
may also try arrow root or potato starch. If you don't have zinc 
oxide use plain cornstarch. 


Skin Healer Moisturizer Lotion 


1 tsp. sodium alginate 
1 cup water 

Make the base first by heating these together in a covered, 
non-metal pan until completely dissolved. Use low heat-it will 
take over an hour. Use a wooden spoon handle to stir. Set aside. 
Then make the following mixture: 


Ya tsp. Vitamin C (ascorbic acid) (You may crush tablets) 
a tsp. lysine (crush tablets) 

2 tbs. pure vegetable glycerin 

2 vitamin E capsules (400 units or more, each) 

1 tsp. apricot kernel oil (olive oil will do) 
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What Can Go Wrong 


of its limited low-end frequency response, but 
much smaller speakers have become commonin 
portable devices. 


The low-end frequency response of a miniature 
loudspeaker designed to be surface-mounted 
ona circuit board will be very poor. The graph in 
Figure 30-10 was derived from data supplied by 
the manufacturer. 
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Figure 30-10. Frequency response for a speaker measur: 
Ing 15mm x 15mm x Smm. Small dimensions and lack of 
{an enclosure result in a negigible low-end response. 


Power rating for speakers is in watts, measured 
‘ona root-mean-square (RMS) basis. 


Sensitivity is measured in decibels, at a distance 
of one meter, while a speaker is reproducing a 
single constant tone with a power input of 1W. A 
speaker assembly designed for undemanding 
home use may be rated at 85dB to 95dB. 


Efficiency is a measure of sound power output 
divided by electrical power input. A value of 1% 


is typical. 


sound source > reproducer > speaker 


What Can Go Wrong 


Damage 
Asis the case with headphones, the most com- 
mon problem affecting a speaker is damage 
caused by overdriving it. Because a low frequen- 
cy requires larger excursions of a speaker cone to 
transmit an amount of energy comparable to 
that of a high frequency, loud bass notes can be 
hazardous to the cone. On the other hand, if an 
amplifier generates distortion (perhaps because 
it, to0, is being overdriven), the harmonics cre~ 
ated by the distortion can damage high- 
frequency speakers. 


Magnetic Field 

Even a small speaker (measuring 2" or less) con- 
tains a magnet that is sufficiently powerful to 
cause problems if itis in close proximity to other 
components, especially if sensors such as reed 
switches or Hall-effect switches are being used 
Initial circuit testing should be done with the 
speaker as far away as possible, to eliminate it as 
a source of interference, 


Vibration 

Solder joints will be stressed if they are subjected 
to low-frequency vibration froma speaker. Loose 
parts may rattle, and parts that are bolted into 
place may become unbolted, The speaker itself 
may become loose. Thread-locker such as Loc- 
Tite should be applied to nuts before they are 
tightened 
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RECIPES 


1 tbs. lemon juice from a lemon or ¥% tsp. citric acid (this is optional) 
1 cup water 

Heat the water to steaming in a non-metal pan. Add vitamin C 
and lysine first and then everything else. Pour into a pint jar and 
shake to mix. Then add the sodium alginate base to the desired 
thickness (about equal amounts) and shake. Pour some into a 
small bottle to use as lip soother. Pour some into a larger bottle 
to dispense on skin. Store remainder in refrigerator. (See 
Sources for sodium alginate, vegetable glycerin and apricot ker- 
nel oil. Sodium alginate is also available in capsule form at some 
health food stores.) 


Other Skin Healers 


Vitamin C powder (ascorbic acid, not the same as citric 
acid). Put a large pinch into the palm of your hand. With your 
other hand pick up a few drops of water from the faucet. Rub 
hands together until all the powder is dissolved and dispensed. It 
may sting briefly. Do this at bedtime, especially for cracked, 
chapped hands. Include lips if they need it. 

Vitamin E oil. Vitamin E oil from Now Foods was not 
polluted at the time of this writing, but for the future it would be 
safer to rely on capsules. Snip open a capsule and rub into skin. 

50% Glycerin. Dilute 100% vegetable glycerin with an 
equal amount of water. This is useful as an after shave lotion. 

Vitamin C liquid. Mix % tsp. vitamin C powder in one pint 
water (crushed tablets will do). This is useful as an after shave 
lotion and general skin treatment. 

Apricot Kernel Oil. This is a very light oil, useful as an after 
shave lotion and general skin treatment, 

Cornstarch (see Sources). Use on rashes, fungus, moist or 
irritated areas and to prevent chafe. 

Combining several of these makes them more effective. 


535 


‘THE CURE FOR ALL DISEASES 


Dry skin has several causes: too much water contact, too 
much soap contact (switch to borax), low body temperature, not 
enough fat in the diet, or parasites. 


Massage Oil 


Use olive oil. It comes in very light to heavy textures. Pick 
the right one for your purpose. Alginate mixtures can be used 
instead of, or added to, oil. Starch solutions are good, too. 


Sunscreen Lotion 


Purchase PABA (see Sources) in 500 mg tablet form. Dis- 
solve | tablet in grain alcohol or vodka. Grind the tablet first by 
putting it in a plastic bag and rolling over it with a glass jar. It 
will not completely dissolve even if you use a tablespoon of the 
aleohol. Pour the whole mixture into a 4 ounce bottle of home- 
made skin softener. Be careful not to get the lotion into your eyes 
when applying it. A better solution is to wear a hat or stay out of 
the sun. Remember to take PABA as a supplement, too (500 mg, 
one a day). 


Nose Salve 


(When the inside of the nose is dry, cracked and bleeding.) 

Pour Yatsp. pure vegetable glycerin into a bottle cap. Add ¥2 
tsp. of water. 

Applicator: use a plastic coffee stirrer or straw; cut a slit in 
the end to catch some cotton wool salvaged from a vitamin bottle 
and twist (cotton swabs, cotton balls and wooden toothpicks are 
sterilized with mercury which in turn is polluted with thallium). 
Dip it into the glycerin mixture and apply inside the nose with a 
rotating motion. Do each nostril with a new applicator. 
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Quick Corn Starch Skin Softener 


4 tsp. corn starch (see Sources) 
1 cup water 
Boil starch and water until clear, about one minute. 


Cornstarch Skin Softener 


1 tsp. lysine powder or 8 tablets, 500 mg each 
1 tsp. Vitamin C powder (ascorbic acid); or 8 tablets, 500 mg each 
3 tsp. cornstarch (see Sources) 
Vitamin E, 1 capsule 400 mg 
¥%4 tsp. apricot kernel oil (optional) 
1 cup water 

Boil starch and water until clear, about one minute. Add 
other ingredients and stir until dissolved. Cool. Pour into dis- 
penser bottle. Keep refrigerated when not in use. Apply after 
washing dishes and after showering. 


After Shaves 


Vitamin C. 4 tsp. vitamin C powder, dissolved in 1 pint 
water. 

Apricot kernel 

Vegetable glyceri 
your need. 


Equal parts glycerin and water or to suit 


Personal Lubricants 


Heat these together: | level tsp. sodium alginate and 1 cup 
water in a covered non-metal pan until completely dissolved. 
Use very low heat and stir with a wooden spoon handle. It takes 
a fairly long time to get it perfectly smooth. After cooling, pour 
into a small dispenser bottle. Keep the remainder refrigerated. 
Or, mix and heat 4 tsp. cornstarch and 1 cup water until 
completely dissolved in a covered saucepan. Use non-metal 
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dishes and a non-metal stirring spoon. Cool. Pour some into 
dispenser bottle. Refrigerate remainder. This is many person's 
favorite recipe. 


Baby Wipes 


Cut paper towels in quarters and stack in a closable plastic 
box. Run tap water over them, drain the excess. Add I tsp. grain 
aleohol and/or borax liquid on top. Close. Put a dab of the Quick 
Cornstarch Softener recipe on top of each wipe as you use it. 


People Wipes 


Ya tsp. powdered lysine (you may crush tablets) 
Ya tsp. Vitamin C powder (you may crush tablets) 

¥/ cup vegetable glycerin 

1 cup water 

Prepare wipes by cutting paper towels in quarters. Use 
white, unfragranced towels that are strong enough to hold up for 
this use. Fold each piece in quarters again and stack in a plastic 
zippered baggy. Pour the fluid mixture over the stack and zip. 
Store a bag full in the freezer to take on car trips. If you want to 
keep them a month or more, add 1 ths. grain alcohol or vodka to 
the recipe. 

For bathroom use, dampen a roll of paper towels under the 
cold tap first. Then pour about 4 cup of the mixture over the 
towel roll around the middle. Store in plastic shopping bag or 
stand in plastic waste basket. 
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Recipes For Natural Cosmetics 


Eye liner and Eyebrow Pencil 


Get a pure charcoal pencil (black only) at an art supply store. 
Try several on yourself (bring a small mirror) in the store to see 
what hardness suits you. You may need to wet it with water or a 
vitamin E perle first. Don't put any chemicals on your eyelids, 
since this penetrates into your eye. To check this out for yourself, 
close your eye tightly and then dab lemon juice on your eyelid. It 
will soon burn! Everything that is put on skin penetrates. 
Otherwise the nicotine patch and estrogen patch wouldn't work. 
Not even soap belongs on your eyelids! Charcoal pencils are 
cheap. Get yourself half a dozen different kinds so you can do 
different things. 

You could also use a capsule of activated charcoal. Empty it 
into a saucer. Mix glycerin and water, half and half, and add it to 
the charcoal powder until you get the consistency you like. Use a 
brush for eyelashes; use a finger for eyebrows. 


Lipstick 
Beet root powder (see Sources) 
100% vegetable glycerin 

Combine 1 tsp. vegetable glycerin and 1 tsp. beet root pow- 
der in a saucer. Stir until perfectly smooth. Then add Ytsp. of 
vitamin E oil. Snip open vitamin E capsules or buy vitamin E oil 
(see Sources). Very thick olive oil can be substituted. Apply 
liberally with your finger or a lipstick brush, Do not purse or rub 
your lips together after application. To make the lipstick stay on 
longer, apply | layer of lipstick, then dab some com starch over 
the lips, then apply another layer of lipstick. Store in a small 
glass or plastic container in the refrigerator, tightly covered in a 
plastic bag. 
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Face Powder 


Use cornstarch from the original box. You may also try arrow 
root starch or potato starch. Use your fingers or a tissue to apply 
because applicators can carry bacteria, 


Blush (face powder in a cake form) 


Add 50% glycerin to cornstarch in a saucer to make a paste. 
Slowly add beet root powder to the desired color. Use part of a 
charcoal capsule to darken it, if desired. A drop of food grade 
alcohol will also darken it, To make 50% glycerin, add equal 
parts of glycerin and water. Try to make the consistency the same 
as your brand name product, and you can even put it back in your 
brand name container. 


Recipes For Household Products 


Floor Cleaner 


Use washing soda from the grocery store. You may add borax 
and boric acid (to deter insects except ants). Use white distilled 
vinegar in your rinse water for a natural shine and ant repellent. 
Do not add bleach to this. For the bathroom floor use plain 
bleach water—follow the label. Never use chlorine bleach if 
anybody in the home is ill or suffers from depression. Use grain 
alcohol (1 pint to 3 quarts water) for germ killing action instead 
of chlorine. 


Furniture Duster and Window Cleaner 


Mix equal parts white distilled vinegar and water. Put it in a 
spray bottle. 
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Furniture Polish 


‘A few drops of olive oil on a dampened cloth. Use filtered 
water to dampen. 


Insect Killer 


Boric acid powder (not borax). Throw liberal amounts be- 
hind stove, refrigerator, under carpets and in carpets. Since boric 
acid is white, you must be careful not to mistake it for sugar 
accidentally. Keep it far away from food and out of children’s 
reach. Buy it at a farm supply or garden store (or see Sources). It 
will not kill ants. 


Ant Repellent 


Spray 50% white distilled vinegar on counter tops, window 
sills and shelves and wipe, leaving residue. Start early in spring 
before they arrive, because it takes a few weeks to rid yourself 
of them once they are established. If you want immediate action, 
get some lemons, cut the yellow outer peel off and cover with 
grain alcohol in a tightly closed jar. Let stand at least one hour. 
Use | part of this concentrate with 9 parts water in a spray bottle. 
Mix only as much as you will use because the diluted form loses 
potency. Spray walls, floors, carpets wherever you see them. The 
lemon solution even leaves a shine on your counters. Use both 
vinegar and lemon approaches to rid yourself of ants. 

To treat the whole house, pour vinegar all around your 
foundation, close to the wall, using one gallon for every five feet. 
Expect to damage any foliage it touches. Reapply every six 
months. 
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Flower and Foliage Spray 


Food-grade hydrogen peroxide. See instructions on bottle. 


Moth Balls 


I found this recipe in an old recipe book. Mix the following 
and scatter in trunks and bags containing furs and woolens: lb. 
each rosemary and mint, 4 Ib, each tansy and thyme, 2 ths. 
powdered cloves. 


Carpet Cleaner 


Whether you rent a machine or have a cleaning service, don’t 
use the carpet shampoo they want to sell, even if they “guarantee” 
that itis all natural and safe. Instead add these to a bucket (about 
four gallons) of water and use it as the cleaning solution: 


Wash water Rinse water 
173 cup borax ¥% cup grain alcohol 
2 tsp. boric acid 
¥ cup white distilled vinegar or 
4 tsp. citric acid 


Borax does the cleaning; alcohol disinfects, boric acid leaves 
a pesticide residue, and the vinegar or citric acid give luster. If 
you are just making one pass on your carpet, use the borax, 
aleohol, and boric acid. Remember to test everything you use on 
an unnoticed piece of carpet first. 
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Health Improvement Recipes 


Black Walnut Hull Tincture 


This new recipe is four times as strong as the previous one, 
so it is called Black Walnut Hull Tincture Extra Strength. 


Your largest enamel or ceramic (not stainless steel, not aluminum) 
cooking pot, preferably at least 10 quarts 

Black walnuts, in the hull, each one stil at least 50% green, enough to 
fill the pot to the top 

Grain alcohol, about 50% strength, enough to cover the walnuts 

¥% tsp. vitamin C 

Plastic wrap or cellophane 

Glass jars or bottles 


The black walnut tree produces large green balls in fall. The 
walnut is inside, but we will use the whole ball, uncracked, since 
the active ingredient is in the green outer hull. 

Rinse the walnuts carefully, put them in the pot, and cover 
with the alcohol. Sprinkle on half the vitamin C. Seal with plastic 
wrap and cover. Let sit for three days. Pour into glass jars or 
bottles, discarding walnuts, and divide the remaining vitamin C 
amongst the jars. If the glass jar has a metal lid, first put plastic 
wrap over the top before screwing on the lid. Potency is strong 
for several years if unopened, even if it darkens. 


You have just made Extra Strength Black Walnut Hull 
Tincture. It is stronger than the concentrate made with just a few 
black walnuts in a quart jar (my earlier recipe), because there 
are more walnuts per unit liquid. In addition, you will not dilute 
it before use (although when you take it, it will usually be in 
water). 
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When preparing the walnuts, rinse only with cold tap water. 
You may need to use a brush on areas with dirt. If you are not 
going to use all of them in this batch, you may freeze them in a 
resealable plastic bag. Simply refrigerating them does not keep 
them from turning black and useless. The pot of soaking walnuts 
should not be refrigerated. Nor does the final tincture need any 
refrigeration, 

Exposure to air does cause the tincture to darken and lose 
potency. To reduce air exposure, fill the pot as much as possible, 
without touching the plastic wrap, while still keeping a snug 
fitting lid. Even more importantly, the glass jars or bottles you 
use to store your tincture should have as little air space as 
possible, without touching the plastic wrap on top. A large jar 
should be divided into smaller ones when you are ready to use it. 
The idea is not to have partial jars, with a lot of air space, sitting 
for longer than a month or so. 

There are several ways to make a 50% grain alcohol solu- 
tion. Some states have Everclear,"™ 95% alcohol. Mix this half 
and half with water. Other states have Everclear that is 76.5% 
alcohol. Mix this three parts Everclear to one part water. Yet 
another method is to buy vodka that is 100 proof. This is already 
50% alcohol. 

Remember, never use any kind of purchased water to make 
tincture. 


Black Walnut Hull Tincture (Regular Strength) 


This is the potency I used originally. It is included here in 
case you prefer it or wish to treat a pet. The Extra Strength recipe 
is four times as potent as the original recipe, so it must be diluted 
in quarters. (Similarly, if you have a lot of the Regular Strength 
left and want to use it in place of Extra Strength, simply take four 
times as much.) 
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Symbols 


2N682 SCR, 2 

40478 timer, 75 

40TPS12 SCR, 2 

4131-503 digital potentiometer, 
62 

45438 decoder, 168 

45438 decoder chip, 168 

555 timer, 70-73, 76, 79-84 

5555 timer, 74 

556 timer, 73 

558 timer, 73 

7447 decoder, 148 

74HC00 logic gate, 93 

74HC123 timer, 75 

74H1C163 counter, 132 

74HC221 timer, 76 

74H1C4514 decoder, 147 

74HC4515 decoder, 139, 147 

74HC5555 timer, 74 

74HCTS55S timer, 74 

7415123 timer, 75 

74LS148 decoder, 139 

7ALS47 decoder, 148 

7555 timer, 74 


7556 timer, 74 

BTA208X-10008 triac, 16 

BTB04-600SL triac, 16 

CATS114 digital potentiometer, 
64 

(40478 timer, 75 

‘CMX60D10 relay, 27 

D804 optocoupler, 37 

DB3TG diac, 12 

DC60S7 relay, 27, 28 

HEF45288 timer, 75 

LM339 comparator, 42 

LMI3914 driver, 236 

LMI741 op-amp, 49, 53 

M74HC4538 timer, 75 

MACOTAG triac, 16 

MAX6954 driver chip, 234 

MC14538B timer, 75 

NTE926 timer, 73, 

OPTEKD804 optocoupler, 34 

PT-2040PQ transducer, 253 

PUI XL453 audio indicator, 257 

‘881306 LED display module, 
235 

58D1331 LED display module, 
235 


TIL311 driver, 236 
WS0010 LED display module, 235 
X0403DF SCR, 2, 5 


A 


‘A-weighting audio standard, 252 

absolute zero, 173 

acoustically transparent head- 
phones, 264 

activator, electroluminescent, 244 

active matrix LCD, 161 

additive primaries, 166 

address of tap, digital patentiom- 
eter, 62, 63 

‘Adobe 1998, 167 

alert, 249, 257 

alternating current, 172 

‘American Standard Code for in- 
formation Interchange (ASCII), 
163 

AMOLED (active-matrix OLED), 
246 

analog input/output, 66 
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Black Walnut Hull Tincture Extra Strength 
Grain Alcohol, about 10% 


Mix one part extra strength tincture with three parts of the 
10% alcohol. Store in glass containers same as described above. 
There are several ways to make a 10% grain alcohol solu- 
tion. Some states have Everclear," 95% alcohol. Mix this one 
part Everclear to nine parts water. Other states have Everclear 
that is 76.5% alcohol. Mix this one part Everclear to seven parts 
water. Yet another method is to buy vodka that is 100 proof 
(50% alcohol) and mix one part vodka with four parts water. 


Black Walnut Hull Extract (Water Based) 


Because you do not know how commercially available ex- 
tracts were made, and may not be able to test for solvent pollu- 
tion, it is wisest to make it yourself! 

This recipe is intended for alcoholic persons: cover the 
green balls in the 10 quart (non-metal) pot with cold tap water. 
Heat to boiling, covered. Turn off heat. When cool, add vitamin 
C, cover with plastic wrap, and the lid. Let stand for 1 day. It 
will be darker than the tincture. Do not dilute. Pour into freezable 
containers. Refrigerate what you will use in two days and freeze 
the rest. Add vitamin C after thawing or during refrigeration (4 
Isp. per quart). 

For use: in programs calling for Extra Strength Black Walnut 
Hull Tincture use four times as much of this water based recipe 
(8 tsp. instead of 2 tsp. Extra Strength). 


Important Note: do not use bottled or purchased water to 
make this tincture or you could pollute it with benzene! 
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Quassia recipe 


‘Add 1/8 cup quassia chips to 3 cups water. Simmer 20-30 
minutes. Pour off 1/8 cup now and drink it fresh. Refrigerate 
remainder. Drink 1/8 cup 4 times/day, until a total of Yscup of 
chips is consumed. Flavor with spices. 


Emmenagogue (Menstrual Period Inducer) 


Here are four herbs that can each bring on your period. They 
can be started anytime but the most-effective time is before your 
next calculated period time (count days as if you never missed a 
period). 


1 oz sassafras bark 
1 oz rue (cut) 
1 oz marjoram herby 
1 0z blue cohosh root 
4¥2 cups boiling water 

‘Add the herbs to the boiling water and turn down to simmer, 
covered, for 20 minutes. Do not boil. Strain and refrigerate in 
sterile glass jar. Pour one cup for yourself in the morning. Let 
warm to room temperature, and sip between meals, making it last 
until supper. 


Bowel Program 


Bacteria are always at the root of bowel problems, such as 
pain, bloating and gassiness. They can not be killed by zapping, 
because the high frequency current does not penetrate the bowel 
contents. 

Although most bowel bacteria are beneficial, the ones that 
are not, like Salmonellas and Shigellas, are extremely detri- 
mental because they have the ability to invade the rest of your 
body and colonize a trauma site or weakened organ. These same 
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bacteria colonize a cancer tumor and delay healing after the 
malignancy is stopped. 


Another reason bowel bacteria are so hard to eradicate is 


that we are constantly reinfecting ourselves by keeping a reser- 
voir on our hands and under our fingernail 


So the first thing to do is improve sanitation. For a serious 
problem, use 50% grain alcohol (100 proof vodka) in a 
spray bottle at the bathroom sink. Sterilize your hands after 
bathroom use and before meal 

Secondly use turmeric (2 capsules 3 times a day, this is the 
common spice) which I find helps against Shigella, as well 
as E, coli. Expect orange colored stool. 

Third use fennel (1 capsule 3 times a day). 

Fourth use digestive enzyme tablets with meals as di- 
rected on the bottle. (But only as long as necessary, be- 
cause these frequently harbor molds.) 

Fifth use a single 2 tsp. dose of Black Walnut Hull 
Tincture Extra Strength. Add it to a Yglass of water and 
sip over a 15 minute period. Stay seated until any side 
effect from the alcohol wears off. 

Sixth take Cascara sagrada capsules if constipated (start 
with one capsule a day, use up to maximum on label). 
Remember to drink a cup of hot water upon rising in the 
morning. This will begin to regulate your elimination. 


It can take all six to get rid of a bad Shigella problem in a 


week. Afterward, you must continue to eat only sterile dairy 
products. Note that the Kidney Cleanse is often effective with 
bowel problems. Try it also. 


You will know you succeeded when your tummy is flat, there 


is not a single gurgle, and your mood improves! 
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Constipation Tea 


Constipation is often caused by E. coli and Salmonella from 
dairy foods, or from killing “good” bowel bacteria with antibi- 
otics (killing a few by zapping actually restores good flora). Eat 
foods that restore the body's good bowel flora: vegetables, ster 
ilized milk (the milk sugar is essential), lots of water. 

There are a lot of remedies for constipation, but many people 
enjoy this tea: 


1 ths. senna tea leaves 
Ye tsp. mint leaves. 


Boil for one minute in a quart of water, add a dash of vitamin 
C and brown sugar to taste. Sip through the day to avoid “belly- 
ache”. It can take years for the body's flora to “right themselves” 
after an antibiotic session, be patient. 


Weight Reduction 


Here are two ancient herbal recipes for obesity. I have not 
personally determined their effectiveness. 


Fucus 
20z Fucus vesiculosus, cut (see Sources) 
3 cups cold tap water 

Boil for 15 minutes, covered. Cool. Dose: Y cup four times a 
day on an empty stomach. After one week increase dose to Yeup. 
You may add any flavoring desired. 

Watch the pot carefully as it comes to a boil. If it boils over, 
you will have a month of stove-cleaning to do. The odor of Fu- 
cus boiling is wretched. So is the taste. Maybe garlic (fresh) 
would improve it. 


Fennel 
1 02 fennel seed (crushed or powdered is fine) 
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3 cups cold tap water 
Boil water, pour over herb. Steep 30 minutes. Strain. Add 4 
oz honey (optional). Drink one cup each day. 


You could take them both together, along with the Bowel 
Program, to be more successful, but the best single weight re- 
ducer is the Liver Cleanse. 


Kidney Cleanse 


¥ cup dried Hydrangea root 
¥% cup Gravel root 

¥ cup Marshmallow root 

4 bunches of fresh parsley 

Goldenrod tincture (leave this out of the recipe if you are allergic to it) 
Ginger capsules 

Uva Ursi capsules 

Vegetable glycerin 

Black Cherry Concentrate, 8 02 

Vitamin B6, 250 mg 

Magnesium oxide tablets, 300 mg 


Measure “4 cup of each root and set them to soak, together in 
10 cups of cold tap water, using a non-metal container and a non- 
‘metal lid (a dinner plate will do). After four hours (or overnight) 
add 8 oz. black cherry concentrate, heat to boiling and simmer 
for 20 minutes. Drink % cup as soon as it is cool enough. Pour the 
rest through a bamboo strainer into a sterile pint jar (glass) and 
several freezable containers. Refrigerate the glass jar. 

Boil the fresh parsley, after rinsing, in 1 quart of water for 3 
minutes. Drink % cup when cool enough. Refrigerate a pint and 
freeze | pint. Throw away the parsley. 

Dose: each morning, pour together Yécup of the root mixture 
and Yecup parsley water, filling a large mug. Add 20 drops of 
goldenrod tincture and 1 tbs. of glycerin. Drink this mixture 
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in divided doses throughout the day. Keep cold. Do not drink it 
all at once or you will get a stomach ache and feel pressure in 
your bladder. If your stomach is very sensitive, start on half this 
dose. 

Save the roots after the first boiling, storing them in the 
freezer. After 13 days when your supply runs low, boil the same 
roots a second time, but add only 6 cups water and simmer only 
10 minutes. This will last another 8 days, for a total of three 
weeks. You may cook the roots a third time if you wish, but the 
recipe gets less potent. If your problem is severe, only cook them 
twice. 

Afier three weeks, repeat with fresh herbs, You need to do 
the Kidney Cleanse for six weeks to get good results, longer for 
severe problems. 

Also take: 


+ Ginger capsules: one with each meal (3/day). 
+ Uva Ursi capsules: one with breakfast and two with supper. 
+ Vitamin B6 (250 mg): one a day. 

* Magnesium oxide (300 mg): one a day. 

Take these supplements just before your meal to avoid 
burping. 

Some notes on this recipe: this herbal tea, as well as the 
parsley, can easily spoil. Heat it to boiling every fourth day if it 
is being stored in the refrigerator; this resterilizes it. If you ster- 
ilize it in the morning you may take it to work without refriger- 
ating it (use a glass container). 

When you order your herbs, be careful! Herb companies are 
not the same! These roots should have a strong fragrance. If the 
ones you buy are barely fragrant, they have lost their active in- 
gredients; switch to a different supplier. Fresh roots can be used. 
Do not use powder. 
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+ Hydrangea (Hydrangea arborescens) is a common flow- 
ering bush. 

+ Gravel root (Eupatorium purpureum) is a wild flower. 

+ Marshmallow root (Althea officinalis) is mucilaginous and 
kills pain, 

+ Fresh parsley can be bought at a grocery store. Parsley 
flakes and dried parsley herb do not work. 

* Goldenrod herb works as well as the tincture but you may 
get an allergic reaction from smelling the herb. If you know 
you are allergic to this, leave this one out of your recipe. 

+ Ginger from the grocery store works fine; you may put it 
into capsules for yourself (size 0, 1 or 00). 


There are probably dozens of herbs that can dissolve kidney 
crystals and stones. If you can only find several of those in the 
recipe, make the recipe anyway; it will just take longer to get 
results, Remember that vitamin B, and magnesium, taken daily, 
can prevent oxalate stones from forming. But only if you stop 
drinking tea. Tea has 15.6 mg oxalic acid per cup™’. A tall glass 
of iced tea could give you over 20 mg oxalic acid. Switch to herb 
teas. Cocoa and chocolate, also, have too much oxalic acid to be 
used as beverages. 

Remember, too, that phosphate crystals are made when you 
eat too much phosphate. Phosphate levels are high in meats, 
breads, cereals, pastas, and carbonated drinks. Eat less of these, 
and increase your milk (2%), fruits and vegetables. Drink at least 
2 pints of water a day. 


*" Taken from Food Values 14ed by Pennington and Church 1985. 
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Cleanse your kidneys at least twice a year. 


You can dissolve all your kidney stones in 3 weeks, but make 
new ones in 3 days if you are drinking tea and cocoa and 
phosphated beverages. None of the beverage recipes in this 
chapter are conducive to stone formation. 


Liver Herbs 


Don't confuse these liver herbs with the next recipe for the 
Liver Cleanse. This recipe contains herbs traditionally used to 
help the liver function, while the Liver Cleanse gets gallstones 
out. 


6 parts comfrey root, Symphytum officinale (also called nipbone root) 
6 parts tanner’s oak bark, Quercus alba (white oak bark) 

3 parts gravel root, Eupatorium purpureum (queen of the meadow) 
3 parts Jacob's staff, Verbascum thapsus (mullein herb) 

2 parts licorice root, Glycyrrhiza glabra 

2 parts wild yam root, Dioscorea villosa 

2 parts milk thistle herb, Silybum marianum 

3 parts walnut bark, Juglans nigra, (black walnut bark) 

3 parts marshmallow root, Althea officinalis (white mallow) 

1 part lobelia plant, Lobelia inflata (bladder pod) 

1 part skullcap, Scutellaria lateriflora (helmet flower) 


Mix all the herbs. Add Yacup of the mixture to 2 quarts of 
water, Bring to a boil. Put lid on. Let sit for six hours. Strain and 
drink lYcups per day. Put the strained herbs in the freezer and 
use them one more time. 


Liver Cleanse 


Cleansing the liver of gallstones dramatically improves di- 
gestion, which is the basis of your whole health. You can expect 
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your allergies to disappear, too, more with each cleanse you do! 
Incredibly, it also eliminates shoulder, upper arm, and upper 
back pain. You have more energy and increased sense of well 
being. 


Cleaning the liver bile ducts is the most powerful procedure 
that you can do to improve your body's health 

But it should not be done before the parasite program, and for 
best results should follow the kidney cleanse and any dental 
work you need. 


Itis the job of the liver to make bile, 1 to laquarts ina day! 
The liver is full of tubes (biliary tubing) that deliver the bile to 
one large tube (the common bile duct). The gallbladder is 
attached to the common bile duct and acts as a storage reservoir. 
Eating fat or protein triggers the gallbladder to squeeze itself 
empty after about twenty minutes, and the stored bile finishes its 
trip down the common bile duct to the intestine. 

For many persons, including children, the biliary tubing is 
choked with gallstones. Some develop allergies or hives but 
some have no symptoms. When the gallbladder is scanned or X- 
rayed nothing is seen. Typically, they are not in the gallbladder. 
Not only that, most are too small and not calcified, a prerequisite 
for visibility on X-ray. There are over half a dozen varieties of 
gallstones, most of which have cholesterol crystals in them. They 
can be black, red, white, green or tan colored. The green ones get 
their color from being coated with bile. Notice in the picture how 
many have imbedded unidentified objects. Are they fluke 
remains? Notice how many are shaped like corks with 
longitudinal grooves below the tops. We can visualize the 
blocked bile ducts from such shapes. Other stones are compos- 
ites-made of many smaller ones-showing that they regrouped in 
the bile ducts some time after the last cleanse 
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At the very center of each stone is found a clump of bacteria, 
according to scientists, suggesting a dead bit of parasite might 
have started the stone forming. 

‘As the stones grow and become more numerous the back 
pressure on the liver causes it to make less bile. Imagine the 
situation if your garden hose had marbles in it. Much less water 
would flow, which in turn would decrease the ability of the hose 
to squirt out the marbles. With gallstones, much less cholesterol 
leaves the body, and cholesterol levels may rise. 
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Fig. 89 These are gallstones. 


Gallstones, being porous, can pick up all the bacteria, cy’ 
viruses and parasites that are passing through the liver. In this 
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analog integrated circuits 
comparator, 39-48 
(see also comparator) 
digital potentiometer, 59-67 
(see also digital potentiom- 
eter) 
op-amp, 49-58 
(see also op-amp) 
optocoupler, 33-37 
(see also optocoupler) 
solid-state relay, 25-31 
(see also solid-state relay) 
timer, 69-87 
(see also timer) 
analog multiplexer, 151, 152 
analog output optocoupler, 36 
analog-digital converter, 39, 47, 
59 
AND gate, 45,90, 91, 92, 97, 98, 
100, 102, 103 
anode 
LED display, 232 
LED indicator, 213 
vacuum-fluorescent display 
(VFD), 240 
arithmetical operations, binary, 
1 
arithmetical operators, 89 
ASCII (see American Standard 
Code for Information Inter- 
change) 
astable multivibrator, 46, 55, 69 
(see also timer) 
astable timer, 70, 72, 77, 80 
asynchronous counter, 118, 134 
asynchronous flip-flop, 107 
asynchronous input, 123 
audio alerts 
audio indicator, 257-260 
transducer, 249-255 
audio frequency, 54, 251, 252, 
253, 254, 257, 258 
audio indicator, 249, 257-260 
PUI XL453, 257 
‘current, 260 
design, 257-258 
duty cycle, 260 
formats, 258 
frequency, 258, 260 


function, 257 
history, 258 
potential problems, 260 
sound intensity, 260 
sound patterns, 258, 
use of, 260 
values, 259 
variants, 258, 
voltage, 259 
volume control, 260 
wiring, 260 
audio transducer (see transducer) 


back-EMF, 29, 30, 87 

backlighting, electroluminescent, 
167 

backplane, 161 

ballast, 180, 192, 194, 225 

band gap, 207 

bandpass filter, 59 

bandwidth, 36 

bass-reflex enclosure, 270 

bayonet base, 177 

BCD output, 135 

beeper, 249, 257 

bi-pin tube, 194 

bidirectional multiplexer, 151 

bidirectional optocoupler, 36 

bidirectional shift, 125, 

bidirectional thyristor, 11 

binary addition, 91 

binary arithmetic, 89, 92 

binary counter, 134 

binary digit, 121, 134 

binary ripple counter, 121 

binary-coded decimal (8CD) out- 
put, 135 

bipolar transistor, 1, 18,70 

bistable displays, 167 

bistable multivibrator, 46, 69, 107 
(see also flip-flop) 

bit, 121, 134 

bitmap, 159, 227 

black body radiation, 173, 

Boolean algebra, 89 

Boolean operators, 89, 91 


breakdown voltage, 1, 4,20, 184 
breakover frequency, 53 
breakover level, 12 

breakover voltage, 4, 14, 15, 20, 
bubble, 90, 116, 123, 133, 155 
buffer, 90, 128 

burn in, 160 

burst mode, 84 

buzzer, 249, 257, 258 
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‘Camenzind, Hans, 70 

‘canalphones, 264 

‘candela, 178 

candlepower, 178 

capacitor 
‘coupling, 84 
light-emitting, 244 

‘carbonarc, 171 

cascade, 134 

cascaded encoders, 142, 

‘cascading, 157 

cathode, 188, 192, 232, 239 

cathode vacuum-fluorescent dis- 
play (VED), 240 

cathode-ray tube (CRT), 160, 239, 
244 

CCFL (see cold-cathode fluores- 
cent lamp) 

CCT (see correlated color temper- 
ature) 

cd (candela), 178 

ceramic wafer, 250, 258 

CFL (see compact fluorescent 
lamp) 

channel current, 155 

channels, 42, 52, 153, 

charge storage, 23, 24 

chemiluminescence, 244 

chip select pin (CS), 63, 64 

cilia, 261 

circumaural headphones, 264 

clipped output, 50 

clock, 121 

clock input, 131, 133 

clocked comparator, 47 

clocked in, 121 
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way “nests” of infection are formed, forever supplying the body 
with fresh bacteria, No stomach infection such as ulcers or in- 


testi 


inal bloating can be cured permanently without removing 


these gallstones from the liver. 


Cleanse your liver twice a year. 


Preparation. 
You can't clean a liver with living parasites in it. You 
won't get many stones, and you will feel quite sick. Zap 
daily the week before, or get through the first three weeks 
of the parasite killing program before attempting a liver 
cleanse. If you are on the maintenance parasite program, 
you are always ready to do the cleanse. 

Completing the kidney cleanse before cleansing the liver is 
also highly recommended. You want your kidneys, bladder 
and urinary tract in top working condition so they can 
efficiently remove any undesirable substances incidentally 
absorbed from the intestine as the bile is being excreted. 

Do any dental work first, if possible. Your mouth should be 
metal free and bacteria free (cavitations are cleaned). A 
toxic mouth can put a heavy load on the liver, burdening it 
immediately after cleansing. Eliminate that problem first 
for best results. 


Ingredients 

Epsom salts 7 tablespoons 

Olive oi! half cup (light olive oil is easier to get 
down) 

Fresh pink grapefruit T large or 2 small, enough to squeeze 
2/3 to 3/4 cup juice 
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‘Omithine 40 8, to be sure you can sleep. 
Don't skip this or you may have the 
worst night of your life! 

Large plastic straw To help drink potion. 

Pint jar with lid 


Choose a day like Saturday for the cleanse, since you will be 
able to rest the next day. 

Take no medicines, vitamins or pills that you can do without; 
they could prevent success. Stop the parasite program and kidney 
herbs, too, the day before. 

Eat a no-fat breakfast and lunch such as cooked cereal with 
fruit, fruit juice, bread and preserves or honey (no butter or 
milk), baked potato or other vegetables with salt only. This al- 
lows the bile to build up and develop pressure in the liver. 
Higher pressure pushes out more stones. 

2:00 PM. Do not eat or drink after 2 o'clock. If you break this 
rule you could feel quite ill later. 

Get your Epsom salts ready. Mix 4 ths. in 3 cups water and 
pour this into a jar. This makes four servings, 34cup each. Set the 
jar in the refrigerator to get ice cold (this is for convenience and 
taste only). 

6:00 PM. Drink one serving (4cup) of the ice cold Epsom 
salts. If you did not prepare this ahead of time, mix 1 tbs. in 34cup 
water now. You may add 1/8 tsp. vitamin C powder to improve 
the taste. You may also drink a few mouthfuls of water 
afterwards or rinse your mouth. 

Get the olive oil and grapefruit out to warm up. 

8:00 PM. Repeat by drinking another *4up of Epsom salts. 

‘You haven't eaten since two o'clock, but you won't feel hun- 
gry. Get your bedtime chores done. The timing is critical for 
success; don't be more than 10 minutes early or late. 

9:45 PM. Pour Yacup (measured) olive oil into the pint jar. 
‘Squeeze the grapefruit by hand into the measuring cup. Remove 
pulp with fork. You should have at least Yacup, more (up to % 
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cup) is best. You may top it up with lemonade. Add this to the 
olive oil. Close the jar tightly with the lid and shake hard until 
watery (only fresh grapefruit juice does this). 

Now visit the bathroom one or more times, even if it makes 
you late for your ten o'clock drink. Don't be more than 15 minutes 
late. 

10:00 PM. Drink the potion you have mixed. Take 4 orni- 
thine capsules with the first sips to make sure you will sleep 
through the night. Take 8 if you already suffer from insomnia, 
Drinking through a large plastic straw helps it go down easier. 
You may use ketchup, cinnamon, or brown sugar to chase it down 
between sips. Take it to your bedside if you want, but drink it 
standing up. Get it down within 5 minutes (fifteen minutes for 
very elderly or weak persons). 

Lie down immediately. You might fail to get stones out if 
you don't. The sooner you lie down the mote stones you will get 
out. Be ready for bed ahead of time. Don't clean up the kitchen, 
‘As soon as the drink is down walk to your bed and lie down flat 
on your back with your head up high on the pillow. Try to think 
about what is happening in the liver. Try to keep perfectly still 
for at least 20 minutes. You may feel a train of stones traveling 
along the bile ducts like marbles. There is no pain because the 
bile duct valves are open (thank you Epsom salts!). Go to sleep, 
you may fail to get stones out if you don't. 

Next morning. Upon awakening take your third dose of Ep- 
som salts. If you have indigestion or nausea wait until it is gone 
before drinking the Epsom salts. You may go back to bed. Don't 
take this potion before 6:00 am. 

2 Hours Later. Take your fourth (the last) dose of Epsom 
salts, Drink cup of the mixture. You may go back to bed. 

After 2 More Hours you may eat. Start with fruit juice. Half 
an hour later eat fruit. One hour later you may eat regular food 
but keep it light. By supper you should feel recovered. 


557 


‘THE CURE FoR ALL DISEASES 


How well did you do? Expect diarrhea in the morning. Use a 
flashlight to look for gallstones in the toilet with the bowel 
movement. Look for the green kind since this is proof that they 
are genuine gallstones, not food residue. Only bile from the liver 
is pea green. The bowel movement sinks but gallstones float 
because of the cholesterol inside. Count them all roughly, 
whether tan or green. You will need to total 2000 stones before 
the liver is clean enough to rid you of allergies or bursitis or up- 
per back pains permanently. The first cleanse may rid you of 
them for a few days, but as the stones from the rear travel for- 
ward, they give you the same symptoms again. You may repeat 
cleanses at two week intervals. Never cleanse when you are ill. 

Sometimes the bile ducts are full of cholesterol crystals that 
did not form into round stones. They appear as a “chaff” floating 
on top of the toilet bowl water. It may be tan colored, harboring 
millions of tiny white crystals. Cleansing this chaff is just as 
important as purging stones. 

How safe is the liver cleanse? It is very safe. My opinion is 
based on over 500 cases, including many persons in their s 
enties and eighties. None went to the hospital; none even re- 
ported pain. However it can make you feel quite ill for one or 
two days afterwards, although in every one of these cases the 
maintenance parasite program had been neglected. This is why 
the instructions direct you to complete the parasite and kidney 
rinse programs first. 


CONGRATULATIONS 


You have taken out your gallstones without surgery! I like to 
think I have perfected this recipe, but I certainly can not take 
credit for its origin. It was invented hundreds, if not thousands, of 
years ago, THANK YOU, HERBALISTS! 
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This procedure contradicts many modern medical view- 
points. Gallstones are thought to be formed in the gallbladder, not 
the liver. They are thought to be few, not thousands. They are not 
linked to pains other than gallbladder attacks. It is easy to 
understand why this is thought: by the time you have acute pain 
attacks, some stones are in the gallbladder, are big enough and 
sufficiently calcified to see on X-ray, and have caused in- 
flammation there. When the gallbladder is removed the acute 
attacks are gone, but the bursitis and other pains and digestive 
problems remain. 

The truth is self-evident. People who have had their gall- 
bladder surgically removed still get plenty of green, bile-coated 
stones, and anyone who cares to dissect their stones can see that 
the concentric circles and crystals of cholesterol match textbook 
pictures of “gallstones” exactly. 


Lugol’s Iodine Solution 


It is too dangerous to buy a commercially prepared solution, 
It is certain to be polluted with propyl alcohol or wood alcohol. 
Make it yourself or ask your pharmacist to make it up for you. 
The recipe to make | liter (quart) is: 


44 gm (1% ounces) iodine, granular 
88 gm (3 ounces) potassium iodide, granular 


Dissolve the potassium iodide in about a pint of the water. 
Then add the iodine crystals and fill to the liter mark with water. 
It takes about | day to dissolve completely. Shake it from time to 
time. Keep out of sight and reach of children. Do not _use if 
allergic to iodine. Be careful to avoid bottled water for prepara- 
tion. 
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Vitamin D Drops 
1 gram cholecalciferol (see Sources) 
10 cups olive oil 


Mix in a non-metal container. It may take a day of standing to 
dissolve fully. Refrigerate. Ten drops contain 40,000 iu. Use 
within a year. 
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Pathogen Frequencies 


Living creatures emit a range of frequencies, also called 
bandwidth. As they age, the bandwidth shrinks. When they die 
sometimes all that is left is a single frequency. 

Most of the organisms listed below are dead on commer- 
cially available and prepared slides (see Sources for biological 
supply companies). However they still exhibit a 5 KHz band- 
width, probably due to testing with a frequency generator that 
was only accurate to 100 Hz, and also due to using more voltage 
than necessary (like when a powerful radio station comes in at its 
own frequencies and ones nearby, too). Some testing was done 
with a more accurate frequency generator at a lower power level 
so some bandwidths are reported much more narrowly. 

If the same person retests the same specimens with the same 
equipment within a few days, the results will be absolutely 
identical (within 1 Hz) 90% of the time. Why a few of the results 
will not be identical is not known, However different people, 
and even the same person at different times of the year, can 
notice that the perceived frequencies shift by as much as 3 KHz 
(till less than 1% change). 

‘Some specimens have more than one range listed; this may be 
characteristic of the organism or may be due to having an 
undocumented organism on the same microscope slide. 

Blank locations represent organisms for whom there are 
prepared slides available, but whose bandwidth has not been 
determined. 
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Bandwidth Of Organism Families 


In general, the smaller the organism the lower the frequency 
and narrower the bandwidth. This chart shows the major families 
studied and where they fall in the spectrum. 


requency (KHz) 
° 200 400 «= 600-800-1000 
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Fig. 90 Chart of bandwidths for organism families. 
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toxins Slime Molds [KAZ 
‘Arcyria [81 

‘Aflatoxin 17,188 Lycogala | 126 
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Bacteria and Viruses 


Including locations where I commonly found them. 


Low Freq]High Freq [Use freq gen for 
(iz) [kHz |3 min @ 

[Acetobacter acetl 

[Adenovirus Ec EE Ed 

[Adenovirus (2nd range) a7145 [386.90 

[Agrobacterium tumefaciens: 

[Alcaligenes faecalis 

[Alpha streptococcus. sears _[a54 [380-375 

[Azobacter chroococcum 

Bacillus anthracis jaeas  (S0805 [395,964,368 

[causes anthrax in cattle (tooth) 

Bacillus anthracis 2nd range) sao [3055 

Bacillus anthracis Grd range) [3584 (3705, 

Bacillus anthracis spores 306,95 [391.45 [368 

Bacillus cereus 373.65 [37505 [3745 

Bacillus megaterium 

Bacillus sterothermophius 

Bacillus subtilis spores 

Bacillus subtilis var. niger aries [387.1 [385.380-575 

Bacteria capsules (capsular strain) [476.05 [41875 [417.5 

Bacterial capsules 357.6 [362.4 | 360 

Bacteroides fragilisiound with common 3243 325.0 [925 

oundworm Ascaris 

Bacteroides fragilis nd range) aas7 (3260 

Beta streptococcus (tooth) [306 [387.4 [385 

Blepharisma 405.65 [407.45 [4085 

Bordetella pertussis, aoaes [sas /3a1 

whooping cough’ (tooth) 

Borellia burgdorferi Lyme dicoase [37895 [3820 [380 

Branhamella (Neisseria) catarrhalis [3949 396.7 ]396 

(has hole at 398) 

Brucella abortus 

[Cabbage Black Rot 

[Campylobacter fetus smez sea [S706 [368 

[Campylobacter pyloridis [352.0 [357.2 [355 

[Candida albicans (pure powder) faea2_[aa4 | 386 

[common yeast 

[Caulobacter vibricides: 

[Central spores (bacillus smear) areas _[a7e6s [376 

[Chlamydia trachomatis [373.7 [363.05 [381 

[Clostridium acetobutylicum fgaa.8 [991.15 | 389-588 

[Clostridium botulinum (tooth) aso [36455 362 

[causes food poisoning 
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[Clostridium perfringens: 


[Clostridium perfringens spores gea2 [081 [596 
[Clostridium septicum [362.05 [365.6 [364 
[Clostridium sporogenes: 

[Clostridium tetani (tooth) causes tetanus 

[Corynebacterium diphtheriae (tooth) [S40 [Sa aa 
[causes diphtheria 

[Corynebacterium pseudodiphthericum, 

[Corynebacterium xerosis. sees [see [S180 
[Coxsackie virus B-1 360.5 [366.1 | 368 
found with Bacteroides trails 

[Coxsackie virus B-4 aeras [36a7 [3625 
found with Bacteroides trails 

[Coxsackie virus B-4 (2nd range) seas (3645 

[Crithidia fascioulata 

[Cytomegalovirus (CMV) antigen goes —_[aro7s [408 
[Cytophaga rubra aze.1 [492.2 490 
Diplococcus diphtheriae 357.05 [2640 [a1 
[Diplococeus pneumoniae 351.65 [368.45 | 365,360 
Eikanella corrodens: [a7a.5 [384.3 | 382 
Enterobacter aerogenes intestinal faa [374 a7 
pacterium 

Epstein Barre virus (EBV) ares (e085 | 380.975 
Erwinia amylovora. [347.2 [35.1 | 350 
Erwinia carotovora, [368.1 [377.0373 
Escherichia coll (E. coll) jas (358 [356 395 
intestinal bacterium 

Escherichia coll (E- coll) (andvange) [982 | 985 

[Gattkya tetragena ais [3525 |350 
[causes respiratory infections 

[Gardnerella vaginalis coma co 
ovarian and genital tract infection 

[Haemophilus influenzae Ec ec 
bacterial meningits. infects joints 

[Hepatitis B antigen erase [aoe [aie 
[Herpes simplex 1 pois [20305 [292.3455 
[Herpes simplex 1 (2nd range) [345.35 [345.75 

[Herpes simplex 2 (fresh smear) [a5a.9 [360.9 [960.955 
[Herpes Zoster “shingles” a166 [4202 [aia 
[Histomonas meleagridis (iver) (a7ess [378.7 [377 
[Histoplasma capsulatum [298.3 [304.85 302 
HIV. [365 [365 [365 
Intiuenza A and B (flu shot) araas [328 | 320.915 
ron Bacterium Sphaerotilus 

[Kiebsiella pneumoniae causes seas [40a [a0 ATS 
pneumonia 

[Klebsiella pneumoniae (ndrange) [4169 [4278 
Lactobacillus acidophilus (00th) aa6.05 [351.65 [349 


closed-back headphones, 264 
closed-box speaker, 270 
CLR operation, 133 
CMOS 555 timer, 74 
CMOS chips, 48, 94 
CMYK system, 166 
CO2 lasers, 201 
code hopping encoder, 139 
coherent light, 197, 200 
cold-cathode fluorescent lamp 
(CCFL), 191, 194 
cold-cathode fluorescent panel, 
167 
color 
fluorescent lights, 194, 241, 
242 
in LCDs, 166-167 
of LEDs, 205, 207, 209-211, 
212, 219-222, 222, 226 
primary, 165-167 
color rendering index (CRI), 174 
color super twisted nematic 
(CSTN) LCD, 161 
color temperature, 173, 209, 219, 
222 
color-rendering index (CRN, 212 
‘common anode, 232 
‘common cathode, 232 
‘common mode voltage range, 53 
‘common pin, 161 
‘commutating dv/dt, 23 
‘compact fluorescent lamp (CFL), 
191 
‘comparator, 39-48, 70, 83, 90 
LM339, 42 
analog-digital converter, 47 
AND gate, 45 
bistable multivibrator, 46 
clocked, 47 
continuous converter, 47 
design, 39-42 
digital, 39 
dual, 42 
function, 39 
hysteresis, 39, 44 
latched, 47 
level shifter, 46, 
and op-amps, 42, 52 
potential problems, 47-48 


relaxation oscillator, 46 
Use of, 44147 
values, 43-44 
variants, 42-43, 
window, 42 
window comparator, 46 
zero point finder, 47 
conduction angle, 7,9 
cone, 268 
confused inputs, 48 
continuous converter, 47 
converter, serial to parallel, 107 
correlated color temperature, 222 
counter, 107, 121, 131-138 
74H1C163, 132 
asynchronous, 118, 134 
binary, 134 
binary ripple, 121 
clock sources, 135, 
decade, 135 
decoded output, 134 
descending output, 136 
design, 132-134 
divide-by-16, 134 
function, 131-132 
glitches, 138 
gray code, 131 
hexadecimal, 134 
modulus-16, 134 
modulus/modulo, 132 
multiple stages, 136 
octal, 134 
output states, 136 
pin identifier, 133, 
potential problems, 137-138 
programmable, 137 
ring, 131, 134 
ripple, 107, 134, 148 
rising edge and falling edge, 
136 
schematic representation, 
131-132 
single and dual, 136 
synchronous, 134, 136 
values, 137 
variants, 134-137 
coupler, output, 198 
coupling capacitor, 84 
CRI (see color rendering index) 


crossover network, 269 
crosstalk, 161 
crowbar overvoltage protection, 
2 
CRT (see cathode-tay tube) 
crystal, 249 
crystal lasers, 201 
crystal-set radio, 265 
CS (chip select pin), 63, 64 
current 
alternating, 172 
audio-indicator, 260 
channel, 155 
direct, 172 
forward, 211 
gate threshold, 18 
holding, 2, 18 
latching, 2, 18 
leakage, 156 
transducer, 254 
current amplifier, 2, 18 
Current Transfer Ration (CTR), 36 


D 


D-type flip-flop, 114, 116 
data distributor, 140, 146, 152 
data selector, 140, 146, 151, 152 
{see also multiplexer) 
data transfer, 62 
Db (see decibels) 
dBA, 253 
debounced, 66 
decade counter, 135 
decibel, 251-252, 259, 265 
decoded output counter, 134 
decoder, 134, 139, 140, 143, 145— 
149, 151, 153, 157 
7447, 148 
74HC4514, 147 
74HC4515, 147 
7aLS47, 148 
design, 148 
function, 145-146 
input devices, 145-146 
LED driver, 146 
potential problems, 149-149 
schematic symbol, 146-146 
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Leptospira interrogans spirochoto ETA CT 
Lumpy Jaw 
[Measles antigen gens [730 | a71 


[Micrococeus luteus 


[Mumps antigen are (36465 [382 
[Mycobacterium para TE 

[Mycobacterium phlei aoaes _[aroes [4100 
[Mycobacterium smegmatis 

[Mycobacterium tuberculosis infec [40055 [4042 [402 
nodule) causes tuberculosis, 

[Mycoplasma aooes [aaa9 [S235 346 
Iiycoplasma (ange 2) [342.75 [349.9 

[Neisseria gonorrhea causes gonovmea [303.85 [3965 [994 
[Neisseria sicca 

[Nocardia asteroides Bros (5555 [355.7 565 
found in Parkinson's Disease 

[Nocardia asteroides (2nd range) aea7 [370 
Propionobacterium acnes [303.75 [3090 [387 
Proteus mirabilis fa20.55 [326.0 [308,349 
Proteus mirabilis (2nd range) 345.95 (352.1 

[Proteus vulgarisurinary act pathogen [40875 [41645 | 413.996.528 
Proteus vulgaris (2nd rango) 03.75 (398.15, 

[Proteus vulgaris (ard range) ga72 (3235 

[Pseudomonas aeruginosa asr25 |3ce6 308 
found in open wounds 

Pseudomonas fluorescens 

Respiratory syncytial virus, areas [sea [380 
Rhizobium leguminosarum 

[Salmonella enteriaitis intestinal nveoton [a2 [223 a2 
[Salmonella paratyphi (36505 [370.1 | 368-385 
[Salmonella typhimurium jaa2.3 [30655 355,386,580 
food poisoning. nervousness, apathy 

[Serratia marcescens amas [351 [357 
[Shigella dysenteriae intestinal problems [390.088 [390.088 | 390.089 
[Shigella flexneri depression asa [394 [394 
[Shigella sonnel invades tumors a8 _[318 ata 
[Sphaerotilus natans see4 [30345 [391 
[Spirillum itersonil 

[Spirillum serpens areas [3028 [360 


[Spirilum sinuosum 


Spirillum volutans 


[Spores in bacteria spore stain 


[Staphylococcus aureus (culture) area7 (360.85 


[Staphylococcus aureus (slide) source is [361 381 araaeT 
tooth infection, causes abscesses, heart 
disease, invades tumors 
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[Staphylococcus epidermidis 
infects skin and mucous membranes 

[Streptococcus lactis occurs inmik _[sa2___| S67 Ea 
[Streptococcus mitis area [sont |318 
lung infection, tooth infection, abscesses, 

[causes st knees 

[Streptococcus pneumoniae causes _[seaus [3702 [368 
[pneumonia and inner ear disease 

[Steptococous pyogenes tooth) seus [area (373 
[Streptococeus sp. group G (tooth) 368.15 [30805 [368 
[Sub terminal spores bac. smear 305.15 [385.95 

Terminal spores bacillus sme 

FTobacco mosaie virus (tobacco) EAE CS 
Treponema pallidum causes syphils _[a4ea5 [347.4 [347 
FTroglodytella abrassari a77.75 [385.2 [383.419 
FTroglodytella abrassari @ndvange) [469 [422.2 

Veillonelia dispar 401.75 [405.2 | 408 
Vibrio (photobacterium) fischeri 


Roundworms, Flatworms, One- 


celled Animals 


Low ]High Freq | To Kil, use 
Freq |(KHz) | freq. gen for 3 
(kz) min. at these 

frequencies 

(Reanthamoeba culberisoni 

[Acanthocephala 

[Anaplasma marginale: sae4  [oe.0  [3a7.42o 

[Anaplasma marginale (2nd range) 415.3 [424 

[Anoylostoma braziliense (adult) 397.6 [40325 [401 

[Ancylostoma caninum [363.1 [402.9 [400,385,386 

[Ancylostoma duodenale male 

[Anguillula acet! 

[Ascaris larvae in Tung sons fasts (408 

[common roundworm of cals and dogs 

[Ascaris umbricoldes (m and f) samme 

[Ascaris megalocephala (male) aoaes _[a0e7 [408 

Babesia bigemina 

Babesia canis smear 

Balantidium coli cysts esas [eas [460 

Balantidium sp. trophozoites (rom 

[guinea pig) parasitic cilia 

Besnoitia (lung sect.) protozoan Ee ES EE 
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[Capillaria hepatica (iver sect) aoaas [aos [428 
[Chilomastix cysts (rat) 308.05 [990.7 [30926 
[Chilomastix cysts (rat) (2nd range) 425.2 [427.3 

[Chilomastix mesnili (rophozoltes) Sanne 
[Chilomonas, whole mount 33875 [200 398 


[Clinostomum metacercaria 


[Clonorchis metacercariae 


[Clonorchis sinensis aas7 [aes [aa 
[Clonorchis sinensis eggs 

[Gryptocotyle lingua (adult) aoaes [aio [ae 
Didinium 

Dientamoeba fragilis ores [eos [40a 
Dipetalonema perstans (microfilaria 

human blood) 

Dirofilaria immitis dog heartworm aoaIS _[aTT.18 [405 
Echinoporyphium recurvatum ares [42.9 [42i 
Echinostoma revolutum 25.5 [49.65 [426 


Eimeria stiedae 


Eimeria tenella 


Endamoeba gingivalis trophozoite aaa laa [aa 
Endolimax nana trophozoites and cysts_|994.25 [397.1 [396.432 
Endollmax nana trophozoites and eysts |430.5 | 403.35 

(2nd range) 

Entamoeba coll cysts 

Entamoeba coll trophozoites se7.0 aos [08 
Entamoeba histolytica trophozolte sari [ors [65 
Enterobius vermicularis 420.05 |426.3 [423 
Eurytrema pancreaticum 43095 [402.3 [421 
Eurytrema pancreaticum stages 

[Fasciola hepatica Ca Cee CY 
[Fasciola hepatica cereariae fazae [40.6 [427 
[Fasciola hepatica eggs [422.0 [47.6 [425 
[Fasciola hepatica metacercarlae 

[Fasciola hepatica miracidia aor 7S aoa [AOS 
[Fasciola hepatica rediae, 4206 |4a75 [425 
[Fasciolopsis buskil adult 27.7 [495.1 [494 
[Fasciolopsis buskil eggs 427.95 [435.45 [434 
[Fasciolopsis buskil eggs unincubated 

[Fasciolopsis corcariae eas [eS [aH 
[Fasciolopsis miracidia 437.35 [495.2 [494 
[Fasciolopsis rediae 427.3 [499.0 [432 
Fischoedrius elongaius aan. 75 [442 [482 
[Gastrothylax elongatus 451.9 [457.1 (455, 
[Giardia lamblia (trophozoites) aaa [4263 [42a 
[Giardia lamblia cysts: 

[Gyrodactylus avers [see [380 
[Haemonchus contortus: 386.8 [395.5 [999 
[Haemoproteus 
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[Hasstile sig. Wicolor (adult) CCE CD 
Heterakis 

[Hypodereum conoideum aoaas _azoss [27 
Jlodamoeba butschill trophozoites and 407.85 [4485 | 445,402 
leysts 

liodamoeba butschlli wophozoltes and 386.15 40475 

leysts (2nd range) 

Leishmania braziliensis a000s [A051 [405 
Leishmania donovan 398.0 [402.65 [400 
Leishmania mexicana [400.2 [403.8 [402 
Leishmania tropica [40.1 [407.4 [405 
Loucocytozoon’ 397.45 _|402.55 [400 
Loa loa [360.55 [260.551 [361 
[Macracanthorhynchus aa.5 [442.8 [440 
[Metagonimus Vokogawai 497.95 [442.1 [440 
IMonocystis agilis 

Iiyxosoma a0a6 _a16s5 [ae 
[Naegleria fowler! 356.9 ]a64.35 [962 
[Naegleria fowlerl (brain sec.) 

[Necator americanus (infect larvae) 

[Notocotylus quingeserialis, 

[Onchocerea volvulus (tumor) aes [aaa [aa 
Paragonimus Westermanil adult 497.8 [4542 [450,487 
Passalurus ambiguus: a2e8  [4aa.ts [441.497 
[Pelomyxa carolinensis 

[Plasmodium cynomolgi aia [aoa [aaa 
Plasmodium falciparum smear 372.3 [373.8 [3730 
Plasmodium vivax smear 498.15 [445.1 [442 
Platynosomum fastosum adult 

Pneumocystis carnil (lung) 0575 [wats [407 
Prosthogonimus macrorchis(eggs) 396.05 [404.75 [401 
[Sarcina lutea 

[Sarcocystis. aS0SS [ABS [ABE 
[Schistosoma haematobium 473 [473 473 
[Schistosoma japonicum eggs 

[Schistosoma mansoni aa [5 ca 
[Stephanurus dentalus (ova) as7.5 [463.1 [461 
[Stigeocionium 404.25 [415.25 [412407 
[Strongyloides (Wlariform larva) goa [402.0 [400 
[Strongyloides parasitic females 

FToxocara (eggs) 

[Toxoplasma (human strain) sa50 _[a5.0 [85 
TTrichinella spiralis (muscle) 403.85 [40557 [404.5 
Trichomonas muris 

Trichomonas vaginalis a7a0_[aes.6 [581 
Trichuris sp. (male) 3a8.3 [408.3 [406 
[Trypanosoma brucel 423.2 [aad [429 
[Trypanosoma cruzi (brain tissue) ae0.2 [40565 [469 
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[Trypanosoma equiperdum CCI CSP CZ 
[Trypanosoma gambiense 393.75 [396.7 [996 
Trypanosoma lewisi (blood smear) [424.5 [4260 | 425 
‘Trypanosoma rhodesiense a2a5 [426.55 [426 
[Urocieidus 442.95 [450.0 [447 


Wart Frequencies 


(Most of these are from homemade slides.) 


Tow] High | Use freq gen 
Freq__| Freq__| tor3 min@ 

Wart BS 402 [406 [404 

Wart CC 425 [492.05 [490 

Wart FR 4583 | 464.75 | 462 

Wart HA aa4a | 44a.1 | 44oa57 

‘Wart HRGm 4o89 | 44055 | 446.481 

‘Wart human papilloma plantar 404.7 [406.75 | 405 

‘Wart human papilloma virus 40285 [410.7 | 407 

Wart JE 41875 | 420.4 [420 

‘Wart L arm 343.65 | 345.95 | 344 

Wart papilloma cervix smear 404.05 | 4046 | 4045 


Tapeworms 


Tapeworms are segmented. The first segment is the head, 
called the scolex. Tapeworms grow by adding a new segment to 
their body. 

Tapeworms can have very large bandwidths (range of fre- 
quencies), and it varies by the length of the specimen! It is as if 
each new segment has a unique, and slightly lower, frequency. 

Do not use a frequency generator to kill tapeworms. If you 
accidentally kill middle segments instead of working your way 
up from the bottom, you may conceivably promote dispersion! 
Use only a zapper. 


THE CURE FOR ALL DISEASES 


[Low Freq_[High Freq 


[Gysticorcus fasciolaris 4364 [440.05 


Diphyllobothrium erinacel (Mansoni) (scolex) [467.25 [487.55 


Diphyllobothrium erinacel eggs. 
Diphyliobothrium Tatum (scolex) aaa (a7 
Dipylidium caninum (proglottid composite) [403.55 [444.3 
Dipylidium caninum (scolex) as1.95 [472.15 
Echinococcus granulosus. 51.6 [401.5 
Echinococcus granulosus (cysts) aai.t5 [446.5 
Echinococcus granulosus (eggs) 

Echinococcus multilocularis e505 [A5855 
[Heterophyes heterophyes 

[Hymenolepis cysticercoides a7e0 [ABTS 
[Hymenolepis diminuta a5 81.15 


[Hymenolepis diminuta oval 


[Hymenolepis nana eggs. 


[Moniezia (scolex) as035 [4652 
[Moniezia expansa (composite) 490.95 [485.2 
[Moniezia expansa eggs. 

IMulticeps serialis a6 [ATS 
[Pigeon tapeworm 

Taenia pisiformis (eystioarcus) area (aB1 
FTaenia pisiformis eggs (ova) 465.2 (469.7 
FTaenia saginata (cysticercus) 476.5 [481.05 
fTaenia saginata eggs 

FTaenia solium (cysticercus) a75 a7 
FTaenia solium (scolex) aaa [4489 


FTaenia solium eggs 


Mite Frequencies 


These are the organisms that cold viruses ride in with! 


Tite Kz 
Demodex folieulorum Toliele mite | 682 
Dermatophagoides dust mite 707 
‘Meal mite 718 
‘Omithonyssus bird mite 277.878 
‘Sarcoptes scabel ich 75 
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Miscellaneous Frequencies 


KAZ 
Blue-green Algae 256 
Bryozoa cristatalla 396 
‘Mucor mucedo 28 
Rhizobium meliloil 30 
Roti 11ST 


It’s easy to make homemade slides when you or a family 
member is ill. Finding out the frequencies of these illnesses helps 
you identify them (use the Pathogen Frequency Chart) and also 
iets you know if you are chronically getting them back, 


Unidentified pathogens Tow] High 
Freq_| Freq 

‘A cold virus HAC 395.8 | 3958 
‘Fungus EW 362.0 | 3649) 
Fungus JWB 397.2 | 400.75 
Tooth decay 3843 [3872 
Tooth decay (N) 367.8 | 375.05 
Tooth decay (N) (2nd range) 326.95 [3315 
Tooth decay (N) (3rd range) 2932 [297.4 
Tooth plaque | 378.8 | 383.05 
Tooth plaque | 2nd range) 294.7 | 298.25 
Tooth plaque | (3rd range) Boat [2382 
Tooth plaque Ht 364.95 | 387.05 
Tooth plaque Ht (2nd range) 278.75 | 264 

Tooth plaque It (Sd range) 212.15 [218 

Tooth plaque It (ath range) 340.15 [3448 
Tooth plaque It (sh range) 3055 | 31035 


Toxic Elements 


Although not living, solvents and toxins must exhibit char- 
acteristic frequencies, otherwise how could the Syncrometer 
detect specific ones? This needs further exploration. 

‘Most of the toxic elements I use are metals, heavy metals and 
lanthanides. But some are not; examples are PCBs and for- 
maldehyde 
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Some important elements are missing, like iron, zinc and 
manganese. This is because I never could find them present in the 
white blood cells, and I finally gave up searching for them. 

Below is a list of the 70 or so toxic elements I use. Most of 
them were obtained as Atomic Absorption Standard Solutions 
and are, therefore, very pure. This prevents mistakes in ident 
fying a toxin. They were stored in Younce amber glass bottles 
with bakelite caps and permanently sealed with plastic film since 
testing did not require them to be opened (they get close enough 
to the frequency field). The exact concentration and the solubility 
characteristics are not important in this qualitative test. The main 
sources of these substances in our environment are given beside 
each item. 


Toxie Substance ‘Sources 
‘ilatoxin 6 ‘eer, bread, apple cider vinegar, moldy Tul nus 
‘Aluminum ‘cookware, deodorant, lotions, soaps 
‘Aluminum silicate sal, waler softener 

‘Antimony ‘ragrance in lotions. colognes 

‘Arsenic pesticide, ‘veated” carpet, walpaper 
‘Asbestos clothes dryer belt, hair blower, paint on radiators 
Barium lipstick, bus exhaust 

Benzalkonium Toothpaste 

chloride 

3.4 Benzopyrene lame cooked foods, toast 

‘4.5 Benzopyrene ame cooked foods. toast 

Beryllium hurricane lamps. gasoline, dentures, Kerosene 
Bismuth ‘colognes. lotions, antacids 

Boron 

Bromine Bleached “brominated Tour 

‘Cadmium ‘galvanized water pipes, old tooth filings 
‘Cerium tooth filings 

‘Cesium ‘lear plastic Doles used for beverages 
‘Chlorine ‘rom Chiorox™ bleach 

‘Chromium ‘cosmetics, water soflenar 

Cobalt detergent, blue and green body products 
‘Copper, tooth filings, water pipes: 

Dysprosiam paint and varnish 

Erbium ‘packaging for food, pollutant in pls 

Europium tooth flings 

Europium oxide Tooth filings, catalyie converior 
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Fiberglass ust from remodeling or bulling insulation 
Formaldehyde foam in mattresses and furniture, paneling 
‘Gadolinium tooth ings 

Gallium Tooth filings 

‘Germanium ‘with thallium ia Tooth filings (polatant) 
Gold tooth flings 

Hatnium hairspray. nail polish pollutant n pile 
Holmium usualy found in presence of PCBs 
Indium tooth filings 

Tridium Tooth filings 

‘Lanthanum ‘computer and printing suppies: 

Lead solder joints in water pipes 

Lithium rining supplies 

Lutetium paint and varnish 

‘Mercury tooth filings 

‘Molybdenum ‘auto supplies 

‘Neodymium pollutant in pile 

Nickel Tooth filings, metal glasses Frames 
‘Niobium ‘poluiant in pls, fol packaging for food 
Palladium tooth filings: 

Platinum tooth ings 

Polychlorinated ‘detergent, hai spray, salves 

biphenyl PCB. 

Polyvinyl chioride | glues, bulding supplies, leaking cooling system 
acetate (PVC) 

Praseodymiur oTaiant 7a iTS 

Radon ‘racks in basement Gament, water pipes 
Rhenium spray starch 

Rhodium Tooth flings 

Rubidium Tooth filings 

Ruthenium tooth lings 

‘Samarium Tooth filings 

‘Seandium tooth ings 

‘Selenium 

Silver Tooth Tings 

‘Sodium flueride Toothpaste 

‘Strontium Toothpaste, water sofioner 

Tantalum tooth flings 

Tellurium Tooth filings 

Terbium pollutant in pile 

Thallium acetate pollutant in mercury toath flings 
Thorium nitrate ‘earth (dust) 

Thullum ‘pollutant in many brands of Vitamin G 
Tin toothpaste 

Titanium Tooth flings, body powder 

Tungsten’ ‘electric water heater. toaster, har cuver 
Uranium acetate: ‘earth (dust) 

‘Vanadium pentoxide | gas leak in home, candles (not necessary 
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Yiterbium oTuiant 7a iTS 
Yewium pollutant in pills 
Zirconium deodorant, toothpaste 


Solvents 


This is a list of all the solvents I use together with the main 
source of them in our environment. These are chemicals, very 
pure, obtained from chemical supply companies, unless other- 
wise stated. Those marked with an asterisk (**) were the subject 
of a recent book The Neurotoxicity of Solvents by Peter Arlien- 
Soburg, 1992, CRC Pre! 


‘Solvent ‘Source 

1.171, Trichloro ethane® | Tavored foods 

(Tce) 

2,5-Hexane dione” Tavored foods 

2 Butanone” Tavored foods 

(methyl ethyl ketone) 

2 Hexanone™ Tavored foods 

(methy! butyl ketone) 

2 Methyl propanol 

‘2 Propanol (propyl alcohol|__| see the propyl alcohol ist 

‘Reetone ‘store-bought drinking water, cold cereals, pet 
fod, animal food 

‘Acetonylacetone ‘lavored foods 

(2.5 hexanedione) 

Benzene Seo the benzene Ist (page 354) 

Buty! nitrite 

‘Carbon tetrachloride Slore-bought drinking water, cold cereals, pat 
food, animal feeds 

Decane health food cookies and cereals 

Denatured alcohol ‘oblained from pharmacy 

Dichioromethane” store-bought orange juice, herb tea blends 

{methylene chioride) 

Gasoline regular leaded | oblained at gasolne Station 

‘Grain alcohol ‘95% ethyl alcohol obtained al Nauar sore 

Hexanes™ ‘decaffemnaied beverages 

Isophorone lavored foods | 

‘Kerosene ‘obiained at gasoline station 

‘Methanol (wood alcohol) | colas. arlficial sweotonors. infant formula 

‘Mineral oi! Totions 


seven-segment, 145, 
similar devices, 146 
Use of, 149 
values, 148 
variants, 148 
decoder chip, 151 
demultiplexer, 140, 146, 151 
derated relay, 30 
derating curve, 213 
descending output counter, 136 
diac, 1, 11-14, 15, 22 
DB3TG, 12 
abbreviations, 14 
design, 12-13 
function, 11 
potential problems, 14 
switching AC, 13 
symbol variants, 11 
values, 14 
variants, 13 
diaphragm, 262, 268 
dies, 219 
differential multiplexer, 152 
digipot (see digital potentiome- 
ter) 
digital comparator, 39 
digital integrated circuits 
‘counter, 131-138 
decoder, 145-149 
encoder, 139-143 
flip-flop, 107-119 
logic gate, 89-106 
multiplexer, 151-157 
shift register, 121-129 
digital multiplexer, 151 
digital potentiometer, 59-67, 156 
‘4131-503, 62, 
CATS114, 64 
address of tap, 62, 63 
advantages/disadvantages, 
59-60 
connections and modes, 64 
data transfer, 62 
design, 60-51 
function, 59-60 
higher resolution, 66 
12C protocol, 63 
potential problems, 66 
programmable, 59 


‘SPI protocol, 62 
taper, 62 
up/down protocol, 63 
use of, 66 
values, 65-66 
variants, 61-65 
volatile/nonvolatile memory, 

61 

digital-analog converter, 39, 47, 
59 

digitally adjustable potentiome- 
ter (see digital potentiometer) 

digitally controlled potentiome- 
ter (see digital potentiameter) 

digitally programmed potentiom- 
‘eter (DPP) (see digital potenti- 
ometer) 

digpot (see digital potentiome- 
ter) 

diode, PIN, 35 

diode, protection, 30 

direct current, 172 

disallowed state, 135 

discrete semiconductor 
diac, 22 

discrete semiconductors, 1 
(see also thyristor) 

dispersion, 178, 208, 225 

display 
electroluminescent (see elec- 

torluminscent (EL) display) 

LED (see LED display) 

display module, 164, 231 

divide-by-16 counter, 134 

dot-matrix displays, 163-165, 
230, 234-236, 239 

double super twisted nematic 
LCD, 161 

drift, 48 

driver, 267 

driver chip, 233-234 

driver, dynamic, 262 

dual comparator, 42 

dual counter, 136 

dual digital potentiometer, 61 

dual inputs, 50-51, 127 

dual monostable timer, 75-76, 77 

dual voltage device, 39 

dual voltage power supply, 50 


duty cycle, 260 
dv/dt triggering, 8 
dynamic driver, 262 
dynamic transducer, 262 


E 


e-ink displays, 167 
ear canal headphones, 264 
earbuds, 261, 263, 264 
earphone, 261, 264 
edge pass, 69 
edge triggering, 69 
edge-triggered shift register, 123 
efficiency, 272 
EL (see electroluminescent (EL) 
display) 
electret, 264 
electric newspaper, 236 
electroluminescence, 243 
electroluminescent (EL) display, 
243-247 
derivation, 244 
design, 243 
flexible ribbons, 245 
function, 243 
OLED, 246-247 
panels, 244-245 
phosphors, 244 
rope light, 245 
variants, 244-247 
electroluminescent backlighting, 
167 
electromagnetic relay, 33, 
electromagnetic transducer, 250, 
253 
electronic ballast, 193, 225 
electronic paper displays, 167 
electrostatic headphones, 263 
electrostatic speaker, 271 
Enable, 116 
encoded output, 134 
encoder, 139-143, 152 
74HC4515 decoder, 139 
74LS148 decoder, 139, 
cascaded, 142 
code hopping, 139 
design, 140-141 
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Mineral spirits 


‘plained from paint tore 


Paradichlorobenzene 


mothballs 


Pentane 


‘decatfeinaied beverages 


Petroleum ether 


in some gasolines. 


‘Styrene styrofoam dishes 
Toluene™ store-bought drinking water cold cereals 
Trichioroethylene™ Tlavored foods 

(TCEthylene) 

Xylene™ store-bought drinking water, cold cereals 
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Pathogen Frequency Chart 


Use this chart if you know the frequency and wonder what the 
pathogen might be. 


‘Seton ane 
Sonnonnons Sak = 
tt cam ee q 
Shrmmonniny ent i 


$s mod m= mol, B= bale, = vu y= yas. p = pat one-ed ninal). = apewar 
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Bpomaadomee 2 bs 
Ning a Pe 
Demacanpomene a 
‘Sets q 
spa ane 4 
Neeser 4 
Panasuntcpe 

eonuamapae! : 
‘Sremancan asa : 
Space awa 

Eons . 


{sim moa, m= mold, b= baer v= vis, y= yest, p= parasite (oneeed animals), = taped, 


i 


BEELREEEE 


dekai 
SUPPERSARERRERRRSSREESRRSRERRRSRRERRRRERE 
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GERERRERERRGREEE 


{sme mola, m=:mold, b= baci v= vis, y= yest, p= parasite (oneeed animals), = taped, 
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i 
SERRRREEERE 


SERERRERSERERRGREEE 


fe sme moa, m= mold, b =e v= vis, y= yest p= parasite (oneeed animals), t= pear, 
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{+ ime old, m= od, b= baci. v= vis, = yas, p= pratt (one-clled animals), = tapeworm, 
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Sources 


This list was accurate as this book went to press. Only the 
vitamin sources listed were found to be pollution-free, and onl 
the herb sources listed were found to be potent, although there 
may be other good sources that have not been tested. The author 
has no financial interest in, influence on, or other connection with 
any company listed, except for having family members in the Self 
Health Resource Center. 


Note to readers outside the United States of 
America: 


Sources listed are typically companies within the United 
States because they are the ones I am most familiar with. You 
may be tempted to try a more convenient manufacturer in your 
own country and hope for the best. I must advise against this! In 
my experience, an uninformed manufacturer most likely has a 
polluted product! Your health is worth the extra effort to obtain 
the products that make you well. One bad product can keep you 
from reaching that goal. This chapter will be updated as I be- 
come aware of acceptable sources outside the United States. Best 
of all is to learn to test products yourself. 


Tem Source 


‘Amber bottles, Y ounce _ | Drug store, Continental Glass & Plastic, 
Inc. (large quantities) 


Apricot Kemel Oil ‘Now Foods: 
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‘Arginine 


Now Foods, Jomar Labs 


‘Artemesia (wormwood) 
seed 


R.H. Shumway 


Baking soda (sodium 
bicarbonate) 


‘Spectrum Chemical Co. 


Beet root 


‘San Francisco Herb & Natural Food Co. 


Belts for clothes dryer 


Three that tested negative to asbestos, 
are: Maytag™ 3-12959 Poly-V belt, 
Whirlpool” FSP 341241 Belt-Drum Dr. 
(replaces 660996), and Bando™ V-Belt 
A-65. Bando American makes other belts, 
some of which might be the right size for 
your dryer. Call for a dealer near you, 
make sure it says "Made In America’, 
right on the belt. 


Black cherry concentrate 


Health food store 


Black Walnut Hull Tincture 


‘Self Health Resource Center, New Action 
Products 


Borax, pure 


Grocery store 


Boric acid, pure 


Now Foods, health food store, pharmacy 


‘Cascara sagrada 


Natures Way, health food store 


‘Chemicals for testing. 


‘Aldrich Chemical Co., Spectrum 
Chemical Co., ICN Biomedicals, Inc. 
(research chemicals only, including 
genistein), Boehringer Mannheim 
Biochemicals (research only) 


‘Cholecalciferol ‘Spectrum Chemical Co. 

Citric acid Now Foods or health food store 

Cloves: ‘San Francisco Herb & Natural Food Co. 
(ASK for fresh) 

Comstarch Lady Lee is the only unpolluted brand 


found so far 


Dental information 


Tooth Truth, by Frank J. Jerome, 
available from New Century Press. 


EDTA 


‘Spectrum Chemical Co. 


Electronic parts 


‘A Radio Shack near you. 


Empty gelatin capsules 
size 00 


Now Foods, or your health food store’ 
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Filters, pure charcoal 


Pure Water Products (pitchers), Seagull 
Distribution Co. (faucet, shower, whole 
house) 


Flaxseed of 


‘Omega Nutrition USA, Inc. 


Fucus 


‘San Francisco Herb & Natural Food Co. 


Ginger capsules 


Now Foods 


Goldenrod tincture 


Dragon River Herbals, Blessed Herbs 


Grain alcohol Liquor store, as vodka, Everclear™ 
Gravel root (herb) ‘San Francisco Herb & Natural Food Co. 
Histidine '500 mg from Jomar Labs 


Homeopathic remedies 


Dolisos America, Inc., and others 


Hydrangea (herb) 


‘San Francisco Herb & Natural Food Co. 


Hydrogen peroxide 35% 
(food grade) 


‘New Horizons Trust 


lodine, pure ‘Spectrum Chemical Co 

Lugol's iodine For slide staining (not internal use) from 
Spectrum Chemical Co., and farm animal 
supply store. For internal use must be 
made from scratch. 

Lysine Bronson Pharmaceuticals 


Magnesium oxide 


Bronson Pharmaceuticals 


Marshmallow root (herb) 


‘San Francisco Herb & Natural Food Co. 


Microscope slides and 
equipment 


Carolina Biological Supply Company, 
Ward's Natural Science, Inc., Southern 
Biological Supply Company, Fisher-EMD 


Microscopes Carolina Biological Supply Company, 
Ward's Natural Science, Inc., Edmund 
Scientific Co. 

Mik Thistle Herb companies. 

Mullein tea ‘San Francisco Herb & Natural Food Co. 

Niacin 100 mg or 250 mg time release, Bronson 
Pharmaceuticals 

‘Omithine Now Foods, Jomar Labs: 


‘Ortho-phospho-tyrosine 


Aldrich Chemical Co. 


‘Ozonator 


‘Superior Health Products, LLC 


P24 antigen sample 


Bachem Fine Chemicals Inc. 


PABA (para amino 
benzoic acid) 


Bronson Pharmaceuticals 


Pantothenic acid 


Bronson Pharmaceuticals 
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Petoxy 


‘See Hydrogen peroxide. 


Photo-micrographic 
‘camera and film 


Ward's Natural Science, Inc. 


Potassium bicarbonate 


‘Spectrum Chemical Co., or pharmacy 


Potassium chloride 


Now Foods, Spectrum Chemical Co. 


Potassium iodide, pure 


‘Spectrum Chemical Co. 


Rascal 


Kroeger Herb Products, New Action 
Products (as Raz-Caps) 


Salt (Sodium chloride), 
pure 


‘Spectrum Chemical Co., get USP grade 


‘Sodium alginate 


‘Spectrum Chemical Co. or health food 
store 


‘Stevia powder 


‘Now Foods 


Tea 


‘San Francisco Herbs, buy in bulk, any 
single herb variety. 


Thallium, homeopathic 


Dolisos America, Inc. 


Thiootic acid (also called 
lipoic acid) 


Maypro Industries 


Uva Ursi 


Natures Way or health food store 


Vanilla extract 


Durkee’s™ or Mexican brands 


Vegetable glycerin 


‘Now Foods or health food store 


Vitamin 8 Complex 


Bronson Pharmaceuticals 


Vitamin Be (riboflavin) 


Nutrition Headquarters (250 mg), or 
Bronson Pharmaceuticals (100 mg) 


Vitamin Bs 


Bronson Pharmaceuticals, EDOM Labs 


Vitamin B,2 lozenges 


Bronson Pharmaceuticals 


Vitamin C (ascorbic acid) 


Self Health Resource Center 


Vitamin D 50,000iu 


From dentist, by prescription, or see 


Recipes. 
Vitamin E capsules Bronson Pharmaceuticals 
Vitamin E Oil Now Foods 


Washing soda (sodium 
carbonate) 


Grocery store 


Water filter pitchers: 


Pure Water Products 


Wormwood capsules 


‘Self Health Resource Center, Kroeger 
Hetb Products, New Action Products 


Zinc. 


Bronson Pharmaceuticals 


Zine oxide 


‘Spectrum Chemical Co. 


function, 139-140 
potential problems, 143 
priority, 140, 141 
rotary, 139 
rotational, 66 
schematic symbol, 139 
similar devices, 140 
simple, 141 
tri-state, 141 
use of, 142 
values, 142 
variants, 141 

equal-loudness contours, 252 

erratic output, 48 


F 


falling voltage, 43 

falling-edge triggered shift regis- 
ter, 123 

fanout, 94 

feedback 
negative, 51-52 
positive, 44 

ferromagnetic disc, 250 

FF (see flip-flop) 

fiber lasers, 201 

FIFO (see first-n, first-out (FIFO) 
shift register) 

filament, 171, 239 

film-compensated super twisted 
nematic (FSTN) LCD, 161 

first-in, first-out (FIFO) shift regis- 
ter, 123 

flange base, 177 

flexible ribbon, 245 

flicker, 193 

flip-flop, 46, 70, 89, 107-119, 121, 
132 
asynchrononous/synchronous, 

107 

D-type, 114 
design, 107-116 
forbidden states, 110-112 
function, 107 
JK, 112-113, 
master-slave, 113, 
NAND-based, 108-109 


NOR-based, 109-110 
packaging, 117 
potential problems, 118-119 
summary of types, 116 
Use of, 118 
values, 117-118 
variants, 116-117 
flip-flop emulation, 82 
floating inputs, 127 
floating pins, 105 
fluoresce, 192 
fluorescence, 191, 239 
fluorescent lamp, 191 
fluorescent light, 24, 167, 174, 
191-196, 207, 217, 223, 239 
(see also vacuum-fluorescent 
display) 
ballast and starter, 192 
brightness, 195 
CFLs, 194 
‘comparisons, 194 
design, 191-195 
flicker, 193 
function, 191 
potential problems, 195 
sizes, 194-194 
spectrum, 195 
tubes, 191 
values, 195 
variants, 193, 
fluorescent tubes, 191 
flux, 17 
foot-candles, 178 
forbidden states, 110-112 
frequency 
audio, 54, 251, 252, 253, 254, 
257, 258, 260 
breakover of op amp, 53 
unity gain, 53 
frequency response, 265 
fused quartz, 176 


G 


gain, 50 
gain medium, 198 
game sound, 85 
gamut, 167, 207 


ganged analog potentiometer, 61 

gas-discharge device, 191 

gate threshold current, 18 

gate turn-off thyristor (GTO), 1, 
11,15 

gated circuit, 113, 

glitches, 138, 149 

glow discharge, 185 

gray code counters, 131 

ground loops, 35 

GTO (see gate turn-off thyristor) 


H 


half adder, 92 
halogen lighting, 176, 217, 221 
harmonics, 266 
headphone, 261-266 
acoustically transparent, 264 
balanced armature, 264 
circumaural, 264 
closed-back, 264 
design, 261-262 
distortion, 266 
electret, 264 
electrostatic, 263 
frequency response, 265-266 
function, 261 
impedence, 266 
in-ear, 264 
intensity, 265 
‘mechanical design, 264-265 
moving coil, 262-263 
noise-cancelling, 264 
open-back, 264 
potential problems, 266 
supra-aural, 264 
values, 265-266 
variants, 262-265 
headset, 264 
hearing aids, 261 
heat sensitivity, 14 
heat sink, 28, 206, 222, 
Hertz, Heinrich Rudolph, 262 
hexadecimal counter, 134 
high linearity optocouplers, 36 
high logic state, 89 
high speed optocoupler, 36 
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Aldrich Chemical Co. 
P.O. Box 355 
Milwaukee, WI 53201 
(414) 273-3850 


Bachem Fine Chemicals Inc. 
3132 Kashiwa St. 

Torrance, CA 90505 

(310) 539-4171 


Bando American Inc. 
1149 West Bryn Mawr 
ltasca, IL 60143 
(800) 829-6612 
(630) 773-6600 


Blessed Herbs 
109 Barre Plaines Ra. 
Oakham, MA 01068 
(608) 882-3839 


Boehringer Mannheim 
Biochemicals 

9115 Hague Rd. 

P.O. Box 50414 
Indianapolis, IN 46250 
(800) 262-1640 

(317) 849-9350 


Bronson Pharmaceuticals 
Div. of Jones Medical Industry 
1945 Craig Road 

P.O. Box 46903 

St. Louis, MO 63146-6903 
(800) 235-3200 retail 

(800) 525-8466 wholesale 


Carolina Biological Supply Co. 
2700 York Ra. 

Burlington, NC 27215 

(800) 334-5551 

(919) 584-0381 


Continental Glass & Plastic, Inc. 
841 West Cermak Rd, 

Chicago, IL 60608-4582 

(312) 666-2050 


Dolisos America, Inc. 
3014 Rigel Ave 
Las Vegas, NV 89102 
(800) 365-4767 
(702) 871-7153 


Dragon River Herbals 
PO Box 74 

Ojo Caliente, NM 87549 
(800) 813-2118 

(505) 583-2118 


Edmund Scientific Co. 
101 E. Gloucester Pike 
Barrington, NJ 08007 
(856) 573-6250 


EDOM Labs, Inc. 
860 Grand Boulevard 
P.O. Box 780 

Deer Park, NY 11729, 
(516) 586-2266 
(800) 723-3366 


Fisher Scientific EMD 
485 S. Frontage Rd. 
Burr Ridge, IL 60521 
(800) 955-1177 
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ICN Pharmaceuticals, Inc. 
Biomedical Division 

3300 Hyland Ave. 

Costa Mesa, CA 92626 
(714) 545-0113 

(800) 854-0530 


Jomar Labs 
251-B East Hacienda Avenue 
‘Campbell, CA 95008 

(800) 538-4545 

(409) 374-5920 


Kroeger Herb Products 
(wholesale:) 

805 Walnut St. 
Boulder, CO 80302 
(800) 225-8787 
(303) 443-0261 

(for retail call:) 
Hanna's Herb Shop 
5684 Valmont Rd, 
Boulder, CO 80301 
(800) 206-6722 


Maypro Industries 
2700 Westchester Ave. 
Purchase, NY 10577 
(914) 251-0701 


Nature's Way 
10 Mountain Springs Pkwy 
Springville, UT 84663 
(800) 962-8873 

(801) 489-1500 


New Action Products (USA) 
P.O. Box 540 

Orchard Park, NY 14127 
(800) 455-6459 

(716) 662-8000 


New Action Products (CANADA) 
PO Box 141 

Grimsby, Ont. L8M4G5 Canada 
(800) 541-3799 

(716) 873-3738 


New Century Press 
1055 Bay Blvd., Suite C 
Chula Vista, CA 91911 
(800) 519-2465 

(619) 476-7400 


New Horizons Trust 
53166 St. Rt. 681 
Reedsville, OH 45772 
(800) 755-6360 
(614) 378-6366 


Now Foods 
395 Glen Ellen Road 
Glen Ellen, IL 60108 
(630) 545-9098 


(Omega Nutrition USA, Inc. 
6515 Aldrich Ra. 
Bellingham, WA 98226 
(800) 661-3529 


Superior Health Products, LLC 
13549 Ventura Blvd. 

Sherman Oaks, CA 91423 
(800) 700-1543 

(818) 986-9456 


Pure Water Products 
10332 Parkview Ave. 
Westminster, CA 92683, 
(800) 478-7987 


SOURCES 


R.H. Shumway Ward's Natural Science, Inc. 
P.O. Box 1 5100 West Henrietta Road 
Graniteville, SC 29829 Rochester, NY 14586 

(803) 663-971 (716) 359-2502 


(800) 962-2660 
‘San Francisco Herb & Natural 
Food Co. 

1010 46th St. 

Emeryille, CA 94608 

(800) 227-2830 wholesale 
(610) 601-0700 retail 


Seagull Distribution Co. 
3372 Baltimore St 

San Diego, CA 92117 
(858) 483-0264 


Self Health Resource Center 
1055 Bay Bivd., Suite A 
Chula Vista, CA 91911 
(800) 873-1663 

(619) 409-9500 (USA) 
(780) 475-2403 (Canada) 


Southern Biological Supply 
‘Company 

P.O. Box 368 

McKenzie, TN 38201 

(800) 748-8735 

(901) 352-3337 


‘Spectrum Chemical Co. 
14422 South San Pedro Street 
Gardena, CA 90248 

(800) 772-8786 

(310) 516-8000 


Finale 


Thope you have come to the same happy conclusion that I did 
a few years ago! That we humans don't have hundreds of different 
maladies and disturbances. We only have two! Things that 
crawl or climb into us. And toxins: unnatural chemicals that we 
unknowingly inhale or consume. 

The living things are both large and small: from worms we 
can see, to microscopic bacteria, viruses and fungi. The non 
living things are pollutants in our air, food, dental metal and body 
products. Taking in a lot of pollutants hampers the body's ability 
to kill and get rid of the invaders. And so, gradually, as we get 
older or sicker, the body's invaders get the upper hand and take 
over. Don't be discouraged if you have lupus, cerebral palsy, 
cirthosis, or any complex-sounding disease. Every disease is an 
example of the same process. 

The good news is that our body can reclaim its sovereignty 
by throwing the rascals out. We must assist by throwing the 
pollutants out. Fortunately, we don't have to do the whole job 
ourselves, we only need to assist. Our body has miraculous 
powers to clean itself up. 

By reducing chronic disease to two problems, it becomes 
manageable. Ill health, even aging, can be reversed. Health 
comes back and rewards you. 

With the new electronic insights and technology, our parasitic 
invaders can be vanquished with the closing of a switch. 
Preventing reinfection is the bigger challenge. Similarly, pollut- 
ants can be uncovered in as short a time as days, short enough to 
tum any sick, even terminal, sufferer’s verdict around before 
tragedy occurs. 

The tragedies of surgery, organ replacements, radiation, 
chemotherapies, doses of drugs, even death can be avoided. Re- 
versing illness and turning into a shining example of your for- 
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mer healthy self could be the most exciting adventure of your life. 

Killing your invaders is an easy matter: you simply purchase 
or build the device that can do that and take the proper herbs. 
Cleaning up dentalware is under your control, too—a financial 
expense not beyond your reach, hopefully. Trading your body 
products for unpolluted varieties is a job but not insurmountable. 
Cleaning your environment may be the stumbling block. If you 
can't unpollute your air, water, carpets, furniture, move. Move to 
a healthier dwelling! Get rid of it all. Like a cat that moves her 
kittens to a safer place, just move. 

The healthiest house is no house. If you have been quite ill, 
move far enough south to avoid heating and cooling. Sit outside 
in the shade all day. Use your new wisdom and sharp eye to 
choose a new dwelling as free of pollutants as you can, No re- 
frigerator indoors. No window air conditioner. No fiberglass 
insulation. No fossil fuels. No attached garage. No carpets or 
stuffed furniture, no foam bedding, no fresh paint, no pesticide. 
Go primitive. Health is primitive. You were born primitive— 
with health. Even if you weren't, you can undo much of the 
“inherited” damage. 

Don't listen to the new doomsayers, who persuade you 
nothing can be done unless a gene is replaced. Your genes have 
been reliable for millions of years. Genes are the most reliable 
of all biological chemicals in your body. They are not faulty. 
They are hampered in their tasks. They are commandeered by 
‘metals and other species’ genes. Those of parasites, bacteria, and 
viruses. They wouldn't be there if pollutants weren't there. They 
allow invaders into the most jealously guarded recess of your 
being: your genes. But now you can throw the rascals out and 
reclaim your territory. It is not new genes that you need. You 
simply need your own genes back on the job, directed by your 
own body, working for you. 
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A 


abdominal pain, 99, 203, 268, 289 

abscess, 54, 73, 135, 153, 158, 158, 
163, 164, 216, 231, 510. 

‘Acanthocephala, 198, 274, 566 

‘acetic acid, 298 

acetone, 122, 162, 208, 320 

acetylcholine, 221, 238 

acidophilus, 21, 100, 564, 576 

‘acne, 167, 192, 193, 194 

acupuncture, 51, 465 

Adenovius, 13, 176, 179, 199, 957, 
358, 959, 360, 361, 963, 968, 563, 
577 

‘adrenal gland, 60, 118, 114, 143, 210, 
212, 217, 281, 291, 973 

aflatoxin, 38, 177, 180, 186, 225, 261, 
280, 948, 949, 381, 982, 983, 384, 
386, 990, 392, 422) 491, 493, 494, 
519 

AIDS, 11, 95, 36, 90, 119, 126, 131, 
149, 262, 951, 952, 353, 356, 968, 
372, 985, 442, 449, 458, 493, 500 

air conditioner, 40, 284, 313, 323, 946, 
403, 446, 580 

air fer, 197, 284 

albuminutia, 417 

alcoholism, 227, 228, 229, 290, 386 

akaline phosphatase, 80, 217 

alkaline tide, 57 

allorgy, 85, 102, 105, 107, 111, 126, 
135, 199, 140, 163, 169, 175, 190, 
181, 216, 222, 228, 204, 225, 226, 
242, 246, 258, 386, 495, 553, 558 

aluminum, 37, 112, 197, 141, 171, 180, 
181, 187, 189, 212, 244, 247, 269, 
271, 274, 305, 310, 311, 914, 415, 
421, 423, 424, 490, 431, 433, 494 
495, 436, 438, 499, 450, 461, 473, 
484, 485, 486, 487, 514, 521, 525, 
526, 533, 543 

aluminum slicate, 97, 138, 141, 212, 
an 

‘alveolar cavitational osteopathosis, 410 


591 


‘Aizheimer's, 83, 219, 250, 252, 269, 
270, 272, 372, 495, 526 

amalgam, $7, 65, 71, 107, 118, 187, 
180, 409, 410, 413, 414, 416, 417, 
418, 475, 485 

‘amalgam tattoo, 410 

‘American Dental Association (ADA), 
37, 408, 414, 416 

‘amino acid, 85, 292, 244 

ammonia, 125, 248, 244, 320, 326 

‘amoeba, 106, 274 

‘Ancylosioma, 256, 257, 262, 566, 578 

‘anemia, 76, 162, 278, 285, 286 

anesthesia, 90 

angina, 176, 417 

animal dander, 104, 195 

animal feed, 125, 347, 574 

ankle swelling, 68, 

ant repellent, 540 

antibiotic, 134, 141, 170, 181, 248, 548, 

antimony, 108, 112, 123, 128, 140, 
187, 495 

antiseptic, 98, 944, 999, 496, 449 

aorta, 478 

appendicitis, 101, 268 

appendix, 97, 101, 128 

appotit, 134, 240, 268, 275, 288, 292, 
300, 906, 376, 379, 988, 417 

apple cider vinegar, 277, 348, 423, 493, 
572 

apricot kernel ol, $34, 595, 637 

arginine, 120, 137, 210, 212, 425 

arm, 48, 51, 118, 153, 154, 254, 255, 
282, 921, 481, 482, 488, 531, 553, 
576 

armpit, 89, 143, 144, 193, 531, 532 

arsenic, 4, 40, 68, 96, 100, 103, 110, 
192, 197, 198, 141, 150, 160, 162, 
168, 171, 185, 186, 187, 193, 206, 
298, 242, 259, 268, 271, 282, 313, 
314, 961, 403, 448 

arthralgia, 417 

arthritis, 51, 78, 80, 81, 82, 83, 84, 85, 
86, 117, 197, 146, 181, 155, 214, 
268, 419 

antici sweetener, 173, 176, 177, 252, 
302, 520, 574 


asbestos, 4, 38, 80, 81, 91, 100, 103, 
108, 110, 189, 197, 198, 142, 149, 
145, 148, 150, 167, 168, 170, 207, 
208, 210, 214, 291, 271, 282, 314, 
316, 936, 337, 249, 447, 448, 474, 
582 

Ascaris, 10, 32, 43, 76, 78, 79, 80, 82, 
86, 103, 104, 105, 107, 111, 122, 
127, 194, 195, 136, 197, 198, 139, 
140. 141, 142, 162, 166, 167, 176, 
178, 186, 187, 192, 193, 194, 196, 
212, 219, 227, 290, 231, 233, 294 
295, 236, 242° 256, 257, 259, 260. 
264, 286, 267, 268, 274, 285, 286, 
293, 299, 943, 371, 972, 975, 404 
568, 578 

ascorbic acid, 516, 534, 595, 637, 584 

aspirin, 168, 170, 214, 284 

asthma, 43, 44, 105, 107, 135, 136, 
197, 198, 199, 140, 290, 230, 

athlete's foot, 247, 248 

‘Atomic Absorption Standard, 484, 572 

atrophy, 384, 418 

‘Atypical Lateral Sclerosis, 47, 

autism, 263, 264, 266, 

auto exhaust, 222, 278, 282, 316 


B 


back pain, low, 68, 81, 96, 123, 131 

bback pain, upper, 81, 96, 181, 553, 558 

Bacteroides fragls, 195, 280, 231, 
266, 972, 563, 576 

baking powder, 268, 490, 485 

baking soda, 57, 58, 269, 431, 498, 
515, 616, 527, 592, 533 

baldness, 126, 180 

bandwidth, 7, 8,10, 18, 18, 506, 508, 
508, 561, 562 

barium, 75, 123, 199, 143, 187, 207, 
415, 435, 46, 474, 476 

both oll, 247, 499 

boot, 147, 368, 423, 424, 477 

beer, 194, 327, 348, 378, 380, 286, 
493, 572 

boot root, 539, 540 

bonzakkonium, 137, 138, 170, 180, 
187, 244, 990, 435, 499 

bbonzoie acid, 55, 84, 583 

bonzopyrene, 304, 431 


borylium, 78, 124, 138, 142, 145, 187, 
166, 170, 187, 192, 204, 297, 228, 
208, 235, 407 

beta blocker, 289, 319 

BHA, 232, 283, 265, 517, 529 

BHT, 232, 239, 265, 517, 529 

bile, 47, 48, 8, 88, 81, 98, 100, 129, 
130, 181, 192, 150, 151, 152, 153, 
181, 223, 204, 266, 267, 298, 900, 
477, 553, 554, 555, 556, 557, 558, 
552 

bile duct, 47, 48, 98, 129, 190, 131, 
160, 151, 152, 153, 191, 223, 224, 
298, 900, 477, 553, 557, 558 

bioradiation, 12, 13 

birth control pl, 111, 116 

bith defect, 111, 418 

bismuth, 105, 166, 185, 208, 242, 271, 
495, 474 

black cherry concentrate, 549 

Black Walnut Hul Tincture, 21, 101, 
102, 228, 235, 938, 399, 341, 942, 
344, 945, 947, 389, 549, 544, 545, 
547, 582 

bladder, 55, 60, 101, 108, 112, 124, 
129, 190, 145, 166, 190, 196, 198, 
293, 921, 550, 552, 555, 559 

bleach, 40, 150, 246, 256, 258, 260, 
284, 914, 997, 497, 444, 449, 526, 
590, 540, 572 

bleeding, 95, 96, 110, 112, 196, 249, 
286, 536 

bleeding gum, 95 

bloating, 108, 113, 129, 254, 266, 299, 
443, 546, 555 

blood pressure, 19, 49, 75, 82, 95, 115, 
148, 149, 210, 211, 212, 213, 273, 
275, 280, 281, 282, 289, 311, 321, 
377, 988, 417, 515 

blood sugar, 173, 175, 176, 177, 178, 
182, 187, 275, 305, 308 

blood test, 5, 77, 80, 82, 106, 107. 
114, 198, 145, 178, 179, 219, 235, 
245, 319 

blood vessel, 68, 70, 154, 163, 279, 
280, 281, 282, 318, 921 

body lation, 170, 

bone cancer, 196 

bone infection, 58, 79, 315, 410 

bone marrow, 78, 181, 285, 351, 359, 
477 

bone spur, 86 

Borelia, 170, 563, 577 


bore acid, 319, 403, 449, 540, 541, 
542 

boron, 215 

bowel, 20, 21, 92, 94, 35, 54, 77, 82, 
83, 97, 93, 101, 102, 108, 104, 106, 
108, 128, 129, 152, 163, 168, 169, 
197, 202, 219, 223, 204, 238, 254, 
256, 267, 270, 298, 301, 931, 338, 
364, 988, 389, 425, 449, 494, 510, 
590, 546, 547, 548, 558 

bowel disease, 102, 389, 443 

bowel movement, 21, 34, 35, 77, 82 
83, 98, 101, 106, 128, 129, 197, 202, 
224, 238, 256, 267, 901, 231, 494, 
530, 558 

‘Bowel Program, 98, 101, 102, 127, 
128, 164, 202, 237, 298, 254, 257, 
262, 270, 298, 315, 928, 946, 364, 
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421, 817, 521 

calcium propionate, 361, 

calf cramp, 68 


Campylobacter, 63, 76, 110, 114, 170, 
298, 563, 576, 577 

Candida, 20, 185, 186, 189, 229, 246, 
247, 248, 492, 563, 577 

candidiasis, 176, 248, 

candy, 181, 218, 219, 919, 354 

carbon dioxide, 139, 242, 287, 279, 
282 
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carcinogen, 40, 44, 374, 403, 428 

cardiomyopathy, 147 

cardiovascular, 417 

carpet cleaning fuid, 429 

Cascara sagrada, 99, 164, 298, 201 
547, 582 

cat liver fluke, 116, 268 

cavitation, 117, 141, 156, 291, 410, 593 
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corobral palsy, $89 
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high-brightness LED, 205, 217, 
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high-intensity LED, 217 

high-output LED, 217 

high-pass filter, 55, 

high-power LEDs, 217 
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hysteresis, 42, 44~45, 48, 83, 185 

hysteresis range, 43 
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IEM (see in-ear monitor) 
ignition voltage, 184 
illuminance, 178 
impedence, 271 
in-ear earphones, 264 
in-ear headphones, 264 
in-ear monitor, 264 
incandescence, 191, 243 
incandescent bulbs, 219 
incandescent lamp, 11,15, 24, 
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179-180 
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derating, 180 
design, 172-175 
efficacy, 179 
efficiency, 179 
function, 171-172 
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illuminance, 178 
intensity, 178 
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miniature lamps, 175-176 
non-incandescent sources, 
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176 
potential problems, 180 


power, 177-178 
power consumption, 175, 
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spectrum, 173 
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values, 177-179 
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inhibit pin, 153 

input 
analog, 66 
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clock, 131, 133 
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parallel, 123, 134 

input bias current, 53 
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input differential voltage range, 
53 
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input voltage, 155, 
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tegrated circuits, digital inte- 
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inter-integrated circuit, 62 
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intrinsic layer, optocoupler, 35 
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inverter, 36, 89, 91, 114 

inverting input, 39, 51 

ionization, 184 
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jam loaded, 134 
jam-type flip-flop, 108 
jam-type parallel data input, 124 
jitter, 44 

JK flip-flop, 112-113, 116 
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keyboard, polling, 127 


L 


ladder, 60 
lamp 
oven, 176 
panel-mount indicator lamp, 
176 
lamp lenses, 176 
laser, 197-203 
COZ lasers, 201 
coherent light, 200-201 
‘common applications, 202 
crystal lasers, 201 
design, 198-201 
fiber lasers, 201 
function, 197 
laser diode, 197, 198-199 
potential problems, 202 
tse of, 202 
values, 201 
variants, 201 
laser diode, 197, 198-199 
latch, 107, 112 
latch function, 43, 
latched comparator, 47 
latching current, 2, 18 
latching relay, 4 
LCD (liquid-crystal display), 159- 
170, 207, 227, 246 
45438 decoder, 168 
active and passive types, 161 
additional segments, 162-163 
alphanumeric display module, 
168-169 
backlighting, 167 
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dot drink, 429 

diet, 7 day diabetic, 302 
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131, 148, 17, 226, 255, 266, 267, 
276, 277. 278, 287, 295, 296, 297, 
298, 974, 377, 423, 552 
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‘559 
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Diroflaria, 32, 80, 141, 146, 147, 148, 
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diuretic, 75, 213, 282, 294, 904, 321, 
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dizziness, 186, 275, 297, 298, 419 

dropsy, 321 

drug, 44, 82, 131, 196, 284, 238, 289, 
290, 901, 312, 316, 319, 321, 222, 
344, 993, 473, 533 

dry skin, 525 

dry socket, 410 

‘duodenum, 34, 478 
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360, 961, 963, 364, 988, 444, 547, 
548, 564, 576, 577 
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car infection, 104, 105, 134, 140, 169, 
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earthworm, 10, 510 
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eczema, 140, 192, 290, 492 

edema, 60, 222, 515 

EDTA, 73,271, 272, 289, 582 
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cebbow, 51, 154, 467 

electronic testing, 5 

ELISA, 495, 496, 497 
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environmental ilies, 43, 
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Epstein Barre Virus (EBV), 112, 173, 
182, 184, 185, 186, 204, 971, 564, 
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385, 986, 392, 520 
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esophagus, 131, 192, 149 

estrogen, 91, 113, 118, 119, 122, 143, 
144, 145, 185, 217, 384, 539, 

ether, 575 

‘europium, 124, 140, 187, 207 

Eurytrema, 21, 109, 173, 971, 567, 578 

Eustachian tube, 168, 361 

exercise, 2, 86, 82, 301, 327 

eye, 3, 14, 76, 140, 160, 161, 162, 
175, 186, 259, 478, 497, 498, 528, 
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eye disease, 3, 161, 175 

‘eye makoup, 140, 186 

eyelid, 148, 539 
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186, 187, 204, 245, 289, 911, 968, 
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fennel, 444, 547, 548 

fenugreok, 175, 176, 970, 422, 621 
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403, 405, 447, 590 
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fibromyosits, 75 
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fireplace lighter, 165 

fish ine, 95, 218, 248, 296, 438, 533 


gadolinium, 124, 140, 207 

Gatfkya, 170, 564, 576 

gallbladder, 80, 128, 192, 191, 477, 
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gallium, 123, 124, 146 

gallstone, 81, 150 
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ganglia, 180 

Gardnerella, 63, 91, 102, 110, 114, 
115, 119, 564, 576 

gatlc, 187, 376, 548 
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‘92s pipe, 96, 165 

(gas stove burner, 476 
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227,316, 416, 485, 472, 572, 574 
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foss, 70,72, 95, 162, 218,286, 438, Genta fact, 118 
481, 532 germanium, 


Giardia, 9, 108, 160, 239, 999, 567 
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ginger, 205, 514, 515 

ginseng, 259, 268, 

glaucoma, 146, 213, 214 

glucose tolerance factor, 184, 419 
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glutamine, 228, 229 
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598, 539, 540, 549, 584 
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fiy, 78, 134, 168, 176, 201, 202, 203, 
275, 425, 564, 576 

fiuke disease, 117, 219, 221, 249, 250, 
252, 494, 495 

fluke egg, 145, 332 
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Histoplasma, 145, 168, 564, 576 

HIV, 10, 33, 90, 149, 150, 189, 204, 
250, 251, 252, 242, 951, 952, 353, 
356, 971, 458, 487, 490, 491, 495, 
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A New Diagnostic Device... 


With an audio oscillator circuit and a trained ear, you can detect parasites and poltutants in a 
‘way that no one has done before-electronicaly, 


Leads To New Discoveries... 


In every case of the “mysterious” disease diabetes, you find the not-so-mysterious parasite 

Eurytrema, and the fairly common pollutant wood alcohol. Every case! And never in healthy 

people! Similarly in cancer, HIV, Alzheimer’s, endometriosis, to name a few. you can find 
fic parasites and/or pollutants at work 


And New Cures... 


‘You don't need dangerous, expensive prescription drugs to get rid of the causes of your 
illness, Once you know what you are fighting you can pick herbal, electronic, or avoidance 
‘methods. Except for the cost of dental work, you can get well for under $100! 


And New Hope... 


Follow the advice in this book preventively, and never worry about your health again! Get 
‘your whole family well and keep them well, Stat today! 


It Took An Independent Research Scientist 

to find the answers, Hulda Regehr Clark began her studies in 
biology a the University of Saskatchewan, Canada, where she 
‘was awarded the Bachelor of As, Magna Cum Laude, and 
the Master of Arts, with High Honors. Afier wo years of 
study at McGill University, she aended the Univesity of 
Minnesota, studying biophysics and cell physiology. She 
received her Doctors degree in physiology in 1958, In 1979 
she left government funded research and began private 
consuling on a fulltime basis. Six yeas later she discovered 
an electronic technique for scanning the human body. Teday 
she puts her methods, resulls and conclusions before you 
Read and recover. 
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About this electronic book 


While creating this electronic version of The Cure for all 
Diseases, I encountered some inconsistencies and (small) errors 
in it, Below follows an overview. 
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| would like to dedicate this book to the families 
of children on the spectrum the world over. 


May all of our children 
find the healing that they need. 


~ Kerri 


This book is dedicated to my Dominick. 
I love you forever; thank you for being our angel. 


~ Kim 


One of our fans currently working towards recovery 
thanks to the protocol. 
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metal-oxide semiconductor field- 
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microcontroller, 29, 59 
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26,70 
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multiplexer, 28, 140, 146, 151- 
157 
analog, 151, 152 
bidirectional, 151 
demultiplexer, 140, 146, 151, 
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digital versus analog, 151 
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‘MUX (see multiplexer) 


NAND gate, 37, 90, 91, 93, 94, 95, 
97, 98, 100, 102, 103, 108, 109, 
123, 127, 135 
(see also NAND-based SR flip- 

flop) 

NAND-based SR flip-flop, 108- 
109, 116 

nanometer, 195, 209 

negative feedback, 49, 51-52 

negative resistance, 185 

neon bulb, 31, 183-190, 191, 193 
construction, 184 
efficiency, 187 
function, 183 
how it works, 183-186 
ionization, 184 
life expectancy, 188 
light output, 187 
negative resistance, 185-186 
Nixie tubes, 189 
potential problems, 189 
power-supply testing, 188 
ruggedness, 187 
use of, 186-189 
variants, 189 

neon bulbs, 206 

neon indicator, 183 

neon lamp, 183 

neon lamp assembly, 183 

neutral value, 49 
(see also zero value) 

Newtons per square meter (Pa), 
251 

Nixie tubes, 189 

noise-cancelling headphones, 
264 

noise-creating device, 249, 267 

noninverting input, 39, 51 

nonvolatile memory, 61 

NOR gate, 90, 91, 97, 98, 100, 102, 
103, 108, 109 
(see also NOR-based SR flip- 

flop) 

NOR-based SR flip-flop, 109-110 
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Foreword 


A“ not the one described by Kanner in 1943, but the one that we see 
today diagnosed in 1 of 50 kids is a combination of immune disorders 
that need to be treated biomedically. There is a lot that we still need to 
understand about why and how these immune dysfunctions affect our kids’ 
development, causing near complete impairment of their social interaction 
and communication. 


There is a long, hard road ahead to fully comprehend the integrated 
system that comprises “autism,” but our kids cannot wait. It takes more 
than just medical, professional, or even scientific interests working hard 
day and night to find a suitable and effective solution to help our kids. 
It takes drive, passion, and guts to do the right thing; to hear and read the 
overwhelming stories of parents from all over the world and not turn our 
backs, but help. It takes an eternal and extreme will to help, even when your 
‘own child is on the spectrum. 


Kerri’s protocols have been indispensible to the full recovery of many of 
the kids in our Curando el Autismo (CEA) Foundation. These protocols 
represent a readily available and effective solution to alleviate most of the 
pathogenic insults to the immune system. Years from now, when “autism” 
diagnoses do not exist, when we find ourselves fully knowledgeable about the 
now mysterious immune-brain-behavior connection, | will remember Kerri 
not only as a friend but as one of the first courageous leaders that dared to 
change the path for our ill kids. She goes against all odds, sharing knowledge, 
‘experience and simply making it happen. 


~ Lorna B. Ortiz, PhD, 
President of Curando el Autismo, CEA 


“Based on parent reports, the prevalence of 
diagnosed ASD in 2011-2012 was estimated to 
be 2.00% for children aged 6-17. This prevalence 
estimate (1 in 50) is significantly higher than the 
estimate (1.16%, or 1 in 86) for children in that age 
group in 2007.” 
Navona! Heath States Repons 


Number 65, Pg. 2- March 20, 2013 
ww.ede.govinchs/data/nhsrnhsr085 pat 


Preface 
by Kimberly McDaniel 


Darkness cannot drive out darkness; only light can do that. 
Hate cannot drive out hate; only lave can do that. 
~ Martin Luther King, Jr. 


Welcome to the Second Edition of Healing the Symptoms Known as Autism! 
We are absolutely thrilled to share with you the latest protocol updates and 
everything else that has happened since May, 2013. 


You may be thinking: Why a second edition so soon? Our first edition gave 
us the structure to explain the protocol, and a foundation to build on. This 
book has already helped many families around the world, and in fact some 
parents read it and recovered their ithout even contacting us until 
afterwards! Keep in mind that when it was released in May, 2013 it was 


children 


absolutely up to the minute, but as we mentioned, this protocol will continue 
to evolve until we have something that is consistently recovering people on 
the spectrum of all ages. As of January 2014, we again are sharing the latest 
updates, as well as a whole lot more information that we hope will be as 
interesting and beneficial to you as it was to us. 


Here are some of the exciting new additions: 


+ Olive Kaiser of www.GlutenSyndrome.net has written a section on 
gluten and its role in molecular mimicry and autoimmunity. Since 
many of you are not new to the autism community, gluten free diet 
for your children is nothing new. However, you may be interested 
to find out just how damaging gluten can be for folks who are off the 
spectrum as well. 


+ Scott McRae has contributed a chapter on CDH (Chlorine Dioxide 
Holding [Solution]). A new method of preparing chlorine dioxide 


that many families are now using with success. This gives us an even 
wider variety of preparations available to accommodate the needs 
of our families. 


The Kalcker Parasite Protocol chapter now has some beautiful 
charts that spell out the timing of all the components for the 18 
days a month that a child will be on the parasite protocol. Thanks to 
Dan Bender, lot of the confusion surrounding how to make it all fit 
will be cleared up. You will also find years of lunar calendars to make 


it easy to see when the protocol is active. You won't have to check 
Google again to see when the full or new moon is coming. 


The “Worm Whisperer” Robin Goffe shares with us part of her 
journey towards healing for her 19-year-old son. Her advice is for 
the Extreme Cases—Self Injurious behavior, aggression, violence, 
etc. If you are the parent of an older child on the spectrum, or a 
child who displays these behaviors, or you know someone who is 
living with a child like this, you owe it to yourself to read Robin's 
suggestions. They are full of hope and wisdom. 


The one and only Marco Ruggiero, lead researcher on GcMAF (Ge 
Macrophage Activating Factor—an immune system supplement) has 


written an entire chapter on GcMAF and its applications for autism. 
A must read. 


Last but not least, a whole new crop of testimonials that will make 
you cry. If after reading this book you still have doubts about 
giving this protocol a chance, | highly recommend you revisit these 
testimonials. If | had to pick one part of the book that was absolute 
favorite, this would be it. It may be because | collect a lot of them, 
and usually have a little correspondence with the families to get their 
ment, their sense 
‘of accomplishment when they see their child start to heal, and not 


permission, and genuinely get to feel their exci 


to mention their endless gratitude for being able heal their own 
children 


I pray that all of these testimonials find their way to the people 
who need them and as a result children stop suffering because their 
parents see them reflected in those words and understand that if 
other children can heal, their children can as well. 


To me, there is nothing more real than hearing from someone that 
has walked a mile in your shoes. There is nothing more inspiring that 
to hear someone say," know it’s passible, because I did it,| lived it, 
and | am here to tell you about it.” 


Preface xi 
The families that courageously walked this path and then took the 
time to share their stories are pioneers and heroes to their own 
families and to our entire community and beyond. They are blazing 
a trail for others to follow and countless lives will benefit from their 
diligence, fortitude and dedication. The stories of healing come from 
all over the world... from children and adults of all ages. We hope 
that they move you as much as they moved us. We are eternally 
grateful for the service these families have provided to humanity and 
thankful that they were generous enough to take the time out of 
their lives to pay it forward and share. 


+ The book now as an extensive index making it much easier to use 
asa reference. 


As of this printing, families are healing their children with autism using this 
protocol in over 58 countries! Our Facebook groups have over 3,500 
members in many of these countries. CD officially knows no borders. It is 
absolutely thrilling to us that people are coming together with the common 
goal of healing their children themselves, and to help others do the same! It 
fills our hearts with joy to be a part of this and to be able to see and feel the 
love that is shared every single day. 


The development of this protocol has been a growing grass roots effort, in 
sharp contrast to how modern medicine usually works. The reason for this 
is clear: Modern medi 


¢ has not really helped to heal autism and may very 
well be part of its cause, While we don't have any double blind studies to rest 
‘on, we do have a slew of anecdotal evidence, which may not mean much to 
those in the arena of modern medicine or modern science, that doesn't make 
it any less real, Time and time again, our results—children dropping ATEC 
points—are being duplicated by families all over the world, For a family who 
is using this protocol, there is absolutely nothing more real than watching 
their child come back to them. Ask any autism parent what they would rather 
have... long-term double-blind study published in a peer reviewed journal... 
or a healthy child. My money's on the latter. 


As exciting as it is to be a part of this, and as wonderful as it is to hear about 
gains and read uplifting testi 
to heal children that are very sick, and our groups share the highs as well as 
the lows. Kerri will tell you that some months are better than others and the 
gains ebb and flow. | urge you to read and reread the testimonials. These are 


‘onials, we know there are still families working 


xii 
real stories of real healing and if you haven't already | invite you to believe that 
your child can be one of the success stories in those testimonial pages. 


All of our families are proving what many were told was impossible: Children 
with the symptoms known as autism can heal! This grass roots movement 
is creating a paradigm shift in the way the world views healing from autism. 
The second edition of this book will be translated into at least 13 languages 
including Spanish, Portuguese, French, Flemish, German, Czech, Norwegian, 
Arabic, Polish, Italian, Hungarian, Bulgarian and Serbian. Thi ing. This is 
real. And, this is a living protocol. Every family that uses it every single day is 
helping to shape the future and heal the children who are affected today, and 
quite possibly prevent children from becoming affected tomorrow. For this 
we are eternally grateful 


is exc 


Here's to you and the continued healing of humanity, 


Ia 


Terminology & Units of Measure 


Throughout this book we talle about"*CD" which is an abbreviation for chlorine 
dioxide, a well-established oxidizer. Chlorine dioxide is also often referred to 
as MMS, which is the common name given to it by Jim Humble, the man who 
discovered various applications of chlorine dioxide. There are many books, 
videos, blogs and articles using the name,"MMS;" which is surrounded by a fair 
amount of controversy. We choose to not get tangled into that debate since 
our focus is on helping our children recover from autism. For us, our only 
concern is that (1) it is safe for our children, and (2) that it works. Based on 
extensive use of CD on thousands of children with autism, we can confidently 
say that both those statements are true. If this were not so, this book would 
not exist. 


Units of Measure 


Throughout this book we talk about various measured treatment components 
and containers using fluid volumes and weights. Since this book primarily 
addresses a US audience, we sometimes talk about measures in the US system 
of pounds and fluid ounces; while also using the internationally recognized 
metric system, which is frankly... easier to use. 


The common abbreviations of measure you will see throughout this book 
include: 


|= iter (volume) 
mg =  miligram (weight) 
mi = milter (volume) 


|b = pound (weight) 
tbs = pounds (weight) 


ppm = parts per milion (concentration) 
faz, = Muid ounce (volume) 
net. wi.o2, = net weight ounce (weight) 


For easily measuring small amounts, syringes (without needles) are a great tool. 
Don't bother going to a chain store pharmacy... they won't sell them to you 
without a prescription. Instead, check your local medical supply store, animal 


xiv 
supply store, private pharmacy or protocolsupplies.com. Cost: Surprisingly 
dirt cheap. The complete set of five below cost about $1.00 in Mexico—less 
than most candy bars—and not much more in the US. Note: Some brands of 
syringes have printed on scales that easily rub off, especially if your hands are 
a little oily. To prevent from lasing the markings, cover the scale with some 
clear tape or clear nail polish. 


‘When it comes to accurately measuring larger volumes, you can buy a set of 7 
Polypropylene Graduated Cylinders. Of course this is not a requirement. You 
‘can use common kitchen measuring utensils, but these are more accurate and 
easier to read. If you decide to get them,avoid those with printed on lettering 
(ic rubs off). Raised lettering is best, although sometimes a bit difficult to read. 
‘Typical cost on ebay™ or Amazon” for a set is around $25USD. The sizes 
range from 10ml to 1000mi. You can also buy individual cylinder sizes made 
of plastic or glass. 
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NV (see nonvolatile memory) 


{e) 


octal counter, 134 
OE (output-enablel, 126 
offset null adjustment, 56 
OLED (organic light-emitting di- 
ode}, 217, 227, 243, 246-247 
on-resistance, 156 
one-digit hexadecimal dot ma- 
trix, 236 
op-amp, 39, 49-58, 90 
LMi741, 49, 53 
calculating amplification, 53 
and comparators, 52 
confused input, 58 
controlling the gain, 53 
design, 49-52 
differences from comparator, 
a2 
dual inputs, 50-51 
as high-pass filter, 55 
as low-pass filter, 54 
negative feedback, 51-52 
offset null adjustment, 56 
oscillating output, 57 
potential problems, 57-58 
as relaxation oscillator, 55 
as single power source, 56 
Use of, 53-57 
values, 52 
variants, 52 
what it does, 49 
open collector, 40 
‘open loop mode, 51 
open laop operation, 42 
open loop voltage gain, 53, 
‘open-back headphones, 264 
open-drain outputs, 126 
operating voltage, 259 
operational amplifier (see op- 
amp) 
optical maser, 197 
optical switch, 34 
optocoupler, 25, 33-37, 215 
D804, 37 
‘OPTEKD804, 34 


analog output, 36 
basic types, 36 
bidirectional, 36 
design, 34-34 
function, 33-34 
high speed, 36 
high-linearity, 36 
internal sensors, 35-36 
logic-output, 36 
potential problems, 37 
schematic symbols, 34 
use of, 36-37 
values, 36 
variants, 34-36 

OR gate, 90, 91, 97, 98, 99, 100, 
102, 103, 140, 142 

organic LED (see OLED (organic 
light-emitting diode)) 

oscillating output, 47, 57 

oscillator, relaxation, 12, 46, 55 

output 
analog, 66 
clipped, 50 
descending, 136 
encoded, 134 
erratic, 48 
open-drain, 126 
oscillating, 47, 57 
parallel, 123, 
push-pull, 42 
three-state, 142 
types of, 134 
ultraviolet, 222 
weighted, 134 

output coupler, 198 

‘output mode, comparator, 42 

‘oven lamp, 176 

overvoltage protection, 2, 6, 155 


P 


Pa (Pascals), 251 

panel, 243 

Panelescent electroluminescent 
lighting, 244 

parallel input, 134 

parallel-enable pin, 134 


parallel-in, parallel-out (PIPO) 
shift converters, 125, 
parallel-n, serial-out (PISO) shift 
register, 124 
parallel-serial converters, 124 
parchmentized thread, 172 
passive infrared motion detector, 
an 
passive matrix LCD, 161 
phase angle, 7, 13 
phase control, 2, 7-7, 13, 22 
phones (see headphone) 
phosphor, 192, 239, 244 
phosphorescence, 244 
photocell, 35 
photodarlington, 34 
photodiode, 26, 34 
photon, 207 
photoresistor, 34 
phototransistor, 26, 34, 45, 
photovoltaic PIN diode, 35 
piezein, 250 
piezo, 258 
piezoelectric alerts (see audio in- 
dicator) 
piezoelectric transducer, 249, 
250, 253 
pin 
common, 161 
floating, 105 
inhibit, 153 
parallel-enable, 134 
reset, 70 
trigger, 69 
pin base, 177 
PIN diode, 35 
pin identifier, 133 
pip, 184 
PIPO (see parallel-in, parallel-out 
(IPO) shift converters) 
pixel arrays, 231, 235-236 
PMOLED (passive-matrix OLED), 
246 
PN junction, 207 
PNPN device, 3 
polling a keyboard, 127 
positive feedback, 44 
positive logic, 90 
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Introduction 


Autism is Avoidable, 
Treatable and Curable 


Your body's ability to heal is greater 
than anyone has permitted you to believe. 
~ Anonymous 


Corensions on finding this book, and welcome to the world of autism 
recovery. This book comes to life as more and more children with an 
autism diagnosis respond and recover in more than 58 countries around the 
globe. This book gives families a do-it-yourself guide to an Autism Spectrum 
Disorder (ASD) recovery program with answers all in one place, 


I have, on my ASD recovery journey with my son Patrick, personally been 
frustrated with the lack of information and answers leading to lost time and 
money. For example, when | first knew that Patrick was no longer developing 
“normally” (in 2003), | was unable to get a diagnosis. Seven years, dozens of 
interventions and hundreds of thousands of dollars later | was still searching 
for pieces to Patrick's autism puzzle. 


I learned over the years of many people recovering their children using 
various protocols and interventions, and | looked into all of them. Some gave 
us improvements but not recovery (most specifically for Patrick, diet). Some 
gave us nothing. 


My goal with this book is to alleviate that frustration and loss of time and 
money for other parents. 


| became interested in chlorine dioxide (CD) in 2010 but | was unable to find 
any information about using it with autism on the Internet. Since | knew that 
almost every child with autism suffers from similar pathogens (viruses, bacteria, 
candida, and parasites), heavy metal toxicity, inflammation and allergies | 
researched those conditions in combination with chlorine dioxide—removing 
“autism” from my vocabulary. 


| realized with further research that CD would be excellent for curing the 
symptoms collectively known as autism, When Patrick was first diagnosed in 
2004, his Autism Treatment Evaluation Checklist (ATEC) score was 147 and after 
six years of biomed he was at a 63. (The diets made the biggest difference in 
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those initial dropped ATEC points). 2! years of CD later he is ata 21. CD 


has made all the difference in his life, in my life, and in so many lives around 
the world. 


I brought CD to my Defeat Autism Now! style Clinic in Puerto Vallarta in 2010. 
Today more than 115 children globally have lost their diagnosis of autism 
(meaning an ATEC score of under 10 points). Additionally, thousands of 
children around the globe have dropped points on their ATEC and are moving 
towards recovery. 27 children in less than 1 year in Venezuela alone lost their 
diagnosis of autism with a combination of diet, CD, and ocean water to the 
surprise of the doctors who diagnosed them in the first place. Many of those 
same doctors are now looking at CD for other patients. 


It is my dream that every family of a child with autism be given this information 
so that they can decide for themselves whether they want to give ita try. 


This book is a protocol for all of us. Some of you may be completely new 
to autism recovery; some of you may be a veteran like me and/or parents of 
older children and adults on the spectrum. This protocol works for even the 
classic'“non-responders” and for those who are so close to recovery yet can’t 
seem to get through the door. This book is for you. CD helps the body heal 
the symptoms we call “autism” across the board—it is an equal opportunity 
healer. 


| know from experience that an autism diagnosis is devastating on many 
levels. The initial regression of a neurotypically developing baby takes away 
eye contact, speech, and the emotional connection between parent and 
child. Then, when strange new behaviors such as flapping, squealing, rocking, 
spinning or even self-injurious behaviors appear, you know in your deepest 
mommy (or daddy)-gut that your child was not born like this. It seems to take 
forever to get the truth about what happened to your happy, healthy baby. It 
takes even longer and is more confusing when you have to figure out how to 
heal that sick child. Far too many “health” providers in the autism field are 
focused on making money so we can’t blindly trust anyone. We must do our 
‘own homework. The journey itself is a lot of trial and error coupled with 
misinformation. 


Many supposed “autism experts” don't know much about recovery, or the 
effective order of treatments and end up costing our children time and the 


parents money. The less time a child spends chronically ill, the easier and 
faster it is to recover them. Not to mention the child spends less of their 
lifetime suffering the physical, emotional and mental effects of autism. 


eel thatall parents who begin this protocol should expect.afull recovery from 
autism because this protocol treats what causes this diagnosis. Our research 
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indicates that every person with a diagnosis of regressive autism has virus, 
bacteria, candida, parasites, heavy metals (biofilm), inflammation and allergies. 
This protocol handles every one of these Issues, and that’s why it has been so 
successful, Some recover faster than others. But, every day we are one step 
closer to the end of autism. 


How do you know if the protocol is working and how long does it 
take to see results? 


The Autism Treatment Evaluation Checklist (ATEC) is our measure. The 
ATEC is an online survey that evaluates the severity ofa child on the spectrum. 
For more information see Appendix 4, page 447. Many families notice changes 
from day one, while others take longer. You will get results when you correctly 
apply the interventions in this book in the proper order and without breaks. 


What are the results you can expect from the protocols in this book? 


I would love to say that everyone who follows the protocol will get their child 
down to an ATEC of 10 or less—what we call a recovery—and we have 115 
of those already. The majority of those I'm in contact with report substantially 
significant improvements, even if they have not reached recovery. In the case 
of my son Patrick, he started at 147 in 2004 and has come down to 26. I'm 
‘optimistic as | continue to search for further answers, and will continue to 
share what | find. 


If you are not getting results and have gone through this book including the 
Frequently Asked Questions (FAQs) and troubleshooting, please contact me 
through the forum at... 


www.cdautism.org 


there are always tweaks we can make to keep moving towards recovery. 


I recommend you read this book straight through in the order that it is 
written as that is the order in which it is to be applied. Jumping around the 
interventions can lose time for your child and waste money for you. Doing 
ready for them, is the 
best to way to achieve recovery. Diligence and perseverance win the race 
every time. 


interventions in the correct order, when your chil 


My mission is to share with whoever is interested, the blessings that | have 
received. If the information presented here feels right and resonates with you, 
then please, give it a try, It might just be what your child needs. 
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This book in a nutshell: 


Ifyou want the best chance at recovery, here’s the overview of how to do it: 


1, The Diet: Eliminating gluten, dairy, soy, sugar, and toxins, to stop 
inflammation and reduce the overall toxic burden. 


2, The CD Protocol to kill pathogens while using a multimineral like ocean 
water 


3. The Kalcker Parasite Protocol. 


4, Explore and implement other potentially synergistic supplements to aid 
in speech facilitation, neurotypical behavior and/or seizure reduction. 


5. Consider gentle chelators. 


6. After 3 parasite protocols and consideration of all above steps, find a 
hyperbaric chamber (1.7Sata). 


7. Consider adding in GcMAF. 


It is important to consider all of the pieces of information in Chapter 14, 
‘Miscellaneous Information You Should Know (page 323) and apply them from the 
beginning when they make sense for your child. You also may find the Summary 
of Protocols in Appendix 12 a good resource when you do not have time to 
reread a chapter to find something specific. 


On the right is what we call the Stairway to Recovery. Joy Whitcomb, one of 
‘our amazing moms, came up with this so you can see just how each step rests 
on the previous steps, and without them you would not reach the top step... 
RECOVERY! 


Author's Note: It is never my intention to “change someone's personality” 
‘or take away their character by healing autism. | see it quite the opposite. 
When children start to recover, their personality starts to shine through. The 
behaviors that we saw before (spinning, flapping, squealing, smearing feces, 
auto aggression, lining things up, tantrumming, etc.) are not personality traits 
but symptoms of a sick body. These symptoms start to disappear once the 
body begins to heal and our children can express who they really are through 
smiles, eye contact, words, gestures, etc. They can show us what they need 
and want and play an active role in their own lives. It is my dream that 
every child has the opportunity to mature and choose the life they want for 
themselves, and be responsible for making their own decisions. | truly believe 
this is possible for all of our children and adults on the spectrum, and | want 
families to have the opportunity to offer healing to their children. 
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Throughout this book we have used the pronoun “he” when referring 
in general to “a child on the spectrum.” This is not to alienate families 
with girls or women on the spectrum. It is simply a question of fluidity. 
To use helshe or hisihers every time we chose to use a pronoun seemed 
cumbersome, so therefore we are using “he” or “his” throughout the book. 
We chose “he” rather than “she” because autism is five times mare common 
among boys than among girls. As of March 2013 the CDC revealed the results 
of a new study conducted during 2011 and 2012 which surveyed 95,000 
families and estimated the prevalence of autism at | in 50 children. 


The acronym DANI! is no longer applicable to Defeat Autism Now!, as it 
belongs to Divers Alert Network. The acronym has been used in several places 
in this book as several of the personal anecdotes are from a time when its 
use was still appropriate. Today, a “DAN! Doctor” could be defined as a 
practitioner who received training through the network formerly known as 


Defeat Autism Now!. 
Recovery 


Step 6: HBOT (1.75ATA) 


Stairway to »—=—> 


Step 5: Gentle Chelators such as 
BioChelate and Bentonite clay. 


Step 4: Add possible supplements for 
speech, seizures, etc, 


Step 3: Kalcker Parasite Protocol (12-18 months) 


Step 2: Chlorine Dioxide (CD) Protocol. Implemented 
gradually until full dose is reached, Administered orally, 
through enemas and baths. 


Step 1: The Diet: GFCFSF + Remove certain fruits; Evaluate & 
remove certain supplements, especially those that interfere with 
Chlorine Dioxide. 


Cone yoy Wom 


Everything yields to diligence. 


~ Antiphanes 


IMPORTANT NOTICE 


Please keep in mind that the protocols in this book are 
still evolving, and will continue to be improved as new 
discoveries are made. We will release new editions to 
incorporate those new discoveries. The topics of CDS 
& CDH are particularly new and rapidly evolving. This 
book is current as of January 2014. Please be sure to 
check this book's website for important corrections 


and updated information beyond this and subsequent 
editions: 


HealingTheSymptomsKnownAsAutism.com 


Chapter 1 


Kerri’s Story 


“The impossible is now declared possible as soon as you agree to it. 
Its just a flip of the mind, letting go really, nothing more.” 
~ Stuart Wilde 


“ hat happened, what did you do to Patrick?” That was the first thing 

my husband asked me when he first saw our son, after returning 
from a weeklong trip. This was just five days after our youngest son Patrick. 
received his last vaccine—the DPT (diphtheria-pertussis-tetanus) + Hepatitis 
B + Influenza B (what is known in Mexico as the Pentavalente) on the 13th of 
August 2002 at two years and one day old. 


That question was the first of many to propel us down our path paved with 
autism. | told Memo (my husband) that we shouldn't worry, The nurse 
mentioned that we could expect a fever, or he could be listless. These were 
completely normal reactions. Contrary to what she said, what we observed 
during those first days and weeks were loss of eye contact, flapping, toe 
walking, high-pitched marine noises along with excessive drooling—drooling 
that would soak the front of his clothing. 


Patrick had also lost all of the speech he had acquired; Mama, Pa, agua (water in 
Spanish), letters of the alphabet, numbers... all of it. The only thing he wanted 
to do was watch videos while running back and forth in his bedroom squealing 
the “ambulance sound,” flapping and banging his gut, and drooling through all 
his clothes. 


Not being well versed at the time in these problematic symptoms, we chalked 
it up to a case of the terrible twos. But these particular terrible twos led 
to loss of sleep for Patrick as well as the rest of the family, antibiotic use for 
green nose and eye mucous, and raging diarrhea that was so acidic it would 
burn his skin upon contact. This would be the story for the rest of the third 
year of his life. 


The first of many to associate Patrick’s behavior with autism would be my 
great aunt. She mentioned to me that she believed Patrick had autism after 
observing him at a family get together in April of 2003 while we were visiting 
relatives in Chicago. It was the most ridiculous thing | had ever heard. 
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Nevertheless, | went home that evening and immediately Googled the 
symptoms of autism, Laid out on the website were symptoms like spinning 
objects, lining up objects, self-injurious behavior, lack of socialization, and 
several other factors that | felt in no way described my son. | dismissed the 
comment, and continued to watch my son display strange behaviors, without 
understanding why. 


Iwas back in Chicago a few months later in July. While going out for a run, | 
saw a girlfriend of mine who has a child the same age as Patrick. We stopped 
to chat and she asked me how he was doing. | sai 
was talking yet. | told her he had developed language, but since March he had 
lost all the vocabulary that he had previously acquired. My girlfriend looked at 
me and said “Oh...” with a look of concern on her face. | asked her,""What's 
wrong? What does that mean?” Now | was extremely nervous. “Well” she 
reluctantly, “lass of language is a red flag for autism.” There was that 
word again. | told her that we had already gone through all that, because by 
then | had taken Patrick to a neuro-pediatrician in Guadalajara, a psychologist 
with a huge center in Guadalajara, and a local psychologist in Puerto Vallarta. 
All three of these experts had told me that he was fine; they didn’t see any 
problems with his development. 


ine.” She asked me if he 


I started on my jog,and about halfway through, it hit me that Patrick did have 
autism, so | sprinted home, sat down at the computer and went to the Autism 
Society of America's website and found a checklist of 16 symptoms of autism. 
The directions said if your child had 12 or more than most likely he has 
autism, Patrick had exactly 12. Looking back, he most likely had 14 or more, 
but | wasn't ready to see those just yet. 


That same day | called his pediatrician in PuertoVallarta and | told her | thought 
my son had autism, and she told me,"No, | have never seen anything like that 
in your son, but bring him and | will take anather look.” When we went in she 
‘observed him. She said that he didn’t line things up, he didn’t hit his head, he 
‘would still come to me, he was ‘playing’ with some toys in the waiting room, 
so therefore my son didn’t have autism. 


The pediatrician told me to go home that day to wait for him to straighten 
cout. Alll the experts told me he was the way he was because he was the 
baby of a bilingual family that—according to them—traditionally produces 
late talkers; his parents and brother were all late talkers. He was spoiled. He 
had a nanny. And, he's a boy—boys are late talkers, etc., etc. The pediatrician 
successfully talked me out of the diagnosis once again. 
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‘As nothing was wrong, that fall we put Patrick into a kindergarten. His teacher 
‘would tell me Patrick isn’t doing this activity or that, and I replied that we had 
taken him to see all the specialists, and he was justa late talker. She was super 
sweet about it and every few months she would make a comment to me 
because she saw him drastically different from his classmates. 


Then one day it happened, | got a call from the director of the school saying 
that her friend, a neuropsychologist was in town from the United States, 
and she would like her to see my kids. At 6pm on March 12, 2004 | had 
\ had already figured that this 
‘woman wanted to see Alex, my older son because he hadn't been doing well at 


an appointment with this neuropsycholo} 


school. He hadn't been sleeping well since Patrick hadn't been sleeping, which 
led to some poor performance in school. | had already gotten the news that 
Patrick was fine, so when she started focusing on him and his behaviors | was 
slightly confused. We sat down in his classroom, and she started asking me if 
he always... runs in circles, flaps, drools excessively, squeals like a dolphin, etc., 
(we actually used to joke that his mother must have been a dolphin). After 
that, | told her how we had already gone to all of these specialists and they 
said he was fine. 


| was tired of getting the run around,and then everybody asking me what was 
wrong with my kid when he was just taking some extra time getting going. 
That's when she said to me, I can't believe they didn’t tell you your son has 
autism.” 


These words changed my life forever. Of course | asked her if she could 
be wrong, and she said, sure there exists a possibility, but she had done her 
post grad in autism, had seen hundreds of cases and this diagnosis was her 


professional opinion. That opened the floodgates for a river of tears that 
didn’t end for years to come. 


Being a positive person, | asked her what | should do. She said," would like 
to introduce you to a group of psychologists that are in town.” The next day 


I went with her to a hopeless place, with hopeless people and | asked her if 
this is something that we can cure, and she said,""No, you can do therapy with 
these psychologists,and that's it” Children are born with autism and they will 
die with it, was the basic sentiment. | knew for sure that my son was NOT 
born with autism. He was the smartest, bright-eyed baby ever,and we had the 
photos and the videos to prove it. He was not born the ghost of a child that 
we had now. | knew that | would keep searching until | found something else 
for Patrick. | became proactive and never returned to that place. 
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The very next day | saw another girlfriend and she mentioned that she had 
a book on ADD and autism, so | immediately picked up the book and it was 
all about diet. Gluten-free, casein-free to be specific, and | decided to start it 
right away. Truth be told, Patrick’s diet was horrible, he had self-restricted to 
only dairy and wheat. Bread products and cheese were his staple foods, but 
the good news was he still ate potatoes. Even as an autism novice, | knew 
| couldn't take him to a fast food chain because those fries were coated in 
gluten, We started off with just homemade fries with sea salt, because that 
was the only thing left on his diet that he would eat. After three days of being 
‘on the diet he said three words, the first three words he had said in over a 
year. | knew we were onto something. 


The next week | ran into a friend from tennis, | really didn’t want to say hi, 
because | was really depressed, but | heard a voice saying to me'‘Its not about 
the road but about smelling the flowers along the way.” So, forced a smile on 
my face, and went to say hi to her in my great depression, Well, she started 
to complain about her week, so | listened patiently, and then | told her about 
my week; Thursday my identity was stolen on the Internet, Friday my son was 
diagnosed with autism,and Saturday my dog of 14 years had to be put to sleep. 


When she heard all this she turned off her car and told me how sorry she 
was. She said that she would put me in touch with her friend that had opened 
the Early Autism Center in Toronto, Canada. When | woke up the very next 
morning, | had a long email from Norah Whitney waiting in my inbox. She 
would turn out to be the first of many autism angels in my life 


I received a lot of precious information from that email, but what was maybe 
the most important detail for me was that what had happened to my son 
was an effect of all the vaccines he had received, he wasn't born with autism, 
as | knew. | also hadn't caused this, and | needed to start letting go of some 
of my guilt. Norah also told me that we can treat autism and | needed to 
immediately contacta DAN! Doctor,and Dr. Bobby Newman, Board Certified 
Behavior Analyst and Licensed Psychologist. Norah said that they were the 
best, and that this group of DAN! Doctors were curing autism. 


1 got in touch with everybody and that same month we started our own 
Applied Behavior Analysis (ABA) program. | also took Patrick to the States to 
see his first DAN! Doctor. When | got back home from that trip | had bought 
nearly $5,000 (US) of supplements and injectables. That didn’t mean | knew 
how to use them, and by no means was | watching my son improving before 
my eyes. This was June of 2004, and we went through the rest of that summer 
with some supplements, other biomedical interventions, and 40 hours a week 
of ABA therapy. 
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That fall, some friends mentioned to me that their father was receiving 
chelation in San Diego, and | had just heard someone else saying that chelation 
was working for kids with autism, due to their extreme metal toxicity. By the 
end of the evening | had the phone number for the clinic that was providing 
his chelation. When | called for information, they told me that they referred 
all of the children’s chelations to Dr. Woeller in Temecula California, so | 
made Patrick an appointment. In March of 2005, | took the whole family to 
Temecula to see Dr: Woeller, because basically nothing was happening with the 
supplements | had been giving to Patrick. | knew I needed to keep exploring 
other avenues. 


Several thousand miles and various tantrums later, we arrived at Dr. Woeller’s 
office. | told the receptionist that we had come to see Dr. Woeller. To my 
chagrin she said, “No, you have an appointment with some other doctor, Dr. 
Woeller isn’t even in town right now." My husband was sure | had messed up 
the appointment and was extremely upset with me. Meanwhile, Patrick was 
screaming, crying and taking his clothes off in the waiting room. They finally let 
us through to speak with the other doctor and after going through Patrick’s 
autism we explained that we wanted to chelate. We had the understanding 
at that point that his autism was coming from the mercury in the vaccines, 
She told us point blank that we couldn't do everything at once,and before we 
could chelate we would have to clean up his gut. I flew home with my family 
totally deflated. We started on the impossible journey of cleaning the gut. 


My first ever autism conference turned out to be AutismOne in late May of 
2005. | meta lady who was a rescue angel for Generation Rescue,and | told her 
| wanted to chelate my son with those DMPS drops, which were fashionable 
at the time. She told me that when it came to my son's recovery | shouldn't 
take no for an answer. | had to advocate for my son, and not let myself get 
pushed around. With that wisdom, I called Dr. Woeller’s office again and told 
them I wanted my appointment with Dr. Woeller himself, and | would not be 
given the run around. The manager listened to me and said that she would 
put me through to him. After a long c'onversation, Dr: Woeller agreed to take 
Patrick’s case and that he would help me chelate my son. He agreed with me 
that it was silly to think that we could have the gut completely under control 
before beginning chelation, Eventually | got the DMPS drops for Patrick that 
I had so coveted, and | felt we were back on track. However, after about six 
months of using the drops we still saw no change. 


Flashback to that same AutismOne conference, where | had attended a lecture 
about the Specific Carbohydrate Diet and the removal of all grains from the 
diet—a diet that helped Patrick inch forward minimal improvement by 
minimal improvement. 
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In November of 2005, | had a phone consult with Dr Woeller, and having 
been disappointed with the transdermal DMPS | decided to ask if there was 
anything new in the world of autism. The answer that would end up changing 
all of our lives was hyperbarics or HBOT (hyperbaric oxygen therapy). 


I learned that there was a really nice man by the name of Bob Sands in San 
Diego who owned a corporation that manufactured hospital grade hyperbaric 
chambers. | phoned Bob's office because Patrick was going to need 40 sessions 
rightaway,and I wanted to check prices and see if there was a package discount 
for hyperbarics. The answer was yes, in fact there was a discount. | scheduled 
Patrick's HBOT, and took both of my kids to San Diego, where we stayed for 
20 really long days to get Patrick his first 40 sessions of hyperbaries—two a 
day—everyday, morning and night. 


During that time, my husband and mom would call and ask me if Patrick 
was better, but he was still naked in front of the TV, jumping up and down, 
flapping and squealing. It wasn’t until we got back home that he began to 
pronounce the first syllables of all of the words for things he wanted, like 
“ap” for apple. We considered hyperbarics a great success, but like | said that 
wasn't until a couple of weeks after we finished the 40 sessions. That's when 


‘we really began to see the changes in Patrick. Bob always says that HBOT is 
the gift that keeps on giving; you can see benefits for up to two months after 
you finish your sessions. 


Meanwhile, Bob and | hit it off right away. He had a real jovial and family- 
oriented atmosphere in the clini 
help people know that autism is avoidable, treatable and curable. | shared with 


I told him my story and how I wanted to 


him that there was no information, much less Biomed or autism recovery in 
Mexico (and most of Latin America). | wanted to help people and to share 
with people that there is a lot we can do to help our children heal. 


The very next day he walked into the office and changed the course of my 
life forever. He told me that he was in fact friends with Dr. Bernard Rimland, 
“Bernie,” the Grand Godfather of Biomedical treatment for autism, and the 
author of Infantile Autism, Dislogic Syndrome, and the founder of the Autism 
Research Institute. | told Bob that meeting Bernie today, would be akin to 
having met Mick Jagger when | was 15. He then announced that we would be 
having lunch with none other than Bernie himself and Mrs. Rimland. For the 
first time in my life, admitted to Bob that I was so excited that I didn’t know 
what to say. Bob told me that when it was my turn to say something that | 
should ask Bernie “What can | do for DANI?” 
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In a tizzy | ran over to Marshalls, the discount retailer; bought a new suit, 
hose, and even a pair of high heels. The next afternoon, | put on my new 
ridiculous clothes, ditched my kids with my friend's maid, and hopped in Bob's 
Jag to meet Bernie and Gloria (Dr. and Mrs. Rimland)—an absolute dream 
come true. When we arrived at their favorite restaurant, | was completely 
overdressed. Gloria ordered a salad, and the guys had tilapia because Bernie 
didn't really like vegetables. The conversation ranged from Kinotakara 
patches, to the difference between soft-sided hyperbaric chambers and hard 
hyperbaric chambers. 


| waited until there was a lull in the conversation and | went for it, asked him 
what could | do for DAN!, and he said | should translate the DAN! Protocol 
and take it to all of Latin America. His words left me totally dumbfounded. 
Had | heard right? Latin America? | was thinking my town of Puerto Vallarta, 
cor maybe Jalisco, (the state we lived in) and maybe in my wildest dreams all of 
Mexico, but this was much bigger than | had imagined. At this point, though 
there was no stopping the momentum that we had started. Within months 
we translated the Protocol to Spanish, and donated it to the Autism Research 
Institute, for dissemination throughout Latin America. Much later | would 
find out that one of my dear friends, eroline, would heal her son from autism 
using the translation of the DAN! Protocol, as well as others. 


During that same trip my husband and | spoke to Bob about buying one of 
his chambers for the not-for-profit autism clinic we were planning on opening 
in Puerto Vallarta. The plan was to run the clinic on a non-profit basis, but 
anchor the clinic by charging the public for their sessions in the chamber, 
allowing all the profits to pay for children with autism to go for free in the 
chamber. 


It was a green light all the way. We deposited the money for the chamber in 
March of 2006, and it arrived on October 31,2006, AutismO2—Hyperbaric 
Clinic officially opened its doors on Dec 1, 2006. We threw a party for the 
inauguration, invited friends, family, Patrick's therapists, and our local priest 
came to Bless This House. We all wore white, and in honor of Patrick, who 
was our motivation for opening the clinic, we all had on nametags that said 
Kerri—Patrick’s Mam, Memo—Patrick’s Dad, etc. It was a special evening for all 
of us, but me especially, as it solidified what would be the path that | would still 
be walking as I write this book seven years later. 


The clinic had a Sand's Hyperbaric Chamber, an allopathic physician with a 
specialty in Hyperbarics, 2 psychologists, 2 hyperbaric technicians, and me, to 
initially meet with the parents. As for the chamber, we always knew that it was 
going to help a lot of kids with autism, but it has helped a lot of others as well. 
The chamber was what gave language back to Patrick in 2006. 
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Later that same year we sent our allopathic doctor with our naturopathic 
hippie doctor to Ixtapa, Mexico for a hyperbaric conference, where they 
serendipitously met Dr. Giuseppina Feingold, (Dr. Jo) a DAN! doctor using 
hyperbarics for children with autism. As soon as our guys got back to Puerto 
Vallarta they started insisting that | had to contact her because she is curing 
kids with a protocol that included hyperbarics. Never one to waste time, | 
emailed her immediately, but at the time | didn’t know she wasn't an em: 
person and, because | am just not a phone person, we didn't connect. 


Fast forward to January 2007, my husband, Memo, was buying a 1951 Desoto 
on eBay. We had to pay for the Desoto with a check, and therefore started 
to talk to Bryan, the seller of the car. During their conversation, Memo, my 
husband, said to Bryan “If you don't want to sell, because it's worth more 
than your selling price | will understand.” Bryan had already decided to let it 
0, but at the same time he was interested in where the car was going, what 
Memo did for a living, ete. Memo told him about our life in Puerto Vallarta,and 
the classified ad magazine business that he owns, That's when Bryan stopped 
him and i,“I've heard of that magazine!” 


Ic turned out that this Bryan was a nurse who works with a doctor who does 
hyperbarics and heals kids with autism. Well, that piqued Memo's interest, so 
he told Bryan about Patrick's autism and then Bryan says you must call Dr. 
Jo, yes, the very same Dr. Jo that our clinic doctor had met months earlier at 
the Hyperbaric Conference in Ixtapa. So, | called her immediately and when 
she answered | said who | was, and I told her Bryan told me | had to call her. 
| asked her if she believed in God and she said yes. I went on to tell her that 
in September she had met with my clinic’s doctor and how | had emailed, but 
never heard back. At the time, Dr: Jo had been receiving so many emails that 
sometimes she couldn't get to all of them. 


Finally we had connected, and we hit it off right away. | immediately told her 
all about the clinic and Patrick, hoping that she could come to Vallarta. She 
told me that | had to go see her in NewYork first, and we would get Patrick 
some treatment. So off we went to freezing cold New York in March of 2007. 


We immediately started treating Patrick with IV chelation, The theory at 
the time was the main factor causing autism were heavy metals coming from 
vaccines that were damaging the methylation pathways. During my daily treks 
to Dr.Jo's office | finally met Bryan, the owner of the Desoto that my husband 
ought on eBay. We started talking about my clinic and what we could do 
collaboratively if Bryan were to move there. Bryan had already been in 
nursing for almost 30 years and was an expert in ozone and other alternative 


Kerri’s Story 9 
therapies. He told me he was ready for some changes, and we were very 
interested to have someone of Bryan's caliber and relaxed personality to join 
us at the clinic. 


Within a week of my return to Puerto Vallarta Bryan came for his first visit, 
to see if he could call Vallarta home. Two months later he came back with all 
of his equipment to set up his office. We were a great fit, and Dr. Jo would fly 
down from time to time to help out with patients, 


From 2007 to 2008 we were treating Patrick with IV chelation on top of 
his regular GFICF/SF, diet, supplements, and hyperbarics. In May of 2008, | 
met a mom who had recovered her autism spectrum child with homeopathy. 
Almost immediately | started working with a world class homeopath from 
June 2008 to May 2009, but | didn’t see anything to make me feel that the cure 
to autism was down that path. That same year | meta doctor doing the Yasko 
protocol, and she had some ideas, so we gave it a try from August 2009 unti 
the end of May 2010. At that point, Patrick honestly looked worse than before 
‘we had started giving him 80 supplements a day. 


By now had become disenchanted with DefeatAutism Now! based megavitamin 
protocols. A precious few of the families that we helped recovered their 
children with diet, supplements, chelation and hyperbarics. However, the 
overwhelming majority still had an autism diagnosis after tons of work by 
their parents,and usually a lot of money spent on supplements and treatments. 
I started feeling like it was a fraud, telling people to follow this protocol, which 
| knew wasn't going to be enough to recover most of the kids. That's not to 
say that we weren't seeing vast improvements, but counting all of the children 
that we worked with, only two children recovered. 


By July of 2010, | was totally disillusioned and befuddled and | didn’t want 
to continue doing what | was doing the way | was doing it. So, | asked the 
Universe/God/Angels—whoever was listening, for help. If my mission truly 
was to help families recover their children from autism then | was going to 
need a tool to work with. One that was available on every continent and that 
was affordable to everyone, because what we had just wasn’t doing the job. 


No magic voice came, thank God! Because that would have really freaked 
me out. However, | started to remember these colorful little bottles of 
chlorine dioxide that | never used. | decided to research their use on Google. 
Disappointingly, there was absolutely nothing on the Internet about autism 
and Miracle Mineral Solution (MMS) aka chlorine dioxide (CD). So | started 
thinking about what autism is made up of, So, | Googled chlorine dioxide 
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with virus, bacteria, candida, heavy metals, blood brain barrier, allergies, and 
inflammation. The evidence was overwhelmingly positive, which showed me 
that CD could treat all of the components that make up autism. | had hope 
once again. 


| was especially interested because at the clinic, we specialize in oxidative 
therapies such as hyperbarics and ozone. As chlorine dioxide is more benign 
than what we were already using, | decided to investigate further. 


No side effects except a possible Herxheimer reaction; which is not a side 
effect of chlorine dioxide itself, but can happen with any detoxification 
protocol, | decided to speak to my husband and son Alex, who were also 
excited. The next day at the clinic, my husband's best friend’s cousin and his 
wife were getting out of the chamber. | said,"Hi!” and she immediately said 
to me,"I'm taking CD” She didn’t say “Hit” or “Kerril” just,"I'm taking CD." 
That was the definitive moment for me—my Aha! moment. | told her | had 
been researching it for weeks, and | was extremely interested. She was having 
great results, so my husband said he would try it first. If after three days on 
the drops he was stil alive then we would start Patrick on them 


| contacted Jim Humble, discoverer of CD. | was hoping he would help me 
to better understand how to dose CD for children with autism. | explained 
to him that there was nothing on the Internet for kids. He helped me do just 
that. He gave the following recommendations: 1 drop 8x a day for children 
under 25ibs, 2 drops 8x a day for children under SOlbs, and 3 drops 8x a day 
for children under 100 Ibs. He told me that the more doses that we can get 
in one day the better, 8 doses are the minimum. 


That first week Patrick vomited (classic Herxheimer reaction), because | went 
too fast with the dosing, On the Internet, the only protocols | found gave high 
doses a few times a day, and as | found that week low and slow doses all day 
was the way to go. However, despite the Herxheimer reaction | caused Patrick: 
(through lack of a low and slow dosing protocol) he was still noticeably better. 
Seven days later my son had improved eye contact and was asking for things 
that he had never requested in his life. At 9pm he looked me straight in the 
eye and said,"I want bed.” With my jaw hanging open in disbelief, | followed 
him upstairs to his room. When we got there he turned to me and looked 
ime straight in the eye again and said,"'l want take bath” | knew | was not 
dreaming, and | had really just heard that. After his bath he looked me straight 
in the eye and said “I want brush teeth” and the whole time we brushed his 
teeth he was giggling... so | asked him what he wanted and he said," want 
‘kanket™” so | said,"blanket” and he repeated,"blanket, yes” and ran to the bed, 
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and jumped on it to enjoy the blanket. He had never jumped into the bed in 
his life before that. This was the first seven days on CD. I was blown away. 


By September of 2010, every person that was previously only using herbs or 
medications to kill viruses, bacteria, candida and other pathogens was about 
to hear about CD. That's when things really started to happen. 


Back in 2007, | learned how Dr.Anju Usman was having great success with her 
biofilm protocol. She concluded that virus, bacteria, candida, parasites, and 
heavy metals are all joined together in the biofilm (more on this in Chapter 5, 
starting on page 117). And when I saw that CD killed pathogens and neutralized 
heavy metals and so many other things that make up the core of autism, | 
knew we would kill lot of birds with one stone. | was also hoping to sidestep 
a few pharmaceutical pieces of the biofilm protocol, i.e. antifungals, antibiotics, 
antivirals and be able to use something with no side effects (a Herxheimer 
reaction is different than a side effect). 


I was in the process of discovering how we could use this extremely 
inexpensive oxidizer that is available all over the world to help the body heal 
from autism. The other important part of CD is that you don't need to take 
your child somewhere for treatment, as in the cases of hyperbarics, ozone 
‘or IV chelation... there is no doctor needed, or trips to visit doctors in other 
countries. It’s as simple as taking a supplement and you modify your dose 
depending on what you feel and see. Basically, any family with access to the 
internet, diet, CD and a few choice supplements can heal their child with 
autism. 


After having limited success with my son on different biomedical treatments, 
even with the best doctors in the world, it was time for a change. With CD 
‘we are attacking the biofilm all day as CD destroys the electron shells of the 
different molecules making up pathogens, therefore releasing toxins into the 
bloodstream. This release of toxins is the principal reason one must go slow 
and build up the dose, to avoid a Herxheimer reaction as so many of these 
children are very toxic. If we kill too many pathogens at once, too many 
toxins enter the bloodstream. The body will immediately look to eliminate 
them, most notably through diarrhea and vomiting. This is unpleasant and 
totally avoidable. 


CD is so benign you can use it on your skin, hair, ears, eyes, orally, rectally, 
vaginally, inhaled, etc, At the doses we use CD in aqueous solutions; it is not 
detrimental to healthy cells. It specifically targets pathogens due to their 
negative charges. Once | understood the basics,and Patrick was still improving, 
| started to share with others to understand haw to use CD. Very quickly we 
were having success that many other clinicians weren't having. Kids on the 
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spectrum were improving, some started recovering, and we had to sit up and 
take notice. | was blown away again. 

In November, a child recovered and then in December another child 
recovered. Their families took them to psychiatrists and their doctors to 
have their diagnosis removed. These were the very important first steps that 
convinced me that this is something that we must continue to do. We started 
to spread the word that this was an inexpensive treatment modality available 
in every continent of the world. 


With my background in biomed | learned that you watch for reactions while 
you load the dose. Low and slow is the rule. We arrived at the one-drop at 
a time dose and as kids recovered, parents shared their stories with other 
parents and more and more people started using it. It was very grass roots. 


This is when the explosion happened. | started to think that this might be the 
missing piece of the puzzle that we had been looking for. In all seriousness, 
there is no one cure for all kids with autism, which is why each child's protocol 
and path to recovery is different. While we have seen great success with CD 
today | keep working to discover new modalities that help these children heal 
as non-invasively as possible. Now that we had had success in the Spanish- 
speaking world, | needed to share these treatments with families of children 
with autism all over the world, 


Around this time something very interesting started happening with the CD 
enemas... parasites; more specifically roundworms were coming out with the 
CD enemas of the parents and their children using the Protocol. Today | have 
hundreds of photos, which were sent to me from parents all over the world 
(first world and third world nations) who have seen worms passe: 


stools. 


At the moment laboratory testing is woefully inadequate, but a keen 
veterinarian can easily check for the presence of parasites in a stool sample 
using a high-powered microscope. The children who have had stool samples 
reviewed by microscopy have come back positive. Pinworms, roundworms, 
tapeworms and hookworms are the most common findings. Stool analysis 
done by laboratories have consistently come back negative even when worms 
have clearly been seen and photographed and seen under the microscope. In 
fact, one mother I know sent in a live, moving worm that her child had passed. 
The result? Negative for parasites! At this point it is simply not enough to 
trust a coprological analysis when looking for parasites. 
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Dr. Andreas Kalcker and Miriam Carrasco have been instrumental in this 
piece of the puzzle and have designed an amazing parasite protocol that has 
already helped many children including Patrick. In October of 2011, Andreas 
gave me the first parasite protocol and families in Spain, Mexico, Venezuela 
and others throughout Latin America began to use it. We'll talk about it in 
depth in Chapter 8, page 165 and how ithas affected my life as well as the lives 
‘of so many other families with children on the spectrum. 


In January of 2012,1 got in touch with Teri Arranga and | was invited to speak 
at AutismOne in May of 2012, This would be the first time I would present at 
AutismOne in English, and obviously the first ever presentation on CD. After 
eight years of biomed and six years of helping families in Latin America | would 
be flying above the radar, knowing full well there would be a tradeoff. While | 
‘would reach families all over the US, for the first time I would end up taking a 
lot of flak in the blogosphere. We survived! 


‘When | first came across CD in 2010 and began to watch it work it's miracles 
with autism, | expected parents, doctors and professionals who dealt with 
autism to be excited. | assumed they would begin to do research as to how 
and why the chlorine dioxide molecule was healing/curing autism. Much to my 
chagrin, many people were disinterested. Some even went so far as to say that 
what | had seen was impossible or that CD was toxic. Well, to that | would 
say that healing/curing autism with a toxic substance is impossible. Since then 
2 handful of some of the best doctors in the world have become interested 
(that number is growing) and quite a few parents are taking note. Hundreds 
in fact went to my presentation at AutismOne. Several told me in hindsight that 
they had thought about not attending because the title of the presentation 
sounded too good to be true... 40 Children Recovered in 21 Months. 


The people who did attend were pleased with the information and many began 
the Protocol. However, what was to happen the days and weeks after my 
presentation blew my mind and was absolutely beyond my wildest nightmares. 
Some parents attacked me in print and on the Internet. I received threatening 
and accusatory emails filled with hate speech and foul language. 


In most cases these emails and blogs were from anti-biomed parents, Others 
in the biomed movement told me not to worry, that these people were 
notorious for doing this sort of thing to others. They jump on the newest 
and brightest intervention in order to get their time in the limelight. Stealing 
attention away from the treatment, altering the truth, and in some cases lying 
to people about what is happening just to get other parents up in arms. Never 
could | have imagined anything like what transpired. However, as time passed, 
so did the threats, negative blog posts, etc. 
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Update for 2014 


One of my favorite quotes states: 


Il truth passes through three stages. First, itis ridiculed. Second, itis 
violently opposed. Third, itis accepted as being self-evident.” 


Fortunately, the 2013 AutismOne conference was a totally different 
experience—which may indicate we are slipping into that third stage. In May 
of 2013, we were at 93 recoveries, and during my presentation at AutismOne, 
some courageous parents took the stage with me to share their children’s 
stories of healing and recovery. There were no attacks. As the first edition 
of this book launched at the conference, many of our wonderful moderators 
were on hand to answer questions, and assist parents who were interested 
in getting started, | had a book signing along with the pleasure of meeting 
many parents | had up until then only known through email or Facebook. 
By January 2014, the first edition had already sold thousands of copies. If you 
searched for “autism” in the category of “books” on Amazon, it was showing 
up in various positions of the first two pages of over 10,000+ results, with 
the majority being five-star reviews. If you changed the order to “Average 
Customer Review.” it was in the top 10, sometimes in position #1 


This has always been a grassroots parent driven movement, and today help is 
available in 7 languages online to answer questions and offer support. As with 
anything, if you attract enough attention, you will also attract some “haters,” 
however CD has already earned itself a place in the treatment modalities that 
are healing the symptoms known as autism. 


CDS (chlorine dioxide solution) was introduced in the first edition, as we 
‘were still hoping that it was something better than it turned out to be. It was 
a better tasting and more tolerated form of CD, and still remains an excellent 
preparation choice for those who are extremely sensitive, and have trouble 
tolerating even one drop of classic CD. However, we found that over the long 
haul, only one child so far has recovered with strict CDS use—the other 114 


were with classic CD. 


In this edition we are introducing Chlorine Dioxide Holding [Solution] (CDH). 
‘When this preparation technique was introduced it was touted as something 
similar to CDS... having a better taste, is better tolerated, along with less 
Herxheimer reactions. However, there is one big difference; CDH stil 
contains a small amount of the raw materials required for the preparation 
‘of CD (sodium chlorite and citric/hydrochloric acid). On the other hand, 
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CDS was chlorine dioxide gas ONLY dissolved in water. That small amount 
‘of raw materials in the CDH preparation may be what makes the difference. 
After 90 days of CDH use with over 70 families, it has not failed. Gains have 
not plateaued, and parents seem to be having an easier time increasing their 
children’s dose, without any Herxheimer reactions. Another amazing thing 
about CDH Is that the natural sweetener Stevia can be added to improve the 
flavor, while the potency of the dose does not change. This can be a game 
changer for kids that have taste aversion to classic CD. It should be noted that 
not all brands of Stevia are created equal and there may be some that can't be 
used. We are still testing various brands. 


CDS and CDH have both earned their place in methods of chlorine dioxide 
preparation, thus allowing more people to benefit from the healing properties 
‘of CD who might not have otherwise been able to tolerate it. 


People are always interested to know how my son Patrick is doing, and | am 
happy to share a little bit about what has been going on in his life lately. This 
past August 2013, Patrick turned 13. | had expected him to be recovered by 
now; however, we are still working towards a full recovery. He is better every 
month and his current ATEC is somewhere between 22 and 24. Patrick is 
very social, he loves a party. This Halloween, my sister threw a party and it 
was 11:30pm before he was finally ready to go home. He also loves spending 
time with his family. Every night he tells me,“I love you Mommy, gimme kissy.” 
That is not only his way of telling me he wants a kiss, but that he wants me to 
come spend time with him before we go to sleep. 


He has been preparing his own food in the kitchen, and while he has always 
liked to help chop, his being able to place his selection in the toaster oven 
and heat it himself is new. We didn’t show him how to do this. He decided 
‘on his own that he would heat and serve himself his dinner one day. Another 
major advancement is that he is now able to clean himself after toileting, 
which is something he always asked for help with before. He will even wear 
headphones when listening to YouTube videos or watching DVDs if someone 
has to make a phone call, 


We don't have any conduct issues, and if no one told you I had a son with 
autism, and you saw us out, you would never know. Apraxia remains the 
biggest factor delaying Patrick's recovery. That said, Patrick does communicate 
more than ever, and attempts more language than ever before. 


As far as where | see this movement heading in the future, | believe that if 
truth does pass through 3 stages then we have finally entered the third stage 
of“self-evidence.” The CD Protocol has now recovered 115 children (as of 
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December 2013); is used in 58 countries; and has already helped over 5,000 
people on the spectrum, with more and more being added every day. The 
power of social media allows for parents to share with other parents their 
successes with the protocol, thus forming a stronger bond. Parents in the 
autism community trust other parents above doctors, and rightfully so. 


At this point we are breaking many stereotypes associated with healing 
autism, For example, we now know that after the age of 9, recovery is still 
very possible (a 31 year old man is nearing recovery as | write these words). 
You do not have to be rich to recover your child from autism. You do not have 
to speak English—there are Facebook groups in 7 languages and this book will 
be translated into at least 13 languages. We now know that autism is not a 
psychological disorder. It is biomedical... viruses, bacteria, candida, parasites, 
and heavy metals cause the behaviors that lead to an autism diagnosis. Once 
you remove what is causing the symptoms, you can remove the diagnosis. 


| witness on a daily basis what was not supposed to be possible: the healing 
of autism. 


The future is bright, and it is up to us to share it! 


Best in health, 
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Jim, Andreas and myself in Venezuela where 2 of the most 
amazing women in the world have a foundation to help Venezu- 
ela heal from the autism epidemic. | am so grateful to Yamileth 
Paduani and Carolina Moreno for their foundation and hard 
work. 28 recovered children from their foundation with this 
protocol in their first year of service. Thank you ladies. | am so 
proud to be your sister of the heart. 


Ty reading and healing 


Chapter 2 


Yes We Can!!! 


Without faith, nothing is possible. With it, nothing is impossible. 
~ Mary MeLeod Bethune 


Bw ‘we embark on the path of healing autism, it may provide you some 
Jcomfort and encouragement to hear from those who have gone before 
you. 


Some of the parents of the children who lost their diagnosis through this 
Protocol were generous enough to share a photo of their children along with 
a“thank you note.” You will see that a couple of the older children wanted to 
write their own notes and share their success with the world, 


@ My son gets to 
play little League! 
Thanks to ATEC of 4, 


autism IS treatable! 
THANK YOU 


2) 


Mil Im still rubbing my 
oe Nathan just played with 
cars appropriately! He pushe 
them along while saying, ‘vroom 
vroom!" Until now, he would 
‘simply mouth, spin or *ap t0YS: 


-Week 5 of MMS 
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in our commu 
couldn't make it 1 
Walk around a track, This year he 
ran 2 miles. Whhaattt? 7 ‘months 


‘on mms and 6 months treating 


parasites. 


Dilove you Miss Kerri, 


Thank you for gi 
Mitten oe 


Wow! Here is something to be 

grateful for! It was tim 
do my son's one year ATEC doing MMS (7 months defoning: 
parasites) and his score was...drum roll please...15! You read 


it right, a 15! Tam tearin. i 

, 19 Up right new writing this. My son 
i 14 years, 4 months old. He was at a 27 wher we started 
rhen went up to a 34 when we started treating parasites ‘ 
(behaviors worsened), then down to 21 three months ago 


and now a 15! Thank you so much Kerri! 
ard row a 151, Thank ch Kerri! Without you, who 


Before MMS we were able to get my sons atec score 

down toa 24. Although he mainly functioned as a 
“neurotypical” child, he still would have behavioral problems. 
He was easily agitated and would struggle with some anxiety 
and OCD. We were constantly battling yeast, constipation, 
metals and come to find out, parasites! We began MMS 
very slowly. We noticed his moods were improving. He was 
smiling more and over all just really pleasant to be around. 
We decided to retake his atec after only 1 month, It 

was a shocking 4!!! It dropped 20 points in 1 monthlll We 
have our boy back and will forever be grateful! We will 

be starting the parasite protocol this month and looking 
forward to an atec of Ol! 


‘Yes We Can!!! 
2 


[a jesFwanted to share that today my daughter said a full 

i iy my daug 
sentence! 
‘she normally enly makes two word sentences and often 
one tors and stammers, with a lot of articulation problems. 
‘My husband came home after a week away. for work and she 
MY Ked up to him as he sat at the computer and ‘she said: "T 
want... to sit with daddy.” 
“And in the bathtub (Zim doing the MMS steambath both my 
and in coughing right now), she turned to her. brother and 
kids crsok brother, cup." and she held the plastic up in front 
saidim. she has never been this coordinated ‘and ‘present’, nor 
Grticulate, Iam so grateful. 
Even though we still have a long way t2 go, 1 feel like a huge 
weight has been lifted off my shoulders. 
‘Thank you for your hard work. 


Thank you for helping 
me to rescue my son. 
God bless you 

Kerri Rivera! 


My son is at a thre 

se-day camp with 100 
oes provided al his foo Thge oe ae puaees. We 

ea le 

tiles a _ other than that, he is on his own leepig ith 
than Praise whe nb bee in his life! T have no words ath 

1e Lord for bringit ; er 
for. ging me Kerri River 
our tthe me and my family the strength to ever etait 

fe bird had taken fight. thanks be to God! upl 
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Thank you God 
for your fidelity, 
thank you my 
beautiful girl for 
giving me your 
gaze and your 
smile every day, 
thank you Kerri 
McDaniel de 
Rivera for 
walking with me. 


| Hello, I'm Silvia, Alejandro's mam, we live in Spaih’ I was 
A pal 
giving MMS to my son for 10 months without Seeing any 
changes. Kerri told me that I wasn't doing something 
right... and that was correct. Being the warrior she is, 
she made me tell her everything I was giving Ale anciro 
and she got it, Alejandro drank pineapple juice all day 
long, he would take more than a liter a day and that made 
the MMS not work, I stopped giving him pineapple juice 
2 months ago, and he is a new child. Hle pays attention, 
his comprehension is almost 100% I must say my baby 
did not speak, but with this he started saying: "Come 
on, mom! “My mommy" All this because I started giving 
him the MMS as I should. I want to say NO juice near 
MMS because it anulls its effectiveness. I thank God 
for putting Kerri in my path. My son improves everyday, 
slowly but you can see that he is saying goodbye to his 
little world. Thank you Kerri for being in our lives and for 
making us see the light. Also thank you JIM HUMBLE for 
giving hope to our lives. 


Yes We Can!!! 


N) 
Thank God for putting Kerri Rivera in our path, 
and giving us our prince back, totally recovered. 
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‘My Son turned 12 today - hooray! This is truly the very first time 
since his Ist birthday that my heart didn't shatter into a million 
pieces because it's another year down the road, and still so far 
away from recovery! He decided that he was staying at home 
today to play with his birthday toys, he told his teacher (several 
times over), and when she asked if she could take the day of f 
too, he said “nooooo!l, When his grandpa called from Holland to 
sing Happy Birthday, he sat quietly listening with a smile on his 
face - the usual is ‘no singing!" Besides that - here's my brag for 
the day - his teacher told me that she had to mave him and his 
best class buddy away from each other because they were copying 
each other's worklll YAHOO - we were SO excited - yes I know, 
we're crazy, but hey - if it's typical, I don't care what it looks like, 
I WILL TAKE ITIl! If you think this is weird, you should've seen 
‘me when he bit a child when he was 3!! I want ta encourage you 
all today, look for the small things, check in with the people who 
are in contact with your kids and keep a journal of the changes. 
You will be amazed at how much we miss, because we spend every 
waking moment watching over them! I feel SO blesseal! 
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Dear Kerri, 


Thank you so much for bringing our son's smile 
to life. The happiness you see in these eyes 
comes from istening to you and your amazing 
protocol 

We were stunned when his ATEC dropped 

18 points in 3 weeks, and has now reached a 


staggering 1 from the original 36 in kess than 

one year. 

I thank God every day for having me in that 

AutismOne kcture in 201 where you opened 
my eyes to what else we could do to help him | want every parent out 
there to know this is a real Protocol with real resuits 


Thank you again and God Bless everything you do for our Children 
You Rock! Love Maryann 


Greetings from Monterrey, © 


Just to let you know, we went to visit you in Puerto Vallarta on 
June 21st, and my child started treatment in July with MMS. 
As of today my son eats almost all on his own, and wipes his 
mouth whenever he needs to. For about a month now he has 
been doing funny things: like covering up his cards when we 
Play as if to hide them, if he sees me squatting on the floor 

he runs over and jumps on me. He shows expectation on his 
face when he knows that I am coming to tickle him. He hides 
behind a wall when we play hide-and-seek. 


In both of the institutes where he goes they have told me 
he is able to pay attention for longer periods of time, his 
Way of being has changed, and they have also said that his 
eye contact is much better, According to his therapist he is 
now a candidate for speech therapy because he is able to pay 
attention. 


For us, Kerri, this is a miracle come true, to see our son 
waking up little by little and to see him eat all on his own. 
Thank you so much for sharing all of this with us. 


Yes We Can!!! 2 


Since starting MMS my daughter's play skills improved, 
she actually looks into my eyes and gives me eye contact 
which means a lot. She started answering questions, more 


engaging and now I started to feel as if the end of the tunnel 
isnot too far, Iam so grateful to Kerri for showing me a way 
to recover my child, GOD BLESS. 


You are the angel 
that God sent us. 


Autism is curable! 


Thank you : b; 
Godmother Kerri 
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Hi Kerri, 


I cannot believe it has been 5 weeks since we spoke on 
the phone, 


My son turned 22 yesterday. He actually opened each 
birthday card, and read the inside. We always knew he 
could read, but he Never showed an interest in opening 
cards or gifts, He had some interest in his gifts last 
night. He has been wearing only light grey shirts for 5 
years. This week he wore a blue one and a charcoal grey 
shirt. 

Looking straight at me, and asking for what he wants, 
No real bad effects yet. We are on 22 drops as of 
today. 2 enemas a day 300m/ - 8 drops - ocean water in 
the morning. 

T have attached 2 pictures from this week, I think these 
are worms. 


Can I hope that he can get better?... After all the 
treatments we have been through?... well Iam. I think, 
what will I do with my time when he is better (possibly 
recovered)?... I will yell from the roof tops and 
dedicate myself to helping other families. Is this what 
Twas meant to do? My purpose? I would love it! 


‘or “this Toke 


- 

Thank you for this. = 
T share this look with | 
you, the same look jeer 4 

“that you have given 

_» back to my Mom, this 

.. photo would not be, if 

it hadn't been for you. 

<I love you very much, 

v “your Godson Gabriel 
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My family and I are 
very grateful to Kerri 
Rivera for making 
available the CD 
protocol to treat ASD 
which has recovered 
myself and made a 
huge difference to 
thousands of kids and 
families all over the 
world. 


CD can recover even a teenager like me whom 
others had given up on. Of all the bio-medical 
interventions, CD cost the least and made the 
biggest difference. 

Muchas Gracias por salvar mi vida Kerri. 
—eoooeoa»nr SSnm re errr, -—arrsooror™ 


| This is Benjamin. 4 years 5 months old, 

| current atec of 4 and dropping weekly :) 
Diagnosis atec at 3 years 2 months was 

| 134. Atec when starting CD protocol was 
18 and was stagnant after full on bio-med/ 
| diet intervention. Dropped all Ssupps except 
melatonin when starting protocol and 
obviously can't be happier with that decision. 
Thank you to Kerri Rivera of course for 
giving me a way to save my baby boy... We will 
| continue with protocol until atec = O :) 
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My sons started using MMS exactly 2 and a half months 
ago and we saw improvements almost immediately, my twins 
attention got better just days after we started the treatment 
and at 10 days after starting my son Juan Pablo started calling 
me mom! He has never done that before. (Neither of my twins 
were verbal, meaning they were not able to speak a single 
word.) A few days later Jesus Alejandro said "Mom, water” 
while pointing to the fridge, it was shocking for me. 


‘My two sons can now say 4 or 5 words and their communication 
skills have gotten a lot better. even if it's not verbal they 

are very good at expressing what they want. There isa 

lot of improvement in comprehension, following orders and 
accomplishing small tasks, they react when you say their 
names, they are controlling their bowel movements, and in 
general their whole quality of life has gotten so much better 
since they started with MMS. 


T know we have a long road to go but we are on the right track 
and I trust that thanks to the science that discovered the 
great effects of this wonderful formula for our children with 
autism we will recover them, as it truly does detoxify! 


Ing. Artebys Cedefio 
Mother of Jesus Alejandro and Juan Pablo 
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Dear Godmother Kerri, 


How cah we ever thank 
‘you enough for crushing 
autism out of To's hfe? 
We now have a smart, 
happy, helathy boy that 
has great confidence in 
himself! 


We are forever grateful 
to youll! 


We started using MMS a month ago. We are not even 
at the full dose yet but have been seeing some amazing 
gains. 


T took my son to the mall about a week ago because it is 
one of his favorite things to do. When we got home he 
did something he has NEVER done before. He came up 
to me, hugged me and said "Thanks". Wow. 


Two days ago my husband had to go to the local farm 
supply store because something broke in the barn. So 
we asked my son if he wanted to go and he literally 
jumped off the couch and excitedly came with us. While 
the was there he picked out a couple of books he was 
interested in and a couple of small vehicle toys. When 
we got home I was helping him with his coat and boots 
he Said "you're great mom". Never have I ever had 
spontaneous comments like this and the only thing I 

can attribute it to is the MMS because we stopped 
everything else. This gives me inspiration to continue 
the protocol and I look forward to what the future holds 
for my son and our family. 


Thank you Kerri! 
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I it were not for 
you Kerri, my mother 
would still be worried 
about my future. 


You are my Guardian 
Angell! 


Autism is curable! 


Thank you Kerri 
Gracias Kerril 


His speech therapist told me ear has 
his sentences are so much better, bee) 
organized, also his ability to eae sie 
and forth and also his Sia ‘ion 

it {Il $00000000..... ‘a. 

Deets oneaocrelic speech 
therapist he said: Mummy, my speec! 
getting so much better! j 
Yup, he said that! He knows! 


I can't believe it! I just did my daughter's ATEC 
and in one month it dropped from 72 to 48lll I am so 
shocked! Is this a dream? We revised the scores 
over and over with my husband and accepting that 
some of our answers could be just very positive 


feelings, still the improvement is hugell Iam so 


thankful Kerri Riveral have no words!! Tam praying 
this is not a dreaml! THANK YOU SO MUCH T 


believe there is more to come but right now I am so 
much in shock! 


Yes We Cani!! 31 


T have to post our Sunday gain, my daughter is and 
always has been on sensory overload, those of you who 
Geal with this know that teeth brushing, hair combing 
Gnd showers can be torturous for child AND parent. T 
literally dread washing her hair. She screams so loud 
she could break the windows, She smacks her wet 
thighs so hard that they've been bruised for years. 
This morning she gets in the tub, sits down and sees 
(which is usually the moment she 
‘she knows I'm about to grab the 
‘me dead in the eye, 
to wet her 
hair down, still convince’ 
to begin any minute, I sta 
*well done", I smiled and sai 
My husband peeked in to see why it was So 4 
lonked at him and said "Daddy shower", smiling from ear 
fo ear as to say ‘Tm taking a shower Daddy’... what a 
great way to start our Sunday. HUGE, HUGE deal for 
Fon and for us. I feel like I finally exhaled today. MMS 
rocks and so do all of youll! Happy Sunday :-)))) 


Dear Kerri, 


Thank you SO MUCH for helping us with our d ‘ 
complicated health issues, The CD/PP pede iied m) 
daughter to sleep through the night, for the FIRST time in 
years! One month on the parasite meds, she began sleepi 
perfectly and has slept perfectly ever since! tg 


We are FOREVER grateful! Also, the 
more her pathogen load decreased 
an the protocol, the more foods she 
would eat and LIKE! @' 
‘My daughter eats SALAD now! AND 
will try any food T give her. I thank 
you from the bottom of my heart and 
will be forever gratefull ' 
With love, * 4) 
The WHOLE Clark Family! 

s \ 


™ i 
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Iwas cured, 
Yes we can. 


T love you 
very much 
Godmother 
Kerri! 


‘My son had a great week - yesterday we went bowling as a 
family. It's difficult with him to notice gains sometimes because 
he is really close - his ATEC was a 7 last time I did it and the 
changes in him may be subtle and harder to notice, While we 
were bowling he was calm (despite the loud music, lights and 
commotion) he sat in between his turn watching everyone, (and 
the music videos playing) knew when it was his turn and cheered 
for me (I was beating my husband at the time - lol). He carried 
his ball down the lane and swung it with one arm - omgll Tt was 
the most NT I have seem him! He now is a brown belt in Tae 
Kwon Do and this was the first time he was able to swing the ball 
~Iused to have to carry the ball to the ramp, help him lift it 
and count to 3 for him to push the ball. He was diagnosed 
hypotonic at 3.5 years, MMS and PP are what helped him get 
some strength, energy and endurance, I increased his MMS by 
a drop about 2 weeks ago and we are also ramping up on GcMaf. 


Yes We Can! 


Great FUA moment today. My son took his first 


ever lesson... swim lessons. He did amazing!!! 


Followed all instructions, waited in line, smiled, 
talked, and let the instructors help him. 
Amazing... I cried almost the entire time. At 
one point he smiled, waved, and said “hi mommy.” 


Thank you 
Kerril 
Because-we 
followed the 
protocol with 
obviously great 
results. 
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his handwriting and his anger has 


and we lost 2.5 hours of services 


Surprised at how well he is doing. 
And he fed his little brother Soup 


Thank you Kerri for 
helping us to recover our son! 


My son has continued to improve on 
melted away. We had an IEP today 
because he has done so well he does 
not need those services. They were 


tonight to get him to eat his dinner. 


Yes We Can!!! 


35 


Tim Number 102! 
Thank you for giving 
me a chance ata 
future 

Kerri Rivera! 


‘On any given day, | probably rattle out the words | LOVE YOU, 
Grected at my boys at least a dozen times. My NT boy almost 
ahways will reply back. My ASD boy usually says, YES YOU DO as 
his answer And | have completely accepted that that is his way 
of receiving my I ove yous 


On very rare occasion he wil say I ove you to me. 
Well, by now you know where this is going. 


This morning | was walking past him and he said to me... LOVE 
you! 


I wasn’t at first sure what he said as he didn’t shout it, So | 
asked him, what was that? 


He repeated, I ove you 

| said thank you son, | love. you tool! 
Wait for it. 

Bammity bam bam BAM!! 


Celebrating every little big thing Appreciating my 3 favorite 
words. Loving every minute of every day. Even loving those 
bg red lps this morning knowing he is detoxing. 


36 Chapter 2 


Our son was quickly slipping 
away from us. We were lost. 
This protocol gave us direction 


Z% and ultimately brought our son 
back to us. He looks at us with 
% smiling eyes and tells us he 
loves us. He has a full childhood 
now. Words could never convey 
the magnitude of our gratitude 
for Kerri and all who support 
her efforts to make a future 
for our kids. See Gunnar's full 
eo 
testimonial on page 378. 
<3 


Gracias Madrina Kerrill | now have an ATEC of 10! 
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Yes We Can!!! 


We started the DAN 
protocol when our 10 
year old daughter was 18 
months old and remained 
on it for 9 years. 
Before starting CD, 
our daughter appeared 
neurotypical, but she 
was heavily dependent 
on supplements and her 
progress had stagnated 
for a few years, She 
had a distended belly, 
poor growth, severe 
constipation, anxiety, 
a touch of OCD, and 
focus/concentration/ 
fogginess issues. 


Her ATEC before starting CD was 24. Just 26 days later, her 
ATEC is 7. A17 point drop in 26 days! We haven't even had time 
to do a parasite protocol or a 72/2 weekend yet! Her belly is 
much flatter and her anxiety, minor OCD, and focus issues are 
greatly improved! We're going to keep her on CD and I plan on 
starting the protocol myself this week. As a friend said, ‘DAN 
got her to third base and CD brought her home!” 


My son just saw me reading 
this page, and asked what CD 

Autism was. | told him it was the medicine 
he’s taking. He said, “| think my autism is gone. 
How do you know someone has it still?” 
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Spiro and Peter (9 year old twins) 


After years of doing many interventions for our twin boys, and 
having moderate success at best, we karned about CD. It took about 
a year before we felt comfortable enough to try it. I can honestly 
say that, it is the BEST intervention that we've used We started 
CDS in mid duly 2013. In the 4 short months that we've been using 
CDS and now CD, we have had more gains in every area, than in 
the last 6 years of doing so many different treatments. What | bve 
about this protocol, is the simplicity of it, less is more, and that was a 
huge change in thinking for me. 

dust to give you an idea on how well our boys are doing, here are 
their ATEC scores so far: 


Spiro: He was number 100 to recover on the “Healing Train” and the 
1st child to recover using CDS 


ATEC prior to starting CDS - 22 

ATEC one month after starting CDS - 16. 

ATEC two months after starting CDS - 9 

Peter: He was pre verbal prior to CDS and now uses single words 
and the odd 2 word combination to communicate. Well on his way to 
healing 

ATEC prior to starting CDS - 69 

ATEC one month after starting CDS - 55. 

ATEC two months after starting CDS - 46. 

We finally know, deep in our hearts, that our boys are well on 
their way towards “true healing” We don’t have that stress and 
anxiety about what the future holds anymore. We finaly feel ike 
we can breathe easier, and that day by day, the gains keep coming 
consistently The gains stay, and that feels better than anything 
Thank you, to my FB friends who introduced me to MMS and to 
Kerri Rivera who we have such admiration and respect for. | 
thank GOD everyday that we were fortunate enough to find 

out about this treatment. Our boys are coming back to us and 
their beautiful personalities are emerging We now look to the 


future with such HOPE. Kerri, we will forever be grateful to you. 
XOXOXOXOXOKOKOXOXOKO 


Yes We Can!!! 
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Whoa... My severe kid walked in the door 
and wrapped his arms around my neck 

and gave me a normal hug for the first 
time in his life (6.5 years). Umm... This 
is crazy. He wiped his butt for the first 
time EVER... no prompting, no asking! I 
wasn't even in the room with him! When z 
Tgot excited and asked, “Did you wipe??? 
T swear to GOD... I heard "Yeah, Mom! 
Kid's never said a word ever. Could be 
dreaming, but WOW!!! What a dayll! 


Please share your experiences! 


Testimonials are one of the best ways to share your 
experiences with this protocol. Perhaps you leamed 
about it by reading or watching a video testimonial? 


Ifyou don't tell us your experiences, we can't share 
them or take action on issues that need improving or 
correcting... 


Send your testimonials to: 


testimonials@cdautism.org 


Also, let us know if we are free to publish your 
testimonial, with or without your name. 


More miracks & testimonials starting on page 358 


Chapter 3 


Step 1 — The Diet 


“Let food be thy medicine and medicine be thy food” 
~ Hippocrates 


| could choose the one part of The Pratocol that would be the single most 

important piece of the recovery puzzle it would be—The Diet. By The Diet, 
I mean the dietary plan that | recommend to all of the families that want to 
start The Protocol. It is a combination of the classic gluten-free, casein-free, 
and soy-free diet along with the elimination of sugar, corn syrup, coloring, 
preservatives, and other harmful foods. The Diet is the basis for the rest of 
The Protocol; similar to laying the foundation of a house that the rest of the 
structure will rest on. Adhering to The Diet is critical to the effectiveness of 
the rest of The Protocol. 


When a family of a child with autism comes to see me, the first thing they 
want to know is: 


What can | do to help my child? 


| always, always start with The Diet. In fact, | send them away after that first 
meeting with hope that they will be able to recover their child, but only if 
they commit to The Diet 100%. | explain to the families that they must think: 
about food the same way their great grandparents thought about food. In 
generations past, food came directly from the Earth, with little processing. 
Fruits, vegetables, nuts, and meats were dietary staples for our great 
grandparents and they should be for our children as well. We must think 
whole foods and not precessedfoods, There is no point in going from regular 
junk food to gluten-free/casein-free junk food! 


After my first meeting with a family, they leave with the list of permitted 
foods and | have them email me when they have a week straight with zero 
exceptions or “errors” in The Diet. That is where the parents who are truly 
hungry for recovery are separated from those who are interested in having 
someone else “fix” their child for them. 
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One of two things generally happens during that first week. In the first 
scenario, | get an email from an ecstatic mother or father saying,"I can barely 
believe it, Johnny slept through the night for the first time in years,” or “Johnny 
had a normal bowel movement,” or “johnny said two new words yesterday!” 
That's what | hope for. 

The second scenario is... | never hear from the family again. There may have 
been tantrums, or an adjustment period related to The Diet that proved too 
much for them, and they decided to pursue another avenue. That's nat to say 
that everyone sees a miracle, or that there's no middle ground. Some of the 
results are less obvious, such as more eye contact or less redness in the face, 
but generally speaking, we see positive changes. Any change isa good sign. The 
Diet is only the first piece of the puzzle. We must continue from here, layering 
in interventions until we get the desired, end result. 


Bless. When my son was 3 years old he was 
kerr te haut, Raper att ad Cbrazepam. co” io beleVe 
it? ‘Obviously I never gave them to him, it hurt me to see 
my chid “druoged” 2 days after starting the det he sept 
‘through the night, the sparkle is back in his eyes. | can't wait 
to start with MMS, am so happyll! 


Throughout this book “miracles,” which are actual emails and forum posts from 
parents about their children’s improvements, have been set in text boxes (like the 
one above) and placed in the chapters that they accent. Please note that as many 
of these miracles were collected some time ago the contributors have used the term 
MMS instead of CD. Due to time constraints it was impossible to request permission 
from these contributors to change the acronym of MMS to CD in their testimonials. 
MMS and CD are the same substance. Where the acronym MMS is used please 
know that chlorine dioxide is the substance being discussed and is responsible for 
the healing. 


Author’s note: I'm not against all prescription drugs, especially those 
necessary to bring about healing. However, | dan't condone medicating a child 
with drugs, masking the symptoms known as autism. So, when | see an email 
like this, | know we've got a great chance to heal that child because we have a 
parent who has committed herself to healing her child, and who is excited to 
see what changes the next tool will bring. 

Your child's doctor may not have heard of The Diet or may be misinformed of 
its benefits. The references section at the end of the book lists several studies 
and articles discussing dietary intervention for ASD's. You can use them as a 
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jumping off point for your own study. If you are consulting with a doctor, itis 


important to choose someone who js familiar with autism and the recovery 
of autism. 


Many doctors do not have time to study up on what's new in autism recovery 
and if they have zero recoveries then they are in dire need of overhauling their 
protocols. Another major problem in the mainstream medical community is 
gigantic egos. If what we are doing is not working to recover our children, then 
we need to look at what we are doing and why we are doing it. Let’s check. 
our egos, update our protocols,and look at what has worked for families who 
have recovered their children. 


Researchers at the New Jersey Medical School's Autism Center found that 
“children with autism were more likely to have abnormal immune responses 
to milk, soy, and wheat than typically developing children,” which is published 
in a chapter of Cutting-Edge Therapies for Autism 2011-2012, by Siri and 
Lyons." In addition, interest is growing in the study of the link between autism 
and gastrointestinal (Gl) ailments. Siri and Lyons also relate a study by the 
University of California, Davis Health System, where they found that children 
with autism born in the 1990s were more likely to have gastrointestinal 
problems, including constipation, diarrhea, and vomiting than children with 
autism who were born in the early 1980s. 


If your doctor is uninformed, or tells you there is no evidence to prove that 
The Diet will help your child, do the research for yourself since only you are in 
charge of your child's diet. Heck, why not do The Diet? It doesn't cost you any 
money and it just might help your child heal. Whether he eats cheesy puffs 
‘or fruits and vegetables will ultimately come down to you. You are the one 
with the money in your pocket. The only way to know for sure if your child is 
going to be one of the individuals who recovers with The Diet, is to try. It can 
take gluten six months or more to be removed from the microvilli or “shag 
carpeting” of the small intestine. As | mentioned previously, some children 
have obvious changes in two to three days, but even if your child's evolution 
is taking a little longer than most, DO NOT GIVE UP! At the writing of this 
book, | have helped about 5,000 or more families of children with autism; all 
close to 


of the children who have lost their diagnosis, as well as those comi 
recovery, have used varied protocols depending on their symptoms. The one 


thing that they all—unequivocally—have in common is: The Diet! 


In my opinion, it makes litle difference what other interventions you apply to 
your child if you can't manage The Diet 24/7/365. Hyperbarics, chelation, ABA, 
etc, simply will not have the desired effects if you are still feeding “drugs” (aka 
garbage foods) to your child. 
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Why do | say drugs? Because that is what gluten and casein become in the 
bodies of our children on the spectrum; more specifically, gluteomorphin 
{also called gliadorphin) and casomorphin, which are similar to morphine. 
Gluteomorphin and casomorphin are produced in the gut due to improper 
digestion of peptides (as we will explain more in detail later). Ina person with 
“leaky gut syndrome” (increased intestinal permeability), they are able to leave 
the intestine and cross the blood-brain barrier where they act exactly like 
morphine or heroin. Would you purposely give your child street drugs? NO! 


‘Once we have this information and understand the severity of this issue, we 
have a responsibility to our children to do better. We must take away the 
foods that are keeping them ill. Invite your family and your child's school to 
help heal your child's ailing body. Explain that they can no longer give your 
child these items, and that if they do, it's like giving them a dose of morphine. 
If it sounds drastic... that's because it is! 


Researchers have found an abnormal amount of these undigested peptides 
(gluteomorphin/casomorphin) in the urine of children with autism, proving 
their existence in the body, Among others, Dr: Knivsberg and colleagues in 
Norway have found that urine samples from people with autism, PDD, celiac 
disease, and schizophrenia contained high amounts of the casomorphin 
peptide? Similarly, Gliadorphin (gluteomorphin) has been verified by mass 
spectrometry techniques to be present in unusual quantities in urine samples 
of children with autism? 


Do The Diet! 


There are still plenty of food options that are permitted. | promise you—your 
child won't starve! We have included some recipes in Appendix 15 on page 
513 to get you started, The Diet is absolutely the most important piece of the 
puzzle. If we can’t remove what is directly linked to brain and gut inflammation, 
as well as immune-allergic reactions to offending foods, it is nearly impossible 
to heal a child on the spectrum. | have personally never seen a family recover 
a child without dietary intervention. That's not to say it hasn't happened, but 
Ihave never seen or heard of it. 


Like | said before, when we started with my son Patrick, his only legal food 
was homemade French fries. So that’s what he ate. Little by little he began to 
accept more foods. | assure you, the adjustment period will fade and they do 
eat. Stop the cycle of inflammation and addiction. Only then will your child 
begin to heal, and once your child starts to feel better he will accept more 
foods. 


Step | -The Diet “a 


In the case of my own son, his acidic diarrhea and sleepless nights stopped the 
week we started The Diet. From that moment on | was hooked, not only on 
The Diet, but also on biomedical treatments for curing autism. | have never 
looked back. | strongly encourage you to experience The Diet for your child, 
or even asa family. It is an amazing thing. 


‘rugging with al that involves. | put my son on a 
are sires a, basicaly, EVERYTHING-tree det when 


he 
AT. | delivered a GF/CF muffin to him, and 
Sad NT oe aeihet ove best about you, Mommy? | 


‘about not giving your kid that ice cream cone 
tarde ‘Softee comes by or not loading their Easter 
basket up with food dye this weekend It may ie eee 
but they wil see that you loved them enough to NO give 
them these things. 


Some other tips include the following: 


Review Your Child’s Supplement List 
Is your child taking 30+ supplements 
a day? We will talk more about 
this throughout the book, but this 
protocol is geared towards eliminating 
excesses and not about supplementing CF are awe D 
deficiencies. I's important to carefully 
review your child's supplements. In Net Ke 

order to maximize the benefits from — 

this protocol consider removing any antioxidants, (they kill CD—more on 
that in Chapter 5, page 88), calcium, magnesium (which feeds the biofilm), as 
well as iron and Br: (which are favorite foods of parasites). Supplements for 
increasing speech, reducing seizures, enzymes, and probiotics obviously have 
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their place in individual protocols. B,:, while known to feed parasites, has 
also been known to greatly boost speech in some children. If your child saw 
benefits in speech from Bra it may be worth keeping in. As always, these are 
decisions that each family has to make for their child on an individual basis. 


If a certain supplement proved beneficial to your child, then don’t remove it 
(the exception being antioxidants and the other aforementioned supplements). 
The goal of this step is to remove unnecessary supplements as they are most 
likely feeding parasites and creating “excess noise” in the body. Anything that 
is not serving a purpose needs to be eliminated. 


Keep a Journal 

Keep a record of the foods you have removed and those you have added 
in. Then, take note of the types of reactions you observe: rash, more or 
less hyper, more or less stimmy (self-stimulatory behavior), sleep patterns, 


frequency and consistency of bowel movements, tantrums, acceptance of 


new foods, eye contact, language, 
etc, Write everything down so that 
you can follow any relationships 
or patterns that will allow you to 
identify when something is working, 
or when it is not. Record these 
observations in a notebook because 
it helps guide us, especially those of 
us who are stressed, frazzled, and 


sleep deprived. 


Don’t Stress About Raw Foods 
or Perfectly Balanced Meals... Yet! 

When you are first transitioning, feed your child whatever legal foods he/she 
will eat. We are taking baby steps. Once your child is on The Diet 100%, you 
can start adding in new foods, bite by bite, if necessary. 


Do the ATEC 


Keep track of your progress with the ATEC checklist (see page 447), which 
you can find at... 


www.autism.com/index.php/ind_atec 


Technology & Engineering / Sensors y | 


Encyclopedia of Electronic 
Components 


Sensors 


Want to know how to use an electronic component? This third book of a 
three-volume set includes key information on electronic sensors for your 
projects—complete with photographs, schematics, and diagrams. You'll learn 
what each one does, how it works, why it's useful, and what variants exist. No 
matter how much you know about electronics, you'll find fascinating details 


you've never come across before. 


Convenient, concise, 
well-organized, and precise 
Perfect for teachers, hobbyists, engineers, 
and students of all ages, this reference puts 
reliable, fact-checked information right at 
your fingertips. Beginners will quickly grasp 
important concepts, and more experienced 
users will find the specific details their 
projects require. 


«Unique: the first and only multivolume 
encyclopedia of electronic components, 
distilled into three separate volumes 


= Instructive: each component description 
provides details about substitutions, 
common problems, and workarounds 


Incredibly detailed: includes information 
distilled from hundreds of sources 


Easy to browse: parts are clearly organized 
by component type 


Authoritative: fact-checked by experts to 
ensure current and accurate information 


Reliable: a more consistent source of 
information than online sources, product 
datasheets, and manufacturer's tutorials 


Comprehensive: Volume 1 covers power, 
electromagnetism, and discrete semicon- 
ductors; Volume 2 includes integrated 
circuits, and light and sound sources; 
Volume 3 covers all major types of sensing 
components 


Charles Platt is the author of Make: Electronics and Make: More Electronics. He is a former senior writer for 
Wired magazine, and is a contributing editor to Make: magazine, for which he writes a column on electronics. 
Fredrik Jansson isa physicist from Finland, with a PhD from Abo Akademi University. He is currently living 
in The Netherlands, where he works on swarm robotics and simulates sea animals in the Computational 
Science group at the University of Amsterdam. Fredrik has always loved scavenging discarded household 
electronics for parts, and is a somewhat inactive radio amateur with the call sign OHIHSN. 


Us $29.99 CAN $3499 
ISBN: 978-1-4493-341-4 


ii Make: 
IMU - 


makezine.com 
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This is an excellent way to see how you are doing. Every time that you begin 
a new intervention, it's a good idea to do the ATEC, and then repeat it every 
three months or so to see how your child is evolving. Sometimes our children 
are recovering right before our very eyes and we don't even know it. The 
ATEC can be used to measure the effects of all new interventions, not just 
The Diet. 


Using the ATEC is a great way to measure improvement. Many of us are tired, 
burned out, or don't have the best memory. A formal questionnaire can help 
us to discern when an intervention is working or not, and it only takes about 
seven minutes to fil out. See Appendix 4,page 447 fora sample survey and more 
information about ATEC. 


Always Read Labels 

Read the label on the back ofall packages—not 
just the one on the front that says “gluten-free.” 
Many times they have sugar, yeast, carrageenan, 
or other items that are not allowed, We must 
know what we are putting into our children’s 
bodies. If you can’t pronounce it... you don't 
‘want to put it into your child. Be careful of 
hidden offenders like malt, natural flavors, 
artificial flavors, whey, and numbers (red 40, 
E-441), etc. 


Have a Support System 

It doesn’t matter whether it is a friend, family member, rescue angel, 
or neighbor. Have a shoulder to lean on. Autism recovery is a marathon not 
a sprint, and no one should have to go it alone, There are so many amazing 
parents out there who have walked this path and are willing to help newbies! 
As of this writing we have several public forums open, including... 


www.cdautism.org 
and 
www.facebook.com/groups/AutismCD 
This is an excellent resource for finding the latest info, protocol changes, and 
share hope and/or frustration with parents all over the warld whe are walking 


the same path. Don’t forget to sign up for our newsletter as well by visiting 
the home page at www.cdautism.org! 
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Take it One Day at aTime 


Defeatist thinking will only harm 
your resolve to help your child “I 
‘can't do this for the rest of Johnny's 
life!” or “How will | get through this 
year?” are defeatist thoughts. Go 
hour-by-hour or minute-by-minute, 
and know there are victories every 
day in the world of autism. We 
must draw strength from those 
victories, even when they aren’t our own. Both this book and my website have 
a section of miracles and testimonials (see Chapter 2, page 19 and Appendix 1, 
page 357), whichare real correspondence have received rom parents describing 
the advances their children have made as a result of doing The Protocol. We 
receive these miracle emails and forum posts every day, but we had to pick 
and choose which ones to share in the book. You will also see them sprinkled 
throughout the chapters of this book. Take some time to read them, know 
that children are recovering every day, and believe your child can be next. 
If something doesn’t go as planned, wake up the next day and know that, THIS 
IS the first day of autism recovery. 


Why Does My Child on the Spectrum Need to 
Go on a Gluten-Free/Casein-Free/Soy-Free Diet? 


As I said before | have never seen a child recover without The Diet. The 
following information comes from www.gfefdiet.com and explains why The Diet 
is so important for people with autism. 


Scientific studies have shown the presence of high levels of peptides derived 
from casein and gluten proteins.** The digestion process is considered 
“normal” in terms of protein digestion for most people, as they make smaller 
particles called peptides that are further broken down into amino acids. 
However, in people diagnosed with autism it is more difficult to properly 
digest some of these proteins, thus allowing them to enter the blood directly 
as peptides. This often happens due to a lack of enzymes that help with the 
‘optimal assimilation of food and can be a factor in causing exaggerated bowel 
permeability (aka, leaky gut syndrome). This results in poor digestion, which 
facilitates the entry of these harmful proteins directly into the bloodstream, 
where they can crass the blood-brain barrier. 


Step | - The Diet 49 
Leaky gut syndrome has been attributed to many causes including viruses; 
Candida; gluten, which produces zonulin,a protein thought to cause leaky gut; 
amongst other things.* 


Gluten-containing foods may destroy the digestive system if they are consumed 
excessively or are introduced too early into a child’s diet. Wheat is hybridized 
through artificial processing, resulting in inadequately prepared grains. 
Casein-containing foods may also destroy the digestive system because they 
are pasteurized and/or homogenized. These processes may result in damage 
to the enzymes that break down gluten or casein, thus causing incomplete 
digestion of these proteins. 


Recently, Dr. Andreas Kalcker introduced us to the theory that the inability 
to properly digest these proteins may stem directly from parasites in the 
intestinal tract. These parasites may contribute to a leaky gut and thereby play 
a role in the development of allergies towards gluten, casein, soy, etc. 


Gluten is found primarily in wheat, rye, barley, oats, spelt, malt, most breads, 
cakes, muffins, cereals, flour tortillas, pizzas, pastries, and donuts, etc. Gluten 
is also found in food starches, semolina, couscous, malt, some vinegars, soy 
sauce, teriyaki sauce, flavorings, artificial colors, and hydrolyzed vegetable 
proteins. Casein is contained in milk from cows, sheep, goats and any or their 
derivatives such as yogurt, butter, ice cream, or cheese. No form of cow's milk 


may be consumed as it causes inflammation and mucous, Even if the product 
claims to be lactase free, cream free, or casein free—it is not allowed. 


Improperly digested gluten and casein fragments can both enter the 
bloodstream and cross the blood-brain barrier. Because of their opioid 
properties, these peptides can react with opiate receptors in the brain to 
cause effects similar to those of an opiate drug such as heroin or morphine” 
These opiates are called gluteomorphin (or gliadorphin) and casomorphin, 
and can react with some parts of the brain, for example, the temporal lobes, 
which are actively involved in the process of the integration of language and 
hearing. Interestingly, these are two of the areas most affected by autism. 


Besides their effects on the brain, opioid-forbidden foods cause inflammation 
in the gut and brain. When a child has an allergy to a food—in this case gluten, 
casein, and/or soy, etc.—as it enters the body the immune system sees it as an 
invader and reacts by trying to protect the body from the substance. 


The first time the body is exposed to a food allergen, the immune 
system makes antibody-specific immunoglobulin E (Ig£) against the 
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allergen. IgE antibodies circulate in the blood and adhere to types of immune 
cells called mast cells and basophils. Mast cells are found in all body tissues, 
especially in the nose, throat, lungs, skin, and gastrointestinal tract (Gi). 
Basophils are found in the blood and in tissues that have been swollen due to 
an allergic reaction. 


The next time the body is exposed to the same foad allergens, the allergen 
binds to IgE antibodies that bind to mast cells and basophils. These connections 
between allergens and antibodies direct the cells to release large amounts of 
chemicals, one of which are histamines. After the liberation of a histamine by 
an activated mast cell, the permeability of the vessels near the site increases. 
Therefore, the blood fluids (including leukocytes, which are also involved in 
immune response) enter the area causing inflammation. Histamine release also 
causes the release of cytokines and inflammatory mediators by leukocytes. 
These chemicals, in turn increase the inflammatory response. 


Welcome to The Diet! 

Now that we've covered the science behind The Diet, it's time to get started. 
First, make sure you complete an ATEC and save the results so you have a 
baseline score, Next, prepare a shopping list based on the following allowed 
items. 


Author’s Note: Organic products are better but not required. 


Permitted Foods 


+ Fish (small not large size) 
+ Pork 

+ Turkey 

+ No processed meats or cold cuts (hot dogs, bologna, etc.) 
+ No shellfish (preferably—full of toxins) 


+ Most fresh fruits are permitted (except citrus, mango, pineapple, kiwi 
and limit berries). 

+ Frozen fruit without added cream or sugar. 

+ NO canned fruit (nothing canned ever). 


+ Be careful of dried fruit as it may contain sugar. 
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Author's Notes: 


Juice is not permitted on this protocol as it has proven time and time again 
to annul CD and cost families precious time and money. The amount of fruit 
necessary to make a glass of juice also causes it to be high in sugars, albeit 
natural, and they can still affect the immune system. Children on this protocol 
need to drink water and generally speaking most former juice drinkers 
transition from drinking flavored beverages to water without much issue. If 
your child must drink a flavored beverage it would be acceptable to blend and 
strain or juice one apple, for example, and add it to some water and if you 
choose you can sweeten it with stevia (SweetLeaf® or KAL® brands are ok). 


Fruit should not be consumed after a meal as a dessert due to its rapid 
digestion. If it is eaten after other more slowly digested foods (i.e. meat, 
grains, etc.) it can ferment in the stomach, causing bloating, gas, or discomfort. 
Fruit is best eaten before a meal or separate from meals, 


Vegetables: 
+ Allvegerables!! 
+ Including French fries, however, not frozen fries or fries from fast 
food chains; these are often coated in flour. 


Author’s Note: | don't condone the prolonged use of potatoes, as they 
convert to sugar in the body. However, it was the only “legal” food my son 
would eat when we began the GF/CFISF diet. 


Nuts; 
+ Almonds + Hazelnuts 
+ Cashews + Walnuts 
* Coconut + Plus, they all make great milks! 


+ Amaranth + Rice 
+ Buckwheat + Sorghum 


+ Corn + Tapioca 
+ Millet + Xanthan gum 
* Quinoa 


Author’s Note: | prefer grain free diet for autism recovery, especially if your 
child suffers from “grain brain” (addiction to grains, undesireable behaviors 
and/or inability to concentrate after eating grains). If your child seems to 
be addicted to carbs, ie. fruits and starches, you may want to consider the 
Ketogenic diet or the Rosedale diet. 
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Even though these grains are allowed, they can be dificult to break down, and 
can easily ferment in the intestinal tract due to excessive Candida overgrowth, 
and parasites. 


+ All beans—EXCEPT soy + Navy 
+ Garbanzo + Peanuts 
+ Lentils 

Sweeteners: 


* Stevia (This is the best of all the sweeteners, but make sure it does 
not contain erythritol—a sugar alcohol!) 


+ Agave syrup 
+ Honey 

+ Maple syrup (natural/real—not made from corn syrup) 
+ Xylitol 

+ NO piloncillo (unrefined sugar) 

+ NO sugar 


Author’s Note: Honey is allowed, however, it can create insulin spikes. 


Prohibited Foods List 


After working with thousands of families, and conducting independent 
research, it is my personal opinion that the products on the following list 
should be avoided if your intention is to heal autism: 


+ Acetic acid (E260) 

+ Artificial flavoring 

+ Artificial sweeteners 
+ Bouillon cubes 


+ Bread 
+ Cacao/Cocoa 
+ Candy 


+ Cane sugar 
+ Carrageenan 


+ Catsup 

+ Chocolate milk 
+ Coloring 

+ Corn flakes 


+ Corn syrup 
+ Cow's milk in any form (even lactose-free milk products) 
+ Flour tortillas 

+ Gelatin 

+ Male 

+ Margarine 
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Mayonnaise 
Microwave popcorn 
MSG (Monosodium Glutamate) 
(MSG goes by many names—too numerous to mention here, A detailed 
lst is avallable ac wovwrutinlabelingorg/hiddensources html) 
Natural flavoring 
Noodle soup 
Oatmeal (except for Bob's Red Mill GF oats) 
Pasta 
Children’s nutritional shakes 
Play-Doh” 
(Contains gluten—Gluten-Free Dough is avaliable at 
rw discountschoolsupply.com) 
Preservatives 
Processed meats (hotdogs, ham, sausage, cold cuts) 
Sodas 
Soylfruit beverages 
Soy milk 
Soy sauce 
Sports drinks 
Sugar 
Yeast 


NO Cow's 


Me: 


Not casein free 
Not lactose free 

Not organic 

Not raw 

Not evaporated 

No No No cow's milk! 

Sorry, no goat's milk either! It too has casein. 
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All cow's milk, regardless of what is removed from it, causes mucous 
production in the body. This, in turn, provides an ideal environment 


for pathogens. 


If you're thinking that once you go GFICFISF + that your child will starve, trust 
me they won't! The list of foods they eat may get shorter, but they will keep 
ating. As | mentioned earlier, my son Patrick ate homemade French fries 
for the first three weeks of The Diet until he began accepting different fruits, 


‘nuts, and chicken again, but we 


..we transitioned, What | have seen in 


my own son, and in other children, is that when they begin to get healthier 
in the weeks and months after starting The Diet, they become more open to 
accepting new “legal” foods. 
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Wow. quite amazing Kerri. 
% it” and have 
have always believed that “you are what you ea 
boned eat) with what | give to my kids, so their diet 
has been quite healthy, except for the occasional ice cream, 


him 
son even ‘out candies when someone offers 
eae be Coats ‘them He is not into sweets 
at all, thank God 

But | must say this cet is just what he needed! Yay! 


There are a few loopholes to the above list. If you make your own catsup, 
mayonnaise, etc. with items from the permitted foods list, then your child can 
obviously eat those foods. The list refers to those items that come from the 
grocery store that contain white sugar, preservatives, and other problematic 
ingredients. 


There are many items on the forbidden foods list that don't contain gluten, 
or soy, Here is the explanation behind a few of those items: 


White refined sugar: Refined sugar has been found to reduce immune 
system function as well as contribute directly to obesity and Type Il diabetes. 


The following list is excerpted from Suicide by Sugar® 


+ Sugar can suppress your immune system. 
in the body. 


children. 


+ Sugar upsets the mineral relationshi 


+ Sugar can cause juvenile delinquency 


+ Sugar eaten during pregnancy and lactation can influence muscle 
force production in offspring, which can affect an individual's ability 
to exercise. 


+ Sugar can cause hyperactivity, anxiety, inability to concentrate and 
crankiness in children. 


MSG: An excitotoxin that can literally “excite neurons to death.” We need 
all of our neurons! 


Yeast: Feeds Candida and other fungi. 


Carrageenan: Contributes to inflammation in the body and studies have 
linked it to colon cancer in rats.” 
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Artificial sweeteners containing sucralose: In making sucralose, the 
chlorine in the sweetener bonds to carbon, producing a chemical known as 
a chlorocarbon. “According to physician and biochemist, Dr. James Bowen, 
chlorocarbons are never nutritionally compatible with our metabolic processes 
and are wholly incompatible with normal human metabolic functioning’"® 


Processed Meats (hot dogs, ham, cold cuts, and sausages): The fats 
found in these meats may contain high amounts of toxins such as heavy metals, 
pesticides,and herbicides. In addition, processed meats contain sodium nitrite, 
‘which can harm the liver and pancreas. They may also contain corn syrup and 
flavoring. 


Natural Flavoring: The exact definition of natural flavorings & flavors from 
Title 21, Section 101, part 22 of the Code of Federal Regulations is as follows: 


The term natural flavor or natural flavoring means the essential oil, 
oleoresin, essence or extractive, protein hydrolysate, distillate, or any 
product of roasting, heating or enzymolysis, which contains the flavoring 
Constituents derived from a spice, fruit or fruit juice, vegetable or vegetable 
juice, edible yeast, herb, bark, bud, root, leaf or similar plant material, meat, 
seafood, poultry, eges, dairy products, or fermentation products thereof, 
whose significant function in food is flavoring rather than nutritional." 


Basically if you start with a natural ingredient, you can process or manipulate 
itany way you choose. No matter how many chemicals or solvents are added 
it will be labeled as a “natural flavor.” 


Notice they can come from meat, seafood, dairy, and wheat, etc., can also 
contain MSG. 


Coloring: Food dyes have been linked to allergic reactions, hyperactivity in 
children, and even cancer. Red No. 2, for example, was banned in 1976 after 
it was suspected to be carcinogenic. Red No. 40, in a number of tests, was 
shown to damage DNA in mice. 


When we are dealing with children on the spectrum, their immune systems are 
already compromised, and their detox pathways can be blocked or impaired. 
The idea is to decrease their burden with life-giving, nutritious foods, rather 
than add more stress to a body that is already maxed out. 


Corn Syrup/High Fructose Corn Syrup: Simply because corn is a 
permitted food does not mean corn syrup/HFCS are “legal.” Both of these 
shut down the immune system, as refined sugar does. They are chemically 
similar in composition. There is much controversy surrounding the use of 
mercury in the refining process, and how much if any,is in the final product."? 
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I wanted to update you on everything with my daughter: 


had a mishap 2 days ago. A substitute teacher 

ieee reguar granola bar and a flavored 
beverage containing sucralose. You know what Kerri 
when she came home from school that day she was in 
her own world and was ignoring me. knew right away 
‘she had something she shouldn't have had | was angry 
‘and saddened by what I was witnessing. Is there anything 
we should do since she had thase 2 items that she’s not 
supposed to have. Or just continue to move forward?? 


when an 
After a while on the det it becomes obvious 

infraction happens, if you are present when it happens 
‘you can give an enzyme to help break down the food, if 
rot, we move forward and learn how to prevent if from 
happening in the future. 


Common Errors 


“It’s no big deal if we break the diet every once in a while.” 


Not True! Every time you break the diet, further inflammation is caused 


in the brain and gut. When gluten and casein proteins are not properly 
broken down, the resulting peptides reach the brain as gluteomorphin and 
casomorphin. It takes three days for casein to be eliminated by the body, 
but months for gluten to be eliminated by the body. 


“My child can drink milk as long as it doesn’t have casein.” 


Not True! As long as the milk comes from a cow, your child cannot drink 
it. It doesn’t matter how it’s labeled. If it comes from a cow it's off limits. 
Cow's milk can provoke the body to produce mucous, thus providing an 
ideal environment for pathogens which can cause chronic inflammation. 


“The allergy panel says my child isn’t allergic to gluten or casein, 
therefore he can eat them.” 


Not True! If your child has autism, or is on the spectrum, he must avoid 
gluten, casein, and soy. You should also observe your child carefully after 
adding a new food, or a food he hasn't eaten in a while. In one particular 
case, even though the child didn’t test positive for an orange allergy he 
continued to produce symptoms of an allergic reaction whenever he ate 
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Encyclopedia of Electronic 
Components 


Sensors 


Want to know how to use an electronic component? This third book of a 
three-volume set includes key information on electronic sensors for your 
projects—complete with photographs, schematics, and diagrams. You'll learn 
what each one does, how it works, why it's useful, and what variants exist. No 
matter how much you know about electronics, you'll find fascinating details 


you've never come across before. 


Convenient, concise, 
well-organized, and precise 
Perfect for teachers, hobbyists, engineers, 
and students of all ages, this reference puts 
reliable, fact-checked information right at 
your fingertips. Beginners will quickly grasp 
important concepts, and more experienced 
users will find the specific details their 
projects require. 


«Unique: the first and only multivolume 
encyclopedia of electronic components, 
distilled into three separate volumes 


= Instructive: each component description 
provides details about substitutions, 
common problems, and workarounds 


Incredibly detailed: includes information 
distilled from hundreds of sources 


Easy to browse: parts are clearly organized 
by component type 


Authoritative: fact-checked by experts to 
ensure current and accurate information 


Reliable: a more consistent source of 
information than online sources, product 
datasheets, and manufacturer's tutorials 


Comprehensive: Volume 1 covers power, 
electromagnetism, and discrete semicon- 
ductors; Volume 2 includes integrated 
circuits, and light and sound sources; 
Volume 3 covers all major types of sensing 
components 


Charles Platt is the author of Make: Electronics and Make: More Electronics. He is a former senior writer for 
Wired magazine, and is a contributing editor to Make: magazine, for which he writes a column on electronics. 
Fredrik Jansson isa physicist from Finland, with a PhD from Abo Akademi University. He is currently living 
in The Netherlands, where he works on swarm robotics and simulates sea animals in the Computational 
Science group at the University of Amsterdam. Fredrik has always loved scavenging discarded household 
electronics for parts, and is a somewhat inactive radio amateur with the call sign OHIHSN. 


Us $29.99 CAN $3499 
ISBN: 978-1-4493-341-4 
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‘one. We must remember that the body is changing constantly and that 
any test is only good for a couple of months, if at all. 


I have seen the same story repeated over and over again with mangoes, 
‘oranges, bananas,apples,and corn etc. Observing the conduct of your child 
after consuming a food you suspect he may have an allergy/intolerance to 
is the best way to measure whether the food is acceptable or not. As our 
children move towards healing, foods that at one point produced allergy- 
type symptoms can be tolerated without an immune system response. 


“My doctor says that autism has no cure, and that the diet doesn’t 
work” 


Not True! Run from any doctor who says he will take your money even 
though he feels that autism is incurable. The first question you need to ask 
a doctor i 


“How many children have your recovered from autism?” 
If the answer is zero, keep looking! 


The Diet is free—no one earns money if your child is on The Diet—so do it! 
‘You have nothing to lose, and everything to gain. However, if you choose 
not to do it, you may further lose the health or your child. Commit 100% 
to The Pratocol,and your child may be one of the next recovery stories. 


iculous 
My son had what can only be described as a mira 
auction to the GF/CE/SF det. Since starting 2 weeks ago, 
{al the bumpy red areas on his face disappeared, tantrums 
went from about a 10 to.a 2 and darrhea is all but gone. 


“We tried the diet, but Johnny didn’t get any better.” 


the foundation of 
is difficult 


The Diet is only one piece of the puzzle. However, 
everything we are going to do, Without maintaining The Diet 
to know which intervention is actually helping. 


Candida will be dying and a reaction to The Diet may be a Herxheimer. 
We must go beyond the diet to heal autism, but diet is the first piece of 
the recovery process. 

When | receive an email complaining that a child isn’t getting better | ask 
for a detailed list of exactly what the child is eating. | always find errors 
in parents’ application of the GF/CFISF + diet. What | typically uncover is 
that The Diet did not fail but that the application was flawed. 
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“I should remove gluten and casein from my child’s diet gradually.” 


Not True!!! Remove them from the diet immediately and watch your child 
improve before your very eyes. Foods that cause IgG or IgE allergic 
reactions cause many other problems in the body including inflammation 
and psychotic behaviors, in response to gluteomorphin and casomorphin. 
The sooner you can remove these foods the faster your child will recover. 


‘As soon as te) 

a developmental eve 

the results were that of a chid of 15 

after mplementing the det, the changes have been 
dramatic. My boy smies again, he speaks in his own way, 
points, has eye contact, interacts with others, he is very 


to recovered, although he is stil missing a little 
ot He Beanies nervous and sometimes el, 
the most important thing is that the therapist reapplied ie 
developmental test and my son is now reacting like a chid 
‘24 months this current agel, even in some areas surpassing 
it! And this is only with the det because he hasn't taken any 
supplements, ust a probiatic that was ineffective 


“A gluten-freelcasein-freelsoy-free diet is good enough.” 


Ie’s Not! Like | said before, | always find errors when a parent goes 
step-by-step with me through their child’s diet. The list on page 52 is a 
detailed list of what our children should not eat under any circumstances. 
Many of these foods contain neurotoxins/excitotoxins. These foods can 
negatively affect developing and mature nerve tissue. Keep them out of 
your child's diet. 


Beyond GF/CFI/SF + 


Sometimes, The Diet as explained is not enough and we need to go beyond it. 
If your child suffers from constipation, diarrhea, or seizures itis recommended 
to do a period on the Specific Carbohydrate Diet™ (SCD™). The following 
text was sourced from the wel 


www.breakingtheviciouscycle.info 


..by Elaine Gottschall. A complete list of references is also available at that 
website. 
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The Specific Carbohydrate Diet™ has helped many thousands of people 
with various forms of bowel disease and other ailments vastly improve 
their quality of life. In many cases people consider themselves cured. It is 
a diet intended mainly for Crohn's disease, ulcerative colitis, celiac disease, 
diverticulitis, cystic fibrosis and chronic diarrhea. However it is a very 
healthy, balanced and safe diet that has health benefits for everyone. The 
foods that are allowed on the Specific Carbohydrate Diet™ are based 
on the chemical structure of these foods. Carbohydrates are classified by 
their molecular structure, 


The allowed carbohydrates are monosaccharides and have a single 
‘molecule structure that allow them to be easily absorbed by the intestine 
wall. Complex carbohydrates which are disaccharides (double molecules) 
and polysaccharides (chain molecules) are not allowed. Complex 
carbohydrates that are not easily digested feed harmful bacteria in our 
intestines causing them to overgrow producing by products and inflaming 
the intestine wall. The diet works by starving out these bacteria and 
restoring the balance of bacteria in our gut. 


Autism & GI Problems 


Altered intestinal permeability was found in 43% of autistic patients, 

but not found in any of the controls (Harvard University). Intestinal 
permeability, commonly called “leaky gut", means that there are larger 
than normal spaces present between the cells of the gut wall. When 
these large spaces exist in the small intestine, it allows undigested food 
and other toxins to enter the blood stream. When incompletely broken 
down foods enter the body, the immune system mounts an attack against 
the “foreigner” resulting in food allergies and sensitivities. The release 

of antibodies triggers inflammatory reactions when the foods are eaten 
‘again. The chronic inflammation lowers IgA levels. Sufficient levels of IgA 
are needed to protect the intestinal tract from clostridia and yeast. The 
decreasing IgA levels allow for even further microbe proliferation in the 
intestinal tract. Vitamin and mineral deficiencies are also found due to the 
leaky gut problem. 


In a healthy intestinal tract the small intestine and stomach are not 
inhabited by bacteria. When the flora balance in the colon is los, the 
microbes can migrate into the small intestine and stomach, which 
hampers digestion. The microbes compete for nutrients and their waste 
products averrun the intestinal tract. One of the toxins produced by yeast 
is actually an enzyme that allows the yeast to bore into the intestinal wall. 
The yeast also produce other toxins such as organic acids, which can also 
damage the intestinal wall. 


Bacterial growth in the small intestine destroys enzymes on the intestinal 
cell surface, which prevents carbohydrate digestion and absorption. 
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The last stoge of carbohydrate digestion takes place at the minute 
projections called microvill, Complex carbohydrates that have been 
broken down by the enzymes embedded in the microvilli can be absorbed 
properly and enter the blood stream. But when the microvilli are 
‘damaged, the last stage of digestion cannot take place. At this point 
only monosaccharides can be absorbed because of their single molecule 
structure. 


In the small intestine, the body should absorb the nutrients needed 
from what is eaten. But in the case of malabsorption, the undigested 
carbohydrates left in the small intestine cause the body to draw water 
into the intestinal tract. This pushes the undigested carbohydrates 

into the colon where the microbes can feast on it. This allows for even 
‘more proliferation of the unwanted microbes and continued increase in 
‘malabsorption problems. 


Low intestinal carbohydrate digestive enzyme activity was found in 43% 
of patients with autism. (Horvath) Recent studies point out that ongoing 
carbohydrate malabsorption keeps the digestive system constantly 
weakened, leading to systemic disorders. Suspected carbohydrate 
‘malabsorption should be treated to ward off further damage to the body's 
digestive system. (GSDL) 


‘Most intestinal microbes require carbohydrates for energy. The Specific 

Carbohydrate Diet™ limits the availabilty of carbohydrates. By depriving 
these microbes of their food source, they gradually decrease in number. As 
the number of microbes decreases so do the toxic by-products they create, 


The Specific Carbohydrate Diet™ (SCD™) is intended to stop the vicious 
cycle of malabsorption and microbe overgrowth by removing the source 
of energy from the microbes. The SCD™ allows simple monosaccharides 
that do not need to be broken down in order to be absorbed. 


By following the SCD™, malabsorption is replaced with proper absorption. 
Inflammation is decreased and the immune system can return to normal. 
Once the immune system is returned to adequate levels, it can begin to 
keep in the intestines microbes in proper balance. 


The SCD™ allows simple carbohydrates, but prohibits complex 
carbohydrates. The diet is started by following an introductory diet, which 
consists ofa limited selection of foods. After the introductory diet, the next 
stage of the diet allows many more foods, but requires that all fruits and 
vegetables be peeled, seeded and cooked in order to make them more 
easily digested. Raw fruits, vegetables, nuts and seeds are added to the 
diet later. To properly follow this diet, itis imperative to read Breaking the 
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Vicious Cycle by Elaine Gottschal. The book details the progression of 
allowed foods as well as providing many delicious recipes." * 


Salicylates/Phenols 


Phenol is a naturally occurring chemical found in many of the foods we eat, such 
as fruits and vegetables, nuts, and in bioflavonoids and cartenoids (carotene, 
lutein, lycopene, xanthophylls, and zeaxanthin), etc. Phenols can be found in 
toothpaste, hair dye, and disinfectants, etc. Many foods have phenols,and they 
are impossible to avoid completely. Salicylates are a subgroup of phenols, 
related to aspirin. There are several kinds of salicylate, which plants make as a 
natural pesticide to protect themselves from insects, fungi,and harmful bacteria, 
Foods high in natural salicylates are tomatoes, apples, peanuts, oranges, cocoa 
(chocolate), red grapes, coffee, all berries, and peppers, to name a few. 


‘You may also need to consider a low salicylate and/or phenol diet, as many 
children on the spectrum may have issues with these items. The following was 
sourced from www.scdlifestyle.com. 


Dr. Feingold is probably the most widely known individual to study this 
chemical, as he developed what is now referred to as the Feingold Diet. 
He started out in the 1960s as a pediatrician and allergist studying 
children’s negative reactions to aspirin. Through his work, he found that. 
‘many other dietary chemicals were causing physical and even behavioral 
reactions in his patients. He developed the Feingold Diet to eliminate all 
food additives, colorings, and salicylates. 


Why Do People React to Them? 
In a normal body that has the correct levels of sulphates and liver 
enzymes, phenols and salicylates are easily metabolized. The body utilizes 
what it needs from the chemicals and properly disposes of the rest 
through the bowels. In those whose levels are not normal or in the case 
of “leaky gut syndrame”, intolerance to this chemical family can occur 
rather quickly. 


‘Many people with gut issues such as yeast/bacteria overgrowth or 
digestive diseases can develop salicylate intolerance as a result of “leaky 
gut” syndrome, Leaky gut is a result of various digestive problems and 
‘occurs when the small intestine becomes too damaged to properly 

filter the size and types of food particles or chemicals that enter the 
bloodstream. [For more on leaky gut syndrome see http:|/scdifestyle. 
com/201 0/03/the-scd-diet-and-leaky-gut-syndromel] When these 
improper particles are allowed to repeatedly enter the bloodstream the 
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body tries to get rid of them by triggering an immune system response. 
Because phenols/salicylates are so common in mast foods, a person with 
a leaky gut will have much higher than normal levels of these chemicals 
in their blood and can very quickly develop intolerance’s to these specific 
particles. 


Why Can Phenols Affect Children on the Autism Spectrum 
More Than Others? 

Research by Dr. Rosemary Waring at the University of Birmingham found 
that children on the autism Spectrum have low levels of the enzyme 
phenob-sulfotransferase-P (the enzyme that breaks down the phenol and 
‘amine families, also known as PST) and the substrate it uses: sulfates. 
Sulfates are a key tool that the body uses in the process of detoxification 
and break down phenols such as salicylates. Without normal levels of 
sulfates in the body, the sulfotransferase enzyme cannat do the task it 
was created to do: metabolize salicylates. So there are two problems with 
PST deficiency: low sulfate levels and low enzyme levels. PST deficiency 
‘alone can cause problems in children (remember phenols are normal) 
but factor in any intestinal damage resulting in leaky gut along with it and 
your child's body can easily be overwhelmed. The end result is a salicylate 
intolerance and the subsequent physical and behavioral reactions that. 
come with it. 


Reactions Caused by Phenols 


Salicylates stimulate the central nervous system in people that react to 
them. This can often bring with it an emotionally extreme high followed 
by a very low, low. Other reactions to the phenol family can occur 
‘anywhere fram immediately after consumption up to 48 hours after 

the consumption of the chemical, depending on the immune response. 
Physical reactions can include: dark circles under the eyes, red facelears, 
diarrhea, headache, difficulty faling asleep at night, night waking, and in 
some cases excessively tired and lethargic. Behavioral symptoms of a 
reaction can be: hyperactivity, aggression, head banging or other self- 
injury, and even inappropriate laughter. Hyperactivity is more common in 
children’s reactions, while adults generally experience symptoms similar to 
chronic fatigue.’* 


For additional information on leaky gut syndrome you may wish to look at 
(search for) Dr. Peter Osborne: 


www.glutenfreesociety.org 


If your child suffers from self-injurious behaviors limit these foods that are 
moderate to high in phenols: 
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+ Almonds 
+ Apples 

+ Avocados 

+ Bananas 

+ Cacao 

+ Cantaloupes 
+ Cherries 

+ Cider vinegar 


+ Coconut oil 


+ Colored fruits 


+ Dates 
+ Food coloring 
+ Honey 

+ Mangos 

+ Mint 

+ Oranges 

+ Oregano 

+ Peanuts 


For more information on this you can visit: 
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Pineapples 
Powdered chili 
pepper 
Processed meats 
Raisins 
Strawberries 
Tangerines 
Tomatoes 


www.scdlifestyle.com 


and 


www.feingold.org 


ex y 


She's quite the book worm and has an impressive collection 
which includes classic favorites such as Brown Bear, Llama 
Llama Red Pajama, Barnyard Banter and Goodnight Moon... But 
lately, she has been drawn to her Mama's new favorite read. 
Perhaps she is hoping that someday her story of recovery will 
be told too... 
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Gluten Syndrome 


For many parents of children on the spectrum, having their children on The 
Diet is something that is second nature to them. However, as more and 
more people are using the protocol in this book to heal their own health 
ailments we have decided to include the following section on how gluten 
can negatively affect many more than just the autism community. You will 
get a very interesting look into how the immune system works and why so 
many sufferers have misunderstood gluten syndrome. Thank you Olive for 
contributing to our understanding of the subject. 


Molecular Mimicry 
What It Is & How It Relates to the Gluten Syndrome 
by Mrs. Olive Kaiser 


Who am I? 


Jam a married stay at home mom, blessed with a wonderful husband and 
seven fantastic kids. In 2003, after decades of searching, we learned about 
gluten reactivity through our daughter's nursing school training and eventually 
confirmed that we are a gluten syndrome family. Our daughter and my 
husband had the most obvious symptoms, but we all had manifestations and 
antibodies. Additionally our oldest son reacted to his MMR vaccination and 
probably other shots, which added high functioning ASD/ADD to the mix, and 
he developed type | diabetes at age 19. Two other sons had various shades 
‘of ADD/ADHD. My own school age vaccinations in the 1950's may have led 
to repeated bouts of strep throat until | reacted to a strep antibiotic injection 
about age 10. | developed PANDAS from that reaction (Pediatric Autoimmune 
Neuropsychiatric Disorder Associated with Streptococcus). What a struggle! 
Decades later it has responded somewhat to diet changes and now the CD/ 
parasite protocol. | give thanks to God for His guidance along the way. 


How did I get into this community and this health project? 


We tested for gluten syndrome (we called it celiac disease back then) using 
standard tests recommended by celiac experts and received confusing results. 
Then, our daughter had a troubling experience with a gluten challenge that did 
not match the celiac story we'd been taught. | delved into medical literature 
and networked extensively with the gluten syndrome community looking for 
help. In that desperate discovery and prayer process | found practitioners and 
researchers who stepped outside the “villi damaged celiac only” box. They 
‘were able to explain why we received, in the midst of obviously gluten-induced 
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incidents, false negative results from our celiac blood tests and villi biopsy. 
Those tests significantly led us astray and eventually | put up a websi 


www.TheGlutenSyndrome.net 


..t0 warn others of discrepancies we stumbled upon in the diagnostic process. 


What is Molecular Mimicry? 


Molecular mimicry is a recognized medical theory which explains very nicely 
why gluten reactions may potentially inflame and damage so many different 
parts of the body, leading to very different symptoms in different people. It 
also clarifies why gluten antibodies may cross react with other foods and 
infections, and why it only takes a small exposure to trigger them. 


When we understand molecular mimicry we are better equipped to deal with 
tempting social situations, Gluten syndrome has its own rules, which do NOT 
make sense unless this concept is understood. 


The following is a brief introduction to Appendix 5, page 449, which goes into 
much more detail, along with references, about the following questions: 


1. How does the gluten syndrome reac 
bodies? 


n actually damage our 


Molecular mimicry. The molecular structure of gluten resembles the 
molecular structure of many of our body tissues. When the immune 
system attacks gluten it may also attack body tissues that “look like” 
gluten. Even if you do not read the other detailed answers, learn the 
details for this question on page 450. 


2. Does gluten always damage the villi of the small intestine as the 
celiac story teaches? Many other tissues such as thyroid, pancreas, 
liver, brain, nerves, heart, bone, blood vessel walls, etc., are 
involved in this disorder. Does all that other damage only arise 
from poor nutrient absorption from injured gut villi? 


No, according to published research, many researchers and practitioners 
believe the villi are not always damaged in an autoimmune gluten reaction. 
Where there is no villi damage, injury to other organs CANNOT be 
due to nutrient defi caused by villi damage. Molecular mimicry 
provides a mechanism for direct autoimmune gluten damage to many 
other tissues and organs when the villi are fine, OR other tissues/organs, 
including vill, may be directly damaged through molecular mimicry. 
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Dr. Vojdani's abstract in his editorial The Immunology of Gluten Sensitivity 
Beyond the Intestinal Tract, supports that the villi are not always injured. 
To quote his editorial abstract, “Evidence has been accumulated in 
literature demonstrating that gluten sensitivity or celiac disease can exist 
even in the absence of enteropathy [gut/villi damage], but affecting many 
organs.” 


3. 1 don’t have damaged villi, and my tTGigliadin tests were 


negative, but I feel so much better gluten-free. Why? 


The tests were likely false negative, That is very common. As gluten 
digests, it breaks into more pieces than we have tests developed to check 
them, and the immune system makes a separate antibody for each piece. 
Standard tests only check 2-3 antibodies. You may have others (Cyrex 
Labs tests 28 antibodies). Your villi may be fine, but you may be injured 
somewhere else—for example: thyroid, nerves, heart, etc. 


4, Why do many gluten syndrome patients not only react to wheat, 
barley, and rye but also at times to other foods, particularly oats, 
milk, corn, soy, egg, yeast, coffee, sesame, rice, chocolate and others? 


These foods “look like” gluten closely enough in their structure that the 
immune system may mistake them for gluten. This situation may also 
cause your gluten antibodies to run high after you go gluten-free. The 
immune system may misrecognize other foods, such as yeast, corn or milk, 
and others for gluten because they resemble gluten molecularly, 


5. The diet seems excessively strict? Why does it take so little 
gluten to start a reaction? 


Our perspectives are skewed. We accept that miniscule amounts of venom 
injected by a bee sting, or a tiny exposure to peanuts in allergic individuals 
can set off immediate life threatening allergic reactions. Many medications 
are contained in very TINY pills, but they have powerful effects in our 
bodies. Immune gluten reactions are also that sensitive. “Crumbs matter.” 


6. Why do many people react to gluten, proven by antibody tests, 
but they have few or no warning symptoms for along time and then 
they crash with something serious, usually autoimmune? 


Gluten is famous for slowly injuring nerves by molecular mimicry, and 
in many cases, the nerves are silenced by that injury. The patient does 
not realize there is a problem until the tissue or organ that those nerves 
supply begins to fail. 


7. Why do so many of us react to gluten today, when for centuries 
most people appeared to be fine with wheat, barley, rye and oats? 
After all, wheat and barley are mentioned positively in the Bible and 
other historical documents. 
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Today's gluten is altered, violently, by nuclear radiation and chemical 
mutation within the past 60 years*, plus our toxic and poorly nourished 
bodies do not have optimal digestive capabilities to break it down. Weak, 
toxic, leaky body barriers/membranes, particularly leaky gut, set the stage 
for gluten induced molecular mimicry. 


*Nina Federoff, Mendel in the Kitchen 
8. Why do specialists and researchers insist that the gluten-free 


diet must be life long? Can't we heal this problem and go back to 
our beloved wheat bagels, croissants, and brownies? 


(Our scientists still insist that gluten-free is a strict lifelong commitment. 
agree. For me it is not worth playing with today’s wheat. There is 
something strange and unpredictable about it. The memory B cells in 
the immune system never forget what the enemy “looks like”, and fresh 
exposure retriggers antibodies. 


9. Traditional peoples soaked and/or sprouted their wheat berries 
and then made sourdough bread with them. Does that process 
alter the gluten sufficiently for gluten syndrome patients to safely 
consume this bread, particularly spelt or einkorn? 


No. These processes and ancient wheat grains do make the bread more 
digestible, but not gluten-free and still unsafe. 


10. Should | substitute all the gluten foods | routinely eat with 
gluten-free substitutes? 


No, not routinely. The gluten-free community finds that they are still 
mainly expensive high carb processed food (ie., junk food). 


11. What are gluten withdrawals? 
‘Occasionally, gluten breaks into specific “pieces” in the gut that resemble 
opiate drugs. When a person goes gluten-free, they may experience 
temporary, but unpleasant, withdrawal symptoms for a few days as these 
pieces disappear from the blood stream. 


12. What are the risks of formal gluten challenges? 


Many patients avoid these challenges. Occasionally a patient tries the 
gluten-free diet for an extended period of time and then the patient or 
doctor decides to run tests to confirm gluten reactivity. The standard 
advice to restart the production of antibodies is to consume gluten 
products 4 x per day for 4-6 weeks, and then run the standard blood 
test, followed by a vii biopsy if the blood wark is positive. This is called 
a gluten challenge and has created some very dramatically unhappy 
reactions, some of them neurological/psychological. 
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Please see Appendix 5 (page 449) and www.GlutenSyndrome.net for 
more info and references. When we understand molecular mimicry our 
understanding of the gluten syndrome comes into focus. It explains why 
gluten-free diets and beyond are important tools to reduce inflammation 
and promote healing. As time goes on, gluten-free diets are easier to 
manage in public, tests are better and social awareness has grown, The 
Just Eat Real Food movement and others play into healthy gluten-free 
dining with wonderful recipes that avoid processed foods and incorporate 
healthy fats and nutrient density. This is a happy, encouraging era as we 
watch our children heal and adults find better stability in the midst of a 
health crisis. Bon Appeti 
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The Diet - FAQs 


The following FAQ's were printed with permission from gfcfdiet.com: 


Slight changes were made to match the formatting of this book; however, the 


content remains unaltered, Please vi 


it gicfdiet.com for complete list of the 


references contained within the following text. 


1s 


My doctor has never heard of any of this and she is extremely 


skeptical. I’m embarrassed to tell her I'm considering this approach. 
What do you think? 


Skepticism is a good thing in a medical doctor or scientist. However, 
since there is preliminary evidence to support this safe, non-invasive 
intervention, it is up to you to educate her, state your wishes, and 
ask for her support. For a doctor, it is better to wait until all of 
the data is published in peer-reviewed journals before advocating a 
treatment. However, for a parent, it is reasonable to want to help 
one’s child without waiting for all of the results of the “double-blind 
placebo” studies. Because this approach does not include any unusual 
supplements, invasive drugs,or expensive treatments, your pediatrician 
should be supportive. Explain that you would like to try this for a few 
weeks, and agree that you will be objective about recording your 
child's progress while on the diet. 


If you feel that you need to support your case legally with 
the scientific and medical documentation that is currently 
available, please see the medical links at www.gfcfdiet.com or at 
wwwautismndi.com. 
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2. What is casomorphin? 
Casomorphin (or caseomorphin) is a peptide derived from casein, a 
milk protein. Casein is one of the major proteins in the milk of all 
mammals including cows, goats, and humans. When casein is digested 
properly, it breaks down into large peptides like casomorphin, and 
should then be broken down further into smaller amino acids. 


However, Dr. Reichelt in Norway, Dr. Cade at the University of 
Florida, and others found that urine samples from people with autism, 
PDD, celiac disease, and schizophrenia contained high amounts of the 
casomorphin peptide in the urine.* In its peptide form, casein has 
opiate properties similar to morphine, and may plug into the same 
opiate receptor sites in the brain. Researchers have found that these 


peptides may also be elevated in other disorders such as chronic 
fatigue, fibromyalgia, and depression based on anecdotal reports of 
symptom remission after exclusion of wheat and dairy. 


3. What is gliadorphin? 


Gliadorphin (also called alpha-gliadin or gluteomorphin) is a substance 
that resembles morphine. Ordinarily, this is a short-lived by-product 
from the digestion of gluten molecules (found in wheat, barley,rye,oats, 
and several other grains). Gliadorphin is very similar to casomorphin. 
Gliadorphin has been verified by mass spectrometry techniques to be 
present in unusual quantities in urine samples of children with autism, 
and are believed by many to be a central part of the system of causes 
and effects that cause autistic development. 


The most probable reasons for the presence of these molecules are: 
+ One or more errors in the breakdown (digestion) process caused 


by enzyme deficiency and/or 


+ Abnormal permeability of the gut wall (that would allow these 
relatively large molecules to enter the bloodstream from the 
intestine in abnormal quantities). 
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4, 1am confused about allergy vs. intolerance. | understand that 
our children may be sensitive to corn, soy, and other foods as well 


as gluten and casein. Does tl 


is mean that they will eventually start 


turning these foods into the morphine-like compounds too? If this 
were the case, would they show up as an allergy on a RAST test? Or 


were our children always allergic to these foods (a regular allergy 
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that may cause behavioral changes in our children), and we just 
didn’t know because the gluten and casein were hiding the allergy? 


To a traditional physician or allergist, “allergy” is used to describe 
a reaction of the IgE part of the immune system, resulting in hives, 
swelling, or breathing problems. However, the words “allergy” and 
“intolerance” are often used to describe any inappropriate reaction 
to foods or substances that should normally be harmless to the body. 


There are at least three different ways that a child with autism may 
have a problem with foods that contain gluten or casein, and it's 
important to understand the distinction: 


1. An Ig& ALLERGY commonly results in skin problems, hives, 
swelling, and breathing problems, etc. This can be tested using a skin 
test or blood test. 


2. An INTOLERANCE (usually mediated by the IgG or IgA part of 
the immune system, or by an enzyme insufficiency such as lactose 
intolerance) has more varied or vague symptoms like discomfort, 
stomach problems, sleep problems, joint pain, ear infections, or 
hyperactivity and behavior problems. Sensitivity to these substances 
can be tested with an ELISA blood test. 


3. PEPTIDUREA (peptides in the urine) is caused by the inability of 
the body to properly break down certain proteins. It is hypothesized 
that certain peptides, notably from milk and wheat proteins, are 
plugging into the opiate receptor sites of the brain and disrupting 
brain and nervous system function. Urine testing for this is still 
experimental, and many parents believe that the best way to find out 
if this is what is causing a child's autism is a strict trial period on the 
GFICF diet. 


On the GF/CF diet, gluten and casein are avoided because they are 
strongly suspected of having a direct pharmacological effect. When 
these proteins are only partly broken down, some of the resulting 
fragments can be strikingly similar to morphine, and act in more or 
less the same manner. (This type of reaction can co-exist along with 
a classic type of allergy towards the same foods.) 


Recent research indicates that protein from both corn and soy may 
also contain some molecular sequences that could, if the patient 
has an enzyme deficiency, be broken down into something closely 
resembling opioid peptides. Even spinach protein has been found to 
have some opioid activity. 

Products made from soy or corn will also often contain metabolic 
end products made by microscopic organisms like bacteria, molds, 
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‘or other fungi. Some of these are suspected of being harmful to a 
small number of people who are genetically predisposed to autism. 
The amount of danger will depend on individual conditions AND on 
the quality of the corn or soybeans used in the production process. 
Soy OIL (lecithin) may be worse than most other soy products since 
this product will look and taste okay, even when made from moldy 
raw material, and since it is commonly made from the “bottom grade” 
of the harvest. 


‘Some people also think that one of the natural pigments in corn (lutein) 


may cause problems for reasons that are not properly understood 
(see:"Sara’s Diet”), This must be regarded as highly speculative. 


5. I don’t think my child has allergies, or that allergies could cause 
autism. Why should | try removing foods from his diet? 


6. 


Although parents have been reporting a connection between autism 
and diet for decades, there is now a growing body of research that 
shows that certain foods seem to be affecting the developing brains 
‘of some children and causing autistic behaviors. This is not because 
of allergies, but because many of these children are unable to properly 
break down certain proteins. 


Milk and wheat are the only two foods my child will eat. His 


ict 


is completely comprised of milk, cheese, cereal, pasta, and bread. If 


I take these away, I’m afrai 


1. 


he'll starve. 


There may be a good reason your child “self-limits” to these foods. 
Opiates, like opium, are highly addictive. If this “opiate excess” 
explanation applies to your child, then he is actually addicted to those 
foods that contain the offending proteins. Although it seems as if your 
chil 


will starve, if you take those foods away, many parents report that 
after an initial “withdrawal” reaction, their children become much 
more willing to eat other foods. After a few weeks, most children 
surprise their parents by further broadening their diets. 


Isn't milk necessary for children’s health? 

‘Americans have been raised to believe that this is true, largely due 
to the efforts of the American Dairy Association, and many parents 
seem to believe that itis their duty to feed their children as much milk 
as possible. However, lots of perfectly healthy children do very well 
without it. Itis calcium children need, not milk. Cow's milk has been 
called “the world’s most overrated nutrient” and “fit only for baby 
cows.” There is even evidence that the cow hormone presenti dairy 
actually blocks the absorption of calcium in humans. 
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Be careful. Removing dairy means all mill, butter, cheese, cream 
cheese, and sour cream, etc. It also includes product ingredients 
such as “casein” and “Whe 1g the word 
“casein.” Read labels—items like bread and tuna fish often contain 


‘or even words contai 


milk products. Even soy cheese usually contains caseinate. 


For more information on dairy-free living, there's a very good book 
called Raising Your Child Without Milk by Jane Zukin. Another great 
book called Don’t Drink Your Milk by Frank Oski (the late head of 
pediatrics at Johns Hopkins and author of Essential Pediatrics). This 
book cites the results of several research studies that conclude that 
milk is an inappropriate food for human children. It is available for 
$4.95 from Park City Press, PO Box 25, Glenwood Landing, NY 11547, 
ISBN #0671228048. 


8. How do I know which foods he's allergic to? 


Try an allergy elimination diet. For example, keep common allergens 
out of his diet for a few days and then re-introduce them, one-by-one. 
If you see symptoms, either physical or behavioral, try again in a few 
days. By being systematic you will be more certain of which foods 
are causing problems and correctly rule them out. Two excellent 
resources, probably available at your library, are Doris Rapp's book, Is 
This Your Child, and William Crook's, Solving the Puzzle of Your Hard to 
Raise Child. 


9. Aren’t eggs dairy? 


Many years ago, most of us were taught that eggs and dairy were part 
of the same section of the food pyramid under “dairy.” However, they 
are not. Eggs are free of any dairy. Dairy can be from cows, sheep, or 
goats. The eggs we eat are normally from chickens. Dairy and eggs 
happen to be side-by-side in the refrigerator section of the grocery 
store, which may add to the confusion. 


10. What do I do when we go to a party or out to another person’s 
house and are trying to maintain my child on a GFICF diet? At times 
we find it impossible to catch him before he ingests something he 
shouldn't. 
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lL. 


It is a good idea to bring some favorite GF/CF goodies with you. Keep 
them hidden until that moment of “competition.” Show the surprise 
treat to your child before your child eats one of the gluten and/or 
casein laden foods. Bring more than one goodie to be on the safe 
side. Also, there are two small pamphlets that are great for handing 
out to friends and family members that give a simple explanation for 
your childs special dietary requirements. These are: “Alternative 
Treatments for Children Within the Autistic Spectrum: Effective, 
natural solutions for learning disorders, attention deficits, and autistic 
behaviors,” by Deborah Golden Alecson, and “Leaky Gut Syndrome: 
‘What to do about a health threat that can cause arthritis, allergies, 
and a host of other illnesses,” by Elizabeth Lipski, M.S.,C.C.N. Both of 
these books cost $3.95 each and can be found at health food stores. 


Do we need to worry about gluten-contai 


ing lotions, 


shampoos, and toothpaste being absorbed through the skin? 


12, 


Nicotine patches, birth-control patches, and other transdermal 
applications of medications are proof that the skin does absorb many 
things (and pass them to the bloodstream). However, the molecules 
in gluten are too large to pass through the skin, according to John 
Zone, MD (a dermatologist quoted in the Spring 2003 issue of Living 
Without magazine). 


Most often the problem occurs from hand to mouth (i. touching 
colored modeling dough and then touching one's face), which is agood 
reason to avoid giving our kids much access to anything that poses 
a threat. If your child's school has a sensory table, you can request 
that it be filled with rice or dried beans, instead of macaroni or gluten 
grains. Likewise, we suggest that you volunteer to be the “Play-Doh” 
parent” and keep the classroom supplied with a safe version that you 
don't have to worry about. 


We are not too concerned about shampoo, unless you have a child 
Who is likely to try to drink the stuff. But toothpaste is an entirely 
different matter, since some of it is likely to be ingested, rather than 
spit out. 


Vm already worried about my child’s nutrition, and his 


“allergies” are causing me to further reduce his choices. If apple 


e and bananas are the only fruits he will eat, and he’s reacting to 


them, how is he supposed to get by? 
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Fruit contains water, sugar, fiber, and vitamins. If he will not eat other 
fruits then he needs to get these things from other sources. 


13.1 am wondering if anyone else is having problems with school 
and keeping them on the diet? I have sent a note saying: “Please 
don't give my son dairy, wheat, corn, or soy.” Today I came in and 
they were giving him Popcorn! 

My kid doesn’t eat ANYTHING that isn't sent from home. He’s almost 

ten now, and this policy has been good for him because succumbing 

to temptation outside of the house has simply never been an option. 

| don't think it would occur to him to take food from anybody without 

our permission. 

We always made sure there are backup snacks and birthday party 

treats at school for emergencies. | think the school has always taken 

this seriously because they can see how seriously we take it. 


We once got a note from a mom who said that her son had been 
strictly GF/CF for months without an improvement. | asked what he 
was eating, and she gave me a long list including expensive GF pre- 
packaged products. Then she ended her letter by saying, “Of course, 
that's just what he gets at home. | have no idea what he gets in his 
school lunch, or what they're using for food reinforcers in his ABA 
program." 


Definitely try this—you might see a real difference. 


14. What percentage of children will respond to dietary 
intervention? 


DAN! doctors used to try to be conservative about this, and say at 
least a third of children, and then, after seeing more patients, they 
said two thirds, Now that they have seen hundreds or thousands of 
patients, most tell us that they believe that almost every ASD child 
will benefit from this diet. Many will need further modifications (ie. 
removing grains or sugar) before the full benefits are realized. 


However, age plays a big part in how quickly results will be seen. We 
‘can probably say that the response will be dramatic in more than two 
thirds of the children under three, and perhaps more subtle, but still 
helpful, in at least two thirds of older children. We think those are 
pretty good odds? 
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Kerri, yesterday the therapist was playing with Play-Doh" with my 
daughter. She could not resist eating it. We tried very hard to stop 
her with no luck. In the end we had to stop her from playing with 
it. People say this is due to a zinc deficiency. Do you know if this is 
correct? Will giving her Zinc stop her from wanting to eat Play- 
Doh'"? If yes, how much should I give? 
She is not eating Play-Doh” because of a zinc deficiency. Play-Doh” 
contains wheat. She is addicted to gluteomorphin, a by-product of her 
eating gluten, which is contained in Play-Doh™.So, she broke her diet. She 
cannot touch nor eat Play-Doh". 


What exactly is Candida? 
Candida albicans is an opportunistic fungus (or form of yeast) that is the 
cause of many undesirable symptoms ranging from fatigue and weight gain, 
to joint pain and gas. 


The Candida yeast is a part of the gut flora, a group of microorganisms 
that live in your mouth and intestine. When the Candida population starts 
getting out of control it weakens the intestinal wall, penetrating through 
into the bloodstream and releasing its toxic by-products throughout the 
body. 


What Causes Candida Overgrowth? 


Candida is an opportunistic pathogen that can rapidly take over when a 
person is under a course of antibiotics. Antibiotics destroy beneficial gut 
flora but have little effect on Candida, giving this normally harmless yeast 
the chance to take over dominance of the gut environment very quickly. 


Babies born via C-section, or to mothers who were treated with IV 
antibiotics during labor are especially vulnerable to the ravages of Candida 
‘overgrowth. This is because they are not exposed to a healthy balance of 
gut flora on the way through the birth canal prior to the moment of birth. 


..disaccharides, or double sugars, are present in many carbohydrates 
including ALL grains—not just gluten containing ones. An inflamed, 
imbalanced gut overridden with Candida is unable to digest double 
sugar molecules completely because the lack of beneficial gut flora has 
compromised the function of the enterocytes. 

According to Dr. Natasha Campbell-McBride MD, author of Gut and 
Psychology Syndrome, and one of the key scientists at the forefront of gut 
restoration research today, enterocytes are the cells that reside on the 
villi of the gut wall and produce the enzyme, disaccharidase, which breaks 
down the disaccharide molecule into easily absorbed monosaccharide 
molecules. When the enterocytes are not nourished and strengthened 
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properly by adequate beneficial flora, they become weak and diseased 
and may even turn cancerous. Unnourished, enterocytes cannot perform 
their duties of digesting and absorbing food properly.!*” 


‘The critical importance of the enterocytes to health cannot be overstated! 


Weak and diseased enterocytes also have trouble digesting starch 
molecules, which are very large molecules that consist of hundreds of 
monosugars, connected in long branchlike strands. People with weak 
digestion due to Candida overgrowth and messed up enterocytes have 
a terrible time digesting these complex molecules leaving large amounts 
of it undigested—the perfect food for pathogenic yeasts, bacteria, and 
fungi like Candida to thrive upon. Even the starch that manages to get 
digested results in molecules of maltose, which is—you guessed it—a 
disaccharide! This maltose also goes undigested due to a lack of the 
enzyme disaccharidase and becomes additional food for Candida. 


We are a few days into the diet. Can someone comment on what 
they send to daycare with their kids for snacks? Our daycare is nut 
free as well. We are ok for lunches but what should we take for 
snacks. The gluten-free pretzels, etc. we were taking he can’t have 
now because of yeast and soy. 


Here a few suggestions: Hard boiled eggs, cut up raw veggies and fruit, 
air popped popcorn, apples, bananas, dried fruits (with no sugar added). 
Also you can join “CD/CDS MOMS WHAT IS MY KID EATING TODAY” 
Facebook group. You can find more ideas there. 
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Chapter 4 


An Introduction 


to Chlorine Dioxide 
by Jim Humble 


“Condemnation without investigation is the height of ignorance” 
-Albert Einstein 


Jim Humble, the man behind chlorine dioxide for healing, was kind enough to write 
the following introduction to our CD section. 


| just can't tell you how pleased and proud 
eo, Iam that Kerri has developed protocols 
using chlorine dioxide as the main ingredient 


< to bring health and normalcy to many children 

who had the symptoms called autism. Their 

resulting healing is one of the greatest stories 

of this and the last century. Kerr's ability to 

look at something new and to evaluate the 

value of the new item without being totally 

affected by the dictates of present established 

medical science is truly rare. Kerri decided 

to do something since modern medicine has 

yet to come up with a reasonable priced globally available solution to the 


problem of autism that yielded good results. Medical science says that autism 
is incurable, that millions of children have to be left to suffer and live without 
reaching their potential. At this writing 115 children have recovered, hundreds 
more are near recovery and thousands have had documented improvements 
asa result of being treated with Kerri's protocol. 


Here are some basic points: 


Chlorine dioxide (the molecule) was discovered in 1814, with many giving 
credit to Sir Humphrey Davy for its creation, and today several patents exist 
for healing various ills with it (see list on page 85). 


MMS (Master Mineral Supplement) — | rediscovered chlorine dioxide in 1996 
and since then more than 1,020 people have traveled from more than 95 
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countries to the Dominican Republic, Mexico, and other countries, to be 
trained in its use. By our estimation, more than 10 million people worldwide 
have used chlorine dioxide. 


The highest cost of a set of bottles of sodium chlorite + activator is less than 
$25 for 4 ounces of each. This means that almost any place in the world the 
average dose of chlorine dioxide is less than 4 cents, or less than $.40 a day or 
$25 for 2 months. In most places it is even less than that. So far there is no 
one in the world who can't afford it or who wouldn't be able to get it merely 
by asking if they can't afford it. 


The chlorine dioxide molecule is the weakest of all oxidizers used in the 
human body and thus has very litte effect on human cells. This molecule 
has the unique ability to recognize and oxidize (kill) harmful bacteria. Hans 
Christian Gram,a scientist of the 19th century, discovered that most harmful 
bacteria have a negative charge. He was able to dye positive and negative 
bacteria two different colors. His techniques are still used in laboratories and 
univers rs, including chlorine dioxide, have a positive charge 
that will attract and kill negatively charged bacteria while repelling positively 
charged bacteria, Chlorine dioxide is thusly able to kill bad bacteria without 
destroying the good bacteria. This is simple high school science; like charges 
repel and unlike charges attract.! 


ies. All oxi 


Most chemicals and many foods in this society are tested to determine their 
poison index, which is designated by giving them a toxicity number known as 
LDso. Sugar, table salt, butter, arsenic, cyanide, vinegar, wine, Clorox, window 
cleaner, and dozens of other household and industrial chemicals are rated as 
to their toxicity by force feeding 10 rats with the food or chemical in question 
until 4 of them die. The amount of chemical or food that it takes to kill 5 of 
the 10 rats determines the LDsy number. Every chemical has a toxic rating 
and is indicated as an LDsy number. All chemicals are toxic in large enough 
quantities and there are a lot of unlucky rats in our society. 


There has never been a recorded death caused by ingestion of chlorine 
dioxide or sodium chlorite in humans. In the case of chlorine dioxide, it would 
take 1000 times more chlorine dioxide than is used in a daily treatment dose 
to reach a toxic dose for a human being. The following information is from 
the Toxicological Profile for Chlorine Dioxide and Chilorite (published by the US. 
Dept,, of Health & Human Services) which contains LDss toxic numbers for 
chlorine dioxide along with documentation that no deaths have been caused 
by chlorine dioxide (Emphasis in italics is the author's): 
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No information was located regarding death in humans following oral 
exposure to chlorine dioxide or chlorite. Shi and Xie (1999) indicated that 
an acute oral LD value (a dose expected to result in death of 50% of the 
dosed animals) for stable chlorine diaxide was > 10,000 mgikg in mice? 


| should say something about bleach as a number of critics insist that MMS 
(chlorine dioxide) is a bleach and thus is a poison. Chlorine dioxide, the 
chemical that is MMS, has never been used domestically asa bleach for cleaning 
toilets. It is an industrial bleach when used 4000 times more concentrated 
than MMS, It is never used for bleaching purposes in the homes of people of 
this world. 


Legally, ethically, morally, and logically, if any item does not have the 
characteristics of a particular item, it cannot be said to be that kind of an 
item. This means that a chemical that does not have the characteristics of 
bleach cannot be called bleach. Soa chlorine diaxide solution being 4000 times 
‘weaker than that of bleach cannot be called bleach. This is a fact accepted in 
courts of law of the world, 


I sincerely hope you will take the time to understand the basics of chlorine 
dioxide as explained here. Any time one has helped someone overcome the 
symptoms of autism he has helped save a life, as those suffering from the 
symptoms of regressive autism are not living their full lives. The end result 
of learning this data is that the time may come when you will need chlorine 
dioxide to save your own life or that of a loved one. 


Archbishop Jim Humble 
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A message from Kerri to Jim Humble 


“With all my love, respect and gratitude. You have swum 
against the current for so long, and | am so fortunate 
that you waited for me. | will continue to recover these 
generations of children that are the victims of a senseless 
epidemic. As you have done, | will do. We can’t change 
the past, but the future is ours. You have brought light to 
where there once was none.” 


“All truth passes through three stages. First its ridiculed. Second, it is 
violently opposed. Third, t is accepted as being self-evident.” 
~ Arthur Schopenhauer 


C (chlorine dioxide) is the most amazing intervention that | have 

ever tried with my son. It by far packed the biggest punch in the 
shortest amount of time—we saw the positives in under a week with no side 
effects! (A Herxheimer reaction is nota side effect.) After seven days on CD, 
my son was looking at me in the eyes and requesting non-preferred activities 
using four word sentences. | have never, with any other intervention, seen 
a change in my son come about so quickly, 
typical non-responder before CD. 


specially since Patrick was your 


The chlorine dioxide 
‘molecule (CD). 


Why CD for Autism? 


We know that the symptoms known as autism are caused by: 


+ Viruses + Heavy Metals 
+ Bacteria + Inflammation 
+ Candida (yeast) + Food allergies 
+ Parasites 


CD catapults children into recovery because it kills these exact things. As 
of this writing, over three years since we started using CD in our protocol 
to heal autism, 115 children have lost their diagnosis. Thousands of children 
around the world are healing, and that means their families are healing as well, 
and for this | am eternally grateful. 
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CD has confirmed my faith and has shown me time and time again that autism 
IS curable. My life has changed since the day my son was able to look me 
in the eyes, smile, and request things. | could not keep information of this 
magnitude a secret. | absolutely had to share it with anyone who would listen. 


CD js very affordable as you can purchase a two to three month supply from 
multiple worldwide suppliers on the Internet for around $25USD. The cost 
difference between the CD Autism Protocol and a megavitamin/supplement 
based biomedical protocol for a family living without insurance (or in a third 
world nation) could be the difference between recovering their child and not 
recovering their child. The results are also vastly different. 


You can think of CD as a shortcut to recovery because it kills all pathogens 
with one shot. Hypothetically, you could use antibiotics, antifungals, and 
antivirals to get the same results; however, you could also cause damage due 
to harmful side effects from these products (liver and kidney stress,etc.). Also, 
antibiotics, antifungals, and antivirals can only target certain bacteria, viruses, 
and fungi. CD targets all types of pathogens based on their electrical charge 
and pH. The particular strain is irrelevant. 


CD causes no side effects, leaves no toxic residues,and causes no liver damage. 
It causes no new stress to already stressed bodies. Everything else we use to 
Kill pathogens leaves something behind. For example, antibiotics also kill your 
beneficial bacteria, and antiviral use comes with contraindications and side 
effects, CD is gone from the body one hour after your last dose, leaving no 
trace behind, We dose hourly throughout the day because CD is only active 
in the body for up to one hour. We must continue to dose if we want to stop 
the proliferation of pathogens and eliminate them from the body. 


A few children with autism in Venezuela recovered using only CD, The Diet, 
and a probiotic. That doesn't happen every time, but it can. 


False Information and the Fear it Creates 


The most common reason that families have told me they are afraid of trying 
CD is because of false propaganda. The FDA, anti-biomed parents, and others 


have claimed that MMS (Jim Humbles term for a weak concentration of 
chlorine dioxide in aqueous solution) is a “poison,” comparing it to chlorine 


cor chlorine bleach, which it is not. 
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If you are interested in a deep dive into the science behind chlorine dioxide 
therapy (also known as MMS), please spend some time on Dr. Andreas 
Kalcker’s websites. 


www.medicasalud.com 
«mostly in Spanish, though it has a few pertinent documents in English, and... 
www.andreaskalcker.com 
Also check Jim Humble's website: 


www.jimhumble.org 


There, you can also find a forum (G2Cforum.org) of people discussing the use 
of CD (MMS) for the healing of a multitude of ailments. 


Inanutshell,chlorine (Cl) and sodium hypochlorite (NaOCl,aka chlorine bleach) 
are as different from chlorine dioxide (CIO,) as “required-for-life” oxygen 
(Q,) and “will-damage-the-lungs” ozone (Q,) are different from each other. 
Chlorine (Cl) and sodium hypochlorite (NaOCl!) destroy pathogens through 
“chlorination,” while chlorine dioxide (CIO,) destroys pathogens by “oxidation.” 
The by-products of chlorination can bond with other molecules and form 
potentially carcinogenic trihalomethanes. The only byproducts of oxidation by 
chlorine dioxide are two neutral oxygen atoms and a chlorite ion, which can 
bond with sodium in the body to form table salt (NaCl). 


Laundry Bleach 
OR 


Chlorine Dioxide IS NOT. 


Pool Chlorine 
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Your doctor is most likely not a chemist, and may or may not be fluent in the 
language of oxidizers. If you are working with a doctor, please take the science 
to them when you speak with them about adding CD to your child's protocol. 
The best thing we can do for our sick children is to make informed decisions. 
Understanding the difference between chlorine and chlorine dioxide, or 
chlorine bleach and chlorine dioxide may mean the difference between your 
child recovering or not. 


Ihave shared this with thousands of families around the globe whose children 
have used chlorine dioxide in very dilute aqueous solutions, and NONE have 
had any injuries from CD. Sure, we have had discomfort in the form of a 
Herxheimer reaction, This is something we have learned to minimize, and 
can often be prevented by going low and stow. I have learned that what may 
appear negative at the outset, often turns out to be a healing crisis that leads 
to Incredible gains in the long run. 


Many of the first world children whe have done the CD protocol have done 
it in parallel with other autism protocols. They have had regular blood, urine, 
and stool tests and generally test healthier while using CD than before they 
started, CD is fortifying immune systems, improving liver function, reducing 
bacterial and viral loads, Candida markers, an 


did round of blod tests on my son, 
ne Function Test best ever after months of MMS. 


Critics also frequently cite the fact that sodium chlorite and chlorine dioxide 
can be used for industrial bleaching processes, as a way to frighten parents 
‘out of using it. Just because a substance has the power to remove color, 
or bleach something, doesn't mean it's “bleach.” Lemon, sunlight, hydrogen 
peroxide, and toothpaste all remove color from textiles. We would never 
call toothpaste bleach, even though it’s capable of removing color, nor would 
‘we call sunlight bleach, even though that’s what it can do to your clothes if 
you leave them outside long enough. From here we can draw a very similar 
analogy to using chlorine dioxide for health. The dilutions we are using for 
internal consumption in aqueous solution (water) are very weak. Day one 
starts with just one drop in eight fluid ounces of water. 


The 1984 study, Controlled Clinical Evaluations of Chlorine Dioxide, Chlorite and 
Chlorate in Man, found no deleterious effects when taking a concentration 
of up to S0ppm over several hours a day for three weeks.' As jim Humble 
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mentioned (see page 79), the concentrations used for industrial purposes are 
are thousands of times more concentrated than what families have been 
using for their children on the spectrum. 


Any substance can become toxic if taken in too high a concentration—even 
water:? Chlorine dioxide is no exception. We always increase CD dosages, 
low and slow, and have a respect for the power that chlorine dioxide can have 
cover pathogens, always resisting the urge to ramp up our dosing too quickly. 


IS 68 Days ago and my son’s ATEC has 
beeletiets "50-23. nee Yrat’s a MIRACLENW He is So 
tnuch more ‘with us” and Im seeing improvements daily He 
is pst so much more fun to be with now!) He dd have a 
plateau, but is back on track We have only done ft enemas 
‘fo date, but they made a big difference! Baths do as wel 
Jean't wait to see what he is lize on his 4th birthday til 


39 days away) 


Chlorine Dioxide was discovered in 1814 by Sir Humphrey Davy as an effective 
disinfectant. Since then, numerous companies have patented its use for countless 
applications, including food and health. 


The following is an excerpt from Jim Humble’s Nov 21,2012 newsletter: 


Dr. Andreas Kalcker spoke of patents obtained by different multinational 
pharmaceutical companies, to cash in on this product or to prevent it from 
being marketed. 


‘Some of those patents include: 


+ Nontoxic Antiseptic (Pat 4035483/197) 
‘+ For combatting human amoebas (Pat.4296102/1981) 
+ Against dementia caused by AIDS (Pat $877222/1999) 
+ For curing all types of illness of the skin (Pat 4737307/1988) 
+ For disinfecting live blood (Pat. 5019402/1991) 
+ For curing injuries more rapidly (Pat. 5855922/1999) 
+ For all types of oral care (Procter & Gamble) 
(Pat. 625137281/2001) 
+ Against infections caused by bacteria (Pat. 5252343/1993) 
+ For treatment of severe burns (Pat.4317814/1982) 
+ For the regeneration of bone marrow (Pat. 4851222/1989) 
+ Treatment of Alzheimers, dementia etc. (Pat. 8029826B2/201 1) 
+ To stimulate the immune system in animals (Pat. 6099855/2000) 
+ To stimulate the immunological system (Bioxy. Inc.) 
(Pat. 5830511/1998) 
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“The danger that may occur is if one mistakenly used a highly concentrated 
form, Highly concentrated forms of virtually every substance can cause 
death. In his conference, Dr. Andreas Kalcker points out that 70g of even 
plain table salt can cause death, 


‘There have been thousands of reports worldwide of excessive doses of MMS 
being ingested, however, with the hundreds of millions of tons of this substance 
used each year worldwide for water purification, preservation of vegetables, 
sterilization of slaughtered meat, and hundreds of other uses, there has never 
been a report of a death caused by ingestion of chlorine dioxide. 


This proves chlorine dioxide to be one of the safest products known, 


There are many products that contain chlorine dioxide (CIO,) that are 
currently approved by the Food and Drug Administration (FDA) in US. They 
are manufactured by Frontier Farmaceutical, Acide, Bioxy,and others for skin and 
coral care. A number of these product names are listed below:* 


+ DioxiRinse™ Mouthwash 

+ DioxiBrite™ Toothpaste 

xiWhite™ Pro Teeth Whitener 

+ WhiteLasting™ Maintenance Gel 

+ BioClenz™ Dental Unit Waterline Cleaner 
+ Penetrator™ Periodontal Gel 

+ Simply Clear™ Acne Treatment 

+ DioxiWhite™ Home Teeth Whitener 
+ Cankers Away™ Canker Sore Cure 

+ DX7™ Skin Protectant Gel 

+ Periodontitis Treatment 
jioxiSmooth™ Facial Exfoliant 


ivitis Treatment Surface Disinfection 


+ Fire Fighter™ Burn Pain Reliever 
+ DioxiGuard™ Spray Disinfectant 
+ Nail-te™ Nail Protector 


Chlorine Dioxide is an Oxidant... 
But aren’t Antioxidants Good for Us? 


In 1954, Denham Harman published an article called the “Free Radical 
Theory of Aging,”> claiming antioxidants would slow the aging process. 
However, he later found that mitochondria determined life span, and that 
antioxidants do not enter the mitochondria, and subsequently published the 


To Brian Jepson 
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“Mitochondrial Theory of Aging,"* in 1972, The “Free Radical Theory of 
Aging” is still responsible for billions of dollars in antioxidant supplement 
sales a year. While writing this book, a fascinating article was published in 
the journal Open Biology by Dr: James Watson (of Watson and Crick) called 
“Oxidants, antioxidants and the current incurability of metastatic cancers."” 


‘Watson sets forth a hypothesis that links the presence of antioxidants in the 
body with late-stage (metastatic) cancer. He points out that some successful 
cancer treatments use “free radical” molecules to treat cancer—the very 
same molecules that antioxidants attack and kill. Watson urges his readers 
of the new paper to consider the following: “Unless we can find ways of 
reducing antioxidant levels, late-stage cancer 10 years from now will be as 


The following was excerpted from the same article in Open Biology Please 
see the original document for references contained within the text. 


Free-radical-destroying antioxidative nutritional supplements may have 
caused more cancers than they have prevented 


For as long as | have been focused on the understanding and curing of 
cancer (J taught a course on Cancer at Harvard in the autumn of 1959), 
well-intentioned individuals have been consuming antioxidative nutritional 
supplements as cancer preventatives if not actual therapies. The past, most 
prominent scientific proponent of their value was the great Caltech chemist, 
Linus Pauling, who near the end of his ilstrious career wrote a book with 
Ewan Cameron in 1979, Cancer and Vitamin C, about vitamin C’s great 
potential as an anti-cancer agent [52]. At the time of his death from prostate 
cancer in 1994, at the age of 93, Linus was taking 12 g of vitamin C every day. 
In light of the recent data strongly hinting that much of late-stage cancer’s 
Luntreatability may arise from its possession of too many antioxidants, the 
time has come to seriously ask whether antioxidant use much more likely 
causes than prevents cancer 


Allin all, the by now vast number of nutritional intervention trials using the 
antioxidants B-carotene, vitamin A, vitamin C, vitamin E and selenium have 
shown no obvious effectiveness in preventing gastrointestinal cancer nor in 
lengthening mortality [53]. In fact, they seem to slightly shorten the lives 
of those who take them, Future data may, in fact, show that antioxidant 
use, particularly that of vitamin E, leads to a small number of cancers that 
would not have come into existence but for antioxidant supplementation 
Blueberries best be eaten because they taste good, not because their 
consumption will lead to less cancer. 
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Don’t Oxidants Cause Oxidative Stress? 


Not necessarily. Dr. Andreas Kalcker presented us with another theory 
explaining why oxidative stress is caused by pathogens and parasites rather 
than oxidants. If you take an oxidant such as CD, it is likely to upset the 
parasites living in the intestinal tract, causing them to defecate. Waste from 
worms can contain many toxic substances including MDA (malondialdehyde), 
formaldehyde, and ammonia. These toxins are known to cause oxidative 
stress.!9!""= When parasites are present in the body they are releasing these 
toxins, even if we don’t kill them. Parasitic presence in the body is responsible 
for many of the symptoms known as autism. 


Oxidants themselves are not directly responsible for oxidative stress in the 
body. However, they can exacerbate oxidative stress, which can cause parasites 


in the body to release toxins. The solution is to get rid of the parasites. Please 
see Chapter 8 for an effective Parasite Protocol. 


Chlorine Dioxide & Antioxidants 


Although antioxidants have their place in personal health and are common 
in many foods and supplements, they cannot be taken at the same time with 
chlorine dioxide—they negate each other. This is why vitamin C, juices, and 
other antioxidant containing foods are prohibited in The Diet. 


‘estimonial to MMS: For those of you new to the group 
on unsure of the MMS protocol | wanted to tel you about 
us. Iwas afraid at first, but we decided to try MMS_ Within 
5 weeks my son went from an ATEC of 36 to 18! That 
was amazing Then we were afraid of the enemas We said 
ro way, we woul just do oral MMS. Of course, affer seeing 
others progress here we decided to do them He would 
‘down! Then for months we agonized over the PP. We were 
‘afraid of it. We were scared of the meds, everything al 
we decided to try it too. We are in the middle of our firs 
PP and our son, who used to hit, kick, bite and scream at me 
over the smalest things all the time, has now been a perfect 


that came before me! 
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Herxheimer Reaction (Die-Off Reaction) 


There are many stories on the Internet about the “side effects" of CD. The 
definition of a side effect is 


The unintended or secondary effects of a substance. 


When people describe what they believe to be side effects of CD, they are 
actually talking about a Herxheimer reaction. Jim Humble’s original chlorine 
dioxide (MMS) protocols called for higher doses per hour ramped up much 
faster than we titrate up for autism. In some cases that resulted in nausea, 
vomiting, and/or diarrhea. Critics of CD claim that a Herxheimer reaction, 
which is the result from ramping up too quickly, is the body's reaction to being 
‘poisoned’ by chlorine dioxide. 


This is absolutely not the case, as the aforementioned study by Judith 
R. Lubbers and colleagues found that when healthy individuals were given 
minimal doses of chlorine dioxide in increasingly higher concentrations, no 


deleterious effects were noted* 


‘AHerxheimer reaction indicates that the patient is suffering from an overload 
of pathogens/toxins. If the person taking CD has a fair amount of pathogens, 
the rapid killing of these invaders produces excess toxins in the bloodstream. 
It is these substances that the body wants to rid itself of in short order. 
People with autism often have impaired methylation cycles that reduce their 
ability to eliminate toxins, making it even more difficult to handle an influx of 
toxins, So LOW AND SLOW is the way to go. 


Children with autism typically don’t (or can't) tell you they have nausea. 
However, discomfort may be visible from seeing that they're eating less, their 
eating habits have changed, or they're more listless than usual, That's usually 
a sign of detox, and in which case, we won't give the child any more CD that 
day. Detox is great, it's what we want, but without stressing the body further. 
We need to stay just beneath a Herxheimer reaction. 


A Herxheimer reaction can present itself in many forms including: 


+ Blisters + Fatigue + Hiccups 
+ Bloating + ‘Flatulence + Nausea 

+ Burping + Flushing + Runny nose 

+ Chills + Headache + Sleep changes 


+ Diarrhea + Heart Burn + Vomiting 
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If any of these symptoms appear, suspend the remaining doses of CD for the 
rest of the day. The following day, return to the number of doses given when 
the child was stable, which is usually the dose that was given the day prior to 
the Herxheimer reaction. 


To mitigate a Herxheimer reaction from chlorine dioxide, you can give 
vitamin C or orange juice, as either one of these will cut the effects of CD 
immediately. To help bind the excess toxins you may want to try activated 
charcoal, bentonite clay, (be aware that these both can cause constipation), or 
burbur (a liquid detox extract). 


Using Chlorine Dioxide for Autism 


As | developed this protocol, it became clear to me that we needed to focus 
on excesses causing the symptoms of autism, rather than deficiencies caused 
by them. In the autism biomed world, we are accustomed to supplementing 
deficiencies (low iron, low B,2, low calcium, etc.), without questioning why the 
deficiency exists in the first place (i.e., presence of pathogens/parasites). 


As soon as a family completes one week on The Diet, we get right into CD. 
Everyone starts with the “baby bottle” method, one drop of CD in eight fluid 
‘ounces of water, which makes the first day's dose 1/8 of a drop ata time. We 
have greatly minimized Herxheimer reactions by using this method, but it 
remains very important to monitor your child while they are using chlorine 
dioxide. It's very important to go low and slow. Every drop we give is helping 
to heal our children. 


What is Chlorine Dioxide (CD)? 
Refer to the diagram on the right for a visual overview. 


You can’t actually buy CD. You have to make it. Fortunately it’s not a big deal. 
If you can make coffee... you can make CD, which stands for chlorine dioxide. 


Chlorine dioxide (CIO,),is a gas produced through a chemical reaction when 
‘two liquids, sodium chlorite (NaCIO;) and an acid (such as hydrochloric acid 
(HCI) or citric acid (C,H,O;)), are mixed, The acid brings the combined pH 
level below five, causing the sodium chlorite to become unstable and release 
chlorine dioxide (CIO,). 


If any of this sounds complex, it isn't. Go through the following explanation 
and don’t get bogged down by the chemical symbols. 
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Conceptual Overview of 
Chlorine Dioxide (CD) 
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Sodium Chlorite (NaCIO,) 


This is the first chemical you must have to make CD. 


You can get it in one of two forms: 


* Sodium chlorite liquid in water: 


+ Ifyou are beginning, get a starter kit of this. 

+ Expect to pay about $20-$30 for a 4 fl.oz. bottle set (usually 
includes acid activator). 

+ 22.4% sodium chlorite solution (from 28% technical grade 
sodium chlorite salts). 


+ Recommended: Buy quart or liter sized quantities of liquid 
‘once you understand the principles. 


* Sodium chlorite powder or flakes: 
*  FORADVANCED USERS ONLY! 


+ Cheaper in the long run. 


+ Recommend buying 5 lbs. of flakes/powder for a cost of about 
$100-$200. 


+ Look online or check with your supplier for mixing 
instructions. 


+ Avoid buying 90% sodium chlorite flakes. You want 80%. 
Most suppliers that sell liquid also sell flakes. 


+ NEVER mix any acid directly with powder/flakes! 


‘What's the 28%? 22.4%? 


This is not a critical thing for you to worry about unless you are mixing your 
own. But here is the jist: sodium chlorite powder is not 100% sodium chlorite. 
It’s usually 80% sodium chlorite and 20% salt and other inert ingredients. 
When diluted in water, you end up with 28% solution of powder, but only 
22.4% is sodium chlorite. Labels usually show one or both of these numbers. 


Sodium Chlorite Flakes vs. Powder 


Sodium chlorite flakes and sodium chlorite powder are the same thing. The 
resulting physical consistency may vary by different manufacturers. We've 
even seen clumps of powder. It's still the same chemical. The important part 
is that it is technical grade, and 80% of the powder/flakes should be sodium 
chlorite (NaCIO;). Mixing info is at: www.youtube.com/watch’v=t0C8XVm9QVE. 
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Acid - The Activator 


To produce CD, you must add the second chemical, which is a food acid, to 
the liquefied sodium chlorite (22.4% solution in water). Chlorine dioxide gas 
is produced when the pH of the sodium chlorite goes below five. We call 
the acid used to lower the pH of sodium chlorite an “activator” because it 
activates the sodium chlorite to produce the chlorine dioxide. 


There are several activators to choose from. These are food acids in that they 
are commonly found in food preparations, or are actually food: 


+ Hydrochloric Acid (HCI) 


The same acid found in your stomach, and therefore, the 
most biocompatible option. 


Working concentration is between 4% and 10%. 

Available on the market in liquid concentrations of 4%, 5%, 
10%, 32%, 35%, and 37%, 

Any concentration over 10% must be reduced to a working 
concentration of between 4% and 10%. See Appendix 7, page 
471, (Note: We use 4% for CD and CDH; & 10% for CDS.) 
Only available in liquid form. 


+ Citric Acid 


‘Commonly available around the world. 

(Often found in soft drinks to give them a tangy flavor. 

Some people have problems tolerating this acid. 

Usually used in 50/50 concentration by weight mixed in water. 
Available in liquid and powder form. 

Inexpensive; can be purchased online. 


+ Lemon or Lime Juice 


Consider this an emergency alternative to be used if the first 
‘two choices are not available, 


Can be found in most stores carr 


produce. 
Should be from pure, organic and freshly squeezed lemons 
(or limes). 

Relatively weak acidity requiring five drops of lemon juice to 
every one drop of sodium chlorite solution. 


Substantially longer activation time. 
Lower ClO; output. 
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The amount of acid used, and the length of time you wait to dilute the mixture, 
will depend on the acid activator and its strength. The following chart gives 
you an idea, 


Strength 
Hydrochloric Acid 10% F 40 secs 


Hydrochloric Acid 4% Y 60 secs 


Citric Acid 50% : 60 secs 


Citric Acid 33% or 35% : 60 secs 


Lemon Juice Pure i 120+ secs 


You are unlikely to be using lemon juice, but we've included it here for 
completeness, 


Families should use whichever activator is available to them depending on 
where they live and what they have access to. All kids are different, so if 
yours doesn't respond well to 4% HCI, by all means, try citric acid, or vice 
versa. 


Ifthe HCl you purchased is anything other than 4% or 5%, then see Appendix 7 
for instructions on reducing concentration. 


If you are using one of the two most commonly available activators, then you 
are likely to be using a 1:1 mixing ratio (1 drop sodium chlorite + 1 drop 
activator). 


In the case of 10% citric acid or pure lemon juice, you would be using five drops 
of activator to one drop of sodium chlorite, and waiting about three times 
as long as if you were using one of the newer, more concentrated activators. 


Purchasing Product 


When you first start out, you should buy a starter kit and get familiar with 
the chemistry. A starter kit usually comes in two bottles of four fluid ounces 
each. 


1, Sodium chlorite, (4 fl.oz.) 
2. Activator (hydrochloric acid or citric acid), (4 fl. 02.) 
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The bottles look something like those shown in the diagram on page 91. Getting 
the hydrochloric acid activator is slightly preferable. 


‘You will also need an 8 fl. oz. baby bottle. This is a handy tool for storing a 
day's worth of CD doses with the added benefit of having marks that show 
how much it contains. Glass bottles are much better than any kind of plastic 
bottle. Lifefactory.com (shown on the right) produces a bottle we especially 
like. It is made of silicon-covered glass and has a reliable top. This particular 
bottle is marked as having a capacity of nine fl. oz., but we use it up to only 
eight fl oz. Plastic should only be used for lids; avoid bottles with metal tops. 
Over time, CD will oxidize metals so they can't be used. 


Another item that most people have at home is a shot glass or wine glass 
that tapers down in the middle like a""U" shape. This will be used to mix the 
chemicals and the tapered shape insures that even as few as two drops will 
find each other. You can also use a cup with a flat bottom, but must tilt it so 
both solutions pool together. 


A standard shot glass with a “U" shaped bottom is the preferred 
mixing container for CD & activator. A glass baby bottle, such as 
the one made by Lifefactory* is the ideal dosing bottle. 


Terminology of Available Products 


There can be a bit of confusion for some as to what to look for and buy. The 
following chart shows the actual chemical, and some of the common names 
found on the label. There may be other names we are not aware of. In most 
cases, the chemical and its strength are identified on the bottles. 
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Common Activators & Their Various Names on the Market 
Chemical ‘Common Names 


“Sodium Chloris Chlorine Dioxide ~ Part + (Purifier) 
‘Master Mineral Solution 

Miracle Mineral Solution 

Miracle Mineral Supplement 

MMS 

MMS Drops 

MMS Solution 

MMS Water Purification Drops 

MMSt 

Nacio2 

NNatrlumchlort (German) 

Pathogen Biocide 

‘Sodium Chlorite 28% 

Water Purification Drops 


Water Purificator 
‘Hydrochloric Acid ‘Aclvator 
Chlorine Dioxide ~ Part 2 (Activator) 
MMS Activator 
Cicada ‘ctvator 


Citric Acid ~ 20% 
Citric Acid ~ 50% 
MMS Activator 


Checklist for Preparing a CD Dose 


Assuming you have received the starter kit, it’s time to make your first dose. 
Here's the check list of what you now should have on hand before you begin: 


(Bottle of sodium chlorite solution (28% sodium chlorite salts / 22.4% 
sodium chlorite) 

Bottle of acidic activator (hydrochloric acid or citric acid) 

A clean and dry shot-glass with a“U" shaped bottom, 

8 fl. oz. glass baby bottle. 

Distilled or reverse osmosis water (filtered water will do, but no 
alkaline water!) 


ooog 


A Few Points Worth Noting! 


Looking at the short checklist above, it should be apparent that this is not 
going to be rocket science. Nevertheless, a few pointers are in order: 


+ In the past, people who used CD for various things would mix a fresh 
batch each time they took CD. This involved a lot of extra work that 
could be avoided by producing one batch big enough to last the entire day. 
For this exercise, we are assuming you are starting out and going to do 
things low and slow. We are going to produce 8 fl. oz. of water solution 
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containing one drop of CD, with the intention of your child consuming 
‘one fl. oz, of water (containing 1/8 drop of CD) eight times throughout 
the day. 


+ When you mix sodium chlorite solution and the acidic activator, you are 
mixing equal drops of each substance (unless you are using one of the less 


concentrated activators mentioned earlier). 


+ CD doses are measured in drops of sodium chlorite. So one drop of 
sodium chlorite + one drop of activator = one drop of CD. 


+ On your first day start with one drop of sodium chlorite and one drop of 
activator (in other words—ONE drop of CD). 


+ Ifyou put in too many drops of one solution or the other, start over with 
a clean and dry shot glass. 


+ Abatch of CD is good for 24 hours. However, you must keep the cap on 
tight! 


+ Keep the bottle with the daily CD batch out of direct sunlight. A brief 
exposure won't ruin it, but it will become weaker. Why? The chlorine 
dioxide gas will come out of the water and sometimes form a cloud in 
the air pocket of the bottle. No need to worry if you see the cloud—it's 
a common occurrence, 


Vincent taking his hourly dose. 
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Preparing Your First One drop CD Batch for the Day 


Start by filling the baby bottle with 8 f. oz. (237ml) 
of water (distiled or reverse osmosis). 
NO alkaline water! 


Place 1 drop of sodium chlorite solution into 
the CLEAN and DRY shot glass. 


Add 1 drop of acidic activator (hydrochloric 
acid or citric acid) to the shot glass containing 
the drop of sodium chlorite, The number of 
drops may be higher if you are using a weaker 
activator. See chart on page 94. 


Now wait the appropriate time for the mixture 
to react (see chart on page 94). You should see 
the color change from clear to slightly yellow. 
If there were more drops in the shot glass, the 
color change is more noticeable. You are also 
likely to notice the chlorine-like smell coming 
from the shot glass. Remember, this is NOT 
chlorine, but rather chlorine dioxide. 


After the activation time has passed, pour a 
little water from the baby bottle into the shot 
glass and let it mix. This mostly stops the 
chemical reaction and insures you get most of 
the mixture out in the next step. 


Lastly, pour all of the watered down mixture 
in the shot glass back into the baby bottle, and 
seal it tightly with the cap—don't leave it sitting 
open for any length of time. Think partially used 
soda pop and how you would want to keep that 
closed. 
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Voila! You have just produced your first batch of CD! 


This is now a ONE drop batch, that makes EIGHT hourly doses—each 1/8 of 
a drop in strength. If your batch is larger: your hourly dose is stronger: 

+ 2drop batch = 8 hourly doses of 1/4 drop 

+ 4 drop batch = 8 hourly doses of 1/2 drop 

+ 8 drop batch = 8 hourly doses of 1 drop 


This bottle has 
some extra room. 
Labeled having 
9 fl oz capacity. 


1/8 Dre 
oreD” 
8D. 
ee bP 
1/8 Di 
oreo? 
1 drop 
of CD 
in 8fl oz 


(237ml) 
of water, 
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Oral Protocol for CD in 
Autism Spectrum Disorders (ASDs) 


In the previous exercise, you learned how to prepare the dose for Day One. 
Children and adults all start by taking only one drop of CD divided into eight 
hourly doses. On Day Two, you make a batch of two drops sodium chlorite 
plus two drops activator and mix that into eight fluid ounces of water. Increase 
this dosage by one drop per day, unless you see a Herxheimer reaction (see 
page 89 for more information). 


The chart on the right allows you to determine the estimated full oral CD 
dose based on the weight of the individual. This gives you an idea of the 
maximum goal number of drops per day for your child. Once the child has 
been at the full suggested dose for several months, we may need to increase 
again, by a few drops, to prevent a plateau. 


Important Note: Some children can't go up by one drop each day and 
need to go slower. A child may have a relatively higher toxic load, or he may 
be extremely sensitive. Whatever the case, resist the urge to try to get to 
full oral dose as quickly as possible. This is not a race! Some children need 
to spend a few extra days at the same dose to avoid a Herxheimer reaction. 
Even if you must remain at one level for a few days or more does not mean 
you are making no progress. Whatever the level of dosage, you are detoxing 
the body. 


When you get within two to three drops of your child's maximum dose by 
‘weight, go ahead and spend three days at each dose, while carefully observing 
your child, moving up only when your child is stable. For example, if the full 
dose is 16 drops in the 8 fl. oz. (237ml) baby bottle, stay at 14 drops for a few 
days to see how that dose level is tolerated, and then increase every third day 
till reaching the full dose. If the person is better at a drop or two below the 
calculated full dose, go back to that lower dose that they tolerated best. 


Gust had a fascinating appointment with my son’s functional 


‘showed that previously under-stimulated parts of his brain are 
‘waking wp’ Fol aur doctor abovt CD very early on are 
beleves that it is THIS that is having such a huge impact on 
brain He got quite emotional and said ‘every time you get a 
worm, you are saving your son. Keep dona what (aire Sore 
‘cause he clearly isn't autistic. He’s poisoned. Goosebumps! 
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Estimated Full Oral CD Doses by Weight 


Use these numbers as a guide only. You may need to go up by as much as 80% or more over the 
indlcated drops. Read chart as: POUNDS / KILOGRAMS -+ DROPS OF CD (per 8 fl.oz. water) 


Ene eaee7 | eas24 | 1966228 | vairea3 | 2105 —a7 
Beiz8 | saa? | t00ws—28 | tare2—29 | qae—aa | 211087 


ano | azar | i01se—2a | ta0ea—20 | teve—o4 | 2tame—a7 
zana—9 | esza18 | i0ame—2a | ta9%a—a0 | 1vee0—o4 | 2tam7—a7 


Zona | e6a0—18 | t0am7—28 | 101400 | 17710008 | 2147 a7 


sona—9 | e7o—1e | 1047-25 | t4ve4—ao | 1vemt—a4 | 21ee—a7 


aiie—0_| owatste | sosae—25 | 42640 | tromi—a+ | 2160697 
wns—0 | casita | soeae—25 | saaes—ao | ra0me—a4 | 2170037 
aais—-10 | roma18 | 1074925 30 | tava—a4 | 2a09 a8 


wns—10 | vim2—ta | sowao—25 30 | ta2es—o4 | 21010920 


sen | 7aaa1a | tome—25 a0 | tases—o4 | 22070098 


wae | vana1a | 1060-26 a | teaas—a5 | 221710098 
amar | ara—ia_| 1160-26 | tasea—as | 2220138 
senr—n_| 7era—20 | s261—26 | t49e—a1 | teoma—as | 22ara1—a8 


aaie—12_| rena—20 | tas126 | s0re—a1 | 1a7es—a5 | 22ai02 ae 


aone12 | 77as—20 | t1ai62~26 | isire—a1 | taamas—as | 2260238 


a4ino—12_| vaas—20 | t1e6226 | 1529-21 | te0ee—as | 2en03—a8 


‘ano—12 | 7eae—20 | tte6a26 | isaeo—a1 | t00s—as | 227i0aae 


4a0—13 | aoae—21 | t17iss—27 | isaro—a1 | 191e7—a5 | 2an03—a8 
aano—1a_ | avar—21 | tase—27 | ie870—a1 | t92e7—as | 220n04ae 
ee ee iewes25 | 230n04 30 
‘ena | eaae21 | i2oee27 | eri | teaee5 | 250509 


aia | eae | i2ues—27 | sara | iesee—a6 | 202%05—a9 


aan2t4 | asae—21 | i20m6—27 | isar2a2 | i961ee—a6 | 2000829 


‘e214 | aene—22 | i2ase—27 | weoraa2 | t97a06 | 204/059 
wozs14 | ariaa22 | 1246628 | 1617322 | t9a0—a6 | 2asr07—39 
sas15 | aarao—22 | i2si7—28 | s6273—a2 | tea0—a6 | 2san07—a0 
s2ime15 | aaiao—22 | 12616728 | reara—ao | 2o0m—oe | 2a7/08~99 


saza15 | 901122 | s27isa—2a | seura—ao | 20vor—oe | 2aar08~a9 


wiza15 | o1ai—23 | s2asa—2a | se575—aa | 2020208 | 2s9/108~09 


ssi2s16 | 922-23 | 20/8028 | tea75—aa | 2032-08 | 240r109—29 


was 16 | sam225 | q00e—28 | ter7e—as | 2040308 | 241/10009 


o7ia616 | oaaa—2s | ioisa—28 | t8a7e—3e 2a2It10-89 


sa2s16 | asa—2s | ss2e0—20 | 1607733 3 2aait10-39 
waar 16 | s6aa2s | sese029 | qon7—as | 207mea—a7 | oan 40 
wo7—17_ | avaa—2a | tawet—2a | ivive—as | 2oaes—a7 | 245/140 


e287 | saaa—2a | tasiet2a | ivare—as | 2oows—a7 | 2ae/r12—40 
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Serving Cup Dilution 


Don't have your child drink out of the baby bottle. Pour the hourly dose into 
a separate cup and add extra water if needed, Make sure to add water to 
each dose to ensure that there is a minimum of one fluid ounce of water 
per activated drop of CD. However, there is no maximum amount of water 


for dilution. To be absolutely clear about this, note the following chart which 


assumes eight fl. 0z., daily batches containing eight hourly doses. 


Drops of CD in Batch Hourly Dose Min. Water Dilution 

0 118 arp ‘uid ounce 
2 218 drop ‘uid ounce 
a ‘3 aon Tui eure 
a ‘aa aop ‘uid eure 
5 5 op ‘ud eure 
5 Caan Ta eunee 
7 77 drop 1 uid ounce 
@ Taree 1 tu eure 
2 18 crops 2 ld ounces 
0 1208 arops id ounces 
7 13 aiops ld ounces 
2 1418 crops ld ounces 
3 186 drops 2 ald ounces 
7 TB crops ld ouncas 
5 178 drops uid ounces 
6 Zaroes iid ounoos 
7 218 drops Sihuld ounces 
@ 28 drone Sad ouneos 
@ 2.8 drops Sihid ounoas 
20 28 drs Sihld ounoos 
Ey 2a drone Sad ounoos 
Zz 2.58 drops Suid ounces 
z 2s ars Sud ounees 
EI Saiops 3ihuid ounces 
25 ie drs 4 Mud ouncos 
2 rE 1 uid ouneos 
a 338 drs ‘id ounoes 
z EES “ia ounces: 
20 358 ars 7 Rid ouneas 
30 3.88 ars a Mud ouncos 
Ey earns 7 Raid ouneas 
Ea aes 7 huis ouneos 
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CD is active in the body for about one hour and, as result, hourly doses give 
us the best progress. This is difficult on school days, but we recommend that 
you dose two to three times before school and the rest after to distribute the 
pathogen-fighting more evenly. Eight doses a day is the minimum requirement, 
but the more you can fit in the better. Try to dose every hour as much as 
possible. 


Special Cases: “‘The Double Dose” 


Asa child goes through the detox process, they may exhibit conduct which 
can include hyperactivity, anxiety, OCD, aggressiveness, and night wakings. In 
these cases, double dose is 2 fl. oz. (60ml) of the baby bottle given at once. 
For example, if your child receives one drop per fluid ounce of the baby bottle 
method, they will be receiving 2 drops. Let's say for example your child wakes 
up at lam, give them a double dose. If your child is still awake at 2am, give 
another dose. The most common scenario is that after 1 or 2 double doses, 
the child will fall back asleep. This helps oxidize the toxins from the die-off, 
During the day if your child has a tantrum or other issues with conduct, we 
can double dose every hour as well. 


CD has two functions with pathogens; one is that is oxidizes the pathogen 
itself, and the second is that it oxidizes the toxins released by the pathogens 
while they are living, dead, or dying. 


Advanced Protocol - The Enema! 


In early 2011, we added enemas to the protocol to kill the pathogens causing 
dysbiosis in the large intestine (we didn’t know about parasites yet). We 
wanted to get the chlorine dioxide into the blood stream so it could kill the 
biofilm that exists in the blood. In this way, the blood can carry the CD past 
the blood-brain barrier to kill pathogens in the bi 


‘When we are detoxing, it is absolutely critical to keep the colon moving and 
avoid the reabsorption of toxins through the intestinal walls. Enemas allow us 
to do just this. Some toxins can exit the intestine through the intestinal wall 
(more so if leaky-gut syndrome is present), and cross the blood-brain barrier, 
therefore affecting cognition and behavior. When we cleanse the colon, we get 
those out before they can cross into the brain, and we detoxify the lymphatic 
system, liver, and gallbladder. 
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The Enema Stigma 


When | say the word enema to a family new to the protocol, | often hear 
things like" could never do that!” or"“My son would never let me do an enema.” | 
assure you its not traumatic as it has been hyped up to be. Modern society has 
gotten away from it, but for millennia, cleansing the colon was considered part 
of daily hygiene. Enemas were mentioned in the Vedas, the Bible, and by the 
Mayans. The reason for doing CD enemas is NOT for relief of constipation. 
Of course, when constipation is present, CD enemas can relieve the cause of 
constipation, 


felt 50 
he even said he wants to do it again tomorrow. He 

ee petter andate so much more for dnner with an empty 
‘stomach | think he got rid of stuff that was there for ages! tis 
tummy is now soft and not hard as usual Quite amazing and it 
didn’t bother him at all 


Today his molar hasn't bothered him so a perfect day to start 
the enemas! His appetite has gone up quite a bit He fas stom 
asked for food before and now he asks a few fimes a day for 
something to eat. The det is going wonder fuly and he is now 

To the change of foods He asks about cheese and mik but I try 
Yo talk about something else to dstract him so he eventualy stops 
asking hahaha He hasn't gotten upset about food he wants that 
he can't have! not even once. YAY! 


I would like to clear up one thing here before we get in the mechanics of the 
enemas. More than one person has asked in the blogosphere, “If Kerri Rivera 
loves enemas so much, why doesn’t she do them on herself???" As a matter of fact 
Ido! I have done my own enemas for years, so has my husband, my sister, and 
plenty of the parents using this protocol for their children. We understand 
the benefits of a fit colon, and have no problem applying our own enemas or 
going for a colonic from time to time. 


Actually, | would strongly advise you to practice on yourself, That way you 
know from first-hand experience that this is really no big deal. You will also 
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discover how much better you feel after cleaning out your colon, and you will 
understand when your child feels better as well, 


When to Start G 


g Enemas 
Enemas should be started when the child reaches full oral dose. 


However, if your child suffers from constipation you can add enemas and 
baths on day one (see page 113), before you get to the full oral dose. However, 
alternate them on opposite days or opposite ends of the day. 


Frequency of Enemas 

| recommend enemas no less than once every other day. You may need to 
do them more often, particularly if you see parasites coming out. Doing as 
many as four in a day is not uncalled for if each one results in parasites being 
released. Some of the older children seem to pass a lot of parasites in one 
day, typically in or around a full or new moon. 


Timing of Enemas 

If your child is going to school, avoid giving an enema in the morning since they 
may need to visit the toilet a few times after. If the child is homeschooled or 
too young or sick to attend, the timing is up to you. Ideally, do the enema after 
the child has a bowel movement. 


Enemas —What You Need 

The first thing you are going to need is some kind of a 
large plastic, liquid measuring container. Glass is not 
recommended since it can get knocked over and break in 
the confines of a bathroom. 


You will also need all the same things you used for making CD batches: 

+ Water. Use reverse osmosis, filtered, or distilled, 
DO NOT use tap water or alkaline water! 

+ Sodium chlorite solution 

+ Acidic activator 

+ Shot glass 

+ Natural lubricant (coconut oil or any other simple food oil). NO 
perfumed baby oil or chemical lotions such as Petroleum Jelly or K-Y® 
Jelly. 

+ Enema kit (see your options on the following page) 
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Enema Options (Most to Least Preferred) 


Gravity Bag or Bucket with hose 


Pros: 
+ Holds plenty of tiquid 
‘Can be refilled without taking it down 
Flow is easy to control 
Can be hung on a door 
‘Gan be used for both enema and douching 
PIC Indolar Folds for easy travel 
PIC Indolar: Has valve 
+ PIC Indolar: Two sizes of catheters 
Cons: 


Buckat doesn fold for easy travel 


Enema / Douche Bag / Hot Water Bottle 


Holds plenty of liquid 
Flow is easy to control 

Can be hung on a door 

Gan be used for both enema and douching 
Easy travel 

Has two sizes of cathetors 


Can't be refilled without taking down 
Usually made of rubber, which tends to dry out quickly, especially from CD. 
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Syringe & Catheter 
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+ Flow is easy to contra 

+ Can be used for both enema and 
douching 

+ Good for small children 


+ Holds only 60ml-140m! 

+ Need mare than one, 

+ Have to swap them out to go be- 
Yond the capacity of one syringe. 

+ The graduations rub off easily 
(suggest putting clear shipping 
tape aver them to protect the 
‘markings if they are important to 
you. 


Enema Bulb 


Portable 
Can be used for both enema and 
douching 

Good for “implants” of mebendazole 


Volume too small for an effective treat- 
met 

Hard to clean inside 

Can't tll if cis on the inside, 

Holds only about 200m 


Fleet Enema (Last Resort) 


Pros: 
+ Cheap 
+ Gan find tin most pharmacies 
+ Portable 
+ Can be used for both Enema and 
Douching 


+ Volume too smal for an effective 
treatment. 
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Enema Kits 


‘As shown in the previous two pages, here are your enema kit options listed 
from best to less than good. Prices are estimates in US Dollars and are likely 
to be higher outside the US: 


etetcick PIC Indolor Gravity Bag (~$15-$30) 
etoiote!'s Enema Bucket (~$5-$10) 

ededct:!s: Multipurpose Enema/Douche Bag/Hot Water Bottle (~$15-$30) 
100ml+ Syringes plus Catheter (~$5-$10) 

dokeinin’y Enema Bulb (~$5-$15) 

wer 


Fleet Enema (emptied out) (~$5-$15) 


You must have a separate enema kit for each person doing enemas. This 
insures that you are not cross-contaminating parasites. 


In my own home we have recently started using the PIC Indolor enema 
douche bag. This has made the process faster, and we can tolerate more 
water before feeling full and desiring to release the enema. This is probably 
the most practical kit, especially because of the built-in shut-off valve. The 
enema bucket is a close second, but the sliding clamp that comes with it 
doesn’t last long and breaks easily. You can always just kink the hose and 
control the flow that way. 


The multipurpose enema/douche/hot water bottle type is a good option, but 
itis usually made of rubber. This material often goes bad over time and CD 


just speeds up that process. Rinse it out several times before and after use to 
Insure that no breakdown or CD residue Is left, Don't use if you notice the 
rubber becoming brittle. 


Even two-year-olds still use about 400 to 500m! in an enema. The intestine is 
long. Parents with small children sometimes like the 100ml syringe/catheter 
method. The enema bulb or fleet enema are not really practical for our 
purposes due to the small volumes they hold. However, if you want to get 
started right away, they are usually available in most major pharmacies. 


You can find syringes, catheters, gravity bags, multipurpose enema/douche 
bags on various online sites, pharmacies and medical supply stores around 
the world. 
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Preparing and Administering the Enema 


Make all your supplies easily accessible in your work area before bringing your 
in the bathroom. If this is your first time and you are working out the 
process, you may wish to ask your spouse or someone else for assistance. 
It’s a good idea to do a dress rehearsal without the child, to Insure that it 
goes smoothly when the child is present. Once you and your child have the 
process down, it will be easy. Being prepared is the key to success. 


d 


Please note: The eight fluid ounce baby bottle is NOT involved in any way 
with enemas! 


1. Ideally, time the enema just after a bowel movement. 


2. Start by washing your hands to insure you are not introducing 
any new bacteria into the colon. Everything you are working with 
should be clean. Wearing gloves and a face/surgical mask is HIGHLY 
recommended. 


3. Assuming you are using one of the suggested gravity bags, find a good 
and stable location to hang it up. The best location really depends on 
your particular bathroom’ layout and where you are going to place 
the child during the procedure. | hang mine from a towel hook in the 
bathroom, or you can use the shower curtain rod, The idea is to have 
the bag/bucket about three feet (~one meter) over where the enema 
will be administered. Most parents put a towel on the floor of the 
bathroom and lay their child on the towel (smaller children can lay 
across your lap). 


4. Refer to the chart below and measure out the appropriate amount of 
water for the individual receiving the enema. The ratio is two drops 
of CD per 100m! of filtered warm water. 


Water Volume Drops of CD 
Child 4/2 Liter (500ml) 


Adolescent 1 Liter (1000mi) 
Teen/Adult up to 2 Liters (2000m)) 


5. Don't add any CD yet. The next step is to heat the water to body 
temperature (98°F / 37°C). The water should feel warm to the 
touch—NEVER hot! Similar to the temperature of milk in a baby 
bottle... test it on your wrist. If you are concerned about getting the 
temperature right use a quality thermometer. Be aware...many cheap 
thermometers are notoriously inaccurate! 
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10. 


Me 


12. 


13. 
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After the heating step, pour the water back into the big measuring 
cup. 


Referring again to the chart on the previous page, prepare a CD 
mixture in the clean dry shot glass that’s appropriate for the volume 
of water needed. For example, if you have an adolescent and are 
preparing one liter, then you will need to mix 20 drops of sodium 
chlorite and 20 drops of acidic activator to end up with 20 drops 
of CD! Note: The most important part of the enema is the water. 
Resist the urge to add more than two draps per 100m! of water. 


After the appropriate activation time, pour the concentrated CD 
from your shot glass into the large measuring cup. You may want to 
rinse out the shot glass with some water from the large mixing cup 
so you get all the concentrated CD solution into the water. 


The bag/bucket should now be in its working location with the hose 
firmly attached, Place the end of the hase so it is over the top of the 
bag/bucket. A clothes pin can come in handy to hold it up over the 
bag/bucket. Now, fll the bag/bucket about 3/4 full with the CD water 
mixture you just prepared. 


Make sure the hose is filled with water. You may want to let a bit run 
‘out into the sink or some other container and then clamp it. The 
bucket type enema has a plastic clamp for this purpose. The bag type 
has a valve where the catheter attaches. What you don't want is for 
there to bea bunch of air in the hose that then is transferred into the 
colon. 


If all of the above is ready, it is time to bring your child into the 
bathroom. 


Explain what you are going to do. Some parents say that they are 
going to put the catheter in his bottom, and that it has “special water” 
in it to help him feel better. One little boy called it 
while another called it “butt wash” We recommend you say that 


“butt medicine” 


you are the only person who is allowed to give this to him. Just say 
whatever you need to say to explain what is happening. 

If the child is on the floor (on a rug or towel), they should lie on their 
stomach. If the child is small then laying them on your lap is best. You 
can also have them in a doggy position on the floor. 

Place one or two drops of coconut oil (or similar) on their anus so 
the area is well lubricated. 
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15. Now take the hose and gently insert the tip, (one to two inches is 


plenty—more is not necessary) as the sphincter muscle will hold the 
tip of the catheter in place. If you are having any problems getting the 
then you may need to add a bit more oil and/or adjust the 


16. Release the clamp or open the valve to allow the liquid to flow. 


The goal is fil & release—NOT fill & hold. We are imitating the 
colonic process that is made up of gallons of water, yet in the home 
environment. 


17. Your child will most likely hold the contents on their own—they will 


squeeze hard so as not to'"go.” This kind of happens naturally. 


We do a fill and release method. The first part of the enema is usually stool. 


After 


that, we usually see parasites and or biofilm. 


Its a learning experience and as time goes on, you will get the hang of it. 


Sy! 


Before | started to use the gravi 


from a teenager using the Protocol: ‘I like 
Quote Fem lam mad But then when | get one, I fel better: 


‘My mad leaves in my poop. 


ge/Catheter Method 


bag, the syringe/catheter method was my 


favorite. We have a YouTube video on our channel that shows how to fill 
the syringes and switch them out while using the catheter. If you don’t have 


access to that video here is an explanation on how to do 


1. 


Fill a bowl with body temperature filtered water and fill your 
syringes. If your child uses 500m! for an enema, fill all five syringes 
and dump out whatever water is stil left in the bowl. 


Squirt all the water from the syringes back into the bowl. You now 
have exactly 500ml of purified water. 


Activate your drops of CD in a clean dry shot glass. If you are using 
ten drops, activate them and then use the water from your bowl to 
stop the activation process. 


Pour the contents of the shot glass back into the bowl. 


Refill your syringes with the activated CD solution. 


Lubricate the tip of your catheter with coconut oil, and attach the 
first syringe. 
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Note: If you wish to preserve the graduation marks on the syringes, cover 


them with some clear plastic shipping tape. The printed on marks are often 
easily rubbed off and the tape will prevent that. 


Fleet Enema Method 


The third option for enemas is to use a Fleet enema, which can be purchased 
at any drug store. This method is acceptable if you don't have access to the 
other items but want to start immediately, as, generally speaking they are easy 
to find. An enema bulb is a fancy fleet enema without being prefilled with 
saline solution. Skip step one if that’s what you are using: 


1. Dump out the contents of the enema (basically saline water). Since 
a Fleet enema only holds 137ml, two drops of CD are the maximum 


number you can add. To use more water, empty additional Fleet 
enemas. 


2. Activate your two drops of CD and dilute them with filtered water 
(not tap water). 


3. Funnel the activated CD solution back into the Fleet bottle. Insert the 


applicator and squeeze the bottle until all or most all of the contents 
are empty. 


Comments & Suggestions from Parents 


Most people are surprised at how well this goes. Some parents have asked 
if they can do the Protocol without the enemas, and | say yes, but why? The 
results are just that much better with them. Enemas have, in fact, been around 


for thousands of years, and colon hydrotherapy is becoming a growing trend 
in autism recovery. 


realy intimidated at first by the enemas. 
He oprataee system, however, is brifiart. | lube 
the tip up with coconut oi, attach a filed syringe, ae 
my son to put it in He's Zand very low verbal. He stay 
inserting the tp by himself maybe on our 3rd or 4th enema 
with this system and | woud depress the syringe. & few 
months later of every other day ish) enemas, and he’s doing 
the syringe depressing part himself All| dois fil and swap 
suringes out. We are now to 11 100m| syringes, with 3-5 
releases per enema 4 months into enemas) He requests 
enemas frequently on days I don’t plan to give him one by 
getting the box of supples and handing it to me. 
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Here are one mom's enema guidelines: 


Be low-key about it, your attitude sets the tone. Have all your enema 
gear ready to go and in the bathroom for when the moment strikes. 
Put a nice, fluffy, washable blanket on the floor; bring in iPad, iPhone, 
whatever occupies your child for a few minutes. I've been doing my 
son's enemas after an afternoon poop if! get one because I figure itis 
easier as he is already in the bathroom, the bowel should be emptier, 
leaving more room for CD. Also the one time | did an enema close to 
bedtime, | swear he was up for an extra hour, however, another child 
might have the opposite reaction. | kneel on the floor, lay a beach towel 
cover my lap, lay my son across me so he’s on the ipad, pull his knees 
up a bit and then in it goes. You can put coconut oil on the anus or on 
the tip of enema. | ask my son to count to try to hold it in. (On the 
4th enema, we only got to 40 seconds.) Then plop them on the toilet, 
and there you go. 


If possible, start the enema while lying on the left side, then rolling to 


the right. In this way, more water is able to reach the colon. (However, 
this may not be possible for all children.) 


CD Baths 


Taking a bath with CD is another good way of detoxing your child. The 
CD gets into the pores and helps with skin rashes common with autism 
detoxification. This additional process can be added when you start with the 
enemas after reaching full oral dose, but avoid giving the child a CD bath right 
after an enema. 


CD baths are done on non-enema days, unless you are doing daily enemas, in 
which case they are done on opposite ends of the day. 


Enemas Every Other Day 


‘Sun Mon. Tue Wed | Thur 
Enema | Bath [Enema | Bath | Enema 


Mon. Tue Wed | Thur 


Morning | Morning | Morning | Morning Morning 
Bath | Bath | Bath | Bath Bath 


Evening | Evening | Evening | Evening Evening 
Enema _| Enema | Enema | Enema Enema 
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The CD baths can go from as low as 10 drops to as high as 80 to 100 drops; 
it just depends on the person,and the size of your tub. With younger/smaller 
children we start with ten drops. Since we're doing baths every other day, 
start with ten drops on Monday, 11 drops on Wednesday, and 12 drops on 
Friday. Just keep going up until you get to 20 drops. The bigger and older the 
person is, the more drops they can tolerate. 


Fill che tub to a level that maximizes skin contact. 


If they start getting nauseousllistless or have loose stool, you should back 
down and find out what their signature dose is on the baths. Some people 
who have suffered from chronic constipation have done CD baths with up to 
100 drops and had a BM during the bath or immediately after, 
of drugs, laxatives, or suppositories. 


jout the use 


CD Steam Bath 


Inhalation of CD for children is generally impossible, because you just can't tell 
a child, especially a child with autism, “just inhale a little bit.” That's not going 
to work. So we do the following: 


In a bathtub, with the bathroom door and windows closed, plug the drain, put 
20 activated drops on the floor of the tub, and turn on a hat (to tolerance) 
shower water. The steam will bring the CD into the air, making a really nice 
steamy bathroom. 


When the tub is full, turn it off and place the child to soak in the water 
for 20 minutes. This way, the child is absorbing it through their skin as well 
as inhaling it through the air. This technique creates a very dispersed, low 
concentration dosage. I've seen a lot of children that were going back and 
forth to the hospital, getting steroid injections and lots of antibiotics due to 
bronchitis, coughs, asthma, etc.,and it was rounds and rounds. This is how this 
particular method of steam baths came to be a very gentle way of inhaling 
the CD, It works beautifully; particularly if the child has a really bad cold and 
is congested, do the oral, enemas, and steam baths. Steam baths are great for 
asthma, flu, first signs of a cold, runny nose, coughing, etc., putting an end to 
running to the hospital or pharmacy. 


CD Foot Baths 


‘Sometimes itis impossible to give a CD bath, and in some places not all homes 
have bathtubs. To remedy this you can use a CD foot bath. Fill a small plastic 
container with hot (to tolerance) water and add your activated drops of CD. 
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If you have a smaller child, start with ten activated drops, and work up from 
there, If you have a larger child or an adult, start with 20 drops and go up. 
Soak feet for 20 minutes every other day, alternating with enemas, or opposite 
ends of the day if using daily enemas. 


7212 Protocol (Weekend Protocol) 


When we give a child eight oral doses of CD throughout the day we are killing 
more and more pathogens. But at night when we sleep, the pathogens don't. 
So in order to get ahead of them, we can dose throughout the night. Imagine 
the progress we can make if we don't give them the chance to gain strength 
overnight! 


Hence, the 72/2 Protocol, which involves giving one dose of CD every two 
hours for 72 hours straight—including the middle of the night. Here are some 
additional thoughts and guidelin 


+ Start protocol when you pick up your child from school on Friday. 

+ Give them the last 72/2 dose when you drop them off at school on 
Monday. 

+ Avoid giving CD enemas or CD baths during this protocol, UNLESS 
they are dumping parasites, in which case you might need to reduce 
the amount of CD on both the oral and enema dose to insure the 
child doesn't have a Herxheimer reaction. 

+ Why not give hourly doses during the day at the usual dose? It’s 
simply too much if you are doing it all night as well 

+ Watch for improvements on Tuesday or Wednesday each week. 

+ Ideally, get your spouse or significant other to help with every other 
nightly dose. 


The key is to observe your child and their reactions to the various treatments 
while keeping the pressure on eliminating the pathogens. You can do this 
every weekend or not at all. Some families are so happy with the results that 
they dose throughout the 


Ocean Water 


This protocol concentrates on excesses and not deficiencies. While we are 
using CD to reduce pathogen populations and heavy metal toxicity in the body, 
we need to remineralize the body. Remineralization is extremely important 
as vital nutrients may be lost along with toxins while detoxing. Children with 
autism are often mineral deficient to begin with due to these same pathogens 
and parasites, as well as gut dysbiosis which can prevent adequate nutrient 
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absorption. We need to fortify our cells and tissues so that they can overcome 
the deficiencies and eventually return to a state of vitality. 


Ocean water has helped us achieve mineralization and has led to increased 
brain connectivity; not to mention the parasites hate it. The importance 
of ocean water to this protocol cannot be understated, On page 388 of the 
Testimonials appendix you will see before and after lab tests proving that this 
protocol, when used correctly, can correct imbalances. More than one family 
has reported healthy nails, hair and skin as well as appropriate growth and 
weight gain. 


We've all been taught that drinking salt water from the ocean is dangerous. 
Let me make it clear: We are not advocating drinking glasses full of straight 
‘ocean water nor water mixed with table salt. That would most likely make 
anyone sick, since it would be too much salt for the body. Rather, we are 
talking about diluted ocean water. Also, there is no comparison between real 
‘ocean water and just taking plain salt and mixing it into a glass of water! 


The ocean is a complete source of minerals that are bioavailable to the human 
body. | prefer ocean water to any synthetic minerals, since the body easily 
recognizes and assimilates it. 


Ocean water contains trace amounts of over 74 bioavailable elements 


incluc 
* sodium + fluorine * iodine 
+ iron + potassium + magnesium 
+ selenium + chromium + manganese 
+ sulfur + zine + copper 
+ calcium + silicon + phosphorus 
+ molybdenum + chlorine + bromine 
+ cobalt + vanadium + gold 
+ boron + nickel + ec. 
+ silver + lithium 


We can use water directly from the ocean (diluted to 25%) and drink this 
to remineralize ourselves. However, the water must be from clean locations 
where schools of small fish swim and/or near ocean vortices. These locations 
provide safe and clean ocean water from which we can harvest. Most of us 
do not have access to oceans. Fortunately, clean ocean water is available 
ly from multiple vendors onli 


comme! 


For further information about how and why ocean water is specifically 
beneficial to all of us, please research Rene Quinton’s work on how he healed 
the sick using ocean water. 
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Using Ocean Water with CD 

You can add ocean water in before starting CD, or after reaching full CD 
dose. We use a one part ocean water plus three parts drinking water mixed 
together (1:3). If we take too much ocean water, we can get loose stool. Start 
low and slow, Sml ocean water mixed with 15ml drinking water and go up to 
tolerance. 


Use the following chart as a rough guide: 


Ocean Water Dosing 
zi Pure | Purified 
Size when | ocect water | Wate, | Total Volume 
; Startat| __ ml 15m 20m 
ee Goto] __30mi 90m 120ml 
‘Adolescent |_St@at| Omi 30m 40m 
Goto] _50ml 200mi 260ml 
Startat| tml 45m 60m 
Teen Adult T“Goto] _7oml 225m 300m 


Ocean water should be given three times a day, with the first dose being given 
in the morning, after the first dose of CD. You want to separate the dose of 
ocean water from doses of CD by at least five minutes. Larger children can 
take anywhere from between 70 and 120ml, depending on the child. Some 
adults take up to a cup (plus dilution water) per day. It is important to watch 
for loose stoolldiarrhea when you are increasing the dose of ocean water, 
as that will be an indicator that the person is at their upper limit. The ratio 
of ocean water to drinking water is 1:3 (one part ocean water to three 
parts drinking water). It is important to stay under diarrhea. So we need 
to add slowly, and to tolerance. If someone suffers constipation, with the 
right amount of ocean water that will quickly change. So low and slow as we 
increase the ocean water. 


Some parents have reported that their children will not drink ocean water, 
even when diluted, due to its salty taste. You can try adding a little flavored 
SweetLeaf Stevia, or if necessary adding it into a beverage or soup. As some 
‘ocean water purists say, heating it kills some qualities of the ocean water. 
Nevertheless, your child will sil be receiving all of the minerals. 


Biofilm 
One of the pioneers in autism recovery, Dr. Anju Usman gave the autism 
community one of the critical pieces of the puzzle—biofilm. The following 
information is used with permission from her presentation, Gut Biology and 
Treatment. 
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What is Biofilm? 


A biofilm is a collection of microbial communities enclosed by a matrix 
of extracellular polymeric substance (EPS) and separated by a network 
of open-water channels. Their architecture is an optimal environment 
for cell-cell interactions, including the intercellular exchange of genetic 
material, communication signals, and metabolites, which enables diffusion 
of necessary nutrients to the biofilm community, 


‘The matrix is composed of a negatively charged polysaccharide substance, 
held together with positively charged metal ions (calcium, magnesium, and 
iron). The matrix, in which microbes in a biofilm are embedded, protects 
them from UV exposure, metal toxicity, acid exposure, dehydration, salinity, 
phagocytosis, antibiotics, antimicrobial agents, and the immune system. 


‘Ok, so in layman's terms, these are microbial (bacteria, Candida, virus, etc.) 
communities that have a protective layer around them, which makes them 
100 to 1000x harder to kill than if they did not live in these protected 
communities."? 


Why are they so hard to get rid off 


+ Microbes impart genetic material to one another to maintain 
resistance. 

+ Colonies communicate with one another through the use of quorum 
sensing molecules. 

+ Colonies fail to express OMP (outer membrane proteins). 


These colonies are fairly amazing in their development. They communicate 
with each other, share genetic material to prolong their own survival, and 
ions. This last statement is very 
important to understand. This is the main reason that the immune system 


don't express outer membrane prote 


doesn’t attack these colonies, they don't express themselves as a threat, 
and therefore the immune system, which in many children with autism is 
already compromised, is not able to detect or eliminate them. 


In addition to this we must be careful with what supplements we choose to 
give to our children. Some supplements and nutrients may inadvertently 
feed the biofilm. “When trying to kill bugs, if you take calcium, you may 
not be making headway,” Usman said. “Calcium, iron, and magnesium 
block our efforts to dismantle the biofilm.” 
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Why CD Works on Biofilm 


The microorganism communities attach to surfaces (in many cases the gut), 
and are held together by polysaccharides (sugars/carbohydrates) and by 
iron, calcium, and magnesium. EDTA is a known chelator, and can therefore 
break the bonds (iron, calcium and magnesium) that hold the matrix together. 
Neither an antibiotic alone nor a chelator alone was effective against a staph 
(bacterial) biofilm. However, when combined, EDTA broke the bonds exposing 
the bacteria to the antibacterial agent, allowing the body to expel the biomass. 


Chlorine dioxide oxidizes inorganic compounds by effectively removing their 
charges. Here is how it works: Fe;+, Ca,+, and Mg,+ are positively charged 
ions that hold the negatively charged matrix together. When these substances 
are oxidized by CD, the bacteria are then exposed to the CD which can 
oxidize (kill) the bacteria, allowing the body to finally expel the biofilm mass. 


Many parents using chlorine dioxide orally, and with enemas, have found 
biofilms in their children’s stool, Biofilm can look thick, mucousy, cloudy, 
whitish, greyish, sometimes like pantyhose, etc. 


There is some more interesting information available through the AutismPedia 
about Dr. Usman's work with biofilm. 


hen 
We had our appointment yesterday and to all our surprise: w/ 
he tested her for Lyme it was negative. cust 3 months ago 
and before starting MMS she was testing very positive is 
it, He was pleased with the outcome. Thank you so much for 
tour guidance and we owe this to the miracle of MMS and 
oor dedcaton to hebing me with my questions I realy, realy 
‘appreciate your help in bringing us one step closer t0 the cure. 


Also, this article “Lyme-Induced Autism Conference Focuses on Biofilm and 
Toxicity”"* by Mary Budinger discusses the effects of pathogens present in the 
biofilm for Lyme disease and autism. The following is a notable quote from 
the aforementioned article by Dr. Stephen Fry of Fry Labs, which explores the 
possible pathogenic causes of chronic disease. 


| could be barking up the wrong tree, but maybe not. Remember that we 
used to think stomach ulcers were caused by too much acid production. 
Then Barry Marshall and Dr. Robin Warren turned medical dogma on 

its head by proving that a bacterium was the cause. The pair identified 
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the bacterium H. pylori and proved how it causes inflammation, then 
ulcers. Maybe in 10 years we will be smart enough to know that the 
‘auto’ in ‘autoimmune’ actually means pathogen and the whole concept of 
autoimmunity will change. Chronic inflammation is chronic infection. In 
autoimmune disease, my model is that there is a chronic infection that 
cannot be eliminated, thus the immune system is always switched on. 
The self antibodies are due to apoptosis and death of host cells with host 
immune response. 


| couldn't agree more, and am so grateful that we have CD to combat 
pathogens, and restore the body to a state of health. 


Mitochondrial Dysfunction 


Children on the spectrum are also more likely to have mitochondrial 
dysfunction than neurotypical children of the same age group. The following 
is an excerpt from Science Daily. 


Children with autism are far more likely to have deficits in their ability to 
produce cellular energy than are typically developing children,a new study 
by researchers at UC Davis has found. The study, published in the Journal 
of the American Medical Association AMA), found that cumulative 
damage and oxi stress in mitochondria, the cell's energy producer, 
could influence both the onset and severity of autism, suggesting a strong 
link between autism and mitochondrial defects. 


“Children with mitochondrial diseases may present exercise intolerance, 
seizures and cognitive decline, among other conditions. Some will 
manifest disease symptoms and some will appear as sporadic cases,” said 
Cecilia Giulivi the study's lead author and professor in the Department of 
Molecular Biosciences in the School of Veterinary Medicine at UC Davis. 
“Many of these characteristics are shared by children with autism.” 


Dysfunction in mitochondria already is associated with a number of other 
neurological conditions, including Parkinson's disease, Alzheimer's disease, 
schizophrenia and bipolar disorder. 


Mitochondria often respond to oxidative stress by making extra copies 
of their own DNA. The strategy helps ensure that some normal 
genes are present even if others have been damaged by oxidation. The 
researchers found higher mtDNA copy numbers in the lymphocytes 
of half of the children with autism. These children carried equally high 
numbers of mtDNA sets in their granulocytes, another type of immune 
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cell, demonstrating that these effects were not limited to a specific cell 
type. Two of the five children also had deletions in their mtDNA genes, 
whereas none of the control children showed deletions."” 

Inour MMSAutism webinar, Dr, Andreas Kalcker mentions that CD changes the 

mitochondrial membrane electrical potential.” This leads to increased power 

in every cell in the body, including immune system cells. The mitochondria are 


the electric generator or “powerhouse” of each cell. When we turn off this 
electrical generator, cancer can develop. If the cell cannot produce electrical 
energy through oxidation it will use fermentation. 

In practice, what | have seen is that children who suffered from lack of 
energy; listlessness, and other symptoms that can be related to mitochondrial 
dysfunction have perked up with the use of CD. They are able to do exercise 
again, walk without having to be carried, and can cognitively sustain activities 
without tiring. You will see a few testimonials mentioning “mito issues” at the 
end of the book. It is wonderful to think that this is another means by which 
CD can help people on the spectrum heal. 


ATEC Statistics 

Through some of our Facebook groups we have been collecting ATEC data 
for the past year. Just to give you an idea of what others are experiencing in 
terms of test results, here are some statistics: 


+ 246 parents have given us 2 ATEC scores. Of thase, the average 
drop between ATECI and ATEC2 is 15 points. We take ATEC data 
quarterly, so in general that drop is in three months or less. The 
more impacted a child is the bigger their initial drop — kids starting 
with an ATEC over 100 averaged a 26 point drop between ATECI 
and ATEC2. 


+ Of those 246 ATEC reports, we had 32 children (13%) gain in points 
in the first quarter. The average gain among those 32 was 7 points. 
All 32 reported ATEC scores three months later, and 29 of them 
dropped points between their ATEC2 and ATEC3 scores. Further, 
13 of those 29 dropped enough points to put them at or below their 
ATECI starting number. Which means at the 6 month mark, only 19 
‘out of 246 (or 7%) had gained points. 93% of children who do this 
protocol have improved their ATEC score at the six month mark 


+ We have now had 163 parents provide four consecutive ATEC scores 
(encompassing one year on the protocal). Of those 163, the average 
ATEC drop between ATEC| and ATEC4 was 24 points. 
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+ Of those 163,a total of 9 or 6% reported an increase in ATEC score 
between ATECI and ATEC4. The average increases was 6 points. 
94% of children who do this protocol have improved their ATEC 

score at the one year mark. 


+ Ina Facebook group collecting ATEC data, we have 25 recoveries as 
defined by the ATEC dropping to 10 or under in a year. So we have 
a rate of 15% recovery as defined as ATEC score under 10 in the 
parents who have taken this protocol through one year. 


Thus showing that the longer they are on the protocol the more points they 
lose. 


Although we all would like to see “high level” statistical research done, this 
is no doubt a major step in the right direction, and demonstrates that the 
protocol does work, But, research takes money. 


DOs & DON'Ts of CD for Autism Recovery 


DO review all current supplementation that your child is taking and 
remove all supplements which contain any antioxidants including 
vitamin C, vitamin E, vitamin A, vitamin K, ALA, Coenzyme Quo, and 
colloidal silver as these will neutralize the CD, rendering it ineffective. 


DO consider removing supplements that include iron and vitamin By 
These are principal foods for the parasites, which explains why many 
children are low in them. If you are seeing a chronic iron or vitamin By 
deficiency, revisit the parasite chapter. These levels should normalize 
when parasites are no longer consuming nutrients. 


DO use the Baby Bottle Method in an eight-ounce glass bottle with a 
completely sealing lid and start at one drop, regardless of weight. 
Increase by one drop/day, until you reach the optimal dosage. 


DO dose frequently throughout the day. The less time we leave the 
pathogens to proliferate the better. Do a minimum of eight doses 
a day, but try to get in more doses if possible. Go for 16 in cases of 
PANS/PANDAS and acute situations like colds and flu. 


DO activate CD for the proper amount of time for the acid you use. HCI 
and citric acid both activate sodium chlorite in 60 seconds. 


DO supplement minerals using ocean water. 
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DO completely avoid the following: citrus fruits, corn syrup, fruit juices, 
green tea, pineapple, vitamins C, EA, and K. Only give coconut milk 
and coconut water a minimum of one hour after the last CD dose at 
night so they will have no chance of affecting the CD. Coconut milk 
and coconut water are very alkaline. 


DON’T give fruit juice of any form—not fresh, organic, homemade or 
store bought. 


DON’T give highly antioxidant foods including chocolate (cacao/cocoa), 
coffee, green tea, kombucha, citrus fruits, pineapple, mango, or 
kiwi. Berries (if you have to give them at all) can only be given 
at night, one hour after the last CD dose. 


DON’T mix anything but water with your CD drops. 
DON’T give CD with food. 
DON’T use a vitamin C shower water filter—yes, there is such a thing 


to neutralize chlorine in tap water. Unfortunately, it also 
neutralizes chlorine dioxide. 


CD Troubleshooting Checklist 


Before you decide that CD isn’t working for your child please take a look at 
following list of common errors. If it looks like you are doing everything right, 
but you aren't seeing gains, please, before giving up, use one of the support 
options shown in Appendix 17, page 521. You are NOT alone! We have a 
network of parents who are ready and willing to help you. 


Are you preparing your CD ina clean, dry shot glass, or other type glass 
container that insures both chemicals are mixing? 


Is the CD mixture turning yellowish brown? There should be a chlorine- 
like smell, If there isn’t, something is not right. Perhaps you have bad 
or incorrect chemistry? Maybe the supplier did something wrong in 
preparing the solutions. 


Are you using the correct ratio of sodium chlorite to acidic activator 
drops? See chart on page 94 for the correct mixture ratio depending on 
the type and concentration you are using. 
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Are you allowing the correct activation time before dilution with water 
after mixing the sodium chlorite and acidic activator? See chart on 
page 94 for the minimum activation time you must wait for the chemical 
reaction to occur. 


If you question the potency of your CD, then you may wish to test its 
strength, See Appendix 6, page 467 for testing information. 


ls your CD or activator cloudy or not changing color after they are 
mixed? If so, there is something wrong with one or both chemicals. 
Check with your supplier. 


Did you leave your baby bottle solution in direct sunlight? A brief 
exposure to light is no big deal, but if you left it in a hot car for an hour, 
it may have lost potency. 


Are you keeping the same baby bottle solution for too many hours? It 
should be used on the day it was prepared. 


Are you giving antioxidant supplements or a multivitamin containing 
antioxidants? Vitamin C, vitamin E, etc., should not be given. Cod liver 
oil and fish oil supplements in general have lots of antioxidants to keep 
them from spoiling. Make sure those are out as well. Mixing any of 
these will cancel out the effect of the CD—and the vitamin, You CAN 
give them a few hours apart. 


Have you checked all your labels of supplements and foods to make 
sure they don't contain antioxidants? 


Have you removed all juices and all citrus fruits from the diet (including 
oranges, pineapple, mango, kiwi)? Berries (if you have to give them at all) 
can only be given at night, no less than one hour after the last CD dose. 


Are you dosing CD 30 minutes apart from food, as a minimum (one 
hour is optimal, but not always possible)? Grazers do 15 minutes and 
we dase CD 16 times a day. 


Are you mixing anything with your CD, such as baking soda, juice, etc.? 
The only thing you can add into your dose of CD is more water! 


Are you using alkaline water to prepare your CD? Alkaline water kills 
CD. Some expensive water filtration systems are designed to produce 
alkaline water, which we must totally avoid! 
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(1 Are you breakingThe Diet? Could there be dietary infractions at school 
or with relatives while you're not there? 


Are you dosing so high that you are detoxing your child too fast and 
getting a Herxheimer reaction? Some people need to increase every 
three days—NOT every day. 


(2 Are your doses too low to accomplish anything? 


O Are you giving too few doses of CD? We need a minimum of eight 
doses per day or more. 


Have you started the Kalcker Parasite Protocol? If you have done three 
Parasite Protocols (PP) it is time to start looking into supplements, 
chelation, HBOT, GcMAF etc. 


Frequently Asked Questions (FAQs) 


Can | use less than one ounce (30m) of water to administer a dose 
of CD? 


One ounce of water, or more, is best. You can always add more water, but 
at least an ounce is the minimum per drop. 


We have been on the Protocol and are at five activated drops of 
CD in the baby bottle. My son’s “usual” autistic symptoms got 
exacerbated to the maximum. He has horrible constipation, 
stimming, scripting, and he seems to be in a bad shape. Our target 
dose is 15 drops. What should I do? 
The general protocol is to wait with CD enemas and CD baths until one 
is at their full target oral dose. His negative symptoms are probably from 
reabsorption of toxins from his unpassed stool. You need to resolve his 
constipation to stop this vicious cycle. You can administer CD enemas 
and CD baths on consecutive days. This should help the constipation, and 
flush the toxins out of his system. Then, once he is stable you can resume 
slowly titrating up to full dose. 


What should | do if my child can handle “double doses” (two ounces 
of the baby bottle) all day with no herxing? 
If your child is taking “double doses” all day, then it is NOT a double 
dose—it's his actual dose! Depending on his gains and what else you are 
folding into your protocol you can consider going up from there. 
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Is 72/2 only if you have done the parasite protocol? We are full oral 
dose but won't do PP until next full moon. 


You can do 72/2 protocol before the Parasite Protocol, but you must have 
reached full dose of CD. 


We are really struggling to get in enough doses of CD with school. 
We do well to get in 8; we really need more (way, way more). Night 
dosing is not an option (he won't go back to sleep; our mornings 
start early enough around here as it is), nor is coming to school 
during the day to dose him (we both work). Advice? 


‘Some parents are dosing every 45 minutes to get in their doses when they 
are with their children. However, we need to be killing pathogens around 
the clock. It is not possible to be effective at killing pathogens when we 
are giving them 16 hours without a dose of CD. You need to get | to 2 
doses in before school starts. Then get the other 6 (ideally more) in after 
school is over and in the evening. 


My child hates the flavor of CD. Can I give Stevia with CD to improve 
the taste? 


We recently discovered that some brands of Stevia are compatible with 
CD, CDS and CDH (ie., SweetLeaf® & KAL® brand)—it doesn’t reduce 
the potency. However, past tests were not so positive. Some added 
ingredients may be why this was so in our initial tests. Try to use only 
pure Stevia or check with the Facebook groups on what others are using 
successfully. 


Preliminary tests show that some brands of Stevia can be 
used with CD to improve taste without losing potency. The 
two brands we have tested in-house are SweetLeaf® and KAL®. 
‘Some of our moms report having successfully used flavored 
versions of SweetLeaf. 
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When you say do two back-to-back baby bottles of 11 drops... you 
mean do a total of 22 drops in 16 hours? Correct? I’m going slowly 
up on oral CD because of behaviors. If | go from 11 to 22 drops 
;ht, won't he have strong detox and behaviors? 


over! 


This is spread out over 16 hours or more, such that every 60 minutes it is 
the same amount. Its different than putting 22 drops in 8 fl. oz. Behaviors 
associated with bacteria (PANDAS/PANS) are often reduced with the 
tolerated dose spread over longer periods of time. Remember that CD 
is only active in the body for about one hour. 


My child seems very uncomfortable. What should I do? 


If you see a detox like this, stop dosing for the day. The next day, return to 
the last dose when the child was stable. Pathogens are dying and toxins 
are being released into the bloodstream on their way out of the body. 
This causes discomfort in some people. 


How do you know if | should go past full oral dose of CD? 


A Herxheimer reaction will be your biggest indicator if you have gone 
too far. If you have reached full oral dose and it seems like your child has 
plateaued, please schedule a consult with Kerri to discuss your options. 
Note: The full oral dose chart (page 101) is only a general guide and not a 
cone size fits all 


Is an hour enough time to separate CD neutralizers from the CD 
dose? 


CD is only active in the body for about one hour, however, supplements 
like vitamins A, C, E, K and ALA, CoQ10, and GSH (glutathione) need to 
be avoided, Also, orange juice, pineapple juice, and other high antioxidant 
fruits are a problem even after one hour. So, the best thing to do is 
eliminate everything that kills the CD. If not, it is pretty much like not 
using CD, | have seen it too many times and it's not worth it. Antioxidants 
destroy CD. There is no period of time that is safe to use antioxidants 
with CD. 


| know you have to start the parasite protocol on a certain day of 
the month, but how about the first dose of CD? 
You can start giving CD any day of the month. That said, it might be easier 
to start ona weekend, or a day when you will be with your child all day to 
make sure to get in all of their doses, and keep an eye on them to make 
sure they tolerate it well, ie.no Herxheimer reaction. 
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What is 72/2? 


7212 is when you give a dose every two hours around the clock for 72 
hours. We use a baby bottle and a half to get through the night hours. 
This can be added in once you are comfortable at your full oral dose and 
have added in enemas and baths. See page 115 for more information, 


Do you recommend 72/2 for everyone? 


Once a child is at 100% of their target oral CD, enema, and baths then 
they can do a 72/2 weekend. They are exhausting for the parents, but 
some kids do wonderfully. A lot of families get a nice boost. But,if you do 
a couple of weekends and you don't see anything afterwards, then forget 
it. The benefits are usually seen two to three days after the 72/2 is over. 


My son suffers from constipation. Can I start the enemas before I 
get to his full oral dose? 


Anyone who suffers constipation needs enemas right away. These can be 
combined with oral doses. Still start low and slow, but it is important to 
get the bowels moving with any detox protocol. When constipation is 
present, we do not wait to start enemas. 


‘What is the maximum amount of water to use with enemas? How 
many times do you hold and release? 


First of all, we don't encourage holding. Rather we do a fill and release, 
which is kind of a home colonic. If your child can hold for a few secands 
without fuss, then great. The number of cycles depends on the results 
of each. If all you are getting out is water, you may be finished, unless 
the person is seriously constipated. The amount of water really depends 
on the individual’ size and the number of cycles administered. My basic 
philosophy 
you are still getting some water and CD in. 


Any enema is a good enema. So, even if not much comes out, 


Is it possible that my son has been getting rid of mucous after his 
CD enemas? What is up with the mucous? Why is it there in the 
first place? And, is it a good or a bad thing that it is coming out? 


Mucous is always a sign of inflammation and can contain pathogens and 
parasites. Mucous gives a home to pathogens. The inflammation and 
mucous can be caused from the allergies and pathogens. It is common to 
see mucous come out in the beginning of the enemas since our children 
have so much intestinal dysbiosis. 
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What is a good enema method for a 17 year old boy? | am having 
trouble understanding the enema part of the book. The video in 
the file really helps, but | am having a hard time imagining doing it 
on my son. How do other people with older children do it? Can it 
be self-administered eventually? Kerri mentioned a gravity bag, so 
you don’t have to keep changing syringes. Has anyone tried that? 
Where do you get the bag? 


Here is some advice one mom gave to another mom on one of our 
boards: 


‘My son is 14 and tends toward constipation. | had done suppositories in the 
past to help him have a bowel movement. So, | told him that the enema was 
“fanny medicine” to help him have a BM and make him better. | started with 
Just showing it to him after a BM after | wiped him. Then, | just put it next to 
his anus the next day, Then closer every day. He was still constipated so just 
inserting the tip would help him poop and then later | was able to push the 
liquid with him standing next to the sink and it would run all down his leg. After 
several weeks of this, it was a full moan and he could not poop at all and was 
lying on his bed in pain. | said let's try it here because it will really help you. | 
got out a hundred towels and did it right there and he pooped. It was a slow 
process over two months but now we do them AM and PM always right after 
the shower. | counted over 20 feet (of parasites) coming out this last PP. And 
that is just what I could see. 1 don’t dig,just pull out obvious ones that are a foot 
long. Main advice is keep calm with soothing voice and have tons of patience 
and keep telling your son how much you appreciate his patience too. ! also tell 
him this will get rid of his autism. He is non-verbal but said with RPM that he is 
mad he has autism. Also, the soft tip is key. | use syringes because they go fast. 


My son is not having daily bowel movements. What should I do? 


Do CD enemas every day until the stools normalize to daily. If you 
absolutely cannot do enemas, use CD baths in high doses (50+ drops 
depending on the size of the tub). Ocean water in high doses will move 
the bowels as well. Castor oil also helps. 


1am scared of the CD enemas. Will CD harm the intestinal lining? 


CD stays active only for about one hour and can gently, but effectively 
remove biofilm and kill pathogens in the intestine. Our society has shied 
away from this healing method in the last few decades. However, CD 
‘enemas have been proven to be positive turning points in the treatment, 
time and time again. Lots of kids will actually ask for enemas, as they 
provide them relief and comfort. If you are nervous, apply an enema to 
yourself first. You will see it is no big deal, and feel more at ease applying 
fone to your child. Some parents have shown their higher functioning 
children how to apply their own enemas, so no one has to be there, and 
to make them feel more comfortable. 
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What is the difference between colonics and enemas? 


‘Colonics cleanse the entire length of the colon while enemas cleanse the 
lower part of the colon. Colonics involves multiple infusions of water into 
the colon, while enemas involve a single infusion of water into the colon 
(which can be repeated). With colonics, fecal material leaves the body 
via. a tube, Colonics normally involves going to an office and receiving 
assistance by a trained colonics hydrotherapist, while enemas are free and 
done in the privacy of your own home. 


Ihave never done an enema before. How do you administer it? 


There are several positions that work well, but there will be one that 
works best for the individual. The enema instructions are on page 109. 
Some examples would be on all fours or lying on your left side on a towel, 
or a small child could lay across your lap. 


Enema clean up question: What are we boiling? What are we 
spraying with Everclear? What are we throwing away? 


After you are finished looking for worms you can throw away any plastic 
platesiforks you may have used. Pour boiling water on your specimen 
collector, enema nozzle and catheter. Then spray with Everclear grain 


alcohol. If you are using syringes, you may pour boiling water over them 
as well. 


How far do I need to insert the catheter for an enema? 


Not very far at all; one to two inches is plenty. The anal sphincter is about 
one inch past the anus. As soon as the catheter passes this muscle, it will 
hold it in place and there is no need to go further. 


What is intestinal biofilm supposed to look like? 
Biofilm is fluffy, cloudy, and mucousy in appearance. There are no rules 
on the color. It can look like pantyhose. But, it is usually mucousy and a 
cloudy whitish/grey color. 


How far away should we be doing enema from food? If we miss the 
morning enema, can I give it right after lunch? 
They can go together; there is no need to separate enemas from food. 
‘Any enema is a good enema. 


P'm having trouble with my syringes (for enemas). One plunges 
really smoothly, but the other two are almost impossible to move. 
Do I need to grease them up somehow before each use? How do 
you clean them? 
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lluse Everclear grain alcohol to clean them, but note, it will dry out rubber 
parts. You can use coconut oil to lube the plunger gasket. 

Is it normal to see black specks coming out after using enemas? We 

saw white specks for a couple of days too. 

Black specks can be heavy metals. Oxalates are known to bond to metals 
and would come out with metals. White dots are generally parasite eggs. 

Does ocean water need to be refrigerated after opening? 


No it does not, itis fine at room temperature. 


If | harvest my own ocean water do I have to sterilize it? 
No, Sterilizing is not necessary or desirable in our experienc—we don’t 
want to denature it. Pouring it through a coffee filter to remove any 
potential particulate matter is fine. Do NOT use charcoal filters (such 
as a Brita® water filter), because they will alter the characteristics of the 
natural ocean water. Just make sure to collect the water far from any 


harbours or large river outlets. 


I bought pure sea water in Australia. It sounds like a great mineral 
drink. Would this be beneficial for killing parasites or just putting 
goodness back into the body? 


Actually, it does both. 


How do I avoid feeding the pathogens? 
CD kills pathogens. | would use CD to rid the body of pathogens rather 
than try net to feed them, 

Is it possible to use CD, CDS, or CDH during pregnancy? If it is ok, 


how much can be used? 


CDICDSICDH are not advisable during pregnancy or nursing. 
Can | add CD to breast milk to the bottle to help the baby detox? 


CD must be given in water. Mixing breast milk and CD will reduce or 
potentially cancel out the potency of the CD. 


How many drops go in a CD bath? 
It depends on the weight of the child (20-100 drops). If he is a little guy 
I might start at 10 or 15 activated drops and work up over the course of 
the following couple of weeks. The size of your tub also plays a part. The 
bigger the tub, the more CD youre going to need. See page 113 for more 
information. 
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lve heard that some people mix CD directly in capsules and then 
swallow them. Can we use that on our children? 


NO! Nota good idea! Since many children with autism can’t speak, they 
won't be able to tell you when the capsule gets stuck. CD needs to be 
diluted in water before taking as instructed in this chapter. 


Can | use warm water instead of cold water to store CD and how 

Jong will it remain potent mixed in the baby bottle? 
CD is a gas dissolved in water and therefore has to be preserved in a 
sealed container. If not, it will lose its potency, similar to how soda goes 
flac if the cap to the bottle isn't screwed on tight. Colder is better because 
the CD will gas out quicker at higher temperatures. If you have doubts 
about CD potency, get the Lamotte CIO, test strips to be sure. See 
Appendix 6, page 467 for more information. 


Are purified, distilled and filtered water all the same thing? 


They are different. However, we can use purified, distilled or filtered 


water: But, alkaline water should never be used! 


Must the activated CD water mix be stored in a glass bottle, or is a 
no-BPA plastic bottle with an airtight cap ok? 


| prefer glass to any plastic. Over time, chlorine dioxide can degrade 
plastic, and that means you or your child will be consuming it. Yes, the 
bottle needs to remain sealed. Plastic is acceptable for lids only! Metal 
lids should never be used because they quickly rust, even if covered with 
a plastic coating. 


Is it a problem to transfer one ounce of CD to a steel bottle briefly 
before drinking it? 


That is fine for a transfer, but | wouldn't store CD in a steel bottle. 


Is the GF/CFISF “clean” diet essential to the CD protocol? My 
son doesn’t have bad reactions and I just do not see how we could 
implement it. 


A healthy, clean diet is very important to the healing process. 
Unfortunately, our “standard diet” is filled with preservatives, colorings, 
and other potentially harmful chemicals. When the goal is to heal, the 
diet is necessary. Dairy especially can cause inflammation and mucous 
production. Mucous provides protection to parasites. 


What is a good CD-friendly multivitamin? 


All multivitamins have antioxidants. What we need to supplement during 
detoxification are the minerals. Ocean water has 90 bio-available minerals, 
and it is what | prefer for this protocol. 
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Are there other specific foods, veggies or fruits that need to be 
avoided in addition to juices? 


When you are following the CD Protocol, all antioxidants need to 
be avoided. Chocolate is a strong antioxidant. As far as vitamins are 
concerned;A, E, K,and ALA are off limits, High antioxidant supplements 
such as curcumin have also been a prablem for many people. In the 
case of vitamin D, itis not an antioxidant, but it has caused aggression in 
previously calm children. Therefore,as a supplement, it must be used with 
care, if at all. 


Vegetables and legumes which are high in antioxidants have not shown to 
be very detrimental to the effects of CD. However, citrus fruits, pineapple, 
mangoes must be avoided. Berries are best given at night, one hour after 
the last dose of CD,if you must give berries. Juice,any sort of fruit juice, is 
completely prohibited. Not only can the antioxidants involved kill CD, but 
the high sugar content (albeit natural) shuts down the immune system, 
which is already impaired in children with autism. 


Can our kids drink anything other than water for the duration of 
the CD protocol or just not drink juices down with the CD? 


Some people are not used to drinking water and find it difficult. Some 
people drink nut milks or rice milk. On occasion, some folks put a piece 
of fruit in the blender with an apple and blend it, strain it, water it down, 
and have that sometimes. Juicing is taking 5 apples to make a glass of juice 
and that is a lot of sugar (albeit natural) as well as a lot of antioxidants. 
Antioxidants kill CD and sugar slows the immune system. You want to 
totally avoid alkaline water. 


Can I use rice milk to give the CD instead of water? 

‘Water is what we need to use to give the CD. If you are giving CD mixed 
with another beverage you are reducing its potential. By combining CD 
with liquids other than water we will not get the desired results. Rice 
milk might be okay, but you would need to test how it affects the potency 
of the CD, You can get the LaMatte High Range Chlorine Dioxide Test Strips 
(#3002) at www.amazon.com. This way you can see for yourself how 
mixing CD with any beverage affects its potential. However, | do not 
recommend putting CD in anything but distilled/purified water. 


Can | give my child fresh pressed green juices (celery, kale, cucumber, 
apple)? 
Anything that is very nutritious to the human body is nutritious for the 
pathogens/parasites. So, a healthy green drink is very healthy for the 
pathogens. If you are giving “green” juices make sure they are not loaded 
With sugar from apples, carrots, etc. In my opinion, itis preferable to avoid 
these for the first few months of the Parasite Protocol (PP), at least. 
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Can I use coconut and almond milk with CD? 


You can drink coconut and almond milk 60 minutes after your last dose 
of CD, but | would not combine anything other than purified water with 


the dose of CD. 


Can my child drink coconut water if he is taking CD? 


If you want to give your child coconut water, giv 
child's last dose of CD, at night, before bed. 


one hour after your 


Does lemon interfere with CD, even after it is cooked? 


Yes, in some cases. A family of a child who suffered from SIB noticed a 
direct correlation with lemon use in their meals with the return of his SIB. 
| would avoid it at all costs. 


My son barely drinks anything, especially all at once. This is why we 
have been unsuccessful with detox programs. Is CD different? 


You should make sure that your child is well hydrated, but for the CD 
alone one ounce (30m) of water is sufficient. | find that it is easier to 
drink CD cold rather than at room temperature. Also, if the smell is a 
problem, put the dose in a plastic syringe and squirt it right into your 
child's mouth. This prevents them from having to smell it before they 
swallow it. Enemas are a great tool for hydration. 


My child’s appetite has changed since starting CD. Is this normal? 
Yes. On average larger kids tend to slim down, while thinner kids tend to 
gain some weight. 

Can I give green tea or kombucha while taking CD? 


That is out of the question in my humble opinion, Green tea is high in 
antioxidants and caffeine. Kombucha is similar. | don’t know exactly how 
long the antioxidants in either one are active in the body, so with autism, 
if we are looking for healing, avoid them both. 


Can 1 use original Nutriiveda™ with CD? 


Nutriiveda™ is derived from whey, a dairy product. In humans, all dairy 
causes inflammation and mucous, which provides a protective refuge for 
pathogens. That makes this product contraindicated for this protocol, 
plus it contains antioxidants. 


Can | use Chia seeds with CD? 


Yes. But do not mix them directly into the CD. 


Step 2 - Chlorine Dioxide (CD) 135 

How do I dose my child when he/she is at school from 8:30 am to 3 

pm? | work full time so “dropping in to dose” is not an option. 
Give a dose upon waking, one at the door of the school at 8:30 and the 
third dose of the day at 3pm at the door of the school. The last dose of 
the day is at bedtime, there should be at least four hours between school 
pickup and bedtime to get in the other four doses. Once you get the 
hang of it, it is not that hard, it just takes a little getting used to and some 
prior planning. 


What should I do if my son goes away for § days with school? Do 
you think it is possible to prepare a bottle of CDS for 5 days and he 
takes only one portion each evening? 


It’s not ideal, but better than nothing. 


My son is refusing the CD. What do | do? 
Have you tried adding more water with the dose, using cold water, using 


a syringe or a straw? Here is some advice from a Mom whose daughter 
refused oral CD: 


We just went through a REALLY rough patch with my daughter when she 
absolutely refused to take oral CD, and | know it gets super stressful for both 
you and your child if you try to force it... I had to respect her as clearly she 
was telling me in her own way, “Mam, this does not make me feel good!” for 
whatever reason and after maybe a week we were back on track. During that 
time I was able to give her a few doses (dropped from 14 drops of CD to 5) 
here and there, during really good moments. For example, inthe bath or swing 
that she loves and I think that helped her associate CD with feeling better again. 
You WILL be back on track in no time!!!!!' Good luck! Keep calm and dose on! 


1am on 30 activated dropsiday with my teenage boy. The taste is 

simply horrible. He refuses to drink his doses. What should | do? 
You can dilute your baby bottle as far as a liter bottle if necessary; it will 
not impact its effectiveness. Obviously, one dose will be more like a half 
a cup or a full cup in this case. However, be mindful of your conversion 
rate so that you get your dosage right. Cold water helps with the taste. 
You can add approved Stevia brands to cover the taste of CD. See page 126, 


If the country I live in doesn’t have glass baby bottles, can | use a 
plastic bottle? 


No, do not use plastic for storing CD. If the cap is plastic, we can live with 
that. In almost any country you can finda glass water bottle (with a plastic 
cap). You can use a shot glass to measure out eight ounces, and even 
mark them on the outside of the bottle with permanent marker. Many 
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parents in Venezuela do this, as neither glass baby bottles nor LifeFactory” 
bottles are available in their country. NEVER use a Stainless steel (or 
‘other metal) bottle or container! 


Do you think this Protocol could work for a child who already has a 
low ATEC score (18)? 
Yes. | started with a 12-year-old, who last February 2012 had an ATEC of 
18. He did not budge from there after years of biomedical interventions. 
He could not stop with fears, phobias, anxiety (all parasitic in nature) and 
we started him on CD in February 2012 and the Parasite Protocol in June 
2012. His ATEC is now a one! 


My son's ATEC is not going down as | had hoped it would by now. It 
has hovered around 65 the past few ATEC’s. | think it is probably due 
to the fact that if | am not home my husband often forgets to give 
him his doses or his PP meds. Does anyone have any suggestions on 
how to stress the importance of this protocol to him? 


The following responses are from moms on our public Facebook group: 


You will never know what following the protocol will do for your son until you 
follow the protocol. When | first started the protocol a little over a year ago, | 
remember | had been using a special juice that so many people were raving 
‘about and | was paying $140 monthly for this miracle juice and I really wanted 
to keep in in my son’s protocol. | asked my husband to give it to my son at 4 
‘am when he got up, and that was 4 hours before he would get any CD doses... 
how could that effect our results? The juice was given 4 hours before starting 
CD for the day, we were following the protocol exactly otherwise, and even doing 
the enemas. Well, nothing happened, nothing, until about 3 weeks later when | 
said, well let's stop the juice and see... BAM! Immediately my son's ATEC results 
dropped and he blossomed. | mean not only did his constant pacing stop, but 
his eyes lit up, he not only started talking more, more, more but even his laugh 
changed to a typical sounding teenager’s laugh. It was incredible, His ATEC 
dropped instantly and kept dropping, 68, 25, 13, 7,5, 3. It's a6 today but this a 
super bad new moon for him. You will never know until you follow the protocol 


We have also seen our son stop pacing, stop suffering minute to minute, in the 
beginning we made our mistakes, missed a dose, didn’t get this or that done, we 
now stick to it, the cumulative effect of staying on protocol means the difference 
in drops in ATEC scores and staying the same or going up, it did for us anyway. 
I could feel the slipping, we are still working on getting this right, it is an evolving 
protocol that requires the entire family’s buy in. | have kept my son home from 
school to make sure he is dosed properly but that’s just us. In November he 
is supposed to begin going to school full days, if they do not dose him correctly, 
| will hire a homeschool teacher, that's how important this is. You will not get 
your child well, Kerri told us 16 doses a day, he got better, she told us to start 
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enema’s earl, that made a big difference, we started our first PP before he was 
at full dose, its all made a huge difference, email her, keep watching your child 
to see what's working, this protocol works, it may take time, but what is the 
calternative???? 


‘My husband is not good about giving meds either. When I'm gone my older girls 
give it. I text them reminders. Sometimes setting a timer can help. | also set all 
of the meds that go along in a morning and night dose daily case. Often when 
1 organize it all for them it’s much easier for the meds to be given properly and 
in time. 


My child has horrible nasal congestion. Can CD help? 
Yes, you can use CD and make nose, eye, and eardrops. Put one activated 
drop of CD into one ounce of water, Use one drop of the mixture in the 
nose (eyes or ears) every 15 minutes till symptoms disappear. NOTE: DO 
NOT USE PURE ACTIVATED CD WITHOUT DILUTING IT! 


You can also do a steam bath, which is done by closing off the bathroom 
(windows and door shut), and putting 20 activated drops on the floor of 
the tub. Run hot shower water on top of the drops until the tub fils; the 
air will be full of CD smell. Now, turn off the shower, put the child in the 
water to soak for 20 minutes, where he will breathe the light CD air. 


Is there a seasonal-allergy protocol for using CD? | suffer from 
extreme itching in my eyes, redness, puffiness, sneezing, sinus 
congestion etc. Will CD provide relief quickly or does it need to be 
used over a long period of time? 


Being on full CD, ocean water and the parasite protocol the allergies 
should begin to fade away. 


Can | try the CD ear protocol if my child has not started oral doses? 


Yes!! Please start the eardrops, if there is an infection, every hour until 
the symptoms disappear. If you catch an infection at the onset of its 
symptoms, give one drop of the mix every 15 minutes. We have seen 
earaches clear up in a couple hours. In any case, work towards a full oral 
dose, at least one drop eight times a day to combat the infection on all 
fronts. The eye, ear, and nose protocols are all the same: one activated 
drop of CD in one ounce of water in a sealed dropper bottle, Apply one 
drop of this mix every hour until symptoms diminish. 


Can CD help arthritis? 


Absolutely! CD is amazing for arthritis, Include CD baths 
Use CD iin conjunction with DMSO. 


your routine. 
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Our son has a runny nose and sneezes a lot, but has no fever. He 
hasn't been sick in well over a year! I'm wondering if it is from doing 
cp. 
This sounds like a very typical die-off reaction. Monitor his progress, 
make sure he is hydrated, and continue with the Protocol. If his reactions 
remain manageable, you don't need to back down or change much. This 
could also be parasites, depending on whether the symptoms are chronic, 
etc, 


Has anyone seen kids who had never been sick start getting sick as 
they heal? 
Yes, it means immune system is waking up and fighting back against the 
crud they've been carrying around for a long time. It’s called a healing 
crisis and is not uncommon and is actually a good thing. 


Does CD, CDS or CDH work on HIV? Also, are there any 
contraindications of CD and HIV drugs? 
We do not focus on HIV or its treatment and therefore we cannot give 
you a definitive answer. Anecdotally, there are many testimonials that 
indicate CD having a positive impact on the disease. In addition, we have 
spoken to doctors in various parts of the world who use CD to treat their 
HIV/AIDS patients and have positive results from what we understand, 


Can | use CD in a Netti pot when doing an ear, eye or nose wash? 


No. Do not use a Netti pot with CD, Instead, use the steam bath method. 
See page 114 for more information. 


I'm wondering if CD can be used in a nebulizer? With our daughter’s 
chronic mycobacterium issues, we can never get rid of the cough. I 
thought maybe it would be helpful to get it into her lungs or is this 
not safe? 


‘Try a steam bath. Inhaling CD directly has to be done very delicately. 
This is why the steam bath is recommended, as the particles have time to 
disperse into a very large area rather than being inhaled directly. Some 
people are using humidifiers with 35 drops of CD per gallon. See page 114 
for more information. 


What supplements do I need to avoid while using CD? 
Antioxidants (vitamins C, E,A, K,ALA, and CoQ10) need to be avoided 
because they kill CD. We avoid iron and vitamin B12 because parasites 
feed on these. So if you do not have something in place to kill pathogens! 
parasites, like CD, then the majority of your supplementation goes to 
strengthening the parasites instead of your child. 


Step 2 - Chlorine Dioxide (CD) 

I really don’t understand something basic... 
know not to give citrus or mangoes. Also, kiwis are rather high in 
vitamin C. If my child eats a kiwi or other high vitamin C containing 
food, how long does this impact CD? When will it wear off? 


Kiwis and other fruits high in vitamin C are a tough call. We do our best 
to avoid the biggest offenders. Unfortunately, | have seen families lose 
months because they continued to give fruit juice or supplements high 
in antioxidants. As soon as these were pulled, their children began to 
improve. A few years ago, a popular omega high in antioxidants became 
popular for autism. Families that ! was helping all over the world noted 
regression in their children. As soon as we figured out what the common 
thread was, and pulled that supplement, the improvements began again, 
but it was a nightmare. To answer the second part of your question, | 
don't know exactly how long vitamin C from a natural fruit source lasts in 
the body. A few different websites estimate up to 24 hours. 


We have been using gluthatione every day and modified citrus 
pectin as a binder. Are those compatible with CD? 
Gluthatione is a very powerful antioxidant and cannot be used as a 
supplement with CD. Modified citrus pectin is fine. 


Ihave heard that CD helps with oxalate problems. Is that true? 


Rompepiedras (RP) is very effective against oxalate-crystal formation, 
There are connections between parasites and oxalate problems, which 
this protocol seems to be helping. Ridding the body of parasites helps 
with high oxalates. 


1 know that CD neutralizes heavy metals. What does that actually 
mean? What is the difference between chelating and neutralizing? 


The mechanism of how CD neutralizes and removes heavy metals such 
as mercury is not clearly known (or understood). However, a number of 
recovered children have had heavy metal burden tests performed before 
and after the use of CD, and their heavy metal burden dropped. We also 
know of an adult in our circles who was extremely toxic with mercury 
and was able to normalize his levels after all other medical interventions 
had failed him. 


So is CD enough and we don’t need to chelate? 
For many it is not necessary to chelate while on CD. There are some 
children though who do IV chelation and CD at the same time. This 
method seems to have good results; there are big metal dumps, when 
administering chelation challenge testing. As time goes by, we add 
interventions until we reach recovery. 
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Are all chelators compatible with CD? 


In many cases there is no need to do both. To answer your question, 
EDTA is fine as well as DMSA and DMPS with CD. 


You may want to consider Bio-Chelat™, bentonite clay or zeolite clay. 
These are great light chelators. 


We have tried every biomed option available, but nothing has 
helped. What makes CD different? 


Biomedical treatments in general provide large amounts of antioxidants. 
CD is an oxidizer and kills all pathogens in the body. The premise is that 
‘once your body does not have to feed and house pathogens, it will work 
much better and will heal. This protocol focuses on excesses and not 
deficiencies, which in itself makes it different from many other biomedical 
interventions, With CD and the Parasite Protocol we are eliminating the 
pathogens and parasites that cause the symptoms known as autism. 


Most biomedical interventions seem to be only applicable to small 
kids. Does CD work on “older” kids, teenagers or young adults? 


Of course! Families with older teens and adults have had success. The 
body wants to heal at any age be it 7 or 70! This year, two 17-year-olds 
lost their diagnosis through the use of CD as part of their biomedical 
protocols. A 32-year-old male is doing excellent on the Protocol as well. 
Time will tell, and parenticaregiver dedication is the key to success. 


How long should I do the protocol to see if it is working for us? 


Within 30 days you will know. If you do the Protocol 100%,and in the order 
laid out here you should see improvements. Some see improvements 
with their first dose! 


Has anyone had an increase in PANDAS/PANS stuff while on CD? 
Our ATEC didn’t budge this time around and it is mainly due to the 
OCD and other PANDAS stuff that has increased. I get in 16 doses 
‘on weekends, but not on weekdays—maybe I get in 12 on a good 
day during the school week. Has anyone done anything to treat this 
PANDAS stuff? 


Parasites typically coexist with bacteria, so it is very important to treat 
bacteria and parasites at the same time. It is extremely important to get 
in 16 doses a day, whether you get in doses earlier in the morning, or send 
doses to school. Also, many children with PANDAS/PANS need to be 
treated month long for parasites. If you are giving a probiotic, you can try 
doing a period without it and see if you child does not improve. We must 
keep in mind that if you are seeing parasites coming out with the enemas, 
we may not be seeing gains until we have eliminated a good number of 
the parasites living in the body. The toxins that they excrete—living and 
dead—can also cause some of the behaviors we relate with PANDAS/ 
PANS. 
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Has anyone seen elevated liver enzymes while on CD? 


Liver enzymes will not be high from CD. | have watched people do the 
liver enzyme tests for two years and the kids are in the normal range. 
However, when they are dumping worms or doing parasite meds is when 
we may see the enzyme levels go up. Within a couple of weeks they 
g0 back to normal, in the handful of times that | have seen them go up. 
Mebendazole and Combantrin® are non-systemic, and therefore are 
not absorbed; they basically travel through the intestinal system and are 
eliminated in the stool and urine. 


My son still has a lot of mercury (DMSA provocation). Is it possible 
that the level can go down from using this protocol? How long 
should | wait before testing him again? 


It is very common for the heavy metal load to go down. If you want to do 
labs, you can do them in three to four months. 


How young is too young for CD? 


There is no age that is too young. If a baby is showing signs of cold/flu, 
etc., you can start with the baby bottle method, one drop in 8 fl. o7. of 
water, so they are getting 1/8 of I drop per dase. The protocols are based 
on weight. 


Ok we have had my son on this protocol for 11 months now. We 
started at an ATEC of 82 and had a dramatic decrease right away. 
Our second score was 26! Now we have had 3 consecutive ATECs 
of 33, most points being in the speech category. Where should I go 
from here? More diet changes and or supplements? We have been 
GFCFSF for years, considering going grain free next. We already 
use omegas and ocean water, and have done nine parasite protocols. 


It may be time to look into hyperbarics or GeMAF as you have The Diet, 
CD and parasite protocol firmly in place. If these 2 options are not 
financially possible, you need to look at the speech supplement list. Go in 
‘order, and see if your child doesn't see gains from some of those. You can 
also look at chelators. Also, please check that your omega does not have 
any antioxidants in it,as that will be killing your CD. 


Is it normal to see diarrhea in the beginning of the CD protocol? 


| consider there to be two types of diarrhea. One is the water faucet, 
which we want to avoid. If you see water faucet diarrhea, stop for the day, 
and give a lower dose of CD the next day, when you start up again. The 
other type of diarrhea is loose, unformed stool, which is normal during 
detox. As the body is attempting to eliminate the excess toxins quickly, 
the digestive process will speed up, and not all of the excess water will 
have a chance to be absorbed through the intestinal tract, causing loose 
stool. 
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How do you move CD through inspections at the airport? 


Don't carry concentrated sodium chlorite and activator bottles into the 
cabin. They must go into your checked luggage. Make sure each bottle is 
tightly sealed. Double bag each bottle SEPARATELY and place at opposite 
ends of your luggage but not right up against the sides. You may wish to 
stick each bottle into a pair of socks as extra protection. Surround each 
bottle with plenty of clothes to insure they will be protected if the bag is 
roughly handled. According to TSA regulations, you can bring aboard up 
to 3-4 fl. 0z,, (100ml) of a liquid in your carry-on luggage, which can hold 
3 doses from your baby bottle batch. 


Can | use CD as a toothpaste? Should | use regular toothpaste in 
addition? 


use CD spray (ten drops of activated CD per ounce) on the toothbrush 
first. Then, brush the teeth, and follow with fluoride-free toothpaste. CD 
is great for healthy teeth, tongue, and gums. 


Is it okay to go swimming when on CD? | worry about the chlorine. 
They do have a molecule in common; however one has nothing to do with 
the other. Some doctors don't let ASD kids swim in chlorinated pools. 
But, as far as taking CD goes, the chlorine in the pool will not deactivate 
the CD in your body, nor react with it. A child on CD can swim in a 
chlorinated pool, just as a child not on CD can swim in a chlorinated pool. 


Can I give colloidal silver with CD? 


No. Colloidal silver is active for up to 24 hours in the body, and will lower 
the potency of CD. Therefore the two are not compatible, 


Where is the autism clinic in Venezuela? 


Puerto Ordaz, Fundacion Venciendo el Autismo, Carolina Moreno is the 
president and one of my best friends. Her email is venciendoelautismo@ 
hotmail.com. We have over 36 recovered children there. It is wonderful 


My son has been sick and has really bad diarrhea. Can we skip the 
enemas for a few days or still do them? 


We don't use enemas just for constipation, but for overall colon irrigation and 
health. CD kills pathogens in the colon, and thereby helps heal autism. As 
the sickness causing the diarrhea is most likely pathogen induced, CD enemas 
will continue to kill these pathogens and help your son get over this acute 
situation faster. 
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My daughter just drank undiluted CDS. What do I do? 
First, get her to drink plain water right away. Next, give orange juice or 
vitamin C to neutralize the CDS. Give burbur or activated charcoal to 
mop up the toxins that were released. Considering the strong taste, itis 
unlikely she would have consumed very much. 


Can CD be harmful? 


In the past 3 years that families have been using CD for autism, we have 
not seen any children or adults harmed by using this protocol correctly. 
Liver enzyme tests, nutritional tests, metal porphyrins tests, etc., have 
consistently shown improvement in the health of the children. Since Jim 
Humble started using chlorine dioxide for health, no one has died from 
ingesting CD (or MMS). The story thats often shared around the internet 
from anatu, concerning a woman who unfortunately passed away, was not 
attributed by the coroner to be the result of ingesting chlorine dioxide. 
There was another case of a 25-year-old male who attempted suicide 
with 10g (nearly the contents of a four ounce bottle of sodium chlorite 
at 22.4% solution) of sodium chlorite (inactivated CD). He developed 
methemoglobinemia, which he received treatment for, but survived his 
suicide attempt. That said, as we have mentioned before... anything used 
incorrectly or recklessly can harm you. Water, table salt, etc. The reason 
we outlined the protocol in such detail is to prevent mistakes and help 
families use it responsibly to recover their children with autism. 


Does clay or bentonite clay interfere with CD? How far apart should 
it be taken from CD? 
One hour apart from CD is fine. | use diatomaceous earth about ten 
minutes apart from a CD dose, 
Is ibuprofen ok to take while doing CD protocol? 
We have never seen a drug that was contraindicated with CD. Always 
consult your physician for prescription contraindications. 
Is it ok to add Epsom salts to a CD bath? 
‘We do not use epsom salts baths in this protocol. We use CD baths. See 
page 113. 


Is it ok to take SAMe (S-adenosylmethionine) with CD? | took out 
all antioxidants, but not sure about SAMe. 


No, it contains magnesium and vitamin C. For a mineral supplement, we 
take Ocean Water. Vitamin C kills the CD. Magnesium feeds biofilm, and 
therefore is counterproductive to our goals of healing. 
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Can I use DMSO in a CD enema to help drive the CD into the 
parasites? 


Warning: Never use DMSO in an enema! Never introduce it into the 
body rectally. Ifitis applied rectally, it will carry toxic fecal matter into the 
bloodstream through the intestinal wall. 


How do | use DMSO? 


Every chance you can, apply DMSO to a clean body for 20 to 25 minutes 
and let it soak in. Apply it to affected parts first then remove rings/jewelry 
to cover all parts of the hands. Allow it to dry while applying to another 
body area (ie. right arm, left arm, right leg, left leg). Apply to clean skin 
with clean hands. Use natural fiber clothing if it is going to come in 
contact with the DMSO, which can dissolve synthetics. Dr. Stanley Jacob 
has proven that DMSO brings about healing of rheumatoid arthritis, and it 
is great for migraine headaches, etc. You can research his work at... 


www.dmso.org 
..or find a DMSO retailer at... 


www.protocolsuppliers.com 


The 99% pure stuff is best, but never use that strength on the skin directly. 
It must be diluted to 70% or less for topical use, 


Does DMSO neutralize CD? 


No, it does not. However, DMSO has not proven itself to be a tool for 
autism recovery. In general, we use it for self-injurious behavior (SIB). 
TheS" in DMSO (dimethyl sulfoxide) is"sulf” as in sulfur. Many children 
with autism have a spirochete (amongst other pathogens), which feeds on 
sulfur. We saw many setbacks when adding DMSO. It is used on a case- 
by-case basis. 


Chapter 6 


CDS 
Another Way of 


Delivering Chlorine Dioxide 


There is more than one way to skin a cat. 
~ Seba Smith 


n October 2011, | received an email from Jim Humble. After a visit with 

Dr: Andreas Kalcker, he had some fantastic new information for healing 
autism. Jim wanted me to fly to the Dominican Republic to see him yet again 
that year so he could share this new information. 


The big news surrounded the creation of Chlorine Dioxide Solution (CDS)—a 
new method of producing and using chlorine dioxide; substantially different 
from the CD mixing process we were using (described in Chapter 5). Jim was 
excited about all of the great things that Andreas was developing. 


Andreas was contacted by a cattle farmer who was frustrated by the health 
problems of newborn calves he was receiving. These calves were suffering 
from infections, diarrhea, ear problems, cysts, coccidiosis, bovine respiratory 
syndrome, etc. His yearly veterinary drug bill was around €28,000, not 
including the cost of feed. The farmer had heard about the wonders of MMS 
in humans and wondered if it might help his animals as well. 


Andreas thought, ‘Sure! Why not?” However, he quickly learned that cattle 
were very different from humans when it came to their digestive system. 
Cattle digest through fermentation, which CD disrupts, so he had to find a 
way to bypass their digestive system and go directly to their blood stream. 
But, that idea had another big problem. The pH of standard CD was too acidic 
and therefore not compatible with the calves’ blood stream. Injecting even 
dilute CD caused great pain and could result in damage to the veins. There 
had to be another way! 


‘After much thought and research,Andreas came up with a distillation process 
to extract the chlorine dioxide—the key ingredient—from the CD mixture 
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so it would not contain any sodium chlorite or acidic activator. He named 
the resulting liquid Chlorine Dioxide Solution (usually abbreviated CDS). Note: 
CDS can still contain trace amounts of sodium chlorite and whatever acidic 
activator used to produce it, but usually not enough to be an issue. 


This new CDS solution was injected into the 800 cattle with very positive 
results. The animals health improved and the ver bill dropped like a rock. 


Inone case, the farmer called Andreas abouta particularly sick cow. Headvised 
him on a dosage, but apparently the farmer misunderstood the instructions 
and gave the cow 10 times the recommended amount. The result? The 
cow was a bit “high” with ears and tail standing up, but subsequently became 
healthy with no ill effects from the accidental overdose. 


On the human side, CDS also solves the problem some people have with 
sensitivity to citric acid as well as the taste of CD. Not having the original 
chemicals (sodium chlorite/citric or hydrochloric acid) in CDS makes a big 
difference for some. Another advantage of CDS was a drastic reduction in 
Herxheimer reactions. 


After a long weekend in the Dominican Republic, we went home with new 
information to try out with Patrick. 


| began by swapping out drops of CD for milliliters of CDS. Initially, | didn’t 
notice improvements or regression, but | did notice that Patrick was waking 
earlier and having a less profound sleep. After about 30 days of trying the new 
miracle | began to think that,"If it ain't broke, don't fix it” So we went back 
to the original CD that had given us all of the recoveries and improvements. 
Patrick went back to sleeping very well and I never looked back. | was a 
confirmed CD user and CDS, for me, had no obvious advantages. 


A litle over a year later, Jim was at our home, and on December 26th, 2012, 
his new assistant showed up from the Middle East to help him. She could be 
called the “CDS poster child.” We differed on this topic right away. But, she 
was very insistent. She asked me why | didn't like CDS and | told her. So, she 
told me that | had been using “unstabilized” CDS and now they “stabilize” the 
cs. 


When the CDS is “stabilized” (with some sodium chlorite added back into 
the CDS liquid), it gives an extra 
molecule oxidizes a pathogen, there is sodium chlorite on hand to react with 
the acid that is created by the death of the pathogen. The result is more 
chlorine dioxide released on the spot. 


;, Such that when the chlorine dioxide 
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| decided to try stabilized CDS with Patrick. We arrived at his full dose based 
on tolerance. His sleep has been perfect. He sleeps as any pre-teen should— 
like a rock. And, he has great energy all day long. | can say that there was 
no noticeable difference over the four months that he was taking CDS, from 
the days when he took CD. However, he is a little bit “lighter as if he has 
no cares in the world. It seems as if something that might have made him 
uncomfortable no longer bothers him. Little by little, a few families switched 
to CDS to see if their children did better, worse, or as well as they did with 
cD. 


After a couple of trial months with about 20 families, | think that it is safe 
to say that CDS has its place in the buffer of different methods of chlorine 
dioxide administration. We still have the original CD, made with citric acid 
‘or HCl. Now, we have CDS and CDH (Chapter 7). Today, we no longer use 
stabilized CDS, as | feel that CDS is only for hypersensitive individuals and to 
be used only until they can switch over to CD or CDH. Whatever formula 
we choose, it will help to heal the body of unwanted pathogens, and helps 
with parasites as well as heavy metals. Each person is different, and it is up 
to us as parents to observe and decide which method of chlorine dioxide 
administration is best. 


You are in no way encouraged to switch to CDS if what you're doing with 
CD is working for you. For some people it may be better, but as of now, only 
one of our recoveries has come from CDS—all the rest are from CD. Some 
children may try CDS and come to realize that CD is still better for them. 


‘When to Use CDS 


CDS is used when someone just can't get past | drop divided in 8 fl.0z., over 
a day without experiencing a Herxheimer reaction. This allows us to get past 
the road block and still detoxify the body. Eventually, we want to go back to 
the standard CD Protocol which | believe to be more effective. 


This is not a common situation, but it does occur. 


Making vs. Buying CDS 

Most people are a bit concerned about making CDS since it involves a 
distillation process where you produce chlorine dioxide gas and then cause it 
to go into water. When Andreas first came up with making CDS; it involved 
two containers, a hose, heat and lots of ventilation. There are still lots of 
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videos on YouTube explaining that original process. However, there is now a 
much better, easier and safer way to produce CDS at home. So, if you see a 
CDS making video or read instructions that talk about using a hose—forget 
it! The new process is much easier and safer and doesn't involve any heat nor 
hoses. 


There are some online sellers of CDS, but the cost of it is high and making 
your own is simple. It just takes a little effort in learning the process and 
having the right equipment. In addition, by making your own, you will have a 


better understanding of the behavior of chlorine dioxide. 


Some Important CDS Points 


When it comes to CDS, itis all in the concentration of chlor 
water; measured in parts per million—abbreviated ppm. 


dioxide in 


‘When buying or making your own, the goal is to end up with a bottle of CDS 
having a concentration strength of 3,000ppm. This bottle should ideally be 
made out of glass and kept in the refrigerator. You never use this concentrated 
solution directly. It must be diluted. 


‘When we say, for example, use 10ml of CDS, we mean mix 10m! of 3,000ppm 
CDS with whatever indicated amount of water, and use that diluted mixture 
ced purpose. 


for the indi 


Make sure you read and understand Appendix 6, page 467 which explains 
more about concentration and measuring ppm. 


There are several names attributed to this new, better and simpler method of 
making CDS, such as: 

+ The Shot Glass Method 

+ The Overnight Method 

+ The New Method 


There are some demonstrations on YouTube showing this new method along 
‘with write-ups on various forums. These methods use a plethora of different 
containers having different shapes and sizes, The specific tools used to produce 
CDS can have a significant impact on the concentration, 


It should also be noted that the concentration strength is reduced every time 
you open the CDS source bottle as chlorine dioxide gas escapes the liquid 
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and evaporates into the air space above the liquid. When you open the source 
container, some of the chlorine dioxide gas escapes. So, the strength of a half 
full CDS bottle can be substantially less than what you started off with when 
the bottle was full. This is similar in concept to a pop bottle that loses its fizz 


if not used up quickly. 


To substantially reduce the evaporation of the chlorine dioxide gas, the 
CDS source battle should be stored in the refrigerator, which stabilizes and 
significantly reduces the amount of CD gas escaping the CDS solution. But, 
‘no matter what the temperature, some gas will always escape and reduce the 
concentration each time the bottle is opened. A narrow neck bottle helps 


maintain the integrity of the CDS for longer periods. 


It is better to store the concentrated source CDS in smaller 300ml bottles 
than keep it in a larger one liter bottle. That way you use up what is in one 
bottle faster with less concentration loss. A good storage bottle is shown and 


described on page 160. 


The New CDS Making Method — The Ba: 


Concept 


First, let's go over the basic principles of the CDS making process and then 
we will go into details. 


We start with two containers (both ideally made of glass). One container 
is larger and has some kind of a lid that can be tightly closed, The other is a 
smaller container having NO lid. The relative size of each container is such 
that the smaller container fits comfortably inside the larger container while 
allowing the lid to properly close on the larger container when the smaller 
cone is inside. See page 151 for an example of a well-made glass kit distributed 
by wpsdsale.com. 


The large container is then partially filled with filtered/distilled water, The 
level of water must be low enough so as to not overflow into the smaller 
container if 


is placed into the partially filled larger container. The photos on 
page 151 show the concept of the two bottles visually. 


Now that you have the basic idea, let's make some CDS... 
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Using the Overnight CDS Generating Kit 


The following directions assume you have the glass Overnight CDS Generating 
Kit (1000 mi) from wps4sale.com (as shown on page 151). Youare of course not 
required to use their kit. However, based on our own experience of looking 
high and low for a good one, theirs has the key features: 


+ Made of glass 

+ Smaller glass fits inside of larger container AND 1000m! of water 
inside the big container will not flood into the smaller container 
once placed inside. 

+ Lid fits tight and no gas escapes during the chemical reaction time. 

+ Lid is plastic—NEVER USE METAL LIDS! 


Note: There are plastic CDS kits that work. You may be able to find a 
combination of containers made of plastic but not glass where you live. In 
fact, | made a YouTube video where | show how to make CDS using a plastic 
container. Just understand that chlorine dioxide will deteriorate plastic 
containers over time, so it should be avoided, Even if you have to use a plastic 
jar to make the CDS, store the final product in glass. The less time the CDS 
is in plastic, the better! As for lids, we have no choice. Only use plastic lids. 
Metal lids will oxidize VERY rapidly! Even metal lids with a plastic coating on 
the inside will deteriorate. 


Steps to Making CDS: 


1, Start by pouring one liter of distilled or reverse osmosis water into the 
large glass container. The water should be around room temperature. 


2. Place the empty dessert cup inside the large container making sure no 
water spills into the cup. 


3. Measure 75ml of sodium chlorite solution (22.4% NaCIO; in water) and 
pour into the dessert cup, while being careful not to spill any sodium 
chlorite into the water surrounding the cup. 


4, Measure 7Sml of 10% HCI or 50% citric acid solution and pour into 
dessert cup. 


5. IMMEDIATELY screw on the lid to the large container while being careful 
to not jiggle the container which could potentially cause the CD solution 
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wps4sale.com sells this Overnight CDS Generating Kit that 
produces 1 liter of CDS at 3,000ppm from 75ml of sodium 
chlorite plus 75ml of activator. The only part not made of glass 
is the plastic lid. The glass dessert cup is sized just right to fit 
inside the larger glass jar with enough room left over for 1 L of 
water that won't overflow into the dessert cup. 


‘to mix with the surrounding water. Make sure the cover is tightly screwed 
down so as to not have any leaks. If you smell chlorine dioxide (beyond 
the little that escapes while you are putting on the lid) then something is 
wrong with the lid and/or container. 


6. If you did everything correctly you should see the CD solution turn a 
dark amber/brown within about a minute (see below) and notice that the 
water starts to turn a light yellow several minutes later. It is also normal 
to see bubbles form in the dessert cup. It is normal for the pressure to 
change during the chemical reaction. We find that citric acid produces a 
vacuum and HCI can produce a pressure at first and then a vacuum, 


7. Cover the kit with a towel to reduce its exposure to light. It doesn't have 
to be ina pitch black location, but it definitely should not be in direct 
sun light. Feel free to check it from time to time and see how the colors 
change. Of course keep this kit out of the reach of children or anythi 
that could disturb it. | keep mine in the cabinet overnight with a towel 
on it. 


8 When the color in the dessert glass matches that of the surrounding 
water, the chemical reaction is complete. There is no harm in waiting a bit 
longer—nothing more will happen. This usually takes from 12-24 hours 
depending on room temperature and the strength of the acid used. 
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After the sodium chlorite and activator mix, the color will 
quickly turn a dark amber, almost black color (left). After about 
12 hours, the color of the solution in the dessert cup and that 
of the water surrounding it should be identical (right), which 
indicates the chemical reaction has completed and the CDS is 
ready to be poured into a storage container. 


9. Have your glass storage bottle(s) clean and ready to receive the CDS 
solution. 


10. Before opening the kit make sure your work area is well ventilated. 
Perform the steps that follow outside or have the door and/or window 
‘open nearby. Having a fan lightly blowing any gas that escapes away from 
you is a good idea. 


11. Slowly open the container being careful to not jostle it which could cause 
the CD solution to mix with the freshly made CDS. If the chemicals mix, 
you will have to start over again, so be careful! You will most likely smell 
the chlorine dioxide gas that was sitting in the air space when you first 
‘open it. This is normal, hence the need for good ventilation, 


12. Slowly remove the dessert cup while being careful to not spill its contents 
into the CDS. Immediately dispose of the contents in the toilet and rinse 
off the dessert cup. 


13. Now pour the CDS into the storage bottles while being aware that some 
chlorine dioxide gas will come out of the water into your working area. 


14, Tightly seal the storage bottle(s) and place in the refrigerator. 
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Note: 10% HCl is the recommended activator when making CDS. However, 
you can also use 4% of HCl, but the reaction time will be slowed down. It 
may take as much as a full day before the color of the CD solution and the 
water match. 


Dosing CDS 


‘As mentioned earlier, CDS is particularly well-suited for unusually sensitive 
individuals who cannot tolerate even low doses of CD. 


Start with a baby bottle filled with 8 fl.oz., of water and add ImI of CDS. This 
will provide eight doses of 1/8mi. If all is well on the first day, increase to 
2ml on the second day. Each day you increase by one milter. Increase the 
amount based on tolerance. If the person is having a problem with a certain 
level of CDS, then go down to where they were fine and stay there a few days 


before increasing again. 


Tolerance is the key here. Once you can no longer increase you have reached 
that person's full oral dase of CDS. 


Slowly Switching Back to CD 


Once you have found the full oral dose where they are stable and cannot go 
higher, itis time to fold CD back in. 


The goal of using CDS is not to replace CD, but rather do some fundamental 
detoxing so you can bring CD back and reach full oral dose of CD. 


This is accomplished by taking out one milliliter of CDS and replacing it with 
dividual can tolerate 20 milliliters of CDS, 


1 drop of CD. For example, if th 
then an ideal transition would be represented in the chart on page 154, 


Of course this chart represents an unlikely scenario where everything goes 
exactly as desired. However, it does demonstrate what we are striving for— 
switching out CDS for CD and continuing to increase the dose of CD as 
described in Chapter 5 (page 81). 


To accomplish this process effectively requires careful observation of your 
child and making decisions as to when you can go up; when to hold; and when 
to back down. 
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Hypothetical CDS to CD Transition 
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CDS Enemas 


CDS enemas can be useful for sensitive individuals when starting the protocol. 
Follow the same enema instructions in Chapter 5,page 103,keepingin mind that 
Iml of CDS has a relative strength of approximately 60% of 1 drop of CD. 
With that in mind you can work up to 40ml of CDS per liter of enema water. 


Chapter 7 
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“The progressive development of man is vitally dependent on invention. It 
is the most important product of is creative brain.” 
~ Nikola Tesla 


this protocol is constantly evolving, and until every person with autism 

recovers, we will continue to search for things to add or tweak to the 
protocol so we reach that goal, A few months before the release of this 
second edition, was made aware of a new method of CD preparation, known 
as Chlorine Dioxide Holding (solution) or simply CDH. 


CDH can almost be described as a hybrid between classic CD and CDS. 
Where CDS has no raw material left in the final product, but only chlorine 
dioxide gas dissolved in water, CDH contains some raw material (similar to 
classic CD) along with the chlorine dioxide in the final product. This new 
process allows the sodium chlorite to react with the acid for a significantly 
longer period of time, thereby reducing much of the remaining amount of 
unactivated sodium chlorite and activator. Some people cannot tolerate citric 
acid so CDH is usually made with 4% HCI, Initial reports indicate that CDH 
is better tolerated than CD. 


Another interesting benefit of CDH is that it appears to mix well with the 
permitted natural sweetener stevia (SweetLeaf® brand) without reducing the 
potency of CDH. This can help children who have an aversion to the taste of 
CD. Many families have also reported that they were able to increase their 


id's dose without producing a Herxheimer reaction, in contrast to classic 
CD. Older children and severely affected children have benefitted as well 
from the CDH preparation; you can read more about that on page 221. 


‘Currently this new method is being used by a relatively small group of families 
(around 70 as of November, 2013). Many of them are reporting that CDH 
continues to produce results for their children on the spectrum, and they are 
seeing even better things than before. 
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‘As with all new things, itis important to test with a diverse group of families 
‘over a long enough time period to make sure that gains are sustained. So we 
ask that you please keep in mind that CDH is literally the bleeding edge of this 
protocol. While we are excited to share a new option with you, the decision 
to use CDH must not be taken lightly. If you are doing well with classic CD 
you may never need to use CDH. Consider the old saying, “fit ain’t broke, 
don't fix it” Of the 115 children who have lost their autism diagnosis, 114 
have done so with CD and 1 with CDS. So far, 0 with CDH (4 months in use 
for ASD). | expect this number to change soon as we are seeing good things 
from CDH. Time will tell. Stay tuned, 


Scott McRae, his wife Brenda, and Charlotte Lackney have been pioneers in 
developing the CDH method. The following section is written by Scatt where 
he discusses how CDH evolved along with detailed instructions on how to 


prepare and use 
‘ 
ex y 


wife, Brenda, and I first learned about CD early in 2009, through Bhante 
Miveiance American born Buddhist monk. He's now a very close 
friend of ours, and even as I'm writing this, 'm at a meditation retreat which 
is based upon his understanding of the open-minded, experiential teaching of 
the Buddha, 


After receiving our first set of CD bottles from an online seller, we started by 
trying to get to 15 drops of CD activated with lemon juice for 3 minutes, twice 
a day, which was the protocol at the time. Though we gave ita good effort, we 
couldn't get past 6 drops before vomiting and having diarrhea, and this caused 
us to initially stop taking CD. Then, after moving to Jakarta, Indonesia (Brenda's 
home town),| experienced almost monthly illnesses, which | believe was due 
to being in a new and tropical part of the world (I'm from San Diego, CA), 
riding in public transportation twice a day and teaching in a school of over 300 
students, After a year and a half of constantly being sick, | remembered our 
bottles of CD which we had fortunately brought with us from the US, and | 
started on Protocol 1000. By that time, Protocol 1000 had been developed to 
be what it is now—3 drops of CD (activated for 20 seconds with 50% citric 
acid) per hour, 8 times a day—and so | decided to do the 3 week cleanse. By 
doing the cleanse, | experienced a huge improvement in my health. Not only 
did | immediately stop getting sick, but | also felt that my energy level had 
increased by about 25%! Obviously, | was excited by these great results and 
so was my wife because she had started taking CD again as well. However, 
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Scott & Brenda McRae from Jakarta, Indonesia 


even though our results were great and our experience was far better than 
before with the old, “try to get to 15 drops twice a day protocol,” we still 
were having some nausea and bouts with diarrhea when we took CD. This 
was especially true at the times when we felt the symptoms of a cold or 
flu and tried to take more than the 3 drops doses in order to overcome 
it. Still the results we were getting with CD on Protocol 1000 outweighed 
the nausea and diarrhea that we experienced and so we continued using it, 
especially when we felt some sickness coming on. 


After taking CD for about a year in this way, CDS hit the CD world, Being the 
experimental type, | decided to give it a try. After searching all over Jakarta 
for the plastic tubing for a couple of days and finally finding it, | made our first 
batch of CDS. We both tried CDS for about six months but found it to be 
less effective than CD, so we stopped with CDS and went back to CD and 
Protocol 1000. 


Nevertheless, there were 2 things | really liked about CDS: (1) it NEVER 
caused us any nausea or diarrhea, and (2) it was so easy to use since it was 
pre-made (no mixing of chemicals before each use). The main thing for me 
was not having any more nausea because | really disliked feeling sick. So, | 
started thinking about CDS and my experience with making it and | came 
to the conclusion that possibly, the reason why CDS wasn’t nauseating was 
because there wasn't any unactivated sodium chlorite in the solution—it was 
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just chlorine dioxide dissolved in water. | remembered that when | made CDS 
myself, even after the activation process had gone on for an hour in a heated 
condition, if | stirred or swirled the activation chamber bottle, more ClO, 
would still come out of it. This got me to thinking... if the chemical reaction 
between the sodium chlorite and the 50% citric acid solution used to make 
the CDS was still able to produce more chlorine dioxide after an hour in a 
heated condition, then surely the 24 drops that | was using to make my daily 
CD dosing bottle weren't being fully activated after just 20 seconds. 


Therefore, | decided to increase the activation time and tried it out on myself 
first and then my wife (aren't | considerate?). We both found there was no 
longer a nausea problem, even when taking more drops per hour than we had 
ever taken before. 


Since | was in an experimental mode, | decided to see if | could make larger 
quantities of concentrated CD all at once to make it more convenient. | 
mixed equal amounts of sodium chlorite and 50% citric acid in a bottle, et it 
activate for about a minute, and then added a specific amount of hot water to 
further encourage the activation process. In the end, | had a total of 140 ml of 
this concentrated CD solution. Later, found that hot water wasn’t necessary 
and that room temperature water worked even better because there was less 
‘CLO gas lost in the process. 


The finished chemistry was indeed very strong and still didn’t cause any nausea, 
so | was compelled to post my discovery on the Genesis Il Forum. | named it 
7 Day Fridge MMS (CD) because it provided a 7 day supply of Protocol 1000. 
The ingredients added up to 140 ml, so each 20 ml was 1/7th of the total, or 
a one day supply of ‘pre-activated” CD similar to Protocol 1000. This made 
taking CD every day really easy, Just pour out 20m! of the new concentrated 
solution into a water dosing bottle, and then pour out 1/8th of the bottle 
every hour into some water in a glass,and drink it. 


The 7 Day Fridge MMS (CD) method worked great for my wife and me. Others 
fon the Forum also tried it and liked it. In addition, | gave it to some people at 
the school where I work to overcome their colds (usually overnight) as well 
as other diseases within a short time. 


About 18 months later, Charlotte, my Forum friend, began testing the 7 Day 
Fridge MMS (CD) process to determine the actual ClO; content using her 
Sensafe™ Chlorine Dioxide Photometer. Over several months, we worked 
together to further refine the 7 Day Fridge method, The result of all of our 
testing and refinements is this new and exciting CDH product. 
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The final formula to produce CDH using the 1 Bottle Method came out to be: 
22 parts water 91.6% 
1 part sodium chlorite 42% 


1 part HCl (4%) or Citric Acid (35%) 4.2% 


Total Solution 100%, 


| believe this new way of making CD will be of great benefit to humanity 
because it will allow people to gradually double or even triple the amount of 
CD they can take with little or no stomach upset. By increasing their doses 
to higher levels, people will be able to overcome CD treatable diseases more 


quickly than ever before. 


‘As with any new technology, more changes and developments are likely. 
For example, we now know that CDH tastes much better if activated with 


hydrochloric acid instead of citric acid 


Producing CDH Using the One Bottle Method 


Making CDH is really quite simple. You can use any size of bottle, and produce 
any quantity you wish, as long as you follow the basic instructions and keep 
the proportions the same. However, before diverting into different quantities, 
it is recommended you follow these directions exactly to insure you have the 


process down correctly. 


Note the following volume equivalents: 


Fluid Ounce (U.S.) Approximate Equivalents 


30ml = 1 fl.oz. US (2Tablespoons) 
660ml = 22 fl.02.US 

720ml = 24 US fo. US 

750ml = 25 US fl.oz. US 
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Equipment Needed 


‘One 750m! (25 fl. oz. US) glass bottle with an airtight cap. DO 
NOT use a metal cap (even if it is lined with plastic). The best 
caps are plastic or even a synthetic cork in good condition. A 
common 750ml wine bottle is ideal for this as you can get them 
colored to reduce possible UV exposure (the darker the better). 
But, a colored bottle is not absolutely necessary and using a clear 
one will allow you to actually see the chemical reaction as it turns 
from clear to yellow. 


Three 240ml (8 fl. oz. US) bottles ideally made of 
colored glass to protect the CDH from UY light 

(the darker the better), but colored bottles are 

not absolutely necessary. You can also use smaller 

bottles if you like—these are just used to divide up 

the resulting 720ml of CDH into smaller bottles to 

help retain the ClO, concentration while opening and 

closing the bottles during dosing. Schweppes™ sells 

6-packs of Ginger Ale, Club Soda and Tonic Water in 

10 fl.oz. glass bottles with plastic lids that are great 

for this purpose, and hold 300ml easily. Only the Ginger Ale is in 
a colored bottle (green), the others are clear. 


One measuring cup or graduated cylinder to accurately measure 
liquid in either milliliters or fluid ounces. 


Ingredients Needed 


Ingredients should be at room temperature—not cold. If CD and/or activator 
are right out of the refrigerator make your water warmer to offset, or allow 
ingredients to warm up before using. 


660ml of distilled or purified water at about 70° - 90°F (21°-32°C). 


30m| of sodium chlorite (22.4% solution) near room temperature 
or slightly above. 


30m| of 4% Hydrochloric Acid (HCl) or 35% Citric Acid (C.H:O;) 
near room temperature or slightly above. 


Note: The amounts indicated above add up to 720ml, while the wine bottle 
easily has room for an additional 30ml and more. Refer to the chart on right 
if you wish to produce a different batch amount. 
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The CDH Formulation Table 
and Different Acid Concentrations 


What if you have 10% Hydrochloric acid or 50% Citric Acid (very common)? 
Oryou wish to use a different size of bottle? Nota problem. These acids can 
still be used. However, the formula changes accordingly. 


The table below is a great tool for determining the formula for a given bottle 
size. To use the table, start by circling the size of the bottle you wish to 
fill in the left most column. Next look at the acid you have and its labeled 
concentration. Match that with one of the 4 options across the top. Below 
the matching acid/concentration you will find the 3 formulation numbers for 
water, sodium chlorite (labeled “SC"), and whatever acid you are using. Just 
go down the appropriate 3 columns to where the bottle size line intersects 
and you will have the numbers you need. Substitute these numbers in the 
following preparation instructions if your situation calls for it. 


CDH Formulation Table 
(Applies fo the One Bottle Method of making CDH ONLY!) 
‘SC=Sodium Chlorite J HCIsHydrochlorio Acid | CACitric Acid 
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Preparation Instructions 


Follow the steps of mixing ingredients in this order (assuming you are using 
the 750m! glass bottle): 


1. Pour 660ml of purified water into the 750m! glass bottle. 
. Add 30ml of sodium chlorite to the 750ml glass bottle. 
3. Add 30m! of 4% HCI or 30ml of 35% citric acid to the 750ml glass 
bottle. 
4. Immediately cap/cork the bottle tightly so that no ClO, gas can 
escape and give it a good shake to thoroughly mix the ingredients 
(and a few more times later on if possible). 


5. Store the bottle in a dark place with a temperature of 70°F to 
90°F (21°C to 32°C) for 12 to 24 hours or more (24 hours or 
longer if you're in a cold environment—below 70°F (21°C). 

6. After the storage time has passed, place the bottle of CDH into 
the refrigerator (not the freezer) and allow it to cool down for 
3+ hours before opening it for the first time. The temperature 
of the solution should be no more than 51°F (10.5° C). Note: If 
you are using a significantly smaller bottle, cool down time can be 
reduced because the smaller volume of solution will cool faster. 

7. Finally, pour the CDH from the 750m! bottle into the smaller 
bottles, cap tightly and keep refrigerated until ready to use. The 
smaller bottle are easier to dose from and they also help reduce 
the number of times gas can escape and reduce the potency of 
the solution. 


Using CDH 
The CDH is now ready for use. Each milliliter of CDH solution contains 1 
pre-activated drop of CD. It can be used for ANYTHING that CD is used 
for; viruses, bacteria, yeast, parasites, heavy metals, enemas, tub baths, gums & 
teeth, skin care, infections, etc. 


When used orally, each Iml of CDH should be added to at least 30m! of water. 
You can add even more water if you notice slight throat irritation with higher 
doses. If taste is an issue, little bit of stevia may be added to each dose to 
improve taste by sweetening it. Some of the moms are adding SweetLeaf” 
Natural Stevia Sweetener to their daily bottle and report no negative impact 
on ppm level. 


Although CDH is strong, it has shown to be gentler on folks who have issues 
with nausea when using traditional CD. You should be able to start at whatever 
drop dose you were on with CD and switch to an equivalent miller dose 
of CDH and gradually increase to tolerance. Typically, people are able to take 
2 to 3 times as much of CDH as traditional CD, without experiencing nausea. 
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The CDH bottle should be kept refrigerated and only taken 
out to extract doses. Since 720m! is a fairly large quantity 
that may take many days to finish, it’s a good idea to take the 
720 ml and divide it up into 3 smaller 240m! bottles (720ml 
+3 = 240ml) so you won't lose much of the ClO; each time 
you open the bottle. By doing this, you will conserve as much 
of the CIO; as possible. It's also easier to extract doses from 
a smaller bottle using a syringe or pipette. 


Also, keep the CDH bottle out of direct or indirect sunlight 
to prevent loss of ClO;. If you make a dosing bottle for the 
day, it's best to keep it cold, but it is not absolutely necessary. 


A little note about taste: Most people who complain about 
the bad taste of CD,CDS or CDH (which does not have any taste at low doses) 
are actually reacting to the smell of the ClO; which can lead to developing a 
long-term aversion to any of the treatment solutions. So, if you can minimize 
the gas floating around your nose, you will have an easier time with drinking 
the CD, CDS or CDH dose. To accomplish this, Charlotte suggested avoiding 
the use of a cup or wide mouth drinking bottle. Instead, use a bottle with a 
small opening such as a common water bottle (preferably made of glass). Of 
course, if the smell doesn't bother you, this is a moot point, but at least you 
have this little trick if it does. 


Well, that’s all you need to know to get started on this great new way to make 
and use CD. May this new CDH formulation bring you and your family much 
health and happiness. 


Scott McRae 
Jakarta, Indonesia 
November, 2013 


exe 
We appreciate Scott, Brenda and Charlotte's contribution to the variety of 


ways to produce and use chlorine dioxide. Be sure to check the Facebook 
groups and forums for the latest developments on CDH. 


Some of you may feel overwhelmed by what you just read. So, let me give 
you my “Easy-Peasy” single paragraph method of making CDH: I take a 600ml 
Lifefactory™ bottle, put in 550m! of water; add 25ml of sodium chlorite; 
followed by 25ml of 4% HCI (or 50% citric acid). Leave it 12 hours in a 
cabinet, after which it goes in the fridge for 2 or more hours. Done! © 


Healing & beating autism. 
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Step 3 
The Kalcker Parasite Protocol 


Al of our fathers had a treatment for parasites as a part of their cultural 
practice. We have gotten away from this because of our reliance on modern 
practice. We would do quite wel to relearn the ways of our ancestors in this 
‘rea and keep ourselves in relatively good health always. 

~ Chief Two Trees 


the word “parasite” comes from the Greek word meaning,“one who eats 
off the table of another.” Parasites, to Ancient Greeks, were those who 
sat at another's table, and paid for their meal with flattery. 


‘As I mentioned earlier in the book, very interesting thing started happening 
with the CD enemas. What we had previously believed to be mucous or 
biofilm coming out with the enemas, turned out in many cases to be worms 
(helminths) (aka parasites)—in rare cases they were still alive and wiggling 
in the toilet! We believed the most common were Ascaris lumbricoides 
(roundworm). However, what we are now seeing more and more appear to be 
rope parasites, a potential new species of helminth discovered by Dr. Gubarev, 
Dr: Alex Volinsky, and coworkers (submitted January 14, 2013). DNA testing 
is the only way to definitively say, but at $25,000 USD for each analysis, with a 
minimum of 100 test cases, itis rather cost prohibitive at the moment. 

In addition to Ascaris and rope parasites, parents have also seen hookworms, 
pinworms, tapeworms, and flukes, among others. This is an extremely 
important piece of the puzzle for so many of our children. We have been 
led to believe that in first world nations, parasites are not a problem. This is 
absolutely not the case. 


A well washed parasite. You can almost feel the texture. 
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Andreas Kalcker, 
co-author of the 
Kalcker Parasite Protocol 


Miriam Carrasco Maceda, 
co-author of the 
Kalcker Parasite Protocol 


I was honored to have Dr. Andreas Kalcker and Miriam Carrasco Maceda 
share a chapter from their upcoming book, Parasites: The Silent Enemy. Andreas 
explains the importance of lifelong deworming, and shares with us 2 protocol 
that has helped many children and adults become healthier; and for some 
children on the spectrum was the last piece added that led them to recovery. 
The version included here has been tailored specifically for children and adults 
with ASDs. The original protocol can be found at: 


www.andreaskalcker.com/ 
index.php/en/health/parasite 


Very few details have been changed, but it is important to note that the 
Parasite Protocol here is what has been proven to help many of our children 
on the spectrum, including many of the recovered children. 


Thank you Andreas and Miriam for your valuable contributions to this 
movement, selflessly sharing your findings,and for always taking the time to help. 


1s. 


i7; 


Capacitive Sensing. 
Screens Available as Components . 


liquid level sensor.. 
What It Does . 
‘Schematic Symbols .. 
Applications... 
How It Works 
Binary-Output Float Sensor. 
Analog-Output Float Sensor 
Incremental-Output Float Sensor. 
Displacement Level Sensors 
Ultrasonic Level Sensors 
Reservoir Weight... 
Pressure Sensing 
What Can Go Wrong. 
Turbulence. 
Tilting. 


uid flow rate sensor 
What It Does . 

‘Schematic Symbols 
Paddlewheel Liquid Flow Rate Sensors 
Turbine Flow Rate Sensors 

Limitations of Paddlewheels and Turbines 
‘Thermal Mass Liquid Flow Rate Sensor... 
Sliding Sleeve Liquid Flow Switch . 
Sliding Plunger Liquid Flow Switch 
Ultrasonic Liquid Flow Rate Sensor 
Magnetic Liquid Flow Sensor . 
Differential Pressure Liquid Flow Meter 
What Can Go Wrong. 

Vulnerability to Dirt and Corrosive Materials _ ES = 


gas/liquid pressure sensor. 1m 
What It Does .. 
‘Schematic Symbols .. 
Applications. 
Design Considerations. 
Units 
How It Works 
Basic Sensing Elements 
Relative Measurement . 
Variants . 
‘Ambient Air Pressure. 
Altitude. 


Table of Contents xi 


Step 3 - The Kalcker Parasite Protocol 167 


HOWTO DETECT AND 
TREAT A PARASITIC INFECTION 


Parasitic infections are more common than most people think, and may or 
may not result in serious health problems. We may be infected with multiple 
types of parasites, which vary in size and location, on or in the body. 


Parasites can be classified as either microparasites, such as malaria that are 
nly visible under the microscope, or large macroparasites such as round or 
flat intestinal worms (roundworms, tapeworms, etc.). These can be seen by 
the naleed eye,and can reach great sizes. Internal parasites are found, not only 
in the intestines, as is generally thought, but anywhere in the body, including 
the lung, liver, muscle, stomach, gallbladder, brain, blood, skin, joints, and even 
in the eyes. 


In recent history, the great migratory movements of the human population via 
rapid transportation and widespread trading have shortened the distances that 
previously had separated people and diseases. Formerly localized diseases have 
thus become universal ailments. Parasites previously confined to very specific 
geographical areas now appear in other locations, far away from thei 
homelands. Unfortunately,conditions typical of the lower socioeconomic strata, 
(under which a large percentage of the global population lives) tend to favor 
the transmission of diseases and parasites. 


tial 


A high percentage of the world population suffers from infections by parasites, 
which the WHO (World Health Organization) estimates are respoi 
15 million child deaths annually. In addition to the great cost represented 
by deaths, chronic and persistent infections have increased as parasites have 
developed multiple mechanisms of evasion and resistance to specific immunity. 
This allows them to circumvent and cancel the host immune response. 


le for 


Persistent parasitic infection in human hosts leads to chronic immune reactions, 
which can result in tissue damage and altered immune regulation. Ninety 
percent of the world population is infected with one or more parasites, and 
up to five different types may coexist in the same host. 


This situation becomes dangerous when the internal balance within the host 
is upset, the number of parasites skyrockets, and the host begins showing 
signs of serious illness that may even result in death. However, in some cases, 
parasitic worm infections do not result in disease, in fact,a number of carriers 
are found to be healthy. 
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A really good look into a parasite. You can see the actual 
intestines of the parasite. Also known as a helminth. 


The same parasite (as above) from a different angle. 
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Considering that most people are not even aware of their infections, parasites 


have become silent killers, clait 


jing the lives of many unsuspecting victims 
going about their lives oblivious to the danger. Some doctors in Western 
Europe and the US. seem unwilling to even contemplate that we may be 
infected. 


‘Taking into account the recent increase in travel, immigration, and trade across 
continents, itis not hard to see how the problem has now become magnified 
to an alarming level. Parasites, especially the modern “toxified" versions, may 
well be cau: 


many of the rare diseases now becoming more prevalent, as 


well as other recently identified or growing problems such as chro 


fatigue, 
fibromyalgia, and arthritis. 


The most common verminosis (infestation with or without obvious 
symptomatology of disease caused by parasitic worms) is intestinal, People 
‘who have them not only suffer from a large quantity of lost nutrients (absorbed 
by the parasites), but also from perforations made by worms in the digestive 
tract that can open the door to various infections and possible autoimmune 


deficiencies. Intestinal worm infections are very common and can affect 
everyone, not only people with poor hygiene habits. Helminths (worms) are 
transmitted by ingesting the eggs or larvae of parasites, which then hatch in 


the intestinal tract. 


A parasitic infection or reinfection can be acquired through one or more of 
the following avenue: 


D> From more or less direct contact with an infected person (fecal or sexual). 
D> From selfsinfection, for example, through anal-hand-mouth contact. By 
scratching the anal area, eggs can become lodged under the fingernails. 
From congenital transmission (mother to fetus). 

From commonly contaminated objects. 

From soil contaminated by human or animal excrement. 


From eating contaminated raw or undercooked meat. 


vvvvy 


From eating raw fish. 


In some countries, raw fish is included in traditional foods. We can avoid the 
consumption of the larvae or worms by freezing the meat or fish for at least 
twelve hours, depending on temperature. 
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A great photo of a dead parasite, believed to be the Ascaris 
lumbricoides, or possibly a rope worm in the “seaweed” stage. 


Avery good look at how long some helminths are. The 

more worms the people pass, the healthier they get, and the 
improvements come faster and faster. This child passed a lot 

of parasites in the beginning. Then after a few months was no 
longer passing them and now has an ATEC score of 5. Meaning, 
he no longer has the diagnosis of autism. 


This is the parasite that measured 32 inches. 
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donno 


Another long, well washed parasite for the collection. The road 
to recovery is paved with many dead parasites. Adios Autism. 


This is a 32-inch parasite that a young boy passed. He went on 
to have a great day after getting this out. 
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These are rope parasites as confirmed by Dr. Alex Volinsky. 


60cm long worm (Oct 1, 2013) from child; 6 months on CD; 2 
drops every 1-2hr; no parasite protocol; 1tblsp DE; 2-3 vials of 
Quinton. 


Step 3 - The Kalcker Parasite Protocol 173 


Fr. 


This 33 inch parasite (aka “Chester") was discovered by a 
woman using the protocol on herself. 


The bubble visible in this photo leads us to believe this is alate 
stage rope worm. 
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After passing this 
parasite, the child 
went on to have 

a fabulous day at 
school. It is so great 
to feel good and 
healthy. 


The FDA recommends freezing and storing [fish] at -4°F (-20°C) or below 
for seven days (total time), or freezing at -31°F (-35°C) or below until solid 
and storing at -31°F (-35°C) or below for 15 hours, or freezing at -31°F 
(-35°C) or below until solid and storing at -4°F (-20°C) or below for 24 hours 
is sufficient to kill parasites. FDA's Food Code recommends these freezing 
conditions to retailers who provide fish intended for raw consumption. 
Note: These conditions may not be suitable for freezing particularly large fish 
(eg. thicker than six inches)? 


D> From drinking contaminated water. 


> From consuming contaminated vegetables or fruits. Often we eat 
poorly washed (parasite infested) vegetables or fruits. There is a common 
misconception that vegetables from organic farming are free from any 
problems, pesticides, or chemicals. The danger is that the eggs or larvae of the 
‘worms reach the farm soil through animal waste, decompased forms of natural 
‘compost, and manure (fertilizer) added to the field. There are eggs, such as 
Ascaris lumbricoides, which can survive in soil under extreme temperatures 
for five years. It is very important to perform a thorough cleaning of fruits and 
vegetables, and never eat anything raw and straight from the ground, however 
healthy it may seem. 

D> From parasite infested animals. Parasitic infections are very easy to spread 
by contact with pets. Veterinarians are quick to insist upon the quarterly 
deworming of our animals, but there are steps we must take on our own to 
avoid contamination. 
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Parasites come in all shapes and sizes. Of course, they can 
also come out in pieces. 


Suggested: Deworm your pet at least every three months for life, as directed 
by your veterinarian, During the first month, it should be done every week. 
Prevent pets from eating raw viscera. If animals eat raw meat or raw bones 
the best option is to freeze the food in advance for at least 12 hours (See 
citation above). If the deworming treatment is working, the animal will expel 


the worms in the feces or vomit, which must then be burned or buried, during 
the eight-day treatment. 


‘Avoid being licked in the mouth by animals as they are in direct contact with 
feces, soil,and their own anus. When petting an animal, wash your hands with 
soap and water before eating or handling food, as the eggs of the parasites 
remain in the animal's hair. 

> Do not walk barefoot or with open toe shoes in soil or sand, 


> Avoid Hippotherapy (horseback riding) 


Symptoms of Parasitic Infections 


The different types of worms and toxic waste produced by parasites in our 
body may cause the following common problems: 
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Parasites come in all 


sizes. Some are very long. 
These get washed with 
hot water for photos. This 


way we get the best look 
at them. 


Blood Disorders & Blood Parasite Diseases 


Parasites absorb essential nutrients from the body, such as iron, 
and sugars, which may result in certain blood disorders. In addition, some 
diseases are known to be caused by blood parasites: 


Blood disorders: 
+ Anemia 
+ Dizziness 


+ Hypoglycemia 
+ Weakness 


Blood parasite diseases: 


+ African Sleeping Sickness 
+ Babesiosis 


+ Chagas Disease 
+ Mal 


Fatigue: 
The toxic waste produced by the parasites themselves (including ammonia 
and psychoactive substances), can stress the detox organs and cause disorders 
of the central nervous system such 
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Chronic fatigue syndrome (CFS) 
Cold in the extremities 
Dizziness 

Extreme weakness 

Internal cold 

Lethargy 

Low energy 

Night waking 

Restless sleep 


Gastrointestinal Symptoms 


‘Abdominal pain or tenderness 

Blood in stool 

Burning in the stomach 

Chronic constipation 

Chronic diarrhea or diarrhea caused by poor absorption of food 
Colitis 

Cramping 

Cravings for greasy foods and sugary foods, lots of carbs and bread, 
fruit, fruit juices, alcohol, or vinegar 

Digestive problems 

Distended belly 

Eating more than normal but still feeling hungry 

Excessive bowel movements 

Fever 

Frequent vomiting and nausea 

Gas and bloating (noted after eating) 

Hemorrhoids 

Irritable bowel syndrome (IBS) 

Intestinal i 


tion 
Intestinal obstruction 
Leaky gut 

Malabsorption syndrome 
Mucous in stool 
Pancreatitis 


Passing a worm in stool 
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Growth Problems, Weight, & Appetite 


Parasites usually live without being detected by the host. They rob the body 
‘of many of the essential nutrients in the food consumed. Many overweight 
people, who are infected with parasites, go hungry for lack of essential nutrients, 
causing them to eat in excess due to their parasitic infection. Furthermore, 
depending on the type of infestation, many people are malnourished and 
cannot gain weight. The following is a list of some possible symptoms: 


In children: 


+ Poor growth 
+ Poor physical and intellectual development consistent with their 
biological age 


In children and adults: 


+ Chronic burping 

+ Craving white flour products; cookies, cakes, pastries, etc. 

+ Feeling hungry after a meal 

+ Inability to gain or lose weight 

+ Long-term obesity 

+ Loss of appetite 

+ Obsession and/or compulsion to eat sweets or very specific foods 
(wheat, sugar, dairy) 

+ Ravenous appetite 

+ Uncontrollable hunger to eat more than usual 

+ Weight gain (specifically around the time of the full moon) 

+ Weight loss 


Mood Problems & Anxiety 


Toxins that are released by parasites can irritate the central nervous system. 
Anxiety and nervousness are often caused by parasites that migrate throughout 
the body. Some of the problems caused are: 


+ Anger and irritability 

+ Anxiety 

+ Confused thinking (brain fog) 
+ Depression 

+ Dise ntation 

+ Forgetfulness 

+ Lack of coordination 

+ Mood swings 
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+ Nervousness 
+ Obsession 
+ Restlessness 
+ Slow reflexes 


Parasites can travel almost anywhere in the body. When they migrate to the 
joints and the muscles they can cause cysts and inflammation. These can often 
be mistaken for arthritis and/or muscle pain, 


Toxins from parasites can also accumulate in the joints and muscle tissue 
causing: 


* Chest pains 

+ Fibromyalgia 

+ Joint pain 

+ Muscle cramps 

+ Muscle spasms 

+ Numbness of the hands or feet 
+ Pain in the back, thighs, or shoulders 
+ Pain in the navel 

+ Rapid heartbeat 

+ Restless leg syndrome 

+ Seizures 


Parasites in Children 
(including children with ASDs) 


Parasites can be found in the body in asymptomatic and symptomatic stages. 
The former are usually found in adults. Symptomatic stages occur mainly in 


ildren, in whom we can often observe the following: 


+ Anorexia 


+ Anxiety 
+ Bruxism (teeth grinding) 
+ Cramping 


+ Diarrhea that alternates with periods of constipation 
+ Excessive Flapping 

+ Growth retardation 

+ Headaches 

+ Inability to gain weight 

+ Itching/Burning/Picking of the anus 

* Nasal itching and/or anal urticaria (hives/rash) 

+ Nervousness and irritability 
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+ Nose Picking 
+ OCD (Obsessive Compulsive Disorder) 
+ Rage 
+ Smearing feces 
+ Unexplained laughter or weeping 
+ Verbal stims 
+ Weight loss 


Tapeworms, and some other parasites, have an affinity for Br, and iron. 
Therefore, lab results that show deficiencies in Bj and/or iron can be 
indicators of parasitic infections? Due to its size, the tapeworm consumes 
enormous amounts of food that it obtains by taking the child's food. This can 
affect the child's normal development. 


‘Treatments simple, but it requires that the head of the tapeworm be removed, 
separate from this 
protocol and usually requires niclasamide. However, the only way to be sure 
the head has been removed is to identify it in the stool. 


otherwise it will continue to grow. Tapeworm treatment 


atory Disease 


The passage of larvae through the respiratory system or larval invasion in the 
lungs may cause symptoms such as: 


+ Acute bronchitis 

+ Asthma 

+ Drowsiness 

+ Dyspnea (shortness of breath; air hunger) 
+ Chronicfirritative cough 

+ Pneumonia 

+ Shortness of breath or respiratory failure 


Sexual & Reproductive Disorders 


Immune dysfunction as a result of a parasitic infection can lead 


+ Candida - yeast infections 
+ Cysts and fibroids 

+ Erectile dysfunction 

* Fluid retention 

+ Male impotence 

+ Menstrual problems 

+ Premenstrual syndrome 

+ Prostate problems 

+ Urinary Tract Infections 
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Skin Disorders & Allergies 


External parasites (lice, bedbugs, scabies, etc.) that penetrate the skin can 
cause itching, redness, and/or rashes etc, However, internal parasites can be 
responsible for skin disorders as well. Parasites create toxic metabolic waste, 
and because the skin is the largest organ, the body tries to eliminate them 
through it, resulting in many skin problems. 


Some symptoms may include: 


+ Allergies (to foods, dust, mold, etc.) 
+ Anal itching 

+ Brittle hair 

* Crawling sensation under the skin 
+ Dermatitis 


+ Dry hair 
+ Dry skin 

+ Eczema 

+ Eruptions 
+ Hair loss 

+ Itchy nose 
+ Techy skin 

+ Jaundice 

+ Psoriasis 

+ Skin ulcers 
+ Sores 

+ Swelling 


+ Urticaria (hives; skin rash) 


Sleep Disorders 


The body reacts to parasites during rest periods because at night is when 
parasites are most active. Nocturnal awakenings are common, especially 
between 2 and 3am, when the liver tries to rid the body of toxins produced 
by parasites. This in turn may produce: 


+ Insomnia 

+ Teeth grinding 

+ Bedwetting 

+ Drooling while sleeping 

+ Sleep disturbances - multiple awakenings during the night 
+ Restless sleep 
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Other Problems Associated with Parasites 


Bad breath 

Blurred vision 
Body odor 
Breathing problems 


Chronic infections: viral or bacterial 


Circulatory problems, numbness in the extremities, difficulty in 
moving 


Cough or coughing up blood 
Difficulty swallowing 

Excessive salivation 

Fever 

Fluid build-up or retention during the time of the full moon. 
Low immune response 

Peritonitis 

Sensation of a foreign body or discomfort in the throat 
Swollen eyes 


‘Weight gain during the full moon. 


Blood Analysis 


The following markers may be present when a person Is suffering from a 
parasitic infection or the resulting allergies: 


‘Anemia/low iron 
Elevated immunoglobulin (IgE) 

Elevated eosinophils (The eosinophil is a specialized cell of the 
immune system, more specificaly itis a proinflammatory white blood 
cell, According to the Registry for Eosinophilic Gastrointestinal 
Disorders (REGID), their known functions include movement to 
inflamed areas, trapping substances, killing cells, antiparasitic, and 
bactericidal activity, participat ns, and modulating 
inflammatory responses.) 


High ammonia 
High oxalates 


Low vitamin Bir 
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Measures in the Home Environment 
to Prevent Reinfection 


It is important to treat all people and pets that live in the same environment 
to prevent someone from infecting others. Reinfection occurs via underwear, 
bedding, towels and household items such as children’s toys or animals that 
have been in contact with eggs. It is important to wash all clothing that has 
contact with intimate body areas at a temperature not below 60°C (140°F). 


All bed linen and underwear must be washed daily (or to the extent possible) 
while performing anti-parasitic therapy. Affected individuals should not share 
their swimwear with other members of the family, and should use a separate 
cloth to wash his anal area. It is best to sleep wearing both underwear and 
pants to avoid involuntary scratching during the night. This will prevent 
infection through anal-hand-mouth contact because by scratching the anal 
area, eggs can become lodged under the fingernails. Keep pets away from the 
place of rest of their owners, such as beds, sofas, blankets, and cushions. 


Thoroughly wash fruits and vegetables in water and soak them in CD or 
CDS solution for a few minutes. Clean the sink with alcohol, as the eggs of 
many parasites are immune to the pH of normal cleaning products such as 
soap or bleach. It is important to note that parasites do not leave any kind 
of immunity behind in the host, therefore, once cured, the person who has 
suffered can suffer from them again. The only surefire method of killing the 
eggs of Ascaris lumbricaides is in water above 60°C (140°F) or with 96% grain 
alcohol (Everclear). 


Evolutionary Cycles 
of Intestinal Parasites 


Although there are many more, here is a description of the three most 
common types of intestinal parasites that can be found in developed countries: 


Ascaris Lumbricoides (Roundworm) 


Ascaris reproduce quickly, as a single female can lay up to 200,000 eggs each 
day. This parasite is very common, especially in damp conditions, and when 
hygiene measures are inadequate. It can affect the entire population, but 
mostly affects children, seriously disrupting their development and growth. 
Its so infectious that the WHO estimates that there are about 700,000,000 
people infected worldwide, of which around 60,000 cases end in death per 
year, mainly children? 
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Crommion th © unerasione A 
wateaences 
Sage etme 


Parasite eggs reach the duodenum through the mouth of the host. Gastric 
juices rid the eggs of their shells and release the larvae. These larvae, which 
are highly mobile, penetrate the duodenal mucosa and migrate to the liver. 
From there, they continue their migration to the heart, reaching the lungs 
through pulmonary circulati 


\n, and finally become trapped in the pulmonary 
capillaries. Here, the larvae break the thin walls of the capillaries and penetrate 
the alveoli, bronchioles, and bronchi at which p 


they are able to travel up 
through the pharynx. Once the eggs pass the epiglottis (see diagram above), 
the larvae are swallowed such that they return to the duodenum, where they 
complete their maturation process. This process takes approximately two 
to three months to complete; therefore we calculate that to find ourselves 
completely parasite free, the initial treatment should be done for at least 12- 
18 months, possibly longer. From there on out, you may only need to follow 
a routine deworming two to four times a year. 
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Keep in mind that eggs are expelled through the feces (human or animal) into 
the environment where they can survive even in harsh conditions, favoring the 
persistence of the parasite. They are resistant to low temperatures, desiccation, 
strong acids, soaps, chlorine, formaldehyde (pH between 2 and 11.5), and can 
live in planted soils for five or more years, creating a “parasite hotbed” that 
makes them almost indestructible. Once dry, they are transported through 
the air, fly in air currents like dust that can be inhaled and/or swallowed. 
We have recovered eggs from nasal mucus, paper currency, potting soil, dust, 
and in indoor airborne particles, etc. 


Taenia Saginata and Taenia Solium (Tapeworm) 
Taenias reach humans when humans eat their eggs, by the consumption of 
tissue from infected cattle or pigs. In infected animals, the larvae are encysted 
in the muscle tissue. If the infected animal is consumed, development may 
proceed in the human digestive system. Humans are hosts for T. saginata 
(beef tapeworm) and T.salium (pork tapeworm). The tapeworm is considered 
to be solitary, because usually no more than four species are found in 
any one individual host. The danger of this parasite is that the larvae can 
migrate to the brain, or other vital organs (cysticercosis). Tapeworms may be 
detected by identifying segments in the host's stool that the worms discard 
as they grow. However, tapeworms may go undetected for many years, 
‘asymptomatically withi 


their host. 


According to classification, they can vary in size ranging from 2 to 12 meters 
in length. They consist of a head called the scolex, which attaches to the 
intestine by means of suction cups, and a body consisting of repeating units 
called proglottids. A single Taenia can grow from 1,000 to 2,000 proglottids, 
depending on the type. A tapeworm produces an average of 720,000 eggs per 
day. 


Pinworms (Enterobius Vermicularis) 


Humans are considered the only host of what are commonly called pinworms 
(Enterobius vermicularis). This type of worm is the most typical in the family 
because it propagates easil 
in schools, through contact with others, or through anal-hand-mouth contact. 
Pinworms have an elongated shape, are whitish in color, and are about Icm 
long. They inhabit the large intestine of humans. Female pinworms leave eggs 
around the anus. Once deposited, the eggs are infectious for a period of up 
to 20 days. Once in the intestine, it takes between five and eight weeks to 


It is common for children to become reinfected 
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develop into adult worms, The most important symptom is intense itching 


that occurs in the anal area, especially at night. In women, inflammation of the 


vulvar area is very common. 


A pinworm infection is, generally speaking, not very serious. Unlike other 
parasites, they infect only humans. Transmission from person-to-person 
happens by handling clothing, bed sheets, towels, and environmental surfaces 
(such as curtains, carpeting) contaminated with pinworm eggs, which are so 
light that they are able to become airborne. A small number of eggs can be 
integrated into air particles that when inhaled follow the same developmental 
process as ingested eggs. Enemas are extremely useful in removing this 
parasite from the large intestine. 


Graham's method is a simple method of detection. Just after waking and 
before a bowel movement, press a piece of tape against the anal folds. The 
tape will catch the remains of eggs and/or parasites that are situated there. 
With the naked eye we can see small worms no more than an inch long, 


but with a microscope, many transparent eggs from females and even other 
species may be seen. 


The Importance of Lifelong Deworming 


Once we begin the process of deworming, we should recognize that we must 
maintain this habit of cleaning for the rest of our lives to enjoy good health. 
It is common among people who have pets, to follow the recommendations 
of their veterinarians, and deworm their pets every three months. It is 
interesting to ask why family physicians do not give the same advice to humans. 
Perhaps some physicians ignore this information, or simply do not consider 
it important to eliminate these pests, which are just as harmful to people as 
they are for animals. 


It is true that many parasites are not endemic or common outside certain 
climates, but human migration and global marketing of food products have 
facilitated the spread of many parasitic pests silently. It is important that 
we understand the lifecycle of each parasite, from birth to death including 
reproductive and death stages. This information is crucial for the complete 
elimination of the parasite. For example, in the case of intestinal parasites 
treated here with this protocol, some can live in the host for up to ten years, 
as in the case of a single Taeni ‘others may remain in the host for a 
lifetime, reproducing again and again, as in the case of the pinworms or the 


well-known Ascaris. 
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The Kalcker Parasite Protocol & Lunar Cycle Timing 


In the modern civilization in which we live, we have lost touch with much of 
the ancient wisdom of the past. One of the things we have forgotten is how 
the natural cycle of the moon influences many of nature's routines. This is 
especially true for the behavior of parasites. They are known to sync their 
life-cycle with that of the lunar cycle. Your child may demonstrate extreme 
behaviors on certain lunar cycle days... especially on the full moon and 
sometimes even the new moon. 


Therefore, to maximize effectiveness, this Parasite Protocol is specifically 
timed to the lunar cycle, Appendix 10, page 477 provides an easy reference 
for you to look up the days to perform the Parasite Protocol, which is 
administered over 19 days—numbered 0 to 18—each month; starting three 
days prior to the full moon and continue during the waning moon. This period 
of the moon's cycle is very effective for deworming because many nematodes 
(parasitic worms) travel back into the intestine to mate at this time. 


Length of Treatment 


This protocol is not a one-time treatment. You should plan for at least 12 to 
18 months to insure you have purged multiple parasite life-cycles and continue 
beyond 12 months if your child is still expelling pa 


Building on CD 


This protocol builds on what you have already learned using CD. During 
treatment, it is absolutely necessary to continue CD dosing, CD baths and 
CD enemas. 


‘Tape Worms 


This protocol 
parasites, especially round nematodes such as Ascaris. It is effective for 


specifically designed for the deworming of large intestinal 


most nematodes, but may not be effective against tapeworms. In the case 
of infestation by Taenias, the recommended treatment is Niclosamide, the 
preferred medication due to its low toxicity. 


‘Components of the Kalcker Parasite Protocol 


This protocol uses some of what you have already learned and should already 
be doing, along with a set of ingredients you will need to have on hand before 
you start (shown in bald below). Here is an overview list of the items you 
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will need to have on hand, and the items are described in detail on the pages 
that follow: 


+ Meal time (1, 2,3) 

+ CD/CDS (4-19) 

+ CD Baths (20) 

+ CD Enemas (21, 22) 

+ Ocean Water (23,24, 25) (see page 115) 

+ Diatomaceous Earth (26,27) 

+ Lepidium Latifolium Extract (Rompepiedras) or 
Chanca Piedra (Stone Breaker) (28,29) 

+ Pyrantel Pamoate (Combantrin®) (30,31) 

+ Mebendazole (32-36) 

+ Castor Oil (37) 

+ Neem (39,40) 

+ Probiotic (usually THERALAC®) (41) 


Check the following website for the latest information on where to find these 
products: 


www.ProtocolSuppliers.com 


You may have noticed one or more numbers in parenthesis following each of 
the previous items, such as "(40)" for the probiotic. The timing of what to give 
when, is covered in great detail in the daily charts starting on page 198. These 
numbers match those found on the daily sample charts to make it easier for 
you to connect the dots and also be able to identify related notes under each 
chart. They have nothing to do with the quantity/dasing of any substance. The 
use of these numbers allows us to comment on specific items and when and 
where they come into play as shown on the daily sample charts. 


We now detail each one of the items on the list above and discuss what 
you need to know about them and how to acquire them (including their 
associated numbers on the charts). 


Meals (1,2, 3) 


Obviously meals are part of everyone's day. The purpose in mentioning them 
here is that many of the following steps are related to meal timing. Some 
actions or ingredients are taken before breakfast, others during or after. 
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In our example charts, we make some assumptions which include: 
+ Breakfast (1) is at 7:30am 


+ Lunch (2) is at 12 noon 
+ Dinner (3) is at Spm 


CD, CDS or CDH (4-19) 


‘As you learned in Chapter 5, you continue to dase CD (or CDS/CDH) as 
before during the Parasite Protocol. Nothing changes in that regard with the 
Parasite Protocol building on top of those steps already in place. 


The sample charts assume your child is going to school, and so you may not 
be able to administer doses of CD during his school day (7-12) unless you are 
home-schooling, in which case you are encouraged to give hourly CD doses, 
even if the total exceeds 8 for the day. 


CD Baths (Optional) (20) 


Our sample charts assume you administer a CD bath just before bedtime. 
See pages 113 for more information about CD baths. 


CD Enemas (21, 22) 


Ideally give your child a CD enema in the morning (21) and another one in the 
evening (22). However, if your child is going to school,a morning (21) enema 
may not be a good idea due to the possibility of an “accident” Therefore, 
consider the morning enema optional, but the night time enema a must do! 
See page 103 for more information. 


Ocean Water (23, 24,25) 


Supplementing ocean water minerals is important to support the body through 
the detoxification process. See page 115 for more information on ocean water. 


Dosing: 


(23) A dose of ocean water should be administered upon waking, but five 
minutes apart from CD dosing. 


(24) One dose of ocean water immediately after school (or at lunch time if, 
at home). 


(25) One dose of ocean water, 15 minutes before or after dinner. 
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Diatomaceous Earth (DE) - Food Grade (26, 27) 


Diatoms are unicellular plants 
that existed by the trillions in 
our oceans over 300 million 
years ago. They are encased 
by a cell wall that is made of 
silica. When diatoms die, this 
microscopic coating deposits 
at the bottom of oceans. Over 
time, they pile up in banks 
forming deposits thousands 
of meters in size. With the 
receding of the oceans, these deposits have been uncovered. Through 
compression, and ultimately fossilization, these silica deposits have given rise 
to a challe rock called diatomaceous earth. 


DE is an inert, nontoxic compound, which contains a number of minerals 
such as manganese, magnesium, iron, titanium, calcium silicates, and others. 
Properly ground, the skeletons of microscopic diatoms become sharp silica 
needles, harmful to parasites, fungi, yeast, worms, and amoebas. However, 
these needles are harmless to humans and other warm-blooded animals. 
Although it is safe to consume diatomaceous earth continuously, the best 
method (as with everything else) is to allow for periods of rest. During the 
18-day treatment, take two teaspoons (Sml) twice a day. 


Dosing: / to 1 teaspoon twice a day for smaller kids, 1 teaspoon three 
times a day for adults and bigger kids. Mix with a little water and drink. Given 
‘on days 1 through 18, DE mixes well with water but never dissolves, Stir 
the DE/water slurry vigorously and drink immediately before the DE settles 
to the bottom. Some people take heaping tablespoons in water, but larger 
amounts are not necessary. DO NOT take dry! 


Note: In rare cases, DE can cause constipation, which can usually be managed 
by reducing the dosages to 1/2, 1/4 or even I/8th of a teaspoon. If that 
doesn’t resolve the issue, remove DE from the protocol and continue with all 
other directions. 


Source & Cost: Search online for “Food Grade Diatomaceous Earth.” Buy 
at least 1 pound and expect to pay about $20 more or less. Better yet, buy a 
five pound bag, which will reduce your cost per pound. DE does nat expire 
or degrade, but should be kept in a dry container, Note: Diatomaceous Earth 
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is often used as non-toxic element in pool filtration systems. You DO NOT 
want to use this kind of DE since it has been processed. Only get “Food 
Grade” Diatomaceous Earth! 


Lepidium Latifolium Extract 
(aka Rompepiedras or Pepperwort) or 
Chanca Piedra (aka Stone Breaker) (28, 29) 


ROMPEPIEDI 


She sires 


Lepidium Latifolium (Rompepiedras) and Chanca Piedra (Stone Breaker) both 
break up hard substances in the body. The reason we use it in this protocol is 
two-fold: It breaks up the protective outer coating of parasites, and anni 
oxalates, which many of our kids have an abundance of because oxalates are 
produced by parasites. 


tes 


Note #l: It is often simply referred to as “RP” in our discussion forums. 


Note #2: If you are having trouble finding this particular ingredient, don’t let 
its absence stop you from starting the protocol with all other ingredients. 


Dosing: 15 drops for a 100 pound child mixed in with the diatomaceous 
earthiwater. Use seven drops for smaller children, 


Source & Cost: You have a choice of two herb extracts; Lepidium Latifolium 
Extract (aka Rompepiedras or Pepperwort) and Chanca Piedra (aka Stone 
Breaker). One US source is www.mightyguts.com, which sells a S0ml dropper 
bottle of Pepperwort for about $30. A primary manufacturer in Europe 
is Soria Natural from Spain that labels their product Rompepiedras, while 
they also have an English labeled box that says Pepperwort. They bath show 
Lepidium Latifolium on the box. 
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Pyrantel Pamoate (30, 31) 
(Trilombrin/Combantrin®) 


Pyrantel pamoate is a broad spectrum anthelmintic, which works by causing 
‘a neuromuscular block that produces spastic paralysis of the parasite, and 
its subsequent expulsion by intestinal peristaltic action, without excitation of 
the parasites or encouragement of their migration. Pyrantel pamoate acts 
over a short duration, and tends to be completely eliminated from the body 
in the feces and urine within three to four days. Pyrantel pamoate is poorly 
absorbed from the gastrointestinal tract, and approximately 6 to 8% total is 
found in the urine, with the remainder in the feces. The recommended dose 
Is one daily dose of 10 mg per kilo. 


Pyrantel pamoate is incompatible with the use of piperazine, because the 
two substances neutralize each other. Thus Pyrantel pamoate should not be 
combined with pumpkin seeds, which contain piperazine, or with antiparasitic 
drugs that contain piperazine in their formulation. 


Dosing: Pyrantel pamoate is given only twice during one cycle of the parasite 
protocol; once during breakfast on day one (30), and again during breakfast 
on day five (31). Dose is based on weight and calculated by multiplying your 
child's weight in kilograms times 10mg of pyrantel pamoate, To make it easy, 
refer to the following chart: 


Pyrantel Pamoate (Trilobrin/Combantrin®) Dosing by Weight 
Pounds Kilograms Dose in mg. 
20 9 91 
40 18 181 
60 27 272 
80 36 363 
45 454 


54 544 
64 635 
73 726 
82 816 
1 907 
998 
1089 


Pyrantel pamoate (often just referred to as Combantrin®) is available in three 
forms: 
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+ Liquid: where each mil 
of milligrams. For example, one available formulation 
contains 144mg/ml. So a 100Ib child would take 3ml. 
+ Tablets: where each usually contains 250mg. 
+ Capsules: where each usually contains 250mg. 


iter contains a certain number 


You and 


have to read the label or the particular product you acqi 
determine the milligrams to use. 


Source: Combantrin® is available by prescription in the US. Most other 
countries have it available over the counter. 


The preferred source of pyrantel pamoate is a compounding pharmacy, as 
to avoid coloring and flavoring. If you are unable to find it without coloring! 
flavoring then | would personally use mebendazole for the entire 18 days 
rather than risk gi 


your child an ingredient which may cause regression. 


Note #1: Some brands of Combantrin® include mebendazole. You want the 
stand-alone Combantrin®! 


Note: #2 Pumpkin seeds should not be consumed with pyrantel pamoate 
because they neutralize its effects. 


Mebendazole (Vermox®/Lomper®) (32-36) 


Mebendazole is a drug used in treating diseases caused by helminths (parasites 
of the gastrointestinal tract). This drug prevents the parasite from using 
glucose, which results in a decrease in energy and therefore death of the 
parasite, 


Mebendazole is a non-systemic drug which means it is only absorbed, to a 
limited extent,in the gastrointestinal tract (approximately 5 to 10%). However, 
if it is consumed with fatty foods then more absorption occurs. 


Approximately 2% of the administered mebendazole is excreted in the 
urine, while the remainder is excreted in the feces. The appropriate dose of 
mebendazole may be different for each patient as it depends on the type of 
parasite causing the infection! The most frequently recommended dose is 
100mg for children, 200 mg for adults, two times a day for seven of the first 
nine days of the Protocol. 


Adverse effects from mebendazole are generally rare due to its poor absorption, 
However;it may cause nausea, vomiting,abdominal pain,and diarrhea. Normally 
these effects are in fact a result of the release of toxins from the very death of 


194 Chapter 8 
the parasite itself. Anti-parasitic drugs can be administered very effectively by 
diluting them in water, putting the mixture in a small bulb enema, and inserting 
the anally. This is especially suitable in the case of oxyuriasis (pinworms).. 
Read more about this “implant method” on page 220. 


Dosing: 
Note: Indicated weights should only be considered a rough guide. 


Small Children (20-40Ibs.): Days 2, 3, 4, 6, 7,8 & 9 — Take as little as 25mg 
of mebendazole with breakfast and dinner, and do NOT doa blitz on Day 9. 


Children (41-70lbs.): Days 2,3,4,6,7,& 8 — SOmg with breakfast and dinner. 
‘On Day 9 they can take 50mg, SOmg and 25mg. 


Adolescents (71-100lbs.); Days 2, 3, 4, 6,7, & 8 — 100mg during breakfast 
and 100mg during dinner. Day 9 is “Mebendazole Blitz Day” where you 
administer ONE 200mg dose during breakfast; ONE 200mg dose at lunch; 
and a final 100mg dose at dinner. 


Teens & Adults (101 Ibs. and up): Days 2, 3, 4, 6, 7, & 8 — 200mg during 
breakfast and 200mg during dinner. Day 9 is“Mebendazole Blitz Day” where 
you administer ONE 500mg dose during breakfast and no dose at lunch or 
dinner for the remainder of the current cycle. 


Source: Mebendazole is available by prescription in the US and over the 
counter in other countries. 


Note #1: Some brands combine mebendazole with Combantrin®. You want 
the stand-alone mebendazole! 


Note #2: Mebendazole is mostly sold in tablet form, but it is also available 
in liquid. DO NOT buy the liquid form—stick with the tablets! | have seen 
horrible reactions from the “inert” vehicles used in the liquid products. 


Castor Oil (37) 


Castor oil is extracted from the seed of a plant called Ricinus communis 
("Higuera del diablo"). Its seeds 


contain between 50-80% il, 
which has a high content of 
ricinoleic acid, which has excellent 
a laxative and purgative properties. 
Once you begin anti-parasitic 
treatments, spastic paralysis may 
‘occur in some parasites and many 
together may form a “knot” of 


‘worms that can cause intestinal obstruction. It is important to help your body 
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purge them by using castor oil. Castor oil should be taken in the morning, 
owo hours after breakfast and other medications. If your child goes to school 
they take it as soon as they walk in the door from school. A typical dose for 
a child is 1/2 tsp to 1 tsp, or up to tolerance. The adult dosage is 15 to 30ml 
(ewo tablespoons), two hours after breakfast and other medications. If you 
experience any intestinal distress, mineral purgatives such as Epsom salts, or 


vegetable purgatives such as senna leaves, can be used. 
Castor oil is also available in gelcaps for those who dislike the taste. 


Dosing: Theamounttoadminister varies and really depends on the individual's 
tolerance. A good starting point is ' teaspoon for smaller children and up 
to two tablespoons for larger children and adults. Only experimentation will 
determine the right amount, if castor oil causes diarrhea, 


Source & Cost: Readily available in liquid form at most pharmacies in the 
laxative section, Usually under $10 for 160z. Also available online. 


Neem (Azadirachta indica), Caps or Tea (38, 39) 


The neem tree is a great natural inheritance of mankind. References in 
Sanskrit scriptures and ayurvic medicine practices indicate the use of neem 
since ancient times in Hindu medicine. Even today, Hindus living in rural 


areas call the neem tree the “village pharmacy” for its ability to alleviate 
many diseases and is currently endorsed by authorities in India for its use in 
medicinal preparations. Neem is one of the purifying and detoxifying plants 
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with the greatest potential. Neem has been used to combat all forms of body 
parasites, external and internal parasites alike. To prepare neem, boil four 
leaves (normally the contents of an envelope) in one liter of water for five 
minutes. Drink the tea throughout the day over the course of each parasite 
protocol. 


Dosing: Neem is given each parasite protocol from day 10 through Day 18. 


You have a choice of caps or tea. | prefer caps over tea because the taste is 
strong and unpleasant, so some kids will buck drinking tea. 


Caps (assuming 475mg each): An adult takes six in a day, three times two caps 
at meal times. 


Follow the directions on the bottle. Give a full dose for teens and adults 
100 Ibs. and over. Small children receive / to / dose. 


If using caps, give one dose during breakfast and one dose at dinner. 


Tea: Give four doses throughout the day. Prepare a tea from the leaves, one 
tea bag in one liter of water (add stevia if needed to cover some of the bitter 
taste). One tea bag usually contains approximately four leaves. If using loose 
leaves, then make one liter of tea with four neem leaves. If using crushed 
leaves, then use approximately one slightly heaping teaspoon. 


Neem Tea Dosing 


Weight of Person Total Daily Amount 


20-34 Ibs 


35-49 Ibs 


50-64 


65-84 


85-109 


110 and over 
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Source & Cost: Neem capsules cost about $8 for 100x 475mg caps. Look 
in your local health food store. One popular brand in the US is Nature's Way®. 
BioPure™ sells a product called Neem Synergy which contains a few additional 
herbs that do not affect the neem. 


Neem tea can be purchased in bags or as dried leaves. 
THERALAC® (Probiotic) (40) 


THERALAC? is a probiotic that should be given 
during the parasite protocol to help reestablish 
good gut flora, Ideally, it is rotated every other 
month with THERALAC® TruFlora®, 


The key reason for recommending THERALAC® 
‘over other probiotics is explained in this 
paragraph excerpted from their website: 


THERALAC® probiotics survive transit through the harsh acidity of the 
stomach and arrive alive in the intestinal tract. THERALAC’s ACID PROOF™ 
technology utilizes sodium alginate from seaweed in a unique formulation 
that assures survival at pH 1.6 for 90 minutes, the most severe stomach 
acid conditions normally experienced. Other probiotics that claim acid 
resistance are tested at pH 2.5 — 3.0, or >10 times less acidic than pH 
1.6 — not a fair tes. THERALACs ACID PROOF technology is protected 
by US Patents 7,122,370 and 7,229,818. This technology goes beyond 
resisting stomach acid and involves keeping the probiotic cells together 
in a viscous alginate-ge! moving in group-force, not as separate individual 
cells like other probiotics, deep into the intestinal tract while retaining key 
formula ingredients, LactoStim® and Sodium Alginate in clase proximity. 


Dosing: One capsule of THERALAC® is given each and every night at 
bedtime, irrelevent of age/weight. This probiotic is also to be given outside of 
the 19 Parasite Protocol days. 


THERALAC® can be given at the same time as CD if your child swallows 
capsules. However, if you are using the THERALAC® powder form then give 
it at least five to ten minutes after the last CD dose of the night. See their 
‘website for more information about the powder form. 


Special exception: Some people do not tolerate probiotics, in which case we 
have no choice but to leave them out. In some of these cases, sauerkraut and 
fermented veggies may help to cultivate beneficial bacteria, 


Source & Cost: Amazon carries “THERALAC® 30 caps by Master 
Supplements Inc.” for $37. 
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Sample Parasite Protocol Daily Calendar 


To assist you in understanding the Parasite Protocol and how it changes from 
day to day, we have prepared the following visual set of daily charts showing 
how all the pieces fit together. To prepare this set of charts, we made up the 
following times for example purposes only: 


Your child's awake time is between 6am and 10pm. 
+ Breakfast is at 7:30am 

Your child goes to school, which starts at about 9am 
+ School is out at about 2:30pm 

+ Dinner is at Spm 


As stated earlier, each dose or activity is labeled with a unique number. Those 


numbers relate to notes below each chart AND they match longer descriptive 
notes in the previous pages. 


You are encouraged to copy/enlarge the blank chart in Appendix 9 (page 475) 
and workout your real-life schedule based on these example charts. 


Refer to the lunar calendar (Appendix 10, page 477) for the exact days the 
protocol should be followed, as well as to get an idea of behaviors related to 
parasites around the full and new moon. 


‘years of biomed and no major gains, we decided to fry 
Rae eaporecd We started in April and are currently on our second 


‘to do would help 
on that. We told her that what we were about 
ise ra better we gave her the iPad right before ‘the Pare a 
anew fav toy tear bos ard she was game. Aer was over 9 
+ ‘pooboo in my tummy” We all cried To 
Beene tan ae bea emit Cidade 
how her fra unted speech has gone from a: wor 
Se age naa 
Haase BO eR hats ae Or just the 
ama part thus far n 
fa a eee eo A ey 
ind is now at a year 
and she was saying hiahd engaging without being prompted She now 
fas milon questions, wants To know when and where we are going 
‘and the sequence in which events will take place. All this from a gi 
who never asked questions before mms! STOP thinking about tryna 
“iat Do It For the first time in seven years, | can hear the bels 
freedom ringingll Thank you Kerri Rivera ll 
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Day 0 (3 days before Full-Moon) 


199 


‘Breakfast, Lunch & Dinner 


‘Atleast B CD doses throughout the day, preferably more, atleast 30 to 60 min: 
tutes away from food. 


‘GD Bath atthe end of tha day. 


‘Enema in the morning (optional) and in the evening (mandatory) 


7 doses of ocean watar al least S minules away from CD. 


Probiotic at the and af the day 
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Day 1 (2 days before Full-Moon) 


Fa 
Time € 
Day 1 - Notes: 
1,2,3 | Breakfast, Lunch & Dinner 
4-19 | Atleast @ CD doses throughout the day, preferably more, at least 30 to 60 min: 
tutes away from food. 
20 CD Bath at the end of the day. 
21,22 | Enema in the maming (optional) and in the evening (mandatary) 


23-25 _ | S doses af ocean water at least 5 minutes away from GD. 


26-29 _ | Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner. 
30 Dose of Combantrin with breakfast 


737___| Castor oi1 haur aftr breakfast ar immediately upon reium fram school 
40 Probiotic atthe end of he day 
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Day 2 (1 day before Full-Moon) 


201 


Breakfast, Lunch & Dinner 


‘Atleast 8 CD doses throughout the day, preferably more, atleast 30 fo 60 min: 
tutes away from food, 


‘GD Bath atthe end of he day. 


‘Enema in the morning (optional) and in the evening (mandatory), 


doses of ocean water al least § minules away from CD. 


Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner. 


‘Small Child Dose: 100mg Mebendazole with breakfast and dinner 
‘Teen/Aduit Dose: 200mg Mebendazole with breakfast and dinner. 


Probiotic at the and ofthe day 
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Day 3 (Full-Moon) 


o Ly y) Z 


Day 3- Notes: 
12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min 
tutes away from food, 


20 (GD Bath at the end of the day. 


21, 22 | Enema in the moming (optional) and in the evening (mandatory). 
23-25 _ | Sdasas of ocsan water af least 5 minutes away from CD. 


26-29 _| Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner. 


32,33 | Small Child Dose: 100mg Mebendazole with breakfast and dinner. 
“Teen/Aduit Dose: 200mg Mebendazole with breakfast and dinner. 


737___| Castor oi 1 haur afr breakfast ar immediately upon return from school 
Probiotic atthe end of the day 
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Day4 


Day 4- Notes: 


203 


123 


‘Breakfast, Lunch & Dinner 


419 


‘Atleast B CD doses throughout the day, preferably more, atleast 30 to 60 min: 
tutes away from food, 


‘GD Bath atthe end of he day. 


‘Enema in the morning (optional) and in the evening (mandatory) 


a doses of ocean watar atleast § minutes away from CD. 


Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner 


‘Small Child Dose: 100mg Mebendazole with breakfast and dinner 
‘Teen/Aduit Dose: 200mg Mebendazole with breakfast and dinner 


Probiotic at the and af the day 
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‘Breakfast, Lunch & Dinner 


‘Atleast 8 CD doses throughout the day, preferably more, atleast 30 fo 60 min: 
tutes away from food, 


(GD Bath atthe end of he day. 


Enema in the moming (optional) and inthe evening (mandatory). 


3 doses of ocean water atleast 5 minules away from CD. 


Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner. 


Dose of Combantrin with breakfast (NO Mebendazove today!) 


‘Castor al 1 Raur after breakfast or immediately upon relum fram school 
Probiotic atthe end of the day 
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Day 6 


‘Breakfast, Lunch & Dinner 


‘Atleast B CD doses throughout the day, preferably more, atleast 30 to 60 min. 
tutes away from food, 


‘GD Bath atthe end of he day. 


Enema in the moming (optional) and inthe evening (mandatory). 


{3 doses of ocean watar al least 5 minules away from CD. 


Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner. 


‘Small Child Dose: 100mg Mebendazole with breakfast and dinner 
‘Teen/Aduit Dose: 200mg Mebendazole with breakfast and dinner. 


Probiotic atthe end of the day 
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Day 7- Notes: 

72,3 _ | Breakfast, Lunch & Dinner 

4-19 | Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min 
tutes away from food, 

20 (GD Bath at the end of he day. 

21, 22 | Enema in the moming (optional) and in the evening (mandatory). 


23-25 _ | Sdasas of oosan water af least 5 minutes away from CD. 


26-29 _| Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner. 


32,33 | Small Child Dose: 100mg Mebendazole with breakfast and dinner. 
“Teen/Aduit Dose: 200mg Mebendazole with breakfast and dinner. 


737___| Castor oi 1 haur afr breakfast ar immediately upon return from school 
Probiotic atthe end of the day 


25. thermocouple 
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Day8 
Day 8 - Notes: 
12,3 _ | Breakfast, Lunch & Dinner 
4-19 | Atleast 8 GD doses throughout the day, preferably more, atleast 30 fo 60 min- 
tutes away from food. 
20 {GD Bath atthe end of the day. 
21,22 _ | Enema in the morning (optional) and in the evening (mandatory) 


25-25 _ | Sdosas of ocean water al least 5 minutes away from CD. 


26-29 _| Diatomaceous Earth and Lepicium Latifolum with breakfast and dinner. 


32,33 | Small Child Dose: 100mg Mebendazole with breakfast and dinner. 
‘Teen/Aduit Dose: 200mg Mebendazole with breakfast and dinner 


20 Probiotic at the and af the day 
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Day 9 (Mebendazole Blitz Day) 


Chapter 8 


/ 


72.3 erealiaat Lorch & Omner 
4-19 | Allgast8 CO coses throughout te dy, preferably mor, atleast 30a 60 minutos away from 
Eg Go Bath aha and othe tay, 
21,22__| Enema in the maming optional) andi he evening (mandaton) 
723-25 | 2 doses of cosa water atleast § minus away from CD. 
726-20 | Diatomaceous Earth and Lepicium Latfolum wih breaNfast and anne 
cy Bitz Day - Small Child Dose 1: 200mg Meberdazole with breakfast. 
“TeorvAdult Doss: SdOmg Mabendazole with breakfast ONLY! 
7 'BIEZ Day ~Dose 2: 200mg Mebendazole with lunch (or aight afer school) 
‘Teoniadh Gata Nx 
Ey ‘Bitz Day -Dose 3: 100mg Mebendazoie with dinner 
‘Teoniadult ota” NA 
7a sora hour afer breakfast or immediately upon return fom school 


Probiotic at the end ofthe day 
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Day 10 


Day 10 -Notes: 
12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, at east 30 fo 60 min 
tutes away from food, 

20 ‘GD Bath atthe end of the day. 

21, 22 | Enema in the moming (optional) and in the evening (mandatory) 


25-25 _ | S doses of ocean water al least 5 minutes away from CD. 
26-29 _ | Diatomaceous Earth and Lepicium Latifolum with breakfast and dinner. 


38,39 | Start dosing Neam Caps with breakfast and dinner. Ifusing tea, 4 doses through: 
out the day, 


a0 Probiotic at the and af the day 
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Day 11 -Notos: 


12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min 
tutes away from food, 

20 (GD Bath at the end of the day. 

21, 22 | Enema in the moming (optional) and in the evening (mandatory). 


23-25 _ | doses of ocsan water af least 5 minutes away from CD. 
26-29 | Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner. 


138,39 | Neem Caps with breakfast and dinner. ifusing tea, 4 doses throughout the day. 
40 Probiotic atthe end of the day 
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Day 12 


Day 12 - Notes: 
12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, a least 30 fo 60 min 
tutes away from food. 

20 ‘GD Bath atthe end of the day. 

21, 22 | Enema in the moming (optional) and in the evening (mandatory) 


25-25 _ | doses of ocean water al least 5 minutes away from CD. 


26-29 _| Diatomaceous Earth and Lepicium Latifolum with breakfast and dinner. 


737 | Castor oll 1 hour afr breakfast ar immediately upon relum fram school 


38,39 | Neem Caps with breakfast and dinner. fusing tea, 4 dases throughout the day. 
40 Probiotic atthe end of the day 
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Day 13 - Notes: 


12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast8 CD doses throughout the day, preferably more, atleast 30 to 60 min 
tutes away from food, 

20 (GD Bath at the end of the day. 

21,22 | Enema in the moming (optional) and in the evening (mandatory). 


23-25 _| Sdases of ocsan water af least 5 minutes away from CD. 
26-29 | Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner 


138,39 | Neem Caps with breakfast and dinner. fusing tea, 4 doses throughout the day. 
40 Probiotic atthe end of the day 


Step 3 -The Kalcker Parasite Protocol 213 


Day 14 


Day 14- Notes: 


12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, at east 30 fo 60 min- 
tutes away from food, 

20 ‘GD Bath atthe end of he day. 

21,22 | Enema in the moming (optional) and in the evening (mandatory). 


23-25 _ | S doses of ocean water al least 5 minutes away from CD. 
26-29 _ | Diatomaceous Earth and Lepicium Latifolum with breakfast and dinner. 


38,39 | Neem Caps with breakfast and dinner. fusing tea, 4 dases throughout the day. 
40 Probiotic at the end af the day 
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Day 15 - Notes: 
12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min 
tutes away from food, 

20 (GD Bath at the end of the day. 

21, 22 | Enema in the moming (optional) and in the evening (mandatory). 


723-25 _ | Sdases of ocaan water af least 5 minutes away from CD. 


26-29 _ | Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner. 


737 | Castor ol 1 hour aftr breakfast ar immediately upon retum from school 


38,39 | Neom Caps with breakfast and dinner. ifusing tea, 4 dasas throughout the day. 
40 Probiotic atthe end atthe day 


Step 3 -The Kalcker Parasite Protocol 215 


Day 16 


Day 16 - Notes: 


12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, praferably more, a east 30 fo 60 min 
tutes away from food. 

20 ‘GD Bath atthe end of the day. 

21, 22 | Enema in the moming (optional) and in the evening (mandatory). 


725-25 _ | S doses of ocean water al least 5 minutes away from CD. 
26-29 | Diatomaceous Earth and Lepicium Latifolum with breakfast and dinner. 


38,39 | Neem Caps with breakfast and dinner. fusing tea, 4 dases throughout the day. 


40 Probiotic at the end af the day 
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Day 17 


Day 17 - Notes: 


12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min 
tutes away from food, 

20 (GD Bath at the end of the day. 

21, 22 | Enema in the moming (optional) and in the evening (mandatory). 


23-25 _ | Sdases of ocsan water af least 5 minutes away from CD. 
26-29 | Diatomaceous Earth and Lepidium Latifolum with breakfast and dinner 


138,39 | Neem Caps with breakfast and dinner. fusing tea, 4 doses throughout the day. 
40 Probiotic atthe end of the day 
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Day 18 


Day 18 (Last Dayl) Notes: 
12,3 | Breakfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, a least 30 fo 60 min 
tutes away from food, 

20 ‘GD Bath atthe end of the day. 

21, 22 | Enema in the moming (optional) and in the evening (mandatory) 


23-25 _ | doses of ocean water al least 5 minutes away from CD. 
26-29 _| Diatomaceous Earth and Lepicium Latifolum with breakfast and dinner. 


737___| Castor oll 1 hour afr breakfast ar immediately upon retum tram school 
38,39 _ | Neem Caps with breakfast and dinner. fusing tea, 4 dases throughout the day. 
40 Probiotic atthe end of the day 
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Parasite Protocol Off Days 


Days “19” through to the next “Day 0” are “Off Days” where you 
discontinue parasite meds and herbs. Here's a simple chart showing 
what to continue doing and what to stop during this off time: 


Continue with these: Stop these: 
CD 7CDS7 CDH Dosing Diatomaceous Earth 


CD/CDS/ CDH Baths Lepidium Latifolium’ 
CD/CDS/ CDH Enemas Pyrantel Pamoate (Combantrin®) 


(Ocean Water Mebendazol 
Probiotic Neem 


Of course this represents a hypothetical case and your situation may 
all for taking other meds or supplements. 


Detection of Parasites in Stool 


It is necessary to detect the parasites by observing the stool carefully. For 
that we use a small plastic basin, and a plastic stick or fork for examination. 


Author's Note: One of the moms who is a part of our forum came up with 
some guidelines for processing your child's stool for parasite identification. 
She calls it,"“Everything You Wanted to Know About Sorting Through Poop.” 
Here are her suggestions 


Supplies: 
+ rubber gloves 


* paper plates 
+ plastic forks (plastic sticks, chop sticks, or plastic back 


scratcher) 
+ apen 
+ acoin 


+ toilet hat 


I like to use a plastic “toilet hat” also known as a specimen collector 
‘or a specimen collection unit, which goes under the toilet seat and 
collects the stool before it sinks into the bottom of the toilet (available 
‘on Amazon.com). 
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The Collection: 


When your child poops, it is collected in the toilet hat (specimen 
collector). After I get my child cleaned up and taken care of, remove 
the toilet hat from the toilet and put the specimen on a paper plate 
with my plastic fork. | have a look for anythin; 


feresting and then 
transfer that part to a clean plate using my trusty plastic fork. 1 
discard the remainder of the specimen into the toilet, flush and put 
that dirty paper plate in the bathroom garbage. (We now line with 
kitchen garbage bags, and | change it after each of these poops.) On 
the clean plate with the suspected worm, | may add a bit of water 
and swish it around to get the worm cleaner. | then may transfer 
the worm to a third plastic plate to get a clear picture, On the clean 
plate with the washed worm, | write the date, and the initials of the 
person the worm came from. If you need help identifying the worm, 
place a penny next to the worm (for size context), snap a picture, and 
mail the image to kerri@cdautism.org, (Kerri collects the photos for 
documentation purposes, so send those worm pictures). Then flush 
the worm and put all paper plates, gloves, and fork in garbage and take 
it outside. Now, you can go find out what your child has gotten into 
while you were doing all this, 


Clean Up: 
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Use HOT water (60°C/140°F), and sterilize with 96% (180 proof) grain alcohol 


(Everclear). 
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Microscope 

Icis very useful to have a microscope for diagnosis because it enables you to 
see both the small parasites that may appear in the blood, as well as eggs or 
larvae in the feces. This way we are more accurately able to determine if the 
number of parasites decreases. A simple microscope that costs about $100 is 
suitable for this kind of identification. The easiest method to determine what 
you see is to compare your sample to images you find on Google. This way 
you can enlarge the images, see various samples from different angles, and get 
a much wider variety of samples than if you were comparing a sample with 
many textbooks. 


Bulb Enemas (aka “Implant”) 


To prevent anal itching from pinworms, night wakings, etc., you can use a bulb 
‘enema or small catheter/syringe with a dilution of 50mg of mebendazole in 
10 to 15ml of water for small children, or 100mg of mebendazole in 15 to 
20mi of water for larger children/teens/adults. The best way to do this is to 
introduce the medication together with the water in the rectum immediately 
before bedtime and hold overnight. If you are using the “implant,” a morning 
‘enema is mandatory. 


kept it in 
worms came 


(on his fingers very purpose’ 
‘amazing today - no behaviors, very 
and better social interest. 
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The Worm Whisperer 


The following words of wisdom are from a mom who has earned the nickname 
The Worm Whisperer (although her ability to destroy parasites may make the 
Worm Ninja more apropos). Her dedication and diligence have net only made 
the difference in the life of her son, but countless other children who are 
‘what she calls “extreme cases.” The information presented here may be the 
difference between an older/aggressive child living with their family or going 
to a group home for the care that their family is no longer able to provide 
them. Thank you Robin, for being a pioneer and for never giving up. Thank 
you for having the guts, the know-how, and the generosity to share what you 
have learned with those who need it most. 


Extreme Cases by Robin Goffe 


This section is for older children who may be violent, self-injurious, destructive, 
physically aggressive, high risk andlor bedridden. 


Some families have children who are older when they first start treatment. 
My son was 18 years old. We call ourselves the “last chance” group. We say 
this because our children have lived their whole lives infested, unbeknownst to 
us. Our children lived as happy, relatively easily manageable, learning-disabled 
ren: perhaps slightly annoying with their routines of movie dialogue 
scripting or attachment to Disney movies, maps, or little known facts. They 
were mostly friendless but pretty easy to take care of. However, during the 
hormonal teen years, things took a grave turn, We may have chalked up their 
newfound solitude to just giving up socially for lack of friends. They did not 
fic in. We had no idea that something else was brewing. The hormones within 
them began to have a bitter war with the parasites living inside them, and a 
war would soon break out. Their mental state would diminish considerably. 
‘What we are faced with are grown, strong children who are mentally ill and 
violent, selfinjurious, and destructive. Some have even become so ill that they 
had to stay in bed. 


This“last chance” is an opportunity to try ONE MORETHING before putting 
them in a group home; to give them away—for their own safety and the safety 
of their families. 


These things that | am going to share with you are unique to the standard 
treatment outlined in the book. It is a more aggressive treatment because it 
is needed, Our children are so highly infested that it is shocking to tell you 
what we have found. There is a lot to do, but there is a method. It is time 
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The Goffe family. 


consuming and it is a lot of work. But here | will outline what we did to get 
our son from an aggressive, self-injurious, destructive young man to one who 
has regained patience, language, understanding, and reasoning; but best of all, 
the opportunity to remain in our home, With continued treatments, he has 
the hope for a future: a job perhaps, and maybe even a family of his own. 


Beginning treatment for the older child and especially one who is aggressive, 
self-injurious, violent, and destructive is one done starting low and slow. 


Day one = one drop. 


I kept a very detailed journal, and | will simply tell you what we did. | will tell 
you what worked for us and what did not. | will also tell you what | shared 
with others that worked for them as well. | am not a physician. | am not a 
chemist. | am a mother in love with my son and his utmost comfort was my 
main concern, My only goal was to clear his parasites. | had no idea that the 
things | learned by digging through his stool for 9 months would eventually 
give me the nickname, “The Worm Whisperer” Although intestinal parasites 
have been around longer than man, and they are smart enough to live within a 
human being lifelong, they can go completely undetected. | was ready to plot 
out a war against them, By the beginning of our 9th month of treatment, | 
estimate that | had cleaned and examined 35 pounds (16 KG) of solid parasites. 
Hard to believe? | have 80% of them photographed. The last two months in 
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jars total seven pounds and a running total of the combined length will be 
at over 200 feet (61 meters), at the publishing of this book. There is not a 
classroom in the world that can teach what | learned in my bathroom day 


after day in latex gloves and a hospital mask. There was a fan blowing on me 
to manage the stench and by the third week my gag reflex was under control. 


examined the parasites, the pieces, how did it die? What was my son feeling 
at the time? Was he violent? Sweating? Slapping his legs from the pain of 
the parasites moving around and torturing him from the inside? | needed to 
eliminate these worms without allowing them to cause my son pain as they 
were killed. | had no idea the monsters | was to face. 


In March of 2013, we started our son on one drop of chlorine dioxide. One 
of the most feared things that the parents of adult sized children face is the 
dreaded enema. It is just not something that most of us grew up with as 
standard care, But even so, my husband and | knew it was something that 
made sense. There are toxins inside these kids, They must be flushed out. 
The bowel is the way out. So on the very first day and the very first drop, we 
also explained to our severely autistic child that we were going to help his 
belly feel better. Our son, by this time, was so severe in regression that | can 
‘only best explain him as non-human. He was no longer speaking, unable to 
react to us, had stopped answering to his name, and could no longer contain 
the saliva in his mouth. He walked with a 12-inch drool hanging from his 
mouth, He ate like an animal, glaring at us. He was frequently violent: jumping 
‘on cars and denting them in, kicking down fences and destroying property. 


This was the child that we were going to start giving enemas to. If we could 
do it, anyone can. 


Each day we went up a drop; two drops on day two, three drops on day three, 
and so on, He was edgy and tired. We went for walks, as per usual, to deal 
with his aggression, but by day seven he began to have a runny nose and had 
a great deal of fatigue. We were so happy since we knew this was a sign to 


look for; that the immune system was kicking in. He slept for about 15 hours 
as we woke him and dosed him every hour and by the next morning there 
‘were about 25 white, hairy, thin looking objects in his stool. We knew these 
were worms and that we had our answer. After three weeks we began to 
see 4-6 inch parasites in all shapes and sizes, yet the aggression continued. It 
was here that | learned that what we were experiencing was POWS (Pissed 
Off Worm Syndrome). By this paint we were at 13 drops, and while we 
were killing the smaller parasites, we were only pissing off the larger ones. 
The parasites do not like their environment disturbed, and subsequently they 
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cause distress to the host. Parasites excrete ammonia, (possibly, leading to 
hyperammonemia and possibly seizures), morphine, and a meth-like substance. 
As these toxins enter the body, they can also cause aggression and anger. We 
had many possessions broken during these tantrums. We stopped valuing 
material objects. 


Itwas here that we were told about—double dosing. So even though our son 
was getting about the equivalent of two drops an hour, if we saw increased 
aggression, OCD or self-injurious behavior we would give him four (see page 
103 for an explanation of double dosing). If he did nat calm down, we gave him 
another four drop dose. This was the perfect return attack for the parasites. 
Within a few moments the aggression settled, His red face and wild eyes 
diminished, and we had made it past another hurdle. 


We used the double dose method dozens and dozens of times over the 
following months, and this helped tremendously to curtail the aggression 
caused by the parasites. 


By the third week of treatment, we were concerned about the time during 
the night that our son would not be getting doses. So for the next six months 
‘our family had a dosing schedule, dosing additionally at midnight, 2am, 4am and 
picking back up to hourly doses from 6am to 10pm. This schedule was shared 
by not only my husband and |, but also our son’s siblings,who would also set 
their alarms and take their turns, while we all rotated lack of sleep. 


By the second month we found that our son’s behavior not only changed 
around the full moon but the new moon as well. The standard protocol uses 
mebendazole over the full moon. However, with the older, more aggressive 
children we have had success with including mebendazole over the new moon 
cycle as well. These mini mebendazole courses feature shorter bursts of 5-6 
days each, over the new and full moons beginning four days before each. We 
also deemed it necessary to start earlier in the moon phase than with the 
younger kids, since the infestation was greater, and the parasite movement 
occurred earlier, causing behaviors sooner. 


For the child that has aggression, every parent must remember that the 
behavior is parasite related. During treatmentyou will see a variety of behaviors 
stemming from the parasites attempting to control their environment aka— 
the host. We found that increasing the frequency of the dose dampened the 
Violence and aggression. It can be difficult to trust your child wha is lost in a 
rage. You feel deceived and hurt. Those were our frequent emotions as well. 
It does pass. It took about 4-5 months for the rages to stop. They happened 
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everywhere and were happening even on the toilet while trying to expel the 
parasites. Have a plan. Music worked very well for us. So did reading books. 
Find something to distract, and always give soothing, comforting tones. We 
frequently told our son how much we loved him and we rubbed his head and 
back. These herxing behaviors may be avoided through the use of a new 
method of preparing CD called CDH (see Chapter 7, page 155 for more info 
on CDH). 


CDH: This new preparation method has really been a huge asset for the 
‘older kids that need to go higher in drops. At around 20 drops, the volume of 
the regular CD became unpleasant, making some children nauseous. My son 
was one of them, With the CDH preparation, | firmly believe that the older, 
tough-nut children will have more success with getting to the appropriate 
levels needed to start expelling the larger parasites. It is my personal belief 
that the amount needed in many of the non-seizure older kids with aggression, 
Violence, self-injury, and destruction to be between 75-100ml of CDH daily. 
This amount may have a connection to the voltage needed in order for the 
mitochondria in the white blood cells to be given the power to not only kill 
the parasites, but to also destroy the bacteria. The job is two-fold, and must 
be done quickly as once the parasite is dead, the bacteria want to devour 
them immediately. | say these things because I have seen the condition of the 
parasites every day. | found that if | can kill the parasite with the least amount 
of disturbance or preparedness by the parasite, then there is no time for them 
to fight back and cause herxing. The bacteria also come into play and must be 
dealt with. Higher amounts of CDH kill both, without so much as a frown or 
a concern on the face of my son, 


Stevia: | found that by adding the sweetener stevia to the CDH, the process 
can be more pleasant and does not affect the properties or effectiveness of 
the dose. As proven by Lamotte CIO, test strips (see page 467 for information 
‘on using the test strips). 


Humidifier: In the beginning months, the infestation level is so high that 
nightly doses may have to be sacrificed in order to start breaking down the 
will of the parasites. It is not about seeing them every day, but slowly and 
consistently breaking their will. The constant aggressive irritation of the CDH 
will kill parasites, stopping them from making gains. There is another layer of 
nighttime treatments, and that is the humidifier. We fill a cool air humidifier 
that holds one gallon of water, and put 35 drops of activated CD (NOT CDH) 
and let it run all night near our son's head. This too was a method we used 
for maximum parasite elimination. 
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Spices and Herbs: It is urgent that we work constantly with our older 
kids to rid the body of parasites and pathogens. We have found that for kids 
that can easily swallow pills, filing empty gel capsules with the recommended 
herbs and spices in this chapter under Other Medicinal Plants (page 231) 
helpful. We have found great results by filling the gelcaps with the variety 
mentioned there: black walnut, ginger, rue, wormwood, and yarrow and giving 
two to four different ones with each meal as a toxic feast to the parasites. 
Don't narrow your selection to those mentioned here—get them all. There 
is no plan or pattern. Use any combination. 


Colonics: Professional colonics have been an important addition to healing 
and cleansing parasites in our older kids. We started these a few months after 
our son was accustomed to the routine enemas. This has been a wonderful 
addition, and we try to do at least one weekly. Some places will alow you to 
do inserts, and we have taken our CDH there working up to $0-100ml CDH 
with great success. 


Limiting Undesirable Behaviors 


Probiotics: If you are using probiotics and your child is aggressive or 
becomes aggressive after restarting the probiotics, consider removing them as 
a first step. There could be such a high infestation rate that the child's system 
does not distinguish between good bacteria and bad bacteria. 


Enemas: CD enemas should starton day one of treatment for the aggressive! 
‘older child. Since they have such a high rate of infestation, it is necessary to 
clear the pathogens on a continuing cycle from the very beginning. Please 
follow instructions for enemas starting on page 103. 


Diatomaceous Earth (DE): In some children, the DE may shred the larger 
parasites to death, causing them to spew additional toxins into the child's 
body, which results in herx symptoms. Discontinuing DE for a few months 
may help to ease the distress, and give a cleaner kill, 


Salt Baths: There are times that the body is unable to pull out the toxins 
fast enough. Be careful about killing too fast (dosing without or not enough 
enemas). If you have done enemas, and there still seems to be distress, you 
can buy a 40-pound bag of plain pool salt, take 9 pounds of salt and put it 
into a hot bath. Allow the salt to dissolve and have the child soak for one 
hour. If the child sweats during the bath, this is a good sign, as it shows toxins 
are being pulled out. Do not use Epsom salts. They contain magnesium. 
Magnesium feeds parasites as well as biofilm. Plain pool salt is cheap, and helps 
to remove toxins. 


Noisy Power Supply... 
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Dandelion Tea: This is an incredible detoxing source as well. There have 
been times that our son was in and out of a salt bath all day drinking dandelion 
tea to get the built-up toxins out. This is a tea ready made by Traditional 
Medicinals® (traditionalmedicinals.com). 


Tips on What to Expect During the Parasite Elimination 
Intestinal parasites have been on Earth longer than humans. Their plan is to 
find a host, and to continue to create life. They have the home advantage by 
living inside of your child. There are many things that | have learned while at 
war with them. They have a plan and so should you. 


Situations We Have Come Across 


Peetox: As you kill the parasites, they are alerted that you have taken away 
their joyful life. Asa result, they do things to the host to show their displeasure. 
One of the things the parasites do is to spew toxins, including a morphine-like 
substance that can cause your child to not feel that he needs to urinate or that 
he is urinating. Naturally this can lead to accidents. This is not the child’s fault, 
but only a part of the parasite elimination process. One of the most difficult 
things we did was to put our 18-year-old son in adult diapers. It was heart 
breaking because it felt that we were moving backwards instead for forwards. 
However, this was only temporary, and for his own dignity. Especially if they 
g0 to school; perhaps being in diapers for a while is the answer. Our son was 
in and out of them for about two months. This does end. 


Sleepytox: As you are going higher in drops, the CD iis assisting the immune 
system to get the parasites out. It will take a lot of energy to do this. 
Remember, your child is the host and there is a war going on! Sometimes, 
your child may be tired for days. Our son slept for nearly the entire summer 
at the beginning of his treatment. Allow the rest they seek. Now our son gets 
higher doses of CD on the weekends, and he is very tired and sleeps then, too. 
By Monday morning, we can usually get a big fat rope worm after our efforts. 
Sleepytox is great because you can get a lot done on your home “to do” list. 


Behaviors/OCD/Tics: Some may become alarmed because their child 
starts having behaviors that they did not have before treatments, or they feel 
that the behaviors have gotten worse. Parasites have a plan. It is to stay 
alive and to procreate. They want their eggs to return back into a host to 
repeat the cycle. So, you may see behaviors of playing with feces, touching 
their anus to their mouth, trying to put their fingers into your mouth or 
another person. There are finger and nail chewing, and spitting. These are all 
parasite controlled behaviors. We have found that eliminating parasites helps 
to minimize this behavior and it will eventually subside, There may also be 
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a mineral deficiency attached as well. We have found that giving PLENTY of 
‘ocean water can help to tame these behaviors. Our 19-year-old son gets over 
200m! OW mixed with 400m! spring water per day. 


POWS (Pissed-Off Worm Syndrome): POWS presents itself when 
you have been dosing, and your child seems weepy, is pacing, and/or unhappy. 
Sometimes it is really that you have pissed off the worms, but are not killing 
them, Always check with Kerri regarding your concerns. But many times the 
answer is to go up in drops not down. You need to kill them—not piss them 
off, or they will fight back. 


Clear Zone: This time period can be about five to seven days before the 
full moon; once infestation is brought down after six months or more of 
treatment. You may be able to start seeing glimpses of your child being lucid. 
This is a good time for an ATEC test. 


HighVolume Eating: Often times, the kids reach a point where they realize 
that they have been starving. The parasites have been taking a bulk of their 
nutrients, causing their mental deficiencies. They may even be eating non-stop 
all day. It is tough to juggle the timing and effectiveness of the CD with the 
continued eating. Allowing the child to eat high volumes of food while dosing 
with CD will still kill the parasites, but the CD levels may not be high enough 
to avoid a herx. Though the parasites may be killed the CD level may not be 
high enough to also kill off the bacteria eating the dead parasite. One solution 
‘we found was to give our son homemade bone broth with ocean water many 
times a day. This will help to replace the lack of nutrients, meanwhile reducing 
the overeating enough to continue the CD without risking a herx reaction. 

Weight Loss: Our son lost 50 pounds during the first seven months of 
treatment. He was very over weight at 5°9" and 200 pounds. The weight loss 
brought concern to people who had not seen him for long periods. During 
this time | estimate that 35 pounds was solid parasites. His stomach was very 
bloated, as was his face. Our children are full of parasites and pathogens (i 
yeast, bacteria, etc.), and all of these things can make them gain weight or be 


bloated, Our son is now in the normal weight range for his height, and has a 
flat stomach. 


ht Terrors: During the night you may see that your child has trouble 
settling down, or they may wake in the night screaming your name. They 
may even do night walking, possibly leaving out the front door in a sleepwalk 
state, We saw these behaviors years ago,as our son was heading into a higher 
infestation level, Now that we are on the healing end, many of the behaviors 
return as sort of a rewind. The behaviors that came into play going down the 
ladder are sometimes repeated heading back up the ladder to wellness. We 
feel that our son was experiencing separation anxiety, and the recognition that 
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he had total control again. This new gained independence may be frightening. 
‘Aca point, our son entered the peetox stage (see above). He had no feeling or 
sensation to urinate, so he was put into adult diapers. As our son’s infestation 
rate decreased, the normal behaviors like waking in the night and feeling the 
urge to urinate returned. Then, as he would get up to go to the bathroom, 
he would suddenly stop, and feel perhaps lost and afraid to continue this 
k alone, He would scream out or wander around whimpering. Although 
night wakings were disturbing, we found them to be a necessary passage for 
bringing our son to reality. In order to give comfort, at night we continued 
the CD humidifier, as well as CD ear and nose drops. Many times a CD bath 
before bed was calming as well. 


Emotional Blindness: Because the toxins that the parasites excrete are 
substances that have the effects of morphine, ammonia, and histamine, these 
toxins can cause emotional confusion in your child. They may be confused 
by your laughter, smiles, and affection. Your positive and loving encounter 
may be perceived as threatening or challenging. Your smile may bring a rage. 
Any spoken words by you no matter how soothing they may be, could be 
perceived as a confrontation. This is difficult on both parent and child, as the 
child may see you as a threat and perhaps even as mocking them; while you as 
the parent feel rejected in your affections. Many times the child's behaviors 
evolve into a stoned-out loss of reality and presence. These are all related to 
the toxic build up and defense of the parasites. Their motivation is to remain 
in the host; they show their displeasure to the discomforts we have given 
them in our elimination attempts. Many times during these episodes, we have 
found it best to avoid wards or eye contact, but rather to offer double doses 
as outlined by Kerri,and keep a calm environment. We have found that these 
toxic levels can be lowered through salt baths and dandelion tea. 


Despite the behaviors that may be brought on by a parasite protocol, the 
results are amazing. In our family we are finally getting our son back. | 
would recommend staying the course. As we know, these kinds of parasitic 
infestations in immune-comprised children will not go away on th 
Children do not “grow out of” worms. In fact, the worms will cor 
grow inside of them. The following parasites were expelled by my older son, 
by making the aggressive modifications aimed at older children. By removing 
these parasites we are seeing the first stages of recovery. The jars on the 
following page represent seven pounds of worms in less than two months, 


Yours 
Robin 
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7 Ibs. of 35 Ibs. (total) of the parasites extracted in 9 months 
(160 feet in total above). 


39+ inch long worm. 
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Other Medicinal Plants 


Author’s Note: The following information is extremely powerful for our 
continued health and well-being. However, these plants and foods ALONE 
have NOT been proven to heal autism. Rather, follow the 18-day deworming 
protocol presented starting on page 187. When this is done for 12-18 months 
it has proven to be an important part of the protocols that have led to the 
recovery of many children, With that in mind, some parents of older children, 
and aggressive/self-injurious children have started to implement a few of 
the plants and foods listed below, in addition to the aforementioned 18-day 
protocol. In many cases, these additions have led their children to increased 
gains through increased parasite elimination. 


‘A number of other plants are also effective for deworming. If, after three 
months of treatment, the problem persists we can change the type of plant, 
or repeat any plant that was effective in previous months. We can use them 
in combinations, mixing several plants at once, or take them individually. Plant 
formulations that should be considered are alcoholic extracts, in oil or by 
infusion, and include the following plants: 


Clove (Syzygium aromaticum) 
Common Rue (Ruta graveolens) 

Dandelion (Taraxacum officinale) 

Gentian Root (Gentiana lutea) 

Mint (Mentha sativa) 

MugwartCammon Wormwood (Artemisia vulgaris) 
Pomegranate Root Bark (Punica granatum L.) 
Southernwood (Artemisia abrotanum) 

Sweet Wormwood (Artemisia annua) 
Sweetfiag/Calamus Root (Acorus calamus) 

Tansy (Tanacetum vulgare) 

‘Walnut shell (Jugians) 

White Fraxinella (Dictamnus albus) 

+ Yarrow (Achillea millefolium) 


Preventative Food & Diet 


There are groups of foods that should be avoided if you have a parasitic 
infection. For example, dairy products in general, refined sugars (sucrose, 
fructose, corn syrup), flour (especially refined), and overly sweet foods in 
general, The list of foods and plants below promote good internal balance of 
the body, hence becoming our allies. With good production of stomach acid, 
a normal level of healthy bacteria, and proper bile production, it is impossible 
for parasites to survive for long. Worms need an acidic environment that 
comes from the breakdown of sugars and putrefaction from the ingestion of, 
unhealthy or processed foods. It is very important to eat raw vegetables and 
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fruit juices, which provide us with enzymes and other elements necessary to 
protect us. 


Choucroute/sauerkraut (fermented cabbage in salt). 


Many people have low levels of stomach acid, which is the cause of many 
intestinal problems, because the body is unable to defend itself against 
intruders, Sauerkraut juice or cabbage/sauerkraut is one of the most powerful 
stimulants for your body to produce stomach acid. The use of unpasteurized 
fermented foods (water kefir,soy sauce, miso, etc.) is highly recommended for 
its stimulation of the beneficial bacterial flora that is responsible for generating 
control over parasites. Take a few spoonfuls of cabbage juice before meals, 
or better yet sauerkraut juice, because it will do wonders to improve your 
digestion. 


Author's note: | do not recommend soy, in any form, for anyone with an 
ASD. 


Garlic 


e intoa lethal environment 


Garlic, eaten regularly,turns the stomach and intest 
for parasites, providing constant protection, Garlic is the quintessential home 
remedy to eliminate intestinal parasites naturally. It has been used by many 
different cultures such as Chinese, Greek, Roman, Indian, and Babylonian. 


Garlic is still in use today by practitioners of modern medicine. It is used 
both fresh and as an oil. The simplest treatment is to eat three cloves of garlic 
every morning, or take a teaspoon of garlic oil. Alternatively, mix crushed 
garlic in a little cold water and drink the mixture immediately. Another recipe 
is to cut and crush four cloves of garlic, place them in milk, and allow the 
mixture to sit overnight. Take the liquid while fasting the next day. 


Pumpkin Seed 


Pumpkin seeds contain a substance called piperazine. It acts by paralyzing the 
parasites, which allows them to be removed easily. 

We can find piperazine commercially in pharmacy drug formulations or 
naturally, as we said, in the seeds of the pumpkin. This traditional method of 
deworming has been used around the world since man can remember. There 
are several effective traditional formulas, below we describe one of them: 
Use one cup of peeled and mashed pumpkin seeds (about 80 seeds). Mix 
them with coconut water and two tablespoons of honey. Take the mixture 
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‘over three hours on an empty stomach. Do not eat during this three-hour 
period. At the end of the three hours, take castor oil in order to quickly 
eliminate the parasites. 


Papaya and Papaya Seeds 


Papain is a digestive enzyme contained in papaya that is capable of breaking 
down the outer layer of adult parasites. The milky juice of unripe papaya is a 
powerful agent for destroying roundworms. The adult dose is one tablespoon 
of fresh green papaya juice, an equal amount of honey, and three or four 
tablespoons of hot water. Two hours later, administer a dose of castor oil 
mixed with warm milk, This treatment should be repeated for two days if 
necessary. For children seven to ten years of age, half of this dase should be 
administered. For children under three years of age, one teaspoon (5ml) of 
the mixture is sufficient. 


Papaya seeds are also useful for this purpose as they are rich in papain and 
caricin. For every tablespoon of crushed, fresh seeds, add an equal amount of, 
honey. Take the dose of one teaspoon (5mi) daily in the morning or at night 
con an empty stomach for ten days, rest five days and repeat the cycle three 
times, We recommend the use of a purgative. 


Ginger 
Ginger not only helps to combat intestinal parasites but also reduces nausea 
and can help calm nerves. For hundreds of years, fresh ginger has proven to 
be highly successful in destroying intestinal worms. The most common way to 
consume ginger is raw or by infusion. Ginger extract may also be sprinkled 
‘on a variety of foods. 


Propolis 


Propolis is a resin like substance gathered by bees from the bark and leaf 
buds of trees, to help disinfect, build and maintain their hives. Propolis has 
been used for at least 3,000 years. Its use dates back to the Egyptians and 
the Romans, and remains in use today. To the Greeks we owe the name pro, 
meaning “before” and polis, meaning city” This translates as “defenses before 
the city" or “defender of the city.” Thanks to the antibiotic action of propolis, 
which protects against the activity of viruses and bacteria, the hive is one of 
the most sterile places known to nature. 


Many scientific studies have proven the antiparasitic activity of propolis, 
therefore it is recommended for treatment of: Giardia, amoebas and 
roundworms,and also for intestinal infections caused by gram-positive bacteria. 
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Take propolis, diluted in water or fruit juice, for treatment of parasites, for 
seven days, on an empty stomach. Use Propolis standardized at 30% in either 
propolis tincture or capsules. Take three drops per kilo of weight, or three 
capsules one half-hour before each meal, A seven-day treatment cycle should 
include seven days on, followed by seven days off; repeat three to five times 
to ensure complete elimination of parasites or bacteria. Repetition of the 
treatment is essential to halt bacterial reproductive cycles. By repeating the 
treatment at least three times, the effective elimination of parasites is ensured. 
The benefits of propolis are that it has no side effects, is well tolerated, and is 
highly effective. 


Pomegranate Bark 


Pomegranate bark contains an alkaloid known as punicine, which is highly 
toxic to earthworms. It is used by decoction of the root bark, stem, or 
fruit. The root bark is preferable because it contains a greater quantity of 
the alkaloid than the bark of the trunk. This alkaloid is also highly toxic to 
tapeworms. A cold decoction of root bark, preferably fresh, should be given 
in quantities of 90m! to 180ml three times per day (for adults), with one-hour 
intervals between cups. A purgative should be taken after the last glass. For 
children,a dose of 20m! to 60ml is appropriate. A decoction is preferably used 
to eliminate solitaires (tapeworm, Taenia Solium).. 


Carrots 
Carrots are another effective home remedy for eliminating intestinal parasites 
in children. The chemical constituents of carrots attack pests by preventing 
their development. It is one of the most effective natural treatments for 
children, when given a small cup of grated carrots each morning until the 
problem desists. 


Condiments 
Seasoning plants are also powerful weapons to keep in mind in our everyday 
cooking. Since time immemorial, mankind has used them to control parasitic 
diseases. The following are most interesting because of their effects: 


+ Cayenne 
+ Cinnamon 
+ Cloves 

+ Paprika 

+ Pepper 

+ Tarragon 
+ Thyme 


+ Turmeric 
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Thank you Andreas and Miriam for sharing what | know will be very 
enlightening, not only to the families of children with autism, but to people all 
cover the world suffering from mysterious symptoms consistent with parasitic 
infections. | want to share one interesting tidbit about parasite infections 
before we get into the FAQs on parasites and the parasite protocol. 


“We have a tremendous parasite problem right here in the US. It is just not 
being addressed.” - Dr. Peter Wina, Chief of Patho-Biology in the Walter Reed 
Army Institute of Research in 1991. (The problem existed in 1991, and with 
modern globalization parasites are more prevalent than ever, yet they still not 
being addressed. 


Parasite Protocol FAQs 
I showed my family practitioner pictures of the worms we have 


found. He thinks they are not a parasite, but just mucous. How can 
Ibe certain? 


It can be difficult to identify parasites, and most general practitioners are 
not trained to do so. Some parents have success with a local vet, who 
analyzes samples in their office. As a crude test, you can pour boiling 
hot water onto your specimen. If it falls apart, it is probably biofilm or 
mucous. If it withstands the wash, it is probably a parasite, Unfortunately, 
most stool analyses are notorious for false negatives. If you put hot water 
‘on parasites, they do not dissolve. Mucous dissolves in any water—hot 
or cold. 


Is it ok to do the Kalcker Parasite Protocol during pregnancy? 


No. Don't do any kind of detox or parasite protocol while you are 
pregnant or nursing. Any detox will release toxins into the blood stream 
that could potentially negatively impact the developing fetus or nursing 
baby. If you are planning on getting pregnant, it would be advisable to do 
whatever detox or deworming procedure before pregnancy. 


Whenis it appropriate to stop the parasite protocol? In other words, 
does every child on this protocol need both the CD and the other 
parts of the Parasite Protocol or are there some that only need 
CD? This is a critical question since these are two protocols joined 
together and not every child may need both. We have done the 
Parasite Protocol and have never passed parasites so | am uncertain 
about my child. 


Usually the Parasite Protocol is repeated for 12-18 months, sometimes 
less, The most important thing is to make sure that there are no fertilized 
eggs left that could hatch at a later date. As it is very difficult to know 
if there are remaining eggs, it is important to complete the 12-18 month 
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treatment. The Parasite Protocol isa complete protocol heavily researched 
toachieve the best results. The Parasite Protocol in conjunction with CD 
has been shown to be one of the most effective methods to heal regressive 
autism. Parasites are cyclical and need to be treated as such. You continue 
with the parasite protocol until no more parasites are seen—be that in 
behavior or actually in the stool. 


What does the process of worms toxifying the brain look like? 


Ascaris lumbricoides (roundworm), for example, produces at least five 
different toxins: Malondialdehyde, ammonia, histamine, formaldehyde, 
and morphine. Malondialdehyde is responsible for oxidative stress, and 
is mutagenic.’ Ammonia, which can lead to hyperammonemia, can be 
responsible for seizures, tremors, flapping, poor coordination, growth 
retardation, combativeness, lethargy, and other symptoms. Comparing 
hyperammonemia with the symptoms known as regressive autism 
yields overwhelming similarities. Formaldehyde has been shown in some 
laboratory studies to affect the lymphatic and hematopoietic systems. 
Morphine inhibits nerve reactions and slows intestinal peristalsis. It also 
keeps the immune system from finding parasites, and from doing anything 
about them. This is 2 reason we often can't identify parasites. We only 
find parasites when the infection is acute, not chronic. This is because IgE 
or IgM reactions are altered by morphine. Histamine can lead to chronic 
inflammation in the body. 


Asa family, we expect to be doing the CD and parasite protocols for 
some time. How do we know when to stop? Should we wait until 
we have a few months of no symptoms? 


We do it until full recovery is reached, 


We have been doing full oral dose CD and the Parasite Protocol. 
We are seeing some amazing changes, but we don't see worms. Are 
we doing something wrong? 


CD affects parasites of different sizes. You may be clearing parasites that 
‘would be undetectable to the naked eye, or nematodes that are very small 
and therefore hard to detect in the stool. 


Why is my child so deficient in vitamins? 


‘As a general rule, most children with autism are deficient in vitamins, In 
the first place many pathogens feed off of vitamins intended for the host, 
and helminthes especially love B12 and iron, Since many of us, especially 
those of us living in cold climates, do not receive enough sun, we are 
nt in vitamin D. Calcium is used by the body as an antagonist for 
flammation; all acidity in the body is compensated by calcium, and 
therefore it is usually low with the kids on the spectrum. As our children 
heal, these deficiencies fade and homeostasis returns. 
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| just gave mebendazole, Not pyrantel this AM. What should | do? 


Don't stress. Tomorrow is a new day, and you can begin again. Give 
mebendazole tomorrow as that is tomorrow's scheduled dose. 


Aren't there some parasites that are good for us and help our 
immunity and gut healing? 


A parasite is defined as a living being that is dependent on a host for 
survival, to the detriment of that host. 


For those of you that continue the parasite protocol thru the new 
moon, how many days do you stay on it? We are now 3 days past 
the new moon. 
Some people treat month long. The Kalcker protocol itself is 18 days 
long. Each family has to find a protocol that suits them. Some folks use 
mebendazole 3 days before the new moon, the day of,and three days after. 
Other families use herbal remedies on the off days. If you consult with a 
healthcare provider, this would be a question to ask them. Each child is 
Jue and has different needs when it comes to treating parasites. 


Why are live worms not digested? Poisons? 
Live helminths are protected by a glucosoid mucous with positively 
charged ions, making them resistant to stomach acid, or digestive fluids. 
When they die, the mucous separates from the helminth, leaving them 
‘open to digestive enzymes. We often see the mucous, as well as semi- 
digested helminths, in the stool of people using the protocol. 


Does everyone in the family need to do the parasite protocol at 
the same time? With or without CD, enemas, diatomaceous earth, 
Rompepiedras/stone breakers, and castor oil? My (neurotypical) 
daughter will take the antiparasitic drugs, mebendazole, and 
pyrantel pamoate, but not these other parasite protocol ingredients, 
which is why I aske. 
Your entire family needs to do the protocol at the same time, or you 
risk reinfection. Neurotypical family members should do as much of 
the protocol as possible. If someone will only take the meds, so be it. 
However, | feel the more the better. 


Do I need to separate the neem from CD? 


Yes, | give neem with food, and would separate from CD by at least an 
hour. 


If | don’t see any worms, does that mean my child doesn’t have 
parasites, or are we just missing the eggs? 


Just because you don't see parasites doesn't necessarily mean you don't 
have any. For example, Toxocara canis or Toxocara cati, which are very 
common in our pets (and can infect humans as Toxocariasis), are not 
expelled in fecal matter. Some families on the protocol did not see actual 
worms until month seven. 
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‘To what extent do the rest of us need to do the CD protocol? Is it 


the same as our ASD children? And, is it necessary to do the whole 
nine yards with the full Parasite Protocol for the whole 12 months? 
Are there any shortcuts for healthier individuals? 


All of the family members, including pets, need to be on anti-parasite 
treatment for a year and thereafter lifetime maintenance is best. As 
mentioned before, with neurotypical family members, you do as much 
as you can, but the anti-parasitic medications are crucial to preventing 
reinfection. 


Is diatomaceous earth a binder and therefore must it be given apart 
from food, medication, and supplements? 


No. It is not a binder. It is fine to give with or without food, and does not 
affect medication or supplements. 


Do you have to do the Protocol forever if you are fully recovered or 
is there a maintenance plan? 


When the child gets to where you want him, you can start to pull things. 
Then, we do maintenance dosing of CD; one dose on Manday and one on 
Thursday, We do the Parasite Protocol for a week every three months 
since we live in a world of parasites. It is good preventative medicine for 
all, Ocean water is also good for all of us. See Chapter 13 (page 319) for the 
complete maintenance plan. 


Does CD 


parasites? 


Yes. CD kills amoebas, Giardia lamblia, and other smaller parasites. CD 
does not kill the larger macroparasites due to their higher oxidative 
stress resistance. 


When is it ok to start the parasite protocol prior to reaching full 
dose of CD? 


Healing autism is a marathon not a sprint. The point is to heal with the 
least amount of aggravation. Therefore, you should be at a full dose of 
CD before starting, and have added in enemas and baths. If you are seeing 
Herxheimer reactions then don't start yet. Obviously, everyone must 
make his or her own decisions. 


Where in the gut do helminths live? Do CD enemas (300 ml) reach 
them? 
It depends on the type of helminth. There are more than 300 different 
helminths so they could be in many different places. However, most live 
in the small intestine. Some lay their eggs in the rectum. The size of the 
person will dictate how high an enema will reach. 
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Do you tell your kids that they have worms? Do you show them? 
Are they scared? My son is very interested about everything in the 
world and asks 4,000 questions a day. What do | tell him? 
How to handle this situation is unique to each and every family. There is 
no right or wrong answer here. The following are some suggestions we 
have received from families on the protocol: 


Nope. My husband was just telling me a story from when he was a kid about 
another kid who got teased all the time about having worms. He still remembers 
it So,no will not tell my kids. 


‘My kids (ages 10 & 7) know about worms because we have talked about 
their Lyme disease and other symptoms for a long time. I think it helps them 
understand why they feel grumpy or sick and why the enemas help. But, | think 
every child is different. The risk is that they might tell their friends. | tell them 
that it is private information and that pretty much everyone has worms but 
some people have more and get sick from them. And, | told them that even 
‘most doctors don't know this but slowly people are learning and getting smarter 
about this and a good diet, etc... My boys like to see the big ones, and try for 
new records. They like to show their brother the records. | think that's a boy 
thing. 


Ihave @ 10 year-old, and | tell him that we have parasites. | have not showed 
hhim anything, | ask him to leave the room before | start to sort the poo. 


My son had another bowel movement FULL of worms, pinworms— 
and | mean hundreds. This is only our second day on CD (1/2 drop 
8 fl. oz.) so a bit thrown to the deep end. Has anyone else had a 
start like this? How did everything go from there on? 


I have seen it a handful of times. | get VERY excited about this. Everyone 
has autism a bit differently. But, if we see worms early, in many cases the 
recovery begins early too. That may be the case for your child. 


lunderstand that even organic produce needs to be washed properly. 
What is the best way to wash my fruits and vegetables? 
The Ascaris eggs are resistant to UV, and can withstand a pH from 2 to 
11.5. Eggs are killed by heating to approximately 60°C (140°F). Spray 
your fruits and veggies with CD spray. 10 drops per 1 flo. of water, no 
need to rinse off. 


Anyone notice a huge growth spurt after starting the parasite 
protocol? 


Many parents have reported their children resumed growth as well as 
weight gain. No real surprise considering they are getting back what the 
parasites were taking from them. 


240 Chapter 8 
Do we need to treat our pets if they are taking heartworm 
medication? 


Yes, heartworm medication does not address intestinal parasites, which 
can infect us and our children. We need to deparasitize our pets, as well 
as ourselves. 


We put “‘cascara sagrada” in place of castor oil because for my son 
and me, it is difficult to take the oil. Is it ole? 


CCascara sagrada is not the same thing as castor oil and is not part of the 
protocol. An alternative solution to liquid castor oil is to buy castor oil in 
softgels. You will need many but it does solve the taste problem. 


My son is very high in Trichinella spiralis, which is a roundworm from 
undercooked meat or pork. It’s supposed to be rare in the US, so 
I'm wondering how my child would have picked this up. Any ideas? 
No undercooked meat here for the kids, and we don't eat pork. 
Ac this moment we have not seen a relationship between Trichinella spiralis 
and autism. It may be a multi-parasitic infection, or a misdiagnosis. Apart 
from the standard protocal, your child might need something else. | would 
consult the practitioner for the appropriate dosage, and only if your child 
has a definite Trichinella spiralis diagnosis. 


How do we know if there are parasites in the brain, and what can 
we do about 


Parasites in the brain are very rare. (According to the CDC, Cysticercasis 
is a parasitic tissue infection caused by larval cysts of the pork tapeworm. 
These larval cysts infect brain, muscle, or other tissue, and are a major 
cause of adult onset seizures in most low-income countries. An individual 
acquires cysticercosis from ingesting eggs excreted by a person who has 
an intestinal tapeworm.)* Larvae can be seen on a scan. Many people 
assume that the problem causing behavioral issues, or mental issues, must 
be located in the brain. However, the problem likely exists elsewhere. If 
the blood contains toxins, this will affect the brain. For example, if you 
ingest too much alcohol, your brain, nervous system, etc. will be affected, 
but the problem is not in the brain itself. We can think the same way 
about parasites. The chemicals that they produce will have effects on the 
brain, however, rarely will the parasites be located there. 


Do parasites cause autism? If so, why doesn't every child with 
parasites have autism? 


Regressive autism has been called parasitological vaccinasis by Dr. 
Andreas Kalcker. This is a cross reaction between a child with parasites 
in vaccines. Further research is needed for a definitive 


answer. 
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Why don’t normal lab tests find parasites? 


Generally speaking, lab tests need to find living creatures or eggs. The 
eggs are only present certain days of the month, and even on thase days 
they won't necessarily be present in a particular stool sample. Living 
worms are extremely rare in stool because they are generally passed only 
‘once they die. They are very good at avoiding being excreted in stool. 
Furthermore, if they die internally, they can be partially or fully digested 
within our bodies before being expelled. 


Are some labs better than others? Is it worth taking a stool sample 

to a vet if they send it out, or only if they look under a microscope? 
We haven't found a lab that consistently finds parasites. Metametrix™ 
has identified parasites, but in our experience and the experience of the 
families | have helped, we have not found a lab that is consistent. It is only 
worth sending a sample to a vet if they are identifying parasites with a 
microscope. 


Combantrin” is available in tablet and liquid form. Which is better? 


Ihate the liquid and never use it. It may have added colors and flavors. If 
you absolutely can't find it without additives, | would use only mebendazole 
instead of using pyrantel with additives. 


Why are there no systemic drugs in the protocol? 


They are not needed with this Protocol. Treating parasites without systemic 
drugs is much safer and easier on the body. The suggested treatments 
using mebendazole and pyrantel pamoato are nearly unabsorbed by the 
body, meaning that we do not add more toxins to an already overloaded 
body. 


When does a child need systemic drugs? 


This is necessary only for certain parasites like cysticercosis, which is 
caused by tapeworms, hookworms, Trichinella spiralis (from pork), or 
other hard to kill helminths. These may be identified by a blood test. The 
practitioner may prescribe systemics depending on the situation. 


Should I start on the new moon if my child’s behavior declines then? 


The full 18-day Kalcker Parasite Protocol always starts before the full 
moon, However, some parents have found that by treating parasites for 3 
days over new moon that they are able to get through the new moon as 
well as the full moon with limited issues if any. 


Is there a time in the moon calendar, where it is normal that there 
are no worms in the stool? (We don’t have any at new moon.) 


Further research is necessary to determine this definitively. 


Se 


Healing 
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Hero Guy taking a peek at The Protocol. 
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Step 4 - Other Supplements 


“One of the first duties of the physician is to educate 
the masses not to take medicine.” 
~ William Oster 


ost of the families that followed this Protocol, and recovered their 
M children, used a combination of these additional supplements along with 
CD. Each supplement combination is completely unique, depending on the 
symptoms of the child, and how the child reacts to each intervention. If 
after The Diet, full CD Protocol, and three Kalcker Parasite Protocols we are still 
dealing with an autism diagnosis, then families start adding in supplements. 
This section is about “unfinished business.” | like to do three Kalcker 
Parasite Protocols before adding back in supplements because parasites love 
supplements, especially vitamin B,2 and iron. 


| feel when we supplement deficiencies in children with underlying parasitic 
infections, it can result in resistant parasites. We aren't making the child 
healthier; we're making the parasites healthier and stronger. If significant 
supplementation does little or nothing to change lab values in subsequent 
blood, urine, and stool tests, then its fair to say that we have a flaw in our 
approach. Pathogens and parasites can cause vitamin/mineral deficiencies. By 
killing them, instead of feeding them with additional supplementation, we are 
focusing on the root cause of the symptoms that we call autism. 


When I came back from our first Defeat Autism Now! doctor visit, | had 
thousands of dollars in supplements that | did not know how to use, We kept 
going to different doctors hoping to find the one that had the answer. At one 
point, Patrick was on a protocol, given to me and supervised by a doctor, which 
called for 70+ different supplements a day. He looked worse during the entire 
nine-month period that we followed that protocol. In hindsight, all those 
years of supplementation made it harder to eliminate Patrick’s pathogens. 
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That is why this protocol focuses on the excesses instead of the deficiencies 
for children with an autism diagnosis. If by eliminating the excesses of viruses, 
candida, parasites and heavy metals, we can see a reduction in the 
symptoms known as autism, then eventually we can reach full healing. 


Commonly, when a new family contacts me, they send me a list of all the 
supplements their child is taking. | frequently see lists of 30+ supplements that 
may be combined in ways that negate their effects. For example, probiotics 
are given in the morning with breakfast, or GABA with food, Both are 
incorrect, probiotics go alone at night right before bed, and GABA is always 
taken without food, If there is a legitimate reason for a certain supplement, 
then it absolutely must be given correctly or it's just excess noise in the body, 
and more stress on the detox organs. 


The following list of supplements can be considered after The Diet, ocean 
water, CD,and three months of the Kalcker Parasite Protacal (except probiotics 
and enzymes which may start day one). This chapter is to be used as a 
starting point for your own research on these supplements, This list contains 
references and the websites used in this research with some of the more 
pertinent information about products. 


Probiotics 


The vast majority of the families who have recovered their children with 
this Protocol have used THERALAC® brand probiotic. It is a prebiotic plus 
probiotic in a capsule that can withstand stomach acid, which allows it to pass 
to the small intestine, where the beneficial bacteria are needed. THERALAC* 
contains three lactobacillus and two bifidobacterium strains. 


The paragraph below was slightly modified from www.theralac.com where 
you can find more information. Please vis 
contained within the text.! The following two paragraphs were taken from 
different sources, and help explain benefits of THERALAC®, specifically for 
children on the spectrum. 


their site for details on references 


Probiotics are defined as: “Live microorganisms that when 
administered in adequate amounts confer a health benefit to the host” 
(World Health Organization 2001). According to the International 
Probiotics Association (IPA), the benefits of probiotics can include 
reduction in diarrhea caused by antibiotics and rotavirus, alleviation 
of symptoms of lactose intolerance, alleviation of symptoms of food 
and skin allergies in children, reduction of recurrent ear and bladder 
infections, and other positive indications, 
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How Does THERALAC® Benefit My Immune System? 


THERALAC"s five probiotic strains work in unison to support the 
mucosal immune system on the intestinal surface; activation signals 
are then sent to the body's systemic immune system. This is a gentle 
and controlled process because THERALAC"'s strains are beneficial. 
Essentially, the immune system is put on alert so that it is ready to 
act quickly if there is an appearance of pathogenic microorganisms. 


Many children with autism have chronic digestive problems. In fact, 
gastrointestinal symptoms in autistic children often first appear in 
conjunction with initial changes in emotion and behavior during the 
‘onset of autism, leading researchers to suspect gut-brain connection.? 


Normally, proteins are digested in stages by enzymes; first to peptides, 
and then to smaller amino acid components, which are absorbed into blood 
capillari 
cross this mucous membrane bat 


the gut mucosa. The larger peptides are generally unable to 


; if they do, however, they can act as 
opioids affecting neurotransmitters in the brain causing abnormal behaviors 


and/or activity. These incompletely digested peptides—known as exorpl 


casomorphins, and gluteomorphins usually come from milk proteins such as 


casein, or from wheat (gluten),and are structurally similar to morphine. The 
formation of excess peptides in the gut is possibly associated with sub-optimal 
‘enzyme activity, or an insufficient supply of enzymes required to breakdown 
these peptides, So if we repair the imbalance of beneficial bacterial organisms 
in the gut and the gut lining, while killing the pathogens causing the dysbiosis, 
‘we have the opportunity to heal children with autism. Probiotics can be used 
to improve the quality of the gut mucosa? 


In addition to aiding in the repair of the gut lining and improving digestion, 
there is also evidence that probiotics can help with detoxification of heavy 
metals such as toxic mercury. 


The paragraph below was taken from the presentation “Gut biology and 
Treatment” by Dr.Anju Usman: 


Emerging literature is showing the beneficial effect of oral probiotics 
‘on mood and anxiety symptoms. In a double-blind, placebo controlled 
randomized parallel group study, daily use of probiotics reduced 
psychological distress? A number of studies have shown the anti- 
anxiety effects of probiotic use in patients with medical conditions.* 
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Dr.Vincent Young, University of Michigan (2009); “the gut ecosystem 
needs to be preserved and that changing the ecosystem through 
stresses such as antibiotics could irreversibly change the ecosystem, 
with deleterious effects.” Dr. Young has studied the effects of 
antibiotics on the microbes in our gut. He found that mice when 
given particularly strong antibiotics completely wiped out all their 
normal gut microbes. Even more striking, clostridium species and 
fungal species are then able to overgrow without the bacteria there 
to fend them off. 


There is no doubt in my mind that probiotics helped get my son’s gut back 
in order, helped improve my own health, and that of thousands of families of 
children on the spectrum. Probiotics should be given without food, directly 
before bedtime. This way, they have the entire night to proliferate in the small 
intestine where they are needed. 


Special note for those with PANDAS/PANS: We have received some 
reports where some PANDASIPANS and/or older children were becoming 
Violent and having more SIBs while on probiotics. Be observant and watch for 
behavior changes when adding probiotics. In addition, know that we may need 
to remove them for a period of time! 


Omega-3 & Omega-6 Fatty Acids 


Omega-3 and omega-6 fatty acids are polyunsaturated fatty acids and are 
considered essential fatty acids. Essential fatty acids must be consumed 
because your body cannot produce them. They are important for brain 
development, immune system and cardiovascular function, and normal 
metabolism. Omega-3 and omega-6 fatty acids are commonly found in marine 
and plant oils. While a healthy diet often provides adequate supplies of both, 
supplementation is sometimes necessary. 


Omega-3 fatty acids also help to regulate energy levels, as well as normalizes 
blood sugar levels. They help improve concentration as well as mental 
vividness. Using omega-3 fatty acid supplements helps with anxiety, mood 
swings, and depression, They are especially significant in the treatment of 
autism. The entire body benefits from ingesting omega-3 fatty acids; from 
physical development, to relaxation from anxiety and jitteriness, to developing 


brain cells;all of these aspects can aide in the treatment of autism.’ 


This third and final volume of the Encyclopedia 
of Electronic Components is devoted entirely to 
sensors. 


Two factors have caused very significant 
changes in the field of sensors since the 1980s. 
First, features such as antilock braking, airbags, 
and emissions controls stimulated the develop- 
ment of low-priced sensors for automotive 
applications, Many of these sensors were fabri- 
cated in silicon as MEMS (microelectromechat 
cal) devices. 


The second wave began in 2007 when MEMS. 
‘sensors were installed in the iPhone. A modern 
phone may contain almost a dozen different 
types of sensors, and their size and price have 
been driven down to a point that would have 
been unimaginable 20 years previously. 


Many MEMS sensors are now as cheap as basic 
semiconductor components such as a voltage 
regulator or a logic chip, and they are easy to 
use in conjunction with microcontrollers. In this 
Encyclopedia, we have allocated significant 
space to this segment of the market, hoping 
that the specific products that we have chosen 
will remain popular and available for at least 
the next decade. 


In addition, we have devoted space to older 
components where durability has been proven. 


Purpose 
While much of the information in this volume 
can be found dispersed among datasheets, 
introductory texts, Internet sites, and technical 
briefings published by manufacturers, we 
believe there is a real need for a durable 
resource that assembles all the relevant data in 
one place, properly organized and verified, 
including details that may be hard to find else- 
where. 


This volume may also serve a useful purpose by 
attempting to categorize and classify compo- 
nents in a field that is remarkably chaotic. For 
example, is an object presence sensor different 
from a proximity sensor? Some manufacturers 
seem to think so; others disagree. Understand- 
ing the distinctions and the underlying princi- 
ples can be important if you are trying to 
decide which sensor to use. 


Sensor terminology can also be confusing. To 
take another example, what is the difference 
between a reflective interrupter, a reflective 
object sensor, a reflective optical sensor, a reflec- 
tive photointerrupter, and an opt-pass sensor? 
These terms are used in various datasheets to 
describe components that are all retroreflective 
sensors. Understanding the proliferating variety 
of terminology can be essential if you simply 
want to find something in a product index. 


xix 
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‘Omega-é fatty acids promote healthy brain function and assists with skin and 
hair growth, bone development,and metabolism. A healthy balance of omega-3 
and omega-é fatty acids promotes heart health and minimizes inflammation. 
Omega-6 may also be used to treat allergies, eczema, osteoporosis and 
premenstrual syndrome.’ 


Unlike omega-3 fatty acids, excessive consumption of omega-6 fatty acids 
can have negative effects. Therefore, their consumption must be monitored, 
‘Omega-é fatty acids, in large quantities, can promote inflammation in the body 
that may lead to flare-ups of eczema, acne, and the aches and pains associated 
with arthritis, It is recommended that you maintain about a 4:1 ratio of 
‘omega-6 to omega-3 fatty acids. 


Some research has been done that suggests improvements in overall health, 
cognition, sleep patterns, social interactions, and eye contact when children on 
the spectrum were given an EFA (Essential Fatty Acid) supplement! 


Furthermore, another study showed the positive effects of EFA's on dyspraxia 
(a motor disorder frequently associated with cognitive, behavioral, and social 
challenges). The participants showed improvements in reading, spelling and 
behavior during the treatment period.’ 


I have personally found that | really like omegas from YES™ Supplements. 
Dr: Brian Peskin has some very informative videos on YouTube discussing the 
merits of vegan versus animal based omega sources. | highly recommend you 
have a look for yourself. My own son, and many other children have bi 
to taking one tablespoon, two times a day. 


L-cart 


L-carnitine is a vital amino acid that promotes healthy neural levels of 
acetylcholine, an important neurotransmitter that aids memory and proper 
brain function, Research suggests that an L-carnitine deficiency may be 
implicated in a number of conditions, including ME/CFS (chronic fatigue 
syndrome), diabetes, Alzheimer’s, dementia, and autism. 


L-carnitine is composed of two essential amino acids, lysine and methionine. 
It is produced in the liver and kidneys and is contained in mast cells of the 
body. It is required for the proper metabolism of fat and helps with mental 
concentration, and energy production. It transports long-chain fatty acids 
across the mitochondrial membrane so that they can be burned to produce 
energy. 
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A clinical trial studying the use of L-carnitine as a potential therapy for autism 
demonstrated the children taking L-carnitine showed improvements in their 
ability to relate to people, body use, adaptation to change, listening response, 
verbal communication, sociability, sensory/cognitive awareness, and health/ 
physical behavior. There are a few articles that may be helpful for a better 
understanding of the importance of this amino acid, Check out an article by 
Henke Schultz,"L-carnitine helps kids with autism, study finds” and another by 
Emily Singer, “Defects in carnitine metabolism may underlie autism,” 


The average dose for L-carnitine is anywhere from 250-1000 mg per day with 
food, depending on weight and reactions. 


GABA 


GABA (gamma-aminobutyric acid) is an amino acid and a neurotransmitter 
(a type of chemical responsible for carrying information from one cell to 
another). It is produced naturally in the body, but is also widely available 
in supplement form. Manufacturers claim that GABA supplements can help 
boost the brain's GABA levels and, in turn, treat anxiety, stress, depression, 
and sleep problems. 


The GABA system acts as something of an information filter to prevent the 
nerves from becoming over stimulated. It has long been suspected that this 
filtering process is compromised in many autistic children. Impairment of the 
GABA system could overwhelm the brain with sensory information, leading 
to many of the behavior traits associated with autism. GABA is also believed 
to play a key role in the early development of the brain." 


GABA is also involved with the production of endorphins in our brain, which 
make us feel positive and upbeat. GABA can reduce stress, relieve anxiety, and 
increase alertness. GABA can be helpful for behavior, language, and possibly 
even seizures. 


GABA is used for control of seizure activity and works on the same receptors 
as the drug Keppra®. GABA is also useful for speech, helps facilitate language 
in nonverbal children, and improves language in children that are beginning to 
speak. 


If you are going to give GABA to your child, the max is 5,000 mg per day, 
divided into two doses, one in morning and one at night, always on an empty 
stomach. In the evening, GABA can be given 15 minutes after your last dose 
of Chlorine Dioxide, with your probiotic. | start at 250 mg two times a day, 
‘one in the morning and one at night. | then titrate up the dose daily or every 
other day if everything looks good. If you observe sleepiness or irritability it 
is a good idea to back down. 
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5-HTP (5-Hydroxytryptophan) 


S-HTP. also known as oxitriptan, is a naturally occurring amino acid. It is 
a chemical precursor to the neurotransmitters, serotonin and melatonin 
from tryptophan. 5-HTP works in the brain and central nervous system by 
increasing the production of the chemical serotonin, Serotonin can affect 
sleep, appetite, temperature, sexual behavior, and pain sensation. 


From Saving Ell: One Family’s Struggle - Vitamin Research Products website: 


While not clearly understood, researchers know that serotonin 
pathways are disturbed in autism, contributing to sleep disorders and 
mood. Tryptophan has been shown to help but has been banned by 
the FDA since 1989. We found that 5-HTP helped immensely, calming 
tantrums and increasing communication with our son. 


5-HTP is used between 50 mg and 200 mg, divided into two doses, morning 
and evening with food. | have seen it help children with autism for attention, 
focus, sleep, and cravings. 


L-theanine 


L-theanine or gamma-glutamylethylamide or 5-N-ethyl-glutamine, is an amino 
acid commonly found in tea. Theanine is able to cross the blood-brain barrier, 
and is reported to have positive effects on mood, stress, and cognition. 


‘The following is excerpted from the L-Theanine website:"? 


Many people experience stress on a daily basis and are looking for 
natural and safe ways to manage it. For thousands of years, it has been 
suggested that drinking green tea will make one relaxed. Recently this 
relaxation effect was found to be true and works because of an amino 
acid called L-Theanine which is found in the tea. Cl 
will show that ingesting up to 200mg of L-Theanine will promote the 
creation of the very important “anti-stress” neurotransmitter in the 
brain called GABA or gamma-aminobutyric acid. This results in a 


ical research 


relaxed, clear and alert mental state. 


‘When used in the correct amounts in supplemental form, L-Theanine 
may: 
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+ Reduce Stress 
+ Reduce Occasional, Simple Nervous Tension 
+ Promote Relaxation without Drowsiness 
+ Promote Mental Clarity and Focus 
+ Promote Positive Mood 
+ Promote Alertness 
+ Promote Learning and Memory 
+ Help Prevent Jitters Caused By Caffeine 


Ihave found that when we can reduce these symptoms in individuals with 
ASDs we can get an increase in speech, learning, focus, concentration, and 
attention. L-Theanine is given with GABA upon waking, and can also be given 
at bedtime if needed, always without food. You can work up to 200 or 250mg/ 
day. 


Pycnogenol® 


Pycnogenol” (pic-noj-en-all) French maritime pine bark extractactsas.a potent 
blend of antioxidants, itis a natural anti-inflammatory, stimulates generation of, 
collagen and hyaluronic acid and help with natural dilation of blood vessels by 
supporting production of nitric oxide."* 


Pycnogenol” is not a supplement | tend to use very often, because it is an 
antioxidant, and therefore cannot be combined with chlorine dio 
However, in some people it has proved necessary and helpful for speech and 
reduction of seizures. It should be given in the morning with food at a dose 
between 25 and 400 mg/day depending on need. Pycnogenol” may not be 
suitable for children who are sensitive to phenols. 


L-Carnosine 


L-Carnosine is a dipeptide of the amino acids beta-alanine and histidine. It is 
highly concentrated in muscle and brain tissues. 


L-Carnosine is believed to stimulate the frontal areas of the brain, resulting in 
overall improved levels of functioning. More and more research shows that 
the frontal lobes and temporal lobes in the brain control emotion, epileptic 
activity, cognitive, expressive speech, and abstract thinking. Studies have shown 


Carnosine to improve language, socialization, and overall level of functioning 
in individuals within the autism spectrum. It has also been shown in studies 
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to have anti-seizure properties without the side-effects of prescription anti- 
seizure medications. 


Research indicates it prevents the formation of the beta amyloid plaque that is 
found not only in neurological conditions such as Alzheimer's, Parkinson's and 
autism, but also in the eyes in degenerative eye conditions and in the pancreas 
in diabetes. It is a neuroprotectant, with a study indicating it reduced severity 


of damage in stroke patients. 


Chez and coworkers found that after eight weeks on L-carnosine, children 
showed statistically significant improvements on the Gilliam Autism Rating 
Scale (GARS). They relate this to the likely ability of L-Carnosine to enhance 
neurological function, perhaps, in the enterorhinal or temporal cortex. This 
enhancement in neurological function has led to speech in many of the families 
that | have worked with. 


I have also seen L-Carnosine help reduce seizures in some children and 
increase language in others. It is given twice a day with breakfast and dinner 
ata dose of 200 to 400mg, 2 times a day. If you note hyperactivity, remove it. 


Taurine 


Taurine is an amino acid,a chemical thatis a required building block of proteins. 
‘Taurine is found in large amounts in the brain, retina, heart, and in blood cells 
called platelets. It can be consumed through eating meat and fish. 


Autism and Low Taurine 


“Are You Dangerously Deficient in Taurine™* explores possible problems 
associated with a taurine deficiency. Among the problems noted in the article 
is autism and low taurine levels. In the article, Leonard Smith MD writes 
about the benefits of taurine, some of which can be of interest to people 
dealing with autism spectrum disorders: 

+ Brain and nervous system function 


+ Helps eliminate toxins 
+ Stabilizing the brain (can be effective in treating seizure disorders) 


Taurine, like all amino acids, must be given without food. The maximum dose 
is between 500 and 1,500 mg. 
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DMG 


DMG, or dimethylglycine, is an amino acid that can be found in many common 
food items like meats (especially liver), various grains, and beans, It has been 
classified as a type of amino acid that is closely linked to vitamin B, 


There have also been interesting developments in the use of a DMG 
supplement for children with autism. Because many children who have autism 
are unable to tolerate eye cantact,and some have problems forming complete 
sentences and thoughts studies investigated whether an increase in DMG 
consumption could help to alleviate many of these problems. In fact, the 
study found that when children with autism were given supplemental DMG 
they appeared less frustrated and showed a marked increase in their speaking 
and cognitive abilities."” At present, this research remains novel and therefore 
further investigation is necessary to determine what the long-term effects of 
DMG supplementation might have on children on the spectrum. 


The following paragraphs were excerpted from Defeat Autism Now! 


Dimethylglycine (DMG) for Autism 


For over 20 years ARI has been hearing from parents who have tried 
DMG on their autistic children, In many cases remarkably good 
results have been seen, especially in enhancing speech. In some cases, 
drug-resistant seizures have been stopped by DMG. (See New England 
Journal of Medicine, 10-21-82, pgs 1081-82). 


There is an extensive research literature on the safety and health 
benefits of DMG. Many studies have shown that DMG enhances the 
effectiveness of the immune system, improves the physical and athletic 
performance of humans and other animals (e.g. race horses) and has, 
all in all,a very wide range of beneficial effects. It is very safe. | have 
seen no evidence of any toxic or significant adverse effects. 


Many parents have reported that, within a few days of starting DMG, 
the child's behavior improved noticeably, better eye contact was seen, 
frustration tolerance increased, the child's speech improved, or more 
interest and ability in speaking was observed. 


A full dose of DMG is 900 mg per day, taken without food upon waking. 
However, it is best to start at a lower dose and slowly work up to 900 mg 
over a week or so. If you see an increase of hyperactivity (which is rare), 
reduce the dose. If no improvement is seen within a month | would switch 
toTMG, 
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‘TMG -Trimethylglycine (Betaine Anhydrous) 


TMG (Betaine anhydrous} is a chemical that occurs naturally in the body, and 
can also be found in foods such as beets, spinach, cereals, seafood, and wine. 


How does it work? 


A form of betaine called betaine anhydrous helps in the metabolism of 
homocysteine, a chemical involved in the normal function of many different 
parts of the body, including blood, bones, eyes, heart, nerves, and the brain, 
Betaine anhydrous prevents the buildup of homocysteine seen in people who 
have problems with its metabolism from birth.” 


The following is excerpted from the Autism Canada Foundation.” Please visit 
their site... 
www.autism.org 


for full references contained within the text. 


The benefits of taking DMG or TMG range from behavioral changes, reduction 
of seizures, and decreased obsessive-compulsive behaviours to improved 
language. DMG and TMG have been reported from thousands of families to 
be quite beneficial to many individuals with autism. 


Research on humans and laboratory animals has shown that DMG and TMG 
enhance the effectiveness of the immune system. Some children and adults 
with autism have seizures, and there are published reports of decreases in 
seizure activity as a result of DMG. A double-blind placebo-controlled study 
by Drs. Shin-siung Jung, Bernard Rimland, and Stephen M. Edelson involving 84 
participants documented a significant decrease in behavioral problems. 


It should be noted that some kids tolerate DMG but not TMG. TMG is 
given upon waking without food, in a dase of 500mg. If DMG didn't yield 
improvements in language, then we switch toTMG. 


FAQ's 

There are times when I do see undigested food in my son’s stools. | 
am particularly concerned. He never complains of stomach pains. 
But I do see some at times, especially cashews. Should | bother with 
an enzyme? Or is it better without one. If so, which brand? 


I love enzymes. Kirkman has one with Isogest®, 851/180 is the number, 
and it’s broad spectrum. Also, Biofilm Defense® is great for dissolving the 
biofilm. A number of the parents online have used Ness” enzymes Gastric 
comfort formula #601 very successfully 
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How should | administer THERALAC"? 


The best time to administer probiotics is at bedtime. Children's 
THERALAC® is a granular formula so you can sprinkle it on yogurt or 
mix it into a smoothie and still obtain the same benefits! So how do you 
take it? We recommend that you take a level 1/4 teaspoon and fold it 
into yogurt, applesauce, or food of a similar consistency and let it sit for 
a minute. This is to keep the granules as close together as possible, thus 
allowing our acid proof gel matrix to form around the product. Visit the 
THERALAC® website for more info: 
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www.theralac.com/childrens-theralac.aspx 


Supplement Dosing Overview 


Supplement] Dose Tine of ay | Emly Stomash ES) 
Probioties Teap Before Bed ES 
Omega-a) With any meal 
Omega-6 1 Tsp 43x /day ae 

With any meal 
L-carnitine | 250-1000maiday bel pity We 
Upto 2,500mg Upon waking 
GABA 2xiday & at bedtime ES 
SHIP 50-200mq__| Morning & Evening We 
5 Work up to 200- Mornings or 

Lemnpenine 250mgiday Mornings & Nights eS 

Pyenogenat | 22400 davi88 | Norning wr 
q 200-400mg ; 

L-carnosine | 200-400 Moming & Evening we 

Morning, Noon 
Taurine | 500-1500mg/day ipl ES 
DMG Booma/day Morning ES 
TMG 500ma/day Morning ES 
Morning, Noon 
Enzymes | 1 cap wimeals An we 
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Step 5 - Chelation 


Ss: let's say we're clipping along; full Diet, CD, Kalecker Parasite Protocol, 
land we've added in whatever supplements the child specifically needs and 
the child still has autism. Recovery is still not a reality...yet! At this point, its 
time to look at chelation, 


‘Why use Chelation for Autism? 


Chelation became very popular in the world of autism about a decade ago, 
when things were heating up around the Thimerosal/Autism connection, 
Today, many of our children are still metal toxic. Metal challenges (esting that 
shows metals in uri 


) from any of the thousands of children whose families 
I have helped show the same thing—extremely high levels of mercury, lead, 
aluminum, as well as sometimes tin, cadmium, and other metals. 


These heavy metals can come from various sources such as: 


+ Coal burning power plants. According to the EPA, coal-fired 
power plants in the United States emit about 48 tons of 
mercury into the air every year, where more than half of this 
mercury falls within five miles of the plant itself, When it 
reaches the water, microorganisms consume it and convert it 
into a substance called methyl mercury. 


+ Drinking water 

+ Our food supply 
* Cookware 

+ Deodorant 

+ Beauty products 
+ Dental amalgams 
+ Vaccines, ete 


Heavy metals are known to accumulate in different parts of the body 
including organs, bones, joints, and the brain, etc. Metal toxicity can provoke 
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inflammation, kill neurons, cause behavioral changes, affect the thyroid 
and other master glands, lower T-cell counts, and cause a myriad of other 
symptoms. Furthermore, new research shows that fluoride in drinking water 
makes the aluminum that we ingest more bio-available. As was reported in 
the journal Brain Research, the combination of aluminum and fluoride causes 
the same pathological changes in brain tissue found in Alzheimer's patients." 


Many children with autism also have impaired methylation cycles. The result 
of this impairment is an inability of the body to rid itself of excess metals, 
thereby prolonging chronic illness. 


What exactly is methylation? 


Methylation reactions are those that involve the transfer of a methyl group 
from one compound to another. The methylation cycle is the name given to 
a biochemical pathway that contributes to a range of crucial bodily functions, 
including: 


+ Detoxification 

+ Immune function 

+ Maintaining DNA 
+ Energy production 


+ Mood balancing 
+ Controlling inflammation 


Impairments or mutations on the methylation cycle can lead to problems with: 
+ ASD's 
+ Alzheimer's 


+ Diabetes 
+ Allergies and Asthma 


An overload of toxins (including heavy metals), can contribute to the 
impairment of the methylation cycle, and if the methylation cycle is impaired 
the body is unable to detoxify as needed, therefore creating a vicious catch 22. 


We need to help our children’s bodies rid themselves of their excess metals 
as part of the healing process. Dr. Usman has shown us that heavy metals are 
present in the biofilm, and Dr. Klinghardt has shown that removing mercury 
can be directly related to a reduction in chronic infections? 


Let’s get those metals out! 


Organization 


Asin volumes 1 and 2, this volume is organized 
by subject. For example, if you want to measure 
temperature, you'll find the entries for a ther- 
mistor and a thermocouple next to each other, 
in an entire section devoted to the sensing of 
heat. This will help you to compare capabilities 
and choose the component that best suits your 
application. 


The subject path leading to each sensor is 
shown at the top of the first page of each entry. 
For gas flow rate, for instance, you would follow 
this path: 

Flutd > gas > Flow rate 


Note that the word “fluid” is properly used to 
include gases as well as liquids. 


Exceptions and Conflicts 
Unfortunately, some sensors are not easily cate- 
gorized. There are four problems in this area. 


1. What Does a Sensor Really Sense? 
AGPS chip is a radio receiver, picking up trans- 
missions from satellites. Does this mean it 
should be categorized as a sensor of radio 
waves? No, its purpose is to tell you your loca- 
tion. Therefore, it is categorized as a location 
sensor. This leads to the first general rule: sen- 
sors are categorized by their primary purpose. 
Secondary purposes may be found in the index. 


2. How Many Sensors Are in a Sensor? 
‘Many surface-mount chips perform more than 
one sensing function. For example, an inertial 
measurement unit (often identified by its acro- 
nym, //MU) can contain three gyroscope sensors 
and three accelerometers—and may contain 
three magnetometers, too. How should it be 
categorized? 


The answer is that an IMU be mentioned in 
more than one entry in the Encyclopedia, 
because it performs more than one function; 
but it will not have its own separate entry, 


because each entry in the Encyclopedia is for a 
single primary sensing function. 


The names of multisensor chips are, of course, 
included in the index. 


3. How Many Stimuli Can One Sensor Sense? 
A single sensing element may be used in multi- 
ple different types of sensors. The most notable 
example is the Hall-effect sensor, which can be 
found in magnetometers, object presence sen- 
sors, speed sensors, current sensors, and doz- 
ens more. Modern automobiles can contain 
Hall-effect sensors everywhere from the igni- 
tion system to the trunk-locking mechanism. If 
you are using a hard drive with rotating plat- 
ters, it probably contains a Hall-effect sensor to 
monitor the speed of rotation. If you have a 
generic computer keyboard, each keypress is 
probably detected with a Hall-effect sensor. 


Bearing this in mind, how should a Hall-effect 
sensor be classified? And where should you 
expect to find an explanation of how it works? 


The answer is that where different types of 
components contain the same type of sensing 
element, the entry for each component will 
include a cross-reference to one location where 
the sensing element is explained in detail. 


This location will be chosen for its relevance. 
Thus, Hall-effect sensors are explained in the 
entry for object presence sensors, because 
this is their primary function. While it is true 
that a Hall-effect sensor works by detecting a 
magnetic field, that is not its most common 
application. 


4. Too Many Sensors! 
Wikipedia lists more than 100 general types of 
sensors, and even that list is probably not com- 
plete. Consequently, we had to pick and 
choose. Some of the decisions may seem arbi- 
trary, but all of them were made on the 
grounds of practicality. There were three princi- 
ples for deciding what to include and what to 
leave out. 
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What exactly is Chelation? 

Chelation is a process used to rid the body of heavy metals. Itis described as 
a chemical process in which a substance (chelator) is used to bind molecules, 
such as metals or minerals, and hold them so that they can be removed from 
the body. 


Some of the most common chelators used in the world of autism are: 


EDTA 


This is an amino acid that attracts lead, other heavy metals, and some minerals 
from the bloodstream and expels these toxic elements in the urine. EDTA 
works to remove excess lead from the body, but it is not specific to mercury 
‘or methyl mercury as are DMSA or DMPS. It can be taken orally, by rectal 
suppository, or IV. 


DMSA 


This is an FDA approved drug that can be used in children when lead toxicity 
is suspected, however it can also be effective at removing other heavy metals 
including mercury and arsenic. It can be taken orally, transdermally, or given 
as a suppository. 


DMPS 


DMPS is given to remove mercury from the body. It can be given IV, 
intramuscularly, subcutaneously, transdermally, or by suppository. 


Patrick has been prescribed all of these at different points of his life,and | can’t 
say that | saw miraculous results during the time that | used them. However, 
some families have seen results, and this is something you may want to discuss 
with your doctor. After years of using chelators, and seeing other families 
use chelators, | have opted for a gentle approach. | like to use two products: 
bentonite clay baths and Bio-Chelat™. These products are strong enough to 
help the body rid itself of heavy metals, but have not been shown to stress the 
liver oF provoke undesirable detox symptoms. 


Knowing now that metals are in the biofilm, I feel it is short sighted to focus 
solely on metals or heavy metals rather than all the pathogens in the biofilm. 


Bentonite Clay Baths 
Bentonite clay is sedimentary clay composed of weathered and aged volcanic 
ash. Bentonites are more widely known as healing clays used for detoxing, 


cleansing, and drawing out impurities. They are used in many everyday 
products such as toothpaste, antacids, and cosmetics. 
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Indigenous people have used bentonite clay for centuries; Dr: Weston A. Price 
in his book, “Nutrition and Physical Degeneration,” stated that when studying 
the diets of native tribes he examined their knapsacks. Among the tribes 
examined in the High Andes, in Central Africa and the Aborigines of Australia, 
Dr: Price reported that some knapsacks contained balls of volcanic ash clay, a 
little of which was dissolved in water. 


Bentonite is known as “swelling clay” When bentonite clay absorbs water 
and swells up, 
through electrical attraction and bound. In fact, according to the Canadian 


is stretched like a sponge. Toxins are drawn into these spaces 


Journal of Microbiology, bentonite clay can reportedly absorb pathogenic 
viruses, as well as herbicides and pesticides.* 


One of my personal favorites has been Even Better Now®'s product available at: 


www.evenbetternow.com 


“EBN? Cleansing Clay is 100% pure sodium bentonite clay which 
has the highest cation exchange capacity (CEC of 98-107 meq/100g) 
of any bathing clay that we tested on the market. This clay is high 
purity air-classified sodium bentonite, selectively mined, consisting of 
micronized particles, which is a free-flowing powder. EBN® Cleansing 
Clay is 100% pure, hypoallergenic, and free of viruses, bacteria, yeast, 
and mold, as well as having a high cation exchange capacity! 


There are other quality clays on the marker, but EBN® tests every batch for 
heavy metals when it comes in. No, | do not receive financial gain from the 
company. 


Bio-Chelat™ 


Another product | really like for gentle (low and slow) chelation is Bio- 
CChelat™, This is a German product containing a minimal amount of EDTA, 
which is FDA approved as a food substance. According to a clinical trial 
carried out in Germany: 


The therapeutic value of the Bio-Chelat™ in the context of other 
chelators thatare currently on the marketis seen as follows: Chelators 
work relatively fast, but they are also very strong with a relative high 
washout of important trace elements and a high degree of specific 
side effects. Bio-Chelat™ works much gentler than most common 
chelators. 
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Although during the treatment a significant decrease of the body's 
heavy metal ion load was seen, this is accomplished without greatly 
disturbing the mineral and trace element relationships. The reduction 
of zinc should be looked at with caution and may easily be corrected 
throughout the treatment! 


have seen very positive changes in many of the children who added in either 
bentonite clay baths, Bio-Chelate™, or both. As with any other intervention, 
add them separately while closely observing your child. Keep a log to record 
any changes, progress, or reactions you observe. Even if you don’t see anything 
right away, | would keep using the products for a minimum of three months. 
‘Again, since they work LOW and SLOW changes may not be apparent at the 
outset, but that doesn't mean they are not helping to heal your child's body. 


use the CD baths every other day and then two times a week I do bentonite 
clay baths. | don’t do the CD bath and the bentonite clay bath on the same 
day. | do them at opposite ends of the week. 


Three days or so later, we'll add in the Bio-Chelat™. Again, follow the 
instructions on the package, and you can always start low and work your way 
up. Since Bio-Chelat™ doesn't alter the CD, the drops can be added to a 
single dose of CD. In addition, since the drops have no flavor, itis suitable to 
add them to water or any other drink your child might consume throughout 
the day. 


Common Errors in Chelation: 


Urine analysis without provocation: 


Many families will do urine analysis to see if there are heavy metals present. If 
you have not done any chelation (oral or intravenous) you really don’t get a 
good picture of what kinds of metals are actually in the body. Simply because 
the metals don’t show up in urine, doesn't mean they are not present in the 
bones, the intestinal tract, the brain, and organs, etc. If we don't do any sort 
‘of provocation, we may end up with a false negative, leading a family to believe 
that their child is not metal toxic, when in fact they are. Bentonite clay baths 
and Bio-Chelat™ are gentle enough that they will not cause any harm to a 
child (metal toxic or no) but can greatly help reduce the heavy metal load, as 
well as other toxins in the body. 
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Healing the gut before starting chelation: 
A doctor once told me that we had to heal the gut before we could start the 


chelation process. However; in the children that | have seen recover, probably 
up to the last month before they recover, their gut mij 


¢ still not yet be 
perfect. For example, one of the little girls that recovered continued to suffer 
from constipation at 30 days before she lost her autism diagnosis. However, 


at this stage something seemed to switch, she started having regular bowel 
movements and within 30 days she lost her diagnosis. 


Basically we're healing the intestines as we're chelating, as we're healing 
everything else. They are all parts of the puzzle. | would never put chelation 
before the CD or parasite protocols, However, it’s definitely something 
that’s part of our road when, after these other approaches, children have not 
yet recovered, At some point after we have the CD, ocean water, parasite 
protocol and some supplements is when we can add in chelators. It’s not 
like I'm saying,"Oh we'll talk about that in a couple of years.” We want our 
children recovered in less time. It’s like a marathon, we keep the pace, never 
lose our heads, or break into a sprint. 


Do not chelate with constipation: 


If the child suffers from constipation, it's really important that we start moving 
the intestines when we're using chelators. There are a few options open to us 


for moving the intestines. I have found that the most effective is through the 
use of CD enemas. If your child isn’t having a daily bowel movement, | would 
do an enema once a day. If you absolutely can't do enemas, get that child in a 
CD bath. Were finding that 50 to 100 drops in a bathtub is allowing children 
who previously had constipation to have bowel movements. 


There are a few children/adults on the protocol that will not do enemas, or the 
parent will not. Whatever their situation may be, we have to get the bowels 
moving again. In this case, we do 50 to 100 drops in their bath water along 
with their max oral dose every day. The result has been that they're having 
regular bowel movements. That's one way we can move it along and then you 
can keep chelating. It's really important to have a daily bowel movement with 
any kind of chelation because otherwise the toxins are simply reabsorbed 
through the intestinal wall, whether they're heavy metals or other pathogens. 
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IV chelation is not the only means by which to cure autism: 


I think at one point between 2006-2008, we were all focused on the 
problem in the world of autism being the heavy metals, because there was 
mercury/Thimerosal in the vaccines. We had to get the mercury out of our 
children. Well, part of the problem is they're not detoxing. As mentioned 


before, methylation cycles are impaired in children on the spectrum. | meta 
young girl whose parents were both allopathic doctors and they really believed 
fat that point, as most of us did, that heavy metals were the problem with 
autism. If we could get the heavy metals out then they would recover. The 


parents did 122 IV chelations and their child never improved. At this point | 
have lost touch with them, but these are things that we have to learn along 
the way. | know now that it is NOT just about chelation, and why metals are 
NOT the only important piece. All of the pieces play a role and likely interact 
to cause autism in our children, There is a symbiotic relationship between 
the viruses, bacteria, candida, and parasites that exist in the biofilm. Since CD 
can break down biofilm and kill the pathogens living in it, as well as neutralize 
heavy metals, it has been a very powerful tool for us. 


Doing a blood test to look for heavy metals: 


Generally speaking, within three days of heavy metals entering the bloodstream, 
the body will deposit the heavy metals into tissues, organs, and eventually 
bones. For this reason, a blood test is not the best place to look for heavy 
metals in children with autism. Unless the child has very recently been 
exposed to heavy metals, we are unlikely to see elevated levels of heavy metals 
through a blood analysis. 


The articles at the end of this book (Appendices 13 & 14) will provide further 
insight as to why chelation can be so important for our children on the 
spectrum. 


Luca 
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Step 6 - Hyperbarics 


by Bob Sands (Introduction by Dr. Beatrice Golomb) 


“What Oxygen is to the lungs, such is hope to the meaning of life.” 
~ Emil Brunner 


‘We were fortunate enough to have the amazing Bob Sands write this chapter 
‘on hyperbarics explaining its importance in healing ASD's. 


Note: Throughout this section of the book, the author, Robert Lyne-Sands 
uses the actual names of the people with whom he came in contact with. In 
some instances it is with their permission, in others it is not. The accuracy of 
quotations, opinions expressed within this chapter, and the names used are 
solely the responsibility of Robert Lyne-Sands. Great care has been taken to 
remain within the bounds of current journalistic integrity and practice. 


Robert Lyne-Sands new book, OXYGEN: The First Medicine, Volume 1 CANCER, 
is expected to be released January 2014, 


Robert Lyne-Sands author of the Hyperbaric section of the book, 
with one of his young patients, getting ready for a session. 
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Robert Sands is one of only about five licensed manufacturers of hyperbaric oxygen 
therapy (HBOT) machines in the US, with extensive experience in clinical hyperbaric 
treatment, whose expertise will be an exceptional asset to this project. He has designed 
and manufactured HBOT machines for the US, Australia, Britain, Thailand, and many 
other nations, for navalimilitary use, civilian diving use, and medical use. He has the 
theoretical understanding of HBOT therapy thar derives from intimate involvement in the 
process of designing and manufacturing these machines. He has the practical experience 
that derives from running a set of HBOT centers, and personally overseeing greater than 
20,000 hours of HBOT sessions over 35 years. 
™~ Dr Beatrice Golomb, MD, PhD. 
Prafessor of Medicine. UCSD 2011 


Beatrice Alexandra Golomb, MD, PhD (Pl) is singularly qualified to lead this study. She has 
expertise in GW including authorship of four RAND reports related to GWI29-31, and work 
in the scientific erature. She has been o member, since its inception, of the Department of 
Veterans Affairs Research Advisory Committee on Gulf War Veterens'Ilnesses, and served as 
Scientific Director ofthis Committee. As a licensed intemist, she is primary core physician for a 
panel of ~280 veterans, including GWV, atthe VA San Diego Healthcare Center. 


ecently,| sought the answer to something that was puzzling me. My friend, 
Dr: Bernard Gunter,is a revered and renowned psychologist in his eighties 


and, if anyone would know the answer, Bernard would. 


“Does God, Great Spirit in the Sky,The Universe or whatever unseen deity you 
‘worship give you freedom for personal choices or is everything predestined?” 


Bernard's eyes twinkled. He was never in a hurry to answer a question. In my 
mind, Dr. Bernard Gunter is sort of the American version of the Dali Lama. 


He thought for a moment, selecting his words carefully, and then replied, 
“Funny you should ask that—just the other day | was talking with Eckhart 
Tolle and asked him that very same question. Tolle replied, God allows you 
to think that you have free will and free choice—and you do, by and large. 
However the roadmap is laid out for you beforehand: 


Just as | suspected. 


Dr. Bernard Rimland, Kerri Rivera, and the Hand of God. 


On January 20th, 2006, a tall, glamorous woman walked into my San Diego 
clinic; her name was Kerri Rivera. She had brought her small five-and-a-half- 
year-old son, Patrick all the way from Mexico for hyperbaric oxygen therapy. 
The litte fellow was absolutely gorgeous, but had a vacant stare and made no 
eye contact with any adult, rarely even with his mother. Day after day Patrick 
spent time in the chamber. 
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Kerri explained to me that Patrick developed normally for almost the first two 
years of his life. Then, to comply with vaccine regulations, Patrick received the 
DPT, HepB, and Influenza B (Pentavalente) vaccines in one day. Patrick fell into 
a complete zombie-like state after the injections. By the time Kerri arrived in 
San Diego, she had already done her homework. She blamed the vaccinations 
and had already undertaken the task of healing her son. 


‘After her own experience with autism, Kerri wanted to help people and she 
was already doing the DAN! Protocol, etc.,as Dr. Rimland has done so much 
for the children and she had a lot of respect and admiration for him and his 
work. 


One day, walked into the clinic and told her,"We're having lunch with Bernie 
tomorrow. Get a babysitter” At that point, totally shocked, she said,"Oh my 
God, yes, but | don’t have anything to wear!” 


“Trust me, what you have on would be just fine.” A flustered Kerri rushed 
off to purchase some dressy clothes—she was, after all, a woman originally 
from Chicago. The very next day, we were sitting with Bernie and his wife 
Gloria in a quaint little restaurant, The Green Tomato. If the reader wishes to 
see that day, just go to your computer and look up Bernie on Wikipedia and 
there you will see Kerri in her black business suit (http://en.wikipedia.org! 
wiki/Bernard_Rimland). 


Over lunch, Bernie and Kerri bonded immediately. None of us at the table 
realized that Bernie was suffering from cancer and had less than a year to live. 
Driving the short distance back to my clinic | made the observation to Kerri 
that | suspected she was about to become a scientist, and no longer just a 
trophy wife. “Be careful.” warned her, "Bernie Rimland’s mantle will be heavy 
on your shoulders.” 


Kerri turned her face toward me and said," will carry that mantle willingly 
and with honor.” 


After a few days, Bernie told me that he thought Kerri had what it takes 
to carry the torch and help families heal their children with autism. 
I saw a lot of Bernie in the next nine months. He would come down to the 
clinic for regular hyperbaric treatments because it eased the pain of his cancer. 
Just before his death, he told me,"! will not die before I have found the reason 
for and defeated autism.” But die he did on November 21, 2006, at the age 
of 78. 
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As | drove to Bernie's grave, | anticipated many, many people lining the way 
with some hundreds even thousands thronging the memorial park, similar 
to Giuseppe Verdi funeral, in 1901, where 200,000 people gathered. At his 
graveside, the thousands of mourners spontaneously burs 
Chorus” from his Opera, Nabucco. 


10 the “Slaves 


| was stunned upon arriving. Probably less than thirty or so weeping caregivers 
of children with autism were present at the burial, along with Gloria and 
Bernie’s three children. WHERE WERE ALL THE PEOPLE, THE MOTHERS 
AND FATHERS, THE RESEARCHERS AND SCIENTISTS? | asked myself. It 
‘was my first Jewish funeral and | think that the booming sound of the shovel 
{ull of earth that | threw down onto his plain casket made me look heavenward 
and ask,"God, where are you now?” 


I drove home, eyes unfocused with tears, and stone eggs of the birds of 
unhappiness in my heart, stopping only to purchase two fine bottles of wine 
to toast Bernie. | knew one would not be enough. Arriving at my house, | 
found the fine crystal goblet my Mom had left me, filled it, and played Neil 
Diamond's, Morningside over and over, with each playing, another glass, held 
high to Berni 


Momingside 
The old man clog 
‘And no one cried 

They simply tured away 


And when he died 
He fof a table made of nails and pride 
‘And with his hands, 

He carved these words inside 
‘For my cilaren’ 


Moming light 
‘Maming bright 
| spent the night 
With dreams that make you weep 
Morning time 
Wash away the sadness 
From these eyes of mine 
For | recall the words an old man signed 
‘For my children’ 


‘And the legs were shaped with his hands 
‘And the top made of oaken wood 
‘And the children 
That sat around this great table 
Touched it with their laughter 
‘Ah, and that was good 


1. Isita component? We are more interes- 
ted in board-mounted components 
than in packaged products that hap- 
pen to contain sensors. For instance, a 
thermocouple is often enclosed in a 
tubular steel probe, and its wire is often 
plugged in to a specially designed 
meter that displays temperature. While 
we do include a photograph of a 
probe, we are primaril 
the welded wires of the thermocouple 
inside it. 


2. How much does it cost? An industrial 
ultrasonic sensor to check items on a 
factory conveyor belt will be sealed 
into a module with a waterproof grom- 
met around a shielded cable—which is 
all very nice, but will not be very afford- 
able. This Encyclopedia is more interes- 
ted in board-mountable components 
for one-tenth of the price. 


3. How many people are likely to want 
The stock of each type of sensor was 
checked on component vendor sites. If 
a sensor wasn't in the inventory, or if 
only a couple of variants were stocked, 
we concluded that the limited demand 
probably didn't justify including it here. 
For example, a Ferraris acceleration 
sensor responds to eddy currents in a 
rotating motor shaft, as a way of meas- 
uring vibration in the shaft. This is a 
really interesting device, but is unlikely 
to be on most people's shopping lists. 


Volume Contents 


Having explained the organization of this book 
and our decisions to include or omit various 
components, we now presenta summary of the 
contents of all three Encyclopedia volumes: 


Volume 1 


Power; electromagnetic devices; discrete semi- 
conductors. 


The power category includes sources of electric- 
ity and methods to distribute, store, interrupt, 
convert, and regulate power. The electromag- 
netism category includes devices that exert 
force linearly, and others that create a turning 
force. Discrete semiconductors include the pri- 
mary types of diodes and transistors. See 
Figure P-1 for a contents listing. 


Primar Secondary | Component 
Category | Category | Type 


power source battery 
connection jumper 
fuse 
pushbutton 
‘switch 
rotary switch 
rotational encoder 
moderation relay 
resistor 
potentiometer 
‘capacitor 
variable capacitor 
conversion inductor 
ACAC transformer 
‘ACC power supply 
DC-DC converter 
DC-AC inverter 
regulation voltage regulator 
electro. linear electromagnet 
magnetism output see 
rotational DC motor 
output GR 
servo motor 
‘stepper motor 
discrete single diode 
Fol re cats Unijunetion transistor 
multi bipolar transistor 
junction field-effect transistor 


Figure P-1. The subject-oriented organization of cate- 


zories and entries in Volume 1 ofthis Encyclopedia. 
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Morningside 
‘An old man died 
‘And no one cried 
He surely died alone 
And trath is sad 
For not a child would claim the git he had 
The words he carved became his epitaph 
‘For my cilaren’ 


In fact,as | sit here writing this, | play Diamond's melody and listening to the 
words makes my heart swell and my eyes become damp. 


The morning after Bernie's funeral, hung-over and miserable, | pondered: Did 
my beloved friend Bernie die feeling that he failed? | now doubt it for he had 
passed his mantle to carry on his search for the cure without fear, without the 
need for accolades and rewards and to do so with integrity. | did not know it, 
but before his passing, Bernie and Kerri had been in communication. Bernie 
had given her permission to translate his Defeat Autism Now! Protocol into 
Spanish, Kerri's other language, as well as other tasks. 


In review, | now see God's Hand at work—and it started one afternoon 
at the Green Tomato, Thus, my question to my friend on free will versus 
predestination right at the start of my notes an this section. 


Brain overload and frozen fingers. 


‘Ac the time, when Kerri asked me to write this section of her book about 
hyperbaric oxygen therapy and the treatment of challenged children, my mind 
went into overload. Why? Ker 


fas (in my view and that of others) the 
most efficient and effective health scientist with a high normalization rate of 
challenged children (autism, etc.). With her own hospital-quality hyperbaric 
‘oxygen center, Kerri had first-hand knowledge that to normalize such an 
afflicted person required a lot more than some trips in a oxygen chamber or 
some Silver Bullet response from a pharmaceutical company. 


My brain whistled like an express train rushing through a tunnel. 
| thought of the dozens of children that hyperbaric oxygen therapy has helped 
at my different centers. Some of the little guys were so badly damaged they 
‘would repeatedly punch at their own head, or chewed on their own wrists. 
I'm thinking of Marco as | write this. Ten years later, he still punches. A clearly 
defined casualty of a hotshot thimerosal vaccination, normal until three, his 
parents won a multimillion-dollar lawsuit against Big PHARMA. There has 
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been some progress over the years; but it will be a matter of unrelenting 
attention to Marco. 


I remember another little guy; a handsome, articulate smiling boy of about 
12 years of age named Chase. Meeting him and his parents, you would never 
know he had autism or ADHD. Chase was a “runner.” When his treatment in 
the chamber was over, he would promptly disappear out of the clinic doors. 
Eventually, Chase would be carted back down by one of the upstairs nurses. 
hase” by name and chased by nature. 


‘After one such session in the chamber, he rocketed out and into the restroom 
of the clinic, I was sitting at the controls when he came back. Chase climbed 
up onto my knee and said,"! love you Bob;” and he rubbed his hands across 
mmy face, From the terrible odor I knew in an instant what was all over my face 
and my lips, Chase had used his hands instead of toilet paper and bypassed 
the washbasin on the way out. 


“Oh goodness,” came from his horrified mother. “He got you. | am so sorry. 
It is one of his favorite jokes.” 


“Not to worry,” I said," have eaten and tasted this in a variety of forms most 
mmy life”” So, whenever | hear somebody say, “Sands is not a Doctor so he 
doesn't know s—t from Shinola,” | think of Chase. 


Normalizing kids is so rewarding, 
but you have to take a chance on s**t. 


My fingers were not ready for the keyboard as | tried to wade through dozens 
of experiences with these children, my own personal experiences, and finally 
adding input from experts in the field of pediatric abnormalities. (Many of 
these experts became my close, personal friends as the years went by.) 


For any parent or caregiver to delve into all of the opinions and conclusions of 
the so-called experts, itis a bewildering journey through a lot of contradictory 
and self-serving educated guesses and erroneous assumptions. To arrive 
at something that the reader will identify with, and believe in, | have to go 
way back. After 70 years on the face of this planet, | have reached certain 
conclusions about the treatment of children that enables me to write this 
section. Mind you, I'm not stuck in my ways and | am open to change my 
thoughts and conclusions as the science improves on treating children with 


autism. 
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Little Patrick Rivera, Little Bobby Sands 
Something in Common? 


Here is something that | doubt my adult children even know about. In 1947, 
polio was raging throughout Australia, | was seven years of age and had 
developed a sore throat and fever, My father, a wealthy man, called the very 
best doctor to my bedside—yes physicians did make house calls in those 
days. | can even remember the doctor's name, Dr. Bradfield. His father had 
been the engineer that designed the Sydney Harbor Bridge. My dad, with all 
of his money drew a lot of water in those days and could get almost anything 
he wanted, Bradfield came in and examined me briefly; after all he had other 
house calls that night. 


Bradfield told my Mom and Dad that he did not think | had polio, but 
perhaps diphtheria and that | should spend time in isolation in the infectious 
disease hospital overlooking Botany Bay, “just in case.” The next morning 
an ambulance came and, in spite of my fear, pleading, misery, and tears they 
carted me away, The three-hour journey became a six-hour journey. The 
ambulance broke down outside the Sydney airport. | remember looking 
‘out of the rain spattered window and seeing the aircraft clearly visible over 
the fence. We sat on the 
replacement ambulance came to transport me,and my journey continued to a 
huge colonial building complex, built by convicts and perched on rolling, green 
lawns that looked down onto the Pacific. The complex was known as, The 
Coast Infectious Disease Hospital, which later became Prince Henry Hospital. 
I was terrified and clutched my teddy bear, Threadbare, under the blankets. 
Threadbare became my only friend for the next four months, and a glimpse of 
airplanes over the fence became an enduring memory of the trip. 


je of the road for almost two hours before the 


My parents were already there and had obviously filled out all of paperwork. 
Inever got to say goodbye to them since it was an infectious disease hospital. 
As they walked past a big hopper window, they paused momentarily and Mum 
waved through the window. | saw them maybe three times in the next four 
months when the nurses wheeled my bed up against the window that looked 
‘out into the hall. They would tap on the glass and smile at me but because 
my father was quickly bored, after about five minutes they would wave and be 
gone for another couple of weeks. It was a long way for them to travel 


The night of my arrival,a team of doctors and nurses arrived and they rolled 
me onto my side. Full syringes lay on a tray;in those days they were glass with 
little thumb and finger holes on each side and each needle was reused and 
supposedly resharpened before their next use. This meant that the needles 
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were thick and long. One-by-one these needles were inserted into my upper 
thigh on the left-hand side. The pain was agonizing and I'm sure | screamed 
and screamed. | remember at least three nurses holding me down. At seven, | 
was just a lite fellow. There had to be at least 20 of these very large syringes. 
Checking the history books, | believe that they were mostly penicillin and sulfa 
drugs. | might add, it was already known to Doctor Bradfield that | was highly 
allergic to sulfa and remained so for my entire life. 


The next morning, when | awoke, | found that | was paralyzed from the feet 
up to just under my arms, Threadbare was my only friend for the next four 
months, The days all blurred together. One thing | do remember vividly is 
that | used to deliberately wet the bed. | did so only when a lovely red-haired 
nurse with a band of freckles across her nose was on duty. This nurse was 
kind and gentle, probably in her twenties. After she had changed the sheets, 
she would stroke my cheek and tell me that everything was going to be okay 
and not to worry about wetting the bed. The other older nurses scolded any 
of the other pediatric patients if they had an accident. At some point later, 
my gentle nurse told me that | really did not need to wet the bed to get her 
attention. | soon stopped and | still got a cuddle from her. Such a display of 
care and affection was unknown to me from my parents back at home. 


‘After that stay in the hospital, | was never the same. | know that there was 
constant discussion amongst my family members that | should be placed in 
some sort of an institution because my behavior was “contrary and stubborn.” 
| was either talking my head off, trying to make my family love me, or distant, 
and as such, | was said to be “uncooperative.” Soon after, | was placed in a 
Hogwarts-style boarding school. 


Could that childhood experience have made me what am today, forever alone, 
but rarely lonely? As the years ticked by, to my surprise (and | think everybody 
else's), the school counselors found that | had a genius IQ. Amongst the 1,200 
boys, was second fram the top. 


After seventeen years of treating so-called challenged children, | have yet to 
find one that was not as smart as a whip in something. 


| managed to burn every social bridge at the boarding school, thrown out 
of every special social club at Newington. On Saturday afternoon, after 
mandatory sports such as Cricket or Rugby, the other boarders would get 
to do things they wanted like billiards, photography, or gardening (these were 
clubs that you had to apply for and join). However, | had been expelled from 
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each of them so | wandered alone each Saturday afternoon and finally picked 
the lock on a large room-sized cage full of Sulfur-Crested Cockatoos and 
other Australian parrots, | would sit alone with them and be jeered at by the 
boys in the garden club that were planting and weeding. Within weeks, these 
birds would happily climb all over me, enjoying my company. The birds loved 
me, but the boys and masters did nat. To me, it was a two-way street. Animals 
made better friends than people. Eventually some of the other boys would 
come and beg to be allowed to accompany me into the cage so they too could 
have that same privilege. 


Do not get the wrong impression of my beloved Newington College 
in Sydney Australia; even today | dream of the sanctuary of that place. 
It was better than what I had with my family back home. 


The really curious thing is that my mind had blotted my hospital stay out, or 
had hidden it in some black cabinet in my brain where the really bad things 
are kept to allow me to get on with the reality of NOW. | remembered the 
illness and isolation only when Kerri asked me to write this. The details have 
returned with clarity: the old iron beds, the smiling face and freckles of my 
favorite nurse, being cold at night, the colors on the wall, the distant sight of 
the ocean through a window on the other side of the big ward, the frame of 
the window so far away that it looked like a painting hanging there. If | close 
my eyes as | write | can see it now. 


I now ask myself,“Is this the way children with autism feel?” 


I don’t know. What | do know is that my old friend and confidant, teddy bear, 
is sitting on the desk as | write this. | reach out to rub Threadbare’s head and 
a great calmness washes over me. The little fellow is 64-years-old now and 
there is a great competition amongst my adult children to see who gets him 
after | die 


The incorrect pharmaceutical response. 


With almost 40 years of working in medicine behind me, and now in my 
retirement, | do know that neither diphtheria nor polio were the problem. 
The suffocating “Bull Neck” or the “Strangling Angel of Children,” diphtheria, 
had not happened to me, nor did the withered limbs of poliomyelitis set in 
after paralysis. 
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Simply put, Dr. Bradfield cocked it all up in a big way by guessing, not taking 
enough time and arriving at the wrong medical response on his visit. The 
relentless attack on me with sulfa drugs caused paralysis, which was probably 
what Is commonly known today as Guillain-Barré Syndrome, a disorder 
affecting the peripheral nervous system. Ascending paralysis, weakness 
beginning in the feet and hands and migrating towards the trunk, is the most 
typical symptom; the disease is usually triggered by an infection. 


It sure sounds similar to what happened to little Patrick, and probably to the 
reader's challenged child as well 


Migrating to America in 1990 with my tribe of offspring. 

J arrived in the United States over twenty years ago. If the reader is interested 
enough, a quick look at a funny but classy “roast” presentation is on YouTube. 
‘You can find it by searching “Robert Lyne-Sands” on YouTube. 


After completing the United States Navy transportable chamber development 
project, | arrived in swank, Pacific Palisades, on the outskirts of Los Angeles; 
living amongst all of the Hollywood greats. | was going nuts with boredom 
and became the “Bob Clampett” of the area; jogging down the leafy streets 
| always said Gudday to any celebrity. | rarely remembered their names but 
knew their faces. They never replied on the first go past, but then | would jog 
backwards, keeping pace with them (big stars like Madonna always ran with 
a group of minders) and | would yell out “I said Gudday. My goodness, your 
manners are appalling.” | might add, it was not just me; they never ever nodded 
to each other when their paths crossed either. 


Around this time, | opened the very first freestanding hyperbaric oxygen 
therapy center. It was more or less hidden away in Santa Monica on 6th 
Street. Tucked away in what used to be an old motel, you could almost refer 
to it as a “speakeasy” center, akin to something from the days of prohibition, 
where you had to knock on the door three times before being let in. | would 
only treat people who had been referred by another patient. Most of these 
people were from the entertainment industry in Hollywood, many with the 
HIV virus, and lots of folks with chronic fatigue syndrome. 


The kiss of death in Hollywood is to be known to be ill. Hyperbaric oxygen 
therapy works so well that the word soon got around, and | was inundated 
with patients, some famous and well-known, and others just hardworking folk 
in the movie industry. Thus, | ended up being known for some years as “Mr. 
Oxygen,” and because of the remarkable effects of HBOT, | befriended many 
of these celebrities, who subsequently invited me as their guest to many of 
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the big Hollywood functions (the only one that | missed was the Academy 
Awards). 


One of the first of these talented people that became my close friend was 
Harold Michelson, Harold was an award-winning art director working out 
‘of DreamWorks. He was suffering the aftermath of a mild stroke. His wife 
Lillian had told me that her Harold loved crossword puzzles, but since his 
stroke he would put the across answer in the down column. This caused him 
immense frustration since his answer was usually correct, just in the wrong 
place. Five treatments in the little chamber were all it took for Harold to get 
his verticals and horizontals in the right place. The big thing that he noticed 
was that his blood pressure stabilized, his lung problems normalized, and he 
needed less medication for his diabetes. 


Harold still stood well over 6-feet-tall, though stooped with old age. We hit 
it off immediately because Harold had a quick wit and loved a good laugh. 
The stories and banter between us were constant. Harold was extremely 
talented yet self-effacing. He really was a hero in the truest sense of the word. 
‘As young man, he made over 40 flights across the English Channel to bomb 
Germany. As navigator, Harold sat in the nosecone of the B-I7 and either 
froze with the cold on the trip or froze with fear when making the lower-level 
bombing run. “Bob, | was so frightened of the flak from the antiaircraft fire 
from the Germans on the ground. As the puffs of smoke would erupt around 
the front of the aircraft, shrapnel would pierce plexi-glass windows in front of 
me. | would hold the navigational map in front of me and try to believe that 
the thin paper would stop the lethal fragments.” 


The first challenged child to be 
treated in a hyperbaric chamber—Emi 


I need to jump forward in time for a moment before getting back to Harold 
Michelson and his wife, Lillian. | went back into production of hyperbaric 
chambers after | realized the great need for hospital-grade dispensing of 
oxygen to the public. There were no rules preventing me from doing this even 
though I'm not a physician. All my patients needed was a prescription from a 
registered physician; that was the easy part. My first center was in San Diego. 


In the first few months of patient treatments we received a call from a father 
in Canada. His daughter, Emily, had cerebral palsy. The father had read that 
hyperbaric oxygen therapy would perhaps help his little girl normalize, and so 
when he asked me what I thought | gave him my usual answer," do not know, 
Jam nota physician." And then | added,"! would hate for you to waste your 
money on a trip from Canada to San Diego if it doesn’t work.” 
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The father replied, “I have two choices. | can go to England where there is 
snow on the ground or | can come to San Diego. It is an easy choice to make.” 


So father and daughter duly arrived. Emily was the most delightful child. 
When she walked through the door she had a crash helmet on, knee guards, 
and wrist-guards to prevent serious injury when she would crash, face first, 
into the floor, We learned a lot in the first ten days of treating Emily. One of 
the first things was the fact that fathers can never properly do a good job on 
their daughter's hair. | felt for the father since Emily had lots and lots of hair 
and was never still fora moment (| have a few daughters myself). Emily would 
arrive looking like a rag doll; her little blonde head would have pins, bits of 
string and ribbon through it. So the very first task of our nurses would be to 
grab Emily (usually tearing around the clinic), and comb her hair out to make 
her more presentable. 


Now, the really big thing that we noticed was that on day ten she arrived at 
the clinic without any of her body armor. Yes, she still “toe-walked” because 
her heels did not touch the floor. To compensate, she would park her little 
fists against her chest, push her elbows out to keep a center of gravity, and 
rush around the clinic. On day 11, father and daughter spent five hours at the 
San Diego Zoo without the usual body protection. Emily never lost balance 
‘or tumbled even once. Follow-up visits over the last 17 years find that Emily 
is living a normal life. Yes, she still has some walking problems, but never 
needed to undergo the mutilating surgery that was recommended to her by 
her Canadian doctors. During 20 days of hyperbaric oxygen treatments in San 
Diego, something had changed in Emily's brain. 


Likely the most important introduction in my life... 
The Great-Spirit-in-the Sky’s (God’s) hand at work. 


Listening to the improvements that little Emily had made, Harold Michelson 
was both enchanted and excited. 


“Did you know that Lillian and | have an autistic son? We need to introduce 
you to a couple of people in San Diego. Dr: Eric Courchesne, who runs the 
autism research center for the University of San Diego, known as the Autism 


Center of Excellence or ACE.” 


Lillian chimed in and said, "I really must call them about you. Eric is a gem and 
his wife Rachel is also a research doctor. They work side-by-side and will be 
so helpful.” 
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With Emily's positive results, and more children making gains at the center, 
called the Courchesne couple at the ACE and offered to provide them with 
the use of a $150,000 hospital-grade hyperbaric chamber for one full year. 
There was no response to my offer. 


While you may imagine that the UCSD-ACE Research Center is located in 
some lofty center of learning, itis in fact to be found in a delightful millionaire’s 
village known as La Jolla in Southern California, a block or so from the Pacific 
Ocean. On the top floor of a three-story building, an elegant balcony ran 
across the front of the building, while red and white umbrellas and tables make 
it look more like a posh restaurant than a research center. 


I waited about a month and called again and repeated my offer of a hyperbaric 
chamber, operated by trained technicians for a year, or whatever time it took 
to make a decision on efficacy, at zero cost to the ACE. About an hour after 
making the second call, my secretary told me that a Dr. Rachel Courchesne 
was on the line and needed to speak to me on an urgent matter. | picked up 
the telephone, anticipating a good conversation but this is the way that it went, 
all one-way at me. Dr. Rachel was in fine fury and, looking back, the only way 
| could have put a word into that conversation would have been to fold the 
‘word flat and slip it into the tirade, sideways. She cold me that it was amateurs 
such as myself that muddied the scientific waters of autism research and that, 
essentially| should craw! back into whatever hole | came out of. 


She made it clear to me that the mission of the ACE was to perform research 
to find a cure with pharmaceuticals. In fact, the ACE receives funding from 
drug companies, and that | should not bother them again, | was taken aback, 
to say the least. 


‘A decade later, Dr: Eric is apparently doing fine work. For example, in his 
recent research, quoted widely in the media, he has found that the frontal 
lobes of an autistic child's brain is abnormally large. This is an observation, 
perhaps useful in the future, but only time will tell. But does it matter to you 
the reader whether this is so? Maybe yes, maybe no, so let's hold off on that 
sort of thing until we get into the scientific part of the book. 


Let’s get back to Dr. Rachel's harangue of me. In my mind, there is no doubt 
about the fact that for her, at least, it was all about the money and the potential 
for a patented silver bullet for Big PHARMA. If successful, a drug company 
could charge you a huge amount of money to heal your child with autism. At 
worst, there would be the ability to raise more money for research despite 
scant evidence of clinical results on children. 
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‘An example of this ability to raise money on a potential medical marketplace is 
the fact that in the year 2012, the National Institute of Health (NIH) allocated 
$100 million over a five-year period to a bunch of ACE research acrass the 
United States. So much for Lillian’s glowing endorsement of Dr: Rachel. 


However, the Michelson’s other introduction proved to be a link in the chain. 


Autism research with integrity—Dr. Bernie Rimland. 


“A dear friend of ours, Dr. Bernard Rimland, also has a research center in 
‘San Diego which he calls Defeat Autism Now!, or DAN! for short. Bernie's 
son, Mare, is a true autistic savant. The movie with Dustin Hoffman and Tom 
Cruise, Rain Man, was modeled around Bernie and Gloria's son. Bernie was 
the technical advisor for the film. You must meet Bernie.” 


Lillian was especially grateful and fond of Bernie and his wife, Gloria. Back 
in the early 1950s, autistic children were attributed to cold, hard, heartless 
mothers. Many psychologists and psychiatrists agreed with the “Emotional 
frigidity” hypothesis, which suggested that the mothers were the cause of what 
‘we now know as autism. A lot of children in the United States were taken by 
force from their parents, and placed in isolated institutions to “protect” them 
from their parents. Bernie Rimland alone stood against this hypothesis; after 
all Bernie did have degrees in psychology, including a PhD. In fact, it was Bernie 
that took away the shame, the blame, and the guilt of many loving parents who 
were bullied into believing labels put upon them by the so-called “learned.” 


Driving forces behind autism research centers. 


Unlike the La Jolla location for the ACE, Bernie's Autism Research Institute 
(ARI) was about five minutes drive from my San Diego hyperbaric oxygen 
dispensary; two minutes of freeway, quick turn into Adams Avenue, and | had 
arrived. Again with an erroneous assumption, | had thought that Bernie's ARI 
would be similar to the ACE La Jolla location. In fact, | drove past Bernie's 
place three times before | found it. An unassuming, clay-colored, converted 
storefront, with a little sign on the front door that said, “Autism Research 
Institute” | knocked on the door and walked in, Instantly, the smell of 
antiquity and old books overwhelmed me and beguiled me, like something out 
of a Harry Potter movie. Stacks of papers were high on the floor almast in 
a willy 
me. “Bob Sands? The Michelson’s said to expect you” He peered over his 
glasses and gray whiskers at me. In that one glance, we created a bond of 


ly fashion. A gentleman dressed in a checkered shirt came towards 
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Thyristors (SCRs, diacs, and triacs); integrated 
circuits; light sources, indicators, and displays; 
and sound sources. 


Integrated circuits are divided into analog and 
digital components, Light sources, indicators, 
and displays are divided into reflective displays, 
single sources of light, and displays that emit 
light. Sound sources are divided into those that 
create sound, and those that reproduce sound. 
A contents listing for Volume 2 appears in 
Figure P-2. 


Volume 3 

All the most common types of sensing devices, 
including those that detect location, presence, 
proximity, orientation, oscillation, force, load, 
human input, liquid properties, gas types and 
concentrations, pressure, flow rate, light, heat, 
sound, and electricity. A contents listing for Vol- 
ume 3 appears in Figure P-3, 
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Reference Versus Tutorial 

As ts title suggests, this is a reference book, not 
a tutorial. A tutorial such as /Make: Electronics 
begins with elementary concepts and builds 
sequentially toward concepts that are more 
advanced. A reference book assumes that you 
may dip into the text at any point, learn what 
you need to know, and then put the book aside. 
If you choose to read it straight through from 
beginning to end, you will find some repetition, 
as each entry is intended to be self-sufficient, 
requiring minimal reference to other entries. 


Theory and Practice 

This book is oriented toward practicality rather 
than theory. We assume that the reader mostly 
wants to know how to use electronic compo- 
nents, rather than why they work the way they 
do, Consequently we do not include detailed 
proofs of formulae or definitions rooted in elec- 
trical theory. 
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friendship that lasted for more than a decade. At least once or twice a month 
‘we would lunch together along with his wife, Gloria; always two blocks from 
his Center, at the Bleu Boheme. Bernie and Gloria would carefully examine the 
menu and then they would beth look out and recommend, “Let's all order the 
fried green tomatoes.” 


Bernie was interested in clinical results. He would turn over any stone that 
would perhaps unlock the mystery of autism. When I first met Bernie, 1 in 
850 children born in the United States was afflicted with this mysterious 
and terri 


ing disorder. As | write, autism spectrum disorders have spiked 
to I child in every 88. So when the phone rang at the ARI, Bernie would 
‘often answer it and ask many questions, if the person believed that they had 
found a cure or a clue. He never discarded anything, in stark contrast to my 

ith Dr. Rachel at the ACE in La Jolla. | once listened in when he 
spoke with a lady who believed that you could cure autism by filling crystal 
glasses to different levels and rubbing your fingers around the edges to create 
pure tones. 


encounter 


Bernie put the telephone down and said to me,"‘It could be worth looking 
into. Music does create new neuronal wiring in small children, for example, 
‘or a mother singing to a child” | had already mentioned to him that when a 
child with autism was in the chamber, if you played unfamiliar sounds such as 
‘whale songs, or bagpipes, the unresponsive child would often brighten up and 
look around. 


“Maybe new neuronal connections are being established,” Bernie pondered as 
he rubbed his whiskers. 


In those days, | worked on weekends. If | wanted to chat with Bernie, Sunday 
was the best day. No staff to answer the telephone, so he always did. | once 
asked him whether he took a day off and his response was succi 


“When autism takes a day off so will I." 


ion donation and his ARI. 


Now, here is the most interesting of Bernie Rimland’s driving forces—to me 
at least. It was not about dollars or ego, not in the 


‘Ac that time, | was also friends with another Bernie, the renowned 
anthropologist, Dr. Bernard Aginsky. To avoid confusion between the two 
Bernie's I will refer to him as Dr-Aginsky. He was in his late 90s at the time, as 
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rich as Croesus. For many years, he had leased the penthouse of the La Jolla 
Shores Hotel, right on the beach of one of the most desired parts of Southern 
California. Again, like most of my friends, Dr. Aginsky was a humble man and 
thought nothing of his wealth other than as a means of accomplishment, Out 
of the blue, one day in my office, Dr. Aginsky looked at me thoughtfully and 
then asked, "I have $2.6 million and | want to give it to somebody that would 
make a difference, Can | give it to you?” 


immediately thought of Bernie and the children with autism and the nonprofit 
status of the Autistic Research Institute. “Hold that thought Dr.Aginsky. | will 
give you an answer in a couple of days.” 


A couple of days later, Bernie and | were traveling to take part in a medical 
internal review board. | was wearing a shirt with French cuffs and a silk tie. 
Bernie had on his usual checkered shirt. He confided in me once that he had 
to make a choice between wearing a tie or trimming his Santa Claus-gray 
beard. The beard always won. Wondering about his shirts,| respectfully asked 
him whether he ever received a salary from his ARI. 


“Good gracious. | could never pay myself a salary from ARI funds and 
donations. You must remember that | am on a full Navy pension so it would 
be wrong to double dip.” 

After the meeting,as we traveled back along the |-405 to San Diego, | broached 
the subject of Dr. Aginski’s offer of a $2.6 million donation for the Autism 
Research Institute. Bernie looked out the window for a few moments and 
fiddled with his beard. | could see he was calculating in his head. He turned 
to me and said,"We have so much money in the ARI at this time, donations 
and such, that | think that amount of money could be used elsewhere. Find 
another recipient.” 

Dr: Bernard Aginsky, a widower, passed away in January 2000, | have no idea 
where his donation ended up. | do know whether Bernie Rimland ever had 
a second thought about not taking that money. He never mentioned our 
conversation again. 


DAN! changing to parallel other autism research. 


Research costs money. Bernie used his resources wisely and was not interested 
in empire-building. He just wanted to find the cause and the answers. Bernie 
cured kids, 


On the anniversary of his death, went to his Kensington ARI center. | had two 
bottles of good wine, a bunch of wine glasses, and a whole lot of chocolates. 
| walked in and was astonished. The whole tenor and tone of the place had 
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changed. The clutter was gone. Bookshelves were neat and organized. The 
smell of scholarly interest in documents and old books had evaporated, It 
was as if the ghost of Dr. Bernard Rimland seemed to have moved to another 
place completely. The staff were delighted to see me, and happily munched 
on the yummy chocolates that | had brought for them. | commented on the 
neatness and the vast changes that | observed. One of the staff shrugged her 
shoulders, grimaced, and said, 

“You have no idea just what changes have taken place, and what is about to 
happen.” 

‘An example of the transformation in attitude is exemplified by an offer for 
inflatable, aka soft-sided, chambers for DAN! while Bernie was still alive. One 
day, he called me up and explained to me that a group was coming to do a 
presentation on these soft chambers, and suggested that | plant one of my 
staff at the ARI to listen to the blurb from the manufacturer, Oxyheal. My 
secretary, Crystal was waiting amongst Bernie's staff to greet the technicians, 
doctors, and such that accompanied the owner of the company. They arrived 
at the ARI, set up the inflatable chamber, and gave their sales pitch, extolling 
the virtues of hyperbarics at low pressure and at a low cost. 


Crystal reported back to me that Bernie looked dour during the presentation 
and asked, “What would happen to this with a razor blade?” Bernie and | 
discussed the concept of inflatable chambers the next time he was at my 
center,after he had finished his treatment in a chamber. He was not convinced 
about the soft-sided chambers. 


“| worried that the scientific data that they quoted was all from hospital quality 
chambers. | think you are correct Bob, the physics do not hold up. | could not 
recommend this device to parents for their children.” 


The “discovery” (observation) of God’s gunpowder + Bernie 
Rimland and Kerri Rivera. 


Throughout history, air was taken for granted. You just breathed in and out 
and there it was; bugs and birds flew in it, mostly useful to keep your floors 
and ceilings apart. Even in this day and age, many folks think of it in the same 
way. 

Let's revisit what is now called the Age of Enlightenment, the 17th and 18th 
Centuries. About 1774, the kindly and soft spoken clergyman/scientist Joseph 
Priestly and his close friend Benjamin Franklin. They spent time drinking coffee 
together once a week in a London coffee house along with other scientists. 
Together they realized that air was actually a mixture of gases, but mostly 
nitrogen and oxygen. Priestly and Franklin could kill a mouse in a glass jar 
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in less than five minutes by depriving it of one of those gasses. Put the poor 
little mouse in a glass jar with a lit candle (which consumed the oxygen) and 
the flame of life in the mouse departed by about the time the candle went out. 


Using precise scales, Joseph Priestly and the French chemist Antoine Lavoisier, 
gave oxygen its name. It could be weighed on a scale just like you would 
weigh out a cup of rice. Each unseen gas has a weight. Baros is the Greek 
word for weight. Words that we are familiar with come from this: barometer, 
barometric pressure, and hyperbaric (as in hyperbaric oxygen therapy, hyper 
meaning more than and baric meaning weight of the gas). 


Weigh oxygen? 


The weight of air (mixed oxygen and nitrogen) is 14.7 pounds per square 
inch at sea level. Most folks like me would prefer to use the word pressure, 
however, the math is easier if we use the doctors measure (the same as that 
used in measuring blood pressure ~ millimeters of mercury or mmHg). An 
average blood pressure measure is typically 120/80 mmHg. Let's look at it this 
way; if air at sea level is 760 mmHg, then 20% of that air (oxygen) is 20% of 
that amount. So multiply 760 by 0.20 and you will realize that vital, life-giving 
oxygen going into your lungs is about 150 mmHg. 


Oxygen - You cannot see it, or smell it but you have to “eat” 
a kilogram of it each day to stay alive. 


Make no mistake. If you take a substance into your body, ALL of your 60 to 
90 trillion cells will be affected. Snort it, chew it and swallow it, breathe it, 
or inject that substance and it will have a positive or negative effect on your 
whole body. Cells “consume” the substance. Another word for consume is 
“eat” We will discuss this process, known as oxidative metabolism shortly 
and, especially how to produce stem-progenitor cells. 


Eat oxygen? 


Oxygen is a cellular food. The adult human consumes approximately 0.6 kg of 
‘oxygen each day (about 1.2 pounds). We can live about three weeks without 
the food that we chew and swallow, survive three days without water, but we 
can only live approximately three minutes without oxygen. Body cells start to 
die—the brain is the most vulnerable. Even a minute or so without oxygen 
can cause permanent damage. 


Don’t worry about the earth running out of oxygen. Back in the 1700s 
Ben Franklin and Joe Priestly also discovered the fact that sunlight on green 
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vegetation produces oxygen—a process called photosynthesis. They showed 
this with the mouse and candle in the glass jar. As the candle flame seemed 
to flicker, about to go out and the mouse lay, apparently dead, if there was a 
sprig ofa green plant, both the candle and mouse came back to life. All of the 
‘oxygen that you are going to eat in the next 24-hours is replaced by just one 
square meter of grass producing oxygen through photosynthesis during that 
same length of time. In populated areas, where there is not much greenery, 
life-sustaining winds carry oxygen over the oceans and hills to all humans and 
animals, 


Captain Cook, Joseph Priestly, Bernie Rimland, and Kerri 
Rivera—Explorers 


Before we stop talking about Joseph Priestly, he made another observation 
about gas and this applies to our subject of autism, Bernie, and Kerri. 


Living next door to a brewery, Priestly was intrigued about the gas given off 
by the fermentation of beer in the barrels. He put a dish of water under the 
vent-pipe coming out of the barrel. When he tasted the water it was full 
of refreshing bubbles we now call fizz. In 1767, Priestly discovered how to 
carbonate a liquid. He taught the Navigator, Captain Cook, how to carbonate 
water and, thinking that drinking that bubbly water would prevent scurvy, 
Cook set sail with it in 1772. It did not prevent scurvy, but, just like Bernie 
and Kerri, everything is worth investigating. 


We now know that any gas becomes soluble if it is concentrated or made 
thick. In this instance, the gas was an extremely light gas known as carbon 
dioxide (yes, the stuff we breath out and, unlike the 21% oxygen, there is 
‘only about .033% of carbon dioxide in the air we breathe). However, if you 
concentrate it to 100% some of it melts into the water and becomes carbonic 
acid, as is the case with soft drinks. Pop the lid and the acid turns back 
into carbon dioxides gas, forming little bubbles in the liquid. Joseph Priestly 
should have patented his observation. Ten years or so later, Joseph Schweppes 
patented the process in Germany and most folks think of him, not Priestly, 
when they have a gin and tonic. 


Thereby hangs another Newtonian rule about gas that cannot be changed. 
“Gas under pressure becomes soluble in a liquid according to its density (or 
thickness)” — Henry's Law. 


282 Chapter 11 
And this is how oxygen works in a hyperbaric chamber — 
Newtonian Gas Laws 


Stay with the soda can thought and the thicker gas melting into the sugary 
drink, When a human climbs into a hyperbaric oxygen chamber, we substitute 


oxygen for carbon dioxide. Believe it or not, you do not feel squashed by the 
pressure other than you have to “pop” or equalize your ears. Humans are 
mostly water and other fluids that cannot be compressed like a gas. What 
is happening in the chamber is that the oxygen (it should be 100% oxygen) 
is being made thicker or concentrated. And, just like the soda, Henry's Law 


kicks in. The oxygen melts and the body supersaturates with oxygen. 


Another curious thing about a well-oxygenated body is that it becomes slightly 
alkaline. Your powers of hydrogen (pH) read about the same as seawater, 
which is alkaline because of the dissolved oxygen in it. Yes, even fish need their 


daily meal of oxygen! 


‘The word “saturate” comes from the Latin word meaning “to completely fil” 
Since only our red blood cells (RBC) carry oxygen, they are almost always 
full of oxygen in a healthy human. The little pulse-ox device that clips on 
your finger when you are in hospital almost always reads 99% unless you are 


anemic. 


It takes between one and three minutes for each RBC to leave your heart, 


make its complete circuit,and be back in your lungs for its next load of oxygen. 
Remember that Henry's Law also applies here, therefore, oxygen is a gas in 
your lungs but turns into molecular oxygen when it enters your body's fluids. 
This is so complex that there is no chemical symbol for it, but rest assured, 
your bodys cells feed on it with a great appetite, (More on oxidative cellular 


metabolism shortly.) 


Supersaturate? 


When you fill a glass of water to the brim, itis full or saturated, Right? Yes. 
Holding it under the faucet and running more water into the glass will only 
mean that the water slops over the edges. The glass is still ull. However, 
this is not the case with any gas, particularly oxygen breathed in by a human. 
Sure, just like a glass of water, oxygen can be measured by volume, but there is 
plenty of room to over-fll our bodies with oxygen—supersaturated. 
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To illustrate a complex process, let's paint a simple picture—An underground 
subway system. 


Think of your lungs as a subway station. Passengers get off the carriages and 
others get on. In this instance, remember that air is made up of (for easy 
math calculations) 80% nitrogen and 20% oxygen. Visualize each gas molecule 
of either type as a gas-person. The body is already full of nitrogen at sea level 
and since it does nothing at all (it is inert), the nitrogen-people just come in 
and out your lungs. However the oxygen-people are dynamic and bustle to 
climb on board the little red-blood-cell carriage (which has a special oxygen- 
people magnet—an iron molecule), and away the red blood cell rushes with 
the oxygen-people ready to jump off to the hungriest of the body's cells. 


Since Henry's Law allows a gas to melt into clear fluids (and our body has 
lots of clear fluids), there is a whole lot of room to add more oxygen-people. 
For example, if we barred entry to our lungs of the nitrogen-people (simple 
to do—just put on a mask and breath oxygen out of a 100% oxygen tank), 
then our lung-subway station would have five times more oxygen-people and 
that would mean that we increased the oxygen-people with each breath from 
160 mmHg to 760 mmHg. Remember that they are dynamic, and that each 
red-blood-cell carriage has an oxygen magnet in it. The thick crowd oxygen- 
people all bustle to get onto that carriage, through the wet soapy surfactant in 
the wall of your lungs, even though it was already full. 


Essentially, the oxygen-people fill the red-blood-cell carriage, and into the 
plasma where they are quickly swept along in that clear plasma fluid. Then, 
when even more oxygen-people continue to crowd on back at the subway 
station (i. the lungs), the plasma, which normally does not carry oxygen- 
people (molecular oxygen), then needs to put the overload of oxygen 
somewhere. From here the oxygen-people go out through the rail cunnels 
(i.e. the circulatory system) and into the clear fluid (i.e. interstitial fluid) that 
bathes our body cells. As this fluid fills with oxygen, it dumps it off into 
the body's largest water compartment—the body's cells (the intra-cellular 
compartment). These cells now have a veritable feast of oxygen available. 


About 90 minutes after you start breathing 100% oxygen, youare supersaturated 
with five times the normal amount of molecular oxygen. No, you do not swell 
up since we are talking about molecules in existing body fluid, not added 
fluid. Curiously, if you put the little pulse-ox back on your finger, it would 
still only read 99% since it is just measuring the oxygen in your red blood 
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cells. However, using high-tech oxygen measuring equipment (transcutaneous 
oxiometry), you can even measure molecular oxygen in your urine, saliva, and 
tears—something once thought impossible. 


Now comes the hyperbaric chamber part. You climb in, the door is shut, and 
100% oxygen floods in. The technician can look at the physician's prescription 
and increase the thickness of the gas in that chamber. Double the thickness 
(ie. weight or pressure) to 1520 mmHg: ninety minutes later you will climb 
out of that chamber with ten times the number of oxygen-people (molecular 
‘oxygen) in your body. Or, put another way, since your body's cells are going to 
consume (eat) that additional oxygen, this is the only way you can increase the 
‘weight of oxygen-food available in a 24-hour period. One hundred percent 
pure oxygen at sea level and you will “eat” between just under half a kilogram 
to just over one kilogram of oxygen. 


The deeperithicker the oxygen is in the chamber the more you get. In fact, 
following Dalton’s Universal Gas Laws, by doubling the pressure, you can 
actually get your daily oxygen meal at almost two kilograms. 


Now the nifty thing about oxygen supersaturation. 


Unlike many pharmaceuticals that are weight dependent, (too much of a 
certain drug will sicken or Kill a smaller patient, not enough of the same 
drug and there will be no therapeutic benefit to the patient) with hyperbaric 
oxygen no individual can suffer from an “overdose” of oxygen, regardless of 
whether the patient is a mouse, rabbit, horse, or human. Alll climb out of the 
chamber, (depending on the pressure/thickness of oxygen they were treated 
at) with the same amount of molecular oxygen in their body. Not one person 
has suffered from an “overdose” of oxygen. 


Our oxygen dispensary centers have treated, according to their physician's 
prescription, tiny babies, the elderly, and everyone in between; we have never 
seen a negative side effect. Instead, we have observed clinical positive effects 
for all. 


What happens when we actually give people an extra “oxygen feast” by putting 
them in the chamber? Again, an extremely complicated process has to be 
simplified for understanding. However, before making things simpler we must 
first look at the science. Chatelier’s principle predicts the effect of a change 
in conditions on a chemical equilibrium. The principle is named after Henry 
Louis Le Chatelier, who observed that if'a chemical system at equilibrium has 
a change in concentration, temperature, volume, or partial pressure then the 
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equilibrium shifts to counteract the imposed change and a new equilibrium 
is established, Any change in the status quo prompts an opposing reaction in 
the responding system. 


Time to change just a couple of words for better understanding. Let us start 
with the word equilibrium and now call it “the way it was.” We can also use 
that term for status quo and counteract can be changed to “pushing back.” 
So what is really being said here is, if we change something in any chemical 
environment it will push back hard to be the way it was, Now it is time to 
make things even easier. 


We are all chemical systems. 


We have already mentioned cola in a can and advised against giving it to 
anybody, your child or yourself, because of the acidity of the liquid in the soda. 


But there is an even more compelling reason—the sugar. There are 39 grams 
of sugar, about ten teaspoons of sugar, in one can of soda. Would you feed 
your child that much dry sugar? 


“Come on,” you might think to yourself, “No way. It does not taste that 
sweet” Itis true. The manufacturers of sodas use a lot of phosphoric acid 
to disguise the sickly sweetness of the drink. If you still doubt this, take an 
‘ordinary penny, or an egg and put it in a glass full of cola overnight. Within a 
few days, you will find all tarnish removed and instead a bright, shiny penny;the 
eggshell will be soft and pliable, all its protein dissolved. 


Visualize what happens when you allow your small child a glass of cola (or 
any soda drink). Your little kid becomes supercharged, bouncing off the wall, 
and for some time you cannot get the child to sit still. In other words, your 

jd has become hyperglycemic. Too much sugar, of any sort, whether it 


be corn fructose, beet or cane sugar, the results are the same according to 
Chatelier’s principle. Remember, we are all chemical systems and by adding 
all of the sugar to a small child's body, all of the cells in that body will push 
back to return to the way they were before the additional sugar. The most 
efficient way to return to this state is to increase physical activity, causing cells 
to consume all of the additional added sugar. 


Run, baby, run! 


Another way, of course, is to rely on the body to use its own chemicals to 
burn off the sugar. This is predominantly the job of the hormone insulin. If 
an adult drinks a lot of soda each day (or even has one gin and tonic, which 
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has about half as much sugar as a soda) and does not increase physical activity, 
diabetes eventually sets in as the body become insulin exhausted, unable to 
produce more. Then the risk of blindness in old age, amputations, and other 
terrible consequences may become a reality, 


The process of cells using the nutrients we consume is called cellular 
metabolism. Overloading cells with nutrients that we do not need such as 
excessive raw sugars (or even food that is easily converted by the body into 
glucose) and fats, results in obesity; your brain will become sluggish. Now, add 
extra oxygen and your body will certainly consume it. This is called oxidative 
metabolism. The added oxygen will push all cells into overdrive; repair cells 
use the added oxygen to work harder in an effort to restore their state prior 
to entering the hyperbaric chamber. Repair cells help get rid of the toxins, 
acids and, excess/unneeded sugars. 


After people have been in a hyperbaric chamber, healthy adults comment 
con the fact that their brain is working more efficiently. Memory becomes 
Vivid and problems are easier to solve. This state is commonly known as the 
“cappuccino” effect or “brain brightening.” 


As for small children with autism, almost all of them have a neuronal oxygen 
transport problem. So the additional feast of oxygen actually makes the good 
cells, the repair cells, work harder for just a little while after the treatment. 
This increase in oxidative metabolism dissipates after a couple of hours, but 
that little bit of improvement lasts: brain cells wire up into complex circuits, 
blood vessels within the brain become robust, and stem cells are produced. 
(More on that shortly.) 


This is why all oxygen treatments need to take place over consecutive days. 
There is no point in attending one hyperbaric treatment and then not following 
it up for another week. Sort of like a seed sprouting from the earth, With 
each treatment, the positive changes begin to accumulate, and positive results 
are visible with the passing days. 


Can oxygen therapy alone cure autism? 


The short answer is no; it cannot. | make this statement based on the 


treatment of scores of challenged children that have come to my centers 
across America,and in other parts of the world. Something more is needed— 
an interdisciplinary approach. 


Prima ‘Attribute | Type of 
Category _| to be Sensed | Sensor 


spatial location GPs. 
magnetometer 
presence object presence 
passive infrared 
distance object proximity 
linear position 
orientation rotary position 
‘it 
gyroscope 
‘accelerometer 
mechanical oscillation vibration 
force force 
human input single touch 
‘touch screen 
uid liquia liquid level 
liguid flow rate 
gas/liquid pressure: 
ees a8 concentration 
gas flow rate 
radiation tight photoresistor 
photodiode 
phototransistor 
heat NTC thermistor 
PTC thermistor 
thermocouple 
RTD 
semiconductor 
infrared temperature 
sound microphone 
electricity metering current 
voltage 


Figure P-3 The subject-oriented organization of cate- 
-gories and entries in Volume 3. 


Sensor Output 
In Volumes 1 and 2 of the Encyclopedia, each 
entry included hints on how to use a compo- 
nent. However, many sensors have identical 


forms of output, which are processed in a simi- 
lar way. To avoid repetition, general guidance 
for using nine principal types of sensor outputs 
has been placed in Appendix A at the back of 
this volume. 


For example, many sensors provide an analog 
voltage output that varies with the phenom- 
enon that is being sensed. In Appendix A, you 
will find suggestions on how to adjust the 
range of the output, if necessary, or how to 
digitize it with an analog-to-digital converter. 


You will also find a comparison between serial 
protocols such as I2C and SPI, both of which are 
commonly used when a microcontroller com- 
municates with a digital sensor via a bus. 


Glossary 
In the world of sensors, many terms tend to 
recur. Hysteresis is one; MEMS is another. Rather 
than define these terms repeatedly, some quick 
definitions are gathered in a Glossary. Please 
remember the existence of the glossary if you 
encounter a term that is unfamiliar. See Glos- 
sary. 

In many instances, terms that are ital 
the text are defined in the glossary. 


ized in 


Typographical Conventions 

Within each entry, bold type is used for the 
first occurrence in each entry of the name of a 
component that has its own entry elsewhere. 
Other important electronics terms or compo- 
nent names may be presented in italics. 


The names of components, and the categories 
to which they belong, are all set in lowercase 
type, except where a term is normally capital- 
ized because itis an acronym or a trademark, or 
contains a proper noun. The term Hall effect, for 
instance, has an initial cap because it is named 
after a person named Hall. The term GPS is all in 
caps, because it is an acronym; but psi (mean- 
ing pounds per square inch) remains in lower- 
case, because even though it is an acronym, the 
lowercase form is more common. 


Preface xxii 
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How many treatments in the chamber does a challenged 
child need to be part of that recovery program? 


As noted earlier, we treated our first challenged child, Emily, in one of my 
the United States. Just one treatment per day at 2 ATA, the 
pediatrician’s decision, made a vast difference to little Emily. Then along came 
a physician, Dr. Paul Harch, a very bright health scientist. He came to the 
conclusion 15 years ago that two 60-minute treatments each day at 1.75 ATA 
for 20 days could cure children with autism. He was so sure of himself that 
he even took out a patent on that protocol. 


centers 


Iwas nonplussed and puzzled. | did not think that you could patent a natural 
phenomenon such as the effects of hyperbaric oxygen therapy or gravity. Of 
interest is the fact that the Supreme Court came to the same conclusion in 
2012 with what is now known as the “Prometheus” ruling. In essence, the 
courts had taken all of the enforceable teeth out of Dr. Harch’s protocol. This 
is not to say that there isn’t some merit in the treatment pressure, nor is it 
to imply that Dr. Harch was ignorant of the science of hyperbaric rights in the 
therapy. So my centers took notice of the fact that he is a physician, and for a 
little while at least, we did use the Harch protocol on children. 


While our little patients saw useful and positive results, there was never a 
normal recovery by any of the children in that 20-day double ride. This left a 
lot of the parents disappointed, some angry at what they felt were false claims 
about hyperbaric oxygen therapy, and rightfully so. 


Ic is significant to note that Dr. Harch, and other clinicians, no longer use 
the two treatments a day protocol for challenged children, and he no longer 
claims that recovery is possible in just 20 days 


Now, onto our wonderful Jennifer; the ballet dancer and champion ice-skater. 
Her mom, Vickie, a bright spirit and highly intelligent woman (actually that 
describes the whole family), independently arrived at the conclusion that diet 
‘was a most important part of the normalization program. All together, over 
a 12-year period, Jennifer had 135 rides in the hyperbaric chamber. She ice 
skated at 2am (when the rink was clear), and focused on diet. Ina nutshell, 
while the extra oxygen was feeding one side of cellular metabolism in spurts 
of 20 treatments at a time, Jennifer's cells were getting the correct diet of 
nutrients on the other: Alll of Jen's cells were giving off the right amount of 
heat and energy, particularly her repair cells. 
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Bernie and Kerri proved scientifically that the addition of proper nutrients, 
combined with the removal of deleterious/toxic foods is probably more 
important than hyperbaric oxygen therapy for children and young adults on 
the spectrum. Yes, the oxygen boost helps propel the patient to “normal,” but 
the other nutritional changes are really the rocket fuel. Itis a long journey, not 
all that expensive, and certainly worthwhile. 


When a hyperbaric chamber 
is not a hyperbaric chamber. 


One final comment about treating neuronal disorders at 1.75 ATA pressure 
is of utmost importance; this is that 100% oxygen is essential to the protocol. 
Since Dr. Harch arrived at this treatment depth, there have been thousands 
of inflatable chambers, so-called mild hyperbaric chambers, sold in the United 
States and around the world. These are not the same as hospital grade, hard- 
sided chambers. These bag-chambers do not deliver the needed 100% oxygen. 
In my opinion,at the very best, if you modify them (against FDA rules) you will 
only get 34% oxygen. 


‘What have we learned thus far? Time for a review and then THE BIG SECRET 
REVEALED! 


+ Oxygen cannot be seen, but we can weigh it. 

+ Our bodies “eat” oxygen every day because it is a food for our cells. 

+ The only way we can get additional oxygen is in a hyperbaric chamber. 

+ This is because any gas becomes soluble and melts into a fluid (ie. 
Henry's law); the same reason we can carbonate soda drinks. 

+ Ina single treatment in a hyperbaric-oxygen-therapy chamber, we 
cannot overdose (and | have never witnessed any negative side 
effects). 

+ With the extra oxygen feeding the cells, our bodies get a boost of 
energy, particularly the repair cells. 

+ For oxygen in the chamber to be effective, it must be 100% oxygen. 
Inflatable chambers do not deliver 100% oxygen. 

+ Hyperbaric oxygen therapy alone will not cure autism, but it does 
make a big difference. 

+ There is no such thing as a “one-size fits all” treatment protocol in 
a hyperbaric chamber that works for all patients. For example, twice 


a day in the chamber for 20 days will make some difference but not 
necessarily “normalize” a challenged child, 
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Did you miss the big secret? 

It was already mentioned about one page back—the discoveries of Bernie and 
Kerri, Let us repeat the secret for you and then push the edges of their really 
stunning discovery that is backed up by the latest science, 


Bernie and Kerri proved scientifically that the addition of the proper nutrients, 
in the absence of offending foods, in addition to eliminating pathogens and 
parasites, are most likely more important than hyperbaric oxygen therapy for 
children and young adults. Yes, the oxygen boost helps propel the patient to 
“normal” but the other dietary interventions are really the rocket fuel. Not 
to mention freeing the body of offending pathogens/parasites which wreak 
havoc on the body. It is a long journey, not all that expensive and, certainly 
worthwhile. 


Nutritional “padding.” Hyperbaric oxygen therapy and the 
production of progenitor and stem cells. 

When a baby is growing inside its mother, it has progenitor cells and stem 
cells. The function of these cells is considered to be, as yet, undecided. 
Although studies continue to elucidate exactly which mechanisms are 
involved in determining the fate of these cells, itis generally accepted that 
their surrounding cells will dictate their development. For example, the big 
arteries that scross the chest area make a decision sooner or later to turn 
into a heart with all of its compartments. Then, as development moves on 
different parts of the baby appear. These are called progenitor or stem cells. 


There are various estimates on how many different types of cells the developed 
human has in total; however, itis predicted there are somewhere between 210 
and 300. Mind you, when the baby takes its first breath of air, all but about 
four of these different cell groups stop reproducing. For example, the brain, 
with all of its neuronal pruning and circuitry needs about 20 year's worth of 
stimulation to properly wire all of the connections. Surprisingly, a lot of the 
neurons will be shed or““pruned” since they will not be put to use in the adult. 
However, neuroplasticity allows new skills to be added or repairs to be made 
to and by the brain in a lifetime. 


However, medical scientists have now realized the great need for progenitor 
or stem cells (cells that can make decisions to replace worn or damaged cells 
within the body), and the search is on for these decision-making cells. Many 
scientists are looking for something they can patent and as a result are missing 
the point that it is already here. Or they are ignoring it, because but they 
cannot patent it. 
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Icis called hyperbaric oxygen therapy. 


Penn Study Finds Hyperbaric Oxygen Treatments Mabilize Stem Cells 


Science Daily — According to a study to be published in the 
American Journal of Physiology-Heart and Circulation Physiology, a 
typical course of hyperbaric oxygen treatments increases by eight 
fold the number of stem cells circulating in a patient’s body. Stem 
cells, also called progenitor cells are crucial to injury repair. The study 
currently appears online and is scheduled for publication in the April 
2006, edition of the American Journal. 


Stem cells exist in the bone marrow of human beings and animals and 
are capable of changing their nature to become part of many different 
‘organs and tissues. In response to injury, these cells move from the 
bone marrow to the injured sites, where they differentiate into cells 
that assist in the healing process, The movement, or mobilization, 
of stem cells can be triggered by a variety of stimuli including 
pharmaceutical agents and hyperbaric oxygen treatments. Where as 
drugs are associated with a host of side effects, hyperbaric oxygen 
treatments carry a significantly lower risk of such effects. 


“This is the safest way clinically to increase stem cell circulation, far 
safer than any of the pharmaceutical options,” said Stephen Thom, 
MD, PhD, professor of emergency medicine at the University of 
Pennsylvania School of Medicine and lead author of the study." This 
study provides information on the fundamental mechanisms for 
hyperbaric oxygen and offers a new theoretical therapeutic option 
for mobilizing stem cells.” 

“We reproduced the observations from humans in animals in order 
to identify the mechanism for the hyperbaric oxygen effect,” added 
Thom. “We found that hyperbaric oxygen mobilizes stem/progenitor 
cells because it increases synthesis of a molecule called nitric oxide in 
the bone marrow. This synthesis is thought to trigger enzymes that 
mediate stem/progenitor cell release.” 


Nutritional padding: It has long been known that when hyperbaric oxygen 
therapy is applied, existing cells, the good ones, the repair cells, turn the body 
into its own pharmaceutical company, providing the right sort of chemicals 
at the right time. Above all, there is a dramatic increase in the production of 
the molecule called nitric axide from the bone marrow. Probably the best 
way of describing the addition of hyperbaric oxygen therapy, as an adjunct 
to the correct nutritionals, is simply by putting fuel onto an already existing 
smoldering fire. Out of the glow of embers and smoke you will see a vigorous 
combustion as your fireplace heats up and the flames appear. 


Step 6 - Hyperbarics 291 
Now imagine other ingredients that have yet to be discovered as beneficial. 
For example, stem cells that repair the damaged brain of a person with autism. 
It could be that adding external stem cells to the recipe of recovery and 
normalization, with simple nutritional low-cost padding, and putting the little 
patient in the chamber would be a faster way of achieving what all parents 
want for their children—to eventually become fully functional and independent 
adults. 


All of this by just alittle bit of nutritional padding and helping the body to rid 
itself of pathogens/parasites. 


Now, it is time to turn back to Kerri so she can tell you what she has seen 
when hyperbaric oxygen therapy is added to the correct nutritional padding, 
along with chlorine dioxide to keep pathogens under control. That is the big 
secret to helping your child through the challenges that living in this century 
have visited upon you. 


exw 
As Bob mentioned, | have seen miracles happen when hyperbaric oxygen 
therapy was applied to a child who is ready. Two girls, in particular, lost their 
diagnosis completely within weeks of completing treatment in the chamber. 
As | mentioned before, hyperbaric oxygen therapy gave my own son his speech 


back. Before his first 40 dives he had several single-syllable sounds, but after, 
he began stringing words together to request his favorite foods. 


Today we are seeing that one dive a day at 1.75 ATA (atmospheres absolute) 
for 90 minutes at depth is better than two 60-minute sessions were first 
prescribed for Patrick seven years ago. Every three months after the first 
treatment of 20 sessions, apply ten sessions of 90 minutes, each at 1.75 ATA, 
until your cl 


is recovered. 


A lot of parents ask when is a good time to do hyperbarics. To this | reply that 
‘we must first have diet and chlorine dioxide totally under control, and be at 
least three months into the Parasite Protocol. At that point it’s time to start 
looking for a chamber. 


Make sure to do an ATEC before your child’s hyperbaric oxygen therapy 
sessions, and repeat two months after the sessions are over; the results will 
be obvious. 


Healing 


ymoptoms known as 


Autism 


This is my Asperger son Tobias, 10 years old, and 
me... when we received the book this summer. 
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Step 7 - GcMAF & Autism: 


State of the Art & Future 
Perspectives for a Natural Cure 


bby Marco Ruggiero, MD, PhD, 
Specs n Dagoste Radiology 
Fall profestor of Molecule Brology 
Dept of Experimental & Cnal Bored Scenes 
Univer f ren. aly 


“The voyage of discovery is not in seeking 
new landscapes but in having new eyes.” 
~ Marcel Proust 


y family and | have been in biomed for so long, that there aren't too many 

interventions we haven't already tried. A few years back, Dr. Usman 
mentioned to me that GcMAF might be something good for Patrick. She 
explained that GcMAF is a human protein that occurs naturally in a healthy 
body. Itis a special supplement that replaces the missing part of the immune 
system, and also acts as the body's 
‘own internal medicine. 


Based on her recommendation, we 
ordered a vial, and applied it for 
about two and a half months. | saw 
less obsessive compulsive eating, but 
when the vial ended and I hadn't seen 
amazing results, | wasn't extremely 
motivated to continue. Not only 
that, funds were scarce, so continuing 
really wasn’t an option. 


Two years went by and | spoke to Dr. Usman again. She said we really should 
give it four to five months before making a final decision. So, we scraped 
together the money for a second order. We started again in November of 


2012, and reached full dose by December, 26th 2012. Seemingly, as time went 
on, Patrick started to do new things 
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By springtime of 2013, Patrick's BFF's mom was saying how well he was doing, 
and reminded me that during the prior month Patrick had not been doing the 
things that he was now doing. As I write this in October of 2013, all of my 
money now goes to GcMAF ©) 


One of the things that | feel makes GcMAF so exciting is the fact that it helps 
regrow dendrites in a matter of hours after it is injected, The dendrites are 
the very things that got fried when mercury entered our children’s bodies. 
With the help of GeMAF we are now able to restore what was lost. Not to 
mention, GeMAF boosts the immune system, which we have come to find is 
often sorely lacking in people with ASD's. 


Many people have asked me if GeMAF is now an official part of the protocol. 
When working towards recovery, | feel that we need to try everything at our 
disposal that has been proven to heal autism—in the correct order, or course. 
GcMAF fits that description. According to www.gemaf.eu, “As of February 
2013, on the American National Library of Medicine alone, 142 eminent 
scientists from 8 nations have published 59 major GcMAF research papers, 
which can be viewed on the US Government's Pubmed system.” There is now 
enough research to prove that GcMAF has secured its place as a powerful 
biomedical intervention for healing autism. Therefore, after three months 
‘on the Kalcker Parasite Protocol, itis time to start thinking about adding in 
supplements, HBOT and GeMAR 


We are blessed to have the one and only Dr. Marco Ruggiero, the lead GcMAF 
researcher, write the remainder of this chapter about this substance, it's 
benefits and applications in autism and beyond. 


The information he presents is extremely important because I feel that GcMAF 
is the future of medicine—today. What other intervention boasts a cancer 
recovery rate of 80% None! Dr. Bradstreet is reporting 85% responders and 
15% recovery rate from autism with GcMAE! 


Imagine adding GcMAF to the protocol already outlined in this book at the 
right moment (after working down some of the pathogen load), we should 
start seeing even higher rates of recovery than 15%. | look forward to seeing 
‘what transpires during the upcoming year as more families add GcMAF to 
their children’s protocols. | am excited for more and more people to lose 
their autism diagnoses. 
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For the past 20 years, Dr. Marco 
‘Ruggiero has worked on the vitamin D 
laxis, a metabolic pathway that includes 
‘the vitamin D binding protein-derived 
‘macrophage activating factor or GcMAF. 
ithe past 3 years he has published studies 
‘on the immunotherapeutic effects of 


GoMAF in cancer, HIV/AIDS, chronic 

fatigue syndrome and neurological 

‘conditions. 

‘Marco Ruggiero holds a PhD in Molecular 

Medical Doctor specializing in Clinical Radiology and 

is a professor of Molecular Biology at the Department of Experimental and 
Clinical Biomedical Sciences of the University of Firenze, Italy. 
He served in the Amy as Medical Lieutenant with specific training in 
‘chemical, biological and nuclear warfare. He worked at Burroughs Welcome 
Co. North Carolina, USA publishing a seminal paper with Nobel Laureate 
Sir John Vane and, subsequently, at the National Cancer Institute of the NIH 
in Bethesda, working with Dr. Stuart A. Aaronson and Dr. Peter Duesberg. 
Since 1992, he holds the chair of Molecular Biology at the University of 
Firenze where he leads a research group of about 10 researchers. He 
has published more than 150 peer-reviewed scientific papers on signal 
transduction in a variety of experimental and spontaneous pathologic system 
related with cancer, chronic kidney disease, chronio fatigue syndrome and 
neurological conditions. 


he role of nutrition in the treatment and eradication of the symptoms of 

autism is well established and other chapters of this book treat this topic 
in detail. What is far less known is the fact that certain natural components 
of the diet, certain nutrients, have profound effects on all the systems that are 
affected in autism and in particular on the brain and the immune system. Their 
effects are so dramatic that for about 20 years, these natural components have 
been labelled as “drugs” even though they are essential parts of our bodies, 
just like hormones or neurotransmitters. | am referring here to the family of 
molecules that is known as GeMAF, an acronym that stands for Ge-protein- 
derived Macrophage Activating Factor. 


GcMAF has been the object of intense research in the past 20 years for 
its therapeutic role in cancer, autoimmune diseases, and HIV infection (for 
review, see: Anticancer Res. 2012 Jan;32(1):45-52). But, only one year ago, in 
2012, its dramatic effects on the eradication of the symptoms of autism were 
published in a prestigious peer-reviewed scientific journal (Autism Insights 
2012:4 31-38). 


In this chapter | shall provide an overview on GcMAF with particular reference 
to its therapeutic role in autism and to the future perspectives deriving from 
the basic and applied research thatis revolving around this fascinating molecule, 
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A Brief History of GCMAF 


The first publication on GcMAF in a peer-reviewed journal indexed in 
the US National Library of Medicine is dated 1994 (J Immunol. 1994 May 
15;152(10):5100-7). In this article,a group of researchers from the Department 
of Biochemistry at the Temple University School of Medicine in Philadelphia, 
USA, described the effects of a protein, defined as GcMAF.on rat macrophages. 
Macrophages are key elements of the immune response and the research 
group led by Dr: Nobuto Yamamoto, the first author of this paper, showed that 
GcMAF activated these cells. Given the central role of macrophages in the 
control of all immune responses, GcMAF was considered a powerful regulator 
of the immune system and the research on GeMAF initially was focused on 
its immune-stimulant properties. In fact, one year after the initial observation 
on rats, Dr. Yamamoto, who in the meantime had moyed to the Laboratory 
of Cancer Immunology and Molecular Biology of the Albert Einstein Cancer 
Center in Philadelphia,authored a paper suggesting thata defect in endogenous 
GcMAF production contributed to immunodeficiency in AIDS patients (AIDS 
Res Hum Retroviruses. 1995 Nov;! I(11):1373-8.. Consequently, he provided 
GcMAF to Medical Doctors treating HIV patients and, 14 years later, after 7 
years of follow-up, he published a seminal paper describing eradication of HIV 
infection through GcMAF administration (J Med Virol. 2009 Jan;81(1):16-26). 


Immunodeficiency, however, is not unique to HIV/AIDS and, back in 1996, 
Yamamoto and colleagues, hypothesized that deficient endogenous GcMAF 
production was responsible for the relative immunodeficiency that is typically 
‘observed in cancer patients (Cancer Res. 1996 Jun 15;56(12):2827-31). Quite 
logically, this observation of 18 years ago, led to the proposal of administering 


GcMAF to cancer patients with the goal of empowering the immune system 
that in turn would fight the cancer growth. This approach is known as 
“immunotherapy” and it is much older than GeMAF since, in modern times, it 
stems from the observation of Dr. William Coley in 1891. However, it could 
be argued that the idea of stimulating the immune system to fight diseases 


is even older since, as it is stated in this recent article,"...cancer regresses 
when associated with acute infections such as bacterial, viral, fungal, protozoal, 
etc. Acute infections are known to cure chronic diseases since the time of 
Hippocrates...” (Indian J Cancer. 2011 Apr-jun;48(2):246-51). 


Whatever the case, administration of GcMAF to patients with metastatic 
advanced cancer proved efficacious and there are now scores of papers 
published in the peer-reviewed literature describing the dramatic therapeutic 
effects of GcMAF in all types of experimental or spontaneous tumors. 


The situation is different when specifying units 
that are named after electrical pioneers. All of 
these units should be lowercased when spelled. 
out. Thus, when referring to the SI unit of force, 
it Is "the newton” However, where a u 
named after a person is abbreviated, the abbre- 
viation is capitalized, as in N for newtons, Hz for 
hertz, Pa for pascals, and A for amperes, 


Mathematical Syntax 

In mathematical formulae, we have used the 
style that is common in programming lan- 
guages. The * (asterisk) is used as a multiplica- 
tion symbol, while the / (forward slash) is used 
as a division symbol, Where some terms are in 
parentheses, they must be dealt with first. 
Where parentheses are inside parentheses, the 
innermost ones must be dealt with first. Con- 
sider this example: 


A=30/(7+@*2)) 
You would begin by multiplying 4 times 2, to 


get 8; then add 7, to get 15; then divide that 
into 30, to get the value for A, which is 2. 


Visual Conventions 

Figure P-4 shows the conventions that are used 
in the schematics in this book. A black dot 
always indicates a connection, except that to 
minimize ambiguity, the configuration at top- 
right is avoided, and the configuration at top- 
center is used instead. Conductors that cross 
each other without a black dot do not make a 
connection. The styles at bottom right are 
sometimes seen elsewhere, but are not used 
here. 


All the schematics are formatted with pale blue 
backgrounds. This enables components such as 
switches, transistors, and LEDs to be highligh- 
ted in white, drawing attention to them and 
clarifying the boundary of the component. The 
white areas have no other meaning. 


To show there is a connection 


ated (ae 


This style 


This style is used enced 


To show there is no connection 


+ ++ 


This style 


tee These styles are not used 


Figure P-4 Visual conventions that are used in the sche- 
matics in this book. 


Units and Backgrounds 

So long as the United States clings stubbornly 
to the habit of expressing dimensions in inches, 
there is a good argument to follow this custom 
in books intended for an American audience. 
With this in mind, Volumes 1 and 2 mostly avol- 
ded metric units of length. However, as time 
passed, the books were translated for use in 
many parts of the world where the inch is 
regarded as an anachronism. 


Recognizing that we now have an international 
audience, we have used the metric system 
throughout this volume (with very few excep- 
tions, such as a photograph of an American 
plumbing fixture that is designed to fit 3/4” 
pipe). For readers who are metrically impaired, 
here are some units of length, and their abbre- 
ions: 


+ 1 nanometer (nm) 

+ I micrometer (um) = 1,000nm 
+ 1 millimeter (mm) = 1,000Hm 
+ 1 centimeter (em) = 10mm 


+ L meter (m) = 100cm = 1,000mm 


xxv 


Encyclopedia of Electronic Components Volume 3 
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Nowadays, the interest for GcMAF in the immunotherapy of cancer is so 
high that the prestigious scientific journal “Oncolmmunology” dedicated the 
cover of its August 2013 issue to GcMAF. The molecular rendering of GCMAF 
is on the left of the cover with a caption linking it to an article by Thyer and 
colleagues published in the same issue and describing successful treatment of 
advanced cancer patients (Figure 1). 


Oncoimmunology = 


Figure 1 


Source: hpe:/iwww landesbioscience,com/journals/oncaimmunology/oncoimmunoiogy 2-8 dh 


Consecration of GcMAF in the Olympus of science, however, occurred a 
few days later, on September 14, 2013, when another article by Thyer and 
colleagues was published in “Nutrients”, an international, peer-reviewed open 
access advanced forum for studies related to human nutrition (Nutrients. 
2013 Jul 8;5(7):2577-89). In fact, this article describing the effects of GcMAF 
on human breast cancer cells, was ranked in the top 5% of all articles ever 


tracked by Altmetric. The Altmetric score is a general measure of the 
attention that an article, book or dataset has received online and reflects 
the quantity of attention received as well as the quality of that attention. By 
the time that the GcMAF was ranked in the top 5% of all scientific articles 
ever tracked, Altmetric had analyzed 1,510,524 articles across all scientific 
journals. Therefore, we may safely state that in this chapter we are describing 
one of the hottest topics in today’s world science (Figure 2). 
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Figure 2 

The interest for the therapeutic effects of GcMAF in a variety of conditions 
derives from the early observation by Yamamoto and colleagues in 1995, who 
showed elevated level of serum alpha-N-acetylgalactosaminidase (Nagalase) 
in the serum of AIDS patients. Nagalase is an enzyme that deglycosylates 
(degrades) the precursor of GcMAF that is the circulating Ge-protein, also 
known as vitamin D-binding protein (AIDS Res Hum Retroviruses. 1995 
Nov;! I(11):1373-8). This results in the loss of GcMAF precursor activity and 
consequent dysfunction of the immune system. Increased Nagalase activity, 
however, is not observed uniquely in AIDS patients. For example it was 
demonstrated that the increase of Nagalase activity in the serum of cancer 
patients is due to the fact that cancer cells release Nagalase and, therefore, 
Nagalase activity reflects tumor burden, aggressiveness and progression of 
the disease. Consequently, determination of Nagalase activity is currently 
proposed as a reliable way of evaluation of cancer severity (Cancer Lett. 2009 
Oct 8;283(2):222-9). 


In short, in cancer, HIV/AIDS, and in many other chronic conditions, elevated 
serum Nagalase, degrades Gc-protein that is the precursor of GcMAF. 
Therefore, GeMAF is not produced inside the body to a sufficient extent and 
this leads to immunodeficiency. Serum Nagalase, however, does not degrade 
GcMAF and this justifies the administration of exogenous GeMAF in all those 
conditions where its endogenous production is insufficient due to elevated 


Nagalase activity. 
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Until 2002, it was thought that GcMAF exerted its effects only on macrophages 
and that its therapeutic efficacy was due to stimulation of macrophages that 
in turn would attack and destroy cancer cells as well as virus-infected cells. In 
2002, however, novel effect of GcMAF was described. Kanda and colleagues, 
working at the Department of Molecular Microbiology and Immunology, 
Division of Endothelial Cell Biology, Nagasaki University Graduate School 
of Medicine, Nagasaki, Japan, published a paper, co-authored by Yamamoto, 
describing the inhibitory effects of GcMAF on angiogenesis (J Natl Cancer 
Inst. 2002 Sep 4;94(17):1311-9.). Angiogenesis is the process of building new 
blood vessels that provide the tumor mass with the required supply of blood 
and nutrients that it needs to grow and metastatize. Therefore, since 1971 it 
‘was postulated that inhibition of angiogenesis could be a successful strategy 
to deprive the growing tumor mass of its supply of blood and nutrients (N 
Engl Med, 1971 Nov 18;285(21):1 182-6). While there are scores of inhibitors 
of angiogenesis, some of which in use in the therapy of cancer, GeMAF offers 
the advantage of performing more than one anticancer effects;in fact, not only 
it inhibits tumor-induced angiogenesis (Cancer Immunol Immunother. 2011 
‘Apr;60(4):479-85), but it also stimulates macrophages that attack and destroy 
the cancer cells (Nutrients, 2013 Jul 8:5(7):2577-89). 


If these combined anticancer effects were not enough, in 2010 Gregory and 
colleagues, working at the Department of Ophthalmology and Visual Sciences 
of University of Kentucky in Lexington, Kentucky, USA, demonstrated that 
GcMAF directly inhibited proliferation and metastatic potential of human 
prostate cancer cells (PLoS One. 2010 Oct 18;5(10):e13428). Slightly more 
than one year later, we were able to demonstrate that GcMAF not only 
inhibited proliferation and metastatic potential of human breast cancer cells, 
but it also reverted their neoplastic phenotype; in other words, cancer cells 
treated with GcMAF became normal (Anticancer Res. 2012 Jan;32(1):45-52). 


On the basis of the peer-reviewed scientific literature quoted above, we can 
now state that GcMAF exerts multiple effects that are responsible for its 
efficacy in anticancer therapy: 


1, Itstimulates macrophages that attack and destroy cancer cells, as 
originally postulated by Yamamoto and colleagues. 


2. It inhibits cumor-induced angiogenesis thus depriving the growing 
tumor mass of blood and nutrients. 
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3. Itdirectly inhibits cancer cell proliferation and metastatic potential 


and it retro-transforms cancer cells into normal healthy cells. 


Given this plethora of effects on cancer, it is no wonder that the majority of 
GeMAF research has been focused on 


ant 


incer properties. There are, 
however;a few research articles suggesting that GcMAF might exert also other 
biological actions with therapeutic implications. In addition to the studies on 
HIV and AIDS quoted above, GcMAF has received attention for its potential 
role in the therapy of bone disorders (Blood. 1996 Oct 15;88(8):2898-905), 
and autoimmune diseases such as Lupus Erythematosus (Clin Immunol 
Immunopathol. 1997 Mar;82(3):290-8). 


Despite these scanty evidences on the possible role of GcMAF in conditions 
other than cancer and AIDS, it was not until 2012, however, that GcMAF 
proved dramatically effective in the therapy of autism. 


GcMAF & Autism 


GcMAF, being derived from Ge-protein, also known as vitamin D binding 
protein, belongs to the so called “vitamin D axis", a nutritional metabolic 
pathway described in detail in a recent review (European Nephrology, 
2011;5(1):15-9). My research group had been working on the vitamin D 
axis since 1996 (Epidemiol Prev. 1996 Apr-Sep:20(2-3):140-1), that is since the 
beginning of GcMAF research. Just like our colleagues in the USA and Japan, 
‘we were mainly interested in the role of the vitamin D axis in bone metabolism 
and cancer (Radiol Med. 1996 Noy;92(5):520-4. Oncol Res. 1998;10(1):43-6). 
Therefore, it came as a surprise when Dr. Nobuto Yamamoto first mentioned 
tome the effects of GcMAF on neurodegenerative diseases such as Parkinson's 
and Alzheimer’s diseases. 


In the hot summer of 2010 we visited Dr. Yamamoto in his hometown of 
Philadelphia, and we had the honor and the pleasure to spend two very intense 
days with this old-style exquisite gentleman. Dr.Yamamoto gave us a detailed 
history not only of his decade-long research activity, but also of the entire 
field of immunotherapy, starting with the pioneering work of Dr: William 
Coley at the end of the nineteen century. During these intense and fruitful 
talks, Dr. Yamamoto mentioned the dramatic effects that he had personally 
observed by administering GeMAF to a patient suffering from Parkinson's 
disease. According to Dr. Yamamoto, the effects had been almost immediate 
and dramatic up to the point that he himself was amazed. Regrettably, he 
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had been unable to clinically document the case and, therefore, this remained 
an anecdote, From this anecdote, however, an entire new field of GcMAF 
research was about to rise; that is the study on the role and implications of 
GcMAF in treating neurologic and neurodegenerative disorders. 


The first solid evidences for a role of GeMAF in treating a neurodegenerative 
disorder were simultaneously presented by Dr. Paul Cheney and Prof. Kenny 
de Meirleir at the meeting of the International Association for Chronic 
Fatigue Syndrome and Myalgic Encephalomyelitis (CFS/ME) held in Ottawa 
in September 2011. A few days later, in collaboration with Dr. Paul Cheney, 
‘we presented in Padova, Italy, a study demonstrating that food-based GcMAF 
dramatically improved the symptoms of CFS/ME,and this work was published 
in the official journal of the Italian Society of Anatomy and Histology, one of 
the oldest and most respected European scientific societies, founded at the 
beginning of the twentieth century (It. J.Anat. Embryol.Vol. 116, No 1, 2011). 


CFSIME is a complex disorder that shares many features of autism. In fact, it 
is characterized by immune system dysfunction, widespread inflammation, and 
multi-systemic neuropathology (J Intern Med. 2011 Oct;270(4):327-38.InVivo. 
2013 Mar-Apr;27(2):177-87). Dysfunction of the immune system involves 
abnormal functions and distributions ofT lymphocytes, B lymphocytes, natural 
killer cells,and monocyte/macraphages (Nihon Rinsho. 1992 Nov;50(1 1):2625- 
9. Brain Behav Immun. 2012 Jan;26(1):24-31). The etiology of CFS/ME, just 
like the etiology of autism, is still unknown and multiple factors are thought 
to be responsible for its onset and progression, thus lending credit to the 
hypothesis that both etiology and pathogenesis are multifactorial (J Intern 
Med,2011 Oct:270(4):327-38). Heavy metal exposure and viral infections are 
among the factors that contribute to CFS/ME etiology and pathogenesis, and 
a role for human endogenous retroviruses has been recently hypothesized (In 
Vivo. 2013 Mar-Apr;27(2):177-87). Both chronic heavy metal exposure and 
viral infections are considered responsible for the immune system dysfunction 
and neuropathology that are typical of CFS/ME (Med Hypotheses. 2012 
Sep:79(3):403-7. In Vivo. 2013 Mar-Apr;27(2):177-87). 


In addition to these areas of overlapping, it had been noticed by Doctors 
treating autism and/or CFS/ME, that in several families the two conditions 
are often associated with parents of autistic children suffering from CFS/ME. 
Interestingly, this happens also in families with adopted children with autism, 
thus lending credit to the hypothesis that environmental or infectious factors 
may contribute to both conditions. 


302 Chapter 12 
Whatever the case, it had been observed that CFS/ME patients had elevated 
levels of serum Nagalase together with a number of immunological alterations, 
and it was hypothesized that they could benefit from GcMAF treatment. The 
results presented in Ottawa and in Padova confirmed this assumption and 
ever since immunotherapy with GeMAF is a stronghold of CFS/ME treatment. 


At about the same time, Dr. Bradstreet, a leading authority in the field of 
autism, began to study the levels of Nagalase in autistic children and their 
responses to GcMAF treatment. The results obtained in a first cohort of 40 
subjects were reported in a seminal paper published in 2012 (Autism Insights 
2012:4 31-38). This paper represents a turning point in the understanding of 
autism pathogenesis and treatment. 


The first significant finding is the observation that the average level of 
Nagalase in autistic subjects was more than two folds higher than the normal 
level, thus lending credit to the hypothesis that immunodeficiency or immune 
system dysfunction is a hallmark of autism. The second finding, probably the 
the observation that GcMAF treatment 


most important in recent year: 
significantly improved the symptoms of autism and this improvement was 
associated with a decrease of Nagalase levels. 


The therapeutic response to GeMAF was statistically significant and showed 
the typical bell-shaped curve that is expected when a biologically effective 
treatment is at work. About 15% of subject did not respond; this means that 
their symptoms were not ameliorated by GcMAF treatment. However, more 
than 15% of children responded so dramatically thatall the symptoms of autism 
were eradicated in a matter of weeks up to the point that the children could 
no longer be defined as “autistic.” According to the very word of the authors, 
in the children in this group, “This response was demonstrated at school, 
during therapies, home and outside the home as substantial improvement to 
the point that many or most of the criteria of autism were no longer present.” 


The remaining 70% of children were distributed according to the so- 


called Gaussian distribution in the groups showing “slight,” “moderate.” or 
“considerable” 


improvement. 


This paper demonstrated for the first time that GcMAF treatment was able to 
eradicate the symptoms of autism in a matter of weeks, thus reinforcing the 
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idea brought forward in many chapters of this book that autism is a curable 
condition indeed 


Quite obviously, the dramatic results obtained by Dr: Bradstreet did not go 
unnoticed and, in April 2013, he presented further results at the First GMAF 
Immunology Conference held in Frankfurt, Germany. According to Dr. 
Bradstreet, as the time of follow-up and the number of subjects increased, a 
shift toward the right (that is the “best”) part of the curve could be observed. 
This means that the percentage of those showing “considerable” to “very 
considerable” improvement increased. 


From the point of view of the general practitioner, the issue could be 
considered closed: GeMAF cures a significant percentage of autistic children 
now and that figure is rising. 


However, since | am a researcher in addition of being a Medical Doctor, 
the successes of Dr. Bradstreet in treating autism and the research papers 
published by Immuno Biotech laboratories are in the middle of an exciting 
series of observations that are leading to a completely new understanding of 
how GeMAF works and what autism truly is. 


In fact, the undisputable efficacy of GeMAF in treating autism raises a number 
of questions on the mechanisms involved at the cellular and molecular levels. 
The most important questions are: 


1, The efficacy of GeMAF in curing autism is due only to its immune- 
stimulating effect? 


2. Onis GeMAF acting directly also on neurons as it does on cancer 
cells? 


3. Does GeMAF revert the neuro-anatomical alterations that are 
typical of the autistic brain? 


number of autistic subjects do not respond to 


5. Can we devise strategies to have these non-responders respond? 


6. Can we devise strategies to further improve this already dramatic 
therapeutic effect? 
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The Effects of GCMAF on Human Neurons 


GcMAF is a protein and, as such, it was thought that it would stimulate cells 
from the outside. In other words, until 2013, it was conjectured that, on their 
external surface, cells had a receptor that bound GcMAF and conveyed the 
signal to the inside of the cell and, ultimately, to the nucleus and the DNA, 
thereby modifying the cell behavior. However, despite 20 years of research, 
such a receptor for GeMAF had not been identified. And this might appear 
truly odd considering that the entire human genome had been sequenced, that 
is studied in every single detail, more than 10 years ago. 


In our first publication with Dr-Yamamoto, presented at the XVIII International 
AIDS Conference in Vienna in 2010, we had demonstrated that the response 
to GeMAF in human monenuclear cells (that is macrophages) was dependent 
‘on polymorphisms (that are the individual variations among humans) of 
the vitamin D receptor (VDR) gene. This observation was not surprising 
considering that vitamin D, its receptor, and GcMAF all belong to the vitamin 
Daxis. 


In order to further investigate this relationship between GcMAF and the VDR 
‘we began studying the molecular assembly of GcMAF that is the “shape” that 
the molecule assumes in its physiological conformation. Having done this, we 
looked for complementary areas in the GcMAF and VDR molecules and... 
voila! The two molecules complemented each other as two elements of a 
puzzle. 


‘We published this observation in the “Nutrients” paper that is now in the top 
5% of al articles ever tracked, and the picture of the two molecules interacting 
with each other is in the front cover of the Oncolmmunology August 2013 
issue. The molecular mechanisms through which GcMAF and VR interact 
and the consequent complex web of intracellular signaling are topics for 
specialists and rather difficult to divulge; the basic point, however, is that we 
had demonstrated how is it possible that GcMAF exerted so many different 
effects that can be exploited to treat a number of diseases so different from 
each other. 


From this observation we deducted that all cells having the VDR would have 
responded to GcMAF and, given our interest for the effects of GcMAF in 
neurological conditions such as autism and CFS/ME, we began our study on 
human neurons. In fact, human neurons express (i.e. “have”) the VDR and 
therefore, they are candidate to be stimulated by GcMAF. 
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We cultured human neurons in Petri dishes and we challenged them with 
ultra-pure GcMAF; in this type of experiments there were no other variables. 
That is, there were only neurons and GcMAF; the cells of the immune system 
or other molecules were not involved. By doing so, we would have been 
certain that whatever effect we observed, this was due uniquely to GcMAF 


‘As I have shown at the congress “Curando el Autismo” in San Juan de Puerto 
Rico in August 2013, GeMAF at extremely low concentration significantly 
increased neuronal cell viability and metabolic activity. These effects on cell 
viability were associated with dose-dependent intracellular cAMP production 
(cAMP is an intracellular second messenger). This means that GcMAF increased 
the production of energy inside human neurons and made them more active, 
more viable. Increased viability and metabolic activity following GcMAF 
stimulation as well as AMP formation were accompanied by morphological 
changes, meaning that stimulated neurons changed their shape. 


In the absence of GcMAF human neuronal cells under the microscope 
appeared as small, relatively undifferentiated cells with large nuclel. After 24h 
stimulation with GeMAF neurons showed a significant change in morphology 


that was consistent with the induction of neuronal differentiation and increased 
connectivity. The cytoplasm was enlarged and cytoplasmic elongations could 
be observed. After 72h incubation with GcMAF, these morphological changes 
‘were more evident and well differentiated cells could be observed. 


‘After incubation with GcMAR the cells appeared to establish contacts with each 
other, Taken together these results indicated that GeMAF increased neuronal 
cell viability, metabolic activity and differentiation, with the first effects being 
‘observed at 24h, It is worth noticing that the assay that we used to determine 
call viability, measured mitochondrial activity, and mitochondrial dysfunction 
is known to be hallmark of ME/CFS (Int J Clin Exp Med, 2012;5(3):208-20), 
and possibly of autism as well. Therefore, the effects of GeMAF that we 
observed explain the reason why GcMAF is so effective in CFS/ME and autism; 
it counteracts the molecular alterations that are the pathogenetic basis of 
both conditions, 


I wish to spend a few words here on the effects of GeMAF on neuronal 
connectivity. It is well assessed that this is one of the basic alterations in the 
brain of autistic subjects; neurons do not establish contacts with each other 
and therefore the neurological signal cannot be transmitted from one area 
of the brain to another thus causing a “disconnection” (Rev Neurol. 2012 
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Feb 29:54 Suppl 1:S31-9). GcMAF re-establishes neuronal connectivity by 
stimulating the formation of what are called “cytoplasmic elongations” that 
are like small “arms” that protrude from the neurons and establish contact, 
with each other as if neurons were tending arms to “touch” each other and 
‘exchange information. 


In Figure 3A, human un-stimulated human neurons in culture can be observed; 
they are small and roundish. After stimulation with GcMAF (Figure 3B), they 
are much larger because increased energy production leads to increased 
protein synthesis in their cytoplasm. But, perhaps more important, they have 
a highly irregular, elongated, triangular, shape with spikes that touch each other. 
The areas of contact between the two neurons can be clearly observed in the 
central part where they establish connecting bridges. Please notice that both 
pictures were taken with the same magnification. 


Figure 3 
A 


These observations provide an answer to the first two questions raised by 
the article published by Dr. Bradstreet: the therapeutic effects of GcMAF in 
autism can be ascribed to at least two different actions of GeMAF. On one 
side, it rebalances the immune system that is typically dysfunctional in autistic 
subjects; on the other side, it directly stimulates human neurons increasing 
their metabolic activity and their connectivity. But, as it always happens in 
research, these “answers” led to other “questions”: does GcMAF cross the 
blood brain barrier? That is, does it arrive to the neurons of the central 


Ammicrometer is also known asa micron. 


The basic conversion factor from meters to 
inches is 0.0254. Thus: 


+ Vinch =2.54em =25.4mm 
+ 1/1000 inch = 25.4ym, 


Sometimes 1/1000 inch is called a mi. 


In many of the component photographs, a 
graph-paper background is included. Each 
squate in these backgrounds is Imm. 


To avoid confusion, please remember that a 
few of these same component photographs 
appeared in books such as Make: More Electron- 
ics, where the background grid was in tenths of 
an inch. Captions to photographs in this vol- 
ume will remind you that millimeters are now 
used. 


Background colors in the photographs were 
chosen for contrast with the colors of the com- 
ponents, or for visual variety. They have no 
other significance, 


Component Availability 

The world of sensors is changing rapidly, and 
we have no way of knowing if a component will 
enjoy a long production run. We recommend 
checking availability at the following suppliers, 
which we used frequently during the prepara- 
tion of the book: 


+ http://www.mouser.com 

+ http://wwwjameco.com 

+ http/www.sparkfun.com 

+ http//wwwadatruit.com 
For obsolete parts, or those that are nearing the 
end of their commercial life, eBay can be very 


useful. Alternatively, new substitutions for old 
parts are often listed at http://www.mouser.com. 


Issues and Errata 


There are three situations where the reader and 
the writer may want to communicate with each 
other. 


+ We may want to tell you if the book 
contains a mistake of some signi 
cance. This is us-informing-you feed- 
back. 


+ You may want to tell us if you think you 
found an error in the book. This is you- 
informing-us feedback. 


+ You may be having trouble making 
something work, and you don't know 
whether we made a mistake or you 
made a mistake. You would like some 
help. This is you-asking-us feedback. 


Here's how you can deal with each of these sit- 
uations. 


Us Informing You 

If you already registered your contact informa- 
tion in connection with Make: Electronics (sec- 
ond edition) or Make: More Electronics, you 
don't need to register again for updates relat- 
ing to the Encyclopedia. If you have not already 
registered, here's how it works. 


The only way you can be notified if there's an 
error in the book is if you supply your contact 
information. If we have your email address: 


+ You will be notified of any significant 
errors that are found in this book, and 
you will receive a correction, 


+ You will be notified if there is a com- 
pletely new edition of this book, or of 
‘Make: Electronics, or any other books by 
Charles Platt. These notifications will be 
very rare. 


Your contact information will not be used for 
any other purpose. 
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nervous system? Before challenging this question further, however, let's 
proceed with order and let's try to provide an answer to the other questions 
that were raised by the Bradstreet’s paper. 


GcMAF and the Neuro-Anatomical 
Alterations of the Autistic Brain 


If the etiology of autism is still undefined, the pathogenesis and the brain 
alterations associated with autism are better understood, Several studies 
using sophisticated imaging techniques demonstrated that there is atypical 
structural brain connectivity within cortical white and grey matter and it is 
postulated that such an alteration of brain connectivity may represent one of 
the principal neural substrates underlying autistic symptoms (PLoS One. 2013 
Jun 18;8(6):267329, Proc Natl Acad Sci U SA. 2013 Jul 22). 


The observed atypical brain connectivity is localized to particular areas of the 
brain and the alterations in the fronto-temporal regions are associated with 
the severity of social and repetitive symptoms of autism (Proc Natl Acad Sci U 
SA. 2013 Jul 22.). Atypical brain connectivity in autism is also associated with 
reduction of grey matter volume in different areas of the brain (Cerebellum. 
2013 Apr 10). In the bilateral superior temporal gyrus significantly decreased 
functional connectivity was accompanied by the strongest trend of grey matter 
volume decrease (PLoS One. 2013 Jun 18;8(6):267329), thus reinforcing 
the hypothesis that study of grey matter volume may provide indication of 
functional connectivity. 


However, the studies on brain connectivity and grey matter reduction quoted 
above were conducted with sophisticated Magnetic Resonance Imaging (MRI) 
equipments using complex softwares. Because of their cost and complexity, 
these techniques are not suitable for routine examination and this appears 
to be in contrast with the need to provide the general practitioners with the 
instruments to study autism. In fact, given the current epidemiological trend, 
it is highly probable that even primary care providers will see with increased 
frequency a patient with autism spectrum disorder in their clinic (Curr 
Probl Pediatr Adolesc Health Care. 2013 Jan;43(1):2-11). This consideration 
prompted us for the search of accessible methods to study brain alterations 
in autism and to study the response to different treatment including GMAF. 


To this end, we developed an easily accessible method to study the brain 
cortex using transcranial ultrasonography. This technique was first applied 
to the diagnosis and treatment CFS/ME a syndrome that, as we know, share 
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neuropathological similarities with autism (Toxicology. 2008 May 2;247(1):61- 
72). In particular, we proposed to use ultrasounds to study the grey matter 
in the temporal lobe, and to evaluate signs of neuronal layer disorganization 
and brain inflammation (Med Hypotheses. 2012 Sep;79(3):403-7). It is worth 
noticing that these same neurological alterations, 
changes and inflammation are frequently observed in autism (Front Immunol. 
2013 Jun 10;4:140. doi: 10.3389/fimmu.2013.00140. Print 2013). Therefore, we 
hypothesize that ultrasounds could be used in autism in order to study the 
brain alterations that have been described using more sophisticated and less 
accessible techniques. 


.. minicolumn structural 


First of all, we assessed the safety of the technique; to this end we used sub- 
thermal ultrasounds. These are considered inherently safe and have been 
used for fetal imaging in utero, and virtually every part of the body, including 
brains of newborn babies through fontanelles. Their inherent safety and any 
lack of correlation with the onset of autism have been confirmed by meta- 
analysis of thousands of cases. A recent randomized controlled trial on over 
1.400 cases demonstrated beyond any reasonable doubt that there is no link 
between the prenatal ultrasound scans and the autism phenotype (J Autism 
Dey Disord. 2012 Dec;42(12):2693-701). 


Then, in a collaborative work with Dr. Bradstreet, we decided to focus our 
attention on the temporal cortex in order to compare our results with 
those already published by Hameroff and colleagues and by ourselves using 
this technique (Med Hypotheses. 2012 Sep;79(3):403-7. Brain Stimul. 2013 
May;6(3):409-15). In addition, having to choose a particular area of the brain 
for this initial study, the temporal lobe was particularly interesting because 
of its accessibility to ultrasounds and its involvement in the pathogenesis of 
autism (PLoS One. 2013 Jun 18;8(6):e67329. Print 2013). 


In the typical adults subject, meninges appeared as a well-organized array 
of layers of about 2.6 mm thickness. The meninges were separated from 
the cortex by a structure that shows echogenic and morphological feature 
consistent with the sub-arachnoid space. The cortex of the temporal lobe 
appeared as a well-organized array of alternate, hyper-echogenic/hypo- 
echogenic, layers. The thickness of the cortex was 5.0 mm. This value of 
thickness and the anatomical positioning of the probe led us to hypothesize 
that we were observing the temporal areas designated by von Economo as TG 
and TE, i.e. those areas involved in the control of eye movements and balance 
in standing position (area TE), social behavior, mood and decision making 
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(area TG) (von Economo C. Temporal lobe. In: Triarhou LC, editor. Cellular 
structure of the human cerebral cortex. Basel; 2009. p. 114-132). It is worth 
noticing that the layers within the column-like structure of the healthy subject 
appeared well-organized and parallel to each other. 


However, the images obtained in a representative autistic subject showed that 
the thickness of the cortex of the temporal lobe was significantly reduced, 
as it had been observed with MRI (PLoS One. 2013 Jun 18;8(6):e67329. Print 
2013). Other images showed a concomitant increase in the spinal fluid in 
the sub-arachnoid space that was twice as much as in the healthy subject. 
These findings are consistent with the very recent observation that infants 
who developed autism spectrum disorder had significantly greater extra-axial 
fluid characterized by excessive cerebrospinal fluid in the sub-arachnoid space 
(Brain. 2013 Jul 9). 


Taken together, the results obtained in autistic subjects demonstrate that 
‘our technique was able to visualize the excess extra-axial fluid in a manner 
comparable to MRI; however, at variance with MRI, the observation with 
ultrasounds was immediate and intuitive and could be easily performed with 
no discomfort during a routine examination, 


Another finding that we observed was a relative disorganization of the 
neuronal layer arrangement in the temporal cortex of autistic subjects. It was 
possible to observe that the neuronal layers had a different orientation and 
that there were black areas of about 0.4 mm that could represent areas of 
poor connectivity. 


Since this technique has been applied only recently to the study of autism, 
there is no statistical analysis indicating whether GcMAF or any other effective 
treatment can reverse the anatomical alterations that we have observed in the 
brain of autistic subjects. Therefore, there Is no sound scientific answer to 
this question; there are only some anecdotic evidences suggesting that this 
might indeed be the case. Autistic subjects treated with GcMAF and showing 
considerable clinical improvement showed a normal brain anatomy. Future 
observation will tell whether these anecdotic evidences have a statistical 
meaning. 


Ultrasounds, however, in addition to their role in early diagnosis and follow-up, 
might also have a role in the therapy of autism and in particular in improving 
the response of those subjects who do not appear to benefit from GcMAF 
treatment. 
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GcMAF Non-Responders 


As odd as it may appear to non-researchers, the presence of non-responders is 
often the best assurance that we are dealing with a real biological phenomenon 
and not with placebo effects or worse. In fact the bell-shaped curve presented 
in the article by Bradstreet and colleagues it typical of any effective treatment 
and it confirms the validity of the results. This having said, however, there is 
the need to provide an answer to those who do not respond. And, in the 
effort of providing an answer to non-responders, improvements in the overall 
efficacy of the treatment for everyone will eventually follow. 


‘At the moment, there are two hypotheses that could help explaining why 
certain subjects do not respond to GcMAF in terms of improvement of 
symptoms of autism. 


The first hypothesis is related with the VDR gene polymorphisms. As we 
proposed at the AIDS conference in Vienna in 2010, and later published in 
2012 (J Nephrol, 2012 Jul-Aug;25(4):577-81), the individual responsiveness to 
GcMAF depends on the individual variations (polymorphisms) in theVDR gene. 
In other words, there are subjects harbouring variants that are associated 
with little or no response. However, this lack of response is relative and not 
absolute. In fact, it has been observed with vitamin D that these individuals 
respond to higher doses of the vitamin, thus indicating that the VDR is “less” 
responsive, but still functioning. This would mean that the so-called non- 
responders might need a higher dose or a longer time of GcMAF treatment 
to obtain the desired therapeutic effects. Prolonged observation of a higher 
number of cases will tell whether this hypothesis is correct. 


The second hypothesis is closely associated with the first one as well as with 
the question briefly outlined in a preceding section: “does GcMAF cross the 
blood brain barrier?” In a recently submitted paper, we proposed that the 
interconnection between GcMAF and VDR signaling is responsible for the 
transport of GeMAF through the blood brain barrier. In fact, transport of 
macromolecules across the blood brain barrier requires both specific and 
nonspecific interactions between macromolecules and proteins/receptors 
expressed on the luminal and/or the abluminal surfaces of the brain capillary 
endothelial cels (Int J Cell Biol. 2013;2013:703545, doi: 10.1155/2013/703545).. 
Since VDR signaling appears to enhance brain to blood transport at the 
blood brain barrier through both genomic and non-genomic actions, it can 
be hypothesized that the interaction between GcMAF and VDR (Nutrients. 
2013 Jul 8;5(7):2577-89. doi: 10.3390/nu5072577) may favor GeMAF transport 
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into the brain. This means that subjects with a less responsive VDR because 
of unfavorable genetic variants, would also have a less efficient transport of 
GcMAF to the brain. 


This latter consideration, however, opens the way to a possible solution that 
might also help increasing the effectiveness of GcMAF in those who already 
respond to it. 


In fact, now that we know the physiological molecular assembly of GeMAF we 
can design specific GeMAF molecules that are more efficient in crossing the 
blood brain barrier and, therefore, are more effective in treating neurological 
conditions such as CFS/ME and autism. These molecules exploit the fatty acid 
binding site in the GcMAF molecule, and use one of the most beneficial fatty 
acids, oleic acid, the basic component of olive oil, to target brain cells. 


Most interestingly, GcMAF/oleic acid molecules do not only stimulate human 
neurons with a much higher efficiency than GcMAR but they also regulate 
glial cell metabolism. Glial cells are the connective tissue of the brain and glial 
cell dysfunction is involved in the pathogenesis of autism. In particular, glial 
call dysfunction seems to be responsible for the neuronal underconnectivity 
typical of the autistic brain (Neuron Glia Biol. 2011 May:7(2-4):205-13). In 
short, we can postulate that the development of these novel GeMAFioleic 
acid molecules will prove beneficial not only for the GeMAF non-responders, 
but also for improving the therapeutic efficacy of GeMAF in all neurological 
conditions where GcMAF treatment is indicated. 


In addition to these novel, more physiological, brain-targeted, molecules, there 
are other strategies that can improve GcMAF transport into the brain with 
consequent increased therapeutic efficacy. Just a few days ago, in a journal 
dedicated to advanced radiological research, it was published a report 
demonstrating that ultrasounds, just like those described in the preceding 
section, transiently open the blood brain barrier: This phenomenon is exploited 
to favor transport of chemotherapeutic drugs into the brain of individual with 
brain tumors and it proved safe and efficacious after extensive testing. 


On the basis of this observation, one could devise a simple treatment protocol 
using the same ultrasound system that is currently used for transcranial 
ultrasonography. In analogy with what is performed to deliver chemotherapeutic 
drugs to brain tumors, ultrasounds could be used to facilitate the transport of 
GcMAF through the blood brain barrier and to focus its delivery into those 
areas of the brain that are known to be altered in autism. 
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In this manner, during a regular examination, the health professional could 
exploit our technique to assess the neuro-anatomical alterations in the autistic 
brain and to deliver GeMAF to those areas. The use of more physiological, 
brain-targeted GcMAF molecules that can be administered sublingually, would 
greatly improve the efficacy of the treatment and it will most likely reduce the 
percentage of the so called non-responders to GcMAF. 


Asnotedabove, however, the use of ultrasounds to treat neurological con 
is not completely new. In fact, we and others have demonstrated that non- 
thermal ultrasounds have significant effects on mental states (Brain Stimul. 
2013 May;6(3):409-15), modulate neurotransmission (Neuropsychobiology. 
2012;65(3):153-60), cardiac frequency and blood pressure and improve 
skeletal muscle strength (The Journal of liME, vol. 6 (1),p 23-28, 2012). These 
effects can be observed with ultrasounds alone, that is in the absence of other 
treatments. 


ions 


In a protocol for the treatment of autism and CFS/ME, we propose to use 
‘our ultrasonographic technique together with timely administration of 
sublingual GcMAFioleic acid molecules. In this manner, we are able to exploit 
the direct effects of ultrasounds on the neuronal microtubules (Brain Stimul. 
2013 May;6(3):409-15), together with the ability of ultrasounds to favor the 
transport of GcMAFioleic acid into the brain and, more precisely into those 
areas where the neuroanatomical alterations are observed. 


What is GCMAF? 
A drug, a hormone, a natural component, a nutrient? 


How to define a molecule that is formed every time a wound is licked? This 
is the most evolutionary conserved protective behavior in animals, humans 
included. The enzymes in the saliva convert the Gc-protein in the blood that 
is on the wound into active GeMAF that prevents infection of the wound and 
promotes repair (PLoS One. 2013 Jul 18:8(7):e69059). 


For many years researchers considered GcMAF only a key regulator of the 
immune system because of its activity on macrophages and its denomination 
reflects this early conjecture. However, as it often happens in science, the 
original denomination of a molecule proves incorrect with the passing of 
time and the accumulation of scientific evidences. Vitamin D is a notable 
example; it is not an vitamin and it does not contain any amine group (even 
though the suffix'“vita” applies, in that it is indispensable for life). Now it is 
rightly considered a hormone produced by the body and, to be more precise, 
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a secosteroid hormone that has a mechanism of action similar to that of 
classical steroidal hormones. GcMAF being a part of the vitamin D axis might 
soon become another example of scientific mislabeling. In fact, we now know 
that it exerts its actions in many other cell types in addition to macrophages 
and that its role go well beyond activation of macrophages. 


‘And even though there are no doubts that it is a powerful stimulant of the 
immune system, it would not be surprising to realize that this might not be its 
most relevant physiological role. In this respect, GcMAF shares the destiny 
of its precursor, the Gc-protein. Gc-protein is a serum alpha 2 glycoprotein 
composed of a single polypeptide chain, structurally related to serum albumin, 
that performs a variety of actions in several cell types. It is synthesized in 
the liver and has been detected on the surface of several cell types, yolk sac 
endodermal cells, and some T lymphocytes. In B cells, it participates in the 
linkage of surface immunoglobulins. In addition to vitamin D, it binds actin and 
acts as an actin scavenger, These characteristics are of paramount importance 
in human pathology since actin is the most abundant protein in eukaryotic 
cells and it is a major cellular protein released during cell necrosis that may 
cause fatal formation of actin-containing thrombi in the circulation if the actin 
scavenging capacity of Gc-protein is exceeded. Not surprisingly, therefore, 
several studies suggest an association between Gc-protein and resistance 
‘or susceptibility to chronic obstructive pulmonary disease, thyroid diseases, 
diabetes, multiple sclerosis, and sarcoidosis (for a review on Ge-protein and 
the vitamin D axis, see: European Nephrology, 201 1;5(1):15-9).. 


From these considerations it derives that the potential indications for GcCMAF 
treatment might be far too numerous than those currently envisaged. And also 
this parallels the fate of vitamin D, once thought only to prevent rickets and 
now involved in almost all aspects of human physiology and pathology up to 
the point that a (serious) scientific article on this subject was entitled: “Does 
vitamin D make the world go ‘round’?” (Breastfeed Med 2008; 3: 2392-50.). 


Apart from issues of biomedical terminology, it is now emerging the concept 
that GcMAF is an essential component of that nutritional pathway that is the 
vitamin D axis. It is not a case or a coincidence that the article on GcMAF 
that has received the greatest attention was published in a scientific journal 
named “Nutrients”. With the proceeding of research it is becoming apparent 
that GcMAF participates in such a variety of physiological events that each 
proposed definition is limited. 


But, if we accept the concept that GcMAF is a natural nutrient, indispensable 
for brain and immune system development and function (and possibly for 
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many more essential physiological events), two questions spontaneously 
arise: “Where do | find it in nature?” and “How can I consume it?” 


The second question already has an answer: now that the physiological 
molecular assembly of GcMAF is known, there are on the market several 
GcMAF products that can be used sublingually or simply eaten, Modern 
biotechnology has reproduced the physiological conformation of GcMAF so 
that it can be absorbed in a natural way without recurring to intravenous 
or intramuscular injections. GcMAF injections are reserved for those cases 
where a strong and rapid stimulation is required. 


The other question is more intriguing and leads to the final section of this 
chapter. 


My Own Personal Experience with GcMAF 


As it happens in many people of my age exposed to the radiations from the 
Chernobyl incident, | have several thyroid nodules. Being a radiologist, it was 
easy for me to perform ultrasonography on my thyroid and what | saw on 
the screen was not nice. In addition to small lesions in my right lobe, in my 
left lobe | observed a massive mixed (solid and cystic) protruding nodule 
substituting for most of the lobe. The anterior-posterior diameter was about 
3 cm, whereas the longitudinal diameter was greater than the length of the 
probe (4 cm). The structure was grossly inhomogeneous with cystic areas 
and hypo-reflecting areas alternated with iso- or hyper-reflecting areas. The 
margins bordering the residual normal thyroid tissue appeared well defined 
with an area of edema (inflammation) surrounding the nodule. The blood 
vessels were located around and inside the nodule and few or no blood 
vessels could be observed in the large hypo-reflecting areas suggesting the 
presence of metabolically inactive tumor tissue. Consistent with these findings, 
laboratory tests showed signs of immunodeficiency and anemia, And, it has 
been reported that anemia is among the predictive elements of malignancy in 
thyroid nodules (Tunis Med. 2002 Sep;80(9):536-41). 


It was immediately clear to me that | needed a powerful stimulant of the 
immune system as wells as an anticancer agent, and GcMAF was my first 
thought. However, at that time, GcMAF was synthesized only in academic 
research laboratories and it was not available on the market as the pure, highly 
active, quality controlled product that we know today. Therefore, we decided 
to look for natural sources of GeMAF. 
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We already knew that GcMAF is naturally formed when a wound is licked 
because saliva contains the enzymes that convert blood Ge-protein into 
active GcMAF. Licking my thyroid, however, quite obviously, was not an option. 


Because of these hindrances, we hypothesized that GcMAF could be obtained 
through a natural food fermentation process that exploits the characteristic 
of certain microbial strains to produce the enzymes that convert food Ge- 
protein into GeMAF (Hollis and Draper, 1979). According to our hypothesis, 
fermented food-derived GeMAF would activate the macrophages widely 
diffused in the walls of the entire gastrointestinal tract and, in particular, in the 
Waldeyer’s-Pirogov tonsillar ring (or pharyngeal lymphoid ring). Our first goal 
was to assess the feasibility of obtaining natural GcMAF through home-made 
food processing procedures. To this end, we devised a strategy to prepare a 
fermented food product using those microbes, known to mankind for their 
healthy properties for millennia, that express the enzymes involved in GCMAF 
synthesis (Hollis and Draper, 1979). 


After having prepared this fermented food at home, | began consuming it on 
a daily basis. 


Since at that time we too considered GeMAF mainly for its immune-stimulating 
properties, the first objective was to assess the efficacy of this procedure 
on certain markers of immunodeficiency, the so called CD4 lymphocytes. 
The general public became familiar with CD4 lymphocytes because of their 
involvement in HIV infection and AIDS, and CD4 cell number is considered 
a reliable marker of immune system function. The role of CD4 cells in 
the immune system has been widely popularized up to the point that the 
webpage of the AIDS Authority of the Government of the United States of 
America states;"CD4 cells or T-cells are the “generals” of the human immune 
system. These are the cells that send signals to activate your body's immune 
response when they detect “intruders,” like viruses or bacteria, Because of 
the important role these cells play in how your body fights off infections, ics 
important to keep their numbers up in the normal ranges..." 


In our observation, the reference laboratory considered normal value for 
CD4 cell count 500 - 1500 cells/sL. Before consumption, my CD4 count was 
low, close to the threshold of AIDS definition (372 cells/L).CD4 count rose 
from the abnormal value of 372 to the normal value of 609 cells/iL after three 
weeks of consumption of the fermented food that | had prepared. Such an 
increase continued up to eight weeks with CD4 cell count reaching 853 cells! 
pL. After many years, they are stil in the normal range. 


The trend toward normalization of blood parameters was observed also in 
other abnormal haematological values. My values (low or abnormal) changed 
as follows: 


Before After 


Consumption | 3Weeks | Normal Values 


Red Blood Cells 


(106/uL) 4.55 4.85 46-62 
Haematocrit, % 42.9 45.9 40-52 
Haemoglobin, g/dL 148 15.6 13-18 
Platelets/uL 165,000 206,000 | 140,000 - 440,000 


The neutrophil cell count decreased from 77% to 55% in about 12 weeks, 
indicating a normalization of parameters suggestive of a pro-inflammatory 
state. Overall, the observed changes in haematological parameters were 
consistent with those positive modification of immune responses in humans 
that might represent the potential mechanism by which food fermented by 
probiotic bacteria confer health benefits. 


Being a researcher, | am very well aware that this report is a mere anecdote 
that, in the era of evidence-based medicine, has low value or is not even 
considered to be medical evidence. However, a very recent study on the 
evaluation of clinical practice challenges the deprecation of stories like that 
reported above. Thus, it is well known that some studies present large and 
impressive statistics obtained from many observations while others report a 
small number of noteworthy events,as we did in this study. However, according 
to this authoritative epistemological approach, “all of these stories become 
evidence of what works in medicine” (J Eval Clin Pract.2011 Oct;17(5):920-6). 


Conclusions 


In August 2013, a paper published in the very prestigious American Journal 
of Immunology reported a series of clinical cases successfully treated with 
GcMAF (Am. J. Immunol.,9:78-84.2013), Among these, there were pathologies 
already known to be responsive to GcMAF treatment, such as cancer, autism, 
and CFS/ME. Other neurodegenerative diseases such as multiple sclerosis 
and amyotrophic lateral sclerosis, however, had not been treated with GcMAF 
before, and this is the first report on such a successful treatment. This paper, 
together with all the other recognitions reported above, places GcMAF as 
one of the most effective tool to fight diseases that were considered incurable 
until very recently. 
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be a growing culture and community that 
believes in bettering ourselves, our environ- 
ment, our educational system—our entire 
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In other chapters of this book it is clearly stated that autism IS curable, and 
the successes of GcMAF in curing autism further strengthen this concept. 
‘Whaat is emerging and what | hope to have been able to convey, is that GeMAF 
is not an exogenous drug that‘“fixes” some problem, but rather a very natural 
component of our body that is essential for, at least, brain and immune system 
development and function. In many conditions, including autism, GeMAF is not 
produced to a sufficient extent and therefore it has to be administered from 
the outside. With the advent of a courageous little biotech company that has 
perfected the synthesis of natural, fully physiological, GcMAF molecules that 
can be eaten, GeMAF treatment will become all the more and flexible to fit 
the individual needs, Eventually, GcMAF will become part of an integrated 


nutritional plan as it was intended by nature during evolution. 


Consistent with this concept, | wish to conclude with an example from the 
realm of nature. 


According to the Genetic Science Learning Center of the University of Utah, 
“Some mother rats spend a lot of time licking, grooming and nursing their 
pups. Others seem to ignore their pups. Highly nurtured rat pups tend to 
grow up to be calm adults, while rat pups who receive little nurturing tend 
to grow up to be anxious. It turns out that the difference between a calm 
and an anxious rat is not genetic—it’s epigenetic. The nurturing behavior of 
a mother rat during the first week of life shapes her pups’ epigenomes. And, 
the epigenetic pattern that mom establishes tends to stay put, even after the 
pups become adults." 


It seems that licking their pups while breastfeeding in the first week of life 
is the decisive factor; in the saliva there are the enzymes that convert milk 
Gc-protein into GcMAF. What is more natural than this? 


ex y 


Subcutaneous GcMAF has been available through FIRSTIMMUNE for several years. 
Their website is: 


www.gemaf.eu 


They now also produce a sublingual version of GeMAF called GOleic. They also have 
Bravo probiotics, and more. Please visit their website for more information. 


“If you're not stubborn, you'll give up on experiments 
too soon. And if you're not flexible, you'll pound your 
head against the wall and you won’t see a different 


solution to a problem you're trying to solve.” 


~ Jeff Bezos 


Founder of Amazon 


Chapter 13 


Beyond Recovery: 
The Maintenance Plan 


“Success is not fina, failure is not fata 
it is the courage to continue that count 
~ Winston Churchill 


We see these questions on our boards from time to time: 


Will my son have to take CD for the rest of his life? 
or 
Will we be sorting through poop forever? 


The answer is No! 


Once your child has recovered, you can move to the maintenance phase. 
Since we live in a toxic world, it is important to continually detox the system, 
and keep the body free of parasites, While this can look different for every 
child and every family, the following are some general guidelines designed to 
keep our kids healthy once they are recovered. 


Diet 


While some families go back to giving their children foods that aren't permitted 
here, many do not. Wheat, dairy, and soy aren't “healthy” foods for any of us 
to be consuming. After reading Olive Kaiser’s section on gluten, you may have 
‘a tough time giving your child any bread products ever again. That said, once 
the gut is healed, it should be able to tolerate many of these foods again, to 
the extent that a “healthy” person would. 


cD 


Even into the recovered stage of autism, many of the families keep using 
CD (oral, baths, enemas) to reach an ATEC of zero... or until there are no 
behaviors left from the autism. Once that is accomplished, then a maintenance 
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plan of one oral dose on Monday and one oral dose on Thursday is enough. 
Typically, such a dose is 3 drops for children and 6 drops for adults—all in 
‘one dose on each of those 2 days. However, each family does this a little 
differently depending on weight and what the optimum dose was while on the 
full protocol. 


The more | learn about how toxic our planet is (i.e. GMOs, toxins in the air, 
drinking water, parasites in the environment, etc.), the more | realize how 
critical it is to be on a at least a limited long-term detoxing program. This is 
especially true for someone who was, or may still be immunocompromised. | 
do believe that once a child recovers from autism, their immune system can 
do the job that it was designed to do. However, healing takes time, and every 
case is different. Some people ask me if recovered children still take CD once 
recovered—and to be honest—many do not. 


Parasite Protocol 


It is impossible to avoid parasites in our world. As Andreas and Miriam 
explained to us, their larvae are nearly indestructible in nature and can live for 
years. A strong immune system, as well as sufficient stomach acid, may prevent 
a parasitic infection from taking hold in the body. To make sure, itis best to 
do a“*mini protocol” every 3 months. You can do the full 18 days every 3rd 
month or a I-week mini version—whichever you prefer. 


Other Supplements 


While ocean water is necessary when detoxing with CD, it is extremely 
beneficial to all of us as our soils are almost completely devoid of nutrients 
and are contaminated with heavy metals and toxins. Also, it has been theorized 
that many GMO crops are lacking in nutrition as well. The 90 bioavailable 
nutrients in OW can certainly go a long way in keeping our bodies healthy. | 
especially love that it helps with conductivity in the brain. And, it is conducive 
to speech and cognitive function as well. 


Depending on each individual's needs it may behoove a family to keep giving 
MCT oil or Vegan 3,6,9 omegas. Certain supplements may still be required if 
there is a history of seizures. 


Chelation 


Gentle chelators like Bio-Chelate™ can continue to be used into the recovery 
phase as heavy metals are present in our air and water. 
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Hyperbarics 


Nothing brings down inflammation quite like a hard hyperbaric chamber. 
However, 10 to 20 sessions can be very cost prohibitive for some families, 
making it a very personal decision as to whether or not to continue with 
HBOT after recovery. 


GcMAF 


I never felt better than when | did a course of GcMAF injections on myself. 
Energy went up and so did my ability to concentrate. Again, GeMAF is a fairly 
expensive intervention and that will factor into each family’s decision as to 
whether to keep using it. or not 


Ina nutshell, | would at least continue with CD two times a week, and a mini 
parasite protocol every 3 months, just as a preventative. Staying healthy is as 
important as getting healthy. 


so just took an ATEC. We have officially 
oe eetoea for 12 months now and finishing 
up our 11th PP, ATEC of THREEMNM SF to 3 in 
12 months. Henry's speech is what is keeping us from 
0. He has great conversation with people that are 
patient and don’t interrupt him so we are so close 
toa BIG ZERO! 57 to Zin 1a monthslll Far cry 
from the severe autism diagnosis he got at 25 years 
old. Here is to the doctor that told me my son should 
be medicated, would never speak, and will probably 
need to be institutionalized. | hope YOU never say 
those things to another personilll All you need is hope, 
determination, and LOVE. 


Chapter 14 


Miscellaneous Information 
You Should Know 


“Always bear in mind that your own resolution to succeed 
is more important than any one thing.” 
~ Abraham Lincoln 


Seizures 


n estimated 40% of children with autism suffer from some form of 
Aue Seizures can be absolutely terrifying for both child and family 
and deleterious to the health of a child who is already suffering from various 
issues. | have talked to many different professionals about seizures and in turn 
have heard just as many different opinions on why this happens. Many doctors 
are unsure, while some simply don't express their opinions. Some say it is a 
virus in the brain or heavy metals, inflammation, or pathogens/parasites. In a 
presentation by Dr.Andreas Kalcker, he stated that high levels of ammonia in 
the body can cause seizures and the high levels of ammonia in the body come 
from parasites, Since we know that CD kills pathogens/parasites, neutralizes 
heavy metals, and helps to reduce inflammation, it is not surprising that we 
have noticed reduced, or even eliminated seizure activity in children with 
seizure disorders that use CD in combination with the Parasite Protocol. 


MCT (medium chain triglyceride) oils, which come from the Ketogenic 
Diet out of UCLA, are also a very important piece to healing the body and 
eliminating seizure disorders. There is plenty of information on the Internet 
that discusses the results of people (on the spectrum and otherwise) using 
MCT oils for seizure disorders. 


The following is a list of things that parents on The Protocol have used 
successfully to reduce/eliminate seizures in their children. 


+ cD 
+ Parasite Protocol 
+ MCT oil 
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+ GABA 
+ Hyperbaries at 1.75 ATA 
+ Ketogenic diet 
+ SCD diet (grain free) 
+ L-Carnitine 
+ PSP with magnesium 
+ L-Carnosine 
+ Taurine 
+ DMG 
+ Pycnogenol” 


The first four in this list have proven to be the most important and have 
shown consistent results. If you have a child suffering from seizures, you 
would be wise to review and consider these interventions immediately. The 
others have also proven very helpful and can be added in one-by-one, (always 
leaving three days between each new supplement) while you watch for a 
decrease in seizures. 


When we introduce GABA, we increase the dose daily in search of the 
appropriate dose for the individual. While establishing the correct dose for 
‘one intervention it is not appropriate to add in other supplements. Watch 
cout for sleepiness or undesired behavior with GABA. In these cases,1 would 
personally discontinue its use,as with everything there is not one formula that 
Is right for every child. Similarly, if you see hyperactivity or undesired behavior 
with DMG discontinue its use. 


All of the above supplements/interventions have proven very important for 
eliminating seizures, in different combinations, for different families. Whether 
the seizures are grand mal (tonic clonic) or petit mal (absence), they start to 
fade away as a result of the Protocol. 


‘Sometimes, when a family starts corresponding with me, their child may already 
be taking some of these supplements, and they continue to do that. They may 
have already taken some of these and seen no improvement. Some other 
families live in parts of the world where these supplements are unavailable, 
and in that case we focus on CD and killing parasites. 


‘As | mentioned, a critical piece for some of the children with seizures has 
been the implementation of the Parasite Protocol. This has also led to a 
reduction or cessation of seizure activity in many children with seizures. 


Interestingly, once some moms were made aware of the parasite/seizure 
connection it was easy to time seizure activity/anxietylaggression to full and/ 
‘or new moons. As Dr.Andreas Kalcker talked about in the parasite section, 
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the full moon period is when parasites are mating, many in the gastrointestinal 
tract, and therefore “wormy behaviors” (anxiety, SIBs, depression, tantrums, 
aggression, and teeth grinding to name a few) will generally be higher around 
that period. New moons can also cause an increase in these behaviors. 


Children who have a seizure disorder or are self-injurious need to avoid 
food coloring, eggs, tomatoes, pork, and chocolate. When adding in the 
supplements for the seizures that we listed above, follow the same rules as 
before, never adding more than one supplement every three days, and always 
carefully observing and keeping track of any and all changes in your notebook 
so we know what causes what. 


After starting anti-parasitics with the help of her daughter's doctor, one 
veteran mom introduced the CD protocol; a combination that has been 
extremely beneficial for her daughter, who suffered from frequent grand mal 
(tonic clonic) seizures. 


Her Ad: 


Most of my understanding of how parasitic infections can lead to seizures involves 
my own tracking of seizure activity patterns in my daughter, which coincided with 
new moon and full moon periods. Then, since MOST doctors want references to 
what they feel are'reliable sources; I started by Googling “NIH parasites seizures,” 
which brought me to: 


nicbi.nlm.nih.gov/pubmed/ 18754958 
Helminthic parasites and seizures. (Epilepsy. 2008]! - PubMed - NCBI 


I would strongly suggest that you document patterns of seizure activity against 
the Farmer's Almanac of Full Moons (you can even look up past Full Moons) and 
marry that information with info from sites like the one above. Also, | would highly 
recommend you hunt down a pediatric infectious disease specialist in your local 
area (start by researching pediatric staff at local hospitals) and bring with you all 
information/insight to your first appointment. 


Her Testimonial: 


From her very first drop of activated CD in early July 2012 (actually her very first 
one-eighth drop to be exact), | witnessed an improvement in my daughter. Within 
about two hours of drinking her first ounce of the activated CD water solution 
(one activated drop of CD mixed into eight ounces of water), witnessed her sitting 
still in our kitchen and observing me in such a way unlike she had ever done before. 
She was calmly observing me instead of running around the kitchen. She was taking 
my actions in. She was studying me. Her eyes were focused on me, rather than 
constantly scanning everything else in the room. Both her facial expression and 

her body language were calmer than I had ever witnessed before. She was more 
focused, more centered. She appeared content. 


This change that I witnessed in her was so noticeable and so sudden, that I couldn't 
help but think to myself,"“So this must be why the first word in MMS is Miracle.” It 
was that amazing of a change in those moments. 


326 Chapter 14 


Shortly after those incredible moments, my daughter went on to eating contently 
and then jumping on the neighbor's netted trampoline. She has enjoyed the 
neighbor's trampoline for years; yet on that particular day, only a few hours after 
her first drink of a tiny amount of CD, I noticed something quite different in her 
behavior. As | observed her from the windows of our house, | could see that she 
was jumping less than usual and instead looking around a lot more. She was calmly 
looking around at the neighbors’ houses, down at some birds in the grass, up at the 
trees, the clouds, etc. It was all as though she was perhaps truly noticing them for 
the first time. She had glanced at these things before that day, sure, but she never 
before appeared to be studying them in the manner she was in those moments 

on the trampoline that July afternoon. She did engage a bit in some of her tic-like 
spitting movements with her mouth while on the trampoline, but to nowhere near 
the intensity, nor duration that would more typically have consumed her prior to 
that day 


When she came back into the house after using the trampoline and observing her 
world, | asked her, "why were you spitting out there?” To my surprise, she then 

very calmly replied, "because it’s sensory.” Wow! She truly was more connected 
somehow to her world than ever before. Something good was happening to my 
girl—only hours after drinking one-eighth of a drop of activated CD with one ounce 
of water. From those moments on | felt encouraged in my heart and soul that CD 
could possibly be a very important catalyst toward improving my daughter's health 
and well-being. 


With the help of a caring local doctor, we had already begun some trials of anti- 
parasitic medications on our daughter in early May 2012, prior to starting CD, in 
response to behavioral struggles that had been consistently intensifying around full 
moons every month. (Later, we noticed new moon behavioral intensities as well) 
We had seen some improvement with anti-parasitic medication, yet CD seemed to 
somehow boost our daughter toward further improvements that much quicker. In 
fact, our daughter's ATEC score before starting CD measured 79 on July 8th, 2012 
(the day before starting CD), but as of September 30th had dropped down to 55 
(only two and a half months later). 


Now, in early December 2012, our daughter still appears to be on an overall upward 
trend of improving health and stability attributable to the synergy of CD and anti- 
parasitic medications. Natalie's interpersonal skills have improved, her growth rate 
has improved, her focus has improved, and her frequency of seizures has lessened. 


In fact, at this writing she is 53 days seizure free, which is quite an improvement 
considering before she was on a terrifying pace of grand mal (tonic clonic) seizures 
occurring every 2-3 weeks. These are very dangerous, life-threatening events. 

Her seizures were rapid onset, heading toward grand mal within seconds. They 
could happen anywhere, ie. while in her car seat coming back home from a Dr's 
appointment, while driving away from Costco, while running in the backyard playing 
with the dog, or swinging high on the swing set in the backyard with a neighbor 
girl. Yet another occurred while wading in the lake (with life vest on), another hit 
while in our neighbor's four-foot swimming pool with me and her brother. She 
was right next to me, walking around and then suddenly, she was in the throes of a 
rapid-onset grand mal seizure that required me to lift her out of pool into her NT 
(neurotypical) brother's arms. May these be the last my daughter ever knows of 
seizures. 


world. This is much more than an audience, it’s 
a worldwide movement that Make is leading. 
‘We call it the Maker Movement. 


For more information about Make:, visit us 
onli 


Make: magazine: http://makezine.com/ 
magazine 

Maker Faire: http://makerfaire.com 
Makezine.com: http://makezine.com 
Maker Shed: http//makershed.com 


To comment or ask technical questions about 
this book, send email to: 


bookquestions@oreilly.com. 
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It is our hope that, in time, CD will be able to take on the lead role as the primary 
health-support for our daughter, if not, perhaps even someday the sole healthcare 
support to her. We're looking forward to the days when we may be able to remove 
or reduce many, or perhaps even almost all, of her current supportive medications 
(ie. antibiotic, antiviral, anti-seizure, etc.). With the caring support of parents of The 
Thinking Moms’ Revolution, as well as some excellent local doctors, we suspect that 
our daughter's life will continue to improve. In the almost 14 years of caring for our 
daughter in her various states of medical fragility, we have never ever had this much 
Hope. We feel fortunate to have been swept up into this Revolution and embraced 
warmly by so many Thinking Moms who are also in the process of working toward 
more healing for their children. Working to heal illness is so much nobler than 
working to mask illness, wouldn't you agree? God Bless Jim Humble, Andreas 
Kalcker, Kerri McDaniel de Rivera and all the TMR families! 


UPDATE: January 30th, 2013 


| too am so thankful for Kerri and her whole ‘crew’. Thanks to Kerri for bringing 
CD toall of our kids on the spectrum worldwide. My Natalie is now OFF of 

her former roller-coaster ride of prescription anti-fungals, OFF of her former 
roller-coaster ride of prescription antibiotics, OFF of prescription antiviral, OFF 

of prescription low-dose naltrexone, etc. Her belly distention has disappeared, 
she's gained weight, she's gained height and she's now almost 103 days seizure free 
(as of 6:16pm tonight). She still has a ways to go toward more improvements, but 
she's happily climbing up from bottom of the trenches; she's climbing up from what 
seemed like the very bottom of the abyss that vaccine injury/injuries had placed her 
in. Thank you Kerri,Andreas Kalcker, Jim Humble and all of the moderators on the 
supportive websites!!! 


UPDATE: February Ist, 2013 


My Natalie's long run of 105 seizure-free days has ended. After being off of Albenza! 
less than 24 hours, BOOM! a grand mal (tonic clonic) seizure occurred yesterday 
evening. This same thing happened the last time we stopped Albenza®, sooooo 
we're not sure if i's withdrawal related or parasitic activity related, We're going to 
closely watch her behaviors this week for signs of parasitic burden. We put her on 
Alinia” nove just to give her some sort of parasitic coverage while we wait to likely 
restart Albenza®, soon. She did fine on Alinia® 200mg BID in the past. I'll keep you 
all posted, but for now we unfortunately need to restart the clock on my Natalie's 
‘seizure-free days’ tracking. I'm bummed, but thought | should keep you in the 
loop on this:as I've been soooooo excited over the past three months about her 
freedom from seizures, which | believe was due to the synergy of CD and Albenza®. 
Il couch back iffwhen we learn more. 


UPDATE February 2nd, 2013 


OK. so, I just wanted to kind of round out this long thread a bit with my thoughts, 
for whatever they're worth: I really truly suspect that perhaps too sharp of a drop 
off (lack of weaning) from the systemic med, Albenza® lead to the seizure. Natalie 
is stable right now on a low-dose interim of Alinia® 200mg BID for now until all 
insurance approvals are in for the delivery of more Albenza®. This leads me to 
believe that the several courses of Albenza® over the past months likely HAS 
lowered her overall parasitic load/burden fairly well thus far (it's a pretty broad- 
spectrum antiparasitic, from what | understand). However, don't think for a 
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minute that Natalie's broad spectrum anti-parasitic medicine needs are finished. For 
this reason, we'll resume Albenza” as soon as we're able. 


Although further discussion/negotiation between myself and Natalie's pediatric 
infectious disease doctor is required, my thought is that she may need an entire 
year on Albenza. However, certainly in the future, whenever we stop Albenza®, 
I'm going to plan for a slow weaning off period so as not to disrupt Nat's delicate 
nervous system. Also, 'm kind of thinking that perhaps if our kids ‘wig out’ when 
CD is eventually dropped that maybe we've not lowered the overall parasitic 
burden enough, as yet to allow their immune system to ‘kick in gear’ and properly 
function??? I don’t know, obviously, just theorizing with the brain matter God has 
given me 


SUMMARY & UPDATE FOR SECOND EDITION: December Ist, 2013 


From birth to age 7 years, my daughter Natalie unfortunately had her share of health 
and developmental struggles. Her diagnoses began with ‘Failure to Thrive’ shortly 
after birth, followed thereafter by a Mitochondrial Encephalopathy Partial Complex 
Ill Deficiency diagnosis by age 7 months, then Hypothyroidism as well as global 
developmental and cognitive delays obvious from there. Despite significant medical 
and developmental challenges, Natalie entered a Kindergarten designed for the ‘mild 
cognitively impaired’ (formerly referred to as educatably mentally impaired 'EMI') 
with daily opportunities for mainstreaming with the typical Kindergarten classroom 
next door. After a fall 2005 Flu shot early in that same Kindergarten year, however, 
all bets were off. She regressed very rapidly in every way: medically, developmentally, 
and behaviorally. Within months of that shot, a laundry list of additional diagnoses 
began to form: Sensory Integration Disorder, Autism, Epilepsy, PAIN.DAS. PANS, 
and Combined Immune Deficiency, to name a few. After much study by a large 
team of educational specialists, Natalie was reclassified by school professionals by 
the following April of 2006 to the ‘SXI” category of disabilities (Severely Multiply 
Impaired), having deteriorated terribly from her former classifications of POH! 
(Physically or Otherwise Health Impaired) and ‘CI’ (Cognitively Impaired) within 
only months of that Flu shot. Her significant healthcare needs and behavioral 
challenges since have necessitated assignment of a one-on-one Para-educator to 
her case, even while she’s been schooled within high adult-to-student ratio basic 
education special- needs classrooms over the past several years. 


In 2011, between the ages of 12 and 13,1 began to notice patterns of apparent 
PANS flares in Natalie, which seemed to coincide with the New Moon and Full 
Moon weeks. When I began to study this phenomenon a bit more closely, | also 
recognized a pattern of seizure activity that tracked these timeframes as well. In 
reading about potential parasite activity that is thought to link to the New Moon 
and Full Moon timeframes, | requested anti-parasitic medications for Natalie. 
Thankfully, a local Pediatric Infectious Disease doctor kindly accommodated my 
request. Each time that the doctor prescribed various anti-parasitic medications 
for Natalie, she would improve. The improvements were noticeable both at school 
and at home. It was incredible to witness. However, each and every time that she 
was off of such medications, she would regress back to her former state of illness 
(displayed primarily by significant behavioral regressions). So, we found that we 
needed to try to keep her on various anti-parasitic medications more often than 
off of them, in order for her to enjoy overall improved health and neuropsychiatric 
stability. Even so, there was still some sort of physiological strain that she was very 
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definitely experiencing, but we were unable to decipher what it could be. This was 
frustrating, of course; to witness her continued rollercoaster of ups and downs in 
health and her various psychiatric disturbances each month, 

ft wasn't until a friend suggested we get Natalie started on CD, that the health and 
behavioral ‘rollercoaster ride’ began to show signs of smoothing out. In July 2012, 


Natalie in 2006 (left) and in 2013 (right) 


after her first drink of CD (only one-eighth of a drop), Natalie began to show initial 
signs of relief from whatever it was that was stil alling her. Her connectedness and 
overall psychological state of being changed within hours of that first one-eighth 
drop of CD, After that first day, we of course then continued with a very slow and 
conservative ramp-up of CD (orally, then baths, then enemas) alongside various anti- 
parasitic medications and all of the components of the Kalcker PP (with frequent 
‘swap out of Mebendazole with Albendazole, predominantly). With each passing 
month over the past sixteen months, we've been able to witness improvements 

in Natalie; perhaps a bit more slowly than some of the younger and/or potentially 
less health-compromised kids that Kerri’s protocol has healed, but improvements 
nonetheless. Before CD, Natalie's ATEC score was a 79. As of this writing, her 
ATEC score is a 39. Even more astounding to us than that improved ATEC score 
have been the changes witnessed thus far in her overall health status and health 
regimen. Here is a list of some of the improvements that | can very easily recall as 
I write this (there are likely many more that I could comment upon, if | had more 
time): 


Daily prescription anti-fungal medications no longer needed, 
Daily prescription antibiotic medications no longer needed. 


Daily prescription antiviral medication no longer needed. 


awn 


Daily prescription LDN (low dose naltrexone) immune modulator removed. 
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5. Daily prescription Leucovorin removed without ill effects noticed, as well as 
several other daily supplements that might have been ultimately not helpful. 

6. Prescribed Immune Globulin (weekly subcutaneous, formerly monthly 
intravenous for years) removed, 

7. Distended belly gone & improved posture (no longer hunched over). 

Formerly very frequent tongue sores/lesions lessening more & more. 

9. Seizures formerly as high as every 17-21 days in her worst times; now she's 
enjoyed seizure-free stretches as high as 105 days (3.5 months) followed shortly 
thereafter by a seizure-free stretch of 168 days (5.5 months). Prescription 
anti-seizure medication reductions have also been enjoyed as well as fewer 
headaches resultant of those reductions. 

10. PANS. flares controlled with the combination of CD and anti-parasitic meds. 
Neuropsychiatric symptoms of flares very dramatically declined. 

11, Overall appearance of improved health, improved language and interpersonal 
skills, improved attentiveness (per Neurology’s opinion at recent appointment). 

12, Improved stamina and strength (core, legs, etc.) noticed at Special Needs 
Performance Cheerleading practices, physical therapies, etc. Her ability to 
peddle adaptive bike has also improved, 

13, No more nose bleeds, no more ear infections, no more apparent seasonal 
allergies, fewer headaches (as noted above) 

14, Incredibly improved sleep and need for naps only once in a while now (as 
opposed to formerly daily) 


15. Improved growth rate and normalized appetite. 

16, Improved language (more descriptive words, more sentences). 

17. Healthier-looking skin overall softer, less dry, improved color & ability to tan. 

18, Improving oral muscular abilities, able to swallow pills/capsules. 

19, Capable of successful dentist appointments and now even Orthodontist 
appointments, with calm and ease. 

20. Increased success rate during therapies (Speech Therapy, Occupational Therapy, 
Physical Therapy, etc.) 


21. Less rigidity overall, ewer transition issues, cooperates more often than she 
ever used to, 


With all of the well-documented improvements noticed in Natalie at home, at 
school and in doctors’ offices, | don’t have the same level of fear as other parents 
might surrounding our open use of CD, as Natalie's doctors are all well informed 
and quite supportive. We've also formally notified her social worker (both verbally 
ata home meeting and in writing) of our use of Kerri’s CD Protocol (including 
Kalcker’s Parasite Protocol and of course a GFCFSF/low sugar diet) while under 
Natalie's local medical team’s support and medical monitor. We're ‘out of the closet’ 
s0 to speak, when it comes to our use of CD for improving Natalie's health. It's 
been quite obvious to Natalie's doctors; actually, that Kerr's protocol has been 
extremely complementary to their medical efforts for improving Natalie's health and 
overall quality of lite. 
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There's of course no way to predict with certainty how far my sweet Natalie will be 
able to ultimately improve via this protocol, but based upon what we've witnessed 
thus far, do feel that her current best hope for continued improvement lies within 
the pages of this book; as these healing strategies of Kerri Rivera's have brought 
Natalie toward mare health (physical, neuropsychiatric, emotional and even some 
initial cognitive improvements) than any other medical effort attempted since her 
2005 Flu shot injury. All other medical efforts for Natalie over the years, I feel, 
perhaps only temporarily patched her severe illness. Kerri’s methods actually work. 
to attack disease, kill it and remove it. Yes, that’s right. Eight years after Natalie's 
tragic rapid spiral downward, it’s now finally a time of healing for Natalie. Thank you, 
Kerri Rivera, for all of your help given to our girl and to so many children around 
the world. 


Self-Injurious Behaviors (SIBs) 


Self-injurious behaviors (SIBs) can be absolutely devastating for families 
with children on the autism spectrum. Common self-injurious behavior 
includes: headbanging, hand biting, pinching, slapping head/ears, eye poking, 
hair pulling, scratching/rubbing, throwing one’s body on the floor, etc. The 
horror of watching your own sick child further inflict pain onto himself, and 
the helplessness of not knowing what to do to help him is heartbreaking. | 
have met with families through the clinic who have had terrifying episodes 
of SIBs in front of me as well as at home, and many of these famil 
as others are now using the Protocol to help their children wit 
results. 


s as well 
very good 


There are many theories as to why some children have SIBs. The article 
“Self-Injurious Behavior” by Stephen Edelson on ARI's website discusses 
several different theories and supporting research? The theory that most 
fits what | see on the ground is that of pain alleviation. Many of our kids 
are in chronic pain and cannot tell us. Sadly, we haven't always had answers 
to help them. 


If we follow this thinking, and assume that many of these children suffer 
from severe gastrointestinal pain, or headaches (supported by head banging, 
gut clutching, etc.) we can hypothesize that much of this pain can come 
from pathogenic overload, parasites wreaking havoc an the body and the 
resulting inflammation. 


Families applying CD in combination with the Kalcker Parasite Protocol are 
reporting a dramatic reduction in SIBs in their children. | believe there is 
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an important connection to be made here, as we eliminate pathogens and 
parasites SIBs decreases. More research is needed, but for families facing 
the horrors of self-injurious behavior, this combination could be of great 
value. (More testimonies on decreased SIB's can be found in Chapter 2, 
and the Miracles and Testimonials section at the end of the book starting 
on page 357.) 


Prior to starting CD, we had tried almost every autism 
biomedical protocol We saw several DAN and Gl specialists 
and numerous other practitioners. We spent tens of 
thousands of dolars on consults, supplements, dts, medicine 
and medical procedures not covered by insurance. My 
doughter either had no response or negative ones and she 
continued to get worse. She developed extreme self-injurious 
behaviors that progressed to the point of her needing to 

be restrained several times a day in an attempt to prevent 
her from pinching or biting herself until she drew blood 

Her body was covered with bruises and cuts. She would also 
ull out big clumps of her hair. She would be up for hours 
screaming in the night with these behaviors. She was 
severely malnourished despite the fact that two registered 
dieticians had deemed her daily caloric intake adequate. She 
was 14 years old and weighed q little over 70 pounds | 
honestly did not think that CD would be any different than 
anything else we had ever tried but figured things could not 
get much worse. 


Since starting CD her self-injurious behaviors are almost 
entirely gone. She went from having to be restrained 
almost daily to once in the last 5 months. Her former 
muttiple daily 45 minute self-injurious tantrums are now a 
few minutes of cruing or protest and happen once a week 
if at all. We have noticed gains in language and cognition BO 
point drop in her ATEC score). After years of fluctuating 
between bose stools and constipation, she is now regular and 
has gained almost 10 pounds. She sleeps through the night 
and we are able to take her places that we would have 
ever dared to before. If my daughter can make gains this 
drastic in 5 months at age 14, | can’t wait to see what the 
future holds 


dulie, Colorado, USA 
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PANS, PANDAS and PITAND 


PANS stands for Pediatric Acute-onset Neuropsychiatric Syndrome. It 
encompasses PANDAS (Pediatric Autoimmune Neuropsychiatric Disorder 
Associated with Streptococcal Infections) and PITAND (Pediatric Infection 
‘Triggered Autoimmune Neuropsychiatric Disorders), where PANDAS is a 
subset of PITAND. Dr. Susan Swedo, Chief of Pediatrics & Developmental 
Neuroscience Branch at the National Institute of Mental Health (NIMH), and 
her research team identified a subtype of OCD in children during the 1990s 
that is triggered by infection. Streptococcal infection has been most studied; 
however, any infection can trigger this condition? 


Ihave run across these diagnoses a lot since | have started helping families in 
first world nations. There seems to be an overlap in some autism and PANS/ 
PANDASIPITAND cases. | have heard that around 25% of children with ASD's 
also suffer from PANS/PANDAS, and/or PITAND. Some practitioners would 
pput that figure even higher. However, since further research is needed, and 
this field is still developing it is impossible to say for certain at the moment. 


According to the International OCD (Obsessive Compulsive Disorder) 
Foundation some of the symptoms of PANDAS/PANS may include: 


+ Acute sudden onset of OCD. 
+ Challenges with eating, and at the extreme end, anorexia, 
+ Sensory issues such as sensitivity to clothes, sound, and light. 
+ Handwriting noticeably deteriorates. 
+ Urinary frequency or bedwetting. 
+ Small motor skills deteriorate - a craft project from yesterday is now 
impossible to complete. 
ies 


* Inattentive, distractible, unable to focus and has difficulties with 
memory. 

+ Overnight onset of anxiety or panic attacks over things that were no 
big deal a few days ago, such as thunderstorms or bugs. 

+ Suddenly unable to separate from their caregiver or to sleep alone. 

+ Screaming for hours on end. 

+ Fear of germs and other more traditional-looking OCD symptoms. 


| know several moms who have been able to reduce/control/eliminate their 
children's symptoms with CD. In fact, families began to eliminate the antibiotics 
that they were using as they reached full dose of CD. | am by no means 
suggesting anyone reduce or remove a prescription medication without a 
doctor's supervision. | am simply reporting on what | have witnessed. 
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We know that CD kills bacteria, so we could hypothesize that CD could have 
a similar effect on the PANS/PANDASIPITAND symptoms that an antibiotic 
‘would, What has worked in these cases is upping the number of doses of CD 
given a day so as to kill pathogens around the clock. For PANDAS/PANS/ 
PITAND use two baby bottles a day. If your max dose is eight drops in an 
eight ounce bottle, and a PANDAS flare presents, prepare two baby bottles 
with eight drops in each and give one dose every hour over the course of 16 
hours. Some families are doing 16 doses a day even if there is no flair and the 
child is doing excellent. 


‘As noted previously, in the absence of research, we cannot recommend doing 
nothing for these children. Their suffering is intense and the risk of long-term 
damage cannot be ignored. We also do not know if some of these children 
remit spontaneously later in adolescence. We do not know if some of them 


grow into adults with the most treatment resistant OCD due to permanent 
basal ganglia damage. While we research those questions, offering treatment 
options at the local level, especially in the first few months after onset, could 
be critical to the long term success for these kids.* 


We parents are pioneers in the research surrounding PANS/PANDAS/ 
PITAND, so it is critically important that we document what we are doing 
with our children and what is working for them, In factA MOM was the first 
to discover the connection between strep and OCDitics. Her child was the 
first documented PANDAS child. Dr, Susan Swedo reinforces that physicians 
should listen to what the mothers have to say! Speak up to your doctor, 
share your findings, join our forum to learn,and share what is working for you. 
Parents are driving the biomed movement (and always have) for ASDs as well 
as PANS/PANDASIPITAND. In fact Dr. Bernard Rimland was a parent and the 
first to suggest biomedical interventions for people on the spectrum. We as 
parents can help countless other families by sharing our experiences. 


You will find more info on PANS/PANDAS/PITAND at: 


www.pandasnetwork.org 


and 


ocfoundation.org/PANDAS 
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Fever Therapy 


Dr. Kenneth Bock and Nellie Sabin, in their groundbreaking book The Road to 
Immunity: How to Survive and Thrive in a Toxic World, explain how to use fever 
,* When a mom emails me 


has a fever, it tells me that the immune system is reacting 
to an invader, and we have an excellent opportunity to kill pathogens in the 
body. Having a fever is part of an effective immune response. This is also 
true in infants as well as small children, Using over-the-counter (OTC) fever 
reducers interferes with the body's own ability to fight infection. 


This section was excerpted from the aforementioned book. 


Fever has long been recognized as an important tool in the process 
of healing. The process of heating the body is called “hyperthermia.” 
Hyperthermia, or ordinary fever, can be very effective against cancer 
cells, various pathogens, or invading organisms that cannot “tolerate 


the heat." Hyperthermia may not kill all pathogens in the body, but 
may reduce the number of invaders in the body to a manageable 
level for the immune system. Hyperthermia may also be responsible 
for stimulating the immune system to produce cytokines i.e. antibody 
production, and release of toxins from fat cells. 
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What Temperature Constitutes a Fever? 


According to Dr. Robert Sears, the following are normal temperatures in 
children over 3 months.” 


Normal temperature: 97° to 99° F (36° to 37.2° C) 
Low-grade fever: 99° to 100.9° F (37.3° to 38.3° C) 
Common fever: 101° to 103.5° F (384° to 39.7° C) 
High fever: 103.6° F (39.8° C) 


Fever Therapy in Practice 


If your child develops a fever, it is not a failure of the body that needs to be 
corrected, but a mechanism that brings the body closer to healing. Rather 
than administer an OTC remedy to reduce fever, apply a cool, damp washcloth 
to the forehead and neck, replace them as they warm, and let the body do its 
job. Some parents put damp socks on their child’s feet. 


During a fever you can dose orally, as well as do one CD bath and one CD 
enema in one day. Keep dosing CD every hour (16 to 24 doses a day), unless 
the person stops eating. Even if you must reduce the number of drops, even 
if you are only giving one drop, keep dosing every hour. CD baths, as well as 
baths in general, are also your friend if your child has a fever, Some parents 
have given several baths throughout the day while a fever is present with 
great results. Bath the child if the fever spikes. Always be vigilant that the 
temperature does not rise too high or too fast so as to cause febrile seizures, 
‘we have to use common sense and trust our instincts, Bath and keep a cool 
damp wash cloth going 24/7 until the fever pases. 


According to the National Institute of Neurological Disorders and Stroke 
febrile seizures are convulsions brought on by a fever in infants and small 
children, The majority of children with febrile seizures have rectal temperatures 
greater than 102° F Approximately 1 in 25 children (4%) will have one 
febrile seizure. Although febrile seizures can be frightening to parents, the 
vast majority of febrile seizures are fast and harmless. There is no evidence 
that short febrile seizures cause brain damage. Large studies have found that 
children with febrile seizures have normal school achievement and perform as 
well on intellectual tests as their siblings who don't have seizures.* 


If your child has a febrile seizure, experts recommend that you try to stay 
calm, keep the environment around your child safe (place them on the floor 
if they are not, and clear objects out of the way), and allow the seizure to 
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resolve spontaneously without restraint. Try to look at your watch so you will 
know how long the seizure lasted. Do not put anything in your child’s mouth 
as it may break, obstructing their airway. 


Skin Issues 


Ihave been hearing about skin issues right and left: rashes, hives, redness,acne, 
eczema, psoriasis, pustules, etc. It is very easy to assume that since skin is on 
the outside of our bodies that these reactions are caused by exterior factors 
(ie. irritation from a detergent, mold, etc.). However, the skin is our largest 
detox organ, and many pathogens seek exit through the skin causing many of 
the above conditions. 


The scenario that | keep hearing is the following: We just started the Kalcker 
Parasite Protocol. Little Johnny has a rash with white heads on his legs. 
What do | do? When the families keep up with the parasite protocol, and 
continue dosing daily with CD these eruptions disappear, and this is generally 
accompanied by improvements in behavior, or hyperactivity/anxiety. 


We need to think about skin issues as outward manifestations of inner toxicity, 
and use our protocols accordingly. Skin issues can be a good indicator that 
something is being flushed from the system, or something needs to be flushed 
from the system. The Kalcker Parasite Protocol combined with CD tends to 
eliminate skin issues at the root. 


The following paragraphs were excerpted from leakygut.co.uk, written by Dr. 
Gloria Gilbere ND DA hom PhD’: 


Experts agree that most chronic skin disorders, specifically psoriasis, is 
the external manifestation of the body's attempt to eliminate internal 
toxins that have accumulated within the lymphatics and blood stream 
by “seeping” through intestinal walls in a condition known as leaky 
gut syndrome. 


In working with clients around the world, the protocols that have been 
most effective are those that include repairing the intestinal walls by 
first beginning a protocol to eliminate candida yeast and parasites. 


The most effective cleansing protocol is obtained by clearing out 
these “uninvited” health-depleting microorganisms in order to release 
the accumulated pressure on the liver and the intestines—allowing 
free passage and thus reduction of overall toxic load. 
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The following paragraphs, authored by Dr. Edward F. Group Ill, DC, ND, 
DACBN, DABFM, were excerpted from parasite-cleanse.com/intestinal- 
parasite-symptoms.htm!!": 


‘Symptoms of Intestinal Parasites Related to Skin 


The presence of intestinal parasites, at times, manifest as allergies, 
tumors, and various other skin conditions. 


Intestinal parasites cause the human body to release hormones and 
immune system defenders, which in turn irritate the skin and cause 
various skin conditions such as acne, hives, rashes, itching, weeping 
eczema, ulcers, swelling, sores, lesions, blisters on lips, and dermatitis. 
Italso deprives the skin of its usual glow. 


Intestinal parasites cause irritation and inflammation in the stomach 
making it difficult to digest certain types of foods. The presence of 
undigested food particles in the stomach causes the body to produce 
increased levels of eosinophil, an immune system defender. These 
eosinophils inflame the body's tissue and cause skin rashes. 


Intestinal parasites trigger the body’s immune system to develop a 
tumorslike mass known as granuloma to encase parasitic larvae or 
eggs. Granulomas usually develop in the colon, rectal wall lungs, liver, 
peritoneum, and the uterus. 


Btw, you were bang on re his alergies and PP parasite 
protocol) He had this horrible red ip thing because of food 
alergies. He would make it worse by rubbing it. It would get 
realy bad After first PP Parasite Protocol - NO MORE RED 
Lip ISSUES! 


Families often tend to panic when dealing with sudden “unexplained” skin 
issues. If you are seeing chronic or acute skin issues | think there is enough 
evidence to look towards parasites as the main or at least a contributing 
culprit. Therefore, if we work towards removing the parasites causing the 
symptoms, rather than treating the symptoms topically we can expect an 
alleviation of the symptoms. 


If you are seeing acute or chronic skin issues and you have not started a 
Parasite Protocol, ! would suggest you revisit the parasite chapter and go over 
the recommendations with your healthcare provider. Keep dosing CD, in 
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some cases upping the dose has helped resolve the issue faster, and in the case 
of severe irritation using a CD spray topically can provide relief (10 activated 
drops per ounce of water in a spray battle) and a CD bath can also help. | 
have seen most, if not all skin issues resolved with CD and/or the Kalcker 
Parasite Protocol. 


Healing Adults with Autism 


Common thinking in the biomed community and the autism community at 
large is that autism is only “curable” or “recoverable” up to a certain age. | 
have heard that two to nine years old is the “golden window” for autism, and 
that after nine years of age improvement would be possible, but not recovery. 
The neural pathways would be set, the damage done, and the chil 
retain the autism diagnosis for life, 


would 


Not anymore. This year a 15-year-old recovered from autism, as well as two 
17-year-olds. In addition, am helping an amazing mother of a 31-year-old with 
autism that began the Protocol and for the first time in 28 years was seeing 
real progress with her son. In fact that young man's ATEC score dropped 
from a 65 to somewhere in the 20s in his first three months on The Protocol. 
I want to prove that autism recovery is possible at any age. It may take longer, 
and the road may prove more challenging, but it’s already happening. Families 
that have been using biomedical interventions for more than ten years are 
finding the Protocol and sharing their gains. 


Older children and adults on the spectrum start the same way as the little 
kids—clean up the diet first,and then on Day one of CD, give one drop in eight 
‘ounces of water over eight doses throughout the day. It is so important to 
start low and slow even with adults because they have often been chronically 
ill much longer than young children and have deep rooted pathogenic and 
parasitic infections. This means that when we start giving CD they might 
experience a detox reaction considering the amount of pathogens that will 
be dying. 


Working with Neurotypical Adults 


Can CD benefit parents and other adults not on the spectrum? Absolutely. 
You can literally find thousands of testimonials on the Internet (jim Humble’s 
website, wwwjimhumble.org or www.curezone.com, etc.) on people who 
successfully detoxed, or healed a myriad of illnesses using CD. 
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Many parents who have seen improvements in their children have decided to 
use CD, or the Kalcker Parasite Protocol for themselves. | have done CD oral, 
baths,and enemas on myself, especially when I fee!"something coming on” and 
with great results. 


It's important to keep in mind that just because we weigh more than our 
children doesn't necessarily mean we should jump in and go to full dose from 
one day to the next. The best way to start an adult who may have 40 or SO+ 
years of accumulated toxins/pathogens/parasites is low and slow. Use the 
baby bottle method and start day one with one drop spread out over eight 
doses and go up from there. Chart your progress, see how you feel, go low 
and slow. When we as adults use the protocol it can be great for us, but also 
a window into how our children are feeling. 


I love to see a mom or dad begin CD with their child. Both begin at one 
drop on day one in eight ounces of water, 1/8 or a drop per dose, for eight 
doses throughout the day. Starting with our children gives us a much better 
understanding as to how our child is feeling, and when we up the dose how 
that feels as well. This includes enemas. Once parents see how good they can 
feel after an enema, it helps garner confidence, if we had doubts about using 
them for our children. Applying our own enemas can help to remind us just 
what a powerful tool they are for healing. 


Many of the parents doing the protocol for themselves write me to tell me 
about their remission from fibromyalgia, chronic fatigue syndrome, Lyme 
disease, life-long constipation, etc. 


We all do the parasite protocol in my house so as not to re-infect my son, 
as parasites can be highly contagious. Last year | did a round of parasite 
medications prescribed to me by a doctor. During the course of treatment 
I felt a tremendous amount of anxiety and some depression (feelings | had 
never felt before) right before | passed worms, | can assure you it felt awful. 
That experience motivated me to encourage parents to get these invaders 
out of their children’s bodies. 


As soon as | started passing worms and detoxing more with CD, | started to 
feel good again. The cough that | had had on-and-off for years miraculously 
disappeared. Seriously, go low and slow, a toxic body can only process so 
much at a time. Too much too fast can cause headaches and diarrhea. The 
way | see it, there is no need for that, listen to your body and go at whatever 
pace you need, Don't just“push through,” low and slow wins the race. Always 
remember to drink water when doing any sort of detox! 
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Tax on a Marriage 


During the first five years after an autism diagnosis married couples face an 
estimated 80% divorce rate, and a 90% chance of divorce beyond the tenth 
year of marriage. My family was almost a statistic. Even before we had a 
diagnosis, our family was suffering. Due to Patrick's constant screaming and 
tantrums, he wasn't sleeping at night, and that meant that no one else was 
sleeping either, He had also stopped being the affectionate baby that he was 
for the first two years of his life, which was emotionally challenging for all 
of us. We were all over stressed and sleep deprived, not to mention having 
symptoms of post traumatic stress disorder (PTSD). 


If could give any advice to families dealing with a new diagnosis it would be 
to start The Protocol and CD immediately. The sooner the affected family 
member starts to heal, so will the rest of the family, similar to the sun coming 
out after a storm—this too shall pass. 


Financial Stress 


Not only is an autism diagnosis emotionally stressful on a marriage, but it can 
be extremely financially stressful as well. The Protocols outlined here can be 
extremely cost effective, even if including ocean water. Recently, one of the 
moms using The Protocol did some calculations comparing what she spent 
previously (see table on page 342) using another biomedical intervention with 
many supplements, etc., to what she spends now (see table below). 


The Protocol - Estimated Cost 


Reorder | Current Cost 
Schedule | per Month 


Product Size | Price 


co tottie | $22 imo $22.00 


Diatomaceous Earth 251b $15 13m0 $5.00 


Rompepiedras 50 mi $24 1/2m0 $12.00 


Vortex Ocean Water aL $40 imo $40.00 


THERALAC* 30 caps | $36 imo $36.00 


Natures Way* Neem toocaps | s409 | 1/5mo $0.75 


Pyrantal Pamoate (Combatrint) | 32.02 $35 1/6m0 $5.00 


NOW Castor Oil 1eoz | $823 | temo $1.38 


Mebendazole sotas | $28 1/50 $5.60 


TOTAL $127.73 
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Defeat Autism Now! based Protocol - Estimated Cost 
Reorder ] Current Cost 
Schedule | “per Month 


Calm PRT 


Tweaks 


$78.00 


Capriex™ 


“Téweeks 


$10.60. 


Cytofiora™ 


‘imo 


$79.00 


Designs for Health 
Lithium Synergy 


120 caps 


timo 


$6.00 


DMG 


30 


Tema 


$10.60 


Douglas B-Complex 


60 


1Vémo 


$21.00 


Douglas CoO10 


60 


TTémo 


$12.50 


Enhansa™ 


750 caps 


7175 days 


$29.00 


Enzymedica Virastop™ 


120 caps 


17/4 months 


$8.00 


Garden of Life Probiotics 


EI 


Timon 


$3217 


GiRevive 


2259 


Timon 


$52.00 


Homocyesteine Supreme 


0 caps: 


T4months 


$5.00 


Kirkman Digestive Enzyme 


200 caps: 


173months 


$20.00 


‘Kivand VIE 


500 


Tiemonths 


SOs 


Klaire Multivitamin 


780 


T7amonths 


$9.00 


Liver Life 


oz 


TP2months: 


$25.00 


Magnesium 


7240 


Témonths 


$7.00 


Metagenics Adreset™ 


60 


T4months 


$8.00 


Milk Thistle 


700 


Tamonths 


38.00 


NDF+ 


Toz 


Témonths 


$15.00 


NeuroProtak® 


Thatiles 


$140.00 


‘aJamonths 


$35.00 


NeuroScience Avipaxin 


60 


$58.00, 


T/2months: 


$26.00 


NeuroScience EndoTrax 


Tote 


$27.00 


2imanth 


$54.00 


NeuroScience Kavinace 


720 


$65.00, 


amonths 


$32.50 


New Beginnings Copper 


30 mi 


$20.00 


year 


S175, 


NOW MCT. 


‘aaz 


317.00 


months 


$2.80 


Nutibiotic GSE 


402 


$16.99 


16months 


$3.00 


OSR 


30 


360.00 


T2months 


$30.00 


Oxycell Glutathione Cream 


tier 


$33.00 


T2months 


$16.50 


Pharmax God Liver Ol! 


Boz 


313.38 


imon 


$13.33 


‘Source Naturals B6 (p5p) 


240 


315.00 


T6months 


$2.60 


Source Naturals Evening 
Primrose Oil 


90 


$7.45 


‘Véweeks 


$4.97 


‘Source Naturals Gaba 


1009 


318.00 


T4months 


$4.50 


‘Source Naturals Lysine 


7200 


$10.00 


‘ian 


$10.00 


Source Naturals Quercitin 


200 


$25.80 


1/3months 


$8.25 


Speak EFA 


60 


$42.00 


“Simonth 


363.00 


TheaNAG 


20 


$54.00 


Timonth 


$54.00 


Therabiatic 


120 


$69.00 


T2months 


$35.00 


TravaCor J 


720 caps 


$24.00 


TWamonths 


37.00 


Vit B12 shots 


refill 


$45.00 


WFamonths: 


$15.00 


Wobenzyime® 


720 


$60.00, 


1/2months 


$30.00 


TOTAL $894.91 


Miscellaneous Information You Should Know 343 
Tips for a Non-Toxic Home 


Many of our children on the spectrum have chemical sensitivities, and even if 
they don't 
as much as possible. Toxins are not good for anyone at any point in their life. 
The benchmark investigation “Bodyburden: The Pollution in Newborns” by 
the Environmental Working Group" (see Appendix 13, page 499) explains why 
this is so important for children with developing brains and immune systems. 
The following is a 
cleaning products. 


i's wise to limit their exposure to toxins during the healing process 


of products to use instead of toxin filled, name brand 


Floor cleaner: Add one cup of white vinegar and baking soda to a bucket 
of water (add a squirt of liquid soap if you like). 


Air Freshener: To remove odors from carpets spread on baking soda and 
then vacuum the carpet. Simmer cloves and cinnamon as air freshener. 


Removing Toilet odors: Borax 


‘Trasheans: Spread baking soda in the bottom, then spray to disinfect with 
a solution of borax and water. 


Dish soap: | use liquid dishwashing soap and whi 
you buy dish soap make sure it's biodegradable. 


vinegar to cut grease. If 


Disinfectants: Borax with water is an excellent disinfectant, or spray CD. 


Laundry detergent: Soak the clothes for an hour in borax soap before 
putting into the washer. 


Oven Cleaner: Dissolve two teaspoons of liquid soap (not detergent) and 
‘two teaspoons of borax with enough warm water to fila spray bottle. 


Windows and Mirrors: Club soda in a spray bottle 
Toilets and Tubs: Baking soda with apple cider vinegar 


96% Alcohol: Kills parasites on enema catheters, etc., and is great for 
cleaning bathrooms. 


Videos 


I have had many parents ask me if | think it is a good idea that their child 
watch “Genius Baby” or other videos that are supposed to help with their 
development. | do not believe these videos to be appropriate for a developing 
brain, Studies were done in Cuba that found that excessive TV watching 
before three years of age can cause the symptoms of autism. When the TV 


344 Chapter 14 
was removed from the children that presented symptoms of autism, the 
symptoms disappeared. They also reported that TV watching could cause 
neurological discharges in the brain. 


I can also tell you that the only time my son stims or flaps is when he is 
allowed to watch TV. When he was younger, and deep in the throes of autism, 
the only thing he wanted to do was watch TV, while running back and forth 
and squealing. Any other activity was met with screaming and tantrums. He is 
much more interested in other activities now, and easily transitions from one 
to the next, including school. However, he still requests to watch YouTube in 
the evenings when all of his activities are complete, and that is truly the only 
time he flaps his hands anymore. To me it is very obvious that TV is a source 
of over stimulation for him. However, itis hard to deny him a truly preferred 
, especially when he enjoys videos on cooking and foreign language! 
The least amount of screen time (TV, computer, iPad, etc.) the better, however, 
we do what we can. 


Therapy Options: 
ABA is not the only therapy for children with autism. 


Many parents worry because ABA/IB!I is either not available, or not affordable 
to them. | firmly believe that something is better than nothing. At the same 
time, | have seen many children recover without any ABA or IBI. Here are 
some of the options that have worked for families in conjunction with the 
protocol: 


+ ABA - Applied Behavior Analysis 

+ Occupational Therapy 

+ DIR® Developmental - Individual Difference, Relationship-based 
Model 

+ Floortime Therapy 

+ TEACCH - Treatment and Education of Autistic and Related 
Communication Handicapped Children 


+ Son-Rise® 
+ PROMPT - Prompts for Restructuring Oral Muscular Phonetic 
Targets 


+ Sensory Integration Therapy 
+ RPM - Rapid Prompting Method 
+ Supportive Typing 
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There are many other options not mentioned here. Human interaction is key 
for our children on the spectrum to find joy with us in our world. 


I have known many families to have varying degrees of success with all of 
the above therapies. Some are better for younger children and some 
for older children. Depending on the areas most lacking in your child's 
development, you can investigate any one of these types of therapies. 
Families in many countries where insurance doesn't cover any type 
of therapy have had to be trained themselves in how to apply therapy. 
Sometimes an aunt, sister, cousin, or neighbor steps up to help out. 
No ONE therapy has been fundamental to all of the recovered children and for 
that reason I say something is better than nothing when it comes to therapy. 


Even household chores can be therapeutic and task oriented. Simply because 
a person has autism doesn’t mean they can't have responsi 
new skills while helping out in the home. 


ities and learn 


Aword on laboratory testing 


| can't stand to watch people waste money that they could be using for healing 
their children through various interventions on laboratory testing. If you have 
all the money in the world, and want to chart your child’s progress through 
laboratory testing, so be it. However, the rest of us sometimes have to choose 
between expensive testing and treatment. So many families have come to me 
after spending thousands of dollars they didn’t have on testing to tell me their 
child has viruses, bacteria, and candida. Am | surprised? Never. I have yet to 
see a child with regressive autism that does not have pathogens/parasites. No 
matter which pathogens are present, we use CD. 


Testing for parasites is woefully lacking at this time, and in fact, the only 
practitioners who have consistently diagnosed parasites have been veterinarians 
and practitioners of alternative medicine (also Metametrix labs have identified 
parasites in some cases). 


Generally speaking, if a child doesn't have viruses, bacteria, yeast, parasites, 
heavy metals and allergies they don't have autism. 


Stay Up-To-Date 
Subscribe to our Newsletter! 


Just go to www.cdautism.org and enter your name 
and email address... 


CD 
STs as 


‘Autism: Avoidable. Treatable. curable. 


spatial > location > gps 


GPS 


The acronym GPS properly refers to the entire Global Positioning System, including 
satellites and ground-based control installations. However, a GPS sensor consists of a 
surface-mount chip that processes signals from GPS satellites using a small rectangular 
antenna, often mounted on top of a GPS chip. 


‘A GPS module is usually a small board on which a GPS sensor is mounted with addi- 
tional components. A GPS receiver is a device including a data display and other fea- 
tures, such as memory, in addition to a GPS module. In casual colloquial usage, 


someone who refers to “a GPS’ usually means a GPS receiver. 


GPS is almost always capitalized without periods. 
OTHER RELATED COMPONENTS 


+ magnetometer (see Chapter 2) 


What It Does 


The Global Positioning System is a navigational 
aid jointly funded by the U.S. Department of 
Defense and the US. Department of Transpor- 
tation, while being maintained by the US. Air 
Force. Signals from GPS satellites can be 
received and processed by modules in a wide 
variety of equipment ranging from aircraft to 
wristwatches, The signals provide location data, 
and may also be used as an accurate time refer- 
ence. 


Schematic Symbol 
There is no specific schematic symbol for a GPS 
chip. Itis likely to be shown as a box cont 
abbreviations that define pin functions, similar 
to any integrated circuit cl 


GPS Segments 
The Global Positioning System consists of three 
segments: 


The space segment 
This originally required 24 communica- 
tions satellites, but was revised in 2011 to 
require 27, to provide better global cover- 
age. As of August 2015, there were 
actually 31 satellites in service, with addi- 
tional "spares" that can be activated if 
necessary. The satellites occupy orbits 
12,500 miles above the Earth, allowing 
each of them to circle the planet twice in 
24 hours. Specifications are maintained 
online, 


The contro! segment 
This includes a master ground-based con- 
trol station, an alternate master control 
station, 12 command and control anten- 
nas, and 16 monitoring sites, all main- 
tained by the US. Air Force. 


Chapter 15 


Final Thoughts 


If you knew how powerful your thoughts were 
you would never think a negative thought again. 
~ Peace Pilgrim 


mhat would be your message to families of children with autism who 
have just read the book, but not started the protocol? 


Do not wait! Get started now! Autism is Avoidable, Treatable and Curable! 
You don't have to spend fortunes on lab testing, imported foods nor 


supplements. Even if the medical community can’t decide if your child has 
autism, PDD-NOS, ADHD, Asperger's, PANDAS, etc.... don’t wait! Start the 
diet. Even if you cannot do more than that, it will help. Some children have 
lost their diagnosis with just diet. There are parents all over the world doing 
biomedical protocols for autism, get together with them, join the forum at... 


www.cdautism.org 


or the CDAutism Facebook group. The Internet helps us all to be close and 
share information. Don't let anyone tell you the diet doesn’t work, just keep 
going and don't stop. There is never an excuse to not de what is right for your 
child. “Their future depends on our courage.” 


The final chapter of 
recovered every victim of regressive autism, there is no success. Just progress. 


is book is yet to be written. Until the day we have 


Here I have expressed what | have seen and what the road of autism recovery 
has brought to me. | have learned a lot and continue to learn. Our children 
need us to keep learning and searching until we find what unlocks them from 
their autism. Not everything works for everyone. However, | have seen that 
this protocol works for most. Especially when it is done exactly as it should 
be. If you have found this book you have an advantage that | did not have with 
my son. When | first learned of Patrick's diagnosis | lost precious time and 
money that | didn't have to lose, trying interventions that didn't yield results. 
In the nine years that my son has been in recovery | have yet to come across 
another protocol that has helped as many children to recover from autism 
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in such a short amount of time—less than three years, to be exact! As of 
the date of this writing in May of 2013, 93 children have lost the diagnosis of 
autism and every month more and more are recovering. 


Please remember that if your journey is autism you will never walk alone. | 


am here too. Just one click away... 
www.cdautism.org 


I wish everyone who is ill to have the fastest recovery possible from whatever 
itis that ails them. 


To be continued... 


Dr. Andreas Kalcker, Kerri Rivera, Jim Humble, 
in Puerto Vallarta, Mexico 2012. 


Chapter 16 


Healing Beyond Autism 


When TRUTH is found, understood and accepted is when we realize it 
was not even close to what we thought it would be... 
~ Miriam Delicado 


A Humble has been proving for many years, chlorine dioxide is a 
jolecule capable of healing many common ailments. When combined 
with the other elements of this protocol, in the correct order, it has shown 
to be even more effective. We have decided to include this bonus chapter 
because it is time to start sharing this information with everyone,as pathogens 
and parasites are the root cause of many of the diseases that are causing 
suffering in our world today. 


As parents saw improvements in their children’s health from the protocol, 
some of them decided to use it on themselves as well. Similarly to when the 
flight attendant tells you to put on your own oxygen mask first before helping 
others, itis important to take care of yourself if you want to be able to help 
your children heal, grow, learn and mature. 


(Over time, parents who followed in their children’s footsteps started to have 
some undeniable gains in their own health. This was an added bonus many 
didn’t expect, and we couldn't resist sharing their stories with you. 


After reading the parasite chapter, you may have been surprised to see how 
‘many common symptoms can be caused by parasitic infections. Imagine what 
would happen if we could get this information into the hands of people wha 
have seen many doctors, used various drugs, and applied countless protocols 
for years while only masking the symptoms of the underlying cause. So, there 
should be no surprise if going after the real cause was life changing in real 
ways, 


The following testimonials are a small sample of how some of these people's 
lives have been changed. Serious afflictions such as Lyme disease, fibromyalgia, 
chronic fatigue syndrome (CFS), depression, cancer, and chronic infections, 
are just some of the conditions that improved or completely cleared 
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up. By cleaning up toxic pathogens and parasites, as well as removing foods 
that feed these invaders, it should be no surprise that disease triggering 
inflammation is reduced so true healing can take place. 


J am so excited for you to read these, and | know that some of you will 
recognize yourselves here. Please know that healing is possible! We have 
a public Facebook group called CD Health where adults using the protocol 
for themselves can share questions, doubts and success stories. | highly 
recommend that you check it out if you are looking for support or some 
guidance getting started. 


Testimonials Beyond Autism 


After we saw our son recover from ASD using CD, 
tried CD myself and it helped me recover from Lyme 
and its co-infections. Some of our extended family heard 
about our success and they have had very good results 
using CD for treating Hypertension, Diabetes and Liver 
problems. My younger NT son used to bang his head 

in sleep since he was born, CD has now resolved the 


problem. | think anyone who tries CD sincerely, can only 

benefit in treating so many hard problems. One very 
beneficial side effect | have seen with CD is the resolution to seasonal allergies and 
improvement in the immune system to the point where kids do not fall sick or catch 
colds. In this regard CD is much better than yearly flu shots which have so many 
toxic elements in them and still do not protect adequately. 


—Nilesh 


To say I was anxious about the impending birth of Baby #2 is an understatement. | 
felt lke I had failed our first born on so many levels and was a mess believing that Id 
do the same for our new daughter. 

But alas, she was born a perfect and healthy baby girl. So was Callum, our son, but 
unlike Lila who had zero interventions, Callum had antibiotics from my labor, the 
Vitamin K shot, HiB, and DTaP. And it was the DTaP vaccine at 15 months that took 
the shine from our sweet boy's eyes. 

We discovered Kerri’s protocol when Lila was 3 months old and more worries 
cropped up about how to best protect her from the die off that was going on in our 
house 

‘At S-months, she developed an eczema patch underneath her chin, became 
chronically constipated, and her normally cheerful disposition became irritable. 

‘As soon as she hit the 20-Ib mark, | started giving her 20 drop CD baths, low dose 
oral CD, and 3 drop CD/150 mL water enemas. To my horror and surprise, Lila 
started passing 1” baby roundworms almost daily. 

In a family with both NT and ASD children, the NT child always has some type 

of quirky behavior. Now we know why! Parasites do not only affect the ASD 
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population, they affect everyone. Having CD in my tool chest gives me the power to 
prevent so many things that may have been in my daughter's future. 

Don't be afraid to treat your babies! Her eczema is gone and she’s pooping 
regularly once more. 


I write and share my story in that it might help or save someone else's life. That it 
may just be the key to help someone see what may be what is happening for them 
as it was and is happening to me. Ift helps just one person onto their path to 
recovery and health then it will have been worth sitting down at this computer and 
sharing it 


For the past 10 years or so my world has been collapsing in on me, and getting 
smaller and smaller, and accelerating the past 5 years. | have felt as if | were under 

a thick coffee mug on the edge of a table about to fall off. On a scale of 0 to 20 
with 0 being death and 20 being fully alive and cognizant, I felt as thought | was at 

3 staring at 0. For the past 5 years at least ! have done so much research, listened 
to so many radio interviews, done so many different modalities, bought so many 
products, paid a lot of money to different therapists, ate weeds, made my own 
concoctions, etc. My mother would always say to me wow you should be so healthy 
to which I would reply no mum, actually | am not, | began feeling like a phony. | ate 
real good took all the right stuff, got plenty of rest foraged for my own food and 
spring water, got exercise, walked barefoot, etc, but always felt exhausted and looked 
worse and worse. | was fighting with everyone it seemed and chasing people away 
including family. 


Four months ago my wife decided we should go away on a weekend getaway and 
relax. We fought the whole drive up there and when we got there she threw me my 
room key and said you're on your own. | spent the whole weekend in bed and on 
the trip home we both decided to end our 20 year relationship and marriage. | was 
good with that and looking forward to being on my own. | was finally chasing the 
last person who mattered to me away. 


Aweek later an angel came into my life. | have been listening to oneradionetwork. 
com for the last 5 years and on this day Patrick Timpone had a lady by the name 

of Kerri Rivera on and she spoke about how she was curing kids with autism and 
that the kids had parasites. I looked up the symptoms of autism and realized | 

had quite a few of them. | immediately began the mms enema protocol which she 
recommends. | could not believe what then came out of me. | kept this up for a 
week and still there was no let up with the amount of parasites, biofilm, and who 
knows what coming out of me. After a week of this and seeing no let up on what 
was coming out of me, and having just done an mms enema | laid on my bedroom 
floor and the grief just poured out of me. My wife came in and lay down next to 
me and just held me. I knew then that something had changed, that my life and my 
marriage were now on a healing path. That the pain, the toxins and parasites were 
now leaving my body. 

It has now been just over 3 months and there has been no let up on what has been 
coming out of me. If were to have scooped it all up and put it in a jar I am sure 
it would fill a one gallon jar with hardly any water in it. | now feel | am at about a 9 
with 20 in my sights. | thank God that this info came into my life and | took action 
on it. It has saved my life and my marriage. | love my wife, and cannot imagine not 
having her with me. And I love my life and am looking forward to not only getting 
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to the 20 mark but what is beyond the 20. What is possible when one's brain is at 
full capacity and not being inaundadated with toxins? Much love and appreciation 
goes out to Patrick Timpone at oneradionetwork.com, Kerri Rivera and her work 
With autistic kids (adults too Kerri), and to Andreas Kalcker. Thank you all for 
showing me and pointing to the keys | needed to free myself from what has been a 
nightmare, 


A big part of my healing has been reviewing my life and realizing that this has been 
going on for most of it and answers so many questions I have had. As a child 
growing up I had pain in my stomach and what the doctors eventually did was take 
‘out my appendix, which most of us know now is needed to keep the healthy flora 
in our intestines. And they told my parents that it was all in my head. So whenever 
| complained about stomach aches and pains was told that it was all in my head. 
School was a nightmare for me, as socially | felt | didn’t fit in or belong, and a lot of 
easy concepts that most others got, | just couldn't get. | always had the feeling like 
Iwas missing something. | felt as though | was stupid or something just wasn’t right 
with me. now know there are many just like me. The words Autism, add, adhd, 
ocd, etc were not a reality back then. And | know those are just words or diagnosis 
of toxins and parasites. Get rid of the toxins and parasites and the diagnosis goes 
away. Easy peasy. Thank you all for listening to this chapter of my story. I look 
forward to many more chapters in my life story. Please feel free to pass this along 
to anyone who it may help. Much love. 


—Bruce 


When starting the protocol for my son's Autism, | 
decided to do it along with him 

[was suffering from Hypothyroidism,Adrenal 
Fatigue, a Hormonal Imbalance, and Severe Anemia. 
My cortisol was at a 3. One week into the protocol, 
my cortisol was at a 14, and my iron levels were 
normal without supplements. My thyroid medication 
dosage was decreased twice. My vitamin levels were 
all normal. My uterine fibroid cysts were completely 
gone after a few months on the protocol. | continue 
to see improvement in my health. This protocol has 
been a Godsend for my family. 


—Maggie Kaye 


CD has been life changing for my 18 year old son who has autism and Lyme, 
although his ATEC today is only a 3, down from a 68 at the start of cd, but | never 
thought it would be so instrumental in my dad's life also. 


My dad, William, has a malignant melanoma in his eye and has received radiation for 
treatment for the last few years. | talk about cd all the time but they never took 
this treatment seriously, at least for anything besides autism until now. My dad gets 
terrible ear infections that he sometimes has to go to the hospital for. They tell him 
each time that he has “swimmers ear" and they give him abx, sometimes it seems to 
work, sometimes not, and he goes back to the drs or hospital for more abx...over 
and over. Recently he was leaving here for his 7-hour trip home, and he was very 
Worried that he would not make it home with the painful infection that had begun, 
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and he would have to stop on the way and visit a strange hospital. So | mixed up 
some cd, and told him to drop a few drops of the cd mixture in his ear periodically 
con his way home, To his surprise, the infection cleared up by the time he got home 
and there was no need to even call a doctor. 


Of course, my secret plan is to get him on the cd protocol to finally deal with the 
tumor in his eye and that’s the plan we have started. Whether he uses it and shrinks 
the tumor and saves his life with cd or not, he’s a true believer now that cd cures 
infection. 


I have been taking CD and the parasite protocol for § mo.,and here are my 
observations. | have had long-term chronic sinus issues which has caused sever 
sleep problems, Also, a few months ago, | had a severe toothache in the upper 

left area. The dentist examined and found no fault with the tooth, even though 
there was severe swelling in the area. The infection originated from my sinus, and 

by taking my CD regularly hourly, was quickly solved. (My hourly CD doses were 
compromised by travel) | have also noticed improvement in my sinus condition, 
resulting in better sleep, although | have not fully recovered yet. Right now my 

sleep is somewhat interrupted by peetox. | will continue CD and PP for the 18 mo. 
Previously; | had used several naturopaths, with either negative results or limited 
results that disappeared when the medications were discontinued. So far | am happy 
with CD and would recommend it to people to try. 


—Ed Canada, 


A friend started eardrops with her 13-year- 
old pug 3 weeks ago. The pug Lucy was 
almost deaf from ear infection after ear 
infection, on constant drops, had seizures. 
After 3 weeks on CD eardrops, went to the 
vet, no ear infection, hearing is improving! 


Winning! 


Since | was a child, | had been anemic and reading the book “Healing the symptoms 
known as autism” on the Parasite chapter, | saw that anemia is a sign of parasite 
infection. Since my son is taking CD | also took CD to know how my son feels and 
maybe cure my anemia. I had no problem going up to 24 drops in less than 2 weeks. 
| stopped taking my iron pill after 1 month of taking CD. | also did parasite protocol 
as | do not want to reinfection my son. Since, | stopped taking my iron pill | never 
had any dizzy spells and I feel great. 


| used to wake up at night too to use the bathroom, now with CD no more 
night waking. In 2009, | was informed by my Doctor that | need to go and see a 
specialist as there was some suspicious stuff in my Pap Test and if not removed it 
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can lead to cervical cancer. | was booked in the hospital for the procedure. After 
taking CD reaching full dose, | had been discharging this horrible smell like rotten 
egg, whenever | urinate. It took about a month before it stopped. Whatever that 
was, CD cleansed me and I think that discharge is related to my diagnosis on the 
pap test result. | am very grateful for CD for giving me my health back. | am still 
continuing taking CD as I want to be healthy and | will also try to complete the 
Parasite protocol for 12 months, | just finished my Sth PP and have been seeing lots 
of parasites mainly pinworm and ascaris. Now, | know the root cause of my anemia 
especially. | would encourage people to try the Protocol and see where the healing 
leads you. Thanks to Kerri Rivera, Jim Humble, Andreas Kalcker and people who 
used the CD before me as you gave me courage to use the CD. 


—G.M, Canada, 


Two days before our first set of cd bottles arrived (we bought it to start Kerri’s 
protocol with our autistic daughter), our son (6) got sick with scarlet fever. We 
didn’t give him antibiotics because we just finished our research on cd and were 
excited to use it instead. My sons face was swollen and red, he had a moderate 
fever and rash all over his body. After the first dose of | activated drop of cd within 
one hour his swollen red face subsided completely and in the evening the fever was 
gone. His rash got dry and after 3-4 days it was not visible anymore. Our physician 
told us that scarlet fever without antibiotics lasts up to three weeks. We were 
done within 4 days, without damaging his gut flora, as it would have using antibiotics. 
CD has taken care of many infections in our family since then and most important 

- brought our daughters ATEC down from 100 to 46 in nine months. I'm beyond 
grateful for its discovery. 


For the past six years, my life has been plagued with anxiety/fear, depression, 
pressure in my chest, making it difficult to lay flat and sleep, bloating which caused 
me to look 7 months pregnant and which made my abdomen very tight and 
uncomfortable. Headaches, weight gain, sore joints, no energy. fibromyalgia pain, and 
dizziness causing me to feel drugged and off balance. 


The anxiety and fear were debilitating literally making it impossible for me to sleep. 
would go night after night not sleeping, just dead on my feet suffering with so much 
anxiety and very frightened wondering what in the world was wrong with me. 


When Kerri’s book, Healing The Symptoms Known As Autism came into our lives, 
| read it wanting to help or autistic son. | soon realized I had so many of the 
symptoms that I needed to do the protocol. 


| started on the cd taking a very small amount, 2 drops every hour, about 12 doses 
per day, and worked up to between 60 and 90 drops a day, I also took ed baths and 
did enemas. | increased the cd every day by just a drop or two. Very soon | started 
to calm down significantly. | started sleeping! | started losing weight! For about 5 
weeks I thought | had died and gone to heaven. In two months | lost 20 Ibs. 

But when my anxiety started coming back I set up a consultation with Kerri. 1 
learned I needed to begin the parasite protocol to kill the parasites. The cd just 
killed the little ones. 

With Kerri’s help in several consultations | was able to tweak the protocol in 

her book and apply it to me for my personal needs. | started on low doses and 
increased it for what I needed to sleep. 
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As of today | have only been taking Mebendazole, the medication that kills parasites, 
for 3 and a half weeks. sleep at night. Some nights are a little choppy but I get 4-5 
hours of sleep. | am not depressed. My emotions are not all over the place. | am 
coping. I'm functioning without sever headaches, only mild ones. still have bloating 
but not as severe. | feel like | will ive and that | am not dying anymore. | hardly ever 
feel depressed. 

To date | take 200mg Mebendazole at breakfast, lunch, dinner and bedtime, plus a 
200mg implant right before I get into bed. The implant has been the turning point in 
my healing. (Consult with Kerri for directions regarding the implant) 1 also take 2 
neem tea capsules with each meal, Also, one dose of Combantrin everyday at lunch. 
| take castor oil as needed each day 1-2 Tablespoons to keep things moving, plus a 
cd bath at bedtime, 150 drops soaking for 20 minutes. 

Trying to differentiate what is die-off and what are actual symptoms from the 
parasites is challenging. Pay close attention to how you feel after you do or take 
something. After an hour note how you feel. Worse, better? You have to listen 

to your body. Consult with Kerri often and keep her informed by email. You may 
have to tweak the protocol every few days so write everything down, day, time, how 
much, how you feel ete. 

All of my symptoms are not gone 100% but they have greatly improved. The anxiety, 
which was the worst and most debilitating symptom, is the greatest improvement | 
have had. I know I will be able to heal completely and get my life back. | have just 
begun!! I have had so much progress in just a few short weeks that | still cannot 
believe it!! And... have lost 2 more pounds!! 

Thank you Kerri for all of your love, support and guidance! | could not have 
attempted this without your knowledge and help! You are an angel!!! IAM 
HEALING!!!" 


Your devoted friend, Marcie 


My mother 84 yrs of age- who has dementia was very, very serious last week. Her 
lungs were filled with mucous and she could not spit it out. We thought this was the 
end and my sister invited the priest to bless her. The doctors suggested that | place 
her in a hospice, but | refused! They also offered antibiotics, but | bought some CDS 
and gave it to her every hour. | placed a humidifier with 40 drops of activated CD 
by her bedside day and night. And massaged different parts of her body with CD 
and DMSO. soaked her feet just once in CD as it is difficult. She cant sit straight. To 
everyone's surprise she made it through. Just alittle bit more to clear up! Thank you 
everyone for sharing wonderful tips on loving and caring for our loved ones! This is 
a wonderful extended family! love the CDI!!! 


ex y 
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| want to thank all of those who were kind enough to share their personal 
stories with us. There are many more, but you get the idea. | am so excited 
for you to read them, and | know that some of you will recognize yourselves 
here. It just goes to show that healing challenging illnesses is possible. We 
have a public Facebook group called CD Health where adults using the 
protocol for themselves can share questions, doubts and success stories. | 
highly recommend that you check it out if you are looking for support or 
some guidance getting started. 


The user segment 
This consists of receiving devices, includ- 
ing those that are government-owned 
and those that are privately owned. 


How It Works 


Each satellite carries multiple atomic clocks that 
maintain precise time, and a pseudo-random 
number generator in the form of a linear- 
feedback shift register (see Volume 2), 


A GPS receiver can distinguish the signals from 
at least four satellites by comparing their 
received pseudo-random bit sequences, and 
can compute the receiver's distance to each 
satellite by comparing the arrival times of satel- 
lite signals. 


When a satellite appears above the horizon, it 
approaches a receiver. After passing overhead, 
it moves away. This relative motion causes a 
Doppler shift in the received frequency, which 
the receiver circuit must take into account. 


GPS satellites transmit on several frequencies 
simultaneously. The one for civilian use is 
1575.42 MHz, called Li. Another one, 1227.6 
MHz, called L2, is reserved for military use. 


Variants 


A GPS chip generally processes input from an 
antenna and provides output through solder 
pads. The antenna is often integrated as a 
ceramic square or rectangle mounted above 
the chip, but many chips can also process input 
from an external antenna. Figure 1-1 shows a 
GPS chip with a metal shield that is easily mis- 
taken for an antenna. In Figure 1-2, the GPS 
sensor does incorporate a ceramic antenna. 


Some GPS chips contain flash memory for inter- 
nal data logging, although this is not a standard 
feature 


Suppliers such as Adafruit and Sparkfun offer 
GPS modules mounted on breakout boards for 


easier connection with other components, as 
shown in Figure 1-2. Some breakout boards 
also include provision for battery backup with a 
button cell 


Figure 1-1 A GPS sensor. This surface-mount chip is ht 


den beneath a el. 


Figure 1-2 A breakout board offered by Adaf 


porating a GPS sensor. 


GPS capability is almost always included in 
modern smartphones and tablets. It is used in 
handheld devices for navigation on foot, and in 
devices designed to be mounted in motor vehi- 
cles. Cars offer GPS capability as an option 
accessed via a built-in screen. 


A GPS tracker is a device that may lack a display 
and simply logs its position to internal memory, 
from which data can be downloaded to a com- 
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Appendix 1 


More Miracles & Testimonials. 


The only limits you have are the limits you believe. 
~ Wayne Dyer 


T: date, 115 children have lost their diagnosis of autism by using CD and 
some or all of this Protocol. Autism IS curable! 


This section is comprised of testimonials, miracles, and short blurbs on gains 
made by children using The Protocol. In many cases, these are candid emails 
from parents to Kerri sharing their joy at their child healing. These were 
gathered over the past 3 years, and have come from families all over the world. 
Some were translated by the parents of the child to English, and some were 
translated by my sister or I. We have done our best to honor these exactly 
how they came to us, unless a correction was needed for clarification, these 
were not edited, Many are anonymous for the protection of the families and 
their children. Names were used when permission was given. These families 
were generous enough to share their experiences with all of us to spread 
hope and joy,as well as to prove that children all over the world of all ages are 
healing from the symptoms know as autism. Please enjoy and share, 


Please note that many of these testimonials were collected some time ago and 
therefore some contributors use the term MMS instead of CD. Due to time 
constraints it was impossible to request permission to change the acronym of 


MMS to CD in their testimonials. As we mentioned previously, MMS and CD 


are the same substance. Where the acronym MMS is used in the following 
testimonials please know that chlorine dioxide is the substance responsible 


for the healing. 


We have added many new testimonials since the first edition came out. Those 
new testimonials are located at the end of chapter 2 and continue on the next 
page, followed by those appearing in the first edition. 
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45. Things I wish I'd known before starting this protocol: 
My son would drop juice and pick up a water regimen immediately 

My son would sleep through the night every night. 

My son would not be constipated again. 

* My sons ATEC score would be halved in 7 weeks. 

My son's speech would be at age level. 

My son wouldn't need his daily rx med again. 

My son would be excited about and participate in his birthday 
celebration 

My son would come into the bathroom and say,"I'm ready to wash my 
bute” unprompted. 

My son would drink ocean water: 

My son would get acclimated to schoo! and would initiate conversation 
with his peers 

My son’s dark circles under his eyes would disappear. He would start to 
look and act like a healthy boy, and others would take notice. 

My son would be affectionate, tell me he loves me, crack jokes, and be 
connected to me like never before. 

The people who opposed our diet and protocol choices would be 
tunable to deny that this works and we're on the right track. 

My marriage would be saved by rolling our sleeves up and tackling this 
together. 

* I would find a way to heal my own ailments. 
The future is bright 


46. My son with autism is 31 years old. Although he is fully verbal, he had a lot of 
issues: SIB, Aggression, he was not able to sleep. We have been trying different 
kinds of protocols since he was 3 years old. Unsuccessfully | heard about Kerri 
Rivera and the CD Protocol last September. We started right away. We were 
continuously in touch with Kerri who kept giving us the faith, that even at that 
cold age it is possible to heal and even recover. In September, when we stared CD 
he had an ATEC of 87, 4 months later we measured 63, and now. after 8 mounts, 
he has an ATEC of 28, There are some SIB's and aggression left, but it happens 
only rarely If we could get rid of it, my son would be recovered. He became an 
interested young man, his memory improved. He keeps giving proper answers 
to my questions, something he never did before. | can see his real personality 
now: he became a nice, lovable, open-minded young man from a very sick raging, 
roaring, screaming, suffering boy. There are no words to say thank you to Kerri 
to show us the end of the tunnel. I think I'm on the best way to recover my 
31-year-old son! 


Mark, 31, Hungary 


47. Dear Kerri,| am very grateful to you for your benevolent service of helping to 
recover kids with Autism like myself You have really improved the quality of lives 
of many hopeless kids. I really feel the difference now that my ATEC score is a 
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1 and | am still making inroads in executive functioning and social skills, Without 
someone like you, we would have not known about CD and it would have taken 
several years to cure me solely with chelation. By that time, | would have been 
out of high school and probably in a community college taking rudimentary 
general education courses and would have had a bleak future ahead of me. But 
now, | am doing well in school and am taking college level courses.And | am not 
the only one in my family that has had benefitted from using CD. My brother 
used to have mild seizures in the form of head banging and most of that has now 
stopped. My father has used it because he contracted Lyme's disease twice. And 
my grandparents have used it to treat Alzheimer's, Diabetes, Blood pressure and 
Hepatitis C. So again, I cannot thank you enough for everything you have done 
that has not only changed my life forever but has made a profound difference in 
the lives of others afflicted with Autism. 


48. My seventeen-year-old son was a healthy happy baby until he received 
vaccinations at age three. The day after the vaccinations he began having horrible 
anxiety problems. Day by day he lost skills and regressed. He developed 
problems with fine and gross motor skills, and social skills, memory and sensory 
integration. He also had multiple learning disorders and strugeled in school. He 
spent all of his time in his room by himself and he did not make eye contact. 
We tried many interventions to try and help him. Biomedical interventions, 
antibiotics, therapies homeopathy and Biofeedback all had limited benefits for my 
son. The only thing that helped him some was a gluten free, casein free, sugar 
free diet. While reading Healing the Symptoms Known as Autism we learned 
that most of the interventions we tried did not work because we were feeding 
the parasites that were causing my son's autism with vitamins and supplements 
While | was watching videos about Chlorine Dioxide I came across a video 
of Kerri Rivera talking about the protocol she uses with autistic children. As 
I watched the video everything began to make sense and | knew the protocol 
would help my son. 

We bought Kerr's book Healing the Symptoms Known as Autism, gathered 

the supplies and my whole family started the protocol. To our amazement we 
‘saw improvements in my son overnight. We had taken the ATEC test for my 
son right before we started the protocol and it was 2 43. In just one month 

of Kerr's protocol my son's ATEC dropped to a 5! We will continue with the 
protocol for the recommended time and we expect to see my son’s ATEC drop 
to zero before we finish 

His social skills, motor skills, thinking, behavior, attention span and stimming have 
all improved immensely. His sleep patterns, digestion, physical appearance and 
weight have also improved tremendously. 

Kerri Rivera’s book gave us the tools we needed to reach in and pull my son 
away from the grip that autism had on him. We will forever be grateful to Kerri. 
She devotes her life to helping children with autism and always has an open 

line of communication for anyone who needs help. She is the voice for so many 
children that don’t have a voice. Thank you from the bottom of my heart! 


49. FUAI! BIG moment... crazy morning, ughhh we miss the Bus I was so mad 
because my other daughter had preschool at 9:30 so my morning was a mess, 1 
had to leave in Pjs and make them eat breakfast in the car...but then in our way 
to school my son saw a Schoo! Bus passing by our side and said “school Bus is 
gone, L is sad” OMG OMG OMG.....did he just said this 30 words sentence????? 
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(actually 7 words but seems like 30 to me!!!) Ok...WAIT then | get to schoo! 
not mad anymore, | walked with him still in shock, I couldn't believe what I just 
heard...and when he saw the line of kids by the wall he point at them and said 
“my friends” OMG OMG OMG....ok WAIT...then we get there and he takes 

the teacher hands, gives me a kiss and said "bye mommy” OMG OMG OMG 
WAIT then the teacher ask him L, remember back pack by the wall, so he goes 
to the wall with his back pack in his back and does exactly what he was ask to 
doll! OMG 

FUA...THAT’S RIGHT... 223 days in this Protocol, searching poop, dosing, 
enemas, writing in his food diary every little thing he eats, therapies ABA, speech, 
occupational, hours hours of work, hard work..all just to witness this miracle 

of healing..to see him think, react, analyze a situation, be happy, spontaneous 

and smart by himself (no prompt or reinforcer necessary)... THANK YOU 

Kerri Rivera since the first day I found you in YouTube | have never stopped 
believing... LOVE YOU WITH ALL MY HEART!!! YES COMADREEEEE!!"!! | can 
feel it..we are close..it’s happening... so happy | missed the Bus this morning. 
this is the best day in my son's way to recovery so far!!! 

HOPE FORALL!!! 


50. My son is 23 and we have tried many, many approaches to heal him over the 
years. Typically we would see some initial progress, but then the rate would 
slow down and he would plateau again, slipping further and further behind. 
Lyme disease and co-infections, as well as various viral, fungal and metabolic 
issues complicated everything. We had to resort to psych meds, even, for his 
depression, anxiety and mood disregulation. 
We started Kerri’ protocol in the summer of 2012, and had to cut the number 
of drops again and again to something he could tolerate, since he has MTHFR 
genetic issues with detoxing, until he was at 1/64th of a drop per dose. By 
October 2012, he was at full dose and after two weeks, began to talk about 
learning to drive, to offer to do a chore at home, to draw again. So it has been 
about a year for us,and the improvements are continuing, his ATEC score went 
from 77 pre-meds to I now, and our lives are all much better thanks to this 
book and Kerr's dedication to the cause of healing the children. Please, if you are 
reading this, don't be afraid to try one more thing! 


51. My son started Kerri’s protocol 10 months ago.At the time we started the 
protocol he was doing a home based therapy program for 60 hours a week. We 
did not send him to school because he was not able to handle all of the outside 
stimulus, unable to follow directions, and unable to communicate effectively. He 
stimmed most of his day and only spoke in 2-3 word sentences to get needs met 
only. When he started the protocol his ATEC was 57. It quickly dropped and the 
improvements were mind blowing. In 5 months time his ATEC was a 9.Today 
at 10 months after starting the protocol his ATEC is a FIVE!!! He now attends 
school with out any kind of extra support and exceptions made for him. He is 
truly just one of the other children. | have been volunteering in his school and | 
have had 5 different office people tell me that he stops and greets them on his 
way to different specials (pe, library art, gardening). They told me he initiates the 
greetings and says: hello, good morning, buenas noches, and all with a big smile on 
his face. I have even been told by 2 of them that he greets them by name. Did | 
mention that he leaves the classroom on his own to go to specials??? Yep, my one 
time "severely autistic child finds his name and places it in that specials category 
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basket, leaves the classroom and goes to specials on his own???? When he is done 
with specials he goes back to his classroom and does his work. Holy CRaP!!!! A 
dream come true. 


Thank You Kerrit! 


52. My 6 year old son’s ATEC went from 45 to 221!! Wow | knew he was doing 
better but more then halft! 


Thanks Kerri Riveral! 


53. don’t know what to chalk it up to--we just finished our 3rd PP and did our 2nd 
shot of GcMAF on Saturday~-but my 9 y/o son has started taking pictures with 
iy iPhone. They are not just random shots;he is finding objects or angles and 
taking pictures. They are FASCINATING! He has also figured out how to use the 
reverse feature, and has taken a series of self-portraits, which he flips through 
and says to himself "Who's that?” 


SA. My 16-year-old son is doing great on your CD protocol. ATEC down from 89 to 
37, Best thing that ever happened after doing 8 years biomed with him. 


5S. We started CD with my precious 5 year old'O-ster" in june 2013, Some of the 
completely new developments we have seen since we started... He is aware 
of how to burp and toot, and thinks it is funny. He is apologizing for things he 
does wrong. Even a day later, he will remember and apologize. He goes to the 
bathroom on his own. He is completely pottytrained, even at night. He does 
household chores happily. He sent people on my contact list emails that said 
‘Ilove my mommy’ He has better problem-solving, more motivation to draw 
pictures. If he gets messy, he just goes to the bathroom and washes his hands and 
wipes off his shirt by himself without saying anything. He dresses himself. He 
does somersaults (just a few months ago, it was impossible for him to even get in 
somersault position), can open baby gates, can get in crab walk position, can jump 
off of furniture with both feet. He greets us when we come home and is excited 
to see us. He MISSES us when we are gone and talks about it during the day. 
He's making up 4 line rhymes. He cares what he wears and picks out his clothes! 
He is not running back and forth as much. We have normal trips to restaurants. 
I can leave our front door open now, and not worry that he will run away. He 
tries to help put our dog in his crate and fetches with him. He wants to come 
with me if | leave the house to go somewhere. He will now eat almost anything 
put on his plate. He used to vomit at the mere thought of things like GF pasta 
or rice, and he wouldn't allow any food on his plate to touch another type of 
food on his plate. He will now eat bowls full of tomato sauce, onions, burger 
rice, garlic and peppers all mixed together. Our family can eat dinner together 
now. I no longer have to make separate meals. He even eats raw peppers! 
He yells ‘watch me!" and does things like diving onto the bed or jumping off of 
something. He looks at cloud formations to see what pictures he sees in them. 
Last week he heard a toddler crying in Target. He wondered why the child was 
crying and wanted to go find her. He misses his little sister when she is not at 
home. He wants her to play with us when we are playing. He is completely 
aware of what is going on now. He is much more aware of danger. He notices 
the weather. There is a sense of calmness about him that he did not have before. 
His tantrums are much less severe and much less frequent. | was supposed to be 
his aide this year in preschool, but | have been able to just drop him off at school. 
There are many more new things that he is saying and thinking and doing 
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Our quick biomed history- He regressed after vaccines at 12 months. Starting 
at 18 months of age, he was gfefsf for I year, then scd for almost 3 years. It feels 
like we have tried everything with supplements over the last 4 years. Some 
things helped a litte, but nothing really tackled his pathogen load, even though 

he was on an awesome diet. His ATEC was 66 in Dec 2010. Low dose chelation 
brought it down to 33 in 3 months. The ATEC stayed at 33 for 2.5 years. We did 
112 rounds|weekends of low dose chelation during that time. ATEC June 2013 
was 34 (before starting CD), July 2013 was 30, October 2013 was 20! We are on 
cour way down. This is the first time that | have physical proof that we are getting 
rid of the pathogens that have controlled and poisoned his body and brain for 
most of his life. It feels so good to finally help him. ! am hoping to write our 
complete recovery story in Kerri’s next book. | thank God that we saw Kerri at 
AutismOne. 


56. Nick texted me yesterday for the first time, on his own."Hi from Nick” - that’s a 
2013 FUA fo sha. —Alison 
(this text was accompanied by an ATEC drop from 69 at 6 years old to 14 at 85 


years) 


57. Yesterday my son told me | worried too much, I said you worry too much Too 
Noah! He responded, my hair is red, yours is gray, 0 who is the worrier, hahaaa! 
The windshield wipers Keep wiping away the autism, what's staying around it 
seems, is completely lucid speech and unbelievable comebacks! He never could 
say things like that before, not at all, he really was in there somewhere. 


58. Something really beautiful is going on in our household right now...Caleb is 
totally blossoming socially on every level. There is a calmness in his body. He is 
alert, responding to his name, sharing his toys with other kids, wanting to give 
affection without prompting, soothing Lilia when she is crying rather than batting 
at her. We even have gotten a few spontaneous silly phrases!!! Oh baby. oh baby, 
coh baby!!! We are on our way!!! 


59. We started the diet on the Ith of March, CD on the following week Adam 
started to ask questions in April. Since then he keeps asking continuously... His 
ATEC dropped down from 49 to 38. 


Tunde, Hungary 


60. OMG OMG OMGIN! My son is singing!!! He was ZERO verbal... mean 
‘ZERO! His shadow teacher told me a week ago that he started to mimic, | said 
to myself"yeah he was babbling and she thought he is mimicking!..” Yesterday 
she told me he started to sing and | said to myself,“Yeah right, she is absolutely 
illusionist or exaggerating!!!" She knew | will not believe her because he is just 
humming at home! So she sent me a video which was a shack for us. He is 
singing the song “A is for apple, a apple... is for ball, bb ball. Cis for cat,c¢ 
cat...D is for dog, d d dog...” I don't have enough words to thank you and thank 
Kerri Rivera and this incredible protocoll!! Thank you for saving my child, xoxo 


&1._..My son is doing his first CD PP. We picked him up from preschool he was 
extremely happy. Hugs & kisses. Then...runs up to a classmate and touches his 
shoulder and says,"bye Johnny”, runs to another classmate and says,"bye Kevin.” 
Then he skips to the car. These improvements in his socialization is new. We are 
so pleased and | wanted to pass along these social gains with you all. His atec at 
start is 58. 
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62. My little sweetpea is almost 4...and completely NON VERBAL...upon picking her 
up from therapy today, her teacher said she was having a great last few days. 
and both therapists said her eye-contact has been different..like in a really good 
way!!! I've also noticed her looking at me...straight into my eyes for what seems 
like forever..almost as if she has never seen me before?! They also said that 
she has been looking at them and has been opening her mouth trying to make 
sounds..as if she wants to say something very badly..but can't..but with a lot 
of prompting..she did say “Hit".all | know is that somewhere in there is this 
amazing person waiting to be let out! | often worry if we are ever gonna make 
itfinances and healing your family can be very overwhelming..especially on one 
income. But for the love of my daughter we just cannot give up..feeling very 
hopeful and blessed today..and very grateful that something is finally working. 


63. Hi Kerri, 


| wanted to write and thank you for discovering and sharing your protocol. This 
protocol has saved my almost 5-year-old son. 


My son suddenly started having absence seizures that would freeze his breath. 
From the day he had his first noticeable seizure, he was hospitalized every seven 
weeks for uncontrollable status epilepticas, a life threatening condition. They 
would pump him with seizure meds, Ativan, and Valium for hours before the 
seizures would finally stop. 

Since starting CD five months ago my son has not been hospitalized once. He 
went ten weeks seizure free. He had a few mild seizures that he brought himself 
out of without any extra medications. He currently broke this record and has 
made it another thirteen and a half weeks seizure free. | true miracle. 

Everything we searched for to treat his Lyme disease in the past would either 
cause seizures or not help to prevent them and I now know why.As you 
predicted after starting your protocols we discovered that he not only has Lyme, 
he is also incredibly loaded with parasites. So much so, that it scares me to think 
of what may have happened to him if we didn’t find you. 

I'm so amazed to watch him subtly emerge. Since we started, he went from 
saying about 20 words to saying 69 words, along with two and three word 
combinations, and over the past month he has begun to answer simple questions. 
His vestibular system has gotten much better; he'll actually swing. He just started 
jumping off curbs. His eye contact is perfect. He's gained two pounds in the past 
three months, something he hasn't’ done since being diagnosed with failure to 
thrive at a year old. He is playing with his three year old sister: t's so adorable to 
watch them chase each other around the house, hug, chase each other, hug, get 
in the dog crate together, hug, take turns pushing each other in their wagon, and 
kick the ball back and forth, Last night the three of us played catch together for 
over 10 minutes. 'm so happy for her to have her brother to play with. 

This protocol changed his life, my life, and our family’s lite. 

There are no words to thank you enough for all your help along the way — he’s 
on his way. 

Love, Love, Love 


Update:as of December 3rd, 2013 this little guy is 18 weeks seizure free! 
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64. My name is Dawn, Below is a shortened version of what we've been through 
rior to and since Kerri Rivera coming into our lives and changing our family 
forever. 
am Noah and El’s mom, caregiver, advocate etc., that's been my job for 17 
years. Prior to having children with special needs | had a career that | loved and 
my plan was to continue my career, how deluded I was, my life has been forever 
changed by my children and thelr symptoms as my entire existence over these 
years has been to save my son. 

My son Noah born August 19, 1996 has struggled and suffered with what is now 
known as the symptoms of autism. His symptoms began at 8 months of age with 
a rare blood disorder known as neutropenia, he had a low white blood count. As 
he continues to improve, I too, along with our entire family seem to be healing 
as we bore witness to his daily struggles of self injurious behaviors, aggressions 
and rages, learning disabilities, speech and auditory delays, 2 steps forward and 4 
steps back, 

Healing the symptoms know as autism with the Chlorine Dioxide and Kalcker 
Protacol have been a cathartic exercise for me as well,no amount of therapy 
would have soothed my soul like witnessing my son's return from the daily brink 
of death, 

My hopes and dreams for my son dashed with vaccines before he was old 
enough to speak. I'm 50 this year, however I'm older then those years, and my 
Views and outlook on life have changed forever. Imagine fighting for my son's life 
against those trusted factions of our society supposedly put in place to protect 
Us, ie, government agencies, churches, schools, teachers, principles, school 
boards, doctors, hospitals. I'm changed forever by the daily battles, but somehow 
they are small now in comparison to the beast of the symptoms that ravaged 

my boy with red hair, often referred to by me as my favorite Martian. As he 
continues on his healing path, so do those of us who have loved him so dearly, 
despite his outwardly awkwardness, he is the innocent victim left to suffer for 
what is often referred to as the “greater good’, he's responsible for so much 
more in my life then just the symptoms known as autism 

fe was a Saturday morning in May of 2003. Noah, at the time 6 yrs. old, had slept 
with us because of seizures on and off through the night. Like so many times 
before, | was very concerned he would go ‘status epileptus’,a state of continuous 
seizures, He ate cantaloupe for breakfast that day. | remember it vividly even 

11 years later. His seizures would come about every 20-25 days. First he would 
complain of a stomach ache, and I could hear the gurgle of his stomach. They 
usually lasted a few minutes and then went away. This day, the Saturday before 
Mother's Day, he didn't come out of the seizure. We administered his anti- 
seizure medication but it didn’t work. We called 91, the fourth such callin 
Noah's brief life. When EMS arrived, Eli then 3 years old, ran to his bedroom 
upstairs. | remember the technicians working on stabilizing Noah. They ripped 
the shirt from his body as they worked on him and carried him out to the 
ambulance. As I followed them to the ambulance | happened to look back to 
see Eli watching from his upstairs window as they placed his brother in the 
ambulance, He stood motionless. Darryn scooped him up and followed us as we 
drove swiftly through traffic to Texas Children’s emergency room, about 25 miles 
away. I remembered thinking, why don’t people heed the right of way? I looked 
back as they worked on Noah. His seizures continued until we arrived at the 
hospital. Once we arrived he was taken straight to the ER, ICU room, where 
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four doctors began to Work on him. Darryn and Eli arrived as I stood next to 
the bed while the doctors worked to save his lif. | took Eli out of the room and 
we sat in a chair looking in at what was happening. His eyes were as big as | have 
ever seen them and he sat perfectly silent in my lap, we colored. | overheard 

the doctors explain to my husband that they were having problems stopping the 
seizure, They wanted permission to use a drug that could stop his heart. Darryn 
asked if there were any other options. The doctor shook his head. He asked 
what they would do if the heart stopped. The paddles. So he was given the 

drug. No heart stoppage. His breathing became shallow and the seizures finally 
stopped after 6-7 straight hours. A couple of hours later Noah woke up in his 
hospital bed, connected to monitors and the like, in a drugged stupor. By this 
time my parents had arrived (like so many times before) and had taken Eli home. 
Darryn stood next to Noah's bed rubbing his chin nervously. Noah asked if he 
could use the restroom. Dartyn said yes, and in the next second Noah leapt 
from the bed, almost a perfect swan dive, toward the floor. Luckily, Darryn was 
there to catch him. Noah's life was saved twice in the same day. After the drugs 
wore off, he was released from the hospital. Noah missed a week of school 
while he learned to walk again. 

I never knew the impact this had on Eli until Father's Day that same year. About 
2 month after the seizure we planned to attend with some friends one of those 
workshops at Home Depot where the kids make a gift for Dad. He was excited 
to do the workshop. As we approached the store we noticed the local fire 
station had an area of the parking lot roped off for tours of ambulances and fire 
trucks. Eli became frightened and started crying, and began backing up, finally 
‘screaming and contorting. This from a child that hadn't given us a peep of trouble 
before. | had to leave our friends standing in the parking lot as my second son 
became inconsolable. At the time it hadn't occurred to me that he remembered 
the incident with his brother just a month prior. He too suffered, and sadly he 
was 3 years old at the time, unbeknownst to me, Ei has probably remembered 
more then | realize even today. 


Noah had his first seizure in March 1998 at 18 months of age, shortly after 
a round of vaccines. (His doctors continually assured us that vaccines had 
nothing to do with Noah's problems, but | know otherwise.) Seizures were not 
Noah's only problem, however. He was diagnosed with neutropenia (the lack 

of neutrophils or a type of white blood cells) in 1997. He has suffered from 

acid reflux for as long as we can remember. He was hospitalized for 4 days at 

4 years old for a roto-virus infection, something most children get through at 
home in a couple days. He had a cyst removed from his thyroid. His tonsils 
were removed due to frequent infections. In 2005, he was diagnosed with Lyme 
disease. In 2008 his pediatrician discovered his blood was missing carnitine, 2 
key component for the body's metabolism. We took him to a specialist who 
diagnosed him with mitochondrial disease. His seizures stopped after we started 
giving him medication for the carnitine deficiency. But his behavioral symptoms 
continued and even worsened which always indicated a deeper underlying illness 
plaguing Noah, But what? 

Early in 2013 Noah began to show some psychiatric symptoms that frightened 
Us to the point we had to consider putting him in a home. He had frequent 
panic attacks (all day, minute to minute), tics, and sudden bursts of outrage over 
insignificant things. He often didn’t make sense while speaking, and secluded 
himself in his bedroom. He fantasized uncontrollably about his videos, and spoke 
over and over about what we were going to do about the characters (not what 
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we would do if we were in the stories). He had repeated events of unrealistic 
fears. We took him to see an energy medicine specialist. The energy medicine 
protocol involved various supplements and dietary changes, as well as electrical 
pulses to adjust his body voltage (an approach similar to acupuncture). During 
ne of our visits we learned of MMS, which this doctor indicated could be used 
in small doses to treat colds. Symptoms improved, but very little. But then they 
worsened again dramatically. We took him to his pediatrician who diagnosed 
PANDAS, and prescribed antibiotics. This helped but only temporarily. His 
psychiatrist prescribed anti-anxiety medications, with only marginal results, He 
was unable to attend school through all of this, and needed someone by his 

side constantly. His pediatrician prescribed Albenza thinking parasites may be 
involved (despite a negative stool test). This improved his behaviors some 

but only marginally. There was also the side effect of hair loss. Noah became 
completely bald, ke a cancer patient. 

To see your son regress into psychotic behavior is something no human can ever 
imagine. Facing people everyday as they watched Noah regress and comment, it 
was a slow slip and then suddenly he was in a dive toward insanity. | felt he was 
slipping away. | scoured the Internet for answers. | had heard of Kerri Rivera 
but thought antibiotics were the only treatment for my son, like the vaccines, 
Thad been told by doctors that the only treatment for Lyme was antibiotics. I 
emailed her and she answered immediately to “start the protocol.” We began 
the CD protocol in june 2013. The protocol takes complete dedication, it 
requires steadfast commitment, and it's the best gift | have ever given Noah. | 
have learned so much about illness and it’s roots through treating my son with 
the protocol. 

Noah's behavioral symptoms started to improve immediately. He had fewer 
and fewer tics and outbursts. He was noticeably calmer. He now answers the 
phone, takes messages, and helps me scan food items at the grocery store, He 
even got behind the wheel of our car for a practice drive in the school parking 
lot. He asks a lot of questions. So much has improved in such a brief time. Prior 
to the CD protocol | scored Noah as a 38 on the ATEC test. Since then, he has 
improved to an 8. Darryn (Noah's Dad) scored Noah a 55 before we started, 
and two months after beginning it was 2 22. It's amazing that a few brief months 
‘ago we were considering having him put him into an institution. Although we try 
not to think too far in advance, now we can hope our son can someday lead the 
normal fe he was meant to. 

| can't help one final story about Noah. Yesterday he asked me what autism 

was. We've never explained to him that he has it, because he would not have 
been able to understand it even if we tried. While | searched for an answer, he 
said “you know, Mom, Sponge Bob couldn't get his boating license because of 
his autism.” | belted out a loud laugh and said“Ok. Noah, you know you have a 
little bit of autism too.” And he said “Yes Mom, | know that,” and smiled. 

While he still has much to make up, years of life to regain, experiences to live, 
wete so pleased and grateful to Kerri and the others responsible for these 
protocols for these improvements, his life is being restored. | would encourage 
anyone to follow the protocols as closely as possible and do not delay. It is 

so fitting that the only opportunity I've ever been given to tell a little of what 
my family has been through would be afforded to me by the very person that 
actually saved my son...she gains nothing from what she has done for us, except 
the knowledge that she saved a boy's life that she has yet to meet, by saving my 
son, she has saved my family 


puter later. Many (older) handheld GPS receiv- 
ers have a connector giving access to a serial or 
USB port, and provide data in the same NMEA 
format as the GPS modules described below. 


After the Global Positioning System became 
widely used, other competing systems were 
introduced. These include the European Gali- 
leo, the Russian GLONASS (an acronym for 
Global Navigation Satellite System), and the 
Chinese Beidou. As of 2015, GLONASS had 
become fully operational. Some receivers, 
including those in cellular phones, compare si 
nals from GPS and GLONASS satellites to ach- 
eve higher accuracy. 


Values 


Sensitivity is expressed usually in dBm, meaning 
the power ratio in decibels (dB) of the meas- 
ured power referenced to one milliwatt (mW). 


Time to First Fix (TTFF) is the time required to 
obtain an initial fix from a satellite. 


‘Number of channels is the number of satellites 
that a GPS receiver can track simultaneously. 
Early GPS receivers could sense only four chan- 
nels, Modern units may be able to deal with 22. 


Power consumption may be measured in mi 
watts. For example, the FGPMMOPAGH GPS 
standalone module by G.top claims power con- 
sumption of 82mW during acquisition of satel- 
lite signals and 66mW while tracking 
subsequently. At a typical voltage of 4VDC, the 
chipset consumes about 20mA and approxi 
mately 17mA, respectively. 


Form factor. This is the size of a chip, often 
determined by the dimensions of the ceramic 
antenna on top of it. Dimensions may be 15mm 
x 15mm or larger. 


Update rate, The number of position measure- 
ments per second. While 1 update per second is 
often sufficient, some chips generate updates 
more rapidly. The frequency of updates is 
expressed in hertz. 


Output type. This is often TTL-level serial provid- 
ing NMEA data. The baud rate can vary and is 
often selectable. 

Supply voltage. Often below SVDC. 


Current consumption. Higher during satellite 
acquisition. 


How to Use It 


AGPS module requires only a DC power supply, 
and will start outputting data as soon as it has 
ied satellites that are currently within 


Data provided by a GPS module uses a rather 
slow and primitive plain-ASCII protocol known 
as NMEA, developed by the National Marine 
Electronics Association. Each block of data is 
known as a sentence, and can be parsed inde- 
pendently of previous and subsequent senten- 
ces. The default transmission rate is 4,800 bits 
per second, using 8 bits to identify an ASCII 
character, no parity, and 1 stop bit. However, 
some GPS modules use a serial rate of 9,600 
bps or faster. 


A sentence begins with a two-letter abbrevia- 
tion defining the type of device employing the 
sentence. For a GPS device, the abbreviation is 
GP. The sentence continues with another 
abbreviation of three characters or more, 
describing the type of data being transmitted, 
so that numeric values in the sentence can be 
interpreted correctly. 


The remainder of a sentence consists of letters 
and numerals in plain ASCII, with values separa- 
ted by commas. A sentence cannot contain 
more than 80 characters. A sentence will spec- 
ify the latitude, longitude, and altitude of the 
GPS, and a value defining the time when the 
readings were derived from satellite signals 
Some sentence data structures are proprietary, 
established by the device manufacturer, and 
will begin with the letter P. 


Chapter: GPS 3 
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65. Shay is doing so well i's surreal. In the past week the balance has shifted so that 
he is now recovered more of the time than nat. He is having a 2-4 hour block 
every day or two where he is back in his old state (weeping, raging, zero-to- 
flipout, shrieking, obstinate, defiant, OCD, mean, potty-mouthed, etc.). The rest of 
the time he is lucid, has perfect mental clarity. is as funny as can be, does his math 
quickly, has perfect handwriting, gets along with his sister, is generous, expresses 
himself clearly, plays well, understands how others feel, etc. It is a mind blower 
Kerri 
Although Shay doesn’t have the awareness to know when he is in the autistic 
state, he is now clearly aware when he is in the recovered state. He comes up to 
‘me and says quietly. "Mom, it’s gone again, Do you think it will come back?” I tell 
him yes, that it will be ike this for a while, coming and going, until one day it will 
be gone and it won't come back. Shay and I have been discussing which “number” 
he is going to be in the line of children that recover. :) He is also planning a big 
“Goodbye Autism” party for himself 


Bella is getting over her meltdowns much more quickly. Sometimes | say “no” to 
something and then flinch, waiting for the screaming, but it’s small, or sometimes 
she cries and gets over it within minutes. This is a big improvement for her. In 
her own words, she has noticed that she feels less anxious. 


66. We started the protocol 9 months ago. My son had 2, 3 horrible days every 
month. He wouldn't stop crying all day long, and he could not get any sleep at 
night.After talking to Kerri, we realized that these terrible days were always the 
days of the full moon. We saw improvement straight after the first PPAfter 6 
months, all of the bad behaviors were gone. I realized that the PP helped my child 
to improve month by month. 

And to prove that it is not only me who can see the changes, my son's therapist 
from school told me the other day:"Well, when is full moon again? So that you 
would start the Mebendazol? | love when he gets it, he is doing so well with it” 
Staring atec in February was 50, now his atec is 34. Thank you so much, Kerri! 
Betti, Hungary 


67. We are celebrating 3 months on CD and 2 PP's done! Our little angel has (or 
| should say had) extreme ADHD...we are not seeing much of that anymore. 
Our life altering issue is her lungs. This child has undergone over 35 surgeries 
in 8 years. 17 of those to surgically remove mucous from her lungs. She is 
hospitalized every 6 weeks with pneumonia. We have O2 in our home. She even 
had a port placed for IV meds at home. Our life has revolved around illness. In 8 
years the docs have done every test in the book to figure out the cause, We've 
turned up nothing. In July, we flew to NYC to see a medical mystery doctor: He 
told us its all nutritional and had us do some parasite testing. The testing turned 
up zilch, but thanks to Jean Marie, we ended up here. Long story short, we are 
making huge strides. We are not there yet, but to give you an idea, normally her 
pneumonias take 4 months to clear, this time it was only ane month! She's only 
needed one antibiotic in 3 months, normally its 8 antibiotics in 3 months. She's 
doing better in schoo! too, which is just a bonus. Today she came home and told 
‘me she was able to run in gym, something she hasn't done for years! Thank you 
Kerri Rivera and Jean Marie and all the mods for welcoming us to this group and 
for helping us to take back this childs life. Bless it! Bless all of you! 
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68. 30 days of gratitude, Day 4... am thankful for an evening alone with my son. 
Its rare that we have time together alone. He jumped on the bed and danced 
around while | packed for my trip in the morning, taking and singing the whole 
time. The dinner table was lonely by ourselves so we decided to eat in front of 
the fire. | said,"This is fun, isn’t it?” and he said, "I love this and | love you, Mom” 
‘Moments like this were non-existent before our journey brought us to Kerri 
Rivera who is an angel on earth, She gave us the direction we needed to heal our 


69. | observed my kiddos at school today. Get this.....my once severely autistic 6 
year old choose and received a Spanish lesson that lasted 27.5 minutes (| timed 
it). The whole lesson he was sitting on his bottom, following instructions, answer 
questions correctly (in Spanish), smiling great eye contact, and really enjoying his 
time with the Spanish teacher. FUA to the max! This time last year Henry was 
speaking in 1-2 word sentences to get needs met. Now he is talking in complete 
sentences in English and Spanish!!! 


70. In the past, if | gave Nate a hug and told him I loved him, he would sort of hug 
me back, awkwardly jutting his backside out (to reduce physical contact) and 
patting me on the back and saying,"I love you, too.” He would then escape as 
soon as possible, 

After a few days of being on 7 drops (last week) Nate approached me with 
full eye contact, threw his arms around me, gave me a prolonged bear hug and 
spontaneously said,"! love you, Mom”. | hugged him back and we stood there, 
just enjoying the moment, while | quietly balled my eyes out, 

Thirteen years. | had waited 13 years for that moment. 

‘And now he has been doing it almost every day since that first hug. 


This alone is the world. 


71. There's a lot of people jumping on the “Thankfulness Train” this time of year. 
Here's my contribution. There's only one major thing I can think of this year that 
lam thankful for: Of course, there's so much to be thankful for, But one thing that 
really stands out. That would be this protocol. God led us to see Kerri Rivera 
at Autism One this year: | only went because it was basically the one thing | 
didn’t know much about. The day before Kerri presented, I saw my friend Laura 
at Karaoke Night (so fun by the way!) She told me she was doing CD and I'm 
pretty sure I looked at her like she was crazy! Saw Kerri the next day and | was 
hooked. We started the protocol June 3rd. Laura got me in this group. Thank 
you Laura, for your patience with me and for letting me know about this group! 
Thank you, Debbie who has talked to me many times about the protocol, about 
my son's aggression, reassuring me that things will get better and they have! 
Much, much better. We still have further to go, but there is light at the end of the 
tunnel. My four kids and myself are doing the protocol. We all have Lyme. We 
are all feeling so much better: We are no longer spending thousands of dollars a 
month on empty treatments. We are getting our lives back; our finances under 
control, and my son with autism went from an ATEC of 47 to 20 in four months. 
Thank you and love you all And to Kerri Rivera, there are no words. Thanks and 
love isn't enough. You can be assured of my prayers for you, Patrick and your 
family for life. That's the least | can do for all you have done for all of us. 
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72. Small progress this week! My son had his ABA therapy yesterday and at the end 
the therapist gives him a “high five” before he leaves.The therapist asked my 
3-year-old normally non-verbal son for a “high five”. My son looked at him, gave 
him a high five and said "HIGH FIVE!” plain as day. My husband almost fell over 
sideways in shock! He also put his toys away without being asked to, and that too 
is a big change. CD is the best!” 


73. We have been on the protocol since Aug 30th of this year. We've done one PP. 
My DS is 8 with severe apraxia and autistic. 
ATEC: 4/2013: 62 starting some biomed 
ATEC: 8/15/2013:51 before CD 
ATEC: 10/6/13: 24 
Some WOW moments for us so far: 

* Playing soccer with other kids at school three weeks after the start of 
the protocol. "Really “on” in conversations..adding information when we 
didn’t think he was listening because he was playing on his iPad 
Talking about other things in his day besides Minecraft or Plants Vs 
Zombies. 

Going from a battle with homework that would last over three hours 
to picking him up at daycare with his homework already finished. And 
correct. That he did on his own, 

His ST saying he is able to follow three step directions better and was 
able to talk/ask Who and What questions for nearly the entire hour... 
actually had to tell the ST what we are doing because it was obvious to 
her it was more than just diet. 

He's just happier. We're all just happier: 


74. We came back from our Intensive in December of last year on a high. After 
a week with the Son-Rise® team, jordan was saying 20 different words; he was 
‘more confident, and more mature. He had such an amazing time learning and 
growing. Every morning he would take his facilitator by the hand and walk him’ 
her into the playroom. He really grew up that week. | loved watching him grow 
through love and laughter. What an amazing, wonderful thing to witness. 

We, also, learned at our [AHP appointment that Jordan was reading at about 

a third grade level. What a trip! The evaluator held up a paragraph for Jordan 
to read. It was so fast I didn't even have time to read it. Then, she held up a 
{question for him to read, then, sheet with the answers. She, then, asked him to 
point to the answer and he did. He was three for three. My son taught himself 
to read. What?! We were, also, very surprised to find out that between running 
our Son-Rise® program and incorporating exercises from IAHP Jordan improved 
433% from September to December. WOW! 

Between the two experiences on the east coast, | felt like I didn't know my own 
sson. always believed he can accomplish anything and yet | had tremendously 
underestimated his ability. | was so excited to get home and start his program. 
| knew that if we focused and put everything into his therapy for two years, he 
would be ready to go to mainstream kindergarten. 

| was so excited: was beyond hopeful;| believed he was on his road to healing. 
(On Christmas Eve, Jordan was crouching down and just froze there. | called his 
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name, no response. | ran over to him and noticed his lips were turning blue. 
Immediately | tipped him over, hit him on the back and did a swipe in his mouth 
to get out what he was choking on. There was nothing there, but he gasped for 
air and began breathing again. Did he just have a seizure? 

January 15 has become a day | will never forget. We woke up to Jordan throwing 
tp and he didn’t want to get out of bed. He just wanted to sleep; he must have 
caught the flu and needed to sleep it off? Finally around 10am he got up and 

ran around the house like nothing was wrong so we began therapy. While | was 
in the playroom with him we were jumping on the trampoline and he suddenly 
stopped and looked at me with a panicked look on his face and reached out for 
me. Clearly jumping was too active for his upset stomach so | brought him to 
the family room with Kaiyan and my helper. 

Suddenly, he looked off and froze again. He then threw up again and passed out. 
Oh shit, he ust had a seizure, and another one, and another one, and another 
one. All the while staying unconscious. I brought him to the ER where he slept 
and had another mild seizure, While he was passed out they gave him a CT head 
sscan to make sure there wasn't a bleed or something in his brain, Everything 
was fine. 


Shortly after; he Woke up. He was playing, running around the ER as if nothing 
had happened. He went through what little water I had brought and was asking 
for food and water. A good sign, | thought. The ER wouldn't allow him to eat or 
drink anything “just in case”. Anyone who knows anything about seizures knows 
that no food and drink could very well cause a seizure...and it did. 

This time the ER Doctor went into full-blown panic mode, probably because she 
saw what happened. They began trying to get blood out of him. On a good day 
this is almost impossible. Now, they are trying on a kid that didn't have any fluids 
in his system to help expand the veins. 

And so it went, needle poke, dig around in the arm searching for a vein, Jordan 
would hold his breath from the pain and have a seizure. Setzures are typically 
the brains way of trying to get oxygen; the pinpricking was inadvertently inducing 
seizures because of the breath holding. This went on for two hours: needle poke, 
dig, hold his breath, seizure. They poked him 27 times: in his neck, head, ankles, 
thigh, anywhere they could think of. 

This of course wasn't enough. They insisted on doing a spinal tap to check for 
meningitis, which we had been declining all day. Now they are telling us that the 
way he had been seizing for the past two hours is classic for meningitis and not 
doing it could be fatal. They crunched him in the tightest ball they possibly could 
and held him so tight he couldn't move...or breath. After the fifth poke, | began 
to get faint and had to sit down. They didn’t know what they were doing. When 
I sat down | could really see how they were holding him and asked if he was 
breathing. The nurse looked down and said, “he's blue, get the oxygen” and they 
put oxygen near his face. 

| immediately thought, “they're killing him. They don't know what they're doing” 
That's when I reached out to every FB group I'm on and asked for prayers. That 
was the only thing that was going to save him. 

When they, finally let him go he had the worst seizure he's had to date. He was 
actually convulsing. As they went for blood the 28th time, told the nurse that's 
enough. This has gone on far too long. She agreed, ran and got the Dr. they 
Wheeled him into to the CPR room, and called for a crash cart.| think | said, 
“what the fuck?” She said it's “just in case”. 
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They proceeded to get a drill and drill a hole through his shin and into his 
shinbone so they could put in an IO (IV into the bone). They pumped him full of 
all kinds of drugs and, at long last, drew blood. 

He looked up at me with a longing in his eyes and reached out for me. I went 
over and put my hand on his chest and he passed out. He was transferred 

by ambulance to our local children's hospital; we were allowed to follow the 
ambulance, but couldn't ride with him. He remained unconscious until he arrived 
into his private room at the hospital 

The first thing he did when he woke up was reach out for my hand and give me a 
kiss. My little boy! 

The blood they had finally taken revealed low electrolytes and bicarbonate at a 
life-threatening low level. Screaming and crying can drop bicarbonate, which he 
did for two hours in the ER; lack of food and drink can drop bicarbonate levels, 
which he wasn't allowed to have in the ER. Low bicarbonate levels can cause 
seizures. What a recipe for disaster! 

The hospital ran every test they could think of and no reason was found for the 
low bicarbonate or the seizures. We came home after five days, followed by 
‘several follow up appointments over the next two weeks. Everything seemed to 
check out fine until | brought his labs to his DAN (Defeat Autism Now) Dr, she 
looked at the blood test, pointed to something and said,"Lyme, every time | see 
this in one of my kids, it’s Lyme.” 

We had the (one of many) $800 test at the best lab in hopes we wouldn't get 

a false negative, which is very common with Lyme. Jordan came back positive! 
Now we had something to go on. ! was excited to finally have an answer to 
what was going on with my little boy. Lyme is known for seizures and abnormal 
electrolyte levels. 

We scheduled an appointment with a Lyme Literate Medical Doctor (LLMD) 
and were ready to start healing our guy. Two days before the appointment, we 
woke up to Jordan vomiting. He didn’t want to get out of bed. He finally did and 
ran around like nothing was wrong and then he had another seizure. We were 
told to take him for blood tests immediately the next time he had a seizure. We 
took him to his DAN Dr.an hour away, but knew they would be able to get his 
blood without difficulty. We went to lunch, came home, he had a seizure, turned 
blue, threw up, passed out, had a seizure, turned blue, threw up, passed out, had a 
seizure, turned blue, threw up, passed out. His DAN Dr just happened to call to 
check on him in the middle of this and told us to get him to the hospital before 
he had a heart attack. We went to the ER.. 

And so the story goes every seven weeks TO THE DAY, seizure, turn blue, vomit, 
pass out, seizure, turn blue, vomit, pass out, admitted to the hospital where he 
was pumped full of drugs for hours to try and stop the seizures, and they ran 

the same tests over and over again. The hospital didn't think he had Lyme even 
with a positive test and thought that seizures every seven weeks to the day was 
a coincidence, although, they could still not offer any explanation. 

We tried treating him with ABX that the LLMD prescribed. One teaspoon 

and he had a seizure, turned blue, threw up, passed out, had a seizure, turned 
blue, threw up, and passed out. This time the Valium | administered did stop the 
seizure cycle, most likely because it was induced from the ABX and not part of 
his regular seven week seizure cycle. He had multiple mild seizures every day for 
two weeks from that one-teaspoon. 
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Clearly, ABX were not going to work. | emailed with a woman who coauthored 
the book, “The Lyme Autism Connection” and tried the homeopath that she 
used down in San Diego. This was definitely working with detoxing, but it wasn't 
helping with the seizures. He went from seven weeks to the day to three weeks 
to the day. This treatment was working on opening Jordan's detox pathways so 
his body could rid itself of the Lyme, I liked the idea of treating this way, but the 
process could take four years. | didn’t want Jordan having what the neurologist 
told us were life-threatening seizures for four years. | was desperate to find 
something to help him. 

We knew what was wrong, but needed something safe to treat him. Nothing 
was covered by insurance and we were running out of money. | had lost hope. 
Every treatment seemed to make him worse and | couldn't bear to see my boy 
suffer the way he had been for the past six months. | didn’t know what to do. 

I literally, got on my knees and prayed for help every night. In the same week, 

a woman who attended the same Son-Rise® start-up emailed me about a newly 
discovered treatment she was doing. | had signed up for a Lyme conference that 
mentioned the same treatment, and | had signed up for an autism telesummit 
that unbeknownst to me had Kerri Rivera as one of the speakers. (Kerri is 

the woman who discovered this treatment for autistic kids.) | emailed back 

and forth with Kerri, posted on the FB group, trying to get all my questions 
answered. | was terrified to treat Jordan with anything given his seizure history. 
Then, he was hospitalized again for uncontrollable seizures and | realized | 
couldn't let fear get in the way of helping him. | started the day we were home 
from the hospital at a really low dose that Kerri recommended. She has held my 
hhand through this process to help prevent him from having any seizures. 

Since we started in May, he went 10 weeks seizure free and had several mild 
seizures that he brought himself out of without any extra medication and NO 
hospital. He is currently at a record-breaking 15 weeks seizure free. 

Through this treatment we have learned that in addition to Lyme he has three 
different visible parasites. He is loaded—he passes more parasites than most of 
the teenagers in the FB group. It scares me to think what would have happened 
to him if we weren't led to this treatment. Thank God for Kerri Rivera sharing 
what she has learned and being so gracious and generous with her time, 

I'm incredibly grateful we attended the Son-Rise® Intensive before all of this 
began. His team of facilitators created a base for him that continued to blossom 
even through this tumultuous year. Coupled with the parasite treatment, 

Jordan has gone from 20 to 90 words—he's picking up new words almost daily. 
His balance is amazing, his muscle tone is getting better, and he understands 
everything. Even more exciting, he’s playing interactively with his sister. He is on 
the road to recovery. 

We are finally able to start picking up the pieces of where we left off back in 
December. | felt stuck;I had PTSD; | needed help believing we can move past 
(what | had deemed) the horror of this year. The first thing I did was turn to 
Son-Rise®; I started having monthly dialogue sessions with Bears (Barry Neil 
Kaufman)—the co-founder of Son-Rise®, which has been incredible. This is one 
of those times that happen in life that can make you a better person or break 
you. Bears is guiding me to be better. | just arrived back from another Son-Rise® 
training where | realized that staying in fear and being nervous about getting 
excited or anxious about feeling hopeful again will prevent me from being the 
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bridge to healing that | want to be for Jordan. I felt a relaxation that | haven't felt 
all year. I've been wound real tight, waiting, being on the look out for that next 
This year has had a huge impact on Kaiyan as well. She'd see her brother sick 
and then her mommies would disappear. I'm noticing she's wound pretty tight as 
well. Her favorite moments are when the entire family is together. I'm hoping 
talking with her about what happened and spending more one on one time 

with her will help. She asks daily is Jordan throwing up, is he having a seizure? 
She doesn't really know what it all means, but is really aware is not good. She, 
recently, said she wanted to have autism. After | explained to her that autism is 
why Jordan isn’t talking or riding a bike, she decided she didn’t want autism. She 
wants to be a boy and insists on wearing Jordan's clothes almost daily. | think it's 
her way of healing and feeling included in the process. 

We've been doing Son-Rise® again and it feels great. | do feel like we have some 
time to make up for since this year has been spent dealing with health issues 
rather than cognitive issues so we are working up to having a full time program, 
having quarterly consultations, and doing another Intensive. 

Son-Rise® and Kerr's protocol’s are not only bringing our son back, theyre 
bringing me back. 


75. Healing From Autism 
Hospital birth, bottle fed, fully vax until age 4. Digestive disorders beginning at 
age 1. Low tone, speech and language delay. Mild early education interventions. 
GF since age 2, GF, Soy free, sugar free since age 4. Majority of autism symptoms 
presented in 2013; in the fall of 2012, our son did not qualify as being in need of 
special education, and thus, could not attend school in our district at all. 

Long winter days in a tiny home had me sending him out to play. in our tiny 
backyard, which had a patch of grass and a bush, under which small animals and 
birds lived. In his boredom, he sprinkled the dirt all over himself his head, face, 
clothes, shoes, on several different days. 

Later in the early spring, the symptoms of autism appeared more and more 
obvious: disobedience, disinterest in sitting for a story or coloring, lost interest 
in puzzles of more than 24 pcs, jumping on and off furniture for hours, despite 
scoldings and time-outs. Sudden relapse in bedwetting. Then by summer, the 
symptoms were very obvious: longer tantrums, rages, anger issues, hitting, 
fighting, a mean spirit; running out of the house without permission, with no 
respect for danger or regard for safety. Weepiness, hypersensitivity to touch, 
suddenly repeating the same phrase, over and over all day. Lost balance and 
coordination, bumping into walls and furniture, stubbing toes. Shoulder shrugging, 
all day, But not able to stop or say why he was doing it. Lost dexterity—could 
not put cards in a box. Lost organizational skills—could no longer put toys or 
clothes away. Extreme nighttime drooling and bedwetting. The need for sameness, 
and to have all food served cold. He frequently did not seem to be in his right, 
mind, 

In desperation, | asked a group of special needs moms for advice, and ordered a 
handful of books on Autism, including Healing the Symptoms of Autism by Kerri 
Rivera. 


ft was the best money I ever spent. 
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Iread the book thoroughly, ordered the supplies and began the CD Protocol 
on July 8, 2013, Starting ATEC: 46. We ramped up slowly on drops, serving 
doses 8 times per day. My son has had two low dose/partial PP's, to minimize 
the emotional meltdowns, the gas and discomfort. | did not realize how very 
deficient in minerals he was, and did not give him enough ocean water. Now 
lorder the big 10-liter jug of ocean water, so | am not tempted to be stingy. 

He needs more than 100 mi ocean water per day for his digestive system to 
handle the parasite dumping during the PP His previous digestive trouble was 
unexplained chronic constipation, since age one, and that is realy linked to 

his high need for the OW. Interestingly his doctors had all said to keep giving 
Miralax, and that he might possibly need that laxative every day for the rest of 
his life. We stopped the laxative when we started the CD program, and began 
the enemas right away. When | sifted the stool and saw the number of parasites, 
understood finally why he couldn't poop well on his own for the last 4 years, 
despite diet interventions. We are looking forward 

to PP #3, in which | hope to ramp up to full dose on all components. 

Poop sifting revealed what 6 pediatricians and 2 GI specialists could not tell us. 
Our son is infected with at least 6 different kinds of parasitic flukes and 3 kinds 
of parasitic worms. His stool has had a very large amount of sediment, with odd, 
tiny but defined shapes.A search for “rodent and avian parasites” reveals photos 
of very tiny creatures. 

| just completed his ATEC at Kerri’ request: November 12, 2013: he now scores 
10, with a 1 in language, 2 in social, and 7 in health. 

What does his recovery look like? We enrolled our son in a small private school 
this fall, with one teacher for 6 students, no aide. He now memorizes poems, 
Bible verses, and songs. He sings, knows his alphabet and all the sounds of the 
letters, and can count to 47 with precision. He shows kindness to others, is 
mindful of safety, and has glowing reports from his NT school. He sits with me 
for stories, and brings books to ‘read! to his baby sister. He is not literate quite 
Yet, but enjoys word search games, where he can complete levels and advance 
to more challenging puzzles. Twice now he has played the word search game 

con Leap Frog for 45 minutes. He has regained his balance and coordination. 

The rages, anger, and shoulder shrugging disappeared within the first 10 days on 
CD. He identifies printed numbers and letters, and does well in math, phonics, 
penmanship and reading class. He is learning to write numbers and letters in 
cursive, and follow directions on drawing worksheets. He operates the TV and 
DVR unaided, recording and watching programs he chooses. 

He is happy; he has a patience and joyfulness about lf that was previously 
lacking. He tells me jokes, and now has the coordination to operate 2 hand 
puppet while speaking for the puppet!! He is thoughtful and obedient. He has 
regained fine and gross motor skills, and motor planning skills. 

There are still mprovements we hope for: further speech, language, and 
vocabulary improvements. Social graces. More improved digestive health; I can 
see that he stil has parasites in his stool. We will continue the CD Protocol, 
and we look forward to further healing. Thank you all for your support and 
encouragement. 

The CD Autism Program has done more than cure our son of his brief affliction 
with Autism; it addresses the pervasive, underlying gut disorder and parasite 
issues that have plagued him all his life. Where complex testing in expensive 
medical centers has failed, a simple home health program succeeds. Thank you 
Kerri Rivera!! 
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76. Well..we too did an ATEC! Our son was 11.5 when we started the CD Protocol 
July 2012 First fully loaded (All PP meds on board) was November 2012 
VERY First ATEC: Jan. 2006= 124 
ATEC in July 2012: 64 
ATEC August 2012: 52 
ATEC Oct. 2012: 48 
ATEC Dec. 2012:45 
ATEC May 2013:40 
ATEC August 2013:39 
ATEC NOV. 2013:33 
I actually did one myself as | have done throughout all the previous, but | had 
hubby do one and combined and divided by the 2! Resulting in the 33! Oddly, 
its the “SPEECH” that remains consistently around 14 & 15 throughout ALL of 
these! All the others continue to go down! We've had some ups and downs, but 
with continued evacuation of some MIGHTY big worms...we continue to see 
‘major gains! 
This is the ONLY Protocol that has EVER given us the progress we've seen in 
one year’s time let alone in 6 months! Thank you Kerri Rivera and especially 
Patrick Rivera for being such pioneers in this journey to recovery! You are 
S000 loved and appreciated beyond words! Thank you for never giving up! 
Thank you for giving so much, and bringing healing to our son! He's come a long 
way, but we have a ways to go! But with the progress he's making... honestly fee! 
it will seem like nothing from where we've come! 
‘Again THANK YOU! XOXOXO! 


77. We had a great day today. For the first time, he joined me in throwing something 
ata target (blocks at carpet circles). He laughed and smiled and pulled me 
to play with him better than he has in weeks. | heard a lot more sounds and 
approximations today. When I couldn't figure out what he was saying, he kept 
trying until I did. 
My favorite part of the day, and I know this is odd, was when his head collided 
with my mouth. | exclaimed in pain and he was clearly worried/empathetic. 
He kept trying to get close to see my lip and giving me kisses. I've seen him 
concerned before but never that clearly empathetic. 


78. Just wanted to share that on 21/8/13 my sons ATEC was 46, just redid because 
Wee at the start of our first pp & his score has come down to 31! The big 
improvement came after introducing CD enemas 3 weeks ago. Although he's 
been on oral CD for about 2 months, it was always the case that if | missed 
2 dose within 1/2 hour he'd be sensory. inflexible, super-anxious, shouting, 
aggressive etc & Id have to syringe it down him but within 1Omins of dosing the 
lightswitch would flick on & he'd be in control & a calm, loving boy again. Since 
the 3 enemas I gave him 3 weeks ago (only 3 because then his brother had one, 
panicked, screamed & totally freaked out my 4yr old who up til then had said 
he liked them bc they made him feel good afterwards) his personality has been 
shining through again, there's less panick/anxiety, less sensory issues & there's 
1no reaction’ if | miss a dose or more of CD. I've seen more improvements this 
week, on Monday he decided to sit down & colour & proceeded to colour neatly, 
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inside the lines - he was so pleased with himself! (He used to colour so neatly 
but about 6 months ago his colouring became scribbly & he frustrated that he 
couldn't do it neat anymore). Then tonight, when | asked him to hop out of the 
bath, HE DID! He stood up, stepped out & as | handed him a towel he took it & 
said thank you mummy’ and wrapped himself in it & walked out - all completely 
relaxed - like it was usual!!! WWWOOAHAHH! Yes! He has never done this, 

its always tantrums, always arguing, needs to bathe longer, has to be made to get 
out, refuses to step out, has to be lifted, needs me or hubby to wrap & dress him, 
& usually all while panicking, crying, demanding, arguing or screaming because 

its cold, different, he doesn’t want to, it's not right etc. I just can't believe what 
happened tonight! I'm still astounded. It’s like the Finlay we ‘know’ isn't Finlay & 
now we're beginning to see who he really is! 

So I'm REALLY excited about our Ist pp. We're already seeing full moon 
behaviours & although tough it’s been great to see them because it’s a reminder 
‘of what Finlay was like every day until 3 weeks ago! 

He's already healing. It’ soooo exciting! Thank you Kerri - may God bless you & 
all the children on this protocol. Healing, here we come! 


79. True Hope by Maggie Kaye 
Most people don't know that babies are born with about 100 million brain cells. 
That is more cells with more connections than there are stars in the galaxy! 
This is difficult to picture when you consider an infant's brain only weighs about 
12 ounces at birth, about 25% of it full size. But, there is a logical explanation 
for this: Brain cells; like the brain itself,have yet to grow.As neurons (brain cells) 
mature, they become larger, stronger, and form tentacle-like branches that form 
synapsis (connection and communication) with other brain cells. rain growth is 
directed by neural activity. The neural activity of the cerebral cortex (the largest, 
most complex part of the brain) molds the way a child will think, behave, and 
acheive, 
Conventional wisdom long held the belief that the human brain cannot change... 
that itis hard-wired at birth, Scientists today have proven that this is not the 
case. They have found that the brain is malleable. It has the ability to change 
shape, size, number of branches, number of connections, and even the strength 
of it connections over time. The potential growth, or neuroplastisity (neuro 
means neurons of brain cells, plastic meaning changable) is far-reaching. At birth, 
the brain is simply a blueprint of what it will become. No one can predict the 
amount of growth that a brain has yet to acheive. 
For the parents of a child with Autism, the diagnosis can be devastating. But, the 
biggest and most harmful blow can come from the prognosis:There is no cure. 
Kenn and I were given a diagnosis of an Autism Spectrum Disorder for our son, 
but we were not given this prognosis. In fact, the word “Autism” was avoided 
at our son's diagnostic evaluation until the therapists heard us say it first, and 
realized we were comfortable with the word. For many parents, a diagnosis 
is the end all,be all. For far too many parents, the words "No cure” are scary 
and harmful. We did not hear these words nor would we have accepted them 
as truth if we had. We do not want to change our son.We want him to be his 
best self. We are not looking for a cure. We are in search of treatment and 


What 


A GPS device may send a variety of different 
sentence types in succession, to overcome the 
80-character sentence length limit. Each sen- 
tence will be preceded with an identifier. Sen- 
tence types and data contents will be defined 
in a manufacturer's datasheet. 


Output from GPS chips may be compatible with 
a microcontroller. Output from a GPS breakout 
board will almost certainly be compatible, and 
the board is likely to have its own voltage regu- 
lator. The microcontroller can receive serial data 
from the GPS chip, can stop the GPS chip via its, 
enable pin, and can start and stop internal log- 
ging of data in flash memory on the GPS chip if 
this feature is available, 


Code libraries are available online for a micro- 
controller, to enable it to receive and interpret 
serial data from a GPS device. 


Pulse per Second Output 

As the GPS positioning depends on calculating 
distances from the time it takes for a radio sig- 
nal to travel, accurate timekeeping is needed. 
When a GPS receiver obtains a fix for its posi 
tion, it will get a value for the current time as 
well. This makes GPS receivers usable to supply 
time and frequency standards. Most receiver 
modules report the time together with the 
position, Many also provide a special PPS out- 
put, which produces one pulse per second, pre- 
cisely synchronized with the satellites in view. 


The accurate time provided by the GPS receiver 
can be used to discipline a crystal oscillator. This 
means measuring the crystal oscillator fre- 
quency relative to a GPS-provided reference, 
and continuously adjusting the crystal fre- 
quency to keep it stable. 


What Can Go Wrong 


Problems generally affect chips and modules 
rather than devices. 


spatial > location > gps 


Electrostatic Discharge 

The patch antenna on a GPS chip connects with 
the chip via an RF input. If the antenna is sub- 
jected to an electrostatic discharge, the chip 
can be permanently damaged. Likewise, dam- 
age will result if a discharge is applied to the RF 
input, for example through a soldering iron. 
The chip must be grounded before any work is 
done involving the RF input. 


Failure to Ground Properly 
The ground solder pad on a chip, or the ground 
pin on a breakout board, must make contact 
before voltage is applied to other pads or pins. 


Cold Joints 

The patch antenna on a GPS chip can function 
as a heat sink, increasing the risk of cold solder 
joints when the chip is being mounted on a 
board. 


Restricted Availability 

US. regulations limit the export of some GPS 
devices capable of rapid positional updates 
that could be usable in military aircraft or mis- 
siles, Other restrictions also apply. Suppliers 
may be inconsistent in their refusal to allow 
purchase of restricted items outside of the Uni- 
ted States. 


Inability to Detect Satellites 

Any GPS device may fail to detect satellite sig- 
nals if its view of the sky is obstructed. Recep- 
tion is usually possible through window glass, 
but may not be available through walls, a roof, 
heavy tree cover, and other natural obstruc- 
tions, 


Exceeding Maximum Velocity or 
Altitude 

Security regulations limit the capability of GPS 
devices to function above 60,000 feet or at 
greater than 1,200 miles per hour. Outside of 
these limits, the GPS device will not provide 
data. This may affect applications in amateur 
rocketry or high-altitude balloons. 


2 Encyclopedia of Electronic Components Volume 3 


More Miracles & Testimonials... 377 


healing for his symptoms. We know and understand that a Therapist is not God, 
A Therapist cannot predict the future for our son. He or she can simply assess 
where Gunnar is developmentally and give us options for a treatment plan for 
a healthy, successful future. Our son's diagnosis was not an ending. It was simply 
the begininning of a journey through a world of strength, challenges, support, 
opposition, and the love of a parent that cannot ever be fully defined, 


Our son, Gunnar was born with an Autoimmune disorder, Hypothyroidism. He 
was tested at birth, was diagnosed, and has been treated by an Endocrinologist 
since he was three days old.We were not upset by the Hypo diagnosis, but. 
rather ready for the course of action to regulate all of Gunnar’s bodily systems. 
What did surprise us was the constant shrugging off of our concerns over our 
son's developmental delays and gastrointestinal symptoms over the last few 
years. We were continually disappointed by the compartmentalization of our 
son's physical and mental challenges by every Pediatrician and Specialist we saw. 
To us, Gunnar’s symptoms all had to be as connected as are all of his body parts. 
But, we were treated as if our concerns were dumbfounded. ..as if digestive, 
behavioral, and physical challenges were not intertwined. 

Let’ be clear..TThe brain does not function in isolation. It is a team player: It 
needs vital nutrients and informational input to perform at optimum levels. To 

fill these needs, the brain relies heavily on complex interactions between the 
immune, endocrine, and gastrointestinal systems. Gunnar, like so many other 
children on the Autism spectrum, suffers from gastrointestinal issues uncluding 
chronic constipation, diarrhea, and abdominal discomfort. Scientific studies and 
countless parent reports are pointing to gut inflammation caused by casein, 
gluten, and soy in our foods. Gunnar has shown clear physical and behavioral 
reactions to these foods, and improvement in these areas with the removal of 
Gluten, casein, and soy from his diet This is not an allergy from the perspective 
ofa traditional allergist. This is what is called a T Cell Inflammatory response. 
The use of a gluten, casein, and soy free diet as a means of treatment for Autism 
‘symptoms has gotten mixed responses. Many parents and doctors who deal with 
Autism, Immune, and Endocrine disorders rave about it’s benefits, including me 
and my husband, Still, others call it"junk science”. Clearly. if someone is looking 
purely at one body part at a time, they will not be open to the truth that the 
body and brain are codependent. I, personally, have been challenged by the choice 
to follow this diet for my own thyroid disease and for my son's Autism. | was 
even told on an online support forum that the GFCFSF diet is “fake science” and 
is causing “false hope” for parents of children on the Autism Spectrum. 

False Hope? 

This may be one of the biggest oxymorons I've ever heard.This ranks right up 
there with “God Hates”. I cannot say what causes people to be so oppositional 
to our choice to follow this eating plan. Perhaps the resistance to this way 

of eating is due to a simple misunderstanding of the leaky gut syndrome that 
plagues so many children on the Autism Spectrum. This leaky gut syndrome does 
not cause food allergies. t causes food sensitivities. 

In food allergies that many parents are familfar with, the symptoms arise 
immediately in the form of hives, watery eyes, sneezing, or difficulty breathing. 
They can even produce life-threatening anaphylactic shock. Only about 10% of 
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autistic kids have this type of allergy. Some 85% of children with Autism have 
food sensitivities. Rather than immediate physical symptoms, these sensitivities 
produce and inflammatory response that results in more subtle mental and 
behavioral symptoms that can take anywhere from 6-72 hours to appear. The 
brain’s primary fuels are oxygen and glucose which are manufactured from 
nutrients in our food supply. It only makes sense that we get out of our brains 
what we put into our bodies. 

When it comes to the treatment of any neurological disorder, many parents and 
doctors focus solely on the obvious cognitive impairments and fail to realize 
that correcting their child or patient's underlying intestinal imbalances can; and 
‘often does, lead to significant overall improvement. Leaky gut syndrome which 

is so prevalant in children with Autism Spectrum Disorders causes a long list of 
vitamin and mineral deficiencies because the inflammation process damages the 
various carrier proteins normally present in healthy Gl systems. Our plan is to 
treat our son from the inside out; Reduce the inflammation, test for vitamin and 
mineral deficiencies, provide necessary supplements, test for toxin poisoning and 
remove if necessary, provide therapy as needed, and set Gunnar up for the best 
possible outcome. When you feel better, you perform better: Who can argue with 
this rationale? 

Many people have differing opinions on what does and doesn’t work for families 
facing Autism. There is a saying in the Autism community, "If you have met 

cone child with Autism, you have met one child with Autism" There is a broad 
spectrum with severe to mild physical and behavioral symptoms. One person's 
treatment protocol might not work for another person. | am not judging what 
others choose to do to treat their child, | am simply sharing what has worked for 
us thus far: am not searching for or promising a cure, | am finding a treatment 
for and healing the symptoms that affect our son. Whether or not you agree 
with how my family and | choose to approach this journey does nat change the 
outcome. If we have helped one person understand this complex neurological 
disorder, we have helped spread understanding, and that makes us happy. And, 

if you are a family facing Autism and don't know which avenue of treatment to 
pursue first, our advice is: Go with your gut. 


80. Recovery #107 


Having a sick child is a full time job. Even when they are well, your mind is filled 
with ways to keep them from getting sick again, ways to improve their current 
state, ways to help others who were where you were just a short time ago. It is 
my hope to do all three. 


‘Autism entered my life a few years ago, but | didn’t recognize it. My son, Gunnar 
was three when my husband and I realized he wasn't progressing as he should, 
He wasn't asking why, what, where, or when questions. He wasn't growing. He 
was lining up his trains and cars, screaming if we touched one of them. Gunnar 
was oppositional and refused to go into a crowded place. He didn't look anyone 
in the eye, and it seemed to make him uncomfortable to try. He had several 
sensory issues such as covering his ears when music played, even when the 
volume was low. He had an aversion to touch and would often yell,“ouch!” when 
someone touched his arm softly, He was constipated. He smeared his feces on 
the wall. He often woke in the middle of the night screaming. My husband or | 
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would find him in the fetal position and he couldn't or didn't respond when we 
asked what hurt. Gunnar went ballistic when we tried to wash or cut his hair or 
brush his teeth. He was indifferent to me leaving for work, and what was most 
painful for me, he ran and hid when | returned. He didn't much care for his own 
mom and that was heart breaking for me. 


We also noticed some regression. Gunnar stopped showing interest in potty 
training. He went from saying, “Gotta go pee pee!” to not even recognizing he'd 
soiled his pants. He started refusing foods he previously enjoyed. He went from 
Using several words in succession to not speaking more than two words strung 
together: He started to be extremely picky when it came to the foods he would 
eat and spent most of his time at the dinner table staring out of the window. We 
were losing our son, 

(Our son was born with an autoimmune condition, Hypothyroidism. He started 
taking medication just three days after he was born. Initially my husband and 

| interpreted some of our son's Autism symptoms as side effects from his 
medication dosage fluctuations.After all, we voiced our concerns to his Pediatric 
Endocrinologist, and she assured us he was fine. She said the medication was 
likely making him lethargic. She said boys took longer to potty train.As time 
went on, Gunnar's symptoms multiplied and worsened, and other caregivers took 
notice and shared their concerns.At our son's next Endocrinologist appointment, 
I insisted on a referral for a developmental evaluation. 

(Our son was diagnosed with an Autism Spectrum Disorder in January of 2013. 
He was 4 years old. | immediately went into research mode reading everything 

I could get my hands on that was related to healing Autism. Two weeks after 

his diagnosis, we started a gluten, dairy, soy free diet and saw digestive issues 
disappearing. The night-waking was going away. He turned toward us when we 
called his name. He spoke in short sentences, requesting to watch a movie or eat 
a snack. 

‘A month after Gunnar’s diagnosis we had further testing done to see where he 
was on the spectrum. When we showed up for the appointment, the diagnostic 
team was impressed with our son’s progress. He responded when they asked 
him to point to specific items, and he had no trouble matching items together: 
remember thinking he was much smarter than I'd realized. Clearly the problem 
with our son was physical. 

The test results showed Gunnar's speech and language to be at a 23 month 

old's level with his gross and fine motor skills not much further along. We were 
determined to heal our son and scheduled an appointment to have all kinds of 
testing done including food allergies, comprehensive stool analysis, and genetic 
‘mutation tests. These results showed that our son was sick with food allergies, 
leaky gut caused by an overgrowth of bacteria, and pathogens. We knew what we 
were up against. We were on the right track with diet, but had to find out how 
to get rid of the bacteria and pathogens. In my research, | stumbled upon the CD 
forum. It was the first treatment program that made complete sense to me. 

‘We received the book in June. It was the first book our son ever showed 
interest in. He kept saying, This is it!” and,"This book is the best!” He didn't 
want to put the book down. My husband and I looked at each other with tear- 
filled eyes. We knew Gunnar was right; this was it, 


380 Appendix 1 


We started the CD Protocol immediately. just five months after our son's 
diagnosis. His starting ATEC was an 80. Immediately we saw regular bowel 
movements, diminished dark circles under his eyes, and healthy skin coloring. 
Gunnar began to sleep through the night. Four days into the protocol, our son 
started taking turns and sharing with other kids. That night, he danced at a 
graduation party. Every day, his vocabulary improved. 

Four weeks into the protocol, our son no longer needed his thyroid medication 
held been on his entire life. He started using the bathroom unprompted. He 
dressed himself unprompted, He brushed his teeth on his own. Gunnar didn't 
mind getting his hair cut. He began to engage in reciprocal conversation. 

Seven weeks into the protocol, we saw so many behavioral improvements; we 
decided to take the ATEC test again. Gunnar's score was a 40. It was cut in half 
in seven weeks!!! Eight weeks into the protocol our son celebrated his Sth 
birthday. It was the first time he showed anticipation for a party. He was excited 
to open his gifts and thanked everyone individually. Normally, Gunnar would run 
and play by himself when guests came over. He had always covered his ears and 
yelled, Stop singing!” at previous parties. Gunnar was happy when everyone sang 
Happy Birthday to him. He was healthy and present. It was one of the happiest 
days of our lives. 

Twelve weeks into the protocol, our son started mainstream preschool. All 
previous attempts to take him to school resulted in anxiety and complete 
meltdowns. He started speaking in complete sentences and his speech was 
relevant to the situation. He started showing interest in books. Fifteen weeks 
in, our son read his own bedtime story with no help. He picked out his own 
Halloween costume. He broughit home his artwork and proudly showed it to 
Us. His teachers continually voiced their pleasure at his progress. His speech 
therapist said he was at age level for speech and language. (that’s 3 years worth 
of progress!) 

‘Twenty-four weeks into the protocol, our son's ATEC score is a 10, He continues 
to go to mainstream preschool and is interested in learning. He is reading 

a variety of books. He is counting in English and Spanish. He knows his US 
geography, and does puzzles that are advanced for his age. He asks questions. His 
speech is appropriate and relevant with continued improvement in vocabulary 
and articulation. He loves to sing, dance, and paint. Our son is smart, funny, and 
very affectionate. He spontaneously hugs and kisses me and tells me he loves 
me.And the best part of all? When | come home from work, Gunnar yells, 
“Moooommmmyyyy!”. runs up to me, jumps into my arms, and wraps his little 
arms around my neck. I have my son back. 

| could never sufficiently thank Kerri Rivera for all of her selfiess help. She and 
her team of parents give freely of their time and energy to bring kids and their 
families out of the depths of Autism. It is my hope to pay it forward. All children 
deserve a healthy childhood. f you are holding this book, you are likely in the 
position my family was in just 10 months ago. This is the way to turn your 
feelings of desperation into determination. This is the way to change the future 
for your family. This is the way out of Autism, 


—Maggie Kaye 
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81. Ok, my brother is 17 and started CD at the end of october. We are on 9 drops 
as of today. Non verbal. My mom called me crying and my brother said“! want 
smack please.” My mom asked if he wanted something and he “no, no, no.” He 
got his yogurt (df) out and said “thank you." This is just so amazing. Thank you 
God for putting us on this path and around so many amazing warrior parents to 
help us with our journey. Happy healing to all! 


82. At the age of 3 our son was absent. He talked a lot...to himself. Scripting. It 
was almost impossible to get him to look into our eyes when we spoke to him. 
He almost never answered back, and when he did, it was scripting again (from 
a show on TV or a movie he was into.) He played by himself. He refused to 
potty train. He would wake up in the middle of the night crying and holding his 
stomach but was unable to tell us what was wrong. He stopped eating whatever 
we put in front of him and seemed to only want fruit snacks,American cheese, 
hot dogs, chicken nuggets and fries. And thats it. He didn’t seem to be growing 
anymore, both physically and mentally. He seemed to be slipping away from 
us. You could see it in his eyes. Those eyes that were pointed off in a different 
direction. It was gradual..hard to notice right away. But definitely a change, and 
not one we were happy with. 

Up until this time he was progressing like any other child. He ate well. He slept 
well. He played well. Was even starting to potty train. A typical child, But not 
anymore. Then there was the diagnosis. Autism. No parent wants to hear that, 
but we knew. Every parent knows what | mean. You just know. And at this point 
we (as parents) have to make a choice. 

We can choose to do nothing. Just live with it. We can listen to our doctor, or a 
specialist in the field. You know, someone who claims to know everything about 
you and your child in the 5 minutes they spend with you. Or you can talk to 
other parents. Parents that spend every moment with their children. Not just 

2 few minutes every six months. You can network. You can research. Ask whats 
working for them, or more importantly what's not. 

We chose the latter, and because of this our son is recovering. He looks into 
our eyes. He asks questions. He sleeps at night. He's potty trained. He sets the 
dinner table with his older sister and asks to be excused when he's done eating. 
He's in pre-school now and plays with all of the other kids. He calls them by 
name. He draws. He paints. He reads books. He does all of the things a typical 
five year old does. 

Our son is recovering, and I need to give two heartfelt thanks for this. The first 
to my wife for the countless hours of reading and research she did immediately 
following our sons Autism diagnosis. She is an incredible woman who refuses 

to give up on anything. Ever. She refused to believe that we had to accept 

what was handed to us. She knew in her heart and mind that we could make 
difierence. We just had to do it. Because of this determination, she found Kerri 
Rivera, whom is the next person | want to thank. She is a true pioneer, someone 
who refused to keep thinking inside the box, someone who is helping families 
like ours all over the world, 

“We have the world at our fingertips. Every book, every encyclopedia for us 

to read at our local library, in our own homes, and now on (most) of our cell 
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phones. It's a beautiful tool for us to use. Use it. Do your own research, Talk 
with parents. Find out what works and do it. 


The only thing | really have to say about Kerr's book and the protocol it explains 
is that it works. We have our son back. 


—Kenn Kaye, Father of Gunnar Kaye 


83. Last night, my 19 year old son came out into the kitchen, picked up a purple 
straw from the dish drainer, and pretended to play it like a clarinet with great 
enthusiasm. Pretend play. For the first time in 19 years. 


84, We've been playing the “healing game” with my son for some time, (7 years 
11 months old) but we've never really healed anything. To be honest we've 
never known what we were up against..until now. Like everyone here, my 
child is very sick. He doesn't grow, he has maldigestion and malabsorption 
issues and he's chronically constipated. His history of constipation is long and 
extensive. ANYTHING that disrupted his gut flora would result in this extreme 
constipation; whether it was a cold,a new food, treating the Gl. To say he has 
leaky gut is a tremendous understatement. So, when we started Kerri’s protocol 
6/15 my biggest health markers for initial healing were growth and for him to 
poop daily on his own. With his history being what it is | wasn't surprised to see 
he was instantly constipated. How could he not be? We are killing pathogens and 
parasites like gang busters. We started enemas on day two and have done them 
daily. But, an amazing thing is happening! He is healing. He has grown two inches 
in these last three months and he starting to poop on his own. BTW, these aren't 
just lame little poops they are total TROPHY poops. They are soft, formed, have 
1no undigested food and there is lots (id show you a picture but we barely know 
each other) 

Yep... t's taken 3.5 months to get here, but his little; fragile and damaged body is 
doing what itis supposed to do. 

Trust the process...It's not easy; it's not always fast. here will be ups and downs. 
But, my gosh, watching the body heal is an extraordinary thing. I's nothing short 
of a miracle. 


85. Hi Kerri, 
| started my son on the CD fast night. 'm taking it with him. 
Well | for one, feel fabulous. My lungs are clearing up, the low-level depression | 
felt is evaporating. Wow!!! 
I've noticed some subtle changes in my son. He is more “with us” in the world 
and not looking out the window at cars quite as much.Also, a little less flapping 
his hands. 
He and I have been doing a ketogenic version of the GAPS diet (no sweet 
vegetables, no dairy, no sweeteners) since January of 2013, and | think that's why 
we've been so successful with the CD! :) 
was thinking of upping it to two drops per 8 oz bottle--one for him, one 8 oz 
bottle for me. 
| am hoping that Sulfur is Ok to stil give him. We used to cut it with Kombucha, 
but that is now a no-no. 
Thanks and Huzzah! 
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86. Ryan is the first of our 3 children to recover. Ryan was not considered autistic 
by most standards but did score a 19 on the ATEC test prior to starting the 
CD protocol. He is 9 years old and has been in mainstream classes without 
an IEP. We did hold him and his twin brother back one year prior to starting 
kindergarten so they could have more time to heal from Lyme Disease which we 
had been treating since they were 4. 
Ryan was a healthy baby but | did notice after saying his first words at the 
appropriate age, he stopped talking a few months later. (I now know that is a 
symptom of autism!) And both he and his brother were very late with language 
despite knowing their alphabet at a very young age. Ryan did eventually talk but 
was often hyperactive and had a hard time sitting still n class or at the dinner 
table. It was often hard to get his attention and to get him to listen to requests. 
He was constipated since he was a baby and was a very picky eater: | dreaded 
mealtimes because it was so hard to get him to eat. We often had to spoon-feed 
food into his mouth even when he was 7 years old. Treatment for Lyme Disease 
helped many of his symptoms but he still had some remaining symptoms such as 
weakness, stomachaches, seeing orange and blue spots at night (more noticeable 
in the dark), nightmares, bedwetting, difficulty falling asleep and early awakening, 
and overly emotional and irrational behavior. These symptoms worsened 
dramatically when our house well water became contaminated with parasites 
and bacteria, It took us two years to figure out that the water was the cause of 
our deteriorating health. During this time, Ryan became unable to play sports or 
have play dates without melting into irrational tantrums when things didn't go his 
way. When playing mini golf, he refused to finish the round after getting a score 
of "10” on one hole and had a crying tantrum. In tennis class, he would sit down 
on the court and start crying if he didn’t get to hit as many balls as the other 
children on the court with him. We didn't even attempt to put him in team 
sports for fear that he would melt down and storm off, refusing to play the rest 
of the game. 
Then we discovered CD and Kerr's protocol, and his and our lives changed 
forever. Within three weeks of taking CD, Ryan's ATEC dropped to an 8, This 
improvement was the difference in Ryan being able to play sports. He was able 
to play on a baseball team and while he did get angry if he struck out or made an 
error, | was there with a dose of CD and that would keep him from a complete 
meltdown. As the season continued, Ryan's emotions became more and more 
stable and normal. His energy increased greatly and now after 6 months on the 
protocol, Ryan is playing three different sports, taking piano lessons and excelling 
in above grade level reading and math. His ATEC is a 3 but we will continue until 
it is 0. His first report card since starting the protocol was the best of his life. 
We were most excited to see that his scores for behavior and attention were 
above expectations. Last year, these same scores were all below expectations 
because Ryan was so hyperactive and unable to focus due to the parasites. Ryan 
still sees a few orange spots at night but they are diminishing and we know 
they will be gone so long as we stick with this protocol until he is completely 
healed. We are so grateful that Kerri blazed the way for us all by developing this 
protocol. have been searching for the past 7 years for a way to fully heal my 
children and the CD was the last but most significant piece of the puzzle for us. 
We will be forever thankful to you Kerri! 
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87. I first heard about CD, then called MMS, to treat autism in May 2012 and wanted 
to try it out with my then 10-year-old son. | bought supplies, and did the then- 
current protocol for a few months, but then school ended and summer vacations 
started and I put CD on the back burner or did it very sporadically. My son 
was verbal and high functioning, but still had lots of autistic behaviors. His ATEC 
score in 2012 was 27. 
| started reading about CD again in the summer of 2013. This time there was 
more information out there. Kerri had written her breakthrough book and lots 
of facebook friends in the autism community were mentioning it. | bought the 
book and dove in, first using my old supplies (CD with citric acid) then buying 
HCl and trying that. My son did very well with the new protocol, starting low 
and getting to full dose around the time of his 12th birthday at the end of August. 
| started seeing worms before we even started our first Parasite Protocol! 
When | started the Parasite Protocol and added in ocean water, things kept 
getting better! No set-backs or regressions. School was seemingly much easier 
for my son. He was in a mainstream class with resource room help for reading 
and writing for the second year, but this year, math homework was no longer 
taking several hours, but 20 minutes! His reading comprehension was improving 
as well, and more importantly, didn't worry about hearing about behavioral 
issues anymore! 

I wanted to complete three months of CD before | took another ATEC. When 
[filled in out in November, at the start of our third Parasite Protocol, | was 
shocked to see a score of 7! My son had dropped 20 points from his 2012 
score! Seeing the single digit score was so amazing! My son had been diagnosed 
With autism at age 2/4 and there were no options given to me at the time. An 
early IQ test given by a speech therapist had shown he was mentally retarded 
and that was that. However, | looked into everything I could, and was not going 
to give up on my son. So glad I didn’t! Nine years of autism, but the beginning of 
his 12th year marks the end of it! I know his ATEC score will be 0 soon! 


88. “thank you for your help in recovering me” 
This is what my son just typed to me this morning on his iPad with the app we 
Use for supportive typing! 
Thank you Kerri & Patrick for all you have done and continue to do! 


Without you BOTH, we would NEVER be in the place we are right now... 
HEALING & RECOVERY! 


Just know you are LOVED! 
—Melissa in Indiana 


89. Sophia was born on March 9, 2006, She was a typical happy baby who slept well 
and seldom got sick. She met all of her developmental milestones and laughed 
and made great eye contact. When she turned one just after her vaccines she 
became violently ill and vomited with fever for 2 days straight. After that she 
was never the same, her smile was rare and words were gone, When she was 
nineteen months after more shots, we took her to an ear doctor out of concern 
that she was not responding to her name or speaking clear words. Her hearing 
was tested and we were told she was fine and to give her time. After a few 
months of no change her pediatrician determined that she was developmentally- 
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delayed and had all the symptoms of Autism. We were stunned and unprepared 
for this news. went into warrior mode and ended up with a DAN dr, who 
started her on lots of supplements after initial lab results showed heavy metal 
toxicity and high amounts of intestinal yeast. We followed the program and. 
advice of this doctor for the last 4 years with the only change being dietary 
fluctuations. Sophia did improve but hit a plateau where no new gains were 
made in the last year or So, so in May 2013 her DAN doctor suggested that we 
do another round of stool testing after a urine acid test showed bad bacteria 
overgrowth and terrible mito issues. Her comment to me was “this kid's DNA 

is so. messed up, | haven't seen a test this bad since the 1990's.” This was after 
thousands of dollars and too many supplements to count.! was done at that 
point. There were no answers there obviously. came across this protocol on 

2 Facebook page for autism parents and purchased Kerri’s book in September 
2013.1 immediately knew that this was the answer for my daughter. had 2 gut 
instinct that she would be healed .We started the diet immediately and CD just 
after. My daughter had been a juice addict before this and | was worried about 
her taking the CD and being able to drink the water. This was only an issue for a 
day of so. have not missed a day of giving her 8 or more doses. We get up very 
early and dose her ocean water and 2 CD doses before school. On weekends we 
are doing 16 doses/day. In the second week we started seeing some herxheimer/ 
die off, very sleepy followed by fevers. This is when the transformation started! | 
followed the fever protocol and did enemas and she got better. he also had an 
episode around week 7 of very red throat and fever which we double dosed for 
and resolved. We have seen a withdrawn, self -focused child with litle interest 

in the world outside of herself disappear and turn into a child interested in 
friendship with peers, reading books and understanding the story (huge!),and 
having relevant conversation with great eye contact. She gets all A's at school and 
has made a complete turnaround with behavior. We have so much hope for her 
future and she is blossoming into a beautiful, happy girl! 


90. Here are a few of the emails | mentioned from my son's therapist in regard to 
what's happening at therapy! }) 
This is an email from the exact day | restarted the CD, which was August 21 of 
2013, 
We discovered a new game today. He was being a turkey and running up the hall 
to try to get around me to get places he wasn't supposed to go. I started singing 
(to the tune of rolling down the river) about whatever he was doing “walking, 
walking, walking down the hallway" “jumping, jumping jumping down the hallway” 
climbing, climbing, climbing up the ladder. He thought it was hilarious, especially 
when I'd change in the middle of a verse “running running, jumping down the 
hallway. 


Your son's therapist 


Great day today! Vail seems to be understanding first, then sequencing and | 
think | finally have a bribe for him--he loves our fish, 


Also, he made a friend today. One of our other pt’s was playing in the gym and 
fhe was watching him, imitating him a little and said his name 2x! 


—Your son's therapist 


We tried to play the game and he wasn't interested. Instead we ended up 
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pushing the fisher price horse, sheep, goat, and cow off the treehouse. He 
would “randomly” produce sounds which we took for requests for the animal 
associated. Then we would give him the animal “requested.” Reviewed his sound 
cards and he produced the /n/ and /h/. Coulda sworn he said go a couple of 
times, and mom said she heard a whispered “home.” Listen and be watchful for 
whispers! Oftentimes children with apraxia can get one system working but 

not the other, je. articulate with no sound, or vocalize with intonation and no 
articulation, like when he says“ah uh 00" for“! love you.” Yep, he does that! 


Cheers! 


91. Hi had to share this moment today, just wish daddy wouldn't have missed it! 
Well, we were seeing daddy off for work this evening, when Vail decided that he 
Wanted to go run around in the grass. I told him we needed to put on socks and 
shoes and then we could play outside. He walked straight to the door, we walked 
in| pointed at his socks and shoes, and FOR THE FIRST TIME EVER (always 
knew he could, just to stubborn to do it unless he really wants too!) he promptly 
walked over, picked up his socks and shoes and turned and handed them to me!!! 
(all the while doing it with an attitude!!"Iol) 

This is Just from MOM to therapists.:) 

CD and Kerri have been life changing for our entire family. We now can give 
Vail choices, usually of two items. For example | showed him two pairs of pants 
and asked which he wanted to wear, and he grabbed one pair and started to 
put them on even though he was still n his p's. showed him two shirts, and 
he picked a shirt. Same thing with his shoes and socks, he is able to choose 
now on his own. | look forward everyday to him doing something differently 
‘or completely new, and he almost always does now/! This was not possible for 
CD!!! THANK YOU KERRI !!! WE LOVE YOU FOR SHARING AND FIGHTING 
THE FIGHT!" 

Love, 

—The parents of Vail 


92. Best day of the entire school year! My son initiated verbal interactions 5 times 
today and responded to his teacher in a group over 5 times, WITHOUT A 
SINGLE PROMPT! Most days his TA is poking him to pay attention and ask 
‘other kids for directions, rather than an adult, all day long! She is tracking these 
interactions as they are his IEP goals. 


93. Casey is a young man who is 17 years old today, and the estimated ATEC score 
from 2006 is from when he was 10 years old. Proving once again that recovery is 


possible at any age. 
TEE 
[Casey H. ATEC History Estimated |_startCD__3months _6 months 
10/12/2006] 5/6/2013] 8/6/2013] 13/6/2013] 
I Speech/Language/Communcation a 7] 7 7] 
I. Sociabiity x4] a] 3] q 
I, Sensory/Cosnitive/Awareness 25] a3 q 5| 
I. Health/Physical/Behavior 33] 24) 3 5] 
[TOTAL ATEC scone: al 53] 28] 1 


1 > location > magnetometer 


magnetometer 


This entry deals only with magnetic sensors that respond to the Earth's magnetic field 
Small magnetic sensors such as the ubiquitous Hall sensor may be used for many other 
purposes, such as determining the position or rotational speed of mechanical compo- 
nents, These applications involve object presence sensing; see Chapter 3. In that 
entry, Hall sensors are discussed at "Hall-Effect Sensor’. 


In the past, a magnetometer was a bulky measurement device incorporating knobs 
or other controls and some form of display. While that use of the word is still common, 
this entry deals only with chip-based magnetic sensors. 


OTHER RELATED COMPONENTS 
+ accelerometer (see Chapter 10) 


+ gyroscope (see Chapter 9) 
+ GPS (see Chapter 1) 


What It Does 


A traditional compass consists of a thin magne- 
tized strip of metal balanced on a pivot. It 
aligns itself with the Earth’s magnetic field, 


A scalar magnetometer measures the total 
strength of a magnetic field. A vector magneto- 
‘meter can measure the strength in a specified 
direction. In particular, it can provide a numeric 
output describing the angle between the orien- 
tation of the measuring device and the Earth’s 
magnetic poles. 


Chip-based magnetometers are usually vector- 
type, containing three sensors mounted 
corthogonally—that is, each of them at 90 
degrees to the other two. Suitable software can 
interpret the analog readings from the sensors 
to calculate magnetic north or south regardless 
of the angle at which the instrument is being 
held, relative to the ground. 


Schematic Symbol 
There is no specific schematic symbol for a 
magnetometer. 


IMU 

A gyroscope measures the rate of rotation of 
the enclosure in which it is mounted. This is 
properly known as the angular velocity. A gyro- 
scope will also respond to changes in the rate 
of rotation. It does not measure linear motion 
ora static angle of orientation. 


‘An accelerometer measures variations in lin- 
ear motion and will also measure its own static 
orientation relative to the force of gravity. If an 
accelerometer rotates around its own axis, it 
will not measure angular velocity. 


When an accelerometer and a gyroscope are 
contained in the same package, optionally with 
a magnetometer, they may be described as an 
IMU (inertial measurement unit), which can pro- 
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94. Daniel - beginning ATEC June 2013 - 101. Today ATEC Nov 12, 2013 - 44! We 
are thru our 3rd PP and starting speech supplements. Speech, by far, has been 
the hardest thing. In all other areas he is under “10” on the ATEC! Kerri Rivera 
words are coming. This week alone he is saying “Hi" and “Bye” and trying to say 
others. I can’t wait to hear“! love you Mom" You are the Bomb Diggitty Kerri 
We all love you! 

UPDATE: December 3rd, 2013 

| officially want to tell the world that my son, Daniel, who has autism is nonverbal 
no more! He is starting to talk. Praise God! This battle has been the struggle of 
my life, but i have learned to trust God, be patient, and enjoy the journey! Where 
some take a lot for granted regarding their children, | have been waiting almost 

7 yrs to hear his beautiful voice! And thank God he has one! Autism is treatable 
and there is hope! 


95. We had a super exciting trip, we went to a therapist on the 28th who teaches 
Rapid Prompting Method. We have tried since by daughter was diagnosed to get 
her to speak, but haven't had any luck yet, she is now 11. We thought we would 
give RPM a try to see if the therapist could get her to communicate. 

We not only found out that she is able to make correct choices, but can actually 
SPELL! Her very first word that she spelled was CLOUD! 

Later on in the session the therapist asked her what her favorite color was... she 
spelled out PINK! 

| was sitting on the floor in awe... For the first time in 11 years, | finally know 
what my girls favorite color is... it was surreal. it was amazing... she is so smart, 
but had no way of letting us know... am soooo000 proud of her! 


96. Diagnosed at 20 months old in August 2011 
Started supplements under Dan in September 2011 
Started CD / PP on July 1, 2013, after seeing rope in stool 
Starting ATEC on July 1, 2013, was 46 
Present ATEC 22 
Gained 5 pounds from July Ist to present! 
Too many improvements to list!!! 
Also doing GcMAF which has also helped......but,| believe GMAF may have 
helped more with the viral load. | suspect this because we actually started IV 
GcMAF in January 2013, before CD . Huge gains with GcMAF but after 35 shots, 
her gut was still a mess and GcMAF definitely didn't help with the gut. Found 
Kerri in July 2013, and began our healing journey. 
The following lab results are proof of just how well the child described above 
is doing since starting the protocol. Here is what her mom had to say: 


“The original test was taken last August of 2012, which showed a deficiency in 
almost everything despite the fact that my daughter had been on supplements 
for over a year at that point. The re-test was just taken October 2013, only 4 
months after CD / PP and removal of ALL supplements. Wow!” 


You can see in the second test that her high viral titers were reduced as well. 
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Testimonials from the First Edition Continue Here. 


97. Meeting a Rescue Angel 
The way OUT of AUTISM 
My 5 year old little daughter, Anna's story has been long and paved with lots of 
suffering and doubt, compared to her age, but prayers have always helped us in 
our journey. We are aware that it may take years to get out of the dark depths 
of Autism but now we know we are going in the right direction. Finally! Thanks 
to Kerri Rivera, the Rescue Angel of so many suffering children. She showed us 
the way out! 
We have wasted so much time by trying to face the fact, that unfortunately there 
isa problem with our perfectly healthy-born daughter. After the consultation 
with many doctors, they first suspected a hearing problem. As the result of this, 
she went under many surgeries and antibiotic-treatments, which made her state 
worse mentally and physically as well. The medical professionals could not find 
any evidence of physical abnormalities, so they choose the easy way out, the one 
word diagnosis of Autism! Dear Mom, please accept it, you cannot do anything 
about it. Try some developmental therapies, but do not put your hopes high! 
It is very hard to accept the unexplainable. What does autism mean? If 
‘you google it, you will ind the verdict immediately: “Autism is a lifelong 
developmental disability characterized by impaired social interaction and 
communication, and by restricted and repetitive behavior” How is it possible 
that a perfectly developing child changes overnight? She stops saying the words 
she said before; she stops paying attention when called by her name and simply 
forgets some of her skills she knew so well before. How can one accept that? 
For us, it was impossible. We took up the gauntlet! 
‘We spent so many sleepless nights on the Internet searching for solutions, to be 
shortly shocked to learn that in the US, there is a totally different concept and 
approach to autism. A group of medical professionals and scientists are proving 
the crucial role of environment and vaccines in the rapid rise of autism, accepting 
genetics as not the single cause but a factor of susceptibility to the disease. 
More and more so called DAN (Defeat Autism Now) clinics and practitioners 
are treating children on the spectrum all over the world with different 
biomedical interventions with various success rates. Whichever method one 
chooses in their realm, the base line to all isa strict diet, especially free from 
gluten, casein and sugar. There is no way out without eliminating these from the 
diet of an autistic child. 
We immediately changed her diet from a bread and butter with chocolate milk 
style to a much stricter one. The first items to remove were sugar, gluten and 
casein, but these were shortly followed by potato, rice, corn and all artificial 
additives. We slowly changed to SCD (Specific Carbohydrate Diet). A few days 
into the diet and Anna slept through the night, and what's more, the painful 
eczema spots that had been on her face since she was a baby have shortly 
disappeared. Parallel with the diet modifications we also started the DAN 
interventions. We spent a fortune on lab testing, supplements and to see a DAN 
practitioner in Germany. Unfortunately none of these brought us significant 
improvements. 


But | knew and believed that there has to be a solution. 
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‘And yes! I cannot keep it to myself and | would like to spread the word 
happily, powerfully and self-confident, that there is a solution! This year in 
‘August, | have found the presentation of Kerri Rivera on the internet. Autism is 
preventable, avoidable, treatable and curable.” 

At the beginning “Kerri Rivera rose against the wind rather than with it when, 
after a frustrating slew of hits and misses, her youngest son, Patrick, was 
diagnosed with autism nine years ago. He was two at the time. Surrounded 

by literally no local expertise or any type of peer support circle, she did what 
most mothers would do: She became informed and involved in the biomedical 
community. ft was through the Autism Research Institute (wwwaautism.com),a 
non-profit organization dedicated to autism research, diagnosis and treatment 
for the past 40 years, that she learned about a specialized biomedical protocol 
involving a special diet and supplements, physical therapy, applied behavioral 
analysis, chelation and hyperbaric treatment. There was light for Patrick, Kerr's 
son at the end of the tunnel.” 

But Kerri did not stop here! As she told me, she felt that there was a missing 
piece to the autism puzzle. A huge piece! It shortly turned out to be the MMS 
piece. She developed MMS protocol which can be done at home. Following 
Kerr's protocol, 68 children lost their autism diagnosis in the past two years! 
This result is outstanding, considering the fact that this is said to be an incurable 
disease 

The day | saw her presentation | e-mailed her and I got an answer within a half 
‘an hour. Kerri Rivera's MMS protocol is the missing piece of the puzzle to cure 
autism, ADHD, asthma, allergies, seizure disorders. Even mothers of children 
with Down Syndrome have reported improvements with this protocol. 

My whole family was in Mexico in August. We spent two months with the 
person, who is also a mother of a child with autism, who sacrificed part of her 
life to help others. For free, out of faith, humanity and love. Approximately 8-900 
children are following Kerri’s protocol currently all over the world. The protocol 
is available for everybody and can be done at home (www.mmsautism.com). 
Anna is getting better every day. Although we have heard very promising sounds 
from her, speech is not developed yet. However she has improved a lot in the 
fast 3 months in many other areas like mood, communication, learning ability, 
focus and attention span are all better and she started pointing. There were no 
signs of these at the beginning of the summer. 

We are fully aware that there is stil along journey ahead of us, but now we 
know we are on the right track. Thanks to God and Kerri Rivera to guide us to 
recovery! 


98. Hi Kerri, 
PLEASE use our testimony. MMS kept my daughter's PANDAS under control 
after switching from Silver Hydrosol BUT the biggest is the PP’s (parasite 
protocols) in combo with MMS. She began sleeping through the night, THEN, 
sleeping in her own room after sleeping in our room for 9 months. THEN she 
began putting herself to sleep for the first time in 7 years. We always laid with 
her--her WHOLE life--l KNEW it was NOT “behavorial”, knew it was due to 
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something going on interally, AND NOW. we read, kiss, and WALK OUT of her 
room! It’s SURREAL really. Seriously SURREAL! 

Also, she was 2 chronic chewer, nose picker. Almost GONE! Peaks at new and 
full moon, BUT goes away. She was chewing about 20 straws a day before PP! 
Mangling them! UNREAL! I have pics of the straws... cant even recognize them 
‘once she was done with them. CLEARLY parasites. CLEARLY on 
the right track. NO other interventions. Except for how the MMS PP protocol 
is outlined MINUS Rhompe etc..and Neem. NO sleep intervention supps etc.. 
None. 


99. Favy is my God sent angel. He is 4 years old and since he was born he came 
to change lives, to make families stronger and to help others forgive.As many 
of your stories, everything was “perfect” (besides of milk intoleration, delay 
speech and sleeping problems) the rest was great, milestones on time.. Then 
gradually after 13t0 18 month something was clearly wrong, we loose him and 
then the bomb!: diagnosed in Puerto Rico by a developmental pediatrician and a 
neurologist as PDD-NOS on December 6, 2010. 

We moved fast and start the diet GFCFSFYF no sugars..Etc Thanks to CEA 
rnon- profit organization who help parents with kids with autism. Soon we saw 
positive changes, then probiotics and a natural anti fungal. Difficult days... But 
always seeing little good things. On march 2011 I met an angel: Kerri Rivera and 
we start MMS protocoll!! Then we start to see the light! We moved to FL and 
they diagnosed him (now | know he was having a die off when reevaluate ) he 
was diagnosed as Autism. For me , not a big differences, sil in the spectrum and 
he stil sick!!! We need to cure him!!! 


‘After MMS the big changes came ,and stil coming! 


first from 2 to 4 hours straight per night to 6to 9 straight during night plus a nap 
during day!!! Eye contact was much better and he had less tantrums, He learned 
fast 3 signs to communicate. He was more happy. didn't see more great results 
because | was using Mms incorrectly for almost a year (with juice, antioxidants 
and vit ¢) When a couple of months ago I started doing it right (just water and 
no vit ¢ nor antioxidants etc) he started to improve again and better..After a lot 
of efforts, dedication, patience and hours of hard work, with Kerri Rivera MMS 
protocol Favy to improved in many areas. 
This is all he have improved: 
Educational: 

* Respond to his name when called and say his name when ask. 
* Recognize people: Mommy, Daddy, Sister, Teachers, Therapists, friends 
* Name and identify some body parts: eyes, nose, mouth, ears, belly, feet 
* Recognize some animals (Ipad application or ty) : cow, horse, duck, 
chicken, zebra turtle. 
Recognize some colors: blue, yellow, purple, red. 
Recognize and count 1-10 (can repeat 11, 13) 


Recognize and/ or use some common objects: plate, spoon, fork, bottle, 
chair, pants, shir, shoes, backpack, lunch box, blanket, pillow, tv, Books, 
some toys, ball, cars. 

Stack objects like blocks, books 
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* Match pictures, objects or things. 
* Color independently but refuses, he can trace but hand over hand. 
Social / Emotional: 

* He enjoyed for the first time his birthday Party, he was happy! He 

opened his presents and show emotions!!! 
He is beginning to interact more with others. 
He can follow direction of I step and some cases of 2. (clean up your 
plate to the sink and push your chair) 
He is affectionate kisses, hugs, eye contact is better: 
Wave and say bye. 
Greet with a good morning or good night. 
Play around and with others: chase, tickles, peek-a-boo, 
Dancing and imitating some song rituals like: The wheels on the bus, If 
‘you are happy, head shoulders knees and toes, and some in Spanish too. 


Throw. push, blow, pull, jump, run, walk, go up and down stairs, climb, 
open, close, zip, unzip, 


He can watch an ABC DVD seated or lay down , dancing or repeating. 
He can be seated for almost § to 8 minutes with his favorite books. 
He enjoys to go to playgrounds, go up and down slide or swing. 


He enjoyed the trick or treating this year, going house to house picking 
candy and wore all night his costume. 
Comunication: 

* | think this is the area of more improvement. From 0 to almost 35 
words and different ways to label, request, interact and communicate! 
He can answer questions with yes or no (yeah- nah) 

He signs (modified) more, all done, juice 


He can use 3 words at a time (mommy water please, mommy come 
here, | love you, mommy ipad please, mommy hungry, eat) 


Say independently—not all of the sound clear but very similar sounds. 
Mommy 

* Dada 

* On 

* Yes(yeah) 

* No (nah) 
Please (peas) 

* All done (ah dah) 
More (mor) 

* Water (at-ter) 
go 

Four 

* Three 

* Tickles 
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Zebra (eebah) 

Turtle (totlo) 

Uh obt 

Oh No! 

Love You! 

Under 


When Prompting or Repeat: 


Tv (tetete) 
Dvd (dededah) 

Off 

Come (she) 

Itch (each) 

Scratch (ach) 

Bubbles (babah) 

Bye (bah) 

Swing (win) 

Push (pah-sh) 

Five (hi) 

Nine (nun) 

Ten (ctn) 

Baby 

Ble (buh) 

Purple (por-po) 

Yellow (ye-yo) 

Chase (ch sound) 

Play (ay or pah) 

He can imitate some animal sounds like tiger, horse and wolf. 

He make choices between to objects. (playing, dressing, eating) 
Independent Functioning (he needs some prompting) 

He eats independently with spoon and clean up after finished. 

He can drink of a regular cup. 

With pictures or social stories he can transition to different activities. 
He is showing understanding of routines and rules. (dvd or toy stay 
home, 2 minutes and we are all-done) 

He can pull up and down his pants (multiple prompt) 

He can put his shirt on but need assistance to take it off. 

He can pick up and put on hamper his clothes. 

He can put his shoes (crocs ) independently and cooperates with other 
type. 

He move furniture to reach what he wants. 


How it Warks 


vide necessary data to maneuver aircraft, 
spacecraft, and watercraft, especially when 
GPS signals are unavailable. 


Applications 

Magnetometers are found in handheld equip- 
ment such as digital compasses, cameras, and 
cellular phones. They are usually surface-mount 
chips that are manufactured in large quantities 
and may be used in conjunction with micro- 
controllers. For the hobby-electronics commu- 
nity, or for experimental product development, 
@ magnetometer may be mounted on a break- 
‘out board for ease of use. A board using a Hon- 
‘eywell HMC5883L is shown in Figure 2-1. 


Figure 2-1. The Honeywell HMC58831 3-axis magneto- 
‘meter mounted on a breakout board. The background grid 
is inrmilimeters. 


How It Works 


An explanation of magnetometers requires an 
understanding of the fundamentals of magnet- 
ism. 


Magnetic Fields 

‘A magnetic field is often represented by field 
lines that show the strength and vector of the 
field. Field lines associated with a simple per- 


spatial > location > magnetometer 


manent magnet are shown in Figure 2-2, where 
the strength, or flux density, at any point, is indi- 
cated by the spacing the lines, while the angle 
tangential to a line indicates its vector. (For an 
extended discussion of magnetism, see 
tromagnet in Volume 1.) 


Figure 2-2 Field lines representing magnetic flux created 
bby a bar magnet. Space between the field lines is inversely 
proportional to flux density. In reality this isa three- 
dimensional effect, and a more accurate representation 
would show the magnet and fleld lines revolved around 
the axis of the magnet. 


The flux density of a magnetic field is usually 
represented by the letter B, and is measured in 
newton-meters per ampere, more commonly 
referred to as teslas (T). An older unit of meas- 
urement was gauss (G), 1 tesla being equivalent 
to 10,000 gauss. Some datasheets still refer to 
gauss. 


The Earth's magnetic field is believed to result 
from convection currents in the outer liquid of 
the Earth's core. The strength of this field varies 
from 25 to 65 microteslas (0.25 to 0.65 gauss) 
depending on the location where it is meas- 
ured. To a very rough approximation, the Earth 
behaves as if a giant bar magnet connects the 
magnetic north pole and the magnetic south 
pole. See Figure 2-3. 


& Encyclopedia of Electronic Components Volume 3 
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Health: 
Favy still in the Gluten, Casein, Soy, Yeast, Antibiotics and Hormones free diet, He 
is trying new textures, flavors and consistency in a variety of food allowed. 
He is drinking more water: MMS help us every time he have a cold,2 mosquito 
bite aor nasal allergies. Is the best product we can ever find! 
We are excited about all he learned, do and know during this last year because 
of the use of the protocol of MMS. We are proud of his efforts, but we still have 
areas to improve. We will continue with MMS, diet and wil start the parasite 
protocol with faith because MMS Rocks!!! 


We love you Godmother Kerri! God Bless you and your Family. 


100. Conversation at pick up: 
‘Aide:"What did you spike his breakfast with this morning? I've never seen him 
like this!” 

Me: smile “Oh glad he had a good day”..in my head..’three doses of MMS 
before drop of’. 


This child is going to figure out he has wings and start to 
SSSSOOOOAAAARRR!!! 


101. Ihave a 4-year-old son on the autism spectrum and MMS has been the most 
effective treatment we have tried for him. He had bad eczema on his legs 
for over a year that | was never able to get rid of. We tried diet, medication, 
cream and nothing seemed to clear it up. Within 2 weeks of starting MMS it 
was completely gone and has not returned. My son has made great strides 
in the past 5 months of being on MMS and the parasite protocol. He is more 
interactive with all the members of the family, talking more, and becoming more 
successful with his OT goals. 


102. Kerri; Thank you all for your great job. Because through the Webinar—Autism 
and MMS—the information has come to me and gave me the strength to start a 
treatment. 


103. Hi Kerri, 
My wife and I did an ATEC on 8 year old son and it came in at 7. Wow. 
We're learning so much from you about how this whole recovery thing works. 
The child’ health takes three steps forward then two steps back then three 
steps forward then two steps back..but over time that one extra step forward 
seems to slowly add up. His pee is smelly again but, as you taught us, it’s pee-tox 
and this is a good thing. His focus is stil a bit of a challenge at school and he still 
won't shut up :-) but we are feeling that he truly is slowing getting better. 
We've got a ways to go yet but we feel that we are truly moving forward, Thanks 
50 much for all of the help you've given us and any help you might be able to give 
in the future. 


104, My son is 19 years old. We started MMS in July. For 2 months my son did not 
sleep. The end of August at full oral dose we started the baths.At night you 
could see he was uncomfortable. | don't know how we did it but we talked 
him into doing enemas. My husband does it. They induce him to have a bowel 
movement. 


Before enemas my son would have nights where you heard him walking back and 
forth from his bed to the toilet. In the morning | would say you had a bad night 
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fast night, what was your problem? He would spell constipation. He doesn't 
‘seem to be doing this since the enemas. 

(On Saturday 11-10 our son went to the first day of the season Special needs Ice 
Hockey. He is just learning. There were no problems with him about anything. In 
fact for the first time he put on his hockey gloves without objecting, which we 
have been trying to do the last 2 years. He followed directions from a volunteer 
con the ice, using his hockey stick to hit the puck back and forth to him and 
towards the goal. When hockey was over we went outside and hung out at 

the car and did nothing for about 20 minutes and had a dose of MMS. He did 
not care one bit. He entertained himself by watching the sea gulls. He was not 
impatient. 

Next we walked aver to the bowling alley, which is next door to the ice rink: 

He participated in special needs bowling. They have the bumpers up so the 

kids don’t get gutter balls. My son actually threw some balls that didn't hit 

the bumpers. There were times in the past where every ball he threw hit the 
bumpers. Again there was not a single problem, incident, or signs of agitation 
from him while we were there. This is the first time in his life where we were 
able to go from one activity to another and not have an upset. He enjoyed 
himself, 

What was really interesting was that he usually stims with a container of 
pumpkin seeds when he is in the car or at the bowling alley. This Saturday he left 
the container of seeds at home and not once did he even ask for them while we 
were out. 

My son asks for a heating pad, which he has been doing for years. We wonder 

is it worms that have been causing all this pain for him? We would love to 
eliminate the pain, the repetitive behaviors, and the prompting through self-help 
and activities. He does lay around a lot. Everything he does is at a slow pace. 

He lacks stamina and speed for appropriate activities. 


105. Hi Kerri, my daughter's first atec was 85.We just did it again and it is now 55! :) 
:) (approximately 2 months on MMS) 


106. Hi Kerri 
| just wanted to let you know that we are up to 30 drops per 8 oz bottle 
and now I'm seeing some new things. He used future tense this morning (he 
sticks larry boys super suction ear to his window and waits for him to fall) This 
morning he said “Larry boy will fal” Usually when he falls he says in his high 
pitched voice “are you ok”. Today when Larry Boy fell he said in a deep 11 year 
old voice “ouch”. I just burst out laughing. 

107. Dear Kerri 
In the spirit of giving thanks, | wanted to say how deeply grateful | am to you 
and your amazing work with mms and recovering children. | have never felt such 
hope for my son and such joy sifting through poop!!! 
What a truly tremendous gift you have given us all. 
Sending love and Thanks 


108. My son is getting tiny bit more normal every day!!! | could kiss youl!!! 
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109. There was once a day not too long ago when all my son would do is scream and 
cry, No words at all. No communication. Today he asked me “mommy who holds 
up the clouds so they don't fall” :) xoxo love that question! It means so much!! 
‘Autism is big. But God is bigger!! Don't give up ladies! God led us to mms & to 
Kerri for a reason! 


110. Kerri is fabulous. She is very loving and supportive and will do anything to help 
our daughter recover. Using her MMS and parasite protocols have resulted in 
our eleven year old girls ATEC scores dropping by half in less than sixth months. 
She is fully connected and much more responsive and affectionate. She herself 
is now motivated to succeed! We look forward to full recovery through Kerr's 
guidance. 


IIL. [think we are over the initial die off hump!!! We are getting good reports from 
school about better focus and independence. Also, my son shampooed and 
combed his hair independently this morning. He even used a Q tip in his ears! 
only asked him to try and shampoo by himself. He rewarded me with the 
combing and Q tip! Awesome mms! 


Thank you again! 


112, Lam so grateful to have found you! MMS here in our house is a MUST and my 
boy gets better by the day because of it. 


113. 6 months ago, my son was on antibiotics for PANDAS, he was suffering with 
OCD and anxiety, as well as completely distracted - like a zombie....his teachers 
came out one day with tears in their eyes because my son said he feels like 
monsters are inside his head and they are scaring him! They were so worried 
about him, as we all were! 

We started MMS in April, My son got up to full dose relatively quickly and we 
added in MMS baths and MMS enemas and then I pulled the antibiotics—cold 
turkey! I was emailing Kerri at the time and was afraid to stop the antibiotics. 
She guided me and gave me the confidence that was needed! As suggested by 
Kerri we also did night dosing of MMS. This really helped my son. Keeping a 
constant flow of MMS was the key. 

My son is flourishing!’ He is HAPPY and confident. His focus has increased 
greatly! Since the start of the new year, he has had great day reports everyday 
in school! SO many gains in all areas! His coordination and strength have 
improved - he can do 11 sit ups (In June he couldn't do 1) He was chosen as 
Student of the Month in his Tae Kwon Do school (he is now a purple belt). The 
best news to report is his ATEC is now a 10!!! 

(Our family is so grateful to Kerri!!! This protocol has made the BIGGEST impact 
con my son's recovery! 

Thank you so much Kerri - My son's Fairy Godmother!!! 

Xoxoxo 


114. | was praying for a new direction to go in to heal my boy. | literally woke up the 
next morning with a link to Kerr’s presentation in my inbox from a friend whose 
daughter is making beautiful gains with mms.We are on day 3 here and things are 
going great, | am so excited! Thank you! 
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115, Yes, my son is making real progress - slow and steady but real progress. The 
MMS & Parasite Protocol has been very beneficial for him..that’s why lam trying 
to stick to it very closely. Also, I have wanted to tell you that one of the best 
things that we have ever done for my son is the enemas!!! He is a gut kid with 
chronic constipation and your enema program has really improved his daily life. 


Thanks again for all of your help and guidance—always truly appreciated! 


116. Hi, I'm the mother of Lizbeth Hernandez Saray Miramontes and | want to share 
my testimony in case it is useful to you. 
My 13-year-old daughter started The Diet in January 2012, in June the full 
moon protocol to deparasite and withinin two months, she expelled a worm. 
This helped her regain 8 kilos of weight. (She was 10 kilos underweight when 
beginning the protocol) Her attitude has changed completely from being very 
passive and low energy, she began to smile and be more active. 
Thank you and God bless! 


117. From the ATEC at www.autism.com 
Total Score: 5 
|. Speech/Language/Communication: I 
I Sociability: 1 
IIL Sensory/Cognitive Awareness: 2 
IV.Health/Physical/Behavior: 1 
Started at 56 score in March. 
{'m still having problems in environmental awareness, because in his mind 
sometimes he is SuperHero (he wants to help to all the people in disasters, his 
own words). Sometimes he is eating portions like me, not such big portions but 
he is burning calories in the swimming classes. His meals are so healthy. 


So, my homeopathic doctor told me (and recommends me) to wait until January 
next year to start the PP He wants to see the effects of MMS, Probiotics and 
some homeopathy that he will provide at the end of this month. 

We continue using as I said MMS, heralac, GFCFSF diet, NAET and ABA 
therapy. am so happy to share it with you. 

Hugs my dear God Mother 


118. My daughter is doing well on the MMS. Her ATEC went from 53 to 26 


in three months. The special education teacher at her school was very 
impressed with how well she is doing. She told me to keep doing whatever it 
was that | was doing, because it is working! 


Thank you for your help. 


119. Kerri, good day 
I want to tell you about the progress of my child, the treatment began in July and 
the progress that we have seen is: 

-He has gone from not wanting to eat ANYTHING, TO EATING BY HIMSELF, 
SITTING DOWN he grabs his spoon and he cleans his mouth every time he 
gets dirty 
* He has stopped wearing a diaper, and goes to the bathroom by himself, 
almost like any other typical child. 
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* He lets people other than my wife and | hug him. 
* He now gives hugs and has started imitating a few other things. 
* He can now obey simple instructions that he couldn't before....no, pick 
i up, get down, get up, give me your hand, etc 
At the institute where he receives therapy they have told us that they 
are seeing great improvement in his eye contact, as he now focuses his 
vision more clearly on an object. 
He still will not play with other children, but at least he is where they 
Thank you for everything and we are together in this fight day after day, winning 
small battles everyday to win the war. 


God bless 


120. My son was a non responder We worked with a DAN! Dr: for 14 years. We did 
the DAN! protocol tirelessly with very, very little gains. Did 3 years of ABA and 
2 of SonRise. Did the diet. Still do the diet. We started the MMS protocol in 
April of this year: My son has had more gains since April of this year than with 14 
years of DAN protocol combined. My local children’s hospital specialist told me 
to put my son ina home and forget | ever had him. What a jerk. We pressed on 
and | could write a book about the gains since April. My son's Dr said he had two 
near impossible “tough nut kiddos to crack open...one being my son.” Well, MMS 
works. If my son can improve I know yours can too. Whatever you have to do to 
do enemas, and get him to drink it..do it. My son is drinking 35 drops a day. Trust, 
ime, itis yuck. But he understands that if he drinks it, it makes the autism go away 
and he slams it down and says,"yuck.” He totally knows | am helping him and 
cooperates. Be encouraged 


121. Hi Kerri 
We're now at I/4th of a drop per oz and today my daughter for the first time 
EVER answered a ‘Where is..’ question. | was putting out the garbage and when | 
came back in | remembered I had forgotten to put away a black marker 


and when I found it was missing, I could only hope the property damage would 
not be too bad this time. I checked the living room and the kitchen but could not 
find any traces and meanwhile my daughter had taken the photo camera 

and was taking pictures of herself in the mirror: Amazingly she seemed to have 

a way better understanding of the thing. I asked her twice where the black 
marker was, and after the second time she pointed towards the kitchen and said 
“There.” 

SHE HAS NEVER DONE THIS BEFORE! I checked the kitchen and found the 
black market next to the fruit. The pears, melon and mango all had black circles 
and stripes. | was a bit overwhelmed | should say. 


Thank you, thank you, thank you for never having given up your search! 


122. My son Fernando Latin is 8 years old and was diagnosed at age 3 and half. When 
| started this struggle with autism all the relevant studies were performed. We 
visited a neurologist, psychologist and a gastroenterologist, he began taking 
the supplements according to DAN! protocol, but the list of pills he was 
taking was increasing and my boy was restless. Then I went to a homeopath, 
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the treatment worked a little but it was so expensive | couldn't continue, it is 
needless to say how much money and time | spent on appointments and tests, 
plus the hyperactivity problem was growing each day. Until God put in my 
path an extraordinary friend MARIA CAMPERO and she talked to me about 
a foundation in Port Ordaz“VENCIENDO EL AUTISMO” FOUNDATION 
(Carolina, Yamileth and all that beautiful team) they brought Kerri Rivera to 
lecture here in Venezuela, on 04/02/201 I. will never forget these words AUTISM 
|S PREVENTABLE, TREATABLE,AND CURABLE.A new hope that a mother's 
heart never looses... In that conference she also talked about MMS and its 
benefits | was lucky Kerri evaluated my child, I started giving him MMS plus some 
supplements and have won this since: 

* Better pronunciation, for example he used to say Dowg and now he says 
Dog. 
He obeys orders 
Spends more time sitting. 
Evacuates normally with no bad smell. 
He stopped biting his clothes. 
He stopped making noises like: wii yi 
He stopped playing with his hands. 


* We go somewhere and he is relaxed. 
* If we take a picture, he looks at the camera. 


He is more aware of his environment. 


* He is improving a lot and really fast with his ABA therapy 


These are all the benefits I've seen with my son after starting with the MMS, 
know there is a lat to do but know a have real hope. Some advice for parents 
that are starting this road: please accept what is happening, inform yourselves. 
| always think that to get your children through this you need the four-legged 
table: 

* Diet 


* MMS, Supplement treatment 


* Therapy 
* Help at home 
I've always asked God to give me enough wisdom to help my child and to put 
me in a direction were I could find people that can help me, and believe me he 
has listened:Venciendo al Autismo Foundation, Kerri Rivera, my sons therapist 
Milagros Alcanta, Danny her teacher-shadow, Maria Campo,a woman not only 
committed to her son but to all of those who she can help and guide me, 
including Marilyn Aparcedo and her team.All of them are my bases to keep going 
and as Kerri and Carolina say:This is an endurance test and there is no giving up! 
| have nothing but thanks these wonderful and professional people, Thank you! 


Norkis Pinto, El Tigre—Venezuela. 


123, Alexander was a normal baby until he was 6 months old, after that he suffered 
a change that, when we got home from work it was like no one came in, he was 
very uneasy, we talked to him but he didn't seem to care, first we thought that 
he didn’t listen, the pediatrician and neurologist recommended hearing tests, 


More Miracles & Testimonials... 403 


we did them and his results were normal.The pediatrician also recommended 

a psychiatrist but ! thought it was very early for that so I took him to a 
psychologist, but he didn't diagnosed him, instead he referred me to a psychiatrist 
specialized in autism, and with a simple test he confirmed the suspicions: your 
child has autism and this has no cure, take him to special classes and therapy. 

| quickly signed him to a special camp and school, but they they just took my 
money and my sacrifice to travel 60 kilometers daily, they didn't do what they 
promised, they charged me triple just to give me a diagnosis and | believe he 
didn't even receive therapy. In my despair I went to the internet, | made an 
email account, a facebook page and started to look for parents that were going 
through the same things | was, then I contacted a Dominican mom living in 
Puerto Rico and she told me about Kerri Rivera and the diet. She told me that 
Kerri was the person to go to about this and Kerri answered immediately and 
asked me if my boy was on the diet and | said he was only 50% and she told me 
that if| wanted my boy to get better | had to do 100% so | wrote her back when 
Iwas doing the diet entirely. She gave me the first three supplements MMS1, 
THERALAC AND QUINTON WATER. Everything has been so difficult to get 
but if you persevere you get want you're looking for. | got the MMSI but | was 
scared because of the strong smell of chlorine but I gave it to him with faith, | 
took it and my youngest baby girl started taking it. She had had a cold for about 
a month and it disappeared, Alex started to get better in every aspect but the 
bigest changes began 15 days ago, since | give him his MSI treatment. I start 
at 3 o'clock and finish at 12 at night. On weekends | start at I and I complete 
12 doses of one drop mixed with citric acid and give him that daily. My 3 year 
and 4 month old baby boy is saying his first words. He is more connected, pays 
attention, he is aware of what happens to him and he is more loving than ever. 
am so happy; thank God, Kerri Rivera, Zeneida, Cynthia. But | mainly thank 
MMS, because with a supplement so cheap, I'm getting my son back, the one 
that Autism wanted to steal from me. 


124, Juan Eduardo is 9 years old and he was diagnosed with Autism at age 2. t has 
been a long road in which we have tried everything. 7 years after trying and 
falling, in April of this wonderful 2011 we started in the right way. MMS came 
to our lives. Juan Eduardo was a self-centered boy and with a lot of fixations 
to objects. His improvement in schoo! has been slow, but in 5 months he has 
improved what he improved in 5 years. MMS in our lives has been wonderful, 
despite the hyperactivity and lack of sleep at the beginning of the protocol, the 
life of Juan Eduardo and our lives have changed drasticaly in a very positive way. 
He will start regular school at the beginning of next year. He is a happy boy, he 
sleeps all night, he talks a lot more even if there is a long way to go, his quality 
of life is so much better. He shares with whoever is around him, lot of times 
he surprises us with his qualities. He has adapted to the MMS in a great way. We 
took the panel viral test and the results were amazing, there was no virus. When 
| saw the great positive effects the MMS has made, | started to do protocol 1000 
for maintenance with 100% success. Last year I suffered from several episodes of 
flu in which I had to take antibiotics, but this year I feel excellent, Thank God and 
Kerri and MMS | haven't been ill.| thank God, Kerri for putting you in our lives: 
I'm sure he has given back everything you selflessly have done for everybody. 
The smiles and looks in our children’s eyes are priceless. Thank you Kerri and Jim 
Humble.A big hug. 


125 Yes, have increased the drops. Honestly, since we last spoke, he has had some 
of his best days..super happy. He actually read a book on his own on the way to 
school this morning. Seems very calm. Thank you. 
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126, Hello Kerri! I have not written you in some time. | must tell you I have already 
been using MMS for two months. We have seen a lot of improvement, He 
suddenly speaks, says single words. If I sing a song or the Vowels, he tries to 
imitate me, although it is still not very clear. But he tries to imitate. He smiled 
back at me when I smiled at him.And so those are several things. Tantrums are 
also less. 


127. She is doing excellent! Every day we see small but important progress. !am not 
sure if she has noticed the changes in herself, the best will be when she starts 
school and classmates and teachers can give me their opinions. Family members 
have also commented on the changes we have seen in her. 

She is also answering questions about what she wants...With yeah, nah or the 
sign for all done with and then says dddon! 

Now she wanted to see Mickey and told me tttttiii and I showed her the movies 
and she said “ickey"”;) We are communicating!! 


128. We are a family that lives in a country where living is not easy at all. The maternal 
death rates and child deaths are very high, and there is hardly any chance of 
getting access to special medical treatments and therapies. Our son started to 
show signs of autism since he was 2 years 8 months old, He had begun speaking 
but at that moment he stopped talking, he started to show no expression with 
his eyes, to roll around trees, to scream and to tantrum, and to not allow contact 
with anyone. Little by litte he started to be very hyperactive and to have serious 
sleeping problems (he didn’t want to wake up and he could not go to sleep at 
right). 

The start of my son's autism went along with colds, severe coughing and 
infectious diarrhea. Our son's teacher had always had excellent reports 

about our son’ behavior, but since this severe cold with synovitis in his hip, 

the transformation begun. Since then, the awful diagnosis and the absence of 
guidance led us to an abyss. Our son presented total absence of self, almost 

no language, hyperactivity and many sicknesses. 6 months went by in which he 
met with a real parade of doctors and therapists that gave us bad treatments, 
bad diagnoses and almost no information, our life became a living hell. We went 
into a state of denial in which we didn't want to see anything on the Internet 
regarding Autism. In that time our son had been diagnosed with severe sinusitis, 
complications with his adenoids, and limitations that he developed because of his 
hearing capacity. 

By the end of the year 2007, | alone broke the pact | had made with my husband, 
and started to search the Internet and found Yeroline Ruiz’s page where she 
commented about the biomedical protocol through which she had gained her 
son back in months. Litle by little I tried to convince my husband, who at the 
beginning was completely reluctant to the possibilty, but by December 2007 

we made our first order of supplements and quelators (magnetic clay from the 
United States).The supplements took forever to get to us and when they arrived 
We gave them to our son without any clue or guidance and hardly any diet. The 
results were horrible, he got worse and worse, and this lasted about 8 months. 
During this time the therapists gave us a terrible prediction about our son's 
future. Our family problems were also getting worse and the only guide we had 
was Yeroline and the Curando el Autismo foundation. Thank God we didn't give 
up and we passed the hard times. 
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We eliminated some of the food that is forbidden in the protocol and we started 
to use Enzymes. Our son started to improve, his health got a lot better and we 
stopped visiting traditional doctors and I decided to take care of his treatment, 
the process was not easy because there aren't even the basics for the protocol 
in my country, from the flour to the milk, everything is really hard to get. 
Obviously a DAN! doctor or supplements are unthinkable. However even if his 
health had improved, the Autism symptoms were still present, the speech therapy 
did not help and sometimes even made it worse. With a lot of effort we brought 
Rosa Dominguez (Tomatis Therapist) and we begun applying this technique to 
our son. The economic effort was very big but the results were worth it, he 

was more in control of his body, the clearest sign of this was the control of his 
sphincter that happened almost magically. His language also improved even if he 
still didn't use it socially, but litle by little we verified that our son had no sign 
of retardation compared to other kids his age. Even with the improvement, the 
tantrums, frustration and limitations of his language remained, we decided then 
to make a new effort and traveled to Panama to the Stem Cells institute to make 
a stem cell transplant. 

(Our debt was huge, and despite the effort our baby showed two contrary 
signs:a positive one that was that our boy was completely connected to his 
environment (he is never outside of the world anymore) and a negative one: he 
became aggressive. He had never shown aggression, auto-aggression or violent 
behavior, but from the moment the anesthesia was applied these began. 

Our child started hitting himself when things didn’t go his way and he bit other 
people out of frustration. We remained on our path with despair because we 
could not see the light. We tried hyperbarics for 70 days in a row, eqinotherapy, 
and others. In 2011 we came across Puerto Rico's CEA conference and we found 
Kerr's topic and the SCIA topics very interesting. We decided to do the SCIA 
tests and we confirmed that our boy also had virus and an inflammation even 
though his immune system didn’t seem very affected. Because of our country's 
limitations we couldn't complete the SCIA tests but then we had 2 lead on how 
to start a new journey. All we needed was a doctor that could apply the SCIA 
protocol. 

But then there was a miraculous day in which we saw Kerri’ talk and hope grew 
inside us, we contacted her immediately and she answered immediately too, with 
00d will and all the indications as to how give him MMS and how to apply the 
protocol.After two weeks we started seeing a change in our son. Eye contact 
was way better; he speaks fluid sentences and gives structure to his words. 

We are now three weeks into the protocol, we can see almost no aggressions 
and tantrums, we teach him letters and he recognizes them, reads and writes his 
name (he does it with some difficulty) his receptive language is %100 active, he 
is very loving, specially with me. (His mom), he hugs me and kisses me and tells 
me he loves me. We know we still have a lot to go but I'm certain that we will 
make it. My son has now Borderline Autism his connection with the world is 
total. We are stil thinking about doing all the SCIA tests but just to find out our 
child is cured. The light and hope that Kerri and the MMS have given us does not 
compare to anything. Thank God! Kerr’ is a blessing in our lives! 
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129, This email was after an ATEC drop of 64 to 44: 
This is truly AWESOME! He lacks in the "Speech/Language/Communication” 
area the most! 
honestly thought when I was filing this ATEC out that he would have regressed 
because | just thought he might have..it seems everything else we have EVER 
done it is always too good to be true! It actually s not this time!! Praise the 
Lord Jesus Christ! \o/ even had my oldest daughter give her thoughts on the 
questions too so that ! doubled checked myself regarding his behavior etc..you 
know to make sure | was not out of touch! :) 

We definitely have a ways to go, but I have never had my son at this level of 
‘awareness’ before! We are doing RDI (Relationship Development Intervention) 
and have been since Feb. 201 .he's made great gains with it, but he Is FLYING 
now only because of the MMS!! 

~Melissa, IN, USA 


130. Hello, my name is Silvia and I have a 5-year-old son named Ricardo who was 
diagnosed with Autism 2 ! years ago. From that moment he has been on a 
gluten and casein free diet and a therapy routine that help him day by day. Three 
months ago I met Kerri Rivera and the Venciendo el Autismo Foundation, and 
started giving Ricardo MMS. From that moment on he has improved significantly, 
his fanguage is better and his behavior is a lot more controlled, plus with the 
biomedical treatment he goes to the bathroom regularly, this makes me very 
happy because he was always constipated. 


Silvia Morales — Caracas. 


BI. Since I was a baby I was a very sick child .. remember I had many 
gastrointestinal problems, | made my mom's life miserable with all the diarrhea 
‘and vomiting ...| couldn't gain weight and I had no appetite. All this accompanied 
me for many years; the diarrhea became chronic constipation, fluid retention and 
dry skin 
All of this without knowing I had a serious problem, until | gave birth to my first 
child. The constipation was a nightmare, my baby got ill, when I fed him breast 
milk he would get a rash, and then he had convulsions for about 20 seconds, 
when | fed him again the same would happen but now the convulsions lasted for 
nearly a day. The doctors didn’t know what was going on either. In one of my 
researches I ran into a page that talked about Autism and Candida being one of 
the main causes, this is when | find out that my son had chronic candidiasis and 
that he got it from me when I breast fed him. I tested my child and myself and we 
both had Candida, and ! have had it since | was a baby. 

‘One day I heard about the existence of a woman named Kerri Rivera who is 
devoted to helping children with Autism and I contacted her and she gave me all 
the help to treat my child. I will be forever grateful. She talked to me about the 
MMS and how to give it to my son. also started taking it and in a matter of days 
Thad a white layer in my tongue, it was the Candida getting out. I have gained my 
energy back, the headache | had in the mornings is gone, | feel vivid and almost 
all the Candida is gone. I've been with MMS for a month and I've never felt so 
satisfied with a treatment. This simple and yet powerful remedy has given my 
health and family back and with this | can assure, by my own experience that 
MMS works 
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Figure 2-3 The magnetic field of the Earth approximately 
resembles the field around a bar magnet. 


Note that in northern and southern latitudes, 
the field lines angle steeply down toward the 
surface, while the lines are approximately paral- 
lel with the surface near the equator. Conse- 
quently a magnetometer held tangentially to 
the surface of the Earth will tend to measure a 
stronger horizontal field near the equator than 
near the poles. 


The varying angle of the field lines tangential to 
the Earth is known as their inclination, Varia- 
tions in field strength can be used to determine 
an approximate location, although the GPS 
(Global Positioning System, using satellites) 
enables this much more accurately. 


nothern magnetic pole of the Earth actually 
behaves as a south pole, while the southern 
magnetic pole behaves as a north pole. That is, 
when a permanent magnet is free to rotate, its 
north pole will orient itself toward the so-called 
northern magnetic pole of the Earth, even 
though opposite poles attract. The northern 
pole of the Earth should therefore be thought 
of as the pole that attracts the north end of a 
compass. 


Earth's Axes 

Planet Earth revolves around an imaginary line 
referred to as the axis of rotation, This line is 
close to, but not quite coincident with, the 
magnetic axis connecting the magnetic north 
pole and magnetic south pole, as shown in 
igure 2-4, 


How It Works 
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Figure 2-4. The angle between the magnetic axis and the 
rotational axis of the Earth is approximately 11 degrees, 


Magnetic declination is the angle between the 
magnetic north pole and the geographical 
north pole, as perceived by an observer. This 
angle will vary depending on the observer's 
location on the surface. 


Because of declination, the direction of mag- 
netic force at points on the surface of the 
planet will vary with latitude and longitude, as 
shown in Figure 2-5. In this figure, the magnetic 
‘meridians are shown in red, superimposed on 
the geographical meridians shown in green. 
Magnetic meridians show the direction of mag- 
netic force, while geographic meridians are 
drawn between the ends of the axis of rotation 
of the Earth, While there is an approximate cor- 
relation between the two, in some areas, espe- 
cially near the north and south poles, the 
discrepancy can be more than 40 degrees. 
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132, Hi Kerri, want co tell you that Erik has started with the speech therapist, and 
psychologist. when she finished the session with Erik, l asked if she thought that 
Erik could still be diagnosed with autism. She looked me in the eye and said, 
autism? Are you sure that he was correctly diagnosed? I found her the forms and 
she told me today Erik has eye contact, he socializes, and is cooperative. She 
said he does seem small for his age, and that we were going to have to work 
con strengthening the muscles of his mouth and the tongue as well because they 
are very Week. She said that not chewing would affct the development of one's 
language, and Erik has only been chewing for 8 months, which started after we 
did the chamber with you in Mexico, That was the answer she gave me, and that's 
something, the fact that she told me that this is not autism is really something, 
even though she doesn’t want to contradict the diagnosis they gave two years 
ago. The truth is, am so glad he has come to improve, and that is since you 
KERRI have started to help my child. I's been a year since we started with the 
MMS protocol and the improvements have been incredible, he stil lacks language 
as he mispronounces many words, but the worst is over:You can publish this if 
you want, thank you very much for all your help. 

Kisses 


133. We had first formed stool at 4 drops. It was 50 inspiring. Since then somedays 
we have formed stool, some days we have loose stool but | relate this to detox 
- I can clearly see his gut healing. His expressive speech hasn't changed yet but 
he obviously understands much, much better and is able to follow complex 
comands like “come and give me one teaspoon from the drawer” or "go and put 
this in the dishwasher” or “wait for daddy to get out the baby from the car and 
then you can lock the door and put on the alarm”. Things like that, that were 
unthinkable before. I hope he will go beyond his few words soon and will begin 
to talk. 
Although speech is the thing that interests me most of all, perhaps the most 
impressive thing that MMS brought to us all of a sudden is the sense of smell - 
our boy never seemed to feel any smell, good or bad, in his entire life. He got this 
sense a week ago, We are thrilled - something is waking up in his brain, perhaps 
‘some pathogens in some part of his brain or in his nose or whatever died and 
now he is able to sense a smell. Things are getting moved. 
Thank you Kerri 


134, My son is 8 1/2 years old. I have spent six years and well into six figures to 
help my son. While I would see gains, nothing was really moving him forward. 
Three months with MMS, DE and ocean water; the junk that is coming out of 
him is both horrifying and thrilling. | think he is finally starting to feel better, and 
because he feels better he is more with us. He is trying so hard to speak and 
everyday he is saying at least four new words. He also watched a movie and 
laughed at a funny part! 


135. We started MMS 68 Days ago and my son’s ATEC has dropped from 50- 
23... Now that's a MIRACLE!!! He is So much more “with us” and I'm seeing 
improvements daily. He is just so much more fun to be with now-) He did have 
a plateau, but is back on track. We have only done 4 enemas to date, but they 
made a big difference! Baths do as well: I can't wait to see what he is like on his 
4th birthday (still 39 days away) 


Kelly, CA, USA 
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136, Is it just an amazing day or is the MMS already working? Its just day 1! I know 
people say that once your child starts talking, they never stop, but holy cow.. 
Today in the grocery store, it took me 3x's longer to shop because he was 
talking about everything he saw around him and needed a response on all of it 
from me! So unlike anything we have ever experienced with him before, Could it 
really be the MMS already? Also, potty training has been going well (slow & and 
steady), but today, he didn’t need much prompting! Many times, he just stopped 
what he was doing and ran to the bathroom to go all by himself! This is amazing, 
because he never stops a preferred activity to go potty! When i thought it had 
been too long since he went last and said “ts time to go potty” he just ran in 
there and peed, washed hands etc. No tantrums or weight dropping, he just 
ran in and went! God is answering my prayers!) I'l keep you posted on what 
happens tomorrow! 


137. You know Kerri had to email you directly | waited until today to retake my 
son's atec..just did his first Parasite Protocol and did the 72/2 hr this weekend, 
so waited a few days to pass by before we did... this atec was based SOLELY 
con this past monday, tuesday & today. | got an 11, hubby got a 13. 0 average: 12. 
(he was 32 before MMS, then 27 after 3 weeks of MMS..now 12) | had to email 
{you to thank you b/c well..because. What is there really to say :) cant think of 
the right words really :) thank you?? not really enough if u know what i mean :) 
..But to think i was going to skip your presentation at All b/c I thought it's too 
good to be true. But you caught my attention when you started tearing up as you 
got up on stage :) you were the only person/speaker to show emotion like that. 
‘AND have NOTHING TO SELL ON YOUR TABLE :) You were there only for our 
children...getting nothing back in return! :) know I've been emotional, but I'm 
prego and my sons getting better so cut me some slack :) 

I'm SO grateful for all you do Kerri. If there is something I can do in return, 
Please let me know. | know you have a lot on your plate. You have a heart of gold: 
such a giving, compassionate person. “rare-ity" (this word is in my dictionary!) 
You & Patrick are always in our prayers. I seriously want to go visit you in 
Mexico w/my family so my son can meet you when he's recovered. | told my 
hubby & he's up for it hehe :) 

Anyways, long email but really just wanted to let you know how well he's doing 
and to ‘thank you'. It blew my mind after | got the results, He still has issues in 
socialization and getting his vocab/speech up to his 4 year old level. think much 
of that will change as he learns English better: he'll interact better with his peers. 
Thank you Kerri from the bottom of me & husbands heart :) You are loved & 
covered in prayer.:) 


138, We started to see a setback in January with our 1 year 8 month old girl. Until 
this date she had had a normal development, like her sisters (she is our third 
child) but then, she stopped talking, she just screamed and twirled, She would 
twirl like 20 times a day for no reason until she got dizzy and she fell to the 
ground. She didn’t look at anybody in the eyes and could be behind a curtain 
hours comparing her toothbrushes; she wasn't hungry nor asked for her milk, we 
had to push the food into her mouth so she would eat it. was desperate so | 
went in to a forum and a friend from Venezuela told me to look for Kerri Rivera 
in my country so | did. She immediately answered and gave me hope, since the 
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three doctors I had seen before told me that Autism had no cure, that all we 
could do is to teach her how to survive and be a little bit more independent. 
ound my hope in Kerri | read the testimonies on her page and sent her a 
message that she answered right away. She told me to do the diet, remove 

milk and everything else, | went to her clinic and within a week of the diet 

Abby could look at me and smile (she had stopped doing that long ago) When 
went to her clinic Autismo2 in Puerto Vallarta she looked at Abby with all the 
patience in the world, she gave me MMS, the supplements and all the hope in 
the world. Everything was new to me but | had faith that | was in the right place 
and from that moment on, while always counting on Kerris advice, my baby gir! 
started to get much better. Her first ATEC was 95 and a year and a half after 
ita 15. My girl now smiles, talks, dances, she obeys and stopped screaming, her 
only tantrums are of a normal girl her age. did hyperbarics and am still doing 
MMS, supplements and deworming her. She is now diagnosed with Pervasive 
Developmental because the Autism symptoms are gone. She doesn't run from 
one place to another, she plays, looks for other kids to play with and has friends. 
The only thing left is for her to establish a conversation, and to put together the 
words to make sentences, but | know she is going to make it 

(Once she sat down on ant hill and a bunch of ants bit her, we had to go to the 
hospital and the doctors gave her cortisone and she was seriously illnow when 
a bug stings or a mosquito bites she tells me where it bit her, and she asks me to 
apply a calendula ointment that | use for the mosquito bites. She sets the table 
and can eat by herself, hhe doesn't use a diaper anymore, we can go shopping or 
to parties and she is well behaved, there is no more tantrums or fixations, this 
is wonderfull I know there is a long way to go, I've been in this fight for a year 
and a half, but with KERRI RIVERA'S HELP | will rescue my baby from autism, 
even though some say that Autism has no cure | know it does. Kerri has been 
blessing for our lives and I thank God for putting her in my path 


Thank you Kerri, | have no way to repay what you have done for Abby. 


139. Our 10 year old son, Ben, showed symptoms of autism since he was an infant. 
Until he was 6, he never connected normally with family or peers.As his mother, 
ached for a hug, to be called “Mommy,” or for a lingering look of love. | never 
got them 
Until he was diagnosed with autism at age five, | was utterly befuddled, What 
had I done? What was wrong with Ben? Why didn’t he want to play with other 
children? Why did he drool endlessly laugh constantly for no reason, and bolt 
from play dates and parties with no warning? Why was he constantly lethargic, to 
the point where we called him “the playdough boy?” 

Ben was always happy, dwelling far from us, in his own perfect little heaven, My 
husband and I were depressed, even despondent, despite attempts at gluten- 
free, casein-free diets, ABA therapy, and many supplements, because we saw no 
substantive and lasting changes in our child. 

Finally we found the Son-Rise Program®, which brought Ben back to us. After 
three-plus years of a mostly full-time Son-Rise Program®, Ben became highly 
interactive, engaged, and interested in his peers. That alone was a palpable 
miracle.As we say in Hebrew, Dayeinu! That would have been sufficient. But we 
constantly experienced regressions back into autistic symptoms. For no apparent 
reason, and despite endless biomedical interventions, including the DAN! 
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protocol—to the tune, | might add, of tens of thousands of dollars, multiplied 
over four to five years—Ben would suddenly revert to autistic behaviors, and we 
would lose contact. He became once again non-responsive, uninterested in family 
or peers, and seemingly unable to connect. Only the day before, he had been 
totally connected. 

After being on the SCD and GAPS diets, and finding even them ineffective to 
alleviate these regular and devastating returns to autism, we were advised by 

Dr Campbell-McBride that it sounded to her as if Ben had parasites.A friend of 
mine who was also a Son-Rise mom had mentioned to me that she and another 
Son-Rise mom friend of ours were trying something called “MMS"" When I heard 
the words for which the acronym stood, | gave an internal scoff. "Master Mineral 
Solution? Is this a joke?” 

{can tell you, in all seriousness, that now, five and a half months into our MMS 
autism protocol, MMS is definitely no joke. Since starting MMS, we have seen 
nothing but progress in Ben. We are still doing GAPS, but avoiding foods we 
know Ben cannot yet digest. Ben's ATEC score has dropped from 43 when we 
started MMS to a startling 20.We are seeing sustained, natural, unsolicited and 
consistent eye contact, like never before. Ben is consistently responsive, certainly 
on par with most 10 year old boys. He is playing hockey in our driveway with 
friends. He is solicitous of others, and compassionate when others are hurt in 
any way. He is funny, expressively loving, and eager to please and be loved. It 
makes me cry to write this. I wanted this so badly, and now, with MMS leading 
the other interventions, | have what I prayed for. 

We are not perfect on the MMS. Ben isin his first year of school post-Son-Rise, 
and dosing during the school day is not easy. But we are tremendously hopeful 
and excited. 

| truly believe, as Kerri Rivera has often said, that parasites are the missing 

piece of the autism puzzle. Like so many other warrior parents, we have done 
everything. But everything minus one was not enough for Ben. Now, | think we 
truly have the tools, and it is only a matter of time, faith, and love, to fully and 
permanently recover our beloved Ben, 


140. Caitlin has been on the MMS protocol for 3 months now. Caitlin is now off her 
100 plus supplements a day that were the glue holding her together so to speak, 
with no regression. She is happier, more affectionate and focused. She no longer 
has a distended belly. She used to have terrible smelling gas on a daily basis and 
very foul smelling bowel movements. This is gone! She has increased muscle 
tone (has a diagnosis of low muscle tone and bilateral hip anteversion). She has 
been seizure free as well! She continues to make slow but steady gains in her 
reading and math skills at school. She isn't conversational in her speech yet but 
can comment on things and express her wants in longer and more elaborate 
sentences, She is falling asleep faster and sleeping longer. 


141. Eczemal! 
At last my son (4 yrs) is living now without eczema, he was born with severe 
eczema all over his body, we used every allergic cream and med and even the 
magical Dead Sea Clay but it didn’t work, but now after using mms and pp 
(parasite protocol) for 2 months... TS GONE! Thank you MMS!!" 


Thank you! 
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142, This is the story of our son who is 4 years and 9 months old today. Our story 
is a desperate struggle to defeat Autism, the same struggle that a lot of families 
are going through to free their sons and daughters. Guillem started to have ear 
inflammation and laryngitis when he was a few months old and we medicated 
him with antibiotics, he had his vaccines according the vaccine calendar, and by 
the time he was 9 months old he was showing signs of Autism. He would put his 
fingers in his throat until he choked, he would hit his head on the wall and he 
was always mad, his tantrums were frequent, longer and more intense, he started 
to look at the lights and to twirl with no sense, he showed less interest in people 
day by day and he would get really mad if someone said anything to him. He was, 
hyperactive, couldn't stop running and going up and down the stairs. The nights 
were terrible too, he didn't sleep well and woke up screaming as loud as he 
could plus he could not say a word. 

My father and my brothers blamed me for this; they said that my boy wanted 

to dominate me and to get my attention. | had a hard time recognizing that it 
wasn't this, that my boy had something else. Once | accepted it I spent hours 
and hours reading on the Internet, and | read about the gluten-free diet and that 
was our first step. When Guillem was 2 and half years old we changed the diet 
and it worked, Guillem started to respond to orders, there was less screaming 
and his first words appeared. Three months into the diet we contacted Kerri, 
this has been a key moment in our history, because she has been our guide to 
get our son out of this long tunnel. The first thing she did was to check what 
ur son was eating, I thought that I was doing a perfect diet but | wasn't, here 
were some foods with sugar, soy and additives, the next thing we did was to talk 
about the supplements and MMS, but ! was very scared to use it and it wasn't 
until three months later, the day Guillem turned 3 that | started giving it to him. 
Now we have been using MMS for a year and 9 months. We give him MMS daily 
and every weekend we can but minimum one weekend 2 month we do the 

72/2. His improvement was amazing, his language got better, his dressing skill, 

he learned how to use the bathroom, his sleep was normal, and the screaming 
was almost gone. The next step was to start with the MMS enemas, every enema 
‘made Guillem more alert, more present, we started with the enemas 4 months 
after starting with the MMS. We saw that the enemas expelled a great amount of 
biofilm and the more he expelled it, the more abilities Guillem gained back, | saw 
the importance of healing the intestine and that has been my obsession since, 
The next important step was the sessions in the hyperbaric chamber; his first 
sessions were at age 3 and 9 months, and the changes we saw were mainly in 
the obsessions he had, he paid much more attention to everything, his social 
skills were very affected but after this he made his fist friend. Now we do 
hyperbarics with seawater every three months. Another piece in the puzzle were 
the parasites but with Kerris help we've been on the protocol against parasites 
for 7 months and every deworming cycle our son improves. | know that we have 
to keep fighting but | also know that we are closer to the exit. Now Guillem 
sings, he plays with his brothers, we go to the movies, we do puzzles, we paint, 
and he is very happy, he has learned to spell his name and he walks joyfully down 
the street telling you about his day. He goes to school, plays football and more 
importantly, we are a family again, 

For all of this we are deeply thankful to Kerri, Because she has always been there 
for us, without Kerri and MMS our story would be completely different, so We 
owe them EVERYTHING. | know that we will someday say Guillem is cured, and 
all the other children with Autism can say that too. 
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UPDATE: As of December, 2012 Guillem no longer has a diagnosis of autism, 
here is an email his Mother sent to Kerri when she knew he had recovered: 


KERRI! 
My son has an ATEC of 10!!! 

have it repeated several times because | did not believe it. 

Thave copied it below...'m going to have it framed! 

The truth is that this Christmas we have enjoyed our whole family, we've been 
to the Zoo, to the fair, and during family meals he was very well behaved and 
enjoyed the Magi and the magic of Christmas, Christmas last year was totaly 
different. For all this we give infinite thanks! There are not enough words to tell 
you how we feel! Without you our story would be different. We will continue 
Working to get to zero! 

A big hug! 


143, | started with MMS on April 2012, | was afraid but had a lot of faith did the 
ATEC for my son and it was 92, He could not use the bathroom alone nor say 
a single word.The day | started | thought there was nothing different, but when 
We were at the beach on vacation | noticed that when I called his name he would 
turn,and come to where | was.All this with one drop! Before that day I always 
had to stand up and find him so he would pay attention to me. He wouldn't look 
at me but he would listen to instruction. Days went by and when we came back 
from the beach he went straight to the bathroom... | couldn't believe it; sat 
down and asked my self WHAT IS THIS? What happened? And | silently thanked 
God and Kerri. This was decisive for me to continue.After this he improved day 
by day, after 5 weeks his ATEC had gone down to 76 points. 
I made a few mistakes at the beginning because | didn't know the protocol very 
well, and wanted to rush things. Again, Kerri with her infinite patience and love 
for others led me to the right path, and | started to see more, way more, 
My son started writing, he knows his letters, he reads some words (he has 
memorized them) he is great in the bathroom, he listens, his eye contact has 
improved significantly, his last ATEC was last month and it was 60 points. ! know 
we have a long way to go, but | every month there is improvement and even 
though there are some bumps and setbacks the good things overcome the bad. 
My son has also started saying words, names of movies, he can say over 100 
words (names of movies or things he likes). Some will think it doesn't mean 
anything to know the name of a movie but for me, itis to know how my son's 
Voice sounds and that, is priceless. Now my next goal is to hear him say “MOM” 
~Myrna Sterling, Mother of Gianmarco, age 5. 
Myrna is the president of the GM foundation for Autism 


144, My wife and I have always been fond of traveling, getting to know different 
cultures and people, this is why we had our little one we decided to keep 
traveling but to adapt to his rhythm. 

When he was 9 months old he went on his first international journey. Everything 
was perfect, he was the happiest baby on the plane, he played with the people in 

the seats behind us, the stewardess wanted to stay with him to play, all the plane 

ride went along perfectly. 
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Something happened between his 15th and 18th month, his smile was gone, we 
1no longer had happiness in our home, only nerves and less language. Maybe the 
excessive vaccines were destroying his immune system and leaving the door 
open for parasites to take hold. 

When he was 18 months we went on a second trip and it was an absolute 
nightmare, He wouldn't stop crying and screaming on the plane, he didn’t want 
to play with anybody. We spent a few days getting to know this new place while 
our baby fell further into this abyss in front of our astonished eyes. 

‘Something was wrong, and after an episode of auto aggression we knew that this 
was not normal. After watching a couple of videos on the Internet we started to 
understand, and we went to a psychologist who didn't give us a diagnosis because 
our son was so young, 

Later on we went to a neuro-pediatrician who also used the excuse of our son's 
young age to dismiss us, and finally a last doctor who didn’t explain anything 
either. 

Not even our family listened because they thought we were exaggerating. We 
were left alone and our biggest ally was and stil is the Internet. 

After the medical failure and their “anti-diagnosis” we took the best and most 
important decision of our lives, that was not to listen to any of the diagnoses, 

or to wait another 6 months to be called by the neuro-pediatrician again. We 
started down this road without an official diagnosis but with all the symptoms 
and behaviors that define autism. 


We started with the casein, gluten and soy free diet with no experience on how 
to do it and our baby suffered awful withdrawal symptoms. We couldn't believe 
what we were seeing, his nervousness and aggression took us to our limits. After 
a few days on the diet his tantrums went down litle by little until he was stable. 
But we needed something else because everything was out of control; this is 
when we went back to the Internet. 

After three months of false doctors and pseudo medical experts we found Kerri 
Rivera. 

She gave us hope, and filled us with confidence, but most importantly she 

was clear with us from the beginning. Everything she told us was logical and 
everything made sense as to why it was done so we trusted her without a 
‘moment's doubt. 

He got better and better everyday. Kerri told us how to do the ATEC and what 
it meant. Our first result was 57 points when he was 2 years old, which was 
very high for us because of his young age. We have been doing everything Kerri 
suggests, improving the diet, and using everything she recommends, and the 
results have been spectacular, right now he is 2 years and 10 months old, his 
ATEC is 8 and he is doing great. Our goal is to have him at 0, and I'm certain that 
once we free his intestines of all the parasites, he will be a strong, healthy and 
happy boy. 

He doesn’t have any behaviors like the ones he had one year ago, now he smiles 
again, he talks and asks for things, he plays a lot and he is happy. 


This was possible thanks to his Godmother Kerri 


414 Appendix 1 


Kerri, you have done and given us everything in exchange for nothing, and that is 
your defining quality as a human being and as a person. 

Every day you give hope to all that YES WE CAN defeat Autism and now we 
have a lot of puzzle pieces to complete our puzzle. We may find a new one soon 
because there are a lot of people investigating and that makes us feel alive, to 
fight against the entire circus that has sprung up around this problem. 

I would recommend that if anyone is not seeing progress in their children, to 
come to Kerri,and try everything she says word for word, She has done it all 
and has the best investigators and doctor on her side. The ones that aren't 
intimidated by the absurd laws of the upper echelon, those who only want our 
children to be sick all their lives so they can sell medicine to us 

We will keep up the fight. 


145. Hi Kerri, I just got the third MMS Autism newsletter, and I tell you it couldn't 
have arrived at a better moment. For the last few days my nephew has had a 
strange infection, he was hospitalized and the doctors couldn't figure how to 
fight it because it was resistant to many antibiotics. | told my brother-in-law 
about MMS and he started using it.After two days my nephew was healed, the 
doctor asked me for alittle so he could examine it, and his answer was that 
the way MMS functions is amazing, he couldn't believe that such a simple and 
powerful product hasn't come out to the public eye. 


146, My husband and I were on the couch having our morning coffee and my son 
came bolting out of the room and ran up to my husband's face and said.."Oh 
Hi Daddy, 'm back!” And then ran back to his room..this is our once in a while 
“word!” litle man.After 3 non-progressive PPs (parasite protocols) the 4th one 
was a charm.A nightmare, but quite an eliminator... Lots of Worms Gone! And he 
is slowly coming back..we are seeing it in fact he is even reassuring us that he “is 
back’ 


~The previous email was accompanied by an ATEC drop from 95 to 35 in 6 
months. 


147. Dear Kerri, 
Its a pity I don’t speak English and that's why I can't write you on my own. 
Currently, a lot of good things are happening to my son (31 years old). have 
followed all your advice and as a result he has completely calmed down. | have 
learned to prepare CDS at home with the help of jim Humble’s video. The CDS 
fs a 600 ppm solution; my son drinks 30 ml per day with the feeding bottle 
method. | suppose this is the daily dose for a person of his weight. We are past 
the third PP and preparing for the fourth one. 

Unfortunately I won't be able to attend the congress in Prague, since | can't find 
anyone to look after my son. fit were in the summer I would risk going by car 
and taking him with me. 

11am very grateful for your attention to our life and progress and for your help 
in curing my son. God bless you for helping children with autism by sharing your 
knowledge and experience with the world. | will try to give a regular account on 
the progress of my son. | have no doubt he will be cured, too. 
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148, Three more tiny litte gains on our step by step path to recovery...yesterday 
Nick got a haircut and did not ery at all AND was relaxed enough that it was the 
first time it wasn't like a sheep shearing, he actually got to get a litte style (50 
cute!).Also, he was doing some pretty terrible screaming in the car in the parking 
lot at Whole Foods while I tried to find a parking space (I wanted to scream too) 
and I let him know he scared me. When we got into the store he spontaneously 
said "I'm sorry” -total first! Lastly, He has requested a hug from me three times 
recently - HUGE new thing and I love it Thank you MMS and Kerri. 


149. Thank you Kerri. For all of your help, answering my emails, and for all that 
youre doing to help al of us, help our kids!!! I was at a breaking paint. Nothing 
was helping her anymore, her organs continuing to get worse, hadn't grown 
in 4 years, and had become Jeckyll/Hyde this past 4 years. violent, raging 
Hyde being increasingly present more and more each year, each month. 
knew something had a hold of her all these years. And it amazes me how 2 
endocrinologists, 3 pediatric Gl specialists, and many other doctors had no clue. 
Thank you for ALL you are doing to get the truth out there. You are an angel! 


Merty Christmas - xoxo 


150. Puerto Ordaz, November 4th, 2011 
My name is Carolina Moreno and my husband is Rafael Colmenares, we are the 
lucky parents of alittle 6 year-old whose name is Ana Victoria, she came to this 
world to give us the world’s greatest lesson, through her we have learned the 
real value of life, to be steadfast, and brave. We learned that it’s our job to fight 
for our dreams if we want to accomplish them, and over all we've learned that 
God is who holds us up and gives us the strength and tools to move forward, 


My journey with Autism began the 27th of march of 2007, my daughter Ana 
Victoria was 23 moths old, her initial development was normal, but little by little 
she stopped talking, she didn't understand anything, she didn’t miss her parents, 
she didn't play with other children or even her toys, she didn't like to be kissed 
or hugged, she acted as she was deaf but we didn't know that all this were 
‘symptoms of autism. It wasn't until the day that we went to a neurologist in our 
area, that someone told us that this was Autism, an incurable condition, and that 
our daughter would have ital her life, It was a very hard moment for us; ll of 
our plans to be a happy and healthy family went down in a matter of hours. 

As parents we didn't want to give up, after recovering from the horrible news, 
we began looking for information on how to help Ana Victoria. In our country of 
Venezuela there were 4 specialists in Autism and they were all using the gluten 
and casein free diet, vitamin therapy. as well as expensive tests performed in 

the United States to check candida and bacteria. Thanks to them I learned how 
important the diet was to get Ana back from Autism, without it, recovery would 
be impossible. 

We did some testing through Great Plains labs, and the results indicated candida, 
bacteria, inflammation and much more .We started with Ketazol and Flegyl. My 
daughter was taking up to 400 mg of Ketazol even though she was barely three 
years old. Now with everything I've learned I can not believe that a physician 
could prescribe such a high dose to a child who is only 3 years old and weighs 
only 16 kg.That alone should be punished and criticized 
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However | felt that I wasn't doing the right thing, years passed, Ana Victoria was 
5 and her comprehension and attention levels were very low, my husband always 
thought there had to be something else we could do! 


(One day my dear friend Carolina Garcia talked to me about Kerri Rivera's blog, 
sshe told me that it explained the reason for the supplements and the hours they 
had to be taken, for example that the antifungals had to be given away from food 
and the pro-biotics worked better if they are given at night. After I read her blog 
and visited her website in July 2010 | called the Clinic Autism02 and Kerri Rivera 
herself answered me.| explained my daughter's case, and she asked me to give 
her an opportunity to help, and if in 2 months we didn't see anything different 
with our daughter we could continue doing what we always did. I told my 
husband and we agreed to try. | felt a great sense of peace when when Kerri told 
me,"I'm here, and I promise | will walk with you until we recover your daughter” 
In August Ana Victoria was on Kerri’ full protocol and in November God gave 
me the opportunity to go to Puerto Vallarta, México.An entire month in this city 
were my daughter received the hyperbaric chamber treatments, we started with 
MMS, plus we got together with Kerri at her home every night with pen and 
paper, she explained to us step by step how we could heal our children. From 
that moment a beautiful friendship was born between Kerri and | 

This is when | understood that Autism is caused by a weakness of the immune 
system and this brings as consequences; viruses, bacteria, candida, intestinal and 
brain inflammation, food allergies and contamination with heavy metals, and that 
it is necessary to attack every aspect to be able to heal autism. 

The 23rd of November Ana Victoria Started to take MMS and in 30 days of 
treatment we noticed the firsts changes. My daughter's stools were consistent; 
there were no food residues or foul smells. When I came back from Vallarta | 
was full of new knowledge and a lot of MMS bottles, Ana Victoria had already 

a very well defined protocol and the best thing was that it wasn't a long list of 
supplements, only 7, MMS and Theralac, Everyone in my family noticed a great 
change in our daughter, better eye contact, controlled hyperactivity she started 
saying her first words with sense and purpose; want park please, | want food 
please, | want to sleep. She was doing much better in therapy and at school, Anita 
had begun her way back to the world she left when she was | and half years old. 
When I saw this improvement in my daughter I decided to share my experience 
with other members of my community and it was there with my dear friend 
Yamileth Paduani and her husband Alejandro Teran that Fundacién Venciendo el 
‘Autismo was born. Mr-Alejandro asked if Kerri could come to Venezuela and talk 
to parents in a simple way so everyone could understand that Autism is curable. 
Kerri was delighted to accept the invitation and in only 7 moths of work we 

had 2 conferences and many evaluations and nowadays there are 700 kids on 
Kerr's protocol that is: casein, soy, gluten and sugar free diet, some supplements 
depending on every child, MMS and Theralac. The results are very positive and 
there hundreds of families that have started with their children’s recovery. 

Then came the great discovery of the parasite protocol, for me, it was the 
missing piece in my daughter's puzzle. The first few months of the PP were severe 
(fever, laughter, hyperactivity) and many worms in her stool. However, after all 
these worms came out out | saw how her mind cleared, and month by month we 
waited for the full moon to deworm .. 


How It Warks 


Figure 2-5 The red fines indicate the direction in which a 
‘compass would be likely o point to magnetic north. The 
_green lines connect the geographical poles ofthe planet. 
(From Wikimedia Commons.) 


Standard declination tables for locations on the 
Earth are available, and these values must be 
added to, or subtracted from, the reading from 
‘a compass or magnetometer to determine the 
direction of geographical north. Navigational 
systems customarily express the heading of a 
vehicle or vessel relative to geographical north, 
as shown in Figure 2-6. 


Coil Magnetometer 

Current flowing through a wire creates a mag- 
netic field with flux density that is directly pro- 
portional to the current in amperes. Conversely, 
a changing magnetic field will induce current in 
a wire. This principle is used in a coil magneto- 
‘meter, which can detect buried objects when 
the coil moves above them. A rotating coil mag- 
netometer can determine magnetic field 
strength while remaining in a stationary po: 
tion. However, the coil in a coil magnetometer 
must be relatively large. 


Hall Effect and Magnetoresistance 
In modern handheld devices, a magnetometer 
will generally use either the Hall effect (see 


spatial > location > magnetometer 


*Hall-Effect Sensor”) or 
described here. 


magnetoresistance, 


Figure 2-6 Headingis an angle usually calculated rela- 
tive to geographical north, sometimes referred to as “tue 
north.” 


Magnetoresistance is a phenomenon where the 
resistance of a material changes fractionally 
when it is exposed to a magnetic field, This is 
capable of yielding greater accuracy than Hall- 
effect sensors, but has tended to be more 
expensive. 


Orthogonally oriented sensors contained in a 
surface-mount chip are aligned with axes iden- 
tified with letters X, Y, and Z. These sensors are 
analog devices whose values are converted to 
digital values by an onboard analog-to-digital 
converter (ADC). The values are stored in regis- 
ters that are available to other devices, often via 
the I2C protocol, which is widely used by micro- 
controllers. 


Typically there will be two eight-bit registers for 
each axis, one defining the high byte and the 
other defining the low byte for the digital value. 
In reality the ADC is likely to use 10 to 13 bits, 
with the remaining 6 to 3 bits being unused. 


B Encyclopedia of Electronic Components Volume 3 
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‘Ana Victoria is now improving very quickly, she isa girl that enjoys being with her 
family the park, a day out, she goes to school and she says to me that at school 
she now does her work in silence without crying, when | arrive home she greets 
‘me with a smile, she runs to me and calls me Mom, she tells me what she wants 
and what she doesn't, she can use the computer like an expert, she takes her 
own shower and dresses herself, she even picks out her clothes, she knows when 
Christmas is coming and that there will be gifts. Her therapists and her shadow 
teacher are really happy to see how Anita is progressing day by day. 


Yesterday we were all atthe table eating lunch ...and she points with her finger 
"Papa's food, Mama's food and Ana Kikota's (Victoria's) food...yummy... 
heeheehee. My husband and | were laughing with excitement and happiness. 
‘Some time ago we felt that speech would be nearly impossible for Ana Victoria, 
My advice: do not be afraid of MMS be afraid of autism; that which is 
unforgiving and has the power to destroy lives and families if we don't attack it 
on time. 
We are grateful to God because He has never abandoned us and has always 
given us the strength and tools to fight and to believe that it is possible to 
recover our children. We thank God for putting Kerri in our path and we ask 
God to bless her everyday for having such a big and noble heart, she who is 
always helping others in a selfless way. We also thank Jim Humble and Andres 
Kalcker for helping us find the missing piece in this great puzzle that is Autism. 
We can do it!! 
To all of you, many sincere thanks for helping the children in my country. 
Blessings, 
Carolina Moreno, President of Fundacién Venciendo el Autismo. (The Defeat 
‘Autism Foundation) 
Venezuela. 


151. Good Day, first ofall | want to thank God for giving me all the necessary tools 
to be able to help my son, Jesus Soto who is 8 years old today. Jesus was born 
normally with no complications, loved by his parents and family, everything was 
going fine, but when he turned 18 months old he became ill: laryngitis, and fever, 
amongst other things. 


He was diagnosed with Autism at age 3.As a worried mother, | took him to 

the psychologist because I observed several behaviors that were not normal. 
After the terrible diagnosis we started to take him to a specialist after specialist, 
they were all very good doctors, his DAN! doctor in Venezuela, and my sons 
gastroenterologist were very helpful. met a very special friend Mayerling 
‘Aparcedo who brought the ABA method to Venezuela. My son had many 
improvements but we still felt that we needed something else. spent my time 
on the internet finding out as much as I could until | found Kerri Rivera that 
without even knowing me helped me via Internet, talked to me about MMS and 
about the supplements and how to take them. My friend Carolina Moreno had 
the joy to travel to Puerto Vallarta and wrote to me from there, telling me that 
MMS was helping a lot of children. The 14th of December | ordered my first 
MMS and the 27th of January it arrived to my country, from that date on my son 
is taking MMS. 


The 2nd of April Kerri arrived to Venezuela and I went to see her; | took all the 
tests | had and she checked them, after only two months of taking MMS his viral 
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load went down to near normal levels, and his liver profile showed no problems 
I made some adjustments that day and I continued with the treatment seeing 
a lot of improvement in his language, socialization, understanding of things, his 
hyperactivity has gone down and the laughter for no reason stopped. 'm very 
happy with the results and now all the family is taking MMS. 

I'm very grateful to God for putting my husband in my life, as he has been a 
very special part of this battle that we are winning, | also want to thank our 
family, Kerri, Carolina, Yamileth, Mr.Alejandro and everyone from the Fundacién 
Venciendo al Autismo. 

Yours truly, 

Maria Campero 


152. My baby girl Yuliangel Nazareth Quijada Montero was diagnosed with autism 
when she was one and a-half years old. From that moment she was given a 
treatment to allow her to sleep and to control her tantrums: "Risperdal" which 
had absolutely no effect, | gave her up to three pills before bed and even them 
nothing happened, | was just damaging her brain. She didn't sleep night or day, 
was worried because she screamed all the time and she hit herself. 


The 2nd of April 2011 | attended the conference of Fundacién Venciendo el 
‘Autismo, where | heard for the first time that Autism had a cure. Kerri explained 
ina very simple way how I could cure my girl, even though | didn’t have all 

the economic resources necessary for her treatment, the Foundation helped 
me with a part of the treatment, MMS and multivitamins. From there | started 
noticing changes, with a lot of sacrifice and effort my girl was on a strict casein, 
soy and gluten free diet: When I started giving her the MMS I would give her 
7212 on weekends and then | noticed that there was a lot of mucus in her stool, 
from there she started talking, she slept the entire night, and took naps in the 
afternoon, she pays attention, she knows how to count and all the colors with 
only three years of age. For me MMS is a miracle, since | started giving it to her 
she isa very healthy little gir, with no colds or any of the diseases she used to 
have, she is now considered to be very high functioning (14 pts. on the ATEC 
scale) with MMS, Vitamins, and the diet my child is getting out of the Autism 
spectrum. She does not go to therapy because of my finances but my sister 
Yenitze Montero interacts a lot with my girl, and her grandparents Raiza and 
Julian help me a lot with the diet, my nephews Jesus and Luis are also helping me 
with the home therapy and of course her dad and me fill her with love and care. 
My daughter is healthy, she has meaningful speech, she recognizes herself, she 
sleeps well with no pills and we are all very happy with the results. God Bless 
the entire team at Fundacion Venciendo el Autismo, especialy Kerri Rivera for 
bringing MMS to my country it is absolutely miraculous. Blessings. 


Yurliana Montero and Jonatha Quijada 


153. Martin is 6 years old, weighs 19 kilograms and is diagnosed with severe non- 
verbal Autism. He was diagnosed when he was 2. 
He almost made no progress with therapy, when he turned 4 everything seemed 
to be lost, but when he was 5 we tried a new therapy and he started to say a 
few words. He also got very sick almost everyday, he coughed a lot, had an ear 
inflammation and fever, he couldn't go to school. 
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He started taking MMS the 29th of June 2011, when he was only taking two 
doses of one drop and two drops every third day has intestines were not moving 
and he had a psychotic attack (something that I've never seen before) and this 
lasted 2 hours. 

Children with Autism are severely intoxicated so his reaction to the MMS 

was very clear-After 15 days of taking 8 takes of a drop a day Martin stopped 
coughing, he is more alert, connects all the time, his expression changes, he 
started to make friends, he starts to play with the computer, | hear from 

school that he'll be a preschooler because all the improvement he has had 

and that he didn’t have all year: (I was almost going to get him out of school) 

he was attending school with a shadow teacher but had no apparent social 
communication or increase in cognitive capabilities. 

This past October, in a meeting with his team of therapists, asked them all what 
they thought about Martin’s improvements and they were very happy, | asked 2 
of his speech therapists who have worked with him for more than three years, 
“Did Martin have severe autism?” “Yes.” They both responded."“And now?" | 
asked them,""Noooo” they both agreed. The rest of the team, who have only 
known Martin for a few months looked at each other, and said that they could 
not imagine Martin like that. 

The path out of autism is scary, but MMS is giving us great joy and hope. 

Martin has not been sick anymore, the last time he was sick, before MMS, we had 
to admit him to the hospital, his cough was so bad that he was vomiting non- 
stop. 

First off we give thanks to God, we thank Jim,Andreas, my dear Kerri who guides 
me with all her love, and to every single mother that is in this struggle. | also 
thank Mr. Luis from Buenos Aires,Argentina who has made it easy for me to get 
MMS; he is a wonderful human being who helps those in need. 

We are on the way to full recovery for Martin, 'm sure of that. 


154, So I just redid my daughter's ATEC. She was a 71 a month and a half ago and is 
now a 60!!! | thought she was making nice improvements but it really set in when 
I saw her score. Some things that have changed for her are now she is pooping 
on the toilet every day and telling me. She used to just go every few nights in her 
diaper. There's no more diarrhea, she’s not constipated, she’s sleeping great. She is 
just starting to show signs of imaginative play and a big one for us is that she just 
learned to blow. She couldn't blow no matter what we did to try to teach her. 
Now she’s got it. Hopefully more good things to come. 


155. My now 8-year-old daughter was dx with autism at 18 months old. Started GF/ 
CCF diet and started with a DAN! She slowly made progress with speech, had 
a few words, a few 2 and 3 word sentences, and despite having autism, she was 
always a happy, calm, sweet litte girl. Shortly after her 3rd birthday, she “changed!” 
She became more of a Jekyll / Hyde personality, and all progress in speech 
and improvements in eye contact and sociability started to fade, Seemed like 
everything we did was just like yo-yoing back and forth between improving, and 
then crashing yet once again, 
Last year at this time, we had just left the doctor we had been taking her to. For 
years she was on antivirals, antifungals, antibiotics on and off, SSRI’, Tenex, and 
when her violent SIB had become so bad the second year into treatment with 
him, he put her on Abilify. SI's and the Abilify did nothing for her except make 
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her behave worse. Neither did any of the other things he had her on. The first 
year she was doing pretty good, but possibly because the antivirals were acting 
‘as an antiinflammatory. She always had chronic constipation with loose stools/ 
diarrhea. Nothing helped that either: We finally left that doctor who yelled at 

us in his office for 20 min straight, in front of my daughter, because he did not 
like that | had been challenging him on all of this for the past 6 months. | was 

1no longer going to let him put the blame on us and everyone else... that her 
ABA and speech therapists didn't know what they were doing, and telling us 

she acted out this way because we didn’t know how to give proper time outs 

or how to correctly give “pep talks” at bedtime. | was convinced that she had 
PANDASIPANS and/or parasites that were causing her ever increasing SIB, loss 
of all progress she had made in speech over the past 4 years, and the fact that 
she had not grown in 4 years...id not gain 1 pound, feet did not grow at all, and 
she only grew 1/2 inch in height in that 4 year span. We had taken her to a very 
well respected endocrinologist the previous summer who ran all the tests. Could 
find nothing wrong as to why she wasn't growing. But he decided to put her on 
HGH anyway. Thankfully, we left and decided not to give her the HGH.We also 
took her to one of the best Ped Psychiatric doctors at UCLA who specialized 

in autism that summer He observed her, her SIB happened right there in his 
office for him to see. He said her SIB is coming from pain, discomfort, something 
medical going on inside, most likely stemming from her gut. He suggested we get 
her scoped upper and lower: So we did. The only thing that came up was on the 
upper endoscopy, and that was that she had esophageal gastritis. So the Gl dr 
gave her Nexium 

All the parasite stool tests we had done over the years had always come back 
neg except for one at age 3 came back with Giardia. But that was it.So last 
January, when we had finally lee that her doctor of 3 years, her liver AST and 
ALT were at 130 and 135, her Creatinine (kidneys) were severely elevated at 

‘a dangerous level, she now had hypothyroidism, and after testing her cortisol 
thru blood and saliva we discovered she was barely making any at all. She had 
dark circles under her eyes, grinding her teeth for 3 years now, and agitated 
beyond belief ALL the time. Mind you when we started with him 3 years prior, 
her thyroid, liver, and kidneys were all in normal range. She did have dark circles, 
many many food allergies, some SIB, but nothing compared what we were dealing 
with now, or what was to come. 


So now, what to do. We took her to a very highly recommended Pediatric GI 
in Los Angeles who was very nice. Listened to what we had to say. Ran the 
most sensitive and comprehensive stool analysis. Came back with nothing at all 
Then took her to the head of pediatric Infectious Disease at Cedars Sinai. She 
obviously had her mind made up before she even walked in the door. She saw 
the word AUTISM on my daughter's chart, and that was it. showed her every 
blood and stool test, explained the not growing at all for 4 years despite all the 
endocrinology labs said everything related to growth was in normal range, her 
severe SIB. She said to us.."I know you want to help your child. You want to find 
something “medical” that has caused her autism so you can fix it. But the truth 
és, your daughter has autism. You need to accept that, and take her to a pediatric 
psych dr who can help her with these SIB's. There are lots of meds that can 
help her be calmer.” Had she not listened to one damn word I told her!!! All the 
meds we had tried in the past did nothing, already took her to a psych dr who 
specialized in autism telling us something internal was wrong. She would not 
run any blood tests, or any other kind of Infec Disease tests. So with that, my 
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husband, my sister, and I completely dumbfounded started to walk out.The dr 
then had the nerve to say.."She hasn't been vaccinated since 18 months (she was 
7 here) Let's get her caught up right now before you go. can give her 6 vaccines 
today” [looked at her and said you have got to be crazy! | am not giving my very 
sick child vaccines full of the poisons that did this to her.” 

Soa month later we started with doctor who “gets it” Who listens, and treats 
parents with respect. Values their opinions.And the networking | had been 

doing for the past 6 months on a few different bio-med autism groups with 
other moms was paying off. The moms are the ones who KNOW!!! That's how 
| found my daughter's current doctor and how I found Dr Maile Pouls last June 
to help her with nutritional and metabolic healing. Dr Pouls ran a $100, 24 hour 
collection urine analysis, and we found out she had severe malabsorption, Ph 
was too Alkaline, she was catabolic, extremely electrolyte and mineral deficient, 
severely Vit C and D deficient, and had severe bowel toxicity. Working with 

Dr Pouls and her new doctor lead them to suspect parasites/worms. | was 
encouraged to look into mms, but of course | had heard nothing but bad things 
like it's Bleach.| was very hesitant to try it, but I researched it, and sought out 
other moms on Facebook who were doing it. he toxins from the parasites had 
completely taken over her body and brain, She was SIB almost all day, every day 
by now. It was pure hell. We thought we were going to lose aur minds it was 

so bad, We had stopped taking her anywhere but school and dr’s appointments 
for the past 2 years because she would just suddenly out of nowhere, for no 
reason, violently freak out and there was no way to help her calm down. Her 
doctor said she's so toxic, and her body is so sick that she can't detox. That 

the mms will not only help kil, but will neutralize the toxins and help her calm 
down. So we started mms, and I could not believe how much calmer, happier, 
and more present she was in just a week. MMS is literally saving her life, and 
bringing her back to us. Before starting mms, we did just parasite meds like Alinia 
and Mebendazole. The parasite meds alone did not help her, even though she 
was dumping worms, but she was still completely psychotic, and getting more 
crazy and manic every day. Since starting mms she has dumped hundreds of 
worms, some 10-12” long, ascaris eggs, TONS and TONS of the shedded skins 
of the worms, tons of liver flukes, and hundreds of tapeworm segments, We 

had not done any PP yet. This had all been with MMS only! We actually started 
Albendazole for treating tapeworm about a month ago and saw immediate 
improvements with it. It really seems like this is her biggest beast right now to 
deal with 

These are her labs from before MMS, and after starting MMS: 

2/7/2012 - one month after leaving scumbag dr of 3 years 

AST = 79ALT = 108 Creatinine = 1.24 EOS = 11.2 Sed Rate = 9 


~ Started MMS 11/23/2012 ~ 


12/4/2012 
AST = 73ALT = 64 Creatinine = 1.32 
1/15/2013 
AST = 61 ALT = 60 Creatinine = 1.30 
27/2012 


AST = 5 ALT = 42 Creatinine = 0.92 EOS = 5.1 Sed rate = 12 
Ref Range for AST is [15 - 46] ALT is [3 - 35] 
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Ref Range for Creatinine (kidney) is [0.60 - 1.20] Shows how well kidneys are 
working Anything close to or over the 1.20 is considered to be of serious 

Ref Range for EOS (eosinophils) is [0.00 - 3.0] * High EOS are always seen with 
parasites 

Ref Range for Sed Rate (marker for inflammation) is (0 - 10] 

Her doctor said her Sed Rate is likely high because when kiling off pathogens 
and detoxing, inflammation will go up temporarily. 

So I say never give up. Don't listen to doctors who don't listen to you. Kerri, 
thank God you saw those bottles of MMS at the clinic that day and asked what 
they were. And that you bought some out of curiosity and tried itAnd that you 
seffiessly have taken what you've learned and experienced, and shared it. Given 
so much of your time to help others, to help heal and recover their kids. You are 
truly an amazing person. We finaly have the answers to our daughters autism 
after almost 7 years of numerous doctors and specialists, so many tests, so 
much money and valuable time wasted...and now we finally have real hope...real 
results. We know without a doubt she is going to get healthy, which will in turn 
sive her the happy joyful life back that she once had before she got “autism.” ~ 


156. Today was just wonderfull We have been on MMS since 12/11 and this is our 
second round of Ivermectin from our Dr, just started today. My son has been 
very rigid lately, but not today. For the first time in over 6 months We went to 
the park and had a great time (no stimming), then we were able to run an errand 
and pick up books from the library. (he usually gets upset unless we do one 
specific route in the car). Felt like a regular mom running kids to the park and 
cone errand. So lovely!!! 


157. Just a testimonial to MMS. For those of you new to the group and still unsure of 
MMS protocol | wanted to tell you about us. | was afraid at first, but we decided 
to try MMS. Within 3 weeks my son went from an ATEC of 36 to 18! That was 
amazing. Then we were afraid of the enemas. We said no way, we would just do 
oral MMS. of course after seeing others progress here we decided to do them. 
He would calm down! Then for months we agonized over the PP We were afraid 
of it. We were scared of the meds, everything. Finally we decided to try it too. 
We are in the middle of our first PP and our son, who used to hit, kick, bie and 
scream at me over the smallest things all the time, has now been a perfect joy. 
When he gets mad it is over quickly and does not escalate into world war 3.Also 
these bumps he had on his face have cleared up along with his attitude! So if you 
are unsure of MMS like | was, here is one more testimonial of just how good the 
protocol realy is. 

Thanks Kerri, all the other moms that came before me! 


158. Dear Kerri and the readers, 
I would like to say that we started giving MMS to my son Filip, autistic/PDD NOS, 
when he turned 5 years old, after having tried lots of things (diet, many different 
supplements, HBOT, some sort of behavioral therapy Teach and ABA), we have 
seen enormous changes already in the first month 
Thad heard about MMS from a mom of an autistic child. started reading about 
it, but was not impressed by the comments I read on the internet. | contacted 
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a few mums that | knew from the Son-Rise programme in the US and they have 
reassured me that it works miracles. 

Iwas however very sceptical of MMS, as | have read so many “negative” 
comments on the internet. This is why | decided to start it myself for a few 
‘months to see what would happen to me.Also, | had to figure out how | was 
gonna dose MMS 8 - times a day, when | am working 10 hours a day and Filip is 
going to the kindergarden. 

In fact, | was just feeling great when I started using MMS. 

| wanted to start with my son when on holiday, but ny husband displaced MMS 
bottles by mistake. was so mad. have only found them the last day when we 
were returning home. | have immediately decided to give one drop to Filip before 
we started to drive. | need to underline that my husband was very sceptic. Filip 
would at that time speak, but it would mostly be scripting and rarely would he 
say things in context. Otherwise he also had other autism symptoms- tantrums, 
no friends, low muscular tone, no drawing, obsessive occupations ( in Filip’s case 
watching cartoons and reading books), no sense of danger, wandering out, nose 
picking, scratching but, toe walk etc. But suddenly Filip started commenting 
everything in the car, asking questions, observing the things he would see 

from the car etc. Me and my husband looked at each other and my husband 
commented Maybe it is working after all” 

Filip’s ATEC was 48 at the time we started.At start, my mother-in-law helped 
out in dosing and we were able to dose 8 times a day. Filip’s ATEC fell to 32 the 
first month. Unfortunately, my mother-in-law read some horrible stories on the 
internet and the FDA's advice was detrimental for her decision to stop dosing 
Filip, even though she was seeing wonderful results, she was scared and said that 
she is only believing the official medicine, admitting that the official medicine has 
nothing to offer our son, 

| was very disappointed, but continued to dose as much as I could, however not 
reaching the recommended 8 times a day. was therefore only able to dose 4-5 
times a day. I started telework on Friday's in order to at least get 8-10 doses in 
con Fridays, Saturdays and Sundays and 4-5 doses the rest of the week. My son 
was great in November (the volunteers working on Son-Rise with Filip were 
commenting on unprecedented success), but his ATEC only fell to 28, would say 
due to low dosing the progress was slower. Filip was having some hard times in 
January, when he was more hyperactive.At that time we have also introduced the 
‘GcMaf injections, which could have added to Filip’s hyperactiveness. 

But since two weeks now Filip is back to his shape. He is so communicative, 
uses unseen vocabulary, amazes us every day, he started drawing without being 
prompted, communicates with everyone, was invited to a birthday from a girl 

at the kindergarden, started to dress without prompting, started to tell me:* 
Common mummy, hurry up let's go." or "Where are you mummy? What are you 
doing?" or when he occasionally wakes up during the night“ Is it day already? 

or I should not go on the street, because a car can hit me” or" Daddy, you 

are not sad, you look angry” or just yesterday when he draw a picture in the 
kindergarden he said to his teacher | want to show it to my mum”. The list 
goes on and on and every day | have to thank the all mighty for having led me to 
Kerri and to the MMS protocols. | know we are on the right path to recovery 
and | am not scared of the future any more. And, finally, just did his ATEC to 
check out his ATEC- it is 16!!! LOVE IT! LOVE IT!!!" 


Kerri, thank yout!!!" 
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159, My daughter has had really bad SIB for over 4 years. We've been in the ER for 
massive goose-egg bumps on head, and she always had severe bruising on her 
tailbone and spine from dropping herself down, butt first and legs in a "W" 
position, onto the floor, and then would fling and flail herself into walls, tables, 
furniture, bang her head on all of the above and the floor, rage like she was the 
girl from the Exorcist. Nothing could stop it. ft just had to run its course..like a 
tornado. Comes out of nowhere, and it will disappear when it’s ready to. Nothing 
can stop it. 

But after starting MMS, it was 80% better right away. Then after 3 weeks it 
started coming back. For a month it was really bad again, and we could nat move 
up past 2 drops without her going crazy. Then after you had us switch to the 
HCI, she was remarkably better in about 5-6 days. She has had a few “episodes” 
in the past 2 weeks, but now they can last 30 min max, where before mms they 
would last anywhere from 15 min - 2 hours literally non-stop. The year before 
starting mms, there were times | had to lay her on the bed or couch and just 

sit on top of her like on her butt so she couldn't hurt herself. | would just lose 
strength after about 30-45 min of trying to hold her. 


160. Hey everyone! just wanted to give a positive report about the HCI activator My 
sson is 12, non-verbal, very hyper and lots of food intolerances. | got mine in the 
mail today, gave a quick 3 drop dose to my son before he went out the door to 
school, noticed he was a bit more compliant and calm than usual after school. 
have given 2 more doses since coming home and he has been doing his usual, but, 
he is much more calm today than he has been in months!!! | gave him a snack 
and he took it and started to eat and I told him:can you say thank you mom? and 
he actually responded with a sorta grumbled “grazaa mooooom” which was to 
me “thanks mom.” 


T61. Thanking God for Kerri Rivera and happy here too. My 15 y/o is in the chorus 
of his HS play. He has to do 5 costume changes, his own hair and makeup and 
several song/dance numbers, which he did perfectly on opening night! He is 
not your typical MMS/autism kid. He was pretty much recovered, starting with 
biomed at age 2.5, until age I1 when he hit puberty and he started getting rigid 
and anxious. We had some supplements going and were starting to look at stem 
cells when we found Kerri. He is not on the strict MMS protocol but takes it 
when he can and does PP and enemas each month. He is so much better since 
starting this last August! So thankful for all the info and support from this group, 


162. Hi Kerri, 
Last week | contacted you regarding our 8 year old son and his focus issues and 
the disappearing act his mathematical skills have taken, and we've done our best 
follow through on your advice to up the number of doses to 16 per day. | visited 
my son's Integrative Medicine doctor this morning, who has been his biomed 
doctor for the last 3 or so years to do a live cell microscopy, and to see if he had 
any ideas about the focus issues our son has been having. I told my son's doctor 
in detail what we've been up to aver the last 10 months (MMS Protocol, Parasite 
Protocol) and he took it all in 


When he looked under the microscope he was shocked to see that our son's 
nasty dysbiosis issues were gone! He told me that he's had almost no luck 
completely getting rid of dysbiosis in a case like my son's. The yeast beast is 
gone! He still has evidence of leaky gut but the drainage looks great. He was 
0 excited, our 20 minute scheduled visit turned into 40 minutes as he wanted 
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to know all about what we did so he can find a way to use it in his practice. He 
also remarked that you must be one bright lady to come up with the protocol, 
but we already knew that :-) He had us fill out an ATEC when we first visited 
him back in 2010 and our son was at 5S. He dropped into the 30's when we 
started him on Carnitine but the MMS protocol has brought him down to the 

6. The doctor also noticed the distinct lack of autistic behaviours, so it's nice to 
get some outside feedback to help confirm what we are showing on the ATEC. | 
asked him directly if he thought we should change anything at this point and was 
direct..don't change anything keep going. And so we continue on our quest for 
the zero ATE. :-) About two years ago we did a chelation challenge test (DDI) 
and found our son extremely high in lead and so we proceeded with IV chelation 
at that time. He ants us to do a chelation challenge test to check the metals 
status just to rule out lead and the possibilty that metals might be stil at the 
heart of our son's lack of focus and more ADHD like symptoms. 

He wants me to send him some information on your MMS protocol. He 
attempted to use chlorine dioxide about 10 years ago and found that he couldn't 
get the results that you are getting. Ill send him to MMS Autism website but can 
Tinclude your contact info (email)? 

Thank you for being so patient with us and everyone. As you know full well 
when it involves your own kid the emotions come out and it’s hard to remain 
logical 


163. Drum roll 
I have been dying to share. 
Been off MMS for a few weeks..AND HOLY SMOKES we are ALLLLL 
GOoDmNNNNY 
Summary. 
My daughter—PANDAS—MAJOR sleep issues—fluctuate between diarrhea and 
constipation 
Me—Acne—horrible—and nail fungus 
ALL GONE.ALL. 
NOBODY could EVER, ever, ever tell me why I broke out so much esp. with our 
‘squeaky clean diet. 
First PP OMG it was REALLY bad—worst ever—and became cystic—painful— 
0 for SURE worse before better in my case BUT believed in protocol and KEPT 
GOING. 
By month 4, GONE and yet to return 
Fungus—gone in month 1, never to return 
My daughter: 
Wall, you know, AMAZING!!! 
YOU, Kerri, YOU helped me figure out FINALLLLLY after a zillion docs, WHY 
MY KID could NOT SLEEP! EVER! 7 LONG years...ong long—exhasuting 
years—and it was PARASITES NO DOUBT in my mind! Month 1 of PP literally 
like a light switch, SLEEPING —falling asleep ON HER OWN—(not with a circus 
routine to “get her to sleep") AND staying asleep ALL NIGHT LONG! UNREAL! 
This is HUGE! 
‘AND bye bye PANDAS (Siver/Aloe nipped it, MMS maintained her gains, 
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BEAUTIFULLY!) SO | do believe in our Silver Aloe protocol for PANDAS, 100% 
worked for us! AND MMS, Both 
AND since OFF MMS, my daughter is 100% pooping NORMAL—OMG first time 
in her WHOLE LIFE!M#ni init (on MMS ic was stil fluctuating. 
AND she is eating things she would have NEVER ever touched! EVER! Raw 
veggies, nuts, trying EVERYTHING I make... unreal...this is HUGE too... the 
“healthier” you get, your tastes DO change...and one becomes less “picky” 
Thave learned that SOME probiotics can literally throw a child into a PANDAS 
rage~and also brought back MY symptoms—literally within 12 hours of 
consuming. (Like “Regarding Caroline” posted) This clearly happened to 
us. Mental note: NOT all prob’s are appropriate for everyone. We react to 
fermented food—so | am going to experiment with no prob’s and with THeralac 
__ONLY THeralac BTW 
Now, 

We are back to silver/aloe, daily, as prevention 

We will still take DE (prevention) 

Vit D3 

Trace Mineral Drops 

Enemas as needed 

AND | am going to go BACK to the herbs for 3 months around full moon “just 
I CANNOT WAIT to meet you in person, THANK YOU, and share our story 
with EVERYONE that will “hear me”. 

Again, my daughter did not have ‘autism’ per se, but autoimmune issues, meaning 
that, perhaps, her treatment protocol is'shorter’ then someone who is “more 
sick’ etc. if that makes sense. 

We also did a boat load of work prior to this. Meaning diet in place, for instance, 
for 4 years already—so healing began. This was the final layer for us.The frosting 
con the cake!!! 

Thave 2 brand new bottles of MMS in my cabinet :) AND will ALWAYS have it on 
stock! 

With MUCH LOVE and respect to you Kerri 

-Jeni, IL, USA 


164, My daughter was born Sept 9 2010 and she had pretty good health until she had 
15 months, she was able to say five to ten words by then, she had all her vaccines 
con time as recommended by our pediatrician, and she was really lovely and happy 
but suddenly every start to change slowly, we noticed she start losing the words 
she had learned, she use to wave people saying hi, and suddenly she was not 
interested on waving anymore and she start to isolate herself little by little to 
the point she stop being a happy gir, she barely looked at us and we started to 
worry about it, anyway, | believe the first thought every parent may have think in 
this very same situation is that her personality is different than other kids and is 
something temporal. 

When she had 18 months we went to the regular doctor check and they asked 
Us to get the opinion of a development pediatrician since her social and language 
skills were behind the expected, and this started the worst nightmare ever. 


n> magnetometer 


Variants 


How to Use It 


The Freescale Semiconductor FXMS3110 is a 
typical low-cost chip containing a 3-axis mag- 
netometer sensor. Many chips now additionally 
include a 3-axis accelerometer sensor. An exam- 
ple is the LSM303 by STMicroelectronics, which 
is sold on a breakout board by Adafruit. See 
Figure 2-7. 


( 


Figure 2-7. The LSM303 is a chip manufactured by STM- 
croelectronics. Itis shown here on a breakaut board from 
Adatrut. 


See Chapter 10 for an explanation of the func- 
tion of accelerometers. 


The InvenSense MPU-9250 is a highly sophisti- 
cated IMU, including a 3-axis gyroscope in 
addition to a 3-axis magnetometer and 3-axis 
accelerometer. 


A processing u 
the nine variables, and the 
be accessed via I2C or SPI protocol at speeds up 
to 1MHz. All functions of the chip are contained. 
within a package measuring less than 3mm. 
square. 


See Chapter 9 for additional details about the 
functioning of a gyroscope. 


A basic 3-axis magnetometer sensor such as the 
HMC5883L can be tested with a microcontroller, 
that can receive data from its registers via I2C 
protocol. This is relatively easy with an Arduino, 
which was designed to be I2C-capable. 


Several breakout boards are available with the 
HMC5883L mounted on them. Many of these 
boards contain a voltage regulator, allowing a 
SVDC power supply to be used even though 
the chip is designed for a typical supply of 
2SVDC. 


In addition to the power supply, the breakout 
board only requires two connections for 12C 
communication, to its SCL pin (serial clock 
input) and SDA pin (serial data input/output). If 
basic I2C software is installed on the microcon- 
troller, it will read digital values from the mag- 
netometer registers. If additional software is 
used, it will convert the values to magnetic flux 
densities in microteslas for the X, Y, and Z axes. 
Code libraries to achieve these goals are widely 
available online, 


‘A more sophisticated chip such as the Inven- 
Sense MPU-9250 can be used similarly, but 
yields additional data for conversion, Here 
again, code libraries can be found online. The 
slightly older MPU-9150 is sold on a breakout 
board with downloadable code from Sparkfun. 


What Can Go Wrong 


Bias 

Magnetometers are sensitive to their environ- 
ment, which can induce magnetometer bias of 
‘two types. 


Hard-iron bias is primarily caused by magne- 
tized material inside the device containing the 
magnetometer. Because this effect is usually 
unvarying, compensating for its relatively easy. 
Soft-iron bias is caused by interaction between 
variations in the Earth’s magnetic field and 


Chapter 2:magnetometer 9 


More Miracles & Testimonials... 427 


It seems like every single development pediatrician has a waiting list huge enough 
to have more than a couple months totally scheduled, we called on May and 

the first available appointment was 4 months later, we called like 4 or 5 of the 
recommended pediatricians and institutions but it was all the same thing, but we 
finally got a pediatrician, not form the recommended list, but he made room for 
us in a couple of weeks and we were able to see him in a couple of weeks. 

The diagnostic was mild autism, the recommended treatment was ABA therapy 
and the follow up was going to be 1 year later since he did not have may 
expectations of positive changes in the next 6 months, we were devastated by 
this, my wife was in denial, and I started our journey to recovery the very same 
day, | started researching and suddenly | found tons of information about autism 
and people who claimed to have recovered their children from autism, 

| sent emails everywhere and | never imagined | would have such a great 
response from every person | wrote extending me a helping hand on all my 
doubts with the most sincere and honest recommendations, 2 or 3 days later | 
found Autismo2.com website and | saw all the videos availabe. 

| bought 3 or 4 books on amazon, | saw many hours of recordings and seminars 
in Spanish and English, and I was amazed about some kids losing their diagnostic, 
but also about how they were affected by heavy metals, bacteria, viruses and all 
sort of things. 

At the beginning | thought my daughter could not be sick, she has never had 

a single cold, how come? but a home heavy metal screen test gave us the first 
clue, and some lab tests confirmed the very same problems all our kiddos share, 
‘mercury levels on the roof, candida, yeast, you name it, 

| started the GFCFSF diet the first weekend after her confirmed diagnosis and 
just one week later we started noticing changes, then | started with baths with 
bentonite clay, and noticed more improvements, we also started ABA on July, 
and litle by little our daughter started to improve, later on we introduced MMS 
baths, Quinton water, DE, probiotics, and she improved every day. 

| honestly believe that the early diagnosis and prompt reaction from our side 
played a big role on her fast recovery, It happened that we never canceled the 
first appointment that was made with the most recommended development 
pediatrician, by then we were looking for a second opinion and a new evaluation 
due to her huge improvements, we never imagined this pediatrician will say what. 
Although my history with this disease or condition has been very short nobody 
knows how much pain, stress and suffering had caused to our family. we now 
enjoy our daughter more than ever when we see her playing with her old sister 
and taking away every single concern we had, we continue keeping an eye on her 
development but she is doing really well, wish nothing more than every single 
mother | have hear on the discussion groups I follow have the very same results 
we have had with all the guidance from such smart and courageous parents like 
Kerri Rivera and many others that shed us the light on our darkest night. 

am more than grateful with all of those parents, | would do anything on my 
reach to help them, we need to help every single kid and family that goes 
through this disease to recover our kids. 

UPDATE: 

I'm very happy to forward the last ATEC from my daughter, today we came from 
her 2 year check up with the new pediatrician and she found her pretty well, she 
just told us” It’s pretty hard to believe she was diagnosed with mild autism keep 
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doing whatever you are doing, since | would say she is acting like a regular kid for 
her age.” 

I would say that keeping in mind that most of her ATEC score is on the Language 
section, for a 2 year old and from what we came from she is on her way to full 
recovery (Previous ATEC was 55, at this writing was a 23) 


165. | found Jim on the Internet 2 years ago, and | immediately started Jim's protocol 
for MMS. Unfortunately we were so loaded with mercury, so when I reaches 
8 drops of mms,and my son 2 drops (after more than 2 months on slow 
upgrading) we were really sick, again.All the heavy metals that where released 
with mms could not get out of us.That’s when | found zeolites, and that was our 
way back. 
Now, two years later, my arthritis is gone, and now | know it was mms that killed 
the clostridium bacteria that | had been carrying since | was 13 (| am 52 now). 
6 months ago my son fell off his bike and got an open wound. It was infected 
and some hours later the blood was black in his hand, Now I had a choice, to go 
to the doctor and give him antibiotics, which | knew would kill the bacteria but 
make him worse, or do it my own way.| gave him 2 x3 drops of mms, and the 
blood was ok in some hours, I thought. Some days later he started to wave his 
hand. thought he had eaten something else that he could not digest, but it got 
worse. After 4 weeks he was not only waving/flapping both his hands, but also his 
head. Then | started get suspicious. tested him for bacteria (I use a Rayonex PS 
10 for testing, bioresonance) and I found Clostridium botulism. 
Now I had a choice again. | had a fully booked week, but his father came and 
took him home to his island, where they could use MMS every day and be in a 
calm environment. He got 2 x 3 drops of mms, for 6 days. After 3 days his father 
called and said "Eva this is scary, the flapping is getting worse”. And | smiled and 
calmed him down, the bacteria are dying and the toxins are being released, | said. 
The zeolites took care of the toxins, and after 4 week he was ok again. 
My lesson in this was, apart from the clostridium toxins, that | also found an 
imbalance in my son on Condrogenesis with the Rayonex. When | was 13 
| stepped on a rusty nail. he blood was poisoned in the foot, but | did not 
dare tell my parents.After 3 days the whole leg up to my knee was black. | got 
antibiotics, of course.At 18 | was diagnosed arthritis in my knee. think | had 
‘small amounts of bacteria left,as my son had, and the toxins from clostridium 
bacteria degenerates the cartilage near the infection. After some years one 
develop arthritis. | did, but it’s gone now! 


Eva, Sweden 


166. Drum roll please.....my son is 17 years old. He's been on mms for 5 months 
now, I'm so excited I don’t even know, could it be 6? I think we started late July. 
He started with a 63.....he is now a 7. He went from 63 to 25 in just a few 
weeks, then a 13 a couple months later, now a 7. feel like I'm cheating every 
time. | go back and look, argue with myself, nitpick...but whether he’s a 5,7 or 9, 
it nothing short of a miracle because just one year ago, he was WAY over 100. 
The ATEC is not perfect, not even close. There are things that the ATEC does 
not show.All that is true, but this is incredible improvement that na doctor | 
know would have ever been able to accomplish. Been there, did that, spent the 
AISK+. 

‘And no, i's not just MMS, but that has been the main treatment and everything 
else we do supports MMS and general health because | believe that in the end, 
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it a battle between your immune system..and all that's attacking it We are 
winning and | sure do wish they would STOP CALLING IT AUTISM. That alone 
hurts so many. 

Here's a little background on my son: Matthew was very high functioning from 
age 6-12. That was after diet since 3, floortime play therapy, some aba,AIT, VIG, 
chelation for a year, OIG, years of infusions of glutathione, vitamin C, B-com, 
etc..immune stuff.Then he did very well GFCF ages 6-12, ran track (very well), 
2nd degree black belt, Boxing lessons, etc..Then puberty hit, and what | did 
not know about, Lyme and co-infections RAGED, and for around 3 years, I lost 
him cognitively, worse, worse, worse.At 15, he was like an advanced Alzheimer's 
patient, ADVANCED, he had lost ALL short-term memory, it was horrible, he 
struggled to think and could not. 

He became more and more violent: choking me, kicking me, did I say he was a 
blackbelt? Even though he lost everything cognitively, like the ability to answer a 
question, those karate skills popped back into his head and he nearly killed me. 
really close a couple times. 

That was a year ago when his ATEC was over 100. So, here's what worked: 1 
Low amylose diet helped with the constant urinating. (he acted like a diabetic 
and had 14 of 16 PANDAS symptoms so auto-immune) 2. Biofeedback helped 
calm him some. 3. Cholestyramine helped him psychologically - | could see him 
clear up mentally in minutes. (chemicalimold/dust sensitivities big time) By his 
time, his doc had him on Ketamine for pain. 4. PEMF (pulsed electromagnetic 
field device) stopped the pain in 6 weeks, got him off of Vicodin, which was not 
working anyway at double doses, and all the Ketamine. | hated drugging him. 
Got him off the psych drugs over 6 months time. Then he got a lot better but 
communication did not really come around until 5. MMS, BAM. Big improvements 
in communication and PERSONALITY. With MMS, even his laugh changed to a 
typical sounding teenager's laugh, and for the first time in years, he can sit still 
and stop pacing, pacing pacing...the parasites were eating him alive...and now 
more recently, | know 6. Hydro-colonics is taking us to another level of clear 
communication. Now there's lots of spontaneous language. 

| write things on Facebook so that | can remember and maybe write a book one 
day. don’t care how bad things get, believe me, your kids can get better and it's 
amazing, they really do store up all this info that you didn’t chink was there. It is 
there, and they will share it with you one day 


| hope one day Matthew can share his perspective with others.’ just that it 
has taken a very long time for us to help him understand that the things he did 
back then were not in his contro! so I'm careful not to talk about it For months 
he would out of the blue apologize and feel terrible, over and over: Then there's 
memories of his dad losing it also...protecting me. 
Thankfully, Matthew has blacked out or forgotten a lot of it. He did say he 
remembers being locked in his room. We had to turn the lock around and 
sometimes lock him in there. Bad memories. We were all traumatized. But not 
anymore. He is a different person today but he's always been the sweetest boy | 
know. knew that, even back then. One day, he'll probably talk more about it. 

167. Hi Kerri, 
First of alla HUGE big thank you for what you are doing with our children! My 
daughter has been on MMS two weeks now and she is like a different child!!! 
Every day she gets better...y leaps and bounds. She WILL be one of your 
recovered ones ;) 
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My daughter has now been on MMS for three weeks. ATEC down from 78 to 44. 
This IS a miracle. We have been in absolute desperation for almost three years 
trying to figure out what in the world is going on with our child.Afcer hundreds 
of thousands of dollars, experts all over the world, LA, New York, San Fransisco... 
and nothing would work. Minor improvements but nothing that I could say 

really worked. Everyone always agreed that she probably does not have “autism” 
but what is making her behave that way?!?0! So a long story short...If could I 
would wrap my arms around all of you helping my daughter and so many others 
through MMS until I was sure you truly understand what your dedication means 
and that you are saving lives..literally <3 This is by far the biggest thing that has 
ever happened to my family We are forever thankful 


UPDATE #2 


I sent you my daughter's ATEC a week ago but redid it today. We started MMS in 
December and | decided | will do the test every month. Here are the results, 4 
more points gone!!! In 1 month from 78 to 40...Almost half off!!! Her team is 
blown away ;) all we need now is that language score to come down... Kerri my 
goal is to have her recovered by All! 


Update #3 


We are seeing such amazing improvements every single day. I think the true 
testament is the daily feedback from people working with her who do not know 
we are doing MMS. Here is part of a note from her SLP" her communication 

‘on the whole is truly remarkable- words, iPad, eye contact..everything is 
improving!!!" So exciting. Has anyone told you lately that your daughter is a 
superstar? You should be so proud.:)” And I am, 


(Our main challenge has always been anxiety and today we had a breakthrough on 
that front. Instead of clinging to me for her dear life when | separate from her at 
school she took her friends hand, waived AND said goodbye and walked away. 
Here is the best part, she then turned her head, waived and gave me the biggest 
smile . Her face at that moment is forever engraved to my heart. 


Also for the first time EVER my son was able to have a friend come over from 
school in our car without her having a major meltdown. Instead she shared her 
iPad with the friend to show him her program and use it TOGETHER! 


Honestly I think our major challenge at the moment is for the rest of the family 
to heal with her..We had lost all hope and settled for life with Autism. We can 
now look at the future very differently and actually look forward to it! Love our 
new life 


UPDATE #4 
| have never really posted gains but this is too huge not to share. We started 
MMS 3,5 months ago and at that point | could hardly take my daughter to 

the grocery store.And even if | did it was a guaranteed meltdown. Well we 

just got home from a two week long vacation that included travel by air time 
difference, different language, going from hot weather to freezing temps and piles 
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of snow, totally different foods, nothing but strangers to her, visit after visit co 
rnew places...The list goes on and on.The BEST part - the vacation was full of 
excitement, fun, laughter and happiness every single day | have to pinch myself 
to believe this is my life after such a short time on MMS. Thank you all for your 
support and guidance I have my life back and can't wait for the future now! We 
still have a looooong way to go but we'll get there. 


Today is a wonderful day already 


168. MMS Works! 
It’s my number one pathogen fighter. Our family continually suffers from Strep, 
‘my son specifically from Pandas. MMS remains and continues to keep our strep 
‘symptoms at bay. | have used everything for our bacterial flares (Abx, herbals, 
supplements even homeopathics) and nothing has worked so effectively like MMS 
does for us. 

Recently I changed over to the HCL activator and within in a few days we heard 
my severely apraxic son’s first WORD “Mama” Its been just over a month on 

the HCL activator and he is now stringing two words together! MMS is a huge 
part of our recovery protocol. feel relief beyond measure that I found a post on 
MMS and decided to try it,and mostly I'm immensely grateful to Kerri for putting 
the MMS protocol together and for her love for our kids. 


169. We just had a good meeting with all of Amor's teachers and therapists. In the last 
few months there has been big jumps in Amor’s cognitive skills. 
used to worry that Amor might have dyslexia. never pushed her to read even 
if was behind her peers. | know frustration will only make things worse, Her'x’ 
and'k’,’b’ and ‘d’ were always mixed up. I have been observing this mix up for the 
past 2 years. Early this year, her speech therapist agreed that dyslexia might be an 
issue and we were ready to start studying dyslexia management. 
However, Amor now shows interest in reading both phonics and sight words. She 
can answer letter names and sounds precisely. Te same speech therapist now 
says that we shouldn't look at dyslexia anymore. It might have simply been a mix- 
up as part of early learning. Amor’s dyslexia issues in 2 years all of a sudden went 
away in 2 months? 
Amor is also doing well with number recognition and improving in one-to-one 
correspondence. This is something her former speech therapist (back in Japan) 
was working on for a year...with little progress. 
All these seem so simple but these are great strides from someone who has 
vision issues. Amor also wears glasses. 
IF were to plot Amor's improvements with time, the biggest jumped occurred in 
the past few months, which of course can easily be explained by MMS. 
MMS clears the gut of bad bacteria, yeast and parasites. All these affect sensory 
processing thus inhibiting the child's ability to understand her environment and 
people around her: Clean the gut, remove autism..in Amor's case, remove GDD. 
We are also running a son-rise lifestyle program. Le. we don't put fixed hours 
into her program but use the son-rise attitude and son-rise her in the weekends. 


432 Appendix 1 


170. Luca came into our lives July 26, 2010, he was premature, but all my kids were 
born in week 35,50 | was not surprised. He was perfect, | have thousands of 
Videos of him looking into my eyes, smiling, playing with his sisters, following 
daddy to the door when he was ready to leave to work and saying bye bye. He 
walked at one, and was a perfect little baby. It is hard to know exactly when he 
changed but I can tell you when | started to get worried, and saw him behaving 
differently. had a neighbor the same age as my son, and when they got together 
to play | was surprised at how my neighbors son followed simple directions and 
looked into my eyes every time I called his name. When I had play dates with my 
friends all the moms were so relaxed, and while they were talking and kids were 
playing with toys, | was always chasing Luca and trying to keep him in the same 
room because he was not interested in toys or playing with other kids. 

My firs trip to the Zoo with my three kids was a disaster, Luca didn’t want to 
move from the Monkey's area and had his first melt down, all over the floor 
screaming and crying. remember seeing all the families with kids the same age 
‘as my son, and seeing how they understood, and paid attention to what their 
mothers or fathers were saying. For me that was enough to feel for the first time 
something was not right, and it was not that | was a bad mother, | knew deep in 
my heart it had nothing to do with discipline. 

Fenrolled him in a school thinking that would help. The first day when I picked 
him up the teacher said they needed to move him with the babies because he 
was not ready for the 2-year-old class. That day | came home just knowing - and 
despite all my family friends, husband and Pediatrician thinking I was crazy, we got 
him evaluated and the rest is history. On November 15th, 2012 it was official and 
we got the papers. Classic Autism, by that time we had read so much, watched 
hundreds of videos and searched every day on the Internet for interventions, 
schools, therapy etc. 

I remember | wanted to start ABA the same day that I got the diagnosis, but the 
waiting list was really long and we would have to wait. So we waited and started 
an early intervention program in the Kent District. Surprisingly, I think we took 
the diagnosis really well; we just wanted to help him as soon as possible. 

After the first month I stopped asking for a miracle or cure. even asked all 
family and friends to do the same. | needed to accept it!!! My miracle was already 
here. My husband wanted to do the Gluten free diet and | was not even 100% 

in agreement...why??? He is such a blessing; let our miracle eat whatever he 
wants!!! | agreed to do the diet anyway, but wasn't realy interested. | just had the 
feeling my husband was not “getting IT” or accepting autism = our new precious 
miracle. Now I can recognize and see clearly | was in total denial too. | was 50 
afraid to let anybody know, even myself, that | didn't want this for Luca. | tried 
and tried and tried, but a voice inside of me was not in peace. spent a lot of 
time crying and looking for recovery videos on YouTube, imagining Luca being 
one of them, and was fascinated with those stories. 

Then one day | found Kerri Rivera's conference in Bulgaria, it was a 
“Godcidence,” (like my father always says) | wasn't looking for MMS, I didn't 
know anything about that. | remember I watched the conference 3 times, and I 
felt butterflies for the first time since I got the diagnosis. It was like that voice 
was finally quiet and listening to every single word! “I want this.” 

| did my homework and found a lot of negative information about MMS but | 

did not care...that voice was so strong that | knew, the same way | knew about 
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Luca being autistic, that this was something | needed to explore. I looked for her 
in FB and to my surprise she answered me in minutes, when | asked her about 
the testimonies she connected me with some moms with recovered kids, REAL 
moms that decided to believe too.After | saw pictures from before and after 
and reading about their journeys | felt Hope!!! | knew deep in my heart this was 
the way and the path we should take. So I got my case together and when I was 
ready I talked to my husband about it. 


It was easier than | expected, we wanted so badly to recover our sont! It was 
not an easy process but finaly after almost 3 months | GOT IT... WE GOT 
IT..THERE IS NOTHING WRONG TO WANT THIS, that is ALL we want for 
Lucalt!! For the first time I recognized my kid's autism was not a blessing, he was 
sick; GI problems, extreme constipation, food issues, sensory problems...and that 
voice (God voice) sounds really clear and loud: | NEED TO HELP MY KID TO 
RECOVER!!! 


(On February 18th we started a Dietary Intervention with all Kerris 
recommendations, the one diet that we were doing was full of sugar and 
carbohydrates, so we started to be really serious about all the food choices. 

We kept a very detailed food diary and ordered the MMS. By March 12th when 
our bottles arrived at our doorstep we were ready to start Kerri Rivera's Baby 
Bottle Protocol. March 13th we did our first bottle and that same day | asked 
Luca to look for a ball in the other room, and give it to me, and he did 

It was like he was sleeping soundly, and then he woke up. He was extremely alert 
and he was looking in a different way.At first | thought | was crazy, but then my 
husband noticed it too and the changes keep coming. He improved dramatically 
in all his therapy sessions, his waiting time, sitting at the table, responding to 
commands, pointing, eye contact, everything improved! 

Kerri recommended doing an ATEC when we started back on February 18th, 

so | did, his score was 64 points. By April Ist he dropped 20 points! He now 
follows simple directions, plays with his sisters, recognizes them by name, hugs 
me and says mommy and daddy, has close to 200 words, and every day is a 
surprise for us. 

I'm proud to say my son is on his way to RECOVERY AND HE WILL RECOVER, 
HEWILL BE RECOVERED!!!" 'm loving Kerri Rivera's Protocol, 'm loving my 
kid dropPing 20 points in his ATEC in a month, 'm loving searching his diaper, 
and inspecting his poop finding parasites, | know it seems impossible but | truly 
get excited! (Probably some mothers would understand) I'm loving this side of 
the picture FULL of hope. HOPE. | don't think I can leave this road now, | don't 
think I want my son to live in his “perfect” world and not in mine...'m a fighter 
and thanks to Kerri I'm a believer ..THAT...s the blessing right there HOPE 
AND FAITH IN GOD IS ALL | HAVEAT THE MOMENT.... Luca is really special, 
but it's not the autism that makeS him special, autism sucks!!! Overcoming it 
and all the obstacles he encounters every day, and doing what he is doing now is 
what makes him THE MOST SPECIAL KID ON THE PLANET, HE ALWAYS WILL 
BE SPECIAL TO ME NO MATTER WHAT, AUTISM OR NOT... see it in his 
eyes now, he isa fighter like me, he is telling me what to do, recovery is sooo000 
in the picture!!!" | can actually see it!!! I'm a HAPPY Mom!!!!mnuniinqni) 
“Alma 
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171. Today is a wonderful day already. My daughter got up to her alarm, took a 
shower without help, got dressed, packed her lunch, woke up her sisters, and is 
now getting breakfast for everyone ready. It amazes me how independent she is 
becoming, and how much our life is changing because of her new independence. 
She is 10 and we started MMS in Sept. She had done 5 PP and following the 
PANDAS protocol the last week after emailing Kerri Rivera last weekend with 
concerns about eye fluttering. She is also on Fish oil, garlic, Magnesium, and 
GABA. Before she was very hyper, spacey, lot of language, but not using it 
correctly. She was extremely impulsive, and would fixate on object to play with 
and ignore others. Now she does reciprocal play, she talks back and forth with 
her friends, she cracks jokes that are now actually funny. She is focused with her 
school work and not hyper - except in typical situations. 

This week my husband forgot to pick her up to take her to therapy and she 
came to my classroom to tell me how irresponsible he was, and that she was 
disappointed in his inconsistent behaviors. | had to laugh, but at the same time 
was 50 proud as | explained to her the whole situation because we where having 
a fabulous discussion about life. She is doing so well. Thank you to all of you who 
have restored some of my hope that there is a cure 


172. We are now in our 7th month of using MMS (CD) and in our 4th year of treating 
B.D, our son, who was diagnosed Autism. Our first week of MMS (CD) brought 
on a skill that we had spent years trying to accomplish, over night potty training. 
Week 1 of MMS (CD) and B.D. was out of pull-ups and in underwear: We weren't 
even close to full dose and already seeing positives. We knew we were on to 
something big at this point. One month later, we all witnessed my son blow out 
his birthday candles and open birthday gifts. Probably the first time he knew this 
event was a birthday and ic was meant for him.As a gift to him, we took a trip to 
Disneyland, Not only did B.D. walk the entire park at our side, but he never once 
cried, whined, or objected to anything on the trip, Prior to this, he had to be in a 
stroller or wagon at all times. 

B.D’s skills continued to flourish over the next few months. We enrolled B.D. 

in swimming lessons hoping he would feel comfortable without a life jacket on 
and clinging to an adult. This hope turned into a major accomplishment. B.D. 

has passed all Beginner levels in swimming and is now on to Intermediate. He 

is now swimming unassisted in the deep end of the pool! | used to hold my 
breath during his sessions hoping he wouldn't do anything that would scare the 
other kids in the pool. | still hold my breath, but now I'm at the end of my seat 
recording him as he's giving every single bit of effort co learn from his instructor 
and pass another level! 

Just the other day, we went to a birthday party that was held in a warehouse 
full of screaming kids, loud music, inflatable jumpy houses and slides. This place 
can over stimulate just about anyone! In the past, my son would vocally stim, 
cover his ears, run behind the jumpers where the generators are (trying to turn 
them off) and require me, or his Dad to keep him engaged with the rest of the 
kids. Well, not anymore! He blended right in with the rest of the kids! Not a 
single stim, didn’t cover his ears, stood in lines, listened and followed the rules 
and instructions, stood in lines and PLAYED with the other kids. His Dad and | 
were able to hang out with all the other parents, watching him run and whiz by 
with all the other kids as if that is how it has always been. Only it hasn't. He has 
come so very far in the past 7 months. We have a 6 year old son who no longer 
has sound sensitivity, loves to eat whatever is placed in front of him, DRINKS 
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tons of WATER, has manners, shows empathy, is careful and aware of other 
kids (especially babies and toddlers), making progress academically, and so very 
affectionate. B.D. isn't recovered... YET, but we expect it to happen now more 
than ever: We have to put our shades on because the end of the tunnel just got 
closer and brighter! 


173. My husband and | were told to come to the 2nd grade assembly this morning 
They gave awards to 2 kids in each of the 4 second grade classes. One was for 
outstanding in academics, and the other was for most improved in Self Control 
which is the “character trait of the month” for the whole school. Kayla was given 
the award for most improved in Self Control in her class! She walked up and 
got her award and stood up there with the other kids holding theirs. Up until 
2 few months ago, she would have violent, self-injury tantrums at school every 
day... throughout the day, lasting anywhere from 10 - 90 min, She could never get 
through a class singing performance without losing it and tantruming, screaming 
through the whole thing. Her teacher came up to me on Wed. and said she just 
can't get over how happy my daughter is lately, and that all the teachers and staff 
in the school have really noticed too. FUA!!! I'm so proud of my girl! 


174, Our third child (K) was diagnosed with moderate autism at 21 months of 
age. K was very ill: He suffered from vomiting and diarrhea mixed with severe 
constipation for years.At first, we began every intervention we could afford. The 
first step was removing all gluten, caseine and soy. We saw a decrease in stimming 
behaviour and an increased ability to learn. We implemented many vitamins and 
B12 injections, cranio sacral therapy, anti-fungals, HBOT and an even stricter diet 
removing all artificial colours, flavours, preservatives and most sugar. Our son 
was making slow but steady gains. ABA therapy continued from when he was 
two until just this past March (4.5 years). K was seeming much better but despite 
these gains, was never close to “normal”. 
In July of 2012 a friend suggested MMS. I did my research and so it began. In 
three days K started to sleep through the night AVter less than one week at a 
very low dose, K stopped the constant verbal scripting and obsessive speech- 
his most evident sign of autism. In that same week he began dressing himself 
independently. In the coming months, K’s ATEC began dropping steadily: He 
began to make jokes, initiate social interactions, show empathy, cope with noise 
and busy places and best of all- understood safety. The risk of him running away 
was a memory. We could go places and he would stay near us. Teachers and 
Educational assistants were raving about his progress, unaware of the protocol 
we had begun. His most significant changes happened after a three months of the 
Parasite Protocol, using mms, Vermox, rompepiedras, neem and diatomaceous 
earth. Through enemas, he expelled worms as long as 24 inches to my husband 
and family doctor's disbelief. What K expels in his stool now looks normal and 
ordinary. 
His ATEC in July 2012 was 46.Ten months later he has a score of 6 
He is undecipherable within his classroom and amongst his peers. He laughs, 
plays and acts like any other child his age. His academics are at par with his peers. 
ur son does not appear to have autism anymore and only a trained eye would 
suspect that he ever had it to begin with. We thank Kerri Rivera, her Facebook 
group for all their support and MMS for being the final, and most significant leg in 
our sons’ journey to recovery. 


Maria A., Ontario Canada 
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175, My severe autistic boy has been now doing wonderfull! This protocol has 
completely changed my life!! He's been dumping tons of parasites since we 
started MMS about three months ago were now in the second pp..he's now 
much calmer more happier!! His ATEC dropped down from 80 to 48 in three 
months only..that was truly amazing he is now gaining weight, | fee! like 'm 
getting my child back to normal again! | wish I could tell the whole world how 
Kerri Rivera has changed thousands of people's lives!!! God bless u Kerri for all 
your hard work to help others!!! 


176, My son Nick started MMS just after his 7th birthday. Within 6 months he had 
cut his ATEC score in half from 66 to 37. Nick showed speech gains from the 
very first drop of MMS after having made no changes in speech for two years. 
Really, Nick hadn't made any improvements at all for two years. He was in 2 total 
stall until we began MMS, We raised Nick’s oral dose of MMS very slowly taking 
two months to get to his target dose and never experienced die off that was 
unreasonable. Three significant changes are obvious in Nick's health at this point; 
he has been off of his Mitochondrial cocktail (for several years he has had blood 
labs pointing towards Mito dysfunction) for over 8 months and we haven't seen 
any of the lethargy that used to concern us so much, he was able to wean off of 
his seizure medication for his absence seizures and we haven't seen any return 
of seizure activity, and his thyroid appears to be beginning to shift from his long 
standing diagnosis of hypothyroid. The nicest changes we see are in the vibrancy 
of his health and how happy he ist His eyes sparkle and he has lots of energy for 
the day. He is no longer sitting on the couch staring out the window waiting for 
someone to figure out how to help him feel better. Since beginning MMS, every 
day Nick shows us justa little bit more of the boy that he is underneath the veil 
of autism and sickness. He tells us what his favorite things are, what he wants to 
do, and his sense of humor is coming shining through. MMS has given me a ton of 
hope that we just might get our boy back!” 


177. After 7 years of biomedical treatments, numerous therapies, and more doctors 
than I care to think about, our son, who was diagnosed with autism, could speak 
a full sentence, was potty trained, and could finally go to the mall and movie 
theater without screaming and putting his hands over his ears. 
Victory?..yes..however, we knew we had so much farther to go. You see, as your 
child gets older, you realize that he is missing the key things in life that are crucial 
for independence. Our son had become “stuck” if you will,he was not socially 
maturing, and still lacked empathy, mature connections with peers, and proper 
communication with teachers and the other adults in his life. He would still yell 
when he didn't win a game, and he did not always react in an age appropriate 
manner, if something did not go his way. 

My research went on as always...searching, searching, searching...we were not 
getting anywhere with his current doctor, and | knew that we had to change our 
current plan for treatment. 

A good friend of mine called me to tell me about a new product that some of 
our warrior mom friends were trying. The letters MMS were spoken to me for 
the first time in March of 2012. My son was 11 years old and I was desperate 
for help. The first thing | asked was, “How much does it cost?” $25.00...what?? It 
can't be! We have spent our life savings, and now | am looking at something that 
cost less than a night out for dinner?? | decided to check it out! 


What 


materials inside a magnetometer that can be 
magnetized. 


‘A common example of soft-iron bias would be 
power lines, generating a magnetic field that 
can affect model aircraft and drones using 
magnetometers for navigation. 


Mounting Errors 
Placement of a chip-based magnetometer on a 
Circuit board is critical. The field effects of trans- 


ter 


formers or relays must be taken into account, 
and even the low voltage and low current ina 
circuit trace can create a magnetic field suffi- 
cient to disturb a chip. No traces on any layer of 
the board should pass across the footprint of 
the chip. A magnetometer should not be 
mounted within a ferromagnetic case. 


10 Encyclopedia of Electronic Components Volume 3 
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| emailed Kerri Rivera and told her that ! wanted to start the MMS autism 
protocol, and I'l never forget her quick response..."YIPEE”, she said, let me know 
if you have any questions, lam here for you. 

| read, studied, and called my friend about twenty times over the next couple of 
days, and then we began the next chapter in our journey. 

About three weeks into the protocol, our son seemed calmer, as well as aware 
of others on a more mature level...we were excited! Once he was at full dose, 
we began, baths and enemas, and he continued to improve. Our next move was 
to try the 72/2 protocol, which is giving MMS every two hours around the clock 
for 72 hours. 

Wall, it was as if someone had kicked our sons maturity clock into high gear: We 
saw HUGE gains! 

“Hey mom, like your dress..you look really nice today”... WHAT? 

“Pll ery that new kind of chicken for lunch”.. WHAT? 

“I feel like I'm beginning a new life”. WHAT? 

“It’s OK that | didn't win the race, | had fun"... WHAT?? 

| wanted to call the Good Morning America Show and say, LOOK AT WHAT MY 
SON IS DOING! 

He also began to grow and put on weight for the first time in three years! He 
put on 10 pounds and 2 shoe sizes in about 2 months! 

The gains continue to come, and our boy is coming alive...recovering..finally 

its here! My eyes well up with tears as I write these words..the words I have 
dreamt about for eight long years. 

He celebrated his 12th birthday on January 3rd, and has told us that 2013 is 
going to be the best year of his lfe.. YES... is! 

He is our angel, our fighter, our miracle. Thanks be to God for MMS! 

We are blessed and forever grateful~ 


178. Once upon a time there was a little boy who had a strange mind, he hooted and 
he danced and he did not learn like the other children around him, So, he was 
sent to a special school. For his whole educational life he was separated, because 
he could not express correctly the answers put before him. 

As he grew older he seemed sad and very much in pain, He appeared to try to 
stop the pain by clawing at his face and arms. He also stopped talking. We, his 
mom and dad, were very sad. 

Then an angel came into our lives and told us of a magic potion. 

“But” said the angel.""You must give him the potion every hour of the day and 
night for him to be better.” 

So the little boys’ mom and dad have been doing that now for 9 weeks and 4 
days, Every hour. 

Now in those hours the mom and dad still cry. Some, because the little boy has 
been hurting for so long, and....now they know why. But they also cry because 
they see that their little boy is not hurting like before. They are happy for his 
healing, and that he does not claw at his body any more. 

‘And they are also happy because their little boy is talking again. And he is 
faughing.And the things that he knows surprise them. We thought he was not 
learning...turns out he was. 
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179, Feeling really good still about my Natalie's progress from the combination of 
anti-parasitic medication, the supportive components of the PP and CD (HCL 
version). Natalie is about 63-64 lbs and she takes 2 drops of CD an hour both 
at home and at school. We don't wake her for CD in the middle of the night; but 
if she wakes for the restroom or something, then we give her another 2 drops 
(we just keep it pre-mixed in the bathroom near her bedroom). CD has been the 
single most important catalyst to Natalie's improvements/healing over the past 
10.5 months; utilizing all three modes of delivery (oral, baths and enemas). Kerri 
having escorted CD into the ASD community is like a Miracle, in my opinion. 
Sorry... don't mean to be corny nor impose my Beliefs on anybody else; but | 
sometimes find it hard to contain my Joy now and | get chills just thinking about 
all of the children now feeling better and/or beginning to feel better and better 
with CD. Before CD, it was hard to feel Hope for my special little Natalie; who 
was formerly suffering very extreme PANS flares and re-flares monthly as well 
as rapid-onset grand mal (tonic clonic) seizures every 2.5-3 weeks on top of her 
ASD and global developmental disabilities. Now Natalie's PANS ‘flares’ ifwhen 
they occur are waaaayyy less intense and better-controlled/snuffied out’ with 
CD than the former roller-coaster of oral antibiotics that her Drs had tried for 
Years, her seizure activity is decreasing significantly and we've even begun a slow 
reduction in her anti-seizure med Lamictal ODT. Were optimistic that Natalie 
will be able to remain stable on less and less of that med, as we feel it might be 
causing her some nasty side effects. Qur Hope for her is that she might even 
be able to come fully off of Lamictal ODT, as we continue CD and PP for her. 
Time will tell While she’s stil a'‘work in progress’ [Note: She's 14 years old 
and been ill since infancy and it’s a bit harder to heal longterm infection(s) and/ 
or infestation(s)], we do see lowering ATECS in Natalie's future and brighter 
and brighter days. Patience is a virtue. So Grateful.Thank you Kerri and all 
you supportive Moms & Dads. More and more healing to come to ALL of our 
children! 


180. Hi Kerri, 


Thank you for helping my daughter, age 15, recover from Autism. Thank you for 
the MMS/CD program and the support to carry it out. Here is a summary of 
her recovery: 


June 19, 2012 Atec=52 

Started with MMS slowly, adding one drop a day 
GFICFISF diet 

ft took her 1 1/2 months to get to full dose. 


Noticed improvement in physical health & behavior 

Began parasite program 

Sept. 18, 2012 Atec=24 

Continued with 6-8 doses/day & baths 

More improvements 

School discontinued IEP because she was doing so well academically and socially 
January 15,2013 Atec=19 

My daughter, who is not vaccinated, comes down with Chicken Pox 


No one at school or in community had it before her. It appears to be an isolated 
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It may have been in her system and released as parasites died? 


Ever of ta degrees for two weeks was the lead up to the Chicken Pox. 
seemed like her immune system woke up! After chicken pox, huge gains! That is 
‘shen we ncticed she was recovered! po nigeaei De 


April 25, 2013 Atec=6 
Yeah! 


Please share your experiences! 


Testimonials are one of the best ways to share 
your experiences with this protocol. Perhaps 
you learned about it by reading or watching a 
video testimonial? 


Ifyou don't tell us your experiences, we can't 
share them or take action on issues that need 
improving or correcting... 


Send your testimonials to: 
testimonials@cdautism.org 


Also, let us know if we are free to publish your 
testimonial, with or without your name. 


It’s in our interest to take care of others. Self-centredness is 
opposed to basic human nature. In our own interest as human 
beings we need to pay attention to our inner values. Sometimes 
people think compassion is only of help to others, while we get 
no benefit. This is a mistake. When you concern yourself with 
others, you naturally develop a sense of self-confidence. To help 
others takes courage and inner strength. 


~ Dalai Lama 
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CD Autism Worldwide 


Since September of 2011 over 5,000 families in 58 countries have 
used CD to help with an autism spectrum disorder. Here is a list of 
all the countries who have at least one family using CD to help heal 


the symptoms known as autism. 


www. CDAutism. org. 


This list is constantly updated at 


+ Argentina 
+ Australia 
+ Austria 

+ Belgium 

+ Bolivia 

+ Brazil 

+ Bulgaria 
+ Canada 

+ Chile 

+ China 


+ Colombia 
+ Costa Rica 

+ Cuba 

+ Czech Republic 

+ Dominican Republic 


+ Ecuador 
+ Egypt 

+ England 

+ France 

+ Germany 
+ Ghana 

+ Greece 

+ Hungary 
+ India 

+ Iraq 

+ Ireland 

+ Italy 

+ Japan 

+ Jordan 

+ Kenya 


Kuwait 
Malaysia 
Mexico 
Montenegro 
Moracco 
New Zealand 
Norway 
Panama 
Peru 
Philippines 
Poland 
Portugal 
Puerto Rica 
Qatar 

Russia 
Scotland 
Singapore 
Slovakia 
Slovenia 
Somalia 
South Africa 
Spain 
Swaziland 
Sweden 
Tanzania 
Turkey 
United Arab Emirates, 
United States 
Venezuela 


Ifyou are using CD for autism in a country not listed above please email us so 
we can add you to the list... kim@cdautism.org 


Conformity is the jailer of freedom and the enemy of growth. 


~ Robert F. Kennedy 
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AutismOne on Healing Autism: 


Accidental Cure by Optimists 
by Simon Yu, MD 


Accidents happen. We accept the reality of them as is and we 
usually move on. On the other hand, accidental discovery is 
another story. For some people, they ask questions like, “why 
me?" Or keep asking for a deeper meaning: Is this really an 
accident or a message to understand? An accident is a fertile 
ground to find out if you are a pessimist or optimist. 


Tom Jacobs, story teller from Kansas City, recently told a story 
about a pessimist and optimist: Two sales men were assigned 
to Africa in the early years of the shoe industry to sell their 
shoes. One week later, one salesman telegrammed to his boss, 
“Business situation in Africa is hopeless. Nobody wears shoes”. 
On the other side of the continent, the other salesman excitedly 
telegrammed to his boss, “Unlimited potential in Africa. Nobody 
wears shoes!” 


I don’t know about you but | would rather be an optimist. | always 
encourage my patients to look at the bright side and be cautiously 
optimistic no matter how grim their conditions might be. Hope is 
a powerful driving force to promote healing. Pessimists do not 
call themselves pessimists. Just realists. 


Today, | saw a 77 year old patient with a history of chronic 
pulmonary fibrosis, bronchiectasis and rheumatoid arthritis with 
a recent diagnosis of stage one bladder cancer. She has been 
depressed and joined a cancer support group because of feeling 
a sense of hopelessness. 


After a long discussion, | told her how lucky she is that her lung 
and rheumatoid conditions have been stable and she has only a 
relatively benign early stage of bladder cancer. | told her if you 
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are going to have cancer, this is the kind of cancer to have and 
she should be thankful. All of a sudden, her doom and gloom 
mood was lifted with a broad smile. The rest of our session was 
uplifting. 


The AutismOne 2013 conference was held in Chicago during 
Memorial Day weekend. | was invited to give a talk on parasites, 
allergies, and autism. Autism is not my field. | usually see adults 
as an Internist. However, beginning in 2012, | have been seeing 
autistic children with rather interesting responses. In May 2013, 
I wrote an article about a medical hypothesis of a relationship 
between parasite infection and autism in preparation for my 
lecture for the AutismOne conference. 


| attended a full day of lectures and was awestruck by the 
thousands of autism parents from all over the country attending 
the lectures. Multiple lectures were conducted by many autism 
specialists at the same time covering a large variety of topics. 
This conference was driven by a grass roots movement of parents 
with a hope to help their children. Here is a short synopsis of the 
lectures. 


Dr. Anju Usman, MD from the Chicago area covered gut-brain 
connection and biofilms by pathogens in the gut. Symptoms such 
as depression, anxiety, poor attention and focus, and obsessive 
compulsive behaviors may be related to the delicate balance of 
bugs which produce a mucous slime known as biofilm. 


Andreas Ludwig Kalcker, Ph.D. Bio-Physicist from Spain, who 
studied under German bio-physicist Fritz Albert Popp, Ph.D., 
discussed parasites in depth. He demonstrated a successful 
treatment for more than 65 children around the world with his 
parasite protocol over a one year period. 


Kerri Rivera, from Mexico, one of the main leaders of the group 
running the AutismOne conference, showed many cases of 
successfully treated autistic children including her child. She has 
been using chlorine dioxide in conjunction with diet, nutritional 
supplements, detox, and hyperbaric oxygen. 


By the time I presented my medical hypothesis on parasite infection 
and autism, they had already had numerous discussions about 
parasites and had been saying all along how parasite infection 
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might be one of the major underlying problems for autism that 
has been overlooked. | felt like | was repeating what had already 
been presented. 


Dr. Andreas Kalcker and Kerri Rivera collaborated using chlorine 
dioxide for two years with prescribed parasite medications, 
albendazole and pyrantel pamoate, to turn around autistic 
children. Professionally, | have no experience using chlorine 
dioxide on my patients. The difference with my therapy was that | 
was using acupuncture meridian assessment as a guide to detect 
and treat parasites. 


If what they are reporting is even partially true for these autistic 
children, itwould be a major breakthrough in the autism community. 
Some of the audience was crying in excitement but some were 
skeptical and saying it sounded too good to be true. | could feel 
the excitement of the audience but also a sense of fear that Kerri 
Rivera and Andreas Ludwig Kalcker will be attacked by special 
interest groups. Chlorine dioxide is too inexpensive to a fault. 


Is this an accidental finding leading into an accidental cure for 
autism? It is too early to tell but any chronic medical conditions 
like cancer, heart disease, diabetes, arthritis, Alzheimer's 
dementia, or autism seems driven by epigenetic influences from 
environmental toxins, parasites, hidden dental problems, and 
faulty diet and nutrition. 


I spent several hours with Andreas Kalcker after our lectures 
were over. We found a common ground for treating parasites: 
his experience as a bio-physicist and my experience as a military 
medical officer. Few people truly understand and are aware of the 
magnitude of parasite problems. This man was very passionate 
to rescue these children from the scourge of autism. 


Kerri Rivera just published a book called [Healing the Symptoms 
Known as Autism]. | just finished the book. This book is for 
everyone but especially for both autism parents and all medical 
professionals involved in the care of autistic children. The book 
contains much important information that is not available in the 
main stream autism community. 


Most pediatricians might be sympathetic but they are rather 
pessimistic regarding the care of autistic children. Andreas Kalcker 
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and Kerri Rivera are true optimists in the midst of skeptics and 
pessimists. They see unlimited potential for the cure for autism 
based on diet, nutrition, and parasite eradications using chlorine 
dioxide and parasite medications. If you want to know more 
about autism and what is possible, | highly recommend reading 
[Healing the Symptoms Known as Autism] by Kerri Rivera. The 
book explains in detail the Kalcker parasite protocol. 


Dr. Simon Yu, M.D. is a Board Certified Internist. He practices 
Internal Medicine with an emphasis on Alternative Medicine to 
use the best each has to offer. For more articles and information 
about alternative medicine as well as patient success stories, and 
Dr. Yu's revolutionary health book Accidental Cure: Extraordinary 
Medicine for Extraordinary Patients, visit his web site at... 


www.PreventionAndHealing.com 


..oF call Prevention and Healing, Inc., 314-432-7802. You can 
also attend a free monthly presentation and discussion by Dr. 
Yu on Alternative Medicine at his office on the second Tuesday 
each month at 6:30 pm. Call to verify the date. Seating is limited, 
arrive early. 


spatial > presence > object presence 


object presence sensor 


‘An object presence sensor may also be described as an object detector or detection 
sensor. 


The term proximity sensor may be applied to this component. However, in this Ency- 
clopedia a proximity sensor has the capability of estimating the distance to a target. 
See Chapter 5. An object presence sensor merely detects whether an object is within a 
preset range, and does not provide additional information. 


Optical and magnetic object-presence sensors are described and compared in this 
entry. Ultrasonic sensors are described in the entry dealing with proximity sensors, 
because they tend to be used for distance measurement rather than just for detection. 
Other methods of object presence sensing, including capacitive, doppler, inductive, 
radar, and sonar, are not included in this Encyclopedia. 


A sensor that detects an object by receiving light reflected from it is categorized as a 
reflective sensor, and is included in this entry. (If a module includes a light source as 
well as a light sensor, itis properly categorized as retroreflective, although that term is 
not always used.) 


A sensor that detects an object when it interrupts a beam of light isa transmissive sen- 
sor, and is included in this entry. tt may also be described as a through-beam sensor or 
as an optical switch. 


A sensor that responds to the motion of an object that emits infrared radiation is a 
passive infrared motion sensor, also described by its acronym, PIR, and often referred 
to simply as a motion sensor. It has its own separate entry. See Chapter 4. 


Phototransistors and photodiodes may be used as sensing elements in presence 
sensors. These components have their own entries as light sensors. See Chapter 22 and 
Chapter 21 


OTHER RELATED COMPONENTS 


+ proximity sensor (see Chapter 5) 
«+ passive infrared sensor (see Chapter 4) 


What It Does mined range, without necessar 


' 


measuring 


how far away it is or how fast it is moving. The 


‘An object presence sensor verifies the pres- object may be described as a ‘arget. 


fence or absence of an object within a predeter- 


u 
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Autism Evaluation 
Treatment Checklist (ATEC) 


The next page contains a copy of the original Autism Evaluation Treatment 
Checklist (ATEC) developed by the late Dr. Bernard Rimland, the founder of 
the Autism Research Institute. We are not suggesting you use this particular 
copy. It is only included here for those not familiar with the evaluation so 
you have an idea what the ATEC involves since we mention it throughout this 
book. 

The survey consists of a series of questions to be answered by a parent 
about what they are observing in their child's CURRENT behavior. It is not 
uncommon for both parents to take the survey separately and compare/ 
average the scores. 

The best way to take the survey is online at the Autism Research Institute's 
website. Here is the direct link to the current survey: 


www.au 


m.com/index.php/ind_atec_survey 


‘After completing the questions, a score is generated that can range from 0 
to 180. 0 means no autism while 180 would mean that the answer to every 
question was in the most negative extreme. 

We consider a child recovered from autism if their score is between Oand 10, 
You are encouraged to complete an ATEC before starting the Protocol, and 
every 3 months thereafter so you can clearly see the progress you are making. 
‘Also, please share your results with us; we collect data on the children whose 
parents follow the Protocol as explained in this book. Send your name, date of 
the survey, general location (city, state, country) and score to: 


atec@cdautism.org 


If you have a history of ATEC results while on the protocol, please include 
them all. 


NOTE: Do not send questions to this email address! You are unlikely to get 
any response from this address! It is just a collection point. 
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ee Autism Trestment Evaluation Checklist (ATEC) [=== 
‘emard Rimnd, PhD. and Stephen M. Edelson, PRD, 
‘Autism Research Institute 
4162 Adams Avenue, San Diego, CA 92116 
fax: (619) 563-6840, www ais coma =— EEF 
“This ems tendo ane he tes of wate Free scoring of i 
‘rm ieee leet at we aon cove 


‘Name Cult ‘Osate ae 
‘at Fit Gremie ate of ins 
Form comple ty Rede ‘ody 'sDate 


‘Please citcle the letters to indicate how true each phrase is: 
|. Specch/Language/Commanicaton: — /N/Notoue [S]Somewhat owe [¥] Very rue 


NS V1 Knows ow name WS V 6 Conese ora aie 
115 ¥ 1 Specht be mein 
NS V 2 Resoods Noor {ee eet ‘ee 
¥8Vaben venoms NS 7.KzoneWormoreverts WS ¥ 12 Oftanas eenl ceive 
NS  Cansisennce wa ce sence 
NS V4 Cavan ome wend ie NS. V 10 Cans ty go 


Ricci, andaaceie e/emoba danas forme 
rey aN bleep sea ik once 
PR oe tad NS V 2 Failsto grec parents NS V 1S Temper tantra: 
MSV 2ipuiterren Nav Rimwemtemeten SY inte ioasaepaes 
cme Mey Roecaae et egeae 
Sseheeeercaieast. (ty teduaneycsnclagls ai ysoucente renee 
Sip ero’ Saas nay nemmntcune 
Aianmaonwniany —— yivuuaererieees Sav usuamatseeari 
Sa sects Spa Res IT enOCN ae AT Merc 
setnipeaierar  MCtapcantinee “nav Earned 
Atanas Nor Snaacee fay kieear 
Ee prerrene tie Rag Er perooeefare Pe pase 
ER hab manele eM prereset rons 
sey seeteaeee wetiicanter scar neean ieee 
Pivcmmeaneminiy JU Vuterieies,_- Viv minima 
aka fy mig — mentee 
1. nadia cicsrin we 
FAT UR eTSam i paws ateomes 
waist a 
mcwos inemiien! CaN Re i. Sarna 
yuo teers A SEES, YANG 2 Goma 
‘ pues eer tom 
se nome, NMOS maeameen 
(N-MI-MO 5 7.Eutsto0 muchhoo tile NMI MO 8 1. Anmaom/fearful BS MOS Bae east 


NMI MO § 6 Extrem limied dr MIMO 5 16 Untaprtaning N Ma wo 5 25 neler 
Now Mo $ 17 Sener see) 
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MOLECULAR MIMICRY 
What It Is 
& 
How it Relates to 


The Gluten Syndrome 


by Mrs. Olive Kaiser 


fterreadingtheshortanswersin The Diet Chapter (page64), weunderstand 

(simply) the basics of how some of these departments of the immune 
system function. It is easier to grasp how, through molecular mimicry, gluten 
can damage so many different tissues in different people,and sometimes cause 
other foods that look like gluten to also be reactive. Before we go any further, 
| would like to thank the following professionals for their contributions to 
our family’s well-being and a wider understanding of the gluten syndrome 
and other related topics. If you would like to conduct further research into 
this topic, the body of work that the following professionals have contributed 
‘would be a great place to start. There is so much more to learn. 


Dr. Alessio Fasano, MD, shook America awake on gluten awareness in 
the 1990's and in 2003 published a landmark paper’ on one small subset of 
the gluten syndrome, villi damaged celiac disease. That study provided the 
impetus that brought gluten awareness to the table (or sadly, OFF many 
tables) across our nation. 


Dr. Thomas O'Bryan, DG, Functional Medicine, and international gluten 
syndrome educator - www.thedr.com. Dr. O'Bryan is my functional medicine 
doctor. He taught me much of what | learned about gluten and other topics 
and led me to his mentor, Dr. Aristo Vojdani. Later Dr. O'Bryan’s amazing 
research review seminars on gluten contributed hugely to my knowledge base 
and bolstered my confidence to manage our new lifestyle in a then difficult 
social era. 
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Dr. Aristo Vojdani, PhD., MsC, Immunologist, CEO owner of 
Immunasciences Lab, Los Angeles, CA. Dr. Vojdani is also chief scientific 
advisor of Cyrex Laboratories, Phoenix, AZ. Dr. Vojdani has published nearly 
150 excellent research papers.» They fit the community like a glove. 


Dr. Rodney Ford, MD, pediatric gastroenterologist, NZ, grasped the extent 
of neurological injury? and'“silenced nerves phenomenon.” This compellingly 
suggests why many of us do not recognize symptoms of gluten damage until 
we are in deep trouble. This builds on the previous work of Dr. Marios 
Hadiivassiliou, Professor of Neurology, Sheffield, UK” 


Dr. Kenneth Fine, MD, gastroenterologist, Dallas, Texas, owner of an 
investigative research lab, Enterolab (www.Enterolab.com). His lab ran the 
only accurate gluten antibody tests our family received back in 2004. 


Without the courage of these astute researchers, we would still be wandering 
in the dark. Thank you all,and other individuals who thought outside the box. 
Kerri you are one of those thinkers. Thank you! 


Lastly, special thanks to LuEllen Giera, my support group leader, for leading 
me to Dr. O'Bryan and Dr.Vojdani 


1. What is Molecular Mimicry? How does gluten damage us? 


The structure of gluten resembles the structure of many of our body 
tissues. When the immune system attacks gluten or partly digested 
“pieces” of gluten it may also attack body tissues that “look like” those 
pieces of gluten, There may also be other processes that we do not yet 
understand. 


What is gluten? - Gluten is a stretchy protein found in some bread 
grains. The problematic types are found in wheat, barley, and rye,and now 
early research suspects possibly rice, corn and oats (Dr. Peter Osborne, 
DC, CCN, www.glutentreesociety.org). 


What are proteins? - Proteins are a class of materials found in living 
tissues, such as hair, nerves, enzymes, etc. Molecularly, all proteins 
look like necklaces of beads strung into various color sequences. The 
different sequences make the proteins different, and the “colored beads” 
represent 22 separate amino acids. Our digestive system uses enzymes 
to cut up these necklaces into single beads so they are small enough to 
cross the gut wall properly and be restrung into new proteins. See image 
on page 452. 
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Unfortunately, many folks today are toxic and poorly nourished and do 
not have strong digestion, so the gluten “necklaces” may never completely 
break down. As weaker bonds between the beads break, “pieces”, called 
“peptides,” of gluten are formed. Gliadin is a well known gluten piece and 
there are many others. 


Our immune system - has “departments” to protect us in various 
‘ways, including IgA IgG, IgE, IgM, IgD and others. IgE can cause immediate 
allergic reactions to bee stings or peanuts, etc. IgA, IgG and IgM may 
react more slowly with less drama, They all manufacture “workers” or 
“soldiers”, called antibodies, each custom designed to patrol our bodies, 
looking for the bead sequence of one particular enemy. When they find 
that bead sequence, they “tag or stick onto” it. Our killer white blood cells 
interpret the antibody tag as a condemned sign and know to surround 
and destroy that protein, 


Ian antibody test lists "Gliadin ~ lgA","Gliadin — IgG”, and"'Gliadin — IgM” 
it means the test checked for gliadin antibodies in the IgA, IgG and IgM 
departments. If the antibodies are high it means the immune system is 
does not like gliadin and is working to destroy it. 


Weak, leaky barriers - Our gut wall and other barrier membranes 
such as the skin, lung, placental, and blood brain barriers are held together 
with “tight junction proteins” that act like velcro. Inflammation, parasites, 
gluten, medications, infections, electrosmog, etc, may damage the “velcro” 
or open them up too much. Substances may slip through them into places 
they should not be and cause trouble. 


Unfortunately if the gut wall does not hold together well, ie., is “leaky”, 
pieces of incompletely digested gluten strings (and others) may slip 
through and run into the immune system—our dutiful “guard dog” on 
the other side. Due to their too-large size “he” may raise the alarm. The 
invader strings are “risked out” i.e. examined. If they are rejected, one 
‘or more of the immune departments make matching antibodies to “tag” 
them so the killer cells know to go after them. 


Ic is at this point more problems may arise. A gluten antibody may “run 
by” a natural body tissue, for example a nerve in the heart. It may see in 
that innocent nerve tissue a sequence of “beads” that matches or partly 
matches the gluten sequence it was designed to “tag” and stick to that 
section of the nerve protein instead. This, unhappily, attracts killer cells to 
the misidentified nerve, resulting in autoimmune injury to the nerve, This 
is molecular mimicry. 
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Other foods and proteins beside gluten may also initiate molecular mimicry 
when they prematurely cross a leaky gut, and may prompt allergies (IgE) 
or intolerances (IgA, IgM, or IgG). However specialists agree that gluten's 
particular“bead” (amino acid) sequences are uniquely guilty in their ability 
to upset the immune system and instigate molecular mimicry between 
“their” antibodies and our tissues. 


Molecular mimicry can take place between non-food proteins and body 
tissues also. Infectious microbe sequences such as strep, for example, are 
believed to partially match, (in the case of strep), heart and joint proteins 
and so injure the heart muscle or valves, and (rheumatic) joints. Ditto is 
suspected for root canal and cavitation infections that may circulate and 
injure specific tissues, including the heart. Flu microbe sequences can 
resemble gluten and may trigger or surface gluten syndrome. There are 
numerous other examples of mimicry between infections, foods and body 
tissues. 


Consider the image below. An antibody may be made to seek the shorter 
“bead” sequence of a gluten piece that crossed the gut wall, but it might 
also recognize a similar sequence, a partial match, in the longer nerve 
protein sequence. The antibody “tags” or'sticks to”, the part of the nerve 
tissue that matches the gluten piece that it seeks. 


Gluten Peptide (and antibody) Sequence 
[Note: the diferent colors represent different aminoacid 
a a 
Nerve Sequence 
ese 


Ie gets more complicated, but eventually the victim tissue is attacked by 
killer cells on an ongoing basis. This process may be slow but stealthy. In 
time, the nerve may malfunction and the organ it serves may also begin 
to fail;for example, heart failure. This is termed autoimmunity. The body 
attacks its own tissue. 


Molecular mimicry can occur in hundreds of places in the body since 
gluten can break up into numerous pieces having amino acid sequences 
that partly match many of our natural tissues. This may explain why gluten 
syndrome presents so differently in different people? 


Once this process starts, like elephants who never forget, the memory 
B cells that manufacture the antibodies never forget the sequence of 
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the “invader” gluten pieces. If gluten is removed, antibody manufacture 
eventually stops, but any time the immune system sees even a tiny amount 
of that protein sequence, antibody production is retriggered. This is why 
specialists insist the gluten-free diet is strict and lifelong. 


Gluten removal stops production of the initial antibody, which decreases 
the inflammatory process significantly. Literature shows the gluten-free 
diet may reverse or improve many serious conditions, but it may not 
always arrest an advanced autoimmune disease. Prevention is key. 


Example: Once a ball is pushed down a hill, further pushing will only 
send it downhill faster, but it will roll on its own. To correlate, molecular 
mimicry between the gluten antibody and victim tissue starts the ball 
rolling. Removal of gluten stops pushing the process, and the sooner the 
better. The longer the exposure’, and to other factors as well in a triad 
of autoimmunity (a. environmental stress, toxins, infections, etc.;b.a faulty 
blood brain barrier; and c. susceptible genetics), the higher the chance of 
autoimmune disease. 


Dr:Vojdani comments, "If it is detected early enough and steps are taken 
early enough the condition may be reversed. If any condition is advanced 
enough you can reach a point when simple removal may not be enough. 
Autistic children generally have autoimmune reactivity rather than full- 
blown autoimmune disease, which is why they show great improvement 
upon the removal of gluten.” 


2. Does gluten always damage the villi of the small intestine as the 
celiac story teaches? Many other tissues such as thyroid, pancreas, 
blood vessels, joints, brain, nerves, liver, bone, etc. may be involved in 
this disorder. Does all that other damage arise due to poor nutrient 
absorption from injured gut villi? 
No, according to published research many researchers and practitioners 
now believe the villi are not always damaged in an autoimmune gluten 
reaction? Where there is no villi damage, injury to other organs cannot 
be due to nutrient deficiencies caused by villi damage. Molecular mimicry 
provides a mechanism for direct autoimmune gluten injury to many 
other tissues and organs when the villi are fine. It is also possible that 
several tissues and organs, including vill, may be injured and then nutrient 
deficiencies from poor villi absorption may affect other areas. 


Dr. Vojdani’s abstract in his editorial, The Immunology of Gluten Sensitivity 
Beyond the Intestinal Tract supports that the villi are not always injured. To 
quote his editorial abstract, “Evidence has been accumulated in literature 
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demonstrating that gluten sensitivity or celiac disease can exist even in the 
absence of enteropathy" [gut/villi damage],"but affecting many organs.” 


3. 1 do not have damaged villi, and my tTGigliadin blood tests were 

negative, but I feel so much better gluten-free. Why? 
The tests were likely false negative, That is very, very common. As gluten 
is processed in the digestive system, it can break into more pieces than 
we have tests developed to check them, and the immune system makes 
an antibody for each separate piece. The test probably missed your 
antibodies because they were different from the one or two the test 
checked. Many patients have proven this because they received negative 
results to the standard test, and then found a number of positive gluten 
related antibodies when they ran a more comprehensive panel. Cyrex 
Laboratories (www.cyrexlabs.com), runs 28 gluten related antibodies in 3 
areas of the immune system, 


Your properly performed* biopsy was probably negative because likely 
your gut villi are fine.** Your gluten injury may have targeted other organs 
or tissues, not the villi“"* For instance, if gluten has damaged the heart, 
snipping intestinal villi wll not help find the heart injury. Damage in either 
place is not ok. 


More detail on False Negative Tests 


The blood and saliva tests - Standard celiac blood and saliva tests only 
check tissue transglutaminase IgA, (tTG ~ IgA) as an initial screener, Most 
doctors give up if that test is negative. However, the literature shows that 
standard tTG-lgA tests are only elevated when the villi are completely 
destroyed. Dr.Vojdani finds that form of tTG is often not found in other 
gluten injured tissues. Therefore the standard tTG-lgA test is a poor 
screener for most patients, and returns many false negatives. More forms 
of tTG have now been discovered. 


Doctors might also order a standard test for deamidated gliadin IgA 
and possibly IgG. Unfortunately these tests also have a miserable failure 
rate for picking up gluten syndrome because many patients have other 


* chere!s vil damageitis possible forthe biopsy to mies itfthe damage is patehy or further down 
‘the duodenum than che vil samples are taken, Mose good "gluten aware” gastroencerologsts 
‘ake 3 number of samples to try to avoid this posiiliy. 

© fele possible that very early vil damage may slowly accumulate long before i shows up 
fon a pathology report. An elevated IEL count. (intraepithelial lymphocyte, an early sign of 
inflammation) of the vil tissue incieates thie process underway, Ask the zastroenterolopet to 
pacify that the pathologist do an IEL count. 

= [am careful to specify the“vill of the gut". There may actualy be gut damage, but not ta the 
vill-There are many types of tissue inthe gu, suchas nerves, fo instance. The vill may be fine, 
bu iti stil possible chat some other gut sue may be camaged by molecular mimicry or other 
processes we do not yet understand. For instance, f the nerves that control peristalsis (wave 
lke gut mation) are injured, ie could result in chronic constipation. 
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antibodies beside those two. The gluten “string” can break up into many 
other pieces, plus other “departments” of the immune system may react. 


Villi biopsy vs. positive antibodies for diagnosis? - To add insult to 
injury, even if antibodies are discovered, many celiac, villi focused specialists 
may still insist that the villi biopsy is the final word for “celiac” diagnosis 
and they trust a negative villi biopsy over positive antibodies. Many folks 
have positive antibodies and suspicious symptoms, including improvement 
upon gluten removal, but no apparent villi damage. Their doctors assure 
them they can eat gluten! This is a serious mistake for many patients. 


More on the villi biopsy ~ By now it is easy to understand why even 
properly performed* villi biopsies are only useful for the relatively small 
subset of patients in which the villi of the duodenum are injured. Most 
patients do not happen to have damaged villi. Their damage is somewhere 
else in their body, other organs, nerves, etc.,or some enzyme or functional 
item has been damaged by gluten antibodies. Scientists such as Dr.Aristo 
Vojdani®®* do NOT recommend villi biopsies for gluten syndrome 
diagnosis (there may be other reasons to scope the gut, such as tumors, 
etc). Dr:Vojdani explains that if there are elevated antibodies to gluten, 
the immune system is screaming “I do NOT want this substance! | am 
manufacturing antibodies to tag and destroy it” That is sufficient reason 
to remove gluten from the diet. Itis less expensive to check an extensive 
array of gluten antibodies than undergo an endoscopy anyway,and is much 
less invasive, 


4. Why do many gluten syndrome patients not only react to wheat, 
barley, and rye but also sometimes to other foods, particularly oats, 
milk, corn, soy, egg, coffee, sesame, yeast, chocolate and others. 


These foods have similar amino acid sequences to gluten, Now that 
we grasp molecular mimicry, this is logical. The immune system may 
misrecognize them for gluten, causing cross reactions which may keep 
the gluten antibodies running high even on a gluten-free diet. Happily, 
this does not always occur, Cyrex labs, Array # 4, checks a list of cross 
reactive and gluten substitute foods, IgA and IgG. 


5. The diet seems excessively strict? Why does it take so little 
gluten to start a reaction? 


We understand that miniscule amounts of bee venom, or peanut, can 
trigger emergency allergic reactions, and very tiny medication pills can 
cause major effects on our bodies. This is also true of gluten reactions, 
both immediate allergic IgE, and delayed IgA, IgG, and IgM.) “Crumbs 
matter.” The difference is that delayed reactions are not as obvious as the 
allergic reaction. They may go unnoticed for hours to decades, but may 
be a long, slow, serious process. Their lack of drama robs these reactions 
of the compliance respect they deserve. 
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6. The silent syndrome - Why do many people react to gluten, 
proven by antibody tests, but they have few or no warning signs, or 
seemingly unrelated symptoms they do not recognize or connect 
with their diet for a long time. Then they crash with something 
serious, often or usually autoimmune? 


Gluten is famous for slowly injuring nerves® by molecular mimicry, and 
in many cases the nerves are silenced by that injury! The patient does 
not realize there is a problem until the tissue or organ that those nerves 
supply begins to fail. Furthermore some areas of the body do not contain 
many pain nerves, so we may not feel the damage. Slow silent damage is 
understood in other diseases. Heart damage, cancer,and aortal aneurysms 
are examples of conditions that develop silently and then suddenly flare. 
Prevention is best. 


For years, celiac literature recognized 2 neurological conditions, peripheral 
neuropathy and gluten ataxia. In the wider perspective of gluten syndrome, 
nerve damage may be one of the most important areas of injury? 


Dr: Rodney Ford, MD, suggests in his book, The Gluten Syndrome: Is Wheat 
Causing You Harm, that this is primarily a neurological disease’, injuring and 
in some cases silencing nerves, compromising the health and function of 
the tissues they serve. This idea was reinforced by an astute observation 
made by Dr. Ford of one of his patients, an elementary school child who 
had not achieved bowel control. After she went gluten-free, the problem 
resolved. Dr. Ford realized the child now recognized the signal to visit 
the toilet, and accidents were avoided. The nerves in the lower bowel 
apparently “woke up” once the antibodies that injured them disappeared. 
This is an interesting and logical theory to explain “silent gluten injury”, 
and it fits the community. Here is an abstract of Dr. Ford's published 
paper which discusses a possible widespread neurological focus:* 


The Gluten Syndrome: A Neurological Disease, by R.P. Ford 
Hypothesis: gluten causes symptoms, in both celiac disease and non-celiac gluten- 
sensitivity, by its adverse actions on the nervous system. Many celiac patients 
experience neurological symptoms, frequently associated with malfunction 
of the autonomic nervous system. These neurological symptoms can present 
in celiac patients who are well nourished. The crucial point, however, is that 
sluten-sensitivty can also be associated with neurological symptoms in patients 
who do not have any mucosal gut damage (that is, without celiac disease). 
Gluten can cause neurological harm through a combination of cross reacting 
antibodies, immune complex disease and direct toxicity. These nervous system 
affects include: dysregulation of the autonomic nervous system, cerebella ataxia, 
hypotonia, developmental delay, learning disorders, depression, migraine, and 
headache. If gluten is the putative harmful agent, then there is no requirement 


Object presence sensing is often used to verify 
the correct function of an automated system— 
for example, the placement of objects on a con- 
veyor belt. It can also be used to count objects 
as they pass a sensor. 


Some types of security systems use presence 
sensors to sound an alarm if an intruder inter- 
rupts a beam of light. They can verify that a 
door or window is closed. They may also func- 
tion asa limit switch to control the operation of 
amotor. 


Schematic Symbol 

In schematics, an optical presence sensor may 
be indicated with the symbol for an LED, plus 
the symbol for a phototransistor, with one or 
two arrows connecting them, as shown at top- 
left in Figure 3-1. Wavy-line arrows may indicate 
an infrared connection. 


A photodiode may be substituted for a photo- 
transistor, as shown at top-right in the figure. 


‘A magnetic sensor may be shown with the 
symbol for a Hall-effect sensor, as in the lower 
half of Figure 3-1. 
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Figure 3-1. Top: two possible schematic symbols for an 
optical presence sensor, using a phototransistor (left) or 
phatadiode (right). Other variants are possible, Bottom: 
the schematic symbol for a Hall-ffect sensor, commonly 
used in a magnetic sensor. 


Variants 


To assist the reader in comparing different 
options for detecting the presence of an object, 
this entry includes two primary variants: optical 
and magnetic. 


The optical sensors are divided into transmissive 
and reflective (including retroreflective). The 
magnetic sensors are reed switches and Hall- 
effect sensors. A chart showing the categories 
and subcategories is shown in Figure 3-2. 
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Figure 3-2 Categories of abject presence sensors dis: 
‘cussed in this entry. Other types of abject presence sen- 
sors exist, but are less common, and are not included 
here. 


Optical Detection 


A transmissive optical sensor, also known as a 
through-beam sensor, is really a pair of compo- 
nents, one emitting light and the other receiv- 
ing it. The sensor is triggered if an object 


12 Encyclopedia of Electronic Components Volume 3 
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to invoke gut damage and nutritional deficiency to explain the myriad of the 
symptoms experienced by sufferers of celiac disease and gluten-sensitivity. This 
is called “The Gluten Syndrome."* 


7. Why do so many of us react now, when for centuries most people 
appeared to be fine wheat? After all, wheat is spoken of 
positively in the Bible and many other historical documents. 


There may or may not be a conclusive answer to this question, but a few 
factors may play a role. 


a. Many folks have higher toxin levels now, their nutritional status is 
worse, and digestive strength is weaker. 


b. Today's wheat is different. Gluten grains have been subjected to a 
lot of changes, some genetically violent, according to Nina Federoff, 
a pro GMO scientist. She asserts in her book, Mendel in the Kitchen, 
that gluten grains were altered with nuclear radiation and chemical 
mutation by the 1950's ~ 1960's.” Recently a stash of old blood samples 
from that era, stored in a freezer by the military, were checked with 
standard celiac antibody tests. The incidence of positive antibodies 
was much less in those samples than is typically found in the general 
public today. 


c. Wheat seed is sometimes treated with mercury. Might this play into 
unintended results? 


8. Why do specialists and researchers insist that the gluten-free diet 

must be life long? Can't we heal the gut and go back to our beloved 

wheat bagels, croissants, and brownies? 
Our scientists insist that gluten-free is a strict lifelong commitment. 
The memory B cells in the immune system never forget what the enemy 
“looks like.” Today's gluten is a violently altered substance according to 
the very scientists who defend genetic alterations.’ It is not worth playing 
with today’s wheat. There is something strange and unpredictable about 
it. Even if leaky gut has healed, future circumstances, toxins and stress 
might injure it and retrigger the syndrome, perhaps silently. Researchers 
say gluten creates leaky gut for a few hours in everyone. 


Particularly since gluten appears to be the “bad boy” that predisposes 
to other intolerances, | prefer to walk away for life and concentrate on 
other nutrient dense foods. However, it is wise to consume whole foods 
rich in B vitamins, (ex. liver or bee pollen), and silica (the herb horsetail, 
“equisetum hymale” species, is a source.) as gluten grains contain those 
nutrients. 
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9. Traditional peoples soaked and/or sprouted their wheat berries 
and then made sourdough bread with it. Does that process alter the 
gluten sufficiently for gluten syndrome patients to safely consume it 
today, particularly organic spelt and einkorn? 


No. These methods make bread more digestible, but the fermented 
products and ancient gluten grains still contain gluten and can trigger 
reactions in research trials. Even if there are no visible reactions, silent 
injury cannot be ruled out without long term research. Additionally, the 
preparation process before fermentation is completed is definitely gluten 
based, so significant cross contamination issues come into play in the 
kitchen, Healing the gut is a challenge. Other areas crop up that need 
cleanup too, such as the parasite issues. Gluten specialists advise us to go 
gluten-free, stay that way, and move on. 


10. What are gluten withdrawals? 


Rarely, a few days to a few weeks after going gluten-free, or after being 
glutened, a patient may experience a few hours to a couple of weeks of 
a parade of varied and unusual symptoms including dizziness, black pit 
depression, crying, physical or emotional exhaustion, even as in difficulty 
getting up to use the rest room, and other odd symptoms. In severe 
cases they may experience an inability to socialize, make eye contact, 
make decisions or hold a normal conversation. Children or teens may 
act out in extreme ways during this situation. Often patients cannot bring 
themselves to discuss this experience afterward. However, a patient 
reluctantly described her experience 2 years later as “encountering 
an empty white board with nothing on it” The rest of life around her 
seemed to be"across the Grand Canyon.” This appears to be a temporary 
crisis that resolves anywhere from a few hours to a couple of weeks 
or so according to folks who contact me about them. It is assumed 
that this phenomenon is due to particular pieces of gluten strings called 
gluteomorphins with amino acid sequences which resemble opiate drugs. 
When these gluten pieces disappear fram the blood stream the patient 
may experience “withdrawal.” very much like a drug withdrawal. Another 
theory for why this may happen involves changes in blood flow to the 
brain that may create a temporary neurological crisis. Autistic children 
may suffer these withdrawals and may take longer to stabilize, but they 
usually make nice gains after the crisis passes. Happily, once withdrawal is 
‘over the patients are usually much better, and they are VERY vigilant with 
their diet. 


In the rare event that this type of reaction might occur, family and friends 
of the person do well to understand that the person may (or may not) be 
able to prepare their own food, for instance, but not be able to verbally 
communicate much, make eye contact, hold a conversation, answer 
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questions, and may be uncharacteristically snappy particularly if others 
attempt to communicate with them. Family members may wish to be 
ly and unobtrusively nearby until the person passes through this 
stage. If the patient has children to care for, help may be needed, and also 
solitude, rest, and simply prepared “real” nourishing food that is gluten- 
free and easy to digest such as bone broth. Prabiotics or old fashioned 
fermented raw veggies or sauerkraut from the refrigerated section of the 
health food store may be helpful. Family and friends should not take the 
person's temporarily withdrawn personality personally. 


For details on these unstudied rare reactions, or if you need support 
during a crisis, see... 


www.theglutensyndrome.net 
JAdverse_reactions.htm 


oF contact me at jka8168@sbeglobal.net. | collect testimonials, so feel 
free to contribute if you have experienced this type of reaction. We hope 
these reactions will eventually be studied. 


11. Should | replace all the gluten foods | routinely eat with gluten- 
free substitutes? 


No, most gluten-free substitutes are still mainly expensive processed 
food (aka junk food). For the first few weeks it is normal for newbies 
to look for substitutes to replace their “old gluten friends” and it helps 
them make the very real emotional transition, but there are better, more 
nutrient dense food choices. The substitutes are still high carb, (potato, 
corn, tapioca, rice), and most contain sugar, processed gums, GMOs and 
ingredients that do not help us get well. We may actually eat more of 
them BECAUSE they are gluten-free, Additionally they are expensive and 
not always easy to prepare at home. 


Many experienced gluten-free folks gradually wean themselves off a 
constant diet of the rather junky substitutes in favor of other real 
unprocessed foods, such as meat, eggs, veggies, fruits, nuts, fermented 
vegetables, bone broths, and so on according to their digestive abilities. 
The gluten-free substitutes become the occasional treat, such as pizza 
crust. Gluten free families are wise to find the healthiest GF versions of 
just the items they miss the most, and skip the rest. For example, at our 
house, | had served gluten spaghetti for years, but when | dropped that 
habit, no one noticed. However, my husband wanted his breakfast toast, 
so we found a gluten free brand he liked and continued that tradition. 
Each family works out these adjustments for themselves. 
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Lettuce wraps are crunchy and yummy instead of sandwiches. Hamburger 
patties without the bun but with onion for the onion lovers, are still tasty 
and they feel better afterward. In our family we now use watermelon or a 
watermelon basket for birthday “cake”, complete with candles and a bow 
in the summer. Fruit pizza with a nut flour or nut/date crust, avocado 
chocolate or other dairy-free or fruit based pudding for the sauce, and an 
artistic fruit/coconut topping works for parties. There are lots of ways to 
celebrate happy healthy gluten-free, junk free birthdays. 


12. Warning! Formal gluten challenges for testing purposes - risky! 


A.word of caution. Antibody tests must be performed while the patient 
is still consuming gluten or shortly after going gluten-free. Sometimes 
doctors advise patients who are already gluten-free to go back on gluten, 
4 slices a day for 4-6 weeks to restart the antibodies for testing purposes. 
Patient experience has shown that once the system is fairly clean of gluten, 
going back to perform a formal gluten challenge for testing purposes may 
be risky. The secondary reactions for some individuals can be significant, 
particularly neurologically. Challenges have been known anecdotally to 
trigger psychological black pit crashes, fibromyalgia, and other organ 
injury. Autistic children may have a hard time when they just go gluten- 
free initially or consume gluten accidentally. A planned challenge for them 
may be very un 


13. Intermittent infractions (aka cheats) are seriously unwise and 

may increase injury.” 
This is not a fad, or cheater’s diet. The gluten-free diet is a medical diet to 
treat or control serious autoimmune, inflammatory, and often neurological 
diseases. There is no room for casual infractions, Research suggests 
that repeated, intermittent cheats, even every few weeks, over time may 
actually influence mortality rates.'° This is not a reason to avoid the diet, 
but to take it seriously. Once the strictness of the diet is embraced the 
patient or family adjusts and discovers that it is doable. Gluten-free food 
bars, nuts, a packet of gluten-free soy sauce, and GlutenEase™ or other 
brands of DPP IV enzymes are good to keep in the glove compartment 
or backpack to handle emergencies, NOTE: DPP IV (pronounced DPP 
4) digestive enzymes help break down gluten but they do not stop a 
reaction and are NOT a reason to cheat. However if there is a possibility 
of exposure it makes sense to take them for whatever help they might 
afford. In the case of a confirmed gluten exposure, take the enzymes, keep 
the bowels moving, stay calm and deal with it. Worry and drama makes 
everything worse. 


14. Discrepancy ~The celiac focus uses villi biopsy for diagnosis. The 
wider perspective relies on positive antibodies or improvement on 
the diet. Question? How did villi damage become the gold standard? 
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The first place the medical profession found conclusive damage by gluten 
in the 1950's ~ 60's was to the villi of the gut. After the endoscopy tool 
was developed, villi damage and subsequent healing upon gluten removal 
could be observed. They concluded that gluten damaged the vill, This 
was true. The particular subset of cases they scoped had villi damage, but 
their conclusion that the villi were the only target of damage for everyone 
with gluten syndrome was too narrow according to research today? In 
most patients the target damage was NOT the villi, but the bones, joint 

lining, heart, thyroid, pancreas, liver, brain, almost any organ, blood vessel 

walls, nerves almost anywhere in the body, and so on. The patients might 
even have injury to multiple tissues, BUT NOT NECESSARILY ALWAYS 

TOTHEVILLI. When the villi biopsy was declared the gold standard for 

gluten syndrome diagnosis, it cut out most of the patients who were 

reacting to gluten. Snipping villi does no good if the damage is in the 
thyroid or brain. For the next 60 years very few patients were prescribed 


a gluten-free diet because most of them did nat have damaged villi, (or 
the doctor never thought to look at all). Their gluten-induced injury was 
somewhere else in their body, so they were never diagnosed. 


15. Discrepancy - The villi damaged celiac disease story teaches 
that celiac disease is autoimmune and much worse than “non 
autoimmune” non-celiac gluten syndrome (NCGS). The wider 
gluten syndrome perspective teaches that both are autoimmune 
and serious.** 


A significant disagreement exists over the autoimmunity of non-celiac 
gluten syndrome (NCGS). In the beginning, antibodies to gluten could 
not be found in NCGS patients, therefore it was assumed that NCGS 
was not autoimmune. However, Dr:Vojdani insists NCGS |S autoimmune. 
The NCGS patients have plenty of antibodies, just different ones than the 
standard tests check. His tests, which check and find more antibodies," 
the illnesses these patients develop, and recoveries or improvements on 
the diet all prove his point. He also asserts that NCGS can indicate a gut 
vaall in worse shape than the celiac villi damaged subset The damage 
is simply somewhere else, not to the vill, See the link below for diagrams 
of these reactions, and compare the condition of the gut wall in the celiac 


diagram with the gut wall in the gluten intolerance diagram. 


www.TheGlutenSyndrome.net/ 
VojdaniDiagrams.htm 


Dr Vojdanis research found several more forms of both TG, and gladin ancbodes, (alpha, 
gamma, omega), glutcomorphins gutnins, and others. His saliva and blood panels check 12 
Separate ansbodies in 3 diferent immune departments and 2. mediums, totaling 28 gluten 
related anibodies. The ewo panels.run cogether nearly aWays iid antibodies if they are present 
in the patient, translating to far fewer flee negatives. 
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This disagreement fosters confusion among NCGS patients that villi 
damaged celiac disease is the “big bad boy” to avoid (true, itis bad), but 
that NCGS js less severe, not autoimmune. This translates in real life 
to gluten birthday cake for the Friday night party and then back on the 
gluten-free bandwagon Saturday morning,"so | won't eventually develop 
villi damaged celiac disease.” Yes, that could happen also, particularly if 
the person seesaws on the diet, but the notion that NCGS is not as 
bad as villi damaged celiac disease is a misunderstanding according to 
Dr. Vojdani* To repeatedly seesaw off and on gluten indiscriminately 
is unwise according to medical literature,!° and community experience. 
Gluten exposure needs to be an accident, which happens occasionally 
even to the most vigilant. Casual cheats are a more risky mindset, usually 
meaning “more frequent” Take it seriously, nerves, blood vessels, and 
organs are precious. 


Gluten Tests with a Good Track Record 


Some families cannot afford to test or good tests are not available. In the 
case of autism this protocol and most others require gluten-free and that is 
the end of the matter. Kerri takes this position partly due to cost and the 
miserable record of false negatives that standard tests return. The protocol 
does not work without the diet. Period. 


Some adults are also willing to go gluten-free without a test. Their bodies 
tell them what they need, they listen, and are happy to find answers. Social 
pressure does not sway their decision or ability to comply. 


In many other situations, a positive test is very meaningful. It gives patients 
confirmation that gluten-free is right for them, silences critics, and helps them 
comply with the diet. In the case of children it provides proof to the other 
parent, grandparents, therapists, doctor, etc. It may also come in handy if the 
child turns into an invincible teen who doubts he ever needed the diet in 
the face of pizza and beer, ditto for his future spouse and in-laws. The catch 
is that the test must be adequate. A false negative misvalidates the skeptics. 
These are decisions every individual or family must evaluate for themselves. 
Thankfully there are test panels with good track records now. 


Absolutely, regardless of any test result, if the body is able to communicate a 
reaction to gluten or its removal, then that is the final answer. Be grateful and 
go gluten-free. 


This testing section is for those who wish to test for their own confirmation 
or social support. 
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NOTE: If a patient has been ill for a very long time it is possible for the 
immune system to be so worn out that few antibodies are manufactured. 
Lower antibody counts might show a false negative but not prevent injury 
to innocent tissues. Also, due to the wide variety of antibodies a patient 
may happen to make, it is possible to run any antibody panel and miss those 
particular antibodies. The more antibodies that are checked the less likely 
this may occur, but should be considered in the event of a negative test that 
the patient or practitioner questions. In this case a gene test may be helpful. 


Enterolab - Stool and 1 part gene tests 


For 10 years Enterolab's mail in home collection research stool test stood in 
the gap for thousands of patients who received false negative standard tTG 
and gliadin blood tests. It has saved many lives, and gave our family the social 
confirmation we needed. This unpublished research test checks stool for 
tTG-lgA and gliadin-IgA only. The use of stool as the testing medium appears 
to pick up those antibodies most of the time, much much more often than 
standard tTG or gliadin IgA blood tests. However, since only two antibodies 
are checked, it may miss in some cases. 


Dr. Fine's lab also offers a one part gene test which he believes is adequate for 
a reasonable price. Dr. Fine finds if a gene is present, nearly always so are the 
antibodies, and two genes are worse. Villi damaged celiac specialists recognize 
only HLA DQ 2 and 8s gluten related, but Dr. Fine includes 1 and 3 and their 
subsets 5, 6,7 and 9. In fact according to Enterolab, HLA DQ 4 is the only 
DQ gene that does NOT correlate with gluten syndrome. According to him, 
2 patient needs 2 copies of the HLA DQ 4 gene to miss the predisposition. 
This translates to 81% of the Caucasian population with a predisposition to 
trigger gluten syndrome at some point in their lifetime, including before they 
are born. 


Cyrex Labs - Better blood and saliva tests 


Cyrex Labs (www.CyrexLabs.com) opened their doors in 2010 in Phoenix, 
Arizona. They run much more complete antibody panels designed by Dr. 
Aristo Vojdani, PhD., their scientific advisor, an immunologist, and researcher. 
Dr:Vojdani found a wider variety of gliadin antibodies, (alpha, gamma, omega) 
and variations of tTG in other tissues, plus gluteomorphins, and several 
others. He also checks an IgM antibody due to possible malfunctions in that 
system, Cyrex blood and saliva panels, Array #1 and #3, combined, test for 
28 gluten related antibodies between 3 immune departments, 2 mediums, 
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plus IgA insufficiency. They rarely miss a diagnosis because they look for 
so many antibodies, (Note:Vojdani believes stress, toxins and infections, i.e. 
environment, can trigger a gluten reaction without the genes.) 


Gluten Free Society - Two Part Gene Test 


A third approach espoused by Dr. Peter Osborne, The Gluten Free Society, 
Sugarland, Texas, (www.glutenfreesociety.org), is to run only the gene test, 
since any antibody panel may theoretically miss the particular ones the patient 
may have. He uses a 2 part test, the most complete method, and looks for 
both celiac and gluten sensitivity genes. A positive gene test does not prove a 
current immune response as do antibodies, but predisposition to it. Presence 
of 2 genes indicates a more severe case, Gene tests have an advantage in that 
they can be run anytime, gluten consumption is unnecessary, and depending 
‘on the results, useful information can be gleaned for immediate and extended 
family members. 


Elimination Diet 


The elimination dietisinexpensive. Often/usually it demonstrates improvement 
upon removal of gluten, or worsening upon reintroduction, Many “heads up” 
practitioners accept this as reason enough to go gluten-free. 

There are occasional complications or interpretation issues for the elimination 
diet as follows: 


a. Reintroduction of gluten (gluten challenge) can trigger stronger, 
sometimes risky reactions." Stop a challenge upon negative symptoms, 
including depression and emotional instability, or best, don’t challenge. 
‘An accidental infraction may come up that provides insight. 


b, Occasionally it takes several months to see the difference, or a silent 
reaction may mask symptoms. 


If the patient later decides to test and is already “clean” on the gluten- 
free diet, blood tests will not work unless gluten is reintroduced for 
many weeks.! No! Stool/gene tests are safer. 


dd. There is no lab confirmation to silence naysayers. 


Other Related Tests 


Cyrex Labs Array # 2 - Intestinal Permeability Panel focuses on specific 
causes of leaky gut. This helps strategize treatment, and is an improvement 
over the old lactulose/mannitol test. 
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Cyrex Labs Cross Reactive Foods and Gluten Substitutes, Array # 
4. - This specific list checks foods that commonly cross react with gluten 
and also foods commonly used to replace gluten. It helps customize an anti- 
inflammatory diet. 


Cyrex Labs Predictive Antibody panels determine if or which tissues are 
currently under antibody attack. This predicts autoimmunity years ahead of 
time and gives the patient advance notice in order to address trouble spots. 


Enterolab (www.Enterolab.com) offers several stool based food antibody 
panels and gut related stool tests. 

What are the lab instructions? 

Do I need to consume gluten for testing? 

Antibody tests, (blood, saliva, stool), prove a reaction and require recent 
gluten consumption. Ideally, test first, then go gluten-free. If the patient is 
off gluten, call the lab for advice on the time window before the test 
work. 


not 


Cyrex Labs (www.CyrexLabs.com) tests require prescriptions and a saliva 
specimen and/or blood draw. Ifa doctor is needed to write the script, check 


www.thedr.com for a partial list of practitioners who are fa 
Labs. Results are sent to the prescribing doctor. 


with Cyrex 


Enterolab stool specimens are ordered online, kits are sent, home collected 
and mailed. No prescription is required. Results arrive on email. Enterolab’s 
test works for several months after going gluten-free. 


Gene tests do not require gluten consumption or a script and can be run at 
any time. Genes prove a predisposition to gluten reaction, 


Enterolab's gene test is a relatively inexpensive “one part” test. It is a mail in 
cheek swab and reports the patient's actual genes. 


Gluten Free Society (www.Glutenfreesociety.org) gene test Is a“two part” 
(more complete) mail in cheek swab and reports yes or no for both celiac and 
gluten sensitivity genes. 


For information on testing (I have no financial interests) see: 


www.TheGlutenSyndrome.net 
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The latest version of this article and a complete list of references is available 
at 


www.TheGlutenSyndrome.net 
/Molecular_Mimicry.pdf 


Author's note: While the information Olive has provided can be extremely 
helpful for adults or children who are not on the spectrum or who are 
suffering from other ailments, a gluten-free diet is non-negotiable for healing 
autism. We need to remove foods that cause inflammation and mucous, and 
which can produce gluteomorphin in the body. | have seen many families 
waste time and money doing testing only to get confused by false negatives— 
time and money they could have spent on recovering their child. 


Online Gluten Summit ~A Chance to Support CDAutism 


Recently, in November 2013, Dr. Thomas O'Bryan, an internationally 
recognized gluten educator, put together an amazing online Gluten Summit. 
‘Twenty nine iconic experts on Celiac Disease and its wider perspective, 
Gluten Sensitivity, also called Gluten Syndrome, covered every possible 
aspect before 115,000 appreciative viewers. This set of interviews plus extra 
materials is available for purchase at only $3.30 per speaker and is a priceless 
addition co all our libraries. It also is a great gift and a good way to inform 
friends and family. Often our closest loved ones accept new inform: 
better from a respected professional rather than from us. 


Arrangements are in place to contribute half of your purchase price of The 
Gluten Summit interviews to the CDAutism project. Go to the link below to 
order and also credit CDAutism with your contribution. 


gg110.infusionsoft.com/go/tgso/Kerri 
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interrupts or reflects the light beam, as shown 
in Figure 3-3. 


Tait 


Object 


Light 
Emitter 


‘Separate emitter and detector 


Bi vansiissve 


Slot (one-piece emitter and detector) 


Ei rerorerectne 


Reflective 
‘object 


Fetortecive 


Figure 3-3. Various configurations of optically activated 
object presence sensors. See text for details 


If the light emitter and the light detector face 
each other across a small gap, they may be con- 
tained in a single module (usually with a slot in 
it) as shown in section 2 of Figure 3-3. This is 
often referred to as an optical switch (not to be 
confused with the solid-state switching devices 
used in telecommunications). It is sometimes 
described as a photointerruptor or photointer- 
rupter. 


A reflective optical sensor also consists of a light 
emitter and a light detector, but they are 


Optical Detection 


placed adjacent to each other, facing in the 
same general direction. When they are moun- 
ted in one module, as is often the case, the 
arrangement is properly known as a retroreflec- 
tive sensor, Bither way, the combination may be 
triggered in one of two ways: 


+ An object passing in front of the light 
beam reflects it back to the detector. 
The object must be naturally refle 
(for example, glass containers or white 
boxes on a conveyor), or must have a 
reflective patch applied to it, or the 
light source must be bright enough to 
reflect from an object that is not highly 
reflective. This configuration is shown 
in section 3 of Figure 3-3, 


A stationary reflector can be mounted 
opposite the light emitter, in which 
case a detector beside the light emitter 
is triggered when an object interrupts 
the reflected light beam. This configu- 
ration is shown in section 4 of 
Figure 3-3. 


‘Transmissive Optical Sensors 
Aight source and light detector may be sold as 
separate components in a matched pair. An 
example is the Vishay TCZT8020, shown in 
Figure 3-4, These components are small, each 
measuring no more than Smm x 3mm. They are 
designed to be placed just a few millimeters 
apart. The light source is an infrared LED, while 
the detector is a phototransistor (see Chap- 
ter 22 for information about phototransistors) 


The source and detector are both designed to 
use 5VDC. Output from the phototransistor is 
an open collector. Current through the collector 
must not exceed S0mA, and must be limited by 
a pullup resistor of 100 ohms or more. Current 
through the source must not exceed 60mA, and 
must be limited by an appropriate series resis- 
tor. 


Details on using an open-collector output will 
be found in the Appendix, See Figure A-, 
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Measuring the Strength 
of Your CD, CDS & CDH 


by Charlotte Lackney 


CD, CDS, and CDH work because all of them contain chlorine dioxide (CIO;). 
ClO; is made when a 22.4% solution of sodium chlorite (NaCIO;) is activated 
with an acid, usually 4% hydrochloric acid (HCl) for CD and CDH; and 10% 
HCI for CDS. 


Sometimes it might be useful to measure the amount of CIO; in those 
solutions, although that has not been done in the past when using CD. And, it 
may only be necessary to know the amount of chlorine dioxide if you are not 
getting the expected results. There could be a problem with the ingredients 
or process and knowing the amount of CIO; in the solution could be helpful 
in determining what might be wrong. 


The amount of CIO; in a solution is measured in parts per milion (ppm). It is 
always necessary to specify the volume of solution when talking about ClO; 
ppm because the ppm will vary depending on the dilution of the solution. 


If using CDH or CDS with the protocol in this book, it is assumed that you 
are preparing them at 3000ppm. If using CDS, please keep in mind that the 
relative strength of one milliliter of CDS is approximately 60% of one drop 
of CD. 


However; if the ingredients are of good quality and the CD or CDH protocol 
is closely followed, there is usually no need to know or measure the ClO: 


concentration. 


Both CD and CDH may continue to activate inside the body from whatever 
sodium chlorite has not been activated outside the body. That is not the case 
with CDS,as it has no sodium chlorite to continue activating inside the body. 
Some believe that this is why many people can tolerate a higher dose of CDS 
than an equivalent dose of CD. 
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Measuring the concentration of ClO; can easily be done at home. You will 
need to purchase C1O2 test strips made by LaMotte or others. | have only 
used LaMotte Insta-Test® High-Range Test Strips, 0 to SO0ppm (code #3002). 
The container’s label has a chart showing seven colors on it wih each color 
indicating a ClO, concentration in ppm. Note: LaMotte recently changed the 
appearance of their labels,as shown on the right. Both are the same product. 
For more information, see their website: 


www.lamotte.com/ 
en/water-wastewater/test-strips/3002.html 


Directions for how to use the LaMotte test strips are printed on the side 
of the container and need to be followed in order to get an accurate ClO, 
concentration reading. 


The numbers below each of the seven colors represent 0, 10, 25, 50, 100, 250 
and 500ppm. Many people who use the test strips think the SOppm color is 
the best one to use for color matching, because they can see the difference in 
color below and above that color more easily than the others. 


If the ClO; solution you want to measure is suspected to be 3000ppm, how 
do you measure that if the test strips highest CIO, concentration color is 
500ppm? Recall that | had said that itis always necessary to specify the volume 
of solution when talking about ClO; ppm, because the ppm will vary depending 
on the 


ition of the solution, 


So if we dilute the suspected 3000ppm CIO; stock solution with more water, 
the same amount of ClO; will now be evenly spread out in the larger amount 
of solution if stirred. There will be less CIO; in any one spot than before 
dilution, because the CIO, is now dispersed into a larger volume of water. 
Visualize what happens when a drop of red food coloring falls into a glass of 
water. It disperses throughout the water if stirred, and that dark red color is 
now much lighter because it is diluted in the water. 


In order to read 3000ppm with a test strip, and have it match the SOppm color 
on the container, we will need to dilute a small sample of the stock solution. 


Stock Desired Volume of 
solution dilution in water for 
(im) ppm dilution. 


3000ppm 50ppm. 60mI 
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The chlorine dioxide test strips (code 

— #3002) made by LaMotte are available 

cn the market with two different labels, 

Bed | although both are the same product 
= Both labels show the same measuring 

| color chart on the outside of the 
& 
” 


container. 


So, if we take a Imi sample of the stock solution and add it to 60m! of water, 
then the stock solution is diluted 60 time: original volume. Technically, one 
should add the Iml of stock solution to 59ml of water, for a total of 60ml, but 
using 60ml is easier to measure and you would not see the difference in CIO, 
readings if S9ml of water was used. 


To measure, pour 60m! of distilled water into a small glass and then add 
Im of stock solution. Stir well to evenly distribute the CIO, sample in the 
water. Then take one of the test strips—taking care not to touch the pad of 
chemicals on the end of the strip—and dip it in the solution for two seconds. 
Keep the strip in one place in the solution and do not move it around during 
the two-second period. 


Without flicking any of the solution off the strip, remove the strip from the 
test solution with the pad facing up and wait ten seconds. Now compare the 
color of the test strip pad to the color chart on the side of the test strips 
container (as shown above). 


If the stock solution is 3000ppm, then the color on the test strip will match 
the SOppm color on the container. Multiply SO times 60 (the amount of 
dilution) and you get 3000ppm. 


Ifthe color on the test strip does not match the 50pm color on the container, 
try to estimate the ppm number between container colors and multiply that 
number by 60 to get the ClO; concentration. 


Tip: You can cut the strips lengthwise to get 100 strips instead of 50; just be 
sure not to touch the strip's pad with your fingers or your readings may not 
be accurate. Also it is important to keep the container tightly capped to keep 
moisture out which can affect the readings. 
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Diluting HCI Concentration 


The protocols in this book use two different concentrations of hydrochloric 
acid (HCI): 10% & 4%. Some suppliers sell both concentrations, while others 
only one. You may also find a source with a different concentration and wish 
to dilute it to 4 or 10%. The math to determine how much to dilute your 
stock solution is rather simple. You should have no problem if you know how 
to multiply, divide, add and subtract. Note: The same calculation works for 
citric acid if you have 50% and need to go down to 35%, 

What you will need is: 


+ Bottle of concentrated HCI (10% or higher) 

+ Receiving bottle to store the resulting diluted HCI 

+ Graduated cylinder or other measuring cup 
On the next page is a graphical representation of the dilution equation. It may 
look intimidating at first glance, but itis actually quite simple and is made up of 
three simple mini-calculations. Each box is labeled with a letter which refers 
to the graphic. Just fill in the numbers with a pencil and follow the directions. 
We'll go over one example here: Let’s say you have 10% HCI and want to 
make 1 liter of 4% HCI. Here's what you would have to calculate: 


Desired Desired Temporary 
Volume 9g HCI% «= = Number 
1000mI 4% 4000 
Temporary ‘Stock “Amount of 
Number HCI% «= = 10% HCI 
4000 10% 400m! 
Desired ‘Amount of Amount of 
Volume __  10%HCI = water 
1000mI 400m! 600m! 


So, in this example, you would need 400ml of 10% HCI and 600ml of water. 
to make | liter of 4% HCl. If you add them together, you should have 
100m (1 liter). 
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Ist Calculation 


Desired Desired Temp. Stock Stock 
Volume — Concent. % Value Concent. % Amount 


2nd Calculation 


E 


3rd Calculation 


Desired Stock Water 
Volume Amount To Add 


Determine the volume of the receiving bottle in milliliters. 

A |ple, if you have a 1 liter bottle, you would enter the number 

4,000m 

B | This is where you enter the % of the final solution. If you are making 
4%, then enter *4” in this box. 

| Multiple A and B and enter the result into box C. This is a temporary 
value you will need for the next calculation. 

[This is where you enter the percentage of your concentrated stock 

D |solution-the HCI you want to dilute. If you have 10%, then enter a “10” 

in this box. 

Now divide the temporary value in C by D and enter the result in E. 

‘This is the amount of concentrated stock HCI (in milliliters) you will 

need. 

Copy what you entered in A to F for the next calculation. 

Copy the result from E to G. 

Do the subtraction of F—G and enter he value in H. Thisis the num- 

ber of milliliters of distilled or filtered water you will need, 

Measure the resulting volume of water calculated in H and pour it into 

I |the receiving bottle |. Finally, measure out the value in G and pour it 

into the receiving bottle | 


= /|o|n| m 
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Other Uses of Chlorine Dioxide 


Bladder Infection Protocol (for Adults) 

The protocol for bladder infection is three oral drops of CD eight times a day 
with a douche of 10 drops CD three times the first day, and then once every 
day thereafter, for 30 days (for females). 


Ear, Eye, Nose Protocol 

Make a mixture that contains one ounce of water for every one drop of 
CD. Use one drop of that mixture in the affected orifice every hour until 
symptoms disappear. If the issue is acute you can use one drop every 15 
minutes. This method can be used in the ears for infections, in the nose for 
congestion/infection, and the eye for infection or conjunctivitis. 


General Fever Protocol 
If the person has a fever, or if you want clarification of any kind, email Kerri, 
but in the meantime, this will hopefully get you started: 


1. Give baths interspersed with enemas, approximately eight hours apart 
(eg. bath in the evening and enema in the morning or vice versa). 


2. Give oral CD doses (using the person's usual number of drops) 12 to 16 
times or more a day (essentially every hour); unless they stop eating, in 
which case, stop oral dosing. Enemas and baths can continue. 


3. Have them drink lots of water. 
4. Cool clothes on forehead and neck. 


Please see Chapter 14, page 335 for more information on fever therapy. 


Teeth 


Ten activated drops of CD per one ounce of water: Put this in a spray bottle 
and spray on the toothbrush. 


Throat Spray 


‘Ten activated drops of CD (chlorine dioxide) in one ounce of water. Spray on 
throat once/hour. Recommended in the case of a sore throat. 
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Vaginal Douching for Yeast Infections: 
Put six activated drops of CD in 60 ml of water. Hold this in for two minutes 
every day for a few weeks or between periods. Six drops MAX in the vagina. 


CD Skin Spray 
Use ten drops of activated CD per one ounce of water in a spray bottle. 


CD spray is great for a variety of ailments. 


+ Skin + Cuts 
+ Dandruff + Rashes 
+ Scrapes + Toe Fungus 


Burns 


‘Any burn should be sprayed with full strength sodium chlorite solution (no 
acid added) directly from a small spray bottle, Do not add citric acid or HCI 
tall! If you don't have a spray bottle available drip sodium chlorite solution 
directly onto the burn, making sure the area is soaked with it. 


Wait up to five minutes, but no longer before rinsing off 
temperature water. If you fail to rinse off the sodium chlorite sol 
burn will continue to hurt and get worse. 


room 
\n, the 


This technique will cause the burn to heal in 1/4 the time normally required. 
The pain should stop almost immediately or reduce to almost zero within 
several minutes. 


Sunburns should be treated the same way. Spray the red area, wait 1 to 5 
minutes, and rinse off. If the area is still sore, in about an hour spray the area 
again and wait 5 minutes before rinsing off, Remember, DO NOT allow the 
sodium chlorite to remain in place. It must be rinsed off! The pain should 
be gone in a couple of minutes. Generally two doses will overcome mast 
sunburns, but on rare occasions if the discomfort is not all gone you can use 
a third dose, Be sure to rinse it off. 


Note that sodium chlorite is alkaline and burns are acidic. Therefore the 
sodium chlorite neutralizes the acidity that resides in the burned areas, This 
is part of the reason why burns heal rapidly after sodium chlorite applications. 
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Blank Kalcker Parasite Protocol Chart 


The next page contains a blank Kalcker Parasite Protocol Daily Chart 
identical to those found on pages 199 through 217, You are encouraged to 
copy this chart for use in your parasite protocol planning. Setting the copy 
machine to enlarge at 125% should filla standard letter-sized page. 


Optical Detection 


Figure 3-4 A matched light source and light detector. for 
Use as a transmissive optical sensor. The background grid 
Js inmilioneters. 


The Omron EE-SX range includes a variety of 
configurations of light source and detector sep- 
arated by a 5mm slot in one module, The 
source is an infrared LED, and the detector is a 
phototransistor. 


The Omron components tolerate a wide range 
of supply voltages, from 5VDC to 24VDC, with 
no series resistor necessary for the LED. Open- 
collector output from the phototransistor can 
tolerate SOMA to 100mA, depending on the 
particular version of the sensor. A red indicator 
LED is illuminated when an object blocks the 
slot in the sensor. Some versions have a high 
output when the slot is open, while others have 
a high output when the slot is closed. Because 
of their various features, these sensors are rela- 
tively expensive. 


‘A much cheaper optical switch is the Everlight 
TR9606 (described by the manufacturer as an 
“opto interrupter’). It is pictured in Figure 3-5. 
This is intended as a 5V device and has an 
‘open-callector output. It requires a series resis- 
tor for the LED and a pullup resistor for the 
‘open-collector output. Many similar detectors 
are available. 
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Figure 3-5 A low-cost transmissive sensor, more com- 
‘monly known as an optical switch, The background grid is 
in millimeters. The slot in the sensor is about Sim wide 


For longer-distance detection, an infrared 
receiver can be mounted separately from an 
infrared LED. The TSSP77038 from Vishay 
detects infrared light from as far away as 50cm, 
and pulls its open collector output low in 
response. The light must be modulated at 
38kHz. 


Polulo Robotics and Electronics sells a very 
affordable breakout board containing a 
‘TSSP77038 receiver paired with an infrared LED 
modulated by a 555 timer. It is shown in 
‘igure 3-6, Because this board contains a light 
source as well as a light detector, it is really a 
retroreflective sensor. 


Where distances exceeding 1 meter are 
involved, a laser coupled with a phototransistor 
that is shielded from ambient light may be nec- 
essary. 
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Lunar Phase Calendar 
for Kalcker Parasite Protocol 


As covered in Chapter 8, the Kalcker Parasite Protocol is administered over 
a period of 19 days and scheduled according to the lunar cycle. We have 
included an easy to follow calendar starting on the next page for the years 
2014 through 2016. 


Each chart page shows 6 months with each month broken up into 3 columns: 
Column 1 is the day of the month; column 2 indicates the lunar phase; and 
column 3 shows the corresponding Parasite Protocol day. 


The full moon is identified with an “F” in the second column and the new 
moon is identified by an “N" in each month section, which usually occurs 
towards the end of each protocol cycle. 


We have used New York as our center point since it is roughly the center of 
the majority of those using this book in the US and Europe. The moon phase 
may occur | day before or after the dates shown if you are in another part of 
the world, but the difference is not great, so feel free to use the dates shown. 
However, you are welcome to be precise for your particular location. The 
Farmer's Almanac is a great source and provides an online calendar that can 
be adjusted to your location: 


www.almanac.com/moon 


You may also wish to install a moon phase app into your smart phone. Many 
free options exist. 
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2014 - Lunar Phases for New York, NY 


Jan Feb Mar ‘Apr Jun 
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2014 - Lunar Phases for New York, NY 


Jul ‘Aug Sep Nov Dec 
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2015 - Lunar Phases for New York, NY 


Jan Feb Mar ‘Apr Jun 
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2015 - Lunar Phases for New York, NY 


sul ‘Aug Oct Nov Dec 
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2016 - Lunar Phases for New York, NY 


Jan Jun 
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2016 - Lunar Phases for New York, NY 


Jul ‘Aug Dec 


Three things cannot be long hidden: 
the sun, the moon, and the truth. 


~ Buddha 
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Health Benefits of 
Diatomaceous Earth 
by Dee McCaffrey, CDC 


You've probably never heard of one of the best 
and most economical supplements to improve 
your health and cleanse your body. In fact, this 
‘supplementis perhaps one of the best keptsecrets 
ever. This relatively unknown “food” supplement 
is called Diatomaceous Earth, also known as DE. 
It is a completely natural substance that is rich in 
naturally occurring silica, a mineral whose list of 
documented health benefits continues to grow 
as more research is being conducted. 


Some of the most recent studies show that it can strengthen bones and joints, 
prevent osteoporosis and restore bone health if you already have osteoporosis, 
boost the immune system, ward off Alzheimer's, prevent premature aging and 
wrinkling of the skin,and strengthens the arterial walls to maintain good heart 
health. Another of the benefits of silica is that it helps to destroy bad fats in 
the body. Used as a daily treatment, diatomaceous earth can alleviate the 
potentially deadly risks of high cholesterol, high blood pressure, and obesity. 


Additionally, because of its physical structure, diatomaceous earth is a highly 
effective anti-inflammatory and internal cleansing agent for the body. It can 
remove intestinal bacteria, parasites, e-coli, viruses, pesticides, heavy metals, 
and other toxins. It has also been known to assist with vertigo, headaches, 
tinnitus, and insomnia. 

Sound too good to be true? Read on to learn more about this overlooked 
multi-purpose supplement and how it can improve many aspects of your 
health at a fraction of the cost of other supplements. 


What is Diatomaceous Earth? 


Diatomaceous earth is the fossilized shells of microscopic water-dwelling 
organisms known as diatoms. Diatoms are one-celled plants (algae or 
phytoplankton) that are the primary food source for marine life. These plants 
have been part of the earth's ecology since prehistoric times, yet their species 
still exists today in both salty and fresh waters all over the world. 
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Diatoms use soluble silica (sand) from their environment to make their shells, 
or exoskeletons. As diatoms die, their shells fall to the bottom of the bodies 
of water in which they live. It is believed that 30 million years ago the diacoms 
piled up to form thick beds of chalky fossilized sediment. These beds, known as 
diatomite or diatomaceous earth, were discovered after the waters receded. 


Today, hundreds of large deposits of 
diatomaceous earth occur all over the 
world. Some are still underwater and some 
are found in ancient dried lake bottoms. It 
has been estimated that one cubic inch of 
diatomaceous earth may contain as many 
as 400 million shells, that's how small 
diatoms are! 


Diatomite is mined and ground into a 
powder that looks and feels like talcum 
powder. This all natural powder is called 
Diatomaceous Earth (DE) or fossil shell 
flour. It is made up of approximately 
33% silicon, 19% calcium, 5% sodium, 
3% magnesium 2% iron and many other 
trace minerals such as titanium, boron, 
manganese, copper and zirconium. 


What Do Fossilized Shells 
Have to Do With Improving Your Health? 
It’s all about the silica. 


As | mentioned earlier, the shells of diatoms are made up mostly of silica 
(known by chemists as silicon dioxide). Silica is one of the most abundant 
minerals on the planet, but most of it is in a form that is unabsorbable by 
humans, and there are limited numbers of foods that contain an adequate 
amount of the absorbable form to supply the quantity our body needs. Silica is 
the most important trace mineral for human health. It plays an important role 
in many body functions and has a direct relationship to mineral absorption. 
For optimal health, the average human body needs to hold approximately 
seven grams of silica, a quantity far exceeding the figures for other important 
minerals such as iron and calcium. 


Silica can be found in such foods as alfalfa, beets, brown rice and oats. Bell 
peppers and leafy green vegetables also provide silica, while asparagus, 
Jerusalem artichokes, parsley, sunflower seeds and grain husks, such as barley, 
millet and wheat contain smaller amounts. 


Years ago, the silica found in our foods was adequate, but with today’s depleted 
soils, only about one-third of the silica needed by our body is supplied in our 
food. 


In our youth, our tissues absorb and maintain high levels of silica— enabling 


spatial 


Figure 3-6 The Vishay TSSP77038 installed with an 
‘appropriate light source on a breakout board from Polulo 
Robotics and Electronics 


Retroreflective Optical Sensors 

Asis the case with a transmissive object detec- 
tor, the retroreflective type may be listed by 
vendors as an optical switch. Other terms used 
in datasheets include 


ject sensor, refle 


e opti 


lective photointerrupter, opt-pass sensor, and 
|, The remarkable 
lack of standardization in terminology creates a 
problem when searching online for these devi 
ces. Why so many different names evolved for 
the exact same component is unclear. 


Many retroreflective object-detection sensors 
are available in packages ranging from 5mm x 
5mm to 10mm x 10mm in size. Almost all of 
these modules are analog devices using an 
infrared LED as the light source and a photo- 
transistor as the sensor, with an open-collector 
‘output. (For more information about photo- 


transistors, see Ct 


With a suitable pullup resistor, the output volt- 
age will be proportional with the inverse of the 
distance. If V is the voltage, d is the distance, 
and kis conversion factor: 


vek* (1/4) 

While many of the smaller modules are surface- 
mount, some have leads, as shown in 
ure 3-7, A major limitation of these small 
components is that they have a very limited 


Optical Detection 


range, typically less than 5mm. They can only 
be used in applications such as process control 
where the po: 
predictable, 


jon of a target is controlled and 


Figure 3-7 The Rodan RT-530 is a small abject presence 
sensor with a limited range typical ofthis type of retrore- 
flective component. The background grid is in milimeters. 


Another example of a retroreflective sensor in a 
small package is the Optek OPB606A shown in 
Figure 3-8. The background grid is in millime- 
ters. 


Figure 3-8 The Optek OPB606A. The background scale 
isin milimeters. 
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‘our bodies to remain flexible, resilient, and energetic—but as we age, and 
as our dietary sources of silica are not meeting our needs, our silica levels 
steadily decline until they become almost non-existent. In fact, 80% of all of 
‘our body's silica is used up by the time we become adults. 


Our bodies need silica regardless of our age and even when diet is not the 
primary factor in cases of deficiencies, we often become deficient in this 
essential trace element simply thorough the aging process. The effect of this 
steady decrease in silica levels is a progressive decline in health, increasing 
fatigue and acceleration of the aging process. 

Diatomaceous earth, which is very high in the absorbable form of silica, can 
replenish silica levels in the body, which can vastly improve your health and 
reverse many chronic problems. Studies show that high levels of silica can: 


Improve Bone Health and Stop Osteoporosis: Calcium and vitamin D 
alone are not sufficient for bone growth, density, strength, and flexibility. In 
fact, the body cannot absorb and use calcium without the presence of silica, 
Recent data suggests that instead of promoting healing, calcium supplements 
actually speed up the leeching away of bone calcium and accelerate the 
degenerative process of osteoporosis and similar diseases that affect the 
connective tissues in the human body! 


To re-mineralize and repair damaged bones, it is now advised that a sufficient 
silica supplement be taken daily because bones are composed of mainly of the 
minerals phosphorus, magnesium and calcium; however, these minerals need 
the presence of silica to be deposited into the bones, especially calcium. Silica 
hastens the healing of fractures and also diminishes scarring at the location 
of a fracture. A great deal of research evidence indicates that silica has the 
ability to "morph" itself into calcium through a transmutation process. Yes, 
silica actually has the ability to be turned into calcium when there is a calcium 
deficiency and the body needs it! 


That fact alone should be reason enough to supplement with DE!! 


Ward Off Alzheimer’s: Scientists and researchers have long hypothesized 
that Alzheimer’s disease is linked to a build up of aluminum in the brain, and 
links between aluminum in drinking water supplies and Alzheimer’s have now 
been ascertained. A factor that had been overlooked is that silica reduces the 
accumulation of aluminum, When researchers added silica to aluminum-laced 
water supplies, it inhibited the aluminum fram being absorbed, It also caused 
a proliferation in the excretion of aluminum in urine and lowered aluminum 
concentrations in the brain, liver, bone, spleen and kidneys. Silica, therefore, 
may be important in supporting neurological health. 


Improve Heart and Lung Health: Silica can hinder the effects of coronary 
disease by fortifying blood vessels. Studies confirm that with age, silica 
disappears from the aorta, the heart's key blood vessel—thus weakening its 
critical connective tissue, and resulting in a greater cardiac risk. Studies have 
shown diatomaceous earth to significantly lower cholesterol by removing 
plaque and keeping arteries and veins supple. It also helps to regulate blood 
pressure, Silica also aids in the repair and maintenance of vital lung tissues and 
defending them from pollution. 
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Stop Premature Wrinkling and Sagging Skin: Silica is excellent for 
supporting bones and connective tissue, Your body needs healthy connective 
tissue for internal organs and the largest organ which is your skin. And you 
probably know that degrading connective tissue, with age is why wrinkles 
appear and skin begins to sag. Perhaps it is not age, but rather not enough 
silica that makes this happen. 


Collagen, which is mostly made up of silica, is the glue that holds us together. 
Collagen accounts for up to 75% of the weight of the dermis and is responsible 
for the resilience and elasticity of the skin. Our connective tissues consist, 
of collagen, elastin, mucopolysaccharides and mucous carbohydrates which 
aid in moisture retention. Their capacity to hold on to moisture keeps the 
connective tissue resilient and has apparent importance in the prevention 
of premature aging. All these valuable molecules house large quantities of 
silica. Also, many people with advanced arthritis suffer from bone deformation 
when tendons and ligaments in the joints lose flexibility due to loss of collagen. 
Tendons and ligaments need silica for health and flexibility. 


Boost the Immune System: Silica may play an important role in the 
immune system and its biological response to harmful stimuli. Silica is 
necessary for the body to produce antibodies that fight off viruses, bacteria, 
allergens and other invaders that the body views as foreign. 


Other Ways Diatomaceous Earth 
Can Improve Your Health 


One of the most sought after benefits of diatomaceous earth is to cleanse 
the digestive tract. Many people consume a variety of processed foods, which 
contain various harmful chemicals and toxins. Plus,as air quality has decreased, 
we are constantly putting more toxins in our body that need to be removed. 


Diatomaceous earth can purge any parasite, virus, bacteria, or toxin that is 
clinging to our digestive tract. While diatomaceous earth feels like a soft 
powder, the truth is that diatomaceous earth is actually a small cylinder with 
extremely sharp edges. As we consume diatomaceous earth, these sharp 
edges scrape away parasites, toxins, and viruses clinging to the lining of our 
digestive tract. Plus, any toxins or bacteria floating in our digestive tract are 
absorbed and trapped by diatomaceous earth. It has also been shown to cling 
to bad fats in the body, effectively reducing bad cholesterol. Diatomaceous 
earth is then expelled through our bowel movements and these harmful 
materials are removed. 


Our skin and organs are strong and thick enough not to be affected by these 
sharp edges, which is why we feel no pain taking diatomaceous earth. After 
a few days, the body's digestive system can be thoroughly cleansed and can 
‘operate much more efficiently. 
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Are All Forms of Diatomaceous Earth the Same? 
No! There are two types of DE—Food Grade and Pool Grade. 


Most deposits of diatomaceous earth are fram salt water sources, while only 
a few are from fresh water sources. Of the hundreds of DE deposits that 
exist worldwide, only 4 of them can be called food grade. The DE sourced 
from fresh water beds are of extremely high purity—so pure that it is called 
Food Grade Diatomaceous Earth, or also known as fossil shell flour. Food 
grade diatomaceous earth, the only form safe for human consumption, is a 
white powder, while other forms of diatomaceous earth may have a brown! 
reddish tint. 


Also, there are two types of naturally occurring silica—crystalline silica and 
non-crystalline (amorphous) silica. Crystalline silica can be very dangerous, 
especially to our lungs if inhaled, while non-crystalline silica is completely safe, 
even for human and animal consumption. The fresh water diatoms contain 
mainly non-crystalline silica, while salt water diatoms can contain both types, 
with higher amounts of the crystalline form. 


PERMA-GUARD" is the trade name known worldwide for using a grade 
and quality of Diatomaceous Earth (DE) that is extremely pure. Brands that 
use Perma-Guard™ food grade Diatomaceous Earth contains less than 0.5% 
crystalline silica. It is important to have a consistent shape diatom and no 
unwanted sediment. The shape of the diatom must be tubular with holes on 
the walls. It must be from fresh water because the fresh water diatoms forma 
harder shell and are less fragile that those fram salt water. Salt water deposits 
contain a mix of diatom species. These deposits shapes and sediments are 
inconsistent making them unusable for safe human consumption. 


Other types of diatomaceous earth have other industrial uses. It is heated to 
a very high temperature (about 100°C or 1800°F). This type of DE is called 
“calcined” It is used for pool filters and other types of filtering but it is also 
used as a filler and can end up in paints, cosmetics, drugs, chemical insecticides, 
and other things. Food grade DE is never heated. 


Bottom Line: ONLY use Food Grade Diatomaceous Earth for 
health purposes!!! Food grade diatomaceous earth is the purest form of 
diatomaceous earth and can be consumed and used by humans. Food grade 
diatomaceous earth is heavily regulated and must contain less than a certain 
amount of specific minerals. 


Pool grade DE is calcinated and is a stronger, more potent form of DE. It is 
not to be used by humans and pool grade DE must be handled with gloves and 
a mask to ensure no throat irritations occur. 


All DE should have a label that tells you if it has been calcined and how much 


crystalline silica it contains. 
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How Much to Take—How Safe Is It? 

Food grade diatomaceous earth is a very fine powder and is very light due 
to its high porosity. It mixes easily into liquids and foods. Most people take 
a teaspoon or a tablespoon two or three times a day (up to a total of one 
quarter cup per day) for best results. Mix it into water, juice, smoothies or 
other foods. 


It sort of resembles putting a spoonful of baking soda in water and drinking it! 


Silica is water soluble; hence, once you get it into your body it easily absorbed 
Via the intestinal wall and is also rapidly excreted. It does not accumulate in 
the body, so consistent daily supplementation is important. Studies have not 
found any negative side effects from too much silica. Its safety and extensive 
range of uses makes silica one of the most important minerals used in 
complementary therapy and alternative medicine. Regular supplementation 
could make a significant difference in your health. 


Being approved by the FDA, Diatomaceous Earth has absolutely no dangerous 
side effects, It can be used by anyone, as long as the person doesn’t suffer 
from a serious illness. As with any other health supplement, talk to a doctor 
before using DE. You might have some intolerance to it, so it's advisable to 
not risk your health. Pregnant and breastfeeding mothers can use it as long 
as their doctor has agreed. 


‘What Other Uses Does DE Have? 


One of the most commonly known uses for diatomaceous earth is as a non- 
toxic bug killer: DE is almost pure silica (with some beneficial trace minerals); 
under a microscope, it looks like shards of glass (glass is made from silica). 
On any beetle-type insect that has a carapace, like ants, fleas and cockroaches, 
the DE warks under the shell and punctures the body, which then dehydrates 
their innards and the insect dies. DE is totally nontoxic. There is no buildup of 
tolerance like there is to poisons because the method of killing is PHYSICAL, 
not chemical. But rest assured, food grade DE doesn't hurt people or animals. 
In fact, it makes a great flea killer for your pets,and can also be added to their 
food as de-wormer. Many farmers use it to keep farm animals healthy, bath 
inside and out. Food grade DE is also added to grains in storage because it 
keeps bugs from eating the grain. So if you eat any grains, you're probably 
already eating a litle bit of DE! 


Where to Get It! 


You can buy food grade diatomaceous earth online. Processed-Free America 
sells it through its online store. 


Written by Dee McCaffrey, CDC, who lost 100 pounds and has kept it off for over 
20 years. Far more info, go ta: www. processedfreeamerica.org 
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Summary of Protocols 


The purpose of this list is to have all the protocols in one place, so you don't have to 
be hunting and flipping pages to find something. This information is also available on 
our website www.cdautism.org if you would like to print anything full size. 


Diet 
Permitted Foods List: 
Note: Organic products are better but not required. 

Proteins 

O Beef 1 Fish (small not large size) 

D1 Chicken OD Pork 

OO Eggs O Turkey 
Fruit 


1 Most fresh fruits are permitted (except citrus, mango, pineapple, kiwi 
and limit berries). 

11 Frozen fruit without added cream or sugar. 

1 NO canned fruit (nothing canned ever). 

1 Be careful of dried fruit as it may contain sugar. 


Vegetables 

1 All vegetables are fine!!! 

1 Including French fries, however, not frozen fries or fries from fast food 
chains; these are often coated in flour. 


Nuts 
O Almonds D1 Hazelnuts 
1 Cashews O Walnuts 


O Coconut 


O Amaranth 
1 Buckwheat 
O Corn 
O Miller 
O Quinoa 


1 All beans—EXCEPT soy 
OO Split Pea 
O Garbanzo 


Sweeteners 

1 Stevia (Best choice of all 
sweeteners) 

1 Agave syrup 

1D Honey 


Oooo 


ao 
oO 
ao 
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Rice 
Sorghum 
Tapioca 
Xanthan gum 


Lentils 
Navy 
Peanuts 


1 Maple syrup (without added 
sugar) 
OD Xylitol 


Prohibited Foods List 


Acetic acid (E260) 
Artificial flavoring 
Artificial sweeteners 
Bouillon cubes 

Bread 

Candy 

Cane sugar 
Carrageenan 

Catsup 

Chocolate milk 
Coloring 

Corn flakes 

Corn syrup 

Cow's milk in any form 
(even lactose-free milk 
products) 

Flour tortillas 

Gelatin 

Malt 

Margarine 

Mayoni 
Microwave popcorn 


MsG 
Natural flavoring 

Noodle soup 

Oatmeal (except for Bob's 
Red Mill GF oats) 

Pasta 

Piloncillo (unrefined sugar) 
Children’s nutritional 
shakes 

Play-Doh™ 

Preservatives 

Processed meats (hotdogs, 
ham, sausage, bologna, cold 
cuts) 

Shellfish (full of toxins) 
Sodas 

Soy/fruit beverages 

Soy mille 

Soy sauce 

Sports drinks 

Sugar 

Yeast 
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Preparing Your First One drop CD Batch for the Day 


Start by filling the baby bottle with 8 fl. oz. (237ml) 

of water (distilled or reverse osmosis). 

NO alkaline water! 

Place 1 drop of sodium chlorite solution into ? 


the CLEAN and DRY shot glass 


‘Add 1 drop of acidic activator (hydrochloric 
acid or citric acid) to the shot glass containing % 
the drop of sodium chlorite. The number of 
drops may be higher if you are using a weaker 
activator. See chart on page 94. & 


Now wait the appropriate time for the mixture 
to react (see chart on page 94). You should see | _—_( 
the color change from clear to slightly yellow. 
If there were more drops in the shot glass, the 
color change is more noticeable. You are also 
likely to notice the chlorine-like smell coming 
from the shot glass. Remember, this is NOT 
chlorine, but rather chlorine dioxide. 


After the activation time has passed, pour a 
little water from the baby bottle into the shot 
glass and let it mix. This mostly stops the 
chemical reaction and insures you get most of 
the mixture out in the next step. 


Lastly, pour all of the watered down mixture 
in the shot glass back into the baby bottle, and 
seal it tightly with the cap—don't leave it sitting 
open for any length of time. Think partially used 
soda pop and how you would want to keep that 
closed. 
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Estimated Full Oral CD Doses by Weight 


Use these numbers as a guide only. You may need to go up by as much as 50% ar more over the 
ingleated drops. Read chart as: POUNDS / KILOGRAMS -- DROPS OF CD (per 8f. oz. water) 


Zsn8 | 622817] sas—24 | 1066229 | Wave—aa | 21000587 


2eia8 | esa? | t00ms—28 | tarez29 | qare—aa | 2108 —a7 


29 | saa? | i01se—20 | taaea—20 | 1ve7o—o4 | 212106 a7 


zens—9 | sszaia | i02me—20 | ta0ea—a0 | 17em0—24 | 21177 


Zens _| e6ro—18 | toam7—24 | 1a0iee—a0 | 1770004 | 2117 a7 


sona—9 | e7o—18 | 1087-26 | t4ves—a0 | tvem—o4 | 2180807 


sinaio | eaiie | 1058-25 | 14268—a0 | tomo | 2180807 


sans—10 | aaiie | s06me—25 | 1435-00 | taom2—24 | 21710807 


sas10 | 7omei9 | t07ma—25 | 1446500 | tene2—04 | 2180908 


aans—0 | 7i2—1a | soaae25 | iasies—a0 | tazea—aa | 2100008 


ase | 72319 | t0ama—25 | taeie6—a0 | teams—o4 | 2200038 


aes | 7aas19 | 1ae0—26 | ta7e7—o1 | Teams—a5 | 22170038 


amar | varaia | s1vs0—26 | taame7—ai | tasea—os | 2220130 


sanz | 7sta—20 | 26126 | t49e—a1 | taees—os | 2zano1—aa 


wore2_| 7eas20 | sei | 150me8—o1 | tares—os | 22an02—a6 


aone—12 | 77520 | 11ai62—26 | 8168-21 225110238 


aine—12_| 7aas—20 | 186226 | 6269-21 2260338 


‘ene | 7oa6—20 | te6226 | isao—ai | i90e—as | 22703 a0 


asn0—13 | soae—21 | tvea—ar | isaro—a1 | 1987-25 | 2zanos—ae 


avar—21 | tatee2r | isero—a1 | 1927-25 | 220n04—ae 


eoar—2i | taree—27 | iseri—a2 | i9se—as | 25070429 


aea—a | eaaes21 | 10ee—o7 | iervi—a2 | teaee—a5 | osn0S ao 


area | aane21 | i2ues—27 | isar2—a2 | i98e—a6 | 202n05—a9 


asae—21 | 12066~27 | 1507202 | is6reao6 | 20an06—a9 


aeae22 | 12s6—27 | 1e07s—a2 | 197/906 | 204/069 


sozs14 | a7ia22 | 1286-28 | se173—a2 | 19a00—a8 | 2ssn07—99 


sias15 | aamo—22 | 1286728 | se273—32 | 1900—a8 | 2s6n07—90 


siae15 | aarao—22 | 1266728 | seara—a2 | 2o0—oe | 257/08—99 


saze15 | 901122 | s27ise—28 | sesra—a2 | 2owor—o6 | 2sar08~99 


saize15 | o1ai—2a | s2aise—28 | se575—a9 | 2020208 | 209/08~99 


ss2s16 | 9214223 | s20/60—28 | s6675—aa | 20ae2—06 | 240r09—29 


wa2s16 | saa2a | ia0K8e28 | sar76—aa | 2040306 | 24770099 


s7iae16 | oaaa2a | iaisa—28 | seare—aa | 2050-08 | 242/110—39 


suae—16 | asaa23 | s320—20 | seom7—aa | 206e0—a7 | 24ai10—39 


waar 16 | sera2s | 1e0029 | qom7—as | 207ea—a7 | 24arin 40 


eonr—7_| a7ad—24 | taaet—29 | vireaa | 2owes—ar | 245/140 


e287 | oaad—24 | taset20 | ivareaa | 2oois—a7 | 2aari240 
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Advanced Protocols (After Full Oral Dose is Reached) 


CD Enem: 


| recommend enemas no less frequently than every other day. You can do 
them more often particularly if you see parasites coming out. The ratio is 1-2 
drops chlorine dioxide per 100 mi of filtered warm water. Work your way up 
to 500 mL ~ 1.5 L of water per enema, depending on the size of your child. 
You have the following options for methods of administering the enemas: a 
catheter and syringes, a multipurpose enema/douche bag, empty out a fleet 
enema, or a gravity bag. (note, if your child suffers from constipation you 
can add enemas and baths in before you get to full dose, alternating them on 
opposite days or opposite ends of the day). 


Enemas should be started when the child reaches full oral dose. However, 
if your child suffers from constipation you can add enemas and baths on day 
one (see page 113), before you get to the full oral dose. However, alternate 
them on opposite days or opposite ends of the day. The following chart is an 
approximate amount of water based on the size of the person, and calculated 
the maximum of 2 drops of CD per 100mL of water. 


‘AgelSize ‘Water Volume. Drops of CD 
Child 1/2 Liter (500ml) 10 


‘Adolescent 1 Liter (1,000ml) 20 
Teen/Aduit up to 2 Liters (2,000mI) 40 


CD Baths: 


10-100 Activated drops of CD ina hot (to tolerance) bath with enough water 
to cover the child’s body. Soak for 20 minutes. Apply on alternate enema 
days, unless you are doing daily enemas, in which case apply on opposite ends 
of the day. 


The CD baths can go from as low as 10 drops to as high as 80 to 100 drops; 
it just depends on the person, and the size of your tub. With younger/smaller 
ren we start with ten drops. Since we're doing baths every other day, 
start with ten drops on Monday, 11 drops on Wednesday, and 12 drops on 
Friday. Just keep going up until you get to 20 drops. The bigger and older 
the person is, the more drops they can tolerate. Fill the tub to a level that 
maximizes skin contact. 
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72/2 Protocol 
Give one dose of CD every 2 hours for 72 hours straight, including the middle 
of the night. Apply every possible weekend. 


This involves giving one dose of CD every two hours for 72 hours 
straight—including the middle of the night. Here are some additional 
thoughts and guidelines: 


+ Start protocol when you pick up your child from school on 
Friday. 

+ Give them the last 72/2 dose when you drop them off at school 
‘on Monday. 

+ Avoid giving CD enemas or CD baths during this protocol, 
UNLESS they are dumping parasites, in which case you might 
need to reduce the amount of CD on both the oral and enema 
dose to insure the child doesn't have a Herxheimer reaction, 

+ Why not give hourly doses during the day at the usual dose? It’s 
simply too much if you are doing it all night as well. 

+ Watch for improvements on Tuesday or Wednesday each week. 

+ Ideally, get your spouse or significant other to help with every 
other nightly dose. 


Supplement Dosing Overview 


Supplement] Dose Tine of ay | Emly Stomaeh ES) 
Probioties Teap Betore Bed ES 
‘Omega-3/ With any meal 
Omega-6 1 Tsp 4-3x / day WF 

With any meal 
L-carnitine | 250-1000maiday peeii We 
Upto 2,500mg Upon waking 
ot 2xiday & at bedtime ES 
SHIP 50-200mq | Morning & Evening WE 
Work up to 200- Mornings or 

Temneaane: 250mgiday Mornings & Nights ES 

25-40mg a daylas 

Pycnogenol brig Bt Morning we 
5 200-400mg ; 

L-carnosine | 200-400" Moming & Evening we 

Morning, Noon 
Taurine | 500-1500mg/day eu ES 
DMG Boomalday Morning eS 
TMG s00malday Morning ES 
Morning, Noon 
Enzymes | 1 cap wimeals ae we 


Magnetic 


sors 


Aretroreflective module, with a lensed LED and 
lensed phototransistor to focus the outgoing 
and reflected beams, is the Vishay TCRTS000 
shown in Figure 3-9. 


Figure 3-9 The Vishay TCRT5000 retrorefiective sensor 
The background grid isn millimeters. 


Retroreflective modules that have a greater 
range tend to be physically larger, less com- 
mon, and more expensive. Sharp makes a pop- 
ular series. Some part numbers and distance 
sensing limits are: GP2Y0D805Z0F (5mm to 
Scm), GP2YOD810Z0F (2cm to 10cm), and 
GP2Y0D815ZOF (5mm to 15cm). Figure 3-10 
shows the GP2Y0D810Z0F mounted on a small 
breakout board from Polulo Robotics and Elec- 
tronics. The board is useful, as the pins on the 
sensor are spaced only 1.5mm apart. The size of 
the board is approximately 8mm x 20mm. 


spatial > presence > obj 


Figure 3-10 The Sharp GP2YOD8IOZOF detection sen- 
sor maunted an a board fram Polulo Robotics and Elec- 
tronics. From a photograph by Adatruit industries. 


Each of the detection sensors in this series is 
described in Sharp datasheets as a "Distance 
Measuring Sensor Unit)” but in fact they do not 
measure distance. A single output is normally 
igh and drops to logic-low when a target 
is within range. Sharp refers to this as a “digital” 
output, but in fact it is binary, and should not 
be confused with the digital buffer on a more 
sophisticated proximity sensor that contains an 
analog-to-digital converter and provides a 
numeric output. 


It is important to distinguish the Sharp object- 
presence sensors listed above from the range of 
Sharp proximity sensors described in the entry 
in Chapter 5. The proximity sensors are physi- 
ally larger, and most have an analog output 
that varies with the distance of a target. 


Magnetic Sensors 


Prepackaged magnetic sensing units are sold in 
many configurations for industrial and military 
applications. Although they may be referred to 
as “magnetic sensors” they are outside the 
scope of this Encyclopedia. Here we discuss 
board-mounted components. Almost always, 
they use a reed switch or a Hall-effect sensor as 
their sensing elements. 
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Parasite Protocol 


Please see the complete explanation of the parasite protocol starting on page 
187. Day-to-day protocol charts can be found on page 198. 


Chelation: 


| suggest that when you decide to add clay baths into your child’s protocol 
that you do so on the off days of the CD baths. 


Follow the instructions on the package, and follow septic tank precautions if 
you have one. 


Three days or so later, you can add in the Bio-Chelat. Again, follow the 
instructions on the package, and you can always start slowly and work your 
way up. Since Bio-Chelat™ doesn’t alter the CD, the drops can be added to a 
single dose of CD. In addition, since the drops have no flavor, itis suitable to 
add them to water or any other drink your child might consume throughout 
the day. 


Hyperbarics: 
Option #1: 


‘Two sessions of 60 minutes each for 20 days for a total of 40 sessions 
at L75 ATA. 


Option #2: 


‘One 90-minute session a day for twenty days at 1.75 ATA, 


Instead of thinking outside of the box, get rid of the box. 
~ Deepak Chopra 
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Body Burden 
The Pollution in Newborns 


WwW J came across the following investigation | knew it was the perfect 
precursor to the incredible “Avoiding Autism” by Dr. Anju Usman and Beth 
Hynes. Babies are exposed to toxins in the womb and this study by the Environmental 
Working Group demonstrates so perfectly why the advice in the “Avoiding Autism” 
article is so very crucial to health of our children and for our species as a whole. 


Body Burden — The Pollution in Newborns 


A benchmark invest in of industrial chemicals, pollutants and pesti- 
cides in umbilical cord blood. 


Environmental Working Group, July 14, 2005 


Summary. In the month leading up to a baby's birth, the umbilical cord 
pulses with the equivalent of at least 300 quarts of blood each day, 
pumped back and forth from the nutrient- and oxygen-rich placenta to 
the rapidly growing child cradled in a sac of amniotic fluid. This cord is 
a lifeline between mother and baby, bearing nutrients that sustain life 
and propel growth. 


Not long ago scientists thought that the placenta shielded cord blood — 
and the developing baby — from most chemicals and pollutants in the 
environment. But now we know that at this critical time when organs, 
vessels, membranes and systems are knit together from single cells to 
finished form in a span of weeks, the umbilical cord carries not only the 
building blocks of life, but also a steady stream of industrial chemicals, 
pollutants and pesticides that cross the placenta as readily as residues 
from cigarettes and alcohol. This is the human “body burden” — the 
pollution in people that permeates everyone in the world, including 
babies in the womb. 


Ina study spearheaded by the Environmental Working Group (EWG) in 
collaboration with Commonweal, researchers at two major laboratories 
found an average of 200 industrial chemicals and pollutants in umbilical 
cord blood from 10 babies born in August and September of 2004 in 
U.S. hospitals. Tests revealed a total of 287 chemicals in the group. The 
umbilical cord blood of these 10 children, collected by Red Cross after 
the cord was cut, harbored pesticides, consumer product ingredients, 
and wastes from burning coal, gasoline, and garbage. 


500 Appendix 13 


This study represents the first reported cord blood tests for 261 of the 
targeted chemicals and the first reported detections in cord blood for 
209 compounds. Among them are eight perfluorochemicals used as 
stain and oil repellants in fast food packaging, clothes and textiles — 
including the Teflon chemical PFOA, recently characterized as a likely 
human carcinogen by the EPA's Science Advisory Board — dozens of 


Chemicals and pollutants detected in human umbilical cord blood 


i Mercury (Hg) - ested for 1. found 
Pollutant from coal-fired power plants, mercury-containing products, and cer 
industrial processes. Accumulates in seafood, Harms brain develapment and 
function, 


= Polyaromatic hydrocarhons (PAHS) - tested for 18, found 9 
Pollutants from baring gasoline and parbnge. Linked to cancer. Accumulates ia 
fod chain, 


$EE_Polybrominated dibenzodioxins and furans (PRDD/F)- tested for 12, found 7 

Contarsinants in beominated flame retardants, Pollutants and byproducts from plastic 
prvduetion and incineration, Accumulate in food chain, Toxie to developing, 
‘endocrine (hormone) system 


Perfluorinated chemicals (PFCs) - tested for 12, found 9 
Active ingredients or breakdown products of Teflon, Scotehgard, fabric und carpet 
protectors, food Wrap costings, Global contaminants. Accumulate in the environment 
snd the food chain, Linked to eancer, birt defeets, and more, 


[= Polychlorinated dibenzodioxins and furans (PCDD/F) - tested for 17, found 11 

Pollotams, by-produets of PVC produetion, industria] bleaching, and ineineration, 
Cause cancer in humans. Persist For decades in the environment, Very toxie to 
developing endoerine (hormone) system, 


Organochlorine pesticides (OCs) - tested for 28, found 21 


[3 DDT, chlordane and other pesticides. Largely banned in the U.S. Persist for decades 
inthe environment, Accumulate up the food chain, to msn, Cause cacse and 
numerous reproductive effects, 

[= rolybrominated diphenyl cthers (PBDEs) - tested for 46, found 32 
Flame retardant in fritaze foam, computer, and televisions, Accumulates in the 
fovxt chain and human wssaes, Adversely affects brain development and the thyroid 

GEl_ Polychlorinated Naphthatenes (PCNs)-tested for 70, found $0 


‘Wood preservatives, varnishes, machine lubrieating oils, waste i 
Commo PCB contaminant, Contamsinate the food chain, Cause liver and kisine 
damage, 


Polychlorinated biphenyls (PCBs) - tested for 209, found 147 
Industrial insulators and lubricants. Banned in the U.S. in 1976, Persist for decades 
in the environment. Accumulate up the food chain, to man. Cause eancet and 
‘nervous system problems: 
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widely used brominated flame retardants and their toxic by-products; 
and numerous pesticides. 


Of the 287 chemicals we detected in umbilical cord blood, we know that 
180 cause cancer in humans or animals, 217 are toxic to the brain and 
nervous system, and 208 cause birth defects or abnormal development 
in animal tests. The dangers of pre- or post-natal exposure to this 
complex mixture of carcinogens, developmental toxins and neurotoxins 
have never been studied. 


Chemical exposures in the womb or during infancy can be dramatically 
more harmful than exposures later in life. Substantial scientific evidence 
demonstrates that children face amplified risks from their body burden 
of pollution; the findings are particularly strong for many of the chemicals 
found in this study, including mercury, PCBs and dioxins. Children’s 
vulnerability derives from both rapid development and incomplete 
defense systems: 


+ A developing child's chemical exposures are greater pound-for- 
pound than those of adults. 


+ An immature, porous blood-brain barrier allows greater chemical 
exposures to the developing brain. 


+ Children have lower levels of some chemical-binding proteins, 
allowing more of a chemical to reach “target organs.” 


+ Ababy’s organs and systems are rapidly developing, and thus are 
often more vulnerable to damage from chemical exposure. 


+ Systems that detoxify and excrete industrial chemicals are not fully 
developed 


+ The longer future life span of a child compared to an adult allows 
more time for adverse effects to arise. 


The 10 children in this study were chosen randomly, from among 2004's 
summer season of live births from mothers in Red Cross’ volunteer, 
national cord blood collection program. They were not chosen because 
their parents work in the chemical industry or because they were known 
to bear problems from chemical exposures in the womb. Nevertheless, 
each baby was born polluted with a broad array of contaminants. 


U.S. industries manufacture and import approximately 75,000 
chemicals, 3,000 of them at over a million pounds per year. Health 
officials do not know how many of these chemicals pollute fetal blood 
and what the health consequences of in utero exposures may be. 


Had we tested for a broader array of chemicals, we would almost 
certainly have detected far more than 287. But testing umbilical cord 
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blood for industrial chemicals is technically challenging. Chemical 
manufacturers are not required to divulge to the public or government 
health officials methods to detect their chemicals in humans. Few labs 
are equipped with the machines and expertise to run the tests or the 
funding to develop the methods. Laboratories have yet to develop 
methods to test human tissues for the vast majority of chemicals on the 
market, and the few tests that labs are able to conduct are expensive. 
Laboratory costs for the cord blood analyses reported here were 
$10,000 per sample. 


‘A developing baby depends on adults for protection, nutrition, and, 
ultimately, survival. As a society we have a responsibility to ensure that 
babies do not enter this world pre-polluted, with 200 industrial chemicals 
in their blood. Decades-old bans on a handful of chemicals like PCBs, 
lead gas additives, DDT and other pesticides have led to significant 
declines in people's blood levels of these pollutants. But good news like 
this is hard to find for other chemicals. 


The Toxic Substances Control Act, the 1976 federal law meant to 
ensure the safety of commercial chemicals, essentially deemed 
63,000 existing chemicals “safe as used” the day the law was passed, 
through mandated, en masse approval for use with no safety scrutiny. 
It forces the government to approve new chemicals within 90 days of 
a company's application at an average pace of seven per day. It has 
not been improved for nearly 30 years—longer than any other major 
environmental or public health statute—and does nothing to reduce or 
ensure the safety of exposure to pollution in the womb. 


Because the Toxic Substances Control Act fails to mandate safety 
studies, the government has initiated a number of voluntary programs 
to gather more information about chemicals, most notably the high 
production volume (HPV) chemical screening program. But these 
efforts have been largely ineffective at reducing human exposures to 
chemicals. They are no substitute for a clear statutory requirement to 
protect children from the toxic effects of chemical exposure. 


In light of the findings in this study and a substantial body of supporting 
science on the toxicity of early life exposures to industrial chemicals, 
we strongly urge that federal laws and policies be reformed to ensure 
that children are protected from chemicals, and that to the maximum 
extent possible, exposures to industrial chemicals before birth be 
eliminated. The sooner society takes action, the sooner we can reduce 
or end pollution in the womb. 


Copyright © Environmental Working Group, www.ewg org. Reprinted with permission 
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“Tests show 247 industrial chemicals fn 10 newbora bales 


Pollutants include consumer product ingredioms, banned industrial chemicals and pesticides, 
cand waste byproducts 
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Source: Environmental Working Group analysis of tests of 10 umbilieal cord blood samples 
conducted by AXYS Analytical Services (Sydney, BC) and Flett Research Ltd. (Winnipeg. MB), 


The ultimate ignorance is the rejection of something you 
know nothing about and refuse to investigate. 


~ Dr.Wayne Dyer 
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Avoiding Autism 


By Anju Usman, MD and Beth C. Hynes JD, MBA 


Whether or not you are the parent of a special needs child, please pay special 
attention to this article, we do believe autism is totally preventable and that 
starts with pregnancy. Here's to your health! 


Every parent's dream is to have a healthy baby, Over the past ten 
years of working with families devastated by the diagnosis of autism, 
we, along with our patients’ parents, have realized one key fact: if 
we knew then what we know now, the diagnosis of the disease called 
autism could very well have been prevented. Considering that the 
cause(s) of the current epidemic of autism spectrum disorders (ASD) 
are unknown (and scant research dollars are being dedicated to finding 
the most likely culprits), there is no surefire method to avoid having 
your infant regress into this devastating state. That sad fact, however, 
does not mean that there are no proactive steps parents can take to 
try to mitigate the chances of this disease overtaking their baby and 
stealing their hopes and dreams for that child's life. 


Having reviewed the medical and laboratory test results of thousands 
of children afflicted with ASD, clinicians using a biomedical approach 
to treating autism see repeating patterns in these children— 
impaired methylation and detoxification, mitochondrial dysfunction, 
gastrointestinal distress, and immune dysregulation compounded by 
chronic viral, fungal and bacterial infections and a burden of heavy 
metals and other toxins. From this perspective, we have come to view 
autism as a multifactorial medical disease that can be treated and 
overcome and, therefore, possibly avoided. Coming straight from the 
heart, this advice is for thinking, active parents and prospective parents 
who want to know what they can do to reduce the risk that their infant will 
regress into autism. In our practice, we have helped many parents go 
on to have healthy children even though they already have a child with 
autism, Considering that the information provided here is not harmful 
but, to the contrary, is helpful in promoting improved maternal and 
fetal health, there is little downside to pursuing these strategies while 
simultaneously minimizing the risk of having your child slip away into 
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the autism epidemic, According to the latest statistics out of California, 
that epidemic continues to grow from the already shocking 1 out of 150 
children. The aim here is to provide an analytical construct that will 
guide parents in making choices for both their own health and that of 
their baby before, during, and after pregnancy. 


Think of the analogy of the straw that broke the camel's back. Human 
beings start life as infants with some “straws' in their saddle — these are 
predispositions to be harmed by certain chemicals, to be susceptible 
to certain diseases, or to have a less robust detoxification capacity. 
The goal of gestating and parenting an infant in today’s toxic world is 
to not accumulate additional straws during your baby's gestation and 
infancy, thereby avoiding adding the straw that breaks the camel's back. 
Autism seems to occur when the infant's body is so overwhelmed by 
toxins, viruses and/or pathogenic elements that typical development is 
arrested and/or derailed. 


Children diagnosed with autism have a variety of medical problems, 
the underpinnings of which can be ameliorated and/or healed. The 
symptoms associated with autism occur through malfunctioning of the 
infant immune, gastrointestinal, and central nervous systems ("Infant 
Body Systems") — all of which, when functioning properly, contribute 
to the healthy development of the brain. Viruses, heavy metals, 
toxins, fungi, and bacteria together form a weapon that disrupts the 
development of, and harms the functioning of, these critical Infant Body 
Systems. As researchers have recently found, “a single toxicant may 
promote different immune-associated diseases that are dependent 
upon the specific window of early life exposure, the gender of the 
exposed offspring, and the genetic background of the offspring.” Our 
construct will consist of actions you can take to promote the healthy 
development of these Infant Body Systems as well as steps you can 
take to avoid upsetting the healthy development of thase systems. 


Due to the symbiotic relationship between a mother and her developing 
fetus, care must be taken by the mom before, during, and after 
pregnancy (if nursing) to both avoid exposure to harmful elements 
and to promote optimal maternal detoxification processes so that the 
host body remains as clean an environment as possible within which 
vigorous infant development can unfold. 


Only recently have researchers begun closely linking environmental 
factors with developmental delays in our children, A host of studies 
show how environmental factors including diet, nutrition, air quality, 
clean water, heavy metals (e.g., mercury, lead, arsenic, and aluminum), 
xenobiotics (e.g., chemicals, pesticides, plasticizers, and perchlorates), 
pharmaceuticals, and vaccinations can change your child's inborn risk 
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Reed Switch 


‘A reed switch is a magnetically activated 
mechanical switch. It consists of two metallic 
contacts in a small enclosure that is usually a 
glass capsule, The contacts are magnetic, and 
move in response to a magnetic field. A perma- 
nent magnet is used to activate the switch. Two 
reed switches are shown in Figure 3-11. 


Figure 3-11 Two SPST reed switches. Although the con: 
tacts may seem to be touching, in fact they are separated 
byatiny gap, and these switches are the nermally open 
type. The background grid isn millimeters. 


A reed switch exhibits a small amount of hyste- 
resis, because the magnetic field strength 
required to overcome the mechanical resist- 
ance of the springy contacts is greater than the 
field strength required to keep them closed. 


Very small electromagnetic relays that only 
switch a very low current may use a coil- 
activated reed switch. For purposes of this 
Encyclopedia, such a component is considered 
to bea relay, not a sensor. For more information 
about relays, see the entry in Volume 1. 


‘The most common everyday application for a 
reed switch is in an alarm system that is tri 
gered by an intruder entering a building. A 
magnet in a sealed plastic enclosure is attached 
to a door or window, while a reed switch, in 
another sealed plastic enclosure, is attached to 


4 Switch 


the frame, very close to the magnet. Typical 
components of this type are shown in 
Figure 3-12. A diagram illustrating the mode of 
operation appears in Figure 3-13. 


Figure 3-12 A typical alarm sensor to detect the opening 
‘of adoor or window. The nearer madule cantains a mag- 
ret, while the module behind it contains a reed switch. 


Figure 3-13 The dashed white lines suggest the mag: 
netic field that closes the contacts ofa reed switch, 


So long as the alarmed door or window 
remains closed, the magnet activates the reed 
switch. If the door or window is opened, the 
magnet moves away from the reed switch, and 
its contacts relax. Usually in this application the 
reed switch is the normally open type, and is 
held in its closed state by the magnet. This 
allows multiple switches to be wired in series, 
completing a circuit. If a single switch opens, 
the circuit is broken, and an alarm is triggered. 


Reed Switch Variants 


Most reed switches are SPST, either normally 
open or normally closed, although normally 
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This area of study is called epigenetics — the molecular changes in 
‘our DNA caused by environmental factors. In 2003, researchers at 
Duke University found that rats carrying a gene for obesity, cancer, and 
diabetes, when fed a diet high in B-12, folic acid, choline, and methyl- 
rich foods, had babies that were born healthy and with a reduced risk of 
developing disease; this research revealed that these genetic changes 
persisted across four generations. Thus, when you eat a healthy diet, 
you are affecting not only the health of your own kids but also your 
grandchildren, great-grandchildren, and great-great-grandchildren. 
Researchers are finding hundreds of unwanted and potentially toxic 
chemicals in the placenta and cord blood of newborns as well as in 
mothers’ breast milk. That means that today's children are born with 
a toxic burden their infant bodies must contend with from day one. 
Studies out of China, Texas, and San Francisco show that if pregnant 
mothers can decrease their exposure to pollutants during gestation, 
they can improve health outcomes for their children — especially 
brain development. Compounds such as mercury, cadmium, nickel, 
trichloroethylene, and vinyl chloride in the air around the birth residence 
caused a 50% increase in the risk of autism. 


Numerous studies document the neurotoxic effects of heavy metals — 
especially dangerous to the developing brain is mercury. Yet, many 
of our children are actually injected with the mercury-containing 
preservative thimerosal in their infant vaccines. Although thimerosal 
has been removed from, or perhaps phased out of, many childhood 
vaccines, it still remains in the flu vaccine, which is recommended 
by health authorities to pregnant woman as well as to children under 
age 2. Mercury exposure is such a concem that pregnant women are 
advised by health authorities not to eat fish because of potential mercury 
contamination — yet injecting thimerosal is much more damaging than 
the exposure suffered through eating it in food such as fish. Vaccines 
also contain aluminum, formaldehyde, and other toxic elements as well 
as live viruses that, in a subset of infant bodies, can trigger harmful 
impacts. Heavy metals have also been identified as factors affecting 
human fertility. Diagnosing and reducing the heavy metal burden of 
women improved the spontaneous conception chances of infertile 
women. Women with many dental amalgams had a higher incidence 
of miscarriages and a higher excretion of mercury when given the 
chelating agent DMPS (2,3-Dimercapto-1-propanesulfonic acid). It has 
been found that DMPS was a useful and complementary method to 
increase fertility compared to hormone therapy in infertile women. 


With all this evidence mounting against various environmental 
toxins affecting human development, an international assembly of 
scientists, doctors, toxicologists, and researchers sponsored by the 
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World Health Organization (WHO), the European Environmental 
Agency, the Centers for Disease Control (CDC), and the National 
Institutes of Health (NIH) gathered in the Faroe Islands in May 2006. 
Their consensus statement was clear: “it is time to take action, now.” 
As expected, the declaration highlighted the results of hundreds of 
studies that showed early fetal exposures to toxic substances, even at 
low concentrations, can cause health problems later in life. There are a 
growing number of chemicals that affect the developing embryo, fetus, 
and infant, including the pesticides DDT, atrazine, methoxychlor, and 
vinclozolin. Also suspect are plastics and the epoxy resin bisphenol 
A, plasticizing agents called phthalates, mercury, lead, arsenic, 
organotoxins, polychlorinated biphenols (PCBs), carbon monoxide, 
‘smog, tobacco smoke, and alcohol. The health problems caused by 
exposure to these substances comprise a dizzying array of maladies 
including cancer, diabetes, obesity, asthma, and allergies as well 
as reproductive, cardiovascular, neurological, cognitive, endocrine, 
psychological, immune, and respiratory troubles. 


Other troubling chemicals include parabens (found in various creams 
and lotions) and triclosan, an antibacterial agent (found in toothpaste, 
soaps, and cleaning products). Although parabens and triclosan are 
not ingested, absorbing chemicals through the skin can be far more 
dangerous than swallowing because transdermal applications are 
transported directly to the bloodstream. Most women absorb 51 
pounds of chemicals every year from their cosmetics alone! Additional 
exposures emanate from daily lifestyle, profession, and locale. For 
those elements for which we have the flexibility to make choices, we 
must choose wisely. After all, itis not just our health that is being affected 
by our choices but the health of our children and progeny as well. 


Basic principles to guide you in decision making surrounding pregnancy 
are as follows: 


1. You are what you eat (and drink); therefore, make healthy choices 
in what you consume. 

2. Skin is the largest organ in the body, so be very careful of what you 
rub into yours and your baby's. 

3. Think beyond “green’: What is “green” for the environment is not 
always what is healthiest for the body, but what is healthiest for the 
body is always “green.” 


‘Suggestions to promote these principles are below and are cumulative, 
so keep following each set of suggestions as this journey into and 
through parenthood progresses. 
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Pre-Pregnancy 


While planning a pregnancy, we recommend that you clean up any 
toxicity in your body and begin to follow a more organic, healthy 
lifestyle. Remember, the less toxic you are, the better for you and your 
future baby. Undertake a sequential detoxification program that targets 
the liver and colon; this type of program can take six months or more 
and should not be done while pregnant. In a careful manner, with an 
‘experienced dentist, remove amalgams from your teeth, which also can 
take six months or more. Take the time now to find organic, nontoxic 
makeup, hair, and body products that you like and start integrating them 
into your daily life. Ask your doctor to run some tests to determine any 
additional specific supplementation you may need to optimize levels 
within your body; a good place to start is your copper-zinc ratio (1:1 is 
the ideal ratio), thyroid function (TSH, free t3, free t4), Vitamin D 25 OH, 
vitamin A levels, and total cholesterol (low cholesterol is associated 
with preterm births). 


Next, clean up your living and working environment. Remove all harmful 
chemical cleaning agents from your cleaning routine at home and at the 
office, and instead use cleaning products labeled level 1 by the EPA. 
Do not forget to include products for dishwashing and clothing detergent 
in your cleanup, and avoid toxic dry cleaning as much as possible. 
Finally, improve your nutrition with a targeted vitamin supplementation 
program to include omega-3 essential fatty acids, sublingual methyl 
B-12, folinic acid, vitamin D3, zinc, and antioxidants. 


DO DON’T 


+ Eat organic, hormone-free food [+ Consume fish or foods wiMSG 


+ Drink organic green tea, filtered or food dyes 
water, and antioxidant rich 
organic juices 


+ Use stevia, raw organic honey, 


+ Drink soda, carbonated 
beverages, or alcohol 


and xylitol as sweeteners + Consume artificial sweeteners 
* Go for walks and get some + Be exposed to lawn chemicals 
sunshine daily or second-hand smoke 


+ Use aluminum-free natural 
deodorant in them 

+ Use natural hennas to color your 
hair + Use chemical dyes, perms, or 


+ Use cast iron, glass, or stainless | ther such hair treatments 
steel cookware 


+ Use moisturizers or makeup 
with chemicals or parabens 


+ Cook with pans that are non- 
* Use chemical-free cleaning stick, Teflon coated, or made 
products in your home from aluminum 
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We would suggest that you find a holistic health practice to guide you 
during pregnancy and delivery as there are many decisions to make 
during this time. In general, we suggest avoiding medications to the 
extent possible as well as acetaminophen because it hinders normal 
detoxification. Add zinc, calcium, essential fatty acids, and prenatal 
vitamins to your daily supplement intake. Discontinue use of nail polish 
and any makeup (including lipstick) products that contain parabens and 
other toxins. Use fluoride-free toothpaste as fluoride interferes with 
iodine metabolism, which is an issue implicated in mental retardation 
worldwide. 


DO DON’T 


management techniques, such 
as massages and listening to 
soothing music 

+ Eat fermented foods, cook 
with organic coconut oil, use 


+ Yoga and engage in stress . 


Start a rigorous exercise 
program, sit ina sauna, or get 
dental work (not even cleanings) 


Wait until labor arrives to 
discuss NOT subjecting your 


organic raw apple cider as salad | _baby to vaccines 
dressing, and consume healthy 
fats, and cold pressed oil . 

+ Use natural remedies for pain, 
like homeopathic arnica 

+ Drink kombucha and take 
probiotics 

+ Run anair filter in your bedroom 
while you sleep 


Talk on a cell phone without a 
headset or work with a laptop 
‘computer on your lap 


+ Undertake a major home 
renovation (concern is for lead 
and other toxins in the process) 


Infancy 


Healthy babies grow and develop perfectly when nature's biochemical 
processes are allowed to unfold uninterrupted. The sequence of events 
that leads an infant to begin to focus, develop gross and fine motor 
skills, begin to speak and to walk is based on a delicate but deliberate 
series of biochemical processes and chemical interactions. A primary 
goal of raising a healthy infant is to avoid disruption or interference 
with this sequence. Babies look fragile and, indeed, they are. An 
infant's immune system, which guards the rest of the body from harm, 
is immature and requires time and peace to mature maximally. Thus, 
help your infant progress uninterrupted by avoiding the introduction of 
toxins, viruses, allergens, and heavy metals into their bodies. In light 
of this, parents should consider an alternate, gradual vaccine schedule 
of carefully thought through vaccines for infants being raised in the 
domestic United States. 
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If you have amalgams and plan to nurse, you should send a sample 
of your breast milk to a specialty lab for heavy metal testing. If you 
plan to use formula, use those containing DHA (docosahexanenoic 
acid), an essential fatty acid critical to the healthy development of the 
central nervous system. In terms of food introduction, organic baby 
food is recommended. Start feeding with organic rice cereal. Avoid the 
introduction of soy, gluten, or dairy until after the baby turns two years 
of age. After one year, supplement your baby with a quarter teaspoon 
of mercury-free cod liver oil — again this is to increase the supply of 
omega-3 essential fatty acids. 


In terms of coping with baby colds and other minor illnesses, unless 
symptoms are severe, less is more when it comes to treatment. For 
fevers over 101°F, treat with a tepid bath or dye-free ibuprofen. Fevers, 
while nerve-wracking for new parents, are the response of a healthy 
immune system reacting to kill off an invading virus through heat. 
Antibiotics should be used sparingly and only for confirmed bacterial 
infections (they do not alleviate viral infections). Remember, antibiotic 
use disrupts the normal gut flora and promotes the overgrowth of yeast 
and resistant organisms that, in turn, harms the optimal functioning of 
the immune system. Bear in mind that most ear infections are viral and 
are thus not treatable with antibiotics. Use homeopathic ear drops to 
help ease the symptoms associated with ear infections and colds. 


DO DON'T 


+ Invest in an organic baby . 
matress, bedding and 
pillows and hypo allergenic 
encasements 


Clothe the baby in pajamas 
soaked in flame retardant 
chemicals 


+ Use soaps, moisturizers, 
or other “baby products” on 
the skin as such items are 
unnecessary and contain 
harmful chemicals 


+ Bathe your baby daily in warm 
filtered water — enjoy the 
experience with your baby! 

+ Feed with all organic and 


hormone-free products + Introduce dairy, gluten, or soy 


+ Feed baby using glass bottles 


+ Wearing a hat, walk outside with 
baby to get 10 to 15 minutes of 
sunshine daily 

+ Run an air filter in baby's 
bedroom 


until after age two 


Feed baby from plastic bottles 
‘or cups or microwave formula or 
breast milk 

Take your infant into polluted 
and heavily populated locations 


Source: hip !yww.autismfle,comwhatis-autism-factsfautism-symptomsiavoiding-autism 


Reprinted with permission. 


When a truth is not given complete freedom, 
freedom is not complete. 


~ Vaclav Havel 
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RECIPES 
Cooking with Ana 


Since 2001 Ana Bobadilla has been a chef to Kerri Rivera and family, including 
her son Patrick, who has a diagnosis of regressive autism. Over the years she 
has mastered gluten-free/casein-free to vegan to Atkins and back again. Her 
dishes always impress and nourish guests and family members alike. 

One of the most important pieces to the autism recovery puzzle is diet. As 
Kerri always says, if your goal is to heal autism, you must do The Diet. However, 
that is easier said than done for many families whose children have self-limited 
to grilled cheese sandwiches and pizza. 

A book is in the works containing dozens of delicious recipes using natural 
ingredients that can be found in almost any country. Ana has found unique 
ways to make foods that children on the spectrum can enjoy, without breaking 
the bank. The ingredients that she uses can be found all over the world, not 
just the US. They are presented here in a very approachable way so even if 
you are not a whiz in the kitchen your child will be able to enjoy what you 


serve. 


The following is a sneak peek from Cooking with Ana: 
Almond Milk 
Amount: I L of milk 


+ 1 cup of peeled almonds 
+ 1 Loffiltered water 
to taste 


+ Stevia and va 


Preparation: 

To a saucepot of boiling water, add the almonds. Remove immediately from 
the fire. Allow almonds to soak for 20 minutes, remove them from water, 
rinse, dry and blend in a liter of filtered water. Strain the liquid through a 
piece of cheesecloth until all the water is drained. Add agave syrup and vanilla 
to taste. 
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Vegetable Fries 


3Se 


igs 


Ingredients: 


+ 3 Carrots 
+L cup oil 
+ Sale to taste 


Preparation: 


Peel the carrots and then form very thin slices using the same peeler. Pat dry 


with a piece of cloth to remove any excess water. Heat oil in a frying pan and 
fry carrots. When frying be very careful because they can quickly burn, be 
sure to have a slotted spoon ready to remove from the oil as soon as they are 
crisp. After frying carrots remove excess oil with a paper towel and sprinkle 
some salt on top of them. 


You can also do this recipe with banana, potato, sweet potato or jackfruit. This 
is a great alternative to French fries or if you want to eat something crunchy. 
Beef or Chicken Tostadas 


4 Ser 


igs 


Ingredients: 


+ 5S ground chicken breasts or beef filets 
+ 1 cup of rice or coconut flour 

+ 1 cup of oil 

+ Salt and pepper to taste 


Preparation: 


In.a mixing bowl, combine the ground chicken, flour, salt, pepper and a / cup 
of oi, Mix thoroughly until a uniform dough results. Take approximately 2 
tablespoons of the dough and form small tortillas/flat circles with it. They 
should be approximately “4 inch think and 4 inches wide. Fry in a layer of oil 
until cooked through, and a thin outer crust forms, or bake in a 350 degree 


coven, after pouring a dollop of oil on top of each tostada. 
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Coconut Bars 


15-18 bars 
Ingredients: 


+ 3 cups of vegan butter (or coconut oil) 
+L cup of honey 

+L cup of raisins 

+ 1 cup of grated of coconut 

+L cup of walnuts 

+ 1 tablespoon of salt 


Preparation: 


Ina saucepan over medium heat combine honey and butter, stirring constantly 
for a few minutes until thoroughly combined, Remove from heat and mix with 
all other ingredients. Spread in a 9x13 casserole pan without oil, and bake in 
an 350°F (180°C) over for 25 minutes until it sets, Allow to cool,and cut into 
small rectangles. 


Get people back into the kitchen 
and combat the trend toward 
processed food and fast food. 


~ Andrew Weil 


Hall-Etfect Sensor 


open variants are more common, Some 
switches are SPDT, although this variant is rela- 


tively rare. An example of a SPDT reed switch is 
shown in Figure 3-14, 


Figure 3-14 A SPDT reed switch. The background grid is 
in millimeters. 


‘The physical size of a reed switch tends to vary 
roughly in proportion with its current-switching 
capability. 

Reed switches are most commonly supplied 
with axial leads. A minority are available for 
surface-mount applications. 


Some reed switches are packaged in a plastic 
pod to provide physical protection for the glass 
capsule. 


Reed Switch Values 
The datasheet for a reed switct 
tain the following values: 


is likely to con- 


Pull-in: The minimum magnetic field strength 
required to activate the switch, often measured 
in ampere-turns. 


Drop-out: The maximum magnetic field 
strength that allows the contacts of the switch 
to relax, often measured in ampere-turns. Pull- 
in will be a higher value than drop-out. 


Maximum switching current: While a few indus- 
trial reed switches can switch as much as 100A, 
they are uncommon and expensive. A common 


spatial > presence > object presence 
value for a reed switch about 15mm lang is 
500mA. 


Maximum carry current: If specified, it will be 
igher than the switching current. 


Maximum switched power: Because a reed 
switch can be used with alternating current, its 
switching capability may be expressed in watts, 
or as VA (volts multiplied by amps). 10VA is a 
common value. 


‘Maximum voltage: While reed switches are most 
often used with low voltages, some are rated to 
switch up to 200V. 


How to Use a Reed Switch 

While an optical object presence sensor may be 
supplied in a single package containing a light 
emitter and a light detector, a reed switch 
always requires an activating magnet that is 
mounted separately. For reliable operation, the 
maximum distance between the switch and the 
magnet is usually restricted to a few millime- 
ters. 


The orientation of a magnet that activates a 
reed switch is not crucial, but will affect the 
sensitivity of the switch. A manufacturer's data- 
sheet should be consulted for information 
about optimal magnetic polarity. 


Asin other mechanical switches, the contacts in 
reed switches vibrate very briefly when open- 
ing or closing. This is known as contact bounce, 
and can be misintepreted as a series of separate 
signals by digital logic or a microcontroller. 
Debouncing with hardware designed for that 
purpose, or software (in a microcontroller), may 
be necessary. See the entry on switches in Vol- 
ume 1. 


Hall-Effect Sensor 


A Hall-effect sensor responds to a magnetic 
field by generating a small voltage, usually 
ied by a transistor included in the pack- 
age with the sensor. 
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Appendix 16 
Websites We Like 


General: 


Our website cont: 
research, videos, forums, etc. 
www.cdautism.org 


ing the latest information about our 


& The Spanish version of our website. 
wwwautisme2.com 


 Curando el Autismo is a Puerto Rican organization created 
by three mothers of children recovered from autism who 
have an interest in helping the community learn about 
their oJ 


www.curandoelautismo.com 


& Defeating Autism - Non-Profit Organization in Venezuela 
that 
www-fundacionvenciendoelautismo.blogspotmx. 


izes Kerri’s Protocols. 


& Autism Research Institute originally founded by Dr. 
Bernard Rimland. Home of the ATEC survey. 
‘wwwautism.com 


Our public Facebook page. 
www acebook.com/groups/AutismCD 


CD Health: Facebook group dedicated to using the 
protocol for non-autism related issues. 
wwwacebook.com/groups/mojoother 
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Diet: 


Website forcused on the Specific Carbohydrate Diet™ 
(SCD) in English. 
www.pecanbread.com 


Top 10 FAQs about the Specific Carbohydrate Diet (SCD) in 
Spanish. 
‘www.pecanbread.com/pandenuez/ | Opreguntas.html 


Autism Network for Dietary Intervention 
‘www.autismndi.com 


@ Gluten Free/Casein Free Diet Intervention website. 
wwweicfdiet.com 


intestinal health through diet with the Specific 
Carbohydrate Diet™ 
‘www.breakingtheviciouscycle.info 


Resource for naturally healing digestive disease, reducing 
stress and living a long, healthy life. 
wwwscdlifestyle.com 


The Feingold® Association is a non-profit organization 
helping provide dietary management and generate pul 
awareness of the role food and synthetic additives play in 
behavior, learning and health problems. 
wwwfeingold.org 


ic 


Chlorine Dioxide (CD): 
& Jim Humble’s MMS (CD) website. 


wwwijimhumble.org 


Another popular site about MMS (CD). 
www.mmswikiorg 


& Spanish site selling various books about MMS (CD) 
‘www.voedia.com 
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& Andreas Kalcker’s website (in English) 
www.andreaskalcker.com 


CD research site by Andreas Kalcker (in Spanish) 
www.medicasalud.com 


A huge public health forum with thousands of discussions 
about every imaginable health topic. Also includes surveys 
about various topics. 


www.curezone.com 


Good sources of CD and other related supplies. 
www.wps4sale.com 
www.mightyguts.com 


The latest information on CDH. 
heep://www.mmsinfo.org/infosheets/infosheet_cdh.pdf 


Hyperbarics: 


Good source of information about Hyperbaric Oxygen 
Therapy. 
wwwhyperbaric-oxygen-info.com 


Other Valuable Source of Information: 


& PubMed comprises of more than 23 n citations for 
biomedical literature from MEDLINE, life science journals, 
and online books. 


www.ncbi.nlm.nih.gov/pubmed 


Parents Helping Parents - P.A.N.D.A.S. Networl 
Resource Library of Medical Studies and Case Histories 
www.pandasnetwork.org 


& International OCD Foundation 
www.ocfoundation.org/PANDAS/ 
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Videos / Audio of Interest: 
Video Testimonials. This link contains various health 


testimonials related to MMS, many are about autism. 
www.youtube.com/mmstestimonials 


& AutismOne 2012: 38 Children Recovered in 20 months 
with MMS by Kerri Rivera 
‘wwwautismone.org/content/38-children-recovered-20-months- 
mms-0 


Video about Kerri, produced by Dani 
‘www.youtube.com/watch!v=HnCiXSbll-Y 


Bender in 2012. 


& Kerri speaks in Bulgaria, 2013 (Voice in English, slides in 
Bulgarian) 
www.youtube.com/watch!v=4OxNGIEWzds 


® Kerri on the Robert Scott Bell Show 
heep://www.youtube.com/watch?v=-lz}hrSVhxE 


& MMS Autism Webinars 
hetp:/www.ustream.tv/channel/mms-autism-webinar%20 


® Patrick Timpone interviews Kerri Rivera (8/15/2013) 
hetp://oneradionetwork.com/health/kerri-rivera-healing-the- 
symptoms-known-as-autism-children-are-not-born-with-autism-so- 
they-should-not-die-with-it-august-15-2013/ 


& Patrick Timpone interviews Kerri Rivera (11/18/2013) 
hetp://oneradionetwork.com/health/kerri-rivera-encore-interview- 
healing-the-symptoms-known-as-autism-using-parasite-protocols- 
and-chlorine-dioxide-november-18-2013/ 


Bulletproof Executive Radio with Dave Asprey (11/27/2013) 
heep:/iwww.youtube.com/watchtv=R7s7IYj25Cs 


Appendix 17 


Direct Help from Kerri Rivera 


Consults 


Since the release of the first edition of the book, we have found that when 
families decide to implement The Protocol some do not need further 
assistance beyond reading the information in this book, using our online 
support groups, YouTube videos, and attending conferences. However, there 
are some of us who need a more personalized approach and support to 
navigate the information, or would like ideas on dosing or timing. 


For those of us who need or want that additional support, consults are 
perfect. We can work together to map out a plan for the parent/family and 
child, brainstorm through challenges, or just know that you will never walk 
alone. Whatever the case may be | am available if you need me. | am fluent in 
English and Spanish, and we can use a translator for other languages. We can 
speak over the phone or on Skype. 


As time goes on, more and more practitioners will be able to support families 
while using this protocol. In the meantime, If you would like to set up a 
consult with me, please click on the “Consult Kerri" button on... 


www.CDAutism.org 


and follow the instructions there. 


‘s zg child + 
Kerri Rivera’s undivided attention + discussing your 
$100 + priceless Tonight, instead of living it up in Foe 
Kerri spent her Friday evening on the phone doing a 
with me. Not only was the consult informative but also highly 


thank you for rocking our wor 
my amy is eternally grateful for your love of our chidren 
Peeps, if you are new, stuck, confused or you want a better 


understanding of the protocol PLEASE, PLEASE, PLEASE 


take advantage of this opportunity I've done a milion consults 
over the years but this was by far my favorite. 
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Note: A consult with Kerri does not constitute medical advice, nor is it a substitute 
for a consult with your doctor or healthcare provider. As always, you are responsible 
for your health, and for the health of your children. 


might now be 
tonight. 

bomorrow or | 

the next day. 
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When a Hall sensor is in its “off” state (ie, not 
triggered by a magnetic field), the sensor cre- 
ates high resistance between the collector of an 
internal NPN transistor and negative ground. 
Consequently, if voltage through a pullup resis- 
tor is applied to the collector, the voltage on 
the collector will be high. 


When the sensor is in its “on” state, the resist- 
ance drops, the voltage supplied to the collec- 
tor from the pullup resistor is shunted to 
ground, and the output voltage appears to go 
low. As a general rule: 


+ Activated Hall sensors appear to have a 
low output. 


+ Inactive Hall sensors appear to have a 
high output. 


Information about using open-collector out- 
puts is contained in the Appendix. See 
Figure A-4, 


The clean output, reliability, small size, and 
cheapness of Hall sensors have encouraged 
thelr use in devices as different such as hard 
drives, cameras, keyboards, and automobiles. 
They are useful in almost any situation where a 
sensor must detect a mechanical operation at 
close range. Three through-hole Hall sensors 
are shown in Figure 3-15. Surface-mount ver- 
sions are much smaller. 


Figure 3-15 Three through-hole Hall-etfect sensors. The 
background grid isin milimeters. 


Hall-Eff 


How a Hall-Effect Sensor Works 
When current is flowing through the length of a 
conductor, and a magnetic field is applied 
across the width of the conductor, the field 
generates a force causing electrons and elec- 
tron holes to accumulate asymmetrically on 
‘opposite sides. This is known as the Hall effect. 


The voltage difference between the electron- 
rich and electron-depleted zones is known as 
the Hall voltage. It is proportional to the mag- 
netic field, and inversely proportional to the 
density of free electrons in the material. For this 
reason, the Hall effect is easiest to observe in 
semiconductors, where the density of electrons 
or electron holes is low. 


Hall sensor components contain amplifier cir- 
Cuitry in addition to the sensing element itself. 
Typically there is an open-collector output, and 
a comparator or Schmitt trigger to provide 
some hysteresis, 


Hall-Effect Sensor Variants 


Four primary variants of Hall sensors are 
used. 


ely 


Unipolar Hall Sensor 
This is activated when an external magnetic 
field exceeds a threshold value. When the field 
diminishes, the sensor switches off. Unipolar 
sensors are available in versions activated by 
the north magnetic pole or south magnetic 
pole. 


Bipolar Hall Sensor 
Proximity to one magnetic pole will switch it 
on. Proximity to the opposite magnetic pole 
will switch it off, The sensor remains in its cur- 
rent state (on or off) in the absence of a mag- 
netic field. 


Omnipolar Hall Sensor 
Proximity to a strong magnetic field of either 
polarity will switch it on, Removal of the mag- 
netic field will switch it off. An omnipolar sen- 
sor can be thought of as a pair of unipolar 
sensors mounted in opposite directions and 


Chapter 3: object presence sensor 19 


References 527 


19. “Find a Vitamin or Supplement Betaine Anyhydrous.” WebMD. Therapuetic 
Research Faculty. 2009. Web. || May 2013. 


20. “Nutritional DMG/TMG Treatment Overview.” Autism Canada Foundation. 
201 1.Web. 11 May 2013. 
Chapter 10 - Chelation 
|, “Why Cleanse Metals.” Baseline of Health Foundation. n.d.Web. || May 2013. 


2. Klinghardt, Dietrich."D:Amalgam/mercury detox as a treatment for chronic 
Viral, bacterial and fungal illnesses.” Explore 8 (1997) : 13-16, Print. 


3. Price, Weston A. Nutrition and Physical Degeneration. 8th ed. Lemon Grove, 
CA; Price Pottenger Nutrition, 2008. Print. 


4, “Bentonite clay for internal healing” Healing Daily. 2005.Web. | | May 2013. 
Clinical Evaluation of Bio-Chelate™.” Bio-Chelat™. 09 Dec. 1987.Web. May 11, 
2013. 

Chapter 11 - Hyperbarics 


|. University of Pennsylvania School of Medicine."Penn Study Finds Hyperbaric 
Oxygen Treatments Mobilize Stem Cells,” ScienceDaily. 28 Dec. 2005. Web. || 
May 2013, 


Chapter 12 - GCMAF & Autism 


|. Bradstreet, James Jefirey. Vogelaar Emar, and Thyer Lynda."Initial Observations 
of Elevated Alpha-N-Acetylgalactosaminidase Activity Associated with Autism 
and Observed Reductions from GC Protein—Macrophage Activating Factor 
Injections.” Original Research."Autism Insights 4 (2012): 31-38. Print. 


Chapter 14 - Miscellaneous 
Information You Should Know 


|. Garcia, HH, and M, Modi. Helminthic parasites and seizures. Epilepsia 49 Suppl 6. 
(2008) : 25-32. Print. 


2. “Self-njurious Behavior.” Autism Research Institute. n.d.Web. || May 2013. 
3. PANDAS-PITAND Awareness & Research Support. 201 |. Web. May | 2013. 


4, Jenike, Michael, and Susan Dailey. International OCD Foundation. 2012. Web. 
May 11 2013 


5. Jenike, Michael, and Susan Dailey. "Sudden and Severe Onset OCD — Practical 
‘Advice for Practitioners and Parents." Beyond OCD. 2013,Web. 11 May 2013 


6. Bock, Kenneth and Nellie Sabin. The road to Immunity: How to Survive in a 
Toxic World. New York: Packet Books, 1997. Print. 


“Fever.” AskDrSears, 2013.Web. I! May 2013. 


8. “NINDS Febrile Seizures Information Page.” National Institute of Neurological 
Disorders and Stroke. 2013. Web. | May 2013. 


528 References 


9. Gilbére, Gloria."Skin & Intestinal Disorders." Leaky Gut Syndrome. Dawn 
Mellowship. 2005. Web. I May 2013. 


10. Edward, F*l4 Comman Symptoms of Parasites” Parasite Cleanse Resource 
Center. 10 June 2009.Web. 11 May 2013, 


|, “Body Burden: The Pollution in Newborns.A Benchmark Investigation of 
Industrial Chemicals, Pollutants and Pesticides in Umbilical Cord Blood.” 
Environmental Working Group. |4 July 2005.Web. | May 2013 


Appendix 5 - Molecular Mimicry 


|. Fasano A, Berti |, Gerarduzzi T, Not T, Colletti RB, Drago S, Elitzur Y, Green PH, 
Guandalini S, Hil ID, Pietzak M, Ventura A, Thorpe M, Kryszak D, Fornaroli 
‘Wasserman SS, Murray JA, Horvath K."Prevalence of celiac disease in at-risk 
and not-at-risk groups in the United States: large multicentre study” Arch 
Intern Med, 163.3 (2003): 286-292. Print. 


2. Vojdani A, O'Bryan T, Kellerman GH."*The immunology of gluten sensitivity 
beyond the intestinal tract” European Journal of Inflammation: 6,2 (2008) : 0-0. 


3. Vojdani A., O'Bryan T, Kellerman GH."*The Immunology of Immediate and 
Delayed Hypersensitivity Reaction to gluten.” European Journal of Inflammation 
Vol 6.1, (2008) :1-10 


4, Vojdani A, O'Bryan T, Green JA, McCandless J, Woeller KN.Vojdani E, Nourian 
‘AA, Cooper EL."Immune Response to Dietary Proteins, Gliadin and Cerebellar 
Peptides in Children with Autism.” Nutr Neurosci. 7.3 (2004) : 151-161. Print. 


5. Ford RP"*The gluten syndrome:a neurological disease. Med Hypotheses.” 73.3 
(2009) : 438-440. Princ. 


6. Ford, RPThe Gluten Syndrome: Is Wheat Causing You Harm. Dr: Rodney Ford 
MD MBBS FRACP Smashwords 2011 ebook 


7. Hadjivassiliou M, Sanders DS, Grunewald RA, Woodroofe N, Boscolo S, 
Aeschlimann D,,"Gluten sensitivity: from gut to brain.” Lancet Neurol. 


9.3(2010):318-30. 


8 Solaymani-Dodaran M,West J. Logan RF Long-term mortality in people with 
celiac disease diagnosed in childhood compared with adulthood: a population- 
based cohort study.Am J Gastroenterol. 102.4 (2007): 864-870. Print. 


9. Fedoroff, Nina Vand Nancy Marie Brown. Mendel in the Kitchen:A Scientist's 
View of Genetically Modified Food. Washington, DC: Joseph Henry Press, 2006. 
Print. 


10. Corrao G, Corazza GR, BagnardiV, Brusco G, Ciacci C, Cottone M, Guidetti CS, 
Usai P. Cesar P Pelli MA, Loperfido S,Volta U, Calabré A, Certo M.""Mortality 
in patients with coeliac disease and their relatives:a cohort study." Lancet 
358.9279 (2001) : 356-361. Print 


Index 


5-Hydroxytryptophan 249 
dosing 249 


5-N-ethyl-glutamine 
See L-theanine 


7 Day Fridge MMS 158 
7212 protocol 115, 126, 128 


A 


ABA. See Applied Behavior 
Analysis (ABA) 
absorption 

proper 60 
abstract thinking 250 
Accidental Cure by Optimists 
(article) 443 
ACE. See Autism Center of 
Excellence 


acetic acid 52 
acetylcholine 247 
exposure 118 


Citric acid 90,93, 94, 146, 147. See 
also citric acid 

hydrochloric acid 93 

lemon juice 93 

lime juice 93 

in the body 236 

acne 86,247, 337, 338 
actifolate 342 

activated charcoal 143 


activator 78, 93. See acidic 
activator 
buying 94 
acupuncture 445 
ADD 64,352 
additives, food 61 
ADHD 64, 268, 347, 352, 367, 
393,425 
affection 229 


African sleeping sickness 176 
agave syrup 52 
aggression 62, 103, 133,325 
aging 

premature 485 
Aginsky, Dr. Bernard 277,278 
agitation 20 
AIDS 85, 138, 296, 298, 300, 315 
air freshener 343 
air quality 506 
ALA 122, 133,138 
albendazole 327,328,329 
Albenza®. See albendazole 
alcohol 240, 343, 508 
Alecson, Deborah Golden 73 
alertness 248, 250 
alfalfa 486 
algae 485 


allergens 50,488 


allergic reactions 50, 55, 66,451 
emergency 455 


allergies xxi, xxii, 10, 45, 49, 56, 

57, 69, 70, 71, 73, 128, 137, 181, 

247, 256, 338, 345, 444, 508 
food 338 


allergy panel 56 
allergy-type symptoms 57 
almond milk 134 

almonds 51,63 

alpha-gliadin. See gliadorphin 
alpha-N-acetylgalactosaminidase 
(Nagalase). See Nagalase 
aluminum 255, 256, 487, 506, 507 


Alzheimer’s Disease 85, 120,247, 
251, 256, 300, 445, 487 


amalgams 509 
amaranth 51 
American Dairy Association 71 
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amino acids 48, 69, 245, 248, 249, 
250, 251, 252, 450, 458 

amino acid sequences 452,455 


ammonia 88, 176, 229, 236, 323 
high 182 


amoebas 85, 190, 233, 238 
amyotrophic lateral sclerosis 316 
anal itching 179, 181,220 
anemia 176, 182,314 

anger 34,178 

angiogenesis 299 

anorexia 179,333 

antacids 257 

anthelmintic, broad spectrum 192 
antibacterial agent 508 


antibiotics 11, 75, 82,118,119, 
244, 246, 327, 329, 333 
use 1 


antibodies 50, 451,452, 455, 457 
production of 335, 
tests for 66 


antibody panel 463 


antibody-specific immunoglobulin 
E49 


anticancer agent 314 
antifungals 11,82, 327 
anti-inflammatory 250,485 
antimicrobial agents. 118 
antioxidant foods 123 


antioxidants 45, 86,87, 88, 124, 
127, 132, 138, 139, 143,250 


anti-parasitic medications 326, 
328 


anti-seizure 327 
medications 251 

antiseptic, nontoxic 85 

antivirals 11, 82, 327, 329 

anxiety 20, 54, 103, 136, 178, 179, 

246, 248, 325, 333, 337, 340, 444 

anxiety, separation 228 

aortal aneurysms 456 

appetite 249, 330 

appetite, ravenous 178 
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apples 51,57, 61,63, 76, 133 
Applied Behavior Analysis (ABA) 
4,43, 74,344 
Apraxia 15 
ARI. See Autism Research 
Institute 
Arranga,Teri 13 
arsenic 78,257, 506, 508 
arterial wall, strength of 485 
arthritis 73, 137, 169, 179, 247, 
445 

rheumatoid 144,443 
artichokes 486 
artificial colors 49 
ial flavoring 47,52 
artificial sweeteners 52,55 
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Ascaris lumbricoides 
(roundworm) 12, 165, 167, 174, 
183, 187, 233, 236, 240, 
longevity 174 
ASD 64 
asparagus 486 
Asperger's 347 
aspirin 61 
asthma 114, 180,256,508 
ATEC xxi, x0cii, 46, 47, 136, 140, 
141, 319, 339 
not going down 136 
statistics 121 
athletic performance 252 
atrazine 508 
autism 44 
adults with 339 
avoiding 505 
curing 303 
environmental factors 506 
epidemic 505 
regressive 236,347 
statistics vil oev 
‘Autism Canada Foundation 253 
Autism Center of Excellence 274, 
275,276 
AutismO2 Clinic 7 
AutismOne (conference) 5,13, 
14,24, 444 
AutismPedia 119 
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Autism Research Institute 6,7, 
276,278 

Autism Society of America 2 


Autism Treatment Evaluation 
Checklist. See ATEC 


autoimmune 462 
autoimmune deficiencies 169 
autoimmune disease 295,453, 
460 

autoimmune gluten reaction. 453 
autoimmune reactivity 453 
autoimmunity 452,453 
autonomic nervous system 456 
avocados 63, 460 

azadirachta indica. See neem 


Babesiosis 176 
baby 505,509 
baby bottle 98, 109,493 
Lifefactory.com 95 
method 90 
bacteria xxi, xxili, 10, 11,52, 59, 
70, 76, 78, 81, 82, 85, 118, 140, 162, 
225, 244, 258, 261, 334, 345, 488 
beneficial 82 
imbalance of 245 
growth 59 
harmful 61 
healthy 231 
intestinal 485 
load 84 
negatively charged 78 
CD kills 78 
‘overgrowth 61 
positively charged 78 
bad breath 182 
bagels 67,457 
baking soda 124, 343,490 
balance 274 
bananas 57,63, 73,76 
banging 1 
bark 55 
barley 49, 66,69, 455, 486 
barometer 280 
barometric pressure 280 
basal ganglia damage 334 
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basophils 50 
bath 131. See also salt baths; See 
also CD baths 


bathtub 114 
B-Complex 342. See also vitamin 
B 
beans 52,252 

navy 52 
beauty products 255 
bedwetting 181,333 
beef 50 
bee pollen 457 
bee stings 66,451. See also bee 
beets 253,486 
bee venom 455 
behavior 228, 247,248, 324 

changes 253,256 

problems 20,70 

undesirable 

probiotics, remove 226 

behavioral 

reactions 62 
bell peppers 486 
bentonite clay 140, 143,257,258 

baths 257,259 

schedule 259 

Bernie. See Rimland, Dr. Bernard 
berries 61,123, 133 
beta-alanine 250 
beta amyloid plaque 251 
beta-carotene 87 
betaine anhydrous 
See trimethylglycine (TMG) 
bifidobacterium 244 
bile 231 
Bio-Chelat™ 140, 257, 258, 259, 
320 
biofilm sxili, 11,45, 103, 111, 117, 
118, 119, 129, 130, 143, 165, 226, 
235, 257, 261,444 

appearance 130 

protocol 11 

what is 118 

why CD works on 119 
bioflavonoids 61 
biomedical intervention 341 
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biomedical protocols 347 
biomedical treatments 11, 140 
biomed movement 334 
biopsy 454, 455 

bipolar disorder 120 
birth-control patches 73 
bisphenol A 508 


biting 332 
hand 331 


black pit depression 458 
black walnut 226 
bladder infections 244 
blank chart 198 
bleach 79,84 
blisters 89, 338 
blitz day. See mebendazole 
bloating 51,89, 177 
blood 50, 85, 253, 299, 310, 507 
blood analysis. 182 
blood-brain barrier 10, 48,49, 
451,453 
blood cells 251 
blood disorders 176 
blood flow 
cchanges in 458 
blood panels 461 
blood parasites 176 
blood pressure, high 485 


blood stream 48, 60,75, 103, 145, 
337 


blood tests 67, 70, 243, 261, 454 
blood vessels 250,453 
blood vessel walls 461 
blueberries 87 
Bobadilla,Ana 513 
Bock, Dr. Kenneth 335 
body language 325 
body odor 182 
body products 
nonetoxic 509 
bologna 50 
bone 65,253, 255, 259, 261, 453, 
461,485 
disorders 300 
health 487 
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marrow 85 
‘metabolism 300 
bone broth 459 
borax 343 
boron 116,486 


bottle 
wine 162 


bouillon cubes 52 
bovine respiratory syndrome 145 
bowel movements 28, 42, 46, 105, 
260 

excessive 17 
bowel permeability 48 
Bowen, Dr. James 55 
Bradfield, Dr. 269, 270, 272 


Bradstreet, Dr. 302, 303, 306, 308, 
310 


brain 49, 65, 248, 249, 250, 251, 
253, 255, 259, 295, 305, 307, 310, 
320, 323, 344, 453, 461, 487,507 
connectivity, increased 116 
development 246 
fog 178 
function 247 


bread 4,49, 52,71 


Breaking the Vicious Cycle (book) 
60 


break the diet 56 
breastfeeding 317,490 
breast milk 507 

breathing problems 70, 182 
bromine 116 
bronchiectasis 443 
bronchitis 114,180 
brownies 67,457 

brown rice 486 
Bruxism. See teeth grinding 
buckwheat 51 

bud 55 

Budinger, Mary 119 
burbur 143 

burns 85,474 

burping 89, 178 

butter 49,72, 78 
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C6HBO7. See citric acid 
cabbage juice 232 
cacao 63,123 
Cade, Dr. 69 
cadmium 255,507 
caffeine 134,250 
cake 49 
calamus root 231 
calcium 45,90, 116, 118, 119,236, 
486, 487 
calcium silicates 190 
Calm PRT 342 
calves 145 
‘Campbell-McBride MD, Dr. 
Natasha 75 
cancer 54, 55,87, 121,295, 296, 
298, 299, 300, 316, 335, 444, 445, 
456, 507, 508 
bladder 443 
breast 297 
inhibition of 299 
colon 54 
immunotherapy of 297 
metastatic 87 
candida xxi, xxiii, 10, 11,49, 52, 
54,57, 75, 81, 84, 118, 180, 244, 
261, 337 
antibiotics 75 
c-section 75 
overgrowth 75,76 
candy 52,54 
canker sores 86 
cantaloupes 63 
CaprilexTM 342 
carbohydrates 59, 60, 75, 119 
complex 59, 60 
digestion 59 
malabsorption 60 
carbon 55 
carbon dioxide 282 
carbon monoxide 508 
carcinogenic 55 
cardiovascular 246 
problems 508 
caricin 233 
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carnitine 248 
carnosine 250 
carotene 61 
carotenoids 61 
carrageenan 52,54 


Carrasco Maceda, Miriam 13, 166, 
235 


carrots 133,234 
cascara sagrada 240 
44, 48, 49, 53, 54, 56, 58, 69, 


free 4,41, 45, 48, 49, 57, 
58, 70, 72, 74,513 
cashews 51 
casomorphin 44,49, 56, 58, 69, 
245 
peptide 69 
castor oil 129, 188, 194, 233, 237, 
341 
source & cost 195 
catsup 52,54 
cattle 145 
cayenne 234 
CD 9, 10,11, 42,77, 78, 81, 83, 84, 
89, 90, 103, 111, 114, 115, 121, 145, 
188, 244, 319, 336, 445, 446, See 
also sodium chlorite 
722 protocol 115, 126, 128 
activation time 110, 124 
activator 78 
antioxidants 124 
appetite 134 
aqueous solution 84 
ATEC 136 
babies 131 
back-to-back baby bottles 127 
baths 113, 114, 125, 131, 187, 189, 
229, 260, 319, 336 
best bottles to store 132 
bottle caps 132 
bottles 135 
bottle, steel 132 
breast milk 131 
buying 82 
capsules 132 
chelator compatibility 140 
chia seeds 134 
child refusing dosing 135 
Controlled Clinical Evaluations of 
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Chlorine Dioxide, Chlorite and 

Chlorate in Man 84 

controversy xii 

critics: 84 

Davy, Sir Hymphrey 77 

deaths 78 

diarrhea 89, 141 

die-off reaction 138 

diet requirements 132 

discomfort 127 

DOs & DON'Ts 122 

doses, missed 136 

dosing 102, 187 

dosing schedule 135 

dosing too low 125 

double doses 103, 125 

double dosing 103, 125 

drug interactions 143 

ears II 

emergency 142 

enemas 12, 125, 187, 189,226 

eyes 11 

false information/propaganda 82 

first dose 127 

flying 142 

food 124 

foods to avoid 133 

foot baths 114 

forum 83 

full oral dose 125, 126, 128 
going past 127 

green tea 134 

hair 1 

harmful? 143 

health 84 

heavy metals 139 

humidifier 225 

industrial bleaching processes 84 

industrial purposes 85 

inhaled 11 

internal consumption 84 

intervention 81 

introduction to 77 

killing parasites 238 

kombucha 134 

life expectancy of 124 

maintenance dosing 238 

Master Mineral Supplement 77 

mercury 141 

molecule 77 

multivitamins 132 

nausea 89 

nebulizer 138 

neutralizers 127 
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night dosing 115 
Nutriiveda 134 
oral protocol 11, 100 


overdose 142 
patents 77,85 
pH 145 


poison index 78 
pregnancy 131 
prescription contraindications 143 
protocol xxiv 
rectal 11 
school 126, 135 
school field trip, dosing on 135 
serving cup dilution 102 
side effects 81,89 
skin 1 
smell, chlorine like 98,493 
sodium chlorite 78 
steam bath 114 
stevia 126 
strength 467 
sunlight 124 
supplements 138 
taste 135,225 
testing 124 
test strips 133,225 
toxicity 78 
toxic rating 78 
toxic residues, no 82 
troubleshooting checklist. 123 
users of 78 
vaginal 11 
vomiting 89 
water 125,132 
water temperature 132 
weight gain/loss 134 
yellow color 123 

cD4 315 

CDH 14,155, 156, 158, 225, 226 
baths 162 
Easy-Peasy method of making 163 
Formulation Table 161 
making, detailed instructions 159 
strength 467 
taste 163 
testing 467 
using 162 

CDS 14, 145, 146, 147, 157, 188 
buying 147 
CDS to CD transition table 154 
color of solution 151,152 
concentration strength 148 
deteriorate plastic (avoiding) 150 
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detoxing with 153, 
distillation process 145, 147 
enemas 154 
hose, making with a 147, 148 
instructions on making 150 
making 147 
New Method, with 148 
‘Overnight Method, with 148 
Shot Glass Method, with 148 

metal (avoid) 150 

overdose 146 

Overnight CDS Generating Kit 150, 

151 

sleep 146 

sodium chlorite, added back in 146 

stabilized 146 

strength 467 

‘switching back to CD 153 

testing 467 

time it takes to make 151 

unstabilized 146 

waking time 146 

CEA. See Curando el Autismo 

Foundation 

celery 133 

celiac disease 44, 59, 65, 69, 454, 

456, 461 
celiac antibody tests 457 
villi damaged 449 

cell-cell interactions 118 

cellular metabolism 286 

Centers for Disease Control 

(CDC) 508 

central nervous system 62,176 

cereal 49,71,253 

cerebella ataxia 456 

cerebral cortex 309 

cerebral palsy 273 

cerebrospinal fluid 309 

CFS/ME 305,311,316 
aetiology 301 

chagas disease 176 

chanca piedra 191 
dosing 191 
source & cost 191 

chart 
Estimated Full Oral CD Doses by 
Weight. 101,494 
hourly dose / mimimum water 
dilution 102 
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Chatelier’s Principle 284, 285 
cheese 4,49, 71,72 
cheese puffs 43 
chelation 5, 43, 139, 141, 255, 257, 
259, 260, 320 
\V 261 
what is 257 
chelator xxiv, 119,257,258 
chemical mutation 457 
chemicals 50, 55, 174, 506 
absorption through skin 508 
‘Cheney, Dr. Paul 301 
cherries 63 
chest pains 179 
chia seeds 134 
chicken 50, 53,72 


growth spurt 239 
nutritional shakes for 53 
older 140, 155 
chili pepper 63 
powdered 63 
chills 89 
chlorination 83 
chlorine bleach 55,83, 84, 116, 
142 
chlorine dioxide. See also CD 
antioxidants 88 
patents 85 
testing 467 
chlorine dioxide gas 147, 149 
Chlorine Dioxide Holding 
(Solution). See CDH 
chlorine dioxide photometer 158 
Chlorine Dioxide Solution (CDS). 
See CDS 
chlorite molecule 83 
chlorocarbon 55 
chocolate 61,66, 123, 133, 325, 
455, 460 
milk 52 
cholesterol 509 
high 485 
choline 507 
choucroute 232 
chromium 116 
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chronic fatigue syndrome 62, 69, 
169, 177, 247, 272, 340 

chronic illness 256 

chronic immune reactions 167 
cider vinegar 63 

cinnamon 234 

citric acid 96, 98, 155,493 

citrus 123, 124, 133, 139 

clay 257 


cleaning products 508 
harmful 509 


clear zone 228 
C102. See CD 
clonazepam 42 
clorox 78 


clothes 
sensitivity to 333 

cloves 231,234 

coal power plants 255 

cobalt 116 

coccidiosis 145 

cocoa 61,123 

coconut 51,134,460 

coconut milk 123 

coconut oil 63 

coconut water 123,134,232 

cod liver oil 124,342 

coffee 61,66, 123,455 

cognition 247,249 


cognitive 
abilities 252 
decline 120 


impairment 328 
problems 508 


cold 157 
internally 177 
cold cuts 50, 53,55 

colds 114 


Coley, Dr: William 296, 300 
colitis 177 

collagen 250, 488 
colloidal silver 122, 142 
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colon 59,60, 103, 104, 130, 338, 
509 
cancer 54 
hydrotherapy 112 
colonics 104, 111, 130,226 
hydrotherapist. 130 
colored fruits 63 
coloring 41 
Combantrin®. See pyrantel 
pamoate 
combativeness 236 


Combined Immune Deficiency 
328 


comprehension 28 
concentration 30,247 
condiments 234 

confused thinking 178 


congestion 114 
sinus 137 


constipation 43,58, 104, 125, 128, 
129, 177, 179, 260, 340 
consults with Kerri Rivera 521 
cookware 255 
coordination 21 

lack of 178 

poor 236 
copper 116, 342, 486, 509 
CoQlO 122, 127, 138, 342 
cork 160, 162 
corn 51,57, 66,69, 70, 74,455, 
459 
corn flakes 52 
corn syrup. See high fructose corn 
syrup (HFCS) 
cosmetics 257,489 

absorption of 508 
cost of protocol (estimated) 341 
cough 114, 180, 182, 340 
‘Courchesne, Dr. Eric 274, 275. 
See also Autism Center of 
Excellence 
Courchesne, Dr. Rachel 275, 
277. See also Autism Center of 
Excellence 


couscous 49 
cow's milk. See milk, cow's 
cramps 177,179 


with their (open-collector) outputs wired 
together. This component functions similarly to 
a reed switch, although of course it still requires 
a power supply. 


Linear Hall Sensor 
‘Also known as an analog Hall sensor, its output 
voltage varies in proportion to an external 
magnetic field instead of switching cleanly 
between high and low states. When no mag- 
netic field is detected, the output is half of the 
sensor's supply voltage. In response to one 
magnetic polarity, the output can drop almost 
to zero. The opposite polarity can increase the 
output almost to supply voltage. 


The output from a linear sensor usually is sup- 
plied from the emitter of an internal NPN tran- 
sistor, not the collector. A minimum 2.2K 
resistor should be connected between output 
and ground. 


The variable output can be interpreted as a 
measurement of distance between the sensor 
and a magnet. In this mode, a Hall sensor func- 
tions as a proximity sensor. However, it is not 
Usually capable of measuring a distance of 
more than 10mm, 


Other Applications 
Hall sensors are incorporated in other types of 
components. A magnetometer, for example, 
may contain Hall sensors. 


Additional discussion of Hall-effect sensors, 
with test circuits, will be found in the book 
Make: More Electronics, from which some of the 
figures here have been excerpted. 


Values 


‘Magnetic field at operating point is the minimum. 
field necessary for the output to switch on. It is 
measured in tesla or gauss, and the abbrevia- 
tion Bop is used. 


‘Magnetic field at release point is the maximum. 
field that allows the output to switch off. It is 


measured in tesla or gauss, and the abbrevia- 
tion Bap is used. 


‘Magnetic field range may be specified for linear 
(analog) Hall sensors. 


Supply voltage may range as widely as 3VDC to 
20VDC, or may be restricted between 3VDC to 
5,SVDC. Check datasheets carefully. 


Sourcing or sinking capability for the open- 
collector output is typically 20mA. 


How to Use a Hall-Effect Sen- 
sor 


Hall sensors are often made in 3-pin packages. 
Through-hole variants are usually made of 
black plastic and look like TO-92 transistors, but 
are slightly smaller. 


Surface-mounted variants are common. 


A typical through-hole Hall sensor has one bev- 
elled face and a flat face on the opposite side. 
The bevelled face may be referred to as the 
“front” of the component in a datasheet. The 
sensor responds when an appropriate mag- 
netic pole is brought close to the front face of 
the sensor. 


The part number printed on the front of the 
sensor may be abbreviated as three digits. The 
code below this usually refers to the date of 
manufacture. 


A simple circuit for a Hall sensor resembles a 
typical circuit for a phototransistor. Positive 
supply voltage and negative ground are 
applied to two of the three leads. Positive volt- 
age is also applied, through a pullup resistor, to 
the third lead, which is the open-collector out- 
put (except in the case of a linear Hall sensor, 
described previously). The output pin is then 
tapped as the output from the sensor, to be 
applied to a component that will not draw 
more than 20mA. 
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crankiness 54 
cravings 177, 178,249 
cream 49,50 

cream cheese 72 
creams 508 

crohn’s disease 59 
croissants 67,457 


Crook,William 72. See Solving 
the Puzzle of Your Hard to Raise 
Child (book) 

Cruise,Tom (actor) 276 

crust 460 

crying 332,458 

crystalline silica 489 
C-section 75 


cucumber 133 
Curando el Autismo Foundation 
vii, 305, 404, 517 

curcumin 133 

curezone.com 339 

cyanide 78 

Cyrex Laboratories 450, 454, 
463, 464 


Cysticercosis 240 
cystic fibrosis 59 
cysts 145, 179, 180, 240 
CytofloraTM 342 
cytokines 50, 335 
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dairy 4,55, 69,72, 74, 134,231, 
319. See also milk 
dairy-free 460 
Dalton’s Universal Gas Laws 284 
DANI. See Defeat Autism Now! 
(DAN!) 
dandelion 231 

tea 227,229 
dates 63 
Davy, Sir Humphrey 77,85 
daycare 76 
DDT 508 
DE. See diatomaceous earth 
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Defeat Autism Now! (DAN!) xxii, 
xxv, 4, 6, 7, 8, 9, 74, 243, 252, 265, 
267, 276, 278, 279, 332. 

estimated costs 342 


defeatist thoughts 48 
deficiencies 116 

iron 180 

vitamin B12 180 
deglycosylates 298 
dehydration 118 
dementia 85,247,445 


dental amalgams 255. See 
also mercury 

dental problems 445 
deodorant 255 

Department of Health & Human 
Services (DHHS) 78 


depression 69, 178, 248, 325, 340, 
443, 444, 456, 458, 464 


dermatitis 181,338 
dessert 51 


detergent 337 
clothing 509 
dishwashing 509 


detox 89, 103, 127,257, 340 

detoxification 62,256, 505 

detoxification program 509 

detoxing 115 

detoxing program 320 

detox organs 176 

detox pathways 55 

detox reaction 339 

developing fetus 235 

developmental delay 456 

Developmental - Individual 

Difference, Relationship-based 

Model (DIR®) 344 

deworming 166,231 
importance of lifelong 186 

diabetes 54,247,251, 256, 313, 

445, 507, 508 


type | 64 
Type Il 54 
diapers 227 


diarrhea 11,43, 57, 58,59, 62, 89, 
141, 142, 145, 157, 177, 179, 244, 
340 


538 


diatomaceous earth 143, 188, 
190, 226, 237, 238, 341, 485 
calcined 489 
deposits of 486 
dosing 190 
food grade 489 
medication, affect on 238 
source & cost 190 
sources 490 
diatomite. See diatomaceous 
earth 
diatoms 190,485 
die-off reaction 89 
diet xxi, 4, 11, 56, 74, 506 
preventative 231 
dietary intervention 42 
The xxiv, 41,42, 43,44, 45, 
46, 47, 50, 53, 57, 90, 244, 319, 462, 
513 
digestion 49, 51,59, 69,245 
diseases of 61 
enzymes 237 
poor 48 
problems, chronic 245 
system 49, 60 
digestive system 454 
dimethylglycine. See DMG 
dimethyl sulfoxide 144 
disaccharidase 75 
disaccharides 59,75, 76 
discomfort 51,70, 127 
dishwashing detergent 509 
shwashing soap 343 
isinfectants 61,343 
disorientation 178 
distant 58 
distended belly 177,330 
distillate 55 
distractible 333 
Divers Alert Network xxv 


diverticulitis 59 
divorce rate 341 
dizziness 176,177,458 


DMG 252, 253, 324,342 
dosing 252 


DMPS 6, 140, 257,507 
drops 5 
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DMSA 140,257 


DMSO 137,144 
application 144 


DNA 120,256, 304 
DNA testing 165 

Don't Drink Your Milk (book) 72 
donuts 49 
double-blind placebo 
double sugars 75 
douche bag 108 
dough 73 

DPP IV enzymes 460 


DPT (diphtheria-pertussis- 
tetanus) 1,265 


drinking water 255,320 
fluoride 256 


drooling 1 
while sleeping 181 
drowsiness 180 
drugs 295,489 
dry cleaning 509 
duodenum 184 
dysbiosis 103, 245 
dyspnea 180 
dyspraxia 247 


infections 70,244, 330 
problems 145 


Early Autism Center (Toronto, 
Canada) 4 


red 62 


eating, high volume 228 
EBN® Cleansing Clay 258 
e-coli 485 

ecosystem 246 

eczema 181,247, 337, 338 
Edelson Dr. Stephen M. 253, 331 
EDTA 119, 140,257,258 

egg 455 


eggs 50, 55, 66, 72, 325, 459 
hard boiled 76 


elastin 488 
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Index 
electron shells 11 
electrosmog 451 
elimination diet 464 
ELISA blood test 70 
embryo 
‘chemicals that affect 508 
emotion 245 
extreme high 62 
extreme low 62 
emotional confusion 229 
emotional frigidity hypothesis 
276 
emotional instability 464 
endocrine problems 508 
endorphins 248 
enema 12, 26,85, 88, 103, 104, 
105, 108, 113, 115, 119, 128, 129, 
130, 134, 162, 165, 220, 226, 237, 
239, 260, 319, 340 
administering 109 
black specks 131 
bucket 106, 108 
bulb 107, 108, 112,220 
catheter 108, 110, 111, 130 
CDS 154 
clean up 130 
colonic process, similar to 111 
comments & suggestions from 
parents 112 
constipation 129 
diarrhea 142 
distractions 113, 
DMSO 144 
douche bag 106, 108 
enema bucket 108 
enema bulb 108, 112 
Everclear grain alcohol 130 
explaining to child 110 
fill & release 111 
fleet enema 107, 108 
fleet enema method 112 
frequency 105 
gravity bag 106, 108, 111, 129 
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Configuration of Object Pres- 
ence Sensors 


While most of the following suggestions relate 
specifically to Hall-effect sensors, some general 
principles may be applied to optical sensors. 


Linear Motion 

A presence sensor can be activated when the 
triggering source (such as light or a magnet) 
approaches it directly. This is sometimes 
referred to as head-on mode. Alternatively, trig- 
gering can be arranged when the source moves 
past the sensor. This is sometimes referred to as 
slide-by mode. The two modes are illustrated in 
sections 1 and 2 of Figure 3-16. 


i 
Magnet 
= Hall-Effect 
Sensor 
Magnet 
Hateetect 
Sensor 
Figure 3.16 Section 1of his gure iustrates a presence 


sensor being used in head-on made, while section 2 ius: 
trates slide-by made. 


Slide-by mode may be preferred because it 
eliminates the risk of damage to the sensor if 
‘overshoot occurs in head-on mode. 


In slide-by mode, using a bipolar Hall-effect 
sensor, two magnets can be placed together 
with opposite polarity, creating a very steep 
transition in the overall magnetic field. This 
minimizes the risk of imprecise triggering. 
Using neodymium magnets, the triggering 


point can be adjusted with a precision of 
0.01mm or better. See Figure 3-17. 


Jae 


HalLetfect 
Sensor 
Figure 3-17 In slide-by mode, two magnets with opposite 
polarity can be put together to create a very precise tran 
sitian in a bipolar Hall-etfect sensor. 


Sensing by Interruption 

‘An optointerrupter is sensitive to an object pass- 
ing between the light source and the light sen- 
sor. A comparable arrangement can be used 
with a Hall-effect sensor or a reed switch, but 
only if the interrupting object is thin and fer- 
rous. This configuration is known as a ferrous 
vane interruptor. 


Note that the magnet will exert significant force 
on the ferrous vane. This becomes an issue in 
sensors where the mechanical force is limited— 
for example, in paper-path sensors in a photo- 
copy machine, 


Additional information about the detection and 
measurement of moving objects will be found 
in the entry describing linear position sensors. 
See Chapter 6. 


Angular Motion 
One or more magnets can be used with a Hall- 
effect sensor to detect the angular motion, rela- 
tive angular position, or absolute angular 
Position of a rotating part. This data can be 
used to determine its speed of rotation. Some 
techniques to achieve this are described in the 
entry describing rotary position sensors. See 
Chapter 7. 
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humbness of the hands or feet 
179 
nut flour 460 
nutrients 59, 60, 295, 299 

absorption’ 115,453, 

poor 65 

deficiencies 453 

lost 169 
Nutrients (publication) 297, 304, 
313 
Nutriiveda™ 134 
nutrition 295, 506 

deficiency 457 

poor 451 

shakes 53 
nutritional tests 143, 388, 389, 
390,391 
Nutrition and Physical 
Degeneration (book) 258 
nuts 41,51, 53, 60, 61,459, 460 


oO 
oatmeal 53 


oats 49, 66, 69,455, 486 
obesity 54, 178, 286, 485, 507, 
508 
O'Bryan, Dr. Thomas 449 
obsession 179 
Obsessive Compulsive Disorder 
(QCD) 20, 103, 140, 180, 227, 
333, 334, 352, 444 

decreased 253 
occupational therapy 330,344 
OCD. See Obsessive Compulsive 
Disorder (OCD) 
ocean 116 
ocean water xxii, 26, 115, 116, 
122, 129, 132, 141, 143, 188, 189, 
238, 244, 260, 282, 320, 341 

‘care offhandling 131 

charcoal filters 131 

dilution 117 

dosing 117 

parasites 131 

Quinton, Rene 116 

timing of chlorine dioxide dosing 
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ils 
marine 246 
plane 246 
oleic acid 311 
oleoresin 55 
olive oil 311 


‘Omega-3 & Omega-6 Fatty Acids 
246, 247 

excessive consumption 247 
comegas 320 
OMP See outer membrane 
proteins 
‘Oncolmmunology (scientit 
journal) 297 
onions 460 
opiate receptor sites 69 
opiates 71 
opioids 245 
‘opium 71 
coral care 85 


‘orange juice 127 
oranges 56, 57,61, 63, 124 
oregano 63 
organic 53, 123,509 
‘organic acids 59 
‘organisms, invading 335 
‘organotoxins 508 
organs 259,261 
(Ortiz, PhD., Lorna B. 
Osborne, Dr. Peter 450,464 
OSR 342 
osteoporosis 247, 485, 487 
‘outer membrane proteins 118 
coven cleaner 343 
oxalates 131,139 
oxidants 86,88 
‘oxidants, antioxidants and the 
current incurability of metastatic 
cancers (article) 87 
oxidation 83, 120, 121 
oxidative 

‘metabolism 286 

stress 88, 120,236 
oxidizer xiii, 78, 84 
coxitriptan (5-HTP) 249 
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oxygen 83, 272, 280, 281, 282, 
283, 284, 286, 288 

oxygen chamber. See hyperbaric 
chamber 

‘Oxyheal 279 

ozone 11,83 


P 
PSP 324 


pain 129,249, 331 
back, thighs, or shoulder 179 
pancreas 55, 65,251,453, 461 
pancreatitis 177 
PANDAS 64, 127, 140, 328, 333, 
334,347 
probiotics 246 
panic attacks 333 
PANS 127, 140, 328, 330, 333, 334 
probiotics 246 
papain 233 
papaya 233 
seeds 233 
paprika 234 
parabens 508 
parasite protocol xxiv, 13,88, 
125, 126, 127, 133, 136, 140, 141, 
165, 166, 187, 189, 244, 260, 291, 
320, 323, 337, 338, 339, 340, 444, 
477 
breakfast 189 
cD 189 
CDs 189 
chanca piedra 191 
chlorine dioxide 187 
components of 187 
dhily calendar 198 
diatomaceous earth 190 
dinner 189 
family members 237 
family requirements 238 
full moon 126, 129, 178, 182, 187, 
224, 228, 241, 325, 326, 477 
length of treatment 187,235,236 
lepidium latifolium extract 191 
lunch 189 
maintenance plan 238 
meals 188 
new moon 187,237, 325, 326,477 
not seeing worms 236 
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off days 218 

pregnancy 235 

supplies 218 

toilet hat 218 

what to expect 227 

when to stop 235 
parasites xxi, xxii, 11, 12, 20,46, 
49, 52, 81,88, 103, 105, 111, 115, 
128, 129, 140, 147, 162, 165, 167, 
169, 174, 181, 183, 190, 244, 261, 
320, 323, 324, 331, 337, 345,444, 
445, 458, 485 

abdominal pain or tenderness 177 

african sleeping sickness 176 

allergies 181 

altered immune regulation 167 

ammonia 176 

anal itching 181 

anemia 176, 182 

anger & irritability 178 

animal excrement 169 

animal waste 174 

anorexia 179 

anus, itching, burning, picking 179 

anxiety 178 

appetite, loss of 178 

appetite, ravenous 178 

arthritis 169, 179 

ascaris lumbricoides 183 

asthma 180 

autism 240 

babesiosis 176 

bad breath 182 

bedwetting 181 

bleach 183, 

bloating 177 

blood 167 

blood analysis 182 

blood disorders 176 

blood parasites 176 

body odor 182 

bowel movements, excessive 177 

brain 167,236,240 

brain fog 178 

breathing problems 182 

bronchitis 180 

burping 178 

CD 238 

chagas 176 

chest pains 179 

chlorine 185 

chronic fatigue 169 

chronic fatigue syndrome 177 

clothing 183 
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cold, internally 17 fish, raw 169 
cold in the extremities 17 fiuid retention 180, 182 
colitis 177 forgetfulness 178 
collection 219 formaldehyde 185 
confused thinking 178 freezing 174 
congenital transmission 169 freezing meat or fish 169 
constipation 177,179 fruits & vegetables 183 
contaminated raw or undercooked gastrointestinal symptoms 177 
meat 169 glucosoid mucous 237 
contaminated vegetables or fruits good for us? 237 
174 growth retardation 179 
contaminated water 174 hair 
coordination, lack of 178 brittle 181 
cough 180, 182 dry 181 
cramps 177,179 loss 181 
cravings 177, 178 headaches 179 
cysts 179,180 hemorrhoids 177 
definition of 237 high ammonia 182 
depression 178 high oxalates 182 
dermatitis 181 hippotherapy 175 
desiccation 185 host immune response 167 
detox organs 176 hunger 177,178 
deworming of our animals 174 hypoglycemia 176 
diarrhea. 177,179 immune response, low 182 
disorientation 178 impotence, male 180 
distended belly 177 infections 182 
dizziness 176,177 inflammation 179 
doctors in Western Europe and the insomnia 181 
US. 169 intestinal 
drooling (while sleeping) 181 skin problems 338 
drowsiness 180 intestinal irritation 17 
dyspnea 180 intestinal obstruction 177 
eczema 181 iron 176 
eggs 131, 169, 174, 183, 184, 185, irritability 179 
227,38 irritable bowel syndrome (IBS). 177 
elevated immunoglobulin (Ig) 182 itching, nasal 179, 181 
energy, low 177 jars of 230 
enterobius vermicularis 185 jaundice 181 
eosinofils, elevated 182 joints 179 
erectile dysfunction 180 fab tests 241 
eruptions 181 large numbers in BM 239 
essential nutrients 176 larvae 169, 174, 184 
everything you wanted to know leaky gut 177 
about sorting through poop 218 lethargy 17 
evolutionary cycle 183, liver 167 
eyes 167 location of 238 

swollen 182 lunar cycle timing 187 
farm soil 174 lung 167 
fatigue 176 magnitude of problem 445 
fecal contact 169 malabsorption syndrome 177 
fertilizer 174 malaria 176 
fever 177,182 manure 174 
fibroids 180 mating 325 


fibromyalgia 169,179 menstrual problems 180 
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mood swings 178 
muscle 167 
muscle cramps 179 
muscle & joint pain 179 
muscle spasms 179 
nausea 177 
navel, pain in the 179 
nervousness 179 
niclosamide 180 
not visible 237 
numbness 182 
numbness of the hands or feet 179 
obesity 178 
obsession 179 
‘organic farming 174 
outer coating 191 
pancreatitis 177 
perforations made by 169 
peritonitis 182 
pets 175, 183, 240 
photos 165, 168, 170, 171, 174,175, 
230 
pinworms 185 
pneumonia 180 
poor absorption of food 177 
poor growth 178 
poor hygiene habits 169 
poor physical and intellectual 
development 178 
premenstrual syndrome 180 
prostate problems 180 
psoriasis 181 
psychoactive substances 176 
rapid heartbeat 179 
reflexes, slow 179 
respiratory disease 180 
restless leg syndrome 179 
restlessness 179 
saliva, excess of 182 
seizures 179 
self-infection 169 
sexual contact 169 
sexual & reproductive disorders 
180 
shortness of breath 180 
skin 167 

‘crawling sensation under 181 

dry 181 

itchy 181 

ulcers 181 
sleep 

disorders 181 

restless 17, 181 
smearing feces 180 
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soaps 183, 185 
soil contamination 169 


sores 181 
stomach 167 
burning in 177 
stool 
blood in 177 


detection in 218 
mucus in 177 

sugar 176 

swallowing, difficulty 182 

sweets, cravings for 178 

swelling 181 

symptons 175 

taenia saginata 185 

taenia solium 185 

tapeworm 180, 185, 187 

teeth grinding 181 

telling children about 239 

temperatures 185 

test for 235 

toxic waste produced by 176 

toxins 179,229 

unexplained laughter or weeping 


180 
urinary tract infections 180 
urticaria 181 


veterinarian 241 
vision, blurred 182 
vitamin B12 176 
vitamin B12, low 182 
vomiting 177 
waking at night. 177 
wash produce, best way to 239 
weakness 176 
weakness, extreme 177 
weight gain 178 
‘welght gain during full moon 182 
‘weight, inability to gain or lose 178, 
179 
weight loss. 178, 180 
yeast infection 180 
parasitic infection 167 
supplementing deficiencies 243 
parasitological vaccinosis 240 
Parkinson's disease 120,251, 300 
parsley 486 
parts per million 148,467 
pasta 53,71 
pasteurization 49,232 
pastries 49 
Pathogen Biocide. See chlorine 
dioxide 
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pathogenesis 301 
pathogenic overload 331 
pathogens xxi, 11,82, 85,89, 103, 
115, 120, 128, 147, 245, 257, 260, 
261, 323, 334, 335, 337, 444 
dying 127 
Patrick. See Rivera, Patrick 
Pauling, Linus 87 
PCBs 508 
PDD. Sce Pervasive 
Developmental Disorder (PDD) 
PDD-NOS 347 
peanuts 52, 61,63, 66,451,455 
Pediatric Acute-onset 
Neuropsychiatric Syndrome. 
See PANS 
Pediatric Autoimmune 
Neuropsychiatric Disorder 
Associated with Streptococcal 
Infections. See PANDAS 
pediatricians 445 


Pediatric Infection Triggered 
Autoimmune Neuropsychiatric 
Disorders. See PITAND 


peer-reviewed journals 68 
peetox 227 

Pentavalente (Spanish). See DPT 
(diphtheria-pertussis-tetanus) 
pepper 234 

peppers 61 


pepperwort. See lepidium 
latifolium extract 


peptides 44,48, 49, 56, 69, 245, 
451 

peptidurea 70 

perchlorates 506 

peripheral neuropathy 456 
peritoneum 338 

peritonitis 182 

permitted foods list 50 


Pervasive Developmental 
Disorder (PDD) 44,69 


Peskin, Dr. Brian 247 
pessimists 443 


pesticides 55, 174,258, 485, 506, 
508 
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pets 85, 183, 186, 353 
pH 82,282 
phagocytosis 118 
pharmaceuticals 506 
phenols 61 
phenol-sulfotransferase-P 62 
phobias 136 


phosphoric acid 285 
phosphorus 116,487 
photosynthesis 281 
phthalates 508 


Physically or Otherwise Health 
Impaired (POHI) 328 


physical therapy 330 
phytoplankton 485 

PIC Indolor Gravity Bag 108 
piloncillo 52 

pinching 331,332 


pineapple 123,124, 133 
juice 22, 127 


pinworms 12, 165, 185, 194,220 
eggs 186 


piperazine 192,232 


Pissed-Off Worm Syndrome 
(POWs) 228 


PITAND 333,334 
pizza 49,460 

placental 451 

plants, medicinal 226, 231 
plasticizers 506 

plasticizing agents S08 

plastics 508 

plateau 85 

platelets 251 

Play-Doh™ 53, 73,75 

PMS. See premensrual syndrome 
pneumonia 180 

pollutants 507 

pollution 487 


polychlorinated biphenols (PCBs) 
508 


polysaccharides 59,118 
polyunsaturated fatty acids 246 
pomegranate bark 234 
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pomegranate root bark 231 
pool 142 
pool chlorine 83 
popcorn 74 

airpopped 76 

microwave 53 
Popp, Ph.D., Fritz Albert 444 
pork 50,325 


post traumatic stress disorder 
341 


potassium 116 
potatoes 4,51, 459 
poultry 55 
powers of hydrogen. See pH 
POWS. See Pissed-Off Worm 
Syndrome (POWS) 
PP. See Kalcker Parasite Protocol 
ppm 467 
prebiotic 244 
pregnancy 54,235, 490, 508, 509 
premenstrual syndrome 180,247 
prescription medication 42 
removing a 333 
preservatives 41,53, 54 
preterm births 509 
Price, Dr: Weston A. 258 
Priestly, Joseph 279, 280, 281 
primrose oil 342 
probiotics 45, 58, 140, 188, 197, 
226, 244, 245, 248, 342, 459 
PANDASIPANS 246 
when to give 246 
produce 
wash, best way to 239 
Prompts for Restructuring 
Oral Muscular Phonetic Targets 
(PROMPT) 344 
propolis 233,234 
prostate problems 180 
protein 48,49, 50, 70,245, 251, 
451 
digestion 48 
hydrolysate 55 
proteins 
beads 450 
what are 450 
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Protocol 1000 157 
psoriasis 181,337 

PST. See phenol-sulfotransferase-P 
psychoactive substances 176 
psychological distress 245 
psychological problems 508 
psychotic behaviors 58 

pudding 460 

pulmonary disease 313 
pulmonary fibrosis 443 

pumpkin seeds 192, 193, 232 
punicine 234 

purgative 233 

pustules 337 


Pycnogenol” 250, 324 
dose 250 


pyrantel pamoate 141, 188, 192, 
193, 237, 341, 445, 

dosing 192 

source 193 


2g 


quercitin 342 
Quest Diagnostics 391 
quinoa 51 

Quinton, Rene 116 


radiation 67 
rage 180 
Rain Man (movie) 276 


Raising Your Child Without Milk 
(book) 72 


raisins 63 
rapid heartbeat 179 


Rapid Prompting Method (RPM) 
344 


Rapp, Dr: Doris 72 
rash 46,337,338 
RAST test 69 
rats 78 

reactions 46 
reading 247 
recipes 61 
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recovery xxii, 12 
rectal suppository 257 
rectal wall 338 
redness 337 
Red No.2 55 
Red No.40 55 
reflexes, slow 179 
Reichelt, Dr. Kalle 69 
relaxation 250 
remineralization 115,487 
reproductive problems 508 
respiratory disease 180 
respiratory problems 508 
restless leg syndrome (RLS) 179 
restlessness 179 
retardation 

growth 236 
retina 251 
retroviruses 301 
rheumatoid arthritis 443 
Fice 51, 66,459 
Ricinus communis. See castor oil 


ricinus oil. See castor oil 
rickets, prevent 313 
rigidity 330 
Rimland, Dr. Bernard xvii, 6, 253, 
264, 265, 266, 267, 276, 278, 279, 
281, 289, 334 

funeral 265 

ssong in memory of 266 
Risperdol® 42 
Ritalin® 42 
Rivera, Patrick xv, xx, 30%, xxii, 1, 
3,4,5, 6,8, 10, 11, 13, 15, 17,44, 
81, 82, 146, 257, 264, 265, 269, 272, 
341,347 
RLS. See restless leg syndrome 
(RLS) 
Road to Immunity: How to 
Survive and Thrive in a Toxic 
World, The (book) 335 
rocking xxii 
Rompepiedras. See lepidium 
latifolium extract 
root 55 


Index 
root canal 452 
rope parasites 165 
rope worm 165, 170, 173. See 
also rope parasites 
Rosedale diet 51 
rotavirus 244 
roundworm. See Ascaris 
lumbricoides (roundworm) 
rubbing 331 
rue 226,231 


Ruggiero, MD, PhD., Marco 293, 
467 


runny nose 89, 114, 138 
rye 49, 66, 69,455 


Ss 
Sabin, Nellie 335 
S-adenosylmethionine 143 
salicylate intolerance 61,62 
salicylates 61,62 
salinity 118 
saliva 317,461 
saliva tests 454 
salivation, excessive 182 


salt 78,83, 116 
table 86, 116 


salt baths 226,229 
salt water 116 
SAMe 143 

sand 486 

Sands, Bob xvi, 6,263 


hospital 269 
polio 269 

Sand’s Hyperbaric Chamber 7 

sandwiches 460 

Sara's Diet 71 

sarcoidosis 313 

sauce 460 

sauerkraut 197,232,459 

sausages 53,55 

SCD. See Specific Carbohydrate 

Diet (SCD) 

schizophrenia 44,69, 120 

school 74, 105, 126, 135, 302 


Sensor Comparisons 


Advantages of Optical Presence 
Sensors 


+ Not affected significantly by magnetic 
fields that can interfere with operation 
of a Hall-effect sensor or a reed switch. 


+ May be contained in a small all-in-one 
package. 

+ Some optical sensors can operate over 
a distance of 50cm. 


+ Very well suited to sensing an object 
that blocks the light source (the opioin- 
terrupter configuration). 


Disadvantages of Optical Presence 


Sensors 
+ Must have clear line-of-sight with the 
object and/ora reflector. 


+ Performance will be degraded by accu- 
mulation of dust or dirt. 


Limited lifetime of LED light source, if 
used continuously. 


+ May be accidentally triggered or 
impaired by some types of ambient 
light. 


+ Often requires a load resistor for the 
LED as well as a pullup resistor for the 
open-collector output. 


+ Range of acceptable voltage is usually 
narrow. 


Advantages of a Reed Switch 


+ No polarity 


+ No additional components required, 
other than a magnet. 


+ Able to switch AC or DC. 


+ Able to switch to voltages as high as 
200V in some cases. 


presence > obj 


+ Can be maintained by a magnet in 
open or closed state indefinitely 
without any power consumption. 


+ Many variants are capable of switching 
500mA, and higher-current types are 
available. 


+ Can be activated through nonmagnetic 
materials (plastic, paper). 


+ Not significantly affected by dust or 
dirt that can degrade performance of 
an optical switch. 


Disadvantages of a Reed Switch 


+ Requires a separate magnet (which 
must be placed carefully to avoid 
affecting other components). 


+ Cannot be miniaturized to the same 
extent as a surface-mount chip. 


Glass envelope is easily damaged. 
+ Arcing may occur between contacts. 


+ Will not work reliably when the activat- 
ing magnet is more than a few millime- 
ters from the switch. 


+ Can be activated accidentally by other 
magnetic fields. 


+ When sensing an object that comes 
between the switch and a magnet, only 
a ferrous object can be used. 


+ Must be debounced when connected 
with a logic chip or controller. 


Advantages of a Hall Effect Sensor 


+ Robust solid-state component. 


+ Can be miniaturized for surface-mount 
applications. 


+ Very low cost. 
+ Fast response, 


+ No contact bounce. 
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Schultz, Henke 248 
Schweppes, Joseph 281 
Schweppes™ Bottles 160 
scratching 331 
screaming 332, 333,341 
scripting 125 
seafood 55,253 
Sears, Dr: Robert 336 
seasonal allergies 137,330 
sea water. See ocean water 
seaweed 197 
sedimentary clay 257 
seeds 60 
seizures 45,58, 120, 179, 236, 240, 
248, 251,252, 253, 323, 324, 325, 
326, 328, 330, 336 

febrile 336 

full moon 324 

grand mal 324, 325,326 

new moon 324 

parasite protocol 324 

parasitic infections 325 

petit mal 324 


selenium 87,116 
Self-Injurious Behavior (article) 


331 
self-injurious behavior (SIBs) xxii, 
62, 144, 325, 331, 332 

probiotics 246 
semolina 49 
sensory/cognitive awareness 248 


Sensory Integration Disorder 
328 


Sensory Integration Therapy 344 
sensory overload 31 
sensory table 73 
separation anxiety 228 
serotonin 249 

pathways 249 
sesame 66,455 
Severely Multiply Impaired 328 
sexual behavior 249 


sexual & reproductive disorders 
180 


shakes 53 
shampoo 73 
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sheep 49,72 
shellfish 50 
Shi and Xie 79 
shortness of breath 180 
shot glass 96, 98, 105, 110,493 
shower 114 
SIBs. See self-injurious behavior 
(SIBs) 
side effects 11,82 
silenced nerves phenomenon 450 
silent gluten injury 456 
silica 457, 485, 486,490 
silicon 116,486 
silicon dioxide 486 
silver 116 
Singer, Emily 248 
Siri and Lyons 43 
skepticism 68 
skin 50, 73,85, 116,330, 451, 488, 
508 
allergies 244 
care 162 
crawling sensation under 181 
dry 181 
itchy 181 
problems 70 
test 70 
ulcers 181 
wrinkling of 485 
skin issues 337 
chronic 338 
slapping head/ears 331 
sleep 31,42, 62, 147, 247,249, 
330 
changes 89 
deprived 46 
patterns 46 
problems 70,248 
restless 177 


sleepiness 248, 324 
sleepytox 227 

small intestine 43,59, 60, 61 
smearing feces 180 

smile 229 

‘Smith, Dr. Leonard 251 
smog 508 

smoothies 490 
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sneezing 137 spelt 49 
soaps 183,508 spices 55,226 
sociability 248 spinach 70,253 
social interactions 247 spinal fluid 309 
socialization 250 spinning >i 
socializing spirochete 144 

problems with 458 spitting 227, 326 
soda 53,285 spleen 487 
sodium 83, 116,486 sports drinks 53 
sodium bentonite 258 aquealing: 2044,1/6 
sodium chlorite 78, 84, 90, 92, stairway to recovery sei 
105, 123, 146, 155, 157, 467 eae a50 

buying 94 

powder or flakes 92 starch 49,76 

solution 96 starch molecules 76 

technical grade (salts) 92 statistics, autism viii, xxv 
sodium hypochlorite 83 steambath 21,114, 138 
sodium nitrite 55 steroid injections 114 
soft chambers 279 stevia 51,126, 155, 162,225 
solvents 55 KAL® 51,126 
Solving the Puzzle of Your Hard to SweetLeaf® 51,117,126 
Raise Child (book) 72 stimming 125 
Son-Rise™ 344 stimmy 46 
sores 181,338 stomach 51, 59,338 
eerchine burning in’ 177 

rghum ST problems 70 
sound ulcers 119 


sensitivity to 333 
sour cream 72 
sourdough bread 67,458 


stone breaker. See parasite 
protocol, chanca piedra 


stool 

southernwood 231 analysis 12 

soy 43,49, 52, 53, 54, 56, 66,69, blood in 177 

70, 74, 76,319, 455 loose 141,332 
cheese 72 mucous in’ 177 
milk 53 sample 12,241 
oil 71 tests 243, 463,465, 
sauce 49,53 strawberries 63 
burma strength 330 
soy-ree 41,48, 7,58 Src aad 


soy sauce 232,460 
spaghetti 459 
Specific Carbohydrate Diet (SCD) 
58, 59, 60, 324 
speech xxii, 1,45, 46, 141,248, 
250, 251, 252 

therapist 30 

therapy 24,330 
spelling 247 


strep throat 64 
streptococcal infection 333 


stress 248,249 
reduce 250 


stressed 46 
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sugar 41,47, 50, 51,52, 53, 54,74, 
78, 119, 133, 176, 231, 285, 459 
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cravings for 178 
natural $1 
refined 55 
Suicide by Sugar (book) 54 
sulfotransferase enzyme 62 
sulfur 116,144 
sulphates 61 
sunflower seeds 486 
t 84 
supersaturate 282 
supplement list 45 
supplements xxiv, 4, 11, 21,45, 58, 
87, 118, 138, 139, 243, 260, 320, 
324, 341 
focus on excesses 90 


support beyond this book 521 
Supportive Typing 344 
support system 47 
suppositories 129 
swallowing, difficulty 182 
Swedo, Dr. Susan 333,334 
sweeteners 52,55 
sweetflag 231 
SweetLeaf® stevia. See stevia 
sweets 54 

‘cravings for 178 
swelling 70, 181, 338 
swelling clay. See bentonite clay 
swimming 142 
syringe/catheter method 111 
systemic immune system 245 
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taenia saginata 185 
taenia solium 185 
tangerines 63 
tansy 231 
tantrums 42, 46, 57, 103, 249, 325, 
332,341 
tapeworms 12, 165, 167, 180, 185, 
234 

eggs 185 
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tapioca 51,459 
tarragon 234 
taurine 251,324 
tcells 256 
tea 249. See also green tea 
teenagers 140 
teeth 86, 162,473 

amalgams 509 

grinding 179, 181,325 

mercury 509 

root canal 452 
temperature 249 
temperature, body 

common fever 336 

high fever 336 

low-grade fever 336 

normal temperature 336 
temporal cortex 308 
tendons 488 
teriyaki sauce 49 
testimonials 19, 42,357 

curezone.com 339 
tests 

antibody 456, 460 

blood 454, 464,465 

celiac antibody 457 

false negative 65,454, 462, 463 

gene 464,465 

gluten 

good 462 

laboratory testing 345 

parasites 345 

saliva 454,465 

stool 465 
TheaNAQ 342 
therabiotic 342 
THERALAC® 188, 197, 244,245, 
341 

dosing 197 

dosing time 254 

source & cost 197 
thermometer 109 
thimerosal 255, 261,507 

vaccination 267 
Thinking Moms’ Revolution, The 
327 
Thom, MD, PhD, Stephen 290 
throat 50 
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thyme 234 
thyroid 65,256, 453,461 

disease 313 

function 509 

nodules 314 
tics 227,333,334 
tin 255 
tinnitus 485 
tiredness 62. Sce also sleep 
tissues 261 
titanium 190, 486 
TMG. See trimethylglycine (TMG) 
toast 459 
tobacco smoke 508 
toe walking 274 
toilet odors 343 
tomatoes 61,63, 325 
tongue sores/lesions 330 
toothbrush 142 
toothpaste 61,73, 84,86, 142, 
257, 508 
tortillas 

flour 49,52 
toxic by-products 60 
toxicity 451,456 
‘Toxicological Profile for Chlorine 
Dioxide and Chlorite (report) 78 
toxic substances, exposures to 
508 
toxin levels 457 
toxins 11,50, 55, 59, 88, 89, 103, 
115, 143, 259, 320, 337, 453, 485, 
505 

environmental 445,507 

oxidize 103 
trace minerals 258, 486 
transdermal applications of 
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transglutaminase 454 
TravaCor Jr. 342 
‘Treatment and Education 
of Autistic and Related 
Communication Handicapped 
Children (TEACCH) 344 
tremors 236 
Trichinella spiralis 240 
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trichloroethylene 507 

triclosan 508 

trilombrin. See pyrantel pamoate 

trimethylglycine (TMG) 253 
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tryptophan 249 

1TG 66,454, 461, 463 

1TG-lgA 454, 463 

tumors 338 

tuna fish 72 

turkey 50 

turmeric 234 

TV watching 343,344 
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UCLA 323 
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ulcers 120, 338 
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309 
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ddrugs, transport of 311 
meninges 308 
mental states, effect on 312 
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updates and corrections to this 
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con the spectrum. 
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+ Extremely durable, with an almost 
unlimited lif 


+ Not significantly affected by dust or 
dirt that can degrade performance of 
an optical switch. 


+ Low cost. 
Disadvantages of a Hall Effect Sensor 


+ Requires a separate magnet (which 
must be placed carefully to avoid 
affecting other components). 


+ Open-collector output typically limited 
to 20mA or less. 


+ May be vulnerable to magnetic fields, 


+ When sensing an object that comes 
between the switch and a magnet, only 
a ferrous object can be used. 


What Can Go Wrong 
Opt 


Deterioration of LEDs 
Most object presence sensors depend on infra- 
red LEDs asa light source, An LED has many vir- 
tues (discussed in Volume 2), but does tend to 
suffer from gradual reduction in light output 
over a period of years. In a device such as a 
photocopy machine, which is used intermit- 
tently and may have an “economy” or “sleep” 
mode in which most of its components are 
powered down, LED-based detectors should 
last almost indefinitely. In other applications 
where an LED is powered continuously, its light 
‘output will diminish signicantly in 3 to 5 years. 
Bearing this in mind, an optical sensor should 
be chosen to operate well below its light- 
detection limits. 


al Sensor Issues 


Object Too Close 
Some optical and ultrasonic detectors triangu- 
late on an object; that is, the light emitter and 


What Cas B 
light sensor are angled slightly toward each 
other (as shown in sections 3 and 4 of 
Figure 3-3). The signal output from the sensor 
will peak at the distance where the emitter and 
sensor focus at a point. Consequently the out- 
put voltage will diminish when the object 
comes closer, which may create the misleading 
impression that the object is moving further 
away. To avoid spurious readings, detectors 
should not be used with objects that are closer 
than the minimum distance specified by the 
manufacturer. 


Reed Switch Issues 


Mechanical Damage 
Bending the axial leads on a reed switch can 
easily fracture the glass envelope. Reed 
switches must be handled with care. 


Contact Bounce 
If the switch is wired to the input of a logic chip 
or microcontroller, contact bounce when the 
switch opens or closes is likely to be misinter- 
preted as multiple switching events, Debounc- 
ing will be necessary, either by additional 
components or by insertion of a momentary 
delay in the code embedded in a microcontrol- 
ler. 


Arcing 
When switching high voltages or currents, an 
arc may be created briefly between the switch 
contacts, most often when they are moving 
from the closed to the open state. The arc 
erodes the contacts of the switch, Inductive 
loads make the arcing problem worse, If the 
switched voltage is kept below SV arcing gen- 
erally does not occur, extending the life of the 
switch. 


Chapter 3: object presence sensor 23 
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spatial > presence > passive infrared 


passive infrared sensor 


In coloquial speech, the term mation sensor is usually understood to mean a passive 


infrared motion sensor. 


The acronym PIR is often used for a passive infrared sensor, It is always capitalized, 


without periods, 


Object presence sensors and proxi 


ity sensors require an active source of a mag- 


netic field, ultrasound, or infrared radiation. A passive infrared sensor does not require 
any such source, and responds passively to heat radiated from the object that is being 


detected. 
OTHER RELATED COMPONENTS 


+ object presence sensor (see Chapter 3) 


+ proximity sensor (see Chapter 5) 


What It Does 


A passive infrared motion sensor, often 
described as a PIR, detects black-body radiation, 
which all objects emit as a function of thei 
temperature relative to absolute zero. The sen- 
sor responds to infrared radiation centered 
around a wavelength of 10m (10 microns, or 
10,000nm). This is the approximate body tem- 
perature of people and animals. 


The word “passive” in the term “pa: fra 
red” refers to the behavior of the detector, 
which receives infrared radiation passively. 
Proximity sensors must generate their own 
infrared radiation actively, which is interrupted 
or reflected by nearby objects. See Chapter 5. 


Schematic Symbols 

Schematic symbols that are sometimes used to 
represent a passive infrared motion sensor are 
shown in Figure 4-1. 


ae 
(a) 
aes 


Figure 4-1. Schematic symbols that may represent a pas 
sive infrared mation sensor. The orientation (pointing left 
or right) is arbitary. The pin sequence may vary. 


Applications 

Motion-sensitive outdoor 1g almost 

always is based around a PIR. Similarly, a secu- 
ity system may sound an alarm or activate a 

video camera when a PIR indicates human 

activity. 


Wildlife monitoring systems use PIRs to start a 
video camera that can then run for a preset 
interval. 
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How It Warks 


Warning systems for automobiles have been 
developed that use a rear-facing PIR to detect 
pedestrians. 


Industrial indoor lighting may use PIRs that 
switch the lights on automatically when people 
enter a room, and then switch the lights off 
(after a timed delay) when people are no longer 
detected in the room. The goal is to prevent 
wastage of energy as a result of employees for- 
getting to switch the lights off. 


How It Works 


A PIR module contains multiple components. 
‘Most visible is an array of at least 15 small len- 
ses that focus infrared light from zones in the 
environment onto a pyroelectric detector, also 
known as a pyroelectric sensor. The response of 
the detector is processed by an amplifier, so 
that the signal can trigger an electromechanical 
relay or solid-state relay (see Volume 2). The 
relay operates an external device such as a light 
oranalarm. 


Additional circuitry may allow the user to con- 
trol the sensitivity of the PIR module and the 
length of time that the relay remains closed. 
The user may also be able to set the time of day 
when the PIR is active, or an additional photo- 
transistor can shut down the PIR during day- 
ight hours. If a phototransistor is included, its 
sensitivity is adjustable. For more information 
about phototransistors, see Chapter 22. 


Pyroelectric Detector 
The pyroelectric detector is actually a type of 
piezoelectric device. It is based around a wafer 
of lithium tantalate, which generates a small 
voltage in response to incident thermal radia- 
tion. However, like other piezoelectric compo- 
nents, it does not respond to a steady-state 
input, and must be activated by a transition, 
This distinguishes it from other types of light 
sensors, such as an infrared photodiode, in 
which the response is consistently related to a 
temperature input. 


The response of a pyroelectric detector is sug- 
gested by the graphs in Figure 4-2. 


Input overtime 


Infrared Light Intensity 


Output over time 


Photodiode Output 


Output over time: 


Pyroclectric Output 


Figure 4-2 Top: incident intrared light intensity. Center: 
the voltage output from a hypothetical photodiode. Bat 
tom: the voltage output from a hypothetical pyraelectric 
detector. 


A pyroelectric detector in a PIR module is 
mounted in a sealed metallic container, as 
shown in Figure 4-3. The rectangular window in 
the detector is usually made of silicon, which is 
opaque to visible wavelengths but transparent 
to long-wave infrared radiation, 


Elements 

The pyroelectric detector used in a PIR contains 
at least two elements with opposite polarities, 
connected in series. Ifa sudden change in tem- 
perature affects both elements equally, their 
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spatial > presence > passive infrared 
responses will cancel each other out. Thus, the 
detector ignores changes in ambient tempera- 
ture. However, if a source of infrared radiation 
in the appropriate waveband affects one ele- 
ment before the other, the detector will er 
‘two pulses of opposite polarity. See Figure 4-4. 


Figure 4-3 A pyroelectric detector mounted on a small 
circuit board in a passive infrared radiation sensor. 
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Figure 4-4 Top:ina pyroelectric detector, ita change in 
temperature affects two elements of apposite polarity 
simultaneously, their voltages cancel each other out. Bot- 
fom: it one element is triggered before the ather, the 
detector emits a signal 


How It Works 


Lenses 

Lenses are used to trigger the elements 
sequentially. Each lens faces toward one visible 
zone in the target area. When a source of infra- 
red radiation moves from one zone to the next, 
it energizes the elements alternately, creating 
an output. 


In some PIRs, four pyroelectric elements are 
used instead of two, to provide better coverage. 
The pairs of sensors may be wired in series or in 
parallel, but the principle remains the same. 


The lenses are molded into a polyethylene 
dome that is often white and covers the pyro- 
electric detector. The dome appears smooth on 
the outside, but fine patterns of concentric 
ridges are molded on the inside. These are fres- 
rnel lenses, which are much cheaper, smaller, 
lighter, and easier to fabricate than conven- 
tional optical lenses. A fresnel lens introduces 
some distortion and aberration, but these 
defects are unimportant in a PIR. 


Figure 4-5 illustrates the principle of a simple 
fresnel lens. The first section of this figure 
shows a conventional optical lens with one flat 
side and one curved side. A distant object emits 
almost-parallel beams of infrared light that are 
focused by the lens. Section 2 shows the same 
lens divided into segments that are stacked 
with no space between them. They behave in 
exactly the same way as the original lens. In 
section 3, each segment has been reduced in 
width, but because the optical faces still have 
the same geometry, they will still have the 
same function, although a small amount of dis- 
tortion will be added by the reduction in width. 
This is a fresnel lens, which found an early 
application in lighthouses, where it greatly 
reduced the weight of very large glass lenses 
that focused the beam. 
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How It Warks 


Figure 4-6 The principle ofa fresnel lens applied toa 
conventional lens in which beth surfaces are curved. 


Figure 4-7 shows three curved fresnel lenses 
placed edge-to-edge, seen from above, In sec- 
tion 1 of this figure, infrared rays from a distant 
Ke source are focused by the first lens onto the 
; right-hand element of a pyroelectric sensor. In 
Lig 

[LZ 


section 2, the external source has moved later- 
ally, and the rays now focus on the left-hand 
element. In section 3, the source has moved 
into the zone covered by the centrally located 
fresnel lens, which focuses on the right-hand 

a element again. The fluctuating inputs will trig- 
ger the sensor. 


Figure 4-5 Principle ofa fresnel lens. See text for details. 


The same principle can be applied to a lens in 
which both surfaces are curved, as shown in 
Figure 4-6. In practice this will introduce more 
imperfections in the image, although some 
compensation is possible by adjusting the 
exact shape of the lens. 
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Figure 4-7 Sections 1, 2, and 3 show fresnel lenses 
focusing an external source of infrared radiation on ind 
vidual elements of a pyroelectric sensor. 


PIRs may combine fresnel lenses in a variety of 
patterns. Figure 4-8 shows an evenly weighted 
mosaic that would be suitable for a motion 


Variants 


detector mounted on a ceiling, facing directly 
downward. Figure 4-9 shows a pattern weigh- 
ted toward lateral motion, providing less sensi- 
tivity for motion above and below the primary 
band, 


Figure 4-8. An evenly weighted mosaic of fresnel lenses. 


Figure 4-9 A mosaic weighted more toward sensing lat 
eral motion. The grooves of the fresnel lenses are visible. 


Variants 


PIR sensor modules are available mounted on a 
small board such as the one shown in 
Figure 4-10 from Parallax, Inc. The detection 
range is 5 to 10 meters, selected by a jumper on 
the board. The three pins visible in the photo- 
graph are for power supply (3VDC to 6VDC), 
ground, and output, The output can source up 
to 23mA with a SVDC power supply. Power con- 
sumption of the module is only 130HA when it 
is idle, or 3mA when itis active but has no load. 
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Figure 4-10 A passive infrared detector mounted with 
basic necessary components on a small board 


A board of this type still requires additional 
components to set the ‘on’ time for a light or 
alarm, and to deactivate the PIR during daylight 
hours. 


Various lens patterns are available, sold sepa- 
rately. 


‘A PIR can be bought as a single component 
containing two elements and FET transistors to 
amplify the signal. Surface-mount and through- 
hole versions are available, requiring a typical 
power supply of 3VDC to 15VDC. 


However, a PIR bought as a “bare” component 
requires significant extemal circuitry, using 
comparators or op-amps. Circuit design is non- 
trivial, entailing practical problems such as op- 
‘amps being sensitive to voltage spikes caused 
by activating a relay that shares the same 
power supply. 


spatial > presence > passive infrared 
An easier alternative is an all-in-one detector, 
lens, and control circuit such as the Panasonic 
AMN31111, which is ready for board mounting, 
Its small output current of 100HA would be 
capable of activating a solid-state relay. Similar 
Panasonic PIRs offer a variety of ranges, sensi- 
ivities, and supply voltages. 


The AMN31111 is in Panasonic’s AMN series. 
There are many type numbers for combinations 
of analog or digital output, lens shape, and 
black or white lens. A selection of lens shapes, 
derived from the manufacturer's datasheet, is 
shown in Figure 4-11. 
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Figure 4-11 Four lenses from the Panasonic AMN series 
of passive infrared sensors 


What Can Go Wrong 


Temperature Sensitivity 
In warmer weather, objects in the field of view 
ofa PIR will tend to be warmer, and the temper- 
ature difference between them and human skin 
will diminish. This can degrade the perfor- 
mance of a PIR. 


Detector Window Vulnerability 

The silicon window on a detector is vulnerable 
to dirt or grease. Avoid touching the compo- 
nent if it is not protected by lenses. 


Moisture Vulnerability 

Water absorbs far-infrared light. Consequently, 
condensation on the lens or detector can 
degrade performance, and a PIR may not func- 
tion in heavy rain or snow. 
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spatial > distance > proximity 


proximity sensor 


Proximity sensors that use infrared, ultrasound, and capacitance are described here. 
This Encyclopedia does not include proximity sensors that use magnetism, inductance, 
or other methods of determining distance. 

Sometimes proximity sensors are referred to as distance sensors, An ultrasonic proxim- 
ity sensor may be described as a range finder or a ranger. 

High-end ultrasound proximity sensors sold as large, sealed modules with cabling can 
monitor the status of industrial processes. These commercial units are outside the 
scope of the Encyclopedia 

A sensor that detects whether an object is present, but does not measure the distance 
to it, s considered to be an object presence sensor and has its own separate entry. 
See Chapter 3. Many devices that are sold as proximity sensors or distance sensors 
actually do not provide meaningful distance data, and therefore in this Encyclopedia 
they are included with presence sensors. 

Phototransistors and photodiodes may be used as sensing elements in proximity 
sensors. These components have their own entries as light sensors. See Chapter 22 and 
Chapter 21 


OTHER RELATED COMPONENTS 


+ abject presence sensor (see Chapter 3) 


«+ passive infrared sensor (see Chapter 4) 


What It Does Schematic Symbols 


Either of the schematic symbols in Figure 5-1 


‘A proximity sensor measures the distance may represent a pro» 


ity sensor, but are not 


between itself and a physical object that is used consistently. The sensor may also be rep- 


often described as the target. The output from resented as a rectangle containi 


the sensor may be analog (voltage), serial data, ing its function. 
or pulse-width modulation. It may be transmit- 

ted via a serial protocol such as SPI, TTL, or I2C, 

and may be stored as digital data in a register 

that is accessed by a microcontroller, using I2C. 

For additional details about protocol, see 

Appendix A. 
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Figure 5-1 Two ways to represent a proximity sensor ina 
schematic 


Applications 

In robotics, a proximity sensor can prevent a 
collision between a robot and an abject or bar- 
rier in front of it. Some sophisticated proximity 
sensors can provide sufficient data for software 
to map the entire environment, but are outside 
the scope of this entry. 


Proximity sensors can also be used in alarm sys- 
tems, or for liquid-level sensing in storage 
tanks, or in automobiles to sound a warning if 
the driver is backing into an obstacle (although 
these devices are being augmented with rear- 
view video monitors). 


In handheld devices, proximity sensors are used 
to sense the presence of the user's hand or face 
—for example, to shut down the display when 
a person raises a phone to talk into it. 


Variants 


This entry is subdivided to describe proximity 
sensors that use ultrasound, infrared light, and 
capacitance. 


Ultrasound 

‘An ultrasonic proximity sensor functions by 
‘emitting a short burst of sound and then listen- 
ing for echoes from objects in front of it. 


The sound is created by a piezoelectric trans- 
ducer (see Volume 2) at a frequency between 
30kHz and SOkHz, well above the range that 
can be detected by the human ear. The trans- 
ducer may do dual duty as a microphone, send- 
ing and receiving sound on an alternating 


spatial > distance > proximity 
basis; or a second transducer, serving as a 
microphone, may be mounted beside the emit- 
ter on a small circuit board. The economically 
priced HC-SRO4 is an ultrasound proximity 
detector popular in the robotics community, 
working reliably in the range of 2cm to Sm. 


A board on which the sensor is mounted may 
include a microcontroller to measure the delay 
between propagation of a pulse and reception 
of the echo, Distance to the reflecting object is 
then calculated using the speed of sound in air 
at sea level, which is approximately 340 meters 
persecond, 


Infrared 

An infrared proximity sensor requires a beam of 
infrared light from an LED that may be incorpo- 
rated in the sensing module or mounted sepa- 
rately. Light reflects from the target and is 
detected by a phototransistor or photo- 
diode. From the angle of the reflected light, 
onboard electronics can calculate the distance 
to the target by a process known as triangula-~ 
tion, See Figure 5-2. (This diagram is simplified. 
An actual sensor may use a linear array of pho- 
todiodes to assess the angle of the returning 
light beam) 


Light 
emitter 


= 
os 


Figure 5-2 An infrared proximity sensor determines the 
distance to an abject by assessing the angle of reflected 
hight. 


Near target Far target 


To reduce the risk of false positives, light from. 
the LED contains only a narrow range of infra- 
red wavelengths. Also, it is modulated at a fre- 
quency recognized by sensing circuitry in the 
module. 


32 Encyclopedia of Electronic Components Valume 3 


-odop ssyp sanoy 9 ups annzaqur pr poseuodaqas Spry are > prose aq 1 “Upys 
rueuod 24: uo siifoxsodap pur snur 21p Jo ano Ajeusmisou sess sopeurgy piaesey 
"nou! ayp oxut porenslingay are yewoxs yp ur suus0% apupe ffeuoyse9Q "esosrU 
Dip uo Burpy ‘sour ayp os ypeusens 247 woyy wen eunsuronse# oy yo uouNy 
yp unpyss rei8ius op <oy} ang *uofas pur wind 2yp ut euSuo> syeonsua ese 
sonpe ayy, yer Suysder unpr Suoy e sey opeusay oyp ayy “paasns 4jfuons uy 
yews 2yp jo pus souassod aq, xpua] uy wus € -gs9peuRy pur pus] ur was 6-7 5 
‘uuios aur 54, “suonmpsuy us psuyuos sjenpraput ur pu Se pooy>s Jo USIP 
ur soy st souppeanug “susezed 2yp Suoqrey wonejndod aup jo 946 | pur ¢ uD39u. 
34 tps "sung PowUP, 2q2 UT woND2yUF ON wourME> Isout 2yp St useIed 94, 
‘sueuing Jo ‘wosueos 20 ‘uuomuyd uejodouse> ayp st sunmsruaza mngawquy 
suavpnoqusaa smigosaqiiy 


sfinap 2yp 4q sresqws 01 uopeynus 
Dip prose on say powan 99 pmoys susosy uosaud os are suom yeux J31p0 
wy “oflnise pur woyLeIp ‘Sunruoa ‘eosneu spnppur sseweose jo Adesoyp Sup 


Sfuraa99 “a80Mry oOKPS TAPE 
svowegy cop cesapPE “WY BMH HwOHG NOTH aro ap UE OANA FE IN 


ve TpOTeUAN STIseIe A 10 MBOIOYTOW [BUD 


‘ones wos Suronpard soSessed jeseu ayp uy sui © 205 Fuyaramns seam] ap 
su one dew sifuy poreunm=sue> <q as0u 2qp onus psonpantut 30 pojequr sig 
“pars Sue anaz0 suoneyduse> asoqp nq stun] pur 983 ‘wmouoyuod yp ur puny 
uaoq ary suniom paiensdesug “uonsapur pur vores! Busnes Auses peouowsed 
pur aoe prs jews} ayp oxur sre suomurd 4jeuorsea9g “sow ae smn330 
‘sosmun frunssiuy 9 Jo woneumeyU] “suoRa2yur [eyDIeG Azepundss pur SUES] 
sonpoud deur words eueuod oxp jo Buryprezss asuoruy “doo ssopsax pur ayrqentt 
“Sunnuos ‘eosneu wont jeunsoutonsed pus ousubdx> uso suonszyuy WOM, 
Aseoyy uo umapysyc) pewonduadse age suonaoqur uazonwnd jo Aauofeat 24 
(pt ug) snue ayp yfinop sunssiar 3yp oxy 
9peq sour sear] oy: pure prey uowfar jeucyd axp wy pousodap sis ayn uqs 
sin2b0 uomsajuIonsy “Spam 9-7 ut uowas pes2s0of 242 UE aIMEUE pur 25140 Our 
Seale] af pur “eunsponp aya ey ypaey SREa aap Sposoyfens sy, “eeaSyp aya 
-suen youues snip pure ‘suuzomund so 204 a3esjeuue >nssuIocy“ouIUENIAND poret 
qurewo> Ajparsy ur moo deus uoneyeyur q woRDayuy “(ET “Sy) ap amoy puE 
‘ama ‘ppmor Suyppoq Fanpops taosy paroqjo> uooq asvy so age, “sopETe 
40 pooy poreurureiuos yinonp Afssuspur so soy 1uasapIp 10 ues 3H Jo INOUE 3H 
fo snue oop wey pury iq fo aqnayur 30 oyun Samp wos syMSBN WoRZzUT 
(-$7-07) smezsdwar are9pour puE Auprumy yy jo suorspuES s9pun syPaN Aye 
2a) aanuns ue> ypu 89 9Qg'0| anoge usodap Avur 2peur>s ypeg (Zt Hg) urs 


sre oy sn wary pssst ames we ste 
(qo 1) 91930 (gn masa) sBop 30 womans yeunssaNE ay 30 3A ar] “EL ay 


ex 


=9 
SS peer LE) 
ais CA & 


Sauewoday jeaipory jo sansere 98 


yeuuzow up snag agp @Bnonp Ajpeodso “sear yo suomi aagsuonxo way EE 
‘ewe ypeoqy “wuiae pure soar] 34 ut pusnoy tsaq aney seusojnEA <<poutosed>y, 
pur ‘soienyyur Areuownd ‘eyydouiso> isx3j spnpur AyeotdAa wonsaput yo suo} 
-dundg “(61 81g) sypmous spun on SupoH sifluy axey ox DDS skew OYE UIP 
unos uy uouruo> sf 'sse17e>0xe) POUND st Yrs ‘se>syp ay, soLOArUre> PSE 
UE “{paansodsar ‘sie> pur sop ansouop jo sousered jeunssiut ueaqodouso> au 
“un 7,10 stra eaooxoy yo $889 ap Jo uorssur wou sax Apusnbay sues eae] 
pep2st4 weunpy sewoywuEit sonposd pur axnseut su1ONDq soxsered >yp ‘Kpuanb 
-a1g “so¥ojomped snouea Suysne> suvdio pure sanssn snouea ony Ajpesnen9 s9puea, 
ue surwony ur suouidopsop sys a1]duz0> on 2}qeun ase eazy peasy a4, “sHE> pUE 
Slop 1oajur Aeuuiou epmyss jo sype ay ‘sease] proveurou uewny-uoU jo sis 241 
{jo wonsaiiur ruusproe 2yp toy; Sunasas uorypues vst surius eas] jes9951 


suesBiyy ease] [es9051, 


foo “ery 
sosronicy ase 3 wots] womanang lee onto) I3NIC] 1 1902) 34p Jo ATO 
“pu yo vase (cq) “ee padojsap [PH in HRD oP? <p jo BR porewocagery 
sq) “99 Top passed ry monoeey 90 33a posmuadsqswm pur poay3s>g (V) “91 ey 


TSpOTeUAN STIseIeA JO MBOqOYTOW [BID 


fn dn aunseou suiiom aij], "Hs0q uodsuen se aos ypy Jo o122ds Kueyy “sowtodiod 
ue suoyy eos sunydjop ‘ses Sfeya se ns sPeMNUIEW pu ‘spa “sokpyy SuLTEUE 
smoues jo sosered yrunsoyur Ayeuou age sopoxetsu ype au, EesUy smu 
2¢p Jo 26aze] pease Aq pasne> apes yeursorayosisel ays Jo aseosp es sSEDyESUY 
sronyosiuy 


syenprarpur po2ayuy ut puny 
syeqydouses yeuosse3¢) Sumsowut 3854] pur [euss 2 Jo sess 34 Ut su0H>] PE 
souue 2USIKDSUI 2q} Ul SOOM pue UONEUUIEGLE ‘ssoquIOstp 9635 pu wed 
eurwopge ssnea Aenstoxseseyp suinom a s9[gestna paseurareruo> Fue wos 
‘njosas uons2jur uetunp] “soy sseypotusonut are seus pisdyd snowen pu smgeyd 
nynusSig Boys peunsanad ay, “opapy pur DUE [esIUE) wos} powodss u>>q 
xe sooner qua suon ray uEMAnpY -paniosgo Ayeuorse>s0 s ssAesed [eS 
Aaeroduay -pouodar uaog axey steve aos “uiuog Siensn s| woraput ynowpLy 
‘oo pur 1313) ‘piny [euidso1gar>> pur poolg jesydtind ut eyegdowrsos pret 
(eneydaouaoioutuaus) spou yrs pue sppepeoy aians apnpur Seu sey Buossoroe 
jo swiordusdg “soy 2594p wy poype> aearey aysesed opqets SurutEUOD ung 
40 sjqeislan mes 10 ‘soy ods 20 aeypouuratay posapura4p Bares Aq pasrnboe 
Ss uon22yur uewnpy sie poroyut Jo $922) 242 3e9 GOxp U>4He SOY aTYPaUUADVUE se 
os snp pure seus jeumsauoy pur anenby sesefepeyy pu ‘epesiny sound 
ep ‘uesrey,‘uedef urge, ‘wemepy ur snw>pus st axeoxp ay “sByeyd>ousoS uM 
ayrydouisos somes sisusueruny “y ‘suewmy uy “ster o8e so1zads om 
S934 0] 04] aARMUYDp JeULLOU 9 | HUI Y pur smuaUET mp Suadrorsuy 
opnpur sueafiws ease] [essa ueuny Susne> sox2ods aporewou s91p0 ox, 
stony Buoussorsuy. 


suonpy pur sdnd ut 9966 po22x9 Lew ayes wosayur 3yL, 21220x9 
{pus porsogur sae soneag paar ayp ul se> pure op ajnpe ayp jo og07 eH parEUNSS 
sa Sonssp ayp ur tzeuszop a1H099q pure afias puoaos a4 02 Sjuo dojaaap soporewisu. 
‘2y} ‘swuspor up ue9 7 20 sno 30 so asatur Cup ways soy wodsuen se 28198 
‘ew suspoy “aura ‘7 yo aeyp Os eyus st 72:7. Jo 2} ayy ay ‘Sans woRDapUL 
eeusid « pur uoneaian Suny eso sooussqe uszedde ap 103 d35e3 “plo sppam san 
‘ury ss] sdnd uno uy punoy 9q deur sutiom axmzeus Ajfemxos exp Appides os szn230 
suouadopssp ausezeg “supsonut 2yp o1 amar up wonesfius Azeuousjnd e a2]du10> 01 
‘ureanspoo|g e123 291 O2ur ypug a1p woy ssed pue “ouruaad Suunp ssuowz04 3504, 
4q poweanse 24 62 seodde aease] paxesdeous “yueunop 9:94 “uoue>s soy snoreul 
-ojnues8 e Aq porejesdesus ‘sanseur ng auyfe wewsas Aoyp a1oqia sueu0 pure sons, 
snouea ut painqunsp swo20q pue uortejnssy syusssks ayp s51u ease] 3ep “pests 
uy sunsouu yewss opp 01 Suypes, ainax oypen 2p ssedg pue uonesBiws Areuour 
-jpd axp aisjdusos on fey Ajpesous8 eae] ays uonsoyur snovoud ¥ wos yum 
swos ypu sop simeu! uf “suns oy 62 ypeq pue roypen yp dn *uone|A21> 
Areouynd 2p 01 waists euod oop yfnanip avesShur susos >yp ‘gun 7 asunder 
nurs poyptygeas ou yay snap pur ‘susezed ays 01 aznsodxo snorsard snoypis sop. 
Suno€ uj as0y 2p jo Ayumi pur aie ayp uo spuodop soporeussu 42 £4 uSyet 
sino: owefius 3y], soonur feunssiuy ay ou! wossng dese] 242 pur ‘sURSSIUL 
Dap uy yprey SB 2ip sposssfur uoy\ “(91 Hig) spas suo mmoge ur a8es aan Soy 
‘yp 02 fos a4 uy azmeus pure s922y a4p uy passed axe s8H> pareuodtaquroun “ss0y 


Souewoduy jeapow jo sausere ry 


‘ung "ess ‘saan uy pouodas uooq sey suorsayu wun suey SeUOIsE9 

pus sueoq SoqsSpoy ‘soyuous w punoy uaoq espe sey aporeuu oq sng SUIS 

pur sturutuns jo Spied ausesed wejodouso> © st tunagzyed ruruapr) 
sysrusouoplSu0ry 


sysns Sune jo Auremndod Surwaxs ayp 01 amp 
soveag ponup pur siseppestue yo aouspiur ayn u Bseaxour poxseUr  uo3q SEY 3154 | 
gens seuss on pouiodas u23q 2x04 seoR39;uH 2taOg “saHuOHnd par syed >, 
tourna sunse sossaasqe ‘sis9ja 10 spPrpusdde jo aseup Supper sworduuds pou 
-qwopge ‘uonsnasqo feursoiur Sunmuos ‘easneu sym3e asne> Kew ang SsuEWINY UT 
sumac tou op 2ease] 24], SIE Ajuourue> az¢ (uoUrpES ‘po> Buy) Ysy PH{oUIS 
20 ‘poppud ‘wes aioyss “siarupurss pur adomng yo sed snowes ut ‘seaxe yua2elpe 
pur uede( ur Apreurwopard sino20 aseosip 2yf,“uaxe> are sasoy po223yur payoo> 
‘paenbopeur so aes usyst suewny Aq pasmnbae 28 sta ease ay epup] ur wD ¢'¢ 


rronapo poe 0% eaamne) 34330 31960 IFT “Lt Hy 


“ras usd pab 


Seay sar 


“any sano ta 
um seme pu aos aoe ‘Rielcaneeer, 


‘nyt gene un ey 


we TpOTeWON Sse A JO MBOqOyTOWY [BHD 


st soy Steypountoiu puosos ay uoypy "easy ies pup aanioayur >yp 01 jour pur 
‘Spans so sonst osu 243 07 sSresTiun soy sou 21 Jo auLsoIUT ays sore 
-uod asered ay “asoy sneypoutzmuy puosss sreaqaussa 243 4q pasofuy st ease aes 
-puosss tp uyupeauo> uesoeisnss podado poissyut ayp wou] sTewuurur 20 ‘spi 
‘sojudar ‘sueqiydure “soppy ssueaapauy raeasnu> aq Lew! soy axeypounio1uy puorss 
Sy, "tam] apsered Suyurunpns-oayyayp ssoBuy seus podsdo> smveaysayy& st soy a1 
“tpoumumur say 2q 1240 34 2ep Ut pasfoau axe ns0y syexpausza ony “y>teY pUE 
spa 2uo snoge uy sunaeur sa ay ioae4 ut pausodsp J] s9>9j op ur passed u>qe 
pateuodaquioun are is ay 1 Buoy wus pe-[ | sopeUDy “Buoy wi g-f | ave sO 
DISH Tie yewoss 24 ur Synpou 40 sypou8 syy]-sOuN ur poppaquss puny 21¢ 
Ssauos3ympe 94 f“as04 aapmuyap se aus op pur se> jpens7 sourddsyeg ep pue 
snneuing “esepsyy “punysyy. eu) ‘uedef ux punoy sj susezed ay "2poreu>u yp 
jo sear aens-panp quis poisayur ysy asxeaysayy poxoo> 10 posssooud Jodoudu 
4o se Jo uonssfur ysinonp suewny Aq paummboe st Ajpensn aseSs1p 24], “EUIDTED sys 
-eyuronsoyprud uewny jo sue aojons jedourid ayp sy wamuaSiands pucsagseury 
Sqsvuossoq)PUE) 


‘uus0M 24p Jo jesouras yeas Jo sisisuos usuESN 
aaniayp Aquo ay, sunewors pur spifudseyd “ypnour 241 woyy Supooqq ‘uoneas 
pmpur sserursuo}tiuod yo swioadunig seat> so ax jo sea soqp0 pur sdy‘axeped 
_yos pur pary ‘sum ‘onfuor aup ou s9pures ews 3esse] 34 1 "amMBEUE OU op suo. 
yp suons9jur weuny up sunaeus Aoup assy esoonu 242 o3uE woxng PUP LxAe> 
tuo 30 snieydoss oop oy dn sunsavuy yp wos seshur >easey oy ‘soy axnyDp 
upg ponds st soy areypounivur ayn usu a\ 39OSUr Dep Jo [Po>ourDy >a UE pares 
-drous suwos9q pue feat jrunsaiuy aap atenisuad ease] ayn pure ypaey sls 3yp S04, 
rerpauau ayp 4 poisaiur uaq “oypeanpos 20 7394 Bump 1541 soy ap 
“suussiuy ue saxjonu x6 34 30), $959) a4 yay popyor aq o2 2unssIN >yp e2 saNL 
uo sopeury 2 woy ssed Ayn usys porewaaqua Ayr are 89 ypu] wp 
smoge s9]eu3} pur > 9 anoge Jo YsSud] © ypeas deur sopepy “wIMIPIpLda asieydos> 
40 po 24p yep punoy a4 suo apMpe Dy, -SoING PIP ay PuE puElEDZ AON, 


i095 “niurpy ssroic apenaRg Jo HOBIE NORNUDNAH 
pur jon aeancy 205 sna agp Jo Aone “POH sp sWIONDG INS 
{panbong (te soa son mp ays sama rsp 9804 4 0H 1 
Is 2:4 orn ap (ye  sonpUN OM FaMINE) MERI LL "RE SINEy 


Sau woday feaypawy jo SaseIe 


“UP HPSIYJ° OOKPS 
reaps dpsianun ‘Boorse por Sojonsearg josmmsy] xp ng pNP pe 
SBuypann dq oy © waoy paiowsy Buaq pe a0 Hun (g) HOR MONASH IPESY 
‘engog (eur Pg) Aloonneny wt saweapy “seep Pur myMC LLG 
“oq ang Si po ay (nou) pmounzeuc jonas teaseNNA Cy) “tI 


16 TpOTeUAN Sse 10 MBOIOYTOWY [HID 


‘ou yp1 ‘poypsj> 40 paquosqe suiosoq pur app Ajpesus8 suo susfiouID-uoU YMG 
eae] aseypsip pur a5ejins ous y>eat 01 [ej APuobouy susross speussy -oddesp 
40 apisqns Ajjensn suorduuds asoys spose ersaos sayy “sraymad asus1uy pur “yse 
[euespun ‘eusytis sosnes ypryss ‘uonsess alo] ue en Kew ssnmuISNxD >I 
0 [eu praral ayp jo wonesSypy stu0M 9g se AuEUH se JoqreY 02 UIOUT U>d9q D404 
senpuypuy swos “wourwo> sou are sxprounsmcy Jo suonsaqut 2furs yBnoxpyy 
"oj jeuunp e Supsnpord sopmussix> 
sup 07 soveaius 2peuray praca axp ‘uonsoyuy soye se04 2u0 Appreusxoxddy “sume 
‘Gip aroys sons agpiouuos feraosta pu sopsnut yeurwopqe ayp 02 soneyduss yp, 
14 9xour pue soy aanmuyop 2tp jo suns yp resiouod seas] aap ae Suu 
poeurueiuo> yam panojjeas are spodsdo> pomayur ayp J] (G1 ‘ig) Spa EZ 
snoge uy aes aanoayur 241 or dojsasp pue a>xsu ajour Aayp ays UEDDEISTAD 3p 30, 
ppovouioy yp sone pure an agp tenaud 2ease yp podadoo e Aq prs 24a, 
“ofpam ¢ 296 Azul uuzos asp oxp jo uoneNseAy 
Buxip a1oyoq sonssn sodsop 01 srexiouad pure awespypias Sew 3 10 “pojjadxo 9g eur 
wuos oop “pondurs = snuoin atp sayy ->9]n oyp ous 4our sear] >jqera Furureau0> 
suopiod sou pur svesusip stusin axp jo suoruod (ausds) pandurg ‘paSeypsip sze 
dear] snorouinu put punos >yp ynamip aprinord snusin pur wiios >yp se UE 
osbunu s 25}q34p USK “AON >4p Joe Kpog ep yon pasdejoxd sey EPS 
‘smuain 2ip jo uonuod ¥ pue uuom 24p Suysods> ‘sammadns smsyq yp Ayemausy 
“umionss pur ‘sponng ‘yuna ‘sue aqp Suspnpput Apog ayp jo sexe 12420 uO WHO} 
sje dew a1 anq “iurol sous pur “yBiep ype> sapAUE 295 24H Uo puna} AuourNO> 
s ‘susp atp soienouod wow >yp 30 peoy 2yp as54ya sdopsap y>rya “osHq 
YL (81 Bg) suuoy smisyg jpuUDp © amy “sopmDND ay jo Ajseud “sons 
snosueanoqns ays 02 snes stozedgano st yon opeuiny pista oy saesousHop 
pue pareynsdrous swoooq ‘xp sofeus 43 womeyndo> saye sypuOU! 33 © UNEAN (LT 
ig) sonssn aapzouue> yessosia 10 409 Xpoq ayp ut doppsop sympe 24 “pus| ut 
lub p anoge are yeu 2p pup] ur wo gg ypeas Kew sO 2[euNDy pe a, 
ssuonyure> so4po pur st003%e4 “op si035 
porsodas uooq sey ypuye Sina‘ so.oods poner e dygeqard st eausUEy YON UE 
usered 94, “Soreag pour yp ur suey wy poriodsu us9q Osye a4ey SuORD2yU 
uum ruin ‘pesojur Apuasoid are suewiny wor! gh snoge 2eyp porews> 
1a pue seq SIPPY >Mp pur *>upy “espuy w aufero sy susesed ay 1 “epIsuIHEY 
eulg oq) o1u span sp Sump somseasy Sunsoyur yours, PIO >ip ur pouodas 
_gubdios Ay, 29129 01 posstq st uniom tout 2yp 10 “suauapouesypmounseucy 
“ysenuorsoqpeul 1 muounean aansayp yuo sip Apu 
sand sy asilang “pouiodos uooq aney osfe ssoupuiyg pure Beumep 201920 “yeDp pu 
suos3|jagais> Sursnpord ureaq yp apeauy Aew 3eAr] 24 1, sfsnosueruods sss535q 
snosueins woy adrup [j suuzom >4p Apeuo|se9Q) “surossjooy Aq posne> suesirun 
‘ease| osu Jo asoyp > quissauy>tyt sossDa5qe 10 SuOHD] CloIeUTUU USTED 
pue stare snorewopus sonpoid deus Aoyp asoys ‘stacey snooueanagns >yp ut Ae 
nen ‘sonssp s3S04 2x2 Ut Ajjespen soresShun pue jes an yp svesiousd spores 
Dip soy emmieuun ue Aq pouunsuod s} soy aIRIpSULIDIUY puods a UDH|AA S923} 
‘up yt porenoeao uoip aze pue y>eworsayp jo uoun]axp o1uyssed 5 ayp ‘3]mpour 
‘sp uy Suyuodo yews © ymax “2ynpou e ur pappaqus> souos9q pue [fem Ise 
yp s>1uD-o4 s91e] wom 34 1 “SonssA aan2ouUOD puE “s>p>smus Ay] yp SOpeaut SUN 
-soruy so wpeusoas xp jo fem >yp sorensuod ausezed ayp soy aanruyap 2¢p Sq usTE> 


Souewodu jeapawy jo sauseIe Ze 


4q seurjyornu jo uonsafu ay, Seueyyoroqus pou seas oF ppg anil pens 
“ur anq si 4] Jou op sunos peu “uMouy soveaIp Suneapgap pur Suundyp 
‘sour aip jo awos asne> sey sausesed Suypasp-anssp pur -Pooyg NOpU>p xe spHIETY 
‘wewinpy "utossjeueyy jo sotadsyeraios Jo au0 ye wonDyut oF SIE SISEIEL 
suo TERETE 
‘oesppey pue spay ut po2e 
-yeud Appin snoypspeue feso] ye usos 2ep Jo esouas eoHng (61 ig) su0H 
->ayu Srepuoaos asne> pu utsos ay aura 03 use posssax>are> pak PES 34 
anoge punon are wos 2¢p Jo s>iowD9 w3j¥ Kuo dep ype apps e wo ausese 
2p pus Apoys ost uaros fun vSu\ous 3 anbyuo3 woUNNLED ssoK! 3H | 
‘uonesyduso> snotss ones ose det suoR oyu Fea 
Sxepuoasg *(e82pdesed Supe) wists snoassu fenuso pur *(yseypueatad usm) 
Jae spesoyp “us jeuofom ayp ut suo ype wos} ymss1 suore>y|dur0> 
a26y ‘pin Jo 29m] G9 01 dn pur sease] snossunu Swureua> ‘Ave A134 39 uD 
sssazsqe 9, 1uf0 Fou 30 ut payeDo fH On PD] ED Y>EyR SH9D5qE P| 
snd wioy A suo ausioui>-uou sasawop] 804 24 wo Haye asnape auaredde 


spre 30 190 apt pamgeonoy “Og ang 


29) £07 :ayseseg 
‘anys 380}, 


‘snynayon eaxe2042U0 :oyses04 


srorcton veveesenue, sdoshug 604 


10] 207 


‘ones nosuemaqne 
Ul seyetieg 


‘ss 


bes ongooyu :1p08u) 
tu dojonep eeuEyoIN, 
13 POON F~L 

‘Aa poysebut oeueyoow z 


720 seIpeEHUT 


yew eng 

Racioeage bli) shojous eng coysesed 
saqeudihy sojaydouy ‘qwosuey :5I50H 
uy syseieg 


yosouerg avesouonay :ose1e 
‘sejoudouy "9/n9 S180} 


ae aes 


ysis Bung Aq 
‘Gewni 8} peyRUUEN, 
‘SeveyouoIW axo—,u“L 


om 


75 seipeuLENUT 


6 THpOTPIUAN STIseIeG Jo MAOOTTY [IAD 


cy Sayfa Sa pfoonang Jo wowseusuen >yp Jo 3/81 UE NosuEp &q saK09 
“sep ai, S804 auexpouaioiur se arse spade pe Ptuomuopy “pny “epay wasKs8 
9p on usduoppq oxmbsou 7 sods mossumnyy Saoyporssd eae xp 20 3pqyeods 
“3124 dow pooig 24} Jo worsua! UsBGo w pue Muze staesaduDN Apo Iu Ut 
sth “ssesed ap jo strensaydesdoo8 asap u ama30 S>eporod a suoneae 
(Grqpousd reusnp) sundep 24p uy uonejos jeayduod ayp ur uowesusou0> 
spies ur an2oo 40 “ep ayp Suunp siaqusnl so] wh pue ay 3 pooys jsoyduad 
oy) uw squme Bie] us auosad Bug "pound Kqpummou 2q Sear seUM|GOIIEL 
2, Soup 2260p ayp eA pooyg 2g xu! 2Aou pur uss seydas 2 ane] 
‘jpensusio seseyosonus 1, ety 2p Aq posesfu ave seu YoIRL Jo spuesnoKp 
aay uiisis sneyduns yp wy sosseu p03 Spy uray suas. pope 84>] 
fu a p 08 Z aamenous soe app oy wD QT 01 Gaye suaaHe apeuIDg “yjasusug 
‘Ah 20) 80H) wnouy uo agp HP susKENpY “EEMOIE) wpHOg 

Sap ur Sy suewny woyy possoday seat sysesed ap su! 200 ay “spuRpst ye 
2xp pu adaung jo wed “opp son sy ey "SUDUEY YsHos puE anu was 
“anavo‘sucuin jo ssee[y ip jo peousopre su a5] stop 24 senuegda> 
40 sseusiy uenyomueng jo waBe>Boqon> ayp st wfoxuug suaiyempy 

pfossurig yussioganyy 


‘uoasope4) 30 woslss 


cmangfaucy poe snpagaa vaacoyeucy vey wry “pone vB foaraag vee 

-anynyy ‘smu2upou sqprounseucy ‘are suvuny jo suuios ese 1wesiodust 21105 
(oz “itg) spay 2p jo wossseusuen 

2p s0y sopranid ‘sisoy auepoutssiu se axs25 osfeyprys‘sto1294 305uH Supp poo}g, 


loos raury asec seg jo MORRIE “Hog PE aHINO ePIC 2 I) 
ayp.go eon) ese pong Fw onnnug Pssoyrngy 90 vyoHDEM poNpeNys “Tz ney 


ve a 


ce 


am 


Sauenoda jearpay 10 SaIseTe 16 


spatial > distance > proximity 


Relative Advantages 
Ultrasound Devices 


+ Generally more suitable for detecting 
objects that are more than 1 meter 
away. 


+ Unaffected by direct sunlight, fluores- 
cent tubes, and other light sources that 
can interfere with infrared devices. 


+ More accurate, often capable of plac- 
ing objects within Smm. 


+ Able to measure the distance to liquids 
and transparent objects, which may 
not be easily detected with infrared. 


Infrared Devices 


+ Physically smaller—especially surface- 
mount versions. 


+ Able to measure the distance to soft 
objects, which may not be easily detec- 
ted by ultrasound. 


+ More appropriate for targets that are 
closer than 10mm. 


+ More affordable, 


Ultrasonic Examples 


The proximity sensor in Figure 5-3 is a low- 
priced model, popular in the robotics commu- 
nity. Manufactured by MaxSonar, it uses a 
single element to send and receive. The manu- 
facturer claims that it can detect a 6mm 
(quarter-inch) dowel 1.8 meters directly in front 
of it, and a 9cm dowel at 3.3 meters. This per- 
formance is beyond the capability of almost all 
infrared sensors. 


MaxSonar offers a variety of sensors that 
appear physically very similar but have differ- 
ent range capabilities. Each has three outputs 
that can be accessed simultaneously: serial data 
at 9,600bps, analog voltage, and pulse-width 
modulation. 


Ultrasonic Examples 


Figure 5-3. The MaxSonar MB1O03 can detect large solid 
objects as far away as 5 meters. Photo derived fram an 
image by Adatrut. 


The serial output uses the RS232 protocol and 
consists of the letter R followed by four ASCII- 
coded numerals representing the measured 
range in millimeters. Thus, R1000 would indi- 
cate an object at 1 meter distance. 


The analog voltage ranges linearly from 293mV 
when sensing an object at 300mm to 4,885mV 
for an object at 5,000mm. 


The pulse-width output sends pulses ranging 
from 300us indicating an object 300mm away 
to 5,000us indicating an object 5 meters away. 


The unit incorporates a temperature sensor 
that compensates for the lower density of air 
when its temperature increases. Weatherproo- 
fed versions are available. The power supply is 
S5VDC and must be smoothed. 


Imports 

Some international sources offer minimal 
paired ultrasound components at a very low 
price, such as the HC-SR04 from Cytron Tech- 
nologies in Malaysia. See Figure 5-4. 


Sound dispersion of the transducer is claimed 
to be plus-or-minus 15 degrees, and the 
claimed range is up to 4 meters. The module 
requires a triggering input pulse that must last 
at least 10us. This prompts it to emit eight rapid 
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Infrared Examples 


ultrasound signals at 40kHz. The module meas- 
ures the response time and applies a high state 
to its echo pin for a duration that is propor- 
tional with the distance measured. An external 
microcontroller must time the duration, then 
divide by a factor of 58 to obtain distance in 
centimeters. 


Figure 5-4 The HC-SRO4 isa very low-cost import that 
can provide acceptable performance when used with an 
external microcontroller. 


Many online sources offer simple code libraries 
for Arduino or PICAXE microcontrollers for use 
in conjunction with the HC-SR04, 


Individual Elements 

Individual ultrasonic components such as those 
shown in Figure 5-5 are available from many 
vendors. The user must add circuitry to gener- 
ate a high frequency for a short duration, 
amplify the microphone signal, measure the 
time difference, and calculate distance. 


distance 


spatial 


proximity 


Figure 5-5 These components, fisted as the "4OTRIZB-R 
ultrasonic sensor kit“ by the online supplier Jameco, could 
form the basis of a DIY ultrasonic proximity sensor. 


Infrared Examples 


Sharp manufactures four infrared proximity 
sensors that are widely regarded as accurate 
and easy to use. They are popular in the robot- 
ics community. Their part numbers and ranges 
are: 


+ GP2YOA51SKOF (20mm to 150mm) 
+ GP2YOA21YKOF (10cm to 80cm) 
+ GP2YOAO2YKOF (20cm to 150cm) 
+ GP2YOA6OSZLF (10cm to 150cm). 
‘The GP2YOAGOSZLF is the most recent product, 


with the most impressive specification. The 
GP2Y0A21YKOF is shown in Figure 5-6. 


Figure 5-6 The Sharp GP2YOAZIYKOF infrared proximity 
sensor. The hackground grid isin millimeters. 
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Sharp describes these sensors as having an 
analog output. The voltage on an output pin 
varies in inverse proportion with the distance 
being measured. The relationship is illustrated 
by the graph in Figure 5-7, derived from the 
manufacturer's datasheet for model 
GP2YOAO2YKOF. 
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Figure 5-7 Relationship between output voltage and tar 
get distance for a Sharp infrared proximity sensor, derived 
from the manufacturer's datasheet. 


The Sharp sensors can work with SVDC. They 
consume around 30mA, except for the 
GP2YOA6OSZLF, which uses less current. 
Because the infrared LED functions in bursts, 
the manufacturer recommends protecting 
other components sharing the power supply by 
placing a 10uF capacitor across the sensor sup- 
ply pins. 


Trends in Infrared Proximity Sens- 
ing 

Like many other types of sensors, proximity 
sensors have been affected by the huge market 
for handheld devices. 


Handheld applications have had four conse- 
quences: 


Miniaturization 
Infrared proximity sensors are now com- 
monly found in surface-mount chips 
measuring 5mm x 3mm or smaller. 


Onboard processing 
The status of a photodiode can be pro- 
cessed by a microcontroller on the same 
chip, to determine what the sensor is 
really “seeing” Input from an included 
ambient light sensor is factored into the 
evaluation. 


Cost reduction 
While chip-based proximity sensors have 
become increasingly sophisticated, their 
unit cost has plummeted, so that they are 
now actually much cheaper than simpler 
devices such as the Sharp analog sensors 
described above. 


Complexity 

Modern sensors must be programmed 
with a complex variety of instructions, 
and their coded output must be inter- 
preted with a separate microcontroller 
running its own program. Whether this 
‘compensates for the low price and added 
functionality is something for the individ- 
ual developer or experimenter to decide. 


The Silicon Labs Si1145/46/47 series are chips 
with the kind of sophisticated capabilities 
required for handheld devices. An external 
microcontroller communicates with the sensor 
an I2C connection, and can instruct it to 
adjust its distance range (from 1cm to more 
than 50cm), its analog-to-digital conversion 
sensitivity, and its current-sinking capability for 
up to 3 external LEDs. The chip incorporates 
ultraviolet sensing and ambient-light sensing 
capability. Its 2C connection can run at up to 
3.4Mbps. Because its light output is pulsed for 
only 25.6is every 800ms at 180mA, the average 
power consumption is only 9A, assuming a 
supply voltage of 3.3VDC. 


For additional details about protocols such as 
12, see Appendix A. 


In addition to its use in handheld devices, the 
manufacturer suggests applications including 
heart-rate monitoring, pulse oximetry, and dis- 
play backlighting control, These applications 
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Capacitive Displac 


Sensor 


require only a subset of the features built into 
the sensor, but its price is so low, it may be cost- 
effective even when many of its capabi 
unused. 


Proximity sensors with comparable specifica- 
tions are available from many manufacturers, 
Examples are the Vishay VCNL4040 and the 
‘Avago HSDL-9100. Figure 5-8 shows the Silicon 
Labs SI1145 on the left, and the Avago 
HSDL-9100 on the right. 


Figure 5-8. Two sophisticated surface-mount proximity 
sensors with digital output. Left: Silicon Labs SI1145, 
Right: Avago HSDL-9100. The background grid is in ril- 
meters. 


Several guidelines must be observed when 
using this kind of sensor. First and most obvi: 
ously, if an external LED is used, it must have a 
peak wavelength compatible with the photo- 
diode in the sensor. The LED must be placed as 
near as possible to the photodiode, as reducing 
the separation increases the sensitivity; but 
crosstalk between the photodiode and LED 
must be minimized, usually by placing a thin 
barrier between them that is barely taller than 
the higher component. 


If the light emitter and/or light sensor are pro- 
tected behind a transparent glass or plastic 
panel, it must have minimal resistance to infra- 
red wavelengths, and its thickness must be 
chosen in compliance with guidelines in the 
sensor datasheet. To prevent light from reach- 


spatial > distance > proximity 


ing the sensor by reflection from the rear of the 
panel, a thin, opaque tube can be installed 
between the LED and the panel. 


A sensor of this type may be configurable with 
a “detection scheme” meaning high and low 
sensing threshold levels appropriate to the 
object thats likely to be detected. Determining 
this may be a process of trial and error. 


Capacitive Displacement Sen- 
sor 


This is also known as a capacitive linear displace- 
ment sensor. It should not be confused with a 
capacitive single touch sensor, a human-input 
device that has its own entry. See Chapter 13. 


A capacitive displacement sensor measures 
the distance between itself and a target that 
must be electrically conductive, Unlike optical 
or ultrasound position sensors, no additional 
source of light, sound, or other radiation is 
required. Unlike a magnetic position sensor, it 
does not require a separate permanent mag- 
net. It simply measures its electrical capaci- 
tance with the target. 


High-precision capacitive displacement sensors 
are used mainly for industrial process manage- 
ment. Lower-precision variants are much less 
expensive and can be used as object presence 
sensors to determine if an object is anywhere 
within a specified range. 


A typical maximum range would be 10mm. For 
larger distances, optical and ultrasound sensors 
are more appropriate. 


A selection of cylindrical sensor probes is 
shown in Figure 5-9. 
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Figure 5-9 Some high-precision capacitive displacement 
‘sensors from Lion, which builds them into cylindrical 
probes ranging from 3mm to 18mm in diameter. 


Applications 
The high-precision variant of this type of sensor 
is commonly used during the production of 
small devices, such as disk drives. It can also 
measure vibration of a rotating metal part, such 
as a motor shaft, and may maintain automatic 
focus of a microscope. 


Lower-precision variants can be used for appl 
cations such as counting objects on a conveyor. 


When used to measure materials thickness, the 
sensor finds applications in checking automo- 
bile brake rotor fabrication and the thickness of 
silicon wafers. 


How It Works 


When two plates of electrically conductive 
material are placed opposite each other, they 
possess capacitance. This means that they have 
an electrical storage capacity enabled by accu- 
mulation of opposite charges on each plate. 


‘The capacity is directly proportional to the 
plate area, inversely proportional to the dis- 
tance between the plates, and is affected by 
the medium separating the plates, known as 
the dielectric, 


If the plate area and dielectric remain constant, 
the distance between the plates will be the 
only factor affecting the capacitance. Therefore, 


How It Works 


the distance between the plates can be calcula- 
ted by measuring the capacitance. 


Measurement can be performed by evaluating 
the displacement current that passes through 
the dielectric from one plate to another when a 
pulse of voltage is applied. (Hence the term 
‘capacitive displacement" in the name of this 
type of sensor) 


A detailed explanation of displacement current 
is included in the second edition of Make: Elec- 
tronics. 


The sensor itself functions as one plate of the 
capacitor while the target functions as the 
opposite plate. Alternating current is applied as 
a rapid series of pulses, and the current that 
passes between the plates is proportional to 
the distance between them. 


Ideally, the target should be grounded to the 
current source. However, since AC is being 
used, capacitive coupling of the target to the 
current source is also possible, so long as the 
additional capacitor has a value of 0.1uF or 
higher. 


Sources of Error 

To obtain a meaningful measurement, the elec- 
tric field from the sensor is focused on the tar- 
get. Some dispersion will still occur, and the 
combination of sensor and target must be com- 
patible. A target typically should be flat and 
should have a larger surface area than the sen- 
sor. 


Humidity can affect sensor performance, as it 
changes the value of the dielectric. Tempera- 
ture can affect performance, partly because it 
causes small dimensional variations in the sen- 
sor and the target. 


The surface of the sensor and the surface of the 
target should be precisely parallel, because the 
spot where the field hits the target will be elon- 
gated if the target is tilted relative to the sensor. 
Elongation increases the capacitive area and 
affects the accuracy of measurement. 
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What 


ith Optical and Ul 


This type of sensor can also measure the thick- 
ness of a nonconductive material, if the mate- 
rial is a thin sheet that can be interposed 
between two sensors. In this mode the material 
functions as a dielectric, and its thickness will 
affect the AC current passing through it. 


While lower-precision capacitive displacement 
sensors are relatively unusual, they can poten- 
tially serve as a relatively affordable and simple 
object presence sensor, so long as the target is 
conductive and will not be damaged by pass- 
ing a small alternating current at a relatively 
low voltage. 


Values 

A high-precision capacitive displacement sen- 
sor can measure distances usually ranging from 
0.25mm to 10mm with an accuracy that can be 
better than 005mm. High voltages are not 
required, with a supply of plus-or-minus 15V 
being common. 


The sensing element, often referred to as a 
probe, is usually plugged into a custom- 
designed control unit that converts the capaci 
tance measurement into a variable output 
voltage. The performance is then expressed in 
millimeters per volt. Thus if the voltage varies 
by SV over a distance of Imm, the sensor is 
rated as providing 0.2mm per volt. 


What Can Go Wrong with 
Optical and Ultrasound 
Proximity Sensors 


Object Too Close 

Because both types of proximity sensors (ultra- 
sonic and infrared) may include emitters that 
are angled toward the distance range for which 
they are designed, they may fail to “see” an 
object that is closer. Consequently the sensor 
will provide no response, or may detect a differ- 
ent object that is further away. In either case, if 


sound Proximity Sen: 


distance 


spatial proximity 
the sensor is being used on a moving device, 
the device may collide with the undetected 
near object. 


Multiple Signals 
If two or more sensors and emitters are used 
concurrently, their combined signals can inter- 
fere with each other and create inaccurate 
readings. 


Inappropriate Surfaces 

Ultrasonic proximity sensors are intended to 
identify a single object that is closer to the sen- 
sor than other objects, within a narrow beam 
dispersion angle. Multiple objects, complex sur- 
faces, soft surfaces such as clothing or furnish- 
ings, or an unusual configuration of interior 
walls can create inaccurate readings. 


Infrared sensors may be unable to “see” liquids 
or transparent objects, and may give different 
assessments of distance depending on the 
properties of a surface. Human skin, for exam- 
ple, is a poor reflector, as it absorbs some infra- 
red radiation, 


En nmental Factors 

AAn ultrasonic transducer uses a very small mov- 
ing diaphragm to generate sound. Like any sys- 
tem containing moving parts, it will 
vulnerable to moisture or excessive humi 
and may need to be protected. 


After a device is built and tested indoors, in a 
controlled environment, it is likely to behave 
differently if it is moved outside where the tem- 
perature is significantly higher or lower. 


Deterioration of LEDs 

‘As noted in the section on presence sensors 
(see Chapter 3), LEDs tend to suffer from grad- 
ual reduction in light output over time. The per- 
formance of an infrared proximity sensor may 
deteriorate over a period of years, depending 
on how intensively itis used. 
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Chapter 1. 


The Ameba 


1.1 An Introduction to Parasitology 


Parasitology is the study of parasites and as such does not include bacterial, fungal or viral 
parasites. Human parasites are separated into intestinal and blood-borne parasites. For a 
parasite to be defined as intestinal it must have an intestinal life-cycle stage, though it may 
have life-cycle stages in the heart, circulation, lung, tissue, other animals or the environment. 


Parasites found in the intestines can be categorized into two groups: Protozoa and Helminths. 


Protozoa are single celled organisms. There are four classes of Protozoa commonly found in 
concentrated fecal samples. These are differentiated by the method of motility. Protozoa 
include Entamoeba, Giardia, Trichomonas, Cryptosporidium, Isospora, Pneumocystis and 
Balantidium. There are two diagnostic life-cycle stages commonly seen in parasites - the cyst 
and the adult trophozoite stage. The trophozoite stage is analyzed directly on a slide without 
concentration. Cysts require concentration. The key diagnostic factor is that Protozoan cysts 
are typically 5-30um (um = microns or micrometers) in diameter, and as such are smaller than 
most Helminth eggs. Due to the size they are particularly difficult to see under the microscope 
if the sample clarity is bad. 


The medically important Helminths are nematodes (roundworms), cestodes (tapeworms) and 
trematodes (flukes). Genera include: Fasciola, Schistosoma, Ascaris, Hookworm, Trichuris, 
Taenia and Enterobius. The normal stage for examination is the egg stage, although larvae 
may develop in some organisms (Strongyloides); the diameter of the eggs range from 30m - 
150m. 


The other major grouping of parasites is known as blood-borne parasites which are transmitted 
through an arthropod vector. By far the most important arthropod for transmitting parasitic 
infections is the mosquito. Mosquitoes are known to carry malaria and filarial nematodes. 
Different types of biting flies transmit African trypanosomiasis, leishmaniasis and several kinds 
of filariasis. 


Most protozoan and helminthic infections that are transmitted by arthropods can readily be 
diagnosed, on clinical grounds alone, but are usually identified by fairly simple techniques 
designed to present the presence of the causative parasite by microscopy. Sophisticated 
techniques are also being employed including highly sensitive and specific simple monoclonal 
antibody tests, DNA probes, and PCR primers. 


1.2 Infections Acquired Through the Gastrointestinal Tract 


Many of the infections of the gastrointestinal tract (Gl) are caused by parasites that are 
cosmopolitan in distribution. Protozoa can be directly infectious for man when they are passed 
in the feces into the environment, but helminths require a period of maturation while in the soil, 
where they become infectious. Others such as Taenia saginata require the involvement of an 
intermediate host during their life cycle. 


Infections of the Gl tract account for a high proportion of deaths in infants where the standards 
of hygiene and nutrition are low. 


Fecal-oral transmission of the pathogens is the most common mode of GI infections, whereby 
water, food and hands become contaminated with fecal material which then come in contact 
with the mouth. 


A number of GI infections can reach epidemic proportion, protozoal pathogen Cryptosporidium 
parvum, has been known to cause the severe water-borne epidemics, even in first-world 
countries such as the United States and the UK. Other infections such as amebiasis or 
enterobiasis can be more localized, infecting households or institutions. 


Some of the rarer, protozoal infections such as the microsporidia are only now being 
understood as they are appearing as concomitant infections in people with depressed immune 
responsiveness, e.g. AIDS. 


The Ameba 


Ameba (or Amoeba) are characterized by possessing clear protoplasm which form 
pseudopodia. These pseudopodia are the means by which these organisms move and engulf 
bacteria and red blood cells for feeding purposes. The most common amebas seen in the 
intestinal tract are Entamoeba histolytica/dispar, Entamoeba coli, Entamoeba hartmanni, 
Endolimax nana and lodamoeba biitschiii. All but Entamoeba histolytica are thought to be 
non-pathogenic. The cysts can be identified in an ethyl acetate concentrate by the addition of 
iodine to reveal the characteristic inclusions and also by measuring the cyst using an eyepiece 
graticule. The trophozoites can be seen in a fresh saline preparation of the stool although 
accurate identification is on a permanently stained fecal smear. 


Entamoeba histolytica 
Introduction 


There are a large number of species of ameba which parasitize the human intestinal tract. Of 
these, Entamoeba histolytica / dispar is the only species found to be associated with intestinal 
disease. Although many people harbor this organism world wide, only about 10% develop 
clinically invasive disease, thus the parasite has been shown to present as two very differing 
clinical presentations. 


1. The commensal or non-invasive luminal form where the parasite causes no signs or 
symptoms of disease. 

2. The pathogenic or invasive form where the parasite invades the intestinal mucosa and 
produces dysentery or amebiasis and may give rise to extra-intestinal lesions via the 
blood, mainly to the liver. 


Sargeaunt and Williams (1978) conclusively proved that invasive and non-invasive strains of E. 
histolytica could be differentiated by isoenzyme electrophoresis and the application of 
molecular biology has confirmed the presence of two distinct species with the same 
morphological features. The pathogenic or invasive species has retained the name E. 
histolytica and the non-pathogenic, non-invasive species has been named E. dispar. 
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Illustration 1-1. Life Cycle of Entamoeba histolytica: A protozoan in which its life cycle consists of 
two stages; cysts and trophozoites (Cuomo) 
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linear position sensor 


A linear position sensor may also be described as a linear displacement sensor or a 
linear position transducer. It is sometimes categorized as a type of proximity sensor, 
but in this Encyclopedia a proximity sensor emits a signal and receives an echo to 
measure the distance from itself to an object. By comparison, a linear position sensor 
measures the position of a sliding object within a stationary enclosure, 


An object presence sensor can be considered as a form of linear position sensor, but 


itonly responds to the presence of an object, without measuring its position. 


OTHER RELATED COMPONENTS 


+ proximity sensor (see Chapter 5) 
+ object presence sensor (see Chapter 3) 


+ rotary position sensor (see Chapter 7) 


What It Does 


Control of a mechanical device may require 
accurate and timely information about the 
position of a movable part in the device. A lin- 
ear position sensor can be used for this pur- 
pose. 


‘Three attributes are likely to be of interest: 


+ Position 
+ Direction of motion 


+ Speed of motion 


Typically a linear position sensor measures only 
the first attribute, Additional electronics may 
calculate the second and third attributes by 
taking multiple position readings. Thus a speed 
sensor is very likely to be built around a position 
sensor, and therefore this Encyclopedia does 
not have a separate entry for speed sensors, 


Applications 

Robotic arm positioning, wing flap and rudder 
positions on an aircraft, computer-controlled 
machine tools, 3D printers, and automobile 
seat position sensors are some of the many 
applications. 


Schematic Symbol 


represented by symbols for the sensing ele- 
ments that are inside it (potentiometer, LED, 
phototransistor, or others). 


How It Works 


Linear potentiometers, magnetic linear encoders, 
optical linear encoders, and linear variable differ- 
ential transformers (LVDTs) are described here. 
Other options are available, but they tend to be 
ized, and are not included. 
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Morphology of Trophozoites 


The trophozoites of E. histolytica / dispar recovered from dysenteric stools exhibit ingested red 
blood cells and clear pseudopodia. Those of E. dispar will have no ingested red blood cells. 
They can be up to 60y1m in diameter and motility is rapid and unidirectional. On a permanently 
stained fecal smear e.g. Trichrome or Iron hematoxylin, the morphological features are more 
visible. When using Trichrome stain nuclei, chromidial bars, chromatin, red cells and bacteria 
stain red cytoplasm stains blue-green and background and yeasts stain green. The presence 
of a small centrally placed karyosome is clearly visible. With Iron hematoxylin, nuclear 
chromatin and the karyosome will be stained immensely black. The remainder will be varying 
shades of grey/black. 


Image 1-1. Entamoeba histolytica trophozoites (SOURCE: PHIL 336 -CDC / Dr. N.J. Wheeler, Jr.) 


Morphology of Cysts 


Cysts of E. histolytica / dispar are 10-15pm in diameter and contain one to four nuclei. 
Chromatoid bodies are usually present in young cysts as elongated bars with bluntly rounded 
ends. Glycogen is usually diffuse, but in young cysts it is often present as a concentrated 
mass, staining reddish brown with iodine. 


wen 
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Image 1-2. Entamoeba histolytica cyst. (SOURCE: PHIL 531 - CDC/ Dr. L.L.A. Moore, Jr.) 
Clinical Disease 


Amebiasis is an infection usually caused by the pathogenic Entamoeba histolytica / dispar, and 
is commonly an infection of the colon. It has a world wide distribution where environmental 
sanitation is poor. The parasite may behave as a commensal (causing no harm to the host) or 
it may act as a parasite (harming the host). It is a disease of human beings, although some 
monkeys can become infected and the infection is then transmissible to humans. 


Intestinal Disease 


Patients with intestinal disease may exhibit a number of symptoms including profuse diarrhea 
with blood and mucus, fever and dehydration. Amebic ulcers may develop in the large colon 
and can also be found in the rectal area. The ulcers are usually “flask shaped" with a small 
opening on the mucosal surface and a larger area below the surface. Image 1-3. illustrates E. 
histolytica trophozoites in the intestine, resulting in amebiasis. 


Image 1-3. Entamoeba histolytica, intestine, (SOURCE: PHIL 623 - CDC) 


Hepatic Disease 


Trophozoites are transported from the intestine to the liver and liver disease is characterized 
with abdominal pain, fever, hepatomegaly and tenderness. If the abscess ruptures, there is 
spreading to the brain, pericardium and other sites. If left untouched the abscess will grow 
normally until it reaches a surface where it can discharge, e.g. the skin, the peritoneum, the 
pleural cavity or the pericardium. The stretching of the liver is presumably the main source of 
the pain 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method or by detecting the characteristic trophozoites in a wet preparation 
or a permanent stained preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a "hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Entamoeba histolytica / dispar and can also provide 
information on the content of the stool (i.e., the presence of leucocytes and red blood cells) 
On search e.g. primarily for cysts, not for ameba, several stool samples are required to be 
examined, by direct microscopy and a sensitive concentration technique. Three negative stool 
samples are required before it can be accepted that there is no amebic infection. Microscopic 
examination of an amebic abscess aspirate e.g. in the liver or lungs, may reveal 
hematophagous trophozoites. It must be examined immediately by mixing a drop of warm 
saline with some aspirated pus on a microscope slide. 


Serology 


If visceral or hepatic amebiasis is suspected, serological tests should be done as microscopic 
methods do not always reveal the characteristic trophozoites. The tests of choice are indirect 
fluorescent antibody test (IFAT), counter immunoelectrophoresis (CIEP) enzyme linked 
immunosorbent assay (ELISA), and Rapid Antigen testing by enzyme immunoassay. 


The search for E. histolytica | dispar is mainly carried out because there is a natural concern to 
ensure that patients, even in the absence of symptoms, are not harboring parasites that may 
lead to serious complications later on. 


Entamoeba coli 
Introduction 


Entamoeba coli are a non-pathogenic ameba with world wide distribution. Its life cycle is 
similar to that of E. histolytica but it does not have an invasive stage and does not ingest red 
blood cells. 


Morphology of Trophozoite 


The trophozoite is larger than that of E. histolytica ranging from 15-50ym in diameter. It 
exhibits blunt pseudopodia with sluggish movement. A permanently stained preparation shows 
a nucleus with a moderately large eccentric karyosome with the chromatin clumped on the 
nuclear membrane. The cytoplasm appears granular containing vacuoles with ingested 
bacteria and other food particles. 
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Image 1-4, Entamoeba coli trophozoite with ingested bacteria. (SOURCE: PHIL 605 - CDC) 


Morphology of Cysts 


Cysts of E. coli are 15-30m in diameter and contain one to eight nuclei with irregular 
peripheral chromatin: karyosomes not central. Chromatoid bodies are not frequently seen but 
when present they are usually splinter-like with pointed ends. Glycogen is usually diffuse but in 
young cysts is occasionally found as a well-defined mass, which stains reddish brown with 
iodine. 


Image 1-5. Entamoeba coli (larger) and Entamoeba histolytica (smaller) cysts. (SOURCE: PHIL 442 - 
CDC/Dr. Mae Melvin) 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method or by detecting the characteristic trophozoites in a wet preparation 
or a permanent stained preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a "hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Entamoeba coli and can also provide information on 
the content of the stool (j.e., the presence of leucocytes and red blood cells). On search e.g 
primarily for cysts, not for ameba, several stool samples are required to be examined, by direct 
microscopy and a sensitive concentration technique. Three negative stool samples are 
required before it can be accepted that there is no amebic infection. Microscopic examination 
of an amebic abscess aspirate (e.g. in the liver or lungs), may reveal hematophagous 
trophozoites. It must be examined immediately by mixing a drop of warm saline with some 
aspirated pus on a microscope slide. 
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Entamoeba hartmanni 
Introduction 


Entamoeba hartmanni is a non-pathogenic amoeba with world wide distribution. Its life cycle is 
similar to that of E. histolytica but it does not have an invasive stage and does not ingest red 
blood cells. 


Morphology of Trophozoites 


Morphology of the trophozoites is similar to those of E. histolytica / dispar but they do not 
contain ingested red blood cells and the motility is less rapid. 


at oa" 


Image 1-6. Entamoeba hartmanni trophozoite (SOURCE: PHIL 528 - CDC/Dr. L.L.A. Moore, Jr.) 


Morphology of Cysts 


Cysts of E. hartmanni 7-9,m in diameter and contain one to four nuclei. Chromatoid bodies 
are usually present in young cysts as elongated bars with bluntly rounded ends. Glycogen is 
usually diffuse, but in young cysts it is often present as a concentrated mass, staining reddish 
brown with iodine. 
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Image 1-7. Entamoeba hartmanni cyst (SOURCE: PHIL 533 - CDC/Dr. L.L.A. Moore, Jr.) 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method or by detecting the characteristic trophozoites in a wet preparation 
or a permanent stained preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a "hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Entamoeba hartmanni and can also provide 
information on the content of the stool (i.e., the presence of leucocytes and red blood cells). 
On search e.g. primarily for cysts, not for ameba, several stool samples are required to be 
examined, by direct microscopy and a sensitive concentration technique. Three negative stool 
samples are required before it can be accepted that there is no amebic infection. Microscopic 
examination of an amebic abscess aspirate (e.g. in the liver or lungs), may reveal 
hematophagous trophozoites. It must be examined immediately by mixing a drop of warm 
saline with some aspirated pus on a microscope slide. 
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Endolimax nana 


Introduction 


Endolimax nana is a small non-pathogenic amoeba with world wide distribution. Its life cycle is 
similar to that of E. histolytica but is non-invasive. 


Morphology of Trophozoite 
Trophozoites of E. nana measures from 6-12ym. Motility is sluggish with blunt hyalin 


pseudopodia. In a permanently stained preparation, the nucleus exhibits a large karyosome 
with no peripheral chromatin on the nuclear membrane. 


Figure 1-8. Endolimax nana cyst. lodine stain. (SOURCE: PHIL 530 - CDC/Dr. L.L.A. Moore, Jr.) 


Morphology of Cysts 
Cysts of E. nana are 6-9nm in diameter. They can be spherical or ovoid in shape and contain 


four pinpoint nuclei, which are highlighted by the addition of iodine. Chromatoid bodies are not 
found and glycogen is diffuse. 
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Image 1-9. Endolimax nana trophozoite (SOURCE: PHIL 1463 - CDC/Dr. Mae Melvin) 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method or by detecting the characteristic trophozoites in a wet preparation 
or a permanent stained preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a "hot stool!" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Endolimax nana and can also provide information 
on the content of the stool (j.e., the presence of leucocytes and red blood cells). On search 
e.g. primarily for cysts, not for ameba, several stool samples are required to be examined, by 
direct microscopy and a sensitive concentration technique. Three negative stool samples are 
required before it can be accepted that there is no amebic infection. Microscopic examination 
of an amebic abscess aspirate (e.g. in the liver or lungs), may reveal hematophagous 
trophozoites. It must be examined immediately by mixing a drop of warm saline with some 
aspirated pus on a microscope slide. 
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lodamoeba bitschlii 


Introduction 


lodamoeba bitschlii is a non-pathogenic amoeba with world wide distribution although not as 
common as E. coli or E. nana. Its life cycle is similar to that of E. histolytica but is non-invasive. 


Morphology of Trophozoites 


Trophozoites of J. biitschlii are 8-20m and are actively motile. On a permanently stained fecal 
smear, a nucleus with a large karyosome is evident. Chromatin bodies form striations around 
the karyosome. The cytoplasm appears granular containing vacuoles with ingested bacteria 
and debris. 


Image 1-10. Histopathology of amebiasis of brain due to lodamoeba bitschlii. (SOURCE: PHIL 323 - 
CDC/Dr, Martin D. Hicklin) 


Morphology of cysts 
Cysts of |. butschlii are 9-15ym in diameter and have one nucleus in mature cysts usually 


eccentrically placed. Chromatoid bodies are not present. Glycogen is present as a compact 
well defined mass staining dark brown with iodine. 
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How It Works 


Linear Potentiometer 


For a full description of potentiometers, see 
Volume 1. 


A linear potentiometer, often referred to as a 
slider potentiometer, contains an electrical 
resistance in the form of a straight section of 
track. The track may be a strip of resistive poly- 
‘mer or (less often) may consist of an insulator 
with a coll of nichrome wire wrapped around 


For sensing purposes, the potentiometer is 
wired as a voltage divider, and a fixed potential 
is applied across its full length, as shown in 
Figure 6-1. A wiper slides along the track, sens- 
ing a voltage that varies linearly with the 
wiper’s position. Output from the wiper can be 
Used directly to control an analog indicator 
such as a meter, or can be processed by an 
analog-to-digital converter. 


Resistive strip 


{ 


Figure 6-1 A linear potentiometer can consist ofa fixed 
track with a known vottage applied at each end. and a 
movable wiper. 


Output 


For audio applications, a slider potentiometer 
may have resistance that varies logarithmically 
with the position of the wiper. However, this 
type of component is not generally used as a 
position sensor. 


For sensing purposes, the potentiometer is usu- 
ally protected by a long, narrow box or tube 
through which a rod slides on sealed bearings. 
An example is shown in Figure 6-2. 


Figure 6-2 A linear potentiometer contained in a tube 
with sealed bearings. 


Small linear potentiometers for position sens- 
ing are available from companies such as 
Bourns. The one shown in Figure 6-3 is about 
20mm long, and the rod that slides through it 
has a travel of approximately 10mm, The com- 
ponent is available with resistance values rang- 
ing from 1K to 50K, and its power rating is 1/8 
watt. The manufacturer claims a life expectancy 
of 500,000 cycles. 


Figure 6-3 A miniature linear potentiometer. The body is 
about 20mm long. 


A linear potentiometer is simple, inexpensive, 
compact, and requires few additional compo- 
nents, The track contains a lubricant, but inevi- 
tably some wear occurs as a result of motion of 
the wiper. Life expectancy will be reduced by 
vibration or by contamination with dirt or mois- 
ture. 


A linear potentiometer may rarely be described 
asa linear potentiometric sensor. 


20 Encyclopedia of Electronic Components Volume 3 


Image 1-11. lodamoeba biitschlii cyst. (SOURCE: PHIL 587 - CDC/Dr. L.L.A. Moore, Jr.) 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method. Trophozoites are difficult to detect in a wet preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a "hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of fodamoeba butschiii and can also provide 
information on the content of the stool (.e., the presence of leucocytes and red blood cells). 
On search e.g. primarily for cysts, not for ameba, several stool samples are required to be 
examined, by direct microscopy and a sensitive concentration technique. Three negative stool 
samples are required before it can be accepted that there is no amebic infection. Microscopic 
examination of an amebic abscess aspirate e.g. in the liver or lungs, may reveal 
hematophagous trophozoites. It must be examined immediately by mixing a drop of warm 
saline with some aspirated pus on a microscope slide. 
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Blastocystis hominis 
Introduction 


B. hominis is an inhabitant of the human intestinal tract. It is capable of both sexual and 
asexual reproduction by binary fission and of pseudopod extension and retraction. 


Morphology 


The classic form that is usually seen in stool specimens varies in size from 6-40um and is 
characterized by a large membrane bound central body which occupies 90% of the cell. It has 
no internal nuclear structure and a rim of peripheral granules the function of which is not 
known. 


Image 1-12. Blastocystis hominis cyst-like forms in a wet mount stained in iodine. (SOURCE: CDC) 


Clinical Disease 


The pathogenic potential of B. hominis is unclear, though this organism has been associated 
with nausea, fever, vomiting, diarrhea and abdominal pain. 


Laboratory Diagnosis 


Permanently stained preparations of fecal smears is the procedure of choice for identification, 
although the organism can be seen in wet preparations. The recommended stains are Fields’ 
and Giemsa. 
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13 Direct Fecal Parasite Concentration Methods 


Diagnosis of intestinal parasites is confirmed by the recovery of protozoan trophozoites and 
cysts, helminth eggs and larvae in the clinical parasitology laboratory. Microscopic examination 
of feces is essential for the recognition and identification of intestinal parasites. Due to the low 
density of the parasites in the feces, direct microscopy is useful for the observation of motile 
protozoan trophozoites and the examination of cellular exudate, is not recommended solely for 
the routine examination of suspected parasitic infections. It is essential to increase the 
probability of finding the parasites in fecal samples to allow for an accurate diagnosis. 
Therefore, a concentration method is employed. (Direct wet mount examination should not be 
entirely excluded as the trophozoites are usually destroyed during the concentration procedure 
and therefore, microscopic examination of wet mounts should be performed). 


Conventional Methods 


Ridley-Allen Method 


The concentration procedure used in hospitals requires the use of ether or ethyl acetate as a 
lipid removing agent and formalin as a fixative. The process involves the use of either 
expensive brass sieves or the use of tea strainers as the filter element. 


Tea strainers have a very open pore structure of at least 600 micron and due to the shape of 
the strainer it is a non-linear pore size. 


The fecal matter is filtered directly through these meshes in a dead stop manner, and hence 
there is the tendency for occlusion of the filter. There is also a formation of a secondary filter 
layer, which retains eggs and allows the extrusion of particles (particularly fibers) into the 
sediment. The net result is a reduction in egg yield and in sample clarity. 


a. Using orange sticks, select a quantity of feces (approx. 1g) to include external and 
internal portions. 

b. Place in a centrifuge containing 7ml of 10% formalin. 

c. Emulsify the feces in the formalin and filter through the brass/plastic filter into the dish. 

d. Wash the filter and discard any lumpy residue. 

e. Transfer the filtrate to a boiling tube-add 3ml of ether and mix well on a vortex mixer for 
15 seconds of mix by hand for 1 minute. 

f. Transfer back to the centrifuge tube and centrifuge at 3,000 rpm for 1 min. 

g. Loosen the fatty plug with an orange stick and pour the supernatant away by quickly 
inverting the tube. 

h. Allow the fluid on the side of the tube to drain onto the deposit — mix well and transfer a 
drop to a slide for examination under a coverslip. (WHO Basic lab methods in Medical 
Parasitology) 


The advantages of this method are that it will recover most ova, cysts and larvae and retain 


their morphology (thus facilitating identification). It has the disadvantage of destroying 
trophozoite stages and distorting cellular exudate. Liquid feces do not concentrate well, thus it 
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is necessary in these cases to examine the stool by direct microscopy. Since the sieves are 
not disposable there is a problem with cleaning for re-use. The system is also open so there is 
a biohazard and odor issue. 


Flotation Method 


This technique is predominantly used in veterinary laboratories. By exploiting the density of the 
parasites, particularly eggs, it allows the parasites to float to the top of a dense solution (final 
specific gravity of about 1.20) and can then be skimmed from the top of the tube. The most 
commonly used reagent is zinc sulphate. Operculated eggs as well as schistosome and 
infertile Ascaris eggs are not easily recovered by this method. Also trophozoites are killed due 
to the high specific gravity and certain other fragile eggs such as Hymenolepis nana become 
distorted. 


1. Crush 10-20g (about 1 teaspoon) of feces with applicator sticks and mix well with 10- 
12ml of saline. Filter the mixture through two layers of dampened surgical gauze into a 
15ml conical centrifuge tube. 

2. Centrifuge the suspension at 1500 rpm for five minutes. Decant the supernatant into 
disinfectant. Resuspend the sediment and recentrifuge in saline if there is excessive 
debris in the sample. 

3. Resuspend and thoroughly mix the sediment in 12ml of zinc sulphate solution (specific 
gravity, 1.18 to 1.20, as verified with a hydrometer). 

4. Centrifuge for one minute at 2500 rpm. Place tube in a rack in a vertical position and 
slowly add enough zinc sulphate with a dropper pipette to fill the tube so that an 
inverted meniscus forms. 

5. Without shaking the tube, carefully place a 22 x 22um coverslip on top of the tube so 
that its underside rests on the meniscus. The meniscus should not be so high that fluid 
runs down the side of the tube carrying parasites away from the cover glass. 

6. Allow the tube to stand vertically in a rack with the coverslip suspended on top for ten 
minutes. 

7. Carefully lift the coverslip with its hanging drop containing parasite eggs and cysts on 
the underside and mount on a clean slide, liquid side down. A small drop of iodine stain 
may be placed on the slide prior to adding the coverslip. The slide is gently rotated after 
adding the coverslip to ensure a uniform mixture. The slide is then thoroughly examined 
microscopically. (Clinical Laboratory procedures) 


-19- 


Chapter 2. 
The Ciliates, Coccidia, and 
Microsporidia 


2.1 Infections Acquired Through the Gastrointestinal Tract 


In vertebrates, by far the most favorable sites for intestinal parasites are the duodenum, ileum, 
cecum and large intestine. To survive to reproduce in the gastrointestinal tract the parasites 
have to adapt to continuous physiological changes relative to the feeding habits of the host, 
the battery of protein, fat and carbohydrate-spliting enzymes, pH changes and the almost 
oxygen-free environment. Despite these features many parasites, both protozoa and helminths 
are capable of colonizing the gastrointestinal tract successfully 


Protozoa are single-celled animals which resemble a single cell of a higher organism. 
However, the protozoan cell is capable of carrying out vital functions such as reproduction, 
feeding, and locomotion. Intestinal protozoa include species which can live in the lumen of the 
intestine and others which additionally live and reproduce in the cells of the intestinal walls. 


The protozoa make up a wide spectrum of organisms which have different life cycles and 
variable characteristics. 


The Ciliates 


2.2 The Parasites 
The ciliates belong to the family Ciliophora. They possess simple cilia or compound ciliary 


organelles, two types of nuclei and a large contractile vacuole. The only member of the ciliate 
family to cause human disease is Balantidium coli. 
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Balantidium coli 
Introduction 


Balantidium coli is widely distributed in warmer climates, which is where human infections most 
commonly occur. The organisms inhabit the large intestine, cecum and terminal ileum where 
they feed on bacteria. The most common hosts being humans, pigs and rodents. Human 
infection is usually from pigs and is rare. 


Balantidiasis 
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Illustration 2-1. Life cycle of Balantidium coli. (SOURCE: PHIL 3380 - CDC/Alexander J. da Silva, 
PhD/Melanie Moser) 
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Morphology of the Cyst 


The cyst is spherical or ellipsoid and measures from 30-200um by 20-120ym. It contains 1 
macro and 1 micronucleus. The cilia are present in young cysts and may be seen slowly 
rotating, but after prolonged encystment, the cilia disappear. Cysts form when diarrhea 
subsides and the rectal contents become formed. The cyst, ingested by a fresh host, excysts 
to liberate the trophozoite. 


Image 2-1. Balantidium coli cyst. (SOURCE: PHIL 584 - CDC/Dr. LLA. Moore, Jr.) 


Morphology of the Trophozoite 


Trophozoites of B. coli measure approximately 30-150ym in length x 25-120um in width but 
have been known to attain lengths of up to 200m. They are oval in shape and covered in 
short cilia. A funnel shaped cytosome can be seen near the anterior end. Multiplication is by 
binary fission in the trophozoite stage. In an unstained preparation, the organisms are easily 
recognized because of their size and rapid revolving rotation. In a stained preparation, the 
characteristic macro and micronuclei may be observed. 
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Image 2-2. Balantidium coli cyst with Trichuris egg inside. Unstained wet mount. (SOURCE: PHIL 
1460 - CDC/Dr. Mae Melvin) 


Clinical Disease 


Severe B. coli infections may resemble amebiasis. Symptoms include diarrhea, nausea, 
vomiting, and anorexia. The diarrhea may persist for long periods of time resulting in acute 
fluid loss. Balantidium coli also has the potential to penetrate the mucosa resulting in ulceration 
just as those of Entamoeba histolytica, but perforation is more common. Metastatic lesions do 
not occur. Extra-intestinal disease has also been reported, but is rare. 


Laboratory Diagnosis 
Wet preparations of fresh and concentrated stool samples reveal the characteristic cysts and 


motile trophozoites. They are easier to identify in direct-smear saline preparations than 
permanently stained fecal smears. 
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The Coccidia 


The Coccidia are a group of organisms which parasitize the epithelial cells of the intestinal 
tract. This group includes Cryptosporidium parvum, Cyclospora cayetanensis and Isospora 
belli. Most of the coccidian infections in man are zoonoses (having the potential to infect 
animals or arise from animals). In immunocompetent individuals, they usually produce mild, 
self-limiting infections. 


Cryptosporidium parvum 
Introduction 
Cryptosporidium species, are coccidian protozoa, which are cosmopolitan in distribution, 


occurring in both developed and underdeveloped countries and causing infection in both 


humans and their livestock. Cryptosporidium parvum is the species responsible for human 
infection. 


Development of Cryptosporidia occurs in a parasitophorous vacuole located on the 
microvillous surface of the epithelial cells. 


Life Cycle and Morphology 


(sporulated) 
‘Miccogamont 


ee 
oe RR tet 
" carer 7 tne nero 


‘erates 
(eu) Sexual Cycle 


Py 


Macrogamont 


24 


Illustration 2-2. Life cycle of Cryptosporidium sp. Sporulated oocysts, containing 4 sporozoites, are 
excreted by the infected host through feces and possibly other routes such as respiratory secretions. Following 
ingestion (and possibly inhalation) by a suitable host, excystation @occurs. The sporozoites are released and 
parasitize epithelial ceils (®, @) of the gastrointestinal tract or other tissues such as the respiratory tract. In these 
cells, the parasites undergo asexual multiplication (schizogony or merogony) (@, ©, @) and then sexual 
rulpicaion (gametoory) prodcing miogamons (na) and macrogaronts(emale) D, Upon eatin of 
the macropamonts by te micoganetes (@), oocysts (©, ©) develop that sponate nthe nleted host. Two 
Uifferent types of oocysts are produced, the thick-walled, which is commonly excreted from the host @, and the thin- 
walled oocyst ©, which is primatily involved in autoinfection. Oocysts (measuring 4-5ym in diameter and containing 
4 sporozoites) are infective upon excretion, thus permitting direct and immediate tecal-oral transmission. (SOURCE: 
PHIL 3386 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


Clinical Disease 


C. parvum is now widely recognized as a cause of acute gastro-enteritis, particularly in 
children. The infection produces a persistent, watery, offensive diarrhea often accompanied by 
abdominal pain, nausea, vomiting and anorexia. In immunocompetent persons, symptoms are 
usually short lived (one to two weeks). The small intestine is the site most commonly affected, 
symptomatic Cryptosporidium infections have also been found in other organs including other 


digestive tract organs, the lungs, and possibly conjunctiva. 


rd - ‘ Pe 


Image 2-3. Cryptosporidium parvum oocysts. This photomicrograph revealed the morphologic 
details of Cryptosporidium parvum oocysts, i.e., encapsulated zygotes, which had been stained using 
the modified acid-fast method. These oocysts exhibit a bright red coloration when using this staining 
technique, and in this case, you'll nate the sporozoites that were made visible inside the two oocysts 
on the right. Sporozoites are the nucleated, motile stage of development through which many 
protozoans pass such as C. parvum, on their way to becoming adults, and represent a very infectious 
form of these organisms. The sporozoites will be released from these C. parvum oocysts. (SOURCE: 
PHIL 7829 - CDC/ DPDx - Melanie Moser) 
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Magnetic Linear Encoders 

A ferrous rod or strip can be magnetized with 
alternating north and south poles. When it 
slides past a single bipolar Hall-effect sensor, it 
generates a pulse train from the sensor that can 
be interpreted to provide positional informa- 
tion. The principle of the component is shown. 
in Figure 6-4. (Magnetic rotary encoders also 
exist; see "Rotary Encoders”) 


Hal-etfect 
Sensor 


‘Strip with altemating postive and negative poles 


Figure 6-4 When a strip magnetized with atternating 
north and south poles slides past a sensor, the pulse train 
from the sensor can be decoded to indicate the relative 
position ofthe strip. 


The sensing element may be described as a 
read head. If two are used, with a spacing equal 
to half the interval between the north and 
south poles on the strip, the phase difference 
between the pulse trains from the sensors will 
indicate the direction in which the magnetized 
strip is moving. This is shown in Figure 6-5. 


The combination of pulse trains is known as 
quadrature, because there are four possible 
combinations: A and B both high, A and B both 
low, A high and B low, or A low and B high. The 
same principle is used in an optical rotary posi 
tion sensor; see Figure 7-6. 


This type of linear position sensor is often 
described as a magnetic encoder, meaning that 
the position of the sliding part is encoded in a 
series of pulses. Relatively high resolution is 
possible, as the north and south poles on a strip 
of ferrous material can be as close as 2mm, 
Optical encoders may use the same principle; 
see “Optical Linear Encoders", 


Figure 6-5 Pulse trains from Hall-effect sensors A and & 
are shown in green. The phase difference between them 
‘can be interpreted to show the directian in which the mag: 
nnetized strip is moving. 


The sensor can be built into a module contain- 
ing an analog-to-digital converter that provides 
numeric output defining the position of the 
read head. 


In an absolute magnetic encoder, nonvolatile 
memory can store the digitized position when 
the device is switched off. An incremental mag- 
netic encoder does not store this information, 
and will require at least one additional home 
sensor to detect when the encoder is at either 
end of its travel, At power-up, an initialization 
routine moves the magnetized strip until the 
home sensor is triggered. 


For details of Hall-effect sensors see "Hall-Effect 
Sensor”. 


Optical Linear Encoders 
The operation of an optical linear encoder is 
identical to that of the magnetic linear encoder 
described immediately above, except that a 
sliding optical grating is used in conjunction 
with a light source and a detection device such 
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Cryptosporidiosis in immunocompromised individuals, especially in HIV patients, can be life 
threatening, as many as 10% may pass oocysts of C. parvum. Infections are characterized by 
the production of frequent, large volume watery stools and sometimes there is invasion of the 
pancreas, biliary or respiratory tract. 


Oocyst excretion and symptoms may fluctuate during the course of infection. Asymptomatic 
infections are commonly found in developing countries with poor hygiene, where there is close 
contact with livestock. 


Laboratory Diagnosis 


Definitive diagnosis of cryptosporidiosis is by finding the characteristic spherical oocysts in 
fecal samples. They do not concentrate well using standard concentration techniques and are 
identified using various staining techniques. 


Using the modified Ziehl-Neelsen staining method (fuschin followed by methylene blue), the 
oocysts are acid fast. However, staining results within a smear and between specimens are 
diverse, varying from unstained to partial red staining and complete staining. Fully sporulated 
forms can be seen in which the red staining sporozoites are within an unstained oocyst wall. 
When staining the fecal smear with phenol-auramine/carbol-fuchsin, the oocysts appear as 
bright yellow discs with an “erythrocyte” pattern of staining against a dark red background. 
Detection of the oocysts can also be achieved by using specific polyclonal or monoclonal 
antibodies conjugated to fluorescein. These tests are now commercially available and offer a 
high degree of sensitivity. However, caution must be exercised when they are used to detect 
oocysts in the fecal smears distributed by NEQAS parasitology. Such specimens are 
preserved in formalin, which interferes with the fluorescent staining of the parasites, and are 
thus difficult to detect. 


Oocysts in stool specimens (fresh or in storage media) remain infective for extended periods. 
Thus stool specimens should be preserved in 10% buffered formalin or sodium acetate-acetic 
acid-formalin (SAF) to render oocysts non-viable. (Contact time with formalin necessary to kill 
oocysts is not clear; we suggest at least 18 to 24 hours). 
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Image 2-4. Staining of Cryptosporidium parvum oocysts in a stool smear with monoclonal antibodies 
conjugated to fluorescein. The Cryptosporidium oocysts appear with a peripheral green fluorescence. 
This technique could be of interest in epidemiological inquiries. (x 670) (SOURCE: Unknown) 


Detection of the oocysts can also be achieved by using rapid antigen detection testing kits that 
specifically detect antigen released by Cryptosporidium parvu. These tests are now 
commercially available and offer a high degree of sensitivity even on specimens that are 
preserved. 


Isospora belli 
Introduction 


Isospora belli is a coccidian protozoan of cosmopolitan distribution, occurring especially in 
warm regions of the world infecting both humans and animals. 


Life Cycle 


The life cycle of /. belli involves an asexual (schizogonic stage) and a sexual (sporogonic 
stage). 
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Mustration 2-3. Isospora bell life cycle. At time of excretion, the immature oocyst contains usually one 
sporoblast (more rarely two) ©. In further maturation after excretion, the sporoblast divides in two 
(the oocyst now contains two sporoblasts); the sporoblasts secrete a cyst wall, thus becoming 
sporocysts; and the sporocysts divide twice to produce four sporozoites each @. Infection occurs by 
ingestion of sporocysts-containing oocysts: the sporocysts excyst in the small intestine and release 
their sporozoites, which invade the epithelial cells and initiate schizogony ©. Upon rupture of the 
schizonts, the merozoites are released, invade new epithelial cells, and continue the cycle of asexual 
multiplication ©. Trophozoites develop into schizonts which contain multiple merozoites. After a 
minimum of one week, the sexual stage begins with the development of male and female gametocytes 
©. Fertilization results in the development of oocysts that are excreted in the stool ©). Isospora belli 
infects both humans and animals. (SOURCE: PHIL 3398 - CDC/Alexander J. da Silva, PhD/Melanie 
Moser) 
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Morphology 


Infection with Isospora belli occurs in both immunocompetent and immunocompromised 
patients and begins when the mature oocyst is ingested in water or food. 


Morphology of oocysts. The mature oocyst contains 2 sporocysts, each containing 4 
sporozoites measure on average 35 x um. 


Figures 6. and 7. demonstrate fecal smears of oocysts. The sporulated oocyst is the infective 
stage of the parasite and they excyst in the small intestine releasing sporozoites which 
penetrate the epithelial cells, thus initiating the asexual stage of the life cycle. The sporozoite 
develops in the epithelial cell to form a schizont, which ruptures the epithelial cell containing it, 
liberating merozoites into the lumen. These merozoites will then infect new epithelial cells and 
the process of asexual reproduction in the intestine proceeds. Some of the merozoites form 
macrogametes and microgametes (sexual stages) which fuse to form a zygote maturing finally 
to form an oocyst. 


l rN [ B [ c 


Image 2-5. A, B, C: Oocysts of Isospora belli. The oocysts are large (25 to 30 tim) and have a 
typical ellipsoidal shape. When excreted, they are immature and contain one sporoblast (A, B). The 
oocyst matures after excretion: the single sporoblast divides in two sporoblasts (C), which develop 
cyst walls, becoming sporocysts, which eventually contain four sporozoites each. (Images contributed 
by Georgia Division of Public Health. (CDC)) 


cl 


ical Disease 


In the immunocompetent, infection is generally asymptomatic or a self-limiting gastro-enteritis. 
However, in chronic infections, severe non-bloody diarrhea with cramp-like abdominal pain can 
last for weeks and result in fat malabsorption and weight loss. Eosinophilia may be present 
(atypical of other protozoal infections). 


In immunocompromised individuals, infants and children, infection ranges from self-limiting 
enteritis to severe diarrheal illness resembling that of cryptosporidiosis. 
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Laboratory Diagnosis 


Oocysts are thin walled, transparent and ovoid in shape. They can be demonstrated in feces 
after a formal ether concentration where they appear as translucent, oval structures. 


Alternatively, oocysts can be seen in a fecal smear stained by a modified Ziehl-Neelsen 
method, where they stain a granular red color against a green background, or by phenol- 
auramine. 


Cyclospora cayetanensis 
Introduction 


Cyclospora cayetanensis, a coccidian protozoan, has been described in association with 
diartheal illness in various countries, in particular Nepal, Pakistan and India. Infection results in 
a disease with non-specific symptoms. Quite often the disease is the cause of unexplained 
summer diarrheal illness and similar illness following travel to tropical areas. 


Life Cycle and Morphology 


The life cycle of this organism is unknown, however environmental data suggest that 
Cyclospora, like Cryptosporidium species, is a water-borne parasite. The oocysts of C. 
cayetanensis are spherical, measuring 8-10um in diameter and the mature oocyst contains 2 
sporocysts. Oocysts of Cyclospora cayetanensis, are twice as large in comparison with C. 
parvum and are not sporulated (do not contain sporocysts - upon excretion). 
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Some of the elements in this figure were created based on an illustration by Ortega et al. Cyclospora cayetanensis. In 
‘Advances in Parasitology: opportunistic protozoa in humans. San Diego: Academic Press; 1998. p. 399-418. 

Illustration 2-4. When freshly passed in stools, the oocyst is not infective (thus, direct fecal-oral 
transmission cannot occur; this differentiates Cyclospora from another important coccidian parasite, 
Cryptosporidium). In the environment @, sporulation occurs after days or weeks at temperatures 
between 22°C to 32°C, resulting in division of the sporont into two sporocysts, each containing two 
elongate sporozoites @. Fresh produce and water can serve as vehicles for transmission @and the 
sporulated oocysts are ingested (in contaminated food or water) @. The oocysts excyst in the 
gastrointestinal tract, freeing the sporozoites which invade the epithelial cells of the small intestine @ 
- Inside the cells they undergo asexual multiplication and sexual development to mature into oocysts, 


which will be shed in stools @. The potential mechanisms of contamination of food and water are still 
under investigation. (SOURCE: CDC) 
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Image 2-6. This photomicrograph of a fresh stool sample, which had been prepared using a 10% 
formalin solution, and stained with modified acid-fast stain, revealed the presence of four Cyclospora 
cayetanensis oacysts in the field of view. Compared to wet mount preparations, the oocysts are less 
perfectly round and have a wrinkled appearance due to this method of fixation. Most importantly, the 
staining is variable among the four oocysts. (SOURCE: PHIL 7827 - CDC/ DPDx - Melanie Moser) 


ty 


Image 2-7. This photomicrograph of a fresh stool sample, which had been prepared using a 10% 
formalin solution, and stained with safranin, revealed the presence of three uniformly stained 
Cyclospora cayetanensis oocysts in the field of view. (SOURCE: PHIL 7828 - CDC/ DPDx - Melanie 
Moser) 
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Clinical Disease 


Patients from whose stools the organism has been isolated have reported nausea, vomiting, 
weight loss and explosive watery diarrhea. Flatulence and bloatedness, nausea and vomiting, 
myalgia, low-grade fever, and fatigue are associated symptoms. The site of infection is the 
small bowel. The disease is usually self-limiting to three to four days but untreated infections 
can last from several days to a month or longer, and may follow a relapsing course. Some 
infections are asymptomatic. 


Image 2-8. Four Cyclospora oocysts from fresh stool fixed in 10% formalin and stained with modified 
acid-fast stain. Compared to wet mount preparations, the oocysts are less perfectly round and have a 
wrinkled appearance. Most importantly, the staining is variable among the four oocysts. (SOURCE: 
Dc) 


Laboratory Diagnosis 


The oocysts of C. cayetanensis are spherical as can be seen in formol-ether concentrated 
stool samples by light microscopy. They are refractile spheres which exhibit blue 
autofluorescence under ultraviolet light. It is important to note that UV microscopes set up for 
FITC and auramine microscopy only (450-500nm) will fail to detect the autofluorescence of the 
oocyst. lodine-quartz microscopes do not produce UV wavelength below 400nm, while both 
mercury vapor and xenon vapor microscopes must be fitted with a 340-380nm excitation filter 
to demonstrate autofluorescence. 


The oocysts are variably acid-fast when stained by the modified ZiehI-Neelsen method. Some 


cysts are acid-fast whereas others appear as round holes against a green background. They 
do not stain well with phenol-auramine. 
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Microsporidia Species 


Introduction 


The term microsporidia is also used as a general nomenclature for the obligate intracellular 
protozoan parasites belonging to the phylum Microsporidia. To date, more than 100 genera 
and 1,000 species have been described as parasites infecting a wide range of vertebrate and 
invertebrate hosts. There are at least seven microsporidian species that are well characterized 
as human pathogens. (Table 2-1.) 


Microsporidia are characterized by the production of resistant spores and the polar tubule (or 
polar filament) which is coiled inside the spore as demonstrated by its ultrastructure. 


They have recently come to medical attention as opportunistic pathogens in humans with 
Acquired Immune Deficiency Syndrome (AIDS) and have been implicated in conditions ranging 
from enteritis to keratoconjunctivitis. 


Life Cycle and Morphology 
Microsporidia are primitive organisms. They possess no mitochondria and have prokaryotic 
like ribosomes. Classification is based on the ultrastructural features, which include the 


number of coils in the polar tubes, the configuration of nuclei and the spore size 1-4um, 
depending on the species. 
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Illustration 2-5. Life cycle of Microsporidia sp. The infective form of microsporidia is the resistant 
spore and it can survive for a long time in the environment @. The spore extrudes its polar tubule 
and infects the host cell @. The spore injects the infective sporoplasm into the eukaryotic host cell 
through the polar tubule @. Inside the cell, the sporoplasm undergoes extensive multiplication either 
by merogony (binary fission) or schizogony (multiple fission) @. This development can occur either in 
direct contact with the host cell cytoplasm (e.g., E. bieneusi) or inside a vacuole termed 
parasitophorous vacuole (e.g., E. intestinalis). Either free in the cytoplasm or inside a 
parasitophorous vacuole, microsporidia develop by sporogony to mature spores @ During 
sporogony, a thick wall is formed around the spore, which provides resistance to adverse 
environmental conditions. When the spores increase in number and completely fill the host cell 
cytoplasm, the cell membrane is disrupted and releases the spores to the surroundings @. These free 
mature spores can infect new cells thus continuing the cycle. (SOURCE: CDC) 
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How It Warks 


as a phototransistor or photodiode that 

functions as the read head. The principle is 

shown in Figure 6-6. The grating may be 
and opaque sections 


described as a codestrip. 
Phototransistor 


Co 
Bois 


Figure 6-6 An optical linear encoder uses the same gen- 
eral principle as a magnetic near encoder. 


Strip with optical grid 
altemating transparent 


For details of phototransistors, see Chapter 22. 
For details of photodiodes, see Chapter 21. 


‘An example of a low-cost optical linear encoder 
is the Avago HEDS-9 series, which consists of a 
horseshoe-shaped module with an LED in one 
arm and an array of photodiodes in the oppo- 
site arm. When a codestrip passes between the 
arms, the module emits two pulse trains from. 
internal comparators. The pulse trains are 90 
degrees out of phase, and can be interpreted to 
show which way the codestrip is moving. 


These sensors have a body measuring approxi 
mately 10mm wide and are designed to read 
‘opaque/transparent intervals ranging from 1.5 
to 7.87 cycles per millimeter. The output rate 
can be as high as 20kHz. No pullup resistor is 
required on the output, as a 2.5K resistor is inte- 
grated. 


A codewheel may be used, in which case the 
module senses rotation instead of linear 
mation. This is described in detail in the entry 
on rotary position sensors, See Chapter 7. 


Linear Encoder Applications 
Optical or magnetic linear encoders are found 
in some laboratory equipment, machine tools, 
and industrial robots. The mean time between 
failures can range from 100,000 to 1,000,000 


ce > linear position 


hours. Optical encoders must be sealed to pro- 
vide good protection from dust and dirt. 


Linear Variable ferential Trans- 
formers 

This type of sensor, often referred to by the 
acronym LVDT, tends to be used in industrial 
environments where great reliability is required 
under severe conditions. Examples are high- 
‘temperature steam valves and nuclear reactor 
control mechanisms. However, the robust, fric- 
tionless design suggests other possible applica- 
tions, and custom fabrication is a possibility. 


Figure 6-7 illustrates the general principle. 
Three coils are wound sequentially around a 
(nonmagnetic) stainless-steel tube, enclosed in 
a second tube also made of stainless steel. The 
coils act as transformers with the variable volt- 
age ratio determined by the position of a solid 
iron armature that slides through them. 


The center coil is the primary winding, to which 
AC is applied between 2kHz to 50kHz, depend- 
ing on the application. (The frequency must be 
at least ten times the maximum rate of motion 
of the armature.) The iron armature is attached 
to a nonmagnetic rod. The voltages on the sec- 
ondary windings provide the output from the 
sensor. 


While more than one wiring arrangement is 
possible, the most common schematic is shown 
in Figure 6-8. The secondary coils are in series, 
with one of them reversed, so that the phase of 
the output is inverted as the armature moves 
from one end of its travel to the other. The 
phase detector responds to the phase differ- 
ence by creating a DC output that varies with 
movement of the armature. All the functions 
shown in the schematic are available on a sin- 
gle integrated circuit chip. 
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Table 2-1. Microsporidia found in humans and their associated disease. (Cuomo) 


In addition to the species in Table 2-1., above, there are other, not well-characterized 
microsporidian human pathogens. These are designated as Microsporidum, a collective taxon 
that includes Microsporidum africanum and Microsporidium ceylonensis. 


cl 


al Disease 


The most common microsporeans found in patients with AIDS are Enterocytozoon bieneusi, 
Encephalitozoon intestinalis and Encephalitozoon hellem. Patients with these infections tend to 
be severely immunodeficient with a CD4 count less than 100 x 10°/L. Additionally, cases of 
microsporidiosis have been reported in immunocompromised persons not infected with HIV 
and in immunocompetent individuals. The clinical manifestations of microsporidiosis are very 
diverse, varying according to the causal species, with diarrhea being the most common. 


Enterocytozoon bieneusi 


Infections with E. bieneusi are restricted to the enterocytes of the small intestine, resulting in 
villous atrophy and malabsorption. Clinical symptoms include chronic watery, non-bloody 
diarthea, malaise and weight loss. 
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Image 2-9. Electron micrograph of an Enterocytozoon bieneusi spore. Arrows indicate the double 
rows of polar tubule coils in cross section which characterize a mature E. bieneusi spore. (SOURCE: 
coc) 


Encephalitozoon intestinalis 


Infection with Encephalitozoon intestinalis occurs in the enterocytes of the small intestine but is 
more widely disseminated than E. bieneusi and has been found in the colon, liver and kidney. 


Image 2-10. Electron micrograph of an eukaryotic cell with Encephalitozoon intestinalis spores and 
developing forms inside a septated parasitophorous vacuole, The vacuole is a characteristic feature of 
this microsporidian species. (SOURCE: CDC) 
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Encephalitozoon hellem and Encephalitozoon cuniculi 


These organisms have also been found in disseminated microsporidiosis. Clinical symptoms 
may include sinusitis, nephritis, hepatitis, keratoconjunctivitis and peritonitis. 


Nosema corneum 
This organism has been detected in AIDS patients with keratoconjunctivitis. 
Laboratory Diagnosis 


Initially, the diagnosis of intestinal microsporidiosis depended on tissue biopsies which were 
stained with Gram’s stain and examined by light microscopy. However, in order that ill patients 
were not subjected to unnecessary invasive procedures, non-invasive diagnostic procedures 
were developed. The modified Trichrome stain and the Fungiqual fluorescent stain are the 
stains of choice. Immunofluorescence assays (IFA) using monoclonal and/or polyclonal 
antibodies are being developed for the identification of microsporidia in clinical samples. 


2.3 Examination of fecal specimens for Parasites 


Many intestinal disorders are due to intestinal parasites which cannot be diagnosed 
symptomatically. Laboratory investigation is therefore required and the staff responsible should 
have adequate expertise in examining fecal specimens for parasitic organisms. 


2.4 Relevant information required 


The request form should always state the patients clinical symptoms and signs and whether 
the patient had recent overseas travel. If the patient has had no recent history of overseas 
travel, examination for Cryptosporidium, Giardia and Microsporidia, if immunocompromised 
should be considered. If overseas travel has been undertaken, it is important to note is the 
patient ill or whether a routine post-tropical screen is requested. The geographical location is 
also important as it may indicate these parasites which could be present. 
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2.5 Collection of samples 


If a fecal sample is not properly collected and taken care of before examination, it will be of 
little or no value for accurate diagnosis. This is especially true if protozoa are present. Amoebic 
trophozoites begin to degenerate one to two hours after passage, as do flagellate trophozoites. 
Cysts will deteriorate if the fecal specimen is left standing for many hours or overnight, 
especially at high temperatures. 


Helminth eggs and larvae are less affected by the age of the specimen than are protozoa. 
Nevertheless, changes may occur that could affect their identification; hookworm larvae may 
become embryonated and larvae may hatch from the eggs risking confusion with 
Strongyloides larvae. Larvae themselves may disintegrate thus making their identification 
difficult. 


To ensure that good specimens are provided for examination, it is important to note the 
following points. 


1. Aclean dry container must be used for the collection of fecal samples. Urine and water 
will destroy trophozoites, if present, and the presence of dirt also causes identification 
problems. 

2. Ideally the specimen should be brought to the lab as soon as it is passed, to avoid 
deterioration of protozoa and alterations of the morphology of protozoa and helminths. 

3. The specimen container should be clearly labeled with the patient's name, date, and 
time of passage of the specimen. 

4, An amount of stool adequate for parasite examination should be collected and a repeat 
sample requested if too little is supplied. The smallest quantity that should be accepted 

is about the size of a pigeons egg. 

. Diarrheal specimens, or those containing blood and mucus, should be examined 
promptly on arrival in the laboratory. The specimens may contain motile amoebic or 
flagellate trophozoites and may round up and thus be missed if examination is delayed. 
Where amoebic dysentery is suggested, the laboratory should be informed that a “hot 
stool” is being supplied so that it can be examined within twenty minutes of being 
passed. 

6. With the exception of "hot stools" if specimens cannot be examined as soon as they 

arrive, they should be put in the refrigerator. 


2.6 Visual observation of the fecal sample 


It is important to observe the macroscopic appearance of the stool as this can give a clue to 
the type of organisms present. Therefore the consistency; formed, unformed or liquid; the color 
and the presence or absence of the exudate are reported. The presence of adult worms can 
also be seen in a freshly passed stool e.g. adult stage of Ascaris lumbricoides and Enterobius 
vermicularis. Proglottids of Taenia species can also be seen. 
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2.7 Routine procedure for the microscopic examination of 
fecal samples for parasites 


1. Direct microscopy should be done on all unformed and liquid samples by mixing a small 
amount of the specimen in 0.9% sodium chloride solution. This permits detection of 
trophozoites of Entamoeba histolytica and Giardia lamblia. It can also provide 
information on the content of the stool i.e. the presence of leucocytes and red blood 
cells. 

2. A formol-ether concentrate should be done on all fecal samples examined for parasites. 
This reveals the presence of most protozoan cysts, eggs of nematodes, cestades and 
trematodes and also the larval stages of some nematodes. 

3. A permanently stained direct fecal smear should be used for all bloody, liquid or semi- 
formed stools. The smear can reveal the presence of intestinal parasites that can be 
either destroyed or missed by the formol-ether concentration method e.g. Dientamoeba 
fragilis. 

4, Specimens from patients with HIV should be left in 10% formalin for one hour before 
proceeding with parasite examination. 


2.8 Principals of Diagnostic Methods for the Identification 
of Parasites 


The principal of the successful identification of fecal parasites is based upon, 


1. Measurement - The use of an eyepiece graticule is of the utmost importance, especially 
for cyst identification. 

2. Morphology - In protozoan cysts, the number of nuclei and the presence of inclusions 
eg. glycogen mass and chromidial bar, aid the identification of protozoa. In 
trophozoites, the presence of red cells in amoebae is diagnostic of Entamoeba 
histolytica and flagella also aid identification of some protozoan trophozoites. 

3. Appearance - In helminth eggs, the shape of the egg, the thickness of the shell, the 
color of the ovum and the presence or absence of features such as an operculum, spine 
or hooklets are diagnostic pointers to the identity of the parasite. 

4. Stains also aid in identification of the parasite. 


The addition of iodine to formol ether concentrates highlights the internal structure of cysts and 


helps distinguish between vegetable matter and cysts. Permanently stained fecal smears are 
useful in demonstrating the nuclear pattern of cysts. 
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2.9 Problems of identification 
Many things in stool specimens look like parasites but are not. 


Epithelial cells and macrophages can be confused with amoebic trophozoites, especially 
macrophages that show slight amoeboid movement and may contain red blood cells. Pus cells 
can be confused with amoebic cysts. The nuclei appear as 3 or 4 rings and usually stain 
heavily. The cytoplasm is ragged and the cell membrane is often not seen. Amoebic cysts 
have a distinct cell wall. 


Hair and fibers may be confused with larvae, but they do not have the same internal structure 
as larvae. 


Plant cells can be confused with cysts or eggs. Though plant cells usually have a thick wall 
and cysts have a thin walll. 


2.10 Reporting of Parasites 


Ideally, the presence of all parasites should be reported, whether they are pathogens or non- 
pathogens. This particularly applies to the presence of cysts. However, if it is laboratory 
practice to report all cysts, the report should state whether they are pathogenic or non- 
pathogenic. 


The stage of the parasite should always be reported. For the protozoa, whether cysts or 


trophozoites are present; the stage of larvae as in Strongyloides; and whether adult stages or 
eggs of helminths are present. 
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Chapter 3. 


The Flagellates 


3.1 Infections Acquired Through the Gastrointestinal Tract 


The Flagellates belong to the Magistophora and possess more than one flagellum. Beating 
these flagella enable them to move. A cytosome may be present which helps in the 
identification of the species. 


Flagellates possess one advantage over their ameboid relatives in that they can swim. 
Therefore, enabling them to invade and adapt to a wider range of environments unsuitable for 
other amoebae. They are able to change from a flagellated free-swimming environment to a 
non-flagellated tissue dwelling stage and vice versa. 


Flagellates are known to inhabit the reproductive tract, alimentary canal, tissue sites and also 
the blood stream, lymph vessels and cerebrospinal canal. 


There are pathogenic and commensal species of flagellates. The flagellates which are 
encountered in the intestinal tract are Giardia lamblia, Dientamoeba fragilis, Chilomastix 
mesnili, Trichomonas hominis, Retortamonas intestinalis and Enteromonas hominis (the latter 
two being less common). The trophozoites are easily recognized in saline preparations by their 
motility. However, accurate identification is done on a permanently stained fecal smear. Cysts 
are more commonly seen than the trophozoite. 


Giardia lamblia 
Introduction 


Giardia lamblia is a flagellate of world-wide distribution. It is more common in warm climates 
than temporal climates. It is the most common flagellate of the intestinal tract, causing 
Giardiasis. Humans are the only important reservoir of the infection. The infection is most 
common in parts of the world where sanitation is at its lowest. Giardiasis is an infection of the 
upper small bowel, which may cause diarrhea. Only Giardia spreads disease. 


Morphology of the Trophozoites 
The trophozoites of G. lamblia are flattened pear shaped and are an average size of 154m 


long, 94m wide and 3um thick. When stained, the trophozoite is seen to have two nuclei, two 
slender median rods (axostyles), and eight flagella arising from the anterior end. They have 
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been described as looking like tennis rackets without the handle (they are often seen has 
having a comical face-like appearance when looking at the front view). 


The movement of the trophozoites is described as tumbling leaf motility, using their four pairs 
of flagella for locomotion. They attach themselves to the surface of the jejunal or duodenal 
mucosa by their disc-like suckers which are found on their ventral surface. They multiply in the 
gut by binary fission. Once the trophozoites drop off the mucosal surface they are normally 
carried in the intestinal contents down the gut where they usually encyst. 
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Illustration 3-1. Life cycle of Giardia lamblia. Cysts are resistant forms and are responsible for 
transmission of Giardiasis. Both cysts and trophozoites can be found in the feces (diagnostic stages) 
). The cysts are hardy and can survive several months in cold water. Infection occurs by the 
ingestion of cysts in contaminated water, food, or by the fecal-oral route (hands or fomites) @._In 
the small intestine, excystation releases trophozoites (each cyst produces two trophozoites) 
Trophozoites multiply by longitudinal binary fission, remaining in the lumen of the proximal small 
bowel where they can be free or attached to the mucosa by a ventral sucking disk @. Encystation 
occurs as the parasites transit toward the colon. The cyst is the stage found most commonly in 
nondiartheal feces @, Because the cysts are infectious when passed in the stool or shortly afterward, 
person-to-person transmission is possible. While animals are infected with Giardia, their importance 
as a reservoir is unclear. (SOURCE: PHIL 3394 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology of Cysts 


The cysts of G. lamblia are 8-12um in length and are ellipsoid in shape. They contain four 
nuclei which tend not to be obvious. Longitudinal fibrils consisting of the remains of axonemes 
and parabasal bodies may also be seen. Cysts may appear to shrink from the cell wall. The 
cysts are infective as soon as they are passed. 


Image 3-1. Giardia lamblia cyst iodine stained. (SOURCE: PHIL 3741 - CDC/ Dr. Mae Melvin) 


Image 3-2. Giardia lamblia cyst iodine stained. (SOURCE: PHIL 3742 - CDC/ Dr. Mae Melvin) 
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Image 3-3. A, B, C Three trophozoites of Giardia intestinalis, stained with trichrome (A) and stained 
with iron hematoxylin (B and C). Each cell has two nuclei with a large, central karyosome. Cell 
size: 9 to 21 um in length, (SOURCE: CDC) 


Image 3-4. This scanning electron micrograph (SEM) revealed some of the external ultrastructural 
details displayed by a flagellated Giardia lamblia protozoan parasite. G. lamblia is the organism 
responsible for causing the diarrheal disease "giardiasis". Once an animal or person has been infected 
with this protozoan, the parasite lives in the intestine, and is passed in the stool. Because the parasite 
is protected by an outer shell, it can survive outside the body, and in the environment for long periods 
of time. (SOURCE: PHIL 8698 - CDC / Janice Carr) 
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Figure 6-7 Cutaway drawing showing the internal design 
ofa linear variable citferential transformer, in which the 
position ofa sliding ron armature determines the voltage 
Induced in the secondary windings. 
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Figure 6-8 Typical schematic for using a linear variable 
differential transformer, 


What Can Go 


‘An example of a linear variable differential 
transformer is shown in Figure 6-9. 


Figure 6-9. External view of a linear variable differential 
transformer. 


What Can Go Wrong 


Mechanical Issues 

Any sliding mechanism will involve friction, and 
will be vulnerable to wear and teat, resulting in 
looseness that will degrade its accuracy. In 
addition, optical systems are vulnerable to dust 
and dirt. 


LED Longevity 

Light output of an LED diminishes over a period 
of years if the LED is “always on.” This will imit 
the life of the sensor. 


Chapter 6: linear position sensor 43 
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al Disease 


Giardia lamblia colonizes the small intestine where the trophozoites adhere to the mucosal 
surface by means of their sucking disc. Cysts are produced as the parasites descend the 
intestinal tract although trophozoites can be passed in the feces in severe infections. G. 
lamblia is transmitted through ingestion of cysts in contaminated water or food. Cysts can 
survive outside the body for several weeks under favorable conditions. The main symptoms 
are abdominal pain, flatulence, and episodic diarrhea with steatorrhea and periodical soreness 
in severe cases. No blood or mucus is normally seen. However 50% of G. lamblia infections 
are symptomless, although severe infections may develop in immunocompromised hosts. 
What determines susceptibility is poorly understood. After swallowing cysts for the first time, 
symptoms commonly develop 2-6 weeks later. 


Laboratory Diagnosis 


Cysts can be found by examination of the deposit of a formol-ether concentrate of a stool 
preparation. The oval cysts with thick walls serve as characteristic features for these 
organisms. (Keys 3-1. & 3-2.) The flagella disintegrate and form a central ‘streak’ which 
becomes visible when stained with iodine or MIF (merthiolate-iodine-formaldehyde). Cysts may 
be excreted intermittently; therefore it is important to examine more than one stool. Stools are 
usually passed 3-8 times / day and are usually pale, offensive, rather bulky and accompanied 
by much flatus. 


Trophozoites are found by examination of saline wet preparations of fresh, diarrheic stool, 
duodenal or jejunal aspirate or in a permanently stained fecal preparation. 


Trophozoites can also be found in the jejunal aspirate. These can be recovered by the String 
Test or Enterotest capsule and the material examined microscopically for motile trophozoites. 


Trophozoites and cysts can be found to be scarce in chronic infections. Serological methods of 
diagnosis are proving to be useful as means of diagnosis. An ELISA to detect IgM in serum 
provides evidence of a current infection. A polyclonal antigen-capture ELISA can be used to 
demonstrate submicroscopic infections in feces and an IgA-based ELISA will detect specific 
antibodies in saliva. Table 3-1. details useful morphological features that are similar between 
species of flagellate and are used in laboratory diagnosis. Detection of the trophozoites and 
cysts can also be achieved by using rapid antigen detection testing kits that specifically detect 
antigen released by Giardia lamblia. These tests are now commercially available and offer a 
high degree of sensitivity even on specimens that are preserved and can be detected days 
before any trophozoites and cysts are shed. 


Dientamoeba fragilis 
Introduction 


Dientamoeba fragilis is an amoeba-flagellate with a cosmopolitan distribution. The life cycle is 
not completely known 
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Morphology of Trophozoites and Lifecycle 


D. fragilis are relatively small, varying from 3-22um in diameter and there can be considerable 
variation in size among organisms in the same fecal sample. The organisms have only a 
trophozoite stage and in a permanently stained preparation, one, two or rarely three nuclei can 
be seen, two being the most common. The nuclear chromatin is usually fragmented into three 
to five granules but these have not been visualized by Giemsa Stain, and there is normally no 
peripheral chromatin on the nuclear membrane. The cytoplasm is usually vacuolated and may 
contain ingested debris as well as some large uniform granules. The cytoplasm can also 
appear uniform and clean with a few inclusions. D. fragilis live in the lumen of the cecum and 


upper colon. 
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Ilustration 3-2. This is an illustration of the assumed life cycle of Dientamoeba fragilis, the cause of 
a protozoan parasitic infection. (SOURCE: PHIL 3389 - CDC/Alexander J. da Silva, PhD/Melanie 


Moser) 
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Image 3-5. Dientamoeba fragilis. Trichrome stain. (SOURCE: PHIL 548 - CDC) 


Pathogenesis 


This is a controversial area. The organism has been reported in association with mucous 
diarthea, abdominal pain and tenderness. Nausea, vomiting and low-grade fever have also 
been reported in a number of cases. The precise role of this organism as a cause of disease 
remains to be determined. 


Laboratory Diagnosis 


Diagnosis is dependent on examination of the fresh direct wet preparation or permanently 
stained smears prepared from unformed or formed stools with mucus. It is particularly 
important that permanently stained smears of stool preparations should be examined, because 
survival times of the organism in terms of morphology, is very limited and specimens must be 
examined immediately or preserved in a suitable fixative as soon as possible after defecation. 
The recommended stains are Fields’ and Giemsa stain (trophozoites are destroyed in a formol- 
ether concentrate). Table 3-1. details useful morphological features that are similar between 
species of flagellate and are used in laboratory diagnosis. 


Trichomonas hominis 


Introduction 


This flagellate is cosmopolitan in its distribution. It is thought to be non-pathogenic although it 
has been associated with diarrheic stools. It is the most commonly found flagellate next to G. 


ag 


lamblia and D. fragilis. Found in a wide host range including non-human primates, cats, dogs 
and various rodents. 


Trichomoniasis 


(Trichomonas vaginalis) 
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Diagram 3-3. This is an illustration of the life cycle of Trichomonas vaginalis, the causal agent of 
Trichomoniasis. (SOURCE: PHIL 3423 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


Morphology of Trophozoites 


Trichomonas hominis do not have a cystic stage. The trophozoites measure from 5-15um in 
length by 7-10um in width. The shape is pyriform and has an axostyle which runs from the 
nucleus down the centre of the body and extends from the end of the body. They also possess 
an undulating membrane which extends the entire length of the body and projects from the 
body like a free flagellum (this feature distinguishes it from other trichomonads). The 
characteristic number of flagella is five; there is some deviation from this number. They also 
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have a single nucleus at the anterior end. Trichomonads swim with a characteristic wobbly 
movement, which makes them unmistakable during diagnosis. 


Image 3-6. Two trophozoites of Trichomonas vaginalis obtained from in vitro culture. Smear was 
stained with Giemsa, (SOURCE: CDC) 


Laboratory Diagnosis 


In a fresh stool, the flagellates move very rapidly in a jerky, non-directional manner. The 
axostyle and undulating membrane are diagnostic. The flagellates are difficult to stain; 
however, the axostyle can be seen on a stained preparation and is diagnostic. Table 3-1 
details useful morphological features that are similar between species of flagellate and are 
used in laboratory diagnosis. 


Chilomastix mesnili 
Introduction 


Chilomastix mesnili is cosmopolitan in distribution although found more frequently in warm 
climates. It is thought to be non-pathogenic although the trophozoite has been associated with 
diartheic stool. This is the largest flagellate found in man with an incidence of 1-10% being in 
the large intestine. 


-50- 


Humans (Intestines) 


aa 


Ingestion of cysts Traphazites and 
cysts in feces 
~ survive in fond UZ 
and water 


Illustration 3-4. The life cycle of C. mesnili (Cuomo) 


Morphology of the Trophozoite 


The trophozoites of C. mesnili are pear shaped and measure 6-20,1m in length. They have one 
large nucleus with a small karyosome and three flagella that extend from the nucleus at the 
anterior end of the parasite. A distinct oral groove or cytosome can be seen near the nucleus 
with its sides being supported by two filaments. They are known to move in a directional 
manner. 


Image 3-7. Chilomastix mesnili cyst.(SOURCE: PHIL 426 - CDC /Dr. Mae Melvin) 
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Morphology of cysts 


The cysts are 6-9um; they have a large single nucleus with a large karyosome. They also have 
a prominent side knob giving it a characteristic lemon shape. The cytosome is evident with a 
curved shepherds crook fibril. It also has a characteristically coiled filament which when 
stained is darker in color. 


Image 3-8. Chilomastix mesnili cysts are excreted with feces and constitute the transmission form of 
the micro-organism. The uninucleated lemon shaped cysts are seen with a little proturberance at one 
end and a prominent cytostome. (Iodine stained). (6um) (CDC) 


Laboratory Diagnosis 


The characteristic lemon shaped cysts can be seen in a formol-ether concentrate. Motile 
organisms can be seen in a wet preparation of a fresh stool however the characteristic 
morphology is evident in a permanently stained preparation. Table 3-1 details useful 
morphological features that are similar between species of flagellate and are used in laboratory 
diagnosis. 


Enteromonas hominis 


Introduction 


Enteromonas hominis is a small flagellate and is rarely encountered in man. It is found in both 
warm and temperate climates and is considered to be non-pathogenic. 
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Illustration 3-5. The life cycle of E. hominis (Cuomo) 


Morphology of the Trophozoite 


The trophozoites are oval and 4-10,m in length. They have four flagella, three anterior flagella 
and one adheres to the body ending in a tail, producing a jerky rotational movement. They 
have one nucleus with a large karyosome that is evident in a stained preparation. 


Morphology of the Cyst 


The cysts are oval and range between 6-8um in length. They have up to four nuclei with a 
bipolar tendency. 


Laboratory Diagnosis 


The cysts are seen in a formolether concentrate. The cysts have no distinguishing 
characteristics and thus can be confused with E. nana or even yeasts. The characteristic 
trophozoites can be seen in a permanently stained fecal smear. Table 3-1. details useful 
morphological feature's that are similar between species of flagellate and are used in 
laboratory diagnosis. 
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Retortamonas intestinalis 
Introduction 
Retortamonas intestinalis like Enteromonas hominis is a small flagellate and is rarely 


encountered. It is found in both warm and temperate climates and is considered to be non- 
pathogenic. 
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Illustration 3-6. Life cycle of Retortamonas intestinalis (Cuomo) 


Morphology of the Trophozoite 

The trophozoite is small, measuring between 4um and 9pm. Its movement is jerky and 
rotational and has two anterior flagella and a prominent cytosome that can be seen in an 
unstained preparation. It has a relatively large nucleus at the anterior end with a small compact 
karyosome. 

Morphology of the Cyst 

The cysts are small and pear shaped. They range in size between 4-7um with one large 
nucleus frequently near the centre. The fibril arrangement from the nucleus is suggestive of a 
birds beak. This is characteristic of R. intestinalis cysts. 

Laboratory Diagnosis 


The small pear shaped cysts are uncharacteristic in an unstained formol-ether preparation. 
However, the addition of iodine reveals the characteristic bird beak fibrillar arrangement in the 
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pear shaped cyst. In a fresh stool preparation, the two anterior flagella and cytosome can be 
seen in the trophozoite. In a permanently stained preparation, the large nucleus with small 
central karyosome is diagnostic. The below Tables detail useful morphological features which 
are similar between species of flagellate and are used in laboratory diagnosis. 


3.2 Identifying Flagellates 


It is important to know and understand the morphological features which differentiate each 
species of flagellate from one other. The below Tables details the important features that are 
used when identifying flagellates found in human stool samples. Trophozoites and cysts can 
be seen in saline mounts of fresh feces. On occasions, species identification may require 
stained preparations. 


Number 
species | Size (Length) | shape | Motiity | Numberof | Gy Other Features 
Flageltat 
Trichomonas [2-20 um Pear Nervous, jer. 1 35 Undulating membrane 
hominis Usualrange. 11- | shaped Not visble in| anterior. | extending length of body 
12um ‘nsained | posterior 
mounts, 
Chitomastic. | 6-24 yn Pear Su, rotary 1 3 anterior. | Prominent cytostome 
‘esnill Usualrange, 10- | shaped Not vile in | in extending 1/3-1/2 length 
154m tnstained” | eytosome. | of body. Spiral groove 
mounts, cross ventral surface. 
lara 10-20 pm Pear Faling leat 2 ‘lateral. [Sucking disk occupying 
Tntestinalls | Usual range, 12. | shaped. Not visble in |2 ventral. |1/2-3/4 of ventral surface. 
154m tnstained”|2 caudal. | Median bodies lying 
mounts, horizontally or abiquely in 
lower part of body 
Enteromonas [4-10 um Oval [Jerky ri 3 anterior. | One side of body flattened. 
hominis Usa range, Not visble in |1 posterior | Posterior flagellum extends 
294m ‘unstained free posteriorly or laterally 
mount, 
Retortamonas [4-9 um Pear [Jerky 1 anterior. | Prominent cytostome 
Intestinalls | Usual range, 6-7 | shaped or Not visible in |1 posterior. | extending approximately 
‘m oval ‘unstained 72 Tengih of body 


+ Not a normal feature for identifying species in routine stool samples 


Table 3-1. Differential Morphology of Protozoa Found in Stool Specimens of Humans: Flagellates- 
Trophozoites (SOURCE: CDC) 
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‘Species Size (Length) ‘Shape Number of Nuclel Other Featur: 
Trichomonas —_| No cyst. 
hominis 
Chilomastix 6-10 um. Lemon shaped with | 1. Not visible in unstained | Cytastome with supporting 
mesnill Usual range, 8-9 ym. | anterior hyaline knob. | preparations. fibrils. Usually visible in stained 
preparations, 
Giardia 8-19 um. Oval or ellipsoidal Usually 4. Not distinct in | Fibrils or flagella lengitudinally 
intestinalis: Usual range. 11-12 unstained preparations. | in unstained cysts. Deep 
um, Usually located at one _| staining fibers or fibrils may be 
end, seen lying laterally or abliquely 
across fibrils in lower part of 
cyst. Cytoplasm often retracts 
from a portion of cell wal 
Enteromonas | 4-10 um. Elongated or oval, 1.4, usually 2 lying at | Resembles E. nana cyst. Fibrils 
hominis Usual range, 6-8 ym. opposite ends of cyst. | or flagella are usually not seen. 
Not visible in unstained 
‘mounts. 
Retortamonas | 4.9 ym, Pear shaped or slightly | 1. Not visible in unstained | Resembles Chilomastix cyst. 
intestinalis Usual range, 4-7 um. | lemon shaped. ‘mounts. Shadow outline of cytostome 
with supporting fibrils extends 
above nucleus 


Table 3-2. Differential Morphology of Protozoa Found in Stool Specimens of Humans: Flagellates- 
Cysts (SOURCE: CDC) 


Flagellate trophozoites are best identified in fresh saline mounts, allowing you to observe the 
way that they move. Use Key 3-1. to help to identify stained flagellate trophozoites. lodine 
solutions are used primarily to stain flagellate cysts, this makes it possible to see the structure 
of the nuclei. Use Key 3-2. to help to identify amebic and flagellate cyst 


Key 3-1. Flagellates (Adapted and redrawn, WHO, 1991) 
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Key 2, Key to differentiating flagellate and amoebic cysts. (Adapted and redrawn, WHO, 1991) 
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Chapter 4. 
The Cestodes 


41 Identifying Intestinal Helminths 


Helminth Parasites - The word "worm" is used loosely to describe organisms with elongated 
bodies and a more or less creeping habit. 


Although the word “Helminth” does mean “worm,” in zoological terms it is more restricted to 
members of the phyla Platyhelminths, Nematoda, and Acanthocephala. 


There are three groups of medically important helminths; Cestodes (tapeworms), Nematodes 
(roundworms) and Trematodes (flukes). 


These parasites live in both the body spaces (gut lumen, bile ducts, lungs, oral cavity, etc.) and 
in tissues (blood, muscles and skin). 


4.2 Infections Acquired Through the Gastrointestinal Tract 


The cestodes (or tapeworms) form a group of worms, exhibiting two unmistakable 
morphological features; they all possess flat, ribbon like bodies and lack an alimentary canal. 


Adult tapeworms usually inhabit the alimentary canal of their hosts (though they occasionally 
are found in the bile or pancreatic ducts) and attach themselves to the mucosa by means of a 
scolex. Despite the lack of a digestive system they do absorb food from the hosts intestine; 
thereby providing the tapeworms a habitat that is associated with high nutritional levels, 
feeding the tapeworms high growth rate. 


Larvae on the other hand show a wide range of habitat preferences, being found in almost any 
organ of both vertebrate and invertebrate hosts. Though most larval species show a 
preference for a particular site 


This lack of an alimentary canal markedly separates tapeworms from nematodes and 
trematodes. The outer tegument of the body must serve not only as a protective coating but 
also as a metabolically active layer through which nutritive material can be absorbed, along 
with secretions and waste material to be transported out of the body. 


The body consists of a chain of segments or proglottids, which can be immature, mature or 


gravid; the latter of which contain a fully developed uterus packed with eggs. Therefore, each 
tapeworm is made up of a ‘string of individuals’ having a complete set of reproductive organs 
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in progressive degrees of sexual maturity and budding off from a body attached to the host 
tissue by a head or scolex. 


Except for Hymenolepis nana, which can develop directly in the same host, the lifecycle of 
tapeworms involves both an intermediate and definitive host. 


Stage of Specific 
Species Size Shape Color Development | Features and 
When Passed Variations 
Taenia saginata [35 wm. Spherical with thick Walnut brown. Embryonated. 6- | Thick, striated 
Taeniasolium | Range, 31-43 | striated shell hooked oncosphere | shell.’ Eggs of T. 
um, present inside a | sollum and T. 
thick shell saginata are 
indistinguishable 
and species 
Identification 


should be made 
from proglottids 
or scoleces. 
“Taenia® spp. 
should be 
reported if only 
eggs are found. 


Hymenolepis 47 ymx37 Oval. Shell consists of 2 Colorless, almost | Embryonated. 6- | Polar filaments. 
nana um. Range, | distinct membranes. On _| transparent. hooked oncosphere 

40-60 um x inner membrane are two inside shel. 

30-50 um. | small "knobs" or poles 


from which 4 to 8 
filaments arise and 
spread out between the 
‘two membranes. 


Hymenolepis 72 pm. Round or slightly oval. | Yellow. Embryonated, 6- | Resembles H. 
diminuta* Range, 70-86 | Striated outer membrane hooked oncosphere | nana but lacks 
um x 60-80 | and thin inner membrane Inside shell polar filaments. 
um, with slight poles. Space Poles are 
between membranes may rudimentary and 
appear smooth or faintly often hard to 
oranular. see. 
Dipylidium 35-40 um. | Spherical or oval. 5-15 | Colorless, Embryonated. 6- | Eggs are 
caninum* Range, 31-50 | eggs (or more) are hooked oncosphere | contained in a 
um x 27-48 | enclosed in a sac or inside shel. ac or capsule 
um. capsule which ranges in 


size from 58 ym 
to 60 um x 170 
um. Occasionally 
capsules are 
ruptured and 
eggs are free, 


Diphyllobothrium [66 um x44 | Ovaloor ellipsoidal with an [Yellow to brown. —[Unembryonated. | Egg resembles 
Jatum um. Range, | inconspicuous operculum Germinal cellis_ | hookwarm egg 
58-76 wm x | at one end and a small surrounded by a | but has a thicker, 
40-51 ym. __|*knob* at the other end. mass of yolk cells | shell and an 
which completely | operculum. 


fils inner area of 
shell. Germinal cell 
Is usually not 
visible. 


Table 4-1. Differential Morphology of the Diagnostic Stages of Helminths Found in Humans: Eggs 
(Cestodes) (SOURCE: CDC) 
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Taenia species 


Introduction 


Taenia species are the most common cestode parasites of humans. More than 60 million 
people are infected with T. saginata (beef tapeworm) world wide and about four million are 
infected with T. solium (pork tapeworm). The life cycle of a Taenia species can be seen in 
Illustration 4-1. T. saginata has a cosmopolitan distribution, but is more common in 
developing countries where hygiene is poor and the inhabitants have a tendency of eating raw 
or insufficiently cooked meat. T saginata is the most common adult tapeworm found in man. T 


solium is virtually extinct in Europe and the USA. 
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Illustration 4-1. This is the life cycle of Taenia spp., the causal agents of Cysticercosis. Cysticercosis 
is an infection of both humans and pigs with the larval stages of the parasitic cestode, Taenia solium. 


This infection is caused by ingestion of eggs shed in the feces of a human tapeworm carrier 
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Pigs 


and humans become infected by ingesting eggs or gravid proglottids @, @. Humans are infected 
either by ingestion of food contaminated with feces, or by autoinfection. In the latter case, a human 
infected with adult T. solium can ingest eggs produced by that tapeworm, either through fecal 
contamination or, possibly, from proglottids carried into the stomach by reverse peristalsis. Once 
eggs are ingested, oncospheres hatch in the intestine ©, @invade the intestinal wall, and migrate to 
striated muscles, as well as the brain, liver, and other tissues, where they develop into cysticerci 

In humans, cysts can cause serious sequellae if they localize in the brain, resulting in 
neurocysticercosis. The parasite life cycle is completed, resulting in human tapeworm infection, when 
humans ingest undercooked pork containing cysticerci @. Cysts evaginate and attach to the small 
intestine by their scolex ©. Adult tapeworms develop, (up to 2 to 7 m in length and produce less 
than 1000 proglottids, each with approximately 50,000 eggs) and reside in the small intestine for 
years @. (SOURCE: PHIL 3387 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


Both humans and cattle or pigs are necessary to the complete life cycle of Taenia species. (In 
Europe and the USA cattle are the normal intermediate hosts, but in the tropics several other 
ruminants, e.g. goat, sheep llama and giraffe, may serve as the intermediate hosts.) Eggs 
ingested by the intermediate hosts usually contain oncospheres. The oncospheres then hatch 
out in the duodenum, pass into the intestine where they penetrate the intestinal wall and are 
then carried by the circulation to be deposited in tissues (usually muscle). There they develop 
into cysticerci larva which are white and ovoid, measuring approximately 8 x 5m. 


Humans become infected by ingesting inadequately, cooked beef or pork with cysticerci, 
containing an invaginated protoscolex. The protoscolexes evaginate and pass into the small 
intestine where they attach themselves to the mucosa and develop into adult worms. 


Eggs and proglottids are passed out in the feces, and are then eaten by the intermediate host, 
thus, perpetuating the life cycle. 


Morphology 
Ova of Taenia species are spherical, yellowish brown and measure 31-34 in diameter. The 
shell is thick and radially striated. Within the shell, the oncosphere has 3 pairs of hooklets. 


However, the microscopic appearance of the ova of T. saginata and T. solium are identical. 
(Table 4-1. highlights some of the differences between the two species) 
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Image 4-1. The eggs Taenia saginata and Taenia solium are rounded or subspherical, with a thick 
radially striated brown shell. The diameter is 31 - 43 um. Inside each shell is an embryonated 
oncosphere with 6 hooks. (SOURCE: PHIL 4832 - CDC) 


The length of the adult T. saginata is 4-8 meters long and that of T. solium is 3-5 meters long. 


Image 4-2. This is an adult Taenia saginata tapeworm. (SOURCE: PHIL 5260 - CDC) 
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The proglottids of Taenia species can be identified by the number of uterine branches; 7-13 for 
T. solium and 15-20 for T. saginata. 


Image 4-3. This micrograph reveals the organ morphology within Taenia solium tapeworm progiottids, 


(SOURCE: PHIL 5261 - CDC) 


Image 4-4. This micrograph reveals the morphology of a gravid proglottid from the cestode Taer 
saginata, a tapeworm. (SOURCE: PHIL 5259 - CDC) 


If the scolex is recovered, the four suckers and rostellum of hooklets of T. solium will 
distinguish it from T. saginata, which has four suckers but no hooklets. 
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Image 4-5. This is an adult Taenia solium taperworm scolex, (SOURCE: PHIL 5262 - CDC) 


Clinical Disease 


The presence of the adult worm rarely causes symptoms apart from slight abdominal irritation 
with diarrhea, constipation or indigestion. The accidental ingestion of the embryonated ova of 
T. solium may result in cysticercosis in man. An infection due to an adult Taenia, in man or 
animals, is referred to as taeniasis. T. saginata (the beef tapeworm) does not cause human 
cysticercosis. 


When the embryonated eggs are ingested, the embryos hatch out, migrate through the 
intestinal wall and are carried around the body in the circulation and deposited in various 
tissues. Muscle and subcutaneous tissues are usually infected, but cysticerci can infect most 
organs and tissues. Human cysticercosis is usually asymptomatic unless the infection is 
particularly heavy or cysticerci are formed in some vital area e.g. the brain, resulting in 
neurological sequelae. 
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Table 4-2. Some characteristics differentiating T. saginata from T. solium, 


Cattle, reindeer Pig, wild boar 
Muscle, viscera Brain, skin, muscle 
No hooks Hooks 
No rostellum Rostellum & hooks 
23 (14 - 32) * 8 (7-11) * 
Single, spontaneous In groups, passively 
Two lobes Three lobes 
Present Absent 


+ No universal agreement to the number of uterine branches in these two species. As a rough guide, 
specimens with more than 16 branches are likely to be thase of T. saginata and those with less than 
ten branches are likely to be of T. solium. (SOURCE: CDC) 


Laboratory Diagnosis 


Diagnosis of intestinal taeniasis can be made by recovery of the characteristic ova in the stool. 
However, the ova of T. solium and T. saginata are identical and diagnosis is made by the 
recovery of the segments or scolex. 


The diagnosis of cysticercosis depends upon serology. MRI scans may reveal the presence of 
lesions in the brain. Calcified cysticerci are less often seen in the brain: in about one-third of 
cases, 10 years or more after infection. Occasionally, the diagnosis is made histologically on 
surgical specimens. Calcification in muscles usually appears three to five years after initial 
infection, and are most typically seen as spindle-shaped calcifications, most numerous in the 
thighs. 


Western Blots 
Various Immunodiagnostic tests appear to give good results on serum or CSF. 
Diagnosis using an immunodiagnostic test can be achieved using an in vitro qualitative assay 


for the detection of IgG antibodies in serum reactive with T. solium antigens present on a 
membrane. 
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spatial > orientation > rotary position 


rotary position sensor 


Alternative terms for rotary position sensor are rotary sensor, rotational position sen- 
sor, angular position sensor, and angle sensor. 


The terms rotary and rotational are used interchangeably. In this entry, an attempt has 
been made to use the term that is most common for each specific application. For 
example, “rotary position sensor” versus “rotational encoder: 


A few sensors are available that specifically measure rotary speed, but generally a 
rotary speed sensor uses information from a rotary position sensor. Therefore, this 
Encyclopedia does not include a separate entry for rotary speed sensing. 


A rotational encoder can be used as a rotary position sensor, It is mentioned briefly 
here but is described in more detail in Volume 1 of this Encyclopedia in the entry 


describing switches. 


OTHER RELATED COMPONENTS 


sition sensor (see Chapter 6) 


What It Does 


Control of a mechanical device may require 
accurate and timely information about the ori- 
entation of a rotating part in the device. A 
rotary position sensor can be used for this 
purpose, 


A sensor may be capable of measuring three 
attributes: 


+ Angular orientation 


+ Direction of rotation 


+ Speed of rotation 


Typically a rotary position sensor measures only 
the first attribute. Additional electronics are 
required to calculate the second and third 
attributes by taking multiple position readings. 
Thus a speed sensor is very likely to be built 


around a position sensor, and therefore, this 
Encyclopedia does not have a separate entry 
for speed sensors. 


Applications 

In robotics, a rotary position sensor is com- 
monly used to show the orientation of a pivot- 
ing arm or strut. It can also be used as a limit 
switch on a motor. 


Specific applications include solar array posi- 
tioning, remotely piloted vehicles, guidance 
and navigation, antenna positioning, and wind 
turbine pitch control. 


Pulses from a rotary position sensor are used to 
measure speed of rotation in vehicles, industrial 
processes, and aviation. Small rotary speed sen- 
sors are built into devices such as cooling fans 
and computer hard drives. 
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Infected individuals develop a predominately IgG response to the parasite. ELISA has been 
used as a screening test, but low sensitivity and frequent artifactual cross reactions, or cross 
reactions with antibodies from other parasitic infections, limit its usefulness as a confirmatory 
diagnostic test. The Western Blot assay (US Patent No. 5,354,660) developed by Tsang et al, 
at the U.S. Centers for Disease Control has been shown to provide a reliable method for 
evaluation of sera from patients with clinically diagnosed active cysticercosis. Field studies 
support a sensitivity of 98% and specificity of 100% for this assay. 


This assay is known as the QualiCode™ Cysticercosis Kit, the principle behind the test is that 
it is a qualitative membrane-based immunoassay manufactured from T. solium proteins. The T. 
solium proteins are fractionated according to molecular weight by electrophoresis on a 
polyacrylamide slab gel (PAGE) in the presence of sodium dodecyl sulfate (SDS). The 
separated T. solium proteins are then transferred via electrophoretic blotting from the gel to a 
nitrocellulose membrane. This antigen-bearing membrane has been cut into strips for testing of 
individual samples. Sera are tested at 100X dilution. 


During the procedure, the strips containing the T. solium proteins are incubated with serum 
specimens and washed to remove unbound antibodies. Visualization of human 
immunoglobulins specifically bound to T. solium proteins is performed by sequential reaction 
with goat anti-human immunoglobulin-alkaline phosphatase conjugate and BCIP/NBT 
substrate. Bands corresponding to the positions of the resoled 7. solium proteins will be 
visualized on the strip, indicating the presence in the serum sample of IgG antibodies direct 
against Taenia antigens. Band positions are compared to those on a reference strip developed 
using the cysticercosis positive control. 


Hymenolepis nana 
Introduction 


Hymenolepis nana, the dwarf tapeworm, is the smallest tapeworm to infect humans. This 
cestode belongs to a large family known as Hymenolepididae. The diagnostic features of this 
family are: scolex armed with one circlet of five hooks; one to three large testes and sacciform 
uterus. In addition to the H. nana, three other species, H. diminuta, H. microstoma and H. 
citelli have been used extensively for studies on cestodes. 


Hymenolepis nana has a cosmopolitan distribution and is thought to be the most common 
tapeworm throughout the world. The infection is more frequently seen in children although 
adults are also infected, causing hymenolepiasis. 

Life Cycle 

The lifecycle of H. nana does not require an intermediate host, complete development 


occurring within the villi of a single host, resulting in a ‘direct’ life cycle. It can also utilize an 
insect as an intermediate host. 
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Illustration 4-2. This is an illustration of the life cycle of Hymenolepis nana, the causal agent of 
Hymenolepiasis. (SOURCE: PHIL 3396 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


The eggs that are released from mature proglottids in the upper ileum are usually passed out 
in the feces. If swallowed by another human they develop into hexacanth oncospheres and 
burrow into the villi of the small intestine. This is where they develop into tailless cysticercoids 
and then migrate towards the ileum and attach to commence the formation of proglottids. The 
eggs which are ingested by insects, such as fleas, beetles or cockroaches hatch to form tailed 
cysticercoids which remain unmodified as long as they are inside the insect. If they are 
accidentally swallowed by a human they pass down to the ileum and establish themselves. 


Morphology 
The egg containing the oncosphere bears three pairs of hooklets and is surrounded by a 
membrane. This membrane has two polar thickenings from which arise threadlike filaments 


extending into the space between the membrane and the colorless hyaline shell, unlike those 
of H. diminuta which do not possess any filaments. 
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The adult tapeworm is normally 2.5-4cm long. The scolex is knob like in shape, has a 
rostellum with hooklets and four suckers. The segments are wider than they are long. Ova 
are spherical or ovoid measuring 30-47m in diameter. This is what distinguishes it 
morphologically from H. diminuta. 


Image 4-6. This micrograph depicts an egg of the dwarf tapeworm Hymenolepis nana. On the inner 
of the two membranes surrounding the Hymenolepis nana egg are two poles, from which 4 to 8 polar 
filaments spread out between the two membranes. The oncosphere, or larval stage, has six hooks. 
(SOURCE: PHIL 5265 - CDC) 


Image 4-7. Hymenolepis nana scolex. Stained to show the scolex with a knob like rostellum bearing a 
ring of hooklets. They possess four suckers, two of which can be seen just below the protruding 
rostellum, (SOURCE: D. Scott Smith, M.D./CDC) 


Clinical Disease 


Infections due to H. nana may cause no symptoms even with heavy worm burdens. However, 
symptoms of restlessness, irritability, anorexia, abdominal pain and diarrhea have been 
reported. Heavy worm burdens may be caused by auto-infection which can be a problem in 
the immunocompromised. 
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Laboratory Diagnosis 


Diagnosis is based on recovery and identification of the characteristic ova in a formol-ether 
concentrate of feces. Adult worms and proglottids are rarely seen in stool samples. 


Hymenolepis diminuta 

Introduction 

Hymenolepis diminuta is a small tapeworm commonly found in rats and mice. It has a world 
wide distribution in these hosts but is infrequently found in humans, with only sporadic cases 
being reported. 

Life cycle and Transmission 

The life cycle of H. diminuta requires an intermediate arthropod host e.g. earwigs, larval fleas 


and various beetles. Human infection occurs by the accidental ingestion of an infected 
arthropod, which contains the cysticercoids. 
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Hlustration 4-3. This is an illustration of the life cycle of Hymenolepis diminuta, the causal agent of 
Hymenolepiasis. (SOURCE: PHIL 3395 - CDC /Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology 


The ova are large, ovoid and yellowish with a moderately thick shell. They contain an 
oncosphere with six hooklets and a clear area between the oncosphere and the shell. They 
measure 70-85,1m by 60-80ym. 


2 <4 ras 


* 


Image 4-8. Hymenolepsis diminuta egg. (SOURCE: PHIL 658 - CDC/Dr, Mae Melvin) 


The adult worm is 20-60cm long. It has a knob like scolex with a rostellum but no hooklets 
and four suckers (in contrast to H. nana). The rostellum can be withdrawn into a rostellar sac. 
The tapeworm contains about 1000 proglottids, each of which is wider than long. 


Image 4-9. Hymenolepis diminuta scolex. (SOURCE: PHIL 370 - CDC) 
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Clinical Disease 
‘The symptoms associated with H. diminuta infections are few if any. 
Laboratory Diagnosis 


Diagnosis is based on recovery and identification of the characteristic ova in a formol-ether 
concentrate of feces. Adult worms and proglottids are rarely seen in stool samples. 


Diphyllobothrium latum 
Introduction 


Members of this order, commonly known as pseudophyllids, are chiefly parasites of fish-eating 
mammals, birds and fish. They typically are found with a scolex which is characterized by two 
shallow elongated bothria situated with one dorsally and one ventrally. The proglottids are 
flattened dorsoventrally. 


Diphyllobothrium latum is an intestinal tapeworm, known as the human ‘broad’ tapeworm. It is 
the largest tapeworm found in man. The term ‘broad’ relates to the fact that the proglottids are 
generally wider than they are long. It is an important human parasite. The adult worms of two 
other species of the genus, D. dendriticum and D. ditremum are chiefly parasite of fish-eating 
birds and mammals. 


The tapeworm, D. latum has a wide distribution, occurring especially in countries bordering the 
Baltic Sea (Finland, Sweden etc.): and also in Russia, Switzerland and North America. It is in 
these countries where the populations are known to eat uncooked or partly cooked (i.e 
smoked) fish 


Apart from man they are found in many other hosts, especially the dog, cat and pig. This is due 
to the host countries allowing the domestic animals access to the offal from the infected fish. 


Life Cycle and Transmission 
The life cycle of this tapeworm requires two intermediate hosts. 


The eggs are passed out in human feces, once in water they hatch out into small ciliates 
coracidium larvaem which swim until ingested by Copepods. It is in these intermediate hosts 
that growth and development of the 1st larval stage are completed (They are now known as 
procercoids). When these crustaceans (fresh water) are eaten by fish, the procercoid larvae 
continue to develop in the flesh of the fish and become known as plerocercoid larvae. It is this 
stage of the larvae which develops in man when they eat undercooked fish and they grow into 
adult worms in the small intestine. 
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Illustration 4-4. Immature eggs are passed in feces ©). Under appropriate conditions, the eggs 
mature (approx. 18 to 20 days) @and yield oncospheres which develop into a coracidia @. After 
ingestion by a suitable freshwater crustacean (the copepod first intermediate host) the coracidia 
develop into procercoid larvae ©. Following ingestion of the copepod by a suitable second 
intermediate host, typically minnows and other small freshwater fish, the procercoid larvae are 
released from the crustacean and migrate into the fish flesh where they develop into a plerocercoid 
larvae (sparganum) @. The plerocercoid larvae are the infective stage for humans. Because 
humans do not generally eat undercooked minnows and similar small freshwater fish, these do not 
represent an important source of infection. Nevertheless, these small second intermediate hosts can 
be eaten by larger predator species, e.g., trout, perch, walleyed pike @. In this case, the 
sparganum can migrate to the musculature of the larger predator fish and humans can acquire the 
disease by eating these later intermediate infected host fish raw or undercooked @. After ingestion 
of the infected fish, the plerocercoid develop into immature adults and then into mature adult 
tapeworms which will reside in the small intestine. The adults of D. latum attach to the intestinal 
mucosa by means of the two bilateral groves (bothria) of their scolex @. The adults can reach more 
than 10 m in length, with more than 3,000 proglottids. Immature eggs are discharged from the 
proglottids (up to 1,000,000 eggs per day per worm) @and are passed in the feces ©). Eggs appear 
in the feces 5 to 6 weeks after infection. In addition to humans, many other mammals can also 
serve as definitive hosts for D. latum. (SOURCE: CDC) 
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Morphology 


The egg is usually ovoid and has a small knob at the opercular end and is yellowish-brown in 
color with a smooth shell, of moderate thickness. They measure 58-75ym by 40-50um in size. 


mer . 


Image 4-10. This micrograph reveals an egg of tapeworm cestode parasite Diphyllobothrium latum. 
Diphyliobothrium sp. unembryonated eggs passed in the stool, are oval or ellipsoidal with an 
operculum at one end that can be inconspicuous. At the opposite (abopercular) end is a small knob 
that can be barely discernible, (SOURCE: PHIL 5258 - CDC) 


Adult worms can reach up to a length of 10 meters or more and may contain up to 3,000 
proglottids. The scolex is spatulate with no rostellum or hooklets. It has two shallow grooves 
or bothria, which are unlike the typical four suckers seen on the Taenia species. The 
proglottids measure 3,1m long and 111m wide and have a rosette shaped central uterus. 


Image 4-11. Gravid proglottids of Diphyllobothrium latum. (SOURCE: PHIL 1516 - CDC /Dr. Mae 
Melvin) 
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Clinical Disease 


The infection caused by D. /atum is due to the ingestion of raw, poorly cooked or pickled fresh 
water fish. The symptoms associated with D. /atum infection may be absent or minimal with 
eosinophilia. There may be occasional intestinal obstruction, diarrhea, and abdominal pain. 
The most serious symptom is the onset of pernicious anemia. This is due to a vitamin Biz 
deficiency, caused by excessive absorption of the vitamin by the adult worm and the 
absorption of cobalamins from the host intestine (occurring only in a small percentage of 
people). 


Laboratory Diagnosis 
Laboratory diagnosis depends on the recovery of characteristic eggs from a formol ether 


concentrate of feces. Proglottids may also be seen in fecal samples usually in a chain of 
segments from a few centimeters to about half of a meter in length. 


43 Identifying Intestinal Helminths 


The usual diagnostic stages for identifying medically important helminths are the eggs and 
larvae. Occasionally, adult worms like Ascaris and Enterobius may be seen and segments or 
proglottids are used for diagnosing certain tapeworms. 


If an egg, is found with the following features as described below, it should be carefully 
observed in order to make a specific identification. 


1. _ Size: The length and width are measured and are generally within a specific range. 
2. Shape: Each species has its own particular shape. 


3. Stage of development when passed: In some species, the eggs consist of a single cell; 
in some, there may be several cells; and some species are usually embryonated (i.e., they 
contain a larva) when passed in the feces. Occasionally, if the stool specimens are several 
hours or 1-2 days old, eggs may develop to more advanced stages. Ascaris eggs usually 
have only one cell when passed in the feces; however, the single cell may divide and, in old 
specimens, eggs with two or four cells may be seen. Hookworm eggs in specimens that are 
several hours old may contain 16, 32 or more cells. In 12-24 hours, the egg may be 
embryonated and later still the larvae may hatch. Therefore, when observing the stage of 
development of helminth eggs, be sure that the stool specimen is freshly passed. If it is 
several hours or a day old, expect to see changes in the stage of development of some 
species. Ideally only fresh samples should be accepted for diagnosis. 


4. Thickness of the egg shell: Some species, like Ascaris, have thick shells; others, like 
hookworm, have thin shells. 
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5. Color: Some eggs are colorless (e. 
brown (Ascaris, Trichuris). 


hookworm, Enterobius), others are yellow or 


6. Presence of characteristic like opercula (lids), spines, plugs, hooklets, or mammillated 
outer coats. 
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Potentiometers 


Schematic Symbol 

Ina schematic, a rotary position sensor may be 
represented by symbols for the sensing ele- 
ments that are inside it (potentiometer, LED, 
phototransistor, and others). 


Potentiometers 


Single-turn and multiturn potentiometers may 
be used as rotary position sensors. For basic 
information about potentiometers, see the 
entry describing this component in Volume 1. 


Arc-Segment Rotary 
Potentiometer 

‘An arc-segment rotary potentiometer is often 
referred to simply as a “potentiometer” as this 
type is more common than the multiturn type 
or the linear type. When used as a sensor, it can 
measure a turn angle that is less than 360 
degrees. 


This component contains a resistor in the shape 
of an arc, referred to as the track. It may be a 
strip of resistive polymer or (less often) may con- 
sist of an insulator with a coil of nichrome wire 
wrapped around it. 


For sensing purposes, the potentiometer is 
wired as a voltage divider, and a fixed potential 
is applied along the full length of the track, as 
shown in Figure 7-1. A wiper slides along the 
track, sensing a voltage that varies linearly with 
the wiper’s angular position, Output from the 
wiper can be used directly to control an analog 
indicator such as a meter, or can be processed 
by an analog-to-digital converter. 


For audio applications, an arc-segment potenti: 
ometer may have resistance that varies loga- 
rithmically with the position of the wiper. 
However, this type of component is not gener- 
ally used as a position sensor. 


Low-cost potentiometers were traditionally 
used as volume or tone controls in stereo sys- 
tems. When a potentiometer is designed for 
use as a sensor, it tends to be more ruggedly 


spatial > orientation 


otary position 


built and better protected against dust, dirt, 
and moisture. Its advantages are that it is sim- 
ple, inexpensive, compact, and requires few 
additional components. 


Resistive strip 


Output 


Figure 7-1 An arc-segment potentiometer consists of a 
‘xed track in the shape of an arc with a known voltage 
applied at each end, and a movable wiper. 


The major disadvantage is that although the 
track contains a lubricant, some wear will grad- 
ually result from friction with the wiper. Life 
expectancy will be further reduced if there is 
ration or contamination with dirt or mois- 
ture. 


End Stops 
‘An arc-segment potentiometer usually has end 
stops to prevent the wiper from running off 
either end of the track. Typically, these stops 
limit rotation to around 300 degrees. 


A few arc-segment potentiometers allow unre- 
stricted rotation. The Bourns 6639 series is an 
example, although the wiper still passes 
through a "dead zone” of 20 degrees between 
the start and end of its track. An application for 
this type of potentiometer could be as a direc- 
tion sensor for a weather vane. 


Multiturn Rotary Potentiometer 

A spiral track, which resembles a coil spring, 
enables a rotary potentiometer to make multi- 
ple turns. The wiper rotates inside the track and 
follows its contour. A potentiometer of this type 
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Chapter 5. 
The Nematodes 


5.1 Infections Acquired Through the Gastrointestinal Tract 


Nematodes (or round worms) are non-segmented helminths known as make up a large 
assemblage of relatively simple structured organisms. They possess bilateral symmetry and a 
complete digestive tract with oral and anal openings; they taper to a relative point at both ends. 
They are also found to have separate sexes, with the male being smaller than the female, 
ranging in size from a few millimeters to over a meter in length. Their cylindrical non- 
segmented bodies allow them to be easily distinguishable from other helminths. 


Nematode infections have a widespread distribution being found in both Temperate and 
Tropical climates. They can be found in fresh water, in the sea and the soil, successfully 
invading both animals and plants. The nematodes found in man invade the body fluids such as 
the blood or lymph channels and also the intestine. The ones that successfully invade the 
intestine are generally larger but, the nematodes which invade the tissues can grow to 
relatively enormous lengths. 


Once hatched in the intestine they undergo an incredible migration. The larvae initially burrow 
into the mucosa, penetrate blood vessels and appear as second stage larvae in the liver within 
six hours post-infection. Here they remain for several days and develop into third stage larvae, 
La. These larvae then migrate to the heart and are carried to the lungs via the pulmonary 
arteries, arriving within four to seven days. From there they break out of the capillaries into the 
alveoli and finally work their way up the trachea to the pharynx and reach the small intestine on 
the 8th or 10th day post-infection. 


Within the intestine, the larvae begin their third molt and become fourth stage larvae by the 
tenth day. The pre-patent period of A. suum in pigs (40-53 days) is less than that of A. 
lumbricoides (54-61 days) in humans. Two to three months after ingestion of the eggs, the 
females lay eggs in the intestine. 


The fertilized female can lay about 200,000 eggs per day. Eggs require oxygen and moisture 


to embryonate and the worm is often found associated with Trichuris trichiura (see the 
Trichuris trichiura section). 
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Stage of 
Species Size Shape color _| Development | specific Features And Variations 
When Passed 
Enterobius [55 umx 26 | Elongated, Colorless Embryonated, | Smooth, thin eggshell with one 
vermicularis ym Range, | asymmetrical with Contains C | fattened side. Occasionally may 
50-60 jm 20- | one side flattened, shaped or _| contain a fully developed larva. 
32 um, other side convex tadpole-like | (More readily found on anal swabs 
embryo. than in feces. 
Ascaris 
lumbricoides 
fertile egg [60 ymx 45 umm. | Round or Brown or cell, Mammilated albuminous coat or 
Range, 45-70 4m | ovoidal. with | yellow Brown. | separated from | cavering on outer shell. Coat is 
135-45 im. thick shell the shell at | sometimes lost and decorticated 
both ends. | eggs have a colaress shell with gray 
‘or Black Internal material, Egos may 
be in 2, 4, or more cells, or contain 
3 fully developed larva, 
infertile egg [90 umx40 um. Elongated, | Brown, internal Mammillated covering attenuated or 
Range, 85-95 ym | occasionally material is a | missing in many cases. 
x 35-45 um. triangular, mass of 
kidney shaped irregular 
for other bizarre lobules and 
forms. Shell Granules that 
often very thin, fills shel 
Trichuris 54 umx22 ym. Elongated, | Yellow to Leal or Polar plugs are distinctive. Egos 
trichiura Range, 49-65 ym |barrel-shaped | brown. "Plugs | unsegmented. | occasionally are oriented in a 
20-29 yim. with a polar | are colorless. ‘vertical or slanted position and may 
"plug" at each Not be readily recognized. A gentle 
end tap on the coverslip will usually 
feorient the egg. On rare occasions, 
atypical eggs lacking polar plugs 
may be Seen. 
Hookworm 
Ancylostoma [60 ym x 40 um. || Oval or Colariess with [4 to G-cell || Occasionally, eggs in advanced 
duodenale | Range, 57-76 ym | ellipsoidal with | grayish cells. | stage. cleavage (16 oF more ces) or even 
35-47 um. a thin shell embryonated may be seen. 
Rhabditiform larvae may be present 
ifthe specimens are old. Species 
identification can nat be made on 
‘eggs alone; therefore, eggs should 
be reported simply as hookworm 
Necator [65 ym 40 ym. 
americanus | Range, 57-76 um 
35-47 um. 
Trichostrongylus [90 um x 40 ym. [Elongated with | Coloress with | May be in ag resembles hookworm egg but is 
species Range, 75-95 4m | one or both | grayish cells. | advanced larger and more pointed at the ends. 
x 40-50 ym. ends more cleavage or 
pointed than ‘morula stage. 
haokwarm. 


Table 5-1. Differential Morphology of the Diagnostic Stages of Helminths Found in Humans: Eggs 


(Nematodes) (SOURCE: CDC) 
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Ascaris lumbricoides 
Morphology 


Ascaris lumbricoides is the largest of the intestinal nematodes found in man. The male 
measures 15cm with a diameter of 3-4um and has a curled tail with protruding spicules. The 
female is 20-35cm long with a diameter of 5m with a straight pointed posterior end. The 
mouth has one dorsal and two ventral lips. Both are creamy white and the cuticle has fine 
circular striations. 


Image 5-1. Adult worm of Ascaris lumbricoides. They appear creamy white with fine circular 
striations, for diagnosis they require to be distinguished from earthworms. Females measure 
approximately 20-35cm long (SOURCE: CDC) 


The ova can be unfertilized, fertilized or decorticated and can show considerable variation in 
shape and size. They measure 85-95,m by 43-47ym. The fertilized ova are easily recognized, 
oval in shape with a thick wall showing an irregular bumpy surface. They measure 45-75ym by 
35-50,m. The outer covering has an albuminoid coat, stained golden brown by bile. The outer 
wall lies directly on top of a thick smooth shell, which is not easily distinguishable. Some have 
lost their albuminoid wall. The unfertilized ova are longer and narrower than the fertile ova, 
measuring 75-85ym by 35-50um. 


The shell layers of the egg provide a very resistant structure which can withstand many 
chemicals which make them ideal parasites of the intestine. 
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Image 5-2. Unfertilized (left) and fertilized (right) Ascaris lumbricoides eggs. The unfertilized eggs 
are longer and narrower than fertilized eggs, measuring 75-85um by 35-SOum wide. The fertilized 
eggs have a thick and bumpy outer wall which is stained golden brown with bile. (Saline wet prep) 
(SOURCE: PHIL 411/4821 - CDC/Dr. Mae Melvin) 


Clinical Disease 


Small burdens of worms in the intestine may cause no symptoms. The patient may have 
symptoms of pneumonitis with cough and low grade fever during the migration of the larvae 
through the liver and lungs. This can be accompanied by wheezing, coughing and eosinophilia. 
In heavy worm burdens the adult worms actively migrate in the intestine resulting in intestinal 
blockage, vomiting and abdominal pain but infections may also be asymptomatic. The worms 
can penetrate through the wall of the intestine, or into the appendix, travel up the common bile 
duct, which may become blocked or they may then enter the gal bladder or liver. A heavy 
worm burden in children may lead to severe nutritional impairment and retardation in growth. 


Laboratory Diagnosis 


The adults of A. lumbricoides may be expelled through the anus, mouth or nose. It is 
important to distinguish the adult worms from earthworms which are segmented and are often 
collected as a contaminant from toilets. 


The microscopic examination of stool deposits after concentration reveals the characteristic 
bile stained ova. Eggs may be difficult to identify if an excess of iodine is added to the wet 
preparation as they retain the stain thus resembling debris. Ova may also become 
decorticated. In most symptomatic cases identification is easy due to the vast number of eggs, 
which can be found within a few seconds of starting to scan the slide. 
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Hookworm Species 
Introduction 


Hookworms infective to man comprise of two species, Necator americanus and Ancylostoma 
duodenale. They are classed as one of the most destructive of human parasitic helminths. 
There is no intermediate host, with man being the only definitive host. 


It is estimated that there are some 900 million cases of infection world wide (Crompton, 1989). 
The infection is serious where the worms insidiously undermine the health of their hosts. 


They occur in areas where sanitary and environmental conditions favor the development of the 
eggs and larval infections (e.g., warm, damp soil). 


The geographic distributions of the two species are remarkably divided into: 


Necator americanus which predominately is a New World hookworm, where it was 
introduced from Africa to the Western Hemisphere. It can also be found in the Far East, Asia, 
Africa, South America, and Oceania. 


Ancylostoma duodenale is an Old World hookworm; it is the only species of Europe 
and areas bordering the Mediterranean. It can also be found in the Middle East, North China, 
Africa, Asia, and South America. 


Life Cycle 


The adult worms live in the small intestine, attached firmly to the mucous membrane of the gut 
lining, and feed on blood and tissue. The adult females deposit their eggs whilst in the gut 
(they can produce up to 20,000 eggs per day), the eggs are then passed out in the feces. The 
thabditiform larvae hatch in warm, damp soil (light sandy loam), feeding on bacteria. After 
about one week during which they have gone through two molts become infective and climb 
into a suitable position waiting for a suitable host to pass by. The larvae enter the host by 
penetrating unbroken skin (it is now recognized that A. duodenale can successfully enter man 
by oral ingestion, this may be more important for this species than skin penetration). The 
larvae then enter blood vessels and are cartied to the heart, lungs and trachea. They are then 
swallowed and develop into adult worms in the small intestine. Larvae that are initially 
swallowed may not show this migration. 
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A= Diagnostic Stage 


Illustration 5-1. Eggs are passed in the stool “), and under favorable conditions (moisture, warmth, 
shade), larvae hatch in 1 to 2 days. The released rhabditiform larvae grow in the feces and/or the soil 
@, and after 5 to 10 days (and two molts) they become become filariform (third-stage) larvae that 
are infective @ These infective larvae can survive 3 to 4 weeks in favorable environmental 
conditions. On contact with the human host, the larvae penetrate the skin and are carried through the 
veins to the heart and then to the lungs. They penetrate into the pulmonary alveoli, ascend the 
bronchial tree to the pharynx, and are swallowed @. The larvae reach the small intestine, where they 
reside and mature into adults. Adult worms live in the lumen of the small intestine, where they attach 
to the intestinal wall with resultant blood loss by the host ©. Most adult worms are eliminated in 1 to 
2 years, but longevity records can reach several years. Some A. duodenale larvae, following 
penetration of the host skin, can become dormant (in the intestine or muscle). In addition, infection 
by A. duodenale may probably also occur by the oral and transmammary route. N. americanus, 
however, requires a transpulmonary migration phase. (SOURCE: CDC) 


Larvae live for an average of 3-6 weeks in the tropics (A. duodenale can live at lower 
temperatures than N. americanus can, and so is found in more temperate climates). 
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age 5-3. Hookworm larva. Both Ancylostoma duodenale and Necator americanus larvae have 
similar general morphology and measuring approximately 10-13um for females and 8-11ym for 
males. (SOURCE: PHIL 1513 - CDC/Dr. Mae Melvin) 


Morphology 


Both species have similar general morphology and measure approximately, females 10-131m 
and males 811m. The general morphology of the two species resemble those of 
Nippostrongylus brasiliensis, the rat hookworm, but they are approximately twice the size of 
the rat hookworm (Nippostrongylus brasiliensis a species not discussed here). 


The male species has a posterior copulate bursa which is absent from the female. The females 
though possess a vulva opening which is found almost one third of the body length from the 
posterior end, they also have two ovaries. Most of the female body is occupied with eggs. 


Image 5-4. Hookworm egg, normally passed in feces during the 4 - 8 cell stage. The ova of both 
species are similar with the shape being oval and transparent with a smooth thin shell and measuring 
56-75um by 36-40um. (SOURCE: PHIL 5220 - CDC) 


The mouth (or buccal cavity) of the two species show a conspicuous pair of chitinous plates on 
the dorsal surface. Ancylostoma duodenale buccal cavity bears two hook like teeth on the top 
and two triangular cutting plates on the bottom. While the mouth of NV. americanus has four 
cutting plates, two on the ventral and two on the dorsal surfaces. The head is curved in both 
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species but Necator adults it is finer but more pronounced forming a definite “hook” at the 
anterior end. The buccal cavity is used to attach the worms securely to the mucosa of the 
small intestine. With the teeth and cutting plates used to pierce the mucosa. 


Illustration 5-2. A: Adult worm of Ancylostoma duodenale. Anterior end is depicted showing cutting 
teeth. B: Adult worm of Necator americanus. Anterior end showing mouth parts with cutting plates, 
(SOURCE: CDC) 


The ova are oval and transparent with a smooth thin shell and measure 56-75ym by 36-40um. 
They are usually passed in the 4-8 cell stage in feces and may be embryonated. The ova of 
both species of Hookworm are similar. 


The bursa (the characteristic external feature which forms an umbrella-like extension 
surrounding the cloaca) of both male species is well developed, Necator americanus adults are 
distinguished from Ancylotstoma duodenale by the split dorsal rays and the close arrangement 
of the lateral rays. 


Simplistically the life cycle has three phases: 


The parasitic adult females lay eggs while they are in the duodenum where they hatch 
producing rhabditiform (non-infective) larvae. 


1. The larvae can have two fates in life, one where they are passed out in the feces to 
continue down the free-living path or they develop into infective filariform larvae whilst traveling 
down the small intestine. 


2. The larvae which, develop in the environment can also undergo different development. 
Some larvae undergo direct development (homogonic) or indirect development (heterogonic). 


The non-infective first stage (rhabditiform) larvae develop into free living adults in the soil 
within 2-5 days and produce infective third stage or filariform larvae which can penetrate 
exposed skin (heterogonic development). This phase is common in moist, warm tropical 
countries. 
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The non-infective rhabditiform larvae which are excreted in the feces develop into infective 
filariform larvae in the soil (homogonic development). These infective larvae penetrate 
exposed skin. There is no development of free living adult worms and this phase is common in 
temperate zones. The larvae never undergo sexual maturity. 


Both types of larvae can become established in the host by penetrating the skin or by oral 
ingestion. 


The larvae which infect the host by penetrating the skin undergo a migration through the 
dermal tissues and into the circulation to the heart and lungs, then up the bronchi and trachea, 
where they are eventually swallowed and pass down into the intestine. On reaching the 
mucosa of the duodenum the females develop and produce eggs. Adult males are unable to 
attach themselves to the mucosa, therefore, for any copulation to take place they must mate in 
the lumen of the intestine. 


3. The non-infective rhabditiform larvae develop into infective filariform larvae while passing 
down the small intestine. Autoinfection occurs when the larvae reinfect the host by penetrating 
the intestinal mucosa or the perianal or perineal skin. The larvae migrate to the lungs via the 
circulatory system and then return to the intestine. 


From initial infection to maturity usually takes less than four weeks. 


Hyperinfection Syndrome 


The autoinfective capability of larvae may be responsible for long term infections which persist 
for many years. The parasite and host reach an equilibrium state where neither host nor 
parasite suffers any adverse reactions. If this equilibrium is disturbed e.g. immunosuppression, 
the infection proliferates with immense numbers of larvae migrating to every tissue in the body, 
especially the lungs. This condition is referred to as disseminated strongyloidiasis. This results 
in tissue damage, pneumonitis, brain damage or respiratory failure. 


Laboratory Diagnosis 

Microscopy 

Laboratory diagnosis depends on finding larvae in stool, sputum or duodenal aspirates. 
Strongyloides larvae may be present in the stool in very small numbers and culture methods 
may be needed to encourage the rhabditiform larvae to develop into filariform larvae and 
migrate from the sample. The Enterotest or string test can be used to recover larvae from 


duodenal aspirates. 


Larvae must be distinguished from hookworm larvae especially if it is an older sample. 
Rhabditiform larvae are most commonly seen. 
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A good concentration technique is essential to increase the chances of seeing larvae, though 
they are easily killed making diagnosis more difficult. 


Serology 


Serological tests are of value in the diagnosis of strongyloidiasis when larvae cannot be found. 
An enzyme linked immunosorbent assay (ELISA) using larva antigen, is usually employed 


Little can be used to distinguish between the two species, but using the curved shape of the 
head is a good indicator. 


Clinical Disease 


Larval penetration of the skin may lead to pruritis, often termed as ‘ground itch’ at the site of 
penetration. Respiratory symptoms may arise during the larval migration. 


The adult worm in the intestine may cause intestinal necrosis and blood loss as a result of the 
attachment of the adult to the intestinal mucosa. Patients with acute infections may 
experience nausea, vomiting, abdominal pain, diarrhea and eosinophilia. 


Chronic infections may lead to iron deficiency and anemia resulting from the excessive loss of 
iron. Heavy worm burden in children may have serious consequences including death. 


Laboratory Diagnosis 


Adults of Hookworm species may be passed out spontaneously in feces. The microscopic 
examination of stool deposits after an iodine stained, formol-ether concentration method 
concentration reveals the characteristic ova. 


Cutaneous Larva Migrans 


If man comes in contact with hookworm larva of the dog (or cat), A. braziliense or A. caninum, 
penetration of the skin may take place. The larvae are unable to complete the migration to the 
small intestine and become trapped. Trapped larvae may survive for weeks or even months, 
migrating through the subcutaneous tissues. 


Trapped larvae have been known to produce severe reaction, forming tunnels through the 
tissues, causing intense itchy skin eruption, producing a red, track under the skin which 
demonstrates accurately the wanderings of the larvae. 


Often intense pruritis and scratching may lead to secondary bacterial invasion, known as 
‘creeping eruption’ or ‘cutaneous larval migrans’. 
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spatial > orientation > rotary position 


will still be calibrated in degrees; thus, a 10-turn 
component may be listed as allowing an electri- 
cal travel of approximately 3,600 degrees. 


The exterior of a multiturn rotary potentiome- 
ter is shown in Figure 7-2. 


Figure 7-2. muttitur rotary potentiometer. Each pair of 
solder tags is attached internally to one end af the internal 
coiled track. The smaller tag atthe far end connects with 
the wiper 


A simpler type of multiturn potentiometer is 
intended for use as a trimmer—a small potenti- 
ometer that can be mounted on a circuit board 
to allow adjustment or calibration, often during 
the manufacturing process. This type of trim- 
mer contains a worm gear that engages with a 
spur gear internally. The wiper is mounted on 
the spur gear. It has no applications as a sensor, 
but is mentioned here to avoid ambiguity, as it 
is probably the component that is most com- 
monly referred to as a "multiturn potentiome- 
ter” 


Magnetic Rotary Position Sensor 
Externally, a modern magnetic rotary position 
sensor may look very much like an arc-segment 
rotary potentiometer. Internally, a permanent 
magnet is attached to the base of the shaft, and 
one or more Hall-effect sensors are mounted 
ona small circuit board immediately below the 
magnet, in the bottom of the enclosure. A sim- 
plified diagram appears in Figure 7-3. 


Potentiometers 
‘Shaft —— 
ireuit 
Permanent. Board 
Magnet 
‘Connectors 
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Sensor 


Figure 7-3 Simplitied interior view of a magnetic rotary 
position sensor 


For more information about Hall-effect sensors, 
see "Hall-Effect Senso 


‘A magnetic rotary position sensor may be 
described as a noncontacting sensor. Two views 
of an example are shown in Figure 7-4. 


Figure 7-4 Two views of a Bourns AMS22 magnetic 
rotary position sensor. 


The AMS22 sensor shown in Figure 7-4 has an 
analog output ranging from 0.1VDC to 4.9VDC 
when powered with SVDC. A nonconta 
sensor of this type will cost three to four times 
as much as a conventional potentiometer, but 
has the great advantage of extreme durability, 
with the manufacturer claiming a life of 50 mil- 
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Trichuris trichiura 


Introduction 


Trichuris trichiura, more commonly known as the Whip Worm, due to the whip-like form of the 
body. These nematodes are most commonly seen in tropical climates and in areas where 
sanitation is poor. They seem to occur in areas particularly where Ascaris and Hookworms are 
found due to the eggs requiring the same conditions to allow for embryonation. Both species 
can be found in humans together. There are several species within this genus each infecting 
specific hosts, but only T. trichiura infects man. Causing human trichuriasis. It is a parasite that 
infects many more people than is generally appreciated, up to 800 million people throughout the 
tropics and temperate regions. 


Life cycle eggs require a warm, moist environment with plenty of oxygen to ensure 
embryonation, but once they have embryonated they are extremely resistant to environmental 
conditions. 


Adult worms are found in the cecum and upper part of the colon of man. In heavy infection 
they can be found in the colon and the terminal ileum. They attach to the mucosa by the 
anterior end or by embedding the anterior portion of the body in the superficial tissues, 
obtaining nutrition from the host tissues. 


Once fertilized the female worms lay several thousands of eggs, which are unsegmented at 
the oviposition and are passed out in the feces. Once they have been passed out they require 
an embryonation period in the soil which may last from two weeks to several months, after 
which they become infective. 


When embryonated eggs are swallowed by human hosts larvae are released into the upper 
duodenum. They then attach themselves to the villi lower down the small intestine or invade 
the intestinal walls. After a few days the juveniles migrate slowly down towards the cecum 
attaching themselves to the mucosa, reaching their final attachment site simultaneously. 


The larvae reach maturity within three weeks to a month after infection, during which they 
undergo four molts. There is no lung migration and the time from ingestion of infective eggs to 
the development of adult worms is about three months. 


Infection is achieved by swallowing soil that contains embryonated eggs. Therefore, children 
are most commonly seen to possess the infections, as they are more likely to swallow soil. 


Morphology 


The adult worms of T. trichuria are characterized by the enormously elongated capillary-like 
esophagus (anterior end); with the anus situated in the extreme tip. 
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The thin anterior portion of the worm is found embedded in the mucosa. There are no lips and 
the vulva is at the junction of the thread-like and thickened regions of the body. The posterior 
end is much thicker and lies free in the lumen of the large intestine. 


The female measures 35-50m long and the male 30-45ym long. 


The ova are characteristically barrel shaped, bile stained with bipolar plugs. They measure 50- 
54ym by 20-23ym. 


© Emvryonated eggs are ingested 


CDC 
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Illustration 5-3. The unembryonated eggs are passed with the stool @. In the soil, the eggs 
develop into a 2-cell stage @, an advanced cleavage stage @, and then they embryonate @; eggs 
become infective in 15 to 30 days. After ingestion (soil-contaminated hands or food), the eggs hatch 
in the small intestine, and release larvae @that mature and establish themselves as adults in the 
colon ©, The adult worms (approximately 4 cm in length) live in the cecum and ascending colon. 
The adult worms are fixed in that location, with the anterior portions threaded into the mucosa. The 
females begin to oviposit 60 to 70 days after infection. Female worms in the cecum shed between 
3,000 and 20,000 eggs per day. The life span of the adults is about 1 year. (SOURCE: CDC) 
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Image 5-5. Trichuris trichuria ovum with its opercular plugs, shown as white gaps at either end of the 
egg. (Saline wet prep) (SOURCE: PHIL 652 - CDC/Dr. Mae Melvin) 


Clinical Disease 


Most infections due to this nematode are light to moderate with minimal or no symptoms. 
However, a heavy worm burden may result in mechanical damage to the intestinal mucosa 
due to the adult worm being threaded into the epithelium of the cecum. Abdominal cramps, 
tenesmus, dysentery and prolapsed rectum may occur in these cases. 


If a prolapsed rectum is observed, many worms may be seen adhering to the mucosa of the 
rectum. 


Symptomatic infections are usually only seen in children. The majority of infections are chronic 
and mild, with nonspecific symptoms like diarrhea, anemia, growth retardation, eosinophilia. 


Laboratory Diagnosis 


The adult worms of T. trichiura are rarely seen in the feces. The microscopic examination of 
stool deposits after an iodine stained, formol-ether concentration method concentration reveals 
the characteristic barrel shaped ova. In symptomatic infections numerous numbers of eggs can 
be seen due to the prolific nature of the female worms, even in light infections many eggs can 
be seen in the smear. 
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Strongyloides stercoralis 
Introduction 


Strongyloides stercoralis is an intestinal nematode commonly found in warm areas, although it 
is known to survive in the sub-tropics (hot and humid conditions). The geographic range of 
Strongyloides infections tend to overlap with that of Hookworm due to the eggs requiring the 
same environmental conditions to induce embryonation. 


This parasite is interesting in that it contains a free-living stage (exogenous) and a parasitic 
stage (endogenous) where the larvae undergo development in both stages. 


Life cycle 


The life cycle of S. stercoralis is a complex one as demonstrated in the diagram below. 


Strongyloidiasis 
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Mlustration 5-4. Diagram of the life cycle of Strongyloides stercoralis. (SOURCE: PHIL 3419 - CDC/ 
‘Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology 


The first stage rhabditiform larvae measure approximately 250m long by 20ym wide. They 
have a bulbed esophagus and a short buccal cavity. In an old specimen, rhabditiform larvae of 
S. stercoralis must be differentiated from those of hookworm which have a longer buccal 
cavity. The third stage or filariform larva is approximately 500m long and has a notched tail 
(see below) compared with that of hookworm which is sheathed and has a long slender tail. 


Adults are slender and possess and extremely long esophagus which in the female extends1/3 
to1/2 of the body. The anal opening is ventral and the tail is pointed. 


= 5 Genital Buccal Length of = 
Speck ie Primordium Cavity eine Esophagus BoC) 
Prominent. 15 
aneongete, | short, about 
apered fr | 3-4/2 as Extends 
225 um x16 ym. | “pointed 350 4m x 20 1m 
Strongyloides | “Zonge, 200.200 | structure | J0ng#5 te | gange, 590-550 um |SPEOXM=REY | Notched, 
corals vith ofthe 2 length of 
mx 16-20 4m. | located along | Wath of the | 0m, en 
ventral wall the bods ¥- 
about the body | °f the body. 
Tengtn 
Inconspicuous. 
Rarely distinc | Long. biute 
250m x17 ym. | When seen, is | Approximately | 500m. Range, | Extends 
Hookworm | Range, 200. 300 | smal located | as ong as the | 500-700 ymx20- | 32U~18 | pointes 
mx 14-17 ym. | nearer the tall_| “width of the 24 im ena 
than that of body. y. 
Strongyloides. 


Table 5-2. Differential Morphology of the Diagnostic Stages of Helminths Found in Humans: Larvae 
(SOURCE: CDC) 


Eggs are rarely found in the stool as they hatch in the intestine. They are oval and thin shelled, 
resembling those of hookworm but are smaller measuring 50-584m by 30-34um. 
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Image 5-6. Thin shelled ova of Strongyloides stercoralis. Measuring 50um by 30um, they are 
smaller than Hookworm eggs. (SOURCE: CDC) 


Clinical Disease 


Disease associated with infections due to S. stercoralis is varied, ranging from some patients 
being totally asymptomatic to the hyperinfection syndrome. There are three areas of 
involvement in Strongyloides infections; skin, lungs and intestine. 


1. Initial skin penetration of the filariform larvae usually causes very little reaction, however 
with repeated infections the patient may mount a hypersensitive reaction thus preventing the 
larvae from completing its life cycle. The term larva currens is used when there is a rapidly 
progressing urticarial track. 


2. The migration of larvae through the lungs may stimulate an immune response which can 
result in a cough, wheezing and fever. 


3. Symptoms associated with intestinal strongyloidiasis may mimic a peptic ulcer due to 
ulceration of the intestinal mucosa. In heavy infections the intestinal mucosa may be 
severely damaged resulting in malabsorption. There may also be lower gastrointestinal 
bleeding. Eosinophila may be high. 
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Chapter 6. 
The Trematodes 


6.1 Infections of the Alimentary Canal and Associated Organs 


Introduction 


The trematodes (or flukes) are leaf shaped with an outer cover called the tegument which may 
be smooth or spiny. There are two suckers or attachment organs, an anterior oral sucker and a 
posterior ventral sucker. The suckers form a characteristic feature of the group, from which 
the name Trematode is derived from the Greek word for “hole.” They can occur in a variety of 
host environments, with the majority being endoparasites but some are found to be 
ectoparasitic. 


Most trematodes are hermaphroditic and most of the body consists of reproductive organs and 
their associated structures. The digestive system is well developed; they generally feed on 
intestinal debris, blood, mucus and other tissues, depending on the host environment. 
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Mlustration 6-1. Trematode Eggs Found in Stool Specimens of Humans, (SOURCE: CDC/Adapted 
from Melvin, Brooke, and Sadun, 1959) 
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Table 6-1. Differential Morphology of the Diagnostic Stages of Helminths Found in Humans: Eggs 
(Trematodes) (SOURCE: CDC) 


Trematodes require an intermediate host in their life cycle with vertebrates being the definitive 
host. Larval stages may occur in either invertebrate or vertebrate hosts. 


There are three groups of trematodes: 


+ Monogenea, which typically are external parasites of fish with direct life cycles 
+ Aspidogastrea, these are endoparasites with the entire ventral surface as an adhesive 


organ 


+ Digenea, these are endoparasites with simpler adhesive organs and life cycles involving 
one or more intermediate hosts (indirect life-cycle). This section concentrates on the 
Digenean trematodes. 


Most Digenean trematodes inhabit the alimentary canal of vertebrates and many of the 
associated organs, such as the liver, bile duct, gall bladder, lungs, bladder and ureter. These 
organs are rich in cavities containing food such as blood, mucus, bile and intestinal debris. 


The Digenean trematodes have a complex life cycle, with rare exceptions, always involve a 
mollusk host. There may be six larval stages — the miracidium, sporocyst, redia, cercaria, 
mesocercaria (rare) and the metacercaria (the majority have 4 or 5 stages). 


Trematode eggs have a smooth hard shell and the majority of them are operculate. 


Fasciola species 


Introduction 


Fasciola, Fasciolopsis and Echinostoma species are trematodes which parasitize the liver and 
intestines of a variety of vertebrates. They are hermaphroditic and their distinguishing 
characteristics are shown in Table 6-2. 
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Fasciola hepatica trematodes are not thought to infect man but in fact man is not an unusual 
host, with infections being reported in many countries including Europe and the USA. The 
eating of unwashed watercress appears to be the source of infection, with them ending up in 
the liver. The most common host is sheep where they can cause severe disease. 


Fasciolopsis buski (giant intestinal fluke) is a duodenal parasite infecting both man and pigs. 
They are found widespread in Asia and China, but they have been found to be endemic in 
Taiwan, Thailand, Bangladesh and India. Night soil (human excreta) is used as a fertilizer in 
these countries on plants such as water chestnut and caltrops. The snails graze on these 
crops and also the definitive hosts eat them raw and unwashed, peeling the edible water plants 
with their teeth 


Infection with Echinostoma species is thought to be contracted by ingestion of fresh water 
snails containing metacercaria. Such as Echinostoma ilocannum which occurs in the 
Philippines. The metacercariae infect the large snail Piola luzionica and in return are eaten 
raw. 


Despite the large numbers of these flukes they are of little medical importance, the most 
important being F. buski. 


Geographic Reservoir | Location of 
Species ee ee ite adult in Size of Ova 
host 
130-150,m 
Cosmopolitan Sheep Bile Ducts by 
63-90um 
‘Africa, the Orient | Camels, Caitle 160-190,m 
and Hawaiian and Water Bile Ducts by 
Islands Buffalo 70-904 
Far-East and Indian | Pigs, Dogs and 120-140nm 
Intestine by 
Sub-continent Rabbits 
80-85um 
South East Asia and Variety of S8-116um 
3 M i Intestine by 
japan jammals ae 


Table 6-2. Table describing the characteristics which differentiate the various Fasciola 
species which are important to man. 


Life Cycle and Transmission 


The life cycles of Fasciola, Fasciolopsis and Echinostoma species are complex, requiring more 
than one intermediate host. 


Adult worms inhabit the liver or bile ducts of the definitive host (human), where they lay many 
eggs which are deposited into the environment in the feces. They are immature when passed 
If they are passed into water they become mature in nine to 15 days at the optimum 
temperature of 22-25°C. 
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Potentiomet 


lion shaft rotations. A disadvantage is its low- 
current output, limited to 10mA. The maximum 


Chips of the type used in a magnetic rotary 
position sensor are available as individual com- 
ponents, many of which have advanced fea- 
tures. For example, the AM8192B angular 
magnetic encoder by RLS is a 44-pin surface- 
mount chip containing Hall sensors that detect 
the orientation of a permanent magnet above 
or below the chip. Various outputs provide 
information such as sine or cosine of the turn 
angle, incremental pulses, and digitized output 
via an SPI interface, 


Rotary Encoders 

Many rotating position sensors communicate 
their angle of rotation with an output that con- 
sists of a pulse train or some other coded sig- 
nal. This type of rotary sensor is known as a 
rotary encoder or rotational encoder, (Linear 
encoders also exist; see “Magnetic Linear 
Encoders") 


The simplest version of this component is a 
mechanical encoder containing two small elec- 
tromechanical switches that are activated, out 
of phase, by a toothed wheel attached to the 
rotating shaft. This component is described in 
detail in Volume 1 of the Encyclopedia, where it 
is categorized as being a form of switeh. Its low 
cost and simplicity has made it popular for 
rotary controls on car radios and small stereo 
systems, but its switches have a limited life 
expectancy and create a “noisy” output that 
must be debounced if connected with a logic 
chip or microcontroller. Typically the microcon- 
troller will include a pause of up to 50ms in its 
program code to allow time for the switch con- 
tacts to settle (although some manufacturers 
claim only Sms). 


Confusingly, a mechanical encoder is often 
identified only as a “rotational encoder” even 
though optical and magnetic rotational encod- 


tation 


otary position 


ers also exist, as described immediately below. 
As a general rule, if a component is described 
simply as a rotational encoder, it probably con- 
tains electromechanical switches. 


Optical Rotary Encoders 

This type of component works on the same 
principle as an optical linear encoder of the type 
described in “Optical Linear Encoders”. The dif- 
ference is that a codewheel is used instead of a 
codestrip. Typically the codewheel is supplied 
by the manufacturer of the component that is 
designed to read it. 


A transmissive codewheel is shown in 
Figure 7-5. The distance between the light 
emitter and the light detector has been exag- 
gerated in this diagram for clarity. 


ee 


Emitter 


Figure 7-5 A light-ransmissive codewheel for use nan 
optical rotary encoder. 


Some optical rotary encoders use a reflective 
codewheel, in which case alternating sections 
of the wheel are light-absorptive and light- 
reflective, and the emitter and detector are 
both on the same side of the wheel. 


If only one light emitter and light detector are 
used, the pulse train from the sensor reveals 
how many increments the wheel has turned 
relative to its previous position. 
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Fasciolopsiasis 
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Illustration 6-2. The general life cycle of Fasciola, Fasciolopsis and Echinostoma species. Immature 
eggs are discharged in the biliary ducts and in the stool ©). Eggs become embryonated in water Q, 
eggs release miracidia ®, which invade a suitable snail intermediate host @, including many species 
of the genus Lymnae. In the snail the parasites undergo several developmental stages (sporocysts 

, rediae @, and cercariae @). The cercariae are released from the snail @and encyst as 
metacercariae on aquatic vegetation or other surfaces. Mammals acquire the infection by eating 
vegetation containing metacercariae. Humans can_become infected by ingesting metacercariae- 
containing freshwater plants, especially watercress @. After ingestion, the metacercariae excyst in 
the duodenum @and migrate through the intestinal wall, the peritoneal cavity, and the liver 
parenchyma into the biliary ducts, where they develop into adults @. In humans, maturation from 
metacercariae into adult flukes takes approximately 3 to 4 months. The adult flukes (Fasciola 
hepatica: up to 30 um by 13 yim; F. gigantica: up to 75 jum) reside in the large biliary ducts of the 
mammalian host. Fasciola hepatica infect various animal species, mostly herbivores. 


The life cycle of the Echinostomes differs by one minor point: the cercariae @encyst wither within the 


tissues of the intermediate host @in which sporocysts © and rediae @develop, or penetrate and 
encyst in other animals such as amphibians or fish. (SOURCE: PHIL 3393 - CDC/Alexander J. da 
Silva, PhD/Melanie Moser) 
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Morphology 


The morphology of the adult flukes of Fasciola, Fasciolopsis and Echinostoma species is well 
documented. They are large leaf-shaped parasites about 2~3cm long. There are two suckers, 
an anterior oral sucker surrounding the mouth and a ventral sucker (acetabulum) on the ventral 
surface. 


Image 6-1. Adult fluke of a Fasciola Trematode. Their morphology shows a large leaf-shape about 
2-3cm long with two suckers, an oral and a ventral one, (SOURCE: CDC) 


The outer tegument is covered in tiny spines which face backwards enabling them to attach 
themselves along with their suckers to the tissues. 


Ova are all thin shelled, ellipsoid, quinone colored (bile stained) with an operculum that is often 
inconspicuous. Although ova of Echinostoma species can usually be differentiated by size due 
these flukes being much smaller in size than F. Buski and F. hepatica, there is much cross- 
over in the size of Fasciola and Fasciolopsis species. 


Pathogenesis 


Light infections due to Fasciola hepatica may be asymptomatic. However, they may produce 
hepatic colic with coughing and vomiting; generalized abdominal rigidity, headache and 
sweating, irregular fever, diarrhea and anemia. 


-97- 


Image 6-2. Ova of Fasciola are ovoid in shape, quinone color and often showing an inconspicuous 
operculum. Fasciola hepatica ova measure 130 - 150m by 63 - 90um. There is much cross-over in 
ova size between all of the Fasciola species. (SOURCE: PHIL 1540 - CDC/Dr. Mae Melvin) 


Infections due to Fasciola gigantica occur mainly in cattle raising areas and cause clinical 
symptoms similar to those of Fasciola hepatica although human infections are less common. 


The adult flukes of Fasciolopsis buski attach to the intestine, resulting in local inflammation and 
ulceration. Heavier infections may subsequently lead to abdominal pain, malabsorption and 
persistent diarrhea, edema and even intestinal obstruction. Marked eosinophilia may be seen. 


The adult flukes of Echinostoma species attach to the intestine resulting in little damage to the 
intestinal mucosa. Light infections are generally asymptomatic and heavy infections may 
produce light ulceration, diarrhea and abdominal pain. 


Laboratory Diagnosis 
Definitive diagnosis is made by observing the ova in feces, since the flukes are very prolific 
any significant infection will be easily picked up. Where identification cannot be made from the 


size of the ova, clinical information and the source of infection may help to provide a diagnosis. 
Serological techniques are available for the diagnosis of Fasciola hepatica. 
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Clonorchis sinensis 
Introduction 


Clonorchis sinensis, also known as the Chinese (aka Oriental) liver fluke is a narrow elongate 
liver fluke found in the Far East, mainly Japan, Korea, China, Taiwan and Vietnam. 


It belongs to the group of Oriental liver flukes where there are three main species which 
commonly infect man. The other two species are Opisthorchis felineus and Opisthorchis 
viverrini. (Table 6-2) The three species are so similar in their morphology, life cycles and 
pathogenicity that they are very rarely discussed as separate species. 


All members of this group are parasites of fish-eating mammals, particularly in Asia and 
Europe. Man is the definitive hosts and water snails and fish are the intermediate hosts. 
Infections can be easily avoided by man not eating raw fish since this is the only way that 
infection can be passed on. 


Clonorchis sinensis parasitize the biliary duct in humans who become infected by eating raw or 
undercooked fish. Dogs and cats are the most important reservoir hosts. 
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Life Cycle and Transmission 


Metacercariae in flesh or 
skin of fresh water fish 
ingested by human host, 
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Free-swimming cercariae 
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of fresh water fish. 
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Illustration 6-3. Diagram illustrating the life cycle of Clonorchis sinensis (Chinese Liver 
Fluke). This parasite requires the involvement of two intermediate hosts (fresh water snails 
and fish) to complete the life cycle. Embryonated eggs are discharged in the biliary ducts 
and in the stool ©). Eggs are ingested by a suitable snail intermediate host @; there are 
more than_100 species of snails that can serve as intermediate hosts. Each egg releases a 
miracidia ®, which go through several developmental stages (sporocysts @, rediae @, and 
cercariae ®). The cercariae are released from the snail and after a short period of free- 
swimming time in water, they come in contact and penetrate the flesh of freshwater fish, 
where they encyst as metacercariae ©. Infection of humans occurs by ingestion of 
undercooked, salted, pickled, or smoked freshwater fish @. After ingestion, the 
metacercariae excyst in the duodenum @and ascend the biliary tract through the ampulla of 
Vater @. Maturation takes approximately one month. The adult flukes (measuring 10 to 25 
um by 3 to 5 um) reside in small and medium sized biliary ducts. In addition to humans, 
carnivorous animals can serve as reservoir hosts. (SOURCE: PHIL 3385 - CDC/Alexander J. 
da Silva, PhD/Melanie Moser) 


Embryonated eggs Oaduts in 
passed infeces biiery duct 
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Morphology 


The adult flukes measure 11—20um by 3—4.5ym and are lanceolate in shape, translucent and 


brownish in color. They are all hermaphroditic. Keeping in common with other flukes they 
possess two suckers. 


‘seminal receptacle 
intestine 


excretory bladder 


Image 6-3. Diagram illustrating the internal morphology of the Oriental liver fluke, Clonorchis 
sinensis. (SOURCE: SFSU.EDU) 


The ova of Clonorchis sinensis contain fully developed miracidia and possess prominent 
opercular shoulders (flask shaped egg) and are operculate. They are bile stained and 
measure 29m by 16m. In wet mounts they are transparent and you can quite easily see their 
anatomy. There can be up to 6,000 worms present and a daily egg output of 1,000 eggs per 
microliter of bile or 600 per gram of feces. 


= _ 


Image 6-4. Ova of Clonorchis sinensis. Showing the prominent opercular shoulders which makes 
identifying this trematode easy. They are described as flask shaped, bile stained. (SOURCE: PHIL 
695 - CDC/Dr. Mae Melvin) 
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The cercariae possess eyespots, the penetration and cystogenous glands are also well 
developed. 


Image 6-5. Saline smear showing the characteristic flask shape of the Clonorchis sinensis ova. They 
are bile stained with a smooth outer coat. (SOURCE: PHIL 4845 - CDC) 


Pathogenesis 


Many millions of people become infected every year but only a minority suffers from any 
illness. The pathology is related to the number of parasites present. Light infections of up to 50 
eggs or more are usually asymptomatic. A heavy infection of 500 or more eggs may cause 
serious illness. 


Acute infections may be characterized by fever, diarrhea, epigastric pain, enlargement and 


tenderness of liver and sometimes jaundice. The invasion by these worms in the gall bladder 
may cause cholecystitis, due to flukes becoming impacted in the common bile duct. 


Laboratory Diagnosis 
Definitive diagnosis is made by observing the characteristic ova in feces following an iodine 


stained, formol-ether concentration method of the feces or from duodenal aspirates when there 
is complete obstructive jaundice or from the Entero-Test. 
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Heterophyes 


Metagonimus | Opisthorchis | Dicrocoelium 
heterophyes yokogawai viverrini dendriticum 
Far East Far East Thailand Far East 


Small intestine 


Small intestine 


Liver and bile ducts 


Liver and bile 


ducts 
26.5-30nm 26.5-30um 26.74m 38-45um 
by by by by 
15-17pm 15-174m 15um 22-30um 
pied el Prominent | Prominent opercular | Dark brown, 
thenlders Bie chotidere nile shoulders Bile | thick shelled and 
stained large operculum 
stained stained 


Eating raw or 
pickled fish 


Eating raw or 
pickled fish 


Eating raw fresh 


Eating infected 


water fish ants 
Occasionally Occasionally Malaise and right Biliary and 
diarrhea and diarrhea and upper quadrant digestive 
vomiting vomiting pain problems 


Table 6-3. Table summarizing the less common flukes that are known to infect man. (CDC) 


Paragonimus westermani 


Introduction 


Paragonimus westermani is a lung fluke found in both humans and animals. The adults are 
12ym long and are found in capsules in the lung. Although they are hermaphroditic, it is 


necessary for worms to be present in the cyst for fertilization to occur. The disease is seen in 
the Far East, China, South East Asia, and America. 
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Life Cycle 
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Illustration 6-4. Diagram of the general life cycle of the lung fluke, Paragonimus westermani. The 
eggs are excreted unembryonated in the sputum, or alternately they are swallowed and passed with 
stool @. In the external environment, the eggs become embryonated @, and miracidia hatch and 
seek the first intermediate host, a snail, and penetrate its soft tissues @. Miracidia go through 
several developmental stages inside the snail @: sporocysts ®, rediae @, with the latter giving rise 
to many cercariae @, which emerge from the snail. The cercariae invade the second intermediate 
host, a crustacean such as a crab or crayfish, where they encyst and become metacercariae. This is 
the infective stage for the mammalian host @. Human infection with P. westermani occurs by eating 
inadequately cooked or pickled crab or crayfish that harbor metacercariae of the parasite @, The 
metacercariae excyst in the duodenum @, penetrate through the intestinal wall into the peritoneal 
cavity, then through the abdominal wall and diaphragm into the lungs, where they become 
encapsulated and develop into adults (7.5 to 12 im by 4 to 6 um). ‘The worms can also reach other 
organs and tissues, such as the brain and striated muscles, respectively. However, when this takes 
place completion of the life cycles is not achieved, because the eggs laid cannot exit these sites. Time 
from infection to oviposition is 65 to 90 days. (SOURCE: PHIL 3415 - CDC/Alexander J. da Silva, 
PhD/Melanie Moser) 
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Infections may persist for 20 years in humans. Animals such as pigs, dogs, and a variety of 
feline species can also harbor P. westermani. 


Morphology 
The adult worm is an ovoid, reddish brown fluke about 12m long. 


The eggs are ovoid, brownish yellow, thick shelled and operculated. They measure 80-100um 
by 45-65m and may be confused with the ova of Diphyllobothrium latum. 


Image 6-6. Saline smear of Paragonimus westermani egg. The egg shells are thick and operculated. 
(SOURCE: PHIL 1541 - CDC/ Dr. Mae Melvin) 


Clinical Disease 


As the parasites grow in the lung cyst, inflammatory reaction and fever occurs. The cyst 
Tuptures and a cough develops resulting in an increase in sputum. The sputum is frequently 
blood tinged and may contain numerous dark brown eggs and Charcot-Leyden crystals. 
Hemoptisis may occur after paroxysms of coughing. Dyspnea and bronchitis develop with 
time. Bronchiectasis may occur and pleural effusion is sometimes seen. The disease 
resembles pulmonary tuberculosis. Cerebral calcification may also occur. 


Laboratory Diagnosis 
Diagnosis is based on finding the characteristic eggs in brown sputum. The eggs can also be 


found in the feces due to swallowing sputum. A chest x-ray may show cystic shadows and 
calcification. Serological tests, in particular, the ELISA method, are useful diagnostic tests. 
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Asingle sensor cannot indicate the direction of 
rotation, but if a second emitter-sensor pair is 
added, 90 degrees out of phase with the first, a 
microcontroller can assess the phase difference 
between pulse streams to determine which 
way the wheel is turning. This principle is illus- 
trated in Figure 7-6 where one transmitter- 
detector pair is located in position A and 
another is in position B. The resulting pulse 
trains, for clockwise and counterclockwise rota- 
tion of the wheel, are shown in green. The com- 
bination of pulse trains is known as quadrature, 
because there are four possible combinations: 
A and B both high, A and B both low, A high 
and B low, or A low and B high. 


Figure 7-6 With transmitter-detector pairs mounted at 
positions A and B, the phase diference between their 
pulse trains can show the direction of ratation of the 
wheel 


Potentiometers 


This is the same principle as illustrated for a 
magnetic linear position sensor in Figure 6-5. 


‘An alternative system of quadrature for an opti- 
cal rotary encoder uses two separate tracks on 
the disc, each having an equal number of opa- 
que and transparent sections, but half an inter- 
val out of phase. 


Any system that reveals the relative motion of 
the wheel, but cannot determine its absolute 
angular position, is an incremental sensor. 


Optical Products 
High-end optical rotary encoders may use discs 
with as many as 600 sequential opaque and 
transparent segments to provide extremely 
high resolution. They are outside the scope of 
this Encyclopedia. 


Moderately priced optical encoders are avail- 
able as shaft-driven assemblies very similar in 
external appearance to potentiometers. Typi- 
cally they have four terminals, one pair for 
power and ground connections and another 
pair for quadrature output from the two inter- 
nal sensors, usually identified as A and B in 
datasheets. Some encoders also contain an on- 
off switch that is activated by pressing the 
shaft, in which case two additional terminals 
will be provided. 


Bourns is a leading manufacturer of this type of 
encoder, an example being the EM14, which is 
mounted in a box-shaped body measuring 
14mm square, it uses a SVDC power supply and 
provides pulses of 4VDC minimum with inter- 
vals of 0.8VDC maximum, Variants are available 
with 8 to 64 pulses per revolution. Intended for 
audio applications, this type of encoder has a 
maximum rotation speed of 120rpm. 


‘An example of an optical rotary encoder from a 
German manufacturer is shown in Figure 7-7. 
Its resolution is 25 pulses per rotation. The rec- 
tangular package measures approximately 
19mm x 25mm. The power supply can be 
3.3VDC or SVDC. 
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Schistosomes 
Introduction 


The Schistosomes are blood trematodes belonging to the Phylum Platyhelmintha. They differ 
from other trematodes in that they have separate sexes. The male worms resemble a rolled 
leaf where they bear the longer and more slender female in a ventral canal (the gynaecophoric 
canal). They require definitive and intermediate hosts to complete their life cycle. There are 
five species of Schistosomes responsible for human disease; S. mansoni, S. haematobium 
and S. japonicum with S. mekongi and S. intercalatum being less common. 


They are the only trematodes that live in the blood stream of warm-blooded hosts. The blood 
stream is rich in glucose, and amino acids, so along with the plasma and blood cells, it 
represents an environment which is suitable for egg producing trematodes. 


Over 200 million people are infected over at least 75 countries with 500 million or more people 
exposed to infection, With the disease spreading due to improved water supplies being created 
therefore, forming potentially new habits for snails. The disease caused is called 
schistosomiasis or Bilharzia and is the most important of helminth diseases. 


Infection by the three most common species is the same in both sexes and in all age groups. 
Though, S. mansoni and S. haematobium is seen to occur more often and most heavily in 
teenagers especially males. 

Life Cycle 


Adult worms of S. mansoni live in the plexus of veins draining the rectum and colon, and in 
branches of the portal vein in the liver. 
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Illustration 6-5. Diagram illustrating the general life cycle of the Schistosomes. Eggs are eliminated 
with feces or urine ©. Under optimal conditions the eggs hatch and release miracidia @, which swim 
and penetrate specific snail intermediate hosts @, The stages in the snail include 2 generations of 
sporocysts @and the production of cercariae @. Upon release from the snail, the infective cercariae 
swim, penetrate the skin of the human host @, and shed their forked tall, becoming schistosomulae 
@. The schistosomulae migrate through several tissues and stages to their residence in the veins (©, 
©). Adult worms in humans reside in the mesenteric venules in various locations, which at times 
seem to be specific for each species @. For instance, 5. japonicum is more frequently found in the 
superior mesenteric veins draining the small intestine [EN, and S. mansoni occurs more often in the 
superior mesenteric veins draining the large intestine |" However, both species can occupy either 
location, and they are capable of moving between sites, so it is not possible to state unequivocally 
that one species only occurs in one location. S. haematobium most often occurs in the venous plexus 
of bladder (©, but it can also be found in the rectal venules. The females (size 7 to 20 um; males 
slightly smaller) deposit eggs in the small venules of the portal and perivesical systems. The eggs are 
moved progressively toward the lumen of the intestine (S. mansoni and S. japonicum) and of the 
bladder and ureters (S. haematobium), and are eliminated with feces or urine, respectively. 

Pathology of S. mansoni and S. japonicum schistosomiasis includes: Katayama fever, hepatic 
perisinusoidal egg granulomas, Symmers’ pipe stem periportal fibrosis, portal hypertension, and 
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occasional embolic egg granulomas in brain or spinal cord. Pathology of S, haematobium 
schistosomiasis includes: hematuria, scarring, calcification, squamous cell carcinoma, and occasional 
embolic egg granulomas in brain or spinal cord. Human contact with water is thus necessary for 
infection by schistosomes. Various animals, such as dogs, cats, rodents, pigs, hourse and goats, 
serve as reservoirs for S. japonicum, and dogs for S. mekongi. (SOURCE: CDC) 


Adults of S. japonicum live in the anterior mesenteric blood vessels and in the portal vein in the 
liver; while the adults of S. haematobium live in the vesical plexus draining the bladder. 


Once the eggs are laid by the adult female worms the majority of them first pass through the 
veins of the blood vessel in which the worm is living, and then into the lumen of the intestine 
and are passed in the feces (S. mansoni and S. japonicum), or into the lumen of the bladder, 
and are then passed in the urine (S. haematobium). Those eggs that reach fresh water hatch, 
releasing a miracidium which, to develop further must infect a snail of the correct species 
within 24 hours. The eggs of each species are markedly different but each produce virtually 
identical miracidium, 


Asexual multiplication takes place in the snail, and results in the release of cercariae (minute in 
size with forked tails, 200um long) into the water about 3-6 weeks later. Cercariae actively 
swim around and when they have located, or come into contact with, a definitive host they 
actively penetrate the skin. They can stay active looking for a host for 24-48 hours after which 
if they don't find a host they will die. The head of the cercariae migrates to the liver and 
develops into either adult male or female worms (flukes), here they pair up and then migrate to 
their region of the venous blood system (species specific sites). The females leave the males 
and moves to smaller venules closer to the lumen of the intestine or bladder to lay her eggs 
(about six weeks after infection). The majority of adult worms live from 2-4 years, but some 
can live considerably longer. 


Schistosoma mansoni 

Introduction 

S. mansoni occurs in West and Central Africa, Egypt, Malagasy, the Arabian Peninsula, Brazil, 
Surinam, Venezuela and the West Indies. The intermediate host is an aquatic snail of the 
genus Biomphalaria. Man is the most common definitive host, occasionally baboons and rats 
are infected. 

The adult worms live in smaller branches of the inferior mesenteric vein in the lower colon. 
Morphology 

The adult males measure up to 15 millimeters in length and females up to 104m. The 


schistosomes remain in copula throughout their life span, the uxorious male surrounding the 
female with his gynaecophoric canal. The male is actually flat but the sides roll up forming the 
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groove. The cuticle of the male is covered with minute papillae. The female only posses these 
at the anterior and posterior end as the middle section being covered by the male body. Oral 
and ventral suckers are present, with the ventral one being lager serving to hold the worms in 
place, preventing them being carried away by the circulatory current. 


The ova of S. mansoni are 114-175y1m long by 45-68yum wide. They are light yellowish brown, 
elongate and possess a lateral spine. The shell is acid fast when stained with modified ZiehI- 
Neelsen Stain. 


A non-viable egg is dark colored and shows no internal structural detail or flame cell 
movement. Eggs can become calcified after treatment and are usually smaller, appear black 
and often distorted with a less distinct spine. 


Image 6-7. Micrograph of a S. mansoni ova, clearly showing its lateral spine which is a good 
distinguishing factor when identifying Schistosome ova. They range in size between 114-175,m long 
by 45-68um wide. (SOURCE: PHIL 4841 - CDC) 


The schistosomes differ from other trematodes in that they are dioecious, digenetic, their eggs 
are not operculate and infection is acquired by penetration of cercaria through the skin. 


Clinical Disease 


The clinical disease is related to the stage of infection, previous host exposure, worm burden 
and host response. Cercarial dermatitis (swimmers itch) follows skin penetration and results in 
a maculopapular rash which may last 36 hours or more. 


After mating, the mature flukes migrate to the venules draining the large intestine. Their eggs 
are laid and they penetrate the intestinal wall. They are then excreted in the feces, often 
accompanied by blood and mucus. 


Itis the eggs and not the adult worms, which are responsible for the pathology associated with 


S. mansoni infections. The adult flukes acquire host antigen which protects them from the 
host's immune response. 
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The host's reaction to the eggs which are lodged in the intestinal mucosa, leads to the 
formation of granulomata and ulceration of the intestinal wall. Some of the eggs reach the liver 
via the portal vein. The granulomatous response to these eggs can result in the enlargement of 
the liver with fibrosis, ultimately leading to portal hypertension and ascites. The spleen may 
also become enlarged. Other complications may arise as a result of deposition of the eggs in 
other organs e.g. lungs. 


Katayama fever is associated with heavy primary infection and egg production. Clinical 
features include high fever, hepatosplenomegaly, lymphadenopathy, eosinohilia and 
dysentery. This syndrome occurs a few weeks after primary infection. 

Laboratory Diagnosis 

Microscopy 

Laboratory confirmation of S. mansoni infection can be made by finding the eggs in the feces 
after an iodine stained, formol-ether concentration method. When eggs cannot be found in the 
feces, a rectal biopsy can be examined. 

Serology 

Serological tests are of value in the diagnosis of schistosomiasis when eggs cannot be found. 


An enzyme linked immunosorbent assay (ELISA) using soluble egg antigen, is employed at 
HTD. 


Schistosoma japonicum 
Introduction 


Schistosoma japonicum is found in China, Japan, the Philippines, and Indonesia. It causes 
disease of the bowel with the eggs being passed out in the feces. 


It differs form S. mansoni and S. haematobium in that it is a zoonosis in which a large number 
of mammals serve as reservoir hosts; cats, dogs and cattle playing major roles in the 
transmission of the disease. 


The life cycle is not very different from that of S. mansoni, the intermediate hosts are from the 
subspecies Oncomelania hupensis. Sexual maturity is reached in about four weeks and eggs 
may be seen in the feces as quickly as five weeks. 


The worms live coupled together in the superior, mesenteric veins and deposit 1500-3500 


eggs per day in the vessels of the intestinal wall. The eggs infiltrate through the tissues and 
are passed in the feces. 
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Morphology 


The adult worms are longer and narrower than the S. mansoni worms. The ova are about 55- 
85m by 40-60um, oval with a minute lateral spine or knob. 


Clinical Disease 


The main lesions are again due to the eggs, occurring in the intestine and liver. The eggs 
which are sequesters in the intestine mucosa or submucosa initiate granulomatous reactions, 
resulting in the formation of pseudotubercles. 


Image 6-8. Unstained micrograph of a S. japonicum ova. They are oval in shape with a minute lateral 
spine or knob. (SOURCE: PHIL 649 - CDC/Dr. Moore) 


Due to the number of eggs released by the females the infection is more severe than one with 
S. mansoni. This is also due to the parasite being less well adapted to man, therefore, the 
circumoval granuloma is very large. The initial illness can be prolonged and sometimes fatal. 


Laboratory Diagnosis 
Microscopy 
Laboratory confirmation of S. japonicum infection can be made by finding the eggs in the feces 


after an iodine stained, formol-ether concentration method. When eggs cannot be found in the 
feces, a rectal biopsy can be examined. 
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Other Intestinal Schistosome species 


Other Schistosome species which are responsible for human disease are S. mekongi and S. 
intercalatum. These two species cause similar symptoms to that of S. mansoni and can be 
summarized in Table 6-3. 


S. mekongi S. intercalatum 
Mekong River basin Central and west Africa 


Stool, rectal biopsy, serology _| Stool, rectal biopsy, serology 


30-55um by 60-65nm 140-240um by 50-85um 
Oval, minute lateral spine or Elongate, terminal spine 
knob 


Table 6-4. Table describing the other less common intestinal Schistosome species that are known to 
cause disease in man. (SOURCE: CDC) 


Schistosoma haematobium 
Introduction 


Schistosoma haematobium is different from the other two species previously mentioned in that 
it causes urinary schistosomiasis. It occurs in Africa, India and the Middle East. The 
intermediate host is the Bulinus snail. 


Just like S. mansoni, its distribution runs parallel to the irrigation projects and in areas which 
favor the intermediate hosts. They are exclusively parasites of man. 


The mature worms live in copula mainly in the inferior mesenteric veins and the females 
deposit their eggs in the walls of the bladder and finally making their way into the urine. The life 
cycle is very similar to that of S. mansoni, with sexual maturity being reached within 4-5 
weeks, but eggs may not appear in the urine until 10-12 weeks or even later. 


Morphology 
The adult worms are longer than those of S. mansoni. The ova are relatively large, measuring 


110-170um in length and 40-70um in width. They have an elongated ellipsoid shape with a 
prominent terminal spine. 
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Image 6-9. Schistosoma haematobium eggs are elongated with a prominent terminal spine. The 
larva inside the egg produces an enzyme that passes through the egg-shell. (SOURCE: PHIL 4843 - 
cDc) 


Clinical Disease 


The clinical disease is related to the stage of infection, previous host exposure, worm burden 
and host response. Cercarial dermatitis (Swimmer's Itch) following skin penetration, results in 
a maculopapular rash and can last 36 hours or more. The mature flukes of S. haematobium 
migrate to the veins surrounding the bladder. After mating, the eggs are laid in the venules of 
the bladder and many penetrate through the mucosa, enter the lumen of the bladder and are 
excreted in the urine accompanied by blood. Thus hematuria and proteinuria are 
characteristic, though not invariable features of urinary schistosomiasis. 


As with all Schistosoma species, it is the eggs and not the adult worms which are responsible 
for the pathology associated with S. haematobium. In chronic disease, eggs become trapped 
in the bladder walll resulting in the formation of granulomata. Following prolonged infection, the 
ureters may become obstructed and the bladder becomes thickened resulting in abnormal 
bladder function, urinary infection and kidney damage. Chronic urinary schistosomiasis is 
associated with squamous cell bladder cancer. Heavy infections in males may involve the 
penis resulting in scrotal lymphatics being blocked by the eggs. 


Laboratory Diagnosis 

The definitive diagnosis of urinary schistosomiasis is made by finding the characteristic ova of 
S. haematobium in urine. Terminal urine should be collected as the terminal drops contain a 
large proportion of the eggs. The urine can either be centrifuged and the deposit examined 


microscopically for ova. Eggs can sometimes be found in seminal fluid in males. 


A bladder biopsy is seldom necessary to make the diagnosis. A rectal snip may show the 
presence of ova as they sometimes pass into the rectal mucosa. 


-113- 


Serological tests can be of value when eggs cannot be found in clinical samples. An enzyme 
linked immunosorbent assay using soluble egg antigen to detect antischistosome antibody is 
most sensitive. 


There is a marked periodicity associated with the time when most eggs are passed out. Higher 


numbers of eggs are encountered in urine specimens passed between 1000 and 1400 hours, 
presumably as a result of changes in the host's metabolic and physical activities. 
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Chapter 7. 
Tissue Dwelling Nematodes 


7.1 Unusual Tissue Dwelling Nematodes 


Many species of nematodes are known to indirectly infect man causing an array of symptoms 
and diseases. Many of the larvae of these parasites cause serious zoonosis in man. These 
parasites are known to infect many intermediate hosts during their life cycle with a variety of 
animals being the definitive host, while man is normally an accidental definitive host. 


Angiostrongylus (Parastrongylus) cantonensis 


Introduction 


Angiostrongylus cantonensis was first described in 1944 in Taiwan from a boy with suspected 
meningitis. Since then it has been recognized throughout the Pacific areas with sporadic cases 
reported in other parts of the world including Central America and Cuba It is associated with 
eosinophilic meningitis. The species A. cantonensis and A. costaricensis have now been 
reclassified into the genus Parastrongylus. 


Angjostrongylus cantonensis is also known as the rat nematodes where the main cause of 
eosinophilic meningitis is infection with the larvae of this nematode. Man and rats become 
infected by eating infected mollusks of the giant land snail (intermediate hosts) or food which is 
contaminated by the snails’ bodies. 


Life Cycle and Transmission 


‘Adult worms of A. cantonensis live in the pulmonary arteries of rats. The females lay eggs that 
hatch, yielding first-stage larvae, in the terminal branches of the pulmonary arteries. The first- 
stage larvae migrate to the pharynx, are swallowed, and passed in the feces. They penetrate, 
or are ingested by, an intermediate host (snail or slug). After two molts, third-stage larvae are 
produced, which are infective to mammalian hosts. When the mollusk is ingested by the 
definitive host, the third-stage larvae migrate to the brain where they develop into young 
adults. The young adults return to the venous system and then the pulmonary arteries where 
they become sexually mature. Of note, various animals act as paratenic (transport) hosts: 
after ingesting the infected snails, they carry the third-stage larvae which can resume their 
development when the paratenic host is ingested by a definitive host. Humans can acquire the 
infection by eating raw or undercooked snails or slugs infected with the parasite; they may also 


-115- 


Potentiometers 


Optical rotary encoders of this type cost about 
five times as much as mechanical rotary encod- 
ers at the time of writing, but their longevity 
and their clean output signals make them an 
attractive alternative, and the price difference 
may diminish over time. 


Figure 7-7 A compact incremental optical rotary encoder 
In the MRB25 series from Megatron Elektronik AG & Co, 


Encoders such as the Avago HEDS-9 series are 
not protectively enclosed, and require assem- 
bly with a codewheel supplied by the manufac- 
turer. See Figure 6-6 for additional information. 


‘A more basic optical rotary encoder, shown in 
Figure 7-8, is sold by Cytron Technologies as an 
optical switch mounted on a small board, with a 
separate codewheel consisting of a slotted disc. 
This low-cost kit is intended for use in DIY 
robotics. More information about optical 
switches will be found in the entry dealing with 
optical presence sensors. See Figure 3-3. 


Figure 7-8 A bare-bones optical encoder for DIY robot 


spatial > orientation > rotary position 


Computer Mouse Principles 
The original design of a computer mouse, with 
a hard rubber ball, contained two optical rotary 
encoders oriented at right angles to each other. 
Each of them used a transmissive codewheel. 
The rolling ball turned the codewheels as the 
mouse was moved across a desktop, and elec- 
tronics in the mouse converted the outputs 
from the encoders into a pulse train that could 
be interpreted by a computer. Figure 7-9 shows 
the primary components. 


Figure 7-9 From Wikimedia Commons, this rendering by 
Jeremy Kemp shows (1) rotation ofthe ball, (2) araller 
touching the ball, (3) a transmissive optical codewheet 
(4) an infrared LED that shines through a second code- 
Wheel, and (5) a sensor detecting the pulses of light. 


‘An optical mouse works on a different principle, 
maintaining a monochrome image of the desk 
surface on an optical array that functions like a 
very low-resolution camera sensor. Electronics 
in the mouse detect displacement of the image 
as the mouse is moved. 


Rotational Speed 
Incremental rotary encoders, which only supply 
relative data, are adequate in many applica- 
ions, especially speed measurement, where a 
microcontroller can compare a pulse stream 
from a sensor with a target frequency, and can 
also provide feedback to control motor speed 
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acquire the infection by eating raw produce that contains a small snail or slug, or part of one. 
There is some question whether or not larvae can exit the infected mollusks in slime (which 
may be infective to humans if ingested, for example, on produce). The disease can also be 
acquired by ingestion of contaminated or infected paratenic animals (crabs, freshwater 
shrimp). In humans, juvenile worms migrate to the brain, or rarely in the lungs, where the 
worms ultimately die. The life cycle of Angiostrongylus (Parastrongylus) costaricensis is 
similar, except that the adult worms reside in the arterioles of the ileocecal area of the 
definitive host. In humans, A. costaricensis often reaches sexual maturity and release eggs 
into the intestinal tissues. The eggs and larvae degenerate and cause intense local 
inflammatory reactions and do not appear to be shed in the stool. 
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Illustration 7-1. Life cycle of the rat nematode Angiostrongylus cantonensis. Adult worms of A. 
cantonensis live in the pulmonary arteries of rats. The females lay eggs that hatch, yielding first- 
stage larvae, in the terminal branches of the pulmonary arteries. The first-stage larvae migrate to the 
pharynx, are swallowed, and passed in the feces. They penetrate, or are ingested by, an intermediate 
host (snail or slug). ‘After two molts, third-stage larvae are produced, which are infective to 
mammalian hosts. When the mollusk is ingested by the definitive host, the third-stage larvae migrate 
to the brain where they develop into young adults. The young adults return to the venous system and 
then the pulmonary arteries where they become sexually mature. Of note, various animals act as 
paratenic (transport) hosts: after ingesting the infected snails, they carry the third-stage larvae which 
can resume their development when the paratenic host is ingested by a definitive host. Humans can 
acquire the infection by eating raw or undercooked snails or slugs infected with the parasite; they may 
also acquire the infection by eating raw produce that contains a small snail or slug, or part of one. 

There is some question whether or not larvae can exit the infected mollusks in slime (which may be 
infective to humans if ingested, for example, on produce). The disease can also be acquired by 
ingestion of contaminated or infected paratenic animals (crabs, freshwater shrimps). In humans, 
juvenile worms migrate to the brain, or rarely in the lungs, where the worms ultimately die. The life 
cycle of Angiostrongylus (Parastrongylus) costaricensis is similar, except that the adult worms reside 
in the arterioles of the ileocecal area of the definitive host. In humans, A. costaricensis often reaches 
sexual maturity and release eggs into the intestinal tissues. The eggs and larvae degenerate and 
cause intense local inflammatory reactions and do not appear to be shed in the stool. (SOURCE: CDC) 


Morphology 


Angjostrongylus cantonensis is a long slender worm measuring between 17 and 25 um long by 
0.26 to 0.34 um wide. 


Image 7-1. The adult worms of Angiostrongylus cantonensis. They measure between 17-25yum long 
and reside in the pulmonary arteries and arterioles of the definitive hosts. (x 3.5) (SOURCE: CDC) 
Symptoms 
The incubation period is usually about 20 days but can be up to 47 days. Infection in man is 


usually self-limiting but can result in fatalities. The main symptom is severe headache but 
other symptoms include convulsions, vomiting, facial paralyses, paresthesia, neck stiffness 
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and fever. It is accompanied by moderate eosinophilia in the CSF (.. the cell count is 100 — 
2000/um*). Blood eosinophilia is also common. Eye involvement is accompanied by visual 
impairment, ocular pain, keratitis and retinal edema. Living worms have been reported and are 
removed surgically. 


Laboratory Diagnosis 


Presumptive diagnosis can be made on the basis of the patients’ symptoms (i.e. fever, 
meningitis, ocular involvement and severe headache). Eosinophilia in CSF and peripheral 
blood is also suggestive. Larvae or young adults can be recovered in the CSF. ELISA 
methods can also provide confirmation. 


Angiostrongylus (Parastrongylus) costaricensis 
Introduction 


Angiostrongylus costaricensis was first described in 1971. Human infections are most 
common in Costa Rica but have been reported in Mexico, Central and South America. 


Life Cycle 


The life cycle is similar to A. cantonensis, (above) with the human being an accidental host by 
consumption of snails and salad vegetables which have become contaminated by infective 
larvae that have been shed by slugs in their mucus. Unlike A. cantonensis, the larvae of A. 
costaricensis penetrates the intestinal wall and results in inflammatory lesions of the bowel 
wall. Here the life cycle ends. 


Morphology 


The eggs are 90um, oval, thin shelled and can be embryonated. The adult female measures 
42 x 300um and the males measure 22 x 140m. 
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Image 7-2. A: Eggs of Angiostrongylus costaricensis. B: Larva of A. costaricensis. In humans, eggs 
and larvae are not normally excreted, but remain sequestered in tissues. Both eggs and larvae 


(occasionally adult worms) of A. costaricensis can be identified in biopsy or surgical specimens of 
intestinal tissue. The larvae need to be distinguished from larvae of Strongyloides stercoralis; 


however, the presence of granulomas containing thin shelled eggs and/or larvae serve to distinguish 
‘A. costaricensis infections. (SOURCE: CDC) 


Image 7-3. Picture showing the adult Angiostrongylus costaricensis worms in the natural 
host of a rat. The worms normally localize within the mesenteric arteries, especially those of 
the ileocecal region of the natural definitive host. (SOURCE: CDC) 


Clinical Disease 


The most common symptoms are pain and tenderness with fever, vomiting and diarrhea. A 
tumor-like mass is often palpable and can mimic malignancy. The symptoms of abdominal 
pain, vomiting and diarrhea, and anorexia, are often mistaken for those of appendicitis. 
Worms can be found in the regional lymph nodes and mesenteric arteries. They can also be 
found in the spermatic arteries causing testicular obstruction and necrosis. Occasionally the 
larvae and the ova reach the liver and symptoms may mimic visceral larvae migrans. 
Eosinophilia is also present. 
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Anisakiasis 
Introduction 


Anisakiasis is a collective name for infections belonging to the genera of nematodes, Anisakis, 
Phokanema, Terranova and Contracaecum. The adult worms from the many species 
belonging to this family, Anisakidae, occur in various sea mammals, seals, dolphins, porpoises 
and whales, the larvae can cause a serious zoonosis, anisakiasis, in man. Anisakiasis was first 
reported in the Netherlands in 1960 and since then cases have been reported from Japan, 
North America, Canada, Chile, and the United Kingdom with the increase in popularity of 
‘sushi’. 


Two species of nematode have been especially implicated worldwide in causing human 
anisakiasis, Anisakis simplex and Pseudoterranova osculatum. The larvae of P. osculatum can 
be distinguished from A. simplex by the possession of a cecum. 


Life Cycle 


These nematodes are parasites in a large number of marine animals including seals, sea-lions, 
whales, and dolphins. It is in these mammals that the adult worm is found. Eggs are passed 
out in the feces of these mammals, they embryonate and hatch to liberate the first stage larvae 
into the sea water. These larvae then become ingested by crustaceans and molt to become Lz 
and Ls larvae. If fish and squid eat the infected crustaceans, the third stage larvae become 
liberated and penetrate the intestine or muscles of that host. These larvae then encyst. Over 
100 species of fish can act as intermediate hosts. The marine mammals ingest the fish and 
thus the cycle is completed. 


Humans become infected by consuming raw or improperly cooked fish which contain the third 
stage larvae. 
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Ilustration 7-2. Adult stages of Anisakis simplex or Pseudoterranova decipiens reside in the 
stomach of marine mammals, where they are embedded in the mucosa, in clusters, Unembryonated 
eggs produced by adult females are passed in the feces of marine mammals @. The eggs become 
embryonated in water, and first-stage larvae are formed in the eggs. The larvae molt, becoming 
second-stage larvae ®, and after the larvae hatch from the eggs, they become free-swimming 
Larvae released from the eggs are ingested by crustaceans @. The ingested larvae develop into third- 
stage larvae that are infective to fish and squid @. The larvae migrate from the intestine to the 
tissues in the peritoneal cavity and grow up to 3 cm in length. Upon the host's death, larvae migrate 
to the muscle tissues, and through predation, the larvae are transferred from fish to fish. Fish and 
squid maintain third-stage larvae that are infective to humans and marine mammals @. When fish or 
squid containing third-stage larvae are ingested by marine mammals, the larvae molt twice and 
develop into adult worms. The adult females produce eggs that are shed by marine mammals @. 
Humans become infected by eating raw or undercooked infected marine fish @. After ingestion, the 
anisakid larvae penetrate the gastric and intestinal mucosa, causing the symptoms of anisakiasis. 
(SOURCE: CDC) 
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Morphology 


The larvae reach a length of 50m with a diameter of 1-2ym. Classification of the Anisakids is 
made by the structure of the digestive tract. 


Illustration 7-3. Line diagram representing the morphology of the third stage larvae of Anisakis 
simplex (from fish), it is the causative organism of anisakiasis in man. (SOURCE: Smyth, J.D, 1994) 


Clinical Disease 


After ingestion of the raw fish by humans, the larvae penetrate the intestinal wall resulting in 
inhabitation of the stomach or duodenum, but can be found in any part if the alimentary canal 
or outside the gut in various viscera. The end result is abdominal pain, nausea, and sometimes 
vomiting and diarrhea, often occurring within 6 hours of eating an infected meal. Abdominal 
irritation may mimic gastric ulcer, carcinoma, appendicitis or other conditions requiring surgery. 
Eosinophilic granulosus may result. 


Transient anisakiasis which has been reported in North America is characterized by some 
vomiting and distress within a few hours of ingesting the fish and then quickly subsides. The 
larvae can be coughed up a few days later. Low grade eosinophilia and occult blood in the 
stool are common. 

Laboratory Diagnosis 


Diagnosis can only be confirmed by endoscopy and the removal of the worms by biopsy 
forceps and microscopic identification. 
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Epidemiology and Prevention 


Anisakis larvae are usually found in herring, mackerel, and North American salmon. 
Pseudoterranova are found in cod, halibut, rockfish, sardines, and squid. 


Human infections result from eating raw fish, insufficiently cooked or smoked fish, marinated or 
salted fish. Freezing fish at -20°C (-4°F) for a minimum of five days kills the larvae and thus the 
fish is suitable for consumption in dishes like sushi. Smoking the fish at temperatures >65°C 
(149°F) renders it suitable for consumption. Marinating or salting the fish cannot be depended 
upon to kill the larvae, however adequately cleaning the fish can render it safe for 
consumption. Human anisakiasis has been virtually eliminated from the Netherlands due to 
the mandatory freezing of herring. 


Gnathostoma spinigerum 


Introduction 
Several species of the genus Gnathostoma are responsible for zoonotic infections in man. 
Gnathostoma spinigerum is a nematode found in dogs, cats, and several other carnivores. 


Human infections of the disease have been reported from Japan, China, Thailand, the Far 
East, and the Philippines, with man acquiring the infection from eating various freshwater fish. 


Life Cycle 


The life cycle of this parasite involves two intermediate hosts, cyclops and birds, snakes, fish 
and frogs where they mature before developing into adults in the definitive hosts. 
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Illustration 7-4. Diagram illustrating the life cycle of Gnathostoma spinigerum. In the 
natural definitive host (pigs, cats, dogs, wild animals) the adult worms reside in a tumor 
which they induce in the gastric wall. They deposit eggs that are unembryonated when 
passed in the feces @ Eggs become embryonated in water, and eggs release first-stage 
larvae @. If ingested by a small crustacean (Cyclops, first intermediate host), the first- 
stage larvae develop into second-stage larvae ©. Following ingestion of the Cyclops by a 
fish, frog, or snake (second intermediate host), the second-stage larvae migrate into the 
flesh and develop into third-stage larvae @. When the second intermediate host is ingested 

a definitive host, the third-stage larvae develop into adult parasites in the stomach wall 

Alternatively, the second intermediate host may be ingested by the paratenic host 
(animals such as birds, snakes, and frogs) in which the third-stage larvae do not develop 
further but remain infective to the next predator @. Humans become infected by eating 
undercooked fish or poultry containing third-stage larvae, or reportedly by drinking water 
containing infective second-stage larvae in Cyclops @. 
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If the infected fish or frogs are eaten by other hosts, apart from the definitive hosts, (paratenic 
host), such as herons, pigs and man, they do not mature but migrate through the 
subcutaneous tissues causing visceral and cutaneous larva migrans. 


Morphology 
The adult female worms measure 25-54m whereas the male measures 11-25um. The 


anterior half of the worm is covered with leaf like spines. The male worms have a red tail while 
the larger females have a more curved tail. The larval worms are 4um long. 


Image 7-4. Adult worms of Gnathostoma spinigerum. The males are smaller than the 
females and possess a red tail. (x 1.3) (SOURCE: CDC/Medscape) 


Image 7-5. Third stage larval Head of Gnathostoma spinigerum. (SOURCE: 
CDC/Medscape) 
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spatial > orientation > rotary position 
appropriately. This is convenient when a step- 
per motor is being used, or a DC motor that is 
controlled with pulse-width modulation. (See 
the entry on motors in Volume 1.) 


Toothed wheels or magnetized wheels are 
commonly used to measure speed of rotation 
in applications ranging from automobile trans- 
missions to computer disk drives. 


While a second sensor can be added to deter- 
mine the direction of rotation, this still does not 
provide information about the absolute orien- 
tation of a part. 


Absolute Position 

If associated electronics are equipped with 
nonvolatile memory, it may be used to store a 
sensor-wheel position from one session to the 
next. This may be sufficient in noncritical appli- 
cations such as volume control in a car radio or 
stereo system 


Alternatively, an additional single window in an 
optical wheel can activate a home sensor. When 
the device is powered up, the wheel is turned 
until the home sensor is triggered, at which 
point the orientation of the wheel is known, 
and subsequent pulses from rotation sensor(s) 
will add or subtract angular information. 


The pulse generated by a home sensor may be 
described in datasheets as a reference signal or 
index signal. In the early days of desktop com- 
puters, each 5.25-inch floppy diskette was per- 
forated with an index hole for this purpose. 


The Gray Code 

For greater reliability in determining absolute 
position, an optical wheel can be divided into 
several concentric tracks, each of which con- 
tains a different coded sequence and is 
assigned its own light emitter and light sensor. 
The sensors are arranged in a radial line to scan 
the disc as it rotates. Since each detector will 
provide either a signal or no signal, output from 
the set of sensors can be combined to create a 
binary number. 


Figure 7-10 shows binary codes from 0000 
through 1111, corresponding with decimal 
numbers 0 through 15, where a white square is 
equivalent to a numeral 1 and a black square is 
equivalent to a numeral 0. 


Figure 7-10 Binary codes from 0000 through 2111, using 
Uhite to represent 1 and black to represent 0. 


Figure 7-11 shows this system mapped onto a 
codewheel. The red circles indicate the loca- 
tions of four stationary light detectors, which 
begin by providing a reading of 0000, since 
they coincide with four opaque areas of the 
wheel. Now if the wheel makes 1/16th of a full 
rotation in the direction of the arrow, the detec- 
tors will register 0001. If the wheel continues to 
rotate, the detectors will count in binary up to 
1111 before the sequence repeats. 


The problem with this design is that small man- 
ufacturing inaccuracies and other imperfec- 
tions will result in some light detectors 
responding fractionally more quickly than oth- 
ers as the wheel rotates. This will occur in tran- 
itions where two or more adjacent segments 
of the wheel change between transparency 
and opacity. For instance, where 0011 is fol- 
lowed by 0100, transient values of 0010, 0001, 
0111, 0110, o 0101 are possible. Although they 
will be brief, these values may trigger associ- 
ated electronics. 
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Clinical Disease 


Humans are accidental hosts and after ingestion, the larvae do not mature but migrate 
throughout the body via the intestinal wall. Symptoms include epigastric pain, vomiting and 
anorexia. These symptoms subside as the larvae continue their migratory path through the 
cutaneous tissue. Evidence of migration appears as either lesions similar to cutaneous larvae 
migrans or migratory swellings accompanied by inflammation, redness or pain. The swelling is 
hard and non-pitted and lasts for several days. These migratory lesions may be accompanied 
by pruritis and pain. There is marked eosinophilia in patients with cutaneous involvement. 
Ocular involvement resulting in blindness may occur in serious disease. Eosinophilic 
myeloencephalitis may result from migration of the worms along the nerve tracks. Symptoms 
may include pain, paralyses, seizures, coma and death. The CSF may be xanthochromic 
(yellowish discoloration) or bloody. 


Laboratory Diagnosis 


Presumptive diagnosis may be made on the basis of clinical symptoms. Definitive diagnosis is 
the recovery and identification of the worm since the symptoms may be suggestive of 
Sparganosis, paragonimiasis and cutaneous larvae migrans and myiasis. A bloody spinal fluid 
or xanthochromia may resemble infection with Angiostrongylus cantonensis. 


Trichinella spiralis 
Introduction 


Trichinella spiralis was first seen by James Paget, but was named and described by his 
Professor, Richard Owen. The family Trichinellidae contains only one single genus; Trichinella, 
and was originally thought only to contain the one species; Trichinella spiralis, which causes 
the serious and often fatal disease in man known as trichinosis (Trichinellosis). It is a parasite 
of carnivorous animals and is especially common in rats and in swine fed on uncooked 
garbage and slaughter house scraps. Humans become infected by eating raw pork, with 
sausages being the most common cause of infection. It is a cosmopolitan parasite and is 
common in China, though prevalent in many European countries as well. 


It is now thought that there are four varieties of this species that exists worldwide; 


Trichinella spiralis spiralis - Temperate zone — high infectivity for pigs, rats and man. 
Trichinella spiralis nelsoni - Tropics - low infectivity for pigs and rats and high infectivity 
for lions, hyenas. 

Trichinella spiralis nativa - Arctic - low infectivity for pigs, found in polar bears, resistant 
to freezing. 

+ Trichinella spiralis pseudospiralis- New Zealand — low infectivity for pigs, rats and mice. 


Trichinella spiralis is a ‘domestic’ parasitic nematode long recognized to cause a zoonosis 
transmitted to man by the ingestion of infected pork. 


- 126 - 


Life Cycle 


Infection in the definitive hosts is acquired by the hosts eating raw or undercooked flesh (e.g. 
pork, containing encapsulated larvae). Rats are probably the most highly infected ‘natural’ 
hosts and pigs become infected by eating infected pork scraps or occasionally rats which 
inhabit their stalls. For man, sausages are a dangerous source of the parasite as a small 
fragment of infected pork, (after mincing), may become widely distributed among a number of 
sausages. 
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Illustration 7-5. The life cycle of Trichinella spiralis. Trichinellosis is acquired by ingesting 
meat containing cysts (encysted larvae) Qof Trichinella. After exposure to gastric acid and 
pepsin, the larvae are released @from the cysts and invade the small bowel mucosa where 
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they develop into adult worms @(female 2.2 mm in length, males 1.2 mm; life span in the 
small bowel: four weeks). After one week, the females release larvae Othat migrate to the 
Striated muscles where they encyst |’. Trichinella pseudospiralis, however, does not 
encyst. Encystment is completed in 4 to 5 weeks and the encysted larvae may remain 
viable for several years. Ingestion of the encysted larvae perpetuates the cycle, Rats and 
rodents are primarily responsible for maintaining the endemicity of this infection. 
Carnivorous/omnivorous animals, such as pigs or bears, feed on infected rodents or meat 
from other animals. Different animal hosts are implicated in the life cycle of the different 
species of Trichinella. Humans are accidentally infected when eating improperly processed 
meat of these carnivorous animals (or eating food contaminated with such meat). (SOURCE: 
CDC/DPDx Trichinellosis) 


Morphology 


The adult female worm is about 2-3m long and 90yum in diameter. The male is smaller 
measuring 1.2um long by 60um in diameter. 


The female adult worms are ovoviparous (born alive from the mother but held as an unshelled 
egg internally until birth, after having no umbilical connection to the mother) and up to 1500 
larvae may be released by a single worm. 


l A [ B 


Image 7-6. A, B: Larvae of Trichinella, freed from their cysts, typically coile: 
to 1.0 um. Alaskan bear. (SOURCE: CDC) 


length: 0.8 


Clinical Disease 


Symptoms during the intestinal phase may go unnoticed or may be severe. Epidemics can 
result in outbreaks of gastro-enteritis, two to seven days after the ingestion of raw pork. 
Diarrhea with or without abdominal pain may last for several weeks. Eosinophilia and fever 
‘occur in most cases. Leukocytosis is common and hyperglobulinaemia (an autoimmune, 
chronic blood disease) is characteristic. Myocytosis and circum orbital edema are classic 
signs. There can also be central nervous system involvement 
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Pathogenicity 


The primary pathogenic effect of Trichinella comes from the destruction of the striated muscle 
fibers in which it encysts. There can be neurological manifestations of trichinosis and death 
may be ascribed to myocarditis, encephalitis or pneumonitis. 


Laboratory Diagnosis 


Diagnosis of trichinosis depends on the clinical signs, such as myalgia, periorbital edema, 
fever and eosinophilia in a patient with a history of eating pork or sausages. 


Serological tests are available but may be negative if carried out within three to four weeks 
post infection. Circulating antibodies to T. spiralis appear from two to four weeks after infection. 
Redefined diagnostic antigens for their detection are currently being developed. A simple IFAT 
employing fragments of larvae as antigen is a useful diagnostic tool. Latex tests with extracted 
larval antigens have also proved valuable in the acute stage, during which high antibody titers 
develop. 


Fibrous sheath 


Connective tissue 


Illustration 7-6. Diagrammatic representation of the Trichinella larvae encapsulated in 
striated muscle. (SOURCE: Smyth, J.D, 1994) 
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Image 7-7. A, B: Encysted larvae of Trichinella in pressed muscle tissue. The coiled 
larvae can be seen inside the cysts. (SOURCE: CDC) 


Muscle biopsy is available with the muscle being digested in pepsin, which frees the 
encapsulated larvae or by a simple device whereby the muscle sample is compressed 
between two glass plates to make it semi-transparent, allowing you to see any encapsulated 
larvae using a ‘trichinoscope’ (a simple magnifying system). 
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Chapter 8. 
Larval Cestodes and 


Nematodes which Infect Man 


8.1 Larval Cestodes which Infect Man 


Infections in man with Echinococcus granulosus, Echinococcus multilocularis, and Multiceps 
multiceps are caused by the accidental ingestion of eggs which are excreted by the definitive 
animal host. The disease that is produced due to the invasion of these parasites is caused by 
the larval stages or hydatid cyst, is known as hydatid disease or hydatidosis. 


Echinococcus granulosus causes cystic echinococcosis, and is the form most frequently 
encountered; E. multilocularis causes alveolar echinococcosis; E. vogeli causes polycystic 
echinococcosis; and E. oligarthrus is an extremely rare cause of human echinococcosis. 


Each cestode possesses an elongated tape-like body which lacks an alimentary canal. The 
adult tapeworms are strings of individuals having a complete set of reproductive organs 
(proglottids) in progressive degrees of sexual maturity and budding off from a body attached to 
the host tissue by a head or scolex. 


The larval stage, show a wide variation being found in almost any organ of both vertebrate and 
invertebrate hosts. 


Echinococcus granulosus 
Introduction 


Echinococcosis or Hydatid disease in man is caused by the larval stage of the dog tapeworm, 
Echinococcus granulosus. Hydatid disease is most extensively found in East Africa, North 
Africa, South Africa, the Middle East, and parts of South America, and Australia. The 
intermediate hosts are cattle, sheep, pigs, goats, or camels and the definitive host for this 
disease is the dog or other canids. 
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Life Cycle 
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Illustration 8-1. Life Cyle of Echinococcus granulosus. The adult Echinococcus granulosus 
(3 to 6 mm long) @resides in the small bowel of the definitive hosts, dogs or other canids. 

Gravid proglottids release eggs @that are passed in the feces. After ingestion by a suitable 
intermediate host (under natural conditions: sheep, goat, swine, cattle, horses, camel), the 
egg hatches in the small bowel and releases an oncosphere @that penetrates the intestinal 
wall and migrates through the circulatory system into various organs, especially the liver 
and lungs. In these organs, the oncosphere develops into a cyst @ that enlarges gradually, 
producing protoscolices and daughter cysts that fill the cyst interior. The definitive host 
becomes infected by ingesting the cyst-containing organs of the infected intermediate host. 

After ingestion, the protoscolices @evaginate, attach to the intestinal mucosa @, and 
develop into adult stages @in 32 to 80 days. The same life cycle occurs with E. 
multilocularis (1.2 to 3.7 mm), with the following differences: the definitive hosts are foxes, 
and to a lesser extent dogs, cats, coyotes and wolves; the intermediate host are small 
rodents; and larval growth (in the liver) remains indefinitely in the proliferative stage, 
resulting in invasion of the surrounding tissues. With E. vogeli (up to 5.6 mm long), the 
definitive hosts are bush dogs and dogs; the intermediate hosts are rodents; and the larval 
stage (in the liver, lungs and other organs) develops both externally and internally, 
resulting in multiple vesicles. E. oligarthrus (up to 2.9 mm long) has a life cycle that 
involves wild felids as definitive hosts and rodents as intermediate hosts. Humans become 
infected by ingesting eggs @, with resulting release of oncospheres @in the intestine and 
the development of cysts ©, ©, ©, O, fi) in various organs. (SOURCE: CDC/DPDx 
Echinococcus) 
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Morphology 


The adult worm measures approximately 3-8.5ym long. The scolex has four suckers and a 
rostellum with hooks, the latter becoming tightly inserted into the crypts of Lieberkihn. The 
mature strobila has only 34 proglottids, one is immature, one is mature and the final one is 
gravid; when gravid the eggs are expelled in the feces. 


hooks 


sucker 


rostellum 


Image 8-1. Echinococcus granulosus scolex. (SOURCE: CDC) 


genital primordium 


Image 8-2. Echinococcus granulosus immature proglottid. (SOURCE: CDC) 
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embryonated eggs 


uterus’ 


Image 8-3. Adult female worms of Echinococcus granulosus with gravid proglottids. 
(SOURCE: CDC) 


Due to the close similarity of the eggs to other Taenia species found in dogs they were until 
recently thought to be morphologically indistinguishable. 


The larvae in man develop into a unilocular cyst which gives rise to unilocular hydatid disease. 
This is characterized as having only one bladder or many completely isolated bladders, each 
enclosed in its own well-developed envelope. The latter consists of several layers, the most 
prominent being the laminated layer. Within this again is the germinal membrane from which 
the brood capsules arise inside which develop thousands of larvae or protoscoleces, the whole 
being suspended in a hydatid fluid. 
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Image 8-4. Unilocular cyst of Echinococcus granulosus. This is characterized as having only 
one bladder or many completely isolated bladders, each enclosed in its own well-developed 
envelope. Inside which develop thousands of larvae or protoscoleces, the whole being 
suspended in a hydatid fluid. These cysts in man give rise to unilocular hydatid disease. 


cl 


al Disease 


Hydatid disease in humans is potentially dangerous depending on the location of the cyst. 
Some cysts may remain undetected for many years until they become large enough to affect 
other organs. Symptoms are then of a space occupying lesion. Lung cysts are usually 
asymptomatic until there is a cough, shortness of breath or chest pain. Hepatic cysts result in 
pressure on the major bile ducts or blood vessels. Expanding hydatid cysts cause necrosis of 
the surrounding tissue. 


Slow leakage of the hydatid fluid results in eosinophilia and rupture of an abdominal hydatid 
cyst results in severe allergic symptoms. 


Symptoms may not manifest themselves for five to 20 years after the infection. 


Laboratory Diagnosis 


1. Imaging and serodiagnosis are the mainstay of diagnosis. Serological tests include 
Enzyme linked immunosorbent assay (ELISA), an indirect hemagglutination test a 
complement fixation test and a Western Blot system. 


2. Microscopic examination of the cyst fluid to look for the characteristic protoscoleces which 
can be either invaginated or evaginated. The cyst fluid will also reveal free hooklets and 
tissue debris. One percent eosin may be added to the fluid to determine the viability of the 
protoscoleces. Viable protoscoleces exclude eosin whereas nonviable protoscoleces take 
up the eosin. 


3. Histological examination of the cyst wall after surgical removal. 
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Figure 7-11 The binary sequence mapped onto a code 
whee! as areas of opacity and transparency. Red circles 
indicate light detectors. 


To eliminate this problem, a different code 
sequence can be used in which only one of the 
four sensors is allowed to make a transition 
from each value to the next. This is called a Gray 
code, and eliminates the issue of simultaneous 
transitions, A commonly used Gray code is 
shown in Figure 7-12. 
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Figure 7-12 A Gray code that allows only one binary digit 
fo change in each transition fram one value to the next. 


Magnetic Rotary Encoders 
If a ferrous wheel is magnetically polarized in 
multiple domains, its rotation can be detected 


tation 


otary position 


by a Hall-effect sensor in much the same way 
that a wheel divided into transparent and opa- 
que sections can be assessed by light detectors 
and emitters. This is illustrated in Figure 7-13, 
where magenta and cyan bands indicate north 
and south magnetic poles. 


Magnetized 
Wheel 
Halbetfect 
Sensor 


Figure 7-13 A Hall-effect sensor can detect the rotation 
ofa whee! that is divided into multiple north and south 
magnetic poles. 


See "Hall-Effect Sensor” for information about 
Hall-effect sensors. 


‘An additional Hall sensor can be added, offset 
from the first, as in Figure 7-14. Once again the 
phase difference between the pulse trains can 
be used to determine the direction of rotation. 


Figure 7-14 Direction of rotation of the wheel can be 
decluced from the phase difference between the pulse 


trains from two sensors. 
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Western Blots 


One serological test which has proved to be of value to diagnosing Hydatid disease is the 
Western Blot. The test presents a definitive means for detection of human antibodies to the 
cestode E. granulosus. 


Diagnosis can be achieved using the Western Blot assay for the detection of IgG antibodies in 
serum reactive with E. granulosus antigens present on a membrane. Field studies support a 
sensitivity of 80% and specificity of 100% in patients with hepatic cysts. 


This assay is known as the Qualicode™ Hydatid Disease Kit; the principle behind the test is 
that it is a qualitative membrane-based immunoassay manufactured from £. granulosus 
proteins. The E. granulosus proteins are fractionated according to molecular weight by 
electrophoresis on a ployacrylamide slab gel (PAGE) in the presence of sodium dodecyl 
sulfate (SDS). The separated E. granulosus proteins are then transferred via electrophoretic 
blotting from the gel into strips for testing of individual samples. 


During the procedure, the strips containing the E. granulosus proteins are incubated with 
serum specimens and washed to remove unbound antibodies. 


Visualization of human immunoglobulins specifically bound to E. granulosus proteins is 
performed by sequential reaction with goat anti-human immunoglobulin-alkaline phosphatase 
conjugate and BCIP/NBT substrate. Bands corresponding to the positions of the resoled E. 
granulosus proteins will be visualized on the strip, indications the presence in the serum 
sample of IgG antibodies direct against E. granulosus antigens. Band positions are compared 
to those on a reference strip developed using the Hydatid disease positive control 


Prevention 


+ Safe disposal of dog feces. 
+ Education to prevent feeding uncooked offal to dogs. 


Echinococcus multilocularis 
Introduction 


The larvae of Echinococcus multilocularis is a particularly dangerous species causing 
multilocular (alveolar) hydatid disease in man and animals and is common in the highlands of 
Europe i.e. Switzerland and Germany, in Canada, Alaska and Northern Russia. The most 
common definitive hosts are foxes and wolves in addition to domestic cats and dogs when they 
have access to infected rodents. 
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Life Cycle 


Foxes (1) are the primary definitive hosts although in domestic circumstances dogs (1a) and 
cats (1b) can act as the definitive host. Rodents (4) are the intermediate hosts. Man (4a) is an 
accidental host by the ingestion of eggs (2) where multilocular cysts are formed (3). In these 
cysts, the limiting membrane is thin and the germinal epithelium may bud off externally 
resulting in proliferation in any direction (5). Metastases may occur. Unlike E. granulosus, 
there is little fluid in the cysts of E. multilocularis. 


Illustration 8-3: Life cycle of Echinococcus multilocularis. (SOURCE: Unknown) 


Morphology 


Larvae - The larval E. multilocularis is very different from that of E. granulosus. In this case the 
‘cyst’ grows invasively by external budding, forming a diffuse growth through the infected 
organ, replacing that organ’s tissues. The growth itself, (it cannot truly be called a cyst as there 
is no real cyst wall), is composed of numerous cavities containing a gelatinous matrix within 
which protoscolices and numerous brood capsules are produced, and which in its behavior, 
most closely resembles a malignant neoplasm. In contrast to E. granulosus this growth is also 
very rapid. Infective protosocialises being present after only wo to three months, as compared 
to the one to two years in the related metacestode. 


Adults - The adult parasite is very similar to E. granulosus, being slightly smaller, with a 
maximum length of approximately 4um, and consisting of four to five proglottids. 
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Illustration 8-4. Diagrammatic representation of the adult worm if Echinococcus 
multilocularis. (SOURCE: Unknown) 


Clinical Disease 


Cysts form primarily in the liver and growth in the vena cava or portal vein results in 
metastases in the lung or brain. Clinical disease is similar to that of E. granulosus. 


Laboratory Diagnosis 


1. Laboratory diagnosis is can be made by ELISA. 
2. Clinical diagnosis is made by ultrasound. 


- 138 - 


Echinococcus granulosus 


Echinococcus multilocularis 


Slow development of cyst 


Rapid development of cyst 


Cysts have thick-walled chambers 


Cyst has thin-walled chambers 


Separated by connective tissue 


Not separated by connective tissue 


Cyst is fluid filled 


Cyst is gelatinous filled 


Cysts free of host material 


Cyst is contaminated by host material 


Table 8-1. Differences between the hydatid cysts of E. granulosus and E. multilocularis. (SOURCE: 
White) 


Multiceps multiceps 
Introduction 


Multiceps multiceps, is a cestode of cosmopolitan distribution and causes coenuriasis in man. 
The dog is the common definitive host in the USA and UK, with the intermediate stages 
developing in many ungulates, especially sheep. 


Life Cycle 


The adult worm is found in dogs and other canidae. The intermediate hosts comprise of a 
number of herbivorous animals, where the cysts develop in the brain and spinal cord causing a 
disease called ‘staggers’, which affects the balancing powers of the animals. Man becomes 
infected by the accidental ingestion of eggs. The oncosphere hatches and penetrates the 
intestinal wall and the embryo is carried by the blood stream to various parts of the body 
including the central nervous system where it lodges and the cyst or coenurus develops. 
Multiple scolices burst from the inner surface of the cyst wall. The cyst resembles that of a 
cysticercus (Cysticercus cerebralis). Its filled with fluid, semi-transparent and glistening white. 
The cysticercus possesses unusual asexual multiplication, forming a bladder (or coenurus) 
which gives rise to hundreds of daughter protoscoleces directly from its inner wall. 
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Illustration 8-5. Diagrammatic representation of a Multiceps (Taenia) multiceps coenurus cyst. 
(SOURCE: Unknown) 


Clinical Disease 

In humans, coenuri are most frequently found in the brain and spinal cord but also in the 
subcutaneous tissue. Symptoms include headache, vomiting, paraplegia seizures and eye 
problems. The coenurus may cause serious damage or even death, but only a few have ever 
been reported. 


Laboratory Diagnosis 


There are no serological tests available. Diagnosis is achieved by the finding of the coenurus 
cyst in the brain and spinal cord, or in the subcutaneous tissue. 


8.2 Larval Nematodes which Infect Man 


Intestinal capillariasis caused by Capillaria Philippinensis appeared first in the Philippines and 
subsequently in Thailand, Japan, iran, Egypt, and Taiwan, but most infections occur in the 
Philippines and Thailand. As established experimentally, the life cycle involves freshwater fish 
as intermediate hosts and fish-eating birds as definitive hosts. Embryonated eggs from feces 
fed to fish hatch and grow as larvae in the fish intestines. Infective larvae fed to monkeys, 
Mongolian gerbils, and fish-eating birds develop into adults. Larvae become adults in 10 to 11 
days, and the first-generation females produce larvae. These larvae develop into males and 
egg-producing female worms. Eggs pass with the feces, reach water, embryonate, and infect 
fish. Autoinfection is part of the life cycle and leads to hyperinfection. Humans acquire the 
infection by eating small freshwater fish raw. The parasite multiplies, and symptoms of 
diarrhea, borborygmus, abdominal pain, and edema develop. Chronic infections lead to 
malabsorption and hence to protein and electrolyte loss, and death results from irreversible 
effects of the infection. Treatment consists of electrolyte replacement and administration of an 
antidiartheal agent and mebendazole or albendazole. 
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Capillariasis Philippinensis is considered a zoonotic disease of migratory fish-eating birds. The 
eggs are disseminated along flyways and infect the fish, and when fish are eaten raw, the 
disease develops. 


Capillaria Philippinensis 
Introduction 


Intestinal capillariasis was first observed in the Philippines in 1962 and since then it has been 
noted, although less frequently in Thailand, with scattered reports from Taiwan, Japan, Egypt, 
and Iran. Capillaria Philippinensis is a small nematode which burrows into the intestinal 
mucosa of its human host. 


Humans and birds become infected when they eat uncooked or poorly cooked fish. Therefore, 
infections are seen in endemic proportions where uncooked fish is considered a delicacy. 


Life Cycle 


The complete life cycle is not known however, human infection is initiated by the consumption 
of raw fish. The infective larvae are found in the intestine of the fish. When infective fish are 
eaten by humans, the larvae mature and the adult worms live in the intestinal mucosa, mainly 
in the jejunum, where they are usually present in large numbers. Larval stages, oviparous and 
larviparous females are also found in the host's intestine, which suggests that the nematode 
multiplies in the intestine resulting in auto-infection as in Strongyloides infection. The eggs are 
passed out in the feces and embryonate in the soil, a process which takes about 12 days. The 
eggs are ingested by fresh-water fish, they hatch and develop into the infective form in the 
intestine of the fish. 


-141- 


CDC reer 


HEALTHIER PROPLE™ In the intestine, some 
hitp:iiww dpd. cde. govidpdx female worms may 
produce larvae that can 


Teinvade the intestinal 
‘mucosa, resultin, 
internal autorein! 


Eggs passed by birds or 

‘man enter the environment, 

become embryonated and 

fan inctve lavas 
In larvae 

develop in the fish. —— \— 


Illustration 8-6. Diagram of the life cycle of Capillaria Philippinensis. Humans become 
infected from eating infected fish. The disease in man is known as Capillariasis. 
Typically, unembryonated eggs are passed in the human stool “and become embryonated 
in the external environment @; after ingestion by freshwater fish, larvae hatch, penetrate 
the intestine, and migrate to the tissues ©. Ingestion of raw or undercooked fish results in 
infection of the human host ©. The adults of Capillaria Philippinensis (males: 2.3 to 3.2 
mm; females: 2.5 to 4.3 mm) reside in the human small intestine, where they burrow in the 
mucosa ©. The females deposit unembryonated eggs. Some of these become 
embryonated in the intestine, and release larvae that can cause autoinfection. This leads to 
hyperinfection (a massive number of adult worms) ©. Capillaria Philippinensis is currently 
considered a parasite of fish eating birds, which seem to be the natural definitive host @. 
(CDC 3382 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology 


The adult female worm measures 2.5-4.3um, while the males are marginally smaller 
measuring 2.3-3.2)1m. Adult females can produce immature and mature ova as well as free 
larvae that can auto-infect. 


The eggs measure 45m x 21um, and resemble those of Trichuris but have less prominent 
polar plugs. They have a thick striated shell. 


Figure 8-5. Eggs of Capillaria Philippinesis. They are oval in shape and closely resemble the 
eggs of Trichuris but have less prominent plugs. (SOURCE: PHIL 1376/653 - CDC/Dr. Mae 
Melvin) 


Clinical Disease 


Many cases may be asymptomatic, but any manifested symptoms will be related to the worm 
burden. The most common symptoms are watery stools with large fluid loss, anorexia, nausea, 
vomiting, and hypotension. Abdominal distension and edema may also develop. Death can 
ensue from pneumonia, cerebral edema, hypokalemia and heart failure. The large worm 
burden can cause electrolyte imbalance, plasma protein imbalance, and fluid loss, proving fatal 
within 4—6 months if untreated. Villi blunting leads to malabsorption but eosinophilia is not a 
feature of this disease. 


Laboratory Diagnosis 


Diagnosis depends on finding the characteristic eggs or larvae in the feces. Pulmonary 
capillariasis diagnosis relies on finding adult worms or eggs in lung biopsies. 
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Chapter 9. 
Malaria 


9.1 Blood Parasites 


Red Blood cells offer parasites an excellent environment for invasion and survival. 
Haemosporina are the only protozoan parasites which can invade the red blood corpuscles of 
vertebrates. Most, if not all, have multiplicative phases in the reticulo-endothelial system. 


The red blood cells are thin-walled and constantly moving, so absorption of food materials and 
elimination of waste products of metabolism are relatively easy to achieve. They also contain 
rich supplies of protein and oxygen. 


Malarial parasites do not actually penetrate the red blood cell, but enter the cell membrane by 
endocytosis and enclose in a parasitophorous membrane. 


Introduction 


Malaria is the most important tropical disease known to man. It remains a significant problem 
in many tropical areas, especially in sub-Saharan Africa. Malaria is spreading as a result of 
environmental changes, including global warming, civil disturbances, increasing travel and 
drug resistance (Greenwood, B.M, 1997). There are approximately 100 million cases of 
malaria worldwide with about 1 million of these proving fatal. 


Bi Derbuton of Motors 


Illustration 9-1. Map illustrating the enormous distribution of malaria throughout the world. 
(SOURCE: CDC) 
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Malaria is caused by protozoa of the Plasmodium species. There are four species which infect 
both humans and animals; Plasmodium malariae (quartian malaria), Plasmodium vivax (benign 
tertian malaria), Plasmodium falciparum (malignant tertian malaria, subtertian malaria) and 
Plasmodium ovale (ovale tertian malaria). 


The transmission of the protozoa, Plasmodium requires two hosts, an intermediate 
invertebrate host (vector), and a definitive vertebrate host (mammals, birds and lizards). 


All Plasmodium species undergo the general haemosporina developmental cycle which can be 
summarized as: 


+ initial or continual schizogony (reproduction by multiple asexual fission) in the vertebrate 
host with initiation of gametogony (the formation or production of gametes); 

+ formation of gametes in the arthropod host and subsequent fertilization and 
formation of a zygote; 

+ formation of sporozoites from the zygote by repeated nuclear division followed by 
cytoplasmic divisions. (Smyth, J.D, 1994) 


There is no requirement for resistant stages since the transfer of the parasites between the 
vertebrate and invertebrate hosts is made by withdrawal or injection during the bloodsucking 
act, there is little or no exposure to the hazards of the outside world; thus by blood transfusion 
or inoculation, via the blood stages of the parasite. 


Life Cycle 


Malaria is transmitted by the female anopheline mosquito. The life cycle of all species of 
human malaria parasites is essentially the same. It comprises an exogenous sexual phase 
(sporogony) with multiplication in certain Anopheles mosquitoes and an endogenous asexual 
phase (schizogony) with multiplication in the vertebrate host. The latter phase includes the 
development cycle in the red cells (erythrocytic schizogony) and the phase taking place in the 
parenchyma cells in the liver (pre-erythrocytic schizogony). 
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Alternatively, a toothed wheel can be used, as 
suggested in Figure 7-15. 


Figure 7-15 A toothed wheel can trigger a Hall sensor it 
the teeth are magnetized, 


Another option is to mount a pair of magnets 
‘on a nonmagnetic wheel, with a Hall-effect sen- 
sor in the center. If itis a sensor with an analog 
output, the voltage will fluctuate smoothly 
between positive and negative, relative to the 
power supply for the sensor. Alternatively, a 
bipolar Hall-effect sensor can be used to pro- 
vide a binary output. The concept is illustrated 
in Figure 7-16, An advantage of this configura- 
tion is that it provides approximate information 
about the absolute position of the wheel. 


The two magnets will provide usable linear sen- 
sor outputs over a span of plus-or-minus 30 
degrees of rotation, approximately. Additional 
magnets or sensors can produce a more com- 
plex output that would be decoded by a micro- 
controller. 


How to Use It 


‘An optical or rotary encoder is well suited for 
use with a microcontroller program that can 
count pulses, compare pulse trains, or interpret 
a Gray code. The microcontroller then takes 
appropriate action. For example, if a rotational 
encoder is used to control the gain of an audio 
amplifier, the microcontroller determines the 
direction and angle through which the encoder 


oUse lt 


turns, and can respond by changing the value 
ofa digital potentiometer (see Volume 1). 


Figure 7-16 A Hall-stfect sensor can detect the angle of 
rotation ofa ring on which two magnets are mounted as 
shown, 


Integrated circuit chips are available to convert 
a sequence of quadrature signals into an up- 
pulse or a down-pulse, thus eliminating the 
chore of achieving this with a microcontroller 
program. The LS7183 by LSI Computer Systems 
isan example. 


What Can Go Wrong 


Wiring Errors 
If two sensors are used to detect the direction 
of rotation of a rotary encoder, and outputs 
from the sensors are accidentially swapped, the 
component will seem to work normally except 
that the indicated direction will be inverted. 


Coding Errors 
Microcontroller code that interprets quadrature 
signals must be fast enough to keep up with 
the pulse streams. If a microcontroller is per- 
forming other tasks, an interrupt may be neces- 
sary for processing the rotational data. This 
should not be a significant problem when inter- 
preting human input from a knob or dial, but 
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A= infective Stage 


Illustration 9-3. The malaria parasite life cycle. The malaria parasite life cycle involves two hosts. 
During a blood meal, a malaria-infected female Anopheles mosquito inoculates sporozoites into the 
human host @. Sporozoites infect liver cells @and mature into schizonts @, which rupture and 
release merozoites @. (Of note, in P. vivax and P. ovale a dormant stage [hypnozoites] can persist in 
the liver and cause relapses by invading the bloodstream weeks, or even years later.) After this initial 
replication in the liver (exo-erythrocytic schizogony EX), the parasites undergo asexual multiplication 
in the erythrocytes (erythrocytic schizogony Merozoites infect red blood cells @. The ring stage 
trophozoites mature into schizonts, which rupture releasing merozoites @. Some parasites 
differentiate into sexual erythrocytic stages (gametocytes) @. Blood stage parasites are responsible 
for the clinical manifestations of the disease. 

The gametocytes, male (microgametocytes) and female (macrogametocytes), are ingested by an 
Anopheles mosquito during a blood meal @. The parasites’ multiplication in the mosquito is known as 
the sporogonic cycle While in the mosquito's stomach, the microgametes penetrate the 
macrogametes generating zygotes ©. The zygotes in turn become motile and elongated (ookinetes) 
which invade the midgut wall of the mosquito where they develop into oocysts @. The oocysts 
grow, rupture, and release sporozoites @, which make their way to the mosquito's salivary glands. 
Inoculation of the sporozoites into a new human host perpetuates the malaria life cycle @). (SOURCE: 
PHIL 3405- CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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lustration 9-2. Distinguishing characteristics of the Anopheles mosquito. 


Image 9-1. An Anopheline mosquito, the vector of the protozoa group Plasmodia, the parasite known 
to cause malaria in both man and non-human primates. Malaria is transmitted by female Anopheles 
mosquitoes to the definitive host while the mosquito bload-feeds on its victims. (SOURCE: PHIL 
2070/6765 - CDC/ James Gathany) 


When a female Anopheles mosquito bites an infected person, it ingests blood which may 
contain the mature sexual cells (male and female gametocytes) which undergo a series of 
developmental stages in the stomach of the mosquito. Exflagellation (the extrusion of rapidly 
waving flagellum-like microgametes from microgametocytes) occurs resulting in the production in a 
number of male and female gametes. Fertilization occurs producing a zygote which matures 
to an ookinete. This penetrates the stomach wall of the mosquito where it grows into an 
oocyst and it further matures to become a motile sporozoite. 
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Mosquito Midgut 


Illustration 9-4. Diagram of the malaria life cycle. 1) Sporozoites, injected through the skin by 
female anopheline mosquito; 2) sporozoites infect hepatocytes; 3) some sporozoites develop into 
hypnozoites (P. vivax and P. ovale): 4) liver stage parasite develops; 5 - 6) tissue schizogony; 7) 
merozoites are released into the circulation; 8) ring stage trophozoites in red cells; 9) erythrocytic 
schizogony; 10) merozoites invade other red cells; 11) some parasites develop into female (macro-) 
or male (micro-) gametocytes, taken up by the mosquito; 12) mature macrogametocyte and 
exflagellating microgametocytes; 13) ookinete penetrates gut wall; 14) development of oocyst; 15) 
sporozoites penetrate salivary glands. (SOURCE: Unknown) 


The length of the developmental stage in the mosquito not only depends on the Plasmodium 
species but also the mosquito host and the ambient temperature. This may range from eight 
days in Plasmodium vivax to as long as 30 days in Plasmodium malariae. 


The sporozoites migrate from the body cavity of the mosquito to the salivary glands and the 
mosquito now becomes infective. Sporozoites enter into the blood stream of a host when the 
mosquito feeds on blood. Following the inoculation, the sporozoites leave the blood within 40 
minutes and enter the parenchymal cells of the liver (hepatocytes). In all four species, asexual 
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development occurs in the liver cells, a process known as pre-erythrocytic schizogony, to 
produce thousands of tiny merozoites which are released into the circulation after about 16 
days. However in P. vivax and P. ovale some sporozoites differentiate into hypnozoites which 
remain dormant in hepatocytes for considerable periods of time. When they are “reactivated” 
they undergo asexual division and produce a clinical relapse. 


In P. falciparum and P. malariae hypnozoites are not formed and the parasite develops directly 
into pre-erythrocytic schizonts. 


Once in the circulation, the merozoites invade the red cells and develop into trophozoites. In 
the course of their development they absorb the hemoglobin of the red cells and leave as the 
product of digestion a pigment called hemozoin, a combination of hematin and protein. This 
iron-containing pigment is seen in the body of the parasite in the form of dark granules, which 
are more obvious in the later stages of development. 


TROPHOZOITES GROWING ROSETTES GAMETOCYTES 
‘SCHIZONTS 


Plasmodium vivax 


Plasmodium metariae C3) Ga) 
Plasmodium felciparam ) @ 
2 


Illustration 9-5. Diagram illustrating the various stages of the three common species of malaria 
which infect man. (SOURCE: Unknown) 


After a period of growth the trophozoite undergoes an asexual division, erythrocytic 
schizogony. When the mature trophozoite starts to divide in the red blood cell, separate 
merozoites are formed resulting in a schizont. When fully developed, the schizont ruptures the 
red blood cell containing it, liberating the merozoites into the circulation. These merozoites will 
then infect new red cells and the process of asexual reproduction in the blood tends to proceed. 
Some of the merozoites entering red blood cells do not form trophozoites then schizonts but 
develop into gametocytes and this process takes place in deep tissue capillaries. This 
erythrocytic cycle of schizogony is repeated over and over again in the course of infection, 
leading to a progressive increase of parasitemia. 
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Infections with all four strains of malaria have many clinical features in common. These are 
related to the liberation of fever-producing substances, especially during schizogony. The 
common features are: 


Fever: Often irregular. The regular pattern of fever does not occur until the illness has 
continued for a week or more; where it depends on synchronized schizogony. 


Anemia: The anemia is hemolytic in type. It is more severe in infections with P. falciparum 
because in this infection cells of all ages can be invaded. Also, the parasitemia in this infection 
can be much higher than in other malarias. 


Splenomegaly: The spleen enlarges early in the acute attack of malaria. When a patient has 
been subjected to many attacks, the spleen may be of an enormous size and lead to 
secondary hypersplenism. 


Jaundice: A mild jaundice due to hemolysis may occur in malaria. Severe jaundice only 
occurs in P. falciparum infection, and is due to liver involvement. 


9.2. Species Specific Characteristics 


Plasmodium falciparum 
Introduction 


Plasmodium falciparum exists in the tropics and sub-tropics, and is responsible for 
approximately 50% of all malaria cases. The incubation period of P. falciparum malaria is the 
shortest, between eight and 11 days and has a periodicity of 36-48 hours. It can be 
differentiated from the other species by the morphology of the different stages found in the 
peripheral blood. In infections with Plasmodium falciparum usually only young trophozoites and 
gametocytes are seen in peripheral blood smears, the schizonts are usually found in capillaries 
sinuses of internal organs and in the bone marrow. The disease it produces runs an acute course 
and often terminating fatally. It is a significant cause of abortions and stillboms and even death of 
non-immune pregnant women. 


Life Cycle 
The aspects of the life cycle which are specific to P. falciparum are as follows: 


+ It attacks all ages of erythrocytes so that a high density of parasites can be reached 
quickly. In extreme cases up to 48% of the red blood cells can be parasitized. 

+ Multiple infections resulting in several ring forms in a corpuscle are not uncommon. 

+ The latter stages in the asexual cycle do not occur in the peripheral blood as in other 
forms of malaria, so that only rings and crescents are found in blood films. After 24 
hours the ring forms and older trophozoites show a tendency to clump together and 
adhere to the visceral capillary walls and become caught up in the vessels of the 
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heart, intestine, brain or bone marrow in which the later sexual stages are 
completed. 

+ Sporulation is not as well synchronized as in other malaria forms so that the fever 
may last longer. 

+ Exo-erythrocytic forms do not persist in the tissues and hence relapses do not occur. 


Morphology of Trophozoites 


Red blood cells in Plasmodium falciparum infections are not enlarged and they may have a 
spiky outline which is common in cells which have dried slowly. The typical arrangement 
cytoplasm in young trophozoites is the well-known ring formation which thickens and invariably 
contains several vacuoles as the trophozoite develops. Chromatin is characteristically found as 
a single bead, but double beads and small curved rod forms frequently occur. 


Maurer's dots are slow to appear and are first seen as minute purplish dots, 6 of less in 
number. The points become spots, still few in number and are now characteristic enough to 
be recognized. Maurer describes them as fine ringlets, loops or streaks. They are seldom 
absent from the red blood cells containing large rings but the staining of the spots is very 
sensitive to pH and are seldom seen if the pH falls below 6.8. 


Trophozoites of P. falciparum can be found on the edge of the red blood cells. These are 
known as accole forms and are found as three distinct types: 


1. Common: The single chromatin bead lies on the edge of the cell with most of the 
cytoplasm extended along the edge on both sides of the bead. 


2. Rim: The complete parasite lies in a thickened line along the edge of the cell with no 
evidence of ring formation. 


3. Displaced: The parasites are displaced beyond the edge of the host cell. All degrees of 
displacement may occur, from partial to marked displacement with most of the parasite 
lying beyond the cell margin. 


Pigment is not a characteristic finding in the early stages of P. falciparum infections. 
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Hlustration 9-6. Diagrammatic illustration of the morphology of the different stages of the 
Plasmodium falciparum life cycle in thin blood films. 1) P. falciparum early trophozoites / ring forms. 
2) Developing trophozoites (rarely seen in peripheral blood). 3) Immature schizonts (rarely seen in 
peripheral blood). 4) Mature schizonts, almost fill the red blood cell, 5) Microgametocytes, large 
numbers appear after 7-12 days. 6) Macrogametocytes, large numbers appear after 7-12 days. 


Morphology of Gametocytes 


Gametocytes are the sexual stage of the malaria parasite. Plasmodium falciparum gametocytes 
appear in the peripheral circulation after 7-12 days of patent parasitemia and by then, they have 
assumed their typical crescent shapes. They soon reach their peak density, and then decline in 
numbers, disappearing in about three months as a rule. 


Image 9-2. Young trophozoite / ring stage of Plasmodium falciparum. The ring thickens and 
invariably contains several vacuoles as the trophozoite develops. Maurer's dots are slow to appear and 
are first seen as minute purplish dots. (Giemsa stain). (SOURCE: PHIL 5946 - CDC/ Steven Glenn, 
Laboratory & Consultation Division) 
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Image 9-3. Plasmodium falciparum gametocytes appear in the peripheral circulation after 7-12 days of 
patent parasitemia and by then, they have assumed their typical crescent shapes. (Giemsa stain) 
(SOURCE: PHIL 5941 - CDC/ Steven Glenn, Laboratory & Consultation Division) 


The female form, or macrogametocyte, is usually more slender and somewhat longer than the 
male, and the cytoplasm takes up a deeper blue color with Giemsa stain. The nucleus is small 
and compact, staining dark red, while the pigment granules are closely aggregated around it. 
The male form, or microgametocyte, is broader than the female and is more inclined to be 
sausage shaped. The cytoplasm is either pale blue or tinted with pink and the nucleus, which 
stains dark pink, is large and less compact than in the female, while the pigment granules are 
scattered in the cytoplasm around it. 


In humans, gametocytes do not multiply, nor cause symptoms but they are the forms which are 
infective to the mosquito. When a female Anopheline mosquito takes a blood meal, the male and 
female gametocytes continue their sexual development. 


Morphology of Schizonts 


Schizonts are rarely seen in the peripheral blood and their presence may indicate a potentially 
serious parasitemia. Schizonts have 8-36 merozoites and a large mass of golden brown 
pigment (hemozoin) is seen in the pre-schizont and schizont stage. 
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4. Plasmodium falciparum schizont. Rarely seen in the peripheral blood, a good indicator of 


Image 9. 
a potentially serious parasitemia. They have 8 - 36 merozoites and a large golden brown pigment. 
(Giemsa stain) (SOURCE: PHIL 5854 - CDC/Steven Glenn, Laboratory & Consultation Division) 


Cc 


al Disease 


‘Symptoms include headache, photophobia, muscle aches and pains, anorexia, nausea and 
vomiting. Complications include severe anemia cerebral malaria, renal disease, black water 
fever, dysentery, pulmonary edema and tropical splenomegaly syndrome. 


Plasmodium vivax 


Introduction 


Plasmodium vivax is found almost everywhere malaria is endemic and is the most 
predominant of the malaria parasites. Causing 43% of all cases of malaria in the world, it also 
has the widest geographical distribution. Although the disease itself is not usually life 
threatening, it can cause severe acute illness. 


Plasmodium vivax does not infect West Africans due to the fact that West Africans do not 
possess the Duffy Antigen on the red blood cells which the parasite requires to enter the red 
blood cell. It has an incubation period of between 10 and 17 days which is sometimes 
prolonged to months or years due to the formation of hypnozoites. It has a periodicity of 48 
hours. Plasmodium vivax infections are usually characterized by the presence of more than 
‘one developmental stage in the peripheral blood film. The parasites parasitize young enlarged 
erythrocytes and Schiiffner's dots develop on the erythrocyte membrane. 
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Life Cycle 
The aspects of the life cycle which are specific to P. vivax are as follows: 


+ The degree of infectivity is low, only the young immature corpuscles are infected; 
about 2% of erythrocytes are parasitized. 

+ The periodicity of the asexual cycle is closely synchronized. 

+ Hypnozoites develop in the liver, so that relapses may occur. 


Morphology of Trophozoites 


Most trophozoites of P. vivax are already several hours old when they appear in peripheral 
blood and by that time the Schiffner's dots are already visible. The trophozoites are actively 
amoeboid and contain single or sometimes double chromatin dots that are either circular or 
ovoid. As the trophozoites mature, the Schiiffner's dots increase in number and size and the 
parasite changes from large irregular rings to rounded or ovoid forms in mature trophozoites. 


Image 9-5. Trophozoites of Plasmodium vivax are already several hours old when they appear in the 
peripheral blood and therefore, you can already see the Schifffner’s dots. They contain single or 
sometimes double chromatin dots. (Giemsa stain) (SOURCE: PHIL 5928 - CDC/ Steven Glenn, 
Laboratory & Consultation Division) 
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for a motor-driven encoder, pulse counting in 
hardware may be a better altern: 


Ambiguous Terminology 
Rotational encoders are often referred to sim- 
ply as “encoders,” because they are more com- 


‘mon than linear encoders. When searching for 
an encoder, check each datasheet carefully to 
determine which type you are dealing with. 
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Illustration 9-7. Diagrammatic illustration of the morphology of the different stages of the 
Plasmodium vivax life cycle in thin blood films. 1) Early trophozoites / ring forms (accole forms, not 
shown here, are occasionally seen). 2) Developing trophozoites are large and irregular a 
prominent vacuole. 3) Immature schizonts, are amoeboid and almost fill the red blood cell. 4) Mature 
schizonts, almost fill the red blood cell. 5) Microgametocyte, large numbers appear after 3-5 days. 6) 
Macrogametacyte, large numbers appear after 3-5 days. (SOURCE: Unknown) 


Morphology of Gametocytes 


Mature female gametocytes are large rounded parasites which fill or nearly fill the host cell. 
The cytoplasm is blue and fairly homogenous. The nuclear chromatin is a single, well-defined 
purplish mass, varied in form and usually peripheral in distribution. Mature male gametocytes 
can be distinguished from females by the large, loose and ill-defined mass of chromatin and by 


their paler color and smaller mass. 


Image 9-6. Mature female Plasmodium vivax gametocytes are large rounded parasites which fill or 
nearly fill the host cell. The cytoplasm is blue and fairly homogenous. The nuclear chromatin is a 
single, well-defined purplish mass, varied in form and usually peripheral in distribution. (Giemsa stain) 
(SOURCE: PHIL 5138 - CDC/ Dr. Mae Melvin) 
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Morphology of Schizonts 


The parasitized red cells are much enlarged containing Schiiffner's dots. The parasites are 
large, filling the enlarged red cell. There are between 12-24 merozoites in the schizonts 
(usually16). The pigment is a golden brown central loose mass. 


Image 9-7. A schizont of Plasmodium vivax. The parasites are large, filling the enlarged red cell. 
There are between 12 - 24 merozoites in the schizonts (usually16). The pigment is a golden brown 
central loose mass. (Giemsa stain) (SOURCE: PHIL 5925 - CDC/ Steven Glenn, Laboratory Training & 
Consultation Division) 


Clinical Disease 
Symptoms include headache, photophobia, muscle aches and pains, anorexia, nausea and 


vomiting. Complications due to P. vivax are relatively rare and arise from a previous debility or 
pre-existing disease. 


Plasmodium ovale 

Introduction 

Plasmodium ovale is widely distributed in tropical Africa especially the west coast, but it is not 
often encountered. It has also been reported in South America and Asia. It has an incubation 
period of 10-17 days which is sometimes prolonged to months or years due to the formation of 
hypnozoites. It has a periodicity of 48 hours; the fever it produces is milder than that caused 
by the benign tertian P. falciparum. 

Life Cycle 


The features of the life cycle which are specific to P. ovale are as follows: 


+ It morphologically resembles P. malariae in most of its stages. 
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+ The changes produced in the erythrocytes in general are similar to those produced 
by P. vivax, but Schiiffner's dots appear considerably earlier (in the ring stage) and 
are coarser and more numerous. 

+ In the oocyst the pigment granules are (usually) characteristically arranged in two 
rows crossing each other at right angles. 

+ Hypnozoites develop in the liver so that relapses may occur. 


Morphology of Trophozoites 


Parasites of P. ovale are usually found in enlarged and stippled red blood cells (James's dots), 
similar to those found in P. vivax infections. Host cells show an oval shape, particularly those 
containing younger stages of the parasites and the host cell may also show “spiking” or 
fimbriation. 


Hlustration 9-8. Diagrammatic illustration of the morphology of the different stages of the 
Plasmodium ovale life cycle in thin blood films. 1) Early trophozoites / ring forms, are dense rings with 
well- defined masses of chromatin. 2) Developing trophozoites, small and compact with an 
inconspicuous vacuole. 3) Immature schizonts, compact and almost fill the red blood cell. 4) Mature 
schizonts, fill % of the red blood cell. 5) Micragametocytes, low numbers appear after 12-14 days. 6) 
Macrogametocytes, low numbers appear after 12-14 days. 


Young trophozoites are found as compact rings in cells containing Schiffner's dots. The 
trophozoite rings remain compact as they develop and show little of the amoeboid features 
common in P. vivax. Small, scattered pigment granules can be seen in developing 
trophozoites which disperse as the trophozoite matures. Late trophozoites are round and 
consolidated with an increase in cytoplasm, they are very similar to P. vivax at this stage. 
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Image 9-8. Trophozoite of Plasmodium ovale. Young trophozoites are found as compact rings in cells 
containing Schiiffner’s dots. The trophozoite rings remain compact as they develop. Late trophozoites 
are round and consolidated with an increase in cytoplasm, they are very similar to P. vivax at this 
stage. (SOURCE: PHIL 5935 - CDC/ Steven Glenn, Laboratory & Consultation Division) 


Morphology of Gametocytes 


The mature gametocytes are round, filling two thirds of the red cell. The red blood cell is 
slightly enlarged and stippled and contains pigment which has a distinct arrangement of 
concentric rods, mostly at the periphery. 


Image 9-9. Gametocyte of Plasmodium ovale. The mature gametocytes are round, filing two thirds of the red cell. 
(Giemsa stain) (SOURCE: PHIL 3474 — CDC/Dr. Mae Melvin) 

Morphology of Schizonts 

The parasite is smaller than red blood cells and contains 6-12 merozoites, usually 8 in a single 


ring. The pigment is a brown / greenish central clump. The red cell slightly enlarged, stippled, 
frequently oval and fimbriated. 
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Image 9-10. Schizont of Plasmodium ovale. The parasite is smaller than the red blood cell and 
contains 6 - 12 merozoites. The red cell is slightly enlarged, stippled, frequently oval and fimbriated, 
(Giemsa stain) (SOURCE: PHIL 5846 - CDC/ Steven Glenn, Laboratory & Consultation Division) 


Cl 


al Disease 


Symptoms, like those of P. vivax, include headache, photophobia, muscle aches and pains, 
anorexia, nausea and vomiting. Complications due to P. ovale are relatively rare and arise 
due do a previous debility or pre-existing disease, 


Plasmodium malariae 
Introduction 


Plasmodium malariae occurs mainly in the subtropical and temperate areas where P. 
falciparum and P. vivax occur. It is responsible for approximately 7% of all malaria in the 
world. It has an incubation period of 18-40 days and a periodicity of 72 hours. 


Life Cycle 
The features of the life cycle specific to P. malariae are as follows: 


+ Infected erythrocytes are not larger than uninfected ones and sometimes even 
smaller. 

* Mature erythrocytes are attacked, but reticulocytes generally are not 

+ The density of parasites is very low; about 0.2% of erythrocytes are parasitized. 

+ It is often difficult to distinguish between a large trophozoite and an immature 
gametocyte. 
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Morphology of Trophozoites 


Parasites of P. malariae are typically compact heavily pigmented parasites which are usually 
smaller and more deeply stained than normal. They tend to parasitize small, old red blood 
cells, they do not contain any inclusion dots and the parasitaemia is usually low. 


Hlustration 9-9. Diagrammatic illustration of the morphology of the different stages of the 
Plasmodium malariae life cycle in thin blood films. 1) Early trophozoites / ring forms, compact rings 
containing one mass of chromatin. 2) Developing trophozoites, small and compact (often band forms) 
with an inconspicuous vacuole. 3) Immature schizonts, compact and almost fill the red blood cell 
which contains scattered pigment. 4) Mature schizonts, almost fill the red blood cell. 5) Micro- 
gametocytes, low numbers appear after 7-14 days. 6) Macrogametocytes, low numbers appear after 
7-14 days. 


Trophozoites are found as fairy large fleshy rings with a single chromatin dot. These can be 
very distorted and can often take the form of bands across the cell. All trophozoites have a 
single chromatin dot and contain pigment. 
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Image 9-11. Trophozoite of Plasmodium malariae. These can be very distinct and distorted by taking 
the form of a band across the cell. (Giemsa stain) (SOURCE: PHIL 639 - CDC/ Dr. Mae Melvin, Steve 


Glenn) 


Morphology of Gametocytes 


Gametocytes contain large amounts of black pigment, with chromatin present as a compact 
mass in females and diffuse in males. They occupy less than two thirds of the red blood cell. 


Image 9-12. Plasmodium malariae gametocyte. They contain large amounts of black pigment, with 
chromatin present as a compact mass in females (macrogametocyte) and diffuse in males 
(microgametacyte). (Giemsa stain) (SOURCE: PHIL 5837 - CDC/ Steven Glenn, Laboratory & 


Consultation Division) 
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Morphology of Schizonts 


Schizonts are usually few in numbers with 6-12 large merozoites in a single ring. Pigment is 
usually present as a central black mass. The parasites present are generally only found at one 
stage of schizogony development. 


Image 9-13. Schizont of Plasmodium malariae. They are usually few in numbers with 6-12 large 
merozoites in a single ring. Pigment is usually present as a central black mass. (Giemsa stain) 
(SOURCE: PHIL 4826 - CDC/Dr. Mae Melvin) 


Clinical Disease 


Symptoms include headache, photophobia, muscle aches and pains, anorexia, nausea and 
vomiting. Plasmodium malariae, like P. vivax and P. ovale are relatively benign. However, 
chronic infections in children may lead to nephrotic syndrome due to immune complexes 
depositing on the glomerular wall. 


9.3. Laboratory Diagnosis of Malaria Parasites 
Introduction 


The definitive diagnosis of malaria infection is still based on finding malaria parasites in blood 
films. In thin films the red blood cells are fixed so the morphology of the parasitized cells can 
be seen. Species identification can be made, based upon the size and shape of the various 
stages of the parasite and the presence of stippling (i.e. bright red dots) and fimbriation (i.e. 
ragged ends). However, malaria parasites may be missed on a thin blood film when there is a 
low parasitemia. Therefore, examination of a thick blood film is recommended. With a thick 
blood film, the red cells are approximately 6-20 layers thick which results in a larger volume of 
blood being examined. 
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Thick Blood Films 

In examining stained thick blood films, the red blood cells are lysed (destroyed), so diagnosis 
is based on the appearance of the parasite. In thick films, organisms tend to be more compact 
and denser than in thin films. 

Field’s Stain Method for Thick blood Films 

The method recommended for staining thick blood is Field's Stain which is made from two 


components. Field's A is a buffered solution of azure dye and Field's B is a buffered solution 
of eosin. Both Field's A and B are supplied ready for use by the manufacturer. 


Method 


Pb 


Place a drop of blood on a microscope slide and spread to make an area of approximately 1 
cm*, It should just be possible to read smalll print through a thick film. 


2. The film is air dried and NOT fixed in methanol. 


» 


The slide is dipped into Field's stain A for three seconds. 


4. The slide is then dipped into tap water for three seconds and gently agitated. 


a 


The slide is dipped into Field's stain B for three seconds and washed gently in tap water for 
a few seconds until the excess stain is removed. 


al 


The slide is drained vertically and left to dry. 


Microscopic Features of the Field’s Stained Thick Blood Film 


The end of the film at the top of the slide when it was draining should be looked at. The 
edges of the film will also be better than the centre, where the film may be too thick or 
cracked. 


In a well-stained film the malaria parasites show deep red chromatin and pale blue 
cytoplasm. 


White cells, platelets and malaria pigment can also be seen on a thick film. The leukocyte 
nuclei stain purple and the background is pale blue. The red cells are lysed and only 
background stroma remains. The occasional red cell may fail to lyse. 


Schizonts and gametocytes, if present, are also easily recognizable. 
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* A thick film should be examined for at least 10 minutes, which corresponds to approximately 
200 oil immersion fields, before declaring the slide negative. 


* Asa result of hemolysis of the red blood cells due to staining of an unfixed film, the only 
elements seen are leukocytes and parasites, the appearance of the latter being altered. 
Consequently: 


1. The young trophozoites appear as incomplete rings or spots of blue cytoplasm with 
detached chromatin dots. 


2. The stippling of P. vivax and P. ovale may be less obvious although occasionally ghost 
stippling may be seen. 


3. The cytoplasm of late trophozoites of P. vivax and P. ovale may be fragmented. 


* Caution should be exercised when examining thick blood films as artifacts and blood 
platelets may be confused with malaria parasites. 


Thin Blood Films 


When examining thin blood films for malaria you must look at the infected red blood cells and 
the parasites inside the cells. 


1. Rapid Field’s Stain for Thin Films 


This is a modification of the original Field’s stain to enable rapid staining of fixed thin films. This 
method is suitable for malaria parasites, Babesia sp., Borrelia sp. and Leishmania sp. 


Method 

1. Air dry the film 

2. Fix in methanol for one minute. 

3. Flood the slide with 1 ml of Field’s stain B, diluted 1 in 4 with distilled water. 


4. Immediately, add an equal volume of undiluted Field's stain A, mix well and allow to stain 
for 1 minute. 


5. Rinse well in tap water and drain dry. 
Uses 
This is a useful method for rapid presumptive species identification of malarial parasites. It 


shows adequate staining of all stages including stippling (mainly Maurer's dots). However, 
staining with Giemsa is always the method of choice for definitive species differentiation. 
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spatial > orientation > tilt 


tiltsensor | ¢ 


A tilt switch is defined here as an electromechanical switch, while a tilt sensor uses elec- 
tronics. Both types are included in this entry. 


A tipover switch is very similar toa tilt switch and uses the same principles. Therefore, it 
is included in this entry. 


Some manufacturers’ datasheets refer to tit sensors as tip sensors. Some Asian supply 
catalogues refer to tit switches as breakover switches. 

An accelerometer can measure the angle at which it is held relative to the downward 
force of gravity, but it has additional capabilities. Therefore, it has its own separate 
entry in this Encyclopedia. 

An inclinometer measures the incline, or positive slope, from an observation point to 
the top of an object such as a building or tree, The height of the object can be calcula- 
ted from the angle. A clinometer can additionally measure a decline, or negative slope. 
‘These measurement devices are fully featured products as opposed to sensors, and are 
hot included in this Encyclopedia, 


OTHER RELATED COMPONENTS 


+ accelerometer (see Chapter 10) 


+ vibration sensor (see Chapter 11) 


What It Does 3. Dual axis, single output. A single sensor 
“responds to an angle of tilt from verti- 
Three principal types of tit sensor exist. cal around any horizontal axis. 

1. Single axis, single output. The sensor A tilt switch is usually of the third type, and is 
responds to being tilted around one _defined here as containing an electromechani- 
horizontal axis, relative to the down- _cal or electronic switch that opens or closes a 
ward force of gravity. connection. Most tilt switches are SPST (nor- 

2. Dual axis, dual output. The sensor con- ‘Maly open) or SPST (normally closed). minor- 
tains two sensing elements at 90 jane OPT. 
degrees to each other. Each hasan out: A tipover switch is a type of high-current tilt 
put determined by its angle of tit from switch that cuts power to a device such as an 
Vertical around one axis. electric heater when itis tipped over. 
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2. 


Giemsa Stain for Thin Films. 


Method 


tz 


2. 


Air dry thin films 
Fix in methanol for one minute 


Wash in tap water and flood the slide with Giemsa diluted 1 in 10 with buffered distilled 
water pH 7.2. The diluted stain must be freshly prepared each time. 


}. Stain for 25-30 minutes. 


. Run tap water on to the slide to float off the stain and to prevent deposition of precipitate on 


to the film. Dry vertically. 


Examine the film using the x100 objective. 


Microscopic Features of the Thin Blood Film 


EM 


Examine the tail end of the slide where the red cells are separated into a one-cell-layer 
thick. 


. An alkaline buffer pH 7.2 is vital for clear differentiation of nuclear and cytoplasmic material 


and to visualize inclusions such as Schiiffner's / James's dots in the red cells. Acidic buffer 
is unsuitable. 


The ted cells are fixed in the thin film so the morphology of the parasitized cells and the 
parasites can be seen. 


. On a well stained film the chromatin stains red/purple and the cytoplasm blue. Leukocytes 


have purple nuclei. The red stippling, if present, should be clearly visible. 


Infected Red Blood Cells 


Lt 


2. 


Look at the size of the infected red blood cells. 


Are there any Schifffner’s dots present or not? 
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Stages found APpearance of Red Blood Cells 


Species in circulating 7 ale 
Blood Size Stippling 
it Maurer's dots or 
Trophozoites 
Gametocytes Normal clefts infrequently 


Al: Schizonts Enlarged, Maximum 
Trophozoites | size may be 1.5-2 
Gametocytes times normal 


Schiffner's dots 
may be present 


All: Schizonts Enlarged, Maximum 
Trophozoites | size may be 1.25- 
Gametocytes | 1.5 times normal 


Schiffner's dots 
may be present 


a ees Normal Ziemann’s dots 
pI rarely seen 
Gametocytes 


Table 9-1. Stages and appearance of Plasmodium species in blood. (SOURCE: CDC) 
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Host CELL 


| Size | —_Not enlarged Enlarged Not enlarged Enlarged 


Round or oval 


Round and Round or oval, 
sometimes crenated| ((reauently bizarre pound often fimbriated 
Normal but may [Normal but inclined 
become darkened to be pale Normal Normal 


Ziemann’s dots James's dots 


Maurer's dots | Schiiffner's dots | (few tiny dots not 
(large red spots) | (small red dots) important for (Gurnerous'small 
: red dots) 
diagnosis) 
Usually black or | Fine golden brown | giac¢ or brown | Resemble more 


granules seen in 


very dark brown teen 


coarse granules | closely P. malariae 


PARASITE 


Small, compact 
dark, staining 
parasite. Multiple 


Regular shape and 
moderate size, 
Strong tendency to 


Large light staining 
parasite. 


Regular shape. 
Size in between P. 


infections of single | Mary wre, form a band across ee. 
RBC id the infected RBC : 
; Trophozoites, 
Only rings and i are 
gametocytes Schizonts, As in P. vivax As in P. vivax 
Gametocytes 
Delicate, small, 1.5 
cromatinand Page 222s 
Sate cae usually single. | Similar to P. vivax | Similar to P. vivax, 
prevng) Prominent thicker but thicker more compact 
common. Accole, chromatin 
wing and marginal 
forms 
Compact, small, | Large, irregular 
vacuole actively amoeboid | Characteristic band een aa 
inconspicuous, | prominent vacuole | form, vacuole i ie aoarealiah 
seldom seen in | Chromatin as dots | _ inconspicuous ied =o 
smear or threads “i 


Large, filling the Nearly fills RBC, like] Fills three fourth of 


Small, compact | Rac, segmented, | segmented, daisy | RBC, segmented 


seldom seen in 


slagataineu yellow brown head, pigment is | Dark yellow brown 
pigment dark brown pigment 
Larger than RBC, Smaller than RBC, | Of the size of RBC 
kidney shaped with | Fills enlarged RBC, | very few in PBF, | round, compact 
blunt round ends, | round or oval, round compact, | very few in PBF, 
cytoplasm reddish |compact cytoplasm,| cytoplasm pale | cytoplasm pale 


blue, fine granules |pale blue, Abundant| blue. Pigment and |blue, chromatin and 
scattered, many in | brown granules | chromatin as in P. | pigment as in P. 
number in smear vivax vivax 


Table 9-2. Characteristics of Plasmodium parasites (SOURCE: CDC) 
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Rings of the four main species of malaria may look alike. if you see rings, look for older stages. 
Patients with a P. falciparum infection only, rings are usually seen; older stages are present 
only in severe infections. 


In poorly stained slides, Schiiffner's dots may not be visible, so it is essential that correct 
staining methods are used. Also Schiiffner's dots may not be seen in the earlier rings of P. 
vivax or P. ovale. 


Estimation of Percentage Parasitemia of Plasmodium falciparum 


Counting of red blood cells infected with parasites of P. falciparum is essential and the 
percentage parasitemia should always be reported as this has implications for prognosis and the 
pattern of treatment employed. 


The recommended procedure for estimating the percentage parasitemia in a thin blood film is by 
expressing the number of infected cells as a percentage of the red blood cells e.g. three 
parasitized red cells / 100 red blood cells or 3% parasitemia. 


A ted blood cell infected with multiple parasites counts as one parasitized red cell. The 
percentage parasitemia should be calculated by counting the number of parasitized red blood 
cells in 1000 cells in a thin blood film. 


Method 2 


Alternatively, the World Health Organisation recommends a method which compares the number 
of parasites in a thick blood film with the white blood cell count. 


The parasitemia is estimated by first counting the number of parasites per 200 white blood cells in 
a thick blood film and then calculating the parasite count / ul from the total white blood cell count / 


ul. 


Knowledge of either % parasitemia or total parasite count is essential for the correct clinical 
management of P. falciparum malatia. 


Effects of Anticoagulant on the Microscopic Diagnosis of Malarial Parasites 


Thin blood films for malaria diagnosis are best prepared from venous or capillary blood taken 
directly from the patient, without the addition of anticoagulant. However, this is not usually 
possible in a clinical laboratory, as many samples are received from general practices and other 
hospitals. All anticoagulants have some effect on the morphology of malaria parasites and the 
red blood cell they inhabit. This effect depends on the stage of the parasite, the time taken for the 
blood to reach the laboratory and the type of anticoagulant used. If it is necessary to use an 
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anticoagulant, the films should be prepared as soon as possible after the blood has been taken. 
If the films cannot be made immediately, potassium EDTA is the anticoagulant of choice. 
However if the blood is left for several hours in EDTA, the following effects may be seen. 


1. Sexual stages may continue to develop and male gametocytes can exflagellate, liberating 
gametes into the plasma. These can be mistaken for organisms such as Borrelia. 
Gametocytes of P. falciparum which have a characteristic crescent shape, may round up and 
then resemble those of P. malariae, 


2. Accole forms, which are characteristic of P. falciparum, may be seen in P. vivax because of 
attempted re - invasion of the red blood cell by merozoites. 


3. Mature trophozoites of P. vivax may condense when exposure becomes prolonged and in 
cases of extreme exposure, red blood cells containing gametocytes and mature schizonts 
may be totally destroyed along with the contained parasites. The malaria pigment, hemozoin, 
always remains and can provide a clue to the presence and, to an expert eye, identity of the 


parasite. 


4. The morphology of the red blood cell may be altered by shrinkage or crenation 


Malaria species P. falciparum 


P. vivax 


P. ovale 


P. malariae 


Maurer’s dots 


Schoffner's dots 


James’ Dots / Fimbriation 


Ziemann's dots 


Cytoplasm very fine in 
young rings; thick and 
itregular in old rings. 
‘Accole forms, multiple 
infections common. 


Cytoplasm fine in young 
rings. 
Red cell unaltered in 
size. 


Cytoplasm thicker than that 
found in P. vivax. 
Red cell unaltered in size. 


Cytoplasm noticeably 
thicker. 
Red cell unaltered in 
size. 


Red cell unaltered in 
size, sometimes 
stippled with Maurer's 
dots. 

Parasite is compact; 
pigment is dense brown 
or black mass. 


Red cell enlarged, 
stippled. 
Parasite - ameboid, 
vacuolated; pigment 
fine and scattered, 
golden brown, 


Red cell unaltered in size, 
or slightly enlarged 
Stippled; may be oval and 
fimbriated. 
Parasite ~ compact, 
rounded; pigment fine 
brown grains. 


Red cell unaltered i 
size. 
Parasite ~ compact, 
ugly, rounded or band- 
shaped; dark brown / 
black pigment aften 
concentrates in a line 
along one edge of the 
band, 


Red cell unaltered in 
size. 

Parasite ~ merozoites 8 
= 36; pigment clumped, 
‘black. Rare in 
peripheral blood 


Red call much enlarged, 
stippled, Parasite — 
large, filing enlarged 
red cell, 
Merozoites 12 - 24, 
usually 16; pigment 
golden brown central 


Red cell sightly enlarged, 
stippled, frequently oval and 
fimbriated. 

Parasite ~ smaller than red 
cell. Merozoites 6 ~ 12, 
Usually 8 in a single ring: 
pigment, brown / greenish 


Red cell unaltered in 
size. 

Parasite — fills red cell 
Merozoites 6 - 12, 
usually 8, sometimes 
forming a rosette; 
pigment, brown / black 


Toose mass cenial elump, ceria ump, 

Red cal asored | Red cel ena, | Rea cet sighty eniagea, | RH! colunateredh 

Parasite crescent. stippled, Red cel sighty enlarge: sie, 

Rare near cases | Parasie large, is rea | Stppled Parasite round, | paraste~ smal, 
‘< 10 days. cell 0 round, fills the red cell 


Table 9-3. Differential diagnostic features of human Plasmodia species - Giemsa stained 


thin film of peripheral blood. 
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Chapter 10. 
The Blood Nematodes 


10.1 The Blood Nematodes 


These nematodes are known as filariae and consist of a group of nematodes which have 
successfully invaded the blood stream, connective tissue or serous cavities of vertebrates. 
They are long thread —like nematodes. 


Many of them are of medical and veterinary importance attacking man and various domestic 
animals being transported by various vectors, including mosquitoes. The nematodes from this 
order require intermediate hosts for the completion of their life cycle. 


The morphology of these nematodes consist of a cylindroid pharynx with an anterior muscular 
portion and a posterior glandular portion; the males have well-developed alae (a flat, wing-like 
anatomic process or part) and spirally coiled tails. 


Sexually mature female worms release microfilaria, which are pre-larval stages. These are 
released into the bloodstream. Most species are known to be ovoviviparous and some have 
‘sheathed’ microfilaria. 


The filarial nematodes which parasitize man consist of Wuchereria bancrofti, Brugia malayi, 
Brugia timori and Loa loa, Onchocerca volvulus, Mansonella perstans, Mansonella 
streptocerca and Dipetalonema streptocerca. 


They inhabit a range of locations within the body; lymph glands, deep connective tissue, 
subcutaneous tissues or mesenteries. Invasions of these tissues usually result in inflammatory 
reactions which is a typical symptom of a human filarial infection. In some cases these result in 
fleshy deformities known as elephantiasis. 


It has been estimated that approximately one billion people in tropical and subtropical 
countries are exposed to the risk of filarial infections and at least 200 million are infected with 
filariasis. The species which are primarily responsible for these human filarial infections are 
Wuchereria bancrofti, Brugia malayi and Onchocerca volvulus. 
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Wuchereria bancrofti 
Introduction 


Wuchereria bancrofti is a nematode causing lymphatic filariasis throughout the tropics and 
subtropics and is transmitted by the mosquito. There are two strains of W. bancroft; 


1. The nocturnal periodic strain which is widely distributed in endemic regions (i.e. Africa, India 
and the Far East and also parts of China, Korea and Japan) with the microfilariae being in 
their highest concentrations between the hours of 10pm and 2am. 


2. The sub-periodic strain which is found in the Pacific region, and has a microfilaremia all the 
time with the highest numbers being detected between noon and 8pm. 


Humans are the only known reservoir host of W. bancrofti. Infection rates in some communities in 
East Africa exceed 30% of adults causing revolting swellings of the legs or genital system, known 
as elephantiasis in man. The adult worm occurs in tightly coiled nodular masses in the major 
lymphatic ducts. 


The main vector is Culex quinquefasciatus, a mosquito that is particularly common in towns and 
cities, breeding in organically polluted water, resting in houses and feeding by night on their 
human occupants. Typical breeding sites include: storm drains blocked with domestic refuse, 
accumulations of domestic waste water, inadequately covered septic tanks and pit latrines. 


In rural areas throughout Africa, Anopheles gambiae and Anopheles funestus are involved in 
transmission, Elsewhere other anopheline mosquito species may transmit bancroftian filariasis in 
rural areas. In Papua New Guinea, Mansonia species may act as a vector. 


Life Cycle 


Microfilariae enter the host during a blood meal when the vector, a mosquito, punctures the skin. 
The infective larvae enter through the wound and migrate to the peripheral lymphatics where they 
grow to mature male and female worms. They can live there for several years. After mating, the 
gravid females release sheathed microfilariae into the peripheral blood where they can be 
detected 8-12 months after the initial infected bite. 


The mosquito acquires the infection by ingestion of the microfilaria in the blood meal. The 
microfilariae lose their sheath on arrival in the stomach of the mosquito due to gastric juices. The 
larvae migrate to the thoracic muscles and develop into infective larvae over a period of 6-14 
days. The larvae then migrate to the mouthparts of the mosquito which infects the host during a 
blood meal. 


The blood stages of filatiae, microfilariae, vary in the times when they are present in the 
peripheral blood, corresponding with the peak biting time of the vector. Thus, in nocturnally 
periodic forms the microfilaria are present in the peripheral blood circulation at night; during the 
day they reside in the deep tissues, particularly the lungs. 


-172- 


Filariasis 


(Wuchereria bancrofti) 


Mosquito takes 
a blood meal 
Mosquito Stages Abel el Human Stages 
QWilrate to nead and $ 
‘mosquito's proboscis 
| 
‘ | 
: @ Lianae | 
? Q Wnts in ymohaios 
== 
U larvae @ Ais produce sheathed 
mmicroflariae that migrate 
QYeswio takes into lymph and blood 
‘a blood meal channels 
(gests meroianae) 
Microflariae shed sheaths, 
pentrate mosquito's midgut, 


and migrate to thoracic muscles 


A infective Stage | 
Az Diagnostic Stage 


Illustration 10-2. Diagram showing the life cycle of Wuchereria bancrofti, the filarial nematode known to 
cause the disfiguring disease, elephantiasis, in man. (SOURCE: PHIL 3425 - CDC/Alexander J. da Silva, 
PhD/ Melanie Moser) 


Morphology 


The adult worms are white and threadiike. The male measures between 2.5~4cm whereas the 
female is larger, measuring between 8-10cm. 


The microfilariae are 230-275. in length. The tail of the microfilariae of W. bancrofti tapers to a 


delicate point and exhibits no terminal nuclei. The sheath the microfilariae of W. bancrofti stains 
with hematoxylin stain. 
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Image 10-1. Microfilaria of Wuchereria bancrofti. The microfilaria is sheathed, its body is gently 
curved, and the tail is tapered to a point. The nuclear column (the cells that constitute the body of the 
microfilaria) is loosely packed, the nuclei can be visualized individually and do not extend to the tip of 
the tail. (Micrograph) (SOURCE: PHIL 3008 - CDC/Dr. Mae Melvin) 


Clinical Disease 


Many patients are asymptomatic. Patients may present with fever, lymphangitis and 


lymphadenit 


. Lymphangitis commonly affects the lower extremities and there may also be 


genital and breast involvement. An inflammatory reaction occurs in the lymphatic vessels that 
harbor the adult worms. Edema develops which may resolve after the first few attacks. A late 
complication resulting in thickening and verrucous changes in the skin known as elephantiasis 
may occur after recurring lymphangitis. Secondary bacterial and fungal infections may occur in 


patients with long-standing elephantiasis. 


Obstruction of the genital organs may result in hydrocoele formation and scrotal 
lymphoedema. Obstruction of the retroperitoneal lymphatics may cause the renal 
lymphatics to rupture into the urinary tract producing chyluria. 


Image 10-2. Lymphatic filariasis: Elephantiasis is the last consequence of the swelling of limbs and 
scrotum. (SOURCE: PHIL 373 - CDC) 
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Some patients with filariasis do not exhibit microfilaremia but develop tropical pulmonary 
eosinophilia which is characterized by peripheral eosinophilia, wheeze and cough. High 
eosinophilia, high IgE level and high anti-filarial antibody titers are features of this syndrome. 


Laboratory Diagnosis 

See section 10.2 below 

Sheath may or may not stain with Giemsa; does stain with hematoxylin stains. Discrete nuclei. 
Empty space between the nuclei and the body wall. No nuclei in tip of tail. Innerbody is rarely 


visible in Giemsa. Does not stain with hematoxylin. Cephalic space as long as it is broad. Tip of 
tail may be bent underneath the body. Found in blood. 


Brugia malayi 
Introduction 


Brugia malayi is a nematode causing lymphatic filariasis in South East Asia. There are two 
strains of B. malayi; 


1. The nocturnal periodic strain which is widely distributed in Asia, the microfilariae being in their 
highest concentrations between the hours of 10pm and 2am. 


2.The sub-periodic strain which is found in Malaysia, Indonesia and the Philippines where 
humans exhibit a microfilaremia all the time with the highest numbers being detected between 
noon and 8pm. 


Nocturnally periodic Brugian filariasis is primarily a rural disease, being transmitted by various 
Anopheles species of mosquitoes and also by Mansonia species, a mosquito that usually bites 
during the night. 


Nocturnally sub-periodic B. malayi is transmitted almost exclusively by Mansonia species, often 
different species than those involved in transmitting the periodic form. Mansonia bonneae are 
important vectors in Malaysia, breeding in swamp forests and biting by night, although sometimes 
by day as well. 


This species like W. bancrofti also parasitizes the lymph nodes and lymphatics; the adults of the 
two species are indistinguishable, causing Malayan filariasis. 


Life Cycle 
The adult worm inhabits the lymphatics and the female produces sheathed microfilariae which 
circulate in the peripheral blood. The mosquito acquires the infection by ingestion of the 


microfilaria in the blood meal. The microfilaria loses their sheath on arrival in the stomach of the 
mosquito. The larvae migrate to the thoracic muscles and develop into infective larvae over a 
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How It Warks 


This Enclopedia defines a tilt sensor as being an 
electronic component, as opposed to an elec- 
tromechanical component. The distinction is 
often observed in datasheets, but not always. 


Schematic Symbol 

No specific schematic symbol is generally used 
for any variant of a tilt sensor. It can be repre- 
sented with an annotated switch symbol. 


How It Works 


Because a tilt switch is a simpler device than a 
tilt sensor, it will be described first. 


The most common type of tilt switch consists of 
a cylindrical metal or plastic enclosure, often 
measuring about Smm by 15mm, containing 
two spherical steel balls that may be nickel- 
plated or gold-plated. When the switch is tilted, 
the balls eventually run downhill, and the lower 
ball completes an electrical connection 
between two contacts or between a single con- 
tact and the metal enclosure of the switch. The 
second ball is included to add weight and sup- 
press vibration in the first. 


Figure 8-1 shows a switch manufactured by 
Comus Global, rated for 0.25A at 60VAC or 
60VDC, maximum. The body of the switch 
measures approximately 10mm x 5mm, and the 
switch is activated when tilting -10 degrees 
from horizontal. It is deactivated when tilting 
+10 degrees. A scale drawing of the interi 
shown in Figure 8-2. 


spatial> orientation > tilt 


Figure 8-1 The CW1300 tlt switch manufactured by 
Comus Glabal, 


Brass Brass 


Gold Plated 


Hydrogen 
and Helium 


Figure 8-2 Interior of the CW1300 tit switch, from a 
scale drawing supplied by the manufacturer. The lower 
lead is welded to the shell of the sensor. The leads may be 
inserted ina citcuit board, 


Figure 8-3 shows three common internal con- 
figurations of a generic tilt switch. The top ver- 
sion has axial leads and uses the metal shell of 
the switch to complete the circuit. The center 
version has radial leads, with a plastic shell. The 
bottom version has radial leads, one of which is 
attached to the metal shell to complete the cir- 
cuit. 
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period of 6-14 days. The larvae then migrate to the mouth parts of the mosquito and enter the 
skin of the definitive host through the puncture wound when a blood meal is taken. The infective 
larvae enter the peripheral lymphatics where they grow to mature male and female worms. 


Filariasis 
fieeiencng Oo 
a blood meal 
Mosquito Stages (L3 larvae enter skin) ‘Human Stages 
QWiisiate 0 head 
and mosquito’s proboscis 


ie ah 


Q hist in ymphatics 


Adults produce sheathed 
microfilariae that reach 
Mosquito takes the blood stream, 


a blood meal 
Microfilariae shed sheaths, (hope nioomeiee) 


entrate mosquito's midgut, = 
and migrate to thoracic muscles pat 


Q 


A= infective stage rs) * a 


A= Diagnostic Stage 


Ilustration 10-2. Diagram showing the life cycle of Brugia malayi, a nematode which causes lymphatic 
filariasis. (SOURCE: PHIL 3379 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


Morphology 


The adult worms of B. malayi are smaller than those of W. bancrofti. The microfilariae of Brugia 
malayi are 170-230um in length and have two terminal nuclei that are distinctly separated from 
the other nucle’ in the tail. The last terminal nucleus is quite small and is at the tip of the tail. The 
sheath stains deep purple with hematoxylin stain. 
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Image 10-3. Microfilaria of Brugia malayi. These microfilariae are sheathed measuring approximately 
170-230um in length and have 2 terminal nuclei that are distinctly separated fram the other nuclei in the 
tail. The microfilariae in this species are tightly coiled, and the nuclear column is more tightly packed, 
preventing the visualization of individual cells. (Blood Smear) (SOURCE: PHIL 3003 - CDC/Dr. Mae 
Melvin) 


Clinical Disease 


Clinical features of B. malayi are similar to those of W. bancrofti, however in B. malayi, unlike 
Wuchereria bancrofti, genital involvement, hydrocoele and chyluria are rare. 


Many patients are asymptomatic. Patients may present fever. Lymphaginitis and lymphadenitis 
develop in the lower extremities. An inflammatory reaction occurs in the lymphatic vessels that 
harbor the adult worms. Edema develops which may resolve after the first few attacks. However, 
in long standing disease after several episodes of lymphaginitis, thickening and verrucous 
changes in the skin known as elephantiasis occurs. 


Some patients with lymphatic filariasis do not exhibit microfilaremia. However, they do have high 
eosinophilia, high IgE level and high anti-filarial antibody titers. 


Laboratory Diagnosis 

See section 10.2 below 

Kinked microfilaria. Sheath stains deep pink with Giemsa stain. Does stain with hematoxylin 
stains. Nuclei crowded and fill the whole body. Empty space between nuclei and body wall. 


Cephalic space twice as long as it is broad. Innerbody may or may not stain; when it does, it is 
prominent. Found in blood. 
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Brugia Timori 
Brugia timori is found in the islands of Indonesia and exhibits a strictly nocturnal periodicity. The 
lifecycle and disease closely resembles that of Brugia malayi. However, the microfilariae can be 


distinguished from those of B. malayi in that they are about 310um in length. The sheath satins 
pink with Giemsa and the nuclei at the tip of the tail are similar to those of B. malayi 


Loa loa 

Introduction 

Loa loa, also known as the African eye worm, is a filarial nematode endemic in the rain forests 
of West and Central Africa. It is transmitted by Chrysops species, also known as mango flies 
or horse flies and humans are the only known reservoir. It is estimated that 2-13 million 


humans are infected with the larvae. 


Adults migrate in the subcutaneous tissues of man and monkeys, with them eventually 
migrating across the eyeball under the conjunctiva. 


Life Cycle 
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Filariasis 
(Loa loa) (1) Fly (genus Chrysops) 
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Figure 10-3. Diagram showing the life cycle of Loa loa, the African eye worm. (SOURCE: PHIL 3399 - 
CDC/ Alexander J. da Silva, PhD/Melanie Moser) 


The adult worms live in the subcutaneous and deep connective tissues and the microfilariae 
are found in the peripheral blood, where they can be in ingested by the Chrysops fly (day biting 
fly) The adults can live in the tissues for up to 17 years. 


Once the microfilariae have been taken up by the Chrysops during a blood meal they develop 
within the fat body. They develop through to Ls within 10-12 days. The microfilariae, Ls re- 
enter the hosts blood stream when the fly takes another blood meal. They reach adult worms 
within 4- 6 months living in the subcutaneous and deep connective tissues. 


The microfilariae exhibit diurnal periodicity, the highest numbers being detected in blood 
between 10am and 2pm. 
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Morphology 


Adult males of Loa loa are 2-3.5cm long and the females from 5-7cm. The microfilariae of Loa 
loa are 250-300um. They possess a sheath which stains blue-grey with Delafield's 
hematoxylin. The sheath does not stain with Giemsa. The tail gradually tapers to a rounded 
end, the densely packed nuclei extending to the tip. 


Image 10-4. Microfilaria of Loa loa, the African eye worm. The adult worms live in the subcutaneous 
and deep connective tissues and the microfilariae are found in the peripheral blood, The microfilaria 
are kinked and sheathed. Nuclei crowded extending to tip of tail; tip of tail tapers. (hematoxylin stain, 
400) (SOURCE: Unknown) 


Clinical Disease 


Many patients infected with Loa loa appear to be asymptomatic and the migration of the adult 
worm through the subcutaneous tissues often goes unnoticed, unless passing beneath the 
conjunctiva of the eye. They can be seen crossing the eye, but it is a rapid process taking 
approximately 15-20 minutes. Hyperesinophilia and increased antibody levels, especially IgE 
are also noted. Eye-worm episodes are as equally common in man as well as women with 
common reoccurrences. There is an increased incidence with age. 


The most common pathology associated with Loa /oa infections are Calabar swellings, which 
are inflammatory swellings resulting in a localized subcutaneous edema. These swellings are 
due the host's response to the worm or its metabolic products and can be found anywhere in 
the body but most commonly in the extremities. These swellings last from 1-3 days. They 
develop rapidly and last one to three days, usually accompanied by localized pain, urticaria 
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and pruritis. There is a higher frequency of Calabar swellings in women with common 
reoccurrences. 


Serious complications such as cardiomyopathy, encephalopathy, nephropathy and pleural 
effusion have been recorded. 


Laboratory Diagnosis 
See section 10.2 below 
Kinked and sheathed microfilaria. Sheath does not stain with Giemsa stain; does stain with 


hematoxylin stains. Nuclei crowded extending to tip of tail; tip of tail tapers. Cephalic space as 
long as it is broad. Inner body does not usually stain. Found in blood. 


Mansonella species 

Introduction 

Members of the genus Mansonella are filarial nematodes which rarely cause serious disease. 
However, they can be found in geographical areas where Wuchereria bancrofti, Loa loa and 
Onchocerca volvulus also occur and therefore must be differentiated from these pathogenic 
microfilariae. Unlike the pathogenic blood filariae, they do not exhibit periodicity. 


Life Cycle 
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Image 10-4, General_life cycle of | Mansonella species of _filarial_ nematodes. 


(SOURCE: PHIL 3404 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


There is a general life cycle for the Mansonella species of filarial nematodes. The microfilaria is 
picked up by the vector Culicoides sp. (biting midges) during a blood meal. The larvae develop 
within the body of the Culicoides sp. and are re-introduced into the human host when the 
vector takes another blood meal. They are found in various sites around the human host body. 
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Mansonella perstans 


The microfilariae of M. perstans have been found in Africa and South America. This is a mildly 
pathogenic species in man and apes. They are found in the deep connective tissue and serous 
cavities. 


Morphology 
The adult worms live in the peritoneal, pleural and pericardial cavities and their size is 
comparable to the pathogenic species already discussed. The microfilariae are unsheathed 


are about 200um in length and the nuclei extend to the tip of the tail which is rounded. 


cl 


al Disease 
It is difficult to assess the disease associated with M. perstans, however pruritis, fever and 


subcutaneous swellings have been associated with infection of M. perstans. The adult worm 
appears to cause little or no host reaction. Eosinophilia is common. 


~ 
7 


Figure 10-5. Microfilariae of Mansonella perstans, a mildly pathogenic nematode to man. The 
microfilariae are unsheathed are about 200m in length and the nuclei extend to the tip of the tail 
which is rounded. (Giemsa stained x920) (SOURCE: Unknown) 


Laboratory Diagnosis 
See section 10.2 below 


Small, thin microfilaria. Does not have a sheath. Nuclei extend to end of tail; last nucleus 
bigger; tip of tail is blunt. Nuclei stain deeply and “run together’. Found in blood. 
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Mansonella ozzardi 


Mansonella ozzardi nematodes are confined to the westerm hemisphere. These are non- 
pathogenic filarial nematodes. The parasites cause nodules in the skin of the vertebrate hosts. 


Morphology 


The adult worms are located in the mesenteric tissues and their size is comparable to the 
pathogenic species already discussed (0.6m long). The microfilariae are found in the 
peripheral blood and range between 173-240uim in length. The nuclei do not extend to the tip 
of the tail which has a pointed end, The male adult worm is almost unknown. 


Clinical Disease 


Infections caused by M. ozzardi are generally symptomless, however lymphadenopathy, 
arthralgia, fever and eosinophilia have been reported. 


Image 10-6. Microfilariae of Mansonella ozzardi, Non-pathogenic filarial nematode to man. The 
microfilariae are found in the peripheral blood and range between 173 - 240um in length. The nuclei 
do not extend to the tip of the tail which has a pointed end. (SOURCE: PHIL 382 - CDC/Dr. Mae 
Melvin) 

Laboratory Diagnosis 

See section 10.2 below 


Small thin microfilaria. Does not have a sheath. Nuclei do not extend to end of tail; tip of tail 
tapers. Stains very lightly; tip of tail difficult to see. Found in blood and skin 
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Species 


Size of Microfilariae 


Morphology of microfilariae 


210 - 320um by 8 - 101m 


Sheathed. Tail pointed and clear 


170 - 260,m by 5 - Gum 


Sheathed. Tail pointed with 2 nuclei 


230 - 300um by 6 - 84m 


Sheathed. Tail blunt with nuclei 


200nm by Gum 


Unsheathed, Tail blunt with nuclei 


250um by 6 - 7um 


Unsheathed. Tail pointed and clear 


Table 10-1. Morphology of the blood microfilariae known to infect man, (SOURCE: CDC) 


Geographic Adults (site of Microfilariae 
Species distribution | Pathogenicity infection) (characteristics) NERS 
Asia, Pacific, | LYmphansitis, Found in blood, 
Tropical | elephantiasis | — Lymphatics sheathed, Culleidas 
Africa, periodicity | (mosquitoes) 
Americas hydracoele, variable 
chyluria 
Found In blood, 
seunana | vmgtaats | acy | cian, | cutee 
East Asia Elephantiasis periodic or _| (Mosquitoes) 
subperiodic 
Found in blood, 
Africa and | No definite Peritoneal & | unsheathed, | CUHoMe® 
‘amened pathogenicity | pleural cavity nocturnally ida! 
subperiodic 
Cutaneous Found in skin, Culicoides 
Africa (Ghana py Subcutaneous ineneatred (biting 
and Congo) tissues 
elephantiasis nonperiodic_| midges) 
Central and No definite Found in blood, Culicoides: 
South vthagenitis | Peritoneal cavity | unsheathed, (biting 
America Rathogs nonperiodic midges) 
Found in blood 
7 Skin swellings, | Chrysops 
Tapes | Sdame™* | siictamnes [seas | ta 
reactions periodic or Horse fly) 
Africa, Skin nodules, 
Central and ocular Subcutaneous | Found in skin, / situ 
unsheathed, 
South complications tissues (Black fly) 
: nonperiodic 
America (blindness) 


Table 10-2. Comparison of the main human filarial nematodes. (SOURCE: CDC) 
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orientation > tit 


Figure 8-3 Three variants ofa generic bal-operated tit 
‘switch. The graph-paper scale is in millimeters. 


Figure 8-4 shows the parts of a disassembled 
tilt switch. 


Simplified Version 

Where size is not a significant consideration, a 
tilt switch can be created by attaching a pivot- 
ing, weighted arm to a small snap-action 
switch. 


Applications 
‘An old-style (nonelectronic) thermostat may 
contain a tilt switch attached to the end of a 
bimetallic strip coiled into a spiral. When the 
strip bends in response to a drop in tempera- 
ture, the switch closes its contacts, activating a 


How It Works 


relay that starts a heating unit. If the tempera- 
ture rises, an additional set of contacts in the 


same relay may activate an air-conditioning 
unit. In old thermostats, the tilt switch may con- 
tain mercury in a glass tube, which should be 
handled with caution. 


Figure 8-4 Atright.a tit switch. At let, the cap removed, 
and the two balls that make internal contact. The back- 
{ground grid isin milimeters. 


tlt switch may detect the opening of a door 
or window in a simple alarm system. 


Tilt switches have been used in automobiles to 
switch on the interior light in the trunk when its 
lid is opened, 


‘A normally closed tilt switch is often used to 
stop the inflow of granular material to a bin 
when it is almost full. This is colloquially known 
as a bin switch. In industrial applications of this 
ind, the switch is activated by a long lever that 
has a ball mounted at the end. The switch 
assembly is physically large. See Figure 8-5. 


Anormally open tilt switch may operate a valve 
or start a pump when the liquid in a tank drops 
below a certain point. If the switch uses a float 
to sense the level of the liquid, itis often known 
as a float switch, This is described in the entry 
on liquid level sensors. See Chapter 15. 


Chapter 8:titsensor 57 


10.2. Laboratory Diagnosis 
Detection of Microfilariae in Blood 


Collection of specimens 


The specimen collection times should be selected in accordance with the patient's clinical 


symptoms and travel history. 


Species Geographic location Periodicity Collection time 
Tropics / Subtropics Nocturnal 2400 hours 
Pacific Diurnal subperiodic 1600 hours 
SE Asia and SW India Nocturnal 2400 hours 
Indonesia Nocturnal subperiodic 2100 hours 
Indonesia Nocturnal 2400 hours 
West / Central Africa Diurnal 1300 hours 
Africa / South America Non periodic Any time 
are ae Non periodic Any time 


Table 10-3. Periodicity and the advised collection times of the human filarial nematodes. (SOURCE: 


Dc) 


Detection Methods 


(i) Polycarbonate membrane filtration. 


This technique is very sensitive, enabling very low parasitemias to be detected. It is now the 
most widely used technique for separating microfilariae from blood. 


Nucleopore polycarbonate membranes, 25m diameter, 5m pore size, are held in a Millipore 


Swinnex filter holder, using a rubber gasket to secure the membrane. 


Method 


a) Place the membrane on the holder with a drop of water. 


b) Draw up 10-20 ml of 1:1 saline diluted blood into a 20mI syringe 


c) Connect the syringe to the filter and gently push the blood through the filter 


membrane. 
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d 


Repeat until all of the blood has been filtered. 


e) 


Draw up 20 ml of saline into the syringe, flush through the filter, repeat using air. 


f) Unscrew the top of the filter and discard the gasket into chloros; use forceps to 
transfer the membrane to a slide. 


g) Add a drop of saline to the membrane and cover with a coverslip. 


h) Examine the membrane under the microscope, using a x10 objective. Examine any 


microfilariae found using a x40 objective to note the presence of a sheath. 


(ii) Saline/saponin method. 
Reagent 
One percent saponin in normal saline. 
Method 


Deliver 2ml of blood (fresh or anticoagulated) into a centrifuge tube and add 8ml of 
1% saponin in saline. 


a) 


b) Mix the blood by inversion, then allow it to stand at room temperature for 15 minutes 


to allow the blood to hemolyze. 


°) 


Centrifuge at 2,000rpm for 15 minutes to deposit the microfilariae. 


d 


Discard the supernatant and use the deposit to make a wet preparation. 


Examine the slide using the x10 objective. Active microfilariae can be seen and 
produce a snake-like movement as they disturb the cell suspension. 


e) 


If itis not easy to inspect the microfilariae due to excess “wriggling” a little 10% formalin can be 
run under the coverslip to immobilize them. 


Confirmation of species can be made by using appropriate staining methods to demonstrate 
nuclear morphology. 


Staining Methods for Microfilariae 


When filariasis is suspected, a geographical and clinical history helps to determine the most 
appropriate collection time. Thick and thin blood films can be examined. However this is an 
insensitive method due to the low microfilaremia, and larger volumes of blood need to be 
examined. 
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There are 4 characteristics that are generally used in diagnosing microfilaria: 
1. The presence of absence of a sheath. 
2. The presence or absence of nuclei in the tip of the tail. 
3. The innerbody — can or cannot be demonstrated. 


4. The size of the microfilaria. 


The two methods commonly used are: 


() Supravital Stai 


Reagent 

0.75% cresyl blue in saline or 1.0% methylene blue in saline. 

These reagents can be used to stain live microfilariae by allowing the stain to flow under the 
coverslip on to a polycarbonate membrane preparation or a centrifuged preparation. The dye 
will stain the nuclei of the microfilariae and also provide a contrasting background to look for a 
sheath. It may take several minutes for the dye to penetrate the organisms and the slide 
should be kept in a moist chamber to prevent the preparation from drying out. 

(ii) Permanent Staining 


Permanent stains should show up the nuclei, including the pattern of nuclei in the tail region 
and stain the sheath if necessary. 


The stains of choice are; 
1. Hematoxylin 
2. Giemsa 
3. Rapid Field’s 
1. Hematoxylin 


Delafield's hematoxylin will stain the nuclei and the sheath well and unlike Ehrlich’s 
hematoxylin does not require heating 


Reagents 
+ Delafield’s hematoxylin (BDH) 


+ 1% acid alcohol 
+ Methanol 
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Method 


a) 


Make thin films, allow to air dry then fix in methanol for five minutes 


b) 


Stain with Delafield’s hematoxylin for 20 minutes 


c 


“Blue” the nuclei by placing the slide in a coplin jar and allow a stream of running water to 
flow into the jar for 20 minutes. 


d) Decolorize with 1% acid alcohol for 5-10 seconds before “blueing” in tap water again. 
Control this process by examination under the microscope until the nuclei are clear and 
distinct. 

e) Allow the slide to dry before mounting in DPX. 

f) The nuclei should stain blue and the sheath grey. 

2. Giemsa 

Reagents 
+ Methanol 
+ Giemsa stain 
+ Immerson Oil 

Method 

a) Make a thin film and allow to air dry. 


b) Fix in methanol for one minute. 


©) 


Tip off the methanol and flood the slide with Giemsa stain diluted 1:6 with buffered distilled 
water pH 6.8. The diluted stain must be freshly prepared each time. 


d) Stain for 20 — 25 minutes. 


e) Run buffered water on to the slide to float off stain and to prevent deposition of precipitate 
on to the film. Allow the slide to drain dry. 


f) Examine the film using the oil immersion objective. Nuclei should stain red 


3. Rapid Field’s 
Reagents 


+ Methanol 
+ Field’s Stain A solution 
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+ Field's Stain B solution 
+ Immersion Oil 


Method 
a) Make thin film and allow to air dry for five minutes. 

b) Fix the smear in methanol for one minute. 

c) Flood the slide with 1mI of Field's stain B (diluted 1:4 with distilled water) 


d) Immediately add an equal volume of Field's stain A, mix well on slide and allow to stand for 
one minute. 


e) Rinse well in tap water and drain dry. 
f) Examine the film using the oil immersion objective and immersion oil. 


g) The nuclei should stain red. 


10.3 Microfilaria Worms Found in Tissue and Skin 


The main species of microfilariae found in the skin and tissue are Onchocerca volvulus and 
Mansonella streptocerca. Microfilariae of Onchocerca volvulus and less often, Mansonella 
streptocerca migrate through the dermis causing itching and skin texture changes and 
occasionally arrive in the eye where they cause blindness. Detection of these microfilariae is 
from skin snips or nodule biopsies. When high numbers of microfilariae are present, they can 
occasionally be found in the blood and urine. 


Onchocerca volvulus 
Introduction 


Onchocerca volvulus is mainly found in West Africa and Central and South America. 
Onchocerciasis, also known as river blindness, is a major public health problem, especially in 
West Africa despite the fact that an eradication program has been established. It is one of the 
world's most distressing diseases of helminth origin, often resulting in blindness. Onchocerca 
volvulus is transmitted by the species Simulium or black fly whose breeding habitat is by fast 
flowing rivers or streams, therefore there is a patchy distribution of the disease as it is specified 
to where water courses are. The adult worms are found in nodules or onchodermata in 
superficial sites, but may invade other tissues. It is estimated that there are 18 million cases 
worldwide with 17.5 million being found in Africa. Nigeria is the most infected region. The rate of 
morbidity is high in relation to those with an infection. 
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Life Cycle 
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Illustration 10-5. Diagram showing the life cycle of Onchocerca volvulus, a filarial nematode which 
causes onchocerciasis, or River blindness. It is known as river blindness due to the vector, Simulium 
damnosum, breeding in fast flowing rivers. (SOURCE: PHIL 3413 - CDC/Alexander J. da Silva, 
PhD/Melanie Moser) 


The life cycle is similar to W. bancrofti, except that the intermediate hosts are various species 
from the genus Simulium (Black flies), the most important species is Simulium damnosum. 


The microfilariae are ingested by a Black fly during a blood meal, from where they are carried to 
the midgut where they penetrate the epithelium and migrate, via the hemocoele, to the indirect 
flight muscles. Here they undergo two molts, L:-L3 and develop into infective Ls larvae which 
move to the mouth parts. Development is completed in 6-9 days. 


When the infected fly takes another blood meal the infective larvae are once again transmitted 
into another host (definitive host). The microfilariae are released from the mouth parts and 
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transmitted directly into the hosts bloodstream. Molting takes place form Ls - Le within 2-5 days 
and the larvae then migrate widely through the body under the skin and between muscles, 
ligaments and tendons. The final molt to Ls occurs at 1.5-2.5 months after transmission. Male 
worms are known to mature in about four months later. Female worms initiate the formation of 
the nodules and the males may join later. The sexually mature female worms release 
microfilariae which migrate out from the nodules into the skin and other tissues, most 
significantly into the eye. 


Morphology 
The whitish adult worm lies coiled within capsules in the fibrous tissue. The female can measure 


up to 50cm while the males are shorter measuring up to 5 cm. The microfilariae of O. volvulus 
are unsheathed and are usually found in the dermis. They measure between 221-287)1m long. 


Image 10-7. Onchocerca volvulus microfilariae after being released by the adult female worm. They 
escape to the subcutaneous tissues and the eye and can be recovered with blood-free skin snips. 
(SOURCE: CDC) 


Clinical Disease 
Clinical manifestations are due to microfilariae in the epidermis. 


Light infections may be asymptomatic or cause pruritis. This leads to scratching which can result 
in infection. Lyphadenopathy may also be a feature of early infection. After months or years, 
onchodermatitis results in secondary stage of thickening due to intradermal edema and 
pachydermis. There is a loss of elastic fibers resulting in hanging groin, hernias and 
elephantiasis of the scrotum. There is finally atrophy of the skin resulting in loss of elasticity. 
There is mottled depigmentation of the skin. 
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Ocular lesions are related to the intensity of the microfilariae in the skin. Ocular lesions include 
sclerosing keratitis, secondary glaucoma and cataract, coroidoretinitis and fluffy corneal 
opacities. The major complication of onchocerciasis is the development of lesions in the eye 
which may result in blindness or other distressing ocular diseases. 


Laboratory Diagnosis 
1. Analysis of Skin Snips 


‘Small amounts of skin are collected by using a needle to raise the skin and then to slice about 1 
mg of skin to a depth of 0.5um. Snips are collected from several sites, usually the shoulders or 
the buttocks and sometimes the chest and calves. The snips are placed immediately in 0.5m! 
normal saline in a microtiter plate and left for 4 hours to allow the microfilariae to migrate out of 
the tissues. After four hours, the wells are examined using an inversion microscope. The 
microfilariae should still be moving and can be identified from the table below. The microfilariae 
can also be collected by filtration or centrifugation and the deposit containing microfilariae can be 
stained with Giemsa at pH 6.8. 


2. Analysis of Biopsies 


Biopsies of tissue nodules can be dabbed on to a slide to produce impression smears and then 
stained with Giemsa stain at pH 6.8 for the presence of microfilariae. 


Recent advances in diagnostic methods includes and ELISA-based antibody detection assay 
which utilizes a cocktail of recombinant antigens. The advantages of using this test is that it is 
highly sensitive (almost 100% in onchocerciasis foci). It is also highly specific (100%), it also 
uses finger prick blood. Therefore, reducing the painful procedure of gaining a skin snip. 


The disadvantages is that it requires advanced ELISA apparatus and reagents and cannot 
distinguish between past and present infections due to it detecting antibodies which stay present 
in the body for a long time after the infection. Another moder detection method is for Parasite 
DNA detection, which is based on the amplification of specific DNA sequences form microfilariae 
using molecular biology technology. The advantages of this technique is its exquisite sensitivity 
and detects active infections only. The disadvantages are that it requires specialized equipment 
and expensive reagents. Also it still requires a skin snip but a urine assay is a possibility for the 
future. 


Thick microfilaria. Does not have a sheath. Head often spatulate. Nuclei do not extend to tip of 
tail. Found only in skin. 


Mansonella streptocerca 
Introduction 


Microfilaria of M. streptocerca were first reported in the skin of a West African patient in 1922. 
These microfilaria are primarily found in the skin but have been also reported in the blood. This 
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species occurs in Ghana, Cameroon and Zaire. The adults are poorly known, and occur in the 
cutaneous tissue of man and chimpanzee. 


The microfilariae do not exhibit periodicity with the intermediate hosts being Culicoides 
grahamil and possibly other Culicoides species. 
Life Cycle 


The life cycle is the same as that of the blood Mansonella species. 


Image 10-8. Microfilaria of Mansonella streptocerca. From a skin snip, after a concentration 
procedure and hematoxylin stained. The microfilaria is typically unsheathed, and its body has a 
straight attitude. The tail is typically coiled ("shepherd's crook"), and nuclei extend to the end of the 
tail, as a single-cell row. (SOURCE: CDC) 


Clinical Disease 
Infection is characterized by pruritic dermatitis and hypopigmented macules. 
Laboratory Diagnosis 


Mansonella streptocerca can be diagnosed by demonstrating the microfilaria in a skin snip. 
Snips are collected from several sites, usually the shoulders and buttocks and sometimes the 
chest and calves. The snips are placed immediately in 0.5ml of 0.9% sodium chloride in a 
microtiter plate and left for four hours to allow the microfilaria to migrate out of the tissues. 
After four hours, the wells are examined using an inversion microscope. The microfilaria 
should still be moving and can be identified by staining with Giemsa at pH 6.8 


Small, thin, microfilaria. Does not have a sheath. Nuclei extend to end of tail. Tail is hooked; its 
tip is rounded or forked. Found only skin. 
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Species Onchocerca volvulus 


Mansonella streptocerca 


Tropical Africa, Central and 
South America 


West Africa 


Simulium spp. 


Culicoides spp. 


Subcutaneous nodules 


Cutaneous connective tissue 


Skin Skin 
280 - 330um 180 - 240um 

Broad spatulate head; Curled tail; 

No sheath, pointed tail No sheath 


Tail free from nuclei 


Nuclei extend to tail tip 


Table 10-4. Differential features of Onchocerca volvulus and Mansonella streptocerca. (SOURCE: CDC) 


Dracunculus medinensis 


Introduction 


Dracunculus medinensis is a non-filarial parasite as it only has one uterus whereas filaria have 
two. It is usually associated with places where there is a lack of clean drinking water e.g. step 
wells in India, covered cisterns in Iran, and ponds in Ghana. The life cycle usually involves 
copepod intermediate host. They are parasitic in the connective tissue or coelom of 
vertebrates. The disease associated with this parasite is known as Dracunculiasis. 


Life Cycle 
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Figure 8-5 The flow of granular material into a bin can be 
sensed and stopped by a tit switch ofthis type, often 
known as abin switch. 


A tipover switch may use the simplified system 
of a weighted arm that activates a snap-action 
switch. When used in conjunction with a room 
heater, the switch must handle substantial cur- 
rent. 


A motorcycle may contain a tipover switch to 
stop the electric fuel pump if the motorcycle 
falls on its side. 


Four tilt switches placed in a cross-shaped pat- 
tern on a flexible mount can be used as the 
basis of a very simple game controller, with a 
Joystick mounted in the center. 


Variants 


The three configurations of ball-type tilt 
switches shown in Figure 8-3 are functionally 
interchangeable and can be chosen for conve- 
niience of their leads in fitting the circuit. 


Mercury Switches 

Early tilt switches contained a blob of mercury 
in a glass bulb. When the bulb was tilted, the 
mercury rolled to the end and made an electric 


spatial> orientation > tt 
connection between two metal contacts that 
penetrated the bulb. 


A small mercury switch is shown in Figure 8-6. 
This type of sensor became less common after 
many countries classified mercury as an envi- 
ronmental hazard and established regulations 
restricting its use. 


Figure 8-6 Small mercury switch rated for 0.34 at 
24VDC or 24VAC. Larger mercury switches can switch 
‘more pawer; 1A at 230V is common. The background grid 
isin milimeters. 


Mercury is an excellent electrical conductor. It 
remains in a liquid state between about -38 
degrees Celsius and +356 degrees Celsius, and 
has very high surface tension, encouraging it to 
form a single blob instead of breaking up into 
small droplets. Because free space in the bulb is 
filled with an inert gas to prevent oxidation of 
the electrodes, a mercury switch can have a 
very long operating life. In the United States in 
the 1970s, some light switches were sold con- 
taining mercury switches with a claimed life 
expectancy of 100 years, 


Pendulum Switch 

This type of switch, now relatively rare, was 
found in vintage pinball machines. It consists of 
a pendulum about Sem long, suspended inside 
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Illustration 10-6. Diagram showing the life cycle of Dracunculus medinensis, Guinea worm. 
(SOURCE: PHIL 3391 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


Mature female worms which are gravid with microfilariae migrate to the superficial layers of 
skin of humans, especially those regions which are most likely to come in contact with water, 
such as the ankle, foot, arms and shoulders. Here the worms secrete a substance (substance 
is unknown) which causes a blister to rise over its anterior end where it has pierced the lower 
layers. The blister eventually forms into an ulcer which on contact with water, the uterus is 
projected out of the ulcer cavity, and a cloud of milky white secretion, containing hundred of 
active larvae, is released. Once out of the water again the uterus dries and shrivels preventing 
the release of further larvae. 


If the microfilariae are ingested by an appropriate species of Cyclops, they break though the 
soft mid-intestine wall and come to lie in the body cavity. The larvae undergo two molts and 
become infective in approximately three weeks. Humans become infected by accidentally 
ingesting through drinking water the infective Cyclops. Upon ingestion the larvae are activated 
to penetrate through the gut wall, and migrate through the tissues, molting twice and finally 
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becoming lodges in the viscera or subcutaneous tissues. Maturation of the worms is slow 
taking about one year to reach sexual maturity before the females are ready to migrate to the 
skin to release their larvae. 


Morphology 


The adult female worm measure up to one meter in length whereas the male measures about 
2m. 


Clinical Disease 


After ingestion of the Cyclops, there is no specific pathology associate with the mucosal 
penetration and larval maturation in the deep connective tissues. Erythema and tenderness 
can be associated with blister formation. The patient can also exhibit vomiting, diarrhea, 
asthmatic attacks. Symptoms usually subside when the lesion erupts. If the worm is removed, 
healing usually occurs without any problems. If the worm is damaged or broken during 
removal, there may be intense inflammatory reaction with possible cellulitis along the worms 
migratory tract. This can result in arthritis and synovitis. 


Figure 10-9, Female Dracunculus medinensis worm (Guinea worm) emerging out of a typical ulcer. 
Adult worms emerge from these ulcers on contact with water to release their microfilaria. The most 
effective method for removing these worms are to slowly wind them around a piece of stick, being 
careful not to break the worm in two, (SOURCE: PHIL 1342 - CDC) 


Laboratory Diagnosis 


The best remedy for removing the adult worm is a slow process of daily gently rolling the worm 
around a small stick and slowly pulling it out of the skin. With this method you must be careful 
not to pull apart the worm as it will recoil back into the skin and cause secondary infections. 


This parasite is currently being approached with a strict control program. The program includes 


stopping people from drinking infected water, putting muslin over water collection jars, 
educating the communities about the parasite, and adding temphos to the water to kill it off. 
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Chapter 11. 
Babesia, Trypanosomes, and 
Leishmania 


Babesia species 
Introduction 


Babesia species are protozoan parasites of domestic and wild animals. They belong to the 
subclass Piroplasmia and are commonly referred to as ‘piroplasms' due to the pear-like 
shaped merozoites which live as small intra-erythrocytic parasites. They commonly infect 
mammals, particularly cattle, sheep, goats, horses, pigs, dogs and cats and occasionally man. 


Species infective to humans are the cattle form Babesia bovis which can often be fatal and 
Babesia microti which is less pathogenic. Until recently B. microti was confined to the United 
States but is now becoming a significant tick-borne disease of man in other temperate climates 
as well. 


Human infections have been found in Europe and North America. The infection is known as 
Babesiosis, it can also be described as ‘redwater fever’ or ‘tick fever’ and has a major impact 
on the livestock industries in many countries. 


What is unusual with this parasite's life cycle is the development in the vector. They use the 
one-host ticks, belonging to the genus Boophilus. The parasites are passed to the eggs and 
hence to the larval stages which can thus become infective after the adult tick dies. This 
process is known as transovarial transmission. 


The ticks which are known to carry the parasite of Babesia bovis are Boophilus microplus, B. 
decoloratus and B. annulatus. 


Life Cycle 


Human babesiosis is a zoonosis, acquired by tick bite when individuals accidentally interact with 
the natural life cycle of the parasite. 


The life cycle is best known for Babesia canis which infects dogs, but it is generally the same in 
each of the one-tick hosts and the definitive host. 
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Babesia bovis 


When the tick bites, sporozoites are injected into the blood stream and penetrate the 
erythrocytes. In contrast to the malaria life cycle, there is no tissue stage for Babesia bovis. 
Babesia multiplies in the red cell by budding in contrast to schizogony in Plasmodium species. 
The red cell ruptures and daughter parasites invade new erythrocytes for further asexual 
multiplication. Some of the sporozoites injected by the tick vector follow a different path of intra- 
erythrocytic development, growing slowly and “folding” to form accordion-like structures which are 
destined to undergo further development in the tick vector. Within the intestine of the tick, the 
accordion-like stage eventually fuses with another, to form a zygote. Further development 
outside the intestine occurs in a variety of tissues, the salivary glands and ovaries being 
especially important for transmission. Sporozoites in tick salivary glands are injected into the 
mammalian host at the next blood meal. Transovarial transmission of Babesia bovis also takes 
place so that newly hatched onto adult stages can then take place. 
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Illustration 11-1. Generalized life cycle of the parasite Babesia, which causes the disease babesiosis in 
man. (SOURCE: CDC/DPDx) 
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Babesia microti 


In the small mammal host of Babesia microti, sporozoites from the tick vector first enter 
lymphocytes and undergo merogony, the daughter parasites of which then enter erythrocytes. 


Babesia microti do not undergo transovarial transmission, but once a larva has become infected 
from a mammalian host they are able to pass on the infection transstadially to the nymph. 


Image 11-1. Diagnosis of Babesia species depends on the observation of the intraerythracytic 
organisms in blood smears. Pear shaped microorganisms (2-5um) and tetrads are the diagnostic 
shape of the parasite. (SOURCE: PHIL 3899 - CDC/Dr. George Healy) 


Clinical Disease 


Babesia bovis - Patients who are particularly at risk are those who have had a splenectomy. 
The patient may feel vaguely unwell at first but by the time the diagnosis has been made, is 
usually very ill, with fever, prostration, jaundice, anemia and hemoglobulinuria. Nausea, 
vomiting and diarrhea have also been recorded. Unlike malaria symptoms, the symptoms of 
babesiosis do not exhibit periodicity. 


Babesia microti - Most human infections are subclinical. Where clinical illness develops, the 
incubation period is 1 to 3 weeks, occasionally up to six weeks. The illness usually begins 
gradually, with anorexia and fatigue, plus fever (without periodicity), sweating, rigors and 
generalized myalgia. Physical examination may reveal only fever, but may also show mild 
splenomegaly and occasionally mild hepatomegaly. 
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Laboratory Diagnosis 


Definitive diagnosis depends upon finding parasites on blood film examination which can be 
detected 2 to 4 weeks after a tick bite. Hamster inoculation and serology have also been used for 
diagnosis. 


1. Microscopic Examination 
Babesia bovis 


Babesia bovis are pear shaped, oval or round and may exist in pyriform pairs. There may 
be 1 to 8 parasites per red cell. Ring forms can be confused with malaria parasites, 
especially Plasmodium falciparum. However, in contrast to Plasmodium species, Babesia 
do not form pigment, do not cause alterations in red cell morphology and finally do not 
exhibit the Maurer's clefts of Plasmodium falciparum, the Schiffiner's dots of Plasmodium 
vivax, or the James's dots of Plasmodium ovale. 


The "Maltese cross form" is unique to Babesia but in its absence it may be very difficult to 
distinguish young ring forms of Plasmodium falciparum, from Babesia. The absence of 
pigment cannot be relied upon, as young rings of Plasmodium do not exhibit pigment. 
Babesia, are smaller than malaria parasites, and in some of the larger rings there is white 
vacuole containing erythrocyte stroma, instead of the pink vacuole seen in malaria. 
Babesia parasites do not form schizonts. 


Babesia microti 
Ring, rod shaped, pyriform, amoeboid, and "Maltese cross" forms are seen. In heavy 
infections different stages may be noted in the same red cell. Intra-erythrocytic stages 
measure approximately 2 by 1.5um. In very high parasitaemias, extracellular merozoites 
are found singly or as a syncytial structure. Peak parasitaemia varies between less than 
1% to approximately 10%. 
2. Serodiagnosis 


The Indirect Fluorescent Antibody Test (IFAT) is available for both B. bovis and for B. 
microti and is the most useful serological test for early diagnosis. 


3. Animal Inoculation 


This is not routinely used for diagnosis but B. microti grows well in hamsters and can serve 
as a confirmatory test. 
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Toxoplasma gondii 
Introduction 


Toxoplasma gondii, the causative organism of toxoplasmosis, was first observed in 1927 in the 
gondi, a North African rodent. The first human case of toxoplasmosis was also reported that 
year. The organism is a coccidian protozoa belonging to the sub-phylum Apicomplexa and has 
a world wide distribution occurring in all warm-blooded animals. 


Cats are the definitive hosts and they become infected by ingesting oocysts or cysts in tissues 
of paratenic hosts, such as mice, or transplacentally. Man becomes infected either by direct 
ingestion of oocysts from a cat or by eating raw or undercooked meat. Those who handle raw 
meat are particularly at risk. Infection can be transmitted transplacentally. 


Life Cycle 


The development of the enteroepithelial (sexual) cycle in a cats intestine is brought about by 
the ingestion of sporulated oocysts of a mouse with cysts. The pre-patent period up to the 
shedding of the oocysts varies with the stage of T. gondii ingested, for example only 3-10 days 
if the cat has ingested a mouse containing cysts, but about 19-20 days or longer after direct 
infection with oocysts or ingestion of a mouse containing only tachyzoites. Women most at risk 
of delivering an infected infant are those who acquire the infection just prior to gestation. 


Humans can acquire infection by: 
+ Accidental ingestion of the oocyst shed in the cats feces 
+ Ingestion of the tachyzoite in infected milk or transplacentally 


+ Ingestion of the tissue cyst in undercooked or raw meat. 
+ Transplant of an infected organ in a seronegative recipient 
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A Diagnostic Stage 
1) Serological diagnosis. 
or 
2) Direct identification of the parasite from peripheral 
blood, amniotic fluid, or in tissue sections. 


Ulustration 11-2. Life cycle of Toxoplasma gondii, causes toxoplasmosis in man. (SOURCE: PHIL 
3421 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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Hlustration 11-3. Diagrammatic illustration of a Toxoplasma gondii trophozoite in a macrophage of a 
vertebrate, (SOURCE: Unknown) 


cl 


al Disease 


Serological evidence has shown that approximately one third of the world's population has 
Toxoplasma antibodies. This suggests that the majority of infections are benign with most 
people exhibiting few or no symptoms, but fever and swelling may be seen. However, 
Toxoplasma gondii can cause severe illness in congenital infections, acquired infections and in 
immunocompromised patients. This may lead to ocular toxoplasmosis and ultimately to fatal 
CNS disorders such as encephalitis. 


Image 11-2. Toxoplasma gondii tissue cyst containing 8-20 parasites (Giemsa stain) (SOURCE: 
cDc) 


Congenital Toxoplasmosis 


This occurs approximately in 1 per 1000 pregnancies. It can cause severe damage to and 
even death of the fetus. Proliferation of tachyzoites leads to intracellular calcification, 
choroidoretinitis, hydrocephaly, psychomotor disturbances and convulsions. A small, 
proportion of babies who are asymptomatic at birth develop retinochoroiditis or mental 
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retardation as children or young adults. When a mother is first exposed to the parasite in later 
pregnancy the infant is likely to be less severely damaged or asymptomatic. 


Acquired Infections 


Infections with T. gondii are often mild with flu-like symptoms thus they often go unnoticed. 
However lymphadenopathy is the most easily recognized symptom and it can be accompanied 
by fever, headache and myalgia. Toxoplasmosis may also produce infectious mononucleosis 
like symptoms. Ocular toxoplasmosis is also a common manifest however it is not yet proven 
whether this is due to congenital or acquired infections. Other manifestations of Toxoplasma 
infections are meningoencephalitis, hepatitis, pneumonitis and myocarditis. 


Immunocompromised Patients 


Toxoplasmosis has been shown to occur as an opportunistic pathogen in immuno- 
compromised patients and can cause severe complications. Toxoplasmosis in immuno- 
compromised patients almost always arises from a reactivation of latent infections. Conditions 
which can predispose to toxoplasmosis are malignancies, organ transplants, leukemias and 
patients with acquired immune deficiency syndrome (AIDS). In immunocompromised 
patients, the central nervous system is primarily involved with diffuse encephalopathy, 
meningoencephalitis or cerebral mass lesions. Toxoplasma encephalitis has been reported as 
a life-threatening among patients with AIDS. 


Laboratory Diagnosis 
1. Serological Techniques 


The detection of toxoplasma specific antibodies is most commonly used in clinical 
laboratories. Specific IgG antibodies typically persist for life whereas specific IgM 
antibodies begin to decline after several months. Most laboratories carry out preliminary 
tests for IgG antibodies and more definitive tests including IgM and IgA are carried out in 
reference laboratories. The Sabin-Feldman Dye Test is the benchmark for detecting the 
presence of specific antibodies. It measures the total amount of specific antibody in a 
serum which is capable of participating in antibody-mediated killing of tachyzoites by 
complement. This test involves the use of live tachyzoites which are derived from infected 
mice or rats. Because of the use of live organisms, this test is not recommended in the use 
of routine laboratories and is thus only employed in reference centers. 


2. Isolation Techniques 
Culture of parasites in animals is the best overall method but it can take up to six weeks 


before the result is available and is thus a disadvantage. Tissue culture is more rapid 
taking three or four days to obtain a result, but is not as sensitive. 
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a steel ring about Icm in internal diameter. If 
the machine was rocked sufficiently to bring 
the pendulum in contact with the ring, the 
game was cancelled and the word “Tilt” 
appeared on the display. Consequently this was 
referred to as.a tlt switch, although really it was 
a form of vibration sensor with a long period 
of oscillation, 


Magnetization 

Some tilt switches use a steel ball that is weakly 
magnetized, so that it will seat itself more firmly 
when it rolls into a circular depression or ring. 
This type of switch must be tilted back through 
a larger angle to dislodge the ball. Therefore it 
will exhibit greater hysteresis. 


Tilt Sensors 


Unlike a tilt switch, a tilt sensor is not built 
around an electromechanical switch. 


The principle of a rolling ball has been minia- 
turized and encapsulated in a small enclosure 
(10mm square or smaller), in which the ball rolls 
to interrupt a beam from an internal LED shin- 
ing on a phototransistor. Examples are found in 
the Panasonic AHF series. Internal 
ensures a clean on-off signal, free from the 
switch bounce that is a problem in basic ball- 
type tilt switches. However, the switch requires 
‘a power supply, and the open-collector output 
must be used with a pullup resistor. By compar- 
ison, a simple electromechanical tlt switch can 
be wired directly to the device that it controls. 


Diagrams from the Panasonic datasheet show 
the three types of AHF sensor available for ver- 
tical, horizontal, and reverse mounting. In each 
case, the ball (dotted circle) rests in a shallow 
cup (dotted curve) where it obstructs the beam 
from an internal LED (not shown). See 
Figure 8-7. An exterior view of the AHF22 is 
shown in Figure 8-8. 
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Figure 8-7 Three types of Panasonic tit sensor, fram the 
‘manufacturer's datasheet. See text for details. 


Figure 8-8 Exterior view of the Panasonic AHF22 tit sen- 
Sor. The background grid isin milimeters. 


Two-Axis Tilt Sensors. 
The Rohm RPI-1035 is a surface-mount tilt sen- 
sor about 4mm square, with two phototransis- 
tor outputs that indicate which axis the sensor 
is tilting around, The outputs can be inter- 
preted as a 2-bit binary number, with its four 
possible states indicating the rotation of the 
switch around two axes at 90 degrees to each 
Switches of this type were developed to 
ite the orientation of consumer-electronic 
devices such as digital cameras, but more 
isticated sensors containing accelerome- 
ters are becoming price-competitive. 


Surface-mount 2-axis tilt sensors have been 
made available on small breakout boards that 
are easy to use experimentally. An example is 
the Parallax 28036 shown in Figure 8-9. 
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Antigen Detection 


The direct detection of very small amounts of specific nucleic acid has been made possible 
by the introduction in 1985 of the polymerase chain reaction (PCR). This technique results 
in the amplification of a specific fragment of DNA from within the parasite genome which is 
detected by ethidium bromide staining, following gel electrophoresis. PCR is so sensitive it 
should detect Toxoplasma DNA in one cyst. However this may indicate a latent infection 
rather than an active infection. However its sensitivity may create problems since it will 
detect very small amounts of DNA from latent as well as active infections and it does not 
differentiate between cyst and tachyzoite DNA. Thus samples like blood, CSF, urine and 
amniotic fluid should be used as they do not contain the latent stages. PCR shows great 
promise but as yet is still labor intensive and expensive for routine use in the laboratory. 
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Trypanosoma species 


Introduction 


Trypanosomes are hemoflagellates and three species of the genus Trypanosoma are 
responsible for disease in humans such as sleeping sickness. 


Trypanosomes occur in the blood of the majority of vertebrate animals. The life cycle involves 
intermediate host, which usually is an insect. Many species of trypanosomes can live in 
harmony with their hosts producing no pathogenic effect, but the best known species are those 
that are pathogenic to their definitive hosts. The disease in caused by the pathogenic types is 
called trypanosomiasis. 


Salivarian Trypanosomes 


Trypanosoma brucei rhodesiense and Trypanosoma brucei gambiense - The metacyclic 
trypanosomes are found in the proboscis of the insect vector - infection is therefore inoculative. 
The above are the causative agents of African trypanosomiasis. It is a zoonotic species in that 
it multiplies in the blood of a range of many mammals including man. 


Trypanosoma brucei rhodesiense causes acute sleeping sickness in East Africa, while T. b. 
gambiense causes chronic sleeping sickness in West Africa. 


These are known as salivarian trypanosomes as they complete their development in the 
salivary system (anterior portion of the vector). Transmission takes place by inoculation of the 
metacyclic stage. 


Stercorarian Trypanosomes 

Trypanosoma cruzi - The metacyclic trypanosomes occupy a posterior position in the gut of the 
insect vector and are passed out in the feces - infection is therefore contaminative. This is the 
causative agent of American Trypanosomiasis. 

These trypanosomes are known as stercocarian as they complete their development in the 


posterior region of the vector, so that the infective forms appear in the insect's feces. Hosts are 
infected by the contaminative route. 
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African Trypanosomiasis 


Life Cycle 


Transmission from one vertebrate to another is carried out by blood-sucking invertebrates, 
usually an insect. The vector for African Trypanosomiasis is the Tsetse fly, Glossina spp. 
which cause the diseases Trypanosoma brucei gambiense and Trypanosoma brucei 
rhodesiense. 


Metacyclic (infective) trypomastigotes are inoculated through the skin when a tsetse fly takes a 
blood meal. The parasites develop into long slender trypomastigotes which multiply at the site 
of inoculation where ulceration occurs. The trypanosomes continue to develop and then may 
invade the lymphatic tissues, the heart, various organs and in later stages, the central nervous 
system. Trypomastigotes are taken up by the tsetse fly (male and female) during a blood 
meal. The parasites develop in the midgut of the fly where they multiply. 2-3 weeks later the 
trypomastigotes move to the salivary glands transforming from epimastigotes into metacyclic 
(infective) trypomastigotes. The tsetse fly remains infective for life i.e. about three months. 
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Ulustration 11-4. Generalized life cycle of the Trypanosoma spp. which causes African 
Trypanosomiasis. (SOURCE: PHIL 3418 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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The mode of transmission mentioned above, metacyclic transmission, requires to be separated 
from mechanical transmission, a process in which trypanosomes survive, for a short time, on 
and about mouth parts of an insect and are inoculated into a new host when the vector bites 
again, without undergoing any developmental cycle. 


Metacyclic transmission requires a lapse of time to allow the trypanosomes to reach an 
infective stage by a particular developmental sequence in the vector, usually a period of 
several days. 


Morphology 


The parasite is an elongated cell with single nucleus which usually lies near the centre of the 
cell. Each cell bears a single flagellum which appears to arise from a small granule - the 
kinetoplast. The kinetoplast is a specialized part of the mitochondria and contains DNA. The 
length and position of the trypanosome's flagellum is variable. In trypanosomes from the blood 
of a host the flagellum originates near the posterior end of the cell and passes forward over the 
cell surface, its sheath is expanded and forms a wavy flange called an undulating membrane. 


Development is characterized by the occurrence of three types of blood forms (polymorphic), 
these are: 


1) Slender forms: long and thin, about 29m long, free flagellum. 


2) Stumpy forms: thick and short, average length 18m, typically no free flagellum, but a 
short one may be present. 


3) Intermediate forms: about 23,1m long with a moderately thick body and a free flagellum of 
medium length. 


Hlustration 11-5. Diagrammatic illustration of a typical trypanosome. (SOURCE: Unknown) 
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Image 11-3. Trypanosoma brucei gambiense and T. b. rhodesiense: two forms of trypomastigote can 
be seen in peripheral blood: one is long slender, 30 um in length, and is capable of multiplying in the 
host, the ather is stumpy, not dividing, 18 um in length. (SOURCE: CDC) 


Clinical Disease 


The early stages of African trypanosomiasis may be asymptomatic and there is a low grade 
parasitiaemia. This period may last for several weeks to several months. The disease may 
terminate untreated at this stage or go on to invade the lymph glands. Invasion of the lymph 
glands is usually accompanied by a high irregular fever with shivering, sweating and an 
increased pulse rate. The lymph glands near the bite often become swollen, in T. b. 
gambiense the glands at the back of the neck and T. b. rhodesiense usually the glands under 
the jaw are affected (Winterbottom's sign). As the disease progresses, edema of the eyelids, 
face and sleeplessness are features along with increasing lethargy and listlessness. 


Trypanosomes may invade the central nervous system giving symptoms of 
meningoencephalitis, confusion, apathy, excessive sleeping and incontinence. At this stage, 
the cerebrospinal fluid (CSF) usually contains mononuclear cells and a few trypanosomes may 
be detected. If untreated, character changes, mental deterioration and coma develops, finally 
resulting in death. Such signs are more commonly seen with gambiense than in rhodesiense 
in which patients often die before these symptoms develop fully. 


Laboratory Diagnosis of African trypanosomiasis 
Laboratory diagnosis of African Trypanosomiasis is by: 
+ Examination of blood for the parasites 


+ Examination of aspirates from enlarged lymph glands for the parasites 
+ Examination of the CSF for the parasite 
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+ Detection of trypanosomal antibodies in the serum 
1. Examination of Blood 
a) Thick and Thin Blood Films 


Thick and thin blood films are made and stained with Fields stain and examined as for 
malaria parasites 


b) Triple Centrifugation Technique 
This method is carried out as follows: 


5 to 10m! of citrated blood is centrifuged at 2000rpm for 5 minutes to pack the 
red blood cells. 
i. The plasma and white cell layer are removed by a Pasteur pipette and 
transferred to a clean centrifuge tube. 
iii. This is centrifuged for a short time in order to deposit any red blood cells carried 
over. 
iv. The supernatant fluid is removed by pipette to a clean tube. 
v. This is centrifuged at 5000rpm for 10 minutes. 
vi. The supernatant fluid is removed with a pipette and discarded. 
vii. The deposit is examined microscopically for trypanosomes. 


¢) Miniature anion-exchange centrifugation technique. 
Heparinized blood is passed through an anion exchange column. As the blood travels 
down the column the red cells are adsorbed while the less strongly charged trypanosomes 
are washed through with saline. The eluate is centrifuged and examined microscopically 
for motile trypanosomes. 


d) Buffy Coat Examination 


Trypanosomes are centrifuged in a microhaematoctit tube for five minutes. Parasites can 
be seen microscopically at the junction of the packed red cells and plasma. 


2. Examination of Lymph Gland Aspirates 
The aspirate can be examined microscopically by making a wet preparation, or if there is not 
much material, it can be allowed to dry on a slide and then stained with either rapid Field's 
stain or with Giemsa and examined microscopically. 

3. Examination of CSF 
In the late stages of African trypanosomiasis, trypanosomes may be found in the CSF together 


with IgM - containing morula (Mott) cells, lymphocytes and other mononuclear cells. Once the 
CSF has been collected it must be examined as soon as possible. The parasites are unable 
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to survive for more than 15-20 minutes in CSF once it has been removed. The parasites 
become inactive, are rapidly lysed and will not therefore be detected. The CSF should be 
examined wet and spun down in a sterile tube and a film made from the deposit. The film is 
then stained with rapid Field's or Giemsa and examined microscopically. 


NB. It is impossible to distinguish between T. b. gambiense from T. b. rhodesiense on a 
stained film as the two subspecies which infect man are identical. 


American Trypanosomiasis 


Trypanosoma cruzi occurs throughout South and Central America, especially in Brazil, 
Argentina and Mexico causing the disease known as Chagas’ disease. It is estimated that over 
24 million people are infected with this species. It is a zoonotic parasite with over 150 species 
of wild animals known to harbor the parasites, for example opossums, dogs, rates, pigs and 
cats. 


Itis transmitted to man by brightly colored bugs belonging to the Reduviidae family, subfamily 
Triatominae. All stages of these bugs are known to become infected. 


The bugs live in the crack of the walls and vegetal roofs of the poorly maintained houses, 
coming out at night to feed on the exposed parts of the host's body. 


Image 11-4. Insect vector of Trypanosoma cruzi, belongs to colorful insect Triatominae, also known 
as the kissing bug. (SOURCE: PHIL 2538 - CDC/World Health Organization) 


Life Cycle 


Metacyclic trypomastigotes are deposited in feces on the skin as the triatomine bug (reduviid 
bug) feeds. The bug usually bites round the edges of the mouth and eyes. The 
trypomastigotes are either rubbed into the skin by scratching the irritated area or penetrate the 
conjunctiva or membranes of the nose and mouth. Trypomastigotes become amastigotes in 
localized reticuloendothelial cells and multiply. The amastigotes develop into trypomastigotes 
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which are released into the blood when the cell ruptures. No multiplication of the parasite 
takes place in the blood in its trypomastigote stage. The trypomastigotes reach tissue cells 
especially heart muscle, nerves, skeletal muscle and smooth muscle of the gastrointestinal 
system by way of the blood and lymphatic system. The trypomastigotes become amastigotes 
and multiply forming pseudocysts. Within the pseudocyst some amastigotes become 
elongated and develop first into epimastigotes and then trypomastigotes. When the cell 
Tuptures the trypomastigotes are released into the blood and continue to circulate while others 
invade further tissue cells. The life cycle completes when a triatomine bug vector ingests 
circulating trypomastigotes. In the vector the trypomastigotes transform and develop into 
epimastigotes, multiply by binary fission in the gut of the bug. After about 10-15 days, 
metacyclic trypomastigotes are formed and can be found in the hindgut of the bug. 
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Illustration 11-6. Generalized life cycle of the American trypanosomes, Trypanosoma cruzi, which is 
known to case Chagas’ disease. (SOURCE: PHIL 3384 - CDC/Alexander J. da Silva, PhD/Melanie 
Moser) 
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Morphology 


Trypanosoma cruzi has a single form (monomorphic), about 20um in length, and 
characteristically curved. The kinetoplast is large, considerably larger than the Trypanosoma 
brucei species already discussed. They sometimes appear as a bulge at the posterior end. 
The flagellum is medium in length. 


aa 


Image 11-5. Trypanosoma cruzi hemoflagellate in blood sample (SOURCE: PHIL 545 - CDC) 


Image 11-6. Multiplication of Trypanosoma cruzi in man only occurs in the amastigote phase, which 
grows in a variety of tissue cells especially muscle. In vitro infected fibroblast showing a large number 
of intracellular amastigotes. (Giemsa stain) (SOURCE: Unknown) 


Clinical Disease 
Many people infected with T. cruzi remain asymptomatic and free from Chagas’ disease or 


experience only an acute infection without progressing to the chronic stage. The most severe 
form of the disease is most commonly seen in children younger than five years of age. 
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Multiplication of T. cruzi at the site of infection can produce an inflamed swelling (chagoma) 
which persists for weeks. Trypomastigotes or amastigotes may be seen in the aspirate of the 
chagoma. Regional lymph nodes may become infected which frequently involve one side of 
the face. Unilateral edema of the upper and lower eyelid may occur along with conjunctivitis. 
This is known as Romanas' sign. 


In the acute stage of infection trypomastigotes can be found in the blood. Symptoms may pass 
unnoticed, but there may be fever, malaise, increased pulse rate, and enlargement of lymph 
glands, liver, and possibly spleen. Muscle aches and pains are characteristic at this stage and 
parasites may be seen in blood films. The acute form is most often seen in young children and 
occasionally can cause serious damage to the heart and other complications leading to death 
caused by central nervous system involvement. 


Chronic manifestations include signs of cardiac muscle damage with a weak and irregular 
heartbeat, edema, heart enlargement leading to heart failure. Dilation of the digestive tract 
resulting in megaesophagus and megacolon may also occur. About 10% of persons infected 
with T. cruzi develop chronic Chagas cardiopathy. 


Laboratory Diagnosis of American Trypanosomiasis 
Laboratory diagnosis of South American trypanosomiasis is by: 


Examination of blood. 
Xenodiagnosis 

Blood culture 
Serology 


1, Examination of Blood 


a) Thick and thin blood films are made and stained with Fields stain and examined as for 
malaria parasites. Wet preparations of blood can also be examined for motile 
trypanosomes. 


b) Buffy coat examination - Trypanosomes are centrifuged in a microhematocrit tube for 5 
minutes. Parasites can be seen microscopically at the junction of the packed red cells and 
plasma. This technique is rapid and sensitive. 


Trypanosoma cruzi can often be seen in C, U or S shapes in stained films. 

2. Xenodiagnosis 
Xenodiagnosis is useful in chronic and sub acute (low parasitaemia) disease. Sterile bugs are 
fed on patients by attaching a black bag containing the bugs to the arm of the patient and 
allowing them to feed for 30 minutes. Twenty five to thirty days later the bugs are dissected 


and the contents of the hindgut and rectum are examined microscopically for the presence of 
trypanosomes. 
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Figure 8-9 A 2-axis tit sensor mounted on a breakout 
board available trom Parallax. 


The behavior of the rolling-ball sensor at the 
heart of this board is shown in Figure 8-10. The 
sensor contains a square cavity in which the 
ball is depicted as a blue circle. At one comer of 
the cavity is a red LED, while two phototransis- 
tors, labeled A and B, are at the comers on the 
left and right. When the sensor is held as in sec- 
tion 1 of the figure, with the LED at the top and 
the ball resting at the bottom, both phototran- 
sistors have a high output as they receive light 
from the LED. 


In section 2 of Figure 8-10, the sensor has been 
tumed through 90 degrees. The ball now pre- 
vents light from reaching sensor B, while pho- 
totransistor A is still active. In section 3 of the 
figure, the sensor has been tured through 
another 90 degrees, so that the ball prevents 
light from escaping from the LED, and both 
phototransistors are now dark. In section 4, the 
ball obstructs phototransistor A but not photo- 
transistor B. 
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Figure 8-10 The roling-ball sensor inside the Parallax 
28036. See text for details 


Suppose that the sensor is placed flat on a hori- 
zontal surface. The sensor will now respond to 
being tipped either way around two horizontal 
axes. This justifies its description as a 4- 
directional tilt sensor, although its design sug- 
gests that it may have been intended for use as 
described above, rotating through four posi- 
tions around one horizontal axis. 


Values 


A heavy-duty tilt switch can be rated as highly 
as 10A at 240VAC. More commonly, a tilt switch 
about 15mm long can be expected to switch 
about 0.3A at 24VAC or 24VDC. 


The operating angle is the angle through which 
the switch must be turned to activate it, rel 
to its normal rest position. 


The return angle is the angle to which the 
switch must be returned to deactivate it. Hyste- 
resis results from the return angle being smaller 
than the angle that activates the sensor. 


Tilt sensors with an open-collector output will 
specify maximum forward current for the inter- 
nally mounted LED (usually no greater than 
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3. Blood Culture 

Blood culture is as sensitive as xenodiagnosis but it requires sterile conditions. 
4. Serology 

Serology tests include: 

IFAT indirect fluorescence antibody test 

CFT complement fixation test 


IHAT indirect hemagglutination test 
ELISA enzyme linked immunoabsorbent assay 


aoe 


Other lab findings include: 
Raised ESR, marked lymphocytosis with atypical mononuclear lymphocytes 
NB. In certain areas of S. America where Trypanosoma rangeli (a nonpathogenic species 


transmitted by Rhodnius spp. bugs) is found with T. cruzi. All positive preparations should be 
checked to confirm T. cruzi. 
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Leishmania species 


Introduction 


Leishmaniasis is caused by parasites of the genus Leishmania and is endemic in many parts of 
Africa, Asia and South America. Itis transmitted by Phlebotomus species, sandfly. 


Leishmania species are mainly parasites of man and other animals, especially dogs and rodents. 
They cause diseases collectively known as Leishmaniasis; causing three types of disease (i.e. 
Visceral Leishmaniasis, Cutaneous Leishmaniasis, and Mucocutaneous Leishmaniasis. These 
are all debilitating and disfiguring diseases which occur throughout the Old and New World. The 
parasites are unusual in that they live entirely within the cells of the reticuloendothelial cells, they 
have become perfectly adapted as the proteolytic enzymes which attack other foreign bodies in 
the blood stream but do not destroy them. 


Visceral Leishmaniasis 


Human visceral leishmaniasis (VL), sometimes known as Kala-azar, is caused by Leishmania 
donovani complex; L. donovani and L. donovani infantum in the Old World and L. donovani 
chagasi in the New World. The clinical features -azar caused by these species are similar, but 
they have different epidemiological features. The parent species L. donovani occurs in Asia 
(Northeastern China, India and Iran) and Africa (primarily Sudan, Kenya and Ethiopia) and can 
affect people of all ages. The parasite (L. d. infantum) which causes VL in countries bordering 
the Mediterranean, (Southern Europe as well as North Africa) affects young children as well as 
infants. It is now being seen in the immunocompromised. In the New World also, VL is mainly a 
disease of young children, with the causative organism L. d. chagasi being closely related to, but 
slightly different from, L. donovani. The main geographical foci of VL in Latin America are in 
northern and northeastern Brazil. Small foci are found in northern Argentina, Columbia and 
Venezuela. Sporadic cases are found in Central American countries, including Mexico. 


Cutaneous Leishmaniasis 


Cutaneous leishmaniasis is caused by L. tropica, L. major and L. aethiopica in the Old World and 
L. mexicana complex in the New World. Leishmania tropica is widely distributed around the 
Mediterranean basin, Afghanistan, Kenya, Kenya, Armenia, Azerbaijan, Turkmenistan and 
Uzbekistan. Leishmania aethiopica is seen in the highlands of Ethiopia and L. major accurs in the 
Middle East, West Africa, North Africa and Kenya. Leishmania mexicana complex is found in 
Central America and the Amazon Basin. 


Mucocutaneous Leishmaniasis 


Is caused by the L. braziliensis complex and is found in Brazil, Eastern Peru, Bolivia, Paraguay, 
Ecuador, Columbia and Venezuela. 
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Life cycle 


All forms of infection starts when a female sandfly (Phlebotomus species) takes a blood meal 
from an infected host. Small amounts of blood, lymph and macrophages infected with 
Leishmania amastigotes are ingested. Once ingested the amastigotes transform to 
promastigotes in the sandfly, the non-infective promastigotes divide and develop into infective 
metacyclic promastigotes. These are formed in the midgut of the sandfly and migrate to the 
proboscis. When the sandfly bites, the extracellular inoculated promastigotes at the site of the 
bite are phagocytosed by macrophages. After phagocytosis, transformation to dividing 
amastigotes occurs within 24 hours. Reproduction at all stages of the lifecycle is believed to 
occur by binary fission. No sexual stage has been identified. 
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Illustration 11-7. Generalized life cycle of Leishmania sp., which by using a sandfly as a vector can 
cause Leishmaniasis in man, (SOURCE: PHIL 3400 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology 


Leishmania exist as flagellated extracellular promastigotes in the Sandfly vector and as a 
flagellar obligate intracellular amastigotes within mononuclear phagocytes of their vertebrate 
hosts. The various species are not distinguishable morphologically from one another. When 
stained with Romanowsky stains such as Giemsa, amastigotes appear as round or oval bodies 
ranging from 2 - 3um in diameter with a well defined nucleus and kinetoplast, a rod shaped 
specialized mitochondrial structure that contains extranuclear DNA. The flagellated promastigote 
form is spindle shaped, measuring 10 - 20,1m in length, not including the length of the flagellum. 
As in the amastigote form a nucleus and kinetoplast are clearly visible. 


Illustration 11-8. Amastigote of Leishmania sp. in a macrophage of a vertebrate host. (SOURCE: 
Unknown) 


Image 11-7. Leishmania promastigote. This stage of the parasite are seen in the vector, sandfly. 
(SOURCE: Unknown) 
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Clinical Disease - Visceral Leishmaniasis 


The incubation period of VL may vary between two weeks and 18 months. The onset of VL is 
usually insidious with fever, sweating, weakness and weight loss. The most prominent findings 
are fever, hepatosplenomegaly and anemia. The sites mainly affected are the liver, spleen and 
bone marrow. Enlargement of the liver is due to hyperplasia of Kupffer cells which are packed 
with amastigotes. The bone marrow is infiltrated with parasitized macrophages. Some organs, 
notably the kidneys, may show pathological changes secondary to deposition of immune 
complexes. In advanced cases, ascites and edema can develop. Deaths are usually due to 
secondary bacterial infections such as pneumonia, tuberculosis or dysentery. 


Laboratory Diagnosis - Visceral Leishmaniasis 
1. Microscopy 
Parasites may be found in a splenic aspirate, liver biopsy or bone marrow biopsy. These 
techniques, especially splenic aspirate and liver biopsy, can be hazardous and require 
previous expertise in the procedure. 
a) Air dry smears 


b) Fix in methanol for one minute 


°) 


Stain with Giemsa 1 in 10 in buffered distilled water pH 6.8 for 30 minutes (or use 
the rapid Field’s stain) 


d) Wash the slide in buffered water and drain dry 

Amastigotes of Leishmania should be seen in positive smears. They are approximately 
2-4um in size, oval and are frequently seen within the cytoplasm of the macrophage. 
The amastigotes possess a nucleus and a rod - shaped kinetoplast within the 
cytoplasm. In many samples a very small number of parasites are present. Extensive 
searching of the film is necessary. 

2. Culture 
The aspirates can be cultured in Novy-Nicolle-MacNeal (NNN) or Schneider's Drosophila 


medium. In culture the amastigote stage converts to the promastigote stage. However, 
this is not a rapid technique, as the parasites may take anything from 10-21 days to grow. 


3. Serodiagnosis 


- 220- 


VL produces large amounts of specific IG which can be used for diagnosis. Currently the 
most used sefo diagnostic tests are Indirect-immuno Fluorescent Antibody Test (IFAT), 
Enzyme Linked Immunosorbent Assay (ELISA) and Direct Agglutination Test (DAT). 


Clinical Disease - Cutaneous Leishmaniasis 


Following a bite from an infected sandfly, a small red papule appears at the site of the bite about 
2-8 weeks later. The papule increases in size centrifugally. The patient then mounts either a 
hypersensitive response or an anergic response. In a hypersensitive response, the papule 
eventually ulcerates, becomes depressed and then eventually heals through scarring. The 
patient is now immune from subsequent bites. In an anergic response, the nodule grows and 
spreads over large areas of skin. This resembles leprosy 


Laboratory Diagnosis - Cutaneous Leishmaniasis 
1. Slit skin smear. 


The margin of the lesion contains amastigotes whereas the centre contains debris and dead 
skin material. This margin of the lesion is aseptically punctured with a hypodermic needle and 
syringe containing a small amount of saline. The aspirate which is drawn up into the needle is 
examined microscopically and/or cultured using the method described in Visceral 
Leishmaniasis. 


2. Polymerase chain reaction 


Gene amplification techniques are powerful and sensitive methods and are useful in diagnosis 
of Cutaneous Leishmaniasis particularly when organisms cannot be detected microscopically. 
It is also very useful for the speciation of Leishmania parasites thus the correct treatment can 
be administered 


Clinical Disease - Mucocutaneous Leishmaniasis 

Mucocutaneous Leishmaniasis or espundia initially develops like cutaneous leishmaniasis but 
develops into lesions in the mucocutaneous junction of the pharynx resulting in the break down of 
the palate of the mouth and nose or more rarely the genitalia or anus. This occurs from a few 


weeks to several years after the cutaneous lesion has healed. These lesions result in disfiguring 
deformities of the nose and mouth. 


Laboratory Diagnosis - Mucocutaneous Leishmaniasis 


1. Microscopy 
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Finding the organisms in a histological section of the lesion provides definitive diagnosis of 
Mucocutaneous Leishmaniasis. However, the organisms are very rare in this form of the 
disease and culture can be a more sensitive method (see visceral leishmaniasis). 


2. Polymerase Chain Reaction 
The PCR method has the advantage of not only low numbers of parasites in aspirates but 


also histological sections. This makes this a very sensitive method in diagnosing 
Mucocutaneous Leishmaniasis when parasites are difficult to detect. 
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Chapter 12. 
Arthropod Vectors 


Soft Ticks 


Class: Arachnida 
Subclass: Acari 
Order: Ixodida 
Family: Argasidae 
Genus: Ornithodorous 


Image 12-1. Ornithodoros - Soft Tick (SOURCE: CDC) 


Image 12-2. Ornithodorus moubata, the most important soft tick disease vector found throughout 
the world (SOURCE: CDC) 


General Characteristics 


Soft Ticks are characterized by a tough leathery integument and a flattened oval shape when 
examined dorsally. The Argasidae lack the dorsal shield present in the Hard Ticks (Ixodidae), 
and need to be examined ventrally to observe their capitulum or mouthparts. Soft ticks 
generally have a world-wide distribution, with the most important disease vector Ornithodoros 
populating Europe, Africa, Asia and the Americas. 


Life Cycles 


larvae in 
eggshells 


ep @g 


Illustration 12-1. Life Cycle of Soft Ticks. (SOURCE: Unknown) 


Soft ticks have a hemimetabolous life cycle, with eggs hatching six legged larvae, which molt 
to eight legged nymphs. There are five to seven larval instars depending on the species, with 
each stage requiring a blood meal to proceed. Larvae of Ornithodoros moubata do not require 
a blood meal to molt to the nymph stage. Adult females lay small egg batches following each 
blood meal. The duration of the life cycle depends on the temperature, host availability, and 
inherently the particular species in question. 


The adults are flat and oval in outline and have tough, leathery, wrinkled bodies. The 
mouthparts are situated underneath the body and are not visible from above. The eggs are 
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laid in the places where the adults rest, such as cracks and crevices in the walls and floors of 
houses and in furniture. The larva, the five nymphal stages and the adults all actively search 
for hosts from which to take blood-meals. After feeding, which lasts about 30 minutes, they 
drop to the ground. Most species can survive for more than a year between blood-meals, and 
some for more than 10 years. 


The soft ticks live apart from their hosts and are most common in the nests and resting places 
of the animals on which they feed. Some species, such as the chicken tick and the pigeon tick 
(Argas species) may feed on humans when the preferred hosts are not available. 


Species that commonly feed on humans are found around villages and inside houses. Their 
habits are comparable to those of bedbugs: ticks often emerge from hiding places at night to 
suck the blood of humans and animals. Some species are common on travel routes, in rest 
houses and camping sites, and in caves and crevices. 


Disease 


Soft Ticks are vectors for serious disease including tick borne relapsing fever (Borrelia duttoni), 
rickettsial disease (Coxiella burneti), and some arboviruses. The most important disease 
spread by soft ticks is tick borne relapsing fever which occurs world-wide and is spread by 
spirochete infected Ornithodoros. Q-fever and arboviruses can be spread following a blood 
meal, but are both primarily introduced into the population by the Hard Ticks. 


Tick-borne Relapsing Fever 


This disease is caused by a microorganism of the genus Borrelia. It is transmitted by biting soft 
ticks of the genus Orithodoros in many countries in the tropics and subtropics and also in 
Europe and North America. The ticks usually feed quickly at night in or near houses, and then 
leave the host. 


The disease causes bouts of fever alternating with periods without fever. Death occurs in 
about 2-10% of persons who are untreated. 


Treatment 
Treatment is possible with tetracycline or its derivatives. 
Prevention 


Prevention requires measures to control soft ticks and to avoid their bites. 
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50mA), the maximum collector-emitter voltage 
at the output (typically 30V), and the maximum. 
collector current (often 30mA). An explanation 
of open-collector outputs is given in Appen- 
dix A (see "3. Analog: Open Collector’). 


How to Use It 


‘An electromechanical tilt switch can be connec- 
ted directly between a power supply and a 
device, so long as the device does not draw 
more current than the switch is rated to handle. 
Note that inductive loads such as motors draw 
an initial surge that can be at least twice the 
operational rating, while relays may be more 
likely to create a voltage spike when discon- 
necting. Switches should be chosen accord- 
ingly. For more discussion of this topic, see 
switch in Volume 1 


‘A small tilt switch can be used in conjunction 
with a relay or transistor to amplify its signal 
sufficiently to drive a larger load, 


If an electromechanical tilt switch is connected 
to an electronic device such as a microcontrol- 
ler or logic chip, output from the switch will 
have to be debounced to prevent a series of 
brief voltage spikes that can cause false trigger- 
ing when the switch turns on or off. A debounc- 
ing logic circuit or chip can be used, or the 
program code in a microcontroller can intro- 
duce a wait period of up to 50 milliseconds to 
allow the contacts to settle. 


Mercury switches are much less likely to create 
a noisy output than rolling-ball switches, and 
may require little or no debouncing. 


For an application that must sense rotation 
around two or three axes, multiple single-axis 
tilt switches can be combined. A microcontrol- 
ler or logic gates will be necessary to evaluate 
signals from the switches, to determine the ori- 
entation. 


What Can Go Wrong 


Contact Erosion 

If a ball-type tilt switch is subjected to current 
that exceeds its specification, arcing may erode 
its contacts, and they will become less reliable, 
especially if the contacts are plated with a thin 
metallic film that is eroded. For additional infor- 
mation on arcing in switches, see the switch 
entry in Volume 1. 


Random Signals 

During the brief time when a ball-type tilt 
switch is turning from one position to the other, 
ration of the ball(s) inside it is likely to create 
erratic, random signals. If the output from the 
switch is being evaluated by a microcontroller, 
a debouncing routine may be insufficient to 
prevent the random signals from being sensed, 
and some programming will be necessary to 
ignore the signals during this transitional 
phase. If the switch is connected directly to a 
relay, the intermittent signals may occur suffi- 
ciently rapidly that the relay will ignore them. 


Environmental Hazard 

A device that incorporates a mercury switch 
may have to be re-engineered in the future if 
the availability of mercury switches becomes 
unreliable as a result of tighter environmental 
regulations. For the same reason, the end user 
may have difficulty replacing a mercury switch 
ifit fails. Therefore, a ball-type tilt switch should 
be used instead of a mercury switch in any 
newly designed device. 


Requirement for Gravity 
Because a tilt switch depends on gravity to roll 
a ball or move a blob of mercury, it will not 
work in low-gravity, reversed-gravity, or zero- 
gravity conditions—for example, in a rocket 
during the unpowered phase of ascent and 
descent, or in an aircraft that performs aero- 
batic maneuvers. Performance of a tilt switch in 
a vehicle that accelerates or decelerates sud- 
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Hard Ticks 


Class: Arachnida 
Subclass: Acai 
Order: Ixodida 
Family: Ixodidae 
Species: Ixodes, Amblyomma, Rhi 


icephalus, Dermacentor 


General Characteristics 


Hard ticks appear flattened when examined dorsally and can be primarily characterized by the 
presence of a dorsal plate or scutum, and a capitulum that projects beyond the body outline. 
The scutum regularly covers the entire dorsal area, although females may have a reduced 
plate present directly behind the capitulum. /xodes spp. inhabit in Canada, Europe, Asiatic 
Russia, China, Japan, and Australia. 


Image 12-3. Ixodes scapularis - male - showing the scutum covering the whole length of the body 
(left); Ixodes scapularis - female, showing the scutum covering half the length of the body (right) 


Image 12-4. Amblyomma variegatum - male - showing the scutum covering the whole length of the 
body (left); Amblyomma variegatum - female - showing the scutum covering half the length of the 
body (right) 
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Image 12-5. Rhipicephalus sanguineus - female - showing the scutum covering half the length of the 
body (left); Rhipicephalus sanguineus - male - showing the scutum covering the whole length of the 
body (right), (AEPMB - used with permission) 


Image 12-6. Dermacentor variabilis - male - showing the scutum covering the whole length of the 
body (left); Dermacentor variabilis - female - showing the scutum covering half the length of the body 
(right) (Image courtesy of: lowa State University) 


Life Cycle 


Hard Ticks have a hemimetabolous life cycle similar to that of the Soft Ticks. Hard tick larvae 
search for suitable hosts, feed for several days, and drop off engorged to the ground below. 
Molting to the nymph stage follows several days later and the tick again searches for a suitable 
blood source. There is only one nymphal stage in /xodes, and following several weeks of stasis 
the nymph will molt into an adult. Females lay one large mass of eggs, which forms a cellular 


mass on the scutum of the ovipositing female. 
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Disease 


Hard ticks transmit a variety of diseases including Lyme Disease, Tick Paralysis, Rickettsia, 
arboviruses that are responsible for encephalitis and hemorrhagic fevers, tularemia and 
Babesia microti infection. Tick paralysis is caused by the toxins present in the saliva of the 
tick, and is introduced during feeding 


Lyme disease is a serious ailment caused by the spirochete Borrelia burgdorferi. Lyme 
disease results in acute erythema, systematic lesions and eventually chronic involvement of 
multiple organs. 


Rickettsiae diseases spread by Ixodes include Q-fever (Coxiella burneti) and arboviruses that 
cause serious encephalitis. 


Babesia microti infection primarily involves animals, with Man as an accidental host. The 
parasite is present in the tick salivary glands and is passed to Man via tick bite. Once in the 
bloodstream, the parasites enter the erythrocytes. Infection with B. microti ranges from 
asymptomatic to severe illness. Symptoms generally resemble those of malaria with fever, 
rigors, myalgia, and malaise. Occasionally there is mild or moderate hemolytic anemia and 
jaundice (renal failure). Parasitemia can be up to 25% in the immunocompetent individual, and 
up to 80% in patients who have been splenectomized. 
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Other Medically Important Hard Ticks 


General Characteristics 


Several other species of ticks are also responsible for the spread of disease throughout the 
world. Wood ticks (Dermacentor andersoni) are found in the mountainous west of North 
America; dog ticks (Rhipicephalus) are found in coastal areas. Lone Star ticks (Amblyomma 
americanum) are found in forests in SE USA where deer are found. The females of these 
species are known to cause a condition known as tick paralysis. 


Image 12-7. Amblyomma, hard tick. The scutum is so-called ‘enameled’ colored areas, and is 
described as being an ornate species. (SOURCE: PHIL 5981 - CDC) 


Image 12-8. Dermacentor variabilis, ticks of this species show very ornate scutums, covering the 
length of the body (left - male). When bload engorged it is harder to see the scutum (right - female). 
(SOURCE: PHIL 5977 - CDC) 
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Life Cycle 


One-host tick. Example Boophilus microplus. 
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Illustration 12-2. One-host tick life cycle. (SOURCE: CDC) 
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Illustration 12-4, Three-host tick life cycle, (SOURCE: CDC) 
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Hard Ticks have a hemimetabolous life cycle similar to that of the soft ticks. Hard tick larvae 
search for suitable hosts feed for several days, and drop off engorged to the ground below. 
Molting to the nymph stage follows several days later and the tick again searches for a suitable 
blood source. There is only one nymphal stage in /xodes, and following several weeks of stasis 
the nymph will molt into an adult. Females lay one large mass of eggs, which forms a cellular 
mass on the scutum of the ovipositing female. 


Image 12-9. Female tick with egg mass. (SOURCE: PHIL 5968 - CDC) 


Diseases 


Both Dermacentor and Amblyomma transmit Rocky Mountain Spotted Fever (Rickettsia 
rickettsia). The different strains transmitted by these species vary in their virulence and 
subsequent manifestation of the disease. Dermacentor are known to transmit serious 
arboviruses responsible for encephalitis and hemorthagic fevers. D. variabilis are also 
responsible for spreading tularemia (Francisella tularensis) and human granulocytic erlichiosis 
(Ehrlichia chaffeensis). Rhipicephalus sanguineus transmits Mediterranean Spotted Fever and 
African Tick Typhus. 
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Tick Paralysis 


Hard ticks inject into the body with their saliva certain toxins that can cause a condition in 
people and animals called tick paralysis. It appears 5-7 days after a tick begins feeding, 
paralyzing the legs and affecting speaking ability, swallowing and breathing. It occurs 
worldwide and is most common and severe in children aged up to two years. Treatment 
involves removing the tick. 


Tick-borne Rickettsial Fevers 


This group of diseases is caused by closely related Rickettsia microorganisms transmitted by 
tick bites or contamination of the skin with crushed tissues or feces of the tick. 


+ Spotted fever due to Rickettsia rickettsii occurs in Brazil, Canada, Colombia, 
Mexico, Panama and the USA. 

+ Spotted fever due to R. sibirica occurs in Japan, the Russian Federation and the 
Pacific. 

+ Spotted fever due to R. conori is found in the Mediterranean region, Africa and 
southern Asia. 

+ Spotted fever due to R. australis occurs in Queensland, Australia. 

+ Q fever, caused by Coxiella burneti, has a worldwide distribution and is 
commonly present in abattoirs, meat-packing and meat-rendering plants, 
diagnostic laboratories, stockyards and poultry farms. It is transmitted to humans 
mainly by the consumption of milk and meat from contaminated cattle or the 
inhalation of dried infected tick feces by people working with cattle. 


Symptoms in humans are sudden fever persisting for several weeks, malaise, muscle and joint 
pains, severe headache and chills. A rash sometimes spreads over the entire body. Death may 
result in about 15-20% of persons if the disease is misdiagnosed or left untreated. 

Treatment 

Antibiotics such as tetracycline or chloramphenicol can be used. 


Prevention 


Tick bites should be avoided and attached ticks should be removed rapidly and carefully. 
Several hours of attachment are needed before the Rickettsia organisms can infect humans. 
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Lyme Disease 


Lyme disease (erythema chronicum migrans) is a severe and often debilitating condition 
caused by a spirochete, Borrelia burgdorferi. Acute Lyme disease is a flu-like illness, 
characterized by an expanding red rash in about 50% of patients, accompanied by fever, 
fatigue, and muscle and joint pain. Weeks or even months after the infecting tick bite, patients 
may experience swelling and pain in large joints (knee, elbow), encephalitis, facial palsy, 
ocular lesions and carditis, irrespective of whether a rash occurred in the acute phase. Later, 
perhaps years after the bite, there may be cartilage erosion (arthritis) and neuromuscular 
dysfunction (Fig. 4.29). Lyme disease occurs principally in northern temperate regions of the 
world, including China, Europe, the USA and the former USSR 


Illustration 12-5. A typical symptom of Lyme disease is swelling and pain in the large joints, such 
as the knees, and chronic arthritis. (SOURCE: Unknown) 


Transmission 


The disease is transmitted mostly by Ixodes ticks, commonly in the summer when the nymphs 
are abundant. Small rodents, especially mice, serve as reservoirs of infection while large 
mammals serve principally as hosts maintaining tick populations. The larvae acquire infection 
while feeding on mice, and nymphs or adults can transmit spirochetes during subsequent 
blood-meals. In the northern temperate zone, where it occurs most intensely, Lyme disease 
has become more common as deer populations have increased and as this critical host has 
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adapted to living in closer proximity to people. In many areas, Lyme disease is acquired in the 
suburban residential environment. 


Treatment 


Further development of the disease in adults may be reduced or prevented by treatment with 
tetracycline or its derivatives for 2-4 weeks, and in children by treatment with penicillin. 


Prevention 


Prevention requires avoidance of tick habitats and bites, and vector control. Personal 
protection may be possible by the use of repellents on the skin and clothing in tick-infested 
areas. The removal of attached ticks within 24 hours may prevent spirochete transmission 
Prophylactic antibiotic therapy may be desirable following the bite of an infected tick. New 
molecular assays are commercially available for detecting the spirochetes in tick samples. 


Tularemia 


Tularemia, also known as rabbit fever, deerfly fever and O'Hara disease, is caused by the 
infectious agent Francisella tularensis. The symptoms, which vary according to how the agent 
enters the body, include headache, chills, fever and the swelling of lymph nodes. The disease 
occurs in Europe, Japan, North America and the former USSR. 

Transmission 

Transmission takes place through the bites of ticks and deerflies (see Chapter 1) or as a result 
of handling infected animals such as rabbits and other game. Hunters and forest workers are 
at the highest risk of infection. 

Treatment 

Antibiotics such as streptomycin can be used to treat the disease. 

Prevention 

Tick bites and tick habitats should be avoided, impermeable gloves should be worn when 


skinning and dressing game animals, wild game meat should be thoroughly cooked, and 
untreated drinking-water should be avoided in areas where the disease occurs. 
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Tick-borne Viral Encephalitides 


This is a group of viral diseases causing acute inflammation of the brain, spinal cord and 
meninges. The symptoms vary in severity with the type of disease. Many infections do not 
result in disease. Severe infections may cause violent headaches, high fever, nausea, coma 
and death. 


+ Far Eastern tick-borne encephalitis is found in the far east of the former USSR. 


+ Central European tick-borne encephalitis occurs in Europe from the Urals to 
France. 


+ Louping ill is a disease of sheep in the United Kingdom which sometimes affects 
people. 


Transmission and Prevention 
These diseases are transmitted by biting ticks and by the consumption of milk from infected 


animals. No specific treatment is available but vaccines have been developed against some of 
the diseases. Prevention requires avoidance or rapid removal of ticks. 
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Disease 


Vector 


Lyme disease 


Deer tick (Ixodes scapularis) 


'Spotted fever due to: 


By Rickettsia rickettsii 


American dog tick (Dermacentor variabilis) 


Rickettsia sibirica 


Asiatic wood tick (Dermacentor silvarum) 


Rickettsia conori 


Brown dog tick (Rhipicephalus sanguineus) 


Rickettsia australis Wattle tick (Ixodes holocyclus) 
Q fever Lone star tick (Amblyomma americanum) 
Tularemia 


American rabbit tick (Haemaphysalis leporispalustris) 


Far Eastern tick-borne encephalitis 


Taiga tick (Ixodes persulcatus) 


Central European tick-borne 
encephalitis, 


Castor bean ticks (Ixodes ricinus) 


Kyasanur Forest disease 


A tick of birds and monkeys (Haemaphysalls spinigera) 


Colorado tick fever 


‘American wood tick (Dermacentor andersoni) 


Crimean-Congo hemorrhagic fever 


A tick of birds and mammals (Hyalomma marginatum) 


Table 12-1. 


Principle Hard Tick Vectors 


Other Viral Diseases 


Kyasanur Forest disease occurs in parts of India. 


Omsk hemorrhagic fever is found in south-western Siberia; it causes severe disease and death 
in muskrat handlers; it is mainly waterborne, although it is found in hard ticks. 


Colorado tick fever is a moderately severe disease that occurs in western North America. 


Crimean-Congo hemorrhagic fever is an acute, often severe and fatal disease found in parts of 


Africa, Asia and Europe. 
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Mites 


Class: Arachnida 
Subclass: Acari 
Order: Astigmata 
Family: Pyroglyphidae 
Genus: Dermatophagoides (Dust mites) 
Family: Sarcoptidae 
Genus: Sarcoptes (Scabies mites) 
Order: Prostigmata 
Family: Democidae 
Genus: Demodex (Hair follicle mite) 
Order: Mesostigmata 
Genus: Leptotrombidium (Other Mites) 


General Characteristics 


Dermatophagoides, the common dust mite, commonly inhabit beds, mattresses, carpets and 
house dust. They are motile and feed on residual organic debris and are typically 0.3 um in 
length. They characteristically have four long legs with suckers and pincer chelicerae. 


Image 12-10. A Dust Mite (Dermatophagoides). They commonly inhabit mattresses, carpets and 
house dust, 


Demodex folliculorum mites are 300 microns in length, live in the follicle for 5-6 days and 
migrate onto contiguous skin at night. Classically, they appear as 1 jim "sleeves" around the 
base of the eyelashes. 


Image 12-11. Demodex folliculorum (SOURCE: CDC) 


The mite, Sarcoptes scabiei, lives exclusively on human skin and causes scabies. It is small 
(the larger female is 0.3-0.4 um), colorless and oval with 8 short legs. 


Image 12-12. Picture of the human parasite scabies (Sarcoptes scabiei). They live exclusively on 
human skin causing the condition known as scabies. (SOURCE: PHIL 3810 - CDC/Joe Miller/Reed and 
Crnrick pharmaceuticals.) 


Leptotrombidium adults are normally reddish and covered with velvet like hair. It is the larvae 
that are parasitic and they too regularly appear reddish, but only have three pairs of legs. The 
palps are segmented, and the mouthparts are large and easily identifiable. Leptotrombidium 
larvae are distinguished by large eyes, two feathered sensillae and five feathered setae that 
are present on the scutum. 


Image 12-13. Leptotrombidium (SOURCE: CDC of Taiwan) 
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Disease and Control 


Dermatophagoides are antigenic, even when dead (fecal pellets are also allergenic), and are 
associated with complex allergies with symptoms such as asthma, perennial rhinitis, 
conjunctivitis and atopic dermatitis. A diagnosis can be made using reactive skin tests and 
treatment involves removal of accumulated antigens from mattresses and pillows. 


Demodex have been implicated in dermatitis, acne and should be considered in chronic, 
therapy-resistant cases of blepharitis. The role of this mite in ocular disease is uncertain. 
Washing with soap and water is the most effective method of prevention. 


Symptoms of Sarcoptes infection arise after 4-6 weeks and comprise a papular pruritic 
eruption at a site often unrelated to the site of infestation; symptoms of secondary infestations 
arise almost immediately. Zoonotic scabies have shorter incubation periods but are also self- 
limiting. Persistent nodular scabies comprises itchy erythematous or scabbed nodules, often 
on the penis. When the immune system is impaired, Norwegian (crusted) scabies may 
develop: this presents with erythema and hyperkeratosis but little itching. 


Diagnosis demands discovery of the mites, scybala or eggs by epidermal shave biopsy or 
superficial scraping. Burrows are best seen on wrists and interdigital spaces. They fluoresce 
under a Wood's lamp after application of liquid tetracycline and, later, alcohol; alternatively ink 
may be used. Lindane (Quellada) lotion is the treatment of choice in the USA; permethrin or 
crotamiton are alternatives. Ivermectin has been recommended for Norwegian scabies. 
Malathion (Derbac-M) liquid or permethrin are recommended in the UK (benzyl benzoate is 
also active). Malathion should be avoided in infants and lindane should be avoided in 
pregnancy, breast-feeding and young children. Treatment is applied over the whole body 
except the head and neck and washed off after 24 hours. Normal laundering of bed linen and 
clothes is recommended. Household and sexual contacts should also be treated. Symptoms 
may continue after treatment because of persisting antigens, Calamine or Eurax lotion may be 
used; other problems include reinfestation and secondary bacterial infection. 


Feeding by Leptotrobidium causes cellular damage and initially results in intense itching and 
irritation for the host. The agent of scrub typhus, Rickettsia tsutsugamuchi, is often transmitted 
by the larval trombiculid mite. Scrub typhus results in infection in those living or working near 
‘mite islands’ which are usually found in transitional vegetation and provide a stable 
environment for mite proliferation. Prevention has generally been with chemical repellents or 
herbicides to remove the scrub habitat. 
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Mosquitoes 


Class: Insecta 
Order: Diptera 


Family: 


Culicidae 


Subfamily: Anophelinae 


Genu 


Anopheline 


Subfamily: Culicinae 
Genus: Culicine 


Aedes 
(SOURCE: PHIL 9261 - CDC/ Prof. 
Anopheles ; Culex 
: - Frank Hadley Collins, Dir., Cntr. for 2s 
(SOURCE: PHIL 7949 - CDC) Teen ear cant, (°F |(SOURCE: PHIL 7957 - CDC) 
Diseases, Univ. of Notre Dame) 
Image 12-14. Anopheline and Culicine mosquitoes. 
Introduction 


Mosquitoes are small 


with a clearly demarcated body and very long slender legs. The head 
contains a large pair of kidney shaped compound eyes, a pair of antennae, and a single long 
proboscis for feeding. The thorax, abdomen and wings are often covered with scales. 
Differential coloration and pattern of these scales provides a means of visually distinguishing 
species. The large wings are folded over the segmented abdomen, which generally appears 


brown-black and slender but turns a bright red and swells following feeding. 
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Image 12-15. Image of a typical Culicine mosquito. Adults are generally brown — black, at rest they 
palce their abdomens parallel to the ground. (SOURCE: PHIL 4487 - CDC) 


Mosquitoes may be classified as Anopheline (Anopheles) or Culicine (Aedes, Culex). The 
antennae of male mosquitoes are plumose (many feathery hairs); females are pilose (few 
spidery hairs). The male Anopheline palps are long and clubbed; those of the male Culicine 
are long but not clubbed. The female Anopheline palps are long; the female Culicine are short. 
Ifa mosquito is incorrectly sexed, a female Anopheline may be confused with a male Culicine. 


Illustration 12-6. Image of typical male Anopheline mosquito showing the characteristic features of the 
mosquitoes head; the palps are as long as the proboscis with clubbed like ends and the antennae are 
plumose. The female Culicine mosquito shows the short palps and the pilose antennae. (SOURCE: CDC) 


At rest, Anophelines usually position their abdomens at an angle to the surface; Culicines 
maintain their abdomen in a parallel position. 
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Anopheles Culex/ Aedes 


Illustration 12-7. Typical Anopheline and Culicine at rest, showing the abdomen at an angle to the surface. 
(SOURCE: CDC) 
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Anopheline (Anopheles) 
Mosquitoes 


Class: Insecta 
Order: Dipthera 
Family: Culicidae 
Subfamily: Anophelinae 
Genus: Anopheline 
Species: Anopheles 


Image 12-16. Typical Anopheles mosquitoes (SOURCE: PHIL 7862 - CDC) 


General Characteristics 
Anopheles mosquitoes are characterized by dark and pale scale blocks arranged on their 


wings. They have palps that are of equal length to the proboscis, which appear terminally 
clubbed in males. Anopheles always rest at an angle when standing on surfaces and preferring 
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to feed at twilight or night. Breeding sites are varied but Anopheles prefer unpolluted fresh or 
saltwater. 


Life Cycle 


Anopheles lay 50 to 200 dark color eggs in aquatic environments, and hatch in several days to 
several weeks depending on the external temperature. Anopheles larvae have a dark brown 
head and 6-7 anterior segments covered with dorsal palmate hairs. Accessory tegral plates are 
present on the dorsal side of segments 1-10 and two sets of anal papillae emerge from the last 
abdominal segment. 


There are four larval instars that survive by filter feeding and breathing oxygen through their 
spiracles. Anopheles larvae occur throughout many different habitats including both permanent 
marshes and swamps, and temporary locations such as pots filled with water. In general 
Anopheles prefer to inhabit clean habitats. The larval period lasts about a week, but may be 
extended depending on the environmental conditions. The pupa is comma shaped with a set of 
trumpet shaped breathing tubes. The abdomen is covered with setae, and segments 2-7 have 
distinct spines. The pupal period may last a few days to weeks depending on the temperature. 


Disease - Malaria 


Anopheles are vectors of malaria, Bancroftian and Brugian filariasis and of multiple 
arboviruses (dengue fever; yellow fever; encephalitides and hemorrhagic fevers). Malaria is 
caused by Plasmodium falciparum, P. vivax, P. malariae and P. ovale. Transmission of the 
disease occurs in virtually all of tropical Africa, Central and South America, and the Middle and 
Far East. South East Asia is a particular problem due to multiple drug resistance. P. 
falciparum is found in Africa and other tropical countries as well as in subtropics. P. malariae 
has a low prevalence in both tropics and subtropics. P .vivax is the most widespread in 
temperate regions and subtropics but may also be found in the tropics. P. ovale has a low 
prevalence in West Africa. In Africa alone, 370 million people live in endemic areas. 


Malaria Endemic Countries, 2003 


HB No Malaria 
(1 Countries with Malaria Risk 
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Illustration 12-8. World map showing the distribution of malaria. (CDC) 
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P .vivax causes benign tertian malaria (43% of cases) and P. falciparum results in malignant 
tertian or sub-tertian malaria and pernicious malaria (50% of cases). P .ovale (mild tertian 
malaria, 1% of cases) and P. malariae (quartan malaria, 7% of cases) contribute a small 
percentage of malarial cases. 


Clinical features including fever and chills are due to the host inflammatory response and are 
associated with rupture of erythrocytic schizonts. Fever presents in three stages - a) Cold: 
rigors and fever lasting 15 minutes to 1 hour; b) Hot: the patient is flushed with tachycardia and 
is pyrexial (40C) for 2-6 hours; c) Sweating: the temperature falls (over 2-4 hours). Each 
paroxysm lasts 8-12 hours in total. All erythrocytes containing a trophozoite will be destroyed 
within 48-72 hours. Periodic fever often takes more than seven days to develop, and anemia 
can be hemolytic or due to toxic marrow suppression. Splenomegaly occurs in all malaria: it 
may be acute or chronic (+/- hypersplenism). Jaundice may be hemolytic and/or hepatic (only 
P. falciparum). In addition, there may be headache, myalgia, arthralgia, diarrhea and vomiting. 


Plasmodium falciparum is the most virulent form (invades mature and immature RBCs) and is 
often fatal if untreated. Blood schizogony takes place in deep capillaries and micro-circulatory 
failure can occur in individuals with litle immunity to malaria. It does not relapse but 
recrudescence may occur. The time between paroxysms is 48 hours but fever may last for 24- 
36 hours. Very rapid progression and complications include diarrhea and vomiting; delirium; 
coma; convulsions; renal failure, including hemoglobinuria (blackwater fever); jaundice; 
pulmonary edema; hypoglycemia and abortion. Cerebral malaria often results in delirium, 
disorientation, stupor, coma, convulsions and death. 


P. vivax / ovale exhibit 48 hours between paroxysms; relapses may occur up to 8 years after 
primary infection and only infects immature RBCs of those with Duffy blood group. 
Plasmodium malariae generally results in 72 hours between paroxysms, only infects older 
RBCs, and recrudescence may occur decades after primary infection. 


The global malaria situation is serious and becoming worse: 300-500 million clinical cases 
occur annually. 1.5-2.7 million people die of malaria each year with approximately one million 
deaths among children under five years of age are attributed to malaria alone or in 
combination with other diseases. Countries in tropical Africa account for more than 90% of the 
total malaria incidence and the great majority of malaria deaths (WHO data). The death toll of 
African children with malaria is expected to double by 2010, conceivably reaching four million 
deaths per year. Many factors influence the epidemiology of this disease including: breeding 
habits of the various mosquito vectors; agricultural practices; economic conditions; 
industrialization and pesticide use. Increasing air-traffic from malaria endemic areas has led to 
the possibility of malaria developing in non-endemic areas where the mosquito vector has 
been imported onboard aircraft. 


Treatments and Control - Malaria 


If the infective species is not known, or the infection is known to be mixed, initial treatment 
should be with quinine, mefloquine or rarely halofantrine. Falciparum (malignant) malaria is 


- 245 - 


> orientation > gyroscope 


gyroscope | (3 


Historically, a gyroscope always contained a spinning disc. Some devices for naviga- 
tion still depend on rotating elements, but they are outside the scope of this Encyclo- 
pedia. This entry deals primarily with vibrating gyroscopes, also known as resonator 
gyroscopes, that are MEMS devices contained within silicon chips. 


OTHER RELATED COMPONENTS 


+ accelerometer (see Chapter 10) 
+ GPS (see Chapter 1) 


+ magnetometer (see Chapter 2) 


What It Does 


A gyroscope resists rotation around any axis at 
right angles to its own axis of rotation or vibra- 
tion. Consequently, if the gyroscope is allowed 
to move freely on gimbals in a sealed enclosure, 
the gyroscope will tend to maintain its orienta- 
tion while the enclosure can rotate freely 
around it. 


Taking this concept a step further, if the enclo- 
sure is mounted in an aircraft, the aircraft's rota- 
tion around two axes can be determined by 
referring to the gyroscope. If additional gyro- 
scopes are added orthogonally to the first, the 
aircraft's rotation around all three axes can be 
determined. 


‘A gyroscope does not measure linear motion in 
any direction, or any static angle of orientation, 


Schematic Symbol 
A chip-based gyroscope, magnetomer, or accel- 
erometer may be represented in a schematic as 
a rectangular box containing abbreviations to 


pin functions (as in any integrated cir- 
cuit chip). 


IMU 

‘An accelerometer measures variations in lin- 
ear motion and will also measure its own static 
orientation relative to the force of gravity. If an 
accelerometer rotates around its own axis, it 
will not measure angular velocity. 


A magnetometer measures the magnetic field 
surrounding it, and may be sufficiently sensitive 
to determine its orientation relative to the 
Earth's magnetic field. 


When an accelerometer and a gyroscope are 
contained in the same package, optionally with 
a magnetometer, they may be described as an 
IMU (inertial measurement unit), which can pro- 
vide necessary data to maneuver aircraft, 
spacecraft, and watercraft, especially when 
GPS signals are unavailable. 


Applications 
The first chip-based gyroscope was used in 
automobiles in 1998 as a yaw sensor in a skid- 
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often resistant to chloroquine and should be treated with quinine, mefloquine, halofantrine, 
quinidine or pyrimethamine-sulphadoxine. Benign malaria (P. vivax) should be treated with 
chloroquine although resistance has been reported from New Guinea. Malarial prophylaxis is 
relative and not absolute. 


The UK Consensus Group on Malaria Prophylaxis (1997) recommend mefloquine for UK 
travelers to West, Central and East Africa for periods of greater than two weeks and for 
travelers to specific areas within south-east Asia: prophylaxis should be commenced two 
weeks before departure. Doxycycline can be used in older children and adults who cannot 
tolerate mefloquine. 


Prevention is most dependent upon coverage of exposed skin and the use of insect repellent, 
mosquito nets impregnated with permethrin and correct prophylaxis. The vector may be 
controlled by water clearance programs, house spraying (DDT) and destruction of breeding 
areas. Drug resistance to DDT and ethical resistance to its use have limited its effectiveness. 
Natural immunity involves both antibody and cell-mediated systems and appears to require 
frequent boosting; antigens from different stages of the parasite's life cycle will be important in 
vaccine development. 


Disease - Filariasis 


Anopheline mosquitoes also transmit the filarial worms Wuchereria bancrofti, Brugia malayi 
and Brugia timori. Wuchereria bancrofti is the main cause of "elephantiasis’ (Bancroftian 
filariasis) and the most widely distributed filarial parasite of man. The adults live in the 
lymphatic system, and can survive for 30 years or more. Once they have mated they produce 
a pre-larval form, the microfilaria. Both the adults and the microfilaria may play a role in 
generating the symptoms and signs. Microfilaria measure 240-300, in length by 7-10um in 
width. They are sheathed (derived from ovum membrane) and nuclei terminate 15-20um 
proximal to the pointed tail. There are fewer, more distinct nuclei than in other species and 
there are less body curves. Adult worms are slender and white (males 4cm; females stout and 
10cm in length) 


Initial infection with Wuchereria is usually asymptomatic. There may be recurrence of attacks 
of "cellulitis" affecting the limbs, breast, scrotum or elsewhere. Infection is associated with 
fever, lymphangitis, lymphadenopathy and occasionally abscess formation. These initially 
settle but later on the tissues eventually become edematous and hypertrophied. Further effects 
may include scrotal involvement and hydrocoele, which can lead to scrotal enlargement and 
lymph scrotum. This is "elephantiasis" and is associated with dermal hypertrophy, verrucous 
changes and the rupture of lymph varices into various sites. 


Brugian (Malayan) filariasis is less widespread, less common and less serious than its 
Bancroftian counterpart. The life cycle is identical to that of Wuchereria bancrofti with Brugia 
malayi limited to Asia and B. timori restricted to Indonesia. Infection results in 
lymphadenopathy involving most frequently the inguinal area, lymphoedema normally below 
the knee, eosinophilia, and in rare cases chyluria. 
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Treatments and Control - Filariasis 


Diethylcarbamazine (DEC) kills microfilaria. Ivermectin suppresses microfilaria production but 
its overall effectiveness remains untried and elephantiasis can be treated surgically. Control 
measures comprise draining of mosquito breeding sites and killing larvae. Many mosquitoes 
are resistant to insecticides but mosquito repellents and nets are effective. The infective pool 
may be reduced by periodic mass treatment with DEC. Brugia malayi is more susceptible to 
diethylcarbamazine (DEC) than is Wuchereria bancrofti. Anopheline larvae may be suffocated 
in their breeding sites but Culicine larvae (Mansonia sp.) derive oxygen from plants and are not 
vulnerable to such measures. Control depends upon the use of mosquito nets and periodic 
mass treatment. 


- 247 - 


Culicine (Aedes) Mosquitoes 


Class: Insecta 
Order: Dipthera 
Family: Culicidae 
Subfamily: Culicinae 
Genus: Culicine 
Species: Aedes 


General Characteristics 


Aedes can generally be distinguished by patterns of black and silvery scales present on the 
abdomen and thorax. The legs appear to have black and white rings along their length. The 
wings are generally covered with black scales. Aedes breed in marshes and other wetland 
areas and have a worldwide distribution. 


Image 12-17. Typical Aedes mosquito. They are clearly distinguished from Anopheline mosquitoes 
due to the presence of black and slivery scales on the abdomen and thorax, (SOURCE: PHIL 9252 - 
CDC/ Prof. Frank Hadley Collins, Dir., Cntr. for Global Health and Infectious Diseases, Univ. of Notre 
Dame) 
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Life Cycle 


Female Aedes lay eggs on damp areas such mud, detritus, clay and rock. The eggs are very 
robust and can survive desiccation and other environmental pressures. The eggs hatch in 
waves depending on the environmental cues. Aedes larvae have a stout barrel shaped siphon 
with one pair of subventral tufts. There are three pairs of setae on the ventral brush, and large 
setae are not present on the abdominal segments. 


Disease 


Aedes are vectors of Bancroftian filariasis and arboviruses such as yellow fever and dengue. 
Wuchereria bancrofti is the main cause of “elephantiasis” (Bancroftian filariasis) and the most 
widely distributed filarial parasite of Man. The adults live in the lymphatic system, and can 
survive for 30 years or more. They copulate and generate a pre-larval form, the microfilaria. 
Both the adults and the microfilaria may play a role in generating the symptoms and signs. 
Microfilaria measure 240-300um in length by 7-10um in width. They are sheathed (derived 
from ovum membrane) and nuclei terminate 15-201m proximal to the pointed tail. There are 
fewer, more distinct nuclei than in other species and there are less body curves. Adult worms 
are slender and white (males 4cm; females, stout and 10cm in length). 


Initial infection with Wuchereria is usually asymptomatic. There may be recurrence of attacks 
of “cellulitis” affecting the limbs, breast, scrotum or elsewhere. Infection is associated with 
fever, lymphangitis, lymphadenopathy and occasionally abscess formation. These initially 
settle but later on the tissues eventually become edematous and hypertrophied. Further effects 
may include scrotal involvement and hydrocoele, which can lead to scrotal enlargement and 
lymph scrotum. This is "elephantiasis" and is associated with dermal hypertrophy, verrucous 
changes and the rupture of lymph varices into various sites. 


Yellow fever and dengue hemorrhagic fever are serious viral infections spread by the Aedes 
mosquito. Dengue is now the most important mosquito borne virus, with global infection 
increasing. 


Control and Treatment 


In general the most effective control for Culicine mosquitoes are repellents and fine screening 
or netting. Treatment with insecticides will also serve to reduce the vector population, but 
increased problems are encountered with Culicines because they also feed during the 
daytime. If filarial infection occurs, treatment with Diethylcarbamazine (DEC) will kill 
microfilaria. Ivermectin suppresses microfilaria production but its overall effectiveness remains 
untried and elephantiasis can be treated surgically. 
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Culicine (Culex) Mosquitoes 


Class: Insecta 
Order: Dipthera 
Family: Culicidae 
Subfamily: Culicinae 
Genu Culicine 
Species: Culex 


General Characteristics 


Culex are distinguished by their lack of coloration and feature. The thorax, abdomen, legs and 
wings are often covered with brown-black scales giving a generally dark appearance. The 
abdomen may occasionally also have white scales arranged in segments. Culex breeds 
mainly in aquatic habitats, often in areas containing large quantities of organic waste. 


Ilustration 12-8. Typical illustration of a Culex mosquito, showing the characteristic brown-black 
scales on the thorax, abdomen, legs and wings giving it a general dark appearance. (Illustration: 
Trustees of the British Museum) 
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Image 12-18. A Culex mosquito taking a blood meal from a human host. The abdomen becomes 
distended and blood red in color. (SOURCE: PHIL 4464 - CDC/Jim Gathany) 


Life Cycle 


Female Culex lay dark brown eggs in characteristic clumps of approximately 300 eggs. As 
mentioned these eggs are often found in organic waste deposits or polluted waters. Culex 
larvae have a long and narrow siphon with more than one pair of subventral tufts. 


Disease 


Culex mosquitoes are vectors of Bancroftian filariasis throughout Africa, but most importantly 
arboviruses such as Japanese encephalitis. Encephalitis occurs throughout the world, with 
Culex acting as an important vector for spread and infection. Culex mosquitoes are similar to 
Culicine mosquitoes, but prefer to bite at night and breed in organic refuse. 


Control and Treatment 


Culex mosquitoes are most easily controlled by improving sanitation and removing static water 
sources from the affected area. In general the most effective control for Culex mosquitoes are 
also repellents and fine screening or netting. Treatment with insecticides will also serve to 
reduce the vector population, but increased problems are encountered with Culicine 
mosquitoes because they also feed during the daytime. If filarial infection occurs treatment with 
Diethylcarbamazine (DEC) will kill microfilaria. Ivermectin suppresses microfilaria production 
but its overall effectiveness remains untried and elephantiasis can be treated surgically. 
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Tsetse Flies 


Class: Insecta 

Order: Diptera 
Family: Glossinidae 
Genus: Glossina 


General Characteristics 


Tsetse flies are large, yellow-brown or brown-black and measure 6-15ym in length. They are 
distinguished by a rigid projecting proboscis and a long pair of accompanying palps. There is 
a characteristic axe-shaped venation of the wings when viewed dorsally resembling an 
inverted hatchet in the central cell. The antennae appear short and feathery, and the abdomen 
is segmented and often striped or patched. Both males and females suck blood every 4-5 
days, outside in open spaces. 


Image 12-19. Typical illustration of a Tsetse Fly. They are yellow-brown in Colour and usually 
measure 6 - 15um in length. Their characteristic feature is the hatchet shaped cell in the centre of 
the wing venation. (IMAGE SOURCE: Trustees of the British Museum) 
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Life Cycle 


Female Tsetse flies are unique in the sense that they deposit larvae and do not lay eggs. The 
eggs mature within the female and are supplied with essential nourishment to complete larval 
development. This cycle requires a large number of blood meals to maintain and thus the 
female requires regular feeding. The larvae are normally deposited in shaded areas. There are 
three larval instars with the mature larva appearing white, visibly segmented with a pair of 
lobes at the posterior end. Pupation of the third instar results in a dark colored puparium with 
posterior lobes. The pupal period is extended (3-7 weeks) depending on the surrounding 
environmental conditions. 


Disease 


Tsetse flies are vectors for African sleeping sickness (Trypanosoma brucei sp. The two 
subspecies of T. brucei that infect Man are morphologically identical. T. b. gambiense causes 
Gambian sleeping sickness in Western Africa and T. b. rhodesiense causes Rhodesian 
sleeping sickness in East Africa. Another subspecies, T. b. brucei, causes nagana in cattle. 


Illustration 12-9. Distribution of African Trypanosomiasis throughout Africa (WHO, 1991) 


Initially the patient has a headache, fever, chills and loss of appetite but specific clinical signs 
are absent. Parasitaemia comes in characteristic waves. Later, the spleen, liver and lymph 
nodes enlarge (Winterbottom's sign). Finally, there may be CNS involvement leading to coma 
and death within several years. Trypanosoma brucei rhodesiense (tural East Africa): this is so 
acute that the patient invariably dies before classical symptoms develop. Without appropriate 
treatment, both forms are fatal. 


Human African trypanosomiasis is rural and focal, with humans as the principal reservoir of 
infection of T. b. gambiense, and domestic cattle and wild animals as important reservoirs of T. 
b. rhodesiense. By the 1960s, it had been brought under control, but since 1970 the situation 
has deteriorated and the disease has reappeared, with major flare-ups in countries which have 
not maintained surveillance activities. It is estimated that 55-60 million people are exposed to 
the risk of becoming infected with trypanosomiasis, but only four million of them are under 


- 253 - 


active surveillance or have access to health centers where reliable diagnosis is available: the 
estimated number of infected persons is over 300,000 (WHO data). 


Treatment and Control 


Anemia and other infections should be treated first. If given before the parasite has invaded 
the brain (hemolymphatic stage), suramin (Rhodesian disease) or pentamidine (Gambian 
disease) appear to be effective. For late disease (CNS involvement), drugs of choice are 
melarsoprol or eflornithine, with tryparsamide plus suramin as an alternative. Tsetse-infested 
areas should be avoided. Protective, light-colored clothing and repellents should be used. 
Tsetse flies are difficult to treat with insecticide (DDT has been tried) as their larvae live in 
burrows in the ground; protective vegetation must first be removed. Pentamidine prophylaxis 
is no longer advocated. Reservoir hosts should be identified and removed. It is possible to 
breed resistant or tolerant cattle (West Africa). Trypanosomes other than T. brucei are also 
transmissible by Tabanid flies or by sexual contact. 
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Sand Flies 


Class: Insecta 
Order: Dipthera 
Family: Psychodidae 
Genera: Phlebotomus, Lutzomyia 


Introduction 


Sandflies are small (1.5-5um) with a hairy head, thorax, antennae and wings. The antennae 
are long, may appear beaded, and protrude near a large set of black compound eyes. The 
wings are upwardly pointing at rest, and are a distinctive feature of Phlebotomine sandflies. 
Only the females are blood feeders, the males feed on plant nectar. Biting predominates 
nocturnally and they rest in moist and dark walls, cracks and tree trunks during the day. 


Illustration 12-10. Typical illustration of a Sand Fly. The head, thorax, abdomen, legs and antennae 
are hairy, they are small usually measuring 1.5-Sum long. (Phlebotomus) (illustration Source: 
Trustees of the British Museum) 


Life Cycle 


Female Phlebotomine sandflies deposit 30-70 minute eggs at each oviposition. The eggs are 
laid in dry areas, but require humidity to avoid desiccating. There are four instars and the 
mature larva is characterized by a distinct black head, 12 segments, thick bristles covering the 
body, and two pairs of caudal setae on their posterior end. As with other fly vectors the length 
of the larval stage depends on the ambient temperature, species in question, and food 
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How It Warks 


control system. Subsequent automotive ap} 
cations include active suspension control, 
bag sensors, rollover detection and prevention, 
and navigation systems. 


Gyroscopes may be installed in military ord- 
nance to provide backup in case an onboard 
GPS system fails, possibly as a result of radio 
jamming. 


Handheld 3D game controllers and headsets 
may use gyroscopes to control images dis- 
played to the viewer. A digital camera may 
employ a gyroscope to provide image stabiliza- 
tion. Gyroscopes are usually found in quadcop- 
ters or drones, are used to stabilize two- 
wheeled vehicles such as the Segway, and are 
used in robotics. 


How It Works 


The traditional form of gyroscope is a rotating 
wheel, which will resist turning forces perpen- 
dicular to its own axis of rotation. In Figure 9-1, 
three directions at right angles to each other 
are defined in the bottom-right corer of the 
diagram as X, Y, and Z. The wheel is rotating 
around the X axis, as shown by the green arrow. 
It will resist any turning force around the Y axis 
(red arrows) or the Z axis (yellow arrows). 


spatial > orientation > gyroscope 
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Figure 9-1 ina traditional gyroscope, a wheel that is 
rotating (shown by the green arrow) will resist a turning 
force on either of the axes (shiown by red and yellow 
_arrows) perpendicular to its axis of rotation. 


Vibrating Gyroscope 

A vibrating fork can be substituted for a wheel. 
In Figure 9-2 a fork is secured at its base while 
its tines are induced to vibrate toward each 
other and away from each other, as suggested 
by the double-ended arrow. In a chip-based 
gyroscope, this vibration is induced piezoelec- 
trically or by static electricity. 
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availability. The larval skin and caudal bristles remain attached at the posterior end during the 
pupal stage which lasts 5-10 days. 


Disease 


Sandflies are the only vectors for several species and subspecies of obligate intracellular 
protozoa responsible for leishmaniasis (Leishmania sp.) Cutaneous, mucocutaneous and 
visceral leishmaniasis are caused by different species of Leishmania contentiously linked to 
temperature preferences. Geographic location and host immune response also play a role in 
determining the form of disease. Leishmania tropica and L. major cause dermal cutaneous 
leishmaniasis; visceral leishmaniasis (kala-azar) is caused by L. donovani and mucocutaneous 
leishmaniasis is caused by L. braziliensis and L. mexicana. Visceral leishmaniasis in Europe 
is caused by L.infantum with dogs as the main reservoir. Leishmania tropica is found in the 
Middle East, North Africa, India and the Mediterranean. Leishmania donovani is found in the 
old and new worlds: South America, the Mediterranean, North and East Africa, India and 
China. Leishmania braziliensis is found in Central and South America. Leishmania mexicana 
is found in North and Central America, Texas and Mexico. 


Dermal cutaneous leishmaniasis or Old World leishmaniasis is also known as “Tropical or 
Oriental Sore" or "Delhi Boil" and is generally localized to the skin surrounding the bite of the 
Phlebotomus sandfly. The ulcers (volcano sign) are "draining" but produce “dry” ulcers that 
crust over. They usually resolve within one year but superinfection (yaws or myiasis) may 
occur and immunity develops. Cutaneous leishmaniasis affects over 300,000 people. The 
mucosal form affects the mucosa of the nose, pharynx, palate, larynx and upper lip causing 
ulcers that often become secondarily infected. Scarring can lead to death from pneumonia. 


Visceral leishmaniasis, or "Kala-azar” is transmitted by Phlebotomus sandflies and is spread 
via the lymphatics from an often minor cutaneous lesion. They multiply in macrophages to 
form Leishman-Donovan bodies. Symptoms are usually chronic and comprise malaise, 
lymphadenopathy, cough, diarthea, wasting and anemia, bleeding, and low-grade fever 
(/day); liver and spleen enlarge and visibly distend the abdomen. Untreated, death ensues 
within three years, usually from secondary infection. 


Leishmaniasis currently affects some 12 million people in 88 countries, all but 16 of which are 
in the developing world. It is estimated that 350 million people are exposed to the risk of 
infection by the different species of Leishmania parasite. The annual incidence of new cases is 
about two million (1.5 million of cutaneous leishmaniasis, and 0.5 million of visceral 
leishmaniasis). Recently, the WHO has reported an increase in overlapping of visceral 
leishmaniasis (VL) and HIV infection due to the spread of the AIDS pandemic. Leishmania / 
HIV co-infection is considered to be a real “emerging disease", especially in southern Europe, 
where 25-70% of adult VL cases are related to HIV infection, and 1.5-9.5% of AIDS cases 
suffer from newly acquired or reactivated VL. Intravenous drug users have been identified as 
the main population at risk. 


Treatment and Control 


Dermal leishmaniasis usually resolves spontaneously. Visceral leishmaniasis is treated with 
extended courses of antimonial compounds (e.g. sodium stibogluconate or meglumine 
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antimonate) and dietary supplementation (pentamidine isethionate has been used in antimony- 
resistant cases). WHO regimes are changing and pentamidine may be used. Mucocutaneous 
leishmaniasis is also treated with antimonial compounds. However, only around 50% of 
patients respond to antimonial compounds and relapses are seen. Pentamidine isethionate, 
paromomycin (aminosidine), allopurinol, ketoconazole, itraconazole, interferon gamma and 
liposomal amphotericin B have all been used; amphotericin B appears the most effective 
Control of sandflies is difficult although buildings may be sprayed with insecticide. Sandflies 
cannot bite through clothing. Repellents are effective although mosquito nets are of limited 
value (sandflies are 3 jm). Sandflies are nocturnal and can be avoided. Rodent and dog 
control is a possibility. Vaccines (killed or live attenuated promastigotes) have been tried but 
effectiveness has not been assessed 
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Black Flies 


Class: Insecta 
Order: Diptera 
Family: Simuliidae 

Genus: Simulium 


Introduction 


Black Flies are small (1.5-4m in length) and normally black with short hairless legs and 
antennae. They have large compound eyes and a characteristically hairy humped thorax. 
Flies of the genus Simulium are generally found near free-flowing well-oxygenated water and 
bite during the day, tearing the skin to reach blood vessels. 


Illustration 12-11. Typical illustration of a Black Fly (Simulium). They are usually small (1.4-4ym in 
length), black with short hairless legs and antennae. (SOURCE: PHIL 4639 - CDC) 
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Image 12-20. Image of a Black fly receiving a blood meal. (SOURCE: Unknown) 


Life Cycle 


Simuliidae eggs are laid in flowing or turbid waters in clusters of 200-800 eggs depending on 
the species. Hatching is mediated by the external environment, generally occurring several 
days following oviposition. There are 6-9 larval instars, with the larvae remaining essentially 
sedentary for the period and feeding through filtration. Movement is possible if necessary with 
some larval species acting as predators. The mature larvae can be recognized by a 
characteristic black “gill spot” on the thorax. The pupa is enclosed in a dark colored cocoon, 
identifiable by a series of filamentous respiratory gills protruding from the anterior end. In most 
cases the adult fly emerges from the pupal stage following one week of incubation. 


Disease 


Simulium are vectors for the filarial parasitic nematode responsible for Onchocerciasis 
(Onchocerca volvulus). \t is distributed throughout Africa, Arabia, Central America, northern 
South America and Mexico with 30 million people infected in Africa alone; it is one of the most 
important causes of blindness in the world. Adult worms (up to 50cm) live in the subcutaneous 
tissue of man (the only known host) and release microfilariae into the skin. These are taken up 
by Simulium (S. damnosum and S. naevei in Africa; S. ochraceum and S. metallicum in 
Central America). Microfilariae penetrate the gut wall, migrate to the thoracic muscles, molt to 
L2 stages and molt again to filariform La stages which are passed to the next host during a 
blood meal. Larvae mature to adults in one year and may live for up to 20 years. Microfilariae 
can live for up to two years but are often trapped, in fibrous nodules, by the host's cellular 
response and are responsible for the pathology. Microfilariae are highly motile, unsheathed 
and measure 300 by 7 microns; there are no nuclei in the end of the tail, which is long and 
pointed; the head is slightly enlarged. Microfilariae are not found in blood. 


Skin problems include nodules (2cm to 5cm in diameter) containing adult worms. 
Onchodermatitis is caused by death of microfilariae in the skin and is associated with severe 
pruritis (adopts different forms in different geographical localities e.g. “erysipelas de la costa” in 
Central America, "leopard skin" in parts of Africa), skin depigmentation and premature ageing. 
There may be minor elephantiasis of the inguinal area (“hanging groin") or of the genitals 
(including hydrocoele). Eye involvement is due to microfilariae entering the eye and dying and 
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may eventually lead to blindness through sclerosing keratitis and retinal damage (microfilaria 
can be seen in the anterior chamber of the eye). There may be competition between parasite 
and host for vitamin A. 


Treatments and Control 


Ivermectin destroys microfilariae and renders adult female worms infertile; the manufacturer 
provides this drug without charge. Nodules may be surgically removed to reduce the worm- 
load and decrease the chances of ocular involvement. In areas of East Africa, S. naevei has 
been eradicated with insecticide (the larvae of this parasite attach to freshwater crabs). S. 
damnosum inhabit areas far distant to its breeding sites and control is much more difficult. 
However, the WHO larvicide program in concert with mass Ivermectin treatment has the 
potential to control the problem. Vegetation should be cleared around villages and irrigation 
should be devised to avoid fast-flowing water currents. 
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Tabanid Flies 


Class: Insecta 
Order: Diptera 
Family: Tabanidae 
Subfamily: | Chrysopsinae (Deer flies) 
Genus: Chrysops 
Subfamily: Tabaninae (Horse flies) 
Genus: Tabanus 


Introduction 


Chrysops are 9-10um in length with broad wings and large iridescent eyes. The abdomen is 
yellow or orange and can be patterned with black markings. The antennae consist of three 
segments, lacking a projection from the second segment and with the third segment 
subdivided into four smaller sections. Female Chrysops are attracted by smoke and normally 
bite in the morning or late afternoon. They breed in shaded muddy areas and have a 
worldwide distribution. 


Image 12-21. Image of a Deer fly receiving a blood meal. They have large iridescent eyes and broad 
wings. Generally measure between 9-10um in length. (SOURCE: University of Florida) 
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Life Cycle 


Female Tabanids generally lay 100 -1000 large creamy white eggs on the undersides of plants 
and rocks surrounding aquatic areas. The eggs hatch following several weeks of incubation. 
Larvae live and feed in wet rotting vegetation but survive breathing oxygen. The larval stage 
can be quite prolonged (1-3 years) with 6-13 larval instars depending on the species. The 
mature larvae migrate to dry areas and undergo pupation. The pupa often gets buried in the 
soil and can often be large. The pupal stage lasts several weeks, and the adults emerge to 
feed 


Disease 


Tabanids are vectors for the parasitic nematode Loa Joa. Their Microfilariae are large and 
sheathed and contain nuclei extending to the end of the rounded tail. Adult worms are thin and 
white (females 2cm-7cm long, 425m in diameter and males 2cm-3.4cm long, 350um in 
diameter). Clinical features of Loa Joa infections include considerable pruritis and transient 
painful subcutaneous swellings termed Calabar swellings. Migrating adult worms can cross the 
conjunctiva or the bridge of the nose and ectopic worms cause problems such as hydrocoele, 
orchitis, colonic lesions, encephalitis. 


Treatment and Control 


Worms traversing the conjunctiva may be removed surgically. Diethyl-carbamazine (DEC) is a 
proven treatment; prevention comprises the use of prophylactic DEC. However, DEC may 
have fatal side effects including encephalitis and the current drug of choice is Ivermectin. 
Drugs kill microfilariae but not adult worms. Antihistamines and corticosteroids may prevent 
allergic reactions brought about by rapid destruction of microfilariae in heavy infections. Insect 
control is not practical. 
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Biting Midges 


Class: Insecta 

Order: Dipthera 
Family: Ceratopogonidae 
Genus: Culicoides 


Introduction 

Biting midges are 1m-2um long with a small head, long antennae and segmented palps. The 
thorax is often black spotted and contains a distinctive set of small depressions called the 
“humeral pits” just posterior of the head on the upper thorax. Biting midges have long legs and 
wings that fold over the thorax when at rest. Only the females take blood meals and normally 
swarm and bite in the early morning or late evening, especially during overcast weather. 


BITING MIDGE 
Culicoides furens 


Illustration 12-12: Typical Illustration of a Biting Midge (Culicoides). The thorax is often black 
spotted and contains a distinctive set of small depressions called the “humeral pits” just posterior of 
the head (SOURCE: PHIL 3822 - CDC/Dr. Richard Darsie) 


Life Cycle 


Female culicoides lay 30-250 dark, cylindrical eggs on the surface of wet soil or organic debris. 
Larvae emerge from the eggs soon thereafter depending on the environmental conditions. 
There are four larval instars, and the mature larvae resemble that of a nematode worm. They 
have a small dark head, 12 segments, and terminal papillae. The larvae feed on detritus and 
may development for extended periods of time depending on the species and conditions. The 
pupal period lasts 3-10 days, with the adult females emerging to feed and breed. 
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Disease 


Culicoides species possess the ability to transmit various filarial parasites to humans 
(Mansonella perstans, M. streptocerca and M. ozzardi). Adult Mansonella streptocerca reach 3 
cm in length and live in the skin. Microfilariae are small and thin (200um in length), 
unsheathed and nuclei extend to the end of a hooked tail. The major symptoms of infection 
are pruritis, papular eruptions and pigment changes. 


Mansonella ozzardi is found in South and Central America and the adult worms live in the 
peritoneal cavity. Microfilariae are small, thin (150-200 by 4.5 microns) and unsheathed with 
indistinct nuclei that do not extend to the end of the pointed tail. They are found in the skin and 
blood and are non-periodic. Most infected persons are asymptomatic but may be associated 
with arthralgias, headaches, fever, pruritis, hepatomegaly, pulmonary symptoms and 
adenopathy: there is no proven therapy. 


Mansonella perstans is found in tropical Africa and coastal South America with adult worms 
measuring 4cm-8cm. They inhabit the peritoneal and, rarely, pleural cavities. Infections are 
usually asymptomatic but can be associated with pruritis, fever, arthralgias and neurological 
changes. 
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Head and Body Lice 


Class: Insecta 
Order: Phthiraptera 
Genus: Pediculus 


Introduction 


Pediculus humanus capitis (the head louse) and Pediculus humanus humanus (the body 
louse) are 2um-4um long and flattened dorsoventrally. They are wingless with distinct head, 
thorax (bearing three pairs of clawed legs) and abdomen (seven segments). The fore legs are 
well developed to grasp clothing and hair, with terminal claws to aid grip on the host. Pediculus 
feed using two stylets which suck blood whilst a third directs saliva into the skin; meanwhile 
feces are continually passed onto the skin 


Image 12-22. Dorsal Image of a typical body louse (Pediculus humanus humanus). They are 
wingless and dorsoventrally flattened, bearing a distinct head, thorax and abdomen. They measure 
approximately 2-4um in length. (SOURCE: PHIL 9205 - CDC/ Frank Collins, Ph.D.) 


Life Cycle 


The head and body louse share very similar life cycles only differing in the placement of their 
eggs; the body louse cements eggs to clothing and the head louse cements single eggs at the 
base of hairs. Females can lay upwards of 300 eggs during a lifetime. Lice have a 
hemimetabolous lifecycle. The nymph hatches from the egg and appears very structurally 
similar to the adult louse. There are three nymphal instars that require blood meals to proceed 
It only takes 7-12 days to proceed to the adult stage if blood meals are readily available, but 
conversely lice will perish if not fed for several days. 
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orientation > gyrascope How It Works 
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Figure 9-2 A vibrating fork (green arrows) can be subst- Figure 9-3 A turning force is applied to the base of the 
tuted for a rotating wheel in a gyroscope. fork around a vertical axis, as shown by the lower arrow. 


Now suppose a turning force is applied around The angular momentum of the vibrating tines 

the vertical axis at the base of the fork, as sug- causes them to resist this turning force, and 

gested by the lower arrow in Figure 9-3. consequently they will tend to bend, as shown 
by the yellow arrows in Figure 9-4. The amount 
of their deflection can be measured capaci- 
tively. This system is used in many chip-based 
gyroscope systems, and may be referred to as a 
vibrating gyroscope or a resonator gyroscope. 
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Image 12-23. Dorsal Image of a typical head louse (Pediculus humanus capitis) (SOURCE: PHIL 
377 - CDC/ Dr. Dennis D. Juranek) 


Disease 

Colonization by lice may result in serious infection and disease. Lice can potentially pass 
Rickettsia prowazeki resulting in epidemic typhus and other pathogens such as Rochalimaea 
quintana and Borrelia recurrentis that result in potentially serious fever. The mode of 
transmission for all infectious agents is through physically crushing and spreading feces or 
waste into the wound created through feeding. 

Control 


The most effective control is to remain clean, but insecticides are often necessary during 
epidemics to avoid reinfestation. 
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Pubic Lice 


Class: Insecta 
Order: Phithiraptera 
Genus: Phthirus 


Introduction 


The crab louse is 11m-2um long and distinguished by a square, undifferentiated body and 
massive claws on the two posterior sets of forelegs. These claws are able to grasp both pubic 
and facial hair (including eyelashes), and allow the louse to remain tightly bound to the host. 
They are spread mostly by sexual contact, but may also be transmitted through fomites. 


Life Cycle 


The life cycle of Phthirus is very similar to Pediculus. Females lay bundles of eggs on the 
coarse pubic hairs and dense facial hairs of humans. The crab lice proceed through a cycle 
similar to the head and body lice, with the nymphal stage proceeding several days longer. 
Phthirus are less active than Pediculus, but similarly can not survive for very long without a 
host and blood meals. 


Image 12-24. Ventral Image of a typical Crab louse (Phthirus). They hold onto pubic hair with the 
large claws found on the posterior legs. (SOURCE: PHIL 4077 - CDC) 


Disease 


There appears to be very little evidence of disease transmission by Phthirus, but have the 
ability to cause severe localized allergic reactions during infestations. 
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Fleas 


Class: Insecta 
Order: Siphonaptera 
Genus: Pulex, Xenopsylla, Ctenocephalides, Tunga 


Introduction 


Fleas are laterally compressed and wingless (11m-4um) with powerful legs. The entire body is 
generally covered with bristles, and the mouthparts point downwards. Pulex irritans (the 
human flea) and Xenopsylla cheopsis (the tropical rat flea) are combless. Nosopsyilus 
fasciatus (the rat flea) has a pronotal comb (behind its head). Ctenocephalides felis (the cat 
flea) and C. canis have two combs - a pronotal comb and a genal comb (under the head). 


Image 12-25. Image of the cat flea Ctenocephalides felis. Fleas are laterally compressed and 
wingless (1-4 im) with powerful legs. (SOURCE: CDC) 


Tunga penetrans (the Chigoe or jigger flea) demonstrates compressed thoracic segments and 


attacks man in the Americas, Africa and India, commonly penetrating the stratum corneum 
between the toes or in the toenail margins 
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Image 12-26. Image of the Chigoe flea Tunga penetrans. They commonly penetrate between the 
toes or under the toenail. (SOURCE: Unknown) 


Life Cycle 


Flea larvae hatch from eggs generally following a week incubation. The larvae are legless, 
segmented, and covered with setae. The larvae feed on organic material, and proceed through 
two or three larval instars depending on the environment. The larva spins a cocoon and 
pupates and emerges when the conditions appear favorable for survival. The life cycle can be 
as short as several weeks or up to several years depending on the stimuli surrounding the 
pupa. Both sexes take blood meals can live for long periods of time allowing females to lay an 
enormous number of eggs over their lifetime. 


Disease 


Fleas are a general nuisance, often biting humans on exposed surfaces resulting in discomfort. 
Flea-bites induce pruritic papular urticaria commonly on the unprotected lower leg of women 
and all over the body of children who have intimate animal contact; a generalized allergic 
response may occur. 


Certain fleas, notably the rat fleas, spread plague (Yersinia pestis) and murine typhus 
(Rickettsia typhi), and serve as intermediate hosts for species of tapeworm (Hymenolepis sp.) 
Cat and dog fleas serve as intermediate hosts for another common tapeworm (Dipylidium 
caninum), which can be spread to humans, especially children with exposure to pet animals. 
Pulex irritans is not a major vector of disease but may play a minor role in the transmission of 
plague. Infection is often spread by the bite alone, but can also potential be transmitted 
through fecal abrasion. Tunga penetrans does not transmit disease to humans, but females 
will burrow into host skin. The pinpoint lesion enlarges to pea-size within two weeks 
necessitating removal of the gravid female using a pin, a needle or a sliver of bamboo. This 
may potentially lead to a secondary bacterial infection. 


Control and Treatment 
Control of fleas is generally mediated through insecticidal powders and aerosols. If outbreaks 


of murine typhus or plague occur steps to control the rodent populations in the affected area 
may be employed 
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Bedbugs 


Class: Insecta 
Order: Siphonaptera 
Genus: Cimex 


Introduction 


Common bedbugs (Cimex /ectularius) are 3um-7ym long, wingless, and flattened 
dorsoventrally. They have long legs, clearly segmented antennae and abdomen, and a 
distinctive set of compound eyes. Bedbugs are characteristically pale brown but swell and turn 
to black-red when engorged with blood. Both sexes infest clothing, beds and laundry and 
pierce the skin with an elongated proboscis to feed. 


Image 12-27. Image of the common Bedbug Cimex lectularius. Bed bugs are usually pale brown in 
color but swell and turn black-red after a blood meal. (SOURCE: PHIL 6283 - CDC/Donated by the 
World Health Organization, Geneva, Switzerland.) 


Life Cycle 
Cimex nymphs appear yellow and very similar structurally to the adults. The life cycle is 


hemimetabolous with five nymphal instars that require blood meals to proceed. The adults 
primarily feed nocturnally, and females may lay upwards of 500 eggs during their lifetime. Life 
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cycle duration and the number of offspring produced are primarily determined by the humidity 
and temperature of the surrounding environment. 


Disease 

Cimex blood meals result in inflammation, irritation and intense itching. These are the most 
common results of an infestation, but Cimex have also been found to carry Hepatitis B in India. 
Treatment and Control 

A female lays around 200 adherent eggs at the rate of 3 or 4 per day: eggs are white and Imm 


in length. Control is by application of insecticide to mattresses and crevices where they hide 
during the daytime (to a height of several feet from the floor). 
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Triatomine bugs 


Class: Insecta 

Order: Hemiptera 
Family: Reduviidae 
Genus: Triatoma 


General Characteristics 


Triatomine bugs (a.k.a., Assassin bugs, Kissing bugs, Cone-nosed beetles, Walapai Tiger, or 
Reduviid bugs) are of variable size but are often large (L0mm-30mm). They typically appear 
brown-black, but can have bright coloration. They are distinguished by a large snout with dark 
compound eyes, a thin and straight proboscis, and a triangular pronotum. They have long 
slender legs with terminal claws and segmented antennae. A set of large wings covers the oval 
abdomen. They live in the mud-walls of housing and woodpiles and come out to feed at night 
when the host is asleep: they are voracious biters, often on the face around the eyes. 


Image 12-28. Image of the Triatomine Bugs Triatoma infestans. Reduviid bugs are of variable size 
but are often large (10-30 mm). They typically appear brown-black, but can have bright coloration. 
(SOURCE: PHIL 2538 - CDC/World Health Organization.) 


Life Cycle 


The life cycle of Triatoma is hemimetabolous. The emergence of nymphs from eggs is 
primarily determined by the environment, and blood meals are required to proceed through the 
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five nymphal instars. The nymphs and adults feed nocturnally and generally lay 50 to 1000 
eggs depending on life term and the quantity of blood meals taken. 


Disease 


The primary disease transmitted by Triatoma is Chaga's Disease caused by Trypanosoma 
cruzi. Chagas disease is endemic in 21 countries; around 100 million people in Central and 
South America could be exposed to reduviid bugs; the prevalence of Chaga's disease is about 
16-18 million. Rural migrations to urban areas during the 1970s and 1980s changed the 
traditional epidemiological pattern of Chaga's disease: it became an urban disease, as 
unscreened blood transfusion created a second way of transmission. Between 1960 and 
1989, the prevalence of infected blood in blood banks in selected cities of South America 
ranged from 1.7% in Sao Paulo, Brazil to 53% in Santa Cruz, Bolivia, a percentage far higher 
than that of hepatitis or HIV infection (WHO data). 


Chagas Disease 


Endemic countries 


Illustration 12-13. Worldwide distribution of Chagas Disease (Trypanosoma cruzi) (SOURCE: WHO) 


Triatomids are blood feeders and deposit infected feces (containing metacyclic 
trypanomastigotes) on the host's skin during feeding. The host rubs the feces into the wound; 
alternatively trypanosomes enter through the mucous membranes or conjunctivae. Once in 
the bloodstream, trypanomastigotes penetrate the spleen, liver, lymph nodes and muscle by 
an unknown mechanism (possibly via receptor-ligand binding proteins). The parasite 
transforms to the amastigote form that divides by binary fission and forms a pseudocyst. This 
tuptures and released amastigotes transform to flagellated trypanomastigotes via 
promastigotes and epimastigotes and enter the bloodstream. Unlike African bloodstream 
trypomastigotes, these do not replicate. If a Reduviid bug eats trypanomastigotes, they 
transform to epimastigotes, replicate by binary fission, and are passed as trypanomastigotes 
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two weeks later. Trypanosoma cruzi does not exhibit antigenic variation but can persist for the 
life of the host. 7. cruzi may also be transmitted in blood products or transplacentally. 
Humans and a large number of species of domestic and wild animals constitute the reservoir, 
and the vector bugs infest poor housing and thatched roofs. 


In the acute phase (generally seen in children) a small red nodule (Chagoma) may form at the 
site of the bite. Romana's signs comprise fever, unilateral bipalpebral edema and ophthalmia. 
Most acute phases are asymptomatic and resolve to an asymptomatic chronic stage in 2-3 
months. However, the patient may present with myalgia, bone pain, fever and chills, 
lymphadenopathy, hepatosplenomegaly and anorexia. Young children may develop 
meningoencephalitis. Pseudocysts form in heart muscle and fatal heart failure arises within 
one month. Neurological disorders, gastrointestinal disease and chronic myocarditis are 
features of chronic disease (mainly seen in adults) which arises 10-20 years after the initial 
infection and is untreatable. Congenital infection may lead to abortion, still birth or acute 
disease. Reactivation occurs in HIV-infected patients. Diagnosis is by detection of 
trypanosomes in peripheral anti-coagulated blood, CSF or node aspirate using wet film or 
Giemsa stain (acute disease) or by serology (Chaga’s IgG ELISA in chronic disease). 
Trypanosoma cruzi is usually C-shaped, 12-30um in length with a narrow membrane and a 
flagellum. The posterior kinetoplast is characteristically large and the nucleus is central. 


Control 


There is no satisfactory treatment. Extended therapy with the toxic agents, benznidazole or 
nifurtimox, only kills extra-cellular parasites and optimum efficacy (60%) is achieved during the 
acute phase. Chronic disease is treated symptomatically. Control is by improvements in 
housing, health education and insecticidal treatment of dwellings. Vaccines and 
chemoprophylaxis are ineffective (associated with autoimmune disease). For the control of 
blood-transmitted infections the aim is to screen all blood donors from endemic countries for T. 
cruzi antibodies, and to strengthen health service infrastructures for multiple blood screening 
(HIV, Hepatitis B and T. cruzi) 
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Chapter 13. 
Artifacts and Confounders 


Artifacts and Confounders 


Introduction and Summary 


Cysts and trophozoites must be examined carefully in different fields of view and measurement 
is often essential. Objects such as epithelial cells and macrophages are around the same size 
as amoebic trophozoites: the latter may also move and contain red blood cells. White blood 
cells, plant and vegetable cells, fat globules, muscle fibers, pollen grains, yeasts cells and air 
bubbles may be confused with cysts or eggs. Air bubbles trapped under adhesive tape often 
resemble Enterobius eggs. Plant hairs and fibers are easily confused with larvae; algae such 
as Psorospermium haeckelii may be found in the feces of patients who have eaten crayfish. 
Earthworms may resemble roundworms. A variety of non-pathogenic ova, cysts and parasites 
resemble pathogens in terms of size and morphology and careful examination is essential. 
Eggs of Heterodera, a parasitic nematode of root vegetables, may resemble hookworm eggs. 
Eggs originating from harmless mites in cereals or flour could be confused with hookworm ova 
but are usually larger. We recently encountered 160 micron "Schistosome ova" in the urine of 
a patient complaining of hematuria: we suspected Schistosoma haematobium but, on closer 
analysis, the eggs contained unidentified insects. This volume provides examples of artifacts 
that may be confused for parasitic life stages. Artifacts should be considered on the basis of 
size, shape, lack of organelles and defining feature, and variable reactivity with common 
stains. 


-275- 


P ene 
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Figure 9-4 The angular velocity ofthe rotating fork 
causes deflection ofits vibrating tines, shown by the yel- 
ow arrows 


‘An assembly of microscopic forks can be 
etched into a silicon chip. In Figure 9-5, an elec- 
tron micrograph shows the interior of this type 
of chip. It contains three rotational sensors, 
responding to the X, Y, and Z axes of motion, 
These sensors respond to pitch (rotation around 
the X axis), roll (rotation around the Y axis), and 
yaw (rotation around the Z axis). 


Fork-based sensors are analog devices whose 
values are converted to digital values by an 
onboard analog-to-digital converter (ADC). The 
values are stored in registers that are available 
to other devices, often via the I2C protocol, 
which is widely used by microcontrollers. 


For additional details about 12C, see Appen- 
dix A. 


Typically there will be two 8-bit registers for 
each axis. Each register stores the binary equiv- 
alent of a signed integer, where the positive or 


spatial > orientation > gyroscope 


negative value represents the direction and 
magnitude of deflection, usually in degrees per 
second (dps). 


Figure 9-5 Electron micrograph of the STMicroelectron- 
Jes LIS331DLH vibrating gyroscope installed in the Apple 
iPhone 4. The parallel plates at bottom-left function as a 
‘spring, while the elements at top-left and at right measure 
capacitance as their orientation varies according to rata- 
tional velocity. Photo courtesy of MEMS Journal published 
by Chipworks 


Val 


The L3G420D by STMicroelectronics is a 3-axis 
gyroscope-only chip. It communicates via the 
SPI or 12C protocol, is approximately 4mm 
square, and can measure rotational rates up to 
plus-or-minus 2,000 degrees per second. 


The Freescale FXAS21002C has a similar specifi 
cation. Gyroscope-only chips of this type have 
fallen in price to the point where they are com- 
parable to the retail cost of everyday compo- 
nents such as a small-signal relay or an audio 
amplifier on a chip. 


IMUs 


Chips that only contain gyroscopes are becom- 
ing less common as the cost of adding acceler- 
ometers decreases. 


ints 


Gyroscopes and accelerometers are comple- 
mentary, as gyroscopes are insensitive to linear 
motion or the Earth’s gravity, but accelerome- 
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Red and White Blood Cells 


Red blood cells and a variety of white blood cells can be easily mistaken for parasitic cells or 
cysts when observed with microscopy. 


Image 13-1. Image illustrating red and white blood cells in a slide preparation. (SOURCE: Unknown) 


White Blood Cells 


Charcot-Leyden crystals are a product of eosinophil breakdown and are, therefore, 
occasionally found in feces of patients suffering from parasitic disease. They appear red when 
stained with in a trichrome fecal preparation. 


be 


13-2. Image illustrating trichrome st 
courtesy of: 


ined Charcot-Leyden crystals in a slide preparation (Image 
he University of Alberta) 
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Image 13-3. Image showing trichrome stained Macrophage in a slide preparation. Note similarity to 
‘Amoeboid structure. (SOURCE: Unknown) 


Image 13-4. Image illustrating trichrome stained Leukocyte in a slide preparation. Note similarity to 
Amoeboid cyst structure. (SOURCE: Unknown) 


Image 13-5. Image illustrating Red Blood Cells in slide preparation. RBC’s may appear to have a central 
body and a rim of cytoplasm or granules which could be mistaken for Blastocystis hominis. (SOURCE: 
Unknown) 


-277- 


Fat Globules 


Fat globules present in a fecal slide preparation may appear similar to parasitic cysts or cell 
bodies. 


Image 13-6. Image illustrating Fat Globules in slide preparation. (SOURCE: Unknown) 
Emulsifying agents are a useful tool to eliminate potential confusion involving fat globules. The 


removal of such particles from slide preparations will undoubtedly reduce cases of 
misdiagnosis. 
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Yeast Cells 


Yeast may resemble protozoan cysts because they are uniform in color, have few inclusions 
and no nucleus. Yeast could also be confused with small protozoans like E. nana or with 
Cryptosporidium or Cyclospora oocysts in wet preparation. In acid-fast stains, the oocysts of 
Cryptosporidium and Cyclospora species stain pink to red. Yeasts are not acid fast and stain 
green. 


Image 13-7. Image illustrating Yeast Cells in slide preparation (Image courtesy of: Don Lehman). Note 
similarity to parasitic oocysts. (SOURCE: Don Lehman, Univ of Delaware) 
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Vegetable Cells 


Plant cells and associated elements seen in feces may resemble eggs, cysts or cell bodies. 
Plant cells are often identified by a more irregular outer membrane. 


Image illustrating Vegetable cell in slide preparation. Note similarity to Paragonimus eggs. 
(SOURCE: Unknown) 


Image illustrating Vegetable cell in slide preparation. Note similarity to Dipyligium caninum egg packets. 
(SOURCE: Unknown) 
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Image 13-10. Image illustrating Vegetable cell in slide preparation. (SOURCE: Unknown) 


Image 13-11. Image illustrating a Vegetable Spiral in slide preparation. Such spirals may appear similar to 
proglottids. (SOURCE: Unknown) 


Image 13-12. Image illustrating Vegetable Spiral in slide preparation. (SOURCE: Unknown) 
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Pollen 


Pollen grains are often misinterpreted as parasite eggs, but can often be discerned through 
size and the presence or absence of important structural elements. 


Image 13-13. Image illustrating pollen in slide preparation using a color filter. (SOURCE: Unknown) 


Image 13-14. Image illustrating pollen in slide preparation that could be mistaken for a Taenia egg. The 
shell is thinner, of non-uniform thickness, and no hooks are visible. (SOURCE: CDC) 
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Image 13-15. Image illustrating pollen resembling a Hymenolepis nana egg. 
not visible. (SOURCE: CDC) 


Hooks and polar filaments are 


Image 13-16. Image illustrating geranium pollen cells in slide preparation. (SOURCE: Unknown) 


Image 13-17. Image illustrating pollen cells in slide preparation. Similar to Taenia eggs, but distinguished 
by uneven thickness of the wall and lack of internal contents do not suggest an egg. (SOURCE: Unknown) 
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Hair 


Animal and plant hairs are most often and easily mistaken for parasitic nematode worms. Their 
size and shape may be comparable in many cases, but a lack of internal definition will identify 
the artifact when compared to the worm. Although nematodes are non-segmented and 
externally simple organisms, they will often show unique structural characteristics under close 
examination. 


Image 13-18. Image illustrating peach hair in slide preparation. Note the similarity to Strongyloides 
stercoralis. (SOURCE: Unknown) 


Image 13-19. Image illustrating vegetable hairs in slide preparation. (SOURCE: Unknown) 
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Insect Eggs 


Image 13-20. Image illustrating Insect eggs in slide preparation. (SOURCE: Unknown) 


Plant Parasites 


Image 13-21. Image illustrating Heterodera spp. in slide preparation. Such parasitic nematodes attack root 
vegetables such as beetroot, turnips and radishes. Their eggs are 80-120um by 25-40 ym and can 
conceivably be confused with hookworm eggs. (SOURCE: Unknown) 
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ters can measure the rate of change of linear 
motion and orientation of the chip relative to 
the Earth. Software can combine this data to 
calculate the shape of the path being described 
by a device containing the chip, in addition to 
the changing velocity of the chip along that 
path. 


The InvenSense MPU-6050 is a common 3- 
gyroscope, 3-accelerometer chip. It also 
includes an interface for connecting an external 
3-axis magnetometer. The SPI and I2C commu- 
nications protocols. are supported. The 
MPU-6050 has been a popular choice in the 
hobby-electronics community, so that Arduino- 
compatible code to interpret its data is avail- 
able from many sources. Breakout boards are 
available with the MPU-6050 installed. An 
example is the Sparkfun SEN-11028 shown in 
Figure 9-6. 


Figure 9-6 A breakout board from Sparktun, providing 
easy access to the InvenSense MPU-6050 chip combining 
three gyroscopes and three accelerometers. 


Values 


The rotational velocity of a gyroscope element is 
usually expressed in degrees of rotation per 
second (dps), and sometimes in rotations per 
minute (RPM). 


A datasheet will specify the number of sensor 
axes (usually 3), supply voltage (3.3VDC is com- 


mon), maximum  digital-low and minimum 
digital-high output voltages, and power con- 
sumption in normal mode and sleep mode. 
Power consumption is usually less than 10mA. 


The dynamic range is the maximum forward 
and reverse rotational velocity, which usually 
will not exceed plus-or-minus 2,000 degrees 
per second. Lower ranges may be user- 
selectable, The advantage of selecting a lower 
maximum rate of change is that it can be con- 
verted to a digital value with higher precision. 


The sensor resonant frequency will be several 
kilohertz, and must be higher than the fre- 
quency of any vibration that is applied to the 
sensor during use, 


The communications protocol is usually 12C and 
SPI may be offered as an option, with a selecta- 
ble digital output data rate. 


Bias temperature coefficient describes the effect 
of temperature on the gyroscope. 


The resolution of the gyroscope relates to the 
number of bits used in the digital output from 
the onboard ADC. A 16-bit resolution is com- 
mon. 


How to Use It 


Using a smart chip such as the MPU-6050, the 
circuit designer can take advantage of its 
onboard digital motion processor (DMP). Still, 
obtaining orientation information from the 
contents of registers on the MPU-6050 is non- 
trivial. Online sources and code libraries are 
necessary. The book Make: Sensors contains 
code listings for the Raspberry Pi as well as the 
Arduino. 


What Can Go Wrong 


Temperature Drift 

rating materials at the heart of a chip-based 
gyfoscope are likely to change their behavior 
with temperature. Typically the chip will con- 
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Earthworms 


Image 13-22. Image illustrating an Annelid earthworm in detritus. They belong to the Annelida 
(Lumbricus and Allolobophora) and are elongated, segmented and circular in section and are 
occasionally confused with Ascaris. They have a purple-brown dorsal surface and a paler ventral 
surface, swell out at around segment 12 and possess a marked thickening (the clitellum) a third of the 
way from the anterior. (SOURCE: Unknown) 
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What 


tain a temperature sensor, the value of which 
can be used to adjust the output value of the 
aytoscope. 


Mechanical Stress 

Stress can be induced when a surface-mount 
chip is soldered to a board. The vibrating parts 
of a chip-based gyroscope may be adversely 
affected. Datasheets will supply information 
regarding maximum acceptable temperature 
during the soldering process. 


Vibration 
Because a chip-based gyroscope depends on 
the consistent behavior of intemal vibrating 


spatial > orientation > gyroscope 
parts, external vibration can degrade its accu- 
racy. Sensor design can minimize the effects of 
vibration, but the datasheet should be consul- 
ted for details. 


Placement 

‘A gyroscope should be placed on a circuit 
board near a hard mounting point where 
deflection of the board will be minimized. 
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who taught him Kundalini, Taoist Yoga and the Buddha Palm. He was soon able to clear 
blockages to the flow of energy within his own body. He learned to pass the life force 
energy through his hands also, so that he could heal Master Meugi's patients. He then 
learned Chi Nei Tsang from Dr. Mui Yimwattana in Thailand, 

‘Awhile later, he studied with Master Cheng Yao-Lun who taught him the Shao-Lin 
Method of Internal Power. He learned the closely guarded secret of the organs, glands 
and bone marrow exercise known as Bone Marrow Nei Kung and the exercise known 
as Strengthening and Renewal of the Tendons. Master Cheng Yao-Lun’s system com- 
bined Thai boxing and Kung Fu. Master Chia also studied at this time with Master Pan 
Yu, whose system combined Taoist, Buddhist and Zen teachings. Master Pan Yu also 
taught him about the exchange of Yin and Yang power between men and women, and 
how to develop the Steel Body. 

To understand the mechanisms behind healing energy better, Master Chia studied 
Western anatomy and medical science for two years. While pursuing his studies, he 
managed the Gestetner Company, a manufacturer of office equipment and became 
well acquainted with the technology of offset printing and copying machines. 

Using his knowledge of Taoism, combined with the other disciplines, Master Chia 
began teaching the Universal Tao System. He eventually trained other Instructors to 
communicate this knowledge and he established the Natural Healing Center in Thai- 
land. Five years later, he decided to move to New York, where in 1979, he opened the 
Universal Tao Center. During his years in America, Master Chia continued his studies in 
the Wu system of Tai Chi with Edward Yee in New York. 

Since then, Master Chia has taught tens of thousands of students throughout the 
world. He has trained and certified over 1,200 instructors and practitioners from all over 
the world, Universal Tao Centers and Chi Nei Tsang Institutes have opened in many 
locations in North America, Europe, Asia, and Australia. 

In 1994, Master Chia moved back to Thailand, where he had begun construction of 
Tao Garden, the Universal Tao Training Center in Chiang Mai. 

Master Chia is a warm, friendly and helpful man who views himself primarily as a 
teacher. He presents the Universal Tao System in a straightforward and practical man- 
ner, while always expanding his knowledge and approach to teaching. He uses a laptop 
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computer for writing and is totally at ease with the latest computer technology. 

Master Chia estimates that it will take thirty five books to convey the full Universal Tao 
System. In June 1990, at a dinner in San Francisco, Master Chia was honored by the 
International Congress of Chinese Medicine and Qi Gong (Chi Kung), who named him 
the Qi gong Master of the Year. He is the first recipient of this annual award. 

In December 2000, the Tao Garden Health Resort and Universal Tao Training Center 
was completed with two Meditation Halls, two open air Simple Chi Kung Pavilions, in- 
door Tai Chi, Tao Yin and Chi Nei Tsang Hall, Tai Chi Natural Swimming Pool, Pakua 
Communications Center with a complete Taoist Library, Internal World Class Weight 
Lifting Hall and complete 8 Court Recreational Facilities. 

In February 2002, the Immortal Tao practices will be held at Tao Garden for the first 
time using Dark Room technology, creating a complete environment for the higher level 
Taoist practices. 


He has previously written and published these Universal Tao books: 
Awaken Healing Energy of the Tao - 1983 
Taoist Secrets of Love: Cultivating Male Sexual Energy 
co-authored with Michael Winn - 1984. 
Taoist Ways to Transform Stress into Vitality -1985 
Chi Self-Massage: the Tao of Rejuvenation - 1986 
Iron Shirt Chi Kung !- 1986 
Healing Love Through the Tao: Cultivating Female Sexual Energy - 1986 
Bone Marrow Nei Kung - 1989 
Fusion of the Five Elements I- 1990 
Chi Nei Tsang: Internal Organ Chi Massage - 1990 
Awaken Healing Light of the Tao - 1993 
The Inner Structure of Tai Chi co-authored with Juan Li - 1996 
Multi-Orgasmic Man co-authored with Douglas Abrams 1996 - published by 
Harper/Collins 
Tao Yin- 1999 
Chi Nei Tsang I - 2000 
Multi-Orgasmic Couple co-authored with Douglas Abrams 2000 - published by 
Harper/Collins 
Cosmic Healing | - 2001 
Cosmic Healing Il co-authored with Dirk Oellibrandt - 2001 


‘Also many of the books above are available in the following foreign languages: 
Bulgarian, Czech, Danish, Dutch, English, French, German, Greek, Hebrew, 
Hungarian, Indonesian, Italian, Japanese, Korean, Lithuanian, Malaysian, 
Polish, Portuguese, Russian, Serbo-Croatian, Slovenian, Spanish, & Turk- 
ish editions are available from the Foreign Publishers listed in the Universal Tao 
enter Overview in the back of this book. 
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Words of Caution 


The practices described in this book have been used successfully for thousands of 
years by Taoists trained by personal instruction. Readers should not undertake the 
practice without receiving personal transmission and training from a certified instructor 
of the Universal Tao, since certain of these practices, if done improperly, may cause 
injury or result in health problems. This book is intended to supplement individual train- 
ing by the Universal Tao and to serve as a reference guide for these practices. Anyone 
who undertakes these practices on the basis of this book alone, does so entirely at his 
or her own risk. 

The meditations, practices and techniques described herein are not intended to be 
used as an alternative or substitute for professional medical treatment and care. If any 
readers are suffering from illnesses based on mental or emotional disorders, an appro- 
priate professional health care practitioner or therapist should be consulted. Such prob- 
lems should be corrected before you start training. 

Neither the Universal Tao nor its staff and instructors can be responsible for the 
consequences of any practice or misuse of the information contained in this book. If the 
reader undertakes any exercise without strictly following the instructions, notes and 
warnings, the responsibility must lie solely with the reader. 

This book does not attempt to give any medical diagnosis, treatment, prescription, 
or remedial recommendation in relation to any human disease, ailment, suffering or 
physical condition whatsoever. 

Chinese Medicine and Chi Kung emphasizes balancing and strengthening the body 
so that it can heal itself. The meditations, internal exercises and martial arts of the 
Universal Tao are basic approaches to this end. Follow the instructions for each exer- 
cise carefully and do not neglect the foundations, i.e, the Microcosmic Orbit and any 
other supplemental exercises. Also pay special attention to the warnings and sugges- 
tions. People who have high blood pressure, heart disease or a generally weak condi- 
tion should proceed cautiously, having prior consent from a qualified medical practitio- 
ner. People with venereal disease should not attempt any practices involving sexual 
energy until they are free of the condition. 

The Universal Tao is not and cannot be responsible for the consequences of any 
practice or misuse of the information in this book. If the reader undertakes any exercise 
without strictly following the instructions, notes, and warnings, the responsibility must 
lie solely with the reader. 
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Cosmic Healing 


Cosmic Healing Chi Kung in the Universal Tao System 


Cosmic Healing Chi Kung is an important branch of the Universal Tao, an entire system 
of Taoist practices for cultivating the body, the Chi and the spirit. Your level of skill in 
Cosmic Healing Chi Kung will be based upon your mastery of the Universal Tao System 
as a whole. One of the most important parts of the Taoist practices is working with the 
energy moving within the body. 


Foundation of the Universal Tao System 
is the Microcosmic Orbit Meditation 


This is the major practice to connect with the earth, cosmic and universal forces. This 
is the way to make a connection with the North Star and the Big Dipper's violet/red light 
which is one of the very powerful universal healing lights. Through this practice you 
learn to feel Chi and to use your mind/eye/heart power to guide the Chi flow through the 
primary energy routes in your body. This practice is later extended to include the arm 
and leg routes too; it is then called the Macrocosmic Orbit. 

Many people, including Chi Kung Masters, come to me and say that they have been 
practicing Chi Kung for years and nothing is happening. They don't feel any energy and 
they think that they must be performing their Chi Kung incorrectly. | tell them that they 
also need to do meditation. Hand movements are nothing by themselves. There are 
hundreds of different Chi Kung forms in China. You could spend seventy lifetimes just 
learning the hand movements. The practice of the Microcosmic Orbit meditation will 
help you to feel the Chi more easily inside, outside or around the body and in the ex- 
tremities of the hands and feet. 

When | was a child | liked to practice Chi Kung so much | had to save my lunch 
money to learn, After many years of practice of many Chi Kung forms, | started to forget 
the first form, so | learned it again. One day when | tried to practice and review all the 
forms that | had leamed, | couldn't remember many of them. | sat down and thought, “I 
only have two hands, two legs and one head. Why are there so many forms? And why 
are there are so many religions and beliefs.” | said to myself that there must be one 
main thing that they have in common. | started to search and | found out that the most 
important thing is feeling the Chi within us. Being able to increase, transform, take in 
and stay in touch with the universal, the cosmic, nature and the earth force. Letting 
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them all combine within us is what is important. Likewise in religion there is God (a 
Force in Taoism we call Wu Chi, the nothingness, the supreme power controlling the 
universe); with a good heart and virtue energy we can connect with this force. 

The complete practice of the Microcosmic Orbit Meditation is fully described in the 
book “Awaken Healing Light of the Tao” by Mantak Chia. 


Cosmic Inner Smile and the Six Healing Sounds 

These are very important practices to make the connection among the organs, the 
colors and the good virtue energy; each organ color will enhance your connection to the 
cosmic and the Universal Healing power. 


Fig. 1.1 Red for the Heart 
White for the Lungs 
Yellow for the Spleen 
Blue for the Kidneys 
Green for the Liver. 


Each organ has its own vital color and when abundant it will radiate outas an aura for 
healing and protection. These organ colors and their associated universal connections 
have great healing power. The power of the ‘Six Healing Sounds’ will help enhance the 
connection to the cosmic source. Each sound will foster different healing energy. The 
practices also help balance, refine and transform the negative energy back to positive 
energy. 


Iron Shirt Chi Kung and Bone Breathing 


Iron Shirt Chi Kung and Bone Breathing are a system of standing meditations. These 
exercises help you to become grounded and to root your connection into the earth 
force, in order to build a good structure and absorb greater force. In turn, this will help 
draw in the heavenly force, which will combine with the very potent healing power of the 
earth’s yellow light. The practice also strengthens the body so you can hold a higher 
energetic charge. These abilities are essential prerequisites for handling greater amounts 
of energy. 
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tron Shirt Chi Kung also includes the art of ‘Changing the Sinews and Washing the 
Marrow’. Through these aspects of Iron Shirt, you learn to absorb, store and discharge 
large amounts of energy through the tendons and bones. These practices are outlined 
in detail in the books “Iron Shirt Chi Kung” by Mantak Chia and “Bone Marrow Nei Kung” 
by Mantak Chia. 

To attain skill in Cosmic Chi Kung, it will help if you practice Iron Shirt, Bone Marrow 
and meditation as a minimum requirement, Beyond the basic level, the Universal Tao 
System includes many other intermediate and advanced level Chi Kung practices and 
meditations. The further one advances, the greater one's mastery of Chi. 

Your increasing level of skill in the Universal Tao system will reflect immediately in 
your Cosmic Healing Chi Kung practice. Furthermore, you will discover that you can 
incorporate many of your Universal Tao practices directly into your practice of Cosmic 
Chi Kung. We will give you a simple combined practice of the Cosmic Healing Chi 
Kung, the Inner Smile, Microcosmic Orbit, Iron Shirt and the Sexual practices. 


Stages of Mastering Chi 


1. In the Universal Tao system, our first goal is to learn to conserve our Chi; when a 
battery is totally drained itis harder to charge; money makes money, Chi makes Chi. 
Conservation of Chi will help gain more Chi. To have more Chiwe first need to main- 
tain control of the gates through which energy normally leaks out and unwittingly 
drains our life force. 

We leak energy:  - through our reproductive system 

- through negative emotions 

- through constantly turning our senses outward 
Without knowing how to conserve the Chi that we already have, what is the point of 
acquiring more? 

2. We lean to balance our Chi; that is, we seek to keep a smooth and balanced flow of 
‘energy moving throughout the whole body. if our energy is imbalanced, we may have 
too much energy in some places and not enough in others; we may also be too yang 
or too yin. We may have excess or deficient heat, cold, damp or dryness. This 
imbalanced energy tends to make us go to extremes. 

3. We lear to transform our Chi into more beneficial energies. For example, through 
the Taoist Sexual Chi Kung practices taught in the Universal Tao (the course known 
as Healing Love through the Tao), we can transform sexual energy back into basic 
life force Chi, Through other practices (such as the Inner Smile, the Six Healing 
Sounds, and Fusion of the Five Elements) we lear to transform negative emotional 
Chi into positive virtuous Chi, Thus Chi is not only the foundation of our health; it is 
also the basis of spiritual development in the Tao. 

4, Once we have accomplished the three previous phases of mastering Chi, we then 
lear to increase it. Chi pervades all of heaven, earth and nature. In Cosmic Healing 
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Chi Kung we learn time tested ways to tap into these unlimited and transpersonal 
reservoirs of Chi and greatly expand the amount of energy available to us. Itis very 
important to master first the stages of conservation, balance and transformation 
before we emphasize increasing our Chi. Otherwise we may waste the energy we 
bring in, or we may inadvertently amplify the imbalanced or negative energies that 
we have not yet learned to bring under control. 

5. Finally, we learn to extend our mind to tap into the vast Chi of nature, cosmic and the 
universe, to heal our body, mind and spirit and to heal other people. Cosmic Healing 
Chi Kung practice sensitizes your hands to the feeling and movement of Chi; it uses 
the mind-eye power to absorb cosmic Chi into the palm and crown and to send it out 
through the hands and beyond, so that you can help restore balance in others with- 
out touching them or draining yourself. 

This may sound fantastic at first, yet recent researchers in Chinese Chi Kung 
hospitals have not only measured the energies emitted by Chi Kung masters; they 
have also discovered that different varieties and frequencies of healing Chi can be 
emitted. This research has been corroborated by experiments in the United States 
at such places as the Menninger Institute. 


Four Sections of Cosmic Healing 


The next step is to lear the four sections of the Cosmic Healing Chi Kung, the ‘Empty 
Force’ sequence. Each of the four sections of Cosmic Healing Chi Kung develops a 
different type of energy mastery. Each section begins and ends in the same way, yet 
has different movements in the middle. 


Connecting to Heaven and Earth 


The first section of Cosmic Healing Chi Kung emphasizes connecting to the external 
Chi emanating from heaven and earth. This ability is very beneficial for self-healing and 
is essential for healing others. If you do not connect to some source of external energy 
when healing others, you will draw upon your own personal reservoirs. Our personal 
Chis limited by nature, and can easily become depleted if we give it away too freely. 

Over the past decade external Chi healing has become very popular in China. There 
are now hundreds of Chi Kung hospitals and clinics throughout the country. Yet many of 
the Chi Kung therapists can only administer two or three treatments a day; they spend 
the rest of their day practicing Chi Kung to replenish their own Chi. Those who practice 
the more traditional Chi Kung know how to connect to the Chi of heaven, earth and 
nature. 

In this first section, you will learn to sense the energies outside your body. You will 
then learn to draw and absorb these energies into your body and process them in order 
to use them for self-healing and healing others. 


7 


Cosmic Healing 


Opening the Bridge and Regulator Channels 
and Extending your Chi Outwards 


The second section opens and strengthens four of the Eight Extraordinary Channels: 
the Yin and Yang Bridge and Regulator Channels. This section also teaches the student 
to extend and take in the cosmic Chi and emit Chi out of the body for healing others. 
This ability is the heart of Cosmic Healing Chi Kung practice. 


Opening and Energizing the Governor 
and Functional Channels 


The third section enhances the energy in the points along the two channels used in the 
Microcosmic Orbit. Opening the Microcosmic Orbit strengthens and balances one's 
own energy, and prepares one to heal others. Practicing this section will be of great help 
with the Microcosmic Orbit Meditation. 


Activating One Finger Art and the Chi Belt 


The fourth section of Cosmic Healing Chi Kung activates the hands and you will prac- 
tice emitting Chi from each of your fingers and opening the "Chi Belt.” This channel is 
also known as the Belt Route or Girdle Vessel. 
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Chapter II 
Preparing for Cosmic Chi Kung 


Preparatory Practices 


In the Universal Tao, we teach Cosmic Healing Chi Kung within an entire system of 
exercise and meditation. As a part of this system, Cosmic Healing Chi Kung comprises 
the art of healing oneself and others. It focuses on energy work for projecting Chi to 
effect these healings. One can easily learn the simple movements of Cosmic Healing 
Chi Kung without doing any other Universal Tao practices, but if one truly wishes to 
master the art of Cosmic Healing Chi Kung, it is important to have a firm foundation in 
the basic Universal Tao practices. Therefore in this chapter we will introduce you to the 
basic Universal Tao practices that are used in conjunction with Cosmic Chi Kung. 

The preparatory practice consists of a few parts; work through each part at your own 
pace and eventually join them together as a whole. 

Always start with “warming the stove" at the abdomen and direct the fire down to the 
sexual center to transform the sexual energy. Next practice the Cosmic Inner Smile. 
The Cosmic Inner Smile is a powerful relaxation and self-healing technique that uses 
the energy of love, happiness, kindness and gentleness as a language to communicate 
with the internal organs of the body. Each organ corresponds to a specific element and 
color. For example, the kidneys will consist of the element of water and the color blue. 
The heart will consist of the element of fire and the color red. This makes it very easy to 
guide the healing power into each organ by using the appropriate color. The practice 
also aids the transformation of negative emotions into positive virtuous energy. This 
transformation is a very powerful Chi Kung practice. A genuine smile transforms nega- 
tive energy into loving energy that has the power to relax, balance and heal. By learning 
to smile inwardly to the organs and glands, your whole body will feel loved and appreci- 
ated and enjoy more Chi. After the Inner Smile, practice Bone Breathing, Marrow Wash- 
ing, Cosmic Healing and the Microcosmic Orbit. 


Warm Up the Stove 


4. Sit on the edge of a chair with your hands clasped together and your eyes closed. 

2. Start by doing the "bellows breathing", moving your abdomen in and out quickly. 
Emphasize the exhalation by breathing out forcefully 18 to 36 times. Rest, cover 
your navel and feel nice and warm. 

3. Next, do the “inner laughing" exercise; you feel the abdomen vibrate inside you. Practice 
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accelerometer 


OTHER RELATED COMPONENTS: 


+ GPS (see Chapter) 
+ gyroscope (see Chapter 9) 
+ tilt sensor (see Chapter 8) 


+ vibration sensor (see Chapter 1) 


What It Does 


Acceleration is the rate at which velocity 
changes over time, If a car takes 10 seconds to 
increase its speed from 30kph to 40kph relative 
to the road on which it is traveling, itis acceler- 
ating at an average of 1kph each second. I 
then reduces its speed back to 30kph during 
another 10-second interval, it is decelerating at 
the same rate—although deceleration is really 
just negative acceleration. 


While a caris accelerating, passengers will feel a 
lateral force exerted on them. Similarly, astro- 
nauts in a rocket that blasts off will feel a down- 
ward force, According to Einstein’s theory of 
equivalence, forces resulting from acceleration 
are indistinguishable from the force of gravity. 


Consequently, a sensor that measures accelera- 
tion can also measure gravity. This sensor is an 
accelerometer. Its output may be measured in 
gravities, abbreviated with the letter g (not to 
be confused with the usage of G to measure 
the strength of a magnetic field in gauss). 


If three accelerometers are mounted orthogo- 
nally (at 90 degrees to each other), their read- 
ings can reveal: 


nS 


+ The direction of acceleration of a mov- 
ing object. 


+ If an object has been dropped and is 


+ Which way up it is being held in a sta- 
tionary position, 


+ The severity of an impact when a mov- 
ing object collides with some other 
object. 


IMU 

A gyroscope measures the rate of rotation of 
‘the enclosure in which it is mounted. This is 
properly known as the angular velocity. A gyro- 
scope will also respond to changes in the rate 
of rotation. It does not measure linear motion 
ora static angle of orientation. 


A magnetometer measures the magnetic field 
surrounding it, and may be sufficiently sensitive 
to determine its orientation relative to the 
Earth's magnetic field. 


When an accelerometer and a gyroscope are 
contained in the same package, optionally with 
a magnetometer, they may be described as an 
IMU (inertial measurement unit), which can pro- 
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this for a few minutes, allowing the movement of your inner laughter to grow stron- 
ger. Then rest and use the mind and eye power to gather the Chi (now felt as a 
warmth behind the navel) into the Tan Tien. Picture a stove with burning fire behind 
your navel. Feel nice and warm. 


Transform the Sexual Energy 


Once you feel the Tan Tien is warm enough, smile down and bring the warm Chi down 
to the sexual organs; women bring the Chi down to the uterus, men bring the Chi down 
to the testicles. It may feel like the ‘sun shining on the water’. The rays of the sun purify 
the water unti it becomes rising steam. Keep smiling down to the sexual organs and 
feel the warm or fiery feeling from the navel area continue to flow down to the sexual 
organs; this transforms the sexual energy into Chi, and this Chi rises up the spine into 
the brain helping to activate the ‘crown’ and ‘mideyebrow’ energy centers. 

Focus your awareness in the sacrum. At the very tip of the sacrum there is a hole in 
the coccyx. Breathe into this hole until you feel some activity there. This may be felt as 
tingling, numbness or pulsing. If you can really activate this point it will generate ‘suc- 
tion’. Be aware of the sacrum opening. Feel the suction force pulling through the hole in 
the tailbone (sacral hiatus); breathe into it until you feel it becomes activated. When the 
sacrum is activated you will feel the suction easily, as well as breathing in the cranium 
and mideyebrow. Keep on gently smiling and softly breathing into the Tan Tien and feel 
the suction in the abdomen. Focus 95 % of your awareness in the Tan Tien and 5 % in 
the sacrum, the crown and the mideyebrow. Be aware of the Tan Tien breathing and 
observe internally the pulsing and breathing in the sacrum, the mideyebrow and the 
crown. Do this 36 times. 


Fig. 2.1 Smile down to the Lower Tan Tien. 
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Filling the Joints with Chi 


The bones have the ability to process Cosmic Chi (Chi above and around us) to be 
used by the body. The joints are also able to store Chi and they also serve as the 
cushion between the bones. 

Be aware of your index fingers and thumbs; lightly raise the index fingers, feel a slight 
tension and open the thumbs to the sides and feel it magnify. Breathe into the finger tips, 
until you feel the sensation of Chi entering the fingers. The fingers will feel stiff as they 
stretch, to make way for the Chi entering the joints. Continue to breath in the Chi - the 
stiffness will spread to the other fingers, wrists, elbows and shoulder joints making the 
whole arm tense and stiff, The fingers and the arms become one piece. Eventually the 
Chi will fill every joint of the body making it into a complete unit. 

Be aware of the big toes; breathe into the toes and feel the toes grow longer. When 
the Chi fills the joints the big toes become tense and stiff. Gradually it wil fill the other 
toes rising to the ankles, knees, hips, sacrum and spine; the feeling may be one of 
tension and stifiness, numbness or like an electrical charge. The legs and the spine 
become one piece. You will certainly feel good. 


Bone Breathing and Marrow Washing 


Bone Breathing is one of the main practices of Cosmic Healing Chi Kung. This is a 
method of drawing external Chi through the skin into the bones to help replenish the 
bone marrow, thereby reactivating the production of white blood cells. Sending Chi into 
the bones will enhance functioning of the immune system. This process also helps to 
clean out fat in the bone marrow ("Washing the Marrow’), one of the main causes of 
osteoporosis (brittleness of the bones). Tension in the muscles close to the bones is 
decreased so Chi and blood can flow into the bones easily, enabling them to become 
stronger. 

The Bone Breathing process uses the mind and the eyes to absorb Chi into the 
bones. The better your Bone Breathing is the better your Cosmic Healing Chi Kung 
practice will be. Mind and eyes are also used immediately after the exercise to gather 
the energy at the navel. Once you have it, when you move your hand, the energy will 
follow easily. You will be able to absorb external Chi effortlessly, so you will not need to 
use your own energy in your healing work. 


Bone Breathing 


There are several variations in the Bone Breathing and Marrow Washing process. 
Here we will introduce you to the first type of Bone Breathing, inhaling and exhaling Chi 
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through the skin and packing it into the bones. In this method, you imagine that your 
bones are like hollow tubes, and that you breathe and suck the Chi into the bones. 

Bone Breathing is practiced in a three-stage process. Let your breathing follow a 
normal pace. Do not strain or hold your breath too long. 


Fig. 2.2 Bone Breathing through the Fingers 


4. You can do this practice in the sitting position or in the Embracing the Tree posture 
(or any other Iron Shirt Chi Kung posture). You will use your mind and eye power to 
breathe in a short breath and at the same time feel suction. Suck the Chi of the 
atmosphere into your hands, eventually expand to the universe and breathe in a few 
more times. Use a combination of ‘mind/eyes/heart’ power (Yi), to suck the Chi from 
the atmosphere into your hands, while taking small sips of breath. Once you can 
clearly feel the increase of Chi pressure’ in your hands, you extend the feeling through- 
out your arms. The whole skin surface of the arms breathes in the Chi, feeling the 
skin holding this pressure. 

2. Inhale one more deep breath and lightly contract the arm muscles to squeeze the 
Chi into the bones. Hold for a while to condense the Chi into the marrow of your 
bones. Exhale and at the same time feel a distinct heaviness in the bones, meaning 
that the Chi has been condensed and packed into the bones successfully. Eventu- 
ally you will use more mental power (mind/eyes/heart power) and less muscle, us- 
ing soft breathing, to draw the force into the bones. Do 6 to 9 times; rest and feel the 
Chi that has been condensed into the bones. 
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3. Proceed in the same way, breathing in progressively through the bones of the fore- 
arms, upper arms, scapulae, collarbone, stemum and ribs. You may feel a different 
sensation as you breathe in each area; in some areas the feeling is cool, in others 
warm or tingling, depending on the bone structure and the quality of the marrow. 

4, Inhale and exhale in the same way through the toes, feet and legs; then, in a step-by- 
step progression, inhale up through the calf bones, thighbones, pelvis, coceyx and 
sacrum, and up the spinal column to the C-7 vertebrae. 

5. Finally breathe in through the arms and legs simultaneously. Combine their energy 
as it flows up past C-7 and up through the neck and skull. Breathe in this way for at 
least nine breaths. Conclude by collecting energy at the navel. 


Marrow Washing 


You can wash your bone marrow with earth force, heavenly force or with cosmic 
force. This energy helps to cleanse and rejuvenate the bone marrow. 


Heavenly Force Marrow Washing with Violet Light 


4. Men place the left palm on the top of the head, and cover it with the right palm. Be 
aware of your ‘Personal Star’ (star that appears in your mind's eye and is located 
above your crown), above. Slightly press the palms and spiral in the clockwise direc- 
tion, spiralling from the front to the right ear, to the back and the left ear 9 times; rest 
and feel the increased Chi pressure in the crown. Do 3 sets. 

2. Women place the right palm on the top of the head and cover it with the left palm. Be 
aware of your Personal Star above you. Press the palms lightly and spiral in a coun- 
terclockwise direction, spiralling from the front to the left ear, to the back and the right 
ear 9 times; rest and feel the increased Chi pressure in crown. Do 3 sets. 

3. Face your palms towards Heaven and feel that you are scooping a galactic Chi ball 
from above. This Chi ball contains the North Star (Violet) and the Big Dipper (Red). 
See the dipper fill with violet/red energy. Imagine you reach out your arms to hold the 
dipper handle and pour the violet/red liquid over your crown, It will feel like there is a 
numbness descending. Your palms face down to your crown and pour the whole 
galaxy onto your crown. You may perceive this energy as violet amethyst and red 
light frequencies. Smile. 


4, Guide this sensation down into your skull, deep into your brain, cervical vertebrae, 
sternum, thoracic vertebrae, lumbar vertebrae and down through your legs. Feel it 
penetrating and enlivening your bones, deep into the bone marrow, washing, cleans- 
ing, energizing. This ‘liquid-like’ Chi spills all the way down to your feet. Feel it con- 
necting with the earth through the soles of your feet; be aware of the bubbling springs 
in the feet (the K1 points of the kidney meridian) breathing and pulsating. 

5. Touch your navel with the fingers of both hands. Focus on the door of fe, and let the 
fire activate in the Tan Tien and kidneys. Chi will rise up to the brain. 
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6. Move your hands down touching your femur bones; feel your hands penetrate into 
the bone and into the bone marrow. Feel like an electric shock or a tingling moving all 
the way down through the bones of the leg and down to the soles of your feet. 

7. Slowly move your fingers down touching the bone and into bone marrow and extend 
yourself down past the earth to touch the galaxy on the other side. Raise your sacrum 
and picture yellow light coming up from the earth and the other side of the galaxy; 
focus on the Lower Tan Tien and feel it fill with Chi, Do this three times, Go back 
down to the squatting position. 


Fig. 2.4 Galaxies Spiral Star and the Direction of Spiral 


8. Place the palms face down to the earth and be aware of the galaxy and the yellow 
light; make three to six circles to gather the Chi below. Gather the yellow Chi; touch 
your heels and feel the yellow Chi flowing up the leg bones. Feel the bubbling of your 
bones like an electric current running up through the feet, tibia and fibula, femur, 
pelvis, and spine. While touching your bone and bone marrow with your fingers, slide 
your hands up along the back of your legs; slowly come all the way up to touch the 
coccyx and the sacrum. Concentrate on your sexual center so the energy will flow 
and spread out to the sexual organs. Go back to the navel and gather the Chi into 
your Tan Tien. 
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Fig. 2.5 Hands circle to gather Earth Chi 


Microcosmic Orl 


The Microcosmic Orbit Meditation awakens, circulates and directs Chi through the ‘Gov- 

ering Channel’, which ascends from the base of the spine up to the head and the 

‘Functional’ or ‘Conception Channel’, which runs from the tip of the tongue down the 

middle of the torso to the perineum. Dedicated practice of this ancient esoteric method 

eliminates stress and nervous tension, energizes the internal organs, restores health to 
damaged tissue and builds a strong sense of personal well being. 

The Microcosmic Orbit is the foundation of Cosmic Healing Chi Kung practice. Each 
new practice is dependent upon the high quality of your meditations and your ability to 
perfect the Microcosmic Orbit. In order to master Cosmic Chi Kung, one must practice 
meditation daily. The meditations in the Microcosmic Orbit also strengthen the ‘Original 
Chi and teach you the basics of circulating Chi. They allow the palms, the soles of the 
feet, the mideyebrow point and the crown to open. These specific locations are the 
major points where energy can be absorbed, condensed and transformed into fresh 
new life force. 

@ 1. Focus on the Lower Tan Tien (the area where the Original Chiis stored, between 
the navel, kidneys and sexual organs). Feel the pulsing in this area, observe whether 
this area feels tense or relaxed, cool or warm, expansive or contracting. Notice any 
sensations of Chi: tingling, heat, expansiveness, pulsing, electric or magnetic sen- 
sations. Allow these to grow and expand. Then let this energy flow out to the Navel 
Center. 
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@ 2. Use your intention (mind-eye-heart power) to spiral in the navel point guiding and 
moving the Chi. Let the energy flow down to the sexual center (Ovarian or Sperm 
Palace). 

@ 3. Move the energy from the sexual center to the perineum and down to the soles of 
the feet. 

Q 4. Draw the energy up from the soles to the perineum and to the sacrum. 


45. Draw the energy up from the sacrum to the Door of Life (the point in the spine 
opposite the navel). 


16. Draw the energy up to the mid-spine point (the T-11 vertebrae). 

4 7. Draw the energy up to the base of the skull (Jade Pillow). 

4 8. Draw the energy up to the crown. 

4 9. Move the energy down from the crown to the mideyebrow point. 

6 10. Touch the tip of your tongue to your upper palate, press and release a few times; 
then lightly touch the palate, sensing the electric or tingling feeling in the tip of the 
tongue. Move the energy down from the mideyebrow to where the tip of your tongue 
and palate meet. 

Q 11. Move the energy down from the palate through your tongue to the throat center. 

(G12. Move the energy down from the throat to the heart center. 


G 13. Bring the energy down from the heart to the solar plexus and feel a small sun 
shining out. 


14. Bring the energy back down to the navel. 

4 15. Continue to circulate your energy through this entire sequence of points, at least 
nine times. Once the pathways are open, you can let your energy flow continuously 
like a river of energy without needing to stop at each point. 


416. Conclude when you wish by collecting energy at the navel. 


Men: Cover your navel with both palms, left hand over right. Collect and mentally 
spiral the energy outward from the navel 36 times clockwise, and then inward 24 times 
counterclockwise. 

Women: Cover your navel with both palms, right hand over left. Collect and mentally 
spiral the energy outward from the navel 36 times counterclockwise, and then inward 
24 times clockwise. For details of this practice see the book, "Awaken Healing Light", 
by Mantak Chia. 
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Chapter III 
Cosmic Chi Kung 


Opening the Three Tan Tiens to the Six Directions 


Introduction 


Opening the Three Tan Tiens is a Chi Kung meditation that strengthens our connection 
to the universe, opening us up to the primordial force of the Cosmos and the energy 
within Nature. We are dynamically connected to the infinite. "As above, so below" is an 
echo of wisdom heard from sages and mystics throughout the ages. When we can 
connect to and absorb the energy that surrounds us, we are able to tap into the many 
splendors of the universe. 

We exist because of the unique combination of the forces that are around and within 
us, The two main forces are electricity and magnetism. ‘Bio-electro magnetism’ is the 
westem term for life force, and what the Tao refers to as Chi. For the last 5000 years, 
the Taoists have utilized this bio-electro-magnetic energy to enhance their way of life 
and establish a relationship with the universe. Bio signifies life, electro refers to the 
universal energies (yang) of the stars and planets and the magnetic force refers to the 
earth force (yin) or gravitational force present on alll planets and stars. As we align 
ourselves with these forces, we become a conduit through which we can absorb and 
digest these energies through the body, mind and spirit establishing a direct connection 
with the universe. The Taoists recognized this connection and created the Chi Kung 
form of ‘Opening the Three Tan Tiens to the Six Directions’ to enhance our relationship 
to and our understanding of this connection. 

Humans normally access bio-electro-magnetic energy through food and air. Plants 
take the universal energies of the sun and the magnetic energies of the earth and digest 
and transform them, thereby making these energies available to all living beings. Tao- 
ists believe that the food sources with the purest form of energy are the green leafy 
vegetables. These have taken sunlight directly into their cells. Rather than waiting until 
the energy in the universe is processed through plants, the Taoist goes directly to the 
source of this primordial energy. Through Chi Kung and meditation, the Taoists direct 
the energy of the universe precisely. Opening the Three Tan Tiens is a meditational Chi 
Kung exercise that focuses on how to directly tap into the source of energy all around 
us. 

The Tao views human beings as lamps filled with fuel. Many people burn this fuel at 
very high intensity, without ever taking the time to replenish the oil in the lamp. Alcohol, 
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drugs, tobacco and promiscuity all quicken the depletion of this fuel. The Taoist exer- 
cises strive to continually refuel the energy within. The Taoist recognizes that we are 
limited in our nature as human beings, unless we connect the sources of energy within 
the universe, thereby becoming infinite. So, within the limitations of our human nature, 
we constantly fill ourselves with the unlimited abundance of energy around us. 

Through their internal quest, the Tacists discovered a doorway to the universe. The 
more we open our internal energy, the more we are capable of connecting to the forces 
of energy around us. 

Human beings have amazing potential and capabilities. We are unique creatures in 
the way we use our minds and hands. Look at the world around you, the skyscrapers, 
the architecture, computers, technology and the myriad creations of man. All have come 
about through the combination of the mind with the hands. In the Tao practice, we use 
the mind and the hands, in both Chi Kung and meditation, to connect to the forces of the 
universe. We use the mind to project a pattern of energy into the universe, to connect to 
the force, and to bring this energy back into the body. 

The mind can travel millions of light years in a few moments. Taoists discovered the 
unlimited potential of the human mind. If you picture something in your mind; an ocean, 
a sunset or a mountain, you automatically connect with that image. The mind can take 
you anywhere you imagine. With the proper training you can connect to the energy of 
nature and the universe and project your Chi to combine with it, drawing these forces 
into the body. The hands are called the touching force, and like antennae they can 
transmit the frequencies and vibrations from space. With the mind and the hands, each 
of us can journey into the boundless energy of the universe. 


Relaxation, Letting Go, Surrender and Ego 


In some religions and spiritual paths, there is a great emphasis on surrender and letting 
go. This is actually a form of relaxation. Taoist practices emphasize relaxation, letting 
go, and emptiness. When a person is relaxed, the muscles are open, the breathing is 
soft, and the energy can flow through the channels of the body. There is no resistance 
and no fighting. This allows the creative and higher forces to flow into us. 

Most religions have a similar process. To contact the higher self and the higher forces, 
one needs to let go and surrender in order to reach the level where one can be in 
contact and become one with the higher forces. Through the surrender of control, one 
opens up and touches the forces of nature. However, if you continue to surrender and 
let go, you will lose the energy you have sent out. In the long term, this will gradually 
drain you. The force will suck the energy out of you, rather than help you to bring the 
energy into yourself. To avoid this, at the moment that one is in touch with the higher 
forces, one again becomes aware of oneself and his or her own energy. One is then 
able to project his or her own thoughts, intentions and patterns into the force, integrating 
the outer with the doubling or tripling inner energies. You can bring this force back to 
your place, your house and into yourself. 
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One must remain open and empty while using one’s intentions, mind and Chi to draw 
the energy into oneself. What might initially appear to be a paradox is reformed as one 
does the practice and learns how to be empty and open and to simultaneously retain 
enough consciousness to draw the force into oneself. 


Mind, Organs and Sexual Organs 


It seems that some people are disconnected from themselves and from their sexual 
organs. The mind and organs are therefore separate. Taoism believes that the mind, 
body and spirit must work together. The results depend on a person's practice. 


Brain 


The brain can access and generate the higher forces, but storing this energy in the 
brain itself is not easy. We need to train the brain to increase its ability and capacity to 
store energy. The brain energy, when increased to a certain level, can enable more 
synapses to grow, and can help tum protein into brain cells. The Tao believes that with 
training and practice, one can learn to grow more brain and nerve cells, as well as 
increase the number of synapses in the central nervous system. 


Organs of the Body 


The organs can also generate energy, but much less than the sexual organs and the 
brain. They also have a much greater capacity to store and transform energy. 


Sexual Organs 


The Tao discovered that the sexual organs are the only organs that can generate a 
significant amount of sexual energy (life force). However, the sexual organs cannot 
store the energy efficiently. When too much energy is generated, considerable amounts 
have to be dumped out. And this is the best energy that one has. It is the ‘creative’ 
energy. 


Three Tan Tiens 


The Three Tan Tiens can also store energy, transform it and supply it to the brain, 
spinal cord, sexual organs and other organs. 

The aim of Taoist basic training is to integrate the brain, sexual organs and other 
organs into one system. If the brain generates too much energy, it can store the energy 
in the organs. The excess sexual energy can also be stored in the organs and the three 
Tan Tiens. If the brain generates too much of the higher forces and we are unable to 
store this energy, we have to throw it away. It is like preparing food for one hundred 
people, when only one person is eating. The rest gets thrown away. In the same way, 
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vide necessary data to maneuver aircraft, 
spacecraft, and watercraft, especially when 
GPS signals are unavailable. 


Schematic Symbols 
A chip-based accelerometer may be repre- 
sented in a schematic as a rectangular box con- 
taining abbreviations to identify pin functions, 
as in any integrated circuit chip. No specific 
symbol is used for any of these components. 


Applications 
In the past, accelerometers were laboratory 
devices that calibrated the performance of cars, 
airplanes, and other types of vehicles. Measur- 
ing the ability of car tires to withstand corner- 
ing forces was an application where an 
accelerometer was used. 


Miniaturization of accelerometer elements, 
coupled with a radical reduction in their cost, 
has enabled them to be installed in small elec- 
tronic devices ranging from smartphones to 
hard drives. 


In a phone or a camera, accelerometers can 
determine which way up the user is holding the 
device. The camera can rotate the picture 
appropriately, and the orientation of the pic- 
ture can be saved with its image data 


In an external hard drive containing rotating 
platters, accelerometers can protect the read- 
write heads by rapidly parking them during the 
fraction of the second that elapses between 
someone dropping the hard drive and its 
impact with the floor. 


‘Accelerometers can be installed in a 3D mouse 
or virtual-reality headset to determine its orien- 
tation and motion. This enables a video image 
to be updated appropriately. For example, the 
Nintendo Wii Remote has been marketed with 
an ADXL330 accelerometer. 


In an automobile, an accelerometer can trigger 
the deployment of an air bag when the deceler- 
ation caused by an impact exceeds a threshold 
level. 


patial > orientation > accelerometer 


How It Works 


The simplest conceptual model of an acceler- 
ometer consists of a mass attached to one end 
of a coiled compression spring. The other end 
of the spring is anchored in an object whose 
acceleration is being measured. The mass can 
only move along the same axis as the spring. 


Figure 10-1 shows three views of a simplified 
accelerometer, which is a sealed tube shown in 
dark red. In the center image, the accelerome- 
ter is in its rest state. The top image shows the 
mass (a dark blue square) responding when the 
tube accelerates from left to right. The third 
image shows it decelerating (that is, undergo- 
ing negative acceleration, or acceleration from 
ht to left). Using an ideal spring, the dis- 
placement of the mass will be proportional to 
the rate of acceleration, within reasonable lim- 
its. The displacement can be measured opti- 
cally or capacitively. 


Note that the rest state will resume when the 
acceleration stops, regardless of constant 
motion in any direction. An accelerometer only 
measures a change in velocity. It does not 
measure a constant velocity. 


‘An accelerometer cannot measure rotation 
around its own axis of movement. Therefore, it 
may be used in conjunction with a gyroscope, 
which measures angular velocity. 
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when too much sexual energy is produced and there is no place to store it, itis wasted. 
We do not have enough of this energy to be able to waste it. We have a limited amount 
of energy and of time. 

Some practices just deal with the spirit and ignore the body and the sexual energy. 
These practices can generate a lot of energy, but when one is not connected to the 
organs, it cannot be stored anywhere. One will end up draining oneself. Some people 
practice sitting quietly, emptying the mind, with the whole body relaxed and calm, but 
very little energy is actually generated. When one gets deep into the practice, some 
people find it hard to come back to society, because they have no energy and their mind 
power does not work well. These people have to depend on others to support them, 

In the Universal Tao, we are learning to create a sacred and holy temple within our- 
selves. With the simple practice of smiling to all the organs, we can integrate our bod- 
ies, minds and spirits. They are no longer separate. The sexual practice connects the 
mind with the sexual organs and the brain. The separation between these parts of 
ourselves is bridged and a synergy is created. 

The Taoist practice provides us with the resources to extend beyond the realm of our 
senses. By tapping into our internal resources and channeling the energy around us, 
we can perceive much more than the senses normally report to the mind. We want to 
extend our perception from the limited perspective of the sociologically conditioned 
senses to the unlimited awareness of the universe. For example, our senses tell us that 
the earth is flat, that we are stationary, and that heaven is above us. In reality, the earth 
is a sphere hurtling through space at thousands of miles per hour and the heavens are 
above, below and beyond the earth in every direction. The goal of the Three Tan Tiens is 
to connect with the forces from the six directions - above, below, left, right, front and 
back - and draw all these forces into the body. Eventually, with practice one can draw 
upon many different energies and use them as needed, thereby giving form to the form- 
less energy that is abundant in nature. 


Opening the Three Tan Tiens 


Opening the Three Tan Tiens to the Six Directions is just another one of the many 
resources the Taoist practitioner uses to connect with the universe. The practice com- 
bines the power of the mind with the extension of Chi, This combination allows our 
personal consciousness to directly connect to the patterns and matrices of energy in 
the universe. When we put our thoughts into the web of the universe, we transform the 
electromagnetic energy into a force that is accessible to us. The combination of mind 
power and energy is what allows us to establish a relationship to these creative forces 
and the high sources of energy. 
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Once we make the connection with the forces of energy in the universe, we then want 
to be able to store this energy in the body. Energy is like money, if you are making a 
million dollars a year and spend a million dollars, you have nothing left to use in the 
future. That is the way we live and use our energy in our society. We are spending more 
energy than we are saving and we are living on borrowed energy, paying very high 
interest. Our credit will run out very soon. 

In the Tao practice, we store energy in the Three Tan Tiens. The Three Tan Tiens are 
the reservoirs of energy within us. 


Fig. 3.1 The Upper Tan Tien is in the brain (the Crystal 
Room, third ventricle), and when itis full of energy, the capacity 
of the brain increases. We store our spiritual intelligence, the 
mind here. All the Tan Tiens have both yin and yang within them. 
In nature, the yin and yang are present in all things. Day (yang) 
turns into the sunset, which turns to night (yin). Itis very impor- 
tant to feel the qualities of yin within yang and yang with yin 
(sunrise/sunset). One quality does not exist without the other. 
They are inseparable qualities of the same force. 


Fig. 3.2 The Heart Center Tan Tien, between the two nipples, 
is the Middle Tan Tien. It is associated with the fire element. 
Yet, within fire there is always water. The original spirit (Shen) is 
stored here. 


Fig. 3.3 The lower abdomen at the Navel is like an empty 
universe, or ocean. We want to feel a universe of energy in the 
Lower Tan Tien. Within this universe or ocean, there isa fire, 
like a volcano under the ocean; ‘fire under water’. 


The Three Tan Tiens refer to the three reservoirs of energy within the body. These 

reservoirs are places where we can store, transform and collect energy. The reservoirs 
are the source of energy that flows through the body. The meridians are rivers of energy 
fed by these reservoirs. The goal of Opening the Three Tan Tiens is to continually fill and 
replenish the energy of the Three Tan Tiens. When we are connected to the Tao, life 
ceases to be a struggle. Through the observation of nature, the Taoists learned to flow 
with the stream of energy and connect to forces in the universe. 
In these practices, we use a variety of hand movements and body postures to open 
to the energy around us. We draw the energy from the six directions into the body, 
activate the three fires, open the Three Tan Tiens and circulate this energy in the Micro- 
cosmic Orbit. 
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Combined Practice 


Warm - Up Exercises 


Rotating the Sacrum 


Rotating the sacrum is an excellent exercise to open the lower 
back and activate the spinal cord. Place one hand over the sacrum 
and the other over the pubic bone. Rotate the sacrum in a circle, 
36 times in each direction. This movement activates the sacral 


pump. 


Spinal Cord Breathing 


Inhale and expand the chest, arms bent at 
the elbows and extended to the sides of the 
body. Exhale, tuck the tailbone under you 
and round the back, bringing the elbows to- 
ward one another in front of the chest. 
Smile. Inhale, expand the chest, tuck the 
chin in toward the throat, push the chin back 
and raise the crown and bring the arms out 
to the sides. Repeat this back and forth 
movement 36 times. This movement acti- 
vates the cranial and sacral pumps, and 
loosens all the joints in the spine. 
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Shaking 


Shake the whole body loose, especially the joints, by bouncing up and down on the 
heels. Let all the joints open and relax. Also, shake the testicles and the breasts loose. 
This will open the sexual energy (the yin electric) and you do this on back as well. 

The yin and yang are the negative and positive electric forces in the universe. The 
heart produces impulses (the yang electric) and the adrenal glands produce the adre- 
nal hormone to stimulate the heart to beat. Of all the hormones inside us, this is the one 
that gives the vital force to our life. 


When we concentrate on the sexual organs, 
the heart and the mind, we can make the yin and 
the yang electricity combine. 


Point of Lymphatic 
drainage into the Vena 


Direction of 
Lymphatic flow 


\\ 
\ 


hy 


Fig. 3.4 Whole Body shaking and Lymphatic System 


True Breath - Skin Breathing 


We exist because of the physical food and the unique combination of forces that sur- 
round us. The daily requirement of calories is about 6,000 units, while we only get 2,000 
calories from food. The other 4,000 calories come from the forces around, above and 
below us. These forces that surround us are electricity, magnetism, cosmic particle 
energy, light, sound and heat. If we don't know how to absorb and transform this cosmic 
food, we need to depend on others to supply us. We then need to ask a priest, monk or 
holy person to give us our daily spiritual food. 

The Taoists discovered that we can learn to absorb these surrounding and universal 
energies through the skin and the major energy centers. Absorbing energy through the 
skin is called the True Breath. This powerful energetic technique requires the Inner 
Smile and relaxation, The more one can relax, the more the body and the skin can open 
to the energy around us. The practice allows one to extend the mind, to touch the force 
and to draw that energy back into the body. 
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Daily Practice: Opening, Connecting and Activating Chi 
Within and Cosmic Charging 


Paradoxically, in order to project ourselves out into the immensity of the galaxies and 
the universe to gather limitless resources of Cosmic Chi for healing, we must take the 
first steps of the journey within ourselves. In order to ‘go out’, we must first ‘go in’. The 
vehicle for this magical journey is powered by our ability to relax in mind and body. As 
we physically relax and let go of muscular and emotional tensions and joint and bone 
structures we gain access to the inner realms by turning on our very special subtle 
smile. It opens the pathways of the parasympathetic nervous system, This helps us to 
reduce the out flowing habits of our senses so that we can be more alert in sensing our 
inner universe. 

This simple process of ‘going in' enables us to develop our internal skills so as to 
safely ‘go out' to the universe. 


Practice 


Relax and Let go - S to Connect with the Universe Within 


Smile to mideyebrow, eyebrows, eyes, mouth, jaw, tongue, lips, cheeks, ears, 
shoulders, ribcage and brain. Let the relaxed sensations and the ‘Observer Mind’ 
(Upper Brain) sink down into the Lower Tan Tien. 


1. Smile to the mideyebrow. Relax and let go. Smile to the eyebrows and let them grow 
long to the sides. Lower these relaxed sensations down to the Tan Tien. 


Fig. 3.5 Smile and Relax to the Mideyebrow and think of the eyebrows growing long. 
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2, Smile to the eyes: relax the eyes and feel how nice and cool they are. Let the eyes 
draw back in their sockets and start to sink down to the chest and gradually down to 
the abdomen, the home of your ‘feeling and awareness mind’. 


Fig. 3.6 Smile and relax the eyes, sink into the eye sockets and gradually feel the eyes 
dropping down into the Abdomen. 


. Relax the two broad muscles extending from the outer portions of the upper lips 
across the cheekbones, and lightly smile feeling their connection to the upper front of 
the ears. Gradually feel the ears growing ‘long’, up and 
down. Feel the ears grow all the way down and con- 


nect to the kidneys. 


Fig. 3.7 Smile to the Ears and listen to the Kidneys. 
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4, Open your mouth and relax your jaw, separating the upper and lower teeth. Feel the 
jaw relax. Once the jaw relaxes the shoulders will relax and drop down. Continue to 
feel the jaw relax until you feel the saliva start to come out. Relax down to the rib 
cage. Feel the rib cage drop down, softening all the joints, relaxing down to the Lower 
Tan Tien. Let the tongue relax back in the mouth. Feel the tongue start to drop down 
into the throat to the chest and all the way down to the navel sinking the ‘floating’ 
sensation down to the Lower Tan Tien. 

5. Smile to the shoulders and relax until you feel the shoulders drop and the rib cage 
relax. 


Fig. 3.8 Relax the Jaw; and the Shoulders and Tongue will relax down to Lower Tan Tien. 


6. Lightly close the lips, but keep the teeth slightly separated. Physically begin a child- 
like smile with the corners of the mouth gently uplifted and the outer edges of the 


eyes softly crinkled up. Breathe through your nose. 
7. Smile into the brain and empty the upper (observing) mind } 

down to the Tan Tien. ' 
8. Become aware of your inner universe as a big empty space. he! 

Keep on sinking — sinking down, into the darkness of your 

‘empty space. Keep sinking and experience the vastness until 

you get closer and closer to the center, the ‘original force.’ 

Stay relaxed and alert so as to be able to see one dot of light. 

Itbecomes a galaxy spiraling inside you. 

Do the above practice several times until you become fa- 
miliar and comfortable with it. 
Fig. 3.9 Bring the Senses down to the Tan Tien. 
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Tan Tien Consciousness: Second Brain 


Already terms have been used like ‘upper mind’, ‘feeling and awareness mind’ in the 
abdomen and lower ‘Tan Tien’. In the next phase of practice, the ‘conscious mind of the 
heart’ is introduced. For those readers who have not been updated on the scientific and 
medical revelations of the recent era about a ‘second’ and ‘third’ brain, we offer the 
following information. 

Along with this, there is the long-standing Taoist practice of cultivating and training 
consciousness in the Three Tan Tiens, especially the Lower Tan Tien. There is my own 
experience in participating in brain wave measurements and ‘brain energy potential’ 
research in recent years. The combination of all these areas of knowledge and experi- 
ence in our time, makes Cosmic Healing practices accessible for our minds while also 
being very ‘down to earth,’ Now let's talk about the Lower Tan Tien. 

In addition to its importance as the control center for the mechanics of the physical 
structure of the body, the Lower Tan Tien also houses a treasure of even more far- 
reaching significance. It has been a well-kept secret in the western world, as well as in 
most of the rest of the world: our Second Brain. Most of us who have had Taoist training 
in Chi Kung, Tai Chi, various Chi meditations or healing practices have often heard the 
reminder, ‘Be aware of your Tan Tien.’ But, do most people really ‘get’ the meaning of 
the injunction to always be conscious of the Tan Tien? Probably not. Further, do we use 
our Second Brain as much as we can? Definitely not. 

In westem terms, do we actually understand “Be aware of your Tan Tien” as being a 
way to train consciousness and awareness, like educating a brain in the abdominal 
area, in our Tan Tien? Probably not. Throughout the world, there are institutions to train 
the brain in the head. That is good. But, what about training the ‘second brain’ in the 
abdominal area? | didn't think of it exactly like thatin western terms, either, even though 
that is exactly what | have been doing all of my life in my Taoist training and teaching. 


Personal Revelation 


‘Suddenly | came to understand a few things which are so simple 
and so important, and that's what | am going to share with you. 
It started in 1994 in Los Angeles when a clinical psychologist 
there, Dr. Rhonda Jessum, wanted to start testing me. | agreed 
to do the testing, but the machines at that time didn't tell me 
much. However, it was discovered that when | did the Inner 
Smile meditation, my brain waves went down dramatically — 
but at the same time, my ‘beta’ waves increased to a very high 
level. That means the waves showed that | could be driving a 
car, but that my brain should have been resting and sleeping. 
So the researchers said, “Hey, how did you do that?” | didn’t 
understand either — because it was not clear to me either. 
Fig. 3.10 First and Second Brains are linked. 
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Fig. 3.11 Second Brain 
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After that, | was invited to start testing in Europe by the Institute for Applied 
Biocybernetics and Feedback Research. My name is becoming known there because 
| teach in Europe alot. One of the biggest institutes for training top athletes in Europe is 
in Vienna. They developed an instrument that can measure the brain's potential energy, 
which represents all the energy in the body. The doctors also said that this proves to the 
west that Chi exists, there is energy and a life force running in the body. That instrument 
picks it up in the brain and indicates how much potential brain energy you have. It also 
determines how much energy you have for the whole day and how much of that energy 
is for mental clarity and body power. They use these instruments to measure the ath- 
letes. 


The study measures brainwave frequencies during four practices. 


Fig. 3.12 Fig. 3.13 Fig. 3.14 Fig 3.15 
Cosmic Inner Smile Cosmic Orbit Six Healing Sounds Orgasmic Upward Draw 


Theta 
Alpha 


Beta 


Fig. 3.16 Alpha and Theta Waves increasing Fig. 3.17 Ultrasiow Brain potentials 
during the Cosmic Inner Smile Meditation. ‘measurement while in Vienna 
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No Acceleration 


—t— Acceleration 


Figure 10-1 Simpitied view of an accelerometer consist- 
Ing ofa sealed tube (dark red outiine) with a spring anch- 
red tot at left. A small mass (dark blue) is attached to 
the right end of the spring. Thee mass responds to acceler- 
ation of the tube. 


Gravity and Free Fall 

Ifa device containing the simplified accelerom- 
eter described previously rests on the ground, 
and is mounted vertically as in the left section 
of Figure 10-2, gravity acting on the mass will 
apply a force to one end of the spring, while the 
other enc restrained. The accelerometer will 
now measure 1g as a downward force. 


wit Works 


Figure 10-2 Left: an accelerameter resting on the ground 
measures 1g, asthe force of gravity pul the mass down: 
ward. Right: in ree fall, the accelerometer measures Og. 


If the device is dropped so that it falls freely 
under the influence of gravity, it is in free fall 
and will accelerate at approximately 9.8 meters 
per second each second, This is usually written 
as 9.8m/sec?, or can be described as 1 gravity, 
often expressed as 19. 


‘An accelerometer in free fall will measure 0g, as 
shown on the right in Figure 10-2, because all 
parts of the accelerometer are now accelerating 
equally under the force of gravity. 


If three accelerometers are assembled orthogo- 
nally, and if one accelerometer is vertical, and 
the device is held motionless relative to the 
Earth, the vertical sensor will show 1g while the 
other two accelerometers will show Og. If the 
device is dropped, all sensors will show 0g. 


Rotation 

If a device containing three accelerometers is 
turned over, and is not in free fall, accelerome- 
ters mounted orthogonally will show values 
that vary depending on their alignment with 
the force of gravity. 
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‘ 
Theta’ Theta’ 
Alpha’ Alpha’ Alpha’ 
Beta Beta Beta 


Fig. 3.18 A. Altering dominance of alpha and theta waves during the Cosmic Orbit Meditation. 
B. Cosmic Healing Sounds Meditation, results in increases in alpha and theta frequencies. 
There are minimal beta brainwaves; the brain reaches a state of stillness and internal focus. 
C. Orgasmic Upward Draw Meditation increases the levels of alpha and theta. 


Smile into the heart Soles of the feet Same heat in soles of feat, kidneys, head 
Inner Smile ‘Micracasmic Orbit Collect Energy in Navel 


Siento Lungs &Kldnoys Orgasmic Energy 
an homely 7 


P| fia BS” : | 
i: a“ 
_ 


a eee eee ao ee ee 
Fig. 3.19 Left and Right Brain Charts 


It's interesting because the energy I have been describing in my teaching is exactly 
what they were measuring during their testing. So | went there and did the measure- 
ments with them. | just did the Inner Smile, smiling into my abdomen. They picked up 
these readings very quickly and said, “Your brain waves are going lower, lower and 
resting — and you are nearly in the sleeping state.” At the same time, the muscle tension 
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was very low, the heartbeat was very low and the skin resistance was very low. After 
that, | surged the energy up to the brain and they started to see that the energy actually 
charged up there. When we are thinking, worrying or feeling anger, shame or guilt - the 
energy level in the brain actually decreases, and the brain doesn't get charged up. They 
were quite amazed, and said, “Hey, this is what we're looking for!” 

They asked me what | was doing. | said, “I’m smiling to my abdomen.” They kept on 
talking to me and asking me questions. They discovered that this brain (in the head) 
was not very active at all, meaning that there was not much activity in the brain. It was 
stil in a very light resting state. But, how could | answer their questions? They said, 
“Hey, look! Master Chia is talking to us in his sleep. How can he talk to us in his sleep?” 

After that, | said, “Oh, | understand now." Because, throughout the whole practice of 
the Tao is the injunction, ‘train the second brain in order to use the second brain.’ It took 
the westerners a long time to understand that. So, when the article about the ‘Hidden 
Brain in the Gut’ came out in The New York Times, ' | started to understand that. You can 
be miserable; you can be happy; you can feel all kinds of feelings. But according to this 
article, they had also discovered that this brain in the gut, the enteric nervous system, 
can doa lot of functions, It says that this gut brain can send and receive impulses; it can 
record experience and respond to emotions. So, itis like a brain. In this article, they had 
only discovered that the large intestine and the small intestines have the same neurons 
as the brain cells. After that article, a new book, The Second Brain, was published.? 

Now in medical science, | might add, they have begun to discover consciousness in 
the heart. They found that the heart can record a whole event, and it has its own brain. 
Dr. Paul Pearsall has written a new book, called The Heart's Code.’ They have found 
that people who have a heart transplant actually get the emo- 
tions of the donor. They actually experience whatever the do- 
nor experienced. One of the cases is that of a girl who was 
brutally killed, and they didn’t know who killed her. But, the 
heart was OK; so, it was transplanted into another girl. After 
that, the girl started to get nightmares and described some- 
body killing her. Then she described how the killer looked. Fi- 
nally, the mother took the girl to a psychiatrist, and he in turn 
contacted the police. The girl gave the police an exact de- 
scription and a police artist drew a likeness of the killer. With 
the information provided by the girl, the police were able to go. \° 
and arrest the man. Afterwards, when confronted with clear 
details of the crime, the man confessed that he was indeed 
guilty of this crime. So, from that experience, medical scien- 
tists and others came to realize that the heart can record all of 
an event and remember it. Fig. 3.20 Heart’s Code 


* “Complex and Hidden Brain in the Gut Makes Stomachaches and Butterflies,” The New York Times, 
section C1, Tuesday, January 23, 1996 

? Gershon, Michael. The Second Brain (New York: Harper Collins Publishers Inc., 1998), 

® Pearsall, Paul, Ph.D. The Heart's Code (New York: Broadway Books, 1998) 
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The Lower Brain consumes 
less energy and can do a lot (_ 
of daily work, like send and re- 
ceive impulse records and ex- 
perience and respond to emo- 
tions, When you lower down 


the Upper Mind, it will also 
lower the blood pressure and 
anxiety. 


! Fig. 3.21 Abdomen has it own Brain: the Awareness Mind. 


On the second page of the Times’ article, it says that even the large 
intestine is loaded with neurons. The question was posed, ‘Can itlearn?’ But | say, "Hey, 
this goes back to 4,700 years of the Tao practice, which says: Train all the organs; train 
them how to do different things.” You can rest the head brain when you're not using it — 
and use the brain in the gut. Why is it so important? Because the head brain is a ‘mon- 
key mind’ riddled with doubt, shame, guilt and a suspicious mind. It is always thinking. 
Worrying, figuring things out things, head trips — it just keeps on, all the time. To be a 
God, you must let go of the past and empty the mind. Now we are in the information age; 
anything fis in —we think. Just one word flits in and we start an entire string of thought. 
When somebody says one bad word to you, you can think and figure it out for three 
days and three nights. "How am | going to get revenge? 
How am | going to get revenge?’ 

Scientists have discovered that when people worry 
too much, thinking, planning, etc., this brain actually uses 
up a lot of energy. Depending on the type of person— 
some people are very physical types who use very little 
brain energy, but their physical body consumes a lot of 
energy. However, most people think and think and think. 
So the scientists give an approximation, by way of a 
percentage. This is just a number for comparison, not 
an exact number. They say that this brain in the head 
can use up to 80% of the body's energy. So, what hap- 
pens is you have only 20% left for the organs. Fig. 3.22 Cross-section of the 

neurons in the Large Intestine. 

According to the information about the brain in the gut, they have discovered that the 
brain in the head and the brain in the gut can do some similar jobs. For example, this 
brain in the gut is the emotional and the feeling brain. In the west you have the expres- 
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sions, ‘I feel you from my gut’ and ‘I have a gut feeling about something.’ Why do people 
mention a gut feeling? Obviously people have some feeling in their gut. It's very interest- 
ing that the whole Tao practice is feeling, awareness and consciousness — using this 
gut to feel, to be aware, and to be conscious. 

You can rest, relax the brain in the head by using the ‘brain in the gut.’ This is the first 
step. The first thing we learn in the Tao is to forgive and let go. When we keep on 
remembering past negative emotions, we will stop seeing the truth. To let go of the past 
is to empty the mind and use the abdominal mind, the awareness and consciousness. 
Here's an interesting point in the way of the Tao: This gut brain can do a lot of simple 
functions that are similar to the functions of the brain in the head. This is a feeling and 
awareness type of functioning similar to many of our ‘right brain’ functions. However, we 
need to use the brain in the head in order to perform complex functions such as reason- 
ing, making plans and making complex calculations. For rational functions, we need to 
use the brain in the head for the ‘left brain’ functions. 


>, For our daily life of consciousness, awareness and feeling, we can use 
) either the brain in the gut or the brain in the head. When we use the upper 
brain less, it will become charged with more energy and its power will be 
increased — and more power will be available to the body. That is why we 
say in Taoism, that we have to train the brain in the gut, so that we can use 
it when the brain in the head is resting. When the head brain is resting, it 
can be recharged: brain repair and maintenance occurs. Also, it can grow 
new brain cells. With more charging we have more power for creativity or 
whatever we want to use it for. If we like, we can use it to develop our 
higher spiritual nature. 
Fig. 3.23 When you are not using the Upper Brain allow it to rest 
by sending it down to the Lower Tan Tien. 


The simple thing is, that for the same job that the head brain or the gut brain can do, 
the head brain charges you eighty dollars. The gut brain only charges you twenty dol- 
lars. So, which one do you want to use? No, of course we are not that silly to use this 
overpriced person for the same work. But when we come to our own actual life, we 
don't know how to do it. We always use this mind, this high-priced brain. To add to this, 
we continue using it and using it, until the brain energy is completely consumed — no 
more energy. When you get to a certain level the brain is empty. These brain energy 
measurements are not only for indicating mental energy levels, they also represent 
energy conditions for the whole body and spiritual energy. 

Whenever | smile down, the brain waves go lower and lower very quickly — and the 
transformed energy from the Tan Tien and organs charges up the brain in the head! 
Just by flexing the facial muscles into the mode we use with a genuine smile, we can 
produce the effects on the nervous system that normally goes with the natural sponta- 
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neous feeling. We can actually make ourselves relaxed and happy by 
taking advantage of this built-in human mechanism. It's natural. Just do 
it! Learning to smile down to the abdominal area and maintain the 
awareness of the relaxed, smiling sensation in the Tan Tien is the first 
step in training the Second Brain! Think about it: Pure awareness and 
consciousness can change attitudes and emotions carried in the DNA. 
Remember: Number 1: “Empty your mind down to the Tan Tien, and 
fill the Tan Tien with Chi.” An axiom in the Tao is, where the mind goes 
the Chi follows. And, Number 2: “When your mind is empty, it will be 
filled!” This means that when the organs have extra energy, the extra 
organ energy will rise up and fill the brain with Chi. 
Fig. 3.24 When the mind is empty, transformed energy 
from all the organs can charge the brain with Chi. 


Practice 
Three ito One: ‘Yi’ Power 

Smile into your heart. Lower the Observation Mind, then the Heart Mind down to 

the Tan Tien. With the Feeling/Awareness Mind, Spiral the three minds into one. 

1. Smile into your heart. Make it feel soft. Feel love. Feel joy. Feel happy and feel com- 
passion in your heart. Feel the heart spiral. 

2. Spiral in the upper mind. Lower your upper mind, the observation mind, down to the 
Tan Tien in your navel area. 

3. Turn the consciousness in your heart, activated by your love and softness, down to 
your Tan Tien. 

4. Combine the upper and middle minds with the energy of the feeling/awareness mind 
of the entire nervous system — the Second Brain in the abdomen. Merge the three 
minds into one mind by spiraling their energy, blending them together as one in the 

Tan Tien. 

When the three minds 
merge into one they become 
the ‘Yi’ power, the three-mind 

Heart power — activate the spiraling 

at the mideyebrow, crown and 

the soles of your feet — ex- 

pand to the universe in six di- 


Three Minds 
into one Tections: up, down, front, 
YiMind back, left and right. Once you 
Power get it, the Yi, we will start to 


activate the six directions and 
the three fires. 

Fig. 3.25 A. The Heart 
softens like a rose blossoming. 
4. Spiral the Upper Tan Tiendfsviee Lowest Tan Tien and Three Mind ‘Yi’ Power. 
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Activating the Six Directions and the Three Fires 


This powerful energetic technique allows one to extend the mind, to touch the force, 
and to draw that energy back into the body. 

The Six Directions teaches you how to expand your mind and Chi for receiving heal- 
ing power. By practicing the Six Directions daily you will increase your healing and 
cosmic power. Turn your mind and Chi into the cosmos, multiply them and draw them 
back. 


ection Below 
When you achieve the three minds into one mind begin expanding into the Six Directions; 
press your hands down and start with the low direction. Picture yourself standing on the 
earth and you expand yourself very far away — deep down into the earth, very, very deep 
down into the earth. Your hands become very long; your feet become very long — they 
go all the way down into the earth and out pastit into the galaxy below on the other side 
Push. When you push, connect with the galaxy below — pull and think about your 
Tan Tien filling with Chi. Push and pull. Push and pull. Fill your Tan Tien with Chi 


B. c. 


Fig. 3.26 A. Hands expand through the earth and to the galaxy below. 
B. Hands push forward and pull back. C. Smile to the primordial Chi from the universe back to 
the Lower Tan Tien and fill the Tan Tien with Chi 
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1. Stand, feet together. Put you hands down, parallel to the ground. Expand your hands 
very far away and your mind very far away smiling into the ground. Continue expanding 
your hands, feet and your mind very far away beyond the earth below. Go down 
through the galaxy, way beyond to the primordial force. It's just like you are extending 
all the way to the primordial force before 30 million years ago. 

Push, moving the hands forward six inches only. 

Pull, moving the hands back by the sides. Think about your Tan Tien - Chi coming to 
the primordial force in your Tan Tien. Smile to your Tan Tien, dark, deep and vast. 

4, Push: touch the primordial force in the universe. 


2 
3. 


A B. c. 
Fig. 3.27 A. Be aware of the universe in front. 
B. Expand your hands very big and long to the universe in front. 
C. Hold the fire ball to activate the Tan Tien Fire. 


5, Pull back to your Tan Tien the dark primordial forces with your hands. 

Push and pull: It’s just ike you go to an empty space — vast. Then you come back to 
your Tan Tien — also empty, just ike the primordial condition before anything existed. That 
is where all the forces come from. Push and pull 3 — 9 times. 


Front Direction and Tan Tien Fire 


Next, be aware of the front direction; a huge fireball appears in front of you. 
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Open your palms: scoop up the Chi, scoop up the fire. Bring the fire into your 
Tan Tien. Activate the Tan Tien Fire. 


1. You start with a small dot of light in- 
side you. Expand your awareness 
smiling to the universe in front of you 

2, Become aware of a big fireball in front 
of you. Fell your hand become big- 
ger and longer. Scoop up the fire- 
ball. You may close your eyes to help 


your inner sensing. 
3. Use the fireball to light the fire in your 
Tan Tien. Feel the fire burning in the 
darkness, the ‘fire burning under the 


sea. 


Fig. 3.28 Smile to the Burning Fire. 


Back Direction and Kidney Fire 
Be aware of the back of the Tan Tien, the Door of Life and the back or rear 
direction. Extend your mind very far away to the ‘back’. Scoop up the fire and 
light up your ‘Kidney Fire’. 


Fig. 3.29 Be aware of the back direction, move the arms toward the back of the universe 
and scoop up the universal fire. 
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1. Expand your awareness all the way to the back. Move the arms toward the universe 
behind you 
2, Touch the universe; scoop up the fire. Activate the Kidney Fire. Maintain your aware- 
ness in the Tan Tien and expand smiling out to the universe. The energetic spiral 
glows in the Tan Tien. Spiral in the heart, spiral in your crown and spiral in the uni- 
verse. 
Heart Fire 
Raise your hands up under your armpits, and feel yourself holding the two 
fireballs. Touch the heart by extending the fingers energetically in from the sides; 
feel your hands extending into your heart and very far away. Activate the Heart 
Fire. 


ig. 3.30 Activate the Heart Fire. 


1. Move your hands up under your armpits and extend your fingers deep into your heart 
and very far away. 

2, Tan Tien and the Universe: you are connecting to the ‘charger,’ charging more fire 
into yourseff. 

3. Feel your heart soft in the center as you smile down. Feel the warmth of the fire 
energy of love, joy and happiness in the heart. 

4, You feel the connection with the unconditional love in the universe as you keep your 
heart consciousness in your Tan Tien and extend your awareness out to the uni- 
verse. 
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Sacred Fire (Chi Fire) 


Connect the Three Fires to combine into one Fire: Heart to Kidneys to Navel to 
Heart. 


Fig. 3.31 Connect the Three Fires and Sacred Fire. 


4. Move your hands together in front of your heart. Hold your hands together in front 
near the heart and feel the fire burning in there. Connect the Heart Fire to the Kidney 
Fire, the Kidney Fire to the Tan Tien Fire and back up to your heart; connecting them 
as one triangular Sacred Fire, circulating the Chi at 1,000 revolutions per minute, 
10,000 R.P.M, 30,000 R.P.M and 60,000 R.P.M, doubling or tripling their collective 
power. 


Open the Third Eye 


Now, extend your hands out to the front, very far away — pushing, pushing, 
pushing. Push. Turn your palms inward, and extend your middle fingers inward 
toward your third eye. Picture a crack in the middle of your forehead, and pull 
the crack open. Feel the light from the heavens opening it and feel the light 
from the heavens shining into your brain. 


1. Open your palms. Open your eyes, dimming the eyes. Look to the universe. Extend 
your hands to the front, palms vertical. Extend the arms from the scapulas. Smile 
and touch the universe. 

2, Tum your palms inward and extend your middle fingers inward toward your third eye. 
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Calculation 

‘The force acting upon an object will cause a 
rate of acceleration that can be calculated by 
Newton's Second Law of Motion, provided that 
the object can move freely and is not being 
subjected to any additional forces, such as the 
force of gravity. IfF is the force, mis the mass of 
the object, and a is the acceleration: 


Fanta 
And therefore: 
asF/n 


If the mass is restrained by a spring whose com- 
pression or extension has an approximately li 
ear relationship to the force applied to it, 
acceleration can be calculated as a function of 
the linear displacement of the mass. 


These statements ignore relativistic effects that 
are insignificant unless ultra precise time and 
motion measurement may be involved. 


Ina real-world accelerometer, movement of the 
mass will require some form of damping to pre- 
vent it from oscillating. 


Variants 


Accelerometer prices dropped radically after 
2010. In an effort to maintain profitability, man- 
ufacturers have loaded more features onto 
chips. While a 2-axis accelerometer such as the 
Memsic 2125 seemed a good option when first 
introduced, it is now facing obsolescence as 3- 
axis accelerometer chips that also contain 3- 
axis gyroscopes have become ubiquitous—and 
no more expensive. 


Early chip-based accelerometers provided ana- 
log outputs where voltage was proportional 
with acceleration and could be processed by a 
comparator. On some breakout boards, such as 
the Dimension Engineering DE-ACCM6G, which 
used the STMicroelectronics LIS244ALH chip, a 
comparator was included (see Figure 10-3). 


spatial > orientation > accele! 


Figure 10-3 A relatively early, relatively expensive break- 
ut board using the 2-axis accelerometer LIS244ALH chip 
by STMicroelectronics. Ithas been superceded by chips 
that combine accelerometers, gyroscopes, and process- 
ors to provide a digital output 


Because this board allowed a maximum output 
of only 0.83mA, it was only suitable for high- 
impedance logic chips or a microcontroller. 
However, because the output was analog, it 
could be passed through another comparator 
for direct connection to a piezo beeper to cre- 
ate a device that would sound an alarm when 
tilted, This is shown in Figure 10-4. 


Figure 10-4 Connecting the analog output from the DE- 
ACCMBG 2-axis comparator breakout board through a 
‘comparator to 2 piezo beeper. 


Many chips now contain gyroscopes as well as 
accelerometers. The electron micrograph in 
Figure 10-5 shows the interior of a chip of this 
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Picture a crack in the 
middle of your forehead 
and let the heavenly light 
shine into the brain; pull 
the crack open and let 
the light reflect into the 
organs 

Close the third eye 
Again, open. Pull: open- 
close-open. And, close. 
With the third eye open, 
the light from the heav- 
ens shines into your 
brain and reflects down 
to all your organs. Open 
and close the third eye 3 
- 9 times. 


A B. 
Fig. 3.33 A. The Middle of the Finger hooks into the third eye and reflects down into the Organs. 
B. Pull open the Third Eye; let heaven open and shine its light into the Brain. 
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Front Direction: Push/Pull Master Practice 


Now, turn your palms, pushing out. Push. Pull. This is the master practice that is 
imperative for successful completion. When you first start practicing you should 
do it at least one hundred times and increase up to 200 times. Push and pull. 
When you push, you feel your hands extended very far away — very long - reach 
the sky. Touch the universe. 


Push: Extend your arms 
and hands to the front, 
palms vertical. Extend 
the arms from the 
scapulas. 

Expand: smiling, smiling, 
touching the universe — 
touching the force, touch 
-ing the Cosmic Chi 


Fig. 3.34 
Master practice: 
Touch the Universe. 


Pull: Draw the Chi back 
to you from the universe. 
Moving the arms from 
the scapulas, draw the 
hands toward your body 
in a horizontal position, 
drawing the Chi into the 
body. 


Fig. 3.35 ‘Drawing’ Universal 
Chi- feel your Tan Tien 
and fill it with Chi. 
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Pull. Think and smile to your Tan Tien. Push, very far away to the universe, 
Pull. Push: Smile, relax, and let go, touching the sky, touching the universe 


Fig. 3.36 
Let go - Push and Touch the 
Universe, do it 6, 9 or 18 
times. 


Left and Right Directions 


Now, move your hands to the left and right directions. Pull the Universal energy 
in. Push; touch the universe. Pull; think about your Tan Tien. Push ~ all the way, 
touching-touching-touching the universe. 

1. Move your extended 
hands from the front 
horizon to the left and right 
sides. 


Fig. 3.37 Touch the Universe 
Left and Right. 
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2, Pull Tan Tien: Smile to your 
Tan Tien. Keep smiling to 
your Tan Tien 

3. Push to both sides. 
Expand all the way, 
smiling and touching the 
universe. 

Push/Pull: touching, 
touching the universe 
drawing the Chi smile 
energy into you from both 
sides. 

Do 3-6 times. 


Fig. 3.38 Pull: Just feel about 
your Tan Tien. 


Direction Above 


Turn your palms up to the universe. Scoop up the Chi. Pour the Chi over your 
crown, and touch your crown. Project the Chi all the way down to the perineum 
and down through the earth to the universe below. Tan Tien and universe; always 
feel your Tan Tien spiraling, heart spiraling, crown spiraling and the universe 
around you spiraling. 


Fig. 3.39 A. Raise the hands above the crown and feel it extend up to heaven. 
B. Fee! that the hands are big and long and that the bones are hollow. 
Fill and pack the bones with Chi, 
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Raise your hands up to the universe 
and expand your hands as big as the uni- 
verse - feel the Chi charge into your 
bones 

Scoop and gather the energy turning 
the body three times to the left and three 
times the right drawing the smiling energy. 


Fig.3.40 Scoop up the Universal Chi and 
pour it over the head. 


Open the Spine 


1. Touch the back-crown point. Pour the Chi all over your crown. Think of your soles so 
that you feel like there is a waterfall of Chi flowing from your crown all the way down 
to your soles. Feel your finger grow long and the Chi penetrate down through your 
spine to the coccyx. Leave the fingers touchng the back of the crown, to maintain 
the energetic connection with the coccyx. 


Cervical 
x Thoracic 
is 
~ 
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mY 
> 
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Coccyx 


Spine 


Fig. 3.41 Feel your fingers growing long, all the way down to the coccyx. 
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Turn ‘Three Minds into One Mind’ at the Lower Tan Tien, and expand the awareness 
to the universe. Let yourself be charged by the universe. 


a 


i" ( @ 
{ | 
Door of Life ||) yi 
Navel # 
Awareness 
| ° 


Like you are back in the womb. ‘Tan Tien is lke a battery. 


Fig. 3.42 Universe charges Tan Tien power. 


Beware of the Tan Tien and spiral it like universal energy in motion. Feel the heart 
center spiraling and the crown spiraling, Be aware of the universe spiraling above, below, 
front, back, left and right. Let all of the sick energy and the negative forces leave the 
body and go down into the ground for Mother Earth to recycle. Extend the Chi from 
above, all the way down through the earth and the universe below. 


Fig. 3.43 Be aware of the Lower Tan Tien, Heart Center and Crown spiraling. 
Feel the Universe is spiraling and charging the Three Tan Tiens. 
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Open the Middle Channel and Perineum 


1. Move to the mid-crown point. Touch the point and project your fingers inwards; go 
deeper, deeper through the middle of your body down to the perineum. Focus on the 
perineum. Feel the Chi from the universe flow into your perineum. Look for one dat 
of light. Look into the darkness, the vast darkness, the immense darkness; this is the 
primordial force, a cloudy moving force. Look for a dot of light at the perineum and 
‘extend your awareness all the way down through the ground and the universe below. 

Middle of Crown 


fs 


Newborn Skull 


) Skull 


Fig. 3.44 Move the Hands to the Middle of the Crown 
and feel the Fingers Penetrate to the Perineum. 


Perineum 


When finished opening to the Six Directions and igniting the Three Fires, gather the 
Chi in the center and bring this expanded awareness into the healing session. 
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Tan Tien and the Universe 


The expression, ‘Tan Tien and the Universe’, is a reminder to feel your Tan 
Tien, heart, mideyebrow and crown spiraling and that you are connected to the 
universe spiraling in the six directions around you. 


1. Establish a Complete Location 


You will use your Yi, the three-mind power, repeatedly to recharge your Chi for vari- 
ous purposes. You recharge by connecting to the Universal Chi in the six directions of 
the universe simultaneously. When you charge a particular area or direct Chi into the 
body toa particular point, you first establish a connection point for the Chi by placing the 
hand or fingers at an appropriate location on the surface. This is like giving a location for 
the Chi to go to. Once the location is established and the Chi starts to go there, leave 
your hands there. 

Then you move your attention to where you want the Chi to go in the body. Feel the 
Chi connected to and charging the intended location. 


2. Charge Tan Tien from Universe 


When the location connection is established, be aware of your Tan Tien, heart cen- 
ter, mideyebrow and crown spiraling. Be sure that the conscious mind of the heart is 
lowered to the Tan Tien and the awareness mind of the abdomen is connected to the 
mideyebrow crown and out to the universe. Feel them connected to the spiraling energy 
in the six directions of the universe. Let the universe charge your Tan Tien. 


3. Don't Stop at the Location 


With your focus in the Tan Tien, the Chi will go from there to the ‘location’ indicated by 
your hands and then to the intended location in the body. Don't let Chi stop there, how- 
ever. 


4. Direct Chi out the Opposite Side to Universe 


Direct your attention to guide the Chi flow through the body and out the opposite side. 
You want to clear out any blockages and prevent any others from accumulating. You 
also want to release sick energy and negative forces down into the earth. Let the Uni- 
versal Chi flow out through the universe and beyond. 
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Open the Three Tan Tiens 


Move your hands down to the mideyebrow. Touch the mideyebrow. 
We are going to open the three Tan Tiens, starting with the Upper Tan Tien. 


Upper Tan Tien - Mideyebrow 


1. Recharge. Remember: Tan Tien — heart consciousness in, awareness out. Spiral — 
Tan Tien, heart, third eye and crown. Universe - six directions spiraling 


Fig. 3.45 Raise hands and charge with Universal Chi. 


58 


Chapter ll 


2. Move your hands down and touch the mideyebrow. Feel your fingers grow very long 
(energetically) and penetrate all the way back to the base of the skull. Focus on the 
back. Remember: Tan Tien and the universe spiraling. With the spiraling, the Chi in 
the fingers will become hot. It will expand and penetrate out through the back of the 
head all the way to 
the universe behind. 


Fig 3.46 Fingers touch 
mideyebrow and pen- 
etrate to the back of the 
skull and the universe at 
the rear. 


Fig 3.47 
Tan Tien and the 
Universe. 
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kind, where the zig-zag shapes are “springs” 
etched into the die, the large areas patterned 
with dots are masses that can respond to vari- 
ous forms of motion, and the parallel plates are 
capacitive sensors. 


PLLA 


inal \ 


Figure 10-5 Interior of a chip combining gyroscopes with 
accelerometers. 


The complexity of a chip combining two types 
of sensors creates a need for more complicated 
code to process the six outputs. Consequently 
most accelerometer chips now have their own 
onboard ADCs, and digital registers for commu- 
nication with microcontrollers via the I2C com- 
munication protocol. Some chips also have 
‘onboard processing to interpret the mix of 
data. However, microcontrollers still need code 
to make sense of the data. 


The hobby-electronics community has respon- 
ded. A breakout board such as the LSM9DSO 
from Adafruit, using a chip from STMicroelec- 
tronics that shares that same part number, tries 
to make this extremely complex chip accessible 
to experimenters. Shown in Figure 10-6, the 
LSM9DSO contains a 3-axis magnetometer in 
addition to a 3-axis gyroscope and a 3-axis 
accelerometer. 


The datasheet for the LSM9DSO runs to more 
than 70 pages. At the time of writing, Adafruit is 
still refining code for the Arduino to make the 
features of this chip accessible. 


Figure 10-6 This breakout board from Adatruit is built 
around an LSM9DS0 chip that combines accelerameters 
\with gyroscopes and magnetometers. 


Despite the complexity of the LSM9DSO chip, 
the breakout board sells for approximately the 
same price, at the time of writing, as the DE- 
ACCM6G 2-axis analog-output magnetometer 
four years ago. In the future we may expect IMU 
prices to fall stil further, so that this type of 
multifunction chip becomes the default, and 
users simply ignore the functions that they 
don't need. 


Values 


Current consumption will vary depending on 
the activity of the chip, and may be broken 
down for different types of sensors on multi- 
sensor chips. A modern accelerometer may typ- 
ically draw less than 1mA. Gyroscope power 
consumption will be greater, as a segment of 
the chip will be maintained in a state of vibra- 
tion. 


Linear acceleration measurable by an acceler- 
ometer is customarily expressed in gravities, 
abbreviated g. Current generations of chips 
may be able to measure as much as plus-or- 
minus 16g, but because the value is converted 
internally to a digital quantity, smaller accelera- 
tions will not be expressed so accurately. There- 
fore the measurement range for acceleration is 
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3. Picture your fingers like laser beams of Chi, ‘Tan Tien and Universe’: Feel your Tan 
Tien and the universe spiral and charge your fingers. Move your fingers out from the 
mideyebrow around the side of the head to the top of the ears. Your fingers are like 
lasers -cut-cut-cutting open your skull right in the middle, around to the top of the ear, 
cutting open your Upper Tan 
Tien. Cut and project your fin- 
gers long into the middle of 
your brain. Spiral your Tan 
Tien and the universe. Leave 
your fingers there. Concen- 
irate on your Tan Tien spiral- 
ing — your heart, crown, the 
universe above, below, front, 
back left and right all spiral- 
ing. Your Tan Tien is a big 
empty space: primordial 
force; darkness. You can put 
so much Chi inside there! 
The Chi penetrates into your 
brain. 


Fig. 3.48 Move the fingers to the top of the ears. Feel them growing longer and cutting the skull 
open, penetrating into the brain. 


4, Move your hands all the way 
to the back, cutting to the 
back of the skull. Touch, and 
feel the Upper Tan Tien open. 

5. Touch the base of your skull 
Focus on the mid-eyebrow. 
Feel the Chi flow like a laser 
beam from back to front and 
out to the universe in front. 
Complete the opening pro- 
cess by moving the hands 
back around to the 
mideyebrow, cutting as you 
go 

Fig. 3.49 Chi moves like a laser, 

penetrating from the mideyebrow at 

the front, to the back of skull. 
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6. Recharge in the universe. Feel your bones and your arms are hollow. Fill and com- 


pact them with Chi 


7. Scoop the Universal Chi and pour it down over your crown and all the way down, 


down to the Middle Tan Tien. 


Fig. 3.50 
Recharge in the Universe, scoop and pour the Chi down to the Middle Tan Tien (Heart Center). 


Middle Tan Tien - Heart Center - Conscious Mind 
1. Move your hands all the way down to your heart center at the mid-sternum. Touch. 


Focus on the point opposite the 
heart, T5/T6, on the spine. Fin- 
gers ‘long’, Chi penetrates into 
your thymus gland. Light - golden 
light — penetrates into your thy- 
mus. Feel the Chi penetrate 
through your heart all the way 
through T5/TS to the universe be- 
hind. ‘Tan Tien and the Universe’ 
also feel your Chi Fingers pen- 
etrate into the bone and bone 
marrow and spread out into your 
rib cage. 
Fig 3.51 Golden light enters the 
heart, thymus, bones and marrow; fee! 
it penetrate to the universe at the rear. 
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Recharge and cut around to the Armpits 


Recharge In the universe, 
pour Chi over the crown 
down through the body 
and lower your hands 
down to the heart center. 
Touch with the fingertips 
Move your hands around 
under your armpits, ex- 
tending the Chi like laser 
beams cutting open this 
Middle Tan Tien. Pause 
under the armpits as you 
send the Chiinto the cen- 
ter. 


Fig. 3.52 Cut open the Middle Tan Tien by cutting around the armpits. 


Continue to move your hands around to your back at T5/T6, touch and send the Chi 
from back to front. Let the beam of Chi penetrate out through the heart center to the 
universe in front of you. Then, move the hands back around the sides to the front, 
cutting as you go. 


Fig. 3.53 Chi beam from T5/T6 penetrates to the Heart Center in front. 


2 


Chapter ll 


Lower Tan Tien - Navel - Awareness Mind 


1. Recharge with Universal Chi. Tan Tien and Universe: Again, raise your hands and 
charge with the Chiinto the universe. Your hands are very big, very long. The bones 
are hollow and compacted with compressed Universal Chi. Scoop the Chi from above 
and guide it down. Pour all the way down, down, down to the navel. Touch the navel 
and focus on the Door of Life opposite on the spine between L2/L3. Touch and feel 
the Chi penetrate to the Door of Life Tan Tien and Universe. Feel the Chi penetrate 
through to the back and out to the universe behind. 


A B. 
Fig. 3.54 A. Recharge the Lower Tan Tien and penetrate through to the Door of Life. 
B. Raise the hands up to the universe and charge with Chi. Bring the power down to Tan Tien. 


2, Open this Lower Tan Tien the 
same way as for the Upper and 
Middle Tan Tiens, Charge more 
Chi into your hands, and let them 
be like lasers cutting it open. Cut 
around to the sides. Pause. The 
fingers of the left and right hands 
are very long, extended energeti- 
cally inside. Cut and feel the en- 
ergy penetrate into the center. Fo- 
cus at Tan Tien and universe and 
feel more Chi 


Fig. 3.55 ‘Cut open the Lower Tan Tien 
with Laser Fingers, 
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3. Continue cutting to the Door 
of Life. Touch, and send the 
Chifrom the Door of Life back 
to the navel and out to the uni- 
verse in front. 


Fig. 3.56 ‘Cut’ open the Door of Life 
and send Chito the 
navel and universe in front. 


4, Move the hands back around the sides to the navel, extending the fingers and “cut- 
ting” the Tan Tien open as you go. Touch the navel: Tan Tien and the universe spiral- 
ing. Feel more Chi, and feel the Tan Tien open 


Activate Chi in the Bones of Hips, Legs and Sacrum 


1. Now touch your pelvic bone 
by energetically extending 
your fingers from the front 
area near the hips to the 
back. Feel Chi penetrate into 
your pelvic bones: funny, 
laughing, happy bones 

2, Touch the femur bones. Tan 
Tien and universe. Charge 
the fingers. Also, feel the 
funny, happy, laughing vibra- 
tion inside the bones and in 
the bone marrow. Be aware 
of the Three Tan Tiens. Spi- 
ral rom the universe. Spiral- 
ing charging your Tan Tien 
Charge your hands and your 
bones 


Fig. 3.57 Touch the femurs - happy laughing bones! 
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3. Now we are going to slowly lower the sensation of Chi down through the bones to the 
earth. Opening up the sacrum. Move the hands down the legs as you bend down 

4, Lower yourself all the way down to the ground and sit on your feet. Move the Chi with 
your hands down to your toes, down through the earth and the universe below. 


A B. 
Fig. 3.58 A. Sink the Chiinto the earth. B. Lower and sink the mind and Chi down to the universe. 


5. Raise your sacrum up, keeping your hands at the toes. Smile to your Tan Tien and 
feel the Chi from the universe coming to fill the Three Tan Tiens. Opening up the 
sacrum. 


Fig. 3.59 
Raise the sacrum and smile to 
the Tan Tien. 
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6. Lower down again 
Lower the Chi down to 
the earth and the galaxy 
below. 

7. Once more, raise your 
sacrum up, maintaining 
hand contact with your 
feet. Smile to your Tan 
Tien. 

8. For the third time, lower 
down. Open your palms, 
gathering the Chi from 
the earth below. Gather 
and scoop the Chi: 


Fig. 3.60 Gather the Earth Chi 


9. Touch your heels and feel your bones as you slowly rise up. Fill your bones with Chi 
as you guide it up with your hands. 


10. Fill the bones in the upper legs as you move your hands up. 


Fig. 3.61 A. Fill the bones with Chi. B. Feel your fingers penetrate into the bones as you rise. 
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11, Feel your bones, and fill them with Chi all the way up to your coccyx. Touch your 
coccyx. Leave your fingers there, then be aware of the Chi and feel the Chi raising 
up to the Tan Tien and the universe. Feel it charge the fingers and the spine. 

12. Come up to the sacrum. Feel the sacrum open. Focus at the Tan Tien and the 


universe. 


Fig. 3.62 A. Bring the Chi to the Cocoyx. 
B. Move your hands up to the Sacrum and feel the Chirise up to the Crown. 


13. Come up to the door of life, and 
then back to the navel. You may 
sit down to continue the next step 
in the Cosmic Healing Practice. 


Fig. 3.63 Bring the Chi to the Door of 


Life and let it penetrate to the Navel. 
Practice daily till you feel the Chi. Then you can apply this Chi to the Healing Sessions. 
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Chapter IV 
General Healing Session 


The General Healing session practices are to be done with every student regardless of 
their age or health condition. These are for cleaning and strengthening the cells. Cells 
must be clean and strong to heal. The General Healing practices listed steps A-K are 
the most important part you must always do in every session. You can do this with one 
person or with many people at the same time. The following is a detailed decription of 
each of these steps. Become familar with them and they will flow easily one into the 
other. 


A. Three Minds into One Mind 

Smile down to the inner universe. Activate the heart consciousness and empty the 
mind and heart down to the LowerTan Tien, the Abdominal Brain. Gather the 'Yi' (mind- 
eye-heart power), combining three minds into one. Fill the Tan Tien with this Chi, Start to 
spiral. You are then ready to connect to the higher forces of Universal and Heavenly Chi 
The Three Minds are the Upper, Middle and Lower, or three Tan Tiens. The Upper Mind 
is the one we have been closely related to most of our lives. It is the logical thinking, 
planning, calculating and worrying mind; it consumes 80% of our body's energy. 
The key is to learn ‘to releas the mind’ by learning to sink the Chi to the Lower Tan Tien, 
whereby it can be used in synergy with the other two. 


B. Activate the Six Directions 

Activating the six directions is for opening the whole body, mind and soul to all of the 
Universal and Cosmic forces in all directions. We literally learn to draw in the Universal 
and Cosmic forces from all directions at the same time. This is important for healers 
so they are not using their own energy for healing but drawing on the limitless Universal 
forces. 

Expand your awareness to connect to the universe and the Six Directions at the 
mideyebrow and crown; left, right, front, behind, above and below. Connect to the uni- 
verse, collect and spiral the energy into your Lower Tan Tien. 


C. Activate the Three Fires 

Activate the Tan Tien, Kidney and Heart Fires to create a Sacred Fire Triangle. Move 
from the Tan Tien to the Heart, the Heart to the Kidneys and the Kidneys back to the Tan 
Tien. 
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D. Linking Personal Stars, Energy Bodies and the Universe 

World Link is a way for intelligent life force to return to the source; inwards and 
upwards. Become aware of the ‘personal stars’ above the crown and below the earth. We 
link with our own personal stars and then with the stars of each person in a group. This 
links the energy bodies of everyone in a group together. Start to spiral your energy and 
connect to other peoples’ stars and energy bodies. Make a left spiraling pattern, pro- 
gressing around the circle in a clockwise rotation. Link all of these stars together and 
form one large energy body. Each meditator will become an individual unit in an 
integrated communication link. A link between the earth and the universe. 


E. Protective Circle and Chi Field 

We create Chi Fields, Protective Animals and call the Eight Forces to protect the 
group from disturbances and psychic attacks. Raise your right (or leading) hand in the 
air and access the ‘Sacred Fire’ of the universal cauldron. “Feel your fingers becoming 
big, long and hollow’, as they reach into the Sacred Fire. The Chi will fill and pack your 
arm as you bring it down into your body. Use Yi-Power to create the Sacred Fire Pro- 
tective Circle. The fire will purify and protect the circle. You can cast a circle around 
your community, house, room and body. This will create an energetic field of Chi around 
the whole room. 


Then Create a Chi Dome. Invoke the ‘guardian animals’; Blue Tortoise from the north, 
Red Pheasant from the south, Green Dragon from the east, White Tiger from the west, 
Yellow Phoenix from above and Black Tortoise from below. 


Finally, activate the Eight Elemental Forces of Nature and the Universe. Call the 
forces of fire, water (ocean), thunder (lightning), lake (rain), earth, mountain, wind and 
heaven. Activate fire in the north, water in the south, lightning in the east, and rain in the 
west. 


F. Chi (Sacred) Water Practice 

Invoke the power of the Sacred, Chi or Holy Water practice to cleanse and heal the 
body's sick, toxic or negative energy. Make a request to receive healing energy and feel 
yourself touch a heavenly pool of sacred water energy. Feel the pool pouring down 
heavenly water to fill your arm 

Use the thumb and index finger to remove the sick energy from the cup, without 
touching the water. Talk to the sick cells. Let the sick energy return to the earth for 
recycling. Fill the water with your heart's compassion. Give the command: “This Sa- 
cred Water will give health, wealth and longevity”. Cosmic Healing works on a cellular 
level. Itis the water's ‘job’ to carry the message of the practice to all the cells, where it 
will remain. Drink the water in unison with the rest of the group. 
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usually user-selectable by sending an appropri- 
ate code to the chip. Ranges may include plus- 
or-minus 2g, 4g, 69, 8g, and 16g. 


Sensitivity defines the smallest increment of 
acceleration measurable by the least significant 
bit (LSB) in an output register, for each of the 
acceleration ranges. In a range of plus-or-minus 
2g, the internal 16-bit ADC may be capable of 
measuring 0.06 milligravities. When the range 
is reset to plus-or-minus 16g, the smallest incre- 
ment may be around 0.7 milligravities. 


The measurable range of gravities should not 
be confused with the maximum acceleration 
that the chip can tolerate without suffering 
internal mechanical damage, either while 
powered or unpowered. This will be more than 
1,000 provided the duration is brief, and 
would only be experienced during an impact. 


Linear acceleration sensitivity change versus tem- 
perature is usually expressed as a percentage, 
such as plus-or-minus 1.5%. 


‘Output type will be analog or digital. If digital, 
the data protocol will be 12C or SPI. If 12C, the 


spatial 


address of the device should be configurable. 
The data transfer rate is typically at least 
100kHz, and this also may be configurable to 
different rates. 


For additional details about protocols such as 
2G, see Appendix A. 


What Can Go Wrong 


Mechanical Stress 

Stress can be induced when a surface-mount 
chip is soldered to a board. The moving parts in 
a chip-based accelerometer may be adversely 
affected. Datasheets will supply information 
regarding maximum acceptable temperature 
during the soldering process. 


Other Problems 

If the accelerometer function is combined with 
other sensing functions such as magnetometer 
or gyroscope, see Chapter 2 or Chapter 9 for 
additional cautions about potential problems 
affecting these kinds of sensors, 
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G. Empty and Fill 

The Empty and Fill technique is emptying the sick energy into the earth and 
filling with healing Cosmic Force Energy. Project your ‘sword’ hand (middle and 
index fingers) down to the ground. Project the hand ‘very big and very long’ and your feet 
‘very big and very long’ - extended down to the ground. Now very slowly inhale, bring up 
the earth energy. Bring the energy up to your feet and into your bones. Letiit enter all the 
bones, organs and cells. Feel it blending with all the sick energy. Turn your palm up, tum 
it back down again and exhale; let go of all the sick energy, the negative energy, the 
worries and burdens, all the way down into the earth. Repeat this three to nine times. 
Dig a hole and bury all the sick energy; tell it, "Do not come back; you will be happy down 
there.” Smile. 


H. Clean with Green Light 

The Green light is for cleaning the cells. This is vitally important because the cells 
must be clean for healing. Green can help detoxify the toxic cells. Green Chi is mild and 
safe. Green Chi is used for cleansing, and as a decongestant for diseased parts. It 
‘loosens’ the area. The light green Chi is used to break down dirty or diseased energy, 
like a detergent is used for washing clothes or dishes. 

Afterwards, the cells will be rinsed with blue light, like clean water is used to rinse the 
detergent and residue from clothes or dishes. 

When you carry out healing try to ‘see’ the cells enlarged and this green energy go in 
and blend with the dirty, black and cloudy energy. See it come out and let it go down to 
the earth. Dig a hole and bury it there. Tell it, “Don't come back. You will be happy down 
there”. Become aware of the green light and spiral counter clockwise. Spiral down. 
Cleaning out the stress. Repeat as many times as you like, three times minimum. 


|. Clean with Blue Light 

Blue is like cold water; it has the yin power to dissolve all kinds of negative energy 
and sickness. It has an inhibiting effect. Blue yin energy is the opposite of red yang, 
which has a strengthening and stimulating effect. 

Blue has a cooling effect; it can reduce pain and inflammation, and it can help blood 
clot. It stops bleeding and reduces fever. It can help to induce rest and sleep. 


J. Charge with Violet Light 

Charging with Violet light holds the highest healing energy. When the cells are clean 
they will absorb and hold the Violet light and the healing will take place. Luminous Violet 
has intelligence and can be programmed. The universe is full of violet light, especially 
the North Star and the Big Dipper. The color of the star of the higher self or soul, above 
the crown, is also violet. It is the color of Divine or Soul energy. 


70 


Chapter IV 


Ithas properties of other Chi colors. It has a rapid regenerating effect on damaged 
organs and nerves. Always use green and blue light before using violet. Violet light 
develops the crown center, the spiritual core. It is good for psychological ailments as 
well as for physical deficiencies. 


K. Activate the Immune and Defense System 

The body has various mechanisms which combine to provide protection and de- 
fense against illness and disease. These mechanisms enable the body to produce 
various cells and bodies which act against invading or unwanted substances. As soon 
as a foreign body is recognized, the immune system will be triggered and will act to 
provide the most efficient means of eliminating the danger and return the body to a 
balanced state of health. A strong and healthy body will have good resources to protect 
itself from negative or sick energy. The aim of these practices is to help you to realize 
the potential of true harmony within yourself. To activate the immune and defense sys- 
tem isto increase the production of red and white blood cells. To do this we activate the 
bone marrow and lymphatic system. Guide the student or whole group together in all of 
these steps. You will not lose energy by doing this. You will gain more energy because 
you are all connected together in the group power. The crucial part is to multiply your 
good intentions, Chi and virtue energy into the cosmas, making yourself and each per- 
son a direct line from the Universe. After you finish the General Healing session you 
can tailor the healing techniques in the next chapters to the individual's needs. 
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Practice 
A. Three Minds into One Mind 


1. Smile to the Inner Universe 

Place your palms together in salutation, in front of your heart. Feel the Laogong 
points in your hands connect, creating an energy loop running from your heart through 
your arms and hands and back again. 


Laogong Point (Pericardium 8) 


Fig. 4.1 A. Empty the mind down to the lower abdomen. 
B. Activate the heart's compassion. 


2. Activate the Heart Compassion Energy 

Smile to the heart and feel it softening. Feel love, joy, compassion and happiness 
Smile down and empty the mind to the Tan Tien, the Abdominal Brain. Fill the Tan Tien 
with Chi and start to spiral. When the abdomen is warm, it is full of Chi. The Chi can 
then charge up to the brain 


72 


Chapter IV 


3. Combine the Three Minds into One 


1. Turn Upper Mind to observation mind. 
2, Turn consciousness (Middle Mind) down to Lower Tan Tien. 
3. Combine three minds into one mind at the 

Lower Tan Tien (the Yi). 
4, Manifest out at the mideyebrow. 


a 


f 


Fig. 4.2 ‘Three Minds into One’. 


B. Activate the Six Directions 


Expand the awareness to connect to the universe and the Six Directions at the crown, 
mideyebrow, heart and Tan Tien. 


Fig. 4.3 Trust and believe - turn visualization into actualization. 
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C. Activate the Three Fires 


1. Tan Tien Fire - Activate the Tan Tien 
Smile down to the abdomen to create a burning stove near the lower lumbar and 
sacrum, Create a fire ball behind the navel, above the stove. 
2. Kidney Fire - Activate the Kidney Fire: 
Always retain awareness at the Tan Tien and keep it spiraling. 
3. Heart Fire - Activate the Heart Fire: 
Keep the heart soft and fill the heart with joy, love and happiness. 


g 
® 


A B. CG 


Fig. 4.4 A. Activate the Lower Tan Tien Fire. B. Activate the Kidney and Adrenal Fires. 
. Activate the Heart Fire. 


4. Sacred Fire Triangle 

The Sacred Fire Triangle has triple force. Make a triangle from kidneys to navel (Tan 
Tien). From the heart make the connection to the kidneys. Move from the Tan Tien up to 
the heart. 


5. Cosmic Star and the Earth Star 

Atthe moment of conception, the two forces yin and yang connect with such a force, 
then only fractions of a moment later, the two forces explode into nine different Energy 
Centers. Seven of them we find in the body and two of them outside the body, forming 
our personal stars. 
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/ 
ti 
Personal Star Energy ——__ pdt 


\ 
Blend in the Tan Tien —___» ? 


(mi 


Personal Star 
— (Moon/Earth) Energy. 


Fig. 4.5 Three Fires into One Fig. 4.6 ‘Personal Star’ Energy 


The two personal stars are in fact energy centers connecting the aural field of each 
individual with the universal forces and the earth forces. In a way one can see the aim of 
Taoist Inner Alchemy in bringing these nine forces together, merging them into one 
force and thus enabling the return to the original force, the Wu Chi. 


There is a star about six inches above your crown and another one about one to. 
three feet below the soles of your feet. They are also known as the higher self, guid- 
ance, protector, adviser. These stars are our connection to the cosmic force, the uni- 
versal force and the earth deep below us. 


Always make sure your Tan Tien is warm and the sacrum and mideyebrow are breath- 
ing. Be aware of the crown breathing and see a star or a small sun above you. Be aware 
of the crown and feel a light beam extend out of the crown and make a connection to the 
star above you. Keep on breathing until you feel a strong connection. Feel how the star 
above you is exercising a strong pulling force on your crown. Once you feel this pull on 
your crown you will also feel a strong pull down from the earth. Be aware of the star 
above and the earth and universal force below you. Feel that both of them have a strong 
pull on you. 


1. Reconfirm the star above you and the earth directly below you. 

2. Fix the image of the North Star and the Big Dipper six to nine feet above your crown. 
See the cup of the Big Dipper filling with the violet light, which gathers Chi from the 
North Star and the universe. 
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3. Reach up with your left hand, and hold on to the handle of the Big Dipper. 
Pour the violet light down to your personal star 4 to 6 inches above your 
head, in order to predigest the energy of the violet light. Then let it flow down 
to your crown, into the Upper Tan Tien, to be processed and flow down to the 
heart center (Middle Tan Tien) or to the back of the head down to C-7 (Cervi- 
cal 7) and T-2 (Thoracic 2) and down to the palms. 

In Taoism we consider that the North Star emits a violet light, which is regarded as 
the highest healing light and the Big Dipper as emitting a red light. 

You can do these meditations sitting, or standing in the Chi Kung posture. The 
standing position will support a stronger structure and provide a better connection 
with the earth. 


Fig. 4.7 The North Star, Big Dipper and Galaxy spiral above. 


4, Always remember to breathe in slowly so you can process the awareness of the 
Lower Tan Tien, Feel a suction, warmth (Chi) and continue to breathe in and be 
aware of the suction of the crown, North Star and Big Dipper above you. 
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D. Linking Personal Stars, Energy Bodies and the Universe 


Be aware of your ‘personal stars’ above and below and connect to other peoples’ stars 
and energy bodies. 
Three minds unite, one mind aware of the stars above you and a star below you. 
Connect these stars to the people around you. Think about the bright light above the 
crowns of other people. Start to spiral your energy to connect to each of them. Group all 
the stars into one energy body and connect all the way to the center of the universe. 


Fig. 4.8 World Link Meditation 
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1. Center Channel and Personal Star above 


Soul, personal star or higher self 


)<— Upper Tan Tien (Upper Brain) is the 


Center of Observation. 
Middle Tan Tien (Middle Mind) is. 
the Center of Consciousness. 
Lower Tan Tien (Lower Brain) is the Seat 
of Awareness. 
Fig. 4.9 Connect Heaven to Earth Connect the Central Channel to the 
using the Central Channel. Upper and Lower Universe. 


2. Use Yi power to connect to your Personal Star above 


+— Personal Star 


Observation > 


Consciousness 


When the abdomen fills with 
Chi it will rise up and fil the 
upper brain. Connect to your 
personal star, six inches 
above your head. 


Awareness 


Fig. 4.10 Connect to your Personal Star Energy using ‘Yi’ Power. 


78 


Chapter IV 


3. Connect your Personal Star to the Personal Star of each person 
Connect your personal star to each person and then to the universe. 

4. Create a Chi Body becoming the major connecting point. Counterclock- 
wise spiral to connect each person’s star into a larger group star. 


Universal Force - _ 


Fig. 4.11 Link with Each others Personal Stars. Fig. 4.12 Connect into Group Star. 


5. Meditators become satellite links and 
create a group energy body. 

The World Link meditations become an inte- 

grated communication link. They are linked to 

the earth and the universe. Spiral and connect 

each person's star together and group the en- $ 
ergy into one energy body. This energy body be- BS 
comes an integrated communication center for ' 
each person in the group. We can be connected, 


wherever we are. Each person can connect and \ 
become their own ‘Center of the Universe’. (ase wy o-: (a 


Fig. 4.13 Form a Satellite Link and create a Group En- 
ergy Body. 
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vibration sensor 


a 
=a 
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An accelerometer can measure some aspects of vibration. However, this entry deals 
primarily with mechanical devices (often described as vibration switches) and piezo- 
electric devices (often described as vibration sensors) that are solely intended to meas- 


ure vibration. 


A vibrometer measures vibration using a laser beam aimed at a reflective spot applied 
toa surface, Its usually a laboratory instrument, beyond the scope of this Encyclope- 


dia. 
OTHER RELATED COMPONENTS 


+ accelerometer (see Chapter 10) 
+ tilt sensor (see Chapter 8) 


+ force sensor (see Chapter 12) 


What It Does 


A vibration sensor responds to repetitive 
mechanical motion. Most versions contain two 
switch contacts that are normally open and will 
close if the sensor vibrates in its designed fre- 
quency range. In some sensors, the frequency 
range and sensitivity are manually adjustable. 


Large sensors are used as automatic shutdown 
switches responding to excessive vibration in 
machinery, and may be capable of switching 
substantial currents (10A or higher). Smaller 
versions can shut down domestic appliances 
such as a washing machine that is seriously out 
of balance during a spin cycle. 


A vibration sensor can be used as a simple user- 
input device in toys and games, 


A shock sensor can detect abuse of a sensitive 
device, for example, by including the sensor 
and a data logger when the device is transpor- 
ted, 


‘Schematic Symbols 
Either of the symbols in Figure 11-1 may repre- 
sent a piezoelectric or piezoresistive vibration 
sensor, but they also represent other piezo- 
based devices. 


ZZ 


4h 
4 


Figure 11-1 Either of these symbols may represent a 
piezoelectric or piezoresistive device, including (but not 
limited to) vibration sensors that operate on ths principle. 
The symbol on the left is more common, 


Variants 


Vibration sensors use a 
tion methods. 
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E. Protective Circle and Chi Field 


Raise your hand up and become aware of the ‘Sacred Fire’ in the universe. Feel that 
your fingers are very ‘big’, very ‘long’ and touch the fire. Bring the fire down. Make a 
circle around your community, your house, Tao Garden, the meditation hall and around 
your bodies. Create an energetic field of Chi around the whole room. 


Sacred or Chi Fire 
Connect and Receive Fire from the Universal Cauldron 


1. Activate the Sacred Fire in the Universe 
Be aware of yourself. Feel your arm and fingers ‘big’, ‘long’ and ‘hollow’. Reach to 
the universe to the Sacred Fire. Let the Sacred Fire fill and pack your arm. 


2. Use Yi-Power to Create Sacred Fire Protective Circle 


Use the Yi Power to draw the Sacred Fire 
Circle on the ground around your house, 
office and the room you work in. 


A B. 
Fig. 4.14 A. Create a Group Energy Body. B. Sacred Fire ‘Protection’ 
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3. Create a Chi Dome 

Set up the ‘guardian animals’, Blue Tortoise in the north, Red Pheasant in the south, 
Green Dragon in the east, White Tiger in the west, Yellow Phoenix above and Black 
Tortoise below. 


South 


Earth-Kun 
Harmony 


Ee 


Ken 


North 


Fig. 4.15 Create and surround yourself with a Chi Dome and the Guardian Animals. 
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4. Activate the Eight Elemental Forces of Nature and the Universe 
Activate all eight forces; wind, mountain, fire and thunder on the east. Earth, lake, 


water and heavenly power on the west. 
Call the Eight Forces; fire, water (ocean), thunder (lightning), lake (rain), earth, moun- 


tain, wind, and heaven. 
Fire-Li 


Yang 


Wind-Sun South 


Thunder 
Lightning 
Chen East 


Mountain 
Ken 


Water-Kan 


Fig. 4.16 Activate the Eight Forces. 
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In the next sections F,G,H,! are practices that are for cleaning the cells. 
The more you clean the cells the more the Cosmic Healing can take place. 


F. Chi (Sacred) Water Practice 


The Sacred Water practice (also known in the West as Holy Water) is to exercise the 
right of being the creators of the Cosmos. With strict and absolutely regular daily water 
intake to prevent the stresses and associated damages of dehydration, the chief con- 
ductor and supervisor of the body's well being — tryptophan and its neurotransmitter 
derivatives, serotonin, tryptamine and melatonin will be well positioned to regulate all 
functions. Regular daily walks will keep muscles well coordinated and correct any physi- 
ological processes that are established in the body as a result of anxiety or emotional 
stress. 

A well hydrated and healthy skin needs water to constantly replace that which it 
loses to the outside environment. This then allows blood vessels to the face and the 
body to open up and provide necessary nourishment for exposed skin cells. 

Science has discovered that even if we clean water through filtration processes, 
although it may look and taste alright, closer analysis using high powered microscopic 
technology, indicates that its cell structure is ‘unclean’. Water, like humans, maintains 
the memory of its old ‘self. We store our ‘memory’ within our DNA; water stores its 
memory within its cells. 


The world is about 70% water 


Fig. 4.17 Water is Life. 
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The following three pages contain extracts from the book ‘The Message from Water’ by 
Masaru Emoto. It advises us that ‘water is telling us to take a closer look at ourselves - 
water is a mirror reflecting our mind.” 


Leet 


| ~ After offering a prayer 
to the Fujiwara dam 
the message is reflected 
inthe water. 


‘When we project Chi and love into water 
and then freeze it; it will turn into a 
‘regular’ and well structured crystal. If 
we project negative energy into water, 
the opposite will apply. Our projections 
will access the cellular level, clean out 
the polluted cells and reprogram those 
remaining with the essence of our 
Chi and Love affirmation, 

When we project a nice, loving 
instruction or thought into water, like 
‘let's do it’ the water will pick up this 
vibration and restructure itself. If we 
project negativity into the water, like a 
command, ‘do it!’, the water will 
acknowledge this accordingly. When 
we look into a pond we see our image. 
If we drink a glass of negative image 
Let's do it Doit! water its destructive energy will enter 
our system and attempt to multiply. 


Fig. 4.18 The Human Body consists of 70% Water. 
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Research has demonstrated that if we completely filter polluted water, using every 
process available, it will still maintain its old vibration and unstable structure. It will maintain 
memory in the same way that a computer does. We must therefore reprogram the cells 
with our intent. 

Ifthe water we drink contains too many pollutants and antioxidants it will eventually 
poison us. 

‘Aswe can see from these pictures, there is an enormous difference between natural 
spring water and regular city water. It is now quite clear that if we program water so that 
itbecomes, sacred, holy or Chiwater, then it will have the power to remove all antioxidants 
and pollutants ~ all sickness. It will have the power to reprogram the water within our 
bodies, to carry the same pure structure. 


~~ ° 
Tokyo Tap Water 


London Tap Water Paris Tap Water 


Under Ground Water Buenos Aires, Argentina _ Spring Water of Saijo, 
in Northern Island, Hiroshima Prefecture 
New Zealand 


Fig. 4.19 Healing or hurting? 
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We can also use music to iy 
program a vibration into water. 
Classical music will create a | 
vibration that synchronizes with 
our own health, whereas heavy 
metal music will have a [gas 
tendency to ‘shatter’! 


“You make me sick”, 
or “I will kill you”. 


ey 


Heavy Metal Music 


Thank you Folksong of Celtic Healing Music 
Region in UK 
Fig. 4.20 Power to heal or harm? 


Similarly, when we program our emotions regarding other people into water, the 
effects are the same. If we think negatively of someone, then the response will produce 
a bad vibration. if we think kind, loving thoughts then the structure will be like a beautiful 
crystal. If we love Mother Theresa and send this energy into the water, a wonderful 
crystalline structure will be created. Sick water can be transformed into healthy water. 
Healthy water can be transformed into sick water. The human body consists of 70% 
water. The key is your intent and your ability to believe that healing comes from the 
nature of your vibration. Always be open to receive. 


Adolph Hitler Mother Teresa Dirty Beautiful 
Fig. 4.24 Sick or saintly? 
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Abnormal 


Apositive mental 
attitude will be 
transmitted into the 
cells of the water 
contained within our 
‘own body. We must 
consciously practice 
inner work until it 
becomes reflexive. 


Ingestion of Indigestible Material 
Fig. 4.22 With the Power of the Sacred Water Abnormal Cells can be cured. 
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Outline of Sacred Water Practice 


Invoke the power of the Sacred Water practice to cleanse and heal the body's sick, toxic 
or negative energy. If you are working with a group of people, direct your energy 
through the energy body overhead and into each person's star, as you guide 
them through the procedure. 


|. Hold a glass one quarter full of water in your left hand, folding the middle and the 
ring fingers into the center of the palm 

Il. Hold the glass in front of your body as you point the ‘Sword Fingers’ of your right 
hand up to Heaven. 

Il, Make a request to receive healing energy and feel yourself touch a heavenly pool of 
sacred water energy. Feel the pool pouring down heavenly water to fill your arm, 

IV. Place your fingers on the cup and ask: 

Command 1: “Yin power and good fortune come from the east. Yin power 
please dissolve all negative energy, all sickness and bad fortune”. Make a 
cross over the top of the cup. 

V._Bring your arm down and point the sword fingers around the inner rim of the glass. 
Smile as you circle the fingers around the rim. 

Command 2: “By my request. Please carry out the order now.” Repeat this 
three times, charging the water with Yin Power. Project your thoughts into the wa- 
ter. 

VI. Use the thumb and index finger to remove the sick energy from the cup, without 
touching the water. Do this three times. Talk to the sick cells. Tell them to listen to 
your command: 

Command 3: “All sick cells please listen: Clear, clean and bright, this 
Sacred Water will take all the sickness away.” 

Vil. Repeat the order and visualize yourself removing the sick energy from the cells and 
giving it to Mother Earth for recycling. 

Vill. Hold the cup with both hands near your heart. 

Command 4: “This Sacred Water will give me/you health, wealth and 
longevity.” 

Project love, joy, thankfulness, gratefulness, appreciation and the energy of com- 
passion into the cup. 

IX. The Sacred Water will carry the message of the practice to all the cells, where it will 
remain. If you are practicing in a group, drink the water in unison. If you are working 
with a student, pass them the glass to drink using both hands. 
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Step I: Prepare the Hands and Arms to Receive the Universal Chi 
Left Hand Position: Prepare to hold a cup or glass with the left hand by folding the 
ring and middle finger into the center of the palm. Hold the glass in front of the body. 


A. ; B. 
Fig. 4.23 A. Fold Ring and Middle Fingers. B. Hold Glass in Front of Body. 
Step Il: Prepare the Sword Hands to Receive the Universal Chi 
Right Hand Position: Form the right hand into a ‘sword hand’ by folding the pinkie, 


ring fingers and thumb into the palm. Straighten and hold the index and middle fingers 
together and extend them upward 


Fig. 4.24 Prepare to receive the Universal Chi 
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Pin-and-Spring 

Probably the simplest type of sensor consists of 
a small, thin pin in the center of a miniature coil 
spring. The spring is anchored at its base, but 
its other end is free to vibrate. If the vibration 
reaches a sufficient amplitude, the spring 
touches the pin, completing a circuit between 
the two leads of the device. 


‘An example is shown in Figure 11-2, where two 
identical sensors are shown, one of them cut 
‘open to reveal the gold-plated rod and spring 
inside. This sensor is rated for 10mA at up to 
12vDC. 


Figure 11-2 When the spring in this sensor vibrates, it 
touches the pin that is centered init. The background grid 
{5 inrmilimeters. 


‘Advantages of this system are low cost, ability 
to respond along two out of three axes, no 
power supply requirement, and ability to 
switch AC or DC. However, because the internal 
contact is extremely brief, it must be connected 
with a latching component of some type. A flip- 
flop could be used, or a 555 timer. The switch 
may also be connected with an input pin on a 
microcontroller, provided a pullup or pulldown 
resistor is used to prevent the input from float- 
ing when the switch is open. 


Externally, the packaging of a pin-and-spring 
vibration sensor is almost indistinguishable 


mechanical > oscillation > vibration 


from a small tilt sensor that contains one or 
‘two spherical metal balls. The tilt sensor may 
respond to vibration, but only of a large ampli- 
tude and low frequency. 


‘A miniature board containing a pin-and-spring 
vibration sensor, comparator, and trimmer 
potentiometer for sensitivity control is sold 
cheaply by the Chinese supplier Elecrow as 
their product SW-18015P, shown in Figure 11-3. 
Elecrow also offers a wide range of other low- 
cost sensors. 


Figure 11-3. pin-and-spring vibration sensor mounted 
‘ona board with sensitivity control 


Piezoelectric Strip 

The LDT0-028K by Measurement Specialties is a 
section of piezoelectric polymer film laminated 
toa polyester substrate. The film is designed to 
be anchored at one end, allowing the other end 
to vibrate. An unweighted version and a weigh- 
ted version are shown in Figure 11-4, each 
measuring about 13mm x 25mm. Addition of 
the weight alters the resonant frequency of the 
sensor. 


Deflection of about 2mm is sufficient to gener- 
ate a surprising 7VDC between the two leads. 
Larger deflections will generate higher vol- 
tages. The manufacturer suggests that direct 
connection to a CMOS component is possi 
‘An op-amp may be used for signal condition- 
ing. 

A piezoelectric device of this type only gener- 
ates voltage during the process of deflection. If 
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Step Il: Fill your Arm with the Power of the Heavenly Pool 

Sense the sword fingers and the arm as being ‘long’ and ‘big’ as you raise them 
towards Heaven. Sense that the middle of the arm is hollow and bottoms sealed at the 
shoulder. The mind’s attention is focused on merging with the primordial Chi of the 
Universe, the energy of your thoughts will be multiplied. 

‘As you make your request to the Universe, feel that you are touching a heavenly pool 
of Sacred Water Energy. Feel that the pool is pouring down like a waterfall tofill he arm. 
When itis full compact, compress the Sacred Energy into it as much as you can. 


> 


Fig. 4.25 Touch the Heavenly Pool. 


A B. 
Fig. 4.26 A. Blessing Sacred Water in Russia. B. Opening the Third Eye in Russia. 
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Step IV: Make the Cross on the Top of the Cup 


Put Sword Fingers on top of the Cup. Ask for the Yin Power: Command 1: “Yin 
Power and good fortune, come from the east. Yin has the power to dissolve all 
negative energy, all sickness and bad fortune.” 

Command 2: Make the cross on the top of the cup and say “By my request. 

= 


Fig. 4.27 Give the command: ‘Fortune comes from the East - Yin has the power to dissolve all 
negative energy, all sickness and bad fortune. By my request. 


Step V: Charge the Water to Transform it into Sacred Water 


Bring your arm down and point the sword fingers into the glass of water. Smile and 
circle the sword fingers around the inner rim of the glass. 

Continue to order: “Please carry out the order now.” Repeat 3 times to charge 
the water with the Yin Power. As you do this, project a good thought into the water. 


Fig. 4.28 "Please carry out the ordernow" 
Repeat three times, charging the water 
with the yin power. 
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Step VI: Command 3: “All sick cells please listen : Clear, Clean and Bright, this 
Sacred Water will take all the Sickness away.” 


Give the above command. Use the thumb and index finger to pick up sick energy 
from the cup, without touching the water. Do this three times. 


Fig. 4.29 “All sick cells please listen: clear, clean and bright, 
this sacred water will take my/your sickness away”. 


Fig. 4.30 
A. Ask for the power to see the cells - if they are toxic and dark, ask for them to be cleaned out. 
B. “Clear, clean and bright’. 
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Step VII: Let go of the Sick Energy to be transformed by the Earth 
As you repeat the order, picture yourself removing the sick energy from the cells 
and discarding it down into the Earth to be transformed and recycled. 


Fig. 4.31 Sick Energy return to the Earth. 


Fig. 4.32 See the Cells become Clean, Bright and Smiling. 
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Step VIII: Fill the Water with Compassion 


Hold the cup with both hands near the heart and project goodness into the water. 
Command 4: “This sacred water will give me/you health, wealth and longevity.” 
Project love, joy, thankfulness, gratefulness, appreciation and the energy of com- 


passion into the cup. 


Fig. 4.33 "This Sacred Water will give 
you health, wealth and longevity.” 


Step IX: Drink the Sacred Water 


The Sacred Water will carry the 
message to all the cells. It will keep 
the message of the Sacred Wa- 
ter practice in all the cells. Use 
both hands to pass the Sacred 
Water to the student you are work- 
ing with, or drink it yourself and/or 
in unison with your group. Feel 
the water go into all the cells 
of your body. Feel it removing 
the sick cells and purifying your 
body. 

You can also sprinkle it on 
to any area that requires heal- 
ing. 


Fig. 4.34 Drink the Sacred Water. 
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G. Empty and Fill 
Ask for permission to work on the student by communicating with their personal star. 
Point your sword hand down to the ground. Project your hand ‘very big and very long’ 
and your feet ‘very big and very long’ - extended down to the ground. Now very slowly 
inhale, bring up the earth energy. An important part of the practice is to extend a ‘line’ 
down from universe into yourself and one into the student. The line sinks through the 
Tan Tien into the universe below. You can send your energy up to your eneray body and 
it will be brought down to the energy body of the other person 


4.35 Feel your hands are long as Fig. 4.36 Project the other person's legs 
down into the earth they extend. deep into the earth. 


Fig. 4.37 Blend the universal energy and Earth Chi bring it into all of the bones and cells. 
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Bring the energy up to your feet, into your bones. Let it enter all the bones, organs 
and cells. Feel it blending with all the sick energy. Tum your palm up, tum it back down 
again and exhale; let go of all the sick energy, the negative energy, the worries and the 
burdens alll the way down to the earth. Down, down, down to the earth. Again from the 
earth up. Do it at least three, six or nine times. When people are very sick, you need to 
clean them thoroughly. Bring the earth energy up into your bones again. Feel numb, 
tinkling electricity flowing in all your cells. Return the energy down, down, down to the 
earth. Relax, let go; worries, burdens, let everything go. It is very important to say to 
yourself or group: “You must let go of all your sick energy. Let go of all your bur- 
dens. Let go of all your worries, down to the earth”. Repeat it once again. Inhale 
from the universe and into the earth. From the earth let it enter into your bones. From 
the bones all the way to your inner self. Feel the energy blend with the sick energy. 
Exhale and let go of all your sick energy, any negative emotions burdens, worries, anxi- 
eties; release them all the way down into the earth 


Fig. 4.38 Bring the Universal Chi down and let it blend with the sick and negative energy. 
Bring it down into the earth and bury it there. 


Empty negative, sick energy, burdens, worries, go deep down into the earth. Dig a 
hole and bury them there - tell them "Do not come back; you will be happy there.” 

Feel that the feet are long and extended into the earth. The hollow bones have been 
compacted with compressed Chi 
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Once again guide the good Chi 
from earth up to the fill the person 
again. See the cells as big as the stars, 
and fill them with Chi to blend with the 
dirty and sick energy. Then empty 
them again down to the earth. 


Fig. 4.39 You can also use a Tree to 
guide the Chi down into the Earth. 


H. Clean with Green Light 


Become aware of your liver and breathe into your throat center. Feel that you are breathing 
the green light into your throat center and let it blend in the Tan Tien. The Chi comes up 
to blend in the heart, up to the crown, spirals and goes up to the universe. Raise your 
hand in a spiraling motion up to the universe. Use your ‘one hand’ to spiral in the uni- 
verse. Spiral clockwise first. Spiral green light from the universe. Now reverse, counter- 
clockwise - multiply and spiral counterclockwise, bringing the Chi down to clean out 
your communities, your house, the Tao Garden, the meditation hall, your bodies and all 
of the people that are ‘here’ - fill yourselves with Chi. You will use this power to see the 
cells. — 


Fig. 4.40 Spiral Sick Energy Counterclockwise down to the Earth. Smile to the Cells and let the 
Green Light clean out the sickness, flushing it down into the Earth below. 
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See the cells enlarged and this green energy goin and blend with the dirty, black and 
cloudy energy. See it come out and let it go down into the earth. Dig a hole and bury it 
there. Tell it, "Don’t come back. You will be happy down there”. Become aware of the 
green light and spiral counterclockwise. Spiral down, cleaning out the stress. Clean out 
your house. Send everything down into the earth. Repeat three, six, nine, thirty six or 
one hundred and eight times. This depends on how much sick energy you are dealing 
with in your body. 


Green: 


70% White 


30% Green 


Fig. 4.41 Clean with green. 


Green cleans and detoxifies all of the body's cells. Green Chi is mild and safe. 
Green Chiis used for cleansing, and as a decongestant for diseased parts. It loosens’ 
the area. The light green Chi is used to break down dirty or diseased energy, like a 
detergent is used for washing clothes or dishes. Afterwards, the cells will be rinsed 
with blue light, like clean water is used to rinse the detergent and residue from clothes 
or dishes. 


Throat Center Green 


Be aware of the liver's green 
color, the throat and the forest. 
Breathe into the throat, feel your- 
self breathing in the green light. 
Guide it down to the Tan Tien, blend 
and move it up to the heart and the 
crown. 

Project it to the universe; spiral 
and let it multiply. 

Channel one direct line down to 
the student, one to your crown and 
‘one to your palm. 

Fig. 4.42 Blend Green Chi into the Three Tan Tiens - project to the Universe, 
multiply and bring the Energy back down to the Student. 
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Be aware of the liver, the gall bladder, the forest and 
the throat breathing. 

Be aware of the green light in the universe. Let the 
light come in and blend in the Tan Tien, up to the heart 
to blend with the compassion in the heart, and up to the 
crown. 

Project the light up to the universe. See it spiral and 
let it multiply. 


Always keep your Lower Tan Tien Fire warm. Spiral 
in your Tan Tien and spiral the energy down to the 
student. Spiral 1,000 revolutions per minute, 10,000, 
30,000 and 60,000. 


Fig. 4.43 Draw down the Green Light from the Universe. 


Cleanse and Remove Sickness 


Extend your arms up, with palms facing the heavens. 
Use one hand to spiral the green force down. The other 
hand holds the position and connects to the universe. 
Let this big pool of green light in the universe spiral down 
= through your community, your home and then into your 
crown. 

Let the Green light blend into the cells and bond with 
sickness and toxins. Let the green light bring the sick- 
ness out of the cells and flow down to the center of the 
earth, 

Dig a hole and bury it. Give the command: ‘Don'tcome 
back. You will be happy down there. You will be trans- 
formed into good Chi.” Smile. Always smile. 

Repeat it six, nine or eighteen times. For people who 
are very sick, who have cancer or may be terminally il, 
you can do this two or three hundred times. 


Fig. 4.44 Green Light bonds with the Sickness and Toxins 
before returning them to the Earth, 
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the strip is held in a curved position, its output, 
diminishes to zero. 


This sensor has a resonant frequency around 
170Hz when there is no weight attached to its 
free end. 


Wigs 
Ata. 
en — 
= oS 


Figure 11-4 Two versions of the LDTO-028K vibration 
sensor from Measurement Specialties. one with an added 
weight to lower its resanant frequency. 


Chip-Based Piezoelectric 

The Murata PKGS series is an example of a 
surface-mount piezoelectric shock sensor. 
Measuring only about Imm x 2mm x 4mm it 
has an analog output designed for connection 
through an op-amp. The manufacturer sug- 
gests application in a hard-disk drive to block 
read-write operations when vibration occurs. 
Similarly, these shock sensors may be used in 
CD-ROM or DVD drives. They may also be 
installed in cash dispensing machines to sound 
an alarm if vandalism occurs. 


Toshiba's TB6078FUG is a similar product. Note 
that because these devices contain electronic 
components, they require a power supply (usu- 
ally 33VDC to SVDC) for operation. 


“Mousetrap” Type 

Some vibration switches rely on a simple sys- 
tem of leverage that is comparable to a mouse- 
trap, in that a relatively small stimulus releases 
a strong spring. In Figure 11-5 the upper part of 
the figure shows the switch at rest, held in its 
position by a powerful spring and by the 
weight of a mass attached to a pivoted arm. In 


Variant: 


the lower part of the figure, severe vertical 
vibration has caused the assembly to move up 
and down with sufficient energy to overcome 
the tension in the spring while the inertia of the 
mass has resisted the motion. Consequently 
the arm has moved past the position where the 
spring is aligned with the pivot, and the spring 
now acts to hold the arm against a snap-action 
switch, A system of this type is used in sensors 
on some power-station cooling towers, where 
the loss of a large fan blade can result in major 


Mass 


\ / 


Figure 11-5 A spring-loaded vibration sensor. 


Magnetic 

‘Typically this method is used to detect exces- 
sive vibration in machines or other devices 
containing heavy rotating mechanical compo- 
nents, The sensor may be physically large, mov- 
ing switch contacts that are designed to handle 
currents of 1A or significantly more. 


In one system, a steel ball is retained by a per- 
manent magnet that is barely powerful enough 
to prevent the ball from falling. Excessive low- 
frequency vibration will dislodge the ball, 

ich falls and completes a circuit between 
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|. Clean with Blue Light 


Be aware the blue light, kidney blue. Breathe the blue light into the throat center. Now 
slowly blend the blue light in the Tan Tien. Blend the blue light in the heart, in the crown 
and projectit up to the universe, spiraling clockwise. Then feel the universe pouring the 
blue light back down; counterclockwise. Spiral down. Look at the cells and see the blue 
light, like water, go in to the cells to rinse and clean all the dirty things, down, down, 
down to the earth. All the way down. Repeat three, six or nine times. Smile. 


Blue: 


70% White 


30% Blue 


Fig. 4.45 Rinse with Blue. 


Blue is like cold water; it has the yin power to dissolve all kinds of negative energy 
and sickness. It has an inhibiting effect. Blue yin energy is the opposite of red yang, 
which has a strengthening and stimulating effect. Blue has a cooling effect; it can re- 
duce pain, inflammation and can help blood to clot. It stops bleeding and reduces fever. 
It can help to induce rest and sleep. 


Throat Center Blue 


Be aware of the kidneys’ blue color 
and breathe the blue light into your throat. 
Guide it down to the Tan Tien, blend and 
move back up to the ‘heart of compas- 
sion’ and then the crown. 

Project up to the universe, spiral and 
let it multiply. 

Channel one direct line down to the 
student, one to your crown and one to 
your palm. 

Fig. 4.46 Multiply the Universal Blue Light - 
guide the Energy from the Throat, Heart and 
Crown into the Universe and back down. 
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Be aware of the kidneys, the bladder, the oceans 
and the throat breathing. 

Be aware of the blue light in the universe. Let the 
light come in and blend in the Tan Tien, up to the 
heart to blend with the compassion and up to the 
crown. 

Project the light up to the universe. See it spiral 
and let it multiply. 


Fig. 4.47 Draw the Blue Light from the Universe - 
rinse clean and remove sickness. 


Rinse and Flush 


Extend your arms in the air, with palms facing 
heaven. Use one hand to spiral the green force down. 
The other hand holds the position and connects to the 
universe. Let a big pool of green light in the universe 
spiral down — through your community, your home, 
and then into your crown. 

Let the blue light flush into the cells and flush out 
sickness and toxins towards the center of the earth. 

Diga hole and bury them. Give the command: “Don't 
come back. You will be happy down there. You will be 
transformed into good Chi.” 

Repeat it six, nine or eighteen times. For people 
who are very sick, who have cancer or who may be 
terminally ill you can do this up to thirty six, seventy 
two or one hundred and eight times. 


Fig. 4.48 Blue Light flushes out the 
sickness and toxins before returning 
them to the earth. 
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J. Charge with Violet Light 


70% White 


30% Violet 


Fig.4.49 Intelligent Luminous Violet 


Luminous Violet has intelligence and can be programmed. The universe is full of violet 
light, especially the North Star and the Big Dipper. The color of the star of the higher self 
or soul, above the crown, is also violet light, the Divine or Soul energy. 

Ithas properties of other Chi colors. It has a rapid regenerating effect on damaged 
organs and nerves. Always use green and blue light before using violet. Violet light 
develops the crown center, the spiritual core. It is good for psychological ailments as 
well as for physical deficiencies. 


Primordial Force 


Turning the three minds into one mind, go deep into the empty space of the cell and 
deep into the chromosomes, magnify the space as you enter into the DNA and return to 
the original cells. The empty space is the Wu Chi. When you enter this stage you tum 
the subconsciousness into consciousness and you can talk to your body and cells. You 
can change the programming of DNA and RNA. 

Ask for the power to see the cells and look at the brain cells spread out into the 
space. “Brain cells please listen. Clear, Clean, and Bright: fill with violet light and return 
to normal function”. 


Violet Light into the Cells 


See violet light. Be aware of your crown. The Tan Tien Chi and the negative Chi all 
combine in the crown. Extend a violet light up to the universe. See the North Star in the 
Big Dipper. Tell the student to hold their arms in the air, so that they can funnel the Chi 
into their personal star. Bring the North Star and the Big Dipper down; hold the handle of 
the Big Dipper and pour the violet light over the student's personal star. The higher cells 
will be programmed. Let the Chi enter the brain and ask for the power to see the brain 
cells. “Brain cells listen to the command’. If there is sickness in the brain, give the 
command. “Sickness go away”. 
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The North Star is a major source of vio- 
let light. 

The Big Dipper is a major source of red 
and infrared light. Taoists understand that, 
the cup of the Big Dipper gathers all the 
violet ight from the universe. The left hand 
holds the handle of the big dipper - pour it 
down to your crown. It then flows down 
throughout the body. 


Spring 


king North 


Chapter IV 


Fig. 4.51 Practitioner connects with Universal Violet Light. 
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Bring the violet light down to the student's personal star above their crown. Pause to 
let the higher cells of the brain reprogram the violet light at the personal star. Continue 
to spiral the violet light down through the cells of the brain and down through the cells of 
the whole body. 


Fig. 4.52 Pause to reprogram the Violet Light at the other Person's Personal Star. 


a 


Fig 4.53 Lead the person and guide them to follow you. 
Tell them to focus on the part of their body that you are working on. 
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4. Ask for the power to see into the cells of the brain. Ask the student to move their 
hands to cover their brain. “Brain cells listen to the command: Sickness go away. 
Clear, clean and bright; fill with violet light and return to normal function’. 


Frontal Lobe 
Parietal Lobe 


Occipital Lobe 


Temporal Lobe 


Cerebellar Hemisphere 


Pineal Gland 


Thalamus. 


Hypothalamus 


Cortex of Cerebellum 


Pituitary Gland 
Mammillary Body 


pana Medulla Oblongata 


Fig. 4.54 “Clear, clean and bright; fil with violet light and return to normal functions’. 


on 


Brain Cells Healthy Happy Cells 
Fig. 4.55 ‘Intent’ to Heal. 
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2. Ask for the power to see the cells of the sense organs. Ask the student to move their 
hand to cover their senses. Give the command: ‘Eyes, ears, nose, tongue and mouth 


cells listen to the command. Sickness go away. Clear, clean and bright; fll with violet 
light and return to normal function”. 


Conjunetiva 


Retina 
Blood 
Vessels 


Optic (Il)Nerve Optic Disk (Blind Spot) 


Fig. 4.56 ‘Eyes, listen; clear, clean and bright; fil with Violet Light and return to normal function”. 


‘Semicircular Canal 


Auricle 


Cochlea 


Eardrum 
Elastic Cartilage 


External Auditory Canal 


Fig. 4.57 “Ears, listen; clear, clean and bright; fl with Violet Light and return to normal function”. 
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Olfactory Tract 


Epiglottis 
Olfactory Bulb Root of Tongui 


Olfactory Nerve 


Superior Nasal Canal 
Nose Tongue 


Fig. 4.58 
"Nose, tongue, listen; clear, clean and bright; fil with violet light and return to normal function” 


3. Move your hands down to your throat center and give the command: “Thyroid, par- 
athyroid and Thymus glands, listen to the command; Clear, clean and bright; fill with 
violet light and return to normal function’, 


Right Lobe of 
Thyroid Gland 


Common Carotid Artery} 


Trachea 
Stern 


Throat Center 


Thyroid 
Parathyroid Glands 
(Behind) 
Thymus hk 
Gland Thyroid Gland 
Trachea 
Fig. 4.59 


“Thyroid, parathyroid and thymus glands - listen; clear, clean and 
bright; fil with violet light and return to normal function”. 
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. Move your hands to the heart and the lungs. Ask for the power to see the cells of the 
heart and lungs. Give them the command: “Lungs and heart cells, listen to the com- 
mand’. If there is no sickness, just clean them out. See the cells and clean them out 
with violet light. If there is sickness, tell the sickness to “go away - be clear, clean 
and bright; fill with violet light and return to normal function”. Make sure that you say 
this part aloud. Give the command in a very firm tone of voice. 


ye 


Fig. 4.60 
“Heart and lung cells please listen; clear, clean & bright; 
fill with violet light and return to normal function 


5. Move your hands to cover the left and right sides of the ribcage. Ask for the power to 
see the cells of the liver, gallbladder, spleen, pancreas and stomach. Give them the 
‘command: ‘Liver, gallbladder, spleen, pancreas and stomach cells, listen to the com- 
mand’. If there is no sickness, just clean them out. If there is sickness, tell the 
sickness to, “go away - be clear, clean and bright; fll with violet light and return to 
normal function”. Make sure that you say this part aloud. Give the command ina very 
firm tone of voice. 


“ 
spleen 
Liver Pancreas (Behind) 
Gallbladder: Stomach 


Fig. 4.61 
“Liver, gallbladder, pancreas and spleen cells please listen; 
clear, clean and bright: fill with violet light and return to 
normal function”. 
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6. Move your hands to the large and small intestine on the front of the abdomen. Ask for 
the power to see the cells of the intestines. Give them the command: “Large and 
small intestine, listen to the command’. If there is no sickness, just clean them out. 
See the cells and clean them out with violet light. If there is sickness, tell the sick- 
ness to, “go away - be clear, clean and bright; fill with violet light and return to normal 
function". Make sure that you say this part aloud. Give the command in a very firm 
tone of voice. 


Intestines Healthy cells 
Fig. 4.62 “Small and large intestine cells listen to the command: clear, clean and bright; fil with 
violet light and return to normal function”. 


7. Move your hands to the kidney and sexual organs and ask for the power to see their 
cells. Give the command: “Kidney and sexual organ cells listen to the command: 
Clear, clean and bright; fill with violet light and return to normal function’, Gather the 


violet light again and lett pour down and fill all the cells. See the violet light again and 
feel and see that all the cells are, “clear, clean and bright". Smile. 


pita 


Testes Ovaries 
Fig. 4.63 “Kidneys and Sexual Organs listen”. 


Kidney 
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‘two contacts. This activates a relay that powers 
down the piece of machinery that is vibrating. 


The ball may be spaced a small distance from 
the magnet by a beveled nonmagnetic seat, 
and the seat may be movable with an external 
screw. This will adjust the sensitivity of the 
switch. After the switch has been triggered, it 
must be reset, which may entail using an exter- 
nal lever to raise the ball back to its location 
near the magnet. 


Another magnetic system is shown in 
Figure 11-6, where a magnet on a vertical arm 
can be displaced by horizontal vibration, and 
an inertial mass on a spring-loaded horizontal, 
rod can also dislodge the magnet in response 
to vibration along the other two axes. 


Figure 11-6 A magnetic vibration switch. See text for 
details 


Mercury 

A.small mercury switch may be used as a vibra- 
tion sensor, although this application is uncom- 
mon. See Chapter 8 for more information about 
mercury switches. 


Values 


‘Measurement of vibration is a complex science 
of special interest in mechanical design, espe- 
cially in areas such as the powertrain and sus- 
pension geometry in an automobile, Only a few 
fundamentals will be summarized here. 


mechanical > oscillation > vibration 


Primary Variables 

The four primary variables in vibration are fre- 
quency, displacement, velocity, and accelera- 
tion. Frequency describes how rapidly the 
vibration occurs; displacement describes how 
far the vibrating object moves in each direc- 
tion; velocity describes how fast it moves dur- 
ing each cycle; and acceleration describes how 
rapidly the velocity changes during each cycle. 
Different types of sensors can be chosen for 
their responsiveness to each attribute. 


Figure 11-7 shows the theoretical relationships 
between displacement, velocity, and accelera- 
tion plotted against the frequency of vibration. 
The y axis of this graph (the vertical axis) is 
often labeled “amplitude,” but in reality it is 
being used to measure three different units, as 
shown. The curves indicate that if the velocity 
of vibration remains constant while frequency 
increases, acceleration must increase as a func- 
tion of the frequency while displacement 
decreases, The acronym “rms” denotes that the 
values are measured as the “root mean square’ 
of their fluctua 


Relationships Between 
6 Primary Atributes of Vibration 
(all units measures rms) 


— Displacement, microns 
= Acceleration, gravities 
= Velocity, mm/sec 


Amplitude 
{using eppropriate units for each curve) 


3a 
2 
a 
oO 
00H: ake TOKE 
Frequency 


Figure 1-7 Theoretical relationships among the primary 
attributes of vibration 


Mechanical sensors or switches that respond to 
displacement are best suited to low frequen- 
cies, while piezoelectric sensors that are sensi- 
/e to acceleration are best suited to higher 
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apy Rectum Uterine (Fallopian) Tube 


Uterus 
Cervix of Uterus 
Clitoris 
Mons Pubis 
Urethra 
Coceyx Extemal Urethral Orifice 


Anus Vagina Urinary Bladder 


Urinary Bladder Seminal Vesicle 


Pubic, Bone\ Prostate. 


Ductus (Vas) Deferer 


‘ald 


Fig. 4.64 Male and Female Sexual Organs 


[ed = \ 


Sperm 


Fig. 4.65 “Clear, clean and bright: fil with Violet Light and return to normal function”. 
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K. Activate the Defense and Immune System 


The Defense System relates to the white bloo« 
cell and the immune system relates to the Lym- 
phatic System. 


Right Lymphatic Duct. 


Thymus Axillary Node 


Lymphatic Vessel— 
Thoracic Duet Spleen 
‘Small Intestine 
Intestinal Node 
Haruo sees liae Node 
Appendix 

Inguinal Node 
Hypothalamus 
Pineal Gland 
Pituitary Gland 


Red Bone Marrow 


Lymphatic Vessel 


Fig. 4.66 Ask the cells to listen to the command. 
The bone marrow produces red and white blood cells. The lymphatic system cleans the toxic 
and polluted material and bacteria from the cells. 
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T Cells and Macrophages 
Cervical 
Vertebrae 
Lymphatic Sinuses 
Reticular Fibers Thoracic 
Vertebrae 
Efferent 
Lymphatic 
Vessels 
Lumbar - 
Vertebrae 
4 Sacral 
tymone Vertebrae 
Lymphatio™ 
Vouseh / Lymph Node Coccygeal Vertebrae-= VY spine 


Fig. 4.67 “Immune Cells and Vertebrae please listen: clear, clean and bright; 


fill with Violet Light and return to normal function’, 


Bone Marrow Tissue 


‘Ea 


Sacrum: The sacrum controls all the bones and marrow. It effects the production of 
red and white blood cells. The bone marrow produces the lymphatic cells (white blood 
cells). When the blood is full of Chi it becomes lighter. Negative emotions make the 
blood thick and acidic. The blood cells in a healthy body can live up to ten times longer 
than in a weak or diseased one. 

Bone Marrow: A tissue rich in fats, containing plenty of nourishment for the com- 
prehensive production of the different blood cells: red cells for the transport of oxygen, 
blood platelets for clotting and the various white cells for the immune system. 

Bacterium: Represents the foreign invader, but tis only one of many invaders. Para- 
sites, fungi, viruses, chemicals, mineral fragments, metal particles—these and a great 
deal besides, set the immune system to work. 

Thymus Gland: Perhaps the most important organ of the immune system. The vital 
training of the different T-lymphocytes takes place inside. When they pass through the 
thymus they receive a program to convert them into 'T’ lymph cells. When they pass 
through the liver and large intestine they become 'B’ cells and helper cells. 
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We have obtained Fig. 4.68 and the following text from the publication ‘The Body 
Victorious’ by Lennart Nilsson and Jan Lindberg. 

We hope that you find this short selection of material as informative as we did. 

“The illustration below is a highly schematic and simplified picture of our immune 
system. Top left, the pale yellow ‘house’ symbolizes the bone marrow, where all blood 
cells are born, Bottom Right, a solitary bacterium (yellow) represents the foreign invader 
that the immune system needs to combat. The light blue path represents the older 
defenses, with various feeding cells that tackle all foreign substances and also function 
as a kind of cleaning system. They deal with all the old, dead and used-up material in 
the body. The newer, special defense force, which develops later, follows the green 
path. Its cells are more specialized; they obtain their special training and reach maturity 
in organs such as the thymus gland and in the lymphoid tissue around the intestines 
and in the liver. In the lymphoid tissue, the yellow ‘half-way house’ (far right), the ‘B- 
lymphocytes are trained. These are the precursors of the large plasma cells - the pale 
green cells (far right) in the illustration, which produce the body's sniper ammunition, 
the antibodies (Red and Y-Shaped). 


Bone Marrow 


Killer Cell 


Bacterium _ 
Fig. 4.68 


Bone marrow, bacterium and thymus please listen: clear, clean and bright; fll with violet light 
and retum to normal function”. 
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The three paths from the thymus are intended to show that there are different types 
of T- lymphocytes - among others, aggressive killer cells, helper cells and suppressive 
cells. All of them have specialized tasks to perform when the immune system launches 
a counterattack. The three blue paths of the older defenses have three different kinds of 
feeding cells. First, the large and powerful macrophages (orange) advance on the enemy; 
then come the granulocytes (blue), smaller and faster moving, followed by the (pink) 
monocytes. The nuclei in the shimmering cell bodies are faintly discernable. In addition, 
there is an important complement system (middle), symbolized here by a multicolored 
range of small spheres flocking toward the foreign bacterium. These molecules play a 
large part in increasing the efficiency of both antibodies and feeding cells. In addition, 
they have the capacity to destroy bacteria by shooting holes in them. The complement 
factors are produced in many different cells in the body. 

Chi Kung has a very strong effect against viruses. Altough medical science is strug- 
gling to discover a medicine that will kill them, Chi Kung practice is able to prevent them 
from occuring in the first place. Whether we are sick or healthy, we all need our defense 
system to be in good shape. 


Defense System - Outline of Practice 


4. Work on yourself first to activate your sacrum. Project the sacrum as big as the 
universe. See the eight holes in the bone and visualize them breathing. Breathe and 
compress the Universal Chi into the bones. Feel the Chi begin to rise up the spine 
and into your mideyebrow and temple bones. When you feel that there is enough 
Chi, projectit out to the universe, multiply it and spiral it back down. Project it towards 
the student and ask them to touch their sacrum. Rub your hands until warm and 
touch the sacrum. Picture the sacrum getting bigger and bigger, breathing into the 
eight holes. Tell the person to smile at the sacrum and start to work on your Tan Tien 
and universe. Multiply more energy and picture the Chi from the universe coming 
down to the sacrum of the other person (and your own) and then charge up the 
spine, to the rib cage, to the temple bone and to the mideyebrow. 

Crown “= 

‘Temple Bones 


rtlage 


Spongy Bone 
Third Eye 
Medullary Cavity 


Mideyebrow controls all Yellow Bone Marrow. 
theglandsandenergy —_Periosteum 
centers. 

Artery Bone 


Fig. 4.69 Visualize and feel the Bone Marrow filling with Chi. 
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2, Tell the student to move their hands to the hip bones. Tell them to smile to these 
bones. Feel them as ‘funny, laughing, happy bones’. Tell them to feel the electricity 
in the sacrum and bone marrow. 

. Touch the femur bones. Feel the electricity running up the legs. 

. Touch the humerus bones. Feel the electricity running up the arms. 

. Touch the lower part of the sternum and feel the Chi penetrate into the bones and 
spread out to the rib cage. Feel the electricity run throughout the rib cage. 


wae 


Practice 


. Touch the sacrum, feel your fingers grown ‘long’ and penetrate into the marrow. Feel 
that the sacrum is as big as the universe and that the Chi has been compacted. Fill 
the sacrum with Chi. The eight holes are breathing, Let the fingers touch the sacrum 
and become aware of the Tan Tien spiraling, until you feel the crown and the 
mideyebrow spiral and connect to the universe. Hold until the universe fills the sacrum 
‘once again and rises up the spine to the mideyebrow. 


Bone Marrow Cells 


Fig. 4.70 Touch the Sacrum - see the Eight Holes breathing - fill he Sacrum, Mideyebrow and 
Crown with Chi- empty to the universe and fil’ again. 


Sacrum Breathing to get Chi 


Breathe through the sacrum; feel red and yellow light enter. Guide it into Tan Tien. Blend 
the Chi in the Tan Tien. Move up to the Heart Center. Move up to the Crown and project 
up to the universe; let it blend and multiply. Multiply in the universe 

Open a direct channel down to the other person, and one to your palm 
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Sacrum Chi 


Project the student's feet down to the earth and connect to the earth's core. 


Eight Holes Breathing 


Third Eye and Temple Bones are aligned in atriangle. Activate the Sacrum until you fee! the Chi 
rising up the spine and feel it pulsing; 
be aware of the Temple Bones. 


Fig. 4.71 Activate the Sacrum - Be aware of the Temples. 


2. Tell the student to move 
their hands to the hip BreastBone 
bones. Tell them to smile 
to these bones. Feel 
thems ‘funny, laughing, 
happy bones’. Tell them 
to feel the electricity in Spine. 
the sacrum and bone 
marrow. Tell the student 
to pack and compress 
the Chi into the bones in 
order to revitalize and re- 
vive bone marrow. Give 
the command. “Produce 
healthy white and red 
blood cells”. 


Become aware of your arms. The 
|) bones are as big as the universe. 


Become aware of your legs. The 


bones are as big as the universe. 


Fig. 4.72 “Hip Bones produce healthy White and Red Blood Cells”. 
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White Blood Cell 
(Neutrophil) 


Leave the fingers touching the hip bones and start to 
spiral in the Tan Tien until you feel the crown and the 
mideyebrow also spiral. Expand your awareness to the 
Universe and the Universe will charge into the hip 
bones. 


Fig. 4.73 Touch and feel the bones. Leave your fingers there 
-lower your mind into the Tan Tien and the universe. 


3. Touch the middle part of the femur bone 
to help increase the production of 
healthy red blood cells. Feel the 
electricity running up the legs. Give the 
same command for the femur bones: 
“Funny, laughing, happy bones produce 
healthy white and red cells.” After that 
put your mind into the Tan Tien and 
universe so that the Chi can charge into 
the bones. Feel electricity run through- 
out the whole skeleton. 


Fig. 4.74 "Funny, laughing, happy femur 
bones produce healthy white and 
red blood cells’ 


4, Touch the humerus bones. Feel the electricity running up the arms.Give the same 
command: “Funny, laughing, happy bones produce healthy white and red cells.” After 
that, put your mind into the Tan Tien and universe so that the Chi can charge into the 
bones. Give the same command for the lower part of the sternum. Chi penetrates 
into the bone and spreads out into the rib cage ‘Tan Tien and Universe’, Put your 
mind into the Tan Tien and the universe so that the Chi can charge into the bones. 


117 


General Healing Session 


5. Touch the lower part of the sternum and feel it and the rib cage as funny, happy, 
laughing bones. Feel the Chi and electricity penetrate into the bones and spread out 
to the rib cage. Touch the lower part of the sternum. Give the same command again. 
“Produce healthy white and red cells”. After that you put your mind into the Tan Tien 
and universe so that the Chi can charge into the bones. 

You have finished activating the defense system. 


a 
? F 


Touch the 
Humerus Bonk 


Fig. 4.75 
A. "Humerus bones produce 
healthy white and red blood cells”. 
B. Tan Tien and the Universe. 
C. “Lower sternum produce healthy 
white and red blood cells”. 


c. 


Immune System 


4. The Immune System starts with the top part of the sternum. Touch the top part of the 
sternum. Project your fingers ‘very long’ into the bone and feel them penetrate right 
into the thymus. Activate the thymus gland. Gradually, feel the fingers rising up to the 
thyroid and parathyroid. Activate the thyroid and parathyroid and throat center. Give 
the command, “Clear ,clean and bright fill with violet light and return to normal function”. 


Pericardiurh 
Fig. 4.76 Touch the Top of the Sternum & activate the Thymus, Thyroid and Parathyroid Glands. 
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2. Move the fingers to touch both sides of the jaw bones to help activate the tonsils, the 
body's first line of defense. The jaw bone affects the lymph nodes beneath, which 
include the tonsils. Fill them with Chi. Give the command, “Clear, clean and bright; fill 
with violet light and return to normal function”. 


Jaws control Tonsils. 


Fig. 4.77 Activate the Tonsils and Jaw Bones. 


3. Touch the mideyebrow and crown, which control the pituitary and pineal glands re- 
spectively. Touch the third eye, feeling it open and feel the light from heaven entering 
into your brain and into your body. Touch the crown. Feel your fingers reaching deep 
inside and feel the Chi penetrating all the way down to your perineum. Give the com- 
mand, "Clear, clean and bright fill with violet light and return to normal function’. 

Crown 


Third Eye 
Mideyebrow 


controls all the Glands 
and the Energy Center. 


Fig. 4.78 Third Eye, Mideyebrow and the Crown affects the Immunity and Defense Systems. 


4, Rub both of your hands until they are warm and cross the hands on the neck and feel 
the lymphatic system has been activated. Cross your arms and hold your hands 
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frequencies. Serious mechanical problems tend 
to result in low-frequency vibrations, while 
wear on bearings and in gear trains will be 
more likely to create high-frequency vibration. 


Dynamic Attributes 
Datasheets for small piezoelectric sensors may 


only show basic values such as the voltage 
range that is likely to be created. 


‘Small mechanical sensors of the pin-and-spring 
type will be rated for maximum voltage and 
switching current. Typical values may be 
around 12V (AC or DC) and 10mA, indicating 
that the output from this type of sensor should 
be used with an op-amp, microcontroller, logic 
chip, solid-state relay, or other semiconductor 
with a high-impedance input. 


Sensors that are manufactured for industrial 
applications will be rated for attributes such as 
measurable acceleration range (in gravities), 
temperature sensitivity, frequency response, 
resonant frequency, capacitance, and power 
requirement. 


The sensitivity of piezoelectric sensors is usually 
expressed in mV/g. This type of sensor will 
require a comparator to process the tiny 
amount of current that it creates. 


How to Use It 


If a vibration sensor has an analog output 
requiring a comparator, the output from the 
comparator is likely to be of the open-collector 
type. This will require a pullup resistor of a 
value that provides an appropriate voltage for 
the next stage in the circuit. For more informa- 
tion about comparators, see Volume 2. For 
more information about the use of an open- 
collector output, see "3. Analog: Open Collec- 


tor’, 


‘A coupling capacitor can remove the DC com- 
ponent from the comparator output, allowing 
only the frequency of vibration to pass through. 


The choice of capacitor value will depend on 
the frequency. 


When using a piezoelectric sensor with analog 
output, a 10M resistor may be installed across 
its two terminals to reduce voltage drift. 


The primary challenge in getting a vibration 
sensor to work successfully will be matching it 
to the source of vibration. Manufacturers’ data- 
sheets for chip-sized sensors often provide very 
little information about the optimal values for 
their products. Peak performance will occur 
when the natural resonant frequency of a sen- 
sor is close to the frequency of vibration that it 
must detect. Trial and error may be necessary. 


A sensor must be mounted appropriately. Most 
sensors are directional, at least to some extent, 
and many will not respond significantly to 
ration at 90 degrees to their primary axis of 
sensitivity. Their performance will also diminish 
if they are placed too far from the vibration 
source, or if they are mounted on a flexible or 
iding surface that will tend to absorb vibra- 
tion. 


While industrial vibration switches may be 
adjusted manually, the response of small devi- 
ces designed for circuit-board mounting can 
only be tweaked using external components to 
filter out unwanted signals from the sensor. 


What Can Go Wrong 


Long Cable Runs 

The output from a piezoelectric vibration sen- 
sor is primarily an AC signal, fluctuating at the 
frequency of the vibration. Long cabling, or 
inadequately shielded cabling, can potentially 
introduce capacitive effects that can degrade 
the sensor signal, This issue will only affect 
higher frequencies. 


Interference 

Sensor signals can also be affected by electro- 
magnetic interference from power lines, trans- 
formers, and large motors. This is a significant 
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under your armpits. Picture the 
lymphatic system of the armpits 
as you activate the lymph nodes. 
Give the command; “Clear, clean 
and bright fill with violet light and 
return to normal function”. The 
lymphatic system of the upper 
body is clear, clean and bright 
and the lymphatic fluid flows! 
Smile. 


5. Move the hands to the cover the groin area. Give the command to the lymph nodes 
there. Next, cover the lymph nodes of the navel area, and give the command; “Clear, 
clean and bright fil with violet light and return to normal function”. The groin and the 
navel area lymph nodes become clear, clean and bright. 


Tonsil 


Neck Lymph Nodes 
Thymus 


Armpit Lymph Nodes 


Navel Area 
Lymph Nodes 


Groin Area 
Lymph Nodes 


Fig. 4.80 
Activate the Lymph Nodes in the Groin. 
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6. Place your palms over your navel and activate the 
lymph nodes. Give the command; “Clear, clean 
and bright fill with violet light and return to normal 
function’. See them become clear, clean and 
bright. You have now activated the immune sys- 
tem. 


Fig. 4.81 ~~ 
Touch and activate the Lymph Nodes in the Navel. 


Summary - General Healing Session 


This General Healing Session will help everybody. 
A Three Minds into One 
B. Activate the Six Directions 
C. Activate the Three Fires 
D. Linking Personal Stars, Energy Bodies and the Universe 
E. Protective Circle and Chi Field 
F. Chi Water (Sacred Water) Practice 
G. Empty and Fill 
H. Clean with Green Light 
1. Clean with Blue Light 
J. Charge with Violet Light 
K. Defense and Immune System 


A. Three Minds into One 

Smile to the inner universe, activate the heart compassion energy; feel the love and 
joy within, Smile and empty the mind and heart down into the Tan Tien. Fill the Tan Tien 
with Chi and spiral the energy. When the Tan Tien is full, the energy will rise up to fill the 
brain, Manifestation will occur at the mideyebrow. 


B. Activate the Six Directions 


Expand the awareness to connect to the Six Directions at the crown, mideyebrow, 
heart and Tan Tien. 
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C. Activate the Three Fires 

Activate the Tan Tien, Kidney and Heart Fires. 

Activate the Sacred Fire Triangle circulating the energy between the Tan Tien, kid- 
neys and the heart. Feel the energy’s force multiply. 

Activate the personal stars; the cosmic star above the head and the earth star below 
the soles of the feet. 

Keep the Tan Tien warm, and spiral at the sacrum and mideyebrow. Turn your eyes 
to look upwards and see the crown spiraling, connecting to the cosmic star about six 
inches above the crown point. Feel the cosmic and earth stars pull the body simulta- 
neously towards heaven and earth. See the cup of the Big Dipper fill with Violet Light, 
gathering Chi from the North Star and the universe. When the cup is full, pour the light 
down into the cosmic star above your head. Feel the violet light spreading throughout 
your entire system, filling the Upper, Middle and Lower Tan Tiens. 


D. Linking Personal Stars, Energy Bodies and the Universe 

Feel the central channel running from your cosmic star, through your three Tan Tiens 
and connecting to the earth energy below. Use you ‘Yi’ power to connect to the personal 
or cosmic star above the head. Connect the personal star to the stars of each other 
person in the meditation. Create a Chi body and become the major connecting point. 
Create a left spiral pattern to connect all the stars into a larger group. All the meditators 
then become a satellite, creating a group energy body. 


E. Protective Circle and Chi Field 

Raise the hands and touch the Universal Fire. Use your Yi to bring the energy down 
and manifest a Sacred or Chi Fire around the room, creating a protective circle. Create 
a Chi Dome and set up the guardian animals and/or angels. Activate the eight elemental 
forces of nature and the universe. 


F. Chi Water (Sacred Water) Practice 

Invoke the power of the Sacred Water practice to cleanse the body of all sickness, 
negative energy and bad fortune. Energize and renew the self at a cellular level with 
health, wealth and longevity. 


G. Empty and Fill 

Empty any remaining negative energy, sickness, burdens and worries, down in the 
depths of the molecular mother, the earth. Bury the energy there so that the earth can 
recycle it. Bring recycled energy up from the center of the earth into the body. Fill and 
compact the Chi into the ‘hollow bones’. See alll of the cells on the horizon of your 
mind’s eye; spread them across the panorama and see the cells as big as the stars in 
the night sky. Fill them with Chi, blending it with any sick or grey energy. Then empty 
again, as you guide the all of the Chi back into the earth for recycling. If you wish, you 
can fill with earth Chi once again before you begin to ‘clean with green’. 
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H. Clean with Green Light 

Green cleans and detoxifies all of the body's cells. Green Chiis mild and safe. Green 
Chi is used for cleansing, and as a decongestant for diseased parts. Be aware of the 
liver's green color, the throat and the emerald forest. Breathe into the throat, feel your- 
self breathing in the green light. Guide it down to the Tan Tien, blend and move it up to 
the heart and the crown. 

Project to the universe; spiral and let it multiply. Channel one direct line down to the 
student, one to your crown and one to your palm. Bring the energy back down and blend 
it with any sickness in the liver, gallbladder or anywhere else in the body. Spiral the 
energy counter clockwise and down into the earth, Continue cleaning with green until 
you see that all the cells have been charged with the emerald light of the forest. 


|. Clean with Blue Light 

Be aware of the kidneys’ blue sapphire color and breathe the blue light into your 
throat. Guide it down to the Tan Tien, blend and move back up to the ‘heart of compas- 
sion’ and then to the crown. 

Project up to the universe, spiral and let it multiply. Channel one direct line down to 
the student, one to your crown and one to your palm. Then feel the universe pouring the 
blue light back down; clockwise. Spiral down. Look at the cells and see the blue light, 
like water, go into the cells to rinse, clean and remove any sickness. Spiral the energy 
counter clockwise and down into the earth. Continue rinsing with blue light until you see 
that all the cells have been charged with the sapphire blue. 


J. Charge with Violet Light 

Luminous Violet has intelligence and can be programmed. 

Turn three minds into one mind, go deep into the empty space of the cell and deep 
into the chromosomes, magnify the space as you enter into the DNA and return to the 
original cells. Ask for the power to see the cells and look at the brain cells spread out 
into the space. “Brain cells please listen. Clear, Clean, and Bright: fill with violet light, 
back to normal function". See violet light. Be aware your crown. The Tan Tien Chi and 
the negative Chi all combine in the crown. Extend a violet light up to the universe. See 
the North Star and the Big Dipper. Tell the students to hold their arms in the air, so that 
they can funnel the Chiinto their personal star. Bring the North Star and the Big Dipper 
down; hold the handle of the Big Dipper and pour the violet light over the student's 
personal star. The higher cells will be programmed. Let the Chi enter the brain and ask 
for the power to see the brain cells. “Brain cells listen to the command’. If there is 
sickness in the brain, give the command. “Sickness go away’. Continue to spiral the 
violet light down through the cells of the whole body. 

4. Ask for the power to see into the cells of the Brain. Ask the student to move their 
hands to cover their brain. “Brain Cells listen to the command;"Sickness go away. 

Clear, clean and bright fill with violet light and return to normal functions’. 
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2. Ask for the power to see the cells of the sense organs. Ask the student to move their 
hand to cover their senses. Give the command; “Eyes, Ears, Nose, Tongue and 
Mouth cells listen to the command. Sickness go away. Clear, clean and bright fill 
with violet light and return to normal function”, 

3. Move your hands down to your Throat Center and give the command; “Thyroid, 
Parathyroid and Thymus Glands listen to the command; Clear, clean and bright fill 
with violet light and return to normal function’, 

4. Move your hands to the heart and the lungs. Ask for the power to see the cells of the 
heart and lungs. Give them the command; “Lungs and Heart Cells listen to the 
command; Clear, clean and bright; Fill with violet light and return to normal function’. 

5. Move your hands to cover the left and right sides of the ribcage. Ask for the power to 
see the cells of the liver, gallbladder, spleen, pancreas and stomach. Give them the 
command; “Liver, Gallbladder, Spleen, Pancreas and Stomach Cells listen to 
the command; Clear, clean and bright fil with violet light and return to normal func- 
tion’, 

6. Move your hands to the large and small intestine on the front of the abdomen. Ask for 
the power to see the cells of the intestines. Give them the command; “Large and 
Small Intestine, listen to the comm and Clear, clean and bright fill with violet light 
and return to normal function’. 

7. Move your hands to the kidney and sexual organs and ask for the power to see their 
cells. Give the command; “Kidney and Sexual Organ Cells listen to the com- 
mand; Clear, clean and bright fil with violet light and return to normal function”. Gather 
the violet light again and let it pour down and fill all the cells. See the violet light again 
and feel and see that all the cells are “clear, clean and bright’. Smile. 


K. Defense and Immune System 


Defense System 

4. Work on yourself first to activate your Sacrum. Project the sacrum as big as the 
universe. Breathe and compress the universal Chi into the sacrum until it rises up to 
fill your brain, Project out into the universe, multiply the energy and spiral it back 
down. Project it to the students and tell them to touch the sacrum. 

2. Tell the students to move their hands to the Hip Bones. Tell them to smile to these 
bones. Feel them as ‘funny, laughing, happy bones’. Tell them to feel the electricity 
in the sacrum and bone marrow. 

. Touch the Femur Bones. Feel the electricity running up the legs. 

. Touch the Humerus Bones. Feel the electricity running up the arms. 

. Touch the lower part of the Sternum and feel the Chi penetrate into the bones and 
spread out to the Rib Cage. Feel the electricity run throughout the rib cage. 


2Ae 
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Immune System 

. The Immune system starts with the top part of the Sternum. Touch the top part of 
the sternum. Project your fingers ‘very long’ into the bone and feel them penetrate 
right into the Thymus. Activate the thymus gland. Gradually, feel the fingers rising up 
to the thyroid and parathyroid. Activate the Thyroid and Parathyroid and Throat 
Center. Give the command; “Clear, clean and bright fll with violet light and return to 
normal function’. 

. Move the fingers to touch both sides of the Jaw Bones to help activate the Tonsils, 
the body's first line of defense. The jaw bone affects the Lymph Nodes beneath, 
which includes the tonsils. Fill them with Chi. Give the command; “Clear clean and 
bright fil with violet light and return to normal function”. 

. Touch the Mideyebrow and Crown, which control the Pituitary and Pineal Glands 
respectively. Touch the third eye, feeling it open and feel the light from heaven enter- 
ing into your brain and into your body. Touch the crown. Feel your fingers reaching 
deep inside and feel the Chi penetrating all the way down to your perineum. Fill the 
glands with Chi. Give the command; “Clear, clean and bright fill with violet light and 
return to normal function". 

. Rub both of your hands until they are warm. Cross your arms and hold your hands 
under your Armpits. Picture the Lymphatic System of the armpits as you activate 
the lymph nodes. Give the command; “Clear, clean and bright fill with violet light and 
return to normal function”. The lymphatic system of the upper body is clear, clean 
and bright then the lymphatic fluid flows! Smile. 

. Move the hands to the cover the Groin area. Give the command to the Lymph Nodes 
there. Give the command; “Clear, clean and bright fll with violet light and return to 
normal function’. 

. Place your palms over your Navel and activate the Lymph Nodes. Give the com- 
mand to the lymph nodes there. Give the command; “Clear, clean and bright fill with 
violet light and return to normal function’. You have now activated the immune 
system. 
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Chapter V 
Cosmic Healing | - Basic 


Source of Chi and Color 
There are different sources of Chi in the universe: cosmic (air), earth, nature and hu- 


man. Different parts of the human body have different energies and are correlated with 
the universe and nature. Each part of our body, especially the organs and glands can 


produce, receive, transform and emit different Chi and color. 


Mercury - Blue Chi 
Occipital Bone - 4 


- C 
\« Venus - White Chi 
§) Lot Parietal Bone -5 

; © 


Mars - Red Chi cl 
Frontal Bone - 1 


Saturn - Yellow Chi 
Frontal Bone - 2 


ay 
Ed : 


Jupiter - Green Chi 
Right Parietal Bone - 3 


Sun - Golden Chi 
Third Eye -6 


Moon - Silver Chi 
Sacral Bone - 7 


Fig. 5.1 Planet, Bone and Cosmic Colors 
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Earth Chi 


While Cosmic Chi (the atmosphere over us and the universal force) is ethereal in 
nature, what is called earth Chi is not. This Chi appears as the line visible above the 
horizon when the sun is low in the sky, and seems to hover just above the ground. It 
actually also sinks into the ground. 

Earth Chi contains yellow and some white Chi. When the ground and the cosmic 
(air) combine they will become white Chi. This Chi has a very powerful healing energy, 
Not too overheated, but balanced and mild. 

When treating a problem, white Chi, in the proportion 7:3 (7 white to 3 of the 
selected color) acts as a brake on colors which are hot or too active. This enables 
the body to take in chi more easily. 


Throat 


Sacrum 


70% White 
30% Red 


70% White 
30% Green 


Light Whitish Green 


Crown 


70% White 70% White 
30% Blue 30% Violet 


Light Whitish Blue Light Whitish Violet 
Fig. 5.2 Use White Chi to blend all the other Colors. 


Special Note: Many of the color references came from the following books: “Let There 
be Light” by Darius Dinshah and “Advanced Pranic Healing” by Master Choa Kok Sui. 
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Human and Nature Chi 


These include the things we can see on the earth: the mountains, lakes, seas, forests, 
streams, caves, valleys, rocks and precious stones. Taoism classifies five elemental 
forces: earth, metal, water, wood and fire. 

So there are five elements in our body and five elements in nature; there are five 
elements in the cosmic and five elements in the universe. 

According to the Taoists, when we can make the connection and control our body's 
elements, we will quickly make connections to nature and the universal forces and 
employ them very easily. 


Solar Chi 


Before sunrise or sunset there is more white Chi in the air, which we can use abun- 
dantly for health and healing. White Chi affects the lungs and the large intestine, so we 
direct this Chi to these organs. This will generate further Chi to maintain our daily activi- 
ties. All colors of the spectrum are present in white. 


Simple Practice 


Look at the horizon at sunrise and sunset. Stand still and extend your palms toward the 
sun, smile and absorb the rising or setting sun's energy into yourself. 


General Information 


Energy can be introduced to the affected area of the body by moving the hand 
clockwise in a spiral. 

Move the hand anticlockwise with a spiraling motion to clean, flush and remove 
energy from the treatment area. After this, brush down the whole body, to direct the 
sick energy into the earth, 

Use an anticlockwise spiraling movement in order to clean, then expel the energy. 

Use a clockwise movement to bring energy in and an anticlockwise one to take it 
out. 

‘Asa general rule and especially when you are beginning to practice the techniques, 
keep the color combinations simple. Always use blue (to cool, calm and stabilize), 
green to clean, white to harmonize and violet (which carries the properties of all 
the other colors) to program. 


Although it is important to leam all of the applications, it is more important to begin 
practice, maintaining a serene state of mind throughout. You will immediately realize 
that Cosmic Healing provides the practitioner with as much benefit as the student. The 
more you practice the more you heal. 
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Healing Colors 
White Chi 


The color of the chi from the air, earth and sun is always white and acts as a 
calming agent for the surplus chi produced by the other colors. It also redirects this 
chitto areas of the body which need it. For this reason, use white in combination with 
another color in the proportion 7:3. 

Shining white chi should be concentrated at the center, while colored Chi goes 
to the edge. This can also be reversed. Itis also possible to blend the white and 
colored Chi together. 

Itis safe to use white chi when you are not sure which color might be suitable 
for a patient, especially when treating babies, toddlers, the elderly and the weak. 
People with minor problems can be treated with blue, green or mauve, while 
gold colored Chi or mauve/white Chi is better when the problem is serious. 

For a stimulating and strengthening effect use white-red. 

When it becomes necessary to switch from one color to another, an abrupt 
shaking movement of the hand should ensure a smooth transition to a new 
color. 

There is a very strong violet light in the North Star. You can dilute the color with 
white. White Chi is composed of red, orange, yellow, violet and blue. 
Blue Chi 
The effect of blue Chi is one of cooling, and hindering similar to yin or water energy. 
The opposite effect can be obtained with the use of red Chi. 
When we draw the energy down, s podies can't adjust to the energy im- 
mediately, so using blue Chiis is the one element that always 
brings harmony and does not: 
a, Blue Chi, lke yin, water « 
agent. 
b. Because of blue Chi's a 
ate for promoting relaxatio 
ture, minimizing pain and s 


and bacteria and assist in the rapid clotting of blood. 
Blue (and green) can detoxify and also energize. 


Green Chi 
While tangerine Chi can be quite dangerous, the action on green chi is gentle and 
harmless. Freeing up a damaged area so that cleaning can then take place may be 
done with green Chi. Once it's loose you can then use blue or organ’s color Chi to expel 
the disease completely. It can therefore remove the disease and bad energy by locally 
sweeping either to and then out of the arms for the upper body or out of the legs for the 
lower body. 
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What ong 
issue, as a primary application for industrial 
vibration sensors is to measure vibration cre- 
ated by motors. 


Correct Grounding 

For large sensing equipment, grounding may 
be important to shield cables that transmit 
data. In an industrial environment, however, 
grounding is primarily motivated by safety con- 
siderations, and an electrical ground can carry 


mechanical > oscillation > vibration 
unwanted interference, Ground loops may be 
created if there are multiple ground points. Ide- 
ally, a “ground tree” should be used, where 
there is only one primary grounding point, and 
grounds to equipment branch out from it 


Fatigue Failure 
In installations where some vibration normally 
exists, cables should be anchored properly to 
minimize the risk of fatigue failures. 
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Ifthere is a need to energize with the organ’s color Chi, first energize with pale green 
Chi. Always use green chi before using the colors purple, tangerine and red. 

Use the throat to activate and draw the green Chi up to the crown, rising to the uni- 
verse to be multiplied and brought back down for use. Always add blue Chi when there 
is pain. The motion of pushing and pulling through the affected partis very powerful. You 
also can also use the ‘sword finger’ in a small area and for infection. 

Green can also be used for energizing together with violet; first use green and follow 
with violet. 

Pale green and pale tangerine cl Joyed in sequence, as the first acts 
on the ‘sick’ energy, reducing h can easily be driven out by the 
second. 

Simultaneous use of pi white chi in the ratio 2:1:7 is 
recommended to treat st effects are intensified when 
these proportions are 

In the treatment of cancer, erine Chi may be employed, pre- 
ceded by blue. This can assist in tox |, and in the cleaning and freeing up 
of disease affected areas so that necrotic cellular tissue is released. These colors 
can relieve congestion and free up ‘sick’ energy which is ‘stuck’ when used with 
brushing movements over the affected areas. They also help with treatment of 
colds and elevated body temperatures, and in the dispersal of blood clots. 


Red Chi 


Cerise chi makes the area to which is applied stronger, while crimson chi has the 
opposite effect. When using color for healing, project luminous white in the center 
and cerise at the edges for a strengthening effect. Always combine red with blue and 
green; never use it on its own. 
Cerise mixed with white, because 
blood vessels and breathi 
problems. 
Red chi with its qualitie has a number of benefits. Itis 
good for the circul d the blood, as it expands 
blood vessels and oth tion and breathing, particu- 
larly for heart patient brings increased energy into 
the blood and helps all kness, driving out sick’ energy 
aterials. It can also help those who 
ose lives are near the end have a 
longer period on earth, and promote revival of consciousness 


Avoid the use of dark colors, which may cause an adverse reaction. If a per- 
son is suffering from a sexually transmitted disease, it is not advisable to treat 
him or her with chi which is crimson. Chi of this color makes the microbes that 
cause such diseases multiply at a fast rate and can also produce an inflammatory 
or constrictive reaction. 130 
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Tangerine Chi 


When using orange Chi, always use blue Chi first; to tone and calm down the ailing 
body area, before applying the vitality of orange. 


Pale tangerine chi with added whi however certain areas are 
inappropriate for treatment by this color its power. Do not use with the 
eyes (including retinal problems), 
the brain) or the spleen. 

The large intestine benefits but this color should be 
used sparingly on areas like th Appendix problems should 


not be treated with this color a lem. Tangerine chi has an 
effect on the bowel, and can al i 
sciousness or in stimulating sor s 
To treat cancers of certain types, dark green and dark tangerine are suitable because 
of their ability to destroy. Always avoid the head and the heart when using orange. 
Forcible removal of waste products, toxic substances, ‘sick’ energy, viruses and 
bacteria 
Menstrual difficulties 
Waste elimination problems 
Freeing up ‘sick’ energy 
Breakdown of clots in the blood 
Problems of the urinary and respiratory systems 
Diseases of joints and connective tissue 
‘Common cold 
Problems caused by allergens 
Cysts 


Yellow Chi has a close connet jones and the bone marrow. It is 


the color of the spleen; in Taoi volved in the assimilation and 
processing of foad and the ap at a lot, but when the spleen is 
balanced the appetite will be 
Chi which is yellow in color is b ent of nerves as it promotes 
re-growth. It also helps in the 1d cells. It is good for the health 
of bones, tissues and organs. It has the power to increase bone marrow produc- 
tion. 


Violet Chi 


Violet Chi has the properties of all the other colors. It's used for severe types of sick- 
ness. 
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The qualities found in all colors are contained in purple chi, therefore it is particularly 
effective for serious illnesses. Mauve (light purple) chi which contains elements of 
blue and green, helps to restore organs and nerves affected by disease or trauma. 
Although mauve chi can be employed on certain kinds of severe infections, chi 
which is dark purple should be avoided when diseases of the respiratory system 
are present, as it could caus se causing microbes. 
Violet Chi is use chi that ngerine and, selecting 
each in tum, with a br hole spinal area and espe- 
cially to the area whet 
If purple chi is used in il intensify their qualities 
and if used together an be dangerous; it may 
cause the undesirable pro 
Dark electric violet can be us ancers. Always use the blue or 
green first. 

In order to make an area which has become weak stronger, mauve mixed with 
white can be used, but for really fast strengthening use cerise mixed with white. 
Both white and violet have the properties of all the Chi colors. The difference is that 
violet Chi has a greater penetrating effect and is easier to assimilate than white. 
Because bright purple chi has been acted upon by the soul, ithas the capacity for 
independent thought and action. 

Energy or chi which comes from the air, the earth and the sun is called purple chi. 
There is a second type of chi with this color, but having more brightness — this has 
been called bright purple chi and is deri the soul through the crown of the 
head, the point connected to the 1 

Bright purple chi can only be b niverse via the crown point if 
the practitioner has highly devel of chi from air, earth and 
the sun depends on the deve ° 


1 color has a much greater 
es and organs which have 
been affected either by d right purple chi can be used to 
remove infection and to pror fen in the case of serious illness. 
c {ess its own consciousness (Master 
Choa Kok Sui. Advanced pranic healing:49) 
When cancer and other growths are being treated, use bright purple chi because 
it has the ability to destroy. However, beforehand, the affected area should be 
energized with pale blue chi. 


132 


Chapter V 


Do not use bright purple chi at the same time as chi which is yellow, green, 
tangerine or red because it will intensify and increase the effects of these colors. 
In addition, the use of any dark colors with bright purple chi (either preceding or 
following its use) should be avoide: is will produce a very damaging result. 
Asa general guideline, use bl Q 


Gold colored chi, which has alm« alities as bright purple chi, is 
formed when bright purple chi m jody. The color changes to 
cerise (pale red) when this gold cc ‘enters the physical body. However, 
this chi is does not have as much influence as the bright purple chi, being 
gentler and therefore less effective as a cleansing agent. Gold colored chi 
should be used to treat a very local area, while bright purple chi can be em- 
ployed over a wider area. 


Spleen 


The spleen is connected to the solar plexus and the navel, the major center that con- 
nects to all the organs. Holding solar energy or a white ball at the solar plexus will help 
distribute Chi to all the organs. 


Ifthe solar plexus gets clogged up the liver and spleen will also become blocked. The 
spleen, the Door of Life and the navel are all inked together; the navel and the Door of 
Life sit opposite each other. We call this an emotional link. Many diseases are caused 
by emotional links; people use psychology to deal with it which can work to a certain 
level, but all the energy would eventually get stuck at this main juncture or plexus. White 
chi is taken in mainly at the spleen, and before being sent to the various parts of the 
body, is split into its colored forms of red, green, purple, blue and tangerine. 

If the spleen is not clean, the immune system will be affected, together with the 
production of bone marrow. The blood will be dirty and diseases of the joints and 
connective tissue encouraged. 


Cosmic Healing Chi Kung works very well with Chi Nei Tsang. The Cosmic 
Healing Chi Kung, Chi Nei Tsang and all the other Universal Tao practices all play a 
unique role in working to heal the physical and subtle bodies. When you combine these 
three in synergy, it allows you to perform many healing tasks. The spleen (located under 
the left side of the rib cage), spleen center or navel can absorb white Chi directly into the 
front or back. The Chi will be broken down into color and distributed to other centers and 
their associated organs. 

There is one thing that | always advise: the recipient or student should be un- 
der a doctor's supervision and that they should alternate between the medicine 
from the doctor and the work with us at the Universal Tao. The doctor should be 
advised of what we intend to do with the student. 
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Cosmic Healing Planetary Colors 


In Taoism we give each planet a color which enhances the healing power. Have the 
‘Planets’ chart (located at the beginning of this chapter) in front of you, look at the rel- 
evant planet and close your eyes. Hold the planet in your mind. 


Fig. 5.3 Channel the Cosmic Planetary Energy into the body. 


Mars: Focus your awareness on the star above you, turn your eyes up and look up to. 
the crown. Hold the image of Mars and extend your sight beyond the crown, looking up 
into infinity. See the Red Light and gradually bring it down to your head about 6 feet 
above you. Form it into a red ball, a holographic image of the planet Mars shining its red 
light above you. Invite it to flow down to your ‘star’ (located above your crown) and 
continue to flow into your Upper Tan Tien for processing. Letit flow down to the heart (or 
T-2) and down to the palms. Red and orange light also can be breathed in through the 
sacrum, Feel the sacrum pulsing and breathing in the red and orange light. Practice 9 to 
18 times, rest and shake your hands, 

Venus: Become aware of the star above you, turn your eyes up and look up to the 
crown and into infinity, seeing the expanse of White Light. Gradually bring the light 
down to your head, about 6 feet above you. Form it into a white ball, a holographic image 
of the planet Venus shining its white light above you. Invite it to flow down to the star 
above your crown and continue to flow into your Upper Tan Tien, for processing. Now it 
may flow down to your lungs freely. 
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Saturn: The Yellow Light from Saturn can also be absorbed via the earth through 
the soles of your feet and perineum. This is for your spleen. Follow as above. 


Mercury: The Blue Light from Mercury may be absorbed through the throat center. 
This is for your kidneys. 


Jupiter: The Green Light from Jupiter can also be absorbed through the throat 
center. This is for your liver. Follow as above. 


Summary - Working with Color 


(Practitioner to Student) 
There are two ways of doing this type of healing session: 


One way is to focus on the specific location in your own body, using your hands and 
ask the other person to do the same. Together you complete the entire route. 

‘Another way is to focus on your own energy body and ask the student to do the same. 
Bring a channel or line down from your energy body into your physical body and do the 
same for the student. Once again, complete the routes together. 


For reasons of clarity this text only mentions one student and uses the male gender, 
this session may however be performed with a group also. Before starting the session 
do some group meditation practice and warm ups. 


1. Be aware of the Tan Tien and connect to the universe. Let the student sit with his 
back to you. You are behind him. Be aware of your Sacrum area and feel the Chi; 
wait for the Chi to rise up to the crown and to the universe. Spiral the Chi down 
to the student's and your own energy body and it will flow into the physical realm. 

2. Draw in the green light with your palm, push it right through the sacrum and dis- 
perse the sickness throughout the other side of the universe. Pull the green light 
from the universe through the sacrum and push the sick Chi out to the universe. Do 
this 6 to 9 times until you feel the sacrum has been cleaned. When you pull back 
stop the green Chi at the student's sacrum; there is no need to pull it back to you. 

Yellow light from the earth will help strengthen the sacral bone. Visualize the 
sacrum and vitalize the complete bone structure with yellow light passing through- 
out. 

3.Be aware of the energy body above the Crown; extend yourself up from above your 
crown and channel down the white light from the center of the universe and 
the violet light from the North Star. Using your ‘mind-power' ask the inside of the 
bone structure to open, allowing the white and violet light to flow into the marrow. 
Focus on the energy body; you can picture the energy body's sacrum and bone 
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structure to help guide the energy inside and see the whole body light up from deep 
within, 

4, Then focus on the Door of Life and the Navel. First flush them through with green 
light, cleaning them out. Draw the green light from the Door of Life through to the 
navel, and then push back through. To coal down the Door of Life (if necessary), 
draw the blue light and push it through from the navel to the Ming Men, connecting 
with the universe. Then bring the white or violet light down and activate the 
Lower Tan Tien. Always teach people about their Tan Tien. Itis like an ocean and 
the body is like a hollow bamboo. The bamboo can bring the water up. This way 
energy will never dry up. 

5.Concentrate on the Solar Plexus and the Chi Chung (T-11). Once again, draw 
the green light, spiral it, use it to flush, then energize with white and violet light. 
As before, always allow the energy to stream through both the points completely. 
The solar plexus holds all the emotions. When working on the solar plexus, the 
most important thing to remember is to connect the ‘backside’ to the uni- 
verse. There is literally no end to this connection. Just allow the Chi to come all the 
way down and then pull it towards the rear slightly. Simply clean out the path. Allow 
the information to condense; allow any images to manifest and then release. Then 
stabilize the energy. Picture the Chi-Field enveloping the person as a big protective 
bubble. Cool down with blue. 

6. Proceed to the Heart and the Shen Dao (T5/ T6). Draw in the green light, push it 
through and repeat several times. Now scan the heart with your palm, sensing its 
strength; then select an appropriate hue, i.e., not too dark. Send the red light through 
the heart to strengthen it. 

Cool down any excess heat in the heart, flushing down and out, using blue color. 
Draw in the white Chi; push it through to the Wing Point (T5/T6). Energize the 
center at the back of the heart using violet and golden Chi. Picture the heart 
surrounded by a golden aura. 

7.Move up to the Throat Center, flushing through to C-7, using blue light first to 
open and clear it and then green light to clean 

8. Next activate the mideyebrow. Focus on the mideyebrow in your own body. Use 
golden yellow Chi; use it to flush and stabilize the mideyebrow. Flush it all the 
way through to the backside of the head. Energize with violet golden light. 

9. Proceed up to the third eye in the middle of the forehead. Connect to the Kun Lun 
at the back of the crown. Flush through both points using the pale violet light. 
Energize with electric white or golden light. 

10. Concentrate on the crown. Use violet or golden light to enter and flush all the way 
down through the central channel, leaving the body at the perineum. Cool down 
the system by showering blue light over the whole body. 

When people have a serious infection, they should consult a doctor. It is common 
for infections to take a long time to clear up nowadays, even when using antibiotics. 
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There are two ways to deal with this; allopathically or naturally. The Taoist practices 
are in great conflict with ‘contemporary (i.¢., not alternative/natural) western con- 
cepts’. The western concepts recommend a full course of antibiotics. Using the 
theories of Chi Kung, a baby for example, would absorb natural antibiotics via the 
bones. Western Allopathic Practice consider antibiotics as wonder drugs. The only 
‘wonder’ is when will they realize the many harmful effects that it has on the body? 
Babies that have been ‘fed’ with antibiotics frequently suffer many organ related 
problems by the time they reach 20 to 30 years of age. The worst thing is that they 
are given to children nearly every time that they become ill. I you scan (cosmically) 
the solar plexus, thymus or spleen of such a person, the area feels like a hollow 
void. This means that the immune system is totally non-functional. The same thing 
applies to Aids: the immune system no longer functions. Any virus can enter the 
body - medicine cannot kill it. There is nothing left to ‘fight with’ 

In my experience and following my own experiments, in circumstances like the 
above my own practices are as follows: | clean my colon; there are a few ways to do 
that. | eat fiber, vegetables, especially green leafy ones. | eat a big bowl of vegetable 
soup. | also add things like onion, pumpkin, carrots and cabbage, which will give ita 
sweet taste. | don't eat any meat and drink a lot of water. The colon is cleansed 
within two days. | also brush the skin, which is a very good detoxifier. The vegetables 
will provide natural carbohydrates which are digested and absorbed very quickly. A 
healthy diet consists of many whole natural foods. Itis ‘alkaline’ as opposed to ‘acid’ 
based. | also use the ‘colema’ which | feel is the best cleanser. 
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Chapter VI 
Individual Healing Session 


The Individual Healing session embodies all of the techniques that you have used previ- 
ously and consolidates them for use on a one-to-one basis. The session comprises the 
following three parts: 

A. Almighty Knife (Chi Knife) 

The almighty knife can be used for any health problems. We can charge the knife 
with Yin or Yang energy. We charge the almighty knife most often with Yin Power. Yin is 
the cold energy and is used for any inflammation, pain or heat. Yin is used to break up 
illness. Charge the almighty knife with Yang for strengthening, melting or expelling. Only 
use the Yang when there is no pain. 

B. Energizing and Activating the Immune System 
C. Cleansing the Internal Organs 


A. Almighty Knife 


Fig. 6.1 Almighty Chi Knife 


Since the dawn of ages and our descent into the material realm, we have constructed, 
manufactured and used tools to facilitate the progress of events. They are an extension 
of ourselves that enable us to enhance, mould and magnify our intrinsic nature as 
inquisitive playful beings. 

We have used implements to help nourish, protect and amuse ourselves and further 
our progress in attempting to understand the ‘how’ and ‘why’ of existential reality. The 
knife has served as a means to carve our way into the present. It is a simple, yet 
powerful friend’ and derives as much power as we wish to lend it. 
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Its design may consist of any combination of the five elements (Earth) which when 
combined with Universal (Heaven) and Cosmic (Man) forces, provide a unit of energetic 
substance which receives and transmits magnification, purpose and power in accordance 
with the human will that governs it. ‘Chi Knife’ and "Powers of Ten’ adopt the precepts of 
a truly magical existence. When we arrive at our destination we will realize that we have 
indeed turned “the Wheel of Law’. In achieving this end we will have completed the 
cycle and returned to the beginning of the journey. We will understand that the simple 
things in life, like the knife, contain the same amount of power as state of the art technology. 

We are all returning to the Garden of Eden. Complex telescopic and microscopic 
equipment now enables us to see the truth: 

“Inside has no outside; outside has no inside’. 

They are one in the same thing. When they merge together we will indeed enter the 

Kingdom of God. 


Outline of Practice 


1. Hold the knife in the right hand (left, if you are left handed). Hold the other hand near 
your body, with the thumb and index finger touching. Project the Chi Knife as big as 
the universe, ‘long and big - reaching to Heaven’. The bones in your arm are hallow 
and the ‘bottom’ is sealed at the shoulder. Feel them ‘fill and pack’ with the power 
coming from above, 

2, Then give the command: “Power comes from the east. This Chi Knife has the 
power to dissolve all the negative energy, sickness and bad fortune. By my 
request, please carry out the order now.” Wait until you feel that your arm and 
the knife are heavy and full of Chi. 


Eye Problems 

Use the thumb and the index finger 
to hold the eye wide open. 

You hold the knife like holding a pen, 
3 to 6 cm away from the eye. Use the 
litle finger for leverage and support. 


WARNING! 

DO NOT USE AKNIFE. THE MAS- 
TERS OF GREAT EXPERIENCE USE 
RITUAL SCALPEL TYPE KNIVES. 
THE STUDENT SHOULD USE THE 


“SWORD HAND’ FINGERS (P76, FIG. 
4.24). 

DO NOT USE SHARP OBJECTS 
NEAR THE EYES. 


Fig. 6.2 Hold the knife three to six cm. 


from the 
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force sensor 


A load cello load sensor is generally intended to measure a static load, while a force 
sensor can respond dynamically. However, this semantic distinction is not always 
observed, This entry differentiates between load cells and force sensors but includes 
them both. 


Traditional types of hydraulic and pneumatic load sensors are not electronic devices. 
They are outside the scope of this Encyclopedia. 


Capacitive, ultrasonic, magnetic, optical, and electrochemical force sensors are relatively 
unusual, and are not included in this Encyclopedia. 


A force sensor is occasionally described as a pressure sensor, but that term is ambigu- 
‘ous, as it is more often used in conjunction with fluids, This Encyclopedia assumes that 
a pressure sensor only measures gas or liquid pressure, See Chapter 17. 


A vibration sensor reacts to rapidly changing forces, but usually cannot measure 
them accurately, and is simply triggered when vibration exceeds a threshold, See 
Chapter 11 


Impact sensors that measure the force of a collision are outside the scope of this Ency- 
clopedia 


A sensor designed to respond to a single touch from a fingertip is considered a 
human-input device and is discussed in the single touch sensor entry. See Chap- 
ter 13. 


OTHER RELATED COMPONENTS 


+ vibration sensor (see Chapter 11) 
+ single touch sensor (see Chapter 13) 


What It Does Applications 


A force sensor measures physical force that is 
applied to it, either by a person or by an object. 
Many force sensors respond rapidly and can 
measure fluctuating forces. 


A load cell or load sensor is usually intended to 
measure the static weight of an object. 


In robots, force sensors can provide feedback to 
limit the grip of a mechanical hand. They can 
also provide haptic feedback for a surgeon per- 
forming robotic surgery. In the future, force 
sensors may find increasing appli in agri- 
culture, as mechanized handling of fruit and 
other foods requires a carefully controlled grip- 
ping force. 
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When you feel that the Chi Knife 
is full of sick Chi, spiral counter 
clockwise and discard it down to the 
ground. When you feel that the knife 
is ‘empty’ charge it with Chi from 
the universe. 


Chi knife - “Almighty Knife” helps all eye 
problems’. Cut up and down and sideways in the 
cross pattem ‘through’ the eye thoroughly. Tell the 
student to move the eye left and slowly move to 
the right as you cut with the Chi Knife. When they 
move their eye to the right, move the Chi Knife to 
the left. Remember that the knife is used for 
‘energetic surgery’ and should never make 
contact with the eye itself. 


“Slice” the eye toward the 
right side for 50 to 100 
knife movements and do 
the same to the left side. 


wT 
Fig. 6.3 “Almighty Chi Knife helps eye all problems’ 


“Almighty Knife, please destroy all kinds of 
wounds, warts and tumors’. Cut up, down and 
sideways in the cross pattern through the part that 
has the ‘condition’ 


Fig. 6.4 “Almighty Knife, please destroy all 
kinds of wounds, warts and tumors 


The almighty knife can be used for any problem 
in the body. Follow the same procedure to carry 
out ‘energetic surgery’ on all parts of the anatomy. 
Itis especially good for soft tissue repair, including 
the brain. 


SISK 


140 


Chapter VI 


B. Energizing and Activating the Immune System 


In cases of severe illness, you will want to do this technique many many times, be- 
cause it is essential to stimulate the body's defence-systems. This technique is also 
beneficial for debilitation and infection. You may also want do this in a preventative 
manner. 


Activating the immune system always in- 
volves the bone structure, especially the 
round bones in the arms and legs and the flat 
bones in the skull, jaw, rib cage, hips and spine. 
All of these are involved with the production of 
white blood cells. The thymus gland and the 
spleen are of special importance to the im- 
mune system, because they are involved with 
programming and training the white blood cells 
(called T-Cells) to do the right job. The lym- 
phatic system is involved in removing 
waste from the body; it is therefore 
beneficial to stimulate the lymph flow as 
well. This is best done in combination with 
Chi Nei Tsang. For details refer to the Chi Nei 
Tsang Books. 


Jaw controls tonsils 


Fig. 6.6 

SF - °~“ Touch the top of Sternum to activate the Thymus. 

@ 2 re If you work on a one-to-one basis, first per- 
Yr form the general cleansing session, where you 

“A 3 ‘pour energy’ over the other person. After that 


‘car use your hands, drawing Chi and pushing it 
om > td through. Remember to push the energy all the 
93° way through and connect it with the universe 
Bd 
De 
Pay ow. 


beyond. Ask your studentto concentrate on the 
Fig. 6.7 Happy Cells. 


areas that you are treating, preferably by guid- 
ing them, touching each point as you go. 
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Outline of Practice 


Guide the student as you prac- 
tice together. Work with your 
own energy body and tell the stu- 
dent to work with theirs. Pre- 
suming that you have already 
done the previous set of general 
healing, you can start with the 
coccyx. 

1. Be aware of your Tan Tien 
and connect to the universe. 
Direct the Chi down to the 
fingers. Touch your coccyx 
with the fingers concentrat- 
ing a beam of white light on 
to it. Picture the sacrum 
opening and the white light 
streaming inside, flowing up 
the spine and streaming out 
over the whole bone-struc- 
ture. Transfer the feeling of 
Chi in the coccyx up to the 
universe, multiply itand guide 
it down to your energy body. 

2, Always be aware of the Tan 
Tien and the universe first. At- 
tract the yellow light; spiral 
and condense the healing 
light into the tip of your fin- 
gers; move the fingers up to 
touch the sacrum. Send out a beam of yellow Chi into the sacrum, directing it up the 
spine. This will stimulate the production of red blood cells. If you are not sure whether 
you are able to send it right into the marrow, picture the marrow or emit the Chi from 
your fingers, while at the same time concentrating on the bone marrow of the energy 
body. Transfer the feeling of 'Bone Chi’ up to the universe and down to the energy 
body. 


Fig. 6.9 Touch the Sacrum. 


3. Proceed to the crown, showering it with violet light. Then spread from the crown 
throughout the bones of the body. Repeat several times. Instruct the student to feel 
the bone structure breathing. Ask hinvher to extend up from the crown to the Big 
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Dipper and North Star, channelling down the red and violet light into the thymus gland 

4. Continue to the throat, stroking down with your palms, using green color to move the 
lymph down towards the backside of the heart. (Never stroke up towards the 
head. Only guide the lymph down). 


A B. 
Fig. 6.10 A. Channel the Violet Light of the North, 
B. Use your Palms to bring the Lymph flow back to the Heart. 


5, Proceed to the lymph nodes under the armpits and across the sternum. Next acti- 
vate the lymph nodes in the groin. From the groin you guide the lymph up to the navel 
center (Not down where it will get stuck in the legs). 

6. Return to the navel center. Send the energy deep inside, energizing the lymph nodes 
at the back. Pull back, drawing green energy, flushing out any waste products that 
are stuck in them. 
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A 
Fig. 6.11 A. Activate the Lymph Nodes in the Armpits and Groin. 
B. Energize and flush the Lymph Nodes in the Navel. 


C. Cleansing the Internal Organs Technique 
Healing Some Common Illnesses 


This session can be used for any kind of ailment and carried out with any number of 
students. It can take place on a singular, paired, small group or large group basis. 
Numbers can range from one person, one hundred, one thousand, ten thousand, ad 
infinitum. Itis more likely that a greater energetic current will be created in much larger 
groups. In the case of ‘mass’ healings, there will always be a ‘guide’ or ‘conductor’, to 
open the channel for the students to follow. In the case of solo practices you will of 
course be the guide. The following instructions have been set out on a one-to- 
one basis 

By connecting to heaven, earth and your student, you will maximise the wholistic 
healing potential to your physical and subtle bodies. We recommend you spend about 
twenty minutes on the general healing before moving on to the more localized practices 
of emptying and cleansing the body's centers, systems and organs, contained within 
this chapter. We recommend that you spend between five to fifteen minutes on all of 
these. Always perform the Sacred or Chi Water practice before. 
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It is important to remember that if there is no energy in your Tan Tien, then 
there will be no energy to work with. ‘Connecting the Tan Tien and the Universe’ 
means connect your center to the infinite source of the universe, the Tao. When you 
make the connection you access this power. Always hold on to your center; itis the only 
thing that is truly yours. Keep the fire warm and spiraling. When you are aware of your 
Chi, you can direct heavenly light straight into your energy body and then into the student's. 


General Principles 


1. Push and pull the energy through the student's body. Push and disperse the sick 
energy into the universe and out to the planets, where it will be transformed and 
recycled. 

. Pull the energy back and stop it between yourself and the student. 

. Spiral the energy counterclockwise until you see the green light mix and clean the 
sick energy. Spiral and flush the energy down into the earth. 

4, Spiral with blue light; see it mix and flush the energy within the student's body. 
Spiral this energy down to the ground. 

5. Energize the student with white or violet light. 

6. You can also use both hands to channel Chi when you ‘push and pull’ through the 
body. 

7. Energy can be introduced to the affected area of the body by moving the hand 
clockwise in a spiral. 

8. Move the hand anticlockwise with a spiraling motion to clean, flush and remove 
energy from the treatment area. After this, brush down the whole body, to direct the 
sick energy into the earth, 

Use an anticlockwise spiraling movement in order to clean, then expel the en- 
ergy. 

Use a clockwise movement to bring energy in and an anticlockwise one to take it 
out. 

9. When you begin pushing, pulling and sweeping, you may feel resistance in the 
body. As you progress and the energy centers open, this feeling will diminish. 

10. There are many color combinations that can be applied to the various parts of the 
body. When you start practice, stick to the basic ‘blue, green, white, violet and blue’ 
formula. When you are working on a specific area, you can keep this book near by, 
or write a short ‘color recipe’ before you begin. In this way, you will be able to relax 
your mind. 

11. ‘Pushing and pulling’ is like fanning and venting the body; when you fan your hands 
in front of your face, it will have a cooling effect. Ventilation enables the stagnant, 
sick energy to leave the body. 

Below is a list of the body's organs in relation to their tendency to'store heat’. They 
are listed in descending order, i.¢, the head is the hottest: 


en 
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Head, heart, liver, lung, stomach and spleen, large intestine and small intestine, 
kidneys and sexual organs (which become hot when aroused). 
Outline of Practice 


Occupying a position amongst most of the internal organs, the solar plexus acts as 
a kind of clearing center for energy generated by the emotions. It also lies in between 
the lower and higher energy centers. 

1. Scan; ask for the power to look at the cells. 

2. Push, pull and give the command, “Disperse”. Push until you feel the solar plexus 
clear and open. 

3. Spiral green Chi counterclockwise. Talk to the sick energy; tell it to "leave", you will 
take it to “a better place, where it will be happy’. Give the command, “Out”. 

4. Spiral Blue Chi counterclockwise, flushing out any remaining sickness. Guide the 
sick energy into the earth. 

5. Spiral and sweep Blue-Green and Red Chi into the solar plexus, sweeping the or- 
gans. Ifthe patient is expecting a baby, has an infection or bleeding in the intestinal 
area; do not use this method, 


Fig. 6.12 Fig. 6.13 Charge your Hands with Chi - 
Spiral Green Chi counterclockwise project the Hand Bones into the Universe 
in the Navel. and feel them fill and pack with Chi 
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Work on cleaning out the organs. Scan the person and see which parts are hot. A 
lot of people will have an overheated solar plexus, which means that this area will re- 
quire a lot of attention. You will feel the heat when you scan. 

You can clean the organs by ‘pushing and pulling’. Picture the organ and push; 
feel your hands are very ‘long’, extending through the organs and reaching out to the 
universe. Project all the sick energy down into the earth and out to the universe. Use 
your intent to guide it into the earth and out to the other planets in the solar system, 
where it will be processed and recycled, Pull the universal energy back towards your- 
self; push and disperse all the negative energy out to universe. Pull; when you pull the 
Chi back past the student, stop in between the two of you. Push, pull, push and pull, until 
you feel the energy or power. Ask; “Give me the power to see”. Feel your Chi 
entering into the organs with ease. 


Fig. 6.14 
A. Extend through the solar plexus and reach out to the universe. 
B. ‘Clean and energize with Green’ - push and pull to help loosen the solar plexus. Spiral 
counterclockwise with a Green Light. Blend with the sick energy and guide it down to the ground. 


Clean with Green Light. Spiral counterclockwise. Feel the green light mixing with 
the sick energy. Push and pull until you feel the energy in the solar plexus begin to 
disperse. Spiral the energy counterclockwise and guide it down to the ground. 
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A B. 
Fig. 6.15 A. ‘Push and Pull’ to help disperse the energy in the Solar Plexus. 
B.Flush and stabilize with Blue’-Picture Ocean Blue and flush sick energy down into the Earth, 


Rinse and flush with blue light. Picture ocean blue and flush down to the earth. See 
and feel the solar plexus becoming cleaner. Flush the sick energy down to the earth. 

Now clean out the whole body again. With all the organs: from the lungs, heart, liver, 
gall bladder, pancreas, spleen, stomach, small intestines, large intestine, kidneys and 
sexual organs, Clean all the way down to the earth. When you clean the solar plexus 
and all the other organs you remove all the negative emotional energy. 

Energize the spleen, liver and kidneys with blue or white light. Then project green, 
followed by orange light to the cores of the liver and kidneys. Clean with the green and 
orange light and stabilize with blue light. 


Work on the back of the spleen and kidneys. Energize them with blue-white light. 
The spleen is on the student's left and kidneys on the right and left. They all help to clean 
the blood. Spiral the energy clockwise into the spleen. See it in your mideyebrow. See 
the cells and spiral the light into them. Give the command, "Stay". This is very impor- 
tant; it makes sure that none of the cells hide from the dazzling light that you are send- 
ing. Give the command again. Then stabilize them with blue light. Picture the kidneys 
and see their cells and feel the blue light go into the cells. 

Work on the Liver on the student's right hand side. Smile and laugh to the liver and 
see all ofits cells. Give the command, “Stay”; then send in the healing light. Send in blue 
or white (energize), followed by green (energize and clean), blue (rinse and stabilize), 
violet (recharge and reprogram) and then blue to stabilize again. 
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Spleen - Front and Rear 


Fig. 6.16 ‘Push and Pull'to help disperse the energy in the Liver and Spleen. Clean with Green 
and flush and stabilize with blue, Flush the sick energy down into the Earth. 


Itis essential that you feel and talk to any sick energy. If the student is healthy then 
you will feel their ‘light’. Ask their energy body to tell you where it may need some 
healing. Send in ‘light radar’. Transmit green light and flush down to the earth. When 
you feel that energy is accumulating, start to spiral more. Push and pull and give 
the command for the sick energy to leave. 

The more you clean, the more you heal. Tell your student to practice at home after 
the session, at an agreed time. You can then carry out ‘absent or distance’ healing, 
linking everyone's personal star, energy body and the universe. With time, you will 
master the techniques, imprinting them with your own manner. Eventually symp- 
toms disappear, as the blockages are cleared and the flow returned. 


Cleansing the Spinal Cord : 


Always cleanse the spinal cord, which protects the entire body from dis- 
eased and negative energy, both physical and psychic. When you open the 
spinal cord and solar plexus you can release many energy blockages. Sweep 

the hand in a clockwise motion to energize the spine with either/or a combi- 
nation of; blue, green, white and ultra-violet. Then spiral counterclock- 

wise and brush the spine down to the ground. Continue sweeping until you 

feel that the spinal cord has cooled down. Remember not to use orange orSpine 
red. 
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How It Warks 


In medicine, the use of force sensors to evalu- 
ate muscle strength in hands or limbs can be 
important as an indicator of neurological prob- 
lems or to monitor progress in occupational 
therapy. Thin force sensors can be installed in 
shoes to check the weight distribution of each 
foot. They can also be used for entertainment 
purposes, to light LEDs in sneakers. 


A force sensor may respond to a single-touch 
User input, See Chapter 13 for more informa- 
tion about single touch sensors. Some video 
game controllers use resistive force sensors to 
measure the amount of pressure applied to a 
button, The PlayStation is an example. (Old 
PlayStation DualShock 2 controllers are a sal- 
vageable source of pressure-sensitive buttons.) 


Load sensors are used to weigh industrial prod- 
ucts, and are also used domestically in kitchen 
and bathroom scales, 


A load sensor can also detect human presence 
—for example, in the passenger seat of an 
automobile, where an air bag must not deploy 
if a young child is present, or in a hospital, to 
monitor the number of times the patient gets 
out of bed. 


Schematic Symbol 
No specific schematic symbol is used for either 
a force sensor or a load sensor. If a force sensor 
uses a piezoelectric or piezoresistive element, it 
may be represented by the symbol shown in 
Figure 11-1, which is used for many piezo devi 
ces. 


How It Works 


Two methods of force measurement are com- 
monly used: resistive and piezoelectric 


A piezoelectric force sensor uses a piezoelectric 
element, often consisting of a quartz crystal, to 
convert force to a small voltage that can be 
amplified. However, this type of sensor only 
responds to changes in force. Ifa constant load 


is applied, the output peaks quickly and then 
gradually diminishes to zero. 


Resistive force sensors change their electrical 
resistance when force is applied. They include 
metallic strain gauges and plastic-flm sensors in 
which two layers of conductive ink are pressed 
together. 


In SI (standard international) units, the force 
needed to activate a sensor is measured in 
newtons, abbreviated with a capital letter N. A 
newton is defined as the force that would accel- 
erate a mass of 1 kilogram at 1 meter per sec- 
ond each second. More practically, in the 
gravitational field at the surface of the Earth, 1N 
= about 100 grams of weight. There are about 
28 grams in an ounce; thus 1N is slightly less 
than 4 ounces. 


Strain Gauge 

A strain gauge is often made from metallic foil 
applied to an insulating flexible backing. The 
backing is glued to a shaped piece of metal, 
usually steel or aluminum, which is designed to 
flex slightly under pressure and may be referred 
to as a spring, even though it is often one solid 
object. Its deflection will be related to the force 
imposed on it. 


The maximum deformation of the spring under 
a strain gauge is usually 500 to 2,000 parts per 
million (ppm) when subjected to the maximum 
force that it is designed to measure. A change 
of Ippm is referred to as a microstrain (abbrevi- 
ated pe). 


The strain gauge has no polarity, and functions 
like a force-controlled potentiometer (see Vol- 
ume 1). The ratio of the change in its resistance 
to the change in the strain that it experiences is 
called the gauge factor. For metal foil gauges, 
the gauge factor is usually around 2.0. This is an 
approximately linear relationship. 


The most common type of foil pattern is shown, 
in Figure 12-1. In the figure, if a stretching force 
is applied horizontally, the multiple thin sec- 
tions of foil are slightly elongated, and their 
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Individual Healing Session 


Cleansing the Blood (Lungs) 


Pale green/white and tangerine/white chi work as cleaning agents for the blood. 
Diseases of the blood and arteries can be treated. The chi first energises the lungs 
and as the blood passes through them, it takes in the chi, thus becoming purified. 
The benefit is then carried to the rest of the body as the blood circulates. Serious 
infections can also be treated in this way; however, the technique should not be used 
‘on women who are pregnant. 


A. B. 


Fig. 6.17 A. Cleansing the Blood and emptying the Lungs. 
B. Become aware your Three Tan Tiens. Connect o the Universe and ask for ‘the Power to See’. 


Outline for Cleansing the Blood/Lungs 


Scan the student. 

2. Push through and open the lungs from the back to the front. 
When the lungs need to be given energy, use pale green/white 
followed by pale tangerine/white chi beginning at the front and 
moving top the rear. 

4. To make weak patients stronger, cerise/white chi can be em- 


ployed as this will bring energy into the lungs. Lungs 
5. Purification of the blood is carried out by the liver, kidneys and 
spleen. Use white chi to bring energy to these areas, afier first 
pushing and pulling through them. 
. The blood requires a lot of cleaning on a regular basis. 
Energize with white Chi. Germs can only grow in the dark. 
‘Fill yourself with the light’. 


» 


No 


150 


Chapter VI 


Circulatory/Heart System General 


One of the basic problems pertaining to the circulatory sys- 
tem and heart is hypertension and hypotension. Once again, 

the sacrum and solar plexus are involved. The sacrum con- 

trols the bones; indirectly, it stimulates the marrow and en- 
hances the quality of the blood. Good blood is like running the 
highest quality motor oil through the engine of a motor ve- 
hicle. 

(Within the Universal Tao System we also have the view 
that the sacrum controls the Chi-pulse. If there is enough Chi, 
the heart does not have to work so hard, because the Chi 
pushes the blood). 

The solar plexus relates to the emotions, affecting the heart 
through two mechanisms: 

- It may affect the heart directly, causing rhythmic distur- 

bance or pressure around the heart muscle 

- Malfunction in the liver or digestive tract, leading to high 

cholesterol levels or gas which pushes up towards the 
heart from the intestines and causes unwanted heat and 
pressure. 

Cleaning out the Solar Plexus will greatly improve these conditions. If you have been 
trained in Chi Nei Tsang you can use it in combination with the Cosmic Healing tech- 
niques. 


Specific 


Working on the Heart Muscle: 
Clean out the Solar Plexus as outlined above. Push and pull with green and blue. 
Detoxify the liver, flush with green. 

Enhance with white and violet light. 

Use the finger to work on the lower left and upper right part of the heart. 
Remember that the heart muscle is very delicate. 

You draw the force, you spiral and you push. 

Stabilize with white. 

For enlarged heart use blue. 

Carefully use the red light to balance the blood and open the blood vessels. 
‘Sweep the sacrum with green, red and blue. 

‘Sweep the solar plexus with green, blue, red, white and violet. 

Energize and cool down the throat center, using blue. 

Working on Hypertension (High Blood Pressure): 
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Overactive adrenals/ kidneys often cause hypertension. Clean out the solar plexus first, 
because the adrenals (T11) are connected to it. The adrenal glands produce adrena- 
line, the hormone that stimulates the heart to pump. Overactive adrenal glands will 
eventually affect the heart. 

Tune-up the Door of Life with blue, calming it. 

Take the pressure from the heart, use green, 

Energize the heart, use violet. 

Flush down from head to feet with blue; 

The basic problem with hypertension is that the Chi goes up and cannot come down. 
Work on the sacrum, using orange and yellow. 


Working on Hypotension (Low Blood Pressure): 

In hypotension the Door of Life and T11 are underactive. 

First clean out the Solar Plexus, this time focus on removing blocks or stuck energy. 
Energize the Door of Life, using green and red. 

Energize the Sacrum (same colors). 

Energize the Base of Skull with green and violet. 


Stomach Pains 


Pass your hands over the patient and brush the whole abdomen, especially the 
solar plexus, navel and lower abdomen. The navel should be treated with a combina- 
tion of green and blue, and blue should be used at the end to firm up the energy. 

If problems persist: A) Treat with Chi Nei Tsang B) Seek the advice of a qualified 
medical practitioner. 


Relieving Pain: Blue Chi 


Chi that is associated with the colors blue and green can be utilized in different ways. 
While green chi acts to free up energy that has become ‘sick’ and ‘stuck’, blue chi can 
act as a painkiller because of its ability to reduce the severity of pain. 

1. Push and pull the through the affected part out to the universe or ground the sick 

‘energy until partial relief is attained. 

2. A large amount of pale blue/white chi together with pale green/white chi should be 
used to transmit energy to the problem area. 

3. For the alleviation of pain, use pale green/white chi and pale tangerine/white chi in 
tum. 

Energize means draw the Chi into the part that you want to receive healing. 
Cleansing means push energy through the affected part and send it out to the 
universe. Pull the new Chi back into the same area. Light green Chi is used in 
loosening and cleansing delicate organs like the eyes and the brain. 
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Headache: Light Whitish Green and Light Whitish Blue Chi 

1. To check for areas that are congested or lacking in energy, the eyes, temples, spine 
and solar plexus area should be scanned. Also, the crown, mideyebrow, forehead 
and back of the head and neck. 

2, The eye and temple areas should be brushed down when the headache is because 
of eyestrain and then flushed into the ground. 

3. The whole head, particularly the painful section should be brushed and then pale 
green/white, blue/white and pale purple/white Chi used to bring energy into the area. 


Migraine Headache: Light Whitish Green Blue and Violet Chi 
1. Persons who suffer from prolonged or chronic headaches including those types 
termed ‘migraine’ headaches have an abnormal accumulation of energy in various 
parts of their bodies. Starting with the solar plexus, this energy follows a route up the 
vertebral column and thence into the neck and head. As a result the various blood 
vessels in the head expand, causing pain in the head area. Mental strain and emo- 
tional disturbances usually cause this type of headache. 

2. Use a pushing movement to clean and open the solar plexus and liver areas. First 
use pale green/white, then pale blue/white and finally mauve/white chi to bring en- 
ergy to the solar plexus area, 

. In order to send the ‘sick’ red chi into the ground, brush down the spinal column. 

. The back of the heart can be opened by pushing through in order to remove the dirty 
Chi. Then bring energy to the heart by using pale green/white and purple. Use your 
mind to see the heart center expanding and opening. 

5, Brush down the dirty chi from the head area and send it into the earth. 

6. Use a combination of pale green/white, blue and purple to bring energy to the back of 

the head, the crown point and the forehead. 


Toothache: Light Whitish Green and Blue Chi 
. Brush down the area with pale green/white Chi. 


. Energy should be brought into the area with pale green/white, mauve/white and blue 
Chi. 


Re 


pe 


Broken Bone: Orange-Yellow Chi 

For anything relating to the bones always activate the sacrum. Light orange-yellow Chi 
is used to encourage broken bones to knit quickly, Chi which is pale yellowish tan- 
gerine may be employed. The sacrum attracts the orange-yellow Chi; feel the eight 
holes in the bone breathing. The orange-yellow Chi enters, transfers up to the crown 
and is sent up to the universe to multiply. 

1. The fracture area should be brushed using a combination of pale green/white and 
pale tangerine/white chi 

2. To promote fast knitting of fractures, a daily treatment with pale tangerine yellow Chi 
mixed with white can be employed, in the ratio of 7:1.5:1.5 of white (for the center), 
yellow and tangerine respectively. Push through and brush the sacral and navel ar- 
eas, using a cerise (light red) Chi mixed with white. 

153 


Individual Healing Session 


Back Injury: Light Whitish Blue and Green Violet Chi 


. Scan the student to see which parts are congested. 

. Use chi that is pale white/green or pale white/tangerine and, selecting each in turn, 
with a brushing movement apply to the whole spinal area and especially to the area 
where the trauma is located. 

3. To bring energy to the damaged area, use a combination of pale blue/white, green 

and purple. 

4, White chi should be used with a brushing movement on both the back and front of 

the solar plexus area. 


Infection and Inflammation: Light Green Chi 


Treat the damaged area with green and tangerine/white chi, using a brushing move- 
ment. For the heart and spleen, these colors should be replaced with green and purple. 

Bring energy to the area by the use of mauve, white, tangerine, green and blue and 
strengthen the natural immune of the body. 


Cysts: Light Green and Blue Chi 


During the course of the session, repeatedly pass your hands over the patient's 
body. Treat the solar plexus area with a combination of green and blue chi. The cyst 
can be removed using a chi knife, spiraling clockwise with green and tangerine chi; 
moving the ‘stuck’ red chi out of the body and grounding it in the earth. After, blue chi 
should be used for a calming effect, while green and tangerine can also provide 
energy. For maximum benefit, sessions should be thrice weekly. 

As foods containing a lot of highly spiced ingredients have a lot of red chi, these 
should be kept to a minimum. The patient should use the Inner Smile to calm and 
balance his/her emotional state. 

Itis sometimes necessary to sweep 100-200 times, to cool the affected area. Scan- 
ning will enable you to take a temperature reading. If the area is still hot then continue 
sweeping until it reaches a satisfactory temperature. 


Fever 


po 


. Brushing can be done with blue or green Chi. 
. Push and pull through the affected part, sweeping the spleen with green and blue. 
Clean and rinse thoroughly. 

3. The solar plexus area can be treated with tangerine and blue Chi but tangerine should 
not be used on a patient with diarrhea. 

4, The thymus gland can be stimulated by the application of green, tangerine and purple 
Chi. First, brush the heart area with green and blue. This helps the body to ward off 
infection. 

5. Both lungs should be brushed and energy brought into the back of the lung area by 
the use of tangerine and green. 

6. Sweep the spleen with green. 


po 
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Ifthe student has a fever then they must lie down to receive the healing. This applies 
in all cases where the student is unable to sit up comfortably. 


Insomnia: Green and Blue 


Inability to sleep may be the result of too much activity in the solar plexus and the 
sacral area. The solar plexus may also be congested. Similar problems can also 
occur in the throat, mideyebrow and forehead, as well as at the crown point. 

Repeatedly pass your hands over the patient's body as the treatment progresses 
and use a combination of blue and green chi to clean the sacral and solar plexus areas. 

Sleep can be brought on by use of blue, as it soothes the solar plexus area, Use 
blue and green to brush the mideyebrow, forehead and crown point and white and 
tangerine on the navel. Finish with blue. 

Do not eat food late in the evening. 

Sleep in a separate bed from your partner. You can place two beds next to each 
other. 


Tinnitus 


Relates to weakened kidneys. Work on the kidneys, mideyebrow and forehead 


Blood Clotting: Blue Chi - Fresh Burns: Green and Blue Chi 


Because of the cooling and calming properties of blue chi, it can be used to remove 
the heat from burns. Green has a similar effect. 

The area needing treatment should be scanned, then brushed with a combination 
of pale green/white and blue Chi until relief is felt and the heat in the cells released. 


Old Minor Burns: Green and Red Chi 


Pass your hands over the damaged areas and repeat this during the treatment 
period. Use pale green/white and tangerine, but do not use on the head, eyes or brain, 
or other sensitive organs. 

To reduce discomfort in the damaged area and promote fast healing, firstly pale blue 
Chi mixed with white should be employed, followed by cerise mixed with white, and 
green in equal proportions as this mixture optimizes the breaking down of necrotic 
cellular material, However, cerise should not be used in the head area but be replaced 
by mauve mixed with white. 

Use cerise/white chi to brush the sacral and navel areas and follow with blue 
which assists in the release of the stagnant Chi. This session should be repeated for 
2or3 days. 
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Old Severe Burns: Green and Red Chi 


1. Scan at the beginning and end of the treatment (Note:| do not think scan can be seen 
as plagiarism and | don't know what other word to use in this context as | do not have 
the full text) 

2, The local area should be brushed first with pale green/white and then with pale 
tangerine white. Keep repeating but make sure to omit sensitive organs and the 
head area. 

3. To speed up healing and reduce pain and infection, the damaged area should be 
filled with energy from pale blue white, pale green white and mauve with white Chi 

4, To help speed up the healing process, wait a few days until there is much less pain, 

then use pale green white and cerise mixed with white Chi. If the head area is af- 
fected, use mauve mixed with white in place of the cerise. 

. Brush in the sacral and navel areas and to speed up healing use white Chi. 

6. After making your healing intent stable, release it. 


a 


Old Wounds: Green and Red Chi 


Green chi, in equal proportion of pale green/white and pale red/white should be em- 
ployed on injuries which are not new as, when used in large quantities, it attacks and 
disperses damaged cellular matter, promoting fast healing. On recent injuries, it will 
have an adverse effect because itis likely to cause the trauma area to become moist, 
and it also will not be able to work quickly. 

Scan at the beginning and end of the treatment, and brush the damaged area 
with pale green/white and pale tangerine/white Chi. Some pale blue/white can be 
employed locally to energise the area. Use of pale green/white followed by 
cerise mixed with white can speed up the healing process and assist in the 
breakdown of cellular material. 

The navel and sacral areas should be brushed using pale cerise/white Chi. 
This will fill the area with energy and make the wounds heal faster. Before the 
Chiis let go, it should be stabilized. 


Some Specific Points and Ailments 


The following descriptions are mere guidelines. Each case is different and much de- 
pends on your own abilities. One needs practice to detect diseases. Best results with 
Cosmic Healing will be obtained when practiced in combination with Chi Nei Tsang. 

Remember that these techniques are not meant to replace the doctor, but merely to. 
assist him. The student must always work with the practitioner. The practitioner is a 
channel, the student the healer. 
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Solar Plexus: Blue Chi 


The Solar Plexus is the connection point for practically 
all the nerves inside the body. That is why it becomes 
laden with emotions so easily. When the Solar Plexus 
jams up and overheats, the liver will overheat; when this 
happens, the heart will also overheat; this will in turn af- 
fect the thyroid and parathyroid; finally the brain will be 
affected. Cleaning out this center is therefore extremely 
important. This type of cleaning may be done from the 
top down (as in the general cleansing session) or aimed 
at the Solar Plexus directly. Draw the green light, spiral ae 
it, flush with the green light, then energize with white and 
violet light. As before, always allow the energy to stream 
through both the points fully. The Solar Plexus holds all a 
the emotions. When working on the Solar Plexus, the 

most important thing to remember is to connect the back- 

side to the universe. There is literally no end to the ‘other’ 

end of this connection. Just allow the Chi to come all the el 
way down and slightly pull inwards a little. Simply clean 
out the path. Allow the information to condense, allow 
any images to come out. Then stabilize the energy. Pic- 
ture the Chi-field enveloping the person as a big protec- 
tive bubble. Cool down with blue. 


Skin Infection: Blue Chi 


The skin is related to the lungs and the kidneys. Whenever there is an infection, the 

immune system is involved. 

1. Enhance immunity as outlined in pages 101-108. 

2. Focus on strengthening the lungs. Always start with green to flush out. Then send 
orange light into the lungs. Make sure you are not sending it up to the brain. Energize 
the lungs with blue and white. 

3. Detoxify the kidneys, purify the blood (green) and energize with blue. Ask the person 
to visualize a fresh mountain-stream to stimulate the kidneys. 

4, Treat the area locally, using your hands. if the area is big, use your palm, if small use 
the fingers. Do not focus on your palms - refer to the section ‘Forget About Your 
Palms’. on page 152. Draw green Chi from the forest, and then energize with violet. 

5. To diminish pain or itch, use blue to cool down. Also use the Chi knife to work on the 
infection. 

In case the skin problem is allergy-based, you should also treat the mideyebrow; 
there might be some irritation here. First clean with green, then either energize with 
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violet (if resistance is low) or soathe with a light shade of yellow. If the skin problem is 
related to asthma, open the lungs with bright red clean the throat center with green and 
energize it with (deep) blue. 

If the problem is due to toxicity, also clean out the liver flushing with a combination of 
green and orange. Energize with green. Enhance the immune system by working on 
the sacrum, 


Eyes: Green Chi 


The right and left eye are governed by the forehead and 
mideyebrow respectively. The eyes are also linked to the 
temples. Ask the person to touch their temple bone and guide 
them to take in the (white or light violet) Chi. Send Chi through 
the mideyebrow and forehead (all the way through). Ask the 
person to visualize the light coming in. Use soft shades of 
green with golden yellow to stimulate the optic nerve. Use 
blue to calm the eye muscles and light violet to stimulate the 
inner eyesight. 

The eyes are connected to the liver. Scan the liver and energize with green. Scan the 
jawbone to see if there is any unreleased anger. Cool down with blue. Channel bright 
green into the liver. 


Ears: Violet Chi 


The right and left ears are governed by the forehead and mideyebrow respectively. 
Push and pull green Chi to clean. The ears are connected to the kidneys, so you can 
work on them also. The ears are also connected to the sinuses and upper respiratory 
tract. This means that infections need to cool down before you can use any cleaning 
technique. Use blue to cool and clean with violet. As long as fever and severe infection 
persist, use blue to cool them down. When clean, energize with violet. 


Have Better Health, Less Stress and Remain Young 


Brush specifically on the areas of the solar plexus, liver, stomach and pancreas. 

White chi brings energy to the crown point, head (at the back) and both sides of the 
brain. 

Both the front and rear of the heart and lungs can receive energy from white/purple 
Chi. 

Both the front and rear of the spleen, the navel and lower abdominal area, the spinal 
cord, the kidneys, using white Chi 

On the sexual center use white chi but if the problem is difficult to shift, use green. 
You can also use white Chi on the sacral area, and green or purple on other organs. 
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White Chi can be employed for the arms and hands, while the legs and feet should 
be treated with white and purple Chi 
Eye problems with green/yellow energy. 

After a session, patients who are particularly weak should not bathe for one full day. 


The energy which has been put into their bodies can thus be kept there by application 
of pale blue/white Chi at the end of the session. 


Fig. 6.18 Use Compassion, Love and Kindness. 


Summary of Individual Healing Session 


A Chi Knife 
B. Energizing and Activating the Immune System 
C. Cleansing with the Internal Organ Techniques 


General Outline of Practices 


1. Gain experience by working with one person. Stand in front of them with your feet 
shoulder width apart. Hold your hands at your heart in salutation. Transmit your 
love and compassion and ask for their permission to help them to help themselves 
heal 
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resistance increases within the limits of elastic- 
ity of the foil. This effect is multiplied by the 
number of sections. If the stretching force is 
applied vertically, the sections are merely sepa- 
rated slightly, and the result is negligible. 


Wheatstone Bridge Circuits 

The very small changes in resistance in a strain 
gauge must be amplified to be usable, and the 
first step is to use a Wheatstone bridge circuit. 
The simplest form of this circuit is shown in 
Figure 12-2. 


‘Sensitive to Strain In This Direction 
ees 


= 


Figure 12-1 The pattern of metalic fll used in atypical 
strain gouge, 


‘Not Sensitive in This Direction 


Figure 12-2 A demonstration versian of the basic Wheat: 
stane bridge circuit that is often used ta detect small 
changes in a resistance. 


Each pair of resistors (R1 + R2, and R3 + Ra) 
functions as a voltage divider. If all the resistors 
have an exactly equal value, the voltage at the 
midpoint of each pair will be identical, and the 
volt meter at the center will have a zero read- 
ing. However, if the value of one resistor 
changes slightly, the meter will register the 
imbalance. This circuit is commonly used 
because of its sensitivity to small variations, 


In Figure 12-3 two strain gauges have been 
substituted for resistors R3 and R4. The upper 
strain gauge has been mounted so that it expe- 
riences an increase in force at the same time 
that the lower strain gauge experiences a 
decrease, usually because one gauge is moun- 
ted on the top side of a flexing element while 
the other gauge is mounted on the underside. 


Figure 12-3 Two strain gauges. oppositely oriented, can 


bbe used as resistances in the Wheatstone bridge circuit. 


Using two strain gauges in this way doubles the 
sensitivity of the Wheatstone bridge circuit. The 
configuration is known as a "half Wheatstone” 
force sensor, and will have three connecting 
wires. One will be black, one will be red, and 
the third will be a different color. The red and 
black wires are for connection to the power 
supply, as shown in the schematic, while the 
third wire is common and should be considered 
as an output. 
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. Energizing and A 


. Connect to the student's and your own cosmic star above your head and ask for 


universal permission, Radiate your love and transfer three minds into one mind. 
Lower your Upper Tan Tien. Activate your consciousness: Three minds become one 
mind. Expand your awareness in the mideyebrow and the crown. Feel the Tan Tien, 
heart, mideyebrow and crown spiraling. Expand to the universe. 


. Visualize the person's legs as being ‘very long’, extending down to the earth. Acti- 


vate the Sacred Fire and bring it down. Clean out the room and make a big Chi field 
around you and the student. 


. Call the Elemental Forces: water, fire, thunder, lightning, rain, lake, earth, moun- 


tain, wind and Heavenly Chi. Call the guardian animals; Blue Tortoise from the north, 
Red Pheasant from the south, Green Dragon from the east, White Tiger from the 
west, Yellow Phoenix from above and Black Tortoise from below. Feel that you are 
protected by the Chi; gather the power of all the mountains, rivers, streams, stones 
and rocks into the room. Activate them with lightning, thunder and wind - filling the 
whole room with electrified Chi. 


. Chi Knife 
. Hold the knife in right hand (left, if you are left handed). Hold the other hand near your 


body with the thumb and index finger touching, Project the Chi Knife as big as the 
universe, ‘long and big - reaching to Heaven’. The bones in your arm are hollow and 
the ‘bottom ' is sealed at the shoulder. Feel them ‘fill and pack’ with the power coming 
from above. 


. Then give the command: “Power comes from the east. This Chi Knife has the 


power to dissolve all the negative energy, sickness and bad fortune. By my 
request, please carry out the order now.” Wait until you feel that your arm and 
the knife are heavy and full of Chi. 

Carry out energetic surgery, cutting and slicing the affected area with cool 
yin energy. When you feel that the Chi Knife is full of sick Chi, spiral counterclock- 
wise and discard it down into the ground. When you feel that the knife is ‘empty’, 
charge it with Chi from the universe. Continue until you feel that the area has been 
cleansed. 


ating the Immune System 

In cases of severe illness, debilitation and infection, it is essential to stimulate the 
body's defence systems. You may also want do this in a preventative manner. 
Guide the student as you practice together. Presuming that you have already done 
the previous set of general healing, you can start with the coccyx. 


. Be aware of your Tan Tien and connect to the universe. Touch your coccyx with the 


fingers concentrating a beam of white or yellow light on to it. Picture the sacrum 
‘opening and the light streaming inside, flowing up the spine and streaming out over 
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the whole bone structure. Feel the Chi rising up to the universe, multiply it and guide 
it down to your energy body. 

2. Be aware of the Tan Tien and the universe. Attract the yellow light; spiral and con- 
dense the healing light into the tips of your fingers; move the fingers up to touch the 
sacrum. Send out a beam of yellow Chi into the sacrum, directing it up the spine. 
This will stimulate the production of red blood cells. Transfer the feeling of ‘Bone- 
Chi’ up to universe and down to your energy body. 

3. Proceed to the crown, showering it with violet light. Then spread from the crown 
throughout the bones of the body. Repeat several times. Instruct the student to feel 
the bone structure breathing. Ask him/her to extend up from their crown to the Big 
Dipper and North Star, channelling down the red and violet light into the thymus gland. 

4. Continue to the throat, stroking down with your palms, using green color to move 
the lymph down towards the backside of the heart. (Never stroke up towards the 
head! Only guide the lymph down). 

5. Proceed to the lymph nodes under the armpits and across the sternum. Next 
activate the lymph nodes in the groin. From the groin you guide the lymph up to the 
navel center (Not down where it will get stuck in the legs). 

6. Return to the navel center. Send the energy deep inside, energizing the lymph 
nodes at the back. Pull back, drawing green energy, flushing out any waste products 
that are stuck in them. 

Activate the points at the inside of the elbows and the knees. 

Shower the whole body with healing light and energize the perineum with blue Chi. 

Always remember to ground any sick energy by sending it deep into the ground. 

Ask the student to do the same and it will be more effective. You should do this 

while giving the session as well as when closing it. 


C. Cleansing the Internal Organs 
(Repeated from pages 132-133 and pages 136-137) 

This session can be used for any kind of ailment and carried out with any number of 
students, It is important to remember that if there is no energy in your Tan Tien, 
then there will be no energy to work with. When you are aware of your Chi, you can 
direct heavenly light straight into your energy body and then into the student's. 


General Cleansing Procedure 


4. Push and pull the energy through the student's body. Push and disperse the sick 
energy into the universe and out to the planets, where it will be transformed and 
recycled. 

Pull the energy back and stop it between yourself and the student. 

Spiral the energy counterclockwise until you see the green light mix and clean the 
sick energy. Spiral and flush the energy down into the earth. 
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4, Spiral with blue light; see it mix and flush the energy within the student's body. Spiral 
this energy down to the ground. 

5. Energize the student with white or violet light. 

6. You can also use both hands to channel Chi when you ‘push and pull’ through the 

body. 

Spiral in - spiral clockwise to bring energy into the body and energize it. 

Spiral out - spiral counterclockwise to cleanse, flush and remove energy. 

9. When you begin pushing, pulling and sweeping, you may feel resistance in the body. 
As you progress and the energy centers open, this feeling will diminish, 

10. There are many color combinations that can be applied to the various parts of the 
body. When you start practice, stick to the basic ‘blue, green, white, violet and blue’ 
formula. When you are working on a specific area, you can keep this book near by, 
or write a short ‘color recipe’ before you begin. In this way, you will be able to relax 
your mind. 

11. ‘Pushing and pulling’ is like fanning and venting the body; when you fan your hands 
in front of your face, it will have a cooling effect. Ventilation enables the stagnant, 
sick energy to leave the body. 

Below is a list of the body's organs in relation to their tendency to ‘store heat’ 
They are listed in descending order, i.e, the head is the hottest. 

Head, heart, liver, lung, stomach and spleen, large intestine and small intestine, 
kidneys and sexual organs (which become hot when aroused). 


en 


Outline of Pra 


The solar plexus is the clearing house for emotional energy and is situated in be- 

tween the lower and higher energy centers and in the center of most of the internal 

organs. Alll the organs dump their negative emotions here. The internal organs can be 

cleansed by sweeping the solar plexus, energizing, cleaning and flushing it of sick en- 

ergy. When you feel sick energy in the body, give the command: “Stay”. This is very 

important, it makes sure that none of the cells hide from the dazzling light that you are 

sending in. 

4. Scan; ask for the power to look at the cells. 

2. Push, pull and give the command “Disperse”. Push until you feel the solar plexus 
clear and open. 

3. Spiral green Chi counterclockwise. Talk to the sick energy; tell it to “Leave”, you will 
take it to “a better place, where it will be happy”. Give the command “Out, 

4, Spiral Blue Chi counterclockwise, flushing out any remaining sickness. Guide the 
sick energy into the earth, 

5. Spiral and sweep Blue - Green and Red Chiinto the solar plexus, sweep the organs. 
Do not use in cases where there is intestinal infection and internal bleeding (which 
can be worsened) or in the presence of pregnant women. 
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Cleansing the Spinal Cord 


Always cleanse the spinal cord, which protects the entire body from diseased and 
negative energy, both physical and psychic. When you open the spinal cord and solar 
plexus you can release many energy blockages. Sweep the hand in a clockwise motion 
to energize the spine with either/or a combination of: blue, green, white and ultra-violet. 
Then spiral counterclockwise and brush the spine down to the ground. Continue sweeping 
until you feel that the spinal cord has cooled down. Remember not to use orange or red 


Cleansing the Blood (Lungs) 


The blood can be cleansed by energizing the lungs with whitish green, then with light 
whitish orange. The blood passing through the lungs will absorb the green and orange 
Chi, thereby cleansing the blood plasma and vessels and the rest of the body. This 
technique is very useful for treating ailments of the blood and of the arteries and for 
severe infections. Do not use it on pregnant women. 


Outline of Practice 


. Scan the student. 
. Push through and open the lungs from the back to the front. 
3. Energize the lungs from front to back with light whitish green, then with light whitish 
orange. Push through. 
4, If the student is weak, energize the lungs with light whitish red, which will provide a 
strengthening effect. 
5. The spleen, liver and kidneys purify the blood. Push and pull through the organs 
and energize with white Chi 
. The blood requires a lot of cleaning on a regular basis. 
. Energize with white Chi. Germs can only grow in the dark. ‘Fill yourself with the 
light’. 


yo 
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General Principles 


Energy can be introduced to the affected area of the body by moving the hand clack- 
wise in a spiral. Flush means to retum the sick energy to the earth for recycling. 

Stabilize means to retum the area to normal functioning. 

Spiral in a clockwise motion when you are ‘stabilizing’. 

Use blue or white light to energize the area that you are working on. 

Use green light to energize and clean the area that you are working on. 

Use blue light to flush and stabilize the area that you are working on. 

Use violet light to balance the sick energy and reprogram the cells of the body. 
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For general infections always use green (energize and clean) and blue (stabi- 
lize) light. Use violet light to balance the sick energy and reprogram all the cells. Use the 
‘Chi Knife’ for infections as well. Never use orange on the head, heart and spleen. 


Give the command “Stay” to make sure all the cells receive the light you are 
sending in. Remember that germs and bacteria cannot hide in the light. 


Energize means to draw the Cosmic Chi into the part that requires healing. 
Cleanse means to clean all the cells being treated. 


You can also work on yourself. You may need some help when working on the 
back. If you obtain optimum health and practice the Cosmic Orbit regularly then you will 
never ‘need’ to apply any of these techniques to yourself. 

Like all Chinese medicine, Cosmic Healing works on the system as a whole, balanc- 
ing the entire organism, treating the cause to cure the symptoms. 


The techniques really are simple. 


When in doubt use; blue, green, white, violet, blue. 
You can always use white and violet. 
Upper organs - use violet. 


You can practice group healings and then link your students’ personal stars together, 
at an agreed time later in the day. You can then perform the World Link Cosmic 
Healing. 


Work on any other ailments that the student may have. 


The simplest way to learn is to begin practicing today. 
The simplest way to heal is to allow yourself to be healed. 
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Chapter VII 
Different Hand Techniques 


Forget about your Palms 


An extremely important theory of Cosmic Healing Hand Techniques is to ‘forget about 
your palm’. This means that you should only use the palm (which is incredibly sensi- 
tive), for ‘guiding’ the universal energy into the right spot, sending out a minute beam of 
light, like a laser, that marks the place where the energy should be sent. Your palm is 
connected to your brain, which has been sunk into your Tan Tien. The light marker will 
serve as a beacon for the force that is directed down by your mind. Draw down the 
Universal Chi, guide it to the right spot and give the command; "Stay". This is very 
important, otherwise the Chi will disappear once you move your hand. 

When you practice Cosmic Healing it makes no difference how many people you 
treat, because you are not transferring your own energy. 


Don't Focus your Mind on the Sick Part 


Ifyou direct your attention towards something, your energy will go there. If you focus on 
some ailment, you are already sending out your energy. Instead you should try to con- 
nect with a greater source, Universal Chi, extending your mind very far away. This way 
you won't lose your power. The only thing you do as a practitioner is to form the connec- 
tion between nature, the student and the sick energy or between the universe, the Chi 
field and the sick part. 


Cosmic Healing is Teaching 


One of the best methods of protection for a practitioner is the Fusion practice (Refer to 
‘Fusion of the Five Elements | by Mantak Chia). Perhaps even better is for the practitio- 
ner not to perceive him/herself as a healer, but as a person that comes to guide people 
in something they have to do themselves. When you say; "! am a healer’, the sickness 
or bad energy, has already found a new home. When you check it out, first it will try to 
hide, and then it wil try to attach itself to you. But if you don't interfere, the energy will go 
straight to the ground. So it is very important to clarify that you are not a healer, but a 
practitioner that can help, and that the student or sick person has to do most of the job. 


165 


Different Hand Techniques 


Fig. 7.1 The Stronger your Awareness of your Inner Body, 
the Easier it wil be for others present to pick up this Sense. 


Ifyou guide those present, this will greatly enhance your healing session. Sit or stand 
facing your student. Any time you want him or her to focus on a particular point of the 
body, ask them to touch it with their hands. For example, "Now place your hands on 
your navel", while you do the same thing yourself. As soon as you feel the Chi there, you 
instruct them to focus on the navel themselves. This way you are actually helping them 
to deepen their bodily awareness, The stronger your own awareness of your inner body, 
the easier it will be for the others present to pick it up. This means that if you are treating 
some part of another person's body, or if you see that the person is not aware of any 
energy in some part of the body, you can help by focusing your awareness on this 
particular part of your own body. 


Chi Kung Diagnosis: Hand Scanning 


Hand scanning is a simple and effective diagnostic tool of External Chi Healing. It in- 
volves passing your palm over the body of your student from one inch to one foot above 
the surface of the skin and being aware of the energetic state of the various bodily 
areas. What one senses is described as the electromagnetic field, the aura or the 
energy body. 


General Variations in the Energy Field 


The variations you may sense with scanning that have diagnostic significance are: 
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Temperature 


Heat generally indicates excess, while cold indicates deficiency. However, some 
areas of the body are naturally warmer or colder than others. This is described below 
under "Hand Scanning the Internal Organs." 


Thickness 


A feeling of thickness over the area would indicate excess, while thinness may indi- 
cate deficiency. 
Wind 


‘You may feel sensations of wind leaving the body at various places. This may indi- 
cate internal wind at a given location, or it may point to an area of the body that is 
"leaking energy" and needs to be ‘patched’ or ‘sealed’. It may also be a positive sign that 
you are driving wind out of the body. 


Peaks and Valleys 


Peaks in the energy field will feel like mountains or hills in the aural landscape. They 
may actually push your hand away. Valleys feel like depressions or energy vortexes 
drawing you in. They may also feel empty, like a hole or pit. Peaks indicate excess or 
stagnation, while valleys indicate deficiency. 


Tingling 
Accumulations of sick Chi may cause your hand to tingle, feel prickly, throb, or even 


hurt, These are excesses of energy and upon inquiry, the student may complain of pain 
in this area. 


Hand Scanning the Internal Organs 
Each Organ Emits a Different Aura 


Each organ emits a different kind of force or aura through the skin, By passing a 
hand one or two inches above the skin, you can feel different sensations that reflect the 
condition or state of the internal organs. You need to develop the sensitivity to receive 
and identify the vibration or frequency of each organ. Practicing the Cosmic Chi Kung 
Meditations will help develop such sensitivity. 


Liver and Gall Bladder Scanning 


Healthy liver and gall bladder energy feels warm. 

Negative Emotions: When you pass your hand over the liver, under the right side of 
the rib cage, you will feel a charged energy come up to your hand. This is a sign of anger 
in the liver. 
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Overactivity: When you pass your hand over the liver and feel a rush of hot energy, 
this indicates that the liver is overheating because of toxins or emotional stress. 

Underactivity: When you pass your hand over the liver and you feel a dense and hot 
energy, the liver is weak, congested and sick. 


Lungs Scanning 


Healthy lung energy feels cool and dry. 

Negative Emotions: Pass your hand over the lungs. Do the Lungs’ Sound and listen 
to the echo of the sound as it rebounds from the lungs. Sadness will feel like a deflating 
ball pressed between your hands. 

Overactivity: Energy that feels dry and hot indicates an overworked organ. 

Underactivity: Energy that feels damp and cool under the scanning hand indicates 
underactive or congested lungs that can lead to respiratory problems. 


Heart Scanning 


Healthy heart energy feels warm and energetic. 

Negative Emotions: Hot and charged energy indicates impatience, hastiness and 
arrogance in the heart. 

Overactivity: If your hand detects hot, charged and overly expansive energy, this 
indicates that the heart and blood may be overheating. 

Underactivity: Energy that feels cool and less expansive indicates an underactive or 
congested heart. 


Spleen Scan: 


Healthy spleen energy feels lukewarm. 

Negative emotions: Energy that feel damp and sinking indicates excessive worry. 
Overactivity: The energy feels hot and damp when the spleen is overactive. 
Underactivity: The energy feels cool and damp. 


Kidneys Scanning 


Healthy kidney energy feels cold, but not too cold. 

Negative emotions: Energy that feels cold and chilly indicates fear. 

Overactivity: When the kidneys are overworked or overstimulated by excessive ex- 
ercise or improper diet and liquid intake, the energy can feel damp, stick and hot. 

Underactivity: When toxins are blocking the organs, the energy can feel damp and 
cold. 

Hand scanning is an art, and may take a while for you to feel confident using it. 
Practicing Cosmic Chi Kung is one of the best ways to develop greater sensitivity in 
hand scanning. 
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Chapter VIII 
Cosmic Chi Kung 
Palm and Finger Training 


Why We Practice the Cosmic Chi Kung 


The Cosmic Chi Kung is also known as Buddha Palm. The reason we train with the 
Empty Force practice in connection with the Cosmic Healing is to learn how to project 
Chi through the space in the cosmos, the space between your hands and to project Chi 
through the space to your students. Usually when we touch the student we pick up sick 
energy. This practice will teach you how to ground the sick energy to the earth and to 
disperse it into the Universe to be decomposed and recycled by the planets. 

Practice until you can project Chi out from your palms and fingers and when you feel 
the Chi coming into your body through your hands. The most important partis to always 
remain connected with the Universal Force coming from all six directions. If you focus 
on healing from your hands or your Tan Tien you will use up your own energy. You must 
be connected to the Cosmic Universal Force. 


Expand your awareness to nature, the oceans, the lakes, the forests and mountains. 
Smile to nature and feel it smile back to you; inhale and draw the Chi into your palms. 
Expand your awareness to connect to the light, the Milky Way and the cosmos. 

Be aware of the heart and the red light in the heart; expand your awareness to infinity. 
The light will come close to you; picture the red planet Mars above you. See it shine 
down to your crown, feeling the light in your palms. Be aware of the six directions, feel 
your body growing bigger; until you touch the sky, your feet still planted in the earth. 
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If an additional two strain gauges are inserted 
in the Wheatstone bridge circuit, this is now a 
‘full Wheatstone’ force sensor (see Figure 12-4). 
Note, however, the diagonally symmetrical ori- 
entations of the strain gauges, necessary to 
multiply their effect. 


Figure 12-4 Tivo adeitional strain gauges create a “full 
Wheatstone” circuit 


A typical digital bathroom scale contains two 
half-Wheatstone force sensors, wired to create 
a full-Wheatstone configuration. 


The force sensors shown in Figure 12-5 are 
rated for up to 50kg each, and can thus weigh 
Up to 100kg if they are combined in a scale. In 
this figure, one sensor has been turned over to 
show its underside. The strain gauges are hid- 
den in each sensor where the steel sections 
overlap. 


Wheatstone Bridge Errors 
Where more than one strain gauge is used in a 
Wheatstone bridge, they should ideally have 
identical performance. Since this is impossible 
as a result of manufacturing tolerances, some 
error correction is built into devices using mul- 
tiple strain gauges. 
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Figure 12-5 Two force sensors suitable for a bathroom 
scale, each containing a pair of strain gauges that will flex 
oppositely under load. 


Strain-Gauge Amplification 
The voltage output from a Wheatstone bridge 
circuit is given by the following formula, where 
Vivis the supply voltage, Vour is the output, and 
RI through R4 are the resistance values that 
were used in Figure 12-2. 


Vour = [(R3/(R34R4)) - (R2/(RI+R2))] * Vay 


The good news is that the output when a strain, 
gauge is used will vary linearly with the load 
applied. The bad news is that it will be very 
small. 


To amplify it, an op-amp such as the AD620 is 
often recommended. Using external resistors, 
its amplification factor can be adjusted from 1:1 
to 10,000:1. Alternatively a chip such as the 
HX711 by Avia Semiconductor contains a 10-bit 
analog-to-digital converter and is specifically 
designed for use in weighing scales. Its digital 
output uses a very simple serial format. Spark- 
fun sells a breakout board incorporating this 
chip. See Figure 12-6. 
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Opening Heaven and Earth Force in the Palms with 
Heaven and Earth Spirals 


The purpose of this technique is to draw in the forces of heaven and earth through the 
palm. Activate the spirals, the symbol for the heaven and earth force in the center of the 
palm. “ 


A 
"Heaven 


Earth 


Fig. 8.1 Enhances the symbol of Heaven and Earth Force, in the Laogong - Pericardium 8. 


This is accomplished by drawing these spirals with the palm itself. As you draw the 
spirals, you should actually feel the palm breathing, inhaling these forces in. In the be- 
ginning, however, you may only be able to use your own mental imagery and imagine 
that you are absorbing these forces. In time the feelings will replace your imagination, 

You breathe in Heavenly Chi when you draw the heaven spirals, and breathe in Earthly 
Chi when drawing the earth spirals. You may draw in both in one session; you may also 
choose just to draw in either Heaven or Earth Chi if you feel you need more of one or the 
other. It is important to balance these energies whenever you do this exercise. 

4. Begin by raising the right hand to about shoulder height with the elbow sunk and the 
palm facing forward. Slightly pull back (open) the index finger, and slightly stretch the 
thumb forward and down. This will activate the Laogong point on the palm. 

At the same time, touch the tips of your left thumb and index fingers together. 
This will allow the right hand to draw in the Heaven and Earth Chi. The left hand will 
then be held palm up to draw in the heavenly force, or held palm down to draw in the 
earthly force. 
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2. Begin drawing the heaven spiral by moving the palm in a clockwise motion, with 
the circles getting smaller and smaller, spiraling inward. At the same time, your left 
hand is held at your side, palm up with thumb and index tips touching each other. 
Draw seven or nine (planets of our solar system) small spirals with your right hand in 
this way, drawing in the violet heavenly energy. 

3. Next, lower your right hand slightly and turn your left palm down to face the earth. 
Then begin drawing the earth spiral by moving the right palm in a counterclock- 
wise motion with the circles getting larger and larger. Draw five spirals (five ele- 
ments), drawing in the blue earth energy as you move. Inhale into the palm, feeling 
the energies. 

4, You may now bring both hands down to the beginning position of Cosmic Chi Kung, 
or you may open the Cosmic Channel to the planets for healing. This is discussed in 
the next section, Part I, ‘Opening to Heaven, Earth and Cosmic Chi’. 


Cell Breathing 


By understanding the operations of our cells, we establish a foundation for our experi- 
ence of Cosmic Chi Kung. Each cell is a living, breathing entity, absorbing energy with 
each inhalation and releasing toxins with each exhalation. Thus with every breath, we 
are creating more Chi. 

We are made up of over one hundred trillion cells (one trillion is one thousand billion). 
Each one of these cells is constantly breathing. In order for our cells to function opti- 
mally, we must follow nature's teachings. 


Fig. 8.2 Each Cellis a Living, Breathing Entity. 
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The first thing is to keep your cells free of toxins, Eat nutritional foods. This helps the 
Chi to flow smoothly through your energy channels and aids greater assimilation of 
vitamins and minerals. Lear and apply Five Element nutrition principles, eating ac- 
cording to the seasons and to your own constitution. 

The second thing is to keep your cells free of excess emotions. Develop the skill of 
acting positively to situations, rather than reacting, especially negatively. Don't allow 
anyone to make you sad and unhealthy. Some people like to say, "You make me angry," 
or "You made me worry.” We cannot allow other people to make us so emotional. We 
do not need to accept the negative emotions that other people try to dump on us. Cellu- 
lar and psychic boundaries are related. Negative emotions disturb the cells’ ability to 
absorb Chi and to generate the energy necessary for healing. We need all the Chi that 
we can get. Learn and apply the Six Healing Sounds, the Cosmic Inner Smile and the 
Fusion of the Five Elements meditation to transform negative emotions into personal 
power. 

Third, create more energy by cultivating a happy attitude, so that your cells can re- 
generate more easily. Smiling and loving are the two quickest ways to make more 
Chi. In order to have an ample supply of Chi, develop an attitude of joy and love in 
yourself and towards others. 


Mind, Eyes, Heart and Intention (YI) 


The opening of the mind, eyes, heart and use of intention is vital for further activating 
and increasing your Chi. In the 
Tao we achieve this by cultivat- 
ing our "Yi" (pronounced "yee") 
"Yi" means mind power, intention, 
awareness and concentration. 
The Yileads and guides the Chi 
With our mind we control thought 
patterns. With our eyes we con- 
trol the senses of sight, hearing, 
smell and taste. With our heart 
we control all our organs and 
their related emotions: the kind- 
ness/anger of the liver, the joy! 
impatience of the heart, the open- 
ness/worry of the spleen, the 
courage/sadness of the lungs 
and the gentleness/fear of the kidneys. 


Fig. 8.3 'Yi’ leads and guides the Chi. 
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Every excellent achievement in our lives depends upon the quality and efficient op- 
eration of our Yi, Combining the awareness of the mind, eyes, heart and intention into 
one, causes the creation of a rich and rare alchemical mixture. The power of the Yi is 
the magical catalyst that assures energetic results. 

The basic teachings are all in the Microcosmic Orbit, the Cosmic Inner Smile and the 
Six Healing Sounds. As long as you are alive and healthy, you are able to draw in energy 
from the universe and nature. The stronger the battery, the better itis able to store this 
energy. If you're weak and sick, you have no way to draw any energy from nature or the 
universe. When the cells stop drawing in energy, life ends. If you have perfected these 
practices, you have all the personal physical, mental and spiritual power that you need. 
Everything comes together. Your mind is aware of the original force. From the knowl- 
edge of Oneness, you are inwardly aware of your mind, senses and heart; you are 
outwardly aware of the universal energy. Now you are capable of receiving the abun- 
dantly available healing power of the universe; you can tune into everything, inwardly 
and outwardly in all directions. This is what we are here for: to heal and become whole 
again. We have higher goals to reach. The foundation for reaching our goals is a strong 
and healthy body. 

Cosmic Healing Chi Kung is merely an extension of the universe within yourself. You 
draw the universe in through your palms, skin, heart and crown. With your Yi you breathe 
in the cosmos through these various open cavities of receptivity in your body, absorb its 
power, condense it, transform it and use it for the benefit of all. 


Connecting the Bridge 


Contracting the muscles of the perineum, sexual organs and anus activates our con- 
nection with the earth energy. By pulling up these areas and drawing in energy through 
the soles of the feet, we immediately become grounded and bring the earth (yin) energy 
into the Microcosmic Orbit. Pulling up should be done gently and directed by the Yi. 

When we speak of "Connecting the Bridge,” we are referring to the above exercise, 
except that we do not pull up on the perineum. Pull up gently and lightly on the sex 
organs and anus while leaving the perineum totally relaxed. After performing the first 
contractions, when you then relax the perineum, the earth energy will continue to flow 
into the body using the principles of a siphon. We thus connect the "Bridge" across the 
perineum from the sexual organs to the anus using the Yi to direct the energy. This 
actively combines the earth energy and your sexual energy and directs it into the Micro- 
cosmic Orbit. This energy is circulated during Cosmic Chi Kung. Holding a very gentle 
contraction will keep you grounded during the exercise. It can be done sitting or stand- 
ing. 
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Women lightly contract the Vagina ‘Men lightly contract the Perineum and Anus 


Fig. 8.4 Connect the Bridge - combine Earth and Heavenly Energy. 


Cosmic Chi Kung Preparation 


Cosmic Chi Kung can be practiced either in a sitting or a standing position. 


Sitting, relax as much as possible and invoke the Cosmic Inner Si 


1. 


Be aware of your heart and listen to your kidneys with your inner senses. Smile to 
your heart and kidneys and feel them pulsing; feel them communicating and interact- 
ing with each other. The Kan and Li; the water of the kidneys and the fire of the heart, 
balance and begin to mi 


. Open the arm pits as if you were holding a ping pong ball there and slightly move the 


fingers to activate the Chi flow. Relax. Feel the sensations of the Chi flow: tingling, 
warmth, pulsing, electric and magnetic feelings. 


. Be aware of your palms. Draw in Chi by activating the bone breathing process. 


Become aware of the perineum; slightly pull up the perineum, sexual organs and 
anus and "connect the bridge." (Remember to relax the perineum). 


. Breathe into the palms of the hands and soles of the feet, further enhancing your 


connection to the earth force. Smile to the blue earth energy as it flows up your arms 
and legs and suffuses your body with pleasant Yin energy. 


. Breathe into the mideyebrow point and activate your connection with the Cosmic 


Force. Smile to the golden light of the cosmic energy as it swirls into your mideyebrow 
point and flows throughout your body, healing and balancing your energy. 


. Breathe into your crown point and activate your connection with the Heavenly Force. 


Smile to the red and violet light of the heavenly force as it flows into your brain and 
washes your body with subtle pure Yang energy. 
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Fig. 8.5 
Place the Tip of the Tongue on the Upper Palate. 


7. Place the tip of your tongue on the upper 
palate behind the teeth in a comfortable 
position. 


Fig. 8.6 Invoke the Cosmic Inner Smile. 


8. As you begin to move through the postures of Cosmic Chi Kung, always be aware of 
the Chi flow and its attending sensations 


Cosmic Chi Kung Preparation Standing 


1. Stand with your feet parallel and shoulder width apart. 

Tilt your sacrum and pelvis slightly forward until you feel your feet press more firmly 
into the ground. As you tit the pelvis, feel your lumbar vertebrae pressing outward; 
this is called "Opening the Door of Life.” 

2. Relax your chest and sink your sternum. Draw your chin in slightly, and hold your 
head, neck and spine erect as if your head and spine were suspended from above 
by astring. 

3. Follow the same instructions for the preparations of Cosmic Chi Kung. 
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Opening to Heaven, Earth and Nature 


The natural world is the source of our power. Cosmic Chi Kung teaches us about na- 
ture and its energies. In the Tao, nature and the universe are equivalent to God. You are 
a part of nature and can easily learn to open to the forces in the macrocosm and let 
them flow through you. This is very simple. Just tune into the frequencies around you. 
Your fingers are antennae, which transmit and receive. 


1. To begin your practice of Cosmic Chi Kung, simply stand up and feel the energy 
around you. When you stand or sit, be aware of your soles (Bubbling Spring points) 
making a good connection with the earth. Your perineum (Hui Yin point) is relaxed 
and open. You are connecting to the earth force and can expand further down on to 
the other side of the universe. This is one type of energy. 

2. When you draw your chin in, slightly relax your chest and tilt your head slightly 
forward; you begin to be aware of the heavenly force. This is another type of energy. 

3. The qualities of the Five Elements reveal themselves as woody trees (growing 
force), fiery deserts (expanding force), earth mountains (stabilizing force), metal air 
(contracting force) and watery oceans and lakes (gathering force). We call the com- 
bination of these elements the ‘Cosmic Force’. 


Thus, your mind and body lear to gather, absorb, direct and transform the heaven, 
earth and cosmic energy for your own use. This is the essence of Chi Kung. Today 
there is a lot of emphasis on learning movements and forms of Chi Kung. However, if 
the inner feeling is not there, the movements are of little value. 


Heavenly force is Yang. Earth force is Yin. By learning to connect to the energies of 
heaven and earth, you have a powerful tool for restoring and maintaining your inner 
balance of Yin and Yang. 


Outline of Practice 


Before practicing each of the Cosmic Chi Kung sets in this chapter and in the follow- 
ing chapters begin with the heaven and earth spirals as outlined on page 157. 

First Create the Chi Field. 

Hold each of the Cosmic Chi Kung postures for at least 5 - 30 seconds, gradually 
lengthening the time to 60 - 120 seconds per posture. 

Note: While holding the postures count the breath from 5 to 15 seconds, being aware 
of the Tan Tien and feeling the Chin the Tan Tien which then moves up to the crown 
and expands up to the universe; fuse your Chi with the Universal Chi and let it multiply 
down to your palms. Just concentrate on the ‘Tan Tien and the Universe’; do not 
concentrate on the palms at all. 

Throughout parts |, II, IIl and IV ‘Tan Tien and Universe’ means to spiral into the Tan 
Tien and spiral out into the universe connecting ‘Tan Tien and Universe’ 
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Part! 
Opening to Heaven, Earth and Cosmic Chi 


Opening Movements 
Three Minds into One Mind 


Empty the mind and heart down to the Tan Tien. 
Hold the hands together at the heart center. 
Smile and make the heart feel soft; feel love, joy and happiness. 
Tum your consciousness inward and your awareness out. 


Fig. 8.7 Empty your Mind and Heart down to your Lower Tan Tien. 


Feel your legs lengthen extending down to the center of the earth, 
Feel your hands lengthen extending to the universe below. 

Let the mind expand and be aware all the way down to the universe 

Feel the ‘long’ bones of the arms and legs and begin bone breathing. 

Feel universal Chi filling, packing and compressing into the bones. 

Draw this Chi down to the back of your crown and feel a heavy pressure press on the 
crown; feel slightly numb or a light electric downward flow, like oil dripping down. ‘Focus 
at Tan Tien and Universe’. Count to five. 
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Channeling the Earth Force - Washing the Bone Marrow 


Smile into the perineum, palms and crown. Then slowly raise the arms, palms facing 
each other, to chest height keeping the elbows relaxed and sunk. Rotate the arms 
slowly until the palms are facing down, Be aware of the mideyebrow and feel your 
breath and lightly contract your eyes and round muscles around the eyes. Connect the 
perineum bridge by slightly squeezing the sex organs and the anus; do this a few times. 

Rest and smile to soles of the feet, feel the Chi bubbling and feel like you are 
standing on a hot spring starting to bubble up. 

Be aware of your Tan Tien and expand your mind down past the earth to connect with 
the galaxy below you. Multiply and bring your mind back to the Tan Tien. Gradually feel 
the Chi being absorbed through the whole body and absorb it into the bones and body 
like a rising steam or mist. Feel the earth force move through the center of the bones 
and enter the bone marrow move up the calves and thighs (femur bones) through the 
hip bones, spine, scapula, arms, neck and skull. Finally swirl the energy around 
your brain. ‘Focus at Tan Tien and Universe’ 


e 
\° Tiger's mouth 


Fig 8.8 Activate the Hip: Large Intestine 4, Pericardium 8 and Small Intestine 3. 


Raise your index finger slightly upward to 
activate the Hegu Point (Large Intestine) 


™ Tiger's Mouth 


Fig. 8.9 Open the ‘Tiger's Mouth’ 
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Then stretch your thumbs out to the sides and down, so that they end up point- 
ing downwards toward the earth. This activates Large Intestine 4 (Hegu). Large Intes- 
tine 4 is found in the webbing between the thumb and index finger. Itis called the "eye of 
the hana’; this area is also known as the "Tiger's Mouth.” 

Slowly draw the elbows back and lower the hands until your palms are facing down 
beside the "eye of the hip" (the iliac crest) with the "eye of the hand" (Large Intestine 4) 
aligned with the "eye of the hip. "Be aware of the Tan Tien (Yi, the abdominal brain) and 
expand your mind out into space, the Cosmos and the universe. Remember: The fin- 
gers and the energy point act just like a laser to help guide the universal force flow; as 
soon as you focus on the fingers or the palms you are starting to use your own energy. 
Feel your Tan Tien and the crown full with Chi. Just use your second mind intention, 
lightly aware of the area between the hips and LI-4 points. Focus at Tan Tien and the 
universe. This will activate the lungs and large intestines. Hold for a 30 second count 
and gradually you will feel the ascending colon and the sigmoid colon have been acti- 
vated; you may feel some movement around this area. 


Hip Point 


Fig. 8.10 Activate the Organ Energy. 


Use your Yi to rotate your hands so that the fingers first point out, then back, turn the 
palms up and finally point the middle finger in toward the eye of the hip. Tan Tien and the 
universe - 95 % aware of the ‘Tan Tien and the Universe’ and 5 % aware of energy 
flowing back and forth between the tips of the middle fingers (Pericardium 9); feel 
the Chi passing through the hips. This will activate the pericardium, 


179 


mechanical > force > force 


Figure 12-6 Sparkfun HX711 breakout board for the 
HX7L1 amplifier chip, specifically designed fora full- 
Wheatstone array of strain gauges ina force sensor. 


Other Strain-Gauge Modules 
Strain gauges are built into a variety of sensor 
modules. Figure 12-7 shows a selection, all of 
which are available from Sparkfun. Many more 
canbe found online. 


Figure 12-7 selection of load cells containing strain 
‘gauges, available from Sparkfun. 


Plastic-Film Force Sensors 

Plastic-film resistive sensors contain two layers 
of conductive ink, sealed between two layers of 
thin, transparent plastic film. The resistance 
between the ink layers diminishes when they 
are pressed together. It may vary from as little 
as 30K when fully loaded to more than 1M 
when unloaded. 


Like a strain gauge, this sensor has no polarity 
and requires no power supply. 


How It Works 


Examples of this type of sensor are shown in 
Figures 12-8 and 12-9. Other shapes and sizes 
are available. Manufacturers include Tekscan, 
‘whose product is named FlexiForce; Alpha Elec- 
tronic, in Taiwan; and Interlink Electrot 


ee 
Ea 


Figure 12-8 A Flexiforce A401 resistive fim sensor made 
by Tekscan, In. Its sensing area is 25.4mm in diameter (1 
inch) and is rated to measure up to 11IN (25bs). 


Figure 12-9 An Interlink FSR4O6 resistive flm sensor. Its 
sensing area is slightly less than 40mm square, and is 
rated to measure up to 20N (4.5bs). 


Plastic-film sensors should not be confused 
with film-based piezoelectric vibration sensors, 
which are described in the vibration entry (see 
"Piezoelectric Strip’), Those sensors provide a 
transient output when they flex rapidly. The 
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Rotate the hands again until the fingers are 
pointing forward with the palms facing up. 
Align the knife edges (Small Intestine 3) with 
the eyes of the hip. ‘Focus at Tan Tien and the 
Universe’. Be lightly aware of the energy pass- 
ing back and forth between the two hands. This 
will activate the heart and small intestine. 


Fig. 8.11 Activate the Heart and Small Intestine. 


Absorb the Heavenly Force 
Washing the Bone Marrow - Crown to 
Soles 


Extend the arms forward to chest height with the palms 
facing upward. 


Laogong Point (Pericardium 8) 


Fig. 8.12 Draw Heavenly Energy into the Palms. 


Become aware of the Tan Tien, the Crown and the Star above you. Expand your 
mind (Y1) out to the universe and connect to the galaxy. Be aware of the palms and the 
crown which are connected to the galaxy. Activate the Laogong point (Pericardium 8) 

Feel the heavenly energy come directly to your palms, and be aware of the violet light 
of the North Star and the red light of the Big Dipper both shining radiantly. 


180 


Chapter Vill 


Picture yourself holding the handle of the Big Dip- 
per and tum the ‘cup’ pouring the light over your head. 
Draw this light in through the palms and the crown 
point and feel it washing your bone marrow. Always 
remember your Tan Tien. Direct the sensations 
down through the skull, cervical vertebrae, 
clavicle, scapulas and sternum. Activate your thy- 
mus gland and continue drawing the healing 
heavenly light down through the rib cage, arms, 
spine, hips, femurs and calf bones, feet and toe 
bones. Be aware of the soles bubbling up to the 
perineum and up to the crown. 

Lightly rock yourseff like riding a horse; this will help 
keep your spine open and Chi can flow easily through- 
out the practice. 


Fig. 8.13 Hold the Big Dipper. 


Absorb the Earth Force and the Other Side of the Galaxy 


Rotate the arms until the hands are palms down. 

Raise the index fingers slightly and extend the thumbs first towards each other and 
then toward the ground. Be 95% aware of the Tan Tien and the Universe, and 5 % aware 
of the index fingers and the big toes. Wait until you feel the Chi enter. Fill the joints of the 
fingers and up to the wrists; feel ‘tense but not tense’ 
and let the Chi continue to fill the joints up to the 
elbows, up to the shoulders and gradually up to the 
neck and the head. Go from the toes up the legs to the 
hips and on into the spine and the rib cage complet- 
ing all the joints of the body. 

Be aware of the Tan Tien and the universe and only 
slightly aware of the palms (Laogong), the soles of the 
feet (Kidney 1-Bubbling Spring), and the perineum 
(Conception Vessel 1-Hui Yin) bubbling. Activate these 
points, feel the earth energy and continue smiling 
through the earth to connect with the galaxy, Milky Way, 
and the universe. Draw this light in through the palms 
and soles and let it wash up through the center of your 
bones from the feet up. Let it steam and cleanse your 
marrow. Picture any impurities or illness dripping out 
of your bones and draining down into the earth, where 
they will be recycled and purified, 


Fig. 8.14 Open the index fingers. 
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Core Movements of Part | 


Grasping the Moon 
Connecting the Heaven and Earth Forces - Right Side over Left 


Open Position: Heaven Force - Slightly raise the index fingers to open the palms 
Bring the arms up , bending the elbows so that the left hand is under the right elbow with 
the left index finger pointing up to Heart 3. 


Large Intestine 11 
Fig. 8.15 Complete the Heavenly Circuit. 


The right index finger is pointing up toward heaven and connecting to the galaxy. The 
right forearm is over the left forearm, with the tip of the right index finger held above the 
Large Intestine 11 point of the left arm. 

The right index finger draws in the heavenly force like antennae. The force flows 
up the bones of the right arm, across the shoulders to the left arm and through the 
bones of the left arm to the left index fingertip. It then flows through the index finger 
of the left hand into the Heart 3 point of the right arm, completing the heavenly 
circuit. Continue cycling in this way. Hold the position and count to five 

The practice uses the ‘Empty Force’; this means that there is no contact. The 
fingers must be ‘tense without tensing’. When you tense and raise the index finger, 
you will feel the Laogong point opening 
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Close Position: Tan Tien, earth and the universal force - keeping the arms in the 
same position, move both index fingers to point down. The right index finger will now 
point toward the Large Intestine 11 point of the left arm and the left index finger 
will point downward toward the earth and continue down to connect to the universe. 
Draw in the earth force through the left index finger, bringing it through the bones of the 
left arm, across the shoulders through the right arm to the right index finger and out into 
the Large Intestine 11 point of the left arm. Continue cycling in this way, completing the 
earth circuit. 

Open and close three times altogether ending in the open position. Hold each count 
for five seconds. 


Holding and Activating the Chi Ball 
Tan Tien and the Original Force - Right Side over Left 


Tum the left palm upward and lower it to 
the Tan Tien with the pinky pointing inwards. 
Lower the right palm to the navel, palm 
down, as though you were holding a small 
Chi ball, Lower the right thumb to point toward 
the left Laogong point. This opens the eye of 
the right hand (LI-4), then point it toward the 
navel. Be aware of Tan Tien and universe. 


Fig. 8.16 Right Side over Left - ‘Holding the Ball’. 
Yin/Yang Palms 


Separate the hands and extend them out in front of the 
body at navel level. The left palm is still pointing up, and 
is Yang drawing in the heavenly force through Laogong. 
The right palm is stil facing down, and is Yin drawing in 
the earth and the galactic force from below. 

Conclude by turning the left palm over to face down- 
ward. Draw in the earth force through both palms. 


Fig. 8.17 ‘Yin and Yang Palms’ - Right Hand 
connecting to Earth and Left to Heaven. 
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Left Side: Repeat on the left hand side with the left arm over the right. Holding 
the Chi ball the left hand is on top. Hold for a count of five seconds. 


Fig. 8.18 Open the Heavenly Circuit. Fig. 8.19 Holding the Chi Ball 
Then the bottom hand slides and tums ‘Palm-Up’ - Left Side over Right. 
and the Top Arm slides to ‘hold the Chi Ball 


Closing Movements 
Activate the Chi Channels - Balance the Organs 
Hoart Governor (HG-9) Triple warmer (OQ) 
(W-4)  F f 


a 1 Li Intesti 
f | | | mun) 


‘Small Intestine \\ \) 


| Lung (LG-11) on 


Pericardium (P-8) hay 


Fig. 8.20 Finger Points 


184 


Chapter Vill 


The closing movements balance organ energy while activating the Chi Channels. 
Hold the arms extended forward with the palms down at solar plexus level. Hold 
each stage for a count of five seconds. 


Index Fingers: 


Tense all the fingers and feel the Chi filing all the joints; open the index fingers, 
raising them up, while keeping the rest of the fingers level. 


Large Intestine 


Fig. 8.21 Activate the Index Fingers - Up. 


The tension should be like the string of a tuned musical instrument. When 

lightly tense the Heavenly Chi will be drawn in through the index fingers. 
Relax the hands and bring the index fingers back to the neutral position, 

level with the other fingers. 


inn Energy to Large Intestine 


Fig. 8.22 Draw Earth Energy through the Index Fingers - Down. 


Stretch out and tense all the fingers and press the index fingers to point 
down toward the earth and continue down to the universe. Keep the other fingers level. 
Draw in earth energy through the index fingers and circulate it through the body. 


185 


Cosmic Chi Kung 


Bring the index fingers back to neutral and relax your hands. 
Once again open the index fingers by raising the index fingers up, while keep- 

ing the rest of the fingers level. Draw in the Heavenly Chi through the index fingers. 
Bring the index fingers back to neutral again and relax your hands. 


Ring Fingers: 
Stretch the ring fingers down toward the earth, keeping the rest of the fingers level. 
Draw in earth energy through the ring fingers and circulate it through the body. 


PGS ‘6 _ 


Fig. 8.23 Draw Earth Energy through the Ring Fingers. 


Bring the ring fingers back to neutral and relax your hands. 
Once again open the index fingers by raising the index fingers up, while keep- 

ing the rest of the fingers level, and draw in the Heavenly Chi through the index fingers. 
Bring the index fingers back to neutral again and relax your hands. 


Thumbs: 


Stretch the thumbs out and down toward the earth, keeping the rest of the fingers 
level. Draw in earth energy through the thumbs and circulate it through the body. 
Bring the thumbs back to neutral and relax your hands. 


Fig. 8.24 Draw Earth Energy through the Thumbs. 
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Once again open the index fingers by raising the index fingers up, while keep- 
ing the rest of the fingers level, and draw in the Heavenly Chi through the index fingers. 
Bring the index fingers back to neutral again and relax your hands. 


Pinky Finge! 


Stretch the pinky fingers out and down toward the earth, keeping the rest of the 
fingers level. Draw in earth energy through the pinky fingers and circulate it through the 
body. 


i ‘Small Intestine 


Fig. 8.25 Draw Earth Energy through the Pinky Fingers. 


Bring the pinky fingers back to neutral and relax your hands. 

Once again open the index fingers by raising the index fingers up, while keep- 
ing the rest of the fingers level. Draw in the Heavenly Chi through the index fingers. 
Bring the index fingers back to neutral again and relax your hands. 


Middle Fingers: 


Stretch the middle fingers out and down toward the earth, keeping the rest of the 
fingers level. Draw in earth energy through the middle fingers and circulate it through 
the body. 

Bring the middle fingers back to neutral and relax your hands. 

Once again open the 
index fingers by raising 
the index fingers up, 
while keeping the rest of 
the fingers level. Draw in 
the Heavenly Chi through 
the index fingers. 

Bring the index fingers 
back to neutral again and 
relax your hands 


Heart 


Fig. 8.26 Draw Earth Energy through the Middle Fingers. 
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Crane's Beak and Swallow the Saliva: 


Form the "Crane's Beak" with both hands by bringing all the fingertips together with the 
thumbs inside. Inhale and contract the sexual organs. 

Move your tongue and suck the mouth to activate the saliva. Divide it into three 
parts, tighten the neck and gulp down the first part to the center of the navel; force the 
second mouthful of nectar down to the left side of the navel and the third to the right 
side of the navel. Raise the forearms up to shoulder height with the fingers pointing 
down. Slowly open the palms and begin to lower the arms to the sides, until the palms 
are facing each other before the starting position. 


8.27 Form the ‘Crane's Beak’ Fig. 8.28 Raise Forearms to Shoulders. 


Fig. 8.29 Lower Arms to the Sides. Fig. 8.30 
Palms facing each other to cover the Navel. 


Conclusion: 

Bring awareness to the navel. Notice the quality and intensity of the energy generated 
and collect your energy at the navel. Men place hands over the navel with the right 
hand on top; women vice versa. Rest. 


Summary: 
Practice Part | daily for one or two weeks until you can do it well. Then you can 
proceed to learning Part Il 
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Part Il 
Opening the Bridge and Regulator Channels 


Theory 


Chi flows through your body along numerous channels or meridians. The channels are 
divided into two major groups: the extraordinary or special channels and the ordinary 
channels. After your mother's egg and your father's sperm joined together to form a 
single cell, that cell began to divide. The extraordinary channels were the first energy 
channels formed as a result of that early cell division. 


There are Eight Extraordinary Channels: 
Governor Channel 
Functional or Conception Channel 
Thrusting Channel 
Belt Channel 
Yang Regulator Channel 
Yin Regulator Channel 
Yang Bridge Channel 
Yin Bridge Channel 


Later, as your fetus developed, your Original Chi flowed through the eight extraordi- 
nary channels to help create your internal organs and their energy channels. These 
twelve “ordinary channels" are divided into yin and yang. The yin Channels are con- 
nected to the solid organs, and the yang channels are connected to the hollow organs. 


The Twelve Ordinary Channels: 
Lung (Yin) Channel 
Large Intestine (Yang) Channel 
Stomach (Yang) Channel 
Spleen (Yin) Channel 
Heart (Yin) Channel 
‘Small Intestine (Yang) Channel 
Bladder (Yang) Channel 
Kidneys (Yin) Channel 
Pericardium (Yin) Channel 
Triple Warmer (Yang) Channel 
Gall Bladder (Yang) Channel 
Liver (Yin) Channel 
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resistive sensors provide a stable output in 
response to a steady load. 


Deformative Force Sensors 

A sheet of natural or silicone-based rubber can 
be impregnated with conductive particles. The 
conductivity of the sheet may not change sig- 
nificantly when it is compressed, but if itis sep- 
arated from a metal plate by a mesh of thin 
nylon fibers, compression will result in greater 
conductivity by pushing the rubber into the 
gaps between the fibers, See Figure 12-10. 


Rigia 
Electrode: 


Gatco SS 


Rubber 


Nylon 
Fibers ———= 


Rigs 


Electrode 


No Force Apaled 


Rubber 
contacts 
thelower 
electrode 
between 
the fibers 


Downward Force Applied 


Figure 12-10 In the top image, a flexible conductive layer 
Js separated from an underlying rigid electrode by nylon 
‘mesh. In the lower image, 2 load applied to the flexible 
layer has forced more of it into contact with the electrode, 
‘reducing the resistance between them. 


Improvised Resistive Sensors 

Polyethylene film impregnated with carbon 
particles is available under the brand name 
Velostat, owned by 3M. Although it was devel- 
‘oped as an antistatic packaging material for 
semiconductors, it can be used to make a DIY 
force sensor. When the material is stretched, 
the embedded particles are more dispersed, 
and electrical resistance increases. When the 
material is compressed, its resistance is 
reduced, 


mechanical > force > force 
Antistatic foam of the type used to package 
CMOS components can be used in the same 
way, although some types behave like memory 
foam, being slow to recover from pressure. The 
foam can be sandwiched between a pair of 
copper-plated circuit boards as electrodes, 
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Plastic-Film Resistive Force Sensors 

The conductivity of a plastic-film sensor has an 
almost linear relationship with the force 
applied. In other words, if F is the force and I is 
the current: 


T=k*F 


where k is a constant determined by the char- 
acteristics of the materials used. 


By Ohm's Law, R = V/ | where V is the voltage 
drop actoss a resistance of value R. By substitu- 
tion, using k* F instead of |: 


R=V/(k*F) 
Therefore, ifa constant voltage is applied across 
the force sensor, the resistance of the sensor 
will be proportional to the reciprocal of the 
force (i, 1/ F). These relationships are shown 
in Figure 12-11. 


For convenient measurement, it will be helpful 
if the resistance of the sensor can be converted 
to a voltage output that varies linearly with the 
force applied. To achieve this, a resistive force 
sensor of this type is customary amplified with 
an op-amp (see Volume 2). Using the sche- 
matic shown in Figure 12-12, the amplification 
ratio, A, is found from this formula: 


A= 1+ (R2/R1) 
where R2 if the potentiometer, and R1 is the 
resistive force sensor. Therefore, the output 
from the op-amp should have an approxi- 
mately linear relationship with the force 
applied to the sensor. 
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These twelve organs serve to extract energy from the food and water we ingest and 
the air that we breathe to create energy through the metabolic processes of respiration, 
circulation, digestion, elimination and reproduction. This energy is called PostNatal Chi, 
as it comes in after we are born. Thus the extraordinary channels serve as the link 
between our Original or Prenatal Chi which came from our mother and father, and our 
Postnatal Chi which comes from our food and air as a result of metabolism. 


General Functions of the Eight Extraordinary Channels 
They serve as reservoirs of Chi. 


About two thousand years ago, one of the great texts of Chinese medicine, the Nan 
Ching was written. This classical text describes the twelve ordinary channels as rivers 
and the eight extraordinary channels as reservoirs of Chi, When the ordinary channels 
become low in energy, they can draw from the reservoirs of energy in the extraordinary 
channels. On the other hand, if the ordinary channels become too full, the excess can 
be taken up by the extraordinary channels. In this way the extraordinary channels help 
us to maintain a balance in our energy body. 


They store and circulate Ching Chi. 


The extraordinary channels all draw their energy from the kidneys, which are the store- 
house of Ching Chi (essence or sexual energy) in the body. Thus the extraordinary 
channels circulate the Ching Chi around the body, particularly to the skin and hair, and 
to the five ancestral organs: the brain and spinal cord, the bone marrow, the blood, the 
uterus and the liver and gall bladder. 


They circulate Defensive Chi to protect the body. 


The Chi that protects the body against invasion by external pathogens is called Defen- 
sive Chi or Wei Chi. The extraordinary channels circulate Defensive Chi over the back, 
abdomen and thorax. These functions are performed by the Governor Channel, the 
Functional Channel and the Thrusting Channels, respectively. 


They regulate our life cycles. 
In the first chapter of the Yellow Emperor's Classic of Internal Medicine (Huang Di Nei 
Ching Su Wen), another of the classical texts of Chinese medicine, the life changes of 


women and men are described in 7 and 8 year cycles respectively. The Functional 
Channel and the Thrusting Channel govem these cycles. 
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Eight Extraordinary Channels and Chi Kung 


There are few texts available today that describe the purpose and function of the eight 
extraordinary channels and their place in Chi Kung practice. To make matters more 
confusing, the extraordinary channels and points used in Chi Kung are often quite differ- 
ent from those used in acupuncture, even though they may bear the same names. 

Most acupuncturists pay little attention to the eight extraordinary channels in diagno- 
sis and treatment with the exception of some modern Japanese researchers. By con- 
trast, the extraordinary channels have been of special importance to Taoists and Chi 
Kung practitioners for thousands of years. Taoists see the extraordinary channels as 
the foundation of our bodily energy, as the bridge between our Original or Prenatal Chi 
and our Postnatal Chi; these channels affect us on the deepest level of our basic con- 
stitutional energy. 


Therefore, Taoists focus on opening up the flow of energy through the eight extraor- 
dinary channels as a prerequisite for opening the energy flow in the twelve ordinary 
channels. In the Universal Tao system, you first open up the Gavernor Channel and the 
Functional Channel in the Microcosmic Orbit Meditation, The second pair: the Thrusting 
Channels and the Belt Channels are opened in the Fusion of the Five Elements Il Medi- 
tation. The last four channels, the Yin and Yang Bridge Channels and the Yin and Yang 
Regulator Channels are opened in the third level of Fusion of the Five Elements Medita- 
tion. After opening all eight channels, in the next level of Taoist inner alchemical medita- 
tion called the Lesser Enlightenment of Kan and Li, the twelve ordinary channels are 
then opened. 


191 


Cosmic Chi Kung 


Special Functions of the Bridge and Regulator Channels 


The Bridge and Regulator Channels have no points of their own. They borrow points 
from the other ‘ordinary’ channels linking together and controlling the flow through all the 
separate channels of the body. The Bridge and Regulator Channels travel along the 
same paths. There is no ‘real’ difference between them, Both of them connect or ‘bridge’ 
and ‘regulate’ the flow of Chi in the body's meridians. 


cas 


Fig. 8.31 Yin Bridge and Regulator Channels, 
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Bridge Channels Yin and Yang Chiao Mo Function 


The Bridge Channels, also called the Heel Vessels as they originate at the heels, regu- 
late the amount of energy being used by all the other meridians in the body. They act 
like a bridge linking together the stored Chi in the body and the areas in need of Chi. 
Usually if any meridian uses more energy than it needs to flow properly, then other 
meridians become deficient as a result. Thus the Bridge Channels seek to assure that 
your energy is distributed in a balanced way. The Yin Bridge Channel runs along the 
front or yin side of the body, while the Yang Bridge Channel runs along the back of the 
body. 


Fig. 8.32 Yang Bridge and Regulator Channels 


193 


Cosmic Chi Kung 


Disorders of the Bridge Channels 


Excess Yang Energy 


When yin energy is slowed down in the Bridge Channels, yang energy flows more 
rapidly. The excess yang can cause the following problems: insomnia, difficulty in clos- 
ing the eyes, hypertension, stiff back and waist, inability to bend down, thigh tumors, 
bad colds, spontaneous sweating, headaches, painful eyes, paralysis of the arms and 
legs, vomiting of milk in infants, deafness, epilepsy, nose bleeding, swelling of the body, 
pain in the joints and head sweating. 


Excess Yin Energy 


When yang energy is slowed down in the Bridge Channels, yin energy moves more 
rapidly. The excess yin causes the following problems: sleepiness, difficulty in keeping 
the eyes open, hypotension, choking, painful urination, stomach rumbling, vomiting, 
diarrhea, difficult bowel movements, difficult labor and unconsciousness. 


Regulator Channels 


Yin and Yang Wei Mo Function 


The Regulator Channels, also called the Linking Vessels, bind together all the merid- 
ians in the body. The Regulator Channels are also divided into yin and yang. The yin 
aspect, which runs along the front of the body, moves the yin energy and regulates the 
blood and inner parts of the body. It connects with all the yin channels: the Liver, Spleen, 
Kidney, Heart, Pericardium and Lung channels. If the yin aspect becomes imbalanced, 
the person may suffer from heart pains. 

The yang aspect, which runs along the back side of the body, moves the yang en- 
ergy, controls Defensive Chi, regulates resistance to external infections, and regulates 
the external parts of the body. It connects with all the yang channels: the Stomach, 
Bladder, Gall Bladder, Large Intestine, Triple Warmer & Small Intestine channels. If the 
yang aspect becomes out of balance, the person may catch colds and fevers easily. 

By joining together the various channels, the Regulator Channels help to maintain a 
harmonious and cooperative interaction between the different channels. 

The Regulator Channels in Taoist Yoga and Chi Kung are slightly different from those 
presented in acupuncture texts. The Chi Kung Regulator Channels include the yin and 
yang arm routes as well; some Taoist Yoga texts also refer to the arm routes as the Yin 
Yu and the Yang Yu. Acupuncture texts, by contrast, include only the leg, trunk and head 
routes. Many recent Chi Kung texts, unaware of these differences, depict illustrations 
from acupuncture texts alone, further adding to the confusion. 


194 


Chapter Vill 


Disorders of the Regulator Channels 


Excess Yang Energy 


When yin energy is slowed down in the Regulator Channels, yang energy moves more 
rapidly. The excess yang can cause the following problems: swelling and pain in the 
joints, cold knees, paralysis of the arms and legs, painful back and sides, aching muscles, 
pain in the head, neck and edge of the eyebrows, fever, rashes, night sweating, tetanus, 
painful red eyes, colds and superficial fevers. 


Excess Yin Energy 


Similarly, when yang energy is slowed down in the Regulator Channels, yin energy 
moves more rapidly. The excess yin can cause the following problems: heart pain, 
diarrhea with stomach rumbling, difficulty swallowing, pain on both sides of the chest, 
diseases associated with cold and convulsions. 


Summary 


The Bridge and Regulator Channels link all of the yin and yang channels in the body 
together and regulate the flow of energy in these channels to maintain a state of ener- 
getic balance in the body. The channels used for meditation are somewhat different 
from the ones seen in Chinese medical text and acupuncture charts. This is because 
their purposes are different. 

Chinese medicine aims to restore sick people to health, The points being treated 
must be superficial so that they can be activated by acupuncture needles. 

Chi Kung and Taoist meditation aim to maintain health and to take one beyond mere 
physical health to spiritual immortality. The channels and points can be deep within the 
body, since the energy is guided by the mind or by postures and movements rather than 
by needles. 

The movements used in Cosmic Chi Kung Part II to activate the Bridge and Regula- 
tor Channels are relatively simple. To completely master the Bridge and Regulator Chan- 
nels, you must learn and practice the third level of Fusion of the Five Elements Medita- 
tion. Once you have done so, this part of Cosmic Chi Kung practice will be particularly 
powerful and balancing for you. 
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Practice 
Opening Movements 


The Opening Movements for this second part of Cosmic Chi Kung are the same as for 
the first part. By now you should be familiar with these movements, so they will be 
described briefly. For a more detailed description, refer to Part |, Opening Movements. 


Hands down at sides, palms facing each other. Commence Bone breathing. Be 
aware of the Tan Tien and absorb Cosmic Chi. Be aware of the Tan Tien and channel- 
ing the earth and galactic forces. 


Washing the Bone Marrow 
Raise arms to chest height - palms facing each other. Rotate arms until palms face 
down. Open the ‘Tiger's Mouth’ - Index finger up, thumb down 


Fig. 8.33 Hands lower to the Sides. 
Lower the Mind to the Tan Tien. 


Fig. 8.34 Open the ‘Tiger's Mouth’. 


Activate and Beam to the Eye of the Hip 
A. Large Intestine 4 - Eye of the Hand 
B. Pericardium 9 - Tip of the Middle Finger 
C. Small Intestine 3 - Knife Edge of the Hand 
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Fig. 8.35 Activate the Large Intestine, Pericardium and Small intestine. 


<= Hip Point 
Be aware of the Tan Tien and absorb the Heavenly Force 

Washing the Bone Marrow Crown to Soles. 

Extend the arms forward - palms upward. Be aware of the Tan Tien and absorb the 
heavenly force. Rotate the arms until the palms face down. Raise the index fingers 


slightly. Absorb the Earth Chi. 
A B. 


Fig. 8.36 
‘A. Be aware ofthe Tan Tien and 


absorb the Heavenly Force. 


B. Index Fingers up - be aware 
of the Tan Tien and absorb 
the Earth and Universal Force. 


Cosmic Chi Kung 


Core Movements of Part Il 
Opening the Bridge and Regulator Channels 


Activate the Throat Center - Right Side 


Keeping the elbows sunk, raise the left palm first so that it is about 1 inch in front of the 
throat center (Conception Vessel 22), palm facing in. Then bring the right hand up so 
that itis about 1 inches in front of the left hand, palm facing in. Align the Lung 10 point in 
the middle of the eminence of the left hand with the throat center. Feel the Chi go 
through the neck to G-7. Continue smiling to the universe and connect to the back 
side of the universe. Hold for a 5 to 30 count and feel the throat center activated 


Thumb to Thumb 


Fig. 8.37 Connect to the Throat Center. Fig. 8.38 
Feel the connection to the Universe at the Back. 


Move both hands out slowly like you're pulling silk; when the feeling is diminished or 
the silk starts to break stop there. Be still and feel the beam connect the throat center to 
C-7 and the universe. Maintain the energy beam as you move in and out three times 
altogether ending with the hands as above. 


Activate Mideyebrow Point - Right Side 


Be aware of the Tan Tien and the universe. Keeping the Lung 10 points aligned, raise 
the hands up to the level of the mideyebrow point about one inch in front of the face. 
Keep the points aligned and beam the energy passing through both hands into 
the mideyebrow point and through to the base of the skull. Continue smiling and 
extending to make a connection to the back universe for a 5 to 30 count. 

Use only 5% of the awareness to move both hands very slowly out, like you are 
pulling silk; continue to move out as long as your can feel the connection to the 
mideyebrow, C-7 points and the universe, maintaining the energy beam as you move. 

Move in and out three times altogether, ending with the hands as above 
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Mideyebrow to Jade Pillow Pull and feel the connection 
of the stging of Chi flow 


Fig. 8.39 Connect to the Mideyebrow, Jade Pillow and the Universe at the Back. 


Keeping the palms and thenars (Lung 10) aligned, move the hands back down to the 
position in front of the throat center. Keeping the forearms horizontal at shoulder height, 
separate the hands so that the Laogong point is aligned in front of Stomach 13, just 
below the clavicle on a vertical line above the nipple or mammillary line. The middle 
fingertips should almost be touching. Beam energy from the Laogong points into 
ST-13 through the back on the side of the spine and connect to the universe. 
You will be following this vertical line, which passes through the nipples, down the torso 
to the level of the navel, stopping to focus and beam energy into key points along 
the way. On each of these, focus your Yi on beaming energy into the organs inside 
each position. Stomach 13 is the location that activates the Heart and Lungs. Feel the 
change in your breathing as you activate the lungs 


Fig. 8.40 Beam Energy into ST13. 
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Figure 12-11 The relationship between force, current. 
and resistance in a flexible resistive sensor, assuming a 
constant voltage of 1V is applied across it (derived from 
FlexiForce Sensors User Manual) 


aur 


Output 


Figure 12-12 An amplification circuit with an output that 
Js approximately linear with force applied to a resistive 
film sensor. 


The capacitor in this circuit is added to suppress 
noise that the circuit might otherwise pick up. 


An alternative is to wire a resistive sensor in ser- 
ies with a capacitor, and connect the other side 
of the capacitor to a comparator that has 
adjustable feedback. The resistance of the sen- 


sor will determine how quickly the capacitor 
charges. However, because of the mathematics 
describing the charge rate, the output from the 
comparator would not be linear with the force 
on the sensor. Also, provision would be neces- 
sary to discharge the capacitor intermittently. 


Values 


Film-Based Force Sensors for User 
Input 

A very light pressure with a fingertip could be 
around 50g. A more defined finger-press would 
be 250g, and a heavy push with a finger would 
be around 1kg. 


The Interlink range of flexible force sensors 
requires a minimum pressure of 0.2N, or about 
20g. Similarly, Alpha products range from a 
minimum of 10g to 30g. 


These specifications suggest that film-based 
force sensors may be used for one-touch user 
input, but the no-load resistance will be at least 
1M, and more than 10M in some instances. A 
small amount of pressure is unlikely to reduce 
this electrical resistance much below 500K. 
Using an op-amp or comparator to detect that 
difference and convert it into a reliable on-off 
output may be vulnerable to noise and power- 
supply disturbance. 


‘Another consideration is that film-based sen- 
sors provide no tactile feedback. For these rea- 
sons, and because film-based products are 
described by their manufacturers as "force sen- 
sors” rather than as “touch sensors’ they are 
included in this entry rather than in Chapter 13. 
That said, they may be considered as an option 
for one-touch user input where they are appro- 
priate—for instance, in games where players 
are likely to slap or hit a sensor vigorously. 


Specifications for Film-Based Force 
Sensors 

Durability of film-based sensors is excellent, 
with manufacturers claiming that performance 
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Move the hands down the mammillary line to Stomach 16, about one inch above the 
nipple (in the space between the third and fourth ribs). Chi connects to the back and to 
the universe. Again, beam energy to energize and balance the heart and middle of the 
lungs. Move the hands down to Liver 14 (about 2 - 3 inches below the nipple in the 
space between the 6th and 7th ribs). Beam healing energy into the liver and gall blad- 
der. Feel the Chi or the vibration of the palms activate the liver and feel the energy 
moving inside there. 


A B. 
Fig. 8.41 A. Energize and balance the Lungs at S16 


B. Energize and balance the Liver and Gallbladder at LV14. 


Move the hands down to Spleen 16 (just below the rib cage on the mammillary line). 
Beam healing energy into the stomach, pancreas and spleen and the liver. Picture 
the organs receiving the Chi from the cosmic and the universe. 

Move the hands down to Spleen 15 (on the mammillary line to the level of the navel). 
Beam healing energy from your palms into the small intestine and the Tan Tien. 


A B. 
Fig. 8.42 A. Energize the Stomach, Pancreas, Spleen and Liver at SP 16. 
B. Energize the Tan Tien and Small Intestine at SP15. 
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Hold the Chi Ball - Right Hand on Top 


Tum the left palm up and align the Chi Ball with the Tan Tien. Turn the right palm 
down and align the eye of the hand (LI-4) with the navel, Feel your palms holding a Chi 
ball and feel a Chi balll inside the Tan Tien. Feel the Chi ball connect to the Cosmic 
Chi outside. Feel the north (usually left) and south (usually right) poles in the hands. 
Lower the right thumb to point toward the left Laogong point. 


Fig. 8.43 
Hold the ‘Chi Ball'- One in the Tan Tien and the 
other in the hands - Right Hand over Left. 


Yin/Yang Palms 


Separate the hands and extend them out in front of the body at solar plexus level. The 
left palm is stil pointing up and is yang drawing in the Heavenly Force through Laogong 
The right palm is still facing down and is yin drawing in the Earth Force energy. ‘Be 
Aware Tan Tien and Universe’ 


Fig. 8.44 Connect to Heaven and Earth, 
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Conclude by turning the left palm aver to face 
downward. Draw in the ‘Earth Force’ through 
both palms. 


Fig. 8.45 Draw the Earth Force through the Palms. 


Repeat the sequence with the left palm over the right. 


Start by moving the right palm to the throat and then the left palm. Scan the body, as in 
the previous sequence, using both palms to connect to the points running down the 
front of the body. Remember to maintain a sense of the Chi flowing between the points 
in the front and their corresponding points in the back of the body. 


Fig. 8.46 Repeat the Practice on the Left Side. Push and Pull the silk at the Throat. 
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Fig. 8.47 Project to the Mideyebrow and Base of the Skull - connect to the Universe at the 
back. Then hold the Ball and repeat Finger Movements, as below. 


Continue with the left side, now pulling the silk at throat (C-7). 


iC 7a 
By ss 
—) 


=— sp1s 


Fig. 8.48 Beam Energy into each of the Organs like the last time. 


Closing Movements 


The closing movements, crane’s beak and finish are the same as before. 
Activate the Chi channels - balancing the organs. 
Index Fingers 


v 
Fig. 8.49 Open (up) Fig. 8.50 Neutral Fig. 8.51 Close (down) 
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Fig. 8.52 
Ring Finger - down, neutral. 
Index Finger - open, neutral. 


Fig. 8.53 
Thumb - in and down, neutral. 
Index Finger - open, neutral. 


Fig. 8.54 
Pinky Finger - down, neutral. 
Index Finger - open, neutral. 


Fig. 8.55 
Middle Finger - down, neutral, 
Index Finger - open, neutral. 


Crane's Beak 
Form the crane's beak with both hands by bringing the fingertips together with the 
thumbs inside. Activate the saliva and swallow down three times to the Tan Tien. Raise 
the forearms to shoulder height with the fingers pointed down, inhaling gently as you 
raise. Open the palms slowly and begin to lower the arms to the sides as you exhale, 
until the palms are facing each other in the starting position. 
Finish 
Bring the awareness to the navel and notice the quality and intensity of the energy 
generated. Collect energy at the navel. Men, place the hands over the navel with the 
right hand on top; vice versa for women. 
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Part Ill 
Opening the Functional and Governor Channels 


Theory: Functional and Governor Channels 


The Functional and Governor Channels are the first two of the eight extraordinary chan- 
nels described earlier in this chapter (beginning p.178). They serve as the reservoirs of 
yin and yang energy in the body. The Functional or Conception Channel is yin and all of 
the ordinary yin channels connect to it. Similarly, the Governor Channel is yang and all 
of the ordinary yang channels connect to it. 
A Pineal Gland beneath Crown 
(Enlightenment Gland, 


Gland of Direction) 
fa Yui-Gen (Cranial Pump) 


Ta-Chui (Central Control of the 
— Tendon Connections of the 
Hands and Spinal Cord) 


a Gia-Pe (Opposite Heart Center) 


Chi-Chung (Adrenal Gland 
Center at T-11)-Mini pump 
Ming-Men (Kidney Point - 


(Ss) 


Prtary Gand (Mideyebrowy 


Crystal Room Cavity of the Spirit Tongue 


Hsuan Chi (Throat Energy Center) ———¢ 


‘Shan Chung (Thymus Gland) 
Rejuvenation Center —_* 


Chung Wan (Solar Plexus, Pancreas) 


Chi-Chung (Navel, Spleen) —____¢ 


OvaryiSperm Door of Life); Prenatal energy 
Palace storage safety point. 

4 Chang-Chiang, Coccyx 
Extra 31 (He ding) (Sacral Pump) 


Hui-Yin (Perineum - Gate of 
Death and Life) 


‘Wei-Chung BL-40; extra I 
Spirit Energy is stored here. 


Functional Channel Governor Channel 


‘Yung-Chuan K-1 


(bubbling spring) —____4 


Fig. 8.56 Cosmic Orbit 
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Chi Ball 


In Part Ill we also begin to focus more on 
the sensation of Chi being emitted from our 
palms. This energy is emitted from the 
Laogong points primarily, but you can also 
feel it throughout the palms and fingers. It 
will feel like a balloon between your hands 
thatis expanding and contracting or like two 
magnetic fields repelling and attracting each 
other. 

Once you have practiced Cosmic Chi 
Kung for awhile and have become skillful at 
it, you may find that Grasping the Chi ball is 
all you need to do to activate your flow of 
healing energy before doing a session. As 
you become sensitive to the sensation of 
your own Chi, it becomes an easy step to 
feel the Chi of others 


Fig. 8.57 Grasping the Chi Ball 


Opening Movements, Hands Down at Sides, Palms Facing Each Other 
Bone Breathing - Absorbing Cosmic Chi 


The Opening Movements are the same as in the sequence in Part I, ‘Opening to 
Heaven, Earth and Cosmic Chi’, on page 164. 


A. Channeling the Earth Force - Washing the Bone Marrow Raise arms to chest 
height - Palms facing each other. Rotate arms until palms face down. Open the 
Tiger’s Mouth - Index finger up, thumb down. 

B. Activate and Beam to the Eye of the Hip 

C. Absorb the Heavenly Force Washing the Bone Marrow - Crown to Soles 
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Core Movements of Part Ill 


Grasping the Chi Ball 


Slowly rotate the hands so that your palms face each other in front of your navel. 


Fig. 8.58 Hold the Chi Ball. 


Fig. 8.59 Stretch and squeeze it. 


Feel the invisible ball of energy between your hands. Allow the energy to push 
your hands apart keeping the feeling of connection between your palms. When you 
have less feeling stop the palms and hold it there and reestablish the feeling of the Chi 
ball 

Let the energy draw your hands back toward each other, like a magnet, until you feel 
as if you were squeezing and compressing the ball 
Stretch and squeeze the Chi ball three times by opening and closing your palms in 
this way. 
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Activate the Outer and Inner Arm Gates 


Activate Waiguan Triple Warmer 5 and Neiguan Pericardium 6 - Right arm on top. 
Slowly rotate the arms so that both palms face down. 

Cross the right wrist over the left wrist with 1 inch of space between the hands. Align 
PC-6 of the right wrist with TW-5 of the left wrist. Feel the two gates activate each other 
like metal and magnet drawn to each other. Hold for a 5 to 30 second count. 


TW-5 
" / 


Fig. 8.60 Align and activate PC-6 (Right) with TW-5 (Leff). 


Keeping the wrists crossed, slowly rotate hands turning the palms upward. Now 
TW-5 of the right wrist will be aligned with PC-6 of the left wrist. Hold and count and feel 
the points activated. ‘Be aware of Tan Tien and Universe’ 


4t 


Fig. 8.61 Fig. 8.62 Feel the Chi Ball and beam 
Align and activate TW-5 (Right) with PC-6 (Left). energy from LI-4 into the Navel Point. 


Open the Functional Channel with LI-4 


Bring the left hand down to the level of the Tan Tien with the Chi Knife facing in. Lower 
the right hand, palm down and align the eye of the hand, the LI-4 point with your navel. 
Feel the Chi ball between your two hands, and at the same time beam energy from 
L-4 into the navel point. 
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Fig. 8.63 Fig. 8.64 Activate all the Points 
Magnify the Power of the Beam to the Solar Plexus. 


Raise the right hand up the Functional Channel, stopping and aligning LI-4 with the 


solar plexus, hold for a 5 to 30 second count and feel the points open and starting to 
activate each other. 


a 
Fig. 8.65 


Beam to the Heart Center. 


Fig. 8.66 


Fig. 8.67 
Beam to the Throat 


Beam to the Mideyebrow 
Continue to move up to the heart, throat (CV-22) and mideyebrow points. Beam 


energy from the eye of the hand into each of these points and at the same time, con- 
tinue to feel the Chi ball connection between the two hands. 
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is not degraded after 1 million applications of a 
20kg load. Sensors have no polarity, will func- 
tion using voltages from 1V to 15V in most 
cases, and have a response time of less than 
‘Sms. They do not generate, and are not vulner- 
able to, electromagnetic interference. 


Important attributes when evaluating film-type 
sensors are their limits of tolerance for applied 
force, and resistance values at each end of the 
range. Unfortunately these values are poorly 
documented for many sensors, or may be 
unspecified. 


Maximum force may range from 20N to 440N, 
depending on the brand and model of sensor. 


Electrical resistance is at least 1M when unloa- 
ded, and may be as high as 20M. 


‘Accuracy ranges from plus-or-minus 2% to 
plus-or-minus 5% from one application of force 
to the next, depending on the model of sensor 
and the manufacturer. If force is not applied 
each time in exactly the same area of the sen- 
sor, results will vary. Ifa sensor is swapped with 
another sensor of the same type, sensor-to- 
sensor consistency will be uncertain. Therefore, 
film-based force sensors are not a good choice 
for applications where accuracy is important. 


Sensors may be rated for 5% to 10% hysteresis. 


The area of active detection may range from 
about 4mm wide (FlexiForce sensors) to more 
than 40mm wide (Interlink FSR-406). 


Strain Gauges 
Strain gauges are not sold as individual compo- 
nents by most electronics suppliers. They are 
sometimes available as surplus parts or from 
sites such as eBay, where specifications range 
from 100 ohms to 1K as the resistance when no 
load is applied. 


Aload sensor on which a strain gauge has been 
preinstalled is much easier to use, and will be 
plug-compatible with an appropriate amplifier 
chip as previously described. 


hanical > force > force 


What Can Go Wrong 


Soldering Damage 

The pins on plastic‘ilm resistive sensors are 
embedded in thin plastic. Heat from a soldering 
jon can easily damage this plastic. Heat-sink 
alligator clips should be used while soldering, 
or the pins can be socketed instead of soldered. 


Bad Load Distribution 

Film-based sensors will not provide accurate 
readings if a load is imposed unevenly or incon- 
sistently, or extends outside the detection area. 
A puck consisting of a small, rigid disc may be 
interposed between the source of the force and 
the sensor, to distribute the load within the 
maximum area. A puck may also be referred to 
asa shim. 


Similarly, the sensor must be mounted on a fat, 
smooth surface, and if this is not available, a 
rigid plate should be interposed. 


Water Damage 
Although film-based sensors are enclosed in 
plastic, they are not waterproof. Immersion may 
cause the layers to delaminate. 


Temperature Sensitivity 
Because electrical resistance tends to vary with 
‘temperature, readings from resistive force sen- 
sors will vary with temperature. 


Ambient temperatures of 70 degrees Celsius 
and above may damage a film-based sensor. 


Leads Too Long 


Although film-based sensors are supplied with 
a variety of lead lengths enclosed in the lamina- 
ted layers of flexible plastic, the leads may be 
too long for a particular application. If they are 
trimmed, wires cannot be attached with solder, 
as it will melt the plastic. Conductive epoxy 
should be used. 
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Cosmic Chi Kung 
Return down the Functional Channel in the same manner, starting from the 
mideyebrow and stopping to beam energy into each point. 


Next beam into the throat center, heart center, solar plexus and finally the navel 
Hold the Chi ball at the navel with the right hand over the left. 


Yin/Yang Palms 
Separate the hands and extend them out in front of the body at solar plexus level. The 


left palms still pointing up and is yang drawing in the heavenly force through the Laogong 
point. The right palm is still facing down and is yin drawing in the earth force energy. 


a 


Fig. 8.68 Separate the Hands, one palm facing up Fig. 8.69 
and one down - draw in the Forces of Heaven and Earth Draw in Earth Force. 


Conclude by turning the left palm over to face downward. Draw in the earth force 
through both palms. 


Activate the Chi Ball, Tan Tien and the Original Force 


Tum the right palm upward and lower it to the Tan Tien 


with the Chi knife pointing inwards. 

Lower the left palm to the navel, palm down. Lower 
the left thumb to point toward the right Laogong point. 
This opens the eye of the left hand (LI-4), pointing it to- 
ward the navel. 


Fig. 8.70 Activate the Chi Ball, 


Tan Tien and the Original Force - Right Hand over left, the 
‘Large Intestine 4’ pointing at the Navel. 
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Open the Functional Channel with the Left Hand 


A B. c. 
Fig. 8.71 A. Bring LI point up to the Solar Plexus and Heart Center. 
B. Then up to the Throat Center. 
C. Then up to the Mideyebrow. Descending down the channel in reverse, finishing at the Navel. 


After going up the functional channel come down the channel with the left hand. 


Holding a Chi Ball: Open the hands with the palms facing each other holding a Chi 
ball. Stretch and squeeze the Chi ball a few times in order to feel the Chi as a sub- 
stance; open and then relax the palms as you squeeze. 


Fig. 8.72 Hold and squeeze the Chi Ball 
Feel the Chi Ball expanding, growing Bigger. 
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Double Palm and Double Beam - Palm to Palm 
Activate the Functional and Governor Channels - Right Palm on Left 


Bring the left palm in first to face the navel, about 1 inch away, aligning the Laogong 
point with the navel. Follow by bringing the right hand in front of the left hand, aligning 
the Laogong of the right palm with the Laogong of the left hand and the navel 
Both palms are now facing in. Beam energy through both Laogong points to the navel 
and through the body to the Door of Life, between L-2 and L-3 (Lumbar Vertebrae) 
Hold for a 5 to 30 second count and feel the vibration of the palms and Chi beam 
penetrate through the two points; feel them link together. 


Fig. 8.74 Fig. 8.75 Fig. 8.76 
Left Palm to Navel. Right an Top. Beam from Navel to Door of Life. 


Next raise the left palm up to the solar plexus, aligning the Laogong point with the 


solar plexus. 
Follow with the right palm aligning the Laogong to the left palm. Beam energy into the 
solar plexus point and through the body to the T-11 point (thoracic vertebrae). 


Fig. 8.77 Fig. 8.78 Follow with the Right Hand to. 
Raise Left Palm to Solar Plexus. form the Double Beam. 
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Continue in the same way with the left hand leading to the heart point and wing 
point, the throat point and C-7 (cervical vertebrae), the mideyebrow point and 
Jade Pillow, and the crown point and perineum. Always remember ‘Tan Tien and 
the universe’ 


Fig. 8.79 Beam into the Heart Center 
and to the back of the Heart. 


Fig. 8.80 Beam into the Throat Center and to C7. 


When you reach the crown lightly spiral the palms and feel the Chi slowly penetrate 
deep into the body reaching the perineum; this will also open the Thrusting Channels. 
This might take a longer time, try a 30 to 60 second count. 


Perineum 
ry 


Fig. 8.81 Beam into the Mideyebrow Fig. 8.82 Beam from the Crown 
to the base of the Stall. down to the Perineum. 
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Return down the front, point by point in the same way, leading with the left 
hand 

Go up and down this way three times. The double palm and beam activate both the 
Functional and Governor Channels. The energy beam passes all the way through the 
body at each point. 


Grasping the Chi Ball 


Separate the hands and slowly extend the arms in front of you at navel level, palms 
facing each other, holding the Chi ball 


2i2 


Fig. 8.83 Squeeze the Chi Ball Fig. 8.84 Magnify its Energy. 


Stretch and squeeze the Chi ball three times as before by opening and closing the 
palms. ‘Be Aware of Tan Tien and Universe’ 


pay 


Fig. 8.85 Repeat the double palm and beam with the left hand on the outside 
and the right palm leading, beaming from; A. Navel to Door of Life. 
B. Solar Plexus to T11 and Heart Center to the Wing Point C. Throat Center to C7. 
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Fig. 8.86 Activate the Mideyebrow to the Fig. 8.87 Activate the Crown and feel the 
Base of the Skull Energy penetrate to the Perineum. 


A. Lower the right hand to the mideyebrow and penetrate to the skull 
B. Lower the right hand down to the throat center, following with the left 
C. Lower down to the solar plexus and penetrate to T11 
D. Lower down to the navel and penetrate to the Door of Life. 


Fig. 8.88 Channel the Earth Force. 
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Rotate the hands to face downward and draw in the earth force through the palms, 
soles and perineum. 
Closing Movements 
Activate the Chi Channels - Balancing the Organs 


The closing movements, crane’s beak and finish are the same as before. 
Index Finger open (up), close (down), neutral (even with the other fingers) 
Ring Finger - down, neutral. 

Index Finger - open, neutral. 

Thumb - in and down, neutral. 

Index Finger - open, neutral. 

Pinky Finger - down, neutral. 

Index Finger - open, neutral. 

Middle Finger - down, neutral. 

Index Finger - open, neutral. 


Fig. 8.89 Form the Crane's Beak. Fig. 8.90 Palms to Front. Fig. 8.91 Lower to Sides. 


Crane's Beak 
Form the crane’s beak with both hands by bringing the fingertips together with the thumbs 
inside. Activate the saliva and swallow this elixir down three times to the Tan Tien. Raise 
the forearms to shoulder height with the fingers pointed down, inhaling gently as you 
raise. 
Open the palms slowly and begin to lower the arms to the sides as you exhale, until 
the palms are facing each other in the starting position 


Finish 
Bring awareness to the navel and notice the quality and intensity of the energy gener- 


ated. Collect energy at the navel. Men, place the hands over the navel with the right 
hand on top; vice versa for women. 
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Part IV 
Activating the Yin and Yang Channels and the Chi Belt 


Theory 


In this final part of Cosmic Chi Kung, you will focus on opening the yin and yang chan- 
nels of the arms and on activating the Chi Belt around the waist. Mastery of Part IV of 
Cosmic Chi Kung will enhance your ability to project Chi through your fingers for heal- 
ing. 


Yin and Yang Channels of the Arms 


There are six important energy channels flowing through the arms. These channels are 
paired together with each pair comprised of a yin channel and a yang channel. The yin 
channel of each pair flows down the inside of the arm from torso to fingertip, while its 
yang counterpart flows up the outside of the arm from fingertip to head. 
The pairs are as follow: 
Metal Element - Yin - Lung Channel - Thumb 
Yang - Large Intestine Channel - Index Finger 
Fire Element - Yin - Pericardium Channel - Middle Finger 
Yang - Triple Warmer Channel - Ring Finger 
Fire Element - Yin - Heart Channel - Pinky Finger 
Yang - Small Intestine - Pinky Finger, 


Projecting Healing Energy through the Fingers 


Emitting Chi from the fingers for healing is known 
in China as the "One Finger Art." Because the 
various energy channels of the arms either end 
or begin at the fingertips, the fingers are very ef- 
fective instruments for projecting healing energy. 
Your fingers can focus energy like a laser beam 
toward a concentrated area such as a specific 
acupuncture point. You can also emit energy from 
all the fingers at once creating a combined effect 
to target an area. Part IV of Cosmic Chi Kung will 
stimulate all of the arm channels and will give you 
an opportunity to activate all of the fingers for 
beaming energy. 


Fig. 8.92 “One Finger Art” 
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Activating the Chi Belt - Dai Mo 


The Chi Belt or Belt Channel (also called the Girdle Vessel) is the only channel in the 
body that runs horizontally. It encircles the body at the waist level, connecting together 
all the vertical channels running through the torso. Thus, the Belt Channel plays an 
important role in maintaining a good energetic communication between the upper and 
lower body. In women it strongly affects the uterus and the menstrual cycle in particu- 
lar. 

In Taoist Chi Kung, the Belt Channel is not limited to the waist region. It encircles the 
entire body, almost like weaving an energetic cocoon around you from head to foot. 
Activating the Belt Channel strengthens the aura and helps to defend and protect you 
from outside negative energies. 


Fig. 8.93 Belt Channel 


218 


Chapter Vill 


Practice 
Opening Movements 


These opening movements have been described in Parts |, Il, Ill. Refer to Part | to 
refresh your practice 

Hands Down at Sides - Palms Facing Each Other - Bone Breathing - Absorbing 
Cosmic Chi 


Channeling the Earth Force - Washing the Bone Marrow. 
Raise arms to chest height - Palms facing each other. 

Rotate arms until palms face down. 

Open the Tiger's Mouth - Index Finger up, thumb down. 


Activate and Beam to the Eye of the Hip. 
Large Intestine 4 - Eye of the Hand 
Pericardium 9 - Tip of the Middle Finger. 
‘Small Intestine 3 - Knife Edge of the Hand. 


Absorb the Heavenly Force - Washing the Bone Marrow - Crown to Soles. 
Extend the arms forward to chest height - palms upward. 


Absorb the Earth Force. 
Rotate the arms until the palms face down 
Raise the Index Fingers slightly. 


3.94 Mother Earth's Healing Power 
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single touch sensor 


This entry only describes capacitive touch sensors. A conductive sensor, which uses the 
fingertip to complete a circuit between two exposed contacts, is not very common, 
and is not included here. 


The type of touch sensor described in this entry requires no physical pressure for acti- 
vation. It should not be confused with a resistive or piezoelectric force sensor that 
requires pressure. See Chapter 12, 


‘An integrated circuit chip that processes a signal from a touch pad is often described as 
a touch sensor, even though it does not contain a sensing element. This entry describes 
it.as a “touch sensor chip* to eliminate ambiguity, and refers to touch input elements 
as "touch pads?” 


Touch pads that contain tactile switches or membrane switches are described in the 
entry discussing switches in Volume 1. All types of switches are described in that vol- 
ume, with the exception of a reed switch, which is magnetically activated and is there- 
fore categorized as a sensor. 

Capacitive touch sensors are sometimes referred to as capacitive proximity sensors, 
because they sense the proximity of a human fingertip. In this Encyclopedia, and in 
most other sources, a proximity sensor measures distance, not touch. See Chapter 5. 
A capacitive displacement sensor employs the same principle as a capacitive touch sen- 
sor, but is used to detect the position of an object, not for human input: 


OTHER RELATED COMPONENTS 


+ force sensor (see Chapter 12) 


+ touch screen (see Chapter 14) 


What It Does 


A touch pad detects the presence of a human 
fingertip (or other part of the body) and signals 
an integrated circuit chip, which is very often 
termed a touch sensor, even though it does not 
contain a sensing element itself. The chip cre- 
ates an output to signify that human touch has 
been recognized. 


A keypad of the type found on microwave 
ovens may appear similar to an array of touch 
pads, but is more likely to contain membrane 
switches or tactile switches, which are described 
with other forms of switches in Volume 1. The 
type of touch pad described in this entry 
requires no physical force and contains no parts 
that move or flex when pressed. 
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Core Movements of Part IV Yin and Yang Channels - Chi Belt 


Activating the Yin Channels - Left Side 


Turn the palms down and slightly open the index fingers. Smile to your palms and soles 
and channel the earth force. 

Tum your right palm up and pass it just one inch below the left arm yin channels from 
the left palm to the armpit, without physically touching the arm. Feel the Chi moving. 
Tum your right palm to face your left rib cage and pass your right hand down the left side 
of your abdomen along the descending colon, and a cross the pelvis to the right side to 
activate the yin energy. 


A A A 


Fig. 8.95 Channel the Earth Force. Fig. 8.96 Activate the Yin Energy from the Palm to the Pelvis. 


Fig. 8.97 Raise Chi in the Right Palm. Fig. 8.98 Pass it to the Left. 
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Pass your right hand up the right side of the abdomen to the level of your forehead 
with the palm facing diagonally toward the left palm (which simultaneously turns palm 
up at the level of the navel). Project the Chi from palm to palm for 30 to 60 seconds, 
vibrating the palm and feeling Chi from the right palm sent to the left picking up by the left 
palm. Keep the palms open and relaxed. 

Next point the right ring finger toward the left palm and project Chi making very small 
circles from the right ring finger (Triple Warmer channel); emit the Chi to the left palm for 
30 to 60 seconds. 

Then retum the right index finger to neutral position. Point the left ring finger up to- 
ward the right palm, project into the right palm for 30 to 60 seconds, and then return to 
neutral. 

Next both ring fingers project toward the opposite palms at the same time for 30 to 
60 seconds and then return to neutral. Notice that the energy may meet in the middle. 


Fig. 8.99 Project Energy and balance Left and Right. 


Activate the Yang Channels - Left Side 


Tum the left palm down and lower the right palm to cover the back of the left hand, palm 
down. Pass the right palm over the left arm's yang channels from the back of the left 
hand to the left shoulder. Then pass the right palm across the upper chest and across 
the right breast. Scoop the right palm under the right armpit, fingers first. Then bring the 
right palm forward, palm down and press forward with the left palm at the same time. 
Relax and channel the earth force. 
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A. Left Palm down, lower Right Palm to B. Pass the Right Palm over 
cover the back of Left Hand. the Left Arm's Yang Channels. 

C. Pass the Right palm across the chest _D. Press both Palms forward, relax 
and scoop under the Right Armpit, Fingers first. and channel the Earth Force. 


Fig. 8.100 Balance Left Side Yin and Yang and Channel Earth Energy. 
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Repeat, Activating the Yin and Yang Channels to the Right Side 


Then repeat Activating the Yin and Yang Channels with the other fingers and 
channels in the following order: Index Finger - Large Intestine 

Thumb - Lung 

Pinky Finger - Heart and Small Intestine 

Middle Finger - Pericardium 


= 


Fig. 8.102 One Finger Art - activating the Laogong. 
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Activate the Chi Belt - Right Foot Forward 


Step forward with the right foot. The right palm covers the navel and the left palm covers 


the Door of Life. Feel the Chi beam penetrate from palm to palm. 
Tur your hips to the right and shift weight to your right leg. At the same time move 


your right palm to the Door of Life in a brushing manner, while your left palm moves to 
the right hip in a sweeping manner. Note that the palms face the Chi belt 
Repeat the above three times altogether. 


Fig. 8.103 Activate the Chi Belt - Right Side. 
Activate the Chi Belt - Left Foot Forward 


Repeat the above with the left foot forward and reversing the right and left hands 


Fig. 8.104 Activate the Chi Belt - Left Side. 
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Channel the Earth Force 


Bring the hands forward and rotate the palms to face downwards. Smile and channel 
the earth force as before. 


For these Closing Movements see the pictures beginning on page 171. 


Closing Movements 
Activate the Chi Channels - Balancing the Organs 


Index Finger - open (up), close (down), neutral (even with the other fingers). 
Ring Finger - down, neutral 

Index Finger - open, neutral 

Thumb - in and down, neutral. 

Index Finger - open, neutral. 

Pinky Finger - down, neutral. 

Index Finger - open, neutral. 

Middle Finger - down, neutral. 

Index Finger - open, neutral 


Crane's Beak 


Form the crane’s beak with both hands by bringing the fingertips together with the thumbs 
inside. Swallow the saliva. Raise the forearms to shoulder height with the fingers pointed 
down, inhaling gently as you raise. 

Open the palms slowly and begin to lower the arms to the sides as you exhale, until 
the palms have returned to the starting position, 


Finish 


Bring the awareness to the navel and notice the quality and intensity of the energy 
generated. 

Collect energy at the navel. Men, place the hands over the navel with the right hand 
on top; vice versa for women. 
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Healing Others 


Summary and Combined Practice 


After learning the four sets of Cosmic Chi Kung, you may want to combine them all into 
a short and simple daily practice. This combined set, previously called Buddha Palm |, 
synthesizes the movements from the first three sets into one basic sequence. The 
movements are done on the right side only, so the entire set can be completed in ten to 
twenty minutes. 


Cosmic Chi Kung: Simple Combined Sequence 
Opening Movements 


Bone Breathing - Absorbing Cosmic Chi 


4. Stand with your hands down by your sides. Feel your Chi moving and activate the 
bone breathing. 

2. Activate the cosmic force by using your mental intention (Yi) to spiral at the 
mideyebrow point and draw in the golden light energy. Breathe through the 
mideyebrow point in the same manner as in bone breathing, allowing the energy to 
flow through the Microcosmic Orbit. Alternatively you can breathe the golden light 
down into your navel to charge up your Original Chi at the Tan Tien. You can also 
simply circulate the golden light throughout your body. Relax, smile and enjoy the 
sensation of your entire body breathing in the cosmic energy. 


Channeling the Earth Force - Washing the Bone Marrow 


1. Connect with the earth force by activating the perineum and the soles of the feet, 
Kidney 1, Bubbling Spring. Connect the bridge by slightly squeezing the sex or- 
gans and the anus. Wash the bone marrow from the soles to the crown. 

2. Smile into the perineum, palms, mideyebrow and crown. Then slowly raise the arms, 
palms facing each other to chest height keeping the elbows relaxed and sunk, Then 
slowly rotate the arms until the palms are facing down. Absorb the Earth Chi through 
the soles, perineum and palms; feel it being absorbed into the bones and body like a 
steam or mist rising from the earth. Feel the earth force move through the center 
of the bones, up the calves, thighs (femur bones), through the hip bones, spine, 
scapulas, arms, neck and skull. Finally swirl the energy around your brain. 
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Activate the Hip - Large Intestine 4, Pericardium 9 and Small Intestine 3 


1. Raise your index finger slightly upward to activate the Laogong point (Pericardium 
8). Then stretch your thumbs out to the sides and down, so that they end up pointing 
downwards toward the earth to activate Large Intestine 4 (Hegu). Large Intestine 4 
is found in the webbing between the thumb and index finger. It is called the 
“eye of the hand”; this area is also known as the "Tiger's Mouth." 

2. Slowly draw the elbows back and lower the hands until your palms are facing down 
beside the "eye of the hip" (the iliac crest) with the "eye of the hana (Large Intestine 
4) aligned with the "eye of the hip". Use your mind intention to beam the energy 
back and forth between your two LI-4 points. This will activate the large and 
small intestines. 

3. Rotate your hands so that the fingers first point out, then back and finally point the 
fingers in toward the eye of the hip. Beam energy back and forth between the 
tips of the middle fingers (Pericardium 9) passing through the hips. 

Rotate the hands again until the fingers are pointing forward with the palms facing 
up. Align the knife edge (Small Intestine 3) with the eyes of the hip, and beam the 
energy back and forth between the two hands. 


Absorb the Heavenly Force - Washing the Bone Marrow - Crown to Soles 


Extend the arms forward to chest height with the palms still facing upward. 

Become aware of the palms and the crown. Activate the Laogong point (Pericardium 
8). Feel the heavenly energy, and be aware of the violet light of the North Star and the 
red light of the Big Dipper shining down. Draw this light in through the palms and the 
crown point and feel it washing your bone marrow. Direct the sensations down through 
the skull, cervical vertebrae, clavicle, scapulas and sternum. Activate your thymus gland 
and continue drawing the healing heavenly light down through the rib cage, arms, spine, 
hips, femurs, calf bones, feet and toe bones. Feel your bones activated with a posi- 
tive electrical force (the positive force comes from heaven, negative from the 
earth). 


Absorb the Earth Force 


4. Rotate the arms until the palms face down. 
Raise the index fingers slightly, extend the thumbs first towards each other, and then 
towards the ground. 

2. Become aware of the palms (Laogong), the soles of the feet (Kidney 1, Bubbling 
Spring) and the perineum (Conception Vessel 1, Hui Yin). Activate these points, feel 
the earth energy, and be aware of a gentle blue light or white light rising up 
from the earth like a pure steamy mist. Draw this light in through the palms and 
soles and let it wash up through the center of your bones as it steam cleans your 
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marrow. Picture any impurities or illness dripping out of your bones and draining 
down into the earth, where they are recycled and purified. 


Core Movements 


Grasping the Moon - Connecting the Heaven and Earth Forces 


1. Open Position: Heaven Force - Bring the arms up to shoulder height, bending the 
elbows so that the left hand is under the right elbow with the left index finger 
pointing up to Heart 3. 

2. The right forearm is over the left forearm with the tip of the right index finger held 
above the Large Intestine 11 point of the left arm. The right index finger is pointing up 
toward heaven. 

3. The right index finger draws in the heavenly force like an antenna. The force flows up 
the bones of the right arm across the shoulders to the left arm, and through the 
bones of the left arm to the left index fingertip. Itthen flows through the index finger of 
the left hand into the Heart 3 point of the right arm completing the heavenly circuit. 
Continue cycling in this way. 

4. Close Position: Earth Force - Keeping the arms in the same position, move both 
index fingers to point down. The right index finger will now point toward the Large 
Intestine 11, point of the left arm and the left index finger will point downward toward 
the earth. Draw in the earth force through the left index finger bringing it through the 
bones of the left arm, across the shoulders through the right arm to the right index 
finger and out into the Large Intestine 11 point of the left arm. Continue cycling in this 
way completing the earth circuit. 

Open and close three times altogether ending in the open position 


Activate the Throat Center 


4. Draw the elbows out to the side and rotate the palms to face in so that the left palm 
is about 3 - 6 inches in front of the Throat Center (Conception Vessel 22), palm 
facing in, and the right hand is about 1 - 3 inches in front of the left hand, palm facing 
in. Align the Lung 10 point of the right hand with the Lung 10 of the left hand, and align 
the Lung 10 points in the middle of the thenar eminence of the left hand with the 
Throat Center. Keep the points aligned and beam the energy passing through 
both hands into the Throat Center. 

2. Move both hands about 12-18 inches out from the Throat Center maintaining the 
energy beam as you move. 

3. Move in and out three times altogether in this way ending with the hands in as in 
preivous point above. 
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Activate the Third Eye 


. Keeping the Lung 10 points aligned, raise the hands up to the level of the mideyebrow 
point. Keep the points aligned and beam the energy passing through both hands 
into the mideyebrow point. 

. Move both hands about 12-18 inches out from the mideyebrow point maintaining the 
energy beam as you move. Move in and out three times altogether in this way, 
ending with the hands as previously. 

. Keeping the palms and thenars (Lung 10) aligned, move the hands back down to the 
position in front of the Throat Center. 


Open the Bridge and Regulator Channels 


. Keeping the forearms horizontal at shoulder height, separate the hands so that the 
Laogong points are aligned in front of Stomach 13 just below the clavicle on a vertical 
line above the nipple or mammillary line. The fingertips should almost be touching. 
Beam energy from the Laogong points into ST-13. You will be following this vertical 
line, which passes through the nipples, down the torso to the level of the navel stop- 
ping to focus and beam energy into key points along the way. On each of these, 
focus your Yi on beaming eneray into the organs inside each position. Stomach 13 is 
the location that activates the Heart and Lungs. Feel the change in your breathing as 
you activate the lungs. 

. Move the hands down the mammillary line to Stomach 16, about one inch above the 
nipple (in the space between the third and fourth ribs). Again, beam energy to ener- 
gize and balance the heart and lungs. 

. Move the hands down to Liver 14 (about 2 - 3 inches below the nipple in the space 
between the 6th and 7th ribs). Beam healing energy into the liver and gall bladder. 

. Move the hands down to Spleen 16 (just below the rib cage on the mammillary line). 
Beam healing energy into the stomach, pancreas and spleen. 

. Move the hands down to Spleen 15 (on the mammillary line to the level of the navel). 
Beam healing energy from your palms into the small intestine and the Tan Tien. 


Grasping the Chi Ball 


. Slowly rotate the hands so that your palms face each other in front of your navel 
Feel the invisible ball of energy between your hands. Allow the energy to push your 
hands apart keeping the feeling of connection between your palms. 

. Let the energy draw your hands back toward each other, like a magnet, until you feel 
as if you are squeezing a ball. 

. Stretch and squeeze the Chi ball three times by opening and closing your palms in 
this way. 
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‘A modern touch screen is usually a capacitive 
device and can be thought of as an array of 
touch pads. See Chapter 14, 


Applications 
Capacitive touch sensors have become com- 
mon as their cost has fallen relative to simpler 
components that respond to being pressed. 


A touch sensor can be used to start or stop a 
process, or to power up or power down a 
device. Multiple sensors may be found wher- 
ever user input of a few alphanumeric charac- 
ters is required. Because touch pads can be 
completely sealed, they are useful where 
hygiene is important. 


Specific applications include the activation of a 
backlight in a handheld device, wake-up from 
standby, ear detection in a cellular telephone, 
control of medical devices, and activation of 
interior lighting in some automobiles. 


The absence of moving parts or electrical con- 
tacts means that a touch pad is more reliable 
than any type of electromechanical switch. A 
disadvantage is that it provides no tactile feed- 
back, and therefore will require a visual or audi 
ble confirmation when it responds to input. 
Lack of tactile feedback makes touch pads 
unsuitable for computer keyboards and other 
key-entry devices where rapid typing is 
required. 


When the capacitive elements of a touch pad 


are transparent, it can be mounted in front of a 
screen. 


Schematic Symbols 
Either of the schematic symbols in Figure 13-1 
may sometimes be used to represent a touch 
sensor, but not on a consistent basis. 


K> KO 


Figure 13-1 Two possible schematic symbols that may 
represent a touch sensor 


How It Works 


The two plates in a capacitor are separated by 
an insulator known as the dielectric. Paper, plas- 
tic, glass, air, and other insulators can serve this 
purpose. Although no electrical connection 
exists between the plates, AC passes through 
the dielectricas a field effect. 


Electrical capacitance exists between any pair 
of electrical conductors. The human body has 
high electrical resistance but stil is electrically 
conductive, and therefore has capacitance with 
other conductive objects. 


A touch pad can function as one side of a 
capacitor, with a fingertip functioning as the 
other side. In this mode, AC can pass from the 
touch pad and through the human body to 
ground. The current is very small, but fluctua- 
tions can be detected by an appropriately 
designed integrated circuit chip, or by a micro- 
controller. 


The precise characteristics of a dielectric will 
affect the performance of a capacitor to some 
extent, but will not prevent it from working, 
Therefore a touch pad can function even when, 
it is shielded behind a protective layer of glass 
or plastic, as is often the case. 


A touch sensor chip generates pulses of low- 
voltage AC and sends them to a touch pad. The 
chip detects any variation in the current 
through the touch pad, indicating the presence 
of a fingertip. Where an input occurs, the chip 
changes its output, which usually requires a 
microcontroller for processing. 
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Activate the Outer and Inner Arm Gates 
Waiguan - Triple Warmer 5 and Neiguan - Pericardium 6 - Right Arm on Top 
. Slowly rotate the arms so that both palms face down. 
2. Cross the right wrist over the left wrist with 1-3 inches of space between the hands. 
Align PC-6 of the right wrist with TW-5 of the left wrist. 
3. Keeping the wrists crossed, slowly rotate hands turning the palms upward. Now 
‘TW-5 of the right wrist will be aligned with PC-6 of the left wrist. 


Open the Functional Channel with LI-4 


4. Bring the left hand down to the level of the Tan Tien with the Chi Knife facing in. 
Lower the right hand, palm down, and align the eye of the hand, the LI-4 point with 
your navel. Feel the Chi ball between your two hands, and at the same time beam 
energy from L-4 into the navel point. 

2. Raise the right hand up the Functional Channel stopping and aligning LI-4 with the 
solar plexus, heart, throat (CV-22) and mideyebrow points. Beam energy from 
the eye of the hand into each of these points, and at the same time continue to. 
feel the Chi ball connection between the two hands. 

3. Return down the Functional Channel in the same manner stopping to beam energy 
into each point. Go up and down the Functional Channel in this way three times. 


Yin/Yang Palms 


1. Separate the hands and extend them out in front of the body at solar plexus level. 
The left palm is still pointing up and is yang drawing in the heavenly force through 
Laogong. The right palm is still facing down and is yin drawing in the earth force 
energy. 

2. Conclude by turing the left palm over to face downward. Draw in the earth force 
through both palms. 


Double Palm and Beam to Activate the Functional and Governor Channels 


41. Bring the left palm in first to face the navel, about 3 - 5 inches away, aligning the 
Laogong point with the navel. Follow by bringing the right hand in front of the left 
hand, aligning the Laogong of the right palm with the Laogong of the left hand and the 
navel. Both palms are now facing in. Beam energy through both Laogong points 
to the navel and through the body to the Door of Life. 

2. Next raise the left palm up to the solar plexus aligning the Laogong point with the 
solar plexus. Beam energy into the solar plexus point and through the body to the T- 
11 point, Your right hand remains at the navel level beaming energy to the navel and 
the Door of Life. 

3. Raise your right hand up to the outside of the left hand at the solar plexus level, and 
beam energy through both hands into the solar plexus point and the T-11 point. 
Continue in the same way with the left hand leading to the heart point and wing 
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point, the throat point and C-7, the mideyebrow point and jade pillow and the 
crown point and perineum. 

4, Return down the front, point by point in the same way, leading with the left hand. 
Go up and down in this way three times. The double palm and beam activate 
both the Functional and Governor Channels. The energy beam passes all the 
way through the body at each point. 


Grasping the Chi Ball 


4. Separate the hands and slowly extend the arms in front of you at navel level, palms 
facing each other holding the Chi ball. 

2. Stretch and squeeze the Chi ball three times as before by opening and closing the 
palms. 


Channel the Earth Force 


Rotate the hands to face downward, and draw in the earth force through the palms, 
soles and perineum. 


Closing Movements 
Activate the Chi Channels - Balancing the Organs 


Index Finger - open (up), close (down), neutral (even with the other fingers). 
Ring Finger - down, neutral. 

Index Finger - open, neutral. 

Thumb - in and down, neutral 

Index Finger - open, neutral. 

Pinky Finger - down, neutral. 

Index Finger - open, neutral. 

Middle Finger - down, neutral. 

Index Finger - open, neutral. 


Crane's Beak 

4. Form the crane’s beak with both hands by bringing the fingertips together with the 
thumbs inside. Raise the forearms to shoulder height with the fingers pointed down, 
inhaling gently as you raise. 

2. Open the palms slowly and begin to lower the arms to the sides as you exhale, until 
the palms are facing each other in the starting position. 


Finish 
4. Bring the awareness to the navel and notice the quality and intensity of the energy 
generated. 


2. Collect energy at the navel. Men, place the hands over the navel with the right hand 
on top; vice versa for women. 
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Chapter IX 
Universal Tao Practices 


Cosmic Inner Smile 


Fig. 9.1 Inner Smile 


The Inner Smile begins at the eyes and the mideyebrow point and moves down to the 
heart. As you activate the heart, the loving energy will flow out and you will feel the 
energy of your Inner Smile flow down the entire length of your body like a waterfall. This 
is a very powerful and effective tool to counteract stress, tension and negative Chi. 
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. Be aware of the mideyebrow, imagining that your are in one of your favorite 
places in the world, a place where you feel safe, relaxed and happy. Recall the 
sights you might have seen there, the sounds you might have heard, the scents, 
sensations and flavors that you associate with that place. 

. Imagine that one of your favorite people is standing in front of you, smiling to you with 
loving, happy, radiant shining eyes. Smile to your face and slightly lift up the corners 
of your mouth, 

. Feel yourself responding to that special person's smile with a smile of your own. 
Feel your eyes smiling and relaxing. 

. Smile down to the thymus gland and picture a white flower blossoming. Gently 
inhale into the thymus gland, connecting your breath to the olfactory organ. Smell 
the good fragrance. 

. Aim your inner attention at your heart, picturing the heart before your inner eye and 
smile to it. Smile until you feel the heart smile back to you. Picture your heart like a 
red rose, gradually opening, This will activate the love and fire of compassion in the 
heart. Once you feel the red light and loving awareness it will activate the cosmic 
red healing light or mist from above and around you. 

. Smile at the light or mist and very slowly with a soft, long, deep breath draw the red 
mist, love and compassion into the mideyebrow, down through the mouth and throat, 
into the heart and gradually overflowing to the small intestine, Exhale, but retain the 
red light and the love and compassion in the heart and small intestine. At the 
same time exhale the cloudy, black or negative energy. Keep on doing this breathing 
18 to 36 times waiting until the heart becomes bright red before your inner vision and 
starts to radiate out to the tongue, mouth, nose, ears and eyes. Allow the red light to 
whirl around you and form a red aura. Feel your skin glowing with red energy. 

. Let the heart's loving energy radiate out to the lungs. Aim your attention at the lungs; 
picture them before your inner eye and smile to them. Smile until you feel the lungs 
smile back to you. Picture your lungs like a white rose, gradually opening; smell the 
good fragrance. This will activate the courage in the lungs. Once you invoke the 
white light and courage into the lungs, you will also activate the cosmic white heal- 
ing light or mist from above and around you. 

. Smile at the light or mist and very slowly, softly take a long deep breath and draw the 
white mist into the mideyebrow, the mouth and down to the lungs, gradually over- 
flowing into the large intestine. Exhale but retain the white light and the feeling of 
courage in the lungs. At the same time exhale the cloudy, black or negative energy. 
Keep on doing this kind of breathing 18 to 36 times, waiting until the lungs become 
bright white and start to radiate out to the nose, ears, eyes, tongue and mouth. Invite 
the white light to whirl around you and form a white aura covering your skin like 
autumn dew. 

. The spleen, pancreas and stomach correspond to the yellow color of the earth 
element. Connect to these organs and smile down into them from the mideyebrow. 
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First connect to the heart, then attract the clear yellow light from above and around 
you. You might see the golden yellow aura of a wheat field ready for harvest. Expel 
feelings of worry; exhale the cloudy, sticky energy. Breathe in the golden yellow 
aura, filling your spleen center with golden yellow light. Repeat to complete 18 to 36 
cycles, then allow the light to radiate out to your mouth, nose, ears, eyes and tongue. 
Wrap the golden aura around you, leaving a golden shine on your skin. 

10. The kidneys and bladder correspond to the blue color of the water element. Gentle- 
ness is contained within the blue healing light. Inhale the blue aura into the kidneys. 
Expel feelings of fear or stress on breathing out. Allow your energy field to expand, 
breathing in and out the blue energy 18-36 times, unti it starts to radiate out from 
your kidneys to your ears, eyes, tongue, mouth and nose. Gather the blue mist on 
your skin enveloping you with a blue aura. 

11. The liver and gall bladder connect to the green color of the element wood; kind- 
ness replaces anger, which is expelled on breathing out. Do the same as above and 
create a green aura around you. Exhale the dark red, cloudy heat. Inhale the nour- 
ishing green of the forests. Do 18 to 36 cycles, until the green light has completely 
filled the liver and starts to radiate out to your eyes, tongue, mouth, nose and ears. 
Invite the green light to form a green aura around you. 

12. Smile down to the sexual organs and reproductive system. Feel love and sexual 
arousal and the heart and sexual organs uniting. Observe how this process trans- 
forms the sexual energy into Chi, Channel down orange and red light to the sexual 
organs. Thank them for their work in keeping you alive and healthy. Rest. Do noth- 
ing. Gather and store the energy by smiling and spiraling in the Tan Tien. 


Six Healing Sounds 


The Six Healing Sounds enhance Therapeutic Work 


Everyone has heard stories about gifted beings who possess great healing powers. 
People seek out gifted healers. Yet even in the best of circumstances, how much time 
cana great healer spend with you? One hour a day? An hour a week? What about the 
rest ofthe time? Thus you must learn how to take care of yourself; you must learn how 
to clear out your negative energy and transform it into positive healthy energy. If you 
maintain yourself in this way it will surely enhance any other therapy you are receiving. 

The Six Healing Sounds are a simple yet powerful tool to promote physical, ener- 
getic and emotional healing and balance. If you are healing others, you can teach your 
students one or two of the Six Healing sounds each session, to enhance the effects of 
your therapeutic work. During the practice of the sound the resting period is very impor- 
tant. Growing the good virtue of the organs is essential so the negative or sick energy 
has less room to grow. 
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The sounds are also used to generate certain frequencies for specific healing. Each 
sound can generate different energy for the healing of the different organs. 

Once the movements, sounds and information have been integrated into your prac- 
tice you can simplify and make the Six Healing Sounds more powerful. For example, 
when you are settled into the lung sound and you are breathing white healing light and 
feel the mideyebrow wide open, you put the awareness in the ‘Tan Tien and Universe’. 

Chi will flow from the universe into the Tan Tien and just the right amount and quality 
will low from the Tan Tien into the lungs and large intestine. Just set up the location (the 
organ) and connect to the universe and the Chi will low to the correct location! 

When doing these, the eyes are open only while making the sound. 


Six Healing Sounds - Practice 


Lung Sound 


Element: Metal 
Associated Organ: Large Intestine 
Sound: SSSSSSS (Tongue behind Teeth) 
Emotions: Negative - Grief, Sadness, Depression 
Positive - Courage, Righteousness, High Self Esteem| 
Color: White, Clear, Metallic 
Season: Fall 

Direction: West 


Position: Sit in a chair with your back straight and your hands resting palms up on 
your thighs. Have your feet flat on the floor about a hip's width apart . Smile down to 
your lungs and be aware of any sadness, grief or excess heat in your lungs. Slowly 
inhale and raise your hands up your center line with your fingers pointing toward each 
other. When your hands pass your shoulder level, begin to rotate the palms out as you 
continue raising your hands up in front of you and above your head with the palms up. 
Point your fingers towards the fingers of the opposite hand and keep your elbows slightly 
bent. 


Sound: Part your lips slightly, keeping your jaw gently closed. Look up through the 
space between your two hands and push your palms slightly upward as you slowly 
exhale and make the sound, "SSSSSSS", Picture and feel any excess heat, sadness, 
arief, depression, sickness and dingy white color expelled and released as you exhale 
slowly and fully. 
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Resting Posture: When you have completely exhaled, rotate the palms to face 
downward with the fingers stil pointing toward each other. Slowly lower the palms and 
bring them just in front of the chest feeling the lung's aura. 


Close your eyes and be aware of your lungs. Smile into your lungs, and as you 
inhale, imagine that you are breathing in a bright white mist of light. Breathe this light 
into your lungs and feel it cooling, cleansing, invigorating, healing and refreshing your 
lungs. Fee! it flowing down to the large intestine to balance the energy of the yin lungs 
and yang large intestine, allowing the courage quality of your lungs to emerge. Grow 
more courage, so sadness and depression have less room to grow. With each inbreath, 
feel yourself drawing in cool fresh energy. With each outbreath, mentally make the Lung 
Sound and release any remaining sadness or hot energy. 

Repeat at least three times. For the first two repetitions, you can make the sound 
aloud. On the third or last repetition, make the sound sub-vocally (vocalizing the sound 
so softly that only you can hear it) Repeat six, nine, twelve or twenty four times to 
alleviate extreme sadness, depression, colds, flu, toothaches, asthma and emphysema. 


Kidney Sound 


Element: Water 
Associated Organ: Bladder 

Sound: CHOOOGOO (with your lips forming an 
as if blowing out a candle.) 

Emotions: Negative - Fear, Shock 

Positive - Gentleness, Wisdom 

Color: Dark Blue or Black 

Season: Winter 

Direction: North 


Position: Now move the hands to cover the kidneys. Smile to your kidneys, and be 
aware of any excess cold or heat in the kidney region. Then bring your legs together, 
ankles and knees touching. Lean forward and clasp the fingers of both hands together 
around your knees. Inhale and pull your arms straight from the lower back while bending 
the torso forward (this allows your back to protrude in the area of the kidneys). Tilt your 
head upward as you look straight ahead, still pulling on your arms from the lower back. 
Feel your spine pulling against your knees. 


Sound: Round the lips slightly and slowly exhale while making the sound 
"CHOOOOOO." Simultaneously contract your abdomen, pulling it in toward your kid- 
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neys. Imagine any fear, sickness, imbalances, excess cold or heat energy being re- 
leased and squeezed out of the fascia surrounding the kidneys. 


Resting Posture: After you have fully exhaled, slowly sit erect and return the hands 
to touch the aura of the kidneys. Close your eyes and again be aware of your kidneys. 
Smile to your kidneys and, on the inbreath, imagine you are breathing a brilliant lumi- 
nous blue light mist into them; feel this mist healing, balancing and refreshing your 
kidneys and bladder and picture them glowing a bright blue color. On the outbreath, 
imagine you are still making the Kidney Sound. 


Repeat at least 3 times, as with the previous sound. Repeat six, nine, twelve, or 
twenty four times to alleviate extreme fear, fatigue, low-pitched ringing in the ears, dizzi- 
ness, back pain, bladder and urinary infections or other problems of the reproductive 
system. 


Liver Sound 


Element: Wood 
Associated Organ: Gall Bladder 

‘Sound: SHHHHHHH 

Emotions: Negative - Anger, Frustration, Resentment 
Positive - Loving Kindness, Benevolence, Forgiveness 
Color: 
Season: 
Direction: East 


Position: Place the hands on the liver. Smile to your liver and be aware of any 
anger, frustration, resentment or excess heat. Slowly begin to inhale a deep breath as 
you extend your arms up from the sides with your palms up. Continue to raise them 
over your head. interlace your fingers together and turn your joined hands over to face 
the sky, palms up. Push out through the heels of the palms and extend the arms up, 
keeping the shoulders relaxed. Bend a ttle to the left and stretch your right arm slightly 
to gently open the area of your liver. 

Sound: Open your eyes wide (the eyes are the sensory opening of the liver). Slowly 
exhale, making the sound, "SHHHHHHH’ sub-vocally. Feel that you are releasing any 
trapped excess heat, anger, illness and negativity from your liver and that these are 
riding out of your body on your breath 


Resting Posture: Once you have fully exhaled, separate your hands, tum the palms 
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down and slowly lower your arms to the sides, leading with the heels of the hands. 
Smile and inhale a shiny spring green mist, illuminating the liver and gall bladder. 
Bring your hands back to rest on the liver's aura. Close your eyes and smile into your 
liver. With each inbreath, breathe fresh Chi into your liver and gall bladder and mentally 
make the Liver Sound with each outbreath. 


Repeat at least three times, as with the previous sound. Repeat six, nine, twelve or 
twenty four times to alleviate extreme anger, to relieve red or watery eyes, to remove a 
sour or bitter taste in the mouth or to detoxify the liver. 


Heart Sound 


Element: Fire 
Associated Organ: 
Sound: HAAAAAAAW 

Emotions: Negative - Arrogance, Harshness, Cruelty, Hatred 
Positive - Joy, Honor, Respect, Love, Happiness 
Color: Red 

Season: Summer 

Direction: South 


mall Intestine 


Position: Let both hands rest on the heart, Smile to your heart and be aware of any 
arrogance, haughtiness, hatred, giddiness, cruelty or hastiness. Slowly begin to inhale 
adeep breath as you extend your arms up from the sides with your palms up, as you did 
with the Liver Sound. Continue to raise them over your head. Interlace your fingers 
together and tum your clasped hands over to face the sky, palms up. Push out through 
the heels of the palms and extend the arms up, keeping the shoulders relaxed. Bend a 
litle to the right and stretch your left arm slightly to gently open the area of your heart. 


Sound: Keep your eyes soft and relaxed, looking up through your hands. Slowly 
exhale, making the sound, "HAAAAAAAW" sub-vocally. Feel that you are releasing any 
trapped heat, negative emotions, illness and imbalances from your heart and that these 
are riding out of the body on your breath. 


Resting Posture: Once you have fully exhaled, close your eyes, separate your hands, 
turn the palms down and slowly lower your arms to the sides, leading with the heels of 
the hands. As you move inhale a bright red mist into the heart and small intestines. 
Bring your hands back to rest on your heart's aura . Smile into your heart. With each 
inbreath, breathe fresh Chi into your heart with each outbreath mentally repeat the heart 
sound. 
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Repeat at least three times, as with the previous sound. Repeat six, nine, twelve or 
twenty four times for the heart and small intestines; feel them balanced. This will allevi- 
ate extreme impatience, hastiness, arrogance, nervousness, moodiness, jumpiness, 
irritability, tongue ulcers, palpitations, sore throat, heart disease, insomnia and detoxify 
the heart. 


Spleen Sound 


Element: Earth 
Associated Organ: Pancreas, Stomach 

Sound: WHOOOOOOO (gutturally from the throat) 
Emotions: Negative - Worry, Excess Sympathy, Overthinking 
Positive - Fairness, Balance, Equanimity, Justice, Openness 
Color: Yellow 

Season: Indian Summer 

Direction: Center (where you stand, looking out to 

the Six Directions) 


Position: Place your hands on the body covering the spleen, pancreas, and stom- 
ach area, Be aware of your spleen and smile sincerely into it. Inhale deeply as you 
move the arms outward in an embrace and aim the fingers up under the left rib cage. 
Place your fingers of both hands just beneath the sternum and rib cage on the left side. 


Sound: Look out, lean into your fingers and gently push your fingertips in. Exhale 
slowly and make the sound, "WHOOOOOOO," from the depths of your throat. Feel 
yourself releasing any trapped heat, worry, mental fixations or excess sympathy. 


Resting Posture: Once you have fully exhaled, close your eyes, slowly release the 
hands and extend the arms out embracing the earth; return your hands to the resting 
position on the spleen’s aura. Smile to your spleen, pancreas and stomach. Inhale 
fresh Chi to your spleen, pancreas and stomach as a brilliant luminous yellow healing 
mist that cleanses and refreshes your organs. Mentally do the Spleen Sound with each 
outbreath. 


Repeat at least three times, as with the previous sound. Repeat six, nine, twelve or 


twenty four times to alleviate extreme indigestion, heat or cold in the stomach or spleen, 
worry, nausea, hemorrhoids, fatigue, organ prolapse or loose stools. 
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How to Use It 


Touch sensor chips are available in as many as 
40 different formats and configurations. All of 
them are surface-mount, For breadboarding, an 
experimenter can use breakout boards that 
have sensor chips installed. Figure 13-2 shows a 
product from Adafruit that is capable of 
addressing 12 touch pads, Its output is accessi- 
ble from a microcontroller via the I2C protocol. 
For additional details about protocols such as 
l2C, see Appendix A. 


Figure 13-2 A capacitive touch sensor chip on a breakout 
board fram Adatruit. 


Similar breakout boards are available from 
Sparkfun, and from large online vendors such 
as_http:/www.mouser.com (where they are 
categorized as development tools). 


While most touch sensor chips require a micro- 
controller, a few are available with the same 
number of output pins as touch-pad input pins, 
and each output pin will transition between 
logic-high and logic-low when an input on the 
corresponding pin is detected. Another break- 
out board from Adafruit, the AT42QT1070, uses 
this simple system. 


A library exists for Arduino that enables two 
pins to sense touch on a piece of aluminum foil 


It can also work with conductive ink or paint. 
Obtaining Touch Pads 


Sensor chips are widely available as compo- 
nents, and are very inexpensive. On the other 


hand, touch pads are not common as compo- 
nents, probably because a touch pad is usually 
created as a pattern of copper traces etched 
onto a circuit board by a device manufacturer. 


Touch pads from hobby-electronics sources 
usually include touch sensor chips. Sparkfun 
offers a 12-key keypad on this basis, and also a 
9-key keypad designed as a “touch shield” for 
use with the Arduino. Both of the Sparkfun 
products are shown in Figure 13-3. They 
include the same MPR121 touch sensor chip as 
the breakout board from Adafruit shown in 
Figure 13-2, and require an 12C connection with 
a microcontroller. 


Figure 13-3 Two capacitive keypads from Sparkfun, the 
‘one on the right designed as an Arduina shield. 


Because a capacitive touch pad is usually 
mounted inside an enclosure, the appearance 
of the bare touch pad as a component is unim- 
portant. The outside of the enclosure can be 
printed with a design showing key outli 


Individual Touch Pad 

Adafruit sells the AT42QT1010 touch pad that 
emulates a momentary switch. Its output tran- 
sitions from logic-low to logic-high when a fin- 
ger presence is detected, and transitions back 
to logic-low when the finger is removed. 


An alternative, shown in Figure 13-4, toggles 
between a logic-high and logic-low output and 
latches in each state with each single key press. 


Both of these keypads contain sensor chips to 
generate the output. 
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Triple Warmer Sound 


The Triple Warmer refers to the upper, middle and lower 
body, and to the distinct metabolic transformations that oc- 
cur within each area. The Upper Warmer is the area above 
the diaphragm, where the heart and lungs are located. This 

area tends to become hot ands responsible for respiration [im 

and cardiovascular circulation. The Middle Warmer, the area 

between the diaphragm and the navel, becomes warm and 
is where the digestive organs are located. The Lower 
Warmer, the area below the navel, is responsible for repro- 
duction and elimination and is cool in temperature. The 
sound "HEEEEEEE" balances the temperatures of the three 
levels by bringing hot energy down to the lower center and 
cold energy up to the higher centers. 


Position: Lie on your back with your arms resting palms up at your sides. Keep your 
eyes closed. Smile. First breathe into the upper part of your lungs to expand the Upper 
Warmer; then breathe into the middle of the lungs to expand the Middle Warmer, finally, 
with the last part of your inhalation, expand your lower lungs and fill the Lower Warmer. 
Breathing in this way creates more space inside for each organ, helping to release and 
circulate any internal heat or cold. 


Sound: Exhale with the sound "HEEEEEEE" sub-vocally, first flattening your chest, 
then your solar plexus, and finally your lower abdomen. Feel the dark and cloudy color, 
cold and chill energy exit from the tips of the fingers. 


Resting Posture: Once you have fully exhaled, do not to focus on any emotions or 
purification process at all. Just let go and relax your body and mind completely. 


Repeat at least three times, as with the previous sound. Repeat six, nine, twelve or 
twenty four times to alleviate insomnia and stress. 

When you have completed the Six Healing Sounds just rest, smile and do nothing. 

Regular daily practice of the Six Healing Sounds will help you to keep in touch with 
the energetic and emotional state of your intemal organs. Most importantly do the sounds 
in the evening before going to sleep. This will help clear out the negative emotions 
before sleeping, so you can feel that the night's rest recharges your energy positively. 
This practice will greatly benefit your personal Cosmic Healing Chi Kung practice. It will 
help sensitize you to the varieties and differing qualities of Chi. This knowledge will also 
help you in diagnosing and treating others. 

For more details of this practice please see the book "Taoist Ways to Transform 
Stress Into Vitality", by Mantak Chia. 
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Guide to the Acupuncture Points used in Cosmic Chi Kung 


The following is a detailed description of the acupuncture energy points used in the 
Cosmic Chi Kung practice. Itis necessary to know the exact location of the points to do 
the practice well. However, you do not have to know the traditional Chinese medical 
functions and energetics of the points to do the practice. These are included in this 
appendix as an item of interest. 

The names of the points are given first by the channel and number, second by the 
English translation of the traditional Chinese name for the point and finally by the name 
in Chinese. 

We are emphasizing the traditional Chinese medical therapeutic properties of the 
points given herein. Many of these points also have very different purposes in Taoist 
Yoga. For a description of the Taoist Yoga energetics, refer to “Awaken Healing Light of 
the Tao” by Mantak Chia. 


Pericardium 8 
"Lakor's Palace” - Laogong 


Ying Spring, Fire Point 
Location: On the center of the palm, where the tip of the middle finger touches when 
making a loose fist. 


On the Crease si P-3 
Functions: Cools the of the Inner 

heart, drains heat from the Elbow Region 

heart, cools the blood, 

calms the spirit, regulates 

the heart Chi and yang, 

Ghost Point for treating 

spirit possession, 


Indications: Coma from 
stroke, heat exhaustion, 
angina pectoris, mania, hys- 
teria, mental iliness, exces- an 
sive sweating of the palms, IN 
u 


mouth problems. 
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Large Intestine 4 
"Adjoining Valleys" - Hegu { 


Yuan Source Point 
Location: On the back side of the hand between the thumb and in- us 

dex finger, in the web approximately at the middle of the metacarpal 

bone of the index finger. 5 
Functions: Disperses wind, relieves exterior conditions, suppresses \\ 

pain and clears the channels, clears lung heat, calms the spirit. 

Very powerful point for moving the Chi and blood of the whole body; 

main point for pain; main point for headache; main point for ailments of the head, face 
and sensory organs; main point for immunity. 

Indications: Headaches, common cold, redness with pain and swelling of the eyes, 
toothache, facial swelling, sore throat, finger cramps, arm pain, fever, abdominal pain, 
constipation. 

Caution: Contra-indicated in pregnancy. 


Small Intestine 3 


"Back Creek" - Houxi si 


Shu Stream, Wood Point “eo 
Master Point of the Governor Channel 
Coupled Point of the Yang Bridge Channel 
Location: When a loose fist is made, the point is near the head of the fifth metacarpal 
bone on the knife edge of the hand at the junction of the red and white skin, 
Functions: Relaxes the tendon-muscular channels, opens the Governor Channel, clears 
the Spirit, drains evil Chi from the heart. 
Indications: Seizures, psychosis, hysteria, intercostal neuralgia, headache, stiff neck, 
red, painful and congested eyes, deafness, spasms of the arm, elbow and fingers; 
fever, night sweating, whiplash, occipital headaches. 

Used for structural/musculo-skeletal problems; opens the Governor Channel for prob- 
lems with back, neck and head, main point for stiff neck, antispasmodic for muscle 
spasms; anti-inflammatory for spinal arthritis, intestinal inflammation. 


Lung 10 
"Fish Border’ - Yuji 
L10 
Ying Spring, Fire Point 
Location: In the middle of the ulna eminence below the thumbs fe 
at the junction of the red and white skin. 


Functions: Cools heat in the lungs, benefits the throat. 
Indications: Sore throat, cough, laryngitis, tonsilliis, fever with common cold. 
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Triple Warmer 5 
"Outer Gate" - Wai Guan Do 


Luo Connecting Point 
Master Point of the Yang Regulator Channel 
Coupled Point of the Belt Channel 

Location: About two fingers width above the wrist crease on the outs, .m. 
Functions: Regulates the Yang Regulator Channel and Belt Channel, tonifies and con- 
solidates Protective (Wei) Chi, releases exterior hot and cold conditions, helps circu- 
late stagnant Chi in the channels. 

Indications: Common cold with alternating chills and fever, high fevers, pneumonia, 
deafness, migraine headaches, paralysis, stiff neck. 


Luo Connecting Point Ky 
Master Point of the Yin Regulator Channel / | \ | 
Location: About two fingers width above the wrist crease on the ii |/|/\/\' the arm, 
between the two prominent tendons. 

Functions: Calms the heart and spirit, regulates the Chi, opens and relaxes the chest, 
regulates and harmonizes the stomach, regulates the liver, relieves pain. 
Indications: Rheumatic heart disease, shock, angina pectoris, palpitations, chest pain, 
asthma, shortness of breath, tightness or fullness in the chest, spasm of the diaphragm, 
vomiting, stomach ache, abdominal pain, morning sickness, motion sickness, migraine 
headaches, hysteria, anxiety, irritability, insomnia, seizures, swollen and painful throat, 
painful menses or nausea with period. 


Large Intestine 11 f 
"Crooked Pond’ - Qu Chi = 


He Sea, Earth Point 
Ghost Point 

Location: When the elbow is flexed, in the depression at the 
outer and upper end of the elbow crease. 

Functions: Cools heat, clears fire, drains dampness, eliminates wind and exterior con- 
ditions, regulates and moistens large intestine. 

Indications: Arthritic pain in the arms, paralysis, hypertension, high fever, anemia, al- 
lergies, skin problems, Parkinson's Disease. Main point for skin diseases; main point 
for high fever. 


ua 
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Conception Vessel 22 
"Heaven's Chimney’ - Tian Tu 


Intersecting Point of the Yin Regulator Channel on the Concep- 
tion Vessel, Window of the Sky Point 

Location: At the top of the breastbone (sternum) in the V-shaped 
indentation (suprastemal notch). Press in and downward at a 
forty-five degree angle. 

Functions: Cools the throat and clears the voice, facilitates and 
regulates movement of lung Chi, frees the breath and helps re- 
store the proper functioning of the lungs and bronchi, helps open Conception Vessel 
(Functional Channel). 

Indications: Asthma, bronchial asthma, bronchitis, coughing, pharyngitis, goiter, hic- 
cups, nervous vomiting, hoarse voice, spasms of the esophagus, diseases of the vocal 
cords, sore throat. 


Conception Vessel 17 
“Central Altar’ - Tan Zhong 


Front Mu-Alarm Point of the pericardium, Influential Point of Chi of the body 
Sea of Chi Point, Master Point of the Middle Tan Tien 

Location: On the frontal midline at the level of the fourth intercostal space, between the 
nipples. 

Functions: Regulates the lungs and the Upper Warmer, tonifies Ancestral Chi, opens 
and relaxes the chest, diffuses lung Chi, regulates and tonifies Chi, transforms phlegm. 
Indications: Pulmonary tuberculosis with shortness of breath, bronchitis, asthma, bron- 
chial asthma, chest pain; all breast problems such as mastitis, insufficient lactation, 
breast abscesses, wheezing, chest pain, labored breathing, palpitations, difficulty swal- 


lowing food, anxiety. 
Conception Vessel 12 &) 


"Middle Cavity" -Zhongwan (Solar Plexus) 


Front Mu-Alarm Point of the stomach, Influential point of all yang or- solar 


gans Plexus 
Location: Approximately midway between the navel and the top joint ) 


of the xiphoid process. 
Functions: Regulates the stomach Chi and yin, regulates, strength- Navel © 
ens and tonifies the spleen Chi and yang, regulates the Middle Warmer, 
reduces digestive stagnation, tonifies nutritive Chi, regulates Chi and 
blood, redirects rebellious Chi downwards, clears stomach fire and 
heat, calms the fetus, controls the aura. 
Indications: Acute or chronic gastritis, stomach and duodenal ulcers, prolapsed stom- 
ach, acute intestinal obstruction, stomach ache, vomiting, abdominal distention, diar- 
thea, constipation, acid regurgitation, indigestion, hypertension, mental diseases. 
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Mideyebrow Point 
"Seal Hall" - Yin Tang 


Master Point of the Upper Tan Tien 
Location: At the midpoint between the two eyebrows. Mideyebrow 
Functions: Calms the spirit, activates the Crystal Room, opel 
the Governor Channel, draws in Cosmic Chi, eliminates wind heat. 
Indications: Headache, vertigo, rhinitis, sinusitis, common cold, 
hypertension, infantile convulsions, sore eyes. 


Conception Vessel 6 
"Chi Ocean" - Chi Hai 


Location: Approximately three fingers width below the navel. 
Functions: Regulates Chi, tonifies Original Chi, strengthens 
weak kidneys, harmonizes the blood, regulates the Thrusting 
Route Conception Vessel, reinforces Ching Chi, enriches yin. 
Indications: Neurasthenia, abdominal distention, abdominal 
pain, irregular menstruation, impotence, spermatorrhea, urinary Navel © 
retention, frequent urination, intestinal paralysis, incontinence, Chi Ocean 7 
constipation, infertility, uterine bleeding, hernia. ChiHai —\Chi 


Master Point of the Lower Tan Tien f ) 


Stomach 13 
"Chi's Household” - Chi Hu 


Location: Below the midpoint of the collarbone along 

the mammilary line (directly above the nipple). 

Functions: Clears heat, loosens the chest, relaxes the 

diaphragm, regulates lung Chi. 

Indications: Asthma, bronchitis, chest and back pain, 

iccups. {ty 
Stomach 16 

"Breast's Window" - Ying Chuang 


Location: In the space between the third and fourth ribs, one rib directly above the 
nipple in men, slightly higher in women. 

Functions: Stops pain, reduces swelling, clears heat, resolves depression, opens lungs, 
stops cough, relaxes chest, moves Chi. 

Indications: Coughing, asthma, swelling of the breasts, chest and stomach pain, heart- 
bum, shortness of breath, melancholy, diarrhea 
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Liver 14 
"Gate of Hope" - Chi Men x * 


Front Mu-Alarm Point of the liver d 4) 
Intersecting point of the Yin Ko, [4 


Regulator and spleen channels on the liver channel OV se ita 


Location: In the sixth intercostal space, directly below the nipple. ¢ 
Functions: Spreads liver Chi, transforms and removes con- 
gealed blood, strengthens spleen and stomach, expands and 
relaxes the chest. \ { 
Indications: Difficulty in breathing, chest pain, hepatitis, enlarged 4 
liver, gall stones, pleurisy, nervous stomach, menopausal dis- ‘ 
orders, cholera, failure to discharge the placenta after childbirth. 

Spleen 16 

"Abdomen's Sorrow" - Fu Ai 

Location: Just below the bottom edge of the rib cage on the mamillary line. 
Functions: Frees bowel Chi, dispels damp and heat, opens the organs and clears Chi 
stagnation. 
Indications: Pain in the navel region, indigestion, dysentary, constipation. 


Spleen 15 


"Great Horizontal” -Da Heng 

Intersecting point of the Yin Regulator Channel on the spleen channel 
Location: At the level with the navel along the mamillary line. 
Functions: Regulates the spleen, regulates and moistens the intestines, reduces di- 
gestive stagnation and transforms damp-heat. 
Indications: Abdominal distension, diarrhea, constipation, intestinal paralysis, para- 
sitic worms in the intestines, chronic sadness. 

Conception Vessel 8 


“Spirit Palace Gate" - Shen Que % ) 


Doorway to the Original Chi, 
Location: In the center of the navel 


Functions: Tonifies, strengthens and regulates the spleen { ) 
(Chi and yang), and stomach Chi, regulates the intestines, 

warms the interior and reduces digestive stagnation, tonifies ‘shen Que 
the kidneys, warms the yang, dries dampness and dispels Pavel |\ \ 
cold. e 


Indications: Chronic diarrhea, intestinal tuberculosis, all uri- 
nary disorders, shock resulting from intestinal adhesions, 
heatstroke, rectal or anal prolapse, restless fetus. 
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Governor Vessel 4 
“Door of Life" - Ming Men 


Back Doorway to the Lower Tan Tien 
Location: Below the spinous process of the second lumbar 
vertebrae. Approximately at the level of the navel. 

Functions: Nourishes the Original Chi, strengthens and har- 
monizes the kidneys, tonifies ching and yang, clears chan- 
nels and invigorates collateral vessels, benefits the lower back 


and bones, regulates water pathways. ava 
Main point to build life fire; main point for sexual/genital prob- 
lems: Door of Life 


Indications: Bone disorders, chronic nephritis, enuresis, low 
sex drive, fatigue, spermatorrhea, impotence, irregular 

menses, painful menses, no menses, scanty menses, ab- 

normal uterine bleeding, lower back stiffness and pain, kid- 

ney pain radiating to the abdomen, hemorthoids, urinary incontinence, painful urination, 
diarrhea, sciatica, spinal myelitis. 


Governor Vessel 6 
“Middle of Spine” - Jizhon¢ 


Location: Below the spinous process of the 11th tho- 
racic vertebrae (T-11). 

Functions: Stimulates Ching Chi, benefits spleen, 
stomach and kidneys and liver. 

Indications: Hepatitis, seizures, low back pain, paraly- 
sis of lower limbs, blood in stools, diabetes, diarrhea. 


Governor Vessel 11 
"Spirit's Path" - Shen Tao 


Location: Below the spinous process of T-5 (opposite CV- 
17, the Heart Point). 

Functions: Calms heart and mind, regulates heart Chi and 
yang, expands and relaxes the chest, benefits heart and 
iungs, sedates pain, sedates fright and dispels wind. 
Indications: Anxiety and palpitations due to fear or fright, 
neurasthenia, asthma, cough, shortness of breath, chest 
and hypochondriac pain, insomnia, aphasia due to winds, 
stroke, forgetfulness, fever. 
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Governor Vessel 14 
" Big Vertebra" - Da Zhui 


Influential point of yang 
Sea of Chi point 

Intersection point of all yang channels. 
Location: Below the spinous process of the 
seventh cervical vertebra (C-7), approximately 
at the level of the shoulders. 

Functions: Opens the yang, clears the brain, 
calms the spirit, tonifies Protective (Wei) Chi, 
reduces fever, relieves exterior conditions, clears heat. 

Indications: Fever, sunstroke, malaria, psychosis, seizures, bronchitis, asthma, pul- 
monary tuberculosis, emphysema, hepatitis, blood diseases, eczema, hemiplegia, pain 
in the back of the shoulders, cold-induced diseases, cough, fever and chills. 


evi6 


(DaZhui) 
Gv 14 


Governor Vessel 16 
“Jade Pillow” or "Wind Palace" - Feng Fu 


Sea of Marrow Point, Window of Sky Point, Ghost Point 
Intersection point of the Yang Regulator Channel on the Governor Vessel 

Location: At the base of the skull, about one inch above the posterior hairline. 
Functions: Benefits and clears the brain, calms spirit, opens the sensory orifices, 
dispels wind, wind-cold and wind-heat, smoothes joint functions. 

Indications: Seizures, mania, hemiplegia, loss of speech due to stroke, delirium, sui- 
cidal behavior, fear and fright, anxiety, common cold, sensation of heaviness in the 
head, headache, dizziness, numbness of the limbs, deaf-mutism, blurred vision, si- 
nusitis, stiff neck. 


Governor Vessel 20 


"One Hundred Meetings’ aa 
Hui uak 
m 
GV 20 


Sea of Marrow Point 
Location: At the crown of the head, approximately on the mid- ie 
point of the line connecting the top apex of the two ears. 

Function: Clears the senses, calms the spirit, extinguishes 

liver wind, stabilizes ascending yang. 

Indications: Headache, dizziness, shock, depression, hyper- 

tension, insomnia, seizures, prolapsed anus, prolapsed uterus, 

mental dullness, hemorrhoids. 
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How to Use It 


Figure 13-4. The output trom the AT42QT1012 sensor 
cchip on this touch pad from Adafruit toggles between 
Jogic-high and logic-low each time the pad is touched. 


Wheels and Strips 
‘A touch wheel uses a circular pattern of con- 
ductive traces, often referred to as electrodes, to 
receive finger input. A simple configuration is 
shown in Figure 13-5, The traces interlock 
without making contact with each other, so 
that moving the finger in a circular motion cre- 
ates a capacitive input that rises and falls 
sequentially on each element. In the figure, 
three sections are used, each colored differ- 
ently here for purposes of clarity. Other touch 
wheels may contain more sections. 


mware that is designed to interact with 
wheel-shaped touch pads will generally 
assume that two electrodes are receiving input 
at one time, The firmware attempts to calculate 
the position and motion of the finger by assess- 
ing the relative capacitance of adjacent seg- 
ments. Ideally the capacitance values should 
vary linearly and complementarily; that is, from 
a 50-50 value at a midpoint between two seg- 
ments, the progression should change to 60-40, 
70-30, and so on, as the finger moves around 
the wheel, 


A touch potentiometer consists of multiple 
touch pads, usually arrayed in a straight line. 
This may be described as a touch strip. An 
‘example is made by GHI Electronics and sold by 
Robot Shop as their L12 Capacitive Touch Mod- 
ule, shown in Figure 13-6. 


mechanical > human input> single touch 


Figure 13-5 A touch whee! created by copper traces ona 
circult board (green). Each section is colored differently. 
for purpases of clanty 


Figure 13-6 Multiple capacitive touch pads arrayed as a 
strip, made by GHI Electronics. 


Design Considerations 

A simple touch pad is often surrounded by 
additional copper that is grounded and may be 
described as a shield or a guard. The capaci- 
tance of a fingertip (spaced above the elec- 
trode by a layer of plastic or glass that functions 
as the dielectric) interferes with the field 
between the electrode and the shield. 


The underside of the circuit board Is often 
plated and grounded to protect the touch pad 
from electromagnetic interference. This, too, 
can be referred to as a shield or a guard. The 
ground plating can be in a hatched pattern to 
reduce its capacitance with the electrode 
above. 
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The meditations, practices and techniques described herein are 
not intended to be used as an alternative or substitute for profes- 
sional medical treatment and care. If any readers are suffering from 
illnesses based on mental or emotional disorders, an appropriate 
professional health care practitioner or therapist should be con- 
sulted. Such problems should be corrected before you start train- 
ing. This booklet does not attempt to give any medical diagnosis, 
treatment, prescription, or remedial recommendation in relation to 
any human disease, ailment, suffering or physical condition what- 
soever. 


Healing Hand 


Humans can build all kinds of sophisticated instruments because 
of the magnificence of the hands and the fingers. Another higher 
function of the hands is the power of healing. Knowing the major 
points of the hands and fingers will enable you to stimulate and 
maintain the organs in good function, 


Palms 


The palms are where all major energies of Chi join. The palm can 
be the place from which the life-force is sent out to heal others or 
yourself. The palm also is the place where energy can be received 
and enter into the bone structure and into the major organs. 


Pericardium 


The pericardium (P-8) is the main place of energy concentration. 
You can collect the energy in this point and transmit stronger en- 
ergy from this point. 


Large Intestine 


The large intestine (LI-4) is the major point which controls all the 
pain in the body, especially in the sense organs (eyes, ears, nose) 
and headaches. 


Heart Governor (HG-8) 


Heart (HT-9) 


Lung (LG-11) 


Pericardium (P-8) 


Fig. 1 Pericardium 


Large Intestine (Lit 
Triple Warmer (TW-1) ue aL) 


‘Small Intestine (SI-1) 
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Fig. 2 Large Intestine 
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Major Palm Lines 


The three major palm lines are the Life Line, the Line of Intellect and 
the Line of Emotion. 


Fingers have Corresponding 
Bodily Functions 


The fingers are connected to the organs’ meridians. The joints of 
the finger bones are also related to parts of the organs and their 
corresponding senses and emotions. 


Circulatory and Exeretory 
Systems (Line of Emotion) 


Nervous System. 
(Line of Intellect) 


Digestive and Respiratory 
‘Systems (Life Line) 


Fig. 3 Three Major Palm Lines 
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Sciatic Flexure 


Nerve 


Fig. 4 Fingers and Their Corresponding Bodily Functions 
Through the Organs’ Meridians 


mechanical > human input > single touch 
Layout of a circuit involving a single touch sen- 
sor chip can affect its performance significantly. 
Atouch sensing device may have to be “tuned” 
to detect finger presence reliably. 


A long trace between the touch sensor and an 
electrode will tend to pick up noise and will 
increase capacitance. 


The distance between adjacent traces from 
multiple touch pads must be maximized to 
reduce capacitance between them. If output 
from a sensor chip uses the 12C or SPI digital 
protocol, any trace carrying that digital signal 
should be at least 4mm from input traces. If 
they cross, they should be at 90 degrees to 
each other. 


Electrodes should not be shaped to resemble 
numbers or other characters printed above 
them. A single basic electrode should be circu- 
lar. 


What Can Go Wrong 


Insensitive to Gloves 

Gloves are a challenge for touch-sensor design, 
as they alter the dielectric and the distance 
between the electrode and the finger. Capaci- 
tive touch sensors may not work at all with 
some types of gloves. However, special gloves 
containing metallic threads are available. 


Stylus Issues 
Anonconductive stylus cannot ac 
pad 


ite a touch 


Conductive Ink 


Ink that prints the shapes of touch pads on the 
exterior of a device should be nonconductive. 


Chapter 13: single touch sensor 93 


Massage the Hands 


Always start by rubbing your hands until they are warm. 
1. Massage the pericardium (P-8). Use the thumb to press the 
middle of the palm with a circular motion. 


Fig. 5 Massaging the Pericardium with fingers cupped in the palm in a 
half-fist, the pericardium is the point at the tip of the midlle finger. 
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2. Massage the hegu (LI-14). Press the thumb around the point 
in a circular motion, and press more at the index finger bone. Find 
the pain point and massage it away. 


Large Intestine Point (LI-14) 


Fig.6 Massaging LI-14 
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3. Massage the major palm lines. Use the thumb to massage 
along the palm lines. Massage more towards the thumb bone and 
along that bone. When a lot of emotion is held inside, find the sore 
point and massage it. 

4. Massage the back of the hand. Use the thumb to press along 
the bones on the back of the hand. When you find a tender spot, 
take more time to work on it. 

5. Massage the fingers. Always rub your hands until warm. Use 
the right hand’s fingers to wrap around the left thumb, and then, one 
by one, squeeze, hold and release each finger on the left hand three 
to six times, Start with the left hand and continue to the right hand's 
fingers, according to the elements of the finger. This will greatly 
help to control emotions. 


Fig. 7 Massaging the Palm Lines 
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Fingers Correspond to Emotions, 
Elements and Organs 


A. Thumb corresponds to the element earth and is associated 
with the stomach. The corresponding emotion is worry. 

B. Index finger corresponds to the element of metal and is asso- 
ciated with the lungs and large intestine. It inks with the emotions of 
sadness, grief and depression. 

C. Middle finger corresponds with the element of fire and is as- 
sociated with the heart, small intestine, circulatory system and the 
respiratory system. It links with the emotions of impatience and 
hastiness. 

D. Ring finger corresponds to the wood element and is associ- 
ated with the liver, gall bladder and the nervous system; it corre- 
sponds to the emotion of anger. 

E. Pinky finger corresponds to the water element; it is associ- 
ated with the kidneys, and corresponds with the emotion of fear. 
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Worry 


‘Sadness Impatience 


Anger Fear 


Fig. 8 Fingers’ corresponding emotions, elements and organs 
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Head 


A. Crown Point 


This is located in the center of the crown; in the fontanelle area of 
an infant's skull there may still be a slight depression. The crown 
point is the junction of one hundred channels through which the 
energy of the body passes. Massage this area with both your middle 
fingers. This will relieve dizziness and headaches, which result from 
too much energy in the head. It also relieves high blood pressure 
and stimulates the nervous system. 


Fig. 9 Crown Point is the junction point of 
‘one hundred energy channels. 
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B. Bring Chi Energy to the Hands and Face 


Inhale, contract the sexual organ, buttocks and middle of the anus. 
Rub the hands, clench the teeth, and put the tongue to the roof of 
the mouth. When the face, head, and hands are hot, breathe nor- 
mally and begin to massage. 


C. Knock the Head 


Hit the head with the knuckles of the hand, knocking all around the 
head. Knocking the head lightly can help to clear your head, elimi- 
nate stubbornness and make your thinking sharper. Many of our 
students use this knocking of the head to release the pressures 
that they have from today's life of fast, advanced technology and 
the feeling of always having to keep up. This is especially true of 
those graduate students who feel a great deal of pressure and stress 
in keeping up with their studies. Each year students commit suicide 
because the pressures and stress accumulate too much in their 
heads, making them unable to think clearly: they start to feel every- 
thing in their society as too much pressure, which leads to worry, 
fear, sadness, and many, mixed emotions. The simple knocking of 
the head can release pressure and stress that accumulate there. 


Fig. 10 Knocking the Head 
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D. Hold your Breath to Increase Chi Flow 


Holding your breath will increase the Chi flow to the face. The head 
has many channels that join in the skull, especially in the crown 
point. 


E. Scalp 


Prepare your hands, head and scalp by warming up. Using both 
hands like a comb, press hard and move slowly, massage the scalp, 
going straight back from the hairline to the base of the skull. As you 
do this, mentally direct your energy from the back of the skull to 
your feet. Repeat 6-9 times. Massage more in any places in which 
you feel pain, until the pain goes away. 


Fig. 11 Massaging the Scalp 
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F. Crest 


Using your thumbs, massage the crest (the edge) at the base of 
the skull until you fee! no pain there. This will help you reduce head- 
aches and eye aches and will increase vision. This place in Tao 
tradition is called the Pool of Wind which tends to collect the “evil 
wind’, the major cause of all the pain in the senses. 


Fengchi Point (GB-20) 
Fig. 12 Crest - Edge of the Skull 


Crest 


\ 


Fig. 13 Go straight back from the hairline to the base of the skull. 
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Face 


Natural Beauty 


Massaging your face with Chi is a far more effective beauty treat- 
ment than the most expensive cream or cosmetic, Your skin will 
glow brightly and eventually become less wrinkled. There are many 
meridians passing through or ending at the face. When blocked, 
they result in reduced flow of Chi energy and circulation. The face is 
the first impression imprinted in other people's minds. Chi circula- 
tion provides it with attractive personal energy. 


Liver ian Bada 
‘Stomach mel 


Fig. 14 Head and Face 
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Fig. 15 Massage the Whole Face 


pe 


Fig. 16 Massage the Mid Forehead 
Temples 


Use your index fingers to massage the temples in a circular motion, 
first clockwise, then counterclockwise. Massage the forehead and 
the temples; use the knuckle rub from the middle of the forehead all 
the way to the temples ten to twenty times. These exercises will 
reduce headaches in the front and in the temples. Find the painful 
point and massage it until the pain is gone. 
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Fig. 17 Massage the Temples 


Mouth 


Depression makes the comers of the mouth drop. Looking cheer- 
ful, delightful, more attractive and happy are dependent so much on 
the eyes and the comers of the mouth. When the muscles of the 
mouth are loose because of stress, depression, or sadness, the 
comers of the mouth drop and the energy system is depressed and 
in low key. No one likes to look at a sad face or a depressed face; it 
makes other people feel sad and depressed, too. 

The flow of energy in the body and the expression of the face are 
the main attractive powers of a person. Massaging the mouth 
muscles up will help to lift the comers of the mouth. The Inner Smile 
and lifting up the corners of the mouth are very important to building 
up attractive energy. 
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Beautify the Mouth Massage 


Using the thumb and the index finger of the right hand, touch both 
comers of the mouth and feel the Chi from the thumb and index 
finger pass to the comers of the mouth. Slowly press and push up 
about one inch, release and start again at the comers, pressing up 
ten to twenty times each day. 


Cheerful Delight Mouth Comers Drop 


Fig. 18 Beautifying the Mouth Massage 
Eyes 


The eyes are the windows of the spirit. In Taoism we regard the 
eyes as Yang energy which will guide all Chi flow in the body. The 
eyes can greatly affect your personality Some people are born with 
a lot of white in their eyes--three portions of white to one portion of 
iris—sometimes called “thief eyes” or “danger attack eyes.” Such 
eyes can result in a suspicious look, portending unpleasant things. 
Through the exercises, you can gradually correct the white portion 
of the eyes. 
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Since the eyes are connected to the entire nervous system, they 
have a special importance. The eyes reveal the health of your entire 
body. Through the eyes we can tell which organs are weak and/or 
toxic, Massaging the eyes will remove stress from the vital organs. 
Nowadays people use their eyes much more than in the past to 
read, watch television, and work with computers, electronics and 
microscopes. This strains them a great deal and makes the open- 
ings of the organs loose, so that much of the organ energy is drained 
out. In Taoism, we regard the eyes as the doorways to the soul as 
well as the opening of the liver. 


A. Bring Chi Energy to the Hands and Eyes 


Repeat the procedure for bringing energy to the hands by inhaling; 
holding the breath; and contracting the sexual organ, buttocks and 
middle of the anus and both the left and right sides of the anus. 
Direct the Chi to both eyes. Rub the hands, clench the teeth, place 
the tongue on the roof of your mouth. Direct the energy to the face 
and then the hands. When your hands are hot, focus on your eyes 
until you feel them filled with eneray. 
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Eyeball 


Optic Nerve 


Pituitary Gland 


Fig. 20 Eyes are the Doorways to the Soul 
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Fig. 21 Use the Fingertips to Gently Massage the Eyeballs 
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B. For the Eyeballs and Surrounding Area 


Close your eyes. Use your fingertips to gently massage your eye- 
balls through your closed eyelids, six to nine times clockwise, then 
six to nine times counterclockwise. Then gently massage the area 
around the lids the same number of times. Be aware of painful spots 
and massage those places until the pain goes away. Pay special 
attention to the inner and outer corners of the eyes. These are points 
of the gall bladder meridian and will relieve eye ailments if mas- 
saged. 


C. Pull up the Eyelids 


Pulling up the eyelids will increase the fluid. Use the thumb and 
index finger to pinch, pull up and release the eyelids six to nine times. 


Fig. 22 Pull Up the Eyelids 
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D. For the Eye Sockets 


Bend your index fingers and use the lower section (second pha- 
lanx) of each thumb to rub the upper and lower bones of the eye 
sockets six to nine times. 


Fig. 23 Massage the Eye Sockets 


E. For getting a Tear out 


Hold an index finger up about eight inches from the eyes, or put a 
dot on the wall five or six feet away from you. Stare at it intently 
without blinking your eyes until you feel like a fire is burning in them. 
The Taoists believe that the toxins will burn out of the body through 
the eyes. They will begin to tear. Do this to strengthen your eyes. 
Then, rub your hands until warm; close your eyes and cover your 
eye sockets with your palms. Feel the Chi from the hands absorbed 
into the eyes. Rotate your eyes six to nine times, first in a clockwise 
direction, then counterclockwise. 
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Fig. 24 Getting a Tear Out —_‘Fig. 25 Absorbing the Chi into the Eyes 


Cerebrum 


Tear Gland 


Tear Duet 


Inner Eye 
Eustachian Tube 


Auditory Nerve 


Salivary Glands 


Fig. 26 Parts of the Eyes Connect with Senses and Brain 
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F. Pull in the Eyeballs 


The eyes are divided into five parts. Each partis closely connected 
with the organs and nerves. Become aware of the eyes. 

Pulling and pressing the eyeballs will exercise the organs, sense, 
glands and the brain. This is also the best exercise for the eye 
muscles. The eyes have many muscles which we do not exercise 
very much and, thus, they become weak, contributing to poor eye- 
sight. 

1. With the eyes still closed and cupped by the palms, inhale, 
contract the anus and sexual organ, and pull the eyeballs back into 
the sockets. 

2. Contract the middle of the anus and the middles of the eye- 
balls. 

3. Contract the front of the anus and the tops of the eyeballs. 

4. Contract the back of the anus and the bottoms of the eyeballs. 

5. Contract the right side of the anus and the right sides of the 
eyeballs. 

6. Contract the left side of the anus and the left sides of the eye- 
balls. This exercise not only strengthens the eyes but also the pitu- 
itary and pineal glands and the inner ear including the ear drum and 
canals. When you pull the eyeballs in and upward and look toward 
the crown, you are exercising the upper muscles and stimulating 
the pituitary gland and pineal gland. 

When you contract and pull in the middle of your eyeballs, you 
are exercising the back of the eye muscles and the inner ear. 

When pulling in the outer corners of the eyes, you are strength- 
ening the side eye muscles as well as the ear canals end the ear 
drums. 

When pulling in the inner comers of the eyes, you are strength- 
ening the inner side muscles, the tear ducts and the nose. 

When pulling in the lower parts of the eyes, you are pressing the 
lower part of the ear canals and the nervous system. 
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Pressing into the Inner Ear Left Eye Pressing into the 
Ear Canal. Right Eye Pressing 
into the Eustachian Tube 


Pressing into the Pituitary Gland 


Right Eye Pressing into the Pressing into the Eustachian Tube 
Ear Canal. Left Eye Pressing into 
the Eustachian Tube 


Fig. 27 Moving the Eyes 
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mechanical > human input > touch screen 


touch screen | 4 


The term touch screen is written as two words in this Encyclopedia. In many sources, 


the words are concatenated as "touchscreen." 


The two words are hyphenated here when they function as an adjective, but not 
otherwise. In manufacturers’ datasheets where the two words are used, they are not 


usually hyphenated. 
OTHER RELATED COMPONENTS 


+ single touch sensor (see Chapter 13) 


+ force sensor (see Chapter 12) 


What It Does 


‘A touch screen is a video display with embed- 
ded touch sensing. The screen reports the posi: 
tion of the touch, and is used as a pointing 
device as an alternative to a mouse or trackpad. 
Some touch screens report pressure as well as 
position. 


Touch screens are widely used in smartphones 
and tablets, and also in some laptop comput- 
ers. Smaller, simpler touch screens may be 
found in office equipment such as photocopi- 
ers, 


Schematic Symbol 
No specific schematic symbol is used to repre- 
sent touch screen. 


Variants 


Early designs used infrared LEDs recessed into 
the edges of a frame around a screen. A match- 
ing photodiode picked up the focused beam 
from each LED. The presence of a fingertip was 
detected when it interrupted one or more of 


the beams. This system was not capable of high 
resolution, but was adequate for detecting user 
input at predefined locations. 


Most touch screens currently are either resistive 
or capacitive. 


Resistive Sensing 
Are ye touch screen consists of two trans- 
parent layers that can be installed over a sepa- 
rate video display. 


Each of the layers has uniform electrical resist- 
ance. Pressure from a fingertip on the outer 
layer (which we can refer to as layer 1) forces it 
to make contact at a point with the inner layer, 
(referred to here as layer 2). 


Two vertical electrodes connect with layer 1 
along its left and right edges. Two horizontal 
electrodes connect with layer 2 along its top 
and bottom edges. When voltage is applied 
between the vertical electrodes on layer 1, the 
layer acts as a horizontal voltage divider. The 
voltage at the point where the layer is being 
pressed is applied to layer 2, and can be read 
from either of the electrodes on layer 2, so long 
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G. Learn to Maintain Eye Contact 


‘Some people in eye to eye contact with other people feel nervous 
and frightened, and their voices become very low and hard to hear 
because of weak organs. Some people will look around and not 
look into your eyes when you talk to them. This can be caused by 
weakness of the gall bladder and kidneys. To improve this, you can 
use the Inner Smile, Six Healing Sounds and Tao Rejuvenation, plus 
the practice of staring. 

Look at your face in a mirror for two to five minutes each day for 
the first week. After ten days you can begin to stare at your eyes 
and increase your confidence by looking at your irises. Gradually 
you will lose the fear of looking into other people's eyes. 


Nose 


The nose has several important functions. When we breathe prop- 
erly through the nose and not through the mouth, the nose filters out 
dirt, preventing it from reaching the lungs. It also regulates the tem- 
perature of the air: when the air is too cold, the nose will warm it up 
first. Without this regulating action, extreme temperatures could in- 
jure the lungs, make us susceptible to upper respiratory illnesses 
and subject to getting colds easily. One great advantage about people 
who practice the Tao System is that they seldom get colds. 

The nose has three meridians running through it: the large intes- 
tine, the stomach, and the Governor or back Channel. Rubbing 
the nose strengthens the temperature regulator stimulates the above 
organs, and increases hormone secretion. In China just a few 
needles inserted in the nose serve as a general anesthetic for any 
part of the body to be operated on 

‘An unhealthy nose affects the personality. A thin, flat and un- 
healthy looking nose, or a badly shaped nose, can make you less 
attractive to other people. A strong nose can help you to have good 
Chi. The nose is the first place into which the breath of life enters. 
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‘A weak nose usually will be infected, and a lot of mucous can 
leak into the sinuses. A weak nose also can affect the voice. A good 
singer always has a good nose. Rubbing and massaging the nose 
will increase the Chi and will improve circulation around the nose. 


Ears 


In China we believe that a person with thick, long ears will have a 
long, healthy life and that the personality will be more attractive. 
The following exercises can prevent hearing loss which occurs 
gradually as we age. The ears are acupuncture maps of the whole 
body, containing 120 points. Many acupuncturists now use only the 
ear points to cure many ailments as well as for weight control. 


A. Outer Ear 


Repeat the method for bringing energy to the hands, contracting 
the left and right sides of the anus. 

1. Front and back: Make a space between your index and ring 
fingers and simultaneously rub in front and in back of the ears. 

2. Ear shells: Rub the ear shells with all your fingers. This will 
stimulate the autonomic nervous system and warm up your whole 
body, especially in the cold weather. 

3. Ear lobes: Using your thumb and index finger, pull down on the 
earlobes. 
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Rub in Front and Back of Ears 


Rub the Ear Shells Pull Down on the Ear Lobes 


Fig. 28 Rubbing the Ear 
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4. Ear drum exercises: For the outer ear drum, repeat the method 
for bringing energy to the hands, contracting the left and right sides 
of the anus. Inhale and then exhale completely. Put your index fin- 
gers in your ears; it should feel as if there is a vacuum in the ears. If 
it does not, then exhale more. Move your index fingers back and 
forth six to nine times at your own pace until you can feel that the 
insides of the ears are moving, and pull out the fingers with a quick 
movement. You should hear a “pop” sound, and you will feel that 
you can hear better and that your mind is clearer. 


Fig. 29 Outer Ear Drum Exercise 
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B. Inner Ear 


Repeat the method for bringing energy to the hands, contracting 
the left and right sides of the anus. 

The inside of the inner ear, being inaccessible, is usually not 
exercised and grows weaker with age. These two exercises use air 
pressure and vibrations to strengthen the inner ear. The ear canals, 
the nose canal, and the mouth are connected together, so in this 
exercise we are using the pressure that builds in the lungs and 
bringing it back up to the mouth, thus adding pressure to the inner 
ear drums. This is how to exercise the inner ear drums. 


Fig. 30 Diagram of Inner Ear Drum 
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Fig. 31 Inner Ear Drum Exercise 


Gums, Tongue, Teeth 


Healthy teeth require healthy gums as their foundation. These ex- 
ercises will strengthen both the gums and teeth. Teeth are the 
excess energy of the bones, and when the teeth get stronger, so 
do the bones. When the teeth and tongue are strong, your breath 
improves as well, eliminating bad breath. 
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We regard saliva as an essential form of energy which can 
lubricate the organs and digestive system. The tongue is the open- 
ing of the heart, and both are made of similar tissue. A healthy and 
clean tongue will strengthen the organs, especially the heart. You 
should clean your tongue twice a day with a brush or scrape it 
with a tongue scraper, and massage your tongue with a tongue 
depressor or a clean finger. Find the painful spots and massage 
there until the pain goes away. 


A. Bring Chi Energy to the Hands 


Repeat the procedure for bringing energy to the hands, contract- 
ing the middle of the anus. 


B.Gums 


Open your mouth and stretch your lips tautly over your teeth. Use 
three fingertips (index, middle, and ring fingers) to tap the skin 
around the upper and lower gums. Hit around until you fee! warmth 
in the area. 


C. Gums and Tongue 


Massage your upper and lower gums with your tongue. Then suck 
in some saliva, press your tongue tightly against the roof of your 
mouth, and try to exercise the tongue. When you strengthen your 
tongue, you are strengthening your heart. Press around, Press 
the tongue to the roof of your mouth, tighten your neck muscles 
and swallow the saliva. This lubricates the digestive glands and 
organs. 
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Fig. 32 Hitting the Gums Exercise. Using the Tongue, 
‘Massage the Upperand Lower Gums. 


D. Tongue 


In a sitting position place the hands on the knees, palms down. 
Exhale and straighten the arms, spreading the fingers apart and 
keeping the hands on the knees. Open the mouth as wide as pos- 
sible and thrust the tongue out and down, focused on the throat. 
With the tongue out as far possible, gaze at the tip of the nose. The 
whole body should be tense. Hold the breath for as long as you feel 
comfortable. Relax with inhalation and regulate the breath. This will 
help to strengthen the throat, the tongue and the power of speech. 
These exercises will help to improve foul breath and to clarify speech. 
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Kidneys 


Heart-Lungs 


Fig. 33 Diagram of Tongue Parts and Fig. 34 Tongue 
Corresponding Organs 
po 
\ 
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Fig. 35 Press Tongue to the Roof of the Mouth 
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Inhale, then exhale as you press your tongue out and down as 
far as you can. Follow by pulling the tongue in and curling it. Press 
your tongue to the roof of your mouth as hard as you can, contract- 
ing the middle of the anus and the esophagus to help the tongue. 
With more practice you will know how to use the inside force, the 
force from the organs, to press your tongue up. Even though the 
tongue has no bones to exert force, you will sill be able to exercise 
the tongue well. 


E. Teeth Clenching 


Relax your lips. Click the teeth together lightly and then clench them 
hard, as you inhale and pull up the middle of the anus. Do this six to 
nine times. Move your tongue and mouth to create a lot of saliva. 
The technique of swallowing the saliva is to put the tongue up to the 
palate and swallow quickly with a hard gulp, sending the saliva down 
the esophagus to your stomach. 


F Energy to Teeth 


Close your mouth and let your teeth touch lightly. Direct the energy 
to your teeth. Gradually feel the electrical flow of energy there. 


Fig. 36 Click the Teeth Together Lightly 
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as the metering has a much higher impedance 
than that of the layer. The voltage is decoded as 
avalue for the horizontal position on layer 1 


An external switching device now repeats the 
procedure, except that it applies voltage to 
layer 2, and reads it from layer 1 to supply a 
value for the vertical position on layer 2. The 
sequence is illustrated by the top and bottom 
sections of Figure 14-1. 


Because only four connections are necessary, 
this is referred to as a four-wire resistive touch 
screen. Five-wire variants exist, but are less 
‘common, and are not included in this entry. 


Advantages of a resistive screen include: 


+ Simplicity. Only four connections are 
necessary, and the layers of the screen 
do not have to be subdivided into sep- 
arate conductors. 

+ Low cost, relative to capacitive touch 
screens, 


+ Will respond equally well if a user 
wears gloves or uses a stylus. 


Disadvantages of a resistive screen include: 


+ Some resistive versions require a stylus 
input instead of finger pressure. 


Resistive screens only respond to a 
one-location input. Two-finger ges- 
tures are not supported. 


+ Contact bounce occurs when the flexi- 
ble layer is pressed against the underly- 
ing layer, and voltage spikes may be 
associated with s 1g power to the 
screen. To address this issue, firmware 
in a microcontroller may have to take a 
median value from several rapid read- 
ings. 


The flexible membrane is vulnerable to 
damage from sharp objects. 


mechanical > human input > touch 


Layer? 
Layer 1 


Touon 
location 


Output 
voltage 


Layer? 
Layer 2 


votage 


Figure 14-1 Sections of a resistive touch screen are 
shown displaced for clarity. In realty they would be sepa: 
rated by a very small gap, allowing one section to make 
contact with the other in response to finger pressure. 


Capacitive Sensing 
A capacitive touch screen can consist of an 
array of single touch sensors printed onto a 
glass panel as vertical and horizontal lines of 
transparent conductive ink. 


Alternatively, a small capacitive screen can 
measure the tiny amount of current drained by 
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Fig. 37 Clench the Teeth Together Hard 


Parathyroid Gland 
Thyroid Gland 
Trachea 


Fig. 38 Throat Glands 
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Neck 


A. Thyroid and Parathyroid: Site of Courage, 
the Power of Speech 


The neck carries the busiest traffic in the body and is the seat of the 
thyroid and parathyroid glands. When you massage here, you in- 
crease the body's metabolism. Neck tension can also be caused 
by emotional imbalance. When we are tense and nervous, we are 
responding to negative emotions, such as anger, fear and sadness. 
The neck is similar to a traffic bottleneck. All of the signals, as well 
as the emotions, have to pass through it. When under stress and 
under emotional strain, the neck starts to accumulate and jam the 
tension. Unconsciously, the neck muscles tighten, attempting to 
block out pain. Keeping the neck soft will help Chi flow to the higher 
center that is located in the brain, keeping the mind and body in 
harmony together. 

Tension in the neck can make you less courageous. When the 
neck is tense, it will block self expression in the throat. With proper 
flow of Chi energy, we can express ourselves appropriately at the 
proper time, place, and in a proper way. 

The neck is the passageway of many meridians and is the chan- 
nel of the Chi energy of the organs. In the middle is the Governor 
meridian. On the sides are the bladder meridian, the triple warmer 
meridian and the large intestine meridian. The emotions passing 
through the meridians of the neck may tense and jam up there. 


Emotion: Organ/Associate Organ: 
Anger Liver/Gall Bladder 

Fear Bladder/Kidneys 

Grief Large Intestine/Lungs 

Hastiness Heart/Small Intestine/Triple Warmer 
Worry Spleen/Stomach/Pancreas 
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B. Bring Chi Energy to the Hands 


Do the procedure for bringing energy to the hands and contract the 
front of the anus. 


C. Whole Neck 


Spread your thumbs apart from your other fingers. Alternating hands, 
rapidly wipe the neck from the chin to the base nine to thirty-six 
times. 


D. Middle Neck 


Alternating hands, use the middle three fingers to rapidly wipe down 
the middle of the neck from the chin to the base nine to thirty-six 
times. The thyroid and parathyroid glands are in the front section of 
the neck. Use your thumb and the three other fingers to massage 
these glands. Find the painful points and massage them until you 
feel them open. Massaging this area will help to increase metabo- 
lism and the power of speaking. 


[ 


Fig. 39 Wipe the Neck from the Chin to the Base 
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E. Turtle Neck 


Sink your chin down, then out and up. Feel your spine press down 
and then expand. This will help loosen the vertebrae and discs of 
your neck. 


F. Crane Neck 


Move your chin forward, circling out, then down, then up, and out 
again. Feel your spine expand and then contract. 


G. Massage the Neck 


Massage the points along the back of the neck and on the back 
along the cervical vertebrae. Start from the shoulders and go up to 
the base of the skull, Use your fist to hit along the neck. Find any 
painful spots and any tense spots and massage until they are re- 
leased. This will greatly help to release the tension of the neck and 
help to detoxify the toxic accumulations in the neck area, the causes 
of many headaches. 


Fig. 40 Turtle Neck 
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Fig. 41 Crane Neck 
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Fig. 42 Massage the Points Along the Neck 
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Shoulders 


Many people feel tense and worried, and their shoulders are tight 
and held up. The way to release the tension is by pulling up your 
shoulders to press against the neck, tightening the muscles of the 
neck and shoulders. Hold for a while, exhale deeply, and let them 
drop down, pulled by gravity like a sack of potatoes. Feel the bur- 
den, worry, and stress drop down to the feet and out to the ground. 
Feel yourself grounded. Do this three to nine times, and the tension 
and worry will go away. 

Relax your shoulders and chest, exhale and release more, until 
you feel the tenseness gone. 


Fig. 43 Dropping the Shoulders will Help 
to Release Tension and Worry. 
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Detoxifying Organs and Glands 


Lightly slapping and tapping over the organs and glands help to shock 
the toxic sediment and increase the circulation and Chilow to these 
areas. Our practitioners claim they are able to heal themselves from 
many chronic illnesses which are very hard to heal by conventional 
medicine. 


|. Thymus Gland 


The thymus gland controls the immune system and is related to 
longevity. Normally the thymus gland atrophies after childhood. In 
the higher levels of Taoist practice, the thymus gland can be re- 
grown. This helps maintain health and vitality and supports greater 
spirituality. Thumbing the thymus gland can help increase the activ- 
ity and release more hormones. 

A. Bring energy to your hands by the usual procedure, contract- 
ing the front of the anus and bring the Chi toward the thymus. 

B. Make a fist, inhale and thump down the middle of the upper 
chest from the collar bone to the nipples six to nine times. Do not 
talk while you are doing this or you might harm yourself. 


Thymus 


Fig. 44 Hitting the Thymus Gland 
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IL Heart 


Lightly slapping an organ stimulates the release of toxins, which 
allows the organ to rebuild and repair itself. In doing these exer- 
cises, be aware that the slapping or tapping should be adjusted by 
you so as not to use excessive force which may be harmful. 

‘A. Do the energy to hands procedure, contracting the left side of 
the anus and bringing Chi toward the heart. 

B. Slap your heart lightly with your palm six to nine times. Don't 
speak. 


Ill. Lungs 


A. Bring energy to your hands, contracting the right side of the 
anus and bringing Chi to the lungs. 

B. Using your palm, slap up and down your right lung, hitting only 
as hard as is comfortable. Do not talk. Contract the left side of your 
anus and slap your left lung. This can help to clean out the mucous 
and to clean out the lungs. 


Heart 
Stomach 


Spleen eo 


Kidneys: 


Fig. 45 Slap at Heart, Lungs and Liver Areas 
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IV. Liver 


A. Bring energy to the hands, contracting the right side of the 
anus and bringing Chi to the liver. 

B. Using your palm, slap below the rib cage on the right side. 
Don't speak. This can help to detoxify the liver. 


V. Stomach, Spleen, Pancreas 


‘A. Bring energy to your hands, contracting the middle of the anus. 

B. Contract the anus at the left side, and slap at the spleen, pan- 
creas and stomach. Place one palm on top of the other and rub 
below the rib cage, from center to left, then left to center. 


Pancreas 
‘Stomach 
Spleen 


Liver 


Fig. 46 Rub the Stomach, Spleen and Pancreas 
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Fig. 47 Rub Back and Forth over the Liver, Stomach and Spleen 


VI. Large and Small Intestines 


A.Bring energy to the hands, contracting the entire anus. 

B. Small intestine: With palms together, rub a small circle around 
your navel, first clockwise, then counterclockwise. 

The small intestine is one of the longest tubes in the digestive 
system. A careless diet, too much hot food or dairy products, or too 
little fibrous food will create mucous that will stick to the walls of the 
intestine, block the absorption of nutrients and slow down diges- 
tion. Once mucous accumulates, it is like a snow ball that will get 
bigger and bigger, eventually becoming a lump which slows down 
the traffic of the digestive system. 

C. Large intestine: Place one palm on top of the other and rub 
your abdomen in a large circle. Start on the lower right side and rub 
up and around in a clockwise direction. This will move the energy in 
the intestine and relieve constipation. For diarrhea, rub counterclock- 
wise. If you have normal elimination, rub in both directions. These 
exercises increase the absorption and dissolve the accumulations 
that stick to the large intestine's wall. 
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a fingertip from four sources located at corners 
ofthe screen. 


For more information about capacitive touch 
sensing, see the entry on touch sensors in 
Chapter 13. 


Screens Available as Compo- 
nents 


‘Awide variety of screens can be found in diag- 
onal sizes ranging from 2 inches upward. 
Onboard electronics can be suitable for con- 
nection with a microcontroller using the I2C 
and SPI protocols, or USB, Different screen reso- 
lutions are available. 

‘An example of a 3.5-inch touch screen with 
320x200 resolution, mounted on a breakout 
board that can be used with a breadboard and 
an Arduino, is shown in Figure 14-2. 


Figure 14-2 An Arduino-compatible fouch screen moun- 


ted an a breakout board, available from Adafruit 


A 7-inch resistive touch screen that can be 
mounted on a separate video display is shown 
in Figure 14-3. It can be used with the 
STMPE610 controller chip, which converts resis- 
tive screen values into digital coordinates and 
can be accessed by a microcontroller over both 
SPI and 12C. This surface-mount chip is avail- 
able on a breakout board. 


Figure 14-3 This resistive touch screen is intended for 
use as a layer applied toa 7-inch video display. The screen 
is available trom Adatruit. 


When choosing a touch screen as a component 
for a DIY project, the availability of microcon- 
troller code libraries for reading and refreshing 
the display is an important consideration. 
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Fig. 48 Hitting the Sacrum Can Help in Strengthening the Sciatic Nerves 


Vil. Kidneys 


The kidneys act as helping to filter out waste material from the blood. 
If there is too much waste in the system, the kidneys cannot filter it 
all. The waste will tend to collect in the ducts and tubules of the 
kidneys, impairing their health. By hitting the kidneys’ area, we shake 
out the harmful sediment and help prevent kidney malfunction. 

A. Bring energy to the hands, contracting the left and right sides 
of the anus. 

B. Locate the kidneys just above the lowest, or floating, rib in the 
back on either side of the spine. Make a fist and hit the kidneys with 
the back of the fist between the wrist and knuckles. Alternate hands 
and hit only as hard as is comfortable. This will help to shake loose 
the sediment, crystals, and uric acid that get caught in the kidneys. 
This will also strengthen the kidneys and relieve back pain. 

C. Rub your hands together to warm them. Then rub your palms 
up and down over the kidneys until they feel warm. 


50 


VII. Sacrum 


In the Taoist system the sacrum is regarded as extremely im- 
portant. It is @ pump which helps to bring spinal fluid and energy 
(Chi) to the brain. It is also the junction where the sexual organs, 
rectum, and legs meet. Sciatic pain, which shoots down the legs, 
originates in the sacrum; therefore, strengthening it will release this 
intense pain. 

A. Bring energy to the hands, contracting the back of the anus to. 
the sacrum. 

B. Make a fist and use your knuckles alternately to hit both sides 
of the sacrum. First hit in the area of the eight sacral holes, and 
then the hiatus, the depression at the bottom of the sacrum. 


Kidneys 


Fig. 49 Hitting the Kidneys will help to Shake Out Sediment 
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Knees and Feet 


I. Knees are Toxin Collectors 


Toxins tend to collect in the lower limbs because of the slowdown of 
the circulation due to gravity. The most common places are the 
back parts of the knees. Slapping at these places will break down 
the toxins. The body will then eliminate the toxins out of the body by 
urine, bowel movements and sweat. 


A. Bring Chi Energy to the Hands 
Bring energy to the hands; do no contractions. 


B. Behind the Knees 


Prop your leg up on a chair or low table so the knee is straight. Then 
slap smartly behind the knee nine to eighteen times. Although it 
hurts, it is extremely beneficial in releasing toxins which accumu- 
late there. This release may be indicated by the appearance of a 
purple dot. Use discretion as to how hard you slap, since it can be 
overdone. Repeat this exercise on the other knee. 


% 
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Fig.50 Slapping Smartly behind the Knee Helps to Release Toxins 
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Move Knee Cap Up and Down 


Fig. 51 Massaging the Knee Cap 


C. Knee Cap Massage 
Massage the knee cap until it is warm, There is very little blood 
fiowing tot and ittends to be quite vulnerable. This practice strength- 
ens it. Massage the other knee cap. 

D. Move the Knee Caps 

Relax the knee caps, then move them up and down to the left and 
right and around both clockwise and counterclockwise. 

E. Massage the Knees 


Falling down is often caused by weak knees. Massaging the knees 
will improve your stability and flexibility. 


Il. Feet: Roots of the Body 


Strong feet and tendons increase your stability by connecting you 
to the healing energy of the earth. Feet are the reflexes of the whole 
body's organs, glands and limbs. (They are like remote controls. 
Massaging will help to stimulate the organs and glands and increase 
the circulation, 


A. Bring Chi Energy to the Hands 


Bring energy to the hands; do no contractions. 
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B. Massage the Feet 


Take off your shoes and stockings and massage the tops and bot- 
toms of each foot with your thumbs and fingers. Be sure to mas- 
sage the kidney point, the sore spotiin the center between the ball of 
each foot and the adjoining pad. If you are in a hurry, massage the 
whole of each foot once by rubbing the sole of the foot vigorously 
and carefully across the top of the other foot, going from the heel to 
the arch to the toes. The soles of the feet have energy meridians to 
the entire body. Massage the feet, and when you find painful points 


massage them until the pain goes away. This will help to clear any 
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Fig. 52 Feet are the Reflexes of the Whole Body's Organs, 
Glands and Limbs 
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C. Spread Out the Toes 


Spread out and separate all the toes, especially the little toes, and 
then release. Repeat six to nine times. This is especially good for 
the tendons of the feet. 


—— 
= 


Fig. 53 Separate all the Toes by Spreading them out. 
D. Big and Second Toes 


Rub the big toes and second toes together rapidly. This a good 
exercise to do at odd moments during the day. 


E. Rub Feet Together 


Keep the feet warm by rubbing them together. This will help to stimu- 
late all the body's organs. 


For further information about Universal Tao Centers, 
courses, or other resources, contact: 


Universal Tao Instructor Associations 


North America Instructors Association (NAIA) 
c/o Loretta Robb, Treasurer 
13 Plymouth Drive, Newark, Delaware 19713 USA 
Tel: (1)(888) 444-7426 (Toll Free) or (1)(212) 330-7876 
Email: info@taoinstructors.org_ Website: http://taoinstructors.org 


European Instructors Association (EIA) 
c/o Zentrum Waldegg 
3823 Wengen, SWITZERLAND 
Tel: (41)(33) 8554422 Fax: (41)(33) 8555068, 
Email:info@waldegg.ch Website: www.waldegg.ch 


To order English books, and for your local Insructors use 
our Web Sites: www.universal-tao.com and www.taogarden.com 


Universal Tao World Fulfillment Center 
274 Moo 7, Luang Nua, Doi Saket, Chiang Mai, 50220 Thailand 
Tel: (66)(53) 495-596 & 865-034 Fax: (66)(53) 495-852 
North America Fax (1)(212) 504-8116 Europe Fax (31)(20) 524-1374 
Email: universaltao@universal-tao.com or info@tao-garden.com 


The Universal Tao is not and cannot be responsible for the con- 
sequences of any practice or misuse of the information in this book. 
if the reader undertakes any exercise without strictly following the 
instructions, notes, and warnings, the responsibility must lie solely 
with the reader. 
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Mantak Chia 


Master Mantak Chia 


Master Mantak Chia is the creator of the Universal Tao System and 
is the director of the Universal Tao Center and Tao Garden Health 
Resort and Training Center in the beautiful northern countryside of 
Thailand. Since childhood he has been studying the Taoist approach 
to life. His mastery of this ancient knowledge, enhanced by his 
study of other disciplines, has resulted in the development of the 
Universal Tao System which is now being taught throughout the 
world, 


About the Author 


Mantak Chia was born in Thailand to Chinese parents in 1944. 
When he was six years old, Buddhist monks taught him how to sit 
and ‘still the mind.” While still a grammar school student, he learned 
traditional Thai boxing. He was then taught Tai Chi Chuan by Mas- 
ter Lu, who soon introduced him to Aikido, Yoga and broader levels 
of Tai Chi, 

Years later, when he was a student in Hong Kong excelling in 
track and field events, a senior classmate named Cheng Sue-Sue 
introduced him to his first esoteric teacher and Taoist Master, Mas- 
ter Yi Eng (I Yun). At this point, Master Chia began his studies of the 
Taoist way of life in eamest. He learned how to circulate energy 
through the Microcosmic Orbit and, through the practice of Fusion 
of the Five Elements, how to open the other Six Special Channels. 
Ashe studied Inner Alchemy further, he learned the Enlightenment 
of the Kan and Li, Sealing of the Five Senses, Congress of Heaven 
and Earth and Reunion of Heaven and Man. It was Master Yi Eng 
who authorized Master Chia to teach and heal. 

When Mantak Chia was in his early twenties he studied with 
Master Meugi in Singapore, who taught him Kundalini, Taoist Yoga 
and the Buddha Palm. He was soon able to clear blockages to the 
flow of energy within his own body. He learned to pass the life force 
energy through his hands also, so that he could heal Master Meugi's 
patients. He then learned Chi Nei Tsang from Dr. Mui Yimwattana 
in Thailand. 

Awhile later, he studied with Master Cheng Yao-Lun who taught 
him the Shao-Lin Method of internal Power. He learned the closely 
guarded secret of the organs, glands and bone marrow exercise 
known as Bone Marrow Nei Kung and the exercise known as 
Strengthening and Renewal of the Tendons. Master Cheng Yao- 
Lun's system combined Thai boxing and Kung Fu. Master Chia 
also studied at this time with Master Pan Yu, whose system com- 
bined Taoist, Buddhist and Zen teachings. Master Pan Yu also taught 
him about the exchange of Yin and Yang power between men and 
women, and how to develop the Steel Body. 

To understand the mechanisms behind healing energy better, 
Master Chia studied Western anatomy and medical science for 
two years. While pursuing his studies, he managed the Gestetner 
Company, a manufacturer of office equipment and became well 
acquainted with the technology of offset printing and copying ma- 
chines. 
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Using his knowledge of Taoism, combined with the other disci- 
plines, Master Chia began teaching the Universal Tao System. He 
eventually trained other Instructors to communicate this knowledge 
and he established the Natural Healing Center in Thailand. Five 
years later, he decided to move to New York, where in 1979, he 
opened the Universal Tao Center. During his years in America, 
Master Chia continued his studies in the Wu system of Tai Chi with 
Edward Yee in New York. 

Since then, Master Chia has taught tens of thousands of stu- 
dents throughout the world. He has trained and certified over 2,000 
instructors and practitioners from all over the world, Living Tao Cen- 
ters, Chi Nei Tsang Institutes, Cosmic Healing Forums & Immortal 
‘Tao Mountain Sancutaries have opened in many locations in North 
America, South America, Europe, Asia, Africa and Australia. 

In 1994, Master Chia moved back to Thailand, where he had 
begun construction of Tao Garden and the Universal Tao Training 
Center fifteen miles outside of Chiang Mai. 

Master Chia is a warm, friendly and helpful man who views him- 
self primarily as a teacher. He presents the Universal Tao System 
in a straightforward and practical manner, while always expanding 
his knowledge and approach to teaching. He uses a word proces- 
sor for writing and is totally at ease with the latest computer tech- 
nology. 

Master Chia estimates that it will take thirt-five books to convey 
the full Universal Tao System. In June, 1990, at a dinner in San 
Francisco, Master Chia was honored by the International Congress 
of Chinese Medicine and Qi Gong (Chi Kung), who named him the 
Qi gong Master of the Year. He is the first recipient of this annual 
award. 

in December, 2000, the Tao Garden Health Resort and Univer- 
sal Tao Training Center was completed with two Meditation Halls, 
two open air Simple Chi Kung Pavilions, indoor Tai Chi, Tao Tao Yin 
and Chi Nei Tsang Hall, Tai Chi Natural Swimming Pool, Pakua 
Communications Center with a complete Taoist Library, Internal 
World Class Weight Lifting Hall and complete 8 Court Recreational 
Facilities. 

In February, 2002, the Immortal Tao practices were held at Tao 
Garden for the first time using Darkness Technology, creating a 
complete environment for the higher level Taoist practices. 
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Master Mantak Chia has previously written and published these 

twenty-two Universal Tao books: 
Awaken Healing Energy of the Tao - 1983 
Taoist Secrets of Love: Cultivating Male Sexual Energy 
co-authored with Michael Winn - 1984. 
Taoist Ways to Transform Stress into Vitality -1985 
Chi Self-Massage: the Tao of Rejuvenation - 1986 
Iron Shirt Chi Kung !- 1986 
Healing Love Through the Tao: Cultivating Female 
Sexual Energy - 1986 
Bone Marrow Nei Kung - 1989 
Fusion of the Five Elements I- 1990 
Chi Nei Tsang: Internal Organ Chi Massage - 1990 
Awaken Healing Light of the Tao - 1993 
The Inner Structure of Tai Chi co-authored with Juan Li - 
1996 
Multi-Orgasmic Man co-authored with Douglas Abrams 
1996 - published by Harper Collins 
Tao Yin- 1999 
Chi Nei Tsang I - 2000 
Multi-Orgasmic Couple co-authored with Douglas Abrams 
2000 - published by Harper Collins 
Cosmic Healing I - 2001 
Cosmic Healing Il co-authored with Dirk Oellibrandt - 2001 
Door of All Wonders co-authored with Tao Haung - 2001 
Sexual Reflexology co-authored with W. U. Wei - 2002 
Elixir Chi Kung - 2002 
Tan Tien Chi Kung - 2002 
Cosmic Fusion - 2002 


Many of the books above are available in the following foreign 
languages: 

Arabic, Bulgarian, Czech, Danish, Dutch, English, French, 
German, Greek, Hebrew, Hungarian, Indonesian, Italian, Japa- 
nese, Korean, Lithuanian, Malaysian, Polish, Portuguese, 
Romanian, Russian, Serbo-Croatian, Slovenian, Spanish, & 
Turkish editions are available from the Foreign Publishers listed in 
the Universal Tao Center Overview in the back of this book. 
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Level indicators that contain no electronic components are not included in this entry. 


Specialized industrial level-sensing equipment is generally outside the scope of this 
Encyclopedia. This entry discusses small-scale, lower-cost sensors. 


Liquid volume can be assessed by measuring liquid pressure at the bottom of a reser- 


voir. Sensors for this purpose are discussed in the entry describing gas/liq 


sure sensors. See Chapter 17. 


OTHER RELATED COMPONENTS 


quid flow rate sensor (see Chapter 16) 


+ gasiliquid pressure sensor (see Chapter 17) 


What It Does 


Measuring the volume of liquid in a storage 
vessel or reservoir is such a fundamental task, 
countless methods have been devised, of 
which only the simplest and most common will 
be discussed here. 


A liquid level sensor can have a binary output, 
meaning that it signals when the volume rises 
above or falls below a level that can be preset 
or reset. Often the sensor will be connected to 
‘a pump or valve that maintains a relatively con- 
‘stant volume in a container. 


Alternatively a sensor can indicate the actual 
stored volume, either with an analog output or 
in digital increments. 


Schematic Symbols 
Three variants of a schematic symbol for a sim- 
ple liquid level sensor are shown in Figure 15-1. 
They are not always used, however, and a sen- 
sor may be shown simply as an annotated 
switch. 


pres- 


Figure 15-1 Three variants of a schematic symbal to rep 
resent.a liquid level sensor. The rightmost symbol ind 
cates that arising evel closes, rather than opens, a 
switch, 


Applications 

The fuel gauge in a vehicle is one of the most 
commonly encountered applications of a liquid 
level sensor. The water tank in a recreational 
vehicle or boat may use similar electronics. In 
industry, the choice of a sensor will be influ- 
enced by the type of liquid that is being stored, 
the desired accuracy, the temperature range, 
and whether the storage tank is sealed or open 
‘to atmospheric pressure. 
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Words of Caution 


The practices described in this book have been used successfully 
for thousands of years by Taoists trained by personal instruction. 
Readers should not undertake the practice without receiving per- 
sonal transmission and training from a certified instructor of the 
Universal Tao, since certain of these practices, if done improperly, 
may cause injury or resultin health problems. This book is intended 
to supplement individual training by the Universal Tao and to serve 
as a reference guide for these practices. Anyone who undertakes 
these practices on the basis of this book alone, does so entirely at 
his or her own risk 

The meditations, practices and techniques described herein are 
not intended to be used as an alternative or substitute for profes- 
sional medical treatment and care. If any readers are suffering from 
illnesses based on mental or emotional disorders, an appropriate 
professional health care practitioner or therapist should be con- 
sulted. Such problems should be corrected before you start train- 
ing. 

Neither the Universal Tao nor its staff and instructors can be 
responsible for the consequences of any practice or misuse of the 
information contained in this book. If the reader undertakes any 
exercise without strictly following the instructions, notes and wam- 
ings, the responsibility must lie solely with the reader. 

This book does not attempt to give any medical diagnosis, treat- 
ment, prescription, or remedial recommendation in relation to any 
human disease, ailment, suffering or physical condition whatso- 
ever. 

The Universal Tao is not and cannot be responsible for the con- 
sequences of any practice or misuse of the information in this book. 
If the reader undertakes any exercise without strictly following the 
instructions, notes, and wamings, the responsibility must lie solely 
with the reader. 
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Chapter 1 
Cosmic Fusion and the Tao 


Cosmic Fusion is the basic Taoist practice of internal alchemy. 
This is the second book in a three part series. This particular book 
expands on the concepts and practices introduced in Fusion of the 
Five Elements. Here in part Il, the practice goes to the next level of 
development. 

In the beginning these practices may seem complex and men- 
tally challenging, yet once the formulas are understood and ap- 
plied, they are quite simple. With practice, the materials become 
familiar territory that you can traverse easily. Take your time with 
the formulas. Experiment with what works for you. The formulas 
are the guidelines to enhance your life. The Cosmic Fusion is a 
doonway into the vast potential of the self and the Universe. It is a 
very natural process and the first step into the Taoist alchemical 


practice. 
The Tao 34 


The word Tao means The Way, the way of nature and the Uni- 
verse, or the path of a natural reality. It also refers to a way in which 
we can open our minds to learn more about the world, our spiritual 
paths and ourselves. Taoism is a practice of body, mind and spit, 
not just a philosophy of mind. When we have the true sense of the 
Tao, of the real knowledge and wisdom, we will be able to make the 
right decisions in our lives. 

Taoism involves many practical disciplines that can restore our 
lost youth, energy and virtues while awakening our deepest spiri- 
tual potentials. Taoists regard these practices as a technology that 
can help us learn universal truths if we are willing to be receptive. 

The ancient masters recognized that these potentials can in- 
clude the possibilty of attaining conscious freedom and existence 
in the after-death state. Through specific exercises, one can avoid 
suffering the experience of death by expanding the consciousness 
beyond the physical body before its demise. This makes it pos- 
sible to determine one's future existence before leaving this life. 
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All spiritual paths ultimately lead to the truth. Taoism is both a 
philosophy and a technology for seeking and finding the truths of 
the universe, nature, and humanity. Its focus goes beyond one single 
path or viewpoint. Taoism is not a religion, as it requires no initia- 
tions or ceremonies, but it is the outcome of all religions, departing 
from dogma at the point of truth. It leaves behind all religious be- 
liefs, just like the clothing of past seasons. The Tao is also the goal 
of science, but it leaves behind all scientific theories as partial and 
temporal descriptions of the integral truth. Taoism includes all mat- 
ters of religion and science, yet its breadth goes far beyond the 
limits of devotion or intellect. 

Taoist teachings are like master keys unlocking all doors. They 
assist people in their lives, as do all religious teachings. Yet the 
teachings of the Tao transcend religion while retaining the essence 
of spirituality. They explain and demonstrate the truths of the Uni- 
verse directly, rather than on the level of emotions, thoughts or 
beliefs. For this reason, students of the Tao have little cause for 
skepticism or endless searching. 

Philosophy, science and religions all contain some aspects of 
truth that reflect the Tao. The teachings of the Tao reflect the center 
of the ultimate truth (ourselves and the Universe) and help us reach 
it on our own. We can believe in any religion or spiritual path and 
stil benefit from these teachings, because the Tao serves only to. 
promote universal spiritual independence. There are no ultimate 
masters or gurus in Taoism because we become our own mas- 
ters, capable of controlling our own destinies and knowing who we 
really are as we explore the marvelous powers hidden within the 
Tao of humanity. All the great gods, immortals, sages, saints and 
holy men and women are our teachers and advisers. 

Taoism, which goes back at least seven to eight thousand years, 
is closely aligned with modem technology and science. Browsing 
through a bookstore, you will find that many recent books use the 
concepts of Taoism to explain relationships expounded by the “new” 
physics. Today, a lot of the world's intellectual effort is directed 
toward external technological development. 

Thousands of years ago, the Taoists directed their conscious- 
ness inwardly, and developed a science of inner alchemy. Chinese 
written history has a 4700 year history and the language has not 
changed significantly over the centuries, so even the oldest docu- 
ments can be read today. A lot of information was accumulated in 
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each dynasty. The Taoist sages, who learned and perfected meth- 
ods to prepare and leave the body, recorded all the practical de- 
tails. These, along with philosophical thought, were collected, fill- 
ing many volumes which constitute the Tao Canon. 

These transformative formulas endure, a gift from the original 
Taoist sages to all who are willing to put them into practice. The 
Universal Tao is concemed primarily with the practical approaches 
perfected by the Taoist sages. 


Universal Tao System 


2 


The ancient Taoists saw the importance of working on all three 
levels of our being: the physical body, the Energy Body and the 
spirit. Al three are important in forming a ladder with which we may 
climb consciously into the spiritual worlds and, just as important, 
back into the physical world to be creatively active here. This lad- 
der enables Tacists to learn about the inner worlds and to return to. 
the physical with knowledge and increased energy. An Immortal 
Body, which is developed in the practice of Internal Alchemy, en- 
ables one to establish a constant link between life and the after-death 
(or pre-birth) state. 

Ancient Taoist sages believed we were bon to be immortal. We 
become mortal by draining ourselves of Chi through engaging in 
excessive sexual activity, indulging in negative emotions, and de- 
pending on material sources to supply our life-force. The masters 
recognized that different levels of immortality can be achieved 
through internal alchemy, and they devised many practices for this 
purpose. The ability to transcend even death through the transmu- 
tation of one's physicality into the Immortal Spirit Body is the high- 
est goal of Taoism. This level, known as physical immortality, takes 
the longest to achieve. 
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Healing the Physical Body: 
Becoming like a Child to return to the Original Source 


Taoist practices teach to conserve the physical energy so that it 
will no longer scatter and deplete as a result of our worldly interac 
tions, Full spiritual independence requires that we avoid being 
drained of this energy through the eyes, ears, nose, and mouth or 
through excessive sex. The novice in the Universal Tao System 
begins with a wide range of exercises that develop the physical 
body into an efficient and healthy organism, able to live in the world 
and yet stay free of the tensions and stresses of daily life. One 
aspires to return to a childlike state of innocence and vitality, to 
regain the Original Source that is our birthright. Specific goals of 
this level are to learn how to heal oneself, how to love oneself, and 
how to love others. 


Fig. 1.1. Returning to the Original Source. 
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The first level of practice is to develop a healthy body, which can 
take months of diligent training. During this process we learn how 
to condense and conserve our life-force through the Microcosmic 
Orbit meditation, Healing Love practices, Inner Smile, Six Healing 
Sounds, and Iron Shirt Chi Kung. We learn to gather and refine our 
life-force into a Chi Ball (energy sphere) so it will not dissipate when 
we are ready to leave this world. As people grow older, their life-force 
weakens, often resulting in illness and suffering. Using drugs to 
combat illness drains so much of the body's life-force that there 
may not be enough energy left to follow the primordial light (clear 
light) to the Wu Chi (our original source God) at the moment of 
death. The basic practices of the Universal Tao ensure that we 
retain enough of our health and vital energy to make that journey. 


Fig. 1.2 Sit down and start to move the orbit in the fast speed, 
from 1000 rotations per minute, to 10,000 per minute and 
up to 30,000 per minute. 
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Stopping energy leakage 
through conservation and recycling. 


Fig. 1.3 Heart Leakage 


The Microcosmic Orbit is the body's major energy pathway. Along 
this path there are nine openings. If we learn how to seal them 
when they are not in use, that simple act of conservation will save 
an immense amount of energy. 

The Microcosmic Orbit meditation is the first step toward attain- 
ing these goals, as it develops the power of the mind to control, 
conserve, recycle, transform and direct Chi (the Chinese term for 
energy, or life-force) through the body's primary acupuncture chan- 
nels. By learning how to manage our Chi effectively, we gain better 
control over our lives; by using our energy wisely, we discover that 
we already have plentiful Chi, 

At this stage, one also learns to connect with and draw from the 
unlimited source of Universal Love, a Cosmic Orgasm formed by 
the union of the three main sources of Chi accessible to humans: 
the Universal (Heavenly) Force, the Earth Force and the Higher 
Self (Cosmic) Force. This process is both energizing and balanc- 
ing. It prepares one for working with greater amounts of Chi in the 
higher levels of meditative practice, particularly in developing the 
Energy Body. 
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Abdominal Brain 
Heart Mind 


Learning to empty the mind is 
one of the most important Uni- 
versal Tao practices. Letting 
go of judgments, suspicions 
and the incessant repetitive 
thought process is a simple 
way to recharge the body, the 
brain and the spirit. Science 
has proven that we have about 
60,000 thoughts per day and 
of those 60,000 thoughts 95% 
of them are the same 
thoughts we had yesterday. By 
activating the abdominal brain, 
we are able to clear the mind 
and create space for more 
creative mental activity. 


Fig. 1.4 Upper and Lower Brains 


The brain spends up to 10 times more energy than the rest of 
the body. Even when we are not working or thinking consciously, 
our mind still wanders. In Taoism this incessant thinking is called 
the "Monkey Mind”. Ifwe can stop the mind and empty the energy 
from the brain down to the organs, there will be tremendous amount 
of energy stored in the body. This abundance of energy can later 
retum back to the brain. When the energy retums, our thoughts 
are much more refined, creative and focused. 

The abdominal brain is located in the Lower Tan Tien, the reser- 
voir of energy located about an inch below the navel and three 
inches inside the body. This is the very center of our being. It is 
called the abdominal brain because it is a center for wisdom. Sci- 
ence is learning that the same chemical activities that go on in the 
brain, go on in the abdomen. The difference is that the abdomen is 
not connected with the senses. The senses tend to pull our energy 
and awareness outside of ourselves. This leads to the constant 
analyzing of situations and people. The abdominal brain is a much 
deeper sense of awareness, where our “gut feelings” originate. 
When the abdominal brain is activated, we open up to more guid- 
ance, deeper intuition and full body awareness. 
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Transforming Negative Energy into Virtues: 
Opening the Heart 


The Inner Smile and Six Healing Sounds are simple yet powerful 
practices that teach us how to relax and heal the vital organs and 
to transform negative emotions back into a rich source of energy. 
They help open the heart center and connect us with unlimited 
Universal Love, improving daily interactions and providing a ve- 
hicle for the virtues, which derive from the internal organs. Taoists 
perceive the heart as the seat of love, joy and happiness, which 
can connect with Universal Love. Itis also a cauldron in which the 
energies of our virtues are combined and strengthened. Through 
the Inner Smile, you will feel these virtuous energies generated 
from their respective organs. These virtues are then gathered into 
the heart to be refined and blended into compassion, the highest of 
all virtues. This is a most effective way to enhance one’s best quali- 
ties. 
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Another important beginning practice teaches the studentof the 
Tao how to gain strength through the conservation and recycling of 
sexual energy (Healing Love through the Tao). When collected, 
sexual energy (Ching Chi) becomes an incredible source of power 
that can be used by the individual or shared with a sexual partner 
through the Microcosmic Orbit pathway during sexual intercourse. 
With practice, singles and couples can lear to increase and in- 
tensify sexual pleasure. The collected and transformed sexual en- 
ergy is an important alchemical catalyst to be used in the higher 
meditations. 
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Drawall the 
good virtues 
to the heart. 


Fig. 1.6 Conserving, recycling and transforming the energy. 


Once you have an abundance of sexual energy, you can con- 
nect to the unlimited Cosmic Orgasm experienced every moment 
by your Higher Self, which is the most basic energy in every cell of 
your body. 


Managing the Life-Force 


In the practices of Iron Shirt Chi Kung and Tai Chi Chi Kung, one 
learns to align the skeletal structure with gravity to allow a smooth, 
strong flow of energy. With strong fasciae, tendons, and bone 
marrow and good mechanical structure, we can manage our 
life-force more efficiently. The body also gains a sense of being 
rooted deeply in the earth, so one can tap into the Mother Earth 
healing force. 


How It Warks 


How It Works 


Desirable attributes of any liquid-level sensor 
include resistance to vibration, some damping 
to average out fluctuations caused by turbu- 
lence or sloshing in the liquid, resistance to 
chemical reactions with the liquid, and few 
moving parts that may require maintenance if 
the sensor is inside a sealed tank. Desirable 
attributes of an analog float sensor include a 
linear response, and some hysteresis if the 
application requires it. 


This entry compares a variety of sensing strate- 
gies. 


Binary-Output Float Sensor 
The term "binary output” is used here to 
describe an output that only has two states (on 
and off, or logic-high and logic-low). The 
plest type of liquid-level sensor with a binary 
output consists of a donut-shaped float that 
contains a permanent magnet and is free to 
slide vertically up and down a sealed tube con- 
taining a reed switch. The tube is supported on 
a bracket that can be mounted on the wall or 
the lid of the vessel containing the liquid. 


‘The tube and float must be nonmagnetic, and 
the float must havea significantly lower specific 
gravity than the liquid that is being used ("sig- 
nificantly” because the float requires sufficient 
buoyancy to carry the weight of the magnet 
and overcome any friction between itself and 
the tube). A diagram illustrating this configura- 
tion is shown in Figure 15-2. 


To change the level setting of the sensor, the 
bracket may be mounted on a screw thread to 
adjust its vertical position. 


The reed switch can be normally open or nor- 
mally closed, as needed to respond to a rising 
or falling liquid level. For basic information 
about reed switches, see "Reed Switch”. Addi 
tional, detailed information about reed 
switches is included in the book Make: More 
Electronics. 


fluid > liquid > 


iquid level 


Figure 15-2 The principal parts of a basic binary-output 
float sensor. 


For increased reliability, a Hall-effect sensor 
could be substituted for a reed switch. See 
“Hall-Effect Sensor" for general information 
about Hall-effect sensors. 


Another binary-output float sensor is shown in 
Figure 15-3. This is a sealed plastic capsule con- 
taining a snap-action switch and a steel ball. 
‘The cable is attached to the underside of the 
top of a tank, and the capsule dangles into liq- 
uid in the tank. A separate weight (not shown) 
has a hole in the middle, and is threaded over 
the wire. The weight keeps the wire approxi- 
mately in a vertical position as it dangles into 
the tank. 
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Cosmic Nutrition 


The Taoist approach to diet is based on determining the body's 
needs and then fulfilling them according to the five elements of 
nature, which support the five major organs of the body. This sys- 
tem reveals and strengthens any weak organs by balancing one's 
food intake to enhance any deficient elements. It does not con- 
demn most foods that people enjoy (including sweets), but instead 
creates a better program in which these foods can support the 
body's internal balance rather than disrupt it. Choosing and com- 
bining foods in this way can help us avoid the cravings we some- 
times fall prey to. 


Developing the Energy Body: 
Our Vehicle to Travel in Inner and Outer Space 


The next level of the Universal Tao system consists of the Fusion 
of Five Elements, Cosmic Fusion, and Fusion of the Psychic Chan- 
nels. These practices build and enhance the basic Universal Tao 
exercises. They use the extra energy saved through the founda- 
tion practices, including recycled negative energies, to build a strong 


Energy Body that will not dissipate. Developing this Energy Body 
awakens a part of oneself that perceives and acts free of environ- 
mental, educational and karmic conditioning. Once the Energy Body 
is strong, it becomes a vehicle (like the space shuttle) to help the 
untrained soul and spirt for the long journey home, back to the Wu 


Spiritual Body. 


Energy Body. 


Physical Body anaes 


Fig. 1.7 Fusion is the First Step in achieving Union of our Three Bodies. 
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Ifwe do not have a chance to practice awakening or to give birth 
to the soul and immortal spirit during life, the primordial light will 
awaken us at the moment of death. Unfortunately, we may be too 
untrained and inexperienced to follow this light. To prepare for the 
journey, the Energy Body is a vehicle of great importance. We can 
train and educate the Energy Body so it can help the untrained soul 
and spirit recognize and follow the primordial light back to our origi- 
nal source. 


Spiritual Body 


Energy Body 
Spiritual Body 


Body 


Fig. 1.8 Energy Body blasting off the Spiritual Body 
and enters outer space. 


When we are ready to give birth to the real soul, the Energy 
Body will act like a booster rocket to help boost the sou! into its 
higher dimension of the immortal spirit. At the highest level, all three 
of these bodies merge into one. 

Each level of development gives us a chance to go further in the 
journey back to the Wu Chi. Taoist methods of absorbing stellar 
energies help rejuvenate the physical body and strengthen the soul 
and spirit bodies for their inter-dimensional travels. 
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Recycling our Negative Emotions 


Collection 
Point 


Fig. 1.9 There are Five Major Collection Points of the Emotions 
reflected on all four sides of the body. 


Our emotional life, filled with constant vicissitudes, drains our vital 
energy. Through the Fusion meditations, one learns to transform 
the sick or negative energy that has been locked up in the vital 
organs. Taoists understand morality and good deeds as the most 
direct path to self-healing and balance. To be good to others is 
good for oneself as well. All the good energies we create are stored 
in the Energy Body like deposits in a bank account. By helping 
others and giving them love, kindness and gentleness, we receive 
positive energy in return. When we open our hearts, we are filled 
with love, joy and happiness. 

From Taoist experience, we know that when we leave this world 
we can go directly to heaven, depending on how much energy we 
have been able to transform into the Energy Body prior to death. 
Just like money in the bank, the more we transform our physical 
being to our spiritual being, the more we have in heaven. The more 
good we do here, the more positive energy we have up there. 
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Forming the Spirit Body: 
Planting the Seed of Immortality - Lesser Kan & Li 


The Inner Alchemy meditation of the Lesser Enlightenment of Kan 
and Li (water and fire, multiorgasmic sexual energy and compas- 
sion) reunites the male and female within each of us. Itinvolves the 
practice of self-intercourse, which by internal sexual coupling of 
the energies enables one to give birth to the soul body. The soul 
body then acts as a "baby sitter” to help nurture the spirit body. The 
soul is the seed, but it can also be matured into the immortal body 
if one has not had the chance to raise the spirit body in this life. 
Practitioners of Taoist Alchemy believe that if we give birth to the 
spirit body and develop the immortal body in this life, we can over- 
come the cycle of reincarnation. 


Fig. 1.10 Creating the Energy Body in preparation for the Spiritual Body. 


Once the “baby sitter’ or soul body is formed, it is in the Yin 
stage, or infancy (soul embryo). We need to feed, raise, educate 
and train the young soul to become fully grown. 

Once the soul body is developed, we can give birth to the spirit 
body. To cultivate the young spirit body until itis fully mature can 
take 14 to 18 years. We also use the energies of nature (trees, 
sun, moon and stars); virtually all sensory experiences of a posi- 
tive nature become nourishment for the growth of the spirit within 
the physical body. 
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Many masters who attained this level of the immortal body were 
able to transform the material into the immaterial and transfer it 
into the spirit body. At the moment of death, they were able to transfer 
their consciousness, their energy and the physical elements of 
their bodies up with them into the spirit body, although even this 
level is not yet the true immortal body. In this process their physical 
bodies actually shrank in size; they may have weighed two-thirds 
oftheir usual weight after their physical deaths occurred. This meant 
they had successfully transformed much of their material being 
into an immaterial state while retaining full consciousness. 


Cultivating the Yang Stage of the Immortal Body: 
Marrying the Light - Greater Kan and Li 


Fig. 1.11 Greater Kan and Li 


To merge with the light of the Tao, we must awaken and nourish 
the awareness that we are in truth children of the light. Once we 
have fully grown the spirit body, it will be the same frequency as the 
light of the Tao and can become one with that light. Other traditions 
refer to this light by such names as the Holy Spirit or Great Spirit; 
we also refer to it as the “outer light.” 

The Greater Kan and Li meditation teaches us how to recog- 
nize the inner light of our own spirits and shows us how to merge 
with or “marry” it to the outer light. Once we connect with and “marry 
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the light,” we give birth to the second stage of the true immortal 
spirit. Taoists refer to this as the Yang body. One continues to trans- 
form the physical body energy to feed the immortal spirit so it can 
mature. 

At this stage of practice, we lear to digest increasingly 
higher-grade energies of the Higher Self and Universal Forces from 
the sun, moon, planets, stars and galaxies, and from the mind of 
the Tao itself. An awakening to that which is etemal and enduring 
occurs through this practice. Cognizant of our true nature as spir- 
its, we experience the ability to leave the physical body and travel 
in the immortal spirit body, which leads to experience of the inner 
worlds of spirit. Fear of death is vanquished as we become famil- 
iar with life beyond physicality. 


Greatest Enlightenment of Kan and Li 


At this level one transfers all physical essence into the immortal 
body. When all the body's material elements are transformed into 
subtle Chi, what remains is known as the “rainbow body.” When a 
master of this level leaves this world, there is nothing left of the 
physical body but nails and hair. Death is still necessary to speed 
up the process. 


Fig. 1.12 Union of Fire and Water 
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Sealing of the Five Senses, Congress of Heaven and 
Earth, Reunion of Heaven and Man 


At this level death is transcended entirely. One can simply trans- 
form the physical body into the immortal body and leave this world 
or retum to it at will. This is the state of complete physical immor- 
tality, Ittakes from eighty to a few hundred years to complete these 
practices and transform all the material elements of our body into 
the immaterial. The final goal of ascending to heaven in broad day- 
light is reached. 

There are records in Chinese history of many thousands of Taoist 
immortals who reached the level of daylight ascension in the pres- 
ence of many witnesses. In the Bible, Elijah and Moses also ac- 
complished this feat. In the final stage of this practice, the adept 
can unite the immortal spirit body, the Energy Body, and the physi- 
cal body, or separate them at will Its then that the human being 
knows full and complete freedom as an immortal, where no world 
is a boundary. 
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Chapter 2 
Taoist Cosmology 


Ancient Taoism is rooted in deep observation of naturally occurring 
Universal processes and their effects upon human beings. 
Newtonian physics of the West understands these processes as 
the mechanics of cause and effect. Taoism understands them as 
the interactions of a vast sea of energy that is constantly creating 
and recreating the universe in infinite ways. Most religions and eso- 
teric systems study these processes (the ways of God) through 
scriptures and practices based upon the immaterial. Taoism stud- 
ies both the material and immaterial aspects of nature and the 
Universe in the belief that the immaterial is both the source for the 
material and a product of it. In other words, physical and non-physi- 
cal processes are sources for each other. 


Ultimate 
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Yang {Creation 
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OD 5 Elements 
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Fig. 2.1 Taoist Cosmology 
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The Void: Our Original Source 


Through observing nature and the effects of energy within the hu- 
man body, the ancient Taoists were able to trace the universal en- 
ergy back to its point of origin. Upon developing an empirical ap- 
proach with which to contact this source of observable phenom- 
ena, they established the concept of the primordial void as the point 
of departure for all creation. This void was given the name Wu Chi, 
which is depicted as an empty circle in traditional Taoist art be- 
cause it is beyond human description. For energy to begin gener- 
ating the effects and forms of nature and the universe, something 
had to stir within the Wu Chi. This first stirring created the division 
between the material and the immaterial as all the processes of 
the universe began at this time. 


Yin and Yang 


Fig. 2.2 Duality of Yin and Yang 


Taoists refer to the first observable variations of the Universal Force, 
which emanates from the Wu Chi, as Yin and Yang. These two 
qualities of this force can be understood as the positive and nega- 
tive poles of the primordial energy. Yin and Yang are inseparable 
tendencies of all energy, and it is impossible to have one without 
the other. Their interactions are the root of all universal action; hence, 
the polarities of Yin and Yang are an intrinsic factor of all creation, 

The theory of Yin and Yang is one of the most simple and sub- 
lime symbols of the way nature and the Universe interact. The circle 
that encompasses the symbol is representative of the Tao, the 
undifferentiated whole, the Universe, ultimate reality. Yin and Yang 
are terms that shed light on the process of the Tao. Yin describes 
the feminine, the contracting, the dark, deep side of nature and 
Yang describes the masculine, projective, electric, light, surface 
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side of nature. Yin and Yang are not two separate states, but an 
interwoven aspect of one. Just as day cannot exist without night, 
or male without female, Yin and Yang are opposite co-existing ele- 
ments of the same Universal substance. They are an interwoven 
and continuous processes of decaying and becoming. Yin and Yang 
describe the process of a changing dynamic picture of reality. 


Five Major Forces of the Universe 


The Taoists observed that Yin and Yang interactions follow five ba- 
sic patterns which came to be known as the Five Tendencies or 
Five Processes of Energy. (Such interactions have been mislead- 
ingly translated as Five Elements, thereby confusing the process 
with the actual physical elements.) In Taoism the physical elements 
found in nature symbolically express the Five Tendencies of En- 
ergy in motion. Thus fire represents energy rising; water repre- 
sents energy sinking; wood represents energy expanding; metal 
represents energy solidifying; and earth represents stable or cen- 
tered energy. Each of the five elemental tendencies of energy are 
dependent upon the interactions of Yin and Yang emanating from 
the primordial void. 


Ultimate Stillness 
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Fig. 2.3 Oneness, Duality and the Five Elements 
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Figure 15-3 An air-filled float that switches external 
power depending an its orientation. 


Figure 15-4 shows the components inside the 
float. When the liquid level in the tank falls, the 
float adopts the position shown on the left in 
the figure. The ball drops against a lever that 
closes a snap-action switch, which starts an 
external pump to replenish the tank. As the liq- 
uid level rises, the buoyancy of the air-filled 
float changes its orientation to that shown on 
the right in Figure 15-4, The ball drops and the 
switch opens, stopping the pump. 


Figure 15-4 Internal components of the float shown in 
the previous figure. 


‘Two circular indents on the inner surface of the 
plastic capsule prevent the ball from rolling 
erratically if there is turbulence in the liquid. 
They also provide some hysteresis. 


Analog-Output Float Sensor 

The simplest type of liquid-level sensor with an 
analog output consists of a float on an arm 
attached to a potentiometer, as shown in 
Figure 15-5. This very basic design was used in 
fuel tanks in vehicles for many decades. Disad- 
vantages include a nonlinear response and the 
limited life expectancy characteristic of potenti- 
ometers. Some compensation for the nonlinear 
response can be made by using an analog fuel 
gauge with a nonlinear scale. 


For more information about potentiometers, 
see "Arc-Segment Rotary Potentiometer’. 


Output 


Potentiometer——_._ Ce) 


Figure 15-5 A basic float sensor with an analog output. 


Incremental-Output Float Sensor 

A schematic diagram for a simple float sensor 
with incremental output is shown in 
Figure 15-6. A magnet embedded in a donut- 
shaped float, similar to that shown in 
Figure 15-2, interacts with a sequence of reed 
switches installed in the central tube. The 
switches are spaced at equal intervals and 
apply power between resistors of equal value 
wired in series. This system has been used in 
motorcycle and automobile fuel tanks, where 
the switches may be enclosed in a (nonmag- 
netic) stainless-steel tube. The accuracy is limi- 
ted by the number of reed switches. 
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Pre-composting: Draw 
negative emotional 
energy from organs to 
collection points. 
Neutralize with the 
virtuous energy from 
the organs and heart. 


Heart Collection Point: 
Transform hate, cruelty, 
impatience into love, joy, 
happiness. 


Lung Collection Point: 
Transform sadness, grief, 
‘depression into cour- 
age, righteousness. 


Composting: Draw the 
neutralized energy to 
the Pakua. Fuse the é 
neutral energy with Spleen Collection Point: 
love and compassion Transform worry, anxiety 
energies from the heart. into fairness, openness. 


Kidney Collection Point: 
Transform fear into 
gentleness, calmness, 


Liver Collection Point: silence. 
Transform anger, frustration, 

jealousy into kindness, ger 

erosity. 


Fig. 2.4 Transform Excess Negative Energy into Positive Energy 


The Five Elemental Forces are expressions of energy that can 
be observed in nature and throughout the universe. In space they 
influence the motions of all stars, planets and cosmic phenomena. 
In nature they promote interactions between the five elements of 
fire, water, wood, metal and earth. Within the human body they 
affect the five major organs of the heart, kidneys, liver, lungs and 
spleen. Just as western science understands the atoms and sub- 
atomic particles to be the fundamental units of all matter, the Five 
Elemental Forces are understood to be the essence of all pro- 
cesses. The forces that influence the cosmos are identical to those 
which affect nature and our bodies. 
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Eight Forces 


Fig. 2.5 Eight Forces and Directions 


The Eight Forces represent a more detailed aspect of the forces of 
nature and the Universe. They are represented by the symbol of 
the pakua and the eight trigrams. In Fusion of the Five Elements, 
the pakua was introduced as a way to direct and gather the Chi 
into a pearl at the lower abdomen. In Cosmic Fusion, the pakuas 
are used in greater detail to create a stronger connection with the 
forces of nature and draw much more energy into the pearl. 

Using the pakua in the meditation practice is a way to focus 
energy. The pakua creates a vortex that enables the practitioner to 
collect, gather and condense Chi. This vortex of energy is used to. 
not only create a strong connection within ourselves, but a harmo- 
nious relationship with all the forces of nature. 


Cosmic Fusion 


Return to the Wu Chi 


The Tavists realized that we are connected to the stars through 
our bodies as the human form is a product of stellar energy and 
matter. With the basic understanding that man, nature and the uni- 
verse are expressions of primordial energy (or the Wu Chi), the 
Taoists devised methods to tap the energy of the five elements. 
This was done to enhance the processes of the Five Elemental 
Forces within our bodies, which can promote health, refine our 
spirits, and eventually reunite us with our source, the Wu Chi. Deep 
within our subconscious minds are memories and desires for the 
unity and bliss which preceded the dense vibrations of our gross 
physical state. So the ultimate purpose of Taoist practice is to re- 
turn to our original state, the Wu Chi. 


Fig. 2.6 Return to the Oneness (Wu Chi) 
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In the advanced disciplines of the Universal Tao students begin 
to work more consciously with the Five Elemental Forces emanat- 
ing from the cosmos. Advanced practice involves collecting and 
absorbing energy from different sources in the universe while trav- 
eling in the energy and spirit bodies. Taoists move closer to the 
original source through the vastness of space in the same way a 
traveler moves from station to station in a train. Generations of 
Taoist masters have refined and mapped the simplest and safest 
approaches to follow. Because it is impossible to realize the Wu- 
Chi in one step, the journey is divided into several stages. 


Returning to the Wu Chi 


‘st Three Steps 


1. The first step of stage one is to upgrade and maintain your physi- 
cal health while stabilizing your financial and social conditions. 
Your body is a vehicle for processing energy, and the healthier 
you are, the more energy it will process at a faster rate. Your 
health and processing capabilities will enhance greatly through 
the Microcosmic Orbit, Six Healing Sounds, Inner Smile, Heal- 
ing Love and Iron Shirt Chi Kung practices. Your finances and 
social interactions should be stable so that you can create space 
in your life for these disciplines. 

2, Next you will learn how to use accumulated energies for travel- 
ing beyond this earthly plane to the moon, sun and planets. This 
is similar to the way a space shuttle uses a booster rocket to 
push it beyond the earth's gravitational field. In Taoism the Mi- 
crocosmic Orbit and Fusion practices create the Energy Body 
to help boost the immortal body (spiritual body) out of this world. 
The healthier you are internally, the more power you will be able 
to generate to leave the confines of the physical body. When 
you can travel out of this reality and back, you will gain the raw 
materials necessary to build more powerful energy and spirit 
bodies for longer and farther journeys. 

3. The higher practices involve traveling to and from the stars and 
constellations particularly the North Star and Big Dipper using 
the energy and spirit bodies. The North Stars a stable and con- 
stant point in the sky. For Taoist practitioners, using the North 
Star was a way to find direction in the Universe. The North Star 
is the gate of heaven. In the higher practices, the energy is drawn 
into the body to create that connection between the physical 
and the Universal bodies. 
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The human body is a powerful transformer. The sexual energy 
is the body's most powerful source of fuel for journeys to the higher 
planes. This is why the Healing Love practice is so important for 
Spiritual development. The practice of Iron Shirt Chi Kung also helps 
the physical body absorb cosmic energy through the skin and bones 
to be transformed and refined into more fuel. Fusion of the Five 
Elements provides another mode of energy refinement through the 
transformation of negative energies into positive life-force, which 
is lighter and healthier for the body. Alll of these internal methods 
help one develop the means of traveling beyond this world. Their 
ultimate purpose (after rejuvenating the body) is to accumulate the 
raw materials for the construction of a stronger and more powerful 
vehicle for the return to the Wu Chi. 

Many other systems have their own means of returning to the 
source. Monks, nuns and priests emphasize detachment from the 
world and non-involvement in worldly affairs. They have no rela- 
tionships with other people and no sex, which leaves them with 
abundant sexual energy to be transformed and used for higher 
spiritual work. Such spiritually inclined people make the best and 
most use of sexual energy. In general, when normal people accu- 
mulate sexual energy to the same degree as monks, nuns or 
priests, they have no way to control it, and internal imbalances are 
created until it is released. The Universal Tao practices can give 
anyone the ability to use this energy to improve the body and spirit. 

One should not believe in the Taoist teachings without experi- 
encing the practice and its results first hand. This involves learning 
about the human body, the Universal forces which affect it, and the 
inherent desire we all have to return to our source. Taoism offers a 
clear, direct path to the Wu Chi, whereas many other systems 
provide only dogma and restrictions that can hinder spiritual growth. 
The Tao is not an escapist philosophy, however, as there is no 
need to remove yourself from society or restrict your relationships 
or sexual love. You can continue to live normally as you accumu- 
late energies that will gradually improve your health while providing 
raw materials for the highest spiritual growth. 
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Chapter 3 
Goals of the Fusion Practice 


The Taoist study of Inner Alchemy was introduced in Fusion of the 
Five Elements. The Taoists developed the Fusion of the Five Ele- 
ments practice to develop connections between and gain control 
of the inner and outer Universes. 


Fig. 3.1 Taoist Inner Alchemy 
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They understood that virtually everything that exists in the Uni- 
verse can be broken down into the Five Elements. The Fusion 
practice begins by understanding the dynamics of the Universe, 
the planet Earth, and the human body with respect to their relation- 
ships to these Five Elements. 


Fig. 3.2 Five Elements, the Planets and the Cosmos 
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The knowledge of Inner Alchemy is a necessary step in becom- 
ing connected to the outer Universe, from which an unlimited sup- 
ply of powerful energy is available to be used for an individual's 
physical and spiritual benefit. 

The five basic formulas of Fusion |, lI, IIl can be likened to wiring 
blueprints for making the subtle energy the vehicle, the spaceship 
connections that link vital organs, glands and senses so that their 
respective energies can be fused and balanced in the collection 
point and the pakua. The formulas lead the student systematically 
through the process of creating four pakuas and an energy pearl 


Five Element 
Organ Correspondences 


Yin Organs | Liver_| Heart | Spleen | Lungs Kidneys 
Yang Organs | Gall_| Small | Stomach, Large Bladder 
Bladder | Intestine | Pancreas| Intestine 
Openings | Eyes | Tongue | Mouth, Nose Ears 
Lips 
Positive | Kindness | Love, | Faimess, |Righteousness, [io noce 
Emotions [Generosity] Joy _|Openness| Courage 
Negative | Anger | Hate, | Worry, | Sadness, Fear, 
Emotions Envy Impatience] Anxiety | Depression | Stress 
Frustration 
Transform Pure 
Organ Energy | Green Red Yellow White Blue 
into a Virgin 
Child Dressed in] 
Transform Pure Phoenix, 
ChildEnergy | Green |Pheasant,| "Yellow White Blue 
into an Animal | Dragon | RedBird | onRed Tiger Deer 
Phoenix, 

[Earth Forcetakes Green |Pheasant,| Yellow White Black 
the form of | Dragon | RedBird | onRed Tiger Tortoise 
Directions | East | South | Center West North 

Planets Jupiter | Mars | Satum | Venus Mercury 


Universal | Generating|Prospering|Stabilizing| Contracting | Gathering 
Energy Force 


Fig. 3.3 Five Element Organ Energy Chart 
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Energy drawn from the organs and senses into the collection 
point and transformed negative emotions are fused and condensed 
into a pearl through the pakuas. When the resulting pearl, with its 
refined, balanced, neutralized energy is circulated through the Mi- 
crocosmic Orbit, the body absorbs this enhanced life-force. The 
pearl is then used to form the Energy Body. 

Cosmic Fusion builds on the foundation of internal alchemy laid 
in Fusion of the Five Elements. The student is encouraged to take 
this opportunity to review the basic Fusion practice. 

Once the negative emotions have been drawn out and trans- 
formed, the pearl is moved through the creation cycle, nurturing 
the virtues. These qualities are cultivated, blended and condensed 
into the pearl, forming the energy of compassion —the essence of 
the senses, glands, organs and the mind. 


Lung 
Collection 
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This highly refined pearl can now be used to open and clear four 
of the eight specific energy channels in the subtle body: the Three 
Thrusting Channels used for cleansing and protection, and the pro- 
tective belt route that surrounds the Thrusting Channels. 


Inner Universe reflects the Outer 


The Fusion practice offers a practical way to strengthen the con- 
scious connection with the outer Universe. During the practice of 
Fusion, the essence of life-force energy found in the organs, glands 
and senses is transformed, purified, condensed and combined with 
the Universal, Cosmic Particles and Earth Forces in order to achieve 
internal balance. This transformation of quality energy into a har- 
monious whole can effect positive changes in the human body. 
Controlling this energy enables each individual to attain balance 
and harmony of these energies on physical, emotional and spiri- 
tual levels, Because the inner Universe is a reflection of the outer 
one, the balance and harmony attained in the inner Universe en- 
ables the individual to attain balance and harmony with the outer 
Universe. Fusion of the Five Elements, the first in a series of the 
Taoist practice of Inner Alchemy, focuses on the interaction and 
fusion of all five elements and their correspondences. To under- 
stand this interaction, especially with respect to the organs, glands 
and senses of the human body, it helps to be aware of one of the 
Taoist laws of the Universe: Nothing remains the same; everything 
changes because the Five Energies of Nature constantly interact 
and change. This acknowledgement that change is constant con- 
trasts sharply with the Western framework. Under this assump- 
tion, each individual's disposition and health is influenced by the 
balance within him or her of these five energies, a balance affected 
by the ever-changing conditions of the Universe. 

The outer Universe is comprised of Universal Force, Cosmic 
Particle Force and Earth Force from which all things emerged and 
whose three combined forces sustain all existence. The concept 
of Inner Alchemy is grounded in the Taoist belief that the inner Uni- 
verse is a reflection of the outer Universe. There are connections 
that can be made between the inner and outer Universe through 
which energy, recognized and experienced in the inner Universe 
as Chi, or life-force, can be greatly increased and enhanced by the 
immense power of the outer Universe. 
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How It Wark 


Magnet in float 


Figure 15-6 A float sensor with incremental output. 


Displacement Level Sensors 

Ifa heavy object, described as the displacer, is 
suspended in liquid, the effective weight of the 
object diminishes as the liquid rises up around 
it. This occurs because according to Archi- 
medes’ Principle, the upward buoyant force is 
equal to the weight of liquid that the object 
displaces. The displacer is suspended from a 
load sensor that measures its weight. Analog 
output from the sensor will be approximately 
linear with liquid level. 


For a simplified diagram showing a displace- 
ment level sensor using this concept, see 
Figure 15-7. 


Figure 15-7 A displacement sensor. The displacer is 
heavier than the liquid around it, but its effective weight 
diminishes as the liquid rises. 


For more information on load sensors, see 
Chapter 12. 


Ultrasonic Level Sensors 

‘An ultrasonic sensor can be used to measure 
the level of liquid in a reservoir, as shown in 
Figure 15-8, For more information about this 
type of sensor, see the entry discussing proxim- 
ity sensors in Chapter 5. A disadvantage of 
using ultrasound for liquid level sensing is that 
the speed of sound will be affected by any 
vapor given off by a volatile liquid. 


102 Encyclopedia of Electranic Components Volume 3 


Cosmic Fusion 


Overview of the Cosmic Fusion 
Universal Tao divides Fusion into Three Parts 


Fusion of the Five Elements 


First Part 
Fusion of the Five Elements makes use of pakuas and energy 
collection points to balance, connect and draw out negative emo- 
tional energies found in the organs. These energies, along with 
their corresponding glands and senses energies, are then fused 
and transformed into pure, life-force energy. 

The purity of this energy has an adhering and magnetizing qual- 
ity enabling it to condense into a ball of refined energy which is 
called the pearl. 

The pearl is then used to connect to the Universal, Cosmic Par- 
ticle and Earth Forces whose energies become part of the pearl. A 
soul or Energy Body is formed from the pearl, enabling the indi- 
vidual to go beyond connecting with the forces of the universe ona 
purely physical level. Later the pearl returns to the organs and glands 
to enhance them and provides a protection to the physical and 
soul body. 
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Second Part 

Cosmic Fusion focuses on using the pearl to grow or intensify the 
energy of good virtue. It makes use of the interaction of the ele- 
ments described as the Creation Cycle of the Five Elements Theory 
to circulate positive Chi or virtuous energy through the major or- 
gans. All the energy gathered during this cycle is combined to form 
a beautiful pearl of Compassion energy. This pearl is then used to 
open and cleanse specific channels that pass through the physi- 
cal body into the Energy Body. 


Indian Summer- 
Kindness, Earth - Spleen 
Generosity Openess, 
Spring- 

Wood - Liver 


Gentleness, ourage, 
Stiliness- Righteousness 
Winter - Water ‘Autumn - 

Kidneys Metal - Lungs 


Fig. 3.7 Creation Cycle in Nature and Human Body 
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Fig. 3.8 Creation Circle 
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Fig. 3.9 Forming the Cosmic Compassion of the Heart 
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Third Part 

The energy of the positive emotions of all the organs is absorbed 
into the pearl and then circulated in four of the eight special chan- 
nels: the Microcosmic Orbit (Governor and Functional Channels), 
the Thrusting Routes, and the Belt Routes. The Thrusting Routes 
run through the center of the body, linking the “chakra” centers. 
The Belt Routes spiral around the body strengthening the aura and 
providing a form of psychic self-defense. 


Pituitary Gland bs Cranial Pump 


(Mideyebrow) 


Hsuan Chi (Throat) © 
‘Shan Chung (Heart Center) © 


‘Chung Wan (Solar Plexus) @ 


Navel O 
Male: Sperm Palace 
Female: Ovarian Palace 


Heding fs) 


Wei Chi 
/ei Chung Hui Yin (Perineum) 


Yung Chuan —@ 
(Sole of the Feet) 


Fig. 3.10 Cosmic Orbit with Ancient Chinese Points 
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The three Thrusting Channels, sometimes referred to as Thrust- 
ing Routes and the Belt Channels or Belt Routes, opened during 
Cosmic Fusion, permit a freer flow of energy throughout the body. 


Fig. 3.11 Cosmic Thrusting Channels Women and Men 
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The Thrusting Channels are opened first. Their primary func- 
tion is to cleanse specific energy pathways in the body, thereby 
opening them up for the energy to flow freely. The Belt Channel 
surrounds the physical body and the internal Thrusting Channels. 
Both channels help to build a denser body and provide protection 
to the body, but they have another function. 


Fig. 3.12 Belt Channels and Thrusting Channels 
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With the additional energy generated during the practice of Cos- 
mic Fusion, you will have enough energy to create a new Energy 
Body above the physical body. Another important aspect of the 
Fusion of the Five Elements practice is learning how to temporarily 
separate the Energy Body and the Physical Body. In life, our three 
bodies, the Physical Body, Energy Body, and Spirit Body (conscious- 
ness) all overlap and are generally inseparable. At death, the physi- 
cal body is no longer a fit vehicle for holding the material five ele- 
ments together and Chi and consciousness are forced to leave. To 
avoid the traumatic disorientation and confusion that can occur at 
death when the energetic essence and consciousness are invol- 
untarily thrust out of the physical body into unknown territory, we 
can familiarize ourselves with the “out-of-body realm” by tempo- 
rarily separating the Energy Body and Spirit Body from the Physi- 
cal Body, as a “dress rehearsal’ for death. 

Consciousness always requires some sort of vehicle to mani- 
fest. Its gross vehicle is the physical body. Its more subtle vehicle 
is the Energy Body (sometimes referred to as the “subtle” body). 
We emphasized earlier that the virtues are the true energetic es- 
sence of our organs. Although we may identify ourselves more 
with our physical body than anything else in the world, it is our 
energetic essence, not our physical body, that survives after death 
and has the capacity to be immortal. 

The Thrusting Channels and Belt Channels can be extended up 
into this Energy Body and Spirit Body. In this way they serve as 
connecting links between the organs and glands of the Physical 
Body and the transferred consciousness that is the Energy Body. 
Eventually, the channels serve as conduits through which the Spirit 
Body is boosted to the Mid-Plane. These advanced practices are 
called the meditations of Kan and Li. 

If the Energy Body is thought of as a booster rocket, then the 
Spirit Body is the shuttle. Once the Spirit Body is boosted through 
the open channels into the Mid-Plane, it collects a higher quality of 
energy. The Spirit Body then returns with the higher quality energy 
to the Physical Body. In the next effort this energy is used to con- 
struct a stronger, more intense Energy Body that can boost the 
Spirit Body to a higher Mid-Plane level. The cycle continues bring- 
ing the Spirit Body to higher and higher levels, while increasing the 
life-force energy for use by the Physical, Energy and Spirit Bodies. 
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Fig. 3.13 Energy, Physical and Spiritual Bodies 


By regularly turning the awareness inward in the Fusion of the 
Five Elements practice, we gradually come to know our energetic 
essences as well as we know our face, our arms and our legs. We 
learn to distill these essences into a pearl, as a sort of “space 
capsule" to carry our essential energy and consciousness out of 
the physical body. With regular practice, Taoists who follow the 
path of Inner Alchemy learn to move their Energy Body and con- 
sciousness in and out of their physical body as easily as one might 
walk from one room into another. 
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Chapter 4 
Energetic Preparations for 
Meditation Practice 


Meditation practices are enhanced by developing one’s sensitivity 
to subtle energy and by exercising to improve postural alignment, 
increase flexibility of the spine and deepen relaxation of the physi- 
cal body. The next sections present a series of suggested exer- 
cises to help the student meet these goals. 

Chi has many sensations. Some of the most common are tin- 
gling, heat, expansion, an electrical sensation (like the feeling of 
static electricity), pulsation or effervescence. This is not the actual 
Chi itself, but the signs of increasing Chi in a particular area. Chi 
itself is more mysterious, subtle beyond definition. For more de- 
tails in the practices of Spinal Cord Breathing, Rocking the Spine 
and the Inner Smile to relax the whole body check with the book by 
Mantak Chia “Awaken Healing Light’. 


Preparing for the Fusion Medita' 
Prepare the Environment 


Find a quiet place to meditate where there are no distractions. Some 
places have naturally peaceful Chi: mountains, forests, caves, 
gardens, monasteries or beautifully designed meditation rooms. 
Once you have experienced such a place, you can just recall it. 
Set aside a comer of your room for your practice and recall your 
connection to the forces of nature. 

Keep your meditation place clean and pleasant. 

Avoid interruptions, Plan to meditate early in the morning before 
other people are awake: the body is rested, the airis fresh, and the 
earth itself is energized. 

Late at night is also fine. Select a time that works well for you 
with your own rhythms and schedule. 

If you allow yourself time each day to cleanse your emotional, 
energetic and physical bodies, you will soon reap the rewards in 
every area of your life. 
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Conserve Energy and Purify your Body 
with an Appropriate Diet 


To clear your digestive tract, it helps to reduce the amount you eat, 
to eat less meat, fish and poultry and to increase the amount of 
fiber in your diet. Unless you are a vegetarian, it is recommended 
that you eat about 80 percent grains and vegetables, 10 to 15 per- 
cent fish and only 5 percent meat and chicken. 


Loosen, Stretch and Warm Up 
the Body before Meditating 


Once you have a quiet place and are ready to meditate, spend 
time loosening up the body, particularly the spine, before you sit 
down to practice. 

The Universal Tao recommends doing some stretching exer- 
cises, Chi Kung and Tai Chi before you begin to meditate. These 
exercises are both invigorating and relaxing; they relieve muscle 
tensions, stimulate the blood circulation, get rid of stale air in the 
lungs and oxygenate the blood. As an alternative, you can take a 
relaxing stroll outside. 

Doing some movement before entering the stillness of medita- 
tion can help you shake off the sluggishness that comes from be- 
ing too sedentary and ease the tensions that might build up during 
a hectic day. Then when you sit down, you are ready to begin. Use 
the Simple Chi Kung exercises to loosen your spine and prepare 
the mind and body for meditation. 


Wear Loose and Comfortable Clothing 


The clothing you wear for meditation should be loose and comfort- 
able. It is very important that your clothes restrict neither the Chi 
fiow, the blood circulation, the nervous system nor the breath, 

It is preferable to wear clothing of natural fibers so your body 
can breathe. During meditation, all the pores open wider and breath- 
ing in energy through them requires looser clothing. When you have 
learned to breathe through the skin, your body will need to contact 
more fresh air. 


-52- 


Figure 15-8 An ultrasonic proximity sensor can measure 
the level of liquid in a reservoir. 


Reservoir Weight 

The weight of a reservoir can be measured to 
assess the volume of liquid in it. This can be 
done by mounting the reservoir on load sen- 
sors. However, pipes leading to and from the 
reservoir must be designed so that they do not 
add or subtract any significant weight. 
Figure 15-9 suggests an arrangement, although 
the outflow will still change the weight to some 
extent depending on the amount of suction 
that is applied. For more information on load 
sensors, see Chapter 12. 


1) 


Figure 15-9. Using load sensors to assess the weight of 
liquid ina reservoir requires that the weight of plumbing 
should not be imposed om the structure of the reservotr 


Pressure Sensing 

A differential pressure sensor can be added toa 
pipe near the bottom of a reservoir. The sensor 
measures the difference between the liquid 
pressure and ambient air pressure. See 
Figure 15-10, 


\ output 


Figure 15-10 A pressure sensor can assess the volume of 
liquid in a reservor: 


This arrangement assumes that the reservoir is 
vented so that air pressure above the liquid 
level is equal to air pressure at the sensor. If the 
reservoir is not vented, a pipe must connect the 
reference port on the sensor with the space 
above the liquid. 


The reservoir must have straight, vertical sides 
for the pressure to be directly proportional to, 
the liquid volume. 


Liquid volume can also be assessed by measur- 
ing the pressure inside a container, near the 
bottom. A submersible pressure sensor can be 
used, typically consisting of a watertight cap- 
sule fitted with a diaphragm that connects with 
an internal strain gauge. The sensor is lowered 
on a cable that also contains an air line. 
Because pressure in a liquid is affected by 
atmospheric pressure above the surface of the 
liquid, the sensor requires an air line so that its 
measurements are relative to the outside air. 


Submersible pressure sensors are useful where 
access is limited—for example, when measur- 
ing fluctuations in an open-air municipal water 
reservoir. 
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Establish a Stable Sitting Position 


The body must be stable for the mind to be stable. Ithas been said, 
“An anxious mind cannot exist in a relaxed body.” The mind and 
body are clearly connected and when the body and breath become 
peaceful, the mind easily follows. 

If your posture is firm and balanced, it will be easy for you to 
relax, and you will already be halfway toward achieving a tranquil 
and focused mind. But if your posture lacks balance and stability, 
your muscles will soon tire and become tense, your attention will 
waver like a candle in the wind, 

Consider seven points in preparing a good meditation posture: 
base, hands, spine, shoulders, chin, eyes and tongue. 

1. Base: Your base is the foundation of a good meditation posture. 
To accommodate the movement of internal and external forces 
generated by the Taoist practices we need to stay grounded 
and establish a good connection with the earth's energy. The 
more Chi one moves through the body, the more important 
grounding becomes to prevent overheating of the organs and 
other negative side effects. 

The soles of the feet provide an ideal connection to the earth 
through the Yung Chuan (Bubbling Spring) points. These are 
specifically designed to absorb the earth's energy and conduct 
it up into the body. The legs also help filter the raw energy to 
make it more readily digestible. 

Itis best to sit on a straight backed chair to practice the Fu- 
sion Meditations. Your weight should be evenly divided over four 
points: your two feet and the two sitting bones (the tuberosities 
of the ischium) (Fig. 4.1). Place the feet flat on the floor the 
same distance apart as the hips. The calves of the legs should 
be vertical, like pillars. Try to have the knees and hips at the 
same level, or keep the knees slightly higher. 

The part of the pelvis known as the ischium is structurally 
designed to hold a tremendous amount of weight. Avoid leaning 
back and sitting on the coccyx and sacrum instead of the is- 
chium. Honor Mother Nature's design by sitting on the ischium 
and not on the tailbone, which puts pressure on the sacrum, 
‘one of the major pumps in the spine for cerebrospinal fluid, a 
vital cushion for the nervous system. Check to make sure your 
weight is evenly distributed over the four points to establish a 
solid base to support the body during meditation. 
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Fig. 4.1 Sitting Bones 


2, Hands: Let your hands rest in your lap, clasped together with 
the right palm over the left palm and the right thumb and forefin- 
ger wrapped around the base of the left thumb. You may rest 
your hands on a pillow placed on your lap (Fig. 4.2). The clasped 
hand position works especially well to consolidate and balance 
the energies generated during the meditation, 


Fig. 4.2 Using a small pillow helps release shoulder stress. 


Cosmic Fusion 


3. Spine: The spine should be straight but not stiff and in good 
vertical alignment with gravity. You can imagine your head being 
pulled up by a string. As it rises, allow the spine to elongate, 
increasing the space between vertebrae (Fig. 4.3). 


@ Feel asifa string is lifting 


(2 your head up. 


€ Pull your chin back slightly. 


straight on 
your sitting 
bones. 


The feet should 
firmly touch the floor. 


ee 


Fig. 4.3 Correct Sitting Position 


Some people find their backs become tired during long rounds 
of meditation. Good alignment helps prevent this by taking some 
of the stress off the muscles and putting it instead on the skel- 
etal structure where it belongs. The skeletal structure is designed 
to support hundreds of pounds without effort when properly 
aligned. Practicing Iron Shirt Chi Kung and Tai Chi is very help- 
ful for strengthening the muscles you use in sitting and for learn- 
ing the body mechanics of good alignment. 

The spinal column houses many nerves, and itis also a major 
part of the Microcosmic Orbit pathway. Ifthe spine feels relaxed, 
clear and open, the mind will feel more awake and alert too. 
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4, Shoulders: The shoulders should be relaxed and balanced over 
the hips. The armpits should be slightly open allowing enough 
space to hold a Ping Pong ball (Fig. 4.4). This permits free cir- 
culation of blood and Chi into the arms and keeps the nerves in 
the arms from being impinged. 


Leave enough space 
.7 beneath each armpit to 
hold a Ping Pong ball. 


Fig. 4.4 Arms' Position 


5. Chin: The chin should be drawn back slightly, with as little strain 
as possible, so that the ears are over the shoulders. If you strain 
too much to bring the head back, your muscles will soon tire. 

6. Eyes: Your eyes should generally be closed or slightly open with 
the gaze directed downward. Or you can focus on the nose, 
and from the nose focus into the heart. You can open the eyes 
for a while if you feel sleepy or distracted (Fig. 4.5). 

7. Tongue: The tip of the tongue should be touching the upper 
palate (Fig. 4.6). This connection acts like a switch in that it 
connects the Tu Mo and Ren Mo, the Governor and Functional 
Channels. The best point for you to use is the one where you 
feel the strongest sensation of Chi. 
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Heart 


Fig. 4.5 Turn the mind and eyes inward. Focus into the heart and then 
down into the navel. 


Fig. 4.6 Touch the tip of your tongue against the upper palate. 


-57- 


Chapter 5: Beginning Fusion Element Meditation 


Fig. 4.7 Smile to the organs and feel the organs smile back to you. 


Cosmic Fusion 


Chapter 5 
Beginning Fusion Element 
Meditation 


Pakua 


Fig. 5.1 Pakua - Eight Forces 


The pakua is a symbol of the eight forces. In the Fusion of the Five 
Elements meditation the pakuas are used to gather and collect the 
energy of the organs and fuse them into a pearl. Here in the Cos- 
mic Fusion meditation, the pakuas are again used to fuse energy 
into a pearl. Now, instead of just using the energy within the body, 
we combine the energy of the organs with the energy of the Uni- 
verse. This is a technique used in the Fusion practice to condense 
and gather the abundant energy that surrounds us into something 
that is usable and digestible to the body. Forming the pakuas will 
be used in all the Fusion formulas. 
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The first step is to form the pakua at the lower abdomen to con- 
nect with and attract the five energies and the eight forces. The 
goal is to balance and transform the emotional energies of the or- 
gans. The next step is to form the facial pakua. The facial pakua 
gathers and transforms the energy of the senses and the thoughts 
down to the lower abdomen. The Universal pakua is then created 
to gather and collect the energy of the Universe into the lower ab- 
domen. All these energies once gathered are condensed into an 
energy ball, or a pear! of white light. This highly refined ball of en- 
ergy is then circulated through all the channels as a way to open, 
heal and revitalize the body, mind and spirit. This is the beginning 
of the transference of consciousness to a new realm. 


Chanting 


Chanting has been used in all systems of spirituality to help con- 
nect the practitioner to their higher source. In Christianity, chanting 
and singing is used to connect with God. In Buddhism and Hindu- 
ism, chanting is used to clear the space, to open the body and 
connect themselves with the Buddha or Hindu God or Goddess. 
The power of chanting and singing can be seen not only in a reli- 
gious setting, but in all levels of society as well. Singing and listen- 
ing to music is a very natural way to move energy. 

In the Taoist practice, chanting is used to invoke the forces of 
the Universe. It is not necessarily about harmony. We want to get 
depth and power to the vibration to open the lower abdomen and 
create internal power. When you chant try to feel the vibration com- 
ing from the Lower Tan Tien. 

Chanting in the Pakua is very similar to the sound in the genes 
when the replicating strands of DNA cross over. The eight sounds 
are the song of the crossing of the chromosomes like two ser- 
pents entwining and then they making love and one becomes two. 

The pakua is a symbolic representation of the forces of nature. 
By chanting the names of these forces, we are able to make a 
connection with that force. Also, Yin and Yang are chanted as a 
way to contract and expand energy. The combination of chanting 
the forces and Yin and Yang helps to bring the power of the Uni- 
verse to you as a tuning fork. 

Chanting greatly increases the power and the coherence of the 
Pearl. After toning all eight directions, the forces of the Universe 
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are fused into the Pearl. The Yin and Yang (Tai Chi spines) chant- 
ing helps to expand and gather, as well as contract and store the 
force. This will help create the connection between your internal 
energy and the energy of the Universe. 


ONIHD | SHLONV YNG 


THE | CHING & THE 
GENETIC CODE 


DNA tte 
I CHING 


THE TAO OF LIFE 


The 
I CHING 
& The 
GENETIC 
CODE ra 
rg 
ir. Martin Schénberger 


is 
A 


Fig. 5.2 DNA and the I Ching book cover 
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Nucleus 
DNA. 


Nuclear pore 
RNA 
Plasma membrane 


Cytoplasm 
RNA 
Ribosome 
Protein 


5.3 When the frequency is Hz transcription occurs in the nucleus, 
translation takes place in the cytoplasm. 
Terminator 


Transcribed RNA. 
RNA polymerase 


RNA nucletides 
Codon 


Direction of transcription 


Newly synthesized mRNA 


Nuclear pore 
mRNA—" 
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Fig. 5.4 During transcription, the genetic information in DNA is copied to 
RNA which in the Tao is known as cupping or self-intercourse. 


What Can ¢ 


What Can Go Wrong 


Turbulence 

Surface turbulence consisting of ripples, waves, 
or sloshing of liquid will tend to occur when a 
reservoir is refilled rapidly or is subjected to lat- 
eral movements as a result of being mounted in 
a moving vehicle. To minimize output fluctua- 
tions, some damping is desirable. 


Baffles consisting of perforated plates inside 
the reservoir are a common strategy, as shown. 
in Figure 15-11. In the upper section of the fig- 
ure, lateral acceleration causes submersion of a 
float sensor in the reservoir. In the lower sec- 
tion, perforated baffles minimize the problem. 


Bs. 


Figure 15-11 Insertion of perforated batties in a reservoir 
‘minimizes the sloshing that otherwise tends to occur 
when the reservoir is subject to lateral motion, 


Sensors that measure the weight or pressure of 
a liquid are less susceptible to turbulence. Ina 
displacement sensor, the weight of the dis- 
placer provides a damping effect. 


Tilting 

All level sensors will tend to give inaccurate 
readings when a reservoir is tilted. A float sen- 
sor will be affected less if it is mounted centrally 
in a reservoir, because the reservoir will tilt 
around the sensor, as shown in Figure 15-12. 


Figure 15-12. Ifa float sensor is mounted centrally ina 


reservoir, it ville significantly less affected if the reser: 
voir tits. 
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Formula One: Forming the Pakuas 


Pre-Heaven 


Post-Heaven 


Yang Pakua Hi 


ow 


Fig. 5.5 Pakua - Tai Chi Symbol - 
Three Outside Lines - Eight Connecting Lines 


There are two arrangements of the pakuas: the Pre-Heaven and 
the Post-Heaven. Itis said that the Pre-Heaven pakua was discov- 
ered by Fu Hsi, a legendary figure of early Taoist history, as the 
Ho-Tu, inscribed, some say on a horse, others say on a dragon 
that rose from the river Ho to reveal itself to Fu Hsi. The Post- 
Heaven pakua was revealed to another legendary king, Yd, the 
Great, as the Lo-shu. This time it was written on the shell (back) of 
a tortoise that emerged from the river Lo. The Pre-Heaven pakua 
shows the unchanging cycle movement of these energies, the natu- 
ral order of the universe and is the foundation of Fu Hs’’s divinational 
trigrams/hexagrams, of the | Ching. The Post-Heaven pakua shows 
the opposing interaction and movement of these energies, which 
are responsible for the changes and creation of all the things in the 
universe, in nature and in our own lives. 
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Creating the Front Pakua 


Drawing the Pakua on the Abdomen: the Front Pakua 
Itis important to get familiar with visualizing the pakua. Training the 
mind to concentrate on a single image is of immeasurable value 
for spiritual practice. The image of the pakua allows the mind to 
focus and fuse energy. This first step is essential to the rest of the 
Fusion practice. One of the best ways to get this image deeply 
connected in the mind is to draw it on a piece of paper and place it 
over your abdomen. Or, if you are alittle more adventurous draw it 
directly on the abdomen. When you draw the pakua, use blue for 
Yin, red for Yang and black for the frame. Sometimes it helps to 
work with a partner. Draw the pakua over your partner's abdomen, 
and do the meditation facing one another. This way you can glance 
at the pakua and know what forces to work with. Be creative. Do 
whatever works so that you get the image planted firmly in your 
mind. 

The pakua is between the underside of the rib cage and above 
the pubic bone. When we chant the symbols of the trigrams, you 
can use your finger to draw them on your own abdomen, or while 
you look at the pakua on your partner. 

There are 3 different major centers for generating the frequency 
which fuse together to form the main energy center of the body. 1 
Tan Tien, the Chi Center can be measure like heat in the infrared. 
2. Throat Center. 3. Third Eye Center. 


Pca 


Fig. 5.6 Pakua in the Abdomen 
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Practice 
1. Four Signs 
Kan: First Sound 

a, Kan (Yin-Yang-Yin). The power symbol of the Water gathering 
and yin power, connected with the kidneys, ears and sexual or- 
gans. Evoke the energy of the symbol by repeating its sound, 
Kan, several times or until you feel the connection with the en- 
ergy of Kan, which is spreading down to the sexual organs and 
the kidneys. The Kan sound should come from the abdomen 
and the throat. 

b. First chant the name of the trigram Kan in a long and deep sound 
while you picture the symbols and touch your lower abdomen. 
Your eyes look down to the lower abdominal area. 

So in 

2 EE Yang 

1. Yin 
Fig. 5.7 Kan (Yin-Yang-Yin) 


Fig. 5.8 Chant Kan (Ears and Kidney connects to the Kan) 
c. Next, chant the Yin and Yang lines of the symbol one after the 


other (Yin-Yang-Vin). Start from the inner side, close to the Tai 
Chi symbol. 
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d. Yin Contract: First expand the mind and the hands and palms 

to touch the universe, the cosmic. Chant the Yin, Yin, Yin as 
long as you feel comfortable, and continue moving your palms 
and draw the cosmic Chi from the universe into the navel, and 
feel the navel has suction, Feel your hands and the Tan Tien; 
the throat has the power of sucking the Chi down the Yin line to 
the navel. Rest. (Fig. 5.9 


Yin Yin Yin: 


Fig. 5.9 Yin Line —— Yin Contract 


@. Do the Yang Line: Be aware of the Tan Tien, throat, crown and 
the palms close to the navel and slowly chant the long Yang 
sound and turn the palms out. Gradually move the palms to the 
left and right sides and feel your palms very long and big touch- 
ing the cosmic. Rest and feel your palms in touch with the cos- 
mic Chi. (Fig. 5.10) 


Fig. 5.10 Yang Line — Yang Expand 


f. Do the Yin Line again: Yin contracts; expand the mind and the 
hands and palms to touch the sky and the cosmic. Chant the 
Yin, Yin, Yin as long as you feel comfortable and continue mov- 
ing your palms and draw the cosmic Chi from the universe into 
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the navel, and feel the navel has suction. Feel your hands and 
the Tan Tien; the throat has the power; the Chi goes down the 
Yin line to the navel. Rest for a while. Feel the vibrations inside 
as you chant the trigram. (Fig. 5.11) 


Fig. 5.11 Yin Yang Yin Trigram == 


Rest. Repeat the words “ Kan" at the lower abdominal in your 
mind and let your eyes look down at the lower abdominal. Then 
you close your eyes and picture the symbols: Kan (Yin-Yang-Vin), 
smile and be aware the kidneys, ears and the power of the yin and 
gathering power. Try to imagine them in your mind's eye and feel 
them imprinted on your abdomen and vibrating inside you. 

Rest and project the sym- 
bol into the universe and feel 
the symbol in the universe re- 
inforce the Kan in the abdo- 
men 


Note: Doing the chanting to- 
gether ina group makes it much 
more powerful. 


Fig. 5.12 Kan in the abdomen 
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Li: Second Sound 

a, The second sound is Li (Yang-Yin-Yang), the power symbol of 

the Fire, connected with the heart, the prospering power. The 

eyes look up at the upper abdominal, the Li Kua. The sound 

comes out from the area between the chest and the throat. 

Repeat this sound until you feel the vibration of the fire expand- 

ing upwards in the chest. 

When you chant Li you feel the energy going up. 

When you say Li the eyes look up. 


EE Yang 

— ae Yin 

EE Yang 
Fig. 5.13 Li (Yang-Yin-Yang) 


— Eyes look up. 
== 
== — — 
e@ oo 
| 
| \| 
20 | 


Fig. 5.14 Chant Li (Tongue and Heart connect to the Li) 


b. Chant the name of the trigrams Li in a long and deep voice while 
you picture the symbols and touch your lower abdomen and 
upper abdomen. (Fig. 5.14) 

c. Next, chant the Yang and Yin lines of the symbol one after the 
other (Yang-Yin-Yang). Start from the inner side close to the Tai 
Chi symbol. 
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d. Yang Expand: Be aware of the Tan Tien, the throat, crown and 
the palms close to the navel and slowly chant the Yang long 
sound. Turn the palms out and gradually move the palms to the 
left and right side. Feel your palms very long and big as they 
touch the cosmos, Rest and feel your palms touch the cosmic 
Chi. (Fig. 5.15) 


Fig. 5.15 Yang Line — Yang Expand 


e. Yin Contract: Your mind and the hands and palms touch the 
sky, the cosmos. Chant the Yin, Yin, Yin as long as you feel 
comfortable, and continue moving your palms up. Draw the 
cosmic Chi from the universe into the navel, and feel the navel 
has suction. Feel your hands and the Tan Tien. The throat has 
the power; draw the Chiinto the Yang line to the navel. Rest for 
awhile. (Fig. 5.16) 


Fig. 5.16 Yin Line —— Yin Contract 


f. Do the Yang again: Be aware of the Tan Tien, the throat, crown 
and the palms close to the navel and slowly chant the Yang long 
sound. Turn the palms out and gradually move the palms to the 
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left and right side. Feel your palms very long and big as they 
touch the cosmos. Rest and feel your palms touch the cosmic 
Chi. (Fig. 5.17) 


Fig. 5.17 Yang Line — Yang Contract 


g. Repeat the word “Li” in your mind and let your eyes look at 
your Li Kua. Close your eyes and picture the symbol Li, still 
moving your eyes up. Smile and be aware of the heart, tongue 
and the prospering power of fire. Imagine them in your mind's 
eye; feel them imprinted on your abdomen and vibrating inside 
you. Rest and project the symbol into the universe and feel the 
symbol in the universe reinforce the Kan in the lower abdomen 


Fig. 5.18 Li above the Navel 
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Chen: Third Sound 
a. The third sound is Chen (Yang-Yin-Yin), the power symbol of 
the Thunder and the Lightning, connected with the liver and the 
eyes, the wood element and gathering power. This sound evokes 
the trigram Chen thatis placed on the right side (below the liver) 
and the sound comes out as “djen’. Repeat the sound until you 
feel a vibration of energy below the liver, at the right side of the 
pakua. When you chant “Chen” the eyes look to the right side. 
— me yin 
— me vin 


mu Yang 


Fig. 5.19 Chen (Yang-Yin-Yin) 


Turn the eyes | 
to right side. / 


Lighting Thunderin Forest 


Fig. 5.20 Chant Chen (Eyes and Liver connect to the Chen) 
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b. First chant the name of the trigram Chen (“Djen’) in a long 
deep throat sound while picturing the symbol and touching the 
right side of your abdomen. Feel the vibration of the lightning 
and the thunder. Look at the right side of the body, close your 
eyes and visualize at the symbol of Yang-Yin-Yin. Smile and be 
aware of the liver, the eyes and the power of generating, lighting 
and thunder power. 

c. Yang Expand: Be aware of Tan Tien, the throat, crown and the 
palms close to the navel and slowly chant the long Yang sound 
Turn the palms out and gradually move the palms to the left and 
right sides and feel your palms very long and big touching the 
cosmos. Chant the Yang, Yang, Yang as long as you feel 
comfortable. Rest for a while. Feel the vibrations inside as you 
chant the trigram. (Fig. 5.21) 


Fig. 5.21 Yang Line — Yang Expand 


d. Yin Contract: Be aware of the Tan Tien, the throat, crown and 
the palms close to the navel and slowly chant the Yin long sound 
as the palms touch the universe. Chant the Yin, Yin, Yin as long 
as you feel comfortable and continue moving your palms back 
Draw the cosmic Chi from the universe into the navel and feel 
the navel has suction. Feel your hands and the Tan Tien; the 
throat has the power, the Chi goes down the yin line to the navel. 
Rest for a while. Feel the vibrations inside as you chant the 
trigram. Rest and feel your palms touch the cosmic Chi. (Fig. 
5.22) 
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liquid flow rate sensor 


Flow rate sensors that contain no electronic components ate not included in this entry. 


Some methods of liquid flow sensing can also be applied to gases, but sensors are usu- 
ally designed for one application or the other. Therefore, gas flow sensors have their 
‘own entry, See Chapter 19. 


Many liquid flow rate sensors are large devices designed for industrial applications. 
This entry focuses on lower-cost solid-state sensors, 


OTHER RELATED COMPONENTS 


+ liquid level sensor see Chapter 15) 


+ gasiliquid pressure sensor (see Chapter 17) 


+ gas flow rate sensor (see Chapter 19) 


What It Does 


A liquid flow rate sensor measures the rate at 
‘which liquid flows past or through the device. A 
water meter is an example of a flow rate sensor. 


A sensor may have a binary output, meaning 
that it signals when flow stops or starts, or ifits 
rate rises above or falls below a level that can 
be preset or reset. However, most flow meters 
have an analog output that varies with the vol- 
ume per unit of time. 


Measuring the flow rate of a liquid can be chal- 
lenging if the viscosity is very high, the liquid is 
chemically reactive, or the rate is very low. Such 
factors may require specialized equipment that 
is outside the scope of this Encycloped 


This entry compares the most popular sensing 
strategies. 


Schematic Symbols 

Many specialized symbols are used in flow dia- 
grams to represent pumps, valves, and sensors. 
‘Typically they involve a single letter or an X ina 
circle. These symbols are not generally found in 
electronic schematics, and therefore they are 
not included here, 


Paddlewheel Liquid Flow Rate 
Sensors 


The simplest and most common liquid flow rate 
sensor uses a paddlewhee|, also referred to as a 
rotor, that is mounted with its axis of rotation at 
90 degrees to the direction of liquid flow. An 
example is the Koolance INS-FM16 shown in 
Figure 16-1. This sensor is intended for use in an 
aftermarket cooling system for the CPU in an 
overclocked desktop computer, but can be 
used in any system where the rate of flow 
ranges from 05 to 15 liters per minute. The 
paddlewheel has a pair of magnets mounted in 
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Fig. 5.22 Yin Line —— Yin Contract 


e. Do the Yin line again: be aware of the Tan Tien, the throat, 
crown and the palms move out to touch the universe. Chant the 
Yin long sound. Chant the Yin, Yin, Yin as long as you feel 
comfortable and continue moving your palms back and draw 
the cosmic Chi from the universe into the navel and feel the 
navel has suction. Feel your hands and the Tan Tien; the throat 
has the power, the Chi goes down the yin line to the navel. Rest 
for a while. Feel the vibrations inside as you chant the trigram. 
(Fig. 5.23) 

Rest for awhile and feel the vibrations inside. 


Fig. 5.23 Yin Line —— Yin Contract 


“73+ 


Chapter 5: Beginning Fusion Element Meditation 


Tui: Fourth Sound 
a. The fourth sound is Tui (Yang-Yang-Vin), the power symbol of 
Lake and Rain, connected with the lungs and nose, the metal 
element and contracting power. This sound evokes the trigram 
Tui, that is placed on the left side (opposite Chen) and the sound 
comes out as “tway’. Chen and Tui are throat sounds. Repeat 
the sound until you feel a vibration of energy at the left side of 
the pakua. 
— ee yin 
a Yang 
EE Yang 
Fig. 5.24 Tui (Yang-Yang-Yin) 


Tui, Tui, Tui 


Turn the eyes 
to left side. 


Rain and Lake 


Fig. 5.25 Chant Tui (Nose and Lung connect to the Tui) 
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b. Next chant the name of Tui in a long deep voice while pictur- 
ing the symbol and touching the left side of your abdomen. Feel 
the vibration of the rain and the lake. Look at your left side, close 
your eyes and visualize at the symbol of Yang-Yang-Yin. Smile 
and be aware of the lungs, nose and the power of contracting 
rain and lake. 

c. Do the Yang Line, Yang Expand; be aware of Tan Tien, the 
throat, crown and palms close to the navel and slowly chant the 
long Yang sound. Turn the palms out and gradually move the 
palms to the left and right sides and feel your palms very long 
and big touching the cosmic. Chant the Yang, Yang, Yang. (Fig. 
5.26) 

d. Do the Yang line again. Yang Expand; be aware of Tan Tien 
throat, crown and palms close to the navel and slowly chant the 
long Yang sound. Turn the palms out and gradually move the 
palms to the left and right sides and feel your palms very long 
and big touching the cosmos, Chant the Yang, Yang, Yang. 


Fig. 5.26 Yang Line — Yang Expand 
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e. Yin Contract: Chant the Yin, Yin, Yin as long as you feel com- 
fortable, continue moving your palms and draw the cosmic Chi 
from the universe into the navel and feel the navel has suction 
Feel your hands and the Tan Tien; the throat has the power and 
the Chi goes down the yin line to the navel. Rest for a while. 
Feel the vibrations inside as you chant the trigram. Finish. Rest 
for awhile and feel the vibrations inside. (Fig. 5.27) 


Fig. 5.27 Yin Line —— Yin Contract, 


2. Continue the practice with the next four symbols. 
The last four trigrams of the pakua are: Kun (Yin-Yin-Yin), the 
Earth power, Ken (Yin-Yin-Yang), the Mountain power; Sun 
(Yin-Yang-Yang), the Wind power and Chien (Yang-Yang-Yang), 
the Heaven power. 
Go through the same procedure as with the first four symbols 
to evoke the energy and connect it to the pakua. 


a, Do all the 8 symbols together quickly Kan, Li, Chen, Tui, Kun, 
Ken, Sun, Chien (6 sets) 

b. Be aware of the pakua and see it imprinted deep into the abdo- 
men. 

c. Be aware of the Tai Chi symbol and start to chant, Tai Chi, Tai 
Chi, and Tai Chi faster and faster. Feel the Tai Chi symbol mov- 
ing faster and faster now. 
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Practice of the Next Four Symbols. 


Symbol Kun - Earth 
mee Yin 
= meee Yin 
eo 
Stabilization power stomach and mouth, spleen and pancreas 
Focus on Kun, Yin-Yin-Yin. Chant Kun and then chant Yin-Yin-Yin 
repeatedly. You can use the hand to help draw in the energy back 
to the Pakua. Later on, you do not need to use your fingers. Picture 
the symbol Kun in front of you and expand it very far away to con- 
nect with the centering, stabilizing power. Let the energy with the 
symbol come to you until it sticks to your forehead. Bring it down to. 
the south/west (upper left corner) in the abdominal Pakua 


Fig. 5.28 Chant Kun (Earth, Mouth and Spleen connect to the Kun) 
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Fig. 5.29 Yin Line —— Yin Contract 


Fig. 5.30 Yin Line —— Yin Contract 


Fig. 5.31 Yin Line —— Yin Contract 
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Symbol Ken - Mountain 
Yang 
= ome Yin 
a 


Yin side of water power and with bladder and sexual organs 

Focus on Ken, Yin-Yin-Yang. Chant first Ken and then 
Yin-Yin-Yang repeatedly. Itis a nose/throat sound, Mark the symbol 
with your fingers and your eyes/mind on your forehead. Rest and 
feel the symbol imprinted on your forehead. Expand it far away to 
make the connection with the stable and strong mountain power. 
Feel the symbol with the energy come back. Move it to its place in 
the pakua on your abdomen in the lower right corner. 


Ken, Ken, Ken 


Fig. 5.32 Chant Ken (Mountain connects to the back of the skull) 
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‘Symbol of Sun - Wind 
Yang 


Yang 
— yin 


Also connects with the gall-bladder and wood power. 

Focus on Sun, Yin-Yang-Yang. Chant Sun and then 
Yin-Yang-Yang repeatedly. Picture the symbol on your abdomen 
mark it with your fingers at the abdomen first and then just with 
your eyes and mind. Picture the symbol very far away to connect 
with the power of the wind until it comes back to you and sticks to 
your abdomen. When the reinforced symbol sticks to your abdo- 
men, move it down to the upper right corner of your abdominal 
Pakua 


Sun, Sun, Sun 


Fig. 5.33 Chant Sun (Wind connects to the base of the skull) 
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Symbol of Chien - Heaven 
Yang 
Yang 
Yang 


Also connects with the yang side of metal power and large intestine. 

Focus on Chien, Yang-Yang-Yang. Chant Chien and then 
Yang-Yang-Yang repeatedly. Mark the lines of the trigram on the 
abdomen with your fingers and your eyes/mind. Rest and feel the 
symbol imprinted on the abdomen. Expand it very far away to con- 
nect with the power of Heaven. Do it several times until you feel 
that the symbol is coming back and sticks on your abdomen. Bring 
this reinforced trigram down to the lower left comer of your ab- 
dominal Pakua 


Fig. 5.34 Chant Chien (Heaven connects to the forehead bone) 
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When you finished the last imprinting of these first four sym- 
bols, make the Tai Chi symbol, spiraling with the fingers around the 
navel and saying: Tai Chi, Tai Chi, Tai Chi. This is an abdominal 
sound. Continue to chant it more inwardly, Tai Chi, Tai Chi, Tai 
Chi, at the same time spiraling with your fingers and eyes. When 
you finish the chanting, rest. Feel the Kan and the Li, the Chen and 
the Tui join together, fusing the energy of these forces inside of 
you 


We now combine the four trigrams. 
- First look at your pakua and say the name of the symbol and 
its Yin-Yang components. 

Chant Kan - Li- Chen - Tui while moving your eyes down-up 
-ight-left. Repeat several times. 

Rest; spiral with your fingers around the navel and continue 
the spiraling movement of the eyes awhile chanting Tai Chi, 
Tai Chi, Yin - Yang, Yin - Yang until you feel the Tai Chi symbol 
spiraling in the middle of the pakua connecting the trigrams 
together. Feel a big space, a fire burning inside of you. 


Tai Chi, 
Tai Chi, Tai Chi 


Fig. 5.35 Finish the imprinting the four symbols and four trigrams. 
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sors 


it, activating a reed switch that is mounted in a 
sealed enclosure beneath the wheel. (For more 
information regarding reed switches, see "Reed 
Switch” in the entry describing object pres- 
ence sensors.) 


Figure 16-1 A low-cost, simple paddlewhee! sensor 
designed for rates of 0.5 to 15 liters per minute. The back- 
ground grid isin milimeters. 


While the reed switch in the Koolance flow sen- 
sor inevitably suffers from contact bounce, 
has the advantage of simplicity and can be 
used in conjunction with appropriate hardware 
or microcontroller code to debounce the pulse 
stream, 


As in any device with a rotating part, friction 
and wear will afflict a paddlewheel sensor, 
especially because the bearings are often in the 
chamber through which the liquid passes. This 
eliminates the possibility for roller bearings. 
Typically a plain bearing is used, consisting of a 
pin that engages in a hole in the casing. Fi 
wears the bearing surface, creating a larger 
gap, which allows the rotor to vibrate or 
bounce instead of spinning smoothly. Flow 
resistance increases and accuracy is degraded. 


In modem designs, the mass of the rotor is 
minimized to reduce the friction. Also, if the 
shaft is horizontal (but still at 90 degrees to the 
direction of the flow), buoyancy of the rotor in 
the liquid can reduce friction still further, as 
suggested in Figure 16-2. Ideally, the density of 


fluid > liquid > liquid flow rate 


the rotor and the density of the liquid will be 
the same, 


Figure 16-2 In this configuration. friction on the rotor 
‘bearings is mitigated by taking advantage of the buoyancy 
(of a ow-density rotor in the liquid that passes through. 


The U-shaped flow path in the Koolance sensor 
in Figure 16-1 maximizes the responsiveness of 
the rotor, but an inline path is more common. 
‘An example is shown in Figure 16-3. 


Figure 16-3 Anintine flow sensor rated for 3to6 liters 
er minute 


Turbine Flow Rate Sensors 


In a turbine-type sensor, two or more spiral 
blades are attached to a hub that rotates 
around an axis in line with the liquid flow, as 
shown in Figure 16-4. A magnet in each spiral 
blade triggers a reed switch or Hall-effect sen- 
sor mounted in a bracket that suspends the tur- 
bine from the interior walls of the tube. 
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Merging Energy of both Pakuas and establish the Cauldron. 


a. Copy the front Pakua to the back Pakua and let the Tai Chi sym- 
bol spiral. Be aware of the front Pakua spiraling in one direction 
and the back Pakua in the reverse direction. You can start the 
front Pakua spiraling counterclockwise and the back clockwise 
in reverse. Merge the energy of the front and the back Pakua 
right in the center of the Tan Tien and form a space there for the 
cauldron. At this point, leave the spinning energy moving. Feel 
the both Pakuas still spinning and drawing Cosmic Force from 
all directions. Rest, and then start spinning the energy. 


Mideye 


Left 


Fig. 5.36 Back Pakua 


Fig. 5.37 Front and Back Pakua 
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b. When both pakuas are spiraling, focus on the center and look 
down while being aware of the front and the back pakuas, Chant 
Yin-Yang and spiral with your mind's eye in the center. Feel the 
big space of the front pakua and the back pakua coming into the 
center, merging together and creating a big space inside you for 
the cauldron. Feel the cauldron inside you spiraling like a big 
ball of fire, creating a suction in the middle of the front and the 
back pakua. Feel that, while you continue to chant the Tai Chi 
subvocally, the energies of both pakuas are sucked into the cen- 
ter, the cauldron. Feel the fire buming in the cauldron like a candle 
Be aware of your center and of the energy there. 


Fig. 5.38 Both Pakuas are spiraling and drawn into the center. 
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1. Creating the Right Pakua 

The right pakua is a copy of the back pakua moved to the right 
side. Use your finger to point to the right side on the same level 
with the navel while you picture the symbol of Pakua. Then make 
the Tai Chi symbol, spiraling from the bottom to the right to the top 
and to the left. Chant Tai Chi and follow the spiraling with your fin- 
gers at the same time. Rest, feel the pakua spiraling and drawing 
energy. 


2. Creating the Left Pakua 

This pakua is a copy of the front pakua moved to the left side. 
Use your fingers to point to the left side ao the same level with the 
navel picture the symbol of the Pakua. When you feel that you are 
inthe rhythm continue in your mind using your mind's eye to move. 
Chanting the Tai Chi, Tai Chi and spiraling with your hand in the 
middle of the left pakua. Continue spiraling with your mind/eyes 
until you feel the energy moving. 


Fig. 5.39 Left and Right Pakua 
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3. Merging the Energies of the Four Pakuas together in the 

Cauldron 

Go back to the right pakua, activate it and lett spiral. Go back to 
the left pakua and reactivate it, spiraling the Tai Chi, Focus on the 
center as you chant the Tai Chi and be aware of the centers of the 
front, back, right and left pakuas. Feel that the energies of the pakuas 
are sucked into the center. Feel the energy become violet light, and 
your mind, eyes and center spiraling 


\Door of Life 


Fig. 5.40 Four Pakuas spiral and are being drawn into 
the Center of the Cauldron. 
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4, Connecting the Organs and Senses with the Abdominal 
Pakua. 

Bring your ears and kidneys to the Kan below. 

Your tongue and heart to the Li on the top. 

The mideyebrow and the liver to the Chen on your right side. 

Your lungs and your nose to the Tui on your left side. 

Your mouth to the Kun on your upper left side 

You can also connect the back part of your skull to the Ken. 

The base of the skull to the Sun 

The forehead point to the Chien. 

Spiral the Tai Chi symbol of this pakua drawing all the energy of 

the organs and the senses to the center, where all these ener- 

gies are combined and condensed 


a. Kan - Ear and Kidneys. b. Li- Tongue and Heart 
¢. Chen - Mideyebrow and Liver d. Tui- Lung and Nose on Left Side 


zo >ea0cn 


e. Kun - Mouth and Upper Left Side_f. Ken - Back part of the Skull 
g. Sun - Base of the Skull h. Chien - Forehead Point 
Fig. 5.41 Connecting the Organs 
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Activate the Facial Pakua by enhancing it 
on the Forehead 


The forehead Pakua is the reverse of the abdominal pakua. Use 
the fingers to point at the position of the Pakua. The Yin and Yang 
sounds generate from the abdomen but emphasis on the throat. 
nasal and the third eye. Later on, mark the symbol with your eyes 
and mind 

When you rest after making the specific sound, feel that the 
symbol of the trigram is imprinted on the forehead. Send this sym- 
bol out into the space in front of you to make the connection with 
the force of the Universe and let it come back to your body. Bring 
the reinforced symbol down to the trigram in the pakua in the abdo- 
men and start to work with the next symbol. 


Fig. 5.42 Enhancing Pakua on the Forehead 
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Facial Pakua 


To practice this stage, we form a pakua on the face. This pa- 
kua has its face in front of us (as if the symbol is looking toward 
you), so that the Chen will be on the left side and the Tui will be on 
the right side and all the other trigrams will be arranged accord- 
ingly. The Tai Chi symbol will be on your the center at the mid- 
eyebrow and expands up and down to the forehead and the ridge 
of the nose right where the cavity of the spirits. All the senses are 
controlled from this point. When information and energy from out- 
side is coming in to trigger the senses, you will feel it first very 
strongly in this center and then the senses will connect immedi- 
ately to the center of the front pakua below. 


ry Mideyebrow 


Right Chen 4 


') 


Bridge of the Nose 


<—_ <— 
1 
Kan 


Fig. 5.43 Use the Eye Mind Power ‘I’ to help move the Eight Forces. 
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Practice to form the Facial Pakua. 
1. In order to help you get more Chi from the universe, you can 
start with the “Opening the Three Tan Tiens to the Six Direc- 
tions" (See the book “Cosmic Healing I" by Mantak Chia). If you 
have not learned this, you can just start with forming the Pakua 


Upper Tan Tion 


‘Middle Tai Tie 


Lower fan Tien 


Fig. 5.44 Opening the Three Tan Tiens to the Six Directions 


2. Then smile, feel your senses turned inward, feel them connect- 
ing to the organs. Your mideyebrow connects to your eye and 
liver, your tongue connects to the heart, your ears connect to 
the kidneys, your nose con- 

nects to your lungs and your 

mouth connects to the 

spleen. Feel all the senses 

turned inward to the 
mideyebrow and down to na- 
vel, going deep inside you 

Your abdomen is like a big 

ocean, a big space, big like a 

whole universe. 


Fig. 5.45 Turn all senses inward 
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3. Reactivate and reinforce the pakua in your lower abdomen. 
a. Touch your Lower Tan Tien and 
start chanting Kan-Li-Chen- 


Tui-Kun-Ken-Sun-Chien 
touching each of the kuas as 
you chant them. Continue to 
chant the kua symbols 
subvocally in your mind and 
holding the symbol in front of 
your eyes. Be aware of the 
Heart Pakua. 


Fig. 5.46 Touch Lower Tan Tien and chant. 


b. Spiral the Tai Chi symbol from 
the bottom to the right and up, 
chanting it while spiraling with 
your hand, eyes and mind. 
Continue to spiral with your 
mind and eyes only and feel the 
heart pakua also spiraling. The 
energy is pulling inward and the 
Tai Chi symbol is spiraling and 
changing to violet light, 


Fig. 5.47 Tai Chi symbol spiraling 
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Start the Practice of the Facial Pakua 
h the First Four Symbols. 


Symbol of Kan - Water = 

a. Be aware of the mideyebrow. Use the fingers of either the right 
or left hand to touch below your nose. Eyes look down to the 
bridge of the nose. Focus on the Kan, Yin-Yang-Yin. Chant the 
word Kan repeatedly, vibrating it in the brain, making a throat, 
nose and third eye sound. Picture the trigram on your face and 
expand it very far away to the ocean. Feel that the energy of the 
Kan comes right in front of you, allowing the feeling to expand 
on bridge of the nose. Be aware of the Kan in your lower abdo- 
men and move the powerful Kan from your face to your lower 
abdomen where it is supposed to be. 


Yin, Yang, Yiry 


Fig. 5.48 Kan on the face below the nose. 


b. Yin Contract; First expand the mind and the hands and palms 
to touch the sky, the cosmos. Chant the Yin, Yin, Yin as long as 
you feel comfortable, and continue moving your palms. Draw 
the cosmic Chi in from the universe into the face and feel the 
mideyebrow has suction. Feel your palms, fingers and the Tan 
Tien, the mideyebrow has power, the fingers can move in and 
touch below the nose, The Chi goes to the Yin line in the navel. 
Rest and Smile, breathing the cosmic Chi. (Fig. 5.52) 
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Halbeffect sensor 
‘reed switeh 


Embedded 
magnet 


Liguie flow. 


Figure 16-4 Simplified view of a turbine flow rate sensor 
‘mounted inside a tube, 


The support bracket often consists of four 
struts, which impose resistance to liquid flow. 
The bearings suffer from the same kinds of 
problems as the bearings in a paddlewheel sen- 
sor, and must withstand additional load result- 
ing from the inline force exerted by flow. 
Overall, while the turbine type of sensor is pop- 
ular in laboratory equipment, it has disadvan- 
tages that are not shared by the bulkier 
paddlewheel type. 


Both the paddlewheel and turbine types of sen- 
sors require a minimum flow to overcome the 
friction in their bearings. Below this minimum, 
liquid will find its way around the rotor without 
turning it. Even when the flow exceeds the min- 
imum, response of the rotor is likely to be non- 
linear as a result of turbulence and other 
factors. 


Above a limit stated by the manufacturer, tur- 
bulence increases to the point where output 
from the sensor is no longer meaningful. Wear 
‘on the bearing will also increase with flow rate. 


A significant problem for these types of sensors 
is that they do not respond well to sudden var- 
iations in flow. The paddlewheel, in particular, 
has inertia as a function of the diameter of the 
rotor, and will take some time to spin up in 


Thermal Mass Liquid Flow Ra 


response to an increase in flow. Conversely, 
when the flow diminishes, the paddlewheel will 
‘tend to overrun. 


The viscosity of the liquid passing through a 
paddlewheel or turbine sensor will have a very 
significant effect on its performance. 


Thermal Mass Liquid Flow 
Rate Sensor 


The thermal-mass system is commonly used 
when volumes are extremely low. The system is 
illustrated in Figure 16-5. A tube containing liq- 
uid is fabricated from a heat-conductive metal 
such as aluminum. It is enclosed in a larger 
‘tube, and the gap between them is filled with 
thermal insulation. A temperature sensor such 
as a thermistor measures the temperature of 
liquid entering the system. A second sensor, 
combined with a small resistive heater in the 
form of a coil around the tube, is placed down- 
stream, Liquid passing through the tube will 
tend to remove heat more effectively at higher 
flow rates, and the difference in temperature 
between the two sensors is a logarithmic func- 
tion of the flow rate, 


Figure 16-5 In this type of iow-flow sensor, the tempera: 
ture differential between the two sensors is a lagarithmic 
function ofthe flow rate. 


Variants of this system use slightly different 
tube configurations and sensor placement, but 
the principle is the same. Its advantages 
include the lack of any moving parts, and the 
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Fig. 5.49 Yin Line — — Yin Contract 


c. Yang Expand: Do the Yang line; be aware of the Tan Tien, throat, 
bridge of the nose, the palms, the fingers and touch the face. 
Slowly chant the long Yang sound and turn the palms out. Gradu- 
ally move the palms to the left and right sides and feel your 
palms very long and big touching the cosmos. Rest and smile, 
the Chi goes to the Yang line in the navel 


Fig. 5.50 Yang Line Yang Expand 


d. Yin Line again, Yin contracts; expand the mind. Repeat as in 
the first Yin line. Rest for awhile. Feel the vibrations inside. 


Fig. 5.51 Yin Line —— Yin Contract 
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Symbol of Li - Fire == 

a. Focus on the Li Yang-Yin-Yang trigram. Repeat it several times 
using your fingers on your mideyebrow. Eyes look up to the fore 
head and picture a flame burning and chant Li, Li, Lirepeatedly. 
Then chant the Yang-Yin-Yang. Picture the trigram right on your 
face and expand it very far away. See a fire burning, expanding 
warmth, Let the energy stay on your forehead as a bright red 
light. Bring it down to the Liin the Pakua in your abdomen and 
feel a burning sensation in that area. 
Yang Expand: Do as before 
Yin Contract: Do as before 

|. Yang Expand: Do as before. 


Kan, Kan, Kan ) 


—“oem~ 
4 a 


Eyes look up 
to the forehead. 


s 


Fig. 5.52 Lion Forehead 


‘Symbol of Chen - Thunder =_—= 

a. Focus on Chen, Yang, Yin, Yin. Chant this symbol as a throat 
and nose sound repeatedly and then chant Yang-Yin-Yin. The 
eyes look to the left temple bone. Picture the symbol in front of 
you, expand it very far away to the power of the lightning and 
thunder. Let the energy come to you, feel the tingling on your left 
temple bone and move this energy sensation down to the left 
side of the abdominal pakua. Be aware of Kan, Li, Chen. Visual- 
ize them very clearly. 

b. Yang Expand: Do as before. 

Yin Contract: Do as before. 

Yin Contract: Do as before. 


ao 
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SoS 


Eyes look to left 
temple bone 


‘Symbol of Tui - Lake —== 
a. Focus on Tui, Yang, Yang, Yin. Chant Tui repeatedly with a nose 
sound that is vibrating in the nose. Then chant Yang-Yang-Yin; 
eyes look to the right temple bone. Picture the symbol on your 
right temple bone and expand it very far away to the power of 
the lake, rain and metal element. Itis a condensing power. Move 
it down to the right of the abdominal pakua 
‘Combine the four symbols together with the Tai Chi symbol. 
Feel the Tal Chi symbol spiraling inside your head and feel the 
center of your abdomen nice and warm like a fire burning inside 
you. 
b. Yang Expand: 
Do as before. 
c. Yang Expand: 
Do as before. 
d. Yin Contract: 
Do as before. 
a 
s+ => 
Eyes look to right 
temple bone. 


Fig. 5.54 Tui on Forehead 
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kn = = 


Imprint Kun on your forehead. Start chanting Kun-Kun-Kun, and 
then use the fingers and palms to help activate the cosmic force 
Yin-Yin-Yin, Yin-Yin-Yin, marking the lines with your fingers on your 
forehead. Project the symbol into the universe as you breathe 
through your forehead. Picture the symbol breathing in violet/blue 
and when it connects to your forehead bring it down to its place in 
the lower pakua. 

a. Yin Contract, Do as before. Eyes look up to 
b. Yin Contract, Do as before. the Upper right 
c. Yin Contract, Do as before. 


Sa 


Fig. 5.55 Kun 


ken = = 

Imprint Ken on your lower left cheek bone. Start by the eyes 
looking down to the lower left cheek bone, chanting Ken-Ken-Ken, 
and then Yin-Yin-Yang, Yin-Yin-Yang, Yin-Yin-Yang, marking the lines 
with your fingers on your forehead. Project the symbol into the uni- 
verse as you breathe through your forehead. Picture the symbol 
with its violet/blue and bright red colours in front of you and when it 
connects to your forehead bring it down to its place in the lower 


pakua. 
a. Yin Contract: Do as before. 
b. Yin Contract: Do as before. igi ao eres to 
: e Lower 
c. Yang Expand: Do as before. tere 
=~ => 


Right 


Fig. 5.56 Ken 
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—— 
Imprint Sun on your upper left eyebrow. Start with the eyes 
looking up to the upper left eyebrow, chanting Sun-Sun-Sun, and 
then Yin-Yang-Yang, Yin-Yang-Yang, Yin-Yang-Yang, marking itwith 
your fingers on your forehead. Project the symbol into the universe 
as you breathe through your forehead, Picture the symbol with its 
violet/blue and bright red colors in front of you and when it con- 
nects to your forehead bring it down to its place in the lower pakua. 
a. Yin Contract: Do as before. 
b. Yang Expand: Do as before. Eyes look up to 
c. Yang Expand: Do as before. the upper left 
eyebrow. 


ss = 


Right 


Fig. 5.57 Sun 


Chien —S 
Imprint Chien on your lower right cheek bone. Start with the 
eyes looking down to the lower right cheek bone, chanting Chien- 
Chien-Chien, and then Yang-Yang-Yang, Yang-Yang-Yang, mark- 
ing it with your fingers on your forehead. Project the symbol into 
the universe as you breathe through your forehead. Picture the 
symbol with its bright red colors and when it connects to your fore- 
head, bring it down to its place in the pakua in your lower abdomen. 
a. Yang Expand: Do as before. 
b. Yang Expand: Do as before. Eyes look down 


c. Yang Expand: Do as before. to the lower right 
cheek bone 


a 


Fig. 5.58 Chien 
Note: Any time that you feel the energy shooting into your fore- 
head, right where the senses’ control is located, bring both the 
senses’ energy and the energy from the universe down to your 
abdomen. 
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4, Form the pakua on your face to turn the senses inward. 
Chant Kan-Li-Chen-Tui-Kun-Ken-Sun-Chien and mark the 

place of the specific kua with your fingers. 
. Kan is on your bridge of the nose. 
. Liat the top of your forehead. 
. In this pakua Chen is on (inside) your left ear. 
. Tui is on (inside) your right ear. 
. Kun in your brain above the right eye. 

Ken inside your cheek bone on the left side. 

. Sun in your brain above the left eye. 
. Chien inside your cheek bone on the right side above. 

Repeat the chanting in your mind and let your eyes move to 
the place of each kua. Feel the power of the symbols attracting 
your senses in to the mideyebrow. Chant and spiral the Tai Chi 
symbol with your finger and then only with your mind. Let the Tai 
Chi spin fast and faster. Keep on chanting the Tai Chi symbol 
until the energies are pulled to the center of the pakua. You should 
feel that all the energy is flowing to the center of the face pakua 
and connecting to center of the brain, the crystal room, and keep 
on spiraling and be aware of the Lower Tan Tien, Tai Chi, and 
also the spiraling of the facial pakua itself. Feel a very strong 
center in your forehead and bring it down to the center of the 
lower pakua. 


ze*~paogD 


Crystal Room 


BA Head 
Four Pakuas 


Heart 
Four Pakuas 


Tan Tien 
Four Pakuas 


Draw all senses into 
the center of the 
mideyebrow. 


Fig. 5.59 Pakua on your face to tum the senses inward 
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Creating the Back Pakua on the Head 


Duplicate trigrams, pakua and the Tai Chi symbol to the back and 
spiral clockwise while chanting the Tai Chi, Tai Chi. The mind and 
the eyes are spiraling as well, going faster and faster. When you 
spiral as fast as possible, you will feel that the energy is drawing 
into the back Pakua. 


9 G et 


Fig. 5.60 Pakua on the Head 


Be aware of the front and back Pakuas and spiral them. Spiral 
in the center faster and faster drawing the front and back into the 
center. 


Center of Brain 
y ¥ { 


se \ 4a \ 
at % ef . 


Fig. 5.61 Front and Back Pakuas spiraling. 
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Duplicate the front Pakua to the left side and let the Tai Chi sym- 
bol spin. 

Duplicate the back Pakua to the right side of the head and let 
the Tai Chi symbol spin. Become aware of the center of the brain, 
the crystal room and let it spin faster and faster, drawing the en- 
ergy of the left and right Pakuas into the center. 


YY -S ; 
2 J as Ra & 


Fig. 5.62 Energy of the left and right Pakua into the center of the Brain. 


Be aware the front, back, left and right Pakuas and let them 
spin. Put more attention on the center of the brain and let the cen- 
ter spin faster and faster, drawing all the energy into the center. 


Center of the Brain Tai Chi Spiraling 


Fig. 5.63 Draw all the energy into the Center. 
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Connecting the Senses with the Sense Control of the Facial 
Heart and the Abdominal Pakuas. 

Repeat the facial pakua again: Kan-Li-Chen-Tui-Kun-Ken- 
Sun-Chien. This time, when you spiral the Tai Chi symbol as you 
chant Tai Chi, add the motion of the Yin coming in and the Yang 
going out. Your mouth is open projecting the sound of Yang into 
space. Your fingers are pointing out into space as well. With the 
sound of Yin your fingers are pointing in towards your forehead, 
which facilitates the inward movement of the energy. Picture a Tai 
Chi spiraling inside your brain, right behind your forehead. Point, 
spiral with your fingers saying Yin-Yang, Yin-Yang, Yin-Yang, and 
then Tai Chi, Tai Chi, Tai Chi. Continue saying it in your mind and 
feel the pakua deep inside your head (about 2-3 cm behind your 
forehead). All the senses are drawn together inside the center of 
the facial pakua (the senses’ control point) and their energy is 
brought down to the Tai Chi of the lower abdominal pakua. 


Sense Control at Mideyebrow 


Crystal Room 


Fig. 5.64 Let the center of the brain, the heart and abdomen pakuas 
and all Tai Chis spiral together. 
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Blending all the Energy of the Organs and Senses together 
in the Cauldron 

Look down to your center in the Tan Tien and focus on the pakua 
on the back and on the right and the left pakua. When you focus on 
them, they will just start spiraling on their own. Look down into your 
center, into the cauldron and start spiraling the Tai Chi symbol in 
the center of your cauldron while chanting Tai-Chi, Tai-Chi, Tai-Chi. 
Rest. Continue to spiral with only your mind and feel that the en- 
ergy of your senses and organs is coming right down to your cen- 
ter, where all the energy blends into one central energy. Rest. Spi- 
ral the energy in your abdomen. Smile to this energy and feel very 
calm and peaceful. 


Center of Pakua 
Tai Chi Spinning 


Fig. 5.65 Draw all the sense into the center of the Pakua and Tai Chi. 
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avoidance of any probes intruding into the liq- 
uid, which is desirable in biochemical and med- 
ical applications. 


The same principle is applied in many gas flow 
rate sensors. See "Mass Flow Rate Sensin: 


Sliding Sleeve Liquid Flow 
Switch 


This sensor is used in some domestic systems, 
where flow-activated water heating is required. 
A vertical section of brass (nonmagnetic) water 
sa sliding inner sleeve that incor- 
porates a magnet. An external reed switch is 
activated when the sleeve is moved by water 
flowing through it. When the flow stops, the 
sleeve is returned to its rest position by the 
force of gravity. 


Sliding Plunger Liquid Flow 
Switch 


Figure 16-6 shows an exploded view of a similar 
device, using a plastic plunger that slides inside 
a nylon plumbing fixture designed for 3/4-inch 
pipe. The plunger contains a magnet and is 
restrained by a compression spring and a circu- 
lar perforated plate. When water flow is suffi- 
cient to overcome the resistance of the spring, 
the plunger slides far enough for the magnet to 
activate a reed switch sealed into the external 
housing. 


Ultrasonic Liquid Flow Rate 
Sensor 


This type of sensor passes ultrasound through a 
liquid in a pipe. The speed of sound through 
the liquid is affected by the flow rate, and exter- 
nal electronics translate this lag time into a 
value for volume-per-minute. The system 
adjusts for variations in temperature that also 
affect the speed of sound. 


fluid > liquid > fiquid flow ra 


Figure 16-6 Parts ofa flow switch. The small plunger is 
Inserted into the pipe and retained with the perforated 
plate and compression spring. 


Various configurations are available, some 
allowing ultrasound sources and detectors to 
be clamped to the outside of a pipe, as shown 
in Figure 16-7. To eliminate other variables, one 
ultrasound pulse is transmitted in the same 
direction as the flow, followed by another pulse 
contrary to the flow, and the difference 
between the two transmission times is used as 
an indicator of the flow rate, 


Figure 16-7 Some ultrasound flow sensors are designed 
tobe clamped extemally toa pipe. 


Magnetic Liquid Flow Sensor 


‘A magnetic field is induced in a metal pipe by a 
coil generating its field perpendicular to flow. 
‘The inside of the pipe is lined with nonconduc- 
tive material in which two electrodes are moun- 
ted. Because water containing ions is 
conductive, the flow of water through the mag- 
netic field induces a small potential difference 


108 Encyclopedia of Electronic Components Volume 3 


Cosmic Fusion 


Expanding the Pakua in the Universe. 

The power of the symbol is the power of the throat, the power of 
the word. The forces of the universe are Yin and Yang forces and 
the kua is a very ancient symbol of power. When you project the 
pakua out, using the pakua breathing, you connect to the Yin and 
the Yang power in the universe. When you breathe to the kua out 
there in space and connect to it, you will feel it connect to the kua in 
your abdomen as well 


Fig. 5.67 Fee! the Pakua Breathing and Pulsating. 


-103- 


Chapter 5: Beginning Fusion Element Meditation 


Start chanting Kan-Li-Chen-Tui-Kun-Ken-Sun-Chien touching 
each of the kuas as you chant them. Continue to do this with 
only your mind, saying the name of the kua and holding the sym- 
bol in front of your eyes. Then spiral the Tai Chi symbol from the 
bottom to the right and up, chanting it and spiraling with your 
hand, eyes and mind. Continue to spiral with your mind and 
eyes only. Feel that the energy is drawn inward and the Tai Chi 
symbol is spiraling and changing to violet light. 
Activate the facial pakua. Chant each of the symbols and point 
to them on your face; Kan-Li-Chen-Tui-Kun-Ken-Sun-Chien. Do 
it several times and make then the Tai Chi symbol on your fore- 
head: Tai Chi, Tai Chi, Tai Chi, spiraling with your fingers over 
the third eye area. Feel the energy drawn into the center of the 
forehead, drawing the senses inwardly to the senses control 
and connecting down to the lower pakua. On their way down 
they collect the energy from the organs as well 
Pakua in face _@ 
¥ + Crystallgtenay 
Ss fet of the Brain 


Center of the 


Fig. 5.68 Four Head Pakuas 


3. Chant now Yin-Yang, Yin-Yang, Yin-Yang. Contract with Yin and 
expand from the forehead out with Yang. Use your fingers to 
point the direction of the energy, in and out. 

4, Rest. Smile, feel the Tai Chi very deep inside you spiraling and 
chant Tai Chi, Tai Chi, Tai Chi, Tai Chi. Feel the facial pakua go 
into your head. 
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5. Become aware of the Kan symbol. Picture the Kan symbol and 
project it out down all the way to the galaxy. Chant Kan, Kan, 
Kan. Chant and picture the Yin-Yang-Yin lines and feel that the 
power is going out all the way to outer space. 

Startthen with the Yin-Yang breathing. Inhale, Yin contracting 
with bright violet light, exhale, Yang expanding with bright red 
light. Inhale, contracting, exhale, expanding. Feel the kua of the 
facial pakua and the abdominal pakua breathing and at the same 
time, feel the kua in the universe breathing. Picture the 
Yin-Yang-Yin very clear in your mind as well as very far away in 
space, Exhale, hold your breath and feel the symbol breathing. 
Inhale, breathe without breathing and feel the connection with 
the kua out there. Keep on breathing in this way until suddenly 
the kua out there comes to you and enforces the Kan in your 
abdomen. 

6. Repeat the same procedure for Li, sending it out, up into the 
universe, for Chen sending it out into the space on your right 
side, Tui to the space on your left side, Kun to the space upper 
left, Ken to the lower left side, Sun to the upper right side of the 
universe and Chien to the lower left side of the universe. 

7. Now picture all the kuas together and repeat their names very 
slowly: Kan-Li-Chen-Tui-Kun-Ken-Sun-Chien. Rest. Feel the uni- 
versal pakua covering you. Feel this pakua breathing and pul- 
sating together with your pakua in the abdomen and on your 
face, drawing the energy back into the lower pakua, into your 

center. Sit back and 

smile to the pakua in- 
side you and to the 
pakua in the uni- 
verse. Rest, con- 
centrate and con- 
dense all the ener- 
gies in the cauldron. 


Fig. 5.69 Feel all the 
Pakua and Universal 
Pakua breathing and pul- 
sating. Feel a big Pakua 
cover you, breathing and 
pulsating. 
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Formula Two: 
Transforming the Negative Emotions of 
Each Organ into Pure Life-Force Energy 


Taoists reason that the negative emotions can be transformed to 
become our life-force and position energy. Therefore to expel or 
suppress unwanted, negative emotions is to expel or suppress 
life-force. Rather than suppressing them, you gain more by 
composting, recycling or transfering the negative into positive en- 
ergy and experiencing these emotions. This means you permit them 
to emerge, observing and accepting them, but do not let them run 
wild or trigger other negative emotions. Instead transform them not 
only into useful life-force energy, but also into another, higher con- 
sciousness that is your spiritual energy. 


a.Pile all the garbage together, just like mixing all the emotions together. 
b.Separate the garbage, just like separating emotions & transfer them. 


‘c.Recycle and compost. 
Recycling the garbage into compost and growing flowers and vegetables. 
Eating the food grown from the compost. 


Fig. 5.70 Transforming the Negative Emotions 
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In the Taoist cosmology, the emotions originate from the vital 
organs, which correspond to the Five Phases of energy. They are 
also the reservoir of spiritual energy. By transforming the negative 
emotions in the organs, you are nourishing the spirit of that organ. 
Fear originates in and is stored in the kidneys, anger and frustra- 
tion originate in and are stored in the liver, impatience, hastiness 
and hatred originate in and are stored in the heart, sadness and 
depression originate in and are stored in the lungs and worrying 
originates in and is stored in the spleen. 

In the Tao, the main idea is to find a balance between the posi- 
tive and the negative emotions. The negative emotions are like 
weeds, they are always there, and one could never totally getrrid of 
them. The other point is that the soil needs them as fertilizers and 
they also help hold the soil in place. But at the same time the dan- 
ger is that they will take over the garden if we don't control them. 
We need to cultivate the plants we want (our good virtues) to pre- 
vent the weeds from taking over the garden. Itis the same with the 
negative emotions; they should only be kept in balance with the 
positive ones and one shouldn't waste time trying to get rid of them 
altogether. The work should be done on the positive emotions, con- 
stantly cultivating and nurturing them in order to grow the good 
virtues and to keep the right balance with the negative emotions. 
Negative emotions breed negative emotions and positive emotions 
breed positive emotions. 


Fig. 5.71 Yin and Yang balance negative and 
positive emotions but they do not get rid of them. 


We work in this formula with the counteracting or controlling 
cycle and we use collection points to gather and neutralize the 
negative emotions of each organ. We then blend the emotional 
energies together in the pakua, transforming them into pure 
life-force. 


Fig. 5.72 Keep on cultivating the positive emotions. 
Do not let the weeds out grow the vegetables. 
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Practice: 
1. Preparation 
When you begin, first do Formula Two and then continue with 
this practice. 
a. Sit properly on a chair and feel yourself aligned with the forces. 
b. Do the crane and turtle neck and the spinal cord breathing 
c. Smile down and generate the qualities of loving energy from the 
heart, Breathe down radiance to the heart making it feel soft in 
the heart. 
d. Be aware of the Tan Tien Chi and the front pakua, the pakua on 
your face, and the universal pakua. Feel them all breathing to- 
gether. Feel all your senses and mind turned inwards to the 
cauldron. Turning the senses inward initiates the training pro- 
cess of inner observation. In developing the ability to focus in- 
ward - to smell, listen, taste, see and hear the organs and their 
activities — and to observe your negative emotions without pre- 
determined judgments, you have the opportunity to develop your 
true nature. 


a. 
Fig. 5.73 Feel joy and happiness. 
a. Inhale to the heart and smile to the heart. 


b. Exhale to the heart, smile to heart and make the heart feel soft. 


-108 - 


Cosmic Fusion 


2. Real Practice 
A. Bring your attention to your kidneys. 

Listen to the kidneys, observe your kidneys. Be aware of any 
fear in the kidneys. Accept your fear; smile to the heart and let the 
love radiate to the kidneys. Be aware of the Kan, the water power. 
Chant the Kan and connect your kidneys with this energy. Let love 
activate the gentleness, calmness and stillness, the essence of 
this power, a blue light. Wrap the gentleness, calmness around 
your fear, balancing it and transforming your fear. 

Form with your mind a collection point at your perineum and let 
any fear that is still in the kidneys go down to the collection point. 
Balance these emotions here also with the positive feeling of gentle- 
ness and calmness. 


Fig. 5.74 
a. Fear-Gentleness 
b. Fear into Gentleness and Calmness 
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B. Bring your attention to your heart. 

Connect the tongue with your heart, speak with your heart (the 
spirit of your heart). Observe your heart. Be aware of any impa- 
tience, hastiness, cruelty, hatred, arrogance in your heart. Accept 
these feelings. Be aware of the Li, the fire power. Chant the Li and 
connect your heart with this power, a red light. Feel the warmth, 
love, happiness and inner joy, the essence of this power. Help trans- 
form the hatred into love. Wrap the love, the warmth and inner joy 
around your impatience, arrogance, balancing them with and trans- 
forming your impatience, hastiness, arrogance. 

Form with your mind a collection point near the heart center and 
spiral all the negative energies that are stil in the heart to this col- 
lection point. Chant the Li again and balance the emotions in the 
collection point. 


Fig. 5.75 a. Impatience, Hastiness and Hatred 
b. Love, Joy and Happiness 
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C. Spiral, blend and transform the energy of the heart and 

the kidneys at the front pakua 

Spiral and breathe the energies out of the kidney and heart col- 
lection points to the front pakua. Blend and spiral them together in 
the front pakua. (The pure energy trapped in these negative feel- 
ings will be freed and released to the center of the pakua). Chant 
Tai Chi, Tai Chi, Tai Chi. Yin-Yang, Yin-Yang, Yin-Yang, Spiral these 
energies until they become a bright, golden energy. This energy 
radiates love and gentleness from the center of the pakua and your 
being 


Heart 
collection point 


Kidney 
collection point 


Fig. 5.76 Spiral, blend and transform the energy 
of the heart and the kidneys. 
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D. Bring your attention to your liver. 

Connect the eyes with the liver and observe your liver. Be aware 
of any anger, frustration, aggressiveness, guilt in the liver. Accept 
this feeling. Be aware of the Chen. Chant the Chen and connect 
your liver with the power of the thunder and the wood, a green light. 
Feel the kindness, the essence of the wood power. Wrap this feel- 
ing of kindness around your anger, balancing them together and 
transforming your anger. Feel that you can forgive. Forgiveness is 
‘one of the most important practices of the Taoist system. 

Form with your mind a collection on the left side of the pakua, 
on the nipple line, and spiral all the negative energies that are still in 
the liver to this collection point. Chant the Chen again, connect 
with the wood power and balance the emotions in the collection 
point. 


Fig. 5.77 a. Anger and Frustration in the Liver 
b. Love from heart and gentleness from kidneys help 
tranfrom the anger and frustration into kindness. 
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between the electrodes. This voltage can be 
used as an indication of the flow rate. 


To eliminate external factors that would also 
affect the potential difference, the polarity of 
current through the coil around the pipe alter- 
nates rapidly. The induced field remains the 
same regardless of the direction of the current. 


‘Amagnetic flow sensor should not be confused 
with a magnetic flow switch, Various types of 
switches are made, including large, heavy-duty 
devices where flow moves a magnet that tr 
gers a shutoff valve. This type of industrial 
device is outside the scope of the Encyclopedia. 


Differential Pressure Liquid 
Flow Meter 


In this system, a pipe contains a perforated 
plate or some similar constrictor that partially 
obstructs the flow of liquid. Pressure is meas- 
ured by a pair of pressure transducers placed 
before and after the constrictor. The pressure 
difference is an indicator of flow, because it 
increases as the flow rate increases. 


Differential Pressure Liquid Flow Meter 
This system was developed originally for large 
industrial applications but has been miniatur- 
ized and etched into silicon to measure very 
small flow rates, The Omron D6F-PH is an exam- 
ple, measuring less than 3cm square. It contains 
digital correction to enable a close-to-linear 
output. Because of its small size, it can be used 
only for slow flow rates, or as a bypass sensor. 
The general concept of a bypass sensor is illus- 
trated in Figure 19-7, in the entry discussing gas 
flow sensors. 


What Can Go Wrong 


Vulnerability to Dirt and Corrosive 
Materials 

MEMS liquid flow rate sensors containing very 
delicate, very small sensing elements are very 
vulnerable to contamination with dirt. Liquids 
should be filtered to minimize this risk. A manu- 
facturer’s datasheet should provide information 
about the use of corrosive or chemically a 
liquids. 


Chapter 16: liquid flow rate sensor 109, 
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E. Bring your attention to your lungs. 

Connect your nose with your lungs and observe your lungs. Be 
aware of any sadness, depression in the lungs. Accept these feel- 
ings. Be aware of the Tui. Chant the Tui and connect your lungs 
with the power of the rain and the metal power, a white light. Feel 
the courage and the righteousness, the essence of the metal power. 
Wrap this courage around your sadness, balancing it with and trans- 
forming your sadness. 

Form with your mind a collection point on the right side of the 
pakua on the nipple line and spiral all the negative emotions that 
are still in the lungs to this collection point, Chant the Tui again, 
connect with the metal power and balance the sadness with the 
courage here again 


F. Spiral, blend and transform the energy of the liver and the lungs 

at the front pakua 

Spiral and breathe the negative emotional energies from the liver 
and lungs collection points to the front pakua. Spiral and blend them 
atthe front pakua. Chant Tai Chi, Tai Chi, Tai Chi, Yin-Yang, Yin-Yang, 
Yin-Yang. Use the power of pakua to balance and neutralize the 
sadness and anger. Feel that the pure energy that is trapped in 
these negative feelings will be freed and released to the center of 
the pakua. Continue to spiral the liver's and lungs’ energies until 
they become a bright, golden energy that radiates kindness and 
courage from the center of the pakua and of your being 


Fig. 5.78 Spiral, blend and transform the energy of the liver and the lungs. 
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G. Bring your attention to your spleen. 

Connect your mouth with your spleen and observe your spleen 
Be aware of any worry or other emotions you do not like in your 
spleen. Be aware of the Kun. Chant the Kun and connect your 
spleen with the earth power, a yellow light. Feel the openness, bal- 
ance and centeredness of this power, the essence of the earth 
power. Wrap this around your worries, balancing with and trans- 
forming your worries. 

Spiral your worries that are stil in the lungs to the center of the 
front pakua, the collection point of the spleen. Chant the Kun again 
and then Tai Chi, Tai Chi, Tai Chi. Yin-Yang, Yin-Yang, Yin-Yang. 
Spiral, balance, blend and transform it with the energy that is al- 
ready there into a bright, golden energy. 


a b 
Fig. 5.79 a. Draw attention to your spleen. 
b, Balance, Openness and Fairness 


H. Spiral all remaining negative energy to the front pakua. 

Retum to the organs and the collection points, and spiral and 
breathe to draw out any remaining negative energy. Blend and neu- 
tralize it with the energy in the front pakua. See all the organs glow- 
ing with light. 
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|. Be aware of the back, left and right pakuas. 
When you have time, you can chant the kuas to enforce the 
power of the pakuas. Let the Tai Chiin all four pakuas spiral, draw- 
ing in, blending and transforming the energies. Continue spiraling 
and with the spiraling and the breath you draw, suck in the energy 
to the cauldron, the big empty space in the Tan Tien. Now spiral 
the energy in the cauldron, chanting subvocally Tai Chi, Yin-Yang, 
condensing the energy into a bright golden energy ball, a pearl 
Bring the pearl to the perineum and circulate it in the Microcosmic 
Orbit. As the pearl moves through the Microcosmic Orbit, feel that 
it attracts and absorbs the Universal (at the crown), the Cosmic 
Particle (at the mideye) and the Earth (at the perineum) Force. 
Bring the pearl back into the cauldron. Center yourself in the 
cauldron and feel your senses and mind drawn inward towards the 
energy in the cauldron. Feel nice, calm and peaceful inside. When 
you have time, sit for a while and let this energy and feeling grow 
inside you 


Fig. 5.80 Let all the Organ Energy flow down to the Pakua 
and feel Chi grow inside you. 
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Chapter 6 
Compassion Fire 
Meditation Practice of 
the Creation Cycle 


Practice compassion through the act of forgiveness. To forgive is 
to let go. Always meet conflict with compassion. 

The higher practice of inner alchemy is the transformation of 
the heart energy into love, the liver energy into kindness and gener- 
osity, the lung energy into courage, the kidney energy into gentle- 
ness and the spleen energy into openess and fairness. Combine 
all these energies into compassion. Compassion becomes non 
physical energy which we can carry with us when we leave the 
world. Itis the love and joy we feel within. 


Fig. 6.1 Compassion Fire originates from the Heart. 
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Fig. 6.2 Through Compassion Fire, 
we transmit Positive Energy to Our Surroundings. 


‘Summer - Fire - Heart 
Love, Joy, Happiness 


Indian Summer 
-Earth - Spleen 
Kindness, Openess, 
Generosity B 9) Fairness 


‘Autumn - 
Metal - Lungs 
Courage, 


Winter - Water - 
Kidneys 
Gentleness Sillness) Righteousness 


Fig. 6.3 Creation Cycle in Nature 
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Creating compassion energy begins with the creation cycle. 

Activate the heart first. Itis the fire and the place where the vir- 
tue energy can be combined into compassion energy. Go to the 
kidneys and bring the energy to the collection sphere. Continue 
with the liver, the heart again, the spleen, the lungs and bring the 
energy to the respective collection points. 


Fig. 6.4 Creation Cycle 


In the human body the arousal state creates a new chemistry 
and a new vibration. This ‘special’ vibration is measured at a fre- 
quency of 8Hz/Sec. ‘As in the macrocosm, so it is in the micro- 
cosm’; hence if we make love, then all cells and the DNA actually 
make love as well. 

The DNA cross over, like two serpents intertwining in an erotic 
embrace. They make love and they give birth. Any of the cells that 
do not ‘reproduce’ will eventually die. 


OWN 


Fig. 6.5 When we feel love and arousal energy, 
the DNA crosses over and makes love. 


The two vital states are arousal, leading to orgasm and compas- 
sion are inextricably linked to love. When this ‘love-vibration’ reaches 
the pineal gland, a new hormone is produced. This in tum creates 
whole body conductivity. If the vibration is above or below the 8Hz/ 
Sec, frequency, this process does not occur. Only when you feel 
the waves of orgasmic vibration and unconditional love for the self 
and others can the process be activated. 
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Some practices just 
want to open the heart 
by temporarily letting us 
feel love and kindness. 
The heart is drained 
through all kinds of 
giving and donations. 


Worldly desire and 
many businesses work 
on activating the sexual 
desire and then draining 
itout. 


Fig. 6.6 When the Heart is temporarily open and 
Sexual Desires activate, these forces will drain us out. 


One Lasting Energy is the Combination 
of Compassion Energy and Orgas! Energy 


Heart Energy 

1. Heart energy is immaterial. When activated it will change into 
love, but love does not last long. 

2. When all the good virtue energy from all the organs combines 
together into one energy, it becomes compassion energy; it will 
stay in you longer, but will still disperse. 


Sexual Energy 

1. Sexual energy when activated from material into immaterial is 
powerful, but will not last. 

2. When the sexual energy is aroused and changes into orgasmic 
energy, it can charge all the organs, glands, senses and com- 
bines into one energy; this energy will stay longer but still will 
disperse. Orgasmic energy combined with compassion creates 
one long lasting energy. 
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After the orgasmic energy has charged all the organs and cre- 
ated the multi-orgasm energy, it can then be combined with the 
compassion energy at the Tan Tien. This creates the one energy 
that lasts the longest. 

When we are aware of the cosmic galaxy and expand our com- 
bined energy of compassion and orgasm through the universe, it 
multiplies and flows back to us and we will be in touch with univer- 
sal compassion and unconditional love. 


Unconditional 
Love 


Compassion 


Multi-orgasm energy 


Fig. 6.7 Through cultivating compassion energy, 
we can eventually build the one lasting energy. 
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Practice of Creating the Compassion Fire 
and Multi-Orgasm 
Compassion originates from the Heart 


Fig. 6.8 Smile until you feel the heart soft with love, joy and happiness, 


We can connect with the Universal Love. 
1, Be aware of the Tan Tien and the universe and feel the un- 
conditional love flow down 


Fig. 6.9 Smile to the heart and the small intestine, 
to make the heart feel soft. Feel the heart pakua spiral. 
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2. Smile to the spleen and let the love, joy and happiness from 
the heart activate the openness and fairness. 


Fig. 6.10 Let Positive Heart Energies activate Positive Spleen Energies. 


3. Lett flow back to the heart pakua and spiral, blend together 
and feel the yellow light flow from above and flow down to the heart. 


Fig. 6.11 Blend the Two Energies with Universal Energies. 
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4. Smile to the lungs and the large intestine. Send love from the 
heart to the lungs to activate courage and righteousness. 


Fig. 6.12 Let Love and Joy from the Heart activate Positive Lung Energies. 


5. Letit flow to the heart, spiral and blend with love, joy, happi- 
ness, openness and courage. Blend the three energies into one 
energy, and feel the white light from above flow into the lungs and 
the heart. 


Fig. 6.13 Blend the Three Energies into One Energy. 
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6. Smile to the kidneys and let the love of the heart activate the 
gentleness, sofiness and calm in the kidneys. 


Fig. 6.14 Let Love and Joy from the Heart 
activate Positive Kidney Energies. 


7. Let the gentleness, softness and calm in the kidneys flow 
into the heart. Blend and spiral into one energy. 


Fig. 6.15 Blend Positive Kidney Energies with the 
Compassion Energy in the Heart. 
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8. Smile to the liver and gall bladder. Let the softness and the 
love from the heart flow down to activate the kindness and gener- 
osity of the liver. 


Fig. 6.16 Let Love and Joy from the Heart 
activate Positive Liver Energies. 


9. Let the kindness and generosity flow to the heart, spiral and 
blend in the heart to become compassionate; be aware of the green 
light flowing from above. 


Fig. 6.17 Blend Positive Liver Energies into the Compassion Energy. 
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10. Smile to the heart and feel all the good virtuous energy from 
all the organs flow into the heart and spiral and blend into compas- 
sionate energy. 


Fig. 6.18 All the Organs’ Positive Energies blend with 
the Heart to create the Compassion Energy. 


11. Your compassion rises up. Be aware of the galaxy, the cos- 
mos, and expand your compassion through the universe. The uni- 
verse allows us to be in touch with the universal compassion 


Fig. 6.19 Expand our Compassion to be in touch 
with the Universal Compassion. 
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12. Let them blend and multiply, and flow back to enhance you 
You feel your whole body to be filled with the universal compas- 
sion. You have such abundance, it overflows. 


Fig. 6.20 Let the Universal Compassion within us overflow. 


Multi-Orgasm Energy Smile to the Sexual Organs 


Fig. 6.21 Smile down to the Heart and feel warm Energy from Heart flow 
downto Kidney and the Sexual Organs. 
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1. Be aware of the sexual organ and use your hand to cover the 
sexual center. Smile and feel the fire from the Tan Tien flow 
down. 

2, Recall the time when you were with your loved one and the high 
orgasmic feeling. Guide the orgasmic energy up to the kidneys, 
and feel the kidneys charge with Chi and orgasm. 

3. Guide the orgasmic energy spiraling up to the small and large 
intestine, liver, spleen, pancreas, stomach, and up to the lungs, 
and heart. Continue up to the thymus, thyroid and parathyroid 
and up to the brain and the senses. Charge them with orgasmic 
‘energy, and let the Chi low back down to the sexual organs and 
blend and spiral into one multi orgasmic energy. 


Unconditional Love 


Fig. 6.22 Bring the Orgasm up spiraling up to the organs. 
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4, Be aware of the Muti-Orgasmic Energy in the organs and bring 
them up to the crown and continue spiral up to the Universe. Let 
the orgasm multiply and be aware of the Cosmic Orgasmic and 
lett flow down to the crown and feel all the cells fill with Cosmic 
‘orgasm and flow into the heart then down to the sexual organ 
filling them with compassion and Muti-Orgasmic Energy. 


Universal Compassion: Your compassion arises up. Be aware 
of the multi-orgasm sexual energy and feel it combine with the 
compassion into one energy at the Tan Tien. Be aware the cos- 
mos galaxy and expand your compassion through the universe. 
The Universe puts us in touch with the universal compassion. 


Fig. 6.23 Universal Compassion 


This compassion practice is the major practice for all the Fu- 
sion and Kan & Li practices. The compassion fire is the most im- 
portant energy of the transformation and will be use in all the prac- 
tices. 
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Practice compassion through the Act of Forgiveness. 
To forgive is to let go. 
Always meet conflict with compassion. 


SZ at 


Fig. 6.24 Be aware of the people _Fig. 6.25 People who make you 
that you feel resentment toward. feel angry. 


@ 


Ag y. 


a a 
Fig. 6.26 People that you hate Fig. 6.27 People who hurt you 
or people who hate you. or people who have been hurt by you. 


Fig. 6.28 Send out the abundance of 
compassionate energy that you have 
from the universe, to fill the person and 
to forgive whatever he/she did to you. 
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Oneness with Universe (Oneness with God) 


Fuse Inner Positive Energy with Universal Energy 
through Turning the Dial 


In Fusion of the Five Elements, the collection points were used to 
gather and store the energy of the organs. From the collection 
points in the body, the energy was drawn down into the pearl. Now, 
in Cosmic Fusion the collection points are expanded to encom- 
pass the Energy Body and the Universal Aura body. So, not only 
are we fusing the emotional energy of the physical body (negative 
emotions, senses and thoughts), but now we fuse the energy of 
the Energy Body and the Universal Body. This creates a much 
more complete practice and a highly refined pearl of energy. Fus- 
ing the elements is the secret to internal alchemy. 

You can think of the different collection points like ingredients 
for a delicious soup. The more energy we can collect, the more 
spices we have for our soup. Alchemy is like cooking. What cre- 
ates a really good soup or food is a combination of ingredients. 
Alchemy is about fusing the elements at our disposal to create 
balance and harmony within ourselves and the world we live in. 

In the beginning of the fusion practice, it seems intricate and 
detailed. Once you get used to the formulas it is a very easy and 
simple practice. Learning a new recipe always takes some time 
and study, but once you have it in your mind, itis easy. The same 
is true with the fusion practice. 


Forming the Collection Points 


The collection points were introduced in Fusion of the Five Ele- 
ments as a way to collect the negative energy from the organs. 
This energy was then directed into the pearl through the pakuas. 
In Fusion of the Five Elements the collection points were associ- 
ated with the energy of the infants and the protective animals. In 
Cosmic Fusion, we are going to expand this practice by forming 
the collection points of the Energy Body and the collection points of 
the Universal Aura Body. These collection points are a reflection of 
the collection points in the physical body. 

For example, the physical heart collection point is located at 
heart center just behind the sternum. The Energy Body collection 
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point is located at the Lower Tan Tien at the top of the navel. And, 
the Universal Aura body collection point is located above the head 
in the Universe. 

These collection points are utilized to create a powerful method 
of fusing all the elements into the pearl. Once all the collection 
points are established, the Energy Body and Universal Aura body 
collection points are rotated. This way there are different colors at 
the various collection point sites. For example, the collection points 
at the Energy Body are tumed clockwise — the green is on the 
upper point, red is at the left, white is at the bottom, and blue is on 
the right. The Universal collection point is rotated counterclock- 
wise — white is the upper point, blue is at the left, green at the 
bottom, and blue at the right. Creating different colors at each of 
the collection points takes the fusing process to another level of 
intensity. These colors are then mixed and blended into the caul- 
dron and formed into a powerful pearl 


Universal Body (@) 


ro.) 


Physical Body 


Fig. 6.29 Fuse inner position energy with universal energy. 
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gas/liquid pressure sensor 


Pressure measurement devices that do not contain any electronics, such as a nondi 
tal tire-pressure gauge or a mercury manometer, are outside the scope of this Encyclo- 
pedia, 


Many pressure sensing methods can be used with both gases and liquids. To avoid 
duplication, gas pressure sensors and liquid pressure sensors do not have separate 
entries. Both types are described here. 


This entry deals almost exclusively with MEMS components. It does not include pres- 
sure measurement devices sold as industrial products. 


Some manufacturers and vendors use the term pressure sensor to describe a compo- 
nent that measures mechanical load or force. In this Encyclopedia, the term only 
describes components that measure liquid or gas pressure. Mechanical load cells and 


force sensors will be found in the section on force sensors, See Chapter 12. 


OTHER RELATED COMPONENTS 


liquid level sensor (see Chapter 15) 
+ liquid flow rate sensor (see Chapter 16) 


+ gas low rate sensor (see Chapter 19) 


What It Does 


A pressure sensor measures the force exerted 
by a gas or liquid, often in a container or pipe. 


Static pressure is measured under conditions 
that change slowly or not at all. Dynamic pres- 
sure is subject to fluctuations. Pressure sensors 
tend to be designed for one condition or the 
other. 


Schematic Symbols 

Many specialized symbols are used in flow dia- 
grams to represent pumps, valves, and sensors, 
including pressure sensors, Typically they 
involve a single letter or an X in a circle. These 
symbols are not generally found in electronic 


schematics, and therefore they are not included 
here. 


Applications 

Barometric sensors are found in barometers 
and weather stations. Altimeters are really a 
specialized form of barometric sensor, used in 
airborne vehicles, Gas pressure sensors have 
many industrial applications, and are used to 
monitor tire inflation in vehicles and the output 
from air compressors. They may also measure 
liquid pressure indirectly, as in a blood-pressure 
cuff. 


Liquid pressure sensors are widely used to 
measure oil pressure in automobile engines 
and hydraulic braking systems. They have med- 
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The Concept of Fusing Inner Position Energy 
with Universal Energy 


The fused collection points are utilized to create a powerful method 
of fusion all the elements into a pearl. 

There are four collections points of the elements; fire, water, 
metal and wood of the physical body, energy body and universal 
body. 

Once all the collection points are established in the Physical 
Body, the Energy Body and the Universal Body we use a dial to 
assist in rotating the patterns of energy. 

+ Understanding that the physical body is more dense and 

stable; the collections points are fixed. 

+ The energy body is not fixed and is very sensitive to external 
events and the universe. This can be changed. 

+ Universal Energy is always changing and is not fixed. As the 
planets and the body's celluar matter, nuclei, electrons, pro- 
tons all move at different speeds; we use the differences to 
create energy. 

+ The Dial: We use a dial of color to understand the different 
patterns of energy that can be created. Fusing different en- 
ergies will generate more intense energy and a powerlul pearl. 

Moving the color dials assists the imaginative mind to con- 
nect to the pattems of energy. Itis a formula, a pattern for the 
mind to follow. 

In this approach we fuse inside to outside universe and 
outside to inside. You mix fire and water first, then wood and 
metal together. You can do it in pairs of points and then all 
four points, creating four balls of fused energy which are then 
spun very fast above the cauldron where they fuse to form a 
pearl. You can reproduce as many pearls as you want. 

The intensity can make you feel a oneness with the uni- 
verse as part of you becomes part of the universe and uni- 
versal forces. 
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Activate the Three Fires 


‘The Abdominal, the Kidney and the Heart Fires. 

Tan Tien Fire: Bring the fingertips to the navel. Feel the ab- 
dominal fire warming and opening the Lower Tan Tien. The ab- 
dominal fire elicits deep awareness within the body. This aware- 
ness has the power to expand and connect to the entire Universe. 

Kidney Fire: Bring the palms to the kidneys, the fingertips to 
the door of life. Feel the warmth in the kidneys, like a fire under the 
sea. 

Heart Fire: Bring the hands to the heart, palms facing the chest. 
Visualize a glowing ball of light in the heart. Feel the warm radiant 
energy of compassion shimmering through the chest. Make the 
heart soft. Remember the Yin within the Yana. 


Heart Fire 


Tan Tien Fire 


Kidney Fire 


Fig. 6.30 Activate the Three Fires. 


Create the Front Pakua just behind the navel. Control the for- 
mation of the front pakua with assistance from the eyes, ears, nose 
and mouth. As you balance the energy, let the pakua glow with 
light. 
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Chant the Eight Forces by sounding all the trigrams. Visual- 
ize the trigrams forming the front pakua. Chant the proper Yin and 
Yang combinations with each trigram 

Form the Back Pakua: Let it reflect off the front pakua like a 
mirror. In a similar manner form the Left and Right Side Pakuas. 
Feel the energy starting to spiral and blend into the center of the 
abdomen. 

Form the Facial Pakua: The facial pakua is the reverse direc- 
tion of the abdominal pakua because we are looking at the pakua in 
front of the face. Feel the energy of the senses and the face gath- 
ered and collected. If you have time, chant the eight trigrams of the 
facial pakua. 

Form the Universal Pakua: Feel the immensity of this pakua 
surrounding your entire body in every direction. Again if ime per- 
mits, chant the eight directions, forming the pakua. 

Be aware of the heart and all the good virtue energy and fuse 
them together into compassion fire in the heart. 

Be aware of the orgasm energy and multiply then to the organs 
and finally combine them into the heart and becoming one com- 
passion fire of unconditional love. 


Form the Collection Points in the Physical Body: Feel the 
red light in the heart collection point, the blue light in the kidney 
collection point, the green light in the liver collection point, the white 
light in the lungs collection point, and the yellow light in the spleen 
collection point. 

Remove Negative Energies from the Organs: 

Use the senses to help locate the negative energies in the or- 
gans. Look deep inside; smell deep inside; taste deep inside. Lo- 
cate anything you find that you do not like. 

Form the organs’ collection points. Spiral the negative energies 
into the collection points spiraling them into the front pakua where 
they will blend and transform. 

As you spiral the energies from all four Pakuas into the caul- 
dron, you are concentrating them in the cauldron of the body. The 
cauldron, as the center point of the human being, is the center that 
contains the essence of all sense, organ and gland energy. The 
energy directed to the cauldron is transformed and stored for later 
use in the development of the soul and spirit bodies. 
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Using the Dial: Feel the reflection of the colors in the collection 

points in the energy body that surrounds the cauldron. 

Feel the outward reflection of the collection points into the Uni- 
verse. The red ball of light above the head, the blue ball of light 
deep below the feet, the green ball of light to the right, and the white 
ball of ight to the left. 

1. Tur the collection points of the energy body clockwise one sta- 
tion. Turn the collection points of the Universe one station coun- 
terclockwise. 

2. The physical body collection points always remain stationary. 
Now the color sequence is red at the physical heart collection 
point, green below it in the energy body, and white above in the 
Universal collection point. Below, the physical collection pointis 
blue, the energy body is white, the Universal is green, the right 
physical body collection point is green, the energy body is blue, 
and the Universe is red, and on the left the physical body is 
white, the energy body is red, and the Universe is blue. 


Fig. 6.31 Fuse inner positive energy out with universal energy 
through turing the Dial-1. 
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. The fusion process begins here. Fuse the white energy from 
the energy body with the blue ballin the physical collection point 
at the perineum, and fuse both of these energies down to the 
Universal collection point with green light. 

The same process continues with all the collection points. Next, 
fuse the green energy body point with the red physical body 
collection point, moving upward to fuse the white Universal col- 
lection point. Feel the energies fusing together above you. 
Moving to the right side, fuse the blue ball of the energy body 
collection point with the green ball of the physical body, and out- 
ward to fuse with the red ball of the Universal collection point. 
Feel the energy fuse together at the right side. 

. Moving to the left, fuse the red ball of light of the energy body 

with the white ball of the physical body and moving out to fuse 
with the blue ball of the Universal collection point. Feel all these 
energies fuse together at the left. 
Now we bring the fusion process back inside the body. Take the 
fused light below you, drawing it first to the physical collection 
point and then into the energy body collection point. Bring the 
fused energy above the head down to the physical collection 
point and then into the energy body collection point. 


Draw the fused energy from the right back to the physical body 
collection point and then to the energy body collection point. 


Fig. 6.32 Fuse the Universal energy force back to inner positive energy 
and Energy Body through turning the Dial-1. 
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Draw the fused energy from the left back to the physical body 
collection point and then to the energy body collection point. Al- 
ow the four balls of fused energy to spiral around the cauldron. 
Let them increase in intensity and speed, going faster and faster, 
until they blend in the middle of the cauldron forming the pear 

9. Feel any residual energy spiral through the pakuas and fuse 
together into the cauldron, connecting with the brilliant pearl of 
white light. Feel the colors blend and fuse. This is where the 
alchemical process comes to life. At any time during the Fusion 
practice, if you feel the pearl you are working with is lost or di- 
minished simply become aware of the pakuas spiraling into the 
center of the cauldron. 

10. Once you feel the form of the pearl you can simpy fuse the 
energy from inside of the energy body out to the physical and 
out to the universe and back and there is no need to be aware of 
the different color. 


Fig. 6.33 Four fused energy balls spiral on top of the cauldron, 
forming one energy pearl. 


Do as above, only the colors are changed and fuse from the 
energy body to physical body, to the universe and back as Four 
Balls, spiraling faster and fuse into One Pearl 
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Fig. 6.34 Fuse inner positive energy with universal energy 
through turning the Dial-2. 


Fig. 6.35 Fuse the Universe force back to the body and energy body. 


=139- 


Chapter 6: Compassion Fire Meditation Practice of the Creation Cycle 


Fig. 6.36 Fuse inner positive energy with universal energy 
through turning the Dial-3. 


Fig. 6.37 Fuse the Universe force back to the body and energy body. 
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Do the same procedure as before using the Four Fused Energy 
Balls spiraling on top of the cauldron, forming One Energy Pearl as 
you turn the Dial. You spend more time using Dial-2 and Dial-3 


positions, A 
© 


e 
~ 


Fig. 6.38 Forming the Cauldron and the Pearl 


Creation Cycle Foundation Practice 


1. Fuse the Pearl to help activate virtue energy. The Inner Smile is 
the first step to connecting your consciousness to all your or- 
gans and glands. This is actually the first step of the Fusion of 
the Five Elements practice. It is important to remember how 
powerful and sublime smiling inward can be. 

2, The next stage of practice is removing negative emotional en- 
ergy from the organs. The negative energy is brought from each 
organ to its corresponding organ collection point and then to the 
pakua where it is neutralized. When all negative energies are 
brought to all four pakuas and are under control and all residual 
energies have been brought to the back and side pakuas, the 
energies are then spiraled and compressed into the cauldron. 
There they are formed into the pearl of energy. As you collect 
the energies and direct their flow to the cauldron, you feel your 
center point illuminate with the bright light of the pearl. 
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3. Be aware the energy, physical and universal collection points, 
fuse them together and fuse back to form the bigger pearl. 

4, The pearl is capable of activating, attracting and absorbing a 
great amount of good virtue energy. For this reason the pearl is 
circulated to each organ following the Creation Cycle. After prac- 
ticing Fusion of the Five Elements, the pearl is brought from the 
cauldron to the perineum and is then circulated in the Microcos- 
mic Orbit. 

5, When you are ready to begin Cosmic Fusion, the pearl is brought 
to the Heart to begin the Creation Cycle. The Heartis the begin- 
ning point of this cycle because it is in the Heart that Compas- 
sion resides. 

6. At this point there is a great awareness of each organ and the 
energy that each one is supplying. A continuation of this aware- 
ness is necessary for properly practicing the Creation Cycle of 
Cosmic Fusion. It is especially important that all negative en- 
ergy has been removed and neutralized beforehand; otherwise, 
as the virtue energy of the pearl increases, so will the negative 
‘energy as you move the pearl through the Cycle. 

7. In Fusion of the Five Elements, you remove the negative emo- 
tion of fear from the kidneys, by first listening to them, because 
the ears and kidneys have a connection. The removal of fear 
from the kidneys leaves room for the positive virtue of gentle- 
ness inherent in the kidneys to grow. 

8. Now, in beginning the Creation Cycle of Cosmic Fusion, you 
focus your smile on the virtues of joy, love and happiness in the 
Heart. Feel the virtues growing and purifying. It is important to 
develop a genuine virtue here. You can spit out words like love, 
joy and happiness without meaning them. But like the love that 
is mentioned in the Bible (1 Corinthians 13), ithas to be real and 
true; otherwise it is just a sounding brass or a tinkling cymbal. 
You have to flesh it out and breathe life into it. 

9. Here is the way to do the Creation Cycle of Cosmic Fusion: 
Feel the unconditional love of the Universe flowing down into the 
Heart. With this combination of virtues — love, joy, happiness, 
unconditional love — you can definitely transform yourself, your 
organs and those around you. 
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ical applications, and monitor water pressure in 
municipal systems and pumped supplies. 


Design Considerations 
As a result of random molecular movement, 
gases will tend to disperse to fill a container. 
After a gas reaches equilibrium, the pressure 
will be almost equal in all directions, affected 
only slightly by gravity. Where a gas is in a 
sealed, rigid container, pressure will vary line- 
arly with temperature. 


A liquid will tend to accumulate at the bottom: 
of any container under the force of gravity. Liq- 
uid pressure in a container will be highest at 
the bottom, because of the weight of liquid 
above it. However, because almost all liquids 
are not easily compressible, they transmit force 
from any point in a container to any other 
point, including the sides of a container. 


Units 


Pressure is measured as force per unit area, 
which can be expressed in a confusing variety 
of unit 


In the United States, gas and liquid pressure are 
still often expressed in pounds per square inch, 
abbreviated as PSI, or more often as psi, or 
sometimes as Ib/in?, 


In standard international (SI) units, 1 bar of 
pressure is approximately equal to atmospheric 
pressure at sea level. Millibars are popular 
among meteorologists, 1 millibar being 1/1000 
of a bar, equivalent to 100 pascals, where 1 pas- 
cal= 1 newton per square meter. 


A boars equivalent to 14.504 psi. 


Blood pressure is measured in millimeters of 
mercury, because mercury manometers were 
used for this purpose originally. Atmospheric 
pressure may also be measured in millimeters 
of mercury, because the earliest barometers 
used a tube containing mercury. In the United 
States, some sources still refer to inches of mer- 
cury. 


> gas/liquid > pressure 


How It Works 


Pressure sensing usually entails three stages. 


A sensing element translates pressure 
into the mechanical displacement of a 
flexible part. 


2. A transducer converts mechanical dis- 
placement into an electrical effect, 
either modifying resistance or creating 
a small voltage or current. 


3. Electronics are used for signal condi- 
tioning. This may entail modifying a 
nonlinear signal, or may convert an 
analog output to a digital output. 


As pressure sensors are increasingly taking the 
form of MEMS devices, all three stages may be 
combined in one silicon chip. 


Basic Sensing Elements 

Figure 17-1 shows four types of sensing ele- 
ments that are used, or have been used, to con- 
vert pressure into mechanical motion, In each 
case, a green arrow shows where gas or liquid is 
introduced under pressure. 1: A Bourdon tube 
flexes under pressure, increasing its radius. The 
tube is hollow, open at one end and sealed at 
the other. 2: A coiled Bourdon tube uncoils par- 
tially under pressure, causing the top end to 
rotate. 3: A simple flat diaphragm. 4: A ribbed 
diaphragm. 


112 Encyclopedia of Electronic Components Volume 3 
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10. Let the positive Heart energies of love, joy and happiness acti- 
vate the positive Spleen energies of openness and faimess and 
centeredness. Blend this with the Universal energy and feel the 
yellow light descending to the Heart and Spleen. 

11. Let the positive Heart energies of love, joy and happiness acti- 
vate the Lung energies of courage, strength and righteousness. 
Blend these energies with the Universal energy and see the 
white light from above flow into the Heart and Lungs. Let the 
Positive Heart energies of love, joy and happiness activate the 
Kidney Energies of gentleness, softness and calm in the Kid- 
neys. Blend both energies with Universal Energy and see the 
blue light coming down from above into the Heart and Kidneys. 

12. Let the positive Heart energies of love, joy and happiness acti- 
vate the Liver energies of kindness, generosity and benevo- 
lence. Blend these energies with Universal energy and see the 
green light flowing from above into the Heart and Liver. You can 
do this meditation a few times. 

13. Blend all the positive organ virtues in the Heart, creating Com- 
passion Energy. You may manifest this as a Pearl. Move it in 
the Microcosmic Orbit spiralling it from 10,000 to 60,000 times 
a minute. 
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Fig. 6.39 Creation Cycle 
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14. This completes the basic Fusion practice. These steps will be 
repeated through the rest of the formulas in the book. In the 
beginning it seems like a lot of work in constructing all the 
pakuas, chanting, collecting the energy to fuse into the pearl. 
Once this formula is set up, the whole process happens very 
quickly. It is not necessary to do all the steps every time. You 
might only want to chant the trigram one time instead of three. 
Remember, these extra steps are there to increase the strength 
of the pearl and expand our consciousness to connect with the 
Universe. With this powerful peart it is time to begin Cosmic 
Fusion with the Creation Cycle. 


Begin Cosmic Fusion: Creation Cycle 


1. Activate the compassion fire and multi-orgasm energy and com- 
bine them together connecting with the universe. 

2. Form the pearl through the fuse from the inside to the universe 
and from the universe and back to the body to the form a pearl. 
Bring the Pearl down to the Perineum. 

. Feel the pearl connecting to the kidney energy. 

. Listen to the Gentleness Virtue of the Kidneys. 

5, The negative emotion of fear has already been removed from 
the kidneys. The energy remaining in the kidneys is their virtue 
energy of gentleness. Listen quietly to the gentleness of the kid- 
neys, and be aware of the qualities of gentleness energy: cold, 
calm, blue, soft and silky and tenderness. Enjoy these quali- 
ties. You can intensify them by concentrating on them, Bring the 
pearl from the perineum to the kidneys, and add the gentleness 
‘energy to the pearl at any moment when you feel the pearl weak, 
just form another pearl, 

6. Now bring the pear! back to the kidneys collection point at the 
perineum, where the gentleness will grow in intensity. All of the 
neutralized energy that is the pearl now will take on the virtue 
energy of gentleness. 


Be 
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Fig. 6.41 Left and Right Collection Points 
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Direct the pear! to the liver. Gentleness energy fuses with the 
kindness virtue of the liver. 


Note: Use the 
power of the mind 
more than muscle 
power to gather the 
energy. 


1. Become aware of 
the kidneys. 


2. Do the Kidneys’ 
‘Sound (Choooo) 

5. Relax and draw subvocally, 
the cold energy to 
the collection point’ 


from the kidneys. 


4. Pull up the 
perineum and push 
the energy ball out, 
Form the kidneys’ 


collection point. 3. Pull up the left 


‘and right sides of 
Kidneys’ the anus. Send 


Collection the energy to the 
Ral Right Side (= Side __ kidneys. 


the Anus 


Fig. 6.42 Forming the Collection Point to gather the Kidneys’ Energy. 


7. Gentleness blends with kindness, the virtue of the liver. Look 
into the liver, connecting the eyes with the liver, Be aware of the 
kindness energy there. As you bring the pearl carrying the gentle- 
ness energy from the kidneys toward the liver, feel the gentle- 
ness energy activate and enhance the kindness energy. Enjoy 
the kindness energy. Feel the kindness intensify. Circulate the 
kindness energy in the liver. Its qualities can feel strong, round, 
smooth, soft, green, sweet and fragrant, warm and pleas- 
ant. You can feel satisfied, 
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8. Absorb the kindness energy into the pearl, and bring the pearl to 
the liver collection point (at the level of the navel and in line with 
the right nipple). 

Here the combination of gentleness and kindness will inten- 
sify. Remember to relax and smile. Direct the pearl to the heart. 
Gentleness and kindness energy fuse with love, honor and re- 
spect and joy in the heart. 


1. Become aware of 
the liver. 


2. Do the Liver's 
Sound (Shhhhhh) 
subvocally. 


4, Form the liver's 
collection point by 
pulling up on the 
right side, under 


the ribs, and 
forming a green 3. Pull up the 
sphere. Gather << ight side of the 


the liver’s energy. anus toward 


Right Side the liver. 


Fig. 6.43 Forming the Liver's Collection Point to gather the Liver's Energy. 


9. Connect the tongue with the heart. Using your mind’s eye and 
senses, allow the pearl, now consisting of gentleness and kind- 
ness, to flow up to the heart. Let the virtue energy of the pearl 
activate and enhance all the loving energy, joy and happiness, 
honor, respect and peace in the heart. These good virtues of 
the heart can feel straight and open, bright red, warm, deep, 
calm, comfortable and satisfying. Enjoy the virtuous feelings 
of the heart. The feeling will be different for each person as the 
energy blends. Feel the warmth and openness in the chest. 
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10. Let the pearl absorb the honor, respect, love and joy. Bring the 
pearl down to the heart collection point behind the sternum. 


1. Become aware 
ofthe heart. 
(+ 2. Do the Heart's 
‘Sound (Hawwwww) 
subvocally. 


4. Pullthe heart and 
thymus's energy. 
into the heart's 
collection point. 


6. Pull the heart 
energy into the front 
pakua. Use your 
mind and eyes to 
blend the hot and 


cold energies. 
5. Pull the kidneys’ 


energy from the 
perineum into the 


front pakua. 3. Pullup the anus 


toward the heart 
— and form the heart 


collection point. 


Fig. 6.44 Form the Heart's Collection Point and blend the Heart's Energy 
with the Kidneys’ Energy in the Pakua. 


The pearl can now blend the virtue energies of the heart in a 
balanced way with the kindness and gentleness energies al- 
ready within the pearl. Feel the collection point glowing. Then 
direct the pearl to the spleen/pancreas. 


Note for Women: Women should be careful when the pear is in 
the heart center. As a natural endowment women tend to have 
more loving energy in the heart. When a woman loves she often 
forgets herself. This amount of love can heat up the heart center 
and the practice can feel uncomfortable. It is best not to remain for 
too long in the heart if you feel uncomfortable. 
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11. Be aware of the connection of the mouth with the spleen and 
pancreas. As the pearl arrives at the spleen and pancreas, the 
honor and respect, love and joy energy that is now part of the 
pearl fuses with the spleen virtues of fairness and openness. 
The faimess and openness virtues of the spleen can feel ex- 
pansive, clean, dry, bright yellow, smooth, warm, clear and 
soft. Enjoy these feelings. 

12. Let the pearl absorb the faimess and openness energy. Feel 
the pearl take on the qualities of the faimess and openness 
virtues in addition to the kindness, gentleness, honor and re- 
spect virtues that already are present there. Bring the pearl to 
the spleen collection point behind the navel at the front pakua. 


1. Become aware 
ofthe spleen. 


2. Dothe Spleen 
‘Sound (Whoo00) 
subvocally, 


3. Pull up the 
spleen energy 
form the navel 
and blend into 
front pakua, 


Spleen 


The collection point 
ofthe spleen’s 
energy is the center 
ofthe front pakua. 


Fig. 6.45 Gathering the Spleen’s Energy Directly into the Pakua. 


Feel the faimess and openness energy intensify as it com- 
bines and blends with all the neutral and virtue energies already 
present in the pear. Direct the pearl to the lungs. 

13. The Energy of faimess and openness fuses with the courage 
and righteousness virtues of the lungs. 
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Connect the nose to both lungs. As the pearl arrives at the lungs, 
split the pear! into two pearis, one for each lung. The energy of 
faimess and openness that is now part of both pearls fuse and 
‘enhances the courage and righteousness energy of the lungs. 
When you feel righteous, you can feel tall, straight, uplifted, 
comfortable, strong, firm, proud and satisfied. The energy 
can be fresh, bright, white and pure. Enjoy the qualities of 
this energy. 

14. Let the pearls absorb the courage and righteousness energy. 
Bring both pearls to the collection point of the lungs (at the level 
of the navel and in line with the left nipple). Feel the courage 
and righteousness energy intensify as it circulates in the lungs. 
Let the pearis blend these virtues with their kindness, gentle- 
ness, honor, respect, fairness and openness energies. 


1, Become aware of 
the lungs. 


2. Do the Lungs’ 
Sound (Ssssssss) 
subvocally. 


4. Form the lungs" 
collection point by 
pulling up on the 
left side and 
forming a white 
sphere. Gather 


3. Pull up the right the lungs energy. 


and left sides of the 


anus to the lungs. 


Fig. 6.46 Forming t wrthe Lungs’ Energy. 


Direct both pearis to both kidneys. Courage and righteous- 
ness fuse with gentleness: the cycle begins again at the kid- 
neys. 
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15. As the pearls arrive at each kidney, the combined virtues of the 
pearls (especially the energy of courage and righteousness) 
‘enhance gentleness and the cycle begins again at the kidneys. 
Repeat the cycle two more times. As you circulate the pearl in 
the second cycle, you will begin to notice that as the pearl ar- 
rives at each organ, the virtues will grow by themselves. Little 
by little, the energy will blend more evenly. 

16.For the third cycle, bring the pearl from collection point to col- 
lection point without going into the organ first. With your atten- 
tion on the collection point, the energy will flow into the organ 
without conscious effort, and will join with the virtue energy to 
flow back toward the collection point. In this way the virtue en- 
ergies are enhanced and increased each time you bring the 
pearl to a collection point. If you wish you can practice the third 
round of the Creation Cycle three more times simply by bring- 
ing the pearl to the collection points. Each time you blend the 
energy, you increase it. 

17. Your energy now begins to have the quality of fine soup, with 
the proper combination of ingredients. Be aware of the quality 
of this energy. Itis very special. Fuse all good virtues energies 
into compassion energy. Creating a pearl of compassion en- 
ergy requires a tremendous amount of purified energy. Com- 
passion energy is not just love or kindness, gentleness or open- 
ness, but is a combination of all the good virtues’ energies, 
blended in proportion to become compassion energy. When 
you fuse the proportional blend of good virtue energy into a pearl 
‘of compassion energy, you will feel more centered. The energy 
of this pearl feels very different from the pearl you first formed. 
Move the compassion energy through the micracosmic orbit. 

18. When you feel the pearl of compassion energy strongly, move 
it down to the perineum. Using your mind and senses, begin to 
move all of the compassion energy through the microcosmic 
orbit, letting its bright pearl shine as it travels along, Feel the 
different quality of this energy. Be aware of the loving, comfort- 
able, very beautiful way the organs feel as the energy runs 
through and spreads into them, filling them with life-force en- 
ergy. If you feel tired at any time, you can temporarily rest the 
pearl at your navel and practice the spinal cord breathing tech- 
nique described in the Chapter preceding this meditation. Re- 
turn your concentration to the pearl to form it again and return it 
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to the microcosmic orbit for circulation. Move the pearl through 
the microcosmic orbit 9-18 times. 


Fig. 6.47 Circulate the pearl in the Microcosmic Orbit. 


Shoot the Pearl above the Crown. 


1. As the pearl runs through the Microcosmic Orbit, begin to acti- 
vate the Cranial Pump. Press your tongue to the palate, clench 
your teeth, pull back your chin and roll your eyes up toward the 
crown. Feel the pulsing in your heart and in your head at the 
crown. You can touch your pulse at the wrist to help your aware- 
ness of the pulse both at the wrist and the crown. Your mind 
also helps to activate the Cranial Pump. 


¥ 


ev 


Fig. 6.48 Pull the eyes into their sockets. 
Roll the eyes up and look up to the crown. 
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= # 
Figure 17-1 Sensing elements. See text for deta 
The sensing elements numbered 1 and 2 are 
less likely to be used in modem systems, 
although a coiled Bourdon tube may be used to 
tum a potentiometer in low-cost oil-pressure 
sensing designs. Number 3 is well suited to 


MEMS devices, as it can be etched into silicon 
using the principle illustrated in Figure 17-2. 


How It Works 
Gas pressure 
Plezoresistor Cavily _—_—Silcon die 


Figure 17-2 A section of aflat-diaphragm pressure sen- 
‘sor, viewed fram the side. An aperture inthe top face of 
the chip allows air to enter. The sensor is etched into sill- 
‘con, and the deflection of the wafer is measured using 
‘embedded piezoresistors. 


Relative Measurement 

Pressure is a relative measurement. It is 
expressed relative to a reference pressure of 
some kind, Three types of measurement are 
commonly used: 


1. Absolute pressure, relative to the zero 
value of a vacuum. 


2. Gauge pressure, relative to ambient 
pressure (that is, pressure in the envi- 
ronment around the sensor). Air pres- 
sure is the reference source for gauge 
pressure, and a vent is incorporated 
into the sensing system. 


3. Differential pressure. In this case, the 
pressure being measured is relative to 
some other pressure—for example, the 
pressure differential between two 
sealed tanks, 


Figure 17-3 illustrates these three measurement 
types. 


Chapter 17: gas/liquid pressure sensor 113, 
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2. Inhale, be aware of and squeeze the anus and then exhale quickly 
to push the pearl up through the crown. 

3. You might be aware of a light, beam or frequency shooting out 
of your crown. This is the lead light first introduced in Fusion of 
the Five Elements. Sometimes it is called an indicator light be- 
cause it will indicate how high up your pear! will be able to go. 
Just as a light is used to guide helicopters to their landing point, 
So will you use the lead light to guide the pearl back to the crown 
point. 

4, Direct all of your senses to push the pearl up to the area six 
inches to two feet (15-60 centimeters) above your head. Move 
the pearl up and down, left and right. 

5. Feel the Universal Force, the forces of the North Star and Big 
Dipper above your head, and the Cosmic Particle Force in front 
of you as they shine down to your pearl. Feel your pear! start to 
absorb this energy and then feel it expand. 

6. Bring your awareness to your feet. Feel the energy supplied 
throughout your body through your feet. This is the Earth En- 
ergy. The pear! continues to expand with all the energy coming 
to it from outside the physical body. 

7. When you are ready, activate the Cranial Pump again. Press 
your tongue up, clench your teeth, pull back your chin, pull up 
your anus and look up to the crown. Feel the beating in your 
heart and the pulse at your crown. 

8. Activate the lead light, and letit shine up from your crown. It may 
feel like a frequency going out of the crown. Draw the pearl down 
to the lead light. Inhale and draw the pearl down. 

9. Circulate the pear! in the Microcosmic Orbit. Then bring it down 
to the navel and to the cauldron at the body's center. Collect the 
energy at the cauldron. 

10.As you collect the energy and relax the mind, the pearl may 
disintegrate. Sometimes when you release the pearl, it vanishes. 
Itis returning its energies, now enhanced by all virtue energies 
and the outside forces, to the organs and glands. They become 
stronger and healthier each time you practice. Each time you 
gather the energy and form the pearl again, the pear! will be 
stronger. 
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Summary 

1. Trust and Believe (Concept and Desire). 

2. Visualization turns into activation. 

3. Think and let it happen. It will become easier with practice. 
Once you understand the practice and go through the practice 

a few times, you can just simply use the mind and recall the past 

experience and there is no need to go through all the steps. Think 

and let it happen. 

Fusion Opening: Fusing Universal Energy 

1. Inner Smile-Activate Compassion first (Love and Sexual En- 
ergy combined). 

2, Activate Three Fires. 

3. Create Pakuas; Front, Back, Facial, Universal. 

4, Form Cauldron, spin Pakuas. 

5, Form organ Collection Points of Physicial Body. 

Energy Body and Universal Body. 

Remove Negative Energy from the Organs. 

Sense the Colors of the Collection Points imagine the Dial-1,2,3 

of Colors. 

8, Fuse inner Positive Energy of the Energy Body and Physical 
Body with Universal Energy through turning the Dial-1,2,3. 

9. Fusion of the Universe Energy back into Body and Energy Body. 

10. Create Four Balls of fused energy and spin them very very fast 
above the Cauldron. 

11. Form a Pearl, 

Begin Cosmic Fusion: the Creation Cycle. 

Be aware of the heart and cauldron activating the compassion fire. 

1. Listen to the Gentleness Virtue of the Kidneys. 

2. Gentleness Energy activates the Kindness Virtue of the Liver. 

3. Kindness Energy activates Honor, Respect, Love in the Heart. 

4, The Energy of Honesty and Respect activates the Fairness 
and Openness Virtues of the Spleen and Pancreas. 

5, The Energy of Faimess and Openess activates the Courage 
and Righteousness Virtues of the Lungs. 

6. Courage and Righteousness enhance Gentleness: the Cycle 
Begins again at the Kidneys. 

7. Combine all Good Virtues energies into the Heart and create 
Compassion Energy. 

8. Move the Compassion Energy through the Microcosmic Orbit. 

9. Shoot the Pearl above the Crown. 

10. Practice Chi Massage. 
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Chapter 7 
Opening the Thrusting Channels 


Theory of the Thrusting Channels 


Alter the positive emotional energy of the organs is absorbed into 
the pear, itis then circulated in four of the four special channels: 
the Microcosmic Orbit (Governor and Functional Channels), the 
Thrusting Routes, and the Belt Routes. The Thrusting Routes run 
through the center of the body, linking the "chakra" centers. The 
Belt Routes spiral around the body, strengthening the aura and 
providing a form of psychic self-defense. The second part of the 
Cosmic Fusion practice involves opening these three Thrusting 
Channels. 

The Thrusting Channels are a powerful means to clean out the 
negative emotions and detoxify the organs and glands. Set into 
action, the three Thrusting Channels will serve as strong and effi- 
cient ways to check your center and observe the status of your 
emotions. 

The Thrusting Channels run from the perineum to the crown 
and are separately identified as the Middle, Left and Right Thrust- 
ing Channels. The Middle Thrusting Channel begins directly at the 
perineum and runs vertically up to the crown. The Left Thrusting 
Channel is located one and a half to three inches to the left of the 
Middle Channel, while the Right Thrusting Channel is one and a 
half to three inches to its right. 

When you are feeling emotional, you can check the Thrusting 
Channels, especially the Middle Channel, to discern whether you 
are off-center. You will know if you are out of balance when you feel 
the emotions running more on the left side or on the right, instead 
of through the middle of the body. If you center the emotions through 
the Middle Thrusting Channel, and keep the Left and Right Thrust- 
ing Channels in balance, you will very quickly center yourself. The 
Thrusting Channels serve as guidelines to decision-making in your 
daily life. 
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7.1 Four Psychic Channels 


Procedure for Opening 
the Thrusting Channels 


The Thrusting Channels need the tremendous energy of good vir- 
tue to help them open. Begin by forming a pearl of virtue energy. 
With your continued, conscientious practice of the compassion 
fire and the fuse the inside with the outside energy to form the 
pearl, you will be able to assimilate the energies into a new and 
stronger pearl, a pearl that responds to your intention. This means 
that all you need do to form a new pearl is concentrate on the 
cauldron and the pearl in it, and on the front, back, left and right 
pakuas and fuse inside with the outside energy. Control of the in- 
ternal weather, senses, organs and emotions will be possible in as 
little as a few seconds. You do not have to go through all the steps 
of chanting and collecting the energies every time you do the Fu- 
sion practice. It is helpful and creates a stronger experience if all 
the steps are taken. So the first step to opening the Thrusting Chan- 
nels is to construct the pakuas, chant the eight directions, form the 
collection points of the Physical Body, the Energy Body and the 
Universal Body, and fuse them together into the pear 
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The pearl will be thrust up from the perineum (or testicles in 
men). Each Thrusting Channel precisely penetrates the body. 


Although it may seem difficult at first, using your beautiful pearl 
will help make it easier. Other aids such as pulling up the anus and 
inhaling help the energy move in each of the three Channels. Once 
you are able to pass the energy through the Channels, you will find 
that the energy will move by itself without assistance. 


Note: You must be very careful and gentle with this procedure. If 
the energy reaches the heart and head too quickly using the Thrust- 
ing Channels, the heart will become congested and you may 
experience pressure. If the heart becomes congested and over- 
heats with energy: (1) Do not thrust above the diaphragm and (2) 
Practice the Heart Sound. Do not overheat the heart, liver or head. 


Initially the Thrusting Channels have approximately a one-half 
to one inch diameter. Once they are activated, they can become 
very wide. At first concern yourself with drawing the energy directly 
up. Later, when you have become familiar with the process, the 
energy can be spiraled up each route. 


Seated Position 


Like many other Universal Tao exercises, the methods of opening 
the Thrusting Channels are practiced from a seated position. Sit- 
ting on a chair with your feet touching the floor and your spine erect 
connects you with two important energy ‘wires’: Earth Energy and 
Heavenly or Universal Energy. The Energy Body you eventually 
create needs the ground wire of Earth Energy to hold and support 
it. Otherwise, you can become disoriented and lost. Once your are 
more in control of the energy you can practice standing, or lying 
down on a bed or the floor. 
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Anal Muscle 


If you do not strengthen your anal muscle, you will not progress 
very far in any of the Universal Tao System's practices. The anus 
muscle is connected to the perineum and everything in the body 
above it. If you invest all of your money on building the top floors of 
a building, and do not invest anything in the foundation, the building 
will fall. Think of the anus and perineum as your foundation. The 
anus muscle is used to seal your “lower gate.” Closing this orifice 
helps to retain and prevent loss of your energy. 


‘Anus Muscle 


‘Anus Muscle 


Fig. 7.2 Anal Muscle 
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Saliva 


Saliva is yet another aid in performing these exercises. Once you 
have been able to bring the energy up through all the routes to the 
crown successfully, saliva generation becomes very important. 

In the body, the moon influences the kidneys, which are linked 
with the salivary glands, the ovaries and semen. When the kidneys 
are stimulated during sex, the Chi is raised up through the spine, 
then it flows down in the saliva, and the kidneys’ essence trans- 
forms into sexual energy. The saliva has two functions: purifying 
the mouth, and nourishing our immortality, the water of life. The 
energy from the saliva lubricates 100 joints, and it stimulates and 
harmonizes the organs. Itis very important to enhance the produc- 
tion of saliva by absorbing the moon's energy through the breath 
absorption exercises. It is a sign that the techniques are working 
when the saliva floods into the mouth. 

Although saliva is a lubricant for the Channels, it first serves as 
an agent to burn and clean them out of any impurities that could 
block the flow of energy. So when resting during the practice of 
opening the thrusting channels move your tongue around to create 
saliva. Make it thick and swallow down forcefully, feeling it go down 
the channels that you are working on (See the book “Elixir Chi 
Kung’ by Mantak Chia). 


Fig. 7.3 Saliva 
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A person experiences the Thrusting Channels according to his 
or her kinesthetic or visual perceptions. The majority of people are 
more kinesthetic and can undeniably feel the quality of the con- 
densed energy as it passes through each level of the channels. 

Visual people can see patterns and colors. The Thrusting Chan- 
nels, like the organs they intersect, have corresponding colors. 
The Left Channel is Red, Middle - White and Right - Blue. Regard- 
less of your perceptual tendency, both the senses and the organs 
are used to control the Thrusting Channels. 

The denser or more polluted the organ, the more energy is 
requires to pass through the affected Thrusting Channel 

As a safety precaution and as preparation to be able to move 
the energy to prevent it from sticking, the Thrusting Channels are 
opened in four stages. The pearl is brought (1) up to the diaphragm; 
(2) up to the neck; (3) up to and out of the crown; (4) down to the 
feet, into the ground; and up to the crown. 

This will be done a total of nine times at each stage in the fol- 
lowing sequence: (1) left, (2) middle, (3) right, (4) middle, (5) left, 
(6) middle, (7) right, (8) middle and (8) left. 
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Men & Women Practices: Open Channels Differently 


Once the channels have been completely opened, men and women 
practice differently. Without stopping, men will thrust the energy 
directly up through the Thrusting Channels and out of the crown. 

They then will bring the energy back in to flow down the Thrusting 
Channels and down through the soles of the feet into the ground. 

They can continue to bring the flow up around the body and in 
through the crown. Without stopping, women will thrust the energy 
down through the soles of the feet into the ground and then up 
through the Thrusting Channels to and out of the crown. They then 
spray the energy down around the body, tuck it under the feet and 
draw it back in through the toes. 


For Men: Spiral 
inches clockwise above 


universal Chi tio 
the three Thrusting 
Channels and d 
the ground 


For Women: Spiral six 
feet under the ground 
anticlockwise. Once 
the pool of e 

builtup, draw the 

universal Chi plus th 
healing earth Chi up to 
the feet and through the 
bod 


Fig. 7.4 Cosmic Thrusting and Belt Channels 
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Practice of Opening the Thrusting Channels 


1. Form a Pearl and Send it to the Perineum 

Ina seated position smile down to your organs and glands, and 
put yourself in a state of relaxation and happiness, Begin with the 
meditation exercises of the Creation Cycle to form a pearl of com- 
passion energy. 

As you have leamed, there are many steps in forming such a 
pearl. However, once you have programmed yourself to all of these 
steps through continued practice, you can simply push the button 
and the whole program is activated. When you are able simply to 
sit quietly and feel the sensation of compassion energy forming, 
you are pushing the button and the entire process takes very little 
time. In other words once you have experienced compassion en- 
ergy, all you need to do is to recall the state to create the energy 
again. You will not need to go through the entire process each time. 
You will know when you look at the pearl whether or not the pro- 
cess has been completed. If you find something is not right, you 
can review the steps and find out where the problem is. 

As the pearl is forming, use your mind and senses to control it. 
Slowly move it down to the perineum. At any time during your prac- 
tice, if the pearl seems to weaken, diminish, or you lose track of it, 
return to the navel and quickly form a new pear. Bring that pearl to 
the perineum and resume practice. 

While you are learning how to bring the energy up through the 
channels, it is easier to focus on the organs the channel passes 
through than to focus on the channel. You might think of the pro- 
cess as learning how to read. Once you are able to read, you no 
longer have to think about your ABC's. 


2, Stage One: Thrusting Channels to Below the Diaphragm 
A. Left Thrusting Channel to the Diaphragm 

In all Universal Tao practices itis important to train the power of the 
mind and senses to control our energy (Chi). The power of mind, 
eye and heart guides the Chi, providing a way to control and direct 
your life force. Breathing techniques also help to activate the Thrust- 
ing Channels. It is necessary to have some control over indepen- 
dent breathing through each nostril. Since in the beginning this is 
difficult to do, you can use your right index finger to cover the right 
nostril. Feel the breath on the left side only. Use the left eye, ear, 
and nostril to assist you in drawing up the energy. 
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Figure 17-3 Three ways in which pressure is measured. 


Variants 


Ambient Air Pressure 

‘A barometric sensor measures the pressure of 
air around it. This is an absolute value, relative 
toa vacuum. 


‘The earliest barometers consisted of a tube 
sealed at one end, containing mercury. No air 
was allowed to enter the tube. It was inverted 
so that its open end was immersed in a small 
reservoir that was open to the air, the pressure 
of which supported the column of mercury in 
the tube. Thus, the height of the column was 
ratiometrically equivalent to atmospheric pres- 
sure. Because low air pressure is often an in 
cator of inclement weather, a barometer was a 
very simple tool for weather forecasting. 


‘A modern barometric sensor consists of a chip 
with a vent hole in its upper surface, allowing 
ambient air pressure to reach a sensor inside 
the chip. A popular example has been the 
Bosch BMP085, shown soldered onto a break- 
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out board in Figure 17-4. The BMP180 has a 
very similar specification, the primary differ- 
ence being that it is designed for a SPI bus 
instead of I2C. For additional details about pro- 
tocols such as SPI and I2C, see Appendix A. 


Figure 17-4 A Bosch barometric sensor on a breakout 
board. The background grid is in millmeters. 


This sensor uses a supply voltage ranging from 
approximately 2VDC to 3.5VDC, but a breakout 
board includes a voltage regulator that toler- 
ates a SVDC supply. The output is digitized for 
access by a microcontroller, but the format is 
quite complex and consists of raw data that 
must be converted to air pressure by applying a 
formula. The manufacturer offers free code in 
the C language for this purpose. A thermome- 
ter that is built into the chip enables tempera- 
ture compensation, 


Subsequent products from Bosch include the 
BME280, which adds a humidity sensor. Break- 
out boards using this and other barometric 
chips are available from sources such as Spark- 
fun and Adafruit, where Arduino code libraries 
to interpret the data are available for download. 


Altitude 
A barometric sensor can be used to determine 
altitude. At sea level, air pressure is approxi- 
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1. Left Testicle (Men), Left Ovary (Women) and Left Kidney 

a. Sit up, using your mind, heart and eye power to look inside 
and be aware of the perineum. Also become aware of your 
left nostril, left ear, left eye and left anus. 

b. Activate the Left Thrusting Channel by inhaling through the 
left nostril in short sips (about ten percent of lung capacity 
with each breath.) 

c. Then men slightly pull the left testicle and the left side of the 
anus up toward the left. Women slightly pull the left side of 
the anus up toward the left. Draw the pearl up with each sip 
of air. The left eye should internally look down, and then use 
the mind/eye power to look up as the pearl is drawn up. (The 
physical eyes do not actually look up.) Women direct the pear! 
tothe left ovary and the left kidney; men direct the pear to the 
left kidney. 

4d. Exhale, relax the eye and the muscles, letting the pearl drop 
to the left side of the anus (and left testicle in men), and rest. 
Rest and feel the left side become lighter as the energy be- 
gins to flow up without effort. Practice nine times. Each time 
you rest use your mind to trace the Left Thrusting Channel. 


Left Side of the Brain 
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Fig. 7.5 Left Part in the Male 
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Kidney 
Ovaries 
Fig. 7.6 Left Part in the Female 
2. Spleen 


Close the right nostri, inhale, and pull up. As you sip in the air, 
use the mind power and the left eye, ear and nostril to draw the 
energy up from the left testicle (men), through the left ovary 
(women), the left kidney, and up to the spleen. Exhale; release the 
energy down. Practice nine times. Rest, and feel the energy flow 
up the Left Thrusting Channel to the spleen under the diaphragm. 


B. Middle Thrusting Channel to the Diaphragm 
1. Prostate (Men) or Cervix (Women) 

Men concentrate on the middle of the scrotum, perineum, and 
anus. Women concentrate on the middle of the perineum and anus. 
Inhale, and pull up the middle of the scrotum (men), perineum and 
anus. Use all the senses to draw the energy up to the prostate 
(men) or cervix (women). Look up with both eyes as you do so. 
Relax the eyes and anus muscle, and let the pearl drop back down 
to the perineum and scrotum (men). Feel the energy begin to flow 
up as you rest. Do this nine times. 


2, Small/Large Intestine, Aorta and Vena Cava 

Inhale and pull up the scrotum (men only) and anus. Use the 
eyes, ears, and nose to draw the energy to the prostate/cervix, 
small intestine, large intestine, aorta and vena cava. Do not thrust 
beyond the diaphragm. Practice nine times. Rest, and feel the en- 
ergy flow up through the Middle Thrusting Channel to the vena cava. 
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3, Stomach and Pancreas 

Follow the above procedure and thrust through the middle or- 
gans to the stomach and pancreas. Practice nine times. Swallow 
the saliva, rest and feel the energy flow in the Middle Thrusting 
Channel up to the diaphragm. 


Crown: 
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Fig. 7.8 Middle Part in the Female 
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C. Right Thrusting Channel to the Diaphragm 
1. Right Testicle (Men), Right Ovary (Women) and Right Kidney 

a. Close the left nostril with the index finger of the left hand. Use 
the right eye, ear and nostril to direct the energy up the right 
channel. Put your right hand on the right kidney. 

b. Inhale in short sips equal to ten percent of lung capacity. Look 
up with the right eye. Pull up the right testicle (men only) and 
the right muscle of the anus toward the right side. Direct the 
energy up the right Thrusting Channel to the right ovary 
(women) and kidney. Practice nine times. 

c. Exhale and rest. Let the pearl drop down, returning to the 
perineum and right testicle (men only.) Feel the right side 
become lighter as the energy flows up the Right Thrusting 
Channel to the right kidney without effort. 
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Fig. 7.9 Right Part in the Male 


-166- 


Cosmic Fusion 


Thyroid and 
Parathyroid Gland 


RightLung 


First Pull Up 
in the Middle 


Right Sid 
Ovaries\\| 


Fig. 7.10 Right Part in the Female 


Adrenal Gland 
Right Kidney 


2, Liver 
Close the left nostril, inhale and pull up. Use the right eye, ear 
and nostril; draw the energy up from the right testicle (men only), 
through the right ovary (women only), the right kidney and up to the 
liver. Exhale, relax and let the pearl return to the perineum. Prac- 
tice nine times. Rest, and feel the flow of energy through the Right 
Thrusting Channel to the liver, under the diaphragm. 
a. Combine all Three Routes 
Continue to practice moving the pearl up and down through 
a combination of all three Thrusting Channels to under the 
diaphragm in the following nine steps until the energy is flow- 
ing easily: (1) Left Channel; (2) Middle Channel; (3) Right 
Channel; (4) Middle; (5) Left; (6) Middle; (7) Right; (8) Middle; 
and (9) Left. Ithelps to quicken the speed with each attempt. 


Note: Stay relaxed during this exercise, and avoid using force. 
Once you are accustomed to thrusting the pearl and feel that the 
channels are clear, there is no need to close the nostrils for the left 
and right channels. Just simply pull up the perineum and anus, and 
use the power of the mind. 
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b. Clearing the Routes with Saliva 
End by preparing the saliva. First sweep your tongue across 
the outer surface of your upper teeth, starting on the left side 
at your wisdom tooth, with the tip of the tongue going along 
the gums. When you arrive at your upper right wisdom tooth, 
move the tip of your tongue down to the lower right wisdom 
tooth and move along the front of the lower teeth. When you 
arrive at the lower left wisdom tooth, start again at the upper 
wisdom tooth. Circle around in this manner a few times. Then 
similarly sweep along the inner surface of the upper and lower 
teeth and gums. Your mouth will begin to fill with saliva, 

Gather the saliva into a ball using your tongue. Press your tongue 
to the roof of your mouth and swallow the saliva quickly with a 
gulping action, Feel the saliva burn out the impurities in the Chan- 
nels and lubricate them. 

Practice this stage for about one or two weeks until you can 
control the energy very well, then continue to the next stage. Each 
time you finish, move the energy in the Microcosmic Orbit and col- 
lect the energy in the cauldron. When you are ready to continue to 
the next stage, practice Spinal Cord Breathing at this point in your 
preparation. 


Thoracic Vertebrae Aorta 


Pleural Cavity 


Vena Cava 
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Fig. 7.14 Cross Section of the Thorax 
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3. Stage Two: Thrusting Channels to the Neck 


A. Left Thrusting Channel to the Neck 
1. Diaphragm 

Using the procedure described above, bring the pearl up the 
Left Thrusting Channel to below the diaphragm and let it return 
down to the perineum. 
2, Left Thyroid and Parathyroid Glands 

Using the same procedure, bring the pearl up through the left 
ovary (women), left kidney and spleen, and continue to bring the 
pearl up to the left lung, and left thyroid and parathyroid glands. 
Hold fora while, and then exhale. Let the pearl retum to the perineum. 
Practice nine times. 

Be aware of the energy flow up to the neck through the Left 
Thrusting Channel. 


B. Middle Thrusting Channel to the Neck 
1. Diaphragm 

Using the procedure described above, bring the pearl up the 
Middle Thrusting Channel to below the diaphragm, and let it return 
down to the perineum. 
2, Thymus, Thyroid and Parathyroid Glands 

Using the same procedure, bring the pear! up from the perineum 
through the prostate (men), cervix (women), small/large intestine, 
aorta and vena cava, stomach and pancreas. Continue to bring 
the pearl up to the heart, to the thymus gland under the sternum, 
and up to the middle of the neck, thyroid and parathyroid glands. 
Practice nine times. Exhale, relax and let the pearl drop down again. 

Be aware of the Middle Thrusting Channel as the energy flows 
up to the neck. 


C. Right Thrusting Channel to the Neck 
1. Diaphragm 

Using the procedure described above, bring the pearl up the 
Right Thrusting Channel to below the diaphragm and let it return 
down to the perineum. 
2, Right Thyroid and Parathyroid Glands 

Using the same procedure, bring the pearl up from the perineum 
to the right ovary (women), right kidney, liver and continue to bring 
the pearl up to the right lung and to the right thyroid and parathyroid 
glands. Exhale, and slowly release the energy down. Practice nine 
times. 
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Be aware of the Right Thrusting Channel as the energy flows 
up to the neck. 


D. Continue to Practice the Three Thrusting Channels to the 
Neck 

Practice all three Thrusting Channels to the neck, nine times 
each, as delineated for the diaphragm: left, middle, right, middle, 
left, middle, right, middle and left. 


E. Clear the Routes with Saliva 

If your throat feels dry, you can collect and warm the saliva in 
your mouth. Tighten your neck a little bit, and swallow the saliva 
with a guttural sound down to the stomach. Feel the saliva like a 
fire clearing all three channels. 

Practice this stage for about one or two weeks, each time fin- 
ishing by moving the pearl in the Microcosmic Orbit and collecting 
itin the cauldron. 


F. Rest and Concentrate on All Three Channels 
Rest and concentrate on all three channels, visualizing the left 
route as red, the middle as white, and the right as blue. 


4, Stage Three: Thrusting Channels to the Crown 


In stage three of opening the Thrusting Channels, the pearl is 
thrust through the channels up to and out of the crown. 


A. Left Thrusting Channel to Crown 
1. Left Eye 

Follow the above procedure for thrusting through the Left Thrust- 
ing Channel to the neck, and continue thrusting to the left eye. 
2, Crown 

Repeat the Left Thrusting Channel to the left eye and continue 
to thrust the pearl up through the left hemisphere of the brain to the 
crown. Practice nine times. Rest, and mentally trace the Left 
Thrusting Channel from the perineum to the crown. 


B. Middle Thrusting Channel to the Crown 
1. Mideyebrow 

Repeat the Middle Thrusting Channel procedure as described 
to the neck and continue thrusting to the mideyebrow. 
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2. Crown 
Repeat the Middle Thrusting Channel to the mideyebrow, and con- 
tinue to thrust the pearl up through the pituitary gland to the pineal 
gland at the crown. Practice nine times. Rest, and mentally trace 
the complete Middle Thrusting Channel. 


C. Right Thrusting Channel to the Crown 
1. Right Eye 

Repeat the Right Thrusting Channel procedure as described to 
the neck and continue thrusting to the right eye. 
2. Crown 

Repeat the Right Thrusting Channel to the right eye, and con- 
tinue thrusting the pearl up to the right hemisphere of the brain and 
then to the crown. Practice nine times. Rest and trace the route 
mentally from the perineum to the crown. 


D. Continue to Practice the Three Thrusting Channels to the 
Crown 

Continue to practice the three Thrusting Channels to the crown 
nine times as was delineated for the diaphragm and again for the 
neck: left, middle, right, middle, left, middle, right, middle and left 


Fig. 7.12 Three Thrusting Channels up to the Crown 
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You now have succeeded in bringing the pearl through the 
Thrusting Channels to the crown. Your goal is to follow the se- 
quence above using nine thrusts distributed among these three 
channels. Be aware of how and where the energy flows through 
the three Thrusting Channels, and how the three channels pen- 
etrate all the organs and glands. These channels are very power- 
ful. They clean, detoxify and purify the organs at a much deeper 
level. 


E. Bring the Pear! into the Microcosmic Orbit 

When you have finished this stage of practice, you can bring the 
pearl into the Microcosmic Orbit and circulate it. Feel the Micro- 
cosmic Orbit encircling the Thrusting Channels. The top and bot- 
tom of the Thrusting Channels are joined with the Microcosmic 
Orbit at the crown and the perineum. 

Use your mind to assist the flow of energy through the Thrusting 
Channels and through the Microcosmic Orbit when the pearl 
reaches the crown point or the perineum point. 

Your Microcosmic Orbit practice will change dramatically after 
you learn the Fusion of the Five Elements meditations. When you 
first practice the Microcosmic Orbit, the energy you move through 
your channels is raw energy. By contrast, when you reach the level 
of Fusion practice, the energy is more refined and condensed, and 
it is therefore much more powerful. The Fusion practice includes 
the Microcosmic Orbit, so it might be said that the Fusion medita- 
tion is simply a more advanced way of practicing the Microcosmic 
Orbit meditation. 

Practice this stage for two or three weeks until feel you have 
gained control of the energy. 


5. Extending the Three Thrusting Channels above the Crown 


Once we have purified and transformed the negative energy of 
the organs back into usable life-force energy (Fusion of the Five 
Elements), distilled this energy along with the virtue Chi of the or- 
gans into the pearl (Cosmic Fusion), and opened all our reservoirs 
or special channels, giving us a larger energy capacity, we can 
increase our virtue energies further by connecting with the external 
sources of Five Elements Chi and directing the external Chi to- 
ward its associated organs. Moving the pear! out of the physical 
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mately 101kPa (kilopascals), or 760 millimeters 
of mercury. At 5,000 meters altitude, air pres- 
sure drops to S6kPa. The transition is nonlinear, 
changing most rapidly at lower altitudes, 


Air pressure will be affected by temperature 
and weather conditions. Weather is unlikely to 
affect the value by more than plus-or-minus 
1%, and temperature has a smaller effect; but 
the barometric sensor can be reset to a zero 
point based on current temperature and 
weather data. 


Gas Pressure 

Thousands of board-mountable gas pressure 
sensors are available from retail component 
suppliers. The need to make connections via 
tubing imposes a minimum size limit on these 
parts. Many have a through-hole format, but 
even the surface-mount variants can be rela- 
tively large (e.g. 1mm x 10mm). Most tend to 
have barbed tubing ports, the “barbs” being 
ridges to retain push-on flexible tubing. Output 
may be analog or digital, the digital protocol 
being designed for I2C, SPI, or plain TTL serial 
buses. 


These components are designed for pressures 
ranging up to 500kPa (kilopascals). Some man- 
ufacturers use psi in their specifications, while 
others use bars and millibars, and a few state 
gas pressures equivalent to inches of water. 


Dual-ported gas sensors for differential pres- 
sure measurement can be used for gauge 
measurement (Le, relative to ambient air) if one 
port is left open. Absolute pressure sensors 
have only one port, as they measure pressure 
relative to a vacuum maintained inside the 
chip, behind the diaphragm. 


+ Some gas pressure sensors can do dual 
duty as liquid pressure sensors, but 
others cannot, and datasheets must be 
consulted carefully, as online vendors 
may not include this information prom- 
inently. 


The sensor in Figure 17-5 by All Sensors Corpo- 
ration is designed for flexible tubing with 1/16" 
internal diameter (1.6mm). Its pin spacing is 
0.1" (254mm), making it breadboardable. This 
sensor is intended for gases only, but has a 10- 
inch” water-equivalent rating, meaning that it 
can tolerate a maximum pressure equivalent to 
that of a 10-inch (25.4cm) column of water. 


When supplied with up to 16VDC, an internal 
Wheatstone bridge circuit provides an analog 
output that varies ratiometrically by a few mill- 
volts over the full range of measurable pres- 
sures (the exact specification depending on the 
power supply). The output may be amplified 
with an external op-amp. Although this is a dif- 
ferential sensor, it can provide gauge pressure if 
one of the ports is left open. 


Figure 17-5 A gas pressure sensor for use wit 1/16 
(6mm) internal diameter flexible tubing. The back- 
round grid isin millimeters. 


The larger sensor in Figure 17-6 is in the ADCA 
range from All Sensors Corporation, designed 
for flexible tubing with 1/8" internal diameter 
(3.2mm). This is intended for gases only, and 
has a “S-inch” water-equivalent rating. It 
requires a SVDC power supply and has an inter- 
nal op-amp that provides an output that varies 
ratiometrically by 0.2VDC (centered on 4VDC) 
over the range of measurable differential pres- 
sures, Like its smaller cousin, it can provide 
gauge pressure if one of the ports is left open. 
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body makes it easier for the pearl to absorb these energies. It be- 
comes like an antenna that receives the external Chi and conducts 
itinto the physical body. In this way, we again nourish our health in 
this life as well as strengthening the Energy Body and spirit in prepa- 
ration for the next. 


Fig. 7.13 Three Thrusting Channels above the Crown 


After you gain full control of the energy, you will be able to send 
the pearl out of the body at the crown. Begin to practice quickly 
forming a fresh pearl in the practice of formimg the pearl by fuse in 
and out and back to the inside to form a pearl. Follow with the 
Creation Cycle. Then, thrust the pearl up through the Thrusting 
Channels to quickly clear out these routes. You are now ready to 
extend the channels above the crown. 
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Bring the energy down to the perineum, and start with the Left 
Thrusting Channel up to the left crown, Push the pearl out at the 
crown of the head to about three to six inches (seven and a half to. 
fifteen centimeters) above the crown. Similarly, push the pear! out 
of the crown through the Middle Thrusting Channel, and then the 
Right Thrusting Channel 


Pull the eyes upwards 


Fig. 7.14 Use Physical and Mental Power to push the 
Pearl of Energy up through the Crown. 


Each time you push the pearl out at the crown, be aware of an 
energy balll hovering about six to ten inches (fifteen to twenty-five 
centimeters) over the crown. Draw and absorb the Heavenly En- 
ergy to the pearl. Then slowly let the energy melt and flow down to 
the crown, and then into the body, all the way down through the 
three Thrusting Channels to the perineum. 


6. Stage Four: Leg Routes and Thrusting Channels into the 
Ground 


In the final stage of opening the Thrusting Channels, the energy 
will go all the way down to the feet and into the ground, and then up 
through the channels with each thrust. After you have formed an- 
other new pearl by practicing Fusion of the Five Elements and the 
Creation Cycle of Cosmic Fusion, bring the energy down to the 
perineum. 
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Sole of the Feet 


Fig. 7.15 Three Thrusting Channels down to the Ground. 


A. Bring the Energy Down to the Soles of the Feet 
1. Left Thrusting Channel 

Split the pearl in two, and bring the energy from the perineum 
down the back of both legs to the backs of the knees, and then 
down to the heels and soles of the feet. Stop for a while, and ab- 
sorb the Earth Energy through the soles. Then bring the energy up 
the front of the legs through the big toes, knees, front of the thighs, 
all the way back to the perineum. Recombine the pearl at the 
perineum. Then run the energy through the Left Thrusting Channel 
by slightly tightening the left side of the anus and looking up with 
the left eye. Bring the pearl all the way up through the left hemi- 
sphere of the brain and left crown, and out to three inches (seven 
and a half centimeters) above the crown. Relax, and bring the pearl 
down to the perineum. 
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2, Middle Thrusting Channel 
From the perineum, split the pearl, and bring the pearl down the 
backs of both legs to the soles of both feet. Absorb the Earth En- 
ergy through the soles, then move the energy up to the toes, to the 
knees, returning to the perineum. Recombine the pearl at the 
perineum. Now bring the pear all the way up the Middle Thrusting 
Channel, squeezing the middle of the anus and looking up with 
both eyes. Bring the pearl all the way up through alll the organs and 
glands to the crown, and out to three inches (seven and a half 
centimeters) above the crown. Then bring it down to the perineum 
again, 
3. Right Thrusting Channel 

From the perineum, split the pearl, and bring it down the backs 
of both legs. Absorb the Earth Energy through the soles of the feet. 
Then bring the pearl up again to the perineum. Recombine the 
pearl at the perineum, Use the right anus muscle, look up with the 
right eye, and bring the pearl all the way up the Right Thrusting 
Channel through the right hemisphere of the brain and out of the 
crown three inches (seven and a half centimeters.) Bring it down 
to the perineum. 

Continue bringing the pearl to the Thrusting Channels in the fol- 
lowing sequence: left, middle, right, middle, left, middle, right, 
middle, and left, finishing each step by looping the pearl through 
the leg route. End on the left side of the perineum. Swallow the 
saliva, as described before. 


B. Bring the Energy into the Ground 

Once you have practiced bringing the pearl down to the soles of 
the feet for a while, add a new step. Begin by shooting the energy 
from the perineum down the backs of the legs and through the 
soles of the feet, from six inches to one foot into the ground. Feel a 
connection or rooting to the earth, then draw the energy up to the 
soles of the feet, to the toes, up the front of the legs, and into the 
Thrusting Channels. 

With this step you have completed opening all the Thrusting 
Channels. Practice for two or three weeks until you develop full 
control of the energy traveling through these channels. 


7. Men and Women Now Practice Differently 
At this stage all the Thrusting Channels and Leg Routes are 
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open, and men and women start to practice differently. Both quickly 
practice Fusion |, and the Creation Cycle and Thrusting Channels 
of Fusion II, and bring the pearl to the perineum. 


A. Men start by bringing the Pearl to the Crown. 

Men bring the pear! from the perineum up to and out of the crown 
to about six inches (fifteen centimeters.) Feel your pearl hook up 
with the higher energy source, Heavenly Energy. Absorb this en- 
ergy into the pearl. Then bring the energy back into the body. As it 
enters the crown, let the pearl split in three. Feel the energy pen- 
etrate through three holes at the top of the head. Feel it flowing 
back down to the perineum through the three Thrusting Channels, 
penetrating all the organs and glands. 


Fig. 7.16 Bringing the Pearl to the Crown 


From the perineum men will push and guide the energy down 
the back of both legs to the soles of the feet, and then six to twelve 
inches (fifteen to thirty centimeters) into the ground. Feel a con- 
nection or rooting to the earth, then draw the Earth Energy up to 
the soles of the feet. Bring the energy to the toes. Start to spread 
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the energy out from the ten toes, shooting the energy up to and into 
the crown, like a waterfall with a reverse flow. Draw the pearl back 
down to the perineum, and then repeat the process. 

Practice nine times. Feel the flow of energy like a magnetic field 
surrounding your body. 


B. Women start by bringing the Pearl to the Feet. 

Women bring the pearl down to the perineum, divide it, and shoot 
it down the backs of both legs, through the soles of the feet, six to 
twelve inches (fifteen to thirty centimeters) into the ground. Feel a 
connection or rooting to the earth, and absorb the Earth Energy 
into the pearl. Then draw the Earth Energy up to the soles of the 
feet. Bring the energy all the way up the front of the legs to the 
knees, and back to the perineum. As the energy travels up the 
legs, feel it penetrate the bones. 


Fig. 7.17 Women bring the Pearl to the Feet. 
Spread the energy into the three Thrusting Channels, and thrust 


it as though it were on a three lane highway all the way up to the 
crown. Feel the energy spread from the crown like a spring or wa- 
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ter fountain pouring out of the body, entering into the soles of the 
feet, where it again joins together with energy from the earth. While 
the energy is outside and circling the body, itis also gathering pure, 
radiant Cosmic Energy. Repeat this meditation nine times. 


8. Finishing the Meditation 

Both men and women should finish by collecting the energy at 
the cauldron and practicing Chi Massage. This completes the prac- 
tice of the Thrusting Channels. Continue to practice for a few weeks 
until you gain control of it. 


Additional Exercise for Opening the 
Thrusting Channels 


Alternate Nostril Breathing 

The alternate nostril breathing helps to generate more power in 
moving the pearl up and down the Thrusting Channels. By closing 
one side of the nose, it is easier to move the pearl through the 
specific left or right channels. 

Hold the right nostril closed with the finger tips. 

Inhale up through the left nostril, and feel the pearl move up from 
the perineum to the crown. 

Exhale out through the left nostril and bring the pearl back down 
to the perineum. 

Inhale through the left nostril and bring the pear! to the Middle of 
the perineum, 

Close both nostrils and suck the pearl up through the middle 
Thrusting Channel to the crown. This suction is created by an 
inhaling motion without actually drawing any air into the lungs. 

Hold the right arm down towards the ground and exhale any 
cloudy or gray energy out of the Thrusting Channel. 

The same procedure is repeated in the Right Thrusting Chan- 
nel. 

Hold the left nostril closed with the finger tips. 

Inhale up through the right nostril, and feel the pearl move up 
from the perineum to the crown. 

Exhale out through the right nostril and bring the pearl back down 
to the perineum. 

Inhale through the right nostril and bring the pearl to the middle 
of the perineum. 
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Close both nostrils and suck the pearl up through the Middle 


Thrusting Channel to the crown. 
Hold the left arm out and down to the ground, exhaling any cloudy 


gray energy down to the Earth 
Repeat 3— 9 times or until you feel the Thrusting Channels clean 


and clear with positive energy. 


Fig. 7.19 Exhale cloudy energy out of the Thrusting Channel. 


-180- 


Cosmic Fusion 


Summary 
Opening the Thrusting Channels 


Begin the Fusion practice by Opening the Three Fires, activate 
the compassion fire forming the pakuas by chanting the eight forces, 
forming the collection points, fusing the colors, and forming the 
pearl. Review the explanation discussed previously. Once you feel 
the pearl is strong and full of energy, you do not have to go through 
all these stages all the time. Just think and let it happen. 


The Thrusting Channels are Opened in Four Stages. 
(1) o the diaphragm; (2) to the neck; (3) to and out of the crown; 

(4) down to the feet, into the ground; and up to the crown. 

1. The Left Thrusting Channel penetrates the left testicle (in men), 
left side of the perineum and anus, left ovary (in women), left 
kidney, spleen, heart, left lung, left parathyroid and thyroid glands, 
left ear, left eye, and left hemisphere of the brain. 

2, The Middle Thrusting Channel runs through the middle of the 
scrotum (in men), perineum, middle of the anus, cervix (in 
women), prostate (in men), aorta, vena cava, pancreas, stom- 
ach, heart, thymus gland, throat, tongue, pituitary, hypothala- 
mus, and pineal glands, and crown. 

3. The Right Thrusting Channel goes through the right testicle (in 
men), right side of the perinium and anus, right ovary (in women), 
right kidney, liver, right lung, right parathyroid and thyroid glands, 
right ear, right eye, and right hemisphere of the brain. 


Note: Avoid overheating the heart, liver, or head. Be very gentle 
with this procedure. If the energy reaches the heart and head too 
quickly the heart will become congested and you may experience 
pressure. If the heart overheats with energy, avoid thrusting above 
the diaphragm, and practice the Heart Sound (Hawwww). 


Strengthen your anus muscle, the foundation, connected to the 
perineum and everything in the body above it. Saliva purifies the 
mouth, and nourishes immortality. When resting, create and gather 
saliva. Make it thick and swallow down forcefully. 
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Fig. 7.20 Thrusting Channel 
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Figure 17-6 gas pressure sensor for use with 1/8 
(2.2mm) internal diameter flexible tubing. The back 
‘ground grid isin millimeters. 


What Can Go Wrong 


Vulnerability to Dirt, Moisture, and 
Corrosive Materials 

MEMS pressure sensors containing very d 
cate, very small sensing elements must inevita- 


tluid> gas/liquid > pressure 


bly come into direct contact with gases and, in 
some cases, liquids. Datasheets will provide 
warnings regarding humidity and corrosive flu- 
ids, but the risk of contamination with dirt 
remains. Liquids should be filtered to minimize 
this risk. 


Barometric sensors have a hole in the package, 
exposing the sensor element to the ambient air 
This vent must be protected from direct con- 
tact with the environment. 


Light Sensitivity 

If light is allowed into the vent hole in a baro- 
metric sensor, it can create photocurrents in the 
chip. This will affect accuracy. 


ue 
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Chapter 8 
Belt Channels 


Theory of the Belt Channel 


The Belt Channel is a psychic channel of power and self-defense, 
encircling the body with energy. It protects the body and fences the 
energy within the Governor, Functional and Thrusting Channels, 
while warding off negative energy from the outside world. Starting 
at the navel each Chi center of the body is crossed and encircled 
by one level of the continuing Belt Channel. 

A cross-section at the navel level would show the Belt Channel 
connecting to the other channels you have learned to this point. At 
the front of the body, the Belt Channel connects with the Functional 
Channel, As it moves to the left side it connects with the Left Thrust- 
ing Channel. At the Door of Life in the back, it connects with the 
Governor Channel. To the right it connects with the Right Thrusting 
Channel. Returning to the front, the circle is completed. 

When you learn to form a pearl practicing Fusion of the Five 
Elements, and you draw the energy from the front, back and side 
pakuas at the level of the navel, you are laying the groundwork for 
the Belt Channels, 


Procedure of Forming the Belt Channel 


The Belt Channel begins at the navel and spirals upward in a coun- 
terclockwise direction through solar plexus, heart, throat, 
mideyebrow, and crown. Then, reverse the energy flow and circle 
the pearl clockwise as you move down through the above points to 
the navel. From the navel continue down to the sexual center, 
perineum, knees (around both knees), and soles of the feet (slightly 
into the ground). Finally, reverse the direction and work up through 
each point back to the navel. 
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Fig. 8.1 Use the eyes to help spiral. 


Note:To circle to the left is to circle counterclockwise; circle coun- 
terclockwise as you move the pearl up. To circle to the right is 
clockwise; circle clockwise as you move the pearl down. 


The peat! is circulated in each Belt Channel nine times. After 
the ninth time of circling each point, you will cross each channel 
internally with the pearl by moving the pearl from front to back, and 
from left side to right side. Each time you will end with the pearl at 
the front, and then move on to the next level Belt Channel. 
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Practice of Forming the Belt Channel 


Ascending from the Pakuas 

1. Situp, back straight, shoulders relaxed, feet touching the floor. 
Hold the hands together, and touch the tongue to the palate. 

2, Practice the Inner Smile, Fusion of the Five Elements, chant- 
ing, the collection points, fusing the energy into a pearl and the 
Creation Cycle of Cosmic Fusion. Continue with your practice 
of Cosmic Fusion by sending the energy through the three full 
Thrusting Channels (all the way down to the feet and up to the 
head.) 

3. You are ready to begin forming the Belt Channel. First, form the 
four pakuas and a pearl. Gather the pearl at the cauldron, and 


bring it to the navel. | 
i 2 


Fig. 8.2 Moving the Thrusting Channels out of the Body. 
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4, Join the four pakuas by circulating the pearl from the Navel 
toward the left side (counterclockwise), to the Door of Life, to 
the right side, and back to the navel 

Inthe beginning you can use your hand to assist you in mov- 
ing the pear, although your goal is to use your senses to con- 
trol its movement. Cover the navel with the right hand. Cover 
the left side pakua with the left hand. Then, move the left hand 
to cover the Door of Life, and move your right hand to cover the 
right side pakua. Finally, return the right hand to the navel 

Circle the pearl nine times counterclockwise. As you are 
ascending you will circle it nine times counterclockwise from 
each point in a similar fashion 

5. When you finish circling the pakuas for nine rounds, be aware 
ofthe navel. Be aware of the channel of the navel. Form a cross 
by bringing the pearl from the navel to the cauldron, and all the 
way back to the Door of Life. Then, bring the pearl back to the 
cauldron, and use it to connect the side pakuas from the left 
cross to the right. Return the pearl to the navel. 


Nose 


Governot 
Right Thrusting Channel 


Channel Middle Thrusting 


Left Thrusting 
Channel * 


Functional 
Channel 


Fig. 8.3 Cosmic Belt Channels connecting to all the other Channels. 
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6. Move the pearl up from the navel to the left side of the rib cage 
to a position level with the Solar Plexus. Begin to circle the 
pearl at the solar plexus level. Circle the pearl toward the left 
through T-11 at the back, to the right, and return to the solar 
plexus. Circle nine times, ending with the pearl at the solar 
plexus. Take a moment to perceive it. Then create an internal 
cross with the pearl, moving it from front to back, and then from 
left to right. 

7. Bring the pearl from the solar plexus to the left side rib cage, 
this time at the level of the Heart. Circle nine times toward the 
left to the middle of the shoulder blades, to the right, and back 
to the heart center. Circle in this manner for nine rounds. Using 
the pearl, form an internal cross connecting all four sides. Feel 
the connection of the channel. 

. From the heart center, bring the pearl up to the left side of Throat 
Center on the neck. Circle the pearl toward the left and back to. 
C-7, to the right side, and to the middle of the throat center nine 
times. Use the pearl to form an intemal cross connecting all 
four sides. Practice and master this step before continuing up 
to the crown. 


Fig. 8.4 Bring the pearl up to the upper tip of the left ear. 
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9. Bring the pearl up to the upper tip of the left ear at the level of 
the Mideyebrow Center. Circle the pearl nine times from the 
left ear back to the small brain, to the right (upper tip of the ear), 
returning to the mideyebrow. Feel a band of energy flowing 
around the mideyebrow, ears, and back of the head. Using the 
pearl, form an internal cross connecting all four sides. The feel- 
ing is one of wearing a crown with a cross at its center con- 
necting it. 

10. From the mideyebrow bring the pearl up to the left side of the 
Crown, and circle the energy nine times in a counterclockwise 
direction at the crown, End with the pearl at the front. Using the 
pearl, form a cross connecting the front, back, and both sides 
of this Belt Channel. 

11. Allow the pearl to go out above the crown, and circle the energy 
nine times toward the left forming a Halo of Energy. Use the 
pearl to cross the halo, front to back, and left to right. Collect 
the energy from above the head. 


Fig. 8.5 Spiral aut clockwise above the crown. 


-188- 


Cosmie Fusion 


12. Now reverse the direction of energy flow to a clockwise direc- 
tion by circling from the front toward the right, to the back, and 
to the left. Circle the Halo nine times, ending with the pearl at 
the front. Then cross the front to back, and right to left sides. 
Finish by bringing the pear to the front of the halo. 


Fig. 8.6 Reverse the direction clockwise. 


13. Next bring the pearl back into the right side of the Crown. Circle 
toward the right nine times, bringing the pearl to the back, to the 
left, and ending at the front of the crown each time. Then use 
the pearl to cross the front, back, and two sides. Return the 
pearl to the front of the crown. 

14. Move the pearl down to the upper tip of the right ear. Circle from 
the right ear to the back of the head, to the top of the left ear, 
and to the Mideyebrow nine times. End at the mideyebrow. 
Use the pearl to cross the front, back, and two sides at this 
level, and return it to the front to the mideyebrow position. 
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15. Bring the pearl down to the right side of the neck at the level of 
the Throat Center, and circle right to C-7 at the back of the 
neck, to the left, and to the front of the throat center. Circle nine 
times, ending at the front. Cross the front, back, and two sides, 
also ending by bringing the pearl to the front. 

16. Bring the pearl down to the right side rib cage at the Heart 
Center level. Circle the pearl toward the right, to the back,and 
so forth clockwise for nine times, ending at the front of the heart 
center. Then, use the pearl to cross the front, back, and two 
sides. Retum the pearl to the front again. 

17. Move the pearl to the Solar Plexus. Circle itnine times to T-11 
at the back, and retum to the solar plexus. Cross the front, 
back, and sides. Return the pear! to the front. 

18. Bring the pear! down to the Navel. Circle it back to the Door of 
Life, and back to the navel nine times. From the navel bring the 
pearl to the cauldron, back toward the Door of Life, and return it 
to the cauldron, Use the pearl to cross the right and left sides. 
Retum the pearl to the navel. 


Descending From the Pakuas to the Earth. 

19. Once you have controlled the pear! to this stage of the medita- 
tion, you are ready to move the pearl down to the Sexual Cen- 
ter. Women bring the pearl down to the right side of the ovary 
center, located three inches below the navel. Men bring the pearl 
from the navel down to the right side of the sperm palace, one 
and a half inches below the navel. Circle clockwise back to the 
sacrum, to the lefthip, and to the front of the ovary center/sperm 
palace nine times. Use the pearl to make a cross. Return the 
pearl to the front of the sexual center. 

20. Bring the pear! down to the right groin. Circle the pearl clock- 
wise around the Perineum Point and Lower Hips nine times. 
Use the pearl to form a cross by connecting the front, back, 
and sides. Return the pearl to the front. 

21.Move the energy down and circle toward the back of Both 
Knees, around and to the front, midway between both knees, 
moving the pearl clockwise nine times. Use the pearl to form a 
cross by moving the pearl to the midpoint between the knees 
and connecting the front, back, and sides from this point. End 
with the pearl midway between the fronts of both knees. 


-190- 


Cosmic Fusion 


22. Direct the energy down to the feet, just below the ankles. Circle 
the Soles of the Feet nine times moving the pearl clockwise to 
the heel of the right foot, to the heel of the left foot, to the outer 
side of the left foot, to the front, midway between both feet. 
Form a cross. End with the pearl midway between both feet. 

23. Move the energy from the front of the feet down to a point Be- 
neath the Earth, and circle toward the right (clockwise) nine 
times. Use the pearl to form a cross Beneath the Earth. Keep 
on spiraling more energy to enhance the pearl. Return the pearl 
to the front of the circle. 


Fig. 8.7 Bring the Pearl down Fig. 8.8 Spiral reverse 
to the ground, spiral clockwise. counterclockwise moving up. 
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Ascending From the Earth Back to the Pakuas 

24. Reverse the circle beneath the earth, moving the pearl coun- 
terclockwise again nine times. Use the pearl to form a cross, 
connecting the front, back, and sides. 

25. Move the pearl to the outer side of the left foot. Circle the Soles 
of Both Feet nine times moving toward the left heel, to the 
right heel, to the right foot, and to the front (midway) of both 
feet. Use the pearl to form a cross. End with the pearl at the 
midway point in the front of both feet. 

26. Move up to the left knee. Circle the pearl counterclockwise at 
the Knees nine times. Use the pearl to form a cross. Return 
the pear to the midway point in the front of both knees. 

27.From the front of the knees, move up to the left groin area. 
Circle counterclockwise at the Perineum nine times. Use the 
pearl to form a cross. Return the pearl to the front of the 
perineum. 

28. Direct the energy to the left hip, and circle counterclockwise at 
the Ovary/Sperm Palace nine times. Use the pearl to form a 
cross by connecting the front, back, and sides. End with the 
pearl at the front of the ovary/sperm palace. 

29. Retum the pearl to the navel and to the Cauldron. 


Fig. 8.9 Bring the Pear! up to the navel. 
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‘Humidity sensors and vapor sensors are included in this entry, as they measure concen- 


trations of a liquid while its in its gas phase. 


Sophisticated industrial sensors are available for accurate gas sensing, but this entry 
deals almost entirely with lower-cost solid-state sensors that are often classified as 


board-mount components. 
OTHER RELATED COMPONENTS 


+ gas/liquid pressure sensor (see Chapter 17) 


What It Does 


Small semiconductor-based gas sensors pro- 
vide a low-cost method for detecting specific 
ambient air. The sensors vary thi 
electrical resistance or capacitance in response 
to the concentration of the gas. They may be 
used in conjunction with an alarm system that 
will sound if gases such as propane or carbon 
monoxide exceed a preset level, or if the con- 
centration of oxygen drops below a preset level. 


Because vapor consists of a liquid in its gas 
phase, gas sensors can respond to vapor, as in 
the case of alcohol sensors. 


‘A humidity sensor measures the amount of 
water vapor in the air, which can be important 
in refrigeration, HVAC (heating, venting, and ait 
conditioning), medical equipment, meteorol- 
‘ogy, and storage rooms where art objects, anti 
‘ques, or paper archives must be preserved in an 
environment that is neither too dry nor too 
moist, and is held at a constant temperature. 
Humidity control can be important also in cli: 
mates where growth of mold is a concern. 
Humidity sensors are also used in automobile 
climate control and windshield defogging, and 


in the storage of food, fabrics, wood products, 
and medications. 


High humidity coupled with high temperature 
contributes to the decomposition of many sub- 
stances, while low humidity can cause desicca- 
tion. High humidity can also create damage if it 
causes materials to expand as a result of taking 
up moisture. 


Many methods have been devised to detect 
individual gases, but semiconductor sensors 
are now dominant in applications where accu- 
racy and gas-specificity are not crucial. 


Schematic Symbol 
No specific schematic symbol exists to repre- 
sent a semiconductor gas sensor. 


Semiconductor Gas Sensors 


During the development of transistors in the 
1950s, engineers noticed that semiconductor 
p-n junctions were sensitive to the presence of 
some gases in the atmosphere. This was regar- 
ded as a problem, which was solved by encap- 
sulating transistors to prevent their exposure. 
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Men and Women Practice Differently 


Men: Shoot the Pearl out of the Crown, and Spiral the Pearl down 
from the Crown 


a. 
b. 


Bring the pearl up to the crown. 
Allow the pearl to go out three to six inches above the head. 
Circle nine times counterclockwise. Collect the heavenly en- 
ergy and blend it in the pearl, Then circle it nine times clock- 
wise 

Bring the pear! back into the crown point. 

Spiral it clockwise through each of the Belt Channels all the 
way down to the soles of the feet. 

Move the pear! into the earth six to twelve inches to collect 
the earth energy, and circle the energy nine times clockwise. 
Reverse the direction spiraling nine times counterclockwise. 
Retum the pearl to the front of the crown, and then back down 
to the navel and cauldron in the same manner. 


For Men: Spiral six 
inches cl 


universal Chi dov 
the three Thnusting 
Channels and dotvn to 
the ground 


For Women: Spiral six 
feet under the ground 
ounterclockwise. 
Once the pool of energy 

Quilt up, draw.th 
universal Chi plus the 
healing earth Chi up to 
the feet and through the 
body. 


Fig. 8.10 Men and Women Practice Differently 
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Women: Shoot the Pear into the Earth, and Spiral the Pearl up 
from the Earth 

a. Bring the pearl to the soles of the feet. 

b. Move the pearl into the ground six to twelve inches to collect 
the earthly energy. Circle the energy nine times clockwise. 
Then nine times counterclockwise. 

c. Move the pearl up through the left side of each Belt Channel, 
spiraling counterclockwise to the crown. 

4. Shoot the pearl all the way out at the crown to collect the 
heavenly energy. Circle the energy counterclockwise nine 
times, Reverse the direction, and spiral the pearl nine times 
clockwise. 

e. Bring the pearl back down into the right side of the crown. 
Continue to circle the energy clockwise down through the 
Belt Channel to the soles of the feet. Return the pearl to the 
navel and cauldron in the same manner. 


Forming a Vehicle 


Continue feeling all the pakuas spiraling around the energy center 
and around the body. 


Fig. 8.11 Spiraling the Pearl and Pakuas faster and faster. 
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Let the pakuas spiral faster and start from 10,000 miles per 
hour up to 60,000 miles per hour and feel the spine getting bigger 
and bigger. 


Fig. 8.12 All the Pakuas become a bigger and bigger Pakua 
spiraling around whole the body. 
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Fig. 8.13 The spirals of the Pakua form and become a very big kua and 
form a space ship up to 50 meters in diameter or bigger. 
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Fig. 8.14 Belt Channels 
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Summary 
Procedure of Forming the Belt Channels 


Ascending from the Pakuas 

1. Practice the Inner Smile from the compassion fire, chanting 
from pakua, forming the collection points, fusing the energy into 
a pearl, and the Creation Cycle of Cosmic Fusion. 

2. Send energy through the three Thrusting Channels all the way 
down to the feet and up to the head. 

3. Form the four pakuas and a pearl. Gather the pearl at the caul- 
dron, and bring it to the navel. 

4, Join the four pakuas by circulating the pearl from the Navel 
counterclockwise to the Door of Life and back to the navel. 
Continue circling the pearl nine times around the Thrusthing 
Channels and around the body counterclockwise. 

5, Form a cross. Bring the pearl from the navel to the cauldron, 
and back to the Door of Life. Use it to connect the side pakuas. 
Retum the pearl to the navel. 

6. From navel move to the left side of the Solar Plexus. Begin to 
circle the pearl at the solar plexus level. Circle the pearl to the 
left through T-11 and return to the solar plexus. Circle nine times. 
Create an internal cross with the pearl. 

7. Bring the pearl to the left side of the Heart. Circle nine times 
towards the left, to the middle of the shoulder blades, and back 
to the heart center. Use the pearl to form an internal cross con- 
necting all four sides. 

8, Next bring the pearl to the leftside of the Throat Center. Circle 
the pearl back to C-7, and to the middle of the throat center 
nine times. Form an internal cross. Practice and master this 
step before continuing up to the crown. 

9. Bring the pearl to the upper tip of the left ear level with the 
Mideyebrow. Circle the pear! nine times back to the small brain, 
to the upper tip of the right ear, returning to the mideyebrow. 
Feel a band of energy flowing around the mideyebrow, ears, 
and back of the head. Form an internal cross connecting all 
four sides. 

10. Bring the pearl to the Left Side of the Crown. Circle the en- 
ergy nine times counterclockwise at the crown. Connect the 
front, back, and both sides of this Belt Channel. 
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11. Allow the pearl out above the crown. Circle the energy nine 
times forming a Halo of Energy. Use the pearl to cross the 
halo, front to back, and left to right. Collect the energy from 
above the head. 


Descending Back to the Pakuas 

12. Reverse the energy flow to a clockwise direction. Circle the 
Halo nine times. Then cross it front to back, and right to left 
sides. 

13. Bring the pearl back to the Crown, Circle to the right nine times. 
Then use the pearl to cross the front, back, and two sides. 
14. Move the pearl down to the upper tip of the right ear. Circle from 
the right ear to the mideyebrow. Repeat nine times. Use the 

pearl to form a cross and return it to mideyebrow. 

15. Bring the pearl down to the right side of the neck at the Throat 
Center. Circle right to C-7 at the back of the neck. Return to the 
front again. Circle nine times. Cross the front, back, and two 
sides. Bring the pearl to the front. 

16. Bring the pearl down to the right side of the Heart Center. Circle 
it clockwise nine times, ending at the front. Then, use the pearl 
to cross the front, back, and sides. Retum the pearl to the front 
again. 

17. Move the pearl to the Solar Plexus. Circle itnine times to T-11 
at the back, and retum to the solar plexus. Cross the front, 
back, and sides. Retum the pear! to the front. 

18. Bring the pear! down to the Navel. Circle it back to the Door of 
Life, and back to the navel nine times. From the navel bring the 
pearl to the cauldron, back toward the Door of Life, and return it 
to the cauldron, Use the pearl to cross the right and left sides. 
Retum the pearl to the navel. 


Descending from the Pakuas to the Earth. 

19. Once you have controlled the pearl to this stage of the medita- 
tion, you are ready to move the pearl down to the Sexual Cen- 
ter. Women bring the pearl down to the right side of the ovary 
center, located three inches below the navel. Men bring the pearl 
from the navel down to the right side of the sperm palace, one 
and a half inches below the navel. Circle clockwise back to the 
sacrum, to the left hip, and to the front of the ovary center/sperm 
palace nine times. Use the pearl to make a cross. Return the 
pearl to the front of the sexual center. 
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20. Bring the pear! down to the right groin. Circle the pearl clock- 
wise around the Perineum Point and Lower Hips nine times. 
Use the pearl to form a cross by connecting the front, back, 
and sides. Return the pearl to the front. 

21.Move the energy down and circle toward the back of Both 
Knees, around and to the front, midway between both knees, 
moving the pearl clockwise nine times. Use the pearl to form a 
cross by moving the pearl to the midpoint between the knees 
and connecting the front, back, and sides from this point. End 
with the pearl midway between the fronts of both knees. 

22. Direct the energy down to the feet, just below the ankles. Circle 
the Soles of the Feet nine times moving the pearl clockwise to 
the heel of the right foot, to the heel of the left foot, to the outer 
side of the left foot, to the front, midway between both feet. 
Form a cross. End with the pearl midway between both feet. 

23. Move the energy from the front of the feet down to a point Be- 
neath the Earth, and circle toward the right (clockwise) nine 
times. Use the pearl to form a cross Beneath the Earth. Keep 
on spiraling more energy to enhance the pearl. Return the pearl 
to the front of the circle. 


Ascending from the Earth Back to the Pakuas 

24. Reverse the circle beneath the earth, moving the pearl coun- 
terclockwise again nine times. Use the pearl to form a cross, 
connecting the front, back, and sides. 

25. Move the pearl to the outer side of the left foot. Circle the Soles 
of Both Feet nine times moving toward the left heel, to the 
right heel, to the right foot, and to the front (midway) of both 
feet. Use the pearl to form a cross. End with the pearl at the 
midway point in the front of both feet. 

26. Move up to the left knee. Circle the pearl counterclockwise at 
the Knees nine times. Use the pearl to form a cross. Return 
the pear to the midway point in the front of both knees. 

27.From the front of the knees, move up to the left groin area. 
Circle counterclockwise at the Perineum nine times. Use the 
pearl to form a cross. Return the pearl to the front of the 
perineum. 

28. Direct the energy to the left hip, and circle counterclockwise at 
the Ovary/Sperm Palace nine times. Use the pearl to form a 
cross by connecting the front, back, and sides. End with the 
pearl at the front of the ovary/sperm palace. 

29. Retum the pearl to the Navel and to the Cauldron. 
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Men and Women Practice Differently 


Men: Shoot the Pearl out of the Crown, and Spiral the Pearl down 

from the Crown. 

1. Bring the pearl up to the crown. 

2. Allow the pearl to go out three to six inches above the head. 
Circle nine times counterclockwise. Collect the heavenly en- 
ergy and blend it in the pearl, Then circle it nine times clock- 
wise. 

. Bring the pearl back into the crown point. 

4, Spiral it clockwise through each of the Belt Channels all the way 

down to the soles of the feet. 

5, Move the pear! into the earth six to twelve inches to collect the 
earth energy, and circle the energy nine times clockwise. Re- 
verse the direction spiraling nine times counterclockwise. 

6. Return the pearl to the front of the crown, and then back down 
to the navel and cauldron in the same manner. 


eo 


Women: Shoot the Pearl into the Earth, and Spiral the Pearl up 

from the Earth 

1. Bring the pearl to the soles of the feet. 

2, Move the pearl into the ground six to twelve inches to collect the 
earthly energy. Circle the energy nine times clockwise. Then 
nine times counterclockwise. 

3. Move the pearl up through the left side of each Belt Channel, 
spiraling counterclockwise to the crown. 

4, Shoot the pear all the way out at the crown to collect the heav- 
enly energy. Circle the energy counterclockwise nine times. Re- 
verse the direction, and spiral the pearl nine times clockwise. 

5. Bring the pearl back down into the right side of the crown. Con- 
tinue to circle the energy clockwise down through the Belt Chan- 
nel to the soles of the feet. Return the pearl to the navel and 
cauldron in the same manner. 
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Energy Body 


Once you have practiced to this level, you are ready to form the 
pearl into the Soul Body. 


Fig. 8.15 Energy or Soul Body 


Sorcerers saw that the essence of the universe resembled a 
matrix of energy shot through by incandescent strands of con- 
sciousness or actual awareness. They also ‘saw’ the essence of 
the human form. It was not merely an apelike amalgamation of 
skin and bones, but an egg-shaped ball of luminosity capable of 
traveling along those incandescent strands to other worlds. 
(Wagner, Bruce, “You Only Live Twice”, Details, March, 1994, p.168.) 

Just as itis important for the physical body to be strong so we 
can enjoy optimum health, it is also vital to strengthen the Soul 
Body so it becomes a sturdy vehicle for our consciousness. 
Strengthening Chi nourishes our health and spiritual qualities in 
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During the 1980s, Japanese law required instal- 
lation of sensors in every home to detect haz- 
ardous concentrations of propane gas. This 
encouraged the development of cheap, long- 
lasting components that took advantage of 
semiconductor sensitivity. 


Tin oxide is widely used in a variety of soli 
state gas sensors. A sintered layer of the com- 
pound is deposited on a ceramic substrate in 
combination with other compounds such as 
antimony oxide. The granular layer functions as 
an n-type semiconductor in which electron 
transfer increases when certain gases are adsor- 
bed among the grains. When the gas concen- 
tration diminishes, oxygen atoms displace the 
gas molecules, and the sensor returns to its 
original state. It is unimpaired by being activa- 
ted, and has a life expectancy of at least 5 years 
during active (powered) use. 


Each sensor includes a tiny resistive heater that 
is necessary for the chemical reaction to occur. 
Voltage must be applied to two pins that are 
connected with the heater. Two other pins con- 
rect internally with the sensing element. The 
resistance between these pins will vary with 
presence of the target gas; thus, this type of 
component has a resistive output. 


It sa feature of semiconductor gas sensors that 
they tend to suffer from cross-sensitivity. That is, 
one sensor may respond to more than one gas. 
Manufacturers control this problem to some 
extent by adding filtering material around the 
semiconductor element, or by adjusting the 
proportions of dopants used in the semicon- 
ductor. Datasheets should be consulted care- 
fully to see if a sensor may give false positives 
as a result of other gases that are likely to be 
present in the area where it will be used. 


Figure 18-1 shows an MQ-5 propane sensor 
from Hanwel Electronics. The component also 
responds to methane, hydrogen, alcohol, and 
carbon monoxide, but with much less sensitiv- 
ity, The manufacturer recommends calibrating 


> gas > concentration 


the sensor by using a resistor ranging from 10K 
to 47K in series with the output resistance. 


Figure 18-1 propane gas sensor. The background grid 
is inmillimeters. 


Figure 18-2 shows an MQ-3 alcohol sensor, also 
manufactured by Hanwel. It has some sensitiv- 
ity to benzene, but this is unlikely to be a prob- 
lem, as benzene is seldom present in significant 
concentrations in ambient air. However, the 
response of the sensor to alcohol varies with 
temperature and humidity. Consequently this 
component can only be used as a “breatha- 
lyzer" if the user can be satisfied with an 
approximate response, 


Semiconductor gas sensors are also available 
for detecting methane, carbon monoxide, 
hydrogen, ozone, and other gases. 


These components are not low-current devices. 
Typically the internal heater in the Hanwei 
range has a resistance of slightly more than 30 
ohms, and will draw 150mA to 160mA at SV 
, slightly less than 1W). Because the heater is 
a simple resistive device, it can be used with AC 
or DC. The output resistance of the sensor can 
also be assessed with an AC or DC signal. 
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this life and builds a strong Soul Body to carry us forth into the 
“afterlife” (which is, paradoxically, the here and now). We begin to 
strengthen the Soul Body through what is called in Taoist Inner 
Alchemy “the Inner Elixir’. It is called the Inner Elixir because we 
are working with the energies already within our own body and 
converting them into elixir-like healing essences. Through the medi- 
tation practices of the Microcosmic Orbit and the Fusion of the 
Five Elements, we detoxify, nourish, and integrate the physical body, 
the Energy Body and the emotions. 

‘Always begin by doing the Fusion of the Five Elements practice 
to clean out the negative emotions. 

Chant the eight forces and form the collection points. Let the 
Pakua spinal around the physical body. 

Condense the pearl and practice the Creation Cycle, Thrusting 
Channels and Belt Channels. 

Run the pearl in the Microcosmic Orbit, and control its move- 
ment with the senses. 

Move the pearl to the perineum. Inhale in short sips, drawing in 
ten percent of the lungs’ capacity, while gently pulling up the anus. 
Inhale up to the navel, then to the heart. 

Inhale up to the crown. Swallow your saliva (imagine swallow- 
ing upward, ) and exhale forcefully to open the crown and shoot the 
pearl out. 

Practice moving the pearl up to one foot, two feet, three feet, 
four feet, five feet, and six feet above your head. Go out only as far 
as you are able to maintain control of the pearl, 

Relax the senses, and form the Soul Body. 

Run the pearl in the Microcosmic Orbit in the physical body. 
Open the crown, transfer the Microcosmic pathway into the Soul 
Body above the head. 

Form another pearl in the cauldron, and shoot the pearl into the 
Soul Body. 

Circulate the pearl through the Microcosmic Orbits in both the 
physical and energy bodies together. 

Extend the Thrusting Channels up into the Soul Body. 

Practice all the Belt Channels up through the head, or down 
through the soles, into the Soul Body. Spiral all the pakuas around 
the Soul Body like a space ship. 

Continue to practice until you are in full control of the Soul Body. 
Note: You can also form a Soul Body below you by thrusting the 
pearl through the soles of the feet into the ground. 
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Spirit Body 


Once you are well in control of the Soul Body, you are ready to 
form the Spirit Body. 


Fig. 8.16 Spiritual Being 
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Stage One 


Be aware of the Four Pakuas in each center and spiral them around 

the physical body and the energy body. 

1. Begin to form the spirit body after doing the Soul Body practice. 
Leave the Soul Body above the crown. Form another pearl at 
the cauldron, and run the Creation Cycle. 

2. Form the pearl from compassion energy, a pear! that is more 
blue and gold than the Soul Body pear! 

3. Move this pearl in the Microcosmic Orbit. Bring it down to the 
perineum. 

4, Inhale in small sips, and pull up the anus. Inhale the pearl to the 
navel; then to the heart; and to the crown. 

5. Inhale again, and swallow up. Exhale forcefully to open the crown, 
and project the pearl to the perineum of the Energy Body. 

6. Exhale, and send the pear! to the heart of the Soul Body. Exhale 
again, and send the pearl above the crown of the Soul Body. 

7. Move the pearl up and down approximately twelve inches (30 
centimeters) above the crown of the Soul Body. Then gradually 
extend the pearl further up in one foot (30 centimeters) incre- 
ments. Practice until you are able to move the pearl up and 
down six feet above the Energy Body. 

8. Condense the pearl. Condense the Soul Body. Bring both pearls 
back to the cauldron of the physical body. 


Stage Two 


1. Repeat steps (1) to (7) above, and run the Microcosmic Orbit in 

the physical and energy bodies. 

2. Transfer the Microcosmic Orbit from the Soul Body into the Spirit 
Body, and then run the three Microcosmic Orbits together. As 
an alternative, you can run the Microcosmic Orbit as one large 
channel incorporating all three bodies. 

. Extend the Thrusting Channels to the Spirit Body. 

. Extend the Belt Channels to the Spirit Body. 

. Finish by condensing the energy of both the Soul and Spirit Bod- 
ies into a pearl. Pull the pearl into the physical body. 

6. Collect the energy at the cauldron, and practice Chi Massage. 


aA 
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Chapter 9 
Fusion as a Bridge 


In the overall structure of the Universal Tao, the Fusion Practices 
serve as a bridge between the basic preparatory practices such 
as the Inner Smile, the Healing Sounds, the Microcosmic Orbit, 
Healing Love, Tao Yin, ron Shirt Chi Kung, Cosmic Chi Kung, Bone 
Marrow Nei Kung, Tai Chi and the Higher Inner Alchemy Practices 
of Kan and Li, 

The Fusion Practices are traditionally considered as the core of 
internal alchemy, as they focus on the transformation of emotional 
energies, contained in the major organs of the body, as centers 
and fields of energy which resonate, each with their particular fre- 
quencies, with the energies and forces of the universe. 

Through a process of balancing negative and positive energies 
(Fusion of the Five Elements), the growth of positive energies (Cos- 
mic Fusion) and the opening of meridians to enhance the circula- 
tion of internal energies of the body and make it receptive for out- 
side energies (Fusion of the Psychic Channels), the body gradu- 
ally becomes more open. Thereby the self-healing process, initi- 
ated in the basic practices, is further enhanced, 

Once the strength and health of the body have been restoried 
so that it can serve as a vessel for the forces of the universe and is 
in a position to process them, it is ready for the higher alchemy in 
the Kan and Li practices. In these Kan and Li practices the physi- 
cal body can then give birth to the energy body. Once this has 
taken place the person is ready to give birth to the spirit body, also 
called the Light or Rainbow body. 


Fusion as a Journey of Self-Transformation 


In the Fusion Practices, the body and its path routes are not only 
cleansed and opened, so that the energy from within and from 
outside can flow with more power and ease. Also the energy flows 
in the body are qualitatively raised. Thus the self healing and re- 
generative capacity of the body, already initiated in the basic prac- 
tices is further enhanced. As a result, the body's health and vitality 
receive a new boost and it grows in strength. At the same time, it 
becomes more able to absorb and process the various forces and 
energies from the universe, the cosmos and nature. 
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In the Fusion Practices, the body enters into a dynamic process 
towards new balances. This is an essential condition for the light 
to grow inside. This can then in turn attract the light from heaven 
as its energies become finer, as they blend into a higher quality 
energy created by the blending of love and compassion. This higher 
concentrate of energy is then condensed into a pearl which is sub- 
sequently circulated through the major organs and the psychic 
channels in and around the body. The pear! will help the body to 
feel centered and experience peace and harmony. It will also help 
to cleanse the special channels and enhance the free flow of en- 
ergy. 

The pearl will facilitate the growth and transference of conscious- 
ness from the physical to the energy body and from the energy to. 
the spirit body (Cosmic Fusion), healing it and helping it to center 
and experience peace and harmony. Through the growth of love 
and compassion the body is able to radiate out and receive in the 
love and cosmic energies so that its own Chi is blended with the 
cosmic Chi and is thereby transformed into a higher quality of Chi. 

To facilitate the process of blending and balancing the energies 
within the body between its organs and the gathering, processing 
and condensing of energies from the universe and from nature, 
the pakuas play an essential role (Formula 1, Fusion of the Five 
Elements). 

In the earliest stage after conception, the first meridians which 
rule the circulation of energy of the embryo and which come into 
existence after the split of the egg and the formation of the body 
are the governor and conception channels. Successively, all other 
Yin and Yang meridians form in a symmetric fashion on the Yang 
and Yin sides of the body. 

In ancient Tavists texts they are also called the sun side or outer 
side and the moon or inner side of the body. The sun side is that 
side exposed to the sun when one bows down, the moon side is 
that part which remains in the shadow. 

The body might be visualized as grid of conduits of light which 
link it to the Light in which all energy and matter has its origin, a 
view which is supported by the new physics. 
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Unity of Ying and Yang 


Basic to the Taoist tradition is the view that positive and negative 
energies are a manifestation of the very nature of the universe as a 
unity of opposite energies: Yin and Yang. It is by virtue of the dy- 
namics of the interplay of Yin and Yang that the universe exists and 
continues to exist. They rule all phenomena in the universe as an 
infinite web of mutually interconnected processes and their move- 
ment. This insight is the theoretical as well as the practical basis 
of the Fusion Practices. 

In Taoisttheory, Yin and Yang rule the relationships between stars, 
planets, the sun and the moon and the earth, light and dark, above 
and below, man and woman. Itis in and through this interplay, that 
the universe unfolds and functions. If one of them would disinte- 
grate or disappear, the universe would end. 

In the Taoist vision on the nature of the universe, the body is a 
microcosmos, which manifests and reflects in its inner structure 
the dynamics of the universe. As such its also ruled by the same 
forces of Yin and Yang. 

These in tum manifest themselves in the universe in the five 
elements (water, fire, wood, metal and earth). These five elements 
operate as energies in the body, in and through the five vital or- 
gans: the kidney, heart, liver, lungs and spleen. It is the natural 
capacity of the body to heal and regenerate itself. The body is sus- 
tained and nurtured by cooperating and facilitating the workings of 
the universe through the balancing of the five forces in the organs 
of the body and the positive and negative properties of each of 
them. 

Itis the relationship between the positive and negative energies 
contained and reflected in the organs, which is the starting point of 
the Fusion Practices. 

In the Taoist tradition, the body has always been viewed as a 
sacred vessel, which reflects the sacred nature of the universe as. 
a whole. Interfering with its laws of motion, the balance between 
Yin and Yang is broken and with it harmony and mutual coopera- 
tion between the organs and the elements which compose the 
body. 

Asa result, the free uninhibited flow of energy streams, and with 
it the immunity of the body, are affected. In Chinese medicine, of 
Taoist origin, disease is seen as the outward manifestation of 
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imbalances within the body. Hence the predominant attention in 
Chinese medicine and Tacist self-healing practice on the balanc- 
ing and strengthening of the organs and their cooperative relation- 
ships. 

The Taoist view on the outer and inner universe (the body), is 
the fruit of several thousands of years of highly sophisticated em- 
pirical observation. Thusly, feeling and sensing in the body and its 
structure, processes and needs, play a crucial role in creating bal- 
ance within the body and between its organs and their energies, so 
that inner peace and harmony may grow (Formula 2, Fusion of the 
Five Elements) 


Turning Inward 


This involves a process of turning inward and to feel and sense 
oneself “from within” so that understanding can grow. This in turn 
further supports the effectiveness of the inward-oriented process 
of listening. By turning the senses inward and reconnecting them 
with their corresponding organs (ears/kidneys, eyesiliver, tongue/ 
heart, mouth/spleen, nose/lungs) the process of externalizing the 
consciousness and thereby draining the energies out of the body 
can be inverted. This allows the body to come to rest and recuper- 
ate its energies and the connected senses. 

By protecting the senses from undue outside influences, the life 
force energies in the body and the higher energies it accumulates, 
through the blending with the energies from all the directions, but 
especially those from the stars and the sun and moon and planets, 
are preserved and can grow without interference (Cosmic Fusion, 
Formula 3). 

This process of protection is further deepened and completed 
in the high formula of Sealing the Five Senses of the Kan and Li 
Practices where protective auras are created around the body from 
the accumulated energies of each of the major organs. 

There is abundant evidence that in the process of extemalization 
which has been imposed on the body in the process of moderniza- 
tion and its growing pressures on the body, the senses have be- 
come atrophied. By turning them inward, it becomes more easy to 
control them and protect the integrity of the body and its organs so 
that it can regenerate. 
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The Taoist approach to the body is rooted in the vision that there 
is an inner order in the very nature of the universe and all its mani- 
festations. The outer order is a manifestation and reflection of this 
inner order. If the outer order is in harmony with the inner order, 
then harmony and peace reign. 

As our receptivity and ability to sense and feel ourselves from 
within grows, so grows our ability to experience the universe within 
ourselves. By looking deeply into ourselves we grow. Our under- 
standing of our being and body as a microcosms, and its intrinsic 
unity with the universe as a macrocosmos, grows. 


From Balance through Resonance to Love 


As our body and its chemistry and we ourselves are changing, our 
consciousness and perceptions also change and widen. Then a 
point will come where we begin to experience ourselves less as 
separate and isolated from the universe and more in resonance 
and in tune with the universe. 

In this process, we grow more aware of the wave-like nature of 
our body in and through which the universe pulses within us and 
how we pulse in and though our bodies with the energies and forces 
of the universe. At the same time our ability to tune in with the 
energy of the universe and its frequencies and to absorb and draw 
this energy into ourselves will grow. 

The Fusion Practices serve an essential function in making our 
being more open through the heightened sensitivity of the body, as 
our energies become purified and more fine and subtle. The de- 
sire rises within the body to enter into the primordial unity with the 
original energy by which it was originated as a living being. 

In the ancient Taoist vision this relationship has always been 
seen as a love relationship which reveals itself when our body re- 
turns to its inner balance and Yin and Yang enter into balance. The 
ability to attract and conduce the energies from the universe into 
one body through the network of conduits, represented by the grid 
of meridians, is dependent on the quality of the inner work towards 
unity between Yin and Yang. 

This meeting between Yin and Yang has in the Tacist tradition 
been seen as a marriage, born out of love between the opposites, 
as they move towards unity. The Fusion Practices play an impor- 
tant role in the preparation of a state of being which make this 
movement towards unity possible. 
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Enlightenment of the Body and New Physics 


The Taoist insight that human beings, with all other phenomena, 
share common origins in the universe and that our origins are in 
heaven and originate in the stars is shared in many other ancient 
cosmologies: those of the African peoples, the indigenous peoples 
of North and South America, as well as the Australian aboriginal 
people, 

The Taoist tradition, however, is unique in that it has evolved 
over time concrete practical formulas and practices to work with. 
These help us to reconnect and in the process rediscover the in- 
herent ecstatic nature of our body, through the process of self- 
transformation. 

These formulas, of which the Fusion Practices are an integral 
part, are based on the insight of the nature of the meridians and 
their application in healing the body and restoring its natural func- 
tions, which form the basis of Chinese medicine. 

closely related Taoist thesis on the nature of the universe, also 
to be found in all ancient cosmological traditions, including those in 
the West (before the scientific revolution did away with them, view- 
ing them as superstition) is the unity, indivisibility and interchange- 
ability of matter and energy. 

This thesis finds full support in the new physics which evolved 
from the beginning of this century with the path-breaking discover- 
ies in quantum physics and relativity theory by the great physicists 
Bohr, Einstein and Heisenberg. 

Their discoveries shattered the foundations of the old paradigm, 
underlying Cartesian-Newtonian physics, at the basis of modern 
science. They broke radically new ground in the interpretation of 
the nature of matter. In the new vision of advanced physics, matter, 
inits inner nature, is understood as a process and an event. Matter 
and energy are forms of the same reality. As matter can change 
into energy, also energy can change into matter. Both matter and 
energy are viewed in this new interpretation of reality as having 
their origin in light. 

Therefore the Taoist vision on the intrinsic nature of the body as 
a light body is not a romantic vision, invented by creative minds. 
The image, underlying it, corresponds to the insights of advanced 
physics. Thus what has been called in ancient spiritual traditions 
“enlightenment” refers to a real material process: the illumination 
of the body. 
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Here's what distinguishes the Tacist vision from most others: 
enlightenment is not understood as a process which happens “in 
the mind’, in separation from the body, but the process takes place 
in and through the body and its progressive transformation. 

Thus a true process of spiritual growth in the Taoist vision im- 
plies the “enlightenment” of the body. The progression process of 
illumination is a bodily process, visible to the eye and tangible in 
the quality of energy which a person manifests and radiates in her/ 
his body. This emphasis on transformation as a bodily process is 
a principal characteristic of the Taoist tradition. In that respect it 
differs from other ones, marked by the duality of body and mind 
and in which the body is viewed as a stumbling block; a hindrance. 

This also explains the Taoist insistence on the central impor- 
tance on rooting and grounding the body in the process of self- 
transformation. The more one advances in the higher practices, 
the greater the need to root and ground so that the energies in the 
body remain in balance. Equally important is centering; the bal- 
ance between heaven and earth, the energies from above and be- 
low are maintained and enhanced. 

Itis precisely for this reason Taoist practice gives the highest 
priority to the creation of a healthy and strong body through a healthy 
and relaxed life style and an intelligent natural diet thanks to which 
the body can continuously regenerate and rejuvenate itself. 

These insights had their basis in a new view on the nature of 
electromagnetic waves as particular forms of energy and in the 
insight that light is an electromagnetic field which takes on the form 
of waves which can travel through empty space as very light vibra- 
tions, also called ether. This energy is seen, in both the Chinese 
and Indian cosmologies, as the mother energy from which the other 
elements originate and of which the universe, the cosmos and 
nature are composed: fire and water, wood and metal and water. 

In the Taoist system, these elements correspond to the five sea- 
sons, temperatures, senses, colors, sounds and positive and nega- 
tive emotions, They form the theoretical and practical starting point 
for the Fusion Practices. 
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Figure 18-2 Analcohol sensor. The background grid is in 
millimeters 


A breakout board from Parallax simplifies the 
use of Hanwei gas sensors. The board is shown 
in Figure 18-3, It is compatible with carbon 
monoxide, propane, methane, and alcohol sen- 
sors, each of which can be plugged into a 
socket on the board. Two trimmers establish 
the sensitivity and the trip point for the sensing 
element, and the TTL output is then logic-high 
when a gas is detected, and logic-low other- 
wise. 


Figure 18-3. A Parallax breakout board to simplify the use 
of Hanwei gas sensors. 


Oxygen Sensors 


Oxygen sensors are often built using a mem- 
brane made of zirconium dioxide. This material 
has the property that it can transport oxygen 


Oxygen Sensors 
ns when heated, One setup is to have a zirco- 
im membrane separating the gas to be 
measured from ambient air. This is a type of fuel 
cell, called a concentration cell or Nernst cell. If 
the oxygen concentration differs between the 
two sides of the membrane, oxygen ions will 
flow through it. Only oxygen ions can move— 
not neutral oxygen atoms or molecules. The 
ions are negatively charged, so the transport 
will lead to a potential difference over the cell, 
which can be measured with platinum electro- 
des. 


To comply with emissions regulations, automo- 
biles sense the oxygen level of exhaust gases. 
This data controls the fuel-air ratio in the fuel 
injection system. Too much air results in the for- 
mation of nitrogen oxides, while too little air 
results in excessive carbon monoxide. 


Humidity Sensors 


Moisture content of the air is expressed in three 
different ways: 


Absolute humidity 
This is the weight of water vapor in a fixed 
volume of air. It is measured in grams per 
cubic meter in the metric system. An 
absolute humidity sensor is properly 
called a hygrometer, 


Dew point 
If a sample of air is cooled without a 
change of pressure, the dew point is the 
temperature at which moisture will start 
to condense. The dew point is a way of 
describing how humid the ambient air is 
currently, as water will condense more 
readily in humid conditions. 


Relative humidity 
This is often referred to by its acronym, 
RH. If temperature, pressure, and volume 
of a sample of air remain constant, rela- 
tive humidity is the ratio between the cur- 
rent value of absolute humidity and the 
hypothetical level where the addition of 
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Return to Cosmology 


The revolutionary implications for our perceptions of the universe, 
the cosmos, time and space and of nature and ourselves as part 
of nature are only slowly penetrating into the social consciousness. 
This social consciousness's view of its conditionings and fixations 
in cultural patterns and corresponding perceptions of reality pre- 
vent it from being open to an understanding our true nature. 

There are multiple mechanics at work in present day culture 
and science and the modem view of reality which tend to prevent 
us from giving up the mind sets, rooted in the subconscious (and 
which rule the conscious mind, unaware of the forces by which it 
is steered). These make it appear as if the universe is composed 
of an infinite amount of loosely, accidentally assembled particles 
and solid objects; each having an independent, separate existence, 
rather than what is actually an ever changing web of unceasingly 
changing events which are mutually interconnected and interde- 
pendent. 

The emergence in Wester history and culture of the percep- 
tion of human beings as essentially sovereign and independent 
from the universe and as its ruler who can alter life and the origins 
of life at will ( with the progress of science and technology) are 
wholly questioned by the Taoist vision, presented above. 

Such a view on the presumed independence and freedom from 
the laws of motion of the universe also has shaped the basic as- 
sumptions on the nature of human beings and social relations which 
have shaped mainstream social science and psychology, which 
mirror the basic premises of the Cartesian- Newtonian paradigm. 

‘They support a view of progress and development, the new ver- 
sion of which emerged in the course of this century, which is es- 
sentially inspired by the view that reality can be manipulated and 
engineered without regard for the consequences on Nature. How- 
ever, with the more recent findings of the adverse effects of such 
an attitude and the growing concern that the very foundations on 
which life on earth rest are being jeopardized, the basic premises 
on which this attitude is based are increasingly being questioned. 

At the same time, as a natural consequence, there is a growing 
interest in the visions which have inspired the ancient cosmologies 
such as the Taoist one, especially since there is increasing evi- 
dence in advanced physics which support such visions. Thus it is 
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not surprising that one of the leading philosophers of science, 
Stephen Toulmin, recently published a book, A Return to Cosmol- 
ogy. 

In his study he traces the process of alienation in Western cul- 
ture and science, as it came to shape modem life. Especially, he 
focuses on the relation between body and mind. He foresees a 
return to ways of looking at reality which help to overcome the du- 
ality at the root of this alienation and the imbalances it has brought 
about in the present day world system and which it feeds through 
the new communication technologies. 


It cannot be emphasized enough that when the Universal Tao 
system is called a whole of interrelated practices, this is based on 
the root assumption that itis only in the practice that experience is 
gained. Therefore, a process of self-transformation is set in mo- 
tion which makes it possible to come to terms with the patterns 
within oneself which prohibit one to discover its relevance. 

This is the very basis of Eastern epistemologies, not only basic 
to Taoism but also at the root of other Eastern religious and spiri- 
tual traditional epistemologies: that true knowledge can only be ac- 
quired experientially and existentially in and through the practice. 

Also implicit in the Taoist vision, shared in other ancient 
cosmologies, is the view is that the universe is alive. Not only as it 
births life at every instant, but also as it sustains and nurtures life. 
This view is quite contrary to that underlying the materialist world 
view, which originated in the West with the advent of modem sci- 
ence, in which the universe is reduced to an accidental anomalous 
phenomenon . 


Religious Nature of Taoist Practice 


In the Taoist view, supported by the new physics, the body is not 
only matter but also a field of consciousness which, by its wavelike 
nature, is intrinsically related to the whole universe and can also 
get in touch with it. This provides the very basis for the Cosmic Chi 
Kung practice as a practice, which helps to enhance and balance 
the body and which is essential to the Fusion Practices. 

These above views are essential to the assumptions on energy 
underlying the ancient Taoist Practices, contained in the practices 
of the Universal Tao and which offer a synthesis and which for the 
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first time have been published in the West. Until recently these 
were scattered and inaccessible, except for highly fragmented in- 
formation. Essential to the Taoist tradition is religious practice in 
the feeling and experiencing of the sacred and the divine, and not 
in the beliefs about them. 

The Taoist view on the nature of religiosity as an experience of 
connection and reconnection is very much in line with the original 
meaning of the root of the word religion in Latin, “re-ligare”, to re- 
connect. 

Thus the practice is oriented to rediscovering the intrinsically 
ecstatic nature of the body in which it spontaneously feels the truth- 
fulness of life as a sacred, naturally ecstatic activity. The whole 
practice may be summarized in facilitating the process of recon- 
necting and returning to the state we were in before being born. 

Basic to the transformation process which is conducive to this 
rediscovery is the Healing Love practice by which the sexual en- 
ergy is retained, its flow is inverted and the nature of this energy is 
transformed. The Fusion Practices play an essential role in mak- 
ing possible the further refinement of this energy in the Kan and Li 
practices through new forms of purification and by enhancing the 
receptivity of the body for higher energies from the universe. The 
Taoist practice takes literally the Christian tenet that the body is the 
temple of God by viewing the vital energy or life force energy as a 
sacred energy through which the body reveals its divine nature as 
an intrinsic endowment in which heaven and earth merge. 


Wisdom of making Friends with the Devil 


The three monotheistic religious mainstreams in their institutional- 
ized esoteric form — the Jewish, Christian and Islamic -- are marked 
by a deep duality between high and low, sacred and non sacred, 
right and wrong, good and evil, mind and matter, mind and body, 
mind and energy. This duality has also shaped other religious and 
philosophical systems in their social and institutional evolution; 
systems such as Hinduism, Buddhism, Taoism and Confucian- 
ism. These systems have been marked by beliefs and codes of 
ethics which have tended to split humankind between believers 
and nonbelievers and between those that are good and those that 
are bad. 
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Their focus on the duality between God/ the divine and heaven 
and earth, God and the Devil, good and evil, mind/spirit and body 
and on sin and its corollaries, fear and guilt, have created much 
violence and tend to continue to do so. They have also greatly 
affected people's sense of dignity, self-esteem and independence, 
as they have tended to create major dependencies on institutional 
intermediation with the divine. 
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Fig. 9.1 Balance of Yang and Yin (Good and Bad) 


In many pre-industrial cultures there are proverbs and legends 
which suggest that it is wise to make friends with the devil rather 
than fight him. It would seem that such intuitions are based on the 
insight that it is better to reconcile and accept oneself so that the 
negative loses its power rather than opposing it, by which its power 
increases, especially when fear and anger rise and the negative is 
turned into an obsession. Simple observation confirms the truth of 
this insight: that the energy of what is viewed as negative and dark 
increases to the extent that there is an attempt to eradicate it. 

This same principle shows up in the martial arts: never initiate 
the fight but let the enemy come and neutralize him by making use 
of his own energy, as in the case of Tai Chi and Aikido. 

A leading philosopher of culture and humanist therapist in the 
West, Erich Fromm, has said that the propagation of these views, 
often in extremely violent ways, has broken the spiritual backbone 
of the people. 

Esoteric systems have, however, never succeeded in wholly 
eradicating and repressing their esoteric roots, visible in multiple 
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movements throughout history, in which the body was considered 
sacred and a temple of the divine and in which sexuality was viewed 
as intrinsically sacred. 

It may be said that all esoteric systems, in their origins, have 
called on humankind to practice love and compassion and thereby 
to transcend ego and enter into a state of grace. 

Adepts like Jesus who has inspired the Christian tradition, 
Mohammed in the Islamic tradition and the Gautama in the Bud- 
dhist tradition may be seen as great masters. They showed people 
ways and practices of self-transformation through the practice of 
love and compassion. By assuming responsibilty for themselves, 
they could attain inner freedom and bliss and transcend themselves. 

In the Taoist view, the problem with religion and philosophy is not 
in the practice, but in the beliefs which often serve to divide rather 
than unite, inside the person and outside 


Unity of Light and Dark 


In the Taoist perspective, there is no sin, as light and dark are two 
poles of the same indivisible reality. Thus, attempts to eradicate 
the dark, so that light will prevail, are bound to fail and tend to lead 
to conflict and violence. Attempts to conquer good at the expense 
of evil (for example, the Crusades) are bound to generate more 
violence. And battles to secure good over evil will create more prob- 
lems than they solve. In the Taoist view there should be neither 
winners nor losers. 


Fig. 9.2 Light and Dark of the Tai Chi Symbol are connecting. 
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Thus, balance between opposite forces and energies, as ex- 
pressions of Yin and Yang, the positive and the negative, is essen- 
tial to Taoist perspective, as expressed in the Tao Te Ching, attrib- 
uted to the great Taoist Master of self-transformation, Lao Tzu. 

From a Taoist perspective, balance is enhanced by entering into. 
alignment with the universe, when one actualizes the universe within 
oneself and so is empowered and realizes oneself. This state has 
also been called a state of Selthood, as one has returned to one’s 
original Self. This process is also called “returning to one’s ori- 
gins". This means that one has overcome the contradictions and 
imbalances in oneself, so that Yin and Yang enter into balance and 
harmonize. The Taoist texts speak of becoming the “Undivided 
Being’. Lao Tzu uses the metaphor of the unhewn log (p'u). It mani- 
fests a state of being in which when has retumed to the original 
state of spontaneity, in the old Taoist texts called “ Tzu-jan) which 
can be observed in babies and small children. This reminds us of 
the saying of Jesus,” if you do not become as children, you cannot 
enter the Kingdom of Heaven’. 

Thus the Taoist view on harmony does not carry moral over- 
tones, as it refers to a state of being which is intrinsic in the body. 
This state of being of the body as a microcosmos lies in the bal- 
ance within and between its major organs, through which our body 
resonates with the energies and forces of the universe. 

In the Taoist perception, there are no heaven and hell outside, 
above or below us. They are seen as states of being of our bodies 
and our inner selves and the way we relate to the universe, our- 
selves and each other. As such they reflect states of balance and 
imbalance between the positive and the negative. In this view, hu- 
man beings are responsible for their own state of being, the quality 
of which depends on their state of self-awareness as the key to 
self-transformation. 

This view is reflected in many ancient spiritual traditions and 
cultures which suggest that itis wiser to keep the devil as a friend 
than try to combat him and do away with him. 

This liberating view, which frees us from self-condemnation with 
its tendency to obscure the positive within the negative and its trans- 
formational force, is the basis for the Fusion Practices. 
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Life as an Invitation to Learning 


The Chinese character for crisis stands for both a negative 
occurrence as well as for opportunity and reflects the Tacist view 
on the unity of the positive and negative. In this perspective, what- 
ever happens in life is to be seen as an invitation for learning and 
an opportunity for awakening. Theoretically speaking, problems are 
not problems, but opportunities for self-transformation, since the 
negative contains the positive, in the same way as the positive 
contains the negative, like the Yin is in the Yang like the Yang in the 
Yin. What may be seen and experienced as negative, carries within 
ithe seeds of the positive, just as the light exists within the dark. In 
this light, all problems of life may be seen as energy potential, which 
can actually be a learning process. 

This is a key premise in the Fusion Practices, and it helps to 
overcome the duality which we tend to construe, as a result of 
attachments to our negative experiences and emotions and there- 
fore keep ourselves from entering into balance. 

Tavists say that learning is enhanced if the organs feel at ease 
and find themselves in a state of well being. When a state of dis- 
ease arises — which in Chinese medicine, of Taoist origin, is seen 
as a symptom of the breakdown or weakening of the free flow of 
energy — learning becomes more difficult. 

Italso points to an attitude which gives primacy to the need to 
reflect on one’s own attitude and perception in resolving problems 
and to look inward to see in what way one has contributed to the 
problem and how one can contribute to its solution by changing 
one’s own attitude, perception and way of life. 

Thus from a Taoist perspective, problems are not seen as ob- 
stacles or difficulties but as opportunities to learn and as learning 
material. 

In this connection, it is interesting to note that the word disaster, 
common to many European languages, has its etymological root 
in the Latin substantive “astrum” of which it is a negation by the 
prefix “dis”. This suggests that originally the word had the connota- 
tion that if and when one lost touch and became alienated from the 
stars (as representing our origins), one was in for trouble; imbal- 
ances would arise, 
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Smiling as the Key Taoist Practice 


Smiling and relaxation are the beginning practice of the Universal 
Tao. They are the key to the transformational process and to learn- 
ing, as a result of which one is enabled to gently and patiently change 
old patterns into new, concerning oneself and the universe: new 
breathing, posture, inner and outer movement, and a new percep- 
tion of reality. 

Essential therefore in the Taoist practice to enhance learning 
and get in touch with the body by tuming inward is to lear to relax 
and smile inward, so that dis-ease, manifest in many forms of 
stress, is overcome and one returns to a state of ease. Thus it 
may be said that whereas the Wester approach to medicine starts 
from outside, the Taoist approach starts from within. 

Itis thus not incidental that the whole practice of the Universal 
Tao starts with the practice of the Inner Smile. This is actually the 
first practice of internal alchemy, as it serves to soften our body 
and its elements in which our consciousness is stored and through 
which it operates. It is the key agent of the whole activation and 
transformation process in all the practices. We do not only have a 
body but we also are our body. By touching it with love and gentle- 
ness, its knots and blockages start to dissolve so that the free flow 
of energy is restored. 


Unity of Fullness and Emptiness 


It is in this context not surprising that at the heart of the ancient 
Taoist texts is the emphasis on the practice of turning inward and 
of stillness. It follows that in the process of meditation as a practice 
of becoming aware of the inner state of being of the body and its 
movements, a new and fresh space is created in which renewal 
and transformation can take place. This space is also called the 
creation of emptiness and the continuous re-creation of emptiness. 
so that new fullness becomes possible. 

In the Taoist as well as in the Buddhist tradition, which histori- 
cally have been closely related over long periods in Chinese his- 
tory, emptiness and fullness are indivisible and a condition for each 
other. In the Universal Tao practices, this view has vast implica- 
tions. For example, in the universe, emptiness and fullness are 
indivisible and are the creative source of becoming, evolving and 


-220- 


Cosmic Fusion 


renewal, so that the universe is reborn in a continual process. We 
ourselves give thanks to the alternation of the inhale and the ex- 
hale, so our body is in a continuous process of dying and being 
reborn, through which we renew ourselves. The new can only rise 
if the old dissolves. So it is in Nature with the change of seasons. 
And so it is with all that is alive in the universe. This is the core 
wisdom of the / Ching. 


COO 


Fig. 9.3 The core is the center of the universe, earth and the body. 


In the Taoist practice this has a particular application in the coun- 
sel to empty the mind and let it come down in the body so that a 
major source of energy is preserved and can renew itself, At the 
same time the belly can be filled with Chi, so that the energy streams 
in the whole body are enhanced and the heart is freed from too 
much pressure, as the belly helps do its work. Only when we learn 
to renew ourselves by undoing what has become unnecessary 
and what obstructs the process of transformation do we renew 
ourselves and our body. By undoing ourselves from what is no 
longer needed the new can grow. An ancient Taoist proverb sug- 
gests that simplicity comes about by seeing every day what has 
become dispensable. Then one can walk and move more lightly, 
both in the mind and with the body. 

Jesus often reminded people in His parables of the law of unity 
and alternation in nature, and in themselves of old and new. In the 
Tao Te Ching this truth is expressed in the use of rich metaphors, 
for example, the house which acquires its function by being empty 
and the wheel which receives its function by virtue of its empti- 
ness. 
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Itfinds its most pregnant expression however in the law on the 
unity of living and dying, common to all the great spiritual traditions 
= Hindu, Buddhist and Christian -, which is also central to Taoist 
practice. The new can only emerge and grow, if the old dies and is 
discarded. 


Attachment and Detachment 


This insight is at the core of the J Ching in which nature with its 
cycles and seasons is held up as a mirror for human beings. It has 
shaped from ancient times the Taoist proposition that to learn to be 
and realize oneself, one needs to go with the flow of life and to 
become like a fish in the water or the clouds in the sky. This insight 
is essential to give depth to the Fusion Practices and balance at- 
tachment with detachment. 


‘A: Why don't you sit down, relax and let go of the weight and let me take 
you to the market. 


B: Thank you for taking me to the market, I don't want to put too much 
weight on your car. 
Fig. 9.4 Relax and let go. 
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water vapor would result in condensa- 
tion. The ratio is expressed as a percent- 
age. Thus, if moisture is already 
condensing in an air sample, relative 
humidity is 100%. if an air sample con- 
tains half the weight of moisture required 
for condensation to begin, relative 
humidity is 50%. If there is no moisture at 
all in the ait, relative humidity is 0%. 


Colloquial usage of the term “humidity” 
usually means relative humidity, and sen- 
sor output is usually convertible to this 
value. However, some absolute humidity 
sensors do exist. 


Dew-Point Sensor 

Historically, meteorologists used a chilled mirror 
hygrometer, in which a metal mirror was 
exposed to the atmosphere and cooled until 
the surface was seen to become misty with 
condensation. The temperature where this 
‘occurred was the dew point. 


This system is still used in conjunction with an 
LED and a phototransistor. The LED is posi 
tioned so that its light reflects from a mirror, 
directly onto the phototransistor. The mirror is 
cooled until mist starts to form, which diffuses 
the reflected light and causes a well-defined 
change in output from the phototransistor. 


Although the formula linking dew point with 
relative humidity is complex, a simplified 
approximation is available that is reasonably 
accurate so long as the relative humidity is 50% 
or greater. If RH is the relative humidity, tis the 
current temperature, and ty is the dew-point 
‘temperature at which mist forms: 


H = 100 - (5 * (t - ty) ) approx. 


Although a chilled-mirror dew-point sensor has 
a reputation for being accurate, it is heavy, 
expensive, and impractical for most applica- 
tions outside of meteorology. 


centration 


Absolute Humidity Sensors 

An absolute humidity sensor may use two NTC 
(negative temperature coefficient) thermistors 
in a Wheatstone bridge circuit. One thermistor 
is sealed in a compartment containing dry 
nitrogen, with zero humidity. The other is 
exposed to the atmosphere. Current passing 
through the thermistors raises their tempera 
ture to at least 200 degrees Celsius. Because 
heat radiates less efficiently when there is mois- 
ture in the air, the exposed thermistor will run 
hotter, and its resistance will be higher, at 
higher levels of humidity. This type of sensor is 
used in clothes dryers and wood kilns, among 
other applications. 


See Chapters 23 and 24 for more information 
about thermistors. 


Relative Humidity Sensors 
‘Two main types of sensing elements are used 
to measure relative humidity: resistive and 
capacitive. 


In a resistive sensing element, a thin layer of 
polymer, salt, or other hygroscopic substance is 
deposited on a substrate consisting of ceramic 
or other unreactive material. When the sub- 
stance absorbs water, its electrical conductivity 
increases. Voltage is applied to the sensing ele- 
ment, and AC is used to avoid polarizing it. The 
current flow is processed externally, with con- 
version to DC followed by linearization, mean- 
ing that the current is processed to establish an 
almost linear relationship with gas concentra- 
tion, with temperature compensation factored 
in, Alternatively, these functions can be per- 
formed by hardware built into the sensor, and a 
digital value for relative humidity can be 
accessed by an external microcontroller. 


In a capacitive sensor, once again a thin film of 
polymer or metal oxide is deposited on a 
ceramic or glass substrate, but the film func- 
tions as a dielectric between two metal electro- 
des that serve as the plates of a capacitor. The 
dielectric value changes as the film absorbs 
moisture, and this causes the capacitance to 
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In the Taoist view, attachment and detachment are not to be 
seen as opposites, which exclude each other. What may be useful 
and functional in one stage of life, in one particular situation or 
moment, may well lose its functionality at another time. This ex- 
plains why Taoists question the usefulness of externally induced 
and pre-arranged moral codes. Instead , they value, above all, self- 
cultivation in learning to act in harmony with what is inwardly expe- 
rienced as genuine and truthful, because it is in tune with the uni- 
verse in us. 

The training in such an attitude in which one frees oneself from 
fixed rules imposed and determined from outside and one con- 
sults one's own body and inner feeling, creates both freedom and 
flexibility. It helps to avoid being trapped in positions which under- 
mine the capacity to trust oneself, and at the same time raises 
self-esteem. 

In the process of genuine self-reflection and the growth of self- 
awareness, you learn to look at yourself and your inner life from a 
distance and as a neutral witness, rather than as a judge. As a 
result, you grow into a spirit of inner freedom and you learn to look 
at yourself with a sense of relativity and even with a sense of hu- 
mor. At the point you are able to truly smile at yourself and have 
reached the point you can forgive yourself, wisdom is dawning and 
the knots which you felt were in your way are in the process of 
dissolving, to create space for new and fresh energy. 


Going with the Flow 


This view on going with the flow in the universe and within yourself 
is also the basic principle underlying and inspiring the ancient Tao- 
ist arts of self defense. In Tai Chino position is fixed and the body 
enters into a continuous flow of movements, as life is movement 
and in the movement to become one with the universe and its en- 
ergies and forces one becomes invulnerable. The power gained in 
the martial arts is not an external but an internal one; itis generated 
by the process of alignment. It is this alignment through which the 
body is empowered from below and above and the power can flow 
from the center. 

Ifyou have no center, you can be easily pushed around. A per- 
son who is centered has an internal balance. He is more free from 
extemal influences and less fearful and suspicious of others, as 
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he is in tune with himself and the universe, Therefore the fusion 
practice may be called an intemal kind of martial arts by which one 
learns to playfully bring into balance one’s opposites so that a sense 
of being centered and in harmony arises and thereby self-confi- 
dence manifests. 


Fig. 9.5 Balanced, going with the flow 


It should be obvious that the practice of these arts may be most 
helpful, as they may help you to remember to go with the flow in- 
side yourself and become inwardly soft and flexible. Like all true 
Chi Kung, the art of moving the Chi and with the Chi, outer flexibil- 
ity comes from inner relaxation. Only when relaxation deeply en- 
ters the body, can it become truly receptive for the energy within 
and from outside. The same goes for Tai Chi 

In that sense the Fusion Practices may also be seen as an in- 
ner play in which you invite your organs as your children to play 
with each other and see how they can balance and support each 
other. It may also be compared with an ancient game, which is 
played by children and adults in different countries in Asia. In Thai- 
land itis called Takara in which the players help each other in keep- 
ing the light bamboo ball in the air so that the play can continue. 
Nobody loses, nobody gains. All share in the joy of the game and in 
the process train their own ability and help the others to enhance 
theirs. 

Central to the Taoist tradition is that the body expresses and 
balances both heaven and earth, How could it receive the energies 
of heaven and earth and become an expression of the universe, if 
it were not open and flexible and receptive? This explains the cru- 
cial role of Chi Kung and the various schools and forms which 
have been created over the ages, so as to make the body a vessel. 
As the Tao Te Ching says: the function of the vessel is to be empty 
so that it can be filled. 
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Secret of Breathing and Relaxation 


The essential role of the quality of breathing in all the practices is to 
enhance detoxification and cleansing, to create new space and 
openness towards the universe (in the exhale) and to fill the body 
with new energies and forces, by receiving, enriching and trans- 
forming Chi (the life or vital force). Breathing is central to the Taoist 
practice. 

Changes in the quality of breathing from a short, superficial and 
agitated breath in the upper part of the body to a long, deep and 
quiet breath in the lower center/ Tan Tien of the body are crucial to 
the process of inner transformation. This is so because breathing 
is the bridge between consciousness and the body, and in the 
breathing process both the body and our awareness change. 

The quality of breathing plays a crucial role in the processing 
and transformation of emotions which is a central theme in the 
Fusion Practices through the transformation of negative into posi- 
tive emotions (Fusion of the Five Elements) and the cultivation of 
positive emotions (Cosmic Fusion). The emphasis in Taoist prac- 
tice on self-healing is intimately related to the growth of self-aware- 
ness with regard to one’s pattern of breathing as this determines 
the ability to regulate, control and balance emotions. 

The Inner Smile practice as well as the Healing Sounds prac- 
tice, designed to balance the negative and positive properties of 
the organs, are essential as a preparatory practice to the Fusion 
Practice. 


| 
~< ha 
* C> Lower Tan Tien 


Fig. 9.6 Smile to the Lungs. 
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From the above, it should be clear that the practice of the Inner 
Smile and the quality of breathing and relaxation —as conditions of 
the self-healing process — are intimately related. 

Itis not coincidence that the great sages and masters of self- 
transformation like the Taoist immortals and the Buddha are al- 
ways portrayed with an inward-oriented smile, to signify the key to 
inner freedom and balance and the unity of Yin and Yang. The prac- 
tice of the Inner Smile as the key to relaxation remains the basis of 
all the practices of the Universal Tao, from the most basic to the 
most advanced. It is the key to all forms and stages of seff-trans- 
formation, as the Taoist masters discovered its secret and its power 
to initiate and enhance the process of self-transformation. Statues 
and pictures may remind us of our own transformational potential 
and may help us to set in motion the internal alchemical process. 
‘We may also bring into our mind images of people who have awak- 
ened or reminded us in the course of our life of our own potential 
for transformation and positive qualities, thereby helping us to em- 
power ourselves. 


Science of Feeling and the Power of Intuition 


In this sense, the Taoist practice is a continuous invitation to tum 
inward and get in touch with one’s own body (and organs). Begin 
to sense and feel the body's state of being, its expansion and con- 
traction and the state of relations between the major organs and 
the senses (kidneys/ears, liver/eyes, heart/tongue, spleen/mouth 
and lungs/nose). Check the state between the major organs and 
connected organs (kidney/bladder, liver/gallbladder, heart/small in- 
testine, spleen/stomach, lungs/large intestine). Review the overall 
state of relations between the organs, glands, the nervous sys- 
tem, the spine, the bones, muscles and tendons. How are the rela- 
tions between the three centers of the body (belly, heart and crys- 
tal room)? Check on those between the center and the extremi- 
ties, the front and the back and the quality of the path routes which 
carry the flows in the body (the electro-magnetic energy, called 
Chi, also called the life force or vital force, the blood and the lymph 
flows). 

Any advance in the practice is determined by the growth in abil- 
ity to feel into the body by going inward and getting in touch with it. 

In this context it is of value to realize that the verb “heal”, the 
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substantive “whole”, and the adjective “holy” have the same 
etymological root. This is in line with the Taoist insight that the pro- 
cess of healing is realized in the process of becoming whole and 
that holiness is the state of having become whole and in balance 
with oneself and with the universe within oneself. In this view holi- 
ness is not a moral category but an existential and relational state 
ofbeing. 

It is not without reason that Taoist practice has been called a 
science of feeling, as throughout the ages it has relied on and cul- 
tivated it. One may also call the ability to feel the power of intuition 
or the feeling intellect which exists at every and all levels of our 
body and bodily awareness in which we are wholly present. In all 
languages of the world, there are multiple expressions, pointing to 
the organs, such as the heart or the liver or the kidneys or the 
blood or the bones or the veins, hands, eyes, ears and feet which 
reminds us of this intuitive power of the whole body. The reduction 
of thinking to the mind and the brain, so characteristic of Western 
reductionism, is entirely alien to all cultural traditions in the East 
and the South. 

Itis the feeling that we open the body and open and activate the 
Chi from within and outside. 

Itis also through feeling that we can sense, taste, hear and touch 
the rhythms of earth and heaven and unite with them within our- 
selves. Becoming aware of our inner movements and what moves 
us are one and indivisible. In the feeling process, we also become 
aware of the relativity of our boundaries and learn to experience 
these not only as limitations and finite but as openings to the unlim- 
ited and infinite. 

‘Asa result our solitude comes to an end and we become sensi- 
tive to our intrinsic relatedness with all that is. In this sense, each 
practice may be seen as a step to invert the process towards alien- 
ation and separation from the sources of life, basic to Western 
culture and its extension over the world. 


Thinking with the Heart 


One is reminded of the meeting of Carl Gustav Jung, the famous 
‘Swiss psychiatrist and philosopher of culture in the 1920's with an 
old Pueblo Indian in New Mexico on one of his visits to the United 
States of America. Jung narrates in his autobiography that his talk 
with him was unlike any which he had had with a European. When 
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Jung asked him how he felt about white people, Ochwia Biano 
(Mountain Lake) said to him, that to his people, they looked quite 
cruel in their appearance. “You always have an inflexible expres- 
sion on your face. You always seem to be wanting something. You 
are always restless and agitated. We don't know what you want. 
You all seem to be quite crazy.” Jung then asked him why he thought 
them to be crazy. He replied, "They say they think with their head”. 
Jung, surprised, asked him: “Of course, but tell me, where do you 
think?" He replied, "We think here." And he pointed to his heart. 
Jung tells how he sank into deep reflection and he remarks, "For 
the first time in my life, it seemed to me, somebody had shown me 
the image of how we really are.... This Indian had touched our weak 
spot and pointed to something to which we are really blind.” Jung 
viewed the encounter with the Indian as an opportunity, which 
opened to him a new gate to a primordial and nearly entirely forgot- 
ten dimension and form of consciousness which could be revived. 


Fig. 9.7 Smile into the Heart. 


In another passage in his autobiography, Jung narrates a dream 
which he had during a visit to an Islamic country in North Africa, 
which deeply touched him. In this dream he had to fight for his 
survival with a young Arab aristocrat who descended from his horse 
and wanted to drown him. Jung interpreted the dream as a struggle 
between his own repressed unconscious (his shadow), which 
sought to be recognized and accepted and his own conscious- 
ness, represented by his rational mind which felt threatened by the 
unsuspected attack by the young man. He then observes: “In my 
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unconsciousness, I was in no way aware of such a situation; on 
the contrary | could not undo myself from a feeling of superiority, as 
at every step, | was reminded of being a European. | was not pre- 
pared to meet the unconscious forces within me, which emerged 
with such an intensity on behalf of the opposing party and which 
led to such an intense conflict.” 

Only several years later did Jung begin to understand the deeper 
nature of the dream. He began to see in the dream the resurgence 
of primordial structures or patterns in himself from a well-known 
past, but a past he had forgotten. He perceived the resurgence of 
these images as a renewed awareness of a still available potential 
forlife, which was overgrown by civilization, a potential for life, which 
had been repressed and marginalized into the sub-conscious. In 
Jung's view, Western culture had become alienated to much of 
what being human represents: the primordial dimension of our be- 
ing, which had been relegated to the underground. 

‘Jung was a great admirer of the Taoist tradition and expressed 
his deep appreciation for its originality and wisdom in writing the 
foreword for the translation of the / Ching into German by Wilhelm 
Reich (the first translation into a European language). 

The split between body and mind, thinking and feeling, matter 
and spirit, at the root of the formation of Western culture and reli- 
gion and the birth of modem science, has been aggravated in the 
course of this century. 


Feminine Underground Current 


‘Some historians and scholars, like Morris Berman in his path-break- 
ing studies “The Re-enchantment of The World’ and “Returning to. 
Our Senses" have argued, that in the course of this process the 
feminine dimension of European culture greatly suffered and in 
order to survive had to make itself invisible and so became its un- 
dercurrent. He means by this that in religion, with its reliance on 
external authority and its contempt for the body as well as in sci- 
ence, with its pursuit of objectivity, at the expense of other sources 
of cognition, the body was devalued. 

Subsequently it could be turned into a mere object, an input and 
an instrument. Itwas seen in function of externally determined aims, 
as defined by the forces of competition, economic rationality and 
rational management and the new forms of communications 
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technology. This process has also seriously undermined the posi- 
tion of women and has greatly affected their sense of dignity and 
self-esteem. It has also challenged the Yin values in society, con- 
sidered to be counterproductive. 

Unquestionably, the growing sense of despair and disorienta- 
tion which large groups of people in the world today experience is 
directly related to the split and the resulting imbalances which they 
experience within themselves. 


Restoring the Balance 


With the growth of a new world culture, with a process of unceas- 
ing economic growth and expansion and the simultaneous rise of 
both minority affluence and mass poverty, these dualist tenden- 
cies are being further aggravated. The rise of fundamentalism and 
dogmatism, both as an instrument to legitimize power and achieve 
control and as a response to a growing despair and as an expres- 
sion of the thirst for security is a further sign in the world rocked by 
imbalances and social fluctuations has become increasingly un- 
controllable. This uncontrollability is seen as unavoidable and in- 
herent in the very mechanics of the system and as an inevitable 
price for economic growth and advance. 

Repression of the body and of sexuality and a search to com- 
pensate for it go hand in hand. Thus repression and a desperate 
search for liberation from it are both on the rise. There is a trend to 
see the body and sexuality as the source of all evil and start cru- 
sades against them so as to secure law and order. There is at the 
same time a growing obsession to secure and maximize plea 
sure, a trend which has grown to be the object of ruthless exploita- 
tion in which the body and sexuality have become mere commodi- 
ties on the market. As a result, public life is being sexualized, as a 
source of economic expansion and profit 

Thus the repression of the body and sexuality have precisely an 
inverse effect and has become a major source of a fast-growing 
market and rapidly expanding pleasure and amusement industry, 
which capitalizes on this repression. 

The first law of thermodynamics is that energy cannot be cre- 
ated or destroyed. In terms of Taoist theory, all energy comes forth 
from the Great Void, the original Wu Chi which undergoes a series 
of transformations in the formation of the universe. Thus the 
human body is seen as a particular form of transformation of this 
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original energy. The second law of thermodynamics states that 
energy in a closed system tends to become disorganized (entropy). 
Thus there is an automatic tendency for balance to be lost. 

Taoist practice focuses on inverting the process of dispersion 
and disorganization and restoring balance. This process is set in 
motion and facilitated by the Healing Love practice through which 
the unity and balance between love and sex is restored. 

Essential to the Healing Love practice is the growth of love and 
compassion within as a result of which love and compassion with 
others and the universe become possible and emerge as a natural 
extension. Once the inner balance is restored, itis possible to act 
as an effective agent of balance outward. 

In the Taoist view, conflict and violence in the outer order invari- 
ably have their source in inner conflict and violence, as manifesta- 
tions of inner imbalance. Equally is outward peace viewed to have 
its source in inner peace and balance. In this process towards 
inner balance, Fusion Practices, in conjunction with the Healing 
Love practice and other practices of the Universal Tao, play an 
essential role; they honor the body and its intrinsic wisdom and 
potential for self-healing and rebalancing itself, so that it enters into 
alignment with the universe. 

Joseph Needham, one of the great scholars of the origins of 
Chinese science and civilization, who was an honored member of 
the Academia of Science, had called Taoism the feminine under- 
current in Chinese history and culture, with its focus on the power 
of silence, feeling, sensing, compassion, forgiveness, humility, 
gentleness, reverence for life and nature and the equality of women. 

It was however relegated to the margin of Chinese civilization 
and its practitioners had often to go underground. As a rule they 
fiercely stood for the ancient communitarian practices of reciproc- 
ity and sharing as well as people's freedom and self-reliance. At 
the same time, they were opposed to interfering with the natural 
order, to be respected as a manifestation of the higher orders. 


World as a Manifestation and Reflection of the Universe 
They valued ancient forms of democratic practice, rooted in a vi- 
sion of village communities in early times, which formed federa- 


tions, patterned on the very structure of and alignment with the 
cosmos. No wonder that they were staunchly opposed to any forms 


-231- 


Chapter 9: Fusion as a Bridge 


of feudal and hierarchical power in which undue power was exer- 
cised by some over the many and the rise of a wealthy aristocracy 
which lived at the expense of the common people. They were also 
opposed to any forms of technology which would harm nature or 
be at the expense of people's sense of well being. Their attitude 
towards the universe and towards each other is summarized in 
the words of Lao Tzu: 

The Universe is sacred 

You cannot improve it 

Ifyou try to 

You will ruin it 

Ifyou try to hold it, 

You will lose it 

Surrender yourself humbly 

Then you can be trusted to take care of all things. 

Love the world as you love yourself, 

Then you can truly take care of all things. 


Wu Chi 
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vary, typically by 0.2pF to O.5pF for each 196 
change in relative humidity. This is almost a lin- 
ear relationship extending over the entire 
range from 0% to 100% relative humidity. 


The actual capacitance value at 50% relative 
humidity is likely to be between 100pF and 
500pF. The sensor may be excited with AC from 
an external source, or can be incorporated in a 
chip that derives AC from a DC power supply 
and provides a digital output. 


To determine the dew point or absolute humid- 
ity from a value for relative humidity, ambient 
temperature must also be measured. A chip 
such as the Si7005 from Silicon Labs includes a 
temperature sensor with a relative-humidity 
sensor based around a capacitor in which polyi 
mide film forms the dielectric. if condensation 
forms, an on-chip heater will cause it to evapo- 
rate so that normal operation can resume. Data 
from the chip is supplied via an I2C interface. 


Humidity Sensor Output 

When the output is analog, resistance or capac- 
itance of the internal sensing element is avail- 
able via two pins or solder pads on the sensor. 
‘The analog value must be converted to a value 
for relative humidity by performing a calcula- 
tion that takes the current temperature into 
account. The component may or may not 
include a temperature sensor. 


With a digital output, an internal analog-to- 
digital converter can be accessed by a micro- 
controller via serial, 12C, or SPI interface. 
Alternatively, the sensor may communicate val- 
ues using pulse-width modulation. Either way, 
the output is a value for relative humidity, cal- 
culated on the chip with reference to an 
onboard temperature sensor, 


Analog Humidity Sensor 

The Humirel HS1101 is a low-cost analog- 
‘output humidity sensor that varies its internal 
capacitance between approximately 160pF and 
200pF as relative humidity increases from 0% to 
100%, The response is almost linear, with the 


curve steepening slightly when humidity 
exceeds 80%. The component is shown in 
Figure 18-4. 


Figure 18-4 A Humirel HS1101 humidity sensor. The 
background grids in millimeters. 


The manufacturer claims a recovery time of 10 
seconds after 150 hours of condensation. In 
other words, the performance of the sensor 
should be restored to its original specification. 


‘A microcontroller can evaluate the output by 
measuring the charge time of the internal 
capacitor in the sensor. If the sensing element is 
wired in parallel with a 10M resistor, this will 
allow the capacitor to discharge before the 
microcontroller charges it again. A 220-ohm 
series resistor should be used between the 
microcontroller and the sensor, to limit the 
charge current. This circuit is illustrated in 
Figure 18-5. 


Alternatively, the sensor manufacturer suggests 
using the capacitance value to control the out- 
put frequency of a 555 timer. A counter or 
microcontroller may be used to count the num- 
ber of pulses per unit of time. 
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It may well be that, precisely because Taoist practitioners re- 
fused to be co-opted by the establishment and were relegated to a 
precarious position, the practices could survive. As such, these 
practices, as synthesized in the Universal Tao, constitute a syn- 
thesis of several thousands of years of the practice by generations 
of Taoist masters in the science of feeling and sensing inward and 
of observing the nature of the universe and our relations with it 

The above provides evidence that Taoists over the centuries 
had a genuine concem about the well-being of the common people 
and that their practice was no reason to disengage from the world. 
The many stories and legends of the Immortals show that they 
were greatly loved, especially by the common people and the poor 
whom they often protected and helped. Their practice of gentle- 
ness (kidney), of generosity (liver), love and respect (heart), fair- 
ness and openness (spleen) and courage (lungs) expressed a 
strong sense of compassion with those who suffered. 


Body as the Primary Source of Cognition 


In the evolution of Western culture with its progressive disconnec- 
tion between body and mind, thinking and feeling, rationality and 
emotions, mind and energy, inner and outer, matter and energy, 
linearity and spontaneity, feeling as a source of awareness and the 
primary mode of cognition has been progressively devalued. 

It was seen as a feminine value of little use except in some 
domains as that of the arts and artistic endeavor. In religion it was. 
looked at, together with the body, sexuality and emotions, as a po- 
tential source of evil. In science with its drive for objectivity, it was 
also looked at with suspicion, as it tended to disturb and under- 
mine the demands for objectivity. 

Thus it was relegated to a position of inferiority, as it was sup- 
posed to interfere with rationality, discipline and order, needed for 
progress and the growth of modernity, as well as with the need to 
control the universe, the cosmos, nature and ourselves. 

In the Taoist tradition, feeling as the power of intuition, rooted in 
the body and the ability of self-reflection has always been consid- 
ered as the primary source of self-awareness. Jung has named 
this form of cognition the knowledge of the unconscious, which 
underlies all conscious activity of the mind. 
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This capacity to intuit reality (the ability to sense reality in its 
totality may be called an integral form of knowledge) exists in our 
whole bodily being. It may also be called a mode of thinking with 
the body which precedes all formalized codes of thinking which 
evolved with the advance of formal rationality and the split of body 
and mind, typical of Western culture. 

In that sense it may be called a Yin form of cognition, as op- 
posed to the Yang form of cognition, which characterizes the mod- 
em world and its connected forms of education, science and tech- 
nology. Yet there is abundant evidence that at the source of all 
genuine creativity and inventiveness, including in the field of sci- 
ence, lies the power of intuition. 

In that sense, the practice of the Universal Tao and the Fusion 
Practices, deeply rooted in the Tavist tradition, may be seen as a 
way to recover this form of knowledge within ourselves so that the 
split within ourselves between body and mind, feeling and thinking 
is overcome. In the great Asian traditions, thinking in its restricted 
sense as the linear activity of the brain has been viewed as inter- 
fering with and affecting awareness as the primary and principal 
form of knowledge, essential for turning knowledge into understand- 
ing. 

From a Taoist perspective, the primary learning process does 
not take place in the brain but in the organs. Recent findings cor- 
roborate the Taoist vision of the learning process that the brain only 
processes what is experienced and known intuitively by the or- 
gans, in particular those in the lower Tan Tien. 

Our deep memory which structures our patterns of reaction and 
response to the world lies in the organs. In this view, a learning 
process needs to be rooted in a relearning and a reprogramming 
of our subconsciousness in the organs from which all conscious 
activity springs. In terms of contemporary technology the organs 
are the software and the brains are the hardware. 


Unity of What is Above and Below 


In many recent attempts to revitalize and recuperate spirituality, a 
growing need is felt to counter the ominous trend towards a loss of 
meaning in the world of today. There is a tendency to continue the 
split, which inspired many spiritual traditions, which tended to be 
based on the duality of good and evil, higher and lower. 
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Fig. 9.9 As Below So Above 


As the lower part of the body and its organs is looked at as 
associated with the instinctive animal obscure part, connected with 
sexuality, which prevents the mind and the spirit from its upward 
vocation, itis ignored and bypassed. The Taoist approach fully hon- 
ors and recuperates the dignity of the body as a whole. The Tao 
recognizes the belly and its organs, connected with our sexuality 
and water energy which is the source of creative power from which 
all energy transformations flow. By getting in touch with our most 
intimate parts, we also gain access to the source of our creative 
powers, 

In that sense, the Fusion Practices invite us to reconnect with 
those parts of ourselves, both physically and psychically, which 
have been the focus of repression, This repression is not only in 
most of our cultures but also within ourselves, as we internalized 
what we learned and accumulated in our culture, at home, in school 
and though the media. In order to reconnect and truly get in touch 
with our organs, we need an instrument which is capable under- 
standing them. 
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That instrument is our intuitive power, which has its roots in our 
body as earth. It cannot be substituted by any other instrument, 
including our own intellect through which we are often at risk to 
become strangers to our own innate wisdom. 

Genuine self-transformation can only be realized from within by 
the one who truly knows her/his personal existential history. We 
must see the relations between positive and negative emotions as 
our own most intimate history which we have often hidden from 
our own senses and which only reveals itself to our own compas- 
sionate inner eye and our own loving energy. Only then can we 
open the path to true healing from within. No medical system, medi- 
cal doctor, psychologist, psychotherapist or other professional can 
do what you yourself can do: to observe and understand yourself 
emotionally and fee! what your innermost self needs and longs for. 

As such the Fusion Practices are a primary practice to recon- 
nect with the somatic basis of our being and reconnect with the 
hidden parts of ourselves. Thus the Fusion Practices are exer- 
cises in in kinesthetic awareness through which we recover our 
primary form of knowledge which is somatic and is buried in our 
very body and our gut. For this we need to go deep down into our 
own emotional history and learn to feel with and within our entire 
body. 

For this we need to let our rationalizing mind deeply sink into our 
body and let our intuition take over so that we get in touch with the 
visceral level of our being. Thus the Fusion Practices are not mental 
or intellectual exercises to clear our debris or accumulate virtues 
but an existential transformational exercise to which the formal mind 
only becomes an impediment. 

The Fusion Practices provide a unique way to overcome the 
dependencies you have grown accustomed to and to train yourself 
in self-reliance and recover your independence and thereby your 
self-esteem, 
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Healing Wounds 


Often the question is asked: ‘Where to begin"? Such questions 
may suggest a hesitation to enter the practice and face oneself. A 
path opens at the very moment we start to walk. The inner journey 
is different for all of us, as our histories are unique. The formulas 
provide an essential guide, which tells us how to go about, which 
direction to take, when to walk, when to rest and the stations (prac- 
tices and their sequences) we should visit 

As suggested earlier, the whole Taoist practice has its begin- 
ning in the practice of the Inner Smile. The Inner Smile as the key 
to refresh, create, transform, attract and blend energies presup- 
poses a basic willingness to enter into an adventure and to face 
the risks in transforming old to new. It requires above all a willing 
ness to love oneself and self-compassion. Such an inner move- 
ment towards the opening of the heart is however only possible if 
there is some willingness to accept and forgive oneself. 

Perhaps the primary key to any process of self-transformation 
is the willingness to forgive oneself, as it opens the heart and sets 
in motion and frees the flow of Chi, both from within and from 
outside. That would seem a primary condition for an open space to. 
emerge in which one can enter into dialogue with the organs and 
let them speak and listen to what they wish to say. 

Yet forgiveness is not an act for once and for all but a primary 
key in a continuous process of turning inward and practicing inner 
observation. Itis not surprising that when Jesus was asked a ques- 
tion on forgiveness, he pointed to its key role by saying that a man 
should forgive seventy times seven, meaning that it has no limit. 
Rather than perceiving forgiveness as a virtue which make all other 
virtues possible, like love and compassion, it is more useful to see 
itin terms of a growth generated by process towards balance as a 
whole between positive and negative emotions (Fusion of the Five 
Elements) and as the fruit of the creative cycle (Cosmic Fusion). 

The refusal or inability to forgive and thereby to love oneself and 
others may be said to affect all the organs, affecting their chemis- 
try and inhibiting cooperation and balance. Frequently itis rooted in 
a victim consciousness, which sets into motion negative emotions 
which tend to reinforce each other. This victim consciousness of- 
ten has its roots in a presumption of betrayal as a result of which 
the heart closes, as others are made accountable for one's own 
negativity and suffering. 
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‘Asa result there is a refusal to even consider looking inward, as 
the source of misfortune is placed outward. Thus the heart's natu- 
ral tendency towards love and compassion is obstructed and the 
wound is cultivated to legitimize one’s withdrawal from life, as a 
result of which both the internal as well as the inward flow from 
outside are being impeded. All traumas first of all settle deeply in 
our organs from where they affect our energy flows. They can only 
be dissolved with patience and gentleness towards oneself. Only 
when internally energy is accumulating, can it flow outward. 

The strengthening of the organs have in the Taoist tradition a 
Vital role to play in mitigating and achieving control aver the nega- 
tive emotions. Forgiving does not mean that the wound needs to 
be closed. It may remain but it is no more active in generating 
toxins and preventing positive emotions from growing. Also forgiv- 
ing does not means that one forgets. That may be too difficult and 
is not necessary. Only the charge, which activates to toxins needs 
to be defused. 

The aim of the Fusion Practices also is not to eliminate pain. 
Pain and joy are intrinsic in life and form a unity of opposites. 
Attempts to eliminate it create frustration and exasperation and 
may well make it grow and become more difficult to control, as 
negative emotions such as fear, anger, worry, sadness and impa- 
tience multiply. The more negative emotions are suppressed, the 
more they have a tendency to run wild. 

The purpose of the Fusion Practices is to achieve control and 
regulate them consciously so that major imbalances can be pre- 
vented and the quality of the energies, upon being fused and blended 
is heightened and transformations into new states of being (the 
energy body and the spirit body) become possible. Ups and downs 
are inevitable but as you grow able to accept them and balance 
them and grow in equanimity, a point is coming when you are less 
affected by what happens around you; you are less carried away 
by events and you become less vulnerable. 

Rather than to do away with toxins, it is wiser to allow for them 
and it is easier to control them. This immunity is both raised in 
balancing positive and negative emotions (Fusion of the Five Ele- 
ments) and by strengthening the positive emotions (Cosmic Fu- 
sion). The unity of the two is of great importance. To make a small 
tree grow one does not only weed, but also creates optimal condi- 
tions for it to grow: that it is planted in good soil, that it receives 
shade and water and that itis pruned at the right time. 
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One practical way to effectively deal with the negative emotions 
is to distinguish between them, so that they can be separated and 
sorted so they receive the attention they require and they become 
manageable. We may see them like our children who each have 
their specific needs, We can give to each one the particular atten- 
tion they deserve. To deal with them all at once is too difficult and 
leads easily to discouragement and a sense of powerlessness 
and defeat. In such a way you more easily work with them, 

For each of us, the relations among and between positive and 
negative emotions is a unique one. So are our needs and styles to 
deal with them, depending on the culture we have grown up in, our 
different kinds of education and the ways we have responded to 
them and have evolved. So we will need to rely on and develop our 
own imaginativeness to use the formulas creatively so that they 
may be helpful rather than become an obstacle, as we apply them 
mechanically. We need to learn to feel what is good for us, and 
what helps us to be centered, in balance and at peace with our- 
selves. 


Practice of Humor and the Humor of Practice 


Crucial to our practice is a sense of humor and playfulness: to 
avoid the Fusion Practice becoming a reproduction of old patterns 
in a new form, as we use it as a device to track down our weak- 
nesses in a spirit of self-condemnation. Humor is essential for bal- 
ancing the energies of and in our organs. Humor is the great regu- 
lator which helps us to look with a sense of relativity, playfulness 
and lightness at ourselves. It is an expression of the compassion- 
ate energy of the heart which helps to look with a sense of detach- 
ment at ourselves and not to take ourselves so seriously that it 
becomes difficult to relax and be a witness rather than a severe 
judge. 

With litle humor, the Fusion Practice would become an account- 
ing practice in which we record the drawbacks which prevent us 
from advancing. In focusing on the negative as if it were evil, we 
lose sight of our creative potential and prevent ourselves to gradu- 
ally free ourselves from old patterns. Without humor we see no 
way out except by relying on some external power or force which 
only further undermines our own original power of self-transforma- 
tion. 
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Learning to tend our Garden 


What helps is to realize that we do not have negative emotions, 
per se, but that we and our spirit are in them. They are an integral 
part of us, and when we want to eradicate them, we destroy our- 
selves and the spirit contained in the organs. 

For the Fusion Practices to become effective, we need to learn 
to dialogue with our organs. We must learn to express our grati- 
tude to them for the miracle that we are alive thanks to their un- 
ceasing work. We need to give them a chance to relax and recu- 
perate. Let us give them a chance to get in touch with each other. 
They are both our parents and our children. They can store Chi 
and provide us with energy when we need it. Let us protect them 
from our anger and other negative emotions, so that they do not 
have to suffer and feel we drain them. Let them breathe freely, 
accumulate Chi, expel the accumulated toxins to that we can re- 
cover, nourish and sustain our health and vitality. 

Itis a challenge to see the positive in the negative; negative emo- 
tions, when freed from their destructive and explosive charge, con- 
tain pure energy which we badly need to develop our vital force. 

It helps to accept ourselves if we remember that our negative 
emotions often mirror forms of resistance which at some time early 
in life, served as a form of legitimate and understandable protec- 
tion and rebellion. At that moment they might have been neces- 
sary, but at some point they lose their function, 

Negative energies may be seen as a kind of garbage. If we dis- 
charge it on others and the environment, it becomes a major factor 
in generating toxins, bacteria, viruses and a variety of forms of 
disease by which negative emotions are multiplied and become 
more and more difficult to control. Or they can be seen as highly 
positive and urgently needed for recycling and composting, so that 
they can be used to help us grow and improve our balance, so that 
we do not become a burden and a threat for others and our envi- 
ronment, but a blessing, as our energies contribute to a climate of 
harmony and peace. The more light and Chi that enters our body 
and the more we radiate it into others and our surroundings, the 
less bacteria and viruses have a chance to grow. 

The Fusion Practice (Fusion of the Five Elements, Formula Four) 
provides an effective method for composting, as the negative en- 
ergies from the different organs, after having been separated out in 
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the collection points, are brought into the pakuas which act as 
transformers. They can be blended with the positive energies from 
the organs as well as the energies from the universe, so that they 
become purified and enriched; energies of a higher quality and or- 
der can be generated. These then may be condensed into a pearl 
as the embryo of our energy body (Fusion of the Five Elements, 
Formula 5). 


Raising the Quality of Our Energies 


The Cosmic Fusion Practices basically serve to consolidate, sta- 
bilize and enhance the process towards balance, initiated in the 
Fusion of the Five Elements practices. The creative cycle practice 
of Cosmic Fusion specifically serves to further the growth of posi- 
tive energies in the organs and glands, which in turn will be able to 
mutually support each other to create a higher quality of energy. 
This energy is concentrated in the compassion energy from which 
a pearl is formed. Only when all the positive energies merge into 
the fire of love and compassion by which the sexual energy is 
steamed and is transformed, its energy will turn into a higher cre- 
ative and spiritual energy. This higher energy will then serve to nour- 
ish the energy body. 

This pearl will be more powerful in healing and cleansing the 
body than the pearl in the Cosmic Fusion practice and may subse- 
quently serve to create and nourish the energy body. The energy 
body may in the highest practices give birth to the spirit body. The 
Cosmic Fusion practice also serves to intensify the process of 
cleansing and healing through the creation of the three Thrusting 
Channels and by creating the the nine Belt Channels which serve 
to protect the body and its energies from negative influences. 


Marriage of the Light from Within and from Above 


All Universal Tao practices, including the Fusion Practices, consist 
of two dimensions. One is the activity which focuses on the pro- 
cesses of transformation within the body through cleansing, open- 
ing, healing and fortifying the body and raising the quality of its en- 
ergies. The other activity is to get in touch with the universe, the 
cosmos and nature and attract their energies and the Light in which 
they originate towards the body so that the body may process these 
energies and blend them with its own refined energies. 
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Fig. 9.10 Connecting with the Universe 


The Taoist view is that the body by its very nature and structure 
is a microcosmos which is able to attract and receive and use the 
energies from the universe, the cosmos and nature to transform 
itself. Quantum physics confirms the view that the mind is faster 
than light and that consciousness is a form of energies which can 
move other energies when tuning into these energies and their 
frequencies. 

The process of getting in touch with the universe and expanding 
love and compassion begins in the same way as the approach to. 
inward transformation of energy: with smiling, feeling and sensing 
and radiating out love energy. The cleaner and finer the energy 
which is emitted, the higher the response from the forces and en- 
ergies from above, below and around us. The relationship with the 
universe has been likened with that of a love or courting relation 
ship. In all the mystical traditions the experience of the divine is 
also experienced as a relationship between the lover and the be- 
loved. Frequently such relationships have been expressed by the 
great mystics in the most erotic and sensuous language, a reason 
for which they were as a rule hardly accepted and frequently per- 
secuted. 
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Figure 18-5 Using a microcontroller fo measure the 
charge time of a gas sensor with capacitive output. 


The Honeywell HIH4030 is a surface-mount 
humidity sensor with a more convenient ana- 
log voltage output that increases almost line- 
arly from approximately 0.8VDC at 0% humidity 
to 3.8VDC at 100% humidity, assuming a SVDC 
power supply. The sensor is available on a mir 
ature breakout board from Sparkfun, shown in 
Figure 18-6, 


Figure 18-6 The Honeywell HIH4030 on a breakout 
board from Sparkfun, 


As relative humidity is temperature-dependent, 
a relative-humidity sensor must have the same 
temperature as the air it measures. Many data- 


ttuid > gas > concentration 
sheets recommend that when a sensor is 
mounted on a printed circuit board, slots 
should be milled around it to minimize heat 
transfer to it. The sensor should also be moun- 
ted as far away as possible from heat- 
generating components. 


Where a capacitive humidity sensor with an 
analog output is located some distance from 
the electronics that will process its output, 
shielded cables or twisted pair cables should be 
used to minimize capacitance in the wiring. A 
decoupling capacitor between the supply volt- 
age and ground close to the sensor can help to 
keep the supply voltage stable. 


Digital Humidity Sensor 

The AM2302, available from Adafruit, is a capac- 
ye humidity sensor with a digital output 
accessible by a microcontroller via the I2C pro- 
tocol. Onboard electronics calculate relative 
humidity with reference to an included temper- 
ature sensor. This component is pictured in 
Figure 18. 


Figure 18-7 A low-cost humidity sensor with 
temperature-compensated digital aufput. From a phato- 
raph by Adatuit 


What Can Go Wrong 


Contamination 


A semiconductor gas sensor can be damaged 
by exposure to volatile chemical vapors. This 
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Through its meridians our body may be seen as a grid of light 
channels through which it is connected with the light grid of the 
universe and can tap its unlimited energies. 

Learning to embrace ourselves and the universe: 

The Fusion Practice may serve to visualize oneself as a net- 
work of light and as a light body. Then the practice is not only one of 
cleansing but also one of fling the meridians with light. Mutations 
in consciousness start in the body visualization and tum into actu- 
alization, But the transformation lies not in the visualization. It is 
only a vehicle, Actualization is the real experience of the energy 
transformation in the body, when its chemistry changes and en- 
ergy is transformed. One begins to sense the truthfulness and 
miracle of being alive and one starts to feel that one is embraced 
and pervaded by love and a sense of gratitude for the mysterious 
ecstatic process taking place in the body arises. 

But this is not an end term. It is always only a beginning, as the 
love of the infinite has no limits neither in time nor space. In the 
process matter turns into what is immaterial and the immaterial as 
energy to continue its transformation waits again for a new form to. 
contain it and change its nature and composition. Words help to 
create an image and when the image is there, the word loses its 
function. The image serves to help us generate the energy and its 
transformation. When the energy has come into being, the image 
needs to be given up so that a new space arises for a new experi- 
ence. This is an unending process. How wondrous is it that our 
organs, our body, that sacred vessel, as it is called in the Taoist 
Canon, remembers its origins and longs to be fused and serve as. 
an instrument of the fusions which unceasingly take place in heaven 
so that our intrinsically divine nature is realized and can be experi- 
enced. For earthlings, the learning process starts from outside. In 
the process of turning inward, the learning process increasingly 
becomes internalized. We need the structures and the forms and 
formulas to help us on our path. Then when we become still, it 
becomes spontaneous and starts to move by itself. 

Then our child has been born and just wants to play without end 
to feel that they are welcome and loved so that they feel at home. 
For this quality in us to arise, we need to learn to embrace our- 
selves and the universe, as a mother her newborn child. 


Written by: Joost Kuitenbrouwer 
Universal Tao Instuctor 
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Questions and Answers 
about the Cosmic Fusion Practice 


Q. Is the cauldron the point where all the pakuas join together? 
A. Yes. 


Q. Now that we've learned about the cauldron, where do we 
collect the energy at the end of meditation practice? 

A. You can collect and store energy at the cauldron or you can 
continue to collect and store your energy behind the navel. When 
you collect the energy you make a vortex, which is three-dimen- 
sional, so it can veer toward the navel or the cauldron. As you 
do this you may feel it going deeper and deeper. 


Q. Do we always have to do 36 and 24 spirals in the collec- 
tion? 

A. The numbers 36 and 24 are a guide. There is no speed limit for 
spiralling the energy when you collect it. Some days you might 
want to do more than that; on many days you may want to do 
much less. On those days, 12 and 9 may be sufficient. Eventu- 
ally it will go by itself 


Q. How do you collect the energy when there is so much en- 
ergy all around? 

A. Collecting the energy will eventually become automatic. The 
safety features are bringing any excess energy from the pelvis 
up to the navel and and excess energy in the head and heart 
down to the navel. When you are coming back from the feet to 
the navel in the belt routes you are also collecting the energy. 


Q. Does the energy stay in the cauldron or does it spread to 
the organs? 
A. Both. 


Should you see the collection points in color? 
Some people see, some people feel, and some people can even 
taste the energies. If you are visual, great. Then you will see the 
colors. If you work with the colors, the color will tell you if an 
organ's energy is healthy or not. If you look within and see dark 
muddy colors, then you know you have to work to make them 
clear and bright. 


>e 
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This applies to the organs and the collection points. Because 
the organs are affected by the emotions the colors will be af- 
fected. 


Q. Does the Yin/Yang symbol move inside the pakua? 
A. Itspins like a vortex. 


Q. Is there always a pearl you can work with? 
A. Ifyou practice forming a pearl every day, there will be one there 
when you sit down to meditate. 


Q. Is there a minimum size for the pearl? 
A. The size of the pearl is less important than its density. As you 
add energy to it you might notice it glowing more brightly or feel- 
ing more energetic. 
When the energy increases you might want to make more 
than one pearl. Then you can give it away to an organ or into 
your own atmosphere. 


Q. Does the belt channel go around both legs or each one 
‘separately? 

A. It circles around both legs, although if the energy wants to go 
around each one, that's okay too. 


Q. You talk about using the thrusting routes for practical pur- 
poses. Can you give an example? 

A. To clean the atmosphere in a room, you shoot the pearl out the 
crown and let it expand and fill he space. That way you declare 
the territory as your own—it is permeated now with your energy 
and consciousness. If there is any negative energy, any nega- 
tive spirit, it will just leave of its own accord. You can't destroy 
negative energy, but you can work with it to make it leave, by 
overcoming it with your own energy. But you don't want to anger 
another spirit, that’s not the Taoist way. Either they are using 
your energy to protect them or they want to tap into yours to get 
themselves to a higher level. 
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Q. Is there a breathing technique that will make you more Yin 
or more Yang? 

A. It's not just breathing. If you eat very Yang foods, like meat and 
you are trying to be Yin, it won't work. If you work with the Fusion 
formula you can balance the energy more easily than with out- 
side forms of breathing or food. Fusion | and the Microcosmic 
Orbit are natural ways to balance your energy. 


The meditation seems so long. 
. Once the channels are open you don't need to spend much 
time. The training period seems long, but the actual practice 
can be quite short. When the Thrusting Channels are open you 
won't need to do any muscle contractions, you won't need to do 
itin stages, you won't need to inhale several times. You will just 
sit down and in a couple of minutes you will find yourself in a 
state where the energy will be strong enough and the channels 
‘open enough that the energy will flow through the Thrusting 
Channels just using the mind itself. In fact, you will be able to do. 
it anytime, not just during meditation. 

You can imagine the work it takes to connect pipes from a 
reservoir to each household in a city. But once the pipe is con- 
nected all you have to do is turn the faucet on. 


>p 


What can close the channels? 
. Stress of any kind can close the channels. Tension contracts 
everything—muscles as well as emotions. Also, if you stop prac- 
ticing for a long time the channels will close. A path that's walked 
on every day will be clear, but if no one travels on it the weeds 
start growing and soon it is covered back over. That's why we 
stress the importance of daily practice. Even five minutes a day, 
is better than one hour once a week. Fusion | and Fusion I! prac- 
tice can be combined together, so you can check the organs, 
smile down, see what you need to do, and in a few minutes you 
can do some maintenance work. Then when you have more 
time you can go and clean the organs and the Thrusting Chan- 
nels. In the beginning, the Fusion practice needs the mind to 
form the pakua, and collection points. It's like the Microcosmic 
Orbit: when you first learned it, it took a lot of concentration on 
each point and even when it started to run by itself it wasn't 
dependable. But after a while you could wake up in the morning 
and feel your Microcosmic Orbit running. 


>p 
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Fusion | and II are more complex and at the beginning you 
have to develop a different technique to get them running. | just 
look in the cauldron and it's like a slide projector: | can see ev- 
erything, Then you can add the collecting of the energy and the 
blending process. 

Everyone we know who has practiced Fusion II for a year or 
so, can do the creation cycle in a couple of minutes. As you 
practice and keep adding more details, sooner or later it be- 
comes automatic. If you do Fusion II on a daily basis you will 
begin to get faster and faster. You will be able to look inside and 
see what's going on. When the process becomes automatic 
you open a whole area of possibilities. It will give you more time 
to practice because you will be doing it so fast. It will be there 
when you sink into sleep. It will be there when you wake up in 
the morning. 

When you tune into your organs, your organs will have more 
say over what they want and what they do. So when you work 
with the formula correctly, the organs will love it. They will have 
the space and time to be themselves. The brain can be over- 
worked and pushed too hard. It can force any organ to work until 
it's destroyed. You can see this in people who take drugs to 
control their emotions. 

But when the situation is balanced by using the Microcosmic 
Orbit, the organs get a chance to balance themselves. The brain 
has a say but the organ also has a say. Then you can achieve a 
balance of energy when the intellect and the organs are working 
together. At this stage, when the senses are drawn in, not dis- 
tracted and running around, you will feel calm. Gathering and 
conserving energy is good in itself. 

The next thing that happens is that you can begin to gain 
Real Knowledge. Real Knowledge is beyond intuition; it comes 
from within and you make better choices and decisions. This 
Real Knowledge is an inner guide which sometimes manifests 
in dreams from the unconscious. It can show you a direction in 
life. You know yourself that these dreams are rare. In the past 
they only came when you were at a crossroads and there was 
some danger. But through the practice with emotions, organs 
and mind, you develop that interior communication that allows 
you access to Real Knowledge, so you're not operating in a 
state of emergency but from a state of balance and calm, Those 
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directions will be easy to follow. So this is a process of purifica- 
tion. The energies will be used with purer intentions. 

For example, if you have an excess of fear you feel threat- 
ened and isolate yourself. Any decision you make from that 
standpoint will not lead to happiness. This formula is very im- 
portant and carries a tremendous amount of responsibility, for 
Whenever you learn something that can change your life in a 
positive sense you will either do it or forget about it. You often 
hear people say, “I want to change my karma.” This formula is 
something that can change your karma. So this practice, this 
opportunity has a responsibility. You will have to take the conse- 
quences of doing it or not doing it. Because if you do it you will 
change. 


Q. How can | protect myself from negative energy? 

A. The belt routes can protect you. When you circulate the energy 
through the belt routes, the energy centers are strengthened, 
and can protect you from absorbing outside energy that you 
don't want. For instance, in a crowd, if there is energy you don't 
like, just run the belt routes to protect yourself. This will also 
protect your aura. If you are upset and have a lot of emotions, 
the aura is very unstable. The aura might expand or shrink. This 
protection will become automatic through diligent practice of the 
belt routes. 


Q. When you send the energy out like a shower, are you al- 
ways collecting positive energy? How do we know what 
energy we are collecting? 

A. There is always heavenly energy around you, and there is al- 
ways magnetism so when you do this work you are working 
with earth and heaven energy. It's another responsibility when 
working with the energy. If you are an ordinary person you are 
absorbing only a certain level of energy. When you start raising 
your level, you are raising your level of positive energy. This can 
change the atmosphere around you (an inner pressure of posi- 
tive energy). Energy has a magnetic quality that attracts. When 
you have strong positive pure energy you will be repelling nega- 
tive energy and you won't be affected by negative energy. For 
‘example, if someone is angry you will have enough positive en- 
ergy to handle it. If you practice this and go to higher levels and 
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then decide to stop, your pressure will again change and de- 
crease. Our bodies always try to find a balance, that's our inner 
intelligence, So the pressure has dropped and the body tries to 
restore the familiar higher pressure. To do this you start absorb- 
ing anything, and the most abundant source is the garbage en- 
ergy: anger, fear, depression, etc. As you build up your strength 
you need to maintain that higher level and thats a big responsi- 
bility. 

So when you do the shower of energy you have to depend on 
the strength of the energy in your pearl. Fusion II jacks up the 
energy of the pearl you made in Fusion | by imbuing it with the 
positive qualities in the organs. So it's important to do Fusion | 
carefully. 

When you absorb positive energy you can even affect the 
bacteria in the air. If you've been practicing the Microcosmic 
Orbit and Fusion | for a year you've probably noticed that colds 
don't last as long, and you don't get sick as often, 


Q. Is it normal to feel pain or discomfort when doing the fu- 
sion practices? 

A. You can see that some systems are into suffering: staring at the 
sun, sticking oneself with needles or standing on one leg for a 
long time. This is so that when practitioners get to the level of 
great power, they can withstand the pain. This is how some 
people learn and they suffer a great deal. 

Maybe you cannot take all the energy; some people bathe in 
the river every day to reduce the heat and can't sleep for weeks 
and months. When you practice to a certain level there are 
changes in the body—but you can take thse changes. Some- 
times as new energy pushes through channels you may feel a 
headache. Some people feel a stomach cramp when they blend 
the energy at the cauldron. But that is unusual. I’s like trying to 
help a butterfly when it’s hatching. Maybe you want to help by 
cutting the chrysalis with a scissors. But the butterfly won't sur- 
vive if you do that. It has to struggle at the beginning in order to 
survive. 

So you will have to grow over the pain. Other systems in- 
duce the suffering first. In Chinese, they call it ging ku—you don't 
have anything and you still have to suffer—but that is not the 
Taoist way. We prefer to grow first and then experience the grow- 
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ing pains. You may feel imbalanced from time to time—consti- 
pation is a real problem. If you have a good bowel movement at 
least once a day, you will not suffer so much. 

Now that you are more sensitive to energy, you will recog- 
nize negative energy right away and you have the tools to neu- 
tralize and purify the energy. 

Some people, after they study, find that they are reacting dif- 
ferently to their love partners. For some of them, this difference 
leads to a break-up. When they look back on it, they often real- 
ize that the break-up was inevitable and that they were dissatis- 
fied before. For others, especially couples who study together, 
their relationship becomes more solid and more respectful. In 
any case, it means that you begin to understand yourself better. 

Sometimes you begin to see problems more clearly and see 
the energy that causes the problems. When you can enhance 
the energy inside, the problem goes away. There are those who 
get angry but don't realize they are angry and aren't aware of 
the effect of the anger on the liver. But those who practice Fu- 
sion | can become aware of the liver and very quickly the anger 
will be gone. 

The Taoist system can change the course of your life, change 
your astrology, change your fortune and your fate. We know 
that because of the experiences of Taoists over many genera- 
tions. 

The energy inside your organs and brain makes your life what 
itis. So when you know how to control your energy, your organs 
and senses, thatiis the beginning of controlling your future. Those 
who are controlled by substances like tobacco, alcohol and other 
drugs are not in control of their lives. 

In Taoism you don't run away from problems as long as you 
are in this world. Actually there is practically nowhere on the 
planet where you can go without being bothered. 

When we started to teach Westerners, we found new ways 
to teach people how to balance their energy through diet as well 
as through the Taoist exercises. Those who eat only raw foods 
will be too Yin and those who eat mostly meat and dairy will be 
too Yang. But the only way to restore your True Knowledge is 
when you turn to your internal organs and senses for informa- 
tion. Then you will know how to conduct your life. But until you 
do that it's hard to know what's good or bad for you. 
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The golden mean, the middle, moderation are all ways of 
saying that when you know how nature works you will know the 
Tao. By knowing the Tao you start to know about God and the 
universe. Anything that's extreme, you have to back away from. 
The only thing that lasts long is balanced, middle and center. 


Q. Is there a problem if | shake a lot during meditation? 

A. Too much shaking can scatter the energy. Moving and stillness 
have to be balanced. If you remain still for too long the energy 
might settle, But if you shake and scream and are never still you 
risk eventually shaking out all your life force. 


Ifyou start burning a fire, it gets hotter and hotter. When the 
water comes to a boiling point you turn it down and cook it very 
slowly. That way you can get the essence out. If you don't turn 
down the light all the water will boil away and the pot will be 
burnt or broken, 

When you are into the meditation and very still, movement 
starts and many things are activated. If the movement becomes 
very strong it won't last long and you might want to stop it. You 
have to know the timing. If you start to shake, you can gain power 
by stopping the shaking and utilizing that energy inside. If you let 
the shaking continue, you might lose all the energy you built up. 

In some forms of therapy people are encouraged to shake 
and jump and scream to get rid of their anger or depression or 
anxiety. When the session is over it seems that everything has 
been worked out but when they get home they are throroughly 
exhausted. The emotions were shaken out along with the life 
force. How much better to recycle the energy. 

Tai Chi balances the Yin and Yang through movement and 
stillness. This builds up energy and then you can circulate the 
energy in the Microcosmic Orbit. The whole secret in the Uni- 
versal Tao is having the channel for the energy to flow. 


Q. Why do you create an Energy Body outside yourself? 

A. When you set up the Energy Body and the spirit body they start 
to draw out the essence of the physical body. Then it starts to 
work in space. 
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It's the same reason that every country wants to set up labo- 
ratories in space. You can make a lot of things better in space 
because there's no gravity, no dust and no germs. 

The Energy Body will draw the essence up; you might even 
feel like it's going to pull your whole body up. And then the En- 
ergy Body draws the energy from space and the universe and 
mixes them in. When you bring the energy back into the body 
the organs will absorb all this energy and start to transform. But 
if you sit down without a purpose you won't get this effect. 

Everytime you add more of your body's energy to the Energy 
Body, the Energy Body will go higher. Sometimes | feel like all 
my essence leaves my physical body. When you practice every 
day it starts to take the essence of this body and transform and 
mix it with the universal energy and your progress will be re- 
markable. There will be no resistance. When you're finished 
meditating, you just shrink the Energy Body down and each time 
you shrink it down the pearl becomes more refined. 

Atone time, the Taoist Masters were afraid of losing the pearl 
in space and did it all inside the body. This was reflected in the 
art in China where they worked incredible detail on miniature 
objects. But later the Tao masters discovered that if they know 
how to send the energy out the head they can expand the En- 
ergy Body and then shrink it down. That way they achieved more 
perfection—it's the same way they make a computer chip. 

If you look inside a chip there's a whole city inside it. They 
draw every detail on paper the size of a football field and then 
with a special camera they shrink it down and down, 

Set it up, do all the detail you want, then shrink it down and 
pull it back in. 
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would be unusual in a domestic environment, 
but is still an important consideration, as there 
will be no obvious indication that damage has 
occurred, 


Recalibration 


If a humidity sensor is exposed to very high 
humidity where condensation occurs, some 


What Car 


datasheets advise a baking procedure, where 
the sensor is placed in warm, dry air for several 
hours and then allowed to rehumidity. 


Soldering 

Semiconductor gas sensors should be soldered 
quickly and at a controlled temperature, to 
minimize heat transfer. 
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had to figure a lot of this out myself. When | heard “transfer 
your consciousness to the next life” | decided | had to learn how 
todo this in this lifetime. | kept asking, but everyone had a differ- 
ent answer. They just said it’s very simple. | told one master I'd 
give him anything for the secret; I'd go anywhere to lear. Either 
he didn’t have it or else he wouldn't give it to me. After a while | 
discovered that I'd have to figure out myself how to transfer what- 
ever | wanted to the Energy Body. | did this because | under- 
stood that my Energy Body will live forever. 


Focusing on intellectual understanding alone is limiting and sti- 
fling. A real practice teaches one how to feel within and derive au- 
thentic knowledge based on personal experience. In the Universal 
Tao, we emphasize the practice of understanding nature, getting in 
touch with the natural forces, and getting in touch with oneself. 
Then the principles of philosophy will reveal themselves, and one 
can have real hope based on what is, not on empty promises that 
can never be proven. 
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ITRODUCTION TO KATTIARA BIO-RECENESIS TECHNOLOGIES 


COLOR, SYMBOL, SOUND AND BIO-REGENESIS TECHNOLOGIES 


BIO-REGENESIS TECHNOLOGIES are tools to assist us in accelerating our expansion of 
consciousness through natural, gentle simulation of the personal DNA TEMPLATE, KUNDALINI 
ENERGIES, CHAKRAS AND MERKABA VEHICLE. Bio-Regenesis techniques are built upon the 
foundations of KEYLONTIC MORPHOGENETIC SCIENCE and advanced SCALAR MECHANICS, 
as understood by races of higher evolution; these are paradigms of science not yet recognized or 
validated by contemporary earth science paradigms. Because Bio-Regenesis technologies are 
based upon what is viewed by modem earth science paradigms as a speculative rather than 
verifiable science, | present Bio-Regenesis techniques only as an option to explore in meditation. 

Bio-Regenesis technologies were taught as "Common Knowledge" within the Ascension Schools 
of Pre-Ancient advanced human cultures and were utiized as standard practice in pre-ancient time 
periods. Bio-Regenesis Technologies are built upon the natural laws of scalar wave mechanics. 
Bio-Regenesis Techniques are SPECIFIC APPLICATIONS OF CONSCIOUS ENERGY 
DIRECTION WITHIN THE MANIFESTATION TEMPLATE OF THE BODY that stimulate into 
activity dormant portions ofthe personal Manifestaion Template, which allows for a natural, 
progressive and accelerated advancement ofthe personal ORGANIC EVOLUTIONARY 
BLUEPRINT of the 12% Dimensional Omni-polar Pre-matter Template. Bio-Regenesis Techniques 
simultaneously create subtle, natural acceleration within the interwoven energy systems 
DNA Template, Chakra System, Merkaba Fields, Kundalini energies, higher dimensional 
consciousness, and “Subte Energy Body’ anatomy. 

In the Bio-Regenesis paradigm itis said that such techniques allow an individual to affect the 
function of the scalar wave template ofthe body, working co-creatvely under the direction of the 
individual's own higher dimensional levels of consciousness. As the higher dimensional 
levels of the personal identity, the spiritual identty of the Soul, governs the processes of the 
personal Manifestation Template, Bi Regenesis Technologies are completely safe and riatural to 
the organic design ofthe human being. Using processes of Bio-Regenesis from the earthly 
conscious perspective expedites the natural processes of eneray and consciousness by which the 
higher identity and earthy identity integrate to become one. In advanced ancient human cultures, 
Bio-Regenesis Technologies represented 2 natural attribute of consciousness expansion into the 
realms of higher evolution and assisted to biologically prepare humans for STAR GATE passage 
or “ASCENSION”. 

if we can understand that the HUMAN MIND is an energy force that CONTINUALLY 
GENERATES PATTERNS OF SCALAR WAVES through the process of THOUGHT, itis not 
dificult to understand how APPROPRIATELY DIRECTED THOUGHT can directly influence the 
function of the personal Manifestation Template scalar blueprint. All thoughts serve this purpose, 
and directly effect the observable state of the mind-body-spirit system and the manifestation of 
events within the extemal He drama. THOUGHTS ARE THINGS- SCALAR WAVE 
CONFIGURATIONS of muti-dimensional vibrating patterns of BLPOLAR ELECTROMAGNETIC 
ENERGY RADIATION, which form SPECIFIC PATTERNS OF SCALAR FREQUENCY within the 
personal Manifestation Template, 

Undirected thought creates chaotic patierns within the Manifestation Template, while thought 
directed through clear intention creates ordered patterns within the Manifestation Template. 
‘Thought directed with clear intention and KNOWLEDGE OF THE STRUCTURE OF SUBTLE- 
BODY ANATOMY, is a very potent form of SCALAR POWER. The pattems of scalar energy 
‘frequency that thought projects into the personal Manifestation Template serve as 
ELECTROMAGNETIC OPERATIONAL INSTRUCTIONS within the Template, directly effecting the 
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Conditions that will be met in manifest experience. To develop skilin the manifestation process, the 
conscious “intending” mind must become more familiar with the “LANGUAGE OF SCALAR 
WAVES", as this is the ‘LANGUAGE OF LIGHT AND SOUND" upon which the Manifestation 
‘Template operates. The “language of scalar waves" is “spoken’ through the forms of specific wave 
spectra, forms that appear to the conscious 3-dimensional mind as frequencies of SOUND, spectra 
of LIGHT or COLOR, and shapes or SYMBOLS. 

What we perceive as color is specific spectra of LIGHT-RADIATION WAVES that have a 
specific measurable WAVELENGTH and vibrational ENERGY SIGNATURE. In using the 
‘conscious mind to direct quantities of color, we are CONSCIOUSLY SELECTING SPECIFIC 
‘SCALAR FREQUENCIES to add to the Manifestation Template. When we use the conscious mind 
to create images of SYMBOLS, we are further SPECIFYING THE ARRANGEMENT OF SPECIFIC 
FREQUENCIES, as they will appear within the Manifestation Template, SYMBOL FORMS (even 
those that compose the alphabets of outer languages) represent SCALAR-WAVE GUIDES, and 
Girectly affect the contours ofthe scaler wave blueprint of the Manifestation Template. The 
Manifestation Template governs the function of the body and consciousness within the manifest 
experience, and so the "Language of Scalar Waves" is the medium through which we gain 
Conscious access to the CASUAL LEVEL OF MANIFESTATION. In using color and symbol to 
direct frequency, we are creating a pattem of energy that has a speciic vibrational signature or 
“TONAL SOUND SIGNATURE”, which directy interfaces with the energetic vibrational sound 
signature of the Manifestation Tempiate's scalar grid. 

In Bio-Regenesis technology, Color and Symbol are used to direct the TONAL SCALAR 
ARRANGEMENTS of the Manifestation Template, to create natural, desired results within the 
‘body-mind-spirit system. There are many complexities within the process of conscious 
‘manifestation that one must learn to fully master the contours of space, time and matter. The 
beginning step is learning to give more finely tuned thought intention “PROGRAMMING 
INSTRUCTIONS to the personal Manifestation Template. Thoughts and images rendered in 
external language and 3-dimensionally associated symbols affect the outer layers of the 
Manifestation Template, but they do not provided as finely tuned manifestation instructions as do 
the “scalar wave languages" of Color and Symbol image, which direct the contours of vibrational 
Patterns of SOUND. Mastery within the interdimensional spectrum progressively develops as one 
Masters the core "PROGRAMMING LANGUAGES" of Color, Symbol and Sound Vibration, 

In MIND TECHNOLOGIES, such es CREATIVE VISUALIZATION and VERBAL AFFIRMATION, 
beginning skil in SCALAR TEMPLATE PROGRAMMING is developed through using emotionally 
charged images and precise sound patterns in the language to which we are accustomed, as 
‘methods to begin gaining conscious control over the processes of personal manifestation. 
Keylontic Science BIO-REGENESIS TECHNOLOGIES take us ONE STEP DEEPER into the 
‘manifestation process, by directly employing the LANGUAGE OF SCALAR WAVES and directing 
the ENCODED INSTRUCTIONS through PRECISE LOCATIONS within the body-mind-spirit 
systemn and the Manifestation Template upon which this system is built. Bio-Regenesis 
technologies take us from speaking the language ofthe 3-cimensional mind into speaking the 
intrinsic scalar-wave language of the Spirit, which is the CASUAL ELEMENT behind and within all 


manifestation, 
Bio-Regenesis Technologies represent applications of Scalar Mechanics that utilize the inherent 
power of SUBTLE WAVE FORMS to created desired change within the core Manifestation 
‘Template of the body. Within this process, COLOR and SYMBOL become the TOOLS through 
which the 3-dimensionallyconscious mind becomes empowered to participate in conscious co- 
creation with the Soul and higher dimensional spiritual portions of identity. Color and Symbol 


possess power as MATHEMATICALLY ENCODED directors of scalar frequency; the ulimate 
efiect ofthis directed power is the ability to affect the scalar arrangements of the Manifestation 
‘Template. Intrnsically, scalar waves are specific points of vibrating bi-polar energy signatures. 
Vibration of energy units creates pattems ofinterial and external SOUND, within and beyond the 
range of 3-dimensional detection. The Manifestation Template can be conceptualized as an 
INTERWOVEN FABRIC OF SOUND FREQUENCY, the “Silent Symphony” of personal and 
universal being. The tools of Color and Symbol affect the scalar-wave arrangement of the 
Manifestation Template, and thus ater the vibrational patterns of SOUND TONES within the 
personal blueprint. COLOR AND SYMBOL are tools for the direction of SOUND, and intentional 
application of SPECIFIC SOUND TONES can aso be used in conjunction with Color and Symbol, 
‘further amplify one’s power fo interact withthe Manifestation Template. 

‘Along with the techniques of Color and Symbol direction, TONING, or the intentional 
generation of specific sounds to affect the Manifestation Template, is also uilized in Bio- 
Regenesis technologies and spiritual expansion programs, “Toning Therapies” have emerged in 
recent years through the New Age and Holistic Healing paradigms, and have been applied for 
thousands of years, within the practices of spiritual masters in every religious tradition. SPOKEN 
LANGUAGE itselfis a form of TONING, with ts accompanying SYMBOL ALPHABET, and lice ell 
‘Symbols and Sound Tones, our languages drecty affect the personal Manifestation Template, and 
the level of consciousness that can manifest through the body. In ancient cultures, the powers of 
Jenguege were better understood than they present are in contemporary mainstream society. 
Particularly within the Priest-casts of ancient religins, language was used more consciously, with 
an understanding that words, sounds and images would directly effect the consciousness of the 
masses. Prayers, rituals and songs, some of which remain in use today, were used as e means of 
altering consciousness. Some assisted in spiritual development, others were intentionally used to 
limit end control the consciousness of populafons. 

‘The contemporary earth science paradigm is only beginning tb explore the power of sound 
vibration and the connection between sound, symbol and color is not yet recognized or understood, 
In advanced pre-ancient cuttures, these sciences of Scalar Mechanics were fully understood 
and utilized in the most powerful of ways. Color-Symbol-Sound technologies were not only 
Used in Bio-Regenesis applications for personal heath and consciousness expansion: they were 
also used among GROUPS OF PEOPLE to directly interface with the scalar-wave Manifestation 
‘Template of the PLANTETARY SHIELDS. Vorices, Time Portas, Star Gates, Ley Lines and free 
energy systems generated through the planetary core and solar ight emanations were all 
DIRECTED THROUGH THE FOCUSED MIND, ufiizing knowiedge of Color-Symbol-Sound Scalar 
Mechanics. Since the fll of ancient cultures, which came as a resutt of abusing the powers of 
these Scalar technologies, the Color-Symbol-Sound sequences once used to direct massive 
‘amounts of power became the "HIDDEN AND FORBIDDEN SACRED KNOWLEDGE", 

The COLORS, SYMBOLS and SOUNDS used in Bi Regenesis techniques are not simply 
random choices. The elements of Bio-Regenesis technique are drawn from 2 UNIVERSAL 
STANDARD LANGUAGE OF “SCALAR SPEAK’, rough which precise scalar frequencies ae 
generated through specific Color-Symbol-Sound sequences to create very specific efiects 
within Manifestation Templates, The Bio-Regenesis Techniques presenty offered represent only 
the beginning of our reawakening to this vast body of Sacred Science knowledge. Many Bio- 
Regenesis techniques utilizing Color-Symbol sequence scalar mechanics are accompanied by a 
Comesponding exercise in TONING. Within the mysical Ascension Schools of ancient and pre- 
ancient mes, there existed a very SACRED SERIES OF TONING SEQUENCES that were used 
to directly interface with the DNA TEMPLATE and the AXIOM LINES in the PLANETARY 
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SHIELD. On a personal level, through this specific series of Toning, dormant strands in the DNA 
‘Template could be progressively brought nto acvation, to expedite the process of Spiritual 
Actualization, Holistic Healing and building of the PERSONAL MERKABA VEHICLE within the bio- 
energetic field. On the planetary level, these Sacred Toning Sequences were used to 
ENERGETICALLY OPEN the PLANETARY AXIOM LINES for CLEARING, REPROGRAMMING 
AND ACCELERATING THE ACTIVATION of the PLANETARY SHEILDS. This series of Sacred 
Toning was collectively called "THE MUSIC OF THE SPHERES". 


THE SONGS OF THE SPHERES 


‘The MUSIC OF THE SPHERES represents the ORGANIC TONAL SEQUENCES of EACH 
DIMENSIONAL FREQUENCY BAND within the 15-Dimensional Time Matrix the 
CONSOLIDATED CORE VIBRATIONAL SOUND SIGNATURES of each Dimensional frequency 
band. Of the 15 core vibrational signatures of the 15 Dimensions in a Time Matrix, 12 of these 
Core signatures serve 2s the PRIMARY 12 TONAL SEQUENCES upon which each strand of the 
42-Strand original human DNA Template, and each AXIOM LINE in the 4-Density Planetary 
Shields are structured. in using the Tone Sequences of the Music of the Spheres, the 12- 
‘Stand DNA Template can be PROGRESSIVELY BROUGHT INTO NATURAL ACTIVATION. 
‘Scalar-wave distortions within the Templates for the DNA Strands (which physically manifest as 
‘genetic distortions) can be systematically REALIGNED with their natural perfect 12% Dimensional 
ORGANIC IMPRINT. in using the Music of the Spheres for work with the Planetary Shields, 
each of the 24 AXIOM LINES can be OPENED and ENCODED WITH THE PERFECT PATTERN 
OF THE PLANETARY PLASMA BEAM. Transmitting the 12% Dimensional MAHARIC SHIELD 
pattem directly into the Axiom Lines in the Planetary Shields is the most rapid method to distribute 
the program of the PLANETARY ORGANIC IMPRINT throughout the 4 Density Levels of the 
PLANETARY SHIELDS, 

In ancient days, the Music of the Spheres was used extensively for purposes of self-generated 
healing and to prepare the physical body for literal passage through the planetary Star Gates 
Ascension"). The specific tone sequences for each SINGULAR DIMENSION (which 
‘corresponded to one DNA Strand Template in the 12-Strand blueprint and the inherent Dimension 
of consciousness that would embody through activation of the strand) are called the "SONGS OF 
‘THE SPHERES". Each "SONG" contained very specific ‘word sounds" (from the fist Universal 
‘Spoken language) for lyrics, and spectic mutti-layered tones (which generated inaucible Tri-tone 
‘Standing Waves) for melody, harmony and overtones. To be effective, the Songs had to be used 
‘through the HUMAN VOICE, externally or mentally as the “SINGING OF SONGS". 

‘The Sacred Songs were sung in combination with directing specific corresponding COLOR and 
‘SYMBOL sequences through the bio-energetic field (or through the Planetary Axiom Lines for 
Pianetary Shield work). The Songs served to “open” specific areas of the DNA Template, or 
specific Planetary Axiom Lines, to receive instructions directed by the Color and Symbol 
‘sequences. The tones of the Songs generated specific scalar-wave formations that triggered 
activation of corresponding configurations within the DNA Template and Planetary Shields. 
Activation of dormant portions of the DNA Stand Templates or Planetary Axiom Linas “opened” 
the Strand Template or Planetary Shield to directly receive Color-Symbol scalar wave instructions, 
through which desired outcomes within the personal or planetary body, and within the extemal 
reality experience, could be "PROGRAMMED" for manifestation, 


‘The SCIENCE OF THE MUSIC OF THE SPHERES was one of the most highly guarded 
“SACRED SECRETS" in pre-ancient cultures, due to the power of interdimensional freedom and 
conscious manifestation that could be obtained through knowledgeable use ofthe SONGS, 
Before the SONGS OF THE SPHERES will be fully returned to human awareness, our culture 
will have to mature enough to demonstrate spiritually motivated ethical use of power, Certain 

SONGS are now being siowiy returned, so that we may assist those of higher evolution to realign 
Earth's Planetary Shield with its original 12 Dimensional MAHARIC SHIELD ORGANIC IMPRINT. 
One of the 15 SONGS OF THE SPHERES was provided to us by the Emerald Order. This SONG 
is used to activate dormant scalar-waves in the 8% DNA STRAND TEMPLATE, through which the 
process of activating the dormant 1*+8t Strands ofthe 12-Strand DNA Template can be 
accelerated, expediting the natural processes of higher dimensional spiritual dentty integration. 

This SONG is also used to open the 8™ AXIOM LINE in GAIA'S PLANETARY SHIELD, to 
faciitate realignment of Earth's Planetary Shields ftom ETHERIC MATTER DENSITY-3, This 
‘SONG was given so that GROUPS can begin assisting direct in Pianetary Grid work, opening 
specific Axiom Lines and Vorfces in the planetary body to help bring Earth's Planetary Shield 
Manifestation Template into its organic alignment and balance, The SONG that was iven is called 
the “Ariea Khum Nar’A”. The English language translation is “THE SONG OF ORION". This 
‘SONG OF THE 8 SPHERE corresponds to the 8% Dimensional level of the UNIVERSAL 

KATHARA GRID and its 8™ PRIMARY STAR GATE. It also corresponds to the 8* PLANETARY 
‘AXIOM LINE within the Etheric Matter Density-3 GAIAN PLANETARY SHIELD and to the &t DNA 
STRAND TEMPLATE in the human body, The 8® Dimensional STAR GATE within the 
UNIVERSAL KATHARA GRID is the Star Gate that opens into the ORION STAR SYSTEM, thus 
the name of the SONG OF THE 8 SPHERE is THE SONG OF ORION’. 

Soon the SONGS that correspond to the 11® and 12 Dimensional frequencies willbe provided. 
Aside from its use in planetary grid work, when used as a “MANTRA”, repeatedly sung as a focus 
for the mind in meditation, the Ariea Khum Nar’A serves to simulate consciousness expansion 
into the higher dimensional fies and amplifies and expedites the effects of personal Bio- 
Regenesis techniques. 


THE CONTEXT OF HEALING 


The Structure of the Unified Field and the Multidimensional Anatomy of Form 


Meme HOLOGRAPHIC TEMPLATE 


THE STRUCTURE OF DIMENSIONS, PARTIKI PHASING AND MATTER 
DENSITY 


UNIVERSAL AND PLANETARY KATHARA GRIDS, THE 12-TREE, KATHARA 
CENTERS AND LINES, SCALAR SHIELDS, CRYSTAL SEALS AND DIODIC POINTS 


Mere UNIVERSAL AND INTERNAL TEMPLAR COMPLEXES: 


THE TRANSDUCTION SEQUENCE AND HOLOGRAPHIC REALITY 
CONSTRUCTION 


TOPICS OF BISCUSSION 
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The Arica Kham -Manr' - 4 


The Song of Orion 


Part: the Resonant Tone Syllable Sequence (primary melody) 


Verse 1: OMA Da —_E, Patum ah 
OMA Da_ E, Patumah 
Patum ah A’ DEE - Tah, A khum-na 
OMADa_ &£, Patum ah 


Verse 2:TrA TE La E" Durum Na 
TrA TE La E’ Durum Na 
Durum’ ah A’ Khem - Tah, A khum-na 
OMA Da E, Patumah 


Part 2: the Base Tone Syllable Sequence (accompaniment 1) 
oA a8 ri 


TATE E Durum ha Lines 18 2 Verse 2 
UMah OM, 
UMah OM, A 
DEES Tan A 
Daun ah AKham=Tah A norrn 
DO RAY TU Ra” 
UMah OM, A 
Part 3: the Over Tone Syllable Sequence (accompaniment 2) 
rs 
TATE © Danis Na=Lines 122 Verse? 
BE HE Tah OM, A 
BE HE Tah OM, A 


Pahm sh_A__DEE—Tsh_A Khum-ne = Line Verse 
Dasum aA Kher Tah A Khur-na~ Une 3 Verse 2 
Thra Khem’ — Na, A 


KhrA ‘MiM, Tah A 


é THE es OF THE UNIFIED 2 THE CONTEXT OF HEALING 


fone is to become fluent in the art and science of Bio-Spiritual Healing 
Facilitation, it is necessary to become familiar with the primary structures of 
energy within which existence takes place. Without this understanding one will be 
unable to identify the true nature of systems and their intrinsic functions. If we do 
not understand the intrinsic order of a system and the elements that make up 
its parts, our ability to comprehend the organic functions of the system will be 
limited. Without comprehension of the intrinsic dynamics inherent to a system, 
our perceptions will be limited to observing the effects of systems function, 
rather than perceiving the causal elements behind and within the apparent 
observable effects. In relation to the health and healing of the human body, itis 
wise to view the human Body-Mind-Spirit organism as a series of interwoven 
systems, each with inherent, implicit order, the perceivable and observable 
aspects of which represent the effects of systems function. The observable 
effects of the human condition emerge from an as yet unidentified causal 
order, a hidden and mysterious source out of which the manifest effects of 
human existence emerge. Holistic Healing approaches human health and 
healing in terms of the interdependent relationships between multiple interwoven 
systems. The Body-Mind-Spirit organism is viewed in terms of the intrinsic 
relationships that unite the multiple systems of the human being, rather than in 
terms of the observable boundaries that appear to separate and divide the 
Tultiple systems inherent to the human organism. 

Holistic Healing, and KATHARA Healing particularly, take the concept of 
intrinsic unity within the seemingly separate systems of the human being one 
Step further than simple interrelationship between physical, mental and 
spiritual aspects of human experience. In the paradigm of Kathara Healing, 
the human organism is viewed as a set of interwoven systems that is itself 
part of a larger system of interdependent systems. The human individual is 
Rot only recognized as a singular set of unified parts, but rather as an intrinsic 
part of the species, planetary, galactic, universal and cosmic systems within 
which human existence finds context for being. The Cosmic Unified Field of 
Energy and Consciousness is viewed as the indelible medium within which all 
reality takes place, and human existence is viewed in terms of its relationship to 
this greater Mete-system of interwoven, interdependent systems, The health and 
wellbeing of the human being is directly related to and effected by the 
systems-functions of the greater Unified Field. In order to better understand 
and facilitate the health and healing of biological organisms, it is useful to 
understand the basic order and function of the UNIFIED FIELD- the context in 
which life itself takes place, 


Kathara Healing is an ancient system of Holistic Healing, dating back beyond 
presently identified recorded human history. The principles of Universal Order as 
taught within Kathara Theory present a broader context of universality than is 
presently recognized by contemporary westem science. Kathara is built upon Laws 
of Multidimensional Universal Physics, laws of intrinsic nature with which western 
science is not yet familiar. In Kathara Healing the hidden order of universal systems 
is recognized and the foundations of Kathara demonstrate the interwoven systems- 
functions between the human being and the order of the Unified Field. To develop 
proficiency and genuine skill within the art and science of Holistic Healing, the 
basic order of the Unified Field must be understood. For with this understanding 
comes the ability to directly interact with and influence the causal elements of the 
human experience. For this reason the teachings of Kathara Healing begin with 
providing @ basic format through which the CONTEXT of healing can be understood 
—a glimpse at the intrinsic order of the Universal Unified Field. 


With foundations grounded in coherent systems relationships, the Kathara 
Healing Facilitator has more knowledge, power and comprehension to bring to the 
‘art and science of healing facilitation. Through comprehension of the intrinsic 
systems of universal order, the Kathara Facilitator progressively evolves to 
embrace the unity of SELF within the Unified Field, opening to an ever- 
expanding capacity of spiritual awakening and the embodiment of 
UNCONDITIONAL LOVE. The physical, mental and spiritual aspects of human 
anatomy represent one interdependent, interwoven system that is continually in a 
state of relationship to the Unified Field. This relationship must be acknowledged and 
embraced if true health and healing are to occur. Human evolution is a Bio- 
Spiritual process, the body and the consciousness - the biology and the spirit 
are inseparably intertwined within themselves and within the greater order of 
the Unified Field. 


Healing emerges through redtoring order te the 
ONE-SYSTEM aud te infinite parte. 


THE HOLOGRAPHIC TEMPLATE 


a 


The externalization of life, manifestation of matter and individuation of identity are 
HOLOGRAPHIC PROJECTIONS of CONSCIOUSNESS-ENERGY SUBSTANCE, 
created through an intrinsic order of energetic relationships. Energetic relationships 
Tepresent interrelationships of consciousness, in its infinite manifest and 
de-manifest forms. 


Consciousness /S ENERGY 


‘True Science has a spiritual core and true spirituality has its intrinsic translation within the 
Laws of Energy that gover the manifestation of universal systems. 


Realty is THOUGHT CONSTRUCTION, The core substance of the cosmos is 
‘CONSCIOUSNESS. Thought is an attribute of CONSCIOUSNESS, the filter through which 
consciousness manifests itsetfinto the Hologram of Form. 


Nothing is truly solid. All things are composed of consciousness and their epparent solitty is 
determined by the relationship between the consciousness observing the form and the 
consciousness of which the form is made. Huan consciousness emerges through an order of 
dimensionalization, which sets frameworks within which the interrelationships of consciousness 
can take place. Human perception of solidity and externalization is determined by the 
osciliation rates between dimensionalized units of consciousness. Dimensionalized units of 
consciousness form frequencies of energy, which exist in specific relationships to each other. 
Human consciousness (the soul -spirt), and human physical form are patterns of frequency 
formed by dimensionaiizaton of units of consciousness. We perceive manifest soliciy 

‘due tothe relationship between the frequencies of consciousness of which we are made and those 
of the Unified Field of Conscious Energy around us. Humans perceive as solid the frequency 
bands that exist one full dimensional spectrum below the frequencies within which the 
individuated or collective consciousness is stationed. 


The only difference between a thought and a manifest thing is the frequency of the 
consciousness of the observer. Manifest reality is thought projection, made solid and 
exteralized by relationships between the frequencies of our focus of attention and those of the 
projected thought forms. We perceive as reality the thought forms of the collective masses as 
they were placed within the frequency bands that now exist one dimension below the 
frequencies within which our present focus of collective consciousness is stationed. 


As reality is a THOUGHT FIELD, composed of units of consciousness awareness, reality can 
be directly AFFECTED by THOUGHT, as the substance of both ‘thought and reality are one and 
the same. The key to mastery of our present reality and to restoring our’ imprint for health, is 
understanding the reality of dimensionalizetion within which our consciousness now resides, 


The human body is @ HOLOGRAPHIC PROJECTION of consciousness that is bui upon a 
HOLOGRAPHIC TEMPLATE of structured units of consciousness, The Holographic 
‘Template represents the Living Morphogenetic Field — the dimensionalized blueprint of 
conscious light, sound and scalar waves, within which the indvidueted consciousness is stationed, 
2nd upon which the illusion of solity ofthe body matters farmed. To affect true and lasting 
‘change within the Body-Mind-Spirit System of the human being, one must go to the core of 
its manifest structure ~ the Holographic Template or Thought-energy Blueprint, upon which 
the entire system of consciousness itself comes to know being, 


“The body is a HOLOGRAM that can be drecty affected by the substance ofwhich Ris 
composed - CONSCIOUSNESS. in learning the structure of imensionalization through which the 
body-llusion manifests, one becomes progressively more masterful in directing this personal 
thought form to suit ones desired specications. The core Holographic Template of the personal 
‘and universal body is called the Kathara Grid. Kathara Healing is the process by which the 
‘embodied aspects of human consciousness become more aware of and able to direct the intrinsic 
processes af holographic projection, with the intention of restoring integrity to the function of the 
Body-Mind-Spirt systern. 


No thing is truly manifest-it only appears to be so, 
due to the refraction of consciousness 
within the energetic relationships inherent to 
the Holographic Template- 
the original eought-form construct 
Upon which our universal structure 
is perpetually recreated. 


7 creatinee and things are Spiritual Beings having a Mantpeat 
Experience...Hlo creatine or thing can be exer divorced from ce 
cnenate opirttuality, buct outy from the awareness of ts uatine. For 
fe ts the exjnession aud sulistance of apirtt- aud manifest reality 
& but a Dreamscape, from which we cvettually all awaken... 


fluid > gas > flow rate 


gas flow rate sensor 


Sensors that contain no electronic components are not included in this entry. 


‘A gas flow rate sensor may often be described as a mass flaw sensor or mass flow rate 
sensor. Although it measures volume rather than mass, the mass of gas can be calcula- 
ted 50 long as its temperature and pressure are controlled. 


Some methods of gas flow sensing can also be applied to liquids, but sensors are usu- 
ally designed for one application or the other. Therefore, liquid flow rate sensors 
have their own entry. See Chapter 16. 

‘An anemometer is a gas flow rate sensor that measures air speed. It is included in this 
entry. 


Many gas flow rate sensors are large devices designed for industrial applications, This 
entry focuses mostly on lower-cost solid-state sensors that are often classified as 


board-mount components. 
OTHER RELATED COMPONENTS 


+ liquid flow rate sensor (see Chapter 16) 


What It Does 


A gas flow rate sensor measures the volume of 
gas flowing past or through the device, usually 
inside a pipe. In most applications, users wish 
to know the mass of the gas that is passing per 
unit of time. Consequently a gas flow rate sen- 
sor is very often identified as a mass flow rate 
sensor. If it functions by heating the gas and 
measuring the heat dissipation, it is a thermal 
‘mass flow rate sensor. 


A sensor that measures the flow of open air is 
often described as an anemometer. Its output 
will be expressed as a velocity, not as a volume 
ormass. 


Applications 

Mass flow rate sensors are used frequently for 
laboratory and medical applications, although 
the reliability and affordability of thermal mass 
flow rate sensors is now making them attractive 
for metering municipal gas supplies. 


Anemometers are used mostly in meteorology, 
aviation, and on boats. 


Schematic Symbol 
Many specialized symbols are used in flow dia- 
grams to represent pumps, valves, and sensors, 
but they are not schematic symbols of the type 
generally found in electronic circuit diagrams, 
and are not included here. 
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The causal element of all manifest experience is called a Morphogenetic 
Field or MANIFESTATION TEMPLATE. Keylontic Science, the science of 
Manifestation Templates is part of a larger advanced paradigm of science 
that is known as 15-Dimensional UNIVERSAL UNIFIED FIELD 
PHYSICS. 


PRIMAL SUBSTANCE 


* AManifestation Template is made of PRIMAL SUBSTANCE; units of conscious energy called 
PARTIKI that exist as Omni-polar points of fixed vibration. Partiki units are the ‘smallest 
building blocks of matter, and they form the templates upon which consciousness in all forms 
enters manifestation. 


Parti units are Omni-potar (containing the potentials for all polarities oF none) units of 
vibrating energy that perpetually cycle back and forth between a state of BI-POLAR LIGHT 
RADIATION (scalar-standing-wave) and OMNI-POLAR SOUND VIBRATION. 


* Inthe Omni-polar state, Parti units exis as invisible, fixed points of sound vibration, 
forming whatis called an INTERDIMENSIONAL TRETONE WAVE. An Interdimensional Tri- 
tone Wave sa singular point of fixed vibration thatis composed of 3 sub-vibrations (base 
tone, overtone and resonant tone). When Par6ki units ae in their Omi-polar state they exist 
as Ante-matter substance, the first state of energy organization before Pre-matier 
manifestation. Through a process of Internal Fission characteristic to their ‘design, Pariki units 
break epartto form Bi-polar waves, while replicating their original Tr-tone Omni-polar design, 


° Inthe Bi-polar state, two sub-vibrations of the Tri-tonal Standing Waves of Partiki units break 
down into two sub-units, sub-tones, called PARTICUMBase Tones and PARTIKAOvertones, 
interconnected units of BIPOLAR LIGHT RADIATION that form Electromagnetic Scalar- 
‘Standing-Waves. The third vibration of the Tritone wave, the Resonant Tone, remains as the 
Core vibration through which the polarized vibrational units of Particuri and Partikawill reunite 
through intemal Fusion, 


* PARTICUM units form the energetic building blocks for PARTICLE TEMPLATES and 
PARTIKA units form the building blocks for simultaneously manifesting ANTI-PARTICLE 
‘TEMPLATES. Particle and Anti-particle Templates are interconnected, united by the Ante- 
matter PARTIKI units through which they manifest. The effects of ELECTRICAL AND 
MAGNETIC FORCE are set in motion through the EXPANSION AND CONTRACTION of 
‘energy vibration between Particle and Anti-paricle matter units through the Ante-matter Partki 
unit that unite them. 
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PHASE of Ante-matter energy, with lower Vibration and higher Oscillation, and are considered 
BASE ELECTRICAL. 


ELECTROMAGNETIC ENERGY is created through the continual cycling of energy, as the 
Omni-polar Ante-matter Tr-tone Wave of Sound Vibration projects its energy into Bi-polar 
Parficum and Parfka Scalar Waves of Light Radiation, Eneray thrust expands into the Ant- 
particle Partka vibration point as electrical force. tt then contracts into the particle Parfum 
vibration point, creafing magnetic pull, (in rao to its original electrical thrust), as the third 
vibration in the Ante-matter Tritone Wave draws the energy back to its source. Through the 
draw of the Ants-matier Pariki template, Partke-Ante-partiles and Paricum-partcles are 
brought nto 2 state of Fusion. Upon fusion, the energy ofthe Particum and Partka 
‘ransmutes, the Bi-polar Standing Scalar Waves of Light Radiation returning to ther original 
Omni-polar Ante-matier state of Parki units. Once returned to the Partki state, the process 
repeats as the Partki creates Fission and replication. Partki, Particum and Partika units 
represent PHASES that Primal Substance energy passes through as it moves into and 
‘out of manifestation. 


‘The process by which Parti units perpetually convert conscious energy into Bi-polar Light 
Radiation Scalar-Waves (expansion) and back into Omni-polar Sound Vibration Tritone 
Waves (contraction) is called PARTIKI PHASING. Through perpetual cycles of Partki Phasing, 
‘matter units lash on” through fission, into Bi-polar Particle and Ant-particle manifestation 
built upon Scaler Waves of Light Radiation, then “fash off through fusion, into Omni-polar 
‘Ante-matier Sound Vibration, confinualy cycling energy between the manifest and non- 
manifest state. The perception of external physical matter, space and the passage of time 
are created through variance in relationship between rates of Partiki Phasing, 


‘Consciousness in the form of Parti Units is the PRIMAL SUBSTANCE of which the cosmos 
is structured and Partiki Phasing is the perpetual PRIMAL ACT of reciprocal fission and fusion 
through which Primal Substance is brought into manifestation. 


PRIMAL SUBSTANCE 


Units of Consciousness, Mc ids and Scalar Grids 
41. Partiki, Partika and Particum: 3, Partki units confinue to group or 
‘Smallest units of energy-substance, accrete upon the Partki Grids, forming 
Electro-tonal units of consciousness A. Keylons ~ crystalizaions of “frozen 
that are the building blocks of light” (standing scalar wave patterns and 
morphogenetic fields, matter and fixed points of tonal frequency), and 
individuated conscious identity, Va B, Keylon Codes — complex groupings of 
Operate as minute, perpetual Keylons, which together form a crystalline 
motion fission’ fusion generators. ~) template of fight spectra, sound frequency and 
electro-magnetism thatis the morphogenetic 
field Crystal Body- the Blueprint upon which 
2. Partiki Grids: The fabric of ‘matter and identity will manifest. 
morphogenetic field structure. . Z 
Partiki units group to form 
interwoven Strands, then Grids 
of electro-tonal substance, out of 
which morphogenelic fields are 


fashioned. Outof a Unified Field ™ 
of Partiki units, Parti Grids form to 
create the frequency bands that make 
up dimensional fields and then to form 
individuated morphogenetic fields . 


‘The Morphogenetic Field is made of interwoven Partiki Grids. The electro-tonal units of 
‘consciousness out of which Partiki Grids form create standing wave pattems ~ scalar wave grids, 
which hold the form of consciousness within dimensionalized manifestation. Morphogenetic Fields 
are thus Scalar Grids, that form in specific ordered interrelationship. Partiki Grids form upon the 
core geometrical-mathematical stucture of the Kathara Grid, and so the Kathara Grid represents 
the core Scalar Field upon which form manifests. 


Morphogenetic Fields govem the form of matter manifestation and the evolution of 
biology and consciousness. Morphogenetic Field mechanics thus hold the key to 
mastery of physical reality and Bio-Spiritual Evolution. 


¢ THE STRUCTURE OF DIMENSIONS 


Frequency Bands and Sub-Frequency Bands, Vibration-Oscillation-Particle Spin, 
Harmonics of Manifestation and Matter Density Levels. 


The Hologram of manifest reality is a complex system of interwoven energy 
constructs, all built upon dimensionalized sets of scalar grids- or fields of standing 


wave points — that form the base laws of energy upon which manifest reality 
functions. 


The physical portions of the human body represent wave strata that exist within 
‘specific relationships to the embodied consciousness, The embodied 
consciousness itself is regulated by the intrinsic behavior of the wave strata in 
which it is ensconced. The wave strata of seemingly physical forms appear to 
human detection in the form of particles, sub-particles and wave bands that group to 
form the 3-dimensionally manifest hologram of human life 


The behavior of dimensionalized wave strata is an intrinsic element within the 
function of human anatomy, and provides the very context within which human 
existence and evolution take place. When we come to understand ourselves as 
vibrating quantities of conscious energy, existing within a state of vibrational co- 
resonance with all things, which are themselves vibrating quantities of conscious 
energy, we can begin to understand the fundamental structures upon which the 
human condition is built. 


The human body is a construct of conscious energy, a living morphogenetic field 
existing within the greater living morphogenetic constructs of the species, planetary, 
galactic, universal and cosmic morphogenetic structure. We are simply an element of 
sentient consciousness within a larger structure of sentient consciousness, a part of 
the Unified Field of Consciousness that |S the living identity of the cosmos. Our 
physicality emerges through the perceptual lens of dimensionalization, which 
provides us with the seeming manifestation of particles, atoms, molecules and the 
physical systems built upon them. 


lf we expect to heal ourselves of the manifest conditions that cause suffering 
within the Body-Mind-Spirit system, we must first understand the nature of health, 
the “way things are supposed to work" when they are functioning properly. To 
understand the intrinsic Imprint and impetus for health in the human organism, a 
basic understanding of the contents of its parts is in order. That, understanding 
begins with identifying the basic reality structures within which we reside, and how 
we exist in relationship to these structures, 


Our understanding of health begins with identifying the context of existence, the 
Unified Field of Consciousness-Energy of which we are all a part. A simple 
identification of the structures of the Unified Field will work wonders in 
assisting us to understand ourselves, and through this understanding we 
become more empowered to foster a healthful and more joyous living 
experience. To better understand ourselves we must return to the core of our 
intrinsic nature, the dimensionalized fields of consciousness within which we 
reside and out of which the substance of our SELVES is composed. 


The following characteristics inherent to the manifestation of 
the human hologram are a place to begin our journey of self 
understanding. 


——] Characteristics of the Hologram = 
PRIMAL ORDER gases 


SCALAR WAVES: Points of standing waves, composed of quantities of conscious energy thal 
emanate out of fixed units of vibration (Parti units), which form the morphogenetic field templates 
upon and .through which consciousness dimensionalizes itself to experience the hologram of 
manifest reality. Created through Pariki Phasing (intemal fssionfusion “fash onfiash of) 


MORPHOGENETIC FIELDS: The templates of consciousness, light, sound and scalar 
‘standing-wave grids which serve as the structured blueprints upon which our consciousness 
manifests into cimensionalization, through which the holographic projections of space-time-matier 
and identity individuation can be experienced. 


DIMENSIONS: Morphogenetic Field Scafar Grids composed of interwoven layers of scalar 
waves, which Serve to direct the flow of consciousness into mutiple patiems of refraction through 
which the hologram of matter density, linear tme and objectification of realty can be experienced. 
Dimensions are spectic structures of consciousness, composed of Parti units with difring 
vibratory-oscilation rates, which exist in precise retafonship to each other, and govem the intrinsic 
Jaws of function within the observably manifest worlds. The process of cimensionalization occurs 
through the wholeness of consciousness compartmentalzing ise into various ordered sections 
hhaving diversity of vbretory-oscilation, through which the wholeness of consciousness may 
experience itself in an endless variety of forms. Each dimension represents a fll frequency band. 


FREQUENCY BANDS: Synchronized, cyclic, repeated sequences of “fashing on and off of 
scalar-wave points within the dimensional scalar grids, which gives the appearance of manifest 
movement of wave spectra within a dimensional system. Sub-frequency Bands are shorter 
‘segments of the longer “fashing on and of” sequence ofthe full Frequency Band, The frequency 
of dimensional levels and the particles within them is determined by the vibratory-oscilaion rate of 
the Parti units that make up the scalar-wave grid. Frequency isthe form consciousness takes on 
while ensconced within the framework of dimensionalization, Frequency is the vibrating-oscillting 
wave spectra of which matter parficles and dimensionalized consciousness are composed, 


VIBRATION-OSCILLATION: Vibration is the condition of internal movement, or holding of 
energy within units of consciousness (Partiki) and the paricies built upon them. Vibrafion is 
determined by the quantity of energy held within Partki units. Oscillation is the condition of 
external movement, or expending of energy from Partki units and the particles built upon them. 

‘The vibratory-oscillation rate of particles represents the rate at which the scalar standing- 
waves “flash off and on” within the morphogenetic field template. Vibration is the internal 
measure of energy quantity held within Partiki units and exists within direct proportion to 
the oscillation rate, or external measure of energy quantity expended, exhibited by Partiki 
and the particles built upon them, 

‘The vibratory-oscillation rate represents the ratio between energy contraction (vibration) and 
‘energy expansion (oscillation), which sets the rhythm of paricle pulsation that governs the 
formation of wave spectra within dimensionalization. The vibratory-oscillation rete of Parti units 
determines the frequency (cyclic patter of scalar waves “iashing off and on”) of wave spectra 
within the various levels of the dimensionalized morphogenetic field. The relationship of 
vibrational-oscillation between wave spectra determines the matter density levels particles 
will exhibit within the dimensional scale, 


——a Vibration-Oscillation Correspondences 


Higher Dimensional Fields (8-15) 


Low Vibration 
Higher Oscillation 
Expanding 

Higher Frequency 
Shorter Wave Length 
Slower Electron Spin 
Less Density 
Electric 


Lower Vibration = 

Less energy holding in Partki = 
‘More energy expended from Parti = 
Higher Oscillation = 


Lower Dimensional Fields (1-8) 


Higher Vibration 
Lower Oscillation 
Contracting 

Lower Frequency 
Longer Wave Length 
Faster Electron Spin 
More Density 
Magnetic 


Higher Vibration = 

More energy holding in Parti = 
Less energy expended from Parti = 
Lower Oscillation = 


‘More contraction = 
‘Slower flash rate of Pariki = 


Greater compaction of energy units = 
Greater density = 


; The human anatomy is’a 15-dimensional morphogenetic field scalar 
grid structure, composed of wave spectra with varying degress of 
matter density characteristic to the dimensional band within which 


each level of the anatomy is stationed. The portions of our anatomy 
that appear solid are those stationed one dimension below our focus 
of conscious attention. 


PRIMAL ORDER OF MANIFESTATION TEMPLATES 


Morphogenetic Fields, or the MANIFESTATION TEMPLATES that serve as the blueprint 
through which consciousness manifests, are composed of the Primal Substance of PARTIKI 
UNITS. Partiki units draw together or ACCRETE to form PARTIKI STRINGS. Following a set 
mathematical and geometrical design inherent to their form, Partiki Strings interweave and 
overiap, forming a “Fabric of Light and Sound” called a PARTIKI GRID. A Partiki Grid is a 
fixed pattern of interwoven Bi-polar Scalar-Waves of ight radiation,built upon Omni-polar Tri- 
tone Waves of sound vibration that forms the foundation for diversified Manifestation 
‘Templates. A Partiki Grid is a SCALAR GRID. 


Following the precise mathematical design set by the wll and intention of the manifesting 
consciousness, Partki Grids further acorete, drawing in more Partiki Units, forming groups of 
Parfki units that are arranged following 3 ciffarentriythms of Parfki Phasing. Tri-phase 
groupings of Parti Units form pattems of Scalar-wave and Tr-tone wave interrelafonships 
that create crystallizations of energy called KEYLONS. Groups of Keylons continue to 
crete, forming complex Keylon arrangements called KEYLON CODES, through which the 
Manifestation Template Is progressively built up from Ants-matier through verious stages of 
matter density, beginning wit PRE-MATTER SUBSTANCE, the fist density of Liquid Silica 
Hydro-plasmic energy to emerge into externalized form. 


“The Morphogenetic Fields upon which universes manifest are built upon a Manifestation 
Template thet has a specific order of mathematical interrelaionships that govern the combining 
of Scalar Grids with different rates of Partiki Phasing. The Cosmic Manifestation Template 
is called the ENERGY MATRIX. Within the Energy Matrix there are many smaller 
manifestation templates upon which Universes are structured, Universal Manifestation 
‘Templates are called TIME MATRICES, There are uncountable Time Matrices within the 
Energy Matrix, which are collectively referred to as THE TIME MATRIX. All Time Matrices 
within the Cosmic Matrix follow a spectic mathematical-geometrcal program through which 
space, me and matter can be experienced by consciousness upon entering the Time Matrix 
structure, 


Time Matrices are arranged upon 2 patter of 15 diferent, but interwoven, Partiki Phasing 
rhythms (rhythms of expansion and contraction of energy). Each ofthe 15 rhythms of Partki 
Phasing creates one DIMENSION. A Dimension is a set pattern of “FLASH LINE 
SEQUENCES”, or a cycle of singular Partki Phasing rhythms that contains within it 12 smaller 

of Parti Phasing. Each Dimensional Manifestation Template creates a set of fixed 
Scatar-Trt- Tone Wave Points that create a template of stationary SCALAR FREQUENCY. 
Each Dimension represents ons SCALAR FREQUENCY BAND containing 12 smaller SUB- 
FREQUENCY BANDS. A Scalar Froquency Band isa cyolc pattern of specific Pertki 
Phasing Rhythms, or EXPANSION AND CONTRACTION RATIOS OF ENERGY 
CIRCULATION, to which consciousness conforms in order to enter the experience of 
manifestation. 


To create the Universal Manifestation Template upon which external space, time and matter 
experience can be known, Dimensions are ordered into sets of 15, forming the blueprint for a 
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15-Dimensional Time Matrix. Within @ Time Matrix the 15-Dimensions are further arranged 
into sets of 3 Dimensions, forming 5 3-Dimensional reality fields, Each 3-Dimensional 
Reality Field is called a HARMONIC UNIVERSE, and each represents a level of matter 
densification specific to its intrinsic rates of Partiki Phasing. One Time Matrix is thus a 15- 
Dimensional Scalar Grid with 5 separate yet interwoven reality fields and 5 different densities 
of matter manifestation. 


Each of the 5 Harmonic Universes within a Time Matrix represents a TIME CYCLE. A Time 
Cycle is a fixed, repeating pattern of Pariki Flash Line Sequences, ora repeating cycle of 
specific ratios of energy expansion-osciltion and contraction-vibraion. The Time Cycle of a 
Harmonic Universe is called an EUIAGO CYCLE. There are 5 simultaneously manifesting 
Euiago Cycles in every Time Matrix, through which consciousness passes in orderto 
experience linear evolution through space, ime and matter. Each Euiago cycle contains within 
it smaller Flash Line Sequences forming6 smaller cycles of fme called TIME CONTINUA. 


The PRIMAL ORDER of Manifestation Templates represents the core 
mathematical and geometrical interrelationships of energy that consciousness 
takes on in order to enter the holographically projected experience of external 
‘space, time and matter. All manifest forms, including the HUMAN BODY and 
PSYCHE, are built upon a Manifestation Template that begins with the Primal 
Order of Dimensionalization, through which the consciousness anchors itself into 
the Time Cycles of the Universal Manifestation Template Time Matrix, to begin 


the experience of evolution through time, 

Understanding the PRIMAL ORDER OF DIMENSIONAL STRUCTURE, as it 
pertains to the human organism, allows for comprehension of the greater causal 
framework through which personal healing must occur. Such comprehension of 
the core causal structure of manifestation enables one to work cooperatively, 
rather than in resistance to, the natural Universal Laws of Manifestation, 
progressively restoring the NATURAL HARMONIC ORDER of wellbeing and 
DIVINE RIGHT FORM, through which the indelible Organic Imprint for Health 
can be progressively restored. 


Dimensional Structure 


A Dimension represents a full Frequency Band, or repeating, cyclic 
sequence of “flashing on and off" scalar-wave points within a 
morphogenetic field. The morphogenetic field scalar grid structure of 
dimensions takes the form of sets of 15-Dimensional Matrices. The 15 
Dimensions are grouped into sets of 3 Dimensions each, forming 5 sets 
of 3-dimensional reality fields called HARMONIC UNIVERSES. The 15- 


Dimensions composing the 5 Harmonic Universes together represent one 
TIME MATRIX system. 


Each dimension of frequency is composed of 12 Sub-frequency Bands, 
or shorter cycles of the “flashing on and off’ of scalar-wave points, which 
exist as part of the longer cycle of the full Dimensional Frequency Band. 
‘The Partiki in each dimension have a specific rate of vibratory- 
oscillation (contraction and expansion of energy), which determines the 
Angular Rotation of Particle Spin (angular axis upon which particles will 
spin). There is a 90-degree shift of angular rotation of particle spin 
between each dimensional frequency band and a 45-degree reverse 
shift between Harmonic Universes (sets of 3 dimensions/frequency 
bands.) 


Particles having varying vibratory-oscillation rates and angles of 
spin allow multiple dimensional reality fields to co-exist within the 
same space while remaining perceptually invisible to each other. The 
relationships between wave strata within the dimensional frequency bands 
create the holographic refraction of light, sound and scalar waves that 
allows consciousness to perceive the illusions of matter solidity, space, 
time and externalization of reality while it is ensconced within the 
structures of dimensionalization. 


How It Warks 


How It Works 


Because an anemometer functions so differ- 
ently from a gas flow rate sensor that is 
enclosed in a pipe, the two types of sensors will 
be discussed separately. 


Anemometer 

The name of this device is derived from the 
Greek word anemos, meaning “wind? The cup 
‘anemometer was invented in 1846, using four 
hemispherical cups attached to horizontal arms 
rotating on a vertical shaft. The rate of rotation 
‘was proportional to wind speed over a substan- 
tial range, but the conversion factor between 
wind speed and RPM varied depending on the 
size of the cups and their distance from the 
shaft. 


Anemometer design was simplified to three 
cups in 1926 and was modified in 1991 by 
adding a tag to one cup. This causes the speed 
of rotation to fluctuate as the tag rotates 
through the wind stream, and the direction of 
the wind can be calculated from the speed fluc- 
tuations, Not all anemometers rely on this prin- 
ciple, however, and a separate wind vane can 
be used to determine wind direction. 


The basic design of a modern anemometer is 
illustrated in Figure 19-1 


Figure 19-1 The basic design of a metereological cup 
anemometer. 


Anemometers traditionally used a mechanical 
counter to log the number of rotations, which 
were checked at fixed intervals to derive the 


wind speed. The output of a modern anemom- 
eter may be achieved by generating AC or DC 
power, or from Hall-effect sensors (see “Hall- 
Effect Sensor” for a full discussion of Hall-effect 
sensors), 


Handheld Anemometer 
A digital handheld anemometer for personal 
use is shown in Figure 19-2. A cup anemometer 
made by Vaavud for use with a mobile phone 
(with appropriate software) is shown in 
Figure 19-3, 


Figure 19-2 & handheld digital anemometer. 


Figure 19-3. cup anemometer sold as an accesst 
smartphones. 


Ultrasound Anemometer 
The movement of air affects the speed of 
sound, enabling calculation of both wind direc- 
tion and wind velocity by using an array of 
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One 15-Dimensional Time Matrix with 5 Harmonic ra 


PRIMAL ORDER of the 
Dimensionalized Universal 
Manifestation Template 


‘A Dimension isa full Frequency Band 
or repeated sequence of “lashing on and of 


XLVI INLL euoysuawic-gy uD Uy 
SASUSAINN SINONVH 


Frequency Bands and Sub-Frequency Bands 
within the 15-Dimensional Scale 


Frequency Bands ere cydlo, repealed sequences of lashing on and off of eoalar élanding-wave points 
that ereale the appearance of manifest wave spectra within a dimensional system. Sub-frequency Bands 

‘ae shorter cycle Segments ofthe longer “fsshing on and off sequence of the full Frequency Band. 

Frequency and Sub-frequency Bands make up the foundation wave strata of Dimensions. 


12 SFB 


py }pis {12 sre) 
5 [14 [12 sre 


'15 Dimensions with 12 Sub frequency Bands each 

‘3 creato 180 Sub-frequency Bands in one 15- 

Dimensional Matrix. (12 SFB par D x 15D = 180 SF 
‘or 36 SFB per 1HU x SHU= 180 SFB) 


15 Frequency Bands (Dimensions) 
and 180 Sub-frequency Bands 
within the 5 Harmonic Universes 
of one 15-Dimensional Time Matrix. 
(SFB = Sub-irequency Band 


( PARTIK! PHASING, HARMONICS OF MANIFESTATION AND MATTER DENSITY 


Partiki Phasing — Scalar Standing-Wave flashing. The intemal 
expansion/ fission/ “flashing on” and contraction/ fusion/ “flashing off of 
scalar standing-wave points made of Partiki units. Partiki Phasing govems 
the mechanics of matter manifestation within the Dimensionalized 
Frequency Bands of the Time Matrix. Through Partiki Phasing 
HARMONICS of Manifestation and varying levels of matter density are 
created. 


Each of the 5 Harmonic Universes, moving upward in the 15- 
Dimensional Scale, has a progressively less dense state of 
perceivable matter. As you go up the Dimensional Scale each Dimension 
has a progressively faster rate of Partiki Phasing with its corresponding 
higher frequency, faster oscillation, lower vibration, shorter wave length, 
greater expansion and less matter density. These conditions represent 
the stages of perceivable matter density consciousness will 
experience as the focus of attention expands progressively 
upward/outward into the higher Dimensions of the Dimensional 
Scale through the process of evolution (accretion of frequency from the 
Unified Field into the personal morphogenetic field). 


As consciousness progressively expands back into the 15-Dimensional 
structure of its original morphogenetic field, matter density perception will 
change from perceivable Gross Matter physical density, to Semi-etheric 
Matter density, to Etheric Matter density, to Pre-matter Liquid Light density 
and to its original Ante-matter scalar wave form of non-density 
consciousness. As the morphogenetic field expands through drawing 
in more frequencies of consciousness, the percelvable matter 

density of the body and external reality field progressively lessens. 


= Partiki Phasing, Harmonics of Manifestation and ee 


1. Partiki, Partika and Particum: 
‘Smallest units of energy-substance. 


Electro-tonal units of consciousness 1. Partiki Phasing- expansion! 
that are the building blocks of fission/iash io solar 
morphogenetic fields, matter and UcldeeEe 

individuated conscious identity. ‘Sovems the manifestation process 
Operate as minute, perpetual Kj 

‘motion fission/ fusion generators. 


2 Pensty Biology: Progression of 
Density and relat Bi 
winintbe ‘Sienna Soao”” 


3. Harmonics of Manifestation: 
expansion of 

into the Dimensional Scale creates 
progressive peroeptial De-maniestaton 
‘of matier Density within the Hologram 
of extemal reality. Harmonics of 
Manifestation are the stages of Matier 
Density and Vibration-Osoillation 


Consciousness peresives and passes 
through within the Dimensional Scale, 


134445 body 
—_— ae Harmonie of Mansion 
n one 15Dimensional Time! 


UNIVERSAL AND PLANETARY KATHARA 
ST 7 


Kathara Level-1: 12-Tree, Kathara Level-2: Crystals, Kathara Level-3: Diodic Points, 
Kathare Centers and Kathara Lines, 


The Kathara Grid is the primary mathematical-geometrical organization 
of units of consciousness upon which Partiki units group to form 
morphogenetic field scalar grids. Its the CORE level of scalar standing- 
wave creation and energetic organization within and behind all 
dimensionalized systems, and is thus considered to be the Core of the 
Holographic Template upon which the morphogenetic scalar wave 
blueprint and all other dimensions of form anatomy are built. The Kathara 
Grid is the causal element within all manifest affects of dimensionalization 
and consciousness. 


The form of the Kathara Grid is reflected in the Macrocosm and 
Microcosm of all manifestation, All forms have at their core the common 
‘Structure of the Kathara Grid Holographic Template. The Kathara Grids of 
all forms - universes, galaxies, planets and species - are linked to each 
other and to the Kathara Grid of the Cosmos through the interwoven 
Partiki scalar standing-wave grids of the Kathara Grid Holographic Core. 
The Cosmic Kathara Grid represents the scalar field of the Cosmic 
Unified Field of Consciousness-Energy through which the Hologram of 
manifest experience is perpetually created. 


Energy cannot be created or destroyed, it only changes form. Energy 
IS Etemal Consciousness that perpetually changes form by projecting 
through the structures of the Kathara Grid, while simultaneously remaining 
always the same - the singular wholeness of the Cosmic Unified Field of 
Consciousness-Energy. 


Structure of the Kathara Level-4 12-Tree Grid 
Core Scalar Template 


KATHARA LEVELA 42-TREE GRID. 


The 2 Interwoven Kathara Grids of Primal Order 
within the Universal Time Matrix and 
Cosmic Energy Matrix of the 
PRIMAL MANIFESTATION TEMPLATE 


|} MATRIX and ANTE-matter Density 
jf] Dimensions 13-15 ofthe TIME MATRIX] 
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There are 3 Primary Levels to the structure of the Kathara Grid. Level-4: The 
Kathara 12-Tree, Level-2: The Crystal Seals and Level-3: The Diodic Points. 


Level-1:The 12-Tree holds the first mathematical-geometrical program upon which 
Kathara Grid Levels 2 and 3 are created, and is composed of the Kathara Centers 
and Kathara Lines. 


Level-2: The Crystal Seals are groups of 3-Dimensional Partiki scalar wave 
composites that regulate the rate of Pariki Phasing to create the base structures 
upon which dimensionalization is formed. The flow of Frequency (sequences of 
scalar standing-wave fiashing/ cycles of Partiki Phasing) between dimensional bands 
and Harmonic Universes, the fixed expansion and contraction rates of Partiki, the 
Vibration-Oscillation and the Angular Rotation of Particle spin are all regulated by 
the Crystal Seals. 


Level-3: Diodic/Miodic Points represent concentrated areas of energy that 
emerge at points where dimensionalized levels of scalar grids cross over and 
through each other, creating minute vortices of wave spectra that serve as 
frequency modulation zones (scalar flash-cycle transition points) between 
Dimensional Frequency Bands. Diodic Point vortices are White Hole vortices that 
transmit energy into the Particle Universe from their counterpart Miodic Point 
vortices within the Anti-particle Universe. Through the structure of 
Dimensionalization, each Harmonic Universe, and the structures contained there 
within, have within their morphogenetic fields sets of Diodic and Miodic Points — sets 
of White and Black Holes — that regulate the flux of consciousness-energy between 
L systems. 


‘The entire cosmic structure is built upon the morphogenetic foundations of 
interwoven Kathara Grids. Within the structures of forms, such as planets or people, 
the Kathara Grid is the Core Template of Holographic Manifestation and controls the 
structure and function of all of the other subtle and physical energy systems. 

Planetary scalar templates - Planetary Shields - vortices, electro-magnetics, 
Axiom and Ley Lines are all governed by the operations of the Kathara Grid. In the 
human body, personal scalar templates - Hova Bodies -, Chakras, Axiom and 
Meridian Lines and Bio-energetic Field Auric Levels, as well as the physical systems, 
conscious awareness and DNA, are controlled by the personal Kathara Grid. In 
terms of generating the Imprint for Health within the human organism, as well 
as reclaiming dormant potentials of Immortality, the Kathara Grid is the causal 
mechanism through which such affects can occur, 
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KATHARA LEVEL-2 CRYSTAL SEALS GRID 
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Universes, the fited expansion and contraction rates of Parti, the Vibraior-Osciaon and the Angular Rotation of 


particle pin are all regulated by the Cryst! Seals, 
Plat 


In the Planetary Kathara Grid, the 15 Primary Star Crystal Seals exist between each planetary 
Vortex or Chakra, on the Central Kathara Line or Central Planetary Axis. The Star Crystal Seals 
serve as “Frequency Seals” that open or close the flow of wave spectra and Frequency Bands 
from one Harmonic Universe to another, by regulating and modulating the sequences of Partiki 
Phasing and the Vibration-Oscillation rates of Partiki units within the Dimensional Scale. They 
control the opening and closing of the Central Vertical Kathare Line and Central Planetary Axis, 
‘through which particles are phase-locked into their respective dimensional placements and linear 
ime cycle orientations. Opening of the Star Crystal Seals releases the planetary particles and Ley 
Hanes Rena tele caper ae Cee ee noe oe ce ene oe 
vortices) within the Ley Lines, for molecular transmutation and time continuum shift, through 
blending the Inter-Harmonic wave spectra of the eagle ory ‘The Planetary 
‘Star Crystal Seals contro! the opening and closing of the 3 Vertical Kathara Lines (and 
Vertical Star Gate passageways) of the Level-1: 12-Tree Kathara Grid with in planetary body. 


Biological Star Crystal Seals 
In the human body the 15 Primary Star Crystal Seals exist between each Chakra on the 
Central Kathara Line or Central Body Current. The biological Star Crystal Seals serve as 
“Frequency Seals” that open or close the flow of wave spectra and Frequency Bands from one 
‘Harmonic of consciousness to another, by regulating and modulating the sequences of Partiki 
Phasing and Vibration-Oscillation rates of Partiki units within the Dimensionalized scalar wave grid 
of the morphogenetic field. They control the opening and closing of the Centra! Vertical Kathara 
Line and Central Body Current, through which particles are phase-locked into their respective 
dimensional placements and linear time cycle orientations. Opening of the biological Star Crystal 
‘Seals releases the body particles and DNA from their dimensional phase-lock, opening inter= 
‘Harmonic Star Gates (wave spectra vortices) within the DNA, for cellular transmutation (via 
‘particle+anti-particle fusion) and time continuum shift, through blending the Inter-Harmonic wave 
spac The Biological Star Crystal Seals control the opening and closing of the 3 Vertical 
(and Vertical wave spectra vortices) of the Level-t: 12-Tree Kathara Grid within 

| fe Mobgeal form 


Sead 
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there are also 15 Secondary Crystal Seals that control the HORIZONTAL Kathara Lines of the 
Levelt: 12-Tree Kethara Grid within the planetary and biological bodies. The Horizontal Crystal 
Seals ae called SEED SEALS, they exist and serve as “Frequency Seals" within the planetary 
vortices and biological Chakras, modulating the wave spectra between Parallel (particle anti- 
parfce) Dimensional Frequency Bands. 
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(} KATHARA GRID LEVEL-3 DIODIC POINTS 


————— ws 
Level: DiodiclMiodie Points represent concentrated areas of energy that emerge at points where 


Frequency 
Diodie Point vortices are White Hole vortices that transmit energy il the Parfcle Universe trom thir counterpart 
Miodic Point vortices within the Ant-parice Universe. Though the shuctre cf each Harmonic 
Universe, and the stuctures contained thee win, have within their mrphogenetc feds sets of Diodic and Modi 
Pints sets of White and Black Holes that regate te fs of consciousness energy between systems, 


Planetary Diodic Points 
Within the planetary body and morphogenetic field, Diodic Points are located in 
geographical locations where Inter-dimensional and Inter-harmonic Horizontal and 
Vertical Kathara Lines intersect to form small vortices of inter-dimensional or inter- 
harmonic wave spectra that serve as passageways - time portals- between 
Dimensional Time Continua or Harmonic Time Cycles. They connect planetary and 
stellar bodies to their anti-particle counterparts and intersect with Vertical Inter- 
harmonic Star Gates and Horizontal Inter-dimensional Time Portals, through sets of 
Diodic-Miodic White and Black Holes at the center of planetary and stellar cores. 


Biological Diodic Points 

Within the biological form and morphogenetic field, Diodic Points are located in 
physical body regions where Inter-dimensional and Inter-harmonic Horizontal and 
Vertical Kathara Lines intersect to form small vortices of inter-dimensional or inter- 
harmonic wave spectra that serve as gateways of consciousness between 
Dimensional Time Continua or Harmonic Time Cycles. They connect physical bodies 
to their anti-particle counterparts and intersect with the Vertical and Horizontal 
relationships of wave spectra within the DNA/ RNA and bio-energetic field, through 

sets of White and Black Holes at the center of the biological Harmonic scalar grids. 


Diagonal Grid Control 
The Kathara Grid Level-3: Diodic Points control the Diagonal Kathara Lines, 
Diagonal Inter-dimensional portals, Diagonal Planetary Ley Lines and Diagonal 
relationships between inter-dimensional wave spectra within the biological DNA. In 
Kathara Healing, the Diodic Points are used to open and close the Diagonal 
Kathara Lines for channeling higher dimensional frequency into the Level-1 
Kathara Grid, to regenerate the Imprint for Health and to revitalize the Bio- 
energetic and physical systems. 
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fluid > gas > flowrate 


ultrasound emitters and receivers. The lack of 
rotating parts promises greater reliability, and 
in Figure 19-4 an ultrasound anemometer man- 
ufactured by Biral Metereological Sensors also 
includes heaters so that it will be immune to 
snow or ice accumulation during freezing con- 
ditions. 


Figure 19-4 Made by Biraf Metereological Sensors, this 
anemometer uses ultrasound to determine wind speed 
and direction. 


Ultrasound anemometers have been built on a 
DIY basis by hobbyists, typically using off-the- 
shelf ultrasound emitters and an Arduino to 
decode the signals. Several of these projects are 
documented online. 


Hot Wire Anemometer 
A hot wire anemometer measures the cooling 
effect of the air It heats a thin wire by passing 
current through it, and measures the heating 
power needed to keep the temperature con- 
stant, 


It is also possible to keep either the voltage 
over the wire or the current constant, and to 
assess the wire temperature. The temperature 
can be measured directly or calculated from the 
wires resistance, which increases as the wire 
gets hotter. 


Mass Flow Rate Sensing 
‘A mass flow rate sensor measures the flow 
speed of a gas. When this is multiplied by the 
density, the mass flow rate can be calculated. 


How It Works 


Most sensors of this type heat the gas and are 
categorized as thermal mass flow rate sensors. 
The gas passes over a thermopile (consisting of 
several thermocouples wired in series), then a 
heater, and then another thermopile. These 
components are miniaturized and can be 
etched into a chip measuring 2mm square or 
less. 


The temperature difference between the two 
thermopiles increases as the flow of gas 
becomes faster and transports more heat to the 
second thermopile. Thi known as the heat 
transfer principle, illustrated in Figure 19-5. 


‘Thermopile Heeter —Thermopile 
Figure 19-5 Ina thermal mass flow sensor, the flow of 
‘gas heats the thermopiles disproportionately, and the 
temperature diference can be used to evaluate the rate of 
flow. 


This principle is used also in a liquid thermal 
mass flow rate sensor, described in "Thermal 
Mass Liquid Flow Rate Sensor". 


‘An example of a thermal mass flow rate sensor 
is shown in Figure 19-6. 
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THE UNIVERSAL TEMPLAR COMPLEX 


© The systems of interwoven Manifestation Templates within the 5 Matter Density Levels of 
the 15-Dimensional Universal Kathara Grid are collectively referred to as the UNIVERSAL 
‘TEMPLAR COMPLEX. The Manifestation Template of the human body, likewise 
structured upon this Primal Order, also manifests through a personal INTERNAL 
‘TEMPLAR COMPLEX of interwoven 15-Dimensional Manifestation Templates. 


‘* Universal, Galactic and Planetary Scalar-wave Templates of the Universal Templar 
Complex are called Scalar SHIELDS. Shields are sets of 3-Dimensional Scalar Grids upon 
which the 5 Matter Density Levels of the Universal Manifestation Template manifest. A 
Shield is composed ofthe distinct 3 Primary Flash Line Sequences, or Pariki Phasing 
Rhythms, characteristic to the 3 dimensions of which the Shield is composed. The Internal 
‘Templar Complex of the human body is also organized into 5 sets of 3-Dimensional 
Personal Scalar Shields, through which the matter form and 5 Matter Density Levels of 
the 15-Dimensional human consciousness are projected into manifest experience. 


‘© Through the intrinsic dynamics of synchronistic Parfki Phasing, each 3-Dimensional Scalar 
Shield manifests @ 3-DIMENSIONAL SPHERICAL ELECTROMAGNETIC DOMAIN that 
creates the energetic framework within which extemalized manifest experience can take 
place. Within the Universal Templar Complex, these Spherical Domains form 5 separate 
yet interwoven Reality Fields or Harmonic Universes, each with a differentlevel of Matter 
Density, rate of Vibrational Oscillation, different Angular Rotation of Particle Spin and 
variance in Time Cycle orientation. Within the Personal internal Templar Complex, the 
‘Spherical Electromagnetic Domains created by synchronistic, dimensionalized Partki 
Phasing form within the 15-Dimensional Time Matrix 5 separate yet interwoven STATIONS 
OF CONSCIOUSNESS called HOVA BODIES. The 5 Hova Bodies of human 
Manifestation Template Anatomy within the Time Matrix represent the 5 Subtle Energy 
Bodies of human bio-energetic field construction, through which human identity 
experiences series of SIMULTANEOUS INCARNATIONS within the various Time Cycles, 
and matter density levels of the Time Matrix. Human Evolution is the process by which 
the electromagnetic frequencies and stations of consciousness of the § Hova Bodies 
progressively merge to transmute the physical matter form backward through the various 
‘Matter Density stages through a process called TRANSMUTATIONAL DIMENSIONAL 
ASCENSION. 


Each of the 5 Shields within a 15-Dimensional Manifestation Template is structured upon 3 
KATHARA CENTERS vin he core Primal Order ofthe Levelt Kathara 12-Tree Grid 
Each Kathara Center of the Universal Kathara Grid forms a core point of consolidated 
frequency called a SIGNET Star Crystal Seal within the 3-Dimensional scalar Shields. 
Within the universal, galactic and planetary Templar Complex the Signet Seals operate as 
Star Gates between the Time Cycles of the 5 Matter Density levels of the 15-Dimensional 
‘Time Matrix. Within the Personal internal Templar Complex, each Hova Body is structured 
upon 3 Kathara Centers within the embodied Personal Kathara Grid. Each embodied 
Kathara Center forms 2 Signet Star Crystal Seal within the human anatomy, The 
embodied Signet Seals operate as Bio-electric Windows within the DNA-RNA, that link 
the Stations of Consciousness and various Simultaneous incarnations ofthe identity that 
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exist within the Time Cycles of the Time Matrix to each other, across the illusions of ime. 
‘Through the embodied Personal Kathara Grid, Scalar Shields, Signet Seals and DNA 
Windows, the individuated aspects of ETERNAL IDENTITY in fime are indelibly linked in 
‘consciousness. This intrinsic linking of personal consciousness within the various 


‘simultaneous cycles of time appears to the embodied human awareness as 
REINCARNATIONAL MEMORY. 


‘The embodied Manifestation Template of the human form is a microcosmic reflection of 
the Macrocosmic Universal and Cosmic Manifestation Templates. Both microcosmic and 
macrocosmic Manifestafion Templates share, and are interwoven through, the same 
Primal Structures of the Kathara 12-Tree Scalar Grid, the 5 3-Dimensional Scalar Shields 
and Signet, Star and Seed Crystal Seals and the Diodic Point “Black and White Hole Sets" 
of energy vorices that manifest upon the Kathara Grid. Human consciousness and biology 
are directy and indelibly connected tothe Universal Templar Complex through the 
Personal Internal Templar Complex of the Personal Manifestation Template 


HEALING AND PRIMAL FULFILLMENT 


A rudimentary but operational understanding of the intrinsic structure ofthe embodied 
Personal Manifestation Template- (the Level-fPersonal Kathara 12-Tree Grid, Level-2 Scalar 
Shields, Hove Bodies and Signet, Star and Seed Crystal Seals, and Level- Diodic Points) - 
‘and its relationship to the Universal Templar Complex, allows the embocied human 
‘consciousness the opportunity for progressive participation within the processes of 
CONSCIOUS EVOLUTION and intentional restoration of the Organic Imprint for Health. All 
‘manifest DIS-EASE originates through distortions in the electro-tonal scalar wave programs 
of the Kathara Grid, Scalar Shields and Manifestation Template. To achieve true and 
lasting healing, rather than suppression and transference of dis-ease to other embodied 
systems, distortions within the personal Manifestation Template need to be realigned from the 
causal Kathara Grid level trough REGENESIS of Primal Order within the Organic imprint 
for Health. 

Manifestation Template healing therapeutics based upon knowledge of the Kathara Grid, 
simultaneously work to restore the natural intended Primal Order and function of the human 
body and consciousness, while expediting the evolutionary process of merging the stafions of 
identity through time, to facitate fulfillment ofthe organic PRIMAL PURPOSE. The Primal 
Purpose of human evolution is the achievement of Transmutational Dimensional 
Ascension and Co-creative Mastery over the Personal Eternal Conscioissness and Internal 
‘Templar Complex within the Holographic Fields of the Time Matrix. Through fulfillment of the 
Primal Purpose, humanity will regain THE PRIMAL CONDITION of Conscious AT-ONE-ment 
with the Universe and the Central Source of Creation, or GOD. 
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SE 19 


Kathara Level-2 Scalar Shields & Crystal Seals 


The Universal Templar Complex 


The First 4 SHIELDS 
each with 3 SIGNETS 
and correspondence 
to the Kathara Centers 


of the Level-t 12-Tree 
Kathara Grid. 


HORIZONTAL SHIELDS 

A TELLURIC SHIELD 
joes 

8. DORADIC SHIELD 
jr 

C. TORIC SHIELD 

D. MARARIC SHIELD 

ee 
1) RISHIC SHIELD 


Diners 1345 ° 
(vertical not shawn) 


Levels within the Time Matix to merge 
are the central 


‘The structure ofthe macrocosmic Universal Templar Complex is replicated within the microcosmic eiucture of 


the personal internal Templar Complex upon which 15-Dimensional Human Anatomy manifests, 
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The Transduction Sequence 


The Transduction Sequence represents the phases consciousness passes 


through into dimensionalization and the process by which conscious energy is 
transduced and changes form to enter the wave spectra within which 
perception of manifestation is possible, 


Basic Transduction Sequence _of Consciousness 
into Biological Form. 


CONSCIOUSNESS TO PARTIKI UNITS TO SS 


KATHARA SCALAR GRIDS LEVELS ~1, 2 AND3 TO PARTIKI GRIDS ns 


MORPHOGENETIC FIELDS TO MERKABA FIELDS (Sets of Counter-rotating eleotro- 
‘magnetic spirals of energy —repeating scalar wave flash’ Parliki Phasing sequences that run between. 
Dimensions and Harmonic Universes) 
TO DNA/RNA IMPRINT TO BIO-ENERGETIC AURIC FIELD TO CHAKRAS 


TO NADIAL CAPSULE (tissue-ike capsule that forms around the 3-Dimensional scalar oid of the 
seine eal UK 


DNA’ RNA MANIFEST TO NADIS (energetic rivulets that feed energy from the Nadial Capsule 
Eee a ee 


NUCLEAR CORE Cc 


CNS-METABOLIC/ BIOLOGICAL RHYTHMS- BLOOD-BRAIN-CHEMICALS- 
HORMONES-ORGANS-TISSUES. 


& a J 


HOLOGRAPHIC REALITY CONSTRUCTION 


ee 


The Unified Field of Conscious-Energy 
THE SCALAR STANDING-WAVE GRIDS THAT MAKE UP DIMENSIONALIZED 
MORPHOGENETIC FIELDS REPRESENT THE INTRINSIC STRUCTURE OF THE 
COSMIC UNIFIED FIELD OF ENERGY WITHIN WHICH ALL THINGS EXIST. 
ENERGY IS CONSCIOUS AND CONSCIOUSNESS IS ENERGY. 
CONSCIOUSNESS-ENERGY CANNOT BE CREATED OR DESTROYED IT 
SIMPLY CHANGES FORM, WHILE SIMULTANEOUSLY REMAINING ALWAYS 
THE SAME — THE ETERNAL UNIFIED FIELD OF CONSCIOUSNESS. 


The Kathara Grid 
ALL FORMS OF CONSCIOUSNESS AND PERCEIVABLY MANIFEST FORMS 
DERIVE THEIR INDIVIDUATION WITHIN THE UNIFIED FIELD THROUGH THE 
STRUCTURE OF THEIR INDIVIDUATED MORPHOGENETIC FIELD. THOUGH 
HAVING MUCH DIVERSIFICATION WITHIN THE GEOMETRICAL- 
MATHEMATICAL PROGRAMS THAT FORM INDIVIDUALITY WITHIN LIKE 
PATTERNS, THE CORE OF ALL INDENTITY AND MANIFEST FORM IS THE 
SAME-~ THE INTRINSIC STRUCTURE OF THE KATHARA GRID - THE CORE 
HOLOGRAPHIC TEMPLATE OF DIMENSIONALIZATION UPON WHICH 
MORPHOGENETIC FIELDS ARE FORMED. 


Interwo 101 jenetic Fields 
THE INHERENT STRUCTURE OF INTERWOVEN KATHARA GRIDS FORMS 
SPHERICAL DIMENSIONALIZED MORPHOGENETIC FIELDS WITHIN WHICH 
CONSCIOUSNESS CAN EXPERIENCE THE HOLOGRAPHIC PROJECTION OF 
MANIFEST REALITY, SPACE, TIME, MATTER AND EXTERNALIZATION, THE 
SPHERICAL MORPHOGENETIC STRUCTURES OF ‘THE MICROCOSM EXIST 
WITHIN THE GREATER SPHERICAL MORPHOGENETIC FIELDS OF THE 
MACROCOSM, FORMING A SYSTEM OF CONSCIOUS-ENERGETIC SPHERES- 
WITHIN-SPHERES THAT REPRESENTS THE INTERWOVEN MORPHOGENETIC 
FIELDS OF THE COSMIC UNIFIED FIELD OF CONSCIOUSNESS-ENERGY. 


‘Spheres-within-Spheres interwoven Morphogenetic Fields 
‘cosmic witin the INFINITE AND ETERNAL. 


Five Overday Universes exist 
‘within the same space in 1 
45-Dimensional Matrix. 
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ThE HOLOGRAPHIC TEMPLATE 
External reality is a HOLOGRAPHIC 
PROJECTION. Perception of solidity and 
externalization are determined by the oscillation 
tates between dimensionalized units of 
consciousness - Partiki, Partika and Particum. 
Dimensionalized units of consciousness form 
Frequency Bands that exist in specific 
relationships to each other. We perceive as solid 
the Frequency Bands that exist 1 full Dimensional 
Band below the frequencies within which the 
consciousness is stationed, 


Bo 3 Dimensionalization creates the structure through 
which consciousness can perceive the Hologram 
of Externalization. 


MeThe human body is a Hologram. built upon a 
Holographic Template of units of consciousness 
structured into Scalar Standing-wave Grids that 
represent the Living Morphogenetic Field 
blueprint upon which matter and dimensionalized 
consciousness manifest. 


HE 5 
THE STRUCTURE OF DIMENSIONS 


se The Unified Field is built upon dimensionalized 
sets of Scalar Standing-wave Points, Wave 
Strata formed of units of consciousness that form 
the basis of energetic relationship through which 
the Hologram of Manifestation can be perceived. 


Z NEthe human body is a construct of Conscious 
Energy, built upon a15-Dimensional Anatomy of 
Dimensionalized Scalar-Grids. Perceived 
physicality emerges through the Perceptual Lens 
of Dimensionalization which provides the picture 
of seemingly manifest particles, atoms, molecules 
and physical systems. 


34 Understanding the nature and structure of 
Holographic Reality allows us to understand the 
foundations upon which the body is built and the 
context within which healing must occur. 
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MEscalar Waves are standing wave points that 

emanate out of fixed points of sound (electro-tonal 

Partiki units), which form the Scalar Grid 

morphogenetic templates that house 

consciousness in dimensionalization for 

experience of manifest reality. Scalar Grids are 

created through Partiki Phasing. 


ES Partiki Phasing is the process of infernal fission/ 

™ expansion and fusion/ contraction characteristic 
of Partiki Units, through which the units perpetually 
break apart and replicate through fission, then re- 
merge through fusion. Creates a “flashing on and 
off’ of Scalar Wave points, or “Flash-line 
Sequences” that determine the intrinsic orientation 
of consciousness within the Scalar Grids 
composing morphogenetic fields. 


MEDimensions are Scalar Grids of consciousness 
composed of interwoven layers of Scalar waves 
with varying Flash-line Sequences, or Frequency 
Bands. Dimensions are Frequency Bands, or 
Partiki wave spectra, that exist within specific 
relationship to each other to form the template of 
Holographic Reality. 
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S€ Frequency Bands are synchronized, repeating 


Flash-line Sequences of Partiki Phasing that 
give the appearance of manifest movement of wave 
spectra within a Dimensional Scalar Grid Sub- 
frequency Bands are portions of the Flash-Line 
Sequences that make up the whole Dimensional 
Frequency Band. The Frequency of a Dimensional 
Band is determined by the Vibratory-Oscillation 
rate of Partiki units that make up the Dimensional 
Scalar Grids. 


ME Vibration is the “internal movement” or ENERGY 
HOLDING of Partiki units. Oscillation is the 
“external movement” or ENERY EXPENDED by 
Partiki units. Vibratory-Oscillation rate is the rate 
at which Partiki Phasing “flashing on and off” 
occurs. Vibration and Oscillation exist in direct 
proportion to each other. As Vibration increases 
(energy holding), Oscillation decreases (energy 
expenditure). Faster Flash-line Sequences (higher 
frequency) expend more energy, raise Oscillation 
and lower Vibration of Scalar Templates. Higher 
Oscillation/ Slower Vibration creates slower 
electron movement around nucleus and less 
perceivable density of matter. 
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xe A Dimension is a full Frequency band or full cycle 
of a Flash-line Sequence. 


3€ the Universal Morphogenetic Template is built 
upon sets of 15 Primary Flash-line Sequences 
that form 15-Dimensional Time Matrices within 
which manifestation can be experienced. 


3 Dimensions are organized into sets of 3, (3 full 
Flash-line Sequences/ 3 Frequency Bands), that 
create the template through which 3-dimensional 
manifestation can be experienced. Each set of 3 
Dimensions is called a Harmonic Universe. There 
are 5 Harmonic Universes within a 
15-Dimensional Time Matrix. 


MEEach Dimension contains 12 Primary Sub- 
frequency Bands (partial Flash-line Sequences). 


3M parti in each Dimension have specific set Partiki 
Phasing rhythms giving each Dimension a specific 
ratio of Vibration-Oscillation. Higher Dimensions 
have Faster Partiki Phasing, are higher frequency 
and thus have higher oscillation, lower vibration and 
less particle density. 
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How It Warks 


Figure 19-6 A thermal mass flaw rate sensor made by 
the Chinese manufacturer Zhengzhou Winsen Electronic 
Technology Co. Ltd. 


Applications 
In medicine, mass flow rate sensors are used in 
anesthesia delivery, respiratory monitoring, 
sleep apnea machines, ventilators, and other 
devices. Industrial uses include air-to-fuel ratio 
measurement, gas leak detection, and gas 
metering. 


While the metering of municipal gas supplies 
‘was traditionally done with all-mechanical devi 
ces, MEMS-based meters are replacing many of 
the 400 million mechanical gas meters estima- 
ted to exist worldwide, 


Units 

Mass flow rate sensors are often rated in SLM, 
meaning standard liters per minute. A ‘stan- 
dard liter’ has a temperature of 0 degrees Cel- 
sius and a pressure of 101.325 kPa (kilopascals). 
This pressure is equivalent to that of air at sea 
level. Because temperature and pressure are 
specified, the mass of a gas in a standard liter 
can be calculated by knowing the density of 
the gas. Thus SLM is a way of measuring mass 
flow, even though it is a measurement of vol- 
ume. 


The acronym SLPM is also used, but it means 
the same thing as SLM. SLs and SLPs are meas- 
urements of standard liters per second, while 
SCCM refers to standard cubic centimeters per 
minute. 


Measuring Higher Volumes 

MEMS sensors are typically equipped with 
inflow and outflow nozzles suitable for flexible 
tubing of 3mm or Smm internal diameter. The 
nozzles are “barbed,” meaning that they have 
ridges to retain the tubing. 


Small tubing can only deal with low flow rates. 
‘A few sensors are threaded for standard plumb- 
ing pipes, and can accept volumes of up to 10 
liters per minute, They are a minority. A low- 
rate sensor can still be used to measure higher 
volumes if it is supplied with just a percentage 
of the primary flow. This principle is illustrated 
in Figure 19-7, where an adjustable vane in the 
e creates a pressure differential, A nar- 
rower, constricting section of pipe could have a 
similar effect, but it would not be adjustable. 


Figure 19-7 A vane ina primary pipe can divert a per- 
centage ofthe flow to.a sensor. 


Output 

Many mass flow sensors have an analog output 
consisting of a voltage that varies ratiometri- 
cally with gas flow. With a typical SVDC power 
supply, output voltage may vary from around 
1VDC to 4VDC. 


Some sensors now incorporate analog-to- 
digital converters and data processing to pro- 
vide SLM digital values, accessi 
microcontroller via an |2C interface. 
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Vibratory-Oscillation rate within a Dimension 
determines the Angular Rotation of Particle Spin 
(ARPS), or rotational axis of particles in a 
Dimension. There is a 90-Degree Shift in ARPS 
between each Dimension and a 45-Degree 
Reverse Shift in between Harmonic Universes. 


MeParticies having varying Vibratory-Oscillation 
tates and ARPS allow multiple 3-Dimensional 
Reality Fields to co-exist within the same space 
while. remaining perceptually and experientially 
invisible to each other. 


SeThe relationship between wave strata and 
variance in Partiki Phasing Flash-line 
Sequences within Dimensional Frequency Bands 
create Holographic Refraction of consciousness- 
energy that allows perception of an externalized, 3- 
Dimensional Holographic Illusion for 
consciousness focused within the Scalar Grids of 
the 15-Dimensional Time Matrix. 
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UNIVERSAL AND PLANETARY KATEARA 


Methe Kathara Grid is the first level of Partiki 
structure/ Scalar Grid organization that sets 
consciousness into dimensionalization: It is thus the 
CORE HOLOGRAPHIC TEMPLATE upon which 
the morphogenetic field blueprint is structured. 


ie Sethe Kathara Grid is the Core Holographic Template 
for dimensionalization of the Unified Field of 
Consciousness-Energy through which the 
Microcosm and the Macrocosm are structured. All 
things are built upon the foundation of the 
Kathara Grid. 


Me there are 3 Primary Levels to the Kathara Grid. 
Level-1: The 12-Tree Grid with Kathara Centers 
and Kathara Lines. Level-2: The Crystal Seals 
with Hova Bodies and Scalar Shields and 
Level-3: The Diodic Points of minute energy 
vortex “White and Black Hole” sets. 


Ss 


KATHARA 12-TREE GRID 
HELever- Kathara holds the base electro-tonal 
programs of Partiki Phasing and Dimensional/ 
Frequency structure. upon which the other Kathara 
Levels andthe morphogenetic field are built. 


KATHARA SCALAR SHIELDS AND CRYSTAL SEALS: 

HE eve. 2 Kathara Grid is composed of 5 groups of 3- 
Dimensional Scalar Shields and. Crystal 
Seals - that regulate the rates of Partiki Phasing to 
create the base structures upon which 
-dimensionalizationis_built, 

KATHARA DIODIC POINTS, 

HE Lever-3 Kathara Grid is made of sets of minute 
White and Black Hole energy vortices, made of 
inter-dimensional Scalar Wave spectra, that 
regulate the flux of consciousness-energy 
between Dimensional, Harmonic and Parallel/ anti- 
particle systems. 


H€ cosmic morphogenetic structure is built upon 
interwoven Kathara Grids and the Dimensionalized 
Scalar Standing-wave Templates they form. 
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3€The 5 Primary Scalar Templates of 
Dimensionalization are formed on Scalar Shields 
composed of sets of 3 Dimensions, which form 5 
3-dimensional spheres of energy called HOVA 
BODIES. Hova Bodies and their Scalar Shields hold 
consciousness-energy into 5 separate but 
interwoven 3-dimensional systems. 


3 the Kathara Grid and the multiple levels of 
morphogenetic structure built upon it is the 
CAUSAL ELEMENT behind and within all 
manifestation, and thus the CORE HOLOGRAPHIC 
TEMPLATE through which the Imprint for Health 
can be restored to Biology. 


Seal manifest Dis-ease originates through 
distortions in the natural electro-tonal programs/ 
Partiki unit arrangements of the Kathara Grid and 
Hova Body Scalar Shields. The Kathara Grid and 
morphogenetic field are the core elements through 
which lasting healing is created. Healing occurs 
through REGENESIS of natural electro-tonal 
programs of the Holographic Template. 
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Partiki Units, Scalar Standing Waves, 
and Crystalline Keylons and Keylon 
Codes represent the PRIMAL SUBSTANCE 
in energy that consciousness takes on in. 
order to create the Holographic Projection 
of external manifestation. 


The Kathara Grid, 15-Dimensional Structure, 
Scalar Shields, Crystal Seals, 5 
3-Dimensional Harmonic Universes and 
Hova Bodies, Diodic Point vortices and the 
subtle and dense matter energetic systems 
that manifest upon them represent the 
PRIMAL ORDER of mathematical and 
geometrical interrelationship that Primal 
Substance utilizes to orchestrate the manifest 
Hologram through creation of Manifestation 
Templates. 


Me The interwoven, ordered structures of scalar 
wave fields that form the Universal 
Manifestation Template of the 15- 
Dimensional Time Matrix are collectively 
referred to as the UNIVERSAL TEMPLAR 
COMPLEX. 
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21 
3 The interwoven, ordered structures of scalar 
wave fields that form the Personal 
Manifestation Template of 15-Dimensional 
Human Anatomy are collectively referred to 
as the Personal INTERNAL TEMPLAR 
COMPLEX. The Internal Templar Complex, a 
structural replica of the Macrocosmic Universal 
Templar Complex, anchors personal 
consciousness into the Time Matrix for the 
experience of the space, time and matter 
Hologram. 


He the PRIMAL PURPOSE of human evolution is 
the achievement of Transmutational 
Dimensional Ascension and Co-creative 
Mastery over the Personal Eternal 
Consciousness and Internal Templar 
Complex within the holographic fields of the 
Time Matrix. REGENESIS of Primal Order 
within the Organic Imprint for Health creates 
true healing and expedites the natural 
processes of human evolution. 


ME Through fulfillment of the Primal Purpose 
humanity will regain THE PRIMAL 
CONDITION of Eternal Conscious At-ONE-ment 
with the Central Source of Creation or GOD. 
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(Section One: Foundations of Kathara Healing Part) 


THE ELEMENTS OF HEALING 


The Human Body Kathara and the Multidimensional Anatomy of the Human Form 


= THE MAHARIC SHIELD AND THE IMPRINT FOR HEALTH 
Me ‘THE PLANETARY BIO-FEED INTERFACE SYSTEM (PBIS) 
ene HIEROPHANT SYMBOL CODE, PBIS AND THE MAHARIC SHIELD 


MORPHOGENETIC EXPANSION, GROWTH CYCLES, DEATH AND. 
MOLECULAR COMPACTION 


LEVELS OF HUMAN ANATOMY, EMBODIED KATHARA 12-TREE GRID, 


CRYSTAL SEALS, SHIELDS, SIGNETS, HOVA BODIES, AURIC CAPSULES, 


DIODIC POINTS, SEED SEALS, CHAKRAS, AXIOM LINES, THE HARA LEVEL 
AND DNA. 


a ‘THE 12 HUMAN SENSES, APPARTHI AND HUMAN PERCEPTION 


TOPICS OF DISCUSSION 
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THE HUMAN BODY KATHARA AND THE 
MULTIDIMENSIONAL ANATOMY OF HUMAN FORM 


= 


The Structures of Manifestation and Reclaiming Our Power 
in PART-1 of this program, THE CONTEXT OF HEALING, we explored the hidden foundations of 
reality structure within which our existence takes place, the context of relativity through and within 
‘ich healing occurs. We leamed that the context of existence can be viewed as taking place 
within @ Unified Field of Energy, and that Energy IS consciousness and Consciousness IS 
energy. In our exploration we encountered the Partiki, Partike and Particum, the ultra-micro- 
Particle units of consciousness in electro-tonal form, through which the tangible structure of living 
Morphogenetic Fields are formed. In leaming the foundation structures of the Unified Field of 
(Consciousness-Eneray, we come to understand thatthe enatomy of any frm, including that ofthe 
human Body-Mind-Spirit System, is @ multi-dimensional construct buit on an ordered template 
[of sets of 15-Dimensions, through which all Conditions of apparent manifestation are created, 


Through reviewing the underlying structures of manifest reality (units of consciousness, 
the Partiki Scalar Standing-wave Grids that hold consciousness into individuated 
\dimensionalized “packages” of awereness to allow for experience of space, time, matter and form, 
the core Kathara Grid Holographic Template that sets the pattem of dimensionalizatio for 
Consciousness to follow into the manifest experience, the Levels of Matter Density coresponding 
to the ordered structure of Dimensions, and the reality that Dimensions are tangible constructs of 
lenergy created through the process of Partki Phasing-thefission-lusion ‘flashing on and off of 
scalar standing-waves composed of units of consciousness ) we have already expanded our 
Perceptions of the nature of reality itself. With these simple revelations of knowledge, we 
have shifted ourselves from 2 perspective of viewing the reality before us as one of seperate 
‘manifestations disconnected from our being, to a perspective of viewing reality as an intricate 
system of interwoven consciousness, expressing inthe form of standing-wave strata, to which we 
are intimately and indelibly connected. 


Suddenly we find that we cannot be “left ouf of things, we cannot "be on the outside as life 
passes us by’, that there IS no “outside” to which we may stand separate, as by the nature 
of our existence we are an intrinsic element and force of creative affect within the whole of 
creation. Through this knowledge we have begun to tap the secrets of SELF, es we shift from 
Viewing ourselves as mortal creatures trapped within a gross-matier finite physical body, to 
KNOWING OURSELVES AS THE EXPRESSION OF CONSCIOUS, SENTIENT WAVE-STRATA 
} ETERNAL BEINGS ENSCONCED WITHIN AN ETERNAL UNIVERSE, within which Energy- 
\Consciousness cannot be created or destroyed, it simply changes form perpetually, We 
move from perceiving ourselves as finite beings of kmited power to affect a world that is separate 
from us, to knowing that we are walking wave-forms within 2 sea of interrelated wave forms, and 
that the pattem of our being operates as an intrinsic part of the whole. AS we begin to perceive 
ourselves in terms of the unlimited reality of our nature, rather than define ourselves by the 
limited boundaries of the manifest illusion before us, we begin to reclaim our power to 
affect desired change within the contours of our lives. 
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Knowledge, KNOWING and the Imprint for Health 

Knowledge is an agent of freedom, IF itis used to foster practical applications of change, 
Knowledge can also become a perpetual quest of distraction, through which we deny ourselves 
the ability to EMBRACE the experience of living as we seek outside of ourselves the answers that 
live within. Knowledge is power if itis applied appropriately, it can be an agent that leads 
‘one through the door to the WISDOM that awaits on the other side. Knowledge alone cannot 
provide cognition, cognition comes through the epplication of applied knowledge to provide 
tangible, experiential KNOWING, a knowing derived only through the direct experience of 
BEING. In Kathara Healing™ knowledge is applied as a too! through which one can grow 
into the wisdom of direct experience - from thinking or believing, which are knowiedgeldata- 
based characteristics of a mind perceiving itself as finite - to KNOWING, through Direct Cognition 
of the Experience of BEING, which is a characteristic of e consciousness KNOWING itself as 
ETERNAL... 

In our first lessons of Kathara Healing, we gained knowledge of the Context of Healing and the 
structure of that which exists within and around us, so that we may become more empowered to 
serve as a healing force, within ourselves and within the collective of the Whole, But this 
knowledge will only become practical or useful to us if it is applied to foster the direct 
/experience through which the wisdom of KNOWING may emerge. Then, and only then, will we 
Ibe changed...then and only then will we become true agents of healing. Knowledge can help 
|you to understand the nature of health and healing, but only through KNOWING HEALTH 
‘through direct experience will you be healed. To KNOW HEALTH we must rediscover this 
{quality within ourselves, to EXPERIENCE the qualiy of wellness that emerges as the Imprint for 
Health is reawakened within the human body, First we must use knowledge to recognize that 
ithe Imprint for Health is there, sleeping silently within us awaiting this awakening. 


Healing the Causal Core 

Fixing symptoms does not restore the Imprint for Health, it simply masks from view the 
causal elements through which non-health manifested. Removing the symptom without 
addressing the underlying cause simply sets the stage for the cause to re-manifest itself in new 
‘ways, through new sets of symptoms. Each symptom you remove will give birth to another 
symptom if the underlying cause is not changed. Kathara Healing addresses the deepest 
‘causal factor in manifestation, the Holographic Template Kathara Grid, upon which all 
[conditions come into being. Within the intrinsic structure of the Kathara Grid the dormant. 
Imprint for Health is sleeping, and through knowledge of the Kathara and applications of its 
methods we can reawaken the imprint for Health within ourselves, to progressively move 
into KNOWING HEALTH through the cognition of Direct Experience. 

In Kathara Healing you are provided with the knowledge you need to understand the structures 
‘upon which the Imprint for Heatth is built, for in understanding these structures you will be enabled 
to call the Imprint for Health into awakening. But itis through the APPLICATION OF KATHARA 
| TECHNIQUE that you will AFFECT CHANGE. The technique applications offered in Kathara 
Healing allow you to “bring the knowledge home” to the core of its usefulness, the ability to 
|Jead you into the direct experience of health-ward change. 
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Elements of Healing 
In PART II THE ELEMENTS OF HEALING, we will apply the knowledge of the Context of 


Heeling that we acquired in PART, directly to its relevance in terms of the HUMAN BODY, We wil 
now explore Kathara Mechanics as they apply directo the human system, and you will gan the 
knowledge of your 15-Dimensional Anatomy through which you may then effectively uize 
Kathara Mechanies Techniques to begin your joumey into the EXPERIENTIAL REALITY OF 
HEALING. We wil discover the long forgotten potentials of the Planetary Bio-feed Interface 
‘System™ and how to receive energy for healing direclly from the Kathara Grid of the Earth, We 
will explore the real processes within and behind the experience of growth through time, so thal we 
may finally identity the true causal element intrinsic to the degeneration and death of the 
body. We will come to understand the functions ofthe Body-Mind-Spit System as they are 
INTENDED to operate, to identify the areas in which malfunction is occurring so that we may 
remedy the casual factors to progressively restore the INTENDED INTEGRITY OF THE BODY- 
MIND-SPIRIT SYSTEM. In PART Il we will reclaim our knowledge of our multidimensional 
[2natomy, and rediscover the buried secrets of awakening the Imprint for Health, 


MAHARIC SHIELD 


The Imprint for Health and the Maharic Shield 

Restoration of health within the body is a Progressive endeavor 
that takes time. Portions of the Body-Mind-Spirit System that have been 
malfunctioning must readjust to a new process of function that will 
progressively work its way up from the core Kathara Grid Holographic 
Template, into the Bio-energetic Field, Chakra System and DNA, to 
progressively reset the Imprint for Health within the Body-Mind-Spirit 
System. The Imprint for Health sleeps soundly now within a portion 
of the multidimensional anatomy called the MAHARIC SHIELD. The 
Maharic Shield is a buried treasure of REGENERATION and 
REVITALIZATION of the human organism, as itis the key to recoding the 
human Kathara Grid back into its original Imprint for Health. The Imprint 
for Health is a tangible construct of energy that is located within the 
‘structure of the Maharic Shield. In calling these dormant energy 
systems into activation within the body, one has the opportunity to 
restructure the causal level of malfunction, and to recode the Holographic 
Template upon which malfunction manifests. 
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What Can Go Wrong 


The primary risk for gas flow rate sensors is 
damage caused by particles and contaminants 
in the gas stream, A 5-micron filter is recom- 
mended. A dust segregation system can also be 


at Can G 


used, consisting of a small compartment con- 
taining semicircular centrifugal chambers. Dust 
tends to follow the outer edge of the flow path, 
while the flow sensor is placed on the inner 
side of the path. 
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Reciprocal Reflection and the Kathara Grid 


All conditions of dis-ease within the Body-Mind-Spirit System share a common core of 
causality - distortions of the Kathara Grid upon which manifestation is built. All symptoms 
affect the Body, Mind and Spirit simultaneously, malfunction in one aspect of being will 
have its reciprocal reflection in the other aspects of being, as the symptoms emanate from 
{distortion in the Kathara Core, upon which all aspects of being simultaneously manifest. 

‘As we work with restoring integrity to the Holographic Template Kathara Grid, we are thus 
[creating simultaneous restoration through Reciprocal Reflection within the Body, the Mind 
land the Spirit (the CONSCIOUSNESS that makes up the substance of our multidimensional 
anatomy and identity). 


The Maharic Shield and Whole-Being-Healing 


In activating the Maharic Shield to regenerate the Imprint for Health, you will 
have change occurring within multiple levels of being. Your BODY will begin to 
reflect change as dis-ease-causing distortions are released from the biological 
imprint, and a higher level of order is reestablished within the atomic structure, 
Your MIND will begin to reflect change as dis-ease-causing distortions in your 
thoughts, ideas and beliefs are released from the mental body awareness. Your 
‘SPIRIT-consciousness, will reflect change, as divisions between your embodied 
awareness and the expanded portions of your multidimensional awareness will begin 
{to dissolve, and you will become progressively more able to embody greater states 
lof cognition, creativity and awareness. Kathara Grid. recoding through the use of 
the Maharic Shield will set in motion the processes of WHOLE BEING 
HEALING, as the Imprint for Health is progressively reawakened and restored 
within the Body-Mind-Spirit System. Activation of the Maharic Shield within the 
personel Kathara Grid will lay the foundations for progressive, lasting and powerful 
Testoration of the Imprint for Health within your Body-Mind-Spirit System, 

Learning to activate the Maharic Shield to restore the Imprint for Health requires a 
bit of knowledge regarding Elements of the hidden anatomy of multidimensional 
being, and application of specific energetic mechanics that will directly affect these 
hidden structures of energy. We will begin PART Il with a discussion on the 
ELEMENTS OF HEALING as they apply to developing the skills required to 
Create the condition of Maharic Shield activation, through which the Imprint 
for Health can receive its wake-up call. 
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¢ THE PLANETARY BIO-FEED INTERFACE SYSTEM™ 


Awakening the Personal and Planetary Templar Complex Connection 


Interwoven Personal and Planetary Kathara Grids 
‘The core Holographic Templates of both the personal and the planetary 


morphogenetic fields are built upon a Scalar standing-wave Kathara Grid. As 
{the morphogenetic fields of species ere interwoven into the larger morphogenetic 
field of the planet they inhabit, there is a direct energetic connection between the 
Kathara Grids of individuals and that of the planetary body. This connection 
between personal and planetary Kathara Grids is called the Planetary Bio-feed 
Interface System™, - PBIS. For thousands of years the planetary Kathara Grid 
has carried distortions in its natural pattern that have rendered the PBIS primarily 
inoperable, Kathara distortions in the planetary morphogenetic field blocked 
the human's innate ability to draw energy for regeneration and revitalization 
from the planetary morphogenetic field. s 

When the human Kathara Grid system is working properly there is a natural 
‘sympathetic rapport between the personal and planetary Kathara Grids that 
keeps the /mprint for Health within the human Maharic Shield functioning 
properly. Due to the distortions of the planetary Kathara, the human Kathara 
developed reciprocal distortions, which created blockages between the Maharic 
Shield Imprint for Health and the other functional portions of the human 
Kathara. The blockages with the human Kathara manifested as distortions within the 
natural function of the DNA and bodily systems, disarming many of the natural self- 
regenerative functions organic to human biology and rendering the human form more. 
‘susceptible to disease and malfunction of the biological system. As there is a 
Reciprocal Reflection of pattems between the Body, Mind and Spirit aspects of the 
human organism, due to their common causal element of the Kathara Grid 
Holographic Template, distortions within the DNA and physical body function 
also become reciprocal distortions within the mental body and its perceptual 
facilities, and within the Spiritual Body, as the Kathara distortions block and distort 
‘the organic cycles through which higher dimensional aspects of consciousness 
would progressively embody within and expand the human form. 
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As the morphogenetic fields of species are interwoven into the larger morphogeneli field of the 
planet they inhabit, there is a direct energetic connection between the Kathara Grids of 
individuals and that ofthe planetary body. This connection between personal and planetary 
Kathara Grids is called the Planetary Bio-feed Interface System™, - PBIS. 
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Return of the PBIS - Gift of the 21s Century 
The secrets of utilizing the PBIS have been passed down within the 


generations of the Melchizedek human families who brought these teachings 
ito Earth long ago, kept hidden from public display until a day when the PBIS 
could once again become operational through evolution and clearing of the 
planetary Kathara Grid. These teachings are now being returned into the public 
arena because progress has been made in restoring the integrity of the 
planetary Kathara Grid system. For the first time in many thousands of years 
the potentials of healing held within the PBIS can be returned to humanity, 
and the PBIS can now be activated within the personal biology to reawaken 
ithe Maharic Shield and its Imprint for Health, within the human Kathara 
‘System. Reawakening the PBIS and the Maharic Shield within the human body 
allows the personal Kathara Grid to open into the planetary Kathara Grid, through 
which the now-functional Holographic Template of the planetary Kathara can be 
used to RESET the original imprint of function within the personal Kathara, for 
accelerated regeneration of the Imprint for Health within the human form. 


HIEROPHANT SYMBOL GOD! 


The Hierophant Symbol Code PBIS Trigger 


The first application of the PBIS that we will employ in Kathara Healing Is 
utilizing the energies flowing through planetary Kathara to reawaken the 
Maharic Shield within human anatomy. The process of opening the PBIS within 
the personal morphogenetic field involves using a specific scalar standing-wave- 
guide GEOMANCY - a consolidated inter-dimensional frequency pattern that 
|triggers release of the frequency seals (Kathara Level-2 Crystal Seals) on the 
presently dormant 10%, 11 and 12" Chakras, opening the human Bio- 
energetic Field and Kathara Grid to the Kathara Grid, Bio-energetic Field, Ley 
Lines and energy Vortices of the planetary morphogenetic field. The wave- 
Iguide Geomancy containing the frequencies to activate the PBIS and the Maharic 
Shield can be directed by the human consciousness in the form of a visually 
created symbol code. This symbol code is called the HIEROPHANT. In 
TECHNIQUE # 2: The Maharic Seal and the Liquid Light Cleanse, to be explored 
in PART Ill. of Section |, the Hierophant Symbol Code will be used to bring the 
Maharic Shield and the PBIS out of dormancy, in order to RESET the Imprint for 
|Health within the operational Holographic Template of the human Kathara Grid. 
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The Hierophant Symbol Code Scalar Wave Guide 
for Kathara Reprogramming 

[Thoughts and Images formed by the mind represent small morphogenetic fields 
with minute Kathara Grids, that become interwoven into the larger morphogenetic 
field and Kathara Grid of the human multidimensional anatomy. THOUGHTS ARE 
THINGS in terms of the bio-energetic reality of the body and the Kathara Grid; 
thoughts become translations of electro-tonal “digital” instructions within the 
human bio-energetic field, and directly enhance or detract from the natural 
function of the electro-tonal programs of the human Kathara Grid. In 
recognizing the power of thought as the power of creation of scalar standing- 
wave grids, we can begin to apply that power effectively in regeneration of the 
Kathara Holographic Template, by directing needed electro-tonal instructions for 
awakening the Maharic Shield into the embodied Kathara Grid. The Hierophant 
Symbol Code, used in the form of 2 visualized image, sets a powerful electro- 
tonal program within the human Kathara, a program that triggers the opening 
between the human Kathara and the PBIS 


The Hierophant Symbol Code appears in the form of a Pale Silver Merkaba 

| Star, a six-pointed “Star of David”, which represents the electro-tonal program 
of the 17” and 12%-Dimensional aspects of the Universal Kathara Grid. The 
frequency wave spectra perceived by the human mind as Pale Silver represents 
the electro-tonal program of the Dark Silver primary frequency band of the 11%- 
Dimensional wave spectra, combined with the Pure White primary wave spectra of 
the 12%-Dimensional frequency bands. Using the Hierophant Symbol wave guide to 
direct frequency and electro-tonal instructions through the Kathara Grid, creates a 
scalar standing-wave pattern of 11% and 12% Dimensional frequency within the 
personal Kathara Grid, the frequencies in which the original electro-tonal 
instructions for the Imprint for Health are stored. By awakening the 11% and 12% 
Dimensional frequencies within the human Kathara and bio-energetic field, all 
of the lower frequencies within the Kathara electro-tonal program become 
modulated and recoded into their organic, undistorted pattem, by the stronger 
wave influence of the higher 11* and 12 Dimensional frequencies, which contain 
within themselves the organic imprint for the entire dimensionalized wave spectra of 
ithe dimensions that oscillate below them. 
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Using this process, Therefore, the 
‘complex mechanics of activating the Maharic Shield to reset the Imprint for Health, can be 
reduced to simple instructions for the direction of energy. Though the theory of Kathara 
Healing is highly detailed and complex, the Techniques by which active resus are achieved 
employ simple exercises in Mental Symbol Code Visualization and mental energy direction, 
Coupled withthe application of simple Katharz-stimulating massage o speciic coresponding 
body points. The Techniques of Kathara Healing and regeneration of 
Kathara Grid integrity are so simple that even a young child can 
learn to actively employ them, to achieve the desired result of 
restoring the Imprint for Health, 
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LS eT 
Frequency Accretion, Growth, Age Rhythms, Degeneration, Death and Kathara Blockage 


() MORPHOGENETIC EXPANSION 


Frequency Accretion and Growth Through Time 

‘The morphogenetic field of the human body evolves through time via the process 
of Frequency Accretion. The human morphogenetic field exists within the larger 
morphogenetic field of the planetary and universal dimensionalized Unified Field of 
Consciousness-Energy. Through the inherent function of the Kathara Grid and the 
Tulti-layered systems of energy built upon it, progressively more frequency and 
corresponding wave spectra from the dimensionalized Unified Field are drawn into 
the personal morphogenetic field to create progressive expansion of the 
morphogenetic imprint and its resulting progressive expansion of 
consciousness and growth of the physical body intime. 


Kethara blockages and Organic Growth Cycles 
Blockages and scalar wave distortions within the Kathara Grid impede the natural 


functions of Frequency Accretion, and so distort the intended natural processes 
of consciousness expansion and growth of the body form in time. When the 
Kathara Grid is functioning properly, there are certain specific points in linear time} 
when specific aspects of morphogenetic expansion via Frequency Accretion 
are intended to occur. The original cycles of growth and expansion inherent to 
the human form occurred between 1. fetal integration through age 11-12, 

2. age 14-12 through age 22, 3.age 22 through age 33 and 4. age 33 through 
age 44, at which time the human morphogenetic field would reach its full 
expansion, the DNA would reach its organic 12-strand activation, the identity 
would expand to hold 12-dimensiomsof consciousness within embodiment, and the 
organism would have full conscious control of manifesting and de-manifesting 
its 15-Dimensional anatomy in time. The body forms of the original human 
imprint are IMMORTAL - deterioration and death were not a part of the original 
Imprint for Health within the human Bio-Spiritual makeup. Through understanding 
how the natural process of growth and expansion in time were INTENDED to work, 
we can also understand the core reason for the manifestation of the SYSTEMS. 
MALFUNCTIONS - the conditions of biological and mental deterioration that lead to 


‘the condition of BIOLOGICAL DEATH - a condition that is INORGANIC TO THE 
ORIGINAL GENETIC IMPRINT OF THE HUMAN FORMI. 
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The First Natural Expansion Cycle 

In the original human genetic blueprint, the frequencies and dimensions of 
consciousness corresponding to the wave spectra of Dimensions 1, 2, and 3, 
were Intended to accrete or draw into the morphogenetic field between fetal 
integration and the age of 11-12. At the age of 11-12 the wave ‘spectra of which 
the body was composed would take a leap in frequency, beginning the process of 
expanding the morphogenetic field to hold the higher frequency wave spectra of 
Dimensions 4, 5 and 6. 

The expansion of the morphogenetic imprint is reflected in the DNA, and 
chemical and hormonal balances within the body, which govern the function 
‘of the metabolic rate and the operation of molecular function. The first cycle of 
morphogenetic expansion into the wave spectra of Dimensions 4, 5and 6, 
represents the process of SOUL INTEGRATION for the embodied identity, and 
begins the natural process of de-densification of matter - by lowering of 
|morphogenetic vibration, raising of oscillation rate and frequency, and shortening of 
the wave-length of the scalar waves that compose the matter form and. 
consciousness. These changes in intrinsic wave characteristics have their 
Teflection within the behavior of atomic structure- as the morphogenetic field 
wave spectra raises in frequency, the electron spin around the atomic nucleus 
‘Slows, thereby increasing the electrical nature, and reducing the magnetic 
orientation of atomic function, transmuting the perceivable matter substance of 
the cells to a less dense state of being. Completion of the Soul. Integration 
process marks the transmutation of Carbon-based Gross-matter density into 
the Carbon-Silica based Semi-etheric matter density, and the expansion of 
embodied awareness from 3 to 6 Dimensions of consciousness. 


Completing Expansion 
This process of progressive morphogenetic field and consciousness 
|expansion and resulting de-densification of biological matter continued 
throughout the remaining expansion cycles, Age 22 to age 33 marked the 
jaccretion of the 7, 8 and 9* -Dimensional wave spectra, the process of Over- 
Soul Integration, expansion into a 9-Dimensional consciousness and 
transmutation to a Silica-based Etheric matter density biology. Age 33 to 44 
marked the accretion of the 10%, 11% and 12% Dimensional wave spectra, the 
process of MAHARIC INTEGRATION, expansion into a 12-Dimensional 
consciousness and transmutation out of biology into the Crystalline Liquid Light 
|wave form of Pre-matter substance. At this point the identity is considered a full 
AVATAR and has complete control over manifesting and de-manifesting the 
Holographic Projection of its desired body imprint in time. 
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Growth Rates and Morphogenetic Expansion 


ORIGINAL HUMAN GENETIC IMPRINT 

PERSONALITY INTEGRATION (relluric integration) - BIRTH - AGE 12 
Expands the Morphogenetic Field through accreting the frequencies of Dimensions 1-3 and 
activating DNA Strand Templates 1-3, 


SOUL INTEGRATION (Doratic integration) - AGE 12-22 
Expands the Morphogenetic Field through accreting the frequencies of Dimensions 4-6 and 
activating DNA Stand Templates 4-6, 


OVERSOUL INTEGRATION (Teuric integration) - AGE 22-33 


Expands the Morphogenetic Field through accreting the frequencies of Dimensions 7-9 ‘and 
activating DNA Strand Templates 7-9. 


CHRISTOS AVATAR INTEGRATION (Maharic Integration) “AGE 33 - 44 
Expands the Morphogenetic Field through accreting the frequencies of Dimensions 10-12 and 
activaing DNA Strand Templates 10-12. Allows full Cellular Transmutation and Dimensional 
‘Ascension tothe 12% Dimensional Pre-matter Liquid Light HYDROPLASMIC Substance Liquid 
Stica) and conscious mastery over 12 Dimensions within the 15-Dimensional Time Matrix. A 
“Chvisted” Immortal Being possessing non-polarized Unity or Christ Consciousness. 


CONTEMPORARY HUMAN GENETIC IMPRINT 
PERSONALITY INTEGRATION (Tetric integration) — BIRTH - DEATH 


SOUL INTEGRATION (Doradic integration) - KATHARA BLOCKAGE 
OVERSOUL INTEGRATION (Teuric integration) - KATHARA BLOCKAGE 


CHRISTOS AVATAR INTEGRATION (Maharic integration) - KATHARA. 
BLOCKAGE. Deterioration and Death of the physical body occur rather than Progressive 
frequency acoretion for Cellular Transmutation and Dimensional Ascension. Distortions in the 
personal Kathara Grid and Scalar Shields manifest in the DNA Template and block natural 
inflow and Morphogenetic Field accretion of frequency from the higher dimensional stains of 
identity. Conscious awareness remains polarized in Duality Consciousness and physical body 
is rendered finite and vulnerable to dis-ease, 


THE 4 NATURAL CYCLES OF MORPHOGENETIC FIELD EXPANSION 


=, 
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THE 4 CYCLES OF MORPHOGENETIC FIELD EXPANSION REPRESENT THE 
ORIGINAL ORGANIC PROCESS BY WHICH THE HUMAN ORGANISM WAS: 
INTENDED TO EVOLVE THROUGH TIME. 


The Inorganic Condition of Human Iliness and Death 


The processes of biological and mental deterioration and resulting DEATH of 
the biological form, which we presently view as FACTS OF LIFE regarding the 
Process of human passage through linear time, ARE NOT ORGANIC 
CONDITIONS TO THE HUMAN ORGANISM, Other life forms, such as the animal 
kingdoms, that manifest through morphogenetic fields having Jess than 12 Kathara 
Centers active within their Kathara Grid, cannot undergo the full process of bodily 
transmutation into Pre-matter substance, and cannot fully expand their embodied 
awareness into 12"-Dimensional consciousness. For the animal kingdom, the 
process of evolution is also Frequency Accretion, but it is achieved through 
expanding one's body form to its full capacity, then entering the consciousness into a 
morphogenetic imprint with a bit higher capacity, until eventually the, consciousness 
|can accrete enough frequency to take it into the next level of matter de-densification 
and consciousness expansion, Death is natural to the organic animal kingdom. 

Humans were intended to undergo the full Spectrum of morphogenetic 
expansion and cellular transmutation WITHIN ONE ETERNAL BODY IMAGE, 
‘that was built upon a program of full activation of the 12 Kathara Centers of 
ithe Kathara Grid. Death is NOT natural for humans. 


Kathara Grid Blockage and Molecular Compaction 


The process of biological deterioration and Progressive movement toward 
biological DEATH is the direct result of uhnatural BLOCKAGES WITHIN THE 
KATHARA GRID HOLOGRAPHIC TEMPLATE. Blockages within the Kathara Grid 
program presently block the process of Frequency Accretion at the beginning of 
ithe First Expansion Cycle- as accretion of the 4%, 5% and 6% Dimensional 
frequencies representing the Sou! Integration Process is blocked within the Kathara 
Grid and thus within the biological DNA, the incoming frequencies of the Soul Level 
consciousness push on and CRUSH the morphogenetic field, rather than expand 
the morphogenetic field into a higher level of frequency holding. When the incoming 
/scalar wave frequencies of Soul Integration begin to crush the morphogenetic field, a 
condition called MOLECULAR COMPACTION is created. 
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MOLECULAR COMPACTION - 
over exposure to scalar wave spectra and its resulting 
fragmentation of the morphogenetic field and Kathara Grid - 
IS THE ONLY TRUE CAUSE OF DIS-EASE, AND THE CORE 
CAUSAL ELEMENT OF THE UNNATURAL DEATH 
EXPERIENCE. 


The Maharic Shield and Human Healing 

Within the imprint of the MAHARIC SHIELD of human morphogenetic structure, is 
the dormant imprint of the 10%, 11% and 12 Dimensional electro-tonal programs that 
represent the ORGANIC PROGRAM OF THE KATHARA GRID. Through 
‘activation of the Maharic Shield - the scalar standing-wave template that 
‘corresponds to the Pre-matter Liquid Light fields of Dimensions 10, 11 and 12 - 
blockages within the Kathara Grid Holographic Template, that result in the 
genetic mutation that causes Molecular Compaction, can be progressively 
realigned with the original IMMORTAL IMPRINT FOR HEALTH. Though it takes 
time and consistent application of Kathara Healing Technique to fully regenerate 
the Imprint for Health and Immortality within the 15-Dimensional Levels of human 
anatomy, working to heal distortions within the Kathara Grid through MAHARIC. 
INFUSION (running the frequencies and wave spectra of the Maharic Shield through 
the Kathara Grid, Bio-energetic System and Body), can create progressively more 
observable affects in creating and maintaining health, and slowing the bodily 
deterioration process, within the normal life span of an individual, 


Potentials of Kathara Healing 

The true beauty and significance of Kathara Healing is that it can not only do 
wonders for creating and maintaining higher standards of health within the 
average human life span, but within the applications of KATHARA 
MECHANICS lies the promise and potential of human biological IMMORTALITY 
and the fulfillment of SPIRITUAL ACTUALIZATION and evolution to 
MASTERY- through progressive embodiment of and conscious mastery over 
our 15-Dimensional Anatomy and the creative process of Holographic 


Projection within the dimensionalized fields of space, time and matter. 


KATHARA HEALING HOLDS THE KEY TO HUMANITY RECLAIMING 
ITS ANCIENT HERITAGE OF THE ETERNAL SELF AND IMMORTAL 
AT-ONE-MENT WITH SOURCE. 


¢ LEVELS OF HUMAN ANATOMY- THE EMBODIED KATHARA 


‘The Human Body Kathara Grid 
The Kathara Grid of the human body is the Core Holographic Template upon 


which the morphogenetic scalar-wave template, and all other levels of identity 
and form are built. It is the “Control Center” for manifestation of the human being. 


(| LEVEL-1 KATHARA 12-TREE GRID 


SS ae 


HE KATHARA GRID LEVEL-1: 12-TREE 


Level-1 Kathara Grid 12-Tree: The first level of the Kathara Grid sets the Pattern 
for dimensionalization of consciousness through which identity can enter the 
‘Time Matrix for the Holographic Experience of manifestation. The Kathara Grid 
'12-Tree is the first wave spectra composite ‘through which consciousness 
anchors itself into dimensionality in order to experience manifestation of form. 
All things within dimensional structure have the Kathara 12-Tree at the core, but not 
all manifest forms have the full patter of the 12-Tree activated within their 
morphogenetic patter. The 12-Tree is composed of 12 Kathara Centers or Kathara 
Spheres, and 15 Kathara Lines. 

KATHARA CENTERS 
The Kathara Centers are crystallizations of Partiki units that hold composite 
jelectro-tonal energy signatures for each dimensional band. The electro-tonal 
Programs of the Kathara Centers hold the foundation template upon which the 
biological DNA will manifest. 


(RA LINES 
‘The Kathara Lines are sequences of Partiki Phasing rhythms (“flashing on and 
off /fission-fusion sequences) that transfer the dimensionalized electro-tonal 
programs of the Kathara Centers between each center , to form the core level of 
ithe scalar standing-wave template upon which subsequent levels of the Kathara 
|Grid, Bio-energetic System and body will build. 
KATHARA HEALING AND THE LEVEL-1 12-TREE GRID 
The Kathara Centers and Kathara Lines are used in Kathara Healing to 
realign and awaken the origina! 12-Dimensional imprint within the human 
morphogenetic field, in order to reinstate the original Imprint for Health and 
Bio-Spiritual Mastery within the operational evolutionary blueprint for the 
Body-Mind-Spirit System of the Human form. 


63 


— 
Level-1 Kathara 12-Tree Grid 
ofthe INTERNAL TEMPLAR 


#98 #40—The Shar 
Inbrain 

ears 
#8 Spark of Orion 
In Thyroid Giand 
ate Chakra 
#58 #7-The Wings 


#38 #4-ThoDal 
‘male: Ureters 
female: Ovaries 
##2—Noum-Yun 
‘male: (Prostate 


Placement of Kathara Level-4 12-Tree Grid 
‘Centers and Kathara Lines within 


the human body. 


LEVEL-2 KATHARA CRYSTAL SEALS GRID 


Level-2: Crystal Seals and 15 Primary Chakras 
The Crystal Seals are groups of 3-Dimensional Partiki scalar wave composites, 
that regulate the rate of Partiki Phasing to create the base structures upon 
which dimensionalization is formed. The flow of ‘frequency between dimensional 
bands and Harmonic Universes, the fixed expansion and contraction/ fission and 
fusion rates of Partiki, the Vibration-Oscillation Rates of Partiki and the Angular 
Rotation of Particle Spin are all regulated by the Crystal Seals. 
Star Crystal Seals are positioned between the Chakra Centers along the Central 
Body Current, and Seed Crystal Seals are positioned between them, and serve as 
‘the point of composite frequency out of which the 15 Primary Chakra Center 
|Vortices emerge. 


HOVA BODIES AND SHIELDS 


5 Dimensionalized Hova Body Shields and 5 Auric Capsules 
Hova Bodies are 3-Dimensional, tri-tonal scalar standing-wave grids composed 
of numerous sets of Crystal Seals that form the electro-tonal Program upon which 
the Kathara Grid Level-3: Doradic Points emerge. The Hova Body Grids are 
called Crystal Shields, The 5 Dimensionaljzed Hova Bodies are structured as 5 
Concentric Spheres of energy that surround and permeate the human body and 
|serve to hold the embodying consciousness into dimensionalized levels through 
which the Holographic Projection of experienced manifestation can occur. The 
Hova Bodies form “tissue capsules” of subtle energy around each 3-dimensional 
Harmonic level of the Bio-energetic Field, within which the 15 Dimensional levels 
of the Auric Field are stationed. 

In Kathara Healing, restoration of the original 4%-Harmonic Maharic Shield 
Imprint for Health is used to realign and clear blockages from the lower Hova Bodies 
and corresponding Kathara Centers and Kathara Lines, to awaken the Imprint for 
Health and Spiritual Actualization within the Body-Mind-Spirit System, 
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HOVA BODIES, SHIELDS & SIGNETS 


5 Ariea Hova Bodies, Kathara Grid and Harmonics of Manifestation 


Hova Bodies are tri-fonal scalar grids that form spherical energy “tissue 
capsules” around each 3-dimensonal level of the multi-dimensional identity. 
Within 15-Dimensional Human Anatomy, there are 5 Dimensionalized Hova 
Bodies called Ariea Hova Bodies. The Arica Hova Bodies form out of the electro- 
tonal programs held within the Kathara Centers of the Level-1 Kathara 12-Tree 
Grid. The 12" Kathera Center of the Kathara 12-Tree Grid connects to the 12% 
|Kathara Center of the Universal Kathare Grid, Just as the 1 Kathara Center in the 
personal Kathara connects to the 1% Kathara Center in the Planetary Kathara Grid, 
The 12 and 1# Kathara Centers, the personal Kathara Grid ‘and morphogenetic field 
‘connect to the planetary and universal morphogenetic fields, When working with 
the Hova Bodies we first focus upon the lower four , as these must be 
functioning properly before the 5% Hova Body and its connection to the 
Universal Kathara Grid can be activated within the Bio-energetic Field. Four of 
the 5 Ariea Hova Bodies are directly connected to the Crystal Seals within the 
human body Central Body Current on a HORIZONTAL PLANE. These first 4 Hova 
Bodies correspond to. _each of the 12 Kathara Centers of the personal Kathara 
12-Tree Grid. The Hova Bodies represent Harmonics of Manifestation, 


Hova Bodies, SIGNETS and SHIELDS 


Each Hova Body emanates outward from a set of 3 Kathara Centers and their 
Corresponding Crystal Seals. The core template of the Hova Body is a Triad of 
Crystalline Spheres that connect directly to the 3 Kathara Centers to which 
they correspond. This Triad of Crystal ‘Spheres is called a SIGNET. The Signets 
are the smaller, fixed, consolidated ‘frequency points; out of which the Seed 
Crystal Seals that form the Chakras manifest. The Signets and the smaller 
Crystal Seal formations that manifest through them, create a disc of spinning, 
horizontal wave spectra that direct the function of Hova Body merger, these scalar 
discs are the scalar templates upon which the Hova Bodies manifest, and are called 
SHIELDS. 

The Shields and the Signets that direct them are considered to be the core of| 
the Level-2 Crystal Seals Kathara Grid. Each of the 4 Hova Bodies of the first 12 
Dimensions form upon a set of 3 Signets. Each Signet transmits a flash-line 
(Partiki Phasing Sequence) on a different axis, one vertical, one horizontal and 
|one diagonal, forming 2 3-plane projection of flash-lines that form the base of the 
3-dimensional Holographic projection. 
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Kathara Centers and Activating the Signets and Shields 
In each set of 3 Signets at least one corresponds to the Central Vertical 
Kathara Line, the control center of the Level-1 Kathara Grid 12-Tree. The 
‘Signets and Shields can therefore be used to direct the function of the Kathara Grid 
42-Tree and all built upon it, and the Kathard Centers can be used to trigger 
activation of the Signets and Shields within the Hova Bodies. When a Signet is 
activated its corresponding disc or Shield begins to spin. When a certain spin rate} 
of the Shield is reached, it triggers the activation of the next set of Signets in the next 
Harmonic setting the next Shield to spin. When 2 Shields activate and reach a 
reciprocal spin rate the fissue capsule separating the 2 corresponding Hova 
Bodies releases and the 2 Hova Bodies merge, which is the process by which 
Higher Identity integration occurs. It is also the process by which the Merkaba 
Vehicle is activated within the Bio-energetic field. When all four Shields activate 
land spin, the body matter is able to transmute out of matter density and into pure 
wave form, which represents Maharic/ Avatar Integration for the identity. 


THE 5 HOVA BODY SHIELDS 


he Hova Bodies and the Shields 

Each Hova Body contains at its core a Shield through which the Hova Body 
functions are governed. The Nada Hova Body of dimension 1-2-3 forms on the 
[TELLURIC SHIELD, its control center being the 2 Kathara Center that is 
composed of 2%! Dimensional Frequencies. The Alphi Hova Body of dimensions 
4-5-6 forms on the DORADIC SHIELD, its control center being the DORA or 
Archetype of the 5 Dimensional Frequencies. The Betcha Hova Body of 
dimensions 7-8-9 forms on the TEURIC SHIELD, its control center being the TEURA 
lor Monad of the 8" Dimensional Frequencies, The Mahara Hova Body forms on 
ithe MAHARIC SHIELD, its control center being the Mahunta or Avatar Core of the 
11 Dimensional Frequencies. The 5“ Hova Body, the Raja Hova Body, forms on 2 
'set of Signets that correspond to stellar points within the Universal Kathara Grid. 
Its Shield, the RISHIC SHIELD, rotates on a vertical plane and it comes into 
jactivation within the personal morphogenetic field only after the four lower Shields 
have transmuted the body into Pre-matter Liquid Light of the MAHARIC SHIELD. In 
‘terms of healing and advancing evolution of the earthly identity, the first four 
Shields are of greatest significance. 
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Hova Bodies, Shields, Signets and Healing 


In all healing application knowledge of the Shields is of great value, for any 
manifest condition of disorder will have its first manifestations within the 
Kathara Grid and the Shields that form upon it. The process of healing, therefore, 
is the process of restoring the Shields to their, ‘proper order so they may activate to 
build the Merkaba Vehicle through Progressive Higher Identity Integration. In 
Kathara Healing we begin with the MAHARIC SHIELD, the Shield that contains 
‘the pure form of electro-tonal programs upon which the consciousness first entered 
‘matter density through the Pre-matter Liquid Light Fields of the 4% Harmonic - 
Dimensions 10-11-12. Through activating and progressively drawing in the 
highest 11 and 12%Dimensional frequencies of the Maharic Shield, 
distortions in all lower Shields can be more rapidly realigned with their 
original pattern. When we work with the Kathara Centers of the Level-1 12-Tree 
Grid we simultaneous create change within the SIGNETS that direct the function of 
ithe SHIELDS, and so we are able to more Fapidly facilitate appropriate realignment 
‘of the Shields and Hova Bodies, THE CORE OF HEALING IS RESTORING THE 
HOVA BODIES AND THE SHIELDS UPON WHICH THEY MANIFEST TO THEIR 
ORIGINAL INTEGRAITY OF ORDER. 


Shields, Signets and Diodic Points 


Through the interaction and interplay of multi-harmonic frequency between the 
Shields, Signets and their Crystal Seals, Kathara Grid Level-3- DIODIC POINTS 
‘Come into manifestation, to fill out the 3-plane, 3-dimensional “armature” of scalar 
waves and flash-lines, upon which more Partiki units will cluster and crystallize to 
build up the particle base for form manifestation, The Diodic Points within the body 
‘and morphogenetic field connect directly to the Shields of the Hova Bodies in areas 
Where the flash-lines arid scalar points within the Crystal Seals of the Shields align 
with and pass through’each other. Flash-Lines from one Hova Body Shield 
‘crossing through those in other Hova Body Shields form COORDINATE 
POINTS, or "Gateways" of energy-consciousness transference through which 
frequency and awareness from one Hova Body and identity level can cross 
{through into other Hova Bodies and identity levels. The Coordinate Points, or 
‘regularly scheduled points of flash-line intersection, form tiny vortices of energy , 
lwhich keep energy and consciousness flowing throughout the muttiple dimensional 
levels of identity and anatomy. The vortices of energy created by the Coordinate 
Points of flash-line sequences are called DIODIC POINTS and they have a 
Counter reflection within anti-particle manifestation called MIODIC POINTS. 
Diodic and Miodic Points are sets of White and Black Holes that circulate energy 
throughout the anatomy. 
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LEVEL-3 KATHARA GRID DIODIC POINTS 


Diodic and Miodic Points 
Diodic! Miodie Points represent concentrated areas of energy thal emerge at points where 
imensionalized levels of scalar grids cross over and through each other, creating minute vortices of wave 
Spectra that serve as frequency modulation zones (scalar fash-cycetranstion points) between 
[Dimensional Frequency Bends. Diode Pont vortices are White Hole vortices that transmit energy into the 
Particle Universe from thelr counterpart Miodic Point vortices within the Anf-paricle Universe, Through the 
structure of Dimenstonalzation, each Harmonic Universe, end the structures contained there within, have 
within their morphogenetic fields sets of Dodic and Modi Points - sets of White and Black Holes - that 
Teguicte the fux of consciousness-energy between systems. 

\Within the biolooical form and morphogenetic fel, Diodc Points are located in physical body regions 
]where Inter-dimensional and intr-Harmonic Horizontal and Vertical Kathara Lines intersect to form 
|small vortices of intr-dimensional or nter-hermonic wave spectra that serve as Gateways of 
[Consciousness between Dimensional Time Continua of Harmonic Time cycles. They connect physical 
bodies to their anti-particle counterparts and intersect withthe Vertical and Horizontal relationships of 
/wave spectra within the DNA/ RNA and bio-energetic fel, trough sels of White and Black Holes at the 
[Center ofthe biological Harmonic scalar oid. 


Diodi EN] 
Diodic Points control the Diagonal Kathara Lines, the sequences of Partiki Phasing or “flash- 
ines" that nan on & dlagonal between the Kathara Centers. Whereas the Kathara Level-1 
Kathara Lines direct the Vertical flash-line sequences and the Level-2 Crystal Seals control 
the primary Horizontal fiash-lines and their relationships to the Vertical lash-lines, the Diodic 
Points further regulate the relationships of flash-ine sequences through the Kathara Grid by 
[serving as “turnstiles of energy’. The Diodic Points intersect with the crossover points of the 
Vertical and Horizontal fash-iines , adding a further level of modulation to the frequencies passing 
through, allowing 2 3-dimensional Harmonic Projection of flash-lines (fashvlines projecting on 
3 difer angular planes)to build within the morphogenetic field. The Diodic Points add the third 
[plane of projection to the Kathara Grid, beginning the formation of what will appear as a 3- 
[dimensional “armature” of fiash-points upon which particles will accrete to “ill out” the 
Holographic illusion of 3-dimensionality, 


Diodic Points and Healing 

In Kathara Healing Diodic Points are used fo open the Diagonal Kathara Lines for 
reprogramming. When Diodic Points become blocked, due to blockages within the Kathara Grid 
(wich appear as “geps" or missing sequences of fiashes along the lash-ines of Partki Phesing), 
energy builds up in the Lever-3 Kathara Gri, forming distortions in the natural pattem that wil 
manifest in the body and bio-field systems as disease or disharmonic condition. In later 
applications of Kathara Healing we will leam to identify points of Diodic and Miodic build-up in the 
body, and use primary flastvline sequences applied through touch points to realign the natural 


{fiash-point sequences and clear the Diodic Blockages. 
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Hova Bodies are spherical 
scalar wave grids that form 
tissue capsules between 
each 3-Dimensional Harmonic 
of Manifestation, 

‘Signets are the core points 

of consolidated frequency 


that hold the programs for 
the Scalar grid SHIELDS 
tupon which the Hova Bodies, 
manifest. 


When activated, each 
SHIELD forms a rotating] 
disc of scalar waves that 


ofthe Level-1 12-Tree 
Kathara Grid. 


Level-2 Kathara Crystal Seals Grid and Chakras 
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radiation > light > photoresistor 


photoresistor 


A photoresistor has a function similar to that of a phototransistor, but as its name 
implies, itis a purely passive component that varies its resistance in response to light. 


The term photocell was used formerly, but has been displaced by the term photo! 
tor, which describes its function more accurately, The term photoconductive cell is 


sometimes used, or light-dependent resistor (or its acronym, LOR). 


OTHER RELATED COMPONENTS 


+ resistor (sce Volume 1) 
+ photodiode (see Chapter 21) 


+ phototransistor (see Chapter 22) 


What It Does 


Formerly known as a photocell, a photoresis- 


tor is a disc-shaped component with two leads. 
When light falls on the surface of the disc, 
resistance between the leads will diminish. 
Some photoresistors have a resistance in dark- 
ness as high as 10 megohms. A few have a 
resistance in bright light as low as 500 ohms, 
although several kilohms would be more com- 
mon. 


A photoresistor is less sensitive to light than a 
phototransistor or photodiode, and unlike 
them it is a passive component with no polar- 
ity. It presents equal resistance to current in 
either direction, and may be used with DC or 
AC 


Because cadmium sulfide is commonly used in 
this component and is regarded as hazardous 
to the environment, photoresistors are now 
unavailable in some regions (notably, Europe). 
However, at the time of writing, they are still 


available from many Asian sources, and from 
some importers in the United States. 


Schematic Symbol 

Six schematic symbols for a photoresistor are 
shown in Figure 20-1, They are functionally 
identical, regardless of whether the single slant- 
ing arrow across the resistor symbol is omitted. 


x sy Sy 
np w= 
Bue 


Figure 20-1 All six symbols fora photoresistor are func: 
tionally identical 
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i a Seals and A s 

Each Signet within a Hova Body Shield holds the electrotonal program for one Seed Crystal Sea! 
zand one dimensionalized fast-ine sequence. Each Seed Seal program comesponds to one 
dimensionalized flast-tin program ftom one Level-f Kathara Center. Each Seed Crystal Seal 
holds intact the electo-tonal program for one dimensionalized flash-ine projection angle, ot 
‘Single Axis Dimensional flash-ine sequence. The Single Axis Dimensional fash-ine sequences 
controlled by each Seed Crystal Seal are called AXIOM LINES. 

There are 12 Primary Axiom Lines that correspond to the 12 Kathara Centers in the Personal 
and Planetary Kethara Grids. There are 12 addtional Stellar Axiom Lines that correspond to the 
12 Kathara Centers in the Universal Kathara Grid. The Axiom Lines represent single-axis flashe 
line sequences - (fxed points of conscious electrified sound- electro-tonal units-that form strands 
of scalar standing waves) that itermesh to refine the scalar-grid webbing upon which 
Kathara Grid Level-3 Diodic Points will emerge. 


Bion A. Lines, Diodic-Miodic Vortices, Chakras-DNA-Portals-Ley Lines & Heali 

Each of the 12 Primary Axiom Lines has a reverse reflection within the dimensions of the anti- 
Particle universe. The 12 Primary Axiom Lines governing the Diodic “White Hole” Vortices of 
the particle universe are called Axi-A-Tonal Lines (or *Axatona” Lines). The corresponding 
‘reflections of the Axi-A-Tonal Lines in the anti-particle universe, which govern the Miodic “Black 
Hole” Vortex refiections of the Diodic Points, are called Axi-B-Tonal Lines. In Kathara Healing 
‘the integrity of the Axi-A-Tonal Lines is restored through realigning the electro-tonal Programs 
within the comesponding Kathara Centers. The 12 Primary Axi-A-Tonal Lines set the 
morphogenetic imprint upon which the Chakra System and foundation DNA organization of the 
human body will maniest and upon which the Planetary VortexiPortal System and primary 
Planetary Ley Lines will emerge within the planetary body. Restoring the Imprint for Health to the 
Axi-A-Tonal Lines and corresponding Kathara Centers will regenerate integrity within the DNA 
and Chakra System of the body and wil restore the organic operations ofthe planetary Vortices 
Portals and Ley Lines of the planetary morphogenetic grid. 

Restoring the Imprint for Health within the Axi-A-Tonal Lines simultaneously restores integrity 
to the corresponding Diodic Points and to the Axi-B-Tonal Lines and their Miodic Points. When 
working with Kathare Techniques that ‘lear the Miasmic Imprint” the anfiparticle blockages 
within Diodic Points — the Diodic Points are realigned by clearing their Miesmic distortions, which 
then reestabishes the integrity of coresponding Axiom A and B Tonal Lines, sending a realigned 
electro-tonal program back through the Seed Seals and the Level-1 Kathara Centers. If the 
Programs within the Kathara Centers are simultaneously realigned using infusion of the 
frequencies from the Maharic Shield, the Kathara Center programs, the Axiom Lines and the 
Diodic Points will be progressively restored to health. If the Kathara Centers are ‘Not simultaneously 
realigned, the restored Axiom Line programs will be overridden by the Kathara Center pr 
Lunt the restored progrems reach cntical mass through prolonged repetition. Clearing the Miasmic 
Imprint while simultaneously Repatterning the Level-1 Kathara Centers and Kathara Lines 
via Maharic infusion is the fastest way to restore the imprint for Health within the Human 
Body-Mind-Spirit System and within the natural operations of planetary bio-mechanics. 
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‘Axiom Lines, Diodic Points, Hova Bodies, Shields and Auric Field Levels 

The Single Axis flash-line sequences ofthe 12 Primary Axiom Lines cross over and through 
each other to form COORDINATE POINTS between the Hova Body Shields, through which the 
“White Hole” Level-3 Diodic Point Vortices emerge. The varying angles of fash-line 
projection within the Axiom Lines create separate dimensionalized bands of frequency 
(separate sets of fash-ine sequences) within the Hova Body structure. As there are 3 Signets 
and thus 3 Seed Seals and 3 Axiom Lines inherent to each Hova Body Shield, ezch Hova Body 
becomes dimensionally comperimentalizedinto 3 separate yet interrelated sections, each section 
having inherent sets of Diodic Points. Each dimensionalized aspect of the Hova Bodies 
becomes a Level of the Auric Field within the bio-energetic system. There are 12 Inner 
Layers of the Auric Field, which correspond to Dimensions 1-12 and tothe 12 Primary Kathara 
Centers, Seed Seals and Axiom Lines ofthe fst 4 Hova Bodies, There are 3 Outer Layers of the 
‘Auric Field that correspond to Dimensions and Seed Seals 13-15, to the fst 3 Kathara Centers 
and Axiom Lines of the Universal Kathara Grid and to the 5 Hova Body. 


‘Seed Seal Lines, Consolidated Diodic Points, ind Auric Le 

‘The points in the Kathara Grid where the Single Axis Axiom Lines cross over and through the 
Central Vertical Kathara Line in the Level-1 Grid and the Horizontal flash-lines of the Seed Crystal 
Seals form fixed, consolidated Diodic Points -larger vortices of energy composed of many 
smaller Diodic Vortices. The larger vortex points are called CHAKRAS, Each Chakra Vortex is 
formed upon the electro-tonal program of its comesponding Dimensional Frequency Band, Kathara 
Center, Seed Seal and Axiom Line, and each chakra corresponds to one Auric Field Level, 
DNA strand imprint and level of consciousness. As 3 Signets, Seed Seals and Axiom Lines 
correspond to each Hova Body Shield, 3 Chakras regulate and correspond to each of 5 Hova 
Bodies, for a total of 15 Primary Chakras. Primary Chakras 1-12 correspond to Kathara Centers 
1-12 in the Personal and Planetary Kathara Grids and Primary Chakras 13-15 comespond to 
the first 3 Kathara Centers and Axiom Lines of the Universal Kathara Grid. Chakras 13-15 are 
considered Universal Trans-stellar Chakras, 

‘The Chakras regulate the transduction of fiash-line sequences from the Dimensionalized 
Unified Field and Diodic Vortices of the Axiom Lines and Auric Field Levels into the Hova 
Body tissue capsules and rivulet channels that connect to the physical, electro-magnetic, 
chemical and hormonal aspects of the visibly manifest form, Chakras regulate the flow of 
consciousness-energy between the dimensionalized Auric Field levels of the Hova Bodies, keeping 
the various muli-dimensional stations of consciousness separate, in order to allow for experiential 
perception of holographic manifestation. Each Chakra circulates its Single Axis fashline 
‘sequence along the angle of projection carried within its corresponding Axiom Line, and this 
angle of flesh-line projection determines the Angular Rotation of Particle Spin (ARPS) — or the 
‘axis upon which particles rotats- within each dimensionalized portion of the anatomy. There is a 
{90-dlegree shift in the flash-ne angle of projection from one Chakra and dimensional band to the 
next, which creates a 90-degree shift in the Angular Rotation of Particle Spin between each 
dimensionalized portion of the anatomy. Between each 3-dimensional Hova Body there is also a 
45-degree reverse shift in fash-line projection angle, which creates a 45-degree rather than a 90- 
degree forward shift of fiash-ine projection angle between each Hova Body and between each 
“set of 3 Chakras (Chakras 1-2-3 ° 4-5-6" 7-8-9 * 10-11-12 * 13-14-15). The precise angles of 
flast-line projection and ARPS between Chakres, creates the perceivable 3-dimensional hologram. 
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Chakras 

‘A Chakra appears within the bio-energetc field 28 2 cones or spirals of mul-colored energy 
that are linked together atthe tip in he Central Body Current through the Seed Crystal Seal 
‘out of which the cones emerged. Chakras 2-6 extend from the Seed Seals outward through the 
body and Auric Field on @ Horizontal axis and Chakras 8 and 9 intersect with 6 and 7 at the 
Pineal Gland on 2 rotating Diagonal axes running through the head. Chakras 1 and 7 and 10-14 
are stacked above and below the body on a Vertical Axis aligned withthe Central Body Curent 
(CBC) and the Central Verical Kathare Line. Chakras 187, 10812, 11813 and 14816 are actually 
the bottom and top cones of 4 Large Vertical Chakra Spirals, but are counted as separate 
Chakras, Chakra 15 is 2 “roving chakra’, which travels the course of the 12 Primary Axiom Lines 
far out in Level-15 of the Aurc Field, Each Chakra draws in energy from and transmits energy into 
the dimensional Unified Field coresponding to the chakra number and canes ass dominant 
Perceivable color the hue characteristic to the primary frequency band wave-length of ts 
dimensional affliation. 


Primary Color of Chakras 
Chi 


Chakra___Dimension _Color imension 

CK D-4 RED CK-8 D8 

CKe2 D-2 ORANGE CK-9 D-9 

CK-3 D3 YELLOW CK-10 D-10 

CkK-4 D4 GREEN CK-11 D-1 

CK-S D5 BLUE CK-12 D-12 

CK D6 — BLUE-VIOLET (INDIGO) CK+13 D-13_ PALE TURQUOISE 

CK-7 D7 VIOLET CK-14 D4 PALE YELLOW 
CK-15 D-15  MAGENTA-PINK 


A Chakra will also carry, in lesser saturation, the colors/frequency bands associated with all of 
the dimensions below its own dimensional affiliation. 


Chakras and Dimensional Mi 
When the Seed Seal atthe core of a Chakrais released, the 2 cones of the Chakra move 
through each other io form @ Dimensional Merkaba Field- 2 counter-rotating spirals of electro- 
‘magnetic energy tat take the form of@ Star-tetrahedron. When the Seed Crystal Seal releases, 
the corresponding scalar-wave points within the Hova Body Shield are released from Dimensional 
Phase-lock ~ they are released from polarity by the re-combining of their inherent Particum- 
Particles and Partka-anti-partcles. Through re-combining Paricum and Partika the scalar 
standing-wave points undergo fusion, then a reciprocal fission and replication within the 
Harmonic above. Through release ofthe Seed Seals the Dimensionalized Auric Feld Levels of the 
lower Hova Body align along the same Angular Rotation of Particle Spin | angle of fiash-line 
projection, which tansmutes them into the angle of fash-lie projection and Partki Phasing rate of 
the Dimensionalized Aurc Fld Levels of the Hova Body from the Harmonic above, Seed Crystal 
Seals are released by infusing thom with the frequencies! flast-line sequences of the 
corresponding dimension from the Harmonic above. Progressive release of the Seed Seals 
within the Chakras creates opening and merging of the Kathara Lines in the Level-1 12-Tree Grid, 
‘and merging of the Hova Bodies, Shields, Diodic Points, Auric and Identity Levels and DNA 
strands, through which activation of the Merkaba Vehicle and de-densiication af matter occurs. 
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ese Auric Level, Chakra and Hova Body — 


Each 3_Dimeneional Scalar Shield forms @ Spheric 
Electromagnetic Domain called a Hova Body. 


Each Hove Body manifests the and 
‘gore te hncton of 3 Primary Grae 


Each Chakra corresponds to a level fF 
of the Auric Field and one 

Carries as its Primary Color the hus 

associated with the wave-length of the 

dimensional frequency band to which 

‘the Chakra corresponds. 


dtiiees= 


ime. 


GOLD 


‘SILVER 


BLUE-BLACK 


SILVER-BLACK 


WHITE 


A Chakra will also carry, in lesser saturation, the colors/frequency 
bands associated with all of the dimensions 
below its own dimensional affiliation. 
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AXI-A-TONAL LINES, THE HARA LEVEL, 
6 HARA POINTS AND COMPLEXES 


jom Lines lash-line Projection and the Human Bot 

Each Seed Crystal Seal within the Sionets of the Hova Body Shields holds the electro-tonal 
program for a Single Axis Axiom Line fash-line projection, The flash-line sequences of each 
‘Axiom Line are not simply stationary single-line projections of flash-lines, but rather 
operate as rotating single-line projections, Each rotaing Single Axis flash-line projection is 
synchronized with the other rotating Single Axis fash-ine projections of Axiom Lines from the 
‘other Seed CrystalSeals-Through the rotational synchronization of the Axiom fiastline 
sequences, the fiash-lines of each Axiom Line regulary cross through each other, and through the 
\ertcal and horizontal fastline sequences from the Level-1 and Level-2 Kathara Grid. The points 
of synchronized flash-line crassover form consistent points of intersection through which the 
Level-3 Diodic Vortices and Chakras manifest. Within the human body and Auric Field the 
consistent points of flash-line crossover can be charted inthe form of fixed lines of energy 
that run through the body. The charted Axiom Lines within the human body represent series 
of regularly scheduled flash-line intersection points, created through the synchronized 
rotation of the Single Axis Axiom flast-line sequences. 


‘Axiom A Lines — “Axi-A-TonaM” Lines in the Human Body 

The consistent points of Axiom Line flash-line crossover that form fixed lines of energy within the 
ody can be charted as Axiom A and B Line energy fows within the body. The Axiom A Lines 
correspond to the body manifestation in the particle universe, the B Lines to the body double in the 
ant-partcle universe. For Kathara Healing applications the A Lines ~ Axi-A-tonal Lines- of the 
particle body are used for various purposes of facilitating Kathara Center realignment and 
revitalization of the Body-Mind-Spirit System. Within the body the Axi-A-Tonal Lines can be 
charted as Primary Flow Lines — conduits through which energy-consciousness, in the form of 
scalar-point flash-line sequences, circulates through the morphogenetic field. The fixed fiasb-line 
crossover points that form the charted Axi-A-Tanal Lines appear in the body as a set of 12. 
Vertical Flow Lines, one running from each of 12 Auric Field Levels, which run through the body 
within the Level-2 Crystal Seals Kathara Grid, Each Axi-A-Tonal Line corresponds to one of 12 
Dimensional Frequency Bands, Kathara Centers, Seed Crystal Seals, Chakras and DNA strand 
imprints. The 12 Primary Axi-A-Tonal Lines appear to enter and leave the body through the 
head and feet, with conduits running through the arms, hands and out the finger-tips, and 
through the legs, feet and out the tips of the toes. Each Axi-A-Tonal Line appears as a 
colored cord of energy, its hue determined by the wave length characteristic to its 
corresponding dimensional frequency band. In charting the positions of the 12 Primary Axi-A- 
Tonal Lines in the body, numbering and color are used to denote the Dimensional 
correspondences of each Axi-A-Tonal Line, 


Axi-A-Tonal Lines 11 & 12 and the “Hara Line” 

Axi-A-Tonal Lines‘11 and 12, which correspond to the 11% and 12% Dimensions, 
Kathara Centers, Seed Seals and Chakras, run vertically through the center of the 
body along the Kathara Grid Level-1 Central Vertical Kathara Line, forming a 
twisted “rope” of Dark Silver (D-11) and White (D-12) energy that wraps around the 
Central Vertical Kathara Line Flash-line Sequence. The Central Vertical Kathara 
Line, which appears as a thin Silver-gold flash-line of energy running from the 
14% Chakra (36"above the head) through the body and into the 13" Chakra at 
Earth's Core, is imbued with frequencies from the 12", 11 and 8 Dimensions — 
the frequencies of White, Dark Silver and Gold. 

In Level-2 Kathara Grid , the rotating single axis flash-lines of Axi-A-Tonal 
Lines 11 and 12 spiral around the thin Silver-Gold flash-line of the Central 
Vertical Kathara Line, merging into a thin, vertical tri-tonal flash-line of 
primarily Gold hue that becomes the core of the Central Body Current. In 
ancient Eastern Healing Systems this thin Gold Vertical Line is called the “Hara 
Line”, and is often considered the foundation of the manifest form. In truth, the 
Level-1 Kathara 12-Tree Grid and the Signets, Crystal Seals and Shields of 
Kathara Level-2 are the deeper foundations upon which the Hara Line manifests. 


The Hara Level of Kathara Level-2 Crystal Seals Grid 
‘The mechanics of the Crystal Seals in the Level-2 Kathara Grid are complex, but can be 
‘employed with relative ease through working with the energetic dynamics of the outer levels of 
the Level-2 Kathara Grid, the level in which the Hare Line can be viewed using 9*-cimensional 
Higher Sensory Perception. We refer to this level of the Level-2 Crystal Seals Grid as the HARA 
LEVEL. The Hara Level is composed of the Hara Line, and 6 of the 15 Star Crystal Seals of the 
Kathara Level-2 Crystal Seais Grid. 
The 6 Hara Points (Crystal Seals) apparent from the Hara Level are as follows: 


1. The 9 Silver Core Star Crystal Seal, called the HARA CENTER 

2. The 6" Indigo (or Blue-Voilet) Star Crystal Seal, called the SOUL STAR 

3. The 12" White Star Crystal Seal, called the GALACTIC STAR 

4. The 3% Yellow Star Crystal Seal, called the SUN STAR 

5. The 8" Gold Star Crystal Seal, called the EARTH STAR 

6. The 10% Blue-Black Star Crystal Seal, called the EARTH CORE SEAL 
‘The 6 Hara Points govern and regulate the function of Complexes of energy synthesization and 

distribution that control the operations of all primary body systems and bio-energetic field 

dynamics. In Kathara Healing Level-2 we will explore mechanics of the Hara Level. In Level-1 

Kathara Healing we will simply become familiar with Hara Level as an element of 15-dimensional 

human anatomy. 
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Vnle TARA AND THE CUNOALIND 


The Silvery-gold energies of the Hara Center (9% Star Crystal Seal) are interwoven at the base of 
tthe spine with whatis referred to as the KUNDALINI life-force energies. The Kundalini energies 
represent the PRIMARY ENERGY CURRENTS through which the incamnating consciousness 
anchors its morphogenetic field within the Fetal Body through he FIRST 8 CELLS of conception. 
‘The Hara Center energies Interweave at the base of the spine with the frequencies of the 
first Star Crystal Seal, the RED Star Seal, n the First Cell. When the Hara Center Seal is 
dormant and activated only tothe 3-Dimensional Level ts Pale Sivery-gold frequencies appear to 
be encased within a crimson RED sheathe of 1*CDimenional energy, often making the Hara 
Center and Hara Line appear to be RED in color. As the Hara Center comes into activation 
through progressive release ofthe 9 Star Crystal Seal, the Gold 8 Dimensional and Siver 9% 
Dimensional frequencies of the Hara become the dominant hues, giving the Hara Center and Hara 
Line its natural Silvery-gold color, With full activation of the Hara Center and 12%Dimensional 
Maharic Integration, the tr-fone frequencies of te Hara Center and Hara Line take on a tri-color 
‘spectrum of Pale Silver, Gold and Red-Violet (pale Magenta), as the Kundalini primary life force 
currents at the base of the spine activate within the Central Vertical Current of the body. Full 
activation of the Kundalini merges the 7*Dimensional Violet, Dimensional Red, 8° Dimenional 
Gold and 9* Dimensional Silver frequencies with the ful spectrum White-Silver energies of the 
12% Dimensional Maharic Curent. 


‘The Hara Center, like all Star Crystal Seals, is one of the primary regulatory elements of 
the natural Kundalini energies. As the Kundalini energies at the base of the spine are brought 
ut of higher dimensional dormancy, through progressive activation of the Star Crystal Seals in the 
Kathara Level-2 Crystal Seals oid, the Hara Center progressively reflects these changes by 
expanding in size and eneray processing capacities and taking on the hues (wave spectra) of the 
higher dimensional frequencies. The Kundalini energies at the base ofthe spine are the key to 
physical cellular transmutation of the body. Kundalini energy currents regulate the physical 
body's position in space-time, keeping the physical body phase-locked into the planetary Time 
‘Cycle in which itwas conceived, folowing the mathematical programs set by the Star Crystal Seals 
and the Kathara Grid, For physical transmutation to occur, the Kundalini energies of the higher 
dimensions must be brought into embodied activation, setting the processes of the Internal 
‘Templar Complex in motion. 


‘The DNA Template manifests upon the programs set by the Kathara Grid. As the Kathara 
Centers and their comesponding Star Crystal Seals, Shields, Kundalini curents, Cranial-Sacral 
(Pineal-Tailbone) Seals, Seed Crystal Seals and Chakras activate, dormant DNA Strand Template 
also activate, progressively altering the Angular Rotation of Particle Spin, energy-processing 
Capacities, metabolic orientation and neurological processes of the body and molecular 
structure. As these physical changes occur through activation of the Crystal Seals and Kundalini 
‘energies, the Merkaba Vehicle (interdimensional counter-rotating electro-magnetic fields in star- 
tetrahedral form) progressively builds within the bio-energetic field, allowing the physical body 
release from phase lock within its home space-time vector. Activation of the Hara Center 
represents one of the stages of this natural transmutational process. 
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THE HARA GENTER 


‘The 9% Core Star Crystal Seal, the Hara Center (Tan Tein) and the D-9 Thalamus Complex 
‘The Star and Seed Crystal Seals ofthe Level-2 Kathara Grd that hold consciousness into the 
dimensional phase-lock set by the Levelt Kathara Centers accrete along the Central Vertical 
Kathara Line and the Central Body Curent. From the Hara Level the outer portions of the 
Level-2 Kathara Grid - the 128, 9 and 6° Star Crystal Soals, appear as areas of condensed 
light positioned along the vertical Hara Line. 


The 9% Star Crystal Seal, located about 2 * below the Navel is known as the Core Star Crystal 
‘Seal — the point of 8 and St dimensional frequency of the Harmonic-3 Over-Soul Matrix (Teuric 
‘Shield) that anchor the personal morphogenetic field into that of the Earth and serve as the 
Center of gravity for the adult human body. The Core Star Seal appears from the Hara Level 
2s 2 2” ball of Gold (D-8) energy encased in a thin Silvery (D-8) membrane; in Eastern theory 
this ball of energy is called the Tan Tein, and is used for direction of bodily and Earth 
energies in advanced martial arts and healing practices. In Kathara theory we simply refer to 
this energy ball as the Hara Center, or the 9th Core Star Crystal Seal. 


‘The Hara Centeris the point at which the dimensionaizing identty enters the Etheric Matter 
densities of Harmonic Universe-3. The Hara Center represents the point into which the Over-Soul 
Identity, its Monadic Gore, the Betcha Hova Body and Kathara Centers 7, 8 and 9 fit anchor 
within the body. The Hara Center holds the morphogenetic imprint for DNA strands 7, 8 and 9, 
corresponds to Chakra Centers and AxisA-Tonal Lines 7,8 and 9 and is a key point for 
Fepatteming the electro-onal programs of the Teuric Shield and realigning and activating 
corresponding DNA strands, Chakras, Ax+A-Tonal Lines and body regions they govern, 


‘The Hara Center is associated with the Thalamus Complex, the chemical translation and 
regulatory system that governs the 9°-Dimensional interface between various brain-function 
areas and the glandular and metabolic operations of the Thymus Complex, Gonads, Lymphatic 
‘System and corresponding body systems. Through the 9-Dimensional Thalamus Complex the 
electrical impulse, chemical and hormonal relationships between the 10#-Dimensional Shara 
Complex and the 8-Dimensional Thymus Complex and its related body systems are governed. 


The Hara Center and the Thalarnus Complex link the functions of the Mahara and 
Betcha Hova Bodies, the Maharic and Teuric Shields and the Avatar and Over- 
Soul levels of consciousness and identity within the body and bio-energetic field. 


The primary area of dominion of the D-9 Thalamus Complex is Brain Function. 
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THE SOUL STAR 


‘The 6% Soul Star Seal and the D-8 Thymus Complex 
Also visible along the Hara Line of Kathara Grid Level-2 is the 6 Star Crystal Seal, located 
around the Thymus at the top of the breast bone and associated with the 5% and 6% dimensional 
frequencies of the Harmonic-2 Soul Matix (Doradic Shield). The 6 Star Seal, visible as a pale 
Blue-Violet-white point of diffused light along the Hara Line, is called the Sou! Star Seal. 


‘The Sou! Star Seals the point t which the dimensionalizing identity enters the Semi-Etheric 
Matter densities of Harmonic Universe-2. The Soul Star represents the point into which the Soul 
Identity, its Archetype Core, the Alphi Hova Body and Kathara Centers 4, 5 and 6 frst anchor 
within the body. The Soul Star holds the morphogenetic imprint for DNA strands 4, 5 and 6, 
corresponds to Chakra Centers and Axi-A-tonal Lines 4, § and 6 and is a key point for 
repatierning the electo-tonal programs of the Doradic Shield, and realigning and activating 
corresponding DNA strands, Chakras, Axi-A-Tonal Lines and body regions they govern, 


‘The Soul Star is associated with the Thymus Complex, the chemical translation and regulatory 
system that govems the 6%-Dimensional interface between the Pineal, Pituitary, and Thyroid 
Glands, which gover the chemical and metabolic operations of the hormones, Adrenal Glands, 
Endocrine System, Spleen, and crystalline formation of the Red Blood Cells and Hemoglobin, 


The Thymus Complex and its related glandular and metabolic systems, govern the oyelic rhythms 
by which the DNA strands will activate through the Pineal Gland, the rate of growth and 


degeneration of body tissue through the Thyroid Gland and through the Pituitary Gland and its 
inter-glandular processes, the functions of electro-tonal impulse conversation, translation and 
distribution through the brain, Central Nervous System and blood are regulated. 


‘The Thymus Complex controls the inter-glandular systems balances between the Pineal, 


‘Thyroid and Pituitary Glands and regulates the primary operations of electrical impulse and 
chemical translation and transfer throughout the brain and body systems via the Thymus Gland. 


‘The 8-Dimensional Thymus Complex is governed by the functions of the 9"-Dimensional 
‘Thalamus Complex and the 10°-Dimensional Shara Complex. 


‘The Sout Star and the Thymus Complex link the functions of the Betcha and Alphi 
Hova Bodies, the Teuric and Doraidic Shields and the Over-Soul and Soul levels 
of consciousness and identity within the body and bio-energetic field. 


The primary area of dominion of the D-8 Thymus Complex 
is Metabolic Function. 


81 


How It Warks 


How It Works 


Cadmium sulfide is a semiconductor. When 
exposed to light, more charge carriers are exci- 
ted into states where they are mobile and can 
participate in conduction, As a result, electrical 
resistance decreases. 


Construction 

‘A closeup of a photoresistor appears in 
Figure 20-2. The brown material is a layer of 
cadmium sulfide deposited onto a ceramic 
base. The silver material is a conductive com- 
pound evaporated onto the cadmium sulfide to 
form two interlocking electrodes, in a pattern 
that maximizes the length of the boundary 
between each of them and the semiconductor. 
The electrodes connect with leads projecting 
from the back of the component. 


Figure 20-2 Closeup of a photoresistor. Two interlocking 
electrodes are mounted on a brown semiconductor layer. 


Variants 


Figure 20-3 shows a variety of photoresistors, 
illustrating the range of sizes available. Small 
photoresistors may be less than 5mm in diame- 
ter; large ones may be 25mm in diameter. The 
size generally suggests the ability of the com- 
ponent to pass current. 


radiation > fight 


photoresistor 


Figure 20-3 Photoresistors are available in a wide range 
of sizes. The component in the center is shown at the 
‘same scale asthe others. Generaly speaking, larger com: 
ponents are able fo conduct higher currents. The back: 
‘round grid isin millimeters. 


Photoresistors in Optical Isolators 
An optical isolator, popularly known as an opto- 
coupler, contains an LED opposite to a photore- 
sistor, in a sealed package. This is discussed in 
Volume 2. A Vactrol is a similar component, 
except that the LED is placed opposite to a 
photoresistor. An example is shown in 
Figure 20-4, 


Figure 20-4 A Vactrol, containing an LED opposite to a 
photoresistor. The background grid isin millimeters. 


Vactrol is a brand name owned by its initial 
manufacturer, Vactec. It was developed to con- 
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THs SUN STAR 


The 3” Sun. mp | 

Aso present, but less distinctly visible along the Hara Line of Kathara Grid Level-2's the 3" Star 
Crystal Seal, located just beneath the Hara Center ofthe 9 Star Seal 2" below the Navel and 
associated with the 2»! and 3# dimensional frequencies of the Harmonic-1 Incarnate Matrix 
(Telluric Shield). The 3" Star Seal, visible as a subte pale Yellow-Orange-Red point of 
diffused fight along the Hare Line, is called the Sun Star Seal. Due to its proximity to the Siver- 
Gold Hara Center 9 Star Seal the Sun Stars often considered to be part of the Hara Center, but 
in deeper Hara Level scanning the distinction between these crystal seals can be evidenced. 
‘The Sun Star Sealis the point t which the dimensionalizing identity enters the Gross Physical- 
Matter densities of Harmonic Universe-1.The Sun Star represents the point into which the 
Incamate Identity, its Subconscious-Telluric Core, the Nada Hova Body and Kathara Centers 
4,2 and 3 first anchor within the body. The Sun Star holds the morphogenetic imprint for DNA 
strands 1, 2 and 3, corresponds to Chakra Contore and Axi-A-tonalLines 1, 2 and 3 andis @ 
key point for repatterning the electro-tonal programs of the Tellurie Shield, and realigning and 
activating corresponding DNA strands, Chakras, Ax-A-Tonal Lines and body regions they govern. 


‘The Sun Star Is associated with the Nadial Complex, the electrical impulse and chemical 
translation and regulatory system that governs the 4* -Dimensional interface between the 
‘Thymus Complex, Thalamus Complex and the functions of the physical body systems, 
through which the electrical, chemical and metabolic operations of the Blood, CardioVascular, 
Pulmonary and Respiratory Systems are governed. The Nadial Complex governs the operations 
of Heart and Breathing rhythms, the flow of consciousness-energy or “Prana’ from the higher 
dimensional anatomy into physical embodiment and regulates many key functions within the 
processes of nutrient conversion and distribution within the Skeletal and soft tissue systems, 

key center forthe direction of healing energies within the Nada 
Hova Body, Telluric Shield and physical body systems. 


In advanced applications of healing and manifestation, the Nadial Complex is combined with the 
attributes of the Shara, Thalamus and Thymus Complexes and with the Universal Raja 
‘Complex of Harmonic-5, which links the human body to the planetary, galactic and universal 
Unified Fields through the 12” and 13" Chakras and 10" Star Crystal Seal at Earth's core via the 
Planetary Bio-Feed Interface System. The frequencies of the 3% Sun Star Crystal Seal, that 
gover the function of the Nadial Complex can be combined with those of the 9 Core Star Seal 
Hara Center and the 8" and 10 Star Crystal Seals through the 12 and 13 Chakras, PBIS, 
Doradic, Teuric, and Maharic Shields and Raja Complex to form a potent Teuric-Telluric Current 
for healing and manifestation, once the Doradic and Teuric Currents have been activated within 
‘the body. 


The Sun Star and the Nadial Complex link the functions of the Alphi and Nada Hova 
Bodies, the Doradic and Telluric Shields and the Soul and Incarnate levels of 
consciousness and identity within the body and bio-energetic field. 


The primary areas of dominion of the D-4 Nadial Complex are 
Cardio-Vascular, Pulmonary and Nutrient Absorption/Conversion Functions. 


THE GALACTIC STAR 


‘The 42% Galactic Star Seal and the D-10 Shara Complex 

‘The third point of condensed light visible along the Hara Line of Kathara Grid Level-2is the 42% 
Star Crystal Seal, located at the 14 Chakra 36° above the head and associated with the 14 and 
12% dimensional frequencies of the Harmonic-4 Avatar Matrix (Maharic Shield), The 12% Star 
Seal, visible as a White-Silver point of Light emanating an inverted White-SilverGold cone of 
energy at the 14% Chakra, is the White Star or Galactic Star Seal. 

‘The Galactic Star Sealis the point at which the dimensionalizing gestalt identity enters the Pre- 
Matter Liquid Light densities of Harmonic-4, the point at which identity begins its individuation 
and journey of densification into the wave spectra of perceivably experiential matter. The Galactic 
Star represents the point into which the Avatar Identity, its Buddhaic Core, the Mahara Hova 
Body and Kathara Centers 10, 14 and 12 frst anchor within the Bio-energetic Field to begin 
setting the scalar field forthe body. The Galactic Star Seal holds the morphogenetic imprint for 
DNA strands 10, 11 and 12, corresponds to Chakra Centers and Axi-A-Tonal Lines 10, 11, and 
12 and is a key point for repatterning the electro-tonal programs of the Maharic Shield, and 
realigning and activating comesponding DNA strands, Chakras, AxiA-Tonal Lines and body 
regions they govern. 

‘The Galactic Staris associated with the Share Complex, the regulatory system that governs 
the 10%Dimensional interface between the D-8 Thalamus Complex and the D-13 portion ofthe 
Rishi Shield in Harmonio-5. Through the Shara Complex the Scalar Fields holding the gestalt 
identity of Harmonic-5 Rishi Consciousness Collective- the “Universal Family of Consciousness” 
translate via electro-tonal conduction, into the more indlviduated Scalar Fields that house the 
Avatar identity gestalt Consciousness Collective the “Galactic Family of Consciousness". 

‘The Shara Complex regulates the disbursement of consciousness in individuated form 
through the dimensional fields ofthe Time Matrix and serves to link each individuated and 
incarnate member of the Geomantc Entty Collective beyond the Time Matrix, to its Avatar identity 
‘and Galactic Family of Consciousness in Harmonic Universe-4, through the Universal Family of 
Consciousness ofthe Rishi identity in Harmonic Universe-6. The Shara Complex represents the 
primary facility through which an individual consciousness retains its indelible energetic connection 
to its greater family of consciousness, through which it is directly linked to Source. 

‘The Shara Complex governs, regulates and orchestrates the transduction, translation and cyclic 
thythms of electro-tonal projection of consciousness into dimensionalization, sets the | original 
operational structures of Kathara Scalar Grid arrangement and directs the synchronistic 
evolution of families of consciousness through time. Through the operations of the Shara 
Complex, an identty’s cycles of incarnation and manifestation within the & Harmonics of a 
15-Dimensional Time Matrix are regulated, which sets the core regulatory rhythms of Partiki 
Phasing, expansion and contraction of consciousness, and vibration-oscilaion ratios that govern 
the formation and function of the Thalamus and Thymus Complexes and all aspects of the 
individuated Kathara Grid, Bio-energetic Field and bodily systems. The Shara 
controls the cycles of in-flow and out-fiow of energy between the personal morphogenetic field and 
that of the dimensional Unified Fields, and thus affecis all systems of the body and consciousness, 
with a primary emphasis upon the functions of the blood, consumption-excretion and 
immunological facilities of the body and ofthe activation of the higher dimensional sense 
facilities within the embodied consciousness. 

‘The Shara Complex links the functions of the Mahara and Raja Hova Bodies, the Maharic and 

Rishic Shields and the Avatar and Rishi levels of identity within the embodied i 
Primary area of dominion of the D-10 Shara Complex is the Immune System and HSP, 
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Earth Seals & and 10 and the Raja Complex 

Within the Hara level of field depth in which the 3% Sun Star Crystal Seal can be detected there 
are 2 other Star Crystal Seals of primary importance stationed along the Hara Line of Kathara Grid 
Level-2; these are referred to as the Earth Seals. The Earth Seals function as intrinsic aspects of 
‘the Planetary Bio-feed Interface System and the Raja Complex. The 8 Star Crystal Seal, 
called the Earth Star Seals located within the 12 Chakra 6" below the feet and is associated 
with the 7%. 8%and 12% dimensional frequencies of the Harmonic-3 Over-Soul Matix (Teuric 
Shield) and the Harmonic-4 Avatar Matrix (Maharic Shield). The Earth Star is visible as a subtle 
Gold-Orange point of diffused light positioned along the Hara Line 6" below the feet, as the 
Hara Line leaves the physical body through the 1" Base Chaka to extend downward into the 
Earth's core. The 10 Star Crystal Seal, called the Earth Core Seal, is located within the 
13% Chakra where the Hara Line connects into the Earth's Core and is associated with the 9%, 
40%, 12" and 13* dimensional frequencies of the Harmonio-3 Teuric Shield, Harmonic-4 Maharric 
Shield and Harmonic-S Rishi Matrix (Rishic Shield). The Earth Core Seals visible as a pale Blue- 
Black point of diffused light posiioned in the Earth's Core, at the point where the personal Hara 
Line connects to the center of the Earth's Core atthe 4 and 124 Planetary Kathara Centers. 

‘The 8 Earth Star Soalis the point at which the dimensionalizing identity combines the 
42t-dimensional frequencies of the Harmonic-4 Pre-matter Liquid Light density with the 8 
and 9% dimensional frequencies of the Etheric Matter densities of Harmonic-3 to connect the 
personal morphogenetic field and Kathara Grid to those of the Planetary Body. The Earth Star 
Crystal Seal can be viewed as the point where Personal and Planetary Kathara Grids connect 
to Galactic Kathara Grid. The Earth Star represents the point into which the Mahara and Betcha 
Hova Bodies, Kathara Centers &, 9 and 12 and the 12% Galactic Star Seal and Shara 
Complex first anchor into the Planetary and Galactic Kathara Grids. The Earth Star holds the 
morphogenetic imprint for all DNA strands for all manifest incamations in 4 Harmonics of 
Time, corresponds to Chakra Centers and Planetary Vortices and Personal and Planetary Axi- 
A-tonal Lines 8, 9, 10 and 12 andis a key point for repatterning the electro-tonal programs of the 
Personal Miaharic, Teuric, Doradic and Telluric Shields, and realigning and activating 
corresponding DNA strands, Chakras, Planetary Vortices, Axi-A-Tonal Lines and personal or 
planetary body regions they gover. In the Maharic Shield Activation process the Earth Star is 
activated to release phase-lock on the 12" Chakra to open the personal Kathara Grid to the PBIS. 

‘The 10% Earth Core Seal is the point at which the dimensionalizing identity combines the 
frequencies of the 8 Earth Star Crystal Seal with the 13%-dimensional frequencies of 
Harmonic-5 Ante-matter density to connect the personal and planetary morphogenetic field and 
Kathara Grid to those of the Universal Kathara Grid of Harmonic-5. The Earth Core Seal can be 
viewed as the point where Personal, Planetary and Galactic Kathara Grids connect to the 
Universal Kathara Grid. The Earth Core represents the point into which the Rishi Identity, the 
Raja Hova Body and Universal Kathara Centers 1, 2 and 3 first anchor into the 3 Earth Star 
and 12 Galactic Star Seals to form the Raja Complex of 5 Harmonic scalar fields through which 
personal, planetary, galactic and universal experiential manifestation takes place. The Earth Core 
Seal corresponds to Chakra 13, and holds the morphogenetic imprint for all manifest 
incarnations of persons, planets and galaxies within the 5 Harmonics of Time in one 15- 
dimensional Time Matrix. Through the combined frequencies of the Earth Star and Earth Core 
Seals the personal Kathara Grid connects to the Pianetary, Galactic and Universal Kathara Grids 
forming the Planetary Bio-feed Interface System and the Raja Complex or Universal Bio-feed 
Interface System - that links personal, planetary, galactic and universal consciousness in time. 


THE RA GENTER 


re Band 1 Seals and RA Center 
When combified with PBIS, Doradic, Teuric and Maharic Shields and Raja Complex, the 3° 
Sun Star Crystal Seal and the 12 Core Star Crystal Seal Hara Center merge to form a Teurio- 
Telluric Curent that encompasses the Seed Crystal Sea! within the 3" Solar Plexus Chakra, 
forming a sphere of powerful healing energies at the 3 Chakra called the RA Center. In 
Kathara Healing Level-2 we will begin activation ofthe Teuric Curren ofthe Harmonio-3 Betcha 
Hova Body, through activation of Doradic Current Phase-2 and will exolore beginning applications 
of combining the Doradic Phase ~1 and Teuric Curents withthe natural Telluric Current ofthe 
Harmonic-1Nada Hova Body to begin bringing the RA Center for healing and manifestation into 
‘activation. (For more on the 4 Primary Triadic Healing Curents see Chapter 4 of this manuel.) 


athara Level-2 and the 6 Prim: lara Poi 
‘Though the study of the Crystal Seals of Kathara Level-2 Crystal Seals Grid is complex in detail, 
‘one can become skilled in healing facilitation through Crystal Seals mechanics by learning the 
basic orientation of the outer levels of the Kathara Level-2 scalar grid - The Hara Level. In 
simple anclysis, the elements of the Hara Level can be viewed as follows: 
‘The Hara Line ~ the Central Body Current, thatis formed by the 11% and 12% Axiom Lines 
‘wrapping eround the fixed fash-line sequence of the Level-1 Kathare 12-Tree Central Vertical 


Kathéra Line. 

‘The 6 Primary Hara Points: Star Crystal Seals 1.# 9-Hara Center, 2. #6-Soul Star, 

3.12 Galactic Star, 4.#3-Sun Star, 5.#8-Earth Star and 6. #10-Earth Core. Each primary Hara 

Point governs the function of a complex of interwoven scalar, bio-energetic and physical systems. 

Knowledge ofthe 6 Hara Points and the Thalamus, Thymus, Shara, Nadial and Raja 

Complexes they respectively govern, allows the healing fciitator a greater understanding of the 

15-dimensional anatomy. Such Foundations of Kathara Healing are necessary in preparation for 

Kathara Healing Level-2 practices that will utlize the Hara Level of the Kathara Level-? Crystal 

Seals Grid in combination with the Kathara Healing Level-1 Maharic Recoding Process and 
other elements to begin activation of the RA Center for advanced healing and manifestation. 


fonal Lines 1-40 

In our exploration of the Hara Level of the Crystal Seals Grid we have learned that of the 
412 Primary Axi-A-Tonal Lines, (12 primary vertical energy-fiow lines within the body and bio- 
energetic field, created by cross-over points ofthe rotating, single axis, flash-line sequences 
projected by each of 12 Seed Crystal Seals), the 11" and 12 Ax-A-Tonal Lines spiral around the 
Kathara Level-1 12-Tree Grid Central Vertical Kathara Line to form the Hara Line and Central Body 
Current. Axi-A-Tonal Lines 1-10 also run vertically through the body, from the head to the toes and 
through each arm to the finger tps, connecting body regions to corresponding levels of the Auric 
Field, Chakras, Kathara Centers, Crystal Seals and DNA The sequence of Axi-A-tonal Line 
position is as follows: 

Right Side of Body to Center-3.6,9,2,8 Center of Body-11, 12 Center to Left Side of Body-. 5,1,10,7,4 
Each line of Axi-A-Tonal Lines 1-10 ends in one finger-tip and toe on the corresponding side ofthe body, 
‘end runs vericaly trough the top ofthe head to merge with Ax/-A-Tonal Lines 11 and 12 and the Hara Line 
‘at Chakra 10, and down through the feet lo merge with the Hara Line at Chakra 12, 
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‘The 12 Primary Axi-A‘Tonal Lines 
7 Frequency Cok uel Comsponderess. 


‘Axi-A-Tonal Lines and the Meridians 

‘The Axi-A-Tonal Lines within the body set the primary holographic scalar field upon which the 
Meridian Lines — or Secondary Fiow Lines- of the body manifest. The Meridian Lines can be 
used to access the Axi-A-Tonal Lines and the Axi-A-Tonal Lines can be used to access the 
flash-line programs of the Ksthara Centers and 3 Levels of the Kathara Grid, if the 
correspondences between the Meridians, Axi-A-Tonal Lines, Kathara Centers and Chakras 
are understood, For centuries the Meridian Lines and Chakras have been used in subtle-energy 
healing systems. This knowledge can be applied and the potential results of related healing 
techniques amplified by employing the corespondences between the Meridian and Chakra 
systems and the Ax-A-Tonal Lines and 3 Levels of the Kathara Grid, Bringing the Kathara Grid into 
the picture allows for restructuring the Imprint for Health within the causal core while expediting 
the healing process by restructuring the various other levels ofthe bio-energetic anatomy. 

In Levelt Kathara Healing we focus primatly upon Core Morphogenetic Repatterning ~ 
resetting the electro-tonal programs of the Kathara Grd through the uncorrupted programs of the 
Maharic Shield-to set the “ground” into which other healing applications can anchor. In later 
Kathara Heeling Levels we will explore technique applications that affect various other levels ofthe 
bio-energetic anatomy. In Level-1 Kathara Healing we strive to create a basic familiarity with 
the elements of, and the interrelationships between, the various levels of bio-energetic 
anatomy. Through understanding the basic conespondences between the 3 Levels of the 
Kathara Grid - the Kathara Centers and Kathara Lines, the Hova Bodies, Auric Levels, Signets, 
Shields, Crystal Seals and Axiom Lines, and the Diodic Points and Chakras — and the other 
aspects of energetic anatomy, such as the Meridian Lines and DNA, the healing facilitator is 
equipped with a knowledge base through which more precise healing faciitation can be applied, 
Meridian Lines and thelr applications to Kathara Healing will be explored in later Levels ofthe 
Kethara Healing Program. 


[> (81z44 


The DNA Connection 

In this Chapter we have explored the various elements of the 15-Dimensional Anatomy of the 
human form, from the Kathara Grid holographic scalar template, to the Hova Bodies, Shields, 
Axiom Lines, Chakra Centers, Auric Field Levels and the Hara Level with its related Complexes of 
energetic interface. Throughout al of these elements of the muli-dimensional anatomy we have 
seen how each elementinterelates with the others through their correspondences within the 
structure of the 15-Dimensional Scale. The elements of the subtle body anatomy also 
systematically correspond to the structure and function of the human DNA. Through direct 
interaction with various elements ofthe subtle body anatomy, the operations of corresponding 
‘aspects of the human DNA can be repaired, enhanced and altered, to advance applications of 
healing, and to expedite the evolution of human biology and consciousness. In the Kathara Healing 
Level-2 program we will further explore the correspondences between the subtie body anatomy 
‘and the DNA, and methods by which the DNA can be repaired and activated to a more advanced 
level through employing the use of Kathara Healing mechanics, 
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builtupon 2 12-Dimensional Stucture, each of 12 strands 
building up upon one ofthe Primary 12 Avi-A-Tonal Lines and each strand corresponding to 4 of 12 
dimensional frequency bands within the 15-dimensional scale, The orginal human DNA imprint is. 
called the Silicate Matrix, the 12-stand scalar-wave configuration tha allows fr the progressive 
transmutation of Harmonic carbon-based molecular-elomental structure into the Siice-based 
structures of higher Harmonic matter. The 12-strand DNA imprint ofthe human form implies that 
human biology was designed to embody 12 dimensions of conscious awareness, orto fully 
embody the Avatar identity level - the “Christed” Identity of Harmonio-4 Pre-matter Liquid Light 
atier density. The human form s organically designed to undergo full cellular transmutation 
through 4 Harmonics of manifestation and their corresponding matter density levels. When the 
gene code is working propery, the process of cellular transmutation is directed by the embodied 
human consciousness. In historical terms, the process of conscious cellular transmutation has 
been referred to as the process of “Ascension”, which is Dimensional Expansion, the mechanics 
of which have been hidden with ancient texts dealing with Merkaba Mechanics. The Merkaba 
Vehicle of inter-harmonic scaler-wave configurations, which forms within the bio-energetic field, is 
consequence or simultaneous affect of progressive activation ofthe Silicate Matrix within the 
genetic code. 


The core human DNA impri 


Mi subtt An: 

Just as each Axi-A-Tonal Line of the subtle body anatomy has its eorespondence to a Kathare 
Center, Crystal Seal, Axi-A-Tonal Line, Aurc Field Level and Chakra, so too do the DNA strands 
have their specific afilians to each dimensionalized element ofthe subtle body anatomy. Each 
DNA strand transiates into elecrcal-elemental-chemical form from the governing Axi-A-Tonal Line 
fash-line sequence to which itcomesponds, The Hova Bodies and Shields of subtie body 
‘anatomy each correspond to a set of 3 Axi-A-Tonal Lines, Aurc Field Levels and Chakras and thus 
also correspond to a set of 3 DNA strands, that together create the experiential projection of 
separate 3-Dimensional holographic realty fields. Distortions and blockages in the Kathara Grid, 
Hova Bodies, Shields, Axl-A-Tonal Lines and Chakras appear as distorfions and matiunction within 
the DNA. The function of the DNA determines the quantity of interdimensional frequency, 
and thus the amount of dimensionalized consciousness, that can actively process through 
and embody within the physical body system. DNA distorions manifest as cistorfons of biology 
and consciousness. 

‘The 12 DNA strands of the Siicale Matix are sets of scalar-wave spectra thal correspond to 
each dimensional band, through which each dimensionalizd level ofthe subtie body anatomy is 
translated into wave-spectra that is within the range of perceivable matter manifestation. The DNA 
can be viewed as the primary stucture through which subtle energy-consciousness translates into 
‘manifest physicality. As each full dimensional band contains 12 primary Subrequency Bands 
(See Chapter 1 for Dimensional Structure), each of the 12 DNA strands contains 12 primary Seed 
Codes, or consolidated scalar points composed of electro-onal fastvine sequences, that 
‘correspond to the Sub-Frequency Bands within each dimension, The 12 primary Seed Codes 
within each DNA strand have an ant-particle counterpart composed of frequencies from the Ant- 
parfcle system. The 12 particle Seed Codes in each strand are called BASE CODES, their ant- 
Parficle counterparts are called ACCELERATION CODES, The Seed Codes of the core DNA 
scalar imprint are the points of consolidated frequency through which eneray-consciousness is 

drawn in from the dimensional Unified Fields to expand the personal morphogenetic field, 
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DNA Fire Codes- Genetic Time Codes 

‘Along with the 12 Base Codes and 12 Acceleration Codes of each DNA Strand Template there 
‘are also 12 Primary DNA Codes called DNA FIRE CODES that regulate the relationship between 
human biology and the Planetary Time Cycle in which the biology manifests. The DNA Fire Codes 
can be conceptualized as existing between the Primary 12 Strands of the Silicate Matrix. Each Fire 
Code is composed of one haif of the scalar frequency patterns from each of the two Primary 
‘Strands that the Fire Code is placed between. Each ofthe 12 Fire Codes corresponds directy to 
cone of 12 Signet Star Crystal Seals in the Personal Shalds ofthe Internal Templar Complex, and 
with release of the corresponding Signet Seal, the Fire Code comes into activation. 

“The DNA Fire Codes release the natural scalar bartiers between particle and anti-particle DNA. 
‘Strands, allowing STRAND FUSION to occur. Fusion of DNA strands in the particle body with 
corresponding strands in the anti-particie body creates a progressive transmutation of the scalar 
‘wave forms of the DNA Template and Scalar Shields, through which the polarized Particum- 
Particles and Partka-Anti-particles merge and transform into ther original Omni-polar Partki 
‘Ante-matter state. Through strand fusion, the biological carbon-based biology progressively 
fessens in density as its elemental agents are transmuted from the Kathara level, into elemental 
agents characteristic ofthe higher dimensional matter denciies. Dimensional Ascension is 
‘achieved through release of the Kathara Grid Seals. Release ofthe Kathara Grid Seals creates 
merger of the Hova Bodies, activation ofthe Kundalini energies, release ofthe Cranial-Sacral 
Crystal Seals, fusion of the DNA Strand Templates via the DNA Fire Codes, building ofthe 
Merkaba Vehicle in the bio-energetic field and the resulting transmutation of bodly matter and shift 
in Angular Rotation of Paricle Spin within molecular construction. Through this transformational 
process the human biology is released from its organic phase-lock within its current space-time 
cycle, and is able to engage in transcendental travel through the various matter density levels 
‘and Time Cycles in and beyond the 16-Dimensional Time Matrix As the DNA Fire Codes 
regulate the body's orientation to space-time, they are also referred to as the GENETIC TIME 
CODES. 

‘The DNA Fire Codes are an essential elementin the natural process of restoring the natural 
immortal Organic Imprint for Health within the human body. The abiity ofthe human form to 
become perpetually self-sustaining is dependent upon the Kathara Grid and DNA being able to 
‘continually renew the natural Primal Order of Maharic Shield scalar arrangement upon which the 
body is built, to keep the Star Crystal Seals and conduits of interdimensional energy supply open. 
Perpetual revitalization of the body is achieved through full activation of the 12-Strand DNA 
pattern. When activated, the DNA Fire Codes keep the Crystal Seals, the interdimensional 
INTERNAL STAR GATES of energy inflow, open, so the finite supply of frequency held within the 
personal Manifestation Template can be continually renewed. Restoration of the Organic imprint 
for Health, as held within the Maharic Shield, is achieved through progressively clearing 
distortions of scelar-wave arrangements within the Kathara Grid, Shields and DNA Template and 
realigning the entre sube energy and physical energy systems with the Primal Order ofthe 
Maharic Shield. This process of whole-being-healing does not occur overnight, as many genetic 
distortions (which emerge from Kathara Grid misalignment) have served as the dominant bio- 
electrical program within the human genome for many thousands of years. With knowledgeable 
practice of Kathara Grid realignment, and supportive healing applications within the Various Body- 
Mind-Spirit systems, these inherited distortions can be progressively healed through Regenesis of 
the Primal Order as held within the personal Maharic Shield, 
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ce, “Junk DNA” and Evolution 

Inthe contemporary human genetic code the majoty ofthe DNA strands comesponding to 
higher dimensional anatomy and consciousness are dormant or damaged due to ancient 
blockages within the Kathara Grid and its corresponding elements of the subtle body anatomy. 
Present day humans function primarily on a 3 to 3.5 DNA activation level, while the imprint and 
potentialities for strands 4-12 lie dormant within the morphogenetic field and within the fragments of 
non-functional DNA that contemporary science has labeled “junk DNA". 

‘The portions of the DNA chain that science has presently identified as the “Double Helix’, 
‘represent only the surface portions of the chemical, elemental and electrical components of the 
active DNA strands. Science has yet to identfy the muttdimensional spectre of DNA manifestation, 
‘and has yet to realize that within the structures of detectable DNA, there are levels of structure and 
junction that direct the operations of the entire genetic imprint, which are not presently detectable 
by contemporary scientific technique. The human DNA imprint will aways appear from extemal 
analysis, as a 2-strand Double Helix configuration, but what is not understood, is that within this 
Double Helix there are, and will be progressively more, additional Double Helix strands, which 
fuse together and add their operational coding into the active DNA imprint. By contemporary 
standards of categorization, if science were to objectvely observe the activated 12-strand patie 
(or even an activated 4-strand pattern), the DNA would not appear to be human at all, but rather as 
the seemingly incomprehensible genetic signature of an “unknown* species. As science evolves 
into comprehension of the mufi-dimensional spectum, the understanding of the true structure and 
function of DNA will progressively advance, 


NA, jealing and Bio-Spi utio 

‘One does not have to wait for scientific logy to catch up with a rapidly evolving 
humanity in order to begin advancing the functions of the DNA. Through the processes of 
Kathara Healing, 2s we work to clear blockages from the Kathara Grid and to reawaken the Imprint 
for Health within the human body, we are simultaneously » directly affecting the operational 
stucture of the DNA As we work to create Hova Body merger- merging of the scalar-grd fash- 
Jine sequences of the 5 Harmonic Hova Bodies- we are progressively reordering portions of the 
‘junk DNA" and stimulating dormant portions of the DNA into activation. As we work with subtie 
enerpies to clear blockages within the Kathara Grd, we are progressively purging ancient 
distorions and mutations within the gene code, distortions that have kept our collective 
consciousness locked into the limited 3-dimensional perceptual range of Harmonic Universe-1. 
tis through the ancient distortions of the human Kathara Grid and the resulting mutations of the 
human DNA, that the multidimensional portions of identity seem separate from each other, The 
higher levels of conscious awareness that are staioned within the scalar grids of the higher 
dimensional Hova Body Shields have been unable to electronically translate into the lower 
dimensional identity stafons of the Nada Hova Body and its epparent physical manifestation, As 
‘we work with Kathara Healing to create progressive Hova Body merger and DNA strand ordering 
‘and activation, we will progressively experience advancement of conscious awareness and 
‘expansion of the perceptual field and Higher Sensory Perception (HSP). This expansion and 
advancement occurs because we ae able to progressively embody higher frequencies of 
‘consciousness and scalar wave flashvline sequences into the personal morphogenetic field, via the 
energetic conduits of the DNA Kathara Healing modalities are the fastest and easiest 
methods available to repair and advance the function of the DNA and to expecite the 
organic processes of Bio-Spiritval Evolution, 
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trol a vacuum tube, hence its name. In the 
1950s, Vactrols were used in guitar amplifiers to 
control tremolo. 


Because of the relatively slow response time of 
a photoresistor, and its sensitivity to tempera- 
ture, optical isolators based on photoresistors 
are not used in digital devices. They still retain 
some utility in audio components and music 
equipment, where the ability of the photoresis- 
tor to pass AC is an advantage and its response 
time is adequate. 


Values 


Datasheets for a few photoresistors can still be 
found from some suppliers, such as Digi-Key, 
but are mostly unobtainable, as major semicon- 
ductor companies have stopped making these 
components. Vendors may quote basic values, 
but in the absence of part numbers or a manu- 
facturer name, a buyer cannot verify the infor- 
mation, 


The resistance range can be determined by 
testing a sample component. A typical range 
would be from 50K in a light intensity of 10 lux, 
Up to 1M in darkness. Maximum power dissipa- 
tion is likely to range from 100mW for a small 
photoresistor to S0OmW for a large one. 


‘Maximum voltage may be as high as 200V, but 
photoresistors will work just as well at low vol- 
tages. 


Comparisons with a 


Phototransistor 


Slower response 
A photoresistor typically takes several mil- 
liseconds to respond to bright light, and 
can require more than 1 second to regain 
its dark resistance. A phototransistor is 
much mote responsive, and a photodiode 
is faster still, 


Narrower range of resistance 
‘The maximum resistance of a photoresis- 
tor is almost always significantly lower 


than the effective maximum resistance of 
a phototransistor in darkness, and the 
minimum resistance is likely to be signifi- 
cantly higher than that of a phototransis- 
tor in bright light. 


Greater current-carrying capacity 
Often a photoresistor is rated for twice as 
much current as the output from a photo- 
transistor. 


Not directional 

Because a photoresistor is not packaged 
with a lens, it is sensitive to incident light 
from anywhere in front of it. If an applica- 
tion requires that light sensitivity should 
be confined within a narrow angle while 
the component is insensitive to incident 
light from other directions, a phototran- 
sistor or photodiode should be used. 


Temperature dependent 
The resistance of a photoresistor varies 
more with temperature than the effective 
resistance of a phototransistor. 


Cost 
At this time, photoresistors are likely to be 
more expensive than phototransistors. 


Lack of information 
Photoresistors are often sold without 
means of checking their specification in a 
datasheet, 


How to Use It 


While the effective resistance of phototransis- 
tors and photodiodes varies with the applied 
voltage, photoresistors present the same resist- 
ance for a particular light intensity regardless of 
the voltage applied. This property has made 
them suitable for use in “stomp box” guitar- 
effects pedals. 


Because the minimum resistance of a photore- 
sistor in bright light tends to be relatively high, 
and because its response time is quite slow, it is 
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THE 12 HUMAN SENSES, APPARTHI AND HSP 


Perception and the Hologram 

|n earlier text we have explained that manifestation is not what it appears to be, 
but rather a Holographic Projection of consciousness through the structures of 
dimensionalization, Further, that dimensionalization itself it'a compartmentalization 
lof consciousness created through units of consciousness (Partiki, Partika and 
Particum) assembling in specific mathematical-geometrical ratios to form scalar 
grids, interwoven fabrics of fixed points of electro-tonal units that form layers of 
'standing-waves -scalar waves - that serve to “flesh out” the structure of the 
Hologram, through projection along a vertical, horizontal and diagonal axis, We have| 
explored the Kathara Grid - the core template of scalar standing-waves upon which 
consciousness begins its experience of dimensionalization, the structures of the 
15-Dimensional Universe construction, and how these characteristics of the 
Hologram relate to forming the structure of 15-Dimensional Human Anatomy. In 
understanding the basic foundations upon which our perceivable Hologram forms, 
we begin to better comprehend the nature of reality and of ourselves within this 
multi-dimensional reality structure, Through the Holographic Projection of 
consciousness within the cosmic Unified Field of Energy-consciousness and 
its scalar fields of dimensionalization, we perceive the conditions of Space, 
time, matter, externalization of reality and individuation of identity. Within the 
Hologram of consciousness we perceive as solid and objectified the wave spectra 
jand their inherent energy constructs of that which exists precisely one dimensional 
band below the present station of our corisciousness focus, 

In this section we will explore a bit about the apparatus of perception that allow 
lus to perceive externalization in such a manner, the facilities of energy inherent to 
ithe scalar-wave construct of the human form, which together work to bring the 
Hologram into perceivable manifestation, We will call the constructs of energy 
formed through scalar organization, which allow for perception of the manifest 
Hologram, the HUMAN SENSES. 


THE HUMAN SENSES ARE THE EXPERIENTIAL RESULT 
OF ORGANIZATIONS OF WAVE PATTERNS INHERENT TO 
THE ELECTRO-TONAL PROGRAM AND SCALAR 
ORGANIZATION OF HUMAN CONSTRUCTION. 


What ARE Senses? 

Senses are the scalar-wave apparatus, and their seemingly manifest parts, that 
allow the personal morphogenetic field to synthesize and translate frequency 
from the dimensional bands of the Unified Field, into coherent perceptual and 
experiential qualities that give embodied consciousness a translation of its 
relationship to other forms of consciousriess within the Unified Field. Senses - 
or the apparatus which give us the ABILITY TO SENSE- are scalar arrangements 
inherent to our form that TRANSLATE ENERGY SIGNATURES FROM THE 
UNIFIED FIELD INTO USABLE DATA OF RELATIONSHIP, 

Like the true substance of the human body and consciousness, the Unified Field 
‘exists as a quantity of dimensionalized energy-consciousness in electro-tonal scalar 
wave form - a compartmentalized field of ENERGY SIGNATURES, within which a 
vast number of consciousness constructs exist The human organism is one such 
construct of consciousness, and through its inherent form, the energy signatures 
‘of other scalar forms are translated into perceptual data. The senses are simply 
energy constructs within the human morphogenetic field, that separate and 
translate energy signatures from the Unified Field into sets of experiential 
stimuli, through which the contours of the manifest Hologram can be 
recognized and experienced. 


The APPARTHI and Perception 

The sense facilities are organizations of energy within the morphogenetic 
field that hold sets of “energy receivers” or magnetic points of cohesion, into 
which like frequency patterns from the Unified Field are drawn in for 
translation, Every organism has a different configuration of energy receivers within 
its morphogenetic makeup, and so every organism will have a variation of 
perception. The morphogenetic energy receivers, or APPARTHI of an organism's 
‘construction serve to draw certain frequency bands info the morphogenetic field for 
translation and to block out other frequency bands, making them unavailable for 
translation, The frequency bands, or flash-lines of Partiki Phasing, that are blocked 
out of the personal morphogenetic field, create GAPS OF PERCEPTION of the 
Unified Field, through which the Holographic picture of “space between objects", 
“externalization of form” and “separation of SELF from the Unified Field” becomes 
perceivable to the organism. These qualities of objectification are the result of 
BLOCKED FLASH-LINE SEQUENCES, portions of the scalar fields of the 
Unified Field and their inherent sequences of Partiki Phasing, that cannot 
translate through the personal morphogenetic field due to the arrangement of 
the APPARTHI within the personal morphogenetic structure. 
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Senses as Scalar-wave Constructs & Expanding our Perception of Perception 
fitcan be recognized that externalization of experience is a perceptual illusion of 
consciousness created through selectivity of range within the perceptual field, the 
true nature of the human sense facllities can be better understood as a pattern of 
interrelated scalar-wave forms that serve to block out portions of the Unified Field so 
that other portions may be brought more fully into perceivable view. When viewing 
the physical apparatus through which the known human senses appear to 
occur as part a of larger, interwoven system of scalar construction, it will be 
easier to understand that perception is not a localized phenomena created. by 
and limited to the identified organs of perception. The experiential capacities of 
even the 5 known human senses have a much broader range than what is presently 
assumed or identifiable through analysis of the manifest sense organs. /f one can 
understand that perception of manifestation itself is an affect of these greater scalar 
wave constructs, it will not seem so outrageous to consider the reality and integrity of | 
sensing and perception beyond the range of the presently identified sense facilities. 


ESP, HSP and Evolution 

“Extra-sensory perception” is not “EXTRA” at all, it is a normal attribute of 
the evolving human organism, as the consciousness ensconced within the 
body hologram continues its natural expansion into the greater portions of its 
evolutionary imprint. Individuals displaying abilities of “Extra-sensory Perception* 
are not gifted with something other than what is characteristic to the human form, 
{they are simply a bit ahead in the stage of development of the natural human 
perceptual capacities. Everyone has dormant potentials for some degree of 
“ESP”; like all things within the human organism, ESP is regulated by the 
function of the DNA and its naturally intended relationship to the Kathara Grid 
and morphogenetic structure. Individuals with less distortions and blockages 
within the Kathara Grid (and the resulting DNA malfunctions such distortions create) 
‘will have greater ease in calling the dormant perceptual facilities into activation, 
Individuals who consciously attempt to use the greater perceptual facilities will 
stimulate a more rapid advancement into reclaiming this stage of evolution, than 
those who refuse to acknowledge the existence of their greater sensing facilities. 
The greater sense facilities bring the higher dimensional wave spectra and its 
inherent reality fields into the perceptual range of the earthly embodied human 
consciousness, and so the greater sense facilities can be considered the 
HIGHER SENSES, a term far more accurately describing their orientation than 
‘the term Extra Senses. “ESP" becomes “HSP"- Higher Sensory Perception - a. 
natural attribute of experience for the evolving human organism. 
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THE 5 KNOWN SENSES 


The 5 Known Human Senses 

In order to understand the nature of the Higher Senses it is necessary to 
understand a bit more about the nature of the common senses, or the “lower 
senses’ if you will, for the common senses are those that are “tufied to" perception of| 
the lower frequency dimensions. Perception of Sight, Sound, Touch, Taste and 
Smell are experiential affects of the scalar-wave constructs that exist within 
the NADA HOVA BODY and the TELLURIC SHIELD, the Kathara Grid and 
morphogenetic field structures that are composed of and stationed within the 
frequency bands of dimensions 1, 2 and 3, the first Harmonic of manifestation. 
The APPARTHI, or “energy receivers” within the Nada Hova body have their first 
imprint within the Kathara Grid Level-2: Crystal Seals structure. The first pattern 
for the sense facilities responsible for manifesting the organs of perception of the 5 
identified senses exist within the configurations of electro-tonal Partiki units that form 
the crystalline seals of which the dimension-2 Telluric Shield is constructed. 
Through the Partiki Phasing flash-line projections of the Telluric Shield, the 
“armature” or 3-dimensional blueprint for the organs of perception are set for 
manifestation within the body hologram. 


The 5 Known Senses and Sound Transduction 

‘The 5 known sérisés. are more intimately related than commonly supposed; 
ALL represent a form of SOUND TRANSDUCTION - the frequencies, or flash-line 
sequences, within the 1*, 24 and 3” dimensional bands, that form the identifiable 
lwave pattems presently associated with sound waves, are drawn into the Level-2 
Kathara Grid Crystal Seals by Apparthi receivers that carry like flash rhythms. 
Once drawn into the Apparthi receivers the sound spectrum becomes modulated into 
different flash-line rhythms and sent into the Diodic Points of the Level-3 Kathara 
Grid. Once intersecting with the frequencies within the Diodic Points the frequencies 
trom the Apparthi are then divided! polarized and projected up and down the 
Harmonic-1 dimensional scale, creating a pattern of energy refraction within the 
morphogenetic field and physical body apparatus. The polarized frequencies first 
appear within the DNA as part of the core electrical vibration, and then further 
{transmute into electrical impulse that manifests as configurations with the blood 
chemistry and within the Central Nervous System. These synthesized electrical 
impulses are further projected through the scalar-wave grids that hold the form of 
the identified sensory organs, finally culminating in the interrelated qualities of 
perception associated with the identified sensory organs and their 5 known. 
‘attributes of sensing. 
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THE 12 HUMAN SENSES 


The Interwoven Senses and the Hova Bodies 

As in the case of the Lower Senses, the Higher Senses and their experiential 
manifestations are the product of consciousness interacting with the 
dimensionalized scalar organization of the human morphogenetic anatomy. 
Whereas the Lower Senses are afiliated with the transduction of sound frequency 
within the 15, 2r¢ and 3+ Dimensions, through the structures of the Nada Hova Body 
and the Telluric Shield of the first Harmonic, the Higher Senses are in like fashion 
associated with the scalar organization of the Higher Dimensional Hova Bodies and 
{their corresponding Shields. : 

In truth, all of the sensing facilities organic to the human form comprise 
interwoven and interrelated systems of energy refraction that together create 
the perceptual experience of externalization within the hologram of 
manifestation. For example, itis not commonly recognized that the sense of smell 
is in actuality part of the function of the auditory facility, and thus represents an 
intrinsic part of the sense of hearing. Itis also not commonly understood that the 
Processes associated with vision are not only connected to the processes of the 
brain and Central Nervous System, but also with the formation of crystalline 
‘structures with the plasma of the blood. The senses are not nearly as separate 
and independently functional as they appear to be when viewed from outside 
analysis, They are rather a part of an interwoven ‘system of electro-tonal 
information relay that spans the 15-Dimensional morphogenetic field anatomy of 
[the human organism, 


The 12 Human Senses 


In terms of breaking down the sense facilities for structural analysis, such as is done 
by modern science in identifying the 5 Known Senses, we will describe the sensory 
attributes of the Higher Sense facilities in terms of their primary orientation, 
location of their primary Apparthi receivers within the Hove Body structures and by 
the type of perceptual or experiential attributes produced through theit function. In 
‘such categorization of the human sense facilities there are 7 additional, as yet 
unidentified, sense facilities operating within and through the human 
consciousness, which are collectively responsible for translating the scalar fields of 
dimensionalized reality into the illusionary holographic picture of extemalized 
Manifestation and its qualities of space, time, matter and identity individuation, 
Collectively there are 12 Primary Sensing Facilities within 15-Dimensional 


Human Anatomy. 
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PERCEPTUAL BLOSGKAGE, 
KATHARA GRID DISTORTION 
ANID KATHARA HEALING 


Perceptual Blockages 

The Higher Senses are connected to the Lower Senses and provide 
attributes of perceptual experience characteristic to their dimensional 
levels, but in the present stage of human genetic evolution the Higher and 
Lower Senses are not fully “plugged into” each other, and so the various 
higher dimensional fields, and the sensory abilities associated with the 
Higher Senses, appear to be separate or unavailable to the embodied 
human consciousness.. The Higher and Lower Senses plug in through 
opening of Kathara Lines in the Level-1 12-Tree Kathara Grid, which 
creates a reciprocal opening and expansion of the DNA, Hova Bodies 
and activation of dormant nerve networks within the brain, molecular 
core and Central Nervous System ofthe body. 


Presently the human senses are phase-locked into a 3-dimensional 
perceptual field due to blockages between the 3” and 4% Kathara 
Centers, which block the Apparthi receivers within the Nada Hova 
Body from accepting compatible electrical impulses from the higher 
dimensional Hova Bodies. This Kathara Grid blockage manifests within 
ithe body as fragmented units of DNA (‘Junk DNA”), that serve to render 
ithe natural processes of multi-dimensional data transfer into the Central 
Nervous System inoperable. Portions of higher dimensional experience 
come to conscious attention in the form of dream perception or intuitive 
impression, but the natural clear pathways of mulfi-dimensional perception 
are blocked to a large degree within contemporary humanity. 


Perceptual Blockages and Kathara Healing 

Blockages in the Kathara Grid and their reciprocal blockages in the 
human perceptual field can be progressively removed through 
practices of Kathara Healing, and.utilizing the Maharic Shield to 
reawaken the Organic Imprint for Health.. As Kathara blockages are 
progressively repaired, the genetic code will expand its function by 
reassembling and activating the presently dormant portions of the DNA 
imprint. DNA expansion will create reciprocal alterations in the bodily 
metabolic rate, brain, blood, glandular and hormonal function, particle spin 
speed and operation of the Central Nervous System, that will allow for a 
progressive, natural activation of the Higher Sense facilities and 
expansion of the human perceptual field into the multi-dimensional arena. 
In Kathara Healing the dormant Higher Senses will be progressively 
brought into activation, beginning with the 6 -Audurea-Merkaba 
Sense and the 7th-Tristet-Cellular Telepathy Sense through which Inner 
audio-visual-direct cognition skills will progressively develop. These 
‘skills will be employed in the processes of Kathara Healing, and in so 
‘doing they will be progressively stimulated into greater levels of activation. 
As the dormant Sense facilities are called into activation Kathara Healing 
techniques to remove Kathara Grid blockages are used to realign the 
Holographic Template to restore the Imprint for Health, through which 
natural perceptual expansion will progressively take place. 


The 12 Human Senses 


The collective spectrum of human sense facilities, including the 
Higher Senses of 15-Dimensional Human Anatomy can be 
Categorized as follows: 


<a The 


12 Human Senses, Hova Bodies and 
Primary Experiential Attributes 


{ Identified Lower Dimensional Sense Facilities =a 


1. Visual-Sight Sense- Nada Hova Body (dimensions 1-2-3) 
}2. Auditory-Hearing Sense - Nada Hova Body 

3. Tactile-Touch Sense- Nada Hova Body 

4. Olfactory-Smell Sense- Nada Hova Body 

5. Sense of Taste- Nada Hova Body 


eee 


Unidentified Higher Dimensional Sense Facilities 


6. Audurea -Merkaba Sense - Encompasses all Hova Bodies 
Primary Attribute: Manifestation-circulation of consciousness and frequency accretion 
7. Tristet-Cellular Telepathy -Alphi Hova Body (dimensions 4-5-6) 
Primary Attribute: Inner Audio-Visual-Direct Cognition reading energy signatures, 
8. Nurgode-Transmutation Sense - Betcha Hova Body( dimensions 7-8-9) 
Primary Attribute: Molecular Transmutation - shape-shifing 
9. Ragode-Transmigration Sense - Betcha Hova Body 
Primary Attribute: Transmigration - Projection of Consciousness 
10, Geuard-Transfiguration Sense- Mahara Hova Body (dimensions 1 0-11-12) 
Primary Attribute: Bilocation-multiple holographic manifestations 
11. Shara-Centrifugal Sense- Raja Hova Body (dimensions 13-14-15) 
Primary Attribute: Electrical Projection - consciousness enters diménsionalization 
12. Aurt-U - Centripetal Sense - Raja Hova,Body 
Primary Attribute: Magnetic Accretion -consciousness exits dimensionalization 


101 


suitable primarily as an analog component 
rather than as a swit 


In principle, any resistor in a circuit can be 
replaced by a photoresistor, and its smooth 
response to light variations would make it suit- 
able, for example, as the resistance in an RC 
oscillator circuit, where it would determine the 
charge time of a capacitor. The frequency of the, 
circuit would thus become light-dependent. 


Cadmium sulfide photoresistors respond most 
actively to wavelengths of light ranging from 
400nm to 800nm. This is especially important 
where an LED indicator is used as a light 
source, as LEDs often emit an extremely narrow 
range of wavelengths. (See the entry for LED 
indicators in Volume 2.) 


Choosing a Series Resistor 

To convert light intensity into a voltage, a pho- 
toresistor can be connected in series with a reg- 
ular resistor, to form a voltage divider. There are 
two ways to do this, as shown in Figure 20-5. 
On the left side of this figure, light falling on the 
photoresistor will cause the output voltage to 
rise, On the right side, light will cause the out- 
put to drop. 


Output 
Voltage 


% 


Figure 20-5 Using 2 photoresistor to create a variable 
voltage. See text for details, 


If Ry is the minimum photoresistor value in 
the brightest light that will be used, and Ryax is 
the maximum value in the dimmest light that 
will be used, a simple formula can be used to 
find Rs, the optimum value for a series resistor, 
which will provide the widest range of voltage 
values at the center of the voltage divider: 


R= fn Raa 


What Can Go Wrong 
Overload 


Because a datasheet may be unavailable, a 
photoresistor may have to be used on a trial- 
and-error basis. A test-to-destruction approach 
may be necessary to determine the limits of the 
component. 


Excessive Voltage 
Exceeding the maximum rated voltage for a 
photoresistor, even for a short time, can cause 
ieversible damage. Depending on the compo- 
nent, overvoltage can range from 100V to 300V. 


Confusion Among Components 
Because photoresistors often have no part 
numbers printed on them and may be sold in 
miscellaneous assortments, one component 
may be easily confused with another that has 
different characteristics. Where two or more 
photoresistors are used in one device, their 
characteristics should be measured to deter- 
mine whether they are functionally identical. 
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THE IMPRINT FOR HEALTH 
HE Healing occurs through correcting distortions within 
the Kathara Grid and Hova Body Shields. 


HEthe human body blueprint was designed to hold 12 
Dimensions of Frequency/ Flash-line Sequences 
and 12 Dimensions of Consciousness, the content 
of 4 out of the 5 Hova Bodies within the 15- 
Dimensional Anatomy. 


The 4" Hova Body - the Mahara Hova Body - is 
composed of Frequencies/ Partiki Phasing Flash- 
line Sequences of the 10, 11% and 12th 
Dimensions. It manifests through the 10, 14 and 
12% Kathara Centers and the Maharic Shield 
Scalar Grid of the 4th Harmonic. 


3E The Maharic Shield of Level-2 Kathara Grid 
Crystal Seals holds the original IMPRINT FOR 
HEALTH- the original Flash-line Sequences of 
Harmonic 4 Pre-matter Liquid Light - that represent 
the point of entry into perceivable manifestation. 


ME 25 

The Maharic Shield can be used to repattern the 
Kathara Grid Holographic Template back to the 
original Imprint for Heath. The Flash-line 
Sequences of Dimension 12 can override and 
correct faulty Flash-line Sequences that manifest as 
distortions within the Kathara Grid and Hova Body 
Shields. 


METhe Hierophant Symbol Code is a Scalar 
Standing-wave pattern containing the electro-tonal 
programs of the 11% and 12% Dimensions. The 
Hierophant Symbol code serves as a Frequency 
WAVE GUIDE through which the Maharic Shield 
can be activated to run 11" and 12 Dimensional 
Frequency throughthe Kathara Grid for 
repatterning the Imprint for Health within the 
Core Holographic Template of the body. 


HEvsing the Hierophant Symbol Code the Planetary 
Bio-feed Interface System™ can be activated to 
empower the Kathara Grid repatterning process via 
drawing Frequency from the Planetary Maharic 
Shield. 
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MORPHOGENETIC EXPANSION 


Mcrowth through time is created through 
FREQUENCY ACCRETION - drawing Frequency 
Bands from the Dimensional Unified Fields of 
Consciousness into the personal morphogenetic 
field for expansion. 


Sewnen the Kathara Grid is functioning properly there 
are set morphogenetic field expansion periods 
within the linear growth cycles of the human body. 
1. Fetal Integration to age 11-12. 

2. Harmonic 2 Integration age 12-22 

3. Harmonic 3 Integration age 22-33 

4. Harmonic 4 Integration age 33-44 

If the Kathara Grid is working properly the body 
does not die but rather progressively 
transmutes into Jess dense states of matter in an 
immortal body form, via accretion of the 4 
Harmonics of Frequency. 


CO ILRAOEIS 


Salhwe 


*% Present Kathara Distortions block integration of 
Harmonic 2 and begin Molecular Compaction, 
body degeneration and Death. 
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LEVELS OF HUMAN ANATOMY 


ae The Kathara Grid is the Core Holographic 
Template upon which the human body and 
consciousness enter dimensionalization in order to 
experience manifestation. 


HE there are 3 Levels to the Human Kathara Grid: 
Level-1- The 12- Tree, Level-2 — Crystal Seals 
and Level-3 - Diodic Points. 


+ Kathara Level-1 -12-Tree contains the primary 12 
Kathara Centers and primary 15 Kathara Lines, 
that correspond to various regions of the physical 
body and bio-energetic field and which “ground” 
consciousness into the framework of 
dimensionalization. 


* Kathara Level-2 - Crystal Seals contain the 
Signets —consolidated points of dimensional 
frequency — the Shields — 3-dimensional scalar- 
wave discs emanating from sets of 3 Signets 
through which the Hova Body energy capsules 
form— and the Star Crystal Seals and Seed 
Crystal Seals through which the Chakras and Bio- 
energetic Field levels emerge. 
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a Kathara Level-3 — Diodic Points are Coordinate 
Points where the flash-line sequences from one 
Shield and its Seals cross over and through those 
of other Shields to form minute “White Hole” 
vortices of energy-consciousness relay between 
the Hova Bodies and stations of identity. 


ES Hova Bodies are 3-dimensional scalar grids in the 
form of Concentric Spheres that form around 
each Shield in the Kathara Level-2 Crystal Seals 
Grid, which serve as “tissue capsule” encasements 
around each Harmonic of energy-identity within the 
15-dimensional scale. 


Methere are 5 Dimensionalized “Ariea” Hova Bodies 
forming human anatomy, which emanate from the 5 
3-Dimensional scalar Shields of the Level-2 
Kathara Grid. Each Shield and Hova Body 
corresponds to 3 Kathara Centers in the Level-7 
12-Tree Grid. 


Hes Ariea Hova Bodies and Corresponding Shields: 
Nada Hova-Telluric Shield-Dimensions1-3 
Alphi Hova-Doradic Shield-Dimensions 4-6 
Betcha Hova-Teuric Shield-Dimensions 7-9 _ 
Mahara Hova-Maharic Shield-Dimensions 10-12 
Raja Hova-Rishic Shield-Dimensions 13-15 


106 


SQusaihis GNY SHIGO VAOHI 


34 
HE the Signets and the Shields can be used to direct 
the function of the Kathara Level-1 12-Tree Grid 
and all built upon it. Kathara Centers can be used 
to trigger activation of the Signets and Shields. 


He the first 4 Hova Bodies and their Horizontal 
Shields, are most important in terms of human 
evolution. Activation of the Signets activates their 
corresponding Shield, which in turn releases the 
tissue capsules between Hova Bodies, allowing 
merger to occur. When the first 4 Shields activate 
the body is able to integrate the Avatar identity and 
transmute into pre-matter liquid-light wave form. 


Kin Kathara Healing the Harmonic-4 Maharic Shield 
is used to restore integrity to all Shields and Hova 
Bodies below, which progressively clears the 
Kathara Grid of distortions. 


ME revel Kathara Lines direct the Vertical Flash- 
lines, Level-2 Crystal Seals control the Horizontal 
Flash-lines and Level-3 Diodic Points govern 
Diagonal Flash-lines. Together the 3 levels of the 
Kathara Grid form the 3-plane armature upon which 
the 3-dimensional hologram is created. 
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3K Each Signet within a Hova Body Shield holds the 
electro-tonal program for one Seed Crystal Seal. 
Each Seed Crystal Seal corresponds to one Level-1 
Kathara Center and holds the program for one 
primary Axiom Line — a single axis dimensional 
flash-line sequence. 


Sethe 12 Primary Axiom Line programs of the Seed 
Crystal Seals create separate dimensionalized 
bands of frequency within each Hova Body, 
forming a distinction between dimensionalized 
levels within the bio-energetic Auric Field. The 
Axiom flash-lines cross over and through each 
other to form the Coordinate Points between the 
Shields through which the Level-3 Diodic Point 
Vortices emerge. 


3EThe points in the Kathara Grid where Axiom Lines 
cross over and through the Central Vertical 
Kathara Line in the Level-1 Grid, and the 
Horizontal flash-lines in the Crystal Seals of the 
Level-2 Grid, form consolidated Diodic Points 
with numerous Diodic Vortices — these are called 
CHAKRAS. Each Chakra corresponds to an Axiom 
Line, Auric Level, Seed Seal, Kathara Center, and 
Dimensional Frequency Band and Merkaba Field. 
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Se 39 
S€the 12 Primary Axi-A-Tonal Lines are a set of 12 
Vertical Energy Flow-lines that run through the 
body, which are created by the consistent cross- 
Over points of the rotating, single-axis flash-line 
Sequences projected from the Seed Crystal Seals. 


HE axi-A-Tonal Lines 11 and 12 combine with the 
Central Vertical Kathara Line to form the Hara 
Line, the foundation of the Central Body Current, 


M€The Hara Level is the outer level of the Kathara 
Level-2 Crystal Seals Grid, can be viewed from 
9t-Dimensional perception and is used in Kathara 
Healing Level-2 . 


3€ The Hara Level is composed of the Hara Line, 6 
Primary Hara Points and the Complexes of 
energy processing they govern. 


The Axi-A-Tonal Lines and Hara Level of the 
Kathara Level-2 Crystal Seals Grid are elements of 
15-Dimensional anatomy that are used in later 
applications of Kathara Healing. 
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SEAxi. A-Tonal Lines set the core electro-tonal scalar- 
wave program upon which the DNA will manifest. 
The human DNA imprint contains the program for 
412 strands of DNA, one manifesting upon each of 
the 12 Primary Axi-A-Tonal Lines. 


3€the human form was designed to embody 12 
dimensions of consciousness. The original human 
genetic code is called the Silicate Matrix and when 
operational it allows human cellular structure to 
transmute through 4 Harmonics of matter density. 


M the Silicate Matrix is mutated in present day 
humans due to ancient Kathara Grid blockages, 
which manifest as distortions of form and function 
within the DNA. “Junk DNA’ is part of this distortion. 


HE contemporary human DNA can be reverse- 
mutated, and its interdimensional functions 
restored, by applications of Kathara Healing. 


SHeeach of the 12 strands of DNA corresponds to one 
of 12 Dimensional Frequency Bands, Kathara 
Centers, Seed Crystal Seals, Signets, Axi-A-Tonal 
Lines, and Chakras. Each Hova Body Shield 
governs the function of a set of 3 DNA strands. 
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THE 12 HUMAN SENSES 
HE The human senses are the experiential result of 
the scalar standing-wave organization inherent to 
the human form. 


senses are scalar arrangements that translate 
energy signatures from the Unified Field into 
usable data of relationship. 


Sethe sensing systems are built upon sets of energy 
receivers within the morphogenetic field that are 
called APPARTHI. The Apparthi inherent to 
Kathara structure serve to block certain flash-line 
sequences out of the morphogenetic field and 
allow others in to translate into perception. 


Methe flash-line sequences blocked by the Apparthi 
create Gaps of Perception of the Unified Field, 
which give us the experience of externalization 
and separation of form. 


ME Apparthi receivers create refraction and 
polarization of flash-line sequences that 
translate into a variety of identifiable holographic 
sensory perceptions. 
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OTHER RELATED COMPONENTS: 


+ diode (see Volume 1) 


+ photor: 


F (see Chapter 20) 
+ phototransistor (see Chapter 22) 


What It Does 

Light falling on a photodiode causes it to gen- 
erate a very small current. This is often called 
the photovoltaic effect. The component func- 
tions like a solar panel; in fact, a solar panel can 
be thought of as being an array of very large 
photodiodes. 


Often, a DC power source is used to apply 
reverse bias to a photodiode. This enables the 
component to deliver more current. It is now 
operating in photoconductive mode. 


Schematic Symbols 

‘Schematic symbols for a photodiode are shown 
in Figure 21-1, Wavy arrows are often (but not 
always) used to indicate infrared light. 
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Figure 21-1 Symbols representing a photodiode. 


ht > photodiode 


photodiode 


Applications 
The rapid response of photodiodes makes 
them suitable for use in optical disc drives, tele- 
communications, infrared data transfer, digital 
cameras, and optical switches. Many sensors in 
this Encyclopedia use a photodiode. Proximity 
sensors, optical encoders, and light meters are 
examples. 


How It Works 


‘When light falls on a semiconductor, it can 
excite an electron to a higher energy state. The 
electron then becomes mobile, and leaves 
behind an electron hole (See the entry discus- 
sing diodes in Volume 1) 


In photovoltaic mode, incident light creates 
pairs of electrons and electron holes in the 
semiconductor material, The electrons move to 
the cathode of the diode while the holes move 
to the anode, creating voltage between the 
‘two. Note that this happens to some extent 
even in the absence of visible light, as the pho- 
todiode may respond to infrared radiation. The 
tiny amount of current created without visible 
lightis called dark current, 


In photoconductive mode, 
photodiode creates pairs of electrons and elec- 
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3K The sense facilities correspond to the structure of 
the Hova Body Shields and DNA. In categorizing 
the interwoven sense facilities by their primary 
orientation, location of their Apparthi receivers 
within the Hova Bodies and the experiential 
attributes they produce, the human organism can 
be said to possess 12 Primary Senses. 


Mthe 5 known senses are products of the 
operations of the Nada Hova Body and Telluric 
Shield, and thus correspond to dimensions 1-3. 


Methere are 7 as yet unidentified senses that 
correspond to the higher dimensional Hova Bodies, 
Shields and presently dormant strands of DNA. 


x S As we evolve to activate and reverse-mutate the 
DNA imprint, through Hova Body alignment and 
merger, the experiential attributes of the higher 
dimensional senses will become more apparent. 


3 Due to their dimensional affiliation, the 5 known 
senses can be viewed as the Lower Senses, the 
higher dimensional senses as the Higher Senses. 
Perception through the Higher Senses is called 
Higher Sensory Perception or HSP. 
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TAPPING THE INNER MENTOR 


Levels of Consciousness and the Perceptual Bridge 


In earlier text we have learned of the structure human consciousness takes when 
entering the scalar fields of dimensionalization for the perceivable experience of 
manifestation. In comprehending the true structure of multi-dimensional anatomy, 
with its Kathara Grid, Hova Bodies and Shields, Diodic Points and levels of bio- 
energetic substance, we can begin to see that there is much more to human 
consciousness than meets the eye - much more energy-identity operating 
presently beyond the view of our 3-dimensionally focused earthly personality, 

There are portions of our consciousness stationed within the Hova Bodies 
of the higher dimensional fields, and these expanded levels of ourselves hold 
knowledge and participate in perceptual experience beyond the usual Tange of 
our waking perceptions, As we evolve and expand through Hova Body 
Integration and the resulting activation of dormant DNA components, we will 
progressively have greater conscious access to these expanded levels of 
consciousness while we are actively focused within the waking 3-dimensionally 
embodied state. However, we do not have to wait until our evolution plods 
along to bring us to these expanded perceptual States, we can, from our waking 
|state of 3-dimensional consciousness begin to actively tap this hidden reservoir of 
knowledge and perceptual experience. We can take an active hand in expediting 
the process of our multidimensional evolution by using our dimension-3 
mental body awareness to direct our higher awareness into our current range 
|of perception. We can begin to build a PERCEPTUAL BRIDGE between our 
3 Dimensional and Higher Dimensional consciousness. In taking the initiative for 
building this Bridge of Consciousness wé begin to stimulate our Higher 
Senses into operation, expediting the natural process of Higher Identity 
Integration. 


Through building a PERCEPTUAL BRIDGE 
between our present state of awareness 
and the levels of our consciousness 
stationed in the Higher Dimensional Hova Bodies, 
we can actively expedite our own Bio-Spiritual Evolution. 
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THE MENTOR 


The Perceptual Bridge and Creating the Mentor 

The Higher Dimensional levels of human consciousness are not dormant 
within their respective dimensional bands of function, they are quite awake 
and aware within their own dimensional fields. As we perceive and interact with 
the 3-dimensional world within which our present awareness is focused, the Higher 
Dimensional portions of our consciousness are also actively perceiving and 
interacting with the dimensional environments within which they are focused. Higher 
dimensional aspects of our awareness seem cut off from our perceptual view 
because our consciousness is presently focused through a genetic code 
arrangement and Kathara Grid orientation that blocks out the frequencies of 
those higher stations of identity. If we can realize that expanded portions of our 
consciousness simultaneously exist within the higher dimensional frequency bands, 
‘we can also realize that it is possible to access such levels of our own identity by 
building Perceptual Bridges between our 3-dimensional perspective and the 
Portions of our consciousness stationed within the Higher Dimensional Hova Bodies, 

We can begin to build a Perceptual Bridge between ourselves and our 
Higher Selves, by using simple frequency modulation techniques of Kathara 
Healing, such as-Tectinique #4: Awakening the Mentor and the 6% and 7# 
‘Senses. In this scalar-grid activating exercise, we will awaken dormant Partiki 
Phasing Flash-lines and activate dormant portions of the Kathara Lines in the 
Kathara 12-Tree Grid, to begin opening the channels of communication between the 
consciousness focused within the Nada Hova Body and that focused within the Alphi 
Hova Body of Harmonic-2. In this exercise we will create the MENTOR, a portion 
of our consciousness composed of 3, 4% and 5 Dimensional frequencies, 
‘that will serve as an intermediary focus of awareness through which we can 
begin to receive guidance and knowledge from our 2"¢-Harmonic of 
consciousness. Creating the MENTOR will begin the process of activating dormant 
DNA , opening new nerve networks within the Central Nervous System of the 
3-dimensional body, and activating dormant APPARTHI frequency receivers within 
the Level-2 Crystal Seals Kethara Grid. Through creating the MENTOR, we 
begin to build the Perceptual Bridge between the 1* and 2n¢ Harmonic of our 
conscious awareness. 


The MENTOR is a portion of our identity that we create 
to serve as an intermediary focus of awareness 
between the Nada Hova Body and the Alphi Hova Body; a 
PERCEPTUAL BRIDGE between our first and second 


Harmonics of Consciousness. 
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‘The MENTOR and Kathara Healing 
In the practices of Kathara Healing we will use the MENTOR as a source of 


guidance, information retrieval, objective observation and as a 
communications link between our own higher consciousness and the higher levels 
of consciousness in those who come to us for healing facilitation. Awakening and 
working with the MENTOR will become a standard practice in our applications 
of Kathara Healing. In creating the MENTOR we are using our creative power of 
'scalar-grid manifestation (thoughts and mental images are Scalar-grid morphogenetic 
field forms) to bring into being a specialized portion of our consciousness that 
Can relay frequency from our higher Harmonics of Consciousness to our 
3-dimensionally focused identity. With repeated use of the MENTOR focus of 
awareness we will develop the ability to simultaneously hold 2 Harmonics of 
consciousness, and we will begin to reclaim the natural flexibility of focus that 
is the healthful condition of embodied human consciousness. Through the 
IMENTOR focus of attention we can reach higher levels of cognition and 
understanding regarding application of healing facilitation, and we will more rapidly 
call into awakening the Higher Sense facilities of the 15-Dimensional Anatomy. 


Other Uses of the MENTOR Focus 
In creating the MENTOR focus we will begin to realize that even the 3- 


dimensional focus of awareness with which we are most familiar is far more 
flexible than once supposed. The MENTOR is not simply an inert creation, but 
rather a living portion of our conscious identity composed of portions of the waking 
‘self and portions of the Higher Self. MENTOR can become an advisor, a Portion of 
/self able to “keep its head above the illusion" when you are confronted with 
[challenging events in the 3-dimensional arena; a part of you able to remain clam, 
focused and able to make clear decisions beyond the confusion of mental or 
emotional body processing. MENTOR can be sent into the Cellular Memory of the 
body to locate core issues or reincarnational blockages, and can serve to moderate 
between sub-personality fragments and the “Inner Child”, MENTOR can like wise be 
used to harmonize communications between self and others, as you can send the 
MENTOR focus into the higher dimensional fields to connect with the higher selves 
of others for conflict resolution, Playing with the MENTOR focus can also have great 
rewards. You can focus your attention in the Mentor Space and then direct the 
MENTOR across the room to begin practicing affects of BILOCATION. You can 
travel with MENTOR to distant locations to develop REMOTE VIEWING SKILLS, 
‘which will be used in later Kathara Healing levels for REMOTE HEALING 
FACILITATION. MENTOR can become a vehicle for conscious transport of your 
awareness, While awake and also in dreaming and higher dimensional projection. 
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TECHMIQUE 8 4 *° 


AWAKENING THE MENTOR AND THE 674 AND 774 SENSES 


Awakening the Mentor: 

1. Place the fingertips of both hands and the focus of your attention at the Navel, 
Take a few slow, full breaths then visualize the image of a Blue Flame (like a gas 
Stove flame) deep inside the body behind the Navel. Gently massage the Navel 
tegion while envisioning the Blue Flame. 


2. Stop massage and visualize a Sphere of White Light within the Blue Flame 
behind the Navel, Place your attention within the White Sphere and imagine 
that you can feel its reality around you, as if ‘yOu are sitting within the White Light 
Sphere. 


3. Breath gently and visualize the White Light Sphere moving upward through the 

center of your body until it reaches the center of the brain at the Pineal Gland, 

~ Stop movement of White Light Sphere at the Pineal Gland, then visualize the 
White Light Sphere moving to the RIGHT in a Straight, horizontal line 
OUTSIDE OF THE BODY uniil itis positioned in your auric field just above your 
RIGHT SHOULDER. The White Light Sphere positioned over the Right Shoulder now 
represents a portion of your awareness that was raised tothe 8"-Dimensional frequencies 
via ts passage through the Blue Flame end the 5* Kathara Center atthe Navel. You will 
name this part of your higher identity MENTOR. 


4. Imagine that you canfeelthe reality of the White Light Sphere that holds your 
MENTOR resting gently above your Right Shoulder as a “fuzzy ball of energy’. 
FeDimergh/ 28 the meeting point between your waking conscious mind andthe 


5. Practice creating and sensing the Mentor ‘Sphere over your Right Shoulder, Cary 
itaround with you wherever you go, and play with moving the focus of your consciousness back 
end forth between the inside of your head and MENTOR. ‘Try percelving from both focuses of 
attention simultaneously. Such play will help stimulate neurological sensitivities to transtating 
‘and perceiving information from the 5" and higher dimensional Stations of Awareness. 


116 


Se 51 
TECHNIQUE # 1: continued 
AWAKENING THE MENTOR AND THE 67H AND 7™4 SENSES 
Awakening the 6 and 7" Senses: The Audurea and the Tristet 


1. Focus your attention on the MENTOR Sphere over your Right Shoulder. Take a 
few slow, deep breaths and visualize MENTOR expanding into a Sphere the size 
of a Basket Ball. Use the next INHALE to draw the MENTOR Sphere toward your 
head, visualizing MENTOR moving from over your Right Shoulder to a position 
‘surrounding your entire head. EXHALE, stop the movement of the MENTOR 
Sphere, and imagine that you can feel its “fuzzy energy" all around the outside of 
your head; as if your head is now within the Basket Ball size MENTOR Sphere. 


2. With the next INHALE breath, contract MENTOR into a small Sphere of White 
Light positioned inside the center of the brain at the Pineal Gland, Exhale and 
breathe slowly for a moment. With the next EXHALE breath, push the small 
MENTOR Sphere from the Pineal Gland, straight forward and into the 
6t.Chakra al the Forehead. Visualize MENTOR moving into the 6™Chakra from 
inside the head, then continuing to move through the 6 Chakra spiral straight 
‘outward and away from the body. Imagine the MENTOR Sphere traveling 
outward through the long Blue-Violet Tunnel of the 6 Chakra spiral, until you 
visually loose track of the MENTOR Sphere far out in front of you. 


3. Take a few slow breaths, then on the next INHALE visualize the MENTOR 
Sphere re-appearing in the distance of your 6" Chakra spiral, and riding in on 
the inhale breath, back into the Pineal Gland. Breathe slowly, 


With the next EXHALE, visualize the MENTOR Sphere moving down from the 
Pineal Gland at the center of the brain, stopping at the center of the 5 Chakra 
in the Throat. Breathe slowly. On the next EXHALE push the MENTOR Sphere 
straight outward, imagining it moving forward from inside the Throat, into the 
blue ciospiral of the 5% Chakra. Visualize MENTOR riding the current of the 
exhale breath out into the distance within the "+ tunnel of the 5 Chakra 
spiral, until it fades from view. Take a few slow breaths and on the next INHALE 
imagine MENTOR returning through the 5% Chakra *::2e»spiral fo rest deep 
within the Throat. Use the final INHALE to move MENTOR back up to the 
Pineal Gland and the final EXHALE to push the MENTOR Sphere back out to 
its “home” position in the auric field over the Right Shoulder, 


s 


This process opens up the 1-54 Sub-frequency Bands within each dimensional layer of the 
6 and 5* Chakras, beginning the process of opening the 6%-Audurea and 7®-Tristet 
Senses, stimulating Inner Vision and Audio to higher dimensional frequency perception, 
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TECHNIQUE # 1: Condensed Version 
<_ Awakening the Mentor and the 6% and 7% Senses 


AWAKENING THE MENTOR 


7 fF YN 


. Finger tips at Navel, see Blue Flame in body behind Navel, Massage Navel with 


finger tips 


. See White Sphere in Blue Flame at Navel. Imagine yourself in White Sphere, feel 


it around you, 
Move White Sphere up to Pineal Gland, see White Sphere move out over Right 
‘Shoulder creating your MENTOR 


. Feel MENTOR as fuzzy bail of energy hanging in your auric field over your Right 


Shoulder 


.. Practice shifting the focus of your attention back and forth between usual focus 


and MENTOR 


AWAKENING THE 67 & 77! SENSES 


« Expand MENTOR over Right Shoulder to size of Basket Ball, INHALE drawing 


MENTOR around your head, as if your head is inside the Basket Ball size energy 
that is MENTOR. 

INHALE, contracting MENTOR into Pineal Gland as a small Sphere of White 
Light, EXHALE to push MENTOR out of Pineal Gland out to Chakra 6 and into 
the Biue-Violet Tunnel of the Chakra 6 spiral, 


. INHALE MENTOR back from Blue-Violet Tunnel of Chakra 6 and into the Pineal 


Gland 


|. EXHALE MENTOR from Pineal Gland to Chakra 5. EXHALE MENTOR out 


through Chakra 5 Green Tunnel, INHALE MENTOR back: through Green Tunnel 
into Chakra 5 at Throat. INHALE MENTOR up from Chakra 5 to Pineal Gland. 
EXHALE MENTOR out from Pineal Gland to its Home Station” over Right 
Shoulder. 


118 


Se 53 


= Awakening the Mentor and the 6* and 74 Senses 


‘AWAKENING THE MENTOR — ¢, white Sphere over Right Shoulder ‘Furzy Ball of MENTORenegy 
re 
: 
\ 


5, White Sphere at Pinal Gland 
‘Move MENTOR from Navel ‘ 
to Pineal Gland to position % 


-A Blue Flame with White Sphere 
‘in Navel, Massage Navel (Kathara 
Center # 5) with Fingertipe. 


AWAKENING THE 6 AND 7™ SENSES 


‘A. Expand MENTOR energy to 
basketball size andpostion 
‘around head 

B. MENTOR in Pineal Giand as 
White Sphere 
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ARRAN RECOOING, FREQUENCY SUS RARTONIGS THE MARARNG SEA 


Kathara Healing and Reaching the Core of Dis-ease 

In earlier text we have explored the significance of the Kathara Grid and its role as 
the Holographic Template upon which the morphogenetic field, body and 
consciousness manifest within the 15-Dimensional system. We have learned that the 
Kathara Grid is the core template upon wiiich the morphogenetic field manifests, 
‘and that the morphogenetic field is the blueprint upon which the body systems and 
embodied consciousness manifest. Through our study of these core structures of 
manifestation we come to realize that true and lasting health or healing must be 
approached from the deepest levels of personal creation, the morphogenetic reality 
‘within which all dis-ease conditions have their origin, Kathara Healing applications 
are intended to reach the core of systems malfunction, the various levels of 
the morphogenetic field and Kathara Grid, in order to restore the Imprint for 
|Health within the Holographic Template for manifestation, 


The Mahara Hova Body, Mahari¢ Shield and the Imprint for Health 

In Level-1 Kathara Healing we will learn the first and most important level of 
restructuring the Holographic Template to hold its original Imprint for Health - 
the MAHARIC RECODING PROCESS. The MAHARIC SHIELD is the 
manifestation template upon which the MAHARA HOVA BODY of Harmonic-4 
manifests. The Mahara Hova Body is the scalar-grid that holds the 10%, 11% and 
12!-Dimensional aspects of consciousness, and represents the ORIGINAL POINT 
OF MANIFESTATION -the creation point when consciousness moved from its pure 
scalar-wave state of being into the dimensionalized scalar-grids through which the 
illusion of extemal holographic projection could be experienced. The Mahara Hova 
Body and its station in Harmonic Universe-4 represent the original PRE-MATTER. 
LIQUID LIGHT fields of manifestation through which we passed in-order to enter the 
experience of density and individuation of matter form. 

Prior to our entering the dimensionalization of the systems within which matter can 
be perceived, we existed in pure scalar-wave form - a scalar-pattem that held the 
original, pure and perfect pattern for our creation as consciousness. The Mahara 
Hova Body and the Maharic Shield are the Liquid Light Pre-matter Scalar-templates 
{that hold our original pattern of wholeness, our original CREATION IMPRINT. Our 
(creation imprint is the ORIGINAL IMPRINT FOR HEALTH, the condition of eternal 
being free from Hova Body distortions picked up in the lower dimensional fields. 
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THE 42%-DIMENSION and FREQUENCY SUB-HARMONICS 
In Level-1 Kathara Healing we will utilize the mprint for Health as held within 
‘the Maharic Shield to begin REPATTERNING the Kathara Grid back to its 
original level of function. The frequencies Of the 12-Dimension, as embodied 
within the Maharic Shield, contain within them as Frequency Sub-Harmonics ALL 
OF THE FREQUENCY BANDS FROM THE DIMENSIONS BELOW, along with the 
natural frequency spectra characteristic to the 12"-Dimension. Each Dimensional 
Frequency Band within the 15-Dimensional Spectra contains within itself its own 12 
Primary Sub-frequency Bands ( portions of the whole dimensional Partiki Phasing 
flash-line sequences), plus a reflection set of the frequency spectra from alll of the 
Dimensional Bands below. 

For example, Dimension 2 contains its own 12 Primary Sub-frequency Bands, plus 
2 reflection set of the 12- Primary Sub-frequency Bands that make up the 
Dimension-1 Frequency Band below. Dimension-1 has 12 Primary ‘Sub-frequency 
Bands, Dimension-2 thus has 12 Primary Sub-Frequency Bands plus 12 Secondary 
‘Sub-Frequency Bands from Dimension-1for a total of 24 Sub-Harmonies in 
Dimension 2. This pattern of FREQUENCY SUB-HARMONICS builds upward 
through the 15-Dimensional Scale. The 12"Dimensional Frequency Band has 
@ total of 144 Sub-Harmonics - 12.Frequency Bands x 12 Sub-Frequency Bands 
‘each = 144 Sub-Harmonic Frequency Bands, Because the 12-Dimension holds 
‘within itself all of the Frequency Spectra and scalar-grid programs from the lower 
Gimensions, the 12-Dimensional Frequencies have the ability to “plug into” and 
override any Partiki Phasing flash-line patiem from the lower dimensional fields. The 
ORIGINAL PATTERN OF CREATION for the lower dimensional structure itself 
is held within the 12*-Dimensional Frequencies, and so the 12"-Dimension 
Sub-Harmonics can be used to correct any distortion with the dimensional 
frequencies of the Lower Hova Bodies and their Shields. 


The Maharic Shield and the 12%-Dimer 

As the Maharic Shield and Mahara Hova Body are composed of 10, 11 and 
12%-Dimensional scalar grids, they contain within them the 144 Frequency Sub- 
Harmonics of the entire 12-Dimensional Spectrum. The human morphogenetic field 
is designed to hold the 144 Sub-Harmonic Spectrum, which is fulfilled through 
activation of the original 12-Strand DNA Silicate Matrix gene code. Because of its 
144 Sub-Harmonic scalar-wave spectrum, the 12"-Dimensional level of the Maharic 
Shield can reset the original, non-distorted imprint of Partiki Phasing flash-line 
sequences within the entire Kathara Grid 12-Tree, the Kathara Centers, Kathara 
Lines, the Hove Bodies, DNA and within any level of the morphogenetic field and 
manifest body built upon them. The Maharic Shield is the Kathara RESET BUTTON. 


Variants 


tron holes in the semiconductor material, These 
will move in opposite directions due to the bias, 
voltage, which means a small current flows 
through the diode. 


Phatoconductive mode enables a_ faster 
response than photovoltaic mode, because 
reverse-bias voltage makes the depletion layer 
wider, which in turn decreases the capacitance. 
(The same effect is used in capacitance diodes.) 


Simplified circuits showing the component in 
photovoltaic mode and photoconductive mode 
appear in Figure 21-2. 


Photovoltaic mode 
~ 
Output 
Bi Photoconductive mode 
» 
Output 


Figure 21-2 Tivo modes in which a phatadiode may be 
Used. In photovoltaic mode, voltage between the two pins 
‘must be measured. 


Variants 


PIN Photodiodes 

Like PIN diodes, PIN photodiodes incorporate an 
undoped (intrinsic) semiconductor layer 
between the p- and n-doped layers. They are 
more sensitive and have faster responses than 
regular PN photodiodes. Many of the photodio- 
des available are of the PIN type. 


Avalanche Diodes 

When light enters the undoped region of the 
avalanche photodiode, it triggers the creation 
of electron-hole pairs. When electrons migrate 


radiation > light > photodiode 


toward the avalanche region of the diode, the 
cumulative field strength increases their veloc- 
ity to the point where collisions with the crystal 
lattice create further electron-hole pairs. 


This behavior causes the avalanche diode to be 
more sensitive than a PIN photodiode. How- 
ever, the sensitivity also makes it vulnerable to 
electrical noise, and it is significantly affected 
by heat. A guard ring is added around the p-n 
often used. 


Packages 


Many surface-mount and through-hole ver- 


sions are available. A selection is shown in 
Figure 21-3 and Figure 21-4. While a through- 
hole photodiode may look indistinguishable 
from a through-hole 3mm or Smm LED, ver- 
sions are available without lenses, and some 
are sensitive to incident light coming from the 
side (they are referred to as side-/ooking or side- 
view variants). 


Figure 21-3. Two sample photodiodes. Left: top-view 
unfiltered Vishay BPW34. Right: Osram BPX43 in metal 
can suitable for temperatures up to 125 degrees Celsius. 
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3 
= 
eee Sub-Harmonics in the 15-Dimensional Seale (— 


Dimension x 12-SFB each = 
Dimension (Primary SFB + Secondary SFBs)_# of Frequency Sub-Harmonics 
Universal Morphogenetic Field! (cannct| {uly process trough the human gene code for embociment) 
Raja Hova Body-RISHIC SHIELD 
D-15 (12+168=) 15x 12= 180 Frequency Sub-Harmonics 
D-14 (12+156-) 14x 12= 168 Frequency Sub-Harmonics 
D-13 (124144) 13x 12= 156 Frequency Sub-Harmonics 
Human Morphogenetic Field: (can Process through gene code via 12-Strand DNA Silicate Matrix) 
Mahara Hova Body- MAHARIC SHIELD 
D-12 (1241325) 12x12= 144 Frequency Sub-Harmonics 
D-14 (12+1205) 11x12 ; 132 Frequency Sub-Harmonics 
D-10 (12+108=) 10x 12= 120 Frequency Sub-Harmonies 
Betcha Hova Body- TEURIC SHIELD 
D-9 (12495 =) 9x12= 108 Frequency Sub-Harmonics 
D-8 (12+ 8x12= 96 Frequency Sub-Harmonics 
D-7 (12+725) 7x12= 84 Frequency Sub-Harmonics 
Alphi Hova Body- DORADIC SHIELD 
D-6 (12+60=) 6x12= 72 Frequency Sub-Harmonics 
D-5 (12+48=) 5x12= 60 Frequency Sub-Harmonics 
D-4 (12+36=) 4x12= 48 Frequency Sub-Harmonics 
Nada Hova Body-TELLURIC SHIELD 
D-3 (12424) 3x12= 36 Frequency Sub-Harmonics 
D-2 (124125) 2x12= 24 Frequency Sub-Harmonics 
D-1 (12+0=) 1x12= 12 Frequency Sub-Harmonics 
REMEMBER: AFREGUENCY BAND isa ire, repeatng sequence of Paik Phesing Flashlnes ashing on and 
off” cycles of scalar standing-wave points within the scalar-grid ‘caused by the fission/« 

of Partiki Units. A SUB-FREQUENCY BANDis a fixed, repeating of Fiash-iines that is 


‘Part ofthe fl cy of te Frequency Band Pali Phasing sequence. A FREQUENCY SUB-HARMONEC represents a 
able of Frequency Band Flashvtine sequences trom the dimensions below, cared within te Primary Flasks 
i the 
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The Maharic Shield - Core of Healing Therapeutics 

To restore the Imprint for Health within the Body-Mind-Spirit System, the 
Holographic Template of scalar-grids upon which the system manifests must be 
restored to its original function. Topical applications of healing modalities within” 
the physical body, bio-chemistry, DNA, Auric Field, Chakra System, and Level-2: 
Crystal Seals and Level-3; Diodic Points of the Kathara Grid can create temporary 
change toward healing, but the disharmonic conditions held within the core 
Level-1 12-Tree Kathara Grid will eventually override alteration made to the outer 
levels of the morphogenetic field or body systems, Working with outer levels of 
the Bio-system can assist in the healing process, but first the Imprint for 
Health must be restored within the Level-1 12-Tree Kathara Grid. The Level-1 
12-Tree Grid, with its Kathara Centers and Kathara Lines is created upon the 144 
Frequency Sub-Harmonic Pattem. As the Maharic Shield and Mahara Hova Body 
fare the only portions of the dimensionalized scalar-grid anatomy that hold the full 
12®-Dimensional Frequency Band with its 144 Sub-Harmonics, the Maharic 
Shield and its corresponding 10-11-12 Kathara Centers are the only portions of the 
morphogenetic anatomy that can override and restructure the electro-tonal scalar 
‘standing-wave point arrangements within Level-1 Kathara Grid. Thus it is with the 
Maharic Shield that core healing therapeutics must begin, 


Critical Mass and Simultaneous Healing of Core/ Outer Morphogenetic Levels 

Activating the Maharic Shield will open, activate and realign the scalar-wave 
flashline sequences of dormant Kathara Centers, Kathara Lines, Crystal Seals, 
Hova Bodies, Diodic Points, Chakras and DNA within the outer levels of the 
morphogenetic field and body, Once the Imprint for Health has been temporarily 
restored within the Core Holographic Template Kathara Grid via Tunning the Flash- 
Jine sequences of the Maharic Shield through the Level-1 Kathara Grid, the outer 
layers of the anatomy can be further realigned to expedite manifestation of the 
Kathara Grid Repatterning into the outer levels of the Bio-system. Technique # 2: 
‘The Maharic Seal and the Liquid Light Cleanse, begin the process of Tunning the 
12%-Dimensional Flash-line sequences, via their Frequency ‘Sub-harmonics, through 
ithe Kathara 12-Tree Grid to REPATTERN distorted flesh-line sequences within the 
core Holographic Template. In the beginning of using this technique, the affects of 
this reprogramming will last only several hours, as the outer levels of the Bio-field will 
have greater “Critical Mass” in their distortion patterns, than the Kathara Grid can 
immediately override. Full healing comes when the renewed Imprint for Health 
reaches CRITICAL MASS within the morphogenetic field. Critical Mass is 
reached via frequent use of the Maharic Seal and outer level Bid-field therapeutics. 


Kathara Healing Theory and Applied Methods 

In Kathara Healing the first priority is to reset the integrity of the Kathara 
Level-1; 12-Tree Grid by Re-patterning its flash-line sequence program to the 
/Maharic Shield via the Maharic Seal and Liquid Light Cleanse. This process sets 
the electro-tonal “ground” within which alterations of outer ‘morphogenetic levels 
[can connect, reawakening dormant APPARTHI frequency receivers within the 
Level-2: Crystal Seals, which allows the morphogenetic field levels to expand 
enough to hold the higher frequencies of the Imprint for Health. After the Healing 
Ground is set within the Kathara Grid, additional applications of Kathara Healing can 
then be applied to various other levels of the Kathara Grid, Morphogenetic Field and 
Body. There is an infinite variety of Kathara Healing Bio-energetic applications, 
that range from Levels 1, 2 and 3 Kathara Grid work, reprogramming the Kathara 
‘Centers, Kathara Lines, Hova Bodies, Shields and Signets, reversing the 
\Miasmic/Karmic imprint and accelerating the opening of the Diodic Points, to working 
‘with the Chakra System, Meridian and Axiom Lines, DNA and physical body points 
while running the Triadic Currents for healing. In coming Levels of the Kathara 
Healing Program we will |earn the use of the GEOMANCIES and FIRE LETTERS- 
key Symbol Codes that serve as scalar-wave guides to reset the electro-tonal 
flash-line sequences within the morphogenetic body, and the application of the 
‘Symbol Codes to the treatment of specific physical, emotional, mental and spiritual 
dis-ease conditions. We will explore working with the Color Cap Stones of the 
Dimensional Frequency Bands and how they can be used in combination with the 
‘Symbol Codes for use in Manifesting desired conditions and De-manifesting 
undesirables, both within the body and in the 3-dimensional life drama, 


‘Applications of the Level-1 Kathara Healing Program >| 
In Program Level-1 we are setting the foundations upon which all the other skill 
levels of Kathara Healing are built. The focus of the Level-1Program is to create 
Morphogenetic Repatterning via the Maharic Shield, and to begin clearing the 
Miasmic/ Karmic Imprint that blocks various areas of the Hova Body Imprint. We will 
next learn to add FORCE AND POWER to our Morphogenetic Recoding Process by 
lopening the PLANETARY BIO-FEED INTERFACE SYSTEM™ to draw energy 
directly from the Planetary Maharic Shield, and we will begin leaming of the 
physical body massage point sequences- Sequence 1 and 2 Kathara Points - 
{through which we can begin to regulate the flow of energy within the Bio-system for 
Regeneration of the Imprint for Health and Revitalization of the Body-Mind-Spirit 
System. In Section 2 of this course we will explore MULTI-VECTOR 
HOLOGRAPHIC RECODING - clearing the Miasmic Imprint from the Kathara Grid. 


SISCIUENGE 4 AND 2 AmIARA POMS 


Sequence-1 Kathara Points for REGENERATION 
Sequence-1 Kathara Points are mini-energy-vortex points in the body that connect 
directly to Diodic Points within the Kathara Level-3 Diodic Points Grid, Stimulation 
of the Kathara Points affects the movement of energy within related areas of the 
Kathara Grid, which creates a reciprocal movement of energy within the cellular 
‘Structure corresponding to the Kathara Points. 

When used in proper sequence, Sequence-1 Kathara Points open energetic 
gate ways to the Kathara Lines of the Kathara Level-1 12-Tree Grid, allowing 
patterns of frequency to be entered into the Kathara Lines, to tealign disharmonic 
pattems of frequency running through the Holographic Program of the Kathara Lines. 
When the Kathara Lines are opened to receive 11% and 12 dimensional frequency 
infusions from the Mahara Hova Body, the Holographic Program of the Kathara Grid 


can be progressively regenerated to the Imprint for Health, as held within the 
program of the Maharic Shield, 

Sequence-1 Kathara Points are used to open the Kathara Lines prior to 
Technique # 2: The Maharic Seal and the Liquid Light Cleanse and 
Technique # 4: The Maharic.Infusion, They may also be used alone with deep 
breathing, for frequent healing support, to draw energy up from the Maharic Shield, 
re-balancing and regenerating the Imprint for Health within the Kathara Grid and 
Body-Mind-Spirit System. It is not necessary to close the Kathara Lines after using 
‘Sequence-1 Points as they will close automatically in several hours. if one desires 
to further revitalize the cellular structure, running the Sequence-2 Kathara Points for 
closing the Kathara Lines will increase the amount of energy running through the 
body cells, as the Kathara Lines are no longer absorbing the energy. 

Sequence-1 Points regenerate and re-batance the Kathara Core first, which 
creates more lasting but less immediate changes in the body. Sequence-2 
Points close the Kathara Lines if they are opened and draw energy from the 
Maharic Shield directly into the bio-energetic field and physical cells, rather 
than the core Kathara Grid, creating more immediate, but temporary, 
revitalization of the body. The patterns held within the Kathara Grid- core 
holographic template will eventually override those set into the blo-energetic field 
alone. Used in combination with each other the Sequence-1 and Sequence-2 
Kathara Points can affect more lasting revitalization by simultaneously 
realigning the core template and the outer layers of the bio-energetic system 
and cellular structure. In combination with other Kathara Healing techniques the 
affects and restoration of the Imprint for Health are further amplified and accelerated, 
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entered into the outer levels of the Bio-energetic Field and Chakra System, to realign disharmonic 
Patterns of frequency running through the Chakras, Auric Field and. Physical Cells. When the 
Nadis, Chakras and Outer Bio-energetic Field are opened to receive 11 and 126, dimensional 
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HE 68 
14 SEQUENCE 1 KATHARA POINTS 


Regeneration of the Imprint for Health 


Sequence-1 Kathara Points OPEN energetic gate-ways within the 
Kathara Lines of the Kathara Level-1 12-Tree Grid, to receive electro- 
tonal reprogramming for regeneration of the Imprint for Health. 
Sequence-1 Points are used to open the Kathara Lines Prior to other 
energy-healing applications, to open the Kathara Grid so the Tegenerative 
pattems of other healing applications can “ground” within the Kathara. 
Sequence-1 Points re-generate and rebalance the Kathara Core first, 
Creating more lasting but less immediate changes in the body, 


BELOW SHOULDERS 

7 &8....... ABDOMEN IN FROM HIPS 
9.8 10......BACKS OF KNEES 

11 & 12....SOLES AND TOPS OF FEET 


Instructions: Breathe slowly and deeply. Imagine a flow of energy 
Tunning from the Maharic Shield (12" below feet), up into the body 
through the soles of the feet and the 1** Chakra. Gently rub the Kathara 
Points with fingertips for 10 - 20 seconds each, following the precise 
sequence described above, 
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14 Sequence-1 Kathara Points for = 


LOCATION & APPLICATION SEQUENIGE 1 


CROWN y) Gs ) 4 


Galan TEMPLES 


The 


BASE OF SKULL 


5 & 6........BELOW SHOULDERS 


-ABDOMEN IN FROM HIPS 


9& 10......BACKS OF KNEES 


11 & 12....SOLES AND TOPS OF FEET 


474 HEART CHAKRA. 


‘14... .6™ THIRD EYE CHAKRA 


Instructions: Breathe slowly and deeply. Imagine a flow 
of energy running from the Maharic Shield (12" below fest), 
up into the body through the soles of the feet and the 

1% Chakra, Gently rub the Kathara Points with fingertips for 
10-20 seconds each, following the precise sequence 
described above, 


ME 70 
6 SEQUENCE 2 KATTIARA POINTS 


Revitalization of the Imprint for Health 
Sequence-2 Kathara Points CLOSE energetic gate-ways within the 
Kathara Lines of the Kathara Level-1 12-Tree Grid, to direct restorative 
frequencies into the outer levels of the Bio-energetic Field for 
revitalization of the Imprint for Health within the physical cells. 
Sequence-2 Points are used to close the Kathara Lines following use of 
the Sequence-1 Kathara Points or other energy-healing applications, to 
close the Kathara Grid so revitalizing frequencies can directly enter 
various outer /evels of the Bio-energetic Field, such as the Auric Levels, 
Chakras, Meridians, DNA and physical cells. Sequence-2 Points 
revitalize and rebalance the outer levels of the Bio-energetic Field first, 
creating more immediate but temporary changes in the body. 


18 2.......NECK, BELOW EARS 
3 & 4.......BELOW CHEEKBONES 


5. .-eovseseneBASE OF TAILBONE 


_.. THYMUS 


* AMPLIFER -3°° SOLAR PLEXUS CHAKRA 


Instructions: Breathe slowly and deeply. Imagine a flow of energy 
running from the Maharic Shield (12" below feet), up into the body 
through the soles of the feet and the 1st Chakra. Gently rub the Kathara 
Points with fingertips for 10 - 20 seconds each, following the precise 
sequence described above. 
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se 


2a Kathara Points for Rete 


LOCATION & APPLICATION SEQUENCE 


1 &2.......NECK, BELOW EARS 


3 &4...:... BELOW CHEEKBONES 


.--»BASE OF TAILBONE 
(one paint on each sie at bass of tabone) 


HYMUS 


* AMPLIFER -3® SOLAR PLEXUS CHAKRA 


Instructions: Breathe slowly and deeply. Imagine a flow 
of energy running from the Maharic Shield (12" below feet), 
up into the body through the soles of the feet and the 

4 Chakra. Gently rub the Kathara Points with fingertips for 
10-20 seconds each, following the precise sequence 
described above. 
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TECHNIQUES 2*° 


THE MAHARIC SEAL AND THE LIQUID LIGHT CLEANSE 


1. Close your eyes and visualize the image of a flat (2-dimensional line drawing) 
6-Pointed Star of David (The Merkaba Star) made of White Light, stationed at 
the 6'-Chakra on the inside of the Forehead. (If you cannot yet generate inner 
visualizations, simply imagine that the symbol is there.) Continue to visualize or imagine, 
and move the White Merkaba Star image over toward the left in your inner field 
of vision. In the center of your inner field of vision, visualize/ imagine the image of 
another Merkaba Star, made of a Dark Silver Light. Observe or imagine the 2 
Merkaba Stars in your inner field of vision and then slowly move the images 
toward each other until they have merged into one Merkaba Star Symbol made 
of Pale Silver Light. (The Pale Silver Double Merkaba Star Symbolis called the 
HENCrT ANTES the scalar wave template that governs the release of phase-lock on the 


2. Visualize! imagine the Hierophant Symbol clearly in mind, then shift attention 
to the sound of your breath. Take several slow, deep breaths. On the next 
EXHALE use the force of breath to forcefully push the Hierophant down from its 
Position at the 6*-Chakra, through the Central Body Current and into the Earth’s 
Core. Take a few more slow breaths while visualizing/ imagining the Hierophant 
‘Symbol in the center of the Earth's core. Imagine now that the Hierophant. ‘begins 
to spin in the Earth's core, the Dark Silver Merkaba Star and the White Merkaba 
‘Star spinning in opposite directions. Spin the Hierophant progressively faster 
until it “takes on a .life of its own’, and suddenly “pops and expands" to form a 
Pale Silver Sphere of Light spinning in the Earth's core. 


3. Observe the Pale Silver Hierophant Sphere spinning in Earth's core, then 
visualize/ imagine that a huge, horizontal Pale Silver spinning disc 
out from the Hierophant Sphere, forming a massive Pale Silver Disc of Light 
Spinning throughout the Earth and extending outward into the atmosphere as a 
rotating, horizontal plane. 

This horizontal dsc-plane extending through the Earth represents he Mahara Hove Body, or Maharie 
‘Shield of the pianetary morphogenetic field ~ the Pre-matter Liquid Light scalar grid composed of frequency 
from dimensions 10, 11 and 12. (Known as the Shield of Amaratena), Using the Hierophant wave template 
you have now actvaled the planetary Mahario Shield, opening the Planetary Bio-feed Interface System™ 
‘into your blo-energeic field. This consitutes opening your personal Kathara Grid and morphogenetic field 
into the Planetary Kathara Grid and morphogenetic field, allowing you to craw an unlimited supply of energy 
from the planetary field. You can raw in only as much as your personal morphogenetic feld can hold. With 
Fepeltin ofthis pracios the energy-holding capacity of your Kathara Grd progressively increases, allowing. 
you @ continually expanding supply of energy for healing and revitalization. 
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light > photodiode 


Figure 21-4 Two side-looking photodiodes. Left: Vishay 
|BPV22NF with lens. Right: Vishay BPW83 without a lens. 
Both have daylight-blocking filters. 


Wavelength Range 

In order for a photon to be detected by the 
photodiode, it must carry enough energy to be 
able to create an electron-hole pair. This energy 
is a property specific to the semiconduct mate- 
rial, and is known as its band gap. Additionally, 
the epoxy packaging of the photodiode may be 
designed to block some wavelengths of light. 
Often, an application will require that the com- 
ponent should only respond to infrared light, 
not visible light. 


Photodiode Arrays 

A photodiode array has several photodiodes 
mounted in a row or in a grid, for imaging or 
measurement applications. A row of photodi 
des may be used in a flatbed scanner, where it 
is moved relative to the reflective object being 
scanned. 


In some arrays, photodiodes are available with 
color filters preinstalled, to facilitate full-color 
scanning using the transmitted primary colors. 


Output Options 

Because the output from a photodiode must be 
processed to be usable, options exist to convert 
it to a more convenient form, such as a wider 


Variants 


range of voltages, a square wave signal where 
the frequency is proportional with light input, 
or a binary value accessible by a microcontrol- 
ler via a serial bus such as 12C. For a discussion 
of sensor outputs see Appendix A. 


Specific Variants 


Light to Frequency 
The Taos TSL235R is a 3-pin, through-hole 
chip. It combines a photodiode with logic 
that creates a square-wave pulse train in 
which frequency is proportional to the 
light intensity. 


Logarithmic Light Meter 
The Sharp GA1A1S202WP light sensor has 
an output voltage that changes logarith- 
mically with the light level. This gives the 
sensor a large dynamic range, from 3 lux 
to 55,000 lux, without requiring a high- 
resolution analog-to-digital converter. 
(Human perception of light and sound 
levels is approximately logarithmic.) This 
is a surface-mount chip, but is available 
on a breakout board from Adafruit. 


Ultraviolet to Analog 

The ML8511 from Lapis Semiconductor 

combines an ultraviolet-sensitive photo- 
de with an op-amp that provides an 
output voltage from approximately 1V to 
3Y, varying with ultraviolet intensity. A 
breakout board containing this surface- 
mount chip is available from Sparkfun 
and many other sources. 


Ultraviolet to Digital 
The S11145 from SiLabs combines ultra- 
violet sensing with data processing to 
create a UV index, readable from a micro- 
controller with I2C. Adafruit offers it on a 
breakout board. 


Colorto Digital 
The Taos TCS3414FN module contains 
photodiodes sensitive to red, green, blue, 
and clear (no filtering). Four 16-bit 
analog-to-digital converters, one for each 
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FE 60 
TECHNIQUE # 2: Continued 
THE MAHARIC SEAL AND THE LIQUID LIGHT CLEANSE 


4. While remaining aware of the Planetary Maharic Shield spinning on a horizontal 
plane throughout the Earth's body, return the focus of your attention to the 
spinning Silver Hierophant Sphere rotating at Earth's core. (You will now use the 
Hierophant Sphere to activate your personal Maharic Shield and release the 
12%Dimensional Pillar of Light within your bio-energetic field). Take several slow, deep 
breaths, while visualizing/imagining the Hierophant Sphere spinning in Earth's 
core. On the next INHALE, draw the Hierophant Sphere up from Earth's core 
with the inhale breath, forming a Pale Silver Cord about 6" thick trailing behind 
the Hierophant as it rises to the 12% Chakra, 6” beneath the feet. One end of the 
Silver Cord remains rooted in Earth's core, the other end is attached to the 
Hierophant Sphere and follows its movement. Visualize the 12% Chakra as a 
‘small, transparent disc about 3" in diameter, positioned 6" below the feet. Stop 
the movement of the Hierophant in the center of the 12% Chakra, imagine the 
Sphere beginning to spin and visualize the diameter of the 12" Chakra disc 
expanding to about 6” in diameter, as the Hierophant spins at its center. Take a 
few slow, deep breaths as the Hierophant spins in the center of the 12 Chakra. 


5. On the next INHALE draw the Helrophant Sphere up from the 12 Chakra, 
through the Central Body Current and up to the 14% Chakra 36” above the 
head. As the Hierophant Sphere rises, visualize the 6” thick Silver Cord 
drawing up through the 12% Chakra and farther up through the Central Body 
Current, following the path of the Hierophant Sphere to the 14% Chakra. 
Visualize the Silver Cord as a long, thick Pale Silver Cord of Light, running 
from the Earth's core, through your body and out the top of your head, 
connecting to the 14 Chakra 36” above the head. Take several deep, slow 
breaths while imagining that you can fee! the sensation of this massive current of 
clear, pure energy running through the.center of your body. 


6. On the next EXHALE, push the spinning Hierophant Sphere down through the 
Central Body Current, while leaving the top end of the Pale Silver Cord 
attached to the 14% Chakra 36” above the head. Move the Hierophant down 
through the 12" Chakra 6” below the feet, and stop the Hierophant 6” below 
the 12% Chakra; a position about 12” below the feet. This is the location of the 
Maharic Shield within the morphogenetic feld of the body. Breath slowly and 
visualize the Hierophant spinning progressively faster 12" beneath the feet, until 
the Hierophant “takes on a life of its own" and suddenly “pops and expands" to 
form an expanding horizontal disc of Pale Silver Light spinning 12” beneath 
the feet. Feel the disc as a circular platform 3 yards in diameter below feet. 
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TECHNIQUE # 2: Continued 
THE MAHARIC SEAL AND THE LIQUID LIGHT CLEANSE 


7. Call to mind the image of the massive horizontal disc of Pale Silver Light spinning 
through the Earth's body — the Planetary Maharic Shield. Imagine the sensation 
of the large, spinning Pale Silver platform disc Spinning 12" beneath your feet — 
your personal Maharic Shield. Breathe slowly and deeply while visualizing/ 
imagining a massive rush of pure, cool Pale Silver energy running fromthe 
planetary Maharic Shield, up through the Pale Silver Cord and into the personal 
Maharic Shield 12” beneath your feet. Breath as this energy runs, filling your ~ 
Maharic Shield to its energy-holding Capacity. When your Maharic Shield has 
Teceived as much Pale Siiver energy as it can hold, it will ‘ake on a life of its 
own", and suddenly “pop and expand” upward into an oscillating Pale Silver 
Pillar of Light. ‘Surrounding and permeating the body, a tube of | light extending 
beyond the body about 18", and running from the Earth's Core to the 14h 
Chakra 36° above the head. Feel the reality of ‘your body encased in the cool, 
tefreshing Pale Silver Pillar of oscillating light. Take a few slow deep breaths and 
imagine the energy from the Pillar emanating through all of your body cells. Your 
Bio-energetic Field is now sealed with a protective banier of 1112 Dimensional frequency ~ 
the Maharic Seal, 


8. As the Pale Silver Pillar of Light oscillates around you, place your attention for a 
moment at the 13 Chakra in Earth's core and INHALE a final Spark of Pale 
Silver Light from Earth's core, drawing the Spark up through the Pale Silver 
Cord, into the Main Vertical Channel of the Kathara Grid, and into the center 
of the 4 Heart Chakra. Breath slowly and easily while visualizing energy from 
the Silver Spark radiating throughout the embodied 12-Tree Kathara Grid, filling 
it with Pale Silver Light. When the Kathara Grid has reached its energy-holding 
capacity, the 12” Chakra will automatically contract to decrease the flow of Silver 
Light from the Earth's core. As the 12% Chakra contracts, the Planetary Maharic 
Shield stops spinning and transmitting energy through the Silver Cord, returning 
the Silver Chord to its dormant state. The Maharic Seal Pale Silver Pillar of 
Light will remain in your bio-energetic field between 1-3 hours. Over a month 
period of frequent, consistent daily practice of this process, the Maharic Seal will 
self-sustain in the bio-energetic field for 12-14 hours. 
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TECHNIQUE # 28: THE MARARIC QUICK SEAL, 


‘Werk with & 24 pointed, 3 Dimensional Star (Heirophant) and be aware that you will be 
working with beings known as the Breneau Rishi .., 


2 Begin by slowing your breathing , as you imagine or visualize @ 24 point, 3 Dimensional, 
Heirophant at the Pineal Gland in the center of your brain. Visualise the Heirophant 
surrounded by a Pale Blue Sphere of Light. 


(The Blue Sphere serves as a buffer for your readiness to accept the frequencies 
essociated with using the 24 pointed Star; the Blue Sphere holds the ‘energy for you until 
your body can handle the energy. If you can handle it, the eneray will simply pass 
through the blue sphere). 


3 INHALE, as if you are going to grab the blue sphere ecntaining the 24 point star located 
at the Pineal, and on the EXHALE move the 24 point star/ blue sphere, all the way down 
to Earth’s Core, Try to hear a sound tone as the Heirophant/ Sphere hits the Planetary 
Shield ... 


4 INHALE and draw the Heirophant/ sphere up to your Personal Maharic Shield 12" below 
your feet ... and EXHALE while watching the Pale Slver-Blue sphere expand out fo a 
large sphere ... and watch as your Maharic Shield pop out as a disc, about 4’ in diameter, 
Pale Silver with a light coating of Pele Blue. 


5 Bring your attention to the center of your Maharic Shield 12" below your feet ... and 
INHALE the 24 point Star (only) up into the Heart Chakra. EXHALE, expanding the 
Of the 24 point Star into the Heart Chakra. 


6 INHALE to grab the 24 point Star, and EXHALE, pushing the Star up into the 14" Chakra 
36" above the head. Imagine that the 24 point Star is spinning in a clockwise direction in 
the 14" Chakra. As you do this, try to fes/ sense the energy around you, just a few 
inches out from your bad ... 


7 —_Now, put youir attention into your Maharic Shield 12" below your feet, take a couple of 
‘relaxing breaths and INHALE deeply puling the Pale Silver and Blue energy up, as if you 
are pulling on your Maharic Seal to latch it on to your 14" Chakra. Try and feel the 
Sensations just a few inches from your Body now —feel the difference if you can. ‘This 
Procedure gives you a Quick Seal, 


8 —_Now envision the cord of Pale Siiver Maharic Light that would normally come up with your 
Shield and focus on the Eerth's Core. Begin drawing energy all the way up the 4” 
diameter cord and into the body. INHALE the energy up into the Heart Center, and 
expand it there. Begin to form a pale Silver ball of Maharic frequency. 


‘On each EXHALE send your energy down to the Earth's Core to bring up another load of 
Maharic frequency, up from the Planetary Shields, expand it into the Heart center and 
repeat several times. Notice that the Cord grows larger as you do this, expanding from 
approximately 4” to 6 to 8" diameter, until finally it feels like a skin around (as well as 
Within) your body ... a you load your Astral field with Maharic Frequency. 


2 Move your attention to the Pale Silver ball you have created in your Heart Center, 
INHALE and move it up to the 14" Chakra 35" above your head .. as you do, feel for the 
sheath of Maharic Frequency encasing your etheric body, close to your skin, (This 
Maharic/ Christos skin charges, and saturates, your etheric body — feel the peacefulness 
and all-knowing nature ofthis frequency), 
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q TECHNIQUE # 2: Condensed Version 
X|_ The Maharic Seal and Liquid Light Cleanse 


SYMBOL SHORTHAND |= 


Symbol Shorthand is used to help in remembering 
the primary steps of-a technique 


|. Silver Hierophant Star at Chakra 6 


EXHALE Hierophant Star from Chakra 6 fo Earth's Core —Spin Hierophant Star at 
Earth's core-until it pops into Hierophant Silver Sphere at Earth's core. 


|. Hierophant Sphere spins at Earth's core until Silver Disc of Earth's Shield 
emerges. 


|. INHALE- Hierophant Sphere up from Earth's core to Chakra 12 trailing Silver 
Cord from Core. 


3. INHALE. Hierophant Sphere up from Chakra 12 to Chakra 14, trailing Silver 
Cord. 


). EXHALE- Hierophant Sphere down from Chakra 14 to Personal Maharic Shield 
and spin Hierophant Sphere until Personal Shield pops out to become Silver disc 
plane 12"beneath feet. 


. Draw Silver energy into Personal Shield from Earth's Shield through Silver Cord, 
until Personal Shield is filled and pops to become vertical Pillar of Silver Light 
around body. 


. INHALE-draw Spark of Silver Light from 13% Chakra at Earth's Core, into main 
vertical channel of Kathara Grid then to Chakra 4; from Chakra 4 transmit energy 
from Spark to fill 12-Tree Kathara Grid. Chakra 12 auto-shut down when 12-Tree 

Grid is full. 
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+e 74 
The Planetary Bio-Feed Interface System and the Maharic Seal 

Use of the Maharic Seal and Liquid Light Cleanse begins the process of activating the 8% 
through 42 Chakras and opening the naturel PLANETARY. BIO-FEED INTERFACE 
‘SYSTEM (PBIS) within the human body. Through the PBIS, the finite quanfty of scalar 
frequency of which the personal Maharic Shield, Hova Bodies and individual identity are 
composed expands to infinite potential, as the Planetary Scalar Shields can be used to 
‘open dormant Crystal Seals within the Scalar Shields ofthe personal Level-2 Kathara Grid. 
Once activated through the 12% Chakra, the PBIS opens a conduit of perpetual energetic 
supply between the human body and the planetary Morphogenetic Field, allowing the 
botiy to continually draw in as much higher dimensional frequency as the DNA Template 
can hold. : 

With the PBIS activated, the human body can also become a tool for reprogramming 
and re- balancing the Planetary Shields, Vortices, Ley Lines and energetic grids of the 
Planetary Templar Complex. When the Crystal Seals ofthe personal Shields are released, 
the human DNA Template can serve as a bio-electric conduit for running higher 
cimensional frequency into the Planetary Shields, The human body, wit its 12-Strand DNA 
Template potential, isthe only mechanism on Earth, other than the Planetary Shields 
themselves, that is capable of running a full 12"-Dimensional Maharic Current. Just as within 
the human Manifestation Template, the Maharic Curent can be used to purge distortions 
within the Planetary Shields, torestore the Planetary Templar Complex to its original Primal 
Order. Kathara Healing technologies not only provide the opportunity for individuals to facilitate 
healing in other biological fe forms, they also reawaken the human potential to facilitate 
healing within the geophysical planetary body. 


The Planetary Bio-Feed Interface System™ 


PERSONAL KATHARA GRID 
oo = 
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PLANETARY KATHARA GRID 
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SE 75 
The Maharic Seal and Client Sessions 

‘Through understanding the Context of Healing- The Structure of the Unified | Field, the 
Elements of Healing - The Anatomy of the Human Body Kathara Grid and Kathara Healing 
Beginning Applications - Morphogenetic Repatteming through the Maharic Seal and ‘Liquid 
Light Cleanse and Awakening the Mentor for access to 5" Dimensional awareness, the 
Kathara Healing Facilitator has developed the rudimentary skills necessary to begin personal 
Core Holographic Template Healing. To effectively facilitate Core Template healing in 
others itis important for Kathara facilitators themselves to employ personal Template 
Healing é 

‘The sblty to hold the 12%-Dimensional Maharic frequency sub-harmonics (the 12"sub- 
frequency band within each of thé full Dimensional Frequency Bands) in body to assist in its 
transmission to a client for healing support increases as the facilitator utilizes the Maharic Seal 
and Liquid Light Cleanse téchnique for personal healing. The Mahar Seal and Liquid Light 
Cleanse technique not only increases the facilitator's ability to transmit 12"-Dimensional 
frequency sub-harmonics, italso temporarily realigns distortions within the facifiator’s bio- 
energetic field and Kathara Grid and creates a temporary 12Dimensional Scalar 
Frequency Seal within the faciliator’s bio-energatic field. Without use of the Maharic Seal, 
‘the facilitator will inadvertently transmit bio-energetic field and Kathara Grid distortions 
to the client and will energetically pick up scalar distortions (including part of the “Karmic” 
Miasmic Imprint) from the client. (This problem occurs in all sublle-energy healing modalities 
that do not employ the Maharic Seal). Both of these concitions serve to amplify, rather than 
remedy, dis-ease and disharmony within the Mind-Body-Spirit system, for both facilitator and 
client. For these reasons, the Maharic Seal and Liquid Light Cleanse technique needs to 
be omployed prior to ANY healing facilitation work, to protect the bio-energetic field 
integrity of facilitator and client. The Maharic Seal and Liquid Light Cleanse technique 
represents the faciitator's preliminary preparation prior to Kathara Healing Facilitation 
Client Sessions.. 


Safety tx Heating Factlitation! 


‘step belore any Kathara 


eliminary 
Healing application end is needed to 
<ffectvely run intersimensional healing 
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CO-GENERATIVE hEALING 


The final phase of education necessary before engaging the adventure of 
Kathara Healing Client Facilitation is rediscovering the structure of personal 
Multi-dimensional Identity and how to use the personal Hova Bodies to tap the 
higher dimensional scalar frequencies for enhanced healing facilitation ability. 
The ability to understand and utilize the PRECISE HEALING CURRENTS of the 
interdimensional spectrum adds greater power and skill to the healing 
facilitation process. Unlike many other energy healing systems, Level-1 Kathara 
Healing trains the facilitator to identify, awaken within the body and employ in 
client service specific combinations of interdimensional healing current that 
fine-tune and amplify the beneficial effects of subtle energy healing. This chapter 
will conclude with an overview of the 4 PRIMARY TRIADIC HEALING 
CURRENTS, 4 of the 5 3-Dimensional Primal Energy Currents that can be 
awakened within the body through activation of the Maharic Shield. 

The natural Primal Triadic Healing Currents, which exist naturally as part of 
the personal Hova Body, Scalar Shield and Kathara Grid anatomy, create 
powerful, effective and user-friendly energetic healing tools when combined with 
the 12%Dimensional frequencies of the Maharic Shield. Running the Triadic 
Currents is achieved by using the current to first activate the frequencies of the 
corresponding Hova Body and station of awareness within the personal Scalar 
Shields and DNA Template. Once activated in the DNA Template, the Hova 
Body is used to draw perpetual supply of the desired current from the 
Dimensional Unified Field corresponding to the chosen current. Running the 
Triadic Currents requires activation of the corresponding frequencies 
within the facilitator’s DNA Template, thus using the Triadic Currents in 
Client facilitation also serves to progressively stimulate and expedite 
activation of dormant frequencies in the facilitator’s DNA Template. Using 
the Triadic Currents in client facilitation serves to accelerate the processes of 
Holographic Recoding, higher identity Hova Body integration and multi- 
dimensional evolution within the Body-Mind-Spirit system of the facilitator, as well 
as that of the client, creating a condition of CO-GENERATIVE HEALING 
between client and facilitator. 


C FOUNDATIONS OF HOLISTIC HEALING 


Healing, Evolution and Ascension 

In the Kathara Healing paradigm the art and science of healing the Body-Mind- 
Spirit system is viewed in terms of the human relationship to the natural structure 
and dynamics of creation. Healing becomes a necessity when the intrinsic 
energetic systems and scalar-wave constructions of consciousness upon 
which the biological manifestation is built become incongruent with the 
natural Primal Order of the dimensionalized Time Matrix system. The 
processes of natural healing and the hidden, organic functions of human 
evolution are intimately intertwined. Conditions that facilitate natural healing also 
facilitate fulfillment of the naturally intended course of human evolution, while 
conditions detrimental to Body-Mind-Spirit health are likewise detrimental to the 
evolutionary objectives of both the individual and the species. 

The processes by which lasting healing occurs through re-genesis of Primal 
Order within the Scalar Shields and personal anatomy, are the same processes 
by which the CONSCIOUSNESS evolves to the fulfillment of Spiritual 
Actualization, through embodiment of the 12-dimensions of consciousness 
inherent to human DNA Template design. The genetic code of the biological 
imprint is built upon the Scalar-wave Templates of Consciousness that serve to 
hold the identity as energetic substance into physical embodiment. Distortions 
within the physical manifestation indicate distortions in the Manifestation 
Template and thus constitute distortions in CONSCIOUSNESS. Genuine 
healing is a FUNCTION OF CONSCIOUSNESS, first and foremost, and it is 
through realignment of consciousness itself that full healing can occur. 

In the Kathara program it is understood that biology and consciousness 
are intimately intertwined and thus interdependent. The techniques of Bio- 
Regenesis provided in Kathara Healing assist in the Processes of restoring the 
Organic Imprint for Health while simultaneously serving to expedite the 
natural processes of interdimensional evolution through DNA Template, 
Kundalini, Crystal Seals and Merkaba activation. Human evolution is nota 
random, goal-less occurrence; it is rather an ordered system of 
interdimensional physics dynamics by which human consciousness 
progressively masters the contours of creation in time. The evolutionary 
objective of human creation is mastery, which is progressively attained through 
the dynamics of Transmutational Dimensional Ascension. Ascension is 
therefore the intrinsic and indelible goal within human evolution, the hidden 
impetus for action that moves the human species forward in time. 
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Values 


channel, provide a digital output accessi- 
ble over an 12C bus. This module can be 
used to determine the color of ambient 
light with some accuracy. 


Color to Analog 

The Taos TCS3200 also uses red, green, 
blue, and clear photodiodes but encodes 
the output from each as a square wave in 
which the frequency corresponds with 
the light intensity. The surface-mount 
chip is available on a breakout board from 
Robot Shop, shown in Figure 21-5. 


Figure 21-5 This breakout board from Robot Shop uses 
the Taos TCS3200 chip to analyze the color of incident 
light 


jons found in datasheets are included 
in the list below, with values in parentheses for 
an Osram SFH229FA infrared photodiode, 
which resembles a 3mm through-hole LED. It 
has a peak sensitivity of 880nm and appears 
black to the human eye, being opaque to wave- 
lengths of light shorter than 700nm, the red 
end of the visible spectrum, 


In Figure 21-6 the SFH229FA is shown beside 
the SFH229, which has the same peak sensi 
ity of 880m but is encapsulated in an untinted 
module, allowing a sensitivity that tapers grad- 
ually to below 400nm, in the green part of the 


radiation > light > photodiode 


visible spectrum, With the exception of their 
spectral range, the two photodiodes have iden- 
tical specifications. 


Figure 21-6 Osram infrared photodiodes SFH229 (lett) 
and SFH229FA (right). The background grid is in milime- 
ters 


+ Typical forward voltage: V_ (1.3V) 
+ Typical photocurrent: lp (20H) 


+ Maximum power 
(150mw) 


dissipation: Pror 


+ The half angle is measured from the 
axis of the photodiode to the angle at 


which the sensitivity has dropped by 
50% (plus or minus 17 degrees) 


+ Dark current: Iz (50pA) 


+ Wavelength of maximum sen 
max (880m) 


ry As 


+ Response speed is the rise and fall time 
of photocurrent: t, and t, (10ns) 


Infrared photodiodes exist with a variety of 
peak wavelengths. They are designed to func- 
tion in conjunction with an LED that has a 
matching wavelength. 


Ba 


Encyclopedia of Electronic Components Volume 3 


Healing and Bio-S) ral Evolution 

‘When we begin running the higher dimensional frequencies of the 4 Primary Triadic 
Currents for Kathara Healing applications, we are, in truth, running FREQUENCIES OF 
CONSCIOUSNESS, that emanate from the Hova Bodies in which the expanded ‘Spiritual 
Portions of our personal identity are stationed. As we reawaken the higher dimensional 
frequencies of consciousness within the DNA Template we are progressively expediting the 
reintegration of personal Multi-dimensional Identity, serving the spiritual goal of Ascension 
through stimulating into acvation the sclontic dynamics of Unified Field Physics by which 
genuine Ascension occurs. Kathara Healing progressively restores the functions of universal 
physics dynamics within the human body, as they apply to the pathway of Ascension, and so 
Kathara Healing applications are considered to be processes of ACCELERATED BIO- 
‘SPIRITUAL EVOLUTION, as well as processes of holistic Body-Mind-Spirit healing, Both 
facilitator and client simultaneously receive the subtle but progressive benefits of evolutionary 
acceleration and spiritual development through Kathara Healing Bio-Regenesis 
Technologies, through which the expansion of personal consciousness inté the higher 
dimensional aspects of spiritual awareness occurs. 

Kathara practices serve to stimulate progressive integration and embodiment of the Mult!- 
dimensional Identity by activation of dormant portions of the DNA Template through which the 
‘Scalar-wave pattems of the higher frequencies of identity can enter the physical form. As 
spiritual advancement through Hova Body integration and DNA Template activation is a 
beneficial “side effect” of Kathara Healing practice, it is helpful for the Kathara facilitator to 
understand the order of Multidimensional Identity Structure, Itis also helpful to realize that 
the Unified Field of Energy utlized in Kathara Healing is, in fact, a UNIFIED FIELD OF 
CONSCIOUSNESS. Healing is @ function of energy dynamics and at its core, energy is the 
‘substance consciousness adopts to experience manifestation, thus HEALING IS A 
FUNCTION OF CONSCIOUSNESS. When personal consciousness is applied in ways that are 
‘congruent with the natural Laws of Unified Field Physics, the effects of healing and wellbeing 
are met in manifestation, 


MULTI-DIMENSIONAL IDENTITY STRUGTURE 


Consciousness and the Phys! Musion 
In Chapter 1 we explored the Structure of the Unified Field and discovered the morphogenetic 


framework, or Holographic Template upon which matier systems are constructed, We leamed 
how the structure of dimensionalization applies to the anatomy of the 15-Dimensional Human 
body, from the Core Template Kathara Grid, the Hova Bodies and Shields, to the Chakras, 
Bio-energetic Field and physical matter structures bullt upon them. We also discovered thet 
physical manifestation is not what appears to be - that nothing is really manifest at al, but 
only appears to be so due to the relationships of compartmentalized consciousness 
interacting with each other through the framework of dimensionalization. Our physical parts 
and our manifest world are scalar wave constructions, appearing solid and extemalized because 
we view them with 2 level of consciousness that is stalioned one full dimension above the wave 
forms we perceive as solid and objectiied. Our conscidusness structures itself into the scalar wave 
forms of dimensionality in order for us to perceive the illusion of manifestation, There is no 
Gifierence, other than the dimensional frequencies from which one is perceiving, between the 
substance that composes physical matier and that which composes our seemingly 
portions of consciousness. The core of reality is CONSCIOUSNESS - itis the energetic 
‘substance out of which all things are made. 
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3 79 
Hova Bodies. Platforms of Perception 

In this Section we will learn how the attributes of mind and sentient identity 
fit into the multidimensional anatomy of human consciousness. The scalar 
grids of the Hova Bodies and Shields that hold portions of our consciousness 
separate from each other so we may experience objectification, can be understood 
as PLATFORMS OF PERCEPTION. A portion of our conscious identity is stationed 
within each of the Hova Body Shields, and the dimensions contained within the 
Shield become the platform from which that portion of our selves will perceive matter 
objectification. We are simultaneously focused within each Hova Body 
Platform of Perception, and this gives us separated but interrelated stations 
of identity and different LEVELS OF MIND from which we simultaneously 
perceive. The amount of perception we are able to incorporate into our embodied 
focus on Earth is determined by the Level of Higher Identity Integration that has 
loccurred. Integration of Higher Identity is the merger of the Hova Bodies, which 
creates changes and advancement in the biological gene code that allows the 
Neurological and metabolic functions of the body to expand. 


THE 5 HOVA BODIES 
jtic Domains created 


3-Dimensional Electro-magne 
by the Scalar Shields that serve as stations of 
i dimensionalzed consciousness 
2)3)4)5 |. NADA HOVA Density-1 
ALPHI HOVA Density.2 
BETCHA HOVA Densily-3 


een 


RAJAHOVA Density-5 


Our Present Platform of Perception 
Presently we are accustomed to perceiving from the Platform of Perception 
provided by the NADA HOVA BODY, the scalar grid that houses the 1#, 2-4 and 30 
Diménsional Aspects of our identity and anatomy. While perceiving from the Nada 
Hova Body and the TELLURIC SHIELD that holds its form, we are functioning as a 
/3-Dimensional consciousness and will not be aware of the perceptions of the 
other levels of ourselves that are perceiving from the Platforms of Perception from 
the other Hova Bodies. As we expand and evolve we will progressively 
incorporate the portions of our awareness stationed in the other Hova Bodies” 
into our earthly focus of attention. 


The Higher Identity Structure of the Hova Bodies and related Levels of Mind 
within dimensionalization are as follows: 
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(eo Stations of Identity and Levels of Mind in the Hova Bodies 


INCARNATE IDENTITY: Nada Hova Body/ Telluric Shield / dimensions 1, 2 and 3. 
The Subconscious (D-1), Instinctual (D-2) and Reasoning (D-3) Levels of Mind 


‘SOUL IDENTITY: Alphi Hova Body! Doradic Shield/ Dimensions 4, 5 and 6 
‘The Astral (D-4), Archetype or Dora (D-5) and the Angelic (D-6) Levels of Mind 


OVER-SOUL IDENTITY: Betcha Hova Body/ Teuric Shield/ Dimensions 7,8and9 
The Ketheric (D-7), Monadic or Teura (D-8) and the Keriatic (D-9) Levels of Mind 


AVATAR IDENTITY: Mahara Hova Body/ Maharic Shield/ Dimensions 10, 11 and 12 
‘The Christiac (D-10), Buddhiac (D-11) and the Nirvanic (D-12) Levels of Mind, 


RISHI IDENTITY: Raja Hova Body/ Rishic Shield/ Dimensions 13, 14 and 15 
Universal Consciousness Mind 


There are 3 additional Platforms of Perception and 3 additional Hova Bodies 
beyond the structure of Dimensions;Hova Bodies that Tepresent 3 Levels of 
Ascended Mastery Identity, 


Sperttual Hetwabization is the process of progressive Higher 


Dimensional Identity Integration, Fegher Yelentétty Tetegration is 
the merger of the Haua Bodies, which creates changes and 


advancement in the biological Gewerée Zacle through progressive 
activation of dormant portions of the Seéécate Watréx 12- Strated 


@ Del Template. 5 
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Tne 4 PRIMARY TRIADIC HEALING CURRENTS 


Hova Bodies and the 4 Primary Triadic Currents 

Each of the Hova Bodies and Shields contains a portion of your energy-identity that 
exists in the form of electro-tonal impulse born of Partiki Phasing. The energy of 
your higher stations of identity and that of the Universal Unified Fields of 
Consciousness-Energy can be drawn into the Nada Hova body and earthly 
incarnate identity for the purpose of healing facilitation. There are four Primary 
Triadic Healing Currents, each corresponding to one of the four higher 
dimensional Hova Bodies. Through your corresponding Hova Body station you can 
draw energy from the higher dimensional Unified Fields and channel it into your 
Nada Hova Body for direction into healing within the first Harmonic. The 4 Primary 
Healing Currents are HARMONIC CURRENTS OF ENERGY, each composed of 
3 Dimensions of Frequency. Each Dimensional Band within a Harmonic or 
TRIADIC current is referred to as a PHASE of that current. In Kathara Healing we 
develop the ability to activate each progressive PHASE of each TRIADIC 
CURRENT, through grounding the current into the body via the activated 
MAHARIC SHIELD. 


tiadic Currents and Color 


Each Phase of Triadic Current corresponds to a wave length in the 
dimensional spectrum that appears as COLOR to the embodied human mind. 
In directing the Triadic Currents we therefore use the color translation of the 
primary dimension wave spectra to differentiate between Phases of current for 
various applications. The first current to be activated in Kathara Healing is the 
that of the DORADIC CURRENT, the frequencies drawn in from Harmonic 2 
through the Doradic Shield and Alphi Hova Body, The Doradic Current has 3 
Phases: Phase -1: 4% Dimensional current) GREEN wave, Phase-2; 5 - 
Dimensional Current! BLUE wave and Phase -3: 6-Dimensional current! Blue- 
Violet wave. in Level-1 Kathara Healing we learn to activate and run the Phase-1 


Green Doradic Current. 
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@_™ 4 Primary Triadic Currents and Hova Body Correspondences 


TELLURIC CURRENT: Nada Hova Body/ Telluric Shield / Dimensions 1, 2 and 3. 
Phase-1 RED, Phase-2 ORANGE-GOLD , Phase-3 YELLOW 


DORADIC CURRENT: Alphi Hova Body/ Doradic Shield/ Dimensions 4, 5 and 6 
Phase-1 GREEN, Phase-2 BLUE, Phass-3 BLUE-VIOLET 


TEURIC CURRENT: Betcha Hova Body/ Teuric Shield/ Dimensions 7, 8 and 9 
Phase -1 VIOLET, Phase-2 GOLD, Phase-3 Mid-tone Silver 


MAHARIC CURRENT: Mahara Hova Body/ Maharic Shield/ Dimensions 10, 11 and 12 
Phase-1 BLUE-BLACK, Phase-2 SILVER BLACK, Phase-3 WHITE 


TRANSMUTATION CURRENT 


(canbe vanamitd ony by {Perel Avatars wit it Mahara Hove negra) 


RISHIC CURRENT: Raja Hova Body/ Rishic Shield/ Dimensions 13, 14 and 15 
Phase-1 TURQUOISE, Phase-2 PALE YELLOW, Phase-3 MAGENTA 


Current Combining 

‘When using Triadic Phase Currents, each Phase current is combined with the 
current running from the activated Maharic Shield, in combination with the 
Phase current from the Harmonic ABOVE the Phase current you are using. 
‘The DORA DIC PHASE-1 current is therefore composed of: D-11/D-12 PALE 
SILVER (Maharic Shield), D-4 GREEN Doradic Shield Phase -1 AND D-7 VIOLET, 
the Phase-1 current of Harmonic 3 - Teuric Shield, one Harmonic up from Doradic 
Phase-1. In activating the DORADIC-1 (Doradic Phase-1) current you are using 
SILVER-GREEN-VIOLET color to direct Dimensions 12-11-7-4 current. 
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BINED TRIADIC CURRENT! 
Used in Kathara Healing 


TELLURIC 

PHASE-1: PALE SILVER (011812) + RED (0-1) + GREEN (D-4) 
PHASE-2: PALE SILVER + ORANGE-GOLD (D-2) + BLUE (D-5) 
PHASE-3:; PALE SILVER + YELLOW (D-3) « INDIGO (D-8) 


DORADIC ; 
PHASE-1: PALE SILVER + GREEN (D-4) + VIOLET (D-7) 
PHASE-2: PALE SILVER + BLUE (D-5) + GOLD (0-8) 

PHASE-3: PALE SILVER + INDIGO (D-6) + SILVER (0-9) 


TEURIC 

PHASE-1: PALE SILVER + VIOLET (D-7) + BLUE-BLACK (D-10) 
PHASE-2: PALE SILVER + GOLD (D-8) + SILVER-BLACK (D-11) 
PHASE-3: PALE SILVER + SILVER (D-9) + WHITE (D-12) 


MAHARIC: 

(Requires full 12-Strand DNA Template activation & accelerated DNA Template coding) 
PHASE-1; PALE SILVER + BLUE-BLACK (D-10) + PALE TURQUOISE (D-13) 
PHASE-2: PALE SILVER + SILVER-BLACK (D-11) + PALE YELLOW (D-14) 
PHASE-3:; PALE SILVER + WHITE (D-12) + PALE MAGENTA (D-15) 


(2 


In Level-1 Kathara Healing we begin preparing the body and DNA Template 
to receive the higher dimensional Phase Currents by initiating transmission of the 
Doradic Phase-1 Healing Current- the Pale Silver + Green + Violet frequencies 
of dimensions 12, 11, 7 and 4, 

Through the 7*-Dimensional aspect of the Teuric Shield and 11" and 12% 
Dimensional aspects of the Maharic Shield, the Doradic-1 Healing Current 
allows for recoding and realignment of the 1*-4"-Dimensional aspects of the 
Nada and Alphi Hova Bodies, the Telluric Shield and Physical, Emotional 
and Mental Bodies of Density-1, the D-4 aspect of the Doradic Shield and 
Astral Body, the 1°-4" DNA Strand Templates, the 1*-4" Chakras, and the 
4.4" Sub-harmonics of all Scalar Shields, DNA Templates, Hova Bodies and 
Chakras. Doradic-1 Healing Current is effective in clearing the Karmic-Miasmic 
imprint from the Density-1 Time Cycle incarn 1s and the beginning of 


@ Density-2 Time Cycle incarnations. 
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KATHARA BEGINNING APPLICATIONS 


ES The Hova Bodies of personal anatomy contain 
portions of our higher dimensional awareness, 
One can begin accessing this awareness by 
building a Perceptual Bridge between the 3- 
Dimensional Self and higher identity aspects, 


aM Taking conscious initiative in building a 
Perceptual Bridge expedites DNA Template 
activation and the organic evolutionary 
process. 


3¥€ The MENTOR Technique assists in building 
the Perceptual Bridge and activates dormant 
Kathara Lines in our Level-1 Kathara Grid to 
open communication between our D3 and 
Density-2, D4 and D5 levels of awareness. 
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+ The Mentor is a part of our awareness that is 


ae 


composed of 34, 4th and 5th Dimensional 
frequencies of consciousness, which exists as 
a quantity of Scalar Wave-patterns that span 
Densities 1 and 2. 


The Mentor Focus will be used in Kathara 
Healing for guidance, information retrieval 
and objective observation. It can also be 
used to access Cellular Memory, and in 
“Inner Child”, Bi-location, Remote Viewing 
and Dream work. 
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SE 54 
HORPHOCENENEC EQNING ANDO THE MATARIC SHIEUD 


a Through a process called Morphogenetic 
Repatterning, Kathara Healing effects the 
Core of Dis-ease and dis-harmony in the 
Body-Mind-Spirit system by repatterning the 
Scalar-wave Programs in the personal 
Holographic Template to their original Primal 
Order. 


REBATE 


In Level-1 Kathara Healing we learn the 
MAHARIC RECODING PROCESS- the most 
important level of Holographic Template 
realignment. 


The Maharic Shield is the 3-Dimensional 
Scalar Grid corresponding to the 10t, 11t and 
412*-Dimensional frequencies of Density-4, It 
represents the Original Point of 
Manifestation and holds our original."Liquid 
Light” Hydroplasmic Pre-matter Creation 
Imprint, which is the Organic Imprint for 
Health. 
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GTRENIS RETA SI, CY ONE 


lation > light> 


The angle of sensitivity depends on the geome- 
try of the package. 


Rise and fall speeds are important for high- 
speed measurement, signaling, or data transfer. 
The rise and fall time of a typical photodiode 
can be 1,000 times faster than that of a photo- 
transistor, See "Values" in Chapter 22 for a com- 
parison. Note also that the dark current of a 
photodiode is much lower than that for a pho- 
totransistor. 


How to Use It 


In photoconductive mode, the photodiode can 
be connected in series with a suitable resistor 
so that a voltage divider is formed, as shown in 
Figure 21-2. The voltage at the output will then 
vary almost linearly with the intensity of the 
light. 


In the photoconductive mode of operation, the 
output signal is generally measured in millivolts 
and microamperes. This signal needs to be 
amplified, usually with an op-amp (described 
in Volume 2). 


Figure 21-7 shows simplified schematics for a 
standard voltage amplifier, in section 1, and a 
transimpedance amplifier, in section 2. 


A transimpedance amplifier measures the cur 
rent through the photodiode and converts 
into a voltage, without the need for a voltage 
divider. Advantages include less noise, and no 
need to determine the value of a voltage- 
divider resistor. 


The output voltage of this amplifier is calcula 
ted by using this simple formula: 


v 


R* Ip 


Ris the value of the feedback resistor, which 
determines the gain of the amplifier. 


Voltage amplifier 


le 
& 


Output 


Transimpedance ampiiier EW 


HF Output 


Figure 21-7 Simplified op-amp circuits for use with pho 
todiodes. 


Chapter 21: photodiode 139 


ME 55 


He In Kathara Healing, the Maharic Shield 
Organic Imprint for Health is used to 
progressively repattern the embodied Kathara 
Grid and body systems to their original Primal 
Order. 


* The 12th-Dimensional Frequencies of the 
Maharic Shield contain within them the 144 
Sub-frequency Band Scalar patterns of ALL 
of the Dimensions below. 


ES 12%-Dimensional Maharic Frequency can be 
used fo effectively correct distortions in the 
lower dimensional levels of the Manifestation 
Template, Scalar Shields and Kathara Grid. 


OKEMICACL ONY CEMYS OIA 


cE) Tal 


+ Activation of the Maharic Shield serves as the fm 
RESET BUTTON for the embodied Kathara 
Grid and for 12 Dimensions of Body-Mind- S 
Spirit anatomy. 
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THE MAMARIC SEAL AND LIQUID LIGHT CLEANSE 


ae 


ae 


In bio-energetic healing, Level-1 Kathara Grid 
distortions override realignments made to the 
outer levels of the bio-fields alone. For lasting 
healing to occur, Level-1 Kathara Grid 
distortions must be realigned. 


The Maharic Shield, with its 144 Frequency 
Sub-Harmonics, is the only portion of the 
Morphogenetic anatomy that can fully repattern 
and realign the Level-1 Kathara 12-Tree Grid. 
In Kathara Healing, the Maharic Shield is 
used to realign the Level-1 12-Tree Grid. 


The Maharic Seal and Liquid Light Cleanse 
technique is used to restore distorted Partiki 
Phasing Sequences and Scalar-wave 
arrangements within the 3 Levels of the 
Kathara Grid and Scalar Shields. 


Realignment will be temporary until the 


Kathara Grid reaches “Critical Mass” of 
energy in the new, realigned pattern. 
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ES Until critical mass is reached, the outer levels 
of the anatomy will continue to reverse the 
Kathara Grid healing. With practice and 
consistent application of the Maharic Seal 
and Liquid Light Cleanse technique, the 
realignment of the Kathara Grid will become 
permanent. 


3 In future applications of Kathara Healing 
processes will be used to realign the outer 
levels of the bio-field and the Kathara Grid 
simultaneously, to expedite the healing 
process. 


a The Focus of Level-1 Kathara Healing is 
Morphogenetic Repatterning and 
Holographic Template Recoding via the 
Maharic Shield, to clear distortions and the 
Karmic-miasmic imprint from the personal 
Scalar Shields, Kathara Grid and DNA 
Template, utilizing the accelerated energies 
of the Planetary Bio-feed Interface System 
(PBIS). 


FGNVETO MMO CIAO GNY IWS DIVE SLL 
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KATIIARA POINTS 


Me Kathara Points are mini energy-vortex 
points in the body that connect directly to 
Diodic Point vortices in the Level-3 
Kathara Diodic Point Grid, 


34€ Stimulation of the Kathara Points through 


manual massage effects the movement of 


energy within related areas of the Kathara 
Grid and body systems. 


a Used in sequence, Sequence-1 Kathara 
Points for Regeneration open energetic 
gateways to the Kathara Lines of the 


Kathara Level-1 12-Tree Grid, to allow new, 


realigned scalar patterns from the Maharic 


Shield to run through the Kathara Lines and 


Kathara Grid for Core Template 
Repatterning. 


* Sequence-1 Kathara Points create more 
lasting but less immediate effects of 
realignment and healing. They can be used 
alone for deep healing and re-balancing of 
the Core Kathara Grid. 
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Eg Sequence-2 Kathara Points for 
Revitalization close Kathara Lines in the 
12-Tree Grid and channel energy into the 
Nadial Lines of the outer bio-energetic a 
field for more rapid revitalization and re- 
balancing of the outer auric levels, chakras ao 
and physical cells, 


2a) 
Bs Sequence-2 Kathara Points create more 
immediate but less lasting effects of 
realignment and healing, They can be used 
alone to create temporary revitalization of 
the outer levels of the bio-system. 


3 Used together, Sequence-1 Kathara Points 
can run Maharic energy through the core 
Kathara Grid for Template Recoding. 
Sequence-2 Kathara Points can then be 
used to direct the Maharic energy into the 
outer levels of the bio-field and physical 
body, to expedite healing through 
simultaneous inner and outer bio-field 
realignment. 


SFONANOAS LNIOd 
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ME 67 


E 3 In Kathara Healing, Sequence-1 Kathara 
Points are used to OPEN the Kathara Lines 
prior to running the Maharic Seal and 
Liquid Light Cleanse and Sequence-2 
Kathara Points can be used following the 
procedure to revitalize the outer bio-field 
and body systems. 


SFONANOAS LNIOd VAIWHMAW 
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12 
ThE MAMARIC SEAL, PBIS AND HEALING 
SHE Use of the Maharic Seal and Liquid Light 


aE 


Cleanse technique begins activation of 
dormant Chakras 8-12 and the Planetary 
Bio-feed Interface System (PBIS). 


Opening the PBIS allows energy from the 
Planetary Shields to be drawn into the 
human body for rapid activation of the 
personal Maharic Shield and Crystal 
Seals, to expedite the processes of DNA 
Template activation, healing, recoding of 
the Holographic Template and 
interdimensional evolution. 


Opening of the PBIS can also allow the 


human DNA Template to serve as a Bio- 


electric Conduit, through which the 
Planetary Scalar Shields and Electro- 
magnetic Grids can be realigned with their 
Primal Order for geophysical planetary 
healing. 
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* Through the PBIS humans can directly 


*€ 


facilitate healing of the Planetary Templar 
Complex from the Manifestation Template 
level, as well as facilitate healing in other 
biological organisms. 


Each use of the Maharic Seal and Liquid 
Light Cleanse technique assists in 
planetary healing, as the process 
progressively stimulates the Planetary 
Maharic Shield into activation, to realign 
Planetary Shield distortions. 


The Maharic Seal and Liquid Light 
Cleanse technique is used as preliminary 
preparation for ALL Kathara Healing 
applications. It creates a temporary 12th. 
Dimensional Scalar Frequency Seal in the 
facilitator's bio-field to protect both facilitator 
and client from taking on each other's bio- 
field distortions. 


ONTIVER ONY Sida “WAS SVL Ent, 


In healing applications, the Maharic Seal 
is needed to run interdimensional healing 
currents to their most effective 12th-Sub- 
Harmonic level. 
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BIO-SPIRITUAL EVOLUTION, ASCENSION AND 


E+ The processes by which healing occurs 
through re-genesis of Primal Order are the 
Same processes through which true 
Spiritual Actualization takes place. 


ME Biology and consciousness are intimately 
intertwined through the natural Laws of 
Universal Unified Field Physics, the 
energetic dynamics through which 
consciousness enters manifestation, 


3 The hidden impetus for action behind 
human evolution is the core species 
objective of Mastery of Co-creation within 
the space-time system. This Evolutionary 
Objective is obtained through achievement 
of the Evolutionary Goal of Transmutational 
Dimensional Ascension. 


Kathara Healing applications generate 
healing through restoring the Original 
Imprint for Health. 


7 


Restoration of the Original Imprint for 

~ Health simultaneously expedites the natural 
processes of evolution, through activation 
of the 12-Strand DNA Template, Kundalini 
energies, and Merkaba Vehicle and 
integration of the Hova Bodies, Scalar 
Shields and higher dimensional aspects of 
personal spiritual identity. 


TWURTIS-O1g 


SHE Kathara Healing facilitates healing while 
simultaneously facilitating Spiritual 
Actualization and expediting the Goal of 
Transmutational Dimensional Ascension. 


ES Healing is a function of consciousness. 
There is no difference between the 
substance that composes physical matter 
and the substance that composes 
consciousness, other than the dimensional 
frequency from which one is perceiving. 


ONFIVEl! ONY NOINENSY WOLATORS 


Me When personal consciousness energy is 
applied in congruence with the natural Laws 
of Universal Unified Field Physics, healing, 
wellbeing and Spiritual Actualization 


result. 
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What Can Go Wrong ion > light > photodiode 


What Can Go Wrong 2. Pass a weak current (e.g,, 4mA) in the 
SSS forward direction. If it emits visible or 


Photodiodes can be hard to distinguish from infrared light, it's an LED. (Infrared light 
phototransistors and LEDs, in particular infrared may be visible when using a digital 
ones. They are typically not marked with type camera, or can be detected with a 
numbers. Using a meter may not be helpful, as known phototransistor or photodiode) 
regular LEDs behave similarly to photodiodes. If the package is clear but cloudy so 


that the die cannot be seen, itis proba- 
bly a white LED in which the cloudiness 
1. Does the component conduct in either is the fluorescent pigment converting 

direction while shielded from light? If blue light into white. 

50, itis a diode and not a phototransis- 

tor or photodiode. 


Decision procedure: 


140 Encyclopedia of Electronic Components Volume 3 


HE 78 
MULTIDIMENSIONAL ENTITY STRUCTURE 


Human anatomy is a 15-Dimensional 
Scalar-wave construct. Part of our identity 
exists simultaneously within the Time 
Cycles of the higher dimensional Harmonic 
Universes. 


+ We are indelibly linked to our higher identity 
levels through our embodied Kathara Grid, 
Scalar Shields and DNA Template. As we 
evolve biologically to activation of dormant 
portions of our DNA Template and Scalar 
Shields, the conscious awareness of our 
higher identity levels progressively 
embodies. 


+e The 3-Dimensional Hova Body Electro- 
magnetic Domains and Scalar Shields that 
form them represent Platforms of 
Perception through which our higher identity 
levels perceive. 


* Merger of the Hova Bodies via activation of 
the DNA Template and Scalar Shields 
creates reintegration of the Multi- 
Dimensional Identity Structure. 
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4 DIARY TXIADIG TEALING CURRENTS AND DENY 


The 5 Levels of Multi-Dimensional Identity 
Structure are: Incarnate-Density-1, Soul- 
Density-2, Oversoul-Density-3, Avatar- 
Density-4 and Rishi-Density-5. There are 
also 3 Ascended Master identity levels, 
Hova Bodies and Shields existing beyond 
the dimensionalized Time Matrix. 


JL AWM iv 


3 In Kathara Healing we use the various 
levels of higher dimensional identity to draw 5) 
in healing current from the higher 
dimensional Unified Fields, by activating the © 
portions of the personal Scalar Shields, 
Kathara Grid and DNA Template that 
correspond to the higher dimensional Hova © 


WI 


Bodies. 2 
xe There are 4 Primary Triadic (3- 


Dimensional) Energy Currents that can be Si 
used in Healing Facilitation: The Telluric @ 
Current-Density-1, the Doradic Current- 
Density-2, the Teuric Current-Density-3 and 
the Maharic Current-Density-4. The Rishic 
Current of Density-5 can be run only by 
beings with full 12-strand DNA activation. 
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83 
Each of the 4 Primary Triadic Healing 
Currents corresponds to one of the first 4 
Hova Bodies of human anatomy. 


In Kathara Healing, the 4 Primary Triadic 
Currents are harmonically interwoven to 
create 4 powerful Combined Healing 
Currents. 


Each of the 4 Triadic Healing Currents has 3 
Phases, or 3 Phase Currents, each 
representing one of the three dimensional 
frequency bands within the Triadic Current. 


Each of the 12 Phase Currents is run in 
combination with the 11-12%-Dimensional 
Maharic Current and the Phase Current 
from the harmonic directly above, to form a 
powerful Triadic Healing Current. 


SLNEWND SVE DIGVIVL ZL 


In Kathara Healing, specific Healing 
Currents are directed by using the Color of 
their dominant wave-length. 
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E+ 3 Level-1 Kathara Healing teaches us to 


a 


activate our Doradic-Phase-1 Current- the 
Pale Silver (D11-12) + Green (D-4) + Violet 9 
(D-7)- for Healing Facilitation and personal 
DNA Template and Shield activation. 


The Doradic-Phase -1 Current can realign 
the 154th Dimensional aspects of the Scalar 
Shields, the 1s-4h Chakras, Axi-A-Tonal 
Lines and DNA Strand Templates, the 
Physical, Emotional and Mental bodies of 
the Nada Hova Body and the D-4 Astral 
body of the Alphi Hova Body. 


L-SISVHd-DIGgdwa1a@ 


Doradic-Phase-1 Current can also be used @ 
to realign the 15-4 Sub-Harmonics of ALL 
Shields, DNA Strand Templates, Axi-A-Tonal 23) 
Lines, Chakras and Hova Bodies and to a) 
clear the Karmic-Miasmic Imprint from the 
Density-1 incamational Time Cycles and the 
first part of the Density-2 incarnational 

Time Cycles. 
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GENERAL KATHARA HEALING 
FIELDWORK 


Skills to Facilitate Healing 
OPENING THE HEALING CHANNELS- DORADIC-PHASE-1 CURRENT, 
THE DORADIC SPHERE, DORADIC CORDS AND DORADIC BALLS, 


THE KARMIC-MIASMIC IMPRINT, INCARNATIONAL TIME VECTORS, 
VECTOR IMBEDDING. 


MULTI-VECTOR HOLOGRAPHIC RECODING THROUGH THE MAHARIC 
INFUSION. 


ATTITUDES AND ETIQUETTE IN HEALING, THE MOTIVATION TO HEAL, 
POSTURES OF LOVE, THE FRAMEWORK FOR HEALING AND FULLY 
ENGAGING THE LOVE VIBRATION. 

THE 6 STEP MAHARIC RECODING SESSION, MELCHIZEDEK CLOISTER 
ORDINATION AND BECOMING A PROFESSIONAL SPIRITUAL HEALING 
FACILITATOR-INSTRUCTOR. 

TECHNIQUES: 


#3- OPENING THE HEALING CHANNELS- DORADIC -PHASE-1 CURRENT 


#4- MULTI-VECTOR HOLOGRAPHIC RECODING KATHARA SCAN 
#5- THE MAHARIC INFUSION 
‘THE MAHARA SPACE COMFORT TOUCH 


( OPENING THE HEALING CHANNELS 


DORADIC-PRASE| CURRENT 


i ci d Signet tal Seal 

Asfvation of any Triadic Healing Current requires temporary release of the corresponding 
Signet Star Crystal Seals within the personal Scalar Shield and a temporary activation of the 
Portions of the dormant 12-Strand DNA Template that correspond to the Signet Seals. Signet 
Seals modulate the fiow of frequency between the 3-Dimensional Harmonic Density Levels. When 
Signet Seals are in their usual (for this time period) dormant phase, they keep the 5 Hova Bodies of 
the personal 15-Dimensional anatomy separate from each other by creating an electro-magnetic 
bamier or Magnetic Repulsion Zone between each 3-Dimensional level ofthe energetic anatomy. 
‘This Magnetic Repulsion Zone between embodied Harmonics of Manifestation manifests as 
polarity resistance to frequency inflow within the 3 Levels of the Kathara Grid, the Scalar 
Shields, Axi-A-Tonal Lines, Chakras and Auric Field levels ofthe embodied inner Templar 
Complex. In order to run higher dimensional frequency currents ‘through the physical body 
for healing applications, itis necessary to temporarily release portions of the Magnetic 
Repulsion Zones between the Hova Bodies. Releasing the electro-magnetic resistance to higher 
<dimensional frequency inflow within the Inner Templar Complex is achieved through temporary 
activation of the Signet Seals within the Kathara Level-2 Crystal Seals Grid of the personal 
Scalar Shields. 

Most contemporary energetic healing systems rely upon using the 1, 2! and 3*_Dimensional 
frequencies of the TELLURIC PHASE CURRENTS in the Nada Hova Body. Through the Nada 
Hova Body alone, only the 3-Dimensional Sub-Harmonics of higher dimensional frequency currents 
can be run, as the dormant Signet Seals block the faster moving Partiki Phasing Flashsline 
‘Sequences of higher dimensional frequency bands from running through the DNA Template. if a 
frequency band is blocked from running through the DNA Template that frequency cannot be 
energetically transmitted through the Nada Hova Body and physical bio-electrical systems. In 
conventional energy healing methods, even those emerging fram ancient systems of subtle 
energy healing, the Signet Seals, and thus the Scalar Shields, Hova Bodies and DNA Template 
remain dormant in their usually closed positon, phase-locked into @ 3-Dimensional orientation. 
While the DNA Template remains phase-locked into the 3-Dimensional orientation of the Nada Hova 
Body, only the 1# through 12 Sub-frequency bands (Sub-Harmonics) of 1 through 3°¢ 
Dimensional Current (Telluric Current), and the 4# through 3 Sub-frequency bands of 4! 
through 12% Dimensional Current can be run through the human body for transmission. Use of 
the lower frequency (slower Partki Phasing rhythm) Telluric Currents can effect temporary 
beneficial change in the outer layers ofthe bio-energetc field, but Teluic Currents alone cannot 
facilitate full repatterning ofthe 3 Levels of the Kathara Grid where Scalar Shield distortons that 
Cause genetic malfunction are embedded. The 11%12%Dimensional frequencies of the Pre- 
matter Hydroplasmic Maharic Currents are the only dimensional frequencies powerful enough to 
affect change in the embodied Kathara Grid. To run Maharic Current, and the high frequency 
interdimensional Triadic Phase Currents, through the human body requires release of the Signet 
‘Seals within the personal Scalar Shields. 
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Triadic Phase Currents, the Maharic Shield and the PBIS 


Most healing systems have not incorporated the Maharic Current into thel requency application 
Procedures because the Planetary Templar Complex has not been able to run a (D-12 Maharic 
Current through the planetary grids for 210,246, years, Like the human DNA Template, ifthe 
Planetary Shields and Manifestation Template are blocked from Processing interdimensional 
frequency, that frequency will be unavailable for use on te planet. I the Signet Star Crystal 
Seals (Star Gates) in the Planetary Shields are dormant, closed and phase-locked into Density-1 
orientation, no one on the planet will be able to draw interdimensional frequency into their personal 
Shields because the frequency is unavailable within the Planetary Shields. The personal and 
planetary Templar Complexes are intimately interwoven, and what effects one willinevitaby effect 
the other. 


In order to run the full spectrum of interdimensional ‘Triadic Phase Currents through the human 
body itis necessary to open the Signet Seals inthe personal Inner Templar and the Signet Star 
Gates in the Planetary Templar Complex. in Conventional human evolution, the internal Signet 
Seals, which serve as the Genetic Time Codes or “Fire Codes" ofthe human DNA Template, 
automatically, progressively and sequentially open over very long cycles of time. During the clow 
‘activation ofthe Genetic Time Codes the conscious identity experiences passage through 
‘iumerous incamatelfecyces within the planetary Time Cycle, evolving through a series of Single 
Vector incamations before being released from the 3-Dimensional phase lock of Density-1 
manifestation. One can manually open the Signet Seals in the embodied Inner ‘Templar Complex 
to expedite evolution into the Mulf-dimensional, MubiVector Time Cycles through use of the 
11%124 Dimensional Maharic Current. 

Activation of the personal Maharic Shield allows for repid release ofthe embodied Signet Seals 
2nd activation ofthe Fire Codes in the DNA Template, The Maharic Current from the personal 
Maharic Shield can be used to release the Signet Star Crystal Seals within the body, which in turn 
activates the dormant Kundalini energies at the base of the ‘Spine and the Cranial-Sacral 
Kundalini Seats within the Tailbone and Pineal Gland. Release of the Cranial-Sacral Seals ofthe 
Internal Templar Complex allows the Magnetic Repulsion Zones between the Hova Bodies to 
release so the DNA Template, personal Scalar Shields and physical body systems can receive 
inflow of higher dimensional frequency. To gain conscious mastery over the process of releasing the 
internal Signet Seals requires activation of the personal Maharic Shield, and the personal Maharic 
Shield can be manually activated only through drawing Maharic Current into the personal Shields 
via the Planetary Maharic Shield [The entre process of releasing the internal Signet Seals by 
activating the personal Maharic Shield, in order to enable the DNA Template to run Triadic 
Phase Currents for healing is entirely dependant upon the operational junction of the 
Planetary Bio-feed Interface System (PBIS), 

Ifthe Planetary Templar Complex is blocked, or the Signet Star Gates are dormant, and Maharic 
Current from the Planetary Maharic Shield is not able to run through the planetary gtids, humans 
‘on Earth do not have the option of manually activating the personal Maharic Shield, because the 
PBIS is not operational. The PBIS becomes operationally functional within the human body 
through activation of ie 12% Chakra, The 12° Chatra cannot atvate in the personal Templar 
Complex ifthe Planetary Templar Complex cannot run 12% Dimensional Maharic frequency, For 
‘over 200,000 years, the Planetary Templar Complex could not run Maheric frequency, and thes 
‘manuel activation ofthe personal Maharc Shield and release ofthe embodied Signet Seals to open 
the Hova Bodies for running interdimensional Triadic Phase Curents for healing were not available 

for Earth humanity. Sine the recent actvation ofthe Planetary Templar Complex, 
Maharic Shield and PBIS activation and Kathara Healing epplicaions are now avalible on Earth. 
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Opening Triadic Phase Currents in the Human Body 

The method by which Triadic Phase Currents are activated within the human body is a 
progressive process. First, opening of the personal Kathara Grid, Telluric Shield and Nada 
Hova Body is orchestrated through activation of the Maharic Shield and Signet Seals, to alow 
inflow of frequency from the higher dimensional Hova Boies. Next, the incoming frequency is 
hamessed and collected within the Chakra System. Finally, the collected frequency is then 
transmitted for healing faclitaion in others, ether through direct Chakra transmission or by close- 
range Frequency Induction via transmission of frequency from the acivated Secondary Chakra 
Centers within the PALMS. 

‘The ability o run the higher dimensional Triadic Phase Currents within the body must be buit up 
within the Internal Templar Complex, starting withthe slowest-moving current of the higher 
dimensional spectrum the DORADIC-PHASE-1 CURRENT. The Doradic-Phase-1 Current utlizes 
the sub-frequencies of the 11%12Dimensional Maharic Current from the Density-4 Mahara 
Hova Body as a carrier wave that will carry the desired interdimensional curents through the 
‘Signet Seals of the personal Scalar Shields. The full spectrum of the 4 Dimensional Doradic- 
Phase-1 current from the Densiy-2 Alohi Hova Bodyis activated as the primary healing 
frequency for transmission. The full spectrum of the 7Dimensional Teuric-Phase-1 Current 
(one Harmonic above the Doradic-Phase-1 Current from the Density-3 Betche Hova Body's used 
torelease the 4% Dimensional Signet Seal, alowing the 4*-Dimensional Doradic-Phase-{ current fo 
enter the Nada Hova Body. 

‘Activating the 4% Signet Seal triggers temporary activation ofthe 4% DNA Strand Template and 
corresponding 4% Kathara Center in the Level-1 12-Tree Grid, which allows the 4®-Dimensional 
frequencies of the Doradic-Phase-l Current to pass through the active DNA and into the bio- 
energetic and bio-electrical systems of the body for transmission. Once the DNA Template becomes 
accustomed to holding a 4®-DNA Strand Template Activation, efter several months of practice in 
running the 4% Dimensional Doradic-Phase-1 Current, the body will be able to begin receiving the 
primarily 5¢-Dimensional Doradic-Phase-2 Current. The lower dimensional Triadic Currents 
‘must be activated within the DNA Template before the higher dimensional Triadic Currents 
can run. In Level-t Kathara Healing the first step of activating the full spectrum (12 sub- 
harmonics) of the 4®-Dimensional Doradic-Phase-1 Current is achieved. 


Phase Currents Color 

‘The Color Cap Stone of frequency band is the visual representation ofthe primary 
wave-length formed by the specific Partiki Phasing Rhythm for that dmencion. A 
dimensional frequency band can be chosen and directed by the color translation of its primary 
wave-length. The Color Cap Stones of the dimensional frequency bands are used in Kathara 
Healing to direct specifically selected dimensional frequency bands (Partii Phasing Rhythms) for 
specific anplications. The Color Cap Stones for the Doradic-Phase-{ Current are PALE SILVER 
(0-11-D-12 Maharic) + GREEN (0-4 Doratic) + VIOLET ( D-7 Teurc). n technique # 3 — 
OPENING THE HEALING CHANNELS-DORADIC-4 - the Pale Silver + Green Violet Cap Stone 
Colors will be used to activate the Doradic-Phase-1 Healing Current within the body. 
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DORADIC SPHERE, CORDS AND 


The Doradic Sphere and Current Colle 

‘The DORADIC SPHERE is a frequency repository that is formed to hold the activated Doradic- 
Phase-1 Current within the Chakra system for transmission in healing facilitation. As the Doradic- 
Phase-1 Currentis primarily a 4°-Dimensional Current, the Doradic-1 Sphere will be formed in 
‘the 4 Chakra, which corresponds to the 4*-Dimensional ASTRAL body of the ‘Alphi Hova Body. 
and Auric Field. Transmission of the Doradic-Phase-1 Current will take place from the Doradic 
‘Sphere at the 4% Chakra, creafing a 4*Dimensional ASTRAL INFUSION Of frequency into the 
bio-energetic field of the client in close-range healing, and a general Astral Plane Infusion of 
Doradic-Phase-1 frequency into Manifestation Templates of areas(and everything contained within 
the space) when transmitted directly from the 4 Chakra. 


Doradic and Ind 

‘The DORADIG CORDS ate energy conduits that are formed by opening the embodied Axi-A- 
Tonal Lines within the arms, hands and fingers. Opening the Doradic Cords allows the 
‘Secondary Chakras within the palms of the hands to cary the Doradic-Phase-1 Current for 
application in close-range transmission. Though Triadic Phase Currents can be transmitted directly 
from the Chakra Conter in which the Collection Sphere is placed, the energies are more diffused 
and diluted in tis form of transmission, unless the personal DNA Template holds a ful, 
Permanent activation of the Strand Template corresponding tothe Triadic Current being 
‘ransmitied. I takes time, often years, for the DNA Template to acquire and permanent hold a 
higher strand activation level. One-on-one healing facitation is more effective when conducted 
through concentrating the Triadic Current through the Axi-A-Tonal Lines for DIRECT INDUCTION 
of current through the Palm Chakras in closerangetransmission. Close-range transmission also 
allows for more precise application of frequency to specific areas of the body systems. In Level-t 
Kathara Healing, the Doradic Cords are activated within the arms, palms and fingers to allow for 
concentration, focused tirection and Direct induction of the Doradic-Phase-1 Current. 

For general healing purposes, such as “clearing rooms” or geographical spaces, or when 
attempting to transmit healing current into groups of people, transmission of the Doradic-Phase-1 
Current can be orchestrated directy from the 4% Chakra for NON-SPECIFIC INDUCTION. In 
Non-Specific Induction, following activation of the Doradic-Phase-1 Current, each INHALE breath 
{s used to fill the Doradic Sphere with more eneroy and each EXHALE breath is used to expand 
‘and transmit the energy into the room or bio-fields of a group of people. Itis not necessary to 
‘activate the Doradic Cords for Non-Specifc Induction applications. In Levelt Kathara Healing 
applications use of the Doradie Cords and Palm Chakras is employed for Direct Induction close- 
Tange transmission in Client Sessions. To enhance and expedite personal healing, the activated 
Doradic-Phase ~1 Current can be run through the personal Level-1 Kathara Grid with the 
Maharic Shield and Liquid Light Cleanse technique and then through each ofthe 7 Primary 
Embodied Chakras. 


>= 1smission Direct Inductic 


‘The DORADIC BALLS are small energy repositories that form in the Palms of the Hands when 
the Doradic Cords have been activated to run Doradic-Phase-1-Current through the Paim 
Chakras. Doradic Balls are used to accumulate current in the Paim Chakra vortices prior to 
transmission, to strengthen the intensity of the current. 
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GHAKRAS AND TRANSMITTING CURRENT 


Primary Polarities of Palm C! is 


Along with the 15 Primary Chakras within human anatomy there are many other 
smaller Secondary and Tertiary Chakra Centers throughout the body, which 
correspond to the energetic interrelationships of scalar-wave patterns within the 
Kathara Level-3 Diodic Points Grid. All Chakras operate as sets of Black and 
White Holes, through which energy from the Dimensional Unified Fields circulates 
into and out of the body and Manifestation Template. The Palm Chakras are part of 
the Secondary Chakra System. Like all Chakras, the Palm Chakras are structured 
as 2 vortices of energy joined at the tip by a minute Crystal Seal within the 
Kathara Level-2 Crystal Seals Grid. The Palm Chakras run through the center of 
the Palms and out of the back of the hands, 

In any set of Chakra vortex spirals, one voriex represents the magnetic Black 
Hole, a counter-clockwise rotating spiral that draws energy IN toward the central 
Crystal Seal, and the companion vortex represents the corresponding Electrical 
White Hole, the clock-wise rotating spiral that sends energy OUT from the central 
Crystal Seal. The Black Hole vortex represents the RECEIVING spiral or Magnetic 
Pole and the White Hole vortex represents the TRANSMITTING spiral or Electrical 
Pole. The Electrical Pole of a Chakra represents the EXPANSION CURRENT of the 
Chakra, through which it expands energy out from the personal Shields; itis referred 
to as BASE ELECTRICAL. The Magnetic Pole of a Chakra represents the 
CONTRACTION CURRENT of the Chakra, through which it contracts energy in 
from the external Unified Field to the personal Shields; it is referred to as BASE 
MAGNETIC. 

The Chakras in the Palms are composed of many smaller minute vortex sets, each 
with Magnetic and Electrical Poles, but the PRIMARY POLE of each Palm Chakra 
that pertaining to the larger Black-White Hole set and Crystal Seal. Though each 
Palm Chakra is capable of both Transmitting and Receiving energy current, the 
strongest and most focused currents can be achieved by utilizing the natural 
polarity orientation of the Primary Vortex Set. The Chakra in the RIGHT PALM is 
BASE ELECTRICAL; its corresponding vortex on the back of the right hand is Base 
Magnetic. The Chakra in the LEFT PALM is BASE MAGNETIC; its corresponding 
vortex on the back of the left hand is Base Electrical. When running Triadic Phase 
Currents it is helpful to understand the Primary Polarities of the Palm Chakras in 
order fo create the strongest and least distorted healing current. In Kathara 
Healing, the RIGHT HAND is the TRANSMITTING HAND, through which Triadic 
Current is Exhaled down the Cords in the arms and EXPANDED into the RIGHT 
PALM CHAKRA for TRANSMISION. The LEFT HAND is the RECEIVING HAND, 
through which the Triadic Current transmitted from the Right Hand is drawn back into 
the facilitator's body TO CREATE A CLOSED CIRCUIT OF CURRENT for the 
strongest current intensity and purest frequency content. 


im 


radiation > light > phototransistor 


phototransistor 


OTHER RELATED COMPONENTS 


+ photodiode (see Chapter 21) 
+ photoresi 


F (see Chapter 20) 


+ passive infrared sensor (see Chapter 4) 


for (see Volume 1) 


What It Does 


A phototransistor is a transistor controlled by 
‘exposure to light. (Transistors are described in 
Volume 1.) It can be either a bipolar transistor 
or field-effect transistor (FET), and its body is 
often superficially similar in appearance to a 
3mm or 5mm photodiode or LED indicator 
encased in resin or plastic. (LED indicators are 
described in Volume 2.) However, some photo- 
transistors are encased in a metal shell with a 
window in it. 


‘The window or the plastic body is either trans- 
parent to visible light, or may appear black if 
the component is intended for use only with 
infrared while blocking visible wavelengths. A 
selection of phototransistors is shown 
Figure 22-1 (left: Optek/TT Electronics OPS06A 
with a broad spectral response centered 
around 850nm; cente fishay TEKT5400S with 
a side-view lens; right: Vishay BPW17N). 


Typically a phototransistor has two leads that 
connect internally with its collector and emitter 
(or source and drain, in the case of an FET). The 
base of the transistor (or the gate of an FET) 
responds to light and controls the flow of cur- 
rent between the leads. 


# 


Figure 22-1 A variety of phototransistors. The back- 
ground grid isin milimeters. See text for detail 


In the absence of light, a bipolar phototransis- 
tor permits leakage between collector and 
emitter of 100nA or less. When exposed to 
light, it conducts up to SOmA. This alone differ- 
entiates it from a photodiode, which cannot 
pass much current. 


Schematic Symbols 

Symbols for a phototransistor are shown in 
Figure 22-2. They are functionally identical, 
with the exception of type C, where an addi- 
tional connection to the base is included. Often 
(but not always), wavy arrows indicate infrared 
light. 


a1 
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RAND POSITIONS 


Standard Hand Position for Transmitting Triadic Current 


When transmitting Triadic Current, the LEFT PALM is PLACED 
OVER THE BACK OF THE RIGHT HAND. The Base Magnetic 
Current of the Left Palm interfaces with the Base Magnetic 
Current in the Back of the Right Hand, creating a MAGNETIC 
REPULSION ZONE, which blocks the vortex on the Back of the 
Right hand from drawing non-specific frequency from the 
Density-1 Unified Field. This keeps the current transmitted from 
the Right Palm Chakra pure to its specifically chosen content. The 
Base Magnetic vortex in the Left Palm simultaneously draws the 
transmitted current back up through the smaller vortex sets after 
it runs through the client's body, creating a closed circuit of pure 
frequency running between the Hova Bodies of the client, the 
facilitator and the higher dimensional Unified Fields. Options of 
Frequency Modulation for other healing applications also 
become available through using this HAND POSITION when 
transmitting healing current. In some applications a modulated 
current that includes bursts of Density-1 Telluric Current 
interspersed with current transmission from the higher dimensions 
is desired; this can be achieved by moving the Left Hand on and 
off of the vortex on the back of the Right Hand. The LEFT OVER 
RIGHT HAND POSITION is used in Level-1 Kathara Healing 
applications. 
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HE 
SS of Doradic-Phase-1 Current Activation = 


Doradic-1 Cap Stone Colors: 
PALE SILVER (D-11&D-12) + GREEN (D-4)+ VIOLET (D-7) 


* ‘Com! ee PALM CHAKRAS 
LEFT OVER RIGHT HAND POSITION 
Expanding Cocke Spl 


Em Electial \M= Magnetic Contacting Counter-Clockuise Spat 
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HE 90 


Intrinsic Process of. Activating a Triadic Phase Current 


1. Open the PBIS using the D-11 -_D-12 Wave Guide Symbol Code, the 
Hierophant Symbol, to open the 124 Chakra and stimulate release of 
Maharic frequency from the Planetary Maharic Shield, 


2.From the PBIS draw Maharic frequency from the Earth's Maharic Shield up 
into the dormant personal Maharic Shield 12 below the feet, to activate the 
personal Maharic Shield. 


3.Choose the specific Triadic Curent you desire to run. 


‘4. Use the inflow of Maharic Current from the personal and planetary Maharic 
Shield as @ Carrier Wave to cany the Cap Stone Color frequencies of the 


Signet Star Crystal Seals in your Scalar Shield that correspond to the 
Triadic Phase Current you wish o activate, 


5. Temporary release the Signet and Cranial-Sacral Kundalini Seals and 
‘activate the DNA Strand Template corresponding to the chosen Triadie 
Phase Current, by running the Primary Frequency and the frequency one 
Harmonic above it through the Signet Seals, on the Maharic canier wave 
Current, to open the Nada Hova Body and physical body systems to inflow of 
the higher dimensional Triadic Phase Current. 


6.As the Triadic Phase currents transmits into the body through the Signet 
Seals, Kundalini energies and DNA Tempiate, collect and build ‘the current 


‘as a Sphere of energy within the Chakra ‘corresponding to the Primary Triadic| 
Current you are running. 


7.Run the current from the Collecting Chakra through the. ‘Axi-A-Tonal Line 
Cords in the arms, to activate the Palm Chakras. 


8.Exhale current from the Chakra Collection Sphere through the Cords and 
allow itto build into Balls of energy within the Palm Chakras before 
transmitting, 
‘8.Transmit the Triadic Current through the RIGHT PALM CHAKRA into client's 
bio-energetc field while drawing more current into the Chakra Collection 
Sphere with each exhale breath and draw the current back through the LEFT} 
PALM on each inhale breath o create a higher dimensional Closed Circuit 
Healing Current. Use LEFT PALM OVER BACK OF RIGHT HAND hand 
position. 


——— 
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TECHNIQUE & 3 *° 


Opening the Healing Channels- Doradic-Phase-1 Current 


Breathe slowly and deeply for several breaths wile visuaizing or imagining a 4* Violet Doton 
the center of the inside of your forehead. Make the olor image as strong as you are able. (If 
you can't yet perceive inner colors or visualization, simply imagine the Viotet Dot as being 
there). Move the Violet Dotto the center of the brain at the Pineal Gland, and then upward into 
the 7 Crown Chakra, from the inside of the head moving upward and outward until the Violet 
Dot rests on top of your head et the Crown Chakra, 


Call to mind the Hierophant Symbol (Pale Silver Merkaba Star formed by combining 2 
Merkaba Stars). Visualize the spinning Hierophant stationed 12" below the feet within your 
Maharic Shield and slowly INHALE, drawing the Hierophant up through the Central Body 
Current, up to meet the Violet Dot at the 7 Crown Chakra at the top of the head. When the 
Hi ‘connects with the Violet Dot visualize the Violet Dot bursting into a4” Vertical 
Pillar of Violet-Silver Light. Imagine the Violet-Silver Pillar ‘running down through the body 
into the Earth Core and upward to the 14% Chakra 36” above the Head, ‘You have activated 
the Violet Ray of Transmutation. 


Move your attention to the 4% Heart Chakra and imagine a small Green Spherical Crystal the 
Green Star- stationed atits core. Ths is the Green Star Crystal Seal that controls release of 4® 
Dimensional requency — Phase-1 Doradic Curent into the body. INHALE, drawing Viole 
Siiver energy from the Violet Siver Pilar into the Green Star. EXHALE, expanding the Violet. 
Siver energy ino the Green Star sphere. Repeet2 more INHALE-EXHALE breaths, drawing 
Violet-Siver Energy from the Pilar and expanding itinto the Green Star sphere. At the end of 
the last EXHALE, imagine the Green ‘Star popping, turning into spinning Green and Violet 
Starburst of Light as the Violet-Siver Pilar disappears. Spin the Green-Violet Starburst faster 
unlit becomes a bal of Green-Violet Light, about the size ofa grapefut, spinning in the center 
store-house for your Phase-1Doradio 


EXHALE quickly and push 2 Cords of Green-Violet-Silver energy - Doradic Cords -from the 
Doradic Sphere down the inside of your arms, one Cord through each arm. As the ends of the 
Doradic Cords reach the inside of the hands, notice @ sensation of mild resistance as the Cords 
push against the etheric membranes covering the small chakras in the palms. INHALE a full 
breath, drawing Silver energy up from the Maharic Shield, into the Doradic. Sphere atthe 4» 
Chakra. EXHALE forcefully, pushing more energy down through the Doradic Cords in the arms, 
and feel this energy “pop” out of the palms, releasing the membranes on the palm chakras, 
Continue to INHALE energy up from the Maharic Shield into the Doradic Sphere and EXHALE tt 
through the Doradie Cords, building the strength of the Doracic Current in both paims. Imagine 
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ee 
TECHNIQUE # 3: Opening the Healing Channels 
| Doradic-Phase-1 Current 


(e_ 


Ks 


2 


. Small Green Star Crystal Seal at 4‘ Heart Chakra. Inhale 


. Push a Green-Violet-Silver Doradic Cord down each arm to 


4” Violet Dot inside forehead, move to Pineal Gland then up 
through 7 Crown Chakra to top of head. 


Hierophant Symbol at center of your Maharic Shield 12" 
below feet. Inhale Symbol up to Violet Dot at top of head. See 
Violet Dot burst into 4” Violet-Silver Pillar Tunning through 
body to Earth’s core and up to 14 Chakra 36° above head. 


drawing Violet-Silver energy from Violet-Silver Pillar into 
Green Star Crystal Seal and see Green Star Crystal Popping 
into a spinning Green-Violet Starburst, as Violet-Silver Pillar 
disappears. Spin Green-Violet Starburst faster until it becomes 
grapefruit-size BALL of Green-Violet Light, the Doradic 
Sphere, at the center of the 4 Heart Chakra. Encase Green- 
Violet Sphere in Pale Silver Maharic energy. 


Palm Chakra Membranes and draw Pale Silver up from 
Maharic Shield to Doradic Sphere and forcefully push Maharic 
Current down arms to pop Palm Chakra Membranes. While 
running Doradic-1 Current draw energy from Maharic Shield 
to Doradic Sphere and push it down arms from Doradic 
Sphere through Doradic Cords to pool into Doradic Balls at 
Palm Chakras. 


— 
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TECHNIQUE # 3: Opening the Healing Channels 
Dora hase-1 Current_ : 


14 


2A Hierophant up from Mahario 
Shield to inside Violet Dot on head. 


2B Violet Dot pops to Violet-Silver 
Vertical Pillar 


‘3A Green Star Crystal Seal at 4" 
Heert Chakra, 


‘3B Green Seal pops to make Green- 
Violet Starburst then Siver-Green- 
Violet Doradic Sphore in 4* Chakra. 


4A Doradic Cords run Doracio- 
Phase-tHealing Current from 
Doradio Sphere to Palm Chakras 


‘AB Doradic Balls pool energy in 
Palm Chakras to ampilly current 
for Direct Induction transmission, 


THE NATURE OF KARMA 


Karma, the Christos and the Physics of Divine Right 
When an idenfiy enters the Time Matrix to begin simultaneous cycles of evolution through 
time, itenters the manifest fields through frst adopting a Manifestation Template composed of 
Parti Units and Scalar Waves. The first Manifestation Template is called the Rishic Shield; it 
exists atthe Ante-matter scalar-wave level of Density-5 and holds the complete Primal Salar 
Pattern forall ofthe Singular Identities that will simultaneously manifest into incermation within 
the lower dimensional Densities and Time Cycles, The Rishic Shield represents the Identity 
Gestalt or Family of Consciousness through which identy enters manifestation, The Rishic 
Shield carries the precise configuration of Scalr-wave patterns, the Primal Order of energetic 
substance, through which the consciousness indivduated to form a collecive of consciousness 
within the dimensionalized Time Matrix. Every indvidal incamate from the Rishic Family of 
Consciousness in fime carries as part of its core Kathara Grid scalar program the 
electromagnetic energy signature of Primal Order carried by the Rishi Shield through which it 
manifested. 


The Scalar-wave design of the Rishic Shield represents DIVINE RIGHT ORDER, the Primal 
Order of scalar-wave energetic relationship and Partiki Phasing Sequences that individual 
|dentites in time must re-evolve to hold within their embodied Manifestation Templates in order to 
regain freedom from the dimensional systems ofthe Time Matrix: Consciousness from the Rishic 
Shield, in the form of Omni-potar wave spectra, enters the manifest Densities by projecting 
Portions of itself into smaller Consciousness Gestalts within the lower dimensional fields, The 
smaller Gestalts of Consciousness form the 3-Dimensional Scalar Shields ofthe identity within 
the dimensionalized matter systems. Each Scalar Shield holds the consciousness of 
‘numerous simultaneous Cycles of Incarnation within each of the 4 Primary Time cycles of 
Densities 1 through 4. Each individual incamats in time is directy linked to its original Rishic 
Shield Family of Consciousness through the Density-4 Maharic Shield. The Maharic Shield of 
‘dimensions 10-12 contains the first Pre-matter Hydroplasmic scalar-wave spectra through 
which identity began its experience within the holograms of Space, Time and Matter. The personal 
Maharic Shield, often called the PERSONAL CHRISTOS IMPRINT, holds the original Primal 
Order of scalar waves through which manifest consciousness links to its Rishic Shield. The 
Christos Imprint of the Maharic Shield represents the PATH OF DIVINE RIGHT ORDER through 
which each individual consciousness in time can re-evolve to tis original Eternal Non-manifest 
State of Wholeness in Consciousness beyond the Time Matix. Divine Right Order is not only a 
spiritual concept; itis a reality in energy within the scientific dynamics of Universal Unified 
Field Physics. Divine Right Order represents the Primal Order of scalar-waves that make up the 
original Manifestation Template from which individual singular lifetimes emerge, and itis the 
necessary pattem of energetic order within the personal mult-dimensional Manifestation Template 
hich allows incamate beings to full the evolutionary objective of Transmutational Dimensional 
Ascension. The result of an incarnate being's Manifestation Template and Conscious 
‘Awareness becoming mis-aligned with the energetic structure of Divine Right Orderis 
called KARMA. 
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Karma, Divine Right Order, the Scalar Shields, Free Will and Miasms 

Hfit_ is understood thatthe universe and all things within t exist as manifestations of 
consciousness in the form of precisely ordered scalar wave arrangements, and that there is an 
intrinsic and indelible Primal Order upon which all manifestation functions, it will not be dificult to 
Conceptualize the literal and tangible nature of the Karmic Imprint. In energetic terms, Divine 
Right Order represents the natural alignment of conscious energy felds within te intrinsic Laws 
of Universal Physics characteristic to the dimensional stuctures of me, Divine Right Order exists 
as a tangible, specific end harmonious organization of energy interrelationships within the 
Primal Order of energetic structure that creales dimensionality. The condition frequenty referred to 
as Karma is, lke Divine Right Order, a tangible, specic organization of energy ntereationships. 
Unlike Divine Right Order, Karme represents dis-harmonious interelationships of energy within the 
Context ofthe Primal Order that creates dimensionality. Karma can be viewed as CHAOTIC, 
incoherent energetic disorganization, whereas Order represents coherent energetic 
organization. 


In terms of te 15-Dimensional anatomy ofthe personal Manifestation Template, the Karmic 
Pattern represents areas of incoherent energetic disorganization within the structure of the 
Personal Scalar Shields. The 128 -Dimensional Level ofthe personel Maharic Shield holds the 
original Christos Imprint, the Primal Order periect organtzation of scalar-wave configurations that 
links our consciousness and DNA Template to the Rishic Shield Family of Consciousness 
through which we entered the Time Matrix, While the Maharic Shield holds our original Perfect 
Organization of Consciousness, the Scalar Shields upon which our lower dimensional Hova 
Bodies and Incamate, Soul and Over-Soul Manifestation Cycles emerge often become 
distorted from thetr original Primal Order as held within the Maharic and Rishic Shields. Human 
Consciousness, ini multidimensional forms, was designed “in the image ofits Greator, having 
Free Will to apply the dynamics of energetic creation in ime in accordance with personal 
intention, within the greater context of the fixed Natural Energetic Laws of Creation, 


When we use our gift of Free Will to direct our energies in a manner congruent with the Divine 
Right Order of Universal Unified Field Physics (which implies co-creative, not competitive co- 
evolution forall), the scaler-wave design of our personal Scalar Shields remains organized upon 
the inbinsic design of universal and personal Primal Order. Through embodiment of Divine Right 
Order within our personal Scalar Shields and consciousness, we know conditions of perfect heath 
‘and harmony within the Time Matrix. When our Free Willis used to direct our energies in ways that 
are incongruent with and non-supporive of Primal Order, the disorganization of our energetic 
otientaton manifests as iteral Partki Phasing Sequence distortions that create misshapen 
scalar-wave groupings within the anatomy of the personal Kathara Grid, Scalar Shields and the 
DNA Template built upon them. These misshapen scalar-wave ‘groupings within the Kathara Grid, 
Scalar Shields and DNA Template are caled MIASMS and they hold, in tangible scalar frequency 
form, the disorganized energetic patterns of our Free Will choices through which we have used 
‘our energies in a manner incongruent with Divine Right Order. 


Miasms are the tangible substance of our Karmic Pattern that reflect the areas 
in which our consciousness and Scalar Shields are distorted from our original 
Maharic Shield Christos Imprint of Perfect Organization within the context of 
Universal Primal Order. 
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TIME VECTORS AND ThE KARMICMIASHNG IMPRINT 


1a! Time Vectors, Vector Ibedding and the DNA Template 

The Miasmic Imprit ‘the body and Manifestation Template that holds the personal Karmic 
pattern manifests as mathematical, geometrical and electro-magnetic distortions in scalar- 
wave forms within the Kathara Grid and Scalar Shields, that cause groupings of Anti-particles to 
build up within the Particle field of the physical and energetic anatomy. The build-up of Anti- 
particles within the Particle Field blocks the natural fow of energy and consciousness through the 
Kathara Level-3 Diodic Points Grid, and manifests as malfunctions within the Partiki Phasing 
Programs within the Kathara Centers of the Level-{ 12-Tree Grid and within the Signet Star 
Crystal Seals of the Kathara Level-2 Crystal Seals Grid, The 3 Levels of the Kathara Grid set 
the biueprint for manifestation of the Scalar Shields, Hova Bodies, Chakra System and DNA 
‘Template. Miasmic distortions in the Kathara Grid effect every level of personal manifestation, 
{rom the operation of the physical genetic code to the ablty of consciousness to successfully 
‘embody within the physical form, to the potentals of Transmutational Dimensional Ascension 
and attainment of Spiritual Actualization. 


Karma- the Miasmic Imprint- is a biophysical phenomenon of 
J scalar-wave distortion that directly effects the human DNA. 


The Incarnations of SELF that simuktaneously manifest iio Incamaional cycles of divergent 
space-ime placement within the 4 Densities and 12-Dimensions of Matter are all directly 
interconnect through the Kathara Grid, Scalar Shields and DNA TEMPLATE. The Free Will 
choices made by other manifestations of ourselves concurrently existing in other space-time 
locations and different manifest body forms, effect the function of our personal Kathara Grid, DNA 
‘Template, conscious awareness and life experience. The choices WE make in our present 
lifetime directly effect the Kathara Grid, DNA Template, consciousness and life experience of 
ur other-time incammations, The energetic connection between incarnations ofthe SELF is an 
immediate, living connection of energy and consciousness, Because our numerous 
simultaneous incarnations in time are direct, energetically linked to each other via the Kathara 
Grid and DNA Template, we literally inherit Miasmic Buildup from each other on a continual 
basis. When we make the choice to restore our personal imprint for Health, our Christos Imprint, 
as held within our Maharic Shield, part of these efforts must involve clearing the Miasmic 
Imprint that is bleeding through into our personal Manifestation Template for the other incarnations: 
of Self. 


Each of our simultaneous incarnations in time represents one SINGLE VECTOR. 
CONSCIOUSNESS, one portion of our Eternal Identity that experiences 3-Dimensional linear 
evolutionary progression along ONE TIME VECTOR (one cycle of Partki Phasing Sequences). 
Each Incarnate represents a TIME VECTOR. The muliple Time Vectors of our Muliple 
‘Simultaneous Selves are literally encoded within core scatar-wave programs of our DNA 
Template; this is called VECTOR IMBEDDING. To fully heal our Body-Mind-Spirt system by 
restoring itto its Organic Imprint for Health, the Maharic Shield Christos Imprint, we need to 
Clear the Miasmic Imprint from our other simultaneous incarnations as its presently embedded 
within our DNA Template. Transmuting the Miasmic imprint that is embedded in our DNA 
Template to restore the original perfect Primal Order is called “Clearing the Karmic Pattern’ 
or MULTI-VECTOR HOLOGRAPHIC RECODING. 
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REGENESIS OF The PERSONAL CHRISTOS 


Restoring the Organic Imprint for Health and Clearing the Karmic-Miasmic Imprint 

Literally all conditions of dis-ease in the human body and dis-harmony in the life experience, 
including the unnatural condition of death ofthe human body form, result from Miasmic 
Distortions within the embodied Kathara Grid, Scalar Shields, DNA Template and personal 
Inner Templar Complex. The natural state of Universal Primal Order is harmonious co-creative 
interrelationship of consciousness. Humans can progressively return to their natural condiion of 
Ordered Perfection through re-genesis, ot re-creation, ofthe Organic Imprint for Health ~ the 
Maharic Shield Christos Imprint - within the Kathara Grid blueprint ofthe personal Manifestation 
‘Template. Regenesis of the Personal Christos is a Mult-Vector Endeavor, involving clearing 
the karmic-Miasmic Imprint from a myriad of various simultaneous selves presently evohing in the 
‘Time Matrix. The hard way to clear the Miasmic Imprint is by “walking the Karma’, which means 
allowing progressive levels of the Miasmic Imprint to repeatedly re-manifest in the personal life 
experience, until the proper application of Free Will choice used in congruence with Divine 
Right Order becomes consciously apparent and the “Right Choices” ae made to re-ordered the 
disorganized use of energy that caused the Miasm to form. In our present time, this approach to 
“clearing the Karmic Petiemn’ is no longer effecive as a leaning tool by which embodied 
consciousness teaches itself the etiquette of creation. The Miasmic Imprint within the collective 
human species has grown so extensively that the core issues of misapplied Free Will that 
cause Miasmic Buildup can no longer be consciously identified, and the Miasmic Imprint 
continues to compound and amplify itself as the same errors of Free Will energy use are 


The Karmic-Miasmic Imprint is an ENERGY FORM; a literal construct of 
scalar-wave frequency with its corresponding Anti-particle 
Manifestation. As a form of energy, the Miasmic Imprint can be dealt 
with AS ENERGY, WITH ENERGY, for the most expedient clearing, 
healing and realignment of the Karmic Imprint. 


‘The Karmic-Miasmic Imprint manifests within the causal level of manifestation, the 3 Levels of 
the embodied Kathara Grid of the personal Internal Template Complex, and from the Kathara 
Level the Karmic-Miasmic Imprint manifests es misalignment and malfunction within al evels of 
Body-Mind-Spint system. To clear the Karmic imprint AS ENERGY, WITH ENERGY, its 
disorganized scalar-frequency patterns must be realigned from the Core Template Kathara Grids, 
the causal level of miasmic manifestation. Restoring the Maharic Shield Christos Imprint to the 
personal Kathara Grid takes time and precise applications of frequency re-ordering in all 
levels of the Body-Mind-Spirt system, The first step to Regenesis of the Personal Christos is the 
MAHARIC RECODING PROCESS, 
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How It Warks 


Figure 22-2 Schematic symbols for a phototransistor. 


Applications 
A phototransistor may be used for light meas- 
urement or as a light-sensitive switch. 


Often the output from a phototransistor 
in conjunction with a microcontroller con 
an analog-to-digital converter. 


Where a clean on-or-off signal is required, a 
phototransistor can drive the input of a logic 
chip that contains a Schmitt trigger, or it can be 
processed by a comparator. 


An optocoupler or solid-state relay (described 
in Volume 1) usually contains a phototransistor 
that is activated by an internal LED. Its purpose 
is to switch current while electrically isolating 
one section of a circuit from another, 


How It Works 


Like a photodiode, the _phototransistor 
responds to light when the light generates 
electron-hole pairs in the semiconductor mate- 
rial. For a bipolar NPN phototransistor (the most 
common variant), the important region for pi 
generation is the reverse-biased collector-base 
interface. Photocurrent generated here acts as 
current injected into the base of an ordinary 
transistor, and permits a larger current to pass 
from the collector to the emitter. 


The behavior of a phototransistor can be visual- 
ized as being similar to a photodiode control- 
ling an ordinary bipolar transistor, as shown in 
Figure 22-3, 


radiation > light> 


oe 


Figure 22-3 A phototransistor is tunctianally similar toa 
photodiode controling an ordinary transistor, 


Variants 


While surface-mount variants are very widely 
available, through-hole packaging also remains 
common. When encapsulated like an LED indi- 
cator, a phototransistor gathers light from a rel- 
atively narrow angle, Variants with a flat surface 
are sensitive to light from almost any direction 
in front of the component. 


Optional Base Connection 
The base of a phototransistor is usually not 
accessible. However, some variants provide a 
base connection (or gate connection, in an FET) 
in addition to the collector and emitter (or the 
source and drain, in an FET). This third connec- 
tion allows the application of a bias current, 
which can prevent low light levels from trigger- 
ing the transistor. 


Photodarlington 

A photodarlington is a pair of bipolar transis- 
tors, the first being sensitive to light while the 
second acts as an amplifier for the first. This 
configuration is very similar to that of a Darling- 
ton transistor (described in Volume 1). The two- 
stage design makes it more sensitive to light 
than a regular phototransistor, but makes the 
response slower and less linear. 


PhotoFET 

A field-effect phototransistor is sometimes 
identified as a photoFET. They are relatively 
uncommon as separate components, but are 
used in optocouplers, because they have some 
interesting properties: 
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MULT-VECTOR HOLOGRAPHIC RECODING 


Recoding the Time Vectors of the DNA Template and the DNA Fire Codes 

‘The process of regenerating the Christos Imprint within the Kathara Grid of the 
human body is a MULTI-VECTOR undertaking. A Vector is a set cycle of 
vibrational-oscillation rhythm that creates a specific repeating Partiki Phasing 
Rhythm and Flash Line Sequence. Each individual incarnate self in time holds 
within the electro-magnetic programs of its embodied Kathara Centers the precise 
Partiki Phasing Rhythms thal correspond to its particular placement within the 
Planetary Time Cycles. The Time Vector, or Flash Line Sequence that creates 
one linear Event Horizon, is literally encoded and actively operational within the 
Kathara Grid and DNA Template of each incarnate identity. In the process of 
restoring the Organic Integrity to the personal Manifestation Template, the dormant 
Partiki Phasing Rhythms that correspond to one's other-time incarnates are 
progressively brought into activation and realigned with the Christos Imprint of the 
Maharic Shield. 

The Partiki Phasing Flash Line Sequence programs within the embodied 
Kathara Centers manifest within the DNA Template as the GENETIC TIME 
CODES, or Fire Codes, of the DNA. In restoring Maharic Order to the personal 
Kathara Grid, the 12 Dormant Fire Codes of the DNA Template will be slowly but 
progressively brought into activation through the 11%-12h Dimensional 
Frequencies of the Maharic Shield Mahara Hova Body Current. Activation of the 
DNA Fire Codes creates a reciprocal release of the Signet Star Crystal Seals and 
Cranial-Sacral Kundalini Seals within the Kathara Level-2 Crystal Seals Grid, 
progressive activation of the dormant Kundalini energies and Merkaba Vehicle 
Phases, merger of the Hova Bodies and embodiment of the higher dimensional 
Spiritual aspects of conscious awareness. The process of recoding the multiple 
time vectors within the DNA Template - Multi-vector Holographic Recoding-is a 
process of progressive WHOLE-BEING HEALING that is achieved through 
consistent application of the MAHARIC RECODING PROCESS, and expedited 
through complimentary processes of DNA Template, Kundalini and Merkaba 
Vehicle activation. Level-1 Kathara Healing introduces the operational mechanics of 
the Maharic Recoding Process. 


The Maharic Recoding Process 
ccnsah OR MULTIVECTOR HOLOGRAPHIC RECODING _ 


The 4 Primary Elements of Action 


1, The Maharic Seal and the Liquid Light Cleanse (T echnique # 2) 


| 2. Opening the Healing Channels (Technique # 3) 
3. Amplifying Inner Audio-Visual and Kathara Scan (Technique # 4) 


4, The Maharic Infusion (Technique # 5) 
s eel: 


The 4 Primary Elements of Action to begin the Maharic Recoding 
Process, through which Multi-Vector Holographic Recoding of the 
Morphogenetic Field Manifestation Template is achieved, Begins 
realignment of the Core Manifestation Template Kathara Grid Levels, 
the Scalar Shields, Hova Bodies, Axi-A-Tonal Lines and DNA 
Template with the Primal Order perfect scalar-wave pattem of the 
personal 12*-Dimensional Pre-matter Hydroplasmic Maharic Shield- 
the Christos Imprint and Organic Imprint for Health, Also begins 
activation of dormant DNA Strand Templates, Kundal i energies and 
the Merkaba Vehicle for Transmutational Dimensional Ascension. 


Bio- Regenesis of the Chnistes Venprint 
and 12- Strand Ded Template 
cutthin the human body, 
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TECIQUEg a ** 


AMPLIFYING INNER AUDIO-VISUAL AND KATHARA SCAN 


1. Place RIGHT palm (electrical-transmiting hand) over the 5° Kathara Center atthe Navel, 
and place the Left palm (magnetic-receiving hand) over the back of the right hand (to block 
Dimensional energies from entering the reer ofthe right hand chaiva), INHALE energy from your 
Maharic Shield - the Maharic Camier Wave- into your Doradic Sphere at the 4 Heart 
Chakra, EXHALE and run the Maharic Wave down the Doradic Cords in the arms and into the 
Doradic Balls in the palms. Inhale, then EXHALE, using the exhale breath to push energy from 
the Doradic Sphere, down the Doradic Cord in the RIGHT. ‘arm, through the RIGHT Doradic 
Ball and into the 5* Kathara Center at the Navel. Run several breaths of Doradic-1 Current 
into the 5 Kathare Center at the Navel, until a mild tingling sensation is felt. 


2. Place the LEFT palm over the 5* Chakra atthe Throat, wit the Right palm covering the back 
of the LEFT hand, and INHALE the Doradic-1 Current up from the 5 Katharaa Center atthe 
Navel, nto the Seed/Center of the 5® Chakra, EXHALE and expand the Doradic- frequency 
into the 5% Chakra spiral, allowing the magnetic current from the LEFT hand to draw the 
energy out through the spiral, As you EXHALE, slowly move the hands forward, away from 
the body and the 5 Chakra. 


3. Repeat the same process over the 6% Kathara Center, Placing the RIGHT paim over the 6% 
Kathara Center below the Right Shoulder, with the Left paim covering the back of the RIGHT 
‘hand. INHALE/Draw energy up from the Maharic Shield, into the Doradic Sohere. EXHALE 
energy down the Doradic Cords into the Doradic Balls. Inhale, then EXHALE energy down the 
RIGHT Doradic Cord through the RIGHT palm and into Kathara Center 6. Run several breaths 
to energize the 6 Kathara Center. Then move LEFT palm over the 6” Third Eye Chakra in the 


4, Close your eyes and focus your attention in a ‘single point at the inside of your forehead. Inhale, 
and as you EXHALE run your attention outward through your 6% Chakra spiral, into the 
6 Chakra Spiral of your Client. Move your attention into the center of your Cient’s brain, the 
Pineal Gland. Inhale, and EXHALE moving your awareness down from the Client's Pineal, 
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—{SYMBOL SHORTHAND|~ 


A) Activate Maharic Seal and Open Healing Channels. (Techniques # 2 and #3 frst) 5) 


1. RIGHT Palm on 5 Kathara Center in Navel. Breathe Maharic Current up from 
personal Maharic Shield and into Doradic Sphere at 4 Chakra. Push Maharic- 
Doradic-1 Current down Doradic Cords and into Doradic Balls at Palm 
Chakras. Push Current from Doradic Ball in RIGHT Palm into Kathara Center 
#5 in Navel. 


2.. LEFT Palm on 5t Throat Chakra, cover back with Right Palm (Reverse 
Standard Hand Position). Inhale Doradic-1 Current up from 5% Kathara Center 
in Navel to center of 5“ Throat Chakra and expand Current into 5” Chakra 
Spiral, with Left Palm Chakra drawing current out of 5 Chakra Spiral. 


3. RIGHT Palm on Kathara Center # 6 below Right Shoulder, cover back with Left 
Palm. Push Maharic-Doradic-1 Current from Doradic Ball in RIGHT Palm into 
Kathara Center #6, LEFT Palm over 6% 3“ Eye Chakra, cover back with Right 
Palm (Reverse Standard Hand Position). Inhale Doradic-1 Current up from 
Kathara Center # 6 to center of 6% 3" Eye Chakra and expand Current into 6 
Chakra Spiral, with LEFT Palm Chakra drawing Current out of 6% Chakra 
Spiral. 


4, KATHARA CLIENT SCAN: A. Place Point of Attention inside forehead and run 
attention out of 6 Chakra Spiral and into the 6 Chakra Spiral of Client, then 
into Client's Pineal Gland. B. Run attention down Client’s Central Vertical 
Current and into Earth's Core, then back up to Client's Maharic Shield,Expand 
attention out into Client's Maharic Shield. C. Visualize image of Kathara 12-Tree 
Grid, inhale energy from Client's Maharic Shield and exhale it into image of 
Kathara Grid. D. Observe for Dark Miasmic Buildups in image of Kathara Grid; 
tun extra healing Current into these areas of the Client’s Kathara Grid during the 


eq Maharic Infusion (Technique # 


Personal Kathara Scan: On Step 4 run attention down your Central Vertical Current then back up to your 
‘Maharic Shield and out into your Maharic Shield, Breathe energy from your Maharic Shield into image of 

Kathara 12-Tree Grid and observe for Dark Miasmic Bulldup ereas to clear during the Maharic Seal and! 
Liquid Light Cleanse lechnique. Send extra Maharic Current io these areas during Liquid Light Cleanse, 
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= TECHNIQUE # 4: Amplifying Inner Audio-Visual and — 


‘A RIGHT Palm on $® Kathara Center Navel 
B, Breathe Maharic Curent up trom personal 
Mahar Shield to Doresic Sphere and down 

Doradic Cords io Palm Chalras. 

, Puch Curent fram RIGHT DoraicBalnto 
‘5th Kathara Center, 


‘A.LEFT Palm on 5* Throat Chala, cover back 
with Fight Pan. 

‘LINHALE Doradie-1 Curent up fom Kathara 
‘Center # Navel to & Chaira and expand 
(Current into & Chatra Spiral 


‘A. RIGHT Pan on Kathara Contr #6 in ight 
‘Shoulder, cover back with Left Pain. B, LEFT 
Palm on 6* Eye Chakra, INHALE Current 

from Kathara Center 6 into 6 Chatra Spiral 

‘and info LEFT Palm. C. Kathara Scan: a. Ran 

your Aten rom you 6 Chaka to Cas © Caan 
‘fod Peal Gard b. Run Alteron down Cie's Cental 
‘erica! Current a Eat’ Core & rio Gient's Matar 
‘Shield & EXHALE energy from Cie Mahar Shiels 
iio mage efKahars {2 Tree Qi Sean gi for Dark 
‘Aveo of Miami Buc fr cern wit Mahaska | 


KATHARA SCAN 


c 


a Unk wit lat 
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THE MAHARIC INFUSION — CLIENT FACILITATION 


Prior to using this technique you should have completed the following: 1.Positioned 
MENTOR over your Right shoulder to assist (Tech. # 1:Awakening the Mentor and the 6 and 7» 
‘Senses). 2. Activated your Maharic Shield, Maharic Seal and run the Liquid Light. (Tech. # 2: The 
‘Maharic Seal and the Liquid Light Cleanse.) 3.Activated your Doradic Current, Inner audiaVisual 
‘and Client Kathara Scan (Tech. # 3. and #4 ) 


4, Opened the Kathara Lines for you and your lent (Sequence-1 Kathara Points) 
Place Client in a reclining position with shoes off: 


1. Position yourself at the feet of the reclining Client. Place RIGHT palm 12" below 
Client's feet at the Maharic Shield, Jeft palm over the back of Right hand, 


2. Visualize the Hierophant symbol on the inside of your forehead. Inhale, then 
EXHALE, moving the Hierophant down to Chakra 4 and into the Doradic 
Sphere with the exhale breath, INHALE energy upward from your Maharic 
Shield and into the Doradic Sphere. EXHALE the Hlerophant with Doradic-1 
current down the Right Doradic Cord and into the Doradic Ball in the Right 
palm. 


3. Inhale, then EXHALE the Hierophant and Doradic-1 current into the center of the 
Client’s Maharic Shield. Visualize the Hierophant spinning in the center of the 
Client's Maharic Shield until you sense a mild shift in the energy below the 
Client's feet. The shift indicates that the Client's Maharic Shield has activated and 
the Maharic Pillar has ‘popped” vertically upward from the Shield - the Client's 
bio-energetic field now carries the Maharic Seal, 


4, INHALE energy from your Maharic Shield into your Doradic Sphere, then 
EXHALE the energy down both Doradic Cords, into the Doradic Balls in the 
palms. Visualize the 12-Tree Kathara Grid within the Client's body. You will now 
tun the Maharic Infusion through the small chakra points in the feet. 
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TECHNIQUE #5: Continued 
THE MAHARIC INFUSION 


5. Place your Right palm on the bottom of Client's Left foot and your Left palm 
on top of the foot, centered over the Right palm, imagine that you are lining up the 
‘small vortex beneath the ball of the Client's foot (which extends through the foot to come out 
‘on top), with the small chakras in your palms. Inhale, then EXHALE energy from your 
Doradic Sphere through the Right Doradic Cord, Right palm and into the sole 
of the Client's foot. Visualize the Green-Violet-Silver energy traveling up the 
Kathara Line on the Left side of the body, through the 4%, 7 and 10” Kathara 
Centers. Continue EXHALING energy into the Left foot until you begin to feel a 
bit of fuzzy energy coming out of the foot toward your palm. This indicates that 
the Kathara Line has reached its energy-holding capacity. Repeat the process on 
the Right foot, running energy through the Kathara Line on the Right side of the 
body and the 3°, 6 and 9 Kathara Centers. 


6. You will now clear and align the Central Vertical Kathara Line to complete the 
Maharic Infusion. Move to Client's head. Place Right palm over Client’s 10th 
Chakra 6” above the head, the location of the 12" Kathare Center. Place Left 
palm over back of Right hand. INHALE energy from your Maharic Shield into 
your Doradic Sphere then EXHALE energy down the Right Doradic Cord, into 
the Right palm and through the 10 Chakra. Visualize the energy moving down 
from the 10% Chakra into the 7 Chakra, to the Pineal Gland (11" Kathara Center), 
then rapidly down the Central Body Current and Central Kathara Line, through 
Kathara Centers 8 (thyroid), 5 (Navel), 2 (at Base Chakra) and into Kathara Center 1 
at Earth's core. Continue EXHALING energy into the 10" Chakra and Central 
Kathara Line until you feel fuzziness against your Right palm, indicating that the 
Kathara Grid has reached its energy-holding capacity. 


7. Before releasing 10% Chakra direct a bit of additional energy through the Central 
Kathara Line into areas that revealed dark spots during the Kathara Scan. 
Visualize the areas getting light as the energy runs through them. You may add 
other healing modalities at this point, if desired. Close by using the 
Sequence-2 Kathara Points to close the Kathara Lines and revitalize the body. 
Allow Client a few moments to recline before ending session. 
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E THE MAHARIC INFUSION - CLIENT FACILITATION 


Pirin nega eG ow RB nn caps naacge 
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Place Client in-reclining position with shoos off 


1. Stand at Client's feet, place RIGHT Palm 12" below Ciient’s feet at Client's Maharic Shield, 
left palm over back of Right hand. 


2. See Hierophant Symbol Code inside your forehead, EXHALE Symbol down to Chakra-4 
Doradic Sphere. INHALE energy up from your Maharic Shield into Doradic Sphere. EXHALE 
Hierophant Symbol with Doradic-1 Current down RIGHT Doradic Cord into RIGHT Doradic 
Ball in RIGHT Palm. 


3. EXHALE Doradic-1 Current and Hierophant Symbol into Center of Client's Maharic Shield via 
Right Palm Doradic Ball and spin Hierophant unl sensed Energy Shift of Client's Maharic 
Seal. 


4. INHALE Current from your Maharic Shield to Doradic Sphere and EXHALE Current down both 
Doradic Cords into Doradic Balls. See Kathara12-Tree Grid within Client's ‘body and begin 
Tunning the Maharic Infusion through the Secondary Chakras in Client's feet. 


5. RIGHT PALM on bottom of Client's LEFT FOOT, LEFT PALM on top of Client's LEFT 
FOOT, both centered over Client's LEFT FOOT Secondary Chakra. INHALE Maharic energy 
into Doradic Sphere and EXHALE Doradic-1 Current into Clients LEFT KATHARA | LINE, and 
through Kathara Centers # 4, #7 and # 10. EXHALE Doradic-1 Current into Client's LEFT 
FOOT until “Fuzzy” resistance emerges from Client's foot Chakra. REPEAT PROCESS 
on Client's RIGHT FOOT, running Doradic-1 Current through the RIGHT KATHARA LINE and 
Kathara Centers # 3, #6 and #9. 


6. Stand at Client's Head, RIGHT PALM over Client's 10% Chakra (6* above head- the 126 
Kathara Cente), LEFT Paim over back of Right hand. Fill Doradic Sphere with Maheric Energy 
then EXHALE Doradic-1 Current down RIGHT BORADIC CORD and Palm and into Glient's 
10 Chakra. Run Current from Chakra-10, to Crown Chakra-7, Pineal Gland, rapidly down 
Central Vertical Current and Kathara Centers #8 (Thyroid), #5 (Navel) #2 (Chakra-) and i#1 
(Earth's Core Chakra 13). Continue exhaling Current unl “Fuzzy” resistance emerges from 
Client's 10° Chakra. 


7. Direct additional energy through Clients CENTRAL KATHARA LINE to clear DARK AREAS 
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of Kathara Grid located in Kathara Scan. Add any addtional healing technologies folowing 
Clients Maharic Infusion. Ciose with SEQUENCE-1 KATHARA POINTS massage. Allow Client 
to remain relaxed in reclining for several minutes following Maharic Infusion, 
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=a TECHNIQUE # 5: THE MAHARIC INFUSION - CLIENT FACILITATION a 


Maharic Infusion 6-STEP Sequence 


([ Fecitator stance 
if Client's Head 
for STEP 6 


‘Start wit Loft Foot ten do Right 
Foot wit ame Hand Positions 


‘STEPS 4&5 STEP 6 


ay a 

(GP? Clear katara Centers 4,7 810 
via Left Kathara Line fom Lat 
Foot Chalra 


190 


E i UDES AND ENOUET 5 ; a NG 


MOTIVATION TO HEAL 


Healing Facilitation is an art and a science, but most importantly, healing facllitation 
is an interrelationship of SOULS. Egotistical objectives have no place in quality 
Healing Facilitation. The decision to participate in Healing Facilitation should not be 
motivated by a desire to prove you have ‘special abilities” to boast about, nor with the 
primary motive of gaining financial profit from Healing Facilitation endeavors. The 
energies exchanged in healing facilitation are FREE TO ALL, a DIVINE GIFT from 
the universe, and they belong to all beings equally. A facilitator cannot rightly request 
payment from a client for providing what the client already possesses- Natural 
Healing Energies. 

In Divine Order, it is appropriate for the facilitator to accept payment for the 
personal time and energies invested in learning and developing facilitation 
skills, and for the time spent in active facilitation. It is important that the facilitator 
understands this subtle difference of “fair exchange of energy’. If the facilitator 
mistakenly assumes they are requesting payment for healing energies they supply, 
they are inadvertently misrepresenting themselves to the client. The client possesses 
personal healing energies and does not need to purchase such energies from others, 
‘The time and expertise offered by the facilitator to assist the client in stimulating 
their own healing energies, is a service worthy of reciprocation. If a client chooses 
‘such assistance, the facilitator has legitimate right to honor their own worth as a 
being by requesting reasonable payment or barter in fair energetic exchange for 
the service they offer. However, if a client is in need of healing facilitation, and has no 
means of fair exchange at that time, the facilitator should honor the worth of the client 
by providing assistance of equal value free of charge. 

In spiritual principal, “making money” is not a legitimate motivation for 
participating in Healing Facilitation. Seeking to find one’s personal “Divine Right 
Livelihood” in sincere service to others, which might possibly involve providing 
client service in Healing Facilitation, !S a spiritually legitimate motivation. Healing 
Facilitators will discover that when they put the objective of GENUINE SERVICE TO. 
‘THE DIVINE as the first Priority, rather than the pursuit of personal monies or status, 
the Universe Will Provide. Facilitators who enter the healing field with hidden 
personal motivations incongruent with Universal Laws of Energy, which imply 
equality, respect, reverence and balanced exchange of energy between all 
beings, will find difficulties emerging in their lives as the personal SOUL sets up 
lessons through which Universal Principles become more apparent. There is only 
ONE TRUE MOTIVATION for participation in Healing Facilitation- the motive is 
LOVE. 
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radiation > light > phototransistor 

+ Provided the applied voltage is low 
enough (less than 0.1V) the photoFET 
works as a controllable resistance—in 
contrast to bipolar transistors, where 
the current is controlled, and is rela- 
tively independent of the applied volt- 
age. 


+ The FET transistor is symmetrical, func- 
tioning similarly for signals of either 
polarity. This makes an FET optocou- 
pler suitable for AC signals. 


Values 


Abbreviations found in datasheets are included 
in the list below, with values in parentheses for 
an Osram SFH300FA infrared photodiode, 
which resembles a Smm through-hole LED. It 
has a peak sensitivity of 880nm and appears 
black to the human eye, being opaque to wave- 
lengths of light shorter than 700nm, the red 
end of the visible spectrum. 


In Figure 22-4 the SFH300FA is shown beside 
the SFH300, which has the same peak sensitiv- 
ity of 880nm but is encapsulated in an untinted 
module, allowing a sensitivity that tapers grad- 
ually to. 450nm, in the green part of the visible 
spectrum. With the exception of their spectral 
range, the two phototransistors have identical 
specifications. 


Figure 22-4 Osram infrared phototransistors SFH300 
(eft) and SFH3OOFA (right). The background grid is in 
millimeters. 


+ Maximum  collector-emitter 
Vce (35V) 


voltage: 


+ Maximum collector current: Ic (S0mA) 


+ Maximum power dissipation: 


(200mw) 


+ The half angle is measured from the 
axis of the photodiode to the angle at 
which sensitivity has dropped by 50% 
(plus or minus 25 degrees) 


Prot 


The angle of sensitivity depends on the geome- 
try of the package. For phototransistors that 
resemble an LED indicator, with a rounded end 
that acts as a lens, typical values are plus-or- 
minus 20 degrees. 


+ Dark current (when the phototransistor 
receives no incident light): [cz (nA) 


+ Wavelength of maximum sensitivity: As 
wax (880nm) 


Infrared phototransistors exist with a variety of 
peak wavelengths. They are designed to func- 
tion in conjunction with an LED that has a 
matching wavelength. 


+ Response speed is the rise and fall time 
of photocurrent: t, and t, (10 is) 


Behavior Compared to Other Light 
Sensors 

‘An extended list of comparisons between a 
photoresistor and a phototransistor will be 
found in the entry on photoresistors. See 
“Comparisons with a Phototransistor 


A photodiode has a close-to-linear electrical 
response over a much wider range of intensi- 
ties of light than a phototransistor. Conse- 
quently, photodiodes tend to be the 
component of choice in applications where 
measurement of light must be wide-ranging 
and precise. 


Photodiodes can pass less current than a pho- 
totransistor, but also tend to draw less current, 
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POSTURES OF LOVE 


The Energy-Reality of LOVE 
In terms of Universal Physics, Love is an energy reality, a STATE OF 
VIBRATIONAL HARMONIZATION, or CO-RESONANCE OF FREQUENCY that 
allows an energetic bridge to build between individuals. It is through this energetic 
bridge of frequency that one can assist in running healing energies that will facilitate 
the healing process of others. Without the sentiment and FREQUENCY of GENUINE 
LOVE, one cannot energetically facilitate the healing of another. LOVE is the 
essential ingredient in healing, for it allows the opening of facilitator and client's 
bio-energetic fields to the Universal Frequencies of the interdimensional spectrum. 
Cultivating the ability to embrace and hold the frequencies of Universal or OMINI- 
LOVE is the responsibility of any true healing facilitator. The emotionally experienced 
reality of the frequency of Love takes many forms. In healing facilitation it is 
important to assess the most appropriate form of love to engage with each 
individual client__ 


Soft Love 

Many people respond well to “SOFT LOVE", the kind, gentle, nurturing, soothing 
love often displayed by mother's comforting their infants. Sofi Love works well with 
client's whom possess some degree of spiritual maturity and who have cultivated the 
ability to hold some degree of a love frequency within themselves. Soft Love Is the 
appropriate form of love for client's possessing the maturity to accept personal 
responsibility for themselves, their actions and their emotional reaction pattems, and 
who do not attempt to manipulate, drain energies from or place blame on others. Soft 
Love is characterized by engaged detachment of the facilitator and is demonstrated 
through soft-spoken, calm and sincere words and actions that are intended to place 
the client at ease. 

Soft Love is always built up sincerity, kindness, respect and @-genuine desire to 
see the client thrive and prosper. Developing the ability to carry the Soft Love 
frequency takes time, attention and practice, and requires that the facilitator works to 
heal personal internal conflicts, unresolved issues from childhood and karmic 
reaction patterns that disrupt the Soft Love vibration. Soft Love is a vulnerable love 
in that it necessitates one to show the self as itis, honestly expressing personal 
feelings tempered with kindness. Soft Love is not approval seeking, it is rather 
genuine, honest and self-generated. Soft Love requires love and respect of the self 
and others mutually. It is built upon 2 level of spiritual maturity in which it is 
understood that personal value is implied by the fact of existence and is not 
determined by the approval or validation of others outside of the self and the 
personal relationship to the Divine. The ability to carry the Soft Love frequency 
emerges through spiritual integration, personal healing of internal conflicts and 


power struggle issues and intentior lication of kindness and mindfulness. 
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Tough Love 

Soft Love does not facilitate healing on all occasions. Certain clients who come to a 
facilitator for healing assistance bring with them a great need for emotional healing 
and development of spiritual maturity. They may demonstrate demanding, arrogant or 
pushy attitudes and refuse to accept responsibilty for their personal actions and 
resulting consequences. Most often such individuals carry deep wounds from 
childhood or from reincarnational bleed-through. Because they are wounded within, 
they have not yet developed the self-control or maturity necessary to treat themselves 
or others with kindness, respect or love. 

Individuals who display unreasonable behaviors or attitudes pose quite a challenge 
to the love-based healing facilitator, If they are approached with Soft Love, the 
facilitator will often find themselves as a scape goat for the individual's personal 
problems, may have their energies and time excessively drained by such clients and 
might possibly be subjected to outright verbal or physical abuse, Clients exhibiting 
such personality traits are struggling within themselves to gain control over the 
Various conflicting portions of their personal energies, and they tend to objectify this 
internal conflict resolution in the form of POWER STRUGGLE with others. 

Personalities trapped within cycles of subconscious self or other-abusive attitude 
patterns need love more than anyone, but most often their behaviors push others 
away. Intrinsically the behaviors serve to keep the individual sheltered from self- 
exposure; they do not allow others close enough to inspire feelings of vulnerability or 
lack of self-esteem. Often such personality traits effectively keep the individual from 
sesing themselves and the inner pain and conflict from which they attempt to hide, To 
facilitate healing in such individuals without succumbing to their manipulation, 
aggression or abuse requires that the facilitator adopt a posture of TOUGH LOVE. In 
Tough Love the facilitator clearly establishes personal boundaries in their own mind 
as to what treatment they will and will not accept. If the client crosses those 
boundaries the facilitator assertively addresses the issue with the client, requests 
that the offensive behavior cease and provides CLEAR CONSEQUENCES as to what 
will occur if the offense continues. The Tough Love approach is rendered from a base 
of Soft Love and Omni-Love, but it is strengthened with Self Love on behalf of the 
facilitator. The facilitator recognizes that they are only assisting the client to continue 
with the self-destructive patterns by condoning or allowing offensive behavior, and 
chooses to love the client enough to confront the pattern so that it may begin to 
release. In lovingly, calmly, but firmly confronting poor behavior and setting clear 
boundaries and consequences, the facilitator assists such clients to temporarily find 
anew pattern of action because the old one does not work for manipulation in this 
instance. The Tough Love approach frequently requires facilitators to demonstrate 
that they hold their own power, even in the face of client disapproval, Tough Love is 
an ability of personal empowerment worth cultivating for personal and client healing. 
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Self Love 

In healing facilitation Love is the essential ingredient. All love begins with the 
Divinity Within the SELF. You will be able to transmit the frequency of love to others 
in direct proportion to your ability to hold the frequency of love within yourself. If you 
do not recognize your intrinsic value as @ Divine Being and seek validation of your 
existence through external sources such as achievements, status or other-approval, 
you will likewise project these sentiments into your love relationships with others, If a 
client does not meet the external standards of validation that you have placed on 
yourself to determine your personal worthiness of love, you will have difficulty not 
falling into judgement of the client. 

Judgement and love cannot transmit through the human body at the same time. 
Judgement creates an energy reality of separation or Non-Resonant Frequencies 
of energy, whereas Love creates the Co-resonance of Frequencies needed for 
‘open fiow of Universal Energies for healing facilitation. If one can realize that LOVE 
IS THE ONLY CONSTANT and that all conditions of judgement change, it is easier to 
cultivate the innate ability to fully hold the frequency of Love. Though ASSESSMENT 
of conditions, actions or attitudes is useful and necessary, such assessment can be 
rendered through “separating the person from the action”. You can judge the 
effectiveness or value of the action or idea without assigning a value-judgement to 
the person to which it is attached, 

If the healing facilitator can feel love, reverence, respect and honor for the Divinity 
Within Themselves, they will also transmit these qualities of excellence in Love to 
the client, The quality of Love brought into the healing facilitation experience will 
directly effect the success of healing assistance given. Love the Self and know that 
all beings possess an unalienable worth and value as a living part of the Divine. 
Begin to cultivate this awareness within your personal life and you will greatly 
increase your effectiveness as a healing facilitator. Love, honor and respect yourself, 
your feelings, your dreams and your desires, so you may better love those you wish 
to serve. 


Love others as you would love the Self, 
aud love the Self ae you would like to lave others. 
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The Illusion of Martyrdom 

People who love themselves do not buy into the idea that they must play 
“martyr’ to others in order to be of service. Martyrdom implies a belief that 
you are lacking in worth, or must earn your worth in being, by 
relinquishing that which feels of most value to you. It also undermines 
expression of the God-Presence within others, by assisting them to 
believe that you are so vital to their wellbeing that they cannot function 
without you. In truth, martyrdom is an expression of EGO, most often 
used by people who feel they are personally insignificant in the eyes of 
the Divine, in order to give themselves significance and a sense of 
personal power and purpose for being. People who actively know the 
intrinsic Spiritual Divinity within themselves treat that Divinity with honor 
and respect and do not allow or need others to depreciate the Self and its 
desires in order to prove the existence of a belief in Personal Divinity. 

Martyrdom does not facilitate healing within the self or client, as it 
reinforces the erroneous belief in intrinsic personal unworthiness, which 
exists in direct contradiction to the innate God-Presence that exists in 
every living thing. Within the energy dynamics of Universal Law, natural 
balance is achieved in the flow or GIVING, and back-flow or RECEIVING 
of energy. In human spiritual relationships this balance of: energy is 
achieved by mutually valuing each person in a relationship, through 
which the natural giving and receiving of energy can be exchanged 
unimpeded. Martyrdom impedes the natural flow of energy; the martyr 
customarily gives more than receives, which progressively diminishes the 
martyrs ability to keep open a perpetual flow of energies from the Divine 
because the martyr does not allow the Self to receive. 


Uartiyprdom cs wot a demonctration of Love, 
ef 00 ane exhibit of Love Deprivation. 
The remedy for Martyrdom és 
OU -LOVE. 
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OMNI-LOVE: Fully Engaging the Love Vibration 

The greatest love that can be embodied in human form is OMNI-LOVE. OMNI- 
LOVE is a pure state of vibrational Frequency Co-Resonance between the human 
identity and the 12, Dimensions of reality within which the human anatomy is 
couched. Omni-Love is expressed in human form as Christed Love or Christos 
Consciousness, the 12"-Dimensional Love of the Maharic Level of Identity. 

Christos Love is a state of full Frequency Resonance with everything existing in 
the many universes contained within 12 Dimensions of the 
15-Dimensional System. It is a transcendent love that is attached to no thing but is 
AT ONE with ALL THINGS in a state of perpetual Engaged Detachment. Through 
Christos-Omni Love, the SELF is known as an extension of God, or the Divine 
Source; a temporary mask of form worn by the ONE CONSCIOUSNESS of the 
Cosmos. All things and beings are known as simultaneous expressions of the 
ONE-SELF that is God-Source, From this state of transcendence in love, all activity is 
understood to exist within the reality of LOVE, and all conflict and strife are viewed 
as the ONE-SELF progressively expanding the ability of its expressions to carry 
the frequencies of energy that constitute ONE-LOVE, a state of total vibrational 
Frequency Co-resonance with the Cosmos. 

Activation of the full 12-Strand Silicate Matrix DNA Template and full integration of 
the Mahara Hova Body Avatar Identity allows for the experiential embodiment and 
transmission of Christos-Omni-Love. Embodiment of Omni-love is the goal toward 
which human evolution moves forth. Omni-Love is Soft, Tough, and Enduring, 
honoring Self , Other and the Divine simultaneously. It is the strongest healing 
force of frequency in the 4 Harmonics of Matter Density. Christos-Omni-Love is the 
fulfillment of the Christos Principle. Strive to bring Omni-love into your life, and 
personal and client healing facilitation, and you will assist your higher identity levels to 
create transformation! Omni-Love is the natural structure of reality. AWARENESS of 
Omni-Love is cultivated through intention and appropriate use of personal free will 
choice in congruence with the natural Laws of the Unified Field Physics of 
Consciousness and Creation. 


TVhnough living tn Omni-Love all moments are known ae 
Sacred, all beings are known at Blesced and life 
Gecomes an ecitatic wtudy in Reverence for Existence. 


ME 109 
= Postures of LOVE — 


| 1. SOFT LOVE 

| KIND, NURTURING, GENTLE 

| 2. TOUGH LOVE 

| KIND, NURTURING, ASSERTIVE 


| 3. SELF LOVE 
HONORING THE DIVINITY WITHIN 
SELF 


| 4. OMNI-LOVE 
HONORING THE DIVINITY WITHIN ALL 
Namaste’ 


Omni-Love is the fulfillment of the Christos Principle, the 
goal toward which human evolution moves forth through 
progressive activation of the 12-Strand Silicate Matrix 
DNA Template and embodiment of the Avatar Identity. 
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EXERCISE TO AMPLIFY MEALING FACILITATION 


PX<ARCISIE 


The MAHARA SPACE-COMFORT TOUCH 


|. EXHALE Hierophant Symbol from behind forehead, down Central Body Current, into Earth's 


Core (Chakra 13), then INHALE Hierophent back up to your Maharic Shield 12" below feet. 
Spin Hierophantto activate Maharic Shield and Maharic Seal Pillar, INHALE energy up from 
your Maharic Shield into your Doradic Sphere at Chakra 4. 


Breathe slowly and deeply while visualizing a small faceted Crystal Sphere in the center of 
your Doradic Sphere at Chakra 4, Thisis the Holographic Crystal Sphere; it represents the 
‘station of your inner AVATAR identity - this is the MAHARA SPACE. Focus your 
Gonsciousness within the Holographic Sphere and fee! its reality around you, as if your body is 
‘encased within the Holographic Sphere. 


‘Observe the interior of the Sphere as 2 pale Silver-White mist. Within the mist now envision a 
golden treasure chest- a treasure you had left for yourselflong ago to one-day reclaim. This 
Tepresents your Inner Are of the Covenant — a doorway to reclaiming your ancient immortal 
heritage. Mentally command the lid of your inner Arc of the Covenantto lift. As the ld rises 
pale rainbow colored light fils the interior of your Holographic Sphere. Notice now that within 
the golden box there is a gleaming Silver Sword, the Silver Rod of Power that wil enable you 
to more quickly evolve to your eternal state of being. 


Mentally make the Sitver Sword rise from the golden box, foating above the box in a vertical 
position. Now call to mind the image of your body as it sts within the physical room. Imacine 
the Siver Sword positioned above the body's head, directy over Chakra 7. EXHALE and 
‘steadily lower the Silver Sword through the 7" Chakra and down the Central Body Current, 
through the Maharic Shield and down into Earth's core. Observe the Silver Sword turn into a 
Pillar of Pale Siver Light with pale rainbow colors flashing through it. The Rainbow Pillar now 
surrounds and runs through your body, raising its frequency while lowering its vibration, lifting 
your body cells into a less-dense state of matter, Feel your body growing lighter and lighter 
as the Rainbow Pillar slows the spin-rte of your matter particles, making you more and more 
electio- more fight. 


‘As you feel the sensations of your density lessening, imagine that your body is beginning to 
glow with Pale Silver light - the Pre-matter Liquid Light of dimensions 10, 11 and 12. Feel 
the features of your face and the contours of your body begin to mettinto @ Silver, 
2—dimensional fluid body form. The form of the body stll remains but it has been returned 
to its first-density state- the Silver Liquid Light holographic form of the avatar identity, 
Know yourself now as this avatar idenfty and feel the essence of pure love and eternity flow 
through you. Know yourself as this essence of Divine Love and Etemal Light 


j. Now INHALE and draw the Rainbow Pillar into the Holographic Sphere at Chakra 4, 


visualize the base pulling up from Earth's core and the portion above your head simultaneously 
contracting into the Holographic Sphere. EXHALE the energy of the Rainbow Pillar fully into 

the Hologrephic Sphere and observe the Holographic Sphere become a radiant Silver ball 
of Liquid Light stationed with your Doradic Sphere in the Heart Chakra. 
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EXERCISE: Continued 
THE MAHARA SPACE-COMFORT TOUCH 


7. You may now transmit the frequencies of the 4Harmonic, dimensions 10, 14 and 12, to 
Serve as a healing force for others. You may transmit this energy into your environment 
directly through the 4% Heart Chakra, where itwill enter the Unified Field at the 4% 
Dimensional astral plane. You may use the breath to move the Holographic Sphere down into 
the 3 Chakra for 3Dimensional transmission ino the Earth's atmosphere and the Mental 

Body levels of people's Bio-energetic field. You may transmit through Chakra 2 into the 
Telluric or Elemental Kingdom of the planet and into people's 2>“Dimensonal Emotional 
bodies. Or you may transmit the frequencies ofthe Siiver Sword through the 1* Base Chakra, 
for sacred bonding in intimate relationship, orto raise the frequency and lower the vibration of 
the molecular and sub-atomic fields around you. To transmit the frequencies of the Sver 
‘Sword through the chakras, simply use the EXHALE breath to move the Siver Light ‘charged 
Holographic Sphere down to lower chairas, inhale and use the next EXHALE fo push the 
frequency outward from the selected chakra into the environment. Use the INHALE breath to 
‘move the Holographic Sphere up through the chakra system. Aivays move the Holographic 
‘Sphere up or down along the Central Body Current, to which the core of each chakra is 
attached. 


8. You may also transmit the frequencies of the Sliver Sword through APPLIED TOUCH - 
THE COMFORT TOUCH -to amplify speciic healing facilitation functions and to establish a 
more harmonious repport with other people and the nature kingdoms. Simply visualize the 
Silver Liquid-Light charged Holographic Sphere atthe center of your Doradic Sphere in the 
4% Chakra. Activate your Doradic-1 current via the Maharic Shield and Seal, then visualize 
the Siver Liquid Light from the Holographic Sphere combining with the Green-Violet-Silver 
Doradic-1 current as you EXHALE the current into the Doradic Cords in the arms and into the 
Doradic Balls in the palms. This application is especialy useful to help Clients relax during 
sessions, or o comfort others when they are ina state of stress, unbalance or ines. 

Once your currents moving into the Doratic Balls, EXHALE the current through the Right 
palm. Flace the Right palm gentle and briefy over the Client's rear Chakra 2, or touch them 
sgenty on the left shoulder. The amplified Doradic-{ current wil move into the 4*-Dimensional 
astrehbody field, and move is way into the mental, emotional and physical bodies from there. 


PROFESSIONAL USE OF THE KATHARA BIO-SPIRITUAL HEALING SYSTEM PROGRAM - 
THE KATHARA ALLIANCE 


The Kathara System introduced in The Kathara Bio-Spiritual Healing System ™ Level 1 
Workshop & Course Manual with Introduction to The Kathara Bio-Healing System™ Level 2 
is destined to become a 12-level program that is focused on “whole-being healing through 
progressive biological and spiritual awakening’. Kathara is as much a course on (non- 
denominational, dogma-free) Spiritual Integration Mechanics as itis @ Holistic Healing course. 


An individual completing training in the Kathara Level-1 Bio-spiritual Healing System delivered 
by a Cerfified Kathara Alliance Instructor, will receive a Certificate of Completion, which 
recognizes the person named as attending and receiving training in the Kathara Level One Bio- 
Spiritual Healing System, 


If you desire to practise the Kathara Bio-Spiritual Healing System™ in a regular, professional 
capacity through Client Service, you may use the techniques provided within this Kathara Healing 
Manual to begin. Prior to professional use, itis suggested that one becomes a Certified member of 
the Kathara Alliance through the Azurite Press MCEO (World-wide Consulate) and its 
appointed representatives. 


The Kathara Alliance is a group of dedicated spiritual healing Practitioners and Instructors who 
have demonstrated a thorough understanding of the Theory and Practice of the Kathara Bio» 
Spiritual Healing System™ and the Maharic Recoding Process, as deemed necessary by the 
Azurite Press for professionalism in the practice of Spiritual Healing Facilitation and Instruction 


All members of the Kathara Alliance are Certified Kathara Healing Practitioners and 
Instructors, and are permitted fo practice Kathara Healing facilitation as SPIRITUAL SERVICE. 
For the protection of both Client and Practitioner, as well as the ethics inherent to the Teachings 
themselves, Kathara Healing is to be promoted, explained and practiced as a non-diagnostic 
spiritual healing enhancement service only and not as a replacement for traditional medical 
diagnosis or treatment 


Certification in the Kathara Alliance as an Independent Spiritual Healing Practitioner and 
Instructor of the Kathara Bio-Spiritual Healing System™ requires formal application, including a 
written open-book examination and video presentation by the applicant. The examination is 
intended to reveal areas in which applicants may need to further strengthen understanding of and 
personal relationship to the practice of Kathara Healing Facilitation and Instruction within the 
parameters of Excellence recognized as intrinsic by the Azurite Press MCEO. 


All Instructors and Practitioners must be CERTIFIED to conduct public presentation of 
copyright materials contained in this, the authorized Kathara Bio-Spiritual Healing System Manual 
To uphold standards of Professionalism and Excellence in practice, the Azurite Press MCEO 
cannot recognize Non-Registered Facilitators or Instructors as active participants in the 
Kathara Bio-Spiritual Healing System Program. Obviously, non-certified Facilitators may use 
this program and its applications for their own personal and spiritual enrichment, The Azurite 
Press MCEO authorizes only Certified Practitioners and Instructors to professionally conduct 
Client Sessions. 
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With regards to teaching the program there is a distinction between ‘Teaching’ and ‘Sharing 
Teaching is defined as formal presentation of the materials (following protocols described in the 
Kathara Bio-Spiritual Healing System™ Manual and communications to Kathara Alliance 
applicants and members) in the form of a seminar! workshop and payment is made by attendees. 
To teach the Kathara Bio-Spiritual Healing System™, one needs to be a member of the Kathara 
Alliance. ‘Sharing’ is defined as leading a study group where attendees are not expected to pay (it 
Would not be inappropriate to accept small donations if offered). To share one does not need to be 
a member of the Kathara Alliance but group size should be limited to less than 12. 


Within the Kathara Bio-Spiritual Healing System™ there are specific pages for Kathara Alliance 
Instructors to use in their classes. The Instructors pages are identified by having @ number at the 
top of the page (as well as the regular number at the bottom). These are the only pages that can 
be photocopied for teaching purposes. Only certified Kathara Alliance members (or a Kathara 
Alliance applicant who is delivering and recording a workshop for assessment purposes) are 
authorized to photocopy these pages. 


‘The easy-reference Instructor's pages need to be sequenced in the order denoted by the number 
at the fop of the page. These pages have been carefully sequenced to facilitate delivery and 
learning of the materials, Learners’ needs, including varying leaming style preferences, were very 
much considered when preparing the text and visual presentation of these teaching materials. In 
terms of frequency, the learning process can be described as when previously dormant Scalar 
Standing Waves in the personal shields are stimulated and activate(‘switch on’). As frequency is 
accreted (by progressive exposure to, and interaction with, the materials) the scalar waves in the 
personal shield self -sustain (we would say the person has ‘learned’ the material). The specific 
sequence of the pages are pre-set to create optimum frequency accretion in the personal shields of 
learners even if this is not immediately perceived or understood by the leamer. Therefore it is 
imperative that these pages are used in the delivery of this program and the instructor remains true 
to the given sequence, 


As Independent Spiritual Healing Facilitators and Instructors, all Certified Facilitators and 
Instructors are expected to accept full personal responsibility and legal labiity for the practice and 
application of the Kathara Bio-Spiritual Healing System™. Certified Faciltators-Instructors are 
not required to pay dues, royalties or revenues to the Kathara Alliance/APMCEO for use of this 
program other than the cost of intial personal Training-Registration and obtaining supplies of 
Session Manuals, Certificates and Registration Examinations for the professional Instruction- 
Certification of others. 


201 


making them appropriate in battery-powered 
devices that must draw as little current as po: 
ble. 


Rise and fall speeds are important for high 
speed measurement, signaling, or data transfer. 
The rise and fall time of a typical phototransis- 
tor can be 1,000 times slower than that of a 
photodiode. See “Values” in Chapter 21 for a 
comparison. Note also that the dark current of a 
phototransistor is much higher than that for a 
photodiode. 


The ability of a phototransistor to sink 20mA to 
5OmA at its output is useful where it will be 
connected to a component that has relatively 
low impedance. For instance, a phototransistor 
can drive a piezoelectric audio transducer 
directly, or an LED indicator. 


Unlike a photodiode, a phototransistor is a 
solid-state switch. Its saturation voltage (listed 
in datasheets as Vseisar) a5 described above) is 
the voltage drop between collector and emit- 
ter, and seldom exceeds 0.5V. 


Binning 

Small variations that occur during the fabrica- 
tion process can cause inconsistency in the per- 
formance of phototransistors that share the 
same part number. To provide a more consis- 
tent response, manufacturers use binning, 
meaning that units sharing the same bin num- 
ber are likely to share a tighter tolerance. (The 
same concept is used to minimize variations in 
LED area lighting, described in Volume 1.) 


Datasheets will provide information on the 
availability and meaning of bin numbers, if 
available. 


Bins with higher photocurrents typically have 
longer response times. 


How to Use It 


Most phototransistors are bipolar devices with 
an open collector output. That is, the collector of 
the transistor is accessible from one of the two 


radiation > light> 


leads, making it “open” to being used. See 
Figure A-4 for general instructions on using an 
open-collector output. A summary relating to 
phototransistors is included here. 


The schematic in Figure 22-5 shows the basic 
concept. The resistor is referred to as a pullup 
resistor. When the phototransistor is receivi 
very little light, its effective resistance is 
Consequently almost all the current flowing 
through the pullup resistor will go to any 
device attached to the output, and the output 
voltage will seem to be “high 


ae 
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Figure 22-5 How an open-callector output works. 


If the phototransistor is exposed to a significant 
light source, the effective resistance between 
the collector and emitter drops dramatically, 
and the phototransistor will sink current to 
ground. Consequently, the output will seem to 
below.” 


The pullup resistor is necessary between the 
power source and the collector pin to protect 
the phototransistor from sinking excessive cur- 
rent when it is exposed to light. The ideal value 
of the resistor will depend partly on the impe- 
dance of any device attached to the output. 


In this scenario, exposure to light causes low 
output whereas darkness causes high output. 
What if we wish to have it the other way 
around? 


a4 
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THE KATHARA ALLIANCE CERTIFICATION AND COMPETENCY REQUIREMENTS 


The Certification Program is designed to enable the applicant to fully demonstrate his/her 
understanding of the material in a way that maintains the level of integrity and purity of the Program 
desired of the Kathara Alliance. This also ensures the Student attains a desired level of 
understanding in taking the workshop. The requirements of Certification are designed to protect 
the integrity of the material, those who participate with it, and the rights and responsibilities ofall 
concerned. 


Certified Kathara Practitioners and Instructors must not only be knowledgeable in the practice and 
teaching of Kathara, but are also asked to commit to the behavioral guidelines originating from the 
Covenant of Regent Consulate of the Melchizedek Cloister Emerald Order (MCEO). In this way 
those seeking out a Kathara practitioner can reasonably expect the highest integrity in both the 
teachings and in the individuals with whom they are relating. 


Certified Kathara Alliance members are in no way affiliated with the MCEO Vehicle, the Azurite 
Press and should at no time state or imply such representation. Kathara Alliance members are 
independent Practitioners who offer local, community-based Kathara Healing Level courses and 
facilitation for individuals. 


PLEASE NOTE: The APMCEO & Kathara Alliance reserve the right to revoke any Kathara 
Alliance Certification and Rights of Association of Certified Facilitator-Instructors for any reasons 
of: Misuse, misrepresentation and false claims pertaining fo this Kathera Program; inappropriate 
treatment of APMCEO staff, clients or participants in Kathara Healing Programs; dishonest or 
unethical behavior and practices, and racial, gender, or religious discrimination of clients and 
participants or Kethara Alliance Members. 


For further information on the Kathara Alliance certification process visit our website at 
hitp:/wmw.azuritepress.com/katharalkathara_application_proceedures.html or contact 


In the U.S, and Canada: Sandy Sayles, 8527 Cool Water Ct,, Antelope, CA 95843 - email - 
siepeari@comcast.net OR Melissa Fathman, 855 W. Dillon Rd, Apt. H306 - Louisville, CO 80027 - 
‘email - mfathman@yahoo.com 


Rest of World Office: Hilary Lyons 341A Green Lanes, Palmers Green, London N13 4TY, U.K. 
hilary.lyons@virgin.net 07970770404 
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E+ 3 113 
= THE 6-STEP MAHARIC RECODING =o 


Before Client Arrives: Technique # 7- Aciivale Your Mentor. Conduct Mahara 
Space-Comfort Touch Exercise and remote-tequest permission from client's Rishi 
identity level to apply Comfort Touch when client arrives, Create a calm, pleasant 
environment where you will not be interrupted by phone or other distractions, 
Optional: Sing 3 rounds of the Ariea-Khum-Nar'A toning to amplify personal 

in T vation during healing facilitation sessi 


When Client Arrives: Apply Comfort Touch if Rishi gave remote permission. Sit with 
client and review terms of the Client Agreement Form and secure client’s signature 
‘on form. Offer client the option of audio-taping the session for client's at-home 


1. Technique # 2-The Maharic Seal and the Liquid Light Cl 
and align personal bio-fields. 


2. Sequence-1 Kathara Points massage- first your points, then client's 
Points, fo open Kathara Lines, 


3. Technique # 3- Opening the Healing Channels to activate your Doradic- 
Phase-1 healing current and Technique # 4- Amplifying Inner-Audio-Visual 
and Kathara Scan to locate miasms for healing in client's Kathara Grid. 


4, Technique # 5- The Maharic Infusion to activate client’s Maharic Shield 
and Seal, recode client's Kathara Grid to the Maharic Shield and clear 
miasmic buildups. 


leanse fo seal 


5. Optional: Apply light touch-massage to miasmic areas, or employ other 
healing therapeutics after Maharic Infusion. 


6. Sequence-2 Kathara Points massage on client to revitalize outer body 
systems and close Kathara Lines. Allow client to rest a few minutes before 
leaving. Answer any client questions and allow time for client to discuss 

experience if desired. 


When Client Leaves: To ensure clear bio-fields, while Doradic-1 Current is still 
tuning, draw energy up from Earth's Maharic Shield and run Maharic Current 
through your Kathara Grid and body, up to Chakra-14 and back down to Chakra-13, 
then push a Pillar of Silver Light out of Chakra-4 and EXHALE it to release it around 
body into auric field. Next massage your Sequence-2 Kathara Points to revitalize 
bio-field systems and close Kathara Lines. 
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GENERAL WATHARA HEALING FIELD WORK 
ae 


Activation of any Triadic Healing Current 
requires temporary release of corresponding 
Signet Star Crystal Seals in the Kathara Level-2 
Crystal Seals Grid. 


Maharic 12'"-Dimensional Frequency is required 
to manually release the Signet Star Crystal 
Seals to activate Triadic Healing Currents. 
Kathara Healing utilizes Maharic Frequency to 
activate interdimensional Triadic Healing 
Currents for more powerful healing support. 


Most healing systems have not used Maharic 
Current because the Planetary Templar 
Complex could not run 12t-Dimensional Maharic 
Frequency for over 200,000 years, until January 
2000. 


Release of the Signet Seals also activates 
dormant Strands in the DNA Template and 
releases the Cranial-Sacral Seals on the 
Kundalini Energies. Kathara Healing represents 
advanced, 12-Dimensional Kundalini Healing. 


204 


NOLLWALOV LNEMUAD OMIMAWEIY DIGVIL 


3 89 
OPENING THE HEALING CHANNELS 


Triadic Phase Currents are activated in the body 
by using Maharic Frequency from the PBIS to 
release the Signet Seals of the Internal Templar 
Complex, which allows higher dimensional 
frequency to run through the physical body 
system for transmission. 


ES Triadic Phase Currents are composed of 3 
interwoven frequencies, the Maharic 
Frequency, plus a chosen dimensional 
frequency and its corresponding frequency from 
one Harmonic up. 


aM Triadic Phase Currents are directed by their 
corresponding Color Cap Stone, the.Primary 
Wave Length of the dimensional frequency band 
from which the current is drawn. Kathara Level-1 
activates the 1st Triadic Phase Current, the 
Silver (D-12) + Green (D-4) + Violet (D-7) 
DORADIC PHASE-1 Current. 


a Doradic Current is activated through the Maharic 
Shield, then collected in the 4 Chakra 
DORADIC SPHERE, projected down the 
DORADIC CORDS in the arms and into the 
DORADIC BALLS in the Palm Chakras for 
DIRECT INDUCTION of frequency transmission in 
healing facilitation. 
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The Palm Chakras are Secondary Chakras 
located in the Palms of the Hands. Like all 
Chakras, they function as Black-White Hole Sets 
for transmitting and receiving energy between 
the personal Manifestation Template and the 
dimensional Unified Fields of energy. 


The Palm Chakras are double vortices of energy, 
with one spiral exiting the Palm and its 
corresponding spiral exiting the back of the 
hand. The 2 Spirals of the Palm Chakras are 
linked by a Crystal Seal at the center point where 
the 2 vortices meet. In one Palm Chakra, one 
spiral rotates clock-wise, is Base Electrical and 
transmits energy out of body, and the other spiral 
rotates counter-clock-wise, is Base Magnetic 
and draws energy into body. 


In Level-1Kathara Healing the RIGHT PALM is 
the TRANSMITTING HAND and the LEFT PALM 
is the RECEIVING HAND. For transmission, the 
Standard Hand Position is LEFT Palm placed 
over the back of the RIGHT HAND for pure 
transmission and control of specific frequency 
transmitted from the RIGHT PALM. 


The RIGHT PALM is BASE ELECTRICAL, the 
LEFT PALM is BASE MAGNETIC, but both have 
subtle electro-magnetic capacity. 
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THE KARMIC-MASHNG IDPRINT 


ae 


To enter manifestation in time, identity enters 
cycles of SIMULTANEOUS INCARNATION 
within the 4 Harmonics of Matter Density in 12- 
Dimensions of the 15-Dimensional Time Matrix. 
The PRIMAL ORDER Scalar-wave Template 
through which an identity enters time is the 
Density-5 (dimensions 13, 14 and 15) RISHIC 
SHIELD 


4 The Rishic Shield holds in the Time Matrix the 


identity of the Family of Consciousness from 
which incarnates emerge. The Scalar Patterns of 
the Rishic Shield represent the tangible “DIVINE 
RIGHT ORDER” in energy and consciousness, for 
each incarnate manifesting from it. The individual 
identity must realign its Manifestation Template 
with this Primal Order to become free from the 
Time Matrix in full Ascension. 


The Density-4 Pre-Matter Hydro-plasmic 
MAHARIC SHIELD (Dimensions 10, 11 and 12) is 
the Scalar Template through which identity 
manifests in the lower-dimensional Densities and 
which connects the individual incarnate to its 
Rishic Shield. The Maharic Shield is often called 
the PERSONAL CHRISTOS Template, and it 
holds the consciousness and Perfect Primal 
Order for all incarnations of an identity in time. 
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“Karma” is the result of Free Will choices made 
by incarhates that involve using personal 
energies in ways incongruent with the natural 
Laws of Universal Unified Field Physics and the 
Primal Order of the Christos Template. Karma 
creates scalar-wave distortions within the Scalar 
Shields of personal 15-Dimensional Anatomy that 
manifest physically as energetic clusters called 
MIASMS. 


Ee Miasms are unintended groups of anti-particles 
lodged within the particle field of the personal 
Manifestation Template that block and impede 
the natural flow of energy and consciousness 
into embodiment. Miasms, and the misshapen 
scalar-wave distortions that form them, are the 
cause of ALL disease and dis-harmonic 
conditions. 


aM Health and Harmonious flow of energy are the 
natural conditions of human design. The 
Maharic Shield Personal Christos Template 
holds the Organic Imprint for Health for all 
simultaneous incarnates of an identity, and can 
therefore be used to clear the Karmic-Miasmic 
Imprint from the personal Manifestation Template 
to progressively restore Healthful Primal Order. 
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Miasms from all simultaneous incarnations 
manifest within the personal Manifestation 
Template and within the DNA Template of each, 
where they become literal genetic distortions. 


Me Each of an identity's incarnates in various time 


cycles represents one TIME VECTOR, which is 
encoded in the Vector Codes of the DNA 
Template. Karmic-Miasmic bleed-through occurs 
between incarnates from different concurrent 
time cycles through the living link of scalar 
frequency that exists between the DNA 
Templates of simultaneous incarnations. 


a The Karmic-Miasmic Imprint does not have to be 


suffered and cleared the “old fashioned way” by 
“walking through the Karma in physical reality’. 
The Miasmic Imprint can be cleared as energy, 
with energy, to prevent its manifestation in 
physical terms via realignment of the DNA 
Template with the personal Maharic Shield. 


Any given incarnate can clear the Karmic-Miasmic 
Imprint by realigning the personal Manifestation 
Template with the shared Christos Template 
Maharic Shield. This process is called MULTI- 
VECTOR HOLOGRAPHIC RECODING, which 
creates BIO-REGENESIS of the original 12-Strand 
Silicate Matrix DNA Template of human design 
and restoration of the Organic Imprint for Health. 
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ATTITUDES AND ETIQUETTE IN HEALING 


Holographic Recoding and clearing the Karmic- 
Miasmic Imprint from the personal Manifestation 
Template begins with activation of the Maharic 
Shield and Seal in the bio-energetic field and 
progressive running of 12-Dimensional Maharic 
Frequency from the Personal and Planetary 
Maharic Shields through the 3 Primary Levels of 
the embodied Kathara Grid; the Level-1 12-Tree 
Grid, Level-2 Crystal Seals Grid and Level-3 
Diodic Points Grid. 


M Personal Holographic Recoding begins with 
consistent use of Technique # 2- The Maharic 
Seal and the Liquid Light Cleanse, and is further 
accelerated by facilitating Maharic Recoding in 
others through running the Triadic Phase 
Currents for Co-generative Healing, 

+ One can facilitate healing in others and amplify 
personal healing through the using 
Technique # 5- The Maharic Infusion. 

The Maharic Recoding Session utilizes the 
combined Bio-Regenesis Techniques presented 
in Level-1 Kathara Healing to facilitate Client 
Healing Sessions. 
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Esa Professionalism in Healing Facilitation requires an 
understanding of the Postures of Love and a 
willingness to cultivate the ability to hold and 
transmit OMNI-LOVE, honoring the Divinity of 
ALL things and beings. 


The Primary Postures of Love are SOFT LOVE, 
TOUGH LOVE, SELF LOVE and OMNI-LOVE. 


*% The emotionally experienced quality called LOVE 
is a REALITY IN ENERGY PHYSICS. LOVE is a 
STATE OF VIBRATIONAL FREQUENCY CO- 
RESONANCE that allows free flow of energy 
between consciousness within the Universal 
Unified Field. 


E* 3 The human 12-Strand DNA Template was 
designed to allow 12-Dimensions of Vibrational 
Co-Resonance, the Christos Consciousness of 
the Maharic Shield, to embody in human form. 
CHRISTOS-OMNI-LOVE is Vibrational Co- 
Resonance with all that exists within 12 
Dimensions of the Time Matrix; its embodiment is 
the primary goal toward which human evolution 
progresses, 

M Christos-OMNI-LOVE is the strongest healing 
frequency available within the Densities of Space, 
Time and Matter, and is essential for effective 
Healing Facilitation and personal Ascension, 


radiation > light> phot 


The protective resistor can be moved to the 
emitter pin, where it becomes a pulldown resis- 
tor. It will still protect the phototransistor from. 
passing excessive current, so long as the output 
is connected to a high impedance. The output 
is taken from the emitter pin, and will transition 
from low to high when the component is 


exposed to light. This is. illustrated in 
Figure 22-6, 

e 
g (a) ty 
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Figure 22-6 Moving the resistor and taking an output 
from the emitter pin inverts the behavior of a phototran- 
sistor. Any device attached to the output must have arela- 
tively high impedance to protect the phototransistor from 
excessive current. 


Output Calculation 
Using an open-collector output, the photocur- 
rent is almost independent of the applied volt- 
age Vee provided that the voltage is higher 
than the saturation voltage Vcejsar) which is 
typically between 0.4V and 0.5V. 


If the pullup resistor has value R, the voltage 
across itis 
usR* hp 


where Ip is the photocurrent passed by the pho- 
totransistor. 


When choosing R, one should consider the 
range of currents expected in the light condi- 


What Car B 
tions that will be measured, and the voltage 
range suitable for the next stage of the circuit. 
10K is a reasonable starting point (e.g, when 
measuring light intensity with a microcontrol- 
ler’s analog input). The resistor value can be 
reduced from there, if necessary. 


The value of the pullup resistor must also be 
chosen to restrict current within the limits 
specified by the phototransistor datasheet. A 
value for the resistor guaranteed to be safe is 


REV] Hate 
where V is the supply voltage and Iyax is the 
maximum allowed current. With this value, the 
resistor limits the current to the highest 
allowed value, even if the phototransistor is 
brightly illuminated and assumed to conduct 
perfectly. 


When V = 5V and Inax = 15mA, R should be at 
least 330 ohms. 


What Can Go Wrong 


Visual Classification Errors 

Phototransistors can be visually similar to LEDs 
and photodiodes. They are easily confused, as 
neither type of component is usually marked 
with any identification number. The entry for 
photodiodes describes a system for distin- 
guishing the three types of components. See 
"What Can Go Wrong" in Chapter 21 


Output Out of Range 

The output voltage from a phototransistor will 
depend on the intensity of incident light, the 
value of any pullup resistor that is used, and the 
supply voltage. While a circuit is being devel- 
oped, the light range may seem predictable, 
but in actual use the output range may not fall 
within expectations. 


Chapter 22: phototransistor 145 


we <GSER 5) 


INTRODUCTION TO KATHARA LEVEL-2 


Mahara-Merkabic Master Key Healing- 
Manifesting the Blueprint For Health 


Primal Currents, the DNA Sub-Strand Matrix, Merkaba, Psonns, the Trinity Keys 
and Photo-Dynamic Manifesting 
SPIRITUAL INTEGRATION 


PRIMAL LIFE FORCE CURRENTS-The Kundalini- 
Antahkahrana, Maharata, Kee-Ra-ShA & Khundaray 


DNA SUB-STRAND MATRIX, FIRE LETTERS, PSONNS & 
THE TRIBAL SHIELD 


MERKABA &THE SALUTATIONS 


2 MASTERS KUNDALINI ACTIVATIONS-The Emerald & 
Amethyst Awakenings 


UNIVERSAL TRINTIY KEYS & MERKABA KEY CODES 


MAHARA MANIFESTING,DNA, KATHARA & PSONNS 
TEC) S 

TECHNIQUE #6: The Res Niet ES 

TECHNIQUE #7: Ps-13 Tribal Shield Activation 

TECHNIQUE #8: Merkaba Salutations 

TECHNIQUE #9: Merkaba Trinity Key Induction 

TECHNIQUE # 10: Photo-Radionic Manifesting 

TECHNIQUE # 11: Photo-Sonic Manifesting 

TECHNIQUE # 12: Kee-Ra-ShA Activation Sequence-Awakening the Flame 
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Sacred Sciences of the Mu’a Grail Line- 
Tools of the Trade 


The Maharata- Universal Life Force Currents, Kundalini, 
Antahkarana, Maharata, Kee-Ra-Shay, Khundaray and the Maharic 
Seal. 


Field Techniaue-1; Maharic Quick Seal 


The Tribal Shield and Cue Zones- DNA, Fire Letters, the Sacred 
Psonns and Cue Zones 
Field Technique-2: Tribal Shield-Cue Zone Activation 


The Sacred Salutations- Electrical & Magentic Merkaba Activation 
Field Technique-3: Sacred Salutations- Merkaba Tone Dancing 


Expediting Spiritual Actualization - Tribal Shield Activation, 
Emerald and Amethyst Awakening Masters Kundalini Activations, 
DNA Template Bio-Regenesis, Master Key Codes, Melchizedek 
Cloister Ordinations 
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The Maharata 


Universal Life Force Currents 
*Khundaray- Three levels, 


Polaric and Triadic Currents of 
‘Standing Sound Vibration. 
*Kee-Ra-ShA’- Three levels, 
Primal Light Field Currents 
emanating from Primal Sound 
Fields form First-Cause 
‘Ante-matter Density Dimensional 
Light Field of the Time Matrix, 
Eckatic-Blue Flame-D-13 
(Primal Ray from which the 

2 other Primal Rays emerge). 
Poe"ric-Gold Flame-D-14 

Ti ie-Violet Flame-D-15 
‘Maharata- Three levels 

of frequency, D-10, D-11 and 
1-12, interwoven together to 
form the D-12 Omni-Polar 
Universal Christos Field of 
Pre-matter Density 
Hydroplesmic Liquid Light. 
*Antahkarana- 9 levels 

of polarized electro-magnetic 
energy frequency that form 

3 currents of 3-dimensional 
energy called the Universal 
Kundalini, which form lower- 
frequency dimensions 1-9, 
creating Etheric, Semi-Etheric, 
Gross-physical Matter Densities. 


S Levels of the 
‘on-cimensionalized 
ENERGY MATRIX 
within which TIME 
MATRICES reside, 


\= 


A Dimension isa full Frequency Band 

‘or repeated sequence of fasting on and off 
‘of scalar stancing-wave points within a 
morphogenetic eld. 


> Khundaray 
ae Primal Sound Fields| 


‘SASUAAINN SINOWUVH § 


XPULVE SIN Feuojsuswya-s v0 UL 


All things in manifest existence 
are perpetually fed energy and 
consciousness, in the form of 
interdimensional frequency, 
Via the Universal Life Force 
Currents. 


Universal Life Force Currents and the 
Embodied Kathara Grid Core Template 


(2) Electrical ("Male") Merkaba Spirals 
[T\ \ Spin Currents CW down from Unified Field, 
into body and out into Earth body. 


Polafic Goldlame 


lame D-14 Ti 


Eckatic Blue Fi: 


‘at center of brain 


#98 #10-The Shar 
Inbrain 
behind ears 


W8— Spark of Orion 
In Thyroid Gtand 
eL8 Chakra 


#68 #7-The Wings 
In shoulder indents bs 
tee B ra Centers 
W5—Seat of Ament! 
AtNavel in 
Central Body Curent 


#38 W4-The Dal 


5 Cranial-Sacral P= 


| Antahkarana 
0-1-9 


we Kee-Ra-ShA (D-13-14-15) 
imal Light Field Current, 
Embodies with activation of 
24-Strand-Plus Indigo Child 
Maji Grail Line DNA Template 


Juaung feopen jenueg 


W1-Earth Core 


atcenter of Earth 
ey int" Chakra vy 
lagnetic ("Female") Merkaba Spirals 


Spin Currents CCW up from Earth body, 
into body and out into 


Personal Maharic Shi 


Universal Life Force Currents enter the 
body via Merkaba Fields, Kathara Grid 
Core Template, DNA Template aid 

Central Vertical Current, through 


The Maharata (D-10-11-12 i bs aI 
Pre-matier Liquid Light AR 

“Christos Platinum Ray" PLANETARY MAHARIC SHIELD 
Embodies with activation of 

12-Strand DNA Template 


at brain’Center and in the First 8 Cells in 
the Tail Bone at the base of the spine. 
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Level-2 Kathara Crystal Seals Grid & Chakras 


Universal Life Force Currents and = 
J 


‘Chakras (€ 8 ME) DeepSomcr G12, Star Crystal Seals (S) 


Universal Life 
Force Currents 
Enier via Merkaba 
Fields, Kathara Grid, 
DNA Template & 
Central Vertical Current 
‘and are fegulated by the 
Crystal Seals to form the 
‘Ghakra System, Axka- 


(CHova" means Tritonal Scalar Gig) 
1. Nada Hova - HU+t Incarnate Kenty Tauren Body 


.DeepSpece S13. Sid 
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Universal Life Force Currents form and sustain the 
“Auric Field” Levels of 15-Dimensional Human Anatomy 


= Chakra and Hova Body Ses 


Chakras draw enefgy in from, and B Each Chakra corresponds to a level 7 


transmit energy into, the Unified Fields) AS? of the Aurie Field and one 

‘of each Dimension. Each Chakra pe ‘Axi-A-Tonal Line, Each Hove Body 
carries as its Primary Color the hue 7 corresponds to a set of 3 Chakras and Fe 
associated with the wave-length of the ay ‘contains 3 dimensionalized frequency 
dimensional frequency band to which bands that form the dimensional levels 

the Chakra corresponds, 


Universal Life Force Currents and the 
Embodied Shields, Signets and Kathara Gri 


Hova Bodies are spherical 
scalar wave grids that form 
tissue capsules between 
‘each 3-Dimensional Harmonic 
‘of Manifestation, 

Signets are the core points 
of consolidated frequency 
that hold the programs for 
the Scalar grid SHIELDS 
upon which the Hova Bodies 
manifest. 


‘As Universal Life Force 
Currents activate in the 
Kathara Grid, DNA, 
Chakras, Auric Levels & 
body, natural awakening 
of the dormant Scalar 

\| Shields occurs. 


The Silicate Matrix 12 Strand DNA 
~~ _| Primary Correspondences to Subtle Body Anatomy ee 


Silicate Matrix 12-Strand DNA 
Primary Correspondences to Subtle Body Anatomy. 


DNA Dimension —_Axi-A-Tonal Chakra & Auric Field 
Strand # # Line Seed Crystal =e Level 
Fl 
NADA HOVA BODY —TELLURIC SHIELD ag 
Zo 
Fe) 
1 1 1 1 22 — Etheric Body 
2 2 2 2 3% Emotional Body 
3 3 3 3 38 Mental Body 
ALPHI HOVA BODY ~ DORADIC SHIELD g 5 
° 
ae 
4 4 4 4 83 Astral Body 
5 5 5 5 3 3 Archetype Body 
6 6 6 6 5— Angelic Body 
ze 
ze 
BETCHA HOVA BODY - TEURIC SHIELD E e 
zo 
7 7 7 7 2 i Ketheric Body 
8 8 8 8 32 — Monadic Body 
9 9 9 9°" Keriatric Body 
g 
MAHARA HOVA BODY -MAHARIC SHIELD 225 
ons 
40 10 10 10838 chistes Body 
11 14 4 112 Buddhaic Body 
12 12 12 12 Nirvanic Body 


As Universal Life Force Currents activate within the body 1 
the dimension of consciousness contained in each 
Auric Field Level prog?ésively embodies. 


fe Force Currents and DNA Template 


Universal 


15-Dimensional Levels of Identity, DNA and Indigo Children 


Progressive activation of al 
dormant 12-48 Strand DNA 

“Template creates activation 

ofecreamanire averse A Dimension is a full Frequency Band 
Life Force Currents in body. or repeated sequence of “lasting on and off 


of scalar standing-wave points within a 


| 


‘The Kee-Ra-ShA (D-13-14-18) 
Primal Light Field Current. 
Embodies with activation of 
24-Strand-Plus Indigo Child 
Mali Grail Line DNA Template 


&, 
> 
Sequences 
Time Matrix 18 
ofthe Energy 
Matix orm the 


Te Maharata (D-12 Christos} 

Pre-matier Liquid Light peer 

euima\~ "Platinum Ray! Embodies 

Fields With activation of 12-Strand 
‘Angelic Human DNA Template 


“The Oraphim gnats imprint cf the indigo Children slows more rapid re-assembly 
the 48 DNA Fire Letiers/ scalar-wave gids, creating the potential to embody the 
‘Avatar identty and cpen the consciousness to Ascended Master Identiy Levels, 

indigo Children are Avatars and Ascended Masters waiting to awaken. 


“AI Angelic Humans possess a minimum of T2-Strand DNA potential through which activation of 
the Maharata Current and embodiment of the D-12‘8histed Avatar identity can take place. 
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The Reality of Spiritual Integration 


© Spiritual Actualization is as much a function of Divine Physics 
as it is a product of Divine Consciousness. The natural Primal 
Order of Universal Structure sets the Templates of 
Manifestation to which consciousness must conform to enter 
the experience of manifest expression within a space-tinne-matter 
system. 


* The personal Christos Maharic Shield Manifestation Template 
and the Christos Tribal Shield Species Manifestation Template 
are microcesmic replicas of the macrocosmic Primal Order 
upon which Universal and Cosmic structure are built. 


The Personal D-12 Christos Divine Blueprint Maharic Shield 
connects each Individual Christos self to the larger D-12 Christos 
Divine Blueprint of the Species. The D-12 Christos Divine 
Blueprint is called the TRIBAL SHIELD. 


To understand the realities of personal Spiritual Integration and 
Actualization, in order to fulfill our personal life purpose, it is 
important to comprehend the basic Primal Order structures of 
energy, the personal D-12 Maharic Shield and the D-12 
Species Tribal Shields, through which our consciousnéss 
manifests in time. 
The secrets to reclaiming the Divine Birthrights and 
Responsibilities of Angelic Human heritage are hidden within the 
realities of the Tribal Shield and the specific "Fire Letter 
Sequences" of the Tribal Shield that manifest within and govern 
the function of the Angelic Human DNA Template. 


The key to Spiritual Actualization is activation of the dormant 
personal 12-Strand DNA Template. The most rapid means of 
activating the dormant Angelic Human 12-Strand DNA Template is 
through activation of the Tribal Shield, the Species D-12 
Christos Divine Blueprint, which represents the CORE 
PROGRAMMING of the personal D-12 Maharic Shield. 
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oe 
The Silicate Matrix 12-Strand DNA Template with Hova Body, 
Scalar Shield and Identity Level Correspondences 
tic Fiel x igi 
The Morphogenetic Field Scatan wave Template a the Original Human Genome 


cornet Strand DNA Template Wasnt 
Mahe Ce lepengpraap ie Telluric Shield 

YaREs ihre 444 Fire Letters, Nada Hove Body 
Avatar “Christed” Identity 41728 Vectors Codes. Incarnate Identity 
Chakras 10-12 Chakras 1-3 
Mahunta Phase Merkaba 

2 Dimersonl Merkaba) axl Sm, f, 
x 


S Parle and 6 Apart 
4 Strand =12 Fire Letters 
ort Fire Letter 
fac (or 444 Vector. Codes (selves) 
a Doradic Shield 
Teuric Shield ! \ \ Abhi Hove Body 
Betcha Hova Body Soul Identity 
Over-Soul Identity Saas 46 ‘38 
Chakras 7-9 lat ae Neraate 
Gusta Phese Neriaba sere 
12-Cycle #1 Particie Universe 12-Cycte #2 Anti-Particie Universe 
42 Base Codes per Strand = @ 12 Acceleration Codes per Strand =) 
12 FIRE CODES between Strands = 
{€) Emerald Kisndalini Awakening releases Fire Codes 1 &'4 (A) Awakening releases Fire Codes 7,108 12 


| Amethyst Kundalini Av 
(Diagram presents simple conceptuaiization of DNA Strand Template orientation, not actual 
‘geometrical arrangement of wave-form structure and observable strand interelationship.) 
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Activating the Tribal Shield 


The 12-dimensional Tribal Shield is the dormant Species Divine 
Blueprint within the DNA Template core of the Angelic Hurnan 
races of the 4 Evolutionary Rounds. The frequencies of energy 
and dimensions of consciousness of the 1728 simultaneous 
selves of the Personal Etemal Christos Identity can be activated 
in one incarnation through sequential activation of the Fire 
Letter Sequences or "Flame Codes’ of the Tribal Shield. 


The “Flame Code Fire Letters" within the DNA Template are the 
DNA Signet Codes that correspond to Earth's 12 Primary Star 
Gates and the Planetary Shields through which the planetary 
body manifests. The Flame Codes serve as the core foundation of 
the personal 12-Strand DNA Template. 


The DNA Template Flame Codes of the Tribal Shield allow for the 
Primal Life Force Currents of the Density-5 (dimensions 13-14- 
15) Kee-Ra-ShA Primal Light Fields and the Khundaray Primal 
Sound Fields from the Energy Matrix, beyond the 15-Dimensional 
Time Matrix, to embody more fully within the Angelic Human form. 


A Fire Letter is a fixed point of consolidated frequency that 
holds specific frequencies consciousness into manifest form. The 
Manifestation Templates or Divine Blueprints of alll things 
manifest are built upon intricate patterns of interwoven Fire 
Letters called Fire Letter Sequences. The Flame Codes of the 
Angelic Human personal DNA Template and Species Tribal Shield 
are composed of the same Fire Letter Sequences that make up 
the Divine Blueprint of Earth's Planetary Shields. 


Activation of the Tribal Shield sets in motion simultaneous “firing” 
or activation of the 144 Fire Letters (12 Fire Letter Sequences) of 
the 12-Strand DNA Template, expediting the natural evolutionary 
process of Soul, Over-Soul and Christos Avatar Identity 
Integration, through progressively opening the "Trans-time DNA. 
Template Star Gates". 


Activating the 12-Strand DNA Template allows the D-12 frequency 
of the Universal “Christos” Maharata Current to activate within 
and run through the Angelic Human DNA Template and into the 
Earth's Planetary Shields. Activation of the Maharata Current 
within groups of Angelic Humans on Earth allows for collective 
anchoring of the D-12 Planetary Christos Divine Blueprint, the 
Shield of Aramatena, to achieve fulfillment of Angelic Humanity's 
Sacred Commission of the Planetary2Christos Realignment 


Mission. 
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The Tribal Shield- Species D-12 Christos Divine Blueprint 
“The Angelic Human 12-Strand DNA Tempiate contains 


Drie Latin SoumricBe om BEC LENEee te CHa [ The THbal Shieta connects sor personal 
‘Fre Letier Sequences fom ail pare 12-Gyele D-42 Maharic Shield Divine Christos 
igre la gpg es cela oneal Sluoprint to the grealer Christos Blueprint 
‘Two Planetary 12-Cycles of the Cyd of the Rounds: Tee Oe anes Specten: 146 Eire 
e ior Sequences) of th 
(4'12-Cyele = 4 Evolutionary Rounds) - “Tribal Shield make up the core progiom 
ofthe Human 42.Strand DNA Template. 


Round-2. 


Urtite-Cloister races 
208, 10086-75,000BC 


— 
Each of the 12 Planetary Time Cycles in one Planetary 
12-Cycle of the "Cycle of the Rounds” has 72 Time Vectors, 
12-Strand Angelic Humans have one seif in each of the 
72 Time Vectors of the particle universe Planetary 

12-Cycle and 72 selves in the corresponding anti-particle 
Planetary 12-Cycle. 72 selves x 12 Planetary Time Cycies = 
‘864 selves per one Pianetary 12- + 864 selves 
universe Planetary 12-Cycie = 1 ‘Selves in Tribal Shield 


Tribal Shield Activation Creates Cue Zones 
In Earth’s Planetary Shields. 


Cue Zones 
"Cue Zones" are locations on Earth where a small portion of 
Earth's D-12 Shield of Aramatena Christos Divine Blueprint has 
been re-set within Earth's Planetary Shields. During Stellar 
Activations Cycles, Cue Zones can be manually set by 
individuals or groups by running the D-12 Maharata Current, 
activating the Tribal Shield to draw in the Khu rary Primal 
Sound frequencies, then singing the 12-Tribes Master Psonns 
Suffixes and running the tones through the body and feet and 
into Earth's Planetary Shields. After running the Master Psonns 
Suffixes, one can then dllow the "Song of the Christos Soul", 
the tones of the personal D-12 Maharic Shield (the "Elohei- 
Elohim Within") to run into the Planetary Shields. The personal 
Soul Song will create a "Back Song" transmission of frequency 
from Earth's Planetary Shields, a set of healing frequencies sent 
back to you in response to activating your Soul Song in Earth's 
Planetary Shields. Once’set, Cue Zones will remain for a period of 
3.5 to § years, depending on strength of energy originally set. 
They can be recharged using the same "setting" procedure to 
last indefinitely. 

Cue Zonés are "safe zone" areas on thé Planet that are 
protected from interdimensional interference. They can be used to 
amplify effects of energy healing applications, to "charge" 
objects and substances with sub-harmonics of D-12 Christos 
frequency and when used with the personal Temporary Maharic 
Seal, to get clear, protected “meditation space" free from 
interdimensional interference. Cue Zones aré "keyed" to Earth's 
Planetary Templar “Cue Sites", the activation sites for Earth's 12 
Primary Star Gates, which exist on régions of Earth that 
correspond to the 12 Primary Star Gates of Inner Earth. 
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TECHNIQUES 6: THE MAKARIC QUICK SEAL, 


1 Work with 2 24 pointed, 3 Dimensional Star (Heirophant) and be aware that you will be 
‘working with beings known as the Breneau Rishi 


2 Begin by slowing your breathing , as you imagine or visualize a 24 point, 3 -Dimensional, 
Heirophant at the Pineal Gland in the center of your brain. Visualise the Helrophant 
‘surrounded by a Pale Blue Sphere of Light. 


(The Blus Sphere serves as a buffer for your readiness to accept the frequencies 
associated with using the 24 pointed Star, the Blue Sphere holds the energy for you until 
your body can handle the energy. if you can handle i the energy wil simply pass 
through the blue sphere) 


3 INHALE, as if you are going to grab the blue sphere containing the 24 point star located 
at the Pineal, and on the EXHALE move the 24 point star/ blue sphere, all the way down 
te Earth’s Core. Try to hear 2 sound tone as the Heirophani/ Sphere hits the Planetary 
Shield .. 


4 _ INHALE and draw the Heirophant/ sphere up to your Personal Maharie Shield 12* below 
your feet ... and EXHALE while watching the Pale Silver-Biue sphere expand out toa 
{arge sphere ... and watch as your Maharic Shield pop out as a dise, about 4' in diameter, 
Pele Silver with a light coating of Pale Blue, 


5 Bring your attention to the center of your Maharic Shield 12" below yaur feet ... and 
INHALE the 24 point Star (only) up into the Heart Chakra, EXHALE, expanding the 
frequencies of the 24 point Star into the Heart Chakra, 


6 INHALE fo grab the 24 point Star, and EXHALE, pushing the Star up into the 14" Chekra 
36" above the head. Imagine thal the 24 point Star is spinning in a clockwise direction in 
the 14" Chakra. As you do this, ty to fee! sense the energy around you, just a few 
inches out from your body ... 


7 Now put your attention into your Maharic Shield 12" below your feet, take a couple of 
relaxing breaths and INHALE deeply puling the Pale Sliver and Blue energy up, as if you 
are pulling on your Maharic Seal to latch it on to your 14" Chakra. Try and feel the 
‘Sensations just a few inches from your body now — feel the difference if you can. This 
Procedure gives you a Quick Seal 


8 _Now snvision the cord of Pale Silver Maheric Light that would normally came up with your 
Shield and focus on the Earth's Core. Begin drawing energy all the way up the 4 
Giameter cord and into the body. INHALE the energy up into the Heart Center, and 
expand it there. Begin to form a pale Silver ball of Maharic frequency, 


(On each EXHALE send your energy down to the Earth's Core to bring up another load of 
Maharic frequency, up from the Planetary Shields, expand it into the Heart center and 
Tepeat several times. Notice that the Cord grows larger as you do this, expanding from 
approximately 4° to 6 to 8" diameter, unti finally it feels ike a skin around (as well as 
within) your body ... as you load your Astra field with Maharic Frequency. 
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Technique 3 73 Ps-13 Thilbal Shield Activation 


The Master Key Tones 


* The 12-Tribes names were the audible-tone translations of the 
specific Fire Letter Sequences contained within the’ Tribal 


Shield DNA Templates of each Tribe. The tones of the Tribal 
names were used to activate the 144 Fire Letters of the Tribal 


Shield in the personal DNA Template, providing the Angelic 
Humans races with the ability to consciously regulate the 


activation level of their DNA Templates and Primal Life Force 


Currents. 


* The Sound-Tone Programs that are used to activate the DNA 
Template and Primal Life Force Currents are called "The Sacred 


Psonns". The Tribal name was the Master Psonn. In running the 


Rainbow Roundtables, the Signet Council Regents brought their 


Tribal Shield "Flame Codes" into activation by singing rounds of 


the Sacred Master Psonns. 


The 12 Sacred Master Psonns 


for activating the 144 Fire Letters of the Tribal Shield Flame Codes in 


the 12-Strand DNA Template. 
Plus Master Tone Activation Suffix. 


12. A-reah-Azurta 
a- Rl-a-Zoor-ta- Rha 


11. Zephar-Duun-Atur 
ze-far-Doon a-Tur- Dha 


10. Ma‘ah-hu-ta 
Ma-a hoota- Khu 


9. Yun Zu-Xen 
Yu-Un Zoo-Zen KE 


8. Chia Zhun Zan La-Yung 
ChE’ ah-Zoon Yan LA-Yoong' OM 


7.Mahata-Agrah 
ME hah' ta a'g-ra OE 


6. Ramyana-Shridveta 


rah mayah na shrid vE' Da 


§. Jonatu-Etillah 


1 O'Natoo etil'a EU 


4, Nuagu Hali 


Noo ah'goo ha'LE Ka 


3, Amekasan-Etur 


aME'’kasun etoo'r DO 


2. Maahali-Bruea 


Ma a ha'LE-BrU'A EL 


1. Isutu-Esheau 
I sU'too E' shoo 
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Tribal Shield-Cue Zones Activation 
Creating a Cue Zone 
1. Choose location and activate a personal "Maharic Quick 
Seal” to “run the D-12 Maharata Current" in your body. 


2. Once you can feel sensation of Maharata Current running, 
sing-tone 12-Tribes Master Psonns (names) for Tribe-12 and 
Tribe-1 to activate Tribal Shields Flame Codes in your DNA 
Template to run the "Rainbow Ray". Direct Pale Silver 
Maharata Current and Rainbow Ray pale color spectrum 
through body and out soles of feet into Earth's Planetary 
Shields. Tone for a while to build critical mass of frequency. 


3. Use a selected combination of 3 Master Psonns Suffixes and 
tone for a while, running sound through body and feet into 
Earth's grids. (avoid the Suffix combination of Tribe+-7-10 
used in that sequence to avert present distortions in Earth's 
grids that run on this mathematical coding) 


4. Allow the Christos Soul Song to emerge from you “free style" 
and send the tones into Earth's grids. 


5. When complete, sit quietly for a while and listen for the Earth's 
telepathically transmitted "Back Song", drawing its gentle 
frequencies into your body for healing. 


6. Close with singing several rounds of the 3 Master Psonns 
Suffixs that you opened with. The Cue Zone you have set will 
extend out from your position in a radius of about § yards and 
will last 3.5-5 years depending on strength of energy you used 
in setting the Cue Zone. 


7. To amplify strength of Cue Zone you can use the "Merkaba 
Spin" just after closing. Remain in same position, stand, the 
gently spin, first clockwise (as if you are standing on a clock 
face with the "6" in front of your feet, "3" at the left hand, "9" at 
the right and "12" directly behind you). Spin gently clockwise to 
bring electrical frequency down through your "top" Merkaba 
spiral. Then slow, stop and reverse spin to counterclock- 
wise, to activate "bottom" Merkaba spiral”, drawing fréquency 
up from Earth's grids. Personal Merkaba Activation will 
accelerate the frequencies of the D-12 energies you set at the 
site, making the Cue Zone stronger and more lasting. 
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The Sacred Salutations 


The Solar Salutation 
Electrical Merkaba Activation 


* The ancient Mu'a and Lemurian Guardian Races ran the 
Maharata and activated the Tribal Shield each day to conduct the 
Sacred Solar and Lunar Salutation Rites each moming and 
evening. The Sacred Salutations are Toning Dances that 
activate the personal Merkaba Field for sustained activation of the 
DNA Template and amplification of the Maharata and Universal 
Life Force Currents in the body. 


+ Solar Salutations accelerate the spin of the Electrical Harmonic 
Merkaba Spiral (Top, CW spin), drawing increased amounts of 
Electrical Anti-particle frequency from the Solar Electrical 
Merkaba Spiral light spectrum into the Electrical Acceleration 
Codes in the DNA Template to “charge” the body with 
Electrical Anti-particle frequency. 


* Accelerated Electrical Merkaba Spiral Spin of Solar Salutations 
increases the amount of Anti-particle Base-Electrical frequency 
brought into the body's DNA Template and Kathara Grid from 
the Dimensional Unified Fields and increases the amount of Anti- 
particle frequency sent out from the body into Earth's Planetary 
Shields. Frequency passes between the Human Body and Earth's 
Planetary Shields via the embodied Kathara Grid core templates 
that make up the Planetary Bio-Feed Interface System ("PBIS") 


* Electrical Anti-particle energy enters the body via the "Top™ 
Electrical Harmonic and Dimensional Merkaba Spirals, the 
Base-Electrical Acceleration Codes in the DNA Template, the 
Electrical Kathara Centers 2-5-8-11 of the Kathara Grid Central 
Pillar, the Electrical aspect of Electro-magnetic Kathara 
Centers 1-3-6-9-12 on the Right Side of body ("Left Side Pillar" in 
Kathara diagram), Electrical Chakras 2-5-8-11 and the Electrical 
aspect of Electro-magnetic Chakras 1-3-6-9-12. 


* Solar Salutations (CW spin Top Electrical Merkaba Field 
Activation) raise the body's Oscillation (energy transmission- 
expansion), lower the body's Vibration (energy holding- 
contraction), making the body Higher Frequency and More 
Electrical (transmits more energy than it is drawing in). 


° A Higher Frequency Electrical Body has: 
Lower Vibration, Higher Oscillation/Frequency, Less Matter 
Density 

* More activated DNA Strands, more chromosomes, 
embodiment of more levels of consciousness. 

* Slower heart, breathing and metabolic rhythms (energy 
expansion and contraction rates), thus requires less food 
(bums fuel slower). 

* Greater longevity and less sleep (body can synthesize 
natural higher frequency energy and Stream of 
Consciousness for longer periods without taxing.) 

* Greater Silica quantity in Silica-to-Carbon Ratio of 
elemental composition and larger size (more space between 
cells; more expanded matter). 

* Perception of expanded Space and slower Time 

movement. 

Greater heat release, thus cooler internal temperature. 
Natural attribute of transmitting greater amounts of energy 
thrust into the Planetary Shields than it is drawing in/receiving 
from them. Energy “giving”. 


+ The Solar Salutations "charge" the Top Electrical CW 
Merkaba Spiral to maintain its natural cycle of 33(¥3) 
rotations per 1 “trillionth" of a nano-second”, through 
which the Base-Electrical systems of the body are 
naturally maintained. 


The Lunar Salutation 
Magnetic Merkaba Activation 


Lunar Salutations accelerate the spin of the Magnetic Harmonic 
Merkaba Spiral (Bottom, CCW spin), drawing increased amounts 
of Magnetic Particle frequency from the Lunar Magnetic 
Merkaba Spiral reflected light spectrum and Earth's Planetary 
Shields into the Magnetic Base Codes in the DNA Template to 
“charge” the body with Magnetic Particle frequency. 


Accelerated Magnetic Merkaba Spiral Spin of Lunar Salutations 
increases the amount of Particle Base-Magnetic frequency 
brought into the body's DNA Template and Kathara Grid from 
the Earth's Planetary Shields and increases the amount of 
Particle frequency sent out from the body into Dimensional 
Unified Fields. 


Particle Base-magnetic energy enters the body via the "Bottom" 
Magnetic Harmonic and Dimensional Merkaba Spirals, the Base- 
Magnetic Base Codes in the DNA Template, the Magnetic 
Kathara Centers 4-7-10 of the Kathara Grid on the Left Side of 
the body ("Right Side Pillar" on Kathara Diagram), the Magnetic 
aspect of Electro-magnetic Kathara Centers 1-3-6-9-12 on the 
Right Side of body ("Left Side Pillar" in Kathara diagram), 
Magnetic Chakras 4-7-10 and the Magnetic aspect of Electro- 
magnetic Chakras 1-3-6-9-12. 


Lunar Salutations (CCW spin Bottom Magnetic Merkaba Field 
Activation) lower the body's Oscillation (energy transmission- 
expansion), raise the body's Vibration (energy holding- 
contraction), making the body Lower Frequency and More 
Magnetic ( draws in more energy than it is transmitting out). 
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n> heat > nte thermistor 


NTC thermistor 


PTC then 


fors, in which the resistance increases as the temperature increases, have 
aseparate entry. See Chapter 24, 


A resistance temperature detector or RTD has a resistance that increases as its tempera- 
ture increases, but it is not usually classified as a thermistor, because its sensing ele- 
ment is fabricated differently. Its entry will be found at Chapter 26. 


Semiconductor temperature sensors and thermocouples each have their own 
entries. 


Infrared temperature sensors and passive infrared motion sensors have their own 
entries. They are noncontact temperature sensors that respond to infrared radiation. 


# ee | 
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OTHER RELATED COMPONENTS 
+ PTC thermistor (see Chapter 24) 
+ infrared temperature sensor (see Chapter 28) 
+ passive infrared motion sensor (see Chapter 4) 
+ semiconductor temperature sensor (see Chapter 27) 


+ thermocouple (see Chapter 25) 


+ RTD (resistance temperature detector) (see Chapter 26) 


What It Does 


An NTC thermistor is the most common type of 
discrete-component temperature sensor, and is 
usually the most affordable. Its resistance 
diminishes as its temperature increases. This 
behavior is referred to as a negative temperature 
coefficient, which is the source of the acronym 
NTC. 


This is a simple, passive component that is not 
polarized. It requires no separate power supply, 
but an external device must pass a small AC or 
DC current through it to determine its resist- 
ance. This is known as an excitation current. 


Schematic Symbols 

Schematic symbols for a thermistor are shown 
in Figure 23-1, Those in the top row may still be 
found in the United States, but are being 
replaced by the European variants in the sec- 
ond row. The addition of -t® to the symbol indi- 
cates an NTC type of thermistor, while +t° 
indicates that it is the PTC type, with a positive 
coefficient (see Chapter 24). If no indication is 
shown, the thermistor is likely to be the NTC 
type. 
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* A Lower Frequency Magnetic Body has: 
+ Higher Vibration, Lower Oscillation/Frequency, Greater 
Matter Density 

* Fewer activated DNA Strands, fewer chromosomes, 
embodiment of fewer levels of consciousness. 

* Faster heart, breathing and metabolic rhythms (energy 
expansion and contraction rates), thus requires more food 
(burns fuel faster). 

+ Lesser longevity and needs more sleep (body can 
synthesize natural higher frequency energy and Stream of 
Consciousness for shorter periods; taxes more easily) 

* Greater Carbon quantity in Silica-to-Carbon Ratio of 
elemental composition and smaller size (less space between 
cells; more contracted matter). 

* Perception of contracted or more confined Space and 
faster Time movement. 

* Less heat release, thus warmer internal temperature. 

+ Natural characteristic of drawing greater amounts of energy 
thrust from the Planetary Shields than it is transmitting into 
them. Energy “taking”. 


The Lunar Salutations "charge" the Bottom Magnetic 

CCW Merkaba Spiral to maintain its natural cycle of 11%| 
rotations per 1 “trillionth” of a nano-second", through 
which the Base-Magnetic systems of the body are 
naturally maintained. 


The natural ratio between the Top-CW-Electrical- 
“Male” Harmonic Merkaba Field and the Bottom- 
CCW-Magnetic-"Female” Harmonic Merkaba Field 
is Electrical-Top 33,CW rotations per 1 “trillionth" of 
anano-second and Magnetic-Bottom 1173CCW 
rotations per 1 “trillionth" of a nano-second. 
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| The Natural Christos Merkaba Vehicle & Personal Shields — 


E © 2000 Ashayana Deane 


The Dencity 4 Christoc Merkaba Spiral (Top Gectioal Male-CW) 
begins above the hod at Chakro-10, expande up to Chakra-11, 
|then folds down expanding over the body to Chakra-12 and the 
Maharic Shield below the feet encating the body in e Pre-matier 
Liquic-Light Density 4 Base-Electical Ant+Particle Field that 
rotates CW on the Electromagnetic Maharic Shield Horizontal Axis 
‘snd circulates D-12 Moharata-Chrictos energy into Chakra 13 


Rahunta Phase- 15-0." // 
S Sees 


DAS Sub Hanon eB a 
Sh Density-s 07.5.9), 


‘Antahikarana-Tellurie Current 
When fully & propery actvatea, the 
Tollurie Shield expands to 144 miles. 
When & expands increments of 71, 
itis running a reversal and cannct 
link wit the Christlae Marka 
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of Density § (0-13-4418) 


Gare sempmesed prot 
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Richie Merkabe Spiral ( i 
t iNagneds “FEMALE 

PRACT, | svouS tpn ecw 20 

h fata Christos Curent sow 


‘Woh ful & properly acivated, te 
Tesie Shield expands to 144 miles 


The Density Richiac Merkaba Sptal (Gotlom Magnetic Female 
CCWY) begins below the feet in Chakra-13 al Eart’s Core, expand 
‘up above the head to Chakra-14, ten fokis over the head and 
down to Chakra-18 mimy siiles beneath the feet, through Earth's 
‘Center and back out into deep space to the Vertical Axis Magnetic 
Richiae Shield. The Rishiac Merkaba Spiral envelopes the body i 
'2 Mageetic Field that manifests as a Horizontal Ax COW rotating | Shakra-18 
‘Magnetic Particle Field st the Density Teftric Shiekd and a= 2 
Vertical Axe Ante-particle Thermo-plazmic Primal Light Field that 
‘Groulates D-42 Maharata-Chrictoe and Keo-Ra Shay Currents up 
‘tre Ceratral Vertical Current and front of the body, over the head 
‘and down Central Vertical Current and the back of the body via 
te Rishioc Shield Vertical Axis. 


M.CCW 


Density 5 (0-43-4445) 
Rishiac Shield —— 

Koe-Ra-ShA Primal Light Current 
M-EM-CCW-CWCW 


(The NATURAL Spin Ratio between the Top (Male-ElectricalCW-Anti-particle) 
Density-4 Christiac Merkaba Spiral and the Bottom (Female-Megnetic-CCW-Partite) Density5 Rishiac 
Merkaba Spiral is 33 1/3-CW-Male-Top to 14 2/3-CCW-Female-Bottom. The 33 413-CWH1 2/3 COW Spin 
Ratio creates the NATURAL ratio of 33 2/3-Parts Electrical Anti-Particies to 11 2/2-Parts Magnetic 
Parties, (or 33 4/3 energy expansion/oscillation!thrust io 11 23 energy contraction/vibrationkiraw) 
“within earth's Density-1 Matier Base, the organic Divine Blueprint of Density-1. This Christiae internal 
Merkabs Vehicle Spin Ratio creates a self-custaining, Etornal, Matter-bace that is MORE ELECTRICAL 


than Magnetic, which perpetually re-fuels itself via natural circulation of the Maharata, Kee-Re-ShA and 
Khundaray Universal Life Force Currents. 
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= Merkaba Phases - Building the Merkaba Vehicle saa 


RISHIC Merkaba | 5 Harmonic Merkaba Spirals 


‘ Mabunta Phase 
12 Dimensional 


CHRISTOS AVATAR Merkaba 
4 Harmonic Merkaba Sprrais 
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Each dimension of the Human Body has one Dimensional Merkaba 
Field (EM set). The three Dimensional Merkaba Fields in one Density 
Level form one Harmonic Merkaba Spiral in each of 5 Density Levels 
that merge to form the Merkaba Star Gate Transit (Ascension) Vehicle. 
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Technique ¢ : Merkaba Salutations 


Healing tre Spin & Balancing Particle/ Anti-Particle Ratios 
33 1/3-CW/11 2/3-CCW Christos Merkaba Activation 


“Note: Discem CW or CCW direction of Merkaba Spin by imagining that you are standing, 
with arms stretched out to the sides, in the center of @ round 12-digit clock-face. The FRONT of 
your body faces the “6"-digit, "12"-digit is positioned behind you, the "3*-digit is posttioned at 
your LEFT ARM and the “S"-digit is positioned at your RIGHT ARM. CLOCKWISE "CW SPIN: 
Hold LEFT "3-Arm” firmly out to the side of the body like a "clock hand” and begin Spin toward 
FRONT. moving the body with the LEFT arm toward the "6"-digit position in FRONT of your 
feet. COUNTER-CLOCKWISE "CCW" SPIN: Hold RIGHT"9-Arm” firmly out to the side of the 
body like @ “elock hand” and begin Spin toward FRONT, moving the body with the RIGHT arm 
toward the "6"-digit position in FRONT of your fest. The TOP-ELECTRICAL-MALE Merkaba 
Spiral Christos Spin is always 33 1/3-CW rotation. The BOTTOM-MAGNETIC-FEMALE 
Merkaba Spiral Christos Spin is always 11 2/3-CGW rotation. 


Solar Salutation Rites: (best ime Dawn's First Lg & 1200 Noom) 

begin with Top-Electrical-CW-"Male” Merkaba Spiral activation, followed by Bottom 
Magnetic-CCW-"Female" Merkaba Spiral 

Use Tribe-12 Activation Suffix "RHA™ as Initiating Tone 

Lunar Salutation Rites: (best time 12:00 Midnight to 3:00AM) 

begin with Bottom-Magnetic-CCW-"Female” Merkaba Spiral activation, followed by 
Top-Electrical-CW-"Male” Merkaba Spiral 

Use ribe-1 Activation Suffix "UR" as Initiating Tone 


4. Activate Maharic Quick Seal Technique- 6 

2. Activate Tribal Shield-Cue Zone Technique- 7 

3. Stand with spine comfortably straight, breath slowly, in a relaxed manner and begin 
quietly toning the Initiating Tone, continuing repetition while progressively 
increasing the volume and extending the Exhale Breath Tone thrust behind 
Initiating Tone until you can feel the subtle energy of Tone sound waves oscillating 
in the body. 

4. Activate First Merkaba Spiral (Top or Bottom Spiral first, depending on Solar or 
Lunar Salutation) by holding arms out to the side, paralle! with the ground, and 
begin to slowly SPIN in the direction (CW or CCW) natural fo the * Christos Spin of 
the Merkaba Spiral you are activating. Continue to Spin AND Tone Initiating Tone 
while progressively increasing rate of Spin and Toning. To prevent dizziness, 
hold one arm out to front with thumb Positioned UP, and focus your eyes on the 
THUMB rather than the spinning scenery beyond. Do not Spin faster than comfort 
level. You may modulate toning in rounds of 3, between the Initiating Tone and 
toning the Christos Spin Rate Number ("33 1/3" for Electrical-Top Spiral, "44 2/3" 
for Magnetic-Bottom spiral), if desired, 

5. When energy in body feels “charged” (a "doneness" intuitive feciing), slow spin to a 
gentle STOP. while Toning 3 Times, the "Um Shaddai Ur-A ah-Khum' Tun" Lyta- 
Halls of Amorea D-12 activation sequence, to amplify the Merkaba Spiral "charge. 
Stand STILL and breathe quietly for a few moments while Spin stabilizes, then 
repeat STEPS 3-5 to activate other Merkaba Spiral. 

6. End Salutation Rite with full 3 Rounds (minimum) Toning of the "Ariea Khum Nare 
A= (Song of Orion D-8 activation sequence) Part-1:Verses 4 and 2, to be sung 
while Walking 2 Circles, one CW, one CCW, beginning Circle Walk with Spin 
direction of First Merkaba Spiral activation, followed by a reverse-direction Circle, 
then Standing STILL for a few moments to allow the Christos Maharata Current to 
run between your body and Earth's Planetary Shields, 
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The Ar-/E- a Khum-Nar' A 
The Song of Orion 


Part 1 : the Resonant Tone Syllable Sequence (primary melody) 


Verse 1: OMA Da E, Patum ah 
OMA Da_ E, Patumah 
Patum ah A' DEE - Tah, A khum-na 
OMA Da E, Patum ah © 


Verse 2:TrA TE La" Durum Na 
TrA TE La E* Durum Na 
Durum’ 2h A' Khem - Tah, Akhum-na 
OMA Da E, Patumah 


Part 2: the Base Tone Syllable Sequence (accompaniment 1) 
Ve v1 


are oe eee 
UMah OM, 
UMah OM, A 
Potm oh 8 Te 
Dun ah A _Khem=Tan A 
DO RAY TU 
UMah OM, A 
Part 3: the Over Tone Syllable Sequence (accompaniment 2) 
= ies 182 Verse t 
Tate E Dun Na=Lines 18 7Verse2 
BE HE Tah OM, A 
BE HE Tah OM, A 
A <1 a 1 
Darun ah A Roem TahA Khurtones teesVese 
Thra Khem’ Na, A 
Ou A Da E Pam __sh=tine AVernes 182 


KhrA MIM, Tah A 


The fastest means of naturally activating the 
Personal 12-Strand DNA Template is : 


. Tribal Shield Activation: Activating the 144 Fire Letters of 
the Tribal Shield & Sacred Salutations Merkaba Activations. 


. Emerald and Amethyst Awakening 2 Masters 
Kundalini Activations: Releasing key Fire Codes between 


the DNA Strand Templates to allow for expedited DNA Strand 
Braiding. 


. DNA Template Bio-Regenesis: Progressive use of 
internally directed DNA Template Bio-Regenesis technologies 
for progressive purging of Strand Template mutations, 
restoration of the natural D-12 Christos Divine Blueprint of the 
12-Strand DNA Template and expedited, accelerated activation 
of the DNA Strand Template Base Codes and Acceleration 
Codes. 


. Master Key Codes: Use of the personal scalar-wave-guide 
‘Symbol Code Programs that correspond directly to the core 
programming of the personal D-12 Maharic Shield for further 
sequential expedition of Strand Template Activation. 


. Melchizedek Cloister Level-3 Regent Ordination: 
Transmission of the Kee-Ra-ShA Primal Light and.Khundaray 
Primal Sound Field "Rainbow Ray Current" directly into the 
personal DNA Template via direct Chakra Induction. 
Sufficient Rainbow Ray frequencies to provide a level-3 Regent 
Ordination can be transmitted by a Melchizedek Cloister level-5 
Elder Consummate or Level-6 Eckar Indigo Child-Type-1 Maji: 
Grail Line Angelic Humans, who have the frequencies of the 
Primal Creation Currents integrated into their DNA Template 
from birth. Expedites all of the above while provided 
additional bio-energetic field support for more stable cycles 
of DNA Template activation. 


The Khundaray RRT Activation Sequence 


A progression of manually initiated Kundalini and DNA 
Template Activations that systematically induce temporary 
release the Cranial-Sacral Kundalini Seals (Pineal Gland & 
Tail Bone), in their natural Release-Sequence, allowing for 
temporary and progressive embodiment (nano-second 
burst of frequency) of the Primal Universal Life Force 
Currents via Syncopated Activation of the 12-Strand DNA 
Template. 


The Khundaray RRT ("K-RRT") Activation Sequence allows the 
Density-4 (D-10-11-12 Pre-matter) Maharata Christos Current, 
Density-5 (D-13-14-15) Kee-Ra-ShA Primal Light Currents (Ante- 
matter Blue, Gold and Violet "Flames") and the Khundaray Primal 
Sound Currents (Eckatic, Polaric & Triadic Columnar Standing 
Waves) from Source to run through the DNA Template and body for 
accelerated *TRUE 12-Strand or higher DNA Template Activation 
and expedited human Spiritual Integration. 

For the human body to hold and transmit a minimum critical 
mass of Kee-Ra-ShA and Khundaray frequency to access the 
Planetary Shields and Star Gates for Masters (Universal ) K-RRTs, 
the K-RRT Activation Sequence must be conducted 4 to 24 hours 
prior to the K-RRT. The K-RRT Activation Sequence must also be run 
2-24 hours prior to the Amethyst Awakening Masters-2 Kundalini 
Activation to prepare the body for the Amethyst Awakening 
frequencies. The Amethyst Awakening (Field Technique-6) can also 
be run just before a K-RRT (following prior K-RRT Activation 
Sequence) to greatly amplify the power of the K-RRT and Signet 
Council group. 

There are 5 Specific Operations of Energy Management within the 
K-RRT Activation Sequence: 

4. Activating the Doradic Phase-1 Current 

2. Awakening the KA 

3. The Emerald Awakening 

4. Activating the Kee-Ra-ShA 

5. Activating the RA Center-Anchoring the Rainbow Bridge 
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The Emerald & Amethyst Awakenings 


Masters Kundalini-DNA Template Activations 
For Accelerated DNA Template Activation and Spiritual 
Integration, Running K-RRTs and enhanced Immune Support 


THE KUNDALINI LIFE-CURRENTS AND THE CRANIAL-SACRAL SEALS. 

‘The human body is fuelled by ENERGETIC LIFE-FORCE CURRENT FROM SOURCE. In 
contemporary human anatomy, the only lifeforce currents running fuly through the embodied 
Kathara Grid and body are those corresponding to the SINGLE-VECTOR time cycle of the 
Density-1 TELLURIC SHIELD. Each of the 4 HOVA BODIES and their corresponding SCALAR: 
SHIELDS, DNA STRAND TEMPLATES, AX/-A-TONAL LINES, DIMENSIONS OF 
CONSCIOUSNESS AND MERKABA FIELD LEVELS process the frequencies of one TRIADIC. 
CURRENT — 2 3-dimensional, Bi-polar lfeforce curent. The lileorce currents corresponding 
to the first 9 dimension and frst 3 Hova Bodies, Mater Densities and Shields are referred fo es 
the KUNDALINI ENERGIES. Each KUNDALINI CURRENT is a TRIADIC CURRENT ~ a set of 
3 dimensional currents thal function together and are separeted by Magnetic Repulsion Zones 
within the embodied Kathara Grid. The 3 embodied Kundalini Currents are the TELLURIC, 
DORADIC and TEURIC CURRENTS . 

Each of the 3 Kundalini Currents is spralled within the regions of the 1®.8 CELLS of human 
conception, located in the TAILBONE at the Base of the Spine. (The incamating consciousness 
‘anchors its identity and Christos Manifestation Template within the FIRST 8 CELLS, to initiate 
the FETAL INTEGRATION PROCESS.) The first Kundalini Current, the TELLURIC CURRENT 
that corresponds to the DENSITY-1 Nada Hova Body, is ative within the human form from 
birth, enabling 3 dimensions of consciousness awareness, in the form of scalar frequency, to 
‘embody within the human organism, When the 2 dormant Kundalini Currents inthe tailbone, 
the DORADIC and TEURIC CURRENTS, are activated, the frequencies of consciousness from 
dimensions 4-9 progressively awaken ‘within the body, activating the dormant 4-9 strands of 
the 12-strand DNA Template. The 3 Primary Kundalini Spirals each contain 3 single-dimension 
currents, and are controled by the corresponding SIGNET STAR CRYSTAL SEALS in the 
Kathara Level-2 Crystal Seals Grid. The Signet Seals create polarization between 
dimensionalizad sets of scalar waves within the Scalar Shields, that manifest within the Kathara 
Level-2 Grid, First Eight Cells and DNA Template as FREQUENCY SEALS or blockages within 
the TAILBONE (Sacral region) and the PINEAL GLAND in the center of the brain — the 
CRANIAL-SACRAL SEALS. 

When the Cranial-Sacrel Seals are released, through activation of the Signet Star Crystal 
Seals that govem them, the dormant Kundalini Currents come to life within the body, sending 
progressively higher-requency eneray through the CENTRAL VERTICAL CURRENT o the 
body. Activation ofthe 3 Kundalini Currents progressively creates integration of the higher 
dimensions of consciousness and de-densification of — molecular structure. When ALL of the 
frequencies within the 3 embodied Kundalin| Currents are activated, the 4® KUNDALIN| 
CURRENT: the PRIMAL TRIADIC CURRENT, the KEE-Ra-ShA’, is activated. The Frequency 
Seal on the KEE-Re-Sha is located in the 12 Chakra, 6° below the feet. Activation of the 
KEE-Ra-ShA’ anchors the 12%-Dimensional HYDROPLASMIC BEAM within the body, initiating 
the process of CELLULAR TRANSMUTATION and intentional de-manifestation and 
Dimensional Ascension ofthe human biological form.239 


THE EMERALD AWAKENING AND THE KEE-Ra-ShA’ 
The Emerald Awakening Masters Kundalin Activation is one of two inter-harmonic energetic 
activations of previously dormant frequency within the bady that sets in motion simultaneous 
activation of the 12 MAGNETIC BASE TONES within the FIRE CODES between the 12 
Strands of the SILICATE MATRIX DNA Template, Activation ofthe 12 Fire Code Base Tones 
begins activation of the 3 PRIMAL CREATION FREQUENCIES — the KEE-Ra-Sha\ — within the 
4 Scalar Shields of the PERSONAL INNER TEMPLAR COMPLEX. Activation of the 12 DNA 
Fire Codes allow for progressive natural fusion of each dimensional DNA Strand Template to 
‘occur, through which the organic potentias of CELLULAR TRANSMUTATION are re- 
awakened within the physical body form, 

Through the natural processes of Cellular Transmitation, once fully operational within human 
genetic design, the carbon-based elemental biology of Density-1 molecular structure is 
progressively and systematically transmuted to SILICA-besed biology. Transmutation to Siica- 
based biology allows the physical body to pass through the levels of Semi-etheric, Etheric and 
Pre-matter Hydroplasmic Liquid-Silice Densities of Harmonics 2-4 (Dimensions 4-12), through 
which the consciousness continually enters manifestation, to achieve physical mastery of the 
organic process of Transmutational Dimensional Ascension. To accomplish mastery of the 
Ascension process, the SIGNET STAR CRYSTAL SEALS with the Scalar Shields, which keep 
the 12 dimensionalized frequency levels of the consciousness and molecular form Phase- 
locked into dimensional divsion/ polarization, must be released. Release of the Signet Star 
Crystal Seals allows the frequency spectra ofthe hicher dimensional anatomy and the Primal 
Creation Currents of the KEE-Ra-Sha’, to enter into the Template tor the physical body and 
dormant DNA Fire Code Templates, progressively building the Merkaba Vehicle and setting the 
Cellular Transmutation process in motion, The process of progressive Transmutational 
Dimensional Ascension represents the function of the organic genetic design and evolutionary 
objective of the human creation blueprint, through which the natural Immortal Christos-Angelic 
Form of the human being is actualised, 

In the evolutionary cycles of contemporary humanity, actualization of the 12-Strand DNA 
potential takes place slowly in Earthly terms, as the incamate identity experiences in single-lfe 
time-vectors, several cycles of Density-1 incamation, spanning many thousands of years, in 
order to progressively activate the DNA Fire Codes within the Manifestation Template. When 
the human genome was operating n its organic form, this process took place in one lifetime, 
‘over @ period of about 44 years, as the immortal human incamate matured to embody the 12 
dimensions of consciousness within its orginal Christos Manifestation Template- the MAHARIC. 
SHIELD, actualizing its organic Angelc-human heritage and mastery over 4 Densities of 
manifestation within the Time Matrix. 

‘The EMERALD AWAKENING Masters Kundalini Activation releases the Density-2 474 — 
Dimensional Green Signet Star Crystal Seal and the Density-1 1SDimiensional Red Signet Star 
Crystal Seal, to open the Density-1 NADA HOVA BODY and TELLURIC SHIELD, and Density! 
2 ALPHI HOVA BODY and DORADIC SHIELD, to receive the Omni-polar frequencies of the 
12®-Dimensional MAHARIC CURRENT (Hydroplasmic Beam) from the Pre-matter Christos 
Template Maharic Shield. Upon entering the Telluric and Doredic Shields, the 12%-Dimensional 
frequencies of the Maharic Curent trigger simultaneous activation of the Base Tones within 
the 12 Fire Codes of the DNA Template, beginning the process of DE-POLARIZTION of the 12- 
Strands and levels of consciousness within the human Manifestation Template, Progressive 
de-polarization of the 12 levels of consciousness within the human Manifestation Template sets 
in motion the organic process of Cellular Transmutation and potential mastery over 
Transmutational Dimensional Ascension. The Emerald Awakening Masters Kundalini Activation 
initiates REGENESIS of the original function of the han genome, releasing the Base Tones 
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of the 3 KEE-Re-Sha’ Currents within the body vie opening of 2 Signet Seals, through which 
the physical body begins the carbon-o-slica transmutation process and is prepared to receive 
the higher dimensional OVER TONE frequencies of the KEE-RA-Sha’, to complete Cellular 
‘Transmutation vie fusion and de-polaizaton of the particle (Perticum) and ant-particle 
(Partika) aspects of the Manifestation Template, Ths is the natural process of UNIFIED FIELD 
PHYSICS by which a human being becomes ‘Christed", 


THE AMETHYST AWAKENING AND THE KHUN-DA-RAY 
‘The final step in fulfilling the potentials of original Angelic-human design is activation of the 
OVER TONE frequencies of the KEE-Re-Sha’, which allows fusion between DNA Strand 
Templates to complete on 12 dimensions of frequency. The final step in Transmutational 
Dimensional Ascension is called the AMETHYST AWAKENING MASTERS KUNDALINI 
ACTIVATION. Through the AMETHYST AWAKENING, the DENSITY-3 7-Dimensional 
VIOLET Signet Star Crystal Seal and 8°-Dimensional GOLD Signet Star Crystal Seal, and the 
DENSITY-4 11T#-Dimensional DARK SILVER Signet Star Crystal Seal are released within the 
body's Scalar Shields. Release of the OVER TONE SIGNET SEALS allows the OVER TONES 
of the KEE-Ra-ShA Creation Currents to fuse with the BASE TONES, bringing the 3 OMNI- 
POLAR CREATION CURRENTS (Primal Creation Currents built upon @ TRINITY OF TONES, 
BI-POLAR + NON-POLAR energy units) together as ONE PRIMAL NON-POLAR CURRENT — 
the KHUNDARAY (also callled the “Rainbow Bridge” or the * Rainbow Serpent’.) 

The KHUN-Da-rAy is the PRE-LUMINAL vibration, or STANDING WAVE OF INTERNAL 
SOUND emitted from ONE-SOURCE/ GOD, that corresponds to the COMBINED ORIGINAL 
SOURCE CURRENT from which the 3 KEE-Ra-ShA' PRIMAL LIFE-FORCE CURRENTS of 
the 3 non-dimensionalized levels of the ENERGY MATRIX, beyond the 15-Dimensional Time 
Matrix emerge. The Emerald Awakening Masters Kundalin! Activation, and its resulting 
activaton of the BASE TONES of the KEE-Ra-Sha’ within the human body, is the first step in 
manually expediting the natural process of Transmutational Dimensional Ascension. 


AWAKENING THE KA AND REMOVING INORGANIC CRYSTAL IMPLANTS 

Before the Emerald Awakening Kundalini Activation can be orchestrated, the MAHARIC 
SHIELD and the KA must be brought out of dormancy within the human Manifestation 
‘Template. Once the 12 Dimensional Maharic Current s released within the embodied Kathara 
Grid, the KA can be activated. The ‘KA refers to the 4 HOVA BODIES corresponding to 
dimensions 1 through 12. (Nada, Alp, Betcha and Mahara Hova Bodies.) The KA becomes 
activated through removal of 4 inorganic Crystal Seal IMPLANTS: that block the natural function 
of the 24, 39 and 4t DNA Strand Templates. Following he procedure for AWAKENING THE 
A, the Emerald Awakening Kundalini activation can be conducted, 
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How ar 


hermistor Works 


Figure 23-1 Schematic symbols representing a thermis 
for. Letter t preceded by a plus or minus sign indicates 
whether the thermistor is the PTC or NTC type, respec- 
tively. 


Applications 

Thermistors monitor temperature 
conditioning systems, clothes washers, refriger- 
ators, pool and spa controls, dishwashers, 
toasters, and other domestic devices. They are 
used in laser printers, 3D printers, industrial 
process controls, and medical equipment. 


in air- 


‘As many as 20 thermistors may be found in a 
modern automobile, measuring temperature in 
locations ranging from the transmission to the 
ambient air in the passenger compartment. 


Comparison of Temperature Sen- 
sors 


In this Encyclopedia, contact temperature sensors, 
which measure temperature by making contact 


with the source, are divided into five main cate- 
gories, each of which has a separate entry. For 
‘convenience, these categories are listed in a com- 
parative summary at the end of this entry. See 
"Addendum: Comparison of Temperature Sen- 


How an NTC Thermistor 
Works 


Although the ter 
a thermally sensi 
thermistor is a se 


thermistor suggests that it is 
resistor, in fact an NTC 
conductor. 


Some metal oxides, such as ferric oxide or 
nickel oxide, become n-type semiconductors 


heat > nte thermistor 


lation 


when they are treated with dopants. The exact 
mix is a proprietary secret of each manufac- 
turer. Raising the temperature of this kind of 
material increases the number of charge carri- 
ers in it, promoting electron mobility and thus 
lowering its effective resistance. 


To create a thermistor, the metal oxide mix is 
heated until it melts and turns into a ceramic. 
Typically a thin sheet is cut into small pieces for 
idual sensors. After two leads are connec- 
ted, the assembly is dipped into epoxy or 
encapsulated in glass. The most common pack- 
ages consist of a glass bead, surface-mount 
chip, or ceramic disc. 


Figure 23-2 shows three NTC thermistors. At left 
is a Murata NXFTISXH103FA2B100 approxi- 
mately Imm in diameter, with a reference 
resistance of 10K and a tolerance of plus-or- 
minus 1%. At center is a Vishay NTCA- 


LUGO3A103GC rated 10K at 2%, fitted with a 
mini-lug. At right is a TDK B57164K153K rated 
15K and 3%, 


Figure 23-2 Sample NTC thermistors. See text for 
details. The background grid isin millimeters. 
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Vachmigque # 122 Activation Sequence 


CTIVATING DORADIC PHASE1 Awakening the Flame 


Preparation: Activate Maharic Seal ‘Technique-6 Maharic Quick Seal 


1 


Breath slowly and deeply for several breaths while visualizing or imagining a Violet 
Dot on the center of the inside of your forehead. Make the color image as strong as you 
are able (if you can't yet perceive inner colors simply imagine the Violet Dot being there). 


Move the Violet Dot to the center of the brain, at the Pineal Gland, and then upward into 
the 7" Chekra, finally moving it out of your heed to rest on the top of your skull at the 
Crown Chakra. 


Call to mind the Heirophant Symbol (Pale Silver Merkaba Star! Ster of David). Visualise 
the Heirophant spinning 12" below your feet, within your Maharic Shield, and slowly 
INHALE... drewing the Pale Silver Helrophant up through the Central Body Current, up ~ 
to meet the Violet Dot at the 7" Crown Chakra at the top of the head. 


When the Heirophant connects with the Violet Dot, visualize the Violet Dot bursting into 
a 4" vertical Pillar of Violet-Silver Light. Imagine the Violet-Silver Pillar running down 
through the body and into the Earth’s Core, as well as upward into the 14" Chakra 
Positioned 36" above your head. (This activates the Violet Ray of Transmutation), 


Now, move your attention to the 4" Heart Chakra, and imagine a small Green ‘Spherical 
Crystal — the Green Star ~ stationed at it's core. This is the Green star Crystal Seal that 
controls release of 4" Dimensional frequency — Phase | Doradic Current — into the body. 
INHALE, drawing Violet-Silver energy from the Violet-Silver Pillar into the Green Star. 


EXHALE, expanding the Violet-Silver energy into the Green Star sphere. Repeat two 
more INHALE/ EXHALE breaths, drawing Violet-Silver energy from the Pillar and 
expanding it into the Green Star sphere. 


At the end of the last EXHALE, imagine the Green Star POPPING, turing into a 
spinning Green and Violet Starburst of Light, as the Violet-Silver Pillar disappears. Spin 
the Green-Violet Starburst faster unti it becomes a ball of Green-Violet Light, about the 
size of a grapefruit, spinning the center of the Heart Chakra. (The Green-Violet ball is 
the storehouse for your Phase | Doradic Current; is called the Doradic Sphere). 


INHALE and draw Pale Silver energy from your Maharic Shield, through the central Body 
Current, and into the center of the Doradic Sphere at the heart Chakra ... encasing the 
sphere in Pale Silver Light. 


AWAKENING the KA 


Bring your attention back to the DORADIC SPHERE at the HEART CENTRE... 


INHALE pale silver energy up from the EARTH CORE to fill & expand the DORADIC. 
‘SPHERE; breath slow and deep 2-3 times ... 


Now, put the tips of your fingers together, and feel the ‘fuzziness’ of the energy flow... 


Next, move the fingertips to the tail bone... INHALE energy from the Maharic Shield into 
the DORADIC SPHERE 
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Awakening the KA-Continued 


‘As you EXHALE, push PALE SILVER energy down to the finger tips and into the tail 
bone, - REPEAT 2-3 times and then remove the fingers. 


5 Now, bring your attention to the 2 CHAKRA (SACRAL) .....feel or visualize or just 
know ... a DOUBLE TERMINATED QUARTZ CRYSTAL (a crystal with a point at both 
ends) is beginning to “push out" of the front of your 2" Chakra, the Sacral center. 


6 Focus your attention on this, try to feel the crystal pushing... use your hands to help 
ease it forward, and out. 


7 There is @ smaller double terminated crystal in the 3 (Solar Plexus) Chakra; this will 
release on it's own because the currents have activated it to do so. Help it out with your 
fingers. 

8 Inthe Heart Chakra, imagine a litle sphere of energy, colored green. Bring this little 


green sphere more fully into focus ... and you will notice a lttle black cube of energy 
inside it ...look more closely again, and notice a smaller white cube inside the black one. 


$ As you focus on the two litle cubes, watch them merge together .. feel a ripple of 
vibration as they do, and then ... notice a litle puff of smoke as they both disappear. 


Now, the body is activated to open the 4" and 1 Crystal Seals; you are ready for 


the EMERALD AWAKENING ... 


1 Now we will open the GREEN STAR CRYSTAL SEAL.........S0, keeping your 
‘awareness on the Doradic Sphere, the GREEN-VIOLET- SILVER ball at the Heart 
Center.........INHALE, 


2 and ... on the EXHALE visualize or imagine pushing a cord of GREEN-VIOLET-SILVER 
Doradic Current down into the tail bone... to the 1* Cell... at it’s very tip . 


3 Breathe easy ... and take a moment to visualize the 1* Cell at the tip of your tail bone... 
2 a WHITE-SILVER SPHERE. 


5 Now within the WHITE SILVER SPHERE, visualize, a GREEN SPHERE ... and then 
visualize a RED SPHERE inside the GREEN SPHERE ... 


& Bring your attention back to the SPHERE of GREEN-VIOLET-SILVER energy in 
your Heart Center ... 


and on the next EXHALE visualize, or imagine, sending @ cord of GREEN-VIOLET 
SILVER energy all the way down your central vertical column and into the GREEN 
‘SPHERE in the 1“ Cell at the tip of the tail bone. 


7 AS you INHALE pull PALE SILVER LIGHT from your personal Maharic 
Shield, the platform-dise 12" below your feet, up into the tail bone and into the GREEN 
SPHERE. 


8 As you do this, visualize, the GREEN SPHERE ‘pop’ into a STARBURST 
of PALE GREEN-SILVER LIGHT. 


a Continued Next Page 
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Emerald Awakening- Continued 


This has opened the kundaiini seal — your WHITE-SILVER & RED Spheres REMAIN as 
you left them earlier low, we will work to open the RED STAR CRYSTAL. 
SEAL. 


Retum your awereness to the Doradic Sphere at the Heart Center....INHALE, and then 
on the EXHALE push a cord of GREEN-VIOLET-SILVER Doradic Curent down to the 
1® Cell at the tip of the tail bone, .... 


INHALE and drew PALE SILVER energy up from the personal Maharic Shield, 
the piatform-disc positioned 12” below your feet, up into the tail bone, and into the RED 
SPHERE ... inside .... the WHITE-SILVER SPHERE, 


AS YOU DRAW the PALE SILVER energy info the RED SPHERE visualize the RED 
SPHERE ‘pop’ into a STARBURST of PALE PINK-SILVER LIGHT...... and ...... forthe 
next few breaths EXHALE the PALE PINK-SILVER LIGHT into the 12" Chakra, 
Positioned 6" below your feet. 


‘You have now opened the Kee Ra ShA(Y) Seal ... so that the Sacred Flames of the Kee 
Ra ShA can be activated ...... 


ACTIVATING THE KEE RA SHA 


The Kee Ra ShA _ appears as 3 litle flames which exist in the 12" Chakra positioned 6* below 
the feet. The 3 flames are PALE BLUE, PALE YELLOW & PALE VIOLET. 


1 


Begin by focussing deeply on the 12" Chakra, 6" below your feet, and the three little 
flames held there ... one is PALE BLUE, one PALE YELLOW the third PALE 
VIOLET.... We'll take @ few moments to do this...... 


Ifyou have difficutty visualizing, just imagine that they are there. 


On the INHALE, draw the PALE VIOLET FLAME up from Chakra 12... into the central 
vertical column .. and all the way up ... end out through the top of the head, to the 10th 
Chakra ... 6" above your Crown chakra...... 


Next, retum your attention to the 12" Chakra, 6" below your feet ... allow yourself time to 
connect with the little PALE YELLOW-GOLD FLAME. Breathe easy, 


On the next INHALE draw the PALE YELLOW-GOLD FLAME up from Chakra 12.... into 
the central vertical column ... and all the way up ... and out through the top of the head, to 
the 10” Chakra ... 6" above your Crown chakra... 


Again, retum your attention to the 12" Chakra, 6" below your feet ... and connect with 
the PALE BLUE FLAME... this FLAME is the INNER ARC of the COVENANT ... Take 
your time; breathe easy, 


On the next INHALE draw the PALE BLUE FLAME up from Chakra 12 ... into the central 
Vertical column .. and all the way up ... and out through the top of the head, to the 10” 
Chakra ... 8" above your Crown chakra...... 


SD Continued Next Page 


@ Rew. Ashoyans Panne 7000 


10 


Activating the Kee-Ra-ShA - Continued 


Now, visualize or imagine the 3 little FLAMES together within the 10" Chakra 6" above 
your Crown Chakra in a moment we wil create the Kee Ra ShA SPHERE... 
Breathe easy. 


On the next INHALE draw PALE SILVER eneray from your personal Maharic Shield 12° 
below your feet, all the way up your central vertical column, up into the 10" Chakra...... 


EXHALE gently and INHALE once more, drawing more PALE SILVER energy up into 
the 10" Chakra ... visualize or imagine the 3 litle flames enclosed within a SPHERE of 
PALE SILVER LIGHT... 


Breathe easy. On the next EXHALE move the Kee Ra ShA SPHERE all the way down 
through the central vertical column, out through the 12" Chakra 6” below your feet, and 
all the way down to the 13” Chakra at EARTH'S CORE. 


As the Kee Ra ShA enters EARTH'S CORE listen for sound tones w/ inner ear... 


These TONES represent the AMENTI “PASS KEY" ... which opens your personal 
GRU-AL POINT (#1) - the 1" Cell in the Tail Bone .... releasing the KEE RA SHA 
FLAMES into your AURIC FIELD. 


Breathe easy... Watch as the Kee Ra ShA FLAMES rise up your Maharic Pillar and 
emerge through your 1* Cell ... passing like radiating waves of PALE BLUE, PALE 
YELLOW & PALE VIOLET 


As the waves of color move through you, bring your attention to your first 4 Chakras ... 
the base, the sacral, the solar plexus and the heart ... and visualize or imagine each 
Chakra emanate 2 SILVER MAHARIC SHEATH or OVAL POD, completely surrounding 
each one ... 


This completes the EMERALD AWAKENING, the natural process by which we use Unified Field 
Physics to trigger our CHRISTED Selves. Before we finish we must first establish the link to 
the Amethyst Awakening, the process of activation and sheathing of the higher Chakras; 


To complete the session we will now work with 8" & 11" Dimensional Energies to open 
DORADIC PHASE 2 & 3 CURRENT and activate TEURIC PHASE 2 CURRENT. 


THIS IS 


CALLED ACTIVATING THE RA CENTRE in the THYROID ~ and ANCHORING THE 
RAINBOW BRIDGE 


1 


Begin by moving your attention to the area of your 3°° EYE, and focus just inside your 
fore-head .. a littl above and behind your eye brows...... Breathe easy. 


Now, visualize, or imagine, a DARK SILVER DOT in the position you are focussed on ... 
in the area of your 3°° EYE... Take a little time. 


INHALE and move the DARK SILVER DOT into the Pineal Gland in the center of your 
head and then straight up through the CROWN CHAKRA until the DARK SILVER DOT 
sits on the top of your skull. 
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Activating the RA Center-Rainbow Bridge - Continued 


4 On the next INHALE, pull PALE SILVER ENERGY up from your personal Maharic Shield 
12° below your fest, all the way up the central vertical current and into the DARK SILVER 
DOT on the top of your head... 


As the PALE SILVER ENERGY reaches the DARK SILVER DOT, the SILVER DOT 
‘pops’ into a SILVER STARBURST ... 


5 On the next EXHALE push the SILVER STARBURST down the central vertical channel, all 
the way to the tip of the tail bone ... EXPANDING the SILVER STARBURST FULLY into the 
1" Cell... 


6 Breathe easily and watch, as GOLD-SILVER-CURRENT emerges from the tailbone .. and 
begins to flow up through each Chakra .. 


from the 1* Chakra at the base of the spine ... up through the Sacral ... the Solar Plexus 


+. all the way up to the Crown Chakra ... we'll take a little time for this . 


From the Crown Chakre the GOLD-SILVER-CURRENT continues upward out of the top 
of your head ..._ up through the 10” Chakra 6" above your head ... the 11" Chakra 18" 
above your head ... and finally the 14" Chakra 36" above your head. 


7 Once the GOLD-SILVER-CURRENT reaches the 14" Chakra it retums to the 1st Chakra 
the flow of the current creates a GOLD-SILVER SHEATH throughout your central vertical 
channel. 


8 Bring your attention to the 2™ Chakra now .. were going to create a GOLD -SILVER- BALL 
there, in the SEED SEAL at the center of the Chakra ... just imagine the chakra as a bow tie 
shape, the SEED SEAL is at the narrow point in the middle. The GOLD-SILVER BALL is 
called the TEURIC SPHERE ... 


INHALE and draw GOLD -SILVER-CURRENT from the GOLD -SILVER-SHEATH into 
the center of the Chakra ... as you EXHALE create and EXPAND the BALL to surround 
the bow tie... 


8. Now ... INHALE and move the GOLD -SILVER-BALL up to the 1°" HARA CENTRE ... 2" 
BELOW the NAVEL (the 9® SILVER STAR SIGNET SEAL or TAN TIEN) ... EXHALE 
GENTLY allowing the BALL to EXPAND 


10 On the NEXT INHALE move the GOLD-SILVER-BALL up to the SOLAR PLEXUS and 
EXHALE GENTLY 


11 INHALE and move the GOLD-SILVER BALL up to the HEART CENTRE ... 
EXHALE GENTLY ... ... INHALE ... drawing more GOLD-SILVER CURRENT intg the 
BALL and THEN EXHALE FORCEFULLY pushing cords of GOLD SILVER CUR 
down each arm and into the PALMS ... bring your fingertips together and feel the fuzzy 
buzz of TEURIC PHASE 3 CURRENT 


Hours before K-RRT participation, and ne longer than 24 houtsiép mainiain the appropriate lavel of 
critical mass Khundaray frequency in the body that is need for an effective K-RRT. © fev. Ashayans Deane, 2000 


INITIATING THE AMETHYST AWAKENING 


Preparation: Complete Maharic Quick Seal Techniqueg and 
Activation Sequence 


This technique works to bring in a burst of the Khundaray, Eckatic Blue 
frequency ...that sets the Amethyst Awakening in motion, 


Place your attention at the center of your brain, inside your pineal gland, Imagine 
that you see there @ Pale Violet Spark of Light (this is the bottom of the Seal of 
your 7" Crown Chakra). Imagine that you are going to move this Pale Violet 
‘Spark of Light straight up into your 10" Chakra 6" above your head ... imagine 
that the 10" Chakra is a disc of Light, Blue/ Black — Sapphire. 


Now see the disc of Light, that was Blue/ Black take on a Violet hue. Try to feel it 
there, 2 small horizontal disc.... On the INHALE you will move this disc of Violet- 
Sapphire Light up to the 24 point Silver Star at the 14” Chakra ...... and, on the 
EXHALE, move it down through the 10" Chakra, down through the Crown, down 
the Central vertical Current, down through your Personal Maharic Shield alll the 
way down to the 13" Chakra at the Earth's Core ... 


Notice, as you do this, a whole series of Violet-Biue Sparks flying out from the 
Planetary Maharic Shield, as if they are alive, as if electrical communication is 
taking place. Notice as this happens that the energy flowing up your Maharic 
Pillar from the Earth Core refiects this change as Violet-Blue energy flows slowly 
up toward you ... as this energy reaches your personal Maharic Shield, notice 
that it does the same thing as the Planetary Shields — throws out a shower of 
Violet-Blue sparks ... all communicating with each other about the mathematical 
instructions about what to do with your body, your crystal seals, your chakras ... 


Now, move your awareness to the Pale Silver skin all round your body/ etheric 
body .. and be aware too of the Main Vertical Current that you brought the Pale 
Silver cord through ...and at the same time, on each coming INHALE, bring up 
the Pale Silver-Violet-Sapphire energy, simultaneously, from your Maharic Shield 
to infuse the Pale Silver skin all round you, 


‘Take a few breaths to do this and watch as the 3 color flicker through you — when 
they reach the Heart Chakra feel them expand out ... and allow them to travel on 
up, all the way to the 14" Chakra ... expanding throughout every Chakra as the 
Pale Silver-Violet-Sapphire energy flows up, through and all around you ... See 
each Chakra respond with a spiraling burst of Silver-Viole!-Sapphire, backward, 
and forward through both sides of the Chakras until they all shift .. try to feel the 
process as it awakens all the cell's of your body. 


The brain cells and brain pattems begin to respond, activating the Fire Letters, 
setting the grid of frequencies necessary to activate the Fire Codes 7, 10 and 12 
in the DNA Template. 


‘Your own D-12 Christos Avatar identity level will slowly release the Khundaray Activation 
Frequencies through which the Amethyst Awakening progressively unfokis in the DNA Tem 
and body. This process can be naturally and safely accelerated by receiving a Level-3 MC. 
Regent Ordination transmission from a qualified Indigo Child/Eieyani Level through 
6 MC Ordinate Consummate, Elder Consummaty or Eckar that carries the necessary 
Amethyst Awakening Khundaray Activating Frequencies in the Ei¢yani DNA Templates. 


The Merkaba Trinity Key Induction 


‘The Merkaba Trinity Key induction Technique begins the process of establishing a conscious directional 
relationship wit various levels of your 16-Dimensional Anatomy (or that of your Cent) The Trnlty Key Symbols 
are mathematical-geometrical programs thal cary the specific organic stucture of each dimensional frequency 
band as it exists within the D-12 Universal Divine Blueprint. Imbuing the proper ‘Symbol Key into the appropriate 
2area of the personal anatomy can rapidly expedite restoration the personal Divine Blueprint within the DNA 
Template, Chakra System and embodied Kathara Grid. Use of the Trinity Master Key Symbols that ‘corraspond 
precisely to the natural order of each dimensional frequency band, can intensify all applications of holistic and 
allopathic healing, as wel as progressively and systematically assist in the process of accelerating DNA Template 
healing and activation. Every condition within the Body-mind spit system has a specific Energy Signature unique 
10s own construction. Every dis-ease condition within any aspect ofthe personal experience (physical, emational, 
mental, spiritual, financial, social, etc.) is created and held in manifestation by a specific set of mathematical 
geometrical energy relationships that are stored within the embodied Kathara Grid and DNA ‘Template in the form 
of Symbol Keys. The mathematical-geometrical energy relationships that serve as the blueprints upon which 
‘experiential manifestation will ‘emerge can be perceived by the conscious identity in its Symbol translation. When 
using the Trinity Master Key Symbols, you are resetting and activating very specific portions ofthe personal 
Divine Blueprint (0-12 Pre-matter Maharic Shield) into a naturally harmonious Felationship with Universal Order (the 
organic stricture of dimensionalized frequency bands). The Trinity Master Keys provided inthis Technique trigger 
activation of very spacific Fire Letters (Keylons) within the DNA Template, allowing the DNA Template to receive 

rectly the new electrical instructions corresponding the personal Divine Blueprint. This technique can be used 
with Kathara Healing Techniques from Kathara Level-1, with any other healing ‘modality or singly after activating the 
0-12 Maharata Current via Techniue-6, The Mahari¢ Quick Seal. 

{tis necessary to initiate a D-12 Maharaic Seal in order to run any Symbol Key program into the DNA Template 
and Level-t Kathara Grid; itis the strength ofthe D-12 Maharata Current thal allows access tothe deepest lavels of 
the Personal Shields and Divine Blueprint. The Trinity Master Key Symbols are a set of 3 Symbol Keys that are fo 
be used in sequence. The first two Trinity Keys, the Initiating Keys, are used in ‘every application to open the 
embodied Level-t Kathera Grid to receive new instruction. The third Trinity Master Key Symbol, the Transmitting 
ey, corresponds directly tothe Divine Blueprint of one dimensional frequency band and its coresponding 
Kathara Center, DNA Strand Template, Chakra and related body regions, Axia-tonal Line, Auric Field Level anc 
‘station of consciousness. In a Trinity Key Induction Session, one can choose to work on ‘only one dimension 
(Chakra-DNA Strand Template-Kathra Center-Axia-tonal Line-Auric Level) via its ‘Transmitting Key, or each of the 12 
Transmitting Key of the Universal Kathara can be used, in sequence, following induction of the two Initiating Keys. 
The process of using the Trinity Keys is simple; the Chakra that coresponds to the Transmitting Key/ 
dimension/DNA Strand with which you desire to work is used as the vertex through which the Trinly Keys are 
INDUCED into the coresponding Kathara Center. From the Kathara Center, the Trinity Keys electrically pass on to 
the DNA Template and from there into the Axiastonal Line ‘system and corresponding areas of the body-mind-spirit 

‘stem. Use ofthe Trinity Key Induction Technique progressively assists in activating the personal Merkaba Vehicle 
while amplifying and expediting restoration of the personal Divine Blueprint, 
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Technique # 9: Mertalsa Trinity Key lnduction 


Activate the Maharata Current via Technique-6: The Maharic Quick Seal and decide which Transmitting Key(s) 
you will use, Trace the 3 Trinity Symbol Keys onto 3 small squares of paper. 


2. First, place each of the papers with the two Initiating Keys face up on the floor, then stand (barefoot or socks 


only) with one foot on top of each of the papers; initiating Key #1 under the LEFT foot, Key #2 under the 
RIGHT foot. (Note: To run Trinity Key Induction for @ Client, have them recline on their back and place the 
papers with Initiating Keys between your palms and the soles of Client's feet. As introduced in Kethara Level-1, 
use your palm Chakras to transmit the Symbols and the Pale-Silver Maharata Current, using the same action 
as described below, into the Client's foot Chakras; Key-1LEFT foot-right hand transmission, Key-2 RIGHT 
foot-left hand transmission. ) In Seltinduction, the papers with Symbols should be positioned beneath the balls 
of your feet, in the area of the main Chakra on the sole of each foot, Simply begin to breathe deeply and slowly 
for @ few minutes, With each INHALE draw a thick stream of Pale-Silver Maharata Current irom Earth's core 
through the Central Vertical Current of the body and out the top of the head to the 14% Chakra 36-inches above 
the head. With each EXHALE, imagine a grapefruit sized Pale-Silver Maharic Ball rapidly moving down your 
Central Vertical Current. When the Maharic Ball reaches your 2-Chakra near the navel, imagine the Ball 
spliting into Two Balls, each continuing to travel down each leg and out your feet Chakras, through the 
‘Symbol Keys. Once the Two Balls of Maharic Current have passed through the Symbol Keys, imagine that they 
emerge into the one grapefruit sized Pale-Silver Ball that continues to move downward into the 13 Chakra 
at Earth's core. Continue this process until you sense 2 momentary slight warmth, tingling or subtle itching 
at the balls of your feet. These mild, momentary sensations, callad the CUE RESPONSE, will grow stronger 
the more frequently you use the feet Chakras for Symbol Key induction, Once you have noticed the Cue 


Response, you have successfully induced the two Initiating Trinity Keys and itis now time to utlize the 
remaining Transmitting Key. 


3, _ Ifyou have chosen to use the Transmitting Key for D-t-Strand-1-Axiatonal Line-t-Chakra-1, continue 
‘standing for the final Symbol Key Induction, placing the paper with the Transmitting Key face up on the floor 
between slightly parted feet; do not stand on Symbol Key paper for Base Chakra Induction. For all other 
Chakras, rectine on your back and place the paper with the Transmitting Key directly on top of the Chakra 
to which it corresponds, on the front of the body. Use each INHALE breath to drawn Maherata Current up 
from Earth's Cora, into the Central Vertical Curent only as far up as the selected Chakra. On each 
EXHALE, push Pale-Silver Mahareta Current out from the Central Verticle Current of the body and into the 
Chakra, imagining that the Chakra is progressively turning into a radiant vortex of Pale-silver light that spins 
faster and faster, When you begin to fee! abit of warmth, tingling, energy running or itching of the skin at the 
Chakra region (the Cue Response), use a final INHALE breath to draw the image of the Symbol down 
through the Chakra into the body, and into the tiny Crystal Seal that links the Chakra to the Central Vertical 
Current. Take a FINAL exaggerated EXHALE, and imagine that you have pushed the energy of the 
‘Transmitting Symbol Key out of the Chakra into the corresponding level of the Auric Field. Once imbued 
into the Auric Field the single image of the Symbol then replicates automatically and rapidly, croating 
millions of mini-replicas of the Symbol within your bio-energetic field, When the Cue Response sensation 
at the Chakra has completely ceased, you have successfully induced the enfire mathematiucal program 
of the Transmitting Symbol into the corresponding Kathara Center, DNA Strand Template, Axia-tohal Line, 
body region and level of consciousness, 
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Technique-9: Merkaba Trinity Key Induction 


Trinity Master Key Selection Chart 


© 2004 Ashayana Deane 


Two Initiating Keys 


Select one or more Transmitting Keys fr induction folowing induction ofthe two Initiating Keys above, 
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In Kathara Level-1 we have leamed of the innate structures of multidimensional reality and 
how these structures are intimately intertwined with the 15-Dimensional Human Anatomy and 
levels of personal identity through the personal Maharic Shield and DNA Template. In 
rediscovering these long forgotten aspects of the Human condition and our inherently implied 
relationship fo Universal Order, we've become empowered to draw upon the natural Triadic 
Phase Currents indigenous to our personal biology and universal structure, in order to take an 
active hand in personal Conscious Bio-spiritual Evolution and healing, and healing facilitation for 
others. Techniques 1-5 (#1-Awakening the Mentor, #2-Maharic Seal and Liquid Light Cleanse, 
+#3-Opening the Healing Channels Doradic Phase-1 Current, #4-Multt-vector Holographic 
Recoding Kathara Scan and #5- The Maharic Infusion client session) contained within Chapters 
1-4 of the Kathara Level-1 Maharic Recoding Process enable us to begin conscious interaction 
with the “invisible” processes of Body-Mind-Spirit Evolution that are inherent to Human design. 

In our introduction to Kathara Level-2 we have begun to explore the greater nature of Universal 
Life Force Currents, the “mysterious” sciences of Merkaba Mechanics and their indelible 
‘connection to our personal evolution and Bio-spiritual Actualization Processes. Techniques 6- 
7-8-9-12 (#8-Maharic Quick Seal, #7-Ps13 Tribal Shield Activation, #8-Merkaba Salutations, #9- 
Merkaba Trinity Key Induction and #12 Kee-Ra-Sha Activation Sequence) 80 far explored within 
this Chapter 5 of the Kathara Level-2 Introduction enable us to advance our conscious interaction 
with the processes of personal Body-Mind-Spirit Evolution and Bio-Spiritual Actualization. As we 
increase our personal abilities to understand, embody, hold and direct the inherent powers of the 
Universal Life Force Currents, and to access the levels of personal spiritual identity and wisdom 
to which they correspond, we progressively increase our ability to consciously facilitate healing in 
ourselves and for others we may choose to serve. An in-depth study of Universal Life Force 
Currents and Masters Merkaba Mechanics involves cultivating a necessary familiarity with a 
broad spectrum of interrelated subjects that take us into the heart of the Science of Vibrational 
Mechancis and Holographic Creation Physics, as well as into the very Soul of our spiritual 
relationship to consciousness, ourselves, each other, our worid and God. Mastery of Merkaba 
Mechanics Is an attribute inherent to achieving the state of consciousness often called “Ascended 
Mastery’, which requires much in-depth study into the “mysteries” of creation. However, @ 
functional mastery of Merkaba and the related constructs of the personal “Inner Templar’ system 
upon which the personal body and identity manifest can be achieved through gaining familiarity 
with and actively employing core mechanics of the personal Merkabic System. 

‘As our Kathara Level-2 Introduction began, our exploration of active techniques of Tribal Shield 
Activation, Merkaba Salutations and Trinity Keys set us on the path of becoming functionally able 
to consciously direct elementary operations of the personal Merkaba Vehicle and Life Force 
Currents, as a means of expediting our progress of Bio-Spiritual Evolution through DNA. 
‘Tempiate/Merkaba Field Activation. As our Kathara Level-2 introduction continues, we will begin 
to explore the seemingly “magical world of Merkaba”, rediscovering the very tangible 
importance of the Merkaba Field in relation to the inherent dynamics of DNA, health, healing and 
spiritual actualization. To achieve genuine integrity in the facilitation of healing for others, one 
must simultaneously strive to heal and actualize the self. The greater the level of health and 
spiritual actualization possessed by a healing facilitator, the greater will be the facilitation of 
healing for the client to whom the healing facilitator is in service. As Kathara Level-2 Introduction 
draws to a close we will begin an introductory exploration of the “Ancient Secrets” of the Veca 
Codes, so that we may engage practical application of two additional techniques of Photo- 
Radionic and Photo-Sonic Merkabic Healing. Techinque-#10 Restoring the Trion Field Veca 
Code Activation and Technique-#11-Restoring the Meajhe Fiold Eckasha Activation will 
provide us with powerful tools of the Kathara Healing trade that will substantially increase the 
quality, amount and power of interdimensional frequency we are capable of receiving, 
holding and transmitting. Through these simple but effective Merkabic Healing tools we can 
‘expedite our processes of personal healing and spiritual actualization, thereby enabling us to 
become more effective and powerful healing facilitators in our client session service. 
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radiation > heat > ntc thermistor 


Output Conversion for Tempera- 
ture Sensing 

Ideally, the electrical behavior of a temperature 
sensor should be a linear function of tempera- 
ture. Thermistors fail in this respect, as their 
resistance is an approximately inverse expo- 
nential function. This is illustrated in 
Figure 23-3, where the measured resistance of a 
thermistor rated for SK at 25 degrees is plotted 
against temperatures from 0 degrees to 120 
degrees Celsius. 


+ In many datasheets, graphs of this kind 
may appear flatter because they are 
customarily plotted against a vertical 
logarithmic scale. 


15K 


Measured resistance of an NTC thermistor 
rated for 5K at 25 degrees Colsivs 


0 2 4 6 80 100 120 
“Temperature (degrees Celsius) 


Figure 23-3 Resistance of a thermistor from 0 to 120 
degrees Celsius. 


To monitor the resistance of a thermistor, it can 
be placed in a simple voltage divider as shown 
in Figure 23-4, where the fluctuating resistance 
of the component creates a fluctuating voltage 
at point A. 


+ The voltage can be used as an input to 
a microcontroller that contains an 
analog-to-digital converter. Alterna- 
tively it can be connected directly to a 
solid-state relay, or amplified with an 
op-amp, or can be passed through a 


NTC Thermistor Works 


comparator to create an adjustable 
switching threshold. 


Although this circuit is a voltage divider, it is 
also known as a half bridge, as it is half of a 
Wheatstone bridge. 


Figure 23-4 hait-bridge circuit for determining the 
resistance ofa thermistor. 


If Vcc is the supply voltage, Vy is the measured 
voltage at point A, Rr is the resistance of the 
thermistor, and Rx is the constant value of the 
series resistor, the basic formula for a voltage 
divider looks like this: 


Vr = Vec * (Rr / C Rr + Pq) ) 


By transposing terms, a formula can be derived 
to obtain a value for Ry from the measured volt- 
age and the value of 


Rr= CR * VE) / (Mec - Vr) 


Choosing a Series Resistor 

The value for Rx in the formula should be 
chosen to provide a reasonably wide response 
over the range of temperatures for which the 
thermistor is likely to be used. To calculate Ry, 
another formula must be applied. If Ryn is the 
resistance of the thermistor at the lowest likely 
temperature, and Rygax is its resistance at the 
highest likely temperature: 
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The “Magic of Merkaba” 
Spiritual-science teachings of Merkaba Mechanics emerge from the most ancient of 

times; record of Merkaba teachings is most often found in obscure traditional “Occult” 
texts or within New Age "Ascension" teachings, Genuine Merkaba Sciences hold the keys 
to understanding and mastering the processes of both spiritual and physical evolution, on 
a personal, planetary, galactic and universal level. Merkaba Mechanics are not the 
product of “science fiction’, nor are they “magical hocus-pocus” of “occult mysticism’. 
Merkaba Mechanics are not “magic” at all, but rather an intrinsic element of universal 
Primal Order. Merkaba Fields, sets of Star-tetrahedron shaped counter-rotating electro- 
magnetic energy fields within and surrounding manifest forms, are simply an inherent 
element of the 15-Dimensional Anatomy of form manifestation and the Primal Order 
structure of multidimensional Creation Physics. In the “Transduction Sequence” 
described in Kathara Level-1, the sequence of energy transmutation by which conscious 
energy manifests into tangible biological form, the Merkaba Field represents the structure 
and stage of energy dynamics by which Primal Life Force Currents pass from the scalar- 
wave-template of the embodied Kathara Grid levels into the DNA Template. In terms of 
non-biological form manifestation, all forms possess an inherent structure of interwoven 
Merkaba Fields through which Primal Current energy is transmuted from the Kathara Grid 
Core scalar-template level into the outer levels of the Kathara Grid and Axiom Line 
template upon which the specialized structure of the form builds up, through particle/anti- 
Particle accretion, into physical manifestation. Merkaba Mechanics seem “magical” only 
when the inherent “Laws of Nature” that govern the dynamics of Multidimensional 
Universal Unified Field Physics are not understood. 


Through understanding of genuine Universal Unified Field Science, Merkaba 
Fields, and their inherent dynamics as utilized in the study of Merkaba Mechanics, 
are simply recognized as natural elements of the processes inherent to Creation 
Physics and the naturally occurring, organic relationships between Energy 
Consciousness, and the Holographic Manifestation of form. 


As Merkaba Fields are an intrinsic, significant and natural part of the Body-Mind-Spirit 
anatomy, the study and application of Merkaba Mechanics is an essential component in 
any Masters Holistic Healing or Spiritual Actualization program. Merkaba Mechanics are 
“Scientific” in that they represent a core element within the innate processes of creation 
and manifestation that are intrinsic to the sciences of Creation Physics. Merkaba 
Mechanics are also “Spiritual” in that itis through the innate structures and dynamics of 
Creation Physics, of which Merkaba Mechanics are a natural part, that consciousness 
enters the manifest arena in the form of sentient, individuated, multidimensional identity. 
The “body, mind and spirit” of every manifest being is formed through and governed by 
the natural laws of Creation Physics and Primal Order. The Laws of Creation Physics and 
Primal Order are designed and maintained by and within a non-manifest, intelligent, 
central Consciousness Force and Source of Creation that is commonly referred toias 
“God”. God expresses It-Seff in the form of Conscious-energy Constructs that carry the 
living “Spirit and Consciousness of God" in the form of Primal Life Force Currents, 
which are the foundations for macrocosmic and microcosmic creation and manifestation. 
Merkaba Fields and the mechanics by which they function, are an indelible part of the 
physics of Creation and Consciousness, and are thus intimately involved with the Bio- 
Spiritual processes inherent to Spiritual Actualization. 


Merkaba Fields, DNA, Healing and Spiritual Actualization 


Particles, People, Planets, Galaxies and Universes all have sets of 
interwoven Merkaba Fields that serve as the "core Primal Life Force 
Current circulation system” between the Cosmic, Universal, Galactic, 
Planetary and Personal “Divine Blueprint” Kathara Grid scalar-templates and 
the manifestation of those blueprints into the tangible structures of matter. 
Merkaba Fields are the “carriers of consciousness’ and the “engines of 
energy” by which physically manifest forms are created, maintained and 
evolved through the Holographic Unified Field of manifest space-time-matter 
reality. In relation to the processes of personal bio-spiritual healing and 
spiritual actualization, the personal Merkaba Field is an intrinsic aspect of 
15-Dimensional Anatomy that directly governs the function of the physical, 
emotional, mental and spiritual body systems. The multidimensional 
structure of the personal Merkaba Field is the system of electro- 
magnetic interface by which the Primal Life Force Currents and 
Consciousness of God-Source and Its sentient individuations pass 
from the Kathara Grid Core Template into the scalar-wave DNA 
Template that holds the blueprint for the physical-chemical biological 
DNA. This reality of Merkaba Field-DNA Connection implies that the 
personal Merkaba Field is directly related to the function or dysfunction of 
the biological genetic code. As the Merkaba Field “carries the energy of 
consciousness’ into the DNA and biological vessel, the Merkaba Field-DNA 
Connection also implies that the potentialities of consciousness and 
embodiment of spiritual identity, while a being is ensconced within the Time 
Matrix, are dependant upon the condition and function of the personal 
Merkaba Field, DNA Template and Kathara Grid. 


Merkaba Fields are the “carriers of consciousness” and 
the “engines of energy” by which physically manifest 
forms are created, maintained and evolved through the 
Holographic Unified Field of manifest space-time-matter 
reality. 


Universal Merkaba Field Structure 

Basic Merkaba Field structure is relatively simple. Viewed Macrocosmically, in a 15- 
Dimensional Time Matrix there are 15 sets of counter-rotating electromagnetic Merkaba 
Spirals that form 15 Universal Dimensional Merkaba Fields. A "Merkaba Field” is 
composed of a set of 2 Merkaba Spirals, one electrical-transmitting “cone”, the other 
magnetic-receiving “inverted cone”; the 2 “cones” of the Merkaba Spirals, which operate 
as a White Hole/Black Hole Pair, intersect each other, creating a system of eneray 
vortices that form an Elliptical Sphere of energy within the center of the intersected 
Merkaba Spirals. The Sphere of energy at the center of a Merkaba Field is called the 
FORM CONSTANT; it is a ‘spherical energy domain’ within which the individuation of 
consciousness and holographic manifestation/projection of form can take place, akin to 
an “energy egg" within which manifest reality occurs. Within this Sphere of energy at the 
center of a Merkaba Field, the template-blueprints of a form are held “constant”, allowing 
conscious Partiki units, particles, anti-particles and ante-particles to accrete in specific 
ratios to “fll out the form in matter”. Within the Form Constant sphere, consciousness is 
able to perceive the holographic illusion of externalized space-time-matter 
manifestation, as the scalar-template of the form is held fixed within the sphere. The 
“hologram” appears to remain “constant” within the Form Constant sphere while 
consciousness is focused within the frequency bands of which the Merkaba Field is 
composed. 

(On the macrocosmic universal scale, the Form Constant of each Universal Dimensional 
Merkaba Field creates a single, elliptical-sphere shaped electromagnetic domain of 
frequency that represents a single dimension of manifestation. Following the innate 
mathematical-geometrical structure of Primal Order, the 15 Universal Dimensional 
Merkaba Fields group into § sets of 3-Dimensional Merkaba Fields called Universal 
Harmonic Merkaba Fields. The 3 Form Constant Spheres from each set of 3 Universal 
Dimensional Merkaba Fields forms a Universal HOVA BODY, or a “Harmonic Universe” 
electromagnetic domain. Following the mathematical Primal Order program of a Time 
Matrix as held within the Universal Kathara Grid template and transmitied through the 
rotation ratios of the Harmonic and Dimensional Merkaba Fields, each of the 3 
dimensional levels of a Universal Hova Body holds the Partiki units, consciousness and 
matter particulates of its dimensional field into a specific angle and speed of rotation, The 
3-Dimensional Harmonic Merkaba Field controls the relationship of particle rotation angle 
(angular rotation of particle spin or “ARPS") and rotation speed between each of the 3 
Dimensional Merkaba Fields, holding together a 3-dimensional electromagnetic domain, 
within which consciousness can experience a 3-dimensional space-time-matter 
hologram. In a single 15-Dimensional Time Matrix there are thus 15 singular Universal 
Dimensional Merkaba Fields governed by 5 larger 3-dimensional Universal Harmonic 
Merkaba Fields, all of which circulate consciousness in the form of Primal Life Force 
Currents into and out of the hologram of manifestation. The seeming solidity and 
durability of an externally manifest matter-field in space-time is created, maintained, 
perpetuated and completely dependent upon the intrinsic function of the Universab 
Merkaba Fields. 

Within the larger Form Constant elliptical-spheres of the 5 Universal Hova Bodies of a 
15-Dimensional Time Matrix, the holographic perceptual realities of space-time-matter 
take place. Every being or thing in manifest form enters its reality hologram by taking on 
the mathematical program of first the Universal Kathara Grid and 5 Universal Hova 
Bodies, which set the “Life Stream’ or “Stream of Consciousness" of Primal Creation 
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Currents in motion following the specific Harmonic Merkaba Field spin ratios 
characteristic to each Harmonic Universe System. Galaxies are formed in this way, as 
individualized expressions of the greater Harmonic Universe of which they are a part. 
Universal Harmonic and Dimensional Merkaba Fields govern the birth, evolution and 
transmutation of the galaxies within them. Galactic Harmonic and Dimensional 
Merkaba Fields gover the birth, evolution and transmutation of star systems and 
planets within them, Planetary Harmonic and Dimensional Merkaba Fields govern the 
birth, evolution and transmutation/death cycles of the species and matter forms existing 
upon the planet. The Personal Merkaba Fields of species and individuals direct the 
function of the personal DNA Template, chemical DNA and biological genetic code, 
thus governing the birth, evolution and transmutation processes of individual organisms, 
The mathematical-geometrical programs of the Primal Order “Divine Blueprint” that 
govern Merkaba Field formation and spin ratios are held within the Universal, Galactic, 
Planetary, Species and Personal Kathara Grid structures, In a singular 15-Dimensional 
Time Mattix, the inter-linked Universal, Galactic and Planetary Harmonic and 
Dimensional Merkaba Fields circulate Primal Life Force Currents and consciousness 
into and out of manifestation in space-time, 


Universal Merkaba Fields 


v 4 
Bp Shee 


Electrical Merkaba Spiral ‘Magnetic Merkaba Spiral One Merkaba Field = 
Rotates Clockwise Rotates Counter-clockwise a set of 2 Merkaba Spirals 
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The Personal Merkaba, Trion-Meajhe Field, Radial Body and Radis. 

Each individual being receives its life force, consciousness, biology and manifest hologram 
through the innate connection between the Personal Merkaba Field and the Merkaba Fields of 
the Planet, Galaxy, Universe and Time Matrix. When the D-12 Pre-matter Divine “Christos” 
Blueprint is expressing naturally in a planetary system, the organisms on the planet circulate Life 
Force Currents and consciousness through the physical and “spiritual” bodies via the Personal 
and Planetary Merkaba Fields. The Planetary Merkaba Field circulates Life Force Currents 
through the Personal Kathara Grid template (morphogenetic field) of the organism via the 
Planetary Bio-Feed Interface System. The organism's Personal Merkaba Field then picks up 
the energy from the Kathara Grid and continues to circulate the Life Force Currents from the 
Personal Kathara Grid and into the Maharic Shield imprint in the DNA Template that is held 
within the Level-1 Kathra 12-Tree Grid, Level-2 Kathara Crystal Seals-Hara Grid and Level-3 
Kathara Diodic Grid. From the Maharic Shield imprint in the Kathara Grid, the Personal Merkaba 
Fields distribute the Life Force Currents and consciousness into the DNA/RNA Template and 
Axiom Lines. The Life Force Current continues circulation from the DNA/RNA Template and 
‘Axiom Lines into the Personal Hova Bodies and Auric Field, to the Chakras and Meridian 
Lines. Passing through the Meridian Lines, the Life Force Current, imbued with the specific 
mathematical manifestation program picked up from the Kathara Grid Divine Blueprint Template, 
then enters a state of final transmutation into 3-dimensional particles by passing through an 
electrostatic Repulsion Zone barrier that exists surrounding each 3-dimensional Hova Body. 

‘The frequency barrier surrounding each 3-dimensional Hova Body forms as thin, skin-like 
membrane or “Tissue Capsule” surrounding each of the 5 Hova Bodies in the 15-Dimensional 
Anatomy. The Hova Capsule membrane is composed of Density-5 Primal Light ante-matter 
units, called TRION UNITS, that exist in the form of fixed standing-columnar-scalar-light waves 
made of Keylons, or 3-dimensional Partiki Grids. The Trion Units and Keybn Partki Grids within 
them are anchored upon a fixed field template of Primal Sound units, called MEAJHE UNITS, 
which exist as fixed points of mathematically organized vibration. The outer layer of each Hova 
Capsule is called the Trion Field, as it is composed of Trions, or units of Density-5 ante-matter 
Primal Light. The inner portion of the Hova Capsule is called the Meajhe Field as itis composed 
of Meajhons (mé" yans) or fixed points of Primal Sound vibration from the Energy Matrix beyond 
the holographic manifestation of the Time Matrix Light Fields. The collective body of the 5 Hova 
Capsules is called the RADIAL BODY or Trion-Meajhe Field. All manifest forms possess a core 
Radial Body/ Trion-Meajhe Field Hova Capsule structure as part of the intrinsic 15-Dimensional 
anatomy. 
‘As multidimensional Life Force Currents pass through the Meridian Lines and into each of the 5 
layers of the Radial Body, the energy currents and the consciousness carried upon them project 
the mathematical program of the Divine Blueprint into the Trion-Meajhe Field of each of the 5 
Hova Capsules. Within the Hova Capsule, the individualized raw Life Force Currents enter a 
system of 3-dimensional energy conduits or rivulets called Radis, which are the “turnstiles” 
between ‘manifest matter’ and “conscious energy”. The Radis draw in the Life Force Currents 
with their manifestation program through the Trion-Meajhe Field, then polarize and break up the 
Trion and Meajhon units into negatively and positively charged electrical sub-units called Mions 
and Dions. Partiki, Keylons, Meajhons, Trions, Mions and Dions belong to a category of primal 
building blocks known as IONIC PARTICULATES, which are the building blocks of 
consciousness, energy, light, sound and scalar-wave-fields that form the blueprints upon which all 
matter manifests. Trions are electrostatic particulates that have bath a negative and positive 
electrical charge, which renders them neutral or statio; they are the foundations of what becomes 
Ante-matter Primal Light particles of pre-visible gaseous light. Meajhons are static units of pre- 
sound standing waves, also possessing neutral electrical charge, that form the Primal Sound 
Fields of the Eneray Matrix. Within the structures of the Radial Body Radis rivulates, Trions and 
Meajhons are polarized into negative charged Mions (‘Base Magnetic’ vibrating pre-sound 
particulates, foundations of negatively charged particles such as electrons, originating from the 
Universal Particle Particum field.) and positively charged Dions (“Base Electrical" oscillating pre- 
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light particulates, foundations of positively charged particles such as protons, originating from the 
Universal Anti-particle Partike field). Together, Mions and Dions create the electromagnetic 
Ionic Particulate base field within the Merkabic Form Constant through which particles emerge 
via lonic Particulate accretion into tangible matter units. 

‘The Trion-Meajhe Field Radial Body of any manifest form represents the 5-Density “Ve 
through which consciousness-as-Primal Life Force moves into and out of externalized 3- 
dimensional manifestation. Merkaba Fields are the “energy engines and consciousness 
carriers” by which Life Force and consciousness are circulated between the internal 
Kathara Grid scalar template and the Trion-Meajhe Field Radial Body “veil” as they pass 
into and out of external expression. The perpetual polarization, electromagnetic expression 
and de-polarization of the Life Force Currents within the Merkaba Field Form Constant 
‘electromagnetic domain is the process by which the holographic projection of matter is 
perpetually brought into and taken out of perceptually experiential being. The Radial Body Trion- 
Meajhe Field receives, via Merkaba Field circulation, the template or ‘design’ for its particle 
manifestation from the “instructions” held in the Divine Blueprint Maharic Shield and DNA 
‘Template of the Kathara Grid. Manifestation instructions pass from the Kathara Grid to the DNA 
‘Template via the Merkaba Field, then continue into the energy circulation systems (Axiom Lines, 
Hova Bodies, Chakras, Meridians) that deliver the instructions to the Radial Body for particulate 
manifestation. In biological life forms, the Radial Body and Radis then translate the scalar-wave 
blueprint of the DNA Template and Kathara Grid into the polarized lonic Particulate Mion-Dion 
sub-units, which accrete following the DNA Template instructions to form sub-atomic, atomic, 
molecular, chemical DNA, physical matter form- the vehicles of embodied consciousness. The 
Merkaba Field also receives its instructions for energy circulation from the Kathara Grid and DNA 
Template. 
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The Racial Tissue Capsule, Radis 
& the anics of Manifestation 


The Radial Body exists as a thin "Tissue Capsule” surrounding each of the 5 Hova Bodies. 
Each of the § Radial Body Levels are composed of an Outer Layer of electrostatic neutral- 
charge Trion Primal Light Units and an Inner Layer of Meajhon Primal Sound Units. Each of 
the 5 Levels of the Radial Body serve as the polarizing filter or “lens” through which 
Multidimensional Primal Life Force Currents flow, via Merkaba Field circulation, from the 


Kathara Grid and DNA Template, into manifest form. 


Radial Body Transduction-Manifestation Sequence 
Primal Life Force Current Partiki Units Planetary Merkaba Field 
(Units of Consciousness/Primal Substance) 

Partika and Particum Units Kathara Template/Maharic Shield 


(Polarized Primal Substance Unt) 

3-D Partiki Grid Keylon Units/Codes/Grid Morph. Keylon Thought-Fom Field 

(9-0 Crystalized Pre-Light Sound unt, unl groups and rds) ‘ 
Merkaba Field Keylons (3.0 Crystalized Pre-Light-Sound Keylon Unt electromagnetic spiral sets) 


DNA/RNA Template Keylons Ksthara Grid (2-0 Crytalized Pre-ight Sound unit Template) 
‘Aviom Lines-Hova Sodiee-Auro Field-Chakras-Maridan Lines 

Trion & Meajhon Electrostatic Units 5 Radial Body ‘Lens’ Levels Trion-Mesjhe Field 
Dion (») & Mion (, lonic Particulate Electromagnetic Units Ratis Lines 


‘Sub/Atomic Particles/Anti-Particles, Molecules. ..Chemical DNA 


Physical Matter Body Hologram “Chemical Lens” Se 


rae 
SOE 

External Hologram Projection of Space-Time-Matter Sy 
Primal Life Force Currentsam) Planetary Merkaba Field Partkig) Kathara Grid -Partke-Particury 
Maharic Shield Divine Blueprint ier Keylon Morphogenetic “Thdught-form” Field, Merkaba 
Fields) _Kathara Grid DNA/RNA Template mp Axiom Lines mm) Hova Bodie Auric Figld map 
Chakras™} Meridian Lines) Trion-Meajhe Field 5 Radial Body Levels oS Rade Lines oS 
Mion & Dion lonic Particulates &=) Strong and Weak Nuclear Force, Electromagnetism &) 
Quarks, Muons, Measons, Sub-atomic & Atomic Particles and Anti-Particles cx} Blueprint 
translation into Nuclei, Molecules, Elements, Compounds, Chemicals Chemical DNA 
‘Template and "Chemical Lens’ of the manifest body form ex} Manifest Hologram L 


© 


Reverse Transduction De-Manifestation Sequence: maiter- chemical DNA- Sub-Atomic units- Radis 
Micn/Dion units- Radial Body Trior-Meajon unita- Meridian Line-Chakra-Auric Field-Hova Body-Axion Line-DNA Templale- Merkaba 
Field Morphogenetic Thought-form Fiald Keylon Grids & unts- Maharc Shield Template & Kathara Grid Partita and Paricum Units. 
Planstary Merkaba Field Parthi Uns of consciousness. 
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; a SS aeani 7 
- From the Planetary Merkaba Field (via the Planetary Shield, Axiom Lines, Hova Bodies 
Vortices, Meridian Lines and Radial Bodies), rhythmic pulses of Conscious Primal Life 
Force Currents enter the species and personel Kathara Grid Core Template as Primal 
Units of Partiki. 


. Within the Kathara Grid Template the Partiki Units pick up the mathematical- 
geometrical program from the Maharic Shield "Divine Blueprint” Template, polarize to 
form Particum and Partika Units, then accrete to form 3-dimensional electro-magnetic 
Partiki Grids called Keylons. The Keylons group together mathematically forming 
complex templates of Crystallized Keylon Codes (or “Keylon Thought-Crystals’), 
which create a mathematically encoded 3-dimensional Morphogenetic Field (“Keylon 
Thought-form Field” or Morphogenetic “Keylon Crystal Grid”) carrying the 
manifestation blueprint program of the Maharic Shield. 


|. As the Primal Life Force Currents of the electromagnetic Keylon Crystal Grid interact with 
each other following the program of the D-12 Pre-matter Universal Divine Blueprint, 
they form sets of spiraling electro-magnetic vortices celled Merkaba Fields, which 
carry the Maharic Shield-Kathara Grid Blueprint program into formation of the DNAIRNA. 
Template Keylon Crystal Grid. 


. From the DNA/RNA Template held in the Kathara Grid, Primal Life Force Current carries 
the Keylon Crystal Grid of the blueprint into the Axiom Lines, Hova Bodies, Auric 
Field, Chakras and Meridian Line systems, finally carrying the Keylon Crystal Grid of the 
Divine Blueprint into the 5 Radial Body “Tissue Capsule” Levels. 


. Within the 5 Levels of the Radial Body the incoming Keylon Crystal Grid translates 
into electrostatic Trion-Primal Pre-Light Units (gaseous pre-light Ante-matter) and 
Meajhon-Primal Pre-Sound Units (units of vibrating pre-sound energy) that possess a 
neutral electrical charge. The Encoded Primal Life Force Currents (PLFCurrents+ 
Keylon Crystal Grid blueprint program) are converted into a Trion-Meajhe Field 
blueprint replica; a “ Primal Light-Sound” translation of the original blueprint. 


. The Encoded Primal Life Force Currents then travel, AS the Encoded Trion-Meajhe 
Field, into the Radis Lines in each of the 5 Levels of the Radial Body. The Radis Lines 
first replicate and store the mathematical blueprint encoding of the Trion-Meajhe 
Field, then polarize the neutrally charged Trion-Meajhe units into electromagnetic units 
called Mion (-) and Dion (+) lonic Particulates. The replicated Trion-Meajhe Field blueprint 
becomes part ofthe “Primal Pre-sound vibration” Meajhe Field Inner Layer of te Radial Body Trion-Meajhe 
Feld, serving as alving “Memory Matrix® composed of Meajhion Unit ‘Primal Pre-sound vibration’. The 
polarized Mion/Dion Units become the foundations upon which the “Strong and Weak Nuclear Force", 
Electromagnetism, quarks, Muons, Measons, Sub-atomic Particles and Anti-particles etc, form. Partcum- 
based Mions (‘Base magentic) become particles, negative electrical charge units lke electrons and sound 
‘spectra. Partke-based Dions become ant-partcles, positive electrical charge units ike protons end light 


spectra. 
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Radial Body Transduction-Manitestation Sequence- Continued page 2 


7. Blueprint Encoded Primal Life Force Currents in the form of a Mion-Dion Field then 
translate the original Kathara Grid Blueprint into Quarks, Muons, Measons, Sub-atomic 
and Atomic particles and anti-particles, which accrete according to the blueprint to 
form molecules, elements, chemicals, the Chemical DNA Blueprint and the 
physically manifest body form. As this occurs the body image ‘flashes on’ into 
manifestation as a Pulse of Life Force Consciousness carrying the Chemically 
Translated Holographic Image of the body form template blueprint. This Pulse of 
Consciousness continues to expand from the Kathara Grid and DNA via the Transduction 
‘Sequence, through and beyond manifestation of the body image and into projection of 
portions of the Dimensional Unified Field that holographically translate into 
individualized experience within a perceived Common Planetary Time Rhythm and 
Matter Field. 


NOTE: An individual will holographically perceive and experience only the portions of 
the Dimensional Unified Field mathematical-geometrical program that are encoded 


within the personal Maharic Shield, species Tribal Shield and Planetary, Galactic and 


Universal Shield aspects of the personal Kathara Grid and DNA Template. 

Aglobal population experiences a common planetary reality field and time continuum because the Kathara Grid 
‘Template and DNA of all beings entering a planetary field adopt the common imprint of the mathematical- 
geometrical program of the Planetary Kathara Grid biveprint in order to enter into the electromagnetic domain of the 
Planet's Form Constant Hove Body structure for experiential manifestation. Members of a singular species share a 
‘commen species Tribal Shield template through which a common Chemical Body Form and perceptual orientation 
holographically manifest. The imprint for individuality in biological form, life experience variation and the application of 
Free Will Choice is held within the mathematical program of the personal Maharic Shield D-12 Pre-Matter Divine 
“Christos” Blueprint. Imbued within the mathematical program of the Human species Tribal Shield, and that of 
‘some other specias, is the imprint fr probability to exiet. The Human epecies Tribal and Mahario Shislds cary a 
program that allows for new programs of probable creation to be added to the personal and species Kathara Grid, 
allowing the embodied conciousness to retan a degree of direct influence over what seis of mathematical programs 
‘ill be oalled into personal experiential Holographio Expression from the personal Mahar Shield Template, Creative 
variation on the original personal, species, planetary and galactic Divine Blueprint ie possible as ong ae the new 
probabilities do not deviate so excessively from the Pre-set programs and Original Intentions of the Universal Divine 
Bluoprint thatthe structural integrity and Source-God Wil intentions for our Time Matrix become irreparably 
compromised. Free Will thus exists within a pre-set framework of overriding Divine Wil, and is permitted free 
reign in the manufacture of co-creative experiential probability up to the point at which the Original Divine Will of 
Source and the creative frarnework itself become unduly jeopardized 


\) 


8, The physical body form serves as a Chemical Lens through which portions of the 
Dimensional Unified Field are perceived by the embodied consciousness as a 
3-dimensional Hologram, as the Primal Life Force Currents continually carry pulses of 
the individuated consciousness through the Transduction Sequence from Kathara 
Grid, through the DNA, to the manifest Chemical Lens of the physical body structure and 
Holographic “external” reality field projection. 


Radial Body Transduction-Manifestation Sequence- Continued page 3 
9. Asa Keylon-Thought-Form blueprint traveling on one Pulse of Consciousness fully 
expands (fully “Activates”, into the manifest externalized hologram, another Pulse of 
Consciousness is released from the synchronized mathematical programs of the 
Planetary Merkaba Field, which sets the Transduction Sequence in motion initatesfor the 
next portion of the personal mathematical blueprint. The blueprint of the Planetary 
Kathara Grid regulates the cyclic rane at which Pues of Life Force Current will 


TST se oe eqn lee naar tn esp sin dfn ra aA et, he 
specs Ta Shit pers Mitre Se anc Temple me mb ih xa naan pan oe Panne cle 
Sree a Fis es rnin ocunne cs rare cndoaurd As Tie Wooten ee 

Seeger ans cimometed nrstecig Paes Site oleae om ecb bor popes soem es Peary ene ee 


1. As one Pulse of Time/Consciousness brings its blueprint into manifest Critical Mass 
Expansion (fully activates specific portion of the blueprint in Holographic Expression), the 
Planetary Merkaba Field releases the next “incoming” pulse of Time, which carries the 
next portion of the Kathara Grid mathematical blueprint into the Transduction Sequence. 
‘As the new Pulse enters the Transduction Sequence and begins Expansion toward 
manifestation, the first pulse of the fully expanded hologram begins Contraction, 
entering a back-return through the Reverse Transduction Sequence (mater. chemica! Dwa-sub- 
‘Aon unts-Radis Men/Denunts- Rada Body Tron-Mea)ion unte- Meridian Line Chalrs-urc Fil Hove Boy-AxenLine-DNA 

‘Template Merkaba Feké Marphoganetic Thcugh form Fie Keyon Gigs & Unts- Maherc Shield Temple 8 Kabra Grid Partka and 
Paticum Unis- Planetary Mekaba Field Path Units) 

. As pulse-1 contracts its hologram program moving backward through the 
Transduction Sequence, creating the “Remembered Past” moment, the pulse-2 
simultaneously expands its hologram program moving forward through the 
Transduction Sequence, birthing the as-yet-to-come “Future” moment. The backward 
moving “Past” pulse-1 and the forward moving “Future” pulse-2 intersect at the Radial 
Body Levels in the Transduction Sequence. This “past pulse-future pulse intersection 
point" is called the Eiron (E'r-on) Point, also known as ‘Zero Point’, the “Present 
moment of conscious focus within the hologram’, or the “Eiros Conscious, Breathing 
Life-Force Stream” ( Atso refered to as the “Steam of Consciousness’, the “Living Holy Spi or te “Breath of God” tc). 


12. The Eiron/Zero Point, or Eiros, is the “Present Moment of Creation Power’ for the 
“manifest” conscious identity. It exists at the position where the third dimensional field, 
the electromagnetic Resonant Tone “Mental Body” field of a single 3-dimensional Hova 
Body, intersects with the Meajhe Field Inner Layer of the eoresro peo Body 
Tissue Capsule. ‘Trion Field Outer Layer Pre-Light iS. 


EMOTIONAL-ELEMENTAL BODY 2° Hove Body Dimensional 
D-25-8-11-14 Overtone (Base Electica 


4000 ><0I4 
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(This is the same formula as suggested in 
Figure 20-5 to find the value of a series resistor 
for use with a photoresistor) 


Wheatstone Bridge uit 

The half-bridge circuit has the disadvantage 
that it does not compensate for nonlinearity of 
a thermistor, Voltage values will change rapidly 
at the low end of the temperature range, but 
will change more slowly at the high end, requir- 
ing an analog-to-digital converter with a high 
degree of accuracy to distinguish one voltage 
value from the next. 


A full Wheatstone bridge circuit has a nonlinear 
output that compensates, somewhat, for the 
inverse nonlinearity of the thermistor. Referring 
to the circuit shown in Figure 23-5, the three 
resistors Rx are chosen using the formula 
above. 


B ‘Comparator 


or opamp 


Figure 23-5 A thermistor may be placed ina full Wheat 
stone bridge circut. Outputs A and 8 are often connected 
with the two inputs of an op-amp or comparator. 


A standard formula provides the relationship 
between Ry, the resistance of the thermocou- 
ple; Vcc, the supply voltage; Rx, the fixed resis- 


heat > ntc thermistor 
tances; and Vag, the output voltage measured 
between points A and B: 


Vas = (Vee / 2) * (Rr - Rx) J (Rr + Re) 
From this formula, a version can be derived to 


calculate R; by measuring the output voltage, 
Vat 


Ry = Rx * (Vec + (2*Va8)) J (Wee - (2*Vp8)) 


+The polarity of Vag is reversible, 
depending on whether R; is greater or 
less than Ry. To accommodate this, A 
and B can be connected to the two 
inputs of a comparator or op-amp. 


Deriving the Temperature Value 
After the resistance of the thermistor has been 
calculated, it can be converted to a tempera- 
ture value. The datasheet for a thermistor will 
usually provide a table showing temperature 
values tabulated against resistance values, so 
that a lookup table can be created in a micro- 
controller program. 


Alternatively, a datasheet usually includes con- 
stants that can be inserted in a resistance-to- 
temperature conversion equation, but this is 
nontrivial and requires natural logarithms, 
which may not be available in a language 
implemented on a particular microcontroller. 


Inrush Current Limiter 


NTC thermistors with appropriate characteris- 
tics can be used to limit the inrush of current 
that tends to occur when a circuit is switched 
on and large capacitors in the power supply 
charge very quickly. 


{An inrush current limiter is also known asa surge 
limiter, or may be referred to by its acronym, 
ICL. It is an NTC thermistor whose initial resist- 
ance diminishes rapidly as its temperature 
increases. 


While NTC thermistors are the type most often 
used for inrush limiting, PTC thermistors can 
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Radial Body Transduction-Manifestation Sequence- Continued page 4. 
13. As the backward moving “Past” pulse-1 and the forward moving “Future” pulse-2 
intersect at the Radial Body Meajhe Layer Eiros (Eiron Point) 3°“ the retuming 
contracting pulse-1 passes through the Trion Layer and into the Meajhon blueprint 
replica, called 2 “ Radial TILE” YY, that it left behind in the Meajhe Layer Eiros during 
pulse-1's incoming passage. Just as the returning pulse-1 retreats back through its 
Radial Tile, the incoming pulse-2, carrying the next blueprint coding 
,Simultaneously passes through the first Radial Tile, combining the “past” Radial Tile 
mathematical-vibrational blueprint with the incoming pulse-2 blueprint taint this 
moment-point, the hologram template from the ‘past moment” is adopted by the incoming 
“future moment” pulse-2 and expanded by the pulse-2 blueprint. 


om [Ly 


2 
aS 8 


14. As pulse-2 picks up the pulse-1 Radial Tile, a 


GQ, the retreating pulse-1, which now 
holds the Radial Tile blueprint in reverse mathematical sequence as TRION Pre- 
light Units @ , collides with the incoming pulse-2. Both pulses carry the common 
blueprint of the first Radial Tile; the incoming pulse-2 holding the blueprint in forward 
mathematical sequence as Meajhon Pre-sound Units SY, the retreating pulse-1 
holding the blueprint in reverse mathematical sequence as Trion Pre-light Units@ 
As the expanding/advancing and contracting/retreating pulses collide with blueprint 
“sequence and anti-sequence”, the pulse-1 reversed Trion Radial “Anti-Tile” fuses 
with the original Meajhon Radial Tile and both Radial Tile and Anti-tile 
completely de-manifest or “Ascend” from their original Harmonic Universe by 
TRANSMUTING to become a Merkaba Field. The energy! consciousness once held by 
Radial Tile/Anti-tile then replicates its original blueprint via Fission, leaves a dormant 
“Memory Imprint” Meajhon replica S in the Radial Body Meajhe Field, and reappears 
in faster oscillating form within the corresponding Hova Body Form Constant of the next 
Harmonic Universe up in the dimensional scale. 


15. As transmutation of the “past” Radial Tile occurs in the Radial Body Eiros, the incoming 
pulse-2 is momentarily held static as it leaves a new Radial Tile in the Meajhe Field; the 
new Radial Tile holds the pulse-1#pulse-2 program. At this moment-point the entire 
externalized Hologram literally “Flashes Off" and de-manifests, its energy held iri 
suspension within the Radial Body Trion/Meajhe Field. When the first Radial Tile is 
transmuted, the incoming pulse-2, carrying an expanded imprint of the first Radial 
Tile, progresses from the Meajhe Field Eiros to Trion Field, then begins to “Flash On’ its 
blueprint in manifestation. The embodied self perceives a “liner moment progression’, 
‘the pulse-program becomes “memory” of the “Past” moment, pulse-2 the ‘Present’. 
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The Radial Body, Mechanics of Manifestation, 
Healing and Human Potential 

There is much more to be revealed regarding the subject of the Mechanics 
of Manifestation. Our introduction to the Radial Body anatomy, the 
Transduction Sequence and the Mechanics of Manifestation represents 
a beginning in the quest for genuine mastery over the manifest experience. 
In this Kathara Level-2 Introduction we will not yet address the highly 
pertinent aspects of Manifestation Mechanics that pertain to direct 
Creation of matter and events through Conscious Thought Projection 
and applied personal Will Intention, nor will we yet investigate the complex 
realities of Space-Time Travel, Star Gate Passage and the Spiritualized- 
science of Ascension. All of these subjects and more are intimately 
intertwined with personal healing and the Imprint for Health, attaining 
mastery over Manifestation Mechanics and the Bio-Spiritual processes of 
genuine Spiritual Actualization. All of these abilities, and many others too 
numerous to mention, presently exist as dormant evolutionary potentials 
for the Human species; potentials that were once, long ago, fully actualized 
and commonly expressed. The Kathara Bio-Spiritual Healing System 
represents a body of Master teachings that focus upon the manifestation 
and maintenance of Holistic Health through Bio-Spiritual Mastery and 
Spiritual Actualizaton. Exploration of subjects such as Merkaba 
Mechanics, Manifestation Mechanics and the Radial Body Trion-Meajhe 
Field is an intrinsic part of furthering our abilities to embody and practice the 
ideals of Healing and Health through Holism. 

Before we can begin to actualize the exciting potentials of freedom, love, 
power and knowledge that await Human re-discovery, we must first focus 
upon healing the obstacles that have long stood in our way of actualizing 
true Human potential. Our study of Merkaba Mechanics in this Kathara 
Level-2 Introduction has included a necessary introduction to Manifestation 
Mechanics and Radial Body Anatomy; the greatest physical and spiritual 
difficulties presently facing Humankind emerge from a HIDDEN ILLNESS. 
that has held our species hostage within a progressively deteriorating, 
unnatural Mortal body form. The underlying cause of ALL Human 
illness is an unnatural genetic mutation that manifests THROUGH the 
DNA Template and chemical DNA. The Casual Element of this species 
genetic deviation from its original Divine Blueprint can only be found through 
study of the 15-Dimensional Anatomy, Primal Life Force Currents, 
Kathara Grid, Maharic Shield, Merkaba Field, DNA Template, the Radial 
Body and the intimate interplay that perpetually exists between these 
interwoven systems. It is precisely this species genetic deviation, which 
has progressed and increased for over 200,000 years, that has kept 
Humanity bound to a finite, limited world, unable to express the potentials 
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that once existed as our birthright. Though the problem of this species 
“Internal Illness’ is multifaceted and highly complex, the Soul-U-tions 
through which progressive healing of the Human genome can be rendered 
are relatively simple. The Soul-U-tions for healing and restoring health to 
our species, and ourselves, require familiarity with basic Kathara Grid, 
Manifestation Template, Radial Body, DNA Template and Merkaba 
Mechanics. These are the elements of our 15-Dimensional anatomy within 
which the Casual Element of our genetic deviation is held, and thus these 
are the elements of our anatomy through which the most rapid and 
permanent Healing Solutions can be rendered. 

In the following pages we will continue our investigation of the 
Transduction Sequence and the Miasmic Body, in order to identify the 
regions of our 15-Dimensional Anatomy in which our hidden genetic 
mutations are created, stored and perpetuated. Once we can identify the 
regions in which the greatest healing is needed, we can then directly employ 
appropriate remedial measures. Working with the Core Kathara Grid and 
Maharic Shield Divine Christos Blueprint to reset the Imprint for Health 
(Kathara Level-1), while simultaneously working with the elements of our 
anatomy within which the most significant remedial measures are 
needed, will allow us to use Divine Blueprint technology to implement 
expedited healing. In this Kathara Level-2 Introduction we will examine the 
Transduction-Manifestation Sequence and how it’s present malfunction 
creates the Miasmic Body, which creates the DNA Template distortion 
through which our chemical DNA mutation, and a phenomenon known as 
the “Phantom” or “Shadow” Self is brought into being within our manifest 
hologram. We will then continue our exploration of Merkaba Mechanics and 
Radial Body Healing applications, to discover the “Secrets of the Veca 
Codes”, and Photo-Sonic and Photo-Radionic Radial Body Healing 
technologies, through which our Kathara and Merkabic Healing applications 
can be tremendously intensified, amplified and expedited. 


The 5 Radial Body-Hova Capsule-Trion-Meajhe Field Levels 
and Dimensional, Triadic Phase Current, Density Level, Merkaba Phase, Hova Body, DNA Template, 
Axiatonal Line, Chakra, Identity Level and Memory Matrix Correspondences: 


NADIAL CAPSULE:(also called Telluric Capsule): Composed of Dimensions-1-2-3 Telluric 
Kundalini Current frequency, Density-1 Trion-Meajhe Gross Matter Density, 3-Dimensional 
Nethra Phase Merkaba, surrounds Nada Hova Body, corresponds to DNA Strand Templates, 
Axiatonal Lines and Chakras 1-2-3 and holds focus of consciousness in the D-1 Lower- 
Physical-Atomic, D-2 Lower-Telluric-Emotional-Elemental and 0-3 Lower-Mental Taurenic 
Bodies of the embodied Density-1 Incarnate Personality-Tauren identity, the Sub-conscious, 
Instinctual and Ego-Reasoning aspects of the “Mortal Mind’ and the Personal Taurenic 
Memory Matrix. Radis rivulets are called "Nadis Lines" (or Telluradis Lines) 


DORADIC CAPSULE: Composed of Dimensions-4-5-8 Doradie Kundalin! Current frequency, 
Density-2 Trion-Meajhe Semi-etheric Matter Density, 6-Dimensional Hallah Phase Merkaba, 
surrounds Alpha Hova Body, corresponds to DNA Strand Templates, Axiatonal Lines and 
Chakras 4-5-6 and holds focus of consciousness in the D-4 Astral-Mid-Physical-Atomic, D-5 
Archetypal Mid-Telluric-Emotional-Elemental and D-6 Celestial Mid-Mental Doradic Bodies of 
the embodied Density-2 Incarnate Soul-Dora identity, the “Angelic Mind” and the Soul/Species 
Akashic Memory Matrix. Radis rivulets are called “Doradis Lines" 


TEURIC CAPSULE: Composed of Dimensions-7-8-9 Teuric Kundalini Current frequency, 
Density-3 Trion-Meajhe Etheric Matter Density, 9-Dimensional Quatra Phase Merkaba, 
surrounds Betcha Hova Body, corresponds to DNA Strand Templates, Axiatonal Lines and 
Chakras 7-8-9 and holds focus of consciousness in the D-7 Highe-Physical-Ketheric, D-8 
Monadic Higher-Telluric-Emotionel-Elemental and D-9 Keriatrio-Higher-Mental Metatronic 
Bodies of the embodied Density-3 Incarnate Over-Soul-Teura identity, the “Archangelic Mind” 
and the Over-Soul/Planetary Askashic-Eckashic Memory Matrix . Radis rivulets are called 
“Teuradis Lines”. 


MAHARIC CAPSULE: Composed of Dimensions-10-11-12 Maharic “Christos” Pre-matter 
Hydro-plasmic Liquid Light Primal Current frequency, Density-4 Trion-Meajhe Pre-matter 
Density, 12-Dimensional Mahunta Phase Merkaba, surrounds Mahara Hova Body, 
corresponds to DNA Strand Templates, Axiatonal Lines and Chakras 10-11-12 and holds 
focus of consciousness in the D-10 Christiac-Transcendent Pre-Physical, D-11 Buddhaic 
Transcendent Pre-Telluric-Emotional-Elemental and D-12 Nirvanic Transcendent Pre-Mental 
Hydronic Bodies of the embodied Density-4 Incarnate Avatar-Dolus identity, the “Christos 
Avatar Mind” and the AvatariGalactic Dolarie Memory Matrix. Radis rivulets are called 
“Maharadis Lines". 


RISHIAC CAPSULE: Composed of Dimensions-13-14-15 M Kee-Ra-ShA Ante-matter 
Thermo-plasmic Gaseous Pre-Light Primal Current frequency, Density-5 Trion-Meajhe Ante- 
matter Density, 15-Dimensional Rahunta Phase Merkaba, surrounds Raja Hova Body, 
corresponds to ‘indigo Grail Line” DNA Strand Templates, Axiatonal Lines and Chakras 13- 
14-45 and holds focus of consciousness in the D-13-14-15 Transcendent Ante-matier Hedronic 
Bodies of the Density-5 Breneua Rishi Consciousness Collective identity, the “Rishiac* 
Universal Mind” and the Rishi Universal Rishic Memory Matrix of one 15-Dimensional Time 
Matrix. Radis rivulets are called "Rishadis Lines". 


The 5 3-dimensional Levels of the Trion-Meajhe Field Radial Body within the 15-Dimensional 
Time Matrix connect each Density Level of all manifest consciousness to the greater, non- 
dimensionalized structure of the Energy Matrix Khundaray Primal Sound Vibration Meajhe 
Field through the Density-8 Ants-matter Kee-Ra-ShA Primal Light Trion Field. 


OAZNAACH FPS=A9 


The Transduction Sequence and the Miasmic Rody 


Planetary Solar Shield 8 Planetary Keylon Planetary Planetary Axiom Template Planetary Hova Radial Body ESH 
Kethara’ Planetary Shields Crystal ody Merkaba andAxiomLines Bodies, Vonices & Radis ” Mione 
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Personal Transduction Sequence, 
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Miasms block energy flow and create a “Phantom-Shadow Self” running on 
opposite mathematical program; blocks natural energy flow. 


Merkaba, the Radial Body Merkaba Vehicle, Ascension and Healing 


The Personal Radial Body or Trion-Meajhe Field is composed of 5 
Hova Body Capsules that manifest as electromagnetic barriers or 
“frequency fences” between each set of 3 DNA Strand Templates, 
each set of 3 associated Axiom Lines, Chakras and Meridians and 
between each 3-dimensional layer of the Auric Field and corresponding 
level of personal multidimensional identity. 


Each of the 5 3-dimensional Harmonic Merkaba Field's corresponding 
to the 5 Hova Bodies of 15 Dimensional Anatomy govern the function of 
the corresponding Dimensional Merkaba Fields, Radial Body level 
and its imbedded Memory Matrix, via the mathematical program held in 
the personal Kathara Grid, Shields and Crystal Body template. The 
Kathara Grid program is passed from the Keylontic Crystal Body into 
the DNA Template via the Dimensional and Harmonic Merkaba 
Fields and the “mini-Merkaba Fields” of the Level-3 Kathara Diodic 
Grid. 


Each Hova Capsule Radial Body level, receiving its instructions from 
the DNA Template and 3% dimensional Mental Body Hova Body level, 
in turn governs the function of the chemically manifest DNA and all 
body-consciousness systems that are built upon chemical genetic code. 


The Harmonic Merkaba Field governs the particle spin axis (Angular 
Rotation of Particle Spin) ratios of the energy units that make up its 
corresponding 3-dimensional system. Each Harmonic Merkaba Field 
corresponds to one Hova Body, one set of 3-dimensions and the 
Matter Density Level characteristic of that 3-dimensional system. Each 
Hova Body, and thus each Harmonic Merkaba Field Level and Radial 
Body Level, correspond to one set of 3 DNA STRAND TEMPLATES 
within the Human12-Strand Template. 


Full activation of one Harmonic Merkaba Field creates reciprocal 
activation of the corresponding set of 3 DNA Strand Templates, which 
creates embodiment of corresponding levels of identity and 
consciousness (personality, Soul, Over-Soul, Avatar, Rishi etc). When 
one Harmonic Merkaba Field fully activates through natural activation of 
the corresponding Shields and Crystal Body Keylons, the Harmonic 
Merkaba Field becomes capable of merging with the Harmonic 
Merkaba Fields from other Density Levels, in a process frequently called 
Transmutative Dimensional Ascension. 
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During the process of “Ascension”, (also called “space-time travel”, 
“wave-riding”, “Star Gate passage”, “Teleportation” etc.) the Harmonic 
Merkaba Fields of more than one Density Level merge, progressively 
shifting the two or more different sets of 3-dimensional particles into 
acommon particle spin axis angle and spin speed. The 
corresponding Axiom Lines, Hova Bodies, Auric Field levels, 
Chakras, Meridian Lines and Radial Body Levels also merge. 


When Harmonic Merkaba Fields, and their corresponding Inner Templar 
anatomy, merge, the Fire Codes between the corresponding DNA 
Strand Templates activate, causing the DNA Strand Templates to 
merge, which creates a reciprocal reaction called “DNA Strand 
BRAIDING” between corresponding chemical DNA strands. (The 
“Double Heli” configuration of “one strand” remains, as the chemical 
components of each strand overlay together to become a single Double 
Helix containing the chemical programs of multiple DNA strands.) 


When the Fire Codes between strands in the DNA Template activate, 
dormant sequences of chemical DNA called * Transient Turnstile DNA 
Sequences’ “turn on’ within the Hydrogen Bonds that link each DNA 
“Ladder Rung” together, producing a transient trans-harmonic 
element called Celestalline within the chemical DNA. 


Natural Braiding of the chemical DNA strands and activation of the 
chemical Turnstile DNA Sequences create a series of sub-atomic bio- 
chemical DNA responses that allows for Internal Atomic Particle/Anti- 
particle Fusion and Fission. Natural Internal Atomic Fusion-Fission 
enables the manifest atomic structure to temporarily de-manifest, 
returning to “spirit form’, by re-entering the electrostatic Trion-Meajhe 
Field of the corresponding Radial Body Levels. 


During the Ascension process, the Harmonic Merkaba Fields of 2 or 
more Density Levels merge, forming various PHASES of Merkaba 
activation that create a Trans-Harmonic Merkaba Field that is called 
the Merkaba VEHICLE. The 3-Dimensional NETHRA Phase Merkaba 
Field of Density-1 accelerates in rotation speed to become the 6- 
dimensional HALLAH Phase, 9-Dimensional Quatra Phase, 12- 
Dimensional Mahunta Phase or 15-Dimensional Rahunta Phase 
Harmonic Merkaba Vehicle. 
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As a phase of the Trans-Harmonic Merkaba Vehicle activates, the 
corresponding lower-dimensional Hova Body and Radial Body Level 
dissolve, their content of energy and consciousness expanding into the 
next Hova Body and Radial Body Level, forming a Trans-Harmonic 
Radial Body “FORM CONSTANT” within the Merkaba Vehicle. 


The Trans-Harmonic Radial Body and Merkaba Vehicle allow the 
consciousness and biological form to “de-manifest” from the lower 
dimensional Density Level. The identity can then re-manifest in another 
Density Level or space-time coordinate by projecting itself into the 
desired location, AS the electrostatic Trion-Meajhe Field Trans- 
Harmonic Radial Body, then returning the DNA Template activation 
level and Harmonic Merkaba Spin ratios to that of the new location for 
re-manifestation. 


When the Personal Merkaba Field is used to form the Trans-Harmonic 
Radial Body in the process of Ascension, the Merkaba Field is called a 
MERKABA VEHICLE. A Merkaba Vehicle is an electrostatic Trion- 
Meajhe Field of Primal Pre-Light-Sound through which the 
consciousness (AKA “spirit”) can move itself, and its atomic structure, 
through thought-projection, to a desired location beyond the “veils” of 
the Planetary, Galactic and Universal Hova Capsule-Radial Body-Form 
Constant barriers. 


Conscious mastery of the Personal Merkaba Field, through which the 
organic internally created Merkaba Vehicle Trans-Harmonic Radial 
Body becomes available for conscious direction, implies conscious 
control of DNA Template function: The potentialities of genuine 
Ascension (etc...) and mastery of Bio-Spiritual Consciousness are 
inborn attributes of the Human 12-Strand DNA Template. Due to a 
species de-evolutionary genetic mutation that compromises natural 
function of the Personal Merkaba Field and DNA, the reality of 
Ascension on a species level has been lost to all but a few on Earth for 
over 200,000 years (re: Masters Templar Coursebook). 


The potentials of Bio-Spiritual Actualization CAN be returned to 
humankind through reverse-mutation of genetic dysfunction within the 
human genome and DNA Template. Healing the genetic template can 
be achieved by manually employing specific practices of Kathara 
“Maharic Shield” Core Template Dynamics in combination with 
Harmonic Merkaba Mechanics through which the many eons of 
biological miasmic distortion can be progressively and rapidly cleared 
from the Personal Kathara Grid and DNA Template. 


Restoration of the D-12 Pre-matter Divine Blueprint within the Human 
Kathara Grid and DNA Template will eventually free the Personal 
Merkaba Field for use as a Trans-Harmonic Merkaba Vehicle. 
Kathara Healing applications, and use of the D-12 Pre-matter Maharata 
“Christos” Current to reset the biological D-12 Pre-matter Divine 
Blueprint, are the beginning steps in reclaiming Bio-Spiritual Mastery. 


The function of the personal Merkaba Field and DNA Template are not 
only associated with abilities of Atomic Transmutation and 
Dimensional Ascension, they are directly linked to every aspect of 
body-mind-spirit function, including biological longevity and health, 
memory, intelligence, and metabolic, chemical, mental and 
emotional balance and stability, 


Most significantly, the Merkaba Field/DNA Connection is the Bio- 
Spiritual conduit through which the consciousness of an embodied 
individual is directly linked to the common Perpetual Force of Energy 
and Eternal Source of Intelligent Creation that is “God”. 


When a being’s Merkaba Field and DNA Template are functioning upon 
the innate program of Universal Primal Order, as it is held within the 
Pre-matter Universal Divine Blueprint of the D-12 “Christos” Liquid- 
Light field, the natural and perpetual supply of Primal Life Force 
Currents and “spiritual” consciousness emanating eternally from 
Source-God, flow through an open energetic channel or “Pillar of 
Light’, which is called the “Um Shaddai Ur’ (Pillar of First Cause Light- 
Sound’) into the manifest embodiment. Such a being is called a 
“Christed Being’. This implies that the integrity of its original D-12 Pre- 
matter Divine Blueprint has not been structurally compromised, and thus 
the perpetual Life Force Currents, consciousness, sentience, 
intelligence, wisdom, power, Will and LOVE of Source can freely 
express through the Um Shaddai Ur, into the manifest hologram of the 
Time Matrix through the Christed embodiment. 


If the Kathara Grid, DNA Template and Merkaba Field of a being are 
damaged, and no longer carry the original mathematical-geometrical 
program of the D-12 Divine Blueprint through which the being entered 
space-time, the flow of Primal Life Force Currents, the Um Shaddai Ur 
Pillar and thus the active consciousness connection to God will be 
distorted, reduced or severed at the dimensional level to which the 
template distortion corresponds. 


« Ammanifest being incapable of running the Primal Life Force Currents of 
the Um Shaddi Ur “Pillar” becomes biologically finite, its 
babar oes 69 in the Time Matrix’, even following death of the 
physical body.” ”’, the ‘natural Laws of Creation Physics as set by 
Source-God, this condition of finite mortality will remain until the 
being’s Kathara Grid Template and Merkaba Field connection to the 
D-12 Universal Divine “Christos” Blueprint and Universal Trion- 
Meajhe Field Um Shaddi Ur Pillar is restored. 


Healing Core Template genetic distortions that are severe enough to 
cause dysfunction of the Personal Merkaba Field first require resetting 
of the D-12 Divine Blueprint through activation of the Personal 
Maharic Shield. Until the Body-Mind-Spirit system has reached a 
Critical Mass of D-12 Divine Blueprint holding through frequent and 
progressive manual running of the D-12 Maharata Current, healing Core 
Template genetic distortions also requires simultaneous, direct and 
repeated manual realignment and restoration of Personal Merkaba 
Field function and Radial Body Trion-Meajhe Field integrity. 


« If there are distortions within the Kathra Grid or DNA Template of an 
individual or species, the Personal Merkaba Fields will not function in 
harmony with the natural energy circulation rhythms of the Planetary, 
Galactic, Universal and Time Matrix Merkaba Fields and Universal 
Kathara Grid. Such Kathara Grid distortions create tangible genetic and 
consciousness mutation within biological organisms, and can divert the 
intended evolutionary destiny of an embodied consciousness or 
species on to a divergent path of de-evolution and consciousness 
fragmentation unintended by the original plan encoded within the D-12 
Pre-matter Christos Divine Blueprint. 


+ Distortions with the DNA Template and resulting Miasms can be Purged 
through manual resetting of the D-12 Pre-matter Divine Blueprint, via 
repeated manual activation of the Personal Maharic Shield. The 
activated Maharic Shield runs the Density-4 D-12 Maharata Primal Life 
Force “Christos” Current through the Kathara Grid and form 
embodiment, progressively resetting the original mathematical coding of 
the personal Divine Blueprint within the Kathara Grid and DNA Template. 
Use of the Maharic Shield techniques in Kafhara Level-1 sets this 
process of Core Template Regeneration in motion. 
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radiation > heat > ntc thermistor 


serve this purpose if wired differently. See “PTC 
Inrush Current Limiting’. The remainder of this 
discussion refers only to NTC current limiters. 


A suitable NTC thermistor can be placed as 
shown in the simplified schematic in 
Figure 23-6, where a rectified AC source is con- 
nected with a DC-to-DC converter, and a large 
smoothing capacitor is used. Initially the ther- 
mistor has resistance that is sufficient to limit 
current and generate heat. But the rise in tem- 
perature causes the resistance of the thermistor 
to fall. Eventually it reaches a steady state 
where it remains sufficiently warm to maintain 
a low resistance that imposes a negligible load 
on the circuit. 


Figure 23-6 Placement of an NTC thermistor that is 
designed for inrush current limiting. 


In thermistors that are used for temperature 
measurement, self-heating is an undesirable 
attribute. By contrast, an inrush current " 
depends on self-heating to perform its func- 
tion. 


The TDK B57237SS09M inrush limiter, shown in 
Figure 23-7, is rated for 5A and has an initial 
resistance of 5 ohms at 25 degrees Celsius 
while not passing current. When tested with a 
2,800HF capacitor at 110VAC, its resistance 
drops to a minimum of 0.125 ohms at 5A. The 
relationship between current and resistance is 
shown in Figure 23-8, 


Inrush Current Limiter 


Figure 23-7 A TDK 857237S509M NTC thermistor 
‘designed as an inrush current limiter, rated 5 ohms at 5 
‘amps. The background grid is in millimeters. 
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Figure 23-8 This graph shows the relationship between 
resistance and current in a TDK 857237S509M inrush lim- 
iter. 


Restart 

Ifa protected device is switched off momentar- 
ily and is then switched on again, the thermis- 
tor cannot provide protection, as it has not had 
time to cool down and regain its resistance. 
However, during the 30 seconds to 2 minutes 
required for heat in the thermistor to dissipate, 
smoothing capacitors are unlikely to lose much 
of their charge. Therefore, if the device is restar- 
ted, an inrush of current should not occur. 
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The Core Template “Divine Blueprint’ healing process can be expedited 
through applied Christos-Merkabic Healing Mechanics such as the 
Tribal Shield Activation (Technique-7), Merkaba Salutation 
(Technique-8), Merkaba Trinity Key Induction (Technique-9) and Kee- 
Ra-ShA Activation Sequence (Technique-12). 


Divine Blueprint Healing can be expedited further through manual 
restoration of the personal Trion-Meajhe Field Radial Body and its 
inherent Memory Matrix. Radial Body Healing, when combined with 
Kathara Maharic Shield and Christos-Merkabic Healing dynamics is 
the most powerful and rapid Holistic Healing technology available. 


Radial Body Healing dynamics, which also serve to progressively 
restore the organic Memory Matirx, __involve use of the specific 
mathematical programs that govern formation of the Radial Body 
Trion-Meajhe Field. These mathematical programs are called VECA 
CODES. 


Technique-10 Restoring the Trion Field-Photo-Radionic Healing and 
Technique-11Restoring the Meajhe Field-Photo-Sonic Healing, 

provide introduction to Radial Body Healing Mechanics. Use of these 
techniques, in combination with Technique-2 The Maharic Seal and 
Liquid Light Cleanse, and Merkabic Healing Techniques 6-12, will 
greatly expedite the personal healing process while significantly 
increasing the body-mind-spirit abilities to receive, hold/sustain and 
transmit greater quantity and quality of interdimensional frequency in 
the Client Healing Facilitation process. 


Radial Body Healing, the VECA CODES, DNA and Merkaba 


Veca Codes, also called the “Il AM” or “Immanuyana Sequence” are 
very specific SYMBOL CODES, each possessing corresponding Sound 
Tones called Arieas and energy movements called Seurias, which 
correspond to the Cosmic, Universal, Galactic, Planetary and Personal 
Trion-Meajhe Field Radial Body Levels. 


There are 5 categories of Veca Codes, the Planetary Low-Veca 
Codes of Manu (Taurenic-Akashic Codes), the Galactic Mid-Veca 
Codes of Immanu (Akashic-Eckashic Codes), the Universal Level-1 
High-Veca Codes of Immanuel (Dolaric-Rishic Codes), the Cosmic 
Level-2 High Veca Codes of Immanuyana (Triadic-Polaric-Eckatic 
Codes) and the God-Seed Yunasai Codes of Eckasha (Source Codes). 


Beginning applications of Veca Code Radial Body Healing begin with 
restoring the Trion-Meajhe Field Radial Body through resetting the 
Yunasai-Eckasha and High Veca Immanuyanas and Immanuel 
Codes, through frequent manual Direct Induction of the their 
corresponding Symbol Codes and Sound Tones/Arieas. 


The most powerful Yunasai-Eckasha Codes are PHOTO-SONIC 
Codes, carrying the Mathematical Programs of the Khundaray Current 
Primal Sound Meajhe Field AND their bridging God-Seed vibration- 
rhythms connecting to Source. The Level-2 Immanuyana and Level-1 
Immanuel High Veca Codes are PHOTO-RADIONIC Codes, carrying 
the Mathematical Programs of the Trion-Meajhe Field Khundaray 
Primal Sound AND Kee-Ra-ShA Primal Light Currents. 


Consistent use of Veca Code Radial Body Healing, in combination 
with Merkabic and Kathara Healing applications, will progressively 
clear the Miasmic Body and heal, balance, re-integrate, and restore the 
Divine Blueprint within, the energies of the Phantom-Shadow Self in all 
levels of the Body-Mind-Spirit system. 


More advanced applications of Veca Code technologies include use of 
the Mid-Veca Immanu and Low-Veca Manu Codes, and the 
corresponding Seurias (body movements to direct frequency), following 
a period of initial induction and activation of the Yunasai and High Veca 
Codes. Full Spectrum Veca Code technologies are introduced in the 
“Dance of Life” Masters Spiritual Development Program. 


* Induction, or IMBEDDING of the High Veca Codes into the 15- 
Dimensional Anatomy involves placing the corresponding Symbol Code 
Sequence (mathematical program) over the regions of the physical 
body that correspond to the appropriate aspects of the Kathara Level-2 
Crystal Seals Grid and Level-3 Diodic Grid. Once the Symbol is in 
place, the breath is used to direct D-12 Maharata Current through each 
Symbol Code and body region. Use of the Maharata Current “carrier 
wave" (via activation of the Maharic Seal/Shield) is required to induce 
the code’s mathematical program into the Diodic and Crystal Seals 
Grid, where the program will then naturally transfer into the 
corresponding areas of the Level-1 Kathara 12-Tree Grid core template. 


« Once the High Veca and Eckasha Code Sequences are 
Imbedded/induced into the Level-1 Kathara Grid, they are then 
Activated in the Kathara Grid by TONING the corresponding Veca Code 
Ariea Sequence. The longer toning is sustained, the greater will be the 
quantity and quality of Veca Code Activation. 


+ Once Activated, the Veca Code programs travel upward through the 
stages of the Transduction-Manifestation Sequence from the Kathara 
Grid, to the Shields, into the Keylon Crystal Body Morphogenetic 
Field, then into the Merkaba Field, DNA Template and Hova Body/ 
Radial Body Levels, porarily restoring the Christiac Merkaba Field, 
Radial Body and Memory Matrix Divine Blueprint. Frequent and 
continued use of the Veca Codes will progressively build Critical Mass 
of the Divine Blueprint program simultaneously within ALL levels of 
the 15-Dimensional Anatomy, eventually culminating in expedited full 
restoration of the D-12 Maharic Shield blueprint within the Body-Mind- 
Spirit system, via the Radial Body Trion-Meajhe Field. 


« Activation of the Yunasai and High Veca Codes within the personal body 
prior to conducting a Kathara Client Healing Session will cause the 
facilitator’s Level-3 DIODIC GRID to activate, temporarily transmitting 
Veca Code sub-harmonics. This will cause the minute Diodic Chakras 
in the facilitators FINGER TIPS to activate if the Palm Chakras have 
been activated with either pure Maharata Current or a selected Triadic 
Phase Current. The facilitator will then automatically transmit Veca 
Code sub-harmonics into the client's Diodic Grid while conducting 
general Kathara Healing applications, allowing the client to benefit from 
temporary Radial Body healing support, which will amplify the effects 
of all healing applications. 


+ Amore Temporary Imbedding and Activation of the Veca Code 
program can be achieved through OPTICAL-PINEAL INDUCTION, 
whereby the eyes are focused for a time upon the Image of the Symbol 
Code. The mathematical Veca Code program enters the Pineal Seals 
through the Optical Currents and 6" Chakra, an then travels for 
Imbedding/induction through the Central Vertical Current into the body 
regions and Crystal Seals Grid areas to which the Veca Code 
corresponds. The Veca Tones/Arieas are then used to Activate the 
imbedded Veca Code Sequence. 


+ In Optical-Pineal Induction, the Veca Program looses a bit a frequency 
charge/ strength during is travel in the Central Vertical Current. This 
creates a more temporary imbedding and activation of the Veca 
Codes than that which is achieved through Direct Induction. Optical- 
Pineal Induction is useful for daily amplification of the Vecas, and for 
Kathara Healing Client Sessions and planetary grid “site work”, when 
used in combination with the full induction procedure employed at 
least once per week. 


+ To receive full benefit of Veca Code Radial Body Healing applications, 
Technique-2 The Kee-Ra-ShA Activation Sequence should be fully 
run at least ONE TIME. Technique-2 can also be used occasionally 
thereafter if desired to create intensification and amplification of the 
Primal Life Force Currents during Kathara, Merkabic and Veca Code 
Healing technologies. 


+ Frequent use of Technique-13: The “Song of Lyra” Christos Invocation 
will amplify all Kathara, Merkabic and Veca Code Radial Body Healing 
applications. 
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Restoring the Trion Field-Photo-Radionic Healing 


Regular use of this technique will strengthen and improve RRT 
Planetary healing Applications (excerpt from Kathara Level-2) 


Creating a Personal Bio-field Link to the Universal Christos-Trion-Meajhe Field 
Masters Merkaba Mechanics 
© 2001 Ashayana and Azurianya Deane 


xercise-1: Once per day, do Maharic Insta-Seal then practice each set of Veca 
.ones separately While fixating visual focus en corresponding Veca-Code symbol : 
spend at least three or four minutes gazing at each symbol (optical-pineal 
induction) while toning corresponding tones (core template vibrational induction) 
With practice this will progressively expand the personal consciousness while 
activating the personal Christos-Trion-Meajhe Field of your Christos-Rishiac- 
Ascended Master identity levels within the cellular structure: 


Exercise-2: Once per week, directly after completing Exercise-1, place all Veca- 
Code symbols over designated body areas, activate Maharic Shield, breathe D-12 
Meharata Current through each symbol and body area io induce code, using the Bi- 
Tri-Khu-Dha-Ra Sequence, then begin toning the corresponding tones following the 
Bi-Tri-Khu-Dha-Ra Sequence. Memorize the tone sequence of the 5 High-Veca 
Jodes as if it were a “song” and relax, close eyes and sing/tone this "song" (Psonn) 
for 5 to 10 minutes. The longer you tone, the more frequency power you build within 
the body and the stronger your link will be to the Universal Christos-Trion-Meajhe 
Field. This exercise can also be used with groups, either singularly to create and 
amplify Christos-Trien-Meajhe Field links or just prior to beginning RRT work. 
Frequent and consistent use of these two exercises will progressively develop the 
spin-rate capacity of the personal Christos Merkaba Field, while expanding higer 
consciousness within the body and progressively enhancing the health, immunity and 
integrity of the Mind-Body-Spirit system. 


The High-Veca Codes 
Universal Time Codes for Primal Frequency Access 


Cosmic Codes of Immanuyana 
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. Use Technique-6: The Maharic Quick Seal to activate your Maharic Shield, Seal 
and Maharata Current. 


. Stare at image of the Eckasha Code for a few seconds, then gently begin to “Cross. 
Eyes” until you can see a “Double Image” of the Eckasha when looking at the 
image. Hold “ Eye Cross” focus while taking three rapid breaths; on each EXHALE 
projecting a stream of (D-6) INDIGO current from your 6" “3" Eye” Chakra at 
forehead. (This braids D-6 Optical Currents into a D-12 Current to carry the Eckasha 
program into the Pineal Seals.). Un-cross eyes, relax visual focus and close eyes for 
‘a moment or two, 


INHALE several breaths of Pale Silver D-12 Maharata Current up from the Earth 
Core through your Maharic Cord, on each EXHALE depositing the Maharata 
Current in the Pineal Gland at the center of the brain, to form a Pale Silver 
“Maharata Ball” in the Pineal. 


Breathe gently and return visual focus to the image of the Eckasha, focusing 
upon the Eckasha Core REUCHE’ (the “Double Circles and their content at center of 
Eckasha). 


EXHALE while projecting a stream of INDIGO current from the 6" Chakra at 
forehead, into the REUCHE symbol before your eyes. INHALE while drawing the 
INDIGO current stream with the REUCHE image at its end back through the 6" 
Chakra and into the Maharata Ball in the Pineal. 


INHALE one more breath of Maharata Current up from Earth Core to the Maharata 
Ball at the Pineal, then use a forceful EXHALE to PUSH Eckasha-Reuche encoded 
Maharata Ball out to the right, to the “Mentor” position over the right shoulder. 
Visualize the Maharata Ball growing to the size of a “Basket Ball” over the right 
shoulder, and visualize the image of the Reuche as expanding to fill the inside of the 
Maharata Ball. 


INHALE forcefully while drawing the Maharata Ball back to a position centered 
around your head, then use three breaths to INHALE Maharata Current up from 
Earth’s Core to Pineal and EXHALE the Maharata Current outward to fill and 
expand the Maharata Ball. 


Visualize the Maharata Ball expanding outward from around your head, until the 
Maharata Ball fully encompasses your body and entire Chakra System, from 
Chakra-14 36” above head to Chakra-13 in Earth Core. Imagine that your entire 
body is now surrounded by a 3-dimensional ‘Eckasha Tear-Drop” shaped CLEAR 
CRYSTAL CAPSULE. The Eckasha Code Photo-Sonic Capsule is now temporarily 
activated in your Inner Templar system. 
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Eckasha Crown Veca Code- The Universal God-Seed 


Tones Um cep ahiccwnaA Tf Thal 


Symbol Placement: Pineal Induction via Chakra-6 “3! Eye” 


The Yunasai-Eckasha God-seed Code 


SS lnovigue #7 as 


The Song of Lyra Christos Invocation 


The Vectos Invocations 
The Vectos Compendium Declariti 
The Vectors Collective Declarations 
(All self incarnations in all Time Vectors deciaring in Unity as the Avatar Seif) 
English translation from Elohel-Anuhazi Emerald Covenant Decree Texts: 
© 2001 Ashayana Deane 


The Mah'-ah’ Bi-Vectus Deciaritum 
Declaration of the Maharata 
{Intention Decree AS the personal D-12 Christos Avatar Maharata self identity) 


I decree now in this moment of KNOWING that all things here within me. 
are hence forth restored to the original Divine.Intention of the ONESELF that is MINE. 


| release now all bonds of manifest illusion that place veils of SELF-forgetting before mine eyes. 
1 revoke all separations of duality through which my Heart is rendered numb with disillusion and 
discord. 


In this moment | reclaim the Whole of my Condition, reaching forth into the. depths of all creation to 
now call my SPIRIT home. 


LAM the Sun of the Radiant Glowing. | AM the HEART of Divine LOVE. | AM the Still Point of the 
Face of All Creation. | AM the Voice of the Universal Song. 


I decree now in full remembered Knowing that | AM ALL and WE are ONE. 

In setting forth this decree of my Eternal Divine Power, | shall render Divine Intention only, through 
which the Alll and | are equally served 

in the Highest Order of our collective Best Divine Intention. 


| call now unto the many Selves and Shadows ensconced within the illusions of time, and decree unto 
thee that | AM THIS, | AM. 

| AM the wind that brushes thy faces, 

AM the rain that renews thy field. 

LAM the Whisper of the Breathe of God within YOU. 

WE NOW are the expression of Divine Heart, Mind and Hand. 

WE are the Rumbling Hymn Song of the earthen worlds of matter. 
WE are the Prana-Breath of God Eternal, manifest. 

We are the Waters of Eternal Life forever outward flowing, 

We are the cooling, life force Flame of the Cosmic Fire expressed. 
in our UNION now and always, declare WE in our Wholeness, 

that all dissidence is rendered spent, all conflict NOW made healed. 


As DIVINE NAME THIS......:+.01.....-(your Christos spiritual name) 

1 AS WE, the Maharata KHUM BI-VeoTUS, (D-12 Christed Avatar Divine Blueprint saif identity), DO 
NOW DECREE through the Divine Love, Wisdom and Power that is MINE....to express now AS this 
moment, the condition of Mah'-ah Bl-Vec'Tl UN UR’-A-OR’-NaM’ -OOR (Christos begintling and 
ending NOW-completion of a manifest expression in its originally intended Divine Fulfillment, its past- 
present-future full expression made in the present time, clearing all duality, disharmony and distortion. 
‘Anchoring of the Divine Christos Maharata Blueprint in the moment), Upon this Invocation Divine 
Intention is rendered manifest in all conditions to which | now assign. 
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Thermistar Values 


Thermistor Values 


Datasheets for thermistors may be more com- 
plex and cryptic than for many components. 


When examining a datasheet, first check to see 
if the thermistor is described as being suitable 
for temperature measurement or inrush current 
limiting. A component designed for tempera- 
ture measurement will not survive inrush cur- 
rent, while one designed for inrush current 
limiting will have a very low resistance making 
it unsuitable for temperature measurement. 


Time and Temperature 
In most datasheets, lowercase letter tis used for 
values relating to time, whereas an uppercase T 
is used for values relating to temperature. 
Unfortunately, T may also be used as an abbre- 
viation for “thermistor” 


Resistance and Response 
Letter R often means resistance, but may indi 
cate response time, depending on the context 
in which it is used, For example, Ry is the resist- 
ance of a thermistor, and tg is a response time. 


Kilohms and Kelvin 

Letter K may be used to represent temperature 
in degrees Kelvin, 0 degrees on the Celsius 
scale being approximately 273 degrees Kelvin. 
However, letter K is also used to represent thou- 
sands of ohms, sometimes in the same data- 
sheet. In both instances, K is capitalized. 


Reference Temperature 
This is the temperature at which many 
attributes of the component are measured, 
such as its temperature coefficient and resist- 
ance. Usually the reference temperature is 25 
degrees Celsius, but in some cases it may be 0 
degrees, and other values are occasionally 
used. The term is abbreviated Tae. 


Reference Resistance 
The reference resistance for a thermistor (some- 
times described as its nominal resistance) may 


heat > nte thermistor 


be referred to as Rp, and is the resistance at the 
reference temperature. It may be referred to as 
the "R value,” but in thumbnail product descrip- 
tions it can be cited simply as "Resistance” 


In datasheets, R25 or Ros is the resistance at 25 
degrees Celsius. If this is the reference tempera- 
ture, Ra and Ros will be the same. 


Dissipation Constant 

DCis the power dissipation constant, a ratio nor- 
mally expressed as milliwatts per degree Cel- 
sius (written as mW/°C). This is a measurement 
of how much thermal power the thermistor can 
transfer to the environment for a 1 degree 
increase in temperature. 


Temperature Coefficient 
TC may be used as an acronym for the tempera- 
ture coefficient, which represents the sensitivity 
of the thermistor. (Sometimes TCR is used 
instead of TC, the letter R denoting resistance. 
The two acronyms both mean the same thing) 
The value is the percentage change in re 
ance for each change in temperature of 1 
degree Celsius. Thus, if the resistance of a ther- 
mistor drops from 800 ohms to 768 ohms when 
the temperature increases from 28 to 29 
degrees Celsius, TC = -4%, For NTC thermistors, 
which have a resistance that decreases when 
temperature increases, the temperature coeffi- 
cient is negative. However, the minus sign may 
be omitted. 


The coefficient may be expressed in parts per 
million (abbreviated ppm) instead of as a per- 
centage. To convert parts per million to a per- 
centage, divide by 10,000. Thus, a figure of 
50,000ppm is equivalent to 5%. 


Thermal Time Constant 
Unfortunately TC is also used to represent the 
thermal time constant. If Tp is the temperature 
difference between the thermistor's initial tem- 
perature and a new, higher ambient tempera- 
ture in which it finds itself, TC is the time it takes 
for the thermistor to add 63.2% of Tp t 


cur- 


152 Encyclopedia of Electronic Components Volume 3 


‘The Mah'-ah’ Bi-Vec'tus Inavhoki 
Invocation of the Maharata 
(Creation Decree Invocation AS the personal D-12 Christos Avatar Maharata self identity) 
© 2001 Ashayana Deane 


From this Still Point of my Wholeness in manifest decision, 

1 Decree in Sovereign Knowing, here expressed at my Command (lovingly stated absolute 
intention) the Divine Will and Intention of the ONE-SELF that is ONE GOD. 

The ONE-SELF that IS ONE GOD THIS | AM. 


Mah-Hah-Rah-Tah KHUM Bl-Vec'TUS ... 
as D-12 Christos Avatar self.......(name) 
IN-A-VHO"-KI-UN' E-BLE'UM Bl-Vec'T! 

Invoke by Divine Loving Command Now, by the Power of the Universal Christos, 
Mah?-ah Bi-Vec’TI UN UR’-A- OR'-NaM’— OOR 


(name) 


the D-12 Divine Christos Blueprint past-present-future; NOW the Divine Sea of Liquid Light anchors in 


this moment. 
E'-stA Un'-tA E’-Sa — Tra'zd-Jha’ HA’-A Rha 


Absolutely now established, always and forever, in eternal abiding reverent Love of the Eternal ALL- 


ONE 
*tahTA Um a Ah-ShA’-Lum 
Blessed Be all embracing, given forth from the Still Point of Eternal Peace 
Thah-A’-Jha_in’ta DO A" 
Spoken AS IT /S STATED, As SO It IS DONE 
Um Sha'-DI UR’-A_ ah Khum’ TUn 
All Embracing Pillar of First Cause Light, ! AS THIS expression now. 
In the name of the Melchizedek Cloister Emerald Order Eleyani, 
Holy Order of the Yunasai, 
Sacred House of ONE. 


English Translation: 
Ma-Ha-Ra-Ta KHUM Bl-Vec TUS (name) 
(Khum = “I AS") (Ma-Ha-Ra-Ta Bi-Vec'tus = D-12 Christos Avatar Self) 
iN-A-VHO'-KI_UN' _E-BLE'UM Bl-Vec'T! 
(in-A-vhO-kl= Invoke by Divine Loving Command), (UN= Now), (E-BLE'UM= by the power of), 
(Bi-Vec't = Universal Christos) 
Vah‘-ah Bl-Vec'Tl_UN' UR'-A- OR'-NaM'= OOR 
(Mahan Bi-Vec'ti= D-12 Divine Christos Blueprint past-present-future) 
(UN Ur-A- Or-Nam’ —OOR= Now the Divine Sea of Liquid Light anchors in this moment) 
sth _Un-tA_ESa__Tra'zd-Jha’_HA'-A Rha 
(E'StA Un'TA E'Sa = Absolutely now established, always and forever) 
(Tra'zd-Jha’= in eternal abiding reverent Love) (HA’-A Rha = of the Eternal ALL-ONE) 
Ptah-TA Um _a___Ah-ShA’-Lum 
(Pitah-TA UM = Blessed Be, all embracing) ( ‘a’ in this context = given forth from) 
(Ah-ShA-Lum = the Still Point of Eternal Peace) 
Thab-A‘-Jha_in'ta DO A” 
(Tha-A-Jha_ inta= Spoken AS IT IS STATED) (DO A’= As SO It IS DONE) 
Um She-DI' UR'A_ah Khum’ TUn 
(Um Sha- DI UR'A = All Embracing Pillar of First Cause Light) 
(ah Khum’ TUn =! AS THIS expression now ) 
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Disclaimer: 

Qigong medicine is not intended to replace orthodox medicine, but rather to complement it. The 
meditations, practices, techniques and prescriptions described herein are powerful and may be too 
mentally and physically demanding for some people. The readers should therefore use their own 
discretion and consult a doctor of Medical Qigong therapy, an acupuncturist, medical doctor, or men- 
tal health professional before engaging in these exercises and meditations. The author, the Interna- 
tional Institute of Medical Qigong, and the publishers are neither liable or responsible to any person 
or entity with respect to any loss or damage caused, or alleged to be caused, directly or indirectly by 
reading or following the instructions for any condition, or interpreting information provided in this 
text. The treatments mentioned in this book are not meant to be used as symptomatic prescriptions. 
The treatment of specific organs, channels, channel points, and prescriptions must always be selected 
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‘Throughout the text I will refer the doctor to prescribe herbs for certain conditions along with 
Medical Qigong therapy. All Medical Qigong prescriptions, exercises and “homework” assigned to 
patients in Section X “Treatment of Internal Diseases with Qi Emission Therapy” and Section XI “Spe- 
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‘Throughout the text I have used the term doctor when referring to professional practitioners who 
use energetic medicine to treat patients. The word “doctor” means “to teach”. I believe that the fore- 
most duty of any doctor of medicine (Western or Chinese) should be as educator, to teach his or her 
patients knowledge and skills for the prevention and treatment of disease and injury. Currently, the 
official title, Doctor of Medical Qigong Therapy is only licensed and used in China. 
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rent temperature. TC is expressed in seconds, 
and is defined without power being applied to 
the thermistor. A low thermal time constant is 
characteristic of a physically small thermistor 
that acquires heat rapidly. (TC is very similar to 
the concept of a time constant for a capacitor 
acquiring charge. See the entry on capa 
in Volume 1.) 


Tolerance 

The tolerance of a thermistor is a measure of its 
accuracy, usually at 25 degrees Celsius, unless a 
range of temperatures is stated. A thermistor 
rated for 5K, with a tolerance of plus-or-minus 
1% at 25 degrees, may be found to have an 
actual resistance ranging from 4,950 to 5,050 
‘ohms at that temperature. Some thermistors 
have a tolerance of plus-or-minus 20%. A toler- 
ance better than plus-or-minus 1% is relatively 
rare. 


Temperature Range 

The working temperature range of any thermis- 
tor that uses silicon dioxide is usually between 
about -50 and +150 degrees Celsius (slightly 
wider for versions encapsulated in glass, and 
slightly narrower if accuracy is important). 


Switching Current 

For a thermistor with a nonlinear response, the 
switching current is the approximate current 
that forces a sharp transition in resistance. It is 
represented by Is. 


Power Limitations 

Operating current is the maximum current rec- 
ommended to avoid self-heating. The power 
rating is the maximum allowed power (usually 
100mW to 200mW). 


Interchangeability 

To measure temperature reliably, two thermis- 
tors of the same type, from the same manufac- 
turer, should display the same characteristics. 
This is known as interchangeability. A value of 
plus-or-minus 0.2 degrees Celsius is common 


What Car 


for a modern thermistor, but is not often men- 
tioned in a datasheet. 


What Can Go Wrong 
Self-Heating 


Self-heating can affect the accuracy of an NTC 
thermistor that is used for temperature meas- 
urement. To get accurate temperature readings, 
keep the current as small as possible, When the 
resistance of a thermistor is at the high end of 
its range, brief pulses of current can be used. 


Heat Dissipation 

Where a thermistor is used for inrush current 
limiting, it will create some heat during the 
whole time that a device is switched on. If 
insufficient air space is allowed between the 
thermistor and other components, they may be 
affected. 


Lack of Heat 

‘An NTC thermistor will sometimes fail as an 
inrush current limiter. In very cold climates, it 
may never become warm enough for its resist- 
ance to drop to an acceptable level. Conversely, 
in a very hot location (such as close proximity 
to a hotwater pump) it may not get cool 
enough to provide adequate initial protection. 


Addendum: Comparison of 
Temperature Sensors 


A chart illustrating the five main types of con- 
tact sensors, and their variants, is shown in 
Figure 23-9, 
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Figure 23-9 Five types of contact temperature sensors 
(green boxes) and the variants (red). 


NTC Thermistor 

The electrical resistance of an NTC thermistor 
diminishes as its temperature increases. Thus, it 
has a negative temperature coefficient, which is 
the source of the acronym NTC. 


‘An NTC thermistor is traditionally used where 
low cost and simplicity are desirable and a rela- 
tively limited temperature range is acceptable 
(often -50 to +150 degrees Celsius). It has the 
advantage of familiarity, having existed in its 
present form for many decades. It remains the 
lowest-cost option among the various types of 
temperature sensors, and can be connected 
directly with an external device such as a solid- 
state relay, in which case no microcontroller is 
necessary. 


PTC Thermistor 

The sensing element for a positive-coefficient 
thermistor is a polycrystalline compound that 
increases in resistance very rapidly above a 
threshold temperature. This makes it suitable 
for blocking a high current to prevent circuit 
overload. 


jon > heat > nte thermistor 


A silicon temperature sensor, sometimes called a 
silistor, an be considered as a PTC thermistor, 
in that it is a resistive component with a posi- 
fe temperature coefficient. Its sensing ele- 
ment is etched into silicon. 


PTC thermistors are passive, nonpolarized com- 
ponents with two leads or solder pads. For 
more information about them, see Chapter 24. 


Thermocouple 
This sensor consists of two wires made from dif- 
ferent metals, joined at one end. The differing 
thermoelectric properties of the wires creates a 
very small voltage between their free ends. 
Thermocouples have the widest range of any 
contact sensor. They are simple, robust, and 
free from self-heating effects, as they consume 
no power. Their response is rapid, but very non- 
linear, and their sensitivity is limited. They are 
used in industry and in laboratories, often plug- 
ged into a panel meter that combines a digital 
temperature display with hardware to decode 
the signal from the type of thermocouple being 
used. 


For more information about thermocuples, see 
Chapter 25. 


Resistance Temperature Detector 
Often known by its acronym RTD, and some- 
es referred to as a Resistive Temperature 
Device, it commonly uses a sensing element 
fabricated from pure platinum, nickel, or cop- 
per. The element may consist of wire wound 
around a core, or a very thin film deposited on 
an insulating substrate. 


‘An RTD has a positive temperature coefficient, 
as its resistance increases while its temperature 
increases. It is very accurate and stable, provid- 
ing an almost linear output, especially near the 
center of its range. However, its sensitivity is 
often one-tenth of that of an NTC thermistor. 


Like a thermistor or a thermocouple, an RTD is a 
passive device, able to operate at a wide range 
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FORWARD 


Dr. Jerry Alan Johnson's book on Medical 
Qigong and its clinical practices provides an im- 
portant and necessary guide for students and ad- 
vanced practitioners of Medical Qigong and Tra- 
ditional Chinese Medicine. 

The relevance of Dr. Johnson’s Medical 
Qigong textbook can be seen against the larger 
back drop of alternative medicine. Alternative 
Medicine (also called complementary medicine) 
hhas become a catch word in the West and an in- 
creasingly important factor in health care. An ar- 
ticle authored by David Eisenberg and others of 
the Harvard Medical School reported that in 1993, 
30% of a group of people used some kind of Al 
ternative Medicine for which they paid out of their 
‘own pockets. Extrapolated to the United States 
population, this group spent about $14 billion 
dollars, which was more than the amount spent 
‘on conventional Western care that year. 

Among alternative medical therapies, Medi- 
cal Qigong has blossomed explosively in Western 
countries during the past few years. Awareness 
of Medical Qigong in the United States was height- 
ened by two international conferences on Qigong 
in 1990. In 1997, there were three conferences on 
Medical Qigong, in San Francisco, Minneapolis, 
and New York. Another catalyst was Bill Moyer’s 
television documentary, “Healing and the Mind,” 
which had a segment on Medical Qigong and Chi- 
nese medicine. In more recent years, dozens of 
books have been published on Qigong in English 
and presently there are at least 15 web sites on 
the World Wide Web devoted to Qigong. At this 
writing, many articles on Qigong have appeared 
in the newspapers and magazines, and several 
documentaries have been videotaped and others 
are in progress. 

In China, almost everyone knows about 
Qigong and about 100 million people are said to 


practice it daily. Qigong dates back thousands of 
years. Many believe that it was responsible for the 
‘early development of Chinese medicine, which 
now includes therapy by acupuncture, herbs, 
massage, and nutrition. 

Medical Qigong therapy was a secret art that 
was passed on from a master to selected persons. 
In the 1970s, Qigong became more accessible to 
the people when the Chinese government ordered 
that Medical Qigong be made public and serve 
alongside Western medicine to improve national 
health care. During the Cultural Revolution, Medi- 
cal Qigong was suppressed because the govern- 
ment suspected that Qigong had religious and 
superstitious roots incompatible with commu- 
nism. In the early 1980s, scientist in China were 
encouraged to carry out experimental and clini- 
cal studies into almost every aspect of how Medi- 
cal Qigong affected the human body and contrib- 
uted to healing. Starting in 1986, research find- 
ings were reported at international conferences on 
Medical Qigong held mostly in China but also in 
Japan, Canada, and the United States. The sub- 
stance of the research studies are available in En- 
glish in the Computerized Qigong Database, 
which was developed by the Qigong Institute. 
‘This database has provided a basis for the prepa- 
ration of at least five books, three dissertations, 
and several research projects on Medical Qigong. 

In 1992, the United States Congress recog- 
nized the potential of alternative / complementary 
medicine by mandating that the National Insti- 
tutes of Health develop programs to evaluate the 
validity of selected alternative therapies. Since that 
time, the Office of Alternative Medicine has 
funded many research programs and dissemi- 
nated valuable information to medical practitio- 
ners, scientists, and the public. 

‘The swell in the interest in Medical Qigong 


and the recognition of its health and healing ben- 
efits have been recognized by schools of Tradi- 
tional Chinese Medicine, many of which mandate 
that Qigong be a required course. The Qigong 
taught at these schools is still on a basic level and 
needs to be expanded to include the medical as- 
pects of Qigong, such as described in this book. 


The future of Medical Qigong and Chinese 
medicine appears bright. However, the need for 
well-trained and qualified teachers and practitio- 
ners is paramount to meeting the growing de- 
mand. Dr. Johnson’s book provides the first guide 
in English for teachers, students, and practitioners. 

Kenneth M. Sancier, Ph.D. 

President Qigong Institute 
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In 1998, the Academy of Oriental Medicine at 
‘Austin gave me the opportunity to establish one 
of the first formal Medical Qigong training pro- 
grams in the country to be offered within the con- 
text of a college of Oriental medicine. My greatest 
difficulty was in finding a reliable textbook for my 
classes. Of the numerous books on Qigong avail- 
able in English, most devote only a few pages, at 
best, to Medical Qigong. Over the past few years, 
several books from China on Medical Qigong have 
been translated into English. Although present- 
ing much new and valuable information, they are 
poorly translated and fraught with errors, mak- 
ing them unreliable as textbooks. 

Therefore, it has been a great pleasure for me 
to have collaborated with Dr. Jerry Alan Johnson 
to some small extent on this book. Jerry Alan 
Johnson is one of the world’s foremost authori- 
ties on the subject of Medical Qigong. This work 
distills several decades of his personal study, prac- 
tice, and clinical experience in the United States 
and the People’s Republic of China into an in- 
depth practical manual for all levels of Qigong 
healers. 

Currently China is in the midst of what can 
only be called a Qigong renaissance. Today, more 
people are studying and practicing Qigong than 
inany previous time in Chinese history. In the not 
too distant past, Qigong was only available to 
monks and priests, nobles and the wealthy. Now 
Qigong is taught in China’s primary schools and 
colleges, parks, temples, clinics, and hospitals to 
anyone who wants to learn. 

China's literacy rate has increased exponen- 
tially since 1949, and now there are thousands of 
books, tapes, videos, and magazines on every as- 
pect of Qigong, systems both ancient and mod- 
ern, all available for general public consumption. 
Many regional, national, and international Medi- 


cal Qigong associations have been formed, with 
an unprecedented exchange of information 

Although Medical Qigong has been a part of 
Traditional Chinese Medicine since the time of the 
Yellow Emperor, it has only been since 1982 that 
Medical Qigong hospitals and clinics have begun 
to spring upall over China. In the early days after 
the Communist Revolution of 1949, Qigong was 
more or less a state secret, and the Medical Qigong 
clinics were, for the most part, only available to 
high party officials. Over the past two decades, 
China has also devoted a great deal of effort to 
Qigong research and education. There are now 
Iarge Medical Qigong hospitals in all of China’s 
major cities, some of which have over 300 beds 
and 40 or more Qigong specialists and nurses on 
staff. There are hundreds of medium-and small- 
sized Medical Qigong clinics throughout the coun- 
try, some treating inpatients and others treating 
only outpatients. 

Before the revolution, the miracles of mod- 
‘em Western medicine, with its wonder drugs and 
surgical procedures, had caused many Chinese to 
see their own native traditional medicine as old- 
fashioned and outdated. The government encour- 
aged the development of Western medical schools 
and hospitals. After the revolution, Chairman Mao 
recognized that with China's huge population 
they would need to take advantage of every form 
of medicine available even to begin to meet the 
nation’s fundamental health care needs. 

China is the only county in the world where 
Medical Qigong has been truly integrated and en- 
thusiastically accepted as part of the national 
health care delivery system. According to current 
estimates, Medical Qigong doctors are now meet- 
ing 15% of China's national medical needs. That 
percentage is still growing. For decades, Chinese 
hospitals have successfully offered Traditional 


Chinese Medicine alongside of Western medical 
services, Patients may receive Qigong or acupunc- 
ture anesthesia during Western surgical proce- 
ures and be treated by Medical Qigong, acupunc- 
ture, and Chinese herbal medicines during recov- 
ery. Chronic patients may be diagnosed by West- 
erm physicians, sent to Medical Qigong clinics for 
treatment, and have their Western doctors moni- 
tor their progress. In this respect, China has truly 
set the standard for the twenty-first century medi- 
cine. 

Medical Qigong training and practice takes 
many forms in China. Some practitioners /heal- 
cersare thoroughly trained in both Traditional Chi- 
nese Medicine and Western medicine, in addition 
to Medical Qigong. Others are heirs of family 
Medical Qigong systems, some dating back over 
a thousand years. Not all of these family practi- 
tioners have received additional training in either 
traditional Chinese medicine or Western medicine, 
yet they have been very efficient in treating dis- 
‘ease and disorders that these conventional medi- 
ines have given up on. Still other practitioners 
come from martial arts backgrounds, such as 
‘Shaolin Gongfu or Daoist martial Qigong, with 
their own effective and unique blend of warrior 
training, spiritual discipline, Qigong and healing 
arts. Each of these categories contributes to the 
richness and diversity of the art of Medical 
Qigong. 

Jerry Alan Johnson presents for us the art of 
Medical Qigong as it is being taught in two of the 
major Medical Qigong training centers in China 
today: the Xi Yuan Hospital of Traditional Chi- 
nese Medicine and its associated Hai Dian Medi- 
cal Qigong College. Although each Qigong hos- 
pital in China defines its own program of train- 
ing and practice, the material Johnson includes in 
this work represents the mainstream curriculum 
of study and practice widely accepted nationwide 
as a high standard of competence in Medical 
Qigong. 

In addition to sharing the high-level proto- 
cols of Medical Qigong training in China, Johnson 
also draws from the reservoirs of his own decades 
of personal training and teaching in the internal 


‘martial arts to further enrich this work. Martial 
Qigong is generally practised to improve one’s 
martial arts prowess. Itincludes Qigong exercises 
for strengthening the body; increasing power of 
one’s strikes by emitting Qi; mind and will train- 
ing; learning the vulnerable points to strike on an 
‘opponent's body to cause pain and paralysis; 
learning to cause serious injury or death by dis- 
rupting or destroying an opponent's internal or- 
gans, Qi and blood vessels, joints or bones; and 
toughening the body to withstand strikes and 
blows. 

In what might at first seem a case of strange 
bedfellows, the martial Qigong tradition also has 
its medical side. Martial artists need to learn how 
to set bones and dislocations, as these injuries are 
commonly encountered in training and combat. 
Martial artists who train in the more secret arts of 
tien xue (vital point striking) and dim mak (death 
touch) are also taught how to heal the injuries that 
they have caused, both to heal themselves if struck 
by someone and to heal their opponents if the 
opponent is penitent. Furthermore, the martial 
artist who learns the methods for destroying the 
internal organs by emitting Qi can effectively 
adapt the same method to destroying pathogens 
and tumors in a patient for healing. Internation- 
ally recognized by his peers for his mastery of the 
most esoteric aspects of the internal martial arts, 
Johnson is eminently qualified to present its heal- 
ing traditions, which he generously and openly 
does in this work. 

Tam grateful to know Dr. Jerry Alan Johnson 
asa colleague, teacher, and friend, and am happy 
to recommend this work to all students of Medi- 
cal Qigong with confidence. Johnson’s contribu- 
tion contained herein represents the most thor- 
ough and comprehensive presentation of the art 
and science of Medical Qigong in the world to 
date. It is sure to become a modern standard of 
reference for anyone seeking knowledge of Medi- 
cal Qigong, 


Jampa Mackenzie Stewart, DOM. 
Dean of Medical Qigong 
Academy of Oriental Medicine at Austin 
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In the summer of 1995, I was sitting on the 
floor of Dr. Johnson's studio waiting for the start 
of the intermediate class in Medical Qigong. David 
Nakahara leaned over to introduce himself and 
asked me if I was a healer. Wow! It was one of 
those seminal moments in one's life. considered 
all the implications of this question and the only 
relevant reply I, as a medical doctor, could mus- 
ter was an ironic chuckle. 

That question speaks to the heart of the cur- 
rent crisis in health care. Allopathic medicine lends 
itself to standardization of care and computer al- 
gorithms, since the structure of the clinical visit is 
based on protocol-derived diagnosis and treat- 
ment. The challenge is the diagnosis, but the treat- 
ment, especially high-tech treatment, gets all the 
press. It is incredibly satisfying to take care of 
people in this manner since the issues are clear 
and everyone gets better, unless they fail treat- 
‘ment; in this paradigm, the patient fails the treat- 
ment, the treatment does not fail the patient. 

However, over time, you accumulate a num- 
ber of patients for whom your therapeutic proto- 
col fails, and I think that ail thoughtful physicians 
recognize that it is these patients that teach us the 
most. There are women who have serious diffi- 
culty with PMS, infertility, and menopause. The 
cancer patients often wonder what caused the can- 
cer to occur, what supports it, and what the mean- 
ing of this potentially fatal illness is for them. As 
physicians, once we emerge from the narcosis of 
fatigue and busyness that accompanies the daily 
practice of medicine in the late twentieth century, 
‘we also ask these same questions. 

‘And we seek answers. Each physician devel- 
ops his or her own rationale for treatment failures. 
They may rely on an unshakable faith in the sci- 
entific method, their religious upbringing or in 
their cultural ideals, or perhaps close themselves 


off entirely. I inadvertently found my answer 
within the martial arts. 

It was clear to me from my Aikido practice 
that the superior martial artist must understand 
Qi in all its manifestations. This quest for deeper 
knowledge and experience of Qi led me to study 
Qigong with Dr. Johnson. 

In my earliest lessons with Dr. Johnson, I was 
told that a Qigong therapist must observe and 
treat patients’ three treasures: the physical body 
(jing or essence), their energy (Qi), and their 
mind /spirit/intention (shen). These three form 
the whole of a human being, and the parts can 
only be understood within the context of the 
whole. Furthermore, I learned that in life these 
three are so interrelated that it is difficult to tell 
where one leaves off and the other begins. Over 
2,000 years ago, the Chinese philosopher Lie Zi 
described this by saying, “The mind leads and the 
Qi follows; the Qi leads and the body follows.” 

‘As a scientist, I could not help but draw the 
parallel between these fundamental Qigong prin- 
ciples and the revolutionary views of advanced 
modern physics: that at the deepest sub-atomic 
levels, matter, energy, and the person viewing 
them are so inextricably intertwined that they are 
seen as virtually one and the same, merely differ- 
ent manifestations of the same pattern. No longer 
is energy defined as a wave while matter is com- 
posed of particles. In quantum physics they have 
coined the term wavicle beause particles act as 
‘waves in one situation and as particles in another, 
as “probabilities” rather than concrete fixed enti- 
ties and as subjective reality rather than objective. 

The application of the discoveries of quantum 
physics to biology is just beginning. It is starting 
not only in the laboratory but also in many con- 
sulting rooms across the United States, as physi- 
cians search for the answers to help their patients. 


I think that quantum physics is the only “hard” 
science that you can research just by thinking 
about it. As one observes the processes of nature, 
the thoughtful observer comes to the conclusion 
that there must be something else that accounts 
for the medical journey of the exceptional patient. 
‘The early practitioners of Ayurvedic and Chinese 
Medicine were careful observers of nature and 
through observation formulated the basic prin- 
ciples of Indian and Asian medical systems that 
are also corollaries of the principles of quantum 
physics. 

‘Western awareness of the potential for the 
integration of the East and West began in 1971 
when Nixon first went to China. James Reston, a 
‘New York Times correspondent covering the his- 
toric visit, developed acute appendicitis. After his 
emergency appendectomy, he was successfully 
treated with acupuncture for post-surgical pain. 

Despite the dynamic nature of the 
penultimate Western nonbeliever confronting a 
totally novel experience (“only Nixon could go to 
China”), nothing much shifted or changed in 
medical practice at that time. What was missing 
‘was the readiness and ability to experience para- 
digm shift in the conceptual basis of the causa- 
tion of disease. Paradigm shifts in basic research 
have been eloquently discussed in Thomas Kuhn's 
landmark book, The Structure of Scientific Revolu- 


Footnotes: 


tions. Kuhn's brilliant analysis of the development 
of knowledge has recently been applied to medi- 
cal science in a new book, From Doctor to Healer: 
‘The Transformative Journey, by Robbie Davis-Floyd 
and Gloria St. John. After 30 years, we are finally 
mature enough to begin to reassess the structure 
of our medical belief systems and to incorporate 
both world medicine and the principles of quan- 
tum physics. I have no doubt that this will take 
decades, but there is no doubt that the shift is be- 
ginning to occur. 

Dr. Jerry Alan Johnson’s book represents a 
major advance in this journey. This textbook is the 
first comprehensive treatise on the principles of 
Chinese energetic medical practice available to the 
Western medical practitioner. It also forms a 
bridge for the Western trained practitioner of Tra- 
ditional Chinese Medicine and the allopathic 
(Western) practitioner. Dr. Johnson's book repre- 
sents decades of research and study, and a 
nonjudgmental openness to any healing modal- 
ity that is in the patient's best interest. I have no 
doubt that this book will represent a significant 
advance in that long awaited paradigm shift. I 
look forward to that time because it will address 
the deeper human values that have been neglected 
in protocol-based medicine and will bring a new 
depth of engagement and satisfaction to patient 
care. 


Stephanie S. Taylor M.D. Ph.D. 


Kuhn, Thomas S,, The Structure of Scientific Revolutions, University of Chicago Press, Chicago, 


Illinois 1962. 


Davis-Floyd and Gloria St. John, From Doctor to Healer: The Transformative Journey. Rutgers Univer- 
sity Press, New Brunswick, NJ., available March 1998. 
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of voltages and requiring no power supply. It is 
nonpolarized, with two leads or solder pads. 


For more information about resistance temper- 
ature detectors, see Chapter 26. 


Semiconductor Temperature Sen- 
sor 

This is a chip-based sensor that requires no 
additional components to linearize its output, 
as linearization is performed in the chip. 


The temperature range is similar to that of an 
NTC thermistor, but the output is a variable 
voltage with a positive temperature coefficient 
of about 20mV per degree Celsius, supplied by 
a built-in op-amp. Response time is 4 to 60 sec- 
onds, 


This type of sensor requires a power supply, 
typically of SVDC or less. It does not have to be 
calibrated before use, as it is trimmed during 
the production process to achieve accuracy 
that can be better than that of a thermistor. 
Manufacturers may claim plus-or-minus 0.15, 
degrees over the whole temperature range, 
which is usually -50 degrees Celsius to +150 
degrees, but may be less for variants in which 
accuracy is more important. 


Addendum: ( 


The linear analog output is very convenient for 
use with a microntroller that has an analog-to- 
digital converter, and the relatively low cost 
makes this type of sensor increasingly competi- 
tive with thermistors, 


‘An analog-to-digital converter may be included 
on the sensor chip, in which case it is often 
described as a digital temperature sensor or digi- 
‘al thermometer, with an output in degrees Cel- 
sius (or, sometimes, Fahrenheit) accessible via 
2C or SPI bus. For additional details about pro- 
tocols such as 12C and SPI, see Appendix A. 


A digital thermostat or thermostatic switch is a 
semiconductor temperature sensor with a 
binary output that transitions from logic-high 
to logic-low (or vice-versa) if the temperature 
goes above a maximum or below a minimum 
level. The level can be programmed into the 
chip. 


Semiconductor temperature sensors are identi- 
fied with a variety of other names. For more 
information, see Chapter 27. 
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FORWARD 


In the Western nations at the turn of the mil 
Iennium, following a century of remarkable medi 
cal breakthroughs, there still remains a major list 
of unsolved medical mysteries and health care 
challenges. Chronic disease has not been allevi- 
ated (asthma, arthritis, etc.); stress has been rec- 
‘ognized as a major cause in many diseases; tu- 
mors and cancers are being diagnosed in expo- 
nentially growing numbers; AIDS isa world wide 
epidemic; negative (Western) drug interactions 
have grown to become the fourth leading cause 
of death, and medical error has emerged as the 
eighth cause of death. According to the Depart- 
‘ment of Health and Human Services, over 70% of 
medical visits are for symptoms and illnesses that 
are preventable, yet the health care system is still 
primarily focused on treatment of the symptoms 
rather than health maintenance or prevention. 

‘The public, the government, and health care 
providers all agree that there isa crisis in Western 
medicine and health care. Fortunately, at the same 
time, there is increasing support for innovative 
and alternative solutions. Among the many pow- 
erful strategies for solving this crisis, Chinese 
Medical Qigong (Chi Kung) and its offspring 
Taijiquan (Tai Chi Chuan), meditation, and fo- 
cused breath practice, are probably the most com- 
prehensive systems of self-care and healing avail- 
able to compliment both conventional Western 
and alternative medical therapies. 

The public hunger for natural healing, safety 
from medical side effects, lower medical costs, and 
health self-reliance is triggering powerful and 
profound changes in health care. It has become 
obvious that in the near future the benefits of Chi- 


nese medicine will be as fully integrated here in 
the US, as the benefits of Western medicine are 
in China. Through this global exchange of health 
care wisdom and practical applications, we are en- 
tering an unprecedented era of new possibilities 
to resolve suffering and foster well-being. 

This definitive work on Medical Qigong, the 
remarkable healing art from Chinese traditional 
medicine, will play a significant role in the im- 
‘mense and profound transformation in health care 
that is now occurring with tremendous social and 
‘economic force. 

Like the revolution in training and licensing 
acupuncturists that quickly unfolded in the final 
years of the 20th century, the momentum of train- 
ing and licensing Medical Qigong Therapists is 
rapidly increasing in the beginning of the 21st cen- 
tury. Clinical Qigong, including both Medical 
Qigong Prescriptions and Medical Qigong 
‘Therapy, will arise in America as it has done so 
robustly in China. 

‘There are a number of excellent books on vari- 
ous aspects and methods of Qigong. However, 
there has not been, in English, a comprehensive 
exploration of Medical Qigong. Dr. Johnson has 
created a breakthrough work on Medical Qigong, 
which is a clear and useful revelation of the Medi- 
cal Qigong curriculum at the Hai Dian Univer- 
sity Medical Qigong College of Beijing, China, and 
an excellent synthesis of Medical Qigong theory 
from throughout China. This textbook will very 
likely remain the definitive compendium of Medi- 
cal Qigong in the West for many years, and be- 
come the foundation from which the field of Medi- 
cal Qigong will evolve in Western society. 


Roger Jahnke, O.M.D. 
Chair, Department of Medical Qigong 
Santa Barbara College of Oriental Medicine 


PREFACE 


‘As we enter the new millennium, a new era 
of medical therapy is beginning to blossom. Al- 
ternative medicine is now capturing an estimated 
$14 billion in out-of-pocket health care revenues 
from Americans each year, according to a 1993 
study published in the New England Journal of 
Medicine. By 1997, according to the Journal of 
‘American Medical Association, that figure had more 
then doubled. What this trend means in real terms, 
is that despite the historical lack of official recog- 
nition by the American Medical Association, de- 
spite the lack of endorsement and coverage by 
Medicare and the majority of health insurance 
plans, men and women, in ever increasing num- 
bers, are going to acupuncturists, energetic heal- 
ers, herbalists, chiropractors, massage therapists, 
ayurvedic specialists, homeopathic doctors, and 
other traditional “healers” to meet some portion 
of their health care needs 

This growth of public reliance on alternative 
medicine has caused the Western medical estab- 
lishment to sit up and take notice. In fact, some of 
the most vocal proponents of combining alterna- 
tive medical traditions with Western medicine are 
medical doctors. Visionary physicians such as 
Deepak Chopra, Andrew Weil, Larry Dossey, 
Dean Ornish, and Bernie Seigel have led the way 
toward creating a new climate of respect for an- 
cient medical philosophies and modalities. They 
have pioneered the advent in the West of health 
care facilities where Western medical and alter- 
native health modalities are available under the 
same roof, with the goal of providing patients with 
the best of both worlds. This combination of an- 
cient and modern medical traditions has been 
dubbed integrative or complementary medicine. 

Incomprehending the full impiications of this 
unlikely marriage, one must understand the di- 
vergent approaches to healing between conven- 


tional Western medicine and traditional Eastern 
medicine. 

‘Contemporary Western medicine grew out of 
the scientific revolution of the seventeenth cen- 
tury. The philosophy of science, rooted in 
‘Aristotle's “empirical materialism,” was given a 
new spin by the French mathematician, Descartes. 
‘Viewing reality as that which could be substanti- 
ated materially, Descartes applied an analytical 
reductionist logic to penetrating the secrets of 
nature, including biology. These views were ech- 
ed in the physics of Sir Isaac Newton, applying 
a linear cause-and-effect model to explain the 
‘workings of a material universe. 

‘Man was seen as being separate from nature, 
mind was seen as separate from body, and all of 
these processes, in nature and in humans, were 
seen as similar to the workings of a machine com- 
posed of discreet parts. Mechanical laws were seen 
to governall processes. Structure determines func- 
tion; therefore, the physician's role developed into 
that of a mechanic: repairing, removing, trans- 
planting, and replacing broken down-parts. Dis- 
eases had isolated causes, which need to be re- 
moved from the rest of the parts. Because of this 
approach, Western medicine has the most highly 
developed pharmaceuticals to kill specific organ- 
isms and the finest surgical procedures in the 
world today. 

By contrast, Eastern medicine grew out of the 
empirical observation of nature, beginning at least 
4,700 years ago. Oriental philosophy, from the 
Vedas of India to the Yellow Emperor of China, 
views reality as an interdependent whole. This 
“prescientific” understanding equates to the 
broader view of modem quantum physics and the 
general systems theory. Rather than limiting real- 
ity to that which is material, the Eastern philoso- 
phers recognized the interdependence of mind 


and body, the nonlinear nature of time and space, 
and the interweaving patterns of relationship be- 
tween man and nature; in fact, they believed, we 
are nature. Anatomy, the study of human struc- 
ture, takes a back seat to physiology, the study of 
human function. Thus, the Orientals formulated 
a general systems theory, in which the patterns of 
change that exist in nature are the same patterns 
that govern human biology, wherein function is 
viewed from a holographic perspective, and each 
part reflects the whole. Rather than being fixed 
and stable, the whole is in a dynamic process of 
constant change. For the whole to function har- 
moniously, every part must remain in balance. 

Therefore, the role of the Oriental physician is 
‘more similar to a gardener, following the patterns 
of change, diagnosing functional disharmony and 
restoring overall balance. Because of this ap- 
proach, Oriental medicine has some of the most 
highly developed procedures for preventative 
medicine and for treating chronic diseases in the 
world today. 

‘Western medical science, with its fundamen- 
tal distrust of subjective diagnostic reliability, has 
progressed toward developing more and more 
expensive high-tech laboratory tests and diagnos- 
ticequipment. Thus we have the modern miracles 
of x-rays, MRI's, and ultrasound. Eastern medi- 
cine, trusting in human capacity, has progressed 
ina low-tech direction toward ever deeper train- 
ing of the physician’s sensory and spiritual diag- 
nostic tools. Thus, we have the miracles of pulse 
diagnosis, tongue reading, and Qigong hand scan- 
ning. 

With such fundamental divergencies in phi- 
losophy and technique, it is almost inconceivable 
that these two medical systems could ever oper- 
ate together in the same setting. The fact is that 
they do function together, and quite effectively, 
too. We can thank Mao Zedong for the union of 
these two unlikely bedfellows. 

Recognizing that there were far too few West- 
em trained physicians and nurses to meet the pri- 
mary health care needs of China's vast popula- 
tion, from the outset of his leadership Mao advo- 
cated the systemization of Traditional Chinese 
Medicine (TCM), and advocated its implementa- 


tion alongside Western medicine in China’s hos- 
pitals and clinics. The results of this integration 
have been astonishing, as witnessed in the effec- 
tive use of acupuncture anesthesia during surgery. 

Nonetheless, in his efforts to create a “mod- 
em” Chinese medicine, Mao shunned some of the 
traditional theoretical aspects of Chinese medi- 
cine, such as the concept of Qi, which he consid- 
ered as feudalistic and counterrevolutionary. For 
this reason, he actively discouraged Medical 
Qigong practice as superstitious. It was not until 
the end of the Cultural Revolution in 1975 that 
Qigong reclaimed its rightful place as one of the 
major branches of Chinese medicine. 

Ahigh party official in Beijing was suffering 
from an “incurable” disease. Both Western medi- 
cine and TCM had failed to alleviate his suffer- 
ing. In desperation, he went to one of the few 
Medical Qigong clinics operating in the country 
and was cured. The official then lent his support 
to the promotion of Medical Qigong for the ben- 
efit of the Chinese people. Before long, there were 
hundreds of Medical Qigong hospitals and clin- 
ics throughout China. 

Since that time, Qigong has experienced an. 
unprecedented growth in China. Qigong is now 
available to the general populace for the first time 
in history. Qigong is now taught in the public edu- 
cation system, beginning at the elementary school 
level. Qigong departments have been added to 
large urban hospitals. Colleges of Traditional Chi- 
nese Medicine have developed Medical Qigong 
training programs. According to one recent sur- 
vey, one third of the population of Beijing, China's 
capital city, practices Qigong daily. 

thas taken acupuncture and Chinese herbol- 
ogy nearly 20 years to develop into a respected 
profession in the United States. As this book goes 
to press, 37 states now have legislation licensing 
professional acupuncture practice, with an addi- 
tional 10 states in which legislation has currently 
been introduced. Medical Qigong is still at the 
very early stages of public recognition, under- 
standing, and acceptance by comparison. Orien- 
tal medical schools around the United States, as 
well as independent Medical Qigong masters, are 
only now beginning to establish comprehensive 


Medical Qigong training programs. I am heart- 
ened by this development. 

Traditional Chinese medical therapy is di- 
vided into four main branches: acupuncture, herbs 
and diet, massage therapy, and Medical Qigong. 
Itis important for TCM practitioners to have ex- 
posure to all four branches to be able to under- 
stand the relative strengths and limitations of their 
particular field of expertise, so that they will be 
able to select the most effective and appropriate 
treatment modality for their patients. Until very 
recently, most schools in America have been rela- 
tively unaware of the extent to which Medical 
Qigong therapy has developed in China, and have 
‘been lacking in presenting Medical Qigong as a 
significant part of their training programs for stu- 
dents of Oriental medicine. 

The purpose of this book is twofold. The first 
purpose is to apprise the reader of the professional 
standards of knowledge and skill required in con- 
temporary China for licensing a “Doctor of Medi- 
cal Qigong Therapy” (D.M.Q.). The second pur- 
pose is to describe how to effectively diagnose and 
treat patients with Medical Qigong therapy as set 
forth by the Hai Dian Medical Qigong College of 
Beijing and to provide a textbook for training to 
that standard under the guidance of a qualified 
instructor. Hai Dian is recognized as one of the 
top Medical Qigong colleges in China. 

Although this book is primarily written for 
students and practitioners of Oriental medicine, 
itis also my hope that practitioners and students 


of Western medicine and other forms of alterna- 
tive healing will benefit from the information con- 
tained herein, and that it may serve to enrich their 
practice in the healing arts. 

This book is divided into twelve sections. The 
first four sections focus on building a comprehen- 
sive foundation in energetic medicine. The sec- 
ond four sections focus on guidelines for estab- 
lishing a Medical Qigong clinic, as well as for di- 
agnosing and treating problems of Qi deviations. 
The last four sections focus on treatment modali- 
ties, Medical Qigong prescriptions, Medical 
Qigong regulation exercises and scientific research 
in Medical Qigong clinical therapy. 

Ihave done my best to present the knowledge 
and wisdom of this ancient Chinese art as it was 
passed onto me personally by my respected teach- 
ers, to whom I owe undying gratitude. Qigong 
has survived nearly five thousand years of growth 
and refinement and is now available to you, the 
reader, for your own personal and professional 
benefit. I sincerely hope that this book may serve 
to further bridge the partnership between East- 
ern and Western medicine, that all humanity may 
be the beneficiary of the interchange between 
these two great schools of healing. May all doc- 
tors and healers, Western and alternative, return 
to the “heart” of medicine, that each may view 
the patient as a complete integration of body, 
mind, emotion, energy, and spirit. May we sup- 
port each other's skills and techniques in allevi- 
ating our patients’ suffering. 


Jerry Alan Johnson, Ph.D.,.D.T.C.M., D.M.Q. (China) 
Dean of Medical Qigong Science 

Director of Medical Qigong Clinic 

Five Branches Institute, College & Clinic of TCM 
‘Santa Cruz, California 

May, 2000 
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INTRODUCTION 


The Eastern approach in explaining medical 
concepts is generally expressed through a three 
dimensional convergence, seeing the physical 
body as an energetic hologram, and observing the 
physical, mental, emotional, energetic and spiri- 
tual reality of the tissues. By stimulating any one 
of these five energetic matrices, you affect the 
other four, and influence the body to initiate ei- 
ther health or disease. Diagnosis and treatment is 
therefore approached in a nonlinear progression, 
working towards the health and healing of the 
whole person 

‘The Western mind, however, is taught to view 
the physical body ona linear progression of cause 
and affect, separating the reactions of the tissues 
from the effect of the mind and emotions, as well 
as the universal and environmental influences. In 
order to help the Western mind understand the 
concept of Chinese energetic medicine, this Medi- 
cal Qigong textbook was written with the goal of 
instructional comprehension and practical appli- 
cation of Chinese energetic medicine. It embraces 
the concepts of traditional Chinese medicine, in 
particular Medical Qigong therapy, from a pro- 
gressive linear format. Beginning with Energetic 
Embryology in Section 1, it provides a basic un- 
derstanding of complex energetic structure, 
theory, and practical application, ending in ad- 
vanced clinical treatments in Section 11. The final 
chapters of this textbook, consists of scientific re- 
search collected from various doctors and research 
scientists which validate the claims made of Medi- 
cal Qigong therapy being an effective clinical mo- 
dality, in Section 12. 

Chinese medical terminology is extremely 
metaphoric and is used to describe the many as- 
pects of the human body through physical, men- 
tal, emotional, energetic, and spiritual domains 
of existence, Many technical terms in Traditional 


Chinese Medicine have numerous meanings, de- 
pending on the context of the subject. 

For clarity, the Chinese terms in this book are 
capitalized along with the English words for 
which Traditional Chinese Medicine assigns a 
special meaning. Such words include, but are not 
limited to, the following: Gall Bladder, Small In- 
testine, Spleen, Pericardium, Bladder, Liver, etc. 
‘There is one exception to this rule; the word “en- 
ergy” meaning Qi, is capped only in the first few 
chapters of this book for the sake of easier legibil- 
ity, as it appears so often within each chapter. 

When you see words such as Blood, Heart, 
and Marrow capitalized, assume that their mean- 
ing differs from that ascribed by Western medi- 
cine. In Traditional Chinese Medicine, the word 
Marrow, for instance, does not refer to bone mar- 
row as it is traditionally recognized in the West, 
but rather describes the substance which is the 
common matrix of bones, bone marrow, the brain 
and spinal cord. Non-capitalized terms retain their 
traditional Westem meanings. 

(One decision I have made when writing this 
textbook is to use the term “divine” when express- 
ing the energy of the Dao or God. In China, many 
of the Qigong doctors and masters that I have 
trained with asked me to keep these spiritual theo- 
ries in confidence for fear of governmental re- 
prisal. Therefore, having decided to openly share 
these ancient energetic theories concerning the in- 
teractions of the spirit, soul and divine, I have 
done so without revealing my sources. 

Finally, many of the energies used to describe 
the natural forces of nature (existing within 
Heaven, Earth, and Man) were historically 
changed into “gods” or “spirits” in order to com- 
pete with the colorful deities imported into China 
from India. Therefore, when reading this textbook, 
the reader should not become confused by cer- 


tain terminologies describing “deities” which gov- 
em specific energetic principles. For example, 
‘when reading the section on the Eternal Soul, the 
title “Lords of the Three Dantians” implies the fact 


that the soul has three primary, separate, yet in- 
terconnected, energetic properties, rooted, divided 
and sustained within each of the Three Dantians. 


Jerry Alan Johnson, Ph.D, D.LCM,, D.M.Q. 
(China) 


SECTION I 
FOUNDATIONS OF CHINESE 
ENERGETIC MEDICINE 


CHAPTER 1 


INTRODUCTION TO MEDICAL QIGONG 


More than 5000 years ago, Chinese physicians 
‘came to understand that everything is composed 
of the same energetic substance called Qi (pro- 
nounced “chee”). These ancient masters con- 
cluded that there is a oneness and wholeness in 
all existence, and that energetically everything is 
interconnected as one body, although energy may 
appear to take on many different forms. All things 
in nature and, in fact, all things in the universe 
are woven together so that we are, quite literally, 
all symbiotically one with the universe through 
the system of Qi. Qi is always in motion within 
all things, and is the catalyst for everything to re- 
late and interrelate within the universe. 

In modern times, the laws of physics have 
demonstrated that matter and energy are inter- 
changeable, and that matter is simply another 
form of energy. Matter is constantly vibrating in 
the form of tangible solids and intangible gases, 
and is constantly altering, being affected by, or in- 
teracting with energy. Energy is inherent in the 
living human body, and the human body is sus- 
tained by energy (Figure 1.1). 

The ancients mastered techniques to balance 
the body’s energy (Qi) in order to live in harmony 
with the environmental (Earthly) Qi as well as the 
universal (Heavenly) Qi. Traditional Chinese 
Medicine maintains that when living things start 
to lose their Qi, they lose their vitality. An ancient 
Chinese saying states, “Life comes into beginning 
because Qi is amassed; when Qi is scattered, the 
person dies.” 

Qi is stored within the body in the form of 
pools, creating the structures of the internal or- 
gans. From these internal pools, the body's life- 
force energy flows in the form of rivers and 
streams. These energetic rivers and streams form 
the body’s vessels, channels, and collateral sys- 
tems. 


Figure 1.1. The Body's Exteral Qi Field 


THE FIVE DOMINIONS OF ENERGY 

The ancient masters observed that Qi can be 
divided into five manifestations of matter and 
energy: mineral, plant, animal, human, and di- 
vine. Each form draws on the energy of the next, 
resonating and interacting with the divine through 
the form’s relationship in Wuji (infinite space). The 
five manifestations of matter and energy are ex- 
plained as follows. 

1. The mineral’s energetic field is considered the 
densest (ie,, the slowest) or lowest form of 
energetic vibration. The disintegration or di- 
vision of the mineral’s particles combine with 
the elements of air and water to form the 
Earth’s soil. Every particle in the soil still re~ 
tains the original primordial energy force of 
the mineral, which interacts with the energy 
of the divine. 

2. The plant's energetic field is considered the 
next higher form of energetic vibration. All of 


the Earth’s vegetation (trees, bushes, flowers, 
herbs, etc.) absorbs a part of its life-energy 
from the mineral’s energetic field, increasing, 
and multiplying its energetic potential. The 
plant's energetic field is considered the next 
higher step in energetic evolution towards the 
divine energetic field. 

3, The animal's energetic field is considered the 
next higher form of energetic vibration. The 
animal consumes and absorbs the energy 
from the plant's energetic field, further in- 
creasing and multiplying its energetic poten- 
tial, bringing it one step closer towards the 
divine energetic field. Within each higher fre- 
quency of vibration there is also an increase 
in consciousness and level of awareness. 

4, The human energetic field is considered the 
next highest form of energetic vibration. Man- 
kind stands between Heaven and Earth, par- 
taking of both energy fields. Through diet, 
Qigong practice, prayer, and meditation, hu- 
mans can further refine and multiply their 
energetic potential. 

5. The divine energetic field is the highest vi- 
brational expression of energy known. As it 
envelops and becomes active within the hu- 
man body, it further increases and multiplies 
the body's energetic potential, allowing man 
to attain divine consciousness. 

Al these energetic fields originate from one 
source, and all contain the vibrations of the one 
divine life-force. Likewise, with an attitude of 
deep respect for plants and animals that give up 
their life-force energy for our consumption, it is 
possible to enhance the nutritional value of the 
substances they provide us with. The blessing of 
food, and food prepared with a loving attitude, 
allows for the absorption of not only the vitamins 
and minerals contained therein, but also the ab- 
sorption of the higher vibrations of the one divine 
energy inherent in all things. This is why many 
ancient cultures, often referred to as “primitive,” 
prayed before hunting so that the animal spirit 
would willing give itself for sacrifice. Prayers were 
also given after the kill to free the animal's spirit 
so that it could return back to the divine. 


Yang.. Yin 


active |. passive 


creative |. receptive 


masculine}. feminine 


front |. back 
left. right 
fire |. water 
hot |.cold 
dry |. wet 
hard.}. soft 
light | heavy 
ce 


heaven.}. earth 


sun.}.moon 


Figure 1.2. The table above shows some characteristics 
of Yang and Yin. Below is the Yin/Yang symbol: white 
represents Yang and black represents Yin. The small 
Circles, one white and the other black, symbolize the 
fact that Yin is always transforming into Yang and Yang 
into Yin, (For more on Yin and Yang, see Chapter 3.) 


Once individuals becomes aware of the divine 
energetic field, they begin to experience the re- 
fined vibrational energy fields of minerals, plants, 
animals and human beings. This increased aware- 
ness of the divine life-force energy strengthens the 
awareness of one’s own energetic fields and that 
of others. This in turn can deepen the conscious 
and unconscious energetic connections between 
ourselves and others, be they human, animal, 
plant or mineral. 


DEFINING THE ENERGY OF YIN AND 
YANG 

Each of the five energetic fields can be fur- 
ther divided into Yin and Yang aspects. In Tra 
tional Chinese Medicine (TCM), the theory of Yin 
and Yang energy represents the duality of balance 
and harmony within the body, as well as within 
the universe (Figure 1.2). Earth energy is Yin, while 
Heaven energy is Yang. 

Yin exists within Yang, and Yang within Yin. 
Yang manifests as active, creative, masculine, hot, 
hard, light, and bright. Yin manifests as passive, 
receptive, feminine, cold, soft, and dark. The dy- 
namic balance of Yin and Yang always changes 
and transforms the body’s life-force energy. (See 
Chapter 3 for more on Yin and Yang energy.) 

Successful practitioners in balancing the 
body’s Yin-Yang energies were considered mas- 
ters or “immortals,” able to harmonize the body 
with the mind, the mind with the will, the will 
with the breath, the breath with the spirit, the spirit 
with motion, and finally, motion with the sur- 
rounding environment (Earth), the universe 
(Heaven), and the divine (Dao). 


UNDERSTANDING THE CONCEPT OF QI 

While the concept of Qi may seem compli- 
cated, itis actually very simple. Matter progresses 
to energy and energy to spirit. Qi is the medium, 
or bridge, between matter and spirit. Once we be- 
come aware of the reality of Qi, it becomes easily 
recognized. 

Through observation and study, Chinese Qi- 
gong (pronounced chee-gung) masters discovered 
that each organ in the human body has a differ 
ent function and a different speed of energetic vi- 
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bration. By tracing the pathways (channels) Qi 
takes through each organ and observing the ef- 
fects on bodily functions, the Chinese developed 
the basic theories upon which Qigong practice is 
founded. For thousands of years, Chinese medi- 
cine has successfully cured serious illnesses by 
stimulating the body's energy in very specific 
ways. 

Through the study of Qigong, anyone wish- 
ing to cultivate awareness of the energy vibrations 
and their own individual pathways can learn to 
influence and even control them. Qigong practi- 
tioners use these skills to heal and strengthen the 
immune system, and to improve the functioning 
of various organ systems within the body. China 
Healthways International estimates that in Beijing, 
alone more than 1.3 million people practice some 
form of Qigong every day, whereas, in China as a 
whole, around 80 million people practice Qigong. 


DIFFERENT SCHOOLS OF QIGONG 

Qimeans “life-force energy” and gong means 
“skill,” so Qigong is the skillful practice of gath- 
ering, circulating, and applying life-force energy. 
In China today, Qigong practice is divided into 
three main schools: medical, martial, and spiri- 
tual. The three schools are all based on the same 
philosophical system and share many of the same 
‘meditations and techniques. The schools differ pri- 
marily in focus. Students choose a school based 
on the use to which they want to put their Qigong 
training. Briefly, each school focuses on one of the 
following specialties: 

1, The medical schoo! trains doctors and heal- 
ers in special Qigong methods for health 
maintenance and longevity, disease preven- 
tion, and the diagnosis and treatment of dis- 
eases and disorders. The three primary tech- 
niques of Medical Qigong therapy include the 
following, 

a. Purging to detoxify the body of patho- 
gens, 

b. Tonifying to strengthen the body’s in- 
ternal organs and systems, and 

c. Regulating to balance the body’s inter- 
nal energy. 

2. The martial school trains martial artists to 


build their strength and power for perform- 
ing martial arts applications. The three pri- 
mary techniques of martial Qigong training 
include the following 

a. Obvious Power (Ming Jing) techniques 
emphasize the training and condition- 
ing of the muscles, strengthening the 
bone structure, and increasing the 
individual's overall stamina. This 
school also includes such techniques as 
pounding the body (arms, hands, legs, 
and torso) to strengthen and toughen 
the tissues. 

b. Hidden Power (An Jing) techniques 
emphasize stretching and twisting the 
tendons and ligaments (knowns Reel- 
ing and Pulling the Silk) to cultivate 
resonant vibration within the body for 
striking and issuing power. 

c. Mysterious Power (Hua Jing) tech- 
niques emphasize the training and con- 
ditioning the mind’s imagination and 
intention, to project and utilize the 
power of the individual's Shen (Spirit). 

3. The spiritual school trains practitioners who 
seek spiritual transformation and enlighten- 
‘ment (Daoism, Buddhism, and Confucianism 
each have their own unique techniques). Their 
techniques include meditations for fusing, as 
well as releasing the Three Ethereal Souls 
(Hun). These souls can best be understood as 
personifications of moral qualities (or arche- 
types). When the Hun are fully developed, the 
practitioner acquires certain extraordinary 
powers and abilities, such as soul travel. The 
goal however, is to achieve transformation 
and a state of enlightenment, and not be led 
astray by the glamor of extra powers. The 
three primary techniques of spiritual Qigong 
training include the following: 

a. Nourishing the Spirit (Shen), to 
strengthen and refine the power of the 
individual's Shen, 

b. Housing the Shen by disciplining both 
thoughts and emotions, to relax and 
tranquilize the individual's Shen, and 


to become more receptive to divine en- 
ergy and guidance, and 

. Combining the Shen with the Qi, to co- 
ordinate the breath and intention for 
directing the spirit to guide the body's 
life-force energy. 

Qigong training involves all of the 
individual's physical senses. The concentration is 
focused on breathing, hearing, visualizing, and 
muscle relaxation. Massage, and movement are 
also used to develop and control the body's in- 
trinsic energy. Studying Qigong requires not only 
comprehending the immeasurable wisdom gath- 
ered for medical, martial, or spiritual development 
but also studying the ancient Chinese culture in- 
herent within these systems. 


MEDICAL QIGONG DEFINED 

Alliving bodies generate an external field of 
energy called Wei Qi (pronounced “whey chee"), 
which translates as “protective energy.” The defi- 
nition of Wei Qi in Medical Qigong is slightly dif- 
ferent than that of Traditional Chinese Medicine 
(TCM). In classical TCM texts, the Wei Qi field is 
seen to be limited to the surface of the body, cir- 
culating within the tendon and muscle tissues. In 
Medical Qigong, however, the Wei Qi field also 
includes the three external layers of the body's 
auric and subtle energy fields. This energy origi- 
nates from each of the internal organs and radi- 
ates through the external tissues. There the Wei 
Qi forms an energy field that radiates from the 
entire physical body. This field of Qi protects the 
body from the invasion of external pathogens and 
communicates with, as well as interacts with, the 
surrounding universal and environmental energy 
fields. 

Both internal and external pathogenic factors 
affect the structural formation of the Wei Qi. The 
internal factors include suppressed emotional in- 
fluences (such as anger and grief from emotional 
traumas); The external factors include environ- 
mental influences when they are too severe or 
chronic, such as Cold, Damp, Heat, or Wind, etc. 
Physical traumas also affect the Wei Qi field. 

Any negative interchange affects the Wei Qi 


by literally creating holes within the matrix of the 
individual's external energetic fields. When left 
unattended, these holes leave the body vulnerable 
to penetration, and disease begins to take root in 
the body. Strong emotions, in the form of toxic 
energy, become trapped within the body's tissues 
when we hold back or do not integrate our feel- 
ings. These unprocessed emotions block the natu- 
ral flow of Qi, thus creating stagnant pools of toxic 
energy within the body. 

Medical Qigong consists of specific tech- 
niques that use the knowledge of the body's in- 
ternal and external energy fields to purge, tonify, 
and balance these energies. Medical Qigong 
therapy offers patients a safe and effective way to 
rid themselves of toxic pathogens and years of 
painful emotions that otherwise, can cause men- 
tal and physical illness. This therapy combines 
breathing techniques with movement, creative vi- 
sualization, and spiritual intent to improve health, 
personal power, and control over one’s own life. 


MEDICAL QIGONG TRAINING IN CHINA 

‘There are numerous colleges of Traditional 
Chinese Medicine throughout China today that 
focus on Medical Qigong training. The majority 
support the scientific study and expansion of 
Medical Qigong applications and Traditional Chi- 
nese Medicine treatments. 

According to Qigong master and doctor of 
Traditional Chinese Medicine, Professor Zhou 
Qianchuan, all of the most famous Chinese doc- 
tors of acupuncture and moxibustion, herbal 
medicine, bone setting, and massage therapy, ei- 
ther practiced Qigong or incorporated Qigong into 
their clinical practices. 

‘Major traditional Chinese medical colleges in 
China offer comprehensive, government-spon- 
sored, three-year programs in Medical Qigong 
therapy. Programs include classes, labs, and semi- 
nars on traditional Chinese medical theory. These 
studies include: The foundations of Chinese medi- 
cine for internal diseases according to the Yellow 
Emperor's Inner Canon, Spiritual Axis, Essential 
Questions, and the Canon of Perplexities. The Medi- 
cal Qigong classes also include energetic anatomy. 
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and physiology, diagnosis and symptomatology, 
energetic psychology, Qigong pathology, Medical 
Qigong therapy, as well as a survey of other re- 
lated medical modalities. The other related mo- 
dalities include: a comprehensive understanding 
of herbal medicine, acupuncture therapy, and Chi- 
nese massage. Classes of Western anatomy and 
physiology, Western internal diseases, and health 
and recovery, are also required. 

During the certification program, three to five 
training hours a day accompany the standard six- 
day-a-week classroom curriculum. Course content, 
personal mastery of energy extension, and diagno- 
sis techniques are rigorously tested each week. 
Upon completing the required courses and pass- 
ing the final exams, the student receives a certifi- 
cate of completion. Next, a six-month to one-year 
internship is required at a program-affiliated hos- 
pital or clinic. Upon successful completion of this 
internship, the new doctor is licensed as a doctor of 
Medical Qigong therapy by the People’s Republic 
of China’s Bureau of Scientific Technology. 

Each internship program is assigned a sepa- 
rate wing in the selected Chinese hospitals. Both 
inpatient and outpatient facilities are available to 
the public. Each branch has specific approaches 
to healing a patient, with its own unique set of 
ground rules for diagnosis and treatment. 

There are three distinct supervisory levels 
working within each clinical branch of Traditional 
Chinese Medicine in China. The first and lowest 
position is that of a “doctor of Medical Qigong,” 
who is responsible for the treatment of all clinical 
patients (including patients in both the inpatient 
and outpatient clinics). The positions of Medical 
Qigong doctor are generally filled by the medical 
college graduates who have spent four to five 
years in clinical study and practice. The next level 
is called a “physician or doctor in-charge,” and 
denotes a senior position within the clinic. This 
individual is responsible for the supervision of all 
the Qigong doctors’ clinical procedures. This po- 
sition is usually obtained after spending a mini- 
mum of five years as a Qigong doctor. The final 
and highest level is called a “director or profes- 
sor,” this position requires overseeing the doctors 
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in-charge, as well as teaching, treating, and train- 
ing of other doctors to pass on Qigong clinical 
knowledge to future generations. This position is 
usually obtained after spending a minimum of 
five to six years as a doctor in-charge. 

The licensing is reviewed and issued by ei- 
ther the People’s Republic of China's Bureau of 
Scientific Technology (that issues a license in lo- 
cal city hospitals) or by the Ministry of Scientific 
‘Technology (that licenses to practice in any clinic 
or hospital throughout China). The Qigong 
doctor's skills are tested through oral, written and 
practical examinations, and a license is issued ac- 
cordingly. In China today, there are five positions 
available for a doctor of Traditional Chinese Medi- 
cine. These five positions are described as follows. 

1. A Doctor of Acupuncture Therapy (D.Ac.) 
specializes in the five main modalities of Chi- 
nese acupuncture. 

2. A Doctor of Herbal Medicine (D-H.M.) spe- 
cializes in the five main modalities of Chinese 
herbology. 

3. A Doctor of Massage Therapy (D.M.T.) spe- 
cializes in the five main modalities of Chinese 
massage and tissue regulation. 

4. A Doctor of Medical Qigong Therapy 
(D.M.Q) specializes in the five main modali- 
ties of Chinese Medical Qigong. 

5. A Doctor of Traditional Chinese Medicine 
(D-T.CM,) is a doctor who has trained in all 
four branches of Traditional Chinese Medi- 
cine (acupuncture, herbs, massage, and Medi- 
cal Qigong). 


MEDICAL QIGONG TRAINING IN THE 
UNITED STATES 

The Five Branches Institute, College and Clinic 
of Traditional Chinese Medicine became the first 
TCM/ Acupuncture College in the United States to 
open a Medical Qigong Clinic on April 7th., 2000. 
This clinic not only serves as an invaluable teach- 
ing resource for the Five Branches acupuncture stu- 
dents, but also serves as an affordable alternative 
‘medical clinic for the general public. 

Founded in 1984, the Five Branches Institute 
hasbeen known not only for its leadership in TCM 
education, but also as an academic innovator as 


‘well. It was the first, and remains the only, TCM 
College to establish a Neurology Center (founded 
in 1995) for the specialized treatment of paralyzed 
patients, under the directorship of the world-fa- 
mous Chinese physician Doctor Ming Qing Zhu, 
L.Ac,, Dipl. Ac. (NCCA), M.D. (China). 

‘THE FIVE BRANCHES MEDICAL QIGONG 
cuinie 

The Five Branches Medical Qigong Clinic is 
currently divided into 3 treatment areas. The main 
area (Clinic A) is used to treat patients with less 
severe conditions; the second area (Clinic B) is 
used specifically for the treatment of cancer pa- 
tients. The third treatment area is designed for 
video taping the patient's Medical Qigong pre- 
scription exercises and meditations. 

Clinic A is the primary care facility of all pa- 
tients. The patients are first assessed, and then as- 
signed to a treatment team. Each team is com- 
prised of at least one senior intern and several 
clinical students. Each team diagnoses, treats, and 
then prescribes Medical Qigong exercises and 
meditations for each patient. Some patients with 
potentially terminal illnesses (cancer, tumors etc.) 
may require specialized treatments, and are re- 
ferred to the Clinic B. 

‘The main goal of the Clinic B is to specialize 
in Oncology, and to work closely with the Aca- 
demic Dean and Clinical Medical Director Dr. 
Joanna Zhao, L.Ac,, Dipl. Ac. (NCCA), D-T.CM. 
(China), who prescribes herbal therapy to comple- 
ment the Qi Emission therapy and Medical 
Qigong prescriptions. 

The Director of the Medical Qigong Clinic is 
Dr. Jerry Alan Johnson, whose duty is to oversee 
the “Doctors in Charge” of the 3 treatment areas, 
as well as regulate the patient load between Clin- 
ics Aand B. 

‘The Doctors in Charge of the Medical Qigong 
Clinics are: Jean Ruth Vlamynck, L.Ac,, Dipl.Ac., 
M.T.C.M., M.Q.T,, and Adam Atman, L.Ac., 
Dipl.Ac, M.L.CM,, M.Q.T. Their duty is to over- 
see the Medical Qigong doctors on staff within 
the three treatment areas, supervise the current 
interns, and make themselves available for con- 
sultations when needed. 
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‘The front entrance of the Medical Qigong College at 


the Hai Dian University in Beijing, China Left to right: Dr. Li Fu Dong, Associate Professor and 


— Chief Director of Medical Qigong Science, Dr. Jerry Alan 
Johnson the author and director of the International 
Institute of Medical Qigong, and Dr. Pang Dong Hui, 
Executive Deputy President of the Hai Dian University. 


Dr. Niu Yu Hua, Assistant Director of the Hai Dian 
Medical Qigong College, treats a patient by regulating 
the Qi of her Upper and Lower Dantian. 


Dr. Lu Guo Hong, Director of the Hai Dian Medical 
Qigong College, treats a patient suffering from 
hypertension by dispersing Excess Heat from her body. 


Right: The graduate students of the Hai Dian Medical 
Qigong College inter atthe Xi Yuan Hospital in Bejing, 
China, for a period of 6 months to a year. They are 
licensed through the government's Medical Qigong 
Science and Research Institutes, which monitor the 
student programs, 


‘The Xi Yuan Hospital in Beijing, China, is the equivalent The Xi Yuan Hospital is equipped with both inpatient 
of the Stanford or Harvard Medical Centerin the United and outpatient Qigong clinics. Here, Dr. Xu Hongtao 
States; i specializes in five distinct branches of healing administers “distance” Qigong therapy to patients in one 
therapies: Medical Qigong, acupuncture, herbs, _of the many Medical Qigong wards. 

Chinese massage, and Westem medicine. oe 


Left to right: Qigong Master Zheng Zhanding, Jonathan 
Liu, and the author discussing advanced Medical 
Qigong theories and modalities 


‘Three Americans completed their internships at the Xi 
‘Yuan Clinic in 1995, They are shown here posing with 
Dr. Xu Hongtao, the Xi Yuan Hospital staff supervising 
physician. Left fo right: Dr. Seth Lefkowitz, the author 
Dr. Johnson, Dr. Xu Hongtao, and Dr. Arnold Tayam. 


Right: The China Beijing International Acupuncture 
Training Centers a facility in which doctors from around, 
the world culminate their training in Chinese medicine 
with Chinese doctors who are experts in their medical 
specialties. 
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PTC thermistor 


A.silistor, or silicon-based thermistor, is included in this entry as a form of PTC ther 
tor. 


A resettable fuse is not quite the same as a PTC thermistor. For more information, see 
the entry on fuses in Volume 1 


NTC thermistors, in which the resistance decreases as the temperature increases, 
have a separate entry. See Chapter 23. 


A resistance temperature detector or RTD has a resistance that increases as its tempera- 
ture increases, but it is not usually classified as a thermistor, because its sensing ele- 
ment is fabricated differently. Its entry will be found at Chapter 26. 


Infrared temperature sensors, semiconductor temperature sensors, and thermo- 
couples each have their own entries. 
OTHER RELATED COMPONENTS 

+ infrared temperature sensor (see Chapter 26) 

+ semiconductor temperature sensor (see Chapter 27) 

+ thermocouple (see Chapter 25) 

+ NTC thermistor (see Chapter 23) 


«+ RTD (resistance temperature detector) (see Chapter 26) 


What It Does Schematic Symbols 


The schematic symbol for a PTC then 


(or is 


The electrical resistance of a PTC thermistor very similar to the symbol for an NTC thermis- 


increases as its temperature increases. Variants tor, See Figure 23-1. 
can measure temperature or can protect cir- 
cuits by detecting excessive heat or current. 


Comparison of Temperature Sen- 


Because a PTC thermistor is a resistive sensor, it [Jen 

has no polarity, Current may flow through it in 

either direction, or AC may be used. In this Encyclopedia, contact temperature sensors 
ate divided into five main categories, each of 


which has @ separate entry. For convenience, a 
comparative summary is included in the entry for 
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Dr. Teng Yingbo (left), the president and secretary 
{general of the Beijing Western District Qigong Science 


and Research Institute, with the author treating a patient, 


Left: The International Institute of Medical Qigong is one 
of the few American Medical Qigong colleges that 
maintains the same strict standards as the Medical 
Qigong Universities in China. The initial training 
programs generally require three to four years of 
training, 


The 1999 graduating class of the Intemational institute 
of Medical Qigong (left to right): 

Back row: Matthew B. Weston, William H. Lewington, 
William H. De Groat, Paul E. Miller 

Middle row: Kaly Reed, Madeleine H. Howell, Brooks 
M. Fiske, Diane de Terra. 

Front row: Michael J. Finch, Jean R. Viamynck, Dr. 
Johnson, Dennis M. Eamest. 

Not pictured: Todd Mathew Gedryn, Luc Amauld Logan, 
Geoffrey Greenspahn and Rose Mary Stewart 
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‘The author lecturing at the World Academic Society of 
Medical Qigong 1996 World Conference, on the 
psychophysical manifestations associated with tumor 
formation. 


‘The 1997 graduating class of the International Institute 
of Medical Qigong (left to right): 

Back row: Dr. Stephanie Taylor, Pamela Lee Espinoza, 
‘Anne Elderfield, and Dr. Carole Marie Kelly. 

Front row: Dr. Amold E. Tayam, Dr. Johnson (director 
of the institute), Shannon K. Brown, and Dr. Seth 
Lefkowitz. 
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Traditional Chinese Medicine became the first TCM! 
Acupuncture College in the United States to open a 
Medical Qigong Clinic on April 7th., 2000. 


In the main treatment area (Clinic A), patients are 
categorized according to the severity of their condition. 
For serious conditions (e.g., multiple sclerosis) patients 
are encouraged to lie on the treatment tables, 


‘The resident Doctors in Charge of the Five Branches 
Medical Qigong Clinic are Adam Atman L.Ac., Dipl.Ac., 
M.T.CM,,M.Q.T. (positioned on the left), and Jean Ruth 
Viamynck L.Ac., Dipl.Ac., M.T.C.M., M.Q.T. (located in 
the middle). They are seen here is discussing the current 
Patient load with Dr. Arnold Tayam D.M.Q. (China). 


President and CEO Ron Zaidman, M.B.A., M..C.M. 
the Academic Dean and Ciinical Medical Director Dr. 
Joanna Zhao L.Ac., Dipl Ac (NCA), D.T.C.M. (China); 
‘and the Dean of Medical Qigong Science and Director 
of the Medical Qigong Clinic Dr. Jerry Alan Johnson. 


In Clinic A of the Five Branches Medical Qigong Clinic, 
patients with less serious conditions (e.g., hypertension 
‘and migraine headaches) are encouraged to relax on 
fone of the treatment chairs. 


‘The second treatment area (Clinic B), is used specifically 
for the treatment of tumor and cancer patients, 


The Five Branches Medical Qigong students are aiso 
taught Energetic Psychology and how to deal with the 
emotional discharges coming from their patients. 
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Doctors of the Five Branches Medical Qigong Clinic 
combine their energies to treat a specific type of cancer, 
observed here, in Clinic B. 


Within the first semester, the Medical Qigong students 
at the Five Branches TCM College have leamed and 
experienced basic applications of Medical Qigong 
purgation, tonification and regulation exercises. They 
have also been taught the undertying principles foreach 
exercise and meditation. Furthermore, they are able to 
discriminate when to assign these prescriptions to 
patients, and when not to, 


In the first phase of internship, the Medical Gigong 
students work as part of a Qigong treatment team, 
assisting a senior intern, 


The Medical Qigong Clinic also includes a 
psychotherapist, Madeleine Howell, L.M.ET,, 
M.QTT, whois trained in Medical Qigong therapy. 
She is available to patients who may need profes- 
sional consultation after undergoing Medical 
Qigong treatments, as these may bring painful 
‘emotions to the surface as part of the healing pro- 
cess. 

On the first official day of the clinic, 15 Qigong 
interns and doctors from the International Insti- 
tute of Medical Qigong performed Qi Emission 
through Distance therapy on more than 80 pa- 
tients. Treatments ranged from a general treatment 
(purging excess, tonifying deficiencies and dis- 
persing stagnations) to the treatment of several 
potentially terminal cancer patients. 

‘THE FIVE BRANCHES MEDICAL QiGoNG 
CouRSE AND CLASSES 

The Medical Qigong students at the Five 
Branches college learn and experience basic appli- 
cations of Medical Qigong purgation, tonification 
and regulation exercises during the first semester. 
Classes, include lectures and labs. They are also 
taught to understand the underlying principles of 
‘each Medical Qigong exercise and meditation, and 
earn when and when not to assign these exercises 
in cases for clinical application. The students are 
also taught Energetic Psychology and how to deal 
with the emotional discharges coming from their 
patients. 

In the second semester the Medical Qigong 
students are led through a progressive series of 
advanced Shengong meditations and exercises, for 
developing advanced intuitive diagnostic skills. 
The students also learn basic Medical Qigong 
treatment protocols, and begin the initial phase 
of clinical internship. During this phase they as- 
sist the senior interns. 

From the third semester on, the students be- 
gin an in depth study in Medical Qigong theory 
and its application. The goal is to complete a three 
year certification program in Medical Qigong 
Therapy. 

MEDICAL QIGONG CLINICAL THEATRE 

Conducted in a small class setting, the Medi- 
cal Qigong Clinic gives the students exposure and 


first hand experience at Medical Qigong diagnoses 
and treatments. This is a hands on experience 
where the different aspects of energetic dysfunc- 
tions and symptom manifestations are studied, 
treated and observed by the Medical Qigong stu- 
dents. Through the careful guidance of the instruc- 
tor, the Medical Qigong students are allowed to 
assist in all phases of diagnosis and treatment. 

After completing the Clinical practicum, 
Medical Qigong students at the Five Branches 
TCM College will be qualified to diagnose and 
treat patients, as well as document and maintain 
accurate clinical records. 

CLINICAL INTERNSHIP 

In the first phase of internship, the Medical 
Qigong students work as part of a Qigong treat- 
ment team, assisting a senior intern. 

In the second phase of internship, the Medi- 
cal Qigong students work with their own patients, 
under the supervision of the instructor. 

By the end of their Clinical Internship, the 
Medical Qigong therapists will receive their Mas- 
ters degree, and will be fully qualified to diag- 
nose and treat patients without supervision. 


‘TRADITIONAL CHINESE MEDICINE AND 
MEDICAL QIGONG THERAPY 

Medical Qigong therapy is the oldest of the 
fourbranches of Traditional Chinese Medicine and 
provides the energetic foundation from which 
acupuncture, herbal healing, and Chinese mas- 
sage originated. It is through the understanding 
of Qigong that the other branches of Traditional 
Chinese Medicine are elevated to a spiritual path 
of self-realization and internal transformation. 
Doctors of Traditional Chinese Medicine address 
the patients’ physical, energetic, and spiritual 
needs simultaneously. According to the principles 
of Traditional Chinese Medicine, the root cause 
of all disease can be traced to a critical imbalance 
within the body's vital energies. ‘Therefore, the 
best way to prevent or cure disease requires 
establishing a healthy energetic balance and har- 
mony between the body’s energy field and the 
forces of nature and the cosmos. 

‘Traditional Chinese Medicine is divided into 
four branches of clinical healing: Acupuncture 
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Figure 1.3. The Four Main Branches 


therapy, Herbal therapy, Chinese Massage 
therapy, and Medical Qigong therapy. All of the 
four main branches are built on the same founda- 
tion of energetic diagnosis known as the Five Main 
Roots of Traditional Chinese Medicine. The five 
main roots are used for internal organ diagnosis 
according to the Six Stages, Five Elements, Eight 
Principles, Triple Burners and Four Levels theo- 
ries (Figure 1.3). 


ACUPUNCTURE THERAPY 
By inserting very thin metal needles into spe- 
cific points, the acupuncturist manipulates the 


of Traditional Chinese Medicine 


patient’s energy (Qi) to achieve an overall physi- 
cal balance. In an acute or emergency situation, a 
patient’s symptoms are treated first, after which 
the focus is directed to rerouting Qi Deviations or 
removing the original cause of the symptoms (e.g., 
stagnations). 

‘The energetic points are specific areas both 
on and in the body where Qi emerges from deep 
within the body’s organs and tissues, or sub- 
merges to travel deep within the body. The Qi 
moves along specific pathways known as chan- 
nels and collaterals. Collaterals are the smaller 
streams of Qi that branch off from the main ener- 


Figure 1.4. The Five Main Branches of Chinese Acupuncture Therapy 


getic rivers (channels). Each Primary Channel 
takes its name from one of the six Yin or six Yang 
organs to which it corresponds. Each organ has 
two channels, one on each side of the body. 

Often in Chinese medical diagrams and pro- 
cedures, you will see abbreviations referring to 
specific energetic points. Traditional Chinese 
Medicine names the points based upon the chan- 
nel on which the point lies and its distance along 
the channel. The first points on each side of the 
Gall Bladder Channels (GB), for example, are GB- 
1. Some channels contain over 60 points, each 
numbered sequentially from beginning to end. 
These points are also given descriptive names ac- 
cording to their location and energetic affect upon 
the body when treated. The GB-I points, for ex- 
ample, are located next to the eyes, on the outer 
canthus, level with the pupils, and are called the 
Pupil’s Seam. 

Acupuncture therapy includes five major 
treatment techniques (Figure 1.4): needling, cup- 
ping, bloodletting, moxa burning, and magnet 
healing, 


1. Needling uses acupuncture needles of vari- 
ous sizes that are inserted into channel points. 
These points are tiny areas where the Qi pools 
along the streams of an energy channel (Fig- 
ure 1.5). The needles stimulate the nerves and 
energy flow to tonify or reduce Excess Qi 

.. Cupping uses wooden, clay, or glass cups that 
adhere to the patient's skin by suction (Fig- 
ure 1.6). This suction drains, or removes, 
pathogenic Qi from the body's pores. This 
technique can also be used to tonify specific 
areas of the body. This modality of treatment 
has been successfully combined with blood- 
letting to treat acute sprains accompanied by 
Blood stagnation. 

. Bloodletting is done with instruments such 
as blood needles or seven- and five-star ham- 
mers to remove Toxic Qi, Blood stagnation, 
Heat, and other pathogenic factors (Figure 
17). The hammer has five to seven sharp pro- 
jections that pierce the skin and cause slight 
bleeding. The acupuncturist diagnoses and 
then monitors the patient's condition by the 


Figure 1.5. A doctor is inserting an acupuncture needle 
into the patient's Channel Point. Acupuncture needles 
of various sizes are used to stimulate nerve and energy 
fiow for the tonification of Deficient Qi or the reduction 
of Excess Qi 


different shades of the patient's Blood. 
Trapped or diseased Blood is released until a 
healthy coloris observed. This therapy is con- 
sidered useful for treating disorders of the ner- 
vous system, physical trauma, and extremely 
serious febrile diseases. 

4, Moxa Burning employs lighted herbal cones 
or sticks that are inserted on top of acupunc- 
ture needles (or held over specific channel 
points) to infuse heat and Qi into specific body 
areas for tonification (Figure 1.8). This tech- 
nique is also used to expel Cold in order to 
disperse Blood stagnation. 

5. Magnets use magnetic patches or strips that 
are attached to various channel points of the 
patient's body to stimulate a response in the 
electromagnetic field (Figure 1.9). Magnet 
therapy has been used since the Tang Dynasty 
(618-907 A.D.). The magnets are applied to 
specific points for a period of 3-5 days, re- 
moved for one day, then reapplied. Whether 
used for tonification or sedation, this therapy 
facilitates constant treatment of the channel 
point. 
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Figure 1.6. In Cupping, heated air is directed into 
wooden, clay, or glass cups, which are then placed on 
the patient's skin, The cooling air creates suction that 
drains, or removes, pathogenic Gi from the body's pores. 


Figure 1.7. The doctor is lightly tapping with the Five- 
‘Star Hammer that has five sharp projections to pierce 
the skin and cause slight bleeding. The color of the 
patient's Blood provides the doctor with information 
about the patient's condition. 


Figure 1.8. The doctor has inserted a needle with 
burning Moxa (herbal cones/sticks) on top of it. Burning 
moxa may also be held over specific channel points or 
placed directly on the skin. 


Figure 1.9. AMagnetic Patch is being wor on the Wrist. 
Magnets may be attached to various parts of the body 
‘or may be worn in shoes or wristbands, 


Figure 1.10. The Five Main Branches of Chinese Herbal Therapy 


HERBAL THERAPY 

Herbal formulas have been used successfully 
to treat a variety of illnesses for over 5000 years, 
Historically, herbal medicine has been the world- 
wide basis for pharmaceuticals used in most cul- 
tures, prior to modem times. Today, herbs pro- 
vide the source for many of the pharmaceuticals 
used in contemporary Western medicine, espe- 
cially for the treatment of viral and bacterial dis- 
eases, pain, tumors, chronic diseases, internal and 
external tissue regeneration, and many other 
medical problems. 

Herbology is both a science and an art. An 
herbalist spends many years studying the herbs 
used to create herbal formulas. The herbalist must 
understand the effects of individual herbs, as well 
as their synergistic effects when combined. 

Herbs are used for tonifying, purging, dis- 


persing, warming, cooling, nourishing the Yin, 
nourishing the Yang, and clearing Heat, as well 
as moving, Qi, Blood, Phlegm, and Fluids within 
the body. They cause the Qi in the body to either 
ascend or descend, affecting the upper or lower 
parts of the body. 

Chinese medicine prescribes specific parts of 
plants (leaves, roots, bark, etc.) for particular me- 
dicinal purposes. Parts of trees, shrubs, herbs, 
vines, and flowers are selected for their specific 
properties (Hot, Cold, Warm, Cool) and taste 
(Sweet, Bitter, Pungent, Sour, and Salty). These 
properties either tonify or disperse Qi and Blood. 

Chinese medical herbology not only includes 
the cultivation and gathering of seeds, fruits, flow- 
ers, leaves, barks, stems, and roots but also pre- 
scribes non-herbal components (such as minerals, 


animal or insect parts) that are sometimes added 
to enhance the herbs’ healing effect. 

Chinese herbs cure energetically by moving 
Qiin the channels. Different herbs enter different 
channels and affect different internal organs. 
Herbs are extremely powerful. The herbalist uses 
herbs to tonify (strengthen) and move Qi and 
Blood as well as eliminate Heat from the patient’s 
Blood. When tailored to an individual's constitu- 
tion or combined into a formula for specific symp- 
toms, herbs can greatly help the body; however, 
taking the improper herbal formula can have del- 
eterious effects. 

Chinese herbal therapy includes five major 
clinical applications (Figure 1.10): nutritional edu- 
cation (food and diet); teas and soups (tang); tinc- 
tures and wines (jin); oils, balms, and liniments 
(you and gao); and compresses, powders (san), 
and pills (wan). 

1. Nutritional education is stressed to assist pa- 
tients in choosing foods for the body’s nour- 
ishment and optimum health, as well as for 
the treatment of disease. Foods have many 
similar properties to herbs. An old Chinese 
saying asks, “Are herbs food or food herbs?”, 
thus stressing the importance of a good diet 

2. Teas and Soups are water-based herbal for- 
mulas traditionally prepared from raw or pro- 
cessed herbal ingredients. These are tradition- 
ally ingested for the treatment of internal and 
external disorders of both acute and chronic 
natures 

3. Tinctures and Wines are both alcohol-based. 
herbal formulas. Tinctures are a concentrated 
alcohol-based formulas prepared from raw 
herbs that are used similarly to teas and soups. 
Wines are traditionally applied externally to 
alleviate pain, or ingested as a tonic, depend- 
ing on the specific formula and the disease 
being treated. 

4. Oils, Balms, and Liniments are oil-based 
herbal formulas usually applied externally for 
the treatment of muscle, tendon, and ligament 
trauma, to alleviate pain, disperse Excess Qi, 
or to draw Qi into specific areas for tonifica- 
tion. 
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5. Compresses, Powders, and Pills consist of 
herbs that have been pulverized into a paste, 
powder, or poultice and are then applied 
externally for the treatment of acute or chronic 
injuries. They can also be ingested for inter- 
nal organ tonification and the rebalancing of 
the body's energy system. Pills are herbs spe- 
Gifically prepared from traditional formulas, 
rolled into little balls, and orally ingested for 
the treatment of Internal disorders. 


CHINESE MASSAGE THERAPY 

Chinese Massage Therapy is a generic term 
used for all tissue manipulation techniques cur- 
rently used in China. This particular branch of Tra- 
ditional Chinese Medicine consists of five popu- 
lar systems that include manipulation of not only 
external skin, muscles, tendons, joints, nerves, and 
inner fascia but also the internal organs and or- 
gan systems 

This ancient therapy is used as a preventa- 
tive treatment as well as a healing modality. By 
applying specific methods of tissue manipula- 
tions, obstructions in the channel's pathways can 
be removed, promoting and increasing both Qi 
and Blood circulation. 

This therapy focuses on improving the struc- 
tural alignment of the body and on healing soft- 
sue injuries, It also corrects any deviant func- 
tions of the internal organs, nerves, and joints. 
Chinese bodywork and tissue therapy are the 
foundational source for modern Swedish mas- 
sage, myofascial trigger point therapy, reflexology, 
and therapeutic neuromuscular therapy. 

Chinese massage therapy is divided into five 
different schools of instruction: Jie Gu, Tui Na, Gua 
Sha, An Mo, and Jing Point therapy (Figure 1.11). 
Jie Gu, Tui Na, and Gua Sha employ external ti 
sue manipulations. These three external manipu- 
lations are used to treat the bones, muscles, liga- 
ments, and tendons, and also to treat fevers. An 
Mo and Jing Point therapy utilize soft-tissue ma- 
nipulation. These treatment modalities are simi- 
lar to those used in chiropractic, osteopathy, West- 
em physical therapy, and massage therapy. 

1. Jie Gu Therapy is used for bone setting and 
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Massage 
Therapy 


Figure 1.11. The Five Main Branches of Chinese Massage 


to adjust the patient’s body alignment (Fig- 
ure 1.12). The literal translation for Jie Gu is, 
“knotted bone,” which describes the art of 
manipulating the bones and ligaments to un- 
ravel the trapped junctions of Blood and Qi 
channels in the patient's joints. 

‘Tui Na Therapy focuses on external tissue ma- 
nipulation and adjustment of the muscles and 
tendons to adjust abnormal Qi circulation 
within the body's muscular system (Figure 
1.13). The translation for Tui Na is to “push 
and grasp.” It was developed primarily for 
correcting the misalignment of the body's 
bones and muscles due to traumatic physical 
injuries. Reflexology is historically rooted in 
the use of Tui Na therapy in Chinese pediat- 
ric care. 


. Gua Sha Therapy is used to regulate febrile 


conditions, such as flu, cholera and malaria, 
and to treat musculoskeletal conditions. The 


translation for Gua is “to scrape or scratch” 
and Sha is defined as “cholera,” or sand-like 
maculae (referring to the red discoloration that 
is raised on the skin by the application of 
scraping). This therapy focuses on external 
surface tissue scraping, usually around the 
neck and thorax areas (Figure 1.14). Itis com- 
monly used for promoting Qi and Blood cir- 
culation, removing toxins, clearing Heat, cool- 
ing the Blood, removing stagnation, and 
dissolving masses. A jade scraper (coin, bowl, 
or spoon) is used for purifying the Qi and 
transforming the Shen (Spirit). A water buf- 
falo horn is commonly used for pulling Heat 
and toxins from the patient's body (occasion- 
ally ceramic is used, but never glass or ph 
tic). 

‘The two internal manipulations are used to 


treat the organs and nerves. 


4, An Mo Therapy is used for internal organ 


NTC thermistors. See "Addlendu 
Temperature Sens 


Comparison of 
Also see Figure 2: 


PTC Overview 


PTC thermistors can be subdivided into two 
groups: 


- Linear, with a chip-sized silicon-based sensing 
element. They are sometimes referred to as sili 
stors. The component has a very linear response 
and is used for temperature measurement, It 
may be connected directly to a microcontroller. 


= Nonlinear, mostly using a sensing element 
containing barium titanate in a polycrystalline 
compound that increases in resistance very 
sharply above a threshold temperature. This 
type of sensor may be described as a switching 
thermistor, because its nonlinear output can 
activate a switching device. 


The sensing elements in positive-coefficient 
thermistors are different in principle from the 
element in an NTC thermistor. 


Nonlinear thermistors are used in two different 
ways: 


Externally heated 
‘The thermistor responds to ambient heat 
or to the temperature of a device to 
which its attached. It can be used to pro- 
tect a circuit or a motor from overheating. 
Current through the thermistor is mit 
mized to avoid self-heating. 


Internally heated 

The thermistor responds to its own tem- 
perature caused by current passing 
through it. It can activate a warning signal 
or shut down equipment in the event of a 
short circuit. It can also control current for 
starting a motor or a fluorescent tube, 
and is sometimes used as a source to cre- 
ate localized heat. 


radiation > heat > pte thermistor 


Silistor for Temperature 
Measurement 


A silicon-based PTC thermistor, sometimes 
known as a silistor, provides a highly desirable, 
almost linear relationship between tempera- 
ture and resistance. A popular example is the 
KTY81 series from NXP, a sample of which is 
shown in Figure 24-1. 


Figure 24-1 A KTY81 thermistor fram NXP. The back- 
‘round grid isin milimeters, Note the amputated center 
ead. 


The response of this thermistor is shown in 
Figure 24-2, 


Reslstance of a KTYBI series 
& "Pre thermistor 
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Temperature (degrees Celsius) 


Figure 24-2 Resistance of the KTY81 thermistor in 
response to temperature. 
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Figure 1.12. Jie Gu Therapy is used to set the bones 
and ligaments in order to unravel the trapped junctions 
of Blood and Qi channels at the patient's joints. 
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Figure 1.13. Tui Na Therapy is used to adjust the 
muscles and focuses on external tissue manipulation 
and adjustment of the muscles and tendons in order to 
correct abnormal Qi circulation within the body's 
‘muscular system. 


Figure 1.14. Gua Sha Therapy is commonly used for 
clearing Heat, cooling the Blood, removing stagnation, 
and dissolving masses, 


regulation. An Mo focuses primarily on Qiex- 
tension and soft-tissue and internal organ ma- 
nipulation (Figure 1.15). Although the literal 
translation means to “press and rub,” this 
therapy focuses primarily on internal visceral 
regulation, concentrating directly on the treat- 
ment of specific Internal diseases. 

5, Jing Point Therapy is employed for channel 
and internal organ regulation. Jing point 
therapy uses pressing, pinching, clapping, 
and tapping techniques on specific energetic 
points and energetic channels. These tech- 
niques are employed to promote Qi and Blood 
circulation, balance the body’s Yin and Yang 
energy, tonify weak organs, dredge the chan- 
nels, and expel pathogenic factors (Figure 
1.16). 


Figure 1.15. An Mo Therapy allows organ manipulation 
for internal visceral regulation and concentrates directly 
Cn treating specific Internal diseases. 


Figure 1.16. Jing Point Therapy is used to promote Qi 
and Blood circulation, balance the body's Yin and Yang 
energy, tonify weak organs, dredge the channels, and 
expel pathogenic factors. 


Figure 1.17. The Five Main Branches of Chinese Medical Qigong Therapy 


MEDICAL QIGONG THERAPY 
The objective for healing disease in Medical 
Qigong training is threefold: 

* First, eliminate Internal pathogenic factors 
(the accumulation of Excessive emotions such 
as anger, grief, worry, fear, etc.) as well as Ex- 
ternal pathogenic factors (the invasion of 
Cold, Hot, Damp, etc,, from the environment). 

* Second, increase or decrease the patient's Qi 
as needed to counteract the Deficient or Ex- 
cess condition within the internal organs and 
channels. 

+ Third, regulate and balance the patient's Yin 
and Yang energy to bring it back into har- 
mony. 

This unique therapy consists of regulating the 
body's three external Wei Qi fields (physical, men- 


tal/emotional and spiritual), and the four Inter- 
nal fields of life-force energy (Ying Qi, Sea of 
Blood, Sea of Marrow, and the Taiji Pole). Some of 
the most common diseases treated in Medical 
Qigong clinics are: diabetes, arthritis, high blood 
pressure, breast and ovarian cysts and tumors, mi- 
graine headaches, fibromyalgia, insomnia, acute 
abdominal pain, irritable bowel syndrome, deep 
tissue obstruction, muscle atrophy, brain tumors, 
stroke, coma retrieval, and certain types of can- 
cer. The medical treatment focuses on relieving 
pain, detoxifying the body of toxic emotions (e.g., 
excessive anger, fear, worry, etc.), correcting in- 
ternal organ dysfunctions, and balancing Excess 
or Deficient Qi and Blood conditions. 

Medical Qigong therapy uses five major clini- 
cal modalities (Figure 1.17): Distance therapy, Self- 


Regulation therapy, Qigong Massage therapy, En- 
ergetic Point therapy, and Invisible Needle 
therapy. 

1. Distance Therapy (also called Qi Emission) 
requires the Qigong doctor to manipulate a 
patient's Qi by focusing on the energetic prop- 
erties of the patients’ channels, collaterals, and 
points, as well as internal organs, from a dis- 
tance of several inches, several feet, or even 
several miles away (Figure 1.18). 

2. Self-Regulation Therapy (also called Qigong, 
Prescriptions and Patient Homework) are 
Qigong exercises (postures, movements, 
sound vibrations, visualizations, etc.) given 
to patients by a doctor (Figure 1.19). Patients 
can use these Qigong techniques to regulate 
their own health, using various lying, sitting, 
moving, and standing postures. The patients 
may also use their own spiritual belief sys- 
tem asa healing tool. 

3. Qigong Massage Therapy, a soft-tissue regu- 
lation technique, differs from Tui Na or An 
Mo (Chinese External Massage Therapy), in 
that the doctor’s hand skims the patient’s 
body as lightly as a feather, never exceeding 
the pressure one would place on an eyeball, 
(Figure 1.20). The light skimming action is 
used to dredge the patients’ external channel 
Qi, causing energy to be released from the 
internal channels themselves, which serve as 
pathways for Qi transference. 

4. Energetic Point Therapy is used by the doc- 
tor to extend Qi into specific internal and ex- 
ternal areas of the patient's body to lead and 
direct the Qi. This type of therapy requires 
the doctor and the patient to focus their at- 
tention onto a specific energetic point (Figure 
1.21). This therapy demonstrates the power 
of the mind as an active tool in healing, and is 
used for purgation, tonification, and regula- 
tion. 

5, Invisible Needle Therapy involves the visu- 
alization of imaginary needles of light being 
inserted into specific points on the patient's 
body. The needles of light are used to stimu- 
late and direct the patient's Qi (Figure 1.22). 
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Figure 1.18. In Distance Therapy, the Qigong doctor 
manipulates a patient's Qi by focusing on the energetic 
properties ofthe patient's external channels, collaterals, 
and points from a distance of several inches, several 
feet, or even several miles. 


Figure 1.19. In Self-Regulation Therapy, the patients 
are required to self-regulate by performing Qi Qigong 
“prescriptions” or “homework” (postures, movements, 
chants, visualizations, etc.). Here the patient regulates 
his own Liver Qi. 


Figure 1.20. In Qigong Massage Therapy, the doctor 
softly dredges the patient's external channels in order 
to release energy from the internal channels 
themselves, which serve as pathways for Qi 
transference. 


Figure 1.21. In Energetic Point Therapy, the doctor Figure 1.22. In Invisible Needle Therapy, the doctor 
extends energy into the patient's body as both the doctor _ visualizes inserting energetic acupuncture needles into 
‘and the patient focus their attention ona specific channel the patient's channel points in order to stimulate the 
point, in this case the Kd-1 point. patient's Qi. 


CHAPTER 2 


ENERGETIC FORMATION OF THE HUMAN BopDy 


In 1993 when I began my internship at the Xi 
‘Yuan Hospital in Beijing, China, I became aware 
that most Qigong doctors had a limited under- 
standing of basic anatomy and physiology as we 
teach it in the West. When I asked why more at- 
tention was not paid to the subject, Iwas told, “‘The 
perspective and priority we place on gross physi- 
cal anatomy and physiology is quite different from 
yours ~ Westerners only study the dead —~ we 
study life, the living pools, rivers, and currents of 
life-force energy that can only be found in the liv- 
ing body.” 

Eastern medicine believes that when the body 
dies, the substance, or energy, that gave the body 
life returns to its original source (Heaven and 
Earth) and all that remains of the individual is a 
mass of lifeless tissue. They believe that the tan- 
gible and the energetic exist in a twofold, cohe- 
sive relationship. A Qigong doctor must under- 
stand this concept of energy in order to compre- 
hend and prescribe appropriate Medical Qigong 
therapy for the patient. 

The concept of the energetic formation of the 
human body is new to Western thought with its 
primary focus on the physically tangible. The 
philosophical foundation of Traditional Chinese 
Medicine, on the other hand, includes studying 
the whole human being in all of his or her aspects, 
physical, mental, emotional, energetic, and spiri- 
tual. The conception results not only in the tan- 
gible physical form of anew human being but also 
in various contributing energies and energetic 
fields. Medical Qigong studies these energies, as 
well as the interplay between the Heavenly and 
Earthly influences. 


ENERGETIC EMBRYOLOGICAL 
DEVELOPMENT 
The study of the embryological development 


of the body’s inner fascia and connective tissues 
explains many of the traditional Chinese medical 
ideas about energy, health, and disease. The cells, 
tissues, and organs of the human body interrelate 
as a result of the “energetic patterning” that oc- 
curs at conception. 

Heaven (which the ancient Chinese consid- 
ered a state of subtle and non-material energies 
and beings) and Earth both have energetic fields 
that influence life. If we consider Heaven Qi (the 
universal energy related to the sun, moon, and 
stars) to be electro-positive and Earth Qi (the en- 
vironmental energy related to the earth, water and 
wind) to be electro-negative, we can begin to un- 
derstand the duality of the energetic fields and 
their pull on the human body. 

Think of the body as being suspended be- 
tween two enormous fields of energy (Figure 2.1): 
the sun extends its energetic field down, and the 
Earth’s small “sun,” ie. its core, extends its ener- 
getic field upwards through the Earth’s crust. Man 
is, therefore, suspended between the electrically 
positive energy field of Heaven and the electri- 


Figure 2.1. Man’s energetic field is suspended between 
the two energy fields of Heaven and Earth. 


cally negative energy field of Earth and is affected 
by both celestial and environmental phenomena. 


ENERGY, MATTER, AND SPIRITUAL 
INTERACTIONS 

‘The Yellow Emperor's Classic of Internal Medi- 
cine states that the woman's physiology is dot 
nated by Blood, which serves as the foundation 
of her menstrual cycle, fertility, conception, preg- 
nancy, and childbirth. A man’s physiology is 
dominated by Qi, which serves as the basis of his 
physical interactions. 

At conception, a myriad of energetic interac- 
tions begin. The mother, father, Heaven, and Earth 
all contribute energetically to conception. These 
four energies condense upon impact and form the 
nucleus of the energetic cellular patterning of the 
new life (Figure 2.2). Every part of the resulting 
human body is affected by this energetic pattern- 


‘An old Chinese saying in Medical Qigong 
states that, “When people are born, Heaven gives 


Fatners 
Essence 


Figure 2.2. The blending of Heaven (universal energy) 
and Earth (environmental energy) as well as father and 
mother energies creates a fusion of Yin and Yang 
energies within the body's tissues and cells during 
creation. These energies are responsible, on a 
psychophysical level, for transferring talents and traits, 
from generation to generation. 
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them Jing (Essence) and Shen (Spirit) -- which 
align to form the mind — and Earth gives them 
bones and shape, which unite to form the body. 
Joined together, these sources of energy cause 
human beings to develop. When people die, their 
Essence and Spirit return to Heaven, and their 
bones and shape go back to Earth.” 

Pairs of channels from the mother’s internal 
ongans carry Qi that creates and nourishes the baby 
at each stage of development. As the baby devel- 
ops, sustained through the umbilical cord, the 
child’s navel, Kidneys, and lower abdominal area 
become the collection points for Prenatal Qi (energy 
stored within the baby’s body before it is born). 

Every life begins with inherent strengths and 
weaknesses. It is believed that when conception 
‘occurs, if the mother achieves orgasm, the child's 
inherent energy will become very strong. However, 
ifthe mother does not achieve orgasm during con- 
ception, the results will be a normal or weak ener- 
getic constitution. Prenatal care is mandatory for 
the healthy formation of the embryo. Before cell di- 
vision, the DNA mass must be duplicated exactly 
in order to transfer normal genetic characteristics 
to the next generation. Although heredity plays a 
large part in the transference of both parents’ ge- 
netic history, a weakness in the mother’s channels 
can result in congenital problems, or toxins, that the 
fetus can acquire during one of the corresponding 
stages of development. 


UNDERSTANDING FETAL TOXINS 

‘The External invasions of pathogenic toxins 
(knownas fetal toxins) can penetrate the zygote with 
latent Heat that can cause diseases during early 
childhood development. It is, therefore, important 
for both parents, especially the mother, to take re- 
sponsibility forbeing strong and healthy at the time 
of conception and for the duration of the pregnancy. 
Toxins can be transferred into the embryo in utero 
in one of two ways: 

+ First, from either the mother or father at themo- 
ment of conception. Toxins transferred from the 
parents can create an inherited toxicity due to 
a retention of Hot Evil stored from within ei- 
ther of the parents’ Essence and Blood; or 

* Second, from Internal Heat generated by the 


mother during pregnancy due to improper 

diet or life-style. 

During pregnancy, a fetusis aware of light and 
sound and of the mother’s reaction to the surround- 
ing influences of her environmental energy fields. 
The fetus is strongly influenced by its mother’s 
physical activities, as well asher mental, emotional, 
and spiritual states. 

Regulating the mother’s behavior to improve 
her child’s physical, emotional, and mental health 
is called “fetal education” in Traditional Chinese 
‘Medicine, and is important in the development of 
the child's Prenatal Essence, Energy, and Spirit. This 
viewpoint is based on the fact that the mother’s 
Heart and uterus are connected via the mother’s 
internal channels, allowing Qi and Blood to flow 
into the uterus. Anything that influences the 
mother’s mind, emotions, and spirit affect her 
Heart, which in tur, affect the fetus via the inter- 
nal channels. 


DEVELOPMENTAL SEQUENCE 

The following description of the body's de- 
velopmental sequence is but one of many theo- 
ries used in order to explain Chinese energetic em- 
bryology. The ancient Chinese did not havea con- 
ception of the body's cells and cellular division; 
however, modem theories have postulated that 
the channels were formed at the earliest stages of 
cell division, creating an energy matrix for the 
developing fetus. This particular theory is being 
taught at the Hai Dian Medical Qigong College 
in Beijing, China. 

Three important energies (Figure 2.3) combine 
in the developing fetus: Jing (Essence), Qi (En- 
ergy), and Shen (Spirit). jing is the body's foun- 
dational substance, responsible for nourishing the 
tissues. Qi emerges out of Jing circulating through 
the tissues and promotes the body's metabolism. 
Shen governs the body. (see Chapter 11, “The 
Three Treasures of Man,” for more on Jing, Qi, and 
Shen.) 

Both parents contribute eneigetically to the 
baby’s conception (Figure 2.4). The father’s sperm 
and the mother’s egg consist of Jing (Essence), Qi 
(Energy), and Shen (Spirit). This combination of 
Jing, Qi, and Shen is referred to collectively as fa- 
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Prenatal Energies—The Three Treasures 


Energetic 
Substance | FIYsical | Prenatal 
Funetion 
‘Shen governs the ; ; 
comet eae the Original Spirit 
body's Energy 
extending into 
rae ; Labia Infinite Space 
(Energy) (also called Wuji, 
or the Void) 
body's innate true 
ling nourishes | Essence, the 
(Essence) | the tissues | foundational 
substance 


Figure 2.3 Ql is the medium between matter (Jing) 
and Spirit (Shen) and is responsible for the embryo's 
transformational processes. 


Figure 2.4. The human body is composed primarily of 
water. The Essence of man (sperm) and woman (e99) 
unite in the uterine sea to form the fetus. The ova is 
polarized at the entry point of the sperm, creating the 
original polar axis (the Taiji Pole) that determines the 
complex pattem of cellular division that occurs along 
the polar axis throughout development. 
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ther Qiand mother Qi. The combination of father 
Qi and mother Qi is known as Yuan Qi or Origi- 
nal Qi. 

The quality and quantity of Original Qi that 
the baby receives at birth depends on three main 
factors: 

‘* First, the purity and potency of both parents’ 
genetic plasma (sperm and egg); 

* Second, the condition of both parents’ health 
and vitality and the state of their physical, 
mental, emotional and spiritual relationship 
at the time of conception; and 

* Third, the spiritual factors surrounding the 
conception (ie., karma that is brought into this 
life by the incoming spirit /soul), 

As the sperm (containing the father’s Qi) fer- 
tilizes the egg (containing the mother’s Qi), 
Heaven (universal) Qi and Earth (environmental) 
Qiblend together within the zygote. The swirling 
and blending of these four energies form energetic 
pools (which will later evolve into organs), rivers 
(which later evolve into channels), and streams 
(which later evolve into collaterals). 

When the sperm enters the ovum, it produces 
a polar axis that creates an energetic vortex. This 
vortex not only forms the central Taiji Pole, but 
also draws Qi from Heaven and Earth and the 
Eternal Soul into the fetus’s body. This polariza- 
tion also determines a ventral and dorsal surface, 
which become the embryo’s Conception and Gov- 
ering Vessels, respectively, at the first cell divi- 
sion (Figure 2.5). The Governing Vessel controls 
the cell division that eventually forms the back of 
the body, while the Conception Vessel controls the 
cell division of the body's front. This first cell di- 
vision also establishes a right and left side. The 
Heel Vessels control the balance of Yin and Yang 
energy development in the two sides of the body. 

‘The Belt Vessel and Thrusting Vessels form at 
the time of the second cell division. The four ves- 
sels formed at this point (Governing Vessel, Con- 
ception Vessel, Thrusting Vessels, and Belt Ves- 
sel) are interlinked for the production, circulation, 
and regulation of the body's Jing-Essence. The 
body’s entire energy system becomes established 
and maintained within these four vessels when 
cell division occurs (Figure 2.6). 
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re 2.5, The electrical polarity and field of energy in 
the polar axis is related to the Original or Yuan Qi from 
which the Conception and Governing Vessels form the 
sseas of Yin and Yang energy during the first cellular 
division. The Yin and Yang Heel Vessels are also 
established, forming the left and right sides. The exterior 
of the egg is determined by the Yang Linking Vessels. 
The interior ofthe egg by the Yin Linking Vessels. 
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Figure 2.8. The second cellular division is caused by 
the development of the Belt Vessel and the Thrusting 
Vessel. The Eight Extraordinary Vessels have now 
formed. 


While the embryo is forming, both the Yang 
and Yin Linking Vessels are respectively respon- 
sible for the exterior and interior development of 
the embryo (see Chapter 3 for more on Yang and 
Yin energy). Each of the Eight Extraordinary Ves- 
sels has a specific role in the development of the 
embryo. 

1. The Governing Vessel (Yang) controls devel- 

‘opment of the body’s back. 

2. The Conception Vessel (Yin) controls devel- 
opment of the body’s front. 

3. The Thrusting Vessels carry energy through 
the center of the body and controls the body's 
center core. 


4, The Yang Heel Vessels control the develop- 
ment of the body’s right and left Yang energy. 

5. The Yin Heel Vessels control the development 
of the body's right and left Yin energy. 

6. The Yang Linking Vessels control the devel- 
opment of the exterior of the body (and cor- 
relates to Heaven energy). 

7. The Yin Linking Vessels control the develop- 
ment of the interior of the body (and corre- 
lates to Earth energy). 

8. The Belt Vessel binds all the channels to- 
gether. 

‘These eight vessels—Governing, Conception, 
‘Thrusting, Yang Heel, Yin Heel, Yang Linking, Yin 
Linking, and Belt—are also known as the Eight 
Extraordinary Vessels or Eight Prenatal Vessels. 

The Eight Extraordinary Vessels form a vor- 
tex of energy at the center of the embryo’s body— 
from the area between what will become the Kid- 
neys. The Taiji Pole and Thrusting Vessels are at 
the center of this vortex and will form the Sea of 
Five Yin and Six Yang Organs, the Sea of Twelve 
Primary Channels, and the Sea of Blood (see Chap- 
ter 13), From the Taiji Pole and Thrusting Vessels, 
the body’s Qi and Blood are distributed at the 
‘energetic level through small channels, or rivers 
of energy. This energetic vortex creates the energy 
for the growth of the embryo's physical form. 

After the initial cell division is complete, the 
‘embryo’s ten Yang channels and ten Yin channels 
begin the development and formation of the em- 
bryo's tissues and organs. These twenty channels 
are divided into two separate groups of energetic 
rivers known as the Eight Extraordinary Vessels 
and Twelve Primary Channels. As the embryo de- 
velops into a fetus and continues to grow, the 
twenty channels also continue to develop. 

During the formation of the embryo, nine 
Yang channels begin to flow out of the Governing 
Vessel (Sea of Yang Qi) and form the nine Yang 
rivers knownas: the Bladder Channels, Gall Blad- 
der Channels, Stomach Channels, Small Intestine 
Channels, Triple Burner Channels, Large Intestine 
Channels, Yang Heel Vessels, Yang Linking Ves- 
sels, and Belt Vessel. 

Consecutively, the nine Yin channels begin to 
flow out of the Conception Vessel (Sea of Yin Qi) 
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and form the nine Yin rivers known as: the Kid- 
ney Channels, Liver Channels, Spleen Channels, 
Heart Channels, Pericardium Channels, Lung 
Channels, Yin Heel Vessels, Yin Linking Vessels, 
and Thrusting Vessels (see Chapter 8). 


THE TEN LUNAR MONTHS OF 
CREATION 

‘The following description of the sequence of 
embryological development was established by the 
late Chinese Medical Qigong expert Dr. Chao Yuan 
Fang during the Sui Dynasty, around 610 A.D. The 
months that Dr. Chao refers to are the ten lunar 
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Figure 2.7. Prenatal Energy Development 


months. These months compose the 40 weeks of a 
normal pregnancy (Figure 2.7). 
MonTH ONE 

The first lunar month of pregnancy is tradi- 
tionally called the Beginning of Form. This stage 
covers conception and early cell division. 

‘At conception, the mother’s Liver Channels 
stop her menses and begin to nourish the growth 
of her embryo (Figure 2.8). During pregnancy, the 
mother’s Blood is transformed into Jing-Essence, 
that nourishes the mother’s body as well as the 
embryo’s. The mother’s Liver Channels cause Es- 
sence and Blood to coagulate in her womb. This 
Blood coagulation continues after the initial cel- 
lular division. 

‘At this stage the mother’s Shen (Spirit) be- 
‘comes part of a threefold activity: 

+ First, the mother’s Shen projects through the 
umbilical cord like a light reflecting off a 
prism, sustaining and energizing the produc- 
tion of Jing (see Chapter 13), Qi, and Blood 
for the embryo (Figure 2.9). 

‘+ Second, the mother’s Shen influences the 
embryo’s Qi and Blood, and the embryo’s 
Shen (Spirit) is stimulated, bringing it into 
active being (see Chapter 12). 

* Third, the embryos Original Jing combines 
with the embryo's Original Qi to create the 
embryo’s Original Shen (Prenatal Spirit), 
which appears as multicolored light and con- 
tains the inherited knowledge of the fetus’s 
ancestors, including talents, skills, and natu- 


Figure 2.9. Sustained through the umbilical cord, the 
‘embryo absorbs the mother's Blood, Essence, Energy, 
and Spirit 


Up the inside of both 
legs into the uterus, 
stopping menses as 
the growth cycle 

begins. 


Figure 2.8. The mother's and father's Essence (Jing). 
Energy (Qi), and Spirit (Shen) blend with the Heaven 
and Earth energies during the fusion of the sperm and 
‘egg. During the first lunar month, the mother's Liver 
‘Channels stop her menses and begin the embryonic 
growth cycle. After the initial cell division, the ten Yin 
‘and ten Yang Channels develop within the embryo. 


jiation > heat > pte thermisto 
Note that this graph is plotted with a linear ver- 
tical scale, unlike the performance curves for 
many thermistors that are plotted with a log 
scale, The log scale tends to make a response 
curve look flatter. 


The sensor is a silicon chip designed on the 
“spreading resistance principle,’ in which cur- 
rent fans out from a metal contact through a 
thin layer of silicon to a metallized bottom 
plane. This effect progresses less actively as the 
temperature increases. Although the result is 
partly dependent on polarity, a second metal 
contact is biased in the opposite direction, and 
when the two active regions of the chip are 
wired in series, the result is a component that 
has no polarity. 


+ The almost-linear output of this type of 
sensor makes it easy to use with a 
microcontroller that has a built in 
analog-to-digital converter. 


Tolerance ranges from plus-or-minus 19 to 5%, 
depending on the temperature. Variants have a 
typical reference resistance of 1K or 2K. The 
temperature coefficient is commonly about 1%, 
which is considerably lower than that of a typi 
cal NTC thermistor, where 4% is common, 


+ Guidance on reading thermistor data- 
sheets will be found in the entry 
describing NTC thermistors. See "Ther- 
mistor Values", 


For correct operation, a typical silistor requires 
a current ranging from around 0.1mA to ImA. 


+The lower sensitivity and slightly 
higher price of a PTC temperature- 
measurement thermistor, compared 
with an NTC thermistor, may explain 
why the NTC type seems to remain 
more popular, with many more variants 
available. In addition, the NTC type is 
much more tolerant of variations in 
current. 


Nonlinear P 


tors continue to find some automo- 
ive applications, measuring oil tem- 
perature, transmission temperature, 
and climate control, among other 
parameters, 


Asa simple strategy to determine its resistance, 
a series resistor can be used with a PTC sensor 
to create a voltage divider. The circuit is identi- 
cal to that used for NTC thermistors, See “Out- 
put Conversion for Temperature Sensing”, 


RTDs 

A resistance temperature detector or RTD is 
sometimes classified as a PTC thermistor. How- 
ever, it has a different type of pure-metal sens- 
ing element, much lower sensitivity, and is 
discussed in a separate section of this Encyclo- 
pedia. See Chapter 26. 


Nonlinear PTC Thermistors 


Over-Temperature Protection 
This type of nonlinear thermistor is externally 
heated, but has a switching function. If it is 
incorporated among other components on a 
circuit board, its output can be used to activate 
a warning signal, or can trigger a relay to shut 
down the circuit until the temperature sub- 
sides. This is of special interest for battery 
chargers where excessive heat can often be a 
problem, but is also useful in electronic devices 
generally. 


To avoid the possibility of self-heating, current 
passing through the thermistor must be mini- 
mized to a few milliamps. 


Some thermistors in the Vishay PTCSL series will 
make a transition at a temperature as low as 70 
degrees Celsius. Others will be triggered by 
temperatures above 100 degrees. A typical 
response curve is shown in Figure 24-3, where 
resistance rises from 100 ohms at 25 degrees to 
around 1K at the transitional reference temper- 
ature of 90 degrees, and reaches at least 4K at 
105 degrees. 
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ral abilities. This knowledge is stored deep 
within the fetus’s cells, tissues, and conscious- 
ness. 

MonTH Two 

The second lunar month of pregnancy is tra- 
ditionally called the Beginning to Gel stage. Dur- 
ing this period, the responsibility of the mother’s 
Gall Bladder Channels is to create the environ- 
‘ment for the development of the mesenteric mem- 
brane sac (Figure 2.10). The Gall Bladder Chan- 
nels will also saturate the embryo, uterus, and pla- 
centa with Jing, causing the embryonic Qi to be- 
come denser, until it transforms into a thick lig- 
uid (amniotic fluid). The embryonic fluid will 
regulate the embryo’s Body Fluids. At this stage, 
the embryo begins to take shape inside the uter- 
ine lining Figure 2.11). The Lungs, Liver, Kidneys 
and major blood vessels are forming. 

With the formation of the major blood ves- 
sels, the Yin and Yang energies begin to occupy 
the embryo’s channels. As the Yin and Yang ener- 
gies actively balance themselves: 

+ Energy that will later coalesce into Lung Qi 
‘moves to the upper part of the body; 

* Original Qi (Yuan) of the Kidneys begins to 
collect deep in the center of the body; 

+ Earth Qi (the energy absorbed by the embryo 
from the mother’s exposure to the outside en- 
vironment) begins to collect in the lower front 
and upper back areas of the embryo’s body. 
All of these energies seek their own location 


Figure 2.11. During the second month, the embryo 
begins to take shape as the energetic boundaries begin 
to form. 


The energy of the Gall 
Bladder Channels 
flows down the outside 
of the mother's body, 
saturating the embryo 
with Jing. 


Figure 2.10. The mother’s Gall Bladder Channels 
‘saturate the embryo with Jing during the second lunar 
month, causing the embryonic Qi to transform into 
ami The embryo begins to take shape as the 
energetic boundaries, pools, spatial cavities, and 
energetic channels and collaterals create internal and 
external form. 


within the embryo’s developing body, creating 
their own pools of Qi with their own discrete en- 
ergetic boundaries. These boundaries will later 
form the spatial cavities that surround the major 
‘organs. The areas where the energetic pools settle 
and begin to create a balance within themselves, 
will be called the organ’s place of origin. This flux 
and movement creates tiny energy currents, ed- 
dies, and whirlpools that flow within the body. 
As the energy shifts, seeking balance, the larger 
pools of energy begin to form the major organs. 
This process continues, creating the brain, bones, 
and skin. 

Once the energetic pools and rivers have 
formed, all of the currents and eddies evolve to 
form the energetic channels and collaterals, 
through which energy will flow continuously. 
‘These energetic currents will move in accordance 
with the mother’s energetic respiratory patterns 
and will later (after birth) follow the rhythmic pat- 
terns of the child’s respiration. As the energy cur- 
rents continue to spiral within the channels, ener- 
getic points are established, following the body's 
energeticblueprint. Some of these areas spiral out- 
ward to form energetic exit points, while others 
spiral inward to form entry points. 

MonTH THREE 

The third lunar month of pregnancy is tradi- 
tionally called the Beginning of the Pregnant 
uterus. During this period, the embryo becomes 
a fetus and begins micro-movement. Itsheartbeat 
can now be detected. 

The mother’s Pericardium Channels control the 
presence and amount of Jing and Shen in the fetus's 
vessels, channels, and collaterals (Figure 2.12). The 
Jing and Shen that flow from the mother are ulti- 
mately rooted (firmly established) in the energy of 
her Blood. The combination of the mother’s Qiand 
Body Fluids purifies and cleanses the Shen of the 
fetus, which was formed at conception. This puri- 
fying action transforms into Heat, causing the Yang 
energy to arouse the Hun-Three Ethereal Souls (the 
energy of the fetus’s spirit), into life. The Five 
Agents, energies that stem from the Three Ethereal 
Souls, are currently ina state of awakening and will 
later reside in the organs. 


Channels flow from 
the Heart down the 
center of the 
mother's body into 
the uterus cleansing 
the fetus's Shen 


Figure 2.12, The mother's Pericardium Channels control 
the third lunar month of creation. The mother's Qi and 
body fluids purify and cleanse the fetus's Shen (Spirit. 
The Hun from Heaven and the Po from Earth are 
established within the fetus’s internal organs. 


The Five Agents are energies that are linked 
to a person's moral qualities and can be catego- 
rized as the five virtues of the Five Yin Organs. 
‘The Five Agents are also categorized into Five El- 
ements. The psycho-emotional components of the 
Prenatal Five Agents and Postnatal Five Emotions 
are both stored within the body’ Five Yin Organs, 
and are expressed as the child grows into adult- 
hood (Figure 2.13). When one of the internal or- 
gans is stimulated, a Yin or Yang psycho-emo- 
tional reaction is created. Psycho-emotional ener- 
getic interactions are feeling manifestations ex- 
pressed through either the positive moral quali- 
ties of the congenital Five Agents (Yang - kind- 
ness, order, trust, integrity, and wisdom) or the 
negative developed emotional experiences of the 
Acquired Five Emotions (Yin - anger, joy, worry, 
grief, and fear) 

The Five Agents are connected to the Wu Jing 
Shen-Five Essence Spirits (Hun, Shen, Yi, Po, and 
Zhi), and stored within the energetic elemental 
nature of the body's Essence (Jing) of Wood, Fire, 
Earth, Metal, and Water. The Five Elemental En- 
ergies however, encompass not only the body, but 
all of the myriad phenomena of the body and na- 
ture, combining and recombining in infinite ways 
to produce manifested existence. 

1. The Wood Agent (the Virtue of Kindness) rep- 
resents benevolence and compassion. This 
agent is connected to the Hun-Three Ethereal 
Souls, and stored in the Liver. Wood affects 
the energetic channels’ flow, tendons, liga- 
‘ments, small muscles, peripheral nerves, i 
of the eyes, vision, tears, bile, nails, and ex- 
ternal genitalia. After birth, the Liver will also 
store the emotions of anger, irritability, blame, 
rage, resentment, and jealousy. When excess 
angeris eliminated, benevolence, compassion, 
and love for others is allowed to flourish. 

2. The Fire Agent (the Virtue of Order) repre- 
sents peace and boundary setting to foster 
social harmony. This agent is connected to the 
Shen-Spirit, and stored in the Heart, affecting 
the energetic channels’ flow, blood vessels, 
complexion, perspiration, and the tongue. 
After birth, the Heart will also store the emo- 


The Five 
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tions of shock, nervousness and excitement, 
Eliminating excess nervousness allows love, 
forgiveness, and joy to be experienced. The 
environment is then conducive for peace, con- 
tentment, and orderliness, which allow self- 
esteem to grow. 


. The Earth Agent (the Virtue of Trust) repre- 


sents faith, honesty, openness, acceptance, and 
truthfulness, This agent is connected to the 
‘intention (thoughts and ideas) and stored 
in the Spleen, affecting the energetic channels’ 
flow, large muscles, lymph and saliva secre- 
tions, mouth, lips, and taste. After birth, the 
Spleen will also store the emotions of worry, 
remorse, regret, obsessiveness, and self-doubt. 
Eliminating excess worry allows trust and 
peace of mind to exist. 

The Metal Agent (the Virtue of Integrity) rep- 
resents righteousness and dignity. This agent 
is connected to the Po-Seven Corporeal Souls 
(the material aspect of the spirit) and stored 
in the Lungs, affecting the energetic channels’ 
flow, skin and mucous membranes, body hair, 
nose, and the sense of smell. After birth, the 
Lungs will also store the emotions of grief, 
sorrow, anxiety, sadness, shame, disappoint- 
ment, and guilt. Once excess sorrow is re- 
lieved, a deeper sense of righteousness, integ- 
rity, dignity, and social responsibility exists. 


Congenital | Acquired 
Elements | Agents | Emotions 
Wood Kindness | Anger 
Fire Order Joy 
Earth Trust Worry 
Metal Integrity | Grief 
Water Wisdom | Fear 


Figure 2.13. The Five Agents 


5. The Water Agent (the Virtue of Wisdom) rep- 
resents rationality, clear perception, and self- 
understanding, This agent is connected to the 
Zhi-Will (mental drive and determination) 
and stored in the Kidneys, affecting the ener- 
getic channels’ flow, brain, inner ear, hearing, 
spinal cord, cerebrospinal fluid, bones, bone 
marrow, ovaries, testes, head and pubic hair, 
anus and urethra, and sexual fluids. After 
birth, the Kidneys will also store the emotions 
of fear, loneliness, and insecurity. Once excess 
fears eliminated, the mind becomes rational 
and, therefore, wise. 

‘The energy of the Three Ethereal Souls (Hun) 
is composed of three separate parts and flows with 
the Blood as it moves. The energy of the Corpo- 
real Souls (Po) is composed of seven separate parts 
and follows the Jing as it moves. The Hun and the 
Poare characterized by their movements. The Po 
are also referred to as the supernatural Ling (A 
Moving Spirit). The Hun are also referred to as 
the supernatural Shen (Mind Spirit). The Shen is, 
the “active impulse” and Ling is the “active, en- 
abling mover.” As the Jing and Blood combine, 
the fetus’s Shen continues to be created. 

‘At the end of the third month, the internal 
organs, limbs, and external sex organs of the fe- 
tus are fully formed, and the nails have developed. 
MontH Four 

During the fourth lunar month, the mother’s 
‘Triple Burner Channels, which are connected with 
the Yang organs, stabilize the fetus’s blood ves- 
sels (Figure 2.14). The Water Jing is beginning to 
be accepted by the fetus’s body allowing the Yin 
organs to develop normally. 

Beginning in the fourth month and continu- 
ing throughout the ninth month, each of the Five 
Element's energetic nature and the specific char- 
acteristics of each element's Essence will be pro- 
gressively activated and developed within the 
fetus’s body. The first to enter is the Water Jing. 

‘The Water Jing energy supervises the genetic 
developmental phase of the fetal growth. This 
energy encompass the fetus’s unconscious reser- 
voir of innate and intuitive intelligence, will, and 
life-force energy, relating to divine love, power, 


The energy of the 
Triple Burners 
Channels flows up 
both arms into the 
Heart and down the 
center of the body 
the uterus, 
directing the 
development and 
formation of the 
fetus’s connective 
tissue and fascial 


Figure 2.14. The mother’s Triple Bumers Channels are 
responsible for the changes in the fourth lunar month 
of creation. The Water Jing (Essence) is beginning to 
be accepted by the fetus. 


and spirit. Any faltering of this energy (due to the 
influence of fetal toxins) is associated with both 
pervasive and subtle neurological disorders, and 
a predisposition to severe psychological disorders 
(eg,, schizophrenia). 

‘As the fetus develops, the mother’s Triple 
Burners will direct the development of the con- 
nective tissues and fascial surfaces. This process 
is referred to as “the development of Blood and 
Qi penetrating to the ears and eyes and circulat- 
ing throughout the fetus’s channels and connect- 
ing vessels.” 

Through the later stages of fetal development 
the embryo’s seemingly homogenous tissues 
transform into the fetus’s differentiated tissues of 
muscles, bones, and organs (an important part of 
which is connective tissues). A very large part of 
the body consists of connective tissues and mem- 
branes functioning in such a way as to hold to- 
gether and maintain the body's external and in- 
ternal structures. 

From a gross anatomical level, the body's 
structures connect not only through the fascial 
planes but microscopically through the connec- 
tive tissues. This internal network facilitates the 
body's intercellular communication. These struc- 
tures, both energetic and physical, connect the 
fetus’s body, forming a vast reservoir capable of 
regulating and transferring the body's Jing-Es- 
sence, Qi-Energy, and Shen-Spirit. 

MONTH Five 

During the fifth lunar month, the Spleen 
Channels become responsible for completing the 
development of the four limbs (Figure 2.15). The 
fetus begins its own respiratory movement along 
with the mother’s respiration. The Fire Jing is ac- 
cepted into the fetus, creating Internal Qi, that sta- 
bilizes the fetus’s Five Yin Organs’ Qi. 

The Fire Jing energy generates and controls, 
protects and integrates, divides and harmonizes 
the fetus’s internal energies to promote emo- 
tional spiritual well-being. Any faltering of the 
Fire Jing energy is associated with problems of 
right (Yin) and left (Yang) brain communication 
(eg, the correct balance of male/rational and fe~ 
male/ intuitive energies). 


The energy of the 
'Spleen Channels 
flows up the 
inside of both legs 
into the uterus, 
developing the 
fetus's 

extremities. 


Figure 2.15. The mother's Spleen Channels are 
responsible for the fih lunar month of creation. The 
development ofthe fetus's four limbs is completed. The 
Five Agents are distributed within the fetus's Five Orbs 
(Five Yin Organs). The Fire Jing is beginning to be 
accepted by the fetus. 


os 


At this stage of development, the Five Agents 
are distributed to the Five Orbs. These Orbs are 
energetic spheres of influence or energetic spatial 
cavities (.e., internal organ tissue chambers). 
‘These Orbs pertain to the Essence, Blood, Qi pools 
and channels of the Five Yin Organs. The Five 
Orbs also pertain to and encompass all of the ar- 
asin the body that the Five Yin Organs influence. 
‘The Five Agents are distributed as follows: Kind- 
ness to the Liver, Order to the Heart, Trust to the 
Spleen, Integrity to the Lungs, and Wisdom to the 
Kidneys. This distribution causes the Hun to sta- 
bilize within the fetus’s organs, which contributes 
to keeping the fetus’s Shen at peace. 

At the end of the fifth month the fetus’s body 
systems develop rapidly. Its head is less dispro- 
portionate to the rest of the body, and its sponta- 
neous muscular movements are commonly felt by 
the mother. 

MONTH Six 

In the sixth lunar month of creation, the 
mother’s Stomach Channels create the fetus’ 
muscles. The Metal Jing is established in the fetus’s 
body, stabilizing the sinews and connective tis- 
sues (Figure 2.16). 

‘The Metal Jing energy is also responsible for 
fetal formation and the ability to form and main- 
tain emotional bonding with others. Any falter- 
ing of the Metal Jing energy is associated with 
problems of emotional attachment (e.g,, autism). 

During the sixth month the Yang organs are 
in the process of developing. The Essence of the 
Yang organs receives, moves, transforms, digests, 
and excretes substances, The Six Storage Areas of 
the body’s Yang organs constantly fill and empty, 
and include the Bladder, Gall Bladder, Stomach, 
Large Intestine, Small Intestine, and Triple Burn- 
ers. 

1. The Bladder controls, stores, and releases the 
urine. This Yang organ is responsible for re- 
ceiving, storing, and releasing urine at the 
proper time. 

2. The Gall Bladder stores and secretes bile. This, 
‘Yang organ is responsible for storing and re- 
leasing bile at the proper time. 

3. The Stomach stores the food. This Yang or- 
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‘The energy of the 
‘Stomach Channels 
flows down from the 
head and torso into 
the uterus, developing 
the fetus’s muscles. 
and connective 
tissues. 


Figure 2.16, The mother's Stomach Channels are 
responsible for the sixth lunar month of creation. The 
Six Pitches are established within the body's storage 
areas. The Metal Jing is beginning to be accepted by 
the fetus’s body. 


‘gan is responsible for the receiving, storing, 
rotting, and ripening of food at the proper 
time. 

4, The Large Intestine stores the solid waste. This 
‘Yang organ receives, stores and absorbs food 
and releases waste at the proper time. 

5, The Small Intestine stores and transforms liq- 
uid matter. This Yang organ receives, stores, 
transforms, and digests food, and releases its 
‘waste products at the proper time. 

6. The Triple Burners store the body’s Qi. This 
area of the body receives, stores, absorbs, and 
moves Qi. 

At this stage of development, the Six Pitches 
which support and stabilize the Lower Burners 
(see Chapter 6) and nourish the Qi are established 
in the organs known as the Six Yang Organs, also 
called the Six Storage Areas. 

The Six Pitches are six specific tone resonances 
(notes) that vibrate within the body’s internal or- 
‘gans and stimulates specific organ and tissue ar- 
eas. These Six Pitches relate to the Five Prenatal 
(Heaven) Elemental Sounds of Jue-Wood, Zhi- 
Fire, Gong-Earth, Shang-Metal, and Yu-Water. The 
sixth note Xi relates to the Postnatal (Earth) Fire 
Element and corresponds to the Pericardium and 
‘Triple Burners. The ancient Chinese used these Six 
Pitches for specific clinical treatments. The sound 
“Yu” for example, spoken in a low tone, will vi- 
brate the lower abdominal area and is used for 
the treatment of Kidney and Bladder problems. 

In the sixth lunar month of formation, the 
fetus’s eyelids separate and eyelashes form, and 
its skin is wrinkled. 

MonTH SEVEN 

During the seventh lunar month, the mother’s 
Lung Channels create the bones, skin, and hair 
(Figure 2.17). The Wood Jing is beginning to be 
accepted by the fetus’s body. 

‘The Wood Jing energy supervises the asser- 
tion and direction of the fetus’s emotional / 
spiritual aspects. Any faltering of the Wood Jing 
energy is associated with severe psychological 
problems (e.g,, passive-aggressive personality dis- 
order). 

In the seventh lunar month, the fetus’s Stom- 
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‘The energy of the 
Lungs’ Channels 
flows down from the 
center of the torso 
into the uterus, 
creating the fetus’s 
bones, skin, and 
hair, 


Figure 2.17. The mother's Lung Channels are 
responsible for the seventh lunar month of creation. The 
‘Seven Essential Stars open the orifices to let in the light 
from Heaven and Earth. The Wood Jing is beginning to 
be accepted by the fetus's body. 
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ach and Intestines are stabilized, and the Seven 
Essential Stars open the body's orifices to absorb 
the light from Heaven and Earth. These stars con- 
sist of the sun, moon, and five planets: Mars, Ve- 
nus, Mercury, Saturn, and Jupiter. Each star is as- 
sociated with one of the body's orifices: eyes, ears, 
nostrils, mouth, anus, and urethra. These orifices 
serve as receiving and projecting energetic por- 
tals for Jing-Essence, Qi-Energy, and Shen-Spirit. 
They also serve as messengers of the body's Five 
Yin Organs. Thus the Liver receives messages 
through observation, the Heart through speech, 
the Spleen through taste, the Lungs through smell, 
and the Kidneys through hearing. 

These energetic messages are received by the 
body's Wu Jing Shen and emotionally and ener- 
setially interact through the body/sSix Openings 

1. The eyes absorb images into the Liver which 
affect the Hun (The Three Ethereal Souls). 

2. The ears absorb sounds into the Kidneys 
which affect the Zhi (Will Power). 

3. The nose absorbs smells into the Lungs which 
affect the Po (The Seven Corporeal Souls). 

4. The tongue absorbs tastes into the Spleen 
which affect the Yi (Intent/Intellect). 

5. The physical body absorbs sensations into the 
tissues which affect the Shen. 

6. The spirit (along with the physical body) ab- 
sorbs sensations into the Heart which also af- 
fect the Shen (Spirit). 

Physically, during this lunar month, there is a 
substantial increase in the fetus’s weight and its 
head and body are more proportionate. The fetus 
can survive if born prematurely (between 27 and 
28 weeks); however, its hypothalamic temperature 
regulation and the Lungs’ production of surfac- 
tant (a phospholipid substance important in con- 
trolling the surface tension of the air-liquid emul- 
sion present in the lungs) are still inadequate. 
MonTH EIGHT 

Inthe eighth lunar month, the mother’s Large 
Intestine Channels complete the formation of the 
fetus’s skin, harmonizing the Heart (the Shen), and 
quieting the breathing. As the fetus receives the 
Zong Qi-Essential Qi (energy collected from 
Heaven and Earth and accumulated within the 


“The energy of the 
Large Intestine 
Channels flows up 
the arm and down 
the center of the 
torso into the 
uterus, completing 
the formation of 
the skin, 
harmonizing the 
Heart, and 
uieting the 
breathing. 


Figure 2.18, The mother's Large Intestine Channels are 
responsible for the eighth lunar month of creation. The 
Earth Jing is beginning to be accepted by the fetus's 
body. 


chest) from the mother’s Spleen, the Earth Jing 
begins to be accepted by the fetus’s body, com- 
pleting the formation of the skin (Figure 2.18) 

‘The Earth Jing energy supervises the quality 
and maturation of the fetus’s emotional and 
spiritual bonding and boundaries. Any faltering 
of the Earth Jing energy is associated with prob- 
lems of severe psychological disturbances (e.g., 
schizophrenia). These psychological disturbances 
may be evident at birth or develop later in life. 

The mother’s Large Intestine Channels con- 
trol the fetus’s orifices. At this stage in develop- 
‘ment, the fetus’s muscles and flesh are formed. 
‘The formation and consolidation of the fetus’s Jing 
is now completed, along with the fetus’s devel- 
oping Zhen Qi-True Qi (energy that circulates in 
the body's channels and collaterals which nour- 
ishes the Yin and Yang organs and fights disease). 

‘At the end of the eighth month, the bones of 
the fetus’s head are soft, its skin is less wrinkled, 
and there is subcutaneous fat deposited through- 
outits body. If it is a male child, its testes will now 
descend into the scrotum. 

At this stage, the fetus will normally assume 
an upside-down position to prepare for its birth 
descent. If the fetus is born prematurely, its 
chances for survival are now much greater. 
MONTH NINE 

During the ninth lunar month, the mother’s 
Kidney Channels control the amount of energetic 
intake the fetus absorbs through its connection to 
the umbilicus (Figure 2.19). Qi, Blood and food 
nutrition are absorbed into the fetus’s body, after 
they pass through the umbilical vein to the fetus’s 
Liver. From the Liver, the nutrients are processed 
and absorbed into the Blood to be distributed 
throughout the fetus’s body. 

The flexible structure of the umbilical cord is 
attached to the placenta. The placenta, which 
formed on the uterine wall after the first week of 
pregnancy, consists of tissues from both the 
mother and the embryo. The function of the um- 
bilical cord is to carry away the baby’s waste prod- 
ucts and pass food, energy, and oxygen from the 
mother’s blood stream to the embryo. The 
mother’s Kidney Channels will regulate the re- 
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The energy of the 
Kidney Channels 
flows up the inside 
of the legs and into 
the uterus, 
stabilizing the 
felus's energetic 
boundaries. 


Figure 2.19. The mother's Kidney Channels are 
responsible for the ninth lunar month of creation. Allthe 
fetus's spatial caves and energetic boundaries are now 
established 


lease and absorption of Qi and Shen flowing into 
the fetus’s Liver through the umbilical cord. 

After the umbilical cord has been severed, the 
baby's umbilical veins still remain. These umbili- 
cal veins eventually become the ligamentum teres 
that connect from the umbilicus, up along the in- 
terior surface of the abdominal wall, through the 
free margin of the falciform ligament, to the right 
and left lobes of the Liver. This maintains the 
baby’s connection between its Liver and its Lower 
Dantian (navel). 

‘At this stage in development, all the fetus's 
energetic spatial cavities (internal organ tissue 
chambers) and energetic boundaries are arranged 
to keep the fetus safely prepared for its birth jour- 
ney. 

‘Also in this month, the Internal Palaces and 
Nine Dantian Chambers (the nine internal cavi- 
ties established within the fetus’s Three Dantians 
(the body’s three energetic reservoirs) are ar- 
ranged and securely established to keep the fetus's 
Ting-Essence safe. 

In the ninth month, additional subcutaneous 
fat accumulates throughout the fetus’s body. Ex- 
ternally, the fetus’s fingernails will extend to the 
tips of the fingers and sometimes beyond. 
Monts Ten 

At the tenth lunar month, the mother’s Blad- 
der Channels control all Five Yin Organs (Liver, 
Heart, Spleen, Lungs, and Kidneys) and Five Yang 
Organs (Gall Bladder, Small Intestine, Stomach, 
Large Intestine, and Bladder) (Figure 2.20). The 
baby’s energetic reservoirs (the Three Dantians) 


Figure 2.21. Heaven and Earth Qi settle into the baby's, 
Lower Dantian and the process of birth begins. 


“The energy of the 
Biadder Channels 
flows down the 
back of the head 
and back and into 
the uterus, 
securing the 
felus’s Dantians 
and the spatial 
cavities 
surrounding the 
‘major organs. 


Figure 2.20. The mother's Bladder Channels are 
responsible for the tenth lunar month of creation. The 
baby’s Dantians, and spatial cavities surrounding the 
‘major organs are completely developed to maintain the 
safety of the baby’s Jing. Heaven and Earth Qi settie 
into the baby’s Lower Dantian and birth begins. 
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Figure 24-3 The relationship of resistance to heat in an 
over-temperature protection thermistor. 


To respond to this transition, the manufacturer 
recommends a Wheatstone bridge circuit with 
its outputs connected to a comparator, as sug- 
gested for an NTC thermistor in Figure 23-5. The 
comparator can then activate a signal or a relay. 


A picture of the PTCSL20T091DBE thermistor 
appears in Figure 24-4, 


By 
HE 


Figure 24-4 A thermistor in the PTCSL range from TDK. 
It is color coded using a proprietary scheme by the manu- 
Jacturer to indicate a reference temperature of 90 degrees 
Celsius. The background grid isin milieters. 
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This type of thermistor can tolerate a maximum. 
of 30V (AC or DC). 


radiation > heat > pte thermistor 


Over-Current Protection 

This type of nonlinear thermistor is a substitute 
for a fuse, as it responds to internal heat cre- 
ated by current passing through it. f the flow of 
current is excessive, the resistance of the ther- 
mistor increases, throttling the flow. When the 
over-current problem is resolved, the thermis- 
tor returns to its normal state. Whereas a fuse 
must be placed in a location allowing replace- 
ment, the thermistor is unharmed by its transi- 
tion and does not have to be replaced. 


Over-current may occur as a result of failure ofF 
other components, such as a rectifier diode or a 
capacitor, or can occur in situations such as a 
DC motor locking up. 


The B598 series from TDK can tolerate voltages 
over 240V, AC or DC. They typically respond 
when currents exceed 100mA to 1A, depending 
on the specific component (a few fall outside 
that range), and many can withstand 1A to 7A. 
‘The B59810C0130A070 pictured in Figure 24-5 
is switched by 980mA, can tolerate as much as 
7A, and has a reference resistance of 3.5 ohms, 
rising above 10K when excessive current causes 


Figure 24-5 A large over-current protection PTC ther- 
mistor. The background grid is in milimeters. 
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and the internal spatial cavities that surround the 
major organs are developed to maintain the safety 
of the baby’s Jing, The child is ready to be released 
into the world. The process of birth begins when 
Heaven Qi and Earth Qi settle into the baby’s 
Lower Dantian (Figure 2.21). 

‘The energy of the Seven Corporeal Souls (Po) 
is responsible for the first physiological processes 
after birth, allowing the child’s eyes to see, ears to 
hear, and Heart to perceive. The Po are also re- 
sponsible for the movements of the hands and feet 
and the breathing pattern. 

The purpose for the Qigong doctor's study 
of the ten lunar month developmental process, is 
to create a foundation for understanding the 
patient's physical development. This knowledge 
of the patient's physical development establishes 
a comprehension of the structural formation of the 
Five Elemental Constitutions. The Five Elemen- 
tal Constitutions are described in the next chap- 
ter. 


POSTNATAL ENERGY DEVELOPMENT 

Throughout prenatal development, the Fight 
Extraordinary Vessels (see Chapter 7) were re- 
sponsible for transporting, transforming, and pro- 
ducing Qi and Blood for the fetus, while the 
‘Twelve Primary Channels (see Chapter 6) were 
still in the process of gradual development. The 
focus of energetic activity generated from the 
fetus’s Lower Dantian and Eight Extraordinary 
‘Vessels, resonates throughout the fetus’s body cre- 
ating tissue development. 

Once the umbilical cord is severed, the pri- 
mary focus of energy shifts, becoming diverted 
from the Lower Dantian to the Middle Dantian 
(located in the baby’s chest area). After birth, Gu 
Qi (food energy) flows into the baby’s Stomach 
while it nurses and begins the movement of Blood 
and Qi within the Twelve Primary Channels. 
These Twelve Primary Channels will now assume 
the responsibility of circulating Qi and Blood 
throughout the baby’s entire physical and ener- 
getic structure, The Eight Extraordinary Vessels 
shift their function to regulating the baby’s chan- 
nel Qi. The Taiji Pole (which has been in the pro- 
cess of dropping from the fetus’s Mingmen area 
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Figure 2.22. As the child develops, the energetic rivers 
‘and pools regulate the formation and production of his 
cor her growth. 


to the Huiyin area) is now stabilized in the 
perineum. 

The natural resonant vibration of the baby’s 
Taiji Pole (energetic core) causes an energetic ex- 
pansion and contraction, projection and reception 
that simultaneously affects the baby at five dis- 
tinct levels: physical, mental, emotional, energetic 
and spiritual. Balanced physical growth will only 
occur when all five levels are in equilibrium. The 
physical body is generally the slowest realm to 
respond to physical growth. Matter does not de- 
velop at the same rate as energy, mind, or spirit. 
This being the case, the energy, mind, and spirit 
must wait patiently for the physical body to evolve 
before progressing as a whole (Figure 2.22). 


ENERGETIC EMBRYOLOGICAL 
OVERVIEW 

Understanding the energetic process of fetal 
development provides the Qigong doctor with an 
overview of the energetic factors in tissues, organs, 
and channel function. This understanding is es- 
sential for diagnosing the origin and causes of 
disease as being either congenital or acquired. 
Unlike Western medicine, Chinese medicine treats 
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the root of the illness, not just its symptoms. In 
Medical Qigong therapy, cases of congenital in- 
sufficiency of Qi or congenital disorders of Qi ac- 
tivities, are treated by either tonifying (strength- 
ening) the Eight Extraordinary Vessels or purg- 
ing (eliminating) the pathogenic energy from the 
Eight Extraordinary Vessels, This consolidates and 
regulates the patient's Prenatal Qi 

For acquired diseases, the patient can only be 
cured when a selection of points and the methods 
of emitting Qi for purgation or tonification are 
determined according to the imbalances of Qi cir- 
culation in the Twelve Primary Channels. Both 
congenital and acquired factors should be consid- 
ered in every case because both the origination 
and development of diseases may result from ei- 
ther source, or a combination of both sources. 


THE ETERNAL SOUL 

In Chinese energetic medicine, the Original 
Spirit differs from the body's Eternal Soul. The 
Original Spirit (Yuan Shen) is rooted in the com- 
bined Jing, Qi, and Shen of the mother and father. 
Later the Yuan Shen is integrated and sustained 
through the embryo’ own Five Spiritual Essences 
or Wu Jing Shen (see Chapter 13), which are cre- 
ated from the energy of the Five Yin Organs. The 
Eternal Soul, however, is absorbed into the 
mother’s egg at the time of conception, as the 
sperm enters. 

The Eternal Soul is rooted into the Heart and 
Middle Dantian area by a silver cord, which is 
additionally rooted within the body’s Taiji Pole. 
When the Eternal Soul becomes rooted within the 
body's Taiji Pole, it is described as “emitting the 
spark of the supreme fire” (Light of God), and is 
considered a divine fragment of God, or the Dao. 
It is from this divine resonating light that the 
body's Taiji Pole becomes energized and all Three 
Dantians become interconnected. The rooting of 
the Eternal Soul is therefore considered the first 
‘emanation from the divine source within the hu- 
man body. 

To travel, and receive spiritual guidance and 
insight, the Eternal Soul can leave the body in the 
form of an “Astral Body,” departing through the 
Baihui point at the crown of the head. The silver 
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Figure 2,23 The Lords of the Three Dantians: Tai Yi, 
‘Si Ming, and Xia Tao Kang 


cord, which is connected to the Astral Body, is lo- 
cated at the fifth and sixth thoracic vertebrae. This 
physical area is the place on the spine where the 
silver cord lifts off when an individual astral trav- 
els, This area also corresponds to the back of the 
Heart center, between Ling Tai GV-10 (Spirits Plat- 
form) and Shen Dao GV-11 (Spirits Gate). The as- 
tral travels of the Eternal Soul are generally to one 
of the nine higher spiritual planes. 

The Eternal Soul becomes the intermediator 
between the divine, the Original Spirit (Yuan 
Shen), the Acquired Spirit (Zhi Shen), and the 
body's Soul Extensions (various traits and char- 
acteristics). These Soul Extensions manifest in the 
energetic field, and influence behavior and per- 
ception. 

Once the Eternal Soul has established its resi- 
dence, it separates its Yin and Yang spiritual en- 
ergy into three spiritual energies which are the 
energizing forces of the body’s Three Dantians, 
and are called Tai Yi, Si Ming, and Xia Tao Kang. 
‘These three spiritual energies are referred to as 
the Lords of the Three Dantians, and are named 
according to their function: Tai Yi translates to 
‘mean Great Divinity, Si Ming translates as The Ad- 
ministrator of Destiny, and Xia Tao Kang trans- 
lates as Below Healthy Peach (Life). 

The Chinese medical terminology, which de- 
scribes the Eternal Soul as consisting of three spiri- 
tual energies called the Lords of the Three 
Dantians, is extremely metaphoric and is used to 
describe the many energetic aspects of the human 
soul. 

The Eternal Soul radiates through the physi- 
cal, energetic, and psycho-emotional domains of 
human existence (Figure 2.23). Whole-body con- 
sciousness is the main characteristic of the Eter- 
nal Soul. Without the interactive process of the 
Eternal Soul, energy would have no specific di- 
rection and would remain in meaningless acti 
ity. The Eternal Soul radiates energy in all direc- 
tions throughout the body and is responsible for 
life and health, as well as the formation and 
growth of the body. 

In the scope of energetic manifestations, the 
Eternal Soul expresses its innate qualities as ener- 
getic movement, functioning through the physi- 


cal form, Itis led by the Shen and is connected to 
all parts of the body. The light of the Eternal Soul 
is revealed through the light or energy of the eyes. 
‘Through the influence of the Eternal Soul, all of 
the body's energetic processes seek wholeness. 
‘The Eternal Soul knows exactly what is needed in 
every situation for survival and health preserva- 
tion, 

The distinction between the Eternal Soul and 
the Yuan Shen is that the Eternal Soul, although 
spiritual in nature and connected to the Wuji (in- 
finite space), is still considered individuated. The 
‘Yuan Shen, however, although individual in its 
conditioned state, can also be universal. The con- 
nection between you and others, for example, is 
considered a spirit connection (kindred spirits 
uniting). The connection between you and the 
divine is considered a soul connection (your true 
innate nature reconnects with its origin), and re- 
lates only to the connection between one’s self and 
the divine. 

‘When the Qigong doctor meditates, the Eter- 
nal Soul consciously enters a spiritual realm 
wherein the doctor perceives the ideal of things 
rather than the things themselves. The doctor no 
longer depends on the senses, but upon a clear 
inner-vision that perceives the whole picture. Itis 
here, within this spiritual state, that the higher 
knowledge of things unfolds through divine in- 
telligence and all things reveal their true nature. 

When conserved and amplified through prac- 
tice, the energy of the doctor’s Eternal Soul re- 
veals a bright radiant quality, which permeates 
and penetrates the cells, tissues, organs, and ex- 
ternal energy fields. These energetic fields create 
for the Qigong doctor a strong luminous shield of 
energy, capable of guarding the body against an 
attack of hostile energy by enabling it to: 

‘* ward off the invasion of External pathogens 
and harmful electromagnetic fields, 

+ ward off the negative influences of malevo- 
lent spirits, 

+ ward off ill intentions and spiritual malice 
projected unconsciously or deliberately by 
others, and 

+ ward off the parasitic influences of demonic 
forces. 
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At conception, when the sperm enters the 
ovum, a polar axis that forms the embryo's Taiji 
Pole is created. The energetic vortex thus created 
draws spiritual energies into the body from 
Heaven and Earth. After birth, the degree to which 
an individual can draw upon, and absorb, spi 
tual energy depends on his or her karma (previ- 
ous thoughts, actions and level of consciousness), 
and course of destiny. 

During conception, three spiritual energies are 
given to each individual from the divine to create 
and maintain the existence of the Eternal Soul. 
These three spirit energies, called the Lords of the 
Three Dantians, reside in the innermost subtle as- 
pect of the body and are described as follows: 

1. The Tai ¥i (Great Divinity) resides in the head 
and Upper Dantian, and is considered the 
Lord of the Nei Wan (Innermost Palace). It 
governs a multitude of the body's spirits, 
causing man’s Yuan Shen to shine externally. 
The Tai Yi facilitates awareness of the Three 
Ethereal Souls (Hun), and advocates for per- 
sonal spiritual enlightenment. 

2. The Si Ming (The Administrator of Destiny) 
resides in the Heart and Middle Dantian, 
regulates the body's Qi, and is the source of 
the mind and its emotional connections. The 
Si Ming is considered the Eternal Soul (some 
believe that this soul reincarnates). The Si 
Ming controls the spirits Wu Ying and Bai 
‘Yuan, that directly affect the body's Jing, Qi, 
and Shen. The Si Ming challenges our reac- 
tions to various internal and external ob- 
stacles. 

a, The Spirit Wu Ying (Without Excess) 
occupies the left side of the body, and 
regulates man’s Three Ethereal Souls 
(Hun), which are called: 

(1) Tai Guang (Eminent Light), 

(2)Shang Ling (Pleasant Soul) and the 
Five Agents, and 

(3) Ya Jing (Hidden Essence). 

b.  TheSpirit Bai Yuan Pure Origin) occu- 
pies the right side of the body, regulat- 
es the Seven Corporeal Souls (Po), 
which are called: 


(1) Flying Poison 

(2) Unclean Evil 

(3) Stinking Lungs 

(4) Corpse Dog, 

(6) Fallen Arrow 

(6) Yin Bird 

(7) Devouring Robber 

Both the Hun (that come from Heaven) and 
the Po (that come from Earth) are established 
within the fetus’s internal organs at conception 
but lie dormant until the third month. This is be- 
cause, at the third lunar month, the fetus’s Orbs 
are sufficiently formed. One belief maintains that 
the Hun and Po, although residing in the ener- 
getic form of the fetus, frequently leave and re- 
turn to gather and absorb universal and environ- 
mental Qi. The Hun will connect with divine spiri- 
tual beings, as well as with God. The Po will con- 
nect with surrounding environmental spirits. 
Note: The Three Ethereal Souls are tradition- 
ally referred to as the “Hun” with the assump- 
tion that this term depicts all three Fun, thus in 
‘Traditional Chinese Medicine the Hun are some- 
times referred to in the singular case. ‘The Seven 
Corporeal Souls are traditionally referred to as the 
“Po” with the assumption that this term depicts 
all seven Po, thus in Traditional Chinese Medi- 
cine the Po are sometimes also referred to in the 
singular case. 
3, The Xia Tao Kang (Below Healthy Peach/ Life) 
resides in the navel and Lower Dantian and 
preserves the root of the body’ Jing-Essence. 
Upon the death of the body, the Hun return 
to Heaven, the Po return to Earth, and the spiri- 
tual energies of Tai Yi and Xia Tao Kang combine 
with the Eternal Soul stored in the Si Ming (Ad- 
‘ministrator of Destiny). These three spiritual en- 
ergies (Tai Yi, Xia Tao Kang, and $i Ming) blend 
together, combining into one energy that com- 
pletes the integration of the Eternal Soul. This soul 
leaves the body and returns back through the tun- 
nel of light to the divine light for judgement, or 
wanders the Earth becoming a Gui (ghost). 

In Western culture, our internal dialogues are 
sometimes associated with encounters with good 
or evil spiritual influences. In Chinese medicine 


the internal dialogues that influence the patient’s 
psyche are also divided into good and evil; these 
spiritual /emotional influences are considered to 
bbe specific good and evil characteristics in man’s 
Hun and Po. The spiritual components and influ- 
ences of the Hun and Po are considered tobe sepa- 
rate entities, or archetypes, acting upon man's 
Shen, which in turn affects the Eternal Soul. 

These archetypes are regarded as spirit souls 
that can exert a positive or negative influence on 
a individual's life depending on the nature of the 
individual's Eternal Soul. The good internal in- 
fluences manifest through the Hun. The evil in- 
ternal influences manifest through the Po. The 
Hun or Po can motivate personal growth, or can 
hinder it and cause illness, and even the demise 
of the body. 

‘THE THREE ETHEREAL SouLs (HUN) 

‘The Three Ethereal Souls are the spiritual part 
of man that ascends to Heaven upon the death of 
the body. The Three Ethereal Souls are composed 
of the Three Hun, that originate from Heaven, re- 
side in the Liver, and resonate from the Three 
Dantians. The Hun have the following associa- 
tions: light, Yang, Heavenly soul, Shen, as well as 
positive emotions and feelings (Figure 2.24). The 
Three Ethereal Souls are the Tai Guang, Shang 
Ling, and Yu Jing. They are described as follows: 

1. The Tai Guang resonates within the Upper 
Dantian, and is situated in the cranial cavity, 
just below the Baihui GV-20 (Meeting of Yin) 
point. This Hun’s name means “eminent 
light,” and it is considered the ultimate bal- 
ance of pure Yin and Yang energy in harmony. 
It is connected energetically with the Upper 
Dantian and Heaven, and always strives for 
physical, mental, emotional, and spiritual 
purity. 

2. The Shang Ling resonates with the Middle 
Dantian and is situated in the Heart and cor- 
responding vessels and is linked to the body's 
Five Agents. This Hun’s name translates to 
“pleasant soul,” and it is considered changed 
(or transformed) Yin energy. It is connected 
with the Middle Dantian and is a soul that is, 
concerned for others. Itis associated with the 


Figure 2.24. The Three Ethereal Souls are composed 
of the three Hun, that originate from Heaven and reside 
inthe Liver. The Hun represent spiritual consciousness, 
provide the energetic movement of the mind, and are 
associated with Heaven Qi and the Five Agents. The 
Hun are the spiritual part of man which ascends to 
Heaven after death. The Hun are associated with 
positive emotions and feelings, ight, Yang, Heaven, and 
Shen. 

‘The Three Ethereal Souls are named (1) Tai Kuang, 
(2) Shang Ling, and (3) Yu Jing 


Five Agents, and produces our desire to be 
involved in a diversity of social interests and 
responsibilities. 

3. The Yu Jing resonates with the Lower Dantian. 
Translated, the name means “hidden es- 
sence.” This Hun is considered mixed (or com- 
bined) Yin energy. It is connected with the 
Lower Dantian and is associated with the 
Earth, producing our desire for enjoying life's 
pleasures and comforts, as well as the pure 
passions of life. 

‘The Hun are classified as Yang spirits and are 
to be cultivated and refined. Imagination, visual- 
ization, and positive affirmation in the form of 
prayer and meditation are needed to awaken and 
establish an active relationship with the Three 
Ethereal Souls. 

The Hun can be accessed through the 
HunmenBI-47 (Gate to the Hun) point on the back 
of the body (below the shoulders). It is used clini- 
cally to spread Liver Qi and harmonize the Middle 
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Burner. The Hun respond to Heaven's energetic 
grids (universal energetic fields). The stars and 
planets within these Heavenly grids exert an in- 
fluence on the Hun causing each individual's body 
toreact to certain astrological configurations. The 
positive or negative reaction is based on the affin- 
ity of the vibrational rate of the Hun and the en- 
ergies of a particular astrological alignment. 

THE SEVEN CoRPOREAL SoULS (Po) 

‘The Seven Corporeal Souls are closely linked 
to our body's Jing-Essence. The Po manifest the 
body's Essence in the form of hearing, sight, and 
tactile sensations. 

The Po pertain to the animal nature of man’s 
instincts and drives and are considered inferior 
souls to the Hun (Figure 2.25). The Po are pas- 
sionate and advocate experiencing life in its full- 
est measure. They are, however, ina constant state 
of dying. The Po will return to the Earth with the 
body after death. The Po have the following asso- 
ciations: heavy, Yin, Earthly Spirit, Essence, and 
negative emotions and feelings. 

The Po are a composite of Seven Corporeal 
Souls, which originate from Earth, reside in the 
Lungs, and resonate from specific areas in the 
body. The Po can be accessed through the Pohu 
BI-42 (Door to the Po) point on the back of the 
body (between the shoulders). This point is used 
clinically to treat energetic imbalances of the 
Lungs. The Po respond to the Earth’s energetic 
grids (see Chapter 10) and cause each of us to reso- 
nate inharmony or disharmony to certain ecologi- 
cal configurations. An individual's attraction, or 
feeling of not belonging, depends on the vibra- 
tory affinity, or lack thereof, between the body's 
Po and the environmental energy of a particular 
area. 

When the fetus begins its movement, its Yin 
energy tranquilizes the Po, which act as guard- 
ians of the fetus’s body. The Po's nature is one of 
survival, and their energies can be directed to- 
wards self-preservation or self-destruction (de- 
vouring and robbing the body of life-force energy). 

The Seven Po are located along the line be- 
tween the Huiyin CV-1 and the Baihui GV-20 
points, embracing the body’s Taiji Pole (also called 


Figure 2.25. The Seven Corporeal Souls are composed 
of the Seven Po, which originate from Earth and reside 
in the Lungs. The Po are regarded as the animal nature 
cor drive. They provide energetic movementto the body's 
Essences, and are considered inferior Souls. The Po 
will return to the Earth with the body after death, and 
are associated with negative emotions and feelings, 
heaviness, Yin, Earth, and Jing 

The negative thoughts and emotions of the Seven 
Corporeal Souls are named (1) Flying Poison, (2) 
Unclean Evil, (3) Stinking Lungs, (4) Corpse Dog, (5) 
Fallen Arrow, (6) Yin Bird, (7) Devouring Robber. 


the Center Thrusting Channel) at the following 
locations: 

1. The Po of Essence (Soul of the Five Element 
Earth) is located at the midpoint of the Taiji 
Pole. This Po is the counterpart to the Hun’s 
Earth Agent (the Virtue of Trust). This Po 
manifests through the acquired emotions of 
worry, regret, remorse, obsessiveness, and 
self-doubt. 

2. The Po of Qi (Soul of the Five Element Wood) 
is located below the diaphragm. This Pois the 
counterpart to the Hun’s Wood Agent (the 
Virtue of Kindness). This Po manifests 
through the acquired emotions of anger, irri- 
tability, blame, rage, resentment, and jealousy. 

3. The Po of the Spirit (Soul of the Five Element 
Metal) is located posterior of the Tanzhong 
(CV-17) point, inside the mediastinum, near 
the Middle Dantian. This Po is the counter- 
part to the Hun’s Metal Agent (the Virtue of 
Integrity). This Po manifests through the ac- 
quired emotions of grief, anxiety, sadness, 
shame, disappointment and guilt. 


4, The Po of Yin (Soul of the Five Element Wa- 
ter) is located posterior of the navel, in front 
of the Taiji Pole. This Po is the counterpart to 
the Hun's Water Agent (the Virtue of Wis- 
dom). This Po manifests through the acquired 
emotions of fear, loneliness, and insecurity. 

5, The Po of Yang (Soul of the Five Element Fire) 
is located anterior of the Mingmen (GV-4) 
point behind the Taiji Pole. This Po is the coun- 
terpart to the Hun’s Fire Agent (the Virtue of 
Order). This Po manifests through the ac- 
quired emotions of nervousness, shock and 
excitement. 

6. The Po of Sex (Soul of Heaven) is located be- 
low the Baihui (GV-20) point in the Ni Wan 
(Upper Dantian) area. 

7. The Po of Life (Soul of Earth) is the only one 
not located on the Taiji Pole, but is located at 
the bottom of the feet in the Yongquan (Kd-1) 
points and is considered aneighbor of the Soul 
of Essence. 

‘The Seven Corporeal Souls (Po) are also called 
the “seven animals,” or “sentient souls of the 
body,” and “seven turbid demons.” When afflicted 
or restless, the animal nature of the Seven Po 
quickly becomes hostile, and their names change 
to express the different negative thoughts and 
emotions expressed from each Po soul. Each Po 
has a favorite mantra that it whispers inside a 
person's mind to influence the individual. The 
Po’s Seven Turbid Demon Natures are described 
as follows. 

1. The Flying Poison (or Quick Evil) suddenly 
explodes with rage and venomous thoughts 
of evil intention (e.g, “I'll kill you for that!” 
“How dare they!”), 

2. The Unclean Evil (or Shame) entices by tempt- 
ing and luring an individual into a place or 
situation from which escape is difficult, and 
then creates distress in the form of guilt, which 
‘generates shame. This spirit creates a feeling 
of being discredited, dishonored, or disgraced 
(eg.,“I'm worthless,” “No one has or will ever 
love me.”), 

3. The Stinking Lungs (or The Smell of Death) 
destroys hope, which can lead to a sense of 


despair (eg., “I just want to die;” “Just kill 
me and get it over with!”). 

4, The Corpse Dog (or Being Scorned) is like a 
dog that has been beaten and starved, the 
presence of this spirit intensifies depression 
by despising itself and holding itself in con- 
tempt to a point of no return (eg,, “I’m not 
worth keeping alive;” “Leave me alone to 
die”). 

5, The Fallen Arrow generates the foregone con- 
clusion that attempting goalsis fruitless (e.g., 
“yl never be able to accomplish that.” “Why 
even try? I'l never make it.”) 

6. The Yin Bird (or Night Tormentor) harasses 
the individual, causing him or her to experi- 
ence extreme pain and severe anguish (e.g., 
nightmares and restless sleep). 

7. The Devouring Robber (or Sipping Thief) 
steals the individual's life-force energy by de- 
vouring it through negative emotions such as 
jealousy, envy, and bitterness (e.g., “You love 
him/her more than you do me;” “I'll never 
forgive you!”). 

The Seven Po help in developing the growth 
of consciousness by providing obstacles to test the 
individual's faith and devotion. Many times the 
Seven Corporeal Souls will work in conjunction 
with outside spiritually hostile forces to test the 
individual's spiritual endurance. 

After the child has been born, enlightened 
parents can assist the child in facing his or her 
own internal demons. Once the child is self-aware, 
he orshe can be taught to restrain and control the 
Seven Po so as to prevent them from taking con- 
trol. To minimize the effects of these souls on the 
body, one can learn special meditations, involy- 
ing visualization, imagination, positive affirma- 
tion, and mantras (literally “protections of the 
mind” or “mind protectors”). 

‘A mantra is a word, phrase, or sound, re- 
peated silently or aloud, that one can consciously 
use asa tool to guide one’s own mental, physical, 
and emotional states. People naturally repeat both 
positive (self-affirming) mantras and negative 
(self-destructive) mantras as part of their internal 
self-talk. When positive mantras are used by an 
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Figure 2.26. The Eternal Soul, Yuan Shen and 144 Soul Extensions. 


individual who holds them in high regard, they 
enable that individual to combat the Seven Cor- 
poreal Souls’ mantras. These mantras also facili- 
tate connecting the individual to the divine. Used 
consciously, mantras and/or prayers can uplift 
and maintain the individual's self-esteem. 

The Chinese view meditation as a deep spiri- 
tual contemplation that results in openness to the 
divine. They view prayer as energy focused to- 
wards the divine. Individuals choose what to fo- 
cus their attention on; therefore, any chronic det- 
imental thoughts can be countered with positive 
affirmations to change self-destructive habits. 
‘THE ORIGINAL SPIRIT (YUAN SHEN) 

‘The Original Spirit (Yuan Shen) radiates and 
extends from the interior of the Eternal Soul. This 
spiritual light crystallizes a spiritual body, gradu- 
ally becoming consciously effective and moving 
into action. It envelops the body and communi- 
cates through innermost thoughts, sensory feel- 
ings, and emotions. Although the body's Jing and 
Qi will degenerate, the Original Spirit is immor- 
tal, as itis the expression of the Eternal Soul 


The Shen develops and contains Twelve Soul 
Extensions. These Twelve Soul Extensions contain 
the body’s different personality characteristics 
(Figure 2.26). Although Si Ming controls the resi- 
dence of the Eternal Soul, the body’s Shen is free 
to make decisions that affect life and health based 
upon the individual's free will (the interaction 
between the Yuan Shen and the Zhi Shen), which 
then manifests through the Twelve Soul Exten- 
sions, 

THE EFFECT OF THE HUN AND PO ON THE 
YUAN SHEN 

The Yuan Shen is a manifestation of the Eter- 
nal Soul and is primary to the Hun and Po. The 
combination of the Seven Corporeal Souls (Yin 
Souls) and the Three Ethereal Souls (Yang Souls) 
creates the sustaining energy for the body's Origi- 
nal Spirit (Yuan Shen). The Yuan Shen also con- 
trols and organizes the psycho-emotional aspect 
of the body’s Five Yin Organs, called the Wu Jing 
Shen or Five Essence Spirits. 

The ancient Chinese viewed the Shen as an 
Emperor, seated within the Heart; the Hun are 


viewed as a Loyal Minister, seated within the 
Liver; and the Po are viewed as a Violent Gen- 
ral, seated within the Lungs. If the General (Po), 
is left in control (being only concerned with the 
survival of self and the body), he will start to domi- 
nate (a condition referred to as a rebellious Gen- 
eral and a weak Emperor). At the point when the 
General (Po) dominates, the individual's acquired 
mind takes over and the individual becomes con- 
cerned only with his or her own survival, and thus 
becomes self-absorbed. The goal for spiritual cul- 
tivation is to control the rebellious General, mak- 
ing him into a servant. Once the inner government 
is orderly, the strong and violent nature becomes 
tame. Then, through the wise council of the Loyal 
Minister (Hun), the individual can walk a path of 
virtue. Virtue is the path that leads the individual's 
Shen so that even his or her human conscious- 
ness is dominated by the Hun and the Yuan Shen. 

When the Hun control the energy body and 
are nourished by the virtues, the energy body then 
becomes a vehicle for the Heart’s Shen, which is 
non-local and non-linear in terms of time and 
space. 

When the Heart’s Shen is no longer domi- 
nated by the Yin and Yang souls (Hun and Po) 
and the Five Element energies of the lower ener- 
getic plane (Wu Jing Shen), the individual returns 
to an awareness of his or her connection to the 
universe (Wuji) and the divine. This state of con- 
sciousness is sustained through prayer and medi- 
tation. 

When beginning to develop the Heart’s Shen, 
the first separation of the individual's energetic 
spirit body or “dream body” from the physical 
body generally leaves the Shen in a weakened 
state (referred to as Yin Shen). The weakened Yin 
Shen must be protected. This Yin Shen is part of 
the Hun, and leaves the body naturally whenever 
the patient is weak, sick, in shock, or asleep. It 
may also leave during the early stages of Qigong 
meditation or Taijiquan practice. The astral trav- 
els of the Yin Shen are generally confined to the 
lower spiritual planes, and it sometimes needs to 
be reclaimed through “soul retrieval” (see Chap- 
ter 19). Once the Shen has been cultivated, refined, 
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strengthened, fortified, and controlled through the 
development of the energy body, itis then referred 
toasa Yang Shen. When the energy body spiritu- 
ally travels, the developed Yang Shen can trans- 
verse the Nine Levels of Heaven or the Nine Lev- 
ls of Earth in an instant. 

‘The Nine Levels of Heaven are nine spiritual 
planes which exist within Heaven's energetic 
grids. Within the lower levels there exists enlight- 
ened beings coexisting with other spiritual enti- 
ties. The Nine Levels of Earth are nine spiritual 
planes which exist within Earth's energetic grids. 
Within these levels of Earthly spiritual planes 
there exists various dimensions of animal, veg- 
etable and mineral powers, as well as Earthly 
spiritual beings. 

YIN AND YANG ASPECTS OF THE ETERNAL 
Sout 

The human soul has an endless source of vi- 
tality from the infinite high-frequency force of the 
divine. This divine energy descends from the 
Heavens into the body’ Taiji Pole, taking up resi- 
dence and interacting on the physical plane. The 
body serves as a medium of transformation for 
the Eternal Soul. The soul's activity extends and 
expresses its essence through the physical form 
and through consciousness. As we grow and 
change, the Eternal Soul maintains stability by 
providing the energetic blueprint for orderly de- 
velopment. On the spiritual plane, when referring 
to the energetic dynamics of the Eternal Soul, there 
are two basic movements: (1) Yin - the downward 
movement and (2) Yang - the upward movement. 

1. The Yin aspects of the Eternal Soul spirals 
downward. The spiralling movement of the 
energetic soul results in the energy transform- 
ing from the highest divine energetic frequen- 
cies to the lowest. Within this spiritual trans- 
formation process, there is a parallel! gradual 
decrease in levels of consciousness. The low- 
est frequency creates matter, and is the bases 
for all the prenatal transformations. At the 
higher frequencies, the principles by which 

Qi operates are difficult to perceive because 

our lower state of consciousness does not reso- 

nate in harmony with the information being 
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Figure 2.27. The patient's soul resides in the body's Taiji Pole, connected with Si Ming, the Administrator of 
Destiny. Upon the death of the physical body, the Three Hun retum to Heaven, the Seven Po return to Earth, and 
the energy of Tai Yi and Xia Tao Kang envelope the Eternal Soul (stored in Si Ming) becoming one energy. The 
Etemal Soul leaves the body through the specific gate (solar plexus, third eye, or top of the head) associated with 
the patient's degree of spiritual evolution, returning back through the tunnel of light to the divine. 


presented. As energy slows down its reso- 
nance, itis more readily perceived by our five 
senses; this gives matter the quality of hard- 
ness, form, and smell, and allows us to ob- 
serve its energetic patterning, 

2. The Yang aspects of the Eternal Soul spirals 
upward. The spiraling movement of the en- 
ergetic soul results in energy transforming 
from the lowest level of consciousness to the 
highest divine energetic frequencies during 
postnatal transformation. Spiritual evolution 
involves a progressive opening up of all of 
the body's energy centers (Three Dantians) 
along the Taiji Pole, until a state of absolute 
unity of body, mind, emotion, energy, and 
spirit is achieved (known as enlightenment) 
In the evolutionary process of the soul, both 

stability and change become as one when there is 
a deep connection to wholeness. This soul serves 
as a pivotal point for the body's Jing, Qi, Shen, 
Body Fluids, connective tissues, and emotions, all, 


of which express wholeness. Without this connec- 
tion the patient experiences a serious psychic split- 
ting of his or her energies. The part that is open to 
change will experience resistance from the part 
that demands stability. 
‘THE FINAL EXIT OF THE ETERNAL SOUL 

‘As the body begins to die, the Yuan Shen be- 
gins to prepare the Eternal Soul for its final jour- 
ney home. This change of residence for the 
patient's spiritual energies is crucial. At the time 
of death the Eternal Soul must disconnect from 
the Heart and Middle Dantian area, and the soul 
must exit the dying patient through one of the 
Nine Orifices. The lower orifices include the anus 
and urethra, while the upper orifices include the 
eyes, ears, nostrils, mouth, as well as the Yintang 
and Baihui areas (Figure 2.27). It is believed that 
the area from which the patient's soul exits the 
body determines the state of its spiritual evolu- 
tion and to which area the patient is most attached 
(ie, if the patient is attached to vision, they are 
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‘An over-current thermistor of this type remains 
wired into the power supply for a device on a 
permanent basis. Its reference resistance will 
generate some heat, which is why this type of 
component is usually restricted to applications 
where the triggering current is below 1A. 


The Murata PTGLO78D220N3B5180 pictured in 
jure 24-6 provides over-current protection 
with a reference resistance of 22 ohms, has a 
trip current of 200mA, and tolerates a ma 
mum of 1.54. 


Figure 24-6 An over-current protection PTC thermistor 
with a trip current of 200mA. The background gridis in 
millimeters. 


PTC Inrush Current 
This nonlinear thermistor responds to internal 
heat caused by an inrush of current when 
power to a device is switched on. The inrush 
‘occurs when current flows rapidly into smooth- 
ing capacitors, charging them very rapidly. This 
can overload a power supply and shorten its life 
expectancy. 


NTC thermistors are tradi 
limiters. The 
‘of component blocks the surge in current, but 
as heating occurs, the resistance of the NTC 
thermistor drops rapidly. It remains in the cir- 
posing a relatively small load while the 
device functions normally. For more details of 


Nonlinear PTC Thermistors 


this application, see “Inrush Current Limiter” in 
the entry discussing NTC thermistors. 


However, an NTC thermistor used in this way 
will waste some power. Suppose a supply of 
120VAC is being used. If the power consump- 
tion of a device is 1,000W, the current will be 
approximately 8A. An NTC thermistor that has a 
resistance of 0.2 ohms while running warm will 
introduce a voltage drop of approximately 1.6V, 
consuming about 13W. This power loss will be 
greater in applications where the current is 
even higher—for example, in an electric vehicle 
recharging station, 


To eliminate the loss, a timed bypass relay can 
be added around the thermistor. The relay 
closes automatically after a short interval, elimi- 
nating the power loss. This is known as active 
inrush current limiting. 


However, in this arrangement, an ordinary resis- 
tor could be used instead. But in that case, why 
not use a PTC thermistor that has a reference 
(cold) resistance of 50 ohms or more? This not 
only limits the inrush current, but provides 
additional protection. If a smoothing capacitor 
in the circuit suffers a short circuit, or if the 
bypass relay fails to close, excess current pass- 
ing through the PTC thermistor quickly raises 
its resistance, protecting the rest of the circuit. 


‘The B5910 series of PTC thermistors from TDK is 
designed for inrush current limiting. They are 
packaged in a flame-retardant phenolic resin 
plastic case, as shown in Figure 24-7. The 
B59105J0130A020 has a reference resistance of 
22 ohms that rises quickly beyond 10K when 
the temperature exceeds 120 degrees Celsius, 
as shown in Figure 24-8. This type of compo- 
nent is robust enough to withstand a complete 
short circuit across a 220-volt supply. 


Chapter 24: PTCthermistor 161 


‘more inclined to leave through the eyes, etc.). 

When the Medical Qigong doctor is assisting, 
a terminally ill patient, treatment focuses prima- 
rily on purging stagnant spiritual energy from the 
patient's body. Spiritual purging is required to pu- 
rify and cleanse the patient’s Eternal Soul. Once 
the patient's soul has been cleansed, the patient 
‘becomes peaceful as all material, emotional, and 
spiritual attachments to this life are released. The 
patient attains a sense of completion and wel- 
comes the final adventure of going home. The last 
rites performed by various clergy and ministers 
in Western culture serve a similar purpose. 

The Qigong doctor then guides and encour- 
ages the patient's Eternal Soul into leaving the 
body through the top of the head (Baihui). Souls 
that are more highly evolved exit the body 
through this area (at the top of the head), while 
souls of lesser evolution exit the body through 


lower portions of the physical structure. 

The formation of a Gui or ghost is said to de- 
rive from the untransformed energy of the Eter- 
nal Soul (see Chapter 19). 


‘SUMMARY 

‘One of the unique aspects of Traditional Chi- 
nese Medicine is that it addresses all aspects of 
the body's energy and spirit. It explores in great 
detail the spiritual transformations in the body's 
prenatal state, their relationship to the formation. 
of the body, and to the dying and after-death 
states. Traditional Chinese Medicine further ad- 
dresses the potential of spiritual involvement as 
‘a cause or cure of specific psychophysical diseases. 
It is through the complete study of the body's 
physical, mental, emotional, energetic, and spiri- 
tual aspects that doctors of Medical Qigong 
therapy comprehend when and how to treat their 
patients. 


CHAPTER 3 


PHYSICAL DEVELOPMENT AND STRUCTURAL 


FORMATION 


FASCIAL DEVELOPMENT AND ENERGY 
FLow 

According to the American Medical Association 
Encyclopedia of Medicine, “fascia is the fibrous con- 
nective tissue that surrounds many structures in 
the body. One layer of the tissue, known as the 
superficial fascia, envelopes the entire body just 
beneath the skin. Another layer, the deep fascia, 
encloses muscles, forming a sheath for individual 
muscles, and also separates them into groups. The 
deep fascia also holds in place the soft organs, such 
as the Kidneys. The thick fascia in the palm of the 
hand and sole of the foot have a cushioning, pro- 
tective function.” 

In Traditional Chinese Medicine, the fascia is 
referred to as Huang (meaning any membranous 
tissue), Fascial development is divided into two 
stages: prenatal (congenital) and postnatal (ac- 
quired). The prenatal fascia is fixed and deter- 
mined by the combination of the parents’ Jing, Qi, 
and Shen. The postnatal fascia is formed through 
diet, exercise, and environmental stresses. 

Qiis stored within the tissues and inner fas- 
cia layers, where it envelops and protects the in- 
ternal organs, Energy (that has been stored within 
the body's organs) is available through the fascia 
for transformation to nourish the patient’s body, 
mind, emotions, energy, and spirit. 

The body consists of three tissue layers 

1. The first and innermost layer is made up of 
the internal organs, which produce and trans- 
form Qi. 

2. The second layer consists of the body's fas- 
cia, tendons, ligaments, and bones, which as- 
sist in transporting Qi to the extremities. 

3, The third and outermost layer of tissue con- 
sists of the muscles and skin, where Wei (Pro- 
tective) Qi circulates to protect the organism 
from invasion of external pathogens (Cold, 


Heat, Wind, and Dampness, etc.). 

After being generated within the body’s in- 
ternal organs, Qi is distributed throughout the 
body’s entire energetic network through the chan- 
nels and collaterals, via the fascia. Each organ has 
its own layer of weblike fascia, that covers, con- 
nects, protects, and nourishes the tissues. The fas- 
cia forms the energetic chambers of the body's or- 
gans and channel systems. Qi within the body 
flows between the fascial sheaths and along the 
channel system. Through trauma, infection, sur- 
gery, disease, or chronic muscular tension, areas 
of the fascia can become stuck together, inhibit- 
ing the flow of Qi and Blood. 

Our constitutions are formed, in part, by con- 
ditions from the environment that affect the in- 
nermost layers of fascial development. Traditional 
Chinese Medicine divides the observation and 
diagnosis of the physical developments of these 
inner fascia into Yin and Yang structures and Five 
Elemental Constitutions, 


YIN AND YANG STRUCTURAL 
FORMATION 

Chinese philosophy teaches that the universe 
is composed of a pair of opposite forces or ener- 
gies — Yin and Yang. Everything in the natural 
world contains both Yin and Yang. Yin and Yang 
are interdependent; without Yang, Yin cannot 
grow; without Yin, Yang cannot develop. The en- 
ergetic transformation of Yin into Yang and Yang 
into Yin produces the various observable changes 
of form and matter (see Chapter 21). 

Yin and Yang are the principles governing all 
things within the human body. Life and death 
originate from the energies of Yin and Yang, and 
they are the forces that create all physiological 
change. In Medical Qigong therapy, the physical 
structure of the human body is divided into Yin 


and Yang organs and substances, as well as Yin 
and Yang energetic functions (e.g,, Qi that expands 
and flows outward is Yang, while Qi that contracts 
and flows inward is Yin). 

Yin and Yang are in a constant state of wax- 
ing and waning (Figure 3.1). If this waxing and 
waning exceeds the body’s normal energetic lim- 
its and loses its dynamic equilibrium, Deficient 
or Excess Yin and Yang will occur, leading to the 
development of abnormalities and illness. 

Yin Qi naturally ascends (e.g., Spleen Qi 
ascends the Clear Qi). When Yin Qi becomes 
pathological or destructive, it moves downward, 
descending like cascading water (e.g., descend- 
ing Spleen Qi causes diarrhea or prolapse of the 
viscera). Another example of the effects of patho- 
genic Yin Qi descending would be edema. 

Yang Qi naturally descends (e.g,, Stomach Qi 
flows downward). When Yang Qi becomes patho- 
logical or destructive, it ascends like the flames of 
a fire, moving upward (e.g,, Rebellious Stomach 
Qi ascends, causing nausea and vomiting). An- 


‘Yang Yin 


Yin 


igure 3.2. The superior aspect of the body's structure 
is Yang; the inferior portion is Yin. Think of the sun 
shining on the upper torso, illuminating the body from 
the waist to the head, while from the hips downward 
the lower torso is in the shade. 
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Figure 3.1 Yin and Yang are the Principles Governing 
All Things Within the Body 


‘Yang Yin 


Figure 3.3. The posterior portion (back side) ofthe body 
is Yang; the anterior portion (front side) is Yin. Think of 
the sun shining on the back, while the abdomen is in 
the shade. 


CHAPTER 3: PHYSICAL DEVELOPMENT AND STRUCTURAL FORMATION 


a os 

Figure 3.4, The superficial aspect (exterior) of the body 
is Yang; the deep portion (interior) of the body is Yin. 
‘Think of the sun shining on the external surfaces of the 
body, while the internal organs remain in the dark 
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Yang 


Figure 3.5. The left side of the body is Yang; the right 
side is Yin. Think of facing south in the morning, while 
performing medical Qigong practice. The sun will rise 
in the east, illuminating the left side (Yang) while the 
right side remains shaded (Yin). 


other example of the effects of pathogenic Yang 
Qi ascending would be the temperature of a ris- 
ing fever. 


THE YIN AND YANG OF Bopy ASPECTS 

Comparable to Western anatomy, Traditional 
Chinese Medicine also divides the body into as- 
pects or planes. In TCM, these classifications are 
divided into Yin and Yang physical planes and 
anatomical directions. These divisions assist the 
Qigong doctor in defining and categorizing the 
patient's external tissues, and in determining the 
collection and movement of Qi (ie., energy mov- 
ing into and coalescing in the patient's Yin or Yang 
areas of the body). The structural aspects are cat- 
egorized as follows. 

© The cranial or superior aspect (towards the 
head) of the body's structure is considered 
Yang; the caudal or inferior portion of the 
body (towards the feet) is considered Yin (Fig- 
ure 3.2) 

* The posterior or dorsal portion (back side) of 
the body is Yang; the anterior or ventral por- 
tion (front side) is Yin (Figure 3.3) 

* The superficial aspect (exterior) of the body 
is Yang; the deep portion (interior) of the body 
is Yin (Figure 3.4). 

* The left side of the body is Yang; the right side 
is Yin (Figure 3.5). 
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Figure 3.6. A Summery Diagram of the Yin and Yang 
‘Aspects of the Body 
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Figure 3.7. The Seven Emotions and Their Effects on the Organs 


+ The lateral aspect (further from the center) of 
the body is Yang; the medial portion (middle) 
is Yin. 

‘The aspects are summarized in Figure 3.6. 

As Yin and Yang are in a constant state of 
change, always waxing and waning, two points 
of reference alone are not enough to aptly classify 
the many phases and stages of transformation; for 
example, day (Yang ) can be further split into 
dawn (waxing Yang), midday (peaking Yang), and 
late afternoon (waning Yang). To fill this descrip- 
tive gap, the Chinese developed the theory of the 
Five Elements. 


THE Five ELEMENTS 

The Five Elements (Wu Xing), also translated 
as the Five Phases, are Wood, Fire, Earth, Metal, 
and Water. These Five Elements paint a clear and 
natural image of the changing cycles of Yin and 
Yang (see Chapter 23). 

Furthermore, each of the Five Elements can 
also be divided into Yin and Yang, making a total 
of ten subdivisions. Wood, for example, can be 


subdivided into Yin Wood and Yang Wood. 

The Chinese use this framework of the Five 
Elements to understand and categorize many dif- 
ferent areas of knowledge, from the movements 
of the Heavens and the land forms of Earth to the 
workings of human anatomy, physiology, and 
psychology. Earlier in this chapter, it was noted 
that our organs and their associated energy chan- 
nels are divided into Yin and Yang. In addition, 
each of the organs is also related to one of the Five 
Elements. The Liver and Gall Bladder relate to the 
Wood Element; the Heart and Small Intestine to 
the Fire Element; the Spleen and Stomach to the 
Earth Element; the Lungs and Large Intestine to 
the Metal Element; and the Kidneys and Bladder 
to the Water Element. The organs help to regulate 
the functional aspects of the Five Elements within 
the human body as they interact with each other 
to promote and maintain life. 

The Yin organs, in particular, are said to store 
the Jing of the Five Elements. They share this Es- 
sence with their elementally paired Yang organs 
to assist with the Yang organs’ functions. The Yin 
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organs also store the Five Agents (the Five Vir- 
tues), and are more readily disrupted by the Seven 
Emotions (anger, joy, worry, grief, sadness, fear, 
and shock) than are the Yang organs. 

The emotions are said to be the primal force 
behind energy transformation; however, each in- 
dividual will have a separate reaction to specific 
emotional changes, based on his or her dominant 
elemental pattern. Five internal organ emotions 
are associated with the energy of the Five Ele- 
ments: 

1. Anger - Liver - Wood 

2. Joy - Heart - Fire 

3. Worry - Spleen - Earth 

4. Grief and Sorrow - Lungs - Metal 
5, Fear - Kidneys - Water 

In this way, the energies of the Five Elements 
shape all aspects of a human being: physical, en- 
ergetic, mental, emotional and spiritual (Figure 
37). 


CONGENITAL CONSTITUTIONS 

Most individuals are born with a dominant 
element, which will determine the individual's 
physical, energetic, and psycho-emotional consti- 
tution, When in Excess, the body's emotions can 
create an energetic imbalance, which in turn, can 
cause a destructive physical pattern within the 
body. An example of this process is excessive an- 
ger leading to hypertension. 

The previous chapter on energetic embryol- 
ogy described how, from month four to month 
eight, the different Five Elemental Jings (Essences) 
enter the fetus from each of the mother’s organs. 
Depending on the relative strength or weakness 
of the mother’s internal organ energies during her 
pregnancy, the fetus will inherit a greater or lesser 
degree of elemental Jing from the mother. If the 
mother's Liver energy is dominant, then the child 
will have a tendency to develop a Wood constitu- 
tion; if the Kidney energy is dominant, then the 
child develops a Water constitution, and so forth. 

In addition, traditional Chinese astrology 
states that the various Heavenly influences at the 
time of birth influence the relative Five Elemental 
strengths and weaknesses in the newborn’s con- 
stitution. Years, months, days, and hours all oc- 


cur in separate cycles of five, corresponding to the 
Five Elements. Thus both the astrological influ- 
ences at birth as well as the prenatal maternal 
transmission of Jing, Qi, and Shen, determine each 
person's congenital constitution. 

After birth, the congenital Jing is cultivated 
and sustained through prayer, meditation, physi- 
cal exercise, and sleep. In medical Qigong theory, 
the health of the congenital Jing determines the 
health and balance of the overall constitution; it 
determines the level of vitality and resistance to 
disease, as well as the mental and emotional na- 
ture of the individual. The congenital Jing, with 
its unique balance of the Five Elements, becomes 
the foundation for an individual's Qi and Shen. 

The congenital influence is, however, not ab- 
solute. Postnatal factors, such as diet, life-style, 
environmental factors, and internal belief struc- 
tures, can also influence the constitution, for bet- 
ter or for worse. Thus, patients with congenital 
deficiencies can still improve their health by 
prayer, meditation, medical Qigong, adequate 
sleep, proper diet and exercise, herbs, medicines, 
stress management, and other therapeutic modali 
ties. 

On the negative side, patients with strong in- 
herited constitutions may develop serious consti- 
tutional imbalances through intemperate life- 
styles such as: excess stress, overwork, excessive 
sexual activity, and poor eating habits. Therefore, 
the Qigong doctor must consider both prenatal 
(congenital) and postnatal (acquired) constitu- 
tional factors to understand and differentiate be- 
tween the patient's innate constitution and his or 
her current condition 


CLASSIFICATION OF THE FIVE 
ConsTiTUTIONS 

Over the centuries, much has been written in 
Chinese medical literature about the Five Elemen- 
tal Constitutions. The following interpretation was 
developed by Dr. Zhou Qianchuan, a Daoist mas- 
ter from Qi Cheng Shan and reputed by some to 
be the master of The Yellow Emperor's Classic of In- 
ternal Medicine (a 2500 year old three-volume text 
thats still one of the pivotal texts of Chinese medi- 
cine). 


Dr. Zhou perceived that each of the Five Ele- 
mental Constitutions has both a characteristic 
physical appearance and a psycho-emotional pro- 
file. Through observing these aspects, the Qigong, 
doctor determines a patient's Five Elemental Con- 
stitution, and from this diagnosis, the doctor dis- 
covers much about the balance or imbalance of 
the patient's physical and mental health. 

In Traditional Chinese Medicine, somatic- 
build type and psyche are closely intertwined. 
Physical aspects, such as coloring, proportion, 
dominant tissue (muscle, fat, sinew, etc.), tone, 
movement, posture and holding patterns, as well 
as general vitality all express the patient's inter- 
nal energeticand psycho-emotional matrices. The 
body type reveals to the trained Qigong doctor 
not only the patient’s emotional history but also 
his or her innate personality and acquired person- 
ality characteristics. 

Dr. Zhou subdivided each of the Five Elemen- 
tal Constitutions into three categories: balanced 
nature, Yin nature, or Yang nature. The ideal is to 
havea balanced nature, regardless of one’s elemen- 
tal type. Note that the treatment addresses the men- 
tal, emotional, and spiritual balance of the five con- 
stitutions. Since the mind is so closely tied with Jing 
and Qj, itis not enough to simply tell patients how 
to change their personality to restore balance. The 
Qigong doctor must work with patients on all lev- 
els (physical, energetic, mental, emotional, and spi 
tual) to help them restore balance. Specific healing 
methods are discussed at length in later chapters. 
In general, the Qigong doctor selects treatment prin- 
ciples based on the Five Elements’ Creative (Figure 
3.8) and Controlling (Figure 3.9) Cycles to help re- 
store balance (see Chapter 23). 

For instance, a patient with a Yin Earth na- 
ture would tend to have weak or Deficient Spleen 
energy. Therapeutically, the Qigong doctor would 
choose one of the three following treatments. 

1. Direct tonification of the Earth Element, 

2. Tonification of the Fire Element in accordance 
with the principle, “To nourish the child, 
strengthen the mother”), or 

3. Disperse or reduce the Wood Element (Wood, 
the “grandmother”, may be overcontrolling 
Earth, the “grandson’) 


Figure 3.8 The Five Elements’ Creative Cycle 
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Figure 3.9. The Five Elements’ Controlling Cycle 


In the instance of Yang Earth nature, the pa- 
tient would tend to have Excess Earth. In this case, 
the Qigong doctor could: 

1. Use a method to reduce the Earth Element di- 
rectly; of, 
2. Strengthen the Wood Element (the weak 

“grandmother” may be unable to restrain an 

overly strong “grandson” without help). 


THE Woop CoNSTITUTION 


Woop OUTER APPEARANCE 

‘Wood constitution types usually have a tall 
and slender body with a small head and a long 
face. They also have small, nicely formed hands 
and feet, broad shoulders, and a straight, flat back 
(Figure 3.10). By nature, they enjoy spring and 


summer but dislike autumn and winter. This pref- 
erence is due to the vulnerability of the Wood con- 
stitution and its susceptibility to pathogenic in- 
vasion and disease during these time periods. 
Their dominant features include strong sinews 
and green-blue facial color. Their note is “jue.” 
Woop PERSONALITY 

‘The Wood personality can be divided into 
three subdivisions. 

1. A Balanced Wood nature predisposes indi- 
viduals to be confident, strong, independent, 
and intuitive, with a clear understanding of 
themselves and their goals. They are patient, 
able to allow things to develop naturally, and 
express their personality in a relaxed harmo- 
nious way. They are kind when communicat- 
ing with others, creative, free-flowing in self- 
expression, and display merciful and unself- 
ish traits when dealing with the needs of oth- 
ers. 

2. A Yin Wood nature predisposes individuals 
to feel externally insecure, and to be always 
cautious. They have a tendency to worry and 
have a weak sense of their own abilities and 
potential. They are unassertive and are un- 
sure of their identities and life purpose. They 
also have difficulty expressing their egos and 
have weak boundaries. They are timid, lack 
confidence, and display considerable doubt. 

‘Treatment for Yin Wood nature individuals 
involves establishing a sense of inner s 
and security by teaching them self-trust and 
building self-esteem. These individuals need 
to strengthen their boundaries to avoid the 
intrusion and domination of others. They 
need to trust in their intuition, develop a 
greater degree of confidence, enhance their 
personal power, and find a stronger sense of 
spiritual growth. 

3. AYang Wood nature predisposes individuals 
to manifest their internal insecurity through 
acting irritable and impatient. Such individu- 
als are intolerant, rude, stubborn, and selfish, 
and tend to expand their egos without con- 
sideration for others. They are domineering, 
angry, aggressive, and generally known as 


Figure 3.10. The Wood Constitution in Males and 
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overachievers; however, they are easily frus- 
trated and depressed. Their self-esteem is el- 
evated by acquiring higher political (influen- 
tial) positions or bullying others. 

‘Treatment for Yang Wood nature individu- 
als should focus on cultivating a discipline 
of inner peace, following the Dao, to harmo- 
nize with life. In situations of conflict, they 
need to learn to relax, slow down, and act out 
ofstillness. They need to surrender toa higher 
will, relying on their spiritual intuition and 
inner direction. They also need to learn to re- 
spect others. 


THE FIRE CONSTITUTION 


FIRE OUTER APPEARANCE 

Fire constitution types usually have broad 
paravertebral muscles and well-proportioned 
shoulders, upper back, and thighs. They have 
small pointed heads, pointed chins, small hands, 
and feet, and curly, or no hair, on top of their head 
(Figure 3.11). By nature, they enjoy spring and 
summer but dislike autumn and winter. This pref- 
erence is due to the vulnerability of the Fire con- 
stitution and its susceptibility to pathogenic in- 
vasion and disease during these time periods. 
Their dominant features include a strong circula- 
tory system and a red facial color. Their note is 
“ahi” 
FIRE PERSONALITY 

‘The Fire personality can be divided into three 
subdivisions. 

1. ABalanced Fire nature predisposes individu- 
als to be trusting, open-minded, complacent, 
social, unconcerned about wealth, and fond 
of beauty. They love themselves and others, 
and are very expressive of their affection. They 
are calm, peaceful, happy, lively, spontaneous, 
funny, and fun to be with. 

2. A Yin Fire nature predisposes individuals to 
be solemn and depressed. They tend to lack 
interest in life, and havea tendency to become 
isolated, feeling unloved and unlovable. 

‘Treatment for Yin-Fire nature individuals re- 
quires teaching them how to store and con- 
serve their energy, to use moderation in what 
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Nonlinear PTC Thermistors 


Figure 24-7 This inrush current-limiting PTC thermistor 
by TDK is packaged ina lame-retardant case. The back 
‘ground grid isin millimeters. 


Resistance of a PTC 
inrush current limiting thermistor 
in response to temperature 


10 
0 20 40 60 80 100 120 440 160 180 
Temperature (degrees Celsius) 
Figure 24-8 Relationship of resistance to temperature in 
2 PTC inrush current limiting thermistor. Note that the 
vertical axis has a logarithmic scale 


PTC Thermistor for Starting Current 
In some applications an initial inrush of current 
is actually necessary and desirable. An air con- 
ditioning compressor, for example, requires a 


radiation > heat > ptc thermistor 
surge of high current for "torque assist” when it 
is starting from a rest state. 


High-current PTC thermistors may be used in 
this kind of situation. The Vishay PTC305C series 
is an example, These are heavy-duty compo- 
nents that have a switching time of about half a 
second, a maximum voltage rating of 410VAC 
or more, and a current rating from 6 to 36 
amps. 


The PTC thermistor has a relatively high tem- 
perature while the motor is running, and must 
be allowed time to cool before a restart is possi- 
ble after shutdown. A waiting time of 3 to 5 
minutes is imposed by a thermostat or separate 
time-delay relay. 


PTC Thermistor for Lighting 
Ballast 

The starting sequence for a fluorescent lamp 
requires that current should flow through the 
cathode heater initially. The thermistor allows 
this by bypassing a capacitor. Within less than a 
second, the resistance of the thermistor rises to 
block current. By this time, the heater has done 
its job and the lamp runs from high-frequency 
AC. 


For small applications, a heating element can 
be made from a PTC thermistor, using its inter- 
nal resistance to create heat. It has the advan- 
tage of being self-limiting, as its resistance rises 
with temperature. The TDK 5906 series is an 
example, shown in Figure 24-9. The component 
is approximately 12mm in diameter, and is 
designed to be clamped in place, not soldered. 
It has automotive applications for diesel fuel 
preheating and spray nozzle defrosting. Resi- 
dential applications include vaporizers for air 
fresheners. 


The initial resistance is as low as 3 or 4 ohms, 
ing very quickly at a transition temperature 
ranging from 70 to 200 degrees Celsius, 
depending on the specific component. 
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they do, and to avoid extremes. They also 
need to engage in activities that create per- 
sonal enjoyment, tofind simple pleasures that 
awaken their affection, and to learn how to 
express their feelings, wants, and needs. 

3. A Yang Fire nature predisposes individuals to 
be arrogant, ignorant, and troublesome. They 
are restless, excitable, and talk excessively. They 
always exaggerate and are overenthusiastic. 
They are socially and sexually overactive and 
seek every opportunity to assert themselves. 
They are foolish and display careless behavior. 
They are overconfident, slightly lazy, irrespon- 
sible, and less than truthful. They can be manic, 
get exhausted, then bumout and become sui- 
dal (e.g, bipolar disorder). 

‘Treatment for Yang-Fire nature individuals 
requires teaching them to learn how to stop, 
slow down, and look for their contentment 
from within. They should balance their feel- 
ings of love with contemplation and wisdom, 
avoid over-enthusiasm, and allow their inner 
spirit to radiate through in a more sober way. 


THE EARTH CONSTITUTION 


EARTH OUTER APPEARANCE 
Earth constitution types usually have a some- 
what large body, large head, large belly, strong 
thighs, round face, and wide jaw (Figure 3.12). 
They are categorized as having excessive flesh, 
with upper and lower limbs mutually well-pro- 
portioned. By nature, they enjoy autumn and win- 
ter but dislike spring and summer. This prefer- 
ence is due to the vulnerability of the Earth con- 
stitution and its susceptibility to pathogenic in- 
vasion and disease during these time periods. 
‘Their dominant features include strong muscles 
and yellow facial color. Their note is “gong.” 


EARTH PERSONALITY 
The Earth personality can be divided into 
three subdivisions. 

1. A Balanced Earth nature predisposes indi- 
viduals to lead quiet, stable, and peaceful 
lives, unconcerned about fame or wealth. 
They are always at ease, calm, generous, for- 
giving, sincere, and unambitious. They usu- 


Figure 3.12. The Earth Constitution in Males and 
Females 


ally have open minds and rarely live in fear, 
or make excessive demands. They have ana- 
lytical minds and are logical and practical; 
they use sound reasoning to convince others 
of their opinions. They are quite adaptable to 
changing situations, and rarely use coercion 
to achieve power. They are kind and gentle 
with an earnest and well-mannered attitude. 
They are pleasant, sweet, sympathetic and 
caring, and are able to maintain boundaries. 

2. A Yin Earth nature predisposes individuals 
to worry endlessly, becoming suspicious and 
self-centered. They think too much, with not 
enough follow-through action. Because they 
feel empty inside, they find it difficult to be 
nurturing to themselves and others. 

‘Treatment for Yin Earth nature individuals 
requires teaching them to learn how to let go 
of their inner feelings of worry and defensive- 
ness. These individuals need to examine their 
assumptions, connect with their physical bod- 
ies, come out of their shells, and begin to live 
in the real world. They need to replace their 
negative thought patterns with positive affir- 
‘mations, and realistically look at their true po- 
tential and abilities for powerful actions. 

3. A Yang Earth nature predisposes individuals 
to cling to others; they are co-dependent, 
pushy, and possessive. Such individuals try 
to dominate in a passive-aggressive way 
while limiting the independence of others. 

Treatment for Yang Earth nature individu- 
als consist of teaching them to develop their 
inner strength to control the fear, insecurity, 
and feelings of inner emptiness that make 
them want to hold on to others. They need to 
create and establish love as a source of secu- 
rity from within themselves. They need not 
depend on, or build their lives exclusively on, 
the praise or presence of others. They must 
eam to become emotionally independent. 


THE METAL CONSTITUTION 


METAL OUTER APPEARANCE 

Metal constitution types usually have a tri- 
angular face with broad, square shoulders, a 
strong voice, and a strong, muscular build (Fig- 


ure 3.13). By nature, they enjoy autumn and win- 
ter but dislike spring and summer. This prefer- 
cence is due to the vulnerability of the Metal con- 
stitution and its susceptibility to pathogenic in- 
vasion and disease during these time periods. 
‘Their dominant features include strong Lungs and. 
white facial color. Their note is “shang.” 
METAL PERSONALITY 

The Metal personality can be divided into 
three subdivisions. 

1. A Balanced Metal nature predisposes indi: 
viduals to process their grief, letting go of their 
past emotional baggage. They believe that 
they cannot be in the present without clean- 
ing up and being released from their past. 
They are able to gain knowledge and wisdom 
by gathering and releasing their emotional 
bonds while learning and growing from each 
emotional attachment. They participate in life 
and form new bonds without fear of loss. 
They are also generous, just, and bright. 

2. A Yin Metal nature predisposes individuals 
tohave a difficult time creating lasting bonds 
because they are fearful of establishing new 
relationships due to past losses and emotional 
trauma, They avoid joining in with others and 
withdraw from active participation. Living in 
past remorse, they grieve over lost opportu- 
nities. They are also haughty and coldhearted. 
They are jealous, cunning, sneaky, and furtive. 
They become angry when they do not have 
things that others possess. Because they are 
covetous, they only obtain happiness by pos- 
sessing certain objects. 

Treatment for Yin Metal nature individuals 
requires teaching them how to strengthen 
their physical body, as well as the energy of 
their Heart, Spleen, and Lower Dantian. They 
also need to strengthen their abilities to form 
close emotional bonds with people, reduce 
their fears of rejection and abandonment, and 
gain the strength and courage to let go of their 
past hurts. They need to come out from in- 
side of themselves emotionally and experi- 
ence the warmth and compassion of life. 

3. A Yang Metal nature predisposes individuals 
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to suppress their emotions and hold on to 
their grief. They are generally considered 
whiners and complainers, talking to others 
about their complaints in order to unload 
their grief. They use new relationships as an 
emotional bandage to avoid the unprocessed 
grief oftheir past relationships. They are also 
meticulous, independent, and strong-willed. 

Treatment for Yang Metal nature individu- 
als requires teaching them how to let go of 
the need to control and suppress their emo- 
tional feelings, and how to genuinely grieve 
over past wounds. They need to face the 
truth and be honest about their feelings, in- 
stead of selfishly using people and new re- 
lationships to cover up their grief. They also 
need to learn to be sympathetic with the pain 
and sorrows of others, and put their feelings 
of grief into perspective. 


THE WATER CONSTITUTION 


WATER OUTER APPEARANCE 

Water constitution types usually have a big 
round face, head and body (Figure 3.14). They 
have a long upper back, and unbalanced or un- 
even physical features. They, by nature, enjoy au- 
tumn and winter but dislike spring and summer. 
This preference is due to the vulnerability of the 
‘Water constitution and its susceptibility to patho- 
genicinvasion and disease during these time pe- 
riods. Their dominant features include their di- 
gestive system and black or dark facial color. 
Their note is “yu.” 
WATER PERSONALITY 

‘The Water personality can be divided into 
three subdivisions. 

1. A Balanced Water nature predisposes indi- 
viduals to be skilled negotiators, that are not 
discouraged by difficulty, and donot take fool- 
ish risks. They are sympathetic and loyal to 
their employer and friends. They have a clear 
perspective and are sensitive and intuitive. 
‘They are powerful, tender, and soft. They have 
a firm will and know their boundaries and 
limitations. They are known for their inner 
strength and strong faith in themselves. 


2. A Yin Water nature predisposes individuals 
tolack spiritual, emotional, mental, and physi- 
cal energy. They give up on life and surren- 
der the control of their own destinies. They 
lack the determination to achieve their goals, 
doeverything halfheartedly, and become eas- 
ily discouraged by difficult challenges. 

‘Treatment for Yin Water nature individuals 
requires teaching them how to conserve and 
strengthen their energy by not attempting to 
do what's beyond their capacity. They should 
complete their projects, however, once they 
have started them, and not procrastinate or 
leave tasks unfinished. They need to find the 
strength to overcome their fear of failure by 
learning to take action through the comple- 
tion of their goals. 

3. A Yang Water nature predisposes individuals 
to be ambitious overachievers and to live un- 
der great stress. They lack consideration for 
others, and can be reckless and foolhardy. 
They can also be greedy, ruthless, and cold- 
blooded. Seemingly modest, they are actually 
insidious and sinister, concealing their true 
emotions by suppressing their fears. Because 
they fear loss of control, their safety lies in 
dominating others. They only perform duties 
that are self-serving and blame others for their 
problems. 

‘Treatment for Yang Water nature individu- 
als requires that they learn how to act from 
inner stillness and gain strength and courage 
from their inner true self. They also need to 
‘emotionally and physically slow down, and 
tobalance their activities with rest. They need 
to learn to gain consideration for themselves 
and others, as well as to open up their heart 
and begin to love. 


COMBINED ConsTITUTIONS 

Inancient China, The Yellow Emperor's phy- 
sician Shao Shi taught that the Five Elemental con- 
stitutions consist of Five Elemental forms, which 
canbe further divided into five additional shapes 
depending on the strength or development of the 
individual's Jing, Qi, and Blood. After establish- 
ing the patient’s physique (Wood, Fire, Earth, 


Figure 3.14. The Water Constitution in Males and 
Females 


Metal, or Water), the patient is then classified in 
terms of five separate colors, and differentiated 
according to the five prenatal (Heavenly) notes. 
This system recognizes 25 constitutional types. 

The Five Elemental Constitutions are there- 
fore, guidelines for the Qigong doctor to evaluate 
the patient. These guidelines are not fixed, as the 
doctor is most likely to encounter combinations 
of two or more of these elements within one per- 
son. 

When two constitutions combine in an indi- 
vidual, the combination may be congenital or ac- 
quired. The Qigong doctor must evaluate the pa- 
tient, differentiating between his or her congeni- 
tal and acquired tissue formations. 

‘A woman who has large hips (Water) and 
small chest and shoulders (Wood), for example, 
probably inherited this structure from her parents. 
‘This woman’s physical structure and personality 
would then be considered a combination of both 
Water and Wood (depending on which internal 
organ characteristic dominates). 

‘A female patient who swims, on the other 
hand, may be congenitally Wood but may have 
developed a dominant Metal upper physique 
through years of physical training. If, through in- 
tense physical activity, someone acquires a Metal 
physique, he or she may also acquire a Metal per- 
sonality, depending again on his or her psycho- 
logical format, which is rooted within the inter- 
nal organs. 

The external physical structure serves as a 
visual guide to the interaction and balance of the 
internal organs. 


PERSONALITY CONSTITUTIONS OF THE 
EIGHT EXTRAORDINARY VESSELS 

Another system of identifying personality 
traits is practised by observing the four personal- 
ity constitutions of the patient's Eight Extraordi- 
nary Vessels. 

‘Through observation and inspection of the 
patient's personality and overall energetic and 
emotional demeanor, the Qigong doctor can fur- 
ther determine which organ and organ system, is 
Deficient or has an Excess condition and set up a 
treatment plan. 


To begin, the Qigong doctor will first observe 
the patient’s dominant Yin or Yang emotional 
characteristics and determine which of the Eight 
Extraordinary Vessels are governing his or her 
present state of feelings. These personality traits 
may appear in different combinations, or oscillate 
from one type of characteristic to another, due to 
the crossover of acquired and congenital organ en- 
ergy. This crossover can change with the patient's 
age (maturation) or situation (environment). 
‘THE PATHOLOGICAL PERSONALITY TYPE OF 
‘THE GOVERNING AND YANG HEEL VESSELS 

‘The Governing and Yang Heel Extraordinary 
Vessels are located on the back and lateral sides 
of the body and affect the Bladder, Stomach, and 
Gall Bladder Channels. To “open” and increase 
the flow of energy within these channels, the Qi- 
gong doctor stimulates the patient's SI-3 and Bl- 
62 points simultaneously (see Chapter 8). 

‘The pathological personality types of the Gov- 
cerning and Yang Heel Vessels are divided into Yin 
and Yang emotional characteristics. These char- 
acteristics are as follows. 

1. Patients with Deficient Qi in the Governing 
and Yang Heel Vessels tend to be weak-willed 
and spineless. They tend to be overly submis- 
sive, and easily give up their personal power. 
They lack determination, courage, clarity, and 
inner strength, and have no control over their 
lives, They participate as little as possible in 
life for fear of failure. 

2. Patients with Excess Qi in the Governing and 
Yang Heel Vessels tend to be tense, overpres- 
sured, stiff, rigid, inflexible, stubborn, and 
awkward. They are narrow-minded and over- 
controlling. Fearful of letting go, they over- 
compensate and attempt to restrict reality. 

THE PATHOLOGICAL PERSONALITY TYPE OF 
‘THE CONCEPTION AND YIN HEEL VESSELS 

‘The Conception and Yin Heel Extraordinary 
Vessels are located on the front and inside of the 
body. They affect the Lung and Kidney Channels, 
which in turn affect the Kidneys, Lungs, and Heart 
organs. To open these channels, the Qigong doctor 
stimulates the patient's Lu-7 and Kd-6 points simul- 
taneously. These character diagnoses are as follows. 


1, Patients with Deficient Qi in the Conception 
and Yin Heel Vessels tend to be weak and 
depressed. They live in the past, lack interest 
in life, have no ambition, and also lack inter- 
est in sex. It is hard for them to form new re- 
lationships because they fear forming emo- 
tional bonds due to past losses, failures, and 
emotional traumas. They constantly day- 
dream and live in their own world of past 
‘memories. 
2. Patients with Excess Qi in the in the Concep- 
tion and Yin Heel Vessels tend to participate 
in life, but hold on to, and suppress, their grief. 
They fail to let go of emotional attachments 
and fear being alone. The female patients usu- 
ally develop Qi stagnations resulting in breast 
cysts, tumors, and cancer, as well as uterine 
fibroids and cancer. 
‘THE PATHOLOGICAL PERSONALITY TYPE OF 
‘THE BELT AND YANG LINKING VESSELS 

The Belt and Yang Linking Extraordinary Ves- 
sels are located around the waist and on the out- 
side of the body. They affect the Gall Bladder and 
Triple Burner Channels, which in turn, affect the 
Kidneys, Liver, and Gall Bladder organs. To open 
these channels, the Qigong doctor stimulates the 
patient’s GB-41 and TB-5 points simultaneously. 
‘These character diagnoses are as follows. 

1. Patients with Deficient Qi in the Belt and Yang, 
Linking Vessels are considered weak, indeci- 
sive, and unproductive. They fear criticism 
and are touchy, snappy, irritable, and hyper- 
sensitive, They have low self-esteem and also 
lack interest in sex. 

2. Patients with Excess Qi in the in the Belt and 
Yang Linking Vessels are aggressive, angry, 
resentful, bitter, and vindictive. They are also 
opinionated, inflexible, intolerant, domineer- 
ing, selfish, and frustrated, with a sex life 
based on anger or rage. 

THE PATHOLOGICAL PERSONALITY TYPE OF 
‘THE THRUSTING AND YIN LINKING VESSELS 
‘The Thrusting and Yin Linking Extraordinary 
‘Vessels are located within the center of the body 
(internally) and on the medial and anterior aspect 
of the body (externally). They affect the Kidney 


and Stomach Channels, which in turn, affect the 
Kidneys, Spleen, and Heart organs. To open these 
channels, the Qigong doctor stimulates the 
patient's Sp-4 and Pc-6 points simultaneously. 
‘These character diagnoses are as follows 

1. Patients with Deficient Thrusting and Yin 
Linking Vessels are physically and emotion- 
ally weak. They quickly become exhausted 
and depressed. They easily have their feelings 
hurt and take a long time to recover from emo- 
tional upsets. Their internal world of emo- 
tional existence is made up of fear, anxiety, 
worry, and tension. They do not connect well 
with the outside world or gain much pleasure 
from life or relationships. 

2. Patients with an Excess in the Thrusting and 
Yin Linking Vessels tend to participate in life, 
buthave difficulty expressing their affections 
and communicating their needs in relation- 
ships. They are inclined to have stagnant Qi 
and Blood in their chests, epigastrium, or 
uterus areas due to fear, anxiety, worry, and 
sorrow. In their personal relationships, they 
fear loss of control and cannot make a com- 
mitment or a deep emotional connection with 
others. They also fear surrendering and let- 
ting go in their love and sexual relationships. 


THE YAO IMAGE AND PHYSICAL 
ANATOMY 

Sometimes because of surgery, congenital 
deformity, or traumas, it is not possible, nor is it 
recommended, to directly treat certain areas of the 
patient's body. The Qigong doctor must then 
choose an indirect method of treatment to ensure 
better results. One such method available to the 
doctor utilizes the understanding of the Yao im- 
age and the patient's physical anatomy. In order 
tobetter comprehend the complexity of this diag- 
nostic and treatment modality, the Qigong doctor 
must first understand the energetic origin of the 
Yao images. 

All matter is composed of different propor- 
tions of Yin and Yang energy. Within the Void (in- 
finite space or Wuji) both Yin and Yang energy 
gather or disperse to balance the forces of nature. 
This interaction causes the Yin and Yang energies 


Top Yao 
‘Sth Yao 
4th Yao 
3rd Yao 
2nd Yao 


Bottom Yao 


Figure 3.15. This diagram shows a hexagram, 
‘composed of an upper and lower trigram. In this 
particular example, the upper trigram is all Yin lines 
(symbolized by broken lines), the lower all Yang 
(symbolized by solid lines). 


to develop and transform themselves into four 
phases of energetic powers or stages: Great Yin, 
‘Small Yin, Great Yang, and Small Yang. These four 
phases can be explained as follows. 

1. Great Yin (Tai Yin), is affiliated with midnight 
and the new-moon phase. Modern physicists 
associate the Great Yin with a weak nuclear 
force. 

2. Small Yin (Shao Yin), is affliated with the sun- 
set and the waning-moon phase. Modern 
physicists associate the Lesser Yin with a 
heavy force, and gravity. 

3. Great Yang (Tai Yang), is affiliated with high 
noon and the full-moon phase. Modern physi- 
cists associate the Strong Yang with a strong, 
nuclear force. 

4, Small Yang (Shao Yang), is affiliated with the 
sunrise and the waxing-moon phase. Modern 
physicists associate the Lesser Yang with a 
light force and electromagnetism. 

These four solar and lunar energetic phases. 
transform themselves into the energies of the eight 
foundational trigrams. These trigrams further 
combine to form sixty-four hexagrams, and mani- 
fest as the ancient binary system known as the Yi 
Jing (I Ching). The formation and pattern of these 
energetic powers or stages vary according to the 
composition of Yin and Yang, and can be ex- 
pressed through the energetic symbols of the Yao. 

‘A Yao is a line that represents either Yin or 
Yang energy. The lines fall into two categories: 


* The negative Yao is symbolized by broken 
lines (Yin energy). 
'* The positive Yao is symbolized by solid lines 

(Yang energy). 

When these lines are stacked in combinations 
of three, they form what are known as trigrams (a 
group of three Yao lines). When pairs of trigrams 
are joined, hexagrams (six lines) are formed. The 
lines are arranged from bottom to top, with the 
first Yao being on the bottom (Figure 3.15). 

The Yao trigrams and their relationship to the 
body's physical and energetic structure can be 
utilized by the Qigong doctor for diagnosis and 
treatment. The doctor applies the Yao image as a 
template and arranges its pattern alongside the 
physical form of the patient’s body. This arrange- 
ment of Yao images is designed by the doctor to 
assist him or her in recognizing the physical and 
energetic imbalances within the patient’s body. 
This type of physical Yao image diagnosis has been 
used in China for centuries. 

Knowing that each different region of the hu- 
man body corresponds to one of the six Yaos in 
the hexagram, as well as a different aspect of Qi, 
the ancient masters explained the energetic Yao 
and physical body interaction as follows. 

1. The two lowest Yaos align with the feet and 
legs and correspond to the body’s interaction 
with the Earth's energy. 

a. The Ist Yao extends from the patient's 
feet, ankles, and shins, to the knees. 

b. The 2nd Yao extends from the knees to 
the upper thighs 

2. The middle two Yaos align with the lower and 
upper abdominal regions, and correspond to 
the body’s interaction with human energy, or 
"Man's energy” (emotional responses). 

a. The3rd Yao extends from the perineum 
to the navel. 

b. The 4th Yao extends from the navel to 
the xiphoid process in the diaphragm. 

3. The upper two Yaos align with the upper 
chest, neck and head, and correspond to the 
body's interaction with Heaven's energy. 

a. TheSth Yao extends from the xiphoid pro- 

cess of the diaphragm to the top of the manu- 

brium, at the base of the throat. 
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+ The top or 6th Yao is from the neck to the top of 
the head. (Heaven) 


+ The 5th Yao is from the diaphragm to the neck. 
(Heaven) 


+ The 4th Yao is from the navel to the diaphragm, 
(Man) 


+ The 3rd Yao is the lower perineum to the navel. 
(Man) 


+ The 2nd Yao is from the knee tothe top of the thigh, 
(Earth) 


+ The bottom or ‘st Yao is from the foot to the knee. 
(Earth) 


+ The Categorization of the arms are as follows: From 
the fingers to the elbow represents the Bottom or 
1st Yao; From the elbows to the base of the 
shoulder represents the 2nd Yao; From the base 
to the top of the shoulder represents the 3nd Yao. 


Figure 3.16. Yao Image and the Human Body 


b. Theéth Yaoextends from the manubrium, _ divisions of Heaven, Earth, and Man (Figure 3.16). 

at the base of the throat, to the top of thehead. When observing the body, for example, if the up- 

The doctor further divides the patient's body per Yao is out of harmony with the patient’s 
into six upper and lower Yaos, to determine the middle and lower Yaos, the patient's energetic 
dominant energetic and emotional patterns balance may be compromised, and he or she may 
(where the patient's Qiis gathering, collecting, and experience a spiritual disconnection with his or 
stagnating). Through observation and study, the _her body. This can result in either a Yang condi- 
Qigong doctor is able to determine the energetic tion (heaviness, restlessness) due to an Excess 
association the patient has with the natural envi- spiritual “Heaven” state, ora Yin condition (tired, 
ronment. This diagnos \chieved by observing dizziness) due to a Deficient spiritual “Heaven” 
the body’s relationship to the three energetic Yao state. 


In addition to diagnosing the hexagram for 
the body's Yin and Yang relationship to Heaven, 
arth, and Man, the ancient Chinese Qigong mas- 
ters also studied two other hexagrams for clinical 
evaluation. These hexagrams were known as the 
Upper and Lower Hexagrams. 

UPPER AND LOWER HEXAGRAMS 

In the Ming Dynasty (1368-1644), Tang 
Rongchuan stated in his book Detailed Explanations 
of Application of the Book of Changes to Medicine, "In 
the clinical environment, the body may be divided 
into two different sets of hexagram constructions 
[the upper and the lower hexagram partition] for 
the purpose of making a diagnosis, detecting Qi, 
and for performing Qigong therapeutic treat- 
ments.” This relationship of Yao positioning is 
suitable to both the channel system and the ner- 
vous system. 

Physical disorders located within these 
hexagrams are generally expressed as symptoms 
manifesting in the extremities. If stagnant Qi or 
other abnormal conditions occur in any particu- 
lar part of the body, an imbalance of both Internal 
and External Qi may be detected in either that 
specific area of the body or its corresponding area. 

‘The ancient Qigong masters used the body’s 
hexagrams to explain the etiology, pathology, clini- 
cal manifestations, and treatment principles of 
disease. 

‘The body’s upper torso, arms, neck, and head 
are divided into what is known as the upper 
hexagram partitions, while the body’ lower limbs 
and torso are divided into the lower hexagram 
partitions. The six Yao of the upper and lower 
hexagram partitions interlock at the chest and ab- 
domen. By using these sets of hexagrams, the 
Qigong doctor has a template or guiding pattern 
with which to understand the patient’s body. 
‘The Upper Hexagram Construction 

‘The Upper Hexagrams range from the base 
of the lower perineum to the top of the patient’s 
head. These six Yaos are organized as follows. 

1, The Ist or bottom Yao encompasses the pubic 
symphysis to the navel. Reproductive, diges- 
tive, and urinary tract diseases are ascribed 
to this area. 


2. The 2nd Yao encompasses the navel to the xi- 
phoid process. Malfunctions in digestion, 
elimination and the transportation of nutri- 
‘ents are assigned to this area, as well as dis- 
eases of the Kidneys, adrenal glands, Liver, 
Spleen and pancreas. 

3. The 3rd Yao encompasses the xiphoid process 
to the supraclavicular notches. Respiratory 
and circulatory diseases are ascribed to this 
area. 

4, The 4th Yao encompasses the supraclavicular 
notch to the tip of the nose. Teeth, jaw, and 
thyroid diseases are ascribed to this area. 

5. The Sth Yao encompasses the tip of the nose 
to the eyebrow. Sinus problems and head- 
aches, as well as ear, nose, and eye diseases 
are manifest in this area. 

6. The 6th or top Yao encompasses the eyebrows 
to the top of the head. Several types of head- 
aches, brain tumors, and upper cranial dys- 
functions are ascribed to this area. 

‘The Lower Hexagram Construction 

The Lower Hexagrams range from the bot- 
tom of the patient's feet to the base of the patient’s 
throat. These six Yaos are organized as follows 

1. The Ist or bottom Yao encompasses the bot- 
tom of each foot to the ankle. Foot, toe and 
ankle dysfunctions are ascribed to this area 

2. The 2nd Yao encompasses the ankles to the 

knees. Shinsplints and calf and ankle dysfunc- 

tions are ascribed to this area. 

‘The 3rd Yao encompasses the knees to the pu- 

bic symphysis. Thigh, knee, and quadriceps 

dysfunctions are ascribed to this area. 

4. The 4th Yao encompasses the pubic symphy- 
sis to the navel. Reproductive, digestive, and 
urinary tract diseases are ascribed to this area. 

5, The 5th Yao encompasses the navel to the xi- 
phoid process. Digestion, elimination, and the 
transportation of nutrients, as well as diseases 
of the Kidneys, adrenal glands, Liver, Spleen 
and pancreas are ascribed to this area. 

6. The 6th or top Yao encompasses the xiphoid 
process to the supraclavicular notches at the 
base of the throat. Respiratory and circulatory 
diseases are ascribed to this area. 


3. 


‘The diagram at left depicts the correspondence of the 
yyaos of the body to the yaos of the hands and feet. 


6 The second joint of the toes or fingers pertains to 
the top Yao and the energy of Heaven 


5 The first joint of the toes or fingers pertains to the 
Sth Yao and the energy of Heaven, 


4 The area below the first joint of the toes or fingers. 
pertains to the 4th Yao and the energy of Man. 


3 The ball of the foot or upper palm pertains to the 
3rd Yao and the energy of Man. 


2 The instep on the midpaim with the thumb pertains 
to the 2nd Yao and the energy of Earth. 


1 The heel or lower palm pertains to the bottom Yao 
and the energy of Earth, 


Figure 3.17. The Therapeutic Use of the Yaos and the Upper and Lower Hexagrams 


THERAPEUTIC USE OF THE YAos 

The entire body can be treated by focusing on 
one small area. When Excess, Deficient, or stag- 
nant Qi occurs in one part of the body, the imbal- 
ance of Internal and External Qi is detectable in 
that area or its corresponding region on one of 
the body’s extremities. This ancient Chinese mo- 
dality of treatment is popularly called reflexology 
in the West. 

The Yao images can be superimposed onto the 
patient's body, and the patient diagnosed accord- 
ing to the energetic symptoms expressed through 
either the patient's extremities (the hands, fore- 
arms and arms; or the feet, shins, and thighs), or 
the six divisions located on the patient's torso and 
head. A Yao hexagram can additionally be visual- 
ized on specific locations of the patient’s body 
such as the face, nose, ears, hand or foot for diag- 
nosis. The base of the palm’s heel, for example, 
corresponds to the lower abdominal area and re- 
productive organs, which relate to the Ist, or 
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lower, Yao in the hexagram of the hands. These 
six Yao areas of the hand provide a basis for diag- 
nosis, for treatment of certain diseases, and even 
for perception and prediction of certain future 
diseases (Figure 3.17). 

Asan example of how the Qigong doctor can 
use the six Yaos of the body for emitting Qi 
therapy, consider the following situation: An eld- 
erly patient with a problem in his prostate area 
visits the Qigong doctor. The prostate is located 
in the lower abdominal area, which is located in 
the 1st Yao of the upper hexagram. Since the six 
‘Yao positions can be transferred to the hands, feet, 
tc, the doctor knows that this particular Yao is 
congruent to the Ist Yao of the foot. Therefore, as 
an energetic entry point into the patient's pros- 
tate area, the doctor may focus his or her atten- 
tion on a specific area on the foot. 

Dividing the foot into six Yaos, the doctor 
knows that the 1st Yao of the foot is the heel area, 
In order to treat the prostate gland, the doctor will 


radiation > heat > pte thermistor 


Figure 24-9 This TDK 859060A0060A010 heating ele- 
‘ment is a PTC thermistor whose resistance rises rapidly 
around 80 degrees Celsius. Rated for 12VDC, itis 
Intencted for automotive applications. The background 
grid isn muilimeters. 


What Can Go Wrong 


What Can Go Wrong 


Self-Heating 
Self-heating may affect the accuracy of a tem- 
perature sensor. To get accurate readings, keep 
‘the current small. When the resistance of a ther- 
mistor is at the high end of its range, brief pul- 
ses of current can be used, 


Heating Other Components 
In cases where the self-heating of thermistors 
serves a useful purpose, as in surge protectors 
and when used for delays, the heat can damage 
nearby components or materials. 


Chapter 24:PTC thermistor 163 
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6 The fruit or flower of the herb pertains to the top 
‘Yao and the energy of Heaven. 


5 Theleaf of the herb pertains to the Sth Yao and the 
energy of Heaven, 


4 The branch of the herb pertains to the 4th Yao and 
the energy of Man. 


3 The upper stem of the herb pertains to the 3rd Yao 
and the energy of Man. 


2 The stalk of the herb pertains to the 2nd Yao and 
the energy of Earth. 


1 The root of the herb pertains to the bottom Yao 
and the energy of Earth, 


Figure 3.18. The Yao Image Applied to Plants 


focus his or her treatment on the patient's heel 
and ankle area. Alternatively, the doctor could also 
have chosen the Ist Yao area of the hand, which is 
considered the 1st Yao position of the arm. The 
Ist Yao of the hand corresponds to the prostate 
and urogenital area 
HERDS AND THE Yaos 
Affirming the ancient Chinese belief that the 

energy of Heaven, Earth, and Man combine as 
“one,” and exist in the same world of energetic 
dynamics, herbs are also structured and pre- 
scribed in accordance with the six Yao hexagram 
concept. With plants, the following correspon- 
dences apply (Figure 3.18): 

1, The roots correspond to the bottom or 1st Yao. 

2. The stalk corresponds to the 2nd Yao. 
. The upper stem corresponds to the 3rd Yao. 

The branches correspond to the 4th Yao. 
;. The leaves correspond to the 5th Yao. 
. The flowers and fruit of the plant correspond 

to the top or 6th Yao. 

When plants are utilized as a medicine, the 
part of the plant corresponding to the number and 


position of the Yao may manifest its energetic 
properties, affecting the ascending, descending, 
floating, or sinking action of the patient's Qi. The 
achyranthes root (Niu Xi), for example, corre- 
sponds to the bottom Yao, and leads healing Qi 
downward, to heal the patient's knees and joints; 
whereas the chrysanthemum flower (Ju Hua) cor- 
responds to the top Yao, and leads healing Qi up 
into the patient's head and eyes. 


IDENTIFYING INTROVERTED AND 
EXTROVERTED STRUCTURES 

Qi flows through the matrix of the connec- 
tive tissue and adapts to the postural and struc- 
tural demands of the body by changing the den- 
sity and direction of the body’s connective tissues 
and inner fasciae. A postural habit will create an 
imprint or tissue memory in the supporting con- 
nective tissue, as well as an energetic memory in 
the supporting field of Qi. These imprints result 
in introverted as well as extroverted postural 
structures. 

Each introverted (Yin) and extroverted (Yang) 
postural structure has a predictable impact on the 
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Figure 3.20. The Extroverted Structure 


‘myofascial webbing, as well as a natural emotional 
response. Emotions respond to changes in breath- 
ing patterns and vice versa. Both the prevalent 
breathing pattern and the patient’s general mood 
affect the body’s posture and eventually the 
body's structure. All chronicstress creates postural 
imprinting or tissue memory, and a correspond- 
ing energetic memory in the supporting field of 
a. 

INTROVERTED STRUCTURE 

‘When observing the introverted type of struc- 
ture, the doctor will notice that the back (Yang) 
area of the patient is expanded, and the muscle 
structure is usually well-developed. The front of 
the body (Yin), especially around the chest and 
Heart area, is retracted, resulting ina narrow chest. 
The patient's head is generally held off-center, 
shoulders are sunken and forward, and the pel- 
vis is tilted back, with the genitals retracted (an- 
terior tilt). This condition is commonly referred 
toas “extended Yang” and “retracted Yin” of the 
‘upper torso (Figure 3.19). 

EXTROVERTED STRUCTURE 

‘When observing the extroverted type of struc- 
ture, the doctor will notice that the back (Yang) 
area of the patient is retracted, while the front of 
the body (Yin) is expanded and overly exposed. 
The head is usually held vertically, the shoulders 
are extended back (military posture), the chest 
wide, and the pelvis is tilted forward, with geni 
tals extended (posterior tilt). This condition is 
commonly referred toas “extended Yin” and “re- 
tracted Yang” of the upper back (Figure 3.20). 
COMBINED STRUCTURAL FORMATIONS 

‘Aswith the Five Elemental Constitutions, the 
introverted and extroverted structures are guide- 
lines for the Qigong doctor to evaluate the patient. 
These guidelines are not fixed, as the doctor is 
‘most likely to encounter combinations of both in- 
troverted and extroverted structures within one 
person. 

When two structures combine in an individual, 
the combination may be due to a congenital or ac- 
quired formation. The Qigong doctor must evalu- 
ate and assess the patient, differentiating between 
hisorher congenital and acquired tissue formations. 
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CONGENITAL AND AcquiRED 
CELLULAR PATTERNS 

‘The Qigong doctor evaluates the physical con- 
dition according to the congenital or acquired pat- 
terns manifested within the patient's tissues, The 
doctor may ask questions to determine if the con- 
dition was acquired through exposure to environ- 
mental pathogens, diet, trauma, occupation, or in- 
herited. This information aids the Qigong doctor 
in understanding and assisting the patient in re- 
programming any congenital or acquired cellular 
patterns, as well as internal disease functions. 

1. Congenital Cellular Patterns and disease pre- 
dispositions are locked within the patient's 
congenital Jing and can be released like a bio- 
logical time bomb. This is a similar concept 
to the Western medical concept of genetic con- 
genital disease. The goal of the Qigong doc- 
tor is to alter (if possible) the Toxic Qi pat- 
terns and help the patient's body recognize 
that the formation of the disease is a mistake. 
In order to reprogram these patterns, the 
Qigong doctor often assists the patient in us- 
ing guided meditations that employ vivid 
imagination, colorful visualizations, and posi- 
tive affirmations. These images are used to en- 
capsulate the disease and return it to the di- 
vine light. While in the presence of the divine 
light, the Toxic Qi (Xie Qi) will be energeti- 
cally transformed and recycled back to the 
patient as healing energy. Patients with a di- 
rect family history of cancer, for example, can 
benefit from this type of medical Qigong im- 
a 

2. Acquired Cellular Patterns and disease func- 
tions arise from either external exposure to 
pathogens, or the suppression of extreme 
emotions. The goal of the Qigong doctor is to 
first assist the patient in discovering the ori- 
gin of the disease. The next step is to teach 
the patient to alter the toxic patterns and help 
the patient's body recognize that the devel- 
opment of the disease is a mistake. In order 
to reprogram these patterns, the Qigong doc- 


tor will assist the patient in learning medita- 
tions that employ healing mental imagery, 
colorful visualizations, and positive affirma- 
tion. The patient must encapsulate the disease 
and retum it to the divine light, to be ener- 
getically transformed and recycled. A patient 
who has been experiencing severe headaches, 
for example, could benefit from this kind of 
treatment given that most headaches are stress 
related. 


‘Summary 

Through the observation of the patient's 
physical and structural development, a clear un- 
derstanding can be obtained as to the strength and 
weakness of the patient's internal organs and im- 
mune system. 

The four patterns of physical development 
and structural formation (The Five Elemental 
Constitutions, The Yao Hexagram Formations, 
‘The Yin or Yang Structures, and The Congenital 
and Acquired Cellular Patterns) are determined 
as follows. 

1. The doctor first begins to diagnose the 
patient's physical body according to the Five 
Elemental Constitutions and the dominant 
element. This helps the doctor to understand 
the dominant condition of the patient's inter- 
nal organs. 

2. The doctor further divides the patient's body 
into six upper and lower Yaos, to determine 
the dominant energetic and emotional pat- 
terns (where the patient's Qi is gathering, col- 
lecting, and stagnating). 

3. Next, the doctor evaluates the patient's exter- 
nal structure according to his or her body's 
Yin and Yang characteristics, to understand 
whether the patient has a dominant intro- 
verted or extroverted physique. 

4. Finally, the Qigong doctor determines 
whether the patient's condition is congenital, 
acquired, or a combination of both. This in- 
formation helps the doctor to understand the 
innate cellular patterns that dominate the 
patient's physique. 
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CHAPTER 4 


THE FIVE ENERGIES OF THE HUMAN BODY 


‘The study of various forms of energy and their 
transformations from one form to another have 
led to one of the greatest generalizations in phys- 
ics ~ the Law of Conservation of Energy, which 
states, “Energy cannot be created or destroyed. It 
may be transformed from one form into another, 
but the total amount of energy never changes.” 

Physics defines four types of energy: mechani- 
cal, electromagnetic, chemical, and thermal. All 
four types of energy are related to and convert 
from one another. Electricity, for example, can be 
converted into sound, light, mechanical energy 
and into heat. Sound, light, mechanical energy and 
heat can all be reconverted into electricity. 

Western Science is still for the most part, 
founded on the principles of Newtonion Physics, 
that views energy as an impersonal and inanimate 
force. The Traditional Chinese view of energy is 
much more akin to the theories of Quantum Phys- 
ics. Both Chinese energetic theories and Quantum 
Physics hypothesize that energy cannot be stud- 
ied without taking into account the mind's influ- 
ence over it. Furthermore, energetic behavior can- 
not be studied independently of matter. 

From a medical Qigong perspective, the en- 
tire human body is suffused with energy, which 
converts within the human organism. Light en- 
ergy, for example, is absorbed, stored and convert- 
ed into the various energies of the body, the same 
way that plants convert absorbed and stored light 
into chemical energy. 

The human body possesses five energies 
which resonate within the very core of one’s be- 
ing. Sound, light, magnetic fields, heat, and elec- 
tricity envelop and permeate our very existence; 
these energies sustain, govern, control, and de- 
termine our psychology as well as our physiol- 
ogy. In Medical Qigong therapy, these energies are 
considered the spiritual reality that governs the 


physical reality. These energies are observed in 
both diagnosis and treatment of illness. Research 
in China confirms the fact that the body emits 
sound, light, magnetic energy, electricity, and heat. 


SOUND ENERGY RESONANCES 

When the body experiences any type of 
sound, the cell tissues respond to the tone fre- 
quency and have either a negative or positive au- 
tomatic response. The human body both receives 
and generates sound energy. These subtle sounds 
resonate from three distinct physical energetic 
actions. The following subtle sounds are natural 
tones that resonate as a result of three physical 
actions. 

1. Breathing creates respiratory sound reso- 
nances that follow the breath in and out of the 
lungs mouth, and nose, 

2. Muscle movements create somatic and vis- 
ceral sound resonances that include the clicking 
sound of the joints, beating of the Heart, gurgling 
of the Stomach and intestines, etc. 

3. Qi activities can produce energetic sound 
resonances (i, when Liver Yang, Liver Fire, or 
Liver Wind rise, a high-pitched tone is heard in 
the ears. When the Kidney Yin is Deficient, this 
sound is like rushing wind, etc.). 

SOUND THERAPY THROUGH EMITTED QI 

As sound waves vibrate through the body, 
crystalline structures within the tissues transform 
the vibration into pulsed currents. These currents 
are then conducted to the various corresponding 
ongans and glands, depending on the frequency 
and amplitude of the incoming wave signal. This 
tissue transformation (due to wave vibrations) au- 
tomatically changes the function and flow of en- 
ergy in the body. Thus sound vibrations have a 
profound effect on both human psychology and 
physiology. Sound or tone resonances, have been 


seerion 


used for centuries as an effective healing tool and 
are currently used as an adjunct to modem Qigong 
Medicine. 

For centuries in China, patients have used 
healing sound therapy to resonate certain parts 
of the body, stimulating the flow of Blood and Qi 
to and from specific internal organs to cure dis- 
ease. These healing sounds specifically relate to 
the Five Agents and the Five Elemental aspects of 
the patient's internal organs (see Chapter 2). Ac- 
cording to the Five Elements’ Cycle, each of the 
Five Elements has a note: 

* Gong - C= Earth 
© Shang - D = Metal 
* Jue - E= Wood 


The Qigong doctor can project resonant sound 
vibrations by first focusing on all three Dantians 
at the center of the Taiji Pole. This focused con- 
centration is used first to vibrate the doctor's spe- 
cific internal organs and then to treat the patient. 
‘The Qigong doctor can use vibrating sound 
therapy by: 

1. Audibly speaking the healing sounds to fill 
the Qigong doctor’s energetic field with heal- 
ing sound vibration. This energetic field of 
sound is then projected onto his or her pa- 
tient. Audible sound resonation is considered 
a Jing to Qi level energy projection, and is 
generally used when the patient is armored 
and not energy sensitive. 

2. Inaudibly speaking the healing sounds and 
projecting these mental vibrations into the 
patient. In this case, the Qigong doctor will 
begin by internally focusing his or her mind 
on the healing sound. As this internal sound 
fills the Qigong doctor's energetic field, it is 
then emitted into the patient's body. To in- 
crease the intensity of energy sound projec- 
tion, the doctor needs only to increase the 
mind’s intention and the pressure of his or 
her exhalation. Inaudible sound resonation is 
considered a Qi to Shen level energy projec- 
tion, and is generally used when the patient 
is energy sensitive, 


3. Both the doctor and patient simultaneously 
resonate the sound to enhance the synchroni- 
zation of both their energy fields. As the 
Qigong doctor resonates his or her own in- 
ternal organs, both the doctor and patient can 
modulate the sound and energy patterns as 
needed. 
THREE MODALITIES OF SOUND THERAPY 

The resonant sounds produced by Qigong 
doctors are effective because the patients’ ener- 
getic matrix is sensitive to the sound resonances. 
The modulated, yet unpredictable, nature of 
sound pulsation affects the vibrational structures 
which shape and maintain the patient's physical 
structure. Once the patient's vibrational structures 
have been disturbed, their body must immediately 
begin its reconstructive process, thereby creating 
new energetic pattems to restructure and heal the 
tissues. 

There are three modalities used for sound 
therapy: 

1. Characteristic Sound Therapy refers to the 
sound from musical instruments (flute, gui- 
tar, piano, drum, etc.) and their effect on the 
subconscious mind. This type of musical en- 
ergy creates an emotional, physical, and spiri- 
tual release of energy within the listener. 

2. Extraordinary Sound Therapy refers to the vo- 
cal resonances used in silent chanting, prayer 
and singing. Such techniques include the 
Daoist six-word healing sound method, 
Zhuang Zi’s breath listening method, Lao Zi's 
sound-voice method, ete. This type of therapy 
uses the patients’ energy to produce the sound 
and inner vision to direct the vibration within 
the body. It is also practised in conjunction 
with breathing techniques that are guided by 
the Yuan Shen (the intuitive consciousness of 
the spirit). All of these techniques are com- 
bined to achieve physiological and psycho- 
logical healing. 

3. Infrasonic Sound Therapy refers to the 
low frequency sound waves emitted from the 
hands of Qigong doctors. These chaotic, low 
frequency sound waves, inaudible to the hu- 
man ears, are naturally produced by the hands 


of experienced Qigong doctors when emitting 
Qi. This infrasonic sound resonance affects the 
central nervous system, changing the body's 
neurophysiological functions. Extensive re- 
search performed by Richard H. Lee of China 
Healthways Institute in Los Angeles, Califor- 
nia, as well as research performed by the 
Beijing College of Traditional Chinese Medi- 
cine, and the Department of Natural Science 
in Beijing China, confirms that all humans 
have a very high degree of acoustic activity 
in the subsonic range below 20 Hertz. (infra- 
sonic). This subsonic activity is similar to the 
alpha rhythm of an EEG (see Appendix #2). 
Qigong doctors may combine the character- 
istic, extraordinary, and infrasonic sound thera- 
pies into one treatment modality to facilitate a 
deeper and more thorough transformation within 
their patients. The choice of sound prescriptions 
vary according to each patient's cultural upbring- 
ing, religious beliefs, emotional temperament, and 
comprehension of energetic healing modalities. 
Sound therapy can be prescribed to relieve a 
patient's feelings of uneasiness or extreme depres- 
sion. Music, for example, has always been ac- 
knowledged as a powerful medium for emotional 
enhancement. Sounds and tones stimulate the ce- 
rebral centers creating a wide range of results from 
enhancement of memory retention, to facilitating 
certain emotions, and creative inspirations. 
‘Music therapy specifically created for the har- 
monizing the Five Elements within the Yin and 
Yang ongansis also used in conjunction with Feng 
Shui training to regulate any imbalances of the 
body and mind stemming from the changes of 
seasons. During autumn, for example, when dry- 
ness is prevalent and there is a transition from 
warm to cool, music can help to stabilize the 
body's response to these external conditions. 
WESTERN SOUND THERAPY 
Sound therapy is actively being used in West- 
em medicine. The following are examples of cur- 
rent clinical modalities: 
+ music therapy for postoperative healing, 
* ultrasound therapy for sore muscles and back 
injuries, and 


* shock-wave lithotripsy therapy for kidney 
stones and calcified gallstones. 


LicHT ENERGY 

All matter produces, radiates, transports, or 
transmits light, and therefore has properties of 
color vibration. Matter and light are fundamen- 
tally inseparable. Matter can be considered a con- 
densation of photons. Its transformation can be 
viewed as a result of light interacting with atoms 
and molecules. All life on Earth, whether plant, 
animal, or human, is dependent upon light and 
its miraculous qualities for existence. 

All living cells emit units of light called 
“biophotons.” Biophoton emissions radiate from 
the internal organs, as well as the body's surface 
tissues, to create the body’s auric field. 

This interaction of light on the body’ tissues 
and within the body’s internal organs has a pro- 
found healing effect, especially when activated by 
the Qi emission from a Qigong doctor. When 
muscles or nerves are activated through medical 
Qigong therapy and /or exercises, the intensity of 
the biophoton emission increases. Studies per- 
formed on the healing potential of light and color 
therapies demonstrate that itis clinically effective. 
Like sound resonances, light therapy is also be- 
ing researched further as an adjunct to modern 
clinical medicine. 

The body both absorbs and projects light en- 
ergy. The divine light that enters at the time of 
conception continues to reside in our Taiji Pole 
throughout our lives. This light responds and re- 
acts to the doctor’s emitted therapeutic light en- 
ergy. Emitted light and color resonance are ab- 
sorbed into the patient's body, causing the ener- 
gies of Heaven and Earth to fuse inside the tis- 
sues; this facilitates the healing process. 

In Traditional Chinese Medicine, the early dia- 
grams illustrating the body’s internal organs, 
channels, routes of Body Fluids, and arteries were 
called Charts of the Hall of Light. These detailed 
maps of Qi and Blood flow illustrated the ener- 
getic organs, as well as the body’s Jing and Shen 
(which are rooted in the Blood). The Shen flows 
inside of the body, transforming into light and 
radiating from inside of the tissues outward. The 
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Figure 4.1. Light resonates within the body's Taiji Pole. 
From the body's Yang Governing Vessel flows a sea of 
electropositive energy. From the body's Yin Conception 
‘Vessel flows a sea of electronegative energy. 


light radiating from the physical body spontane- 
ously interacts with the mental, emotional, and 
spiritual light energy released from other beings. 

Light energy can also be accumulated in the 
storage chambers of the Three Dantians. The Uj 
per Dantian, is called the “peak of Yang energy,” 
and is considered electropositive; it is the door- 
way to the chamber of Heavenly or divine light. 
‘The Lower Dantian, is called the “peak of Yin en- 
ergy,” and is considered electronegative, and the 
direct root to the Earth. 

In time, with Qigong training, the postnatal 
Heat circulating up the Governing (Yang) and 
down the Conception (Yin) Vessels can awaken 
the Prenatal Qi stored in the brain, causing it to 
unite with the body’s nervous system. This is con- 
sidered a full integration of Yin and Yang energy 
and manifests as a shimmering white light glow- 
ing in the center of the Upper Dantian. 

White light is stored in and released from the 
Upper Dantian, where the spiritual energy is 
stored. Once white light energy manifests, it 
should be drawn down the Taiji Pole into the cen- 
ter of the Lower Dantian. By using inner vision to 
focus the eyes on the center core of the body, the 
Qigong doctor can concentrate on the white light 


energy vibration and fuse this energy into one 
column of light, stemming from the Upper to the 
Lower Dantian. When the Microcosmic Orbit is 
completed (ie., when the Governing and Concep- 
tion Vessels are energetically fused), the first cen- 
ter column of light can be accessed via the body's 
five Center Thrusting Channels into the Taiji pole. 
This column of light runs through the center of 
the body, connecting all Three Dantians together 
(Figure 4.1). Accumulated Qiis stored asa golden 
glowing ball in the Lower Dantian. 

COLOR VIBRATIONAL PROJECTIONS 

Qigong doctors project light of different col- 
ors by first drawing the divine light energy into 
their Taiji Pole, then focusing on the light energy 
and releasing it either through the arms and out 
the hands into the patients, or through a visual- 
ization of divine light traveling from the Yin Tang 
(Third Eye) area into the patients. 

‘When Qigong doctors connect with the divine 
healing white light energy, they absorb massive 
quantities of this energy into their Taiji Pole. This 
white light energy prisms into six color projections 
of lightand energy vibration. As the white lighten- 
ergy transforms into multicolored beams of light, 
the colors can be either absorbed to strengthen the 
internal organs, or projected out for Qi emission. 

The Qigong doctors use inner vision tech- 
niques to connect with the correct color for en- 
ergy projection. One such technique used by doc- 
tors allows the color to naturally develop by men- 
tally focusing both eyes to the back of the head. 
‘The color that is observed in the back of the mind 
is projected into their patients’ body. This visual- 
ization technique is only performed after connect- 
ing with the patients’ energetic field. 

Ligh? THERAPY THROUGH EMITTED QI 

The human body produces light which is vis- 
ible to both clairvoyants and Qigong doctors (Fig- 
ure 4.2). In China, doctors of TCM have discov- 
ered that light therapy is effective in treating cer- 
tain diseases because of the light field’s ability to 
penetrate the tissues, and interact with the 
patients’ energetic fields 

Extending the image of the color is an impor- 
tant part of the Qigong doctor's ability to treat 
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Figure 4.2. Light Spectrum Chart 
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and heal patients. To treat patients with emitted 
light therapy, the Qigong doctor first focuses his 
or her intention on visualizing a certain color and 
cultivating the energetic vibrations of this color. 
By visualizing a certain color, the Qigong doctor 
isactivating the light energy within his or her own. 
body. The doctor then focuses on projecting the 
healthy color light energy into the organs, chan- 
nels, and organ systems of his or her patients. 

Energy color therapy is divided into eight 
healing colors, ranging from low frequency (red) 
to high frequency (violet) and white. These ener- 
getic projections are associated with the color 
ranges emanating from the body’s Taiji Pole, and 
range from a dark to a lighter color band. 

When projecting color vibrations, it is impor- 
tant to note that there are four levels, or intensi- 
ties, of color gradations within each color (Figure 
43). In the soft color range, there are two levels: a 
light and a medium-light color used for gentler, 
less potent projections (usually for healing and 
cleansing wounds). Medium-light color projec- 
tions are especially effective for treating young 
children and the elderly. In the intense range, there 
are two levels of intensities: a bright and a very 
bright color range, both of which are used for full- 
force projection (for destroying cells and patho- 
genic factors or stabilizing a Deficient organ or 
organ area). The bright color is used to begin with, 
later on the very bright color can be used as the 


patient's strength increases. 
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Figure 4.3. The Four Levels of Color Light Projection 


Research has demonstrated that the use of 
color in Qigong treatments can effectively change 
a patient's pulse beat, body rhythms and depth 
of breathing. Advanced Qigong doctors modulate 
and switch energetic color projections during 
treatment. To avoid overstimulating the patient's 
tissues, the doctor starts with a lighter shade of 
color projection then increase the color’s intensity 
‘until the proper color is obtained. 

Medical Qigong uses the following eight col- 
ors for color projection: red, orange, yellow, blue, 
indigo, violet and white. Based ona modem study 
of the prismatic division of light energy, color pro- 
jection is categorized as follows. 

1, The ruby red color simultaneously heats and 
activates the body. Red improves blood cir- 
culation and stimulates the Small Intestine, 
Heart, Triple Burners, Pericardium, and Fire 
Qiof the body. The color red can be used to 
repair tissues or increase cellular growth, as 
well as to vitalize tissues, Blood, and the skel- 
etal system. It is used for treating paralysis, 
broken bones, and internal and external 
wounds. 

2. The color orange expels pathogenic factors 
and disintegrates Blood clots. It is also used 
in treating cysts. Orange can also be used to 
stimulate the Spleen and Stomach. 
(Contraindications: The doctor must avoid 
projecting orange color Qi into the brain, eyes, 
or Heart of the patient. The color orange is 
extremely potent and may cause damage.) 

3, The lemon yellow color stimulates the nerves, 
reconstructs cells, and heals wounds. Yellow 
or orange yellow can stimulate the Stomach, 
Spleen, pancreas, digestive system, nervous 
system, and the Earth Qi of the body. Yellow 
is also used in the treatment of skin rashes 
and topical problems. 

4. The emerald green color detoxifies and 
disperses pathogenic Qi. Green can stimulate 
the Liver, Gall Bladder, and the Wood Qi of 
the body. Green is used in combination with 
other colors; for example, shades of green are 
combined with shades of orange for treating 
tumors. Green color vibration is not as pow 
erful as orange and may be used on elderly 


patients to establish a more gentle healing ses- 
sion. 
5. The flame blue color cools the body and is 
beneficial in soothing and calming a patient's 
anxiety. Blue can be used to stimulate the 
Bladder, Kidneys, the reproductive system, 
skeletal system, and the Water Qi of the body. 
The color blue is also excellent for relieving 
inflammation and fever and can be used as a 
mild anesthetic. 
6. The indigo or dark blue color has a deep pen- 
etrating property and is used for knitting 
bones and creating “energetic casts” (used for 
enveloping wounds and specific internal or- 
gans). The color indigo can also be used to 
stimulate the Bladder, Kidneys, skeletal sys- 
tem, reproductive system, and the Water Qi 
of the body. 
7. The reddish-blue color of violet is known for 
its purifying force, which facilitates the rapid 
healing of difficult infections, e.g., pneumo- 
nia. 
8. White energy extension indicates a fusion of 
all colors. White energy is the most neutral 
and can be used when one is not sure which 
other color is appropriate. White is useful for 
calming the mind and placing a protective 
field around an organ or around the body. 
White stimulates the Large Intestine, Lungs, 
the respiratory system, and the Metal Qi of 
the body. 
USING HEALING CoLoR IMAGERY 

Specific color meditations can be prescribed 
to assist patients in their healing. The patients are 
encouraged to visualize specific organ colors 
while the Qigong doctor projects that same color 
into their body and energetic fields (Wood-Liver- 
Green, Fire-Heart-Red, Earth-Spleen-Yellow, 
Metal-Lungs-White, and Water-Dark Blue/In- 
digo-Kidneys). This treatment technique is suc- 
cessful for tonifying, regulating, or purging all the 
body's major organs and is often combined with 
healing sounds. 

When using healing color imagery, the pa- 
tients are encouraged to first visualize the diseased 
organ as being dull, dark, and impure in color. In 
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cases of Liver Heat, patients might imagine a dull, 
turbid brownish-green, tinged with red. For a 
Heart imbalance, the red color may be first imag- 
ined as a dull, weak or darkish red, tinged with 
brownish-red or purplish-red (like the color of 
stagnant Blood). Patients begin the meditation by 
concentrating on exhaling the toxic, pathological 
colors. As the patients inhale, they imagine pure, 
vibrant ruby-red color flowing into their body 
from the Heavens or Earth, energizing, cleansing, 
and replacing the toxic energetic color of the dis- 
eased Heart. 

‘Note: The image of the vibrant ruby-red color 
is prohibited in cases of Excess Heart Fire. 
EXPOSURE To EXTERNAL COLOR FIELDS 

In this type of color therapy, patients are re- 
quired to sit and meditate in rooms painted in the 
specific color relating to their condition. A healthy 
color is chosen in accordance with either the Five 
Elements’ Creative Cycle or a Controlling Cycle, 
depending upon the nature of the patient's dis- 
ease and which particular Yin organ (or organs) 
are involved. One example is using the Five Ele- 
ments’ Creative Cycle to tonify a patient's Defi- 
cient organ. The theory of the creative cycle is to 
stimulate and energize the “mother” in order to 
strengthen its proceeding “child” organ. For a 
Liver imbalance, for example, the patient can be 
placed in a blue room for tonifying the Kidneys 
(the Liver’s “mother” organ). The Kidney color 
indigo (the mother) is used to nourish the Liver 
organ (the child). For a Liver Excess, the Qigong 
doctor would use the Five Elements’ Controlling 
Cycle and place the patient in a white room, al- 
lowing the Lungs (the grandmother) white Metal 
color to control the Liver Wood (the child) organ. 

Also specific colors can be worn by the pa- 
tient, or the patient can surround him or herself 
with certain natural colors to initiate healing (e.g,, 
emerald green for Liver conditions). 


Foop AND CoLor 

Another treatment method requires the pre- 
sentation of food (diet) as a form of color and light 
therapy. In this treatment the doctor makes sure 
that the Five Elemental colors are present within 
the patient's food. Each color will start a resonance 
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within the patient's organs (ie., Green-Liver, Red- 
Heart, Yellow-Spleen, White-Lungs, and Dark 
Blue/Indigo-Kidneys). 

When eating the food the patient focuses his 
or her intention on ingesting the color, light, and 
energy of the food being eaten. 

UsING DISTANCE AND RANGE 

When using color projection, an important 
factor is the doctor's ability to maintain focused 
intention. If the doctor becomes distracted or 
looses visual concentration, the color resonance 
being emitted becomes degraded, and the pro- 
jected color transforms back into non-differenti- 
ated white-light energy. Since it is the vibratory 
rate of the specific color that promotes healing, a 
strong connection between the doctor and patient 
is vital in distance color therapy projection. 
WESTERN LIGHT THERAPY 

Light therapy is currently being used in West- 
em medicine through the following modalities: 

* Laser-light therapy surgery, 

+ Full-spectrum light therapy for SAD (seasonal 
affective disorder), 

* Color-light therapy for eye problems and vari- 
ous other illnesses, and 


Figure 4.4. The Earth is enveloped with electromagnetic 
currents, affecting both weather and vegetation. 
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‘© UV-light therapy for “blue babies” with hy- 
perbilirubinemia. 


MAGNETIC ENERGY 

Magnetism can influence energetic flows of 
energy current within the body. It is difficult to 
separate the energetic properties of magnetism 
(Yin) and electricity (Yang), as they are almost two 
aspects of the same energetic field. The movement 
of electrical currents generate magnetic fields. By 
establishing different magnetic polarities, the 
Qigong doctor can influence the electrical flow in 
the body. 

The body's cells carry electromagnetic fields 
that both attract and repel each other, resulting in 
‘a magnetic pull between the body's tissues, or- 
gans, and extremities, as well as the body's elec- 
tromagnetic interaction with the Earth. Clinical 
research in China demonstrates that the iron in 
the hemoglobin of the Blood is attracted to the 
magnetic pull of the body’s tissues, as well as the 
magnetic pull of the Earth. 

‘The Earth, like the body, has both a Yin (mag- 
netic) field and a Yang (electrical) charge. These 
energetic fields are interdependent. The magnetic 


Figure 4.5. The body is enveloped with electromagnetic 
currents, affecting both internal and external organ 
functions. 


field is caused by the movement of charged par- 
ticles and spans the circumference of the Earth 
creating a strong electrical field Figure 4.4). 

Some modern researchers believe that the 
physical body’s channel system (see Chapter 6) 
charges its field of magnetic flux through move- 
ment. It is further believed that the channel sys- 
tem creates an electrical field that attracts electrons 
into the body’s Taiji Pole. 

Richard Lee of the China Healthways Insti- 
tute found that the Yin magnetic substances stored 
within the body's water molecules align with the 
electrically conducting structure of the body's 
channels (see Appendix 2). When the body's mag- 
netic energy field is low, these channels become 
weakened and the conductivity is lowered. This 
magnetic energy can be replenished either from 
ingesting and transforming food, air and water, 
or gathered directly from the Earth's magnetic 
field. 

The body's magnetic field conforms to the 
Earth's magnetic field through the energetic ex- 
change within the body's electromagnetic fields 
(Figure 4.5). The body maintains this electromag- 
netic connection through the energetic resonance 
ofthe Taiji Pole. Within the structure of the body’s 
Taiji Pole are located two major conductive poles 
of energy. These two conductive poles are located 
at the opposite ends of the Taiji Pole, positioned 
at the top of the head and the base of the perineum. 
‘The purpose of these energetic poles is to absorb 
Qi from universal and environmental fields, con- 
necting and integrating the energy into the body's 
Three Dantians (see Chapter 5) 

The electromagnetic lines in the body's force 
field begin from the at top of the head (tradition- 
ally considered the south pole) where the Heaven 
Qi flows into the body, and end at the at the base 
of the perineum (traditionally considered the 
north pole) where the Earth Qi flows into the body 
(Figure 4.6). Each of these two magnetic poles (the 
Lower and Upper Dantian) have a different en- 
ergy influx. The energy originates and converts 
in the Lower Dantian and eventually flows to the 
Upper Dantian. The bottom pole, located in the 
Lower Dantian, converts Jing (Essence) into Qi 
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Figure 4.7. Flux ines around current-carrying conductor 


(Energy) and increases the body's overall life-force 
energy. The upper pole, located in the Upper Dan- 
tian, converts Shen (Spirit) into perceptual insight 
and spiritual light. 

There are several ways in which the Qigong 
doctor can manipulate the electromagnetic field 
which surrounds the body. The doctor can directly 
absorb Heaven and Earth energy from the bot- 
tom of his orher feet, top of the head, and through 
both palms (called Absorbing Qi from the Five 
Gates). The doctor can also, through creative vi- 
sualization, gather and loop the different types of 
environmental energy around his or her body, 
increasing the thickness and power of the electro- 


magnetic field (the energetic boundary that sur- 
rounds the doctor’s body). This looping action is 
similar to wrapping a magnet with wire to in- 
crease its magnetic field potential (Figure 4.7). 
Stronger lines of magnetic force will be produced 
around the body, thus creating a stronger “energy 
bubble” (Figure 4.8). 

The direction of electromagnetic wrapping 
should be done in accordance with the natural 
flow of the surrounding environmental fields. 
Each individual should remain sensitive as to 
which technique works better for them, as there 
are individual variations used in accordance to 
the doctor’ intention and belief. 


MAGNETIC THERAPY THROUGH EMITTED QI 

Qigong doctors are trained to manipulate 
their patient's electromagnetic field by extending 
emitted energy into the patient’s tissues. This 
stimulation of the body’s magnetic field is ex- 
tremely effective for regulating the flow of chan- 
nel energy, as well as stimulating the activity of 
the nervous system. 

Magnetic therapy is also used as a compan- 
ion to acupuncture therapy. Acupuncturists use 
magnetic patches, placing them on various chan- 


Figure 4.8. Qigong doctors can create a strong energetic 
field by absorbing Qi into their Lower Dantian. This 
energy extends into the Earth (like an anchor), and the 
‘Wei Qi field surrounding the doctor's body automatically 
increases and expands, 


nel points on the patient’s body, to induce energy 
flow and tissue stimulation. 

‘The negative north magnetic field pole of the 
‘magnet is placed in contact with the patient's skin 
in treating conditions due to Excess Heat and stag- 
nation. The negative north pole is found to have 
a cooling and calming effect on tissues. Herbal teas 
used for purgation, dispersing, anti-inflammatory 
or sedative properties can be augmented by plac- 
ing the tea on the north pole of a magnetized sur- 
face for a minimum of an hour before drinking. 

The positive south magnetic field pole of the 
‘magnet is placed in contact with the patient's skin 
in treating Deficiencies, Cold and blockages. The 
positive south pole is said to have a stimulating 
and warming effect on tissues. Herbal teas used 
for warming and tonification can be augmented 
by placing the tea on the south pole of a magne- 
tized surface for a minimum of an hour before 
drinking. 

WESTERN MAGNETIC THERAPY 

In 1990, Dr. Arthur Trappier submitted a pa- 
per on “Evaluating Perspectives on the Exposure 
Risks from Magnetic Fields” to the Journal of the 
National Medical Association. In his article, Dr. 
‘Trappier explained that exposing cancer cells toa 
negative magnetic field discourages the growth 
of the cancer, while exposing cancer cells to a posi- 
tive magnetic field encourages their growth. Mag 
netic therapy is currently being used in Western 
medicine through the following clinical modali- 
ties: 

‘+ Permanent magnet therapy for localized pain 
and inflammation relief, 

‘* Super-magnet therapy for stimulation of the 
thymus for immune enhancement in cancer 
patients, and 

+ Pulsed magnetic therapy for the treatment of 
arthritic joints. 


GENERATED HEAT 

Electricity passing through any substance will 
produce heat. The amount of heat that will be gen- 
erated depends upon the resistance of the sub- 
stance and the density of the current's flow. Heat 
is generated at the electron level by the friction 


created through molecular motion. By increasing 
the motion of the molecules, more heat is gener- 
ated. Molecules in living organisms are in con- 
stant motion, increasing or decreasing their rate 
of acceleration according to the environmental 
temperature. In order for heat to have any effect 
on the body, enough Qi has to be transferred to 
increase the movement of the molecules. 

The heat within the body causes increased 
electron movement, resulting in more heat being 
‘generated on a cellular level. Heat is also caused 
by cellular metabolism. The body's metabolism 
produces 75% of the energy being created in the 
form of heat. Cellular activity is increased through 
electrical, magnetic, heat, sound, and light stimu- 
lation. 

From a Medical Qigong perspective, Heat in 
the body is generated from the accumulation of 
‘Three Fires which emanate from specific locations 
within the body. Within the body's chest cavity is 
the Heart Fire, located within the abdominal cav- 
ity is the Kidney Fire, and all through the body 
flows the Bladder Fire. When the Heart Fire first 
awakes, the Kidney Fire responds to it, and when 
the Kidneys Fire moves the Bladder Fire follows 
it. 

When these Three Fires follow their normal 
course of energetic movement, they issue and lead 
the body's life-force energy, creating and sustain- 
ing life. The Three Fires are responsible for regu- 
lating the Yin and Yang energy of the body by fus- 
ing the Five Elemental energies (stored within the 
body's Wood, Fire, Earth, Metal, and Water or- 
gans) with the energy of the Three Dantians. As 
the Shen from the Heart Fire is drawn into the 
Lower Dantian, the Bladder Fire fuses with the 
Kidney Fire, creating the body’s True Fire. This 
action causes the body's Jing to create Qi in the 
Lower Dantian and then transform Qi into Shen 
in the Middle Dantian. Once this fusion is ob- 
tained, the mind, breath and body connections all 
become regulated. 

The Three Fires also represent the regions of 
vital Heat responsible for the circulation of energy 
that sustains the Eternal Soul. Accessing the en- 
ergy of the three Fires is used for cultivation and 


CHAPTER 4: THE FIVE ENERGIES OF THE HUMAN BOY 


spiritual liberation, and is brought about through 
Qigong practice, prayer and meditation. 

1. The Heart Fire, also called the Commanding 
or Emperor's Fire, is located in the center of 
the chest. The Heart Fire is responsible for 
transforming the body’s energy into Shen. 

2. The Kidney Fire or Mingmen Fire, is located 
in the back of the body, just below the last 
floating rib. Qigong masters in ancient times 
regarded the Mingmen Fire as the motivat- 
ing force of the body and paid special atten- 
tion to its training during Qigong exercises. 
A Deficiency of the Mingmen Fire may lead 
to decreased sex-drive, hypogonadism and 
impotency. Conversely, if the Mingmen Fire 
is in Excess, increased sex-drive or sexual ob- 
session and hypergonadism will occur. 

Dr. Zhao Xianke, an expert on medicine 
during the Ming Dynasty period, states that 
“the Mingmen Fire dominates all Twelve Pri- 
mary Channels. Without it the Kidneys would 
be weak, the Spleen and Stomach could not di- 
gest food, the Liver and Gall Bladder would 
not give any energy to think or plan, the urine 
and feces would not be moved, and the Heart 
would malfunction causing dizziness and en- 
dangering life.” 

3. The Bladder Fire, also called the Common 
People's Fire, is located in the lower abdomi- 
nal area by the perineum and is responsible 
for evaporating water. 

‘The Three Fires are not the Triple Burners, as 
the purpose of the Triple Burners is to regulate 
the major internal organs and is a completely dif- 
ferent energy system. The physical locations of the 
‘Three Fires however, coincides with the locations 
of the Triple Burners. 

HEAT THERAPY THROUGH EMITTED QI 

Stimulating the body's tissues through Heat 
therapy is extremely effective for treating Deficient 
and Cold syndromes. In China, Qigong doctors 
use the extension of Heat through their emitted 
field of electromagnetic energy to stimulate their 
patients’ tissues. This therapy helps to regulate 
the flow of the patients’ channel energy, and 
tonifies the Blood and Qi. 


Heat therapy is also used in the form of 
moxibustation as a companion to acupuncture 
therapy. Acupuncturists will use moxa sticks and/ 
or cones, lighting and placing them on or over 
various channel points of the patients’ body. This 
is practiced to induce Qi flow and tissue stimula 
tion. 

WESTERN HEAT THERAPY 

Radiant and conductive heat therapy are cur- 
rently being used in Western medicine for vasodi- 
lation and pain relief. These heat therapies can fur- 
ther be broken down and categorized into dry- 
heat therapy and moist heat therapy. 

Dry-heat therapies include the following: 

* Dry packs 

+ Hot-water bottles 

+ Heliotherapy-sun therapy 
* Ultraviolet-heat therapy 
* Infrared-heat therapy 

* Diathermy therapy 

Moist-heat therapies (hydrocolators) include 

the followin; 
‘+ Hot bath packs 
‘+ Hot wet packs 
* Hot foot baths 
+ Fomentations 
* Poultices 
* Vapor and paraffin baths 


ELECTRICITY 

A flow of electrons is called a current. Just as 
a current produces a magnetic field, a magnetic 
field, when it moves in relation to a conductor, 
induces an electrical current. In Medical Qigong, 
therapy, the body’s channels are also considered 
electrical circuits, and the points existing within 
each channel can be considered booster amplifi- 
ers (or step-up transformers) that maintain the cur- 
rent's strength. According to Dr. Robert O. Becker, 
research scientist and author of the book Cross Cur- 
rents, acupuncture needles have the capacity to 
act as antennae, drawing charged particles (ions) 
from the atmosphere into the body. The acupunc- 
ture needle delivers a low-level electrical stimu- 
lation to the channel points and can be used to 
charge up, or decrease the energetic potential of 


these “step-up transformers,” affecting the current 
along the channel, 

The human body is an excellent conductor of 
electricity and contains both alternating and di- 
rect electrical currents. The alternating current is, 
responsible for the transformation of the body’s 
magnetic field into the body’s electrical field. The 
direct current is responsible for the body's posi- 
tive Yang and negative Yin flow of electrical 
charges. 

The friction produced by rubbing the feet on 
a carpet creates a charge that is stored within the 
body until touching another conductor (metal, 
another person, etc.) to release the charge. This 
normal and common occurrence demonstrates the 
storage, conductance, and discharging of electrons 
from the body. Any time electrons travel, heat, or 
thermal radiation is produced. 

According to Swedish Physician and medical 
research scientist Dr. Bjorn Nordenstrom, the bio- 
logical circuits of the body are driven by the accu- 
mulated charges, which, unlike a battery, oscillate 
between positive and negative. The body's sys- 
tem of channels and blood vessels act as insulated 
cables, while the blood plasma acts as the con- 
ductor. In the permeable tissue, the fluid between 
the cells conducts ions. A key component of the 
body’s electrical circuit is the natural electrodes 
in the capillary walls, known as the lipid bilayers 
of the electron transport chain, 

Amyriad of electrical forces work within the 
body. Every human thought and action is accom- 
panied by the conduction of electrical signals 
along the fibers of the nervous system. In fact, life 
‘would not exist at all without a constant flow of 
ions across the membranes of cells. 

‘The electromagnetic energy in the body’ cells 
is continuously being generated through the bio- 
chemical transformation of food, and air, and is 
Circulated by the electromagnetic fields being gen- 
erated within the tissues. Perineural cells, or nerve 
sheaths, carry the direct current of the body's elec- 
tricity. These cells are responsible for motivating 
the body to heal, regenerate, and repair itself 
Healing is always affected by a change within the 
body's electromagnetic field. The rate and effi- 


ciency of healing is based on the strength and po- 
larity of the body's field of energy. This elec- 
tricity is one of the primary energy sources respon- 
sible for maintaining life itself 

Dr. Becker's research demonstrates that bones 
are “piezoelectric”: when stressed, mechanical en- 
ergy is converted into electrical energy that pro- 
duces an increased electrical current. Dr. Becker 
discovered that running a minute electrical cur- 
rent through a fractured bone will stimulate the 
reproduction of the cells, creating a healing cur- 
rent similar to the body's natural healing mecha- 
nism. 

‘According to Richard Lee of China 
Healthways Institute, electrostatic waves are ob- 
served in the body through EEGs (electro-en- 
cephalograms) and EMGs (electro-myograms). 
Different types of therapies affect the EEGs (sound 
therapy, meditation therapy, self-regulation 
Qigong therapy, light therapy, etc.). By control- 
ling their thoughts, Qigong doctors can affect the 
current in their body and thus affect the EEG mea- 
surements. These thought patterns will in turn 
influence the Qigong doctors’ electrical field. Ex- 
periments show that EEG measurements in test 
subjects receiving energy from healers tend to syr- 
chronize. Qigong doctors, when treating patients, 
can produce voltages as high as 190 volts, 100,000 
times greater than regular EEG voltages. 

The body's natural ability to gather, store, and 
move Qi increases the body's abilities to gather, 
store, and move electrical charges. The gathering 
of these electrical charges can cause a gradual elec- 
tricbuildup within the tissues and internal organs, 
developing into an Excess Qi condition within the 
body. Excess Qi conditions often manifest mood 
swings and are responsible for the energetic cir- 
cuit overloads that occur spontaneously within the 
body. Excess Qi manifests asa sudden “explosion” 
or “release” of emotions such as rage, fear, grief, 
worry, fright, anxiety, and joy. An excess electro- 
‘magnetic charge, internally combined with the Qi 
from a patient’s on-going emotions can be drawn 
into an organ's tissue area and absorbed by the 
internal organ that is in the most elevated state of 
energy conversion. This energetic reaction can 


cause the already overcharged internal organ to 
spontaneously release emotions. Sometimes the 
release is physiological, e.g., sudden sweating, 
blushing, twitching or jerking, yawning, stretch- 
ing, sighing, burping, passing gas, etc. These can 
all be ways that the organ seeks to regain hemo- 
stasis. 
ELECTRICAL THERAPY THROUGH EMITTED QI 
The idea that an electric current can stimu- 
late bodily repair, alert defence mechanisms, and 
control the growth and function of cells is not a 
new concept in Western medicine, In fact, the use 
of bio-electromagnetism dates back at least 200 
years. Electrotherapy is found to be very useful 
in relieving pain by signaling the brain to activa- 
te and alter the body's neurochemicals. The in- 
sertion of electrically stimulating needles into a 
Patient's body, for example, causes a release of en- 
dorphins, and is used for pain management. 
Medical Qigong, acupuncture, and Chinese 
massage likewise, stimulate the peripheral and 
cutaneous nerves that carry sensory information, 
via the spinal cord, to the brain. This stimulation 
of the cutaneous nerves activates the brain's opi- 
ates (endorphins - endogenously generated mor- 
phine) and facilitates the closure of the body's pain 
relay gates, killing pain, and is the basis for anes- 
thesia. Because medical Qigong therapy also has 
an analgesic affect on the body's cutaneous tis- 
sues, itis being increasingly used in hospitals for 
pre- and postoperative procedures. 
WESTERN ELECTROTHERAPY 
Electrotherapy is currently being used in 
Western medicine through the following modali- 
ties 
© Giga-TENS therapy for stimulation of heal- 
ing, 
+ TENS therapy for pain relief, 
+ CES-cranial electro-stimulation therapy-for 
depression and substance abuse, etc,, and 
© Micro-stimulation therapy for micro-current 
stimulation below the threshold of awareness, 
to stimulate nonspecific healing, the reduc- 
tion of inflammation and the harmonization 
of tissue polarity. 


CHAPTER 5 


THE THREE DANTIANS AND THE TAIJI POLE 


THE THREE DANTIANS 

According to Chinese energetic physiology, 
humans have three important energy centers, Io- 
cated in the center core of the body, that store col- 
lected energy in much the same way as a battery 
does. These three centers are called the Three 
Dantians (Figure 5.1). The word Dan literally 
translates tomean “cinnabar,” while the word tian 
means “field.” In terms of Medical Qigong tian is 
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Figure 5.1. The Anatomical Locations of the Three 
Dantians and Center Core (Taiji Pole) 


referred to as afield of energy. Together, the char- 
acters for Dantian literally translates as “cinna- 
bar field” or “field of elixir.” 

Cinnabar is mercury sulfide, a bright red or 
vermillion mineral, which is the principal ore of 
mercury. Cinnabar was an important mineral in 
ancient China, the source material needed to 
manufacture vermillion ink, which could be used 
only by the emperors. Cinnabar was ~ and is to- 
day ~-also used in Chinese medicine to sedate the 
Heart and calm the Shen, but always in small 
doses for short periods due to its highly toxic na- 
ture, 

Cinnabar was also a vital elixir in Daoist al- 
chemy, as it was discovered to be very balanced 
inits Yin and Yang properties. Daoist alchemy, like 
Western alchemy, was practiced in two ways: 
outer alchemy (Wai Dan) and inner alchemy (Nei 
Dan). Outer alchemy was the ancestor of modern 
chemistry. Outer alchemists set up laboratories 
and experimented with many substances from 
mineral, animal, and plant sources with the goal 
of discovering how to turn base metals into gold. 
Secretly, they were also seeking to discover an 
elixir, or drug, that would confer immortality or, 
at the least, greater longevity. Along the way they 
made many important discoveries, such as gun- 
powder, medicines, and many other substances 
vital to the world today. 

Inner alchemy was concerned with purifying 
human nature and transforming the spirit into its 
most pure and radiant potential without the use 
of outer agents. Instead, they used Qigong and 
‘meditation to circulate and gather the “inner elix- 
irs” of sexual energy, Qi, and consciousness at vari- 
‘ous locations within the body. The Three Dantians, 
or “elixir fields,” in addition to storing energy, act 
like an alchemist’s crucible, or cauldrons in the 
role of gathering and transforming vital sub- 


stances, energies, and various elements of aware- 
ness. The ingredients of the inner elixir are Jing, 
Qi, and Shen. The inner alchemists kept their work 
secret by using mineral code words such as 
“gold,” “lead,” and “cinnabar” to describe the 
movement and transformation of energetic and 
spiritual substances within the body. 

‘The goal of the inner alchemists is immortal- 
ity, a complete transformation of Jing, Qi, and 
Shen. Jing, Qi, and Shen are collectively called the 
Three Treasures and are the three fundamental 
energies necessary for human life. To accomplish 
this transformation, alchemists first gather and 
transform Jing into Qin the Lower Dantian. They 
then gather and transform Qi into Shen in the 
Middle Dantian, Next, they transform Shen into 
‘Wiji (the absolute openness of infinite space) in 
the Upper Dantian. Finally, they merge Wuji into 
Dao (divine energy). The Three Dantians serve as 
the inner crucibles for these transformations. 

‘These transformations can be compared to the 
changes of water (the consistencies and not the 
temperature), which when heated, can change 
from solid ice, to a liquid, and then to vapor. 

The Three Treasures (Jing, Qi, and Shen) are 
also connected with the Three Outer Forces or 
Powers known as Heaven, Earth, and Man. Jing 
(reproductive essence) is the most substantial and 
therefore the most Yin of the three, and itis closely 
linked with Earth Qi. In Medical Qigong practice 
and Daoist inner alchemy, the Earth energy is 
gathered in the Lower Dantian and is associated 
with heat. Qi is a mixture of Yin and Yang and is 
closely connected with the atmospheric energy, 
whichis a blend of Heaven and Earth Qi and gath- 
ered into the Middle Dantian, (which is associ- 
ated with vibration). Shen (Spirit) is the most in- 
substantial and, therefore, the most Yang of the 
three; it corresponds with Heaven Qi, and is gath- 
ered in the Upper Dantian which is associated 
with light. 

‘The Three Dantians are connected to each 
other through the Taiji Pole. The Taiji Pole acts as 
a passageway for communication between the 
‘Three Dantians, and as a highway for the move- 
ment of the various life-force energies. The Eter- 


nal Soul is drawn into the body at the moment of 
conception through the Taiji Pole, and departs 
through it at death. The Taiji Pole also serves asa 
transport for the body's Hun. 

Regardless of whether or not a modern 
Qigong practitioner is concerned with spiritual 
transformation, from a Medical Qigong stand- 
point the Three Dantians are still vital centers for 
the cultivation of energy. They are important ar- 
eas for diagnosis and self-healing, as well as for 
projecting Qi to patients. 

‘The following is an exploration of the Three 
Dantians and their individual relationships to the 
Three Treasures of Jing, Qi, and Shen. 


THE LOWER FIELD OF ELIXIR 

‘The Lower Dantian is the Dantian most fa- 
miliar to martial artists and Zen meditators. It is 
regarded as the center of physical strength and 
the source of stamina. Called the “Hara” in Japa- 
nese, it is located in the lower abdomen, in the 
center of the triangle formed by drawing a line 
between the navel, Mingmen (lower back), and 
perineum. These three points form a pyramid fac- 
ing downward. This configuration allows the 
Lower Dantian to gather the energy from the 
Earth 

‘The Lower Dantian is the major storage area 
for the various types of Kidney energies. The Kid- 
ney energies are, in tur, closely linked with our 
prenatal energies and provide the foundation for 
all other types of Jing, Qi, Yin, and Yang energies 
in the body. 

The Lower Dantian is connected to the first 
level of Wei Qi (Protective Qi) circulating outside 
the body, extending from the body’s tissues to 
about one inch. As the Lower Dantian fills with 
Qi, the Wei Qi field naturally becomes thicker. 
‘THE LOWER DANTIAN AND JING 

The Lower Dantian collects Earth energy and 
represents the body's physical energy of Jing. The 
Earth energy that is transformed in the Lower 
Dantian is a dense, full energy with a thick qual- 
ity to its texture. In our analogy with the transfor- 
mations of water, the energy in the Lower Dan- 
tian is dense, like ice. 
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Because a thermopile is an assembly of thermocouples, itis included at the end of this 
entry. Other types of temperature sensors have their own entries, 


OTHER RELATED COMPONENTS 


+ NTC thermistor (see Chapter 23) 
+ PTC thermistor (see Chapter 24) 


+ semiconductor temperature sensor (see Chapter 27) 


«+ RTD (resistance temperature detector) (see Chapter 26) 


+ infrared temperature sensor (see Chapter 28) 


What It Does 


A thermocouple measures temperature by 
Using a pair of wires made from dissimilar met- 
als. At one end of each wire, they are joined 
together, often by welding them. The differing 
thermoelectric characteristics of the wires gen- 
erates a very small voltage between their free 
ends, from which the temperature of the joined 
ends can be derived 


No power supply is needed for a thermocouple, 
but the voltage that it generates is extremely 
small (measured not just in millivolts, but 
microvolts) and very nonlinear, requiring hard- 
ware and/or software to convert it to a temper- 
ature value. Laboratory equipment or 
Integrated circuit chips are available for this 
purpose. 


Different types of thermocouples are available 
to measure different temperature ranges, and 
each type has its own characteristics, requiring 
appropriate conversion. 


‘A “raw” thermocouple looks very unimpressive, 
as it merely consists of two wires welded 
together at one end. This is illustrated in 
Figure 25-1. The full length of the photocouple 
is shown in Figure 25-2. 


Figure 25-1 Closeup of the welded wires ina K-type ther 
‘mocouple. The background grid is in millimeters. 
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The Lower Dantian is closely linked to the Jing 
Gong (Essence Palace) located in the perineum, 
which serves as a reservoir of Jing. Our Prenatal 
Essence (Yuan Jing), determines our constitutional 
strengths and vitality, and is stored in the Lower 
Dantian. It interacts with the Kidney energies to 
form Kidney Jing. The Kidney energies are all 
closely intertwined: Kidney Jing, Kidney Qi, Kid- 
ney Yin, Kidney Yang, and Kidney Fire. The 
Mingmen Fire, also called Kidney Yang, helps 
transform the Jing into steam (Kidney Qi). 

Kidney Jing circulates throughout the body 
via the Bight Extraordinary Vessels, in particular, 
the Governing, Conception, and Thrusting Ves- 
sels, all of which originate in the Lower Dantian. 

Kidney Jing controls the reproductive ener- 
gies and life cycles in the body. Some of the an- 
Cient alchemical texts describe the Lower Dantian 
in women as being located in the Bao or uterus, 
and it is related to the function of Jing in a 
woman's body. In men, the reproductive essence 
is located in the Jing Gong (Essence Palace) or 
prostate and seminal vesicles. In some Chinese 
medical, Daoist, and Qigong literature, the term 
Kidneys is used as a synonym for the testes and 
ovaries. 

‘The location of the Jing Gong is affected by 
the different anatomical locations of the male and 
female reproductive organs. In men, this area is 
located in the center of the body, at the level of 
the superior border of the pubic bone, posterior 
to the Qugu CV-2 (Crooked Bone) point. The Jing 
Gong area in women is located higher, centered 
in the uterus, about an inch above the superior 
border of the pubic bone, posterior to the Zhongji 
CV-3 (Utmost Center) point. 

This difference in location, in tur, affects the 
storage of Jing (ie, the testicles in the male cause 
the transformation of energy to occur lower in the 
body than in females, due to the higher position 
of the woman’s ovaries). 

Jing is the most physical, material form of Qi 
within the body (corresponding to Yin and Earth 
energy). The Lower Dantian is the place where Qi 
of the Earth is drawn into the body and trans- 
formed by heat. 


‘The Lower Dantian acts as a reservoir for heat 
and energy and is associated with the Kidneys. 
The Kidneys control the Water element in the 
body. Jing is said to be like the water in the caul- 
dron. Through focused concentration and medi- 
tation, the Jing (Essence) in the Lower Dantian is 
refined and transformed to produce Qi (Energy). 
When heat is generated as a result of the Heart 
and Mingmen Fire mixing with the Kidney Wa- 
ter, the alchemical transformation of Jing in the 
Lower Dantian area transforms Jing into the steam 
of Qi (the character for Qi is composed of steam 
rising from a cooking pot). This alchemical trans- 
formation is known as “changing Jing into Qi,” 
and takes place within the Lower Dantian. 


‘THE LOWER DANTIAN AND QI 

‘The Lower Dantian is often called The Sea of 
Qi. Itis the place where Qi is housed, the body's 
Mingmen Fire is aroused, the Kidney Yin and Yang 
Qi is gathered, and the Yuan Qi is stored. Also 
called Source Qi, the Yuan Qi is the foundation of 
all the other types of Qi in the body. The Yuan Qi 
is closely linked with the Prenatal Essence (Yuan 
Jing). Together, the Yuan Qi and Yuan Jing deter- 
mine our overall health, vitality, stamina, and life 
span. 

The Yuan Qiis the force behind the activity of 
all of the organs and energies in the body. It is 
closely related to the Mingmen and works to pro- 
vide body heat. The body’s Yuan Qi is the cata- 
lytic agent for transforming the food we eat and 
the air we breath into Postnatal Qi. It also facili- 
tates the production of Blood. 

‘Yuan Qi is housed in the Lower Dantian, and 
it also flows out to the internal organs and chan- 
nels through the Triple Burners. Yuan Qi is said 
toenter the Twelve Primary Channels (the body's 
twelve major energy pathways) through the Yuan 
points (sometimes called Source points) in acu- 
puncture theory. 

Of the Three Dantians, the Lower Dantian is 
closest to the Earth, is the most Yin, and has the 
strongest ability for gathering Earth Qi. In Medi- 
cal Qigong, once students have learned to con- 
serve and circulate their own Qi, they can increase 
it by connecting to the unlimited reservoirs of Qi 


in the natural environment. Earth energy is the 
first form of external Qi with which the Qigong 
practitioner connects. This energetic connection 
to the Earth is important for several reasons. 

1. First, Qigong practitioners need the Yin 
grounding power of the Earth Qi to counter- 
balance the gathered active Yang energy from 
Qigong exercises. Without grounding in Earth 
Qi, many Qigong practitioners develop Qi 
deviations in the form of Excess Heat. 

2. Second, each person’ supply of Qiis limited. 
When Qigong doctors extend their Qi to heal 
others, they deplete their personal supply of 
Qi unless they are able to simultaneously re- 
plenish their supply from outside sources. 
Even people who do not practice Medical 

Qigong draw Earth Qi into their Lower Dantians. 
By practicing Qigong and using conscious intent, 
the amount of Earth Qi drawn into the body is 
vastly increased. 

‘THE LOWER DANTIAN AND SHEN 

The Lower Dantian itself is considered a cen- 
ter of consciousness. The consciousness of the 
Lower Dantian is more kinesthetic or physical 
given its Yin nature and close proximity to the 
Earth. 

The body's Jing is connected with the Po 
(Geven Corporeal Souls). The Po control our sur- 
vival instinct and the subconscious physical re- 
flexes associated with survival. For this reason, 
Oriental martial artists spend many hours culti 
vating their lower elixir field to have the integra- 
tion of Jing, Qi, and Shen needed for the split-sec- 
ond clarity of focus demanded in life-and-death 
struggles. 

THE LOWER DANTIAN AND KINETIC 
COMMUNICATION 

Not only is the Lower Dantian the center of 
physical strength and the source of stamina, but 
it is also considered the “house” of physical (ki- 
netic) communication, awareness and feelings. 
The level of awareness referred to as “the intu- 
ition of the physical body,” or kinetic communi- 
cation, is stimulated by the subconscious, The sub- 
conscious mind picks up many signals from the 
environment that are not processed by the logical 


mind. These signals can motivate spontaneous 
body movements and responses and are some- 
times referred to as gut feelings. 

Kinetic means “characterized by movement.” 
It is usually felt as a movement in the body or of 
the body. It is in this kinetic state of awareness 
that allows Qigong doctors to naturally feel the 
patient's internal resonant vibrations within their 
own body. When the doctors’ body suddenly feels 
hot or cold, starts shaking or trembling, this may 
indicate that their subconscious mind is trying to 
communicate the location and condition of the 
diseased area within the patient's tissues. 

Most of the time, the feelings experienced in 
the Lower Dantian are very subtle, but Qigong 
doctors, with a heightened degree of awareness 
of their own body, are able to pick up subtle varia- 
tions of energetic shifts within themselves and oth- 
ers. When doctors collect energy in the Lower 
Dantian, an increased awareness and sensitivity 
naturally occurs. Cultivating this ability simply 
requires practice in paying attention to the physi- 
cal body. A high level of awareness of the physi- 
cal body, the surrounding environment, and the 
relationship between the two is required to maxi- 
mize kinetic communication. When awareness is 
increased, perceptual feeling and kinetic body 
movements happen naturally. These are subtle 
senses that allow Qigong doctors to feel, smell, or 
hear energetic phenomena as they are released 
from the diseased tissues of patients. 

According to research conducted by Dr. 
Michael Gershon, a professor of anatomy and cell 
biology at Columbia Presbyterian Medical Cen- 
ter in New York, the Lower Dantian sends and 
receives impulses, records experiences, and re- 
sponds to emotions. Its nerve cells are bathed in 
and influenced by the same neurotransmitters as 
the brain. The Lower Dantian’s “brain,” known 
as the enteric (intestinal) nervous system, mirrors 
the body's central nervous system and is a net 
work of 100 million neurons (more then the spi 
nal cord contains), neurotransmitters, and proteins 
that can act independently of the body’s brain, and 
can send messages, learn, remember, and produce 
feelings. 


Dr. Gershon explains that active within the 
neural system of the lower abdominal area are 
major neurotransmitters like serotonin, dopam- 
ine, glutamate, norepinephrine, nitric oxide, en- 
kephalins (one type of natural opiate), and ben- 
zodiazepines (psychoactive chemicals that relieve 
anxiety). The lower abdomen also has two dozen 
small brain proteins called neuropeptides. Dr. 
Gershon’ research results provide modern scien- 
tific verification of what Eastern wisdom has 
taught for millennia ~ that centers of conscious- 
ness exist at places in the body besides the brain 
and that the abdomen is one of the body's major 
centers of awareness. 

ANATOMICAL LOCATION OF THE LOWER 
DANTIAN 

The Lower Dantian is centered below the 
‘umbilicus, inside the lower abdomen, forming a 
downward pointing triangle. It occupies the first 
three lower Chakra gates. Chakras are small en- 
ergy centers that originate from the Taiji Pole and 
have one or more gates. 

1. The lowest point of the Lower Dantian ex- 
tends to the Huiyin CV-1 (Meeting of Yin) 
point at the perineum. The name refers to the 
area on the body responsible for gathering 
and absorbing the Earth energy. This area is 
responsible for gathering the Yin energy into 
the body and Lower Dantian area via the three 
Yin leg channels (Liver, Spleen, and Kidney). 
This area is sometimes known as the Lower 
Gate of the Taiji Pole, or the Bottom Gate of 
the Lower Chakra. 

2. The front area of the Lower Dantian is located 
posterior to the Shenque CV-8 (Spirit's Pal- 
ace) point at the navel. The name refers to the 
place where the mother’s Qi and Shen enter 
the embryo during fetal development. This 
area is sometimes known as the Front 
Dantian, or the Front Gate of the Second 
Chakra. 

3. The back area of the Lower Dantian is located 
at the Mingmen GV-4 (Gate of Life) point on 
the lower back, anterior to the second lumbar 
vertebra. The Mingmen occupies the place be- 
tween both Kidneys. Itis the root of Yuan Qi, 


and therefore determines life and death. The 

Mingmen provides the body’s True Fire; it 

supplies the heat for the Triple Burners, and 

is responsible for stabilizing the Kidneys and 

Lower Dantian area. This area is sometimes 

known as the Back Dantian, or the Back Gate 

of the Second Chakra. 

4, Medical Qigong schools in China differ in 
their belief as to where the center of the Lower 
Dantian is located. Some schools teach that 
the center of the Lower Dantian is affected by 
the different anatomical locations of the male 
and female reproductive organs. In these par- 
ticular schools, the students are taught that 
inmen, the center of the Lower Dantian is lo- 
cated posterior to the Guanyuan CV-4 (Gate 
of Original Qi) point. The center of the 
Dantian area in a women is said to be located 
internally higher, and posterior to the Qihai 
CV-6 (Sea of Qi) point. This area is sometimes 
called the Middle of the Dantian, referring to 
its position between the navel and Mingmen 
areas 

THE NINE CHAMBERS OF THE LowER 
DANTIAN 

‘The human body is viewed as a microcosmic 
replica of the power of Heaven. Just as Heaven is 
said to be divided into nine different levels, each 
containing various palaces, our bodies also are 
said to contain a large variety of palaces and cham- 
bers. The nine stars of the Big Dipper are said to 
correspond to the Nine Chambers of each of the 
Three Dantians. 

The functional aspects of the body’s psyche 
were described by ancient Qigong masters as 
“spirits” that lived within the nine chambers of 
the Lower Dantian. These “spirits” linked the 
body's energetic channels and vital internal or- 
gans into an organic harmony of life-force energy. 
Qigong masters believed that as each Dantian 
became energized, it would initiate specific reac- 
tions within the body’s energetic system, causing 
certain energetic/ spiritual awareness to manifest 
within the practitioner's psyche. 

Each of the nine chambers is several inches in 
diameter and is numbered in accordance to its en- 
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Figure 5.2A. The Nine Chambers of the Lower Dantian 
are shown here in the female body. Each number 
‘encompasses the entire chamber. 


ergetic stimulation (Figure 5.2 A-B). This vertical 
abdominal set of Lower Dantian chambers relates 
tomany cavities of the body’ internal viscera. The 
Nine Chambers of the Lower Dantian are named 
as follows. 

1. The Palace of Jade (Jade Stem or Jade Cave) 

2. The Official Health Monitor (Kidneys) 

3. The Minister of the Orchard Terrace 

4, The Chamber of Moving Pearls 


4 


Penis 


Testes Prostate 


Gland 


Figure 5.2B. The Nine Chambers of the Lower Dantian 
are shown here in the male body. Each number 
encompasses the entire chamber. 


5, The Minister of House Cleaning (Large Intes- 

tine) 

6, The Palace of Mystical Spirits (Small Intestine) 

7. The Chamber of Mysterious Elixir 

8. The Spirit of the Jade Court (Bladder) 

9. The Spirit of the Yellow Court (Spleen) 
ENERGETIC FOCUS OF TRAINING THE LOWER 
DANTIAN 

All Qigong training begins with the focus on 


the Lower Dantian. In the beginning stages of Medi- 
cal Qigong training, the doctor will encourage stu- 
dents to focus their mind and breath on the Lower 
Dantian. The purpose of this training is to gather 
the body's Yuan Qi into the Lower Dantian (called 
“returning to the source”), to strengthen the foun- 
dational root for the body’s energy. 

Itis dangerous for Medical Qigong students 
to bypass the discipline of Lower Dantian culti- 
vation training to progress more quickly to the 
more advanced intuitive and psychic training of 
the Upper Dantian. Such an approach to training 
may lead to Qi deviations (see Chapter 18) and 
cause emotional instability. 


THE MIDDLE FIELD OF ELIXIR 

‘The Heart is the primary organ related to the 
Middle Dantian; the second organ is the Lungs. 
In Medical Qigong, the thymus gland is also of 
primary importance to the Middle Dantian. 

In children, the thymus gland is quite large. 
As the child matures into adulthood, the thymus 
gland shrinks in size. Until recently, Western bi- 
ologists thought that the thymus gland became 
vestigial and inactive in adults. Beginning in the 
1980's, however, with the advent of the AIDS epi- 
demic and the increase in cancer cases, intensive 
new research was launched into the immune sys- 
tem. Asa result, scientists discovered that the thy- 
mus gland plays a major role in educating and 
maturing the white blood cells to become immu- 
nocompetent. This thymus function continues 
throughout one’s life. 

‘The Middle Dantian collects Qi and represents 
the body’s energetic reservoir for mental and 
emotional vibrations and energy. The energy of 
‘man that is transformed in the Middle Dantian 
hasa fluid quality—tike water. 

A refining process also takes place in the 
Middle Dantian, transforming the fluid energy 
into more steam-like energy that is then trans- 
ferred to the Upper Dantian. The Middle Dantian 
transforms Qi into Shen by bringing the trans- 
formed Qi into the Heart Fire, This alchemical 
process is commonly called “changing Qi into 
Shen” and refers to kinetic energy transforming 
into spiritual consciousness. 
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The Middle Dantian is connected to the sec- 
ond level of Wei Qi, circulating about one-and-a- 
half feet outside the body. As the Middle Dantian 
fills with Qi, the colors of the student's middle 
field of Wei Qi change, becoming even more pro- 
nounced. The reason for this change is that the 
Middle Dantian is connected to the Five Agents, 
which in turn govern the Five Yin Organs and 
organ emotions. As the students begin to experi- 
ence various stresses and emotional releases their 
aura (resonating from the internal organs, 
throughout the second energetic field) changes its 
colors. 

‘THE MIDDLE DANTIAN AND JING 

The Heart is related to the Fire element. The 
Heart derives its Yang Fire from the Kidneys 
Moder research in Chinese medicine equates the 
function of the adrenal glands to the traditional 
function of Kidney Yang. In Western physiology, 
the adrenal glands help to regulate the pace of the 
heart. 

To keep the Heart Fire in balance, the Heart 
also needs Yin. Heart Yin is derived from Kidney 
Yin (jing is one aspect of Kidney Yin). 

In traditional Chinese physiology, the Heart 
is said to govern the Blood. Not only is the Heart 
responsible for the circulation of Blood, butin the 
Chinese view, the transformation of Gu Qi into 
Blood takes place in the Heart. Food Qi (energy 
derived from the consumption and transforma- 
tion of food matter) is a form of postnatal Jing, 
derived from the Spleen and Stomach. Blood is 
composed of Nutritive Qi (Ying Qi), Jing and Flu- 
ids (see Chapter 22). The Kidneys also send pre- 
natal Kidney Jing to the Heart to make Blood. 
‘Therefore, Jing - particularly postnatal Jing - is 
vital to the Heart's function of governing Blood. 
‘THE MIDDLE DANTIAN AND Qi 

Similar to the Lower Dantian, the Middle 
Dantian is also considered to be a Sea of Qi. The Qi 
of the Middle Dantianis called Zong Qi. Zong Qiis 
translated as Ancestral Qi, Gathering Qi, Genetic 
Qi, or Essential Qi. In English translation, itis some- 
times confused with the Original Qi (Yuan Qi), but 
they are not the same. The Zong Qi is a form of 
postnatal Qi, whereas the Yuan Qi is housed in the 
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Lower Dantian and is a form of prenatal Qi. Zong, 
Qi and the Yuan Qi assist each other to maintain 
the healthy function of the Heart and Lungs. 

The Zong Qi nourishes both the Heart and 
Lungs, controls the speech and the strength of the 
voice, and interacts with the Kidneys to aid in res- 
piration. According to Traditional Chinese Medi- 
cine, the Kidneys assist the Lungs in holding and 
stabilizing the breath when inhaling 

Qi and Blood are closely related. In Chinese 
medicine, it is often said, “Qi is the master of 
Blood; Blood is the mother of Qi.” Qi gives the 
Heart and blood vessels the strength to circulate 
Blood and gives life to the Blood. Blood, on the 
other hand, houses and carries Qi to all the cells 
in the body. When one loses Blood, one also loses 
Qi. Therefore, one should consider Qi and Blood 
to be inseparable. 

Qi is also inseparable from the mind and 
spirit. According to the teachings of ancient Ti- 
betan Qigong masters, the channels are, meta- 
phorically speaking, the road, the Qi is the horse, 
and the mind is the rider. Through refining the 
Qi, the mind and spirit are refined and purified. 
The Middle Dantian is the main focal point for 
this refinement of Qi into spirit. 

‘THE MIDDLE DANTIAN AND SHEN 

Classically, the Chinese locate the Mind in the 
Heart. In Chinese, the word for “mind” (Xin) is 
also the Chinese word for Heart. In Medical 
Qigong, a distinction is made between the Ac- 
quired Mind (Ren Xin) and the Original Mind 
(Yuan Xin). 

‘The Middle Dantian is said to house the Shen 
and control all of the other functions of Shen that 
are attributed to the other Yin organs. Thus the 
Heart is often referred to as the Heavenly Emperor. 

‘Throughout the world, people relate the heart 
to emotions and feelings. Emotions and feelings 
are one important aspect of the spirit. Any type of 
emotion will have an effect on the Shen. 

‘The negative emotions are sometimes called 
“the five thieves” because even though negative 
emotions are necessary for life, chronic states of 
negative emotions drain the Qi. 

‘The human mind easily falls under the influ- 


ence of the Po (the Seven Corporeal Soul), that 
are concerned with survival. When the Po domi- 
nate the Heart, their overexaggerated self-concern 
gives rise to a chronic state of fear, sadness, worry, 
anger, and defensive arrogance. 

The redeeming virtue of the Heart is a sense 
of propriety and discriminating awareness. The 
Hun (the Three Ethereal Souls) control the smooth 
flow of Qi throughout the body and are nourished 
by the Five Virtues of kindness, order, trust, in- 
tegrity, and wisdom. These Five Virtues give peace 
and clarity to the Heart and allow the higher quali- 
ties of the Yuan Shen to overrule the Po. 

An important relationship regarding the 
Middle Dantian and Shen is found in the Heart’s 
role of governing the Blood. The ancient classics 
state that the Shen also resides in the Blood and 
pervades the body through Blood circulation. This 
relationship between Blood and Shen is one rea- 
son why anemic patients are often restless and 
suffer from insomnia. Through nourishing the 
Heart Blood, many forms of spiritual unrest can 
be treated. 

‘According to Dr. Candace Pert’s information 
onneurotransmitters (stated in Psychoneuro Immau- 
nology), the brain and white blood cells both con- 
tain the same neurotransmitters and biochemical 
constitutes that are prerequisite for consciousness 
awareness to exist. These same neurotransmitters 
and biochemical constitutes which are linked to 
consciousness are synthesized and created by the 
white blood cells. This similarity indicates that not 
only do the brain and abdomen have their own 
consciousness and nervous system but so does the 
Blood. This similarity also implies that conscious- 
ness is possible anywhere in the body, substanti- 
ating the ancient Chinese understanding that con- 
sciousness is pervasive throughout the body via 
the Shen, which resides in the Blood. 

‘THE MIDDLE DANTIAN AND EMPATHIC 
COMMUNICATION 

The Middle Dantian is also considered the 
“house” of emotional (empathic) communication, 
awareness, and feelings. Emotional communica- 
tion is analogous to the feelings of empathy felt 
within the Heart. Empathy is the means by which 


the Qigong doctor will most frequently get in 
touch with the emotional components of the 
patient's energetic blocks and imbalances. 
Empathic communication is felt as an emo- 
tion and originates in the Heart and Middle Dan- 
tian area. When Qigong doctors focus on the 
Middle Dantian area, a line of communication is 
created with their higher self. We are all born with 
this ability, but as we grow older, we tend to over- 
ride this type of emotional communication with 
our logical mind. These impressions slowly atro- 
phy, eventually causing us to lose this natural em- 
pathic ability of communication. We disconnect 
from this higher perception due to the negative 
and double messages received from our parents 
and from society. The way to reconnect with the 
intuitive self is to look inward and become one 
with our true self, which is connected to the di- 
vine. 
ANATOMICAL LOCATION OF THE MIDDLE 
DANTIAN 
The Middle Dantian is shaped like a tetrahe- 
dron (four points): one area points toward the Up- 
per Dantian and the Heavens, one area points to- 
‘ward the Lower Dantian and the Earth, one area 
points toward the front, and one area points to 
the back 
1. The front lower point of the Middle Dantian 
is located at the Zhongwan CV-12 (Middle 
Stomach Cavity) point on the midline of the 
abdomen, just below the sternum. This area 
is the master point of the Middle Burner and 
is sometimes known as the Front Gate of the 
Third Chakra. 

This emotional storage area is also called 
the Yellow Court because it reflects the emo- 
tions stored from the Heart, (the Heart was 
sometimes referred to as Suspended Gold in 
ancient China). 

‘The back lower point of the Middle Dan- 
tian is located on the Jinzhong GV-6 (Middle 
of the Spine) point. The name refers to the 
point’s location. This area is sometimes 
known as the Back Gate of the Third Chakra. 

2. The front center point of the Middle Dantian 
is located at the Shanzhong CV-17 (Central 


Altar) point, on the middle of the sternum at 
the level of the fourth intercostal space. The 
name refers to the “place of worship” where 
the Shen resides. This area is sometimes 
knownas the Front Gate of the Fourth Chakra, 

The back center point is located two inches 
up from the shoulder blades, at the Shendao 
GV-11 (Spirit Path) point located at the hol- 
low between the fifth and sixth thoracic ver- 
tebrae. The name refers to the easy accessibil- 
ity into the patient's Shen residence (within 
the Heart) through this particular area on the 
back. This area is sometimes known as the 
Back Gate of the Fourth Chakra. 

3. The upper front point of the Middle Dantian 
is located at the Tiantu CV-22 (Heaven's 
Chimney) point, at the throat. The name re- 
fers to the visceral cavity area at the base of 
the throat responsible for “pooling” escaped 
Heaven Qi from the Lungs. This area is some- 
times known as the Front Gate of the Fifth 
Chakra. 

The upper back point is located on the 
Dazhui GV-14 (Big Vertebra) point on the 
back. The name refers to the point's location 
below the seventh cervical vertebra and above 
the first thoracic vertebra. This area is some- 
times known as the Back Gate of the Fifth 
Chakra. 

4, The center of this Middle Dantian area is lo- 
cated in the right atrium of the heart, centered 
between the SA (sinoatrial) and the AV (atrio- 
ventricular) nodes. The center of the Heart is 
considered the seat of all emotions. 


‘THE NINE CHAMBERS OF THE MIDDLE 
DANTIAN 

The Middle Dantian regulates the body's 
Heart—Mind connection. The Heart-Mind con- 
nection includes both the all pervasive conscious- 
ness of the entire body and the Shen. It distrib- 
utes the flow of Yuan Qi into the Yin and Yang 
aspects of the body's mental and emotional func- 
tions. These functions within the psyche are con- 
trolled by the interaction of the body's Wu Jing- 
Shen or Five Essence Spirits (Hun, Po, Zhi, Yi, and 
Shen). The energy of the Middle Dantian is also 
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Figure 5.3. The Nine Chamibers of the Middle’ Dantian 
are identical for men and women, Each number 
‘encompasses the entire chamber. 


associated with the Spleen and Stomach energies. 
‘The vertical thoracic set of nine chambers (Figure 
5.3), located within the Middle Dantian, originate 
around the auricles and ventricles of the heart (es- 
pecially the pericardial and pleural cavities). The 
Nine Chambers of the Middle Dantian are named 
as follows. 
‘The Chamber of Mysterious Elixir 
. The Lower Court of the Heart 
. The Chamber of the Ultimate 
‘The Chamber of Splendor 
The Heaven's Cover 
‘The Twelve Storied Chamber 
The Chamber of Government 
‘The Purple Chamber 
‘The Heaven's Chimney 
ENERGETIC FOCUS OF TRAINING THE MIDDLE 
DANTIAN 

In Medical Qigong training the doctors en- 
courage their students to focus their mind and 
breath on the Middle Dantian to regulate the 
Heart. Techniques are used for treating Deficient 
conditions by drawing Qi into the Heart and 
‘Middle Dantian area, then regulating the body's 
‘energetic fields. For treating Excess conditions, the 
students are encouraged to lead and purge the Ex- 
cess Qi from the Heart and Middle Dantian area 
through the body’s extremities. The purpose of 
this training is to release the toxic Excess Qi gath- 
ered in the patient's Heart and Yellow Court ar- 
eas. These areas of Excess tend to cause disease. 
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THE UPPER FIELD OF ELIXIR 
‘The Upper Dantian is the collector of Heaven 
Qiand represents the spiritual aspect of man and 
his connection to the divine. The Heaven energy 
that is transformed in the Upper Dantian is of a 
thinner more ethereal quality —like vapor. 

The Upper Dantian is connected to the third 
level of Wei Qi, circulating several feet outside the 
body. As the Upper Dantian fills with Qi, the spiri- 
tual intuition and psychic perception of the indi- 
vidual increases. 

In Chinese physiology, the brain controls 
‘memory, concentration, sight, hearing, touch, and 
smell. These senses stay in close communication 
with the Heart and Shen. 


‘THE UPPER DANTIAN AND JING 

‘The Jing and Qi form the material foundation 
forthe Shen. In Chinese, the term Jing-Shen means 
mind or consciousness. Jing-Shen may also mean 
vigor, vitality, or drive. In China both Western and 
Chinese doctors use the term Jing-Shen Bing to 
refer to all types of mental illness. The term Shen 
is rarely used by itself in a medical context with- 
out the concept being connected to the close rela- 
tionship between the power of the mind and spirit. 

The term Wu Jing Shen is used in Medical 
Qigong to describe the body’s Five Essence Spir- 
its (Hun, Po, Zhi, Yi and Shen). These five spirits 
combine the energetic essence of the Five Yin Or- 
gans in order to create the body’s innate spiritual 
consciousness. 

‘The Jing itself is considered the basis for, and 
ruler of Marrow (a substance derived from the 
Kidneys that nourishes the brain, spinal cord and 
forms bone marrow). The brain, is one of the six 
Extraordinary Organs and is called The Sea of 
Marrow, and is considered to be a form of Mar- 
row. The six Extraordinary Organs are hollow 
Yang organs that store Yin Jing. Deficiency of Jing 
may lead to poor concentration, poor memory, 
dizziness, and absentmindedness. Deficiency of 
Prenatal Jing is related to mental retardation and 
attention deficit disorder (ADD) in children. 

In some styles of Qigong, the Jing is inten- 
tionally conserved and its energy is drawn up- 
wards from the Lower Dantian through the spine 
to nourish the brain. Such nourishment benefits 
the mind and spiritual consciousness. 


‘THE UPPER DANTIAN AND QI 

‘The head is the most Yang part of the body 
since itis the closest part of the body to Heaven. 
The Qi that operates in the Upper Dantian is, 
therefore, Yang in nature. The Spleen and Kidneys 
send the Clear Yang Qi (pure, light, and insub- 
stantial) upwards to the brain to facilitate mental 
dlarity and activity. 

The Upper Dantian is also the place where we 
connect with the Yang Qi of Heaven. Qigong prac- 
titioners consciously absorb Heavenly Qi through 
the upper doorway, Baihui GV-20. The Heaven Qi 
is composed of the Qi from the celestial bodies: 


CHAPTER 5: THE THREE DANTIANS 


the sun, moon, planets, and stars. 

The Upper Dantian is located in the center of 
the brain, in an area that encompasses the pineal, 
pituitary, thalamus, and hypothalamus glands. 
The pineal gland and hypothalamus have been 
shown to be extremely sensitive to the influence 
of light. In his book, The Body Electric, Dr. Robert 
Becker cites experiments with bees and several 
species of birds that indicated that these animals 
navigate by the light of the sun. Birds have dis- 
proportionately large pineal glands. He also dis- 
covered that birds seem to have a backup system 
of navigation based upon a sensitivity to the elec- 
tromagnetic fields of the earth. 

‘There are three forms of Qi to which the brain 
responds and interacts: light, electricity, and mag- 
netism. These particular forms of energy stimu- 
late the pineal, pituitary, thalamus, and hypothala- 
mus glands, affecting and influencing the emo- 
tional responses. 

‘THE UPPER DANTIAN AND SHEN 

We have already discussed the relationship 
of the Jing and the Shen with the Upper Dantian. 
Of particular interest to the alchemists is the open- 
ing of the center of the Upper Dantian, called the 
Crystal Room, where psychic perceptions and in- 
tuitive knowing take place. Higher communica- 
tions, a sense of great bliss, and perceptions that 
transcend the seeming bonds of time and space 
are associated with the Upper Dantian. ‘These ex- 
periences are particularly valuable to Qigong doc- 
tors, who use these heightened perceptions to di- 
agnose illness. Their efficacy is well documented 
in the works of such authors as C. Norman Shealy 
and Caroline Myss, who use the term “medical 
intuitive” to describe this paranormal ability. 

‘The Upper Dantianis also the place where the 
Eternal Soul connects with the Wuji, and with the 
Dao. The awareness associated with this union is 
beyond description, as its unity supersedes the 
differentiation inherent in conceptual thought. 

Although the Upper Dantian is responsible 
for intuitive and psychic perceptions, the com- 
bined energetic properties of all three Dantians 
establishes the foundation for all psychic percep- 
tions. The steam-like quality of the energy with 
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the Upper Dantian fuses within the light now ex- 
isting in this center. As this energy disperses, it 
travels out into the Wuji, returning back to the di- 
vine. This interaction is also responsible for what 
the Chinese call “receiving the message,” which 
describes the ability of connecting with the pa- 
tients’ subtle energy field to acquire the hidden 
knowledge stored within the patients’ tissues. 

While ina state of tranquillity and inner peace, 
the Qigong doctors’ Upper Dantian will also in- 
tuitively process information from the environ- 
ment and universe. This intuitive knowledge pro- 
vides Qigong doctors with a greater ability to ex- 
plore both their own consciousness and the pa- 
tients’. The ancients called this ability “knowing 
without knowing,” 

‘THE UPPER DANTIAN AND INTUITIVE 
COMMUNICATION 

Asthe Shen is developed and the Upper Dan- 
tian is opened, spiritual communications may re- 
veal themselves in a flash of an image or a vision 
in the mind’s eye. These images and visions are 
sometimes very abstract and short lived. Interpret- 
ing images takes practice because the images 
streaming from the Yuan Shen cannot be inter- 
preted easily by the logical mind. 

The Qigong doctors must be able to distin- 
guish between true and false messages reflected 
through their visions. True visions are received 
from the divine connection to the Dao or Wuji; 
false visions reflect the messages from the sub- 
conscious. The ability to accurately separate these 
visions is an another example of “knowing with- 
out knowing.” 

Although communication from within usu- 
ally makes itself felt as a strong impulse, Qigong 
doctors must learn to keep the logical mind from 
interfering by practicing spiritual meditations, 
These meditations involve the forging of links in 
the chain of communication with the higher self. 
They should be practiced again and again until 
this connection becomes a natural, recurring phe- 
nomenon. The more one practices at stilling the 
logical mind and circumventing the ego, the easier 
it will be to get a clear communication from the 
higher self. When the higher self initiates a com- 
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munication, it does not demand or impose itself, 
and if ignored it will usually stop sending signals. 

Five Elements must be in place before the 
communication lines become fully open and op- 
erational: 

. Purity in intention, 
.. No hidden agendas, 

Surrender to the divine will, 

. Complete trust and faith in success (believe 
and expect), and 

5. Aquiet and receptive stillness of mind. 

The lines of communication with the higher 
self are severed by the logical mind through doubt, 
fear, and disbelief. Strong faith is required to open 
this line of communication. Faith requires no logi- 
cal proof; if proof is needed, then doubts interfere 
and breed failure. The logical mind cannot know 
absolute faith and, therefore, faith must come from 
deep within one’s true self. Any form of cynicism 
will lead to the death of spiritual growth, for 
strikes at the root of faith itself. 

Faith isnot something that can be forced. Even 
after practicing Medical Qigong for many years, 
Qigong doctors may still have to battle their own 
questions. However, through successful practice, 
the seed of faith is established, allowing it to grow 
and blossom. The opposite of faith is doubt com- 
bined with fear. Suppression and denial of fear 
builds and armors the ego, which leads to further 
pain. Ifthe fears are accepted and acknowledged, 
they can be overcome by faith. 

ANATOMICAL LOCATION OF THE UPPER 
DANTIAN 

‘The Upper Dantian is located in the head, ap- 
proximately three inches posterior to the Yintang 
point (between the eyebrows). It is shaped like a 
‘pyramid, facing upward to gather the energy from 
Heaven. This pyramidal reservoir houses light. 

1. The front point of the Upper Dantian is the 
Yintang (Hall of Impression) point. The name 
refers to the ancient tradition of placing a red 
mark or “seal” over the Bright Hall, or En- 
trance of the Spirit, this point represents wis- 
dom and enlightenment. This area is some- 
times known as the Front Gate of the Sixth 
Chakra, or the Third Eye point. 
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Figure 25-2 Overview af the thermacouple in the prev: 
‘us photograph. 


A thermocouple sold as a commercial product 
is likely to be enclosed in a probe, as shown in 
Figure 25-3, 


Figure 25-3 A probe that contains a thermocouple. 


Schematic Symbol 

‘A schematic symbol that is often used to repre- 
sent a thermocouple is shown in Figure 25-4. 
Because this component does not consume 
current, the plus and minus signs do not mean 
that power should be applied to the wires. The 
positive sign indicates which wire will generate 
a higher voltage than the wire with the nega- 
tive sign. 
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Figure 25-4 A symbol that is often used fora thermo: 
couple. 


Comparison of Temperature 
Sensors 


In this Encyclopedia, temperature sensors are divi- 
ded into five main categories, each of which has a 


separate entry. For convenience, a comparative 
summary is included in the entry for NTC thermis- 
tors, See "Addendum: Comparison of Tempera- 


ture Sensors’ for an overview. Also see 


Figure 23-9, 


Thermocouple Applications 


Thermocouples have a wider range than any 
other form of contact temperature sensor, 
some types being capable of measuring up to 
1,800 degrees Celsius. The main limitation is the 
ability of the joint between the wires to with- 
stand the heat. Appropriate insulation must be 
used, but segments of ceramic tube are marke- 
ted to serve this purpose if necessary. 


The very small thermal mass of a thermocouple 
enables a rapid response to temperature fluctu- 
ations. No self-heating occurs, because the 
thermocouple consumes no power. It is simple 
and robust. However, its response is very non- 
linear, and the tiny voltages involved are vul- 
nerable to corruption by electrical noise. 
Accuracy is usually not better than plus-or- 
minus 0.5 degrees Celsius, and may be less at 
low temperatures. 


Thermocouples are commonly found in labora- 
tories and in some industrial applications, such 
as monitoring the temperature in a blast fur- 
nace or inside an internal combustion engine. 
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Figure 5.4. The Nine Chambers of the Upper Dantian are portrayed in this drawing. Each number 
‘encompasses the entire chamber. 


2. The back point of the Upper Dantian is lo- 
cated below the external occipital protuber- 
ance, on the Fengfu GV-16 (Wind Palace) 
point. This area is also connected with and 
surrounded on both sides by the BI-10 (Heav- 
enly Pillar) point. The energy field connected 
to this point may be likened to an antennae 
receiving messages; itallows Qigong doctors 
to regulate their state of consciousness. The 
Governing Vessel 16 point is also a Sea of Mar- 
row point, which is used to affect the flow of 
Qi and Blood to the brain, and a Window of 


Heaven Point (one of eleven points used for 
treating Shen disturbances), as well as one of 
the thirteen points identified by the famous 
Daoist physician Sun Simiao as a Ghost Point 
(points used for treating spirit possession). It 
has been my personal observation that stu- 
dents with a more prominent occipital protu- 
berance tend to see auras more easily and re- 
ceive psychic intuition faster. This area is 
sometimes known as the Back Gate of the 
Sixth Chakra. 

3. The highest point of the Upper Dantian is lo- 


cated on the vertex of the crown, on the Baihui 
GV-20 (One Hundred Meetings) point. The 
name refers to the ancient tradition that one 
receives divine messages and spiritual intu- 
ition from this point into the Upper Dantian’s 
Chamber of Mysterious Elixir, located within 
the third ventricle of the brain. This area is 
sometimes known as the Upper Gate of the 
Taiji Pole or the Upper Gate of the Seventh 
Chakra. 

It is also said in Traditional Chinese Medi- 

cine that all of the body's major channels send 
a connecting vessel to the Baihui so that at 
death the Qi can leave the body through this 
upper doorway and ascend to the Heavenly 
realms. 
‘The center of the Upper Dantian is located in 
the pineal gland. Itis the area where the Shen 
transcends and merges with the Wujiand then 
‘progresses on to the Dao. The Upper Dantian 
is also considered the house of spiritual (in- 
tuitive) communication, awareness, and feel- 
ings. 


‘THE NINE CHAMBERS OF THE UPPER 
DANTIAN 


‘The horizontal cephalic set of nine chambers, 


located within the Upper Dantian (Figure 5.4) is 
based on the different ventricles of the brain. The 
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Nine Chambers of the Upper Dantian are named 
as follows. 
1. The Chamber of Mysterious Elixir (Mystical 
Medicine) 
. The Palace of Jade Emperor 
The Palace of Moving Pearls 
The Chamber of Splendor 
. The Hall of the Upper Dantian (Medicine 
Field) 
6. The Chamber of the Ultimate Truth 
7. The Cover of Heaven (Palace of the Heavenly 
Court) 
. The Chamber of Government 
9, The Entrance of the Spirit (Bright Hall) 
ENERGETIC FOCUS OF THE UPPER DANTIAN 

In Medical Qigong training, the Upper Dantian 
pertains to gathering spiritual intuition and light to 
advance the doctor's intuitive and psychic ability 
(ce Six Transportations of Shen, Chapter 13). 

The Qigong doctor may also absorb univer- 
sal and environmental Qi into the Upper Dantian 
through the Yin Tang (Third Eye region) and the 
Tian Men areas (located in the center of the fore- 
head), and emit healing Qi to patients through 
either one or both of these points. The Shen can 
both exit and enter the body from the area in the 
Upper Dantian by way of the Baihui, Yin Tang, 
and Tian Men (Heavenly Gate) areas. 
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Figure 5.5. Qi Dispersion From the Center Taiji Pole Through the Dantians into the Body 


THE FUNCTIONAL ASPECTS OF THE 
THREE DANTIANS 

The three energy reservoirs of the Dantians 
are linked externally through the Governing and 
Conception Vessels and internally through the 
Thrusting Vessels and the Taiji Pole. 

‘The center of each Dantian is penetrated by 
and attached to the Taiji Pole, which exits from 
the Baihui at the top of the head to the Huiyin 
point at the perineum. Each of the Dantians cor- 
responds to anatomical locations that are centers 
for magnetic and electrical vibration and charge. 
The body's intensity of vibration and charge is 
dependent on the mental intention, the posture, 
and the respiration 

Qi moves into the body’s Dantians through the 
body's Taiji Pole. The energy is then absorbed into 
the body's major organs and surrounding tissues 
as it flows out of the Dantians and into the body’s 
internal and external channels and collaterals. 

Each Dantian acts like a reservoir, collecting 
energy and redistributing it into all of the inter- 
nal organs. This energy projects through the sur- 
face of the body into the Wei Qi field. The same 
energy also projects inward flowing through the 
energy channels, along the nervous system and 
endocrine glands, and then through the Blood, to 
nourish the body (Figure 5.5). 

You can visualize this energy transformation 
as follows: Qi flows into the body like rainwater 
flowing into a lake (the body absorbing and col- 
lecting Qi into the Dantians), The rainwater is then 
absorbed into the surrounding soil, foliage, and 
root systems (skin, tissues, and cells) before it gath- 
ers, collects, and pools into deep artesian wells 
(the Dantians). Pressure begins to build up as these 
artesian wells fll with the rainwater, and eventu- 
ally overflow, pouring into smaller pools (the or- 
‘gans) before combining with the rushing action 
of underground streams (the channels). 

Another popular analogy is to consider the 
Dantians as batteries, the body’s Taiji Pole as a 
‘magnetic bar connecting the batteries together, the 
channels as the wires, and the Wei Qi fields as the 
electromagnetic fields manifesting from the en- 
ergy contained within the structure. 
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‘Mental and emotional awareness of a specific 
tissue area can be heightened through increasing 
the flow of energy to that location. When energy 
fills the tissues, a cellular release of energy causes 
the tissues to either store or release emotions, de- 
pending on the body's overall Excess or Deficient 
Qi. 

Ifan increase of Qi is focused into the Lower 
Dantian, the result is a more powerful and stable 
feeling in the body. When an increased amount of 
Qiis focused into the Middle Dantian, the result 


Figure 5.6. The Three Dantians and Their Relationship 
tothe Three External Wei Qi Fields 
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is a heightened feeling of emotional perception 
and awareness. Ifan increase of Qi is focused into 
the Upper Dantian, a heightened spiritual aware- 
ness and sense of connection to the divine occurs. 
The greater these energies flow, the healthier the 
individual becomes, and the stronger his or her 
energetic fields become (Figure 5.6). 


THE DANTIAN’S YIN AND YANG 
ENERGETIC CHAMBERS 

Each of the Three Dantians can be divided into 
Yin and Yang energetic chambers. The Yang cham- 
bers relate to each Dantian’s upper chambers and 
the spiritual aspects of the Hun. The Yin cham- 
bers relate to each Dantian’s lower chambers and 
the carnal aspects of the Po. The chambers and 
their energetic potential are described as follows. 
‘THE LowER DANTIAN 

1. The Yang Energetic Chamber of the Lower 
Dantian relates physically to the upper quad- 
rant of the abdomen, located within the small 
intestine in men and the uterus in women. 
‘When influenced by the Hun, quiescence and 
serenity are enhanced. 

2. The Yin Energetic Chamber of the Lower 
Dantian relates physically to the lower quad- 
rant of the abdomen, which includes the re- 
productive organs and the Bladder, urethra, 
and anus. This chamber is responsible for re- 
production and sexuality. When influenced by 
the body’s Po, raw physical power and sexu- 
al vitality are aroused. 

‘THE MIDDLE DANTIAN 

1. The Yang Energetic Chamber of the Middle 
Dantian relates physically to the upper quad- 
rant of the Heart, which includes the left and 
right atrium, the upper portions of the left and 
right ventricles, and the atrioventricular node. 
‘This chamber is responsible for spiritual atti- 
tudes and virtues related to the influence of 
the body's Hun. The Hun are responsible for: 

‘+ gathering and transmitting divine inspira- 
tions and spiritual insights, 

+ giving and receiving unconditional love, and 

‘* motivating spiritual growth through prayer, 
devotion, and commitment. 
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2. The Yin Energetic Chamber of the Middle 
Dantian relates physically to the lower quad- 
rant of the Heart, which includes the left and 
right ventricles. This chamber is responsible 
for sensual passions, conquests, and condi- 
tional love. It deals with actions which are 
often based on hidden agendas. These emo- 
tions are related to the influence of the body's 
Po. The influence of both the Po and the Yin 
Energetic Chamber of the Upper Dantian ac- 
tivates, energizes and enhances: 

* biological drives (for food and self preserva- 
tion, 

* sexuality, lust and desire, and 

* sensuality. 

‘THE UPPER DANTIAN 
1. The Yang Energetic Chamber of the Upper 

Dantian relates physically to the upper quad- 
rant of the brain, often referred to as the third 
ventricle or higher brain centers. When stimu- 
lated, the higher brain centers manifest spiri- 
tual intuition and divine insight, related to the 
influence of the Hun. Such insight is respon- 
sible for spiritual growth and maturation. In- 
sights eventually lead to the emergence of ex- 
trasensory perceptions (ESP), e.g,, clairvoy- 
ance, clairaudience, telepathy, psychokinesis, 
and spiritual enlightenment. 

2. The Yin Energetic Chamber of the Upper 
Dantian relates physically to the lower quad- 
rant of the brain, often referred to as the “rep- 
tilian” brain. When stimulated, the reptilian 
brain activates the thalamus, hypothalamus, 
cerebellum, and cortex, which awaken the 
body's intuition, as well as animalistic and 
primordial instincts of survival. When the Yin 
Energetic Chamber dominates, the sensory, 
animalisticnature of the Po emerges full force. 
This phenomenon sometimes occurs when 
coma patients begin to recover. As energy 
begins to fill the lower chambers of the Three 
Dantians, their initial reactions are basic and 
carnal in nature, ie,, to either engage in sexual 
activity or strike out in violence. As the Qi 
begins to fill the upper chambers of the Three 
Dantians, the energy balances in the patient's 


Taiji Pole and the patients’ impulses return to 
normal. 


THE Doctor's PROJECTED AURA 
FIELDS 

In China, Qigong doctors are tested and cat- 
egorized according to the predominant color of 
their Qi emissions. The healing color will depend 
upon which of the three Dantians is dominant 
(corresponding to either the Lower Dantian, 
Middle Dantian, or Upper Dantian), and the en- 
ergetic strength and potential of the individual 
being tested. The emitted color is observed in the 
visible-light spectrum projected from the Qigong 
doctor's hands. 
YeLLow EMITTED CoLoR 

Individuals who have just begun their train- 
ing will emit a yellow glow around their external 
energy field. The Qi will naturally overflow from 
the Lower Dantian area and the color yellow will 
dominate the aura. This is actually a normal aura 
color observed from most beginning Qigong doc- 
tors, indicating that the energy field is still too 
weak to treat serious diseases. 
RED EMITTED CoLoR 

Qigong doctors who have mastered their 
body and mind will emit a red radiant glow 
around their external energy field. The Qi will also 
overflow from the Lower Dantian area, and the 
color red will dominate the aura. This is actually 
a normal range of aura color observed from the 
many Qigong doctors who have just graduated 
from Medical Qigong colleges, indicating that the 
energy field is at the intermediate stage. 
PURPLE EMITTED CoLor 

Qigong doctors who have evolved to the next 
level of mastering the emotions will emit a purple 
radiant glow around their energy field. These 
doctors’ Qi will naturally overflow from the 
Middle Dantian area, and the color purple will 
dominate the aura. This aura color is observed in 
strong and advanced Qigong doctors. 
BLUE EMITTED Coon 

Qigong doctors who have further refined their 
energy will emit a blue radiant glow around their 
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energy field. These doctors’ Qi will also overflow 
from the Middle Dantian area, and the color blue 
will dominate the aura. This aura color is observed 
in very advance Qigong doctors, and is developed 
only after many years of clinical practice and per- 
sonal spiritual transformations. 

WHITE EmTTED COLOR 

‘The Qigong doctors who have mastered their 
spiritual life, as well as surrendered their body, 
mind, emotions, and spirit to a divine or higher 
calling will emit a white radiant glow around their 
energy field. These doctors’ Qi will naturally over- 
flow from the Upper Dantian area, and the color 
of the aura is considered the strongest and most 
powerful. 

CLEAR-OPALESCENT EMITTED COLOR 

The divine energy is emitted through a clear- 
opalescent color. This Qi emission is different then. 
the white radiant glow, and is a sign of divine in- 
tervention and healing. These times of divine in- 
tervention can occur in any stage of the doctor's 
energetic development, and are a testimony to the 
healing virtue of the divine. 

Although every Qigong doctor uses a combi- 
nation of all Three Dantians when projecting Qi 
into patients, the color of the aura surrounding 
the doctor’s body reflects which Dantian’s reser- 
voir is predominantly used. Through time, pa- 
tience, and much practice, the Qigong doctor will 
be able to transform froma yellow to red, purple, 
blue, and finally to white-light healer. 


THE TAIs POLE 
The Taiji Pole can be observed as a vertical 
column (or pole) of brilliant white light, full of 
vibration and energetic pulsation, This energetic 
channel flows from the Baihui point at the top of 
the head, through the center core of the body, con- 
necting the Three Dantians. The Taiji Pole roots 
its energy at the base of the perineum at the Huiyin 
area. 
In Chinese energetic embryology, as the 
father’s sperm enters the mother’s egg, it creates 
the upper or Heavenly vortex point of the Taiji 
Pole. At this stage of energetic development, the 
Heavenly vortex creates and connects the Three 


Dantians together, rooting the column of white 
light energy into the Kidneys and Mingmen area. 
‘As the fetus continues to grow and develop, the 
Taiji Pole slowly descends, shifting its energetic 
root to the base of the perineum. After birth, the 
Taiji Pole can be observed as a vertical column of 
brilliant white light, surrounded by a veil of 
golden spiraling light. 

HEAVEN, EARTH, AND MAN RELATIONSHIPS: 

The Taiji Pole of the body is comparable to 
the central axis of the Earth, which is known as 
the Taiji Pole of the Earth. At the end of the Earth’s 
Taiji Pole are the North and South Poles, which 
are compared to the body's Baihui at the top of 
the head and Huiyin at the base of the perineum. 
The Earth's Taiji Pole (or central axis) aligns to the 
North Star. 

‘The North Star is seen as the Taiji Pole of 
Heaven and is sometimes called the Pole Star or 
Taiji. It is sometimes said that the original Chi- 
nese character for Taiji means Yin and Yang. While 
the original meaning of the Chinese character for 
Yin is the shady side of the mountain, and Yang 
depicts the sunny side of the mountain, the 
mountain's peak is considered a Taiji, where both 
Yin and Yang meet (or the center of Yin and Yang). 

The center Taiji is also called the Still Point, 
because although all of the changes of Yin and 
‘Yang occur in the Heavens within the course of a 
day, and all of the stars seem to make a 360 de- 
gree rotation (as the Earth rotates) the Pole Star 
remains stationary as Heaven's Still Point. In a 
similar manner, the body has the Taiji Pole as the 
“still point of man.” A great stillness is experienced 
when a Qigong practitioner gathers Qi into the 
Taiji Pole. 

INTERNAL ENERGY INTERACTIONS 

Extending from the body’s Taiji Pole are the 
‘Three Dantians, Five Jing-Shen, and the Eight Ex- 
traordinary Vessels. These vital energetic systems 
feed all the major organs and the body's Twelve 
Primary Channels. As the Three Dantians absorb 
energy from the body’s Taiji Pole, they also ex- 
tend, or “feed,” and energize the body’s Yin and 
‘Yang organs, Twelve Primary Channels, and Eight 
Extraordinary Vessels. Each individual Dantian is 


connected to the body's Taiji Pole and is respon- 
sible for creating its own alchemical transition in 
the process of converting Jing into Qi, Qiinto Shen, 
Shen into Wuji, and Wuji back to the Dao (see 
Chapter 13). 

In my clinical experience, the closer I work to 
the patient's Taiji Pole the more powerful the en- 
exgies become. Accessing the patient's Taiji Pole, 
Three Dantians, and Eight Extraordinary Vessels 
for whole body tonification and regulation is faster 
and less draining on my energetic reservoirs then 
emitting Qi into the patient’s Twelve Primary 
Channels to accomplish the same type of treat- 
ment. 

‘THE FIVE THRUSTING CHANNELS 

Five internal Thrusting Channels connect to 
and transverse the body’s center Taiji Pole. These 
five internal channels begin at the perineum and 
spiral up through the center of the body's core, 
flowing into the upper crown of the head. They 
connect the Baihui area at the top of the head to 
the Huiyin area at the bottom of the perineum. 
‘These five internal channels absorb the Five El- 
emental energies of Heaven and Earth (Wood, 
Fire, Metal, Earth, and Water) into the body. 

‘The Taiji Pole is responsible for absorbing the 
energy from Heaven and Earth and distributing 
the collected Qi into the body's major internal or- 
gans. Similar to the Earth’s central axis, the Taiji 
Pole is divided into two main energetic polarities: 
The Five Portals of the Heavenly Yang Gate, lo- 
cated at the top of the head, and the Five Portals 
of the Earthly Gate, located at the perineum (Fig- 
ure 57). 

When the body's internal and external ener- 
.getic wave patterns become synchronized through 
prayer or meditation, a rhythmic pulsation occurs 
within the Taiji Pole. This pulse begins deep within 
the center core of the body and vibrates outward 
towards infinite space connecting the Wuji with 
the Dao. 

SPIRITUAL MANIFESTATIONS 

When doctors penetrate the outside veil sur- 
rounding the center core of a patient's Taiji Pole 
and extend their intention into the light’s center, 
they experience the sensation of falling into space 


Top of Head 


Figure 5.7. The Five Portals of the Heavenly Yang Gate 
are portrayed here as seen looking down at the top of 
the head. The Universal Energy is absorbed into the 
Taiji Pole through the Five Portals ofthe Heavenly Yang 
Gates, located at the center ofthe Balhui (One Hundred 
Meetings) and Sishencong (Four Spirits Hearing) areas, 
at the top of the head. 
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The Five Portals of the Earthly Yin Gate as seen from 
the perineum. The environmental energy is absorbed 
into the Taiji Pole through the Five Portals of the Earthly. 
Yin Gates, located al the center of the anal sphincter, 
between the Huiyn (Meeting of in) and the Changgiang 
(Long Strength) areas, atthe base of the perineum. 


or shooting through space. This sensation is fol- 
lowed by seeing flashing colors and moving 
shapes, as the surrounding core dissolves into in- 
finite space itself. As the Qigong doctors contin- 
ue to extend their intention to reach this area, time 
and space feels asf they stretch into eternity. This 
experience is considered the true connection with 
the Wuji returning back to the Dao. The potential 
for this experience exists within everyone and can 
be accessed through deep prayer and meditation. 
It is quite a normal phenomenon within deep 
spiritual practices and is sometimes known as 
accessing the river of God. 

ENERGETICALLY OPENING THE TAI! POLE 

‘When we are born, we are connected to great 
spiritual wisdom and power through our center 
core. During the maturation process, this connec- 
tion slowly fades away, yielding to masks and de- 
fense mechanisms, that seek to shield us from our 
pain and self-hatred (shame). In childhood, ev- 
ery time we repressed the flow of painful feel- 
ings connected to an event, we froze that particu- 
lar event in both energy and time, and locked it 
within our muscles. Since the external Wei Qi is 
composed of energy consciousness, a block of fro- 
zen psychic energy is formed within the Wei Qi 
at the moment we inhibit the pain. By walling off 
our wounds, we also wall off our connection to 
our deeper core self (Figure 5.8). We pretend not 
to feel the pain anymore, we block off the memory 
of the event. Thus, we prevent a natural resolu- 
tion to the pain and the trauma of the event. 
‘Through denying our true feelings we disconnect 
from our core self and put on masks. We smile 
when angry, for example, or pretend indifference 
to our hurts. Since creative inspiration comes from 
our core, we lose our creative ability. When we 
stop the negative experiences of anger, pain, or 
fear, we also stop the positive healing of the physi- 
cal, mental, and emotional aspects of the experi- 
ence. 

During Medical Qigong treatments, patients 
regress layer by layer through the pain and fear 
associated with the blocked energy that gives rise 
to the disease. Even though the memories may 
be very strong and frightening, as the emotions 
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Figure 5.8. The True Self is Contained Within the Core Self 


release, the pain decreases with the dispersal of 
the original trauma. 

Thave found in my clinical practice that most 
of the patients’ pain comes not from the original 
trauma but from the unconscious belief system 
established to protect them from the original 
trauma. In other words, more pain and illness is 
created in our bodies by avoiding working 
through the original trauma (through our habitual 
defense and avoidance patterns) than was present 
in the original trauma. It requires enormous 
amounts of energy to suppress feelings, and each 
time we do so, we create further injuries to our- 
selves. 


SPIRITUAL AWAKENING 

When patients become aware of their spiri- 
tual connection to the divine, it is called an “awak- 
ening.” This change can be observed through the 
spiritual transitions experienced within the pa- 
tients’ center core through their Taiji Pole. When 
the center Taiji Pole (which connects all three 
Dantians) begins to awaken, certain physical, 
emotional, and energetic reactions may occur 
within the patients’ body. These transformations 
occur because the tissues of the energetic fascia 
(that connect to the major organs of the body) are 
enveloped within the energetic structure and web- 
bing of the Taiji Pole. 


THE TWELVE GATES OF THE CHAKRA 
SYSTEM 

Although the body's major internal energy 
centers are contained within the interacting net- 
work of the Three Dantians, the Three Dantians 
also connect to the body's major energy doors (1o- 
cated on the Governing and Conception Vessels), 
known as the Twelve Gates of the Chakras. These 
Chakra gates are superficial, on the surface of the 
skin, and are not as deep as the Chakra Cores and 
‘Three Dantians which are all connected to the Taiji 
Pole (Figure 5.9) 

‘The word Chakra is Sanskrit for “wheel.” The 
Chakras look like small, colored disks, usually 
about the size of a silver dollar. Energetically the 
Chakra gates look like funnels or vortices of Qi. 
Qigong doctors and sages have for centuries de- 
scribed their perceptions of these gates as resem- 
bling energetic wheels or vortexes within the 
subtle energy body. Each funnel extends and ex- 
pands its energetic vortex out into the body's Wei 
Qi field. As energy travels up and down the Taiji 
Pole it creates an energetic pulse. This energetic 
pulse resonates out from the body through the 
‘Twelve Chakra Gates, and can be felt several feet 
from the body. The bottom Chakra is located at 
the perineum and only has one gate, as does the 
top Chakra located at the top of the head; the sec- 
ond, third, forth, fifth, and sixth Chakras have two 
gates each, one on the front of the body and the 
other on the back of the body. These Chakra Gates 
serve the following different energetic functions: 

1. The top or Crown Chakra gate is responsible 
for absorbing Heavenly Qi and light into the 
body, as well as energizing the center core’s 
Taiji Pole. 

2. The front Chakra gates are responsible for the 
patient's feelings and emotional activity. They 
are related to the patient’s Shen and the Heart 
Fire energy. They are connected to the Con- 
ception Vessel 

3. The back Chakra gates are responsible for the 
patient's willpower and determination. They 
are related to the patient's Zhi and the Kid- 
ney Water energy. They are connected to the 
Governing Vessel. 
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Figure 5.9. The body's Twelve Chakras Gates extend 
from the Taiji Pole and expand outward into the three 
external Wei Qi fields. 


4, The center of the Chakras are actually deep 
inside the body's center core, located within 
the middle of the Taiji Pole. 

5. The bottom or Base Chakra gate is responsible 
for absorbing Earthly Qi and heat into the 
body, as well as energizing the Taiji Pole. 
Generally, when treating a patient, the Qigong 


doctor extends energy into the patient’s back 
Chakra gates to stabilize the emotions and to ac- 
cess control over the patient's will and determi- 
nation. The doctor can, for example, connect with 
the Heart Chakra back gate, located on the 
patient's Shendao, GV-11 point, to access the emo- 
tions stored within the tissues of the Heart. The 
front Chakra gates are used to remove Excess 
emotions from the patient's tissues. Although the 
treatment approach differs, the Three Dantians 
system and Twelve Chakra Gate system, mutu- 
ally support each other, both in the location of the 
energy centers, and in their physical manifesta- 
tions of energetic function. 

‘The Yin and Yang polarity of the Chakra gates 
are opposite in men and women (Figure 5.10). The 
Twelve Chakra Gates serve as subtle energy dis- 
tributors, thathelp absorb and distribute environ- 
mental Qi to the patient's organs, tissues, and 
major nerve plexus areas closest to each gate. Each 
Chakra gate is connected to its own potential of 
psychic perception, interfaces with the body’ ner- 
vous system, and is associated with a different en- 
docrine gland. Any energy extended from the 
Qigong doctor towards a patient's Chakra gate 
will affect the patient’s physical body. As the pa- 
tient begins to energetically open the Chakra gates, 
the external energetic Chakra wheels begin to spin. 
in half-circle rotations, opening and closing with 
the core’s energetic pulse. The energetic action is, 
similar to the centripetal (closing) and centrifu- 
gal (opening) action of the body’s energetic chan- 
nels. 

Each opening of a Chakra gate may result in 
a spontaneous emotional release. Some of these 
releases can involve painful memories that have 
been dislodged from the energetic filter (or veil) 
that envelops the Chakra gates. This energetic fil- 
ter prevents external emotional traumas from en- 
tering into the body’s center core. 

‘AChakra gate can become stuck open, closed, 
ormay also tlt out of alignment with the Taiji Pole, 
causing Qi Deviations that may result in a dis- 
torted or obstructed flow of energy. This obstruc- 
tion may cause physical, as well as psychological, 
stress or trauma. The release of these emotional 
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Figure 5.10. The energetic Yin and Yang polarity of the 
Chakra Gates are opposite in men and women. The 
Chakra Gates of a man start from a Yang (+) energetic 
field (at the Lower Chakra Gate) and change to Yin (-) 
at the second Chakra Gate, altemating from Yang to 
Yin up the body, ending at Yang in the Upper Chakra 
Gate. Women display the opposite energetic polarity in 
each Chakra Gate, 
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They may also measure temperatures as low as 
-200 degrees, but at temperatures below -100 
degrees the temperature coefficient diminishes 
to the point where voltage increments are less 
than 30uV per degree Celsius. 


How a Thermocouple Works 


When one end of a piece of wire is maintained 
ata temperature that is different from the other 
end, the temperature gradient along the wire 
creates a small electromotive force that mani- 
fests itself as a difference in electrical potential 
between one end of the wire and the other. 
This is known as the Seebeck effect, named after 
the man who discovered it. The magnitude of 
the potential will depend on two factors: the 
temperature difference between the ends of 
the wire, and the type of wire that is used. 


Figure 25-5 illustrates the concept. Part 1 of this 
figure shows two wires, named A and B. The left, 
ends of the wires are heated to the same tem- 
perature, Ty, while the right ends remain at a 
cooler temperature, Ty. Because the wires are 
composed of different metals, the voltage drop 
across each wite will be different. 


To make this model useful, some factors must 
be eliminated. In part 2 of Figure 25-5, the hot 
ends of the wires have been welded together. 
This now guarantees that they share the same 
temperature and the same voltage, Vy. We do 
not yet know what these X values are. 


In part 3 of the figure, the cold ends of the 
wires are clamped in an isothermal block, 
which keeps them at an equal temperature, still 
represented as Ty. The block is not electrically 
conductive, so the cold ends of the wires still 
have different voltages, V, and Vp. We cannot 
measure these voltages directly, because they 
are relative to Vy, which is unknown. However, a 
volt meter can measure V, and Vg relative to 
each other. 


The volt meter will have its own voltage gradi- 
ent on its wires, and possibly a temperature 


How a Thermocouple Work: 


gradient too, but both of these wires are made 
of the same metal (probably copper) and share 
the same temperature gradient. Therefore, their 
effects will be equal. 


——$) 


Temperature Ty? Temperature Ty" 


Temp 


Voltage Va 


Figure 25-5 Basic principles ofa thermocouple. See text 
for details. 


‘A mathematical relationship exists between the 
temperature gradient and the voltage differ- 
ence in each thermocouple wire. Suppose Ka is 
a constant or function that enables the voltage 
difference in wire A to be determined from its 
temperature gradient, and Ks serves the same 
function for wire B. Suppose Tp is the differ- 


ence in temperature between Tx and Ty. We 
may state: 
Ky * (Tore) = Ve - Va 


Ky * (Torr) = Vs 


By subtracting the second equation from the 
first and rearranging the terms, we get: 


Ix ~ Ve 


Tore * ( Ky - Ky ) = Vx - Va > Vx + Ve 


The two Vy terms cancel out, leaving Vs - Va on. 
the right. We can recognize V3 - Va as the volt- 
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Figure 5.11. The body's Chakra system is connected by the Talli Pole and extends outward into the body's nerve 
plexus, affecting the glandular system and both anterior and posterior external energetic fields. 


traumas can be overwhelming and painful if the 
patient has not prepared for, or does not under- 
stand the nature of, these transitional energetic 
malfunctions. These manifestations usually occur 
when the patient's system has been energized and 
the body is actively seeking to release and get rid 
of toxic emotions from certain areas. Qigong doc- 
tors should be aware of these strong emotional 
reactions to assist their patients in facing and 


working through their fears and pain as the Qi 
Deviations along the Taiji Pole are corrected. 
‘Sometimes these experiences unwind at a rapid 
rate, stimulating the patient's central and anterior 
nervous system; this can release a flood of mental 
and emotional images and sensations, that are 
sometimes accompanied by shaking, thrashing, 
and other unusual movements of the body (Fig- 
ure 5.11). 


SECTION 1: FOUNDATIONS OF ENERGETIC MEDICINE 


‘THE BoTTom CHAKRA GATE 
‘The bottom or first Chakra gate is sometimes 
called the Meeting of Yin (referring to the Earth 
energy), and is located near the perineum, in front 
of the anal sphincter on the Huiyin CV-1 point. 
This energy center controls the reproductive sys- 
tem and the urogenital organs and intersects with 
the Bladder and Kidney Channels. Itis associated 
with survival instincts (the “fight or flight” re- 
sponse), security, tribal power (group acceptance), 
and the “grounding” or “rooting” of the body. 

‘The first Chakra is associated with the Lower 
Dantian. Its energetic elemental nature relates to 
Earth, and its color is red. It connects to the Taiji 
Pole at the base of the perineum and exits at the 
top, or Crown Chakra. 

The bottom Chakra is associated with the ki- 
nesthetic, tactile, and proprioceptive senses. It 
supplies energy to the spinal column, adrenal 
glands (in some systems), testicles /ovaries, and 
Kidneys. This Chakra gate is also connected to 
both the Conception and Governing Vessels. 

The bottom Chakra gate will immediately 
open in any emergency situation, or when there 
is danger, to release stored information to ensure 
survival. Energetic malfunctions caused by stored 
‘emotional trauma in this Chakra can cause a mas- 
sive amount of fear for one’s life to be released. 
The retention of massive amounts of fear, or the 
sudden energetic release of panic, can cause the 
following symptoms: lower back pain, sciatica, 
constipation, hemorthoids, rectal tumors and can- 
cer, knee problems, and varicose veins. 

‘THE SECOND CHAKRA GATES 

The second Chakra core can be accessed 
through two energetic gates. The front gate is 
sometimes called the Spirit's Palace Gate and is 
located at the navel around the Shenque CV-8 
point. The back gate is sometimes called the Gate 
of Life and is located on the lower back at the 
‘Mingmen GV-4 point. 

This second energetic area is considered the 
“gateway of the Lower Dantian.” Its energetic el- 
‘mental nature relates to Water, and its color is 
‘orange. Itis the energy center through which other 
people's emotions are perceived (kinesthetic per- 


ception), allowing one to be sensitive to other 
people and to sense dangerous situations. 

The second Chakra is the energy center for 
sexuality, sensuality, the hunger for power, and 
financial issues. It supplies the sexual organs (ova- 
ries and testicles) and the immune system with 
energy. 

When the second Chakra gate opens the pa- 
tient feels the release of sexual desires, waves of 
orgasm, and sexual fantasy. Because this area is 
also associated with the desire for power, some- 
times the desire to destroy is released. Energetic 
malfunctions caused by stored emotional trauma 
in this Chakra can cause lower back problems, fri- 
gidity or impotence. Second Chakra dysfunction 
can also cause Kidney, uterine, Bladder, and uri- 
nary problems. 

‘THE THIRD CHAKRA GATES 

‘The third Chakra core can be accessed through 
two energetic gates. The front gate is sometimes 
called the Solar Plexus Center, in this system of 
Chakra diagnosis it is located between the navel 
and the xiphoid process (at the level of the pan- 
creas), at the Zhongwan CV-12 (Middle Stomach 
Cavity) point. The back gate is called the Middle 
of the Spine and is located on the middle of the 
back at the Jizhong GV-6 point. 

The third Chakra area is associated with the 
Middle Dantian and is knownas the Yellow Court 
in Medical Qigong therapy. Its energetic elemen- 
tal nature relates to Fire, and its color is yellow. It 
is the body's distribution point for psychic ener- 
gies (gut instinct and intuition), personal power, 
and self-image. Itis the area where the body's Qi 
transforms into Shen. It is also a storage chamber 
for severe emotional pain and anger. 

This area supplies energy to the Liver, Gall 
Bladder, Stomach, Spleen, pancreas, adrenal 
glands, and nervous system. The third Chakra is 
the center for personal power-storing issues of re- 
sponsibility, self-esteem, personal honor, and fear 
of rejection. 

When the third charka’s energy gates open, 
feelings of power and waves of anger, rage, fear, 
greed, jealousy, judgment, and criticism can be re- 
leased. Energetic malfunctions caused by stored 


emotional trauma in this Chakra area can cause 
ulcers, hypoglycemia and diabetes, as well as 
Liver and/or adrenal problems. 
‘THE FOURTH CHAKRA GATES 

The fourth Chakra core can be accessed 
through two energetic gates. The front gate is 
sometimes called the Heart Center and is located 
at the center of the breastbone, at the Shangzhong 
CV-17 point. The back gate is sometimes called 
the Spirit Path and is located on the Shendao GV- 
11 point on the back, between the scapula. 

The fourth Chakra area is associated with the 
Middle Dantian. Its energetic elemental nature 
relates to Wind, and its color is green. This energy 
center is associated with love, compassion, em- 
pathy, clairsentience, and intuition. This area sup- 
plies energy to the Heart, Lungs, circulatory sys- 
tem, thymus gland, vagus nerve, diaphragm, and 
upper back. 

When this energy center opens, it can be 
physically painful (the patient may experience 
feelings of a weight on the chest, heart attack sen- 
sations, or the release of tears) as the patient be- 
comes aware of being attached to the personal ego. 
The feelings associated with the fourth Chakra 
have to do with our internal world, while feel- 
ings associated with the third Chakra have to do 
with the external world. Energetic malfunctions 
can cause Heart and Lung diseases. 

THE FIFTH CHAKRA GATES 

‘The fifth Chakra core can be accessed through 
two energetic gates. The front gate is sometimes 
called the Throat Center and is located just above 
the hollow of the throat, at the Tiantu CV-22 point. 
The back gate is sometimes called the Big Verte- 
bra and is located on the back, at the base of the 
neck on the Dazhui GV-14 point. 

This energy center is associated with sound 
vibration, personal and divine will, and commu- 
nication. The fifth Chakra area is associated with 
the Middle Dantian. Its energetic elemental na- 
ture relates to sound, and its color is bright blue. 
It is the center for psychic clairaudience, and the 
power source for the Qigong doctor’s “inner 
voice” guidance. This area supplies energy to the 
throat, thyroid and parathyroid glands, neck ver- 


tebrae, mouth, Lungs, and alimentary canal (the 
digestive tube from the mouth to the anus). 

When the fifth Chakra energetic center opens, 
a compulsive urge to sing and chant arises. This 
area is also where Heat from the Liver Fire some- 
times becomes entangled with Phlegm (a viscid 
substance that is a product and a cause of disease) 
from the Lungs, forming what isknown as “plum 
pit Qi” (an energetic knot within the throat). En- 
ergetic malfunctions caused by stored emotional 
trauma in this Chakra area can cause stiff neck, 
sore throat, throat “plum pit Qi” symptom, thy- 
roid problems and swollen glands. The patient 
sometimes experiences a release of unexpressed 
grief and anger, resulting in the physical reactions 
of excessive swallowing, coughing, or laryngitis. 
THE SIXTH CHAKRA GATES 

‘The sixth Chakra core can be accessed through 
two energetic gates. The front gate is sometimes 
called the Third-Eye Center and is located at the 
middle of the forehead at the Yintang or Hall of 
Impression point. The back gate is located on the 
back of the head, between GV-16 (Wind Palace) 
and GV-17 (Brain's Door), at the external occipi- 
tal protuberance. 

The sixth Chakra area is the center for psy- 
chic intuition, clairvoyant seeing (inner vision), 
and energy projection. The sixth Chakra area is 
associated with the Upper Dantian. Its energetic 
elemental nature relates to light, and its color is 
indigo (deep violet blue). This area of the body is 
responsible for enabling the Qigong doctor to see 
auras, Chakras, and other energetic images. This 
center is also responsible for mental telepathy, al- 
lowing the doctor to sometimes know the patient's 
thoughts and feelings. This area of the body sup- 
plies energy to the pituitary gland, lower brain, 
ears, nose, eyes, and nervous system. 

‘When the sixth Chakra energy center opens, 
energetic malfunctions can result in headaches, eye 
strain, pain around the eyes, distorted or blurred 
vision, and sometimes blindness. Inaccurate inter- 
pretations of events, projections of personal fears 
and other emotions and motivations onto others 
may sometimes occur. Reoccurring nightmares and 
misguided fantasies may also be incurred. 
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Figure 5.12. Ths figure shows the Twelve Earthly Branch Relation to the Twelve Chakra Gates. The Gover 


ing 


and Conception Vessels flowing through the middle of the back and front of the body correspond to the ecliptic 


path of the sun along the Twelve Chakra Gates, and are related to the Twelve Earthly Branches. 


THE UPPER CHAKRA GATE 

‘The upper or top Chakra gate is sometimes 
called the Crown Center and is located on top of 
the head at the Baihui GV-20 point. This energy 
center is associated with higher knowledge, un- 
derstanding, pure intuition, and ecstasy. The up- 
per Chakra area is associated with the Upper 
Dantian. Its energetic elemental nature relates to 
infinite space (Wuji), and its color is violet. This 


area supplies energy to the pineal gland and up- 
per brain. 

When the upper Chakra energetic center 
opens, itis like a golden flower opening, accom- 
panied by a dazzling bright light and a strong, 
powerful connection with the divine. Energetic 
‘malfunctions result in confusion, apathy, alien- 
ation, boredom, depression, and a state of incom- 
prehension. 


TAKING PRECAUTIONS 
When any of the energetic reactions to open- 
ing the Chakra gates take place, it is important 
for the student or patient to realize that these are 
only transitional stages and are normal phenom- 
ena which occur as a sign of energetic and spiri- 
tual transformations. The student or patient 
should take certain precautions, however, like 
being under the care of a qualified Qigong doctor 
when beginning any type of energy training. 
Its also important not to allow patients to 
experience these emotional transitions alone. Be- 
cause these energy transitions, malfunctions, and 
deviations are new to the Western mode of think- 
ing, they can easily be misdiagnosed by doctors 
unfamiliar with energetic medicine. Patients 
should be encouraged to find or establish a sup- 
port group consisting of advanced practitioners 
of energetic meditation. Having a support group 
of experienced practitioners allows these emo- 
tional and spiritual transitions to occur in a safe 
environment, where other experienced practitio- 
ners can monitor the patient's feelings, if and 
when, unfamiliar emotions start to emerge. 


THE TWELVE EARTHLY BRANCHES 
AND THE TWELVE CHAKRA GATES 

The body is viewed as a small and complete 
universe unto itself. The internal organs are in- 
fluenced by the celestial movements of the sun, 
‘moon, planets, and stars. The Governing and Con- 
ception Vessels, where the Twelve Chakra Gates 
are located, are also affected by the Heavenly 
cycles. 


In ancient China, the day was divided into 
twelve separate time divisions. Each time division 
corresponds to two hours of the day and was 
named after one of the Twelve Earthly Branches. 
These twelve time divisions were further orga- 
nized into months and seasons (see Chapter 11). 
The ancient Qigong doctors discovered that the 
body’s Qi and Blood mirror the Earth’s seasonal 
ebb and flow, rising and falling like the lunar tides. 

Each of the time periods corresponding to the 
‘Twelve Earthly Branches is regarded as having a 
specific influence on each of the Twelve Gates of 
the body's Chakra system. The rhythmic varia- 
tions of the waxing and waning of Qi and Blood 
isassociated to the waxing and waning of Yin and 
Yang energy, as well as the circulation of Qi fol- 
lowing the Microcosmic Orbit (Fire) cycle. 

Each of the Twelve Chakra Gates relates to 
one of the Twelve Earthly Branches following the 
Microcosmic Orbit (Fire) cycle (see Chapter 41). 
‘These Twelve Chakras Gates extend their energy 
from the patient's Taiji Pole outward, along the 
center of the body, through the anterior and pos- 
terior fields of Qi. Beginning at the bottom Chakra 
gate (the "Zi” Branch, representing midnight), the 
energy follows the Fire Cycle of the Microcosmic 
Orbit, traveling up the Governing Vessel, follow- 
ing the “ascent of Yang.” After the Yang Qi reaches 
its peak, the Yin begins to grow. Starting at the 
upper Chakra gate (the Wu Branch, representing 
noon time), the energy travels down the Concep- 
tion Vessel, following the “descent of Yin” (Fig- 
ure 5.12). 


CHAPTER 6 


THE TWELVE PRIMARY CHANNELS AND ORGANS 


INTRODUCTION 

‘According to Traditional Chinese Medicine, 
a system of channels exists that integrates all the 
body's separate parts and functions into a unified 
organism. The understanding of these channels 
and their energetic function and interactions pro- 
vides the Qigong doctor with the basis for under- 
standing the relationships among the various 
physiological, pathological, diagnostic, and thera- 
peutic relationships in Traditional Chinese Medi- 
cine. 

The study of Chinese medicine rests on, and 
is inspired by, the circulation of Qi, as many dis- 
eases follow a predictable course of development. 
The pathology in an internal organ will often 
manifest itself in certain external or systemic 
symptoms; therefore, understanding the circula- 
tion of Qi flow allows the doctor to control each 
ongan’s energetic function. By stimulating specific 
sites on the body's surface, diseases in both the 
superficial tissues and internal organs can be 
treated. 

A doctor of Medical Qigong uses various tech- 
niques that facilitate the opening of the major en- 
ergetic connectors of the body’s internal organs. 
‘These connectors, called channels and vessels, are 
responsible for connecting the flow of Qi within 
the whole body to transfer Qi both internally and 
externally. 

The channels are also known as meridians or 
Jing-luo. The Chinese character for this type of Jing 
means “to move through,” while the translation 
of the character luo means “a net” (the body's in- 
ner fascia). Along these channels are major trunks 
and lesser branches that connect internally with 
the vital organs and externally with the major 
channels, limbs, sensory organs, and orifices. 

The smaller branches are known as collater- 


als. The tiny areas along these channels and col- 
laterals where the Qi pools are called points. These 
points are the spots where the patient's spirit and 
energy enter and leave the body. When stimulated, 
these channel points (sometimes also called “acu- 
puncture points”), cause an energetic response 
from within the internal organs and channels, re- 
sulting in internal Qi flowing from organ to chan- 
nel, from channel to channel, or from point to 
point along the same channel. 

The channels unite the body as one unit. 
Channel theory is interrelated with organ theory. 
Traditionally, the internal organs have never been 
regarded as simply independent anatomical enti- 
ties. Rather, Traditional Chinese Medicine focuses 
on the functional and pathological interrelation- 
ships between the channel network and the or- 
gans. The internal organs and their systems are 
sometimes known as “orbs” or “spheres of influ- 
ence.” 

Qitravels throughout the physical body along 
the channels and collaterals much as water flows 
through rivers and streams. An ancient Chinese 
medical text explains this concept as follows: 
“Heaven is covered with the constellations, Earth 
with the waterways, and man with channels.” 
Qigong doctors of ancient China paid much more 
attention to the Body Fluids and energies circu- 
lating through the body than to the physical ana- 
tomical structures. The ancient Chinese consid- 
ered the Body’s Fluids and energies much more 
fundamental. 

The channels serve as the link between the 
energies, such as Jing, Qi, Shen, and the ingredi. 
ents, such as Blood and Body Fluids, that feed and 
enliven the tissues. The human body’s main en- 
ergetic rivers are the Twelve Primary Channels 
and Eight Extraordinary Vessels (see Chapter 7). 


CLASSIFICATION OF CHANNELS 

The channels are classified into four main cat- 
egories: Jing, Luo, Muscle Tendon, and Skin 
Zones. 
1. The Jing Channels are the Primary Channels. 
These channels include the Eight Extraordi- 
nary Vessels, the Twelve Primary Channels, 
and the Twelve Divergent Channels. 
2. The Luo Channels are the Collaterals. These 
collaterals include the Fifteen Major Collater- 
als, the Minute Collaterals, and the Superfi- 
cial Collaterals. 
3. The Muscle/Tendon Channels consist of 
twelve channels that serve as external connec- 
tions to the major channels, flowing through 
the body’s muscles, tendons, and ligaments. 
4, The Cutaneous Regions are skin zone areas 
where the channels surface on the external tis- 
sues. 
JING CHANNELS 

The Jing Channels are the major trunks of the 
circulatory tree. They generally flow vertically 
through the body through relatively deep tissues. 
They also transverse the limbs peripherally and 
penetrate the body cavities to connect with the 
internal organs (Figure 6.1). They are the body's 
main interior and exterior rivers of Qi. 

1. The Fight Extraordinary Vessels connect with, 
and regulate, the Qi and Blood of the Twelve 
Primary Channels by either absorbing any en- 
ergetic “runoff” in times of channel Excess, 
or by replenishing energy in times of Defi- 
ciency. 

2. The Twelve Primary Channels are bilateral 
and symmetrical. They can be identified in 
three specific ways: (1) according to the cor- 
responding Yin or Yang organ to which they 
are connected, (2)by the arms or legs in which 
the channels originate or end, and (3) accord- 
ing to the six divisions of Yin or Yang Qi to 
which the channels relate (1, Tai Yang, Yang 
Ming, Shao Yang, Tai Yin, Shao Yin, and Jue 
Yin). 

The Yin channels run along the medial and 
anterior aspects of the body. They are associ- 
ated with the solid Yin organs and connect 


with the hollow Yang organs. The Yin chan- 
nels include the Kidneys, Spleen, and Liver 
Channels that flow from the feet to the torso, 
a well as the Heart, Pericardium, and Lung 
Channels that flow from the torso to the 
hands. 
‘The Yang channels run along the lateral as- 
pect of the body. They belong to the hollow 
Yang organs and connect with the solid Yin 
organs. The Yang channels include the Small 
Intestine, Triple Burners, and Large Intestine 
Channels that flow from the hands to the 
head, as well as the Bladder Gall Bladder and 
‘Stomach Channels that flow from the head to 
the feet. The interaction between the internal / 
external, Yin/ Yang relationship of the organs. 
and channels results in an alchemical trans- 
ference between energy and matter. 
3, The Twelve Divergent Channels branch off the 
Twelve Primary Channels. They are mainly 
distributed on the chest, abdomen, and head. 
The Divergent channels have the energetic 
functions of connecting internally and exter- 
nally related channels, strengthening the con- 
nection of the Twelve Primary Channels to 
their related organs, and serving as extensions 
of the Twelve Primary Channels. 
Luo on CoLLATERALS 

The Twelve Primary Channels are connected 
by collaterals, which are small, interlinking 
streams. These collaterals are the connecting 
branches of the energetic circulatory system. They 
generally flow superficially, in horizontal and ver- 
tical energetic directions. They are the body's sec- 
ondary streams of Qi that form an intricate net- 
work that traverses the body's surface and inter- 
connects the main rivers, connective tissues, and 
cutaneous regions (Skin Zones). 

1. The Fifteen Major Collaterals (Luo) transfer 
Qiand Blood from the Twelve Primary Chan- 
nels to all parts of the body and link the body's 
interior with its exterior, connecting the 
body's internal and superficial channels, as. 
well as the Governing and Conception Ves- 
sels and the Great Luo of the Spleen (see 
Chapter 7), 
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Figure 6.1. Channel and Organ Energy Flow 
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Figure 6.2. The Human Body's Energetic Matrix 


age difference measured by the meter. Call it 
Vy So: 


TOK > Ke) 

This enables calculation of the temperature dif- 
ference between the ends of the wires, based 
on the meter reading and the conversion factor 
for each wire, which can be found experimen- 
tally. Because Ty is being held at a known, con- 
stant value, we can determine the value of Ty: 


Torr = Va 


T= Ty + Tor 


Thermocouple Details 

When the thermocouple was first invented, the 
cold ends of the wires were placed in a bath of 
ice and water, forcing them to acquire and 
maintain a known temperature of 0 degrees 
Celsius. 


The advent of accurately calibrated thermistors 
made it possible simply to measure the temper- 
ature of the cold ends. In this way, a thermistor 
enables a thermocouple to work. This prompts 
the question: why not just use the thermistor to 
measure T,, and throw away the thermocou- 
ple? The reason is that a thermistor has a more 
limited range, seldom being used for tempera- 
tures above 150 degrees Celsius. 


Note that the "hot end” of the thermocouple 
wires does not actually have to be hotter than 
the “cold end” even though those terms are 
commonly used. The equation to find T, works 
Just as well if Ty is higher than T,. The tempera- 
ture difference will simply have a negative 
value instead of a positive value. 


Because "hot" and “cold” are misleading terms, 
modern documents generally refer to the 
“measurement junction’ and the “reference 
junction” of the wires. Note, however, that the 
wires are not actually joined with each other at 
the reference junction. 


A common misconception is that voltage is 
generated where the wires are joined at the 
measurement junction. This is not correct. The 


radiation thermocouple 


voltage is a function of the temperature gradi- 
ent between the measurement junction and 
the reference junction in each wire. Therefore, 
the way in which the wires are joined is irrele- 
vant, provided there is an electrical connection 
between them. They can be welded, soldered, 
brazed, or crimped together. 


How to Use It 


Where a thermocouple is used in a laboratory, 
typically each wire is insulated, and they termi- 
nate in a plug that is inserted in a meter. The 
reference junction is hidden inside the meter, 
along with some electronics to decode the 
temperature data. The meter must have a set- 
ting that is appropriate to the specific type of 
thermocouple being used, so that the conver- 
sion factors are correct. 


Because the type of metal in each wire must be 
consistent all the way from the measurement 
Junction to the reference junction, other types 
of wires cannot be used to extend the reach of 
a thermocouple. Any extension must use wires 
made from the same metals. Connectors, also, 
must have pins and sockets that match the 
types of metals in the wires. 


An extension wire for a thermocouple is shown 
in Figure 25-6. 


Figure 25-6 Extension wire fora type K thermocouple. 
Note the polarized plug. 
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2. The Minute Collaterals are smaller branches 
of the Fifteen Major Collaterals. They are 
countless in number. 
The Superficial Collaterals are smaller 
branches of the Minute Collaterals. They are 
also countless in number, 
MUSCLE TENDON CHANNELS 

‘The Twelve Muscle/ Tendon Channels are the 
‘external connections of the major channels. They 
generally flow superficially, traversing the body's 
surface and serve to join the main rivers, connec- 
tive tissues, and Cutaneous Regions. The Twelve 
Muscle/ Tendon Channels are also regions of the 
body where the Qi and Blood of the Twelve Pri- 
mary Channels nourish the muscles, tendons, and 
ligaments. 
CUTANEOUS REGIONS 

The Twelve Cutaneous Regions (also called 
‘Twelve Skin Zones) are areas of the body where 
the Blood and Qi of the Twelve Primary Chan- 
nels surface and connect to the body's skin tis- 
sues. These cutaneous regions have a continuous 
and direct contact with the external environment. 

The body resonates in a continuous interplay 
of Yin and Yang harmony, balancing the channels’ 
and organs’ energy flows. The channels help cre- 
ate the body’ external Yin and Yang polarities and 
create the energetic matrices around which the 
body's energetic fields can flow. Together these 
energetic matrices establish the foundation of the 
body's energetic tissues (Figure 6.2). 


THE CHANNELS’ RELATIONSHIP To QI 
AND BLoop 

The channels transport Qi and Blood to nour- 
ish, moisten, and vitalize the whole body. Healthy 
bodily function depends on the balanced circula- 
tion of Qi and Blood. Qi is Yang and provides the 
energy or force necessary for the body's functional 
activity (ie, movement and transportation, warm- 
ing, containing, transforming, and defending) 
Blood is Yin and is the source of the body’s moist- 
ening, nourishment, and lubrication. 

The Blood, Qi, and heat circulate through the 
‘Twelve Primary Channels every two-hours, ebb- 
ing and peaking in energetic flow. The maximum 
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Figure 6.3. The Body's High and Low Energetic Tides 


peak of a channel's Qi, or “high-tide,” occurs at 
the time of day when the Qi in that channel is at 
its fullest. The minimum period of a channel's Qi, 
or “low tide,” occurs twelve hours from the peak 
time (Figure 6.3). 

The connective tissues of the body's fasciae 
transmit a variety of biological energies. Think of 
the inner fascia as lubricated linings that cover the 
muscles and internal organs, allowing the tissues 
to slide and move easily. Within the lining of the 
superficial fasciae, the channels are webbed; this 
webbed network conducts energy in the form of 
electron, proton, and ion transmission, and is in- 
fluenced by light and sound. 

According to Traditional Chinese Medicine 
theory, each of the Twelve Primary Channels has 
its own individual resources of Qi and Blood; 
however, the energetic quality varies in accor- 
dance with the amount of Blood and Qi available 
in each organ and its particular channels. From a 
traditional Chinese medical perspective, the 
Spleen plays two important roles in regard to Qi 
and Blood. First, it converts food into Gu Qi which, 
when further refined by the Liver and Kidneys, 
becomes Ying (Nutritive) Qi; and second, it man- 
ages the Blood by keeping it in the channels. Ying 
Qi secretes Body Fluids that enter into the blood 
vessels and are transformed into Blood by the 
Heart. The Heart both creates and governs the 
Blood; whereas, the Liver stores it and spreads Qi 
throughout the body. Blood is considered to be a 
denser, more material form of Qi. Qi and Blood 


Organs & Channels | Qi Blood 
Liver less more 
Lungs more less 
Large Intestine balanced | balanced 
‘Stomach balanced | balanced 
Spleen more less 
Heart more less 
‘Small Intestine less more 
Bladder less more 
Kidney more less 
Pericardium less more 
Triple Burners more less 
Gall Bladder more less 


Figure 6.4. The Body's Organ and Channel Relationship 
to the Proportions of Qi to Blood 


are interdependent: Qi moves the Blood, but the 
Blood nourishes Qi; both flow together. 

The chart in Figure 6.4 shows each of the 
‘Twelve Primary Channels and the proportion of 
Qi and Blood each channel carries. 


FUNCTION OF THE CHANNELS 

The channels are responsible for responding 
to any malfunction in the body. They can also, 
however, be disseminators of energetic dysfunc- 
tion and disease. Disease passes in to the internal 
organs, or from one organ to another, via the chan- 
nels. Exogenous diseases progress from the body’s 
skin pores to the tiny collaterals, then to primary 
channels, and finally, to the internal organs. The 
channels are affected by disease in a predictable 
fashion. 


1. Diseases and symptoms manifest along the 
channel pathway. 

2. Points along the channels become tender, 
painful, tight, or flaccid. 

3. When in a deficient state, the electrical resis- 
tance and heat tolerance diminish on the skin 
at the diseased point(s). 

4, The body’s sensory organs (sight, smell, taste, 
hearing and touch) are affected through chan- 
nel relationship. 

From a traditional Chinese medical perspec- 
tive, the functions and flow of the channels and 
collaterals, as well as the internal organs’ health 
can be affected by Medical Qigong, acupuncture, 
Chinese massage, and herbal medicine. Each sys- 
tem of Traditional Chinese Medicine disperses 
Excess, moves stagnation, stimulates and nour- 
ishing the Qi to tonify Deficiency, and stimulates 
the Wei Qi to fight External pathogens via the 
channels. In fact, each time the body’s channels 
and collaterals are trained or regulated, they be- 
come thicker with Qi. 


INTERNAL AND EXTERNAL CHANNEL 
FLow 

‘As the Qi of an internal channel flows into or 
out from its “primary organ,” it generates a cur- 
rent that is similar to a river rushing back into the 
sea. The moment that energy flowing through the 
internal channel permeates the primary organ, an 
energetic connection and reaction is immediately 
created in the organ tissues. When the Qi of an 
internal channel flows into its “associated organ,” 
however, the energetic reaction is quite different. 
Instead of immediately permeating the organ, the 
channel's energy “spirally wraps” the organ’s tis- 
sues through the internal fascia that envelops the 
associated organ. The associated organ tissues 
then absorb the energy from the surrounding fas- 
ia. This difference in energetic penetration and 
absorption rate is an important factor when work- 
ing with the body's internal energetic channels. 
When Qigong doctors extend their energy into a 
patient's channels, they must be aware that the 
absorption rate will be immediately felt in the 
channels pertaining organ, and will have a 
gradual effect on the organ’s associated organ. 


He TWELVE PRIMARY CHANNELS AND ORGANS 


Channet | vin or [Assoclated | pany [Blood Heat [Blood [Abbr 

Name | Yang” [Oren oye Gye | wadon 

Gat rr i 

Sat |yeng liner |eod |ttpm= tam. [mao len 
cat tess 

vier fm [Sat [ecu |ram—aem [Mee [uw 
Lage Tmtam [noeG [iy 

Lungs NG Intestine Metal SeOR? less Blood | 

Lage “yam, [balneed oF 

Lage [vena |uuna mea |sam~ 7am [enanond |. 

stomach [ang |speen [eat [7am eam. [Danced |. 

rr a 

soloen [vin [Stomach [eam [pam-ttam.|moe9,, [sp 
Snot wore 

teat [yn [Smit re [ttam—apm. [mam | 

Sia tess 

Sra |veng [Heat [eve |tpm=apm. | , [au 

ater |Yong |kney [ater |spm= Spm [Fe [a 

mavG ica 

seaney [rin Jeter [water |spm—7om |moreo, [Ks 

perdu vn [e080 ee [rpm apm [le [P 

Tine monipm |e 

Toe Vang [Percarim Fre [epm— tiem. [mech [ro 


Figure 6.5. The Twelve Primary Channels are divided into Yin and Yang. The Yin channels are connected to the 
solid organs, and the Yang channels are connected to the hollow organs. 


ORGAN AND CHANNEL 
FUNDAMENTALS 

‘The purpose for energetic anatomy and physi- 
ology is to understand the fundamental actions 
of each organ and each channel's unique energetic 
characteristics. This understanding includes the 
learning of differential diagnosis to categorize the 
various symptoms into meaningful patterns of 
disharmony. This ability to categorize the various 
symptoms will enable the doctor to analyze and 
recognize specific pathologies indigenous to spe- 
cific organs and channel energies (Figure 6.5). 

In Chinese medical science, the study of en- 
ergetic physiology is called Zhang Xiang Xue 
Shou, which literally translates as “the theory of 


the phenomena of internal organs.” Here, the 
word “phenomena” means visible external mani- 
festations. The organ’s physical structure is of little 
consequence; whereas, its function in the body is 
of primary importance. While Western anatomy 
and physiology are primarily concerned with the 
physical body in its most concrete form (investi- 
gating the structures of the major body systems 
and organs), energetic anatomy and physiology 
focuses mainly on the underlying energy that en- 
livens and sustains the physical form. 

In Chinese medical science, the body's inter- 
nal organs are responsible for creating and dis- 
tributing Qi, Blood and Body Fluids. Traditional 
Chinese Medicine divides Body Fluids into two 
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distinct categories: Jin, which are the body’ clear, 
light fluids, and Ye, which are the body's thick 
and heavy liquids. 

1. The Jin Body Fluids are the Yang Fluids of the 
Upper Bumer that move with Wei Qi. They 
are fast, light, and clear fluids, such as: sweat, 
tears, saliva, and mucus. The Lungs control 
the Jin. 

2. The Ye Body Fluids are the Yin Liquids of the 
Middle and Lower Burners that move with 
Ying Qi. These are slow, heavy, and thick liq- 
ids. These liquids include those that moisten 
the joints, spine, brain, and Bone Marrow and 
lubricate the eyes, ears, nose, and mouth. The 
Spleen and Kidneys control the Ye. 

This internal action of creating and distribut- 
ing Qi, Blood and Body Fluids is manifested 
throughout the body’s tissues through the Blood’s 
Heat Cycle, which actively follows a peak (high- 
tide) and ebb (low-tide) energetic time period. 
Each organ and channel has either a Yin or Yang 
characteristic and is grouped and paired accord- 
ing to its Five Element nature. 

This chapter focuses on the Twelve Primary 
Channels and their relationship to the organs. 
Most Traditional Chinese Medical texts begin the 
sequence of these channels with the Lung Chan- 
nels. In this text, however, due to the energetic 
waxing and waning of the Yin and Yang Yao 
Cycles, and the Twelve Pi Hexagrams (see Chap- 
ter 11), I will start with the Gall Bladder Chan- 
nels. The Twelve Primary Channels are described 
as follows: Gall Bladder, Liver, Lung, Large Intes- 
tine, Stomach, Spleen, Heart, Small Intestine, Blad- 
der, Kidney, Pericardium, and ‘Triple Burner, 


THE GALL BLADDER CHANNELS 

‘The Gall Bladder Channels are Yang channels. 
The external branches flow from the head to the 
feet on both sides of the body (Figure 6.6). The 
internal branches of the Gall Bladder Channels 
flow from the head to the Gall Bladder. The inter- 
nal and external branches of these two rivers origi- 
nate from the outer canthus of each eye. The ex- 
ternal branches zigzag around the side of thehead, 
flowing down the sides of the torso. The internal 
branches leave the outer canthus of the eye and 


descend the neck, entering the supraclavicular 
fossa, where they meet the main channels at the 
$t-12 and Pc-1 points, and pass through the dia- 
phragm, spirally wrapping the Liver, and perme- 
ating the Gall Bladder. From there they encircle 
the genitals and enter deeply into the body to 
emerge at the sacrum. 

The external rivers continue to descend the 
lateral aspects of the torso and legs, ending at the 
lateral sides of the tips of the fourth toes. 

THE GALL BLADDER ORGAN 

The Gall Bladder’s associated organ is the 
Liver; its element is Wood. The Gall Bladder’s 
function of storing and excreting bile depends on 
the Liver's function of maintaining a smooth flow 
of Qi throughout the body. 

The Gall Bladder also helps the Liver control 
the sinews, tendons, and ligaments. The Liver pro- 
vides Blood to the sinews, while the Gall Bladder 
provides Qi to the sinews in order to ensure proper 
movement and agility. 

PSYCHO-EMOTIONAL ASPECTS 

The Gall Bladder is responsible for making 
decisions and judgments, as well as providing 
courage and initiative. This organ is sometimes 
called The Court of Justice or The General's Ad- 
visor. Although the Kidneys control drive and vi- 
tality, the Gall Bladder provides the capacity to 
turn this drive and vitality into decisive action, 

‘The Gall Bladder has an influence on the qual- 
ity and length of sleep. If the Gall Bladder is Defi- 
ient, the patient will often wake up suddenly, 
very early in the morning, and be unable to fall 
asleep again. 

Patient’s who are timid, indecisive, and eas- 
ily discouraged by slight adversity, are said to 
have a weak Gall Bladder; conversely, decisive and 
determined patients are said to have a strong Gall 
Bladder. 

GALL BLADDER’s ENERGY FLow 

The Gall Bladder Channels are often used to 
drain off the energy from an overheated or Ex- 
cess Liver condition. Energetically, the Gall Blad- 
der Channels store more Qi than Blood, acting 
more on energetic and nervous functions than on 
physical substances and Blood functions. At the 
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Flowing down from the head, the 
internal channels of the Gall Bladder 
pass through St-12 and Pc-1 then 
spiral wrap the Liver organ. From. 
there, they circle the inside lining of 
the ribs (on the side of the body) then 
descend to the St-30 points. 


Figure 6.6. The Intemal and External Qi Flow of the Gall Bladder (GB) Channels 


SECTION 1: FOUNDATIONS OF ENERGETIC MEDICINE 


high-tide time period (11 p.m. to 1 a.m.) Qi and 
Blood abound in the Gall Bladder, and so the Gall 
Bladder organ and channels can more easily be 
dispersed and purged. During low-tide (11 a.m. 
to 1 p.m) they can be easily tonified. The Gall 
Bladder Channels’ energy acts on the skin, 
muscles, and nerves found along their pathways. 
WESTERN MEDICAL PERSPECTIVE 
The gall bladder stores then releases bile 
through the cystic duct into the common bile duct 
that flow into the smalll intestine to aid in the di- 
gestion of fats. 
PATHOLOGICAL MANIFESTATIONS 
The main symptoms of the Gall Bladder 
Channel diseases are: 
* pain in the right-and left-upper quadrants of 
the abdomen, 
* disorders of the head, which include the eyes, 
ears, and face, and 
* disorders of the external sides of the legs along 
the channels’ pathways. 


THE LIVER CHANNELS 

‘The Liver Channels are Yin channels that flow 
externally from the feet to the torso (Figure 6.7). 
‘These two rivers originate externally from the in- 
side of the big toes and flow upward on the in- 
side the legs, to circle the groin. From there they 
continue to ascend externally to the lateral aspects 
ofthe thorax, where they enter internally and per- 
meate the Liver. They then connect to and spirally 
wrap the Gall Bladder. From there, they flow to 
the Lungs, ascend internally into the thorax, and 
connect with the eyes, cheeks, and inner surface 
of the lips. They emerge from the forehead and 
connect with the Governing Vessel at the Baihui 
GV-20 point (Figure 6.8). 
‘THE Liver ORGAN 

‘The Liver is responsible for the “free and easy 
wandering” of Qiin the body, ie, the Liver makes 
the Qi flow smoothly in and around the body. The 
Liver governs the Belt and Thrusting Vessels, as 
‘well as the body's Qi flow and circulation. The 
smooth flow of Qi ensures normal mental and 
emotional activity, as well as normal secretion of 
bile. Impairment of this Liver function leads to a 


“binding depression of Liver Qi,” associated with 
impatience, hasty decisions impulsive actions, and 
a hot temper. 

‘The Liver’s associated organ is the Gall Blad- 

der; its element is Wood. The Liver energy opens 
externally at the eyes and manifests externally 
through the fingernails and toenails. The Liver 
stores the Blood, and serves asa reservoir of Blood 
to regulate the circulation of Blood volume. In 
women it assists the uterus and regulates the 
menses. The Liver regulates the function and con- 
trol of the muscles, tendons, and ligaments and is 
the source of the body’s physical strength. It also 
stores the emotion of anger. 
PSYCHO-EMOTIONAL ASPECTS, 
The Liver is responsible for planning and creativ- 
ity, as well as instantaneous solutions or sudden 
insights; itis therefore considered The General in 
Charge of Strategy. The Liver houses the body's 
Hun and governs fright. 

Its positive psycho-emotional attributes are 
kindness, benevolence, compassion, and generos- 
ity; its negative attributes are anger, irritability, 
frustration, resentment, jealousy, rage, and depres- 
sion. 

The Liveris also called the “root of resistance 
to fatigue.” Whenever the Liver is not function- 
ing properly (stagnate or excessively Hot due to 
suppressed emotions) the patient can experience 
fatigue as well as physical weakness. 

‘THE Live's ENERGY FLow 

The Liver Channels move the Qi to the whole 
body, storing and distributing the Blood. The Liver 
Channels contain more Blood than Qi, thus they 
affect physical substances more than they affect 
energetic functions. At the high-tide time period 
(1am. to 3 a.m.), Qi and Blood abound in the 
Liver, and so the Liver organ and channels can 
more easily be dispersed and purged.; whereas, 
during low tide (1 p.m. to3 p.m), they can be eas- 
ily tonified. The Liver Channel's energy acts on 
the skin, muscles, and nerves found along their 
pathways. 

WESTERN MEDICAL PERSPECTIVE 

The liver stores vitamins A, B-12, D, E, and K, 

and regulates blood volume. It is one of the main 


Figure 6.7. The Internal and External Qi Flow of the Figure 6.8. Side View of the Liver Channot’s Internal 
Liver (Lv) Channels, Flow of Energy 
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sources of the body's heat. The liver manufactures 
cholesterol and functions in lipid metabolism and 
controls bile secretion. 

PATHOLOGICAL MANIFESTATIONS 

Diseases of the Liver Channels cause swell- 
ing and a distended sensation of the hypochon- 
drium. The Liver Channels also correspond to 
diseases of the lower abdomen and genital organs. 

Since the Liver supplies the tendons with 
nutrients to develop physical strength, Liver im- 
pairment causes numbness, tremors, or spasms 
of the muscles, and sluggishness in joint move- 
ments. 

‘The Liver and Kidneys are mutually depen- 
dant upon each other. The Liver stores the Blood 
that nourishes the Kidney Jing; whereas the Kid- 
neys store Jing that helps produce the Blood. De- 
ficient Kidneys may lead to Blood Deficiency, and 
Deficient Liver Blood may cause weakness of the 
Kidney Jing due to lack of nourishment from the 
Blood. The hair on top of the head is also nour- 
ished by the Blood. When the hair turns grey, it is 
often alleged to be caused by insufficient Blood 
stored in the Liver, as well as a Kidney Jing weak- 
ness. 


THE LUNG CHANNELS 

‘The Lung Channels are Yin channels and flow 
externally from the torso to the hands. The main 
river originates internally from the Middle Burner, 
in the middle of the chest, and descends down- 
ward, connecting with and spirally wrapping the 
Large Intestine. From there, it ascends along the 
upper surface of the Stomach passage and through 
the diaphragm, where it branches and permeates 
both Lungs Figure 6.9). 

From the Lungs, the rivers of Qi merge and 
ascend into the pit of the throat, where they sepa- 
rate again into two channels that transverse be- 
low the clavicle. These two main channels then 
surface externally to descend down the arms, and 
end on the outer side of each thumb. A small 
stream of energy branches off each wrist at the 
Lu-7 point and runs directly to the radial side of 
the tip of the index finger, where it connects with 
abranch of the Large Intestine Channels. 


THE LUNG ORGAN 

Since the Lungs are the uppermost organs, 
they are compared to canopies that shelter and 
protect all other internal organs. The Lungs’ as- 
sociated organ is the Large Intestine; its element 
is Metal. The Lung Qi opens externally at the nose 
and manifests itself through the voice (ie., when 
the Lung Qiiisin Excess the voiceis too loud; when 
Deficient the voice is too soft), The Lungs govern 
the body’s Qi and respiration. They regulate the 
metabolism of Water passages (sweat and Body 
Fluids), the opening and closing of the pores, the 
skin and the hair’s texture. 

The Lungs also control the circulation of Qi 
in both vessels and channels, as well as the 
dispersing or spreading of the body's Wei Qi (pro- 
tective energy). They control the descending and 
holding functions of the body's Qi and Body Flu- 
ids. 

All blood vessels lead to the Lungs, i, all 
Blood within the body must pass through the 
Lungs. 

PsycHo-EMOTIONAL ASPECTS 

It is said that the Lungs are “the priest” or 
The Minister of Heaven and are responsible for 
establishing the foundation of Qi for the entire 
body (see Chapter 12). The Lungs house the 
body's Seven Corporeal Souls (Po) and are respon- 
sible for self-protection and self-preservation. 

‘The Lungs positive psycho-emotional at- 
tributes are righteousness, dignity, integrity, and 
high self-esteem; their negative attributes are dis- 
appointment, sadness, grief, despair, anxiety, 
shame, and sorrow. 

‘THE LUNGS’ ENERGY FLow 

Functionally, the Lung Channels’ energy acts 
on the Lungs, bronchi, throat, and larynx. If the 
Lung Qi is combined with Liver Qi and becomes 
stagnate in the throat area, a condition known as 
a“plum pit,” or knot in the throat, develops. The 
Lung Channels store more Qi than Blood, thus 
they have a greater affect on energetic and ner- 
vous functions than on physical substances and 
Blood functions. At the high-tide time period (3 
am. to5am.), Qi and Blood abound in the Lung 
organs and channels. They can therefore be more 
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Figure 6.9. The Internal and External Qi Flow of the Lung (Lu) Channels 


SECTION 1: FOUNDATIONS OF ENERGETIC MEDICINE 


easily be dispersed and purged at this time pe- 
riod; whereas during low-tide (3 p.m. to 5 p.m.), 
they can more readily be tonified. The Lung 
Channels’ energy acts on the skin, muscles, and 
nerves found along their pathways. 
WESTERN MEDICAL PERSPECTIVE 

‘The action of inhaling air introduces oxygen 
into the lungs; exhaling expels carbon dioxide 
from the lungs. The heart pumps blood into the 
lungs. Blood passing through the lungs receives 
oxygen, and is then delivered back into the heart, 
where itis circulated throughout the body via the 
circulatory system. 

PATHOLOGICAL MANIFESTATIONS 

The Lung Channels’ dysfunctions can result 
in chest and Lung diseases, as well as diseases on 
the radial side of the upper arm and palmar area 
of the hand. 

The Lungs keep the pathway of air unob- 
structed and disseminate vital Qi throughout the 
body. If these functions are impeded, obstructions 
of the nose, coughing, dyspnea, and fullness of 
the chest may occur. 

The Lungs cleanse the inhaled air and keep 
the Qi flowing downward. If these functions are 
impeded, coughing, asthma, oliguria (diminished 
amount of urine formation), and edema may oc- 
cur. 

Since the Lungs have their external orifice at 
the nose, stuffy nose, nasal discharge, and impair- 
‘ment of smell are common symptoms when the 
Lungs are being attacked by a pathogenic inva- 
sion of Wind and Cold. 


THE LARGE INTESTINE CHANNELS 

‘The Large Intestine Channels are Yang chan- 
nels and flow externally from the hands to the 
head. These two rivers originate externally from 
the tips of the index fingers, ascend up the arms, 
and cross the shoulders, where they connect with 
the 7th cervical vertebra and then split into two 
branches. One set of branches (one branch from 
the left Lung and its corresponding branch from 
the right Lung) descends internally and spirally 
wraps the Lungs before moving through to per- 
meate the Large Intestine. The other set contin- 


ues ascending externally through the neck and 
cheek to the gums of the lower teeth. It curves 
around the upper lip and flows to the opposite 
side of the nose, where it connects with the Stom- 
ach Channels (Figure 6.10). 

THE LARGE INTESTINE ORGAN 

The Large Intestine’s associated organ is the 
Lungs; its element is Metal. The main function of 
the Large Intestine is to receive food essence from 
the Small Intestine. The Large Intestine organ is 
said to govern humor (any fluid or semifluid sub- 
stance in the body). It absorbs fluid that was sepa- 
rated by the Small Intestine and controls the trans- 
formation and transportation of solid waste in the 
body. The Large Intestine also controls the throat, 
teeth, and the drainage of the nose. 
PSYCHO-EMOTIONAL ASPECTS 

‘The Large Intestine relationship to the Lungs 
makes it equally affected by the emotions of sad- 
ness, grief, and worry. An energetic imbalance in 
the Large Intestine can result in physical weak- 
ness and provoke emotional introversion, accom- 
panied by feelings of depression, irritability, dis- 
couragement, distress and apathy. 

Strong emotions of fear or panic can produce 
an energetic-stool reflex reaction in the Large In- 
testine resulting in a spontaneous defecation. 
‘THE LARGE INTESTINE’S ENERGY FLOW 

The Large Intestine Channels have equally 
abundant amounts of Qi and Blood, acting equally 
on the body’s energetic and nervous functions, as 
well as on physical substances and Blood func- 
tions. At the high-tide time period (5 a.m. to 7 
a.m.), Qi and Blood abound in the Large Intestine 
organ and channels and can therefore be more 
easily dispersed or purged at this period; whereas 
during low-tide (5 p.m. to 7 p.m), they can be 
more readily tonified. The Large Intestine 
Channels’ energy acts on the skin, muscles, and 
nerves found along their pathways. 

WESTERN MEDICAL PERSPECTIVE 

The large intestine, sometimes called the “co- 
lon,” is divided into four quadrants; the ascend- 
ing, transverse, descending, and sigmoid or pel- 
vic colon. The function of the large intestine is to 
reabsorb the fluid from the contents of indigest- 
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Types of Thermocouples 
Thermocouples are identified by ANSI standard 
codes consisting of single letters of the alpha- 
bet, shown below. Temperature ranges are 
approximate, in Celsius, with minimums roun- 
ded up and maximums rounded down to the 
nearest 50 degrees. Some data sources recom- 
mend narrower temperature ranges for practi- 
cal use. 


Ktype 
-250 to +1,350 degrees. Most popular 
type of thermocouple. Positive wire is a 
nickel-chromium alloy, negative wire is a 
nickel-aluminum alloy. Commonly used in 
3D printers. 


Jtype 
-200 to +1,200 degrees. Positive wire is 
iron, negative wire is a copper-nickel 
alloy. The iron wire is magnetic and vul- 
nerable to corrosion. This thermocouple 
is not recommended for low tempera- 
tures, even though it is theoretically capa- 
ble of measuring them. 


Ttype 
-250 to +400 degrees. Recommended for 
cryogenic applications. Positive wire is 
copper, negative wire is a copper-nickel 
alloy. 


Etype 
-250 to +1,000 degrees. Most sensitive 
type, with the highest temperature coeffi- 
cient. Positive wire is a nickel-chromium 
alloy, negative wire is a copper-nickel 
alloy. 


Ntype 
-250 to +1,300 degrees. An alternative to 
the K type, more stable at higher temper- 
atures. Positive wire is a nickel-chromium- 

on alloy, negative wire is a nickel- 

silicon-magnesium alloy. 


Rtype 
-50 to +1,750 degrees. For high- 
temperature applications. Positive wire is 


a platinum-rhodium alloy, negative wire is 
platinum. Very low temperature coeffi- 
cient. 


Stype 
-50 to 41,750 degrees, For high- 
temperature applications. Positive wire is 
a platinum-rhodium alloy, negative wire is 
platinum. Very low temperature coeffi- 
cient. 


Seebeck Coefficients 

Datasheets for thermocouples list the Seebeck 
coefficient, which is the temperature coefficient 
caused by the Seebeck effect, measured in 
microvolts per degree. In other words, the value 
provided by a Seebeck coefficient is the num- 
ber of additional microvolts that a thermocou- 
ple will generate for an increase in 1 degree 
Celsius. 


Each type of thermocouple has a different coef- 
ficient, and because thermocouples tend to 
have a very nonlinear response, the coefficients 
will vary with temperature. Figure 25-7 shows 
the variations for six types of thermocouples, 
over a range from -400 to +1,400 degrees Cel- 
sius. It is important to understand that the ver- 
tical scale shows the coefficient for each type of 
thermocouple—that is, the change in voltage, 
not the actual voltage, at temperature values 
along the horizontal a» 
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Figure 6.10. The Intemal and External Qi Flow of the Large Intestine (LI) Channels 


ible food residues moving through the intestines 
and to eliminate them from the body in the form 
of semisolid feces. 

‘Whatever digestion takes place in the large 
intestine results from bacterial action. The fermen- 
tative bacteria (found in the middle part of the 
large intestine) and putrefying bacteria (found in 
the lower part of the large intestine) may produce 
toxic products, such as indole and skatol; how- 
ever, if absorbed into the body, such bacterial de- 
compositions undergo detoxification in the liver. 
In intestinal obstructions these bacterial decom- 
positions are absorbed and eliminated in the urine 
in the form of indican. 

PATHOLOGICAL MANIFESTATIONS 

Dysfunctions in the Large Intestine Channels 
can result in diseases of the lower part of the face 
(including the nose, oral cavity, and teeth), throat, 
and front part of the neck, as well as disease of the 
back and radial sides of the upper extremities. 

Tonification of the Large Intestine can be used 
to eradicate eye pain, toothache, earache, and to 
prevent hemorthages, as well as to greatly reduce 
excessive menstrual bleeding. 

Because of its relationship to the Lungs, the 
Large Intestine can be purged to treat coughing and 
asthma caused from Excessive Heat in the Lungs; 
whereas replenishing the vital Qi of the Lungs can 
‘cure constipation in debilitated patients. 

‘The Large Intestines’ energetic functional pat- 
terns generally relate to disturbances in bowel 
movements. Disturbances of the Large Intestine’s 
energetic function usually gives rise to one of the 
two following complications: 

1. Excess Conditions of the Large Intestines can 
resultin symptoms of: Heat, Heat obstruction, 
Damp Heat, or Cold invading the Large In- 
testine. 

2. Deficient Conditions of the Large Intestines 
can lead to an invasion of Cold or Dryness, 
and in severe cases of Deficiency, to the Col- 
lapse of the Large Intestine. 


THE STOMACH CHANNELS 
‘The Stomach Channels are Yang channels, and 


flow externally from the head to the feet (Figure 
6.11). These two rivers originate externally from 


the lateral sides of the nose (LI-20), ascending 
upward to the base of the eye and bridge of the 
nose, where they meet the Bladder Channels. They 
then descend under the eyes, down the face, wind- 
ing along the angle of the mandible, then ascend 
in front of the ears, following the anterior hairline 
till they reach the forehead. From the St-5 point, 
the primary branches on each side descend the 
neck and torso, Externally, these branches con- 
tinue down the torso and legs and end at the lat- 
eral tips of the second toes. A second set of 
branches separate from the St-12 points and in- 
temnally permeate the Stomach before spiral wrap- 
ping the Spleen and joining the primary channel 
branches at the St-30 points. 
THE STOMACH ORGAN 

‘The Stomach organ's associated organ is the 
‘Spleen; its element is Earth. The Stomach is con- 
sidered the origin of the Body's Fluids. Its main 
function is to accept and decompose food. It sepa- 
rates the “clean” (pure) and “turbid” (impure) 
parts of ingested food and transfers the clean, 
energetically usable portion upwards to the 
Spleen, while sending the turbid unusable por- 
tion downward to the Small Intestine, to be fur- 
ther processed. Both the Stomach and the Spleen 
are considered the roots of Postnatal Qi and are 
often called The Ministers of Food Storage. 
PsYcHo-EMOTIONAL ASPECTS 

‘The Stomach influences the mental state; an 
Excess condition can agitate the mind and cause 
‘mental symptoms such as: mania or hypomania, 
confusion, severe anxiety, and hyperactivity. 
‘THE STOMAGH’s ENERGY FLOW 

‘The Stomach Channels have equally abun- 
dant amounts of Qi and Blood, acting equally on 
the body's energetic and nervous functions, as 
well as on physical substances and Blood func- 
tions. At the high-tide time period (7 a.m. to 9 
a.m), Qiand Blood abound in the Stomach organ 
and channels, and can therefore be more easily 
dispersed or purged at this period; whereas dur- 
ing low-tide (7 p.m. to 9 p.m), they can be more 
readily tonified. The Stomach Channels’ energy 
acts on the skin, muscles, and nerves found along 
their pathways. 
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‘A second set of branches separate from the 
St-12 points and internally permeate the 
‘Stomach before spiral wrapping the Spleen 
and joining the primary channel branches 
at the St-30 points 


Figure 6.11, The Intemal and Extemal Qi Flow of the Stomach (St) Channels 


WESTERN MEDICAL PERSPECTIVE 
The stomach secretes gastric juice for food di- 

gestion. The proteins are converted into peptones; 

the stomach then regulates the passage of food to 

the other digestive organs. 

PATHOLOGICAL MANIFESTATIONS 

Diseases of the Stomach Channels include dis- 
eases of the face (nose, oral cavity, and teeth), 
throat, front of the neck, the abdomen, the frontal 
part of the legs and gastrointestinal area. Stom- 
ach disease can also induce certain psychiatric dis- 
eases. 

Diseases of the Stomach organ are primarily 
caused by improper diet. To determine the root 
of the disease, the following five areas are consid- 
ered: 

1. The patient's Five Elemental Constitution and 
present state of health, 

2. The type and energetic quality of the foods 
ingested (Hot or Cold), and whether the food 
is in season or out of season, 

3. The scheduling of meals (This not only in- 
cludes eating meals at regular times, but also 
eating a balanced meal, not too fast, and not 
too late at night), 

4, The Yin/ Yang balance of the types of food 
digested (This includes balancing the foods 
Five Tastes and Five Colors), and 

5. The emotional factors surrounding meal time. 
This includes having the proper mental atti- 
tude (being relaxed and calm) and avoiding 
emotional distress (such as feeling rushed, 
upset, and so on). 

The Stomach easily suffers from Excess pat- 
terns (e.g,, Fire or Phlegm Fire), which in turn agi- 
tate the Shen. When the Shen is disturbed, it can 
cause manic symptoms such as: inappropriate 
laughter, pressured speech, unconscious talking, 
laughing, or singing, violent or otherwise inap- 
propriate behavior (e.g., taking off one’s clothes 
in public), In milder cases, symptoms may include 
mental confusion, severe anxiety, hypomania (a 
milder form of mania), and hyperactivity. 

‘Since the Stomach has the function of sending 
the preliminarily digested food downward, an im- 
pairment of this function often causes vomiting. 


THE SPLEEN CHANNELS 

The Spleen Channels are Yin channels and 
flow externally from the feet to the torso (Figure 
6.12). These two rivers originate externally from 
the medial tips of the big toes, ascend upwards 
along the inner thighs, then enter the abdomen 
(connecting to the CV-3 and CV-4 points) and fur- 
ther up the upper torso (connecting to the CV-12 
point). The external Spleen Channels meet at the 
‘CV-12 point, enter the body, where the left chan- 
nel flows into the Spleen, and then spirally wraps 
the Stomach organ. An internal branch ascends 
from the CV-12 point into the Heart. At the CV-12 
point both left and right main channels meet and 
separate again to ascend through the diaphragm, 
up the torso and throat, alongside the esophagus, 
to reconnect at the base of the tongue. From the 
‘Sp-20 points external branches descend along the 
lateral aspects of the torso and terminate on the 
mid-axillary line in the seventh intercostal space. 
‘THE SPLEEN ORGAN 

The Spleen’s associated organ is the Stomach; 
its element is Earth. In Traditional Chinese Medi- 
cine, the pancreas (a gland that produces insulin 
and is connected to the Spleen) is considered part 
of the Spleen/Stomach function. The Spleen or- 
ganis responsible for transforming food received 
from the Stomach into Gu Qi. The Gu Qi is then 
sent to the Liver and Kidneys to be “cooked” and 
further refined. The Spleen’s main function is to 
govern or oversee this transportation and trans- 
formation of Gu Qi. It also controls the Blood by 
keeping it in the blood vessels, and governs the 
muscles, flesh, and limbs. The Spleen organ’s en- 
ergy opens externally at the mouth, controlling 
taste, and connects externally by the lips. The 
Spleen is sometimes called The Minister of Grains, 
because itis responsible for distributing what the 
Stomach has stored. Energetically, the Spleen con- 
trols the body’s central cavity, and maintains the 
internal organs in their places. 
PSYCHO-EMOTIONAL ASPECTS 

The Spleen houses the body's thoughts and 
intentions (Yi), and is responsible for analytical 
thinking, memory, cognition, intelligence, and 
ideas. The Spleen is responsible for directing 
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The external Spleen Channels 
meet at the CV-12 point, enter the 
body, where the left channel flows, 
into the Spleen, and then spirally 
wraps the Stomach organ. An 
internal branch ascends from the 
CV-12 point into the Heart. At the 
CV-12 point both left and right 
main channels meet and separate 
again to ascend through the 
diaphragm, up the torso and throat 
to reconnect at the base of the 
tongue. 


Figure 6.12. The Internal and External Qi Flow of the Spleen (Sp) Channels 


memories to the Kidneys for short-term storage. 
The Kidneys will later transfer these memories to 
the Heart for long-term memory storage (see 
Chapter 12). 

The Spleen’s positive psycho-emotional at- 
tributes are trust, honesty, openness, acceptance, 
equanimity, balance, and impartiality; its negative 
attributes are worry, excessive thinking, pensive- 
ness, obsessiveness, remorse, regret, obsessions, 
and self-doubt. 

‘THE SPLEEN’s ENERGY FLow 

The Spleen Channels store more Qi and less 
Blood, acting more on energeticand nervous func- 
tions than on physical substance and Blood func- 
tions. At the high-tide time period (9 a.m. to 11 
a.m.), Qi and Blood abound in the Spleen organ 
and channels, and can therefore be more easily 
dispersed and /or purged at this period; whereas 
during low-tide (9 p.m. to 11 p.m.), they can be 
more readily tonified. The Spleen Channels’ en- 
ergy acts on the skin, muscles, and nerves found 
along their pathway. 

WESTERN MEDICAL PERSPECTIVE 

‘The spleenis responsible for blood formation, 
filtration, and storage. In the embryo, all types of 
blood cells are formed by the spleen, but in the 
adult, only lymphocytes and monocytes are 
formed. 

PATHOLOGICAL MANIFESTATIONS 

The main diseases of the Spleen Channels in- 
clude gastrointestinal dysfunctions (disturbances 
of digestion and absorption of food), and diseases 
of the tongue and throat. Spleen disorders also 
affect the inner side of the lower extremities along 
the Spleen’s Channels. 

Since the Spleen has the function of sending 
food essence upwards (to the Lungs), if this func- 
tion is impeded, diarthea or prolapse of the vis- 
cera may occur, 

The Spleen also has the function of keeping 
the Blood flowing in the blood vessels; impai 
‘ment usually leads to chronic hemorthagic dis- 
eases. 

The Spleen has the function of nourishing the 
flesh (muscles). A person with a healthy Spleen 
will usually have a healthy figure and a toned 


body; a diseased Spleen makes the patient lose 
muscle definition. 

The Spleen nourishes the limbs. Strength of 
the limbs depends upon the nourishment guar- 
anteed by the normal functioning of the Spleen. 
A diseased Spleen usually causes weakness of the 
limbs. 


THE HEART CHANNELS 
‘The Heart Channels are Yin Channels and 
flow externally from the torso to the hand (Figure 
6.13). Three rivers originate internally from the 
Heart on each side of the body. The first bilateral 
set ascends and connects to the tissues connect- 
ing the eyeball. The second set descends, first to 
permeate the Pericardium, then descends further 
to connect with and spirally wrap the Small In- 
testine. The third set flows up into the Lungs, 
emerges externally at the armpits, then descends 
the medial aspect of the arms and ends on the in- 
side of the little fingers. 
THE HEART ORGAN 

The main function of the Heart organ consists 
of controlling the Blood and vessels, regulating 
the Blood flow, perspiration, and housing the 
Shen. The Heart organ’s energy opens externally 
at the tongue and is expressed through the com- 
plexion. 

PSYCHO-EMOTIONAL ASPECTS 

The Heart's associated organ is the Small In- 
testine; its element is Fire. Long-term memory, 
thinking, emotions, intimacy, cognition, intelli- 
gence, and ideas are all dominated by the func- 
tion of the Heart. The Heart is sometimes called 
‘The Emperor, or “supreme controller of all Yin and 
‘Yang organs” (see Chapter 12). The Heart houses 
the body's Spirit (Shen). The Heart dominates 
sleep; if the Heart is strong the patient will fall 
asleep easily and sleep soundly. If the Heart is 
weak, the patient’s mind will “float,” resulting in 
an inability to fall asleep, disturbed sleep, or ex- 
cessive dreaming. 

The Heart's positive psycho-emotional at- 
tributes are love, joy, peace, contentment, propri- 
ety, insight, wisdom, orderliness, forgiveness, and 
courtesy. Its negative attributes are hate, guilt, 


The first points, 
of the Heart (Ht- 
41) are located in 
the armpits. 


Figure 6.13. The Internal and External Qi Flow of the Heart (Ht) Channels. 
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shock, nervousness, excitement, longing, and 
craving. 
THE HEART’s ENERGY FLOW 

The Heart Channels store more Qi than Blood; 
that is to say, its dominant action affects the en- 
ergy. This energetic action controls the morale, the 
spirit of enterprise, and provides the energy re- 
quired for respiration. At the high-tide time pe- 
riod (11 a.m. to 1 p.m.), Qi and Blood abound in 
the Heart organ and channels, and can therefore 
be more easily dispersed or purged at this period; 
whereas during low-tide (11 p.m. to 1 a.m.), they 
can be more readily tonified. The Heart Channel’s 
energy acts on the skin, muscles, and nerves found 
along their pathways. 

WESTERN MEDICAL PERSPECTIVE 

The heart provides the propulsive force for 
circulating the blood throughout the vascular sys- 
tem. The blood circulation distributes the nutri- 
ents and oxygen needed for cell and tissue sur- 
vival. The heart's propulsion also aids in the re- 
moval of wastes and other substances through the 
interconnecting blood vessels. 

PATHOLOGICAL MANIFESTATIONS 

The main diseases of the Heart Channels in- 
clude diseases that exert pressure on the brain, 
eyes, or pharyngeal wall, as well as diseases of 
the Heart itself, and the lateral side of the chest. 
The Heart also relates to diseases of the ulnar pal- 
mar side of the arm. 

The Heart is in charge of mental activities, in- 
cluding consciousness and thinking. Dysfunctions 
of the Heart can lead to insomnia, impairment of 
consciousness, amnesia, and psychosis. 

The Heart and Kidneys have a mutual ener- 
geticrelationship of supporting and checking each 
other. The Heart controls the body’s Fire, while 
the Kidneys control the body’s Water. Normally, 
the Fire of the Heart is sent down to warm the 
Kidneys, and the Water of the Kidneys is sent up 
to irrigate the Heart. If this balanced relationship 
breaks down (especially when the Kidney Water 
is insufficient to check the Heart Fire), a series of 
Fire symptoms of the Heart, such as hypertension, 
hyperactivity, palpitations, and insomnia may re- 
sult, 


Since the Heart has its external opening in the 
tongue, the condition of the Heart is reflected in 
the tongue: 

1. A dark purple tongue indicates Blood Stasis 
of the Heart. 
2. A pale tongue reveals Deficient Blood of the 

Heart. 

3. Anvulcer on the tongue reveals Excess Fire of 
the Heart. 


THE SMALL INTESTINE CHANNELS. 
The Small Intestine Channels are Yang chan- 
nels and flow externally from the hands to the 
head. These two rivers originate externally from 
the lateral tips of the little fingers (ulnar side) then 
ascend the arms to the shoulders, where they di- 
vide into two sets of branches. One set of branches 
descends the supraclavicular fossa internally, spi- 
ral wrapping the Heart, then continues down the 
esophagus, diaphragm, and Stomach, before per- 
meating the Small Intestine (Figure 6.14). 

The other set of branches ascends externally 
up the sides of the neck, then divides again into 
two more sets of branches at the cheek; one set 
will end at the ears, the other at the lateral sides 
of the nose and inner canthus of the eyes. 

THE SMALL INTESTINE ORGAN 

The Small Intestine temporarily stores par- 
tially digested food, absorbing the essential sub- 
stances of the undigested food and a portion of 
the liquid content. It later transfers the residue 
(witha considerable amount of liquid) to the Large 
Intestine, and that is why itis said that the Small 
Intestine “governs liquid.” 

‘The Smalll Intestine is sometimes called “The 
Official in Charge of Separating the Pure from the 
Impure, because it separates the “clean” (reusable) 
food essence (Gu Qi) from the “dirty, turbid” food 
essence. The clean Gu Qj is transported through- 
out the body to nourish the tissues. The turbid is 
transported to the Large Intestine and Bladder 
organs to be further processed. 

The Small Intestine’s associated organ is the 
Heart; its element is Fire. 

PsYcHo-EMOTIONAL AsPEcTS 
The Small Intestine influences the patient’s 


S1-8is located on 
the opposite side 
of the elbow. 


Figure 6.14. The Internal and External Qi Flow of the Small Intestine (SI) Channels 


‘mental clarity, judgement, and powers of discern- 
ment. The ability to distinguish relevant issues 
with clarity before making a decision is attributed 
to the Small Intestine. 

THE SMALL INTESTINE’S ENERGY FLOW 

The Small Intestine Channels store more 
Blood than Qi, and act more on the physical sub- 
stances and Blood functions than on energy. At 
the high-tide time period (1 p.m. to 3 p.m.), Qi 
and Blood abound in the Small Intestine organ 
and channels, and can therefore be more easily 
dispersed and purged at this period; whereas 
during low-tide (1 a.m. to3a.m)), they can be more 
readily tonified. The Small Intestine Channels’ 
energy act on the skin, muscles, and nerves found 
along their pathway. 

WESTERN MEDICAL PERSPECTIVE 

The small intestine’s function is to receive the 
food mass from the stomach through the pylorus, 
the bile from the liver and gall bladder, and the 
pancreatic juices for digestion and absorption. The 
small intestine then passes what it doesn’t absorb 
into the large intestine. 

PATHOLOGICAL MANIFESTATIONS 

Diseases of the Small Intestine Channels in- 
clude diseases of the face, ear, cheek, lower jaw, 
the neck, and throat, as well as the dorsal ulnar 
side of the upper extremities. 

In TCM, food and herbs are divided into Yin 
(Cold) or Yang (Hot) properties. The SmalllIntes- 
tine is easily affected by the type and tempera- 
ture of food eaten. An excess consumption of 
“cold” and raw foods, for example, can create a 
Cold condition within the Small Intestines, while 
an excess consumption of “hot” foods can create 
a Hot condition. 

Disturbances of the Small Intestine’ energetic 
function usually gives rise to one of the following 
complications: 

1. Excess Conditions of the Small Intestines can 
result in symptoms of: Full Heat, Qi pain, 
Knotted Qi, and the infestation of worms in 
the Small Intestine. 

2. Deficient Conditions of the Small Intestines 
can manifest as: Deficient and Cold Smalll In- 
testine, 


Pathologic Heart Heat may be transmitted to 
the Small Intestine, resulting in urodynia (pain- 
ful urination) and hematuria (blood in the urine). 
Herbal prescriptions used to dispel Heat from the 
Heart are also effective in treating these urinary 
symptoms, which are alleged to be caused by dys- 
functions of the Small Intestine. 


THE BLADDER CHANNELS 
The Bladder Channels are Yang channels and 
flow externally from the head to the feet: Two riv- 
ers originate externally from the inner canthus of 
the eyes, ascend upward over the head to join the 
Governing Vessel at the GV-20 point, where they 
divide into two additional branches that flow into 
each temple, and into the brain. From there, they 
then divide into two sets of branches (at the BI-10 
point), which descend the back, and internally 
connect to and spiral wrap the Kidneys, before 
they descend to permeate the Bladder. They con- 
tinue externally down the thigh, the popliteal fossa 
at the back of the knee, calf, and foot, and end on 
the lateral sides of the tips of the little toes (Figure 
6.15). 
THE BLADDER ORGAN 

‘The function of the Bladder is to remove wa- 
terby Qi transformation. The Bladder receives the 
“impure” parts of the fluids separated by the 
‘Small Intestine and temporarily stores and trans- 
forms these fluids into urine, to discharge it when 
the Bladder is full. The Bladder and the Small In- 
testine work together to remove Body Fluids from 
the Lower Burner. 

‘The Bladder Channels activate the Yang aspect 
of the Kidney’s function and are sometimes called 
‘The Water District Officials or “the controllers of 
the storage of waste water.” The Bladder’s associ- 
ated organ is the Kidney; its element is Water. 
PSYCHO-EMOTIONAL ASPECTS 

‘An imbalance in the Bladder can cause such 
psychological symptoms as habitual fear, lack of 
decision making capability and a diminished 
moral character. If the imbalance becomes chronic, 
it results in such emotional responses as jealousy, 
suspicion, and a holding on to long-standing 
grudges. 
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Figure 25-7. The Seebeck (temperature) coefficient for 
sx types of thermocouples. Partially derived from a data- 
sheet published by Analog Devices. 


R and S type thermocouples have a relatively 
consistent response, but cannot achieve great 
accuracy, because the voltage increment is so 
small for each change in temperature. The K 
type thermocouple does relatively well 
between 0 and 1,200 degrees, but the J type 
only performs adequately between 0 and 800 
degrees, while the T and E types are quite 
inconsistent. 


For lower voltage readings, electrical noise 
becomes an issue. Thermocouple wires are 
often twisted together, and may also be shiel- 
ded, to reduce sensitivity to noise. The electron- 
ics that decode the thermocouple voltage 
should include a filter to reject 50Hz or 60Hz 
interference from wiring in the vicinity. 


Chips for Output Conversion 
Meters that are designed to interpret the out- 
put from a thermocouple and display a temper- 
ature tend to be expensive, and may not be 
convenient for a custom-built application, For- 
tunately integrated circuit chips are now avail- 
able to amplify the thermocouple output and 
apply signal conditioning to create an almost 
linear response. 


radiation > heat > thermocouple 
The AD8494 and AD8496 from Analog Devices 
are precalibrated by laser wafer trimming to 
match the characteristics of J type thermocou- 
ples, while the AD8495 and AD8497 match the 
characteristics of K type. The chips require a 
power supply of at least 3VDC and have an ana- 
log output of SmV per degree Celsius, enabling 
measurement over a range of almost 1,000 
degrees. They require a very low supply current 
of 180pA. The manufacturer claims an accuracy 
of plus-or-minus 2 degrees Celsius. 


The chip contains a temperature sensor which 
should be at the same temperature as the refer- 
ence junction of the thermocouple. This means 
that the reference junction (typically, at the 
socket where a thermocouple plug is inserted) 
should be as close to the chip as possible, and 
the chip should be protected from heat created 
by other components. Any difference in tem- 
perature between the reference junction and 
the chip will create a temperature measure- 
ment error. 


The MAX31855K chip from Maxim Integrated 
Products is another thermocouple-to-digital 
converter. It linearizes the output from the ther- 
mocouple and digitizes it as a temperature that 
is accessible by a microcontroller via a serial SPI 
bus. Breakout boards with this chip are avail- 
able. The last letter of the chip number specifies 
the thermocouple type. Variants for J, K, NT, S, 
and Rare available. 


‘The AD8495 is mounted on a breakout board 
from Adafruit, and the MAX31855K is mounted 
on a breakout board from Sparkfun. These 
boards are pictured in Figure 25-8. 
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The internal flow of the Bladder 
Channels rushes into the lower back 
and lumbar area, passing through the 
renal arteries, to spiral wrap the 
Kidneys. From the Kidneys, the energy 
flows downward, following into the 
ureter, to permeate the Bladder. 
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Figure 6.15. The Internal and External Qi Flow of the Bladder (BI) Channels. 


‘THE BLADDER’s ENERGY FLOW 

‘The Bladder Channels regulate the functions 
of the Kidneys. The Bladder Channels store more 
Blood than Qi, acting more on the physical sub- 
stances and the Blood functions than on the en- 
ergy. At the high-tide time period (3 p.m. to 5 
p.m.), Qi and Blood abound in the Bladder organ 
and channels, and can therefore be more easily 
dispersed and purged at this period; whereas 
during low-tide (3 a.m. to5a.m.) they can be more 
readily tonified. The Bladder Channels’ energy 
acts on the skin, muscles, and nerves found along 
their pathway. 
WESTERN MEDICAL PERSPECTIVE 

‘The bladder is a reservoir for the urine re- 
ceived from the kidneys; it discharges urine from 
the body through the urethra. 
PATHOLOGICAL MANIFESTATIONS 

‘The main diseases of the Bladder Channels 
include: 

‘+ Diseases of the top of the head, 

* Brain disorders, 

* Disorders of the neck and back, especially the 
lumbar and sacral regions, 

* Disorders of the back of the legs and thighs, 
and 

* Disorders of the lateral side of the feet. 
Diseases of the Bladder Organ manifest in 

changes in urine and urination; these changes will 
reflect a Deficient or Excess condition of the Blad- 
der. 

1. Deficient Conditions are attributed to Defi- 
cient Kidney Qi which affects the Bladder’s 
ability to transform Qi. This dysfunction 
causes frequent urination, dribbling, or enure~ 
sis (involuntary discharge of urine). 

2. Excess Conditions are attributed to Damp 
Heat in the Bladder, resulting in symptoms 
such as: 
heat and pain during urination, 
the short release of murky or reddish urine, 
frequent difficulty in urination, 
pus, or Blood in the urine, and 
Bladder stones which cause a urinary block 
and painful distention of the lower abdomen. 
The most common pathological factor in the 


diseases of the Bladder organ is due to the accu- 
mulation of Dampness (e.g., Damp Heat or Damp 
Cold). Other pathological conditions include 
emotional fears, anxieties and insecurities, ex- 
cessive sex, and Deficient and Cold Bladder. 


THE KIDNEY CHANNELS 

The Kidney Channels are Yin channels and 
flow externally from the feet to the torso (Figure 
6.16). These two rivers originate externally from 
underneath the little toes, circling the inside of the 
heels, ascending through the medial aspect of the 
legs, where they merge and enter into the coccyx 
and lower lumbar vertebrae. Dividing again, one 
branch permeates the Kidneys, while the other 
branch continues ascending into the cerebral cor- 
tex. From the Kidney organs, two additional sets 
of channels internally emerge. One set descends 
and spiral wraps the Bladder. The other set as- 
cends into the Liver, diaphragm, and Lungs, then 
spiral wraps the Heart and travels up the throat, 
stopping at the root of the tongue (Figure 6.17). 
‘THE KIDNEY ORGANS. 

The Kidneys store Jing substances, produce 
Marrow, and control the development of the 
bones. They also control respiration, reproduction, 
growth and development, and govern the Body 
Fluids. The Kidney Jing is the biological basis for 
the woman's menstrual blood. The Kidneys are 
the root of the Yin and Yang Qi of all the body's 
organs. The Kidneys energetically open externally 
through the ears and are sometimes called The 
‘Minister of Ingenuity and Vitality, or “the control- 
ler of water” (see Chapter 12). 

The Kidney organs’ associated organ is the 
Bladder and it’s element is Water. Kidney Yin Qi 
flows to the Liver, Heart, and Lungs. It is respon- 
sible for the body’s fluid-like essences and rules 
the birth, growth, maturation, and reproduction 
cycle. Kidney Yang Qi flows to the Spleen, Liver, 
Heart, and Lungs. It supports the Yang of all the 
body's organs via the Mingmen. 
PsYcHo-EMOTIONAL ASPECTS 

‘The Marrow produced from the Kidney Jing 
flows into the brain. The thinking ability is 
strengthened when Qi and Blood in the cerebral 


cHarren 6: 


We TWELVE PRIMARY CHANNELS AND ORGANS 


From the K-16 points, the Qifollows the Belt 
Vessel and enters into and permeates the 
Kidneys. From the Kidneys, the Qidescends 
into the ureters, where it spirally wraps the 
Bladder. 


‘The intemal flow of the Kidney Qi passes 
the GV-1 point, moving up and down the 
spine, and exiting the body at the Kd-11 
points. From Kd-11, the energy ascends 
superficially up to the Kd-16 points. 


Figure 6.16. The Internal Flow of the Kidney Qi 
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Figure 6.17. The Internal and External Qi Flow of the Kidney (Kd) Channels 


cortex are abundant. With the increase of think- 
a circle of light develops within the 
body’s Taiji Pole. The individual's innate intelli- 
gence (Yuan Shen) is represented by the intensity 
of light. The degree of accumulated spiritual en- 
ergy is reflected by the number of light circles de- 
veloped within the Taiji Pole. These circles of light 
can be best observed when first waking. By plac- 
ing slight pressure on the external eye lids the in- 
ner light of the Taiji Pole is projected onto the op- 
ticnerves, reflecting an image of the circle of light. 
Ifthe circle of light is complete, it reflects a strong, 
healthy condition. If the circle of light is dark 
within its center (similar to a doughnut), this re- 
flects a Deficient condition. If the circle of light is 
broken or interrupted, it reflects an extreme Defi- 
ciency (Figure 6.18). 

The “memory zone,” as well as the “thought 
center” are also located in the cerebral cortex and 
will not develop until the Kidney Channels travel 
through the spine, along with the Liver Channels, 
toreach the cortex. When the Qi of these two chan- 
nels is abundant, the memory function is keen. 

The Kidneys house the body's will power 
(Zhi), They control short-term memory and store 
data. The Kidneys provide the capacity and drive 
for strength, skill, and hard work. A patient with 
strong Kidneys can work hard and purposefully 
for long periods of time. Consequently, when the 
Kidneys are in a state of disharmony, the patient 
can sometimes be driven to a state of excessive- 
compulsive working habits (a workaholic). A pa- 
tient with weak Kidneys will lack strength and 
endurance. 

The Kidney’s positive psycho-emotional at- 
tributes are wisdom, rationality, clear perception, 
gentleness, and self-understanding. The negative 
attributes are fear, loneliness, insecurity, and shock 
(which attacks the Heart first then descends into 
the Kidneys to become fear). 

‘THE KIDNEYS’ ENERGETIC FLOW 

The Kidney Channels store more Qi than 
Blood, acting more on energetic and nervous func- 
tions than on physical substances and Blood func- 
tions. At the high-tide time period (6 p.m. to 7 
pm.), Qiand Blood abound in the Kidney organ 
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Figure 6.18. The individual's Yuan Shen is represented 
by the intensity of the light, and the degree of 
accumulated spiritual energy is reflected by the number 
Of light circles developed within the Taiji Pole. 


and channels, and can therefore be more easily 
dispersed and purged at this period; whereas 
during low-tide (5 a.m. to7 am.), they can be more 
readily tonified. The Kidney Channels’ energy acts 
on the skin, muscles, and nerves found along their 
pathways 

WESTERN MEDICAL PERSPECTIVE 

The function of the kidneys is to regulate 
water and electrolytes and to process the body’s 
urine. 

PATHOLOGICAL MANIFESTATIONS 

Kidney Channel diseases cause general dete- 
rioration of the entire body, weakness in the lower 
extremities, lumbar pain, and hot sensations deep 
inside the feet. 

‘The Kidneys open through the urogenital ori- 
fices and the anus. The energetic condition of the 
Kidneys can be, partially reflected by the condi- 
tion of the patient's urination and defecation; in 
‘males, this includes the ejaculation process. 

Since the Kidneys are responsible for concen- 
tration and memory retention, poor concentration 
and loss of memory are common symptoms of 
Kidney hypofunction. 

THE PERICARDIUM CHANNELS 

The Pericardium Channels are Yin channels 
and flow externally from the torso to the hands. 
These two rivers originate internally from the cen- 
ter of the chest, flowing out of the Pericardium. 
They descend through the center of the body, spi- 


Figure 6.19, The Internal and External Qi Flow of the Pericardium (Pc) Channels 


ral wrapping the Upper, Middle, and Lower Burn- 
ers, Two rivers surface and branch externally by 
the nipples to proceed down the center of each 
arm, ending at the tips of the middle fingers. A 
second branch arises from the center of each palm 
at the Pc-8 point and flows into the ring fingers to 
connect with the Triple Burner Channels (Figure 
6.19). 
PERICARDIUM ORGAN 

‘The Pericardium is associated with the Triple 
Burners; its element is Fire. The Pericardium is 
not considered an independent organ, as much 
as a protective covering for the Heart, that pro- 
tects the Heart from pathogenic factors. The Peri- 
cardium activates, energizes and controls the Yin 
channel's distribution of the Kidney Yang Qi to 
the Yin organs. Along with the Heart, it governs 
the Blood, and houses the Shen. The Pericardium 
is considered the Prime Minister, or the official 
who protects the heart. 
PSYCHO-EMOTIONAL ASPECTS 

‘The Pericardium has a powerful influence on 
the patient's mental and emotional states. Its goal 
is to “create feelings of joy and/or pleasure for 
the emperor (Heart).” 
‘THE PERICARDIUM’S ENERGY FLOW 

The Pericardium Channels have an affect on 
the body's circulation of Blood. They are consid- 
ered the “mother of Yin” and are connected to the 
Mingmen. The Pericardium Channels store more 
Blood than Qi, acting more on the physical sub- 
stance and Blood functions than on the energy. At 
the high-tide time period (7 p.m. to 9 p.m.), Qi 
and Blood abound in the Pericardium organ and 
channels and can therefore be more easily dis- 
persed and purged at this period; whereas dur- 
ing low-tide (7 a.m. to 9 a.m.) they can be more 
readily tonified. The Pericardium Channel's en- 
ergy acts on the skin, muscles, and nerves found 
along their pathways. 
WESTERN MEDICAL PERSPECTIVE 

The function of the pericardium is to provide 
a protective covering for the heart. It contains a 
thin serous fluid that allows the heart to work in 
a relatively friction-free environment. 
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PATHOLOGICAL MANIFESTATIONS 

‘The main diseases of the Pericardium Chan- 
nels include diseases of the Heart, front of the 
chest, major blood vessels, and diseases on the 
midline to upper palmar side of the upper ex- 
tremities. Mental abnormalities may also mani- 
fest. 


THE TRIPLE BURNER CHANNELS 

The Triple Burner Channels are Yang chan- 
nels that flow externally from the hands to the 
head. These two rivers originate externally from 
the tips of the ring fingers and ascend along the 
lateral aspect of the arms, over the shoulders to 
the clavicles, then branch internally and spiral 
wrap the Pericardium. They circle the diaphragm 
and permeate the Upper, Middle, and Lower 
Burners. A set of branches originate internally 
from the chest CV-17 point at the Heart, or center 
of the Middle Dantian. Flowing upwards, these 
branches emerge from the supraclavicular fossa 
at the St-12 points to ascend up the neck, head, 
and then circle the ears. Another set of branches 
flows downward to the cheek, terminating in the 
infraorbital region; the other set ends above the 
ears, by the outer canthus of the eyes. 
THE TRIPLE BURNERS ORGAN 

The Triple Burners’ associated organ is the 
Pericardium; its element is Fire. The Triple Burners 
are not regarded as an independent organ, but are 
assigned to specific energy areas, and are a part 
of the function of the Yin and Yang organs. The 
function of the Triple Burners’ energy is to pro- 
duce Heat, and to regulate the body's tempera- 
ture. This Heat is increased through such medita- 
tive disciplines as the Microcosmic Orbit (which 
connects the Governing and Conception Vessels), 
and the Macrocosmic Orbit (which connects all 
‘Twelve Primary Channels with the Governing and 
Conception Vessels). The main function of the 
‘Triple Burners (Figure 6.20) is to regulate the gen- 
eral ingestion and digestion of food and fluids 
throughout the body. 

The Triple Burners are known as The Official 
of Balance and Harmony, because they govern 
‘Water metabolism, control the production of Wei 
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The internal flow of the Triple Burner 
‘Channels moves from St-12 down to CV-17, 
where it disperses into the chest and 
envelops the Pericardium. From the 
Pericardium, as the energy flows down 
through the diaphragm, it circulates through 
the chest and permeates the Triple Bumers 
(a continuing branch flows upward tothe St- 
12 points) 


Figure 6.20. The Intemal and External Qi Flow of the Triple Burners (TB) Channel 
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Qi, and transport Yuan Qi from the Kidneys to all 
the other organs of the body. This name refers to 
the Triple Burners’ role in regulating metabolic 
functions, as well as their production of Qi, Blood, 
Body Fluids, and waste. 

The Triple Burners’ energy is composed of 
Zong Qi (Essential Qi). The Zong Qi assists the 
Heart in circulating the Blood and the Lungs in 
respiration. The Zong Qi also assists in convey- 
ing the Ying Qi (Nourishing Qi) to nourish the 
Blood, organs, and tissues of the body, as well as 
strengthens the Wei Qi (Protective Qi) that pro- 
tects the external body (see Chapter 14). 

1. The Upper Burner 

‘The Upper Burner is formed from the Fire 
created from the combined energies of the 
Heart, Pericardium, and both Lungs. The Up- 
per Burner’s energy is housed from the area 
of the head, throat, and upper chest, to the 
diaphragm. The Upper Burner is responsible 
for respiratory and cardiac functions. It moves 
the body’s finer energy, circulating and dis- 
tributing nutrients and Qi throughout the 
body like a “mist.” 

2. The Middle Burner 

‘The Middle Burner is formed from the Fire 
created from the combined energies of the 
‘Stomach, Spleen, pancreas, and Gall Bladder. 
‘The Middle Burner’s energy is housed from 
the upper abdomen (the diaphragm) and the 
umbilicus. 

‘The Middle Burner is responsible for diges- 
tion, fermentation, and transformation of food 
and drink into nutrients for distribution. In 
the Middle Burner area, the Small Intestine 
connects downward to the Bladder. The Small 
Intestine transforms waste, that is then sent 
down to the Large Intestine, and also distills 
the body's fluids, sending them down to the 
Bladder. 

The Ying Qi (Nourishing Qi) of the Middle 
Burner receives its nourishment from the 
Stomach and Spleen. The Spleen extracts Gu 
Qi from the food “prepared” by the Stomach, 
churning the food essence into “foam.” The 
Spleen refines this energetic foam and sends 
the processed Gu Qi to the Lungs. The Lungs 


further refine the Gu Qi, sending the impure 

part to the Kidneys (for additional refinement 

of the Gu Qi). The Kidneys return the Clean 

Qi to the Lungs and send the turbid part to 

the Bladder to be expelled from the body. The 

Qi from the air mixes with the Gu Qi in the 

Lungs to produce Zong Qi. The Lungs circu- 

late the refined Gu Qi in the form of vapor or 

mist which is housed in the Upper Burner. The 

Heart then produces Blood from this vapor. 

3. The Lower Burner 
‘The Lower Burner is formed from the Fire 
created from the combined energies of the 

Liver, Kidneys, Bladder, Intestines, and geni- 

talia. The Lower Burner's energy is housed 

in the area which starts just below the umbi- 

licus and extends to the lower perineum. 
The Lower Burner is responsible for the re- 

productive functions and for the filtering and 

elimination of waste products (Figure 6.21). 

It moves the body’s coarser energy, acting as 

a “channel for water.” 

The Triple Burners contribute to the process 
of the three stages of transformation and ais in 
the distribution of Ying and Wei Qi throughout 
the body as follows: 

* After the Gu Qi (food energy) has been sepa- 
rated into Clean and Turbid Qi, the Upper 
Burner releases the body's clean Wei Qi, di- 
recting it to the Lungs; 

+ the Middle Burner releases the body’s clean 
Ying Qi, directing it to all of the body's or- 
gans and tissues; and 

« the Lower Burner releases the body's Body 
Fluids, directing the turbid part to the Blad- 
der. 


PSYCHO-EMOTIONAL ASPECTS 

‘The Triple Burners are considered the Ambas- 
sadors or “intermediaries” for the body's Yuan Qi. 
‘Ona psychological level, they can be used to move 
Qiand lift depression derived from stagnation of 
Liver Qi 

When the Triple Burners, which regulate the 
consciousness, are full, the consciousness becomes 
stable and the Mind’s intent is benevolent and 
kindhearted. The Triple Burners are also linked 
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Figure 6.21. The Metabolic Functions of the Triple Burners are divided into three parts or functions: the Upper 
Bummer, Middle Burner, and Lower Bumer. These different functions of the Triple Burners control the movement of 
various types of Qi in the three stages of energy production: 

Receiving—The Upper Burner, also known as mist, includes the organs from the diaphragm upwards (the 
Pericardium, head, throat, Lungs, and Heart). The Upper Bummer assists the Spleen in directing the body's clean 
fluids upwards and helps the Lungs in dispersing and scattering the fluids to the skin and muscles. 

Rotting and Ripening—The Middle Burner, also known as the muddy pool, and includes the area between the 
diaphragm and umbilicus (Stomach, Spleen, and Gall Bladder). The Middle Burner assists the Stomach in the 
transformation and transportation of Fluids and Liquids and in directing the impure part downwards. 
Excreting—The Lower Burner, also known as the drainage ditch, includes the organs below the umbilicus (Liver, 
Kidneys, Intestines, and Bladder). The Lower Burner assists the Small Intestine, the Blood, and the Kidneys in 
transforming and transporting liquids and wastes. 


150 


radiation > heat > thermocouple 


Figure 25-8 Thermocouple ampitier/conversion chips 
from Adafruit (lett) and Sparkfun (right) 


Thermopile 


A thermopile is an assembly of thermocouples 
connected in series, as suggested in 
Figure 25-9, where a hot area is shown on the 
left and a cooler area is shown on the right. The 
figure assumes that the orange-colored wires 
have a voltage difference of SmY from left to 
right, as a result of the temperature difference, 
while the purple-colored wires only have a volt- 
age difference of ImV from left to right. There- 
fore, the voltage difference between each 
reference junction and the next is 4mV, as 
shown on the right side of the figure. So long as 
the temperature difference exists, the voltage 
differences will be cumulative, totaling 16mV 
between top and bottom in this example. 


Note that the multiple thermocouple junctions 
are not electrically connected with each other 
in each temperature zone. 


In reality, more thermocouples than this will be 
added, and the voltage differences may be 
lower. 


Generally a thermopile is not sold as a separate 
component from retail suppliers, but is built 
into other devices. It may be used to generate 
small amounts of current from a heat differ- 
ence, as in an infrared thermometer. It can also 
be used as a safety device to shut down a gas 
supply if a burner is not lit. See Chapter 28. 
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Figure 25-9 The operating principle of a thermopile, The 
numbers represent mV, but are chosen arbitrarily as an 
example. 


What Can Go Wrong 


Polarity 
The output from a thermocouple has polarity. If 
this is not observed, an error will result. 


Electrical Interference 

Thermocouple wires are vulnerable to electrical 
interference, and should be a twisted pair or, 
ideally, shielded. 


Metal Fatigue and Oxidation 

The wire used in some thermocouples tends to 
be relatively brittle, and cannot withstand 
much flexing. Also, some metals or alloys are 
vulnerable to oxidation. 


Using the Wrong Type 
Different types of thermocouples have totally 
different characteristics. The electronics to 
decode the signal from a thermocouple must 
be matched to the type of thermocouple being 
used. The plugs on the ends of the thermocou- 
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with the Heart and Pericardium and are affected 
by the emotion of joy. 

When the energy of the Heart is strong and 
pure (without guilt), and the desires and thoughts 
of an individual are at peace, then the energy of 
the body’s sexual essence (Jing) will spread into 
the Triple Burners, and the Blood will flourish 
within the individual's vessels. If the “fire of de- 
sire” is allowed to Heat and combine with the en- 
exgy of the Triple Burners, the energy of the 
individual's sexual essence will overflow, mixing 
itself with the energy of the Mingmen and will 
leave the body via the reproductive organs and 
tissues. This leads to Jing and Qi depletion. 

‘THE TRIPLE BURNERS’ ENERGY FLOW 

The Triple Burner Channels store more Qi 
than Blood, and act more on the energetic and ner- 
vous functions of the body than on physical sub- 
stance and Blood functions. At the high-tide time 
period (9 p.m. to 11 p.m.), Qi and Blood abound 
in the Triple Burner Channels, and can therefore 
be more easily dispersed and purged at this pe- 
riod; whereas during low-tide (9 a.m. to 11 a.m.), 
they can be more readily tonified. The Triple 
Bumer Channels’ energy acts on the skin, muscles, 
and nerves found along their pathways. 
WESTERN MEDICAL PERSPECTIVE 

Western medicine recognizes no translation 
of, or reference to the Triple Burners. 
PATHOLOGICAL MANIFESTATIONS 

The main diseases along the Triple Burner 
Channels involve the face, ear, cheek, larynx, and 
neck. Diseases of the Triple Burner Channels also 
include disorders of the back of the upper extremi- 
ties from the midline to the upper arm and fore- 
arm. 

When diagnosing problems due to dysfune- 
tions of the Triple Burners, the Qigong doctor con- 
siders the following. 

1. A blockage of the Wei Qi located within the 
Upper Burner causes an impairment of the 
Lungs’ dispersing function. This can result in 
the invasion of the Lungs by External Evils 
(eg., Wind and Heat, etc.), that penetrate the 
Pericardium (which corresponds to the initial 
stage of externally contracted Heat diseases) 


2. Ablockage of the Ying Qi located within the 
Middle Burner causes an impairment of the 
Spleen’s transporting function. This can result 
in gastrointestinal Heat stagnation, and cause 
Spleen and Stomach Damp Heat (which cor- 
responds to the second stage of externally 
contracted Heat diseases). 

. A blockage of the Body Fluids located within 
the Lower Burner causes an impairment of the 
Bladder’s transformation function. This re- 
sults in the deep penetration of Toxic Evils, 
weakening the body's Kidney Yin. This in tun 
can cause Deficient Liver Blood, and Wind 
stirring due to Empty Yin (this corresponds 
to the advance stages of externally contracted 
Heat diseases) 


UNDERSTANDING CHANNEL 
PATHOLOGY 

Channel pathology is the oldest of all the 
modes of pathological pattern classification, dat- 
ing back to the Spiritual Axis from the Yellow 
Emperor's Classics on Internal Medicine. In under- 
standing a channel's pathology, the Qigong doc- 
tor takes into consideration several aspects of the 
patient's energy flow (ie, the channels are viewed 
as exterior, whereas the organs are viewed as in- 
terior). Channel pathology is often related to or- 
‘gan disturbances, but it can also be distinct from 
organ pathology (Figure 6.22). 

The disease of one channel may cause disease 
in other channels and organs. Likewise, tonifica- 
tion of one channel may cause a tonification of 
other channels and organs. 

‘THE FOUR CAUSES oF CHANNEL PATHOLOGY 
1. The Invasion of External Pathogens such as 

Cold, Wind, Heat, and Damp leads to chan- 

nel pathology. The exogenous pathogenic fac- 

tors often settle in the joints, causing Bi Syn- 
drome (painful obstruction). Channel pathol- 
ogy is quite closely related to joint pathology. 

In Traditional Chinese Medicine, joints are 

important to the circulation of Qi and Blood. 

Qi and Blood gather and concentrate in the 

joints. Qi enters and exits the channels at the 

joints. The Five Source Points, also called Shu 

Points (see Chapter 8), are usually located on 


of near the joints. It is at these points that the 
External pathogenic influences may enter the 
body and settle in the joints. These External 
pathogenic influences upset the Yin and Yang 
balance and block the flow of Qi and Blood, 
causing pain and swelling. The body’ joints 
are also affected by Deficient Qi and Blood, 
causing local weakness and pain from lack of 
movement. 

2. Physical strain or the overuse of certain joints 
‘can cause local stagnation that creates pain 
and weakness. 

3. Injuries, trauma, and strain can cause local 
stagnation resulting in stiffness, bruising, and 
pain. 

4, Internal organ disharmonies may also affect 
the channels. 

DIFFERENTIATION BY CHANNEL FULL/EXCESS 
AND EMPTY/DEFICIENT 

‘When a channel is too full its pattern charac- 
teristics are that of intense pain, stiffness, contrac- 
tions, and cramps. A red color along the flow of 
the channel indicates Heat; a bluish color along 
the flow of the channel indicates Cold. 

When a channel is Empty, its pattern charac- 
teristics are that of a dull ache, weakness in the 
muscles, numbness, and muscle atrophy along the 
channel. 

DIFFERENTIATION OF CHANNEL PATTERNS BY 
SPECIFIC CHANNELS 

This clinical overview of the body’s channels 
was originally expressed through the knowledge 
found in the Spiritual Axis (for more in-depth dis- 
sertation please see The Foundations of Chinese 
‘Medicine by Giovanni Maciocia). 

1. The diseases of the Gall Bladder Channels 
may cause: Alternating chills and fever, head- 
ache, acute onset of deafness, pain in the hip 
and the sides of the body, pain along the lat- 
eral sides of the legs, and pain and distention 
of the breasts. 

2. The diseases of the Liver Channels may cause: 
Headache, pain and swelling of the eyes, and 
cramps in the legs. 

3. The diseases of the Lung Channels may cause: 
Fever, aversion to cold, stiffness in the chest, 
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pain in the shoulders, clavicle, and arms. 

4, The diseases of the Large Intestine Channels 
may cause: Sore throat, toothache, nosebleed, 
runny nose, swollen and painful gums, swol- 
len eyes, and pain along the channels. 

5. The diseases of the Stomach Channels may 
cause: Pain in the eyes, nosebleed, neck swell- 
ing, facial paralysis, cold legs and feet, and 
pain along the channels. 

6. The diseases of the Spleen Channels may 
cause: Vaginal discharge, weakness of the leg 
muscles, and a cold feeling along the chan- 
nels. 

7. The diseases of the Heart Channels may cause: 
Pain in the eyes, pain along the scapula, and 
pain along the inner side of the arms. 

8. The diseases of the Small Intestine Channels 
may cause: Pain and stiffness in the neck, and 
pain along the lateral side of the scapula, el- 
bow, and arms. 

9, The diseases of the Bladder Channels may 
cause: Fever and aversion to cold, headache, 
stiff neck, pain in the lower back, pain in the 
eyes, pain in the backside of the leg along the 
channels. 

10. The diseases of the Kidney Channels may 
cause: Lower back pain and pain in the sole 
of the feet. 

11. The diseases of the Pericardium Channels 
may cause: Stiff neck, contraction of the el- 
bow and hand, and pain along the course of 
the channels. 

12. The diseases of the Triple Burner Channels 
‘may cause: Alternating chills with fever, acute 
onset of deafness, pain and discharge from the 
ear, pain at the top of the shoulders, pain in 
the elbow, and pain along the course of the 
channels. 

SUMMARY OF TWELVE PRIMARY CHANNEL 

PATHOLOGY 
The clinical significance of studying the 

‘Twelve Primary Channels is evident through the 

‘observation of certain pathological manifestations 

that indicate specific patterns peculiar to that 

channel and its internal organ. The quality, quan- 
tity and proportions of Qi and Blood circulation 


CHAPTER 6: THE TWELVE PRIMARY CHANNELS AND ORGANS, 


Twelve 
Primary Pathologies 
Channels: 


+ Diseases of the top of the head, brain, neck, back, lumbar and sacral 
Bladder region 
+ Diseases of the back of the leg and thigh and the external side of the foot 


*+ Pain in upper right- and left-quadrants of abdomen 
Gall Bladder |+ Diseases of the head, face, eye, ear 
+ Diseases of the extemal sides ofthe lower extremities 


+ Diseases that exert pressure on the brain, eyes, or pharyngeal wall 
+ Diseases of the Heart and lateral side of the chest 

+ Diseases of the uinar palmar side of the upper extremities 

+ Insomnia, impairment of consciousness, arnnesia, and psychosis 


Heart 


+ Diseases that cause general deterioration of the entire body 
Kidneys + Weakness in the lower extremities and lumbar pain 
+ Hot sensations deep inside the feet 


+ Diseases of the lower part of the face, nose, oral cavity, teeth, throat, and 


Large | ron par ofthe neck 
+ "Diseases ofthe back and radial side of he upper extremities 
ine ~ Sweling and a distended sensation of te hypochondrium 
ves + Diseases of the lower abdomen and genital organs. 
Lungs * Chest and Lung diseases 


+ Diseases on the radial side of the upper arm and palmar area of the hand 


+ Diseases of the Heart, front of the chest, major blood vessels 
Pericardium |+ Diseases of the midline to upper palmar side of the upper extremities 
+ Mental abnormalities 


‘Small + Diseases of the face, ear, cheek, lower jaw, neck, and throat, 
Intestine + Diseases of the back ulnar side of the upper extremities 


+ Diseases of the tongue and throat 
+ Gastrointestinal diseases (disturbances of digestion and absorption of 
Spleen food) 

+ Diseases of the inner side of the lower extremities 


+ Diseases of the face, nose, oral cavity, teeth, throat, and front of the neck 
+ Diseases of the abdomen, the frontal part of the lower extremities and 


stomach 
esos area 
* Certain psychiatric diseases 

Tipe |* Diseases of th fac, ear, chek, ans, and neck 

Trl |! Diseases of the back of the upper extrem fom the midine of the 


torso to the upper arm and forearm 


Figure 6.22. Pathologies of the Twelve Primary Channels, 


SecTION 1: FOUNDATIONS OF ENERGETIC MEDICINE 


through each of the Twelve Primary Channels has 
a vital impact on all the body's organ systems. 
‘These Qi and Blood flow concepts define the re- 
ciprocal relationships existing between the body's 
internal organs, channels, and energetic points 
situated throughout the body. 

Figure 6.22 describes some of the most com- 
mon Twelve Primary Channel pathologies, and 
their clinical manifestations along the “root and 
branches” of these channels. 

The term “root and branch,” is used to de- 
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scribe the difference between the medial and lat- 
eral, upper and lower orientations of the chan- 
nels and their points of origin. They are also used 
to describe the progression of a disease, as well as 
the priorities and sequence of the Qigong doctor’s 
treatment. 

Specifically, the word “branch” is used to de- 
scribe the channels’ flow of Qi and Blood and the 
progression and direction of a disease. The word 
“root” is used to described the channels’ internal 
organ, or the origin of a disease. 


CHAPTER 7 


THE EIGHT EXTRAORDINARY VESSELS AND 


COLLATERALS 


THE EIGHT EXTRAORDINARY VESSELS 
Extending from the body's Taiji Pole are the 
‘Three Dantians, Five Jing Shen, and the Eight Ex- 
traordinary Vessels. These energy systems feed all 
the vital organs and the body's Twelve Primary 
Channels. The Eight Extraordinary Vessels are so 
called because of they differ in energetic function 
from the Twelve Primary Channels. These eight 
vessels have an extraordinary ability to regulate the 
deeper energetic reservoirs of the body. They are 
the first vessels (or channels) to form in the devel- 
oping fetus, and are sometimes called the Eight An- 
cestral Channels, Eight Prenatal Channels, Eight 
Preheaven Channels, or Eight Psychic Channels. 

These vessels represent the merging of the 
mother’s and father’s energy, and the linking of 
the body's prenatal and postnatal energies. They 
functionally connect to the Twelve Primary Chan- 
nels and circulate the Jing Qi (Essence Energy) 
throughout the body. 

The energetic expansion and contraction of 
the Bight Extraordinary Vessels affects the creation 
and development of the baby’s tissues up until 
the time of birth. In energetic embryology, the 
three-dimensional space of the impregnated egg 
is viewed as an object that can be described by 
eight different surfaces along four axes. Each of 
the Eight Extraordinary Vessels corresponds with 
one of these directions: 

anterior / posterior—Governing and Conception 
Vessels 
‘* superior /inferior—Yin and Yang Linking Vessels 
«right /left—Yin and Yang Heel Vessels 
interior exterior—Thrusting and Belt Vessels 
‘THE FUNCTION OF THE EIGHT 
EXTRAORDINARY VESSELS 


The Eight Extraordinary Vessels have neither 
a direct connection nor an internal / external rela- 


tionship with the internal organs. Similar to the 
Three Dantians’ function of distributing the 
body's energy, these Eight Extraordinary Vessels 
are also reservoirs that regulate the distribution 
and circulation of Jing and Qi inside the body. 
They are the foundation of the body's energy, 
bridging the Yuan Qi (Original Prenatal Energy) 
with the body’s postnatal energy. 

The Eight Extraordinary Vessels serve as res- 
ervoirs of Qi. When these reservoirs become full, 
the energy overflows into the center channel or 
Taiji Pole. This stimulation of the Taiji Pole ex- 
ands consciousness and increases perceptual in- 
tuition. 

The Eight Extraordinary Vessels have five 
main functions: They serve as reservoirs of Qi, 
store and circulate Jing Qi, circulate the Wei Qi, 
regulate the body's life cycles, and integrate the 
six primary Yang organs with the Six Extraordi- 
nary Organs and with the Kidneys. 

1. They Serve as Reservoirs of Qi. If the Qi flow 
of the Twelve Primary Channels becomes E 
cessive, they overflow into the Eight Extraor- 
dinary Vessels, which act as Qi reservoirs, re~ 
ceiving the Excess Qi for storage and distri- 
bution, while at the same time regulating the 
energy flow. If the Qi flow of the Twelve Pri- 
mary Channels becomes Deficient, they can 
draw from the reservoirs of energy stored 
within the Eight Extraordinary Vessels which 
again regulate the body's energy flow, bring- 
ing it back into balance. 

2. They Store and Circulate Jing Qi. The Eight 
Extraordinary Vessels draw their energy from 
the Kidneys and are responsible for storing 
and circulating the body's Jing Qi through- 
out the tissues, particularly to the skin and 
hair and to the Six Extraordinary (Curious) 
Organs, also known as the Six Ancestral Or- 
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gans. The Six Extraordinary Organs are the 
Brain, Bone, Marrow, Blood, and Gall Blad- 
der (also included is the Uterus in women). 

3. They circulate the Wei Qi (Protective Energy) 
to protect the body against invasion by Exter- 
nal pathogens. The Governing, Conception, 
and Thrusting Vessels are primarily respon- 
sible for circulating the body’s Wei Qi over 
the thorax, abdomen, and back. 

The Eight Extraordinary Vessels provide the 
link between the Kidneys Jing and the Wei 
Qi. Although the Wei Qi is circulated by the 
Lungs, its root is in the Kidneys. This illus- 
trates how the Kidneys play an important role 
in supporting the Lungs function of circulat- 
ing the body's Wei Qi. The Kidneys function 
on the Wei Qi field and therefore the immune 
system can become vulnerability to patho- 
genic factors, as well as in causing allergic 
diseases, eg,, asthma. It also demonstrates 
why the Kidneys are always at the root of la- 
tent Heat syndromes (chronic fatigue), caused 
by Kidney Deficiency. 

4, The Eight Extraordinary Vessels regulate the 
body’ Life Cycles. in the first chapter ofthe Yel- 
low Emperor’s Classic of Internal Medicine, the life 
changes in women (every seven years)and men 
(every eight years) are governed by the Con- 
ception and Thrusting Vessels. These life cycles 
are related to the body's Jing and the Eight Ex- 
traordinary Vessels’ role in moving and circu- 
lating the body's Jing (see Chapter 13). 

5. They Integrate the Six Extraordinary (Curi- 
ous) Organs with the Six Primary Yang Or- 
gans and the Kidneys. The Eight Extraordi- 
nary Vessels provide the link between the 
body’sbrain, uterus, blood vessels, Gall Blad- 
der, Marrow and bones, and the body’ inter- 
nal energy flow. 

a. The Brain is Regulated by the Govern- 
ing Vessel and the Yin and Yang Heel 
Vessels. 

b. The Uterus is regulated by the Thrust- 
ing and Conception Vessels. 

c. The Blood Vessels are regulated by the 
Thrusting Vessels. 

d. The Gall Bladder is regulated by the 


Belt Vessel. 
e. The Marrow is regulated by the Thrust- 
ing Vessels. 
£. The Bones are regulated by the Thrust- 
ing and Conception Vessels. 
6. They Integrate the Four Seas. The Magic Pivot 
(Ling Shu, Hai Lun) states, “People have Four 
Seas... the Sea of Marrow, the Sea of Blood, 
the Sea of Qi, and the Sea of Grain and Wa- 
ter.” The Bight Extraordinary Vessels provide 
the link between the body’s Four Seas and the 
body’ internal energy flow. 

a. The Sea of Marrow is the brain, and it 
is related to the Governing Yin and 
Yang Heel Vessels. The Sea of Marrow 
points are located on the Governing 
‘Vessel GV-16 and GV-20. When the Sea 
of Marrow is Deficient, there will be 
headaches and dizziness. 

b. The Sea of Qi is located in the chest of 
the center, and is regulated by the Con- 
ception Vessel CV-17. Some Medical 
Qigong schools maintain that there are 
two reservoirs of Qi: the Middle 
Dantian, being the Sea of Postnatal Qi, 
and the Lower Dantian, being the Sea 
of Prenatal Qi (which is regulated by 
the Qihai CV-6 point). When the Sea of 
Qiis in Excess, there is a feeling of full- 
ness in the chest, dyspnea (urgent 
breathing), and a red complexion. 
‘When the Sea of Qiis Deficient, there is 
‘weak energy and insufficient speech. 

c. The Sea of Nourishment (also known 
as the Sea of Grain and Water) is the 
Stomach, and it is regulated by the 
Thrusting Vessels, which are accessed 
by the St-30 points. When the Sea of 
Water and Grain is in Excess, there isa 
feeling of fullness in the abdomen. 
When the Sea of Water and Grain is De- 
ficient, there is a feeling of hunger with 
an inability to eat. 

d.TheSea of Blood (also known as the Sea 
of the Twelve Primary Channels) is re- 
lated to the Thrusting Vessels, the Liver, 
and Xuchai Sp-10 points. The points can 


also be accessed through BI-11, St-37, and 
‘St-39. When the Sea of Blood is in Excess, 
the body feels big; When the Sea of Blood 
is Deficient, the body feels small. 


THE EIGHT EXTRAORDINARY VESSELS 
AND MEDICAL QIGONG THERAPY 

The energetic pathways, functions and use of 
the Eight Extraordinary Vessels and points in 
Medical Qigong are often quite different than 
those taught in acupuncture colleges, even though 
they may sometimes bear the same names. 

Most acupuncturists, with the exception of 
some Japanese researchers, often pay little atten- 
tion to the Eight Extraordinary Vessels in diagno- 
sis and treatment. One Medical Qigong doctor 
from China has claimed that a study done in China 
showed that the Eight Extraordinary Vessel treat- 
ments were far more effective than those of the 
‘Traditional Chinese medical protocols. The results, 
however, were not released because officials did 
not want to disturb the TCM institutional opera~ 
tions. The reason Medical Qigong makes use of 
the Eight Extraordinary Vessels, is that they are 
much easier to access through Qi emission and 
‘Medical Qigong self-regulation prescriptions than 
through acupuncture therapy. 

‘The Eight Extraordinary Vessels have been of 
special importance to Medical Qigong practitioners 
for thousands of years, and are viewed as the foun- 
dation of the body's energy, the bridge between the 
Yuan Qi (Prenatal Qi) and the Postnatal Qi. These 
Eight Extraordinary Vessels affect the body on the 
deepest level of our basic constitutional energy. In 
Medical Qigong regulation exercises, the focus on 
opening the flow of energy through the Eight Ex- 
traordinary Vessels is a prerequisite for opening the 
energy flow in the Twelve Primary Channels. The 
‘major purpose of opening the Eight Extraordinary 
Vesselsis to providea container for storing the Three 
Forces: Heaven Force (absorbing universal energy), 
Earth Force (absorbing environmental energy), and 
Man’s Force: Jing, Qi and Shen (Essence, Energy 
and Spirit) 

Itis essential for the Qigong doctors to open 
their Eight Extraordinary Vessels to attain mas- 
tery of their energetic body. The Microcosmic Or- 


bitis introduced for purgation, fusion, tonification, 
and regulation of the Governing and Conception 
Vessels in the first stages of training. This exercise 
restores a healthy flow of energy throughout all 
of the channels and vessels creating a healthy and 
balanced body. 

Through the refinement of their energy, 
Qigong doctors receive more Qi, and the quality 
of their Blood changes, i, its energetic potential 
changes to contain more Qi and less Blood. At this 
advanced state of transformation, Qigong doctors 
rechannnel the flow of energy through their body’s 
Three Dantians, including the “mystical pass” (lo- 
cated within the Upper Dantian chambers of the 
brain). When the flow of energy is directed to 
stimulate the Mystical Pass, the Qigong doctors 
acquire greater awareness and control over their 
‘own bodies (physical, mental, emotional, ener- 
getic and spiritual), and are then able to enhance 
their perception and communication with all the 
other energetic planes of the world (mineral, plant, 
animal, and human), and with the Dao (or divine). 


CLINICAL USE OF THE EIGHT 
EXTRAORDINARY VESSELS 

The Eight Extraordinary Vessels form and es- 
tablish the foundational energetic pattern for the 
developing fetus's tissues, as well as the adult's 
entire body. The clinical use of the Eight Extraor- 
dinary Vessels can be divided into several differ- 
ent approaches of energy manipulation to change 
the energetic patterns within the patient's tissues. 

‘One approach divides the Eight Extraordinary 
‘Vessels into four pairs of Yin and Yang vessels. 
Each of the vessels is grouped according to the 
same polarity, two pairs of Yin and two pairs of 
Yang. When paired this way, each set of the Yin 
and Yang Extraordinary Vessels has a common 
range of energetic action in terms of the patient's 
body area. 

1. The Conception and Yin Heel Vessels affect 
the energetic flow to the patient’s abdomen, 
chest, Lungs, throat, and face. 

2. The Governing and Yang Heel Vessels affect 
the energetic flow to the back of the patient's 
legs, as well as the back, spine, neck, head, 
eyes, and brain. 
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3. The Thrusting and Yin Linking Vessels affect 
the energetic flow to the inner aspect of the 
patient's legs, as well as the abdomen, Stom- 
ach, chest, and Heart. 

4. The Belt and Yang Linking Vessels affect the 
energetic flow to the outer aspect of the 
patient's legs, as well as the sides of the body, 
shoulders, and sides of the neck. 


ENERGETIC FUNCTIONS OF THE EIGHT 
EXTRAORDINARY VESSELS. 

The Eight Extraordinary Vessels can also be 
categorized is according to their energetic func- 
tions. 

1. The Conception, Governing and Thrusting 
Vessels are considered the source of all the 
other Extraordinary Vessels These three ves- 
sels affect the patient's energy at a deep con- 
stitutional level. They originate directly from 
the Kidneys and are connected to the body's 
Jing. 

2. The Yin and Yang Heel Vessels are comple- 
mentary in that they both flow from the legs 
(controlling the state of the muscles of the legs) 
into the eyes (controlling the muscles that 
open and close the eyes). 

3. The Yin and Yang Linking Vessels comple- 
‘ment each other by linking the body's Yin and 
‘Yang Channels. 

4. The Belt Vessel is the only horizontal vessel 
in the body, encircling the main channels. Its 
energetic influenceis in ts ability to affect the 
circulation of energy in the body, especially 
within the legs. 

Each of the Eight Extraordinary Vesselsis also 
connected to one of the Eight Trigrams (or Eight 
Natural Manifestations), and can be energetically 
regulated through the use of the Magic Square. 
For further treatment and clinical protocol see 
Chapter 31 regarding the Eight Extraordinary 
‘Vessel and the Magic Square. 


THE GOVERNING AND CONCEPTION 
VESSELS 

‘The Governing and Conception Vessels are the 
main rivers of the body’s Yin and Yang energies. 
‘They are polar aspects of the body, perfectly comple- 


mentary, like midnight and midday. They are re- 
sponsible for the formation of the holoblastic cleav- 
ageand the first cellar division ofthe fertilized ovum 
in embryological development (see Chapter 2). 

In China, Dr. Li Shi Zhen was the first to be- 
lieve that the Governing and Conception Vessels 
are two branches of the same source, an insepa- 
rable Yin-and-Yang, front-and-back duality. These 
vessels connect the uterus with the Kidneys, 
Heart, and Brain. 

They originate externally at Huiyin CV-1 
point, ascend the front and back of the torso, and 
form a small circle when the tip of the tongue 
touches the upper palate in the mouth and the 
anal sphincter is squeezed. Not only does this ac- 
tion complete the balance of Fire (Heart) and Wa- 
ter (Kidneys) energy, it also increases the body’s 
protective Wei Qi. 

Regulating the Conception and Governing 
Vessels is a priority in Medical Qigong practice. 
Along these vessels, the Qigong practitioner 
draws the Yang Fire and Yin Essence up and down, 
his or her body, fusing the Water and Fire ener- 
gies together. This fusion facilitates a Yin and Yang 
balance throughout the body. 

‘The Governing and Conception Vessels each 
have two energy flows on the anterior and poste- 
rior vertical midline of the body. Each vessel's 
pathway is complete, being composed of an as- 
cending energetic flow and a descending energetic 
flow. The duality of these two medial lines joins 
at the extremities (the head and perineum), form- 
ing one complete circle of energetic current (Fig- 
ure 7.1). 

Both vessels are superimposed on each other, 
with the energy of the Governing Vessel being pre- 
dominant up the back and inferior down the front 
(bchind the Conception Vessel); the energy of the 
Conception Vessel is predominant up the front 
and inferior down the back (behind the Govern- 
ing Vessel). 

‘The energetic flow of the Conception Vessel 
corresponds to Yin, negative polarity, the female 
aspect, and responds to bass tones; while the en- 
exgetic flow of the Governing Vessel corresponds 
to Yang, positive polarity, the male aspect, and 
responds to treble tones. 
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Figure 7.1. The Energetic Flow of the Conception and Governing Vessels 


It is important to understand the energetic 
potential of these two currents flowing in both an 
ascending and descending direction on the pos- 
terior and anterior vertical midline in the body. 
The energetic movement of these two currents 
explains why there are two opposite directions of 
focused concentration used in energy cultivation 
meditations. One direction follows the Microcos- 
mic Fire cycle along the Governing Vessel (up the 
spine and down the chest) to stimulate the emo- 
tional regulation of the acquired mind (Zhi Shen); 
the other direction follows the Microcosmic Wa- 
ter cycle along the Conception Vessel (up the chest 
and down the spine) to stimulate spiritual intu- 
ition and activate the perceptions of the Yuan 
Shen. 


THE GOVERNING VESSEL oR DU 
VESSEL 

‘The word Du translates as “governing,” and 
refers to a general, someone who controls and is 
in charge. During the development of the embryo, 
the Governing Vessel is responsible for the devel- 
opment and formation of the medulla oblongata 
and cerebrum. The Governing Vessel controls all 
the Yang Channels in the body, and is called the 


Sea of Yang Channels. It is responsible for nour- 
ishing the brain and spinal cord and for consoli- 
dating the Yuan Qi in the Kidneys. 

‘The Governing Vessel originates in the Lower 
Dantian in both men and women. It is composed 
of many energetic branches, emerging externally 
at the perineum. The primary branch ascends ex- 
ternally on the midline of the back, over the head 
and ends in the frenulum of the upper lip. As the 
Qi flows up the Governing Vessel one branch en- 
ters the interior of the spinal column and enters 
the Kidneys. Another set of branches enters the 
brain at the Fengfu GV-16 point and ascends in- 
ternally to the vertex at the Baihui GV-20 point. 

From the lower perineum, another set of 
branches encircles the anus and envelops the ex- 
ternal genitals, ascends past the navel, Heart, and 
throat to circle the mouth. After circling the mouth, 
it further ascends to the eyes, emerging just be- 
low the middle of the eyes. From the inside of the 
eyes (at the Jingming BI-1 point),a set of branches 
follows the Bladder Channels along the forehead, 
converging at the vertex of the Baihui GV-20 point 
and enters the brain. From the brain, the Vessel 
emerges at the Fengfu GV-16 point, and divides 
into two additional branches which descend the 
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Heart 


Kidneys 


Lower 
Dantian 


Figure 7.2. The Governing Vessel (Side View) 


back, passing through the Fengmen BI-12 points 
along the sides of the spine and enter into the 
Kidneys (Figure 7.2). 

The Governing Vessel tonifies the Kidney 
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Yang and strengthens the spine and back. When 
the Governing Vessel is excessive, the back be- 
comes stiff; when itis depleted, the head becomes 
heavy, unstable, and shaky (Figure 7.3). 
CLINICAL MANIFESTATIONS 

‘The functions and clinical uses of the patient's, 
Governing Vessel are as follows. 

1. To strengthen and control all the Yang Chan- 
nels of the patient's body (particularly in re- 
lation to the Kidney Yang and the brain); 

2. Totonify the Kidney Yang and strengthen the 
patient's spine and back (especially in cases 
of chronic lower back pain due to Kidney 
Deficiency); 

3. To purge External Wind from the patient's 
body when symptoms are present, such as 
runny nose, head ache, fever, and stiff neck; 

4, To purge Internal Wind from the patient's 
body when symptoms are present, such as 
dizziness, tremors, convulsions, epilepsy, or 
the condition of Wind Stroke; 

5. To strengthen and nourish the patient's brain 
and Marrow, and for treating such symptoms 
as poor memory, dizziness, and tinnitus; and 

6. To treat depression, due to the Governing Ves- 
sel’s connection to the body’s Jing (Kidneys, 
lack of willpower), Qi (Heart), and Shen 
(Brain). 

Note: In men, the Governing Vessel is gener- 
ally treated by itself, and in women, its treatment 
is combined with treating the Conception Vessel. 
PATHOLOGICAL MANIFESTATIONS 

1, Symptoms of Excess include diseases of the 
head (apoplexy, aphasia, epilepsy, headaches, 
tetanus, etc.), the back, neck, and Kidneys 
(pain and stiffness in the spinal column), spas- 
ticmuscle movement of the extremities, night 
sweating, and Jing Shen disorders (hyperex- 
citability, hallucinations, etc.). 

2. Symptoms of Deficiency result in shaking of 
the head along with a feeling of heaviness, 
instability, and an inability to concentrate. The 
patient lacks physical and mental stamina, 
displays weakness in character, and may also 
experience hemorrhoids, sterility, and impo- 
tence. 


What Can Go Wrong 


ple wires are often retained with screws. A 
detached plug should be replaced immediately, 
to avoid the error of attaching it to the wrong 
type of thermocouple. 


radiation > heat > thermocouple 
Heat Damage from Creating a 
Thermocouple 

Ifa thermocouple is made from two wires on a 
DIY basis by welding the tips of the wires 
together, minimal heat must be used to avoid 
degrading the alloys in the wires. 
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Figure 7.3. The Governing Vessel (GV) 


THE CONCEPTION VESSEL OR REN 
VESSEL 

The word Ren translates as Conception, and 
refers to pregnancy, responsibility, or obligation. 
Itcan also mean “to accept.” The Conception Ves- 
sel governs all the Yin Channels of the body and 
is called the Sea of Yin Channels. It nourishes the 
Yuan Qi of all Five Yin Organs. The Conception 
Vessel originates from the Lower Dantian, and 
specifically in the uterus in females (Figure 7.4). 

Functionally, the upper third of the Concep- 
tion Vessel, on the sternum, controls respiratory 
functions; the middle third, on the epigastrium, 
controls digestive functions; and the lower third, 
on the abdomen, controls the urogenital functions 
(Figure 7.5). 

In women the Conception Vessel is primarily 
responsible for nourishing the uterus and the geni- 
tal system and determines the seven-year life 
cycles. It links the Yin energy with all aspects of 
conception and reproduction. The Conception 
Vessel, along with the Thrusting Vessels, have an 
important relationship with obstetric diseases re- 
lated to the development of the fetus, delivery, and 
menstruation. 

CLINICAL MANIFESTATIONS 

The functions and clinical uses of the patient’s 
Conception Vessel are as follows. 

1. To strengthen and nourish the Yin energy of 
the patient’s body (especially in women after 
menopause) and harmonize the Lungs and 
Kidneys; 

2. To regulate the energy of the reproductive 
system, tonifying the Blood and Yin, and to 
reduce the effects of Heart Empty-Heat symp- 
toms developed from Kidney Yin Deficiency 
after menopause (ie., night sweating, hot 
flashes, anxiety, mental irritability, insomnia 
and dizziness, etc.); 

3. To promote Blood supply to the uterus and 
regulate menstrual disorders (i.e,, dysmenor- 
thoea, menorthagia, amenorthoea, and metr- 
orthagia); 

4, To move the Qi in the patient's Lower Burner 
and treat abdominal lumps, as well as myo- 
‘mas, fibroids, and carcinoma in the woman's 


Lower 
Dantian 


Figure 7.4. The Conception Vessel (Side View) 


uterus, and hernia in men; and 
5. To stimulate the energetic interaction of the 
Lungs Channels descending Qi function, and 
the Kidneys’ function of receiving and hold- 
ing the Lung Qi, which can, when malfunc- 
tioning, result in asthma. 
PATHOLOGICAL MANIFESTATIONS 
1. Symptoms of Excess include diseases of the 
reproductive and gastrointestinal systems 
(hemorrhoids, diarthea, decreased urination, 
etc.). In the male, problems in the Conception 
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‘After emerging externally at the 
Huiyin (CV-1) point in the 
perineum, the main branch of the 
Conception Vessel ascends 
through the midline of the front 
of the torso, flowing to the mouth. 
After encircling the mouth it 
branches to connect with the 
Yinjiao (GV-28) points, and both 
branches ascend to the Chengqi 
(St-1) points beneath the eyes. 
The internal branch of the 
Conception Vessel originates 
from the pelvic cavity and 
ascends the body along the 
spine, ending at the mouth: 


Figure 7.5. The Conception Vessel (CV) 


‘Vessel produce sterility. In the female, the 
Conception Vessel can cause menstruation 
problems such as leukorrhea and dysmenor- 
thea. Other female problems include breast 
pain, paralysis after delivery, emaciation, and 
sterility. Other problems of the female repro- 
ductive system include the external genitalia 
and vulva, vagina, and cervix disorders. 

2. Symptoms of Deficiency include abdominal 
pains (hernia), pruritus, and a heavy feeling 
in the hips, lower ribs, and lumbar area. 


THE THRUSTING VESSELS AND THE 
BELT VESSELS 

The Thrusting and Belt Vessels balance the 
external tissues and internal organ energies, con- 
trolling an Excess or Deficient condition by 
regulating the upper and lower, as well as left and 
right, energetic quadrants. 

The Belt Vessel is responsible for the second 
cellular division of the fertilized ovum in embryo- 
logical development (see Chapter 2). 

‘THE THRUSTING VESSELS OR CHONG VESSELS 

‘The word Chong translates as “a street” and 
expresses the idea of passing or penetrating 
through something. This passing through action 
refers to its function as the vital pathway for al- 
chemical transformation, used to produce ener- 
getic change (jing to Qi, Qi to Shen and vise versa). 
‘The Thrusting Vessels, also called the Penetrating 
Channel, and are regarded as the Sea of Blood and 
the Sea of the Twelve Regulating Channels. They 
regulate both the Qi and Blood of all Twelve Pri- 
mary Channels and extend to the anterior, poste- 
rior, upper, and lower parts of the body. During 
the development of the embryo, the Thrusting 
‘Vessels are responsible for the development of the 
adrenal glands and the cortex. 

The Thrusting Vessels originate in the Lower 
Dantian. The Qi of the Thrusting Vessels travel to 
the head and face to flow into the Chong and pen- 
etrate the lower limbs, irrigating the body's Yin 
(Figure 7.6). According to some Chinese doctors, 
all energetic points that have Chong in their names 
relate to the Thrusting Vessels (i.e., Qichong St- 
30, Taichong St-42, and Shaochong Ht-9). 


Along with the Conception Vessel, the Thrust- 
ing Vessels are responsible for regulating the 
changes in life cycles that occur every eight years 
in men, and every seven years in women. Abnor- 
malities of the Thrusting Vessels during the be- 
ginning of pregnancy result in the mother’s body 
aborting the fetus. Abnormalities of the Thrust- 
ing Vessels during the end of pregnancy result in 
an inability to expel the placenta. 

The Thrusting Vessels control the woman's 
‘menstruation in all aspects, influencing the sup- 
ply and amount of Blood in the uterus, and 
nourishing the woman's Jing. They also flow 
along the Kidney Channels and are related to the 
muscles of the abdomen and the penis (and are 
responsible for tightening the abdominal 
muscles). 

‘THE ENERGETIC PATHWAY OF THE 
THRUSTING VESSELS 

The classical description of the Thrusting Ves- 
sels’ energy flow begins inside the uterus in 
‘women (the corresponding lower abdominal area 
in men), continuing down to the perineum. From 
the perineum, one branch ascends inside the spi- 
nal column, while four other branches flow exter- 
nally. 

‘Two external energetic rivers ascend up the 
front of the body alongside the Kidney Channels 
and enter into the chest. They then ascend through 
the throat, encircling the lips, and end at the cor- 
ner of the eyes. When the Thrusting Vessels are 
full and overflowing (through meditation), they 
radiate a sparkling white-light energy, which can 
be observed to extend from the upper chest to the 
eyes. 

rom the perineum, two other external ener- 
‘getic rivers descend down the inner aspect of the 
thighs (one on each leg), along the Spleen Chan- 
nels. They divide again at the medial malleolus. 
‘One set of branches flows into the big toes, a sec- 
ond set of branches terminates at the bottom of 
each foot. 
CLINICAL MANIFESTATIONS 

The functions and clinical uses of the patient's 
Thrusting Vessels are as follows 

1, To strengthen, nourish, and regulate weak 
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Figure 7.6. The Thrusting Vessels 


SkcTION 1: FOUNDATIONS OF ENERGETIC MEDICINE 


constitutions with digestive symptoms (e.g, 
abdominal distension, poor appetite, and 
poor assimilation of food); 

2. To move the Blood of the Heart to relieve 
symptoms of pain and stiffness of the chest 
(the Thrusting Vessels control all the Blood in 
the connecting channels); 

3. To purge Qi and Blood stagnation in the ab- 
domen and chest; 

4, To treat feelings of anxiety (within the chest) 
caused by Rebellious Qi; One of the Thrust- 
ing Vessels’ most important pathologies is Re- 
bellious Qi (Qi that moves in the wrong di- 
rection, going upwards instead of down- 
wards). Feelings of anxiety that arise in the 
patient's abdomen and ascend to their chest 
are especially indicative of this malfunction; 

5. To treat gynecological problems (hot flashes), 
when the Qi of the Thrusting Vessels rises up- 
wards, and causes the patient's hands and feet 
to get cold, the face to get hot, and a feeling of 
fullness in the chest. The treatment is to regu- 
late the Thrusting Vessels and subdue the Re- 
bellious Qi in the Chong Vessel. If there are 
accompanying emotional problems and Liver 
Qistagnation, then also treat the patient’s Lv- 
3 points; and 

6. To treat Rebellious Qi caused by the energy 
of the Thrusting Vessels rebelling upwards; 
the symptoms are oppressive feelings in the 
chest, as well as dizziness, nausea, and vom- 
iting. 

PATHOLOGICAL MANIFESTATIONS 

The main diseases associated with the 
patient's External Thrusting Vessels include dis- 

‘eases of the Heart, fullness in the chest and abdo- 

men, gastritis, abdominal pain, and convulsive 

diseases. If a woman's Thrusting Vessels are De- 
ficient or Empty she may develop such conditions 
as amenorrhoea, scanty periods, or late periods. 

If there is stagnant Qi and /or Blood in the Thrust- 

ing Vessels, she may experience dysmenorthoea. 

Abnormalities of the Thrusting Vessels also result 

in the mother aborting the fetus. 

The Thrusting Vessels work with the Qi of the 

Kidney Channels to control the brain’s physiologi- 


cal functions. Ifthe energy from the Thrusting Ves- 
sels to the cortex becomes Deficient, this can inhibit 
the development of the brain. 


THE BELT VESSEL OR DAI VESSEL 
‘The word Dai translates asa “belt” or “girdle,” 
and refers to the action of supporting something. 
The Belt Vessel is the only horizontal vessel in the 
body. Beginning at the Mingmen, this vessel en- 
circles the waist like a belt, dipping down into the 
lower abdominal region anteriorly and running 
across the lumbar region posteriorly. It connects 
with the Gall Bladder’s -26, -27, and -28 points 
and crosses the Conception Vessel at CV-4. Many 
sources say that it connects with the Liver -13 (at 
the free ends of each 12th rib). It binds, joins, and 
controls all the channels of the body, exerting an 
influence on the energetic circulation of the body's 
Governing and Conception Vessels (Figure 7.7). 

Medical Qigong schools teach that the Belt 
Vessel circle wraps the entire body, like a envel- 
oping cocoon, flowing from the feet to the head 
The waist is considered the “hub” of the energetic 
wheel, and the access points of the Belt Vessels 
center channel (which circles the waist) is used to 
control the entire vessel. As the energy of the body 
increases (through Qi cultivation), the Qi within 
the entire Belt Vessel increases, circle wrapping 
the tissues from feet tohead, increasing the body’s 
Wei Qi fields (Figure 7.8). 

Inaddition, the Belt Vessel keeps both the Yin 
and Yang Channels under control, connecting all 
of the leg Yin and Yang channels as they traverse 
the body’s trunk. As a result, the Belt Vessel as- 
sists in regulating the circulation of Qi in those 
channels, especially from the waist down. 

The Belt Vessel has an important influence on 
the body’s physiology by encircling the leg chan- 
nels, influencing the circulation of energy to and 
from the legs, as well as influencing the energetic 
actions of the genitals, waist, and hips. This ves- 
sel not only restrains the flow of the body’s Liver 
and Gall Bladder Qi, but also harmonizes the as- 
cending and descending flows of energy from the 
Kidneys and Spleen through its connection with 
the Kidney Divergent Channel. 


Figure 7.8. The Belt Vessel winds up the body ike an 
energetic coil. 


CLINICAL MANIFESTATIONS 
‘The functions and clinical uses of the patient's 
Belt Vessel are as follows. 

1. To treat impaired circulation of Qi in the leg 
channels resulting in such symptoms as cold 
legs and feet, or tense leg muscles (gastrocne- 
mius and tibiales). This condition is due to 
Liver Blood not moistening the sinews of the 
legs; 

2. Toteat impaired circulation of Qi and Blood 
that cause numbness, weakness, atrophy, or 
motor impairment of the leg muscles, due to 
a Deficiency of energy in the Stomach and 
Spleen Channels; 

Figure 7.7. The Center of the Belt Vessel 3. To tonify and harmonize the circulation of 


Liver and Gall Bladder Qi due to Excess pat- 

tems of Liver energy; 

4, To disperse Damp Heat in the genitals that 
has resulted in symptoms such as difficulty 
or burning during urination; 

. To treat hip pain caused by Deficient Liver 
Blood (leading to sinew and joint malnour- 
ishment and Excess of Liver Yang; and 

6. To regulate the lower abdomen due to a Belt 

‘Vessel imbalance, causing symptoms such as 
a sagging waist or bloated abdomen. 


PATHOLOGICAL MANIFESTATIONS 
1. Symptoms of Excess include pain in the back 
(lumbar region), and sides of the lower abdo- 
men, as well as weakness in the shoulders, 
upper extremities, and lower limbs. Symp- 
toms may also include weakness in the op- 
posite sides of the body (e.g., eye, breast, 
ovary, etc.), and a feeling of heaviness in the 
body and abdomen (asif carrying 5,000 coins) 
due to exposure to Dampness. 

2. Symptoms of Deficiency have physical sen- 
sations similar to that of “sitting in cold wa- 
ter” up to the waist. This description gener- 
ally refers to pain, weakness, and a cold, 
heavy sensation in the patient’s lumbar and 
sacral regions. Other symptoms include um- 
bilical, abdominal and lumbar pain, as well 
asa feeling that something like a stick is press- 
ing against the groin. There can also be ab- 
dominal fullness and distention. In women, 
there may be an abnormal white vaginal dis- 
charge, and a prolapse of the uterus. 


THE YIN AND YANG HEEL VESSELS OR 
QIAO VESSELS 

‘The word Qiao translates as “the heel” or “to 
stand on the toes,” and refers to the action of kick- 
ing one’s foot as high as possible. The Yin and 
Yang Heel Vessels flow along the medial and lat- 
eral aspects of the lower legs and torso, connect- 
ing at the inner canthus (by the eyes). They link 
the channel energy of the body’s Yin and Yang 
Channels and regulate the movement of all four 
limbs. They also control the amount of energy 
being used by all the other channels in the body. 


Once these vessels are full, they relax the tissues, 
enabling the limbs to become more dexterous. 

‘The Yin and Yang Heel Vessels are sometimes 
called Bridge Channels, because they act like a 
bridge linking the stored Qi in the body with the 
areas in need of Qi. When any channel uses more 
than its share of energy, other channels become 
Deficient. Thus the Heel Vessels seek to ensure 
that energy is always distributed in a balanced 
way. 

The Yin Heel Vessels are an offshoot of the 
Kidney Channels at the front of the body, while 
the Yang Heel Vessels are an offshoot of the Blad- 
der Channels at the back of the body. Together, 
the Yin and Yang Heel Vessels can be used to treat 
structural imbalances and to harmonize the right 
and left sides of the body. 

Because the Heel Vessels cause the motor 
nerves to develop during the formative stages of 
the embryo, the Chinese believe the Yang Heel 
‘Vessels cause little boys to be more physically ac- 
tive (running, jumping, etc.), while the Yin Heel 
Vessels cause little girls to be less actively inclined. 


THE YIN HEEL VESSELS 
The Yin Heel Vessels control the Yin of the left 
and right sides of the body. The Yin Heel Vessels 
influences the male and female reproductive sys- 
tem, as well as the lower abdomen in women. 

‘When Yang energy is slowed down in the Heel 
Vessels, the Yin energy moves more rapidly. The 
Excess Yin causes the following problems: sleepi- 
ness, the inability to keep the eyes open while try- 
ing to stay awake, hypotension, choking, painful 
urination, stomach rumbling, vomiting, diarrhea, 
difficult bowel movements, and unconsciousness. 
Excess Yin in women also causes a difficult labor. 
Also, when the Yin Heel Vessels are in Excess, the 
inner leg muscles are tight, while the outer leg 
muscles are loose. Weakness in the Yin Heel Ves- 
sels can cause the feet and ankles to invert, 
whereas an Excess condition can cause the feet to 
tum outwards. 

The Yin Heel Vessels begin at the superficial 
part of the ankles, just below the medial malleo- 
lus of the tibial bones at the Kd-2 points. They con- 
tinue up the front of the body, ending at the inner 
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comers of the eyes, where they join the Yang Heel 
Vessels (Figure 7.9). 
CLINICAL MANIFESTATIONS 

The functions and clinical uses of the patient’s 
Yin Heel Vessels are: 

1. To treat symptoms of Excess conditions in the 
Lower Burner in women (e.g., abdominal dis- 
tension, difficult delivery, or the retention of 
the placenta, abdominal masses, lumps, and 
fibroids); 

2. Tostructurally balance the left and right sides 
of the body; 

3. To treat disturbances of sleep (eg,, insomnia 
or somnolence); and 

4, To treat certain cases of atrophy (eg,, when 
the muscles of the inner aspect of the leg are 
loose and the outer leg muscles are tight) 

PATHOLOGICAL MANIFESTATIONS 

1. Symptoms of Excess of the Yin Heel Vessels 
include: lower abdominal pain, vomiting, dif- 
ficult bowel movements, and spasms on the 
medial side of the legs. The Yin Heel Vessels 
also control diseases of the eyes (watery eyes, 
heavy sensations of the eyelids or an inabil- 
ity to open the eyes), migraines, congestive 
headaches, and hypersomnia. Abnormalities 
ofthe Yin Heel Vessels cause pregnant women 
to have difficult labor. 

2. Symptoms of Deficiency include: Aggrava- 
tions of symptoms during the evening time, 
nocturnal headaches, insomnia, cramps, or 
convulsions. 


THE YANG HEEL VESSELS 

The Yang Heel Vessels contro! the Yang of the 
left and right sides of the body. Abnormalities of 
the Yang Heel Vessels in newborns cause vomit- 
ing of milk 

‘When Yin energy is slowed down in the Heel 
Vessels, the Yang energy moves more rapidly. The 
Excess Yang causes the following problems: in- 
somnia, difficulty in closing the eyes, painful eyes, 
hypertension, stiff back and waist (inability to 
bend down), thigh tumors, bad colds, spontane- 
‘ous sweating, headaches, paralysis of the arms 
Figure 7.9. The Yin Heel Vessels and legs, deafness, epilepsy, nose bleeding, swell- 


ing of the body, pain in the joints, and head sweat- 
ing. Excess Yang can also cause the vomiting of 
milk in infants. 

Weakness in the Yang Heel Vessels can cause 
foot and ankle eversion, while Excess can cause 
foot inversion. Also, when the Yang Heel Vessel 
is in Excess, the inner leg muscles are loose and 
the outer leg muscles are tight. 

‘The Yang Heel Vessels begin on the outer side 
of the ankles below the lateral malleolus, at the 
BI-62 points. From there, they continue to ascend 
the outside of the thigh and the back to end just 
below the eyes at the BI-1 points, where they com- 
municate with the Yin Heel Vessels near the eyes 
(Figure 7.10). 

CLINICAL MANIFESTATIONS 

‘The functions and clinical uses of the patient's 
Yang Heel Vessel are: 

1. To treat acute Excess conditions of the lower 
back (e.g., aches due to spasm or invasion of 
Cold) and pain along the Bladder Channels 
of the legs; 

2. Tosubdue Internal or External Wind from the 
head (eg, facial paralysis, severe dizziness, 
and aphasia); and 

3. To purge Wind-Heat and Wind-Cold mani- 
festing in symptoms, such as sneezing, head 
ache, runny nose, and stiff neck. 

PATHOLOGICAL MANIFESTATIONS 

1. Symptoms of Excess include: Stiffness of the 
back and waist, lumbar pain, spasms on the 
outer side of the legs, tumors of the thighs, 
nocturnal epileptic seizures, and insomnia or 
restless sleep. The Yang Heel Vessels are also 
involved with diseases of the eyes such as dry 
and itchy eyes. 

2. Symptoms of Deficiency include: Fatigue, las- 
situde and weakness during the day, and ag- 
gravations of symptoms from stress during 
the day. These symptoms improve as the night 
progresses. 

According to some Traditional Chinese Medi- 
cal Classics, if epilepsy occurs during the daytime, 
Qigong and moxa are given on the Yang Heel Ves- 
sels; however, if epilepsy occurs at night, Qigong 
and moxa are given on the Yin Heel Vessels. 


Figure 7.10. Side View of the Left Yang Heel Vessel 


radiation > heat > rtd 


RTD (resistance temperature | #)¢" 
detector) eo) 


RTD is an acronym, either for resistance temperature detector or resistive temperature 
device. No definitive information seems to exist regarding which term is correct, but 
resistance temperature detector is more common. 


Occasionally an RTD may be described as a PTC thermistor, but its sensing element is 
different, consisting of pure metal wire or film. 
OTHER RELATED COMPONENTS 

+ thermocouple (see Chapter 25) 

+ NTC thermistor (see Chapter 23) 

+ PTC thermistor (see Chapter 24) 

+ semiconductor temperature sensor (see Chapter 27) 


+ infrared temperature sensor (see Chapter 28) 


What It Does RTD Attributes 


A resistance temperature detector, also known as __ Positive attributes of RTDs include: 
a resistive temperature device, is usually referred 


to as an RTD. It has a positive temperature * Accuracy, often plus-or-minus 0.01 
coefficient (that is, its resistance increases as its degrees Celsius. This very small toler- 
temperature increases) but differs from a PTC ance allows excellent interchangeabil- 
ther tor in that its sensing element is pure ity. 


metal instead of a semiconductor. 


Stability, with a response that drifts by 
7 as little as 0.01 degree per year. 
Comparison of lempercture Sen + The output is an almost linear function 


sors of temperature, making them easily 


used with a microcontroller. 
In this Encyclopedia, temperature sensors are divi- 


ded into five main categories, each of which has a 


Immunity to electrical noise. 


separate entry. For convenience, a comparative 
‘summary is included in the entry for NTC thermis- 
tors. See “Addendum: Comparison of Tempers- ture changes (about I to 10 seconds). 


ture Sensors’ for an overview. Also see 
Figure 23-9, Undesirable attributes include: 


Reasonably rapid response to tempera- 
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THE YIN AND YANG LINKING VESSELS 
OR WEI VESSELS 

The word Wei translates as “to link” or “bind” 
and refers toa rope that is tied around something, 
pulling it down and securing it. The Linking Ves- 
sels are sometimes called the Regulator Channels. 
‘The Linking Vessels are divided into Yin and Yang 
energetic pathways. 

Both Yin and Yang Linking Vessels start at the 
lower legs and flow upwards to the head, along 
the medial and lateral aspects of the lower legs 
and torso. When the Linking Vessels reach the 
neck and back of the head, they join the Concep- 
tion and Governing Vessels. Secondary Vessels, 
called the Yu (surplus) Vessels, branch away from 
the energetic flow of the major Vessel, connecting 
the energetic flow of each Yin and Yang Linking 
Vessel to the hands. 

Instead of serving as streams transporting Qi 
and Blood, these two vessels act as lakes that store 
Qi and Blood that overflows from other vessels. 
‘Together, these four vessels regulate the circula- 
tion of Qi and Blood for the whole body, store the 
overflowing Qi and Blood, and release the Qi and 
Blood into the channels in the event of insufficien- 
cies. 


THE YIN LINKING VESSEL 

The Yin Linking Vessels lie on the medial axis 
ofthe body. They help maintain the connection to 
allthe Yin Channels. They begin at the Kd-9 points 
at the inner side of the lower legs and ascend up 
the sides of the abdomen and chest. They move 
toward the front of the body, along the sides of 
the chest to the tips of thenipples. At the Ruzhong 
(St-17) Breast Center points they split into two sets 
of branches. One set of branches connects with 
the Conception Vessel at the neck. The other set 
of branches becomes the Yin Yu Vessels, and ex- 
tends from the chest, over the shoulders and down 
the inside of the arms following the route of the 
Pericardium Channels. Just above both wrist folds 
on each arm, each branch energetically pools at 
the Neiguan (Pc-6) Inner Pass points, before it 
flows into the palms. The Pc-6 points are there- 
fore considered the Master Points for the Yin Link- Figure 7.11. The Yin Linking Vessels 
ing Vessels (Figure 7.11). ee 


The Yin Linking Vessels are responsible for 
moving the Yin energy and regulating the Blood 
and inner parts of the body. They connect with all 
the body's Primary Yin Channels: Liver, Heart, 
Spleen, Lung, Kidney, and Pericardium. When the 
Yin energy is slowed down in the Linking Ves- 
sels, the Yang energy moves more rapidly. There- 
fore, if the Yin Linking Vessels become unbal- 
anced, the Excess Yang condition can cause the 
patient to suffer from Heart pain. 
CLINICAL MANIFESTATIONS 

The functions and clinical uses of the patient's 
Yin Linking Vessels are: 

1. To tonify the Heart (for symptoms of pain, 
stiffness, tightness and oppression in the 
chest, as well as mental depression, anxiety, 
apprehension, and nightmares); 

2. To treat Deficient Yin and Blood conditions, 
especially if accompanied by psychological 
conditions, such as mental restlessness, anxi- 
ety, and insomnia; and 

3. To treat headaches located in the back of the 
neck due to Blood Deficiency. 

PATHOLOGICAL MANIFESTATIONS 

1. Symptoms of Excess include diseases of the 
Heart such as hypertension, delirium, night- 
mares, etc.,as well as, cardialgia (tightness and 
oppression in the chest), difficulty in swallow- 
ing, convulsive diseases, contracted feeling in 
the Lungs, and dyspnea. Diseases of the Yin 
Linking Vessels also include prolapse of the rec- 
tum and diarrhea. 

2. Symptoms of Deficiency include timidity or 
fear, apprehension, nervous laughter, mental 
depression, hypotension, and weak respiration. 


‘THE YANG LINKING VESSELS 

The Yang Linking Vessels lie on the lateral as- 
pects of the body. They serve to maintain and com- 
municate with all the Yang Channels in the exte- 
rior portion of the lateral aspects of the body. They 
begin at the external part of the ankles, just below 
the lateral malleolus at BI-63 points, ascend the 
sides of each leg, up each side of the back of the 
ody, through the shoulder areas to the Naoshu 
(SI-10) Scapula’s Hollow points. The SI-10 points 
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Figure 7.12. Side View of the Left Yang Linking 
Vessel 


are the intersecting points of the Yang Linking and 
Yang Heel Vessels located on the Small Intestine 
Channels. From the SI-10 points, both Yang Link- 
ing Vessels split into two sets of branches. One set 
of branches flows up the sides of the neck and 
head connecting with the GB-20 points (at the 
lower occipital part of the head), where it com- 
municates with the Governing Vessel. The other 
set of branches becomes the Yang Yu Vessels. The 
Yang Yu Vessels extend from the shoulders, down 
the back sides of the arms, following the route of 
the Triple Burner Channels. Just above both wrists 
on the outside of each arm, each of the branches 
pools at the Weiguan (TB-5) Outer Pass points, 
before flowing into the back of the hands. The TB- 
5 points are therefore considered the Master Points 
for the Yang Linking Vessels (Figure 7.12). 

The Yang Linking Vessels are responsible for 
moving the Yang energy and controlling the Pro- 
tective Qi, regulating the Wei Qi’s resistance to 
external infections, and regulating the external 
parts of the body. They connect with all of the 
body’s Primary Yang Channels: Gall Bladder, 
Small Intestine, Stomach, Large Intestine, Bladder, 
and Triple Burners. When the Yang energy is 
slowed down in the Linking Vessels, the Yin en- 
ergy moves more rapidly; therefore, if the Yang 
Linking Vessels become unbalanced, the Excess 
Yin condition may cause the patient to catch colds 
and fevers more easily. 

CLINICAL MANIFESTATIONS. 

The functions and clinical uses of the patient's 
Yang Linking Vessels ae: 

‘To treat ear problems due to the rising of Liver 

Fire, resulting in conditions such as tinnitus 

and deafness; 

2. Totreat ear diseases due to a Gall Bladder dis- 
harmony; 

3. To treat hypochondriac pain; 

4. To treat sciatic pain in the lateral aspects of 
the legs (along the Gall Bladder Channels); 

5. To treat intermittent fevers that alternate be- 
tween chills and fever. 

PATHOLOGICAL MANIFESTATIONS 

1, Symptoms of Excess include: Alternating 

chills and fever; pain on the lateral sides of 


the neck, trunk and legs, as well as pain in 
the head. Symptoms also include pains and 
skin problems during weather changes, sen- 
sitivity to changes in climate (aching muscles, 
skin rashes, etc.), swelling, pain and fever in 
the joints, diarrhea and night sweats. 

2. Symptoms of Deficiency include: Coldness 
and lack of body heat, loss of energy, and 
physical strength. Symptoms also include 
cold knees, stiffness, and fatigue (especially 
during cold or rainy weather). 


SUMMARY OF EIGHT EXTRAORDINARY 
VESSEL PATHOLOGY 

The Bight Extraordinary Vessels link all of the 
Yin and Yang Channels in the body and regulate 
the flow of energy in these channels to maintain a 
state of energetic balance. The clinical significance 
of the Eight Extraordinary Vessels is manifested 
through certain pathological indications that are 
particular to the vessels’ intersection with their 
specific Primary Channel(s). Their symptomatol- 
ogy is therefore not distinct from, but rather a com- 
posite of, the pathological symptoms associated 
with their joining Primary Channel\s). 

Figure 7.13 describes some of the Eight Ex- 
traordinary Vessels pathologies and the clinical 
manifestations indicated along their root (begin- 
ning) and ending branches. 

The Eight Extraordinary Vessels’ energetic 
pathways used in certain esoteric Qigong medi- 
tations are somewhat different from the ones seen 
in Traditional Chinese Medical texts and acupune- 
ture charts. The reason for this uniqueness is be- 
cause their purposes are different. 

The goal of Chinese acupuncture is to restore 
sick people to health. The energetic points being 
treated by an acupuncturist must be along the 
superficial channels, so that they can be activated 
by acupuncture needles. 

Medical Qigong exercises and meditations 
aim to maximizing health, and to take the indi- 
vidual beyond mere physical health to spiritual 
enlightenment. In Medical Qigong training the 
channels and points can be deep within the body, 
since the energy is guided by the mind or by pos- 
tures and movements, rather than by needies. 


Eight 
Extraordinary 


Pathologies 


+ Pain in the back, lumbar region, and sides of the navel 
+ Weakness in the lower limbs. 


Conception 


+ Diseases of the reproductive and gastrointestinal systems (hemorrhoids, 
diarthea, decreased urination, etc.) 

+ Inthe male, sterility 

+ Inthe female, the menstruation problems such as leukorthea and 
dysmenorrhea; also breast pain, paralysis after delivery, emaciation, and 
sterility; all reproductive system problems, including intemal and external 
genitalia (vulva, vagina, and cervix) 


Governing 


+ Diseases of the head (apoplexy, aphasia, epilepsy, headaches, tetanus, 
etc.), back, neck, and Kidneys 

+ Stiffness in the spinal column, spastic muscle movements of the 
extremities, night sweating, and circulatory disturbances around the anus 


Thrusting 


+ In women, amenorthoea, scanty periods or late periods, dysmenorrhea, 
spontaneous abortion, inability to expel the placenta, menopause problems 
+ Diseases of the Heart, fullness in the chest and abdomen, gastritis, 
abdominal pain, convulsive diseases 

+ Brain dysfunction of physiological origin 


Yang Heel 


+ Innewborns, vomiting of milk 

* Stiffness of the back and waist, lumbar pain, spasms on the outer side of 
the legs, and tumors of the thighs 

+ Diseases of the eyes 


iseases from Cold— fevers resulting in a sensitivity to changes in 
climate; cold knees; stiffness and fatigue; swelling, pain, and fever in the 
joints and extremities; and night sweating 


+ Lower abdominal pain, vomiting, difficult bowel movements, and spasms 
on the medial side of the legs 
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Sg + Diseases of the eyes 

+ Difficult labor in women 

+ Diseases of the Heart (cardialgia), tightness of the chest, difficulty in 
Yin Linking swallowing, convulsive diseases 


+ Diseases also include prolapse of the rectum and diarrhea 


Figure 7.13. Pathologies of the Eight Extraordinary Vessels 


THE FIFTEEN MAJOR COLLATERALS 
(CONNECTING VESSELS) 

‘The Fifteen Collaterals are also known as the 
Fifteen Luo. Luo is translated to mean a net or 
web, and in Traditional Chinese Medicine it re- 
fers to the Connecting Vessels. These vessels are 
the major “passage ways” for the circulation of 
the body’s channel energy, emerging out of the 
Luo (pathway) points on the Twelve Primary 
Channels, plus the Governing and Conception 
Vessels. The Luo points are located below the el- 
bows and knees and provide an additional ener- 
geticbarrier to keep Evil Winds from affecting the 
Primary Channels, being somewhat deeper then 
the Muscle/Tendon Channels. The Collaterals are 
the streams of energy that connect the paired Pri- 
mary Channel rivers. 

The Fifteen Collaterals are superficial and 
much thinner in formation than the Primary Chan- 
nels running through the interior aspect of the 
body. The collaterals distribute Qi and Blood to 
those areas not directly traversed by other chan- 
nels. Flowing out of each Primary Channel's Luo 
point are two Luo vessels, which are counted as 
one: 

1. The Transverse Luo Vessels connect to the 
Source Points on the Yin and Yang coupled 
Primary Channels. They act as a safety valve 
to maintain balance between Yin and Yang 
channels by diverting Excess energy from one 
channel to tonify Deficiencies in the Orb (in- 
ternal organ and energetic field) of their 
paired Primary Channel. When a channel is 
Deficient (Empty) and its paired channel is in 
Excess (Full), for example, the tonification of 
the Luo point on the Deficient channel is 
enough to replenish it, while normalizing the 
channel previously in Excess. 

2. Longitudinal Luo Vessels flow out of the Luo 
points, but do not connect with the coupled 
Primary Channels. The Luo Vessels usually 
flow proximally toward the channel's organ. 
The Luo vessels’ main function is to transfer 

Qiand Blood from the Primary Channels to all 
parts of the body to nourish the tendons, the 
bones, the skin, and the five sense organs (nose, 
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eyes, ears, lips, and tongue). The Luo vessels also 
link the body's interior with its exterior, connect- 
ing the internal and superficial channels (Figures 
7.14 through 7.19). 

The Fifteen Major Collaterals have smaller 
branches, known as the Minute and Superficial 
Collaterals, extending from them. The Superficial 
Collaterals are sub-branches similar to capillaries 
serving to transport Qi and Blood to the surface 
of the body. Both Minute and Superficial Collat- 
erals, which can be seen beneath the surface as 
blood vessels, are called Blood Luo Vessels. 
PATHOLOGY 

The pathology of the Fifteen Major Collater- 
als are categorized in terms of Excess and Defi- 
cient syndromes. 

1. Excessive Conditions of the collaterals are due 
to exogenous invasion if (1) the organ associ- 
ated with the Luo is in Excess or (2) the body's 
Wei Qi is weak. Evil Winds enter the body 
through Jing Well or Wind points, and start 
moving up the channel. The Longitudinal Luo 
Vessels provide a route for the diversion of 
Evil Winds. The Longitudinal Luo Vessels 
have more Wei Qi then the Primary Channels 
and can better fight pathogens. Sometimes 
with a Wind Cold invasion, a blue coloris vis- 
ible along the path of the Longitudinal Luo 
Vessel. If the invasion is due to Wind Heat, 
there may be a red color along the vessel. 

2. Deficient Conditions of the collaterals are due 
to: (1) the organ associated with the Luo be- 
ing Deficient or (2) the patient's Qi is Defi- 
cient due to exogenous factors. 

POINT LOCATION OF THE FIFTEEN MAJOR 
COLLATERALS 

1. The Foot Taiyin-Spleen 4 Point is located on 
the Spleen Channel of each foot, on the me- 
dial side, just posterior to the base of the first 
metatarsal bone. This Lou’s energy flows 
downward to connect with the Stomach 
Channel on each foot. A second branch flows 
upward along the medial aspect of the inner 
thigh, passing the abdomen and connecting 
with the Stomach and Small Intestines (Fig- 
ure 7.14). 


| Wajor Collaterals 
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Figure 7.14. The figure at left shows the three Luo points of the Yin Collaterals of the left foot located on the 
Primary Channels of the Kidneys, Spleen, and Liver. The figure on the right shows the three Luo points of the 
‘Yang Collaterals of the left foot located on the Primary Channels of the Stomach, Bladder, and Gall Bladder. 


a, Symptoms of Excess include sharp in- 
testinal pain, vomiting, and diarrhea. 

b. Symptoms of Deficiency include ab- 
dominal swelling. 

2. The Foot Shaoyin-Kidney 4 Point is located 
on the Kidney Channel of each foot, just pos- 
terior to the medial malleolus. The Lou’s en- 
ergetic flow runs downward, crossing the 
heel, and connects with the Bladder Channel 
on each foot. A second branch flows upward 
along the medial aspect of the inner thigh, fol- 
lowing the Kidney Channel. It passes the ab- 
domen and connects with the pericardium of 
the Heart then flows laterally to connect with 
the lumbar vertebrae (Figure 7.14). 

a. Symptoms of Excess include enuresis, 
emotional irritability, and depression. 

b. Symptoms of Deficiency include lower 
back pain. 

3. The Foot Jueyin-Liver 5 Point is located on 
the Liver Channel of each foot, on the medial 
side, several inches above the medial malleo- 
lus. The Lou’s energetic flow connects with 
the Gall Bladder Channel on each foot and 
flows upward along the medial aspect of the 
inner thigh. It connects with the genitals and 
terminates at the penis in males, and the cli- 
toris in women (Figure 7.14). 

a. Symptoms of Excess include swelling 
of the testicles. 

b. Symptoms of Deficiency include itch- 
ing in the pubic region. 

4, The Foot Taiyang-Bladder 58 Point is located 
on the Bladder Channel of each foot, on the 
lateral side, several inches above the external 
malleolus. The Lou’s energy flows downward 
to connect with the Kidney Channel on each 
foot (Figure 7.14). 

a. Symptoms of Excess include nasal con- 
gestion, headache, and back pain. 

b. Symptoms of Deficiency include clear 
mucus nasal discharge and nosebleed. 

5. The Foot Shaoyang-Gall Bladder 37 Point is 
located on the Gall Bladder Channel of each 
foot, on the lateral side, several inches above 
the external malleolus. The Lou’s energy 


flows downward to connect with the Liver 
Channel on each foot, then continues down- 
ward to disperse over the dorsum on each foot 
(Figure 7.14). 
‘a. Symptoms of Excess include fainting, 
b. Symptoms of Deficiency include weak 
and flaccid muscles of the feet. 
‘The Foot Yangming-Stomach 40 Point is lo- 
cated on the Stomach Channel of each foot, 
on the lateral side, several inches above the 
external malleolus. The Lou's energy flows 
downward to connect with the Spleen Chan- 
nel on each foot. A second branch flows along 
the lateral aspect of the tibia, upward to the 
top of the head where it divides, with one 
branch converging with the other Yang Chan- 
nels on the neck and head, and the other 
branch connecting with the throat (Figure 
7.14). 
a. Symptoms of Excess include epilepsy 
and insanity. 
b. Symptoms of Deficiency include phar- 
yngitis, sudden aphasia, and flaccid or 
atrophied muscles in the legs or feet: 


. The Hand Taiyang-Small Intestine 7 Point is 


located on the Small Intestine Channel of each 
hand, on the dorsal side, several inches above 
the wrist, on the ulnar side. The Lou's energy 
flows upward past the elbow and connects 
with the Large Intestine 15 point (Figure 7.15). 
a. Symptoms of Excess include fever, 
headaches, and blurred vision. 
b. Symptoms of Deficiency include atro- 
phy of the muscles in the elbow and 
arm, and a looseness in the joints. 


. The Hand Yangming-Large Intestine 6 Point 


is located on the Large Intestine Channel of 
each hand, several inches above the dorsal 
side of the wrist on the radial side. The Lou’s 
energy flows upward on each arm to the jaw 
and pours into the area of the teeth. Another 
branch ascends into each ear, connecting with 
the Thrusting Vessels which supply energy to 
the head (Figure 7.15). 

a. Symptoms of Excess include deafness 

and toothache. 


b. Symptoms of Deficiency include a sen- 
sation of coldness in the teeth, as well 
as fullness and congestion in the chest. 

9. The Hand Shaoyang-Triple Burner 5 Point is 
located on the Triple Burner Channel of each 
hand, located just above the dorsal transverse 
crease of the wrist. The Lou's energy flows 
upward past the arm and over the shoulder, 
dispersing into the chest and connecting with 
the Pericardium Channel (Figure 7.15). 

a. Symptoms of Excess include muscle 
spasms of the elbow. 

b. Symptoms of Deficiency include flac- 
cid muscles in the arm and elbow joint. 

10. The Hand Taiyin-Lung 7 Point is located on 
the Lung Channel of each hand and arises 
from the cleft of the tendons and bones on the 
radial side of the wrist, where it flows down 
into the palm, spreading through the thenar 
eminence (Figure 7.15). 

a. Symptoms of Excess include hot palms 
or wrists. 

b. Symptoms of Deficiency include enure- 
sis and shortness of breath. 

1. The Hand Shaoyin-Heart 5 Pointis located on 
the Heart Channel of each hand, just above 
the transverse crease of the wrist. The Lou as- 
cends along the Heart Channel and enters the 
Heart then continues up the chest into the 
head, flowing into the root of the tongue, then 
ascends to connect with each eye (Figure 7.16) 

a. Symptoms of Excess include fullness 
and pressure in the chest. 

b. Symptoms of Deficiency include apha- 
sia. 

12, The Hand Jueyin-Pericardium 6 Point is lo- 
cated on the Pericardium Channel of each 
hand, just a few inches above the medial trans- 
verse crease of the wrist, between the two ten- 
dons. The Lou's energy flow follows the Peri- 
cardium Channel, connecting with the Heart 
(Figure 7.16). 

a. Symptoms of Excess include chest pain. 
b. Symptoms of Deficiency include irrita- 
bility. 

13. The Governing Vessel 1 Point is located on the 
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Figure 7.15. The three Yang Collaterals and their Luo 
points located on the hand and on the Primary 
Channels of the Large Intestine (Ll), Triple Burners 
(TB), and Small Intestine (SI). 


Figure 7.16. The three Yin Collaterals and their Luo 
points located on the hand and on the Primary Channels 
of the Heart, Pericardium, and Lungs. 


Figure 7.17. The main collateral and 
Luo point of the Governing Vessel 
is located on the Governing Vessel 
(GV) 1 point. 


14. 


(cy) 15 


base of the Governing Vessel, at the perineum. 
‘The Lou's energy flows upward along both 
sides of the spine to the nape of the neck, 
spreading to the top of the head. It continues 
flowing into the scalp regions on both sides 
of the head and connects with the Bladder 
Channel and merges with the spine (Figure 
717). 
a, Symptoms of Excess include stiffness 
along the spine. 
b. Symptoms of Deficiency include dizzi- 
ness or heaviness in the head. 
‘The Conception Vessel 15 Point is located on 
the Conception Vessel of the chest, just below 
the xiphoid process. The Lou’s energy flows 
downward, pouring over the abdomen (Fig- 
ure 7.18). 


Figure 7.18. The main collateral and 
Luo point of the Conception Vessel 
is located on the Conception Vessel 


Figure 7.19. The major collateral 
and Luo point of the Spleen is 
located on the Spleen (Sp) 21 
point. 


a. Symptoms of Excess include pain on 
the surface skin of the abdomen. 

b. Symptoms of Deficiency include itch- 
ing on the surface skin of the abdomen. 

15. The Major Luo of the Spleen 21 Point is lo- 
cated on the Spleen Channel of the chest, just 
below the auxiliary fold of each arm. The 
Lou’s energy flow spreads through the chest 
and hypochondriac region, gathering the 
Blood like a net (Figure 7.19). 

a. Symptoms of Excess include general 
aches and pains throughout the entire 
body. 

b. Symptoms of Deficiency include weak- 
ness in the muscles of the limbs and 
joints. 


THE TWELVE DIVERGENT CHANNELS 

‘The Twelve Divergent Channels comprise an 
important part of the body's channel system. 
These channels are branches off the Twelve Pri- 
mary Channels and share the energetic function 
of circulating Qi throughout the body. The ener- 
getic field of the Twelve Divergent Channels forms 
an enormous web of complex interconnections 
within the body's Twelve Primary Channels. 

Because the area over which the energy of the 
‘Twelve Divergent Channels is distributed is quite 
extensive, they are considered a separate compo- 
nent of the channel system. They are secondary 
streams that parallel the primary rivers, yet each 
has its own functional characteristics and clinical 
application independent of the Primary Channels. 
‘The Twelve Divergent Channels run deeper in the 
body, supplementing the areas along the path- 
ways that the Primary Channels do not reach. 
‘They have no points of their own, although there 
are intersection points where they cross the ma- 
jor channels (Figures 7.20 through 7.25). 

‘One of the primary functions of the Twelve 
Divergent Channels is to integrate all parts of the 
body with the Twelve Primary Channels. There 
are areas in the body which are not traversed by 
the pathways of the Twelve Primary Channels, as 
well as internal organs that are otherwise uncon- 
nected, or only remotely connected, by the Pri- 
mary Channels. These areas are more securely 
linked by the energetic flow of the Twelve Diver- 
gent Channels, which strengthen the bonds be- 
tween the Twelve Primary Channels and the 
physical areas that are connected to, or adjoining, 
their pathways. 

Another primary function of the Twelve Di- 
vergent Channels is to facilitate the connection 
between pairs of Yin and Yang Primary Channels 
and Organs. Therefore, all primary Yin and Yang 
‘organs are connected by the Divergent Channels. 
Both Yin and Yang Divergent Channels ultimately 
connect with the body's Yang Primary Channels. 

1. The Yang Divergent Channels complete a 

cycle of leaving the primary channels (e.g., 

Primary Gall Bladder Channel) and entering 


their associated organs (e.g,, The Gall Blad- 

der Organ) before they resurface on the neck 

and reconnect with their original channels 

(eg,, The Primary Gall Bladder Channel). 

2. The Yin Divergent Channels leave their pri- 
mary channels (e.g,, Primary Liver Channel), 
then join their associated Yang Divergent 
Channels (e.g,, The Divergent Gall Bladder 
Channel), which then join with the Yang Pri- 
mary Channels (e.g., The Primary Gall 
Bladder Channel). 

Similarly, within the body's cavities, most of 
the Twelve Divergent Channels first join with their 
pertaining Yin or Yang organ and then connect 
with the associated organ (belonging to the asso- 
ciated channel) in the Yin/ Yang pair. Through this 
interaction, the connection between paired Yin 
and Yang organs and channels is strengthened. 

An understanding of the relationship between 
the paired Yin and Yang interactions is important 
to the Qigong doctor, as sometimes a disease af- 
fecting a Yang channel can be treated by selecting 
certain areas on its associated Yin channel, and 
vice versa. The same theory holds true for diseases 
of the internal organs. 

The Twelve Divergent Channels are paired 
into six confluences according to their internal and 
external relationship. 

1. Bladder Divergent Channel (Foot Tai Yang) 

vergent Channel (Foot Shao 


2. Stomach Divergent Channel (Foot Yang Ming) 
and Spleen Divergent Channel (Foot Tai Yin) 

3. Gall Bladder Divergent Channel (Foot Shao 
Yang) and Liver Divergent Channel (Foot Jue 
Yin) 

4, Small Intestine Divergent Channel (Hand Tai 
Yang) and Heart Divergent Channel (Hand 
Shao Yin) 

5. Large Intestine Divergent Channel (Hand 
Yang Ming) and Lung Divergent Channel 
(Hand Tai Yin) 

6. Triple Burners Divergent Channel (Hand Shao 
Yang) and Pericardium Divergent Channel 
(Hand Jue Yin) 


How It Warks 


+ Temperature coefficient about one- 
tenth of that of an NTC thermistor. 


+ To measure the resistance, some cur- 
rent must pass through the sensor, rais- 
ing the possibility of self-heating (as in 
the case of other temperature sensors, 
with the exception of a thermocouple). 


+ Relatively high cost, espe: 
wire-wound type. 


ly of the 


The resistance curves for three generic NTC 
thermistors are shown in Figure 26-1, plotted 
against the resistance for a generic platinum 
RTD that has a reference resistance of 100 ohms 
at 0 degrees Celsius. Note that this graph is 
unlike many that illustrate the response of NTC 
thermistors, in that its vertical scale is not loga- 
rithmic. 
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Figure 26-1 The brown, green, and blue curves show the 
resistance of three generic NTC thermistors varying with 
temperature. The red line shows the resistance ofa plat 
‘num RTD. Derived from a diagram created by Texas 
Instruments, 


radiation > heat > rtd 


Schematic Symbol 

There is no specific schematic symbol for an 
RTD, Often the symbol for a thermistor may be 
used. See Figure 23-1. 


Applications 
Because of its high accuracy, an RTD may be 
used where precision is important, It can cali- 
brate other temperature sensors, and may 
measure the temperature of a reference junc- 
ion of a thermistor. However, it requires sensi- 
ive electronics for signal conditioning, because 
of its low temperature coefficient. 


How It Works 


‘An RTD exploits the fractional increase in elec- 
trical resistance of a metal film, metal filament, 
or (in some cases) a carbon film, when the tem- 
perature of the metal rises. In its simplest form, 
an RTD is a 2-wire device with no polarity. 


The sensing element is often made from plati- 
num, as this has a linear response to tempera- 
ture over a wide range. High-quality RTD 
sensors with a wide temperature range usually 
consist of platinum wire that is wound around a 
glass or ceramic core. Smaller sensors may be 
fabricated from a thin layer of platinum evapo- 
rated onto an insulating substrate. Nickel may 
be substituted for platinum, and has a more 
sensitive but less linear response. 


The wire-wound type is usable at temperatures 
as high as 500 Celsius (up to 1,000 degrees for 
some platinum-element types). Some variants 
are able to measure temperatures as low as 
-250 degrees. 


DIN 60751 is an international standard defining 
the performance of platinum RTDs. It specifies a 
reference resistance of 100.00 degrees at 0 
degrees, and a temperature coefficient 
between 0 degrees and 100 degrees. Outside of 
this range, a formula defines the response. 


The response is almost precisely linear, ranging 
from 100 ohms at 0 degrees to approximately 
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Figure 7.20. The Divergent Channels of the Gall Bladder and Liver 
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Figure 7.21. The Divergent Channels of the Lungs and Large intestine 
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Figure 7.22. The Divergent Channels of the Stomach Figure 7.23. The Divergent Channels of the Bladder 
and Spleen and Kidneys 
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Figure 7.24. The Divergent Channels of the Heart and Small Intestines 
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Figure 7.25. The Divergent Channels of the Perica 


‘and Triple Burners 


THE TWELVE MUSCLE/TENDON 
CHANNELS 

‘The Twelve Muscle/ Tendon Channels are the 
muscle and soft tissue regions of the body where 
the Qi and Blood of the Primary Channels nour- 
ish the skin, muscles, and tendons. They are very 
superficial in relationship to the Primary Chan- 
nels and form a capillary network that travels in 
the depressions and planes between muscles and 
tendons. The Twelve Muscle/Tendon Channels, 
subsequently spread over the whole of the epi- 
dermis, through its close connection with the cu- 
taneous tissues. 

Originating in the extremities, these channels 
ascend to the head and torso. Physiologically, they 
do not enter into the internal organs but coordi- 
nate the movement of the bones and limbs. The 
‘Twelve Muscle/Tendon Channels are connected 
to the inner fascia of the body’s muscles, tendons, 
and ligaments, as well as other connective tissues. 
They are affiliated with the channels and 
collaterals (Luo) systems on the exterior of the 
body, and serve as mediators between any ener- 
getic reactions (trauma, stress, etc.) that vibrate 
from the body’s exterior surface to the deep inter- 
nal organs. 

‘These channels are found along the four ex- 
tremities on the surface of the body, as well as 
along the head, neck, back, chest, and abdomen. 
‘The name of each Muscle/Tendon Channel comes 
from the Twelve Primary Channels whose exter- 
nal energy flow they follow. They also receive 
Blood and Qi nourishment for their functional 
activity from and through the Twelve Primary 
Channels. There are points of connection, as well 
as intersecting points along these channels (Fig 
ure 7.26 through 7.37). 

‘Treatment at these conjunctive points consis- 
tently responds successfully to stimulation; there- 
fore, the Qigong doctor can effectively apply Jing 
Point Therapy to specific areas and points along 
the Muscle /‘Tendon Channels. 

‘These channels are responsible for extending 
and flexing the muscles, tendons, ligaments and 


joints; their pathology is reflected in symptoms 
of impaired movement (i.e., pulled, twisted, 
strained, cramped or atrophied muscles, spasms, 
etc). 

In Traditional Chinese Medicine the muscles 
and tendons are described in characteristics of Yin 
(flexion, contraction, internal rotation, etc.) and 
Yang (extension, expansion, external rotation, etc.) 
which balance each other. When the Yin and Yang 
action of the muscles and tendons fail to balance 
and regulate each other, Muscle Channel Dysfunc- 
tion results; for example, when exposed to cold, 
the muscles /tendons become tense and over-con- 
tract; when exposed to heat, muscles/ tendons 
become loose and overextend. 

‘The pathology of the Muscle/ Tendon Chan- 
nels also reflects the symptoms of corresponding 
groups of muscles and other connective tissues. 
‘The connective tissues are divided into three 
groups: the large, the small, and the membranous 
connective tissue. 

Therapeutically, a local Muscle/Tendon 
Channel symptom can be treated by stimulating 
an area located next to the origin of the pain; for 
example, if the area is Yang (lateral) and overac- 
tive, then the Yin (medial) will be underactive and 
vice versa, Treatment is directed towards restor- 
ing the balance between the Yin and Yang Muscle/ 
Tendon Channels. 

Being superficial, the Twelve Muscle/Tendon 
Channels contain Wei Qi; thus, they provide the 
body's third line of defence against any unfavor- 
able exogenous influence (the first being the 
body’s Wei Qi field, and second being the Wei Qi 
stored within the skin). Only after overcoming the 
resistance of the body’s Muscle/Tendon Wei Qi 
can the Evil Exogenous pathogens travel down 
the length of the channel to penetrate the corre- 
sponding Primary Channel at the Jing-Well point. 
Jing-Well points are points of energetic union, con- 
necting Primary Channel points together with the 
points where the Muscle/Tendon Channel have 
their origin. 
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Figure 7.26. The Muscle Region of the Gall Bladder Channel: High Tide is 11p.m.—1 a.m, Pathological symptoms 
include strained muscles from the fourth toe to the knee upon lateral rotation, with an inability to bend the knee; 
muscle spasms or stifiness within the popliteal fossa; strained muscles of the sacrum, pelvis, and lower ribs; pain 
in the hypochondria, chest, and clavicle region; and an inability to turn the eyes to the left or right. 
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Figure 7.27. The Muscle Region of the Liver Channel: High Tide is 1 a.m.-3 a.m. Pathological symptoms include 
strained muscies of the big toe; pain in the anterior internal malleolus of the ankle; pain at the medial aspect of the 
knee and thigh; and dysfunction of the reproductive organs, i.e., impotence. 
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Figure 7.28. The Muscle Region of the Lung Channel: High Tide is 3 a.m.-6 a.m, Pathological symptoms include 
strained muscles of the thumb; stif, strained or muscle spasms, and/or pain along the course of the Lung Channel, 
In more serious cases, there will be muscle spasms over the rib area and spitting of blood, 
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Figure 7.29. The Muscle Region of the Large Intestine Channel: High Tide is 5 a.m.—7 a.m. Pathological symptoms 
include strained muscles of the index finger; stiffness, strained, or muscle spasms along the course of the Large 
Intestine Channel, resulting in frozen shoulder; and an inability to rotate the neck from side to side. 
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radiation > heat > rtd 


138 ohms at 100 degrees. The temperature 
deviation from a straight line, between 0 and 
100 degrees, is no more than plus-or-minus 0.8 
degrees. 


However, current through the RTD must be 
restricted to avoid self-heating. A range of 
(0.5mA to ImA is recommended. 


Variants 


Some RTDs are potted in glass or resin, as 
shown in Figure 26-2. This shows an RTD in the 
TFPTL range from Vishay, containing a nickel 
thin-film sensing element with a temperature 
coefficient of about 0.4% and a tolerance of 
0.019%. It is available with a very wide range of 
reference resistances, from 100 ohms to 5K 
(measured at 25 degrees Celsius). The tempera- 
ture range is -55 to +70 or -55 to +150 degrees, 
and the maximum voltage is 30V to 40V, 
depending on the specific component. 


Figure 26-2 An RTD in the TFPTL series from Vishay. 
The background grid i in mulimeters. 


The flat package shown in Figure 26-3 may be 
encased in a protective sheath of plastic or sil 
cone rubber, and can be used for surface tem- 
perature sensing where the component is 
Glued to the exterior of a flat-sided container. 
This figure shows an RTD in the L420 range 


Variants 


from Heraeus Sensor Technology, containing a 
platinum thin-film sensing element with a tem- 
perature coefficient of 0.385%. It is available in 
reference resistances of 100, 500, and 1,000 
ohms (measured at 25 degrees Celsius). The 
temperature range is -50 degrees to +400 
degrees. 


Figure 26-3 An RTD in the L420 series from Heraeus. 
The background grid is in millimeters. 


Wiring 
The leads to an RTD can be a source of error. fa 
simple 2-wire configuration is used, the leads 
will have an unknown resistance that will be 
affected by temperature, just as the element 
inside the RTD will have a temperature- 
sensitive resistance. 


To enable temperature compensation, a three- 
wire design can be used. Figure 26-4 illustrates 
the principle. In the first section of this figure, 
resistances Ry and Rg remain unknown. In the 
second section, the resistances of Ry and Re can 
be found by passing a test current through one 
wire and back through the other, bypassing the 
component. Assuming that all of the leads are 
identical in length and composition, the resist- 
ance of Ry + Re will be equal to that of Ry + Re. 


Chapter 26: RTD (resistance temperature detector) 
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Figure 7.30. The Muscle Region of the Stomach Channel: High Tide is 7 a.m.-9 a.m, Pathological symptoms 
include strained muscles of the big toe; spasms or hardening of the muscles in the foot; knotted or twisted 
muscles in the lower leg and thigh; swelling in the anterior pelvis region; hernia; spasms of the abdominal muscles; 
‘spasms or stiffness of neck and cheek muscles; and eye spasms 
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Figure 7.31. The Muscle Region of the Spleen Channel: High Tide is 9 a.m.-11 am, Pathological symptoms 
include strained muscles of the big toe; pain inthe internal malleolus ofthe ankle upon rotation; pain along the 
medial aspect ofthe knee and adductor muscles of the thigh: groin strain; and pain due to strained upper abdominal 
muscles and mid-thoracic vertebrae. 
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Figure 7.33. The Muscle Region of the Small Intestine 
Figure 7.32. The Muscle Region of the Heart Channel: Channel: High Tide is 1 p.m.-3 p.m. Pathological 
High Tide is 11. a.m.-1 p.m. Pathological symptoms symptoms include strained muscles of the litle finger; 
include strained muscles of the little finger; stif or pain along the medial and posterior aspects of the 
strained muscies with spasm and/or pain along the _ elbow; pain in the posterior aspect of the axilla, neck, 
‘course ofthe Heart Channel, including intemal cramping and scapula region; tinnitus related to ear ache; and 
within the diaphragm and upper abdominal area, poor vision. 
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Figure 7.34. The Muscle Region of the Bladder Channel: High Tide is 3 p.m-5 p.m. Pathological symptoms 
include strained muscles of the big toe; swelling and pain in the heels; stiness or spasms along the spine and 


back area; frozen shoulder; stiffness or spasms in the axillary and clavicle regions. 
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Figure 7.35. The Muscle Region of the Kidney Channel: High Tide is 5 p.m-7 p.m. Pathological symptoms 
include strained muscles on the bottom of the foot; spasms or stiffness along the Kidney Channel, resulting in an 
inability to bend forward (Yang disorder) or backward (Yin disorder), with difficulty in flexing or extending the 


head 
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Figure 7.36. The Muscle Region of the Pericardium 

Channel: High Tide is 7 p.m.-9 p.m. Pathological Figure 7.37. The Muscle Region of the Triple Burner 
symptoms include strained muscles of the middle finger; Channel: High Tide is 9 p.m.—11 p.m. Pathological 
stiff or strained muscles, or spasms andlor pain along symptoms include strained muscles of the ring finger; 
the course of the Pericardium’s Channel; and chest pain _stiff or strained muscles, or spasms andlor pain along 
and spasms. the course of the Triple Burners’ Channel. 


THE TWELVE SKIN ZONES 

Based on the Twelve Primary Channels, their 
collaterals, and the body’s Muscle /‘Tendon Chan- 
nels, the surface tissue is divided into Twelve Skin 
Zones. These Skin Zones are the surface contact 
areas for the body’s channel and collateral sys- 
tems. These twelve regions (sometimes called the 
Twelve Cutaneous Channels) are located in the 
superficial layers of the skin and have continu- 
ous and direct contact with the external environ- 
ment. They are, therefore, the most sensitive to 
climactic changes and must adapt to protect the 
body from External pathogenic factors. 

Both the Qi and the Blood at the Twelve Skin 
Zones rely on the collaterals for their nourishment. 
‘The Twelve Skin Zones circulate Wei Qi, which in 
addition to its defensive function, is also in charge 
of opening and closing the pores. The skin relies 
primarily upon the strength of the Wei Qi for re- 
sistance to the invasion of External pathogenic in- 
fluences, as these harmful influences must first 
penetrate the skin before they can affect the body’s 
internal tissues and organs. Since the Lungs rule 
the skin, weak Lung Qi can allow pathogens to 
penetrate the skin and affect the Lungs. 

Pathological symptoms associated with the 
‘Twelve Primary and connecting Channels mani- 
fest along the surface of the Twelve Skin Zones, 
before progressing deeper into the body’s connec- 
tive tissue. The early stages of disease are called 
Exterior conditions; if the exterior Wei Qiis strong 
enough, pathogens will be stopped at the exter- 
nal level. The order of pathogenic progression is 
as follows. 

1. The Body’s Wei Qi is the body’s first line of 
defense. A healthy body will project a strong, 
protective, external energetic field, which will 
maintain a capable defensive boundary. Ifthe 
patient becomes weak, tired, or stressed, how- 
ever, External pathogens may advance onto 
the patient's skin and begin attacking his or 
her health. 

2. The Skin is the body's second line of defence. 
If the body's Wei Qi is not strong enough to 
resist an External attack and the skin is not 
capable of warding off the pathogens, then the 


pathogens will attack the skin, causing the 

sweat pores to open, thus allowing the patho- 

gens to advance towards the patient's 
collaterals. 

3. The Collaterals are the third line of defense. 
If the body’s collaterals are unable to redirect 
or purge the advancing pathogens, the patho- 
gens will then advance into the patient's chan- 
nels. 

4, The Channels are the last line of defense be- 
fore the advancing External pathogens invade 
the patient's internal organs. If the body’s 
channels are unable to redirect or purge the 
pathogens, and the pathogens are allowed to 
continue their progression, they will advance 
further into the body's internal organs. 

5. The Internal Organs are affected once the 
pathogens have breached all the outer de- 
fences and disease can now begin to establish 
its residence. 

Pathologies associated with the Primary 
Channels manifest diagnostically through the 
body's skin, channels, and points. The observa- 
tion of pimples, moles, discoloration, and changes 
in electro-conductivity are all valuable signs of 
pathogens, or obstructions, invading the skin. 

A disease of external origin that first lodges 
within the patient's skin can be treated by the 
Qigong doctor. The doctor stimulates the Wei Qi 
in the affected skin zone through external Qi pro- 
jection before it progresses further into the body’s 
connective tissue, An alternate treatment would 
be to apply herbal ointments and/or moxa 
therapy. 


THE CONNECTIVE TISSUE OF THE 
TWELVE SKIN ZONES. 

The connective tissue always responds to the 
outside stimulation of the Twelve Skin Zones. The 
body's connective tissue is just below the skin, and 
is regarded as one of the largest, most extensive 
tissue organs in the body. Its function is to sup- 
port, connect, contain, and transmit. It is a con- 
tinuous network of structure that binds tissues 
into their organ shape. It also supplies the inter- 
nal organ’s life support with vessels and ducts, 
and securely fastens each organ within the body 
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Figure 7.38. The Body's Twelve Skin Zones, Based on the Extemal Flow of Qi from the Twelve Primary Channels, 
and Their Collaterals 


Triple Burner, Gall Bladder 


cavity. This connective tissue surrounds and an- 
chors the vessels within the muscles, bones, and 
organ tissue. Its fluid nature supports the entire 
body structurally by hydrostatic pressure. Any 
stimulation on one of the body's Twelve Skin 
Zones will directly affect the body’s connective 
tissue, and will stimulate the corresponding in- 
ternal organ associated with that particular zone. 

‘The superficial fascia (the connective tissue 
just under the skin) divides into a top and bottom 
layer. The top layer is the fatty layer, which con- 
stitutes the main fatty tissue of the outer surface 
of the body and fascia. This fatty layer acts as an 
insulator, helping to maintain a constant body 
temperature. It is metabolically active, function- 
ally storing fat as fuel, releasing it in response to 
nerve and hormonal stimuli. It corresponds to the 
greasy layer where the Wei Qi circulates through- 
out the body’s tissues. The deeper layer of the 
superficial fascia envelopes the nerves, veins, ar- 
teries, lymph vessels, and nodes. 

Froma Traditional Chinese Medical perspec- 
tive, the Qi circulating within the body's inner 
fascial connective tissue can be stimulated through 
the external energy stimulation of the Twelve Skin 
Zones. Heat and movement help maintain the 
body's connective tissue’s base fluids, facilitating 
movement and the conduction of energy. Any ob- 
struction occurring on the body's surface tissues 
can result in the binding or thickening of the con- 
nective tissue, thus creating adhesions. This ob- 
struction slows the metabolic process and com- 
promises the body’s immunity (Figure 7.38). 

If the integrity of the connective tissue is com- 
promised, the body’s immune system declines. 
Compartments of connective tissue influence the 
spread of toxins, diseases, infections, and tumors. 
The fibrous walls, as well as chemicals in the fluid 
of the connective tissue, prevent the spread of 
pathogens from one area of the body to another. 
CLINICAL DIAGNOSIS AND THE TWELVE SKIN 
Zones 

Clinically, the diagnosis and treatment tech- 
niques relating to the use of the Twelve Skin Zones 
is quite extensive. In diagnosis, the skin's surface 
area along these zones is examined for evidence 


of discoloration or tissue obstruction. Changes in 
skin color and tissue formations are observed and 
categorized as follows. 

1. A darkish hue reflects obstruction of Qi and 
Blood. 

2. A bluish-purple color indicates local pain. 

3. Change in color from yellow to red shows 
evidence of Heat. 

4. A white or pallid skin tone signifies Deficiency 
or Cold. 

5. Boils, pimples (especially on the back), hives, 
and eczema, as well as hard lumps or nod- 
ules beneath the surface of the skin, indicate 
diseases associated with the Twelve Primary 
Channels (manifesting through the Twelve 
Skin Zones), 

A palpable lump can develop from a variety 
of sources, including congealed or stagnant Blood. 
‘There are generally eight types of lumps observed 
in the clinical environment: 

1. The Shrimp Lump, is shaped in the form of a 
shrimp. 

2. The Turtle Lump, is named for its shape and 
multiple lump formations. 

3. The Blue Lump, derives its color from the 
superficial blood vessels on which it forms. 

4, The Single Lump, is diagnosed as opposed to 
multiple lump formations. 

5. The Dry Lump, indicates an obstruction. 

6. The Blood Lump, relates to congealed Blood. 

7. The Abdominal Lump, is named for its physi- 
cal location. 

8. The Yellow Lump, is named because of the 
yellow pallor in the specific region of the 
jump. 

PALPATING THE PATIENT'S SKIN 

Before palpating and diagnosing the skin, the 
Qigong doctor first scans the patient’s body to feel 
the temperature, moisture, and texture of the 
Patient's tissues. 

1. The doctor scans and palpates the patient to 
diagnose the condition according to the tem- 
perature: 

a. Ifthe skin feels hot to the touch it often 
indicates a presence of a Damp-Heat 
condition. 


b. When first touching the patient with 
light pressure if the skin feels immedi- 
ately hot, and as the pressure is main- 
tained the feeling of heat increases, this 
indicates an invasion of Exterior Wind- 
Heat (with a pathogenic factor still on 
the exterior surface). 

c. Ifthe skin over a blood vessel feels hot 
‘on medium pressure, it indicates Inte- 
rior Heat in the Middle Burner or Heart 
area. 

d._ Iftheskin feelshot on deep, heavy pres- 
sure, it indicates an Empty-Heat con- 
dition from a Yin Deficiency. 

e. If the skin feels cold to the touch, it of- 
ten indicates a Cold condition. This con- 
dition is often manifested in the lower 
back and lower abdominal region, in- 
dicating a Deficiency of the Kidney 
Yang. 

2. The doctor scans and palpates the patient to 
diagnose the condition according to the 
amount of moisture: 

a. A moist feeling of the skin may indi- 
cate an invasion of the Exterior by 
Wind-Cold or Wind-Heat. 

b. Ifthe skin feels moist due to spontane- 
ous sweating, it indicates a Deficiency 
of the Lungs’ Qi (in the absence of ex- 
terior symptoms). 

3. The doctor scans and palpates the patient to 
diagnose the condition according to the tex- 
ture: 

a. Ifthe skin is scaly and dry, it indicates 
an exhaustion of the Body’s Fluids. 

b. Ifthe skin feels dry, it indicates either a 
Yin condition of the Lungs or a Blood 
Deficiency. 

If the skin is swollen and an indenta- 
tions left visible after pressing, it indi- 
cates Edema (called Water Swelling). 

d._ If the skin is swollen and no indenta- 
tions left visible after pressing, it indi 
cates a retention of Dampness (called 


Qi swelling). 


CHANNEL AND COLLATERAL 
THERAPY 

Because the Yin and Yang organs’ Qi flows 
within the body’s internal and external surfaces, 
all the internal and external channels and collat- 
erals, five tissues (tendons, blood vessels, muscles, 
skin, and bones), and five sense organs (eyes, ears, 
nose, mouth, and tongue), together create an en- 
ergetic network. Through practicing sitting medi- 
tations, patients as well as Qigong practitioners 
become aware of the circulation of Qi along the 
body’s channels and collaterals. The awareness of 
what the Qi feels like enables the meditators to 
feel the flow and function of each channel, as well 
as the Blood and heat cycle in each Skin Zone. This 
makes it possible to control the Qi circulation 
through intention and imagination 

Balancing the Conception and Governing Ves- 
sels is of the utmost importance in the practice of 
any Qigong regulation. Along these two Vessels 
the Qigong practitioner draws the Yang Fire and 
Yin essences up and down the body, thus fusing 
the Water and Fire energies. This fusion is utilized 
by the doctor in every Qigong treatment, and is 
responsible for balancing the patient's Yin and 
Yang energy. This balance is created through the 
discipline of the Microcosmic Orbit meditation, 
which connects the Governing and Conception 
Vessels. 

The students’ awareness of Qi flowing 
through the body usually develops in three dis- 
tinct stages: 

1. First, they begin to feel the energy flow along 
the surface channels of the body, especially 
within the areas of the extremities. Usually at 
this stage, the students will feel heat and tin- 
gling sensations within the body's surface 
muscles. 

2. Next, they begin to feel the energy flow deeper 
within their tissues, especially along the ten- 
dons, deeper muscles, and visceral organs. 
Usually at this stage, they begin to feel mild 
electric shocks and vibrations within their 
muscles, bones, and visceral organs. 

In the final stage, they feel the Earth and 
Heaven energy penetrate through their body's 


What 


m | 2 oa 
mre mm |e [Re 


Figure 26-4 A three-wire configuration enables temper- 
ature compensation for the leads to an RTO, See text for 
details. 


RTD Probe 


For practical applications, an RTD sensor is 
often packaged inside a probe that can be 
indistinguishable from the type of probe used 
with a thermocouple. However, a thermocou- 
ple always uses two wires, as the wires them- 
selves create the voltage. An RTD often uses 
three wires, as shown in Figure 26-5. This partic- 
ular sensor is sold for use in a "Brew-Magic’ sys- 
tem for brewing craft beer on a commercial 
basis, 


Figure 26-5 A three-wire RTD is packaged inside this 
stee| probe. 


radia 


Signal Conditioning 

To process the signal of an RTD, a chip such as 
the LM75 from National Semiconductor can be 
used. This is calibrated for connection with a 
platinum RTD. Internally it converts the resist- 
ance of an RTD to a value of SmV per degree 
Celsius. This then passes through an analog-to- 
digital converter on the chip, creating a digital 
value that can be read via an I2C bus. 


What Can Go Wrong 
Self-Heating 


Self-heating is an issue for RTDs, just as it is for 
thermistors, Current through an RTD should be 
limited to 1mA, especially when measuring low 
temperatures. 


Insulation Affected by Heat 

‘The resistance of insulation on the wires lead- 
ing to a sensor can change with temperature, 
leading to incorrect resistance readings. This is 
a more likely source of problems for RTDs than 
for thermistors, as RTDs are often used at 
higher temperatures and have a lower temper- 
ature coefficient. 


Incompatible Sensing Element 

If signal conditioning is applied to an RTD that 
has an incompatible sensing element, tempera- 
ture readings will be incorrect. For example, an 
RTD with a nickel element should not be used 
with signal conditioning designed for a plati- 
num element. 
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outside channels and inner organs, connecting 
into their Taiji Pole, and then turning outward 
again. Usually at this stage, they will feel their 
entire energized body vibrate. This vibration 
may be triggered through either universal or 
environmental changes, as the Medical 
Qigong practitioner becomes hypersensitive 
toany form of external energetic disturbance. 


CONTROLLING QI EXTENSION 
THROUGH THE CHANNELS 

The Qigong doctor must first be able to con- 
trol his or her own energy circulation, causing it 
to flow in or out, expand or contract at will, be- 
fore beginning to extend energy for the treatment 
of any patient. This energetic control is gained 
through specific imagination and visualization 
techniques. The fundamental theory for these 


techniques is “The imagination leads the Mind, 
the Mind leads the Qi.” The doctor must be able 
to utilize energy from the natural environment 
(trees, waterfalls, ocean, desert, etc.) in order to 
replenish and facilitate his or her own energy. 

By drawing in Heavenly Qi and combining it 
with his or her body's connection to Earthly Qi, 
the doctor may mobilize and activate the Qi of 
the patient. This combining method establishes 
an energetic healing field of Qi, which responds 
to the Qigong doctor's own Qi circulation, as well 
as to that of the natural environment, which in- 
cludes the patient. This ability must be achieved 
inorder to activate the patient’s Qi and then regu- 
late it by purging the Excess Qi, replenishing the 
Deficient Qi, dredging the channel Qi, and guid- 
ig the Qi back to its origin. 
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CHAPTER 8 


THE Bopy’s ENERGETIC POINTS 


INTRODUCTION To ENERGETIC POINTS 

‘The Chinese word for point is Xue or Xue Wei, 
meaning “cavity place, cave, den, hole, or hollow.” 
Although the Chinese word Xue is usually trans- 
lated into English as “point” or “acupoint,” it is 
valuable for the English-speaking student to un- 
derstand the word's different connotations. Points 
are almost always located in hollows or depres- 
sions, which are physically palpable and found 
in over 1,000 locations all over the body. Many, 
ut not all, are located along the channels and 
vessels. Sometimes when touching a point, it feels 
as if your fingertip has found the entrance of a 
small cave or opening hidden by the skin cover- 
ing it. 

‘The word Xue also implies a den or lair: thus, 
it is not only a cave but a home for some type of 
powerful life form. In the human body, our living 
Qi gathers and pools within these protected hol- 
lows (Figure 8.1), For this reason, some writers 
have preferred to translate Xue as “vital hollow,” 
rather than “point.” Because of its popular accep- 
tance, I have chosen to use the term “point” 
throughout this book. 


‘THE Four WAYS POINTS ARE FORMED 

Generally, points are formed in four ways. The 
first type of point occurs when two muscles, ten- 
dons, or ligaments intersect or overlap in a way 
that creates a small depression at the area of con- 
vergence. To form the depression, the two muscles 
either come together, separate, overlap, or run. 
parallel to each other. Usually the channels lie 
under a protective layer of muscle, but at the afore- 
mentioned junctures, the channels may be ex- 
posed, and thus closer to the surface. 

‘The second type of point occurs when anerve 
is exposed in an area without much muscle tissue 
to cover and protect it. Because the nerve is ex- 


Figure 8.1. The energetic points are considered the 
body's small energetic pools. 


posed, such points are especially sensitive, and 
may cause a sharp pain or an electric shock sen- 
sation when stimulated. 

‘The third type of point lies under a protective 
superficial layer of muscle. It can however, still 
be stimulated due to its natural sensitivity and 
because the overlying layer of muscle is thin. 

The fourth type of point lies in depressions 
on the surfaces of the bones and cartilage. These 
depressions may take the form of grooves, pits, 
hollows, indentations, fissures, or crevices. 


SCIENTIFIC RESEARCH OF ACUPOINTS 

In the early 1970's, shortly after President 
Nixon’s historic visit to China, Dr. Robert O. 
Becker, M.D., a Syracuse University orthopedist, 
received a grant from the National Institutes of 
Health to research how acupuncture works. Dr. 
Becker reasoned that the channels were electrical 
conductors (independent of the nervous system 
yet communicating with it) that carried an injury 
‘message to the brain, which responded by send- 
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ing back the appropriate level of direct current 
(DC) to stimulate healing in the troubled area.” 

Becker also suggested in his book The Body 
Electric, that “any current grows weaker with dis- 
tance, due to resistance along the transmission 
cable. The smaller the amperage and voltage, the 
faster the current dies out. Electrical engineers 
solve this problem by building booster amplifiers 
every so often along a power line to get the signal 
back up to strength. For currents measured in 
nanoamperes and microvolts (such as those gen- 
crated in the human body), the amplifiers would 
have to be no more than a few inches apart—just 
like the acupuncture points.” 

Dr. Becker and his assistant, Maria 
Reichmanis, a young biophysicist, designed spe- 
cial equipment to measure and map the electrical 
conductivity along the channels. They found the 
predicted electrical characteristics along the chan- 
nels and at half the points. These same points 
showed up on all the people tested. They sug- 
gested that the other traditional points may sim- 
ply be weaker, or of a different kind, than the ones 
that their instruments detected 

Each point that they found was electrically 
positive compared to its surrounding tissue, and 
each point had an electrical field surrounding it 
with its own characteristic shape. 

Later research (see appendices) in China, 
France, and the United States has shown not only 
that these points and channels have electrical 
properties but that they also emit and absorb light 
and sound, both of which are vital to healthy bio- 
logical functions. 


THe FouR CATEGORIES OF 
ENERGETIC POINTS 

Points are divided into four categories (Fig- 
ure 8.2) and are described as follows. 

1. Channel points are the Primary points that are 
distributed along the Twelve Primary Chan- 
nels and the Conception and Governing Ves- 
sels. There are 365 channel points. 

2. Extra points are not regarded as having a spe- 
cific origin in the fourteen main channels, al- 
though they are named and are in definite lo- 


—— Channel Points 


— Extra Points 
Four Categories of 
Energy Points 


[— New Points, 


‘Anshi Points or 
* Trigger” Points 


Figure 8.2. The Four Categories of Energetic Points 


cations. These points are also called “miscel- 
Taneous points.” 

3. New points are a fairly large group of points 
discovered since the Communist “Liberation” 
of 1949, in many cases through electric point 
detection. These points generally have no en- 
cergetic description, but do have indications. 
Combined with the Extra points, there are 
more than 700. 

4. Abshi Points are tender or painful spots near 
a diseased or injured area and can be any- 
where, on or off of traditional points and chan- 
nels, They function like trigger points, as they 
are points of tension or pain. Ahshi points are 
not given specific names or definite locations 
as they are mostly used for pain syndromes. 


‘THE TWO GATES OF ENERGETIC 
Points 

Another way of categorizing the points is into 
the two general types commonly used by the 
Qigong doctor. 

1. The Outer Qi Gates are points through which 
the patient's Shen and Qi enter and leave the 
body. The Qigong doctor or patient may 
gather healing Qi from the outer environment 
through these gates. In terms of pathology, 
these points are especially vulnerable to the 
Six External Pathogens, i.e., Cold, Hot, Wind, 
Damp, Dry, and Fire invasion (see Chapter 
21), which may enter the body through these 
gates, These same pathogens may also be ex- 


pelled through these gates. For this reason, 

many of these outer Qi gates have the word 

Feng (Wind) in their names, such as Fengchi 

GB-20 (Wind Pool). 

2. The Inner Qi Gates are points through which 
the Qi of the Yin and Yang organs and chan- 
nels is transported back and forth internally 
and externally, deeply and superficially. These 
points are more involved with the movement 
of Qi within the body and are less involved 
in the exchange with the outer environment. 
In this way, the Inner Qi Gates enable the Qi 
to communicate between the different parts 
of the body. 

‘These two types of points (or gates) are spe- 
cific areas where the Qigong doctors concentrate 
their intention and focus their energy extension. 
Point locations have a greater amount of accumu 
lated Qi, and are used for dispersing or tonifying 
the body’s organ energy, to promote the correct 
balanced circulation of Qi and Blood. 


THE THREE FUNCTIONS OF 
ENERGETIC POINTS 

The points can be used for three clinical func- 
tions: to manipulate Qi and Blood, for diagnosis, 
and to serve as pathways for the elimination of 
disease. 

1. Qi and Blood can be manipulated to purge 
Excess conditions, tonify Deficient conditions, 

or for regulation. 

a. To disperse Excess conditions, the 
Qigong doctor emits Qi over a specific 
point (or points) and begins to purge, 
or disperse, the energy in the area (to 
purge is to remove toxins directly from 
the organ, whereas to disperse is to lead 
the toxins out through the channels) 
‘The goal of this treatment is to move 
any Excess, particularly stagnant Qi 
and Blood. If only Qi is stuck, the pain 
will move and feel dull. If only Blood 
is stuck, the pain will not move and will 
bbe sharp. This distinction, however, is 
more important in Chinese herbology 
than itis for medical Qigong, acupunc- 
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ture, or massage because, as stated in 
the classics, “Qi is the commander of 
Blood”; therefore, moving the Qi in the 
latter therapies will also move stagnant 
Blood. 

b. To tonify a Deficient condition, the 
Qigong doctor emits Qi over a specific 
point or points, and begins to tonify or 
strengthen the patient’s Qi, Blood, Yin, 
Yang, or specific organs and tissues. The 
Qigong doctor uses varying techniques 
according to the patient's needs (e.g, 
in order to prevent feeling discomfort, 
the doctor will tonify weak patients 
slowly). 

c. Toregulate, the Qigong doctor emits Qi 
over a specific point or points, and al- 
lows the body’s natural homeostasis to 
take over and restore healthy function. 
This type of treatments also used when 
a patient has a combined Excess /Defi- 
ciency syndrome (such as stagnant Qi 
in the chest due to a Qi Deficiency in 
the Lungs and Kidneys). 

The healing potential of point stimulation 
can be accomplished through various modali- 
ties, such as Energy Projection, Energetic Point 
Therapy, Jing Point Therapy or Invisible 
Needle Therapy. 


. Diagnosis through point palpation and in- 


spection is an important diagnostic tool in all 
the branches of Chinese medicine. If a point 
hurts when touched with light pressure, is 
hard or swollen, or is purple, black and blue, 
or red, this indicates an Excess condition. If 
the point hurts on deep pressure or is soft to 
the touch, lacks resilience, or is sallow in color, 
it indicates an underlying Deficiency. 

The skin over points often feels sticky, in 
contrast to the slippery or smooth quality of 
the skin surrounding the point. When pass- 
ing the fingers over a point, the doctor gener- 
ally feels the energetic pulse of the channel. 
When touched, the point energetically re- 
sponds like an echo, vibrating along the chan- 
nel into the organ and then back again to the 
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Figure 8.3. Weak or Deficient tissue will naturally pull 
and absorbe Qi into the surrounding areas. 


doctor's finger. The doctor can use this ener- 
getic response for diagnostic evaluation by 
sending a pulse along the flow of the channel 
or againstit (into the organ itself). Once suffi- 
cient stimulation is applied to the point, its 
organ or region is “reminded” of its normal 
function. In this way, diagnosis and treatment 
are accomplished simultaneously. 

Once the location and energy flow of the 
channel to be treated is diagnosed, the doctor 
must take into consideration that each patient 
will react differently in accordance with the se- 
verity of symptoms, as well as the individual's 
constitutional type. Before beginning treatment, 
the doctor should extend Qi between the ener 
¢getic point’sboundary (the space separating the 
‘Wei and Ying energy levels), until the soreness 
or distention is felt on the tips of the doctor’s 
fingers or palms (which act like a barometer). 
‘This form of diagnosis determines the condi- 
tion of the channel and the area needing treat- 
ment. Although the feelings and sensations will 
vary with each patient, energetic truths remain 
constant. For example: 

a. Weak or Deficient areas will feel like an 
empty hole or deep well. Deficient 
Blood or Qi will actually pull the en- 
ergy into the area and will feel some- 
thing like a subtle vacuum suction. If 
the area that the doctor is treating at- 
tacks his or her Qi and begins to absorb 
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Figure 8.4. Strong, Excess, or Armored tissue will 
naturally repel Qi from the surrounding areas. 


it, the doctor should tonify that areaim- 
mediately. Think of this reaction as a 
dry house plant starving for water. The 
minute the water touches its soil, the 
plant immediately absorbs it into its 
roots (Figure 8.3). 

b. Strong or Excess areas will repel the 
doctor's Qi. If the diseased area repels 
the doctor’s Qi, he or she must imme- 
diately dredge the Excess. First, the 
doctor should focus on the region sur- 
rounding the Excess to drain the Excess 
energy away from the damaged points, 
then dredge the Excess energy away 
from the original trauma area. This 
technique is excellent for damaged or 
sprained joints. The doctor should fo- 
cus on the patient's breathing when 
dredging. As the patient inhales, the 
doctor exhales and vice-versa. As the 
patient exhales, he or she releases 
pathogenic factors; by inhaling when 
the patient exhales, the doctor facilitates 
this process, and prevents depletion of 
his or her own Qi (Figure 8.4). 

3. Disease transmission may occur due to the Ex- 
ternal invasion of pathogenic Qi into the body 
through the points. Some points are particularly 
vulnerable to exogenous invasions, especially 
Wind invasion. Wind-susceptible points usu- 
ally have the word Feng in their names. 


PoINT NAMES 

‘Traditionally, each point has a name, which 
either describes its location, its energetic function, 
or both. In addition, modem acupuncture texts 
have assigned a name and number for each point, 
according to its channel and its order along the 
natural course of the channel. 

Sometimes a point may have several differ- 
ent traditional names, varying according to 
whether they are being used by medical Qigong 
doctors, acupuncturists, martial artists, or reli- 
gious practitioners; for example, GV-1 is called 
Changgiang (Long Strength) in Traditional Chi- 
nese Medicine, and Weilu (Tail Gate) in medical 
Qigong and Daoist inner alchemy. 

The history of point naming and the different 
terminologies used can be traced back to the dif- 
ferent Buddhist and Daoist temples in ancient 
China. Each religious sect had its own specific 
names given to certain points, in accordance with 
the temple's spiritual and energetic needs. Giv- 
ing the points different names was a form of se- 
cret code, used to keep the system pure and to 
prevent the knowledge from falling into the hands 
of the uninitiated or unscrupulous. 

Sometimes the same name may refer to dif- 
ferent points or areas on the body; for example, 
Yuzhen (lade Pillow), located in the occipital re- 
gion on the posterior base of the skull, is the name 
commonly used for BL-9 in Traditional Chinese 
Medicine. However, in medical Qigong and Dao- 
ist inner alchemy, Yuzhen instead refers to an en- 
tire area the size of one’s fist placed between the 
bilateral BI-9 points. 


CLASSIFICATION OF ENERGETIC 
POINTS 

The points are further classified according to 
their energetic potential. This classification will 
assist the doctor of Traditional Chinese Medicine 
in choosing the right point or points to treat. The 
following isa list of energetic point classifications. 
THE FIVE ANTIQUE SHU POINTS 

Like the internal organs and channels, some 
points have a more powerful influence on the 
body then others. Each point has an action on the 


quantity of energy of an organ. Along each of the 
‘Twelve Primary Channels lie five specific points 
below the elbow or the knee called Antique Shu 
points (also called Transporting points and Com- 
mand points). These points belong to the oldest 
classification of points, and are described in wa- 
ter images, comparing each section of the chan- 
nel to the course water takes as it emerges from 
the ground and makes its way to the ocean. They 
are identified as follows: Jing (Well), Ying (Spring), 
‘Shu (Stream), Jing (River), and He (Sea). These five 
points are situated along the flow of energy from 
the extremities to the torso (running from the fin- 
gersto the elbows and from the toes to the knees), 
‘occupying the same progressive location along the 
patient's channels (Well, Spring, Stream, River, 
and Sea). 

Centrifugal and Centripetal Energy Flow 

Allof the body’s channel points energetically 
progress in two opposite currents according to the 
direction and flow of the channel's energy. These 
two energy currents are described as follows. 

1. The Channel's Outward Centrifugal Flow of 
Qi passes from the organ, through the chan- 
nel, to the point, and is expressed or intensi- 
fied through the patient's exhalation. The 
‘outward centrifugal flow of energy is mani- 
fested in channel points and in areas of the 
body where there are conditions of Excess. 

2. The Channel's Inward Centripetal Flow of Qi 
passes from the point, through the channel, 
to the organ. The inward centripetal flow of 
energy is manifested in channel points and 
areas of the body where there are conditions 
of Deficiency. 

‘Through stimulation, channel points fulfill a 
double function. Centrifugally, they inform the 
doctor of impending internal disorders by dis- 
charging Excess energy. Centripetally, they trans- 
mit the energetic action placed on them, absorb- 
ing energy to supply the body’s internal insuffi- 
ciencies. 

Yin and Yang Channels and the Five Elements 

Each of the Five Antique Shu points also cor- 
responds to the Five Elements, in the progression 
of the Creative Cycle. Each Yin channel begins 
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Points Yin Channel Elements | Yang Channel Elements 
(Ethereal Sou—Hun) | (Corporeal Soul—Po) 

Jing-Well Points Wood Metal 

Ying-Spring Points Fire Water 

‘Shu-Stream Points Earth Wood 

Jing-River Points Metal Fire 

He-Sea Points Water Earth 


Figure 8.5. The Five Antique Shu Points and their Correspondence to the Five Elements 


with the Hun progression through the Five Ele- 
ments, starting with Wood, then Fire, Earth, Metal, 
and Water. Each Yang channel begins with the Po 
progression through the Five Elements, starting 
with Metal, then Water, Wood, Fire, and Earth (Fig- 
ure 8.5). 

Similar to the eyes relationship to Wood (Hun) 
and Metal (Po), the beginning points on the 
‘Twelve Primary Channels also havea relationship 
tocither a Wood (Ethereal Soul) or Po (Corporeal 
Soul) connection. Hence, in meditation exercises, 
when specific finger tip points are connected, the 
blending of the Hun and Po energies are estab- 
lished. The practice of connecting specific finger 
tip points is sometimes referred to as the connec- 
tion (or fusion) of the body’s Ethereal and Corpo- 
real Soul. 

The Five Antique Shu points energetically 
flow from superficial to deep and are susceptible 
to external pathogens and climatic changes. The 
distal points on the feet tend to be more powerful 
than those on the hands. After the manipulation 
of the patient's distal points, the local channel 
points are used according to their feeling of ten- 
derness. The Five Transporting points are ex- 
plained as follows. 

1. Jing-Well points are the first points along the 
extremities of the channels and are located at 
the tips of the fingers and toes. These points 
are where the energy of the channel pools and 
is at its most superficial and thinnest. 
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These points are where the energy of the 
channels leaves the body moving centrifu- 
gally outward. At the end of the fingertips and 
toes, the channel's energetic polarity changes 
from Yin to Yang or vice versa. Due to this 
shift in polarity, the energy at the channel's 
extremities tends to be unstable, and there- 
fore more easily influenced. 

Due to their outward movement of energy, 
the Well points can be used by the Qigong 
doctor to eliminate the patient's pathogenic 
factors quickly, especially when the Yin organs 
are affected. The Well points will also have a 
strong effect on the patient's mental state, 
quickly changing the patient's mood. These 
points are generally used for acute disorders, 
expelling exogenous pathogens, and mental 
disorders. They are used as “revival” points 
for loss of consciousness from fainting and 
heat stroke, convulsions, a feeling of fullness 
below the Heart, and local neuropathy (tin- 
gling, numbness, burning pain). In mental dis- 
orders, they are commonly used for irritabil- 
ity, mental restlessness, anxiety, hysteria, ma- 
nia, and insomnia. 


. Ying-Spring points are the second points 


along the channels and, in all cases, are lo- 
cated in the second position of the channels’ 
energetic progression up the arms or legs, and 
are located next to the Well points. These 
points are where the channel's energetic flow 
quickens its progression of Qi into the body. 


At the location of the Spring points, the Qi 
in the channels is very dynamic and power- 
ful. Slipping and gliding like the swirling 
movement of cascading water, the energy in 
these points can change quickly. The Spring 
points are generally used to eliminate Inter- 
nal and External pathogenic factors (espe- 
cially Heat) from the patient's body. They are 
also used when a disease effects a color change 
in the patient's complexion. 

In the Yin channels, this point is always a 
Fire Element. Purging the Spring point in the 
Yin channels reduces Heat and clears Fire. In 
the Yang channels, the Spring point is always 
the Water Element point. The doctor can re- 
duce Heat in the patient’s Yang channel by 
tonifying this Water point. 

. Shu-Stream points are the third points along 
the channels and are located in the third po- 
sition in the channels’ energetic progression 
up the arms or legs, next to the Spring point 
(except for the Gall Bladder’s Channel where 
itis the fourth point), These points are where 
the channel's energy rapidly pours through 
and slightly deepens its flow into the body. 

Atthese points, the external pathogenic fac- 
tors penetrate deep into the channels and can 
be “transported” into the body’s interior. 
These points are used to clear Wind and 
Dampness from the patient’s channels or 
when a disease manifests intermittently. 

. Jing-River points are the fourth of the Five 
‘Transporting points; they are, however, not 
always located on the fourth point along the 
channel. The points are, however, always lo- 
cated between the wrist and elbow on the 
arms and between the ankle and knee on the 
legs. These points are where the channels 
broaden, and the energy flow continues to 
increase. 

‘At these points, the energy current flows 
wider, deeper, and more irregularly, like a 
large river, directing the invasion of external 
pathogenic factors towards the body’s ten- 
dons, joints, and bones. These points are gen- 
erally used when there is stagnation of Qiand 


Blood in the patient's channels, as well as for 
coughing, asthma, dyspnea, sore throat, and 
upper respiratory diseases. 
5. He-Sea points are the fifth points of the Five 
Transporting points and, in all cases, are lo- 
cated at the elbows and knees. These points 
are where the energy of the channels is vast 
and plunges deep into the body. 
The Qiat the He-Sea points moves centrip- 
tally inward, flowing much slower, joining, 
collecting, and fusing with the general circu- 
lation of the body’ energy (like amighty river 
flowing into the sea). The He-Sea points are 
generally used for all Stomach and Intestinal 
diseases and for Internal disorders of the or- 
gans. 
‘THE FIVE ELEMENTAL POINTS 

Each of the Five Elemental points correspond 
to the Five Antique Shu points. The Five Elemen- 
tal points are aligned in the progression of the Cre- 
ative Cycle. Each Yin Channel begins with the 
Three Ethereal Souls (Hun) progression through 
the Five Elements, starting with Wood, then Fire, 
Earth, Metal, and Water. Each Yang channel be- 
gins with the Seven Corporeal Souls (Po) progres 
sion through the Five Elements, starting with 
Metal, then Water, Wood, Fire, and Earth. 
THE SIXTEEN XI CLEFT (ACCUMULATION) 
Points 

‘These points are used for purging acute con- 
ditions of Excess in the channels and organs. There 
is one point on each of the Twelve Primary Chan- 
nels, plus one pointon the Yin and Yang Heel Ves- 
sels, and one point on the Yin and Yang Linking 
Vessels. The Yin Channel Accumulation points are 
Lu-6, Pe-4, Ht-6, Sp-8, Lv-6, Kd-5, Yin Heel Kd-8, 
and Yin Linking Kd-9. The Yang Channel Accu 
mulation points are LI-7, TB-7, SI-6, St-34, GB-36, 
BL-63, Yang Heel BI-59, and Yang Linking GB-35. 
THE TWELVE FRONT MU (ALARM, 
CoLLectiNe) Points 

The energy of the organs collect at these 
points; therefore, they can be used for both diag- 
nosis and treatment. These points are palpated for 
diagnosis and may feel tender to the patient, ei- 
ther spontaneously or upon pressure. If they re- 


spond to light pressure or feel tight or swollen, 
the patient has an Excess condition; if the points 
respond to deep pressure or feel hollow or de- 
flated the patient has a Deficient condition. The 
‘Twelve Front Alarm points are: Lungs Lu-1, Peri- 
cardium CV-17, Liver Lv-14, Spleen Lv-13, Gall 
Bladder GB-24, Kidneys GB-25, Heart CV-14, 
Stomach CV-12, Large Intestine St-25, Triple Burn- 
ers CV-5, Small Intestine CV-4, and Bladder CV-3. 
THE EIGHTEEN BACK SHU (ASSOCIATED, 
TRANSPORTING) POINTS 

These points are all located on the Bladder 
Channel and are used for both diagnosis and treat- 
ment. These points transport Qi very effectively 
and directly to the internal organs. They can be 
used for treating the corresponding sense organs. 
‘The Eighteen Back Transporting points are: Lungs 
BL-13, Pericardium Bl-14, Heart BI-15, Governing 
Vessel BI-16, Diaphragm BI-17, Liver BI-18, Gall 
Bladder BI-19, Spleen BI-20, Stomach BI-21, Triple 
Bumers BI-22, Kidneys BI-23, Sea of Qi Bl-24, Large 
Intestine BI-25, Gate to the Yuan Qi (Guan Yuan) 
BI-26, Small Intestine BI-27, Bladder BL-28, Sacrum 
BL29, and Anus BI-30. 
THE FIFTEEN Luo (CONNECTING) POINTS 

(One of these points is located on each of the 
‘Twelve Primary Channels, as well as the Govern- 
ing and Conception Vessels and the Great Luo 
point of the Spleen. These points are used to treat 
channel pathology. The Fifteen Collateral points 
are divided into Yin and Yang channel points. Yin 
Channel points include: Lu-7, Pe-6, Ht-5, Sp-4, Lv- 
5, Kd-4, CV-15, and the Great Luo Channel Sp-21. 
‘The Yang Channel points include LI-6, TB-5, SI-7, 
St-40, GB-37, BI-58, and GV-1 
‘THE TWELVE ENTRY POINTS 

These points are where the energy from a Pri- 
mary Channel enters its coupled channel in the 
Horary Cycle. The entry point is the first point on 
each channel in all cases, except for the Large In- 
testine’s Channel in which it is LI-. 
THE TWELVE EXIT POINTS 

These points are where the Qi leaves the Pri- 
mary Channel to flow into its coupled channel in 
the Horary Cycle. The Yin Channel Exit points 
include: Lu-7, Pe-8, Ht-9, Sp-21, Lv-14, and Kd- 


Lu7 


Pe-6 


BL62 


Figure 8.6. Locations of the Body's Master and Couple 
Points 


Open with | Complete 
Channel [faster Point | Wit Couple 
Governing | Hand (SI-3) _| Foot (BL-62) 
Conception Hand (Lu-7) | Foot (Kd-6) 
Thrusting | Foot (Sp-4) _| Hand (Pc-6) 
Belt Hand (TB-5) | Foot (GB-41) 
Yin Linking Hand (Pc-6) | Foot (Sp-4) 
Yang Linking | Foot (GB-41) | Hand (TB-5) 
Yin Heel | Foot (Kd-6) | Hand (Lu-7) 
Yang Heel | Foot (BI-62)_| Hand (S!-3) 


Figure 8.7. The Vessels with their Associated Master 
Points and Couple Points. 


radiation > heat > semiconductor temperature sensor 


semiconductor temperature 
sensor 


This type of sensor may also be referred to as a bandgap temperature sensor, a diode 
temperature sensor, a chip-based temperature sensor, or an IC temperature sensor. 


The unfortunate term integrated silicon-based sensor is sometimes used, which can be 
confused with silicon temperature sensor (also known as a silistor), which is a type of 
PTC thermistor. See Chapter 24. 


Some vendors do not divide temperature sensors into clear categories. Semiconductor 
temperature sensors may be classified as board-mount temperature sensors, even 
though many of them have leads and are not specifically designed to be mounted on 
circuit boards, 


A semiconductor temperature sensor with a digital output is sometimes described as a 
digital temperature sensor or digital thermometer. This can be misleading, as the out- 
puts from ather types of temperature sensors may be digitized with appropriate com- 


ponents, 


OTHER RELATED COMPONENTS 
+ thermocouple (see Chapter 25) 
+ NTC thermistor (see Chapter 25) 
+ PTC thermistor (see Chapter 24) 


infrared temperature sensor (see Chapter 28) 


«+ RTD (resistance temperature detector) (see Chapter 26) 


What It Does 


‘A semiconductor temperature sensor is an 
integrated circuit chip incorporating a sensing 
element composed of transistor junctions. It 
has an approximately linear response and is 
easy to use, in some cases being designed for 
direct connection with a microcontroller, 
requiring no additional components. 


In analog variants, the output consists either of 
voltage or current that varies with temperature. 
‘These components have a positive temperature 


coefficient, except for a few CMOS variants 
where a voltage output diminishes as tempera- 
ture increases. 


Digital variants are becoming more common, 
creating a numeric output accessible by a 
microcontroller. 


In almost all semiconductor temperature sen- 
sors, the characteristics of silicon dioxide limit 
the temperature range to approximately -50 to 
+150 degrees Celsius (sometimes less). 
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22. The Yang Channel Exit points include: LI-20, 
‘TB-23, SI-19, St-42, GB-41, and BI-67. 
‘THE EIGHT INFLUENTIAL POINTS 

These points have specific effects on their re- 
spective organs, substances, and tissues. They af- 
fect the body's Qi, Blood, sinews, blood vessels, 
bones, and Marrow, as well as the Yin and Yang 
organs. The Bight Influential points are as follows: 
Yin Organs Lv-13, Yang Organs CV-12, Qi CV-17, 
Blood BI-17, sinews GB-34, blood vessels Lu-9, 
Bones BI-11, and Marrow GB-39. 

THE EIGHT CONFLUENT POINTS 

These eight points communicate with the 
Eight Extraordinary Vessels. The Confluent points 
are divided into Master and Coupled points. The 
Master point is the primary point chosen for treat- 
ment, its Coupled point is the connecting or sec- 
ondary point used to open the specific Vessel. 
Each of the Eight Extraordinary Vessels has both 
a Master and Coupled Confluent point on the 
upper or lower limbs. 

Alllof the Eight Extraordinary Vessels can be 
treated in various combinations according to their 
specific Master and Coupled point locations (Fig- 
ure 8.6). If, for example, the Qigong doctor causes 
Qi to flow from the patient’s Master point on the 
hand (SI-3) to its Coupled point (B1-62) on the foot, 
the Governing Vessel will open. To complete the 
treatment, the doctor must first remove stimula- 
tion from the Coupled point then disconnect from 
the Master point (Figure 8.7), 

The Eight Confluent points are as follows: 
Governing Vessel SI-3, Conception Vessel Lu-7, 
Belt Vessel GB-41, Thrusting Vessels Sp-4, Yang 
Heel Vessel BI-62, Yin Heel Vessel Kd-6, Yang Link- 
ing Vessel TB-5, and Yin Linking Vessel Pc-6, 
‘THE TWELVE YUAN-SOURCE POINTS 

Each of the Twelve Primary Channels has a 
‘Yuan-Source point, where the body's Original Qi 
surfaces and pools. On the Yin Channels, the Yuan- 
Source points are always the Shu-Stream points. 
Onthe Yang Channels, however, the Yuan-Source 
points are separate points located between the 
Shu-Stream and the Jing-River points. These 
points are usually the fourth point from the distal 
end of the channel, except in the case of the Gall 
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Bladder Channel, where the Yuan-Source point is 
the fifth point. 

The Yuan Qi originates and resides in the 
Lower Dantian area and is dispersed to the Yin 
and Yang organs and then to the limbs by the 
Triple Burners. 

The Yuan-Source points can be used clinically 
in diagnosis for the Yin organs. The Qigong doc- 
tor examines the points by both palpation and 
visual diagnosis. 

The Yuan-Source points are the primary 
points on the Yin channel for tonifying and regu- 
lating their respective Yin organs. On the Yang 
Channels, the Yuan-Source points are quite dif- 
ferent in terms of their importance and energet- 
ics. These points generally have a negligible to: 
fying effect on their related Yang organs and com- 
paratively little Qi regulating effect. Their main 
functions are to expel various pathogenic factors, 
and to treat disorders along their channel path- 
‘ways. The Twelve Yuan points are as follows: Gall 
Bladder GB-40, Liver Lv-3, Lungs Lu-9, Large In- 
testine LI-4, Stomach St-42, Spleen Sp-3, Heart Ht- 
7, Small Intestine SI-4, Bladder BI-64, Pericardium 
Pc-7, and Triple Burners TB-4. 

‘THe PoINTs oF THE FouR SEAS 

‘The human body has four seas: the Sea of Qi, 
Sea of Blood, Sea of Marrow, and the Sea of Nour- 
ishment (literally Water and Grain). To access 
these seas, the Qigong doctor stimulates the fol- 
lowing points: 

1. The Sea of Qi points include: BI-10, St-9, CV- 
17, GV-14 and GV-15. When the Sea of Qiiis in. 
Excess, symptoms include fullness in the 
chest, flushed complexion, and dyspnea. 
When the Sea of Qi is Deficient, symptoms 
include fatigue or low energy and an inabil- 
ity to speak. 

2. The Sea of Blood points include: BI-11, St-37, 
and St-39. When the Sea of Blood is in Excess, 
symptoms include anxiety, uneasiness, and 
unrest, and the entire body feels big. When 
the Sea of Blood is Deficient, symptoms in- 
clude the body feeling too small for no ap- 
parent reason. 

3. The Sea of Marrow points include: GV-15, GV- 


16, GV-17, and GV-20. When the Sea of Mar 
row is in Excess, symptoms include sensations 
relating to that of Excess energy (lightness, feel- 
{ngs of strength and vitality). When the Sea of 
Marrow is Deficient, symptoms include fatigue, 
vertigo, dizziness, tinnitus, pain in the lower 
legs, impaired vision, and a desire to sleep. 

4. The Sea of Nourishment points include: St-30 
and St-36. When the Sea of Nourishment is in 
Excess, the abdomen feels distended. When 
the Sea of Nourishment is Deficient, symp- 
toms include hunger with an inability to eat. 


UPPER (UNITING) HE-SEA POINTS 

‘There are three points on the upper arm that 
have a powerful effect on the Yang organs. The 
affected organs and their points include the Stom- 
ach LI-10, Large Intestine LI-9, and the Small In- 
testine LI-8. 
Lower (UNITING) HE-SEA PoINTs 

Each of the Yang organs has a uniting He-Sea 
point on the leg, which can be used to treat Yang 
organ problems. The three Yang channels of the 
feet also correspond to the three Yang channels of 
the hands. The Lower Six Lower He-Sea points 
are as follows: Stomach St-36, Large Intestine St- 
37, Small Intestine St-39, Triple Burners BI-39, 
Bladder BI-40, and Gall Bladder GB-34. 
THE ELEVEN GHost PoINTs 

Inancient times, these eleven points were tra- 
ditionally used for spirit possession and have a 
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specific effect on the mind’s psychological func- 
tions. In traditional Chinese medical clinics today, 
these points are commonly used to treat emotional 
disorders. The Eleven Ghost points are as follows: 
GV-26, Lu-I1, Sp-1, Pc-7, BI-62, GV-16, St-6, CV- 
24, Pe-8, GV-23, and LI-T1 
‘THE TEN WINDOW OF THE SKY POINTS 

These ten points also have a specific effects 
on the mind’s psychological functions and are also 
commonly used to treat emotional disorders. The 
‘Ten Window of the Sky points are as follows: Lu- 
3, LE-18, TB-16, BI-10, St-9, CV-22, GV-16, SI-16, 
SI-17, and Pe-t. 


SUMMARY OF POINTS. 

Understanding the origin and function of the 
body’s energetic points, as well as the Qi flow 
along the energetic channels, allows the Qigong 
doctor to emit energy through these energetic cavi- 
ties to easily access the tissues and internal organs 
of the patients body, Its through this understand- 
ing that the doctor can also lead and purge the 
‘Toxic or pathogenic Qi (which has become stag- 
nant or detrimentally active within the patient's 
body) away from the diseased organs, through the 
channels and out the body. 

‘The following graph (Figure 8.8) is a basic cat- 
egorization of the body’ points and their descrip- 
tions. 
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CHAPTER 9 


THE EXTRAORDINARY YANG ORGANS 


Besides the six Yin organs (Liver, Heart, Peri- 
cardium, Spleen, Lungs, and Kidneys) and six 
‘Yang organs (Gall Bladder, Small Intestine, Triple 
Burners, Stomach, Large Intestine, and Bladder), 
the body has six Extraordinary Yang organs, also 
called the “curious organs.” These Extraordinary 
organs function like Yin organs (storing Yin Es- 
sence, i, Blood, Marrow, or Kidney Essence) but 
look like Yang organs (they are hollow). These six 
curious organs include the Uterus, Brain, Marrow, 
Bones, Blood Vessels, and Gall Bladder. The body's 
Eight Extraordinary Vessels integrate the Extraor- 
dinary Yang organs with the main six Yang or- 
gans and the Kidneys. 

THE UTERUS 
In Chinese medicine, the uterus encompasses 


the fallopian tubes and the ovaries and has the 
function of regulating menstruation, conception, 


and pregnancy (Figure 9.1). The uterus connects 
to the Kidneys (which provide the uterus with 
Jing), the Conception Vessel (which provides the 
uterus with Qi and nourishes the fetus), and the 
Thrusting Channel (which provides the uterus 
with Blood). Only when the Jing of the Kidneys is, 
sufficient can the menstrual period occur regu- 
larly, the woman become pregnant, and fetal 
growth become possible. The Qi and Blood of the 
‘Twelve Primary Channels pass into the uterus 
through the Thrusting and Conception Vessels, af- 
fecting the amount of menstrual flow and its cycle. 

The three Yin organs of the Heart, Liver, and 
Spleen also energetically connect to the uterus 
through their relationships with the Blood. The 
Heart governs the Blood. The Liver stores the 
Blood and regulates the volume of circulating 
Blood, which is responsible for normal menstrua- 
tion. The Spleen controls the Blood. 


avery: uterine cavity 


(endomentrium) 


vagina 


fallopian tubes 
uterus 


ovary 
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Figure 9.1. The Female Reproductive Organs, including the Uterus, Fallopian Tubes, and Ovaries 
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Figure 9.2. The Human Brain 


THE BRAIN 

‘The Brain is considered the house of the Yuan 
Shen, and the seat of mental function. Itis believed 
that the senses and control of the body’s physical 
movements are related to the Brain. The Brain is 
functionally related to the Kidneys and controls 
memory, concentration, hearing, touch, sight, and 
smell. The Brain is also called the Sea of Marrow, 
extending from the top of the head to the GV-16 
Wind Palace point, just below the external occipi- 
tal protuberance. The Kidney Essence produces 
Marrow, which fills the spinai cord and Brain. The 
Brain also depends on the Heart’s Blood for its 
nourishment. Because the Kidneys store the Jing 
and the Heart governs the Blood, the Brain de- 
pends on the balanced state of the Heart and Kid- 
neys for vitality. The Brain is considered a trans- 
formation chamber of both Prenatal and Postna- 
tal Essence (Jing) and Energy (Qi). The Brain is 
regulated by the Governing Vessel, as well as the 
Yin and Yang Heel Vessels. 

This viewpoint is quite different from the 
Western approach, which views the brain's 
anatomy as consisting of five regions (Figure 9.2), 
including: 

1. The cerebral hemispheres or cerebrum (the 
neocortex (neopallium), 

2. The thalamus, hypothalamus, and epithala- 
mus (pineal), 

3. The midbrain/ mesencephalon (the colliculi 
and cerebral peduncles), 

4. The pons and cerebellum, and 

5. The medullae oblongata. 

In Western medicine, the oldest part of the 
Brain (situated at the top of the Brain stem) is of- 
ten called the “reptilian Brain” because its ana- 
tomical formation is similar to that found in liz~ 
ards, alligators, and turtles. Surrounding itis the 
mammalian Brain, which is called the limbic sys- 
tem. The third part of the Brain is called the neo- 
cortex, which wraps itself around the limbic sys- 
tem. All three parts of the Brain (reptilian, mam- 
malian, and neocortex) are viewed as biologically 
distinct, both in their chemistry and in their struc- 
ture, The older formations of the Brain are respon- 
sible for the autonomic nervous system, whereas 
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the neocortex is responsible for thinking and vol- 
untary movement. 

In Chinese energetic medicine, each selective 
set of the human brain cells absorbs and records 
sets of vibrations. The Brain receives these vibra- 
tions through the skin, eyes, ears, nose, and 
mouth, and records them in its cells. The mind 
interprets these incoming vibrations as images, 
sounds, smells, and sensations, and organizes 
these into memories. The extent to which the mind 
interprets the incoming data depends upon the 
level of consciousness and awareness of the indi- 
vidual atthe time of the recording. When a Qigong 
doctor, attunes his or her vibrations to the patient’ 
energetic field and emits Qi, the brain cells respon- 
sible for storing the vibrations are stimulated. 
When these vibrations are stimulated through the 
energy projected by a Qigong doctor, the patient's 
tissues respond and reproduce an energetic pat- 
tern similar to the original one used to record the 
patient's physical, mental, emotional, energetic 
and spiritual experiences. This energetic tissue 
reaction occurs only because the patient's cells are 
held directly to their same consistent vibrational 
patterning. 

One set of selective brain cells receives, 
records, and maintains the vibrations of the 
thoughts, actions, movements, and pictures that 
other forms project. These vibrations can also be 
reproduced and projected, being received by the 
Qigong doctor as images from within his or her 
own mind through inner-vision. The Qigong doc- 
tor can arrange his or her cells’ energetic pattern 
in such a way as to reproduce the words and mo- 
tions of these forms or objects, even the thoughts 
of those that sent them. Through these cells, the 
Qigong doctor can assist his or her patient, as well 
as him or herself, in controlling their thoughts, as 
it is through these cells that accidents and disease 
are brought into existence; for example, someone 
either observes or imagines a specific thing hap- 
pening. The corresponding vibration is fixed in 
the cells, sent out to be imprinted on the corre- 
sponding cells of anothers’ Brain, then projected 
back until the incident is so fixed that the occur- 
rence actually happens (self-fulfilling prophecy). 


Another set of selective brain cells receives, 
records, and maintains the vibrations of the 
thoughts and activities of the divine. The divine 
energy vibration pervades every substance and 
is always sending out divine knowledge and true 
wisdom. Stored within the body are the cells that 
receive and project the vibrations of the divine 
Mind. If the doctor separates him or herself from 
the divine in thought, he or she will also separate 
from the divine in manifestation. 


THE GALL BLADDER 

‘The Gall Bladder stores the bile, which is con- 
sidered a “pure” fluid. The function of the Gall Blad- 
der is to aid digestion, as well as drain off Excess 
Heat from the Liver (Figure 9.3). The Gall Bladder 
is regulated by the energy of the Belt Vessel. 


THE MARROW 

In Chinese medicine the term Marrow (Sui) 
is different from bone marrow as defined in West- 
‘em medicine. The Marrow is the substance which 
is the common matrix of bones, bone marrow, the 
spinal cord and the Brain. The Marrow is rooted 
in the Jing and is connected to the Lower Dantian 
through the Governing Vessel. It is regulated by 
the energy of the body’s Thrusting Vessels. 

The Kidney Jing is the origin of the Marrow. 
‘The Marrow functions to form the bone marrow, 
as well as nourish the Brain and spinal cord. When 
the Mingmen warms and nourishes the body, the 
Marrow becomes full (which sustains the body's 
vertical posture and gives strength to both the 
Brain and the bones). When the Marrow is full, 
thinking is clear. Too much thinking leads to Ex- 
cess Fire, which burns the Brain, causing dizzi- 
ness, blurred vision, and tinnitus. 

Both red and white blood cells are produced 
in the Marrow of the bones. The red blood cells 
(which circulate oxygen and eliminate carbon di- 
oxide) are produced within the body’s long bones 
(humerus, femur, tibia, etc.). The white blood cells 
(vital to the body’s immune system) are produced 
within the body's flat bones (skull, sternum, 
scapulae, pelvis, etc.) The type of blood cells that 
are produced depends on the type of Marrow that 
predominates. 
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Figure 9.3. The Gall Bladder 


When all of the Postnatal energy acquired 
from the combination of physical (diet, food, and 
drink), mental/emotional (thoughts and emo- 
tions), and spiritual (prayer, meditation, and sex) 
cultivations is circulated through the Microcosmic 
Orbit (Fire Cycle), the Prenatal Qi stored in the 
bone marrow and Brain become stimulated, awak- 
ing the spiritual consciousness. This combination 
and circulation of physical, mental, emotional, and 
spiritual energy is why the brain marrow is con- 
sidered to be constructed from the finest and most 
subtle essences, manifesting the original and hid- 
den power of the Kidneys. 


THE Bones 

‘The bones are related to the Kidney’s Jing. The 
bones support the body’s structure, strength, and 
mobility, as well as store the bone marrow (Fig- 
ure 9.4). The bones are extremely porous and are 
always “breathing,” they are regulated by the en- 
ergy of both the body's Conception and Thrust- 
ing Vessels. The pores of the bones allow Qi and 
Blood to be absorbed and released, the same way 
a sponge absorbs and releases water. 

‘There is a natural union between the energetic 
function of the Marrow and the bones. The Mar- 
row, held within the bones, assures the power and 


skeleton consists of 200 bones. 
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Figure 9.5. The blood-vascular system of the human body consists of the heart and blood vessels. 


What It Do 


This type of component is not (yet) as low in 
cost as a thermistor, but can include its own 
amplification, signal processing, and (option- 
ally) analog-to-digital conversion on one chip. 


Comparison of Temperature Sen- 
sors 


In this Encyclopedia, temperature sensors are divi- 
ded into five main categories, each of which has a 


separate entry. For convenience, a comparative 
‘summary is included in the entry for NTC thermis- 
tors. See “Addendum: Comparison of Tempera- 
ture Sensors’ for an overview. Also see 
Figure 23-9, 


Semiconductor Temperature Sen- 
sor Applications 

When a semiconductor temperature sensor is 
used in surface-mount format, it can measure 
the temperature of the board on which it is 
mounted. This enables protection from over- 
heating, often in power supplies. 


Because the sensing elements and signal pro- 
cessing circuits are all chip-based, they can be 
transplanted into other types of sensors. For 
‘example, a gas pressure sensor or a proximity 
sensor can have onboard compensation using a 
semiconductor temperature sensor. They have 
also been built into computer CPUs such as the 
Pentium series from Intel. 


Some variants are manufactured in a three-lead 
TO-92 package, appearing superficially similar 
to bipolar transistors. They are suitable for 
remote temperature sensing, and have auto- 
motive applications such as measuring the 
temperature of the transmission, engine oil, or 
cabin interior. They may also be found in some 
heating and air-conditioning systems, and 
some kitchen equipment. 


Schematic Symbol 

No unique schematic symbol has been devel- 
oped for a semiconductor temperature sensor. 
It may be represented by a rectangle contain- 


radiatic 1t> semiconductor ter 


erature sensor 


ing text abbreviations to represent pin func- 
ions, similar to other types of integrated circuit 
chips. 


In the case of a sensor with an output consist- 
ing of current that varies with temperature, the 
sensor may be shown as a current source, using 
the symbol in Figure 27-1. However, this symbol 
is not specific to temperature sensors; itis used 
for any component that is a current source. 


vw 


Figure 27-1 A temperature sensor whose output consists 
of current varying with temperature may be shown in a 
schematic as a current source, using this symbol 


Attributes 
Desirable attributes of a semiconductor tem- 


perature sensor include: 


+ Easy to use. Few or no external compo- 
nents may be required, and little or no 
nal processing. 


+ Factory-calibrated, with an almost lin- 
ear response. 


+ Versions with a digital output are easy 
to add to any system that already has 
an 12C bus. For additional details about 
protocols such as I2C, see Appendix A. 


Undesirable attributes of semiconductor tem- 
perature sensors include: 


imited temperature range, the same 
as thermistors. 


+ Self-heating issues, especially in ver- 
ns where signal-processing  func- 
tions are built into the same chi 
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smooth suppleness of the bones. The bones, in 
return, prevent the dissipation of the essential rich- 
ness of the Marrow. 

The bones are the only solid crystalline sub- 
stance in the body capabie of generating piezo- 
electric charges. These electromagnetic charges 
generate fields of energy that receive and send 
impulses to the blood cells, tissues, organs, and 
channels. The Brain, nervous system, Heart, and 
lower abdomen also generate electromagnetic 
fields that resonate with the bones, as well as other 
crystalline-like structures. The crystalline struc- 
tures of the bones amplify, radiate, and transmit 
energy, as well as bio-information, to the rest of 
the body. The rhythmic oscillation of bone-gener- 
ated electromagnetic fields is released through the 
transmission of the bones acting as tuning forks. 
‘These living tuning forks vibrate the Qi through- 
‘out the body’s entire physical structure, extend- 
ing outward into the body’s external Wei Qi fields. 


‘THE BLoop VESSELS 
In Chinese medicine, the concept of Blood is, 
different in characteristic and function from that 
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of Western medicine. Blood originates from the 
transformation of food and drink by the Spleen, 
which then transfers the refined food energy to 
be further enhanced by the Heart Qi, Lung Qi, and 
the Qi of the air. 

Qiand Blood flow together, with Qi being the 
active force that makes the Blood circulate and 
keepsit within the blood vessels (Figure 9.5). Both 
Qi and Blood flow within the channels and blood 
vessels, continuously circulating throughout the 
body to nourish, maintain, and moisten the tis- 
sues. Qi is an energetic form and is considered a 
Yang substance, while Blood is a liquid form of 
energy and is considered a Yin substance. 

The blood vessels contain Blood and are indi- 
rectly related to the Kidneys, because the Kidney 
Essence (Jing) produces Marrow, which contrib- 
utes to the production of Blood. The function of 
the blood vessels is to transport Qi and Blood 
throughout the body for nutrition and regenera- 
tion. The blood vessels are regulated by the en- 
ergy of the body’s Thrusting Vessels, and the 
Blood is contained in the blood vessels by the 
Spleen. 
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SECTION II 
THE THREE OUTER FORCES: 
HEAVEN, EARTH & MAN 


CHAPTER 10 


INTRODUCTION TO THE THREE OUTER FORCES 


THE NATURAL POWER OF THE THREE 
OUTER Forces 

The Three Outer Forces (Powers) of Heaven, 
Earth, and Man represent the sum total of all natu- 
ral forces and energetic factors, which affect the 
human body on all levels of existence (physical, 
‘mental, emotional, energetic, and spiritual). In 
ancient times, the relationship between the wax- 
ing and waning of Heavenly (universal) and 
Earthly (environmental) energy, as well as the cor- 
responding shifts, changes, and adjustments oc- 
curring within the human body, provided the 
Chinese sages with the theory of the Three Outer 
Forces. These ancient Chinese masters discovered 
that the human body's internal network of sys- 
tems is directly affected by the influences and 
variations of energetic cycles of the sun, moon, 
and stars. We now know that these natural influ- 
ences also affect atmospheric pressures, causing 
high and low temperatures, which in turn, affect 
the body's tissues. Recently, Ukrainian physicists 
found that human DNA vibrates at the same fre- 
quency as solar energy. 

‘The Heaven and Earth Powers are responsible 
for the energetic field changes that cause adjust- 
ments and shifts within man’s Jing, Qi and Shen 
(known as the Three Treasures), stored within the 
internal organs and tissues. Together the combi- 
nation of Heavenly and Earthly influences affect 
the functional status of the body's internal organs 
and the distribution of Qi and Blood throughout 
the body. 

Each of the body's cells, tissues, organs, and 
organ systems emanates its own specific electro- 
‘magnetic energy field. This energetic field pulsates 
at its own particular frequency, regulating the 
body’s internal energy currents and radiating an 
energetic field that extends outside the body. The 
body’s energetic field (Wei Qi) interacts with and 


is influenced by the larger energetic fields sur- 
rounding it (ie., power lines, crowds of people, 
geological formations in the Earth, and the cos- 
mic fields of the solar system). 


THE THREE OUTER FoRCE’Ss NINE 
TREASURES 

Each of the Three Outer Forces manifest 
through a secondary triad of Treasures. These 
Three Treasures complete the energetic matrix that 
encompasses the Outer Forces unified energetic 
field. 

1. The Three Treasures of the Heavenly Power 
are the energy fields of the sun, moon, and 
stars; 

2. The Three Treasures of the Earthly Power re- 
present the energy of the Earth (soil and rock), 
wind, and water; 

3. The Three Treasures of Man are contained 
within man’s Essence (Jing), Energy (Qi), and 
Spirit (Shen). 

These three intricate networks exchange their 
energetic influence and affect the functional sta- 
tus, as well as the distribution of the body’s Qi 
and Blood. 


THE THREE OUTER FORCES AND 
CHINESE ALCHEMY 

Each of the Three Outer Forces and their Three 
‘Treasures also constitute the basis of Chinese in- 
ternal alchemy, whereby Jing (Essence) is trans- 
formed into Qi (Energy), Qi is transformed into 
Shen (Spirit), and Shen is transformed into Wuji 
(infinite space), and then released back to the Dao 
(or divine) 

‘The Powers of Heaven and Earth are not only 
interlinked, but also exist as a microcosm or “small 
universe” within man's physical body. The human 
body is an active interaction of two basic elements 
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of Yin and Yang polarity. Yang energy ascends and 
is expressed through expansive, active, hard, and 
aggressive energetic movements. Yin energy de- 
scends and is expressed through contractive, pas- 
sive, soft, and yielding movements. All matter, 
from the smallest molecular particles to enormous 
planets and stars, is composed of energy and 
bound into various patterns of vibration. These 
‘matter formations are held in place by electromag- 
netic and nuclear forces interconnected by the 
power of Yin and Yang polarity, and are expressed 
through the Three Outer Forces. The seasonal 
cycles are an example of Yin Earthly movements, 
while the solar and lunar cycles are expressions 
of Yang Heavenly energy. 

The creation and manifestation of matter is 
composed and regulated by what are known as 
the Five Elemental patterns. In traditional Chinese 
understanding, it is believed that perfect health 
and longevity depend largely on man’s ability to 
harmonize with the transitions and five seasonal 
changes of Heaven and Earth, in accordance with 
the Five Elemental patterns. In the winter, for ex- 
ample, there is less sunlight, and the temperature 
can be very cold (Yin), and the Kidneys (Water 
Element) can easily be overworked; therefore, man 
should endeavor to lighten his work load and rest 
more in winter, conserving his Qi to avoid energy 
depletion. 

‘The principles of Chinese cosmology, Yin and 
Yang Theory, Five Elements Theory, the Book of 
Changes (Yi-Jing), and Traditional Chinese Medi- 
cine are all incorporated into the study of Medi- 
cal Qigong. This culmination of knowledge re- 
veals the basic structures of energetic dynamics 
relating to the universal and environmental en- 
ergy gathered from the Heavens and Earth, and 
their relationship with man. 


HEAVENLY QI 

The first of the Three Outer Forces is known 
as the Universal Force, Original Force, or Heav- 
enly Energy. This force manifests as the energy of 
the entire Cosmos. Each life born into human form 
is not only developed and structured but is also 
influenced by its own unique group of stars within 
the Heavenly realm. This particular group of stars 


(including the sun, moon, planets, and constella- 
tions), controls or influences the persons life-force 
energy (Figure 10.1). 

Heaven is the realm that predetermines the 
energetic cycles of birth and death, as well as the 
seasons and times of planting, fertility, and har- 
vest. It is the source of the Yuan Shen and the Vir- 
tue of Dao, as it manifests through universal 
awareness (divine inspiration, enlightenment and 
spiritual communion), and free will. Heaven is the 
residence of spiritual deities and the Jade Emperor 
(or Divine Creator), and it manifests its prenatal 
power in man’s life through the mysterious forces 
of fate, destiny, karma, and reincarnation. 

‘According to the ancient Chinese, we exist in 
a three-dimensional world that exists within the 
relative parameters of time and space. Heaven 
represents time, which is symbolized by the circle. 
Because time moves in circles, hours and days are 
defined by the circular rotation of the Earth on its 
axis; months are defined by the circling of the 
moon around the Earth, and years are defined by 
the Earth’s orbit around the sun. 
PHILOSOPHICAL CORRELATION 

Man is constantly absorbing energy from the 
sun, moon, planets, and constellations. In order 
to explore the patterns of Heavenly energy in de- 
tail, the ancient masters developed the science of 
Chinese astrology, which includes the study of 
‘Twelve Animals and Five Elements, as well as the 
interactions of the Twenty Eight Constellations, 
‘Twelve Earthly Branches, Ten Heavenly Stems, 
Five Planets, and Lunar and Solar Energy Cycles. 

‘The ancient sciences of astrology and divina- 
tion evolved asa means to analyze, interpret, and 
predict how the various forces of Heaven influ- 
ence and guide man’s life on Earth. The study of 
Chinese astrology involves four elements of com- 
prehension: the study of the Signs, the study of 
the Five Elements, the study of Yin and Yang, and 
the study of the Sixty-Year Cycle. 

1. The Study of the Signs involves the twelve 
animals of the Chinese zodiac (meaning cir- 
cus of animals) that encircle the Earth and are 
divided into twelve equal parts, called 
“signs.” Each sign of the zodiac has certain 
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Pole Star 


Figure 10.1. The Three Outer Forces of Heaven Consists ofthe Energy Released from the Sun, Moon and Stars. 


characteristics that are determined by a par- 
ticular planet and constellations. The signs 
affect the character of a person born under 
them. Each person is given three animal char- 
acteristics: one according to the year, the sec- 
ond according to the month, and the third 
according to the hour of his or her birth. You 
might, for example, be a Snake according to 
the year of your birth, a Boar according to the 
month, and a Dragon according to the hour. 
‘The animal governing your birth year repre- 
sents your external seif (the part you show 
others) and is said to exert a profound influ- 
ence over your life. The month animal (known 
as the lunar animal) represents the emotional 
and psychological aspects of man’s relation- 
ships. The hour animal represents the inner 
self (the part hidden from the rest of the 
world). The combination of the three deter- 
mines the uniqueness of each individual. 

2. The Study of the Five Elements is the next 
division involved in the study of signs. Each 
of the twelve animal signs is further differen- 
tiated into one of the Five Elements (Wood, 
Fire, Earth, Metal, and Water). The year of 
birth determines the element of the sign. Each 
element rules for a two-year cycle (e.g., Janu- 
ary 27, 1952-February 13, 1953 was the year 
of the Dragon under the element of Water; 
February 14, 1953-February 2, 1954, was the 


year of the Snake under the element of Water. 
The next Water cycle of Dragon and Snake will 
be in 2012, based on the sixty-year cycle). 
These Five Elements display an energetic force 
that affects the formation of the internal or- 
gans in the growing fetus, as well as influ- 
ences the physical, mental, emotional, ener- 
getic, and spiritual changes after the child is 
born. 

3. The Study of Yin and Yang is the third divi- 
sion of the study of signs. Each of the twelve 
animal signs is also governed by a Yin (pas- 
sive) or Yang (active) direction. The Yin and 
Yang cycles alternate each year, with Yang 
being the even years, and Yin the odd years. 

4. The Study of the Sixty-Year Cycle is the final 
division of the study of signs. The yearly cor- 
respondence of the twelve animals of the Chi- 
nese zodiac also relates to the Twelve Earthly 
Branches, and is based on a sixty-year cycle. 
Every sixty years, the sun, moon, Earth, and 
the North (Pole) Star are in alignment, and a 
new sixty-year cycle begins. A sixty-year cycle 
also completes the rotation of the twelve ani- 
mals through each of the Five Elements. The 
Chinese consider sixty years a “century” in 
terms of the human life cycle. 

PHYSICAL CORRELATION 
Heavenly Qi relates to the congenital strength 
and formation of the body’s internal organs, as 


determined by the Universal Energetic Fields 
(which include the energy emitted from the sun, 
moon, planets, and Twenty Fight Constellations). 
HEAVEN'S ENERGETIC GRID 

Similar to the grid system imprinted on the 
body's energetic field, there exists a massive in- 
terconnected Heavenly grid extending through- 
out the entire universe. This Heavenly grid con- 
nects the sun, moon, stars, planets, and constella- 
tions throughout our universe, and extends to 
other solar systems outside our celestial sphere. 
There are pockets of Heavenly energy (like ener- 
getic points), as well as subtle frequency pathways 
(Gimilar to energetic channels), that follow a pro- 
gression of universal order. 


EARTHLY Qi 

The second of the Three Outer Forces is 
known as the Environmental Force, Acquired 
Force, or Earthly Qi. This force manifests as the 
energy of the entire planet. Each life born into 
human form is not only developed and structured 
but also influenced by its own unique environ- 
ment within the Earthly realm. The Qi of the 
individual's particular geographic location in- 
cludes the energy of the plants, soil, water, ani- 
‘mals, and all natural formations responsible for 
controlling or influencing the person's life-force 
energy. 

The Chinese believed that the Earth is the 
realm that predetermines the abundance of har- 
vest, as well as the temperance of man's physical 
stamina. Both harvest and man’s physical stamina 
is determined through the cyclic changes of the 
five seasons and their relationship to the Five 
Phases (birth, maturation, peak, decay, and death). 
The Earth is the source of the natural forces and 
thythms of nature, as well as the basic elements 
and energies that compose the material world of 
soil and water, mountains and valleys, oceans and 
rivers, plants and animals. The Earth is the foun- 
dational base of the Five Elements through the 
cyclic transformations of nature, which in turn, 
shape the human body’s physiological form and 
govern the biological functions of the tissues. 

The ancient Chinese viewed the Earth as the 


center, and as the ground on which we stand look- 
ing outward toward the four directions. Just as 
Heaven defines our movement through life in 
terms of time, Earth defines the space in which 
we live, providing the energetic field for our un- 
folding, within the boundaries of time. 

In Chinese symbology, the Earth is symbol- 
ized by the image of the square, whose walls face 
the four cardinal directions. This concept of the 
energetic interaction of Heaven (symbolized by 
the circle) and Earth’s (symbolized by the square) 
was so fundamental to ancient Chinese thought 
that they even designed the coinage of the impe- 
rial realm to reflect this interconnection (a round 
coin with a square center). 

PHILOSOPHICAL CORRELATION 

Earthly Qi relates to the study of Feng Shui 
(Harmony of Wind and Water). Feng Shui is di- 
vided into two prominent schools of study, the 
Form School and the Compass School. 

1. The Form School is the original school of Feng 
Shui, originating in Southwest China. This 
school focuses primarily on developing envi- 
ronmental harmony, by observing the shape 
and form of the terrain in conjunction with 
the Five Elemental animals. 

2. The Compass School is the second school of 
Feng Shui. It focuses primarily on develop- 
ing universal and environmental harmony 
through the directional orientation of the com- 
pass, in relationship to the Ten Heavenly 
Stems, Twelve Earthly Branches, Twenty-Four 
Solar Compass Directions, and Twenty-Eight 
Constellations, as well as the Magic Square 
and the Bagua (Eight Trigrams). 

PHYSICAL CORRELATION 

Earthly Qi relates to the “acquired” strength 
(muscular and skeletal development after birth), 
as well as the formation of the body’ internal or- 
gans. Tissue development is determined by the 
environmental energetic fields (which include the 
energy emitted from the Earth, Water, and Wind / 
weather). The Earth energy also expresses its 
power in man’s life through the basic instincts for 
survival and the primal drives for sex and repro- 
duction 


EARTH'S ENERGETIC GRID. 

Similar to the Heavenly energetic grid system 
imprinted in the cosmos, there exists a massive 
interconnected Earthly grid extending through- 
out the entire planet. This Earthly grid connects 
the planet's eight energetic directions into one 
energetic field. There are pockets of Earthly en- 
ergy (like energetic points), as well as subtle fre- 
quency pathways (similar to energetic channels), 
that follow a progression of environmental order. 
One example of the Earth’s axial grid system in 
Western folklore is the “Ley lines,” which are en- 
ergetic pathways that connect energy vortices or 
places of power on the planet. This understand- 
ing of an Earthly energetic grid system is also re- 
flected in American Indian and South American 
traditional understanding. 


MAN’s Qi 

The third of the Three Outer Forces is known. 
as the Human Force, or Man’s Energy. This force 
‘manifests as the energy of the entire body (Figure 
10.2). Each life born into human form is not only 
developed and structured, but also influenced by 
the individual's adaptations to his or her own 
physical, mental, emotional, energetic, and spiri- 
tual energies. 

It is believed that within man, the realm of 
the Dao or divine conscious spirit exists, wherein 
both the energies of Heaven and Earth coexist in 
harmonious balance. Man is formed from the cos- 
mic particles of exploded stars that have de- 
scended onto the Earth. These particles are ab- 
sorbed into the soil, water, and foliage, creating 
sustenance for human life. This constant internal 
connection, absorption, and regeneration of vi- 
brating energy from Heaven and Earth is the rea- 
son that human life is considered to be the high- 
est physical manifestation of the divine energetic 
field (see Chapter 1), 

PHILOSOPHICAL CORRELATION 

Man's Qi relates to the study of the Yi-Jing (I- 
Ching), or Book of Changes. The Yi-Jing is com- 
posed of two sections: the Book of Oracles and 
the Book of Commentaries. 

1. The Book of Oracles is the original text by 


Figure 10.2. The Three Outer Forces of Man's Energy 
is composed of the Energetic Fields Released from Jing, 
Qi, and Shen. 


King Wen and the Duke of Zhou. This book 
is based on the formation of eight trigrams 
and their various energetic attributes. These 
eight trigrams combine to form the sixty-four 
hexagrams of the Yi-Jing, which were later 
used for divination 

2. The Book of Commentaries is based on the 
commentaries of Confucius and his follow- 
ers, and is also called the Ten Wings. The com- 
mentaries are called “wings” because each 


wing helps the reader to soar higher in com- 

prehension of the original text. 
PHYSICAL CORRELATION 

Man's Qi relates to the waxing and waning of 
man’s physical, mental, emotional, energetic, and 
spiritual biorhythmic cycles. 

‘A Qigong doctor must become proficient at 
understanding, respecting, and adopting these 
laws of natural variations between nature and 
man. Through this understanding the doctor can 
attain a deeper comprehension of the principles 
and application of Medical Qigong Dao Yin train- 
ing (mind concentration methods, respiration 
regulation, and postural manipulation). 


Man's ENERGETIC GRID 

Similar to the Energetic grid system of Heaven 
and Earth, the human body is imprinted with a 
massive interconnected grid that extends through- 
out the body's tissues into the environment. The 
body’s energetic grid is responsible for transform- 
ing energy frequencies from cell to cell, tissue to 
tissue, and from the body's internal energetic field 
to its external energetic field. These are known in 
Traditional Chinese Medicine as the ‘Jing Luo’ 
channels and collaterals (or the meridian system). 
‘The body's energetic grids are also responsible for 
maintaining the production, growth, and devel- 
‘opment of energy and tissue formation, and are 
influenced through intention, thought, and emo- 
tion. 


+ Not as rugged as some types of tem- 
perature sensors. 


For an explanation of terminology used for 
temperature sensors in datasheets, see "Ther- 
mistor Values’, 


How It Works 


When a constant current is flowing through a 
p-n junction in a diode, the voltage across the 
diode will change by about 2mV for each 
change in temperature of 1 degree Celsius. This 
can be demonstrated by the simple circuit 
shown in section 1 of Figure 27-2. 


Volt meter 
(mv 


Figure 27-2 Lett, abasic circuit far demonstrating the 
temperature sensitivity ofa diode, Right, an NPN transis- 
tarcan be substituted ta emulate the diode. 


Similarly, the voltage across the p-n junction in 
an NPN transistor varies with temperature, if 
the current is constant, A transistor can be sub- 
stituted for a diode as suggested in section 2 of 
Figure 27-2. Integrated circuit chips that con- 
tain transistors can measure temperature by 
exploiting this phenomenon. 


CMOS Sensors 
Some semiconductor temperature sensors use 


CMOS instead of bipolar transistors. The gen- 
eral concept is similar, but they are described 


Work 


separately, below. See “CMOS Semiconductor 
Temperature Sensors’. 


Multiple Transistors 

The heat sensitivity of a bipolar transistor can 
be defined with an equation. If the base- 
emitter voltage is Vee, q is the charge of an elec- 
tron, k is a constant (known as Boltzmann's 
constant), T is the temperature in degrees Kel- 
vin (relative to absolute zero}, Ic is the collector 
current, and Isis the saturation current (which is 
less than Ic): 


(CAT ) J q) * Loge (Ie / Is) 


The term log, means, “the logarithm to base e 
of the expression in parentheses” 


Vee 


Because k and q have known values, the base- 
emitter voltage turns out to be proportional to 
the logarithm of the collector current divided 
by the saturation current. However, the satura- 
tion current depends on the geometry of a 
transistor, and varies with temperature in a 
nonlinear way. 


To eliminate the factor of saturation current, 
one transistor can be compared with another 
transistor that has a larger emitter area. This 
enables the derivation of a new equation that 
specifies temperature while getting rid of the 
troublesome saturation currents, with their 
nonlinear behavior. 


However, it may not be easy to fabricate two 
transistors, in the same silicon chip, that have 
the same characteristics except that the emitter 
area of one is bigger than that of the other. It is 
much easier to add multiple transistors in paral- 
lel, each of them identical to the first. The total 
emitter area will then be equal to the area in 
one transistor multiplied by the number of 
transistors. 


In Figure 27-3, assuming all the transistors are 
at the same temperature in addition to being of 
identical specification, we can now write two 
equations. The figure allows room to show only 
three transistors, but suppose there are N of 
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CHAPTER 11 


THE THREE TREASURES OF HEAVEN: 


SUN, MOON, AND STARS 


DEFINING HEAVEN QI 
The Outer Force (Power) of Heaven's Three 
‘Treasures (the Sun, Moon, and Stars) manifests as 
electromagnetic radiation from the sun, reflected 
light and energy from the moon, starlight energy, 
and the gravitational forces and interactions of the 
above mentioned heavenly bodies. The Outer 
Force of Heaven's Three Treasures also include the 
twenty-eight constellations, five major planets, 
and their energetic and gravitational forces. 
Heaven Qi is the energy emitted from the 
universe outside of the realms of Earth and man. 
The sun and moon, first five planets (Jupiter, Ve- 
nus, Saturn, Mars, and Mercury), North Star, Big 
Dipper, and the twenty-eight constellations are the 
‘most easily observed natural Heavenly energies, 
which have a direct connection to life on Earth. 
‘The diagram below (Figure 11.1) shows the Five 
Elements relationship between the universal trea- 


sures of Heaven, the environment of Earth and 
Man's internal organs 

The sun and moon are the primary Heavenly 
manifestations of Yin and Yang energy. The sun is 
Yang and is considered the Spirit Soul (Hun) of 
the sky. The moon is Yin and considered the Cor- 
poreai Soul (Po) of the Earth. This interaction of 
Heavenly Yin and Yang energy affects and gov- 
ems the Earthly Yin and Yang energy, as well as 
the Qi within the human body. The sun and moon 
each have their own cyclic rhythms and energies, 
changing their relative degrees of Yin to Yang at 
different times of the day, month, and year. 

To cleanse, purify, and strengthen the body, 
Qigong doctors absorb the essence of the Heav- 
enly Qi by guiding the star’s energy into certain 
areas of the body. The energy of the stars may also 
be used to reinforce the circulation of Wei Qi for 


Organ | Element | Time of Day | Direction | Planet | Associated Animal 
Liver |Wood | Early Dawn | East Jupiter | Green Dragon 

Heart | Fire Midday South Mars —_ | Red Phoenix 

Spleen |Earth | Midafternoon | Center | Saturn _| Yellow Phoenix 
Lungs |Metal | Late Dusk | West Venus | White Tiger 

Kidneys | Water — | Night North Mercury | Indigo Tortoise 


Figure 11.1. Natural Heavenly Transformations 


added protection against external pathogenic in- 
vasion. 


INFLUENCES OF HEAVENLY QI ON THE 
HUMAN Bopy 

The body's physical fluctuations work in har- 
mony with the cycles of the sun, moon, and nature. 
The science that deals with the study of these bio- 
logical clocks is known as chronobiology. The lev- 
els of corticosterone and plasma adrenocortico- 
tropic hormone (ACTH), for example, follow a 
cyclical pattern during the course of a day. Gen- 
erally, the body's emotional and menstruation 
cycle in women follow the changing patterns of 
the moon (ie., approximately every 28 days). Ad- 
ditionally, approximately every 23 days, the male 
body releases stored toxins, changing the smell 
of the sweat in accordance with the body's physi- 
cal biological cycle. The smooth functioning of 
natural biological rhythms can at times be dis- 
rupted. The “jet lag” phenomenon, for example, 
is due to the interruption of circadian rhythms in 
the body. 

There are daily, weekly, monthly, and annual 
solar and lunar cycles to which the human body 
responds. Other human physical, emotional, and 
mental cycles are strongly influenced by the types 
of life-style chosen, and other environmental fac- 
tors involved. The body's circadian rhythms in- 
fluence not only the immune system, but also the 
Yin and Yang energies of the internal organs. The 
activities of the cells, glands, Kidneys, Liver, and 
nervous system are coordinated with one another 
and with the day-night chythm of the environ- 
ment, Hunger, excretion, and body temperature 
are influenced by the body's ability to respond to 
the micropulsations of the subtle energy fields 
within the internal organs and tissues, as well as 
the body’s biological clocks. 

In China, clinical scientist Liu Bing, from 
Beijing Medical University, notes in his research 
that the human body undergoes rhythmic varia- 
tions within a 24-hour time period. These physi: 
cal changes include temperature, oxygen con- 
sumption, blood pressure, pulse rate, content of 
hemoglobin, blood sugar, blood amino acids, 


blood adrenocortical hormone, hepatic glycogen, 
‘metabolic rate of fat absorption, and pace of cell 
metabolism. The natural clockwork of the body 
can also be altered by food, drink, drugs, and ab- 
normal sleeping patterns. 


Boby RHYTHMS AND ENERGETIC 
PATTERNS 

The prenatal and postnatal energetic patterns 
of the body are also determined by the time and 
place of conception. The time and place of con- 
ception establishes the patient's spiritual energy 
and ancestral traits (food preferences, manner of 
dress, preferences of art, spiritual beliefs, and so 
on). The time and place of birth also determine 
the patient’s energetic biorhythms (physical, emo- 
tional, and intellectual cycles). 

PRENATAL ANCESTRAL TRAITS 

The time and location of conception deter- 
mine the nature of the ancestral spiritual influ- 
ence on the patient. As the divine infuses the 
fetus’s soul, the energy of the Eternal Soul com- 
bines with the environmental spiritual influences 
of the geographic location (e.g, the Orient, Eu- 
rope, North America, etc.). This infusion of geo- 
graphic spiritual energy creates within the patient 
a predisposition towards specific ancestral traits 
and cultural attractions. 

At conception and throughout pregnancy, the 
mother absorbs the natural environmental energy 
through respiration (breathing through the mouth, 
nose, and pores), ingesting food (grown in the 
soil), and visual auditory ingestion (observing 
and experiencing the cultural environment). The 
energetic history of each cultural environment 
exists within the memories stored in the natural 
energetic fields contained within that environ- 
ment. Therefore, someone conceived within a par- 
ticular geographic location in the Orient may find 
him or herself, unconsciously drawn to the social 
and cultural influences of that particular Asian 
population. This subconscious attraction is con- 
sidered a natural phenomenon due to the geo- 
graphic influences of the country’s spiritual /an- 
cestral power, causing an effect, indirectly, on the 
individual. 


Physical Cycle 


The Physical Cycle is 23 days long. The first 11. 1/2 
days are the positive side of the cycle. One experiences 
a feeling of good physical strength and endurance. The 
second 11 1/2 days are the negative side of the cycle, 
marked by having less endurance and a tendency 
towards fatigue. 


Emotional Cycle 


The Emotional Cycle is 28 days long. The first 14 days 
are the positive side of the cycle. One feels optimistic, 
cheerful, and cooperative, For the second 14 days, a 
negative stage of the cycle results in tendencies to be 
moody, iritable, and pessimistic. 


ntact yee 


‘The Intellectual Cycle is 33 days long. The first 16 1/2 
days are the positive side of the cycle. One has greater 
success in learning new material and pursuing creative, 
intellectual activities. The next 16 1/2 days are the 
negative side of the cycle; one is encouraged to review 
old material rather than attempting to learn new 
concepts, 


Figure 11.2. The physical, emotional, and intellectual 
cycles begin on the day of birth. 


1. The natural environment of the location at 
conception exerts a strong influence, such as 
a preference, or attraction to similar geologi- 
cal formations throughout the individual's 
life. People conceived by the ocean, for ex- 
ample, may find within themselves an uncon- 
scious need to live by the ocean. Likewise, 
people conceived in the mountains, valleys, 
tropics, deserts, etc. may find an energetically 
calm feeling of peace envelop them when vis- 
iting such places. 

2. The time of conception also exerts a strong 
influence. The energetic formation, as well as 
strength or weakness, of the fetus’s internal 
organs is also determined by the positions of 
the sun, moon, and stars. These Heavenly 
energies begin their effect on the fetus at the 
time of conception and continue influencing 
the fetus’s formation throughout the entire 
pregnancy. 

BIRTH-POSTNATAL ENERGETIC PATTERNS 

The time and location of birth determines the 
biorhythmic patterns of each individual. These 
biorhythms are developed according to the influ- 
ence of the Heavenly energy (position of the sun, 
moon, and stars), as well as the Earthly energy 
(ce., geographic location, e.g., mountains, valleys, 
by the ocean, etc.). This infusion of the Earth’s geo- 
graphic energy and Heaven's constellation energy 
creates within the individual a predisposition to- 
wards specific psychological traits. 

1. The location of birth strongly influences the 
individual's desire to seek out and/or sur- 
round him or herself with the familiar envi- 
ronment. 

2. The Time of Birth may also have an uncon- 
scious influence on his or her living patterns, 
as certain individuals born at night naturally 
become “night people,” while others born in 
the morning function better during the morn- 
ing hours. 

‘The body's biorhythms, which react to uni- 
versal and environmental energetic vibrations, are 
divided into three distinct cycles and energy flows 
(Figure 11.2). Each rhythm is cyclical, waxing and 
waning, creating and contributing to times of 


physical, emotional, and intellectual triumph, as 
well as times of reflection and withdrawn behav- 
ior. These three cycles begin at the moment of birth 
and continue with absolute regularity until death. 
‘The conditions of the cycle are divided into posi- 
tive (the first half) and negative (the second half) 
attributes. 

‘The body's biorhythms are but one example 
of the effects that Heavenly energy has on the 
physical, emotional, and intellectual cycles of 
mankind. By understanding the cycles of the sun, 
‘moon, and stars and their energetic potential, the 
Qigong doctor can utilize the universal energy of 
Heaven to regulate and balance the patient’s Qi. 
‘The biological rhythms influence the time at which 
many illnesses occur or worsen, as well as how 
fast a medication takes effect and how long the 
effect lasts. Therefore, Medical Qigong therapy, as 
well as herbal therapy are prescribed at specific 
times to enhance their effect on the patient's body. 


CYCLES OF THE SUN 

The Earth's rotation around the sun causes 
seasonal changes and instigates cyclic metabolic 
patterns in the human body. The body's entire 
metabolic function is influenced by its ability to 
respond to the seasonal micropulsations of these 
subtle energetic fields. 

‘The Chinese use both a solar and a lunar calen- 
dar. The Heavenly cycle of the moon has 12 lunar 
month divisions, which correspond to man's 12 in- 
ternal organs and channels: Lungs, Large Intestine, 
Stomach, Spleen, Heart, Small Intestine, Bladder, 
Kidneys, Pericardium, Triple Burners, Gall Bladder 
and Liver. The Heavenly cycle of the sun has 12 
periods of the day, which correspond to man’s 12 
sections of the body. These 12 internal cycles are 
sometimes called the 12 Blood / Heat Cycles because 
they affect the Qi, Blood and temperature within 
the Twelve Skin Zones (see Chapter 7). 

The Earth's rotation and the rhythm of the five 
seasons (the usual four plus late summer) influ- 
ence the body's internal organs and channels, af- 
fecting their energetic activity. In each of the five 
seasons, a specific pair of internal organs reaches 


an energetic peak. 

1. Inthe summer, the Heart and Small Intestine 
are at their energetic peak. 

2. In the late summer, the Spleen and Stomach 
reach their energetic peak. 

3. Inthe autumn, the Lungs and Large Intestines 
reach their energetic peak. 

4, In the winter, the Kidneys and Bladder reach 
their energetic peak. 

5. Inthe spring, the Liver and Gall Bladder reach 
their energetic peak. 


THE TWELVE PI HEXAGRAMS 

The Twelve Pi Hexagrams symbolize the sea- 
sonal changes, which cause the waxing and wan- 
ing of Yin and Yang energy. The trigrams and 
hexagrams are used to illustrate the movement of 
energy in Man (see Chapter 5) as well as Heaven. 
‘The Twelve Pi Hexagrams were also used to study 
and comprehend the interactive energetic fields of 
man and nature that govern growth and develop- 
ment. The interactive energetic fields engender the 
creation of energy channels and influence the cir- 
culation and transformations of Qi, which in turn, 
create and maintain the body's internal organs. The 
ancients believed that the human physique reflects 
the structure of the universe, and that prenatal 
Heaven and Earth energy fuse with postnatal 
Heaven and Earth energy at birth (see Chapter 2). 
‘The trigrams reflect the twelve hours of the day, the 
daily fluctuations of Yin and Yang energy, and the 
Qiof the Five Elements (Figure 11 3. 

‘The Twelve Pi Hexagrams represent “the laws 
of hardness and softness,” domination and yield- 
ing of Yin and Yang, the relationship between the 
seasons, time of day, major organs, channels, and 
the transformation and circulation of Qi. 

THE YANG Yao CycLes 

When studying the Twelve Pi Hexagrams, it 
is important to examine the first six (from Fu — 
11 p.m. to Qian — 11 a.m), that represent the 
‘gradual increasing of the energetic potential of the 
‘Yang Yao (see Chapter 5) and the gradual decreas- 
ing of the Yin Qi. The Yang Qi rises and expands 
during this time period, itis the best time for train- 
ing techniques that emit external Qi and for treat- 


Yin Waxing & Yang Waning 


gam—1tam 
ian 


Tam—9am 
ust 


‘am—tpm 


‘Stomach 
Dazhusng os 


ie mn @ Om xs 
ean i 
is 
> 
sis 
pare 


Fu 
‘1pm—tam 


Tpm-Spm 
Spm—111pm Pree 


‘Yang Waxing & Yin Waning 


Yang Line 


©0080 


Yin Line 


POLORCROROMC) 


Qn 

Figure 11.3. The circular figure depicts the Heavenly cycle of the sun and the Twelve Pi Hexagrams. Solid tines in 
the trigrams and hexagrams represent Yang, and broken lines represent Yin, The hexagrams on the left depict 
the Yang Yao Cycle (from Fu to Qian), with the gradual increase in Yang and decrease in Yin, so that the last 


hexagram, Qian, is full Yang. The hexagrams on the right depict the Yin Yao Cycle (from Guo to Kun), with the 
‘gradual increase in Yin and decrease of Yang, so that the last hexagram, Kun, is full Yin, 
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ing patients who suffer from insufficiency of Yang 
Qi. This time period is called the “time of the liv- 
ing breath,” and represents the beginning of en- 
ergetic harvesting. When training in the morning 
time, the practitioner should progress from still, 
relaxed, quiescent Qigong meditations to active 
forms of dynamic Qigong movement. 

THE YIN Yao Cycles 

The last six hexagrams (from Gou — 11. am. 
to Kun — 11 p.m.) indicate a gradual increasing 
of the energetic potential of the Yin Yao and the 
gradual decreasing of the Yang Qi. This time pe- 
riod is called the “time of the dead breath,” and 
represents the beginning of energetic planting. The 
Yin Qi increases and expands in this time period; 
it is the best time for patients suffering from an 
insufficiency of Yin Qi to train, nurture, and re- 
store the Kidneys’ Yin Essence, which in turn will 
facilitate the preservation of Yang Qi. When train- 
ing in the afternoon, the practitioner should 
progress from active forms of dynamic Qigong 
movement to gradually slower, relaxed, quiescent 
Qigong meditations. 

When prescribing Medical Qigong for pa- 
tients, the time for practice should be selected in 
accordance with the philosophy of Yin and Yang 
theory, the Five Elemental theory, the circadian 
thythms of Qi and Blood circulation, as well as 
the severity of the illness. 

USING THE YANG AND YIN YAo CYCLES 

Each of the broken lines represents a Yin Yao 
and can be used to symbolize an inhalation, while 
a straight line represents a Yang Yao and symbol- 
izes an exhalation. A hexagram consisting of three 
bottom Yang Yaos and three top Yin Yaos, for ex- 
ample, represents a balanced respirational pattern. 
When the Qigong doctor writes out a prescrip- 
tion for the patient, the doctor can adjust the 
patient's respiration in accordance with the Yao 
hexagrams, taking into consideration each Yao line 
as representing an inhalation or exhalation. The 
basic theory of Yin and Yang Yao cycles is also used 
to determine the time and direction for Qigong 
practice, as well as the methods of respiration and 
mind concentration required to establish proper 
Yin and Yang balance. 


Figure 11.4. The Four Principle Time Periods 


When practicing Medical Qigong at the hour 
of the Fu Hexagram, for example, the Yao indi- 
cates there is more Yin than Yang, so the practitio- 
ner should regulate his or her body with the in- 
tent to nourish the Yang through longer inhala- 
tion (Yin) and shorter exhalation (Yang). 

At the stage of the Gou Hexagram, the Yao 
indicates there is more Yang and less Yin so the 
Qigong practitioner should perform regulation 
through shorter inhalations (Yin) and longer ex- 
halations (Yang). 


THE FOUR PRINCIPAL TIME PERIODS 
OF QIGONG PRACTICE 

Practicing Medical Qigong during the “four 
principal time periods” (Zi, Mao, Wu, and You) 
facilitates the vigorous growth of internal energy 
in harmony with the changes of energy in nature 
(see Figure 11.4), To nourish energy, practice dur- 
ing the sunrise and/or sunset (Mao and You) pe- 
riods. To stabilize energy, practice during the pe- 
tiods of midnight and /or high noon (Zi and Wu). 

Due to the differences between individual 
constitutions (Excess or Deficient Yang or Yin), the 
selection of the proper time for practice and the 
number of Yin or Yang respirations varies between 
patients, The following is a brief discussion and 


explanation of the four principal time periods. 

1. Zi Time Period corresponds to the Fu 
Hexagram, and has one Yang and five Yin 
lines or Yaos. The Zi time period is at mid- 
night (Il p.m. ~ 1 a.m), Itis related to the be- 
ginning of the Yang cycle and is perfect for 
gathering energy to store the Yuan Qi (Prena- 
tal Qi). The Yuan Qiis the root of life, formed 
through the divine combination of the primor- 
dial Yin and Yang; itis stored primarily in the 
Kidneys’ Water energy. The Zi period of time 
corresponds to the Fu Hexagram. During this, 
time the Earth energy and the Kidney’s Yang 
Qiare in full harmony, continuously combin- 
ing and accumulating energy. Practice during 
this period of time results in twice the effect 
with half the effort. 

2, Mao Time Period corresponds to the 
Dazhuang Hexagram, and has four Yang and 
two Yin lines or Yaos. The Mao time period is 
at sunrise (5 a.m. ~ 7 a.m.). As the sun rises, 
‘warming the air, and natural Yang progresses. 
Atthis time of the day, the Yang Qi of the body 
isin full bloom. Practice during this period of 
time aids the vigorous growth of Yang. 

3. Wu Time Period corresponds to the Gou 
Hexagram, and has one Yin and five Yang 
lines or Yaos. The Wu time period is at high 
noon (Il a.m.—1 p.m.),and is regarded as the 
Heart's Fire. At high noon, the Heart Chan- 
nel (considered the Supreme Yang) will natu- 
rally manifest the energetic peak of Yang en- 
ergy. Because the first line is a Yin Yao, how- 
ever, the Yang energy Yaos tend to wane rather 
than grow. Therefore, practicing during this 
period helps the growth of Yin energy and 
suppresses the hyperactivity of Yang energy. 

4, You Time Period corresponds to the Guan 
Hexagram, and has four Yin and two Yang 
lines or Yaos. The You time period is at sunset 
(6 pm. -7 p.m.). At this time, the energy of 
the environment turns from clear and radi- 
ant to dark. Qigong practice at this time nur- 
tures the increase of the primordial Yin en- 
ergy and the conservation and nourishment 
of Yang energy. 


THE FOUR SEASONAL PEAK 
TRANSITIONS 

Another theory maintained by Qigong doctors 
is that the sun's light during the day represents 
‘Yang, and the energy from the moon's light at night 
represents Yin. The observation that light coincides 
with heat and that darkness coincides with cool, 
led to the division of the year into four seasonal peak 
transitions (which also correspond to the four prin- 
cipal time periods of the day) (see Figure 11.5). 

Atthe time of the equinoxes and solstices, the 
sun passes through transitional regions: The Pal- 
ace of Eternal Frost in the North is entered in the 
winter; The Golden Gate in the East is entered in 
the spring; The Palace of Universal Yang in the 
South is entered in the summer; and The Gate of 
the Moon in the West is entered in the autumn. 
‘The four seasonal peak transitions in the north- 
em hemisphere are described as follows. 

1. The Palace of Eternal Frost at the Winter Sol- 
stice (December 22-25) indicates the time pe- 
riod when the sun is furthest south from the 
equator. This is a time of maximum Yin or 
darkness in the northern hemisphere, with the 
shortest days and longest time of cold and 
darkness. This energetic transition corre- 
sponds to “midnight” within the four prin- 
cipal time periods. 

2. The Golden Gate at the Spring Equinox 
(March 21) indicates the time period when the 
sun's center crosses the Heavenly equator, cre- 
ating an energetic balance between the days 
and nights. Although light and darkness and 
‘Yin and Yang energies are in balance, this sea- 
sonal time period is a transitional harmony, 
as Yang energy is growing. The weather is also 
moderate. This energetic transition corre- 
sponds to the “sunrise” within the four prin- 
cipal time periods. 

3. The Palace of Universal Yang at the Summer 
Solstice (June 21-23) indicates the time period 
when the sun is furthest north from the equa- 
tor,atime of maximum Yang or brightness, with 
the longest daysand times of light and warmth 
This energetic transition corresponds to “noon” 
within the four principal time periods. 
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Figure 11.5. Four Season Peak Transitions 


4. The Gate of the Moon at the Autumn Equi- 
nox (September 22) indicates the time period 
when the sun’s center crosses the Heavenly 
equator, creating an energetic balance be- 
tween the days and nights. Although light 
and darkness and Yin and Yang energies are 
in balance, this seasonal time period is in tran- 
sitional harmony, as Yin energy is growing. 
‘The weather is also moderate. This energetic 
transition corresponds to the “sunset” within 
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the four principal time periods. 

The energy of these four principal time peri- 
ods enters the practitioner's Taiji Pole during 
meditation and regulates the “auspicious powers” 
located within the five regions of space inside and 
outside of the doctor's body: 

+ Front—energy of the Heart 

* Back—energy of the Kidneys 
«+ Right—energy of the Lungs 
+ Left—energy of the Liver 

+ Center—energy of the Spleen 


THE SIX PRINCIPAL SEASONS OF 
TRANSITION 

In Traditional Chinese Medicine, the year is 
divided into six primary periods of seasonal tran- 
sitions (wind, heat, damp, fire, dry, and cold). Each 
season represents the ruling Qi, or expected 
weather, dominant in that particular season (Fig- 
ure 11.6). 

These six periods delineate the differences 
between and transitional transformations of 
Heaven energies (through the Ten Heavenly 
Stems) and Earthly energies (through the Twelve 
Earthly Branches). In terms of weather, the first 
half of the year is governed by the Qi of Heaven, 
while the second half of the year is administered 
by the Qi of Earth. The Ten Heavenly Stems are 
the ten energies of Heaven that rule the changes 
of the Five Elemental Seasonal Transitions, and 
are represented in the human body as the Yin and 
Yang aspect of the Five Elements (represented as 
the ten major internal organs). The Twelve Earthly 
Branches are the twelve energies of the Earth that 
determine the six Qi factors of the seasonal tran- 
sitions (represented in the body as the Twelve Pri- 
mary Channels). In accordance with the Creative 
Cycle of the Five Elemental Seasonal Transitions: 
summer creates late summer, late summer engen- 
ders autumn, autumn gives rise to winter, and 
winter gives birth to spring, 


THE DAILY QI, BLoop, AND HEAT 
CYCLE 
These four principal time periods and sea- 

sonal peak transitions affect the body's Blood, 
Heat, and Qi Cycles. The daily cycle of Heat, 
Blood, and Qi flow along the body’s Twelve Pri- 
mary Channels, organs, and tissues, according to 
the two hour Yin and Yang time table 

* Gall Bladder (GB) - 11 p.m. to 1 a.m. - (Yang) 

* Liver (Lv)- 1am. to3. am. - (Yin) 

* Lungs (Lu) -3 a.m. to5 a.m. - (Yin) 

+ Large Intestine (LI) - 5 a.m. to7 a.m. - (Yang) 

‘* Stomach (St)-7 a.m. to 9 a.m. - (Yang) 

* Spleen (Sp) -9 a.m. to 11 a.m. - (Yin) 

‘+ Heart (Ht) - 11 a.m. to 1 pm. - (Yin) 

‘+ Small Intestine (SI) - 1 p.m. to 3 p.m. - (Yang) 


Season Date 
1. Spring Begins Feb. 5 
Rainwater Feb. 20 
Insects March 7 
Spring Equinox March 22 
2. Clear and Bright ame | 
Grain Rains April 24 
‘Summer Begins May 6 
Grain Filing june 7 

3. Grain Full dune 22 
‘Summer Solstice June 22 
Slight Heat uly 8 
Great Heat July 24 

4. Autumn Begins | Aug. 8 
Limit of heat Aug. 24 
‘White Dew i Sept. 8 
‘Autumn Equinox Sept. 24 
5. Cold Dew Oct. 9 
Frost Descent Oct. 24 
Winter Begins Nov. 8 
Slight Snow Nov. 23 
6. Great Snow Dee. 7 
Winter Solstice Dee. 22 
‘Slight Cold = [ses 6 
Great Cold Jan. 24 


Figure 11.6. Six Principal Seasons of Heaven and Earth 
Energy Transition (1-6), and the Twenty Four Diagram 
Chart 
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* Bladder (Bl) - 3 p.m. to 5 p.m. - (Yang) 

+ Kidneys (Kd)-5 p.m. to7 p.m. - (Yin) 

‘Triple Burners (TB)- 7 p.m. to 9 p.m. - (Yin) 

‘* Pericardium (Pc) 9 p.m. to 11 p.m. - (Yang) 

The body's active high and low heat, Blood, 

and Qi time periods, reflect its relationship with 
the Twelve Primary Channels. For instance, ev- 
ery morning during the time period of 3-5 a.m., 
the strongest energy streams down along the Lung, 
Channels, making the Lungs quickly responsive 
to treatment. 


GATHERING THE SUN'S ESSENCE 
MEDITATION 

The ancient Qigong masters used this medi- 
tation to absorb the essence of the sun. By gather- 
ing pure Yang energy to tonify the body’s Defi- 
ciencies, as well as to consolidate the Zheng Qi 
Gathering energy), they were able to eliminate 
pathogenic factors and prevent premature aging. 
This particular exercise is considered part of the 
foundational base from which the ancient Qigong 
doctors replenished any depleted life-force energy. 

The gathering the Sun's Essence Meditation 
must only be practised on a clear day, when the 
sun is not obstructed. Avoid practising this medi- 
tation in times of fog, smog, thick clouds, and so- 
lar eclipses, as cultivation during these times will 
cause the unnatural cultivation of Turbid Qi. 

1. While outside on a bright sunny day, face the 
sun, and assume a Wuji standing posture, 
hands by your sides, with the feet slightly 
wider then shoulder-width apart; stand in a 
relaxed and tranquil state, breath evenly and 
naturally, and rid your mind of any stray 
thoughts (Figure 11.7). 

2. If the sun is rising above the horizon, slightly 
close your eyes; you should still be able to see 
soft, gentle, reddish sunlight. If the sun has 
already risen, close your eyes and use your 
inner vision to visualize the sun. 

3. Inhale through the nose and imagine filling 
your mouth with energy from the sunlight’s 
essence. Still facing the sun, with your eyes 
half open, “infuse,” or absorb into the eyes, 
the energy from the horizon. Blend the energy 


Figure 11.7. Gathering the Sun's Essence Meditation. 
‘Step one, stand and face the sun. 


Figure 11.9. Step three, imagine embracing the sun and 
gently placing it in front of your Lower Dantian. 


them. If Veco is the base-emitter voltage of tran- 
sistor QO, on the left, and Vaey is the aggregate 
base-emitter voltage of the N transistors on the 
right: 


(C KAT ) JQ) * Loge (Ie / Is) 
(CAT ) fq) * Loge (Ic / N*Is) 


From these, an equation can be derived that 
gets rid of Icand Is: 


Veco 


Veen 


(OKT) fq) * Loge (N) 


Vers ~ Vaew 


Figure 27-3. Comparing the base-emitter voltage of one 
transistor witha set of identical transistors can enable 
‘measurement of temperature regardless ofthe collector 
current and saturation currents, so long as all the transis 
tors are atthe same temperature. See text for deta. 


PTAT and the Brokaw Cell 

Now if a comparator is added to control the 
current, a circuit known as the Brokaw Cell is 
created, shown in Figure 27-4, This is also 
known generically as a bandgap temperature 
sensor. (A couple of resistors have been omitted 
for the sake of simplicity.) 


Typically, N = 8. That is, there is a set of eight 
transistors in addition to QO (only three being 
shown here). The voltage difference in the pre- 
vious equation, Veco - Veen, NOW appears across 
R2 in the figure, and the voltage across R1 is 
proportional to absolute temperature, often 
referred to by its acronym, PTAT. This voltage 
can be found from this equation: 


> semiconductor tem, 


erature sensor 


Vrat = ((K*T)/q) * Loge(N) * (2*R1/R2) 
The Brokaw Cell was the basis of the ADS80 
chip introduced in 1974 by Analog Devices, and 
the principle is now used very widely in semi- 
conductor temperature sensors. 


Figure 27-4 The Brokaw Cell. See text for details. 


Variants 
Three output types are used: 
+ Analog voltage output (voltage varies 
with temperature). 


+ Analog current output (current varies 
with temperature). 


+ Digital output. 


‘A fourth type creates an output in the form of a 
square wave, either with a frequency or wave- 
length proportional to temperature. The Maxim 
MAX6576 and MAX6577 are examples. How- 
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absorbed from your eyes into your Upper 
Dantian. Close your eyes and imagine blend- 
ing the sun's golden light energy with the Qi 
you inhaled through your nose. Hold your 
breath and focus the mind, mixing both ener- 
gies; swallow the energies slowly while ex- 
haling, and send the energy down to the 
Lower Dantian. Repeat this process for sev- 
eral minutes. 

. Stretch your hands towards the sun and imag- 
ine embracing it (Figure 11.8). Point your in- 
dex fingers toward the center of the sun, and 
imagine pulling the sun down in front of your 
Lower Dantian. Keep it positioned there for 
several minutes (Figure 11.9) 

Imagine the sun gently rolling and turning 
itself in front of your lower abdomen (Figure 
11.10-11). Keep your elbows at your sides and 
gently shift, or sway from side to side, imag- 
ine that it is the sun’s movement that causes 
both your arms and body to move. Using this. 
image keeps the sun in an energetic power 
position. 

Place both hands around the sunasifembrac- 
ing it (Figure 11.12). Next, imagine the sun 
slowly moving into your navel. Allow both 
hands to follow the sun into the navel, end- 
ing with your left palm on top of your right 
palm (opposite for women) (Figure 11.13). 
With one deep breath inhale and absorb the 
sun's energy into the Lower Dantian while 
imagining the sun (beneath the navel) trans- 
forming into a luminous ball of golden en- 
ergy. With each inhalation, this golden ball 
shines brightly; with each exhalation, the 
sun’s rays extend, spreading throughout the 
entire body. 

‘Toend, relax the mind and imagine Heavenly 
Qi melting down the body, pouring through 
the front, back and center of the body like 
warm oil, into the Earth. This ending exercise 
(sometimes called Pulling Down The Heav- 
ens), allows the Qi to sink into the Lower 
Dantian, and the body, mind, and spirit to 
come into a state of peaceful rest and tran- 
quillity. 
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Figure 11.10. Step four, imagine the sun gently rolling 
and turning itseif in front of the Lower Dantian. 
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Figure 11.11. The energy of the sun moves the entire 
body rather than the arms. 
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Figure 11.12. Step five, embrace the sun and absorb it 
into the navel and then into the Lower Dantian. 


AY 


Figure 11.13. Each breath transforms the sun’s energy 
into luminous golden Qi. 


CYCLES OF THE MOON 

The ancient Qigong masters believed that the 
sun has a Yang nature, emitting enormous 
amounts of hot, thermal energy, whereas the moon 
has a Yin nature and emits a much cooler type of 
energy, by reflecting the light of the sun. The en- 
ergy of the moon is used to replenish the body’s 
‘Yin Qi, and follows a comprehensive cycle every 
28 days (Figure 11.14). Following the cycle of the 
moon, the energy of the body completes a full ro- 
tation, flowing along the Governing Vessel to the 
top of the head, and down the Conception Vessel 
to the base of the perineum. When the moon is 
full, the body's Blood and Qi reach a crest, filling 
the Baihui point on the top of the head. At the 
new moon, the body's Blood and Qi gather at the 
Huiyin point, in the perineum. 

Since the lunar cycle at its extreme (full moon 
and new moon) activates the top and bottom 
points of the Taiji Pole, these are said to be the 
most productive times to perform Taiji Pole Qi 
practice. 

The appearance of the moon during the first 
half of the lunar month symbolizes the waxing of 
Yang and waning of Yin Qi. As Yang grows and 
Yin declines, regulation of breathing at this pe- 
riod of time should be aimed at absorption of the 
Moon’s Essence. The second half of the lunar 
month symbolizes the waxing of Yin and waning 
of Yang Qi. As Yin grows and Yang declines, regu- 


New Moon Waxing Gascent Frat Quarter Whuing Gibeus 


lation of breathing at this period of time should 
be aimed at replenishing Yang to help the Yin 
nourish the Yin Jing-Essence (Figure 11.15-20), 

‘As the moon increases the amount of light it 
reflects, the body’s Qi and Blood become more 
nourished; when the moon is full, the Qi and 
Blood become substantial. As the moon begins to 
decrease the amount of light it reflects, the muscles 
start to lose their energetic substance. This de- 
crease in energy causes the body's Eight Extraor- 
dinary Vessels and Twelve Primary Channels to 
empty themselves to support the muscles that are 
slowly becoming Deficient. Qi and Blood are in- 
fluenced by the gravitational pull of the sun and 
‘moon, just as the tides of the sea are influenced. 
Therefore the ancient Qigong masters described 
the energetic tonifying and purging principles of 
Qigong regulation in these specific terms: when 
treating a patient, perform no tonifying when the 
‘moon is full, or when the Blood and Qi are suffi- 
cient. Perform no purging when the moon is dark, 
or when the Blood and Qi are Deficient. This ob- 
servation explains the effect of the “full-moon 
phenomenon’ on patients who are hypersensitive 
to energy and become restless when the moon's 
Qiis “full Yang in Yin.” 

‘The waxing and waning of the sun and moon 
affect the adjustment time for Medical Qigong 
practice and the methods of breathing regulation. 
In order to facilitate the intake of Heavenly Es- 
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Figure 11.14. The waxing and waning cycles of the moon correspond to the moon’s orbit around the Earth, 


Waxing Crescent Figure 11.15. From the 1st to 
the Sth night ofa lunar month, 


ote more Yang absorption and Yin 
° nourishment can be obtained 
by performing breathing 


regulations while facing the 
west. The crescent surface of 
the Moon is reflecting less 
sunlight. 


Waxing Gibbous Full Moon Waring Gibbous 


Figure 11.17. From the 11th to the 15th night of a lunar 
month, equal amounts of Yang absorption and Yin 
nourishment can be obtained by performing breathing 
regulations while facing the direction of the moon, as 
both Yang and Yin energies are plentiful at this time. At 
this point, the moon is full wth its surface reflecting the 
‘most suniight (called "Full Yang in Yin") 


Waning Crescent Figure 11.19, Fromthe2tstto the 25h 
night of lunar month, Yn continues 
es togrow and Yang decines, Regulation 
° ofbreathing atthis pod oftime should 
be aimed at replenishing Yang to help 
ae the Yin nourish the Yin Essence, while 
facing the south. At this time, the 
crescent surface of the moon's shape 
istuming tohal-fullYin,andits surface 
isreflecingless sunight. The reflected 
sunlight on the moon's surface 
continues to decrease as Yang wanes 

and Yin waxes. 
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First Quarter 


New Moon 


Figure 11.16. From the 6th to 
the 10th night of a lunar 
month, more Yang absorption 
and Yin nourishment can be 
obtained by performing 
breathing regulations while 
facing the south. The surface 
of the moon is turning from a 
crescent to half-full Yang, and 
its surface is reflecting more 
sunlight, 


Figure 11.18. From the 16th 
to the 20th night of a lunar 
month, the Yin grows and 
Yang declines. Regulation of 
breathing at this period of 
time should be aimed at 
replenishing Yang to help the 
Yin nourish the Yin Essence, 
while facing the west. At this 
time, the crescent surface of 
the moon is reflecting less 
sunlight. The reflected 
sunlight on the moon's 
surface decreases as Yang 
wanes and Yin waxes. 


Figure 11.20. From the 26th 
to the 30th night of a lunar 
month, no absorption of Yang 
is possible when the moon 
‘appears in the east at nightfall 
and its surface is dark, 
leading to the period of “Pure 
Yin.” Breath regulation should 
be performed facing east. 


sence to nourish the body, the ancient Qigong 
masters used a system wherein each month is di- 
vided into 6 separate sections (a total of 5 days 
was assigned to each section). 


PRENATAL EIGHT TRIGRAMS AND THE 
Moon 

The symbols on the Prenatal Eight Trigrams 
represent the appearance of the moon, while the 
‘Ten Heavenly Stems represent the positions of the 
moon. Each trigram embraces one or two of the 
‘Ten Heavenly Stems. The following chart of Pre- 
natal Trigrams, Ten Heavenly Stems, moon and 
tide regulation, as well as the principles of purga- 
tion and tonification of Qi and Blood is a refer- 
ence for Qigong doctors for clinical treatments 
(Figure 11.21), 

In this chart, the Yang energy of the Earth 
gradually increases from the 11th to the 15th. In- 
fluenced by this action, the spring tide occurs on 
the 15th when the moon is full, inducing both the 
Qiand Blood to become extremely active. This is 
a good time for Qigong patients who suffer from 
energy Deficiencies to replenish their Qi. How- 
ever, if the patient's energy is abundant, he or she 
should not try to replenish at this time, or an Ex- 
cess condition of Qi will occur. 


CHOOSING THE PROPER DIRECTION 
FOR TRAINING Qi 

Since ancient times, Qigong doctors have 
placed great emphasis on facing certain directions 
when cultivating energy. Observing that energy 
training and practicing should be adapted to na- 
ture, each routine is selected according to the sea- 
son, month, and time of day, as well as the physi- 
cal conditions of the practitioner. The four direc- 
tions, as well as the sun (solar cycle), moon (lunar 
cycle), and stars (four sets of seven constellations, 
each one grouped in the N, S, E, or W), have a 
direct influence on the human body. 

‘One example of directional training is in set- 
ting up treatment schedules according to the en- 
ergy emitted from the Heavens. It is generally 
advised when conducting energetic regulations 
that: 


* Patients with Yang Deficiencies should face 
east or south, to develop Yang Qi; 

* Patients with Yin Deficiencies should face 
west or north, to help develop the Yin Qi; 

+ Patients witha Kidney Deficiency should face 
the north; 

+ Patients with a Liver Deficiency should face 
cast; 

+ Patients with a Heart Deficiency should face 
south; 

+ Patients with a Lung Deficiency should face 
west; 

* Patients with a Spleen Deficiency should fo- 
cus their attention on the center, ie, the Earth. 
Generally, when first beginning Qigong exer- 

cises and meditations, practitioners are taught to 
face the south or southeast. When practicing spe- 
cific cultivation exercises, however (such as Gath- 
ering the Sun’s Essence), the practitioners are 
taught to face the direction of the sun. In the 
evening time, unless practicing specific cultiva- 
tion exercises (such as Gathering the Moon's 
Cream), itis best to have the patient face the cor- 
responding direction for the Deficient organ. 
‘These cultivation methods train the Yang energy 
to fuse with the Zhen Qi (True Qi), as well as with 
the Heavenly Qi and Environmental Qi. The tim- 
ing and methods of training are based on the in- 
crease and decrease of Yin and Yang energy. 

It is important to note that although these 
training methods are effective, the most experi- 
enced Qigong doctors often choose the place and 
direction according to their own intuition. To se- 
lect the appropriate direction, the doctors start by 
facing south (sitting or standing). As they begin 
to feel the body filling with Qi, they may feel that 
they are being pulled towards a specific direction, 
and that they cannot stand or sit comfortably with- 
out facing that direction. The doctors feel more 
rooted and stable by following their intuition 
Through understanding the proper directions, 
concentration, breath regulation, and assuming 
the appropriate postures, Qigong doctors are able 
to help regulate and increase their patients’ ener- 
getic activities, while avoiding many Qi deviations 
(Gee Chapter 18). 
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Figure 11.21. Medical Qigong Doctor's Chart for Clinical Reference 
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GATHERING MOON’s CREAM QIGONG 
MEDITATION 

Qigong doctors use this particular exercise in 
conjunction with the Gathering the Sun’s Essence 
meditation for replenishing depleted energy. The 
vital essence of moon is called the Cream or “cool 
light” and is used to nourish the Kidneys and 
strengthen the Jing, Marrow, and brain, while con- 
tributing to longevity. Itis practiced only nine days 
a month, three days before, during, and after the 
full moon, which are the brightest nights of the 
month, It is prohibited during new moon transi- 
tions because there is too litle vital essence of the 
moon to gather. 

Gathering the Moon Cream meditation must 
only be practiced on clear nights, when the moon 
is not obstructed. Avoid practicing this medita- 
tion in times of fog, smog, thick clouds, and lunar 
eclipses, as cultivation during these times will 
cause the unnatural cultivation of Turbid Qi 

1, Stand outside in the fresh air, while facing the 
‘moon. Stand in a relaxed and tranquil state, 
breath evenly, and rid your mind of any stray 
thoughts (Figure 11.22). 

2. Lower your eyelids until you only faintly see 
the moonlight. Inhale through the nose and 
imagine softly “sipping” one mouthful of the 
‘moon cream. At the same time, with your eyes 
half open, visualize “inhaling” the energy of 
the moon cream with your eyes into your Up- 
per Dantian. Close your eyes and imagine 
mixing the moon cream with the energy you 
inhaled through your nose. Slightly hold your 
breath and concentrate on feeling the moon 
cream’s silvery energetic essence. Swallow 
this essence slowly, sending it down to the 
Lower Dantian. 

3. Stretch your hands towards the moon (Fig- 
ure 11.23), Imagine embracing the moon and 
pulling it out of the sky, placing it just above 
your Upper Dantian, at your Baihui point (on 
top of your head). Hold this image for sev- 
eral minutes (Figure 11.24). 

4, Next, imagine a second moon forming out of 
the first moon, and bring it downward with 
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10. 


both hands until level with, and in front of, 
the Middle Dantian (Shanzhong CV-17 point) 
at the center of the chest. Hold this image for 
several minutes (Figure 11.25). 

Finally, imagine a third moon forming out of 
the second moon, and bring it down to the 
level of the Lower Dantian, suspended in front 
of the lower abdomen. Hold this image for 
several minutes (Figure 11.26), 

Continue to imagine all three moons sus- 
pended (two in front, and one above your 
body) and inhale, raising both of your arms 
over your head. Imagine pressing the first 
moon into your head through the Baihui 
point, filling the Upper Dantian with the 
moon creams silvery white light. As both 
hands press the moon into the head, allow the 
left hand to remain on top of the right hand 
(opposite for women). As you exhale, visual- 
ize the light of the moon filling the entire cav- 
ity of the Upper Dantian (Figure 11.27). 


Next, bring both hands to the front of your 


body. Inhale and press the second moon into 
‘your chest through the Middle Dantian, imag- 
ining the moon creams silvery white light fill- 
ing the chest. As you exhale, visualize the light 
of the moon filling the entire cavity of the 
Middle Dantian (Figure 11.28). 

Finally, bring both hands in front of your 
lower abdomen. Inhale and press the third 
‘moon into your Lower Dantian, imagining the 
moon's silvery white light filling the abdo- 
men. As you exhale, visualize the light of the 
moon filling the entire cavity of the Lower 
Dantian (Figure 11.29). 


). Allow both hands to rest by your sides then 


slowly raise your left hand (opposite for 
women) and tap the top of your Baihui point 
softly nine times. As you tap, imagine that all 
three moons fuse into a brilliant white-light 
energy throughout your Taiji Pole, connect- 
ing all three Dantians together (Figure 11.30). 
Relax and perform Pulling Down The Heav- 
ens, letting your body, mind and spirit sink 
into tranquility, 
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Figure 11.22. Stand facing the Figure 11.23. Stretch your hands to Figure 11.24. Suspend the moon 
moon, ‘embrace the moon above your Upper Dantian, 
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Figure 11.25. Suspend a second Figure 11.26. Suspend a third moon Figure 11.27. Absorb the first moon 
moon in front of your Middle in front of your Lower Dantian. into your Upper Dantian. 
Dantian, peste 


Figure 11.28. Absorb the second Figure 11.29. Absorb the third moon Figure 11.30. Tap lightly until all 
moon into your Middle Dantian. —_into your Lower Dantian. three moons flow into your Taiji Pole. 
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CYCLES OF THE STARS 

‘The most influential Heavenly Treasures, other 
than the sun and moon, are the stars composed of 
the Big Dipper, Polaris, and the five planets, exist- 
ing within the twenty-eight constellations. 

The North Star is believed to be the unchang- 
ing area of Heaven, from which the Heavenly or- 
der began (often called the Axis of the Vault of 
Heaven), and so it was named The Divine Center 
of the Earth and Sun Cycles. It is also believed 
that from this star the entire universe expands 
outward. By placing the North Star in the center 
ofa circle of the Heavens, the circle can be divided 
into four directions, each containing seven con- 
stellations that have a different color energy and 
sound frequency. 

In ancient China, the seven constellations 
were divided into four sections or directions 
(north, south, east, and west). In the region of the 
north was believed to exist the energy of the Tor- 
toise-Snake, in the south was the Red Phoenix, in 
the east was the Green Dragon, and in the west 
was the White Tiger. Each of these regions was 
further divided into twenty-eight constellations 
or posts (xiu). 

According to traditional Chinese belief, the 
‘moon travels twenty-eight days from west to east, 
resting at each post as it circles the Earth. In other 
words, the twenty-eight days are further divided 
into twenty-eight regions which are courier sta- 
tions or travelling houses for the moon. 

It was further believed that the Pole Star axis 
stemming from the North Star traveled down- 
ward from the center of Heaven, connecting with 
the Earth's center core (through the north and 
south poles). The north pole was regarded as the 
peak (or Baihui) of the Earth, and was believed to 
be comprised of seven stars (making it a fifth con- 
stellation). The energies of each of the four ani- 
mals and their seven constellations moved around 
the Earth’s central Pole creating the Five Elemen- 
tal changes in weather (see Chapter 11). If the 
weather changes progressed in their expected or- 
der, they were considered normal; however, if the 
weather transition occurred either earlier or later 
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than expected, the result was considered an envi- 
ronmental Evil Qi. 

‘Therefore, the ancient Chinese believed that one 
could predict the changes of weather by studying 
the interrelationships between the Five Elements 
and the cycles of the sun, moon, Polaris, the Five 
Planets, and the twenty-eight constellations. 

THE ENERGY OF THE Bic DIPPER 

‘Asthe Earth orbits the sun, the angle at which 
the Big Dipper can be viewed changes on a daily, 
monthly, and yearly basis (Figure 11.31). These 
changing angles correspond to the different cycles 
of the moon as they are arranged in the Twelve 
Earthly Branches and repeat themselves after com- 
pleting an orbit (360° rotation of twelve moon 
cycles). These twelve lunar cycles determine the 
twelve seasonal periods (Figure 11.32). The begin- 
ning part of each month marks the beginning of 
the seasonal periods of the Twelve Earthly 
Branches and the beginning of the energy cycle 
of that month. When the Big Dipper points in the 
direction of the “lunar month,” facing the direc- 
tion of the Big Dipper will invigorate the 
practitioner's energy. The Big Dipper is related to 
the energetic transformations of germinating, be- 
ginning, and growing. 

There are three kinds of practice centered 
around the Big Dipper: 

1. The first consists of invoking its power for 
protection; 

2. The second consists of ascending into it and 
pacing its rotation; 

3. The third involves gathering the star’s essence 
or star cream into the body. 

In ancient times, the Big Dipper was consid- 
ered the bridge between the energies of the sun 
and the moon, and the source of “10,000 things.” 
The sun and moon are considered a bipolar en- 
ergy field, whereas the Big Dipper is considered 
unipolar. 

‘The sun corresponds to the Heart and Fire 
energy, which is related to the front area of the 
body. The moon corresponds to the Kidneys and 
Water energy, which is related to the back area of 
the body. The Big Dipper corresponds to the 
Spleen, which is related to the Taiji Pole. 
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Figure 11.31. The handle of the Big Dipper can be used to determine the season: (1) in winter, the handle points 
tothe northern horizon, (2) in spring, the handle points to the eastem horizon, (3) in summer, the handle points to 
the southern horizon, and (4) in fll the handle points to the western horizon. The North Star is posilioned in the 
Center of the diagram, 
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Figure 11.32. The beginning of the seasonal periods of the Twelve Earthly Branches and the twelve moon cycles 
is determined by the angle of the Big Dipper. 
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Figure 11,33. The Big Dipper is considered a reservoir of heavenly energy, collecting Qi from all of the other stars 


and constellations as it moves through the sky. 


‘THE STARS OF THE BIG DIPPER 

The Big Dipper represents the foundational 
base for the Gate of Access in Chinese mysticism, 
which is considered the spiritual passageway be- 
tween life and death. Through this gate the indi- 
vidual may obtain knowledge and insight con- 
cerning past, present and future events. 

The energy from the stars of the Big Dipper is 
used to balance the body's Five Agents (stored 
within the body’s Five Yin Organs) and can be ar- 
ranged internally to enhance internal perception 
of time and space (Figure 11.33). 

‘One example used in ancient China for invok- 
ing the powerful protection of the Big Dipper en- 
ergy is for the Qigong doctor to cover himself - or 
herself - with the stars of the Big Dipper by visu- 
alizing the stars descending and arranging them- 
selves ina specific order around the doctor’sbody 
The stars can be arranged in four ways: 

* above the doctor's head, 

* in front of or behind the doctor's body, 

+ placed within the doctor's Three Dantians, or 
* placed with the bowl of the Dipper in the 

Lower Dantian and the handle along the 

spine. 


‘The doctor imagines placing the stars of the 
Big Dipper into the center of his or her body. The 
star’s energetic function is to govern the front, 
back, right, and left of the body, thus regulating 
the doctor’s Yin and Yang energy. The star's ener- 
getic function can also be used for absorbing en- 
ergy from the four seasons into the doctor’s body. 

The stars of the Big Dipper are also consid- 
ered responsible for opening the Seven Orifices 
of the embryo's body and for giving the embryo 
life. These stars also correspond to the Nine Cham- 
bers in the Three Dantians. Usually, meditations 
dealing with gathering energy from the sun and 
moon are followed by meditations involving the 
Big Dipper to further stimulate and energize the 
body's energetic fields. 

‘THE FIRST FIVE PLANETS 

The five planets (Saturn, Jupiter, Mars, Venus, 
and Mercury) are responsible for the internal Yin 
organ energy formation within the body during 
fetal development. These planets are the focus of 
several Qigong meditations because of their con- 
nection to color resonations within each internal 
Yin organ. 
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ever, this type of output is so rare, i 
described in detail here. 


is not 


Some semiconductor temperature sensors are 
CMOS-based, and have a voltage output with a 
negative temperature coefficient, They are 
described separately. See "CMOS Semiconduc- 
tor Temperature Sensors’. 


Analog Voltage Output 


LM35 Series 
The LM35 is a typical, widely used semiconduc- 
tor temperature sensor, available from Analog 
Devices, Texas Instruments, and other manufac- 
turers, Its output voltage changes by 10mV per 
degree Celsius over a range of approximately 
-50 degrees to +150 degrees. Accuracy is stated 
to be plus-or-minus 0.25 degrees at room tem- 
perature and plus-or-minus 0.75 degrees over 
the whole range. 


The sensor can be obtained packaged like a 
transistor, in a TO-92 plastic capsule or metal 
can. Itis also available as a surface-mount com- 
ponent, or in a TO-220 package, like a SV volt- 
age regulator, as shown in Figure 27-5. 


Figure 27-5. This version of the LM3§ can be used to 
‘measure surface temperature when secured with a bolt 
The background grid isn mulimeters. 


This isa three-wire component, two pins or sol- 
der pads being used for the power supply while 
the third serves as the sensor output. The sup- 


Variants 


ply voltage typically ranges from 4V to 30V. 
Necessary current consumption is only 60uA, 
which minimizes self-heating. 


Because this device is specifically designed for 
the Celsius temperature range, its output is 
scaled to OmV at 0 degrees. A pulldown resistor 
can be added to measure temperatures below 
ze10. 


A bypass resistor of 200 ohms between the out- 
put and ground is recommended as a precau- 
tion against capacitive effects in the cable run. 


The LM34 is almost identical to the LM35, 
except that its output changes by 10mV per 
degree Fahrenheit instead of 10mV per degree 
Celsius. 


LM135 Series 
Although this sensor contains multiple NPN 
junctions, the manufacturer describes it as 
behaving like a zener diode in which the break- 
down voltage is directly proportional to abso- 
lute temperature. The output increases by 
10mV per degree over a range from -55 to +150 
degrees Celsius. 


For the LM135, the manufacturer claims an 
error of less than plus-or-minus 1 degree Cel- 
sius between 0 and 100 degrees. For the LM235 
and LM335, in the same product series, the 
‘temperature range is narrower, the accuracy is 
lower, and the price, also, is lower. An LM335 
sensor is shown in Figure 27-6, 


Figure 27-6 A sample of the LM335 temperature sensor 
ina TO-92 package. The background grid isin millimeters. 


Chapter 27: semiconductor temperature sensor 
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1. Of the first five planets in our solar system, 
Saturn is coupled with Earth and is consid- 
ered the central force of planetary energy. It 
takes twenty-eight years for Saturn to make a 
complete revolution around the sun. Each 
year, when Satum enters into another constel- 
lation, it is called “Saturn holding authority 
over that constellation for one year.” 

Saturn's position in the sky relates to the 

Taiji Pole. The planet Saturn represents the 

Stomach and Spleen (Earth Element) and 

emits a golden-yellow light energy. 

2. Jupiter represents the easterly direction and 
the Liver (Wood Element), it emits a green 
light energy; its position relates to the left side 
of the Taiji Pole. 

3, Mars represents the southerly direction and 
the Heart (Fire Element). It emits a red light 
energy and relates to the front side of the Taiji 
Pole. 

4, Venus represents the westerly direction and 
the Lungs (Metal Element). It emits a white 
light energy and relates to the right side of 
the Taiji Pole 

5. Mercury represents the northerly direction 
and the Kidneys (Water Element). It emits a 
dark blue/ indigo light energy and relates to 
the back side of the Taiji Pole. 

GATHERING ENERGY FROM THE FIVE 
PLANETS: 

To absorb energy from the five planets, start 
by quieting your mind while standing in a Wuji 
posture and facing the direction of the Big Dip- 
per. Visualize yourself absorbing the energetic 
essence and color of each planet, one by one, into 
your body, filling each organs entire Orb (the or- 
gans complete system, channels and tissues). 
Imagine filling the body with each planet’s Heav- 
enly energy from the top of your head, through 
the center Thrusting Channeis. 

Begin with the energy of Saturn, imagine it 
flowing into and filling your body through the 
Taiji Pole, Next, imagine the energy of Mars flow- 
ing into your front Center Thrusting Channel. 
Now imagine the energy of Mercury filling your 
body through the back Center Thrusting Chan- 
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nel, Venus’s energy filling the body by descend- 
ing into the right Center Thrusting Channel, and 
Jupiter’s energy filling the body by flowing into 
the left Center Thrusting Channel. Gather the en- 
ergy from their corresponding Orbs and lead the 
Qi downward into the Lower Dantian. After col- 
lecting and storing the Heavenly Qi end the medi- 
tation with the Fire Cycle of the Microcosmic Or- 
bit meditation. 

‘THE TWENTY-EIGHT CONSTELLATIONS 

Since the year 2000 B.C,, the ancient Chinese 
Qigong Masters observed and used the move- 
ments and energy of the twenty-eight constella- 
tions, the sun and moon, and the first five planets 
with the Chinese zodiac, to forecast auspicious 
times for matters of state and war, and to predict 
weather and natural disasters. Each of these en- 
ergetic systems has its own cyclic pattern as well 
asa direct and indirect influence on human life 

‘The Chinese practised gathering energy from 
the Heavenly stars, believing that the study of as- 
trology, like alchemy, united the body's inner 
world with that of the outer. According to ancient 
divination practices, the celestial bodies exert 
forces and exhibit personalities that influence 
people and events on Earth. A person's character 
and destiny throughout life is based upon the po- 
sitions of the planets and constellations at the ex- 
act time and place of birth. These influences can 
be determined by mapping the positions of the 
twenty-eight constellations in the sky at various 
times. 

So important was this belief, that in ancient 
China, the Emperor was considered the high priest 
of the Heavens and frequently made sacrifices to 
the stars to maintain harmony with the universe. 
The four corners of the Emperor’s palace repre- 
sented the cardinal points in space (the equinoxes 
and solstices), and he and his family would move 
from one comer to another as the seasons changed. 
GATHERING ENERGY FROM THE 
CONSTELLATIONS 

At night time, when the moon is not suitable 
for absorbing Qi (new moon), the Qigong doctor 
can absorb the energy of the twenty-eight constel- 
lations into his or her body. 
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The energy of all five planets and twenty- 
eight constellations can be drawn into the body's 
internal organs and tissues through the five ener- 
getic Thrusting Channels which envelop and sup- 
port the body’s Taiji Pole. These Channels flow 
through the center of the doctor's body, connect- 
ing the top of the head to the perineum. 

Externally, the twenty-eight day constellation 
cycle can be arranged externally on the body's 
Governing and Conception Vessels. The “eclip- 
tic” path of the sun follows the Fire Cycle of the 
Microcosmic Orbit, which correlates to the 
individual's emotional /mental and physical 
health. 

There are several meditations used in order 
to absorb the energy of the five planets and 
twenty-cight constellations into the doctor’s body; 
one of which is known as The Heavenly Five Yin 
Organ Meditation. 

HEAVENLY FIVE YIN ORGAN MEDITATION 
(TIAN Wu ZANG) 

This meditation is very popular in China. It 
focuses on fusing the energy from the five plan- 
ets and the constellations into the body through 
the Five Thrusting Channels that surround the 
core center of the body's Taiji Pole. These Five 
Thrusting Channels should not to be confused 
with the TCM perspective of the Five Thrusting 
Vessels (as seen in Figure 11.34), Each of these Five 
‘Thrusting Channels relates to a specific organ en- 
ergy and element (Figure 11.35). 

When practicing this meditation and gather- 
ing the energy from the stars, it is important to 
first absorb the energy into the Five Thrusting 
Channels, then spiral the energy in a clockwise 
downward and counterclockwise upward direc- 
tion through the body’s Taiji Pole. This spiralling 
action allows the energy to balance itself and sta- 
bilizes the body's internal organs (Figure 11.36). 

In order to perform the Heavenly Five Yin 
(Organ Meditation and gather the Qi of the twenty- 
eight constellations, assume a Wuji posture, with 
your arms suspended by your sides. Face the di- 
rection of the North Star and Big Dipper (Figure 
11.37). This exercise is performed for thirty-six 
breaths in each direction, 
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Figure 11.34. The Thrusting Vessels 


. To begin, imagine golden energy pouring out 


of the Big Dipper and flowing into the center 
of the Baihui area, at the top of your head. As 
you inhale, this golden energy fills the center 
core of your body, and flows into the extremi- 
ties. As you exhale, this golden energy gath- 
ers into your Spleen. 


.. Next, imagine drawing in a red energetic mist 


from the seven constellations in front of your 
body. This red mist flows into your body from 
the front side of the Baihui area, filling your 
entire body as you inhale. As you exhale, the 
energy coalesces into your Heart. 


. Now focus your attention on the back of your 


body. Inhale and imagine drawing in the dark 
blue energy from the seven constellations be- 
hind you into the back side of the Baihui area, 
filling your entire body as you inhale. This 
energy gathers into and fills the Kidneys as 
you exhale. 

Next, focus on the right side of your body and 
imagine drawing in white energy from the 


Figure 11.35. Each of the Center Thrusting Channels 
relates to a specific organ energy and element. Each 
channel has its own entry point that is positioned either 
‘on the top of the head, or on the base of the perineum. 


‘WOOD 
The Eastern 7 Constellations 
The Green Dragon — 32 Stars 


FIRE 
The Southern 7 Constellations 
The Red Phoenix — 64 Stars 


WATER 
The Northern 7 Constellations 
The Black Turtle — 35 Stars 
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Figure 11.36. The body's Yuan Spirit is stored within 
the body's Five Yin Organs, The placement of the Five 
Energetic Houses is maintained throughout many 
Medical Qigong meditations and is used to tonify, 
strengthen, extend, and project the body's Shen. 


METAL 
The Western 7 Constellations 
The White Tiger — 51 Stars 


Figure 11.37. The energy of the Twenty-Eight Constellation Stars is absorbed into the body through the same 
structural pattern as the placement of the Five Energetic Houses of the body's Shen, 
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seven constellations to your right into the 
right side of the Baihui area, filling your en- 
tire body as you inhale. This energy gathers 
and fills the Lungs as you exhale. 

5. Finally, focus your attention on the left side 
of your body and imagine drawing in green 
energy from the seven constellations on your 
left into the left side of the Baihui area, filling 
your entire body as you inhale. This energy 
gathers and fills the Liver as you exhale. 


EARTHLY BRANCHES, HEAVENLY 
STEMS, AND NINE PALACES 

There are many relationships between the 
macrocosm and the microcosm of man, through 
the Twelve Earthly Branches, the Ten Heavenly 
Stems, and the Nine Palaces outlined in the Chi- 
nese Classics on Internal Medicine. The Twelve 
Earthly Branches are Earth energies and are rep- 
resented in Man as the Twelve Primary Channels. 
‘The Ten Heavenly Stems relate to the energies of 
Heaven and are represented in man as the Yin and 
Yang aspects of the Five Element organs of Wood, 
Fire, Earth, Metal, and Water (as seen in Figure 
11.38). The Nine Palaces are related to the Eight 
Extraordinary Vessels (corresponding with the 
Eight Postheaven Trigrams) in addition to the 
body’s energetic Taiji Pole. 

The Twelve Earthly Branches, Ten Heavenly 
Stems, and the Nine Palaces are interwoven into 
almost all aspects of Chinese culture, arts and 
medicine. In Chinese divination, as well as Chi- 
nese medicine, the temporal cycles of the Earthly 
Branches and Heavenly Stems form the founda- 
tion for these practices. They can be used to ex- 
plain the physiology, pathology, diagnosis, and 
treatment of each clinical case. For each year, 
month, day, and hour there is a Stem and Branch 
association. By studying the Stem and Branch as- 
sociation, the Qigong doctor can identify patterns 
(ie,, determine the cycles and diagnose the pat- 
terns of the patient's disharmony) and design 
treatment protocols, depending on the time of year 
and the time of day. 

The yearly cycles of the Stems and Branches 
are based on a sixty-year cycle, when the sun, 


Figure 11.38. The Five Element Chart and Its 
Relationship to the Ten Celestial Stems 


moon, Earth, and North Star are aligned (Figure 
11.39). The last sixty-year cycle began in 1984. The 
exact origin of the Ten Heavenly Stems and Twelve 
Earthly Branches is not known. They were used, 
however, tomark the hours, days, years, and plan- 
etary cycles as early as 1500 to 2000 B.C. Some 
historians attribute their origin to the legendary 
emperor Huang-Di (as early as 2600 B.C.). Each 
cycle was regarded by the Chinese as being a “cen- 
tury” in the life span of the average man. Those 
who lived past the age of sixty were regarded as 
living a “second life.” During this second life, the 
person would experience similar occurrences as 
in the “first life,” but would be able to apply the 
‘wisdom and maturity gained from his or her first 
life. The individual can then further his or her 
spiritual growth and use the knowledge to ben- 
efit society as a whole. 

The twelve animals of the Chinese zodiac cor- 
relate with the Twelve Earthly Branches and are 
arranged as follows. 

* Zibranch corresponds to the Rat 
* Chou to the Ox 

* Yin to the Tiger 

‘* Mao to the Rabbit 
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Figure 11.39. The beginning of the sixty-year cycle is based on the alignment of the sun, moon, earth, and North 


Star. 


© Chen to the Dragon 
* Sito the Snake 
* Wu to the Horse 
* Wei to the Sheep 
‘+ Shen to the Monkey 
+ You to the Rooster 
* Xu to the Dog 
* Haito the Boar 

The first year of the sixty-year cycle is associ- 
ated with the first Branch and the first Stem. The 
first Branch, “Zi,” corresponds with the Rat; the 
first Stem, Chia, corresponds with the element 
Wood. Thus, the first year of the sixty-year cycle 
is the year of the Wood Rat in Chinese astrology. 

The second year of the cycle represents the 
second Branch and second Stem, and soon. When 
you reach the 11th Branch, there are no more Stems 
and, thus, the 11th year of the cycle represents the 
eleventh Branch and the first Stem. The cycle con- 
tinues in this manner until it has transitioned 
through six cycles of Stems and five cycles of 
Branches and returns to the first Branch and first 
Stem paired together. 

Figure 11.40 shows these yearly cycles; for ex- 
ample, 1997 was the year of the Fire/Ox, so the 
year 1998 is the year of the Earth/'Tiger. 

The Ten Heavenly Stems represent Yang, and 
the higher form of Heaven’ vitality (Figure 11.41). 


The Twelve Earthly Branches represent Yin and 
the lower form of Earth’s vitality (Figure 11.42). 
‘Together they manifest the transformation of all 
natural events expressed through the growing, 
thriving, declining, and dying of all living things. 
1, Each lunar year the Earthly Branch time divi- 
sions are divided into 12 separate month di- 
visions. 
2. Bach day is divided into 12 two-hour Earthly 
Branch time divisions during a 24-hour cycle. 


‘SUMMARY 

In comprehending the energetic potential of 
the Three Treasures of Heaven, the Qigong doc- 
tor evaluates the patient's condition and treats the 
disease according to the patient’s energetic rhythm 
and flow, which is blended with the Heavenly and 
Earthly energies. The treatment also includes pre- 
scribing homework (the Medical Qigong prescrip- 
tions needed to support and maintain the doctor's 
treatments) 

Although mankind is terrestrial, there can be 
no separation from the influence of the celestial. 
For mankind is born on Earth in physical form, 
created through the integration of both celestial 
(Heavenly) and terrestrial (Earthly) energies. Ac- 
cording to statements recorded in the Canton of In- 
ternal Medicine, ancient doctors had already rec- 
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Yearly Correspondences 


of Stems and Branches 


Figure 11.40. The asterisk (*) shows the year 1997, which was the year of Fire/Ox. Each year, one ofthe twelve 
‘animals of the Chinese zodiac flourishes and brings its energy into action. Every two years, a new Element (Fire, 
‘Wood, Water, Earth, Metal) dominates in the cycle of creation. The chart moves clockwise, so 1998 was the year 
of Earth/Tiger. 
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Figure 11.41, Environmental Energetic Interactions of the Twelve Earthly Branches 


ognized the close relationship between the body’s 
Qiand Blood and the influences of the natural en- 
vironment, In ancient China, the Twelve Earthly 
Branches represented time units, each of them 
corresponding to a two-hour period. They are 
primarily used to represent the 12 months in the 
Lunar Calendar. 

The Ten Heavenly Stems are made up of the 
Five Elements, each of which is divided into pairs 
of corresponding Yin and Yang, resulting ina ten- 
step system of numerology. Using the Ten Heav- 
enly Stems allows the Qigong doctor to determine 
the ebb and flow of the Qi of Heaven and its cor- 


responding relationship to the Qi of Man. 

Both the Ten Heavenly Branches and Twelve 
Earthly Stems represent the characteristics of 
growing, thriving, declining, and dying of all liv- 
ing things in the universe, as well as the develop- 
ment and transformation of all natural phenom- 
ena 

The energy of the Ten Heavenly Stems can be 
observed within five energetic movements (front, 
back, right, left, and center), as well as within the 
elemental energy of the body's major intemal or- 
gans. 
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Figure 11.42, The Ten Celestial Stems and their Universal Energetic Interactions 
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THE THREE TREASURES OF EARTI 
EARTH, WATER, AND WIND 


INTRODUCTION To THE THREE 
TREASURES OF EARTH 
‘The Outer Force (Power) of Earth’s Three 
‘Treasures consists of the Yin and Yang interaction 
of energy and light, emitted, absorbed, and re- 
flected back from the land, water, and wind. The 
‘Three Earthly Treasures are brought about by the 
waxing and waning of the five Yin and Yang cli- 
‘matic transformations (the five seasonal growth 
cycles), which in tum are caused by the sun, moon, 
and stars. Each seasonal change brings life trans- 
forming gift that affects the mind, body, emotions, 
and spirit (Figure 12.1). The wind (weather) re- 
flects the various conditions and transformations 
of energy in the sky, and is viewed as an Earthly 
manifestation of Heaven's moods. 
1. Earth Qi consists of the Yin and Yang interac- 
tions of energy and light, manifesting as hot 
and cold energy originating from the Earth's 


2. Water Qi consists of the Yin and Yang interac- 
tions of energy and light, manifesting as hot 
and cold energy originating from the vast 
oceans, lakes, and rivers of the world. 

3. Wind Qi consists of the Yin and Yang interac- 
tions of energy and light, manifesting as hot 
and cold air circulation created from the i 
teraction of the sun’s heat on the surface of 
the planet. This interaction includes all cloud 
and barometric pressure formations (e.g, tor- 
nadoes, hurricanes, lightning storms, etc.) 


UNDERSTANDING HEAT AND LIGHT 
INTERACTIONS 

Heat and light are manifested both externally 

on and from the Earth’s surface, and internally 
within the Earth. 

1. Externally, the greater the intensity of the 

sun's light absorbed into the surface of the 

Earth, the more heat is manifested from the 


surface. Earth’s surface. Cloudy days diminish the 
Natural Earthly Transformations: || 
Organs |Element | Season Feomental | temperature | Transi 
Liver Wood Spring Wind 60- 70° F Germination 
Heart Fire Summer Heat above 90 F Growth 
Spleen | Earth Late Summer | Damp 75— 90° F Transformation 
Lungs | Metal ‘Autumn Dry 60- 70° F | Gathering 
Kidneys | Water Winter Cold below 60° F | Storage 


Figure 12.1. The Natural Earthly Transitions 
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sun‘s thermal interaction and tend to bring 

coolness. 

2. Internally, heat and light, as well as other natu- 
ral forces, are contained within the Earth it- 
self. The sun’s intense energetic fields draw 
the heat and light from within Earth, which 
are then reflected back to the Earth by the at- 
mosphere. 

The Earth's air extends only a comparatively 
short distance out from the Earth’s surface, and 
the effects of the heat rays decrease as you leave 
the Earth’s surface and ascend toward the outer 
regions of the atmosphere. As the air becomes less 
dense, there is less reflection. The higher you as- 
cend, the cooler the air becomes. When you have 
reached the limit of air, you have reached the limit 
of the Earth’s heat. 

‘The heat and light form a protective energetic 
field around the Earth’s surface similar to the 
body's Wei Qi field. Once you have reached the 
limit of heat and light, you reach what is called 
the Great Cold. This cold is considered far more 
solid than steel, and it presses down upon the 
Earth's energetic field and atmosphere with an 
almost irresistible force, holding them together. 
UNDERSTANDING THE EARTH'S YIN AND YANG 
INTERACTIONS 

Between Heaven and Earth there is an on-go- 
ing interaction of Yin and Yang energy exchange. 
When the Earth Qiis in balance, plants grow and 
animals thrive. Power, in the form of energetic 
fields, is created by the integration of Yin and 
Yang. This power directly and indirectly affects 
the body's electromagnetic field, as well as the 
regulation and formation of the body's tissues. 
Visualize the Earth’s energy as Qi resonating and 
emitting from the Earth itself. This energy includes 
the electromagnetic fields, subterranean radia- 
tions, and thermoluminescence (light and heat 
‘emitting from the center of the Earth). 

‘The closer the Qigong doctor bonds physi- 
cally, mentally, emotionally, and spiritually with 
the Earth and nature, the easier itis to tap into the 
Earth’s energy and vibration. The development 
of Earth Qi in the body and the body's connec- 
tion to the energy of the Earth are mutually sup- 
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portive. The first step in internal cultivation in- 
volves focusing the mind on the Lower Dantian 
(with the aid of breathing techniques) to enhance 
the mind-body connection; this interactive con- 
nection develops a relationship with the Earth Qi 


GATHERING ENERGY FROM THE 
EARTH'S ENERGETIC FIELDS 

The ability to gather energy from nature and 
the environment is extremely important to the 
Qigong doctor. The energy of the Earth stays 
within the structural components of the planet, 
flowing like mighty rivers of Qi. Itis absorbed into 
the terrain and vegetation, as well as the water 
that we drink. Environmental Qiis specificto each 
geographic area. Itis the energy that has been col- 
lected from the structural components of the Earth 
itself (‘e,, soil, fields, deserts, plants, trees, forests, 
mountains, streams, rivers, lakes and oceans, etc.) 
‘The energetic potential of the Earth’s Qi changes 
from Yang to Yin energy with the rising and set- 
ting of the sun, and therefore directly affects the 
environmental energy. 

Although food and waterare excellent sources 
for gathering energy, the Qigong doctor cannot 
continually ingest food, or drink herbal teas while 
treating patients, without overtaxing his or her di- 
gestive system. It is, therefore, important for the 
doctor to find an alternative source of energy, to 
replenish his or her system once it becomes de- 
pleted. By studying the waxing and waning of the 
Earth's Yin and Yang energies the doctor can op- 
timize the absorption of Yin and Yang energy. 


TECHNIQUES FOR CULTIVATING 
EARTH Qi 

Generally, several meditations are used to cul- 
tivate and absorb energy from the Earth by utiliz~ 
ing the energy of trees, bushes, flowers, lakes, ec. 
The primary objective of these meditationsis to first, 
cleanse the body of pathogenic factors, then culti- 
vate and absorb the environmental Qi to replenish 
the body’s energetic field. Practitioners and patients 
should visualize themselves immersed ina focused 
environmental field of energy, filled with its vibra- 
tion, color, and light. They should allow this ener- 
gized field to envelop their entire body. 


Variants 


The sensor is available in a TO-92 package 
(plastic, like a transistor) or a TO-46 (metal can). 
It is also manufactured in a surface-mount for- 
mat. The negative terminal is connected 
directly to ground, while the positive terminal is 
connected through a series resistor to the posi 
tive side of a power supply that can range from 
SV to 40V, The third terminal, labeled "ADJ" on 
datasheets, allows for the output to be adjus- 
ted. Figure 27-7 shows the basic circuit. The 
value of R1 can be chosen to establish an op! 
mal current of ImA through the sensor, 
although a range of 400j1A to SmA is tolerable. 


i135 


proportional 
to temperature 


Figure 27-7 Basic schematic far using an LMI35, includ- 
ing output adjustment. Because the sensing element 
behaves like a zener diode, it is represented with the zener 
symbol 


Analog Current Output 

Fewer components exist using output current 
to measure temperature, The output is applied 
for, and the voltage across 
for then changes with current from the 


sensor. 


radiation > heat > semicandi 


F temperature sensor 


The useful aspect of a current output is that its 
accuracy is unaffected by a cable run as long as 
200 or 300 feet. Therefore, this type of compo- 
nent is appropriate as a remote sensor. 


1M234-3 Series 
This is a three-wire sensor, two wires being 
used for bias power supply and ground 
(labeled V+ and V- on the datasheet) and a 
third (labeled R) that delivers current propor- 
tional to temperature. The current from pin R 
passes through an external resistor to ground, 
and the voltage across this resistor varies by 
214pV per degree Kelvin. A bias voltage rang- 
ing from 1V to 40V is required. 


A sample of the LM234 is shown in Figure 27-8. 


Figure 27-8 The LM234Z temperature sensor in a T0-92 
package. The background grid isin millimeters. 


If the component is used for remote sensing, 
the resistor should be 230 ohms and can be 
connected directly between pin R and pin V- of 
the sensor at the far end of a wire run. At the 
“home” end of the wire run, temperature out- 
put is taken from above a 10K resistor that is 
placed between the return wire and ground, as 
shown in Figure 27-9. With these component 
values, the output voltage will change by 10mV 
per degree Kelvin. 
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CLEANSING THE BODY 

‘One of the most popular cleansing techniques 
used in the Xi Yuan Hospital’s Qigong Clinics 
begins from a lying, sitting, or standing posture 
(usually in a Wuji posture) while in front of anatu- 
ral object, such asa tree. 

To cleanse the body's energy, extend both 
hands towards the tree, as if to embrace it (it does 
not matter if the tree is actually being touched). 
Upon inhalation, begin to guide the energy from 
the tree into your torso through the Laogong (Pc- 
8) points at the center of your palms, and the 
Baihui (GV-20) point at the top of your head. Ab- 
sorb this energy deep into your body. Once you 
feel that the body is fully saturated with Qi, ex- 
hale through the mouth and guide the Turbid Qi 
down the legs and out of the body through the 
Yongquan (Kd-1) points at the bottom of the feet. 
Continue to guide the Turbid Qi down through 
the Earth into the root system of the tree. Then 
inhale through the nose, as you absorb the puri- 
fied energy from the upper part of the tree lead- 
ing it down your body through the top of your 
head. Continue this process until you feel totally 
cleansed. Remember to synchronize breathing in 
through your nose as you focus on absorbing the 
Earth Qi, and to exhale through the mouth, as you 
focus on dispersing and releasing the Turbid Qi. 

For tonification, extend your Qi and intention 
deep into the root system of the tree and imagine 
absorbing its natural energy through the Baihui 
point at the top of your head (Figure 12.2). 


GATHERING QI FROM TREES, BUSHES, 
AND FLOWERS 

Earth Qi and environmental energy saturate 
all types of foliage, allowing the Qigong doctor to 
select, gather, and absorb Qi from many botani- 
cal sources. Throughout history, the Chinese have 
used trees, bushes, and flowers for healing and 
‘medicine. Trees and plants absorb air, light, en- 
ergy, water, and minerals. When Heavenly Qi i 
combined together with the environmental energy 
of the tree or plant, the result is a powerful 
invigorating energy source. 

In China, I noted that every Medical Qigong 
clinic I visited had its own garden. Each garden 


Figure 12.2. Qigong doctor can extend Qi andiintention 
deep into the root system of the tree and absorb its 
natural energy through the Baihui point atthe top of the 
doctor's head 

‘was full of healthy trees, bushes, and beautiful 
flowers from which the patients could draw en- 
ergy. The patients could choose from different 
plants and bushes, each type of foliage having its 
‘own unique strengths and benefits. Any combi- 
nation of healthy plant energies can be absorbed 
by the patients to improve their health 

‘The best time for absorbing energy from trees, 
bushes, and flowers is between the hours of sun- 
rise (Mao: 5 - 7 am.) and noon (Wu: 11 am. — 
pm). 

Itis important to note that, within the differ- 
ing regions of a specific country, each type of tree 
and plant will have either minor or major vari- 
ances regarding its energetic potential. This dif- 
ference in energetic potential is due to the diverse 
environmental influences affecting each plant. We 
in the West, for example, have many different va- 
rieties of plants and trees similar to those in Asia, 
however, because of the energetic continental dif- 
ferences, the quality and quantity of Qi in each 
plant or herb can vary. This energetic difference 
isbrought about by the various Qi fields produced 
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by each region's altitude, the mineral content of 
the soil and water, and the amount of exposure to 
the energy of the sun, Even herbs of the same 
name, but grown in different countries, can have 
different affects on the body's energetic system, 
slightly altering their clinical potential (e.g., 
American Ginseng is sweet, slightly bitter and 
cold, and enters the body affecting the Heart, Lung 
and Kidney Channels; Siberian Ginseng is sweet, 
slightly bitter and slightly warm, and enters the 
body affecting the Lung and Spleen Channels). 
GATHERING ENERGY FROM TREES 

‘Trees are tremendously powerful plants and 
are commonly used by both doctors and patients 
to absorb and transform the negative pathogenic 
Qiinto clean, healthy, life-giving energy. Pine trees 
tend to be one of the most powerful, as they radi 
ate a great deal of Qi. Once an individual has con- 
nected with a tree, the primary goal is to: 

1. remove stagnation from the channels, 

2. tonify the internal organs, 

3, stabilize and replenish any depleted energy 
within the body, 

4. nourish the Blood, and 

5, strengthen the nervous system. 

The following is a brief description of vari- 
ous trees, their Yin or Yang potential, and their 
energetic affect on the body's internal organ sys- 
tem: 

‘* Apple - slightly Yin - St and Sp 
‘* Bamboo - Yin - Ht, Lu, GB, and St 
Birch - Yin - St 
* Cassia (Cinnamon) - Yang - Sp, Kd, and Bl 
* Cherry - Yang - Lv, Lu, Kd, and St 
* Chestnut - Yang - Sp, St, and Kd 
* Cranapple - neutral - Ly, Lu, and Ht 
‘Im - neutral - St, SI, and LI 
ig - neutral - Lu, LI, and Sp 
jinkgo - neutral - Lu, Kd, and Ht 
+ Hawthorn - slightly Yang - Sp, St, Lu, and LI 
+ Magnolia - Yang - Lu, St, GB, LI, and Sp 
‘+ Maple - neutral - Sp, Kd, and LI 
‘+ Mulberry - Yin - Lu, LI, Sp, and Kd 
* Oak - slightly Yang - LI, Sp, Kd, and Ht 
* Pine - Yang - Ht, Lu, LI, and Kd 
* Willow - Yin - Ht and Sp 
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GATHERING ENERGY FROM BUSHES 
Bushes are an extremely effective source for 
gathering and ingesting different forms of heal- 
ing energy. Similarly to trees, each bush has its 
‘own energetic properties and causes a specific re- 
action in the body's energetic field. Bushes, how- 
ever, are not as powerful an energy source as trees 
for gathering massive quantities of Qi. 
GATHERING ENERGY FROM FLOWERS 

Flowers are unique in their effect on stimu- 
lating the nervous system. Different colors, 
shapes, and sizes can affect the emotions, causing 
the individual's spirit to open. Each color can be 
absorbed into the body in order to facilitate the 
stimulation of internal organ energy. The gift of 
flowers has had a long history in soothing emo- 
tional pain and bringing relief to patients. 
CULTIVATION AND REGULATION TECHNIQUES 

Techniques used in the Qigong clinics for cul- 
tivation, absorption and regulation of energy gen- 
erally begin by having the patient face tree, bush, 
flower, etc. Although the hands and body postures 
are similar to the last meditation, the mind’s in- 
tention is quite different. In this meditation the 
patient absorbs Qi from the tree, by inhaling it 
through his left palm, to draw the energy into his 
body. The energy is guided down the patient's 
chest, into his or her Lower Dantian. From there 
the patient circulates this gathered energy through 
his or her Microcosmic Orbit. As the patient ex- 
hales, the Qi exits the right palm into the tree, and 
begins the cycle again. This meditation is prac- 
ticed to replenish the body's energetic field. 

Patients should be monitored regularly to 
prevent Qi deviations, which may occur while ab- 
sorbing Qi through their pores. For best results, 
choose a quiet, safe, and healthy environment. 
Select trees, bushes, and flowers witha stable root, 
or thick trunks. The color is also very important, 
as the leaves and flowers should be bright, full, 
and healthy. 

Because the body's internal energy matches 
that of the external environment, it is important 
to avoid selecting any area which is unpleasant 
or unhealthy. Avoid any tree, bush, or flower that 
is sick, dying, has lost its color, or has just been 


pruned. Using trees, bushes, or flowers for cleans- 
ing the body, as well as to absorb energy, is for- 
bidden at night, because their oxygen production 
diminishes after the sun has set. 
PRECAUTIONS 

Itis important not to meditate in front of any 
tree, bush, or flower that has parasites, or has been 
poisoned or polluted, since such vegetation will 
induce an impure energetic resonation within the 
Qigong doctor's body. 


GATHERING Qi FROM MOUNTAINS, 
VALLEYS, AND DESERTS 

The mountains, valleys, and deserts absorb 
and release light, energy, and heat from the sun. 
‘These energies are absorbed and released from the 
structures of the land quicker than from the 
oceans, lakes, and streams. Environmental energy 
is also gathered and stored by the geological for- 
mations and local ecology. The ancient Chinese 
Qigong masters viewed the Earth as a living en- 
tity, with rivers and pockets of energy similar to 
that of the human body. Certain altitudes, densi- 
ties of colors, and structural formations can affect 
the Earth’s energetic potential. 
GATHERING ENERGY FROM MOUNTAINS 

Mountains are extremely powerful conduits 
of energy. They act as peak areas, or collection 
points for energy. The higher the mountain, the 
more the air is charged with electromagnetic po- 
tential. In ancient times, for prayer and medita- 
tion, Taoist and Buddhist temples, shrines, and 
caves were constructed on energetic pockets high 
within the mountains of China. In fact, all high, 
‘mountains that are far from human civilization 
are regarded as superior places for energetic cul- 
tivation, due to the clarity of light and extraordi- 
narily potent energies which include a very high 
negative ion count in the air. 
GATHERING ENERGY FROM VALLEYS 

The Earth’s valleys act as channels for Earth 
energy, collecting and carrying energy through- 
out the natural terrain. Systems of valleys extend 
through the plains, hills, and mountains, and gen- 
erally flow towards the ocean. By standing at the 
“floor” of the valley (surrounded by its walls), 
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energy can be easily absorbed into the body for 
cultivation. 
GATHERING ENERGY FROM DESERTS 

The deserts are considered seas of dry heat 
energy. They are excellent environments for medi- 
tations when used to gather Qi into the body, es- 
pecially for combating diseases pertaining to 
Wind, Cold, and Damp invasion (which give rise 
to many diseases). 

CULTIVATION TECHNIQUES 

Generally there are several meditations used 
to cultivate and absorb energy from mountains, 
valleys, and deserts. The primary objective of 
these meditations is either to cleanse the body of 
pathogenic factors, or to cultivate and absorb Qi. 
When cultivating energy from mountains, valleys, 
or deserts, practitioners should visualize them- 
selves immersed in the Earth’s field of energy, 
filled with vibration, color, and light. The practi- 
tioners should allow this energized field of Earth 
Qito envelop them completely. 

For best results, select mountains, valleys, and 
deserts with a stable foundation. The color is also 
very important, as the Earth, soil, rocks, and sur- 
rounding area should be clean. 

‘Also, there are certain locations on the planet 
known as “power spots” which can produce re- 
markably powerful effects in the body's energetic 
fields. 

Patients should be monitored regularly in or- 
der to prevent Qi deviations, which may occur 
while absorbing Qi through their pores. 
PRECAUTIONS 

Because the body’s internal energy matches 
that of the external environment, it is important 
not to meditate in front of any mountain, valley, 
or desert area that has eroded, is dying, has lost 
its color, or is polluted. Also prohibited are areas, 
where there is ongoing seismic, or volcanic activ- 
ity, as such areas will induce unstable resonation 
within the Qigong doctor's body. 


GATHERING Qi FROM OCEANS, 
LAKES, AND STREAMS 

‘The oceans, lakes, and streams retain and re- 
lease the sun’s light, energy, and heat slowly and 
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are, therefore, importantin energy cultivation. The 
body instantly absorbs the light, energy, and reso- 
nant vibrations stored within water. Energized 
‘water (sometimes in the form of herbal teas) is 
often used by Qigong doctors in clinics through 
out China. This energetically transformed water 
provides the patient’s body with the basic com- 
ponents necessary for restoration and regenera- 
tion, and is considered the “elixir of life” by many 
Qigong doctors. 
GATHERING ENERGY FROM OCEANS 

‘The energy from the ocean hasa strong cleans- 
ing and purifying effect on the body's Qi. Medi- 
tating by the ocean is used extensively for dispers- 
ing negative emotions and regulating the body's 
internal organs. The active rhythm and sound of 
the waves allows the patient to harmonize his or 
her internal energetic rhythms with that of the 
tide, thus quieting the nervous system. 
GATHERING ENERGY FROM LAKES 

‘The energy from a lake has a strong calming 
affect on the body's energetic field. The quiescent 
solitude of a lake can be used to sedate active 
emotions, balance any Excess or Deficiency, and 
calm the body’s Shen. 
GATHERING ENERGY FROM STREAMS 

The energy of a stream can be used to replen- 
ish and restore depleted Qi, sedate active emo- 
tions, balance any Excess or Deficiency, and also 
to calm the body’s Shen. 
CULTIVATION TECHNIQUES 

Generally there are several meditations used 
to cultivate and absorb energy from oceans, lakes, 
and streams. The primary objective of these medi- 
tations is to either cleanse the body of pathogenic 
factors, or cultivate and absorb Qi to replenish the 
body's energetic field. When cultivating energy 
from oceans, lakes, or rivers, patients should vi- 
sualize themselves immersed in a pool of water, 
filled with energy, color, and light. The patient 
should allow this energized water to absorb, 
cleanse, and invigorate the entire body. 

Patients should be monitored regularly to 
prevent Qi deviations, which may occur while 
they are absorbing Qi through their pores. For best 


results, select oceans, lakes, and streams with a 
calm, stable current. The color is also very impor- 
tant, it should be clear and clean. The water and 
the surrounding areas should also be clean. 


PRECAUTIONS 

Because the body’s internal energy matches 
that of the external environment, it is important 
to avoid selecting any oceans, lakes, or streams 
that are turbulent, have become dull in color, pol- 
luted, or stagnant 


GATHERING QI FROM THE SIX 
DIRECTIONS 

‘Absorbing Qi from the six directions (Heaven, 
Earth, and the Four Winds), focuses on gathering 
environmental energy into the center core of the 
body (Taiji Pole) from: Heaven, Earth, and the four 
directions: South corresponds to the front of the 
body, North to the back of the body, West to the 
right of the body, and East to the left of the body. 
The Taiji Pole is considered the central axis, with 
two directions, above and below. This is a 
tonification exercise that is used for gathering and 
absorbing the Earth's environmental Qi, to ener- 
gize a weakened or Deficient condition. 
CULTIVATION TECHNIQUES 

There are several meditations used to culti- 
vate and absorb energy from the four directions 
of the horizon, with the fifth and sixth directions 
being at the top and bottom of the Taiji Pole. The 
primary objective of these meditations is to first 
cleanse the body of pathogenic factors, then to cul- 
tivate and absorb environmental Qi. Each direc- 
tion of energy (N,S, E, W, Heaven, and Earth) has 
its own unique field of power and vibration, and 
is assigned a specific color. Each vibration and 
color stimulates the energy field of one of the five 
‘major Yin organs through the body's Heaven and 
Earth connection (ie, the Taiji Pole). 

‘When cultivating energy from the horizon, 
practitioners should face the direction of the south 
and visualize themselves surrounded in an ener- 
getic mist. This mist contains six different colors 
and light vibrations: From the four directions (N, 
S, E, and W) emanate the corresponding follow- 
ing four colors: ruby red, brilliant white, indigo 


and emerald green. Each of these colors are asso- 
ciated with a particular Yin organ: ruby red with 
the Heart, brilliant white with the Lungs, indigo 
with the Kidneys, and emerald green with the 
Liver. From the Earth itself arises a golden yellow 
mist; this color is associated with the Spleen. From 
Heaven descends a silvery white mist entering the 
body at the top of the head; this color is associ- 
ated with the Taiji Pole. These six different col- 
‘ored mists permeate and envelop the body with 
their healing light vibrations. 

To perform this meditation, stand in a Wuji 
posture as you visualize: 

1. Asilvery white mist descending from the cen- 
ter of the Heavens to penetrate and envelop 
your Taiji Pole. This silvery white mist enters 
your body through the top of the head at the 
Baihui (GV-20) point, and flows into and fills 
up the Taiji Pole, saturating and absorbing into 
your center core. 

2. Agolden yellow mist, ascending from the cen- 
ter of the Earth, entering the body through 
the bottom of your feet at Yongquan (Kd-1) 
points. This golden yellow mist saturates your 
Spleenasit penetrates and envelops your cen- 
ter core; 

3. Aruby red mist, flowing from the horizon in 
front of you enters your Heart, as it saturates 
and envelops the front of your body. 

4, An indigo or dark blue mist flowing from the 
horizon behind you enters your Kidneys, as 
it saturates and envelops your back. 

5. Abrilliant white mist flowing from the hori- 
zon on your right side enters your Lungs, as 
it saturates and envelops the right side of your 
body. 

6. Anemerald green mist flowing from the ho- 
rizon on your left side enters your Liver, as it 
saturates and envelops the left side of your 
body. 

Patients should be monitored regularly to 
prevent Qi deviations which may occur while the 
patient is absorbing Qi through his or her pores. 
Forbest results while absorbing environmental Qi, 
the color of the energy should be clean, clear and 
bright 


PRECAUTIONS 

Because the body’s internal energy matches 
that of the external environment, it is important 
to avoid selecting any areas that are windy, tur- 
bulent, polluted, or stagnant. Also avoid cultivat- 
ing energy in storms, during hurricanes, swelter- 
ing heat, or blistering cold. Avoid any type of ex- 
treme weather condition. 


ADDITIONAL TECHNIQUES FOR 
TRAINING EARTH Qi 

The following exercises at one time were se- 
cretly practiced throughout China, as a means for 
Medical Qigong doctors and Qigong masters to 
practice advanced methods of environmental en- 
ergy manipulation. The purpose of these Qigong 
exercises isto allow the doctors the chance to prac- 
tice connecting and infusing their energetic field 
with the environmental energetic field. 
PULLING CLoubs OUT OF THE SKY 

This exercise requires the Qigong doctors to 
first root and immerse themselves with the vibra- 
tional resonance of the Earth (this can be accom- 
plished by practicing the One through Ten Medi- 
tation, described in Chapter 26). Next, the doc- 
tors extend an energetic line from the Earth into 
the sky, connecting to and enveloping a specific 
cloud. Through focused intention, the doctors 
imagine sucking the cloud out of the sky and 
down into the Earth, rooting its energetic form into 
the Earth’s energetic field. As the cloud’s energy 
is absorbed into the Earth, it dissolves from the 
sky. 

Once the doctors have rooted the cloud into 
the Earth’s energetic field, they have two choices: 
either to release the cloud back into the sky by 
attaching its energetic form onto an already exist- 
ing cloud, or to allow the cloud to disperse into 
the energy of the surrounding environmental 
field. 

Divipine A CLoup IN HALF 

‘After connecting and rooting into the Earth’s 
energetic field, the Qigong doctors extend their 
intention into the sky, connecting with a particu- 
lar cloud formation. Next, the doctors condense 
their upward intention, and like a laser beam, be- 
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gin dividing and separating the cloud into two 
halves. After the cloud has been divided into two 
separate formations, the doctors can either con- 
tinue to further divide and dissect the cloud or 
reconnect its structure. 


THE EARTHLY TREASURE OF Foop 

‘The Earth’s natural energetic forms and trans- 
formations affect the flow of the body’s life-force 
energy. Food and water are examples of a natural 
form of Earth Qi, and are viewed as Earthly Trea- 
sures. Although the air we breath is representa- 
tive of Heaven Qi, due to the influence of envi- 
ronmental energetic fields, it is also viewed as an 
Earthly Treasure. The objective of self-cultivation 
work is to continually purify the energy within 
the Microcosm of Man, and increase the aware- 
ness of the pure energy within the Macrocosm of 
the universe. 

Because of its connection to the Earth’s Yin 
and Yang energy fields, the body's life-force en- 
ergy can be replenished through the consumption 
of food and herbs. Both food and herbs have Yin 
or Yang properties which, when consumed, help 
the body in moving, tonifying, purging or regu- 
lating the life-force energy. 


UNDERSTANDING THE YIN OR YANG 
ASPECT oF Foop 

When trying to determine whether a food is 
more Yin or Yang, several characteristics should 
be evaluated. Yin foods take less time to grow, are 
more watery or wet, and are colder, and sweeter. 
Yang foods take more time to grow, are drier, hot- 
ter, and less sweet. The more Yin the food, the 
more expanded it will become (e.g., a pumpkin); 
the more Yang the food, the more contracted or 
dense it will become (e.g,, a turnip). 

Diet directly influences the body's ability to 
generate Qi. The body's ability to effectively di- 
gest food plays a big part in how efficiently the 
body utilizes the nutrients it receives. 


UNDERSTANDING THE YIN OR YANG 
ASPECT OF HERBS 

Food is a powerful healing tool. Medicinal 
herbs are considered “special foods,” and are di- 


vided into Yin and Yang aspects throughout 
China. They are prescribed to be taken in soups 
(tang), teas, or as additives to other dishes; for ex- 
ample, Chinese Qigong doctors, as well as many 
martial arts masters, frequently drink herbal teas 
to help regulate their body’s energies during sea- 
sonal changes. The herbal teas are consumed ac- 
cording to the following sequence. 

1. The summer is considered the season of maxi- 
‘mum Yang; green herbal tea is drunk in order 
tocool down the body and regulate the inter- 
nal organ systems. 

2. The autumn is the season when Yin and Yang 
energies balance; however, the Yin energy is 
increasing, so flower tea is drunk to help sta- 
bilize the body's Yin and Yang balance. 

3. The winter is considered the season of maxi- 
mum Yin; black or red tea is drunk to warm 
the body and regulate the internal organ sys- 
tems. 

4, The springtime is the season when Yin and 
Yang energies balance; however, the Yang en- 
ergy is increasing, so flower tea is drunk to 
help stabilize the body's Yin and Yang balance. 
TTeas are frequently prescribed for their par- 

ticular healing properties. Each herb has a spe- 
cific nature. Herbs that are considered Hot or 
‘Warm are used to treat Cold conditions, and herbs 
that are considered Cold or Cool are used to treat 
Hot conditions. Herbs are also categorized accord- 
ing to their flavor (sour, bitter, sweet, pungent, or 
salty) and are used to affect the body’s internal 
‘organ energy. Herbs help the Qi ascend or descend 
in order to purge or tonify an internal organ or 
channel. Herbs are also used in moving the Blood. 
Specific herbs are also chosen for prescription, 
based on the Differential Diagnosis according to 
the Bight Energetic Principles (see chapter 21), the 
Five Elements (see chapter 23), and the Six Stages 
(cee chapter 24) theories . 

Generally, because all herbs have medical uses 
and contraindications, they are collected and di- 
vided into three categories: superior herbs - which 
consist of tonics, common herbs - which are 
slightly toxic, and inferior herbs - which are toxic. 
‘To gather herbs, the doctor must have an exten- 


sive knowledge of the environment (season, place, 
time, etc.), and the specific herb (roots, bark, 
leaves, flowers, fruits, etc.) The doctor must also 
possess the harvesting skill required for gather- 
ing the herb. Once the herbs have been gathered, 
the doctor must then begin the procedure of pro- 
cessing them. The process work is important as 
some herbs are poisonous and need to be detoxi- 
fied, while others have their properties enhanced 
through the extracting process. 


ENERGY, Foop, AND DIET 

‘Many generations have asked the same ques- 
tion, “Is food medicine or medicine food?” Anold 
Chinese proverb states, “To tonify with food is 
better than with medicine, but to tonify with Qiis 
better than food.” Several decades of nutritional, 
epidemiological, and clinical studies point to a 
powerful link between disease and dietary hab- 
its. 

For centuries, Chinese healers have studied 
food, discovering the properties of specific foods 
and the secrets of using them to achieve health 
and longevity. Chinese nutrition focuses on the 
energetic properties of food and their qualitative 
actions on the body as a whole, as well as their 
influences on the various internal organs and 
channels. Unless the patient eats correctly, Qigong, 
acupuncture, Chinese massage, and even herbal 
therapy will not be as effective, or long standing. 
In the Tang Dynasty, the great physician Sun 
Simiao wrote the medical classic One Thousand 
Ounces Of Gold, which described the dietary treat- 
ments of several diseases, including night blind- 
ness and goiter. 

What we eat can either aggravate or enhance 
the healing of a particular condition. When Gu Qi 
(food energy) is being generated, strong surges of 
energy from the Spleen and Stomach (in the 
Middle Dantian) cause the body to generate more 
Yang Qi. As the body’s Yin aspect weakens, its 
energetic nature becomes dryer and wanes; the 
Yang is no longer held in check and an overexu- 
berant Yang begins to generate Heat, which pro- 
duces, and sometimes releases, emotions. 

Emotions begin with, and stem from, the en- 
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ergetic properties of Postnatal Qi. When minis- 
tering to patients, the doctor should ensure a 
healthy physical and social environment (e.g., 
clean air and a loving support system), as well as 
monitor the quality and quantity of food con- 
sumption. Hostile surroundings interfere with the 
proper digestion of food and cause toxic Qi. Food, 
air, and water become the fuel that generates en- 
ergy in the body. When life-force energy becomes 
impure from poor diet, Heat accumulates in the 
organs, creating Excess Yang, or Excess Fire Qi. 

One essential skill for harvesting the Earth's 
‘Treasures is controlling the intake of food and diet. 
Itis important that a patient not eat foods that are 
excessively Cold, Hot, spicy, or greasy. If food is 
ingested while the food is too Yin (Cold) or out of 
harmony with the seasons, an external pathogenic 
factor can be created. When a Cold or Yin factor is 
created (a condition where Cold and Excess Yin 
consumes the Kidneys Yang, preventing the 
body’s Yang Heat from warming the body), the 
Qi becomes sluggish, thus blocking the channels 
or collaterals. These blockages cause pain and 
damage to the Stomach and intestines and affect 
the Heart and Lungs. 

If food is ingested while the food is too Yang 
(Hot) or out of harmony with the seasons, a Yang 
factor is created, causing internal energy to be re 
leased, which damages both the Blood and Qi. Be- 
cause of its turbid nature, food that is too greasy 
may damage the Stomach Qi, causing boils and 
pyogenic infections, along with ulcerous skin dis- 
eases. Excessive eating may cause too much Gu 
Qito develop, generating an excessive amount of 
power. This Excess power produces an upward 
reaction of Stomach Qi, which is detrimental to 
both the Spleen and Stomach, causing the breath 
to become obstructed (mother/Spleen affecting 
child/Lungs), and the psychic centers (Shen 
within the Heart) to become blocked. Many post- 
natal illnesses result from eating the wrong kinds 
of food in the wrong season, not eating enough of 
the right kind of food, overeating, or all of the 
above. 

Balancing the diet in accordance with the 
cycles of nature and the principles of Yin and Yang 
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Figure 12.3. The Five Flavors and their Controlling and Counteracting Cycles 


should be an integral part of the daily practice. In 
some situations, the body can compensate for an 
improper or unbalanced diet. To counteract this 
imbalance, however, the body will expend a great 
quantity of energy. Eating similar foods all the 
time results in the accumulation of toxins from 
those foods and can cause mildly allergic reac- 
tions. A balance of the different food groupsis the 
key to dietary success. 


USING THE FIVE FLAVORS OF FooD 

‘The energetic properties of the Five Flavors 
of food (sour, bitter, sweet, pungent, or salty) can 
be used to balance and control the energy of each 
organ. Any excess or deficiency of one flavor af- 
fects not only the organ to which it corresponds, 
but all the other organs as well (Figure 12.3). In 
the clinics in China, the theory of the Five Flavors 
or tastes is combined with the theory of the Five 
Elements to describe the interaction of the differ- 
ent “flavors” on the body’s internal organs and 
energetic systems (Figure 12.4). The Five Flavors 
and their affect on the body are described in the 
following sections. 
SOUR TASTE, ELEMENT Woop 

‘Some examples of Sour foods include: lem- 
ons, pickles, liver, vinegar, wheat, salad oils, and 
sour cream. Sour foods affect the Liver, eyes, and 
tendons. They are also excellent for stimulating 
the energy of the Liver and Gall Bladder. 

1, Sour foods are astringent (causes shrinking), 


and can be prescribed to achieve the follow- 
ing treatment goal 
* to prevent or reverse the abnormal leak- 
age of Qi and Fluids, 
‘0 counteract diarrhea and excessive per- 
spiration by slowing the movement of fluids, 
* to drain the Liver of Excess Qi, thereby 
indirectly strengthening the Lungs, and 
* to correct an irregular, slow heartbeat. 
2. An excess of sour foods can cause the follow- 
ing dysfunctions: 
* injures the muscles, 
‘hardening and wrinkling of the skin, and 
« stiffness spreading along the tendons that 
are controlled by the Liver. As the Liver con- 
tzols the tendons, patients with Liver trouble 
should also eat less sour food. 
BITTER TASTE, ELEMENT FIRE 
Some examples of Bitter foods include: cof- 
fee, black and green teas, asparagus, celery, tur- 
nips, leeks, cabbage, broccoli, and cauliflower. Bit- 
ter foods affect the Heart, tongue, and Blood. They 
are also excellent for stimulating the energy of the 
Heart and Small Intestine. 

1. Bitter foods are used for draining and dry- 
ing, and can be prescribed to achieve the fol- 
lowing treatment goals: 

* to stimulate the energy of the Heart, con- 
trol the Heart Fire, 

* to reducing fever and Excess body Heat, 

* to stimulate digestion, 
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Five Elemental Cycle 
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Figure 12.4. The Five Flavors in Relationship to the Body's Internal Organs, Seasons, and Elements 


* to drain Excess Spleen Qi, and 
* to remove obstructions in the upper res- 
piratory tract. 

2. An excess of Bitter foods can cause the fol- 
lowing dysfunctions: 

© dryness and congestion of the Spleen and 
Stomach; and 
+ hyperactivity of the Heart Fire, and the 
consumption of Kidney Yin fluids. 
SWEET TASTE, ELEMENT EARTH 
Some examples of Sweet foods include: honey, 
sugar cane, orange juice, pecans, snow peas, corn, 
milk, and sweet potatoes. Sweet foods affect the 
Spleen, mouth, and muscles. They are also excel- 
lent for stimulating the energy of the Spleen, Stom- 
ach, and pancreas. 

1, Sweet foods are used for tonifying, regulat- 
ing and sometimes moistening, and can be 
prescribed to achieve the following treatment 
goals: 

* to stimulate the digestive Fire, 


* to tonify the Spleen, Stomach and pan- 
creas, and 
* to drain the Heart of Excess Qi. 
2. An excess of sweet foods can cause the fol- 
lowing dysfunctions: 
* an imbalance in the Kidneys, 
* an aching in the bones, 
+ hair loss from the head, 
‘+ muscle dysfunctions, and 
* injury to the Spleen and Stomach. The 
‘Sweet flavor spreads through the muscles, so 
patients with diseases of Spleen, Stomach, or 
muscles (diabetes, hypoglycemia, systemic 
candida, fibriomyalgia, chronic fatigue, etc.) 
should limit their intake of Sweet foods. 
PUNGENT TASTE, ELEMENT METAL 
Some examples of Pungent foods include: 
gatlic, onions, ginger, black and white pepper, 
mustard, and chilies. Pungent foods affect the 
Lungs, nose, skin, and body hair. They are also 
excellent for the stimulating the energy of the 


Lungs and Large Intestine. Because the Lungs con- 
trol the Qi, the Lungs are very quick in absorbing 
the energy of Pungent foods. 

1, Pungent foods are used for dispersing and 
moving, and can be prescribed to achieve the 
following treatment goals: 

* to induce perspiration, 

* to improve circulation of Qi and Blood, 

* to stimulate the digestion, 

* to activate the Lung energy and promote 
the Lung’s function, 

* to expand the Lung Qi, 

* to drain the Lungs of Excess Qi, and 

* to increase Fluids and saliva secretions. 

2. Anexcess of Pungent foods can cause the fol- 
lowing dysfunctions: 

‘great loss of Lung energy and damage to 
the Lung organs, 
‘+ knots in the muscles, and 
+ withering or decay of the fingernails and 
toenails. 
SALTY TASTE, ELEMENT WATER 
‘Some examples of Salty foods include: shell- 
fish, cheese, soy sauce, salt, ham/ pork, and mar- 
garine. Salty foods affect the Kidneys, ears, and 
bones. They are also excellent for stimulating the 
Kidney Qi and Bladder Qi. 

1, Salty foods are used for purging and soften- 
ing, and can be prescribed to achieve the fol- 
lowing treatment goals: 

* to soften hard nodules such as cysts, 
‘ to purge inflamed lymph glands, and 
* to soften knotted muscles. 

2. Anexcess of Salty foods can cause the follow- 
ing dysfunctions: 

* cause damage to the Kidneys and Blad- 
der, 

* cause the Blood to coagulate or clot, 

* cause Blood diseases, 

+ harden the pulse, and 

* cause changes in the complexion. 


GUIDELINES FOR THE FIVE 
ELEMENTAL TASTES 

During each season, the five separate ex- 
tremes in flavors serve as a catalyst to draw Qi 
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Figure 12.5. The quality of the body's pulse is constantly 
changing according to the rhythm of the five seasons. 


into the Deficient organ. Overexposure to the sea- 
sonal elements (Cold, Wind, Damp, etc.) is respon- 
sible for external pathogenic factors that invade 
the body and affect the body’s Jing, Qi, and Shen. 
The development of disease is due to an imbal- 
ancein the struggle between the body’shealth pre- 
serving Qi and the pathogenic influences. If the 
pathogenic factors are excessive, they can obstruct 
the body's normal physiological function, creat- 
ing illness. If, however, the body’s Qi is strong, 
the pathogenic factors will have a difficult time 
causing any energetic imbalances. 

Traditional Chinese Medicine divides the ef- 
fects of these tastes into five seasons, each with 
its own unique function and flow of energy af- 
fecting the human body. One example of the ef- 
fects of nature's rhythms on man is that the pulse 
quality in the viscera constantly changes in accor- 
dance with the five seasons (Figure 12.5). The 
Liver pulse is relatively strong in spring, com- 
pared to the other organs; in the summer the Heart 
is stronger, in the late summer - the Spleen, in the 
autumn - the Lungs, and in winter - the Kidneys. 

Basic guidelines are developed for eating in 
accordance with the flow of the Five-Element 
cycle, These guidelines will help train the body to 
recognize what foods it needs. The food types and 
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Figure 27-9. Using an LM243-3 sensor with a current 
output that varies with temperature. 


The LM234-3 can be encapsulated in a plastic 
0-92 package or a TO-46 metal can. A surface- 
mount version is also available, 


The claimed accuracy is plus-or-minus 3 
degrees. The temperature range is -25 degrees 
to +100 degrees. 


‘AD590 Series 
The Analog Devices ADS90 (successor to the 
original ADS80) is a current-output sensor that 
uses only two wires. Like the LN234-3 itis avail- 
able in a TO-46 metal can, but with one lead 
making no internal connection. It also can be 
bought in a two-wire “flatpack,” or as a surface- 
mount chip (with eight solder pads, only two of 
which are connected). 


Using a supply voltage of 4V to 30V, the sen- 
sor’s high-impedance output changes by 1HA 
per degree Kelvin. Voltage supply variations 
produce very small errors in the output current; 
substituting 10V for SV creates a deviation of 
only 1pA. 


Variants 


Figure 27-10 shows an application for the 
ADS90 using a resistor and a trimmer to adjust 
the scale factor. When properly set up, this cir- 
cuit provides an output that changes by ImV 
per degree Kelvi 
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Figure 27-10 The simplest circuit allowing fine adjust 
‘ment for use with an AD590 sensor. 


Digital Output 

Some of the most popular examples of semi- 
conductor temperature sensors with digital 
output include the TMP102 series from Texas 
Instruments, MCP9808 series from Microchip, 
LM73 series from Texas Instruments and 
National Semiconductor, and DS18B20 series 
from Maxim. All of these components can 
measure a range typical of semiconductor tem- 
perature sensors, from approximately -50 to 
+150 degrees Celsius. Most of them claim an 
accuracy in the region of plus-or-minus 1 
degree over the full range or 0.5 degree in the 0 
to 100 range. With the exception of the Maxim 
DS18B20, which uses its own unique protocol, 
the components communicate via either the 
12C or SMBus protocol. 
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tastes are divided into five categories, which re- 
late to the five seasons of the year, the Five Ele- 
ments, and the Yin and Yang organs (Figure 12.6). 

To achieve overall balance, food and energy 
must be equally balanced. If the Liver is weak, for 
example, eating Sour food will help correct it and 
Salty food will also help. This prescriptions based 
on the Five Element theory, which focuses prima- 
rily on two cycles—the Generating Cycle and the 
Controlling Cycle (Figure 12.7). 


OVERVIEW OF THE FIVE ELEMENTAL 
TASTES 

The overall understanding of the Five El- 
emental tastes empowers the Qigong doctor to 
accurately assist in prescribing better eating hab- 
its for his or her patients. By understanding the 
seasonal eating patterns (ie, in the winter eating 
root food, which is grown under the ground, and 
in the summer eating food that is grown via 
branches and flowers) the doctor can observe 
whether the patient is further compounding his 
or her disease condition through improper diet. 


Summary 

In comprehending the energetic potential of 
the Three Treasures of Earth, the Qigong doctor 
will be able to evaluate the patient’s eating and 
living conditions and their affect on the patient’s 
disease. This also includes prescribing the Medi- 
cal Qigong exercises, meditations, diets, and eat- 
ing habits needed in order to support and main- 
tain the doctor's treatments. 

Through monitoring the patient's connection 
to their environment and eating patterns, the 
Qigong doctor is able to understand the Earthly 
influence on the patient's physical , mental, emo- 
tional, and spiritual being. 
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Figure 12.6. The Five Elements’ Interaction of the Five 
Flavors 


{In the Creative or Generating Cyclo— 
Salty Kidney (Water) 


generates | (Wood) Sour Liver 


Sour Liver (Wood) | generates | (Fire) Bitter Heart 


Bitter Heart (Fire) _| generates | (Earth) Sweet Spleen 


generates | (Metal) Pungent Lung 


‘Sweet Spleen (Earth) 


Pungent Lung (Metal) | generates | (Water) Salty Kidney 


In the Controlling Cyclo— 


Salty Kidney (Water) | controls | (Fire) Bitter Heart 
Bitter Heart (Fire) ‘controls | (Metal) Pungent Lungs 
Pungent Lungs (Metal) | controts | (Wood) Sour Liver 

Sour Liver (Wood) | controls | (Earth) Sweet Spleen 
Sweet Spleen (Earth) | controls | (Water) Salty Kidneys 


Figure 12.7. The Creative (or Generating) and 
Controlling Cycles of the Five Flavors 
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CHAPTER 13, 
THE THREE TREASURES OF 
JING, QI, AND SHEN 


‘The Outer Force (Power) of the Three Trea- 
sures of Man are expressed through Jing (Essence), 
Qi Energy), and Shen (Spirit). The human body 
is made up of vibrational frequencies that inter- 
act to create energetic fields and substances, or 
energetic materials ranging in structure from less 
dense to more dense (Figure 13.1). In order of in- 
creasing density, these energetic materials mani- 
fest as Spirit (Shen), Energy (Qi), Essence (Jing), 
Blood (Xue), Body Fluids (Ye/Jin), Marrow (Sui), 
and Bone (Gu). Of these energetic substances, Es- 
sence (Jing), Energy (Qi), and Spirit (Shen) are re- 
garded as the most important. These three mate- 
rials perform the most important functions in the 
human body, and are known as the Three Trea- 
sures of Man or San Bao. 

‘The energy of the human body, or Man’s Qi, 
is created from and through different interacting 
rates of vibration and energy fields that combine 


MAN: 


to form the body's cells, tissues, and organs, cre~ 
ating a living organism. In Chinese philosophy, 
the Three Treasures of Man also represent the in- 
teraction of Heaven and Earth within the human 
body. 
‘Man is composed of these combined Heaven 
and Earth energies: 
1, The Jing is the body’s tangible essence, com- 
posed of a morphogenic field of energy that 
Creates and sustains the body’s physical form. 
Itis the lower vibrational frequency of the hu- 
man energy matrix. During the healing pro- 
cess, the patient's Jing directs the proper cells 
to multiply so that the body can heal rapidly 
and completely. 

. The Qi is the life-force energy that maintains 
the body’s Jing. Itis the electromagnetic body 
of the channel system and distributes vitality 
to the body through energetic transference. It 


Figure 13.1. This diagram shows the natural transformatio 
as their natural manifestations. 
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ns of man's intemal organs, energy, and matter, as well 
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is the middle vibrational frequency of the hu- 

man energy matrix. The vibrational field of 

Qi sustains and contains the thoughts and 

emotions, and interacts between the vibra- 

tional fields of Jing and Shen. 

3. The Shen is the spirit and psyche which main- 
tains the body’s Qi. Itis the higher vibrational 
frequency of the human energy matrix. It is 
also the energetic field which sustains the vi- 
bration of the Mind (the process of awareness 
and consciousness located throughout the 
body, not limited to the brain), interfacing be- 
tween the Mind and Qi. 

These three substances resonate at different 
frequencies and are mutually dependent upon 
each other for maintenance and survival. Low fre- 
quencies are attributed to the resonance of Jing, 
medium frequencies to the resonance of Qi, and 
high frequencies to the resonance of Shen. Meta- 
phorically speaking, Jing can be compared to a 
dense, solid material such as ice, Qi to a flowing 
‘material such as water, and Shen to a vapor. 

In Chinese medicine, the Qigong doctor uses 
the Three Treasures of Man for assessing and di- 
agnosing the patient. Observing the state and in- 
teraction of the patient's Jing, Qi, and Shen allows 
the doctor to determine the patient’s prognosis 
and chances for successful treatment. The doctor 
can assess the Jing, Qi, and Shen by: 

1. Observing the general vitality of the patient's 
Jing through pulse reading and tongue diag- 
nosis, 

2. Noting the general vitality of the patient’s Qi 
through observation of the Wei Qi field, and 

3. Observing the general vitality of the patient's 
Shen by the quality of glitter in the patient’s 
eyes. 

Within this model, Jing, Qi, and Shen are 
viewed as layers of energetic fields between the 
body and the Mind. Jing is the innermost ener- 
getic layer, the blueprint which holds the physi- 
cal body to the desired form. Shen is the outer 
energetic layer of the body through which the 
Mind experiences and directs the activity of the 
body. Qi is the intermediate energetic layer, the 
medium which allows the Jing and Shen (the en- 


Figure 13.2. The Three Treasures of Man 


ergetic fields of the body and spirit) to communi- 
cate. 


PRENATAL AND POSTNATAL JING, Ql, 
AND SHEN TRANSFORMATIONS 

Jing is the body’s foundational substance, re- 
sponsible for nourishing the tissues. Qi emerges 
out of Jing circulating through the tissues. It pro- 
motes the body’s metabolism. Shen governs the 
body. The body contains both prenatal and post- 
natal versions of Jing, Qi and Shen. 

1. Prenatal Jing (Yuan Jing) is the body’s innate 
and true Original Essence, which determines 
the constitutional makeup, strength, and vi- 
tality. Itis not the reproductive Essence (sperm 
and ovary essence), which is considered Post- 
natal Jing. 

2. Prenatal Qi (Yuan Qi) is the body’s Original 
Energy, extending into the Wuji (infinite space 
or Void). It is the motivative energetic force 
linking the Prenatal Jing with the Prenatal 
Shen. It is not inhaled air (oxygen), which is 
considered Postnatal Qi. 

3. Prenatal Shen (Yuan Shen) is the Original 
Spirit, that is able to perceive and intuit truth 
and knowledge (knowing without knowing). 
Itis not cognitive thinking or consciousness, 
which is considered Postnatal Shen. 
Through meditation, the body's alchemical 

processes of internal energy transmutations can 
be cultivated. Jing can be used to create or increase 
Qi; likewise, Qi can be used to create or expand 
the Shen. This creative cycle also works in reverse 
order by transforming Shen to Qi, and Qi to Jing 
(Figure 13.2). 


Prenatal Transi 
Dao - Divine 


Wyji - Infinate Space 
The Formless Void 


J 


Yuan Shen - Original Spirit 
Perceptive and Intuitive Knowledge 


J 


Yuan Qi - Original Energy 
Extends into the Wyji 


Yuan Jing - Original Essence 
Determines Constitutional Form, 
Strength and Vitality 


Figure 13.3. The Prenatal and Postnatal Alchemical Transitions of 


PRENATAL TRANSFORMATIONS 

‘The following transformations describe the 
origin and creation process of the Three Treasures 
within the body of the fetus (Figure 13.3). Through 
comprehending these transformations, the 
Qigong doctor can teach individuals how to cul- 
tivate their Jing. The body's prenatal energies, 
which support the body’s postnatal Jing, are sus- 
tained by prayer, meditation, and sleep. This qui- 
escence state is necessary for the body to reener- 
gize its Prenatal Qi. 

1. Divine Energy (Dao) transforms into infinite 
space (Wuji). At this beginning stage, the spirit 
of the God envelops infinite space, including 
the energetic fields of the Heavenly universe 
and the environmental Earthly fields. 

2. Infinite space (Wuji) transforms into Spirit 
(Yuan Shen). At this transition, the spirit of 
God descends to permeate, unite, and dwell 
within the Original Spirit (Yuan Shen) of the 
forming fetus. 

3. Spirit (Yuan Shen) transforms into Energy 
(Yuan Qi). At this stage of transition, the Origi- 
nal Spirit of the fetus transforms into Origi- 
nal Energy (Yuan Qi). 

4, Energy (Yuan Qi) Transforms into Essence 
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Postnatal Transition 


Dao - Divine 


Wuj - Infinate Space 
The Formless Void 


Shen - Acquired Spirit from 
Cognative Thinking 


Qi - Acquired Energy from 
Food, Air and Water 


; 


Jing - Reproductive Essence 


9, Qi, and Shen 


(Yuan Jing). At this final stage, the Original 

Energy of the fetus is transformed into Origi- 

nal Essence (Yuan Jing). 
POSTNATAL TRANSFORMATIONS 

The following transformations describe the 
origin and creation process of the Three Treasures 
within the body after birth. Through comprehend- 
ing these transformations, the Qigong doctor is 
able to achieve a harmonious balance between the 
three energies through Postnatal Jing cultivation. 
The body's postnatal energies are supported and 
sustained first of all through food, drink, and air. 

1. Essence (Jing) Transforms into Energy (Qi). 
‘At this beginning stage, the body’s Jing is 
Heated within the Lower Dantian to create 
Qi. This transition is similar to ice melting into 
water. 

2. Energy (Qi) Transforms into Spirit (Shen). At 
this transition the body’s Qi is steamed within 
the Middle Dantian, to be transformed into 
Shen. This transition is similar to water trans- 
forming into vapor. 

3. Spirit (Shen) Transforms into infinite space 
(Wuji). At this stage, the body's Shen fuses 
with the resonant light of the Upper Dantian 


and is transformed and released into the 

Heavenly and Earthly fields of energetic 

space. This transition is similar to vapor dif- 

fusing into space. 

4. Infinite Space (Wuji) Reunites with the Divine 
(Dao), At this final stage, the Shen is reunited 
with the divine. 

The Shen directs the increased amount and 
flow of Qi during the transformation process of 
Jing into Qi and Qi into Shen through conscious 
intention. Through this soft focused intention an 
alchemical cycle of transformation is created 
whereby Jing, Qi, and Shen can then be gathered, 
refined, and trained. 

TRANSFORMATIONAL ATTAINMENT 
Mopauities. 

Each of these prenatal and postnatal transfor- 
mations include training exercises and medita- 
tions that are either developed in low, medium, 
or high attainment approaches. The low attain- 
ment approach is known as the physical attain- 
ment approach; the medium attainment approach 
is known as the mental attainment approach; and 
the high attainment approach is known as the 
spiritual attainment approach. Qigong regulation 
encompasses all three attainment modalities in 
order to facilitate the ultimate in energetic trans- 
formation. The three attainment approaches for 
increasing to maximum capacity the body's en- 
ergy are described as follows. 

1. The Physical Attainment Approach concen- 
trates on the development and cultivation of 
the body's energy by focusing on Dynamic 
(energetic movement) and Quiescent (still- 
ness) Qigong meditations to fully realize one’s 
energetic potential. 

2. The Mental Attainment Approach concentrates 
on increasing mental power by focusing on 
symbolic drawings, reciting prayers, or man- 
tras to manifest fully one’s mental potential. 

3. The Spiritual Attainment Approach concen- 
trates on the development and cultivation of 
the body’s Original Spirit (Yuan Shen) by fo- 
using on Shengong meditations (meditations 
that focus on spiritual cultivation) to harvest 
one’s spiritual potential. 


JING: ESSENCE OF LIFE 

Jing refers to the indispensable bioenergetic 
substance of all living things (i.e, the energetic 
matrix of the body's cells, tissues, etc.). In Medi- 
cal Qigong therapy, Jing is considered the most 
Yin form of Qi. Jing, as a pure Essence of living 
matter, is more dense than Qi but more refined 
than Blood or Fluids. When Jing is cultivated and 
allowed to arise naturally within the body, the 
outer surface of the body’s tissues becomes har- 
monized and glows. Deep within the tissues, the 
Jing pools like a deep spring. The greater the de- 
gree of harmony between the individual's physi- 
cal, mental, energetic, emotional, and spiritual 
fields, the more Jing is transformed into Qi. 


THE YIN AND YANG ASPECTS OF JING 

Jing can be divided into the functional aspects 
of Yin and Yang properties. The Yin aspect of Jing 
provides the material basis for growth, develop- 
ment and reproduction, and is the substratum for 
the formation of the materials associated with the 
Marrow and Blood. The Yang aspect of Jing acti- 
vates transformations, growth, development and 
reproduction, and is associated with the Yuan Qi, 
Blood and Body Fluids Figure 13.4). 

As a subtle energy, Jing has a tendency to- 
wards downward movement, flowing like water, 
it fills the Lower Dantian, adrenals, Kidneys, and 
urogenital organs. Essence originates from two 
sources and can be divided into Prenatal and Post- 
natal Jing. 


PRENATAL JING 

Prenatal Jing is also called Original Essence 
(Yuan Jing). It is inherited from the Jing of both 
parents and is considered the root of life. It is cre- 
ated upon conception through the blending of 
both parents’ sexual energies and substances. Pre- 
natal Jing constitutes the original substance of the 
body, and serves as the material base for growth, 
development, and reproduction. With the help of 
the Qi and Blood acquired from the mother, the 
Jing is responsible for the nourishment and de- 
velopment of the embryo’s and fetus’s brain, 
bones, muscles, tendons, skin, and hair. The Pre- 
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Yang aspect of Jing 
Activates transformation, 
Prenatal Jing growth, development and 
(from both reproduction. 
parents) 
Jing 


(Essence) 


Postnatal Jing 
(from food and 
drink) 


Yin aspect of Jing 
Provides the material basis 
for growth, development 

and reproduction. 


Bone 


Marrow 


Figure 13.4. The Formation of Jing 


natal Jing determines each person’s basic consti- 
tution, strength, and vitality. 


POSTNATAL JING 

Postnatal Jing is also called the Acquired Es- 
sence. It is the Essence of the body’s main organs, 
derived from air and Gu Qi (produced from food 
and drink by the transformation process of the 
Spleen and Stomach) which is transported 
through the channels and vessels to nourish the 
body's Yin organs, and to irrigate the Yang organs. 
Postnatal Jing is the material basis for the func- 
tional activities of the body’s internal organs and 
metabolism. It is transported (through the func- 
tion of the Lungs) to all the Yin and Yang organs 
where it becomes reproductive Yin and Yang Jing, 
‘The Kidneys are responsible for storing any sur- 
plus Jing to be distributed when needed. 


THE INTERACTION OF PRENATAL AND 
POSTNATAL JING 

The Prenatal and Postnatal Jing are interde- 
pendent and contribute equally to the growth and 
development of each other. Postnatal Jing is con- 
tinually being used by the body and replenished 
with food and drink, Only with the nourishment 
of the Postnatal (Acquired) Jing can the Prenatal 


(Congenital) Jing be enriched and function opti- 
mally. Without the function of the Prenatal Jing, 
the Postnatal Jing cannot be transformed into Qi. 

Postnatal Jing is continually being used and 
replenished through the Spleen’s production of 
Gu Qi from food and drink. This is why so much 
emphasis is placed on the first postnatal alchemi- 
cal transition of changing Jing into Qi. Through 
Medical Qigong exercises, the body is able to 
stimulate, nourish, and preserve its Jing. 

Both Prenatal and Postnatal Jing are related 
to the Kidneys, which generate bone growth as 
well as nourish the brain, memory development, 
and body stamina. The Yellow Emperor's Classic of 
Internal Medicine states that women are ona seven 
year developmental cycle, while men are on an 
eight year cycle. Problems with the body’s Jing 
result in developmental problems (i.e. improper 
maturation, sexual dysfunction, infertility, and 
premature aging). 

‘The Kidney Jing is responsible for extending 
the life-force energy up the Governing Vessel into 
the brain. The Kidney Jing also transforms into 
Marrow and is responsible for the production of 
bone marrow, which fills up the spinal cord and 
brain. When the Jing becomes exhausted, the 
‘memory begins to fail and the spirit becomes fa- 


SecTION 2: THE THREE TREASURES: HEAVEN, EARTH, AND MAN 


tigued. It is important to remember that all types 
of Jing do not exist as separate substances, but 
support, interact with, and transform into one 
another, 

The Kidney Jing also works in conjunction 
with the Qi to establish the body’s state of mind 
and emotional health, which together determine 
the development of the Five Elemental Constitu- 
tions. 


QI: VITAL LIFE-FORCE 


ENERGY 

Qiis the energetic substance from which the 
entire universe was created. Through the interac- 
tion and transformation of Yin and Yang Qi, the 
various substances of form and matter are pro- 
duced. This vital life-force energy comprises both 
material and functional aspects of the body. 

Qi is the medium between matter (Jing) and 
Spirit (Shen). Chinese medicine describes many 
different kinds of Qi. Qi can assume an infinite 
number of forms according to its state of conden- 
sation or dispersion. When Qi condenses, matter 
is created, and when Qi disperses, energy is cre- 
ated. Although Qi in the body can assume differ- 
ent forms, that have different functions, it is es- 
sentially all one energy. The patient's Jing, for ex- 
ample, may be ready to receive a new energetic 
pattern for accelerated healing, and the Shen may 
be ready to send this required pattern. But, if the 
body's Qi is weak or turbulent, it will not trans- 
mit this information from the Shen to the patient's 
Jing, thus delaying or impeding the healing pro- 
cess. 

‘The body's Qi can be classified into two pri- 
mary forms of energy: Prenatal and Postnatal Qi. 
PRENATAL Qt 

Prenatal Qi (or Xian Tian Zhi Qi, which trans- 
lates as, “before the baby sees the sky energy”) is 
also called Yuan Qi, or Original Qi. This is the 
energy that the baby inherits from his or her par- 
ents during conception. It is stored in the sexual 
glands and adrenal cortex, and it is essential for 
the growth and development of the fetus. 


It is Jing in the form of energy, that is culti- 
vated through Qigong practice. Yuan Qi is the in- 
nate or inborn energy that is the original force 
which maintains normal growth and develop- 
‘ment, and promotes the functional activities of the 
internal organs. Its role is to bring into existence 
the vital mechanisms of the human body accord- 
ing to their genetic pattern, conforming them to 
the models transmitted by each person’s lineage. 

Prenatal Qi contains elements of all of one’s 
predecessors and gives rise to the Prenatal Jing, 
and is seen as a means of transmitting the Deox- 
yribonucleic Acid (DNA) code. Prenatal Qi relies 
onnourishment from Postnatal Jing. Through Pre- 
natal Qi, each individual is energetically con- 
nected with everything in existence. Prenatal Qi 
also relies on Postnatal Qi for nourishment. 

Methods of training Qi and regulating it in- 
clude counting respirations as the Mind focuses 
on rooting the Qi into the Lower Dantian, 
Mingmen, or Kidneys’ area. 

‘There are three types of prenatal energy regu- 
lations used for circulating and harmonizing the 
body's internal energy or Dantian Qi: 

1. The first type of Qi regulation focuses on 
moving energy through the body’s main 
channels and torso. This is the most common 
type of Prenatal Qi circulation, directing the 
energy to flow along the course of the body’s 
Conception and Governing Vessels, i.e,, the 
“small” Heavenly cycles (Microcosmic Or- 
bits). This type of Qigong exercise is com- 
monly referred to as an Inner Cultivation and 
Regulation method. 

2. The second type of Qi regulation focuses on 
moving energy through the body’s channels 
and extremities. In this type of Qi circulation, 
the body’s Prenatal Qiis directed to flow only 
along specific channels (i.e., being led from 
one channel out from the torso into an ex- 
‘tremities and then back into the body through 
another channel). This type of energetic bal- 
ancing is commonly seen in the “large” Heav- 
enly cycles (Macrocosmic Orbits) and bone 
marrow regulation. 

3. The third type of Qi regulation focuses on 


moving the energy of Heaven (Universal Qi), 

Earth (Environment Qi) and Man (Qi of the 

physical body) through the channels. In this 

type of circulation, these three types of energy 
are integrated or merged into one energy and 
then regulated. Upon inhalation, the indi- 
vidual imagines Prenatal Qi circulating from 

Heaven through the body's channels into the 

Earth. Then upon exhalation, the energy is 

imagined flowing from the Earth, through the 

channels, back into Heaven. 
PosTNATAL Qi 

Postnatal Qi (or Hou Tian Zhi Qi, which trans- 
lates as, “after the baby sees the sky energy”) is 
also called acquired or Post-Heaven Qi. This is the 
energy that the baby derives from air, food, and 
drink after it has been born. Postnatal Qi relies on 
Prenatal Qi for development. 

Prenatal and Postnatal Qi form the founda- 
tion for the body’s vital energy. In Traditional 
‘Chinese Medicine it is believed that the parents’ 
health and their state of Jing, Qi, and Shen at the 
time of conception determines the general health 
of the child. If the parents are sick, or their health 
hasis compromised by drinking, smoking, or drug 
use, the baby’s health will suffer. If the parents 
are old, or have suffered an emotional shock dur- 
ing the pregnancy, this too will negatively impact 
the baby’s health. 

Methods of training Postnatal Qi include 
deep, tranquil abdominal respiration. This meth- 
od trains the respiratory system to improve both 
the respiratory and digestive systems, enhancing 
both the Lung and Spleen Qi. 


EIGHTEEN CLASSIFICATIONS OF QI 

The distribution and function of life-force 
energy can be further divided and classified ac- 
cording to the source and function of the Qi. Be- 
low is a description of eighteen transitions of Qi 
and their energetic effects on the body. 

1. Prenatal Qi (Yuan Qi), is often referred to as 
Original Qi, and includes the Original Yin and 
Original Yang energies of the body. Yuan Qi 
hasits root in-between the Kidneys and Ming- 
men area, itis distributed throughout the en- 


tire body via the Triple Bumers. 


. Postnatal Qi, is an external energy derived 


from the consumption of food and drink (from 
the Earth), and air (from the Heavens), and is 
a term used to describe the Qi which is culti- 
vated after one is born. 

Heavenly Qi (Tian Qi), is energy that has been 
developed from the energies of the sun, moon 
and stars. Tian Qi is absorbed into the Lung 
Qias Air Qi (oxygen) through respiration. 


. Earthly Qi (Di Qi), is energy that has been 


developed from the energies of the soil, wa- 
ter and wind. Di Qi is absorbed into the Stom- 
ach and Spleen where itis converted into Gu 
Qi (food energy); Di Qi is also directly ab- 
sorbed through the pores from the environ- 
ment, 


. Food Qi (Gu Qi), is the first stage of energy 


transformation derived from food and drink. 
It is also called Qi of the Water and Grain in 
the digestive system. After food essence is 
cooked in the Stomach, the Spleen transforms 
it into Gu Qi. At the first stage of develop- 
ment Gu Qilis acoarse, unusable form of food 
essence. The Spleen divides the energy it de- 
rives from the food essence into Pure (Clear) 
Yang Qi and Impure (Turbid) Yin Qi. The 
Clear Yang essence of Gu Qi is transported 
by the Center Qi (Zhong Qi) via the Middle 
Burner, sending it upwards into the chest, first 
to the Lungs where it combines with 
Heavenly (Tian) Qi to form Gathering (Zong) 
Qi then to the Heart where it combines with 
the Yuan Qi (from the Kidneys) to create the 
Blood. The Turbid Yin essence of Gu Qi is 
transported downwards through the gas- 
trointestinal tract to be expelled as waste. 


. Clear Yang Qi (Qing Qi), is the clean, pure 


energetic essence of Gu Qi, transported by the 
Spleen, via the Middle Burner, up towards the 
Upper Burners, and chest area. While in the 
chest, it is combined with Gathering (Zong) 
and Yuan Qi to form True Qi. 

Turbid Yin Qi (Zhou Qi), is the clouded, im- 
pure energetic essence of Gu Qi, transported 
by the Spleen, via the Middle Burner, down 
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towards the Lower Burner, Small Intestine, 
and Bladder organs, to be further refined. It 
isa more coarse, unrefined, polluted energy. 
Center Qi (Zhong Qi), is the energy generated 
from the Middle Burner, derived from the 
Spleen and Stomach. Its primary function is 
to transport the Gu Qi into the chest, to be 
blended with the Heart and Lungs’ Gi. 


. Gathering Qi (Zong Qi), is also called Respi- 


ratory Qi. Gathering Qi is considered the “es- 
sence of life,” manifested through the conver- 
sion of the purest and most potent forms of 
the body’s Jing (particularly sexual fluids, hor- 
mones, and neurochemicals). Itis essential for 
the formation of the fetus and is the initial mo- 
tivating power of life. It promotes vitality and 
increases stamina; it also enhances the im- 
mune system, promotes mental clarity and 
prolongs life. Gathering Qi combines the 
Heavenly Qi (inhaled by the Lungs) and the 
Gu Qi (derived by the Stomach and Spleen), 
and accumulates these energies within the 
chest in order to assist the Heart in circula- 
tion the Blood, and the Lungs in respiration. 
It controls the speech and strength of the 
voice, as well as the Blood circulation to the 
extremities. Gathering Qi gathers in the chest 
and is controlled by the Middle Dantian. 
True Qi (Zhen Qi), is also called Anti-patho- 
genic Qi. It originates in the Lungs and is the 
last stage of refinement and transformation 
of Qi. Gathering Qi and Yuan Qi combine their 
substances to form the True Qi in the chest 
area. True Qi fills and nourishes the body as 
it is further broken down into Nourishing 
(Ying) and Protective (Wei) Qi. True Qi is the 
energy that circulates inside and outside of 
the body, in the channels and collaterals, nour- 
ishing the Yin and Yang organs. It is called 
True Qi because it is the most refined and 
pure, and is in harmony with the environ- 
ment. It is opposed by Evil Qi (Xie Qi), also 
called Toxic Qi, which is disharmonious and 
thus untrue to the body’s essential nature. 
Nourishing Qi (Ying Qi), is another form as- 
sumed by the True Qi and is the Yin aspect of 
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the Channel Qi. Ying Qi has two major fune- 
tions: tonourish the Blood, organsand tissues, 
and to link the mind and intention to the body. 
It flows within the blood vessels, as well as 
the channels, and is the fuel of the body’s 
metabolism. Its potency depends upon the 
quality of food and water consumed, the pu- 
rity of air breathed, and the efficiency of the 
body’s digestive, respiratory, and circulatory 
systems. Since it is Yin, it is considered the 
more refined form of True Qi, as it flows in 
the body's inner layers and internal organs. 
Being directed by thoughts, it is thereby 
closely related to the emotions. 
Protective Qi (Wei Qi), isa second form of True 
Qiand is the Yang aspect of the channel Qi. It 
protects the Blood, organs, and tissues from 
invasion of external pathogenic factors such 
as: harsh weather conditions, microorgan- 
isms, and harmful emotional influences. It 
also protects the individual from evil spiritual 
forces. It is the coarser Yang aspect which 
flows through the outer layers of the body’s 
skin, Its texture is slippery in nature and can- 
not enter into the channels. It therefore circu- 
lates under the skin and in between the 
muscles. The Wei Qi vaporizes in between 
membranes, and diffuses over the chest and 
abdominal area to form a kind of energetic 
armor. It also warms, moistens, and contril 
utes to the nourishment of the skin and 
muscles. The Wei Qi also helps regulate the 
perspiration by opening and closing the pores. 
‘Wei Qihas its root in the Lower Burner (Kid- 
neys), is nourished in the Middle Burner 
(Stomach /Spleen), and spreads from the Up- 
per Burner (Lungs) to the outside of the body. 
‘Wei Qi is said to be located at the superficial 
level of the body during the day, in the 
muscles, skin, hair, etc. At night it sinks toa 
deeper level to circulate through the viscera. 
If the Wei Qi is obstructed in some manner 
from moving inward, insomnia may result. 
Also, Wei Qi becomes thick and extends out- 
side its normal realm during Medical Qigong 
practice and may, therefore, take longer to 


‘TMP102 Series 
This is available only in a surface-mount format. 
It has fewer features than the other sensors lis- 
ted here, and is less accurate, claiming plus-or- 
minus 3 degrees Celsius over its maximum 
range of -40 to +125 degrees Celsius. However, 
it is less expensive. (For greater accuracy, the 
TMP112 is available.) This is a low-voltage chip 
requiring 1.4V to 3.6V as its power supply, 
drawing a quiescent current of 10uA. Tempera- 
tures are stored in a 12-bit or 13-bit format that 
requires some conversion, as a single bit repre- 
sents 0.0625 degrees Celsius. An alert pin is 
activated when the measured temperature 
deviates above or below limits that are preset 
by the user. No hysteresis adjustment is avail- 
able for the alerts. The TMP102 is available on a 
breakout board from Sparkfun, as shown in 
Figure 27-11, 


Figure 27-11. The Texas instruments TMPIO2 on a break: 
‘out board from Sparkfun, 


MCP9808 Series 
This multifunction sensor is available either as a 
regular surface-mount component, or as a 
surface-mount with an exposed “thermal pad” 
It conforms with the I2C bus standard at up to 
400kHz, allowing up to 16 sensors to share the 
same bus. The chip has a variety of temperature 
alert features, including high and low limits 
that can activate a dedicated “alert” pin, and a 
hysteresis value that can be set for the limits, to 
ignore brief temperature excursions. The chip 
can be put into “comparator mode’” where it 
simply provides logic-high or logic-low output 


if the temperature is above or below a user- 
specified value. This feature makes the chi 
operate as a thermostat. Temperature resolu- 
tion is user-selectable. The temperature storage 
format requires some conversion to obtain a 
Celsius value, to deal with negative values and 
fractional values. However the chip is available 
ona breakout board from Adafruit, as shown in 
Figure 27-12, and an Arduino code library is 
available. 


Figure 27-12 The Microchip MCP9808 on a breakout 
board from Adatruit 


LM73 Series 
This sensor is only available in surface-mount 
format. It conforms with the I2C bus standard at 
up to 400kHz. Its temperature resolution can be 
set to 11, 12, 13, or 14 bits. An “alert” pin 
becomes active if the temperature exceeds a 
preprogrammed limit. An “address” pin can 
select one of three device addresses by being 
held in logic-high, ground, or disconnected sta- 
tus. The chip can be put into shutdown mode 
when power conservation is necessary. 


DS18820 Series 

Unlike most digital sensors, this is a three-wire 
component, because it uses Maxim's propriet- 
ary "I-wire bus” with a unique protocol. The 
bus allows access to a 2-byte register storing 
digital output from the temperature sensor, but 
also allows the user to perform other functions, 
such as setting the resolution of an onboard 
analog-to-digital converter (which has a maxi- 
mum resolution of 12 bits), setting a high- 
temperature and low-temperature alarm, and 
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move inward at night, causing some practi- 
tioners to experience difficulty falling asleep 
after evening Qigong practice. 

Channel Qi (Jing-Luo Qi, is also called Me- 
ridian Qi. This energy flows throughout the 
body’s deep internal and superficial channels, 
as well as through the collaterals and blood 
vessels like rivers and streams. 

Organ Qi (Zang and Fu Qi), is the energy of 
the physiological activity of the body's inter- 
nal organs and manifests as a major aspect of 
its physiological function. Individual pools of 
Qi are formed within the pairs of Yang-Fu 
(hollow) bowels and Yin-Zang (Solid) viscera. 
The Yang organs are responsible for trans- 
forming food and drink to produce Qi and 
Blood. The Yin organs are responsible for stor- 
ing vital substances. Each organ can be addi- 
tionally divided into pairs of Yin and Yang 
energetic aspects. 

Each of the body's organs has its own en- 
ergy, which is governed by, and corresponds 
to, one of the Five Elemental energies. These 
Five Elemental energies respond to the exter- 
nal energetic fields drawn from the universal 
and environmental energetic fields. The inter- 
nal processes of thinking and feeling, as well 
as the physiological process such as meta- 
olism and hormonal production influence 
the Organ Qi. 


. Evil Qi (Xie Qi), is also called Pathogenic Qi, 


and Toxic Qi. This usually refers to any harm- 
ful external pathogenic factor (especially the 
Six Climatic factors). However, it also refers 
to the evil spirits and stuffed toxic emotions, 
which affect the individual's physical, ener- 
getic, and emotional balance. 

Righteous Qi (Zheng Qi), is the defensive as- 
pect of the True Qi, which protects the body 
from Evil Qi. Thisis not actually another type 
of energy, but a term used to indicate the True 
Qi’s function of protecting the body from in- 
vasion by external pathogenic factors. The oc- 
currence and development of disease is di- 
rectly related to either the hyperactivity or 
hypoactivity of the Righteous Qi. 


17. Spiritual Qi (Ling Qi), is the supernatural en- 
ergy associated with the most highly refined 
energy in the human body manifesting 
through the Eternal Soul. This type of energy 
enhances spiritual awareness and constitutes 
the foundation for advanced levels of spiri- 
tual conditioning, and the attainment of an 
enhanced energetic body, and enlightened 
states of mind and spirit. 
Divine Qi (Shangdi Qi), is also called Holy 
Energy or God’s Healing Light. It is the su- 
pernatural energy associated with the Divine 
(Dao). The divine energy is the true source of 
spiritual awareness and constitutes the foun- 
dation for advanced levels of spiritual heal- 
ing, as well as attaining enlightenment. 
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THE SIX FUNCTIONS OF QI 

A Qigong doctor will primarily focus on a 
patient's combination of Original Qi (Yuan), Gath- 
ering Qi (Zong), Nourishing Qi (Ying), and Pro- 
tective Qi (Wei) when treating or prescribing 
homework. Initially, Qi has six main functions in 
regulating the body. Although these functions 
may seem to overlap, their individual responsi- 
bilities are distinct. 

1. Qi transforms substances into energy (one 
‘example of its transforming nature is chang- 
ing food into energy). 

2. Qi transports the substances it creates. 

3. Qiholds and contains energy, Blood and or- 
gans, etc,, within the energetic and visceral 
structures. 

4. Qi protects against both external and internal 
pathogenic factors, 

5. Qi raises and elevates things (for example, 
Blood, associated Fluids, and the body’s tem- 
perature). 

6. Qikeeps the body warm (for example, strong, 
Qi will warm the body, while weak Qi makes 
the body cold). 

The normal physiological activity of Qi in the 
body is a constant harmonious movement, simi- 
lar to the ebb and flow of a tide. When the body’s 
Qiis in constant motion, it moves in eight primary 
Yin and Yang directions: ascending and de- 
scending, gathering and dispersing, expanding 
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Figure 13.5. The Body's Intricate Interactions of Qi, Blending and Flowing through Internal Reservoirs of Pooled Energy. 


Channel Qi, 


All Organs, 


against 
Evil Qi 


Nourishes 
all Organs 


and contracting, and entering and leaving, If how- 
ever, there develops a Qi obstruction, or a Defi- 
ciency of Qi, the Qi will deviate from its natural 
course, and may cause Rebellious Qi, disharmony 
and disease. 

Qigong doctors carefully examine the ener- 
getic ebb and flow of Qi to comprehend the com- 
plexity of the energetic hologram in which we 
exist as a living energy. As the human body ab- 
sorbs, stores, utilizes, and releases energy, its natu- 
ral function of transforming energy promotes 
health and allows us to live in harmony with the 
natural environment. However, once an internal 
organ or organ system develops a Rebellious, Ex- 
cess, Deficient, or stagnant condition within the 
body's energetic flow, disease develops. By un- 
derstanding the energetic pattern and function of 
each energetic organ and organ system, the 
‘Qigong doctor can diagnose the disease by retrac- 
ing the energetic dysfunction to the root cause. 
The following graph denotes the function and 
flow of the body’s life-force energy patterns (Fig- 
ure 13.5). 


QI AND ENERGETIC MEDICINE 

The utilization of the Three Regulations (pos- 
ture, respiration and mental Dao Yin concentra- 
tions) enable Qigong doctors not only to disperse 
any Toxic Qi acquired from patients, but also to 
regulate their own channels, through gathering 
energy, and increasing their own energetic fields. 
‘Through the proper use of the Mind (whole body 
consciousness and awareness), the doctor can si- 
multaneously influence the energy flows within 
the patient's body, as well as his or her own Wei 
Qi fields. 

‘As the doctor begins to focus on specific goals 
(ie, dispersing Toxic Qi from a particular organ, 
tissue area, or channel), the patient may experi- 
ence a surge and release of strong emotions and 
memories that had been stored in that area. The 
patient's energy field then shifts and moves 
throughout the body according to the specific 
‘emotion(s) elicited and released. This energy field 
is closely related to the thinking activities of the 
brain. As the Mind begins to release certain spe- 
cific memories, the field of energy shifts and 


(CHAPTER 19: THE THREE TREASURES OF MAN 


moves through the body in accordance with the 
specific emotions that are activated and released. 
During treatment, the shape, flow, rhythm, nature, 
and thickness of this energetic field can be per- 
ceived by the doctor who has become highly sen- 
sitive to perception of energy through “inner-vi- 
sion” (see Chapter 25). 

By training in the Three Dao Yin Regulations 
(see Chapter 14), internal energy can be guided to 
surge not only in the natural direction of flow 
within the channels, but also against it. Internal 
energy can also be guided along several channels 
at the same time, in any given direction or to spe- 
cific areas of the body. By directing Qi against the 
flow of a channel, the doctor arrives at the source 
of the river (or energy). This technique is some- 
times used by the Qigong doctor to collect or 
tonify the Qi within the patient's internal organs. 
This technique for storing and collecting energy 
is called “following the river to reach the sea.” An 
example of this technique would be extending Qi 
from the patient's St-36 points, up the Stomach 
Channels to root, strengthen and stabilize a Defi- 
cient or Rebellious condition within the Stomach 
organ itself. Conversely, by directing Qi with the 
flow of the stream, one can disperse energy (pur- 
gation) and pull Qi out of an area leading it away 
from the source (e.g., pulling Liver-Stomach Heat 
down and out the Stomach Channel to cool an 
overheated Stomach). 


QI AND THE Bopy’s ENERGETIC 
STRUCTURE 

Similar to the biomechanics of the respiratory, 
circulatory, and digestive systems, the body’s en- 
exgetic system has its own organization and es- 
tablished rules of action for regulating organ and 
tissue functions. The adaptability of Qi to the out- 
side environment enables the body to absorb not 
only healthy energy, but also to expel Toxic Qi. 

The nature of Qi is to endlessly gather and 
disperse, expand and contract, to flow inward and 
outward, to rise and fall, as it circulates. When a 
Qigong doctor begins to treat a patient’s channels 
or points, he or she stimulates and activates the 
patient’s Qi, which may arouse muscle movement 
and sensations which can last for quite some time. 


SECTION 2: THE THREE TREASURES: HEAVEN, EARTH, AND MAN 


Ifthe frequency and nature of the doctor’s Qi is 
similar to that of the patient’s, both energetic reso- 
nance and synchronization will synergize, allow- 
ing the patient’s Qi activities to be regulated and 
balanced at a rapid rate. 

Because people vary in sensitivity to energy, 
‘some patients can be treated with Medical Qigong 
therapy immediately. Sensitive patients are usu- 
ally taught Medical Qigong exercises allowing 
them to ingest energy from trees, plants, and other 
things of the natural world. Patients with low sen- 
sitivity may have difficulty in perceiving energy 
and often dissociate from their body during treat- 
ment. These patients should be given Shengong 
‘meditations to restore conscious awareness of the 
toxic emotions trapped within the body, thereby 
reestablishing a harmonious relationship with the 
Mind (see Chapter 32). The patient's insensitivity 
to the doctor's energy extension is an indication 
that the patient's spirit has gone out of the body 
in order to avoid feeling the emotions which arise 
from Medical Qigong therapy. 

‘A patient insensitive to energy projection can 
still be in touch with basic surface feelings (i.e, hot, 
cold, tired, etc.); however, the deeper emotions are 
hidden, or energetically walled off through denial. 
‘The better the relationship between the patient and 
the doctor, the greater the patient's trust and sur 
render to the doctor's energy. 

‘When observing the patient’s Qi and energetic 
structure, the doctor is able to perceive and enter 
the patient's five energetic fields. These fields form 
the matrix of the patient's energetic structure, 
which constitute a blueprint for the body’s physi- 
cal structure. These energy fields have their own 
biological components and degree of fluidity. 

These five energetic fields form the body’s Sea 
of Energy. The term Sea of Energy (Qi), in this, 
context, refers to the description used to explain 
the internal and external currents of life-force en- 
ergy which surround, permeate, and function 
within the physical body. These energetic fields 
are described as follows. 

1. The External Fields of Wei Qi (Protective En- 
ergy), 
2. The Internal Current of Ying Qi (Nourishing 

Energy), 


3. The Internal Sea of Blood (Xue Hai), 
4. The Internal Sea of Marrow (Sui Hai), and 
5. The Center Core of Light (Taiji Pole). 

Within these five energetic fields, the protec- 
tive and nourishing energetic fields of Wei and 
Ying Qi expand and contract, move and adjust 
their energetic flow according to the body's res- 
piration patterns. The Sea of Blood resonates 
within the pulse rhythm established by the heart- 
beat. The Sea of Marrow undulates from the 
thythm established within the body's micropul- 
sation of the sacrum and cranium bones’ flexion 
and extension. The energetic pattern of the Taiji 
Pole vibrates at the same frequency as divine light 
(the Dao). 

‘THE THREE EXTERNAL FIELDS OF 
PROTECTIVE ENERGY (WEI QI) 

‘There are three external energy fields that cre- 
ate the body’s Wei Qi field. The Wei Qi field’s en- 
ergy flows from around the regions of the body’s 
external muscles, skin surface, channels, 
collaterals and channel points, and extends sev- 
eral feet out from the body's tissues. All energetic 
forms of the physical body, including the internal 
organs, blood vessels, nervous systems, etc,, can 
be accessed and treated through the three ex- 
tended fields of Wei Gi. 

These three fields are distinguishable from 
each other by gradations of density, vibrational 
rate, ight, and temperature. All three energy fields 
‘communicate with each other, interacting so as to 
form the body's subtle energetic boundaries. 

Enveloped within these energetic boundaries 
are the body’s external “energetic grids,” span- 
ning the body's energetic structure like a giant 
‘web. These energetic grids are the body's exter- 
nal energetic field patterns, etched through the 
three fields of Wei Qi like a three dimensional 
webbed hologram (similar to three dimensional 
blueprint). 

Itis important to note, that any disease within 
the body’s internal structure is also imprinted in 
this external energetic grid. Disharmony of the 
body’s tissues often appears first in the Wei Qi 
fields, before manifesting within the body. If the 
energetic grid is not transformed (through emit- 


ted light, sound, and resonant vibration), the dis- 
ease cannot alter its destructive course, because it 
follows the patterns dictated within the grid. Thus, 
for example, a tumor surgically removed often 
quickly reappears. Trauma, be it physical, men- 
tal, emotional, or spiritual, as well as drug and 
alcohol abuse, distorts, damages, and destroys the 
delicate energetic web which constitutes the 
body’s external energetic grids, making the pa- 
tient more susceptible to external environmental 
influences. 

The external energetic grids function to pro- 
tect the body from external pathogenic factors, as 
well as to receive and transmit environmental 
energy. Thus, for example, a person can receive, 
absorb, and digest other people's emotions. The 
five senses are constantly receiving on outside en- 
vironmental influences, which directly and indi- 
rectly affect the body's major organs. This con- 
stant influx of data, changes the body's emotional 
patterns, and forces individuals to adjust their 
‘emotional perspective frequently. 

Researchers conducting tests in San Antonio, 
‘Texas, for example, determined that when sub- 
jects are being stared at, galvanic skin responses 
are considerably increased. These increases oc- 
curred even though the subjects were not con- 
sciously aware of being observed. The research 
determined that the body has its own expansive 
field of subtle awareness, which reacts even when 
the individual is not consciously aware of the 
body’s energetic extension. 

By reconnecting the spirit and emotions with 
the mind and body, the Qigong doctor is able to 
perceive the subtle Messages that the patient is 
unconsciously conveying (see Chapter 25). 

‘THE THREE ENERGETIC BARRIERS 

‘The Wei Qi fields are experienced at three dif- 
ferent levels. These levels are differentiated by en- 
cergetic barriers, which protect the body’s bound- 
ary system. These barriers not only protect and 
contain the body, they help establish the 
individual's sense of reality, and sense of self. The 
third energetic field or “outer spiritual barrier” is 
depicted in the illustration as the outside speck- 
led field of energy, and affects the second ener- 
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Figure 13.6. The Three External Fields of Wei Qi 


getic field or “middle emotional / mental barrier.” 
‘The second field of Wei Qi is depicted in the illus- 
tration as the middle white field of energy, which 
in turn influences the first energetic field or 
“physical barrier,” seen as the black field of en- 
ergy in the illustration (Figure 13.6). 

These three Wei Qi barriers are always inter- 
esting for the doctor to feel, because they change 
so much from patient to patient, and sometimes 
from moment to moment. Some patients have 
very strong energetic fields, they are very palpable 
and full. Emotions strongly affect this type of en- 
ergy field. The Wei Qi field of a patient who is 
armoring out of fear, reticence, or self-protective- 
ness, can actually repel the doctor’s hand back, if 
their field and intention is strong enough. This re- 
pelling reaction is helpful because it lets the doc- 
tor know how to pace the treatment, and encour- 
age the patient to let go of the armoring. This al- 
lows the patient to consciously focus on relaxing 
and sensing the areas in the body that he or she 
was trying to protect. 

The energetic boundaries, act as gateways to 
the next level of energetic field energy. To perceive 


the patient's three fields of Wei Qi, the patient's 
energetic boundaries must be gently palpated. 
These boundaries are more easily sensed due toa 
thickening of energy which serves as a barrier to 
external pathogenic factors. Sometimes the doc- 
tor may have to move back into the patient's third 
or “outer” energetic field, and telepathically let 
the patient know that he or she will not be vio- 
lated, and is safe. The doctor waits until the pa- 
tient exhales (thereby expelling some tension) 
before entering and palpating the outer Wei Qi 
field. Once a release in the energetic field is felt, 
the doctor moves forward into the next energetic 
field. Because this same process occurs at all three 
levels, the Qigong doctor responds accordingly, 
waiting for the exhalation that allows them to pro- 
ceed deeper into the next level of the patient’s Wei 
Qi. 

THE FIRST EXTERNAL FIELD OF WEI QI 

The first external field of energy is confined to 
about one to two inches outside the physical body, 
and composed of lower etheric matter. It is related 
to the Lower Dantian and manifests as a holo- 
graphic energy template for the physical body. It 
provides the spatial guidance for morphological 
development during the creation and formational 
stages of the embryo, as well as the morphologi- 
cal energetic patterns that assist in the repair of 
damaged tissues. Its energetic boundary is respon- 
sible for armoring the body against invasion of 
external pathogenic factors. This physical energy 
body is connected to the somatic tissues and cells, 
thus any physical-energetic interaction stimulates 
the body’s external channels and points. This first 
layer is very dense and most Qigong doctors get 
the impression of physically contacting the patient 
several inches before actually touching the 
patient's material body. Its resonant vibrational 
pattern is very broad and slower than the other 
Wei Qi fields. 

THE SECOND EXTERNAL FIELD OF WE! QI 
This energy flows through the regions of the in- 
ternal organs and tissues. It extends about a foot 
or more outside the body's tissues, and is com- 
posed of astral matter. It is related to the Middle 
Dantian and the emotional energy body. It con- 


tains a form of disembodied consciousness that 
can astral travel, and at times leave the physical 
body, as in near death experiences. This second 
layer of Wei Qi interfaces with the limbic system 
of the brain (the neurobiological seat of emotions) 
and is also linked with the sympathetic and auto- 
nomic nervous system. The second Wei Qi field’s 
energetic boundary is responsible for protecting 
the body from negative emotions, destructive feel- 
ings and criticism from others. It is automatically 
activated when the patient is placed in a position 
where a lack of trust exists, or there is unwanted 
physical touch. The emotional energy body is con- 
nected to the visceral organs. Its main function is 
to receive, interpret, and verify an individual's 
emotions, feelings, desires, impulses, and thought 
patterns. Itis through this energetic field that the 
patient's aura is typically observed as colors and 
light patterns. The second layer is more subtle then 
the first layer. When physically palpating, the sen- 
sations are similar to a magnetic attraction and 
repulsion. Its resonant vibrational pattern is faster 
than that of the first layer. 

‘THE THIRD EXTERNAL FIELD oF WEI QI 

This field extends a few feet to several hundred 
yards depending upon the spiritual evolution of 
the individual, and is composed of ketheric mat- 
ter or substance. It is related to the Upper Dan- 
tian and the spiritual energy body. Itis associated 
with intuition, inspiration, creativity, and vision- 
ary insights. Its energetic boundary is responsible 
for establishing security by informing the body 
of impending encounters, conflicts, or environ- 
mental transitions. This spiritual energy body is 
connected to the body's Taiji Pole, and is a con- 
tainer for karmic-related illnesses within the 
physical body. The Taiji Pole is knownas the “root 
with many branches,” as it is a repository of the 
soul's ancestral memories and experiences. Its 
function is to receive the subtle energy of the fin- 
est and fastest vibrations. It senses and interprets 
the data received from its environmental aware- 
ness and universal connection to the divine. The 
third layer is most subtle in physical sensations 
and requires delicate, intuitive contact. Usually the 
first impression when palpating this energetic 


field, is one of contact without a material compo- 
nent (like wind). It is sometimes cold, sometimes 
warm but always “breezy.” Its resonant vibra- 
tional patterns are the highest and fastest of all 
the Wei Qi layers. 

INTERNAL CURRENT OF NOURISHING ENERGY 
rine Qn, 

‘The Ying Qi level of internal energy flows 
within the underlying tissues of the body and 
sweeps through the torso like a fast wind, expand- 
ing and falling with each respiration (Figure 13.7). 
‘The Lungs act as a great energy pump; each breath 
islike a gust of air flowing in and out, in a cycle of 
expansion and contraction through the entire 
body. Ying Qi swirls like a breeze; its function is 
to nourish the Blood, organs and, tissues. It lows 
within the blood vessels, as well as the channels 
and links the mind and intention to the body. It is 
responsible for the organization, construction, 
completion, and reconstruction of the vitality of 
the individual. Itis integrated with the breath, and 
extends outward to the body's physical bound- 
aries (skin and body hair). 

The internal current of Ying Qi is most pal- 
pable when the doctor is gently touching the 
patient's surface tissue with his or her finger tips, 
and it feels almost like electromagnetic energy. 
Feeling the wind of Ying Qi can be likened to fall- 
ing into “space” after passing through the denser 
outer field of Wei Qi. The action of Ying Qi, in 
‘most cases, is free flowing and connected with the 
breath. When listening to certain patients, the 
Qigong doctor may feel the Ying Qi flowing 
through the patient's channels, wrapping itself 
around the whole body like a vapor. It feels light, 
thin, and fairly cool compared to the next River 
of Blood level. 

Toaccess the “current of Ying Qi,” the Qigong 
doctors begin by suspending their hands above 
the patient's first level of Wei Qi. They imagine 
dipping their hands into water as they allow their 
hands to slowly make contact with the patient’s 
body. Once contact is made, the doctors extend 
their intention under the patient's skin. The doc- 
tors should match the patient’s respiration and 
stay connected to the body until they feel the pa- 


Mh 


Figure 13.7. The internal current of Ying Qi flows from 
the Lungs and center of the chest through the entire 
body like a mighty wind. 


tient relax. Matching their respiration almost al- 
ways slows the patient's respiratory rate, moving 
the patient into an altered state of consciousness. 
Sometimes at this point, age regression can be 
sensed, as the patient’s body memory is triggered. 
SEA OF BLoop (XUE HAD 

The Sea of Blood and its pathways constitute 
the body’s internal network for circulating and 
maintaining the individual's life-force, under the 
direction of the Wu Jing Shen (the five separate 
fields that encompass the psycho-spiritual ener- 
getic transformations of the Five Yin Organs). The 
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Sea of Blood’s energy flows through the blood 
arteries, vessels, capillaries, and the tissues of the 
major organs (Figure 13.8). By extending further 
into the body, the Qigong doctor perceives the 
patient's Sea of Blood; it feels like a warm watery 
pool in the center of the Heart, and flows through 
the entire body. The transition from Ying Qi to Xue 
Qi Blood Qi) is easy to detect. 

The energetic sensation of Blood is more sub- 
stantial than the Wei or Ying Qi. The Blood being 
aliquid, isa denser form of Qi, and flows through 
the vessels, organs, and channels propelled by the 
Ying Qi. It is thick (this thickness varies from per- 
son to person), warm and somewhat “slick.” The 
Heart's energy itself feels warm, substantial, and 
very alive. 

‘As doctors gently touches the patient's sur- 
face tissue with his or her fingertips, the doctor 
extends intention deep into the patient's Heart. 
Upon contacting the Xue Qi, the doctor immedi- 
ately becomes connected to the heartbeat of the 
patient. In some cases, the pulsing will connect 
and merge with the doctor’s own heartbeat. Once 
the doctors encapsulates the patient’s Heart, the 
strong emotions emanating from patients will 
usually subside. These feelings may be replaced 
by sporadic spurts of emotions such as relief, 
peace, or comfort, which sometimes invite the 
doctor further into the patient. On the other hand, 
some patients may react with feelings of fear, in- 
tense emotional pain, or even panic causing the 
doctor’s hand to “bounce” away. 

If the doctor’s energy is “bounced back,” he 
or she should immediately disperse the energetic 
charge into the Earth for ground purposes. The 
doctor should then either move to a more super- 
ficial energy level within the patient's body, or 
extend Qi into the patient's thorax or extremities. 
This technique allows the patient to relax after ex- 
periencing a Heart energy discharge. Since the 
pulse is simply another form of energy, circulat- 
ing, expanding, and contracting with each heart- 
beat, the doctor should be able to ride the pulse 
out into the patient's extremities and viscera by 
listening to the Heart. This is similar to the listen- 
ing ability of a master acupuncturist who, when 


Figure 13.8. The Sea of Blood flows from the Heart 
through the body like a dense form of Qi 


reading a patient's pulse, extends his or her en- 
ergy and intention through the patient's channels 
and into the organ of the Heart to diagnose the 
strengths and weakness of its congenital forma- 
tion and current condition. 

SEA oF MaRRow (Su! HAI) 

This energy flows through the central core of 
the spine into the brain and enters the center core 
of the bones. In Traditional Chinese Medicine, the 
Marrow is not the same thing as bone marrow, 
but the stage prior to becoming bone marrow. 
‘Marrow is the pre-substantial Jing that forms the 
matrix for bone marrow, the spinal cord, and the 


brain (Figure 13.9). This flow of Sea of Sui energy 
is much slower than that of the River of Blood. It 
flows from the Kidneys’ Jing, into the center of 
the spine, brain, and bone marrow. It has some- 
times been called the “cranio-sacral rhythm” in. 
Western medical terminology, and can be accessed 
from anywhere in the body. The Marrow energy 
generally feels cool and slick or slippery, with a 
texture like soft silicone gel. Once contact is made 
with the Sea Of Sui, itis very easy to utilize this 
pathway and travel throughout the patient’s body. 
Its rhythm is slow yet manifests as a strong ener- 
getic pulse. 

As the doctor gently touches the patient's sur- 
face tissue by dipping in with fingertips, into the 
Sea of Marrow, he or she can project intention into 
the center of the patient's spinal column. This con- 
nects the doctor with the rhythmic pulse of the 
Sea of Marrow. Itis from this pulse that the doc- 
tor can determine the strength of the patient's 
Original Essence (Yuan Jing), Energy (Qi), and 
Spirit (Shen). 

THE CENTER CoRE OF LiGHT (THE TALI 
PoLe) 

This energy flows through the very center core 
of the body, uniting the three reservoirs of life- 
force energy (the Upper, Middle, and Lower 
Dantians). The fifth and final level of energy feels 
like a still, quiet place deep inside of the center 
core of the body’s Taiji Pole structure. In China, 
Qigong doctors describe it as a holy place that al- 
most defies description. It is observed as a verti- 
cal column or pole, of brilliant white light, full of 
pulsating vibrations. This energetic pole is sur- 
rounded by a vale of gold spiralling light which 
travels from the perineum to the top of the head. 

When both the body's internal and external 
energetic wave patterns become synchronized 
through prayer or meditation, a resonate pulsa- 
tion occurs within the Taiji Pole. This pulse be- 
gins deep within the center core of the body and 
resonates outward towards space. The Qigong 
doctors may also feel a powerful stream of energy 
leaving the body from the top of the head, con- 
necting the Taiji Pole with the energy of the di- 
vine. The center core is a very reverent and spe- 
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Figure 13.9. The Sea of Marrow flows from the kidneys. 
through the spinal cord, brain, and bone marrow. 


cial place, as it contains the essence of the patient’s 
Eternal Soul, devoid of all ego, masks, or defense 
‘mechanisms (the patient's True Self). 

If the doctor penetrates the outside veil sur- 
rounding the patient's Taiji Pole, and extends his 
or her intention into the light’s center, the doctor 
experiences the sensation of falling into space, or 
stretching out into eternity. Sometimes the sensa- 
tion of shooting through space is followed by 
flashing colors and moving shapes, as the sur- 
rounding core dissolves into the Void (Wuji) it- 
self. This same sensation and experience can also 
be personally accessed through deep prayer and 
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meditation, and is quite a normal phenomena 
within deep spiritual practices (Figure 13.10). 


SHEN: THE SPIRIT OF LIFE 

The Chinese character ideogram for Shen is 
formed to symbolize “that which drops from the 
sky,” and “that which passes through the body.” 
In Medical Qigong therapy, Shen is considered the 
subtle energy of the spirit, associated with the 
Heart. It is associated with the spiritual energy 
and has a radiant nature. 

When energized, Shen flows upward like fire, 
extending through the body's Eight Extraordinary 
Vessels creating a healthy nervous system. When 
Shen is gathered in the Upper Dantian, it can be 
projected as light and energy through the eyes, 
and the Yin Tang (Third Eye) point. According to 
‘Traditional Chinese Medicine, all illness has spiri- 
tual roots. The Shen (Spirit) is regarded as an in- 
tegral part of the diagnosis and treatment process. 
An old Chinese saying states, “When the Shen is 
abundant there will be cheerfulness, when it is in- 
sufficient there will only be dullness and sorrow.” 

Shen is developed from Jing and Qi. Accord- 
ing to Medical Qigong theory, when the patient's 
Shen is strong the individual is able to lead en- 
ergy to an injured area and speed up the healing 
process. This strong Shen energizes the Qi, en- 
abling it to increase cellular production. When 
Shen is scattered, the functions of the human body 
are weak from fatigue, the Shen becomes un- 
settled, and the mind restless. When the Shen and 
Qi combine together they form a solid connection 
of light and vibrational energy. This union is uti- 
lized to infuse energy and transfer thought 
through intention. This can be achieved by either 
conscious or unconscious intent by the doctor. 


SHENGONG SCHOOLS OF MEDITATIONS 
AND TRAINING 

The Shengong (Spirit Skill) meditations em- 
phasize the transformations of consciousness, as 
well as the development of perceptual insight and 
the birth of wisdom. From an ancient Chinese en- 
ergetic perspective, the three primordial qualities 
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Figure 13.10. The body's center core Taiji Pole spreads 
from the base of the perineum to the top of the head. 


of true wisdom, or divine universal consciousness 
are: 

1. The experience of emptiness within the Wuji 
(the Void), corresponds to the manifestation 
of the primal virtue of Wisdom. 

2. The light manifested from the Shen's lumi- 
nosity, corresponds to the primal virtue of 
Love. 

3. The life-force energy inherent in all things, 
corresponds to the primal virtue of Power. 
In China, there are three major schools of 

Shengong training. These spiritual schools of 
Qigong are described as follows. 
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allowing the sensor to be identified, as each 
component has a unique 48-bit serial number 
in ROM. 


The chip can draw sufficient power from the 
data bus to operate, so long as the bus is held 
high by a 4.7K pullup resistor. (Maxim describes 
this as “parasite power”) An internal capacitor 
sustains the chip briefly while the bus is used 
for its normal purpose of transferring data, but 
if the bus has low voltage for more than 480us 
the chip will reset itself. The "parasite power” 
feature also will not work above 100 degrees 
Celsius. Perhaps recognizing that this system 
may create more problems than it solves, 
‘Maxim has also given the component a normal 
power input pin. 


‘The DS18B20 is available in the TO-92 package 
and two sizes of surface-mount chip. Its lack of 
a standard 2C bus, and its use of complicated 
proprietary codes, create a steep learning 
curve. Still, it remains a popular sensor, and an 
Arduino code library for itis available online. 


CMOS Semiconductor Tem- 
perature Sensors 


CMOS variants of semiconductor temperature 
sensors have appeared relatively recently com- 
pared with the bipolar variants. They draw a 
very low quiescent current (typically, a few 
microamps) and can work with a power supply 
from 5.SVDC down to 2.2VDC, making them 
suitable for handheld battery-powered devices. 
‘An analog output is common. Popular exam- 
ples are the LM20 and the LMT86 seri 


Like bipolar sensors, the LMT86 sensors have a 
limited temperature range, between approxi 
mately -50 and +150 degrees Celsius. Again, 
like the bipolar sensors, they are available 
optionally in T0-92 and surface-mount pack- 
ages. A significant difference is that the output 
has a negative temperature coefficient, dimin- 
ishing by 10mV per degree Kelvin, because of 
the characteristics of CMOS semiconductors. 


cM 


mniconductor Tem 


erature Sensors 
The claimed accuracy is plus-or-minus 0.25 
degrees Celsius. The output voltage covers a 
range of about 2V, diminishing from 0.5V below 
the supply voltage at -50 degrees Celsius. 


A sample of the LMT86 
Figure 27-13, 


shown in 


Figure 27-13 A sample of the LMT&6 CMOS temperature 
sensor. The background grid is in milimeters. 


What Can Go Wrong 


Different Temperature Scales 
Some voltage-output sensors create an output 
convertible to degrees Kelvin, while others use 
degrees Celsius. While the temperature degrees 
are the same in each scale, a component with 
an output in millivolts may assign OmV either to 
0 degrees Celsius or 0 degrees Kelvin (equiva- 
lent to -273.15 degrees Celsius). The advantage 
of using a Kelvin scale is that it avoids the prob- 
lem of negative temperature values. 


Rarely, a sensor may use degrees Fahrenheit. 


Interference in Cable Runs 

Sensors with a voltage output are susceptible 
to electrical interference. Twisted-pair or sI 
ded cable runs are recommended when sen- 
sors are placed remotely. 


For the Maxim DS18B20, which uses a 1-wire 
bus, multiple sensors should be connected 
along one run of wire (linear topology) instead 
of each sensor being connected to a central 
point (star topology). if the cable lengths are 
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* The Daoist School focuses on strengthening 
the body and mind equally with an emphasis. 
on contemplating nature, Religious Daoism 
has its roots in Siberian Shamanism. 

* The Buddhist School focuses on tempering the 
mind while giving little thought to the body. 

* The Confucianist School focuses on regulat- 
ing the mind to reach a state of quiet rest and 
peace through sincerity and the cultivation of 
moral character. 


PRENATAL AND POSTNATAL SHEN 

The body's Shen is the Supreme Yang aspect 
of the psycho-emotional components, the Heav- 
enly Emperor or “master controller.” It can be di- 
vided and classified into two primary forms 
through which the Spirit manifests: the Prenatal 
Spirit (Yuan Shen) and the Postnatal Spirit (Zhi 
Shen) 

1. Yuan Shen is the body’s spiritual element de- 
rived from Prenatal Jing (Yuan Jing) and Pre- 
natal Qi (Yuan Qi). This aspect of the body’s 
‘Shen is considered to be the intuitive Mind of 
the Dao. It is unborn and undying. It shines 
brightly and clearly. The Yuan Shen tran- 
scends conceptual thinking (which is the Post- 
natal aspect of the mind). It is immortal, un- 
conditioned, primordial, and constitutes the 
mind's Yang nature. 

The Yuan Shen is produced and developed 
by the blending of both the male and female 
elements at conception (Body Fluids, Jing, Qi 
and Shen), and develops further with the 
nourishment from food and water. The Yuan 
Shen dominates all of the body's vital activi- 
ties (heartbeat, digestion, motor function, etc.) 
and is also responsible for all intuitive and 
perceptive insight. The Prenatal Shen consti- 
tutes the true spiritual aspect of the Mind. 

By returning to a state of inner quiet and 
peace, through prayer, meditation, and ad- 
equate sleep, the Yuan Shen and the body's 
health are restored and maintained. 

2. Postnatal Spirit (Zhi Shen) is the spiritual ele- 
ment derived from Postnatal Jing and Post- 
natal Qi. This aspect of the body’ Shen is con- 
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sidered to be the conditioned mind or “will,” 
also knownas the discriminating, or acquired 
mind, and constitutes the mind’s Yin nature. 

The Postnatal Shen is produced and devel- 
oped by mental stimulation through contact 
with the environment after birth. The Post- 
natal Shen dominates all mental activity and 
is responsible for thinking and learned behav- 
ior. The Postnatal Shen constitutes the true 
analytical aspect of the mind. 

Prenatal and Postnatal Shen usually inter- 
actintermittently with each other in maintain- 
ing the body's health. Continual exhaustion 
of the Postnatal Shen impairs and suppresses 
the Prenatal Shen. Excessive studying or sleep 
depravation, for example, can lead individu- 
als to mistake the projection of their deepest 
fears and desires for genuine intuitive percep- 
tions. 


THE FIVE SPIRITUAL ASPECTS AND 
YIN ORGAN COMPONENTS OF SHEN 

Prenatal Shen affects the spiritual disposition 
which presides over man at the moment of con- 
ception. Closely tied to the Yuan Shen are five 
important, although seldom discussed outside of 
China, energies or “spiritual entities” called the 
Five Agents (see Chapter 2). The function of the 
Five Agents establishes the foundation for the 
psychological aspect of the Five Element theory 
‘used in clinical diagnosis throughout China to- 
day. 

Each of these Five Agents is connected to, or 
said to “reside in” one of the Five Yin Organs. The 
‘Three Hun reside in the Liver and embody the 
virtue of Kindness, the Shen resides in the Heart 
and embodies the virtue of Order, the Yi resides 
in the Spleen and embodies the virtue of Trust, 
the Seven Po reside in the Lungs and embody the 
virtue of Integrity, and the Zhi resides in the Kid- 
neys and embodies the virtue of Wisdom (Figure 
13.11). Whereas each of the Five Agents embod- 
ies a virtue, each of the Five Yin Organs embodies 
the energetic qualities of one of the primordial el- 
ements. The Liver embodies the element of Wood, 
the Heart embodies the element of Fire, the Spleen 
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‘embodies the element of Earth, the Lungs embody 
the element of Metal, and the Kidneys embody 
the element of Water. 

Each of these Five Agent energies are con- 
nected to the five separate yet functionally inter- 
active Yin organs, and thus create complex, mul- 
tidimensional energy fields (Figure 13.12). These 
energy fields encompass emotional, mental, and 
spiritual shifts, as well as energetic transforma- 
tions. The fluctuations depend upon which of the 
Five Agents is dominating from moment to mo- 
ment. The psycho-spiritual attributes engendered 
are sometimes known as the Wu Jing Shen (Five 
Essence Spirits). As the universal energy flows 
through the Taiji Pole, these Five Agents are con- 
tinuously being energized. The cultivation of the 
five virtues of these Five Agents nourishes the 
Eternal Soul. 

The Qigong doctor needs to comprehend 
these multidimensional interactions to trace the 
complex spiritual, mental, emotional, and physi- 
cal manifestations of Excess or Deficient condi- 
tions to the source or “root.” Although Jing and 
Qi form the physical basis for the Shen, the Five 
Elemental Yin organs form the components for the 
Shen and the Five Essence Spirits. The energy of 
the Five Agents continually circulates through the 
patient's body, and are described below. 


THE LIVER STORES THE ESSENCE 
SPIRIT “HUN” 
The Liver stores the Three Ethereal Souls, also 
called the Hun. The Hun or Three Ethereal Souls 
are rooted in the Liver Yin (which includes the 
Liver Blood). The Liver organ is responsible for 
the free and easy flow of Qi throughout the body. 
‘The Hun are typically characterized as the 
Yang, brighter, Heavenly souls. It is through the 
influence of the Hun that the five virtues of the 
Five Agents manifest. The Hun leave the body, 
ascending back to Heaven at the time of death. 
‘The ideogram for the Three Hun has two parts. 
One part is the character for Earthly spirits-Gui 
(Ghost), represented by a head suspended above 
a vaporous form of a body, with an appendage 
(symbolizing the whirlwind that accompanies the 
movements of the Earthly spirits). The other part 
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Figure 13.11. The Five Agents and Yin Organs 


of the character is the image for clouds that are 
seen as vapor rising from the Earth and gathering 
in the Heavens, The Hun move within the body 
as freely as clouds, following the Yi (Will) of the 
“Heavenly breath, within the celestial vault” (fol- 
lowing the will of the Eternal Soul stored within 
the Heart, and originating in the Taiji Pole). 

From the ideogram we also get a distinct pic- 
ture of the spirit rising to the Heavens. The Eter- 
nal Soul is different from the spirit in the context 
of classical Chinese theology, in that the soul is 
seen as the more personal of the two, whereas 
spirits are seen as more universal temperaments 
oras archetypes. The ancient medical classics say 
that there are Three Ethereal Souls (Hun) and 
Seven Corporeal Souls (Po) that symbolize differ- 
entattributes of the human being. The Hun’s spiri- 
tual energy is said to be able to leave the body 
and then return, thus indicating a relationship 
with out of body travel into the spirit world 

‘The Hun and Po are expressions of the body’s 
“true spirit.” When disorder exists (physical, men- 
tal, emotional, or spiritual), the Hun may some- 
times fly away (like startled birds in a yard), and 
the Po will either stir about thoughtlessly, in the 
absence of effective control, or become animalis- 
tic in nature and attack. 


Yuan Shen 
Prenatal Shen 
from both parents 


(dominates all of the body's 
activities and is responsible for 
all intuitive and preceptive 

insights) 


Zhi Shen 

Postnatal Shen 

from the interaction 
of Jing and Qi 


(conditioned or acquired mind, 
dominates all mental activity and 
is responsible for thinking) 
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Figure 13.12. Formation of Shen 


FUNCTIONS OF THE HUN 
1. The Hun control sleep and dreaming. They 
reside in the eyes during the day and lodge 
in the Liver at night. When residing in the 
eyes, they see; when they lodge in the Liver, 
they dream. Dreams are the roaming of the 
Three Ethereal Souls. I s the nature the Hun 
towander, and ithappens easily. At night the 
Hun must be anchored or rooted in the Liver, 
so the Liver Blood and Liver Yin must be 
strong, If they are not, the Hun wanders, and 
the person dreams too much or has unpleas- 
ant dreams. Patients who suffer from severe 
Deficiency of Yin, may experience a floating, 
sensation just before falling asleep. This con- 
dition is due to the Hun not being rooted in 
the patients’ Yin. 

Dreams are an example of the information 
gathered during the Hun’s traveling, The an- 
cient Chinese Qigong masters understood 
that the body's Hun can traverse the Nine 
Levels of Heaven or Nine Levels of Earth in- 
stantaneously (see Chapter 2). 

‘The Hun store the sum total of past experi- 
ences. The expressions of the Three Ethereal 
Spirits are manifested through images, sym- 


bols and ideas from the divine and Wuji. 
‘These images, symbols and ideas emerge into 
the patient's mind, affecting his or her spiri- 
tual life, Without this interaction, the patient’s 
mental and spiritual life would be deficient 
in images, ideas, and dreams. 

‘The Hun also controls dreams and day- 
dreaming, as well as the ideals, aims, and di- 
rection in life. The absence of these objectives 
and goals results in feelings of depression. If 
the body's Liver Yin is depleted, the Hun are 
deprived of their residence, resulting in such 
conditions as: fear, excessive day dreaming, 
insomnia, and a lack of sense of direction or 
purpose in life (one of the main features of 
depression). 

Traditionally, sleepwalking is believed to be 
a function of the Hun. In sleepwalking, the 
body's Shen isnot active and functioning, how- 
ever the Hun are moving the individual. This 
is why when treating a patient for sleepwalk- 
ing, the doctor will emit Qi into the patient's 
Hunmen BI-47 (The Door of the Ethereal Sout). 
In modem research, however, some Qigong 
doctors have begun to theorize that the Po may 
take an active role in sleep walking, especially 


when the sleep state is related to incoherent 
trauma (patients who thrash about, hurt people, 
or destroy things when sleeping). 

When using hypnosis or “creative visual- 
ization’ in psychotherapy (the therapist may 
suggest a specific image or scene for the pa- 
tient), the therapist is trying to bypass the 
patient's acquired mind and bring psychic 
material from the Hun, to avoid the judging 
aspect of the Postnatal Shen. 

With regard to sleep and herbal medicine, 
if the patient does not sleep well because the 
Hun are wandering, the Qigong doctor can 
prescribe sour and astringing herbs (ie., Bai 
Shao, Mu Li, Suanzao Ren) which will encour- 
age the Hun back into the body. 


. The Hun assist the Shen in mental activities. 


This relationship is very important, as the 
energy of the Shen and the Hun must con- 
tinually be coordinated. The Shen is related 
to rational thinking and inspiration. The Hun 
gives the Shen sense of direction, projecting, 
outwards, relating to other people. The Shen 
needs to direct the Hun, to “gather the Hun.” 
‘The Hun give the Shen its movement and di- 
rection, encouraging the Shen to relate with 
people, to socialize and bond. The Hun, how- 
ever, also need to be gathered and restrained 
by the Shen. Otherwise if the Shen is weak 
and does not control the Hun, then the Hun 
move about too much and have lots of ideas, 
but never accomplish anything, leading to 
frustration. 

Itis important that the Shen allow the Hun 
to move in and out of the body, but in so do- 
ing must give the Hun direction and purpose. 
‘The Hun inspire and give us dreams. That is 
why the words “movement,” “coming and 
going,” and swimming’ are often used in 
connection with the Hun. In fact, many doc- 
tors say that the Hun are the coming and go- 
ing of the body’s Shen. In mediumistic trances, 
when the spirit of one person enters another's 
body, it is the Hun that come in; the host’s 
Shen is disabled at that time. 

Because knowledge is dependent on the 


awareness of the Three Ethereal Souls, the Hun 
are therefore considered the collectors of infor- 
mation. The Hun however, do not interpret, 
rationalize or analyze the knowledge, they just 
pass the information on to the Shen, which is 
responsible for rational thinking, intuition, and 
inspiration. The Shen helps distinguish be- 
tween the useful and non-relevant information. 

‘There is an interesting correlation with the 
Hun controlling sleep and dreaming, and the 
Hun being rooted in the Liver Blood and Yin. 
‘The Hun’s moving in and out of the Liver gov- 
ers the free flow of Liver Qi and vice-versa; 
the free flow of Liver Qi is a manifestation of 
the swimming energy of the Hun, moving in 
and out of the tissues. 

‘The Hun maintain balance in one’s emotional 
life, under the leadership of the Shen. 

Everyone experiences emotions in life; that 
is normal. The Hun are responsible for keep- 
ing a balance, so that the emotions do not be- 
come excessive and thus become the cause of 
disease. The Hun have a regulatory function, 
closely related to the balance between Liver 
Blood (Yin), and Liver Qi (Yang). The Hun's 
function here is the mental equivalent of the 
Liver’s emotional regulating and harmoniz- 
ing function. 

Duetoits acquired nature, the Postnatal Shen 
discriminates, while the Hun does not. The re- 
lationship between the Shen and the Hun is 
very similar to concepts of consciousness and 
‘unconsciousness in Jungian terms. The Hun are 
repository of images and archetypes, connect- 
ing the (personal) subconscious mind and the 
collective unconscious. Ifthe Hun are unsettled, 
then the Shen (consciousness) is cut off, con- 
fused, isolated, aimless, sterile, and without 
dreams. The movement of ideas within the 
‘body has to be controlled orit gets out of hand, 
resulting in madness. This madness occurs to 
the degree that the Shen doesn’t control the Hun 
anymore, and the patient receives an uncon- 
trolled amount of emotional, mental, and spiri- 
tual input. All the energies and symbols com- 
ing through the Hun have tobe integrated and 


assimilated. Otherwise there can be serious 
mental illness and possibly psychosis (except 
in young children who are continually full of 
ideas and have active imaginations). Ina child, 
the Hun are very active and the Shen is not as 
restraining, so there is a continual flow of ener- 
gies streaming from the unconscious world of 
symbols, without the result of insanity. 

. The Hun are responsible for the eyes. When 
the Hun wander in through the eyes, the eyes 
can see. The Hun give us vision, both men- 
tally and spiritually. 

‘The Hun influence a person's courage. If the 
Hun are not strong, the person is timid and 
fearful. If the Hun are strong, the person is 
fearless, can face up to the difficulties in life 
and dares to take action. A patient with weak 
Hun will have difficulty gathering informa- 
tion, making decisions, will lack courage, and 
become easily discouraged and apathetic. 
The Hun control planning with the aid of the 
‘Shen and the sense of direction. The mental and 
spiritual confusion about one’s role in life, what 
todo, what goals to set, can be compared to the 
aimless wandering of the Hun. This isa strong 
feature of major depression. Ifthe Liveris strong, 
and the Hun are strong and rooted, the person 
has a strong sense of direction, 

‘The Hun control Spirit Travel. By housing the 
Shen for “spirit travel” (the spirit journeying 
outside of the physical body), it is possible 
for the Qigong doctor to consciously direct the 
Hun's travelling. This is different than Astral 
Travel, which is the Eternal Soul journeying 
outside of the physical body, connected to the 
Middle Dantian by a silver “cord of life.” The 
Three Ethereal Souls, accompanied by the 
individual's consciousness, act as one unit 
which is sometimes referred to as the Spirit- 
Soul. The Spirit-Soul allows the doctor to 
know the exact location of the “spirit routes” 
travelled, as well as which path and direction 
it takes when it leaves the body. Otherwise, 
when the Hun wonder, the doctor “Shens out” 
and has no recollection of where he or she has 
been in the spiritual realms. 
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Figure 13.13, Two Ways to Feed the Shen 


THE HEART STORES THE ESSENCE 
‘SPIRIT “SHEN” 

The Heart stores the Shen and is responsible 
for mental and emotional activity, intelligent con- 
sciousness, long term memory, and sleep. It is re- 
sponsible for organizing mental concepts and ac- 
tivities, and has the capacity to judge. 

‘The Shen is divided into two kinds of ener- 
gies, Prenatal Shen and Postnatal Shen. 

The Prenatal Yuan Shen is associated with the 
congenital spiritual energy that descends from 
Heaven. Itis the universal divine spirit that is im- 
planted in each person, uniting man to the spiri- 
tual realm (that which exists beyond the physical 
and mental reality). It has been compared to the 
“Christ within us,” or “higher self.” This is the 
energy Qigong doctors attempt to become filled 
with during sitting meditation practice and 
prayer. 

The Postnatal or Acquired Shen is associated 
with the wisdom of the five senses and the ac- 
quired knowledge of the individual's experiences. 

‘There are two ways to “feed” the Shen. One 
way is through dreams or unconscious informa- 
tion coming from the Hun of the Liver; the other 
way is through thoughts and ideas from the Yi of 
the Spleen (Figure 13.13). A person who has well- 
developed, strong, and abundant Shen compre- 
hends things immediately and is able to apply 
‘what he or she has learned. 

‘The Hun give the Shen movementallowing the 
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mind the capacity of self insight and introspection, 
as well as the ability to project outwards from the 
body and envelop, as well as relate to, other people. 


THE SPLEEN STORES THE ESSENCE 
SPIRIT “YI” 

The Chinese term Yi, is typically translated 
as mind, thought, opinion, idea, sentiment, incli- 
nation, intention, intellect, scholar mind, analyti- 
cal thinking, and memorization in scholastic learn- 
ing, Because the Spleen stores the Yi, itis respon- 
sible for the transformation and transportation of 
all thoughts and ideas on an intellectual level, 
through study, concentration, and memorization. 
‘This is different from the Hun’ creativity. Itis the 
interaction between the Yi of the Spleen and the 
Shen of the Heart that allows man to place how 
he thinks, speaks, and acts into sounds, thoughts, 
and actions. 

Concerning memory, there is a lot of overlap 
between the functions of the Spleen (responsible 
for memory in terms of concentration and study- 
ing), the Kidneys (responsible for storing things 
ona day to day basis), and the Heart (responsible 
for storing past events). 

The Postnatal Qi and Blood form the physi- 
ological basis for the intellect. A person with well- 
developed Yi has total recall of events experienced 
in their personal past, and is able to memorize 
things easily. A patient with an Excess of Yi will 
be obsessed with the past, while a patient with 
Deficient Yi will be absentminded, suffer memory 
loss, be inattentive, and have problems in main- 
taining concentration and mental focus. Although 
all physical pain is registered by the Po, and all 
psychological pain is registered by the Hun, only 
the memory of the pain is registered by the Yi (Fig- 
ure 13.14), Therefore, a Deficient Yi condition can 
often lead to the phenomenon of transference and 
countertransference. Transference involves the 
incorrect attribution of certain emotions and in- 
tentions onto another person (usually onto the 
doctor by a patient). Countertransference involves 
the same type of projection of one’s feelings, col- 
ored by one’s own expectations in response. In 
countertransference, the doctor or therapist is 
doing the projecting, 
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Figure 13.14. Three Ways the Body Registers Pain 


Yi also has the meaning of divine purpose 
when applied to the Yuan Shen energy. Whenever 
the physical energy is purified by self-cultivation 
and through connecting to the divine, the inten- 
tion of the Shen and the divine purpose become 
‘one and the same. It is said when the Yi is con- 
served, it will help build the Zhi (or willpower). 
The Vi is filled with information from the past 
along with current knowledge and sensations. 


THE LUNGS STORE THE ESSENCE 
SPIRIT “Po” 

‘The Lungs store the Seven Corporeal Souls 
(Po), which are physical in nature and are attached 
to the body’s Jing and Qi. The word Po is defined 
as vigor, animation, or life. There are two parts to 
the Po ideogram; one is the character for Gui, the 
spirits of the Earth, and the other represents the 
color white. Thus, the Po are linked with a de- 
scending movement of energy and with the Jing. 
‘The Seven Corporeal Souls are also said “to come 
and go, enter and exit,” in association with the 
body's Essences. 

In Medical Qigong therapy, the body's Eter- 
nal Soul is seen as being strongly influenced by 
two main divisions of internal spiritual energies, 
the Hun and the Po. The Hun are the Three Ethe- 
real Souls and represent the positively charged 
aspects of the Eternal Soul, while the Po are the 
Seven Corporeal Souls and are considered the 
physical, negative, Yin, heavy, and Earthly aspects 


of the Eternal Soul. The Po are the counterpart of 
the Hun and can be described by its following six 
manifestations. 

1. The Poare the somatic expressions of the Eter~ 
nal Soul, related to the reflexive nervous sys- 
tem and limbic system (the “reptilian brain”). 
They manifest through the body's sensations 
of feeling, hearing, and seeing. They have an 
impulsive tendency towards action and cor- 
respond to the deep animal instincts within 
the Mind (personal subconscious) and cells 
(our reflexes are a Po reaction). The Po also 
provide us with the animal strength and re- 
sources necessary to mobilize the body and 
perform incredible feats of power. The-“ani- 
mal within” is driven by the Po. They are the 
manifestation of the body’ Jing in the sphere 
of sensations and feelings. Just as the Three 
Hun provide the individual with the energetic 
movement for the Shen, the Po provides the 
individual with the energeticmovement of the 
body’s Jing. 

2. The Po are responsible for all physiological 
processes in childhood. In the beginning of 
life, the Po are responsible for the sensations 
of pain and itching. The Po serve as the inter- 
mediary between the Jing and the body's 
other vital substances. At conception the in- 
teraction of the body’ Jing not only forms the 
embryo, but also establishes the Po within the 
body. Although the Po are stored in the Lungs, 
they stay attached to the body until death, 
there upon returning their energy back to the 
Earth within a few days. 

3. The Poare related to weeping and crying. The 
interconnection between the Po and Lungs is 
very important from an emotional point of 
view. When the Po’s movement in the Lungs 
is constricted, grief and sadness are sup- 
pressed in the chest through shallow breath- 
ing. 

In the morning time, when waking, if the 
patient feels dull and depressed, it is a sign 
that his or her Shen is clinging to the body, 
i.e, the patient's Shen is clinging to the exces- 
sive energy of the Po. 

4, The Po are closely linked to breathing. Because 
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the Po reside in the Lungs, all meditation sys- 
tems, breathing exercises, and forms of breath 
control are methods used to regulate the Po, 
calm the Shen, and access the higher Hun 
states. Breathing is the pulsation of the Po. 
Each emotional change the body experiences 
is related to a shift in the body’s respiration 
rhythm. Because breath control relies on the 
Lungs which influence the sympathetic and 
parasympathetic nervous systems, the qual- 
ity of Qi and its circulation are dependent 
upon the method, speed, and quality of the 
breath. To support the greatest longevity pos- 
sible, it is important to breathe with a long, 
slow, and even quality to the breath. The 
breath (air from Heaven) interacting with the 
Poin the Lungs, plays a significant role in the 
Heaven-Man-Earth concept for balancing the 
emotions. 

The Lungs’ virtues are righteousness and 
courage. These virtues give a person the drive 
and strength to do the “right thing” when the 
need arises. These virtues manifest and pro- 
mote good health when a correct energetic 
and balanced alignment with the Po is 
achieved (between the Lungs breathing pat- 
tern and the Po). 


. The Po are connected to sexuality on the sen- 


sation level. All instinctive sexual reactions 
and passions come under the authority of the 
Po. In human life, the Po are linked to the ba- 
sic instincts and perceptions of the body. The 
Po provide the fundamental biological energy, 
and are the source of biological needs and 
impulses. They are driven by basic instincts 
and urges, and their sole concern is the im- 
mediate gratification of biological needs and 
impulses (emotional and physical survival, re- 
productive urges, etc.). Most self destructive 
behavior, such as an attraction to unhealthy 
and dangerous life-styles, is due to the Po. 


. Because of the Corporeal Souls’ relationship 


with the Lungs and Large Intestine, the anus is 
considered the “Po Men” or “the door of the 
Po," It acts as a doorway for the elimination of 
the waste products for the Five Yin Organs, 
through draining off impure liquids and waste. 
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THE KIDNEYS STORE THE ESSENCE 
‘SPIRIT “ZHI” 

The Chinese term Zhi (translated as “will”)is 
the prenatal spiritual entity associated with the 
Kidneys, and is not the personal will of the ego 
that is driven by our desires. The term Zhi has 
two meanings. It means memory, but it also means 
willpower. Both are primary features of the Zhi. 
‘The word Zhi can also be used to mean the Mind 
(whole body consciousness and awareness). In 
connection with the five mental aspects of the 
Mind, the Three Ethereal Souls, Seven Corporeal 
Souls, the Shen, the “intellect,” and the “will- 
power” are sometimes referred to as the Five Zhi. 
Memory 

Memory is defined as the ability to remem- 
ber information when studying or learning a par- 
ticular subject or pattern. The Kidneys keep a de- 
termined focus on our goals, not forgetting where 
we are going and what we are working to achieve; 
they maintain a vital mindfulness. The Kidneys 
relate to short term memory, whereas, the Heart 
governs the body’s long term memory (Figure 
13.15). This is why elderly patients, whose Kid- 
neys are declining, often cannot remember what 
day or year it is, but can remember events long 
past. 

WiLLpoweR 

This is the most important aspect of the Zhi, 
because it is responsible for supplying the mental 
drive, willpower, determination, and single 
minded pursuit of goals and aspirations. Itenables 
the realization of ambitions by providing the fo- 
cussed energy necessary to carry ideas to fruition. 
A powerful Zhi creates the magnetism and cha- 
risma necessary to manifest and materialize our 
dreams. 

Even though a person has acquired all the in- 
formation available via the Hun, Po, and Yi, with- 
out the Zhi there can be no action. Although the 
Hun give us the goal (thinks of something), the 
Zhi is needed to accomplish it (decides and acts 
on it). A person with well-developed Zhi demon- 
strates perseverance, determination, and a tenac- 
ity to complete personal goals. Patients with De- 
ficient Zhi become indecisive and fearful. Patients 
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Figure 13.15. Three Ways the Body Stores Memory 


with Excess Zhi have a blind obedience to author- 
ity, or tend to be fanatics. 

The goal of the Qigong doctor is to reach such 
a level of attainment that his or her personal will 
merges with Heaven's will (Tian Zhi) becoming 
one and the same. Tian Zhi is considered the 
‘movement of the divine expressed in man as his, 
personal virtue (De). 

‘Aman’s virtue is defined as his spiritual righ- 
teousness, the authenticity of hisheart and actions. 
It is through the acquisition of virtue that man 
finds and possesses his true nature. If man’s vir- 
tue is initiated into the “mysterious” (embracing 
Heaven's will), his intuitive evolution will give 
way to limitless perception. 

Tian Zhi is a divine inner prompting that 
guides us on our spiritual quest, if we are open to 
its message. Tian Zhi is what we can call the di- 
vine will and carries within it man’s purpose in 
life. 


THE FIVE YIN ORGAN CULTIVATION 
OF SHEN 

The Shen indicates the vitality level, and the 
state of physical, mental, emotional, energetic, and 
spiritual being. A flourishing vitality is a mani- 


festation of the Jing, Qi, and Blood inherent within 
the Five Yin Organs. These five components of the 
Shen are expressed through psychological mani- 
festations (Figure 13.16). They form the bases of 
the patient's emotional characteristics. Each of the 
emotional components of the Five Yin Organs con- 
tribute to the patient’s spiritual manifestation; 
adding or detracting from the natural harmony 
of the patient's spiritual nature. 

The activity of conscious thinking, insight, 
and intelligence are the foundational aspects of 
the body's Shen, activated by the patient’s Heart 
(wherein the Shen resides). The Heart is also re- 
sponsible for the long term memory of the body’s 
sensory memories (the perceptions, feelings and 
sensations related to hearing, seeing, smelling, 
tasting, and touching) and sleep. These sensory 
activities carry over from the other internal organs, 
due to their relationship with the Five Yin Organs. 
Emotional disturbances that affect the Heart can 
‘cause energetic changes in the patient's body, in- 
fluencing health, toward recovery from diseases 
orillness by impeding or facilitating bodily func- 
tions (see Healing the Patient’s Emotional Pain, 
Chapter 31). 

When cultivating the Shen, itis important for 
the Qigong doctor to keep in mind that the spirit 
is indivisible from matter, and that an individual's 
emotional and spiritual well-being and develop- 
ment depend upon the healthy functions of the 
internal organs. When the Shen leaves the body 
(through shock, trauma, stress, depression, guilt, 
shame etc.), the Qigong doctor can observe a di- 
minishment of glow in the patient’s complexion, 
lack of luster in the eyes, along with changes in 
the respiration rate and state of mind. 

Once the patient’s Shen is disturbed, the Qiis 
affected. This in turn leads to the body’s Jing be- 
‘coming weakened. Patients with this condition are 
generally taught Medical Qigong exercises and 
prescriptions to not only tonify and strengthen 
their body’s internal organs to improve their im- 
mune system, but also to improve the overall con- 
dition of their emotional spiritual state. Even a 
low vitality of spirit can cause emotional distur- 
bances that can scatter or stagnate the body's Qi. 
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Figure 13.16. The body's Shen is physically housed in 
the Five Yin Organs. Each Yin organ houses a particular 
psycho-spiritual and energetic aspect of the human 
being. For example: The pulse is stored in the Heart, 
which is the residence of the Shen (Spirit), and placed 
in the front of the body, the Blood is stored in the Liver, 
which is the residence of the Hun (Three Ethereal 
‘Souls), and placed on the left side of the body, the Jing 
is stored in the Kidneys, which is the residence of the 
Zhi (Willpower), and placed on the back, and the Qi is 
stored in the Lungs, which is the residence of the Po 
(Seven Corporeal Souls) and placed on the right side 
of the body. 


The Yi (Intention) resides in the Spleen andis placed in 
the center of the body, governing the Qi of the four 
aspects of spiritual manifestation, distributing them 
along the body's Taiji Pole. When Jing and Blood 
combine Shen is bom. The Hun follow the Blood along 
inallits movements. The Po follow the Jing along in all 
its movements. The state of Qi and Blood of each organ 
can influence the Mind and the Spirit, any alteration of 
the Mind or Spirit affects one or more of the internal 
organs. 
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Advanced cultivation methods utilize the en- 
ergy of the Five Yin Organs, flowing to and from 
the body's Taiji Pole. It is from the Thrusting 
Channels along side the Taiji Pole that the energy 
of the Shen is dispersed into the body's Yin and 
‘Yang Organs and then into the extremities (Fig- 
ure 13.17 - 13.18). 


SHENGONG CULTIVATION METHODS 

‘The key to enhancing the Qigong doctor's de- 
velopment of energy, is through learning how to 
control the vast amount of Qi within the body, 
without compulsively “Shening out” (allowing 
the spirit to leave because the body feels uncom- 
fortable). To avoid disconnecting from the body, 
the Qigong doctor practices several specific train- 
ing methods of Shengong cultivation. When fo- 
cusing on Shengong cultivation and regulation, 
there are four traditional disciplines the doctor 
must adhere to: Nourishing and Strengthening the 
Shen, Housing the Shen, Combining the Shen with 
Respiration, and Combining the Shen with Qi 
(Figure 13.19). 
NOURISH AND STRENGTHEN THE SHEN 

‘The Qi is able to nourish and strengthen the 
Shen through proper Qigong regulation. This is 
brought about through a form of coherent light 
‘meditation, that focuses the doctor’ sShen on asmall 
circle of light (generally about the size of a marble 
or pearl). The doctor’s focus of concentration can 
extend either externally onto a specific point out- 
side the body, or internally on a specific point in- 
side the body (e,, the Upper Dantian). Through 
this focused “coherent light” (light with wave pat- 
tems that are all in step or in phase), itis possible to 
build the Shen's strength and refine its power. 
Through focused intention on a specific area, the 
Qi and Shen condenses together forming a more 
powerful type of energetic projection. 
HousING THE SHEN 

By disciplining (ie., quieting) both the emo- 
tions and thoughts the Shen becomes relaxed and 
tranquil, and remains in its residence (the Heart). 
‘The Shen must not be allowed to become attracted 
to outside emotional disturbances. The goal is to 
allow the Shen to be energized but not excited. 
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Figure 13.17. The Five Thrusting Channels as seen from 
the top of the head. Located within the Five Thrusting 
Channels are the "Five Portals of the Heavenly Gate.” 
These gates include four entry points which surround 
the Baihui (One Hundred Meetings) point. These four 
points are known as the Sishencong or “Four Spirit 
Hearings" and are the access points for the upper 
spiritual matrix surrounding the body's Taiji Pole, and 
connectthe Five Thrusting Channets ofthe upper gates 
with the Five portals of the Earthly Gates. 
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Figure 13.18. The Five Thrusting Channels as seen from 
the perineum. Located on base of the Five Thrusting 
Channels are the “Five Portals of the Earthly Gate.” 
The Fire point is at the location of the Huiyin point on 
the Conception Vessel (CV-1), the Water point is at the 
location of the Changgiang point on the Governing 
Vessel (GV-1), the Wood and Metal points are located 
just below the ischial tuberosity, lateral to the anal 
sphincter. These points are known as the access points 
for the lower spiritual matrix surrounding the body's Taiji 
Pole. 


longer than a few meters, the topology starts to 
matter. 


Latency 
The packaging of semiconductor temperature 
sensors can create latency in their response 
time. While a thermocouple consists only of a 
pair of wires joined by a small dot of melted 
metal, a TO-92 semiconductor package adds 
thermal mass that will slow the response con- 
siderably. Moreover, copper leads will conduct 
heat from a circuit board if the board is warmer 
than its environment. 


Surface-mount chips have a very low mass, but 
must be soldered to some kind of board, even if 
it isa very small one. 


erature sensor 


Generally, other types of sensors may be appro- 
priate where rapid response is necessary. 


Processing Time 
In a sensor with a digital output, the onboard 
analog-to-digital converter will add a small 
delay before the data becomes available, and 
during that delay, the component cannot 
respond to a new temperature. The output 
from an analog device may be more suitable for 
rapid detection of temperature variations. 
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COMBINING THE SHEN WITH THE 
RESPIRATION 

Once the Shen has been nourished, strength 
ened, and housed, it is then connected with the 
doctor's breath. Once the Shen is combined with 
the respiration, maximum healing results can be 
obtained by releasing Healing Sounds and Qi pro- 
jection simultaneously. 
COMBINING THE SHEN WITH THE QI 

The final stage is for the doctor to be able to 
direct the Shen in coordination with the life-force 
energy being emitted into the patient. Since Shen 
projects as light and Qi projects as vapor, this com- 
bination of Spirit and Energy projection is very 
powerful, especially when combined with heal- 
ing colors and sounds. 


THE SIX TRANSPORTATION'S OF SHEN 

The psychic abilities developed in Medical 
Qigong training result from a well-developed in- 
tuitive faculty, brought about through Shengong 
meditations. Through these meditations the Yuan 
Shen can transcend the space-time continuum, as 
both space and time are multidirectional and in- 
terconnected. 

‘Shengong meditations cause altered states of 
consciousness that differ substantially in subjec- 
tive and objective observation from the general 
norms for that individual. As the Qigong doctor 
dissolves his or her Shen into the Wuji, the sub- 
conscious will be able to see forward and back- 
ward in time, unhampered by distance. 

‘The conscious mind acts as a filter, seeking to 
analyze every perception, and attempts to identify 
and categorize each perception. Once the conscious 
mind is engaged, the flow of perception usually 
stops because the perceptions arising from the sub- 
conscious are usually vague (often with multiple 
messages). Qigong doctors must train themselves 
to first root (ground /stabilize) the acquired mind, 
in order for their perceptions to come through in a 
pure form, void of thoughts and judgments. 

The ancient Qigong masters explained the 
ability to access the manifestations of Shen as fol- 
lows: “by rooting the acquired mind (Zhi Shen), 
the Heart (Yuan Shen) opens up to 10,000 voices 
(Wuji).” Meaning that, when the “chattering 
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Figure 13.19. Four Ways to Cultivate the Shen 


mind" is anchored into the Earth through focused 
intention, the Heart is able to perceive the spiritual 
realm (the 10,000 voices), or be aware of its con- 
nectedness to the multidirectional space-time con- 
tinuum. 

Extraordinary abilities that develop from the 
cultivated spiritual consciousness include: telepa- 
thy, clairvoyance, clairaudience, precognition, 
time travel into the past, levitation, and 
teleportation. 

‘The Qigong doctor experiences different psy- 
chological adjustments when opening to the deep 
spiritual transitions of Shengong meditations. The 
adjustments the doctor will experience include: 

1. Time distortion, 
2. Deep mystical states of perception and intu- 
ition, 
3. Deeper and more powerful levels of self heal- 
ing, 
4. A more spontaneous reaction to movement 
and sound, and 
5. Difficulty communicating verbally. 
CULTIVATING THE SPIRITUAL 
ConsciousNEss To OBTAIN THE SIX 
TRANSPORTATION'S OF SHEN 

In Shengong meditations, itis through the use 
of imagery and creative visualization that the 
doctor's aitered states are developed, and a con- 
nection is forged with the Yuan Shen and Eternal 
Soul. 
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After the doctor’s Shen has entered into a qui- 
escent state, his or her altered state of spiritual 
conscious can be initiated through choosing one 
of the following five images. 

1. The doctor is instructed to go inward into the 
center of the Taiji Pole to connect with his or 
her Yuan Shen and Eternal Soul. 

2. The doctor is instructed to go into an imagi- 
nary temple or sacred place located within the 
astral plane to connect with his or her Yuan 
Shen and Eternal Soul. 

3. The doctor's instructed to float upwards into 
the Heavens to connect with the eternal source 
of his or her Yuan Shen and Eternal Soul, 

4, The doctor is instructed to ascend out of the 
body (after reliving the death of a past life 
experience) and receive the knowledge 
learned from that experience collected from 
by the Yuan Shen and Eternal Soul. 

5. The doctor is instructed to allow the Yuan 
Shen to directly connect with the Eternal Soul 
and transmit information. 

The Higher Self and Eternal Soul are usually 
considered as the same thing, and are often re- 
garded as the “Master Within.” In Jungian psy- 
chology, the collective unconscious (Wuji) is ac- 
cessed through the subconscious mind (Shen) in 
the form of dreams or directly through “visions.” 
‘The personal subconscious (Shen) has several el- 
ements: 

* the anima, which is the wise man (influ- 

enced by the Hun)-for males, or 

* the animus, which is the wise woman (in- 

fluenced by the Hun)-for females, plus 

* the shadow, which is the individual's dark 

side (influenced by the Po). 

Once the Qigong doctor has cultivated the 
Shen into a high level of effective energy (absorb- 
ing and projecting energy from the universal, as 
well as the immediate environment), the result is 
a gradual unveiling of six supernatural diagnos- 
tic powers known as the Six Transportations of 
Shen 

These six metaphysical abilities not only en- 
able the Qigong doctor to accurately evaluate a 
patient's state, but also to predict the probable fu- 


ture progressions of the patient's life as well as of 
his or her disease. The Six Transportations of Shen 
are: Observing the Present, Comprehending the 
Past and Observing the Future, Knowing a 
Person's Thoughts, Perceiving a Person's Destiny, 
Hearing the Sounds of the Universe, and Exam- 
ining the Universe (Figure 13.20). 

OBSERVING THE PRESENT 

‘The Qigong doctor must first quiet the Zhi 
Shen's (acquired mind) analytical chattering by 
housing its energy within the Five Yin Organs. As 
the Mind becomes rooted, the doctor’s breathing 
slows and the Lung Qi harmonizes with the Heart 
Qi. Once the Seven Po are quieted in their resi- 
dence and the Zhi Shen is rooted, the Yuan Shen's 
messages can come through clearly without in- 
terference. The Yuan Shen is always connected to 
the Wuji where all knowledge is stored. The Yuan 
Shen is always at the “center of time” where it 
can gather and absorb the patient’s past and 
present experiences, emotional reactions and 
thought patterns. It is from the Qigong doctor's 
intention and focus to be at the “center of time” 
that he or she can observe the present state of 
pours 

Observing the past is the ability to analyze 
and accurately discern the actual state of present 
situations (the here and now). By keeping away 
from conscious intervention, the Yuan Shen is free 
to truly listen and perceive as an “observer.” The 
doctor’s ego is not engaged and his or her mind’s 
subconscious observer receives and reviews the 
patient without bias. 

This enables the doctor to thoroughly analyze 
and comprehend events and situations clearly and 
unambiguously. It is through this state of percep- 
tion that the Qigong doctor can accurately discern 
the true emotional problems which disturb his or 
her patient's energetic balance. 
COMPREHENDING THE PAST AND OBSERVING 
THE FUTURE 

Comprehending the past and observing the 
future is the ability to analyze and understand the 
thought patterns of the patient, the reasons these 
patterns take place, and to accurately predict the 
‘outcome of future events based upon those pat- 
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Figure 13.20. The Six Transportations of Shen 


terns. By observing the patient from the active 
state of being in the “present,” the Qigong doctor 
is free to travel within the infinite space (Wuji) 
enveloped within the patient's tissues. The 
doctor's Yuan Shen has no need to astral travel to 
obtain this information. The doctor's energetic 
connection to the patient's energy body gives him 
or her direct access to the personal information 
needed. It is from this internal space that the 
Qigong doctor can begin to access the memories 
existing within the patient's body (stored within 
the cells of the tissues). 

At the subatomic level, the body and its cells 
contain a great deal more energetic space than 
matter. The doctor can directly access the internal 
‘Waji enveloped within the patient's tissues and 
cells to retrieve the patient’s past memories and 
‘emotions. Through tracing the patient’s emo- 
tional, mental and spiritual developmenta greater 
understanding of the patient's present condition 
isachieved. After the doctor’s Yuan Shen has gath- 
ered this information, it can be further analyzed 
by the doctor’s Zhi Shen, and organized to accu- 
rately determine the cause and effects on the 
patient's present state. 

Through understanding past patterns of 
thought and emotional reactions, the doctor can 
then predict future patterns of change and transi- 
tion. These predictions are quite accurate, since 


people are prone to repeat programmed patterns 
indefinitely, unless there is an internal spiritual 
transition that frees them from this subconscious 
patterning. 
KNOWING A PERSON’s THOUGHTS 

This is the ability to sense the thoughts, judg- 
ments, fears, and emotions of another person, 
knowing their innermost fears and subconscious 
thoughts. The subconscious mind of the doctor 
‘communicates with the subconscious mind of the 
patient. This is a nonverbal, telepathic communi- 
cation. It is therefore important for the doctor to 
monitor his or her thoughts and feelings, as they 
are automatically being projected into the subcon- 
scious mind of the patient. After the treatment is 
over the doctor may discuss with the patient any 
important information received that would be 
helpful to the patient. 
PERCEIVING A PERSON’S DESTINY 

Thisis the ability to predict future events and 
upcoming transitions in an individual's life based 
on the doctor’s understanding of the patient's past 
energetic patterns. Through the Yuan Shen’s abil- 
ity to perceive the past and present, the doctor is 
able to understand the patient’s mind, thoughts, 
acquired characteristics and personality. Above 
all, however, the doctor is able to perceive the 
individual's true nature that exists behind all of 
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the patient's external masks. The doctor's Zhi 
Shen (postnatal mind) is then able to analyze and 
categorize the individual's patterns. Through de- 
ductive thinking, the doctor is able then to per- 
ceive the probable outcome and development of 
these repetitive patterns. This enables the doctor 
to help the patient to identify the patterns that 
require restructuring and give added encourage- 
‘ment and advice, when needed. 

This spiritual counsel or guidance is extremely 
important for healing transitions since old pat- 
terns established in the three energy matrixes 
(ing, Qi, and Shen) must be changed together to 
achieve a more permanenthealing. Otherwise, the 
illness is likely to reappear. The spiritual matrix 
sets the foundation for the energetic matrix, which 
in turn sets the foundation for the physical ma- 
trix. 


HEARING THE SOUNDS OF THE UNIVERSE 

This is the ability to hear sounds, music, and 
voices not audible to the normal hearing. This is 
not tobe confused with schizophrenia ~a mental 
illness that causes a person to hear voices; the dif- 
ference is that the schizophrenic cannot think 
clearly, the mind is very confused and unordered. 

The ability to hear the sounds of the universe 
is also the ability to be aware of, and receive, di- 
vine inspiration or messages (clairaudience). 
These abilities allow the doctor to affect the lives 
of those they know or soon will know. The 
doctor’s own inner-voice can guide, instruct, 
teach, and lead the doctor to ever higher states of 
enlightenment 

Through inner hearing, the Qigong doctor is 
able to listen to, as well as understand, the reso- 
nant sounds generated by life-force energy and 
spiritual entities. This enables the doctor to tap 
into an unlimited source of divine knowledge and 
wisdom, which in turn allows the doctor to be 
present for the patient's highest good. 
EXAMINING THE UNIVERSE 

This is the ability to actually perceive current 
objects, events, or people that may not be dis- 
cerned through the normal senses. Itis the ability 
to perceive both time and space on a spiritual di- 
mension (clairvoyance), to understand and ac- 


knowledge one's part, and to accept one’s divine 
calling in life. It is also the ability to understand 
how one’s spiritual calling affects both the cos- 
mos and mankind. Through inner-vision the 
Qigong doctor is able to see inner-visions of di- 
vine enlightenment, observe and exchange infor- 
mation with celestial beings, and find holy places 
for spiritual sanctuary. 

The metaphysical abilities of the Six Transpor- 
tations of Shen are spiritual manifestations from 
the Eternal Soul. Once the Qigong doctor regu- 
lates his or her spiritual life, these abilities become 
a natural course of experience, giving way to the 
development of eight supernatural powers. A 
chart describing the interaction of the body’ Eter- 
nal Soul with the energetic functions of the Three 
Dantians and Five Yin Organs’ Wu Jing Shen (Five 
Essence Spirits) is depicted in Figure 13.21. 


THE EIGHT SUPERNATURAL POWERS 

(Once an individual has obtained the Six Trans- 
portations of Shen, his or her psychic abilities de- 
velope into eight supernatural powers. These 
powers can be utilized in the individual's personal 
spiritual practice. Through these eight supernatu- 
ral powers the doctor’s Yuan Shen can allow him 
or her the ability to transcend all physical bound- 
aries and invoke certain spiritual manifestations. 
The eight supernatural powers are described as 
follows. 

1. The ability to make the one’s physical body 
light. 

2. The ability to make the one’s physical body 
heavy. 

3. The ability to reduce one’s energetic body to 
the size of an energetic particle. This allows 
an individual the ability to astral travel into 
the subtle energetic and spiritual realms of 
existence. 

4, The ability to expand one’s energetic body to 
an infinite size. This allows an individual the 
ability to connect to, through, or envelop ob- 
jects, as well as energetically protect people, 
places and things. 

5. The ability to call into existence and attain 
one’s specific needs or desires. Due to the 
individual's strong connection to the divine, 


Chamber of Light 
(Upper Dantian) 
Tai Yi (Great 
Divinity 


Eternal Soul 
Rooted Behind 


Intuitive 
Wisdom of 
the Eternal 
Soul 


Chamber of Heat 
(Lower Dantian) 
Xia Tao Kang 
(Below Healthy 

Peach) Resides in the Lower Dantian 


S08 


‘Tai Guan -Hun 
(Eminent Light) 


Body 
through 


Posinata 
Spirit 
(Yuan Shen) | | [(Zhi Shen} 


(Personality 
Characteristics) 


Wisdom of the 
Five Senses 


Figure 13.21. The Body's Intricate Interactions of the Eternal Soul 
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he or she may manifest through faith that 
which is desired. 

6. The ability to experience and enjoy one’s de- 
sires fulfilled. 

7. The ability to gain authority over one’s situa- 
tions. First and foremost, the individual will 
obtain the spiritual authority over a specific 
situation, then the authority over the emo- 
tional, mental and physical realms follow. 

8. The power to attract and control things. This 
allows an individual the ability to engender 
help and security (in the form of outside coun- 
cil, finances, and spiritual and emotional sup- 
port) in order to exercise power over specific 
situations. 


SOUL PROJECTION, SPIRIT 
PROJECTION AND ENERGY 
PROJECTION 

The phenomena of Soul Projection, Spirit Pro- 
jection and Energy Projection is known and ac- 
cepted as a natural part of existence in almost ev- 
ery culture in the world. The holy men and women, 
shamans, and energy healers of many primitive 
societies were required to prove their powers by 
exercising these spiritual and energetic abilities. 

Tibetan Buddhism (influenced by the ener- 
getic practices of Indian cosmology) contains 
elaborate doctrines about Soul Projection (also 
known as Astral Projection), Energy Projection, the 
Astral Body, and also describe the feats individu- 
als can perform while out of their physical bod- 
ies. Some of these doctrines are quite similar to 
the traditional Daoist teachings which are evident 
in advanced Daoist Shengong training. 

All Chinese systems used for inducing Shen 
and Qi projections use visualization, concentra- 
tion, willpower and the individual's innate skill. 
The three types of external projections are: Soul 
Projection, Spirit Projection, and Energy Projec- 
tion. 

* Soul Projection occurs when the body’s Eter- 
nal Soul is externally projected out of the body, 
while still attached to the Middle Dantian 
through a Silver Cord; 

* Spirit Projection occurs when the body’s Shen 
is externally projected outside of the body as 


an energetic vehicle of light; 

+ Energy Projection occurs when the body's Qi 
is externally projected out of the body like an 
energetic vapor (Figure 13.22). 

In Soul Projection, Spirit Projection and En- 
ergy Projection, the effects of time are not acknow!- 
edged outside of the physical realm. Within the 
Astral Plane, time is omnipresent, there isno past 
or future, only the individual's perception of it. 

The body has an established relationship to 
both the physical and spiritual world. The physi- 
cal world of the living is considered a Yang state 
of existence, while the supernatural-spiritual 
‘world is in a Yin state of existence (see Chapter 
19). As the Qigong doctor’s Shen reaches a high 
state of sensitivity, he or she can transcend the 
ordinary senses and normal conscious percep- 
tions. These abilities enable the doctor to observe, 
communicate and even travel within the “higher” 
and “lower” spiritual Yin world. There are nine 
energetic levels of Heaven (i.e, the higher astral 
planes), and nine energetic levels within the 
Earthly spiritual realm (or lower astral plane). 

Itis important to note that the term “higher” 
and “lower” astral realm has nothing to do with 
the actual space, but with the energetic and spiri 
tual vibrational levels. The higher and lower as- 
tral planes overlap and exist within the same space 
as the physical plane. This blending between the 
higher planes, lower planes and the physical plane 
creates energetic dimensions (or places) where the 
separation between these worlds is thin. In these 
energetic dimensions, lower beings can reach and 
attach onto an individual -- even though the indi- 
vidual is not directly within the astral regions. 

The energetic frequency of each astral being 
determines the spiritual level wherein it exists. 
Beings of higher frequency, for example, vibrate 
ata faster rate and reside in the higher, less dense 
astral dimensions; whereas beings of lower ener- 
getic frequency can only dwell in the dense lower 
astral levels. 

Negative feelings (e.g., worry, fear, anger, etc.) 
produce a lower vibrational rate that can not only 
keep an individual's spiritual vibration at a lower 
level, but can also attract lower level astral beings 
to that individual 
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Figure 13.22. Soul Projection, Spirit Projection and Energy Projection 


SOUL PROJECTION 

Soul Projection is the skill of sending the 
body's Eternal Soul (at will) to other places, times 
and dimensions (or worlds) in order to retrieve 
knowledge and experiences that assist the indi- 
vidual in his or her spiritual evolution. Itis anon- 
physical world in which time and space have no 
‘meaning or influence. The astral dimensions form 
a parallel universe that exists both within and 
outside ourselves. 

The Eternal Soul isa fluid energetic form that 
can disengage from the physical body and travel 
about as a disembodied apparition taking the 
human consciousness along with it. It can pass 
through walls, travel to higher dimensional 
worlds, and encounter nonhuman creatures and 
mystical masters. Many Qigong masters use Soul 
Projection to seek spiritual knowledge, travel 
through time to view the past, explore other spiri- 
tual dimensions, engage in astral sex, or view the 
“infinite knowledge” (i.e., Messages) contained 
within the Wuji. 

When the Eternal Soul begins to leave its en- 
ergetic chamber, the brain wave patterns slow to 
a theta pulse. The body may feel paralyzed, and 
begin to vibrate as if an electrical current were 
passing through it. 

There is also an odd roaring sound heard in 
the ears before the Eternal Soul separates from the 
body’s tissues, or sometimes buzzing noises, mu- 
sical notes, humming sounds, or chattering voices 
can be heard. When leaving the physical body, 


sometimes a swaying sensation can be felt as the 
astral body separates from its physical shell. The 
astral body can either spin out or float out of the 
physical body. When traveling in the astral body 
individuals may observe streaks of light flashing 
behind them as they travel. 

As the Eternal Soul travels, a silver energetic 
cord is attached from either the top of the head 
(at the Baihui area) or at the Lower Dantian (at 
the umbilical area). This energetic cord is the me- 
dia through which an individual retains his or her 
awareness of the physical self while projecting. 
This energetic cord is constructed of subconscious 
spiritual energy and maintains the individual's 
protective perceptual awareness of his or her 
physical body. It is believed by some that if this 
cord is severed the individual will die. 

When the Eternal Soul (in its astral form) ap- 
proaches someone, there is a feeling of electricity 
and coolness that is general felt. While in its phan- 
tom form, the Eternal Soul can display telekinetic 
powers (e.g., knocking on walls or tables, closing 
ahalf open door, etc.). 

‘Warnings and Contraindication 

Do not practice Soul Projection just before, or 
during, thunderstorms as the electromagnetic 
buildup in the atmosphere can hamper your abil- 
ity to leave or return to the body. Also avoid ap- 
proaching any kind of power-line during Soul 
Projection, there is a risk of getting caught by the 
powerline and becoming “stuck” (like a fly ina 
spider web). 
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1. A Body of Light 


2. An Animal Form 


3. A Ghost or Saint 


4. The Immortal Observer 


5. The Element Body 


Figure 13.23. Types of Spirit Bodies Used in Spirit Projection 


This energetic form resembles an energetic 
duplicate of the individual's physical self. It 
involves creating a near exact energy body 
duplicate of oneself (often with improvements, 
e.g., no wheelchair, or the elimination of other 
physical challenges). 


This energetic form resembles that of an 
animal (known ag Shape Shifting). It is, an 
ancient Daoist Shamanistic skill used to 
transcend the astral plane, and to take on the 
consciousness and energetic behavior, skills 
and perceptions of the animals the shamans 
assumed. 


This energetic form resembles that of a Ghost 
or Saint (also known as an Invocation). It 
involves energetically taking on the image, 
form, and personality characteristics of 4 
departed individual or spiritual deity. 


This energetic form resembles that of an All 
Seeing Eye (also known as The Astral Eye). 
It involves creating an energetic ball of light 
in the Upper Dantian at the Yin Tang (Third 
Eye) area. The large eye surrounded by a 
sphere of light is released from the Yin Tang 
area to gather psychic impressions via a long 
energetic cord attached to the Upper Dantian. 
As the eye returns, its energetic form is 
absorbed back into 'the individual's Upper 
Dantian. These gathered images are then 
analyzed and the information is assimilated 
before the energy is dispersed into the 
individual's Lower Dantian (and then down 
the legs and into the Earth). 


This energetic form usually resembles that 
of different elements of nature, such as wind 
(as yaporous mis), Water, Earth (the terrain) 
or Fire. The ancient Daoist would use these 
elemental forms of nature as a disguise in 
order to obtain information or spy on hostile 
intruders. 


Do not practice Soul Projection while recov- 
ering from an acute sickness (the drain on your 
‘energetic reserves can make you more susceptible 
to further illness). 

SPIRIT PROJECTION 

Spirit Projection is the skill of sending the 
body's Shen (at will) to other places, times and 
dimensions (or worlds) to retrieve knowledge and 
experiences to assist the individual in his or her 
spiritual evolution, 

Spirit Projection (also known as mind projec- 
tion, remote viewing, mind travel or traveling 
clairvoyance) can entail a combination of “genu- 
ine” observation with an extrasensory percep- 
tional ability to gather information. When 
individuals perform traveling clairvoyance in the 
form of Spirit Projection, they can send their con- 
sciousness anywhere in the world. Awareness is 
not physical in nature, it is experiential, totally 
nonmaterial and cannot be limited to, or fully con- 
tained within the body. 

Spirit Projection is practised through the cre- 
ation of an energetic vehicle for the spirit body, 
such as a body of light, an energetic form of an 
animal, or a ball of light. An energetic shape is 
formed through the imagination and intention. 
‘The individual then transfers the energetic con- 
sciousness from his or her physical body into the 
energetic vehicle. This energetic form can re- 
semble various patterns shapes and sizes to serve 
the individual's purpose (Figure 13.23). 

As the individual thinks about a person or 
place, his or her body will be pulled to that object 
like a magnet, followed by a flood of images. The 
spirit body can fly over various terrains as it trav- 
els (e.g., oceans of water, deserts, mountains, for- 
ests, etc.). Once the spirit body arrives at its desti- 
nation, the individual is able to feel and experi- 
ence the area’s environmental Qi (e.g, the humid- 
ity, wind, cold, heat, light, darkness, etc.). 

After traveling in the spirit body the indi- 
vidual must reabsorb the energetic body back into 
his orher physical body to retain a clearer memory 
of the experiences. 

Warnings and Contraindication 
Do not perform too many Spirit Projections 


within a relative short time span. Excessive Spirit 
Projection has a tendency to weaken the Kidneys 
and drains the body’s Wu Jing Shen. 

While traveling, be careful of what your in- 
tentions are, as like begets like. Any negative pro- 
jection, emotion or evil intention brought into the 
astral plane will quickly rebound back to the in- 
dividual, or may attract negative entities that feed 
off of these lower vibrations. 

ENCOUNTERING ASTRAL BEINGS 

Within the subtle realm of the spiritual world, 
the existence of spiritual entities and ghosts are 
divided into Yin and Yang. While traveling in the 
astral realm, an individual can encounter either 
type of spiritual entity. 

1. The Yang Beings native to the higher astral 
realm vibrate at a faster energetic rate, and 
are associated with more advanced, highly 
evolved beings, such as angels, guides, beings 
of the light, and enlightened masters. 

2. The Yin Beings native to the lower astral realm 
vibrate at a slower energetic rate, and are as- 
sociated with lower, less evolved beings, such 
as devils, demons, spirits of darkness, evil 
spirits, and other similar negative spiritual 
manifestations. 

Inall truth, the astral body cannot be hurt the 
same way that the physical body can. The astral 
body can, however, carry back to the physical 
body mental, emotional, and spiritual scars, or 
hitchhiking negative astral beings, all of which can 
negatively affect the physical body. 

All actions and reactions on the astral plane, 
whether productive or destructive, are a product 
of the individual's belief system (you bring about 
each condition according to your faith). 

ENERGY PROJECTION 

Another type of life-force energy that the body 
can project outside its physical structure is Qi. Gi 
Projection is emitted outside the body like a fine 
vaporous mist, enveloping and sensing every- 
thing that it touches. Similar to Soul Projection and 
Spirit Projection, Qi Projection is directed accord- 
ing to the individual's intention, imagination, will, 
and faith. Distance therapy, pertaining to Qi emis- 
sion, can be observed as energy leaving the doc- 


tor’s hand like heat waves emanating towards an _doctor sends to his or her patient. This constitutes 
external object. Within this emitted life-force en- the energetic foundation for Medical Qigong 
ergy is contained the doctor's Shen (Spirit), as well therapy. 

as the energetically encoded “Messages” that the 
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radiation > heat > infrared temperature 


infrared temperature sensor 


An infrared temperature sensor is sometimes described as a thermopile. In reality the 
sensor module contains a thermopile, In this Encyclopedia, a thermopile is considered 
to be a separate component, described in the entry discussing thermocouples, See 
“Thermopile" in Chapter 25. 


Other terms that are sometimes used for an infrared temperature sensor are contact- 
less thermometer or infrared thermometer. This Encyclopedia classifies a thermometer 
as. commercially marketed product, not a component. 


Devices such as a radiation pyrometer, IR pyrometer, optical pyrometer, or thermal 
imager provide ways of measuring infrared radiation, but are outside the scope of this 
Encyclopedia. 


A passive infrared motion sensor (PIR) can detect infrared radiation, but only 
responds to fluctuations in intensity. An infrared temperature sensor measures the 


ts 


steady-state value of incident radiation. 
OTHER RELATED COMPONENTS 


«+ passive infrared motion sensor (see Chapter 4) 


+ thermocouple (see Chapter 25) 


What It Does 


Most temperature sensors discussed in other 
entries in this Encyclopedia are contact sensors, 
meaning that to measure the temperature of 
an object, liquid, or gas, they must make con- 
tact with it. In situations where contact is not 
possible or desirable, an infrared tempera 
ture sensor can be used. It responds to the 
black-body radiation (sometimes known as 
characteristic radiation) that is emitted by all 
materials above absolute zero (0 degrees Kel- 
vin). This varies with temperature as a result of 
the movements of molecules. 


Situations where noncontact sensors may be 
preferable to contact sensors include: 


+ An object is inconveniently located or 
too far away. 


+ The temperature of a large area must 
be measured. 


+ Contact with a small object would 
change the temperature of the object. 
The act of measurement would change 
the value being measured. 


+ The object is corrosive, abrasive, or 
otherwise liable to damage a sensor. 


+ The object is moving or vibrating. 


+ The surface of the object must not be 
contaminated (for example, unprotec- 
ted foods). 
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SECTION III 
DAO YIN TRAINING 


CHAPTER 14 


INTRODUCTION To DAO YIN TRAINING 


Qigong developed into a systematichealing art 
forhealth preservation during the “Warring States” 
period in Chinese history (476-221 B.C.). Records 
from that time contain documentation of symptoms, 
treatments, and specific points of attention given 
within the body and energy channels, by doctors 
practicing Medical Qigong, as well as details of the 
effects of these Qigong exercises. 

‘The Huang Di Nei Jing (The Yellow Emperor’s 
Classic of Internal Medicine) states, “to treat diseases 
it is important to use both Dao Yin and An Qiao.” 
These are two names given to Medical Qigong 
therapy in ancient times. 

“Dao” refers to physical movements, which are 
guided by the strength of the mind to stimulate the 
body's Qiand bring abouta state of relaxation. “Yin” 
refers to the fact that with the aid of physical move- 
ments the body’s Qi can reach the extremities (feet, 
fingers, and head). Dao and Yin together mean to 
lead and guide the energy through both motion and 
quiescence. This therapy includes mental, respira- 
tory, and postural exercises. 

“An has two meanings, “massage” and the 


“up and down movement of the wrists.” “Qiao” 
means “to lift up.” An Qiao refers to the methods 
of the postural Dao Yin exercises. The basic hand 
and body methods of postural Dao Yin training 
are as follows: 

* Kai (Opening) 

+ Fen (Separating) 

‘+ He (Closing) 

+ Tui Pushing) 

+ Rou (Rubbing) 

+ Xuan (Rotating) 

+ An (Pressing) 

These are the foundational movements a 
Qigong doctor will use in order to purge, dis- 
perse, gather, tonify, emit and guide Qi. The train- 
ing of energy is achieved and implemented pri- 
marily through a combination of dynamic (active) 
and static (quiescent) exercises and meditations, 
Although Medical Qigong schools are diverse 
and complex in their form and content, they can 
all be divided into two main branches of ener- 
getic cultivation: Static Qigong and Dynamic 
Qigong (Figure 14.1). 


Static 


Dynamic Qigong Training 


LDispersing into the Wuji 
2.Breath Regulation 
3.Mind Concentration 
Imagination and Observation 
5 Static Relaxation Qigong 
6.Inner Nourishing and Strengthening Qigong 


‘Guiding and Inducing 
2.Massage 

3.Tapping and Striking 
4.Self-inducing 

5.Hard Qigong 


Figure 14.1, Two Main Branches of Energetic Cultivation: Static Qigong and Dynamic Qigong 


STATIC QIGONG TRAINING 

This training involves bringing about and 
keeping a quiescent state of mind and breath. In 
fixed postures (lying, sitting, or standing) the prac- 
titioners can train to accumulate substantial Qi in 
their Lower Dantian, while circulating it through 
their bodies. Static Qigong training is further di- 
vided into six different schools of practice: Dis- 
persing into the Wuji, Breath Regulation, Mind 
Concentration, Imagination and Observation, 
Static Relaxation Qigong, and Inner Nourishing 
and Strengthening Qigong. 

1. Dispersing into the Wuji requires the practi- 
tioner to dissolve his or her energy into infi- 
nite space, or the Void, without focusing or 
directing their attention on any object from 
the external environment. 

2, Breath Regulation requires moving Qi inter- 
nally or externally while inhaling, exhaling, 
or swallowing the breath, etc. 

3. Mind Concentration requires concentrating 
the mind on one fixed internal or external 
point. 

4, Imagination and Observation require disci- 
plining the imagination with vivid, colorful 
visualizations. 

5. Static Relaxation Qigong requires the relax- 
ation of both body and mind, keeping them 
ina constant state of quiescence. 

6. Inner Nourishing and Strengthening Qigong 
require the use of multiple Static Qigong mo- 
dalities (for example; Breath Regulation com- 
bined with Imagination and Observation). 


DYNAMIC QIGONG TRAINING 

This involves training the body, mind and Qi 
simultaneously, to promote the functional activi- 
ties of Qi and to enhance its free flow throughout 
the body’s channels. These exercises often require 
standing or walking, and affect muscular tension, 
weight distribution, Blood and Qi circulation, as 
well as the functional activities of the major or- 
gans. These exercises are differentiated by vari- 
ous kinds of body movements and can be divided 
into five different schools of training: Guiding and 
Inducing, Massage, Tapping and Striking, Self- 
inducing, and Hard Qigong. 


1. Guiding and Inducing requires physical 
movements such as dancing, mimicking ani- 
mal movements, and gymnastics. 

2. Massage focuses on both the manipulation of 
specific points and channels, as well as on the 
knowledge of muscles, tendons, and bone 
structure 

3. Tapping and Striking focus on using patting, 
slapping, tapping, and striking techniques 
with the fingers, palm, fist, wooden stick, or 
material in a cloth bag. 

4, Self-inducing training encompasses small to 
large physically strenuous Qigong move- 
ments. 

5. Hard Qigong focuses on martial arts training, 
in Iron Palm Training, Iron Body Training, etc. 
‘The incorrect employment of dynamic or static 

principles of Qigong exercises and meditations can 
cause energetic deviations which are capable of ei- 
ther hindering, or harming, the individual's health. 
‘There are two purposes for Medical Qigong devel- 
‘opment: To Protect and Strengthen the Body's 
Health, and To Treat Diseases. 

1. To protect and strengthen the body’s health: 
Medical Qigong exercises are prescribed in ac- 
cordance with the individual's physical con- 
stitution, state of health, emotional constitu- 
tion, climate, and different seasons. 

2. Totreat diseases: Medical Qigong exercises are 
prescribed in accordance with the individual's 
symptoms, pathological condition, and de- 
gree of severity, complications, and the con- 
stitution of the patient. 


PRINCIPLES OF YIN AND YANG IN DAO 
YIN TRAINING 

Both static and dynamic Qigong methods 
supplement each other when combined equally. 
No matter which static or dynamicmethod is prac- 
ticed, one of the four principles of Yin and Yang 
will always be adhered to: Quiescence in Motion, 
‘Action within Motion, Motion in Quiescence, and 
Stillness within Quiescence. 

1. Quiescence in Motion is referred to as a Yin 
within Yang technique, and requires being 
quiet, calm, and still on the inside while be- 
ing active on the outside. 


Posture Jing Essence 
Dao Yin i 
Training Breath Qi Energy 
Mind Shen Spirit 


Figure 14.2, Dao Yin Chart 


2. Action within Motion is referred to as a Yang 
within Yang technique, and requires being 
active both on the inside and on the outside. 

3. Motion in Quiescence is referred to as a Yang, 
within Yin technique, and requires being ac- 
tive on the inside while being quiet, calm, and 
still on the outside. 

4, Stillness within Quiescence is referred to as a 
Yin within Yin technique, and requires being 
quiet, calm, and still both on the inside and 
on the outside. 


THREE FOUNDATIONAL METHODS OF 
DAo YIN TRAINING 

The diverse methods of practicing Medical Qi- 
gong exercises fall within three categories of Dao 
Yin training: Posture Dao Yin training, Respira- 
tory Dao Yin training, and Mental Dao Yin train- 
ing. 

1. Posture Dao Yin consists of posture training 
for Medical Qigong therapy. Itis divided into 
six specific types of training: walking, stand- 
ing, sitting, kneeling, lying, and massaging. 

2. Respiratory Dao Yin consists of breathing ex- 
cercises for Qigong training, and therapy that 
includes various techniques of inhaling, exhal- 
ing, aspirating, blowing, and holding the 
breath. 


3. Mental Dao Yin training requires that the 
thoughts be concentrated on one object, plac- 
ing the cerebral cortex into a special inhibi- 
tory state. In various Medical Qigong circles 
in China this method is commonly referred 
to as “the internal keeping of the mental 
state.” 

‘The Dao Yins are taught in a postnatal ener- 
getic progression of Jing (posture) to Qi (respira- 
tion), to Shen (mind and emotion). In this way, 
the body regulates and supports the production 
of energy, which in turn regulates and supports 
the production of Spirit (Figure 14.2). 

Despite the fact that many postures and move- 
‘ments may vary according to the specific styles of 
each Medical Qigong school, the primary benefit 
of each exercise will: 

‘+ improveand strengthen the patient's metabo- 
lism, 

‘« smooth the Qi of the channels and collaterals, 

« strengthen the body and mind, 

‘+ emotionally detoxify the internal viscera, and 

+ facilitate the increased flow of Righteous Qi 
(the Qi that fights the pathogenic invasion of 
Evil Qi) within the body. 


CHAPTER 15 


POSTURAL DAO YIN TRAINING 


The goal of Postural Dao Yin training is to 
promote the regulation and circulation of Qi. Part 
of this training involves learning the techniques 
to guide the internal energy to flow using the 
movements and changes in the electromagnetic 
fields of the hands and body. 

‘Success in Medical Qigong training is directly 
related to the correctness of the body’s alignment. 
Correct posture regulates the Heart, and results 
ina calm mind; with a relaxed mind it is easy to 
lead the flow of Qi downward, to affect the Blood 
circulation and pulse. When the body is incor- 
rectly aligned, it disturbs the smooth flow of Qi; 
energy then becomes obstructed or deviates, re- 
sulting in a restless Mind (both the thinking mind 
and the whole body consciousness). 

The proper sequence of relaxation and energy 
circulation within the body is as follows: 

1. the muscles are first to relax, 

2. followed by the tendons and ligaments, 
3. next, the nerves relax, and 

4. finally the bones. 

Once the muscles, tendons, and ligaments re- 
lax, the Qi can circulate freely through the chan- 
nels and collaterals. The skin and muscles are gen- 
erally the first level of awareness cultivation. The 
sensations of Qi and Blood circulation are usu- 
ally experienced by the practitioner as heat, tin- 
gling, fullness, and expansion. The Chinese call 
these sensations the Eight Energetic Touches, 
which are known as the first of three transforma- 
tions of energy (also known as the Subtle Won- 
ders, see Chapter 29). 

The next level of awareness involves the 
deeper flows of Qi within the nerves; this feels 
like an electric vibration, or an energetic current 
traveling through the body. Sometimes, due to an 
energetic surge released from within the body's 
ongan system or channels, an electric shock is felt 


through the extremities or through the entire body. 

The final level of Qi circulation awareness in- 
volves the Qi circulation within the bones and the 
Marrow. In the beginning stages it sometimes feels 
cold and arthritic in the joints (especially within 
the extremities). These sensations will later de- 
velop into a vibrational resonance which is felt 
deep within the bones. 

‘The main point of Postural Dao Yin is to seek 
astate of physical and energetic balance. Postural 
Dao Yin is also divided into two distinct methods 
of treatment: Static Posture and Dynamic Posture 
training. 


STATIC POSTURE DAO YIN TRAINING 

This method includes quiet movement while 
in the position of lying, sitting, standing, or walk- 
ing, and is used to accumulate and strengthen the 
practitioner's internal Qi. Before performing the 
static posture forms for Medical Qigong therapy, 
it is important to note that static posture training 
is divided into three basic modalities: Choosing 
the Proper Beginning Posture, the Inhaling and 
Exhaling Methods, and Opening and Closing the 
Lower Dantian. 

1. The purpose of the choosing the proper be- 
ginning posture is to calm the Heart and re- 
lax the mind, and focus on a specific goal for 
training the body’s life-force energy. 

2. When the energy begins to flow freely, the 
practitioner focuses his or her attention on 
each inhalation and exhalation for the specific 
goal of tonification, purgation or regulating 
the life-force energy. 

3. The purpose of the “opening and closing” of 
the Lower Dantian ending posturesis to bring 
the body’s energy back down into the Lower 
Dantian and to root the Qi. Rooting the Qi in 
the Lower Dantian after Qigong practice 
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avoids creating Excess conditions within the 
body’s internal organs. 


CHOOSING THE PROPER POSTURE 

Medical Qigong meditations and prescrip- 
tions are not limited to sitting practice alone. Each 
of the different lying, sitting, standing, and walk- 
ing postures has its own specific form of medita- 
tion. 

The lying, sitting, and standing postures cre- 
ate the foundational base for Static Posture Dao 
Yin training. Each static posture can induce the 
body’s energy to descend quickly into the Lower 
Dantian. The selection of the appropriate tech- 
nique and body position is determined by each 
practitioner’s body type (structural formation) 
and the condition of the individual’s physical 
health. The length of time that a practitioner fo- 
cuses on the Medical Qigong prescription is also 
determined by the individual's specific disease as 
shown in the following examples. 

* Patients with digestive problems, gastropto- 
sis, or prolapse of the internal organs should 
begin their training while lying supine (on 
their back), with their knees pointing upward, 
their buttocks elevated 4 inches off the 
ground, and their feet flat on the floor. 

« Patients with gastrointestinal diseases should 
begin their training lying flat on their backs. 
As the condition improves, they should com- 
bine lying and sitting meditations to promote 
the digestion and absorption of food. 

« Patients with Heart disease, hypertension, or 
nervous disorders should begin training from 
asitting position. Later, they should combine 
sitting and standing meditations in order to 
direct their Qi and Blood downward. 


Figure 15.1. Sleeping Dog Posture 


* Patients with Lung diseases, asthma, chronic 
bronchitis, emphysema, or cardiopulmonary 
function disorders should begin their train- 
ing from a semi-reclining position (usually a 
45 degree angle) to help respiration flow 
smoothly and to alleviate stress on the Lungs. 

In the hospital, each pillow that the patient 
uses for elevation represents the degree of 
strain that is placed on the Lungs. The patient 
is said to have strong Lungs, for example, if 
he or she is reclining and breathing comfort- 
ably on one pillow. If however, it takes three 
pillows before the patient is reclining comfort- 
ably, the Lungs are considered weak and con- 
gested (eg,, in cases of dyspnea). 

* Patients with severe physical weakness (e.g. 
chronic fatigue syndrome and fibromyalgia) 
should begin their training from a lying or 
sitting position. Later, they can combine sit- 
ting and standing meditations as their consti- 
tution improves. 


PRIMARY AND SECONDARY POSTURES 

Patients are taught a primary and a second- 
ary posture to prevent fatigue, and increase the 
healing effect of the Medical Qigong prescriptions. 
‘A primary standing posture is performed, for ex- 
ample, in the morning when the patient is stron- 
gest, and the energy is cleanest. A secondary sit- 
ting posture is performed in the afternoon, or 
evening when the patient is tired, with a focus on 
quiet regulation. 

‘After a patient has learned a particular lying, 
sitting, or standing meditation, he or she can be 
taught the secondary posture without the risk of 
depleting his or her Gi. 


Figure 15.2. Supine Posture (Hibernation Posture) 


LYING PosTurEs 

‘The Chinese saying, “The body should lie like 
abow,” isa perfect description of the curled posi- 
tion of the patient’s body, while in the Sleeping 
Dog posture (Figure 15.1). This particular posi- 
tion is beneficial for aiding digestion and the ab- 
sorption of food. 

In prescribing the Sleeping Dog posture, the 
patient should lie on their right side with the left 
knee bent and the right leg extended straight. To 
avoid compressing the Heart, do not allow the 
patient to lie on their left side. Keep the patient's 
head raised slightly to allow the Blood to flow 
downward into the torso. Have the patient bend 
the right arm at the elbow. 

When the patient is chronically ill, however, 
‘an exception is made. In this case it is important 
that the patient lie on the “healthy side” and not 
the side of the diseased organ (e.g., in cases of 
Liver disease, patients might lie on their left side). 
Remember to always adjust the patients’ postures 
asneeded and encourage them to practice “natu- 
ral breathing,” 

Another popular posture is called the Hiber- 
nation posture. By lying supine in the Hiberna- 
tion posture, the patient will regulate the func- 
tional activities of the central nervous system (Fig- 
ure 15.2). Lying supine is also suitable for patients 
with serious diseases who are debilitated (this is 
also a sleep inducing method of training). 
SITTING PostuRES 

The Chinese saying, “The body should sit ike 
a bell,” describes the secure (or rooted) position 
of the patients’ body, especially the lower legs and 
torso. Sitting is the most commonly used position 
for Medical Qigong therapy. This position helps 
the patients to relax and focus their mind’s intent. 

There are several sitting postures used in 
Medical Qigong therapy, and are prescribed ac- 
cording to the patient's flexibility: sitting upright 
on a chair (Figure 15.3), a cross-legged posture 
called the Full Lotus, another called Half Lotus, 
or with the legs loosely crossed (Figure 15.4-6). 
Make sure the patients sit on a raised cushion in 
order to keep their buttocks slightly higher than 
their knees. 


Posture 


Figure 15,6. Cross-Legged Buddha's Warrior Attendant 
Posture 


One of my Medical Qigong instructors in 
China suggested elevating the hips at least four 
inches off the floor when meditating, to avoid 
undue stress on the lower back, spine, and leg cir- 
culation. This elevation of the hips formsa triangle 
between both knees and the Lower Dantian, es- 
tablishing a firmer connection to the Earth energy. 
This allows the Earth Qi to easily flow from the 
patients’ knees and coccyx into their body. 

When sitting in a chair meditating, the feet 
should touch the ground firmly, instead of being 
suspended in midair. This allows the Earth Qi to 
flow easily from the patients’ feet into their body. 
Otherwise patients may develop swollen feet and 
Tumbago due to Blood stagnation, or even hallu- 
cinations. 

Keep the patients’ spine straight by aligning 
the tip of the nose on a vertical line with the na- 
vel, to release pressure and tension on the cervi- 
cal nerves. 

STANDING PosTURES 

‘The Chinese saying, “The body must stand 
like a pine tree,” describes a relaxed position of 
the body’s structure, standing with the bones 
stacked on top of each other, from the ground up. 
Standing meditations are particularly tonifying in 
nature, and are absolutely essential for accumu- 
lating Qi. The advantage of the standing position 
is that the flow of energy can be easily regulated 
and promoted. This posture helps to normalize 
blood pressure, and calm the Heart. Standing 
meditations also produce a unique psychophysi- 
ological change within the patients, allowing them 
to shed energetic obstructions, and to create a 
healthier body, mind, and spiritual awareness. 
Standing meditations are also essential for the 
Qigong doctors, as it facilitates the accumulation 
of Qi that is necessary for the emitting of energy. 

Standing meditations, however, are not suit- 
able for patients who are extremely ill or in poor 
health. Therefore, exercises in the standing pos- 
tures should only be prescribed for minimal du- 
rations during convalescence, to build up the pa- 
tients’ constitution, promote health and to en- 
hance their strength slowly. 

The body should be held in an upright posi- 
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Figure 15.9. Buddhist 
Greeting Posture 
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Figure 15.10. Extending 
Palm Posture 


Figure 16.11. Embracing Figure 15.12. Square- 
Dantian Posture Round Posture 


How It Warks 


+ The temperature of the object is lower 
than around -50 degrees Celsius or 
higher than 1,300 degrees Celsius. 


However, noncontact sensors have some limita- 
tions: 


+ Normally, only the surface temperature 
ofa target can be measured 


+ The optics of the sensor must be pro- 
tected from dust, dirt, and liquid. 


+ The target must be clearly visible, in 
line-of-sight. 

+ Air pollution will degrade the tempera- 
ture measurement. Some gases, such 
as carbon dioxide, will tend to absorb 
infrared radiation. 


+ The sensor will be affected by other 
sources, including reflected, transmit- 
ted, and convective heat. 


+ While an infrared sensor can theoreti- 
cally respond to a very wide range of 
temperatures, in practice separate sen- 
sors of differing sensitivity are needed 
to cover full range. 


+ Different types of materials emit differ- 
ing intensities of black-body radiation, 
even if they are at the same tempera- 
ture. Some compensation is necessary, 
or the surface of the object may have 
to be painted. 


Applications 
Handheld contactless thermometers were an 
early application for noncontact sensors. 


In astronomy, the thermal radiation from the 
Sun and other stars is of interest to astrono- 
mers. 


More recently, the declining cost of an infrared 
temperature sensor, and the ease of deploying 
it, have made it appropriate in consumer prod- 
ucts. A significant area of adoption is in note- 
book computers and handheld devices, where 


radiation > heat> infrared temperature 
processor performance must be balanced 
against the need to prevent the case from 
becoming too hot to hold comfortably. In this 
kind of application, gluing a sensor to the inte- 
rior of the case would be a manual operation 
during the production process and would 
require a wired connection. An infrared temper- 
ature sensor mounted on the circuit board, 
viewing the underside of the case, can achieve 
the same objective more simply. 


A contactless sensor is also very useful for 
measuring the temperature of rotating objects, 
such as heating rollers in a laser printer. 


Schematic Symbol 
No specific schematic symbol exists for an infra- 
red temperature sensor. 


How It Works 


While nanometers (abbreviated nm) are gener- 
ally used to measure visible wavelengths, the 
longer wavelengths of far-infrared are often 
measured in micrometers (abbreviated im). 
The measurable infrared values are defined as 
ranging from 0.7um to 14um, corresponding to 
peak emissions from a black body ranging in 
temperature from 200 degrees Kelvin to 6,000 
degrees Kelvin (about -70 to +5,700 Celsius). 


Unfortunately an object does not emit just one 
wavelength of black-body radiation for each 
temperature value. It emits a spread of wave- 
lengths that becomes wider as the temperature 
creases. However, the peak intensity also 
increases with temperature, when measured as 
spectral radiance, which is defined as watts per 
steradian, per micrometer of wavelength. (A 
steradian is the solid angle at the top of a cone, 
in this case the cone being of emitted radia- 
tion.) Because the intensity increases, it can be 
used to calculate the temperature. 


Figure 28-1 illustrates this concept. Note that 
both of the axes have logarithmic scales. 
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tion, with three points connected ina straight line: 
Baihui GV-20 point at the top of the head, Huiyin 
CV-1 point at the bottom of the perineum, and 
the Yongquan K-1 point at the bottom of the feet. 
The patient's posture should be kept relaxed, still, 
solid, and rooted like a tree. The patient should 
also imagine their feet growing roots deep into 
the ground, to absorb the Earth’s energy from the 
soil. 

Standing exercises are usually accompanied by 
variety of hand positions (Figures 15.7-15.12). The 
‘most popular are (1) Wuji: hands hang down by 
sides, (2) Immortal Post: hands embrace an invis- 
ible ball, (3) Buddhist Greeting: both hands press 
together at the solar plexus level, (4) Extending 
Palm: both hands press downward, (5) Embracing 
the Dantian: folding the hands and resting them on 
lower Dantian, and (6) Square-Round: left palm’s 
heel rests inside the right palm’s center. 

Ineach posture, whether lying, sitting, or stand- 
ing, the function and flow of body energy shifts and 
changes in relationship to, and as a manifestation 
of, the patient’s mental belief structure. 

If, for example, the patient while standing, 
shifts his or her weight and mental focus onto the 
balls of the feet, the energy will naturally flow 
through the front of the body via the front Yin 
channels. If the patient shifts his or her weight and 
‘mental focus onto the back on the heels, the en- 
ergy will naturally flow through the back of his 
or her body via the back Yang channels. The cen- 
ter of the feet connect the patient's flow of energy 
to the Taiji Pole and can be used either to transfer 
the energy forward or backwards. 

Generally, before beginning standing medita- 
tions, patients are encouraged to relax, sink, and 
shift their body weight back and forth between their 
heels and their toes. This practice massages their 
internal organs and disperses any blockages by 
stimulating the corresponding organ areas at the 
bottom of the feet as described in the therapeutic 
use of the Lower Hexagram Yaos (see Chapter 3). 

Patients should inhale while shifting their 
weight backwards and exhale while shifting for- 
wards. Their attention should be placed on their 
internal organs and the body's surrounding field 


of energy. The patients’ awareness is also focused 
on the body moving back and forth, like the 
thythm of an ocean tide. 

Women are generally encouraged to practice 
meditation in the standing position (especially 
around the time of their menstruation), as the sit- 
ting position tends to decrease energy circulation, 
and may cause energy blockages in their lower 
abdominal area 


THE EIGHTEEN RULES OF PROPER 
MEDICAL QIGONG STRUCTURE 

The most important basic techniques of Medi- 
cal Qigong training are guided by eighteen rules 
of proper form and structure. The main point of 
Postural Dao Yin training is to relax and seek qui- 
escence while in the various postures. Tension in 
any area of the body restricts the whole structural 
system, since the body seeks to balance its struc- 
ture naturally by shifting its energy and weight. 
The general function of the muscles is to guide 
the flow of energy through the channels. 

The following is a list of the Eighteen Rules 
for proper standing postures, these rules apply to 
every school of energy cultivation: 

1. Stand with the feet flat, 
2. Bend the knees, 
3. Relax the hips, 
4. Round the perineal area, 
5. Close the anal sphincter, 
6. Pull in the Stomach, 
7. Relax the waist, 
8. Tuck the chest in, 
9. Stretch the back, 
10. Relax the shoulders, 
11. Sink the elbows, 
12. Hollow the armpits, 
13. Relax the wrists, 
14. Suspend the head, 
15. Tuck the chin, 
16. Close the eyes for inner vision, 
17. Close the mouth and turn your hearing in- 
wards, and 
18. Touch the tongue to the upper palate, 

Each of these eighteen rules is described in 

detail as follows. 


RULE 1—STAND WITH THE FEET FLAT 
Stand with the feet flat, parallel to the out- 
side of the shoulders. Weight should be distrib- 
uted evenly on both feet about an inch and a half 
inward (anterior) from the heels, and perpendicu- 
lar to the tibia. Focus on dropping the weight 
down behind the legs, not down the front. This 
action takes the pressure away from the knees and 
places it in the center of the feet (Figure 15.13). 

Stretch the feet and let the toes softly grasp 
the ground to keep the body firmly rooted as you 
tuck the sacrum under (Figure 15.14), Relaxing is 
important. Rigid, contracted feet disrupt the flow 
of energy from the Earth into the body. The Kid- 
ney energy flowing within the bone can be ac- 
cessed by shifting the weight onto the heels. The 
Heart energy can be accessed by shifting the 
weight onto the balls of the feet. The weight in 
the center of the feet accesses the Taiji Pole. 

While training, the feet may vibrate or feel hot, 
asifon fire. Thisis a normal reaction to correct pos- 
tural training and is beneficial because it dissolves 
the calcium deposits stored within the extremities 
of the feet. If, however, the Fire in the feet is too 
intense (due to Excess Liver Fire), hit the heels on 
the ground and rub the lumbar spine, using the 
mind's intention to send more of the Kidney Yin 
(Water) down to the feet to cool the Fire. 

RULE 2—BEND THE KNEES 

The knees should be slightly bent and facing 
the same direction as the feet. The knee caps 
should be directly aligned and extended no fur- 
ther than the tips of the middle toes. Do not allow 
the knees to twist inward. 

To secure the structure, imagine holding a 
large beach ball between the knees. Many patients 
develop knee problems because they extend their 
knees too far forward or allow their knees to twist 
to the side, rather than aligning them with the toes. 
Ifpressure is felt on the sides or front of the knees, 
check the positioning. Knees that are unable to 
point in the direction of the toes are most often 
the result of tight hip joints (Figure 15.15). If the 
energy in the legs is tightly constricted around the 
knee area, Qi flow will be severely limited. A re- 
laxed knee-joint, on the other hand, will increase 


Figure 15.13. Stack the bones on top of each other from 
the bottom of the feet to the skull. 
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Figure 15.14. The three points (Baihui, Huiyin, and Yong 

quan) can be connected by a straight line. 


Figure 15.15. Keep the center of the body's weight 
aligned to the center of the knees, to relax the connective 
tissue surrounding the knees. 


the Qi and Blood flowing through the legs, mak- 
ing it easier to relax the hip and to round the 
perineal area. 

Relaxing the knees also permits free flow of 
energy through the three descending Yang chan- 
nels on the outside of the leg, and the three ascend- 
ing Yin channels on the inside of the leg (Figure 
15.16). The techniques for relaxing the knees will 
vary according to the emotional and structural pat- 
tem of each individual, as emotions of fear, etc, have 
a tendency to gather and pool behind the knees. 
RULE 3—RELAX THE HIPs 

Drop the buttocks slightly while sinking the 
Qi from the upper torso into the Lower Dantian, 
and relax the hips. Keep the hips facing forward. 
‘The buttocks should be gently tucked under the 
body to facilitate straightening of the spine and 
the keeping the Qi in the Lower Dantian. 

Imagine a weight of a thousand pounds hang- 
ing from the coccyx (Figure 15.17). As the weight 
pulls down, tilt the sacrum under the body. When 
the hip-joints are relaxed, the lower limbs will be 
able to move freely. 

RULE 4—ROUND THE PERINEAL AREA 

There are three parts to rounding the perineal 
area. First, set the knees apart, turning them both 
outward. This allows the groin and hips to shift 
to an anterior tilt. Second, bring the knees back 
together and turn them inward, while also relax- 
ing the hips. This allows the groin and hips to shift 
toa posterior tilt. Third, suspend the perineal area 
to lift the perineum and the anus slightly. This al- 
lows the groin and hips to come to a center bal- 
ance and to sink. Rounding the perineal area keeps 
the perineum free from pressure, yet sealed. This 
ensures better functional activities of the Qi, and 
allows the “lower door” (the anus) to remain 
closed to avoid leakage of vital energy. 

RULE 5—CLOSE THE ANAL SPHINCTER 

The anus is called the Lower Bridge and it is 
where the Yang and Yin channels meet and com- 
bine. The anus is considered the door of the Seven 
Corporeal Souls (Po). Although the anal sphine- 
ter isheld closed, itis important that the perineum 
remain relaxed. There are three stages in control- 
ling the anal sphincter: 
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Figure 15.16. Relaxing the knees also permits the free 
flow of energy through the ascending Yin channels and 
descending Yang channels of the legs. 


Figure 15.17. Imagine a 1000-pound weight hanging 
from the coccyx and a heavenly cord suspending the 
head. 


1. In the first stage, the anus is contracted with 
slight muscle control, and the energy is di- 
rected into different energy centers along the 
Microcosmic Orbit. When first beginning, in- 
hale and expand the abdomen while imag- 
ining that the anus is connected to the navel 
and is pulling up towards it. On the exhala- 
tion, contract the abdomen and draw the en- 
ergy from the navel back down towards the 
anus. Next, inhale and create a connection 
between the anus and the Mingmen. On the 
exhalation, draw the energy from the 
‘Mingmen back down towards the anus. It is 
important to synchronize the drawing up of 
the anus towards the navel and Mingmen area 
with the expansion and contraction of inha- 
lation and exhalation. This will facilitate a 


sacral-cranial rhythm throughout the body. 

2. Inthenext stage of training, the constriction of 
the anus is used to lead the energy up the Gov- 
cerning Vessel in the Microcosmic Orbit (Figure 
15.18). Upon inhalation, draw the mind’s in- 
tention from the navel towards the anus and 
then down to the tip of the spine (the coccyx), 
allowing the Qi to flow up the spinal column 
towards the Mingmen, past the Shendao to the 
base of the skull. Upon exhalation, roll the eyes 
back into the head and use the intention to meet 
the energy at the base of the skull. Next, lead 
theenergy over the Baihui atthe top of the head 
and down the Conception Vessel and back 
down to the naval 

3. Atthe third stage, imagine twisting the energy 
of the anal sphincter, spiraling the Qi up the 
center of the body, to connect with the Baihui 
areaat the top of the head. Close the anal muscle 
gently, inhale and imagine the energy vibrat- 
ing and spiraling in a counterclockwise direc- 
tion up the body’s Taiji Pole. This connects the 
Lower, Middle, and Upper Dantians through 
the Taiji Pole. Upon exhalation, lead the vibrat- 
ing Qi down the Taiji Pole in a clockwise spiral 
ending within the Lower Dantian area. Con- 
tinue this meditation until the entire body 
pulses with the rhythm of the Taiji Pole. 

The anus is divided into five regions: Front, 
Middle, Back, Left, and Right. By contracting the 
anus in different parts, you can bring more Qi to 
the various organs and glands. 

1. The Front region opens the gate to the sexual 
organs, as well as to the Conception Vessel 
when it is contracted. 

+ For Men, this will affect the prostate gland, 
Bladder, Small Intestine, thymus gland, thy- 
roid gland, parathyroid gland, mouth, nose 
and front part of the brain (Figure 15.19). 

+ For Women, this will affect the vagina, uterus, 
vena cava, aorta, Stomach, thymus gland, 
thyroid gland, parathyroid gland, mouth, 
nose, pituitary gland, and front part of the 
brain (Figure 15.20). 

2. By contracting and pulling the middle region 
of the anus, more Qi is drawn into the Thrust- 
ing Vessel and Taiji Pole, as well as to the geni- 
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Figure 15.18. The anus is used to draw the Qi from the 
navel into the Lower Dantian and lead the Qi up the 
Governing Vessel. 


tals, aorta, vena cava, Stomach, Heart, thyroid 
gland, parathyroid gland, tongue, pituitary 
gland, pineal gland, and Baihui area (Figure 
15.21). 

3. By contracting the back region of the anus the 
Qiis connected to the Governing Vessel, as 
well as the sacrum, lumbar, thoracic and cer- 
vical vertebrae, and the cerebellum (Figure 
15.22). 

4, By contracting the left side of the anus the Qi 
connects to the left side of the body. 

«For Men, this affects the left testicle, Large 
Intestine, left Kidney, left adrenal gland, 
Spleen, the left side of the Heart, left Lung, 
left ear, left eye, and left hemisphere of the 
brain (Figure 15.23). 

+ For Women, this affects both ovaries, both 
Kidneys and both adrenal glands, Spleen, 
Liver, Heart, both Lungs, thyroid gland, par- 
athyroid gland, and both hemispheres of the 
brain (Figure 15.24) 

5. The Right Side. By contracting the right side 
of the anus the Qi connects to the right side of 
the body. 

+ For Men, this affects the right testicle, Large 
Intestine, right Kidney, right adrenal gland, 
Liver, Gall Bladder, right side of the Heart, 
right Lung, right ear, right eye, and the right 
hemisphere of the brain (Figure 15.25). 
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Figure 15.19. The Figure 15.20. The Figure 15.21. The 
Front of the Anus Front of the Anus Middle of the Anus of the Anus 


Figure 15.23. The Figure 15.24. The Figure 16.25. The Right Figure 15.26. The 
Left Side of the Anus. Left Side of the Anus Side of the Anus Right Side of the Anus 


‘+ For Women, this affects both ovaries, both 
Kidneys and both adrenal glands, Spleen, 
Liver, Heart, both Lungs, thyroid gland, par- 
athyroid gland, and both hemispheres of the 
brain (Figure 15.26). 

RULE 6—PULL IN THE STOMACH 
Pall the stomach in above the pubicbone, and 

avoid tensing of the abdominal muscles. This 

helps to restrain the Yuan Qi, thereby increasing 
the internal pressure and promoting the flow of 
internal Qi throughout the whole body. 

RULE 7—RELAX THE WAIST 
If the waist is not relaxed the Qi can not sink 

back to the Lower Dantian. Relax the waist by re- 

laxing the hips and bending the knees. When the 
waist is relaxed, the spine will stand upright, yet 
remain relaxed. 

‘The waist and the abdomen are two impor- 
tant areas in training and guiding Qi. The abdo- 
men is considered to be the furnace for refining 
Qi. The waist is the residence of the Kidneys and 
Mingmen Fire and is an important junction for Qi 
and Blood circulation. 

‘The waist is considered the master of the body 
and must be kept sunken and relaxed (Figure 
15.27). As the buttocks tuck under and the waist 
sinks, small pockets should form on the inner 
thighs where the pelvic bones meet the femur 
bones of the legs. Most people usually keep the 
pelvis area tight and immobile, as it is associated 
with shock, fear, and sexual trauma (when this 
area becomes loosened, such emotions are often 
released). 

The specific actions to relax the waist are as 
follows: lft both shoulders in order to stretch the 
back, then release them downward immediately 
as you exhale, relaxing the waist. To achieve genu- 
ine waist relaxation, you must also relax and tuck 
the sacrum, this action opens the sacrum. When 
the sacrum is opened, the Lower Dantian will ex- 
pand and the storehouse of Yuan Qi will be en- 
larged. Be sure that the waist and hips face for- 
ward in the same direction as the knees and feet. 
RULE 8—TUcK THE CHEST IN 

The chest should relax inward so that air flows 
freely and the Qi sinks down into the Lower 
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Figure 15.27. Relax and sink the waist, allowing the 
hips to drop. 


Dantian. Fill the abdomen with air while relaxing 
the chest inward. The back should be open and 
expanded. Relax the scapulae and allow them to 
sink to their lowest point, this will help the shoul- 
ders to sink. Rounding the scapulae (pushing to 
the sides and forward) will help open and expand 
the back. 

Do not thrust the shoulders inward, nor in- 
tentionally close the thoracic cavity. The inten- 
tional tucking in of the vertebral area requires the 
‘outward opening of the ribs and expansion of the 
intercostal muscles. The action of opening the 
chest outward, then tucking the chest inward, 
helps to relax the thoracic cavity and avoids ten- 
sion in the thoracic muscles. 

RULE 9—STRETEH THE BACK 

‘The key point to stretching the back is to hang 
the shoulders and “open the scapulae.” When the 
two shoulders drop evenly, the lumbar vertebrae 
straighten out. The function of tucking the chest and 
stretching the back calms the Heart and Lungs. 


‘The Heart controls mental and emotional ac- 
tivities, and also directs Blood circulation. When 
the thoracic cavity is spacious and the back is up- 
right, the Heart and mind will be calm, and the 
Lungs will be clear and free from Heat. Tucking 
the chest and stretching the back allows the chest 
and back to relax, permitting the Conception and 
Governing Vessels to communicate with each 
other and improve energy movement. 

Imagine a weight hanging from the coccyx 
and a rope pulling up on the crown point of the 
head. Feel the elongation of the spine with each 
inhalation and exhalation. Remain relaxed (Fig- 
ure 15.28), do not hold yourself unnaturally erect 
and avoid contracting the abdomen to straighten 
the lower back. The abdomen must remain re- 
laxed. When sinking the body's weight, try to feel 
the spine press into the heels of the feet. 

RULE 10—RELAX THE SHOULDERS 

If you relax the shoulder joints and let them 
hang naturally, the shoulders and neck will relax. 
Ifyouelevate your shoulders when you are stand- 
ing or sitting, the energy will not sink and you 
will begin to feel tired, the shoulders will be 
stressed, and the flow of Blood and Qi will be- 
come blocked. 

When the shoulders are encouraged to relax 
and are allowed to drop and roll forward, this 
action facilitates the hollowing of the chest and 
the expanding and opening of the back, allowing 
the energy to flow into the arms (Figure 15.29). 
Try to feel your arms link up with the scapulae as 
the clavicles press downward. Your shoulders 
should remain very loose and free. 

RULE 11—SINK THE ELBows 

When practicing the Immortal Post posture 
(refer back to Figure 15.8), and the hands are po- 
sitioned by the Heart, it is important to bend the 
elbows slightly at the elbow joint, holding them 
lower than the hands. 

While in a Wuji posture, imagine that a weight 
ishanging from the elbows, ora sensation of com- 
pression will be felt at the shoulder and elbow 
joints. The elbows should be slightly bent and re- 
laxed, remaining structurally correct and not 
weak. This will help to roll the shoulders forward 


Figure 15.28. By imagining a rope pulling on the head 
and coccyx, the spine is allowed to naturally stretch, 
expanding the body's Qi in all directions. 


Figure 15.29. When the shoulder (here viewed from 
above) relaxes, the Gi flow into the arm inoreases, 
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and open up the back. If the elbows are not bent, 
there will be decreased energy flow (Figure 15.30). 
RULE 12—HoLLOW THE ARMPITS 

Hollow the armpits as if each one is holding 
anegg, this allows the Qi and Blood to flow freely 
in the upper limbs. To relax the shoulders, move 
the tips of the elbows outward to the left and right. 
Avoid sloping or squaring the shoulders. 

When practicing the Immortal Post Posture 
(refer back to Figure 15.8), the arms must embrace 
inward as if holding a large ball or barrel. Do not 
push the elbows out so far that you loose the curve 
in your arm, this is of extreme importance. Your 
arms should not bend inward more than 45 de- 
grees. The energy flowing in your arms is like 
water running through a hose. If you bend it too 
sharply, much of the supply will be cut off. 
RULE 13—RELAX THE WRISTS 

This includes hollowing the palm, and the 
comfortable curling of the fingers. Relaxation of 
the wrist allows the Shu-Stream points in the wrist 
to communicate with the fingers (see the Five An- 
tique Shu Points in Chapter 8). Hollowing the 
palm and curling the fingers allows for the natu- 
ral stretching and curving of the hand, which pre- 
vents the Qi from diffusing. It is important to 
avoid being rigid and purposefully bending the 
fingers, as all hand postures effects the brain and 
the body’s Qi flow. 

Relaxing the wrists helps to regulate the three 
‘Yang and three Yin channels of the hands so that 
Qiand Blood can flow freely. The wrist must form 
aline with the shoulders. Do not bend the wrists, 
but hold them straight so that the middle finger 
formsa line with the forearm, allowing the hands 
and fingers to hang relaxed but not limp. 

RULE 14—SusPEND THE HEAD 

The classics say that “the head is held aloft 
not by force, but as if it were placed there by a 
ruling power.” Hold the head as if it were sus- 
pended, keeping the Baihui point pointed to 
Heaven (Figure 15.31). This produces space in the 
body by elongating the spine. When suspended, 
the head must be kept upright, positioned in the 
middle of the chest and shoulders. This helps to 
set the whole body in the upright position, and 


Figure 15.30. Allow the bones in the arms to feel heavy, 
naturally stretching the tissues and increasing Qi flow 
to the extremities. 


Figure 15.31. Suspending the head allows the body to 
become sensitive to the surrounding environment and 
external fields of Qi. 


also directs the Qi and Blood to flow upward to 
nourish the brain and the mind. The Shen will be 
reinforced while the Jing and the Qi will be in- 
vigorated (it is the Shen which controls all the 
physical activities). An effective visualization is 
to imagine your head lifting high into space, your 
‘waist positioned in the clouds, and your feet sunk 
deep into the Earth. 

RULE 15—Tuck THE CHIN 

‘The head cannot be properly suspended if the 
chin is not tucked in. Only then can the Baihui 
point on the top of the head be correctly positioned 
and the nasal respiration kept free. 

Tuck the chin and slightly lean forward to 
stretch and straighten the spine. You should feel the 
stretch all the way down into the coccyx. Next, 
slowly shift the weight backwards, stacking each 
vertebra on top of the next, starting from the bot- 
tom of the coccyxand sacrum and moving upwards. 
RULE 16—CLOSE THE EYES FOR INNER 
Vision 

The Chinese have a saying: “close the cur- 
tain.” This refers to dropping the eyelids to facili- 
tate inner-vision, and focusing on any specific ar- 
eas where Qi is being trained or circulated. The 
eyes are of great importance in Medical Qigong 
exercises. It is said that the functional activities of 
Qiare determined by the eyes, and that the eyes 
are the messengers of the mind, and the mind is 
the residence of the Shen. 

Completely closed eyes induce an absolute 
Yin state which is generally used in meditations 
for tonifying any Deficiencies. However, when 
used excessively (with all Yin and no Yang en- 
ergy), the Qi can become too inactive. 

Completely open eyes induce an absolute 
Yang state which is generally used in meditations 
for dispersing any Excesses. However, if over- 
used, or if the patient has an Excess Yang condi- 
tion, this type of meditation can make the practi- 
tioner too restless. 

‘When the goal is to regulate the body’s en- 
ergy, slightly open the eyes in order to leave a 
small thread of ight inside the eyes. This will keep 
the Yang (light) within the Yin (dark), so that the 
Qi will be more balanced. Because energy leaves 


the body through the eyes, after performing vari- 
‘ous Medical Qigong exercises, or prescriptions, 
allow your eyes to close halfway to continue the 
cultivation of life-force energy. 

Tightly shutting the eyes causes tension in the 
upper and lower eyelids. Closing the eyelids gen- 
tly, however, will restrain the vision, which helps 
to calm the Shen and the mind. 

When meditating, if the eyes look to the dis- 
tant horizon, they should not be focused but stare 
into infinity, this technique is also called the One 
Thousand Yard Stare, and it helps in regulating 
the venous pressure in the cranial cavity. 

Strive for balance. Each eye has its own spe- 
cific responsibility and energetic function. 

* The right eye is generally used to project in- 
tention and extend emotion, energy, and 
spirit out from the body. The right eye relates 
to Water, the Kidneys, Qi, moon, Yin, Earth, 
Metal, and the Po. 

+ The left eyeis generally used to receive, draw- 
ing in images, emotion, energy, and spirit into 
the body. The left eye relates to Fire, the Heart, 
Shen, sun, Yang, Heaven, Wood, and the Hun. 

* If both eyes look upwards towards the Up- 
per Dantian, the body's energy will draw up 
into the infinite space of the Wuji and merge 
with the divine. 

* If both eyes look towards the tip of the nose, 
the Middle and Lower Dantians are linked 
together for transforming Yuan Qi 

* Crossing the eyes results in the union of the 
Wood and Metal, the elements of alchemic 
transition, for increasing the development of 
psychic energy. This intensification of psychic 
development is due to the union of the Hun 
and Po within the body, and is said to con- 
nect the meditator with his or her Yuan Shen. 

* After meditation, store the Qi of the eyes be- 
hind the posterior orbital surface of the eye- 
balls themselves. This prevents the eyes from 
overheating and drying out. 

RULE 17—CLOSE THE MOUTH AND TURN 
Your HEARING INWARD 

In order to enhance the Yang during Medical 

Qigong exercises, close the lips with the teeth gen- 


tly touching. Closing the lips will prevent the in- 
ternal Qi from flowing out. 

The Chinese use the expression: “Stopping the 
ears,” which means to focus the hearing inward 
80 as to be free from outside interference. 

RULE 18—ToUCH THE TONGUE To THE UPPER 
PALATE 

When the tongue touches the upper palate, it 
forms what is called the Bird’s Bridge. The con- 
nection of the tongue links both the Governing 
‘Vessel (which ends at the nose and upper palate) 
and the Conception Vessel (which ends in the 
mouth). As the tongue touches the upper palate, 
the body's field of Wei Qi expands. This can help 
to eliminate diseases and prolong life. The belief 
is that when someone has a disease, the Govern- 
ing and Conception Vessels are to some extent dis- 
connected. 

Some Qigong doctors test their patients’ 
progress by having them meditate with their 
tongue suspended in their mouth. Upon com- 
mand, they connect the tongue to the upper pal- 
ate. The suddenly increased expansion and 
strength of the patients’ Wei Qi, observed by the 
doctor, indicates the degree of their progress. 

1. The technique called “Gathering the Saliva,” 
begins when the tongue touches the upper 
palate, causing the saliva secretion to be in- 
creased. Saliva contains many enzymes, 
which not only aid digestion, but also benefit 
the patient's physiology. In ancient China, this 
practice was called Gathering the Immortal’s 
Water or the Juice of Jade to create the Im- 
mortal Pill 

‘There is an exchange of Yin and Yang en- 
ergy within the saliva, as Heaven Qi and Earth 
Qi are gathered within man’s Fluid Essence 
in order to create the Immortal Pill. 

Before swallowing the saliva, itis important 
to tilt the head slightly forward (after inhaling). 
‘Swallow the saliva three times with three big 
gulps, using the breath as a cork to enclose the 
saliva. Send the Immortal Pile, the combined 
saliva and air down the Conception Vessel, 
bathing the Five Yin Organs, and ending at the 
Lower Dantian. Next, draw the energy up the 


Governing Vessel into the brain to replenish and 
nurture the Upper Dantian. 

2. There are Five Elemental Tongue Positions. 
Each tongue position is related to one of the 
Five Yin Organs and can be used to direct the 
Qi to that specific organ. Sometimes, while 
practiscing Medical Qigong prescriptions, if 
too much Heat is created, the patient will be 
instructed to “change the tongue position” as 
well as meditation. These Elemental tongue 
positions are described as follows. 

‘a. The Earth (Spleen) position requires 
that the tongue be placed on the bot- 
tom of the jaw at the base of the lower 
palate, beneath the teeth and gum line 
(Figure 15.32). 

b. The Metal (Lungs) position requires 
that the tongue be placed between the 
maxilla and mandible bones, sus- 
pended, behind the teeth (Figure 15.33). 

c. The Fire (Heart) position requires that 
the tongue be placed on the hard pal- 
ate, at the front of the upper palate, be- 
hind the teeth and gum line (Figure 
15.34), 

4, The Wood (Liver) position requires that 
the tongue be placed on the hard pal- 
ate, at the middle of the upper palate at 
the center of the roof of the mouth (Fig- 
ure 15.35). 

e. The Water (Kidneys) position requires 
that the tongue be placed on the soft 
palate, at the back of the upper palate 
(Figure 15.36). 


DYNAMIC POSTURE DAO YIN 
TRAINING 

‘While Static Qigong exercises accumulate and 
strengthen the Qi internally, Dynamic Qigong 
exercises train the channels, collaterals, muscles, 
and bones externally. The more dynamic move- 
ment a patient makes, the more the energy will 
be converted and transformed inside the body. 
When dynamic movements discontinued, some 
of the accumulated energy will begin to dissipate, 
while the remainder will flow through the chan- 
nels and increase the patient's Qi circulation. 
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Figure 28-1. The increase in intensity, and the widening 
spread of wavelengths, of lack-hady radiatian emitted by 
lone abject at six different temperatures (in degrees Kel 
vin), 


All the curves are for one object. Each curve is 
specific to one temperature in degrees Kelvin, 
showing how the intensity of emitted radiation 
varies with wavelength. Note that radiation at 
wavelengths shorter than 0.7um is within the 
visible spectrum; thus, objects at 1,000 degrees 
Kelvin, or hotter, may be seen to glow visibly. 


Because of the wide variety of intensities and 
temperatures, an infrared sensor that is ideal for 
measuring a temperature of 1,000 degrees Kel- 
vin will not provide an accurate result at 200 
degrees Kelvin. The peak spectral radiance at 
1,000 degrees is more than 10,000 times the 
peak at 200 degrees. Also, the curves in the fig- 
ure are for an “ideal” object emitting pure 
black-body radiation. In reality, glass, plastic, 
and many other materials have a much lower 
emissivity, meaning that they emit less radia- 
tion, and are classified as gray bodies. A metallic 
object with a polished surface may emit one- 
tenth of true black-body radiation. 


These issues cannot be ignored, but may be 
dealt with by relatively simple strategies. Infra- 
red sensors will be rated according to their suit- 
ability for different temperature ranges, and the 
ity of the object being measured can be 
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determined by consulting standard tables. 
Alternatively, the object can be spray-painted 
with special black paint (such as "Senotherm" 
or "3-M Black”) that has a known emissivity of 
about 0.95 of pure black-body radiation. Alter- 
natively, a specially formulated black sticker 
may be applied to the object that is being 
measured, so long as its temperature is within 
reasonable limits. 


However, a basic infrared temperature sensor 
will not function reliably if it is pointed ran- 
domly at a variety of objects that vary widely in 
temperature. Specialized, expensive industrial 
devices incorporate compensation to deal with 
these issues, but they are outside the scope of 
this Encyclopedia. 


Thermopile 
A typical low-cost, chip-based infrared temper- 
ature sensor contains a themopile consisting of 
multiple thermocouples etched into silicon and 
connected in series. The concept of a thermo- 
pile is illustrated in Figure 25-9, where a brief 
explanation is included 


The configuration of the thermopile is arranged 
so that the hot junctions of its thermocouples 
are all clustered in a small central area, where 
they receive incoming radiation through a win- 
dow (often made of silicon) that is transparent 
to infrared wavelengths. The cold junctions are 
dispersed around the periphery, where they are 
shielded from incoming radiation. One way to 
visualize this is shown in Figure 28-2, although 
this is not a literal depiction of an actual sensor. 


Instead of using alternating types of wire, as in 
a thermocouple, a chip-based thermopile 
often uses alternating segments of n-type and 
p-type silicon. The hot junctions are mounted 
ona thin film that has very little heat capaci 
the cold junctions are mounted on a 
thicker substrate that acts as a heat sink. 
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Figure 15.32. For the Earth position, which is related to 
the Spleen, the tongue is placed on the bottom of the 
jaw at the base of the lower palate, beneath the teeth 
and gum line. 
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Figure 15.34. For the Fire position, which is related to 
the Heart, the tongue is placed on the front of the upper 
palate, behind the teeth and gum line. 


The lymphatic system is pumped by normal 
muscular contraction. When a patient performs 
Dynamic Postural Movements, the lymphatic sys- 
tem is flushed, thus freeing the body of toxins. 
Dynamic Qigong is divided into two methods 
of training: The Yun (Yin) Method and the Dong 
(Yang) Method 
1. The Yun Method is a more Yin approach, and 
employs slow, even, graceful movements. The 
focus of the mind’ intention is placed on the 
internal organs, resulting in emotional relax- 
ation 
2, The Dong Method is a Yang approach, and 
‘employs intense physical movements. Focus 
is placed on the movement of the body's ex- 
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Figure 15.33. For the Metal position, which is related 
to the Lungs, the tongue is placed between the maxilla 
and mandible bones, suspended, behind the teeth, 


Figure 15.35. For the Wood position, which is related 
to the Liver, the tongue is placed on the middle of the 
Upper palate at the center of the roof of the mouth. 


Figure 15.36. For the Water position, which is related 
to the Kidneys, the tongue is placed on the soft palate 
at the back of the upper palate. 


Figure 15.37. Hands Rise, Leading to the Ascending of 
the Qi. 


tremities, resulting in tissue regulation. 

Both Yin and Yang (Yun and Dong) training 
methods must be balanced when prescribing 
proper Medical Qigong exercises. With the Yin 
method, the patient will experience external qui- 
etness with internal energetic movement. With the 
‘Yang method the patient will develop internal qui- 
etness with external, physically active movement. 


USING THE ENERGY OF THE HANDS TO 
LEAD Qi 

Dynamic Postural training is performed by 
the extensive movements of the hands and torso. 
Because the palmshave a stronger electromagnetic 
field than any other part of the body, the hands 
are used for leading and guiding the Qi. These 
movements are in harmony with the rotating, 
bending and stretching movements of the head, 
neck, torso, and limbs. Any change of the body's 
position or movement can change the direction 
or position of the electromagnetic fields of the 
hand. Likewise, any change or movement of the 
hands or palm positions, also changes the direc- 
tion and flow of the electromagnetic field of the 
body. In Medical Qigong therapy the Dao Yin 
Hand Techniques have the following four func- 
tions: 


Figure 15.38. Hands Fall, Leading to the Descending 
of the Qi. 


‘+ Hands Rise—Qi Ascends (Figure 15.37) 

+ Hands Fall—Qi Descends (Figure 15.38) 

+ Hands Open—Qi is Spread (Figure 15.39) 

+ Hands Close—Qi is Restrained (Figure 15.40) 

The positions of these hand techniques can 
be further divided into three ranges: upper, 
middle, and lower. These ranges can relate to ei- 
ther the position of the body's Triple Burners, or 
the body's three Dantian areas, depending on the 
specific Medical Qigong prescription, and the 
doctor's intention for the exercise. The directions 
of these hand movements can further divide a 
posture into four front and four oblique types of 
Qi regulations. Moreover, depending on the arm 
movements, each posture can be divided into Yin 
(palms facing down) or Yang (palms facing up), 
as well as half Yin or half Yang regulations (Fig- 
ure 15.41). 

The actions of these methods supplement, 
regulate, smooth, and reinforce the vital Qi. Us- 
ing these techniques will improve Blood and Qi 
circulation, as well as sharpen the sensory nerves 
Since all hand postures relate to the brain and the 
function and flow of the body’s energy, they also 
have a psychological and physiological affect on 
the nervous system. 

‘When training, posture and Qi movementare 


Figure 15.39. Hands Open, Leading to the Spreading 
of the Qi 


sometimes in unity, and at other times proceed in 
opposite directions. Raising the arms, for example, 
causes the energy to rise; if the torso also rises, 
the rising power of the energy increases. This is 
anexample of synergistic promotion of Qi regula- 
tion. 

The following are three examples of the use 
of each separate hand action, and demonstrate 
how the body’s reaction to energy can be used to 
treat patients with Medical Qigong therapy. 


Figure 15.40. Hands Close, Leading to the 
Restraining of the Qi 
1. Ifyouhave hyperactive ascending Qi (eg. hy- 
pertension) place your hands, palms facing 
downward, at the side of your body. Inhale 
quickly and move your hands quickly upward. 
Allow the middle fingers on each hand to touch 
each other, connecting the Pericardium Chan- 
nels, Exhale, while slowly moving the hands 
downward along the frontand side of the body. 
Purge and guide the Toxic Qi to descend the 
Liver and Gall Bladder Channels down the 


Four Hand Three 
Techniques Ranges 
(Ascend, ‘Upper, 
Descend, Spread, idle’ 
Restrain) Lower) 


Four Yin and Yang 
Front Postures 
Directions 


Yin and Yang 
Postures 


Figure 15.41 Hand Position Techniques 
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torso to the hips (GB-30), and then to the out- 
side of the legs (Figure 15.42), 

2. If you have a Yin and Yang imbalance (e.g., 
chronic illness) place your palms facing your 
Lower Dantian and slowly raise them upwards 
to the chest. At the level of the Heart, turn the 
palms away from the body as you move your 
arms outward. Once the hands are extended 
away from the body begin moving them down- 
ward. Regulate the speed of motion of the 
hands and breath in order to guide and induce 
the Clear Yang to ascend (as you raise your 
arms), allowing the Turbid Yin Qi to descend 
(@s you lower your arms). This balances the 
body’s Yin and Yang Qi (Figure 15.43). 

3. Ifyou have a Deficiency of ascending Qi (e.g., 
hypotension or prolapse of the viscera) begin 
with the palms facing upward, in front of your 
Lower Dantian. Slowly inhale while gradu- 
ally raising the palms close to your body. 
When exhaling, move the hands downward 
quickly away from the body to avoid any ex- 
cessive downward flow that would counter- 
act the tonifying upward flow (Figure 15.44). 


MEDICAL QIGONG WALKING THERAPY 
Dynamic postural training can be performed 
by keeping the feet stationary and rocking the 
weight between the heels to the balls of the feet, 
or by walking. The Chinese saying, “The body 
must walk like the wind,” describes the relaxed 
placement of the feet and supple stepping tech- 
niques used in Medical Qigong Walking therapy. 
Walking, or Toe-Raised Stepping, as it is com- 
monly called in China, is excellent in treating the 
diseases of the Five Yin Organs. It can stimulate 
the Qi of the Spleen and Liver (due to their chan- 
nels originating on the big toes), and can cause 
the body’s internal Qi to rise and flow vigorously, 
thus reinforcing the function of Qi and Blood. 
With each step of the Walking Meditation, the 
patient should practice tranquil mind and body 
balancing. This is the same imaginative technique 
asisused in standing, sitting, or lying meditations. 
The inner stillness and outer motion are in har- 
mony. Touching the heel to the ground, with the 
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Figure 15.42. With palms facing downward (1), move 
the hands quickly upward (2). As the hands move slowly 
downward (3), allow the middle fingers on each hand 
to touch (4), 


Figure 15.43. With palms facing the body (1), move the 
hands upward (2). Face the palms away from the body 
(3) as the hands move downward (4). 


Figure 15.44. With the palms facing upward (1), raise 
the hands slowly close to the body (2). When moving 
the hands downward (3) in order to start again, quickly 
‘move them away from the body (4). 


toes raised can also activate the Yin and Yang Heel 
Vessels (which originate from the center of the 
heel), and allow the energy to flow between both 
vessels so that the internal energy, exiting from 
the Yin Vessel, can enter the Yang Vessel, and vice 
versa. This allows the vessels to be dredged and 
the Yin and Yang energies to be regulated. 

The heel is also stimulated when stepping, 
thus increasing the flowing action of the Bladder 
and Kidney Qi (due to their channel placement 
on the ankle). While stepping, focus the intention 
on the Lower Dantian to guide downward any 
abnormal rising of Lung Qi, which can cause 
shortness of breath, and affect the Heart and blood 
pressure. Each step is placed deliberately, with in- 
tention, and without collapsing of the feet. This 
stepping action relieves any Excess Qi syndrome 
of the upper torso and coordinates the balance of 
both the upper and lower portions of the body's 
Qi. Medical Qigong walking therapy consists of 
three training methods. 

1. The Preparation (before walking), consists of 
the following steps: 

* The Opening and Closing of the Three Dan- 
tians, and 
* The Stationary Qi Strengthening and Regu- 
lating Exercises. 

2. The Walking Therapy, consists of one or sev- 
eral prescriptions of the Toe Raised-Stepping 
techniques. 

3. The Ending (after walking), consists of the 
following steps: 

* Leading the Qi back into the Lower Dantian, 

+ Kneading the abdomen, and 

* Closing the Dantians and self-massage. 
THE FUNCTIONS AND BENEFITS OF THE 
PREPARATION STAGE (THE OPENING AND 
CLOSING OF THE THREE DANTIANS) 

Before beginning Medical Qigong Walking 
Therapy, the Opening and Closing of the Three 
Dantians must be practiced. In Medical Qigong 
training there isa saying, “When the body is Open, 
the Evil Qi will be expelled. When the body’s sur- 
face is free from Evil Qi, it is better to Close it.” 
The terms “opening” and “closing” refer to the 
purification of the body by means of Opening 
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(purging) and Closing (sealing) specific areas of 
the body. The Opening and Closing of the Three 
Dantians can regulate either an Excess or Defi- 
ciency syndrome that is caused by an imbalance 
between the upper and lower, or interior and ex- 
terior parts of the patient's body. The purpose of 
the preparation stage is to: 

* Eliminate the body’s Evil Qi, 

* Descend the Turbid Yin Qi, and 

* Circulate the Clean Yang Qi through the or- 
gans and channels before walking. 

The focus of this particular technique opens 
and closes the Upper Dantian (at the Yintang 
point), the Middle Dantian (at the Shanzhong CV- 
17 point), and the Lower Dantian (at the Qihai CV- 
6 point), 

‘The Opening and Closing technique utilizes 
four specific disciplines: 

© Using the Mind’s Intention, 

* Dividing the Yin and Yang Energy (ascend- 
ing the Clear Yang Qi and descending the 
Turbid Yin Qi), 

* The Hand Postures for Opening and Closing 
the Dantian, and 

* The Focus on the Breath. 

The Opening and Closing of the Three 
Dantians also requires multiple soft focusing that 
becomes easier with each practice session. Arm 
movements and the breath need to be perfectly 
coordinated; the expelling of Toxic Qi from the 
internal organs needs to be visualized; and the ab- 
domen needs to be contracted while inhaling, and 
expanded while exhaling. The mind’s intention 
must assist in the Opening and Closing of each 
Dantian, the coordinated movements alone donot 
suffice. 

1. When focusing the mind’s intention while 
performing the Opening and Closing tech- 
niques, imagine a dark Turbid energy from 
deep inside the body exiting through the 
body's pores. As the energy leaves, seal off 
the tissues to prevent it from returning to the 
body. Imagine the dark Turbid energy being 
absorbed into the ground, and being purified 
by the Earth. 

2. The Dividing the Yin and Yang Energy refers 
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to separating the Yin and Yang energy within 
the body for healing. The Yin Qi stores the sub- 
stance of vital energy, and the Yang Qi guards 
against pathogenic Evils and protects the 
body. 

a. Ascending the Clear Yang Qi. When the 
Upper Dantian is Opened and Closed 
it allows the Clear Yang Qi to ascend to 
the upper orifices. The increased circu- 
lation of Clear Yang Qi through the 
channels and organs of the body stimu- 
lates and energizes the body's surface, 
as well as strengthens the four extremi- 
ties, When the Clear Yang Qi moves up- 
ward its pure nature helps to tranquil- 
ize the Shen. 

b. Descending the Turbid Yin Qi. When 
the Middle and Lower Dantians are 
Opened and Closed, it allows the Tur- 
bid Yin Qito descend and facilitates the 
storing of the Clear Yang Qi. 

3. The hand postures for Opening and Closing 
the Dantian is described as follows. The ac- 
tion for the Opening of Qi is directed by the 
outward movement of the hands and arms, 
and the mind’s intent on Opening (or expand- 
ing) the abdomen. 

The Closing of Qi is directed by the inward 
movement of the hands and arms towards the 
abdomen, and the mind’s intent on Closing 
(or contracting) the abdomen. 

The function of the Dao Yin Posture train- 
ing, while regulating the breath and reinforc- 
ing the body's Qi, relies primarily on the 
movement of the hands and arms to arouse 
and invigorate the Qi circulating in the Large 
Intestine and the Lungs’ channels. The action 
of opening and closing the Upper, Middle and 
Lower Dantians causes the Turbid Yin Qi to 
descend and be expelled, while the Clear Yang 
Qi ascends to the upper orifices of the body. 

4, The focus is placed on the breath. The Open- 
ing and Closing exercise uses Reversed 
Breathing, ie,, the abdominal muscles con- 
tract while inhaling and relax and expand 
during exhalation (Figures 15.45 and 15.46). 


Exhale while separating the hands and arms. 


-> 


Figure 15.45. The Opening of Qi is directed by the 
‘outward movement of the hands and arms and an 
‘opening (or expanding) intention in the abdomen. 


the 


Expand 
1 


abdomen. 


This method of breathing is also referred to 
as Daoist breathing, The action of abdominal 
compression acts as a bellow to purge any 
Toxic (Yin) Qi from the body. These contrac- 
tions and expansions of the abdomen are com- 
bined with the mental focus on the Lower 
Dantian. The nerve plexuses in the Lower 
Dantian area are considered, in modern Medi- 
cal Qigong theory, to connect the Tai Yang 
Channels (Major Yang channels). If the mind 
is concentrated on the Lower Dantian for a 
long period of time, a conditioned reflex will 
occur that causes the nerve plexuses to pro- 
duce bioelectricity, which spreads into the 
surrounding areas of the Tai Yang channels. 
This reflex causes the small blood vessels and 
capillaries to dilate. This reaction reduces the 
pressure in the blood vessels and improves 
Blood circulation to the Heart. 

* Contraindications: 

Itis important to note that Reversed Breath- 


Figure 15.48. The Closing of Gis directed by the inward 
‘movement of the hands and arms toward the abdomen 
for a closing (or contraction). 


ing is contraindicated for young children, older 
patients and for people suffering from high 
blood pressure, stroke, or Heart diseases. In 
these cases, the Reversed Breathing techniques 
should be replaced with Natural Breathing, 
When practicing with Natural Breathing, the 
patients imagine Heavenly Qi descending into 
their body, filling and expanding the Lower 
Dantian, as they inhale. This expansion of the 
abdomen (upon inhalation) allows their Lower 
Dantian to Open, causing the Heavenly Qi to 
naturally purge the body of Toxic Qi. Upon 
exhalation, the patients contract their lower 
abdominal muscles to Close and seal their 
Lower Dantian. 
‘THE OPEN AND CLOSE THE THREE DANTIANS 
METHOD 
Normally an exercise begins with an equal 
number of inhalations and exhalations receptively, 
as the arms move toward the body, and away from 
the body. In this particular exercise, however, 


when approaching each separate Dantian, the first 
‘Open and Close action is to be performed by in- 
haling through the entire movement, without any 
exhalation. This action stimulates the opening of 
the Dantians. For the second through fourth Open 
and Close movements, the patients exhale when 
Opening and inhale when Closing. Practice the 
Opening and Closing of the exercise, step by step. 

** Begin from Wifi posture. Raise your arms and 
hands to face the Upper Dantian. As you in- 
hale, sperate your arms outward away from 
the body as you contract the abdominal 
muscles, then while still inhaling, bring the 
arms back to the Dantian. Exhale as you sepa- 
rate the arms away from the Dantian, allow- 
ing the abdomen to expand, inhale and con- 
tract the abdomen as you bring the hands back 
together. Repeat this action two more times. 

* Place your arms and hands in front of your 
Middle Dantian. As you inhale, separate your 
arms outward away from the body as you 
contract the abdominal muscles, then while 
still inhaling, bring the arms back to the 
Dantian. Exhale as you separate the arms 
away from the Dantian, allowing the abdo- 
men to expand; inhale and contract the abdo- 
men as you bring the hands back together. 
Repeat this action two more times. 

* Place your arms and hands in front of your 
Lower Dantian. As you inhale, sperate your 
arms outward away from the body as you 
contract the abdominal muscles, then while 
still inhaling, bring the arms back to the 
Dantian. Exhale as you separate the arms 
away from the Dantian, allowing the abdo- 
men to expand; inhale and contract the abdo- 
men as you bring the hands back together. 
Repeat this action two more times. 

STATIONARY REGULATING EXERCISES 
(PREPARATION FOR WALKING) 
This next preparation exercise is good for the 


patient’s general tonification and for increasing, 
respiration for Lung cancer patients. 


© Start from a Wuji posture, inhale and exhale 
through the nose. Place your palms facing 
your lower abdominal area and begin extend- 
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ing Qi into the naval. Imagine the energy flow- 

ing into your navel, extending deep into your 

Mingmen and Lower Dantian area (Figure 

15.47). 

Next, face your palms toward the ground and 

absorb the Earth Qi into your Lower Dantian 

(Figure 15.48). Absorb the Earth’s energy for 

a few minutes. 

+ Tum your palms upwards, towards the Heav- 
ens, and begin absorbing the Universal Qi for 
several minutes (Figure 15.49). Finally, begin 
to close the exercise by allowing your palms 
to turn back towards your navel, absorbing 
and rooting the Qi back into the Lower Dan- 
tian 


WALKING COMBINED WITH COLOR 
THERAPY 

In China, to help visualize specific colors for 
therapeutic use, patients will carry brightly col- 
cored silk ribbons while walking. The colors and 
their affect on the internal organs are matched in 
accordance with the Five Elemental colors. 


WALKING COMBINED WITH SOUND 
THERAPY 

In China, in order to help the patients step 
with a structured rhythm, coordinate breathing 
patterns, and improve mental intention, Medical 
Qigong practitioners beat large wooden drums, 
click wooden sticks, and clang large metal cym- 
bals. These rhythmic wooden and metal sounds 
resonate the walking area with an energetic field 
vibrating with Yin and Yang Qi. The patients, 
while walking ina circle, naturally absorb the Yin 
and Yang energy resonating from the instruments 
and seek to naturally regulate their internal or- 
gans. 


THE THERAPEUTIC EFFECTS OF 
MEDICAL QIGONG WALKING THERAPY 
The purpose of “raising your toes when step- 
ping” is to invigorate the Yin and Yang channels 
and vessels of the legs. The energetic nature of 
the Spleen necessitates walking slowly during this 
exercise. The Spleen is the source of Postnatal En- 
ergy and is responsible for the activity of the 


Figure 15.47. Begin by placing the palms toward the 
navel, in order to stimulate the Lower Dantian Qi. 


muscles and extremities. The movements of the 
four limbs therefore strengthen the Spleen; this is 
why “toe-raised walking” and the “hand sway- 
ing” methods have both been adopted into the 
exercises and postures of most Medical Qigong 
therapies. 

‘Waist rotation plays a leading role in regulat- 
ing the Liver Channels, as well as invigorating the 
circulation of Kidney Qi. This is achieved through 
all activities that initiate the actions of dropping, 
bending, relaxing, and turning the waist. 

The opening and closing actions, combined 
with the rising and falling movements, and the 
swaying action of all four limbs, promote a pump- 
ing action within the muscles. This action is fur- 
ther intensified with the bending and leaning of 
the upper body, squatting and crouching of the 
lower body, and the alternate weight shifting 
when stepping. This pumping action greatly ben- 
efits the circulation of the lymphatic system. 

Clinically, the Medical Qigong walking exer- 
cises result in increased appetite, strengthening 


Figure 15.48, Next, begin to absorb the Earth energy 
into the Lower Dantian and Mingmen area 


of the patient's body, tonification of the Kidneys, 
Lungs, Liver, and Spleen, and the strengthening 
of Heart function. 

Cancer patients need to regulate the function 
oftheir tissues and Yin and Yang organs to increase 
their healing potential. The initial goal in treating 
cancer with Medical Qigong, is to have the patient 
focus on the condition of the tumor, and its collec- 
tion of energy. The patient imagines that the tumor 
area is beginning to soften, and the tissues are 
gradually transforming back into insubstantial en- 
‘ergy. This technique is used to gradually dissolve 
tumors and certain types of less aggressive cancer. 

The following are examples of Toe-Raised 
Slow Walking therapeutic exercises and prescrip- 
tions used in Medical Qigong therapy: 

‘+ Dynamic Regulation Walking Therapy 

* Lung Tonification Walking Therapy 

* Kidney Tonification Walking Therapy 

* Liver and Spleen Tonification Walking 
Therapy 

+ Heart Tonification Walking Therapy 


Figure 15.49. Tum the palms up to absorb Heaven Qi 
into the Lower Dantian Area. 
* Cancer-treatment Prescriptions 
‘The explanation of these walking and breath- 
ing exercises and prescriptions are described as 
follows: 

1, Dynamic Regulation Walking Therapy is a 
good exercise for regulating the Yin and Yang 
Qiof the patient's entire body. It can be pre- 
scribed for general tonification and nourish- 
ing of the patient's body, as well as strength- 
ening the “anti-pathogenic” or True Qi. The 
Dynamic Regulation Walking Therapy is the 
primary walking exercise used to treat can- 
cer patients. 

Inevery exercise the patient starts and ends 
with the Opening and Closing the Lower Dan- 
tian method. When stepping, the toes should 
be raised with the heels touching the ground 
(rocking back and forth), stimulating the Yin 
and Yang Heel Vessels of the legs, to 
strengthen the Kidney and Bladder Channels. 
‘As you step forward with the heel of the right 
foot, the Kidney and Bladder Channels open 
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up. Swing your left hand up to the center of 
your Heart (CV-17 point) while your right 
hand swings to your right hip around and 
near the GB-30 point (Figure 15.50). 

Itis important to utilize the mind’s concen- 
tration in conjunction with the breath. The 
breathing pattern is as follows: 

First step—inhale through the nose 
Second step—inhale through the nose 
hhird step—exhale through the mouth 
Fourth step—hold the breath 

‘The same details of stepping and hand 

movements apply to stepping forward with 
the left foot. 
2. Lung Tonification Walking Therapy is a good 
exercise for tonifying the Qi of the patient's 
entire body. It can be prescribed for nourish- 
ing the patient's skin, as well as strengthen- 
ing the True Qi. Itis used for treating Lung Qi 
Deficiencies, bronchitis, tuberculosis, asthma, 
emphysema, and sinusitis. 

The heel stepping pattern is similar to the 
Dynamic Regulation Walking exercise, how- 
ever, when stepping, the hand postures will 
now switch from a normal relaxed position 
to the thumbs and first fingers touching at the 
tips (Figure 15.51). 

‘Some Medical Qigong hospitals encourage 
the patients to rub their thumb and index fin- 
gers together when practising the Lung Toni- 
fication Walking Therapy. This rubbing action 
causes friction to develop between the 
Shaoshang Lu-11 and the Shangyang LI-1 
points, which in turn stimulates and invigo- 
rate the flow of Qi along the Lung and Large 
Intestine Channels, strengthening the Lungs. 

The breathing pattern is as follows: 

First step—inhale, inhale 

Second step—inhale, inhale 

Third step—exhale 

Fourth step—no breath 

Kidney Tonification Walking Therapy. This 
exercise will purge the Liver Fire and tonify 
the Kidney Yin. It can be prescribed for pa- 
tients who suffer from Kidney Qi Deficien- 
cies, edema, blood diseases, gynecological dis- 
eases, and cancer of the Kidneys. 


Peees 


Figure 15.50. With each step, the opposite hand swings 
up to the Heart and Middle Dantian area 


Figure 15.51. Tonification Hand Position for the Lungs 


Variants 


Figure 28-2 Simplified diagram of the thermopile contig- 
uration inside an infrared sensor chip. Radiation arriving 
through a window in the chip affects the thermocouple 
Junctions in the central region, while junctions around the 
‘edges remain at a lawer temperature. 


Temperature Measurement 
The voltage generated by the thermo 
related to the difference in temperature 
between the hot and cold thermocouple junc- 
tions. Thus there are three interrelated vari- 
ables: hot temperature, cold temperature, and 
voltage. To calculate one variable, we must 
know the other two. 


The hot temperature is what we wish to know. 
Therefore we must establish the voltage (which 
can easily be measured) and the cold tempera- 
ture, The cold temperature can be determined 
by adding a thermistor inside the chip. 


Typically an infrared temperature sensor with 
an analog output will have two pins that pro- 
vide access to the internal thermistor, so that its 
temperature can be calculated from its resist- 
ance. Another two pins provide the voltage 
between the ends of the thermopile. 


Interpreting and reconciling these values is not 
a trivial matter, especially bearing in mind that 


radiation > heat> infrared temperature 
the thermistor has a negative temperature 
coefficient and a nonlinear output, and the 
thermopile will also have some nonlinearity. To 
simplify this situation, some infrared tempera- 
ture sensors incorporate electronics to perform 
the necessary calculations and provide a digital 
output. This output can be converted to 
degrees of temperature by some fairly simple 
mathematical operations in an external micro- 
processor. 


Variants 


Two types of sensors are popular. One is 
surface-mounted, such as the TMPO06, shown 
in Figure 28-3, This type generally has a digital 
output, The other type is a discrete component 
with four leads, such as the Amphenol ZTP135, 
shown in Figure 28-4. Discrete components 
may have either an analog or a 


igital output. 


Figure 28-3 A surface-mount infrared temperature sen- 
sor with digital output. Eight tiny solder pads are located 
fon the underside. The background grid isin millimeters. 


Both types of sensors allow infrared light to 
enter through an area that is opaque to the visi- 
ble spectrum but transparent to the appropri- 
ate range of wavelengths. 
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Begin this exercise with the palms embrac- 
ing an imaginary ball at the naval and Lower 
Dantian area. This walking therapy causes the 
Qi to tonify your Lower Dantian. 

Step forward so that the toes of the right 
foot touch the ground first, followed by the 
heel. This stepping action will open up the 
Yang Channels on the outside of your foot. 
Next, step with the left hee! and point the toes 
up. This stepping pattern should be toe, heel, 
then step with heel (Figure 15.52). 

On the first step, inhale through the nose 
while imagining the Qi filling your thorax. On 
the second step, sound the tone “Xu” (pro- 
nounced Shu) as you exhale. This particular 
sound is used to purge Toxic Liver Qi out the 
patient's body, allowing the Kidneys to fill 
with the rising Earth Qi. 

First step—inhale 
Second step—exhale “Shu” 

‘The breathing pattern is as follows: inhale 
for the toe and heel, step and exhale on the 
heel step (all three actions equal one set). Af- 
ter walking in a circle for nine complete rota- 
tions, pause and begin again, starting with the 
left foot as the downward foot that makes the 
toe heel step as you exhale. 

While stepping, keep both palms on your 
Lower Dantian. Regulate your breathing, 
while drawing the Earth Qi upward from the 
Yongquan Kd-1 point at the bottom of each 
foot. Press the Mingmen area backwards 
while breathing in the Earth Qi this reinforces 
the Kidneys’ Yuan Gi. 

When ending the Kidney exercise, place 
both hands at the center of your chest at the 
CV-17 point. For men the right hand is on the 
outside, the left hand is on the inside, touch- 
ing the chest. The hand position is opposite 
for woman. Make the sound “Shu” three 
times. End with the Opening and Closing of 
the Lower Dantian. 


|. Liver and Spleen Tonification Walking 


‘Therapy activates the Liver's function of stor- 
ing Blood and the Spleen’s function of trans- 
forming Blood. Itis used to treat digestive and 
blood diseases, hepatitis, Liver cancer, scle- 
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Figure 15.62. The Kidney Strengthening Step is as 
follows. While stepping, place both palms on the Lower 
Dantian, regulate your breath and draw the Qi upward 
from the bottom of each foot. Press your Mingmen area 
backwards while breathing in the essence of the Qi. 


rosis of the Liver, and Gall Bladder stones. 
The starting, position is similar to the exer- 
cise for tonifying the Kidneys with the toes 
pointing down, except that you step forward 
with the left toes. Step forward so that the toes 
of the left foot touch the ground first followed 
by the left heel. While this step is taken inhale 
twice through the nose. Then step out 45 de- 
grees with the right heel while inhaling twice 
more through thenose. Next, step out with your 
left heel 45 degrees, exhale through your nose 
twice, then step out with your right foot with 
the toes pointed down as you exhale once. 
First step—inhale, inhale 
Second step—inhale, inhale 
Third step—exhale, exhale 
Fourth step—exhale 
When walking with the toes raised, let the 
big toe touch the ground to stimulate the 
Yinbai Sp-1 and the Dadun Lv-1 points on the 
big toe. This promotes the ascension of the Qi 


aay 


SECTION 3: DAO YIN TRAINING 


flowing upward along the Liver and the 
Spleen Channels. The internal energy of these 
two channelsis then reinforced, and the Liver 
and Spleen are strengthened. 

After walking in a circle for nine complete 
rotations, pause and begin again starting with 
your right foot. Spleen and Liver Channels 
are activated when the toes pull up and the 
heel steps down. 

‘The hand postures are as follows: 

a. ForSpleen problems the thumbs touch 

your ring fingers only when you step 
out to the fourth step (Figure 15.53). 

b.  ForLiver problems the thumbs continu- 

ously touch your ring finger. 

5. The Heart Tonification Walking Therapy 
calms the mind while tonifying the Qi and 
Blood. It is used for treatment of coronary 
Heart diseases, arthritis, palpitations, and an- 
gina pectoralis. 

‘The starting position is the same as for the 
Liver and Spleen Walking therapy. The step- 
ping is exactly like the last exercise, with the 
exception of the hand positions. In this exer- 
cise, the hands are opened and relaxed until 
they reach the chest (CV-17 point) at which 
point the middle fingers of each hand touches 
the Pc-8 point at the center of each palm (Fig- 
ure 15.54). 

When breathing, focus your Mind on inhal- 
ing the Qi upward from the Earth. When ex- 
haling, imagine that the Qi within your chest 
is flowing downward. 

«First step—inhale 

Second step—exhale 
This walking exercise is practiced at a 

slightly slower speed then the previously de- 
scribed exercises. On the third step, the middle 
finger of each hand touches the center of your 
palms. This stimulates the Zhonchong Pc-9 
point on each finger and is used to invigorate 
the flow of internal energy along the Pericar- 
dium Channels. 


THREE STEPPING METHODS USED To 
TREAT CANCER 
‘These supplementary Medical Qigong Step- 
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Figure 15.53. Hand Position for Tonification of the Liver 
and Spleen’ 


Figure 15.54, The Heart Strengthening Step is practiced 
ata slightly slower speed. On the third step, the middle 
finger of each hand touches the center of the palm. 


The Fast Walking Method 


Liver, Lt \d Stomach C ae 
(for Liver, Lung and Stomach Cancer) Bee erate 


The Moderate Walkin: 
(for Gastric and Intestinal Cancer) 


The Slow Walking Method 
(for Kidney and Urogenital Cancer) 


Method 


1st Step - Inhale 
70 - 100 
Steps per Minute 


Inhale - Exhale 60-80 
Each Step ‘Steps per Minute 
Each Step Under- 60 


Inhale - Inhale - Exhale ‘Steps per Minute 


Heel Toe 


Figure 15.55. Cancer Walking Therapy 


ping exercises are given to cancer patients for 
breath regulating and Qi reinforcement. These 
breathing methods are applied with the Dynamic 
Regulation Walking therapy (the first walking 
exercise taught in this section). These walking 
methods use the “exhaling method” to strengthen 
the Kidneys, increase oxygen intake and enhance 
the patients’ immune system. 

‘The stepping methods are performed at three 
different speeds depending on the patients’ symp- 
toms (Figure 15.55). The patients are encouraged 
towalkat least once a day for 15-20 minutes. These 
walking exercises are classified into three kinds 
of prescriptions according to the following breath- 
ing rates. 

THE FAST EXHALING METHOD 

This walking method is mainly prescribed for 
patients in the early stages of cancer and is espe- 
cially suitable for patients with Liver, Lung, and 
Stomach cancer. This exercise is practised using 
even breathing, inhaling for one step, followed by 
exhaling for another step. The patient steps out 
with the left foot, while inhaling through the nose. 
Then steps out with the right foot, and exhales 
through the nose. Both hands swing naturally up 
to the chest, while walking, 

The main point to remember while stepping, 


is that the head leads the waist in turning and 
swinging the arms. The speed should be 70-100 
steps per minute. When practicing the Fast Ex- 
haling method it is important not to overexert 
yourself, as this would be counterproductive, and 
‘would lead to depleting the immune system. 
‘THE MODERATE EXHALING METHOD 

This walking method is mainly prescribed for 
patients in the early stages of cancer and is espe- 
cially suitable for patients with gastric and intes- 
tinal cancer. The patient breathes in and out 
through the nose with each step taken. When tak- 
ing each step, focus is on the respiratory rhythm. 
The speed should be between 60-80 steps per 
minute. 
THE SLOW EXHALING METHOD 

This walking method is mainly prescribed for 
patients with Kidney and urogenital cancer. The 
patient steps out with the left foot first and then 
with the right foot. Each step is accompanied by 
two inhalations and one exhalation. The patient 
steps out with the heel while taking two inhalations 
and then touches the ground with the ball of the 
foot, while exhaling. Because one step involves three 
breathing movements, the walking speed should 
be a bit slower, under 60 steps per minute. 


Figure 15.56. Secure the Upper and Middle Dantians in order to come to a tranquil state of relaxation. 


ENDING AND CLOSING THE WALKING 
THERAPY 

To end the Medical Qigong Walking therapy, 
the following exercises are taught to the patients 
in order to bring their Qi back into their Lower 
Dantian and to return toa state of quiescence. The 
Ending and Closing procedures are divided into 
three forms of practice: (1) Leading the Qi back 
into the Lower Dantian; (2) The official Closing of 
the prescription; and (3) Self-massage Regulation. 
These three ending procedures are described as 
follows 
LEADING THE QI BACK INTO THE LOWER 
DANTIAN. 

This particular exercise is divided into four 
separate stages: (1) Securing the Three Dantians, 
(2) Kneading and Rooting the Lower Dantian, (3) 
Circle Massaging the Lower Dantian, and (4) 
Rooting the Qi. 

1. The Securing the Three Dantians exercise has 
three purposes: to initiate a tranquil state of 
relaxation, to secure a harmonious balance of 
the body's Yin and Yang organs, as well as to 
bring the Qi back into the Lower Dantian. 

Froma standing Wuji Posture, imagine em- 


bracing a balll of energy at the Lower Dantian 
(hold this posture for several breaths). After 
exhaling, separate the hands without inhal- 
ing, moving, and massaging the Qi along the 
hub of the body’s Belt Vessel (at the waist). 

Inhale and begin raising the palms above 
the head. Imagine inhaling the Earth Qi into 
the body while the palms are facing the 
ground. At hip level, rotate the palms to face 
the sky, and begin inhaling Heaven Qi into 
the body. Continue raising the palms until 
they are positioned above the Baihui area on 
top of the head (left hand on top, opposite for 
women). 

Exhale and imagine the combined Earth and 
Heaven Qi flowing into the Taiji Pole, connect- 
ing all Three Dantians together. Descend the 
palmsin front of the body, facing the Yintang, 
throat, Heart, upper abdomen (at the Yellow 
Court), and navel, then end by embracing the 
Lower Dantian. Begin again and repeat this 
exercise nine times (Figure 15.56). 


.. Kneading and Rooting the Lower Dantian fills 


the Liver and Spleen with Blood and 
ing to further detoxify these organs. 


i help- 


Figure 15.57. Knead the abdomen 36 clockwise then 
24 counterclockwise. 


After performing the Securing the Three 
Dantians exercise, secure the Qi in the Lower 
Dantian and knead the abdomen until itis suf- 
ficiently stimulated. 

3. Circle Massaging the Lower Abdomen com- 
bines the body’s organ energy together, thus 
forming the One True Qi. This allows the body 
toalleviate any Excess or Deficient conditions 
which may be caused from the excessive ac- 
cumulation of Qi, due to the previous Qigong 
Walking exercises. 

Begin at the navel and start to circle mas- 
sage the lower abdominal area thirty-six times 
in a counterclockwise direction (the move- 
ment should be directed against the flow of 
Qi in the Large Intestine). Begin with small 
and end with large circles, completing the 
movements at the base of the Lower Dantian. 
Next, reverse the direction of Qi flow by circle 
massage twenty-four times in a clockwise di- 
rection (with the flow of the Large Intestine), 
starting with big and finishing with small 
circles that end at the base of the Lower Dan- 
tian (Figure 15.57). 


4, Rooting the Qi is sometimes referred to as 
“leading the Qi back to its origin.” Rooting, 
extending, and stabilizing the energy into the 
Lower Dantian will facilitate the regulation 
of the Conception Vessel, Lower Burner, and 
Water pathways. Rooting the Qi also tonifies 
the Kidneys, Qi, Blood, and Yuan Qi, and al- 
lows the Toxic Qi to be easily expelled from 
the body. 
Leave the hands on the Lower Dantian and 
push the Mingmen backwards while inhaling 
the Qi and heat from the hands into the Lower 
Dantian (right hand on outside, opposite for 
women). 
‘THE CLosine 

‘The closing procedure should be initiated af- 
ter each practice period. After three deep breaths, 
click your teeth together thirty-six times (to stimu- 
late the Kidney Qi), then circle the tongue eigh- 
teen times in each direction (to stimulate the 
Spleen Qi). Circle thirty-six times from the bot- 
tom of the teeth to the back of the throat. Tilt your 
head forward slightly, then swallow the saliva 
three times while imagining the Clear Qi of 
Heaven and Earth mixing with the saliva and 
flowing down to the Lower Dantian. 
SELF-MASSAGE REGULATION 

‘This method shifts the attention slowly off the 
area of concentration, while leading the Qi back 
down to the Lower Dantian. After the mind dis- 
engages from the specific point, relax the body, 
slowly open the eyes and perform self-massage. 

Self-massage includes rubbing the hands, 
bathing the face (rubbing the face with the palms), 
combing the hair with the fingertips, and dredg- 
ing the Twelve Primary Channels. 

1. After rubbing the hands to heat the palms, 
place both hands on the face, cup the eyes, 
and draw the heat in through the eyes, into 
the Upper Dantian. 

2. Next, comb the hair with your fingertips and 
drain the Excess Qi from off the head and neck 
area (Figure 15.58). 

3. Then, rub from the feet to the abdomen to 
dredge the three Yin channels of the feet (Fig- 
ure 15.59). 
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Figure 15.58. After rubbing the hands to heat the palms, 
place both hands on the face and draw the heat in 
through the eyes and into the Upper Dantian (1). Next, 
‘comb the hair with the fingertips (2), and drain the 
excess Qi from the head and neck area (3). 


4, Rub from the chest to the hands to dredge the 
three Yin channels of the hands (Figure 15.60). 

5. Rub from the hands, shoulders and lateral 
sides of the head, down the sides of the chest 
and abdomen to dredge the three Yang chan- 
nels of the hands (Figure 15.61). 

6. Rub from the waist and hips to the feet to 
dredge the three Yang channels of the feet 
(Figure 15.62). 

These closing and self-massage procedures 
should be performed seven times each, followed 
by stretching to end the exercise. 


Figure 15.59. Rub from the feet to the abdomen (1-2) 
to dredge the three Yin channels ofthe foot 


Figure 15.62. Continue down the sides of the chest (1) 
Figure 15.61. To dredge the three Yang channels of and abdomen (2). Next, rub from the waist and hips (3) 
the hand, rub from the hands (1), shoulders (2), and to the feet (4) to dredge the three Yang channels of the 
lateral sides of the head (3). foot. 
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CHAPTER 16 
RESPIRATORY DAO YIN 


THE PURPOSE OF RESPIRATORY DAO 
YIN 

Respiratory Qigong therapy is often called Tu 
GuNa Xin which means “expelling the old, draw- 
ing in the new.” The purpose of Respiratory Dao 
Yin is to increase the intake and absorption of 
Clear Qi through regulating the breath. The extra 
absorption of Qi enhances the body's vitality, and 
harmonizes the Blood and Qi to promote health 
and eliminate disease. 

Because the breath is also the link between 
the body and mind, by controlling the pace and 
quality of the breath, individuals can affect deep 
changes in their physiological functions. Breath- 
ing exercises have proven tobe effective in reduc- 
ing anxiety, depression, irritability, muscle tension, 
and fatigue. These techniques are also used in the 
treatment and prevention of agoraphobia, hyper- 
tension, hyperventilation, shallow breathing, and 
cold hands and feet. 


‘THE ROLE OF THE LUNGS IN QI 
CULTIVATION 

The Lungs control the body’s Qi, although the 
Kidney Qiis responsible for aiding the Lungs by 
regulating the respiration (ie., upon inhalation, 
as the Qi descends into the thorax, the Kidneys 
hold down and stabilize each breath). The Yuan 
Qi stored in the Kidneys must be continuously 
supplemented by the Gathering Qi derived from 
air, food, and water. 

The internal absorption of air, food, and wa- 
ter rely on the smooth circulation of the Lungs’ 
energy. Because of the significant role the Lungs 
play in absorbing universal and environmental Qi, 
the ancient Qigong masters placed a great deal of 
importance on breathing exercises. They believed 
that a patient’s health and emotional condition 
were deeply affected by their breathing patterns, 


and by the amount of oxygen consumed in pro- 
portion to the amount of carbon dioxide released. 

Through the study of these ancient Qigong 
observations, modern research confirms that re- 
laxed and natural breathing patterns cause every 
tissue and cell to decrease its consumption of en- 
ergy, while increasing its storage of Qi. 

The ancient Qigong masters recommended 
that “vigorous breathing,” in the form of Dynamic 
Breath Regulation, should be used when training 
Qi and “gentle breathing,” in the form of Quies- 
cent Breath Regulation be used after training prac- 
tice for nourishing and replenishing the Qi. Each 
breathing regulation exercise has long been con- 
sidered a powerful prescription used to balance 
the patient's health. 


DEEP INHALATION AND EXHALATION 
BREATHING METHODS 

In breathing regulation exercises and prescrip- 
tions, the patient's inhalation is used to gather uni- 
versal and environmental Qi into the body for tonifi- 
cation. Exhalation is used to eliminate Turbid or 
Toxic Qi from the body through purgation. Once 
the patients are in the prescribed posture, relaxed 
and free from distractions, they should, for example, 
exhale and imagine releasing Turbid Qi from out 
the mouth, nose, and pores of the body. 

Clinical studies show that the Deep Inhala- 
tion of Medical Qigong prescriptions can have the 
following effects on the patient's body: 

* increase stimulation of the sympathetic ner- 
vous system, 

* cause the blood vessels to contract, 

+ raise the blood pressure, and 

* increase the pulse rate. 

On the other hand, the Deep Exhalation meth- 
ods of Medical Qigong prescriptions can also have 
the opposite affects on the patient's body: 
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Dao Yin Breathing 


1. Natural Abdominal Breathing Method 
(increases Qi in the Kidneys and Lower Dantian) 


2. Longand Deep Abdominal Breathing Method 
(calms the Shen and creates feelings of euphoria) 


3. Reverse Abdominal Breathing Method 
(increases Qi flow to the extremities) 


4, The Deep Exhalation Method 
(excites the parasympathetic nerves, dilates the 
blood vessels and decreases blood pressure) 


5. Abdominal Breath Holding Method 
(invigorates the circulation of Blood and quickly 
improves the microcirculation of Qi and Blood) 
6. The Windy Breathing Method 


(6timulates the pituitary gland, and strengthens 
and regulates the endocrine system) 


7. The Aspirating Method 
(purges the internal organs of pathogenic factors) 


Figure 16.1. The Seven Dao Yin Breathing Techniques 


+ increase the stimulation of the parasympa- 
thetic nervous system, 
* dilate the blood vessels, 
* lower the blood pressure, and 
‘+ decrease the pulse rate. 

Deep exhalation helps to keep the body’s Yin 
energy moving downward, and so has a down- 
ward regulating action on diseases caused by Yang 
Qidomination. Deep inhalation helps to keep the 
body’s Yang energy moving upward, and has the 
effect of sustaining the Yang and tranquilizing the 
mind. 

Students beginning Medical Qigong practice 
should focus their mind’s intention primarily on 
the method of exhalation, to simultaneously 
stimulate the parasympathetic system and to re~ 
lax. Once health is regained, patients will begin 
toalternate between deep inhalation and deep ex- 
halation. This alternation producesa diastolicand 
systolic action of the blood vessels that also en- 
hances the elasticity of the blood vessels’ walls. 


SEVEN DAO YIN BREATHING 
TECHNIQUES 

‘The Seven Dao Yin Breathing Techniques are 
intended to regulate the symptoms caused by the 
Excess of Yang and Deficiency of Yin, which are 
characterized by too much energy in the upper 
part of the body and a weakness in the lower por- 
tion of the body. 

Today, in China’s Medical Qigong clinics, the 
breathing regulation exercises employ seven types 
‘of Dao Yin breathing techniques (Figure 16.1). 
Normally, all inhalation is done gently through 
the nose and exhalation is released slowly through 
the mouth. Inhalation and exhalation through the 
nose is also important, but should only be used 
when a higher state of “stillness” is obtained by 
the patient. Thisisto prevent the patient from fall- 
ing back into his or her old shallow breathing pat- 
terns, until the Deep Abdominal Breathing 
method has been perfected. 

1. The Natural Abdominal Breathing Method is 
also called Natural Breathing, and is used in 
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Figure 28-4 A through-hole infrared temperature sensor 
with analog output. The background grid is in millimeters. 


The ZTP135 has an analog output shown in 
jure 28-5, 
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Figure 28-5 Analog output from an infrared temperature 


The TMP006 is only about 1.5mm square, but is 
available on a breakout board from Sparkfun. 
Its successor, the TMPOO7, is available on a 
breakout board from Adafruit, shown in 
Figure 28-6. 


Values 


Figure 28-6 The TMPOO7 sensor mounted on a breakout 
bboarel from Adatruit. 


Surface-Mount Specifications 

‘The TMP006 and TMPO07 require a supply volt- 
age that can range from 3.3V to 5V. These chips 
support the SMBus and I2C bus protocols, using 
a bus address that can be user-selected. An 
internal analog-to-digital converter uses 1 
least-significant bit to represent 1/32nd of a 
degree Celsius, and data is saved as a 14-bit 
signed integer. Up to 16 temperature samples 
can be averaged internally. 


Measurable temperature range is -40 to +125 
degrees Celsius. Some hysteresis is built in. The 
TMPOO7 supports an alert mode if temperature 
falls above or below a user-specified threshold. 


Sensor Arrays 

Using multiple thermopile sensors arrayed in a 
line or a grid, with an array of lenses, 
ble to capture an image of temperature varia- 
tions over a surface or a scene. This is known as 
thermal imaging. It can detect heat leakage 
from buildings, indicating poor insulation, or 
can locate hot spots in electronic circuits. Hei- 
mann Sensor has pioneered the miniaturization 
of a 31 x 31 grid of thermopile sensors in a sin- 
gle TO-8 or TO-39 package. 


Values 


Temperature Range 
Chip-based infrared temperature sensors are 
typically designed for a range from about -20 
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conjunction with mental concentration. In this. 
‘method the abdomen expands upon inhalation 
and contracts upon exhalation. It naturally in- 
creases the body’s peristaltic action, massages 
the internal organs, invigorates and increases 
the movement of Qi from the Kidneys into the 
Lower Dantian. Because of the differences in 
energetic physiology between men, women, 
and the breathing habits of each individual, 
‘Natural Breathing is further divided into Natu- 
ral Thoracic Breathing, Natural Abdominal 
Breathing, and a combination of the two. 

2. The Long and Deep Abdominal Breathing 
Method is also called Wen Huo Breathing. It 
isa gentle breathing method that consists of 
natural, deep, and full breathing. This results 
in a relaxed and comfortable feeling of eu- 
phoria. This method of breathing is per- 
formed as follows: 

a. At the beginning of the breath, inhale 
all the way down into the perineum, 
feeling the lower abdomen expanding 
inall six directions: 

* from the bottom - at the base of the perineum, 
+ from the front - to the pubic bone and navel, 
+ from the back - to the coccyx and Mingmen, 
* from the right - to the hip and lower ribs, 

+ from the left -to the hip and lower ribs, and 
* from the top - at the base of the diaphragm. 

b. While continuing to inhale, feel the oxy- 
gen expanding and filling the upper 
thoracic cavity completely. The entire 
torso, from the perineum to the collar 
bones is expanded in six directions: 

‘from the bottom - atthe top of the diaphragm 

+ from the front -to the solar plexus, Heart, and 
collar bones, 

* from the back - to the base of the ribs, spine 
and top of the shoulders, 

‘from the right - to the rib area, 

« from the left - to the rib area, and 

‘+ from the top - to the throat and neck area (Fij 
ure 16.2). 

c. Upon complete expansion, tuck the pel- 
vic bowl under to increase the capacity 
of storing more energy. On the inhala- 


Inhale 


Diaphragm 


Abdomen 


Figure 16.2. Inhale all the way down to the perineum. 
Make sure that the anal sphincter is closed in order to 
keep the Qi full and expanded in the Lower Dantian, 


tion the pelvis performs a slight poste- 
rior tilt, on the exhalation the pelvis tilts 
slightly in the anterior direction. These 
actions will naturally ripple the spine. 
Exhale the breath from the upper tho- 
racic cavity downward, to the lower 
abdomen. 

3. The Reverse Abdominal Breathing Method is 
an example, and subcategory of Long and 
Deep Abdominal Breathing. This method is 
performed by contracting the abdomen (and 
anus) when inhaling and expanding the ab- 
domen upon exhaling. This is the primary 
breathing method used in Qigong training for 
guiding and emitting Qi, because the quality 
of air pressure and exertion of energetic pres- 
sure is greater. The Reverse Abdominal 
Breathing method results in superior effi- 
ciency in leading Qi to the extremities and has 
a much greater effect in raising the Qi from 
the legs into the brain. 


ost 


However, when prescribing Medical 
Qigong therapy to treat diseases and allevi- 
ate physical stress, the Reverse Abdominal 
Breathing Method is prohibited except for 
very specific conditions. The reason it is not 
encouraged in Medical Qigong prescriptions 
is because patients with clinical hypertension 
or Heart disease often practice Reversed 
Breathing automatically. Scientific studies 
confirm that 90% of these patients practice re- 
verse breathing chronically, as do most indi- 
viduals with anxiety problems. Reverse Ab- 
dominal Breathing can also cause a constric- 
tion of the blood vessels and thus exacerbate 
problems such as cardiac diseases (ie, angina) 
and migraine headaches. 

4, The Deep Exhalation Method is often referred 
toas Wu Huo, which means “vigorous breath- 
ing.” Itis conducted with strong conscious in- 
tent. Itcan excite the parasympatheticnerves, 
dilate the blood vessels and decrease blood 
pressure. 

When practicing the Deep Exhalation 
method, the patient expels the Qi through the 
mouth, followed by a shallow inhalation. 

5. The Abdominal Breath Holding Method in- 
vigorates the circulation of Blood and reduces 
swelling within the tissues, quickly improving 
the microcirculation. This method is also used 
to deepen the breath by stopping or holding 
the respiration for a short period of time. 

One Abdominal Breath Holding Method, 
known as Two Breathings, consists of inhal- 
ing through the nose, deep into the Lower 
Dantian, with one breath, pausing, then ex- 
haling out through the mouth. The pause 
should be sustained for as long as possible 
without feeling tension (although a feeling of 
slight pressure building up is normal). After 
practicing deep abdominal breath holding, the 
breath will begin to develop its own stopping 
patterns. This stage involves the discipline 
and interdependence of the Heart and mind 
(Emotion and Spirit) with the breath. 

6. The Windy Breathing Method consists of in- 
haling and exhaling through the nose. Itis of- 
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Figure 16.3. An example of tone resonation by aspirating 
the body's Excess Heat from the Liver is by using the 
sound “Shu.” 


ten referred to as “Windy” because it employs 
shallow breathing which resonates in the na- 
sal passages. This kind of breathing purifies 
and warms the air as it passes through the 
nasal tract, resulting in air oscillation which 
stimulates the pituitary gland, thus strength- 
ening and regulating the endocrine system. 
This method is designed to be used by pa- 
tients with Lung disease because “the Lung 
energy opens at the nose.” 

7. The Aspirating Method refers to the method 
of drawing out by suction. This popular 
method can be used with healing sounds (or 
“tones”) to purge pathogenic factors, or to 
regulate the body's internal organs. The pro- 
rnunciation is based on resonating the sounds 
to stimulate specific organs such as the Heart, 
Spleen, Lungs, Kidneys, Liver and Triple 
Burners (Figure 16.3). There are two primary 
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Figure 16.4. The body has seven main spatial cavities, as well as individual spatial cavities that surround the Yin 


and Yang organs. 


sound systems of tone resonation used in 
Medical Qigong therapy, The Six Healing 
Sounds and the Tumor and Cancer Tone 
Resonations. These two healing sound meth- 
ods are described as follows. 

* The Six Healing Sounds are used to regulate, 
strengthen or detoxify the body's Yin and 
Yang Organs. This healing sound system is 
generally prescribed for patients with acute, 
or less serious conditions such as indigestion, 
insomnia, or Excess Heat in the organs, etc. 

+ Tumor and Cancer Tone Resonation Therapy 
is used to vibrate and destroy malignant tis- 
sue and cell growth in patients with chronic 
and serious organ diseases (see Chapter 40) 
This healing sound system is prescribed for 
diseases such as cysts, tumors, and cancer. 

The choice of organ, and the number of 
times to pronounce each sound or character, 


is determined by the physical and energetic 
constitution of each individual. Each sound 
vibrates a specific organ or organ system, and 
surrounding set of involuntary muscles. 
Through repetition, the muscles acquire a ki- 
nesthetic memory of the vibrational sound. 
The doctor, or patient, can then trigger this 
memory by mental concentration alone to 
produce the desired results. As the patient 
performs the Sound Therapy, not only are the 
channels and organs cleansed, but also the 
spatial cavities (or Orbs) which surround the 
specific organs (Figure 16.4). For more infor- 
mation on Sound Therapy, see Chapter 40. 


RESPIRATORY GUIDING AND 
REGULATING 

‘There are four Respiratory Dao Yin methods 
the Qigong doctor can prescribe to regulate the 


Respiratory Dao Yin 
Breath Regulation 
Methods 


1, The Counting the Breath Method 


The Following the Breath Method 


3. The Observing the Breath Method 


4. The Listening to the Breath Method 


Figure 16.5. The Four Methods to Prescribe Respiratory Dao Yin For Breath Regulation 


patient's breath (Figure 16.5): Counting the Breath, 
Following the Breath, Observing the Breath, and 
Listening to the Breath. 

1. The Counting the Breath Method can be uti- 
lized to eliminate distractions of the mind 
during Walking Qigong Therapy by having 
patients silently count the number of their 
breaths. This method is also performed si- 
lently to regulate the body. In this particular 
method, one inhalation and one exhalation 
equals one breath. 

2. When practicing the Following the Breath 
Method, the patients will contemplate each 
inhalation and exhalation of breath without 
counting. The patients mind, free from dis- 
tractions or thoughts, follows each breath into 
and out of the body. 

3. When practicing the Observing the Breath 
Method, the patients will observe their body's 
tissues conforming to the tranquil mental im- 
ages from their subconscious imagination 
(eg,, relaxing, sinking, etc.) 

4, When practicing the Listening to the Breath 
Method, patients are encouraged to listen to 
the “sounds” of their breathing (used in the 
Windy Breathing Method) to achieve a state 
of tranquillity. 


RESPIRATORY TONIFICATION AND 
PURGING METHODS 


Medical Qigong Respiration Therapy has its 
own unique methods and techniques for tonify- 


ing and purging the body's Qi. The primary tech- 
nique used is focused concentration on the breath- 
ing. Through breath regulation, syndromes of 
Excess and Deficiency may be brought into bal- 
ance either through tonification or through pur- 
gation. 

1. Inhalation is used for tonifying the Qi in cases 
of Deficiency. The duration of the patient's in- 
halation should be longer than that of the ex- 
halation. Tonification or Qi reinforcement 
patterns are created by applying the follow- 
ing methods: 

+ more inhalation, and less exhalation 
* Jong inhalation, and short exhalation 
* focusing the mind on the inhalation 

2. Exhalation is used for purging and reducing 
the Qi in cases of Excess. The duration of the 
exhalation should be longer than that of the 
inhalation. Purgation or Qi reducing patterns 
are created by applying the following meth- 
ods: 

+ more exhalation, and less inhalation 
* long exhalation, and short inhalation 
‘ focusing the Mind on the exhalation 


Basic ESSENTIALS OF RESPIRATORY 
TRAINING 

Medical Qigong Respiratory training consists 
of the regulating, tonifying or purging exercises 
practiced in accordance with the doctor’s treat- 
ment and specific homework prescriptions. There 
are four basic essential guidelines used to assist 


the patient in achieving maximum results in res- 
piratory therapy, these guidelines consists of: En- 
suring the Correct Posture Before Beginning, Pu- 
rifying and Cleansing the Body's Qi, Tonifying 
and Purging the Qi, and Regulating the Body’s 
a. 

1. Before beginning Respiratory Dao Yin train- 
ing, itis important that the doctor make sure 
the patient's posture is correct. When prescrib- 
ing dynamic and static Medical Qigong 
therapy, itis best to start with a solid founda- 
tion and proper structure. Breath training 
should only begin when the patient becomes 
proficient in Postural Dao Yin, otherwise ad- 
verse effects may occur, (i.¢., emotional 
trauma, headaches, chest stuffiness, or respi- 
ratory distress). 

2. After their posture has been corrected, have 
the patients open their mouth and focus on 
their exhalation. As the patients exhale, they 
imagine all of the obstructed channels and 
collaterals being simultaneously purged of 
Turbid Qi. Each time the patients exhale they 
are to relax their body, more and more. 

‘Next, the patients close their mouth, and 
focus on inhaling clean, fresh Qi in to their 
body (through the nose). Have the patients 
practice this method using Natural Breathing. 
Each time the patients inhale and exhale they 
are to continue to relax the body. 

3. After the body’s Qi has been cleansed, the 
patients will focus their intention on any and 
all internal organs that specifically need to be 
purged. Breathing exercises used for purga- 
tion include focusing the patients’ intention 
on the exhalation, as well as exhaling specific 
healing sounds. The patients continue to 
purge their body in this manner in accordance 
to the doctor's instructions. 

Having completed the purgation exercises, 
the patients are free to begin their tonification 
prescriptions. Breathing exercises used for 
tonification include the focus of the patients’ 
intention on the inhalation, as well as visual- 
izing specific colors being ingested into cer- 
tain internal organs. 
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4. After practicing the tonifying or purgation 
prescriptions, the final goal of respiratory 
training is o achieve a long, natural, even and 
deep respiration. Urgent respiration causes 
the body’s internal Fire to escape into the 
pores, resulting in uncontrolled Heat, fever- 
ish conditions and irritability. Normal breath 
regulation consists of even inhalation and ex- 
halation patterns. The patient must avoid 
speeding up their breath, as this will also in- 
terrupt the breathing rhythm and lead to de- 
viations of Qi. 


BREATHING PATTERNS FOR 
COLLECTING AND REGULATING Qi 

The following are examples of exercises used 
for regulating and collecting Qi in the Lower Dan- 
tian. The doctor or patient will perform the breath- 
ing patterns as follows: 

1. Collecting Qi in Lower Dantian is used to 
tonify and increase the collection of Qi gath- 
ered in the Lower Dantian. 

a. Inhale through the nose, filling the 
lower Dantian (expanding the abdo- 
men), pause, then exhale through the 
mouth. Repeat and continue this 
breathing pattern for three times then 
proceed to b. 

b. Take three partial inhalations through 
the nose, filling the lower Dantian, 
pause, then complete one exhalation 
through the mouth. Next, inhale 50% 
of the breath into the Lower Dantian 
(expanding the abdomen), hold for 
three heartbeats, inhale remaining 50% 
into the Lower Dantian and hold for 
five heartbeats, relax and slowly exhale. 
Repeat and continue the pattern for 
thirty minutes a day (for three months), 
or until it becomes effortless. 

2. Regulating Qi in Lower Dantian is used to 
stabilize the energetic balance of the Lower 
Dantian. 

a. Inhale through the nose, filling the 
lower Dantian (expanding the abdo- 
men), exhale through the mouth, and 
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then pause. Repeat and continue this 
breathing pattern for three times then 
proceed to b. 

b. Inhale through the nose, then perform 
three partial exhalations through the 
mouth, pause, then one complete inha- 
lation through the nose. Next, exhale 
50% of the breath out of the Lower 
Dantian (contracting the abdomen), 
hold for three heartbeats, exhale re- 
maining 50% out of the Lower Dantian 
and hold for five heartbeats, relax and 
slowly inhale. Repeat and continue the 
pattern for thirty minutes a day (for 
three months), or until it becomes ef- 
fortless. 

3. The Mysterious Pass is the pause between the 
inhalation and the exhalation. The ancient 
Qigong Masters believed that in the pause 
was the realm of infinite space (Wuji), exist- 
ing between the Earthly Heaven (the congeni- 
tal form of energy) and the Later Heaven (the 
acquired form of energy) where time and 
space stands still. 

For clinical practice, the Qigong doctors 
train in the method of accessing the Mysteri- 
ous Pass in order to extend Qi through the 
entire body and to access the energy of the 
‘Wuji (Infinite Space). In the clinic, the train- 
ing is divided into two stages (a and b). 

a. Begin this training by holding the 
breath from three to twelve counts 
(known as the “Small Count Breathing 
Regulation”). 

b. Eventually increase to the “Big Count 
Breathing Regulation,” which consists 
of 120 counts. This method enriches the 
‘Yuan Qi by breathing in more and ex- 
haling less, and is sometimes used in 
Medical Qigong prescriptions to cure 
specific types of illness. When used 
with a strong intent, breath holding can 
constrict the blood vessels and raise the 
blood pressure; it is therefore some- 
times prescribed for patients with hy- 
potension. This Qigong method is, 


however, contraindicated for patients 
or doctors with hypertension. 


THE FOUR PROGRESSIVE STAGES OF 
RESPIRATION 

There are four progressive phases of difficul- 
ties that patients may experience during the be- 
ginning stages of their Medical Qigong Respira- 
tory training: The Wind Phase, The Gasp Phase, 
‘The Unbalanced Air Phase, and The Quiescent 
Phase. 

1. During the Wind Phase, the breathing is au- 
dible and may prove distracting to a begin- 
ner. The goal of focused concentration is to 
allow the energy to become gathered and col- 
lected. If the goal of the breathing prescrip- 
tion is to focus on a Deficient internal organ 
or specific tissue area, for example, and the 
patient’s concentration becomes diverted 
(shifting to the noise of their own breath), it 
may disrupt the patient’s mind. This can re- 
sult in the patients collected Qi being 
dispersed instead of gathered. 

2. During the Gasp Phase, the breathing is no 
longer audible, but any stagnant air, or ob- 
structed air in the throat may disrupt the 
mind's concentration. Focused concentration 
on the stagnant air or obstruction may cause 
a sense of physical obstruction and mental 
anxiety, resulting in Qi stagnation in the throat 
(known as Plum Pit Qi). 

3. During the Unbalanced Air Phase, the breath 
remains silent and there is no sensation of 
obstructed air in the throat. The patient's 
breathing, however, may be uneven, or unbal- 
anced. Focused concentration at this phase 
may cause strain in the patient’s mental 
awareness. If the mind becomes overstrained 
(trying to balance the inhalations and exhala- 
tions) the result will be fatigue. 

4, During the Quiescent Phase, patients are able 
toachieve a long, natural, even and deep res- 
piration without sound or stagnation, result- 
ing in a state of extreme quietness. Concen- 
tration on this phase will result in a restful 
peace of mind. 


DURATION TIME FOR RESPIRATION 
THERAPY 

Patients in relatively good health should prac- 
tice for about five minutes a day in the first week, 
when seeking to regulate their body's internal 
energy. In the second week patients should in- 
crease to ten minutes day, and in the third week, 
fifteen minutes a day. Thereafter, five more min- 
utes each day should be added until the patients 
reach a minimum of twenty minutes and a maxi- 
mum of forty minutes per day for optimal Qi de- 
velopment. 

When treating patients (for general tonifica- 
tion) using multiple standing meditation postures, 
have them begin by counting up to sixteen breaths 
pereach posture. As the patients progress, the res- 
piratory rate during meditation begins to slow 
down naturally. Normally, within a few months 
of training, respiratory rate drops from an aver- 
age of sixteen breaths per minute, to three or five 
breaths per minute. This naturally increases the 
time spent in each posture, extending each pos- 
ture from one to five minutes in duration. 

Qigong doctors, on the other hand, should 
practice a minimum of forty minutes of standing 
posture each day to recharge and increase the ef- 
ficacy of their treatments. 


EMOTIONAL EFFECTS ON BREATHING 
PATTERNS 

Breathing patterns are directly related to both 
the patients’ thoughts and emotions. Any shift in 
one will affect the other. Each of the five primary 
emotions is associated with a specific breathing 
pattern as follows. 

1. An angry patient's exhalation will be much 
stronger than the inhalation. 

2. A grieving or sad patient's inhalation will be 
much stronger than the exhalation. 

3. A fearful or scared patient's breathing will be 
fast, held high in the Lungs, and shallow be- 
cause of the Kidneys’ inability to hold the 
Lung Qi down, 

4, A happy patient's inhalation and exhalation 
will be moderate, and irregular, with quick 
bursts. 
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5. When worried or deep in thought, the 
patient's inhalation will be shallow and weak, 
sometimes held for long periods of time, fol- 
lowed by a long gulping burst of inhalation 
and exhalation. The patient may also experi- 
ence spontaneous sighing for prolonged pe- 
riods of time. 

6. When a patient experiences fright or shock, 
the breath immediately stops as the Qi attacks 
the Heart. 


RESPIRATORY DAO YIN CANCER 
PRESCRIPTIONS 

Respiratory prescriptions such as the Deep 
Relaxed Breathing Method described below, are 
used in treating cancer, and require the patient to 
combine the use of two methods of exercise and 
treatments: 
1. The Opening and Closing Methods of Qi 
regulation (see Chapter 41), and 
2. The Deep Relaxed Breathing methods for 
purgation, rather than tonification purposes. 
The purpose of these treatment methods is to 
purge Excess Qi from the body, remove Blood sta- 
sis, and disperse Qi stagnations. 
THE DEEP RELAXED BREATHING METHOD 

The function of this exercise is to purge the 
channels and collaterals and to promote the cir- 
culation of Qi. It is also used to harmonize the 
ascension of Yang and the descending of Yin. 
Calming the Yin and suppressing the Yang pro- 
motes the flow of Qi and Blood through the or- 
gans, and has the effect of eliminating Evil patho- 
genic factors, and supporting healthy energy. 

‘The Deep Relaxed Breathing method requires 
the patient to inhale through the nose and exhale 
through the mouth. The main points to remem- 
ber in this method are as follows: 

1. The patients inhalation and exhalation should 
be gentle, thin, even and long. They should 
focus their mind on the Hibernation Breath- 
ing Method. This method requires inhaling 
and exhaling through every pore on the 
body’s surface while lying supine. The pa- 
tients should not focus on their lower abdo- 
men or the expansion of the upper chest and 


Lung region. Instead, they should imagine _ should stay relaxed; the key part to relaxing 

inhaling through the pores into the Taiji Pole, _the whole body is to relax the waist. 

and exhaling out from the Taiji Pole through ‘Through training in these respiratory methods, 

the tissues and out the pores. the patients’ immune system is enhanced and their 
2. When breathing, the patients’ whole body _ vital Qiis nourished. 


CHAPTER 17 


MENTAL DAO YIN TRAINING 


INTRODUCTION 

There are two divisions of the Mind (Yin and 
Yang), each consisting of three different levels. The 
Yin part belongs to the energy of the Earth and is 
amore body-oriented type of mind. The Yang part 
of the Mind belongs to the energy of Heaven and 
is a more consciousness-oriented type of mind. 
The three levels of the Mind are as follows. 

1. The first and deepest level exists within the 
Jing and the Shen, and represents the Origi- 
nal (Yuan) and primordial form of the mind. 

2. The second or middle level exists within the 
Seven Corporeal Souls (Po) and Three Ethe- 
real Souls (Hun) and represent the moving 
and active aspects of the mind (e.g., body 
movements, reflexes, instincts, drives, and 
astral projection - when accompanied by the 
Yuan Shen). 

3. The third and superficial level exists within 
the Will (Zhi) and Intention (Yi) and repre- 
sents the mind’s everyday function (i.e, cog- 
nitive thinking). The Zhi is considered the 
“thinking body,” while the Yi is considered 
the “thinking mind” (for more information 
refer to the Five Yin Organ components of 
Shen in Chapter 13). 

These different levels of energies create the 
body, as well as activate the mental and emotional 
transitional states of the Mind. All three levels of 
the Mind are interactive and interdependent (Fig- 
ure 17.1) 

‘Traditional Chinese Medicine believes that the 
Heart stores the Spirit (Shen). The Shen is further 
divided into Yuan Shen (the intuitive congenital 
spirit) and Zhi Shen (the analytical acquired 
spirit) The Shen is responsible for feeling and con- 
trolling the body’s mental and emotional activi- 
ties. The Zhi Shen is generally strong and can be 
stubborn and suspicious, therefore, it must be led 
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Figure 17.1. Mental and Emotional Transitional States 
of the Mind 


by a master; the Yuan Shen must be that master, 
and must lead the Heart's Shen as one unit. 

The brain is considered the house of the Yuan 
‘Shen, and the seat of mental function. Itis believed 
that the senses and control of the body’ physical 
movements are related to the brain. if the Heart 
has any functional disorder, the mental activities 
of the brain, and the emotional activities of the 
Heart also become disorganized. The Heart, which 
is the seat of all emotions, controls not only the 
Shen, but also the blood vessels, therefore Blood 
circulation is also influenced by the emotions. 

The preservation of Jing depends on the cul- 
tivation of Qi, which in turn depends on the men- 
tal focus of the Shen. The mental focus of the Shen 
is to Qi as a mother is to her child. Mind concen- 
tration must combine with Qi; without the Shen 
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guiding it, the body consumes the energy. The con- 
centration of the Shen and Yi (intention) causes 
Qito consolidate, while any distraction to the Shen 
and Yi causes Qi to disperse. 

This concept is considered similar to that of 
regulating the emission of light, because Qi is 
emitted similar to the wave patterns of rippling, 
water, and Shen is emitted similar to the wave 
patterns of light. When the Mind begins to focus 
concentration on the projection of Qi, both Qi and 
Shen unite, enabling the Qigong doctor to regu- 
late the emitted Qi, changing its form from an 
expanded energy field to a finely honed beam. 


Vital Activities 
of the Major 
Viscera 


Figure 17.2. The Differentiation Between the Prenatal and Postnatal Patterns of the Mind 


THE PRENATAL AND POSTNATAL 
Mind 

In Traditional Chinese Medicine, itis believed 
that the cerebral activity of the mind falls into two 
distinct categories: the Prenatal (Yuan Shen) Mind, 
and the Postnatal (Zhi Shen) Mind. 

1. The Prenatal Mind (Yuan Shen) is inherited 
from the Jing of both parents and dominates 
the vital activities of the major viscera, as well 
as the function of the body's entire energetic 
organism and spiritual matrix. 

2. The Postnatal Mind (Zhi Shen) is developed 
through interaction with people and the en- 


What 


degrees Celsius to about +125 degrees Celsius. 
Their peak sensitivity is to wavelengths 
between 4u and 16m. 


Other types of infrared temperature sensors 
can have a much wider temperature range, but 
are more costly. 


Field of View 

Often referred to by its acronym, FOV, the field 
of view is the angle at the apex of an imaginary 
cone extending outward from the sensor, defin- 
ing a boundary where the sensitivity dimin- 
ishes below 50% of the value directly in front of 
the sensor. Greek letter ¢ may be used to repre- 
sent the angle between the surface of the cone 
and the center line, while @ represents the 
angle between the opposite surfaces of the 
cone (ie,, 2 * $). This is shown in Figure 28-7. 8 
is usually the angle defined as field of view. 
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Figure 28-7 Measurement of the field of view from a sen- 
sor, defined as the boundary of an imaginary cone where 
sensitivity drops below 509%, 


Because most infrared temperature sensing 
components do not have a lens, they are sen: 
tive over a wide angle. The field of view is typi 
cally 90 degrees. 


radiation > he 


> infrared temperature 


What Can Go Wrong 


Inappropriate Field of View 

The object being evaluated must fill the field of 
view of the sensor, to avoid measuring other 
objects around it. 


Reflective Objects 

A reflective object has lower infrared emissivity, 
and also may provide misleading output if the 
sensor is actually measuring thermal radiation 
reflected in the surface of the object in front of 
it. In a permanent installation, such as inside a 
device, the surface to be measured may have to 
be painted to reduce its reflectivity. 


Glass Obstruction 

Because glass is opaque to the spectrum of 
infrared that is of interest, temperature cannot 
be measured through a glass window. Silicon is 
opaque to visible wavelengths but is transpar- 
ent to wavelengths longer than 2um. 


Multiple Heat Sources 
Heat is transferred by convection, conduction, 
and radiation. While an infrared temperature 
sensor is designed to be sensitive to radiation, 
it will also respond to other heat sources. Warm 
or cold air currents will affect its response, and 
ll heat conducted through the material on 
mounted. Careful placement of the 
portant, A shield around the sensor, 
with a small hole in the center, can prevent con- 
vection, while correct location on a circuit 
board can minimize conduction. 


Thermal Gradients 

An infrared temperature sensor should be 
mounted in a stable environment where it will 
not be exposed to thermal gradients (one side 
being hotter than another). This asymmetry can 
cause inaccurate readings. 
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vironment after birth. It dominates thought 

and interaction, and engages in unlimited 

mental activity. 

The Yuan Shen and Zhi Shen are interactive 
and interdependent. If the Zhi Shen is active and 
chattering (sometimes called the Monkey Mind), 
it is difficult for the Yuan Shen to convey its per- 
ceived information. Regulating the Mind is there- 
fore needed to harmonize the analytical and in- 
tuitive aspects of the Mind. 


BENIGN AND MALIGNANT THOUGHT 
PATTERNS 

Mental activity and thought processes can 
also be categorized into two clinical syndromes: 
benign and malignant thought activity (Figure 
17.2). 
BENIGN EMOTION AND THOUGHT ACTIVITY 

This is a gentle or favorable belief structure of 
the subconscious mind, resulting in relaxed, pleas- 
ant thoughts. This thought pattern will both im- 
proveand regulate the excitation and inhibitory pro- 
cesses of the cerebral cortex. These positive thoughts 
and beliefs help to restore strength to the Yin and 
Yang organs, and thus promote health. Benign emo- 
tional thought activity can be further divided into 
internal and external influences: 
1. Internal benign thought activities stem from 
the inner Hun's influences over the subcon- 
scious mind. These positive thought patterns 
tend to enhance self-esteem, by complement- 
ing and encouraging our thinking and actions. 
2. External benign thought activities consist of 
praise and encouragement received from oth- 
ers (parents, friends, co-workers, etc.), which 
have been accepted and believed. These posi- 
tive thought patterns promote confidence and 
self-esteem. 
MALIGNANT EMOTION AND THOUGHT 
Activity 

This is a harmful belief structure causing ex- 
cited, nervous, stressful, and unpleasant thought 
patterns that interfere with the performance of the 
cerebral cortex, resulting in internal organ dys- 
function and disease. Malignant emotional 
thought activity can be further dit 


nal and external influences. 

1. Internal malignant thought activities are the 
thoughts stemming from the subconscious 
mind, which tend to destroy self-esteem, 
cause obsessions, and discourage productive 
thoughts and actions. This thought pattern 
extends from the influences of the Po. 

2. External malignant thought activities are in- 
ternalized negative cynical beliefs and criti- 
cisms that originated from the surrounding 
environment (work, parents, teachers, friends, 
‘mate, etc.). External malignant thought activi- 
ties cause thought distortions that destroy our 
self-esteem and discourage us 


THE IMPORTANCE OF MIND 
CONCENTRATION 

‘An essential requirement for training the Qi 
is the training of mind concentration. If the con- 
centration is forced, the Qi from the Lower 
Dantian rises up to the head causing the Stomach 
to become nauseated. If the Qi continues to as- 
cend to the head, the result will be dizziness, head- 
aches, and Qi deviations. 

‘Thoughts and mental activities are reflexes of 
the brain and cerebral cortex. A Mind (whole body 
consciousness and awareness) agitated or depressed 
over a long period of time causes a long-term dis- 
order to the whole nervous system, and leaves the 
body vulnerable to various kinds of chronic dis- 
eases. Long-term anger, for example, leads to the 
contraction of the blood vessels, sclerosis of the ar- 
terioles, gastriculcers, and hypertension. Long-term 
emotional disturbances disrupt the endocrine sys- 
tem, and lead toa weakened immune system. 

Psycho-neuro immunological research con- 
firms that the Mind (whole body consciousness 
and awareness) can both cause and cure diseases. 
Healing visualizations sometimes act as a cata- 
lyst, increasing the rate of chemical reaction within 
the tissues. Improper concentration, however, can 
transform good Qi into Toxic Qi, and can lead to 
chemical imbalances that perpetuate the diseased 
condition. This is especially true when guiding 
and emitting energy. 

According to medical statistics in China, with 
certain types of cancer, patients whose worry and 


anxiety were the main cause of their disease made 
up about 52% of the patients. These patients had 
been emotionally upset for half a year before be- 
coming sick. The focus of the patients’ mental con- 
centration was directed on detrimental thoughts. 
Itis a fact that chronic diseases are closely related 
to the patients’ thoughts, emotions, and mood 
swings. To treat chronic diseases, it is necessary 
for the Qigong doctor to first relieve the patients’ 
depression, irritability, and resentment and then 
place the patients, when possible, in a quiet com- 
fortable environment. 

Itis important for the patients to relax their 
Mind (ie., mind and body). Relaxation can be 
achieved through tissue manipulation (massage), 
or by inducing meditations, or trance states. To 
relax the Mind the Heart must be regulated. To 
regulate the Heart means to adjust the agitated or 
depressed Mind and place it into tranquility. One 
of my teachers in China, Qigong Master Zheng 
Zhan Ding would often say, “When the spirit, like 
alake, is undisturbed, it mirrors the Heavens per- 
fectly.” Meaning that, the clarity of the Mind 
‘emerges gradually (or slowly) when entering into 
stillness, much like mud slowly settling in water. 
This allows ones true inner nature to be revealed. 

According to research published by Dr. Karl 
Lashley, specific memory is not located in any one 
place in the brain. He found that destroying a 
portion of the brain does not destroy the memory 
assigned to that specific area, and also that 
memory could not be located in specificbrain cell. 
His observation is that memory is distributed all 
cover the brain as an energy field. Other research- 
cers have made similar observations that support 
the conclusion that the human brain functions as 
a hologram, collecting and reading information 
from a holographic universe. 


REGULATING THE MIND 

Mental Dao Yin training involves regulating 
the Mind. This requires the Qigong doctor to di- 
minish the mental activities (or judgements) of the 
Zhi Shen to prevent interference with the intui- 
tive understanding of the Yuan Shen. The dimin- 
ished mental activity allows for true relaxation, 
peace, and inner tranquility. 


Ifthe Zhi Shen is allowed to become unbridled 
through excessive internal chatter, it can become 
injured by the Excess accumulation of energy at- 
tributed to the Seven Internal Emotions: anger, 
worry, joy, fear, fright, sorrow, and grief; as well 
as the Four Desires that become pathogenic when 
in Excess: sex, money, fame, and power. These 
Seven Internal Emotions and Four Desires engage 
the mind, robbing the body ofits life-force energy 
by depleting the Yin and Yang organs, disrupting 
their balance, and causing obstruction in Qi and 
Blood circulation that results in disease. 

‘All thoughts carry within them emotional re- 
actions, these in tum have a significant physiologi- 
cal as well as psychological effect on an 
individual's health. The degree of intensity as well 
as the frequency of returning thoughts determines 
the extent of the internal transitions experienced 
in the individual's body. 

To illustrate this difficulty, when T began my 
initial Qigong training, my instructor informed me 
that the internal training would keep me warm in 
the winter and cool in the summer. Excited about 
the possibility of possessing my own internal air 
conditioner, I practiced diligently. 

After three years of difficult training Thad not 
yet developed this ability. I slowly began to lose 
trust in my instructor, and approached him to in- 
quire about the promised skill. He informed me 
that it was the “imagination” that changes our 
thoughts and belief structures, enabling the body's 
tissues to feel what the mind directs. Stating that, 
“The Imagination leads the mind, the mind leads 
the Qi.” My teacher further stated, “Whenever 
training in the summer when the heat is unbear- 
able, focus your mind on the coolness of the sweat 
and imagine the air around your body as a cloud 
of cold air. In the winter time, when the cold is 
severe, focus your mind on the heat that your body 
is producing and imagine the air around yourself 
asa circle of hot fire.” After applying these prin- 
ciples to my training, I experienced both the 
‘warmth and cool sensations that I was trying to 
achieve, and regained trust in my teacher, 

‘Thoughts and emotions create electromagnetic 
‘waves in the brain. Your breath can also create or 
control these waves and cause your mind to take 
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Figure 17.3. The Three Categories of Mental Concentration 


on the thought wave patterns of specific emotions. 
When the mind is tranquilized after certain Medi- 
cal Qigong exercises, all disturbances stop, there is, 
aquiet and comfortable feeling sensation (produced 
by the deep inhibitory state of the cerebral cortex) 
that facilitates the expansion of consciousness and 
awareness throughout one’s entire being, This state 
of being is referred to as the Mind. 


THE THREE CATEGORIES OF MENTAL 
CONCENTRATION 

Mental Dao Yin training can be summarized 
by the following three foundational modalities: 
concentrating on internal objects, concentrating on 
external objects, and concentrating on both inter- 
nal and external objects (Figure 17.3). 

These three modalities of mental concentra- 
tion encompass regulation of both the benign and 
malignant emotional thought activities which in- 
fluence our everyday lives. People focus their 
‘mental concentration everyday on either benign 
or malignant internal objects (inner thoughts and 
feelings), external objects (outer thoughts and feel- 
ings), or engage in both internal and external 
thoughts and feelings through conversation. 
CONCENTRATING ON INTERNAL OBJECTS 

In China, the method of concentrating on 

internal objects is called “localized” and “di- 


rected” mind concentration. In this type of 
training, the mind is absorbed in concentrat- 
ing on a specific area of the body. Patients, for 
example, are directed to focus their eyes 
downward along the nose in the direction of 
their navel, while simultaneously using inner- 
vision to concentrate on their Lower Dantian. 
Patients can also focus their concentration on 
other external or internal areas of the body 
such as: 

1. The palms or feet to lead Excess Qi away from 
the head or torso. 

2. A specific channel point (called “energetic 
point therapy”) or pathway, to direct Qi into 
or away from specific areas of the patient's 
body, or 

3. AYin or Yang organ to direct Qi into or away 
from specific internal organs. 

The ancient Qigong Master Li Shizhen once 
id, “When the mind is concentrated upon the 
inner channels, the practitioner is able to look 
within his own self.” Qigong doctors and patients 
who are energy sensitive can feel the channels 
along which their own vital energy flows. This 
sensitivity is experienced in the more advanced 
stages of tranquility. 

CONCENTRATING ON EXTERNAL OBJECTS 

In China, the method of concentrating on ex- 
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ternal objects is called “symbolic” and “sugges- 
tive” mind concentration, and is focused through 
vivid imagery. In this type of training the patient’s 
mind is absorbed in concentration on some form 
of object outside of the body. As the mind enters a 
state of tranquility, it focuses through vivid imag- 
ery, or energizes through sound vibrations. Some 
excellent examples of external objects are: music, 
the sound of rain or water flowing, a calm ocean, 
the sky, clouds, light, sound vibrations, mantras, 
a golden or white glowing ball, specific colors, 
trees, etc. In this type of concentration, the 
patient's internal vibration connects with and 
matches the external form of some object in na- 
ture or some specific symbol (such as a lit candle). 

When focusing on external objects, it is im- 
portant for patients with high blood pressure to 
choose low lying objects, such as a meadow, quiet 
stream, flower, etc. Patients with low blood pres- 
sure should choose objects that are eye level, such 
as a small pine tree, to balance the energy of the 
Heart. 

When practicing this particular method of 
mental concentration it is important to focus on 
external objects that can be physically observed 
without straining. This way if distracting thoughts 
interfere with the concentration, the patients can 
return to the real image, or sound, to reestablish 
their concentration. The focus should never be 
forced or too intense. Dr. Xu, of the Xi Yuan Hos- 
pital in China, once stated, “In the state of empti- 
ness you will see an image through your imagi- 
nation. This image will arouse your emotions. 
‘These emotions help you to form a more colorful 
image. From these colorful images you will ob- 
tain a deeper state of emptiness. This is the state 
of Mind sought after in order to obtain emptiness 
and maintain tranquility.” In this particular case 
the patient’s mind is like still water, free from ex- 
pectations or desires. In quietness you become the 
observer of images, allowing what will unveil it- 
self to occur naturally. 

CONCENTRATING ON BOTH INTERNAL AND 
EXTERNAL OBJECTS 

‘These methods employ “rhythmic Mind con- 

centration” and are the primary methods used in 
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Medical Qigong therapy. They are simple, easy, 
safe, and effective. In this type of mental training, 
the patient's body responds to their thoughts. Pa- 
tionts focus their attention on the breath asit flows 
in and out of the body, listening to the sounds of 
their breathing and sensing the expanding and 
contracting movements of their abdomen. Dur- 
ing this type of mental concentration the patients 
are sometimes given a mantra, such as thinking 
the word “quiet” during the inhalation and “re- 
lax” during the exhalation, or they are instructed 
tosilently count numbers. Sometimes, the patients 
are also directed to imagine the feeling of quiet- 
ness, like a mist, flow from their feet into their 
head (absorbing quiescent Earthly Qi), or from 
their head down into their feet (absorbing quies- 
cent Heavenly Qi). 

‘When first teaching patients the methods of 
mind concentration, keep the images simple. 
‘When the patients have recovered from their ill 
ness, they can begin to concentrate on either an 
internal or external object to further strengthen 
their health. 


ESSENTIALS OF TRAINING MIND 
CONCENTRATION 

These three mental Dao Yin techniques can 
be utilized to their full potential once the Qigong 
doctor understands the essentials of training the 
mind, the three stages of mental tranquility, and 
the skill of regulating the mind. 

‘Mental activities should be coordinated natu- 
rally with respiration and posture. In Dynamic 
Qigong Dao Yin exercises, for example, mental ac- 
tivities must be adapted to the posture and the 
lifting, opening, and closing manipulations of the 
hands. When using an active (Yang) posture (if 
the goal is to regulate the patients’ Qi), the inner 
concentration should be motionless (Yin). The ul- 
timate goal is to combine both physical and men- 
tal activities that promote harmony in the body's 
energetic fields. The Qigong doctor should moni- 
tor their patients’ mental concentration, making 
sure that they comprehend the following three 
concepts: Relaxing the Mind, Being Self-Confi- 
dent, and Being Mentally and Emotionally Stable. 


1. The purpose of relaxing the mind is to allow 
all mental activities to be carried out (with- 
out straining) in a composed state of mind. 
‘The mind should be kept clear and all distract- 
ing thoughts expelled gently. During concen- 
tration, the mental focus should never be 
forced. Mental concentration can be either 
strong (active) or mild (motionless). 

2. Self-Confidence is a prerequisite, for without 
it, the training of mind concentration cannot 
happen. No matter what kind of mental ac- 
tivity the patients train in, they should be con- 
fident that they can reach their goal. This es- 
tablishes a strong faith, which is the root of 
all mental Qigong projection abilities. Patients 
should also be realistic about not expecting 
quick results. Although miracles do happen, 
healing often takes time. The dynamic or ac- 
tive postures and exercises train the body’s 
Qi, while quiescent or motionless exercises 
sustain and nourish the patients’ Qi 

3. The purpose of being mentally and emotion- 
ally stable is to assist patients in not becom- 
ing overjoyed or frightened if something un- 
expected happens, or is perceived, during the 
Qigong exercise. It is important that patients 
take advantage of this time to keep their mind 
concentrated and the Qi consolidated. If pa- 
tients feel weary, remind them that sleep and 
food can reinforce their mind and Qi. 


CONCENTRATIVE MEDITATION AND 
INSIGHT MEDITATION 

When Medical Qigong practitioners begin 
their meditative practices, they are generally en- 
couraged to keep their mind focused and under 
control, this is known as “concentrative medita- 
tion.” Concentrated power is manifested through 
silence; when the mind is noisy (distracted by 
physical sensations and chatty), the internal power 
becomes diffused. When Qigong doctors reach the 
place of silence in their Mind, they can connect 
with the divine power, a place of true power, and 
a place where “all is one.” Through concentrated 
intention, Qigong doctors can bring all of their en- 
ergies to bear on one point of focused power or 
force. At the same time, they contact and connect 


with the divine in silence (the hookup), and be- 
come one with the divine healing power. 

This transition and conscious union with the 
divine occurs only when the Qigong doctors turn 
from the chaotic external world of sensory input 
(sight, hearing, smelling, etc.), to the quiescent 
state of silence. This divine energy is then mani- 
fested as power, substance and true intelligence, 
flowing through the Qigong doctors for healing. 

Contact with the divine is only obtained in 
the deepest part of silence. Within oneself, and 
within this silence abides a state, or dimension, 
where the true “Gate of Heaven” can be opened 
and enlightenment obtained. Ideas conceived in 
this divine state of consciousness come into ex- 
pression and can manifest as form. All Jing, 
and Shen can be transformed and transmuted into 
form, through this change in consciousness. When 
the doctor's Intention (Yi) and Will (Zhi) are 
aligned with the Dao (or divine will) all things 
are possible. The doctor is in direct contact with 
the universal Mind, and can manifest in physical 
form, that which is needed through faith. The di- 
vine energy resides within the body’s Eternal Soul 
as power, substance, and intelligence and is 
brought into form and expression through con- 
sciousness. The degree to which the doctor can 
tap into and utilize the consciousness imbedded 
in the infinite Mind of the divine, is determined 
by the concept, or belief, that is held in the doctor’s 
as well as the patient’s conscious and subcon- 
scious mind. 

In the silent state of quiescence, when the 
Qigong doctor sees a mental pattern or mold, a 
template is created into which will flow the sub- 
stance (Qi) needed to bring it into being. The pat- 
tern will manifest into the form intended by the 
doctor’s consciousness. Through the power or 
process of faith and thought, the doctor (or pa- 
tient) can transmute and evolve the body or outer 
conditions and surroundings, by recognizing the 
divine consciot within themselves. 

‘As the practitioners advance in ability, they 
are encouraged to focus their attention indiscrimi- 
nately on all sensual stimuli they receive, this is 
known as “insight meditation.” In practicing in- 
sight meditation, practitioners are encouraged to 
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reevaluate their experiences and world views ac- 
cording to the cause and effect of their disease(s). 
Patients are also taught to use this type of insight 
to observe their physical and mental processes. 
This self-observer is used as a vehicle through 
which to observe, scrutinize, and carefully exam- 
ine the fundamental energy transformations 
within the body for spiritual growth. 


THE THREE STAGES OF MENTAL 
TRANQUILITY 

Before the mind surrenders to a state of tran- 
quility, it must first transition through three stages. 
The Qigong doctor must experience all three of 
these stages in his or her effort to become effec- 
tive when treating patients. In China, Qigong 
masters havea saying, “When you root the Mind, 
the Heart will open up to ten thousand voices.” 
This means that when the Mind is removed from 
all distractions and excess chatter, the Yuan Shen 
is free to receive intuitive perceptions. This state 
of “tranquility” or “stillness” also dissolves time 
perception, allowing time to disperse into noth- 
ingness (Wuji). The three stages of mental tran- 
quility are described as follows: 
STAGE 1 

In the first stage, the doctor's four extremi- 
ties and Lower Dantian may experience heat and 
tingling as the mind slowly eliminates distract- 
ing thoughts and begins to withdraw from the ex- 
ternal world. The doctor’s mental focus and cot 
centration, however, is not consistent. While emit 
ting Qi, distracting thoughts still emerge, and the 
doctor must patiently wait for the chattering mind 
to subside. 

In this stage of training, especially in male 
Qigong doctors, the cognitive, analytical thinking 
and speaking may sometimes become sporadi- 
cally impeded. This is due to the thin energetic 
field within the corpus callosum that separates the 
right (intuitive) from the left (analytical) hemi- 
spheres of the brain. This makes it more difficult 
for men to access both hemispheres simulta- 
neously. Men should therefore train to rely more 
on their intuitive perceptions instead of analyz- 
ing (they must feel the energy, and not think it). 

This however, is not a problem in female 


Qigong doctors, as the energetic field which sepa- 
rates the corpus callosum is much wider and al- 
ready active. This allows female Qigong doctors 
to easily access both sides of their brain simulta- 
neously, enabling them to draw upon the percep- 
tive, intuitive as well as cognitive, analytical think- 
ing and speaking hemispheres of their brain. 
STAGE? 

In the second stage, there is an increase in heat 
to all four of the doctor’s extremities from the 
Lower Dantian. Through intention, the connec- 
tion to the Lower Dantianis strengthened and the 
body’s Qi feels like a rushing wind flowing 
throughout the doctor's torso. 

While diagnosing and treating, the doctor 
experiences one or several of the patient's “eight 
manifestations of Qi” (also called the Eight Ener- 
getic Touches). These manifestations consists of 
the following physical and sensory phenomena 
of energy: shaking, rippling, heat, coldness, sink- 
ing, floating, itching, and heaviness. As the doc- 
tor focuses on extending energy, he or she will be 
able to remove internal distracting thoughts, but 
will still hear the distracting sounds from the ex- 
ternal world. 

STAGES 

In the third stage, all of the doctor’s sensory 
input (seeing, hearing, tasting, touching, smelling, 
and perceiving) is sealed from outside distrac- 
tions. The doctor’s Yuan Shen and Zhi Shen are 
now relaxed and in a state of mental tranquility. 
‘The Qigong doctor can now approach the patient 
free of chattering thoughts, judgments and all 
outside distractions. This enables the doctor to 
intuitively perceive and sense the patient’s ener- 
getic traumas, stagnations, deviations, and ener- 
getic clusters. 


THE THREE PROCESSES OF THE MIND 

‘The mind can be divided into three separate 
but interdependent processes, which are respon- 
sible for our everyday actions, responses and 
health (Figure 17.4). Thoughts, ideas, and feelings 
are constantly being implanted, influencing and 
affecting the spiritual, emotional, mental, ener- 
getic, and physical process of healing. The heal- 


The Three 
Interdependent 
Processes of the Mind 
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The Conscious Mind: 
Perceives reality through the 
five senses. 


The Personal Subconscious Mind: 
Records and stores our interpretations 
of reality. 


‘The Creative Subconscious Mind: 
Maintains reality by making us act like the 
people we see ourselves to be. 


Figure 17.4, The three interdependent processes of the Mind, which are responsible for our everyday actions. 


ing process includes reprogramming and regulat- 
ing the conscious, personal subconscious and cre- 
ative subconscious mind. 

1, The Conscious Mind perceives reality through 
the five ordinary senses. It evaluates reality 
by investigating and interpreting the data 
through the filter of the past experiences. The 
conscious mind makes decisions based on 
personal goals, and manifests conscious 
thinking patterns. It is considered to be the 
Postnatal Mind (related to the Zhi Shen). 

2. The Personal Subconscious Mind records and 
stores the conscious mind’ interpretations of 
reality. It consists of the personal, perceptual 
data that were received through our five 
senses. The personal subconscious mind 
shares responsibility for how we think, what 
we say and imagine about ourselves and our 
emotional and behavioral reactions to those 
experiences. It is also responsible for the au- 
‘tomatic function of the living mechanism (ie, 
heartbeat, breathing, digestion, etc.) through 
its energetic connection to the autonomic ner- 
vous system. Itis considered to be influenced 
by the spiritual aspects of the Wu Jing Shen 
(especially the Hun and Po). 

3. The Creative Subconscious Mind maintains 


‘our reality by making us act like the people 
‘we see ourselves to be. It solves problems and 
provides the drive and energy to succeed or 
fail, heal or become sick. It is the center core 
‘energy of our innate spirit or soul conscious- 
ness. It is considered to be influenced by the 
spiritual aspects of the Yuan Shen. 


CREATING THE BRIDGE OF LIGHT 

The Bridge of Light is an energetically pat- 
terned wave frequency which consists of three 
main components of the body’s energetic field. Its 
‘energetic connection to the body's tissues func 
tionally envelops the conscious, personal subcon- 
scious and creative subconscious mind, and is con- 
sidered to be the bridge between the three pro- 
cess of the mind. It consists of three separate but 
intertwining threads: the thread of life, the thread 
of consciousness, and the thread of creativity. 

1. The thread of life comes directly from the Eter- 
nal Soul and is rooted in the Heart during con- 
ception. Itis connected to all feelings that stem. 
from the divine higher energy field and is 
considered the “seat of life.” 

2. The thread of consciousness also comes di- 
rectly from the Eternal Soul and is rooted in 
the pineal gland within the brain. It embod- 


367 


Personal Subconscious Mind: 
Records and stores our 
interpretations of reality 

(Related to the Zhi Shen). 


Creative Subconscious Mind: 
‘Maintains reality by making us act 
like the people we see ourselves to be 
(Related to the Wu Jing Shen). 


Conscious Mind: 
Perceives reality 
through the five senses 
(Related to the Yuan Shen), 


Bridge of Light 


Thread of Consciousness: 
Rooted in the brain (pineal gland) 


we 


Thread of Life: 
Rooted in the Heart 
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Thread of Creativity: 
Rooted in the throat 


Figure 17.5. The Bridge of Light 


ies portions of the energies of consciousness 
and is considered to be the “seat of conscious- 
ness.” 

3. The thread of creativity is rooted in the throat 
and is unique in that it is created and specifi- 
cally constructed by each individual. Itis also 
anextension, or synthesis, of the thread of life 
and thread of consciousness. 

The thread of creativity is in itself made up 
of three main components. These three com- 
ponents, or additional threads, intertwine as 
one unified thread of creativity and are ex- 
plained as follows. 

a. The first portion of this thread extends 
from the physical Heart to the Spleen, 
and is connected from the body to the 
first external field of Wei Qi. 

b. The second portion of this thread ex- 
tends from the solar plexus to the Heart 
and eventually extends and connects 
from the body to the second external 
field of Wei Qi. 

¢. The third portion of this thread extends 
from the Yintang (Third Eye) through 


the brain, ascending through the Baihui 
region and beyond. This energy field is 
connected from the body to the third 
external field of Wei Qi. 

After all three threads of creativity have been 
activated, energized, and developed, the next goal 
is toalign and integrate the Qi of the thread of life 
and the thread of consciousness, with the frequen- 
cies of the thread of creativity. 

Because the thread of life is connected to the 
Eternal Soul, the integration of the three threads 
allows an individual the direct connection to his 
or her core self (Figure 17.5). This enables the in- 
dividual the ability to consciously access his or 
her true inner voice (the voice of his or her soul) 
and receive information and guidance from the 
divine. The goal in accessing the Bridge of Light 
is to unite these three energetic threads into one 
powerful and functional energy field. 

When all three major threads (which compose 
the Bridge of Light) are connected as one harmoni- 
ous cord of light (extending upward through the 
Taiji Pole), a spiritual gateway is opened that en- 
ables access to the Pure Heavenly Sound (also 


knownas Hearing the Sounds of the Universe) (see 
the Six Transportations of Shen in Chapter 13). 


REPROGRAMMING THE MIND To HEAL 
The mind holds specific energetic patterns 
which maintain a patient's physical, mental, emo- 
tional, and spiritual belief structures. These pat- 
terns are maintained by the dictates of the per- 
sonal subconscious mind and can only be changed 
when the creative subconscious mind is engaged. 
To change specific destructive patterns, the 
personal subconscious mind must be repro- 
grammed. There are three things that are needed 
in order to reprogram the personal subconscious 
mind: imagination, visualization, and positive af- 
firmation. Imagination combines with vivid pic- 
tures, sounds, sensations, etc., and creates a new 
reality on a creative subconscious level. It is the 
awakening to this new reality that reconnects the 
individual to the creative subconscious mind. 

If patients donot use imagery and affirmations 
to change their present personal subconscious rep- 
resentation of reality, the patient's personal subcon- 
scious mind will automatically seek to correct any 
newly made change. The personal subconscious 
mind views any new deviation from the normal 
energetic pattern as a mistake, and will automati- 
cally resist, or sabotage, any change of pattern, re- 
turning the patient back to his or her original state 
of mind and body sickness. 

Itis a simple fact that “we bring about what 
we think about,” and act in accordance with the 
truth that we have come to believe. If we act out 
ofa particular new state of mind and feeling over 
a sufficient time period, it will become a perma- 
nent reality of the self. In using the mind to make 
transitions, it is important to note that words, 
images, and sensations have tremendous power, 
and the spirit behind the intent is the key to any 
permanent transformation. 

Because patients trust their doctor, it is the 
doctor's responsibility to direct the patients into 
a healing mental state for the purpose of restor- 
ing health. The doctor must never be guilty of 
“clinical hexing.” Clinical hexing occurs when a 
patient (who completely trusts the doctor) is told 
by that doctor, that there is no hope. The patients, 
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believing the doctor, may give up their desire to 
change and heal. Thus, through accepting the in- 
evitability of death, they suppress their desire to 
live. Qigong doctors are therefore taught to always 
‘encourage their patients on their recovery, and to 
never destroy their hope. 

Through positive affirmation and reinforce- 
ment, it is possible for the patients to turn around 
the progression of their disease. Scientific studies 
in China have proven, for example, that through 
imagination, visualization (which include using 
all of the five senses) and positive affirmation, the 
rate of phagocytosis (the ability of the immune 
cells to engulf and destroy invading germ cells) 
greatly increases and enhances the body’s immune 
function. 


USING THE IMAGINATION 
The Yi (which consists of the imagination and 
intention) leads the Shen (composed of the 
thought, emotion and spirit) which in turn leads 
the Qi (the body's life-force energy). The power 
of the imagination has a strong influence on 
health, and can be used to help cure diseases, or 
to further complicate the condition. If, for ex- 
ample, patients imagine that their immune cells 
are effectively destroying the cancer cells, West- 
em medical treatments such as chemotherapy or 
radiation can become more effective. Research 
from China reveals that patients with a positive 
belief structure produce certain physical transfor- 
mations, which manifest in the increased produc- 
tion and release of hormones and immune cells. 
‘The imagination is the inner form of all things, 
the primal inspiration from which reality later 
manifests. In a sense, patients bring about what 
they think about. While treating disease, Qigong, 
doctors encourage their patients to imagine heal- 
ing energy from the divine being directed into the 
diseased area. Once the treatment is finished, the 
patients are instructed to imagine that their dis- 
ease has become completely healed. 
During the state of relaxed meditation, the foun- 
dational aspect of the patients’ disease, which is 
normally hidden from consciousness, reveals itself 
inthe form of images and impressions. After a Medi- 
cal Qigong treatment, or meditation, the patients 


may describe to the doctor any unusual thoughts, 
images, or feelings that they may have experienced 
while in the deep state of relaxation. The doctor then 
helps the patients find the origin of the image (a 
past incident, unhealthy belief structure, or trauma, 
etc.) through the doctor’ ability to trace the images 
and emotions associated with it to the patients’ in- 
ternal organ or organ systems involved in the cre- 
ation of the illness. Once the connection is made to 
the patients’ disease, and the Medical Qigong home- 
work is prescribed 

Medical Qigong prescriptions initiate energy 
movement. This energetic movement brings about 
the release of trapped emotion and energetic feel- 
ings. As the emotions unravel, a new level of 
awareness surfaces that allows the patients to be- 
come cognizant of certain mental functions that 
were previously unconscious. This awareness in 
turn allows patients to access their creative sub- 
conscious Mind to change the conditioned pro- 
gramming of their Zhi Shen (Figure 17.6). 

‘Through creative imagination, the patients’ 
spirit is expressed and the patients’ body is spiritu- 
alized. The imagination is an energetic world 
founded on the interrelation of various levels of 
spiritual, imaginative and physical realities. These 
energetic dimensions lie between what the Chi- 
nese call the “realm of the unfathomable hidden 
mystery” and the “world of animated physical 
forms.” The imagination is an energetic and spiri- 
tual world that exists between the reality within 
oneself, and the reality outside of oneself. This 
energetic and spiritual world seems imaginary, 
but in fact it is very real, in that the patients live 
in it, and through it create a new belief system 
and sel. 


TWELVE STAGES To TRANSCEND AND 
TRANSFORM 

During the Ming Dynasty there began to sur- 
face twelve specific poems accompanied with 
twelve pictures, describing the twelve stages to 
enlightenment through contemplation. In this se- 
ries there are ten pictures which describe the first 
ten stages of mental, emotional, and spiritual tran- 
scendence, and two additional pictures which 
describe the last two stages of mental, emotional, 
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Figure 17.6. Five stages of transition and energy 
awareness allow patients to access their creative 
subconscious energy in order to reprogram their initial 
belief structures. 


and spiritual transformation. These pictures and 
poems use the image of the ox (water buffalo) to 
describe man’s animal nature, which in the first 
stage of spiritual training is identical to man’s 
spiritual nature. The image of a young man is used 
to depict human intention and will. The interac- 
tion of the ox and young man reflects the idea that 
by coming to terms with our own animal nature, 
‘we can move toward transformation and arrive 
at anew way of being. 

The images of the ox changing from dark, 
Turbid Yin, to bright, white Yang, represent the 
field of consciousness transforming through the 
controlled deliberate intention of one’s Zhi (Will). 
Such metaphors as capturing and controlling the 
ox represent an explanation of the difficulties and 
dangers of transforming one’s self, as well as the 
inner changes of alchemical purification and the 
reconciliation with one’s darker side. These pic- 
tures suggest the combination of both the sacred 
and the natural within Man. 

These stages of controlling the mind are de- 
scribed as follows. 


radiation > sound > microphone 


OTHER RELATED COMPONENTS: 


+ speaker (see Volume 2) 


+ headphone (see Volume 2) 


What It Does 


The sensation of sound is created by rapid 
waves of air pressure impinging upon the ear- 
drum. A microphone can convert these pres- 
sure waves into an alternating electrical signal 
that can be amplified, recorded, broadcast, 
transmitted through wires, and reproduced as 
sound by a headphone or speaker. The pi 
ple is illustrated in Figure 29-1, (For more infor- 
mation about sound reproduction, see the 
entries on headphone and speaker in Vol. 2.) 


Schematic Symbol 

Various schematic symbols for a microphone 
have been used during the decades since its 
invention, A selection is shown in Figure 29-2. 
Each symbol assumes that sound is traveling 
from left to right. This is important when inter- 
preting the symbol at top right, which can rep- 
resent an earphone when it points in the 
opposite direction. Unfortunately, some sche- 
matics do not conform with this rule. 


The two symbols at the bottom, showing a 
capacitor inside the microphone, should be 
reserved for condenser or electret micro- 
phones. 


microphone 
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Figure 29-1. The principle of converting pressure waves 
into an alternating electrical signal (adapted from an illus 
tration in Make: More Electronics). 
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1. In the wild, the first stage of training is di- 
vided into three separate phases: 


a. 


The Searching for the Ox phase depicts 
the state in which the young man is 
unaware of his own true nature. Al- 
though he is not sure what he is seek- 
ing, he has begun searching for some- 
thing he is desperately missing within 
his life. He is in a state of omnidirec- 
tional searching, without an instinctive 
direction. 

‘The Finding the Tracks phase depicts 
the young man undergoing the first 
traces of mental, emotional and spiri- 
tual transformation. Realizing that 
other people have walked along this 
path, the young man begins to redis- 
cover his own spiritual instincts. He is 
in the beginning phase of achieving fo- 
cus and direction, 

The First Glimpse of the Ox phase de- 
picts the young man experiencing his 
first “awakening.” He has the first 
glimpse of the true union of nature and 
spirit in the form of a spiritual vision. 
The animal nature, however, is still un- 
controllable and in the wild state (due 
to its connection to the painful memo- 
ties of the past). The young man must 
chase after and entice the ox, which dis- 
plays its horns, bellows aloud, runs 
away, and is overshadowed by a dark 
cloud (anger, despair, grief and fear). It 
tramples the wheat seedlings (begin- 
ning moments of spiritual insight) 
wherever it goes. In this phase the ox is 
unruly, Yin, and pure black in color (Fig- 
ure 17.7), 


2. The Initial Training Begins with this next 
stage. The ox is controlled by a rope through 
its nose, and runs swiftly under the young 
man’s whip. The young man struggles hard 
to control the ox’s willful temper. He begins 
talking and listening to the ox, matching its 
consciousness with his own. At this stage the 
oxis still Yin, and pure black (Figure 17.8). 

3. The Ox Comes Under Control through con- 


Figure 17.7. The Ox is in the Wild 


a 
Figure 17.8. The Initial Training Begins 


Figure 17.10. A Time of Transition 
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stant training. The ox stops its dashing about, 
and begins to follow the young man. In spite 
of his fatigue, the young man tends the ox all 
day long, not daring to loosen his control of 
the whip or his grip on the rope. Gaining con- 
trol of the ox requires the young man to also 
become more vulnerable and honest, using 
less force to control the situation. In this stage 
only the ox’s head, which is under control, is 
Yang and white, the rest of his body is Yin 
and black (Figure 17.9). 

4. During the Time of Transition, the young man 
feeds and takes care of the ox with respect. 
He also does not abuse it. At this stage, the 
natural strength of the ox harmonizes with the 
will of the young man. A long time has passed 
and the restless temper of the ox gradually 
has turned gentle. However, still not trusting 
the ox, the young man maintains control of 
the rope. The ox is one third Yang and white 
and two thirds Yin and black (Figure 17.10). 

5, The OxIs Now Tamed and moves in harmony 
with nature. It follows the young man, who 
no longer uses a rope to lead the ox, but still 
maintains control of the whip. The ox is half 
‘Yang-white and half Yin-black (Figure 17-11). 

6. The Ox Is Freed of Worldly Hindrance. The 
ox no longer needs the whip for control. The 
young man can begin to experience and en- 
joy the inherent rhythm of life, because he 
now has the ox’s undivided attention. The ox 
is three quarters Yang-white and one quarter 
Yin-black (Figure 17.12). 

7. The Ox Is Under Complete Control. After a 
long stage of struggling against its instincts, 
the ox is now tamed and free from worldly 
distractions. It drinks when it is thirsty and 
eats when it is hungry. The young man can 
now enter into deep sleep. Ifhe so desires, he 
can sit atop the ox and play his flute, because 
the ox knows where its going and the young 
man does not have to direct it. The ox is now 
completely Yang-white (Figure 17.13). 

8. The Young Man and the Ox Unite With 
Heaven. The white ox wanders among the 
heavenly clouds. The young man is free from 


Figure 17.14. The Young Man and the Ox Unite With 
Heaven 


10. 


n. 


2. 


worldly concerns, and sois the ox. Penetrated 
by moonlight, the Heavenly clouds grow 
whiter and drift away (Figure 17.14). 


). The Ox Transcends and A Single Light Remains. 


‘The clouds drift away and the ox vanishes. The 
young man finally enjoys his leisure time, sing- 
ing under the moon (Figure 17.15). 

Both the Ox and Young man Transcend and 
Retum to the state of Wuji. As the moon con- 
tinues to illuminate the vast void, both the 
young man and the ox vanish into Wuji and 
are nowhere to be found. Everything is form- 
less, quiet, and pure. Existence is nonexistence 
and vice versa (Figure 17.16). 


. The Young Man and Ox Transform and Re- 


tum to the Source. There is a difference be- 
tween transcendence and transformation. 
Transcendence is a temporary or periodic ex- 
perience of unity within the divine, the heav- 
ens and the earthly environment. Itisa state, 
or condition of consciousness. Whereas tran- 
scendence implies a unifying experience that 
informs one of a new way of being, transfor- 
mation is a process and a means to arrive at a 
new way of being. Mature transformation 
leads to an all-inclusive way of being that 
embraces the physical, mental, emotional, 
energetic, and spiritual existence of every- 
thing. In this stage man returns back to the 
original source of prenatal understanding, 
and is able to harmonize with Heaven and 
Earth (Figure 17.17). 

The Young Man and Ox Transform and Live 
in the World. This stage depicts what hap- 
pens after the transformation experience, and 
the reentry through nature into the everyday 
world. In this stage, man reenters the world 
asa transformed person with a new connec- 
tion to his center core. He is able to become a 
guiding light to others. When needed, he can 
instantly return to a deeper state of enlight- 
enment for additional instruction and per- 
sonal guidance. Living in the world he can 
be in the seductions and temptations of the 
world, without being in any way affected by 
them (Figure 17.18). 
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Figure 17.15. The Ox Transcends and A Single Light 
Remains 


Figure 17.16. Both the Ox and Young Man Transcend 
and Return to the State of Wuji 


Figure 17.17. The Young Man and Ox Transform and 
Return to the Source 


Figure 17.18. Transformation and Living in the World 
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Seven Steps 
of Awareness 


Summary 

During mental, emotional and spiritual trans- 
formations, individuals undergo stages of physi 
cal and psychological purification, as they begin 
to experience the active, conscious introspection 
into their mind, body and soul. These individuals 
are able to eventually identify and connect their 
own personal will to that of the divine, and begin 
to lose their attachment to the ego, developing a 
new and more expansive identity. These individu- 
als will also begin to see themselves as truly spiri- 
tual beings that are merely housed in fragile, 
physical frameworks, which are subject to all the 
transformations that their spirit must transcend. 
Generally, when using Medical Qigong as a ve- 
hicle for transformation, individuals will evolve 
through seven steps to awaken the spirit and reach 
a stage of enlightenment: Respect, The Intercep- 
tion of Karma, Controlling the Mind, Detachment 
from Worldly Affairs, True Observation of Self and 
Others, Intense Concentration and Realization of 
the Dao (Figure 17.19). 

1. The first stage, Respect, encompasses the self, 
others and the divine. Through the cultiva- 
tion of respect a stronger faith develops. 

2. During the second stage, The Interception of 
Karma, individuals begin to accept account- 


1. Respect 

2. The Interception of Karma 

3. Controlling the Mind 

4. Detachment from Worldly Affairs 

5. True Observation of Self and Others 


6. Intense Concentration 


7. Realization of the Dao 


Figure 17.19. The Seven Steps Needed to Transform the Mind 
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ability for all their actions, deeds, and 
thoughts. At this stage individuals receive 
instant karma for all their actions. 

During the third stage, Controlling the Mind, 
individuals begin to discipline their conscious 
actions (Taming the Ox). 


. The fourth stage begins the process of Detach- 


ment from Worldly Affairs. At this stage indi 
viduals begin to develop and maintain a spiri- 
tual priority. 

‘The fifth stage of True Observation of Self and 
Others, enables individuals to perceive them- 
selves and others clearly. At this stage they 
begin perceiving the universe and environ- 
ment from a deeper, more spiritually evolved 
understanding. 


. The sixth stage involves the development of 


Intense Concentration. At this stage individu- 
als transform thought, through faith, into 
manifestation. They can now initiate into re- 
ality what they focus their intention on. 

In the final stage to transformation, Realizing 
the Dao, individuals become aware of their 
relationship with the divine, not only believ- 
ing in God, but personally knowing God or 
the Dao. 


SECTION IV 
QI DEVIATIONS IN QIGONG 
TRAINING 


CHAPTER 18 


INTRODUCTION To QI DEVIATIONS 


Energetic deviations occur naturally through 
the course of everyday life, however, the body's 
energetic constitution quickly corrects any dishar- 
‘mony in energy flow. The difficulty when cultivat- 
ing Qi is not in the development of large amounts 
of energy, but in the creation of a constitutional sys- 
tem strong enough to use this energy without be- 
ing damaged by it. This is one reason why Qigong 
doctors initially spend a lot of time developing the 
safety measures and internal reservoirs necessary 
to ensure that their body will not be damaged by 
creating too much energy too fast. These alterations 
of energetic patterns can result in feelings that can 
range from simple discomfort to an abnormal sus- 
ceptibility to disease. Through proper Medical 
Qigong therapy, Qi deviations can be rectified, 

(Qi deviations can be precursors to disease. In 
recent years, medical researchers in China have 
reported that some patients admitted to the Medi- 
cal Qigong clinics had developed mental as well 
as physical disorders as a result of Qi deviations. 
A deviation refers to abnormal phenomena occur- 
ring within the patient or Qigong practitioner. The 
clinical symptoms include abnormalities in per- 
ception, thinking, and behavior. 

Ifthe Qigong doctor has not been adequately 
trained in internal purging techniques, his or her 
body’s increased energetic field can act as a mag- 
net and begin to attract the toxic energy from the 
surrounding environment (including the patient's 
pathogenic Qi). Once toxic energy enters into the 
body, it can immediately create a Qi deviation. 
Qi deviations should be treated immediately if 
possible. If Qi deviations occur during Qigong 
exercises or meditations, the practitioner should 
stop the practice immediately and guide the Tur- 
bid Qi (and bad feelings) out from the body, dis- 
charging the toxic energy out through the four 
extremities and into the ground. 


The process of Medical Qigong meditations 
and exercises is said to cause an alchemic trans- 
formation of Shi Shen (Turbid Spirit) into Yuan 
‘Shen (Original Spirit), This transformation occurs 
when first beginning Qigong practice, at the “lay- 
ing a foundation” stage of the workout. If the Tur- 
bid Qi is not removed at the beginning of prac- 
tice, the Qi concentrated in the Dantian areas (or 
other parts of the body) will also become Turbid. 
This may bring about internal disturbances when 
the practitioner encounters unfavorable external 
factors such as suddenly being startled or becom- 
ing angry. Too much concentration and hard fo- 
cus on the exercises and meditations can also lead 
to Qi deviations. Turbid Qi can create Turbid Shen. 

When Turbid Qi travels along the Governing 
‘Vessel to the head, there isa feeling of heavy pres- 
sure in the head. In severe cases, psychosis can 
occur: Turbid Qi that escapes into the body’s chan- 
nels can result in distending or numbing of the 
body. To avoid such side effects, it is extremely 
important to establish an equilibrium between the 
Five Yin Organs. No matter which Medical 
Qigong system is followed, the primary task is 
always to dredge or purge the channels of patho- 
genic Qi, to regulate the Yin and Yang organs and 
to cultivate the body’s Jing, Qi, and Shen. 


THE MAIN CAUSES OF QI DEVIATIONS 

Mental disorders and personality disorders 
may exist in some individuals prior to their study 
of Medical Qigong, Sometimes, individuals with a 
family history of psychosis and certain other men- 
tal disorders (such as bipolar disorder and depres- 
sive disorder) may be more predisposed towards 
these diseases. The practice of Medical Qigong 
meditations and exercises may trigger the onset of 
symptoms in predisposed individuals, especially if 
(Qi deviations are not properly addressed. 
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1. A Week Constitution 
2. Improper Dao Yin Qigong Regulation 
3. Disbelief and Suspiciousness 


4. Too Much Mental Concentration 


From severe disease 
and weak respiration 


From forced practice, hastily 
and indiscriminately training 
From a closed mind, superficial 
mind, or preoccupied mind 


From concentrating too hard, resulting in 
Qiand Blood to stagnation 


Figure 18.1. The Main Causes of Qi Deviations 


The main causes believed to contribute to 
Qigong deviations, according to research gath- 
ered by Dr. Wei Lin Shen of Shanghai, China, in- 
clude the person’s constitution and pathological 
state, improper Dao Yin Qigong regulation, dis- 
belief in and distrust of the Qigong exercises and 
meditations, or too much mental concentration 
(Figure 18.1). 

1. A week constitution can lead to a pathologi- 
cal condition. Patients with a weak constitu- 
tion should not be required to sit or stand for 
ong periods of time. Patients with severe dis- 
ease and weak respiration incur Qi deviations 
if they are allowed to stand too long. 

2. Improper Dao Yin Qigong regulation can re- 
sult in Qi deviations. Qigong deviations may 
also occur as a result of forced practice (when 
the state of illness does not allow relaxation), 
or when individuals hastily and indiscrimi- 
nately train in the techniques that circulate 
internal Qi. Lack of proper instruction from a 
qualified master of Medical Qigong therapy 
often results in a failure to train in the correct 
way. The failure to correctly apply the three 
Dao Yin principles and methods (proper 
regulation of the body’ Jing, breath’s Qi, and 
mind's Shen) in training practice, for example, 
leads to Qi deviations. Creating new tech- 
niques, training recklessly before mastering 
the primary techniques, or changing the tech- 
niques at random can also result in Qi devia- 


tions. For this reason the practitioners should 
be patient when practicing Dao Yin regula- 
tions. The goal is to achieve a tranquil, quiet, 
and empty state, 


. Disbelief, and suspiciousness can induce Qi 


deviations. Disbelief or an inability to adopt 
a correct attitude toward Medical Qigong ef- 
fects (such as extreme suspiciousness), results 
in mental tendencies that will become devia- 
tions over the course of time. Qi deviations 
can result from: A Closed Mind, A Superficial 
Mind, and A Preoccupied Mind. 

a. Aclosed mind, full of fear, pride or bit- 
terness may prevent the patients from 
connecting with their True Self. 

b. A superficial mind, or lack of commit- 
ment and belief in energetichealing, may 
cause the patient to fail in taking the 
Medical Qigong prescriptions seriously. 

cA preoccupied mind may cause the 
patient's spirit (Hun) to “wander off” 
while practicing Medical Qigong 
therapy. 


. Too much mental concentration is the most 


frequent cause of Qi deviations. The strong 
focus of mental attention on the flow of Qi 
can distort its path and lead to Qi deviations. 
It can cause too much concentrated Qi and 
Blood to flow into the brain. Concentration 
on internal objects with too intense a focus 
can actually cause a stagnation, or Excess of 


Qiin the area (e.g., concentrating too hard on 
a tumor can actually cause it to grow instead 
of dispersing it). Mild concentration is always 
preferred when practicing Medical Qigong 
exercises and meditations. A relaxed mind 
and body allows the Qi to flow freely. 


CORRECTING QI DEVIATIONS 

To correct any Qi deviation, itis important to 
understand the root cause of the deviation. The 
Medical Qigong doctor should check for the fol- 
lowing causes of Qi deviations. 

1. Postural Dao Yin deviations result from in- 
correct postural changes. 

2. Respiratory Dao Yin deviations result from 
improper breathing methods. 

3. Mental Dao Yin deviations result from im- 
proper mental activities and emotional dis- 
turbances. These emotional disturbances (due 
to the accumulation of toxic emotions within 
the internal organs) may manifest as sponta- 
neous emotional outbursts. 

4, Stressful life activities resulting from an im- 
proper balance of work and play, lack of sleep, 
oran improper diet may likewise cause Qi de- 
viations. 

5, Environmental disturbances during Medical 
Qigong practice such as the phone or door- 
bell ringing, may startle the practitioner and 
cause Qi deviations. 

To correct the Qi deviation, the Qigong doc- 
tor addresses each possible cause separately, be- 
ginning with the patient's posture. 


POSTURAL Dao YIN DEVIATIONS 
To diagnose Qi deviations due to incorrect 
postural alignment it is important to observe 
whether: 
+ relaxation is being achieved, 
* the posture is structurally correct to facilitate 
relaxation, and 
+ the appropriate tonifying, purging, or regu- 
lating technique is being used. 

When a deviation occurs, the patient should 
‘examine it in accordance with the basic laws of 
postural alignment. A beginner is more prone to 
some disorders due to incorrect postures that 
cause headaches, dizziness, and a stiff neck. 
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MANIFESTATIONS OF POSTURAL QI 
DEVIATIONS. 

If postural deviations occur, first review the 
Eighteen Rules of Proper Medical Qigong Structure 
in relationship to the sitting or standing positions, 
and then review the other Dao Yin Qigong patterns 
(respiratory and mental Dao Yin training). The fol- 
lowing are examples of specific Qi deviations re- 
lated to improper postural alignment. 

1. Eye distention results from excessively star- 
ing at external objects during the meditations 
and exercises. To prevent this type of Qi de- 
viation, encourage the patients to always use 
a soft focus. 

2. A stiff or painful neck is usually caused by 
forcefully attempting to suspend the head. To 
prevent this type of Qi deviation, have the 
patient relax the neck muscles and sink the 
shoulders. 

3. Shoulder and back pain can occur when pa- 
tients fail to relax the muscles of the shoul- 
ders and back, stretch the back excessively, 
hollow their chest too much, or hold an unfa- 
miliar posture too long. To prevent this type 
of Qi deviation, have the patients relax and 
sink their shoulders and imagine the back 
melting down into the hips and legs. 

4, Waist and hip pain (Lumbago) come from 
several factors. 

a. Tension in the hip muscles causes pain 

in the hips that extends to the waist. 

b. Twisting the waist without first relax- 

ing the hips can result in both hip and 
waist pain. 

c. Forcefully twisting the waist may also 

cause pain. 

To prevent this type of Qi deviation, have 
the patients relax their waist and hips and sink 
the energy into the Earth via the feet. 

5. Abdomen and lower extremity distention or 
flatulence results from the forceful pulling-in 
of the Stomach, or too much concentration of 
the mind on the lower extremities. ‘To prevent 
this type of Qi deviation, have the patients 
relax their abdomen and lower extremities, 
allowing the Qi to sink naturally. 

6. A swollen and painful anus, or dry stool, can 
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result from raising the anus too forcefully. 
Also, hemorrhoids can develope from hold- 
ing the breath too forcefully while focusing 
on the lower abdominal area during the Ab- 
dominal Breathing Holding method. To pre- 
vent this type of Qi deviation, have the pa- 
tients close their anal sphincter softly and re- 
lax their buttock muscles. 

7. Sore knees are a result of crouching too low, 
over-bending the knees, or extending them 
past the toes. To prevent this type of Qi de- 
viation, have the patients keep their knees in 
proper alignment and guide the pressure of 
the body weight to flow behind the legs and 
not in front. 

8. Heel pain can be caused by shifting the body's 
weight excessively onto the heels during 
walking or standing practice. Heel-ache can 
also occur if the patients focus too much at- 
tention on their heels instead of the center of 
their feet for balance. Knocking, stomping, or 
excessively dropping the heels against the 
ground, as well as sexual Excess, or a Kidney 
Deficiency can all cause pain in the heels. To 
prevent this type of Qi deviation, have the 
patients relax their legs and waist and imag- 
ine that their feet are kneading the ground. 
This squashing and kneading action is used 
to encourage the free flow of Yin Qi from the 
Earth into the body. 

9. Improper hand movements occur when pa- 
tients fail to distinguish between Yin and Yang 
energetic properties, or apply either too much 
or too little strength in the raising and lower- 
ing of the arm movements during Qigong 
practice. Both the alignment and energetic 
function of the patients’ arms, hands, and fin- 
gers should be checked, 

a. Ifthe arm movements are too dynamic, 
they will cause an abundant amount of 
energy to become either gathered or 
dispersed; this results in Qi deviations. 

b. While performing a tonification exer- 
cise, if the palms of thehandsare turned 
outward, away from the body (instead 
of inside facing the body) this can eas- 
ily cause diarrhea or a Qi Deficiency. 


c. If the fingers move up to point at the 
chest, the energy released from the hands 
can cause tightness in the patients’ chest. 
If the patients’ hands point obliquely at 
their neck and face, the emitted Qi can 
cause dizziness, nausea, and edema of 
the face in those patients who are sensi- 
tive to theenergy movement within their 
channels and collaterals. 

RESPIRATORY Dao YIN DEVIATION 

Deviations in breathing often result from the 
incorrect practice of the deep inhalation and ex- 
halation methods, when first starting Qigong 
meditations. Both inhaling and exhaling should 
be gentle, thin, even, and long. When practicing, 
the patient should breathe properly and naturally 
to regulate the breath and should avoid holding 
the breath. 

1. Deviations can be due to improper exhalation. 
Determine whether the exhalation is long 
enough for relaxation and quiescence when 
sinking the breath. Excessive sinking of the 
breath, however, can cause pain in the legs 
by depleting Qi flow to the upper torso, and 
by increasing the weight and gravitational 
pressure within the tissues of the lower torso. 
Exhalations that are too long or too deep can 
cause shortness of breath, headaches, tight- 
ness in the chest, discomfort in the Heart, and 
abdominal distention. 

2. Deviations can be due to improper inhalation. 
Determine whether the inhalation is long 
enough for relaxation and quiescence. For 
example, when practicing the Abdominal 
Breath Holding technique (the Two Inhaling 
and One Exhaling Method, which employs 
Reverse Breathing), the two inhalations 
should not be connected, for tightness in the 
chest will occur. Pause, therefore, between 
each breath and allow the exhalation to be fast 
and short rather than sustained and drawn 
out. Otherwise, the condition will cause gen- 
eral weakness and fatigue. 

To rectify this condition, when you inhale 
twice through the nose, simultaneously pull 
in the navel and perineum area asf to lift your 
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Figure 29-2 A selection of schematic symbols that rep 
resent a microphone. 


How It Works 


Some types of microphones generate a small 
voltage, while others have a fluctuating resist- 
ance that modulates a DC current. 


Carbon Microphone 
This was a very early attempt to reproduce 
sound. It contained carbon granules whose 
packing density increased and decreased in 
response to air pressure waves. When the den- 
sity increased, the resistance between the gran- 
ules diminished, and vice-versa. The principle is 
illustrated in Figure 29-3, and was patented by 
Thomas Edison in 1877 for use in telephones. 
As late as the 1950s (and even later in some 
countries), wired telephone handsets con- 
tained carbon microphones. Their bandwidth 
was extremely limited, 


Amplifier 


Figure 29-3 The principle ofa carbon microphone. 


radiation > sound > micraphone 


Moving-Coil Microphone 

Also known as a dynamic microphone, this con- 
sists of a very small, light coil of thin wire on a 
cylindrical tube that can vibrate along the axis 
of a permanent magnet. This principle is illus- 
trated in Figure 29-4. A diaphragm is attached 
to the front of the tube, and responds to air 
pressure waves that penetrate the perforated 
enclosure of the microphone. Movements of 
the coil around the magnet create small alter- 
nating currents in the wire. The inertia of the 
coil, tube, and diaphragm, and the force 
needed to overcome the interaction between 
the coil and the magnet, impose a limit on the 
high-frequency response of this design. 


Sound 


° 


Amplifier 


6 


Figure 29-4 The principle of a moving-coil microphone, 


Condenser Microphone 
This type of microphone contains two thin 
discs or plates that form a capacitor. (In the 
early days of electricity, a capacitor used to be 
known as a condenser. The terminology has 
persisted for microphones) An equal and 
opposite charge is applied to the plates. One 
plate is flexible, and as it responds to pressure 
waves, the capacitance between it and the 
other, rigid plate fluctuates. If the charge on the 
plates is kept approximately constant while the 
capacitance fluctuates, the voltage across the 
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body. When you exhale through the nose, 
guide the Qi down into the Middle Dantian. 

If this method is applied, the symptoms 
such as tightness in the chest, shortness of 
breath, and abdominal distention will disap- 
pear (The Rectifying Respiratory Qi Devia- 
tions exercise can also be used). When the 
breath is well regulated there will be no diffi- 
culty sinking the Qi down to the Lower 
Dantian, 

. Deviations can be due to improper tone reso- 
nation. Another Respiratory and Mental Dao 
‘Yin deviation can be created through the im- 
proper use of healing words or tone resona- 
tions. The improper use of tones (with too 
much breath or mental concentration placed 
on the rising and falling sound) may cause 
symptoms such as dizziness and slight fever, 
tightness in the chest, weakness in the legs, 
foul breath, and bloody stool. 

‘These symptoms cannot be relieved by West- 
em medicine. Some patients, however, have 
succeeded in rectifying such deviations by prac- 
ticing the Opening and Closing the Three 
Dantians exercise (see Chapter 15). This exer- 
cise is used to regulate the Excess Yang, and to 
restore the body’s energetic equilibrium. 

‘Some patients are given the prescription of 
uttering one pitch sounds (known in China 
as the first or straight tone). This straight 
sound hasa steady tone, and a rising volume, 
which can easily cause the energy to ascend. 
After the patients have completed their pre- 
scription and ended the exercise, ifthe energy 
continues to rise, the Qi deviation will cause 
dizziness and nausea. In this particular case, 
the patients should stop the exercise immedi- 
ately. To rectify this condition, have the pa- 
tients utter the sound in the third tone (the 
descending and ascending tone), and by deep- 
ening his or her voice, then raising the pitch. 
This increasing volume and deepening tone 
relaxes the body and causes the Qi to descend. 

This example illustrates the fact that if the 
patient is allowed to select any prescription 
at random for mental concentration, without 
understanding the theory of Medical Qigong, 


ChaPren 18: INTRODUCTION To Q1 DEVIATIONS. 


Figure 18.2. Rectifying Respiratory Qi Deviations 


he or she can easily get into trouble. 


4, To rectify respiratory Qi deviations, the fol- 


lowing exercise can be used. It will amend 
respiratory deviations and balance the Yin and 
Yang Qi, as well as clear any stagnant Qi. 

When the practitioner feels uncomfortable 
after Medical Qigong exercises, practice this 
method for 20 minutes. This is an alternate 
nostril breathing exercise and requires both 
inhaling and exhaling through the nose. The 
abdomen expands upon inhalation and con- 
tracts upon exhalation. 

From a seated posture, begin by imagining 
that there are three channels that start at your 
tailbone and travel up the body. The first chan- 
nel intersects with the right nostril, the sec- 
ond channel joins the Baihui GV-20 point and 
the third channel intersects with the left nos- 
tril Figure 18.2). 

Place your left hand on your Lower Dan- 
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tian, with the right hand resting on the nose. 

Itis important to focus the mind on the ener- 
getic flow of the breath. Inhale through the 
left nostril and allow the Qi to flow down the 
Conception Vessel into the Lower Dantian and 
tailbone area. Hold the breath, pinch the nose 
and draw the Qi up the Governing Vessel into 
the Baihui area, and then circle the energy 
down to the Conception Vessel to the coccyx 
to complete the Microcosmic Orbit. Exhale 
through the right nostril. Repeat this se- 
quence, alternating the focus of the mind’s 
concentration to follow the beginning flow of 
energy from the left to right nostril and visa 
versa. 

When training in Medical Qigong prescrip- 
tions, it is equally as important to relax the 
mind as the body. Therefore, this exercise 
should be practiced in a leisurely manner, 
with a carefree attitude, and a smile. 

MENTAL Dao YIN DEVIATIONS 

Deviations in mental activities are primarily 
caused from excessive thinking and too much fo- 
cused concentration. These type of mental devia- 
tions should be rectified by controlling one’s men- 
tal activities. It is important to fully understand 
the foundational principle of the Shen controlling 
all mental activities that determine the physical, 
emotional, and energetic activities. Any mental 
deviation should be regulated and controlled 
through intention. 

Itis sometimes difficult for patients who have 
just started Medical Qigong prescriptions to be- 
come absolutely tranquil; this may lead to mental 
Qideviations. One way mental Dao Yin deviations 
can be rectified is by a mantra, or counting breaths 
(using one thought to replace many thoughts). 
After this technique is mastered the patients can 
advance to concentrating their mind on an exter- 
nal object in the surrounding area 

1. The cerebral cortex plays an important role 
in Qi deviations of the mind. Medical Qigong 
regulates the cerebral cortex to restore balance 
to the energetically unbalanced parts of the 
brain. Ifthe mind is agitated or depressed for 

a long time, it can cause along term disorder 


of the whole nervous system and, thus, cause 
various kinds of chronic diseases. A healthy 
nervous system takes the leading role in ad- 
justing, regulating, and unifying all functional 
activities. It is responsible for maintaining a 
dynamic equilibrium. 

If deviations occur during Medical Qigong, 
practice, the cerebral cortex loses control of 
the nervous system. Abnormal phenomena 
may occur and mental and emotional activi- 
ties may become uncontrollable. If patients are 
not careful, they can actually develop medi- 
tation induced diseases, or meditation in- 
duced psychosis known as Tsou Huo Ru Mo, 
which translates to "the Fire becomes Exces- 
sive and the demons enter.” In other words, 
the patient’s Heart and Liver become over- 
heated, causing the Hun to leave and Po to 
take control of the body. This in turn can lead 
to chronic psychoses or demon possession. 

Because Qi deviations can have serious con- 
sequences, the Qigong doctor must have an 
extensive knowledge of Medical Qigong prin- 
ciples to prevent and correct Qi deviations, 
stagnations, and adverse Qi flow. The mind 
should, for example, always be free from over- 
concentration or “distortions of conscious- 
ness” during practice. If a beginning patient 
feels a hot sensation in certain parts of the 
spine, and tries to force its energetic move- 
ment up through the Five Passes of the Gov- 
cerning Vessel (see Chapter 30), this can cause 
“distortions of consciousness” and mental 
confusion, which may result in hallucinations. 

‘A deviation caused by excessive focused 
‘mental concentration can also lead to a loss 
of self-control and produce such disorders as 
uncontrollable head-shaking, shoulder shrug- 
ging, hand and leg quivering, stumbling, stag- 
gering, uncontrolled crying or laughing, or 
even stiff and twisted extremities and opistho- 
tonosis. To avoid this loss of self-control, do 
not allow the patients to use their mental in- 
tention and focused concentration at random, 
but rather have them focus their attention on 
quiescence to tranquilize the mind and recu- 
perate their health. 


Failure to properly lead and guide energy 
during Medical Qigong practice may also 
cause adverse deviations of Qiin the patient's, 
Middle Dantian. In the Middle Dantian, the 
patient's Lung Qi rises and returns through 
the opening and closing actions of the Shan 
Zhong CV-17 point. If the Qi within the 
Middle Dantian begins to deviate, it can con- 
dense and cause stiffness, pain, and a feeling 
of suffocation in the chest region. To correct 
this condition the Qigong doctor extends en- 
ergy into the patient’s Middle Dantian to regu- 
late and tonify the patient's Qi, and especially 
the Gathering (Zong) Qi. This treatment also 
regulates and tonifies the patient's Lungs and 
Upper Burner, as well as diffuses any Rebel- 
lious Lung Qi (see Chapter 22) as it unbur- 
dens the emotions of the Heart. 

. There are three rules for determining proper 
mental focus. The following three rules de- 
termine the focus of the patient’s mental ac- 
tivities and are implemented to help avoid Qi 
deviations while practicing Mental Dao Yin 
training: 

a. Concentrate the mind on a motionless 
object. A patient suffering from hyper- 
tension can, for example, concentrate on 
still lake water, but not on a stormy sea. 

b. Concentrate the mind on a near object. 
A patient with Liver trouble can, for 
example, concentrate on a nearby pine 
tree. Ifthe patients at a park, absorbed 
in concentration on a pine tree that is 
far away, the patient must mentally 
trace and locate the pine tree with 
painstaking effort. This is achieved 
through expanding and extending the 
imagination. If the patient suddenly 
becomes mentally distracted or preoc- 
cupied, the purpose of the meditation 
is defeated. Once distracted, it will be 
very difficult for the patient to recon- 
nect to the pine tree because of its dis- 
tance. As a result, the patient's mind 
wanders and the patient may become 
discouraged. 

c. Concentrate the mind on a familiar ob- 
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ject. Concentrate on something which 
creates a peaceful, emotional connec- 
tion. The emotional connection will fa- 
cilitate the proper attitude and dimin- 
ish any likelihood of mental strain. 

When deciding on which familiar ob- 
ject to focus the attention on, patients 
must not choose a person, their own 
work or creations, or obscene things. 
Objects that have been used to do harm 
orevil should also be avoided. Patients 
are also forbidden to shift their 
thoughts from one thing to another or 
back and forth without stopping. Re- 
member that it is the individual's Shen 
Gpirit) which guides all mental activ- 
ity and determines the body's energetic 
actions, therefore the mental concentra- 
tion should have purpose. 

Adjust each technique according to the spe- 
cific case. When prescribing Medical Qigong 
therapy, it is important for the doctor to adjust 
each meditation and exercise according to the 
patient's specific case. In all cases, the Yi (imagi- 
nation and intention) must lead the Shen and the 
‘Shen must lead the Qi. 

The following examples demonstrate how to 
adjust prescriptions for different patient's needs. 

* Patients with hypertension should concen- 
trate on a low place instead of a high place, or 
on an object below eye level. 

« Patients with hypotension (including other 
Deficient conditions such as anemia) should 
concentrate on a high place instead of a low 
place, or on an object placed above eye level. 

+ Patients with Lung problems such as tuber- 
culosis should concentrate on white and light 
objects (e.g,, white clouds). 

« Patients with Spleen and Stomach diseases 
should concentrate on yellow objects (eg., yel- 
low chrysanthemum, dahlia). 

« Patients with Liver problems like hepatitis 
should concentrate on green objects (e.g,, pine 
and cypress trees). 

« Patients with a Heart Deficiency should con- 
centrate on red objects. Patients with an Ex- 
cess conditions of the Heart, however, should 
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never concentrate on the color red, and should 
only choose pink objects instead. A pure red 
color is too energetic for patients with Excess 
conditions and may overexcite their Heart, 
making it difficult for the patient to become 
relaxed. 
* In Medical Qigong, the color black is some- 
times assigned to the Kidneys. Focussing on 
this color can, however, easily cause the Kid- 
ney energy to sink downward, creating an 
emotional state of depression or anxiety. 
Therefore, when treating patients with Kid- 
ney diseases, it is preferable to choose things 
of purple, indigo and vibrant blue color. 
* Mentally depressed patients (ina severe cases) 
should not practice any dynamic Qigong ex- 
ercises until their depression has passed. Oth- 
erwise, they may develop headaches, tight- 
ness in the chest, or in severe cases, shock. To 
rectify this condition, the Qigong doctor must 
lead the toxic and stagnant Qi downward 
along the channels and out of the body. 
* Patients with uncomfortable light or heavy 
sensations should concentrate on the oppo- 
site side on their body instead of the afflicted 
area. If they feel that their lower limbs are too 
heavy to lift during the exercises, for example, 
they can correct this symptom by focusing on 
the Baihui GV-20 point at the top of the head. 
If the patients feel that their body is too light 
and unsteady, they can focus on the Yongquan 
Kd-1 point located on the soles of the feet. 
STRESSFUL LIFE AcTIVITIES 

Stressful life activities create a flood of adrena- 
line within the body. This occurs not only from 
the core of the adrenal gland in the medulla (which 
responds to stress by releasing adrenaline in to 
the blood stream), but also from the endings of 
the vertebral lumbar division at the core segment 
of the major internal organs. Adrenaline spreads 
throughout the body and activates not only the 
body's sympathetic nervous system, but also the 
adrenal glands. The Heart rate, respiratory rate, 
blood pressure, and Blood flow to the muscles are 
all increased as they respond to the “fight or flight 
syndrome.” 


When this happens, the immune system is 
called upon to balance the whole stress mecha- 
nism and is, therefore, called away from its nor- 
ial activities which include monitoring cellular 
activity and fighting the growth of disease. A life 
of constant stress, therefore increases susceptibil- 
ity to illness. Meditation takes the patient out of 
the stress mode, thereby shutting down the adre- 
nal glands, and allowing the immune system to 
return to its normal functioning. 

Chronic stress wears down the mind and 
body, thereby producing anxiety or depression 
Stress begins with an overexcitement of the ner- 
vous system and then slowly works its way deep 
into the body like wet cement, causing the shoul- 
ders and upper back to become tense and rigid. 
Happy occasions (such as weddings) and other 
normally pleasant events, also produce stress, 
which can be detrimental when the patient's life 
style is not properly balanced. An unstable life 
style is very stressful and can lead to depression, 
anxiety, and Qi deviations. The capacity to bear 
stress depends upon the individual's constitution, 
diet, support system (or lack thereof), the nature 
of the stress, and the congenital strength of the 
nerves. When stress levels surpass the nervous 
system’s capacity to handle them, “the nerves 
break down”, resulting in all sorts of physical, 
‘mental, and emotional disturbances. Certain neu- 
rotransmitters are depleted, leading to a chemi- 
cal imbalance which can be aggravated by self 
medication (e.g,, alcohol or drug abuse). These dis- 
turbances, if unheeded can eventually lead to or- 
‘gan malfunctions, cysts, tumors, cancer, and pre- 
‘mature death. In order to avoid such states, a bal- 
ance between work and rest must be maintained. 

At a conference of the International Society 
for Neuro-immunomodulation (entitled The Ef 
{fects of Stress and Depression on Physical Disease)Dr. 
Philip Gold, of the National Institute of Mental 
Health, stated that stress and depression cause the 
body to secrete high levels of hormones; (for ex- 
ample, cortisol) into the bloodstream. These hor- 
mones, if unregulated, can destroy the appetite, 
cripple the immune system, shut down the pro- 
cesses that repair tissue, inhibit sleeping patterns, 
breakdown bone density, aid the onset of infec- 


tion, and even instigate cancer cell growth. 

‘An individual's emotional past determines his. 
or her present state of health, both physical and 
emotional. Past emotional belief structures are 
responsible for both creating and healing diseases. 
Just as thoughts drift through the mind but do 
not manifest until they reside within a belief struc- 
ture, so emotional wounding resides within the 
tissues and cells waiting to be activated by emo- 
tional upheavals. Our thoughts materialize via 
choices and manifest within the body. 

In American society, sharing traumatic 
wounds is often the first act of intimacy and bond- 
ing. It provides a common ground for relation- 
ships and supports the “pain structure” that deep- 
ens the bond. People can become addicted to em- 
powering their wounds which, in turn, support 
and empower the disease. This exchange of pain- 
ful personal traumas is reinforced by receiving 
sympathy and strong empathy, but does not fully 
release the pain from the tissues. 

Although talking about past traumas can be- 
gin the process of healing, problems can emerge 
when these past traumas manifest through the 
following belief structures. 

1. The individuals believe that they can only 
receive affection and attention when they suf- 
fer, and use their “neediness” to keep their 
significant other(s) from leaving or becoming 
more independent. 

2. The individuals become stuck in one emotion 
~ anger, grief, fear, worry, or hurt ~ and are 
unable to express. healthy range of emotions. 

3. The individuals donot have an adequate sup- 
port system. 

4. The individuals do not have the incentive to 
heal themselves or the belief that they can be 
healed. 

5. The individuals bond to anyone, out of fear 
of being alone, as long as they receive the at- 
tention they crave. 

6. The individuals have low self-esteem and do 
not seek help or work out their emotional is- 
sues; they have difficulty trusting anyone to 
‘understand their pain. 

The desire for sharing ones pain in order to 
feel loved can lead toa habitual way of relating to 
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those closest and dearest. When such individuals 
feel taken for granted, or unappreciated, they may 
immediately resort to past traumas. If this fails to 
illicit the desired response, a new trauma or 
wounding may be unconsciously created to get 
back the attention and love and need. The indi- 
viduals may, for example, physically i 
selves in an accident, or manifest a physical ill- 
ness, This in turn can become an addiction, em- 
powering old wounds and creating new ones, and 
may lead to chronic illness. The Shen becomes di- 
vided to support the new belief structure, and the 
Qideviates from its assigned job of protecting the 
body, thus creating iliness. This is not a conscious 
process, but an unconscious one, which needs to 
be brought into the patient's awareness to be 
healed. Then, and only then, can the Yuan Shen 
and Zhi Shen act as one unit directing the body’s 
Qi towards its proper function of healing. 

Because energetic healing occurs in the 
present and not in the past, victims of past trau- 
mas will never heal if their energy continuously 
regresses to the armored traumatic belief struc- 
ture. Both the doctor’s and the patient's Yi (In- 
tent) must therefore, focus on forgiveness (of self, 
others and the specific tragic situations) to free 
the patient from toxic wounds. The patient's de- 
sire and determination to be well must reach the 
degree that they are willing to do anything to get 
well, including giving up on the “secondary 
gains” ofiliness (ie,, risking abandonment, or loss 
of attention received during the illness). Patients 
must be encouraged to find new ways to fulfill 
their needs, and must be encouraged and sup- 
ported through this difficult transition. This point 
isillustrated effectively in the following traditional 
Chinese story. 

There once was a palace official named 
Cheng Guang Wei who owned a servant 
named Song Li. As the pressures of life wore 
on Director Cheng, he began to sink into a 
deep depression. Soon he began to lose all 
hope inlife and desperately sought relief. Not 
content with the wine and festivities at hand, 
his attention soon turned to his servant Song 
Li, who always seemed to be happy. Song Li 
was plowing the fields, up to his ankles in 
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mud, singing and seemingly enjoying his life. 
Upon observing this, Director Cheng walked 
up to the edge of the field and called out, 
“Song Li, why are you so happy? What is the 
secret of your contentment?” To which Song 
Li responded, “Sir, come into the field with 
me,and Iwill tell you.” The director, not want- 
ing to get himseif muddy said, “No, tell me 
from where you are.” To which Song Li re- 
plied, “I cannot explain everything to you if 
you do not come into the field.” Director 
Cheng, aggravated by this reply, answered, 
“Very well, since you refuse to tell me, tomor- 
row you will work in the stables.” Song Li 
answered, “If thatis your wish, sir,” and went 
about his work contentedly. 

‘Two weeks went by, and the pressures of 
the palace were starting to take a serious toll 
on Director Cheng. All of his problems, it 
seemed, were insurmountable. Locked in tur- 
moil, he began to roam his property seeking 
peace until he heard singing coming from one 
of the stalls in the stables. Director Cheng 
went to investigate and sure enough, it was 
Song Li, now up to his knees in horse manure 
and still singing as beautifully and joyfully 
asabird. At first Director Cheng was enraged 
at Song Li’s contentment, but then became 
perplexed, because the duties of Song Li's new 
job were much more difficult than the previ- 
ous work. 

Director Cheng approached the edge of the 
stables and called, "Song Li, why are you so 
happy? Whats the secret of this contentment 
you possess?” ‘To which Song Li responded, 
“Sir come into the stall with me, and I will 
tell you.” Repulsed by the stench of the horse 
manure and filth, not to mention feeling pro- 
tective of his royal robe, Director Cheng an- 
swered, “Song Li, tell me the secret of this joy 
and contentment that you possess even in the 
midst of a bam full of stench and dung,” Song 
Li answered, “T will tell you sir, but first you 
must come in to where Iam.” “If that is your 
answer, then tomorrow you will work in the 
hog pens!” shouted Director Cheng. To which 
Song Li answered, “If that is your wish, sir,” 


and went about his work contentedly. 
Well, things went from bad to worse for Di- 

rector Cheng in the palace; seeing that he was 
about to lose everything, he contemplated 
taking his own life. Making one last round of 
his property, he again heard singing, this time 
from the hog pens. Realizing it was Song Li, 
Director Cheng slowly approached. Sure 
enough, there was Song Li, up to his thighs 
in pig dung, slop and filth, and still singing. 
Leaning against the fence, Director Cheng 
called out, “Song Li, why are you so happy? 
‘What is the secret of your contentment and 
joy?” To which Song Li responded, “Sir, come 
into the pen with me, and I will tell you.” Di- 
rector Cheng, now at the end of his rope, an- 
swered, “Very well, I will come in with you,” 
and began to climb the fence to enter the hog 
pen. “Stop!” shouted Song Li, “I will come 
over to you, itis not right that you defile your- 
self on my account, But now you will truly 
listen to what Ihave to share and are ready to 
hear the words I speak. For now you are will- 
ing to sacrifice all, even your physical com- 
fort, to receive spiritual knowledge and in- 
sight.” 

The moral of the story is clear: unless we are 
ready to abandon all masks (pretenses and defence 
mechanisms) of the emotional ego, itis extremely 
difficult to free ourselves from the toxic emotions 
that steal our life-force energy and direct our lives. 
Ifwe are not intimate with our emotions, we can- 
not perceive the dynamics behind those emotions. 
After all, emotions are only energy currents which 
flow in, out, and through our bodies. Because our 
‘emotions reflect our intentions, any awareness of 
‘unprocessed emotions will lead to an awareness 
of deep-seated intentions. It is through this un- 
derstanding that Qigong doctors train their emo- 
tions and mental thinking to regulate the Shen. 


SHEN DISTURBANCES AND 
EMOTIONAL DYSFUNCTIONS 

All Shen disturbances relate to emotional en- 
cergetic dysfunctions. Generally, Shen disturbances 
can be divided into two categories: Yin distur- 
bances and Yang disturbances (Figure 18.3). These 


Yin and Yang disturbances affect the patient's 
thoughts and emotions. 

A thought is energy that has been shaped by 
consciousness. Every experience, or change in ex- 
perience, reflects intention, desire, and will. Any 
discrepancy between intention and emotions 
leads toa splintering reaction of the energetic self, 
which can cause a breakdown of the body’ life- 
force energy and ultimately lead to diseas 

Emotional energetic currents have different 
frequencies, resonating between low (fear, anger, 
worry, etc.) and high (love, forgiveness, joy, com- 
passion, etc.). Lower frequencies deplete the 
physical body, draining it of its precious reserve 
of life-force energy. This deterioration begins to 
‘manifest in the spiritual fields of energy surround- 
ing the body, and percolates down to the emo- 
tional, mental, and finally the physical level. Con- 
versely, high frequency emotional energy raises 
the body’s energetic frequency and begins to ra- 
diate outside the physical body. This does not 
‘mean that the patient must learn to suppress feel- 
ings of anger, hurt, etc. These are natural emotions 
that serve a positive function in protecting the 
individual from harm. It is only when emotions 
are suppressed, denied, and accumulated that 
they become highly toxic to the body. When this 
happens, new anger is fueled by old anger. The 
new hurts are suddenly blown out of proportion 
(elated to the event), fueled by ancient emotional 
pain, until the patient's physical structure is over- 
whelmed. 

Patients may become overactive and over- 
‘emotional when under stress, when their energy 
becomes disrupted. Every emotional disturbance 
alters the breathing pattern, changing from slower 
to faster respirations (each breathing pattern vary- 
ing according to the internal organs involved). 

‘According to The Yellow Emperor's Inner Can- 
non (Spiritual Axis), the Blood, Ying, Jing, Qi, and 
Shen are stored in the Five Yin Organs (Liver, 
Heart, Spleen, Lungs, and Kidneys). An Excess 
condition will cause any of these components to 
leave their respected organs. This will: 

* deplete the patient's Jing (Essence), 
‘+ cause the patient’s Hun (Ethereal Soul) and 

Po (Corporeal Soul) to become unsettled, 
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Shen Disturbances 


Yang 


Qi is compressed. Qi is expanded. 


Patient is manic, 
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Figure 18.3. Shen Disturbances 


+ cause the patient's Zhi (Will) and Yi (Inten- 
tion) to become muddled, and 

* cause the patient’s Shen (Spirit) to leave the 
patient's body. 

When emotionally upset, energy literally rises 
upward, affecting the organs and releasing addi- 
tional emotions stored within the tissues. To be- 
come free from these emotional reactions, patients 
must be taught to relax and release the energetic 
charge of emotions. This will allow stagnant Qi 
tobecome energetically discharged from the body. 
By cultivating a healthy attitude, and not holding 
onto, or suppressing, the emotions, the body will 
begin to seek its energetic balance naturally. This 
is initiated by having the patient sink his or her 
Mind and breath deep into the Lower Dantian to 
rebalance the life-force energy. 

‘TREATMENT TECHNIQUES 

When treating patients with Shen distur- 

bances, the Qigong doctor categorizes the emo- 
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tional and thought dysfunctions into Yin and Yang 
Shen disturbances. 
1. In Yin Shen disturbances the patient's energy 
compresses inward. These patients have a ten- 
dency to avoid feelings, becoming quiet, with- 
drawn, and depressed. They also tend to- 
wards an introverted personality and posture. 
When treating patients with a Yin Shen dis- 
turbance it is important for the Qigong doc- 
tor to redirect the patient’s Shen towards spe- 
cificactions, and encourage them to use spiri- 
tual mantras and affirmations to gain inner 
strength and confidence. 
2. In Yang Shen disturbances the patient's en- 
ergy expands outward. These patients have a 
tendency to express their feelings, are loud, 
impulsive, volatile, and manic. They also tend 
to be extroverted in personality and posture. 
When treating patients with a Yang Shen 
disturbance it is important for the Qigong 
doctor to redirect the Shen (with a “reality 
check” towards the patient's actions) and set 
parameters for their boundaries. A sudden 
awakening to the responsibility of personal 
actions will generally send the patient into 
emotional shock. 
One treatment technique commonly used 
in the clinic to calm and restore harmony in 
the patient's Shen (due to a Deficient condi- 
tion)is for the Qigong doctor to extend Qi into 
the patient's Middle Dantian and Yellow 
Court areas. Once this area has been suffi- 
ciently balanced, the doctor then ends the 
treatment by rooting the patient’s Qi, by draw- 
ing it into the Lower Dantian. 
PRESCRIPTIONS AND HOMEWORK 

Several of the most recommended medita- 
tions used for the purpose of calming the patient's 
Shen are listed as follows. 

1. The Energy Melting Meditation is used to re- 
lax the body and reduce stress. Relax and 
imagine melting from the top of the head to 
the bottom of the feet, like ice melting into 
water and water flowing downward into the 
Earth. This image centers, grounds and roots 
the Mind. 


Heart Fire 


Yellow Court 


Kidnry Water 


Figure 18.4. During the exchange of Fire and Water 
meditation, the fusion of Heart Fire and Kidney Water 
creates steam. 


If the patients are lying down, have them 
feel the upper layers of their body melting 
through the lower layers and into the Earth. 
Ice melts into water and pours into the Earth. 

2. The Exchange of Fire and Water Meditation 
unifies the energies of the Kidneys (Water) and 
the Heart (Fire) and is often called the Fusion 
of Kan and Li. Itis used to unify opposite prin- 
ciples within the body, to balance the energies 
of the mind, body, and Prenatal and Postnatal 
Shen for creating wholeness. It also strength- 
ens the immune system and the bones, thus 
slowing or preventing osteoporosis. 

Sit and begin by breathing naturally, while 
inhaling and exhaling through the nose. Visu- 
alize the Lower Dantian as an ocean of water, 
and the Heart as a ball of fire. Imagine the wa- 
ters of the Lower Dantian beginning to flow 
up the center of the body, reversing their natu- 
ral flow. Now imagine the Fire of the Heart be- 


ginning to descend the center of the body, re- 
versing its natural flow. As the Water and the 
Fire join in the Yellow Court (located in the 
lower part of the solar plexus), the Water va- 
porizes and becomes steam (Figure 18.4). This 
hot mist travels throughout the entire body. It 
should feel warm and pleasant. 

‘Next allow the hot mist to enter into your 
bones and flow through the Marrow. Imag- 
ine this mist beginning to solidify and harden 
making your bones solid and radiant with 
white light. Upon completion of the medita- 
tion, relax and allow the images to disperse 
as you sink into the Wuji. 

‘These following exercises are a series of 
meditations used in the clinic for detoxifying 
emotional stasis. 

3. The Sun and Moon Meditation is used to 
detoxify emotional stagnation and establish 
physical, emotional, and spiritual clarity. 

Begin from a sitting or Wuji posture (Fig- 
ure 18.5). Inhale and exhale through the nose. 
Imagine the sun over the left eye, and the 
moon over the right eye, appearing side by 
side over the head. Feel their presence over 
the Baihui point, at the top of the head. Imag- 
ine that the sun (on the left side of the body) 
pours golden light, and the moon (on the right 
side of the body) pours silver light. Both 
streams of light meet at the Baihui point on. 
the top of the head, combining into white light 
energy. This white light energy pours into the 
body, filling the entire body from the feet to 
the top of the head (like a pitcher of water 
filling a glass). Once the body is completely 
full, the energy begins to spill out of the pores. 
Atfirst a thick, black, sticky energy pours out 
of the pores, and flows down to the ground. 
This energy contains all the physical, mental, 
emotional, and spiritual toxins that are being 
released from the body. As more and more of 
these toxic substances leave the body, they 
start turning from black to gray, then from 
‘gray towhite. Feel the body radiate this white 
energy in alll six directions (front, back, right, 
left, up, and down) filling the entire room. 
After several minutes of purging and 


CHAPTER 18: INTRODUCTION To QI DEVIATIONS 


Figure 18.8. During the Sun and Moon Meditation 
imagine that the white light energy that is pouring down 
the body, is purging toxins from the internal organs, 
releasing the Evil Qi out from the pores. 


tonifying the body, relax the mind and focus 
your attention on to the Lower Dantian, be- 
fore ending the meditation. 

4, The Releasing Emotional Blockages and En- 
ergetic Armoring Meditation is used to dis- 
solve emotional blockages from the internal 
organs. When these blockages are released, 
the emotions are restored to balance. Begin 
from a Wuji posture, and inhale through the 
nose and exhale through the mouth. 

a. Direct your attention to your Liver. Ev- 
ery time you inhale, visualize and feel 
the emotions of kindness and compas- 
sion entering into your Liver. As you 
exhale, release anger or jealousy. Re- 
peat for 18 breaths. 

b. Direct your attention to your Heart. Ev- 
ery time you inhale, visualize and feel 
the emotions of joy, contentment, and 
tranquillity entering into your Heart. As 
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you exhale, release nervousness and ex- 
‘itement. Repeat for 18 breaths. 

c. Direct your attention to your Spleen. 
Every time you inhale, visualize and feel 
the emotions of trust, openness, and sin- 
cerity entering into your Spleen. As you 
exhale release worry, obsessiveness, and 
self-doubt. Repeat for 18 breaths. 

d. Direct your attention to your Lungs. 
Every time you inhale, visualize and 
feel the emotions of dignity, integrity, 
and courage entering into your Lungs. 
As you exhale release grief and anxi- 
ety. Repeat for 18 breaths. 

e. Direct your attention to your Kidneys. 
Every time you inhale, visualize and 
feel the emotions of self-confidence and 
inner strength entering into your Kid- 
neys. As you exhale release fear and 
loneliness. Repeat for 18 breaths. 

f. Finally, inhale, visualize and feel the 
emotion of a full-bodied state of peace 
and bliss. As you exhale, ripple and 
resonate this feeling into the room, fill- 
ing the surrounding energetic space 
with this emotional enlightenment. Re- 
peat for 18 breaths. 

DISTURBANCES DURING QiGoNG PRACTICE 

The patient should carefully choose a safe and 
quiet environment for Medical Qigong exercises 
and meditations. Most often a patient is already 
ina state of relaxation when they become startled 
by disturbances generally caused by an unex- 
pected sound or event. This sudden disturbance 
can disrupt the Heart Qi. When training, if you 
become startled, do not open your eyes. If you 
open your eyes, the disturbed energy wili be 
thrown into disarray, causing a blockage of vital 
Qi (usually in the Heart). This reaction will cause 
deviations which can be difficult to rectify. 

If instead you continue exercising with your 
eyes shut as if nothing had happened, you can 
restore your mind toa normal state of quiescence, 
by guiding the Qi up the Governing Vessel and 
down the Conception Vessel (i.e, the Microcos- 
mic Orbit). Even if you were shocked by the un- 


Figure 18,6. The doctor strikes the patient's Mingmen 
area and focuses his or her attention to lead the 
disruptive Qi downward into the Earth. This helps the 
patient stop the uncontrollable muscle deviation 
spasms. 


Figure 18.7. The doctor directs energy into the patient's 
foot, through the Lv-3 point, rooting the patient's 
Rebellious Qi into the Earth. 
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capacitor fluctuates also. These fluctuations can 
be amplified, as suggested in Figure 29-5. 


Ampiiier 


Figure 29-5 The principle of a condenser microphone, 


Electret Microphone 
This works on the same prin 
denser microphone, except that its plates are 
made from a ferroelectric material that retains 
an electrical charge, just as iron will retain a 
polarization. The name of the micro- 
phone is derived from “electrostatic” and "mag- 
net” While early electret microphones were of 
poor quality, they have evolved to rival con- 
denser microphones, and are extremely afford- 
able, Because the electret creates very small 
currents, it usually includes a transistor or op- 
‘amp in its package to boost the signal, and has 
an open-collector output. The basic circuit for 
an electret is shown in Figure 29-6. For more 
information about using an open-collector out- 
put, see Figure A-4. 


How It Works 


Output 


to amp 


Figure 29-6 The basic circuit for using an electret micro- 
phone. 


‘An example of a low-cost electret microphone 
is shown in Figure 29-7. This type of compo- 
nent is sold either with leads attached, or with 
solder pads. 


ny 


Figure 29-7 A generic electret microphone. The back- 
{ground grid isin milimeters. 


MEMS Microphone 


This type, often used in mobile phones, is a 
capacitive device that works on the same prin- 
ciple as a condenser microphone, although the 
component is etched in silicon and has a dia- 
phragm that measures only about Imm square. 
Many MEMS microphones have an analog out- 
put that is amplified in the same chip. Others 
have a digital output, using PD/M encoding. This 
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expected sound or event, restore the mind to a 
normal state of calmness by immediately perform- 
ing the Opening-and-Closing the Two Dantians 
technique. The two Dantians refer to the Upper 
Dantian (Yintang point) and the Lower Dantian 
(Qihai point) areas (see Chapter 20). 

To perform this technique, raise both hands 
to the lower jaw and breathe in with a hissing 
sound as if inhaling a mouthful of cold air. After 
the inhalation, the hands will move up to the Up- 
per Dantian, and perform the opening exercise 
‘while exhaling slowly. Next, exhale while closing 
slowly. After four repetitions move the hands to 
the lower abdomen and perform the Opening and 
Closing of the Lower Dantian four times. 

Usually the emotions will calm down after 
performing this exercise four times. If you still feel 
uncomfortable, you can perform the exercise eight 
times or more, until you become calm. 

Note: Itis good to ensure a quiet, safe environ- 
ment in which to practice, preferably a place out- 
side, with fresh air, among flowers, grass or thick, 
healthy green trees. Because the inside of the body 
matches the outside environment, when searching 
for specific directions to face while practicing Medi- 
cal Qigong, it is important to avoid training in or 
near: 

« extremely intense direct hot sunshine, 

+ acold strong wind, 

© a thunder and lightning storm, 

+ old withered trees, 

* old graves or tombs, 

« electric generators, power lines or power plants, 

+ dump sites, 

* polluted sites, rivers, etc, and 

+ do not practice shortly after earthquakes, tor- 
nadoes, hurricanes, hailstorms, etc. 


UNCONTROLLABLE MUSCLE 
DEVIATIONS 

Sometimes a patient's body begins to auto- 
matically quiver, shake, tremble, or vibrate, reveal- 
ing an energetic re-patterning causing muscle 
movement which cannot be stopped. When this 
happens, part of the body often keeps moving for 
several hours, causing exhaustion. Sometimes Qi 
in the legs and Heart rushes into the head, com- 
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pounding the problem. 

For older patients this is considered a dan- 
‘gerous symptom because their lower extremities 
are generally weaker. In mild cases the patients 
feel energy rushing upward into their head. In 
severe cases the whole body trembles because the 
Qi leaves the Conception and Governing Vessels 
and empties into the body itself. In these extreme 
cases energy muscle patterning should be con- 
trolled in the following manner. 

1. Advise the patient by saying, “It is time to 
relax and calm down. You need to end your 
exercise and rest.” This method is usually 
very effective when repeated over and over, 
again. Ifthe patientis unable to stop, perform 
the next method. 

2. Direct the patient to place their left hand on 
the Middle Dantian and the right hand on top 
of the left hand. Tell the patient that you will 
help them stop by striking their Mingmen 
area (Figure 18.6). Press their right hand with 
your left hand, to compress their Middle 
Dantian, while using your right palm to strike 
the patient’s Mingmen three times, directing 
your attention down to their feet. This can 
help them stop moving. 

3. If the above two methods do not help, direct 
the patients to turn their right foot inward 
with the big toe pointing at the heel of the 
left foot. If they cannot do it without help, 
take their left hand in your right hand and 
with your foot push the big toe of the patient’s 
right foot to point at the left heel. That should 
stop the movement. 

Next, touch the patients’ Taichong Lv-3 
point, between the big toe and second toe, 
with the “sword fingers” Qi emitting tech- 
nique. In this technique, the doctor uses the 
index and middle fingers to emit Qi into the 
patient and guide their Toxic Qi down into 
the ground (Figure 18.7). 

RECTIFYING QI DEVIATIONS USING 
TaIsI RULER 

If patients are experiencing too much Heat, 
they are concentrating too much and need to 
change the position of their tongue and perhaps 
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Figure 18.8. The Qi regulation exercises of the Taiji Ruler system are excallent for correcting Qi deviations. 


switch meditations. The Taiji Ruler is very effec- 
tive in rectifying deviations caused by inappro- 
priate tonification or purgation, and can be used 
to dredge the channels and collaterals to promote 
the flow of Qi and Blood. 

When performing this exercise, the rotation 
of the Ruler upward and outward (away from the 
body) is generally used for leading and increas- 
ing the energetic flow of Qi and Blood in the up- 
per extremities. The downward and inward rota- 
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tion of the Ruler is generally used for leading and 
increasing the energetic flow of the Qi and Blood 
in the lower extremities. 

The purgation of energy blocks are usually 
cleared through downward movements (from 
Heaven to Earth). Tonification is implemented 
through upward movements (from Earth to 
Heaven). Using these methods, the patients can 
amend their deviations and promote the increase 
of Qi (Figure 18.8). 


CHAPTER 19 


DISORDERS AND DEVIATIONS OF THE SOUL AND 


SPIRIT 


INTRODUCTION To SPIRITUAL 
DIMENSIONS 
Anaccepted reality in Medical Qigong therapy 
is the body's relationship to both the physical and 
spiritual world. The physical world of the living is 
considered a Yang state of existence, while the 
pernatural-spiritual world is in a Yin state of exist- 
ence, Once the Qigong doctors’ Shen has reached a 
high state of sensitivity, they can transcend their 
normal conscious perceptions and senses, to ob- 
serve, and even communicate with the spiritual Yin 
‘world (see Six Transportation’ of Shen, Chapter 13). 
Within the subtle realm of the spiritual world, 
the existence of spiritual entities and ghosts are 
vided into two divisions of Yin and Yang (Figure 
19.1). There is a significant difference between spiri- 
tual entities and ghosts. 
1. Aspiritual entity belongs to the Yang category 
of the Subtle Realm, and comes from the for- 
mation of nature. Spirits are considered the 


ethereal beings of the universe, who depend 
on the absorption of natural energy and are 
affected by the energetic cycles of the Earth. 
‘They are conscious beings, able to transform 
themselves into any size, shape, animal, or 
being (shape-shifting). A spiritual entity can 
affect changes in electrical current within the 
body's energy fields, or control certain areas 
on the body’s nervous system. Spiritual enti- 
ties can be separated into two divisions: Yang 
(good) and Yin (evil) influences. 

‘a. Yang spiritual entities are commonly 
referred to as angels, guides, spirits of 
the light, enlightened masters, and 
similar positive beings. These spiritual 
entities assist mankind (communicating 
through the body’s Hun) in their quest 
for enlightenment. They assist indi- 
viduals to make beneficial decisions 
that promote spiritual maturity. 


Spiritual World 
we Yin S 
Yang 
itual Entities ahecie 
LON aN“ 
Yang Yin Yang Yin 
‘Angles, Devils, Phantoms, Poltergeists, 
Guides, Demons, Free. penenaee 
: Spirits of Spirits of Floaters 
Spirit Travel, Soul Travel the Light Darkness 


Figure 19.1. The Spirit World 
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b. Yin spiritual entities are commonly re- 
ferred to as devils, demons, spirits of 
darkness, evil spirits, and other similar 
negative spiritual manifestations. Yin 
spiritual entities challenge mankind 
(communicating through the body's 
Po) by confusing the human spirit. If 
given the opportunity, these spiritual 
entities can possess an individual and 
become extremely territorial. 

2. Ghosts or Gui, as they are commonly called in 
China, belong to the Yin category of the subtle 
realm. Ghosts are developed from the subtle 
form of the combined spiritual essence of an 
individual's Eternal Soul. When the body dies, 
the energies of the Corporeal Soul (Po) enter 
into state of rest, returning back to the Earth, 
thus allowing the Ethereal Soul's (Hun) to re- 
tum back to Heaven. The individual's Eternal 
Soul then fuses with the energies of the Three 
Dantians (within the Taiji Pole) and is projected 
outside the body, entering the tunnel of light to 
return back to the divine. Sometimes, however, 
because of unprocessed emotional issues, trau- 
matic death, unfinished business, or extreme 
attachment to people, places, or possessions, an 
individual's Eternal Soul can begin to wander 
the Earth, becoming a Gui or ghost. Generally, 
itisbelieved that it takes three days for the Cor- 
poreal Soul to withdraw their energy com- 
pletely from a deceased body. Ghosts are con- 
sidered Eternal Souls that have departed from 
human life and are unable to detach from their 
life experiences; they are bound by their un- 
processed issues. Ghosts can also be separated 
into two divisions of Yang (good) and Yin (evil). 

a. Yang Ghosts are commonly referred to 
as phantoms and free floaters. These dis- 
embodied souls can either be lost, con- 
fused, delusional, or purposely return in 
order to guide and protect the living. 

b. Yin Ghost are commonly referred to as, 
poltergeists, banshees, or other names 
varying by location. These disembod- 
ied souls are angry, malicious, mischie- 
vous, and destructive. 


Itis difficult, if not impossible, to be immune 
to the influence, or encroachment, of the spiritual 
world. Spiritual manifestations are usually evi- 
dent through audible sounds, unusual unexplain- 
able smells, extreme cold, and the displacement 
of objects. Other phenomena include tactile sen- 
sations, visual images, voices, and the apparent 
psychokinetic movement of objects. Spiritual en- 
tities seem to move through solid matter and can 
appear or disappear abruptly. They can also cast 
shadows and be reflected in mirrors; some seem 
corporeal, while others are luminous, transparent, 
or ill defined. Many spiritual entities have jerky 
or limited movements, while others are lifelike in 
movement and speech. Encounters with spiritual 
entities can be divided into five main categories. 

1, Spiritual manifestations of the dead generally 
occur within a short time after the death of 
the person. Visits from the departed are usu- 
ally to bring comfort, to announce their role 
asa guardian, or to complete unfinished busi- 
ness. Ifan individual's life ends in an untimely 
manner, or so violently that the soul does not 
realize the body is dead, the disembodied soul 
often goes about its daily routines. Occasion- 
ally these souls will manifest as mischievous 
entities, attempting to get the attention of the 
living, but they lack the malevolence of an evil 
poltergeist manifestation. 

2. Deathbed phenomena are generally of divine 
beings, religious figures, or luminous appa- 
ritions. Visions of previously deceased loved 
ones, who come to guide the dying soul into 
the next level of existence, are common oc- 
currences. 

3. Manifestations of impending tragedy are vi- 
sual images of an entity which usually ap- 
pears in a “waking vision” or in dreams. 
When they appear, these spiritual entities ei- 
ther communicate about the death or severe 
crisis of a loved one, or to give warning of an 
impending tragedy. 

4, Reincarnating spiritual entities sometimes 
appear in a dream to a member of the family 
into which they will be born. Such dreams are 
referred to as “announcing dreams.” 


5, Manifestations of poltergeists are generally 
mischievous and often malevolent. They may 
be either disembodied souls, or demon-like 
entities (see Chapter 18). These disembodied 
souls were often extremely dissatisfied and 
bitter while living, and may be unable to re- 
integrate into the Earth after death, or to as- 
cend into the Heavens. This may cause spiri- 
tual hauntings, either around the location of 
their death or around a person, or persons, 
that the disembodied souls blame for their 
life's misery. They make their presence known 
by assaulting the living, either human or ani- 
mal. The most common phenomena include: 
battering with a rain of small stones or sand, 
throwing and moving of objects, loud noises 
and shrieks, strange lights and vile smells. 

6. The ghostly images of the astral body can be 
projected and manifested in distant locations 
as a disembodied apparition. Sometimes the 
astral body can travel to other locations and 
actually appear in holographic-like form to 
others. This image is not actually considered 
a ghostly apparition (although it may appear 
so), but the extension and material form of an 
individual's Eternal Sout. 

One example of this type of phenomenon 
was demonstrated in France in 1908 by 
scholar Hector Durville, who was research- 
ing “traveling clairvoyance.” In one series of 
tests, Mr. Durville and a colleague hypnotized 
a female psychic to facilitate her astral pro- 
jection to another location. An observer was 
placed in another part of the house. The 
experimenter’s instructed the female 
psychic’s to touch, hit, or pull at the observer's 
body while in her astral body. The observer 
had no idea what to expect, but felt the 
touches, strikes and pulling on his body by 
invisible hands. The astral body was even vis- 
ible as a whitish apparitional figure to some 
of the people Durville used as witnesses. 


EVIL STATES AND MENTAL 
DELUSIONS 


Sometimes the “spirit world” itself can affect 
the physical body through a subconscious emo- 


tional connection with the individual’s Shen. 
These affected subconscious emotions can never 
be totally repressed because they will continually 
surface as dreams, visions, flashes of images, etc., 
and can only be redirected into either positive or 
negative actions. 

Seeing a spiritual entity or ghost is a normal 
part of Medical Qigong training and is accepted as 
anatural energetic phenomena; however, disorders 
such as schizophrenia and psychosis (delusions and 
hallucinations, etc.) are considered Qi deviations 
and can be caused by improper Medical Qigong 
practice. These mental states are known as “evil 
states” and are difficult to correct. Evil states also 
include: infatuation, delusions, obsessions, encoun- 
ters with seductive spirits, demon oppression or 
possession, and multiple personality disorder. This 
does not mean, however, that the individuals suf- 
fering from these disorders are themselves evil. 
INFATUATION WITH THE TREATING DocToR 

Infatuation is culturally regarded in China as 
anevil state. This generally refers to the occurrence 
of deceptions of the subconscious mind during, or 
after, Medical Qigong healing, which lead to men- 
tal derangement, While under the influence of these 
self-deceptions, patients display intensely amorous 
affection towards the doctor. As the doctor's energy 
‘becomes more intensified within the patients’ ner- 
vous system, the patients experience a type of bio- 
logical euphoria which gives way to feelings of 
unexpressed emotions, suppressed fantasies, and 
symptoms of eccentric disposition, such as sluggish- 
ness, apathy, or elation. 

During treatment, patients become extremely 
open and vulnerable, as their boundary systems 
completely dissolve under the influence of the 
doctor's emitted Qi. The Qigong doctor's ability 
to channel divine light and compassion may eas- 
ily be mistaken for displays of personal love to- 
ward the patients. Sometimes this divine love has 
never before been experienced by these patients, 
making them infatuated with the doctor, who is 
the apparent source of this love. This is an illu- 
sion which can usually be dispelled by the 
doctor’s explanation. When the doctor is unable 
to dispel this illusion by conversing with the pa- 
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tients, this indicates an underlying, often long 
standing, mental disorder. Such patients should 
be referred out to a mental health practitioner for 
professional counseling, 

ENCOUNTERS WITH SEDUCTIVE SPIRITS 

(On rare occasions, individuals who donothave 
a strong enough connection with the divine may 
become susceptible to encounters with seductive 
spirits. These spirits are known as Incubus (male) 
or Succubus (female), and tend to manifest in 
dreams, These dreams can range from the roman- 
tic and seductive, to rape and sodomy. Although 
these encounters occur during the individual's 
sleep, physical sensations are always. large part of 
the encounter. Often, once the victim has awakened, 
the physical sensations continue. 

DELUsions 

‘This is the occurrence of delusions of the sub- 
conscious mind during or after Medical Qigong 
treatment or training, which lead to mental derange- 
ment. Adelusionisa false belief brought about with- 
‘out appropriate external stimulation (seen most of- 
ten in psychoses), and is inconsistent with the 
individual's own knowledge and experience. Pa- 
tients suffering from delusions display unsociable 
and eccentric dispositions, sluggishness, apathy, 
and trance. Some patients may become very disil- 
lusioned and depressed. They may lose confidence 
in life, and think about committing suicide; others 
may have symptoms similar to those of psychosis, 
such as persistent visual or auditory hallucinations. 
‘These symptoms occur because of preexisting emo- 
tional problems, which the patient has not worked 
through, or has consistently avoided facing. 

Inall truth, the practice of Medical Qigong does 
not create these problems; Medical Qigong can, 
however, occasionally allow patients to become ex- 
tremely sensitive to the preexisting unresolved 
problems that continue to surface into their subcon- 
scious mind due to their overactive denial system. 
SPIRIT DEMONS 

‘Anencounter with the phenomenon known as 
demon oppression or demon possession rarely oc- 
curs during clinical practice, but never the less, it 
must be addressed. Demon oppression or posses- 
sion describes the state of mind attributed to the 


patient who has come under the influence of the 
“spirits of the objective world.” These spirits of the 
objective world (also called “fallen angles,” “spiri- 
tually hostile forces,” or “demons”) can either in- 
fluence, or inhabit, a patient's thoughts and body. 
‘They can affect anyone who becomes open to their 
influence. Any practice or situation which opens the 
individual's subconscious mind may increase the 
person's vulnerability to such states. Spirit demon 
oppression or possession can occur from: 
‘+ misguided or improper use of meditations, 
+ misguided or improper use of hypnosis, or 
self-hypnosis, 
* indulging in the practice of astral projection, 
+ meditations that cause adverse psychological 
side-effects, 
* general anesthesia, 
+ drug and alcohol abuse, 
+ indulging in the practice of channeling, or 
Ouija board playing, 
* deep emotional or physical traumas, 
* indulging in the practice of deviant psycho- 
sexual encounters (Tantric sex with the wrong 
individual) 
* exposure to places that are haunted by evil 
spirits when the individual is very stressed 
out, or deeply fatigued and depleted, and 
+ indulging in the practice of “black magic.” 
When the patient's connection to their Shen 
becomes extremely Deficient, to a point that they 
surrender their Hun, the patient's Hun may leave 
their body and wonder, making them vulnerable 
tothe possibility of spirit oppression or possession. 

One of the first things a demon seeks, once it 
enters a body, is to fulfill its sensual appetite (be it 
sexual pleasures, rage, or emotional addictions, etc) 
‘A disembodied spirit lacks the ability to feel physi- 
cal sensations due to the disconnection with its 
bodily senses (touching, feeling , smelling, tasting, 
ctc.), Thus, itcan only satisfy these cravings through 
someone else's living body. Consequently, if a pa- 
tient is disassociated from the divine center core, or 
has little or no boundary system, a condition of 
oppression or spirit possession may occur. In China 
this condition is commonly described as, “the Spirit 
(Bun) leaves and the demon enters, uniting with 
the body's Po” and must be rectified with spiritual 


atonements and soul retrieval. 

Although such encounters in the clinic are 
rare, itis still important to recognize and treat 
these conditions when they occur. While treating 
patients in China, I was fortunate enough to share 
my experiences with demon oppressed or pos- 
sessed patients with certain doctors at the Xi Yuan 
Hospital. It was refreshing to talk with another 
doctor about this particular subject, asin America 
itis difficult, if not impossible, to find other indi- 
viduals who can discuss such a topic in a clini- 
cally sound manner. 

In understanding the phenomenon of spirit 
demons, it is important to realize that in the clin- 
ics in China, encounters with these types of spir- 
its are divided into two categories: Projected Spirit 
Demons from the Subconscious Mind, and Actual 
Encounters with Spirit Demons. 


PROJECTED SPIRIT DEMONS FROM THE 
SUBCONSCIOUS MIND 

Sometimes through meditation, the subcon- 
scious mind will release visions into the conscious 
mind in the form of ghosts, phantoms, spirits, 
demons, etc. These energetic visions are subjec- 
tive projections of part of the self, released through 
emotional arousal. Each color image represents 
certain feelings and repressed memories within 
the organ which the subconscious mind is trying 
to communicate to the conscious mind. This also 
applies to dreams and nightmares in which the 
patient is continually being haunted by certain 
spirits, demons, or monsters. For example: 

+ A green demon represents the deeply sup- 
pressed emotions of anger, rage, and irrita- 
tion which are connected to the Liver. 

* A red demon represents the deeply sup- 
pressed emotions of excitement, panic, and 
even anxiety which are connected to the 
Heart. 

‘* A yellow demon represents the deeply sup- 
pressed emotions of worry and pity which are 
connected to the Spleen. 

+ A white demon represents the deeply sup- 
pressed emotions of sadness, grief, sorrow, 
guilt, anxiety, distress, and heartache which 
are connected to the Lungs. 


+ A black demon represents the deeply sup- 
pressed emotions of fear, paranoia, horror, 
panic, and terror which are connected to the 
Kidneys. 

‘The patient’s subconscious demonic images 
‘may tend to be culturally influenced. Each patient 
may find himself or herself observing something 
quite different, but with the same underlying 
‘emotion. In modern Western culture, individuals 
are more likely to dream of thugs and assassins 
that are threatening and pursuing them, as well 
as monsters. 


ACTUAL ENCOUNTERS WITH SPIRIT 
DEMONS 

These spiritual encounters have an objective 
reality, as they are true spiritual entities which exist 
outside an individuals thoughts or feelings. For 
obvious reasonsit is extremely important for Medi- 
cal Qigong doctors to have a strong spiritual foun- 
dation. Without a powerful connection to the 
vine, the doctor risks absorbing the patients’ patho- 
genic Qi, and may become more vulnerable to “evil 
states” that may place him, or her, at the mercy of 
spirit demons who seek to dominate, control, and 
feed off of the negative emotions of thehuman body. 

The spiritual state of the energetic field con- 
trols the emotional field, the emotional field in 
turn controls the mental, and the mental controls 
the physical field. This is the spiritual template 
used in the Medical Qigong clinics in China for 
initiating the energetic laws of dominance and 
control over the body's tissues. When there is a 
spiritual interaction involved, the emotions mani: 
fest the outcome. There are two ways a spirit d 
mon can attach itself to the body; through spirit 
oppression, or through spirit possession. 

1. Demon or spirit oppressed patients tend to 
first have had severe emotional trauma, re- 
sulting in extremely low self-esteem, depres- 
sion, fear, rage, and so on (these are the emo- 
tional energies on which the evil spirit feeds). 
The spirit demon becomes attached to the 
patient's second field of Wei Qi, drawing en- 
ergy and sustenance from the patient's 
chronic release of negative emotions. 

‘These spirit demons are external energy feed- 
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ers. They are spiritual parasites which provoke 
and increase negative emotional reactions. 
Once the patient discharges these negative emo- 
tions into their second field of Wei Qi, the spirit 
demons then ingest and absorb this energy as 
food. If, for any reason, the spirit demons leave 
orabandon the patient’s second field of Wei Qi, 
they will, ike a predator, continue to look for 
their next feeding ground. This is why, in cer- 
tain families, oppressive dynamics are passed 
from generation to generation, due to certain 
congenital spiritual patterns. 

2. Demon or spirit possession occurs when the 
patient's Spirit /Mind (ie, the focused power 
of their consciousness) becomes too attached 
to something; it may leave the patient (be- 
coming a wondering spirit) and not return. 
‘The vacuum that is left by the original con- 
sciousness leaving its residence can become 
filled by the spirit of other beings. These alien 
energies tend to enter the patient’s body, re- 
placing their original consciousness (Yuan 
Shen), which is now lost. The resulting state 
is one of demon or spirit possession. Because 
the spiritual quality and stability of the 
patient's mind is lost, the patient will become 
increasingly dependent on the alien spiritual 
consciousness for orientation towards others, 
and the outside environment. 

When either a demon or spirit entity pos- 
esses a patient's body, it ends to be extremely 
territorial and protective. This is because, as 
the demonic spirit surrounds the very core of 
the patient's energetic body, it initially has a 
strangle hold on the patient, feeding and dis- 
torting the patient's reality. This results in wild 
mood swings, and sometimes, in displays of 
extraordinary intuitions, perceptions, and in- 
credible physical powers. 

In most cases the spirits causing the pathol- 
ogy are not of a high order of intelligence; 
they are more on the level of spiritual bacte- 
ria, viruses, or parasites. In some cases, how- 
ever, spirits can be of a high order of demonic 
intelligence, such as depicted in the movie 
“The Exorcist.” 
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EXAMPLES FROM PERSONAL CLINICAL 
EXPERIENCE 

‘Through my personal clinical practice, Ihave 
treated several patients who were actually demon 
possessed, or demon oppressed. One example oc- 
curred in 1992, when a patient came to me with a 
tumor located on her pituitary gland. The West- 
ern doctor who was treating her had suggested 
that she receive immediate surgery, so as a last 
resort she came to me. 

Knowing that she had written several books 
that were currently being used in a major univer- 
sity as a standard text, I was quite impressed and 
even intimated by her reputation as an intellec- 
tual. She, being the mentor of several of my stu- 
dents who were psychotherapists, did not ease my 
apprehension. Although she was elderly, she was 
very strong willed, and quite opinionated. She re- 
quested that [lower the treatment table to the floor 
before starting the therapy. I thought that this was 
alittle strange, but complied never the less, and 
so we began the initial treatment with the patient 
lying supine on the table, placed on the floor. 

Talways begin each treatment with a connec- 
tion or “hookup” to the divine After connecting with 
the divine, the energy of the treatment room 
changes, as the room’s energetic field transforms 
into a divine healing energetic field. Immediately 
upon “hookup” something in the patient shifted. 
Although her eyes were closed, the patient began 
to thrash about on the table like a wild animal, lit- 
erally snarling, and gnashing her teeth. The power 
radiating from her body was quite incredible. Iknew 
and believed, that ifshe wanted to, this elderly, frail 
woman, could now lift my body up, and toss it 
across the room like a rag-doll. Iwas quite aware of 
the supernatural power and spiritual demonic form 
that I was now facing, and knew that my 27 years 
of martial arts training would not serve me in this 
situation. To my advantage, I had previous expo- 
sure to such spiritual demonic phenomena, and had 
bbeen successful in dealing with demon possessed 
individuals. Believing that the current healing work 
was part of my ministry and life purpose, and hav- 
ing participated in several demonic exorcisms, Iwas 
aware of the procedure which needed to transpire. 

Tbegan dredging and casting out the demons 
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igure 19.2. All human beings are subject to divine and 
subconscious and conscious mind, as well as the sensor 


evil spiritual influences. These influences can affect the 
ry perceptions and physical performance. 


one by one, claiming each portion of her body for 
the glory of Christ (my divine authority). This 
procedure continued for six weeks, each treatment 
involved reclaiming certain areas of her body. Be- 
ginning at her head, I continued treatment down 
the patient's body. On the sixth week, when I 
reached her Lower Dantian, the last spirit demon. 
lefther body, and she immediately curled up into 
a fetal position and began to cry. Her Hun then 
returned to herbody, and forthe first time in many 
years she could feel loving emotions again. 
Itisimportant to note, that while the treatments 
were being administered, the patient was not con- 
sciously aware that anything out of the ordinary 
‘was happening. She had been so completely de- 
tached from her body, that she had no conscious 
recollection of her own emotional-spiritual field of 
existence, or its affect onher physical body. Shehad 
literally hid within the confines of her intellect, 


where she felt safe. She was also not aware of be- 
ing demon possessed, or even that her body 
thrashed about during each treatment. Ineffect, she 
had disassociated from her Yuan Shen during child- 
hood, and thus became dissociated from her emo- 
tions. After six weeks of treatment her brain tumor 
had completely dissolved. But, far more remark- 
able, was the change in her personality, for she be- 
came both friendly and courteous. 


OVERVIEW 

As mentioned before, once the Qigong 
doctors’ Shen has reached a high state of sensi- 
tivity, they are able to transcend their conscious 
perceptions to sense, observe, and communicate 
with the spiritual world (Figure 19.2). This abil- 
ity to see disembodied spirits or ghosts is a nor- 
mal part of Medical Qigong training and a natu- 
ral part of energy observation. 
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These spiritual presences can be seen or felt 
for either brief moments in time (usually asahov- 
ering image of light, or a dark shadow), or for 
extended periods of time (usually an encounter). 
Some of these spiritual entities can also take the 
form of animals. 

Some doctors view these energetic entities as 
either individuals who are astral-projecting (from 
the past, present, or future), or forms of energy 
that can either be ascended spirits of light (divine 
guides or angels), or fallen spirits of light (demons 
and hostile forces). In any case, encounters with 
such entities of the spiritual world should not 
startle or scare the Qigong doctor, but be expected 
asa part of the existence of the spiritual domain. 

A final important note to make is that, al- 
though demon possession is real, the location, or 
type of the patient’s disease, has nothing to do 
with demonic possession. Demonic possession is 
related to the disassociation from the Yuan Shen 
and the absence, or suppression, of the patient's 
Hun. It is not caused by obstructed tissue forma- 
tions or physical disease. 

After helping the patient uncover any severe 
emotional trauma, the Qigong doctor should assist 
the patient in “soul retrieval” meditations, in order 
to retum the patient's Hun back into its residence 
(the patient's physical body) and to facilitate strong 
reconnection to the Yuan Shen. During soul retrieval 
meditations, patients sometimes talk about view- 
ing certain traumas from different visual perspec- 
tives, such as: watching the incident from above 
their body, or watching from a different comer of 
the room. The reason for this change in visual per- 
spective is due to the displacement of the patient's 
Hun once it leaves the body. Although the Hun are 
outside the body, they still observe, listen, and re- 
cord. This accounts also for the numerous cases of 
astral projection during surgery, as well as during 
near death experiences. Under anesthesia, many 
patients travel out-of-body and observe in fine de- 
tail what the doctors and nurses are saying and 
doing. They accurately recall the doctors’ and 
nurses’ conversations, and the experience of view- 
ing the operation from above the body. These expe- 
riences are becoming more documented in recent 
years partly due to modern techniques in resusci- 


tation, that have made such experiences more fre- 
quent. First hand accounts of out-of-body experi- 
ences abound in “near death experience” literature. 
Similar experiences have been recounted by 
many physically and sexually abused patients, 
who, as children, learned to dissociate from the 
body, and observe the abuse from the ceiling, or 
corner of the room. In most cases, these adults, 
and children, do not suffer from multiple person- 
ality disorder. Only in the most severe cases does 
the personality fracture and become multiple. 


MULTIPLE PERSONALITY DISORDER 
(DISSOCIATIVE IDENTITY DISORDER) 

Occasionally the Qigong doctor may encoun- 
tera patient with a multiple personality disorder. 
‘The condition of a multiple personality disorder 
is generally due to extreme sexual, physical, and 
‘emotional abuse during childhood; in some cases, 
demon possession may also occur. This is a con- 
dition in which the patient has developed a split 
in their consciousness, resulting in the develop- 
ment of two or more distinct identities or person- 
alities that recurrently take control of the patient’s 
behavior and consciousness, one at a time. 

It is believed that the original personality 
splinters during childhood (usually around the 
age of 6 or 7 years, or as early as 3) creating sev- 
eral different personalties, or personality states, 
that are disassociated from the patient's original 
whole personality. The different personalities cre- 
ated can number as few as two, or upwards of 
one hundred. They are often referred to as alter- 
nate identities or simply ‘alters.’ These alters, in 
fact, often themselves give birth to more fractured 
alters, each with its own gender, age (correspond- 
ing to the fracturing trauma) and function (or role). 
Some alters may be very aggressive and protec- 
tive, others will be more passive and submissive. 

‘Some alters will have different medical con- 
ditions from the others, which inhabit the same 
body. As the patient changes personalities (alters), 
the internal and external energetic fields likewise 
undergo changes. Each personality can differ in 
age and stage of development. In most cases, the 
personalities are usually unaware of the words, 
actions, and feelings of the other personalities, 


reduces the analog signal to a very fast bit 
stream, in which the density of the bits repre- 
sents the amplitude of each fluctuation in a 
sound wave. PDM is an acronym for pulse cen- 
sity modulation. Itrequires an external clock sig- 
nal to time the bit stream. 


A breakout board from Sparkfun, on which is 
mounted an Analog Devices ADMP401 MEMS 
microphone with a preamplifier, is shown in 
Figure 29-8, 


Figure 29-8 A breakout board for a MEMS microphone 
(the metai-clad rectangular component at the far end). 


Piezoelectric Microphone 
This has also been known as a crystal micro- 
phone. It contains a diaphragm that functions 
as a transducer. When it flexes in response to 
pressure waves, the mechanical energy is trans- 
formed into a small amount of electrical energy. 
Piezoelectric microphones were replaced by 
the moving-coil type in domestic audio devices 
when vacuum tubes were replaced with 
transistors, but may still be used as contact 
microphones to amplify acoustic musical 
instruments, or to trigger the playback of digi 
tally sampled musical sounds. 


Other variants include ribbon microphones 
(which were common in recording studios in 
the 1950s and 1960s, but have become rare), 
laser microphones, and fiber-optic micro- 
phones. They are not sufficiently common to be 
included in this entry. 


radiation 


Values 
Sensitivity 


Sound pressure is a complicated topic, explored 
in detail in the transducer entry in Volume 2. It 
can be measured in pascals, where 1 pascal 
newton per square meter. 


The sound pressure level is a different concept. It 
measures the relative intensity of a sound, ina 
logarithmic scale calibrated in decibels (abbrevi- 
ated dB). The reference value for this rel 
scale is 20 micropascals, considered to be the 
threshold of human hearing, comparable to a 
mosquito three meters away. This is assigned 
the value of OdB. 


From this point upward, the actual sound pres- 
sure doubles for each additional 6dB. A table of 
noise sources and their approximate decibel 
values is shown in Figure 29-9. This is derived 
from averaging eight similar tables, which are 
not always consistent in their estimates. It is an 


140 | Jetengine at 50 meters 

130 | Threshold of pain 

120 | Loud rock concert 

110 | Automobile horn at 4 meter 

100 | Jackhammer at 4 meter 
90 | Propeller plane 300 meters above 
80 | Freight train at 15 meters 
70 | Vacuum cleaner 


60 | Business office 

50 | Conversation 

40 | Library 

30 | Quiet bedroom 

20 | Leaves rustling 

10 | Calm breathing at 1. meter 
0 | Auditory threshold 


Figure 29-9 Decibel values for some common sound 
sources. Reproduced fram Volume 2 of this Encyclopedia, 
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especially at the beginning of the treatment. Each 
personality can exhibit a different set of symp- 
toms, as well as diseases. One personality may 
have chronic asthma and allergies, but when 
switching to another personality, the patient may 
suddenly display healthy lungs but display near- 
sightedness or high blood pressure. 

Usually one personality becomes a helper to 
the doctor, while another personality may be psy- 
chotic, indifferent, and so on. Some of the alters 
may have access to highly advanced transpersonal 
states of consciousness, i.e., a finely honed and 
active psychic realm which may have provided a 
haven, or sanctuary during the abuse. 

‘TYPES oF ALTERS 

Over time, an alter’s role in the patient’s per- 
sonality changes. There is a difference between 
an established personality which maintains both 
an internal and external role and just a fragment 
personality (e.g,, washes the dishes only). Also, 
there will usually be a number of child personali- 
ties included, as well as adult personalities. The 
patient's past history of violence is the best indi- 
cator of whether there are dangerous alters. Some 
of the most prevalent personality types of alters 
are described as follows. 

1. The first personality encountered by the doc- 
tor, or psychologist, is usually the patient’s 
host personality, not the patient's original per- 
sonality. 

2, The demonic or spiritual personality type is 
generally found in very religiously oriented 
patients. 

3. The persecutor personality type is generally 
responsible for the patient's attempts at self 
mutilation (a very common type syndrome 
with multiple personality disorder) or suicide. 
They tend to be children or teenagers. It is be- 
lieved that these types of personalities are ei- 
ther interjections of the patient’s original abuser, 
or have evolved from “helper” personalities. 

4, The helper personality type is generally re- 
sponsible for providing the patient with the 
emotional support to counteract some of the 
self-destructive behavior of the patient's per- 
secutors. 


5. The administrator or obsessive-compulsive 
personality typeis often responsible for allow- 
ing the patient to earn a living. They gener- 
ally appear cold and aloof. 

6. The imitator, or impostor, personality type 
generally mimics other personalities and is 
responsible for handling certain situations 
that are difficult for the patient to bear. 

7. The autistic or handicapped personality type 
generally emerges when the patient feels that 
he or she is under intense scrutiny, or feels 
that he or she is being controlled or confined. 
‘They may manifest autistic or catatonic states 
or become functionally deaf or blind. 

8, The promiscuous personality type is gener- 
ally responsible for the patient's overactive or 
‘uncontrollable sexual urges (e.g. nymphoma- 
nia). 

While treating patients with multiple person- 
ality disorder, the therapeutic goal is usually to 
integrate all the different personalities, merging 
them together through creative visualization (usu- 
ally using hypnosis). This is achieved by having 
the patient imagine each personality and subset 
“alters” merge into one. 

Some patients, however, opt to remain mul- 
tiple, as merging incurs the “death” of others. In 
such cases, contracts are made with the different 
alters to keep each other informed of events oc- 
curring during their “coming out,” and some of 
the more responsible personalities keep watch 
over the more self-destructive ones. Due to the 
complexity of treating multiple personality dis- 
order, and due to the high potential of suicide in 
multiple personality cases, itis recommended that 
the Qigong doctor refer these type of patients out 
to specialists who are familiar with such condi- 
tions and their recovery. 


SOUL RETRIEVAL AND MEDICAL 
QIGONG THERAPY 

According to the Medical Qigong perspective, 
one of the major causes of illness is “soul loss” 
(the loss of parts or memories of the Eternal Soul). 
(On the spiritual plain, the Eternal Soul is the mani- 
festation and sum total of our energetic associa 
tions and the energy of the Wu Jing Shen (see 
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Chapter 2). The Eternal Soul serves as a middle 
point between the source and organization of all 
life-force energy. The Eternal Soul is considered 
the seat of all emotions, feelings, and sentiments 
Asa crystal grows around a central matrix, so the 
body grows around the Eternal Soul. In revue, the 
Eternal Soul radiates energy in all directions, like 
the sun, and is responsible for life, health, and the 
formation and growth of the body. In the scope of 
energetic manifestations, the Eternal Soul ex- 
presses its innate qualities as energetic movement, 
functioning through the physical form (led by the 
Shen). It is connected to all parts of the body, and 
its light or energy is reflected through the eyes 
via the Hun. Itis through the influence of the Eter- 
nal Soul that all of the body’s energetic processes 
(organs and organ systems) seek wholeness. It 
knows exactly what is needed in every situation 
for survival and health preservation, and takes 
action via the Po. Whole body consciousness is 
the main characteristic of the Eternal Soul. With- 
out the process of the Eternal Soul, energy would 
have no specific direction and remain in mean- 
ingless activity. 

“Soul loss” is not demon possession, but a 
spiritual illness that causes emotional, mental, and 
physical disease. When disturbed, the Hun leave 
the body and the Mind (Shen) wanders off on its 
own. When the Hun leave and the Shen wanders 
off for very short periods of time, it is sometimes 
called, “dissociating” or “spacing out.” When the 
Hun leave for extended periods of time, itis called 
soul or spirit travel, which generally happens 
when the patient is asleep. It is believed that if 
the Hun completely vacate the body, the patient 
will die. A coma is one example of a chronic physi- 
cal state where the Hun have left, but are still at- 
tached to the body, through the Hun’s connection 
with the patient's energetic Qi field. When a pa- 
tient is in a coma, the Hun and Shen abandon their 
residence, wandering about in the astral plane of 
existence. 

The Hun and Po create the sustaining energy 
for the Wu Jing Shen, which provides the energy 
for the Yuan Shen. If the Qigong doctor can re- 
trieve the lost parts of the patient’s Eternal Soul 


(the suppressed memories attached to the Hun 
and Po), then the individual's Shen can be restored 
back to harmony and health. 

REASONS THE ETHEREAL SOUL LEAVES THE 
Booy 

Inancient times, disease was attributed to the 
Hun having strayed away, or having been stolen. 
Iwas believed that the Hun would leave the body 
through three main incidents: they could be sto- 
Jen (through deep infatuation), frightened away, 
or simply wander off. In addition to soul theft or 
“rape of the soul,” some Qigong doctors relate 
Hun loss to the interference of Gui (ghosts, de- 
mon spirits), as well as other human beings (ie, 
a broken heart or severe trauma). 

Soul retrieval is an essential part of Medical 
Qigong therapy; the body and mind without the 
Hun, or the spiritual connection of the Yuan Shen, 
remain in a suspended state of spiritual and emo- 
tional shock. When the spiritual needs of the Eter- 
nal Soul are neglected, the Shen begins to disas- 
sociate, and symptoms of addiction to drugs or 
alcohol, obsessions, violence, or deep depression 
take over (see Chapter 32). 

Because we are born understanding hidden 
spiritual realities, patients will inevitably succumb 
to various mood swings; these are due to deep 
emotional pain and experiences that stay within 
their memory and touch their Heart. A spiritual 
life of some kind is absolutely essential for psy- 
chological health. Traditionaliy, the Hun are said 
to suspend themselves midway between the con- 
scious and the unconscious, and that their per- 
ceptual modality is neither the mind's nor the 
body's, but the imagination’s (ie, the Creative 
Subconsciou: 

From a clinical perspective it has been noted 
that the Hun leave the body during severe emo- 
tional traumas (1e,, surgery, the death of a loved 
one, miscarriages, abortions, incest, molestations, 
physical and emotional abuse, the end of a deep 
relationship, and the stress of combat). Whenever 
we experience trauma, our Hun, which are part 
of our vital spiritual essence, separates from us to 
survive the experience and to escape the full im- 
pact of the pain (Figure 19.3). When patients be- 


Gui 
(ghosts, demon spirits) 


Humans 
(a broken heart, the end of a 
relationship, the death of a 
loved one) 


Severe Trauma 
(surgery, miscarriages, 
abortions incest, molestations, 
physical abuse, emotional 
abuse, the stress of combat, etc.) 


Stolen 


Frightened Away 


Wander Off 


Figure 19.3. Reasons for the Ethereal Soul Leaving the Body 


come dissociated, aspects of their personality 
separate from the mainstream of their conscious- 
ness, resulting in gaps of memory loss. An extreme 
‘example of personality separation occurs in mul- 
tiple personality disorder. 

When a patient has been violated or wounded 
in some way and remains in an emotionally 
present state of mind, within the body, the result 
usually encompasses feelings of anger from past 
hurts, grief from present pain, or fear of future 
harm. If an over-stimulation of the energetic or- 
gans occurs, it may wound the patient's Shen, 
causing the patient to close off from the Yuan Shen, 
to shut off all emotions. This action is similar to 
that of a sea-anemone, whose natural response (for 
the purpose of survival) is to immediately close 
itself after being touched. 

‘THE PURPOSE OF SOUL RETRIEVAL 

‘The purpose of Medical Qigong soul retrieval 
therapy (called age regression therapy in West- 
em psychology) is to bring the awareness of emo- 
tions back into areas of the physical body, allow- 
ing the patient to express and release the feelings 
and reactions that are the cause and symptoms of 
his orher disease. This will help the patient trans- 
form the trapped, or frozen energy (stagnated Qi), 


back into its energetic potential to be reintegrated 
with the Shen. 

A Qigong doctor will accompany and tend to 
the patient's Eternal Soul in times of emotional 
transformation, including times of crisis, illness, 
and emotional death and rebirth. This allows the 
patient to remain in the energetic present time 
mode. This also results in the relief from symp- 
toms of illness and the return of the patient's per- 
sonal power, creating the potential for fulfillment 
in work and rewarding relationships. Some pa- 
tients may come to the realization that they must 
quit their job and find another that is more spiri- 
tually rewarding. They may also find themselves 
discarding old friendships and making new ones, 
as their energetic, emotional, and spiritual fields 
undergo growth and change. 


WOUNDING AND CLOSING THE SPIRIT 

The body's Yuan Shen is the main expression 
of the Eternal Soul as it moves from its inactive 
state to a state of dynamic activity. The Yuan Shen 
is the medium or active environment of the Eter- 
nal Soul. The Yuan Shen also expresses its ener- 
getic influence through a continual interchange 
between the personal-self and the higher-self 
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through the act of breathing. The Eternal Soul ex- 
presses itself specifically through the Yuan Shen, 
and the Yuan Shen manifests itself through the 
physical body. 

If a person’s Yuan Shen becomes wounded 
(feels attacked, violated, taken for granted, etc.), 
it begins to close itself off from its environment. 
When the Yuan Shen “closes”, the emotions be- 
gin to shut down, and the Hun wander. Depend- 
ing upon the patient's set patterns, this entire pro- 
cess can occur within seconds. Once the Hun wan- 
der, the acquired (analytical) Zhi Shen and sur- 
viving Seven Corporeal Souls (Po) take over the 
body, and the patient responds like a machine (i.e, 
the patient can still think and function; reflexes 
remain intact, but he or she is void of interper- 
sonal feelings). Patients whose Shen have closed 
down cannot make emotional attachments, and 
live in a state of perpetual hunger. These patients 
go through three stages of isolation before their 
spirit leaves. 

1. The first stage involves anger and grief. 
Once a patient has been hurt (before his or 
her spirit begins to close), his or her natural 
survival energy immediately affects the Liver 
and Lungs, causing emotional reactions that 
are a natural response to feeling attacked. 

Hurt, sadness and anger are natural responses 

to feelings of rejection, betrayal and abandon- 

‘ment. These emotions reflect a spiritual, emo- 

tional and mental protest to feeling insignifi- 

cant, excluded, and dis-empowered 

a. The patient’s congenital emotions of 
kindness and compassion, stored 
within their Liver, instantaneously shut 
downas the Liver Qi expands violently 
outward. This energetic reaction gives 
way to releasing the patient's acquired 
feelings of anger and rage, stored 
within the Liver. The energy of anger 
and rage is projected outward to pro- 
tect the patient’s emotional boundaries. 
Ifthe patient has deep seated emotional 
problems, however, the energy can also 
implode inward creating self-hate. 

b. If this protective emotional reaction is 


not effective in obtaining the needed 
results (being heard, honored, valued, 
etc.), the patient's energetic field re- 
bounds inward affecting the Lungs. 
(Once the congenital emotions of integ- 
rity and dignity stored within the 
patient's Lungs become effected, the 
Lung Qi becomes obstructed, and the 
acquired emotions of grief and sorrow 
are released. The energy of grief and 
sorrow is encapsulated internally toen- 
case the patient’s wounded spirit. 

2. During the second stage anger and grief trans- 

form into depression and despair. 

‘As the patient begins to lose hope, the Shen 
begins to close, causing two reactions. 

a. The patient's Liver Qi becomes ob- 
structed and stagnant. This in turn 
transforms the emotion of anger into 
depression; 

b. Atthe same time the patient's Lung Qi 
transforms grief into despair. 

The patient slowly begins to feel helpless, 
hopeless, and empty inside. Because of the 
increased depression and despair, the patient 
‘becomes physically, mentally, emotionally, en- 
ergetically and spiritually tired, and gives in 
to feelings of insignificance, unfulfillmentand 
loss of control over his or her life. 

3. During the third stage depression and despair 
transform into indifference and detachment. 

In the final stage, the patient has lost all 
hope of resolution and gives up entirely. The 
Shen closes down, and the Hun wander. The 
patient feels emotionally detached from 
people, the surrounding environment, and his 
orherself. The patient wanders around “dead 
tothe world,” isolated, internally unfilled, and 
alone. This creates what is known as a “dep- 
ersonalization disorder.” 

‘A depersonalization disorder involves the 
persistent, recurring episodes of depersonal- 
ization, characterized by a feeling of detach- 
ment, or estrangement from one’s self. The 
individual may feel as if he, or she, is living 
ina dream, or movie, and responds to lifelike 


Three Stages of Emotional Transitions before the Spirit Closes 


r Stage #1 Stage #2 Stage #3 
Liver 


(Giexpands outward, Anger —Depres: 
rising upwards) XS 


Heart Disassociation 


(Indifferent, 
becomes hurt withdrawn, 
Lungs antisocial) 
(Qi withdraws inward, Grief — Despair 
becomes obstructed) 


Figure 19.4. There are three stages of emotional transition the patient must experience before their Shen closes 
and their denial system engages. After these stages are experienced the patient's defense mechanisms take 
over. 


a robot. They may also have the sensation of order can also be brought on by emphysema 
being an outside observer (to their mental and asthma due to the difficulty in breathing. 
processes, body, or specific parts of the body). When the Eternal Soul becomes wounded, the 


This feeling is often accompanied by sensory first two stages in closing down the Yuan Shen 
anesthesia, a lack of affective response, and a are caused by the patient trying to repress feel- 
feeling of lack of control over their actions (in- ings of anger (stored within the Liver), and sad- 
cluding speech). ness and grief (stored within the Lungs). This re- 
Voluntary induced expressions of deperson- action is incurred because the Liver stores the 
alization or derealization that are meditative, jody’s Three Ethereal Souls (Hun), while the 
or cultural trance practices, shouldnotbecon- Lungs store the body’s Seven Corporeal Souls 
fused with this involuntary disorder. It is be- (Po). These two emotions are expressions of the 
lieved that approximately 50% of the popula- patient's natural protest against the lack of love 
tion may experiences a single, brief episode that their Yuan Shen (which encompasses or con- 
of depersonalization, usually precipitated by _ tains both the Hun and Po) is experiencing (Fig- 
severe stress. Approximately one-third of in- ure 19.4), 
dividuals exposed to life-threatening danger 
incur a brief episode of depersonalization. HEALING THE SPIRIT 
Depersonalization episodes may beaccompa- _The first stage of healing in soul retrieval is to 
nied by visual distortions, such as the shape _ open the patient's Yuan Shen by giving them hope 
or size of objects, and other people may ap- and encouragement. Hope helps the patient's per- 
pear unfamiliar or mechanical. Other com- spective to be positive and restores meaning to 
mon associated features include: anxiety or life. Once the patient has closed his or her Yuan 
depressive symptoms, obsessions, somatic Shen, it cannot be opened through argument or 
concerns, and time distortion. Depersonaliza- logic. Instead the Qigong doctor must use a gentle, 
tion and derealization are some of the symp- _ soft tone of voice expressing compassion and high 
toms of panic disorders (not due to drugs or regard for the patient. The patient must feel hon- 
medication), which are usually caused by _ored and valued by the doctor to feel safe enough 
long-standing anxiety and stress. Panic dis- to release the hurtful and negative emotions. 
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Praise must be used carefully and gradually, since 
some patients may be as yet, unable to accept a 
higher concept of themselves. Too much praise 
may cause the patient to feel “mocked” or “lied 
to”, given his or her very low self-esteem. This 
type of healing only happens when the patient's 
spirit is engaged, stimulating the inner emotions 
and not just the intellect. 

‘Once the patient’s Yuan Shen begins to open, 
it is important for the doctor to increase the 
patient's hope for interpersonal relationships. This 
is initiated by using silent mental affirmation, or 
prescribing positive affirmations in conjunction 
with vivid visualizations. The patient's imagina- 
tion can reengage his or her feelings and return 
them to the body’s organs and tissues. Instilling 
hope and giving encouragement allows the 
doctor's influence on the patient to be increased. 

As the patient's Shen begins to open, it is im- 
portant for the Qigong doctor to take the time to 
energetically and emotionally travel with the pa- 
tient back into the memories of the past, to en- 
counter the precise moment in which the patient’s 
Hun left the body. The choice to return the emo- 
tional spirit back into the body must come from 
the patient's desire to retrieve his or her original 
feelings, no matter how painful the process. The 
patient must be ready to reexperience and release 
these feelings. It is important that the patient's 
“adult observer” be present in retrieving these 
painful memories. The “adult observer” refers to 
the patient's ability to suspend his or her judge- 
‘mental attitude towards his or herself, and to ob- 
serve the events that are being released with com- 
passion (.e.,as if they were happening toa friend 
to whom loving support can be given). This al- 
lows the patient to experience true healing with 
the help of a compassionate companion (his or 
herself). 

Tears often come as the memory of the origi- 
nal trauma releases from the patient's body or 
flows back into the Mind. Many patients notice 
that after these experiences their dreams change 
significantly, becoming more vivid. Also, their life 
environment as well as their relationships tend to 
change drastically. 


EMOTIONAL REBIRTHING PATTERNS 

Often, when patients experience deep emo- 
tional and spiritual traumas, they also experience 
physical sensations which reflect the trauma of 
their biological birth. These psychophysical sen- 
sations are due to the physical, energetic, and 
spiritual connection each individual has with the 
maternal host while inside the womb. Although 
these experiences are natural, they can sometimes 
be disturbing and even frightening to patients 
unfamiliar with deep emotional and spiritual tran- 
sitions. The following are but a few examples of 
physical rebirthing patterns, and the emotional 
reactions related to these types of spiritual trans- 
formations. 

+ In patients born with the umbilical cord 
wrapped around their neck, each time they 
experience deep emotional and spiritual 
changes it will feel as if they are being 
strangled. 

+ Inpatients born through C-section, each time 
they experience deep emotional and spiritual 
changes it will feel as if they are being torn 
asunder. 

‘+ Inpatients born through the natural birth can- 
nel, each time they experience deep emotional 
and spiritual changes it will feel as if they are 
falling through space with nothing to support 
them. 

‘+ In patients bom breech, each time they expe- 
rience deep emotional and spiritual changes 
it will feel as if they are being crushed in by 
all sides and suffocated, 

‘In patients with mothers who were heavily 
sedated, each time they experience deep emo- 
tional and spiritual change they will feel men- 
tally disoriented and unstable. 


SOUL RETRIEVAL MEDITATION 

‘The following comes from my clinical experi- 
ences in dealing with patients who are very eager 
to heal, but reluctant, or unable to tolerate rapid 
change within themselves. The patients’ family 
dynamics, as well as the quality of traumatic and 
nourishing experiences they received while grow- 
ing up, play an important role in shaping their in- 


dividual personalities. It is an accepted fact within 
modem psychology that an individual's present 
‘emotional life is shaped by the events occurring in 
the “formative” years (especially the years before 
theindividual can articulate their thoughts and feel- 
ings). These experiences sink deep into the 
individual’s psyche, hidden from consciousness 
repression and denial. This repression is 
generally due to the inability to understand and 
express in words the traumas they suffered. 

This particular Shengong (which literally 
means working with spirit) technique involves 
creative visualization (ina very relaxed, quiescent 
state of mind), and is used to gain access to the 
patient’s unconscious past emotional experiences. 
‘The goal of this meditation is to allow the patient 
to free him or herself from the repressed emotional 
material which systematically surfaces during 
daily life. These programed emotional responses 
systematically affect the patient's behavior, caus- 
ing neurotic symptoms, slips of the tongue, asso- 
ciated dreams, and fantasies. 

Many patients believe they are ready for this 
experience, but in reality they are not yet able to 
deal with such intense pain. These patients are 
likely to unconsciously choose the least painful 
memories in order to test how the doctor will 
handle their feelings, or fail in the attempt to re- 
trieve the lost parts of the soul. Gradually, as trust 
grows, these patients will be able to access more 
painful and relevant memories (this is similar to 
peeling an onion layer by layer). Sometimes pa- 
tients try very hard to access the memories and 
obtain nothing, or very little information, leaving 
them feeling frustrated. This frustration must then 
be processed and resolved. 

‘The doctor must instill hope and dispel this, 
frustration by explaining to the patients that they 
have made an important step forward by seeding 
the unconscious mind with the request, or con- 
cept, that past memories must be recalled. In time, 
this seed will sprout and give forth results. It just 
needs a little time to incubate. It is extremely im- 
portant that the doctor never show disappoint- 
‘ment or take away the patients’ hope. 

In such cases, the patient must be reassured 


that their higher-self (the observer self) senses that 
the timing is not right. There may be current is- 
sues or events, that must first be worked through 
fora successful soul retrieval to take place. To have 
done so now would have resulted in more trauma, 
or more precisely, re-traumatization. They may 
need to strengthened and develop more self-trust 
before trying again. Counseling may be recom- 
mended, and in time they will succeed. 

Some patients may need several sessions be- 
fore feeling comfortable enough with just enter- 
ing and surfacing from trance states, before un- 
dergoing soul retrieval. It may be necessary to first 
retrieve pleasant memories that build self-trust 
and self-confidence before re-attempting soul re- 
trieval (ie, learning to fly a kite, etc.) 

The Qigong doctor should have some train- 
ing in hypnosis and hypnotic trances before giv- 
ing this type of trance inducing meditation to their 
patients. The doctor should know what to do and 
be able to identify whether or not the patient is 
able to connect with their Yuan Shen or “higher 
self.” As the doctor induces trance in the patient 
through this meditation, the following changes in 
the patient may be noted: 

+ a change of color in the complexion, 

+ a relaxation of the facial muscles, 

+ a change in breathing patterns, and 

* sporadic eye movement (behind closed eyes). 

Tf none of the above signs are noted, the pa- 
tient may need more time to relax deeply before 
continuing with the meditation. Suggestions of 
imagining and feeling the body's tissues melting 
into the Earth may be given, along with sugges- 
tions of taking deep relaxing breaths to calm the 
patient's Shen. 

While performing this meditation the patient 
may experience all the sensory, emotional, and 
physical sensations of these repressed memories, 
causing specific core memories (that have been re- 
pressed from infancy and childhood) to be brought 
to the surface and relived. As the patient experi- 
ences these memories, his or her facial expressions 
and demeanor, will often change, regressing to re- 
veal the appropriate age and period of time during, 
which the original trauma occurred. 
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This particular method of soul retrieval is di- 
vided into two stages. The first stage involves lo- 
cating the body's three storage chambers of past, 
present, and future emotions. The second stage 
focuses on accessing the location of, and coming 
in contact with, the patient’s unconscious re- 
pressed emotional traumas. 

This meditation must first be understood in 
depth before it is given to the patient. It is very 
complex, and is not meant to be simply read 
through to the patient. Also, the doctor should set 
aside sufficient time to process what the patient 
experienced after ending the meditation. 

STAGE 1. ACCESSING THE ENERGETIC 
CHAMBERS 

The purpose of this meditation is to locate the 
patient's three storage chambers which access his 
or her past, present, and future emotions. This 
meditation also allows the patient to acquire a 
starting point, or outlet, for removing these pain- 
ful experiences, 

In this meditation, the patient first concen- 
trates on feeling his or her entire body. Begin by 
having the patient sit comfortably in a chair, both 
feet on the floor, hands resting on the thighs, eyes 
closed, tongue on the upper pallet, and breathing 
naturally through the Lower Dantian. Itis impor- 
tant that the patient relax, feel, and experience the 
body completely. The patient should also be en- 
couraged to accept and feel everything as one unit, 
to connect with the Yuan Shen or “higher self.” 


The Storage Chamber of Past Emotional Memo- 
ries 

In order to find the chamber of past emotional 
feelings, the patient begins to focus attention on re- 
‘membering and feeling a painful childhood expe- 
rience. Once the patient has retrieved the memory 
and is experiencing the painful trauma, he or she 
points to the tissue area of the body where the feel- 
ings are located. This area is considered to be the 
current storage chamber, where the patient stores 
the energy of past emotional memories. 

The storage areas change over a period of 
time, given the fact that the patient continues to 
process emotions throughout life. Each emotional 


healing causes the previous energetic holding 
pattern to die, and a new pattern is to be born 
within the patient's energeticstructure. The cham- 
ber of the patient's past usually coincides with a 
tissue area where the patient is already experienc- 
ing disease or discomfort. 


The Storage Chamber of Present Emotional 
States 

In order to find the chamber of the present 
emotional states, the patient focuses attention on 
feeling the doctor's voice within his or her body. 
As the doctor continues to speak, the patient feels 
where the sounds are resonating. Once the patient 
experiences and locates this tissue resonation, he 
or she points to that area. This area is considered 
to be the current storage chamber, where the pa- 
tient stores the energy of present emotional states. 


‘The Storage Chamber of Future Emotions 
‘To find the chamber of future emotional states, 
the patient focuses on a specific project that he, or 
she, is planning to do in the near future. Once the 
patient experiences slight physical sensations, he 
or she points to the area where the feelings are 
located. This area is considered to be the current 
storage chamber, where the patient stores the en- 
ergy for future endeavors and future expectations. 
‘The patient's current ambitions may change as the 
patient begins to heal from past emotional wounds 
and makes life-style changes. 
STAGE 2. RETRIEVING THE LosT MEMORIES 
‘The final part of this meditation explores the 
patient's unconscious feelings and reprograms the 
destructive subconscious patterning, It is used to 
access the repressed memories stored within the 
patient's individual Personal Subconscious, which 
is hidden from through their denial or defense 
mechanisms. Sometimes after practicing this 
meditation, patients will not only gain access to 
the repressed memories of their infancy and child- 
hood, but will also connect to their life within the 
womb, as well as their birth-process. 
1. Begin by having the patient sit comfortably 
in a chair, both feet should be placed on the 
floor, hands resting on the thighs, eyes closed, 
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tongue on the upper pallet, anal sphincter 
lightly closed. The patient should breathe 
naturally, expanding the Lower Dantian with 
each inhalation, contracting the abdomen 
with each exhalation. 

. The patient focuses attention on the area of 
the body where the energy of the past emo- 
tions is stored. The doctor directs the patient 
to imagine opening the chamber of the past 
emotions, allowing the energy, like steam, to 
release itself from this area. This steam is gath- 
ered to the left side of the body. Once all of 
the energy has been released, it begins to form 
into a cocoon shaped cylinder of past emo- 
tional memories. 

Next, the patient focuses attention on the area 
in the body that stores the energy of the 
present emotions. The patient imagines releas- 
ing this energy from out of the body like 
steam, creating a second cocoon shaped cyl- 
inder. The patient places this second cocoon 
in front of the body, next to the first cylinder. 
The patient then focuses attention on the area 
in the body that stores the energy of future 
emotions. The patient imagines releasing this 
energy from out of the body like steam, form- 
ing a third cocoon shaped cylinder. The pa- 
tient places this third cocoon to the right side 
of the body, next to the second cylinder. 
Next, the patient imagines that all three sepa- 
rate energetic cocoons are joined together. The 
energetic cocoons are to be connected end to 
end, in a straight line, with the past on the 
left, the present in the middle, and the future 
on the right side of the patient's body. 

. The patient then focuses attention on his or 
her Taiji Pole, imagining the energy of the Up- 
per Dantian descending and combining with 
the energy of the Middle Dantian (where the 
Eternal Soul is stored). Next, the patient imag- 
ines the collected energies of the Upper 
Dantian, Middle Dantian, and his or her Eter- 
nal Soul, descending and combining with the 
energy of the Lower Dantian. The patient uses 
the collected energies of the Three Dantians 
tocreate an “energy bubble” within the Lower 
Dantian to surround the Eternal Soul. While 
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focusing on the center of the energy bubble, 
the patient imagines the Eternal Soul trans- 
forming into a small energetic form of his or 
herself. 
. Encapsulated within the energeticbubble, the 
small energetic form of the patient's self mani- 
fests within the physical body. The patient's 
Eternal Soul, now in small energetic form, 
begins slowly ascending the Taiji Pole, leav- 
ing the body through the Baihui GV-20 point. 
‘As the patient's Eternal Soul leaves, itis still 
connected to the physical body through a sil- 
ver energetic cord. 
The patient's Eternal Soul floats over the three 
energetic cocoons, hovering over the cocoon 
shaped cylinder on the left side of the body 
(toaccess the past emotional memories). Next, 
the patient observes the black, oval shaped 
cylinders, imbedded within the structures of 
the energetic cocoon of past emotional memo- 
ries, These dark cylinders are energetic emo- 
tional clusters. They contain the memories of 
hurtful feelings and specific times in the life 
of the patient when he or she felt humiliation, 
degradation, shame, rejection, or emotional 
deprivation. 
‘The patient descends into the energetic cocoon 
of past memories and allows the Eternal Soul 
to find the particular cylinder which currently 
needs addressing. In choosing a specific area 
to work on, the patient’s Yuan Shen automati- 
cally selects the most relevant material from 
the patient’s unconsciousness. 
‘The patient then removes his or her Eternal 
Soul from the energetic cocoon, bringing with 
ita specific dark cylinder. The cylinder is re- 
moved from its webbing within the walls of 
the energetic cocoon and placed in front of 
the hovering soul. The cylinder is still con- 
nected to the energetic cocoon through an at- 
tached energetic cord. Through vivid concen- 
tration the patient focuses on the color of the 
cylinder emitting light from the Yin Tang 
(Third Eye) point of the little energetic self. 
This projected light pulsates and changes the 
dark cylinder, from black to white. As the cyl- 
inder pulsates and changes its color, it begins 
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to open and reveal the lost memories and un- 
resolved feelings. These memories of emo- 
tional traumas are brought to the surface. 
‘Some of these experiences may be memories 
of events where the survival or integrity of 
the patient's physical body was threatened. 

11. Next, the patient connects with the divine 
(God or “higher power”) and begins the pro- 
cess of feeling, expressing, understanding, 
forgiving, and letting go of the emotional 
charge attached to the memories. This process 
of emotional purging is connected to the emo- 
tions stored within the patient's Five Yin Or- 
gans, and are expressed through the follow- 
ing stages: 

a. Anger, blame, and resentment are 
stored in the patient's Liver. 

b. Hurt, pain, sadness, and disappoint- 
‘ments are stored in the patient's Lungs. 

c. Fear and insecurity are stored in the pa- 
tient’s Kidneys. 

d. Remorse, regret, and responsibility for 
keeping the painful memories and feel- 
ings alive are stored in the patients’s 
Spleen. 

e. Love, understanding, and forgiveness 
are stored in the patient's Heart. 

12. As the emotions begin to release themselves 
from the energetic cylinder, the energetic de- 
bris transforms into a vaporous cloud. After 
understanding and resolving the emotions 
contained within the energetic cloud, the pa- 
tient divides the released energy into either a 
receiving or discharging cloud of energy. 

13, At this point, the patient focuses on the ener- 
geticcloud and begins separating the pain and 
hurtful memories from the knowledge and 
wisdom gathered from the experience. 

‘a. First, the patient places those memories 
gathered from the knowledge and wis- 
dom of the experience on the right side 
of theroom, imagining them as sparkling 
gold, silver, and white light energy. 

b. Second, the patient places those memo- 
ries gathered from the pain and hurt of 
the experience on the left side of the 


a0 


room, imagining them as thick, dark, 
black energy. 

14, The patient focuses on the right side of the 
room, imagining this energy as bright, pure, 
and illuminating. The patient then inhales, ab- 
sorbing the knowledge and wisdom gathered 
from the past experience into his or her small 
energetic body. Since this is actually the en- 
ergy of the patient's soul, the patient's body 
immediately feels the emotion, energy and 
spirit becoming empowered, as it can now 
review these past experiences without the 
feelings of hurt, pain, and judgment. 

15. Next the patient focuses on the left side of the 
room where the feelings of hurt and pain are 
stored. The patient imagines this hurt and 
painful energy as a dark, turbid cloud. Be- 
cause the cylinder has a direct life line con- 
nected to the patient's past, the energetic cord 
attached from the cylinder to the energetic 
cocoon must be severed. Once the cord con- 
necting the cylinder to the patient's past is 
severed, the patientis then truly released from 
the spiritual and energetic connection of the 
memory. This is initiated by imagining an 
angelic being, with the “sword of truth,” sev- 
ering the energetic life line connected to the 
patient's cylinder. The sword of truth repre- 
sents the patient's decision to regain his orher 
power by deciding tono longer suppress and 
carry the painful memories. Once the ener- 
getic cord is severed, it causes the cylinder to 
vaporize, forming an energetic cloud. The 
patient then imagines severing any last con- 
nection or attachment to these toxic emotions, 
and releases this cloud of hurt and pain, vi- 
sualizing it floating up out of the room, 
through the ceiling, out into space. 

16. The patient then imagines that God (the 
patient's divine healing power) is seated in 
the Heavens, with ripples and pulsations of 
love and mercy emanating from the center of 
this divine presence. The patient visualizes 
one of these waves of love and mercy form 
the divine descending towards the Earth. As 
the wave of love and mercy touches the as- 
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The decibel unit is important when under- 
standing the specifications of microphones, 
because it is used to measure their response. 
Microphone sensitivity is established with a 
standard input sine wave of 1kHz in frequency 
and 9448 in intensity (equivalent to 1 pascal in 
actual sound pressure), measured at the micro- 
phone. The sensitivity of an analog microphone 
is then defined as the number of decibels in an 
‘output signal of 1V, Because the output is an AC 
signal, voltage is measured as a root-mean- 
square (RMS) value, 


For digital microphones, sensitivity is measured 
as the decibels that can be reproduced by a 
full-scale digital output. This value is abbrevi 
ated as dBFS. 


Directionality 
A microphone that has a directional response is. 
desirable in many situations. Often, for exam- 
ple, sounds in front of the microphone are 
more important than sounds from behind the 
microphone. The directionality of a micro- 
phone (sometimes referred to as its directivity) 
is usually represented with a polar graph in 
which the microphone is seen from above, and 
its sensitivity to sounds from various directions 
is shown with a curve such as those in 
Figure 29-10. The circles are drawn at intervals 
of 5dB, with OdB at the periphery and -30dB at 
the center. The precise response for an indivi 
ual microphone should be shown in its docu- 
mentation, 


Frequency Response 

Every microphone tends to be more sensitive 
to some sound frequencies than others. A man- 
ufacturer will provide a graph showing this sen- 
sitivity, in decibels, plotted against sound 
frequency on a logarithmic horizontal axis. The- 
oretically, human hearing extends from around 
20Hz to 20kHz, but few people are actually 
capable of hearing the high end of that range, 
and 15kHz may be a more realistic limit for a 
young person, diminishing to 10kHz with mid- 
dle age. 
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Figure 29-10 Six generic sensitivity patterns. individual 
‘microphones will deviate somewhat from these generic 


‘An ideal flat response would show that a micro- 
phone is equally sensitive to all frequencies. In 
reality, rolloff usually occurs at low frequencies, 
and will eventually occur at high frequencies, 
although it may be preceded by a rise in 
response. If the central section of a curve is flat 
within plus-or-minus 1dB, this is a level of per- 
formance that was attained only by expen: 
studio microphones in the past. Electrets and 
MEMS microphones can now provide equiva- 
lent frequency response for $1 or $2 apiece, as 
opposed to the hundreds or even thousands of 
dollars that used to be necessary for professio- 
nal equipment. 


The response curve shown in Figure 29-11 is for 
the eMerging i436, an electret microphone sold 
in a module as an accessory to enable high- 
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cending dark cloud of hurt and pain, it im- 
mediately explodes and destroys the dark 
cloud. The moment that this dark cloud ex- 
plodes, the patient sees the cloud’s negative 
energy transforming into blue crystal drops 
of divine healing energy. 

17. Next, the patient visualizes these bright, fluo- 
escent blue, drops of pure, clean energy de- 
scending from the heavens and pouring down. 
like rain on his or her small energetic self, satu- 
rating it completely. This energy immediately 
transfers into the patient’s physical body. The 
patient inhales and absorbs this energy flow- 
ing into every tissue of the body, allowing the 
divine healing light to penetrate and radiate 
throughout his or her entire being. 

18. Next, the patient observes the changes created 
within the three energetic cocoons. The en- 
ergy in each cocoon will have shifted slightly, 
revealing an energetic alteration of the 
patient’s present state of mind, and a change 
in the patient's future. By transforming the 
past, the patient has altered the present and 
initiated a change in the future course of 
events. 

19, Finally, the patient returns his or her energetic 
bubble (containing the small energetic self) 
back down through the Baihui point into the 
Taiji Pole, drawing the energy back into the 
Lower Dantian. From the Lower Dantian the 
patient's soul energy will return back into the 
Middle and Upper Dantians, as well as the 
surrounding tissues. Finally, the patient reab- 
sorbs the energetic cocoons back into the body, 
and returns to a quiescent meditation. 


THE Door To THE CHAMBER OF 
MEMORIES 

A simple visual meditation can also be used 
toaccess the patient's suppressed past memories 
This exercise is a form of guided meditation, in 
which the doctor leads the patient into the imag- 
ined hidden parts of his or her own soul. 

Begin by having the patient lie supine. Ask 
the patient to close the eyes and imagine walking 
down a flight of stairs. Lead the patient through 
three separate doors, descending three separate 


staircases (this is performed in order to arrive at 
the patient's “chamber of memories”). 

‘After entering through the last door, the pa- 
tient descends one final staircase until he or she 
reaches the chamber of memories. This is where 
all of the memories of the patient's past traumas 
have been kept, hidden deep within the subcon- 
scious mind. 

Inside the Chamber of Memories, the patient 
discovers dark cylinders of past emotional pain. 
Each cylinder represents a specific trauma expe- 
rienced and stored within the patient's energetic 
field. The patient then makes a decision to heal 
and free the body of the enormous energetic field 
used to suppress certain memories. To heal and 
dissolve the energetic cyst, the patient follows the 
same process of eliminating past memories (re- 
eating section 8 through 15 from the previous 
meditation). 

‘Once this process is completed, the Qigong 
doctor guides the patient back up the flight of 
stairs, through the three doors, and back to con- 
sciousness. Because these meditations have a pro- 
found affect on the patient’s constitution (affect- 
ing their physical, mental, emotional, energetic, 
and spiritual nature) it is important for the pa- 
tient to be'referred to a psychotherapist while 
undergoing this type of Qigong therapy to fur- 
ther facilitate the patient’ healing transformation. 


FINDING THE LIFE PURPOSE 

Another aspect of Soul Retrieval consists of 
an exercise that assists the patient in finding his 
or her purpose in life. Finding the purpose of the 
patient's life encourages interpersonal healing, 
and fills the empty space deep within the patient’s 
heart. This in turn increases the healing potential 
by providing the patient with hope. 

1. The first step is to ask patients to write down 
on paper what is was they wanted tobe when 
they were very young. Have them list the 
people that they imagined or fantasized be- 
ing while they were still children (eg., a su- 
per hero, doctor, fireman, etc.). This exercise 
allows patients to access their emotional past, 
and to feel and recover pleasant, lost memo- 
ries, and phantasies. 
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2. Next, have the patients link all the peak ex- 
periences of each imaginary character (e.g., a 
doctor and fireman possess power to save 
lives, and can be considered heroes, as they 
are both admired for their skills, ete.). This 
knowledge informs patients regarding the 
underlying nature of each imaginary charac- 
ter and may also reveal hidden talents, pas- 
sions and ideas. 

‘Then, have the patients write down a list of 

their personal priorities. This list should con- 

tain the patients’ present state of active pri- 
orities, and their current value system. 

4. Then, have the patients write down their own 
“code of conduct,” ie,, their conscious value 
system. The patients’ code of conduct repre~ 
sents the ethical standards by which they 
strive to act. This code of conduct influences 
feelings, thoughts, and beliefs. It affects the 
patients’ personal priorities and reflects the 
quality and nature of their interpersonal rela- 


tionships. Itis from this personal code of con- 
duct that they accept, or condemn, themselves 
and others. By physically writing down these 
moral conducts, patients can emotionally con- 
nect with new found feelings of moral integ- 
rity, as well as a establish a stronger connec- 
tion with their True Self. 


. Finally, have the patients write down a “life 


purpose” statement, linking together the col- 
lected emotions gathered from the peak ex- 
periences of their childhood and their code 
of conduct. 

Itis important that patients know and feel 
that what they are writing is a true and accu- 
rate account of their thoughts and emotions. 
The patients’ live purpose statement can al- 
ways be modified and changed, as they un- 
dergo personal transformation and spiritual 
growth through experience and expanding 
knowledge. 


SECTION V 
DIFFERENTIAL DIAGNOSIS OF 
ENERGETIC PRINCIPLES 


CHAPTER 20 


INTRODUCTION To DIFFERENTIAL DIAGNOSIS 


DIAGNOSIS IN ENERGETIC MEDICINE 

Chinese Medicine developed into a compre- 
hensive and extremely effective diagnostic sys- 
tem, over many centuries of accumulated clini- 
cal experiences. The symptomatology to identify 
disease patterns and their underlying dishar- 
mony follows the way of nature in its relation- 
ship to cause and effect. To identify the patterns 
of disharmony, the Qigong doctor combines di- 
agnosis of pathology and treatment principles 
into one continuum. The identification of the dis- 
ease pattern is not only developed through cat- 
egorizing a list of symptoms, but also through 
observing the pathogenesis of the disease. A 
symptom is a feeling, or reaction, that isa sign of 
disease, resulting from certain disorders (physi- 
cal, mental, emotional, energetic, and spiritual). 

Treatment must be aimed at finding and treat- 
ing the cause of the disease. This is one of the 
‘most fundamental principles of Traditional Chi- 
nese Medicine in terms of differential diagnosis 
and treatment. The fundamental purpose of di- 
agnosis is to find: 

* the cause of the disease, 
* the root of the disease, and 
* the location of the disease. 

Finding the primary cause (or root) of the dis- 
ease requires understanding its nature, and al- 
lows the doctor to focus treatment on the most 
important etiological and pathological aspects of 
the disease. When diagnosing a disease, empha- 
sisis placed on observing the energeticmovement 
(orlack thereof), as well as energetic transforma- 
tion, and not on the present set structures of the 
existing tissues. The tissues’s structures are tem- 
porarily generated by the existing energetic 
changes and are therefore of secondary interest 
to the changes themselves. 


ETIOLOGY IN MEDICAL QIGONG 
THERAPY 

‘The etiology, or study of the causes of diseases 
in Medical Qigong therapy can be divided into what 
is commonly called in Traditional Chinese Medi- 
cine as the “three periods of life.” These three peri- 
‘ods encompass the developmental activities of the 
patient's Jing, Qi, and Shen formations during the 
transitional periods of their life, i.e, within the 
womb, childhood, and adulthood. Each patient's 
constitution results from the continuous interaction 
between his or her inherited form and the environ- 
ment. 

Within each period of life Three Stars develop 
and determine some of the major characteristics and 
traits of each person. Each group of Three Stars ac- 
counts for one third of what, and who, the person 
is, They combine together to form and complete a 
Nine Star System of life evaluation. 

ErloLocy WITHIN THE WomB, 

Problems arising during the Three Star Period 
within the womb (and during birthing) encompass 
the formative time span of 40 weeks. This time pe- 
riod can be influenced by the following factors. 

1. The state of the patient's Jing prior to concep- 
tion. If the Jing of one or both parents is defi- 
cient, the sperm and/or ovum will be weak- 
ened. 

2. The mother’s mental state during pregnancy 
hasa deep affect on fetal formation, and directly 
affects the developmental activities of the fetus’s 
Jing, Qi, and Shen. If the mother is malnour- 
ished, ill, emotionally disturbed, or taking al- 
cohol or drugs during pregnancy the develop- 
ment of the fetus will be affected. 

3. If the birth is abnormal, difficult and/or pro- 
longed, it can cause an emotional shock within 
the newborn. 


Diseases may originate from one or more of 
these factors causing the baby to be born with an 
illness or a predisposition to illness. This predis- 
position can be manifested as a particular type of 
emotional or mental imbalance, a diseases of par- 
ticular Yin and Yang organs (or organ systems), 
or a general weakness as a whole. These condi- 
tions are commonly observed as “prenatal shock,” 
and are indications of active fetal toxins. Prenatal 
shock can also be indicated when newborn ba- 
bies are restless sleepers, continually opening and 
closing their eyes, and /or having fevers. 

These problems are sometimes difficult to di- 
agnose; simple observations however, can help the 
Qigong doctor to determine if the patient has ex- 
perienced prenatal shock. A bluish color on the 
forehead of the patient, for example, is one indi- 
cation of this condition. 

ErioLocy DURING CHILDHOOD 

Problems arising during the Three Star Period 
of childhood encompass the formative time span 
of 18 years. These internal problems can result 
from abuse, malnutrition, trauma and excess sex 
(during the teenage years). The subconscious 
mind of a child is extremely impressionable to 
both positive and negative influences. 

If, as children, the patients experienced any 
physical, emotional, or sexual abuse, suffered a 
traumaticloss (of a relationship with either or both 
parents, siblings, peers, etc.), then they may be- 
come predisposed to illness later in life, or develop 
a disease during this time period. These traumas 
can affect the adolescent developmental activities 
of the patient's Jing, Qi, and Shen formations, as 
this is the child’s greatest time of physical growth 
and development. 

ErloLocy DURING ADULTHOOD 

Problems arising during the Three Star Period 
of adulthood (from the age of 18 onwards), en- 
compassing the time span of 60 years. These prob- 
lems are caused by the patient's internal emotions 
and reactions to surrounding environmental fac- 
tors. Environmental factors include: diet, relation- 
ships (be they social, work related, family or 
other), frequency of sex, and so on, and will affect 
the continual developmental activities of the 


patient's Jing, Qi and Shen formations. An adult, 
although less impressionable than a child, is less 
resilient than the child to trauma and illness. 
PROGNOSIS 

If the patient’s constitution has been poor 
since birth, or if a specific disease has been present 
since birth, the prognosis is generally poor. If, 
however, the specific disease is acute, or has only 
developed during the patient’s adult time period, 
the prognosis is more favorable. 

There are always energetic interactions be- 
tween these Three Periods of life. If, for example, 
a young female patient has a hereditary imbal- 
ance between her Conception and Governing Ves- 
sels, and also has severe emotional strain during 
puberty, she may suffer mental problems later on 
in her life. 


THE GROWTH AND PEAK CYCLES OF 
JING, QI AND SHEN 

By studying the physical, mental, emotional, 
spiritual, and energetic qualities inherent within 
the human body, the Qigong doctor is able to ob- 
serve and predict the various changes according 
to the Nine Star System of life evaluation. It is 
believed that the body is given specific time peri- 
ods in which to flourish during the three periods 
ofllife. The following chart depicts the body’snatu- 
ral time frame of each physical, mental, emotional, 
spiritual, and energetic peak (Figure 20.1). 

+ From birth to age ten represents a time of 
growth and development on each dynamic 
level. The child is in a formative stage, grow- 
ing physically, mentally, emotionally, spiri- 
tually, and energetically. 

+ From age ten to age twenty represents a time 
of peak physical growth. Within this time 
frame the child physically enters into puberty, 
and is able to reproduce; the growing process 
is stabilizing, 

‘« From age twenty to age thirty represents a 
time of peak mental growth. Within this time 
frame the adult actively acquires knowledge 
for survival sake. He or she is now able to 
work, produce results and begins planning for 
the future. 


Growth and Peak Cycle of Jing, Qi and Shen 
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Figure 20.1. Chart of Physical, Mental, Emotional, Spiritual, and Energetic Peak 


+ From age thirty to age forty represents a time 
of peak emotional growth. Within this time 
frame the adult actively acquires knowledge 
for emotional comprehension of his or her 
surrounding environment. The adult is now 
able to creatively express his or her emotions 
ina civil manner and deal well with emotional 
disruptions. 

From age forty to age fifty represents a time 
of peak spiritual growth. Within this time 
frame the adult actively acquires knowledge 
for spiritual growth. Now comprehending his 
or her mortality, the adult begins to actively 
seek spiritual peace. 

From age fifty to age sixty represents a time 
of peak energetic growth. Within this time 
frame the adult's previous experiences come 
into fruition. If the adult has successfully ac- 
quired physical, mental, emotional, and spiri- 
tual harmony, the energetic peak will prepare 
the adult for the rebirth. If the physical, men- 
tal, emotional, and spiritual energy is not in 
harmony, the life-force is terminally ex- 
hausted, and the patient dies. 

Itis commonly noted that when martial arts 
masters practice their training excessively or 
incorrectly itis within this energetic time frame 
that they die. The cause of death is generally 
due to the over exertion of the master’s Liver 
and Lungs, and the weakening of the Spleen, 
Heart, and Kidneys. This energetic disharmony 
stems from an improper balance of combat 
training with little or no spiritual training. 

+ Fromage sixty onisa time of new beginnings. 


This time frame represents new challenges of 
leadership within the family and the commu- 


nity. 


DISORDERS OF THE HUMAN BoDY 

Disorders of the human body are generally 
due to three factors: constitutional failure of the 
body’s Prenatal or Postnatal Qi, pathogenic fac- 
tors and unrestrained Evil Qi, or one or more of 
the Eight Miscellaneous Factors. 
CONSTITUTIONAL FAILURE OF PRENATAL 
AND/OR POSTNATAL QI 

Prenatal and postnatal constitutional failure 
results in a constitutional Qi Deficiency, disease, 
or stagnation of the vital energy. 

The Prenatal Constitution is determined by 
the strength of the parents when a child is being 
conceived, or during the pregnancy. If the parents 
are weak, sick, drunk, or on drugs during preg- 
nancy or conception, the parents’ Qi, Blood, and 
Body Fluids will be deranged and the child will 
be affected. 

In uterus, if the mother is sick, the energy of 
the child will be affected. Also, negative emotions, 
poor nutrition, smoking, drugs, and alcohol used 
by the mother can affect the child within the womb 
and predispose the child to illness after birth (e.g., 
prenatal alcohol syndrome and crack babies are 
born addicted and with mental and physical de- 
fects). The prenatal constitution is inherited from 
both parents and is unchangeable. 

The Postnatal Constitution is determined once 
the child is born. Proper nutrition and a nurturing 


environment enhances his or her constitution. While 
it is not possible to entirely erase the effects of the 
patient's prenatal constitutional patterning, itis pos- 
sible to enhanceit through a balanced life-style and 
development of their postnatal constitution. 
PATHOGENIC FACTORS AND UNRESTRAINED 
Evi. @r 

Pathogenic factors and Evil Qi are derived from 
Six External Factors and Seven Internal Factors. 

The Six External Factors arise from the six cli- 
matic changes (Wind, Summer Heat, Damp, Dry- 
ness, Cold, and Fire). When the patient's energy 
system is not well balanced, or the Qi is Deficient, 
the body is unable to adapt to climatic factors. 
These climatic factors can then invade the patient's 
Wei Qi fields and penetrate deeply into the chan- 
nels and internal organs of the body. 

The Seven Internal Factors arise from exces- 
sive internal emotions (anger, joy, worry, grief, 
sadness, fear, and shock). These feelings over- 
whelm the patients mental state as the individual 
responds to social, emotional, and environment 
interactions. Under normal circumstances, emo- 
tions in and of themselves do not cause problems, 
if they are allowed to be expressed and released. 
The excessive accumulation of one or more emo- 
tions can, however, cause Qi deviations, affecting 
the corresponding organ or organs of the body. 
EIGHT MISCELLANEOUS CAUSES OF DISEASE 

Sometimes a patient's disease is caused by 
what is known in Traditional Chinese Medicine 
as the Eight Miscellaneous Factors (Diet, Overex- 
ertion, Sex, Excessive Child Bearing, Exposures 
to Poisons, Parasites, and Iatrogenic Disorders). 
The Eight Miscellaneous Factors offset the 
patient's balance of Yin and Yang energy and are 
described as follows. 

1. An improper diet can throw the patient's body 
and mind out of harmony. Nutritional problems 
‘can be divided into three main categories: 

a. The excess intake of certain particular 
foods, as well as overeating food in 
general. 

b.  Unwise eating habits such as: 

* eating foods that are inconsistent with the 
seasons, 


* eating a diet of too many Cold, Damp, Dry, 
Hot, greasy, spicy or raw foods, 

+ eating irregular meals, 

* oscillating from feasting to fasting, or 

* eating while hurrying or emotionally upset. 

cc. Malnutrition, which is developed from 

a deficient intake of the basic require- 
ments needed to maintain a balanced 
diet. This condition can be caused from 
ignorance, poverty, or an impaired di- 
gestion, absorption and metabolism. 

2. Overexertion consumes the Qi and results in 
energetic deviations. This condition pertains 
to both mental /emotional and physical ex- 
haustion, and can stem from loss of sleep, in- 
adequate rest, etc. 

a. Mental and emotional overexertion can 
stem from a dissatisfaction with one’s 
work (or the lack of work), or a dissat- 
isfaction with one's life. It can lead to 
stress, frustration, boredom, apathy, or 
depression. 

b. Physical overexertion varies according 
to the individual's occupation, as each 
job has its own characteristics hazards 
to the patient's health. Problems aris- 
ing in this area can range from struc- 
tural damage to organs and tissues 
(caused from Qi and Blood stagnation), 
to sensory impairment. 

c. Lack of sleep and inadequate rest can 
also be either a contributing factor or 
direct cause in the development of Qi 
deviations. 

3. Anunbalanced sex life can cause disease. An 
individual's sex life is innately connected to 
the personal spiritual qualities of his or her 
Hunand Po. Therefore, the majority of sexual 
problems are rarely of purely physical origin, 
and reflect the energetic balance of each 
individual's emotional and spiritual passions. 

a. An Excessive sex life: what is excessive 
for one individual may not necessarily 
be excessive for another. The condition 
of Sexual Excessiveness should there- 
fore be based on the individual's con- 


stitution. When an individual exceeds 
his or her body's normal sexual func- 
tion, the excessive sexual act can burn 
up the body’s Yin, Jing, and Kidney Qi, 
causing Deficient syndromes (this con- 
dition is more prone in men then 
women). The act of sex itself is consid- 
ered a Hot and Damp state. 

b. A Deficient sex life: when an individual 
abstains from sex, his or her Jing pro- 
duction begins to increase. If this in- 
creased energy buildup is not trans- 
formed into spiritual energy, it can over- 
flow into the Sea of Marrow affecting 
the brain. The prolonged lack of sex 
sometimes creates an emotional need 
and dependency towards addictions to 
replace the need for intimacy. 

4. Excessive childbearing injures the mother’s 
Blood and weakens her Qi. Women suffer loss 
of Jing during childbirth, therefore excessive 
childbirth can cause a Deficient condition. 

5. Traumatic accidents and injuries pertain to 
physical traumas which disperse or congeal 
the body's Qi and Blood, resulting in ener- 
getic deviations. Even after the physical 
trauma has healed, a site for potential weak- 
ness often remains. As the patient ages, the 
site becomes vulnerable to further injury due 
to old age, physical exhaustion, stress, and 
exposure to cold. Alll traumatic accidents and 
injuries also pertain to emotional trauma as 
they are energetically inseparable. 

6. Exposure to poisons pertains to any substance 
taken into the body by ingestion, inhalation, 
injection, or absorption that interferes with the 
patient’s normal physiological functions. 
‘These poisons include both chemical as well 
as environmental toxins (e.g., pesticides, car- 
bon monoxide, electromagnetic fields, and ra- 
diation). 

7. Parasites include infections and infestations, 
and pertain to the numerous organisms ca- 
pable of living within the body. 

8. Iatrogenic disorders pertain to any adverse 
‘mental, emotional, or physical condition in- 
duced through medical treatment. 
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THE DIFFERENTIATION OF 
‘SYNDROMES 

‘The essence of Chinese medical diagnosis is 
holistic and based on the concept that all things 
and events are interrelated. Thus the Chinese phy- 
sician takes into account not only the physical 
symptoms of the disease, but also spiritual, men- 
tal, emotional, and environmental factors or 
events, that both interrelate and interact to form 
“patterns of disharmony” within the patient. The 
doctor studies and seeks to understand these pat- 
terns of disharmony, called “syndromes,” to pro- 
vide the framework for treatment. 

‘Syndromes can include External or Internal 
factors, congenital or acquired disorders, and 
symptoms of stagnation, Excess, and Deficiency, 
or traumatic injuries to the organs and tissues. 
‘The Qigong doctor must first determine whether 
the patient's disease is primarily due to an ener- 
getic disorder (e.g., an Excess or Deficient condi- 
tion) or a physical disorder (ie,, structural dam- 
age). Once this determination has been made, the 
goal or goals of treatment can be set, and the 
‘means of treatment chosen. In the treatment of 
the lower back, for instance, if lumbar pain is due 
toa subluxation of the vertebra, caused by exter- 
nal injuries, the doctor should first reposition the 
vertebra through hand manipulations, by using 
‘Tui Na therapy, then remove the Qi stagnation. If 
the doctor is unfamiliar with such techniques, it 
is better that he or she first refer the patient out 
for spinal adjustment, and then remove the Qi 
stagnation. Only in this way can a satisfactory 
curative effect be obtained. If, on the other hand, 
the back pain is due to abdominal distention or a 
Kidney malfunction (ie., primarily an energetic 
disorder) then treatment must proceed through 
Qiemission. 

Several methods can be used singly, or in com- 
bination, to diagnose syndromes. They are de- 
scribed as follows 

1. Diagnosis according to the identification of 
the Eight Energetic Principles. 
2. Diagnosis according to the identification of Qi, 

Blood and body fluid distinctions. 

3. Diagnosis according to the identification of 


the Five Elemental patterns. 

4, Diagnosis according to the identification of 
the Six Stages. 

5. Diagnosis according to the identification of 
the Four Levels. 

6. Diagnosis according to the identification of 
the Triple Burners’ System. 


THE CATEGORIZATION OF SIGNS AND 
Symptoms 
In order to categorize symptoms into syn- 
dromes, the Qigong doctor must determine: The 
Onset, Location, Aggravating or Relieving Factors, 
‘Type of Pain or Sensation, and Course Since Onset. 
1. The Onset includes the date the symptoms 
first appeared, whether they appeared sud- 
denly, or had a gradual onset, and the order 
of their appearance. 
2. The Location specifies whether the symptoms 
remain fixed, or migrate throughout the body. 
3. The Aggravating or Relieving Factors indicate 
the specific conditions that affect the symp- 
toms in a positive or negative way. Aggravat- 
ing or Relieving Factors may include: 
+ if the symptoms feel better or worse during 
daytime or nighttime, 
* if the condition is better with application of 
warmth or cold, 
* if the condition is better with pressure or 
worse with pressure, 
* if the condition is relieved by movement or 
aggravated by movement, and 
* if the condition is relieved by eating or made 
worse by it. 
4, The Type of Pain or Sensation describes the 
nature of the symptoms, such as: 
+ sharp or dull 
* pounding 
« stiffness 
* burning 
+ itching 
* intermittent (coming and going) 
« electrifying 
« pulling or shooting 
+ nauseated 
* distended 
5. The Course Since Onset includes the inci- 


dence, progress, and the effectiveness of the 

treatments received. 

The syndromes do not equal the patient's dis- 
‘ease, but are the patterns of the illness. In deter- 
mining the patient's syndrome, the Qigong doc- 
tor takes into account that these patterns can oc- 
cur simultaneously, and vary in degree of sever- 
ity. The purpose for assigning the patient's dis- 
ease a syndrome is not merely to classify the dis- 
ease, but to understand its process. Not all the 
symptoms listed for a particular illness need to 
be present in order to properly determine the 
patient's syndrome. 


DIAGNOSIS AND TREATMENT OF THE 
PATIENT 

The assessment and evaluation of the patient 
generally proceeds in eight stages. The first seven 
Of the eight stages are performed prior to the init 
tion of the actual treatment. The final stage is un- 
dergoing the treatment plan and the periodical re- 
evaluation of the course of the disease since the be- 
ginning of the treatment (Figure 20.2). During these 
eight stages, the Qigong doctor assess: The Whole 
Person, The Patient's Constitution, The Signs and 
‘Symptoms of the Disease, The Syndrome, The 
Patient’s Organs, ‘The Etiology of the Disease, The 
‘Treatment Goal, and the Treatment Plan. 

1. The Whole Person must first be evaluated ac- 
cording to his or her whole being. This pro- 
cess involves assessing the patient's: 

a. physical appearance (eg,,is the patient 
disheveled or appropriately groomed), 
b. energetic demeanor (isthe patient very 
nervous, calm, manic, etc.), 
structural build: 
* according to the physical Yao formations, 
© introverted or extroverted features, and 
+ Yin or Yang appearance. 

2. The Patient's Constitution is assessed accord- 
ing to the Five Elemental Constitutions and 
their subdivisions of balance, and Yin or Yang, 
predominant element. 

3. The Signs and Symptoms of the Disease are 
then classified as: 

a. Objective Signs that are apparent to the 
doctor, 


What 


quality recordings on handheld devices. The 
rise around 15kHz may have been introduced 
deliberately by the manufacturer to compen- 
sate for reduced sensitivity of the human ear in 
that range. 
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Figure 29-11 Frequency respanse for an electret micro 
phone. 


Impedance 

The impedance value for a microphone is a 
function of its resistance, capacitance, and 
inductance. An amplifier input will also have an 
impedance rating, and for ideal power transfer 
between microphone and amplifier, the impe- 
dance values should be identical. However, a 
more important consideration in audio equip- 
ment is to avoid voltage loss between the out- 
put device (in this case, the microphone) and 
the input device (the amplifier), To achieve this, 
the output device should have a low impe- 
dance, while the input device should have a 
high impedance. Most microphones are rated 
at 150 to 200 ohms, while an amplifier may be 
rated at 1.5K to 3K. 


radiation > s¢ 


Total Harmonic Distortion 

When an audible sine wave is converted to an 
electrical output by a microphone (and by its 
preamplifier, if one is included in the module), 
the output may become corrupted by some 
multiples of the basic frequency. These are 
known as harmonics, and they are considered 
asa distortion of the signal. Total harmonic dis- 
tortion, measured by a spectrum analyzer over 
the entire frequency range, should ideally be 
less than 0.01%. 

Signal-to-Noise Ratio 

Often abbreviated as S/N or SNR, the signal-to- 
noise ratio in a microphone is measured in deci- 
bels, and should be 60<B or higher. 


What Can Go Wrong 
Cable Sensitivity 


‘Audio amplification is always vulnerable to 
electrical noise, which tends to be amplified 
along with the signal. Small signals from micro- 
phones require the use of shielded cables to 
reduce hum and other types of interference. 


Noisy Power Supply 

For similar reasons, power supplies must be as 
free as possible from voltage spikes and other 
fluctuations. 
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1. Whole Person 


2. Constitution 
3. Signs and Symptoms 


4, Syndromes 


Figure 20.2. The Qigong doctor begins to diagnose the patient by fist observing the patient as a whole. Next the 
doctor observes the patient's constitution, symptoms, syndrome, health and state of the intemal organs, and the 
cause of the energetic dysfunction, before treating the disease. All the acquired knowledge is placed against the 
different diagnostic templates ofthe Eight Parameters, Five Element Theory, Gi, Blood and Body Fluid Dysfunctions, 
etc, This entire process is initiated in order to assist the Qigong doctor in prescribing the correct treatment. The 
treatment focuses on the specific cause of the disease and how it affects the patient's internal organs. The 
primary goal being to relieve the patient's symptoms, strengthen the constitution, and retum the patients to a 


state of wholeness. 


b. Subjective Symptoms that the patient 
reports to the doctor, 
¢. Cardinal Symptoms and Signs that are 
used for differential diagnosis of dis- 
ease, and 
d. Constitutional Symptoms and Signs that 
are indicative of a systemic disorder. 
4. The Syndrome (a pattern of disease) is then 
determined according to the patient's symp- 
toms and signs of disordered function, by as- 


sessing their relationship to one another. 

5, The Patient's Organs are then evaluated ac- 
cording to any pathological changes occurring 
within the internal organs. 

6. The Etiology (or root causes) of the syndrome 
is determined to complete the comprehensive 
diagnosis. 

7. The Treatment Plan is then formulated, tak- 
ing into account all the data gathered by the 
doctor. The Qigong doctor devisesa treatment 
goal and determines a strategy of treatment 


aay 
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that addresses the patient’s syndrome or dis- 

‘ease, in accordance with the agreed upon goal 

and needs of the patient. 

8. The Treatment is implemented and prescrip- 
tions are assigned to initiate the healing pro- 
cess. Over time, the treatment plan is reevalu- 
ated, as the patient improves or suffers set- 
backs (for various reasons). Prescriptions, like- 
wise undergo changes in accordance with the 
patient's changing condition. 

‘Once treatment begins, the process of the de- 
velopment of the disease is usually reversed, or 
the symptomsare alleviated. After the initial treat- 
ment begins, the causes of the disease are ad- 
dressed, thus affecting the organs, which in turn 
changes the syndrome and the symptoms. This 
process strengthens the constitution and estab- 
lishes a dynamic balance of health and well be- 
ing 


UNDERSTANDING THE THEORY OF 
ENERGETIC COUNTERACTION 

When treating patients it is important for the 
Qigong doctor to understand the theory of Ener- 
getic Counteraction. This theory describes # 
body's natural regulation, wherein no two specific 
symptoms (affecting the patient's general constitu- 
tion) can occur at the same time, for any consider- 
able period, within the same system. 

Generally asa disease progresses, the old symp- 
toms will give way to the newer ones. Consider, for 
example, a patient who has asthma, which is 
brought about by Wind Cold invading the Lungs 
(resulting in a dyspnea, wheezing, coughing, and 
severe mucous). If this patient unexpectedly suf- 
fers from an attack of gout (a painful inflammation 
and swelling of the joints), caused from the Wind 
Damp invading the joints and channels, the sud- 
denattack of gout will cause the patient’sasthmatic 
symptoms to disappear. When the gout subsides, 
the asthmatic symptoms will return. The new dis- 
ease naturally prevails over the original condition. 


CHAPTER 21 
DIAGNOSIS ACCORDING TO 
PRINCIPLES 


The method of diagnosis according to the 
Eight Energetic Principles was formulated by doc- 
tor Cheng Zhong Ling during the early Qing Dy- 
nasty. The Ba Gan or Eight Principles of Differen- 
tial Diagnosis is a system using four pairs of op- 
posite symptoms viewed in Traditional Chinese 
‘Medicine as being essential to the understanding 
and treatment of disease. In most cases, knowl- 
edge of the diagnostic systems and treatment prin- 
ciples of general Yin and Yang conditions is 
enough to give the Qigong doctor some good 
guidelines for steering the patient's training pro- 
‘gram. Similar principles can be found in most an- 
cient healing traditions. 

The four opposite pairs are Yin-Yang and the 
three subdivisions of Yin and Yang into: Internal- 
External, Hot-Cold, and Deficient-Excess. 

1. Internal and External Symptoms inform the 
doctor of the origin of the pathogenic condi- 
tion. 

2. Hot and Cold Symptoms inform the doctor 
of the disease’s onset (how it came on) and 
whether the patient’s temperature has been 
altered due to a viral infection or a metabolic 
change. 

3. Excess or Deficient Symptoms inform the doc- 
tor whether the condition is either to be 
tonified or purged, and the strength of the 
patient's constitution. 

4. Yang and Yin Symptoms inform the doctor 
how to establish a physical (external), as well 
as energetic (internal) balance. 

A detailed knowledge of the Eight Energetic 
Principles is required to pinpoint more subtle pat- 
terns of disharmony. This understanding allows 
the Qigong doctor to unravel complicated patterns 
and identify the basic contradictions within them. 
‘The main purpose for applying these principles 
is to understand the etiology of the disease and 


THE EIGHT ENERGETIC 


the nature of the dysfunctions; not simply to cat- 
egorize the illness. Only then can a treatment pat- 
tern be initiated. 


INTERNAL AND EXTERNAL 
PATHOGENIC FACTORS 

Diagnosis according to internal and external 
pathogenic factors is not based on the etiology but 
on the basis of the disease’s location. If a disease 
is caused, for example, by an “external” patho- 
genic factor but is currently affecting the internal 
‘organs it is classified as an Interior condition. An 
Exterior condition affects the patient's ski 
muscles and channels, known as an “exterior pat- 
tern” of pathogenic factors. An Interior condition 
will affect the bones and internal organs, known 
as an “interior pattern” of pathogenic factors. 
EXTERIOR CONDITIONS: SIX EXOGENOUS 
PATHOGENIC FACTORS 

The external pathogenic factors—Wind, Cold, 
Dampness, Fire, Heat, and Dryness—are the six 
“evil” factors that come from the environment 
outside of the body. Under normal circumstances 
they are good for the health, but can be very harm- 
ful when they become abnormal. 

Unseasonable weather (weather that is too 
cold or too hot for the body to tolerate) can make 
people ill by impeding the normal flow of inter- 
nal energy thus making the body vulnerable to 
disease. 

Each external factor, once it enters the body 
can manifest as an internal factor (ie., External 
Wind can penetrate and become Internal Wind, 
etc). Itis also important to know that an external 
invasion once it penetrates the organ can trans- 
form into another internal factor (i.e., an External 
Cold invasion can give rise to Internal Heat). 

‘These external factors are seen as not only the 
cause of disease, but also as manifestations of the 
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disease. A disease may be due to any one of these 
Six External Pathogenic Factors, or simply mani- 
fest as an external “evil,” even though that patho- 
genic factor was not present at the time the pa- 
tient got sick (e.g., Damp-Heat). Treatment is 
therefore based on how a disease manifests itself, 
rather then the specific cause. However, itis wise 
to have a sense of the etiology of the disease to 
determine where to intervene and what might be 
expected next. 

The Six External Pathogenic Factors are cat- 
egorized in China according to the seasons, tem- 
perature, and climate. These transitions are ex- 
plained as follows. 

1, The Heat Season is characterized by tempera- 
tures that are usually above 90 degrees Fahr- 
enheit. The Heart, Small Intestines, and blood 
vessels are the most vulnerable at this time. 
This is most evident in summer. 

Heat is a Yang pathogenic factor that rises 

and spreads excessively, consuming and di- 

minishing the Prenatal (Yuan) Qi, Body Flu- 

ids and Lung Qi. As Heat rises, the body’s Qi 
is drawn upward and dispersed, causing the 

Yin energy to descend. Symptoms can range 

from restlessness, anger, delirium, loss of con- 

sciousness to even coma. This condition is 
most evident during the summer. The Heart 
organ benefits from bitter tasting foods which 
directly stimulate and enhance the Heart’s Qi. 

a. Mild Heat that has been created within 
the body, causes an ascending action of 
Qi. This ascending action causes the 
body’s Yin energy to become disturbed 
creating an energetic imbalance. 

b. Fire (Extreme Heat) isa Yang pathogenic 
factor and spreads excessively, consum- 
ing and diminishing the Yuan Qi, Body 
Fluids, and the Lung’s Qi. Itproducesan 
explosive reaction, causing the Qito flow 
up into the head and disturb the Blood. 
This action causes symptoms ranging 
from nosebleeds, skin infections, swell- 
ing, and skin eruptions, to hemorthag- 
ing and vomiting Blood. 

2. The Damp Season most often affects the 


3. 


4. 


Spleen, Stomach and muscles that are at their 
most vulnerable time. The Spleen organ ben- 
efits from sweet tasting food. The tempera- 
ture is usually between 75 and 90 degrees 
Fahrenheit. This is evident in the late sum- 
mer, during the rainy season. 

Dampness is a Yin pathogenic factor that 

easily obstructs the body’s production of Qi 
and impairs the Yang. It is considered a Yin 
pathogenic factor because, as the invasion of 
Dampness moves downward, it manifests as 
aheavy and turbid energy, resulting in a full 
chest, nausea, vomiting, and a sticky sweet 
taste in the mouth. During the damp season, 
an invasion of Dampness may affect the uri- 
nary organs, causing stagnation of Qi. Once 
pathogenic Dampness enters the body, it be- 
comes foul in nature. If the body becomes ob- 
structed, the results will become evident in 
skin diseases with abscesses, and oozing ul- 
cers with turbid, cloudy urination. Disease 
also manifested through infections, in combi- 
nation with Heat. 
The Dry Season is characterized by tempera- 
tures that are usually between 60 and 70 de- 
grees Fahrenheit. The Lungs and skin are the 
most vulnerable at this time. This is most evi- 
dent in autumn, because of the lack of hu- 
midity. 

Drynessisa Yang pathogenic factor because 

as the Heat rises, dryness consumes the 
body’s Yin Qi, especiaily in the Lungs. This 
results in dry, chapped skin, cracked skin, and 
dry cough with sputum, throat pain, or 
asthma. The Lungs themselves benefit from 
pungent tasting foods, which directly stimu- 
late and enhance the Lung’s Qi. 
‘The Cold Season is characterized by tempera- 
tures that are usually below 60 degrees Fahr- 
enheit. The Kidneys, Bladder, and bones are 
most vulnerable at this time. This is most evi- 
dent in the winter. 

Cold isa Yin pathogenic factor characterized 
by astringency of the tissues. During the Cold 
season the Yin pathogenic factors consume the 
Yang Qi. Cold blocks the channels and 


collaterals, causing pain and damage to the 
Heart, as well as consuming the Kidney Yang. 
Pathogenic Cold also causes the channels and. 
collaterals to contract, resulting in the slowing, 
down of Qi and Blood circulation. As the Yin 
energy moves downward consuming the 
body's Kidney Yang, the body's Yang is unable 
to generate heat causing chills, pallor, shiver- 
ing, diarrhea with undigested food, stiffness, 
pain, numbness, and clear urine. Internal Cold 
is characterized by conditions of overall stag- 
nation and contraction. The Kidneys them- 
selves benefit from salty tasting foods which 
directly stimulate and enhance the Kidney’ Qi. 

. The Wind Season affects the Liver, Gall Blad- 
der, and tendons that are at their most vul- 
nerable time. The beneficial taste is sour. The 
climate in the Wind season, depending on the 
area, is usually between 60 and 70 degrees 
Fahrenheit. This is most evident in the spring. 
Wind is Yang in nature and tends to injure the 
patient's Blood and Yin. Itis divided into both 
internal and external pathogenic Wind con- 
ditions. External Wind is called “the mother 
of one thousand pathogenic factors,” and is 
responsible for the propagation and growth 
of the pathogenic environment, because it 
combines with other pathogenic factors to cre- 
ate Wind Heat, Wind Cold, Damp Wind, Dry 
Wind, ete. 

In the Wind season the Yang pathogenic fac- 
torsare in the upper portion of the body, weak- 
ening the Wei Qi, and causing derangement of 
the opening and closing of the pores on the 
body's surface. The pathogenic Wind tends to 
move constantly causing abnormal motion and 
rigidity in the trunk and limbs. External Wind 
affects the upper part of the body, shifting and 
moving the pain like blowing a leaf. Once Ex- 
temal Wind invades the body, the symptoms 
are stiff neck, itchy sore throat, watery eyes, 
headache, nasal obstruction, facial puffiness, 
aversion to Wind, irritability, abnormal sweat- 
ing, migrating joint pain, tremoring, convul- 
sions, rigidity, and facial paralysis. 

Internal Wind is manifested through the 


‘same symptoms. Because of its serious nature, 

it can also cause tremors, convulsions, and 

paralysis throughout the body (with the ex- 

ception of the face, which is due to External 

Wind invasion). 
INTERNAL PATHOGENIC FACTORS 

An interior disharmony is diagnosed when 
the internal organs have become affected by 
pathogenic factors, creating an Interior syndrome. 
Interior syndromes are the pathological conditions 
which have resulted from one of three factors: (1) 
the invasion of the channels by external patho- 
gens, which can be transmitted to the body's Yin 
and Yang organs; (2) the direct attack on the Yin 
and Yang organs by external pathogens; and (3) 
sudden emotional changes due to improper diet 
and stress which directly affect the body’s Yin and 
‘Yang organs leading to functional disturbances. 

1. A Persistent Exterior Invasion by one of the 
Six Exogenous pathogenic factors can pen- 
etrate deeper into the body creating an Inte- 
rior syndrome, if it is not purged from the 
patient's body. 

2. A Direct Invasion of the Yin and Yang organs 
can also occur from an Exterior Invasion of 
pathogens. In such cases, the affected organ 
will manifest as an Interior Excess or Deficient 
condition depending on the syndrome. 

3. Emotional Factors can likewise cause damage 
to one of the Yin organs, which in turn can 
cause damage to the other Yin and Yang or- 
gans. People encounter emotional upheavals 
ineveryday activities. Under normal circum- 
stances, the Seven Emotions are good for 
health (see Chapter 21). Appropriate anger 
helps to disperse stagnant Liver Qi, prevent- 
ing stasis of Liver energy and helps the pa- 
tient to establish a healthy boundary system. 
Rage, on the other hand, leads to the abnor- 
‘mal increase and ascension of Liver Qi, result- 
ing ina flushed face and dyspnea (shortness 
of breath). If the pattern continues (i, the 
person is a rage-aholic), the violent and un- 
controlled anger may lead to serious disor- 
ders of the Liver, including eye injury, faint- 
ing due to inadequate Blood flow to the brain, 


SECTION 5: DIFFERENTIAL DIAGNOSIS OF ENERGETIC PRINCIPLES 


Emotional 


YinfYang O1 
‘Bishafmony. ————P— Disharmony 


Environmental 
Disharmony 


Disturbed 


—_———_ Behavior 


Figure 21.1. Cycle of Disharmony 


cerebral hemorthaging, or even death. Itis be- 

lieved therefore, that Internal conditions can 

arise from either an Excess emotional condi- 

tion caused by emotional suppression, or a 

Deficient emotional condition caused by ex- 

cessive emotional discharging. 

It is also believed that a person's personal 
emotional history determines his or her biology 
(life processes). Each person creates this reality 
through his or her belief system. Hence the pa- 
tient creates the disease by embracing traumatic 
past wounds and formulating belief structures 
that support these traumas. These energetic clus- 
ters are then fed via the major viscera by the ex- 
cessive emotional energy. This pathological emo- 
tional process can result in the formation of cysts, 
tumors, cancer, etc. 

Any imbalance of the Seven Emotions leads 
to the unnecessary consumption, or blockage of, 
the internal Qi flowing through the channels of 
the viscera. In either instance, this results in ab- 
normal Qi activity and creates a functional disor- 
der of the cerebral cortex. 

Emotional disharmony inducesa vicious cycle 
which affects the mind, body and spirit. Any fac- 
tors (Yin and Yang disharmony, emotional dishar- 
mony, disturbed behavior, or environmental dis- 
harmony) can trigger the cycle (Figure 21.1). When 
caught in this cycle, emotional energy can deplete 
the physical body. 

‘Anger, for example, generally causes the Qi 
to rise; however, when anger tums inward it can 
transform into depression. Mental depression may 


obstruct the functional activities of Qi and this 
stagnation may cause Fire. The Fire syndrome is 
caused by the disorders of the Seven Emotions and 
may burn up the fluid of the organ related to the 
predominant emotion. 

In Western culture, people are generally not 
encouraged to acknowledge painful emotions; 
feelings are usually disregarded and conquered 
by astrong will. The storage of emotional energy 
in the muscles and organs of the body leads to 
tension, stress, and illness. The Qi cannot circu- 
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late with emotional blocks. Many specialists in 
Western medicine today agree that a large percent- 
age of diseases being treated are, indeed, caused 
or aggravated by stress. 

The Five Elements have a creating (generat- 
ing) and restrictive (controlling) relationship. The 
sequence of the creative relationship of the Five 
Elements is: Wood creates Fire; Fire creates Earth; 
Earth creates Metal; Metal creates Water; Water 
creates Wood. This circle is endless. 

‘The sequence of the controlling relationship 
of the Five Elements is: Wood controls Earth; 
Earth controls Water; Water controls Fire; Fire 
controls Metal; Metal controls Wood. This circle 
is also endless. 

‘The controlling relationship can be applied to 
problems with emotions. Anger, for example, be- 
longs to the rising of Excess Liver energy and can 
be counteracted by descending the Lung’s Qi (Fig- 
ure 21.2). The Lungs control sadness, and sadness 
may lead to the consumption of abnormal rising 
Liver Qi (Metal controlling Wood). 


Excessive sadness may lead to the extravagant 
consumption (and depletion) of Lung Qi, which 
damages the body’s Yin and the Heart. The con- 
sumption of the Lung Qi can be stopped by the 
Heart's energetic release of the emotion of joy.Joy 
causes the rapid rising of the Heart’s Qi. It can be 
regulated by fright and terror, which are controlled 
by the rapid descending energy of the Kidneys. 
‘Terror leads to the abnormal falling of Qi, it there- 
fore counters the abnormal rapid rising of Heart’s 
Qi. Excessive fright and terror may lead to the 
abnormal sinking of Gathering Qi, which dam- 
ages the Kidney’s Qi (Figure 21.3). 

Because over-thinking can cause Qi to gather, 
it can be used as a tool to help bring back dis- 
persed energy. Over-thinking and anxiety, how- 
ever, may lead to the depression and stagnation 
of Qi, which weakens the transporting and con- 
verting ability of the Spleen’s energy, and causes 
a lack of appetite. Mild cases of this condition can 
manifest as dyspepsia (indigestion), abdominal 
distention and diarrhea. In severe cases, the Qi 


The Seven Emotions 
Fang? | English Translation Organ Association | Qi Manifestation 
slows down and 
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Figure 21.3. The Seven Emotions Chart 
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and Blood stagnate in the chest and abdomen, 
causing a feeling of fullness in the chest or upper 
abdomen. This stagnated, ever-sinking Spleen en- 
ergy can be smoothed and aroused by anger (the 
Liver’s energy expanding upward and outward). 
In short, the hyperactivity of Yin is treated with 
Yang to check the unnecessary consumption of 
internal energy, and to promote a mild Yin energy. 
‘Then the Qi and Blood can flow without interrup- 
tion and disease can be prevented. 

One effective technique to avoid an emotional 
and energetic overload or depletion of a Yin organ’s 
Q;, is to apply the Five Elemental counter-emotion 
to restore emotional balance (see Chapter 53). 
OVERVIEW OF EXTERNAL AND INTERNAL 
ConpiTions 

The internal and external diagnostic param- 
ters locate the depth of the condition of the dis- 
harmony and are fairly easy to distinguish, rela- 
tive to the other pairs of opposites. Thus, deter- 
mining the internal or external nature is usually 
the first step in diagnosis of a disorder. 

Internal conditions are usually caused by in- 
ternal disharmonies, such as excessive emotional 
energy in the form of anger, excitement, sorrow, 
anxiety, fear, and mourning, or other imbalances 
associated with the Seven Emotions. Excessive 
thinking and stress can also lead to an imbalance 
that is characterized as internal. Internal condi- 
tions are often chronic and tend to have a gradual 
onset and a longer duration. 

Conditions of External disharmony are typi- 
cally caused by the external influences on the body, 
known in Chinese medicine as “pernicious influ- 
ences.” They are Wind, Cold, Heat, Damp, Dryness, 
and Summer Heat. Pernicious influences usually 
invade the body when the body’s Wei Qi is weak. 

‘Typical External diseases are colds, influenza, 
skin eruptions, or diseases caused by injury or 
shock. Excessive amounts of eating, drinking, 
working, and sexual activity can also lead to both 
Internal and External disharmony. External con- 
ditions are often acute, with sudden onset, and of 
short duration. 

Many times Internal conditions will develop 
when an External condition moves inward. This 


represents a further weakening of Wei Qi and the 
body’s natural immune system. Before the condi- 
tion has developed into a full Internal sickness, it 
will go through a stage of being half-external and 
half-internal. 

Examples of conditions which may be consid- 
ered as being half-internal and half-external are: 
alternating fever / chills, heaviness in the chest, rest- 
lessness, nausea, vomiting, no appetite, dry throat, 
irritation of the mouth, and dizziness. A bounding 
pulse is also an indication of this type of condition. 

This is one reason why treatment of an Exter- 
nal disease (colds and flu) requires sweating 
therapy to encourage the disease to remain exter- 
nal. The contractile mechanism of the skin is a 
specific external representation of the body's Yang 
immune system at work. 

When treating extreme cases, such as inter- 
nal injuries and shock, conserve the patient's Yang 
Qiby keeping them warm. 


Hor AND CoLD 

Hot and Cold describes whether the condi- 
tion is the result of a Hot or Cold state and is de- 
termined by hot or cold sensations. The nature of 
this clinical manifestation depends on whether it 
is combined with a Full or Empty condition. 
Hor Conpirions 

Hot conditions usually arise when there is 
excess activity of the body’s Yang functions, or if 
there is an insufficiency of Yin Qi or Fluids in the 
body. A Hot condition can be further divided into 
either Full Heat or Empty Heat. 

1. A Full Heat conditions manifest as the fol- 
lowing physiological and mental /emotional 
symptoms. 

a. Physical symptoms include: 

* increased energy and metabolism, ie., physi- 
ological hyperfunction 

* fever with thirst, and desire for cold liquids 

* dry stool and constipation 

+ dark yellow and reduced urine 

* flushed face, red eyes, hot red skin 

‘+ warm extremities 

‘* aversion to warmth 

+ a rapid, full pulse and a red tongue with yel- 
low fur 
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b. Mental and emotional symptoms in- 
clude: 
* irritability 
+ restlessness 
+ loud voice, talkativeness 
* extroverted and aggressive behavior 

Inflammations, ulcers, and infections are typi- 
cal of Full Heat diseases. There are many other 
symptoms depending upon which organ isaffected. 

‘These Full Heat symptoms arise when there 
is an Excess of Yang energy in the body. Excess 
‘Yang energy can be caused from overconsump- 
tion of Hot foods (which cause Stomach or Liver 
Heat), or long-standing emotional problems 
(which cause Liver or Heart Heat) due to Qi stag- 
nation. Full Heat can also develop from the inva- 
sion of external pathogenic factors which have 
transformed into Heat. 

2. AnEmpty Heat conditions manifest as the fol- 
lowing physiological and mental /emotional 
symptoms. 

a. Physical symptoms include: 
‘+ dry mouth and throat (at night) 
«© night sweats 
‘+ afternoon fever 
+ a feeling of heat in the chest, palms and bot- 
toms of feet (Five Palms Hot) 
* dry stool 
* scanty, dark urine 
+ a floating, empty and rapid pulse, with a red, 
peeled tongue 
b. Mental and emotional symptoms in- 
dude: 
* fidgeting and mental restlessness 
* vague anxiety 
* insomnia 

There are many other symptoms depending 
upon which organ is affected. 

These Empty Heat symptoms arise from a De- 
ficiency of Yin. If the patient's Yin becomes Defi- 
cient (usually due to a Deficiency of Kidney Yin), 
this affects the Yin of the Liver, Heart, and Lungs 
and causes a relative Excess Yang condition. 

Coup ConpiTions 

Cold conditions usually arise when there is 

‘excess activity of the body’s Yin functions, or if 


there is an insufficiency of Yang Qi in the body. A 
Cold condition can be further divided into either 
Full Cold or Empty Cold. 

1. A Full Cold conditions manifest as the fol- 
lowing physiological and mental /emotional 
symptoms 

a. Physical symptoms include: 
* diminished physiological function and low- 
ered immunity 
+ decreased energy 
* aversion to cold and craving for warmth 
* cold extremities 
*# lack of thirst 
* clear urine, watery stool 
* desire for hot drinks 
* white face 
+a slow pulse and a pale, white tongue with 
‘moist fur 
b. Mental and emotional symptoms in- 
clude: 
‘* timid behavior and soft speech 
+ slow movement 
* a lack of motivation 

Generally, discomfortiis increased by cold and 
reduced by warmth. Cold symptoms may also 
appear at later stages of fevers and chronic peptic 
ulcers, denoting a weakening of the body’s abil- 
ity to overcome the disease. 

‘These Full Cold symptoms arise when there is 
an excess of Yin Qiin the body. Excess Yin Qi canbe 
caused from the direct invasion of External Cold 
into the body's interior. In this particular condition, 
the External Cold can either invade the Stomach 
causing vomiting and epigastric pain, invade the 
Intestines causing diarrhea and abdominal pain, in- 
vade the uterus causing dysmenorthea, or it can 
invade the Liver Channels causing pain and swell- 
ing in the scrotum. One of the main manifestations 
of Interior Full Cold is abdominal pain caused from 
the Cold constricting and obstructing the circula- 
tion of Yang Qi. Full Cold can also develop from 
the invasion of external pathogenic factors which 
have transformed into Cold. 

2. An Empty Cold conditions manifest as the fol- 
lowing physiological and mental /emotional 
symptoms. 


a. Physical symptoms include: 
+ cold limbs and chills, 
* pale face 
* fatigue 
+ no thirst 
* loose stools 
+ clear, abundant urination 
+ sweating 
* pale tongue with thin, white coating and a 
deep, slow or weak pulse 
b. Mental and emotional symptoms in- 
dude: 
« tiredness and lack of motivation 
* slow movement 
An Empty Cold disharmony usually arises 
when the Yang Qi of the body is insufficient, and 
fails to warm the body. This is caused by a Defi- 
ciency of Spleen Yang, Kidney Yang, or Heart Yang 
(sometimes Lung Qi Deficiency). The most com- 
‘mon cause is related to the Spleen Yang Deficiency, 
which fails to warm the muscles and thereby 
causes chills. If the Spleen does not receive heat 
for its function of transforming food, the result 
will also be loose stools. 
COMBINATION OF HoT AND CoLD SYMPTOMS 
While distinguishing Hot diseases from Cold 
diseases may appear to be fairly straightforward, 
the doctor may find that there are many circum- 
stances where both Hot and Cold symptoms ap- 
pear simultaneously. The use of sensory input is, 
just a general indicator, however, because it pro- 
vides the doctor with only partial data; it can 
sometimes be misleading if other considerations 
are not taken into account. The doctor needs to 
consider the other symptom characteristics ac- 
cording to Yin-Yang or Deficient-Excess patterns. 
1. An External Cold with Internal Heat syn- 
drome manifests when a patient has a preex- 
isting internal Heat condition and is subse- 
quently invaded by External Wind Cold. This 
condition can also occur in attacks of latent 
Heat combined with the invasion of Wind 
Cold. Symptoms can include fever with an 
aversion to cold, body aches, irritability, and 
thirst. 
2. An External Heat with Internal Cold syn- 


drome manifests when a patient with a pre- 

existing Cold condition is attacked by exte- 

rior Wind Heat. Symptoms can include fever 
with an aversion to cold, chills, headache, sore 
throat, and thirst. 

3. A Heat Above-Cold Below syndrome mani- 
fests when a patient's pathogenic Heat rises 
resulting in Heat above and a Cold syndrome 
below. Symptoms can include thirst, bitter 
taste, sour regurgitation, irritability, Herpes 
Simplex, borborygmus, loose stools, and pale 
and profuse urination. 

Qigong patients must be aware of these signs 
of Hot and Cold disharmony. Ifa patient's training 
routine is too Yang, this will bun the body's Flu- 
ids, thus diminishing the Yin Qi's ability to contain 
the Excess Yang, which in tum produces a Hot con- 
dition. An overactive metabolism can also induce a 
Hot condition, while a sluggish metabolism can pro- 
duce a Cold condition. Less extreme conditions are 
classified as warm, cool, or neutral. 


EXCESS AND DEFICIENT 
The capacity of an individual to maintain re- 
sistance to the invasion of pathogens is relative to 
the strength of the disease and the strength of the 
individual. An Excess condition is characterized 
by the presence of a pathogenic factor (interior or 
exterior) and by the fact that the body's Qiis still 
functioning normally. The battle against the patho- 
genic factors results in the symptoms and signs 
of an Excess condition. A Deficient condition is 
characterized by a weakness of the body’s Qi and 
the absence of a pathogenic factor. If the body's 
Qiis weak, but the pathogenic factor continues to 
attack, the condition is considered Deficient and 
is characterized by an Excess. 
EXCESS CONDITIONS. 

‘An Excess condition will usually occur when 
abodily function becomes overactive or Qi accu- 
mulates unnaturally due to a blockage. It is char- 
acterized by strength, buoyancy of spirits and of- 
ten acute symptomatic reactions. Disharmonious 
conditions which begin and end suddenly are due 
to Excess. Yang Excess can be quickly improved, 
in most cases, with a diet of predominately veg- 
etables and fruits. 
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The entry describes components that can be installed to monitor current on an indefi- 
nite basis, It does not include test equipment, such as test meters or multimeters. 


A current transformer may be used to measure current, but is not included in this Ency- 


clopedia, 
OTHER RELATED COMPONENTS 


+ voltage sensor (see Chapter 31) 


What It Does 


A current sensor measures the flow of electric- 
ity through a wire or a device, and supplies an 
output that can be interpreted either visually or 
by a microcontroller to provide a reading in 
amperes or fractions of an ampere. 


Applications 

Current sensing is important in industrial appli: 
cations such as the control of high-powered 
motors. It can be used to monitor the perfor- 
mance of an inverter, or for everyday purposes 
such as monitoring the long-term power con- 
sumption of an appliance. During product 
development, a current sensor can indicate the 
power consumption of a circuit as it changes 
with modifications. 


This entry describes three methods to measure 
current: an ammeter, series resistor, and Hall 
sensor. While other methods exist, they are out- 
side the scope of this Encyclopedia. 


Ammeter 


An ammeter that is sold as a standalone device 
with leads for circuit testing is often described 


as a test meter. Its functionality is usually built 
into a multimeter. Test meters and multimeters 
are outside the scope of this Encyclopedia. 


‘An ammeter designed for permanent installa- 
tion in a device or prototype is a type of pane! 
‘meter, such as the one shown in Figure 30-1. 
This traditional-style analog meter may be less 
expensive than the many digital types that are 
available. It uses a magnetic field created by 
current flowing through a coil to pull a needle 
across a scale, against the force of a spring. 


Figure 30-1 A traditional-style analog ammeter. 


199 


It is not unusual for patients whose diets are 
heavy in meat proteins, to suffer from Excess dis- 
eases. Many Naturopaths advocate the predomi- 
nant use of raw fruits and vegetables and have 
experienced outstanding results due to the elimi- 
nation of Excess Yang (from meat toxins) from 
the body. 

Such a diet is not good therapy for individu- 
als who eat a relatively balanced vegetarian diet, 
because it serves to make them more Yin and 
threatens to throw them off balance. Thisisa good 
reason to avoid “fad” diets. A diet or method that 
works well for one person may have the oppo- 
site affect for someone else; each case must be con- 
sidered separately. 

Some indications of an Excess condition are 
as follows: flushed face, loud voice, coarse and 
full breathing, acute pain, extreme menstrual 
pains, a tender abdomen, which worsen with the 
application of heat. A strong pulse can also be a 
sign of an Excess condition. 

In cases of Excess, to expel pathogenic evils, 
the patient imagines that the Toxic Qi is being ex- 
pelled from specific channel points upon exhala- 
tion. The results are always more effective when 
Qigong prescriptions are given in conjunction 
with the treatments. 

‘Any interior pathogenic factor (Heat, Cold, 
Damp, Wind, Fire, and Phlegm) can give rise to 
an Excess condition, including the stagnation of 
Qi and stasis of Blood. 

DeFIciENT CONDITIONS. 

Although Deficiency is characterized by insuf- 
ficient Jing, Qi, Shen, Blood, and Fluids, it does not 
generally mean a lack of some nutrient as it does in 
Western medicine. Itis more a statement about the 
body's inability to find, or produce, what is neces- 
sary for its immune function to providea functional 
integrity in the body. Deficiency, therefore, is taken 
inamore general sense and denotes the overall con- 
dition of the patient, or ofthe disease. 

Conditions which linger are usually due to 
Deficiencies. The general indications are: great 
‘weakness, inconsistent energy, shallow and rapid 
respiration, pain characterized by soreness, weak 
or inconsistent volume of voice, moderate men- 


strual pains, withered face, low spirits, and abdomi- 
nal pain. A Deficient condition will generally re- 
spond well to heat and pressure. A weak pulse can 
also be an indication of a Deficient condition. There 
are four types of deficiencies: Deficient Qi, Defi- 
cient Blood, Deficient Yin, and Deficient Yang. 
1. Deficient Qi is the first and least severe stage 
of Deficiency. Most symptoms arise from a 
‘weakness of the Lungs’ Qi (which fails to con- 
trol the breathing) and a weakness of the 
Spleens Qi (which fails in its function of 
transforming and transporting). 
2. Deficient Blood is caused from a dysfunction 
of various internal organs. Most symptoms 
arise from a weakness of the Liver, Heart, and 
Spleen. 
3. Deficient Yin is caused by a dysfunction of 
various internal organs. Most symptoms arise 
from a deficiency of Yin within the patient’s 
Liver, Heart, Stomach, Lungs, and Kidneys. 
4, Deficient Yang is caused by a dysfunction of 
various internal organs. Most symptoms arise 
from a deficiency of Yang in the patient’s 
Liver, Heart, Spleen, Lungs, and Kidneys. 
In cases of Deficiency, when replenishing Qi 
is required, the best effect can be obtained when 
the patient cooperates with the doctor's exten- 
sion of Qi through mental concentration and fo- 
cused inhalation. 
‘COMBINED EXCESS AND DEFICIENT 
CONDITIONS 

‘Sometimes Excess and Deficiency conditions 
can occur simultaneously. Although Excess is one 
of the characteristics of a Yang disease, this con- 
dition can also give rise to certain symptoms of 
Deficiency. These are mostly a result of Qi being 
blocked in the utilization of its own vital nutri- 
ents. 


YIN AND YANG THEORY 

Yin and Yang energy is usually represented 
through the image of the Taiji symbol. Yang Qi is 
represented through the color white and Yin Qi is 
represented through the color black. Through the 
image of the Taiji symbol the interrelationship of 
Yin and Yang represent the stages of waxing and 
‘waning of energy (Figure 21.4). In Traditional Chi- 
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Yang - hot, bright, strong, 
upward, outward, clear, 
movement. Qi (non- 
substantial matter) 
function of an organ 


Yin - cold, dark, weak, 
downward, inward, 
muddled, stillness. 
Blood (substantial 
matter) substance of an 
organ. 


Figure 21.4. In Traditional Chinese Medicine the theory of Yin and Yang represent the dynamic duality of balance 
and harmony within the body, as well as within the universe itself, and as represented through the image of the 
Taiji Symbol. There is always Yin within Yang and Yang within Yin. These two energies are always changing and 


transforming the body's ife force energy. 


nese Medicine, the theory of Yin and Yang is also 
used to explain both the psychological and patho- 
logical phenomena of the body. It is considered a 
‘major principle for diagnosing and treating diseases. 

Generally speaking, an Excess of Yang may lead 
to a Deficiency of Yin, and vice versa. A Hot syn- 
drome can be the result of either Excess Yang or 
Deficient Yin. A Cold Syndrome can be the result of 
either Excess Yin or Deficient Yang (Figure 21.5). 

The Qi activities of these Yin and Yang aspects 
unite and regulate the body’s internal organs and 
tissues. The direction and energetic nature of Qi 
(Excess or Deficient, strong or weak, evil or vital) 
can be detected at corresponding body surfaces 
so that information for diagnosis and treatment 
can be obtained. For example: 

Astrong, dense, dry, and hot sensation of Qi 
in the head area may bea symptom of Excess Yang 
in the upper portion of the body and a Yin Defi- 
ciency in the lower portion. This would require 
the Qigong doctor to guide the Yang Qi to descend 
and the Yin Qi to ascend to restore the balance of 
Yin and Yang energy. 

To treat patients with an overabundance of 
Yang Qi and hyperactivity of Fire, the Qigong pre- 
scription meditations should be practiced during 
the Yin periods (11 a.m. to 11 p.m.) while facing 
north, with emphasis placed on exhaling to purge 
the Heat. The doctor should adhere to the prin- 
ciple of replenishing the patient's Yin to regulate 
the Yang, or leading the Yang to descend to 
supplement the Yin. 


Once the nature of Yin and Yang disequilib- 
rium is determined, the proper method of treat- 
ment can be selected to regulate the Excess or 
Deficiency. The doctor always treats Yin for Yang 
diseases and Yang for Yin diseases. A Yang syn- 
drome, for example, should be treated with Yin 
herbs, and a Yin syndrome should be treated with 
Yang herbs. The treatment should be aimed at 
purging the Excess, replenishing the Deficiency, 
and regulating the Deficient Yin or Yang to restore 
anormal balanced state of energy with in the body. 

In Medical Qigong therapy, the principle of 
“using Yin for treatment of a Yang disease and 
using Yang for treatment of a Yin disease” must 
be strictly adhered to. It is important to dredge or 
purge the Excess before replenishing and 
tonifying any Deficiencies. The intake of cold 
foods (fruit, salad, ice cream, etc.) or drinks, for 
example, may lead to an Excess of Yin, which gives 
rise to a Cold syndrome of the Spleen and Stom- 
ach. This manifests as pain, diarthea, aversion to 
cold, and cold extremities. 

To treat this Excess, the doctor guides the Cold 
Qiout of the body by way of St-36 and Sp-9 points, 
then projects Hot Yang Qi towards specific chan- 
nel points on the patient's body, such as CV-12 
and St-25. 


DIAGNOSING YIN AND YANG IN THE 
Bopy 

Every person has both Yin and Yang elements, 
but will tend to be predominantly one or the other 
in terms of personality, physique, life-style pref- 
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Figure 21.5. Yin and Yang Energetic Diagnosis 


erences, speech patterns, mannerisms, etc. Within 
a general constitution there will be more subtle 
fluctuations within the Yin/ Yang continuum as 
the body reacts to external and internal energetic 
movements. In designing the patient's exercise 
program, diet, or herbal remedies, it is necessary 
to first determine whether the patient is predomi- 
nantly Yin or Yang in constitution. 

YIN/YANG CONSTITUTION CHART 

‘There are general indications that will help the 
doctor diagnose a patient’s condition as predomi- 
nantly Yin or predominantly Yang. The patient's 
basic Yin/ Yang constitution, and an analysis of the 
current Yin/ Yang balance of the body will play an 
important role in determining the type of exercise 
and the time of day that it will be performed. In 
‘most cases, a Yang condition should be balanced 
by a Yin exercise and vice versa. 

There are varying levels of disharmony in the 
patient's body. Yin and Yang are only relative 
terms, and they are often not enough to ad- 
equately describe the character of the body's con- 
dition. Other factors such as Hot - Cold, Deficient 
- Excess, Internal - External must be considered 
in more detail. Yin and Yang are never in a per- 
manent state; there is always dynamicmovement. 
All relationships based on Yin/ Yang are relative, 
and their mutual interaction must be considered. 

Yin and Yang theory is valuable because it pro- 
vides a tool for understanding the patient's consti- 
tution at a given point in time. This information 
enables the doctor to determine the best course of 
treatment, including exercise, food, or herbal for- 


mutlas that the patient's body needs. Consideration 
of the patient's inherited and acquired attributes 
(developed through diet and life-style, environmen- 
tal influences, natural energy cycles, and other mis- 
cellaneous influences such as sleep, work condi- 
tions, and relationships) should be based on obser- 
vation and contemplation of the patient's physical, 
mental, emotional, and spiritual state of mind. 

Designing a program to establish balance and 
harmony requires a keen awareness of energeticand 
mental states. In evaluating the patient's condition 
the doctor takes into account the location and na- 
ture of the disharmony, the severity of the condi- 
tion and the overall physical, mental, and emotional 
condition of the patient (Figure 21.6). Furthermore, 
the doctor may notice a combination of both Yin 
and Yang symptoms or any of the other contrast- 
ing pairs be they Hot /Cold, Internal/ External, 
cess/Deficient. A combination of such symptoms 
createsa challenge when diagnosing a patient, since 
symptoms and indicators tend to be more extreme 
ina person who is ill (Figure 21.7). 
Yin ConpiTions 

Primary Yang generates primary Yin. Every- 
thing in the universe needs support from Yin. On 
a basic level, Yin conditions in the body tend to 
be Cold, internal, Deficient, and degenerative in 
nature. Ifa condition becomes overly Yin, it may 
express some Hot or Yang symptoms. Extreme 
cold in the form of snow, for example, can cause 
frostbite. This is called a “false Yang” condition 
because the condition created is manifested as 
Yang instead of Yin. 


+ Quiet, withdrawn 


Type of Sign | Yin Yang 
+ Cool skin temperature 
+ Pale, dark, dull, or yellow complexion |+ Warm skin temperature 
+ Cold hands and feet + Red, oily, shiny complexion 
etal + Aversion to cold + Warm hands and feet 
+ Discomfort relieved by warmth and | + Aversion to heat and pressure 
pressure + Five senses strong 
+ Senses dull + Stretching posture in sleep 
+ Curled lying posture 
+ Prefers warm food and drinks SP ons cold dink had oul ea 
+ Poor appetite 
Diet + Strong appetite 
+ Poor sense of taste + Thirsty, dry mouth 
+ Indigestion nary. 
pee + Tired + Forceful, restless 
ray + Weak + Strong, stout 
Behavior |* Underactive + Overactive 


+ Noisy, outgoing 


Breathing & | + 
Voice : 


Weak, shallow breathing 
Weak voice, quiet 


+ Deep, heavy breathing 
+ Loud, coarse voice, talkative 


+ Copious clear urine 


Excretion | * Watery stool 


+ Scanty dark urine 
+ Hard solid stool 


+ Sexually underactive 
Reproduction |+ Scanty, pale menses 
+ White leukorrhea 


+ Sexually overactive 
+ Profuse, red menses 
+ Yellow leukorthea 


+ Deep, slow 
Pulse + Empty, weak 
+ Fine 


+ Superficial, rapid 
+ Full, strong 
+ Flooding 


+ Pale, fat body 


epee + Moist, thin white coat 


+ Red, solid, sharp body 
+ Dry, thick yellow coat 


Figure 21.6 Signs of Yin and Yang Conditions 


Yin conditions are typically characterized by 
the following: watery stool, clear and copious 
urine; depression; pale, dull, and yellow complex- 
ion; weak, tired, and thin constitution; cool skin, 
cold hands and feet; dulled senses; curled lying 
posture when sleeping; soft voice; silent, shallow 
breathing; preference for warm food; and a ten- 


dency towards indigestion. A Yin condition will 
also be reflected in a deep, weak, fine, slow, or 
sluggish pulse and a fat, pale, moist, and smooth 
tongue with possibly a white coating, 
YANG CONDITIONS. 

‘Yang conditions tend to be Hot, External and 
Excessive. A Yang disease is generative. Under cer- 


Attribute Progression from Extreme Yang to Extreme Yin 
Aggressive, outgoing, joyful, sad, fearful, anxious, depressed 

Spirit (The degree of outward expression determines the yangness of the spirit, 
not so much the emotion itself.) 

Body Type Large and muscular, normal build, thin, emaciated 

Posture Stiff, erect, relaxed, hunched over, limp 

Activity Very animated, normally active, litte movement, still 

Respiration Heavy and loud, loud sighing and stretching, breathing heavily through 
mouth, shallow light breathing, soft intermittent sighs 

pes | Lous, rough, high pitched, regulated and moderate, soft, murmuring, 
almost inaudible 

Skin Cast Red, yellow, green, pink, white 

White of Eye Red, yellow, blue-green, pink, white 

Lip Color Red, yellow, blue-green, pink, white 

Moistness of Lips | Cracked, dry, moist, overly wet 

‘Sputum ‘Yellow and thick, white and thick, thin, clear 

Smell of Breath | Strong, mild, faint 

Body Odor Strong, mild, faint 

Urine Thick, yellow, smelly, thin, whitish, no odor 

Feces Dark, strong smelling, soft, loose, light color 


Figure 21.7. The Continuum of Yin and Yang Constitutional Signs and Symptoms 


tain conditions, an overabundance of Heat (Yang) 
may transform into Cold (Yin) to bring about a con- 
dition knownas “false Yin.” Extreme heat and sun, 
for example, can cause sunstroke. This is called a 
“false Yin” condition because the condition created 
manifests as Yin instead of Yang. If an acute Yang 
condition persists, it will become Yin. 

Yang conditions are typically characterized by 
the following: hard, solid, dry stool; thick, yellow 
urine; outwardly excited appearance; strong, 
stout, muscular constitution; restless, active, irri- 
table in character; warm hands and feet and over- 


all warm skin and temperature; strong senses; ten- 
dency to stretch frequently; loud voice, talkative; 
heavy breathing; thirsty, dry mouth; and a pref- 
erence for cold drinks. A Yang condition will also 
reflect a floating, flooding, fast, or strong pulse, 
and a red or yellow, solid, dry tongue with cracks 
and little or no coating. 


SIGNS OF YIN AND YANG 

Determining true from false Yang may seem 
confusing, Yin Deficient people who are very thin 
and emaciated are often quite hypertensive, this 
can be seen in their excessive loud talking, rest- 


Figure 21.8. The Nine Regions of Pulse 


lessness and insomnia. Such individuals can also 
develop erratically feverish symptoms which usu- 
ally change from Hot to Cold. 

Generally, a true Yin or Yang condition is de- 
termined by three or more symptoms that simulta- 
neously manifest either one of those conditions. 

False Yin symptoms occur when the Yang be- 
comes overly strong, causing a weakening of the 
Yin. (Again, the overall condition should be assessed 
before making a differential diagnosis.) False Yin 
symptoms include weakness, coldness, wetness, 
and other Yin symptoms in an otherwise Yang con- 
dition. One should bear in mind that there are sel- 
dom purely Yin or Yang symptoms because Yin and 
‘Yang are so interdependent on each other. 

Furthermore, stages of Yin and Yang may 
change during the course of the day, or over the 
course of an illness. If a Yang stage is allowed to 
progress, it can degenerate into weakness described 
asa Yinstage. Therefore, ifa Yang condition changes 
to Yin it is probably not a good sign, but if a Yin 
condition changes to an acute Yang condition it may 
be a positive sign of movement towards overall 
balance. The focus is to understand that it takes ac- 
tive energy (Yang) to manifest an acute condition, 
and the stronger the manifestation, the stronger the 
energy. 


YIN AND YANG CATEGORIZATION OF 
TRAINING 
Chinese herbs and foods are typically classified 


in terms of Yin and Yang, as are Qigong exercises 
and meditations. With exercises and meditations the 
state of mind and level of relaxation during the ex- 
ercise or meditation is critical in determining the 
Yin or Yang categorization. It is important to be 
aware of this when developing a patient's program 
to provide the proper energy adjustments to main- 
tain a healthy balance. If a disharmonious condi- 
tion develops and the wrong prescription is given, 
the patient can be thrown further off balance, mak- 
ing it more difficult to restore good health. 


PULSE DIAGNOSIS OF THE EIGHT 
ENERGETIC PRINCIPLES 

The body’s pulse in considered another form 
of energy manifestation. The pulse is imagined as 
‘waves of various Fluids flowing within the body, 
originating from within the Heart, where the Shen 
resides. Pulse diagnosis can give the Qigong doc- 
tor detailed information on the state of the patient's 
internal organs, asit reflects the patient's flow of Qi 
and Blood, as well as Yin and Yang energy. The pulse 
is felt at the radial artery, which is divided into three 
areas (front, middle, and lower), and at three dif- 
ferent levels (superficial, middle, and deep), creat- 
ing “nine regions” of pulse diagnosis (Figure 21.8). 

‘The three areas of the wrist relate to the ener- 
geticmanifestations of the Triple Burners. The front 
position corresponds to Heaven and reflects the 
diseases from the head to the chest; the middle po- 
sition corresponds to Man and reflects the diseases 
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Figure 21.9. Pulse Correspondence with the Triple Burners, 


from the diaphragm to the umbilicus; the lower 
position corresponds to Earth and reflects the dis- 
eases from the umbilicus to the feet (Figure 21.9). 

The three different levels relate to the ener- 
getic manifestations of the body's diseases. The 
superficial level corresponds to exterior diseases, 
the body's Qi and Yang organ energy; the middle 
level corresponds to the condition of the Blood, 
as well as the energy of the Stomach and Spleen; 
the lower level corresponds to interior diseases, 
the body’s Yin energy and Yin organ energy. 

The important thing is to diagnose how the 
body’s energy is flowing, taking into consider- 
ation the relationship of the Yin and Yang on the 
pulse, i.e., whether it is superficial or deep, fast, 
or slow, Excess or Deficient. The quality of the 
pulse may also vary according to the patient's: 


1. General Constitution and Body Build, with big- 
ger frame patients generally having a stronger 
pulse then smaller frame individuals, 

2. Level of Activity, with patients who engage in 
heavy physical work having a stronger pulse 
then those who engage in mental work, and 

3. Exposure to Seasonal Weather, as a deeper pulse 
is generally felt in the winter and a more su- 
perficial pulse is felt in the summer. 


PULSE QUALITIES AND 
CLASSIFICATIONS 

In China, attention is placed primarily on the 
overall quality of the pulse. While reading the su- 
pperficial pulses, itis important to note that they in- 
dicate the condition of the patient’s Qi and Yang 
‘Organs. The deep pulses indicate the condition of 
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the patient's Jing, and Yin Organs. Pulses can be 
divided into three main classifications, which are 
related to either Yin and Yang qualities: The Depth, 
‘The Speed, and The Strength (Figure 21.10). 
1. The Depth at which the pulse can be felt is con- 
sidered first. 

‘a. Superficial Floating Pulses are felt with 
alight touch, barely touching the artery. 
‘They indicate an Exterior syndrome (e¥ 
Wind-Cold or Wind-Heat), chronic ill- 
ness, ora general weakness. This informs 
the doctor that there is an Excess at the 
patient’s Qi level (or a Deficiency at the 
Yin level). 

Superficial and Weak (Empty) pulses are felt in 
Yang Excess diseases (superficial diseases), 
when the patient's Wei Qiis fighting the patho- 
genic factors at the superficial level. 

Superficial and Forceful (Full) pulses are felt in 
interior diseases due to Yin or Jing Deficiency. 

b. Deep Pulses are felt on heavy pressure, 
near the bone. They indicate an interior 
syndrome (problems within the Yin Or- 
gans), and relate to the patient's Jing. 

* Deep and Weak (Empty) pulses are felt in dis- 
eases due to a Deficiency of Qi and Yang. 

© Deep and Forceful (Full) pulses are felt in deep 
diseases (when the disease has penetrated into 
the patient's internal organs). They confirm an 
Excess at the Yin level, or Deficiency at the Qi 
level, and point to a stasis of Qi or Blood, and 
toa Cold or Heat condition. 

2. The Speed of the pulse is considered next. 

a. Slow Pulses are less then 4 beats per the 
patient's breath; they indicate a Cold syn- 
drome. 

* Slow and Weak (Empty) pulses indicate Empty 
Cold and Yang Deficiency. 

* Slow and Forceful (Full) pulses indicate Full 
Cold and Yin Excess. 

b. Rapid Pulses are more then 5 beats per 
patient's breath and indicate a Heat syn- 
drome. 

* Rapid and Weak (Empty) pulses indicate 
Empty Heat and Yin Deficiency. 

* Rapid and Forceful (Full) pulses indicate Full 
Heat and Yang Excess. 


YANG YIN 


DEPTH 


‘Superficial — Exterior | Deep — Interior 
SPEED | Rapid —Hot Slow — Cold 
STRENGTH |Forceful—Excess | Weak — Deficient 


Figure 21.10. The Eight Energetic Principles are 
manifested through the body's pulses. 


LEFTHAND | RIOT HAND 
Sipura -Deop _| Supra: Drop 
ERONT | mat ese - Hear | Large nein - Linge 
WOOLE | cau ader-Lier | stomach Speen 
LOWER, | saser- kine’ in | 1B & Pe ras Yang 


Figure 21.11. Left and Right Hand Correspondence 


3. The Strength of the pulse is considered last. 
‘a. Weak (Empty) Pulses are weak and dis- 
appear on heavy pressure; they indicate 
a Deficient syndrome. 
b. Forceful (Full) Pulses are forceful and are 
felt on deep pressure; they indicate an 
Excess syndrome. 
+ Forceful (Full) and rapid pulses indicate Full 
Heat. 
* Forceful (Full) and slow pulses indicate Full 
Cold. 


THE CLASSICAL PULSE DIAGNOSTIC 
POSITIONS AND DEPTH 

Traditionally the best time to take the patient's 
pulse is when the patientis calm and relaxed. There 
are several schools of pulse diagnosis, each one with 
its own specificmethods of approach to understand 
ing the patient's symptoms. The most important 
aspect in listening to the patient's pulse is to feel 
the strength, quality, and spirit of the pulse. Only 
then can the doctor receive accurate information 
about his patient's condition (Figure 21.11). 


Pattern | Signs Pulse | Tongue 
a Changes in 
Internat | Yong, high ever, gradual onset, tronic, ong pean leorean 
coating 
External | CO! fu, skin eruptions, sudden onset, acute, short | seria) | Changes in 
duration coating 
Diminished physiological function, decreased energy, 
lowered resistance, lowered immunity, white face, ener 
aversion to cold, cold extremities, lack of thirst, craving : 
Cold ! : Siow, tight | pale body, 
for warmth, clear urine, watery stool, desire for hot pore beat 
drinks, diarthea, coolness of limbs, timid behavior, soft 
voice, slow movement, lack of motivation 
Physiological hyperfunction, increased energy, 
increased metabolism, acute pains, fever, thirst, desire 
for cold liquids, flushed face, red eyes, restlessness, Red tongue 
Heat intability, dry stool, dark yellow urine, reduced urine [Rapid —_| with yellow 
secretions, aversion to warmth, hot red skin, fur 
ation, warm extremities, loud voice, talkative, 
extroverted manner, aggressive behavior 
Great weakness, low syptomatic reactions, inconsistent 
energy, shallow and rapid respiration, less severe pain, 
Deficiency | pain characterised by soreness, weak or inconsistent ng acd eng, 
voice, dull menstrual pain, withered face, low spirits, 
abdominal pain 
Flushed face, loud voice, coarse and full breathing, 
Excess _| sharp and acute pain, extreme menstrual pain, tender | Full Thick coat 
abdomen, condition worsens with apllication of heat 


Figure 21.12. Signs of Internal, External Cold, Hot, Deficient and Excess Conditions 


Usually, in men, the pulse on the left (Yang) side 
of the body should be slightly stronger then that of 
the pulse on the right (Yin) side, and vice versa for 
‘women. Also in men, the front (Yang) positions 
should be slightly stronger, while in women the 
lower (Yin) positions should be stronger. 


OVERVIEW 
In the clinic we have a saying, “Where the Qi 


goes, the Blood flows.” Although a patient's pulse 
is produced by the movement of Blood in the ar- 
teries, the activity of that movement is initiated 
by the force of the patient's Qi. By feeling the 
movement of Blood in the vessels, the activity of 
the patient's Qi, Blood, and Body Fluids are diag- 
nosed. This internal communication is summa- 
rized in the above chart (Figure 21.12). 


A digital ammeter allows a wider range of val- 
ues to be viewed more easily. The meter from 
Adafruit in Figure 30-2 has a range of OA to 
9.99A, at voltages from 4.5VDC to 30VDC. The 
meter can be powered parasitically from the 
currents that it is measuring, or can use a sepa- 
rate isolated SVDC supply. 


Figure 30-2 A panel-mount digital ammeter that can 
‘measure up to 9.994, 


Schematic Symbol 

‘An ammeter may be represented in a sche- 
matic with the letter A inside a circle, as shown 
in Figure 30-3. 
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Figure 30-3 An ammeter may be represented tke this in 
a schematic. 


Ammeter Wiring 

Two ways to use an ammeter in a circuit are 
illustrated in Figure 30-4, where the load may 
be any equipment, device, or component that 
provides some electrical resistance, Because 
current is the same at all points in a simple cir- 
cuit, the current that the meter measures flow- 
ing through itself will be the same as the 
current flowing through the load, and the 
sequence of components is immaterial. 


lectricity > metering > currer 


Load 


Load 


Figure 30-4 Two options for placement of an ammeter 
ina circuit 


However, regardless of the placement of the 
meter, the process of measuring current will 
inevitably change the value of the current 
being measured. This is because the ammeter 
imposes some internal resistance of its own. 
The resistance is extremely low, and may be 
considered negligible for loads of more than a 
few ohms, 


+The low internal resistance of an 
ammeter means that it must never be 
connected in parallel with a load, or 
directly across a power source. 


A disadvantage shared by analog and digital 
meters is that they are not usually interchange- 
able between AC and DC. 


Series Resistor 


The current flowing through a load can be cal- 
culated by measuring the voltage across a ser- 
ies resistor that is inserted between the load 
and its ground connection. The concept is 
trated in Figure 30-5. 


Using Ohm’ law, if U is the voltage drop, |is the 
current, and R is the value of the resistor: 


T=u/R 
This tells us that for a fixed value of R, current is 
proportional to voltage. Therefore, measuring 
the voltage enables calculation of the current, 
so long as the value of Ris known, 
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CHAPTER 22 


DIAGNOSIS ACCORDING TO QI, BLOOD, AND BODY 


FLUID DYSFUNCTIONS 


INTRODUCTION 

‘This method of diagnosis identifies patterns on 
the basis of disharmonies according to Qi, Blood, 
and Body Fluids. It is used in clinical practice (es- 
pecially for internal diseases) for diagnosing accord- 
ing to the pathological changes occurring in the in- 
temal organs. 

‘The essential cause of disease is due to an im- 
balance of Qi, Blood, or Body Fluids. When one or 
‘more of these substances are unbalanced, the body’s 
normal physiological function is disrupted and sick- 
ness results. This can be caused by the effect of the 
Six Exogenous Pathogenic Factors, Seven Emotional 
Pathogenic Factors, and is influenced by the 
patient's general constitution. Each of the patient’s 
organs and channels have sets of symptoms or syn- 
dromes of these types of imbalances, which can then 
be identified for treatment. The Qigong doctor’s 


ability to identify problems based on the pathologi- 
cal manifestations of Qi, Blood, and Body Fluids is 
founded on clinical observations of Excess, Defi- 
cient, Stagnant, and Rebellious patterns (Figure 
2.1), These patterns can be further defined as pre- 
dominantly Yin or Yang. These patterns also de- 
scribed as the various disorders of Qi, Blood, and 
Body Fluids, and sometimes overlap, for example: 
+ Excess conditions can give rise to Rebellious 
Qi and also create stagnation; 
* Deficient conditions can give rise to Rebel- 
lious Qi and also create stagnation. 


DISORDERS OF THE QI 
Whenever energy movement isimpeded, dis- 
orders in Qi functions occur. Generally, these dis- 


Excess and Rebellious} Deficient and 
Rebellious Rebellious 
Excess Deficient 
Excess and . Deficient and 
Stagnation Stagnation ‘Stagnation 


Figure 22.1. Pathological Manifestations of Qi, Blood, and Body Fluids 


SECTION 5: DIFFERENTIAL DIAGNOSIS OF ENERGETIC PRINCIPLES 


Fire Water 
Constraint of Qi First Stage. Stasis of Qi 
Arrogant/Agitated Second Stage Fluid Builds Up 
Full on Fire is Third Stage Phlegm is 
Created Created 

aaa Final Stage - 
Heart Fire is Phlegm Fire is 
Created > Mania <— | Created 


Figure 22.2. Disorders caused from the obstruction of Qi flow resultin either Fire or Water energetic dysfunctions. 


turbances cause either disorders of Fire, or disor- 
ders of Water (Figure 22.2). 

The cause and progression to these disorders 
can be further broken down and classified accord- 
ing to their energetic dysfunction (Figure 22.3). 
‘There are several types of Qi disorders observed 
in the clinic and are generally described as fol- 
lows. 


LEAKAGE AND Loss OF Qi 

During or after the training practice, the pa- 
tient may feel that Qi is continuously and uncon- 
trollably leaking out of the body from the genita- 
lia and anus or anywhere else on the body. This 
loss of Qi can lead to Qi Deficiencies, and mani- 
fest through the following symptoms: emaciation, 
weakness of the limbs, grayish and dull complex- 
ion, nervousness, mental disturbances, distract- 
ibility, failing memory, spontaneous sweating, 
night sweats, seminal emission, insomnia, lassi- 
tude, and sluggishness. 
DEFICIENT Qi DisoRDERS 

Deficient Qi exists when the entire body, or 
particular organ, is not being sufficiently nour- 
ished by the Qi. This results in there being too 
little energy to maintain proper organ function. 


aan 


This condition is usually caused by a weakness of 
the Lungs, Spleen, or Kidneys, by chronic illness, 
ora weak constitution, poor diet, or fatigue. Defi- 
cient Qi is unable to: 
* transform, resulting in symptoms such as di- 
arthea, 
« transport, resulting in symptoms such as stag- 
nation of 
* hold, resulting in symptoms such as bruising, 
© warm, resulting in symptoms such as cold 
extremities, 
* protect, resulting in symptoms such as sick- 
ness, and 
* raise, resulting in symptoms such as prolapse. 
Deficient Qi is divided into three subcatego- 
ties from which the patient can suffer. These sub- 
categories are Empty Qi, Sinking Qi, and Qi Col- 
lapse. Each of these subdivisions can further be 
divided into Yin and Yang types. 

1. Empty Qi is considered the first type of Defi- 
ciency. If not treated, Deficient Qi may 
progress to a condition known as Empty Qi 
Diseases that are classified as Empty Qi are 
characterized by a serious weakness or 
Deficiency of the body’s Qi. Empty Qi, espe- 
cially Empty Yang Qimanifests asa weakness 
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Turbidity flowing 
with the course of 


ficlem 
Turbidity flowing i 
against the course of the channels Rebellious 


the channels 


Rebellious 
Qi Disorders 


Excess 
Qi Disorders 


Qi Stagnation 


Deficient 
Disorders 


Qi and Blood 
‘Stagnation 


Empty __/ Erno) Wind 
fang. Obstruction 
Sinking Qi 


obstruction 
Heat 
Dam 
GiCollapse coo Obstruction 
or 
collapse Golapse 
of Yang otvin 


Figure 22.3, Whenever energy movement is impeded or in excess, disorders in Qi function occur, resulting in Qi 
Deviations. 


in the function of holding, moving, and trans- 
forming Qi. 

a. Empty Qi originates primarily from the 
patient's constitution and manifests as 
malnutrition, fatigue, premature signs 
of old age, and an excess of extreme 
emotions. 

b. Empty Yang Qi belongs to the category 
of Yang. Because Yang Qi has the func- 
tion of warming, Empty Yang manifests 
as an inability to adequately warm the 
energy, resulting in Cold symptoms. 
Empty Yang is generally caused by a 
weak constitution, poor diet (excessive 
raw, cold food and drink), overwork, 
old age, and excess sex. 

2. Qi Sinking is also a subcategory of Deficient 
Qi, and is considered the second type of 
Deficiency. If not treated, Empty Qi may 
progress to a more serious Deficient condition 
known as Qi Sinking. This condition results in 
symptoms such as tiredness, listlessness, and 
mental depression, and may eventually lead to 
the prolapse of one or more of the organs 

3. Qi Collapse is a subcategory of Deficient Qi 
and is considered the third and most severe 
type of Deficiency. A Qi collapse exists when 
the Qiis so Deficient that it can no longer hold 
the internal organs in place. This Qi deple- 
tion not only causes a weakness of the body's 
Righteous Qi, which leads to the prolapse of 
the organs (Stomach, uterus, intestines, rectal 
area, vagina, or Bladder), but also induces pro- 
longed diarthea, upper abdominal distention, 
and dizziness. 

a. The Collapse of Yin results in pure Fire. 
The main manifestations are abundant 
perspiration and external tissue, which 
is hot to the touch. 

b. The Collapse of Yang results in pure 
Cold. The main manifestations are chills 
and external tissues which are cold to 
the touch. 


EXCESS Qi DISORDERS 
An Excess Qi condition is caused from too 
much Qi, which overacts on an organ, affecting 


its function, and usually produces too much trans- 
formation and Heat in a given organ. This can be 
due to over-energizing the organs and channels, 
from excessive Qigong exercises and meditations, 
or too much energy stimulation during a Qigong 
doctor's treatment. 


QI STAGNATION DISORDERS 

‘Qi stagnation exists when the Qi is not flow- 
ing smoothly, and becomes sluggish when mov- 
ing within the body’s channels, organs, or tissues. 
Qi stagnation can be caused by many different 
factors such as: suppressed emotions, trauma, con- 
traction of microorganisms, poor diet, and weak 
digestion. Qi stagnation, over time, results in lo- 
calized pain, distention, cysts, tumors, etc. Qistag- 
nation disorders have two subcategories: Qi and 
Blood Stasis, and Obstructed Qi. 

1. Qiand Blood Stasis refers to the sensation of 
local pain, heaviness, soreness, distention, and 
compression, which are caused by the stag- 
nant Qi and Blood in certain areas of the body. 
‘These sensations do not disappear by them- 
selves. This stasis may occur during or after 
Medical Qigong training practice from Qi dis- 
orders and visceral malfunctions. 

2. Obstructed Qi is also considered a subcat- 
egory of Qi stagnation, and exists when the 
Qi becomes so stagnant that itno longer flows. 
At this stage the Qi can not move the Blood. 
This can be caused by trauma, surgery, and 
acute Qi stagnation. 

‘When Qi becomes obstructed inside the body, 
certain clinical manifestations result, such as: 

* Cold Obstruction causes Qi to become fixed 
with local numbness that improves with heat; 

+ Damp Obstruction causes Qi to become fixed 
with local swelling; 

* Heat Obstruction causes Qi to become in- 
flamed, red, and swollen; 

* Damp Heat Obstruction is a combination of 
Damp and Heat. It is called “summer Damp 
Heat,” and results in poor appetite, dizziness, 
diarthea, heaviness of the head, and sensa- 
tions of chest suffocation; 

* Wind Obstruction causes migrating pain that 
moves from joint to joint. 
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Organ —_| Normal Flow | Rebellious Flow Symptoms 
Excessively Upwards —_| Dizziness, Headache, Irritation 
Horizontally to Stomach _| Nausea, Belching, Vomiting 
Liver | Upwards Horizontally to Spleen —_| Diarrhea 
Horizontally to Intestines | Dry Stool 
Downwards Burning Urination 
Heart | Downwards | Upwards Insomnia, Mental Restlessness 
Spleen | Upwards Downwards Diarthea, Prolapse of Organs 
Stomach | Downwards Upwards Hiccup, Nausea, Belching, Vomiting 
Lungs | Downwards | Upwards Coughing, Asthma 
Kidneys |Downwards | Upwards Asthma 


Figure 22.4. Chart of Rebellious Qi Flow 


REBELLIOUS QI DISORDERS 
Rebellious Qi disorders manifest as Qi flow- 
ing in the wrong direction (a direction different 
from its normal physiological progression); this 
causes a disturbance within the harmonious flow 
of energy and affects the organs’ functions. The 
symptoms have to be analyzed according to the 
internal organ which is involved. There are two 
types of Rebellious Qi, the Excess and Deficient 
type. Rebellious Qi is categorized as follows: 
DISORDERS OF EXCESS REBELLIOUS QI 
Disorders of Excess Rebellious Qi occur when 
the vital Qi increases and forces the pathogenic 
Qi to move; leading to local sensations of pain, 
soreness, distention, heaviness, cold or heat, which 
can develop during a patient’s Qigong practice 
(Figure 22.4). 
DISORDERS OF DEFICIENT REBELLIOUS Qi 
Disorders of Deficient Rebellious Qi refers to 
the disorderly flow of Qi and Blood during or af- 
ter the training practice, which causes dizziness, 
fright, a heavy feeling in the chest, shortness of 
breath, shaking limbs, trembling of the hands and 
feet, or fainting. Generally, energy sensitive pa- 
tients know the location and direction of the dis- 
orderly flow of Qi in their tissues. 


TURBID @ 

While transforming and transporting energy, 
the body divides ingested and absorbed Qi into 
Clear and Turbid energy for distribution (keep- 
ing and redistributing the clean, while disposing 
of the turbid). Turbid Qi refers to any dark, murky 
energy which can originate within, or from out- 
side of the body's organ system, and sometimes 
travels throughout the body's channel system. 
‘Turbid Qi attaches to the body's wounds (physi- 
cal, emotional, or spiritual), manifesting as dark, 
discolored clouds of energy. This energy can ad- 
versely affect the body's physical, emotional, and 
cenergeticbalance, especially when combined with 
any pathogenic internal or external factor. 
PATHOGENIC SENSING OF TURBID QI 

Feeling the sensations of Turbid Qi is referred 
to as “pathogenic sensing,” This skill is acquired 
by the doctor while projecting energy to his pa- 
tients. While emitting energy, the Qigong doctor 
can sense the patient’s Yuan Qi, as well as the Tur- 
bid Qi inside the patient's body. This enables the 
doctor to diagnose and treat their patients’ dis- 
eases according to the various Qi sensations, and 
to categorize the patients’ Turbid Qi. The Turbid 
Qiis also called Evil or “pathogenic Qi.” The flow 


of Turbid Qi within the patient’s channels is char- 
acterized as follows: 

* Turbidity flowing with the course of the chan- 
nel indicates transference of Turbid Qi to- 
wards the body's interior. 

‘* Turbidity flowing against the course of the 
channel indicates the beginning production 
of Turbid Qi. 

Turbid Qi differs from the pathogenic factors 
of infectious diseases referred to in Western medi- 
cine. According to clinical experience, the patho- 
genic sense of Turbid Qi can be classified as: Dry 
or Hot Sensations, Cold or Chilly Sensations, Sore- 
ness or Numbing Sensations, Impure or Foul Sen- 
sations, The Sensations of The Seven Emotions, 
and The Sensations of The Six Climate Conditions. 

1. Dry or Hot Sensations are considered Yang 
signs or symptoms of Heat. This type of Tur- 
bid Qi feels feverish and flaccid; it can cause 
perspiration, irritation, etc. The sensations of 
dry-heat on the body or hands of the doctor 
often cause the doctor to fidget, as if being 
scorched by a fire. It may also serve as an in- 
dicator of syndromes of Excess Heat and hy- 
peractivity of Fire due to a Yin Deficiency. 

2. Cold or Chilly Sensations are considered Yin 
signs or symptoms of Cold. This type of Tur- 
bid Qi feels cold, rigid, and stagnant. It may 
beso cold that the doctor's fingertips turn cold 
immediately. This coldness transmits from the 
doctor's fingertips upward, causing shiver- 
ing and contractions of the sweat glands 
(“goose-bumps”). This gives the doctor a par- 
ticular feeling of cold and discomfort. Cold 
feelings often serve as a message of Deficiency 
and Cold syndromes such as rheumatism, 
theumatoid disease, Deficiency of the Kidney 
Yang, and certain types of cancer. 

3. Soreness or Numbing Sensation often indicate 
syndromes of hyperactivity of the Liver Yang 
and Excess of Wind, Cold, Dampness or 
Phlegm, as well as arthralgia syndrome and 
cancer. The doctor may experience an uncom- 
fortable feeling of local soreness or pain, 
heaviness, numbness, tingling and itching. 

4, Impure or Foul Sensations can be felt when 


the doctor is standing opposite the patient, or 
when extending energy towards the patient. 
Itis an indescribable unpleasant feeling that 
is often felt when the open palm and fingers 
are used to detect a disease. 

5. The Seven Emotions (joy, anger, worry, anxi- 
ety, fear, shock, and grief) in excess will cause 
discomfort to the doctor. During treatment, 
the doctor may detect and feel the different 
natures of these emotional pathogenic Evils 
flowing through the doctor's body. The doc- 
tor may, for example, have a specific feeling 
of anger if the disorder of the patient is due 
to excessive anger. Once these pathogenic 
emotions are discovered, the doctor must 
purge or disperse them, as well as determine 
their origin, and cause. 

6. The Six Climate Conditions (Wind, Cold, 
‘Summer Heat, Dampness, Dryness, and Fire) 
will also cause discomfort to the doctor. Dur- 
ing treatment, the doctor may detect and feel 
the different natures of these pathogenic Evils. 
The doctor may, for example, have a specific 
feeling of slippery wet ooze if the disorder of 
the patient is due to Dampness. 


RECTIFYING QI DISORDERS. 
The primary treatment principles for rectify- 
ing Qi Disorders are as follows: 
* for Qi leakage - tonify 
* for Deficient Qi - tonify 
* for Empty Qi - tonify 
* for Qi sinking - raise and tonify 
* for Collapsed Qi - tonify 
* for Excess Qi - reduce 
* for Stagnant Qi- move 
« for Obstructed Qi - move 
* for Rebellious Qi - calm and subdue 
* for Turbid Qi - remove, dredge, and purge 
These are often found in combination with 
other patterns. Here are some examples of treat- 
ing combined patterns: 
* for Excess and Rebellious Qi, reduce Excess 
and calm Rebellious Qi; 
* for Deficient and Rebellious Qi, tonify Defi- 
cient and calm Rebellious Qi; 
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Figure 22.5. Whenever Blood movement is impeded or in excess, disorders in Blood function occur. 


+ for Excess and Stagnant Qi reduce Excess and 
move the Stagnant Qi; 

* for Deficient and Stagnant Qi, tonify Deficient 
and move the Stagnant Qi; 

‘for Excess and Deficient Qi, drain Excess and 
tonify Deficient Qi; and 

* for Rebellious and Stagnant Qi, calm Rebel- 
lious and move the Stagnant Qi. 


DISORDERS OF THE BLOOD 

‘Tounderstand Blood disorders it is important 
to understand the concept of Blood from the per- 
spective of Traditional Chinese Medicine. In Chi- 
nese Medicine, Blood is different in concept, char- 
acteristics and function from that of Western medi- 
cine. Blood originates from the transformation of 
food and drink by the Spleen, which then trans- 
fers the refined food energy (Gu Qi) to be further 
enhanced by the Heart, Lungs, and air energy. 
Blood is therefore considered a transformation of 
constructive energies. 

Disorders of the Blood can relate to disorders 


of the Qi. Qi and Blood flow together, Qi being 
the active force which makes the Blood circulate 
and keeps it within the blood vessels. Both Qi and 
Blood flow within the channels and blood ves- 
sels, continuously circulating throughout the body 
nourishing, maintaining, and moistening the tis- 
sues. Qi is an energetic form and is considered a 
Yang substance, while Blood is a liquid form of 
energy and considered a Yin substance. The cause 
and progression to Blood disorders can be further 
broken down and classified according to their 
energetic dysfunction (Figure 22.5). There are sev- 
eral types of Blood disorders observed in the clinic 
and are generally described as follows. 


DEFICIENCY OF BLOOD 

A Deficiency of Blood exists when the entire 
body, or a particular organ, is insufficiently nour- 
ished by the Blood, or not enough Blood is present 
to nourish the organs and channels, to support 
the Qi. Blood Deficiency is usually caused from 
Blood loss, chronic illness, poor diet, or Spleen Qi 
Deficiency, which weakens the Qi. This in turn af- 
fects the Liver (causing symptoms of dizziness, 
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blurred vision, and numbness) and Heart (caus- 
ing symptoms effecting the mind, memory, and 
Shen). 
Loss or BLoop 

Loss of Blood is considered a subcategory of 
Deficient Blood. Loss of Blood is caused by Spieen 
Qi failing to control the Blood, resulting in the 
Blood spilling out of the vessels and organs, etc. 
Loss of Blood is divided into two main types: 
* Deficient loss of Blood is caused by an insuf- 
ficiency of Qi to hold the Blood. 
‘+ Excess loss of Blood, is caused by either Blood- 
Heat pushing the Blood out of the vessels, or 
by Blood stagnation and Yin Deficiency which 
causes the Blood to pool. 
EMPTY BLooD 

Although Empty Blood is a subcategory of 
Deficient Blood, it is considered a serious Defi- 
cient condition, mostly due to the Blood of the 
whole body becoming Deficient. Empty Blood cor- 
responds to a Deficiency of Qi, caused by: 

* Inadequate nutrition, 

* Loss of Blood through accident or disease, 

* Loss of Body Fluids through excessive sweat- 
ing, urination, vomiting, or diarrhea, 

* Extreme emotions (e.g., rage, terror and 
shock), 

* Blood stagnation, which leads to poor Blood 
circulation. 

Since the Empty Blood fails to nourish the ten- 
dons and muscles, it results in shaking in the ex- 
tremities and head, dizziness, and blurred vision. 


Empty Yin 

Blood belongs to the category of Yin. Because 
Yin Qi has the function of cooling and moisten- 
ing, when an Empty Yin condition is present, the 
symptoms manifest as Excess Heat and Drynes: 
Empty Yin is caused by a weak constitution and a 
poor diet (overcooked foods and hot liquids). The 
organs most likely to be effected by the Empty 
Yin condition are the Kidneys, Lungs, Heart, Liver, 
and Stomach. 
BLOOD STAGNATION 

Blood Stasis exists when the Blood is unable 
to flow smoothly, and becomes obstructed or con- 


geals. Blood stasis is usually caused by an impact 
trauma, Deficient Blood, stagnant Blood, Blood 
Heat, Blood Cold, or stagnant Qi. It results in lo- 
calized pain which worsens with pressure, swell- 
ing of the internal organs, cysts, and tumors. The 
organ most often affected by Blood stasis is the 
Liver. 
BLoop HEAT 

Blood Heat is mostly due to Liver Heat and 
External Wind. When toxic Heat enters the Blood, 
the Blood may break out of the vessels and cause: 
nose bleeding, hemorthaging, and broken blood 
vessels. Heat consumes the Blood and Yin, injur- 
ing the tendons and muscles, causing spasms and 
rigidity. The Blood Heat also injures the Govern- 
ing Vessel, Pericardium, and the Shen. 


‘The Four Main Treatment Principles 
* for a Deficiency of Blood, tonify 
* for Empty Blood, tonify 
* for Blood Stasis, move Stasis, 
* for Blood Heat, cool down 


THREE DISORDERS OF BODY 


FLuIps 

‘To understand disorders of the Body Fluids it 
is important to understand the concept of Body 
Fluids, from the perspective of Traditional Chi- 
nese Medicine. Body Fluids are a denser form of 
Qi, and depend on Qi for transformation and 
transportation. Qi occupies and directs the move- 
ment of Blood and Body Fluids. The function of 
the Fluids is to moisten and nourish the body's 
tissues, as well as thin the Blood to prevent stasis. 
Body Fluids are formed from ingested food and 
drink, and are then transported by the energy of 
the Spleen to the Lungs and Smail Intestines for 
distribution. 

Disorders of the Body Fluids can relate to dis- 
orders of the Blood. There is a constant inter- 
change between Fluids and Blood, such as, for 
example, a Deficiency of Fluids can be developed 
from a heavy loss of Blood. Body Fluids are di- 
vided into two categories: 
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Figure 22.6. Whenever Body Fluid movement is impeded or in excess, disorders in Body Fluid function occur. 


1, Jin refers to the light, thin, watery, clear, quick- 
‘moving Fluids and is considered Yang. These 
Fluids are under the control of the Lungs 
which circulate them with the Wei Qi. These 
Fluids also permeate and moisten the skin and 
have the function of warming and nourish- 
ing the muscles. The Upper Burner is respon- 
sible for controlling the Jin transformation and 
moving it towards the skin. The Jin is mani- 
fested in the body in the form of sweat, tears, 
saliva, mucus, and parotid serum. 

2. Yerefers to the heavier, thicker, turbid, dense, 
slow moving Fluids and is considered Yin. 
These Fluids are under the control of the 
Middle and Lower Burners, which circulate 
the Ye with the Ying Qi. The Spleen and Kid- 
neys are responsible for controlling the Ye 
transformation. This Fluid lubricates the joint 
cavities (synovial fluid), nourishes and lubri- 
cates the brain and spinal cord (cerebrospinal 
fluid), bone marrow and the orifices of the 
sensory organs (eyes, ears, nose, and mouth). 
‘There are three primary disorders of Body 

Fluids observed in the clinic, they are described 

as follows (Figure 22.6). 

1, Deficient Body Fluids exists when the entire 


body, or a particular organ, is insufficiently 

nourished by Body Fluids. This is generally 

due to insufficient Yin to create or nourish the 
body's organs or joints. Deficient Body Flu- 
ids are usually caused by prolonged loss of 

Fluids (sweating, diarrhea, and vomiting), 

prolonged illness, a Heat condition, or a Yin 

Deficiency which leads to Dryness. A 

Deficiency of Body Fluids usually affects the 

Lungs, Kidneys, Stomach, and Large Intes- 

tines, 

2. Excess Body Fluid accumulation is usually 
caused by an Excess Yin and one of three fac- 
tors,or a combination of all of them. They are: 

+ A Lung Qi Deficiency, which affects the top 
of the body, face and hands, 

+ A Spleen Qi Deficiency, which affects the 
middle part of the body, and abdomen, 

+ A Kidney Qi Deficiency, which affects the 
lower part of the body, legs and ankles. 

If there is a Deficiency within one or all three 
of these organs, and the Body Fluid is not able to 
transform properly, it will overflow the channels 
and settle under the skin. 

3, Retention of Phlegm is due primarily to a 
Deficiency of the Spleen failing to transport 
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and transform the Body Fluids. If Phlegm is 
retained for long periods of time, disease of 
the organs (Substantial Phlegm), as well as 
channels, skin, and joints (Non-Substantial 
Phlegm), can form. 


‘The Three Main Treatment Principles 
* for Deficient Body Fluids, moisten; 
* for Excess Body Fluids, dry or drain; 
‘* for Retention of Phlegm, resolve. 


TYPES OF PHLEGM 

The concept of Phlegm isan important patho- 
logical and etiological factor in Traditional Chi- 
nese Medicine. If Phlegm is allowed to accumu- 
late and becomes retained within the body, it 
causes disease. 

The main cause of Phlegm formation is Spleen 
Deficiency. If the Spleen becomes weak and fails 
to transform and transport the Body Fluids, these 
will accumulate and transform into Phlegm. How- 
ever, Phlegm formation can also occur if the Lungs 
fail to disperse and lower Fluids, or if the Kid- 
neys fail to transform and excrete Fluids. 

In Traditional Chinese Medicine, there are two 
types of Phlegm: Substantial Phlegm and Non- 
Substantial Phlegm. 

1. Substantial Phlegm is described in ancient 
texts as “having a form.” It can be observed 
as the thick mucus that collects within the 
Lungs and spat out during bronchial infec- 
tions and other Lung diseases. As the Lung 
disease progresses, the patient’s mucus 
changes color, progressing from clear watery 
to yellow and thick, then to green and pussy, 
and finally brown and red. 

2. Non-Substantial Phlegm is described in an- 
cient texts as “having no form.” This type of 
Phlegm can accumulate within: 

* the body's organs forming stones, 

* the joints forming arthritic bone deformations, 
* the skin forming lumps or cysts, and 

* the channels causing stagnation of Qi and 

Blood, resulting in numbness. 

Both Substantial and Non-Substantial Phlegm 
can assume different forms of disease, develop- 


ing in accordance to its associations with Heat, 
Cold, Damp, Wind, Qi, and Fluids. For example: 

1. Phlegm Heat is a type of Substantial Phlegm 
that affects the Lungs, Stomach, or Heart. It 
manifests as yellow sticky phlegm, a red face 
and a red tongue with sticky yellow coating, 

2. Cold Phlegm is a type of Substantial Phlegm 
that affects the Lungs and Stomach. It mani- 
fests as white watery phlegm expectoration, 
cold feelings in the back and extremities, and 
a pale tongue with a white and wet coating. 

3. Damp Phlegm is a type of Substantial Phlegm 
that affects the Lungs. It manifests as a pro- 
fuse white sticky phlegm, feelings of stuffi- 
ness in the chest and epigastrium region, and 
asticky tongue coating. 

4, Wind Phlegm is a type of Non-Substantial 
Phlegm and is seen in Wind Stroke. It causes 
dizziness, nausea, vomiting, coughing up of 
Phlegm, numbness of the limbs, rattling 
throat, and aphasia. 

5. Qi Phlegm is a type of Non-Substantial 
Phlegm which affects the throat. It manifests 
asa “plum pit” syndrome within the throat. 
Its formations related to emotional problems, 
created when the Liver Qi rises and stagnates 
within the throat. Its condition manifests as a 
feeling of swelling in the throat, difficulty in 
swallowing, and stiffness in the chest and dia- 
phragm. 

6. Phlegm Fluidsis a type of Substantial Phlegm 
which has a fluid or watery nature, and is 
called Yin in Chinese medicine. There are four 
types according to their location: 

+ Phlegm Fluids located in the Stomach and 
intestines manifest as abdominal fullness, dis- 
tension, and vomiting; 

+ Phlegm Fluids located above the diaphragm 
manifest as coughing, asthma, edema, and 
dizziness; 

Phlegm Fluids located within the hypochon- 

drium manifest as distension in the hypo- 

chondrium area, with pain and coughing; 

+ Phlegm Fluids located in the four limbs mani- 
fest as heaviness and pain in the muscles. 
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Figure 30-5 A basic circuit for measuring current as a 
function of the voltage drop across a small-value resistor: 
The load inthis figure is any circuit or device with a rela- 
tively higher resistance. The voltage measurement device 
‘could be a microcontroller or analog-to-cigita converter. 


Suppose that R has a very small value, which is 
trivial compared with the resistance of the load. 
Consequently, the current in Figure 30-5 will be 
mainly determined by the load, and we may 
consider the value of the current to be almost 
the same with or without the addition of R. In 
that case, the voltage drop across the resistor 
will be smaller if R is smaller. A smaller voltage 
drop will not be as easy to measure, but a lower 
resistance will result in less wastage of power, 


IfP is the power: 
Pere re 


‘An example may help to make this clear. Sup- 
pose the resistor has a value of 0.5 ohms, and 
the voltage drop across it is measured to be 1V. 
Ohm's law shows that current flow is 1 / 0.5 
2A. The power formula shows that P = 0.5 * 
2W. 


To waste less power, the value of the resistor 
should be reduced further. Suppose a resistor 
of 0.01 ohms is used, and the voltage drop 
across its measured as 0.02 volts. The current is 
0.02 / 0.01 = 2A, as in the preceding example, 
but the power 
0.04W, which is negligible. 


Series Resistor 


But are resistors available that have values 
measured in fractions of an ohm? 


Current-Sense Resistors 

In fact, many current sense resistors are avail- 
able, with values of 0.1 ohms, 0.001 ohms, 
0.0001 ohms, and many in between. Some 
resistors have values measured in micro-ohms. 
Examples are shown in Figures 30-6, 30-7, and 
30-8. 


Measuring a small voltage drop is easily done 
by using a microcontroller. However, the con- 
nection to the microcontroller must be made as 
near to the resistor as possible, to eliminate the 
additional resistance of wires or circuit-board 
traces, For this reason, precision current-sense 
resistors may be equipped with four terminals. 
‘Two are wider, and are meant for connection to 
the flow of current. The other two are narrow, 
for measuring the voltage over the resistor. 
With this 4-point configuration, voltage drop 
over the resistor can be measured as close to it 
as possible. The 0.001-ohm. surface-mount 
resistor in Figure 30-8 is designed for 4-point 
measurement. 


Figure 30-6 Two current resistors manufactured by KOA 
Speer. Left: 0.1 ohms, SW, 5%. Right: ohm, SW, 5%. The 
background grid is in milimeters. 
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CHAPTER 23 


DIAGNOSIS ACCORDING TO THE FIVE-ELEMENT 


THEORIES 


INTRODUCTION To THE FIVE 
ELEMENTS 

This method of diagnosis is based on the in- 
terpretation of clinical manifestations according 
to the creative, controlling, invading, and insult- 
ing sequences of the Five Elements. The Five Ele- 
ments are five phases of transition used in Chi- 
nese Medicine and are sometimes referred to as 
the Wu Xing. Wu translates to mean the number 
five, Xing translates to mean a process of move- 
ment or walking. The concept of the Five Elemen- 
tal theory began to first appear in documents in 
China during the Zhou Dynasty (from 1000 to 770 
B.C). This theory classified tangible and intan- 
gible substances into five categories for observa- 
tion and study, as well as diagnosis and treat- 
ments. 

1, The Wood Element is associated with the ac- 
tive functions of birth in nature's growth stage 
of development. 

2. The Fire Element is associated with maximum. 
functional activity in nature's growth stage of 
development. 

3. The Earth Elements associated with the func- 
tion of stabilization in nature’s growth stage 
of development. 

4, The Metal Elements associated with nature's 
declining functions of the growth stage of de- 
velopment. 

5. The Water Element is associated with the 
maximum state of rest in nature’s growth 
stage of development. 

The Five Elemental theory is used to explain 
the classifications and characteristics along with 
the laws of universal cycles (creating, controlling, 
invading and insulting). These interactions are 
studied today in Traditional Chinese Medicine to 
assist the doctor’s diagnosis in comprehending the 
growth and development of the body's energetic 


Wood 


Figure 23.1 The Five Elements 


anatomy, physiology, disease processes, and 
symptom development (Figure 23.1), 


THE Five ELEMENTS AND YIN AND 
YANG THEORY 

Itis important to understand the Five Elemen- 
tal theory’s energetic origin and its interaction 
with Yin and Yang Qi to appreciate its energetic 
categorizations. 

‘The ancient Chinese Qigong masters believed 
that the creation, development, and declining tran- 
sitions of all things throughout the universe were 
the result of the interaction of Yin and Yang Qi. The 
Yin and Yang theory was therefore used to describe 
the opposing, interdependent, as well as waxing 
and waning transitions of all things, especially the 
interactions of the Five Elements (Wood, Fire, Earth, 
‘Metal, and Water). Fire and Wood are considered 
active Yang elements, while Water and Metal are 
considered quiescent Yin elements. The Earth is 
considered a balance point between Yang and Yin. 


Qigong doctors assign the Five Elements of Tra- 
ditional Chinese Medicine to the body's organs and 
tissues. The Five Elements are considered the Jing 
of the body’s Yin and Yang energy pools. Imagine 
each element organ as a pool of liquid energy. The 
energetic movement, much like water, flows from 
element to element. This flowing movement of liq- 
uid energy is considered to be the body's energetic 
pulse, moving Qi to and from these pools. 

‘The rivers of Qi cannot exist without the pools 
of Jing to nourish their flow and function; and the 
pools of Jing cannot act without the rivers of Qi 
stimulating their action. Therefore the principle 
action of the Five Elements is the circulation of 
the Yin and Yang Qi. 

The human body is like a living Taiji symbol 
(see Chapter 21). Its back channels are considered 
Yang; its front channels are considered Yin; and 
its center channel is contained through the ener- 
getic actions of the Taiji Pole. The Taiji Pole pro- 
duces Yang Qi by the inhalation of life-force en- 
ergy through the breath. When Yang Qi reaches 
its peak, it rests, while the Yin Qi begins to in- 
crease. When the Yin Qi reaches its peak and 
comes to rest, then the Yang Qi begins to increase 


‘once more. This continuous interaction of Yang 
energy with Yin energy produces and enhances 
within the body, the Five Elemental organ ener- 
gies of the Liver (Wood), Heart (Fire), Spleen 
(Earth), Lungs (Metal), and Kidneys (Water). 

‘The first stage of Qigong exercises and medi- 
tations create an energetic transformation which 
regulate, refine, and reduce these Five Elemental 
organ energies into two primary Yin and Yang 
energies known as Fire and Water Qi. The second 
stage of transformation consists of combining the 
Water and Fire energy into one union of Three 
Human Treasures (Jing, Qi, and Shen). This ener- 
getic transformation is responsible for “bringing 
10,000 things into being” (Figure 23.2). In China, 
these meditation stages are used for exploring the 
stimulation of the energetic functions of the cen- 
tral nervous system, the peripheral nervous sys- 
tem, cardiovascular system, digestive system, re- 
productive system, etc. 

The Five Elemental theory assists the Qigong 
doctor in examining the energetic correspon 
dences for clinical evaluation. This is only one 
phase of clinical observation however, and should 
always be applied with the Yin and Yang theory. 


Heavenly Qi 
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Figure 23.2 Stages of Energetic Transformation 
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THE CREATIVE OR GENERATIVE 
CYCLE 

Within every Qi cycle each element has two 
‘main aspects: it is either (1) creating or being cre- 
ated, or (2) restricting and /or being restricted. In 
the process of growth and development, both cre- 
ative and restrictive patterns are needed. With- 
out creation, growth would have no origin, and 
growth without restriction can create harm. The 
creative element is called the Mother, and the ele- 
ment created is called the Child. This is the 
“Mother and Child” relationship referred toin Tra- 
ditional Chinese Medicine. The Creative Cycle is 
generally used for tonification, as the stimulation 
of one organ enhances the function of the next 
(Figure 23.3). The Five Elemental Creative Cycle 
and its organ correspondences are as follows. 

1. The Liver’s element is Wood, which is used 
to create the Heart's element Fire. The Liver 
is the Mother of the Heart, which is the Child. 
‘The Liver stores the Blood and Blood houses 
the Shen. If the Mother (Liver) becomes Stag- 
nant, the Child’s Heart (Shen) will suffer. 
Clinical manifestations include indecision, ti- 
midity, lack of courage, palpitations, and early 
morning insomnia. 

2. The Heart's element is Fire, which is used to 
create the Spleen’s element Earth. The Heart 
is the Mother of the Spleen. The Heart’s Qi 
pushes the Blood, thereby helping the Spleen. 
in its function of transporting. If the Mother 
(Heart) becomes stagnant, the Child (Spleen) 
will suffer, creating a Spleen Yang Deficiency. 
This is due to failure of Heart Fire in provid- 
ing Heat to the Spleen. Clinical manifestations 
include chills, weakness in the limbs, and 
loose stools. 

3. The Spleen’s element is Earth, which is used 
tocreate the Lungs’ element Metal. The Spleen 
isthe Mother of the Lungs. The Spleen Qi pro- 
vides Gu Qi (food energy from the Earth) to 
the Lungs where it combines with air (energy 
from Heaven) to form Gathering (Zong) Qi. 
Tithe Mother (Spleen) becomes Deficient, the 
Child (Lungs) will suffer, creating Phlegm 
which obstructs the Lungs. Clinical manifes- 


Figure 23.3 The Five Elemental Creative Cycle 


tations include Phlegm in the chest, cough- 
ing, and general weakness. 

4, The Lungs’ element is Metal, which is used 
to create the Kidneys’ element Water. The 
Lungs are the Mother of the Kidneys. The 
Lungs send Qi down to meet the Kidney Qi, 
as well as Fluids to nourish the Kidneys. If 
the Mother (Lungs) becomes stagnant, the 
Child (Kidneys) will suffer, due to the Kid- 
neys not receiving enough Qi. Clinical mani- 
festations include breathlessness, loss of voice, 
coughing, and asthma. 

5, The Kidneys’ element is Water, which is used 
to create the Liver’s element Wood. The Kid- 
neys are the Mother of the Liver. The Kidneys 
Yin nourishes the Liver Blood. If the Mother 
(Kidneys) become Deficient, the Child (Liver) 
will suffer (ie., Liver Yin Deficiency). Clini- 
cal manifestations include headaches, blurred 
vision, dizziness, and vertigo. 


‘THE CONTROLLING OR RESTRICTIVE 
cycLe 

This is a condition in Traditional Chinese 
Medicine where one element brings under con- 
trol, or restrains, a corresponding element, thus 
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ensuring that a dynamic balance is maintained 
among the Five Elements. The element that re- 
stricts is considered successful, while the element 
being controlled is in check. It is commonly re- 
ferred toas “the strong controlling the weak,” and 
is generally used for sedation, to ensure that the 
Creative Cycle does not over-create and cause im- 
balances. The element prior to the Mother is com- 
monly referred to as the Grandmother. In the Con- 
trolling Cycle, itis the Grandmother who controls 
the Child (Figure 23.4). The Five Elemental Con- 
trolling Cycle and its organ correspondences are 
explained as follows. 

1. The Wood absorbs nutrients from the Earth, 
ie., the Liver (Grandmother) controls the 
Spleen and its paired organ the Stomach 
(Child). Two of the Liver’s energetic functions 
are to help the Stomach “rot and ripen” the 
food and the Spleen to transform and trans- 
port the Gu Qi. 

2. The Earth restricts Water, i.e., the Spleen 
(Grandmother) controls the Kidneys (Child). 
Both the Spleen and Kidneys control the trans- 
formation of Body Fluids. 

3. The Water extinguishes Fire, ie,, the Kidneys 
(Grandmother) control the Heart (Child). The 
energetic aspect of the Kidneys’ Water con- 
trols the energetic balance of the Heart's Fire. 

4. The Fire melts Metal, ie., the Heart (Grand- 
mother) controls the Lungs (Child). The Heart 
governs the Blood, while the Lungs govern 
Qi (both Qi and Blood mutually assist and 
nourish each other). 

5. The Metal chops Wood, ie, the Lungs (Grand- 
mother) control the Liver (Child). Ifthe Lungs’ 
Qi is weak it will not descend thus allowing 
the Liver Qi to rise. 


THE INVADING OR OVERACTING 
CYCLE 

This is a condition in Traditional Chinese 
Medicine where an element overacts, overcontrols 
and invades, the element it is supposed to control 
(Figure 23.5). Instead of the role of checking and 
restraining, one element severely attacks another 
element, stealing Qi from its energetic pool. This 
is generally observed in cases of Excess or Defi- 


Figure 23.4, The Five Elemental Controlling Cycle 


ciency conditions of the organs. The Five Ele- 
mental Overacting Cycle and its organ correspon- 
dences are as follows. 

1. The Wood invades the Earth, ie, the Liver 
(Grandmother) overcontrols the Spleen 
(Child) and its paired organ the Stomach. In 
the clinic, this is commonly called “Liver in- 
vading the Spleen.” Clinical manifestations 
include hypochondriac and epigastric pain 
and distension, irritability, poor appetite, 
loose stool, and a green face color. 

2. The Earth invades the Water, ie., the Spleen 
(Grandmother) overcontrols the Kidneys 
(Child). This occurs when a Deficient Spleen 
fails to transform and transport Fluids. These 
Fluids accumulate and obstruct the Kidneys’ 
function of transforming and excreting Flu- 
ids. Clinical manifestations include edema, 
difficulty urinating, and a yellow face color. 

3. The Water invades the Fire, ie,, the Kidneys 
(Grandmother) overcontrol the Heart (Child). 
This pattern is almost never seen in clinical 
practice since the Kidneys are rarely in Ex- 
cess. 

4. The Fire invades the Metal, i.e,, the Heart 
(Grandmother) overcontrols the Lungs 
(Child). This results in Full Heat in the Lungs. 
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Pulmonary disease can be caused by cardiac 
disorders, this is known as “Fire Overacting 
and Invading Metal.” Clinical manifestations 
include cough with yellow sputum, a feeling 
of Hot sensations, and a red face color. 

5. The Metal invades the Wood, i.e., the Lungs 
(Grandmother) overcontrols the Liver (Child). 
Clinical manifestations include irritability, a 
feeling of distension, fatigue, and a white face 
color. 


THE INSULTING OR COUNTERACTING 
cycLe 

This is a condition in Traditional Chinese 
Medicine where the elements reverse their restric- 
tive cycle and the Child insults the controlling el- 
cement, the Grandmother Figure 23.6). Thisis gen- 
erally observed in cases of Excess or Deficiency 
within the Five Elements. The Five Elemental 
Insulting Cycle and its organ correspondences are 
as follows. 

1. The Wood dulls the Metal ax, ie,, the Liver 
(Child) insults the Lungs (Grandmother). If 
the Child (Liver Qi or Liver Fire) becomes 
stagnant, it can obstruct and prevent the 
Lung’s Qi (Grandmother) from descending. 
Clinical manifestations include coughing, a 
feeling of distension in the chest and hypo- 
chondrium area, and asthma. If pulmonary 
disease is due to the impairment of the Liver, 
it is explained as “Wood Insulting or Coun- 
teracting Metal.” 

2. The Metal controls the spread of Fire, ie, the 
Lungs (Child) insult the Heart (Grand- 
mother). Ifthe Child becomes Deficient, it can 
cause the Heart Qi (Grandmother) to become 
Deficient. Clinical manifestations include pal- 
pitations, breathlessness and insomnia. 

3. The Fire dries up the Water, i.e,, the Heart 
(Child) insults the Kidneys (Grandmother). If 
the Grandmother (the Kidneys’ Yin) becomes 
Deficient, then the Heart (Child) can become 
excessive, giving rise to Heart Empty Heat. 
Clinical manifestations include dizziness, 
lower back pain, night sweating, insomnia, 
malar flushes, and dry mouth (at night). 

4, The Water erodes the Earth, i.e, the Kidneys 


Figure 23.5 The Five Elemental Invading Cycle 
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Figure 23.6 The Five Elemental Insulting Cycle 


(Child) insult the Spleen (Grandmother). In 
this case, the Child (the Kidneys’ Yang) be- 
comes Deficient causing the Grandmother 
(Gpleen) to become Deficient. Clinical mani- 
festations include weak limbs, fatigue, edema, 
and loose stools. 

5. The Earth resists the Wooden plow, ice, the 
Spleen (Child) insults the Liver (Grand- 
mother). If the Spleen (Child) fails to trans- 
form Fluids, aDamp condition can result. This 
Dampness can accumulate and begin to ob- 
struct the flow of the Liver’s Qi (Grand- 
mother). Clinical manifestations include hy- 
pochondriac pain and distension, bile obstruc- 
tion, and jaundice. 


THE FIVE ELEMENTAL TONIFICATION 
cyYcLe 

The Five Elemental tonification cycle can be 
used for balancing the life-force energy of the body 
in conjunction with nature. Wood corresponds to 
spring, Fire corresponds to summer, Metal corre- 
sponds to autumn, Water corresponds to winter, 
and Earth corresponds to the late stage of each 
season (late spring, late summer, late autumn and 
late winter). The element Earth is centrally placed, 
associated with the 18 days of transformation at 
the end of each of the four seasons. The object of 
using the Five Elemental Tonification Cycle is to 
support and strengthen the next organ in the cycle 
(Figure 23.7). 


FIVE YIN ENERGETIC ORGAN 
MANIFESTATIONS 
The Five Elemental energies are manifested 
through five different directions of movement. The 
Qigong doctor studies the movements and actions 
of a patient while they are in a meditative state 
(usually a sitting or standing posture), to diagnose 
their energetic disposition. After being in a medi- 
tative state for awhile, the patient’s organs will 
‘overflow with Qi. When the organs overflow with 
Qi certain physical reactions are evident, indicat- 
ing which particular element has a problem. 
1. Wood or Liver Qiis responsible for the dispers- 
ing effect of Qi, and is manifested by expan- 
sive outward movements inall directions, caus- 


Figure 23.7 The Five Elemental Tonification Cycle 


ing the body to sway with gentle and soft mo- 
tions. When the Liver’s energy is overabundant 
the torso makes a gentle, soft movement like a 
pine tree swaying in the wind. This is caused 
bby the sprouting and branching manifestation 
of the Liver Qi’s rising warm current. 

When Fire or Heart Qi is overabundant, it is 
evident through the physical manifestation of 
the upward ascending actions of the torso 
caused by the flaring up of Yang Heat. This 
affects the energetic body and is manifested 
by upward movements and sometimes jerky 
actions (like a flame crackling in a fire). 
Earth or Spleen Qiis generally manifested by 
stable movements, however, when overabun- 
dant, it is evident through movements that 
are both smooth and swift. This allows the 
body to progress ina limber, flexible, and free 
‘moving action (think of the body movement 
similar to a spinning ball). 


|. When Metal or Lung Qi is overabundant, its 


evident through the twitching actions of the 
torso and is manifested by contracted, inward. 
movements, causing the body to violently jerk 
from side to side (think of the body asa metal. 
bell being violently struck). 


. When Water or Kidney Qiis overabundant, it 
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is evident through the clumsy, awkward, 
heavy downward moving action of the torso 
(think of a waterfall descending onto rocks). 
When the patient’s body, unintentionally or 
unconsciously, rocks or sways gently as a result 
of ameditative state, the patient does not feel tired 
upon completing the meditation. However, when 
a patient consciously tries to force relaxation or 
augment the movement of his or her body while 


meditating, he or she will be tired by the end of 
the meditative session. 

Note: While interning at the Medical Qigong 
Ward at the Xi Yuan Hospital in China, I found it 
fascinating to observe meditating patients display- 
ing the results of both energetic organ manifesta- 
tions or consciously induced augmentation of 
movement. All the above listed energetic mani- 
festations were evident. 


CHAPTER 24 


OTHER DIAGNOSTIC SYSTEMS AND TECHNIQUES 


DIAGNOSIS ACCORDING To THE Six 
STAGES 

This system of diagnosis was formulated by 
Dr. Zhang Zhong Jing in the early Han Dynasty. 
The application of the six stages of diagnosis pro- 
vvides the key link in treating febrile diseases which 
are due to an attack of Cold. The six stages are 
described as Tai Yang, Shao Yang, Yang Ming, Tai 
Yin, Shao Yin, and Jue Yin. 
THE THREE YANG SYNDROMES 

‘The signs and symptoms of these pathological 
changes result from attacks by exogenous factors, 
especially cold weather. The first three syndromes 
describe the pathological changes occurring in the 
six Yang organs and channels (Small Intestine, Blad- 
der, Large Intestine, Stomach, Triple Burners and 
Gall Bladder), and are called the Three Yang Stages. 
In the Three Yang Stages, the pathogenic factors 
predominate, but the body’s energy isstill relatively 
strong. The major symptoms are signs of Heat, and 
the treatment is directed at eliminating the patho- 
genic factors. These are the external conditions 
which can progress from the superficial Tai Yang 
Stages to the deeper Shao Yang Stages. 

1. The Tai Yang or Great Yang Stage affects Qi on 
the exterior surface of the body and all three 
‘Wei Qilevels. This energetic disturbance affects 
the Small Intestine and Bladder Channels and 
organs that govern the exterior of the body. 
Although they are the most superficial chan- 
nels, they are very rich in Wei Qi. 

* Clinical Manifestations of an Attack of Cold 
include: Aversion to cold, stiff neck, head- 
ache, no sweating, fever, body aches, float- 
ing-tight pulse, and shortness of breath. 

The focus of the Qigong treatment is to first 
open the pores to eliminate pathogenic fac- 
tors by purging and dispersing, followed by 
tonification of the Lungs. 


* Clinical Manifestations of an Attack of Wind 
include: Aversion to wind, stiff neck, sweat- 
ing, body aches, floating pulse, and fever. 

The focus of the Qigong treatment isto first 
open the pores to eliminate pathogenic fac- 
tors by purging and dispersing, then to relax 
the muscles for diaphoresis (profuse sweat- 
ing) in order to regulate the Ying and Wei Qi, 
and finally to prescribe herbs (or refer out for 
herbal treatment). 

2. The Shao Yang or Lesser Yang Stage affects 
the interior and exterior levels of the body 
equally. This energetic disturbance affects the 
Triple Burners and Gall Bladder organs and 
channels. The patient experiences an alter- 
ation of fever and chills with a fullness of the 
costal and hypochondriac regions, blurred vi- 
sion, loss of appetite, irritability, and wiry 
pulse with a white-slippery tongue coating. 

The focus of the Qigong treatment is on 
dispersing Heat with purging techniques and 
promoting the production of Body Fluids us- 
ing herbs. 

3. The Yang Ming or Bright Yang Stage affects 

Qiat the interior level of the body. This ener- 

getic disturbance affects the Large Intestine 

and Stomach organs and channels. The 
pathogenic factors transform into Heat. 

Clinical Manifestations of the Bright Yang 

Channel Stage include: Pure Interior Heat 

known as the Four Bigs (fever, thirst, sweat- 

ing, and pulse). In addition the patient also 
experiences an aversion to heat and has a red 
tongue with a yellow coating. 

The focus of the Qigong treatment is on 
dispersing Heat with purging techniques and 
on promoting the production of Body Fluids 
through herbs. 

* Clinical Manifestations of the Bright Yang Or- 
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‘gan Stage include: Interior Heat and the Four 
Bigs with constipation, profuse sweating, high 
fever which worsens in the afternoon, fullness 
and pain in the abdomen (which becomes 
worse if you press it), and a red tongue with 
a dry, yellow or black coating. 

The focus of the Qigong treatment is on 
eliminating pathogenic factors with purging 
and dispersing techniques, and relieving con- 
stipation. 


THE THREE YIN SYNDROMES 

‘The second three syndromes are those of the 
‘Three Yin Channels. They are based on the patho- 
logical changes of the Six Yin Organs and chan- 
nels (Lungs and Spleen, Heart and Kidneys, Peri- 
cardium and Liver). These syndromes are the re- 
flection of pathological changes within the Yin 
and Yang organs, channels, and collaterals. In the 
three Yin stages, the pathogenic factors are still 
present but diminishing. The body’s Qi has be- 
come weakened, and there are Deficient signs of 
Cold. The treatment is focused on strengthening 
the body's Qi. These are internal conditions that 
progress from the Tai Yin stages deeper into the 
body until they reach the Jue Yin stage. 

1. The Tai Yin or Great Yin Stage affects the Yin 
organs, as the penetration of pathogenic fac- 
tors flow deep into the energetic layers. This 
energetic disturbance affects the Lung and 
Spleen organs and channels, resulting in a 
Deficiency and Cold syndrome. The clinical 
manifestations are: Vomiting and diarrhea, 
abdominal fullness, absence of thirst, and a 
slow, deep pulse with a pale tongue. 

The focus of the Qigong treatment is on 
heating and energizing the Middle Burner and 
dispersing the Cold using herbs. It is also im- 
portant to tonify the patient’s organ Gi. 

2. The Shao Yin or Lesser Yin Stage affects the 
Heart and Kidney organs and channels. Clini- 
cal manifestations are as follows: 

* The transformation of Cold Deficiency to Kid- 
ney Yang Deficiency: Aversion to cold, chills, 
coid limbs, diarrhea, listlessness, lethargy, 
abundant-pale urine, deep-fine pulse, and 


pale tongue. 
‘The focus of the Qigong treatment is on 

tonifying the patient's organ Qi, preventing 

the Yang from collapsing and treating with 
herbs. 

‘The transformation of Heat Deficiency to Kid- 

ney Yin Deficiency: insomnia, fever, irritabil- 

ity, dry throat and mouth, scanty-dark urine, 
fine-rapid pulse, and a red tongue without 
coating. 

The Qigong treatment should focus on 
tonifying the patient's organ Qi, nourishing 
the Yin, and dispersing Fire using herbs. 

3. The Jue Yin or Terminal Yin Stage affects the 
Pericardium and Liver organs and channels. 
This is the final stage of pathogenic invasion 
before the life-force energy vanishes altogether. 

Clinical manifestations are as follows: cold 
limbs, diarthea, vomiting, pain, feeling of heat 
and energy expanding in the chest, and feel- 
ing of hunger with no desire to eat. 

‘The focus of the Qigong treatment is on purg- 
ing, tonifying and regulating the patient's or- 
gan Qi. Applying Cold and Hot herbal medi- 
ines simultaneously can be used to drive out 
the patient's pathogenic factors and aid in pur- 
gation. Herbal tonics can also be used to in- 
crease the patient's resistance to pathogenic 
diseases and aid in tonification (Figure 24.1). 


DIAGNOSIS ACCORDING To THE FOUR 
Levers 
This system of diagnosis was formulated by 
the famous Chinese physician, Dr. Ye Tian Shi in 
the late 1600s. These syndromes are used to ex- 
plain the etiology and pathogenesis of febrile dis- 
eases. The differentiation of syndromes pertain- 
ing to the Four Levels of Diagnosis is concerned 
with febrile diseases caused by externally con- 
tracted Heat. Because exogenous diseases are al- 
ways developing and changing, by studying the 
transmission of pathological changes the Qigong 
doctor is able to deduce the prognosis. These four 
levels are identified by four types of energy, and 
are classified as follows: The Wei Qi Level, Qi 
Level, Ying Qi Level, and Blood (Xue) Level. 
1. At the Wei Qi Level (Protective Energy), the 
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Figure 30-7 Two styles of current resistors rated for 01 
‘ohms. Bottom left: A plug-in version from TT Electronics, 
rated 1W and 5%. Top right: Ohmite, 4W, 1%. The back 
‘ground grid isin milimeters. 


Resistors that have the lowest values and are 
intended to tolerate high current may consist 
of just a metallic strip welded to solderable 
pins. This type of component is sometimes 
called an open-air resistor. It is commonly used. 
in multimeters, for measuring currents up to 
10A or above, 


Figure 30-8 This Vishay 4-terminal surface-mount cur 
rent resistor is rated for 0.001 ohms, 3W, 196. The back- 
‘ground grid isin milimeters. 


electricity > metering > current 


Voltage Measurement 
Some chips are designed for amplifying the 


voltage drop across a current-sensing resistor. 
‘An example is the Texas Instruments INA169. 


A few chips contain an analog-to-digital con- 
verter in addition to the amplifier. The INA219. 
by Texas Instruments is designed to measure 
voltage as well as current, on the "high side” of 
a circuit—that is, between the positive power 
supply and the power input of the circuit. It 
makes its | data available over an 12C bus. 


For additional details about protocols such as 
12C, see Appendix A. 


Measuring current from the voltage drop across 
a series resistor offers the advantages of sim- 
plicity, ability to work with AC or DC, and low 
cost (although some resistors of extremely low 
value can be relatively expensive). A possible 
disadvantage is that the measurement circuit is 
not isolated from the circuit whose current is 
being measured. 


Hall-Effect Current Sensing 


‘The principle of a Hall-effect sensor is explained 
in the entry for object presence sensors. See 
“Hall-Effect Sensor’, Normally this type of sen- 
sor is activated by an external permanent mag- 
net, but it can also react to the magnetic field 
generated by current flowing through a wire. 


Because the field generated around a wire is 
proportional with the current, the analog out- 
put voltage generated by a linear Hall-effect 
sensor can also be proportional with the cur- 
rent. 


Hall-effect sensors for this specific purpose are 
available in 8-pad surface-mount packaging. 
The current to be measured passes through a 
copper conductor that is embedded in the 
chip, An example is Allegro's ACS712, for AC or 
DC currents up to 30A. The internal resistance 
of the current path through this chip is stated 
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Figure 24.1. The Six Stages of Pathogenic Invasion are illustrated here. The invasion of external pathogenic 
factors follows a systematic progression through the body's Six Levels of Gi 

1. The Great Yang Stage (Tai Yang) 
‘Affects the Small Intestine and Bladder Organs and channels. At this stage the pathogens are at the superficial 
level of the body's Wei Gi, caused by an attack of Wind and/or Cold Invasion. This stage is considered an 
External Cold invasion at the Wei Qi level. 

2. The Lessor Yang Stage (Shao Yang) 
‘Affects the Triple Burners and Gall Bladder Organs and channels. At this stage the pathogens are half Exterior 
and half Interior, flowing in and out of the body, causing alternating chills and fever. This stage is also considered 
{an Internal condition at the Qi level 

3. The Bright Yang Stage (Yang Ming) 
‘Affects the Large Intestine and Stomach Organs and channels. At this stage the pathogens absorb deeper into 
the body's tissues, transforming into Heat affecting the internal organs and/or channels. This stage is considered 
an Internal condition at the Qi level 

+ Bright Yang Organ Stage: Results in Interior Heat with constipation. 

+ Bright Yang Channel Stage: Results in pure Internal Heat with “Four Bigs" (fever, thirst, sweating, and pulse). 


4, The Great Yin Stage (Tai Yin) 
‘Affects the Lungs and Spleen Organs and channels. At this stage the penetration of pathogenic factors flow deep 
into the energetic layers affecting the Yin organs, invading the Middle Burner (affecting the Spleen) causing a 
Deficient condition. This stage is considered an Internal condition at the Ying Qi level. 

5. The Lesser Yin Stage (Shao Yin) 
Affects the Heart and Kidney Organs and channels. At this stage the pathogenic factors transforms either into 
Cold or Heat, causing further Deficient conditions. This stage is also considered an Internal condition at the Ying 
Gilevel. 

+ Pathogens will transform into Cold due to a Deficiency of Kidney Yang. 

‘+ Pathogens will transform into Heat due to a Deficiency of Kidney Yi 


6. The Terminal Yin Stage (Jue Yin) 
Affects the Pericardium and Liver Organs and channels. At this stage the pathogenic factors continue to deplete 
the body's lfe-force energy. This is the final stage of pathogenic invasion before death occurs. This stage is also 
considered an Internal condition at the Blood level 
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pathogenic Heat invades the outer level of Wei 
Qi, causing the human body to manifest cer- 
tain disorders which are clinically observed 
as fever, aversion to wind and cold, excessive 
orabsence of sweating, sore throat, coughing, 
headache, red tongue with thin coating, and 
a floating and rapid pulse. 

The Qigong treatment should focus on 

dispersing pathogenic factors and tonifying the 
exterior by utilizing pungent tastes and cool- 
ingherbs. Points are generally selected from the 
Lungs, Large Intestine, and Bladder Channels, 
as well as from the Governing Vessel. 
Atthe Qi Level, the pathogenic Heat continues 
to progress deeper into the body, attacking and 
affecting the Qi system. At this stage, the body 
system is still strong, but the normal functions 
of the Yin and Yang organs are impaired. Be- 
cause of the different functions of the Yin and 
‘Yang organs the manifestations differ. The three 
conditions associated with this stage of patho- 
genic invasion are as follows: 
Heat in the chest and diaphragm is the first 
stage and is not considered a severe syn- 
drome. The symptoms manifest as fever, 
burning sensation in the epigastrium, thirst, 
and a yellow coated tongue. 

The Qigong treatment should focus on 

dispersing pathogenic Heat accumulated in 
the chest and diaphragm. 
Heat in the Stomach Channel is the second 
stage, and is considered a more severe Heat 
syndrome. These symptoms manifest as Heat, 
thirst, a dry tongue with yellow coating, and 
a slippery, rapid pulse. 

The Qigong treatment should focus on 

purging pathogenic Heat, and tonifying the 
body's Fluids. 
Heat in the Lesser Yang Channel is consid- 
ered the final stage of Qi invasion. This syn- 
drome is similar to the Lesser Yang Stage of 
the Three Yang Syndromes (according to the 
Six Stages), except that there is Dampness. 

The Qigong treatment should focus on 
purging pathogenic Heat from the Lesser 
Yang Channel, dispelling Dampness and dis- 
persing Phlegm. 
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3. At the Ying Qi Level (Nutritive Energy), the 
pathogenic factors have penetrated deeper to 
the level of the Ying Qi and the organs, the 
Blood, blood vessels, and the Heart are there- 
fore all affected. The symptoms in this stage 
are generally caused by the burning up the 
Yin. Clinical manifestations include: irritabil- 
ity, insomnia, mental restlessness, fever that 
worsensat night, dry mouth, absence of thirst, 
faint skin eruptions, a deep red tongue with 
little or no coating, and a fine-rapid pulse. 

Focus the Qigong treatment on purging 
pathogenic Heat from the Ying Qi level, us- 
ing dispersing techniques. As an auxiliary 
method, bleeding may be performed by prick- 
ing the Heart and Pericardium Channels, as 
well as the Governing Vessel. 

4, The Blood (Xue) Level, is the deepest and fi- 
nal level of pathogenic invasion. This stage 
contains the most serious manifestations that 
the disease can cause. Clinical manifestations 
include: high fever, skin that is hot to touch, 
Bloody stool, vomiting of Blood, Blood in 
urine, delirium, skin eruptions of purple or 
black color, a deep red tongue, a fine-rapid 
pulse, and in severe cases convulsions. 

The Qigong treatment should focus on 
purging pathogenic Heat from the Blood us- 
ing bloodletting techniques (points are mainly 
selected from the Heart, Pericardium, Liver, 
‘Stomach, and Large Intestine Channels, along, 
with the Governing Vessel), Cool the Blood, 
relieve convulsions, calm the mind, and re- 
duce pathogenic factors with herbs. 


DIAGNOSIS ACCORDING To THE 
TRIPLE BURNERS 

This system of diagnosis was developed by 
the famous Chinese physician, Dr. Wu Ju-Tong in 
the late 1700's. This system is concerned with fe- 
brile diseases caused by externally-contracted 
Heat, invading the body's Triple Burners. This 
Heat syndrome generally proceeds from the Up- 
per Burmerto the Middle and ends upat the Lower 
Burner. However, in cases of diseases due to Damp 
‘Heat, the pathogenic invasion of Heat begins at 
the Middle Burner in the Spleen. 


1. The Upper Burner encompasses the body 
from the top of the head to the diaphragm. 
This area includes the Heart, Lungs, Pericar- 
dium, throat and head, and is responsible for 
respiratory and cardiac functions. The Upper 
Burner moves the body's Clean Qi, circulat- 
ing and distributing nutrients and Qi through- 
out the body like a mist. 

Clinical manifestations of diseases in the 
Upper Burner correspond to those of a patho- 
genic invasion of the Lungs and Pericardium. 

a. When Wind Heat invades the Lungs, it 
is either manifested at the Wei Qi level 
or deeper in the Lungs themselves. The 
symptoms include: fever, sweating, 
coughing, stiffness and pain in the 
chest, wheezing, thirst, a red tongue 
with a yellow coat, and a rapid pulse. 

b. When pathogenic Heat invades the Peri- 
cardium, it is manifested at the Wei Qi 
level. These symptoms include: fever, 
coldness of the limbs, delirium, aphasia, 
burning sensation in the epigastrium, 
and a deep red tongue with spots. 

The Qigong treatment should focus on purg- 

ing pathogenic Heat and dispersing Phlegm. 

2. The Middle Burner encompasses the area from 
the diaphragm to the umbilicus. This area in- 
cludes the Stomach, Spleen, pancreas, and Gall. 
Bladder and is responsible for digestion, fer- 
‘mentation, and transformation of food and 
drink into nutrients for distribution. It moves 
the body's energy, circulating it like a swamp. 

Manifestations of diseases in the Middle 
Burner from pathogenic Heat are divided into 
two syndromes: Heat in the Bright Yang and 
Damp Heat in the Spleen. 

a. Heat in the Bright Yang include: symp- 
toms of interior Heat and the Four Bigs 
(severe excess fever, sweating, thirst, 
and pulse) with constipation, profuse 
sweating, high fever which worsens in 
the afternoon, fullness and pain in the 
abdomen (which becomes worse when 
pressure is applied), and a red tongue 
with a dry, yellow or black coating. 
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b. Damp Heat in the Spleen include: 
symptoms that are identical to the early 
stages of diseases caused by externally- 
contracted Heat. 

The clinical manifestations include: aver- 
sion to cold, fever that worsens in the after- 
noon, a heavy sensation in the head, body and 
limbs, fullness of the chest and epigastrium, 
nausea and vomiting, a white, sticky tongue, 
and floating or slippery pulse. 

The Qigong treatment should focus on 
Heating the Middle Burner, tonifying any 
Deficiency, purging Dampness, and pre- 
scribing herbs. 


. The Lower Burner encompasses the area from. 


the umbilicus to the feet. This area includes the 
Liver, Kidneys, Bladder, intestines, external 
genitalia for men, and the uterus for women. 
The Lower Burner is responsible for filtering 
and eliminating waste products and for repro- 
ductive functions. It moves the body's Turbid 
Qi, circulating it like a drainage ditch. 
Manifestations of diseases in the Lower 
Burner are caused from pathogenic Heat at- 
tacking the Kidneys or Liver and are divided 
into two syndromes: 
‘a. Invasion of the Kidneys by pathogenic 
‘Heat dries up the Kidneys’ Yin causing 
Heat symptoms due toa Yin Deficiency. 
Clinical manifestations include: linger- 
ing fever, hot hands and feet, dryness 
of the mouth, deafness, lassitude, ared- 
peeled tongue, and a rapid, floating or 
empty pulse. 
Focus the Qigong treatment on tonifying 
Yin, and purging the Heat. 
b. Invasion of the Liver by Heat occurs af- 
ter the Kidney Yin has been exhausted. 
A condition known as Liver Wind is 
created. Clinical manifestations include: 
low-grade fever, cold limbs, dry and 
cracked lips, convulsions and trem- 
bling, a dry, reddish-purple tongue, and 
a rapid-deep pulse. 
“The Qigong treatment should focus on tonify- 
ing Yin, and purging the Heat and Wind. 
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CHAPTER 25 


CLINICAL EXAMINATION AND DIAGNOSIS 


SENSORY, INTUITIVE AND 


PERCEPTUAL DIAGNOSIS 

Clinical diagnosis can be categorized into two 
primary methods of energetic examination and 
treatment: Sensory Diagnosis and Intuitive and 
Perceptual Diagnosis. The clinical methods of Sen- 
sory Diagnosis are quite prevalent throughout 
China, especially within the acupuncture, mas- 
sage, and herbal clinics. The methods of Intuitive 
or Perceptual Diagnosis, however, have been kept 
secret for many years, and are primarily found 
only within the Medical Qigong clinics. The lat- 
ter methods (Intuitive or Perceptual Diagnosis) 
will be explained later in this chapter. 

The root of any disease can be drawn from its 
complex symptoms and signs, by using the two 
main methods of Sensory and Intuitive and Per- 
ceptual Diagnostic principles. These two main 
methods of diagnosis serve as guidelines for the 
Medical Qigong doctor in clinical evaluation. 
‘Once the cause and extent of the disease is known, 
treatment plan can be developed. There are four 
main types of Qigong treatment, which are cho- 
sen according to the treatment goals: 

+ aroutine treatment (basic or nonspecialized), 

‘a specialized treatment (designed for the spe- 
cific patient and his or her condition), 

‘+ a treatment aimed at etiology, or 

+ a treatment focused on alleviating the symp- 
toms and signs. 

Itis therefore important to determine and as- 
sess the cause (root) and the manifestations 
(branches) of the patient's disease. 


‘SENSORY DIAGNOSIS 
Before treatment begins, the Qigong doctor 


performs a clinical intake, examining and evalu- 
ating the patient's condition, using various meth- 


ods of sensory diagnosis. This clinical format in- 
volves taking a history of the patient’s complaints. 
Next the doctor inquires about the patient's medi- 
cal history. The doctor then conducts an exami- 
nation for diagnosis, and devises a treatment prin- 
ciple on which the treatment plan is based, before 
implementing the treatment. 


CLINICAL INTAKE, EXAMINATION AND 
EVALUATION 

Itis important that the doctor clearly identify 
the patient's problem before any treatment may 
be given. Never treat a patient without first mak- 
ing a diagnosis. The diagnosis is developed from 
the doctor’s sensory examination and is evaluated 
according to symptom observation. 

Both the root (the source and cause of the dis- 
ease) and its branches (the symptoms or manifes- 
tations of the disease) should be examined care- 
fully before treating the patient. In the case of an 
emergency, the doctor may choose to treat the ur- 
gent symptom first before treating its source. 

The diagnosis and treatment of each patient 
traditionally begins by observing the patient as a 
whole, followed by an evaluation of the patient's 
individual constitution. Next, the doctor observes 
the symptoms and syndromes of the individual's 
organs. From these observations the cause of the 
disease is determined and treatment is begun. The 
treatment usually focuses on addressing the cause 
of the disease, to return the organ or organ sys- 
tem back into harmony with the rest of the 
patient's body. This affects changes within the 
patient's constitution and returns him or her back 
to anormal state of health. 

Sensory examination for diagnosis is divided 
into five primary methods: diagnosis by visual ob- 
servation, diagnosis by listening, diagnosis by 
smelling, diagnosis by palpation, and diagnosis 
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by questioning the patient. By looking, listening, 
smelling, touching, and asking the patient specific 
questions, a Qigong doctor is able to diagnose the 
patient’s syndrome (this includes the etiology of 
the disease). 

DiAGNosiS BY VISUAL OBSERVATION 

1. Observe the patient’s Shen, overall appear- 
ance, spirit, emotional nature, energy field, 
and composure. Look at the Shen of the 
patient's face; a healthy patient should have 
abrightness or vibrant shininess to his or her 
countenance. The Shen of the face should be 
checked against the state of the patient's eyes. 

2. Observe the patient’s eyes, especially the spirit 
in their eyes — the glitter or dullness, and the 
expression of a controlled or uncontrolled 
emotional state. The eyes manifest the Essence 
of all the organs, and are the messengers of 
the Heart. There are two things to look at in 
the eyes -- glitter and focus. 

a. Are the patient's eyes bright and do 
they glitter? The less the glitter, the 
more long-standing the emotional and 
mental problems. Itis said that there are 
three emotions that make the eyes lack 
glitter: sadness, grief, and shock. If the 
patient's eyes are dull, it looks as if he 
or she is seeing through a mist or film. 

b. Are the eyes focused, is the attention 
sustained and penetrating or uncon- 
trolled? Uncontrolled attention is actu- 
ally worse then having no glitter. If the 
patient has unfocused eyes it means 
that there is an obstruction of the 
patient's Shen and mind, generally due 
to guilt, preoccupation, or anxiety. It is, 
said that Excess joy makes the “eyes un- 
controlled.” 

3. Observe the color of the patient's face, com- 
plexion, eyes, ears, nose, mouth, tongue, skin 
zones, and ask about the discharges (mucus, 
vaginal, urine, and stool). Anger manifests as 
a greenish tinge on the cheeks or forehead (if 
it is affecting the Stomach); worry manifests 
as a grayish color, pensiveness as a sallow 
complexion, fear as a white complexion (un- 


less combined with Kidney Yin which turns 
the cheeks red). Shock creates a bluish tinge 
on the forehead. A change in the complexion 
often indicates a deeper and longer-standing 
psycho-emotional problem. Also, if the eyes 
show no Shen but the face does, it indicates a 
recent problem. 

4, Observe the patient's body and any outstand- 
ing structural features. Are they thin, emaci- 
ated, obese, or paralyzed? Are there devia- 
tions or obstructions in or on the body, face, 
head, mouth, teeth-gums, eyes, nose, and 
ears? Are there blemishes on the skin? Ob- 
serve the appearance of the nails, hair and so 
on. 

5. Observe the way the patient moves. Do they 
shake and tremor? Are they rigid or loose? 
Notice if the movements are fast or slow, and 
so on. When you shake hands upon meeting 
for the first time, are his or her hands clammy 
or dry; is his or her grip strong or weak? 

6. Observe the patient's tongue. Is it cracked, 
serrated, fat, thin, or thick? If you observe a 
central crack, the deeper itis, the more long- 
standing the emotional problem. A red tipped 
tongue can also indicate a Shen disturbance. 

7. Observe the patient's channels and points. Are 
there darkened red blotches, blemishes, swell- 
ing, sweat, etc.? 

DIAGNOSIS BY LISTENING 

1. Listen to the patient's speech for slurring or 
darity. 

2. Listen to the patient’s tone. Is it high, low, 
loud, or quiet? 

3. Listen to the patient’s tempo. Ist fast or slow? 

4, Listen to the patient’s words. Do they make 
sense? Are his or her thoughts well ordered, 
or does the patient change subjects abruptly 
and frequently (if so, the patient may be suf- 
fering from a severe mental disorder). 

5. Listen to the patient's respiration. Is it loud, 
strong, weak, or wheezing? 

6. Listen to the patient’s cough. Is it loud, dry, 
or wet? 

7. Listen to the patient's Stomach and Intestines. 
Are they gurgling or quiet? 


DIAGNOSIS BY SMELLING 
1, Does the patient smell strong, weak, or odor- 
less? Does the patient smell of medications, 

or alcohol? 

* For Liver problems, the patient’s body or 
breath will smell like a goat. 

+ For Heart problems, the patient’s body or 
breath will smell like something has been 
burt. 

+ For Spleen problems, the patient’s body or 
breath will smell fragrant or sweet. 

+ For Lung problems, the patient's body or 
breath will smell like fish or a tide pool. 

+ For Kidney problems, the patient's body or 
breath will smell rotten. 

DIAGNOSIS BY PALPATION 

1. How does the patient's pulse feel? Is it strong, 
or weak? The pulse shows more about the 
patient’s Qi than the state of his or her Shen. 
Because the pulse reflects the short-term state 
of the patient’s Qi, it should always be inte- 
grated with tongue and complexion diagno- 
sis. 

2. How do the patient's channels and points 
feel? Are there tender areas, movable nodules 
(Qistagnation), or fixed nodules (Blood stag- 
nation) along the patient's channels? 

3. How does the patient's abdomen feel? 

DIAGNOSIS BY QUESTIONING 

1. Ask about the history of the patient's main 
complaint (illness, disorder, or injury). 

‘+ When did it begin? 

+ What other signs or symptoms accompany it? 

* Ask about the course of the illness, is it im- 
proving or getting worse? 

‘+ What makes it better or worse (i., pressure, 
warmth, cold, and so on)? 

+ What other treatments has he or she tried? 

2. Ask about the patient's general medical his- 
tory. 

+ Has the patient had any surgeries? 

* Has the patient experienced any past or re- 
cent physical or emotional traumas? 

+ Ask if the patient is on any medications). 

* Ask about self-medication with alcohol or 
drugs. 


* Ask about his or her current coffee, soft drink 
and sugar intake. 

* Ask about the patient's extremities, do they 
feel hot or cold? 

© Ask about his or her sweat. 

* Ask about his or her thirst. 

* Ask about his or her appetite and diet (how 
often does the patient eat, and how regular 
are the meals?).. 

‘* Ask about his or her digestion (gas, belching, 
etc). 

* Ask about his or her stool (loose, well formed, 
hot, smelly, cold, fishy, color, etc.). 

* Ask about his or her urine (frequency, ur- 
gency, and color). 

* Ask about his or her sleeping patterns (diffi- 
culty falling asleep, remaining asleep, or re- 
curring nightmares). 

* Ask for an energetic self-evaluation ona scale 
of 1 to 10. 

* Ask about current emotional and mental 
problems or concerns. 

* Ask about his or her current physical exer- 
cise program 


EXAMINATION FOR DIAGNOSIS 

There are certain general principles used by 
all doctors of Traditional Chinese Medicine to be- 
come proficient in diagnostic skills. In Medical 
‘Qigong therapy, becoming skilled and accurate in 
clinical diagnosis requires the Qigong doctor to 
become proficient in combining perceptual and 
‘mental skills with spiritual understandings and 
insights. The following isa thorough and system- 
atic approach for arriving at an accurate diagno- 
sis. 

1. Record all information observed and gathered 
as meticulously and impartially as possible. 
When first encountering a patient, be open 
minded, but note all first impressions. 

2. Organize all the information according to the 
Eight Energetic Principles or Five Elemental 
Theories. 

+ When diagnosing according to the Eight En- 
ergetic Principles, the doctor should first de- 
termine whether the condition is Yin or Yang 
(chronic or acute), then classify the patient's 
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symptoms according to the condition’s gen- 
eral location (External or Internal), followed 
by the disease’s symptomatic appearance 
(Hot or Cold), and finally, the physio-energetic 
nature of the disease (Excess or Deficient con- 
dition). 

Next, the Qigong doctor focuses on the Yin 
or Yang aspects of the patient's body, in terms 
of the physiological properties of the patient’s 
disease, noting which is more affected, the Qi 
and Blood, Yin and Yang organs, etc. 

The Qigong doctor then determines the pre- 

cise depth and severity of the patient's dis- 
ease, observing whether itis the patient's sur- 
face channels which are being affected, or the 
patient's internal organs. If it is determined 
that the condition is an internal problem, the 
Qigong doctor then differentiates the ener- 
getic level of penetration into the patient’s 
body. This level of pathogenic penetration is 
diagnosed according to either the Six Stages, 
Four Levels, or the Triple Burners method of 
diagnosis. 
If the doctor is diagnosing according to the 
Five Elemental Theory, he or she should first 
determine the condition of the patient's pulse 
toassess which organ or organs are Excess or 
Deficient. The doctor must then decide 
whether the imbalance is attributed to either 
an individual internal organ or a combination 
of internal organs. If the patient's pulse does 
not match with the information gathered 
through the examination, the doctor must re- 
consider whether the patient's disorder will 
in fact conform to a Five Elemental pattern. 


.. Evaluate all information: The doctor should 


evaluate the gathered information according 
to the patient’s signs and symptoms, deter- 
mining what is of primary and secondary 
importance. Itis in this stage of evaluation that 
the Qigong doctor determines the “root and 
branch” of the patient’s disease. Ifthe disease 
is External in origin, the doctor determines 
what pathogenic factors are involved. If the 
disease is Internal in origin, the doctor deter- 
mines whether the cause is emotional, heredi- 


tary, dietary, or an energetic charge remain- 
ing from a previous external disruption. 

Finally, the doctor should determine 
whether the cause of the disease is still active 
‘within the patient's life. Ifit still is, the doctor 
must take this factor into consideration before 
treating the patient and prescribing home- 
work 


DEVISING A TREATMENT PRINCIPLE 

In devising a treatment principle, the Qigong 
doctor should always include the Condition of the 
disease, Location of the disease, and Possible 
Cause of the disease. 

1. The Condition of the Disease refers to the cat- 
egorization of the disease, and may be diag- 
nosed according to a combination of the Bight 
Energetic Principle's criteria. The patient's 
condition could, for example, be considered 
Excess or Deficient, Hot or Cold, Internal or 
External, or a combination thereof, such as: 
Excess Heat, Internal Heat, Deficient Heat, etc. 

2. The Location of the Disease refers to the 
physio-energetic level of the patient’s body 
that the disease is affecting (whether it is in 
the Upper, Middle or Lower Burner, or affect- 
ing certain Yin or Yang organs, channels, or 
muscles, etc.) 

3. The Possible Cause of the Disease is either a 
result from a congenital or acquired illness. If 
congenital, consider the patient’s DNA pat- 
terns, and all hereditary and ancestral traits. 
Ifacquired, consider environmental exposure 
to toxic poisons, diet, trauma (physical or 
emotional), electromagnetic fields, etc. 


TREATMENT STRATEGY 

‘Once the working diagnosis and treatment 
principle has been established, it is time to deter- 
minea treatment strategy. A treatment strategy con- 
sist in applying the treatment principle. It is the 
foundation from which the Qigong doctor chooses 
the approach in treating the patient's disease (Fig- 
ure 25.1), The doctor will choose to treat the inter- 
nal organs, channels, collaterals, points, and tissue 
areas which are the primary cause of the patient's 
disease. These areas are specifically chosen in or- 


der to facilitate a rapid affect on the patients dis- 
ease, to purge, tonify, or regulate the tissue area, 


TREATMENT 

The treatment usually focuses on the specific 
cause of the disease and how it affects the patient's 
internal organs. The primary goal is to relieve the 
patient's symptoms, strengthen the constitution and 
return the patient toa state of wholeness. This pro- 


cess may involve restructuring the patients belief 
structure, to emotionally release old traumas. 


AFTER THE TREATMENT 

After treating the patient's condition, the 
Qigong doctor explains to the patient in clear, com- 
prehensive terminology, what the doctor has dis- 
covered, and his or her approach in rectifying the 
condition. The more the patient understands the 


1. History of the Patient's Complaint 


2. Patient's Medical History 


3. Examination for Diagnosis 


4, Treatment Principle 


5, Treatment Plan 


6. Treatment 


Figure 25.1. Examination, Diagnosis, and Treatment: The Qigong doctor begins diagnosing the patient by taking 
a “history of the patient's complaint.” Next the doctor inquires about the “patient's medical history.” Then, the 
doctor begins the “examination for diagnosis,” observing the patient's constitution, symptoms and signs and 
determines the syndrome(s), health and state of the patient's intemal organs, and the cause of the energetic 
dysfunction. Next, all the acquired knowledge is assessed in accordance with the different diagnostic templates 
of the Eight Parameters, Five Elemental Theory, Qi, Blood and Body Fluid Dysfunctions, etc. and the doctor 
‘devises a treatment principle.” Before treating the disease the doctor “develops a treatment plan.” The treatment 
focuses on the specific cause of the disease and how it affects the patient's internal organs. The primary goal is 
to relieve the patient's symptoms, strengthen the constitution and retum the patient to a state of wholeness. This 
entire process is initiated to assist the Qigong doctor in prescribing the correct treatment. 
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doctor's diagnosis and approach in addressing the 
treatment, homework prescriptions, and sugges- 
tions for life-style modifications, the greater the 
likelihood of a successful healing. 

After the initial treatment, itis important for 
the Qigong doctor to establish a treatment sched- 
ule. This establishes a realistic goal and time frame 
for the therapy. With each treatment, the doctor 
monitors the patient's progress, and may choose 
to modify the treatment approach in accord with 
the patient's changing condition. 

As the patient’s symptoms improve, the doc- 
tor lengthens the time between treatments. This 
continues until the symptoms are completely re- 
lieved, and the doctor is satisfied that the disease 
will not return. 


ALTERNATIVE TREATMENT 
STRATEGIES 

‘As the human body is in a constant state of 
change, the doctor’s diagnosis and treatment ap- 
proach will sometimes have to be altered. The 
doctor may also choose to modify each treatment 
according to the patient's changing symptoms or 
disease development. When choosing alternative 
treatment strategies, it is important that the doc- 
tor choose adjunctive therapies that enhance the 


primary goal of purging, tonifying, and regulat- 
ing the patient's condition. 


INTUITIVE AND PERCEPTUAL 
DIAGNOSIS 


THE METAPHYSICAL DIMENSIONS OF 
MEDICAL QIGONG HEALING 

The dictionary describes “metaphysical” as 
“the study of psychic phenomena beyond the lim- 
its of ordinary or orthodox psychology.” There 
are other dimensions of reality that are very tan- 
gible, and access to them is only limited by fear 
and ignorance. Since theories on the nature of the 
mind and spirit cannot be easily verified or dis- 
proved by intellectual analysis or scientific experi- 
‘ment, sometimes certain kinds of knowledge are 
disbelieved, ridiculed, and dismissed. The ad- 
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vanced energy theories that are presented in this 
textbook are based upon the five thousand years 
of cultivation and experience of Chinese medical 
healing. The energetic form of Qi is neither good 
nor evil, itis simply another aspect of matter. The 
ancient Chinese Qigong masters refined the abil- 
ity to analyze and diagnose these different forms 
of energy into an effective healing modality. 

‘The existence of energy and its multidimen- 
sional pattems is embraced and accepted by many 
other cultures and societies, with the exception of 
Western conventional thinking, which is unfamil- 
iar with this unorthodox approach to healing. 

‘These energetic realms, which form the real- 
ity of the Medical Qigong doctor’s clinical heal- 
ings, are actually normal perceptional skills that 
the doctors have developed and trained within 
themselves. These doctors have simply rediscov- 
ered and trained their sensitivity to energies that 
they were open to during childhood. These ener- 
gies encompass more then just the physical world, 
These perceptive skills and abilities of Shen are 
actually our natural, energetic “birthright,” and 
have been with us since birth. Shen Gong skills, 
and all psychic powers, lie within the Eternal Soul 
of an individual, although in most people these 
skills are undeveloped and largely unused. Often 
we fear the most the things we understand the 
least. It has also been my observation that indi- 
viduals are taught to ignore these skills because 
of one or more of the following reasons 

1. They have become frightened of them, because 
as children they were told that these abilities 
do not exist; 

2. They were told that such abilities were evil, or 
of the ‘devil’; 

3. Unable to understand them, they donot know 
how to integrate them into their personal lives; 

4, They may fear the emotional and spiritual re- 
sponsibility of knowing the truth about them- 
selves and others; or 

5. ‘The known is familiar and therefore more com- 
fortable then the unknown and new. 

Sometimes even facing our own human po- 
tential alarms us so greatly (fear bordering on ter- 
101) that we are willing to deny empirical evidence 
that these paranormal skills and abilities are real. 


lichms, and the path is isolated from 
the sensing circuitry. 


Three variants of the chip are available, for cur- 
rents of plus-or-minus 5A, 20A, and 30A. 
Depending on which variant is used, the output 
will range from 66mV to 185mV for each 
increase of 1A in the current path. Because the 
current path is isolated, the chip requires a sep- 
arate power supply of SVDC. 


The 5A version of the AVS712 can be bought on 
breakout boards from Sparkfun. In Figure 30-9, 
the board at top-left contains only the ACS712, 
while the board at lower-right adds an op-amp. 
with sensitivity control, to amplify the voltage 
‘output when measuring small currents, 


Figure 30-9 Breakout beards using the AVS712 Hall 
effect current sensar. The one at lower-right includes an 
op-amp to amplify small signals. 


What Can Go Wrong 
Confusing AC with DC 


A panel meter that is designed only to measure 
DC should not be used with AC, and vice-versa, 


What Cas B 
Erroneous readings or damage to the meter 
may result. 


Magnetic Interference 
A disadvantage of Hall-effect current sensing is 
that the sensor can be affected by stray mag- 
netic fields. Because a Hall-effect chip is 
responding to very small magnetic effects, it is 
vulnerable to interference. Consult the manu- 
facturer’s datasheet carefully regarding correct 
placement of a chip on a circuit board. 


Incorrect Meter Wiring 

The correct wiring of an ammeter is in series 
with a load, not in parallel with a load. This may 
seem an elementary error, but is easy to make if 
an ammeter and a volt meter are both being 
used, and they look similar. 


Because some panel meters are not fused, 
applying an ammeter directly across a power 
supply, without any series resistance, may result 
in immediate and hazardous destruction of the 
meter. 


Incorrect wiring can also occur when using a 
digital meter that has four wires emerging from 
two for current testing and two for a separate 
power supply. This issue is especially important 
when measuring substantial currents (above 
1A). 


Current Out of Range 

Attempting to measure a current that exceeds 
the range of an ammeter may damage the 
meter or blow its internal fuse, ifit has one. 
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We live, therefore, with a paradox. These paran- 
ormal abilities seem to be part of our nature, yet 
they can disturb us so greatly that we often vio- 
lently reject them. Medical Qigong doctors are 
healers who have learned to accept these paran- 
ormal abilities and direct their energy, spirit and 
psychic skills towards the focus of alleviating pain 
and suffering. They are “wounded healers” who 
have learned to face their fears, and have the cour- 
age to walk through and overcome them. 


THE AWAKENING 

For the Qigong doctor to understand spiritual 
insights, three phases of energetic transformation 
must first be experienced. These three phases are 
collectively known as “the awakening” and are 
described as follows. 

1. The awakening describes the beginning phase 
or “opening” of the Qigong doctors’ Mind and 
Spirit to their energetic potential. This accep- 
tance becomes rooted within the doctors’ in- 
tention, emotion, and thought, and sets into 
motion the correct vibrational field for access- 
ing their higher consciousness. 

2. Entering the inner sanctuary describes the 
phase wherein Qigong doctors begin to receive 
greater clarity of mind and an elevated con- 
sciousness. The doctors receive information on. 
a multidimensional level and are now able to 
access, as well as better understand their inner 
core being. This sets into motion the Qigong 
doctors’ understanding of their interconnected- 
ness to everything in the universe. At this point, 
the doctors must accept responsibility for their 
actions and non-actions. 

3. Accessing the Wuji through the Creative Sub- 
conscious Mind describes the Qigong doctors’ 
ability to access and reprogram their Mind 
and core vibration. This sets into motion the 
doctors’ personal contact with their higher- 
self, or Eternal Soul. 


LEARNING INTUITIVE AND 
PERCEPTUAL DIAGNOSIS 

Before beginning the primary methods of In- 
tuitive and Perceptual Energy Diagnosis, it is im- 
portant to understand the initial training needed 


to access and train these skills. Without an under- 
standing of these subtle energies, the risk of mis- 
diagnosis of the microprojections of life-force en- 
ergy is high. The subconscious mind communi- 
cates within ourselves and the outside world 
through the Three Dantians, by way of three dis- 
tinct mechanisms: 
* Physical or kinetic communication is estab- 
lished through the Lower Dantian. 
‘+ Emotional or empathic communication is es- 
tablished through the Middle Dantian. 
* Spiritual or intuitive communication is estab- 
lished through the Upper Dantian. 

‘These three modalities of energetic commu- 
nication must be finely honed into effective, re- 
ceptive listening tools. 

‘Memories, thoughts, emotions, and knowledge 
are stored in the patient's tissues throughout the 
body at the pre-atomic and pre-cellular levels. They 
are arranged and structured similar to the way 
sounds and images are recorded on the magnetic 
molecules of a video cassette tape. Not only are 
emotions and sounds stored, but tastes, smells, and 
touch can be invoked simultaneously in vivid de- 
tail as the cells are stimulated. The patient feels that 
they are actually reliving the event from the past 
exactly as if it were occurring now. 

The Qigong doctor must be ready to recognize, 
uncover, and be able to feel his or her patient's pain 
when interceding as an empath. Sometimes the 
doctor will not only stumble upon pockets of unre- 
solved pain, but also suppressed memorieshidden 
deep within the patient's tissues. When this occurs, 
the doctor diagnoses the patient's toxic emotional 
symptoms through his or her own body and spirit 
‘To perform this type of diagnostic technique suc- 
cessfully, doctors must be secure in their established 
emotional boundaries. Otherwise they might project, 
their own feelings onto the patient, or absorb the 
patient's pathogenic energy into their own body, 
where it may become trapped. 

The goal is to absorb and receive the patient's 
symptoms briefly for diagnosis, and then release 
them by exhaling out the mouth (away from the 
patient). This expels the Toxic Qi into the ground, 
and allows the patient's feelings to pass through 
the doctor's body without harm. 


‘The state of consciousness in which the doc- 
tor listens and feels the patient is more impor- 
tant than the technique or modality used. This is 
why there are so many diagnostic tools available 
to assist doctors in their evaluation. The patient’s 
body maintains the energetic pattern of trauma 
until itis released and dispersed. The amount of 
energy required to neutralize this traumatic 
charge and return the tissues back to their nor- 
mal state is in direct proportion to the intensity 
of the original trauma. 


RECEIVING AND INTERPRETING THE 
PATIENT'S FIELDS OF BIO- 
INFORMATION 

The human body emits several “bio-fields” 
of energy, varying in density and frequency and 
resonating within a holographic field. Like radio 
waves and other modern technological wave 
transmissions, these fields are encoded with in- 
formation. The key to what we absorb and radi- 
ate lies in the energetic qualities of the rate or fre- 
quency of vibration, amplitude, and wave length 
of these bio-fields. 

The physical world as we know itis made up 
of energetic fields. These energetic fields hold our 
universe together (Figure 25.2). Matter is simply 
the temporary expression of these energetic fields 
as they interact. The human body consists of Shen, 
Qi, and Jing actively resonating within the cells 
and tissues. Qi, as energy, is considered both sub- 
stantial and insubstantial. Qi creates matter and 
acts as a medium between matter and spirit; it 
carries their mutual interactions in the form of 
waves. Because matter manifests as a distinctive 
type of consciousness, it operates at discreet lev- 
els of awareness, differing only in its complexity 
of structure and degree of freedom. Matter also 
manifests itself at every level of organization, from 
fundamental particles in physics, to biological 
organisms within the human body, The cells are 
governed by these bio-fields which determine 
their growth. 

Itis the conscious aspect of energy that dictates 
how, where and in what form energy is manifested 
within the body. This energetic consciousness re- 
leases bio-information which transmits encoded 


Figure 25.2. The Energetic Fields 


information about the patient both internally and 
externally. Form, force, and medium are three as- 
pects of energy held in dynamic patterns by con- 
sciousness. The bio-information released from the 
patient's consciousness is read and diagnosed by 
the Qigong doctor before treatment begins. 

The body’s bio-information resonation Xin Xi 
or the “message” as it is called in China, is not 
limited by space or time. This Message refers to 
the energy fields that emanate to and from the 
‘Wuji or Void (infinite space embodied in between 
matter and energy). 

‘The Wajiis the state of no boundaries, of pure 
openness, of complete oneness. Its essence is emp- 
tiness (as depicted by the empty circle), which re- 
lates to the awareness aspect of our Yuan Shen. 
When it begins to manifest within the relative 
universe of Qi, Yin, and Yang (referred to as Taiji), 
its nature appears as clear light which dispels 
darkness. When it manifests as a pure and tan- 
gible physical form, it appears as an enlightened 
being (saint or immortal) or as the “divinity” in- 
herent within each one of us. 

All ofthese levels exist within each individual, 
on botha pure level and pathological level. These 
levels can be detected and interpreted by the 
trained Qigong doctor as bio-information resona- 


The Body’s Chemical and 
Electrical Messages Expressed 
through the Five Levels of Bio- 

information 


1, Jing (form or tangible matter) 


_—2. Qi (intangible energy) 
—. Shen (spiritual energy) 


aw |. Waji (infinite space of the Void) 


.. Dao (Divine Energy) 


Figure 25.3. The Five Levels of Bio-information 


nce, Bio-information resonance is subdivided into 
five levels of expression: 
1. Jing (form or tangible matter) contains the 
least amount of encoded information which 
is emitted at the lowest frequency. 
2. Qi (intangible energy) contains more encoded 
information which is emitted at a higher fre- 
quency than Jing. 
3. Shen (spiritual energy) emits an even higher 
frequency containing still more encoded in- 
formation than Qi. 
4, Wuji (the infinite space of the Void) contains 
even more encoded information than Shen 
which is emitted at a still higher frequency. 
5. Dao (Divine Energy) emits the highest, most 
complete encoded information or Message 
and is the most powerful of all the emissions. 
Medical Qigong views congenital disease as a 
form of distorted bio-informational vibration. The 
body's cellular systems internally regulate them- 
selves via communication through these coded 
Messages. Messages are sent and received both on 
the energetic level (Shen, Qi, and Jing) and on the 
biochemical-electrical level. These two different lev- 
els interact continuously. Distortions on the ener- 
getic level interfere with the necessary transforma- 
tions of Jing into Qi, Qi into Shen, and vice versa. 
Failures in energetic transformations also affect and 
distort chemical and electrical Messages between 
the different types of cells in the body (blood cells, 
tissue cells, nerve cells, and so on). 

‘The maturity of the physical body depends 
on the transference of these Messages as the source 
of its evolution. Each time the egg cell divides 


(morula, embryonic, and fetal stages) the Message 
is transcribed into the newly-generated cells. Some 
encoded Messages are transformed but, due to the 
adverse evolutionary conditions or pathogenic 
factors, some become latent. Germ cell Messages, 
however, are not restricted by these evolutionary 
conditions since they multiply, evolve, and trans- 
form at an accelerated pace. 

Information of the body's disharmonies is re- 
ceived as a distorted, biological resonation, which 
indicates the location and severity of the patient's 
condition. All diagnostic scanning techniques uti- 
lize this type of perception. The body’ cellular sys- 
tems internally regulate themselves via communi- 
cation through coded bio-informational signals 
This biological information exists in energetic, elec 
trical, and chemical forms which are constantly be- 
ing transformed from one form into another (Fig- 
ure 25,3). The function of Medical Qigong therapy 
is to provide the correct bio-informational instruc- 
tions (or Message) to the patient's body in the form 
of Qi emission (or coded energetic bio-informational 
signals) to initiate healing. By receiving Messages 
from the patient, the Qigong doctor can project en- 
ergy while receiving and diagnosing the patient's 
energetic patterns. 


ACCESSING THE KNOWLEDGE STORED 
WITHIN THE Wut 

‘When the Qigong doctors emit healing energy 
to the patient, they are sending healing Messages 
encoded within the Qi. When these Messages are 
received by the patient's cells the healing process 
is initiated. Qigong doctors access the knowledge 
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needed to treat patients, by remaining receptive 
to the Messages stored within the patient's Jing, 
Qi, Shen, and surrounding energetic space (Wuji 
or Void). 

Within the energy of the Wuji is the knowl- 
edge stored throughout time. In Medical Qigong, 
practices, accessing the knowledge of the Wuji is 
the Chinese equivalent of the Sanskrit concept of 
accessing the Akashic Records. “Akasha” is a San- 
skrit term used to describe the all-pervasive space 
of the universe. There are two kinds of Void: the 
first type of Void is internal, limited by the mate- 
rial plane (or matter) and can be associated with 
the enveloping of the internal human form. Mat- 
ter can be described as consisting of more space 
then actual physical matter and, therefore, is con- 
sidered infinite in its internal division of energetic 
properties. Within this Void forms the foundation 
for the matter or the body’ personality by way of 
physical forms, sensations, perceptions, mental 
formations, and consciousness. 

The second type of Void is external, unlim- 
ited, beyond all description, unbound by the ma- 
terial, yet contains all things material. Itis the ve- 
hicle for all life, resonating through sound and 
light, permeating everything in the universe. In 
the practice of Medical Qigong the Wyji is one of 
three universal principles, along with Qi and Shen, 
which form a trinity of sources of intuitive and 
psychic power. These three universal principles 
also manifest the Eternal Soul, allowing divine 
thought to infuse matter. 

The knowledge of the Wuji records the vibra- 
tional resonance of every action (all thought and. 
emotion), as well as light and sound. These ener- 
getic impressions are stored within the astral 
plane. These records exist as impressions in the 
astral/ spiritual dimension, providing a sort of ac- 
cessible filing system for those who wish to re- 
ceive information about past history or past lives, 
or even for the examination of their own spiritual 
progress. Admittance to this sea of knowledge and 
wisdom can be triggered in the hypothalamic lim- 
bic system of the brain, and is accessible through 
the energetic stimulation of the third ventricle of 
the Qigong doctor’s brain. 


The body is composed of literally billions of 
energeticmolecules. Each molecule is hologram 
of ancestral particles, knowledge, and experiences 
existing throughout time, spanning our entire his- 
tory as we know it. These molecules gather to- 
gether to form and create matter. They function 
for specific purposes of life transitions and ener- 
geticinteraction, and then dissolve, and transform 
back into Qi and Shen. Each molecule stores its 
‘energetic experiences, to be later accessed through 
spiritual intention. 

‘As the molecules gather to form a fetus, en- 
ergy as well as ancestral history is stored within 
the tissues and cells of the child via the environ- 
mental, universal, mother and father's energetic 
fields. 

‘Once the Qigong doctor has fused with his or 
her patient, he or she will be able to access spe- 
cific information about the patient through the 
internal connection to the energetic impressions 
of the patient's Void. This allows the doctor to 
study and learn about the patient's past history 
of disease formations, as well as the information 
contained within the molecular structures of the 
patient's tissues. 


UNDERSTANDING PAST-LIFE 
REGRESSION 

Although seldom talked about, and much less 
understood, the clinical significance about past- 
life regression is quite important. Psychiatrists 
Sigmund Freud and Carl G. Jung both believed 
that the patients’ worst fears, pain, and traumas 
are buried deep within their unconscious mind. 
‘Sometimes the patients’ emotional traumas are so 
deeply entrenched that they can only be expressed 
through the energetic presence of a different time- 
space reality. One metaphor used by patients to 
describe this other form of reality is through a 
“past-life trauma.” 

During Medical Qigong treatments, patients 
will sometimes describe traumas or situations that 
do not relate to present life experiences. These 
experiences might be explained through past life 
theories. There are six major theories used to ex- 
plain past-life recall (Figure 25.4). These theories 
are described as follows. 


A. Projections of the wounded ego 


2. Ancestral traits, inherited skills, and memo- 
ries stored within the molecular structures, 
cells, and energetic prenatal Jing, 


—3. External emotional histories from other 


people that have been absorbed into the 
subconscious mind 


—4. The spirit of a past individual's consciousness 


that has been absorbed into the body of the 
fetus upon conception 


5. The spiritually recycled and refined Eternal 
Soul 


\6. A combination of some or alll of the above theo- 


ries 


Figure 25.4. The Six Major Theories of Past Life Regression 


1. Some Qigong doctors contend that these past- 
life memories are the projections of the patient's 
‘wounded ego, used by the subconscious mind 
to assist the patient in dealing indirectly and 
symbolically with life's present painful experi- 
‘ences. These are painful memories that are con- 
sciously avoided by the patient, but are neces- 
sary for healing to take place. 

2. Other doctors believe that these past-life phe- 
nomena are the ancestral traits, inherited skills, 
and memories stored within the molecular 
structures, cells, and energetic Prenatal Jing of 
the patient, that periodically surface from time 
to time and generation to generation. 

3. Some doctors believe that apparent memories 
of past-life regressions, as well as of past-life 
traumas, are external emotional histories from 
other people that have been absorbed into the 
patient's subconscious mind. The patient re- 
sponds like an energetic empath to sensations 
of telepathy, registered by the patient's hypo- 
thalamiclimbic system. These external memo- 
ries are triggered when the patient accesses 
the knowledge of the Wuji 

4, Other doctors believe that the spirit of a past 
individual's consciousness can be absorbed 


into the body of the fetus upon conception. 

This means that wherever a child is conceived, 

the environmental energy, as well as any na- 

tive hovering spiritual entity, can be im- 

planted into the forming energetic field of the 

fetus. 

5. Other doctors believe that one’s Eternal Soul 
is constantly being recycled and refined 
through generation after generation, con- 
stantly being reborn in order to evolve into a 
higher plane of consciousness. 

6. Still other doctors believe that past-life memo- 
ries can be a combination of some or all of the 
above theories. 

‘Some patients feel that they experience spon- 
taneous past-life recall through the treatment of 
Medical Qigong therapy. While receiving treat- 
ments or performing Medical Qigong prescrip- 
tions these patients may experience intuitive 
flashes or visions. Whether the patients’ memo- 
ries actually are of their own historical past lives, 
or are reconstructions from subconscious mate- 
rial, is a matter of controversy. The primary ob- 
jective is for the doctor to accept the patients’ re- 
ality, supporting them in this belief system to fa- 
cilitate their healing process. 
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It is the doctor’s responsibility to respect the 
patient's reality and not impose his or her own 
interpretations on everything the patient says. By 
accessing the knowledge of the Wuji, the doctor 
can assist the patient to connect with and benefit 
from these past life recollections or “reconstruc- 
tions” to facilitate the healing process. Ultimately 
it matters not if the memories are reconstructions 
of subconscious material, true past life events, or 
even telepathic experiences. What is important, 
however, is that these memories are processed, 
learned from, and integrated to promote a better 
balance within the patient. 

PAST-LIFE HEALING THERAPY 

Clinically, past-life regression therapy has been 
effective in treating such problems as chronic fears 
and phobias, detrimental habits and cravings, sup- 
pressed hostility and guilt, depression, the fear of 
death, sexual dysfunctions, chronic painsand head- 
aches, as well as many physical disorders. It is also 
used for understanding relationship problems, since 
the theory maintains that we often meet the same 
souls in different lives (and bodies) until the prob- 
Jems are worked out. 

‘The Qigong doctor is not qualified to perform 
past-life regression therapy. This requires a spe- 
cialist or at least supervision by an expert. The 
Qigong doctor can, however, facilitate healing by 
accepting the patient's experience and validating, 
it to prepare the way for the healing process. In 
Medical Qigong therapy, the doctor accepts the 
patient's belief that the causes of his or her present 
physical or psychological problems can be traced 
to past-life traumas or death experiences. The im- 
provement attained through past-life memories 
is said to be achieved through the release of the 
energetic charge that is trapped in the patient's 
body from a former life. This energetic charge 
keeps the patient’s emotions prisoner, chained to 
the old feelings that are associated with the pain- 
ful past-life experience. It is important for the 
Qigong doctor to realize that the same therapeu- 
tic benefits as the retrieval of current-life real 
memories can be achieved by allowing the patient 
to relate any images, impressions and so on, that 
may or may not stem from his or her present life 
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experiences. The foundational base of the emo- 
tional trauma will often be rooted in feelings as- 
sociated with rejection, betrayal, and abandon- 
ment. The psychological and physiological reac- 
tions to the patient's past-life memories, whether 
they be real or contrived, will have a profound 
affect on the patient's healing, 


LEARNING MEDICAL QIGONG 
TECHNIQUES 

According to Qigong Master Zheng Zhan 
Ding from Beijing, China, when learning Medical 
Qigong techniques, the doctors experience what 
is known as the Three-Part Wisdoms. 

1, The Upper Dantian Wisdom is achieved 
through divine calling. When the full potential 
ofthe Upper Dantian is tapped, the doctor sud- 
denly finds him or herself able to utilize skills 
and techniques that were previously com- 
pletely beyond his or her ability. This is a major 
energetic breakthrough for the doctor, enabling 
him or her to perform supernatural feats that 
he or she immediately recognizes and accepts 
as part of a personal spiritual calli 

2. The Middle Dantian Wisdom is achieved 
through inspirational observation. Upon see- 
ing energetic techniques performed, the doc- 
tor immediately establishes an emotional be- 
lief that he or she possesses that same ener- 
getic ability. This is a kind of "if they can doit, 
Ican do it" observation and belief structure. 

3. The Lower Dantian Wisdom is achieved 
through practice. This is a type of "practice 
makes perfect" method of transition which 
allows the doctor time to accept and integrate 
new beliefs and abilities through long hours 
of constant practice, observation, and tutelage. 
Alll Qigong techniques are based on the imagi- 

nation and spiritual belief. It is necessary to cre- 
ate an image (a spiritual belief) within the mind, 
to create a positive environment for healing trans- 
formations (the spirit transforms energy, and en- 
ergy transforms matter). Sometimes the Qigong 
doctor will want to utilize a certain image of his 
or her belief, but because of certain doubts, is un- 
able to bring it into existence. In order to succé 
fully cultivate this image, the doctor must use cre- 


ative thinking to focus his or her life-force energy 
on this specific objective, accept it as true and 
know it will happen. To create this image the doc- 
tor must use his or her imagination, emotional 
feelings, unwavering belief, visualization, affirma- 
tion, and acceptance. 

Energy (Qi) is the bridge between the mate- 
rial and the spiritual, and is the medium through 
which consciousness interacts with the world. 
Through intention, Qi is gathered, focused, and 
used to transform light, sound, and other 
resonations. Through intention, the Qigong doc- 
tor is able to change structural formations, and to 
transform tangible and intangible forms and vice 
versa, to dissolve tumors, cysts, and so on. Of the 
many methods of healing available in Medical 
Qigong, it is important for the Qigong doctor to 
explore the healing skills suited to his or her body 
and personality, to become most effective. Once 
the doctor has learned and mastered these heal- 
ing techniques, he or she will no longer need to 
think about the methods, or when they need to 
be employed, they will become second nature. 


PERCEPTUAL COMMUNICATION 
TRAINING 

Subconscious communications are divided 
into physical, emotional, and intuitive forms of 
interaction and perception. The internal-vision 
techniques required to utilize energetic perception 
ina clinical setting are expressed and enhanced 
through these types of communication. These 
types of communications are realms of perception 
that can be explored, wherein, the Qigong doctor 
is so present in “the moment” that his or her at- 
tention begins to dissolve the perceptual realities 
of all five senses, and begins to perceive and di- 
agnosis patients on a spiritual level. At this level, 
all feelings, sounds, colors, or any combination of 
the doctor’s senses take on new dimensions of 
reality. 
DIAGNOSIS THROUGH DANTIAN 
COMMUNICATION 

Any treatment, exercise, or meditation the 
Qigong doctor prescribes must connect with the 
energetic resonation of the patient's disease. This 
connection is established through the doctor’s 


ability to communicate with the patient's body via 
the Three Dantian: 

1. The Upper Dantian’s perceptional awareness 
is received through a type of spiritual /intui- 
tive communication. Through this intuitive 
subconscious communication the doctor is 
able to interact and perceive the patient's 
spiritual and energetic disturbances. This al- 
ows the doctor to perceive the patient's spiri- 
tual condition without bias. 

2. The Middle Dantian’s perceptional awareness 
is received through a type of emotional /em- 
pathic communication. Through this em- 
pathic subconscious communication the doc- 
toris able to interact and perceive the patient's 
feelings, actively empathizing, listening, and 
hearing what patients communicate about 
their pain and problems. This allows the doc- 
tor to perceive the patient's true emotional 
condition by bypassing the person‘s ego. 

3. The Lower Dantian’'s perceptional awareness 
is received through a type of kinesthetic com- 
munication. Through this physical subcon- 
scious communication the doctor is able to 
interact and perceive the active condition of 
the patient's physical tissues. This allows the 
doctor to perceive (through his or her hands 
and physical body) the patient’s physical 
symptoms, such as pain, Heat, and so on. 

UTILIZING INTERNAL-VISION AS A CLINICAL 
Mopatity 

The brain has the ability of receiving and re- 
cording the vibrations of any object that the senses 
see, hear, smell, taste or feel. The vibrations of 
light, sound, smell, color, and object's shape are 
all recorded. This also holds true for thoughts, 
words, and actions. The brain also has the ability 
of reproducing these vibrations and projecting 
them out again through the use of inner vision 
and the imagination. 

Before beginning internal Qi diagnosis it is 
important that the Qigong doctor havea thorough 
understanding of the internal energy’s function 
and flow within his or her own body. Dr. Li Shi 
Zhen pointed out during the Ming Dynasty that, 
“The internal organs and channels can be per- 


ceived as unobstructed and free from disease only 
by those who can see internally.” 

This is achieved by performing the Nei Guan 
or Internal Viewing Meditation. The purpose for 
internal-vision is to carefully examine, through 
conscious introspection, the energetic flow and 
structure of the body and mind. Most doctors in 
the Ming Dynasty studied the Nei Guan Medita- 
tion as part of their clinical practice to develop 
the light for internal viewing. It is believed that 
light enters the body through the Baihui Point (at 
the top of the head), the Yin Tang Point (the Third 
Eye area) and through both eyes. Since internal- 
vision uses light that has a higher vibration than 
visual light, itis able to penetrate through the skin 
deep into the tissues. 

‘Many years ago I was truly skeptical of this 
phenomenon, although I met many Qigong mas- 
ters who possessed such skills. After acquiring this 
skill, however, I was able to demonstrate its effec- 
tiveness quite thoroughly while interning in the 
Qigong hospitals of Beijing, China. Itis actually a 
simple matter of consistent practice and focused 
concentration which allows this sense of percep- 
tion to become tangible. Itis important to remem- 
ber that to know something, one must first think 
it, then feel it in order to integrate the knowledge 
fully. Always watch as an observer, void of emo- 
tional attachment, noticing what is actually there. 
Nei Guan—Internal Viewing Meditation 

The best way to practice the Nei Guan Medi- 
tation is through relaxed, quiescent breathing 
Begin from a Wuji posture. After quieting the 
mind, relax and focus the imagination. Imagine 
that the left eye is a bright radiant sun, while the 
right eye isa bright and luminous moon. Both the 
sun and moon join together at the Yin Tang (Third 
Eye point). As their energies come together, they 
form a bright white ball. This light actually gath- 
ers around the pituitary gland, illuminating the 
optic chiasm, filling the occipital lobes (for inter- 
nal perceptual vision) and the thalamus (for ocu- 
lomotor control) (Figure 25.5). 

As the light expands it stimulates the corpus 
callosum and penetrates the pineal gland (which 
acts as a projector for internal vision) (Figure 25.6). 


Figure 25.5. The Internal Viewing Meditation 


Next, focus your intention on directing this ball 
of white light, allowing it to shine down into the 
body, illuminating all the internal organs. This 
enables you to see directly inside your own body 
and view each organ. Observe and feel the ener- 
getic strengths and individual weaknesses of the 
bones, organs, and tissues. Allow both energy and 
information to gather and expose itself through 
the Third Eye region of the Upper Dantian. After 
awhile relax and return to Wu Wei (ie, No Mind), 
allowing all of these images to settle. 

After a relatively short time of constant prac- 
tice Qigong doctors learn to discern the state of 
their own organs, and are able to regulate their 
own physical and energetic body. This internal 
diagnostic ability sets the foundation for doctors 
to extend their Internal-viewing capability outside 
their own body to use on patients. 


Once this occurs, doctors find it possible to 
effectively diagnose patients while scanning and 
using the Flat Palm Detection technique. The 
patient’s points and areas for diagnosis are re- 
vealed to the doctors through this modality of 
energetic extension. 

When using internal-vision, extend your in- 
tention as deep into the patient as possible, to 
slowly scan the patient's tissues, layer after layer, 
observing any cellular changes and distortions. 
Use the internal light resonating from inside the 
patient's body to identify the pathogenic factors. 
Then, look deeper into the energetic currents to 
find the root and origin of the patient's disease. 

‘When you use your hands to read the patient's. 
internal organs through Flat Palm Detection or 
any other diagnostic modality, itis extremely im- 
portant to use internal-vision to determine the 
severity of the disease. You may observe a spe- 
cific color, texture, or feel pools of emotional en- 
ergy. According to Dr. Zheng Zhang Ding, doc- 
tors will be able to determine the condition of the 
diseased organ by its shade of color. The internal- 
vision colors most commonly observed in inter- 
nal-vision diagnosis are as follows: 

* Ared or yellow color represents a healthy or 
normal organ; 

+ A white color signals the beginning of ener- 
getic dysfunction, but is not serious enough 
for treatment; 

* A gray color signifies sickness; and 

* Ablack color denotes, tumors, cancer, etc. 


APPLICATIONS OF INTUITIVE 
AND PERCEPTUAL QI 


DIAGNOSIS 

‘There area variety of methods concerning the 
application of intuitive and perceptual diagnosis 
of diseases. The specific physiological methods 
such as remote sensing, hand detection and physi- 
cal body observation are very popular in the Medi- 
cal Qigong clinics in China today. Five of the most 
favorite modalities of intuitive and perceptual Qi 
diagnosis are described as follows. 
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Figure 25.6. The inner light gathers atthe pituitary gland, 
illuminating the optic chiasm, filing the occipital lobes 
and thalamus, stimulating the corpus callosum and 
penetrating the pineal gland. 


DIAGNOSIS BASED ON FLAT-PALM 
DETECTION (HAND SENSING) 

Because the body’s energetic field reflects the 
state of health or dysfunctions of the physical 
body, any changes occurring in the tissues and 
organs are detectable through sensing this ener- 
getic field. Detection of these changes with the 
palm is termed Flat-Palm Detection. 

To perform this technique, the doctor begins 
by asking the patient to take a standing, sitting or 
lying posture. The patient’s whole body should 
be relaxed, the mind focused on breathing natu- 
rally. The doctor positions his or her palm several 
inches from the patient’s energy field, with the 
Laogong Pc-8 point or fingertips facing the direc- 
tion of the patient's body. 

The doctor then emits a little energy, slowly, 
followed by Pushing, Pulling and Leading ma- 
nipulations used to detect the Qi of the patient's 
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energetic body. The patient's surface tissue is di- 
vided into upper and lower, left and right aspects. 
The doctor focuses on the surface tissue area first, 
specifically the area corresponding to the region 
of the patient's disease. The doctor then deter- 
mines the energetic nature of the corresponding 
regions by making comparisons between the sen- 
sations gained in different areas to find where 
energy feels abnormal. Gradually, the doctor’s 
emitted energy is extended deeper into the body 
to purge, disperse, tonify or regulate the patient's 
organs and organ systems (Figure 25.7). 

The Qigong doctor then analyzes these ener- 
getic sensations, comparing how they feel from 
the different areas of the body (both on the super- 
ficial and deep layers). The doctor categorizes the 
pathological findings (the location, nature, and 
severity of the disease) in accordance with the 
Eight Principles of Diagnosis and the energetic 
patterns of The Five Elemental Theory. 

Feeling a great difference in energy intensity 
between the two sides of the Stomach Channels, 
for example, indicates a Yin and Yang imbalance 
of energy circulation between the left and right 
sides of the body. The Deficiency and Cold syn- 
drome of the Spleen and Stomach may be mani- 
fested by a cold and contracted sensation in the 
epigastric region. 

‘When an acupuncture needle is inserted into 
an obstructed point the energy grabs the needle and 
vibrates it. Once this energy block is removed, the 
needle ceases to vibrate because the channel isnow 
open. This same phenomenon occurs when the 
palm is placed on an area of stagnant Qi. The palm 
vibrates until the obstructed energy is dispersed. 

Energy blocks are commonly cleared by 
dredging in a downward direction from the head 
(Heaven) to the feet (Earth). When treated this 
‘way, patients will experience a temporary feeling 
of fatigue as the stored toxins are released from 
the body. Tonification is facilitated by bringing the 
energy current up the patient's body from the feet 
to the head (Earth to Heaven). This action will 
sometimes cause patients to have psychic experi- 
ences and see visions, as the energy enters the 
patient's Upper Dantian region. 


Figure 25.7. In Fiat Palm Detection, the Qigong doctor 
Uses the entire palm to sense the condition of his or her 
patient's intemal organs and tissues, 


DIAGNosIS BASED ON KINESTHETIC 
AND EMPATHIC QI ABSORPTION 

‘There are some individuals who tend to eas- 
ily absorb the feeling and emotions of other 
people, even without trying. Sometimes when 
treating a patient, a Qigong doctor will inadvert- 
ently ingest a small amount of their patient's en- 
ergy. As this energy absorbs into the doctor's body, 
it infuses throughout his or her entire energetic 
field. This energetic fusion sometimes causes the 
doctor to experience abnormal feelings in the lo- 
cations that correspond to the pathogenic areas 
of the patient’s body. From these feelings, the doc- 
tor can diagnose the location and the nature of 
the patient's disease. 

Toactively perform this method of Kinesthetic 
and Empathic Qi Absorption, the Qigong doctor 
stands facing the patient (Figure 25.8) and projects 
white healing light energy toward the top of the 


patient's head (Baihui GV-20 point). The patient 
is thus enveloped by the white healing light en- 
ergy, from the top of the head, to the bottom of 
the feet. Next, the doctor directs the Qi to flow 
from the bottom of the patient's feet into the bot- 
tom of his or her own feet, absorbing the patient’s 
energy. This energetic action forms a complete 
cycle of energy between the doctor and the 
patient's body. The Qigong doctor then begins to 
carefully feel the sensations of the patient’s en- 
ergy in his or her own tissues and organs. The lo- 
cality of abnormal feelings, their shape, and/or 
prominent characteristics reflect the locality and 
nature of the patient's illness. 

Note: It is generally encouraged to avoid this 
type of body detection on cancer patients, because 
the risk of pulling in the patient's excessively Hot 
pathogens into the doctor’s body is too high, espe- 
ially if the doctor’s energy has become depleted. 


HAND DIAGNOSIS BASED ON Bopy 
ASSOCIATION 

‘A small percentage of energy absorbed from 
the patient can suffice to diagnose the whole en- 
ergetic system. Because the law of bio-holograms 
holds that one part of the body contains informa- 
tion about the whole (including various parts of 
the body, such as the viscera, Qi, and Blood, etc.), 
information obtained from certain isolated areas 
can reflect the condition of the whole body. Such 
parts may include the hand, foot, eye, ear, nose, 
face, etc. The location on these parts that repre- 
sent different areas and organs are termed as 
“points” or “zones:” they include hand points, 
foot points, ear points, and so forth. 

Hand diagnosis (called Shou Zhen) is used to 
evaluate the physical predispositions and ailments 
of patients. This diagnostic technique first ap- 
peared in Chinese medical literature during the 
Sui Dynasty (618-581 B.C.) from the clinical writ- 
ings of Dr. Chao Yuan Fang, who authored the 
“General Treatise on the Origin and Symptoms of 
Various Diseases.” To begin diagnosis through 
hand-body association, the Qigong doctor first 
neutralizes his or her left palm (by releasing the 
energy into the Earth) to balance and stabilize its 


Figure 25.8. In Diagnosis based on Kinesthetic or 
Empathic Absorption of the patient's Qi, the Qigong 
doctor temporarily absorbs the patient's energy field into 
his or her own body. 

sensitivity. The left hand is generally used for re- 
viewing energy and diagnosing diseases. 

Once the left palm has been neutralized, the 
doctor uses his or her intention to gather the 
patient’s Qi into the left palm, distributing the ab- 
sorbed energy evenly throughout the hand, Focused 
concentration on any one specific area of the hand 
should be avoided. The doctor imagines the 
patient’s energy enveloping the left hand and fin- 
gers, like an energetic glove. The doctor carefully 
begins to sense the sensations of the patient's en- 
ergy on his or her palm. The center and front of the 
doctor's palm is considered the center and front of 
the patient's body, while the back of the hand is 
considered the back of the patient’s body. The doc- 
tor feels various kinds of sensations on specific ar- 
as of the left palm, which indicate the location of 
the patient's disorders. These different sensations, 


Figure 25.9. Diagnosis through Hand/Body Association 


such as distention, heaviness, numbness, heat, cold, 
itching, and throbbing correspond with the features 
of the disorders (Figure 25.9). 

While in Beijing, China, I was fortunate to 
study under Qigong Master Zheng Zhan Ding. 
Master Zheng had a remarkable gift for diagno- 
sis and was compassionate enough to share his 
particular skills and training with me and two of 
my senior Medical Qigong students. 

There are many schools of teaching for hand 
diagnosis. Ihave used several methods with great 
success in diagnosing and treating patients in both 
China and North America. The primary require- 
‘ment for correct diagnosis is the use of the mind’s 
intention. The imagination sets the foundation for 
the “energetic blueprint” of the patient’s body 
(Figure 25.10). The method for employing this 
technique is described as follows. 

1. Begin to scan the left palm and feel for Hot (Ex- 
cess) or Cold (Deficient) areas. These areas will 
relate to specific locations of illness. The doctor 
begins to treat these regions of disease by us- 
ing one of the following three methods: 


a. The doctor uses intention to tonify or 
purge the troubled areas inside his or 
her own left palm; 

b. The doctor uses his or her right hand 
(usually with the index and middle fin- 
get) to tonify or purge the energy from 
his or her left palm; or 

c. The doctor extends and treats the 
patient's body with his or her right 
hand while reading and diagnosing 
with the left palm. 

2. Another variation of hand diagnosis is prac- 
ticed by first having the patient breathe evenly 
into the Lower Dantian. Next, the patient fo- 
ccuses on his or her entire body, while placing 
the right palm (facing outward) towards the di- 
rection of the doctor. The patient is encouraged 
to relax while keeping his or her palm steady. 

The doctor slowly moves the index or 

middle finger of his orher righthand towards 
the patient's right palm. While continuing to 
focus on the patient’s energetic field (emitted 
from the patient’s extended right palm), the 
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Figure 25.10. Front and Back View of the Hand/Body Association 


Qigong doctor gently points to where he or 
she feels a particular energetic sensation (Fig- 
ure 25.11). This special feeling or sensation 
that the doctor is receiving, represents the lo- 
cation of an energetic problem or disease. 
While scanning the patient's right palm, each 
different feeling or sensation represents a di- 
versity of energetic manifestations related to 
the patient's disorder. 


DIAGNOSIS BY OBSERVING AURA 
FIELDS 

Some Medical Qigong doctors use aura read- 
ings to determine the physical, mental, emotional, 
energetic, and spiritual health of the patient. Aura 
colors will sometimes appear in the form of waves 
or other energy patterns (for example: evenly lay- 
ered, blotchy, mixed together, etc.). Aura colors 
are in a state of constant flux, shifting their colors 
and patterns with each shift of the patient's moods 
and emotional thoughts. These colors merge and 
blend as they fluctuate, weaving in and around 
the patient's field of Wei Qi. 


Figure 25.11. Variation of Finding the Patient's Disease 
‘Area by Diagnosing the Patient’s Hand 
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Figure 25.12. Diagnosis by Observing the Patient's Aura Fields. 


‘To begin observing auras, ask the patient to 
relax his or her whole body, while sitting or stand- 
ing in front of you. The patient should breathe 
evenly, to release any distractive thoughts, and 
then concentrate on the location of the specific 
disorder. The Qigong doctor focuses his or her 
attention on the space surrounding the patient’s 
body, while simultaneously concentrating on his 
or her own Upper Dantian. 

Focusing on the Upper Dantian to view the 
patient’s body facilitates seeing the patient’s aura 
field. The patient's aura field may be observed in 
the form of transparent or opaque Qi flow, or 
masses of different densities and colors. This may 
be used as a basis for determining the location and 
features of diseases (Figure 25.12). Each Yin and 
Yang organ will have its own color vibration. 

‘When the energy of an organ is healthy, the Qi 
coloris clean, clear and lucid. When an organis dis- 
eased its Qi becomes dark gray and turbid. These 


colors reveal whether an organ is in an abnormal 
state and to what extent it has been affected. 
COLOR VIBRATIONAL CLASSIFICATIONS. 

The variety of shifting colors can be inter- 
preted according to their density and tone. The 
following chart displays the color frequency cor- 
relation in nanometers. All living organisms vi- 
brate at a frequency between 300-2,000 nanom- 
eters. When analyzed, specific colors emanate 
consistent frequencies and wave forms. The 
slower frequencies register in the infrared light 
spectrum. The highest vibrational frequencies reg- 
ister in the ultraviolet light spectrum (for more 
information see Chapter 4). 


Red 700 nm Infrared 
Orange 600.nm 

Yellow 550 nm 

Green 500 nm 

Blue 450 nm 

Violet 400 nm Ultraviolet 


‘SEEING AURAS AND EMOTIONAL ENERGY 

Seeing auras is a visual phenomenon which 
occurs after many hours of regular Qigong train- 
ing. This ability to see the external energy field is 
not limited to Medical Qigong training; many 
people are born with this special gift. The word 
“aura” literally means “breeze,” manifesting as 
shimmering layers of luminous, colored energy 
that circulate around and penetrate into the physi- 
cal body. These colors are part of the body’s 
biophoton emissions (radiant light energy that 
‘emanates from all living systems). These colors 
are constantly in motion, reacting to thoughts, 
feclings, emotional patterns, and environmental 
influences. 

Through the stimulation and physical dilation 
of the occipital lobe of the brain, the doctor be- 
gins to develop this unique perceptual ability. In 
the beginning stages the doctor may see energy 
coming off the patient's body like steam. 

Later, brilliant, luminous colors become vis- 
ible. The doctor is actually observing the infrared 
and ultraviolet radiation color patterns that the 
patient's body emits. The infrared spectrum is just 
below the average body’s visual spectrum, while 
the ultraviolet is just above the average visual 
spectrum. By stimulating and dilation the occipi- 
tal lobe, the visual spectrum expands to include 
the infrared frequency, allowing the doctor to ob- 
serve from a much greater range of colors. 

Ithas been my personal observation that stu- 
dents who possess a large bump on the back of 
the cranium, specifically between the channel 
points GV-16 and GV- 17, begin to see auras at a 
very early stage. These points are below and just 
above the external occipital protuberance and sur- 
round the internal branches off the occipital ar- 
teries, veins and nerves. When energy fills this 
area, the stimulation and dilation of these nerves 
and arteries causes the visual receptors of the brain. 
to observe certain phenomena at a faster rate, 
which causes time to seem to slow down (Figure 
25.13). 

Itis very important to note that these obser- 
vations are all possible due to the occipital mem- 
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Figure 25,13. s the occipital lobe fills with Qi, the visual 
spectrum changes. 


branes being dilated. To maintain this dilation the 
doctor must remain calm and relaxed. Any ten- 
sion brought about by stress only diminishes this 
ability. Auras are generally seen through the pe- 
ripheral field of vision. 

If the doctor begins to stare at any particular 
object, focused concentration will contract the 
occipital membranes, causing tension and pres- 
sure that inhibit the dilation process. The secret 
in maintaining this altered state of observation is 
to anchor the mind deep into the ground. By fo- 
cusing the mind on a specific area, focus can be 
shifted to receiving and observing auras in addi- 
tion to extending energy without distraction. 

The following meditation can be used to 
stimulate the occipital membrane and enhance the 
perception of auras. 

Seeing Aura Meditation 

‘This meditation can be practiced either sitting 
or standing. The mind must be free of all distrac- 
tions and tensions in order for the energy to per- 
meate the occipital lobe. Draw an imaginary line 
from the top of the head (Baihui) down the spine, 
down the back of the legs, out the heels and deep 
into the Earth. This is your mental anchor line 


which is used to drain your mind of all thoughts 
(Figure 25.14). 

‘By continuing to drain your thoughts deep 
into the Earth, you free your Yuan Shen to rely on 
intuitive perceptions that allow for this altered 
enhanced peripheral field of vision. This medita- 
tion should be practiced for a period of 15 to 30 
minutes each day to establish a pattern of relax- 
ation, 

‘As you scan a patient, look to the sides of the 
patient's body, observing the silhouette of the 
outer shell of the patient’s Wei Qi. It is important 
not to stare, but just observe the patient's exter- 
nal Wei Qi field (e.g., observing where the field is, 
large, full, thin, or broken). Sometimes different 
lighting will affect the dilation of the occipital lobe, 
enhancing visual receptivity. 

Next, allow the silhouette to become differ- 
ent colors. Usually, in the beginning, you can see 
only two or three different colors. With time and 
practice you will be able to differentiate more col- 
ors, with finer detail. 

DIAGNOSIS BASED ON THE Boby’s EXTERNAL 
CHANNELS AND AURA CoLors 

Each of the five emotions are related to both 
the Yin and Yang organs and their Yin and Yang 
natures, These five emotions are also related to 
five major colors, both inside and outside of the 
body's physical structure. By comprehending the 
colors and understanding their connection to the 
emotions of the body, the Qigong doctor can suc- 
cessfully analyze the abundance or depletion of 
energy in his or her patient's major organs. Not 
only will this reveal the patient's present psycho- 
logical state of being, but will also expose which 
internal organs are weakened. 

‘The color chart (Figure 25.15) is used to cor- 
relate the patient's energetic fields. These colors 
are similar, yet have their own unique variations 
from the physical body’s tissue colors. 

Think of these colors as extensions from the 
original organ pools. The mist of the organ pools 
flows into the body’s aura fields, and can be ob- 
served in the patient's external energy fields. They 
are generally very vibrant colors and veil them- 
selves around the first two layers of the Wei Qi. 


Figure 25.14, Root the Mind deep into the Earth 


Observe their location around the body, whether 
they are static or pulsing. If a particular body or- 
gan malfunctions, orf any disease is present, then 
certain parts of the aura may become dim, murky, 
or produce a dark void. 

It is important to remember that each patient 
has his or her own color schemes. When observ- 
ing the color spectrums of the patient’s energy 
field the most important characteristic is the clar- 
ity of the colors. Observe if the colors are sharp, 
murky, or too concentrated. 

The Yang patient's colors will vary in tone and 
brilliance from the color spectrums of Yin patients. 
Each aura adjusts to match the patient's mood and 
temperament. People also often choose for their 
environment colors that reflect the characteristics 


of their aura and emotional spectrum (eg., cloth- 
ing, furniture, house, and room color, etc.) 

When using color energy for healing, the Qi- 
gong doctor chooses which specific color to emit, 
eg, using blue to cool the Qi or red to heat the Qi 
(see Chapter 4). Generally, when treating patients, 
the Qigong doctor will either wear all white 
(whichis the combination of all colors, and is used 
to naturally project energy), or all black (which is 
the absence of all colors, and is used to naturally 
absorb energy), but never the color red (the color 
red is too intense or “Hot” for Qi extension). 


DIAGNOSIS BASED ON INTENTION 

The doctor’s own developed inner vision can 
provide a diagnosis through observation of a 
‘mental image of the patient. The doctor begins by 
observing an image of the patient as a complete 
and whole energy system. Next, the doctor imag- 
ines the energetic form of the patient's internal 
organs (Figure 25.16). 

If any part or organ is dark or gives a feeling 
of turbidness, this indicates the location of the 
disease. When using this type of energetic diag- 
nosis, the sense of smell, the sense of taste, direct 
perspective, and remote sensing are also helpful 
diagnostic skills to enhance detection. 


LONG DISTANCE MEDICAL QIGONG 
‘THERAPY 

Long Distance Medical Qigong Therapy has, 
been with us for centuries. One of the ministers 
of Huang Di, the Yellow Emperor and patriarch 
of Chinese medicine, was a shaman named Zhu 
You. Zhu You was a famous doctor who advo- 
cated exorcistic prayer over the use of acupunc- 
ture needles and herbs to treat illness. Some schol- 
ars believed that Zhu You practiced Qi emission 
healing at the same time that he prayed for his 
patients. So effective was this healing approach 
that The Yellow Emperor's Classics states that, in 
ancient times, most illnesses were treated accord- 
ing to the methods of Zhu You. In fact, at one time, 
professional “prayer healers” were once wide- 
spread throughout China. 

‘There are several schools of thought on the 
modalities of long distance healing. Each school 
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Internal Organ | Aura Color 
Lungs Pure White 
Large Intestines | Off-white 
Stomach Deep Yellow 
Spleen Orange Yellow 
Heart Red with Slight Blue Tint 
‘Small intestine | Pink 
Bladder Deep Blue 
idneys Light Flame Blue 
Pericardium Purple Red 
Triple Bumers —_| Orange Red 
Gall Bladder Yellow Green 
Liver Deep Green 


Figure 25.15. The internal organs are each associated 
with a specific aura color. 


Figure 25.16. The Qigong doctor can diagnose the 
patient’s body through energetic observation and 
intention, 


has its own unique, yet extremely effective appli- 
cation of this esoteric skill. 

Although [believe in the effectiveness of prayer, 
atone time I sincerely doubted the existence of long 
distance healing. I was thoroughly convinced that 
it was a matter of projected influential visual and 
auditory input, similar to hypnotherapy. lexpected 
the doctor to talk to the patient and have him or her 
close the eyes to facilitate an emotional and mental 
healing over the telephone. The difficulty in this 
kind of healing is that if the patient does not trust 
you, his orher consciousness will not cooperate and 
will sabotage any healing energy extended in his 
or her direction. 

‘As fate would have it, one of my Medical 
Qigong instructors called me one day. As we were 
conversing, my Kidneys began to heat up. This 
heat was quite intense, and I was extremely 
startled because no prior warning of this particu- 
lar kind of treatment had been given. Yet, I could 
not dismiss the overwhelming searing heat that I 
felt in my lower back, Kidneys, and Mingmen 
area. This healing was done without my conscious 
consent or foreknowledge! My instructor laughed 
and explained that as she was talking to me, she 
was holding a pillow (which represented my 
body) and visualizing treating my Kidneys with 
her right hand. 

At that point, my beliefs surrounding long 
distance Medical Qigong healing began to change 
radically. began to inquire as to the qualifications 
needed to treat with that modality of therapy. I 
learned from my instructor that long distance en- 
ergy transformation is similar to close range en- 
ergy transformation. The only difference is that 
in long distance healing, the doctor’s faith and 
psychic faculty has tobe extremely developed and 
accurate. 

‘Tobecome proficient at long distance therapy, 
the Qigong doctor must extend his or her thought 
vibration into the atmosphere, which connects 
with the thought vibration of the distant patient. 
Both vibrations collect and blend, drawing to- 
gether at a selected point on, or within, the pa- 
tient, creating and reproducing the patient's en- 
ergetic fields, organs, and tissues. 


Zhu You's long distance healing through 
prayer may be compared to the effectiveness of 
prayer groups today. Larry Dossey, M.D,, for ex- 
ample, documents one double-blind experiment 
involving nearly 400 patients admitted to the coro- 
nary care unit of San Francisco General Hospital 
for heart attacks or suspected heart attacks. These 
patients were evenly subdivided into two groups. 
Both groups received “state of the art” medical 
care; the only difference was that one group was 
prayed for by Protestant and Catholic prayer 
groups throughout the country. These prayer 
groups had only the patients’ first names and 
sketches. The patients in the experimental group 
had no idea they were being prayed for; yet when 
the study was concluded, they experienced sig- 
nificantly fewer complications and deaths than 
did the non-prayed for control group. 
SPACE/TIME AND ENERGY 

‘To study long distance energetic healing, we 
need to look at a three-dimensional energetic pat- 
tern which includes Positive Space/ Time, Nega- 
tive Space/Time, and Energy. 

1, Positive Space/Time Energy includes com- 
monly accepted forms of energy (such as elec- 
tromagnetism, nuclear energy and gravity), 
and all vibrations ranging from extremely 
slow to the speed of light. It includes lower 
vibrations (from inanimate objects) and the 
higher vibrations of thoughts. 

2. Negative Space/Time Energy includes all vi- 
brations which travel faster then the speed of 
light (super-luminal), and accounts for such 
phenomenon as telepathy, psychokinesis, pre- 
cognition, and levitation. In negative space- 
time, particles have a negative mass and are 
knownas antimatter. When activated to super- 
luminal speeds, these particles appear to de- 
materialize, and produce a levitation force 
which balances the gravitational effects of posi- 
tive space/time. This also accounts for the 
Qigong doctor's ability to transmit energy 
through all known force shields (excluding mir- 
rors, due to their ability to reflect light-energy). 

3. Energy and matter form a continuum as does 
space/ time. Energy is the medium between 


the positive and negative forms of space. Itis 

the medium between which matter and spirit 

interact with the space/time continuum, 
through which heat, light, sound, and reso- 
nant vibrations travel. 

Matter is composed mostly of space with a 
minute amount of mass, bound in a particular 
pattern. This pattern is unique for every form of 
matter, including the human body. Particles of 
matter in the human body are constantly vibrat- 
ing in intermediate stages of energy interaction. 
Consciousness (the qualitative and directional 
aspect of energy), acts as a medium for the Qi- 
gong doctor's intention to project into the time/ 
space energy field. Consciousness functions.as the 
energy source for resonant vibrations which cre- 
ate the physical world. 

To perform long distance healing, the Qi in 
the Lower and Middle Dantians (the body's Fire 
and Water energy) must overflow and transform 
into Shen. The Shen is then united with the di- 
vine Qi and extended outside the body for long 
distance healing of the patient. This allows the 
energy to cross both spatial and temporal bound- 
aries, thus enabling the Qigong doctor to heal 
patients in the absence of physical contact. 

The first priority in long distance healing, is 
to establish a connection between all three 
Dantians through the absorption of divine Qi into 
the Taiji Pole; this process is called the “empow- 
‘erment with divine Qi,” or simply, the “hookup.” 
This action surrounds the doctor's Wei Qi with 
Tian Qi (Heavenly Energy), which then is trans- 
formed into Tian Shen (Heavenly Spirit). 

‘The doctor then visualizes a long stream of 
white light extending from the Yin Tang (Third 
Eye) point, which connects to the patient’s body 
(Figure 25.17). 

‘Once the doctor feels this connection, he or 
she may now begin the treatment. The physical 
manifestations of long range healing are the re- 
sult of the Shen affecting the Qi, and the Qi affect- 
ing the body's Jing. 

Lone DISTANCE SCANNING EXERCISE 

Long distance scanning can be develop by 

practicing the following mediation exercise. 
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Figure 25.17. The Qigong doctor absorbs divine Qi 
through the Baihui area, filing the center Taiji Pole, then 
projects the divine energy out the body through the Yin 
‘Tang or Third Eye area. 


* The patient sits in front of the doctor. After 
connecting with the divine, close your eyes 
and start to scan the patient's external and 
internal energetic body. Try to feel the 
patient's different shades of light and differ- 
ent color spectrums, as well as the patient’s 
temperature, projections, resonant vibrational 
essence, and varying qualities of texture in the 
patient's electromagnetic fields. 

‘« Next, open your eyes and scan the patient, 
comparing and contrasting any differences 
from your initial readings. Continue to prac 
tice this modality of distant scanning until 
your reading and diagnosing abilities become 
very accurate. Perfecting your long distance 
scanning abilities may require several months 
of training. 


SECTION 5: DIFFERENTIAL DIAGNOSIS OF ENERGETIC PRINCIPLES 


Lone DISTANCE THERAPY 
‘To dredge the channels, tonify and regulate 

the patient's energetic fields using long distance 

energy transformation, the Qigong doctors some- 

times practice the two following meditation exer- 

cises. 

Long Distance Dispersing Meditation 

The doctor begins by placing his or her pa- 
tient in the next room. After the doctor connects 
with the divine, he or she imagines his or her body 
surrounded by a ball of brilliant white light. The 
doctor then extends a stream of this white light 
energy out from the top of his or her head and 
onto the top of the patient’s head, enveloping the 
patient's entire body. 

As this white light energy descends down the 
patient's body, the doctor visualizes the patient's 
diseased energy dispersing and melting away into 
the ground. The patient’s pathogenic energy is 
extended into the center core of the Earth, where 
it is transformed by the Earth's center core fire 
and then recycled back into the patient as pure, 
refined Earth Qi. 

Next, the doctor focuses on specific areas of 
the patient's body. The doctor visualizes any area 
which needs specific attention such as dark areas 
in the patient’s body. The doctor imagines these 
areas becoming brighter until all the dark areas 
are dispersed. After energizing the patient's dis- 
eased area, it is important for the doctor to dis- 
connect from the patient and withdraw his or her 
projected Shen (Spirit) back into his or her body. 
Long Distance Purging Meditation 

The doctor begins by sitting on the edge of a 
chair with both feet firmly on the ground. Next, 
the doctor brings both palms up in front of his or 
her body, at throat level (middle fingers pointing 
straight upwards), and imagines a ball of white 
light suspended in-between the palms. 

The doctor now pulls the Heavenly Qi to- 
wards the center of the ball via the fingers. As the 
ball fills completely, the doctor imagines the Ex- 
cess Qi beginning to overflow into the center of 
his or her palms (Laogong points), descending 
down the arms and spine, and collecting into his 
orher Kidneys and Lower Dantian area, The goal 


is to first collect and store Heavenly Qi in the 
doctor’s Lower Dantian and Taiji Pole (Figure 
25.18). 

To facilitate long distance healing, the doctor 
imagines the patient in the center of the ball of 
light. The doctor focuses on the Excess energy no 
longer overflowing into the palms, but flowing 
into his or her patients body, cleansing, filling, and 
healing the disease (Figure 25.19). 


FAITH PROJECTION AND MEDICAL 
QIGONG THERAPY 

This technique is a combination of both psy- 
chosomatic and visceral healing. It entails speak- 
ing to the patient and establishing a curative rela- 
tionship through belief modalities, similar to those 
of “faith healing” used in the West. 

It is a form of mind projection; the stronger 
the Qigong doctor's faith and intention, the bet- 
ter the healing will be. It is important for the pa- 
tient to have an extremely strong faith in the doc- 
tor and to feel secure in the healing environment. 
The stronger the patient's and doctor's faith, the 
better the healing. 

‘One popular example of this faith projection 
ability comes from the famous Qigong Master 
Shen Chang. Master Shen, lecturing at a confer- 
ence sponsored by the China Ministry of Broa 
cast, Film and Television (with hundreds of wit 
nesses present), extended Qi into a woman pa- 
tient (in her 50's) with a three inch tumor on her 
leg. As Master Shen began his transmission he 
began to shout “Gone!” Instantly the tumor 
started to shrink. After shouting “Gone!” two 
more times, the tumor had completely disap- 
peared. To the astonishment of everyone, Master 
Shen then shouted “Grow!” and caused the tu- 
mor to reappear. After this amazing demonstra- 
tion, he then removed the tumor, and completely 
healed the patient. 

Pethaps the body manifests what the mind 
believes and the Heart feels. It then adjusts itself 
according to the belief structure and forms anew 
holding pattern (both physically and energeti- 
cally). Usually, the doctor will say an instructional 
phrase four times to the patient, intensifying his 


voltage sensor 


The entry describes the type of component that can be installed to monitor voltage on 
an indefinite basis, It does not include test equipment, such as test meters or multime- 


ters. 
OTHER RELATED COMPONENTS 


+ eurrent sensor (see Chapter 30) 


What It Does 


Avoltage sensor measures the electrical poten- 
tial between any two points in a circuit, or the 
voltage supplied by a power source, and pro- 
vides data in volts or fractions of a volt. It 
should not be confused with an analog-to 
digital converter, which is not a sensor in itself, 
but can process the voltage output from a sen- 
sor by digitizing it. More information about 
analog-to-digital conversion is in the Appendix. 
See Appendix A. 


Applications 

Voltage measurement is important in conjunc- 
tion with all types of power supplies, to verify 
their performance. A volt meter may also be 
used to show the output from various types of 
analog sensors that have voltage output. 


A graphical display may be used in audio 
equipment to indicate signal level, which can 
be proportional with voltage. 


Volt Meter 


A volt meter that is sold as a standalone device 
with leads for circuit testing is often described 
as a test meter. Its functionality is usually built 


into a multimeter. Test meters and multimeters 
are outside the scope of this Encyclopedia. 


A volt meter designed for permanent installa- 
tion in a device or prototype is a type of pane! 
meter, which is described here. 


An antique analog panel meter is shown in 
Figure 31-1. 


Figure 31-1 An antique analog volt meter. 


The four scales on the dial correspond with sep- 
arate input terminals at the rear of the unit. The 
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Lower Dantian 


Figure 25.18. The Qigong doctor imagines cre: 
ball of divine healing white light, suspended between 
his or her palms. 


or her intention and instruction each time. The 
doctor's intention begins to reprogram the hold- 
ing patterns of the tissues by shocking the system 
into a new and healthier pattern; a kind of “Be 
Healed Now!” approach. It is important to know 
that the energetic field surrounding the patient is 
strongly affected by either positive emotions and 
support, or negative emotions, suspicion and dis- 
belief. 

To illustrate this fact, I would like to recall an 
incident that took place in a Santa Cruz bible col- 
lege in the late 1980's. One morning a colleague 
was lecturing in an auditorium full of 250 young 
seminary students. Suddenly, the back door of the 
auditorium swung open, and a young woman 
carrying a small baby came walking in. She was 
crying, and asked for help. She told my colleague 
that “God” had spoken to her in a dream and told 
her that if she came to this particular bible college 
and asked for help, that he would heal her child 
of a serious disease. 
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Figure 25.19. The Qigong doctor imagines that his or 
her patient is positioned in the center of the ball of divine 
healing light. 


My colleague was both startled and shocked. 
Not knowing what to do, or even how to handle 
the situation, he quickly turned the meeting over 
toa local spiritual elder who was monitoring the 
lecture. This elder, seasoned in these types of spiri- 
tual phenomena, again asked the woman what the 
problem was. After hearing her story a second 
time, he informed her that while “God” had not 
spoken to him directly about the situation, he 
would be obedient to whatever “God” wished. 

Next he looked up to the 250 young seminary. 
students sitting in the auditorium and stated, “If 
anyone here does notbelieve that God can and will 
heal this child instantly, please leave now.” All but 
three seminary students left the auditorium. The 
elder called to the three remaining students to join 
him with my colleague in praying for the baby. The 
child was instantly healed (a follow-up visit con- 
firmed this fact), and the mother left, smiling, My 
colleague, perplexed by the whole event, turned to 
the elder and inquired as to how he knew what to. 


do. The elder responded, “Even Jesus, who was the 
greatest healer of all time, couldn’t heal in his own 
home town because of everyone's disbelief. Here 
in this auditorium it would have been five of us 
who had the faith in healing, versus 247 who were 
skeptical and full of doubt. It is better to have a few 
with great unwavering faith than to have many with 
little faith at all.” 


AUXILIARY MEDICAL QIGONG 
HEALING MODALITIES 

The following are auxiliary Qigong modali- 
ties used by various Qigong doctors in hospitals 
and clinics, as well as their personal practices 
throughout China. 

One of the methods used for these Medical 
Qigong therapiesis the projection of Qigong Mes- 
sages into specific material objects (ie., a liquid, 
food, a scroll of calligraphy, a talisman, a cloth, a 
necklace, etc.). Once the object contains the Qigong 
doctor's Message it will have a powerful effect 
on the patient's body. This is a form of “transmis- 
sion of intention” which is a form a Qi and Shen 
projection. Qi and Shen projection transcend time 
and space, lasting an indefinite amount of time 
depending upon the belief of the Qigong doctor 
and patient. 

Certain Qigong doctors can transfer their en- 
ergy or “thought message” through works of art. 
Texperienced this technique quite accidently while 
lecturing at the Third World Conference on Medi- 
cal Qigong in Beijing, China in 1996. I was in the 
back of the lecture hall sketching while one 
speaker was sharing his dissertation. Another 
Qigong Master seated in front of me noticed my 
artwork and asked to see it. Curious as to what 
he would do, I gave him my notebook. He placed 
his hand above my drawing and began project- 
ing Qi into the picture. Immediately energy 
flooded my being from head to toe. I was literally 
vibrating all over, being filled with light and sound 
resonation (that felt similar to a strong electrical 
current). Since my original piece of art contained 
a direct connection to my physical energy, the 
Qigong doctor was able to extend energy into my 
body, by simply projecting his Qi into my artwork. 

The doctor can transmit healing energy 
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through any object which has had contact with or 
‘was created by the patient. This technique is pos- 
sible because creative artwork, or any object 
touched or created by hand, is imprinted with the 
person’s energy. This energy contains a unique 
blend of the individual's encoded energy patterns. 
This information regarding the individual can be 
retrieved through psychometry (the act of sens- 
ing the thoughts, images and so on, with which 
the object has been imprinted). A connection to 
the person who created or held the object can thus 
be established through the Wuji. This object can 
then serve as a focusing point to send healing to 
that person, through the doctor’s intent. 

Energy, in the form of waves, is expressed in 
the abstract form of thoughts, accessible to the 
vibrational medium of space and time. This al- 
lows for the energetic transformation of the 
individual's emotional patterning, 


USING MEDICAL QIGONG To HEAL BY 
PROJECTING CHINESE CHARACTERS. 
There are other Qigong doctors who draw 
specific Chinese characters in the air and send 
them encapsulated in a bright white light ball of 
energy into their patient's body to initiate heal- 
ing (Figure 25.20). This projected energy is cre- 
ated through the doctor’s intention and is ab- 
sorbed into the patient’s body, through the pa- 
tients receptive attitude and desire to heal. 


USING MEDICAL QIGONG WITH 
‘SUPPLEMENTARY APPARATUSES 
‘There are certain Qigong doctors who will use 
specific objects ranging from such supplementary 
equipment as rubber acupuncture dolls to pillows, 
in order to perform long distance healing. To uti- 
lize these objects for long distance healing, these 
Qigong doctors place the object, a doll for ex- 
ample, on the table in front of them and begin to 
draw their patient's Essence (from many miles or 
even across other countries) into the doll. The doc- 
tors then treats the patient by draining off the 
pathogenic excess from the doll (Figure 25.21). 
Once the doctors feel that the patient has been suf- 
ficiently cleansed and the disease dispersed, they 
begin to tonify the patient’s weak organs. While 
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Figure 25.20. Another skill utilized by Qigong doctors, is to create different colored balls of energy to encapsulate 
specific Chinese characters (or Messages) within them, which are then projected into the patient's body as a form 


of treatment. 


the Qigong doctors work on a patient, you can 
actually feel hot and cold spots emitting from the 
rubber acupuncture doll. Several of my students 
have been able to successfully implement this 
modality of training and find it fascinating. 


USING MEDICAL QIGONG To ENERGIZE 
HEALING CLOTHS 

Some Qigong doctors extend Qi into pieces of 
paper or cloth, to be placed on the patient's body to 
invoke a healing. This is similar to the “prayer 
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Figure 25.21. Some Qigong doctors use a rubber acupuncture doll (man or woman) as an energetic medium, 
while treating patients at a distance. The Qigong doctor is removing pathogenic Qi and throwing itinto a glass of 
salt water (used to neutralize the Turbid Qi) 


cloths” and other techniques used today inthe Pen- USING MEDICAL QIGONG WITH CRYSTALS 

tecostal Churches. The energy stored within the ‘The energy in the human body produces a po- 
cloth or paper, will last indefinitely, however, the _ Jarity similar to that present in crystals. Because 
‘most important component of this type of healing crystals emita very strong white light energy, they 
is the patient's belief structure (Figure 25.22-23). can be used for energetic surgery, allowing the 


Qigong doctor to cut into the patient's energetic 
field like a laser beam. Crystals can additionally 
be used for scooping energetic toxins, cleansing 
and purging the patient's body, and for cutting 
loose pathogenic Qi within the patient's tissues 
and external fields of Qi. Crystals can also be used 
for tonification, by enhancing the doctor's ener- 
getic extension and projection abilities. 
USING MEDICAL QIGONG To ENERGIZE LiauiD 
COMPONENTS 

Other Qigong doctors extend their energy into 
herbal teas, wines, and LV. fluids, as well as simple 
components such as water, to energize and uti- 
lize these liquids for healing. These doctors send 
the energized liquid substance to the patient, who 
ingests the medicine to tonify deficiencies. Water 
is an excellent repository for electromagnetic en- 
ergy, and absorbs vibration better then any other 
substance (Figure 25.24). 
USING MEDICAL QIGONG To ENERGIZE FooD 

There is an ancient Chinese proverb which 
poses the question, “Is food medicine or medicine 
food?” Because a basic principle of Traditional 
Chinese Medicine states that anything ingested is 
transformed into energy (Gu Qi) by the body, 
some Qigong doctors extend their energy into the 
patient’s food before it is ingested. This belief is 
not isolated to the Orient, but is also part of the 
Western culture, hence the practice of praying and 
blessing over food before eating it. 
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Figure 25.22. Emitting Qi into Cloth 


Figure 25.23. Emitting Qi into Paper 


Figure 25.24, Emitting Qi into Liquid 
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SECTION VI 
ESTABLISHING THE MEDICAL 
QIGONG CLINIC 


CHAPTER 26 
TREATING THE PATIENT 


SETTING A SPACE/TIME FOUNDATION 

Before treating patients, and to establish a sa- 
cred healing space, the Qigong doctor must first 
bring his or her true self into what is called the 
center of space and the center of time before 
performing the divine hook-up. 

This establishes a foundation for treating pa- 
tients, and allows the doctor to fuse with the pa- 
tient, while accessing the energies of the divine, 
as well as the universal and environmental ener- 
gies. Once this is achieved the doctor can allow 
him or herself to act as an observer, viewing the 
patient from a non-judgemental position. 
FINDING THE “TRUE SELF” 

The Qigong doctor's “true self” is defined as 
his or her pure innate spiritual existence, void of 
all ego masks and personalities. The “true self” is 
spiritually connected to, and rooted in, the energy 
of the divine. Itis the part of the soul that uncon- 
ditionally accepts self and others, and is more in 
the role of a compassionate observer than a judge. 
The “true self” allows the doctor to observe the 
patient’s condition (spiritual, emotional, mental, 
energetic, and physical), void of any personal 
emotional biases. The “true self” is a state where 
unconditional love and acceptance is fostered and 
supported by the divine. 

To discover the “true self’, the Qigong doctor 
is trained through special Shengong (Spirit skill) 
meditations. One such meditation asks the ques- 
tion “Who are You?” This is repeated over and 
over until the doctor realizes and experiences his 
or her "true self". Who you are is not determined 
through expressing a correct answer, but by actu- 
ally experiencing the spiritual quest. Itis through 
the realization of this innate truth, which is inher- 
ent within one’s own enlightenment, that the doc- 
tor is freed from the ego (known as the “Death of 


the Ego Fear”). Once the doctor realizes who he 
or she truly is, the answer is reflected from the 
light within the doctor’s eyes and not through any 
specific mental concepts. There is a saying from 
Lao Zi, written in the Dao De Jing (The Way and 
Its Power) that explains this phenomenon: “The 
Dao that can be named is not the true Dao.” 
FINDING THE CENTER OF SPACE 

Before treating a patient, the Qigong doctor 
must also place his or her body, mind, emotions, 
energy, and spiritual essence into a place of infi- 
nite existence called the center of space. The cen- 
ter of space is actually a spiritual and energetic 
concept, wherein the doctor imagines him or her- 
self as being the actual center of the universe. This 
concept and image maintains that all energy, light, 
and energetic fields extend from the middle of the 
doctor's center core, expanding outward into in- 
finite space (Wuji). This energy continues to ex- 
tend and envelop the entire universe and all the 
energetic dimensions beyond. 

To access the center of space the doctor must 
place his or her "true self" into the Taiji Pole, con- 
necting the core self with the divine. It is from the 
orientation of the core self that the Qigong doctor 
accesses the deeper, hidden, spiritual, and ener- 
getic fields of the patient's body. 

FINDING THE CENTER OF TIME 

The final image that the Qigong doctor visu- 
alizes before the divine hook-up is to place him- 
self or herself into the space known as the center 
of time. The center of time is the place of “Now.” 
Itis a dimension where infinite future is forever 
flowing into the doctor's center core, while the 
infinite past is forever rushing away. 

To grasp the center of time concept, think of 
time as a linear progression of light and energy. 
‘The concept of future time is rushing directly into 
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the front of your body. Within a split second, the 
Yang changes into Yin and the future transforms 
into the past, and continues rushing out the back 
of your body. You must find the still point, inside 
of your body, where Yang transforms into Yin, and 
the future transforms into the past- thisis the cen- 
ter of time. From the center of time the Qigong 
doctor brings the patient into the present moment. 
This process enables the doctor to access the hid- 
den past memories trapped deep within the 
patient's tissues. 


ESTABLISHING THE MEDICAL QIGONG 
TREATMENT ROOM 

Before receiving patients it is important to 
establish an environment that is conducive to heal- 
ing. The density and quality of energy in the heal- 
ing room is a very critical factor. Filling both the 
treatment room and clinic with the energy that 
flows from the Heavens to the Earth sets up an 
energetic vortex. Through the creation of this en- 
ergetic vortex the patient’s pathogenic factors will 
automatically flow into the ground once they are 
dispersed from the patient's body. The more en- 
ergy that the healing room contains, the more suc- 
cessful the treatment will be. It is important to 
cleanse the healing room before and after each 
patient. This cleaning is achieved through the 
doctor's divine hook-up. 

When establishing a treatment room it is also 
important to have adequate lighting and clean air 
ventilation. Avoid fluorescent lighting; if this is 
impossible, then use a full spectrum light. 

Itis important to also keep the patient's liv- 
ing quarters and bed energetically cleansed, as 
pathogens have a habit of collecting in areas of 
sickness and disease. The patient is encouraged 
toburn salt with a little alcohol to cleanse the treat- 
‘ment room (at least once a day) and fill the room 
with fresh air and light. Often neglected is the liv- 
ing space of the patient. Energetically cleaning the 
entire house or apartment often, during and after 
there has been an illness, allows the toxic energy 
to be purified from the patient’s home. 

One example of how energy stagnates is ob- 
served in hospital wards. Each ward has an ener- 


getic “feeling,” associated with the different types 
Of diseases or conditions treated there. The can- 
cer ward, for example, feels entirely different from. 
the maternity ward, emergency room, etc. 

The treatment room must also be kept unclut- 
tered, as energy stagnates in cluttered environ- 
ments. Also, after each treatment, always change 
the bedding and energetically clean the clinic or 
treatment room 
WHEN To AERATE, ILLUMINATE, OR SMUDGE 

Itis important to daily cleanse the energetic 
field of the treatment room. This facilities a fresh 
uncontaminated environment, allowing the next 
patient to feel safe and protected from any previ- 
ous contaminants which may have been left from 
a prior patient. The three most common ways to 
cleanse the clinic before and after each patient (be- 
sides changing the table coverings), are: 

1. Aerate by ventilating the clinic, making sure 
that the air circulation is fresh and clean (free 
from pathogens, Toxic Qi, dust and pollens, 
foul orders, smoke, etc.) 

2, Illuminate by exposing the clinic to bright 
sunlight, or divine healing light (through 
prayer). 

3. Smudging is performed by burning fragrant 
herbs in the form of certain incense (such as, 
sandalwood, myrrh, frankincense, or sage- 
brush, etc.). Remember to aerate after smudg- 


‘The Qigong doctor may wish to incorporate 
either one or several modalities of cleansing. Each 
particular technique offers its own advantages and 
disadvantages, depending on the size and loca- 
tion of the clinic and its surrounding environment. 


ESTABLISHING A RAPPORT WITH THE 
PATIENT 

It is important to establish a foundation of 
trust between the doctor and patient before the 
treatment begins. This trust is enhanced by: Talk- 
ing with the Patient to Establish Treatment Goals, 
Explaining and Reaching Agreements on the 
‘Treatment Modalities to be Used, Honoring the 
Patient's Spiritual Belief System, Receiving the 
Patient’s Consent Before Treating, Matching the 


How It Warks 


unequally divided scales are a simple way to 
compensate for the nonlinear response of the 
mechanical movement inside the meter. 


Modern analog volt meters are still manufac- 
tured, and may be cheaper than their digital 
equivalents. However, a digital volt meter 
allows a wider range of values to be viewed 
more easily. The meter in Figure 31-2, sold as a 
low-cost battery tester, measures voltages from 
AVDC to 13VDC to an accuracy of two decimal 
places. It needs no separate power supply. 


EK2-0906 Input Voltage:4-13v/0C 


Figure 31-2 A panel-mount digital volt meter. 


Sometimes the number of digits in a volt meter 
is specified as ending with one-half, as in 3.5 or 
3-1/2 digits. This means that the most signifi- 
cant (leftmost) digit can only be a 1 or a blank. 
The extra “half digit” may seem inconsequential 
but doubles the range of displayable values. 
For example, a 2-digit display can only show 
100 values, from 0 to 99. A 2-1/2-digit display 
can show 200 values, from 0 to 199. 


Schematic Symbol 
A volt meter may be represented in a schematic 
with the letter V inside a circle, as shown in 
Figure 31-3. 


—W)— 


Figure 31-3 A volt meter may be represented like this in 


a schematic 


Volt Meter Wiring 
Two ways to use a volt meter in a circuit are 
illustrated in Figure 31-4, where the load may 
be any equipment, device, or component that 
provides some electrical resistance. 


Figure 31-4 Two options for placement ofa volt meter. 


On the left side of the figure, a volt meter may 
be connected directly across a power source, 
because the internal resistance of the meter is 
so high, it will draw very little current. In this 
configuration, the meter measures the voltage 
of a source when the source is virtually unloa- 
ded. 


On the right, the meter can measure the volt- 
age drop across a load, or can measure the volt- 
age across any component, or group of 
components, that are a subset of the load. 


A disadvantage shared by dedicated analog 
and digital volt meters is that they are not usu- 
ally interchangeable between AC and DC. 


How It Works 


‘An analog volt meter usually contains a built-in, 
high-value fixed resistance, and an ammeter 
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1. Talking with the Patient to, 
Establish Treatment Goals 


2. Explaining and Reaching 
Agreements on Treatment 


‘Modalities 


Doctor 


4. Receiving the Patient's 
Consent Before Treating 


5. Matching the Patient's 


Respiration 


‘6. Maintaining the Doctor-Patient 


Relationship 


"7. The Four Major Priorities of 


3. Honoring the Patient’ 
Spiritual Belief System 


Clinical Qigong Healing 


Figure 26.1. Establishing a rapport with the patient begins with trust 


Patient's Respiration, Maintaining the Doctor-Pa- 
tient Relationship, and The Four Major Priorities 
of Clinical Qigong Healing (Figure 26.1). 
TALKING WITH THE PATIENT To ESTABLISH 
TREATMENT GOALS 

‘After completing the diagnosis, establishing 
the treatment principle, and determining the treat- 
ment strategy, the Qigong doctor discusses with 
the patient the treatment goal (ie,, which internal 
organs, channels, and tissue areas are affecting the 
primary cause of the patient's disease, and how 
to address it). The treatment areas are specifically 
chosen to facilitate a rapid affect on the function- 
ing process of the patient's disease. The doctor 
explains the intended goal of using the purging, 
tonifying, or regulating techniques, and how they 
will affect the patient's body. 
EXPLAINING AND REACHING AGREEMENTS ON 
THE TREATMENT MODALITIES To BE USED 

‘The Qigong doctor explains, in clear, compre- 
hensive terminology, what he of she has deter- 
mined as to the best way of approaching and rec- 


tifying the patient's condition (e.g,, having the 
patient in a lying, sitting or standing posture), and 
what treatment modalities the doctor will be us- 
ing (1e,, through Qi Emission, Qigong Massage, 
Sound Therapy, Light Therapy, etc.) 

‘The more the patient understands the doctor's 
approach in addressing the condition, the greater 
the likelihood of the patient relaxing during the 
treatment. This explanation also assists the doc- 
tor and patient in developing trust, which will 
encourage the patient when practicing the home- 
‘work prescriptions, or in receiving suggestions on 
life-style modifications. 

HONORING THE PATIENT'S SPIRITUAL BELIEF 
System 

When treating patients, itis important that the 
Qigong doctor not become distracted by the illu- 
sion of solid tissue matter, remembering that we 
are spirit, and that healing begins in this fifth di- 
mension. The primary belief in Medical Qigong 
therapy is that tangible and intangible energy, 
through faith, will merge at the highest level of 
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cultivation. Prayer is an invocation that extends 
the mind, emotion, and spirit to the divine, while 
meditation is a state of mental, emotional, and 
spiritual receptivity for divine inspiration, guid- 
ance, and manifestation. Both actions (prayer and 
meditation) connect the doctor and patient to the 
divine to bring patients back into awareness of 
their body and to initiate divine healing. 

InChina, Qigong doctors have asaying, “train 
your virtue and morality to increase your energy, 
allow your Spirit to lead your Qi and the Qi will 
flow pure.” Meaning, the stronger the individual's 
virtue has been developed, the more powerful his 
or her spiritual intention will flow, and Qi move. 

The healing modality choosen by the doctor 
must be congruent with the patient's spiritual 
belief structure. The patient must be connected to 
is or her own unique interpretation of universal 
consciousness (God) in order for divine healing 
to take place. 

When the patient disbelieves in a Higher Power 
—be it God or a universal consciousness ~ the doc- 
tor can still help the patient heal, providing the pa- 
tient has established sufficient trust and hope in the 
doctor. If the patient feels understood and listened 
to by the doctor, this can empower the patient to 
heal, regardless of his or her own conscious belief 
system. 

If the doctor, on the other hand, does not be- 
lieve that a true healing can take place unless the 
patient believes in a Higher Power or God - then 
no healing will take place, for the doctor will lack 
confidence, hope, and trust. The therapeuticbond 
between the doctor and patient will be broken and 
replaced by a battle of wills. 

For patients who lack faith, applying a hands 
on Qigong technique may be more effective. 
Gradually, over the course of time, the doctor may 
incorporate other healing modalities as greater 
trust is built. 

The Qigong doctor should always begin treat- 
ment in harmony with the patient's spiritual be- 
lief system (that may change in time), through 
touch, verbal conversation and unconditional love 
(empathy). The doctor should also communicate 
mind to mind, for this will facilitate trust at the 
subconscious level. 
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RECEIVING THE PATIENT'S CONSENT BEFORE 
TREATING 

The treatment modalities should be decided 
together by the doctor and the patient. It is im- 
portant for the Qigong doctor to provide the pa- 
tient with enough information about the type of 
therapy he or she will receive, so that informed 
consent can be given for the treatment. This em- 
powers the patient and allows relaxation and trust 
to occur. 

MATCHING THE PATIENT'S RESPIRATION 

‘Another technique to relax the patient is called 
“matching and pacing.” The Qigong doctor 
matches the patient's breath and breathing pat- 
terns, and gradually shifts his or her own breath- 
ing toa slower and deeper pace. Itis important to 
note that the patient's physiology affects his or 
her energy, which in turn affects his or her emo- 
tions and respiration. This technique of matching 
the patient’s and doctor’s breath and leading it 
into a state of quiescence is very often used by 
Medical Qigong doctors to relax their patients. It 
not only connects the doctor with the patient on 
an energetic and emotional level, but also provides 
a strong spiritual connection. 

Note: Do not match an asthmatic patient's 
breathing, as this is disruptive to the flow of Qi 
within your own body. 

MAINTAINING THE DOCTOR-PATIENT 
RELATIONSHIP 

Whenever the doctor begins to judge or for- 
mulate negative opinions of a patient, he or she is 
no longer operating in the divine “present” state 
of spiritual intuition, but has shifted into the 
“past” (as all judgements are based on past expe- 
riences and emotional encounters). The doctor is 
then in danger of absorbing the discharged ener- 
getic pathogens from the patient, or projecting 
subconscious biased opinions onto the patient. 
Whenever the doctor relates, relives, or orients 
from his or her own personal past (the feelings 
can be either positive or negative), the doctor is at 
high risk of absorbing the patient's energetic 
pathogens. 

When the patients come to the doctor, they 
are giving their consent for the doctor to learn 


about personal things which the patient has often 
withheld from their mate, family, or even them- 
selves. They are further giving the doctor permis- 
sion to utilize their combined energies to affect 
changes within their physical, mental, emotional, 
energetic, and spiritual fields and body. 

Each treatment will be different for the pa- 
tient, as each experience will vary according to 
the patient's present state of mind and emotional 
spirit. The patient's willingness to allow the 
Qigong doctor’s emitted energy to penetrate 
deeper into his or her body with each session will 
depend upon the level of trust established, as well 
as any outside influences that may have a posi- 
tive or negative effect on the patient’s ability to 
be open and vulnerable. Patients who experience 
ridicule or criticism from family and friends for 
their choice of a non-Western form of treatment, 
may temporarily shut down their receptivity in 
self-defence against others. At times, patients may 
also close-off as a result of an event that has a 
strong impact on their emotional and spiritual 
well-being, such as a death of a friend, a physical 
trauma, or other upsetting news. 

‘The patient always has the final control over 
the doctor’s emitted energy, and can choose to 
either absorb and utilize the energy, or disperse 
and sabotage the doctor’s treatment. It is for this 
very reason that the doctor-patient trust factor, as 
well as the goal orientation, must be securely es- 
tablished before the treatment begins. 

Be sure the patient's arms and legs are not 
crossed, as this can impede, or “short-circuit,” any 
energetic flow, causing Qi obstructions. The pa- 
tient should close his or her eyes, but should not 
be allowed to internally guide or direct the Qi 
unless specifically instructed to do so by the doc- 
tor. A patient's unguided imagery can cause the 
body's energy to increase, alter, or obstruct the 
flow of the doctor’s energy, which may cause Qi 
deviations or aggravate an existing condition. 
Usually the patient is given the image of dissolv- 
ing his or her tissues into space, which encour- 
ages relaxation and freedom from distractions. If 
the patient is lying down, he or she is given cer- 
tain visualizations, such as floating on a sea of 
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‘warm water (or basking in the sun on the beach 
or shore of a lake). These images relax the patient 
and enable the Qigong doctor to disperse the 
patient's armoring. Once the patient's “street ar- 
mor" is down, the doctor will have easier access 
into the patient's tissues. 

After the treatment, the doctor and patient 
evaluate each session, discussing any and all feel- 
ings, observations, transitions, and sensations that 
both the doctor and patient experienced. Home- 
work, in the form of Medical Qigong prescriptions 
are then generally given, in addition to follow-up 
treatments (depending on the patient's case and 
condition). 


THE FouR MAsor PRIORITIES OF 
CLINICAL QIGONG HEALING 

According to China's prominent Qigong 
Grand Master Pang Ming, clinical Qigong heal- 
ing is based on four basic priorities. In establish- 
ing a clinical environment it is important to in- 
form the patient about the structures of these four 
priorities: A Strong Faith, Group Healing, Medi- 
cal Qigong Therapy, and Medical Qigong Pre- 
scriptions and Exercises. 

1. Astrong faith that Qi or life-force energy can 
heal the patient's specific ailment is built up 
by the patient listening to testimonials. These 
testimonials are given by other patients who 
have recovered from the same type of disease, 
as well as those patients who are experienc- 
ing improvement through Medical Qigong 
therapy. 

Qigong deals directly with the psychologi- 
calaspects of diseases. Itis well known that two 
side effects of cancer are depression and fear. A 
very popular theory maintains that depression 
(being the suppression of anger) can cause can- 
cer. Even before the cancer patients begin their 
treatment program, their confidence is bol- 
stered by the positive experiences of more ad- 
vanced students of Qigong, who at one time 
also suffered from these particular kinds of can- 
cer. Inaddition, as part of the Qigong exercises, 
the new patient's mind is focused on pleasant 
images or memories. All of this creates a posi- 
tive mental attitude in the patient. 


SECTION 6: ESTABLISHING THE MEDICAL GicoNG CLINIC 


Sometimes patients come to the doctor for 
healing, yet ata deeper level they feel that they 
need or deserve the illness. Sometimes the sec- 
ondary gain of illness (for example, to keep 
the wife or husband underfoot) outweighs the 
benefits of healing completely. If a patient is 
subconsciously unwilling to be healed, his or 
her attitude or disbelief will sabotage all clini- 
cal modalities of healing (both Western and 
Eastern). You cannot make someone better 
against his or her own will. Illness, like health, 
is often a matter of choice. 

2. Before a group of patients begin Qigong, the 
doctor verbally synchronizes the thinking of 
the group by absorbing Heavenly Qi (the di- 
vine hook-up), and bringing it down into the 
healing energy field which surrounds every- 
one including the doctor. The healing effect is 
enhanced because the group is acting as one 
unit, with one faith. 

3. The doctors initiate the actual Qigong heal- 
ing by bringing divine healing energy to each 
individual patient. 

4. The patients are taught how to easily follow 
Medical Qigong exercises and meditations, 
practicing them over and over again. 

When a patient enters a Qigong hospital in 
China, they are diagnosed by a doctor and then 
assigned a specific Qigong class for a twenty-four 
day treatment period. The patient spends eight 
hoursa day practicing Qigong without television, 
newspaper, or telephone. This is required to help 
the patient avoid regression into a previously es- 
tablished belief structure or subconscious pattern. 
‘Those who are able, practice Qigong from a stand- 
ing posture. Other patients with limited mobility 
practice Qigong sitting or while lying in bed. Af 
ter the twenty-four day treatment program is over, 
the patient is again diagnosed by a Qigong doc- 
tor. The diagnoses is classified into one of four 
categories for statistical purposes. 

1. The patient has been cured: symptoms have 
disappeared and appropriate instruments 
(eg,, EKG, ultrasound, etc.) register normal 
tissue, 

2. The treatment has been very effective: symp- 


tomshave almost disappeared and allopathic 
tests indicate great improvement. 
3. The treatment has been effective, in that the 
patient is now able to eat, sleep, and feel good. 
4. The treatment has been noneffective: there has 
been no change, or the condition has worsened. 


PREPARING THE SELF To TREAT THE 
PATIENT 

This section prepares the Medical Qigong 
doctor to treat patients. The “preparation” sets the 
energetic ambiance for the clinical treatment and 
secures the foundation for dispersing pathogens. 
The preparation includes: The One through Ten 
Meditation, Creating a Sacred Healing Space, The 
Divine Hook-Up, Rooting to Prevent Energetic 
Shock, and The Energetic Circle Drawing Pattern 
(Figure 26.2). 
‘THE ONE THROUGH TEN MEDITATION 

‘The following is called the One through Ten 
Meditation and is used to prepare the Qigong 
doctor for clinical work. It allows the Qigong doc- 
tor to relax, sink, and root the mind. This medita- 
tion allows the doctor to extend his or her ener- 
getic field before connecting with the divine. This 
meditation is used to create a sacred healing space 
and is taught in a rhyming one through ten count- 
ing format, described as follows. 

1. One Is Fun, therefore take pleasure in your 
work, Imagine a smile melting down the front 
of your body like warm oil, melting all stress 
and tension into the Earth. A second smile 
melts down the back of your body, dissolv- 
{ng all stress and tension down into the Earth. 
A third and final smile melts down the center 
of your head, relaxing all thoughts, judgments 
and feelings, and flows down your shoulders 
and arms and out your hands. The melting 
continues to flow down the center of your 
torso, like warm oil, melting all emotional 
blocks and tension, then flows down your legs 
and into the ground. At this point your mind 
and body should feel content, relaxed, and 
peaceful. 

2. Two Is Shoe, thus imagine your feet melting 
into the Earth, like ice melting on a hot side- 


The Qigong Doctor’s 
Energetic Preparation 
for Clinical Therapy 


Figure 26.2. The Qigong Doctor's Preparation for Treating the Patient 


walk. The energy of the feet fuses with the 
Earth, melting in five directions (forward, 
backward, right, left, and down). This con- 
nects your mind and body with Earth energy. 

. Three Is Tree, therefore feel yourself extend- 
ing tree-roots twice your body’s height deep 
into the ground. The roots expand in five di- 
rections (forward, backward, right, left, and 
down), securing your rooting and connection 
with the Earth energy. 

. Four Is Core, thus imagine your roots extend- 

ing deep into the core of the planet. The Earth 
energy flows into these roots, ascending up 
the legs, spine, over your head, down the 
chest, and enters your Lower Dantian. This. 
action allows you to draw Earth energy into 
your body and circulate it through the Micro- 
‘cosmic Orbit. A solid connection to the Earth 
roots your physical, mental, emotional, and 
spiritual energies, and fills up your Lower 
Dantian with Earth energy. 
Five Is Alive, therefore feel the Earth energy 
building up within your Lower Dantian. The 
energy increases to the point that your Dan- 
tian can no longer contain its power. It rushes 
up the center of your chest like a mighty river, 
dividing into two streams which flow out each 
palm into the earth. This action releases and 
emits the energy stored within your Lower 
Dantian. 

. Six Is Thick, thus imagine the room or envi- 
ronment where you are standing being filled 
with energy. This energy becomes so thick, it 
isas if you are submerged under water. This 
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1. The One through Ten Meditation 
2. Creating a Sacred Healing Space 
3, The Divine Hook-Up 


4, Rooting to Prevent Energetic Shock 


5. The Energetic Circle Drawing Pattern 


fuses the environmental energy with your 
energy, and the Earth’s energy into one dy- 
namic field of energy. 

Seven Is Heaven, therefore allow your Baihui 
point to open up and draw in the divine heal- 
ing white light into your Upper Dantian. Let 
the divine light fill your head and the entire 
Upper Dantian area till it floods and shines 
down from the Upper Dantian into your chest, 
filling up the entire Middle Dantian. Finally, 
the light shines down from the Middle Dan- 
tian filling up the lower abdominal area and 
the entire Lower Dantian. This light connects 
you with the Heavenly healing white light 
energy from the divine, filling up all three 
Dantians and your Taiji Pole. Thus Heavenly 
and Earthly energies fuse within your body. 
Eight Is Open the Gates, therefore imagine 
opening every pore on your surface tissues, 
and begin to draw the environmental energy 
into your Taiji Pole upon inhalation. Upon ex- 
halation imagine your center core vibrating 
and glowing like a neon light. This visualiza- 
tion energizes your center core, harmonizes 
your energy and breath, and prepares you for 
Qi and Shen (energy and light) projection. 
Nine IsShine, therefore imagine that your cen- 
ter core becomes completely full of energy and 
overflows by shining (from the Taiji Pole out- 
ward) through your pores until it fills up the 
entire room, like a bright phosphorus flare. 
This visualization fuses Heaven Qi, Earth Qi, 
and Man's Qi with the external clinical envi- 
ronment. 
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10. Ten Is Begin, with all things now in order, you 
are physically, mentally, emotionally, energeti- 
cally, and spiritually in harmony, with your 
body, the Heavenly energy, and Earthly en- 
ergy. You can now begin treating patients. 

CREATING A SACRED HEALING SPACE 
‘After completing the preparation, the Qigong 

doctor creates a sacred healing space in which to 

treat patients. Creating the sacred healing space 
allows the doctor and patients to interact in a safe 
environment without outside distractions. 

‘The Qigong clinic should be a place of com- 
plete sanctuary, a consecrated place of refuge, 
‘where the patient feels safe, warm, and cared for 
spiritually, emotionally, mentally, energetically, 
and physically), The patient should experience the 
peaceful ambiance of the treatment room as be- 
ing enveloped in unconditional love and security. 

‘To create the sacred healing space, the Qigong 
doctor performs the divine hook-up. Only after 
completing the divine hook-up should the Qigong 
doctor treat his or her patients. 

THE DIVINE HooK-UP 
Once the doctor has established energetic 

grounding, the next step in establishing a clinical 
environment is to connect with his or her spiri- 
tual center through the divine hook-up. From this 
spiritual center the Qigong doctor observes the 
patient, void of personal thoughts, feelings, and 
judgments. This spiritual state of open receptiv- 
ity allows patients to feel secure and to release 
their guarded emotions. Lacking a safe environ- 
ment, patients may feel the need to repress emo- 
tions or to be distracted from experiencing and 
letting go of the original trauma 

‘The Qigong doctor, once healing has begun, 
enters into a state of “oneness” with the patient 
and the divine, in which the doctor's will and in- 
tention envelops and fuses together with the di- 
vine will and wisdom. Both doctor and patient 
begin to communicate through deep subconscious 
interactions. The doctor's success or effectiveness 
as.a Qigong healer depends on a willingness and 
ability to connect with the patient and the divine 
healing light. Drawing from this interpersonal 
‘communication with the patient, and the deep 


spiritual connection with the divine, the doctor 
begins the treatment. 

According to Dr. Meng Xian Tong of the Beijing 
Chengjian Integrated Traditional Chinese Medicine 
and Western Medicine Experts Clinic, when Qigong 
doctors perform the divine hook-up, they increase 
their own body’s Righteous Qi, which then extends 
the energetic Message encoded in their Qi into the 
patient’s body. The doctor's Righteous Qi is then 
absorbed by the patient’s body and fused together 
with his or her Qi. This fusion empowers the pa- 
tient to heal his or her disease. 

Before contact with any patient the doctor first 
connects with the divine to purify and stabilize, 
not only him or herself, but also the treatment 
room (with a constant flow of Heavenly Qi pour- 
ing into the room). This divine hook-up enables 
the Qigong doctor to not only establish a sacred 
healing space, but also to access both spiritual in- 
sights and divine healing power. 

ROOTING THE DIVINE HEALING LIGHT 

Rooting the divine healing light is accom- 
plished by visualizing a beam of healing light (the 
doctor can also choose specific colors) streaming 
into his or her body via the Baihui and Sishencong 
points (at the top of the head), and entering into 
the Taiji Pole. The doctor holds this frequency until 
the divine healing light becomes rooted or “an- 
chored” within the Lower Dantian. 

‘Next, the doctor brings the healing light vibra- 
tion up the Taiji Pole to energize each Dantian until 
the healing light infuses and harmonizes all of the 
body’s tissues. As the doctor feels the healing light 
reach the Middle Dantian, he or she visualizes the 
light intertwining with the “bridge of light,” which 
connects the doctor’s Heart (Middle Dantian), 
throat and Yintang (Upper Dantian) areas together. 
This energetic connection fuses at the Upper 
Dantian, becoming one unified cord. The healing 
light is then stored within the doctor's body and 
released during Qi emission. 

USING THREE DIVINE INVOCATIONS 

Toassist the doctor in rooting the divine heal- 
ing light, I encourage my students to begin each 
treatment with a small prayer and three invoca- 
tions, for example: 


Figure 26.3. As the divine healing Qi absorbs into his or her body, the Qigong doctor expands this field to 
‘envelop the entire treatment room. 


1. “Lord God, fill me with your Holy Spirit and 
divine healing power. Increase my skill, power, 
knowledge, and wisdom and use me for Your 
Glory.” The first invocation connects the doc- 
tor to the healing energy of the divine and roots 
the doctor deep into the Earth. This prevents 
the patient's pathogenic Qi from entering into 
and contaminating the doctor's body. 

2. “Fill this room with your Holy presence and 
healing virtue, and let your Glory shine through 
meinto this room.” This second invocation con- 
nects the doctor and the treatment room to the 
divine and secures a sacred healing space (or 
sanctuary) for the patient. It also establishes an 
expansive divine energetic field by causing the 
doctor's Wei Qi field to overflow with divine 
healing light, filling the treatment room. This 
divine energetic field produces a dynamic field 
of healing energy (Figure 26.3). 

3. “lift (the doctor will mention the patient's 
name) before Your Holy Presence, and ask that 
you may heal these wounds and free him or 


her from these chains of despair, agony and 
disease. Thank you, God. Amen.” After this fi- 
nal invocation, the doctor envelops the patient 
with an energetic bubble of light and love, 
Next, the doctor roots the patient's energetic 
bubble deep into the Earth, and creates an 
energetic vortex underneath the patient. The 
energetic vortex will spiral clockwise, deep 
into the center of the Earth. This energetic 
rooting technique is practiced to purge and 
drain the patient’s Toxic Qi into the Earth, 
where it is cleansed and then recycled back 
into the patient’s body. 
ROOTING To PREVENT ENERGETIC SHOCK 
Rooting (sometimes called “energetic ground- 
ing”) is an important technique used by the 
Qigong doctors to establish and maintain a firm 
physical, mental, emotional, energetic, and spiri- 
tual connection to the Earth. Connecting to the 
Earth is essential to prevent energetic shock (a jolt 
of energy which flows from the patient into the 
doctor’s body), which can result in the doctor ab- 
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Figure 26.4. The Qigong doctor envelops the patient in an energetic bubble (or healing circle) before beginning 
the treatment. 


sorbing the patient’ energetic pathogenic disease. 
To prevent energetic shock from happening, 
Qigong doctors go through several steps to pre- 
pare themselves and the clinical environment be- 
fore treating patients. Energetic rooting is utilized 
in all phases of meditation and allows doctors to 
maintain a strong physical connection to the Earth. 
Itis especially used when the doctor is absorbing, 
and emitting environmental and universal energy. 
‘+ From a Wuji posture, imagine an energetic 
cord extending from your Lower Dantian, 
down the Taiji Pole and out the Huiyin point 
(at the base of the spine) deep into the center 
of the Earth. This energetic cord will root your 
energy into the Earth. It is also affected and 
maintained by your will and intention. The 
energetic cord follows the doctor’s move- 
ments smoothly and easily. 
If the patient is lying, sitting, or standing in 
front of you, extend your energy to envelop 
the patient within an energetic cocoon called 
+ “energetic circle drawing,” 


«Imagine extending an energetic cord from the 
patient's Lower Dantian through this energetic 
‘cocoon, to root the patient's body deep into the 
Earth. This process energetically grounds the 
patient’s body, mind, emotion, and spirit. 

‘THE ENERGETIC CIRCLE DRAWING PATTERN 

‘Once the divine hook-up is completed, the 
doctor grounds the patient by drawing an ener- 
getic circle around the patient’s body. This is used 
to charge the patient’ energy field. This energetic 
projection also roots the doctor's intention around 
the patient and strengthens the doctor’s concen- 
tration. This circular field changes the patient's 
static field to a divine dynamic field and enables 
the Qigong doctor's energy to enter the patient’s 
body with ease. 

‘The enveloping of the patient's body allows 
the patient's body and energetic fields to become 
‘even more accessible to the Qigong doctor, while 
keeping the patient’ pathogens isolated from the 
doctor’s body (Figure 26.4). As the doctor steps 
into the energetic bubble, he or she is able to treat 


the patient's tissues, feeling absorbed and envel- 
oped within the Messages expressed from the 
patient's energetic fields. 

The energetic bubble is created by emitting 
Qitowards the patient, and enveloping and circle 
wrapping the patient in a clockwise energetic ro- 
tation. This energetic bubble forms a shield, main- 
taining protection for the patient and the doctor. 
Next, the doctor creates an anchoring line to root 
the patient's energetic field deep into the ground. 
Finally, the doctor creates an energetic vortex (spi- 
raling in a clockwise direction) underneath the 
patient, to pull any dispersed pathogens deep into 
the Earth (this helps when the doctor is dredging 
and purging the patient's energetic fields). 
USING THE ENERGETIC CIRCLE DRAWING 
PATTERN To PURGE PATHOGENS 

‘The energetic circle drawing pattern helps to 
facilitate energetic cleansing. Energetic purging 
facilitates the absorption of Clear Qi and also re- 
duces the risk of contamination within the body’s 
channels and collaterals by expelling energetic 
toxins and other pathogenic factors. 

After creating the energetic circle, the doctor 
begins using dredging and purging techniques to 
expel pathogens from the patient’s body. Next, the 
doctor treats the patient with tonification and 
regulating techniques, ending the treatment by 
closing the diseased area and sealing the patient's 
three energetic fields (three Wei Qi fields). This 
ending technique will securely close the energetic 
holes in the patient's outer field of Wei Qi (see 
Chapter 13). Without this sealing, the healing pro- 
cess is hindered due to the patient's Qi having a 
tendency to leak or disperse itself (even after 
tonification). Once the sealing is completed, any 
Excess Qi will be evenly distributed throughout 
the patient's body, establishing a Yin and Yang 
balance within the visceral organs. 

USING THE ENERGETIC CIRCLE DRAWING 
PATTERN To PURGE Toxic HEAT 

Before treating patients who have received ra- 
diation or chemotherapy, the Qigong doctor 
should wrap the patient with an energetic bubble 
and then purge the Toxic Heat from the patient’s 
body. The Toxic Heat is dispersed into the ener- 


getic vortex created under the patient's body, and 
then released deep into the Earth. The Qigong 
doctor can then step into the energetic bubble and 
begin combing, dredging and purging the 
patient's tissues. 
USING THE ENERGETIC CIRCLE DRAWING 
PATTERN To PURGE Toxic COLD 

When using the circle drawing method to 
purge pathogenic Cold, the doctor stands outside 
of the energetic bubble, and extends energy deep 
into the patient's Taiji Pole. Once the doctor feels 
the patient’s center core Qi, he or she draws the 
pathogenic Cold or Hot energy out from the 
patient's tissues (in all directions), filling the en- 
ergetic bubble. The doctor, standing outside the 
energetic bubble, observing the patient's energetic 
field, waits for an energetic shift which is imme- 
diately followed by Toxic Cold (or Hot) Qi filling 
up the energetic bubble. Once this occurs, the 
Qigong doctor must drain the pathogenic Cold 
(or Hot) Qi down into the Earth to rid the patient 
of the Toxic Qi. 


TREATING THE PATIENT 

After the Qigong doctor has “circle wrapped” 
the patient, the treatment begins. First, the doctor 
dredges the patient's external energetic fields, 
channels and collaterals (from head to feet). The 
doctor senses the patient’s Qi with his or her 
hands, changing the depth of penetration of the 
touch by extending intention deeper into the 
patient's tissues. Once the patient’s pathogenic Qi 
has been reached, the doctor feels various ener- 
getic sensations (vibration, warmth, thickness, 
etc.) and removes any pathogenic energy from 
around the patient's body. 

‘The doctor continues the treatment by extend- 
ing his or her intention deep into the patient’s 
body, purging and dispersing the toxic pathogens 
from out of the patient's internal organs and chan- 
nels. It is usually during this deep internal purg- 
ing that the patient experiences profound emo- 
tional discharges, observes flashes of light, pat- 
terns of colors, see visions, or relives deep seated 
past emotional traumas. This purging releases 
toxic emotions which are generally the cause or 
contributing factor to the patient's disease. 
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Treating the 
Patient 


1. Use Energetic Circle Drawing to Purge Hot and Cold 
Pathogens. 
-2. Dredge and Purge the Patient's Body. 


3, Perform Energetic Diagnosis. 
4, Find, Locate, Detach, andRemove Energetic Cords. 


5. Purge, Tonify and Regulate the Patient's Body. 


6. Dispose of Pathogenic Toxins. 


Figure 26.5. The Different Steps Involved in Treating a Patient 


After the patient has been sufficiently purged 
and cleansed of pathogenic energy, the Qigong 
doctor begins to tonify the patient's internal or- 
gans, channels, collaterals, and Righteous Qi. This 
is done to help the patient build a stronger im- 
mune system, and fight or avoid any future com- 
plications caused by an Excess or Deficient inter- 
nal organ condition (Figure 26.5). 

DREDGING AND PURGING TECHNIQUES 

When treating a patient, the doctor purges an 
internal organ and dredges a channel. The tech- 
nique of dredging is a particular type of purging 
method. The energetic circle drawing techniques 
are always performed with dredging techniques 
(using the pulling and stroking methods of en- 
ergy manipulation), to drain the energy into the 
Earth. These techniques can be initiated with the 
patients either sitting, standing, or lying. 

Itshould also be noted that the diseased area 
of a patient's body must be thoroughly dredged 
and prepared before any kind of tonification or 
energizing is performed. This technique is simi- 
lar to a Western doctor cleaning a wound before 
operating, 

If the Qigong doctor does not dredge and 
purge the pathogens from the patient's body be- 
fore treating, the patient can suffer adverse reac- 
tions when the doctor’s clean energy fuses with 
the patient's Turbid Qi. 

DREDGING AND PURGING THE PATIENT 

There are two stages of clinical purgation 

which are described as follows. 
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1. The doctor dredges and purges the surface 
pathogens from the patient’s body. The doc- 
tor moves to the right lateral side of the 
patient’s body and energetically combs the 
patient's body from head to toes using the 
Tiger Kneading and/or Extended Fan Palm 
techniques (in this particular example the pa- 
tient is lying supine on a treatment table). The 
combing technique is performed to energeti- 
cally evaluate the patient's reaction to the 
doctor’s emitted Qi, while dredging the 
patient's three energetic fields of Wei Qi. 

. The doctor purges from the bottom of the 
patient's feet. The Qigong doctor stands by 
the patient's feet and continues to dredge the 
patient's body by energetically combing the 
patient from head to toes. This action further 
purges the patient's body of pathogenic en- 
ergy. 

ENERGETIC DIAGNOSIS 

‘After performing the clinical purgation, the 

Qigong doctor begins the energetic diagnosis. 

Some examples of energetic diagnosis are de- 

scribed as follows. 

* The doctor can begin energetic diagnosis by 
first connecting with patient's heels (either by 
touching or not touching). This particular 
method and approach to diagnosing allows 
the Qigong doctor to energetically connect 
with the patient's inner-fascia. It is through 
this connection that the Qigong doctor feels, 
the energetic flow of Qi moving through the 
patient's internal organs. By extending energy 
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measuring the current passing through it. The 
current sensed by the ammeter is then con- 
verted to a reading in volts. 


Suppose that R represents the fixed resistance, 
Uis the voltage drop across the resistance, and 
\ is the current flowing through it. Ohm's Law 
tells us: 
user 

The formula shows that if the resistance is fixed, 
the voltage will vary in proportion with the cur- 
rent, and therefore can be calculated from it. 


Load-Related Inaccuracy 
When the meter is measuring the voltage drop 
created by a load that has high resistance com- 
parable to the internal resistance of the meter 
itself, the meter will not give an accurate read- 
ing. Figure 31-5 illustrates this problem, 


On the left side of the figure, two resistors 10M. 
each are wired in series between a 9VDC power 
source and negative ground. Because the resis- 
tors are equal, each of them imposes an equal 
voltage drop of 4.5V. 


On the right side of the figure, an additional 
10M resistance has been added in parallel with 
the lower resistor. When two resistors of values 
R1 and R2 are wired in parallel, their total resist- 
ance, R, is given by this formula: 


1/R=(A/Rt)+(4/ RZ) 
Therefore, the total resistance in the bottom 
half of the circuit is now 5M instead of 10M, and 
the voltage drop across the upper resistor 
becomes twice the voltage drop across the two 
lower resistors. 
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Figure 31-5 if meter measuring the voltage drop across 
2 load has an internal resistance comparable to that of a 
load, the meter wil nat give an accurate reading. See text 
for details 


Now suppose that the additional 10M resistor is 
actually the fixed resistance inside a volt meter. 
In fact, many volt meters do have an internal 
resistance of around 10M. Because the meter 
has reduced the resistance in the bottom half of 
the circuit by a factor of 2, it measures the volt- 
age drop as 3V. If the meter had an ideal, infin- 
ite resistance, it would give the correct value of 
45V. In the real world, that is impossible. 


Bar Graph 
Sometimes it is useful to represent voltage with 
a graphical display. A bar graph component 
makes this possible, and is often used in audio 
equipment. 


The bar graph can consist of a row of LEDs. In a 
component designed for this purpose, there 
are usually 10 or more. To represent 0 volts, all 
the LEDs remain dark. More LEDs are illumina- 
ted as the voltage increases. 


Because the bar graph itself only contains LEDs, 
a driver is necessary to convert voltage into the 
“rising thermometer" effect. Examples are the 
M3914 (linear), the LM3915 (logarithmic, 3 dB 
per step), and the LM3916 (using VU or Volume 
Units, for audio). Each of these components has 
10 LED outputs, and is fabricated using a chain 
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from the patient's heels up to the head (like a 
rippling ocean wave or sonar), the doctor can 
“listen” for obstructions or deviations of Qi 
flow. 

Next, the doctor can use the Flat Palm diag- 
nosing technique to scan the patient's entire 
body for any Excess or Deficient areas within 
the patient’s Wei Qi fields. This second type 
of diagnosis serves to verify the obstructions 
or deviations of Qi flow that the doctor dis- 
covered while first connecting with the 
patient's heels. 

PURGING, TONIFYING AND REGULATING THE 
PATIENT's BODY 

After diagnosing the patient's body, the 
Qigong Doctor purges, tonifies, or regulates the 
energetic fields, channels, tissues, organs, and or- 
gan systems, according to the etiology and prog- 
nosis of the disease. 

While dredging and purging the patient's 
body, the Qigong doctor may discover several en- 
ergetic cords attached to the patient's tissues 
and internal organs. These energetic cords may 
sometimes contribute to the cause of the disease. 


UNDERSTANDING THE BODY'S ENERGETIC 
Corps 

The human body attaches, extends, absorbs, 
and collects energetic cords. The size and shape of 
these cords can be big, small, thick, or thin, depend 
ing on the amount of emotion invested in their at- 
tachment. These cords are located within the Three 
Dantians and Chakra Gates, and form the spiritual, 
emotional, mental, and physical connection of the 
patient to the outside world. Generally, what makes 
the patient sick is not his or her genetic predisposi- 
tion, but the negative, co-dependent bonds the pa- 
tient creates in his or her relationship with others. It 
is the spiritual, emotional, mental, and physical re- 
actions to these relationships that either promote 
health or disease. Energetic cords are also formed 
towards objects, pets and places that have special 
sentimental or emotional value (be they positive or 
negative) to the patient. Energetic cords are also 
sometimes used to feed the formation of the preex- 
isting energetic clusters and cysts, which later trans- 
form into the patients’ diseases. 
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Energetic cords are the psychophysical con- 
nection between what the patient feels, believes 
and knows to be true; they represent the connec- 
tion to the patient's personal reality. This does not 
mean that the patient's reality is valid, only that 
the patient has come to believe it to be true. By 
removing these cords an energetic shift is initi- 
ated, allowing the patient to reprogram his or her 
feelings, thinking processes, and behavior, by be- 
coming, proactive instead of reactive. Energetic 
cords are full of light and energy and can be cat- 
egorized into two distinct divisions: prenatal (con- 
genital) and postnatal (acquired) energetic cords. 

* Prenatal Energetic Cords originate in the fe- 
tus, when the baby is still in the womb. They 
form the strong congenital attachment and 
permanent bond the child has with the mother 
and father. Because of the mother’s energetic/ 
spiritual connection with her egg, and the 
father’s energetic/ spiritual connection with 
his sperm, when the egg and sperm unite, the 
energetic cords of each parent fuse together 
with the universal and environmental energy 
creating the energetic structure of the child. It 
is through the parents’ energetic cords that in- 
herited talents and defects are passed along 
to the infant. 

‘+ Postnatal Energetic Cords are acquired after 
the baby is born through interaction with sib- 
lings, relatives, and other individuals (in some 
cases animals or places are involved). These 
cords will either form the emotional attach- 
ments which can help the child through life 
by being a means of support, or set the foun- 
dation for disease by depleting the child of 
his or her life-force energy. They represent the 
emotional bonding (positive or destructive) 
inherent within each one of us. 

In a clinical environment, the attachment of 
these cords (prenatal and postnatal) will affect the 
healing relationship of both the patient and the 
doctor. 

‘+ The Patient’s Energetic Cords are still con- 
nected to the patient after the pathogenic Qi 
has been removed from the patient's body. 
These small cords are the energetic attach- 


ments to part of the patient's old belief struc- 
ture (which created the disease or emotional 
attachment). Although there is still an ener- 
getic connection to the departed pathogenic 
Qi, these energetic cords will soon disperse 
once the patient’s Creative Subconscious is 
able to reprogram the individual's belief struc- 
tures, Only then can the physical body, as well 
as the mental, emotional and spiritual ener- 
getic Wei Qi fields maintain the new energetic 
pattern. This new belief structure creates an 
energetic transformation, allowing the patient 
to release his or her hold on to the painful past 
and begin to heal. The patient is encouraged 
to emotionally disconnect from old emotional 
belief structures through creative visualiza- 
tion, and by affirming the new belief struc- 
ture. Through affirmation and positive emo- 
tional, spiritual visualizations, the patient is 
able to “sever” any energetic cords that con- 
nect to the pain and disease. 

+ Energetic Cords between the doctor and patient 
are formed during healing sessions. These new 
energetic cords are passed back and forth be- 
tween the Qigong doctor and the patient. Some- 
times this occurs without either party being 
aware of this energetic connection. Usually, as 
the doctor steps away from the patient and re- 
connects with the divine, an energetic purging 
is automatically initiated, freeing the doctor 
from the attachment to the patient's energetic 
cords. If, however, there has been an emotional 
connection between the doctor and the patient, 
these cords can remain attached even when the 
patient leaves the office, 

‘The doctor should make every effort to dis- 
connect from the emotional attachment of the 
patient's cords, otherwise the increased ener- 
getic pull on the doctor's center will affect the 
doctor on every level. Staying connected to 
the patient through an energetic cord can 
cause not only emotional, but physical and 
spiritual influences on the doctor. Any re- 
maining cord can be used by the patient to 
unconsciously project thoughts and feelings 
onto the doctor. This can result in the doctor 


being depleted of energy either through di- 
rect draining of his or her Qi, or through ob- 
sessing about the patient's well-being, long 
after the treatment has ended. The drain of 
the energetic cord can lead to either clinical 
“burnout” from absorbing excessive negative 
‘emotions, or deep emotional bonding, which 
can lead to unethical sexual indiscretions. 
FINDING, DETACHING, AND REMOVING 
ENERGETIC Corps 
Energetic cords manifest through their effects 
on behavior and emotional responses of the pa- 
tient. They are relationship based patterns, located 
within the patient's tissues. Energetic based pat- 
terns can evoke certain reoccurring emotional re- 
sponses, such as attractions, addictions, etc. 

1. To assist the patients in removing the toxic 
energetic cords, the Qigong doctor must first 
locate the cords. 

a. Through the emission of Qi, the doctor 
may elicit (from the patient) either an 
attraction or repulsion response. This 
response occurs when certain memories 
are stimulated within the patient’s 
body, indicating that there is an ener- 
getic cord attached within the tissues. 

* The attraction response causes the patients to 
experience deep emotional release through 
Taughing, crying, shouting, etc. 

+ The repulsion response causes a physical jerk- 
ing of the patient’s muscles, anywhere within 
the patient's body (observed by the wincing 
and grimacing of the patient's face). Often the 
patient will “Shen-out” (emotionally and 
spiritually leave their body) to avoid feeling 
the painful surfacing emotions. 

b. The doctor locates the origin and entry 
point of the energetic cord through Flat 
Palm detection. The root of an energetic 
cord acts as an open receptor to a spe- 
cific psychophysical problem that the pa- 
tient is experiencing. When stimulated, 
these cords may manifest physical symp- 
toms such asnausea, hot flashes, vertigo, 
dizziness, headache, and muscle contrac- 
tions. The patient may also experience 


emotional reactions such as momentary 
panic, fear and so on. 

2. Before detaching the energetic cords, the doc- 
tor requests the patient’s permission to do so 
either verbally, or silently through mind to 
mind communication. 

3. To remove the energetic cord, the doctor 
dredges and purges the patient's body, while 
silently communicating through the Creative 
Subconscious mind. The doctor encourages 
the patient to let go of, and fully release, the 
toxic cords along with the memories that sus- 
tain them. To ensure against their recreation, 
the doctor discusses with the patient any im- 
ages, emotions or sensations that surfaced 
during the removal of these cords; through 
this process the doctor brings the patient’s 
conscious awareness of the fears, pain and 
major unresolved issues that resulted in the 
disease. The patient thus gains a clear identi- 
fication of his or her traumas to facilitate the 
reprogramming of his or her dysfunctional 
relationships through affirmations and cre- 
ative visualizations. 

If the patient is not ready for such a transi- 
tion (feeling scared, unprepared, undeserving, 
etc.), his or her subconscious mind will sabo- 
tage any effort made in that direction, and the 
energetic cord, emotional cluster and all en- 
ergetic attachments to the disease will be rec- 
reated and reintegrated. It is important in 
cases such as these, that the Qigong doctor 
refer the patient out to a psychotherapist for 
additional support. 

In Western society, the Twelve Step Pro- 
grams (such as Alcoholics Anonymous) are 
‘but one example of a pattern based repro- 
gramming of energetic cord attachments. Al- 
cohol and Narcotics Anonymous groups, for 
example, help detach energetic cords toward 
illegal substances, whereas, CODA meetings 
help reprogram the energetic cord attach- 
‘ments to co-dependant relationships. In a co- 
dependent relationship, both parties rely too 
heavily on one another, instead of being in- 
terdependent. One person usually dominates 
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the other, as both parties base their self-esteem 
on the partner's approval, or disapproval, 
thus avoiding the personal responsibility of 
their own actions. 

Energetic reprogramming encourages the 
participants to take responsibility for filling 
and replacing the energetic gap that the toxic 
cord has left with a connection and attachment 
to the divine, or “Higher Power.” 

DISPOSING OF PATHOGENIC TOXINS 

One problem a doctor may confront when 
dredging and purging is where to dispose of the 
patient's toxic and noxious Qi. To maintain a clean 
treatment room it is essential for this pathogenic 
energy to be disposed of properly. This will keep 
both the doctor and other patients from contami- 
nation. If the doctor’s Qi becomes toxic or con- 
taminated during treatment, this turbid energy 
may be transmitted to other patients. 

Because the patient is in a state of energetic 
shock (after the therapy), attention must be placed 
on the patient avoiding contact with the contami- 
nated Qi. Otherwise, there is a possibility of the 
diseased Qi returning into the patient's body via 
the energetic cords of attachment connected to the 
Toxic Qi. 

Imagination and visualization are two of the 
most powerful and widely used techniques em- 
ployed in healing today for disposing of Toxic Qi. 
Since we experience reality through creative 
imagination, pictures, words, and feelings are ex- 
tremely powerful techniques which can be used 
to restructure our physical, mental, emotional, 
energetic, and spiritual foundations. This also 
holds true for the disposing of the patients’ patho- 
genic Qi. 

There are several methods for disposing of the 
patients’ pathogenic energy in the treatment room. 
These methods include purification by either 
sound, light, or the Five Elements, in conjunction 
with disposing of the toxic energy through the 
energetic vortex. 

PURIFICATION BY SOUND AND LIGHT 
‘* Sound penetrates any substance and causes 
profound shifts in energy, quickly breaking 
up clusters of stagnant energy. Some examples 
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of sounds used for purifying the treatment 
room include: music, toning, chanting, sing- 
ing, wind chimes, gongs, singing bowls, bells, 
drumming, and clapping the hands. 

Light can be used to cleanse and purify the 
treatment room of toxic energy, due to the ra- 
diant heat emanating from the light source. 
Some examples of light being used to purify 
the clinic include: exposure to sunlight, 
candles, and imagining the divine healing 
light incinerating any energetic toxic debris. 


PURIFICATION BY THE FIVE ELEMENTS 


Some Qigong doctors utilize the energy stored 


within the Five Elements to cleanse the treatment 
room of toxic debris. This works best in conjune- 
tion with the light and sound purification meth- 


ods. 


When using one or more of the elements, it is 


best to consider how much debris has accumu- 
lated from the previous treatment and choose ac- 
cordingly. 


1. Dispose of the Toxic Qi through Fire. By 
burning fire-water (alcohol with salt), light- 
inga candle, or releasing the Toxic Qi into the 
Earth’s molten core, Toxic Qi can be trans- 
formed and purified. 

‘To create fire-water, the Qigong doctor places 
asmall amount of alcohol ina round dish and 
sprinkles a cone of salt (or camphor) in the 
center of the dish. Next, the doctor lights the 
salt and allows the smoke to purge the treat- 
ment room, making sure that the doors and 
‘windows are open to secure clean ventilation. 
Other Qigong doctors may imagine the cen- 
ter of the Earth as an incinerator. This image 
is used to purge the patient's Toxic Qi by di- 
recting it to the Earth’s molten core. Once the 
patient's Toxic Qi is incinerated (at the speed 
of thought) the transformed / purified energy 
is reabsorbed back into the patient’s body. 
Dispose of the Toxic Qi through Water. Water 
can also be used to absorb toxic energy and 
for healing and purifying. Some examples of 
water usages include: Holy Water and salt 
water. Some doctors use a container of salt 
water as their disposal unit for the patient's 


Toxic Qi Figure 26.6). Once the patient's toxic 
energy reaches the container of salt water 
(usually placed underneath the treatment 
table), it is immediately absorbed due to the 
molecular structure of the salt crystals. Some- 
times itis advisable for the Qigong doctor (af- 
ter a full day at the clinic, or at the end of a 
busy week) to submerge him or herself in a 
baking soda or take an Epsom salt bath in or- 
der to cleanse and purify the body. 


.. Dispose of the Toxic Qi through Wind / Air. 


Wind and air can be used to purify the room 
of toxic energy. Some examples of this include 
open air ventilation along with the placement 
of indoor plants. 


. Dispose of the Toxic Qi through Divine Heal- 


ing Light. Some doctors dispose of the patient's 
pathogens into the air, where itis immediately 
incinerated by a divine healing light. Because 
of the preestablished divine healing field of 
energy, once the patient's toxic energy leaves 
the doctor’s hand, itis immediately absorbed 
by the divine healing light and is instantly trans- 
formed into purified energy and reabsorbed 
back into the patient’s body. 


. Dispose of the Toxic Qi through Wood. Wood 


can also be used to purge toxic energy from 
the treatment room. Some examples of the 
Wood Element used to cleanse the room are: 
the burning of incense or herbs such as myrth, 
frankincense, cedar, sage (an old American 
Indian method), sandalwood or camphor. 
Dispose of the Toxic Qi through the Earth. Cer- 
tain stones can be used in the clinic because 
of their ability to absorb Toxic Qi. Strategically 
placed in the clinic, these Earth Elements can 
be used as a natural filtering device. Some 
examples of this include: amethyst, salt, clear 
and colored quartz, as well as many other 
minerals or gemstones. These crystals require 
cleaning at the end of each treatment day to 
dispose of the toxic Qi they have absorbed, 
and should be cleansed by placing them in 
salt water till they are clean, or burying them 
in the ground for three days. 
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Figure 26.6. One example of a Qigong doctor using a rubber acupuncture doll for treating and disposing of the 
Patient's toxic energy into salt water. 


MEDICAL QIGONG TREATMENTS 

The following is a clinical procedure that a 
Medical Qigong doctor will use when treating a 
patient. The clinical procedure known as the 
“preparation” remains the same for all Medical 
Qigong treatments (ie., the hook-up, dredging 
and purging the patient, as well as energetic di- 
agnosing). However, the initial treatment will 
vary depending on the patient’s constitution, dis- 
ease, and personal goals. 

‘After scanning the patient the doctor has a 
solid understanding of which areas or organs in 
the patient’s body are currently in a state of Ex- 
cess or Deficiency. The doctor then chooses which 
area to begin dredging and purging in accordance 
with the treatment plan. Only after purging all 
areas of Excess should the doctor then move to 
tonifying those areas that are Deficient. 


TONIFYING A PATIENT'S BODY 
After completing the diagnosis, if you have 
determined that the patient’s body is not in an 
Excess condition, but is instead constitutionally 
weak or depleted due to Kidney exhaustion, the 
treatment may be continued as follows. 

1. Begin by extending energy through the 
patient's Yongquan Kd-1 point at the bottom 
of each foot. Imagine that the Qi is ascending 
up the patient's legs, via the Yin channels, fill- 
ing the Lower Dantian, Kidneys, thorax and 
spinal column into the brain. Hold this posi- 
tion for several breaths, then proceed to the 
next area. 

2. Physically embrace the area of the patient's 
ankle with one palm, while the other palm 
embraces the Kd-1 point on the same foot. 
Start with the right ankle first and then the 
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left. Project energy into the foot and ankle, by 
holding the mind’s intention on that specific 
area for several breaths, then begin circling 
the energy up the Yin channels and down the 
Yang channels. Hold this position for several 
breaths, then proceed to the next area. 

3. Energize each of the patient's knees (back and 
sides) by holding the mind’s intention on 
those specific areas for several breaths, then 
connect each knee to the Yongquan Kd-1 point 
at the bottom of each foot (the right foot first, 
then the left). Connect and emit energy into 
the bottom of each foot to the knee, circling 
the Qiup the Yin channels and down the Yang 
channels. Hold this position for several 
breaths, then proceed to the next area. 

4, Energize each of the patient's hips, by hold- 
ing the mind’s intention on that specific area 
for several breaths, then connect each hip to 
the Yongquan Kd-1 point at the bottom of each 
foot (right first, then the left). Connect and 
project energy into the bottom of each foot to 
the hips, circling the Qi up the Yin Channels 
and down the Yang Channels. Hold for sev- 
eral breaths, then proceed to the next area. 

5. Energize the patient's Lower Dantian by hold- 
ing the mind’s intention on that specific area 
for several breaths, allowing the Qi to com- 
pletely fill up the energetic chamber. Place 
your left hand on the patient's Mingmen GV- 
4 point. Your right hand is placed on the 
patient's navel (CV-8) with your fingers ex- 
tending down to the patient’s Qihai CV-6 
point. Mentally connect the Lower Dantian 
with both Yongquan Kd-1 points on the bot- 
tom of the patient's feet and imagine the en- 
ergy simultaneously traveling down the out- 
side of both legs into the feet. Imagine the 
‘energy from the feet continuing to travel along 
the inside of both legs back into the patient's 
Lower Dantian area. Hold this intention for 
several breaths, then proceed to the next area. 

6. Energize the patient’s Yellow Court by hold- 
ing the mind’s intention there for several 
breaths. Your left hand is placed on the Jizhong 
GV-6 point, your right hand should be placed 


10. 


on the Juiwei CV-15 point. Mentally connect the 
Yellow Court with the patient's Lower Dantian, 
allowing this energy to connect and fuse both 
areas. Hold this intention for several breaths, 
then proceed to the next area. 

Energize the patient's Middle Dantian by 
holding the mind’s intention there for several 
breaths. Place your left hand on the Shendao 
GV-11 point, while your right hand is placed 
on the Shanzhong CV-17 point. Mentally con- 
nect the Middle Dantian area with the 
patient's Lower Dantian. Hold this position 
for several breaths, then proceed to the next 
area. 


. Energize the patient's throat area by holding 


the mind's intention on that specific area for 
several breaths. Your left hand is placed on 
the Dazhui GV-14 point, while your right 
hand is placed on the Tiantu CV-22 point. 
Mentally connect the throat area to the Middle 
Dantian area, then to the patient's Lower 
Dantian. Hold this intention for several 
breaths, then proceed to the next area. 
Energize the patient’s Upper Dantian area by 
holding the mind’s intention there for several 
breaths. Your left hand should be placed to 
stimulate the occipital region at the Nachu 
GV-17 point. Your right hand is simulta- 
neously stimulating the Yintang (Third Eye) 
and Baihui (GV-20) areas. Mentally connect 
the Upper Dantian area to the Middle Dantian 
first, and then to the patient’s Lower Dantian. 
Hold this intention for several breaths, then 
proceed to the next area. 

Regulate the patient's Microcosmic Orbit, to 
balance the Heart Fire and Kidney Water en- 
ergy. Remove your hands from the patient’s 
body, yet still remain energetically connected 
through your intention. Having stepped away 
from the treatment table, continue treating the 
patient with external Qi emission, regulating 
the patient’s Microcosmic Orbit (extending 
energy up the Governing Vessel and down the 
Conception Vessel). Hold this intention for 
several breaths, then proceed to the final step 
in the treatment. 


11. Envelop and seal the patient's three external 
fields of Wei Qiby connecting the patient's body 
with the divine energetic field. Hold this inten- 
tion for several breaths, then proceed to the “clo- 
sure.” 

12, Disconnect yourself from the patient and close 
the healing session. Be sure to disconnect physi- 
cally, mentally, emotionally, energetically, and 
spiritually from the patient by willfully detach- 
ing all energetic connections to the patient. 

13, After disconnecting from the patient, center 
yourself, then regulate your own energetic 
fields to balance, recharge, and replenish any 
energetic depletion. 

14, Finally, after you have completed centering 
yourself, finish the cleansing by washing your 
hhands to purge any of the patients lingering 
pathogens which may still be attached to your 
body. 

GENERAL THERAPEUTIC TREATMENT 
The following is an example of a clinical rou- 

tine used in the Medical Qigong Clinic for “emo- 
tional purging,” The following purging routine is 
separate from the previous clinical modalities for 
tonifying a patient. It is important to note that 
when treating a patient, the Qigong doctor usu- 
ally purges the patient's Liver and Lungs before 
ng the Spleen and Kidneys. 

‘After completing the diagnosis, if you have 
determined that the patient has both Excess and 
Deficient conditions, you may decide to continue 
the treatment as follow. 

1. Begin by dredging, purging, and activating 
(energizing) the patient’s Upper Dantian area 
to reconnect the patient to the divine, to acti- 
vate the patient's spiritual /emotional pres- 
ence. 

a. Start by purging the patient's Upper 
Dantian. 

b. Then regulate and energize the patient's 
Upper Dantian by performing a small 
Microcosmic Orbit within the patient's 
head. 

Finally energize the patient's Taiji Pole 
through the Baihui area. 

2, Purge and dredge the patient's Lungs, to dis- 


perse the emotions of grief and despair caused 
by “rejection, betrayal, and abandonment is- 
sues” which are stored in the patient's Lungs. 

a. Start by dredging the patient’s neck 
(trapezius, clavicle, and manubrium) of 
grief and despair. Begin by standing on 
the right side of the patient’s body, and 
use the Kneading Tiger Palm and 
Dragon‘s Mouth Palm hand techniques 
(Gee Chapter 33) to pull the Toxic Qi 
from the patient's body. Switch from the 
right to the left side and continue purg- 
ing. 

b. Then roll the patient's shoulders back 
toopen the Lungs and to facilitate their 
purging of any deep seated grief. Start 
on the left Lung first. This area is re- 
sponsible for storing the emotions re- 
lated to the patient’s mother. 

c. Next dredge the inside Yin Channels of 
the patient's left arm by using Qi Mas- 
sage techniques (see Chapter 37). 

d. Regulate and treat the patient’s body 
through “hand diagnosis and treat- 
ment” (based on energetic hand /body 
association, see Chapter 25) by focusing 
on the patient's left hand. 

e. Finally, begin the entire Lung purging 
procedure again, this time focusing the 
attention on the right side of the 
patient's body. This side reflects the 
patient's issues with his or her father. 

3. Regulate and tonify the patient's Heart to 
calm the Spirit. 

a. Your left hand connects and extends 
energy deep into the patient’s Shendao 
GV-I1 point, the area in-between the 
patient’s shoulder blades. Your right 
hand connects to the Shanzhong CV-17 
point above the patient’s Heart, purg- 
ing emotional toxins. 

b. Finally, regulate the Heart by circulat- 
ing Qi through the patient's upper Mi- 
crocosmic Orbit (between patient’s 
Upper and Middle Dantian). This re- 
connects the divine light emanating 
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from the Upper Dantian back with the 
spiritual emotions (unconditional love, 
devotion, etc.) stored within the upper 
chamber of the Heart (see Chapter 5). 

4, Purge and dredge the patient's Yellow Court 
torid the body of toxicemotions stored within 
the tissues of the Yellow Court. Your left hand 
remains secure on the patient's back, at the 
Shendao point to maintain contact with the 
Heart Qi. The patient's true feelings are stored 
within the Yellow Court and expressed 
through the patient’s Heart. Place your right 
hand on patient's Juiwei CV-15 point, located 
below the patient's xiphoid process. Some- 
times you may see images of the patient’s past 
as traumas are released from the tissues. 

5. Your left hand remains secure on the patient's 
back, at the Shendao point while your right 
hand purges the patient's Liver organ of an- 
ger and depression caused through the stor- 
ing of “rejection, betrayal and abandonment 
issues.” As you dredge the Liver’s Hot toxic 
emotions from out of the patient's body, purge 
the pathogens out the patient’s right Gall 
Bladder Channel. 

6. Keep your left hand on the patient's back, at 
the Shendao point while you tonify and regu- 
late the patient’s Spleen with your right hand. 

7. With your left hand on the patient's back, at 
the Shendao point, tonify and regulate the 
patient's Kidneys with your right hand. 

8. Maintain contact with the patient's back, at 
the Shendao point, as your right hand con- 
nects with the patient's Mingmen (GV-4) area 
to regulate all three Dantians. This is initiated 
through the Microcosmic Orbit (extending, 
energy up the Governing Vessel and down the 
Conception Vessel), to balance all of the 
patient's energetic reservoirs. 

9. Then slowly remove your hands from the 
patient's body, but remain energetically con- 
nected through intention. Step away from the 
treatment table, as you continue to regulate 
the patient’s Microcosmic Orbit. Hold this in- 
tention for several breaths, then proceed to 
end the treatment. 


10. Envelop and seal the patient's three external 
fields of Wei Qi, by connecting the patient's 
body with the divine energetic field. Hold this 
intention for several breaths, then proceed to 
the “closure.” 

1, Disconnect physically, mentally, emotionally, 
and spiritually from the patient to close the 
healing session. It is important to shake or 
whip your palms to completely disconnect 
from the patient’s energy. The shaking or 
whipping action frees the doctor from any 
energetic attachment which may have oc- 
curred while treating the patient. 

12. After disconnecting from the patient, center 
yourself, then regulate your own energetic 
field. This balances, recharges, and replen- 
ishes any energetic depletion you may have 
suffered during the treatment session. If you 
are affected by any pathogenic Qi, immedi- 
ately expel it from your body. 

a. Next, focus your attention on your Taiji 
Pole, imagining both the universal and 
environmental energy collecting, ab- 
sorbing, and resonating deep within 
your Lower Dantian and center core. 
This image draws Qi into your body 
like a magnet, replenishing any ener- 
getic depletion you may have experi- 
enced. By placing the fingertips to- 
gether in front of the Lower Dantian, 
you will further facilitate the replen- 
ishment of the energy. 

'b. During this time the patient is allowed 
to continue relaxing on the treatment 
table and to slowly come out of the 
trance state induced by the treatment. 
The patient should then allow the Yuan 
Qito settle back to its origin (the Lower 
Dantian), by relaxing and calming the 
mind, breathing, and posture. Instruct 
the patient not to wash the area that was 
treated for several hours because wa- 
ter absorbs some of the Qi that was pro- 
jected into the diseased area. 

13. Finally, wash your hands, using tepid water 
(hot water allows turbid Qi to enter the 
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Figure 26.7. As the patients practice their own individual Medical Qigong prescriptions, the Qigong doctor extends 
energy into the patients, helping to facilitate a stronger therapeutic reaction 


doctor's channels, cold water closes off the 

channels) to purge any of the patient's linger- 

ing pathogens. 
ADJUSTING AND FORTIFYING THE PATIENT'S 
ENERGETIC Grips 

‘At the end of the treatment the doctor regu- 
lates the patient's energetic fields by adjusting and 
fortifying the patient’s energetic grids (the webbing 
within the patient’s energetic fields). This keeps the 
patient's energy in harmony, allowing both his or 
her internal and external fields to operate at their 
maximum potential for health and healing. 

‘The Qigong doctor adjusts and fortifies the 
patient's energetic grids, to initiate a permanent 
energetic transformation for healing within the 
patient's energetic fields, tissues, and cells. The 
body's energetic grids are responsible for tissue 
formation and for maintaining the production, 
growth, and development of energy. These grids 
are influenced by thoughts and emotions. 

The creative subconscious mind maintains the 


body's energetic grid formations and causes the 
physical body to act (grow stronger or weaker) in 
accordance with the energetic “blueprint” en- 
coded within the structure or webbing. After the 
Qigong doctor has changed, or corrected, the en- 
exgetic grid, the patient is given Medical Qigong 
prescriptions (homework) in the form of visual- 
izations and affirmation meditations, as well as 
Qigong exercises. 


TREATING MULTIPLE PATIENTS. 

‘Once an energetic field in the treatment room 
is established, the patients can begin their indi- 
vidual Qigong regulations. The doctors position 
themselves according to the number of patients 
needing treatments; for example, one doctor may 
be positioned in front of several patients and ex- 
tend Qi into the patients’ energetic fields (Figure 
26.7). The doctors’ postures and energy extension 
varies according to their individual skill and en- 
ergy projection level. It is important for Qigong 
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Figure 26.8. The Qigong doctors will position themselves back to back, in the center of a circle, in order to induce 


energetic movement within the multiple patients’ tissues. 


doctors to set the pace for treatment. The patients’ 
thythm is based on the pulse and vibration of the 
Qigong doctors. 

In China, doctors usually rotate every fifteen 
minutes when treating patients. This prevents the 
doctors from fatiguing while allowing the patients 
to absorb new and fresh Qi every fifteen minutes. 

If only one or two Qigong doctors are avai 
able when treating several patients, then the doc- 
tors will position themselves back to back in the 
middle of the room, with their patients surround- 
ing them ina circle (Figure 26.8). After several min- 
utes the doctors will slowly begin to rotate the 
center circle extending their energy, and treating 
each patient individually. The doctor's emitted Qi 


combines and synergizes with the patient's Qi to 
produce a much stronger energetic healing field. 
By establishing a treatment room that facili- 
tates the regulation of the patients’ Qi, the treat- 
ments tend to become more effective with faster 
results. In China, patients are treated in a group 
treatment room environment three times every 
day (sunrise, sunset, plus one time before bed). 


ENDING THE TREATMENT 

When the treatment is over, encourage each 
patient to relax and then return the patients’ Qi 
back to its origin (the Lower Dantian). The dura- 
tion of the treatment time, and proper recupera- 
tion after Medical Qigong treatment will be ad- 
dressed next. 


What Can Go Wrong 


of resistors as a multitap voltage divider, with 
10 comparators. 


A driver can be set to show only one LED corre- 
sponding with the current voltage level, or 
(more commonly) a cumulative string of LEDs 
from zero upward. Some bar graphs also con- 
tain different colored LEDs, such as green for 
the first 7, yellow for the next 2, and red for the 
final one. 


‘A microcontroller containing an analog-to- 
digital converter can be used to illuminate a bar 
graph, instead of a driver chip. 


‘An example of a bar graph is the Avago 
HDSP-4830, shown in Figure 31-6. 


> 
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Figure 31-6 A bar graph LED display. which can be used 
to represent voltage. The background grid isin milime- 
ters. 


electricity > metering> voltage 


What Can Go Wrong 
Confusing AC with DC 


A panel meter that is designed only to measure 
DC should not be used with AC, and vice-versa. 
Erroneous readings or damage to the meter 
may result. 


High Circuit Impedance 

When a meter is measuring the voltage drop 
actoss a high-value resistance, it will give an 
inaccurate reading, as it is diverting a signifi- 
cant proportion of the current. 


Voltage Out of Range 

Attempting to measure a voltage that exceeds 
the limited range of a meter can damage the 
meter or blow its internal fuse, if it has one. 
Attempting to measure a voltage that is at the 
very low end of a meter’s range will result in an 
inaccurate value. 


Voltage Relative to Ground 

fone input toa digital meter is connected with 
ground, the meter will only be able to measure 
voltage in a circuit relative to ground. 
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DURATION OF TREATMENT TIME 

The duration of treatment time varies accord- 
ing to each patient's disease, condition, constitu- 
tion, and age. Along treatment is usually between 
twenty and thirty minutes and is generally per- 
formed on cancer patients, senior citizens, or for 
severe traumatic or chronic illnesses. A short treat- 
ment is generally between three to fifteen min. 
utes and is usually administered for athletic 
sprains and ligament dislocations. 
PROPER RECUPERATION AFTER MEDICAL 
QIGONG TREATMENT 

Proper recuperation is very important for the 
replenishment of strength and energy after the 
treatment session (even after the patient's own 
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prescription practice). This may include having 
the patient change his or her life activities. The 
patient must incorporate a balance of work and 
rest, and acquire regular healthy eating habits 
(with reasonable nutritional goals). Establishing 
adequate sleeping patterns is also necessary. Of 
equal importance is an open-minded positive at- 
titude by the patient, for this reason, a supportive 
network can be invaluable. 

After the Qigong treatment the patients also 
encouraged to avoid cold showers, the consump- 
tion of alcohol, excessive sex, and recreational 
drugs. Also prohibited is anything that will emo- 
tionally shock the patient, as remaining ina quiet 
state of mind and spirit is essential. 
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CHAPTER 27 


COMBINING MEDICAL QIGONG THERAPY WITH OTHER 


HEALING MODALITIES 


COMBINING MEDICAL QIGONG 
THERAPY WITH TCM MODALITIES 
Traditional Chinese Medical treatments in 
conjunction with clinical Qigong modalities are 
generally broken down into exclusive Medical 
Qigong Therapy, Medical Qigong and Chinese 
Massage Therapy, Medical Qigong and Acupunc- 
ture/Moxa Therapy, and Medical Qigong and 
Herbal Medicine Therapy. 
EXCLUSIVE MEDICAL QIGONG THERAPY 
Medical Qigong therapy can be administered 
by the Qigong doctor (Figure 27.1) to tonify and 
promote energy circulation or to sedate the body's 
energetic channels and collaterals. Qigong pre- 
scriptions can also be given for the patient to prac- 
tice alone. Medical Qigong therapy by itself is 
excellent for the treatment of ailments such as: 


+ Insomnia 
+ Neurasthenia (Chronic Fatigue) 
‘+ Hypertension 

* Stroke 

‘+ Acute abdominal pain 


Figure 27.1. Medical Qigong Therapy 


‘+ Injuries to the nerves 

‘+ Hemopleura (Blood in the walls of the thorax 

and diaphragm, along the pleural space) 

* Myopia 

+ Migraines 

‘* Muscle atrophy 

* Sprains 

+ Cancer 

* Tumors 

* Cysts 
MEDICAL QIGONG AND CHINESE MASSAGE 
THERAPY 

Medical Qigong therapy in conjunction with 

Chinese Massage therapy is a powerful form of 
combined clinical modalities (Figure 27.2). It en- 
ances tissue response as well as the activation of 
psychophysical reactions within the body. These 
therapies can be combined to clear the joints before 
setting the bones (as in Jie Gu therapy), to purge 
and dredge the channels to adjust the Qi circula- 
tion before regulating the body's muscular system 
(asin Tui Na and Gua Sha therapies), or to disperse 
toxins before regulating the body's internal viscera 


‘St dy 


Figure 27.2. Medical Qigong Therapy with Chinese 
Tissue Regulation Therapy 
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(asin An Mo and Jing Point therapies). Qigong and 
Chinese Massage therapy are most commonly used 
in the treatments of patients with: 

* Deep tissue obstruction 

* Stiff muscles 

‘Frozen shoulder 

* Low sensitivity to emitted energy 
MEDICAL QIGONG AND ACUPUNCTURE/MOXA 
THERAPY 

‘Acupuncture needles are inserted into the 
patient's body before the doctor extends Qi into 
the patient to facilitate healing (Figure 27.3). This 
also applies in the treatment of Moxa sticks in 
which the doctor extends energy into the patient 
through the burning herb. The combined energies 
(the Moxa heat and doctor’s own Qi) initiates in- 
creased Qi flow within the patient's channels re- 
sulting in a stronger tonification. Moxa is espe- 
cially beneficial in the treatment of arthritis. 
Qigong and Acupuncture therapy are combined 
in tonification or purgation treatment. 
MEDICAL QIGONG AND HERBAL MEDICINE 
Medical Qigong Therapy in combination with 

herbal therapies (or with pharmaceutical prescrip- 
tions) are becoming more popular. There is ample 
evidence that the combination of self-applied 
Medical Qigong therapy and drug therapy is far 


superior to that of drug therapy alone. In China, 
this data is reported in several studies of patients 
with hypertension as well as in cancer patients. 

Medical Qigong therapy relaxes the body, pro- 
‘motes the flow of Qi, Blood, oxygen, and nutrients 
to ll cells of the body, as well as promotes the re- 
moval of waste products from the cells. Medical 
Qigong also promotes drug uptake by the cells and 
tissues by means of increased microcirculation 
within the body's microcirculatory system. This 
increased Qi flow through the body's microcircula- 
tion nourishes diseased or stressed tissues. 

One diagnostic herbal technique I observed 
at the Xi Yuan Hospital was performed by a Qi- 
gong doctor who absorbed into his body the ef- 
fects of a specific medicine by touching the bottle 
that contained the herbs. He then extended en- 
ergy to his patient and began absorbing the 
patient's Qi to see if the patient's body was af- 
fected by the herbal prescription (Figure 27.4). 

The Qigong doctor is encouraged to prescribe 
herbs along with certain of the Medical Qigong 
exercises. If the Qigong doctor is not qualified to 
prescribe Chinese medical herbs, then a referral 
can be made to an acupuncturist /herbalist. The 
herbal prescriptions will vary according to the 
patient’s condition, constitution and illness. 


Figure 27.3. Medical Qigong Therapy with Acupuncture 
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Figure 27.4. A Qigong Doctor Testing the Efficacy of a Specific Herbal Medicine for his Patient 


Qigong and herbal therapies are most commonly 
used in the treatments of: 

Tumors 

'* Stomach cancer 

© Lung cancer 

+ Hepatitis 

« AIDS 

* Stroke 


COMBINING MEDICAL QIGoNG 
THERAPY WITH WESTERN MEDICAL 
MopaLities 

Traditional Chinese Medical Qigong serves as 
a powerful tool in aiding Western medical ap- 


proaches in alleviating patients’ suffering. Because 
of its emphasis on mental, emotional, energetic, 
and spiritual approaches to healing, Medical 
Qigong therapy has been successfully combined 
as a complementary source of medical treatment 
with the following Western professional ap- 
proaches 

* Pediatrics 

* Geriatrics 

* Gynecology 

* Neurology 

* Psychology 

* Oncology 

* Surgery 
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CHAPTER 28 


PRECAUTIONS AND ETHICAL CONSIDERATIONS FOR 


THE QIGONG DOCTOR 


AVOIDING ENERGETIC DEPLETION 

Because Medical Qigong therapy consumes 
energy, as long as the Qigong doctor's quantity 
of energy is higher than that of the patient's, the 
doctor can transmit energy into the patient with 
no ill effect. If, however, the doctor is very tired 
or depleted and tries to treat a patient, the energy 
that the doctor is able to produce may become 
weaker than that of the patient. 

It is important to note that energy currents 
flow from high to low (much like water). There- 
fore, the doctor may, if in a weakened state, ab- 
sorb the Turbid Qi or disease energies from the 
patient. Any imbalance in the doctor’s organ sys- 
tem can increase the doctor’s vulnerability to for- 
eign pathogens. These pathogenic sensations may 
also be transmitted into the body of healthy 
people, or other patients as well. Individuals who 
have not practiced Qigong, however, and whose 
energy circulation and channel points are not 
open, are not as prone to interference by these sen- 
sations. These individuals have a natural barrier, 
or to put it plainly, they are not sensitive to ener- 
getic fields of transmission and because of their 
denial system, cannot perceive energy sensations. 

Ifthe Qigong doctor already hasa tendency to- 
wards a particular illness, exposure to pathogens 
may instigate or intensify the disease. Ifthe doctor 
is suffering from any energetic Deficiencies, for ex- 
ample, the end result may be that the doctor per- 
forming the treatment may experience Qi deviations 
due to absorbing the patient's Toxic Qi. This means 
that more Qi and energy have been extended out- 
side of the doctor’s body than can be replenished, 
‘weakening the doctor's energetic constitution. 

‘When treating patients the doctors receive and 
diagnose information from their Six Openings 
(also called the Six Windows of the Body). These 
Six Openings are described as follows: 


* The eyes ~- open for seeing energy patterns 
and colors, 

‘* The ears -- open for hearing energy patterns 
and tones, 

* The nose -- opens for smelling different odors, 

+ The tongue-- opens for tasting or flavor sens- 
ing, 

* The body -- opens for energetic feeling sen- 
sations, and 

‘+ The Spirit (Heart/Mind) -- opens for ener- 
getic perceptions of emotions, thoughts, and 
spiritual insight. 

While using the Six Openings for diagnosis, 
the doctor naturally depletes some life-force en- 
ergy. Since all five organs (eyes, ears, nose, tongue, 
and body) are directed by the doctor’s Spirit 
(Ghen), the expenditure of energy is considerable. 
Any imbalance due to organ depletion will cause 
the doctor to absorb Turbid Qi from the patient. 
This Turbid Qi can move within the doctor's body 
causing Qi deviations, especially if it mixes with 
the doctor’s Clear Qi. 

1. If this happens within the doctor’s Upper 
Dantian, the symptoms may include mental 
fatigue, dizziness, headaches, etc. 

2. If this happens within the doctor's Middle 
Dantian, the symptoms may include emo- 
tional fatigue, discomfort in the Liver (hepatic 
region), etc. 

3. If this happens within the doctor's Lower 
Dantian, the symptoms may include physi- 
cal fatigue, cold in the extremities, discomfort 
in the lower abdomen, etc. 

This is why Qigong doctors must constantly 
be refilling and rebalancing themselves energeti- 
cally. It is important to note that if the Qigong 
doctor has indeed ingested the patient's patho- 
gens, and Qi deviations have resulted, no West- 
em doctor, acupuncturist, or herbalist can help 
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him or her. Only the doctor with the Qi deviation 
(or with the help of another Qigong doctor) can 
change the Turbid Qi back to Clear Qi, by using 
divine energy and purging the body's Shen, Qi, 
and finally the Jing. This supports the doctor’s 
Righteous Qi and fights the invasions of the 
patient's pathogens. 

Emission of Qi should also be avoided if the 
doctor becomes sick, tired, hungry, overfed, deeply 
grieved, indignant, or drunk. Also, if the doctor is 
unable to stay in the present mind-frame he or she 
will inevitably fall asleep or “Shen out.” To avoid 
this state of depletion, the Qigong doctor should: 

* Cut back on the number of patients, 

© Decrease treatment time—from 25 to 20 min- 
utes maximum, 

© Maintain a consistently healthy diet with 
supplements, 

+ Receive frequent exposure to fresh air and 
sunlight, and 

* Perform the Microcosmic or other regulating 

Qi meditations in between patients. 

Note: When treating patients with Medical 
Qigong therapy the doctor should never wear the 
color red. The color red is too hot and has a dis- 
persing affect on Qi, which tends to scatter the 
body’s energetic fields, distorting the Qigong 
doctor’s Qi emission. 


PREVENTING THE INVASION OF 
TURBID Qi 
When Turbid Qi enters the doctor’s body, it 
interferes with normal Qi circulation, causing dis- 
orders in part of, or in all of the energy circula- 
tory system. In mild cases, Qi may stagnate in a 
certain areas of the body (ie,, shoulder, arm, chest, 
orback), causing physical and mental symptoms. 
* Physical symptoms may include: tingling, 
pain, cold, contraction, heaviness, soreness, 
and distention and stuffiness in the chest; and 
‘+ Mental symptoms may include: interference 
with mental activity, causing dizziness, head- 
ache, heaviness in the head, vexation, and 
restlessness. 
Insevere cases, the doctor may experience the 
same symptoms as the patient, but upon physical 
‘examination there is no verification of any exist- 


Figure 28.1. In order to disperse the patient's Evil Qi, 
the Qigong doctor exhales while slinging the toxic 
energy into the Earth 


ing disease. The doctor should therefore be on the 
alert to avoid any danger of developing symptoms 
from the patient after Turbid Qi is perceived. 

It is very important for doctors who treat pa- 
tients with Medical Qigong therapy to possess the 
ability to prevent and expel Turbid Qi so that it 
will not disturb their own energetic activities. Qi 
deviations are most often seen in those individu- 
als who treat patients after they have gained some 
knowledge of Medical Qigong but have no expe- 
rience, though they can occur even to some veter- 
ans of Medical Qigong practice. The interference 
by Turbid Qi is often an important factor in the 
the doctor's health. 

When the interference by Turbid Qi is per- 
ceived, the doctor should use proper hand ma- 
nipulations and readjust energy activities to ex- 
pel the Turbid Qi immediately. If the Turbid Qi 
invades the doctor's fingers, or penetrates into 
certain channels or points, the doctor should guide 
the Qito the specific points, channels, and infected 
areas and then relax and shake the hands to dis- 
charge the Turbid Qi while exhaling. 
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Figure 28.2. The Qigong doctor gathers energy into his 
cor her Lower Dantian and expels any and all pathogenic 
invasions out through the hands and feet, 


‘The doctor should be able to stop the Turbid 
Qi before it reaches the Dazhui GV-14 point on 
the upper back, Tiantu CV-22 point at the base of 
the throat, Quepen St-12 points on the front of the 
shoulders, and the Fengfu GV-16 and Fengchi GB- 
20 points on the back of the head. It is important 
to expel the Turbid Qi when it has reached the 
fingers, wrists, elbows, and at most the shoulders. 

‘When this occurs the doctor should drive the 
Evil Qi out and regulate his or her Qi circulation 
as soon as possible. There are several ways to do 
this: 

+ Exhale while swinging the arms toward the 
ground, driving the Evil Qi deep into the cen- 
ter of the Earth. When treating tumors, be 
careful to disperse the pathogens out your fin- 
gers and do not allow the toxins to stick to 
your palms (Figure 28.1). 

+ Exhale while "blowing Qi” (extending Qi) out 
ofthe palms (Pc-8) and feet (Kd-1) (Figure 28.2). 

+ Exhale out of the mouth (but never over the 
patient, or towards anyone else). A shift in 
breathing is a common reaction when the 


Figure 28.3. To avoid absorbing the emotions from an 
energetic discharge (released from dissolving an 
energetic cluster), the Qigong doctor tums his or her 
head and expels the patient's toxic emotions. 


emotions are discharged, or when an energetic 
cluster is reached (Figure 28.3). 


GUIDELINES FoR THE MEDICAL 
@IcoNc Doctor 
1, The Qigong doctor must avoid practicing 
Medical Qigong in wet clothes. If the doctor 
perspires a little when training, he or she 
should avoid standing in the wind; if the doc- 
tor perspires profusely, practicing should be 
discontinued as it is liable to damage the 
doctor's Yin Qi. 

2. ‘The doctor should not go to the toilet within 
half an hour after practicing in order to avoid 
developing a conditioned reflex. This will help 
prevent the leakage of vital energy. 

Patients suffering from cancer may affect the 
doctor's Qi circulation more seriously. Care 
should be taken when treating these patients, 
or avoid treating them completely, until suf 
ficient energy has been cultivated, and sufi 
cient experience has been gained. 

4, The doctor must always wash his or her hands 
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with soap after each patient's treatment to 
prevent the energetic transference of diseases. 
Itis important to note that washing the hands 
in cold water immediately after Qi emission 
is harmful to the doctor’s energetic field be- 
cause of the sudden shock to the system. 
Washing with hot water immediately after 
treatment, opens the channels on the doctor’s 
hands and arms, sending the Toxic Qi deep 
into the doctor’s body. To avoid these com- 
plications, the doctor should wait several min- 
utes after completing the treatment, before 
washing his or her hands. 

While waiting, the doctor should touch his 
or her finger tips together and focus on the 
Lower Dantian, allowing the Qi to settle back 
into its origin (minimum of three minutes). The 
doctor then washes up to the elbows with wa- 
ter that is room temperature to reduce the pos- 
sibility of absorbing the patient's Turbid Qi. 

If the doctor is not able, during treatment, 
to expel the Turbid Qi right away because of 
some distraction, or if the doctor’s internal 
energy is not substantial, the Turbid Qi may 
enter his or her body through the fingers trav- 
eling up the wrists, elbows, or entering the 
Baihui GV-20, Tanzhong CV-17, Fengchi GB- 
20, Yintang (Extra Point) and Yongqauan Kd- 
1 points. If this begins to happen, the doctor 
should not continue to extend energy, but 
should stop the treatment immediately and 
perform a “closing,” expelling the Turbid Qi 
by flicking the fingers, wrists, and shaking the 
arms until all discomfort has been eliminated. 
any Turbid Qi still lingers, the doctor should 
practice Medical Qigong exercises to regulate 
the energetic activities. 

. Itis important that doctors, as well as patients, 
avoid strenuous activities (such as running 
immediately after Medical Qigong exercises) 
to prevent the wrong flow of vital energy or 
pain in the legs. It is always better for the doc- 
tors and patients to be active first (running, 
swimming, forms training, etc.) and then cool 
down with the Medical Qigong Quiescent ex- 
ercises (unless otherwise prescribed). 


Wu ZANG (FIVE ORGAN) MEDITATION 
FOR ENERGETIC PROTECTION 

Even after the treatment of diseases, the doc- 
tor must perform certain Medical Qigong exer- 
cises to prevent and expel any undetected patho- 
genic Qi. Otherwise the doctor may develop the 
symptoms of the illness of the patient in corre- 
sponding locations. For instance, ifthe patienthas 
aheadache or pain in the hepatic area, the doctor 
may also acquire a feeling of discomfort, numb- 
ness, itching, and pain in the head and hepatic 
region. Therefore, in clinical practice, a deep un- 
derstanding and correct judgment of the patho- 
genic Evils is compulsory. 

Today in China, the Wu Zang meditation is 
still taught to Qigong doctors for clinical use to 
prevent invasion from the patient's pathogenic Gi. 
‘This meditation requires the doctor’s Shen to 
guide the Qi of the Five Yin Organs (also known, 
as the Wu Jing Shen, see Figure 28.4), to make the 
body's Qi substantial. The ending of the medita- 
tion, which causes the doctor’ Qi to be reabsorbed 
into the Taiji Pole, allows the transformed Qi to 
flow into the appropriate organs, strengthening 
the doctor’s energetic fields. 

When a Qigong doctor enters the space of a 
diseased patient, the potential for absorbing the 
patient's pathogenic Qi is high. Noting this poten- 
tial for harm, the ancient Chinese Qigong masters 
developed certain meditations to protect themselves 
from the patient's diseased or Turbid energy. 

The Yellow Emperor's Classics on Internal Medi- 
cine states that before treating patients of any kind, 
the doctor should first perform the Wu Zang En- 
ergy meditation. It encouraged doctors to prac- 
tice this meditation before treating patients in a 
clinical environment and before entering the treat- 
ment room, because it surrounds them with a 
strong field of protective energy (Wei Qi). 

‘The Wu Zang meditation focuses on six di- 
rections (north, south, east, west, Heaven and 
Earth). It is very powerful and can be used to 
gather environmental Qi at the beginning of each 
season. The focus of the meditation is to extend 
each of the five organs’ energy far into the hori- 
zonto gather the Qi. When practicing the Wu Zang, 


Sensor Output 


This appendix provides some basic information 
about nine forms of sensor outputs, and the 
ways in which they can be processed. Other 
types of encoded output exist, but those exam- 
ined here are the ones most likely to be found. 


Figure A-1 provides an overview. Every sensor 
initially creates an analog output, which is 
sometimes connected directly to an output pin, 
In thermistors and photoresistors, for example, 
the internal resistance of the component con- 
stitutes its output. In many sensors, however, 
the behavior of the sensing element is pro- 
cessed internally to create voltage, open collec- 
tor, encoded pulse stream, or current output. 


If the sensor is chip-based, it may process the 
analog sensor response internally to create a 
binary output or a digital output. 


In this Encyclopedia, the term "binary output" 
means “an output that has two states,’ usually 
logic-low or logic-high. The states may be 
accessible via an output pin, or may be pro- 
cessed internally to create a pulse stream. In 
that case the stream fluctuates between the 
two states as a way of encoding an analog 
value with pulse-width modulation (PWM) or 
frequency. Other types of encoding are also 
possible, but are unusual. 
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Figure A-1_ Nine possible types of output from sensors. 
The primary categories are highlighted in green. 


The term digital output is used here to mean 
one or two bytes of data that are stored in a 
ister (memory location) in the sensor chip. 
While other forms of output are “always on” 
and can be accessed at any time from an out- 
put pin, a digital output is usually not available 
until an external device, such as a microcontrol- 
ler, sends an instruction to the sensor chip, tell- 
ing it to return the data. This two-way 
communication usually is handled by the I2C or 
SPI protocols (other protocols exist, but are less 
common). 
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Figure 28.4. The Wu Jing Shen Relationship of the Wu Zang Meditation 


meditation the Qigong doctor should: 
* face east during the spring equinox; 
‘* face south on the day of the summer solstice; 
* concentration on the center of the Earth dur- 
ing late summer, before the fall equinox; 
** face west on the day of the fall equinox; 
* face north on the winter solstice. 
Start by focusing on the center of the body. 
‘opening up the Baihui point (at the top 
of the head) and begin to pull in the Qi from the 
Heavens. Imagine the divine light as a bright shin- 
ing white light, illuminating and filling your en- 
tire body through the Baihui. Feel the body radi- 
ating this divine white light energy. Next, imag- 
ine this white light energy coalescing into the 
body's center core, forming an energetic tube of 
Heavenly energy that extends from the Baihui 
point to the Huiyin point. The center core vibrates 
and resonates with the divine white light energy. 


1. Now, imagine a golden yellow mist of Qi aris- 
ing from under the Earth and filling your 
body and connecting with the Spleen organ. 
Next, feel this golden light Earth energy en- 
velop the center core of divine white light en- 
ergy, merging together and synergizing. This 
represents the energy of your Yi (Intention), 
to root and stabilize your power. 

Begin to focus on your Heart and imagine a 
portal opening and the Qi flowing out of your 
Heart like a red swirling wind in front of you, 
full of power, protecting you with your Shen 
and the fire of a red phoenix. This represents 
your innate spirit, alive, graceful yet powerful. 
Focus your attention on your back and the 
Kidneys and Mingmen area. Imagine a por- 
tal opening and the Qi flowing out of your 
Mingmen behind you like water. Out of this 
water grows an enormous dark blue turtle, 
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Figure 28.5. The Wu Zang Meditation 


whose shell protects you like a mighty shield. 
This represents the energy of your Zhi (Will- 
power), and the Jing and Zhi of all your an- 
cestors, backing you and supporting you 

4, Place your attention on your Lungs and visu- 
alize a portal opening on your right side of 
your body, under the right ribs. Imagine the 
Lung Qi flowing out of to the right side of 
your body like steam, forming a white tiger, 
as strong as steel. This represents the Po and 
the body’s animal nature, that guards and pro- 
tects you with an animal passion for survival. 


5. 


Next, place your attention on your Liver and 
visualize a portal opening on your left side of 
your body, under the left ribs. Imagine the 
Liver Qi flowing out of to the left side of your 
body like steam, forming a green dragon, sin- 
ewy and resilient as bamboo. This represents 
the Hun and the body’s divine nature, guard- 
ing and protecting you with a spiritual pas- 
sion for victory. 


. Each animal begins to rotate to the left, pro- 


tecting, stalking, and defending the previous 
animal's position (Figure 28.5). Slowly begin 
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to circle these energies, then increase their 

speed (like a mighty wind) counterclockwise 

around your body, blending these colors to- 
gether, to form an energy bubble. 

After forming a protective rainbow hue 
around your body, draw the energies back in 
through the Baihui point and return the en- 
ergy of each organ color back to its origin (the 
color red returns back to the Heart, dark blue 
to the Kidneys, white to the Lungs, and green 
back to the Liver), As the colors return back 
to their organ of origin, imagine steam (white 
light) flowing out of the pores and filling up 
the energy bubble created by the animal rota- 
tion. This forms a solid connection between 
the body's internal organs and the body's ex- 
ternal field of energy. 

7. When the protection of the body with the Five 
Elementsis done, imagine that there are many 
sparkling lights like the Big Dipper above 
your head. Then you can enter the room of 
the patient, safe and protected. 

Keep in mind that you can send the five or- 
gan energy outside of your body instantly, any 
time you need protection. Some schools teach the 
doctor to extend his or her energy like mist out 
through the eyes, enveloping the body with the 
five organ colors (green, red, yellow, white, and 
dark blue indigo). 


CREATING A PROTECTIVE ENERGETIC 
FORCE FIELD 

This second meditation also establishes a 
powerful energetic force field, needed to protect 
the doctor from any attack or attachment of ex- 
ternal pathogenic Qi. It consists of wrapping the 
doctor’s external fields of Wei Qi to increase the 
energetic field’s power. 

This is similar to wrapping a magnet with 
coils of wire to increase its magnetic field (Figure 
286). 

1. Begin from a standing Wuji posture. Focus 
on all the body’s energy collecting into the 
Lower Dantian. Concentrate the Qi in the 
Lower Dantian, condensing it into a dense 
ball of white light energy. Imagine this ball 


Figure 28.6. Creating a Protective Energetic Forcefield 


of white light energy exiting the body 
through the navel and circling the body, spin- 
ning in a counterclockwise direction nine 
times, wrapping the Belt Vessel, Mingmen 
GV-4 and Shenque CV-8 points. 

2. Move the energy ball down to the perineum 
and continue circling the lower body in a 
counterclockwise direction nine times, spin- 
ning and wrapping the Huiyin CV-1 and 
Changgiang GV-1 points. 

3. Move the energy ball down to the knees and 
continue circling in a counterclockwise direc- 
tion nine times, spinning and wrapping the 
ascending Yin channels and descending Yang 
channels of the legs. 

4, Move the energy ball down to the ankles and 
continue circling in a counterclockwise direc- 


599 


10. 


1. 


2. 


ISHING THE MEDICAL @iGONG CLINIC. 


tion nine times, spinning and wrapping the 
ascending Yin channels and descending Yang 
channels of the legs. 

Move the energy ball down to the bottom of 
the feet and continue circling in a counter- 
clockwise direction nine times, spinning and 
‘wrapping the Yongquan Kd-1 points. 

Move the energy ball several feet into the 
ground and continue circling in a counter- 
Clockwise direction nine times, spinning and 
wrapping the body's Earth Transpersonal 
point. This energetic point (under the ground) 
is responsible for establishing the body's 
rooted connection to the Earth and for absorb- 
ing the Earth energy into the body’s internal 
organs, channels, and collaterals. 

Next, imagine the energy ball slowing down 
and stopping its rotation, pulsing for several 
heartbeats, then reversing its energetic rota- 
tion, and beginning to spin in a clockwise di- 
rection nine times. The direction and flow of 
the energetic ball now reverses its orbit, as- 
cending and circling the same areas and 
points nine times, until it returns back to the 
navel. 


. From the navel move the energy ball up to 


the solar plexus area and continue circling the 
body ina clockwise direction nine times, spin- 
ning and wrapping the Jiuwei CV-15 and 
Zhiyang GV-9 points. 


. Move the energy ball up to the Middle Dan- 


tian at the center of the chest, and continue 
circling in a clockwise direction nine times, 
spinning and wrapping the Heart, Shanzhong 
CV-17 and Shendao GV-1I points. 

Move the energy ball up to the throat and con- 
tinue circling in a clockwise direction nine 
times, spinning and wrapping the Tiantu CV- 
22 and Dazhui GV-14 points. 

Move the energy ball up to the Upper Dai 
tian at the Third Eye area, and continue ci 
cling in a clockwise direction nine times, spin- 
ning and wrapping the Yintang and Naohu 
GV-17 points. 

Move the energy ball up to the top of thehead 
and continue circling in a clockwise direction 


nine times, spinning and wrapping the Baihui 

GV-20 point. 
. Move the energy ball several feet above the 
head and continue circling in a clockwise di- 
rection nine times, spinning and wrapping the 
body’s Heavenly Transpersonal point. This 
energetic point (above the head) is responsible 
for establishing the body’s extended connec- 
tion to the Heavens and for absorbing the di- 
vine energy into the body’s internal organs, 
channels, and collaterals. 
Next, imagine the energy ball slowing down 
and stopping its rotation, pulsing for several 
heartbeats, then reversing its energetic rota- 
tion, and beginning to spin in a counterclock- 
wise direction nine times. The direction and 
flow of the energetic ball now reverses its or- 
bit, descending and circling the same areas 
and points nine times, until it returns back 
down to the navel. The body should now be 
encircled, above and below, with several ha- 
loes of white light energy. 
Finally, imagine the white light energy ball 
absorbing back into the body through the na- 
vel. As the energy ball descends back into the 
Lower Dantian, imagine energetic steam fill- 
ing the entire body. 
‘Once the body is completely full, the steam 
begins to exit the body through the pores and 
begins connecting and filling the space out- 
side the body with white light energy, form- 
ing an energetic cocoon. This cocoon creates 
an energetic force field which protects the 
Qigong doctor from pathogenic invasion. 


14. 


15. 


16. 


CuinicaL Etnies 

‘The study of clinical ethics refers to the mo- 
rality of the Qigong doctor and the ability to set 
boundaries. The study of morals in the therapeu- 
tic relationship involves reflecting upon the ide- 
als the doctor assumes as a professional care giver 
and the enforcement of these professional stan- 
dards in his or her actual behavior. Both the mo- 
rality and the self reflection are engaged, both 
consciously and unconsciously, to align the 
doctor's values with his or her actions. 
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Ethical behavior stems from the doctor's in- 
ternal values and actions (emotionally, cognitively, 
and spiritually) and his or her sense of external 
connection (physically, existentially, and socially). 
‘The Qigong doctor's behavior should be always 
congruent with high ethical standards and in har- 
mony with his or her values, intuition, knowledge, 
and feelings. 

The importance of establishing ethical stan- 
dards for the doctor-patient relationship is to 
avoid those behaviors which prove to be counter 
therapeutic, and encourage those that are most 
effective therapeutically for the patient. The pa- 
tient, as well as the doctor, rely upon each others’ 
trust and boundaries. It is the Qigong doctor’s 
responsibility to create a context for the patient, 
in which the patient can make a change in his or 
her life in safety. 

When patients are treated energetically, they 
relax into an altered state of consciousness. This 
causes the patient’s boundaries to become relaxed 
or nonexistent. Because Medical Qigong therapy 
often reveals intimate knowledge of the patient's 
life and life-style, there is a danger of enmeshment, 
i.e,, of co-dependent relationships forming (see 
Chapter 19). 

When working with patients, doctors some- 
times encounter intense physical, mental, emo- 
tional, and spiritual reactions from the patients. 
These experiences tend to disperse the patients’ 
boundaries and can confuse the roles between the 
doctor and patients, intensifying transference and 
triggering countertransference. 

‘When both the doctor and patient have a per- 
sonal relationship with a divine higher power, it 
naturally brings them into a state of divine heal- 
ing and spiritual wisdom. The acknowledgment 
and honor of this divine relationship should es- 
tablish ethical boundaries. This is especially true 
as the doctor begins to see the bigger picture of 
how his or her intentions and actions (in relation- 
ship with patients) affect others in a rippling out- 
ward motion. Itis important that doctors also see 
the effect on themselves when they take certain 
actions towards others, including their patients. 


Conscious AND SUBCONSCIOUS 
CLINICAL INTERACTIONS 

Clinical experiences are divided into two 
states of interactions: the body/mind and emo- 
tional spiritual. 

* The body / mind interaction deals with ordi- 

nary states of consciousness, such as: talking, 
thinking, analyzing, working, interacting with 
the material world and other human beings. 
These different qualities of interactions help 
the doctor to define and categorize, educate, 
and establish his or her solid belief structures. 
‘The emotion spirit interaction deals with sub- 
conscious states of communication, such as: 
perceiving, sensing, intuiting, interacting with 
the spiritual /metaphysical world, as well as 
with energetic fields. Every day people go into 
states of light trance (daydreaming, spacing- 
out, etc.) allowing their focus of attention, 
thoughts, feelings, sensations, and intuitions 
to interconnect with their environment and 
that of the divine. This allows access to infor- 
mation and facilitates the healing and under- 
standing of themselves and their life experi- 
ences. 
Because most wounding involves an emo- 
tional /spiritual trauma at the time of the incident, 
the patients must relive this trauma during their 
healing process. Through the emotional /spiritual 
interaction between the Qigong doctor and his or 
her patients, ingrained habits of thought, feelings, 
and perceptual understandings begin to recede, 
diffuse and break down. This causes the patients 
to find a new understanding of certain traumas 
and allows them to reclaim disconnected parts of 
their past (soul retrieval). 

Each time patients transcend to a new level 
of understanding of their fears and belief struc- 
tures, they change, mature, and expand to adjust 
to the new mental, emotional, and spiritual 
growth. The moment that patients break out of 
their old boundary structure, feelings of emotion 
rush through their body/ mind, followed by a 
sense of either expansiveness or disorientation as 
they find themselves in unfamiliar territory. 

Ttis not useful for patients to relive their emo- 
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tional traumas without the awareness, under- 
standing, and insight of the process they are un- 
dergoing. To relive the trauma without this aware~ 
ness leads to re-traumatization. That is why the 
Qigong doctor coaxes the patients through the 
“five stages of emotional healing” (see Chapter 
19). The patients can then experience their past 
emotions in the present time, and become free of 
them through present awareness, rather then re- 
eating the past through a continuous loop of re- 
pression and denial. In the clinic, this is known as 
“emotional time traveling” and refers to the prac- 
tice of allowing the patients the experience of re- 
living past traumas through their presently in- 
‘creased state of awareness and knowledge. At this 
point of transition, the patients will not only ex- 
perience the emotions and sensations from their 
past, but may also experience the motivations and 
emotions of the perpetrators as well. 

The empathic knowledge of the perpetrator’s 
emotions is due to the victim's identification pro- 
cess with the abuser. This phenomenon is well 
recognized in helpless hostage situations, and is 
a major contributor to childhood victims of physi- 
cal, sexual or emotional abuse “acting out” their 
repressed fears, angers, and pain, in similar ways 
to the manner in which they were abused. 


ESTABLISHING DOCTOR AND PATIENT 
AGREEMENTS 

For the protection and integrity of both the 
doctor as well as the patients, itis important that 
‘a description of the clinical procedures that are to 
be used, their physical and energetic boundaries, 
as well as their limitations, be firmly established. 
‘The following seven principles are used to estab- 
lish the foundation of clinical ethics. 

1, The Qigong doctor will cause no harm (physi- 
cal, mental, emotional, or spiritual). The 
Qigong doctor will maintain a high standard 
of skill, knowledge, and professional conduct, 
offering his or her services without favorit- 
ism, prejudice, or discrimination with regards 
to race, religion, nationality, gender, or sexual 
orientation. 

The Qigong doctor is committed to the 
patients’ education and personal develop- 


ment of practicing Medical Qigong methods 
that relieve pain, suffering, and other symp- 
toms of illness. The doctor will exercise his or 
her best judgement to determine if the thera- 
peutic techniques prescribed for patients are 
contraindicated, dangerous, or not in the best 
interest of the patients. 

The doctor will never make negative sug- 
gestions, criticize, or tell the patients that they 
will get worse or are in bad shape, as that de- 
stroys the patients’ hopes and is counterpro- 
ductive to healing (this is known as “clinical 
hexing”’). Clinical hexing will cause patients, 
who trust the doctor, to sabotage their own 
healing potential by succumbing to the 
doctor’s particular beliefs about their condi- 
tions. 

‘One example of trusting a doctor's diagno- 
sis to ruin, happened last year in 1999, when. 
two patients’ lab tests were accidently 
switched. The healthy patient, whose lab test 
had been switched, was informed by the West- 
em doctor that she had terminal cancer, and 
the patient with terminal cancer, on the other 
hand, was given a clean bill of health. The 
healthy patient died several months later asa 
result of believing the doctor's diagnosis of 
having a terminal condition; whereas the pa- 
tient with terminal cancer (believing that there 
was nothing wrong) resumed a normal, ac- 
tive life-style, and the patient's cancer went 
into remission. 


. The Qigong doctor will keep all sessions in 


confidence. The Qigong doctor will keep all 
patient information strictly confidential, in 
keeping with ethical and legal standards held 
by other health care professionals. This allows 
patients to experience the treatment in safety 
and give honest feedback. 

Exceptions to the rule of confidentiality are 
as follows: when the patient is a danger to self 
(intending suicide), or others (intending homi- 
ide), when the patient has a life threatening 
‘emergency, in cases of suspected child abuse 
(sexual, physical, or neglect), and elderly abuse 
(sexual, physical, neglect or fiduciary). 
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3. The Qigong doctor will first receive informed 
consent from the patient before starting the 
treatment, or informed consent of the patient's 
legal guardian. Before treatment, the Qigong, 
doctor explains to the patient the therapeutic 
goal of the treatment, and what the patient 
may energetically and emotionally expect to 
experience. The doctor will respect the 
patient's boundaries at all times, before, dur- 
ing, and after each treatment. At times the 
doctor may have to impose boundaries for 
patients who cannot do so for themselves, in 
order to avoid total enmeshment, which 
would endanger the professional relationship. 

4. The Qigong doctor and the patient will tell 
the truth to each other. No part of the Medi- 
cal Qigong diagnosis should ever be hidden 
from the patient, yet the truth should always 
be delivered with hope, since no one can be 
certain of the future. 

‘The Qigong doctor should never make un- 
realistic, inaccurate, or false claims about 
Medical Qigong therapy, or give the patient 
false hope. A realistic assessment of the 
patient's condition should always be con- 
veyed, and if need be, the patient should be 
referred for additional medical or psychologi- 
cal modalities of treatment. 

5. The Qigong doctor will honor all agreements 
established with the patient. It is important 
for the patient tobe abletto rely on the doctor's 
trust. Because this is a critical factor, the doc- 
tor is never allowed to borrow money, cars, 
ete. from patients. 

6. The Qigong doctor and the patient will not 
act sexually or romantically with each other. 
‘The Qigong doctor will not instigate or toler- 
ate sexual advances while interacting with his 
orher patients. Although there are times that 
the patient, or doctor, may experience certain 
attractions towards each other, acting out on 
these feeling will cause an emotional/sexual 
entanglement which will be detrimental to the 
patient's healing. 

7. The Qigong doctor and the patient will agree 
on the time, place, duration of treatment, and 


fee. The Qigong doctor must be consistent in 
‘maintaining an established clinical treatment 
time and location. This instills a stable secu- 
rity for the patient and doctor. If this bound- 
ary isnot maintained, patients without strong 
boundaries will take advantage and hurt both 
doctor and themselves. The Qigong doctor is 
responsible for giving adequate advance no- 
tice (two weeks) to the patient of any and all 
treatment or fee changes. If, for example, the 
original agreement was for six or fewer ses- 
sions and the doctor changes fees after the first 
session, the original agreement must be up- 
held (new patients however, will be charged 
the new fee). 


POWER DYNAMICS AND ETHICAL 
BEHAVIOR 

Inany clinical setting there is an active power 
dynamic at work. Generally it is the doctor who 
maintains the power over the patient, as the pur- 
pose of the patient's visit is for help or assistance 
in specific healing. As the patient has come to the 
doctor with expectations, it is important for the 
doctor to be congruent with these expectations. 
These expectations set both the standard of the 
patient's healing and the power dynamics of the 
relationship. Through the power dynamics of the 
doctor-patient relationship there can develop three 
classical problems: Transference, Counter-transfer- 
ence, and Emotional-Sexual Entanglement. 

1. Transference is the process whereby a patient 
unconsciously transfers feelings, thoughts, 
beliefs, and patterns of behavior that had been 
previously experienced towards others onto 
the doctor. 

2. Counter-transference is the process whereby 
a doctor loses his or her objectivity and un- 
consciously transfers feelings, thoughts, be- 
liefs, and patterns of behavior to the patient. 

3. Emotional-Sexual Entanglement is the process 
whereby the doctor and patient both lose their 
objectivity and transfer emotional-sexual feel- 
ings, thoughts, beliefs, and patterns of behav- 
ior onto each other. 

Inorder to prevent these types of enmeshment 
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and co-dependent relationships from happening, 
it is important for the doctor to constantly main- 
tain his or her boundaries. The doctor and patient 
both must remember that itis the patient who ac- 
tually does the healing in energy work, the doc- 
tor merely creates the situation in which this en- 
ergetic transformation can transpire. 


PITFALLS 

There are certain pitfalls the Qigong doctor 
should be aware of and may experience, if a 
boundary has already been, or is beginning to be 
violated. These experiences are described as fol- 
lows. 

* The doctor begins to identify with the 
patient's problem and feels the need to dis- 
cuss his or her own similar problems with the 
patient. 

* The doctor begins to become emotionally at- 
tached or attracted to a patient sexually and 
feels the need to act on it (i.e., asks for a date, 
inappropriate touching or sexual contact). 

+ The doctor begins to feel the need to go out of 
the way above and beyond the normal course 
of responsible treatment to meet a patient's 
needs. 

+ The doctor begins to treat the patient for free. 

‘* The doctor begins to find him or herself be- 
coming overprotective, or worrying about a 
patient at inappropriate times. 

+ The doctor begins to need validation from his 
or her patient (this approval can be either as 
a healer, emotionally, or sexually). 

* Arranging an exchange of services with a pa- 
tient can often lead to the patient feeling 
abused or hurt. 

* Allowing the patient to build up a large bill 
tobe paid back later is unethical and may lead 
to legal action. 

* Disclosing too much personal information re- 
garding self (the doctor) in order to help the 
client can make the patient feel responsible 
for the doctor’s well-being. Self-disclosure can 
be used very sparingly when the patient can 
benefit from solutions that worked for the 
doctor. It is safer, however, to pretend that 
these situations came from someone else. 


+ The doctor does not listen carefully to what 
the patient is saying, thinking that he or she 
knows what the problem is in advance. 

Itis important for the doctor to remember that 
the patient’s emotional/ spiritual safety and health 
must always come first. To avoid sinking into one 
of these pitfalls, the Qigong doctor is encouraged 
to constantly monitor his or her own actions and 
motivations. This is a broad and important topic 
thats often neglected in professional training and 
education. Because it is well dealt with in Kylea 
Taylor's book entitled, The Ethics of Caring, I en- 
courage the reader to refer to this work for in- 
depth treatment of this subject. 


CLINICAL BURNOUT AND MEDICAL 
QIGONG THERAPY 

One classic problem all healers encounter is 
clinical burnout. The condition known as clinical 
burnout results from chronic job stress, and may 
sometimes occur to the Qigong doctor. This con- 
dition is characterized by extreme frustration, dis- 
appointment, physical and emotional exhaustion, 
and sometimes physical illness. The result ofthis 
condition is the doctor’s loss of concern for the 
patients, or the loss of fulfillment with his or her 
performance asa healer. The Qigong doctor is sus- 
ceptible to experiencing clinical burnout, espe- 
cially if he or she feels that: 

There are too many or too few patients; 

* Too little time is spent for recreation; 

‘ There is too much stress in his or her life; 

‘+ Not enough attention is placed on self care 
and personal psychological growth; and 

‘+ Not enough attention is placed on a personal 
spiritual path and practice. 

Ifthe Qigong doctor's life revolves primarily 
around the clinic (which is usually the case), he 
or she will disproportionately come into contact 
with the patients’ pain and emotional traumas, 
as well as be chronically bombarded with toxic 
energetic discharges released from the patients. 

Sometimes patients, in order to heal their in- 
tense emotional traumas, require an enormous 
amount of spiritual, emotional, and mental sup- 
port from the doctor. If the doctor does not care- 
fully monitor his or her own energetic reservoir, 


this may result in Qi depletion 

If Qigong doctors expend all their spiritual/ 
emotional energy from intense personal interac- 
tion and enmeshment with their patients during 
treatment, the toxic interaction will deplete the 
doctors, resulting in complete physical and men- 
tal exhaustion. If Qigong doctors become depleted 
in the middle of a treatment, they may abandon 
their Upper Dantian (psychic) connection with pa- 
tients (spiritually, emotionally, and/or energeti- 
cally), and begin to suddenly express feelings of 
criticism, anger, disappointment, or grief. This 
reaction occurs when the Qigong doctors’ own in- 
ternal organ energy, depleted and worn, becomes 
susceptible to absorbing the patients’ powerful 
emotional discharges. The problem of clinical 
burnout usually stems from energetic boundary 
invasion. Remember, Medical Qigong healing re- 
quires that the doctor heal him or herself first. 

Often, a Qigong doctor's clinical burnout is 
primarily related to the unresolved personal is- 
sues and not the number of patients on the case 
load, or the amount of environmental stress the 
doctor experiences. 


ENERGETIC BOUNDARY INVASION 

In understanding clinical burnout due to en- 
ergetic boundary invasion and its relationship 
between the doctor and patient interaction, it is 
important to review seven important factors 
which control and transform the body’s energetic 
fields. 

1. Energy exists on different planes. The body is 
likea complex hologram, composed of physi- 
cal, mental, emotional, and spiritual planes 
of energy. The spiritual field of energy con- 
trols the emotional and mental energetic field, 
which in turn controls the physical energetic 
field. These energetic planes affect and con- 
trol the energetic formation of the body's cells, 
tissues, organs, and organ systems. 

2. Because the body produces heat, light, elec- 
tricity, magnetic energy, and resonate vibra- 
tions, these natural energetic releases create a 
basic Yin (negative) and Yang (positive) po- 
larity, which is found in all manifestations of 


energy. ‘ 


3. Everything in the body is in vibratory motion. 
Various forms of tissue develop from differ- 
ent energetic vibrations. When the body's 
energy begins to slow down, it begins to take 
on a denser form of resonant vibration. The 
impediment of this resonant energetic vibra- 
tion can stem from trauma or shock to the 
system (physical or emotional), resulting in 
energetic stagnations and disease. 

4. The body's internal organs collect and store 
emotional energy, both positive and negative. 
As any suppressed, or “stuffed,” emotional 
energy begins to culminate, the body will 
naturally (and quite frequently) disperse these 
internal emotional charges. They are gener- 
ally released externally through: the Respira- 
tion, the Posture, and the Mental Dialogue. 

* The respiration, (which includes sighing and 
laughing), is released from the Heart, shout- 
ing released from the Liver, groaning from the 
Kidneys, crying from the Lungs, and singing 
from the Spleen. 

* The posture includes the body's physical 
structure adapting or conforming to an Ex- 
panded-Yang or Contracted-Yin energetic in- 
fluence. 

* The mental dialogue includes both benign 
and malignant thought patterns. 

5. The body has three primary energy centers 
known as Dantians. Each Dantian resonates 
at its own distinct vibration and is responsible 
for specific modes of interacting with others 
in interpersonal communication. 

* The Lower Dantian is considered the most 
physical energetic base. It is the most dense 
and has the slowest vibratory rate of the Three 
Dantians and communicates kinetically with 
the outside environment. 

* The Middle Dantian is considered the emo- 
tional and mental base. Ithas moderate reso- 
nances and communicates empathetically 
with the outside environment. 

* The Upper Dantian is considered the spiritual 
base and has the fastest and most delicate of 
the vibrational interactions. The Upper 
Dantian functions at an intuitive level 
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6. When communicating, the body will interact 
from all five levels: physical, mental, emo- 
tional, energetic, and spiritual. This interac- 
tive communication will sometimes energeti- 
cally fuse with the external environment, in- 
cluding people. 

7. Our external and internal thoughts and feel- 
ings, as well as tissues and cells are all by- 
products of energetic interactions, stemming 
from communication from within ourselves 
and our environment, 

After reviewing the following facts, the Qigong 
doctor can understand why every time he or she 
connects witha patient, the patient's energetic fields 
will automatically be energetically ingested by the 
doctor. The doctor does this consciously in order to 
analyze the patient's emotional past, as well as 
present emotional outbursts. Although the doctor 
and patient's energies fuse together, the fields of en- 
ergy around the doctor's internal organs generally 
protect the doctor from absorbing negative emo- 
tions. These energetic boundaries also extend out 
into the doctor’s Wei Qi field. 

Both the patient’s and doctor’s Wei Qi fields 
are fused during interaction and treatment. It is 
therefore imperative that the doctor’s energetic 
boundary system maintain its structure (both in- 
ternally and externally), yet be permeable while 
treating the patient. The doctor must not lose sight 
of his or her purpose. Any criticism aimed at the 
doctor should not be taken seriously, nor should 
any inappropriate behavior by the patient. The 
doctor’s Wei Qi field should be at maximum 
strength. If not, the cords of energetic attachment 
flowing from both the doctor and the patient allow 
energetic emotional transference to happen. If the 
doctor, for example, has a preexisting Liver Heat 
condition, it will be further compounded by the in- 
flowing of the patient's released of anger and rage. 
If and once this happens, the patient may feel re- 
lieved, but the doctor will become quite agitated. 


STRENGTHENING THE Doctor's 
ENERGETIC BOUNDARIES 

It is important for the Qigong doctors to al- 
low the patients’ emotions to constantly flow 
through their own bodies, feeling, understanding, 
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then releasing these feelings. If at any one point 
in this transition, a doctor (ecause of personal 
issues) suddenly stops the flow of emotions and 
begins to focus, or dwell on, a particular type of 
energetic charge, the patients’ discharging emo- 
tions will invade the doctor’s body. 

To avoid energetic boundary invasion the 
doctor should maintain a regular Qigong medita- 
tion and exercise program. This program should 
include the following exercises and meditations. 

1. Practice Qi dredging and emotional dispers- 
ing exercises and meditations to release your 
‘own emotional traumas. 

2. Perform Qi and organ strengthening exercises 
and meditations to strengthen both your in- 
ternal organ energies, as well as the three 
fields of Wei Qi. Since the emotions are stored 
within the body's internal organs, strength- 
ening these organs will facilitate a stronger 
control of the body's emotional energy. 

3. Practice Qi regulation and balancing exercises 
and meditations to balance the body's Yin and 
Yang, as well as internal and external ener- 
getic channels, organs, and organ systems. 
This helps to control the energetic surges re- 
leased from internal emotional discharges. 

4. Maintain emphasis on the energetic ground- 
ing and the divine hook-up meditations be- 
fore treating patients. These meditations are 
important for establishing an emotional as 
well as spiritual boundary, and will assist you 
in avoiding clinical burnout and energetic 
boundary invasion 

5. Maintain emphasis on personal time, includ- 
ing any and all spiritual, social, and recre- 
ational times away from the clinic. 


CAUSES OF SPIRITUAL DRYNESS 
Sometimes clinical burnout can result from 
“spiritual dryness.” This type of burnout can re- 
sult from experiencing a “dry period” of spiritual 
insight and perception. It can occur during clini- 
cal observations and treatments, resulting in frus- 
tration for the doctor. Spiritual dryness is com- 
monly due to one or more of the following five 
conditions. 
1. If the doctor is tired, hungry, or sick, the fo- 


Analog Outputs 


Voltage is by far the most common form of ana- 
log output. Other forms of analog output can 
easily be converted to a voltage value, using 
the simple techniques described here, 


1. Analog: Voltage 


Direct Connection: Analog-to-Analog 
‘An analog voltage output can be connected 
directly to an analog input, so long as the range 
is compatible and the sensor can provide suffi- 
cient current. Examples of external analog devi 
ces would be an analog volt meter, a light 
source or sound source that changes intensity, 
or a transistor or op-amp that will amplify the 
output for other audio/visual purposes. 


If the voltage output from the sensor rises 
above a usable range, it can be converted to a 
lower value by applying it across two resistors 
connected in series to form a voltage divider. 
This is shown in Figure A-2. 


Reduced 
voltage 
output 


Figure A-2 Using a voltage divider to reduce the range 


The values of R1 and R2 can be derived from 
this basic formula, where Veen is the voltage 
from the sensor and Vour is the output from the 
voltage divider: 


Example Al 


Vout = Vsen * (RZ / (RL +R2)) 


electricity > metering > voltage 
The impedance of the device used for voltage 
sensing must be high relative to the values of 
R1 and R2. Note also that if the analog voltage 
out from the sensor varies linearly with the 
phenomenon being sensed, this relationship is 
likely to be disturbed by the voltage divider. 


Analog-to-Binary Conversion 
The term “binary” is used here to mean an out- 
put that can be in one of two states, such as 
logic-high and logic-low. 


A varying analog voltage output can be simpli- 
fied by passing it through a component that 
transforms the signal into binary form. This may 
be done by using a logic chip with a Schmitt 
trigger input, a zener diode, or a comparator. 
(For a description of comparators, see the entry 
in Volume 2.) A comparator provides desirable 
features such as adjustable positive feedback to 
create hysteresis. It may be used, for example, 
to convert a slowly changing signal from a pho- 
totransistor while the sun is setting, to a 
high/low output that can activate a relay to 
switch on a light. 


Analog-to-Digital Conversion 
The analog voltage output from a sensor can 
be digitized by an external analog-to-digital 
converter (ADC), either inside a microcontroller 
or by a separate ADC chip. 


If a microcontroller is used, a sensor may often 
be wired directly to an input pin that connects 
internally with an ADC. A program in the micro- 
controller can then assess the integer output 
from the ADC and either execute a conditional 
statement or convert the value to a format 
appropriate for another device, such as a digital 
display. 


If an ADC chip is used, there are thousands to 
choose from. A few basics: 


+ A flash converter contains a row of 
comparators with different reference 
voltages generated with a chain of 
equal resistors. The comparator out- 
puts are fed into a priority encoder 
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cus will tend to be on the doctor’s own par- 
ticular needs instead of the patient's. 

. A disconnection from the divine is caused by 
guilt, lack of forgiveness (self-blame), shame, 
etc, resulting in a loss of spiritual vision. Itis 
important for the Qigong doctor to have an 
open and honest connection with the divine 
to receive the more subtle spiritual insights. 
Without this type of transpersonal relation- 
ship, the Qigong doctor's ability to dissolve 
into the Wuji surrounding the patient's tissues 
can be hindered. 

. Rushing personal meditation time is caused 
by failing to relax during the preparation 
‘meditation practice (the divine hook-up). This 
condition is normally caused by worries or 
preoccupations due to hidden agendas, that 
disturb the doctor’s Shen prior to meditation. 
Itis important for the doctor to relax and re- 
tum to a state of quiescent peace, in order to 
truly listen to the divine. 


4, Getting into a rut is caused by the doctor per- 
forming repetitive Shengong meditations in 
a mechanical way (.e,, the same way an indi- 
vidual will routinely brush his or her teeth), 
thus losing the emotional and spiritual con- 
nection with the core self. The meditation then 
becomes meaningless and powerless (just 
words and no spirit). To avoid getting into a 
rut, the doctor should try to experience each 
meditation as a time of new beginnings and 
enlightenment, and not as a mandatory rou- 
tine, 

5. Itisimportant for the doctor to be able to share 
emotional and spiritual insights with other 
colleagues in the same field of work, and 
when appropriate, with the patient. This shar- 
ing of spiritual insights, observations, fears, 
and triumphs renews the doctor’s confidence 
in his or her spiritual gifts, and maintains a 
strong faith in the healing potential of Medi- 
cal Qigong therapy. 
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SECTION VII 
THE TREATMENT PRINCIPLES 
OF MEDICAL QIGONG THERAPY 


CHAPTER 29 


PRINCIPLES AND PARAMETERS OF MEDICAL QIGONG 


THERAPY 


‘The foundational factors of the patient's state 
of health originate from their actions, thoughts, 
and feelings. A Qigong doctor, studying a patient's 
physical problems, understands that the origin 
and solution to these problems are to be found 
within a patient's recurring thought patterns, both 
conscious and unconscious. 

The brain processes data consistent with what 
it is familiar with; patients will generally experi- 
ence and accept information that coincides with 
their own belief system. Their consciousness then, 
creates its own reality, resulting in either health 
or disease. 

Good health isa result of bringing the patient’ 
own unique spiritual and emotional essence back 
into consciousness and increasing the awareness of 
the physical body. Both health and disease are cre- 
ated through this process which is the foundational 
base for clinical Qigong treatments. 


THE FIVE METHODS FOR TREATING 
PATIENTS. 

Qigong doctors generally use five methods 
for treating their patients’ diseases (Figure 29.1). 
These methods initiate an energetic restructuring 


within the patient's body. The five methods are 
described as follows. 

1. The doctor uses his or her own Qi to initiate 
the healing. 

2. Qiis drawn, by the doctor, from the surround- 
ing natural environment (from the energetic 
fields of the Earth) to be emitted to the patients. 

3. Qiis drawn, by the doctor, from the surround- 
ing universe (fom the energetic fields of the 
Heavens) to be emitted to the patients. 

4, Divine energy is channeled through the doctor 

to treat the patients. 

5. Homework is prescribed in the form of self- 
regulation exercises and meditations to support 
the healing process. 


THE NINE STAGES OF TREATMENT 

Using these five methods of treatment, the 
Qigong doctor initiates nine stages of healing within 
the patient's body. The healing process will always 
vary according to the belief structure of the patients, 
their acceptance and performance of the Medical 
Qigong prescriptions, and their willingness to 
change. The Qigong doctor's nine specific stages in 
treating a patient are described as follows. 


Heavenly Energy 


Universal Qi Pe 


Doctor's Qi 


Divine Energy 
Qiof Dao 


| es Environmental Qi 


Patient 


Qi Emission ae ae Homework Prescriptions 


Earthly Energy 


Self-Regulation Exercises 


Figure 29.1. Five Methods Used For Treating Patients 
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The Subtle Wonders 


The Mysterious Wonders 


The Incredible Wonders 


Expensive or Contracted, 

Heavy or Weightlessness, 

Cold or Hot, and 

Tingling, or Vibrating Sensations 


Flashing Light Sensations, 
Sound Sensations, 

Smell Sensations, and 
Fainting (Syncope) Sensations 


‘The patient will experience 
various colored lights, sounds, 
smells and other sensations 
according to the doctor's intention. 


Figure 29.2. The Three Wonders 


‘Activate, connect, and energize the patient’s 

energetic field; 

Dredge the patient's channels and collaterals; 

. Purge and eliminate any energetic Excess; 

Tonify any energetic Deficiencies; 

>. Regulate the Qi and Blood content of the 
patient’s Yin and Yang organs (harmonize the 
organ Jing); 

>. Regulate the patient’s Prenatal and Postnatal 
Qi (harmonize the Qi of the Three Dantians 
and Taiji Pole); 

. Balance the patient's Yin and Yang Shen (har- 
monize the Heart/Mind and Emotions); 
Seal the patient’s external field of energy; 

9. Give prescriptions. 


8 
9. 


THE THREE WONDERS OF MEDICAL 
QIGONG THERAPY 

‘The cultivation of Qi and Shen through Medi- 
cal Qigong therapy generates what is described 
as the Three Wonders. These Three Wonders con- 
sist of the three separate transformations of ener- 
getic abilities that the Medical Qigong doctor and, 
sometimes, the patients experience (Figure 29.2). 
The Three Wonders are explained as follows: 
‘THE SUBTLE WonDERS 

The Subtle Wonders consist of subtle changes 
inside and outside the body, known as the Eight 


Energetic Touches. These interactions of tissue and 
‘energy form the physical sensations and manifes- 
tations of Yuan Qi. When the doctor emits Qito treat 
diseases, involuntary phenomena can occur in- 
stantly, or gradually, in local areas of the limbs, or 
the patient’s whole body. In some cases the muscles 
stir slightly, while in other cases the limbs, or the 
body, will perform extreme, harsh movements. This, 
results from the patient's external energy (Wei Qi) 
inducing spontaneous movements. 

When the Qigong doctor emits energy to treat 
diseases, some patients produce, in local areas, elec- 
tromagnetic, or stimulating, sensations of Qi simi- 
lr to those felt in Qigong circulation /cultivation 
exercises and meditations. This includes: cold orhot, 
sensations, feelings of compression or tugging, im- 
pressions of creeping or tingling, experiences of 
heaviness or lightness, and of floating or sinking, 
as well as other sensations. The Subtle Wonders re- 
sult from energy in the channels circulating and 
responding to the doctor’s intention. 

Generally, the effects of Qi on the body are 
manifested in physical sensations and sensory 
phenomena during Qigong exercises. These phe- 
nomena are all manifestations of the free move- 
ment of Qi in the channels, collaterals, and inner 
body circulation. 

‘The doctor may also experience these same sen- 


sations while extending energy into the patient. The 
doctor should be able to sense the patient’s Qi cir- 
culation, density, direction, as well as his or her own 
energy. The sensations known as the Eight Ener- 
¢getic Touches of the Subtle Wonders are: Expansive, 
Contracted, Heavy, Light or Weightlessness, Cold, 
‘Hot, Tingling or Itching, and either Vibrating, Shak- 
ing, Rippling or Moving. 

1. When the Qi is circulating freely within the 
body, the capillaries expand as the body's 
energetic field expands, resulting in the sen- 
sation of being very large, tall, and expanded. 

2. When the Qi enters from the outside of the 
body to gather in the Lower Dantian, the pa- 
tient experiences the sensation of feeling very 
‘small or contracted. 

3. When the Qi sinks down (upon exhalation), 
the body feels heavy, condensed, and solid as, 
arock. 

4, When the Qi rises upward (overflowing the 
channels), the body feels light and weightless. 

5, When the Qi circulates through the Microcos- 
‘mic Orbit (balancing the Qi of the Heart and 
Kidneys), the Kidney-Yang becomes sufficient 
to allow the Kidney Yin to well up; this re- 
sults in a pleasant cool sensation. 

6. When the Qiis vigorous and thermal energy 
is gathered, the parts of the body where the 
Qi passes will feel hot. 

7. Once Qi circulates vigorously and passes 
through the body’s obstructed channels, 
collaterals and minute collaterals, the result 
isitching or tingling of the skin and scalp. This 
is an energetic manifestation of the body’s 
obstructed channels, collaterals, and minute 
collaterals being cleansed. 

8, When the Qi passes through the channels, col- 
laterals, and parts of the body it has opened, 
the patient feels electrical and creeping sen- 
sations in the extremities as well as the body, 
causing the tissues to vibrate, shake, ripple, 
or move, ete. 

‘These are all normal phenomena of Qi cultiva- 
tion and circulation. As long as the patient remains 
calm and present, these sensations will appear and 
disappear as spontaneously as they were formed. 


sRINCIPLES AND PARAMETERS OF MEDICAL QIGONG THERAPY 


‘THE MysTERIoUs WoNDERS 

Patients may also experience elusive as well 
as dynamic transitions inside and outside of the 
body, called the Mysterious Wonders. These en- 
ergetic changes are sometimes present, but are 
rare, and may be confusing to the patient. The 
sensations known as the Mysterious Wonders are: 
Flashing Light Sensations, Sound Sensations, 
‘Smell Sensations, and Fainting (Syncope). 

1. Flashing Light Sensations sometimes occur in 
some patients during Qigong treatment. The 
photoelectric phenomena is due to the inter- 
action of light with matter. In some cases, pa- 
tients feel electric sensations in the limbs and 
body, and in other cases light patterns may 
be seen in different forms, most of which 
present as round, sheet light, or lightning pat- 
terns. 

One of the manifestations of the Qigong 
doctor’s cultivation through Shen Gong medi- 
tations is a flashing light sensation which is 
seen and felt within the doctor's head and 
body. This glow may sway back and forth, 
pulse like a white neon light, or pierce into 
the doctor's brain, and illuminate the spinal 
column. It may also appear as a ball of white 
light rotating at high speed through the Mi- 
crocosmic Orbit. 

This ball or beam of light may exist continu- 
ously at the Qigong doctor’s Baihui GV-20 
point throughout the duration of the medita- 
tion and several hours afterwards. The de- 
grees of light sensations and their colors will 
vary in accordance with the doctor's skill 
level. Also, it is this beam of light that the 
Qigong doctor will later utilize for inner vi- 
sion diagnosis. 

2. Sound Sensations are sometimes experienced 
during treatment, such as a rustling, rum- 
bling, or high-pitched sound. 

3. Specific Smell Sensations may occur, such as 
the sweet scent of sandalwood, or fragrances 
of various flowers, or incenses. 

4, Fainting (Syncope) can occur during Qigong 
‘treatment. A few patients may suffer from 
perspiration and accelerated heart rate, fol- 
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lowed by syncope (fainting). When this oc- 

curs, the doctor lightly presses the patient's 

channel points: Baihui (GV-20), Mingmen 

(GV-4), Jiangjing (GB-21), and Yintang (Extra 

Point). The doctor then grasps the shoulders 

and presses down on the GB-21 points with 

force. Finally, the doctor emits Qi along the 

Governing and Conceptual Vessels and leads 

the patient’s Qi to the Lower Dantian. This 

allows the patient to recover consciousness. 
‘THE INCREDIBLE WONDERS 

The Qigong doctor's ability to have complete 
conscious and automatic control over the patient's 
reaction to energetic projections constitutes what is 
knowns the Incredible Wonders. When the Qigong 
doctor takes control over the patient’ energetic pro- 
jections, he or she can willfully initiate the patient 
toexperience various colored lights, sounds, smells 
and other sensations according to the Qigong 
doctor's will. This procedure is commonly known 
as Cultivating the Spirit to Generate Wonders. 

When the Qigong doctor emits energy towards 
patients to treat their diseases, most patients will 
either instantly or gradually feel some form of en- 
ergetic sensation from the increased life-force en- 
ergy. The degree of energetic sensation felt by pa- 
tients is in accordance with their emotional /spiri- 
tual sensitivity and degree of connection to their 
‘own physical body. 

The sensations of Yuan Qi are the most com- 
‘mon reactions felt by both the Qigong doctors and 
their patients. In rare instances some patients dis- 
play no physical effects and experience no Qi sen- 
sations during treatment. These patients can still 
achieve good therapeutic results by improving the 
degree of their emotional /spiritual connection to 
their body. 

In some cases, patients may even feel miser- 
able or uncomfortable. When this occurs, they 
should continue training so that their Righteous Qi 
can overcome their Evil Qi. This ongoing battle will 
also affect their spiritual and emotional being. Fear 
usually arises at this point causing them to ques- 
tion their ability to continue in their practice. This 
isa normal transition and can be resolved through. 
encouragement, patience and continual practice. 


CONTRAINDICATIONS FOR MEDICAL 
QIGONG THERAPY 

There are several contraindications that the 
Qigong doctor should be aware of before treating 
patients, or even prescribing Medical Qigong ex- 
ercises. The following is a list of different person- 
ality types that may be encountered in the clini- 
cal settings that require special treatment modifi- 
cations. 

1. The very “nervous” type of patient should not 
practice Medical Qigong, or must be under 
strict supervision due to the patient’s emo- 
tional instability. 

2. The “extreme temperament” type of patient 
who hasa fanatical type of personality should 
also avoid Medical Qigong training or remain 
under strict supervision. Patients of extreme 
temperament generally suffer from Excess 
disorders and compulsive overtraining, They 
are therefore prone to Qi deviations. 

3. The “extremely introverted” type should be 
careful when practicing Medical Qigong 
meditations because strong emotions may be 
set into motion, and even certain mental dis- 
orders may be violently released that the pa- 
tient may have been unaware of. 

4. The “narrow minded” type will generally 
condense Qi into smaller areas of the body 
causing stagnations. Such patients should be 
instructed to relax and let go of their stress to 
allow the condensed energy to disperse. 

5, Patients with the following conditions should 
be restricted to very specific Medical Qigong, 
therapy: serious mental disorders, congestive 
Heart failure and severe organ failure, severe 
hemorrhaging, menstruation, nerve suppres- 
sion, bone fracture, pregnancy, geriatric pa- 
tients, young children, and cancer patients 
(Figure 29.3). 

* Patients with mental disorders such as schizo- 
phrenia and bipolar (previously called manic 
depression) disorders (or individuals with a 
family history of such mental diseases), 
should refrain from training. The Qigong ex- 
excises and meditations could induce symp- 
toms of these said disorders, or could enhance 


Medical Qigong 
Prescriptions must 
lodified 
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Mental Disorders 


gestive Heart Failure and 
Severe Organ Failure 


‘ancer Patients 


Figure 29.3, Restricted Conditions for Prescribing Medical Qigong Exercises and Meditations 


the symptoms due to the patient's mental and 
emotional instability 

* Patients with congestive Heart failure and 
severe organ failure (any internal organ that 
has experienced an energetic collapse), require 
that the treatment be specifically oriented to- 
wards this condition. 

+ Patients with severe hemorrhaging require pre- 
scriptions that prevent the leakage of Blood and 
Qi, since Blood and Qi flow together. 

‘* Women during their menstruation cycle 
should not store Qi in their Lower Dantian. 
Any Blood and Qi stored in the uterus will 
purge from the woman’s body naturally, 
drawing with it any Qi stored within the 
Lower Dantian. 

« Patients suffering from nerve suppression 
(cervical spondylosis) may experience a wors- 
ening of their condition. In severe cases, the 
additional pressure on the nerve roots may 
complicate the patient's condition, especially 
when the body's energy field expands caus- 
ing the Marrow within the spinal column to 
ascend. 

« Patients with bone fractures must first have 
the bones set correctly and immobilized to 


prevent further injury. The subtle involuntary 
movements of the limbs during Qigong treat- 
ment or practice can disturb the bone’s heal- 
ing process. 

Pregnant women must be treated by a Medi- 
cal Qigong doctor who specializes in obstet- 
rics, otherwise the risk of involuntary abor- 
tion (miscarriage) or other complications can 
arise. 

The treatment of geriatric patients prohibits 
Dynamic Qigong because of the delicate na- 
ture of their internal tissues. All exercises and 
meditations should be kept slow, quiescent, 
and tranquil. 

The treatment of young children requires that 
all exercises and meditations be age appro- 
priate, and be specifically oriented toward 
healing his or her disease. Some Qigong ex- 
ercises, meditations and treatment methods 
may interfere with the natural development 
of the child’s internal organs and tissues. 
The treatment of cancer patients requires 
modified prescriptions in accordance to the 
specific disease. With certain cancers, Dy- 
namic Qigong is contraindicated to prevent 
the cancer from further metastasizing. 
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voltag 


that outputs a binary number. This sys- 
tem is very fast but has limited resolu- 
tion. 


+A successive approximation converter 
uses a single comparator, comparing 
the input voltage with the output from 
a DAC. The binary number that is sup- 
plied to the DAC is determined one bit 
at a time, from the most significant to 
the least significant bit, using the com- 
parator’s result to determine if the bit 
should be 0 or 1. These bits are stored 
ina register, called a successive approx- 
imation register (SAR). When the pro- 
cess finishes, the SAR contains a binary 
representation of the input voltage. 
This type of ADC can achieve high reso- 
lution (many bits) at the cost of lower 
conversion speed. 


+ Ina dual slope converter, a capacitor is 
charged for a fixed time, with a rate 
proportional to the input voltage, then 
discharged at a known rate while 
measuring time by counting clock pul- 
ses. The resulting count is the ADC out- 
put. 


The name of the converter is derived 
from the voltage on the capacitor. 


+ A voltage-to-frequency converter uses a 
voltage-controlled oscillator to pro- 
duce pulses with a frequency propor- 
tional to the input voltage. If the pulses 
are counted over a fixed time interval, 
the count is proportional to the signal 
level 


The number of the bits in the output from an 
ADC must be sufficient to digitize the input 
voltage range with desired accuracy. Because 
the voltage range may contain unexpected 
peaks, a cautious strategy is to use many more 
bits than are necessary. However, this means 
that for most of the time, only a few bits will be 
Used to represent the low end of the voltage 
range, and accuracy will suffer. 


For example, suppose a voltage input normally 
ranges from OV to 2V, with occasional brief 
excursions to 8V. An 8-bit ADC can provide 256 
digital values to represent input voltages. If the 
values are spread uniformly over the full 8V 
input range, the least significant bit can meas- 
ure 1/32nd of a volt, or about 31mv. Smaller 
voltage fluctuations will be ignored. On the 
other hand, if the 256 values are used to meas- 
ure a range of just 2 volts, the least significant 
bit can measure 1/128th of a volt, or slightly 
less than 8mV—but voltages higher than 2V 
will be clipped. 


‘An ADC will typically require a reference volt- 
age, and will digitize the range from OV to that 
voltage. The reference voltage must be chosen 
with the issues of accuracy and range in mind. 


‘A microcontroller may provide a feature in its 
language to perform automatic scaling of an 
analog input within limits set by a variable in 
program code. This is done by comparing the 
input with a selectable voltage level, such as 
the voltage of the power supply, an externally 
supplied voltage, or a fixed built in reference. 
While the ADC in the microcontroller normally 
digitizes values from OV to the supply voltage 
for the chip, the conversion routine can instruct 
the microcontroller to use its full number of bits 
(often, 10) to digitize an input range from OV to 
W. 


For a higher sample rate, an ADC chip may be 
connected with the microcontroller over an I2C 
or SPI bus. 


2. Analog: Resistance 


Resistance-to-Voltage Conversion 
A sensor that changes its resistance as it 
responds to its environment can be placed in a 
voltage divider to provide an analog voltage 
output. This is illustrated in Figure A-3. 
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CHAPTER 30 


BALANCING THE BopDy’s ENERGETIC SYSTEM 


PURGING, TONIFYING, AND 


REGULATING 

In Medical Qigong therapy, successful results 
can be achieved only when the doctor adheres to 
the principle of “treating Deficient syndromes with 
tonification and Excess syndromes with purgation.” 
Tonification supplements the insufficiency and 
strengthens the body’s resistance, while purgation 
reduces the Excess and expels pathogenic factors. 
The final aim is to balance Yin and Yang to regulate 
the physiological functions of the body. 

‘Medical Qigong Therapy adheres to the tradi- 
tional Chinese medical explanations of illnesses and 
general principles of healing. Only the techniques 
used during treatment differ. Qigong doctors Purge 
the patient's body, then emit Hot or Cold Qi in con- 
junction with the Five Elemental energies, using 
various hand manipulations, including: pushing, 
pulling, rotating, leading, and shaking. 

‘Through energy extension, the doctor can re- 
inforce the patients body's resistance to patho- 
genic factors, replenish the Yin and Yang organ 


THE THREE TREATMENT MODALITIES 
Medical Qigong therapy is divided into three 
treatment modalities (Figure 30.1). These treat- 
ment modalities enable the Qigong doctor to 
purge, tonify, and regulate the patients’ body. 

‘These techniques are described as follows. 

1. Medical Qigong Purging techniques are used 
by the doctor to treat the patient's Excess syn- 
dromes, and to detoxify the body of pathogenic 
Qi. The “lower aspect” of classical Chinese 
medicine governs the treatment of the patient's 
illness and corresponds to Earth. It involves 
‘purging pathogenic influences and dispersing 
stagnations in order to cure the patient's ill- 
nesses. This allows the patient the ability to re- 
move Excess Qi from organs and tissues. 

. Medical Qigong Tonification techniques are 
used by the doctor to treat the patient’s Defi- 
cient syndromes, as well as strengthen and 
stabilize the organs and organ systems. The 
“middle aspect” of classical Chinese medicine 
governs the nourishment of the patient's na- 
ture and corresponds to Man. It involves help- 
ing the patient prevent illness by tonifying 


energy and enhance mental clarity. 


I Tl 


Li 


Yin Yang ‘Yin Yang Yin Yang Yin Yang Yin ‘Yang Yin Yang 
excess Yin Excess Yang, [Deficient Yang Deficient Yin) Excess Yin __Exoess Yang 
(Fun Cold) __(Full Heat) (Empty Cold) (Empty Heat) [Deficient Yang Deficient Yin 


In cases of Excess, 
the doctor should Purge. 


In cases of Deficiency, 
the doctor should Tonify 


In cases of Excess and Deficieny 
combined, the doctor should Regulate. 


Figure 30.1. Purgation, Tonification, and Regulation 
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Heaven — Reguiation 


Man 


Earth 


Purgation 


Balance Qi and Blood —— Nourish the Patient’s Destiny 


Tonification — Treat Deficient Conditions — Strengthen the Body to Prevent lliness 


Treat Excess Conditions — Detoxify the Body to Treat lliness 


Figure 30.2. Ancient Chinese Perspective on Purgation, Tonification, and Regulation 


organ energy Deficiencies. This allows the 
patient the ability to replenish organ energy 
depletions and tissue emaciation. 

3. Medical Qigong Regulation techniques are 
used by the doctor to balance the patient's Yin 
and Yang energy, as well as organ Qi. The 
“highest aspect” of classical Chinese medicine 
governs the nourishment of the patient's des- 
tiny and corresponds to Heaven. It involves 
regulating the patient's Three Dantians, Taiji 
Pole, Yin and Yang organs and energy fields. 
Regulation techniques promote a balance of 
Jing, Qiand Shen for the optimal development 
of all the aspects of man, ie. body, mind, 
emotion, spirit and energy. Thus, in China, 
Medical Qigong regulation is said to “nour- 
ish the patient's destiny” (Figure 30.2). 


PURGATION TECHNIQUES 
The patient's body can be dredged and 
purged by using two different expelling methods. 
The first method is the direct removal of patho- 
gens from the patient's tissues and organs. The 
second method is the indirect purging of the 
patient's tissues and organs through the channels 
and points of the patient’s body. These two meth- 
ods serve two different purposes: The Direct Re- 
moval of Pathogenic Factors, and ‘The Purgation 
of Channels and Points. 
1. The Direct Removal of Pathogenic Factors is 
achieved through extending Qi into the tis- 
sues and organs where they are lodged, and 
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dredging the Toxic Qi directly out of these 
locations. This method is used to expel pain 
due to Excess Heat or Cold. The various tech- 
niques used in this type of purging employs 
stationary Qi-guiding manipulations. The 
various hand manipulations used for the di- 
rect removal of pathogenic factors consists of 
such techniques as: The Five Thunder Fingers 
Hand Posture, Shaking and Trembling Hand 
Posture, Bellows Palm, Vibrating Palm, Drag- 
on’s Mouth Palm, Tiger Kneading Palm, and 
Spiraling Palm (see Chapter 33). 

2. The Purgation of Channels and Points tech- 
niques are used to expel External pathogenic 
Evils (such as the invasion of Wind, Fire, Heat, 
Dry, Damp, Cold, and environmental toxins, 
etc.), or Internal pathogenic Evils (such as fear, 
anger, and grief, etc.) from the organs and tis- 
sues of the body. Itis also used to redirect Re- 
bellious Qi (e.g, Stomach Qi). The various 
techniques used in this type of purging em- 
ploys dynamic-linear Qi-guiding manipula- 
tions such as the Pulling, Leading, and Guid- 
ing methods (see Chapter 34). 


TONIFICATION AND PURGATION 
MeTHops. 

The doctor should always purge before 
tonifying the patient's body. In the clinical setting, 
these two methods are often used together in com- 
bination with other methods in treatment. These 
combined methods are as follows. 


TONIFICATION AND PURGATION WITH 
RESPIRATION 

‘Tonification occurs as the doctor exhales while 
guiding and directing Qi into the channels, points, 
and the internal organs and tissues of the patient's 
body. Purgation happens when the doctor inhales 
while guiding, emitting, and leading the patient's 
Qi, or pulling the pathogenic Evils out of the 
patient's body. 

During treatment, it is important that the pa- 
tient cooperate with the doctor by matching (if 
possible), per the doctor’s instruction, his or her 
breathing rhythm to the doctor’s treatment. The 
patient should assume a proper posture (lying, 
sitting or standing), relax, and concentrate his or 
her mind on the location being worked on. When 
the doctor exhales and emits Qi toward the pa- 
tient, the patient should inhale to absorb the 
doctor’s Qi into the designated location. When the 
doctor performs purgation, the patient should 
exhale to release Toxic Qi out of his or her body. 
TONIFICATION AND PURGATION ALONG AND 
AGAINST THE CHANNEL FLOW 

With regard to acupuncture therapy, the clas- 
sics say that, “puncturing along the direction of 
the channels yields a tonifying effect, while going 
against it induces purgation.” In Medical Qigong, 
however, due to the Qigong doctor’s nature of 
emitting, leading and guiding the energetic flow 
of Qi, certain modifications are used. The follow- 
ing are a few examples of tonification and purga- 
tion techniques used along and against the ener- 
getic flow of the channels: 

+ Causing Qi to flow up the Yin channels of the 
legs and into their associated organs in the 
torso is considered tonification (think of fol- 
lowing the river to the sea). One example of 
this type of treatment therapy is emitting en- 
ergy into the base of the patient's feet (at the 
Kd-1 points); this causes the energy to flow 
into the torso to strengthen the Kidneys. 

* Moving Qi from the torso down the legs 
against the flow of the leg Yin channels is con- 
sidered purgation (following the river from 
the sea). One example of this treatment 
therapy would be pulling Excess Qi from the 
Liver organ, down the right Liver channel and 


out the feet to sedate the Liver Fire (the Gall 

Bladder Channels can be used to purge Ex- 

cess energy from the Liver organ down the 

Jeg Yang channels). 

‘+ Moving Qi against the flow of the arm Yin 
channels into their associated organs is con- 
sidered tonification (think of following the 
river to the sea). One example of this treat- 
ment would be emitting energy from the base 
of the thumbs, at the Lu-11 points, into the 
torso to strengthen the Lungs. 
Moving Qi against the flow of the arm Yang 
channels into their associated organs is con- 
sidered purgation (following the river from 
the sea). One example of this treatment would 
be pulling Qi against the flow of the Large 
Intestine Channels down and out the hands 
to purge Excess Qi in the head. 
TONIFICATION AND PURGATION POINT 
THERAPY WITH THE HORARY CYCLE 

When prescribing Jing Point therapy as a 
means of self-regulated homework, the Qigong 
doctor encourages the patients to follow the for- 
mula of tonification and purgation according to 
the energetic flow of the Horary cycle. According 
to ancient Chinese medical theory, the ebb and 
flow of Qi and Blood along the different channels 
is related to designated days and hours (see Chap- 
ter 11). This theory applies to two specific tissue 
‘manipulations: Holding the Point for Tonification, 
and Closing the Point for Purgation. 

+ Holding the point for tonification requires the 
patient to use the Massage Tapping method 
(cee Chapter 37) on specific points two hours 
prior to its opening or peak flourishing time 
(high-tide), 

* Closing the point for purgation of the inter- 
nal organs or channels requires that the 
Qigong doctor drain the diseased area at high- 
tide (when it is most full of Qi and Blood). 
When the patient is applying Jing Point 
therapy for homework prescriptions, how- 
ever, the application is quite different. This 
technique requires the patient to use the Mas- 
sage Tapping method on specific points two 
hours after its opening time. 
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The patients may also be instructed in self- 
massage using the Tapping method for self-heal- 
ing. If the patient has a Kidney disease, for ex- 
ample, the specific points should not be tapped 
during its peak time (5-7 p.m.), but rather two 
hours prior to its peak time (3-5 p.m.). This will 
improve the Kidneys’ function. 


TONIFICATION AND PURGATION 
GUIDELINES 

When the Qigong doctor purges and tonifies 
a patient, he or she must remember to adhere to 
the following guidelines carefully. 
GUIDELINES For THE DocToR 

When treating the patient, the doctor must 
always consciously direct and be aware of the 
movements of each hand. 
* Generally, the right hand is used for tonifica- 
tion, while the left hand is for purgation. Dis- 
eases that require purgation are treated by 
draining Toxic Qi with the left hand. Diseases 
that require tonification are treated by extend- 
ing Qi through the right hand. 
+ Turning hands towards the body is used for 
tonification, while turning the hands away 
from the body is used for purgation. 
* Moving the hands away from the body and 
upward can regulate the Yang energy, caus- 
ingit to rise, and is inclined to tonify. Moving 
the hands downward pulls the Yang energy 
down, and is inclined to purge. 
* Clockwise drilling (the palm or extended fin- 
gers move in a clockwise direction over an 
area) is used for tonification and increasing 
Qi; counterclockwise drilling is used for pur- 
gation and decreasing Qi. 
GUIDELINES FoR THE PATIENT 

‘The patient, (like the Qigong doctor), must be 
aware of hand movements when practicing 
Qigong prescriptions. In addition, the patient 
must be aware of his or her posture, respiration, 
and mental attitude. 

© The eyes are open for purgation; closed eyes 
are used for tonification. The patient should 
apply these principles according to the symp- 
toms of the disease. 


‘+ Inhalation is used for tonification, exhalation 
is used for purgation. During purgation treat- 
ments, the patients assume the proper pos- 
tures, relax, and concentrate their mind on the 
disease area while exhaling the pathogenic Qi. 
This exhalation technique is used not only to 
promote the removal of the surfacing toxins, 
but is also used to enhance the doctor's effi- 
cacy in purging the diseased area. 

* The audible and silent tone resonations (see 
Chapter 40) also have the function of either 
tonification and purgation. Speaking the si- 
ent tone when inhaling can be used for 
tonification; while exhaling, the tone is used 
for purgation. 


UNDERSTANDING MEDICAL QIGONG 
REGULATION 

The Qigong doctor must master three main 
techniques of Qi regulation to facilitate clinical 
healing through Qi emission. These techniques 
include: Training the Qi, Guiding and Inducing, 

Tonifying and Purging the Qi, and Emitting the 

aq. 

1, Training the Qi exercises and meditations are 
used to gather Qi and to promote its circula- 
tion within the body. The Qigong doctor must 
have an extensive comprehension of several 
Medical Qigong techniques used to gather 
and circulate energy throughout the body. 
This includes a complete understanding of 
Postural, Respiratory, and Mental Dao Yin 
modalities, as well as the static and dynamic 
clinical modalities. These training techniques 
provide the Qigong doctor with the ability to 
regulate and balance the patients’ Qi, and set 
the foundation for the patients’ Medical 
Qigong prescriptions. 

2. Guiding and Inducing, Tonifying and Purg- 
ing the Qi are used to circulate Qi within the 
external field of energy (Wei Qi). These tech- 
niques require a complete understanding of 
guiding and inducing (leading the Qi), and 
tonifying and purgation techniques, to being 
able to rectify Qi deviations and remove en- 
ergy blocks 


These training techniques provide the 
Qigong doctor with the foundation for the 
patients’ Medical Qigong therapy. 

3. Emitting Qi techniques must be learned and 
perfected by the doctor. The Qigong doctor 
must have an extensive understanding of the 
multiple techniques used to extend Qi into the 
patient's body. These include electromagnetic 
energy, light, sound, and hot and cold Qi pro- 
jections. These training techniques and abili- 
fies also set the foundation for the patients’ 
Medical Qigong therapy (see Chapter 34). 


QI REGULATION AND GUIDING 
PRINCIPLES 

Qi regulation is considered a combination 
technique for reinforcing and reducing. It is used 
to readjust and balance the Yin and Yang energy. 
If the patient’s Qi rises adversely, the doctor 
should guide and secure it downward. The same 
principle is applicable for any Deficiency or Ex- 
cess of Qi in the left or right sides of the patient’s 
body. 

Qi regulation also includes purgation after 
tonification, and tonification after purgation. This 
method of guidance is used when Qi stagnation, 
stasis of Blood, or disorders of the channel Qi de- 
velop. Under pathogenic conditions, Qi of the vis- 
cera and channels may become weak and stag- 
nant. This is manifested by symptoms such as list- 
lessness, general weakness, and the hypofunction 
of certain organs or tissues. Stagnation of Qi and 
stasis of Blood can also obstruct the channels caus- 
ing pain. Pain may also be caused by outside 
pathogenic factors such as trauma, inflammation, 
muscular spasms, and adhesive degeneration. In 
these circumstances, the channels are dredged to 
promote Blood circulation, and to remove the sta- 
sis in order to relieve spasms, and dispel pain. 

Every organ in the body has its own Qi that 
circulates and interacts with the rest of the body. 
When the normal function of the organ is affected, 
the circulation of Qi may become disturbed. This 
disturbance of Qi in one organ may influence the 
functional balance of the whole Qi system. 

‘The doctor regulates the patient's channel Qi 
by dredging the channels and collaterals. This fa- 


cilitates Qi circulation and leads Qi back to its ori- 
gin. In the case of a weak and hypofunctional 
Lung Qi, for example, emitting Metal-Qi plus 
Pushing, Shaking and Leading manipulations (see 
Chapter 34) can be adopted to activate the Lungs’ 
Qi. The combination of these techniques causes 
the channels’ Qi to overflow freely, thus improv- 
ing the function of the Lungs. 


ENERGY BALANCING PROCEDURES 

When extending energy into the patient the 
‘main emphasis is placed on balancing the patient's 
energetic fields. The doctor must have both physi- 
caland emotional releases from the patient's body, 
to detoxify and liberate the trapped Qi 

Tt is important to not let the patients avoid 
facing their problems; keep them centered around 
the troubled area, focused on the awareness of 
what they are feeling. Basic energy balancing pro- 
cedures are as follows. 

1. Ifthe treatment area is Hot, cool it down. The 
doctor must continue treating the patient un- 
til the Hot area has cooled. A strong and quick 
moving hand gesture is best used to treat a 
Heat syndrome. 

2, If the treatment area is Cold, heat it up. For a 
Cold syndrome, use a longer treatment to 
warm up the channel in the area treated, to 
eliminate the Cold. 

3, Ifthe tissue’s energy is dark or cloudy, change 
it to light and clear. 

4. If you feel tingling on any area or organ, re- 

main there until the tingling subsides and the 

organ or area completes its energetic unwind- 
ing. Tingling in an area indicates that the 
patient's body is releasing an energetic clus- 
ter. The patient may or may not be aware of 
any feelings or sensations when this occurs. 
. Ifthe area is emitting electric shocks, dampen 
or sedate it by connecting it with its associ- 
ated organ. Connecting Yang (positive) into 

Yin (negative) will ground the energy. 

6. If you sense pressure or Excess, dredge the 
area, and circulate the Qi. 

7. If you feel intense pulsation, decrease the in- 
tensity and make it rhythmical. 

8. When treating an energetic field that is De- 
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Upper Dantian 


Figure 30.3. Locations of Energetic Blockages 


pressed (sinking or contracting inward), use 

an “ascending method” of Qi manipulation 
for tonification (i.e., move and emit Qi from 
the lower areas of the body upwards). Some 
‘examples of this type of ailment are: 

* Lower Burner Depression 

© Middle Burner Depression 

+ Immune System Depression and Breakdown 

* Autoimmune Diseases (Lupus and 
Fibromyalgia) 

* Chronic Fatigue Syndrome 

+ Heart Failure 

* Kidney Failure 

* Prolapse of the Stomach 

9. Assign Medical Qigong prescriptions for pa- 
tients, including meditations and exercises, as 
needed. 

10. Treat patients with severe diseases by: 

* Stopping and controlling the spread and de- 
velopment of the disease, 

* Stopping the patient's Excess consumption of 
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‘+ Treating the cause and root of the disease, after 

the patient's condition is under control, and. 
+ Assigning homework. 

11. For chronic diseases, use the method of purg- 
ing and dredging stagnation to move any 
impacted Qi. 

12. For sprains, use Qi compression (using the Qi 
to press the tissues) around the local area. Close 
the channels surrounding the sprain first, iso- 
lating the trauma. Then pull out the stagnant 
Qi. If the doctor immediately treats the local 
area, he or she will disturb and further compli- 
cate the injury. It is important to close off the 
surrounding channels around the wound first, 
leaving only the affected channel open, before 
pulling out the stagnant Qi. This controls the 
flow of energy in to the stagnated area. 

Check the patient after seven treatments to 
determine if-the therapy has been effective. Re- 
evaluate each patient according to each indi- 
vidual’s constitution. 


CLINICAL OBSERVATIONS OF 
PATHOLOGICAL ENERGETIC 


PATTERNS 

When the Qigong doctor begins to treat pa- 
tients, certain energetic observations and phenom- 
enon will be experienced while diagnosing the 
energy inside the patient's tissues. These energetic 
experiences are quite different from the Eight En- 
ergetic Touches which focus on the feelings of the 
body after meditation practice (see Chapter 29). 
The Internal conditions of the patients’ disease, 
its energetic nature, as well asits clinical manifes- 
tation, are expressed through the following: Hot, 
Cold, Deficient, Excess, moving, stagnant, Damp, 
Dry, Clear (Clean), Turbid (Impure), open (acces- 
sible), closed (armored), and leaking, 


LOCATIONS OF ENERGETIC 
BLOCKAGES 

In clinical practice we generally observe six 
‘main areas in the patient's body where energy be- 
‘comes trapped and blocked. Each energetic block- 


age is an expression of the patient's ability to armor 
and protect him or herself from emotional wound- 
ing, These six main areas in the patient’s body can 
be the foundational base and the root cause for the 
patient's disease (Figure 30.3). These six main areas 
are described as follows. 

‘THE AREA oF THE HEAD 

‘The area in the cranium thatis most commonly 
obstructed is within the base of the occiput, at the 
back of the head. This obstruction is usually noted 
within patients who suffer from migraine headaches, 
and brain tumors. This barrier is often created 
through chronic stress patterns which cause the 
Liver’s Heat to rise up the patients’ back and be- 
come trapped inside the head. This condition is 
usually caused by intense concentration. Too much 
hhard focusing can also cause Qi to condense and 
stagnate. The location of Qi obstructions due to 
physical trauma vary according to each type of 
trauma, and the and the severity of the injury. 
THE AREA OF THE THROAT 

This area separates the Upper Dantian (the 
spiritual / perceptive center) from the Middle 
Dantian (the emotional /empathic center). Mes- 
sages of divine inspiration and awareness descend 
downward from the Heavens through the Baihui 
area seeking to stir the emotions of the Heart. If 
the patient is not receptive (due, for example, toa 
disconnection or even a resistance to spiritual 
growth) a barrier is sometimes formed within the 
patient's throat, dividing the Upper Dantian from 
the Middle and Lower Dantians. 

This barrier can also be created to stop emo- 
tions from flowing through the Heart and rising 
upward tobe released through the windows and 
caverns of the soul (the eyes, ears, nose, tongue, 
body, and spirit). If, for example, the teeth become 
clenched and the throat tightens from feelings of 
gtief or anger, these emotions can become trapped 
in the throat, forming a “plum seed” or “knot.” 
When the Lungs’ Qi congeals in the areas of the 
upper chest, shoulder blades, neck and the back 
of the occiput, this indicates chronic suppression 
of these emotions. It is also evidence of the mind 
and body struggling to reconnect and express the 
‘emotional and spiritual self. 


THE AREA OF THE HEART 

The Heart is energetically divided into two 
main chambers. The upper chamber houses and 
responds to spiritual emotions, while the lower 
chamber houses and responds to sensual emo- 
tions. 

Patients will tend to suffer not only from re- 
pressing their basic biological drives (the sensual 
emotions based in the lower chamber of the 
Heart), but also by repressing their emotional con- 
nections with the divine (by failing to accept their 
higher spiritual calling or spiritual enlightenment 
associated with the upper chamber of the Heart). 
The higher self is the focal point of the 
superconscious realm; it is all-inclusive and at the 
very center of our being where individuality and 
universality blend (center core), 

Patients who have chronically armored their 
Heart tend to exist in a state of guarded suspi- 
cion. This pattern of emotional suppression tends 
to lead to Qi stagnation and the creation of dis- 
‘ease. When patients armor their upper chamber, 
they tend to hide in the emotions of their lower 
chamber and visa versa. Patients who armor the 
upper chambers of the Heart, for example, may 
become involved in relationships of extreme sen- 
sual passions related to the Heart's lower cham- 
ber, to avoid painful unresolved issues hidden 
within the past. The deeper and more energeti- 
cally charged the issues, the stronger the sensual 
passions. Whereas, patients who armor the lower 
chamber of the Heart, might become involved in 
relationships of extreme spiritual, or religious pas- 
sions related to the Heart's upper chamber to hide 
from their painful unresolved issues. The deeper 
and more energetically charged the issues, the 
stronger the spiritual or religious passion. 

THE AREA OF THE DIAPHRAGM 

The diaphragm area separates the Middle 
Dantian (the emotional center) from the Lower 
Dantian (the physical /sexual center). When abar- 
rer in this particular area is created, it separates 
the emotional Heart from feeling the sexual pas- 
sion which rises up from the Lower Dantian and 
the Kidneys’ area. 

It is interesting to note that patients with a 


SECTION 7: THE TREATMENT PRINCIPLES OF MEDICAL GIGONG THERAPY 


Energetic 
Complications. 
and 
Stagnations 


Compressed Energy Stagnation 
Contracted Energy Stagnation 
Bloated Energy Stagnation 
Expanded Energy Stagnation 
Energetic Armoring 

Energetic Depletion 

Energetic Leakage 

Migrating Qi Deviation 
Psychosexual Qi Deviations 


Figure 30.4. The Body's Energetic Complications and Stagnations 


barrier in the diaphragm sometimes enjoy the 
physical sensations of sexual intercourse, but are 
separate from their spiritual /emotional connec- 
tion to true bonding or “oneness” with their part- 
ner. Again, the connection between the emotional 
spirit and body /mind has been severed. 

‘THE AREA OF THE YELLOW CouRT 

The Yellow Court (CV-12) is an area located in 
the center of the chest, just below the diaphragm 
and xiphoid process of the sternum. Its function is 
that of being the access area to release the body’s 
internal organs’ emotional memories. Its location 
isalsoattributed to the Third (solar plexus) Chakra. 

To access the patient's stored emotional 
‘memories and release them from the Yellow Court, 
the Qigong doctor supports the patient’s Shendao 
GV-11 Gpirit Gate) with the left hand while ener- 
getically manipulating the patient's Yellow Court 
area with the right hand. If the patient is not en- 
ergy sensitive, the doctor uses a slight Compres- 
sion/Release technique (see Chapter 37) to dis- 
perse the patient's armoring system. 

The patient should be in a supine position, 
with knees pointed upward, feet flat, arms by his 
orher sides, mouth open, inhaling deeply into the 
Lower Dantian. As the patient exhales, the doctor 
lightly compresses the patient's Yellow Court un- 


tila deep groaning sound begins to resonate from 
the patient's thorax. The doctor circulates the en- 
ergy from the patient's Yellow Court into the 
Shendao, filling up the patient's Heart with en- 
ergy. The doctor then moves this energy back into 
the patient's Yellow Court. This process continues 
until the patient's suppressed emotions surface 
and are released. 

‘Note: It is important to first purge and release 
the Lungs of grief before attempting to access the 
patient's Yellow Court. 

THE AREA OF THE LOWER ABDOMEN 

This area also separates the Lower Dantian 
from the Middle Dantian, insulating the sexual 
feelings from the middle and lower torso. This 
‘energetic freezing of the pelvis is usually found 
in victims of rape, sexual molestation, or in 
women who have had one or more abortions. The 
Qi flowing into the lower pelvis and legs becomes 
blocked due to stored fear, shame, guilt, and sor- 
row. Sometimes the patient's physiology in that 
particular area may become obese; the abdomen, 
thighs or hips may be heavily padded and ar- 
mored due to Qi stagnation. Often times, victims 
of childhood sexual abuse become overall obese 
to avoid attracting the opposite sex, or to block 
and pacify these hidden traumatic memories 


TYPES OF ENERGETIC COMPLICATIONS 

Each organ and channel has the potential to 
carry or create several types of energetic compli- 
cations and stagnations. The doctor should ob- 
serve and feel the shifts in the patient's energetic 
balance to determine the specific conditions of the 
disorder Figure 30.4). 
CompresseD AND CONTRACTED ENERGY 
STAGNATION 

Compressed or Contracted energy stagna- 
tions are sometimes considered a Yin condition 
due to the type of energetic compression involved 
in its formation. 

‘* Compressed Stagnation is caused by the pa- 
tient’s energy pressing downward (externally 
moving inward) and will feel armored and 
hollow (Figure 30.5). When this type of ener- 
getic stagnation disperses it does not energeti- 
cally unwind, but disperses and dissolves into 
the surrounding tissue areas. Because the 
patient's surrounded consciousness has ar- 
mored the tissue area, the energetic disper- 
sion can sometimes cause spontaneously re- 
leased emotions or behavior such as crying, 
laughing, shouting, screaming, sighing, 
coughing, etc. 

Contracted Stagnation is caused by the 
patient's energy pulling inward, and will gen- 
erally feel armored and solid (Figure 30.6) 
This type of energetic stagnation can be 
formed by an emotional core, or focused con- 
centration, that draws additional Qi into its 
center, compacting the belief structure, layer 
after layer with energy. When this type of en- 
ergetic stagnation disperses it can sometimes 
begin energetically unwinding throughout 
the entire body. This energetic unwinding 
sometimes creates involuntary muscle 
twitches and physical undulations. 

Body tissues and muscles accumulate emo- 
tional energy, becoming hard and tense in the 
adjacent areas. Denseness indicates the accumu- 
lation of pathogenic stagnant Qi. If this energy 
block remains, disease can manifest as ovarian 
cysts and tumors, or even in extreme cases as cer- 
vical cancer. Breast cysts, tumors, and cancer can 
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Figure 30.5. Compressed Stagnation 


Figure 30.6. Contracted Stagnation 


result from stagnant Qi in the Lungs, or from a 
combination of Lung and Liver Qi stagnation. This 
type of stagnant energy feels very Hot and vola- 
tile because of the accumulated anger and rage. 
‘Treatment Principals for Compressed and Con- 
tracted Energy Stagnation 

The Qigong doctor disperses and purges the 
patient's stagnant Qi using the Thunder Palm 
technique, Tiger Kneading techniques, and coun- 
terclockwise Circular Spiraling (see Chapter 34) 
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BLOATED AND EXPANDED ENERGY 
STAGNATION 

Bloated and Expanded energy stagnations are 
sometimes considered a Yang conditions due to 
the type of energetic expansion involved in their 
formation. Qi stagnation, with a characteristically 
expansive or bloated appearance, can be caused 
from an accumulation of Phlegm and Body Flu- 
ids (in addition to Qi and Blood) in the adjacent 
tissue areas of the body (Figure 30.7 and 30.8). This 
type of stagnation usually occurs in the Lower 
Dantian and abdominal areas. These are examples 
of Excess syndromes of stagnant energy and mani- 
fest as: distending, turbid, leaking, tingling, and 
dense Qi. 

If this type of energy stagnation remains ob- 
structed, the resulting disease can manifest as 
edema within the tissues, colitis, or angina pecto- 
ralis due to unprocessed despair and grief (in the 
Lungs) with anxiety (in the Spleen). The energy 
of grief and despair feels thick, heavy, and slimy 
like phlegm or mucus. Often this energy is felt in 
the Lungs, as well as in the Spleen. 

‘Treatment Principals for Bloated and Expanded 
Energy Stagnation 

The Qigong doctor disperses or dissolves the 
patient's stagnant Qi by using the Tiger Knead- 
ing, Vibrating Paim, and Shaking Palm techniques 
(see Chapter 34). 

ENERGETIC ARMORING 

‘This condition can result from the patient pro- 
tecting specific tissues, organs, or areas of the 
body. Energetic armoring is initiated when the pa- 
tient freezes certain emotional feelings to main- 
tain the denial system. Patients may be unaware 
of this armoring condition because they dissoci- 
ate from the original trauma, or minimizing its 
severity. Emotions attributed to energetic 
armoring are generally manifested as anger, fear, 
guilt, and shame. The angry patient's denial sys- 
tem is maintained through physically or emotion- 
ally attacking others; the anxious patient, full of 
fears, guilt, and shame, copes by “Shening out.” 
Both of these reactions shield the patients in emo- 
tional situations from their own feelings, while 
reinforcing the energetic armoring. 


Figure 30.7. Bloated Stagnation 


Figure 30.8. Expanded Stagnation 


Armoring results in tense organs and tissues. 
When patients cannot feel their body, other com- 
plications can arise, such as compressed, con- 
tracted, bloated or expanded energetic stagna- 
tions. 

‘Treatment Principals for Energetic Armoring 

The Qigong doctor can assist the patient 
through “soul retrieval” to unlock the feelings 
logged deep within the body’s tissues (see Chap- 
ter 19). The primary goal is to first help the pa- 
tients acquire a sense of security within their own 
body, then address the root of the disease. 
ENERGETIC DEPLETION 

Whole body depletion results from the follow- 
ing conditions: 


ey 
Variable 
voltage 
output 
Variable 
resistance 
sensor 


Figure A-3. The basic principle of putting a variable 
resistance sensor in series with a fixed resistance, tocre- 
ate 2 voltage divider. 


To choose the value for the series resistor, if 
Ryyy and Ryyay are the minimum and maximum 
resistance values for the sensor, the optimum 
value Rs for the series resistor, to produce the 
widest variation in voltages, will be found from 
this formula: 


Bruin” Rnax) 


When the sensor has been set up in this way, 
the output can now be processed in the same 
way as any analog voltage output from a sen- 
sor. 


The datasheet of the sensor should be consul- 
ted to make sure that a series resistor value 
does not allow any chance of the sensor being 


3. Analog: Open Collector 

Many sensor packages or modules include a 
ipolar transistor that has an open-collector 
output (or open drain, if a CMOS transistor is 
used). The transistor may or may not be incor- 
porated in an internal op-amp (described in 
Volume 2). Either way, the principle is the same. 


Figure A-4 shows a sensor, in darker blue, that 
has one connection for positive power, another 
connection for negative ground, and a third 


electricity > metering> 


connection to the collector of the internal tran- 
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Figure A-4 How to use an open-collector output fram an 
internal transistor. 


In the upper section of the figure, the sensing 
element is not applying voltage to the base of 
the internal transistor, and the transistor only 
conducts a tiny amount of leakage current. 
Power applied to it through an external pullup 
resistor cannot reach negative ground in any 
nificant quantity, and therefore it can pro- 
vide a voltage input to a high-impedance 
device such as a microcontroller, or can power a 
component such as an LED, which draws rela- 
ely little current (20mA or less). 


In the lower section of the figure, the sensing 
element is now applying voltage to the base of 
the transistor, drastically lowering its effective 
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* Not receiving enough Postnatal Qi for resto- 
ration, resulting in improper internal organ 
functioning, 

‘+ From suppressing emotions (e.g., worry or 
fear), 

+ Experiencing a damaged energetic field due 
to trauma, or 

+ Being born with a Deficient prenatal consti- 
tution. 

Generally, energetic depletion can result in 
physically undeveloped areas in the body. In some 
cases, emotional traumas can cause specific organs 
or tissues to become energetically depleted to the 
degree that their natural development cannot take 
place. 

‘Treatment Principals for Energetic Depletion 
The Qigong doctor, if qualified, can assist the 

patient by prescribing herbal tonics. The patient 

should alsobe encouraged to eat regular, nutritional 
meals and to balance work with relaxation time. If 
the patient's energetic field has been damaged, the 

Qigong doctor can repair it by using Flat Palm and 

Circle Spiraling techniques (see Chapter 34). 

ENERGETIC LEAKAGE 
Energetic leakage is a result of the patients re- 

leasing Qi from out of their joints, due to injury 

or unconscious sabotage. When energy drains 
from the patients’ joints, the specific areas along 
the channels become depleted, resulting in a De- 
ficient Qi which can cause an atrophy syndrome. 

Any type of energetic thinness along the Wei Qi 

field indicates an insufficiency of Qi. A Deficient 

energetic field can result in an empty, numb, or 
weak feeling of Qi within the tissue areas. 

‘Treatment Principals for Energetic Leakage 
The doctor envelops the patient's depleted tis- 

sue area (which is leaking) with Spiral Wrapping 

techniques to create an energetic cast that allows 
the patient's energetic field to completely heal (see 

Chapter 34) 

MIGRATING QI DEVIATION 
Migrating Qi Deviations can result from ei- 

ther the patient's suppressing and avoiding feel- 

ings, or from Wind invasion (either Internal or Ex- 
ternal). In Traditional Chinese Medicine this con- 
dition is known as Wind Bi (Wind Pain) or Wan- 


dering Bi (Migrating Pain). Once patients feel cor- 
nered by a specific memory, they subconsciously 
shift the toxic energy to another part of their body; 
this energetic shifting requires the treatment to be 
restarted. When treating these patients, it is im- 
portant to first connect the original trauma to the 
Heart to prevent these energetic shifts, and to sta- 
bilize the condition. Once stabilized, disperse the 
Wind Invasion and tonify any Deficient organ. 
‘Treatment Principals for Migrating Qi Deviation 
‘The Qigong doctor first envelops the primary 
area of complaint, isolating the pain, and then 
begins to internally Spiral Circulate the patient's, 
internal Qi. Once the energy isin motion, the doc- 
tor leads the Toxic Qi out of the patient's body. 


PSYCHOSEXUAL QI DEVIATION 

Psychosexual Qi Deviations can result from an 
immediate energetic tissue over-stimulation. Pa- 
tients with this condition experience intense sexual 
undulations and orgasms when being treated in a 
safe clinical environment. This reaction is due to 
their avoidance issues, brought about by an ener- 
getic trigger mechanism. This psychosexual reac- 
tion usually takes place when touching any part of 
the torso or extremities. Because the energy seeks 
balance (much like water), when it flows into the 
genital area, the sexual neurons become overstimu- 
lated, activating and releasing the energetic turbu- 
lence already stored therein. This condition ismostly 
found within patients who have either been raped 
or molested as children. 
‘Treatment Principles for Psychosexual Qi Devia- 
tion 

The doctor is encouraged to refer the patient to 
a psychotherapist who specializes in such trauma. 
Meanwhile, the doctor continues to treat the patient 
by rooting the patient’s Heart (emotional chamber) 
to the patient’s Lower Dantian (sexual chamber). 
Once this connection is established, the doctor re- 
connects the patient's Lower Dantian to the patient's 
Upper Dantian (spiritual chamber), forming a com- 
plete body connection within the patient's TaijiPole. 
By reconnecting the sexual chamber with the spiri- 
tual chamber, the doctor empowers the patient, al- 
lowing the patient to reclaim his or her true sexual/ 
spiritual identity. 
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PATIENT'S ENERGETIC FACIAL 
DISTORTION 

Sometimes, when treating a patient, the 
Qigong doctor will notice the patient's facial fea- 
tures energetically distort, changing their facial 
pattern. These facial distortions can appear and 
disappear rapidly, or maintain their illusion for 
several seconds. The cause for the patient's ener- 
getic facial distortion can be brought on by sev- 
eral factors: The Patient Reliving A Past Trauma, 
‘The Ancestral Patterning of the Patient's Jing, or 
The Energetic Manifestations of the Patient's Ac- 
tive Spiritual Guardians. 

1. The patient reliving a past trauma can release 
anenergetic distortion that expresses itself on 
the energy field of the patient's face. This pro- 
jected image reflects the age and time frame 
wherein the patient received the initial 
trauma. Often, as the doctor connects with the 
energetic root of the patient's disease, the 
patient's face will regress to reveal the deli- 
cate features of the patient as a young child. 
This visual facial pattern of energetic age re- 
gression reveals the exact age the patient suf- 
fered the initial trauma. 

2. The ancestral patterning of the patient's Jing 
can also be released as energetic distortions 
that express themselves on the energy field 
of the patient's face. Occasionally, these pro- 
jected images can reflect the patient's ances- 
try, or reveal an ancestral guide. Multiple pro- 
jections of racially identifying features; images 
‘of men, women, and sometimes children will 
appear to shadow the patient's features, much 
asa projected image over an original form. 

3. The energetic manifestations of the patient's 
spiritual guardians are believed to project 
their image onto the face of the patient dur- 
ing treatment. Some cultures accept that these 
guides manifest in the form of animals. The 
animal form will appear to flicker across the 
patient's face and then dissipate. This phe- 
nomenon is the most rarely seen of all the 
energetic facial distortions. 


PATIENT RESISTANCE TO ENERGETIC 
THERAPY 

Sometimes, in order to avoid the painful 
memories, the patient will subconsciously sabo- 
tage the treatments. Resistance can manifest in one 
of four ways. 

1. Falling asleep is a form of physical escape. 

2. Excessive talking is a mental form of avoid- 
ance behavior. 

3. Irritability or sexual response is a form of emo- 
tional escape. 

4, “Shening out,” also called “spacing out,” isa 
form of spiritual escape. 

When observing these patterns, the doctor 
encourages the patient back into the body to feel 
the emotions and memories trapped in the par- 
ticular areas being treated. It is important for the 
doctor to let the patient know the cause and effect 
of the patient’s chosen defense mechanism. These 
personal conversations are necessary for the 
patient's growth and emotional healing. In cases 
of sexual response, tact and appropriate profes- 
sional boundaries are especially important. 

When emitting Qi, the doctor can encourage 
the patient's Shen to stay in its residence by ask- 
ing the patient to focus his or her breathing on 
the tissue areas being treated. This focused atten- 
tion causes the patient's Po to settle and calm 
themselves within the patient's body, allowing the 
patient’s Hun to communicate the feelings sur- 
facing within the patient’s Heart. 


UNBLOCKING THE FIVE PASSES 

‘The Wu Guan or Five Passes refer to the five 
important gates on the Governing Vessel. These 
‘gates, or passes, are sometimes called Tie Bi, which 
translates as the “iron wall,” and are the areas of 
the body where it is most difficult for the energy 
to pass through when circulating the Microcos- 
mic Orbit. Free passage through the Governing 
‘Vessel is important, especially when tonifying the 
patient's body or regulating the patient's Qi. To 
circulate the Qi up the Governing and down the 
Conception Vessels, these five gates must remain 
open. 


Opening these Five Passes are essential for the 
treatment of diseases in the neck and lumbar-sac- 
ral regions. In Medical Qigong therapy, disease is 
sometimes an indication that both the Governing 
and Conception Vessels have been, or are, ina state 
of disconnection. If disorders of Qi, along with Qi 
obstruction, develop along the Governing and Con- 
ception Vessels, the doctor should emit Qi into one 
of the Five Passes (depending upon the affected 
area) to facilitate the regulation of Qi Figure 30.9). 
‘THE LOWER SPINAL PASS 

‘The Lower Spinal Pass or “Coccyx Pass” (Wei 
‘Lu Guan) is located on the lowest segment of the 
spine just posterior to the anus, near the Chang 
Qiang GV-1 point. If Qi becomes blocked in this 
area the patient suffers a dull persistent pain by 
the coccyx, along with feelings of heaviness. 

To treat, have the patient direct energy up the 
Lower Spinal Pass, using mild or gentle intention; 
have the patient position the tongue against the 
upper palate and inhale deeply while gently con- 
tracting the anus and abdominal muscles. These 
gentle contractions of the muscles along with the 
position of the tongue on the upper palate create 
an energetic sacral pump, which facilities the re- 
lease of the energetic block. 

‘THE MIDDLE SPINAL PASS 

The Middle Spinal Pass consists of the 
Mingmen (GV-4) area and two points (Jia Ji Guan) 
located on the lateral sides of the Mingmen. If Qi 
‘becomes blocked in these areas the patient suffers a 
dull persistent pain in the middle of the spine, or 
on one or both sides of the Mingmen. This obstruc- 
tion causes a physical sensation that feels like a spi- 
nal rupture, break, or herniated disc near the waist 
area when Qi circulates through these points. 

To treat this disorder, the doctor extends Qi 
into the patient’s Middle Spinal Pass, while lead- 
ing the patient's energy upward along the Gov- 
cerning Vessel. 

‘THE UPPER SPINAL PASS. 

The Upper Spinal Pass is located between the 
shoulders on the Shendao point (GV-11) Spirit 
Gate. If Qi becomes blocked in this area, the pa- 
tient suffers a dull persistent pain on the midline 
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Figure 30.9. The Five Spinal Passes 


of the upper back below the fifth thoracic verte- 
bra. This obstruction causes a physical sensation 
that feels like a spinal rupture, or causes intense 
‘Heart pain when Qi circulates through this point. 

To treat this condition, the doctor extends Qi 
into the patient's Upper Spinal Pass, while lead- 
ing the patient’s energy upward along the Gov- 
cerning Vessel. 
THE OcciPITAL Pass 

‘The Occipital Pass (Yu Zhen Guan) is located 
just inferior to the occipital bone where the brain 
originates. If the Qi becomes blocked at this area, 
the patient suffers a dull persistent pain around the 
occiput, stiff neck, feelings of heaviness, as if there 
issomething were stuck inside the back of thehead. 

To treat this problem, the doctor should in- 
struct the patient to close the eyes, raise the head 
slightly and look upward, while gently concen- 
trating on the Baihui GV-20 point. Have the pa- 
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tient imagine the energy block as a cube of ice. 
‘The ice melts into water, the water dissolves into 
vapor, and travels upward along the Governing 
Vessel into (and through) the Baihui area, then 
proceeds down the Conception Vessel toward the 
Lower Dantian. 

THE CRANIAL PASS. 

‘The Cranial Pass is located at the vertex on 
the midline of the skull. If the Qi becomes blocked 
at this area, the patient suffers a dull persistent 
pain around the eyes and the top of the head, as 
well as feelings of heaviness, as if there is some- 
thing were stuck inside the top of the head. 

‘To treat this condition, the doctor instructs the 
patient to close the eyes, raise the head slightly, 
while gently concentrating on the Lower Dantian. 
Have the patient imagine the energy block as a 
cube of ice. The ice melts into water, the water 
dissolves into vapor, and travels downward along 
the Conception Vessel toward the Lower Dantian. 


FURTHER COMPLICATIONS. 

In balancing the patient's energetic body, the 
doctor first locates the Excess or Deficient condi- 
tion, determines if the tissues should be tonified, 
purged, or regulated, then ascertains which ener- 
getic complications have initiated the patient's 
disease. 

‘The doctor must also determine if the patient 
is sensitive to treatment or resistant to energetic 


sea 


therapy. Below is a summary listing several ener- 
getic complications and suggestions on how to 
rectify them. 

1. For Compressed Stagnation, break up the 
stagnation, purge the pathogens, then tonify 
and regulate the patient's Qi. 

2. For Contracted Stagnation, break up the stag- 
nation, purge the pathogens, then tonify and 
regulate the patient’s Qi. 

3. For Bloated Stagnation, break up the stagna- 
tion, purge the pathogens, then tonify and 
regulate the patient’s Qi. 

4, For Expanded Stagnation, break up the stag- 
nation, purge the pathogens, then tonify and 
regulate the patient's Qi 

5. For Energetic Armoring, access the patient's 
Heart (through the Shendao GV-11 area), and 
induce “soul retrieval” (see Chapter 19), 

6. For Energetic Depletion, tonify and regulate 
the patient’s Qi, 

7. For Energetic Leakage, envelop the patient's 
tissues creating an energetic cast to stabilize 
the energetic fields. 

8. For Migrating (Wandering) Qi Deviations, 
purge the pathogens and then isolate and sta- 
bilize before tonifying and regulating the 
patient's Qi. 

9. For Psychosexual Deviations, root the 
patient’s Heart, then regulate the patient’s 
‘Taiji Pole with divine healing light. 


CHAPTER 31 


THE MAGIC SQUARE OF THE YELLOW RIVER 


The configuration known as the Lo Shu (Lo 
Writings) or Magic Square of the Yellow River, is 
shown below. Itis said to have been derived from 
markings on the shell of a “spiritual turtle” that 
crawled out of the River Lo when the Emperor 
‘Yu was draining off the floods. It is considered a 
mathematical model of the universe. The relation- 
ship between the numbers presented in this chart 
may be used to diagnose the energetic relation- 
ship between universal and environmental phe- 
nomena, as well as the various pathologies within 
the occurring internal organ correspondence. 

It corresponds to the Later Heaven sequence 
of the trigrams of the Yi-Jing (I-Ching) and is ar- 
ranged in accordance with the directions of the 
compass, with the number “5” at the center of 
the compass, in an arrangement known as the 
“Magic Square.” 

The numerals 1-9 are assigned to each posi- 
tion in accordance with the Lo Scroll markings and 
represent the Acquired Essences (Postnatal Jing). 

Understanding the concept of balance is para~ 
mount in Qigong medicine. When Yin and Yang 
energies in the body are balanced, health is estab- 
lished. The Chinese have given numerical relation- 
ships to Yin and Yang properties representing this 
dynamic connection. 

Yang energy is represented by all the odd 
numbers (1, 3, 5, 7, and 9). Yin energy is repre- 
sented by alll the even numbers (2, 4, 6, and 8). 
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Figure 31.1. Yin and Yang Number Balance 
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Figure 31.2. The Magic Square 


The cycling of Yang (odd numbers) and Yin (even 
numbers) indicates the law of motion of Yin and 
Yang in all things. In Chinese medicine the nu- 
merical configuration is based on the sum total- 
ing ten (Figure 31.1). 

‘The numbers arranged together create what 
is known as the Magic Square. Investigation will 
uncover several numerological correspondences 
(Figure 31.2). The sum of any two numbers oppo- 
site each other in a row, column, or diagonal (with 
the number “5 between them) equals 10; thus the 
sum in any of these rows, columns, or diagonals 
equals 15. Fifteen is the number that represents 
“Man,” who lives between Heaven above (the 
number being 20, which equals the sum total of 
the four primary directions) and Earth below (the 
number also being 20, which equals the sum total 
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Figure 31.3. Heaven and Earth Numbers, 


of the four secondary directions). The numbers in 
the four primary directions (north, south, east and 
west) are odd and represent Yang Heaven Energy, 
while the numbers on the corners are even and 
represent Yin Earthly Energy (Figure 31.3). 
EARTHLY YIN ENERGETIC FLOW 

‘The numbers on the comers of the Magic 
Square are “terrestrial” in design. All the terres- 
trial numbers are even numbers. They represent 
the Earth’s energetic field and flow counterclock- 
wise in their circular progression. These terrestrial 
cycle phases are expressions of Earthly Yin energy 
and are designed in progressions of “times two.” 
For example, (2) Fire: 2x 2 = (4) Metal: 4x 2= (8) 
‘Wood: 8 x 2 = (16) Water (which is reduced to 6, 
as the ten position is not counted): 16 x 2 = 32 
(which is reduced to 2). This completes one cycle 
in the terrestrial progression, which then returns 
to the element Fire and begins all over again in 
the same fashion, continuing in an endless pro- 
gression of “times two.” (Figure 31.4). 

‘Through understanding the Yin energetic pro- 
gression, the Qigong doctor rotates the patient's, 
energy in a counterclockwise direction to purge 


Excess conditions and expel pathogenic Qi (called 
“Yin destroying Evils”). 
HEAVENLY YANG ENERGETIC FLOW 

‘The numbers on the sides of the Magic Square 
are “celestial.” All the celestial numbers are odd 
numbers. They represent the Heaven's energetic 
field and flow in a clockwise circular progression. 
These celestial cycle phases are expressions of 
Heavenly Yang energy and are designed in pro- 
‘gression of “times three.” For example, (1) North: 
1x3 = (3) East: 3 x3 = (9) South: 9 x3 = (27) West 
(which is reduced to 7, as the ten position is not 
counted): 7 x3 = 21 (which is reduced to 1). This 
completes one cycle in the celestial progression, 
which then returns to the North and begins all 
cover again in the same fashion, continuing in an 
endless progression of “times three.” 

Inunderstanding the Yang energetic progres- 
sion, the Qigong doctor will rotate the patient’s 
‘energy in a clockwise direction to tonify. This tech- 
nique facilitates the continuous circulation of Yang 
Qiand is used in order to help the tonification of 
Qi and Blood and replenish Deficiencies (called 
“Yang promoting growth”). 
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Figure 31.4. The reason the South is positioned on the top ofthe page is because, in China, maps were specifically 
designed for the convenience ofthe Emperor, whose throne was always positioned facing South, the direction of 
‘Yang energy. As the magistrates of his court unrolled the maps before him, the East would be positioned on his 
left, the West to his right, and the South furthest away at the top of the map (whereas, in the Westem culture 
North is at the top). 


THE MAGIC SQUARE AND EIGHT 
TRIGRAMS 

The following Eight Trigram Hand chart rep- 
resents the terrestrial aspect of the body's ac- 
quired structures, evolution, and exchange of 
Yin/ Yang energy. 

It should be noted that if the trigrams associ- 
ated with the numbers shown in the Magic Square 
are placed in their correct positions, the postnatal 
or “Later Heaven” trigram arrangement will form. 
‘The middle number “5” does not correspond to a 
trigram because itis the unifying number placed in 
the center. 

In order to use the Eight Trigrams in conjune- 
tion with the Magic Square, the patient's palm is 
divided into nine sections. The Eight Trigrams form 
the exterior of the palm, while the heart of the palm 
(known as the Bright Hall or Ming Tang) aligns the 
‘Magic Square to the patient's internal organs. The 
Qigong doctor observes the color, luster, sinking or 
bulging of skin, as well as any prominent blue veins 
appearing on the surface of the patient's skin. These 
observations are compared to the organs and func- 
tions associated with each trigram that rules that 
particular area of the patient's palm (Figure 31.5). 

1. The Trigram Kan, located at the base of the 
palm’s heel, is associated with the patient's Kid. 
ney and Bladder organs, as well as the func- 
tion of their urogenital and reproductive sys- 
tems. 

2, The Trigram Kun, located on the palm just be- 
low the little finger, is associated with the 
patient's left Lung organ and the left side of 
the chest (the left breast in women). 

3. The Trigram Zhen, located on the upper part 
of the patient's thenar eminence, is associated 
with the function of the patient's Liver and Gall 
Bladder organs. 

4, The Trigram Sun, located on the palm, just un- 
der the index finger, is associated with the 
patient’s right Lung, and the right side of the 
chest (the right breast in women). 

5. The Bright Hall (Ming Tang), located on the 
center of the palm is associated with the 
patient's Heart, blood vessels, and mental 
health, 
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Figure 31.5. The "Magic Square” can be superimposed 
on the human body for observation, diagnosis, and 
treatment. For example: 


2 and 4 represent the location of the Lungs 
3 and 7 represent the location ofthe Liver and Spleen 
8 and 6 represent the location of the Kidneys 

9 represents the location of the Upper Burner 

5 represents the location of the Middle Burner 

1 represents the location of the Lower Burner 


6. The Trigram Qian, located on the lateral edge 
of the palm’s heel, just above the wrist crease, 
isassociated with the patient's descending and 
sigmoid colon. 

7. The Trigram Dui, located on the lateral edge of 
the palms heel, midway between the litte fin- 
ger and the wrist crease, is associated with the 
patient's Spleen, pancreas, and Stomach organs. 

8. The Trigram Gen, is located on the lower half 
of the thenar eminence, is associated with 
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Figure 31.6. The Eight Trigram Correspondence 


patient's appendix and ascending colon. 

9. The Trigram Li, located on the palm between 
the middle and ring finger, is associated with 
the patient’s blood circulation, Heart and eye- 
sight. 


THE MAGIC SQUARE AND THE EIGHT 
EXTRAORDINARY VESSELS 

InChinese medicine, the Lo Writings and their 
correspondences form the model which is the ba- 
sis for the Ling Gui Pa Fa (The Eight Techniques 
of the Mysterious Turtle) system of acupuncture. 
In this system there are Eight Confluential Points 
that are associated with the Eight Trigrams (Fig- 
ure 31.6). These points are where the Eight Ex- 
traordinary Vessels and Twelve Primary Channels 
intersect each other. 

‘This method describes the theory that all the 
points on the body are dominated by the Shu 
Points, which are in turn dominated by the Eight 


Confluential Points. The confluential points and 
their trigram correspondences are Kd-6 (Kun 
Gua), Lu-7 (Li Gua), GB-41 (Sun Gua), TB-5 (Zhen 
Gua), Pe-6 (Gan Gua), Sp-4 (Qian Gua), SI-3 (Dui 
Gua), and BI-62 (Kan Gua). 


UNDERSTANDING THE METAPHYSICAL 
ASPECT OF NUMBERS 
‘The Chinese medical text of the Nei Jing ex- 
plains numerology and its mystical significance, 
as well as the practical utilization of the correspon- 
dences between numbers and natural phenomena. 
Man’s physical, mental, emotional, energetic, and 
spiritual form manifest as part of the microcosm 
of these nine correspondences, and are explained 
as follows. 
1. Number One corresponds to Heaven, the 
Center Taiji Pole, and represents the skin. 
2. Number Two corresponds to Earth and rep- 
resents the muscles. The number two also cor- 
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1. Number 


responds to the two primary forms of Yin and 
Yang 


. Number Three corresponds to Man and rep- 


resents the blood vessels. The number three 
also corresponds to the Triple Burners, Three 
Powers, Three Treasures, Three Dantians, and 
Three External Fields of Wei Qi. 


. Number Four corresponds to the four seasons 


and represents the muscles corresponding to 
the body’s four extremities, the Four Earthly 
Quadrants and the Four Divisions of Heaven 
(N.S.E.W.), and the Four Prenatal Trigram 
Essences (Great Yang, Small Yang, Great Yin, 
and Small Yin). 


. Number Five corresponds to the Five Notes 


of the Chinese pentatonic scale and represents 
the voice. The number five also corresponds 
to the Five Elements, Five Colors, Five Tastes, 
Five Planets, and the Five Elemental Consti- 
tutions. 
‘Number Six corresponds to the Six Divisions 
(Tai Yang, Shao Yang, Yang Ming, Tai Yin, Shao 
Yin, Jue Yin) and represents the union of Yin 
and Yang. The number six also corresponds 
to the Six Yao lines and their correspondence 
to the body, and theSix Accomplishments (in- 
telligence, humanity, holiness, sincerity, mod- 
eration, and benevolence). 


. Number Seven corresponds to the Seven Lu- 


minaries (sun, moon, and the five planets), 
which represent the Seven Openings of Man 
(two eyes, two ears, two nostrils, and one 
mouth). The number seven also corresponds 
to the Seven Emotions, and the Seven Stars of 
the Big Dipper. 


. Number Eight corresponds to the Eight Ex- 


traordinary Channels from which the body's 
prenatal energy flows and represents the 
breath. The number eight also relates to the 
Eight Trigrams and their various correspon- 
dences. 


‘ine corresponds to the formless 
Void or Wuji, as well as the Nine Heavens (one 
is centered, and the others are in the eight 
separate divisions of the Lo Pan compass) and 
the Nine Lo River Chart (Magic Square). The 


number nine also represents the nine open- 
ings of man (two eyes, two nostrils, two ears, 
one mouth, one anus, and one urethra). 


THE Five ELEMENT ENERGETIC FLOW 
OF THE MAGIC SQUARE 

‘The number formations on the Magic Square 
arenot only considered the energetic ebb and flow, 
evolution and exchange of Yin and Yang Qi, but 
also correspond to the energetic harmony of the 
Five Elements. The energetic harmony of the Five 
Elements are arranged as follows. 

© The Kidneys are positioned in the North; their 

element is Water and number is 1. 

+ The Livers positioned in the East; its element 

is Wood and number is 3. 

+ The Heart is positioned in the South; its ele- 

ment is Fire and number is 9. 

+ The Lungs are positioned in the West; their 

element is Metal and number is 7. 

* The Spleen is positioned in the Center; its el- 

cement is Earth and number is 5. 

These five numbers are arranged in accord- 
ance to their energetic progression and are used 
as a templet for observation and diagnosis of the 
patient's body, according to their Five-Elemental 
postnatal structure. 


CROSSOVER ENERGY PATTERNS 

According to the theory of energeticharmony, 
‘when one area of the body lacks Qi, there is gen- 
erally an Excess energy accumulation in another 
area. Because the body is symmetrical, one can 
naturally look on the opposite side for the mis- 
placed Qi. The Qigong doctor may dredge the full 
side in order to drain the Excess and support the 
Deficient area. 

If the imbalance is not on the opposite side, 
the doctor can scan for Excess Qi using a figure 
eight pattern (Figure 31.7). Classically, the Cross- 
over Energy Pattern is one of the most powerful 
pathways by which Qi flow in the body can be 
stimulated, and is excellent for balancing internal 
body energy. The figure “8” pattern can also be 
used in order to balance all sides of the body (top 
and bottom, as well as left and right). 


ctricity > metering > voltag 


resistance. The transistor diverts current from 
the pullup resistor to ground, and the output 
appears to go low. 


The type of sensing element will determine 
whether the transistor becomes conductive or 
nonconductive when the element detects a 
stimulus. 


The value that should be chosen for the pullup 
resistor will depend on the impedance of any 
device attached to the open-collector output. A 
10K resistor may be appropriate for use with a 
device such as a microcontroller, which has very 
high impedance. At the other extreme, if the 
device is an LED, a 330-ohm resistor may be 
necessary. The value of the pullup resistor must 
be sufficiently low to enable reliable operation, 
but sufficiently high to prevent excessive cur- 
rent from passing through the internal transis- 
tor when it becomes conductive (20mA is a 
common maximum value). 


The voltage from the open collector can be 
processed in the same way as any analog volt- 
age output from a sensor. 


An open-collector output may be used when 
the outputs from multiple devices share the 
same bus. One device can drive the bus 
without the problem of other devices attempt- 
ing to hold the bus voltage high. 


4. Analog: Current 

Relatively few sensors provide an output con- 
sisting of variations in current. Some semicon- 
ductor temperature sensors function in this 
way, The output current can be converted to a 
voltage output simply by placing a fixed series 
resistor, as shown in Figure A-5. 


The voltage at the point shown, relative to neg- 
ative ground, will vary linearly with the current. 
The value of the resistor should be defined in a 
datasheet for the sensor. 


The voltage can now be processed in the same 
way as any analog voltage output from a sen- 
sor. 


oy 
Variable 
‘current 
sensor 
Variable 
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Figure A-5. Haw to convert the output from a variable 
current sensor 


5. Binary: High/Low 

A sensor that provides a binary output (that is, 
an output that is either logic-high or logic-low) 
can be connected directly with a microcontrol- 
ler, if the voltage range is compatible. Program 
code in the microcontroller can then test the 
pin to establish its state. Note that some micro- 
controllers require a 3.3VDC power supply, 
while sensor chips may use 5VDC. 


A binary output can also be used to control a 
solid-state relay, or an electromagnetic relay if 
transistor amplification is used. The output may 
be sufficient to power an LED indicator. 


6. Binary: PWM 
PWM is an abbreviation for pulse-width modula 
tion, The sensor emits a stream of square-wave 
pulses with a fixed frequency, but the width of 
each pulse varies with the stimulus to which 
the sensor is responding. The width of each 
high pulse, relative to the wavelength between 
the start of one pulse and the start of the next, 
is called the duty cycle. A duty cycle of 0% 
means that there are no pulses at all. With a 
duty cycle of 100%, there are no gaps between 
pulses, so the output is high all the time. With a 
duty cycle of 50%, the duration of each high 
pulse is the same as the duration of the gap 
between pulses. 
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When the Qigong doctor must balance the 
energy in the left and right sides of the brain, the 
patient may be assigned homework that requires 
‘them moving Qi in a figure “8” pattern sideways 
(ie., drawing the infinity symbol). This exercise 
prescription stimulates, strengthens, and balances 
the right and left hemispheres of the patient's 
brain. It is used successfully in the treatment of 
patients with dyslexia. 

When patients have internal problems that 
affect the function of the whole body, it may be 
necessary to treat two areas simultaneously. The 
Spleen and Stomach areas, for example, may be 
tonified along with the Lung areas to strengthen 
and increase the patient's resistance to External 
pathogenic factors. 

Because organ imbalances are deeper, and 
tend to be the result of years of energetic devia- 
tions, they may take longer to reverse. 
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Figure 31.7. In this Crossover Energy Patter, area 4 is 
treated using area 6 and so on. 
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CHAPTER 32 


HEALING THE PATIENT’S EMOTIONAL TRAUMAS 


INTRODUCTION 

In my personal practice I feel the main prob- 
lem for patients is in dealing with their own 
“hurt,” which may have been inflicted upon them 
several years prior to the manifestation of their 
disease. Itis a recognized truth that when people 
isolate themselves from each other, their environ- 
ment, and their spiritual life itis because they fee! 
the need to guard themselves. 

‘They guard and protect themselves and their 
belief structures from invasion, criticism, exploi- 
tation, or attacks, whether real or imagined, al- 
lowing interchange only if it supports their be- 
liefs. 

People build energetic walls, and when the 
walls are penetrated they often experience anger, 
self-hatred, pain, fear, and shame. Consequently, 
masks and defence mechanisms are created to 
hide and support these hidden belief structures. 

How the patients develop and maintain their 
energetic patterning will determine which clini- 
cal modality the Qigong doctor will utilize to ini- 
tiate healing. To free themselves from personal 
hurt the patients must reconnect with their anger, 
pain, fear, or worry. Eventually, with the uncon- 
ditional loving support of the doctor, patients are 
able to reintegrate the hurt and anger, and accept 
parts of themselves they had rejected for so long. 
‘This acceptance of painful feelings and memories 
affects the Heart and frees the patients from the 
emotional traumas of the past. 

To heal and release these pathogenic emo- 
tions, the patients go through a five-stage detoxi- 
fying process during which they feel, experience, 
and release the emotional trauma that initiated 
their disease. This is a natural progression in the 
process of Medical Qigong therapy and healing. 


‘THE PHYSIOLOGICAL EFFECTS OF 
BENIGN AND CHRONIC EMOTIONS. 
Within the clinic it is observed that benign 
emotions (love, joy, peace, etc.) bring about a calm 
and restful condition within the patient’s physi- 
ology. Chronic emotions however, create a detri- 
mental stressful physiology, adversely affecting 
the quality of the patient's life-force energy. As 
discussed previously, emotional internal and ex- 
ternal environmental factors can and do affect the 
aqality of the body’s Qi. 
|. Excessive joy from the Heart slows down the 
Qi. 
2. Excessive worry and thinking from the Spleen 
stagnates the Qi. 
3. Excessive sadness from the Lungs obstructs the 
Qi. 
4, Fear from the Kidneys descends the Qi. 
5. Excessive anger from the Liver ascends the Qi. 


FIVE LEVELS OF FEELING AND THEIR 
GOVERNING ORGANS 

‘To complete their initial healing, the patients 
go through five stages of emotional resolution. 
‘These stages act as a template for the patients’ 
emotional healing, allowing them to progress 
through, and detoxify each of their Five Yin Or- 
gans. The Five Yin Organs store the patients’ emo- 
tional history in their tissues. Each of the Five Yin 
Organs also affects different functions and parts 
of the body (Figure 32.1). 

1. The Liver governs the emotions dealing with 
the past. The Liver stores the negative emo- 
tions of irritability, jealousy, anger, rage, 
blame, and resentment. These emotions and 
‘mental states affect the flow of Qi in the chan- 
nels, influencing the patient’s tendons, liga- 
‘ments, nails, small muscles, peripheral nerves, 
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Figure 32.1. Diagram of Five Elemental Emotional Transitions 


external strength, the iris of the eyes, vision, 
tears, the Gall Bladder, bile, decision making, 
the external genitalia, and the Hun (Three 
Ethereal Souls). 

2. The Lungs govern the emotions dealing with 
the present. The Lungs store the negative emo- 
tions of grief, sorrow, sadness, anxiety, shame, 
guilt and disappointment. These emotions 
and mental states affect the flow of Qi in the 
channels, as well as the patient's breath, skin, 
Large Intestine, mucous membranes, the me- 
tabolism of the Body Fluids, body hair, smell, 
and the Po (Seven Corporeal Souls). 

3. The Kidneys govern the emotions dealing 
with the future. The Kidneys store the nega- 
tive emotions of fear, loneliness, and insecu- 
rity. These emotions and mental states affect 


the patient's energetic channel flow, as well 
as the Jing, bones, brain, bone marrow, inner 
car, hearing, head hair, pubic hair, spinal cord, 
cerebrospinal fluid, ovaries, testes, anus and 
urethra, sexual fluid, reproduction, short term 
memory, and the Zhi (Will Power). 

4, The Spleen governs the emotions dealing with 
resolution and responsibility. The Spleen also 
stores the negative emotions of worry, re- 
morse and regret, which can create obsessions. 
These emotions and mental states affect the 
flow of Qi within the channels, as well as the 
patient's large muscles, lymph and saliva se- 
cretions, the mouth, lips, taste, the Stomach, 
digestion, concentration, the ability to memo- 
ize, and the Yi (Intention). 

5. The Heart governs the emotions dealing with 


shock, nervousness and excitement, as well 
as the final stages of healing (ie., peace, love 
and forgiveness). These emotions and men- 
tal states affect the patient's energetic chan- 
nel flow, as well as the patient's blood vessels, 
and circulation, complexion, perspiration, 
mental and emotional activity, long term 
memory, Small Intestine, and the Shen (Spirit). 
In the process of forgiveness, the anger and 
resentment are traversed to reach through to the 
levels of original hurt, sadness and grief. Only 
after reaching this level, and working through the 
pain, can the patient begin the process of letting 
0 of the anger, blame, and resentments that pro- 
tect them from feeling the full impact of the origi- 
nal trauma. Forgiveness begins only after the an- 
ger and crying ends. There are three stages of for- 
giveness: forgiving oneself, accepting the situa- 
tion, and forgiving the abuser. 

1. The forgiving oneself stage deals with the en- 
ergy involved in healing oneself, and is di- 
vided into two specific stages: 

+ Forgiving oneself for allowing the hurt to oc- 
cur in the first place (even if the patient had 
no choice in being victimized), or for not fight- 
ing back strongly enough, if at all, and 

+ Forgiving oneself for hanging on to all that 
anger and pain for so many years. 

2. The accepting the situation stage deals with 
releasing the energetic emotional charge 
within the environment, or the unwanted con- 
sequences connected to the original trauma 
(eg. forgiving the accident, injury, handicap, 
illness, trauma) within the patient. 

3. The forgiving the abuser stage is the most dif- 
ficult final step. Many factors can interfere 
with this process, such as the patient's fear of 
re-abuse or continued abuse if forgiveness is 
genuinely given. Another major factor is the 
negative, toxic, external energy projected by 
the abuser upon the patient, sometimes over 
many years. This energy is absorbed by the 
patient over time and often leads to the pa- 
tient identifying with the abuser. The fear of 
being, or becoming, just like the abuser can 
be overwhelming. Anger at the abuser may 


seem to be the only thing standing between 

them; and allowing any feelings of love, com- 

passion, or understanding may appear to be 
an acceptance of “evil,” not only within the 
abuser, but within the patient’s own self. An 
acceptance of a dark side within each of us is 
necessary to forgive the abuser. Often victims 
of abuse cannot tolerate the idea that they are 
anything like their abuser. Only the conscious 
mind, working in concert with the patient’s 
spirit, can reintegrate this essential part of the 
self that has been utterly rejected and denied. 

Children who have experienced abuse may 
be especially hard pressed to accept anger as 
anatural, integral part of themselves without 
which they cannot feel whole. They frequently 
view all and any anger as not only dangerous 
but an “evil” force. Thus, forgiveness of the 
abuser requires restructuring of belief sys- 
tems, and the acceptance of one’s own dark 
side, as well as the abuser’s. 

Through conscious intent and creative sub- 
conscious intuition, it is possible to come to an 
understanding that the “evil” experienced stems 
not from the devil, but from ignorance and pain. 
In most cases the abuser’s intent was not to harm 
and destroy, but ironically, to teach and discipline 
for the good of the patient. The abuser did the best 
that he or she could at the time, given all the un- 
resolved pain and anger within the self. 

When patients experience extreme abuse, or 
prolonged abuse, they may lose the ability to dis- 
tinguish the difference between wrong actions and 
the abuser. The abuser is not evil incarnate though 
evil deeds were done. This often leads victims to 
see the world only in terms of black and white 
with no shades or colors. The true healing requires 
acquiring the ability to see anew (as a little child), 
to reawaken to the amazing diversity of life. 

These skills sometimes require teaching the 
patient and may necessitate referring the person 
out toa professional, especially if the patient suf- 
fers from a character disorder (e.g,, borderline 
personality disorder, schizo-affective disorder, 
and so on). 

Generally, after performing specific Qigong 
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exercises and meditations which release the 
patient's pent-up, toxic emotions, the patient be- 
gins to come out of denial and awaken to genu- 
ine spontaneous emotions and feelings. This tran- 
sition can be very painful at first. [usually tell the 
patients that this transition is similar to having 
their arm frozen, and then thawed out. 

Imagine if the arm is placed into ice cold wa- 
ter, and left there. The first thing the body would 
feel is shock, followed by pain. As the feelings 
slowly begin to leave, the pain begins to dimin- 
ish, and the arm becomes numb. As the mind 
shifts its attention away from the feelings in the 
arm, it begins to establish a denial system, ignor- 
ing, minimizing, or suppressing the condition in 
which the arm has been placed. When first remov- 
ing the arm from the ice water, the tissues are still 
numb. After awhile, however, as the numbness 
begins to wear off, feelings begin to return to that 
particular area of the body, and pain is felt. The 
body is no longer in shock and is now feeling the 
pain and the memory of the past experience. 

Ourlives are the same way, in regard to physi- 
cal, mental, emotional, and spiritual pain. While 
‘growing up, we are subject to constant trauma on 
all four levels of existence. Through an instinc- 
tive ability, we adapt and learn to become numb 
to our true feelings in order to survive. When we 
begin to awaken, we are suddenly thrust into 
shock, then pain, as we begin to face the source 
and cause of our trauma. 

From Traditional Chinese Medical perspec- 
tive, pain is a means by which the body commu- 
nicates its needs to the mind. In cases of chronic 
pain, the patient generally learns to divert aware~ 
ness away from the area of pain through distract- 
ing thoughts and emotions. This helps the patient 
to cope with the pain, but also interferes with the 
healing process. If the patient reduces conscious 
awareness of the painful area(s) in the body, the 
mind/body connection becomes blocked and 
slows or prevents healing. The initial clarification 
of the “Message” regarding the disturbance can 
cause both a sensation of increased pain and an 
activation of the healing process. 

By comprehending the five levels of feeling and 


INCIPLES OF MEDICAL QIGONG THERAPY 


their progressive transitions, the patient gains un- 
derstanding and healing from these past traumas. 


STAGES OF EMOTIONAL HISTORY AND 
RESOLUTION 

‘After the patient understands the five levels 
of feeling and how they affect their respective or- 
gans, the Qigong doctor can assist patients in the 
cognitive restructuring of their disease-causing 
belief structures, This emotional re-patterning is 
initiated through the unveiling of several stages 
of painful emotional history, which affect the en- 
cergetic healing abilities within the patient's body. 

It is important for the Qigong doctor to re- 
member that all physical matter is conscious en- 
ergy activated and focused by consciousness. The 
patient's perceptions create the physical presence 
of the disease. Since all matter and energy is uni- 
fied, all matter down to the smallest subatomic 
particle has awareness, makes choices, and com- 
municates simultaneously with all other matter 
in the universe. Choices are initiated in the 
patient's body through the active fields of envi- 
ronmental and universal energy. 

Understanding these subatomic communica- 
tions allows the Qigong doctor to assist the pa- 
tient in discharging toxic energy trapped and 
stored within the tissues. The experience of the 
emotional trauma, and its destructive emotional 
energetic patterning, is clinically explained and 
described in the following stages. 

1. The patient is hurt (physically, mentally, emo- 
tionally, and/or spiritually). The patient re- 
ceives the original trauma through either an 
aggressive, direct attack (ie., being struck, 
screamed at, belittled, or shamed, etc.), or by 
a passive, indirect attack (i.e,, being aban- 
doned, rejected, ignored, betrayed, etc.). In 
this stage of development, the patient's trust- 
ing connection to life is violated. 

2. The patient registers the hurt, feels the pain, 
and naturally expresses this trauma in an out- 
burst of emotion (j.e., screaming, crying, 
laughing, groaning, etc.. In this stage the pa- 
tient recognizes the wounding. 

3. The patient seeks attention and looks for a 


human emotional response, seeking valida- 
tion and self-affirmation. In this stage, if the 
patient does not seek and receive attention for 
healing the trauma or, if the individual is not 
free to express his or her real feelings, healing 
will not take place. 

4, The patient’s hurt remains unresolved and 
becomes history. At this point in the transi- 
tion it is important that the patient feel the 
hurt, understand the circumstances surround- 
ing the hurt, then discharge the pain. If the 
patient’s hurt does not become completely 
discharged from the body, it becomes stored. 
within the patient's tissues. Thus, the patient's 
hurt becomes internalized; the emotions of 
unexpressed anger, fear, pain, and shame be- 
gin to accumulate in the body. The trauma 
remains as an active charge of unexpressed 
emotional energy. 

5. The patient's whole body stores the distress- 
ful emotional memories. This distress gets 
restimulated in the present (through various 
trigger mechanisms), and alters or blocks the 
patient's flow of energy and thinking. 

6. The patient learns defense mechanisms to sur 
vive. The patient develops strong defense 
‘mechanisms instead of healing from the emo- 
tional wounds (known as a pathological re- 
covery).At this point the patient’s denial sys- 
tem is reinforced, and kept active to protect 
the patient from any further hurt, in order to 
ensure survival and maintain at least the sem- 
lance of a normal, functional life. 

7. A dynamic polarity arises that seems to take 
on a life of its own. The patient swings back 
and forth between overcontrolling emotions 
and loosing control over them completely. The 
patient becomes obsessed with the painful 
feelings, either hiding from them or becom- 
ing overwhelmed by them. The patient then 
chooses either one of two options: 

‘Tobecome isolated, emotionally removed and 

distant, or 

+ Tobecome needy, co-dependent and attention 
hungry. 

8, The patient develops addictions to continu- 


ally hide from the pain. The patient's actions 

‘become based on the unhealed feelings result- 

ing in four overlapping ways to hide: 

+ Physically through sports, excessive exercise, 
food, sleeping, etc., 

* Mentally through compulsive behavior (e.g., 
studying, being a work-a-holic, compulsive 
book reading, etc.) 

+ Emotionally through either chronic rage, grief, 
obsessive worrying, and chronic fear, or 
through a compulsive search for love, oy, and 
excitement (sex/love addiction), etc,, and 

* Spiritually through fanaticism of various 
types, or extreme spirituality. 

9. The patient begins to recover from the trauma. 
‘Toheal and recover, the patient must cease con- 
centrating on the pain and redirect his or her 
full attention towards setting healthy bound- 
aries and positive affirmations. Some patients’ 
boundaries are too solid and immovable (ie, 
they won't allow for any meaningful interac 
tion with others). These patients do not really 
need to set boundaries, they need to allow their 
boundaries to become more permeable. Pa- 
tients’ boundaries need to be flexible in order 
for them tobe healthy. Patients must learn when. 
to open and when to close their boundary sys- 
tem, and not just constantly shut everything out 
(people, relationships, responsibilities, etc.) or 
let everyone and everything in. 

Itis important for patients to understand that 
perpetrators of abuse are in a state of denial of 
their own shame and imperfection; thus they in- 
flect pain and suffering onto anyone present at 
the time. Some perpetrators single out one family 
member as a recipient for their pain. Sometimes 
the chosen victim reminds the perpetrator of his 
orher younger innocent self; thus all the accumu- 
lated self-hate is projected onto this one child 
through no fault of the victim. The resemblance 
may be real (slight physical similarities for in- 
stance) or imaginary (the child’s vulnerability, for 
example, ora singled out personality trait that trig- 
gers the abuser’s anger). The one common factor 
among abusers is their inability to see their vic- 
tims for who they really are. Abusers make no ef- 
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fort to know the victim, to really see the whole 
person; instead they see d distorting mirror which 
reflects their own image back to them, magnify- 
ing their own flaws and fears. Through setting 
boundaries and affirming their own self-worth, 
the patients will be able to release years of toxic 
emotions stored within their tissues. This can ini- 
tiate health and healing on every level of their 
being (physical, mental, emotional, and spiritual). 


ASSISTING THE PATIENT IN 

ESTABLISHING HEALTHY 

BOUNDARIES 

‘The patient is generally informed that in or- 
der to make it through the spiritual, emotional, 
and mental transitions brought about by Medical 

Qigong therapy, itis important to establish an ac- 

tive but flexible boundary system. The patients 

are then taught to divide their relationships into 
three categories: True Friends, Acquaintances, and. 

Toxic Relationships (Figure 32.2). 

1. True Friends consist of people with whom the 
patient can share and expose his or her most 
intimate hidden secrets and emotional feel- 
ings, without worrying about being judged. 
Inthe presence of true friends, the patient feels 
emotionally accepted and loved uncondition- 
ally. The boundary system should be down, 
and the patient should feel completely open. 
It is safe to be completely vulnerable. 
Acquaintances consist of people with whom 
the patients should share only limited 
amounts of information regarding their per- 
sonal / emotional life experiences. The most 
hidden secrets could be judged, misconstrued, 
and gossiped about. All conversation with 
these individuals should, and must be, kept 
on a fairly superficial level. The patient's 
boundary system should be up, and the pa- 
tient should monitor the conversation, as itis 
not safe to be totally vulnerable. 

. Toxic Relationships consist of people with 
whom the patient cannot and should never 
share any knowledge of their personal/emo- 
tional life. These individuals chronically abuse, 
‘mistreat, belittle, and attack others (whether 
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Figure 32.2. Types of Relationships for Setting Flexible 
Boundaries 


they are members of the patient's own family, 
work, orneighborhood). All conversation with 
these individuals should be kept toa minimum. 
‘The patient’s boundary system should be on 
full armor, and whenever possible, these indi: 
viduals should be avoided. 


REJECTION, BETRAYAL, AND 
ABANDONMENT 

From a young age, people are introduced to 
the multidimensional experience of being hurt 
(physical, mental, emotional, and spiritual). This 
affects the individual's center core and initiates a 
coping response due to feelings of rejection, be- 
trayal, and abandonment. The normal reaction to 
such emotions results in experiencing emotions 
ranging from fear to frustration. These individu- 
als begin to develop masks, that warp and scar 
their developing personality. As these individuals 
continue to grow, the illusions of these masks de- 
mand more Qi to sustain their form, which in turn 
drains vital energy from the growing body, and 
weakens the immune system. This denial system, 
fortified by the individual’s emotional patterning, 
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Figure 32.3. The True Self is contained within the Core 
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sustains him or her until they can heal and re-pat- 
tern the no longer beneficial belief system. 

Tore-pattern their belief systems, patients and 
Qigong practitioners must first be made aware of 
their initial programming patterns and the rea- 
sons for which these were created in the first place. 
The following “spiritual template” is applied to 
all patients, regardless of culture, race, or religion. 

Toaccess the patient's center core, the Qigong 
doctor must help the patient identify the masks 
which have taken on a life of their own and cre- 
ated the false “ego self.” Next, the patient must 
address personal self-hate issues, which have 
driven the patient to develop the masks and de- 
fense mechanisms. Finally, the patient must face 
the foundational fear that has severed his or her 
connection with their “true self” contained within 
the center core (Figure 32.3). 

In the Medical Qigong clinics in China there 
isa saying, “Patients must first stop running from 
their fears, and face the “Paper Tiger” (ie,, the il- 
lusions and fantasies that have been chasing 
them); in the West, itis considered “stopping and 
facing your internal demons.” 


MASKS AND DEFENSE MECHANISMS 

To armor the ego, individuals resort to what 
Sigmund Freud labeled as “ego defense mecha- 
nisms.” There are nine strategies; and with the 
exception of the last one listed, i., “sublimation,” 
they serve to mask the core self. The nine defense 
mechanisms and their strategies are: Repression, 
Displacement, Projection, Intellectualization, Re- 
gression, Fixation, Denial, Reaction-Formation, 
and Sublimation. 

1. Repression is the pushing down of unwanted 
ideas and emotions into the unconscious; 

2. Displacement is the shifting of impulses 
aroused by one person, or situation on to a 
safe target; 

3. Projection is the attribution of unacceptable 
impulses within oneself to other people; 

4, Intellectualization is an elaborate rationaliza- 
tion of a naked impulse, to justify it; 

5. Regression is the return to an earlier child- 
hood stage of behavior to reduce the demands 
on the ego; 

6. Fixation has the same result as Regression, but 
the person becomes fixated at a particular 
stage of mental and emotional development; 

7. Denial is a conscious refusal of an impulse- 
evoking fact, feeling or memory; 

8, Reaction-Formation is the conversion of one 
feeling into its opposite, typically seen in love 
turning into hate; 

9, Sublimation is the channeling of unacceptable 
impulses into acceptable, refined social forms 
and is the only defense mechanism consid- 
ered to be a healthy reaction. 

The ego mediates between the “id” (ie., the 
primordial survival drives and impulses) and the 
“super ego.” The super ego consists of the ideals 
and conscience of the individual. 


EMOTIONAL SECURITY 

Each individual has basic emotional needs 
that must be met to feel secure. Without the com- 
fort of these needs being met an individual will 
sometimes lash out and react in an antisocial be- 
havior. This reaction is generally due to the indi- 
vidual fostering feelings of rejection, betrayal, and 
abandonment. The three personal needs required 
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Figure 32.4. The Three Personal Needs That Foster Emotional Security 


to foster emotional security are as follows: Sig- 
nificance, Inclusion and Power (Figure 32.4). 

1, Foran individual to feel significant, he or she 
must be given self worth, personal value and 
importance. Without personal value the indi- 
vidual will feel insignificant, unimportant, 
and worthless. 

2. For an individual to feel included, he or she 
must be given affirming social value (know- 
ing that they play an important role in the 
family, relationship, or society as a whole). 
Without personal acknowledgment the indi- 
vidual feels isolated, segregated, and sepa- 
rated. 

3. For an individual to feel powerful, he or she 
must be given the ability to control and the 
authority to speak and act. Without personal 
power the individual feels powerless, weak, 
and incapable. 

In addressing the patient's disease, it is im- 
portant to sometimes address his or her living and 
work environment, as both can contribute and 
influence the patient's healing potential. 


HEALING EMOTIONAL TRAUMAS 

‘There are several techniques and methods used 
toassist patients in healing through emotional trau- 
mas (Figure 32.5). Such meditations as Pulling out 
the Pain are often prescribed as homework along, 
with other treatment methods of Medical Qigong 
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therapy. Some of these methods used to heal emo- 

tional trauma are described as follows. 

1. Medical Qigong Distance ‘Therapy affects the 
body, mind and emotions. The Qigong doctor 
alters the patient's energetic tissues and fields 
tore-pattern the patient’s emotional responses. 

2. Medical Qigong Massage Therapy and Body- 
work involves lightly touching and stimulat- 
ing the patient's tissues, to release the trapped 
emotions so that they may be appropriately 
reprocessed. 

3. Medical Qigong Respiration Therapy unites the 
body, mind, and emotions by moving the en- 
ergy through specific breathing techniques. By 
changing the breathing pattern, the Qigong 
doctor changes the patient's energetic emo- 
tional patterns, releasing trapped memories 
deep within the patient's tissues. 

4, Medical Qigong Dynamic Postural Therapy 
expandsand stretches the patient's tissues. This 
active adjustment of the patient's body align- 
ment increases the flow of Qi and Blood 
through his or her internal organs, facilitating 
an emotional release (e.g,, the Dry Crying ex- 
cercise). 

5. Medical Qigong Imagery and Meditation 
Therapy uses awareness meditations and im- 
ages to sedate the patient's reactive mind in 
order to connect with the higher self-identity. 
The doctor interrupts the patient's emotional 


Various microcontrollers offer different ways to 
decode a PWM pulse stream. The most basic 
way is for a program to check an input pin 
repeatedly, as fast as possible, until a high state 
is detected. The microcontroller copies the 
value of its internal clock into a variable, then 
continues to check the input repeatedly until 
the pulse ends. The pulse duration that has 
been measured can be converted to a sensor 
value with a formula or lookup table. 


This system is not recommended, as the micro- 
controller may miss the next pulse while it is 
converting the value of the previous pulse. To 
address this problem, a microcontroller lan- 
guage may offer a function that blocks execu- 
tion of code while waiting for a pulse. The 
pulsein0 function on the Arduino is an example 
of this feature. However, the microprocessor 
must now spend most of its time waiting for a 
pulse instead of doing useful work. 


A better solution is to write a program that is 
interrupt-driven, 


Another option for decoding PWM is to use a 
low-pass filter that converts the pulse stream 
into an analog voltage, although some ripples 
will tend to remain, 


Finally PWM can be used directly to power an 
LED or a DC motor, with transistor amplification 
as required. The speed of the motor or the 
brightness of the LED will vary with the duty 
cycle. 


7. Binary: Frequency 
Here again, the pulseln() function on the Ardu- 
ino may be used, so long as the frequency is a 
square wave with a known duty cycle. 


8. Digital: 12C 

In digital electronics, a bus is a communal path- 
way for sharing data among components or 
devices. The [2C bus is an abbreviation for inter- 
integrated circuit bus, developed originally by 
Philips in 1982. (Philips has since been sub- 
sumed into NXP Semiconductors) The correct 


electricity > metering > voltage 
notation for I2C is C, and it is spoken as “l- 
squared-C."” However, the term is very com- 
monly written as 12C. 


The 12C standard defines a data sharing proto- 
col that is limited to 400kHz (with some excep- 
tions) and designed to work on a small scale, 
almost always within one device, and usually 
on one circuit board. It is a low-cost, simple 
design. Data is transmitted serially over two 
wires, and the devices sharing the bus are con- 
nected in parallel. 


Typically there is one master device on the bus, 
and a number of slave devices. Masters and 
slaves can both transmit information, but the 
master normally initiates communication. It 
also emits a clock signal for synchronization of 
data. 


A sensor is a slave device that can be interroga- 
ted by a microcontroller in its role as the master 
device. Because multiple slave devices can 
share a bus, the microcontroller needs a way to 
identify the slave that it wishes to talk to, and 
each slave is assigned a unique address for this 
purpose. Often a slave will allow the user to 
modify the last two bits of the address, so that 
up to four identical devices can share a bus. 


Code libraries to support the 12C protocol are 
available for most microcontrollers, and com- 
munication with a sensor that uses I2C should 
simply require knowledge of the sensor's 12C 
address. However, the data registers in a sensor 
can be quite elaborate, requiring careful study 
of the manufacturer's datasheet. Multiple pro- 
cedures may be required to set functions on a 
device (such as the sensitivity range of an accel- 
erometer, or the threshold for a temperature 
alarm). Multiple procedures may also. be 
required to read data out of a sensor (such as 
two bytes to define a temperature, and several 
bytes to obtain time as well as location read- 
ings from a GPS module). 
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4.Medical Qigong Dynamic Postural Therapy 


5.Medical Qigong Imagery and Meditation Therapy 


6.Music and Art Therapy 


Figure 32.5. Six Methods Used For Healing Emotional Trauma 


thought patterns by changing the patient's se- 
quence of sensations, word pictures and feel- 
ings. This emotional reforming changes the 
meaning of the patient's interpretation and 
challenges his or her self-limiting beliefs. 

6. Music and Art Therapy are sometimes pre- 
scribed to change the patient’s mood and 
awareness. Through playing a musical instru- 
ment, dancing, singing, or creative free-asso- 
ciation drawings, sculptures, pottery, and so 
on, patients can access their Creative Subcon- 
scious Mind to repattern old belief structures 
and enhance the body’s energy. Some patients 
will resist this form of therapy as they do not 
consider themselves to be good artists. It is 
vital to explain that these creative endeavors 
are not for the purpose of creating art, but for 
expressing feelings and emotions. These art 
forms need not be pretty, perfect, or shared 
with anyone if the patient does not desire to 
do so. They need not even be kept so long as 
the patient has released some feelings and 
emotions. The process itself is the healing. 
This type of therapy is used to help the pa- 
tient recreate, identify, and release trapped 
emotions deep within the subconscious mind. 


PULLING OUT THE PAIN MEDITATION 

This meditation uses part of the guided im- 
agery used in the Soul Retrieval Meditation (found 
in Chapter 19). It releases and transforms the 
patient's conscious feelings and helps to change 
or remove the Personal Subconscious toxic hold- 
ing patterns. 

‘After the meditation, patients should feel as 
if they have been cleansed and purified of toxic 
emotional debris. This is, however, only the first 
level. Patients can only release and transform the 
surfacing emotions one level at a time. Like peel- 
ing an onion, the patients must continue to work 
through each level until reaching their core issues. 
These core issues surround the suppressed feel- 
ings of hurt and pain. 

The doctor instructs and guides patients 
through this meditation matching the rhythm of his 
or her words to the patient's exhalations. Patients 
draw their painful memories and traumas out of 
their body in the form of dark smoke; they then 
separate the distilled wisdom and knowledge from 
this dark cloud, reabsorbing the healing light into 
every pore and cell of their body. The dark cloud 
ust then be released with the help of an angelic 
being who severs the energetic cord(s) still attach- 
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ing the patients to their pain and suffering, When 
the patients reach this sixth step, the doctor assists 
them by clapping his or her hands as the patients 
visualize the “sword of truth”, held by this holy 
being, severing the dark energetic cord(s). The 
sword of truth represents the patients’ decision to 
regain their power by letting go of their attachment 
to theirillness. This attachment creates very real en- 
ergetic cords that bind the patients to their painful 
‘memories and toxic emotions. Severing these cords, 
or cord, symbolizes the end of the patients’ invest- 
ment in their disease, and the beginning of true 
healing. This releases all the pain and despair, i, 
the black cloud ascending into the Heaven into the 
hands of God or a “higher power,” in accordance 
with the belief structure of the patients. Asthe cloud 
reaches the first wave of love and compassion ema- 
nating from God or a “higher power,” a mighty 
explosion transmutes the black despair and pain 
into divine healing light. The doctor then assists the 
patients in accepting this healing, loving light back 
into their body to experience, perhaps for the first 
time in their lives, true forgiveness and a state of 
grace. 

1. Begin by sitting comfortably in a chair, with 
both feet on the floor, hands resting on your 
thighs, eyes closed, tongue on the upper pal- 
ette. Breathe naturally through the Lower 
Dantian. 

2. Focus your attention on the Yellow Court area 
below the diaphragm where you store pain- 
ful memories and trauma. Imagine opening 
up this area to release the toxic energy out of 
your body as a stream of dark steam releas- 
ing from a pot. 

3. As the dark steam flows out of your body you 
are releasing feelings and memories of guilt, 
anger, rage, humiliation, abandonment, deg- 
radation, rejection, insecurity, and sorrow. 
‘These toxic emotions have, until now, pre- 
vented your healing through creating a deep 
distrust of self and others. 

4, Focus your attention on this energetic cloud, 
and begin separating the pain and hurtful 
memories from the knowledge and wisdom 
gathered from these experiences. Visualize 
this knowledge and wisdom in the form of 
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golden, white, and silver light energy gather- 
ing on the right side of the room. Continue to 
drain the dark cloud of misery and pain, now 
occupying the left side of the room, until you 
have extracted all the new insights from it. 
‘As you do so, you will notice the dark cloud 
becoming heavier and darker. 

5, Focus on the right side of the room. Through 
your intention, begin to inhale and imagine 
this bright, illuminating energy flowing back 
into your body. Absorb this knowledge and 
wisdom gathered from past experiences, void 
of any feeling of hurt, pain, and judgement 
into every cell of your body. This distilled 
knowledge and wisdom empowers you to 
heal from your wounds on a physical, men- 
tal, emotional, energetic, and spiritual level. 

6. Next focus your attention on the dark black 
cloud containing all your pain and suffering. 
Imagine an angelic being, righteous nd holy, 
holding a “sword of Truth,” standing by your 
side, ready to sever the dark energetic cord(s) 
still connecting your physical body to this 
dark cloud of despair. The sword descends 
and severs the cord(s) (the doctor claps his or 
her hands as the sword severs the cori(s). 

7. The cloud of darkness begins to float up, 
through the ceiling, through the sky into space. 
Far in the distance you begin to perceive God 
ora “higher power” emanating waves of com- 
passion, love, and mercy descending towards 
the Earth. One of the waves touches the dark 
cloud of hurt and pain, exploding it into a bril- 
liant light. The cloud is immediately trans- 
muted into fluorescent crystal blue drops of 
light. This pure, clean energy descends from the 
Heavens like gentle rain. Breathe in this crystal 
blue healing energy, let it penetrate deeply into 
every pore, every tissue and cell, saturating 
your body completely. Feel the light cleansing, 
and radiating throughout your being. 


UNDERSTANDING WHY A PATIENT 
Won’T HEAL 

Normally, in a clinical setting, 80% of the pa- 
tients will respond favorably to Medical Qigong 
therapy. In some cases, complete remission of the 


disease is achieved. An additional 10% will im- 
prove, but stabilize in their condition, while a fi- 
nal 10% will not respond at all to the treatments 
and will progressively get worse. When the pa- 
tient does not respond to the treatments, the rea- 
son can usually be related to the following condi- 
tions: Failing to Carry Out the Prescriptions, The 
Pathogens are Just Too Strong, and Divine Will 
Guides the Outcome. 

‘Failing to carry out the prescriptions can be 
caused by the patient subconsciously sabotag- 
ing the healing. Refusing to practice is usu- 
ally due to deep unresolved emotional issues, 
eg, feeling unworthy to heal, fear of aban- 
donment by spouse or others, and so on. 

‘The pathogens are just too strong to be healed 
by Medical Qigong therapy alone; when an 
illness is long-standing, additional comple- 
mentary treatments, ie,, herbs, Western medi- 
cine, or surgery may become necessary to 
achieve healing. 

Divine will guides the outcome in some cases. 
The patient's time in the physical realm may 
be complete, and the soul is preparing to re- 
tum back to the divine. 

Sometimes the healing process takes more 
time then expected. I explain to patients that per- 
manent transitions can sometimes be instanta- 
neous, but are more likely to be gradual. I explain 
that they are like a sea captain, standing at the 
helm of a great ocean liner. If the captain decides 
that the present course is unsafe, and destructive 
to the ship and its crew, he quickly orders an im- 
mediate change in the course of the ship's direc- 
tion. With a flick of a switch and a hard spin of 
the steering wheel, the direction of the rudder is 
immediately changed. However, because of the 
perpetual inertia of the massive ship, it will take 
some time to observe any alteration in the course 
of the ship’s current direction. Although the eyes 
of the captain can be focused on the new direc- 
tion, the ship still requires enough time to effec- 
tively move in the new direction. Its the patient's 
spiritual intentions and focused goals that even- 
tually direct the patient's emotional belief system, 
which in turn, redirects their thoughts and body's 


physical reactions. 

Sometimes, toxic emotions and memories are 
released through diligent Qigong practice and 
treatments. With some patients, however, al- 
though major changes have already occurred in 
their conscious attitude, belief structure, and spirit, 
itmay take longer for the unconscious reprogram- 
ming to take hold and stop reinforcing the old 
fears, and traumas. This impediment of uncon- 
scious reprogramming is due to the patient's con- 
scious mind not being able to fully integrate the 
new reality and belief structure. A cancer patient 
may, for example, have been diligently practicing 
the prescriptions and the disease may now be in 
remission, but, the patient still visualizes the can- 
cer as all-invasive. Rather then starting with an 
image of less cancer in the body, the patient con- 
tinues to start the meditations with the cancer con- 
dition visualized at its worst peak. This sends a 
double message to the subconscious mind (heal 
and don’t heal). 

The same thing applies to observing the 
patient's transitions of chronically programmed 
patterns. New behaviors and attitudes cannot 
become habits overnight. It simply takes time, 
endurance, and constant encouragement in order 
to make progress. It is important for the patients 
to keep their eyes focused on their intended goal 
and not give up hope. 

Itis also important not to force mental imag- 
ery when feeling angry, depressed or upset. To be 
effective, creative visualization requires a quies- 
cent mind and soft focus; it should not be hard 
work. Time allotted to creative visualization can 
be brief (only a couple of minutes), several times 
a day, for it to be effective. 


FACING THE DEATH OF A PATIENT 

Because human beings are created from the 
energies of Heaven and Earth, they are subject to 
the transitions of nature, death being part of that 
transition. Sometimes, no matter who the doctor 
is, or what his or her specific training has been, 
there is nothing that can be done to physically heal 
the patient. Because patients have made attach- 
ments during their stay on Earth (physical, men- 
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Accepting Death 


‘1, Shock, Numbness, Disbelief, Denial 
and Isolation 


2, Anger and Rage 
3. Bargaining 
. Depression 


5. Acceptance 


Figure 32.6. The Five Stages and Transitions of Accepting Death. 


tal, emotional, and spiritual), it is important for 
the doctor to assist them in their final transitions 
of releasing and letting go. The fear of death of- 
ten causes patients to feel loss of control of their 
life, facing and conquering this fear allows them 
to regain a sense of control. 

According to Dr. Elisabeth Kubler Ross, there 
are five stages of dying that facilitate closure for 
patients, especially in the life and death transi- 
tion (denial, anger, bargaining, depression, and ac- 
ceptance). These transitions also occur when fac- 
ing the death and closure of any personal rela- 
tionship or job, as well as the termination of one’ 
life Figure 32.6). Although these stages were origi- 
nally believed to follow each other in an orderly 
fashion, further research has indicated that these 
stages need not, and most often do not occur one 
ata time. The different “stages” can occur at any 
time going from “denial” to “acceptance,” back 
to “bargaining,” etc,, (sometimes in just a few min- 
utes). Every individual reacts differently. Some 
never accept death and struggle to the very end. 
Medical Qigong therapy describes these transi- 
tions as follows: Shock, Numbness and Disbelief, 
Denial and Isolation, Anger and Rage, Bargain- 
ing, Depression, and Acceptance. 

1. Shock, numbness, and disbelief occur when 
an individual is faced with the fact that his 
or her own death is near. Because of shock, 
the mind will generalize, rationalize, delete, 
or distort information to make the informa- 


tion acceptable to the patient's belief system. 
When these initial feelings of shock, numb- 
ness, or stoicism begin to disappear, most 
patients then experience disbelief. They can 
not believe or will not accept what is happen- 
ing to them. 

‘Some patients bypass this stage all together. 
‘They feel great relief at learning of their im- 
pending death. They look forward to the ces- 
sation of pain and rejoining those close to 
them who have passed on. 

2. Denial and isolation is the first semi-conscious 
choice the patient makes after hearing the 
news. The patients’ disbelief allows them to 
establish their own denial system. This denial 
system functions as a shield to protect them, 
as they emerge from the shock. Denial and 
isolation further allows these patients time to 
gather additional knowledge, hoping that the 
original diagnosis was incorrect. 

3. Anger and rage arise as the denial system 
breaks down. Patients experience anger, rage, 
envy, and resentment, as they view their ter- 
‘minal progress as an injustice. The patients’ 
discomfort and anger are usually displaced 
and projected towards anything and every- 
one (usually people and God). Patterned, fear- 
based behaviors get stored in the body and 
mind. These emotions affect the patients’ fu- 
ture perceptions, diminishing their belief sys- 
tem in personal survival. 
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4, Bargaining is the next stage in the process of 
adjusting to the verdict. Patients offer coun- 
terproposals (usually with God), hoping to 
change or alter the course of events and post- 
pone the inevitable from happening. 

5, Depression replaces hope and the patient ex- 
periences a deep sense of loss. Still resisting 

the outcome, patients sink into depression, 
sometimes lingering for quite some time be- 
fore death. Depression is divided into two dif- 
ferent categories, each one is different in na- 
ture. 

Regretful depression is caused by guilt and 

shame for not having lived life to the fullest. 

The patients regret having given in to fears 

and having held on to past hurts (both real 

and imaginary) for so long, that many dreams 
were abandoned. Opportunities for healing 
and enjoyment were missed, and old sorrows 
and conflicts never resolved. Patients with this, 
type of depression often seek to voice their 
regrets. Many ask to let go of the bitterness 
and open up toa spiritual healing, rather than 

a physical healing. 

+ Preparatory depression is not caused by re- 
grets, but by mourning the loss of projected 
fature experiences. These patients are usually 
quiet and reflective, as they face the process 
of losing everything and everyone that they 
love. 

6, Acceptance is the final stage before death. 
Having nowhere else to go, patients evaluate 
‘what was learned in life. They are now able 
to express their feelings of envy for the living 
and the healthy, as well as anger at those who 
do not have to face their fate so soon. They 
finally accept the inevitability of death. De- 
pression gives way toa time of rest before the 
divine journey home. The patients, having 
faced their life's work, fears, and feelings, now 
have a new outlook on life and are prepared 
for the spiritual transition of death. 

Facing death is an important transition in life 
and must be approached with a reverent respect 
for spiritual transformation. When a patient is 
dying it is extremely important for the doctor to 
accept the “higher order” or “divine will” for the 


patient, and not harbor a win or lose attitude. No 
matter what stage of transition the patients are 
in, they will almost always maintain some glim- 
mer of hope, even though they may claim other- 
wise, to the very last moment of their life. Itis the 
doctor's responsibility to accept and support pa- 
tients to their inevitable end and not cease to treat 
them for reasons of personal fears, sorrows, or 
regrets. Listen to your patients, and allow them 
to release their fears. This continued support, ac- 
ceptance, and encouragement for the patient al- 
lows them to die in peace and with dignity. 


SuMMaRY 

Death is considered merely a change of resi- 
dence for the patient's spirit. The ailing body is 
sometimes viewed as “a house with rotting walls.” 
Once the dying body becomes unusable, it is best 
to abandon it, and look for another place to stay. 
The spirit-body is immortal and will exists for- 
ever in accordance with the will of the divine. This 
is why one is taught to be unattached to the physi- 
cal transformations of this world and accept and 
embrace death as part of the natural process of 
existence. 

Think of the transition of death as similar to 
that of a baby chick which is about to be hatched. 
Although it has lived and existed within its shell 
all its formative life, as the baby chick continues 
to develop, it has slowly begun to outgrow its 
place of existence. The baby chick is now becom- 
ing harshly compressed and crushed within the 
security of its own shell. As the little chick exhausts 
itself, trying to get free from what has now be- 
come its prison, it seemingly faces death. With its 
apparent last breaths, the little chick shatters the 
surrounding shell. Immediately, an intense light 
appears, followed by a whole new world that re- 
veals itself in new wonderment. The baby chick 
is now reborn into a fresh new realm of existence, 
with new room to grow and the ability to experi- 
ence true freedom. 

‘Once, while in China, I was talking to Dr. 
‘Wong of the Xi Yuan Hospital, in Beijing. He made 
the profound statement that everyone he had ever 
treated had gotten healed. Ihave never heard such 
abold statement being made by a Qigong master, 
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or by any doctor for that matter, so immediately 
began to inquire as to what his special techniques 
were. Dr. Wong responded, “Everyone I treat gets 
healed; some get healed spiritually, others emo- 
tionally, some mentally, and some physically. Not 
all get cured, but all do get healed, Some patients 
that come to me for therapy are supposed to die, 
It is their time of passage, and I help them accept 
death with dignity and honor. Thisis achieved by 
helping the patients heal their spiritual, mental 
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and emotional wounds before they pass on. Oth- 
er patients that come to me are in an active stage 
of energetic transition, and I help these patients 
to see where they've become stagnant, Excessive, 
or Deficient in their bodies and release their patho- 
genic Qi.” Life is a pathway of transition and 
change, and so, in the field of energetic medicine, 
all patients are moving toward or away from heal- 
ing their relationship with themselves and oth- 
ers, 
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CHAPTER 33 


ENERGY EXTENSION AND QI 


TECHNIQUES 


ENERGY PROJECTION 

‘Thebody’s energetic constitution isa combined 
matrix of sound, light, heat, and electromagnetic 
energy. Studies on the effects of Qi projection con- 
ducted by Chinese scientists concluded that energy 
released by a Qigong doctor into a patient carries 
the properties of infrasound, electromagnetics, static 
electricity, infrared radiation, gamma rays, particle 
and wave flows, organicion flows, and light. These 
properties produce the physiological changes in the 
patient's tissues during the Qigong treatment. 

‘A Qigong doctor can emit energy during a treat- 
ment with or without touching the patient. The 
treatment with the doctor's hand moving at a dis- 
tance from the patient's body is considered Qi Emis- 
sion. Ifthe doctor’shand touches the patients body, 
it is considered Qi Massage, which combines both 
tissue manipulation and energy flow. Functionally, 
itis also helpful ifthe Qigong doctor also has thor- 
ough grasp of the tissue manipulation skills of Chi- 
nese massage therapy (Jie Gu for bone setting, Tui 
Na for traumatology, and An Mo for Internal dis- 
eases and visceral manipulation), as well as 
acupressure and TCM theory, to ensure a highly pro- 
ficient quality of treatment and to avoid misdiag- 
nosis and erroneous treatments. 

Qiis projected outside the body and travels in 
ripples and vibrational pulses similar to the ripples 
ofan ocean wave. The frequency of this energy wave 
can be modulated into dense or dispersed resonat- 
ing pattems depending on the Qigong doctor's 
needs. 

Shen is projected outside the body as light and 
travels in light beam particles. This particle light 
extension can change in color and intensity de- 
pending on the doctor’s intention. When Qi and 
Shen are combined, the light and wave frequen- 
cies facilitate maximum energy projection. 


MANIPULATION 


Figure 33.1. Palm Qi Extension 


TYPES OF ENERGY EXTENSION 

There are nine types of energy extension and 
projection skills that are divided into three cat- 
egories based on the source of the projected en- 
ergy. The first three are projected from the extremi- 
ties: palms, fingers, and soles of feet. The next cat- 
egory of Qi projection originates from the three 
Dantians: Upper, Middle, and Lower Dantian. The 
third category includes Qi emission from the eyes, 
throat (sound resonation), and thought projection. 
ENERGETIC PROJECTION FROM THE 
EXTREMITIES 

The first three energetic projections are re- 
leased from the extremities (palms, fingers, and 
the soles of feet) in accordance with the doctor's 
imagination and intention. 

+ Palm extension is the ability to release emit- 
ted energy through the center of the doctor's 
palm (Pc'8).Itis considered the primary hand 
posture used by all Medical Qigong doctors 
for emitting Qi (Figure 33.1). 

+ Finger extension is the ability to release emit- 
ted energy through the extended fingers (usu- 
ally through the index and middle fingers). 


The finger extension techniques allow the 
Qigong doctors the ability to finely hone their 
energetic projections into a smaller, con- 
densed energetic beam (Figure 33.2). 
* Soles of feet extension is the ability to release 
energy through the bottom of the feet (Kd-1); 
this method is usually used to surround and 
envelop the treatment room as well as the pa- 
tient Figure 33.3). 
ENERGETIC PROJECTION FROM THE DANTIANS 

The next three energetic projections are re- 
leased from the Upper, Middle, and Lower Dan- 
tians. These energetic projections are based upon 
the doctor's kinesthetic, empathic and intuitive 
abilities. 
* Upper Dantian (Yin Tang) extension from the 
Qigong doctor's Third Bye area can be used in 
conjunction with the eyes for intensifying the 
doctor’s Shen projection towards the patient. 
* Middle Dantian (CV-17) extension from the 
Qigong doctor's Heart area can be used in con- 
junction with projection from the doctor’s 
hands or throat, for vibrational resonation. This 
technique intensifies the emotional connection 
between the doctor and the patient. 
* Lower Dantian (CV-6) extension from the 
Qigong doctor’s abdominal area can be used 
in conjunction with Qi emission from the feet 
for expansion or extension of Wei Qi. This 
method intensifies the projected External field 
of Qi around the patient (Figure 33.4). 
ENERGETIC THOUGHT PROJECTION OF QI AND 
SHEN 

The last three energetic projections are re- 
leased from the eyes, throat and mouth (sound 
resonation) and thought projection. These tech- 
niques are a form of long-distance thought pro- 
jections, based upon the doctor’ ability to project 
Qiand Shen. 

* Projection from the eyes releases energy 
through the eyes and is generally used to in- 
crease the doctor's intention and focus of Qi 
(Figure 33.5). 

‘+ Sound resonation projects the voice to tonify 
or disperse the patient's energy through vis- 
ceral resonations (Figure 33.6). 
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Figure 33.3. Extending Energy from the Soles of the 
Feet 


Figure 33.4. Qi Extension. When treating a patient, all 
‘Three Dantians extend their energy into the patient. 
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9. Digital: SPI 

SPI is an acronym for serial peripherals inter- 
face, a standard introduced by Motorola that 
serves a similar function to the 12C bus, 
described immediately above. The SPI standard. 
is slightly more sophisticated, enabling duplex 
communication and higher data transfer 
speeds. However, SPI requires a minimum of 
three wires shared by all devices on the bus, 
and an additional device-selection line for each 
slave device. The benefit of the extra device 
lines is that devices are easier to select and 
address than on an I2C bus, where more pro- 
gram statements are required. As is the case for 


12C, code libraries for microcontrollers are 
widely available to support SPI. However, the 
requirement for SPI to use three pins on a 
microcontroller, plus an additional pin for each 
slave device, is a disadvantage. 


More sensors have I2C capability than SPI capa- 
bility. The SPI protocol is potentially much 
faster than I2C. 


A sensor that is SPl-enabled will almost cer- 
tainly be available in a similar version that uses 
12C. An increasing number of chip-based sen- 
sors support both protocols. 
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* Thought projection is another way to release 
Qi. Itis used for long distance energy therapy 
and is a form of transmuting Qi into Shen, 
whichis transmuted through the Wuji into the 
patient's Yuan Shen (Figure 33.7). 


CONTROLLING ENERGETIC 
PROJECTIONS 

The problem with energy extension lies not 
in releasing life-force energy but in controlling the 
power and flow of its projection. If the doctor is 
distracted or unstable in his or her projection of 
‘energy, the doctor may induce more problems in 
the patient's body. Qi projection can be stabilized 
in two specific ways: 

‘First, by visualizing and projecting specific 
colors (blue, red, violet, etc.) with the energy 
extension. This causes the Qi to take on a 
dense and fuller projection, which facilitates 
the rooting and stabilizing of the energy into 
the patient's tissues. 

* Second, by using intention to mentally focus 
the size and shape of the projected energy (like 
a laser), to intensify the Qi projection. 

When treating a patient, the diseased tissue 
must be sufficiently energized. Inadequate ener- 
gizing results in only slight improvement or a 
slower rate of healing; over-energizing may cause 
Qicongestion. 

The degree of curative effect depends on the 
competence and versatility of the doctor, as well 
as the responsiveness of the patient. Ifthe patient 
is not responsive, repeated stimulation and regu- 
lation of Qi is needed to raise their sensitivity. 

‘Sometimes the patient's emotion and spirit are 
outside and disconnected from their body and 
mind. Although this is a perfect adaptation for a 
military environment, it is not conducive for an 
energetic healing environment. The patient must 
undergo a series of Shen Gong training sessions 
to retrieve their emotional spirit. This training is 
‘commonly referred to as “soul retrieval” because 
the patient’s soul is in a state of shock (or sus- 
pended animation) due to severe emotional 
trauma, and must be returned to its Yuan Jing 
within the patient's tissues. (See Chapter 19). 


Figure 33.5. Energy Projection from the Eyes 


Figure 33.7. Thought Projection, 


In addition to Shen Gong training, the Qigong 
doctor must make the patient’s Qigong medita- 
tions and prescriptions more active so that a sat- 
isfactory effect can be achieved. However, a de- 
sirable effect can only be attained when the pa- 
tient is cooperative with the doctor and is consis- 
tent with the assigned homework. 


HAND POSTURES FOR QI 
EMISSION 

There are many hand postures used in emit- 
ting and drawing in energy. Each variation depends 
on the skill and particular background of the doc- 
tor. Generally the doctor uses the entire hand to ex- 
tend energy, constantly changing the intensity of 
the Qi being extended. By expanding and contract- 
ing the hand and fingers, the “beam of Qi” being 
emitted into the patient’s body will expand and 
contract. Presented here are six hand postures most 
preferred by myself and many other Medical 
Qigong doctors in clinics throughout China. 


THE EXTENDED FAN PALM 

This first hand posture is the most popular in 
terms of Qi emission. It releases the widest field of 
Qi emission. In the Extended Fan Palm hand pos- 
ture, all five fingers stretch naturally, separate, and 
open like a Chinese fan (Figure 33.8). There should 
be no tension, and the focus of the energy should 
be in the center of the palm (Pc-8). This Extended 
Fan Palm is the primary hand posture for extend- 
ing energy because it can be easily used for emit- 
ting either Hot or Cold energy. It can also be used 
in conjunction with other techniques as a reinfore- 
ing method to strengthen the flow of energy exten- 
sion. 

Note: Before beginning these exercises, it is 
important not to eat a heavy meal (at least one 
and a half hours before practicing), 

PALM BREATHING ENERGY EXERCISE— 
STAGE 1 
1. From a Wuji posture, bring both hands up in 
front of the body, with the palms facing the 

Lower Dantian. Breathe naturally while con- 

centrating on the Lower Dantian. Next, place 


Figure 33.8. The Extended Fan. This palmis the primary 
hand posture used for emitting Qi 


Figure 33.9. The Image of Holding a Ball of Energy 
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the left palm facing the right palm, as if hold- 
ing an imaginary ball. Allow the energy be- 
tween both hands to build and increase its 
energetic field (Figure 33.9). 

2. Press the Mingmen backwards and feel the 
energy absorbing through the arms into the 
Lower Dantian. Next, release the pressure 
from the Mingmen and feel the Qi return back 
into the center of the palms. 

3. Shift the attention to the center of the right 
palm, and begin to extend energy into the cen- 
ter of the left palm. Next, shift the attention 
from the center of the right palm, and begin 
extending energy into the center of the left 


4, As a feeling of pressure begins to build be- 
‘tween the hands, perform the “Pushing” (en- 
ergy extension) and “Pulling” (energy retrac- 
tion) manipulation technique. This technique 
is practiced by pushing the Qi of the right 
palm into the center of the left palm. Hold it 
there, feeling the pressure mount, then with- 
draw the Qi back into the center of the right 
palm. Repeat for several minutes, then move 
to step five. 

5. After several minutes switch the mind's fo- 
cus to the opposite hand and perform the ex- 
ercise again. Do this exercise twice a day for 
15-30 minutes each practice. Be careful not to 
let the hands touch when running the energy 
back and forth between the palms. After 100 
days go to Stage #2. 

When training to increase their own energetic 
field, the Qigong doctors must strive to overcome 
the Pituitary Pain Syndrome. Thisisa state of tran- 
sition during which the body is overcome by pain 
to the extent that the mind gives up and the doc- 
tor quits practicing (e.g,, feeling fatigue when 
practicing a Holding the Ball posture). It is im- 
portant that as the doctor become stronger, the 
training posture be maintained longer, so that the 
pituitary gland is challenged to activate the hy- 
pothalamus. The hypothalamus causes the body 
to produce endorphins such as ACTH, which is a 
natural form of cortisone that helps to escalate the 
doctor's healing potential. This physical reaction 


Figure 33.10. Posture for Palm Breathing Exercise 


is similar to a runner who must overcome physi- 
cal cramping when racing to obtain a second wind. 
PALM BREATHING ENERGY EXERCISE— 
STAGE 2 

1. Light a candle and place it on a table. From a 
‘Wouji posture place the center of the right palm 
several inches to the right of the tip of the 
flame (Figure 33.10). The left palm should be 
placed on the opposite side of the candle, fac- 
ing the right palm. The Laogong points and 
the tip of the candle should be in a straight 
line with each other. 

2. Breathe naturally while concentrating on the 
Lower Dantian. Shift the attention onto the 
center of the right palm, and begin extending 
energy into the center of the left palm. 

3. Once a feeling of pressure begins to build be- 
tween the palms, begin the Pushing and Pull- 
ing energy manipulation technique. Push the 
Qiof the right palm into the left palm. Hold it 
there for several minutes, feeling the pressure 
mount, then draw the Qi back into the center 
of the right palm. Practice this exercise for 
several minutes. 

4. Next place the left palm on the Lower Dan- 
tian while continuing to extend and retract en- 
ergy from the right palm. After several min- 
tutes, switch hands. Notice that as the Qi is 
being extended out of the palm that the flame 
bends away, and as the Qi is retracted back 
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into the palm the flame bends towards the 

center of the palm. Practice this exercise twice 

a day for 15-30 minutes each time. 

Note that the Yin Tang area (the Upper 
Dantian’s projection point) can grasp the flame and 
hold stationary. Since this technique (grasping and 
rooting) is used for rooting and securing the 
patient's Qi its application can be counter produc- 
tive when trying to move the flame tip. To avoid 
this condition, the doctor should relax the mind and 
use the imagination when projecting Qi. 


THE SWORD FINGERS 

In this second hand posture, the expansive 
field of Qi being released is reduced and con- 
densed into a more solid beam of light. In the 
Sword Fingers hand posture, the index and 
middle fingers of the right hand are extended and 
joined together, the ring and little fingers curl into 
the center of the palm (Figure 33.11). The thumb 
should rest on the nails of the ring and little fin- 
gers forming a circle where Qi is gathered. 

The index finger indicates Wood or Liver’s 
Qi, and the middle finger indicates Fire or the 
Heart's Qi. Together, both fingers activate the Qi 
of Fire and Wood, which is a catalyst for the Yang 
energy needed for guiding Yang Heat with the 
intention (Yi). When extending energy, the Qi is 
gathered first in the palm and the circle between 
the thumb and last two fingers, then itis released 
through the tips of the index and middle fingers. 
SWORD FINGER Qi EXTENSION—STAGE 1 

1. From a Wuji posture, extend both hands to 
form an imaginary circle of energy in front 
of the Lower Dantian. As soonas the Dantian 
is activated and full, bring the ball of energy 
in front of the body, level with the Middle 
Dantian (Heart /solar plexus level). Direct the 
Qi from the Lower Dantian into both hands 
igure 33.12). 

2. Point the middle and index fingers of the right 
hand towards the left palm (Pc-8) and feel the 
energy press into the tissues (Figure 33.13). 
After a while, neutralize the energy by turn- 
ing the palms towards each other, then switch 
and feel the energy of the left sword fingers 


Figure 33.12. Imagine a ball of energy in front of the 
Lower Dantian, then raise it up tothe level of the Middle 
Dantian. 


Figure 33.13. Point the Sword Fingers of the right hand 
towards the center of the left hand. 
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(index and middle finger) press into the cen- 
ter of the right palm. Practice this exercise 
twice a day for 15-30 minutes each practice. 
After 100 days go to the next stage. 

SwoRD FINGER Qi EXTENSION—STAGE 2 

1. Light a stick of incense and place it in a stand- 
ing upright position on a table. From a Wuji 
posture, place the center of the left palm (Pc- 
8) several inches to the left of the incense. The 
right hand sword fingers point through the 
tip of the incense, extending Qi into the cen- 
ter of the left palm. All three points - left cen- 
ter palm (Pc-8), tip of the incense, and the right 
sword fingers - should be in a straight line 
(Figure 33.14). 

2, Breathe naturally while concentrating on the 
Lower Dantian. Shift your attention onto the 
tip of the incense and focus your concentra- 
tion there. Continue to extend Qi until you 
havea strong feeling of Qi in the center of your 
left palm. After a while switch to the right 
palm. Practice this exercise twice a day for 15- 
30 minutes each time. 


THE ONE FINGER SKILL 

In this third hand posture, the field of Qi being 
released is further condensed into an more solid 
beam of light. In the One Finger Skill hand posture, 
the hand forms a soft fist with one appendage (fin- 
ger or thumb) extended (Figure 33.15). The energy 
is projected ina straight line (like a laser beam) and 
can be used to Heat the patient's tissues, channels, 
or points, as well as to lead, extend, and tonify the 
energetic field (Figure 33.16). 

One Finger Skill can be used to extend long 
range energy into the patient's channels, or for 
tissue and channel point regulation. The former 
technique is regarded as an internal application, 
and the later technique is regarded as an external 
application. 

* The external application requires that the doc- 
tor make physical contact with the patient's 
tissues, extending the mind deep into the spe- 
cific areas, channels, or points to be treated. 
The Qigong doctor physically rotates and 
shakes a specific finger (or thumb) from side 


Figure 33.14. The Sword Fingers point at the tip of the 
litincense, 
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Figure 33.15. The use of the finger or thumb to emit Qi 
is an example of the One Finger Skill technique. 


Figure 33.16. Energy is extended through the One 
Finger Skill technique. 
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to side while emitting Qi into the patient's tis- 
sues or energetic fields (Figure 33.17). 

* The internal application requires that the 
Qigong doctor extend his or her arm, point- 
ing a specific finger at a particular area on the 
patient’s body. The doctor then focuses on that 
specific channel point, leading and directing 
the emitted Qi into or out ofthe patient's body. 

ONE FINGER SKILL ENERGY EXTENSION 
Exercise 
1, From a Wuji posture, focus the concentration 
on the Lower Dantian area and bring both 
arms up to chest level and form an energy 
ball. Once the Qi in the Lower Dantian be- 
comes activated, direct its energy flow to the 
tip of the right index finger. Once a feeling of 
heat and expansion of energy is felt within 
the right index finger, point the energy beam 
into the heart of the left palm (Figure 33.18). 
2. Once the energy is felt pressing into the left 
palm, begin to circle-rotate the energy beam 
in a clockwise direction for several minutes, 
then in a counterclockwise direction for sev- 
eral minutes. 
3. Next, extend and focus the Qi from the Dan- 
tian into the left index finger, and repeat the 
exercise. 
SOARING DRAGON TECHNIQUE 

The Soaring Dragon technique is a variation 
of the One Finger Skill energy extension technique. 
If the pathogens are strong and too much Heat is 
being emitted from the patient's tissues (as in cer- 
tain types of cancer), the Qigong doctor may de- 
cide to use this particular variation to avoid ab- 
sorbing the dangerous toxins being released from 
the patient’s body. The Qi is emitted out the 
doctor's middle finger into the patient’s body 
while the other four fingers disperse the patho- 
genic Heat into the ground (Figure 33.19). 

Before initiating the Soaring Dragon tech- 
nique, it is important for the Qigong doctor to 
use his or her mind’s intention to seal the wrist. 
This enables the doctor to pull the patient's Qi 
into the palm and to disperse it into the Earth via 
the other four fingers, while avoiding the absorp- 
tion of the patient’s pathogenic Qi. 


Figure 33.17. The doctor makes contact with the 
Patient's tissues, extending his or her intention along 
the patient's channels, leading the Toxic Qi out her body. 


Figure 33.18. One Finger Skill Energy Extension 
Exercise 


Figure 33.19. Soaring Dragon Hand Posture Technique 
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Thave found this technique very effective in 
my personal practice. As the pathogenic Heat from 
the patient's tissues releases upward, the dispers- 
ing energy that flows from the four fingers cause 
the patient's toxic Heat to dissipate and be car- 
ried away from the doctor. 

BELLOWS PALM TECHNIQUE 

‘Another variation of the One Finger Skill is 
the Bellows Palms technique, which uses the Lao 
Gong Pc-8 point at the center of the palm as a 
pump, to expel Qi out the middle finger. Origi- 
nally, while treating patients, the palm is Hot (in 
a Yang state). However, when pulling Qi from the 
center of the palm and directing it out the middle 
finger, the polarity of the palm changes from Yang 
to Yin, causing the center of the palm and the 
middle finger to turn white (Figure 33.20). 

Because this technique is used to pull out Heat 
from the patient's body, before initiating the Bel- 
lows Palm it is important for the Qigong doctor 
touse his or her mind’ intention to seal the wrist. 
‘The doctor then pulls the patient's Qi into the palm 
and disperses it into the Earth via his or her middle 
finger to avoid absorbing any of the patient’s 
pathogenic Qi (Figure 33.21). 

THE BACK BRIDGE BAR TECHNIQUE 

‘The Bellows Palm technique is also used with 
the “back bridge bar” (where the trapezius 
muscles join both arms across the doctor’s shoul- 
ders) to aspirate toxic energy from the patient's 
body. In this particular technique, the doctor's left 
palm is used as a vacuum to aspirate a specific 
area inside the patient's body. The toxic energy 
travels through the doctor's left arm, across the 
shoulders and back (never the front), and out 
through the right palm into the Earth. The right 
palm applies the “bellows” technique used to cre- 
ate the energetic suction applied by the left palm, 
for removing Toxic Qi. This technique is contrain- 
dicated when treating cancer patients. 


THE INVISIBLE NEEDLE PALM 

In this fourth hand posture, the field of Qi be- 
ing released is further condensed into an intense 
beam of light, similar to that of a laser beam (Figure 
33.22). In the Invisible Needle Palm hand posture, 


Figure 33.20. When using the Bellows Palm technique, 
the center of the palm and middle finger remain white 
in color, while the rest of the palm remains red. 


Figure 33.21. Absorb the patient's Toxic Qi from the 
middle of the palm and disperse the pathogens out the 
middle finger into the Earth, 


Figure 33.22. The Invisible Needle Palm 
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three fingers on the right hand are curled into the 
center of the palm with the thumb resting against 
the tip of the index finger (see Chapter 35 for Invis- 
ible Needle Theory and Application). 
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‘THE DRAGON’S MOUTH PALM 

‘This hand posture is sometimes also called the 
Duck’s Bill Palm, and is used to pulll energy (like 
pulling a silk thread). The thumb and all four fin- 
gers perform the action of “pulling the golden 
thread” in order to lead or pull energy along and 
through the body’s channels and points. The in- 
tensity of the Qi and movement between the 
thumb and fingers is determined by the relaxed 
movements of the wrist and finger joints. This 
hand technique is often used to purge energy 
away from specific points when treating areas of 
Excess (Figure 33.23), 


THE KNEADING TIGER PALM 

In this hand posture, all five fingers naturally 
curl as if embracing a ball. The wrist action is very 
fluid and supple, allowing the fingers to expand 
open like the Extended Fan Palm, and then gen- 
tly close as if kneading a cotton ball. The entire 
action should be similar to a jellyfish moving in 
the ocean. This is an excellent technique for pull- 
ing, shaking, and rotating energy (Figure 33.24). 
KNEADING TIGER TECHNIQUE 

This hand posture is used for dispersing stag- 
nations and dissolving energy blocks. Once the 
doctor has selected the proper hand posture and 
the area to be treated, the doctor places his or her 
hands and fingers above the patient's body, per- 
forming a circular kneading action (slightly open- 
ing and closing the palm) while simultaneously 
extending energy into the patient’s body. The spi- 
raling energetic frequency should be synchronized 
with the doctor’s hand kneading and the patients 
pulse and respiration. Both the pressure and the 
strength of energy extended into the patient are 
determined according to the severity of the illness. 
The Tiger Kneading technique is used for extend- 
ing energy into energetic points of the chest, ab- 
domen, and extremities to purge Qi stagnation 
and improve energetic circulation. 
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Figure 33.23. The Dragon's Mouth Palm 


Figure 33.25. The Five Thunder Finger Palm 
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Figure 33.26, The Five Thunder Fingers. This technique is used primarly to destroy cysts, tumors and pathogens. 


THE FIVE THUNDER FINGERS 

This hand posture is one of the most popular 
techniques used for dispersing stagnations, dissolv- 
ing energy blocks and treating tumors and cysts. In 
the Five Thunder Fingershand posture all four fin- 
gers curl into the center of the palm with the thumb 
resting against the nail of each finger. Keep the cen- 
ter of the palm hollow. Qiis gathered and collected 
there upon inhalation (Figure 33.25). 

When emitting or extending Qi, the doctor 
exhales while suddenly stretching the palm open 
like “a tiger exposing its claws.” After extending 
the energy, the doctor inhales and resumes the 
Five Thunder Fingers posture while gathering Qi 
back into the center of the palm (Figure 33.26). 

Note: Because it builds up the doctor's guid- 


ing and gathering skill, this is an important tech- 
nique and should be practiced consistently. 
@1 BLAST Exercise 

From a Waji posture, raise both palms upward 
toshoulder level. Both hands form the Five Thun- 
der Fingers posture. Concentrate on the Lower 
Dantian when inhaling. Imagine drawing the Qi 
up through the chest, gathering the energy into 
both palms as the arms raise upward. Upon ex- 
halation, sink the body's weight, and suddenly 
stretch out the fingers (like a claw) at chest level, 
striking the air. This action should look like each 
hand is heaving a rubber ball. Perform this exer- 
cise once or twice a day, using 24 or 48 breaths 
each practice time. 


SECTION 8: QI EmITTINe METHODS 


CHAPTER 34 


QI EXTENSION, GUIDANCE, AND REGULATION 


TECHNIQUES 


‘Qiextension is most effective in activating and 
balancing the patient's flow of Qi, since both the 
doctor and patient are enveloped ina strong field 
of Wei Qi. In Qigong massage the patient's chan- 
nels are more easily dredged and their Yin and 
Yang energy are often adjusted much more 
quickly because of the stimulation produced by 
the doctor’s hand on the patient’s channels and 
points, 

Therefore, both modalities - Qigong massage 
and Qi extension - are usually combined to pro- 
vide the most effective and efficient means of en- 
ergetic therapy. 


QI EXTENSION TECHNIQUES 

‘The clinical guiding and directing of Qi is per- 
formed by extending energy outside of the doctor’s 
body. The energy follows the dictates of the doctor's 
mind as to the pattern, amount, and direction in 
which to flow. Qi is emitted in three basic formats: 
linear, circular/spiral, and stationary flows of en- 
ergy. The combination of these three forms insures 
that the patient is receiving the maximum benefit 
from the treatments, and may be combined with 
Hot and Cold energy extension, the Five Elemental 
energy extension, as well as with Qigong massage. 
These following exercises lay a foundation for guid- 
ing and directing the patient's Qi within the chan- 
nels, points, and Wei Qi fields. 


GUIDING THE LINEAR FLOW OF 
ENERGY 

This method refers to a straight line of energy 
being emitted either between both hands or be- 
tween one of the doctor’s hands (usually the right) 
and a certain point or area on the patient’s body. 
This is the primary Qi guiding method used in 
Medical Qigong therapy to sweep over the 
patient's body in a straight line in the direction of 
the outgoing flow of energy. 


Figure 34.1. An example of a Qigong doctor using the 
Pushing Energy technique in a Straight Linear energy 
flow 


Because patients vary in their sensitivity to 
transverse energy wave flow, the doctor should be 
aware of the influence of the different wave pat- 
tems affecting the patient during treatment. Linear 
energy is relatively mild and often gives the patient 
a sensation of constriction, of heat or cold, or of 
heaviness, pressing, tugging, tingling, or pulling. 
This is the basic means of inducing the channel Qi 
to purge Excess and to supplement any Deficien- 
cies. Energy is directed within the body through ei- 
ther pushing, pulling, or leading the patient’s Qi. 
PUSHING ENERGY 

Pushing energy is initiated by first extending 
energy over the surface area of the patient's body 
(Figure 34.1). Once the doctor has selected the ap- 
propriate hand posture above the patient (be- 
tween 4 inches to 3.5 feet from the channel point 
or area), he or she will decide whether to push 
the energy in a linear or circular fashion. 

Using intention, the Qigong doctor gently 
extends energy to the desired area and begins 
‘treatment. Pushing energy isan essential energetic 
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Figure 34.2. An example of a Qigong doctor using the 
Pulling Energy technique in a Straight Linear energy 
flow 


manipulation used to open up the points to acti- 
vate or replenish the body’s Qi. The patient feels 
pressure from the doctor’s Qi, and may experi- 
ence heat, tingling, condensation, expansion, 
swelling, or heaviness. 

Sometimes when the doctor uses the pushing 
energy technique, the patient may spontaneously 
lift the stimulated body area towards the hand of 
the doctor. This spontaneous reaction enables the 
doctor to implement a combination of manipula- 
tion therapies such as push-pull, push-pull-rotate 
(spiral), push-pull-shake, etc. 

PULLING ENERGY 

Pulling energy is initiated first by extending 
energy over the surface area of the patient's body. 
After selecting the appropriate hand position, the 
doctor chooses to either pull the energy in a 
straight line or spiral it along the channels. 

Using intention, the Qigong doctor usually be- 
gins o pull the patient's toxic energy along the chan- 
nels while extending clean energy to the affected 
area (Figure 34.2). Pulling energy is an essential 
energetic manipulation used for dredging and ex- 
pelling pathogenic factors from the patient's body, 
and can also be used to open up channel points to 
activate or replenish the patient's Qi. 

During treatment the doctor actually feels the 
pathogenic factors being pulled out of the patient’s 
body. This causes the patient to feel heavy, tin- 
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Figure 34.3. An example of a Qigong doctor using the 
Leading Energy technique (with the left hand) while 
Pulling Toxic Energy (with the right hand) from the 
patient's body 


gling, dryness, heat, cold, or chills. When com- 
bining multiple manipulation methods, the push- 
ing and pulling actions cause the energy inside 
and outside of the patient's body to flow into each 
other, opening up the patient's channel points. 

The combination of pulling and shaking tech- 
niques promotes the flow of the patient’s Qi, and 
induces spontaneous reactions of the tissue’s en- 
exgetic fields. 

LEADING ENERGY 

Leading energy is initiated first by extending 
energy over the surface area of the patient's body. 
After selecting the appropriate hand posture, the 
doctor extends energy towards the affected area 
and begins to lead the patient’s channel Qi up, 
down, left, right, with, or against the flow of the 
body’s channels (Figure 34.3). 

The Qigong doctor bases the decision of 
whether or not to lead the patient's energy (and 
which technique should be used) upon the 
patient's condition and severity of the illness. This 
manipulation technique is used for guiding the 
circulation of channel Qi, regulating any Excess 
or Deficiency of Yin and Yang energy and to trans- 
fer Qi back to its origin. Once the channel Qi and 
point Qi have been stimulated, itis important that 
the doctor immediately use the “leading energy” 
technique to guide the patient's energy in as 
smooth a transition as possible. 


‘CIRCULATING THE QI IN A CIRCLING 
PATTERN 

Emitting a flow of energy in a circling pattern 
isused tomove and circulate stagnant Qi. The flow 
ofenergy canbe moved ina continuous pattern with 
or against the channel flow, and is used to regulate 
the patient’s channel and organ Qi (Figure 34.4). 

This method refers to techniques of rotating Qi 
ina circle pattern inside the patient’s body. When 
using circling energy, the doctor extends Qi into the 
patient's body and implements the circle technique 
with the right (Yang) hand, while rooting and dis- 
charging the patient's toxic Qi with the left (Yin) 
hand, which points to the Earth. There are many 
variations of this technique and the doctor must be- 
come familiar with each modality of healing and 
its potential for treating the patient. 
ENERGETIC CIRCULAR PATTERNS 

The following pattems are specific templates 
used for circulating the body’s internal and exter- 
nal Qi. Each pattern has an advantage over the 
others when used for the regulation of Yin and 
Yang disharmony. The depth of energetic penetra- 


EXTENSION, GUIDANCE AND REGULATION TECHNIQUES 


Figure 34.4. An example of a Qigong doctor using the 
Circling Eneray technique to regulate the Heart Fire 
and Kidney Water, through the Microcosmic Orbit 


tion will vary in accordance with the doctor’ in- 
tention. Each pattern’s movement will utilize the 
ring of energy that surrounds the center of each 
Dantian (Figure 34.5). 
1. The Eternity Pattern is used for balanc- 
ing the energy between the Lower Dantian 
and the Middle Dantian. The doctor moves 
the energy in a figure “8” pattern, Guiding 
and Leading the Qi from the Lower Dantian 


Baihui 


Huiyin 
Huiyin 

Etemity Train of Pearls 

Pattern Patiamn 


Taiji 
Pole 


Wicrocosmic Orbit 
Patter 


Yin and Yang 
Patter 


Figure 34.5. A Qigong Doctor Using Circling Energy 
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(through the Yellow Court) to the Middle 
Dantian, and back again. The doctor continues 
this pattern until the patient's energy is regu- 
lated. If the patients are suffering from an 
Excess Yang condition in the upper part of the 
body, and a Deficient Yin condition in the 
lower part of the body, the doctor must regu- 
late this condition by using the Eternity Pat- 
tern of Qi regulation. 

2. The Train of Pearls Pattern is used for 
balancing the energy between all three 
Dantians. The doctor moves the energy from 
the Lower Dantian (through the Yellow Court) 
to the Middle Dantian (through the throat), 
and into the Upper Dantian, then back down 
again. The Qi is swept up and down the en- 
tire torso, combining and regulating the en- 
exgies of the patient's Wei Qi, Channel Qi and 
Organ Qi. The doctor continues this pattern 
until the patient's energy feels regulated. If 
the patients are energetically disconnected 
from the upper and lower parts of their body 
due to emotional congestion and energetic 
stagnation in the throat and Yellow Court ar- 
eas, the doctor reconnects these areas by us~ 
ing the Train of Pearls Pattern of Qi regula- 
tion. 

3. The Microcosmic Orbit Pattern is used 
for balancing the energy between the Three 
Dantians, Taiji Pole, the Heart's Fire and the 
Kidneys’ Water. The doctor moves the energy 
from the Lower Dantian (Mingmen area) to 
the Middle Dantian (Shendao Area), then back 
down again, completing the Fire Cycle of the 
Microcosmic Orbit. The doctor continues this 
pattern until the patient's energy is regulated. 
‘The Microcosmic Orbit Pattern is used for the 
complete regulation of the body's Yin and 
‘Yang energy, naturally purging, tonifying, and 
regulating any Excess or Deficient condition 
along the Governing and Conception Vessels. 
4. The Yin and Yang Pattern is used forbal- 
ancing the energy between the right and the 
left sides of the body. The doctor moves the 
energy in a horizontal figure “8” pattern, 
Guiding and Leading the Qi through the left 
and right quadrants of the patient's body. In 


Figure 34.6. An example of a Qigong doctor moving 
the incense smoke, using the image of an energy ball 


cases of paralysis after a stroke, for example, 
the doctor regulates the Qi of the patient's left 
and right quadrants and energetically balance 
these areas by using the Yin and Yang Pattern 
of Qi regulation. 

‘The Qigong doctor selects the appropriate 
energetic pattern according to the patient's con- 
dition. 

ENERGY BALL ROTATION FOR DEVELOPING 
CIRCLE ENERGY FLOW 

* Light stick of incense and stand it on a table. 
From a Wuji posture, place the center of both 
palms on opposite sides of the tip of the in- 
cense. All three points, the tip of the incense, 
and the heart of each palm (Pc-8), should form 
a triangle (a tree or flower can be substituted 
for the incense). 

+ Breathe naturally while focusing on the Lower 
Dantian. Slowly shift the attention to lead the 
energy into the center of each palm to form a 
ballof energy (basketball size). Concentrate and 
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imagine the ball condensing to form a power- 
fully compacted ball of energy (about the size 
ofa marble). Next, imagine a circle or rounded 
triangle between both palms and the tip of in- 
cense. Exhale lightly while extending the en- 
ergy ball toward the tip of the incense. Imagine 
the ball of energy moving counterclockwise 
from the right palm to the incense and then to 
theleft palm, moving ina circle. The righthand 
pushes while the left hand pulls. The incense 
smoke should move in accordance with the Qi 
movement. After a while reverse the flow of 
the circle. Practice this exercise twice a day for 
15-30 minutes each time (Figure 34.6). 


SPIRALING ENERGY FLOW 

A spiraling flow of energy moves the energy 
ina spiral patter (clockwise or counterclockwise) 
to drill the energy deep inside the patient's body 
(Figure 34.7). This “drilling” action, caused by the 
spiraling energy, allows for deeper penetration 
and is excellent for breaking up stagnations when 
combined with the Kneading Tiger Palm or the 
Five Thunder Fingers techniques. 

Spiraling energy can also be used in the clinic 
toregulate the patient's Qi activities. Patients may 
feel the energy penetrating deep into their body 
and experience light, sound, and mild electric 
shock. When patients are lying supine, the doctor 
may choose to spiral the energy superior to the 
internal organs to pull toxic Qi out of the tissues 
of the organ; or the doctor may spiral the energy 
inferior to the internal organs to push the Qi back 
0 the tissues of the organs (Figure 34.8). 

Spiraling energy is an essential energetic ma- 
nipulation used for activating the channel Qi, 
guiding the energy to spiral in, up, or down, much 
like a cyclone. The Qigong doctor chooses to use 
either the circle or spiral energy flow, based upon 
the patient's condition. Most often these two en- 
cexgetic flows are combined to achieve a more func- 
tional treatment. The Qigong doctor will, for ex- 
ample, use “spiraling” energy to drill deep into 
the body to access the toxic energy stored deep 
inside the patient's organs. Once the patient's toxic 
‘Qihas been reached, the doctor utilizes purging 
techniques to remove the energetic debris. After 


Figure 34.7..A Qigong doctor using the Spiraling Energy 
technique, to purge Toxic Qi from the patient's body 


Figure 34.8. A Qigong doctor Spiraling the Qi in order 
to penetrate the patient's tissues 

purging the doctor can circulate the patient's en- 
ergy to move the stagnant Qi out of the organs. 
This may be followed by the Microcosmic Orbit 
to regulate the patient's energy. 

CLockWISE AND COUNTERCLOCKWISE 
ENERGY FLOW 

The doctor focuses on sensing and creating 
an internal energy vortex within the Lower Dan- 
tian that moves up the body in a clockwise or 
counterclockwise spiral pattern. Only then is the 
spiraling Qi projected out through the doctor’s 
right hand into the patient’s body. 

Using the appropriate hand position, the doc- 
tor slowly spirals the energy in either a clockwise 
direction to guide the patient’s energy into the 
affected area, or in a counterclockwise direction 
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On Yang Channels 


ravels down the 


‘As Yang 
inforce the patient's 


body, 


desconding channel with a 
clockwise rotation along the 
flow of energy. 


On Yin Channels 


AAs Yin Qi travels up the 
body, reduce the energy flow 

in the patient's ascending channel 
with a clockwise rotation 

against the flow of energy. 


Reinforce the 
energy with a 
counterclockwise 


flow of the ascending 
Yin channel. 


Figure 34.9. The reinforcing and reducing techniques of moving energy along the patient's channels is determined 


by the direction of the Spiraling Energy flow. 


to remove the patient's Toxic Qi out of the dis- 
eased area. 

* The counterclockwise rotation is considered 
Yin and is used to reduce Heat and to cool 
the patient. It is generally used to purge con- 
ditions of Excess (think of unscrewing the 
pathogens from the diseased area when purg- 
ing). 

«The dockwise rotations ‘considered Yang and 
is used to increase energy and warm the pa- 
tient. Generally, itis used to tonify conditions 
of Deficiency (think of drilling and filling the 
Deficient area when tonifying), 

The clockwise spiraling energy originating in 
the Lower Dantian is emitted and synchronized 
with the doctor’s circling hand movements to re- 
inforce the patient's Qi. To reduce the flow of the 
channel's Qi, the counterclockwise spiraling tech- 
nique is used (Figure 34.9), 

The Qigong doctor must cultivate these move- 
ments into a conditioned reflex before applying 
these treatment methods in a clinical environment. 


SPIRALING ENERGY EXERCISE 
+ From a Wuji posture, place the left palm on 
the Lower Dantian. Slowly extend the right 
palm (keep elbow bent) in front of the chest, 
aligned with the center line at the Middle 
Dantian (CV-17), palm facing outward. 

+ Breathe naturally, while focusing on the 
Lower Dantian. With the mind’s intention, 
begin to spiral the Qi in the Lower Dantian in 
a clockwise circle. Lead the energy up through 
the chest and out the extended right palm. 
Make sure that the spiraling of the Lower 
Dantian is synchronized with that of the right 
palm, making the inner Lao Gong Pc’8 points 
the center of concentration Figure 34.10). Start 
off slowly, and gradually increase speed. The 
energy circle spirals outward with increasing 
or decreasing radius, depending upon the 
doctor's intent. 

Repeat the exercise, only this time use coun- 
terclockwise spiraling. 
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ENERGETIC CUPPING 

‘One popular clinical technique called “energetic 
cupping’ is initiated by creating an energetic vor- 
tex which remains on the patient, pulling or draw- 
ing in energy, similar to that of an acupuncturist’s 
cupping method. These energetic vortices can be 
used to drain or purge pathogens from a specific 
point or area on the patient's body. These energetic 
vortices can also be used to fill or tonify the patient's 
body. For example, when the patient is prone, the 
Qigong doctor can stimulate points LI-15, GV-4, and. 
GV-14 (Figure 34.11), Then, using his or her inten- 
tion, the doctor can pull with one hand while the 
other hand pushes, increasing the spiraling action 
already set in motion. This initiated energetic torque 
can sometimes cause the patient’s body to tum, 
twist, bend, and sway. This modality of treatment 
simultaneously activates the patient’s channel Qi, 
regulates the Yin and Yang organs, and balances the 
patient's Yin and Yang energies. 

The doctor is advised to rely on intuition or 
divine guidance in choosing the right method, 
after careful consideration of the patient's condi- 
tion (age, sex, personality, illness, etc.). 

Note: If combined with the “shaking” tech- 
nique, the circle/ spiraling energy becomes espe- 
cially effective for relieving pain. 


GUIDING THE STATIONARY FLOW OF 
ENERGY 

Stationary energy is emitted from a non-mo- 
bile position and can be used to stimulate the chan- 
nel Qi, points, and Dantians, while restoring and 
replenishing the patient’s Qi. After selecting the 
appropriate hand posture, the doctor positions his 
orher hand above the area being treated and emits 
energy from a fixed or stationary position. This is 
the most common energy projection technique, in 
which Qi flows like dense waves or is spaced like 
a chain of moving pearls flowing outward one 
after another (Figure 34.12). The patient often feels 
the sensation of vibration, tingling, or heat. It is 
not uncommon for the patient to develop sponta- 
neous involuntary reactions such as full body 
spasms or shaking, leg jerking, etc. 

Stationary energy is emitted from a station- 
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Figure 34.10. An example of a Qigong doctor practicing 
the Spiraling Energy exercise 


Figure 34.11. An example of a Qigong doctor performing 
rutile point stimulation with the Energetic Cupping 
Technique 


Figure 34.12. When a Qigong doctor extends energy 
froma stationary position, the Qi flows either like a dense 
wave, or is spaced like a chain of moving pearls. 
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Figure 34.13. An example of a Qigong doctor using the 
Shaking Energy technique along with the Kneading 
Tiger Palm 


ary palm position. There are two main energetic 
pulsations utilized in the Stationary Palm tech- 
niques: Shaking Energy technique and Vibrating 
Energy technique. 

SHAKING ENERGY TECHNIQUE 

‘The Shaking Energy technique is initiated by 
the doctor first extending his orher energy over the 
surface area of the patient's body. After using the 
Tiger Kneading Palm technique to grasp the Tur- 
bid Qi, the doctor slowly begins to guide the 
patient’s Qi out of the tissue area with a stationary 
manipulation. The doctor then shakes his or her 
hand from side to side, while continuing to pull the 
Qi from the area being treated (Figure 34.13). 

To practice this particular skill, the Qigong 
doctor begins from a Wuji posture, using natural 
and slow breathing. The doctor imagines the waist 
as the axis and the abdomen as a pump and vi- 
brates the Qi inside his or her Lower Dantian. The 
doctor then allows the energy to flow upward and 
out the palm, into the patient. It is important for 
the doctor to use the mind’s intent to follow, guide, 
and direct this vibration of energy flow, instead 
of forcing the muscles and palm to shake. 
VIBRATING ENERGY TECHNIQUE 

Vibrational trembling is one way that memory 
is stored or processed in the physical body. The 
Qigong doctor's vibration penetrates the patient's 
field of “vibrational activity” (the body’s natural 
vibrational rhythm), awakening this memory, al- 


Figure 34.14. An example of a Qigong doctor using 
Vibrating Energy through the Extended Fan Palm 
technique 


lowing the patient to release trapped thoughts and 
emotions (Figure 34.14). 

Qi naturally oscillates and vibrates in the 
doctor’s Three Dantians, each Dantian vibrating 
at its own unique frequency pattern. The body's 
bone structure is built with natural formations 
similar to that of “tuning forks,” positioned in both 
the arms and the legs. These tuning forks are con- 
nected together through the body's spinal column 
and are used to vibrate and increase the body's 
energetic resonance. Through a balanced interplay 
ofstretching and releasing the body’ tendon, liga- 
ment, and muscle fibers (ina rhythmic pattern), a 
natural vibration is produced. After some time of 
training (through naturally twisting and stretch- 
ing the tendons), the Qigong doctor, using proper 
hand postures and intention, is able to direct and 
lead this vibration throughout his or her entire 
torso and extend it outwards through the hands. 

Vibration is released through three forms of 
resonation: 

1. Jing vibrational resonance is felt within the 
ppatient’s external tissues and bones. Itis related 
to the energetic release of Heat and the energy 
of the doctor's Lower Dantian. 

2. Qivibrational resonanceis felt deep within the 
Patient's internal organs. Itis related to the en- 
ergetic release of the patient’semotionsand the 
energy of the doctor’s Middle Dantian. 

3. Shen vibrational resonance is felt within the 
patient's center core. It is related to the ener- 
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getic release of the patient's spirit and the en- 
ergy of the doctor’s Upper Dantian. 

‘The release of energetic vibration is primarily 
used to activate the patient's channel Qi. Clini- 
cally, it is most effective when the frequency of 
the doctor’s hand vibrations matches and syn- 
chronizes with the vibrational frequency of the pa- 
tient. 

While treating the patient, the doctor’s palm 
‘usually gets hot and vibrates when coming in con- 
tact with Qi stagnation. If patient's channel point 
becomes blocked, energy builds up causes Qi stag- 
nation. Once the Qi stagnation is removed, the 
doctor's hands will cease to vibrate as the chan- 
nels open and flow freely. When cleared, the pa- 
tient feels fatigue as the toxins are released from 
the body and the energy seeks to balance itself. 

To apply the Vibrating Technique, the doctor 
selects the proper hand posture and the area to be 
treated, then barely touches the patient's body. 
Any firm pressure should be avoided so as not to 
hinder the extending and directing of Qi. The doc- 
tor initiates the vibrational extension of Qi from 
the Lower Dantian, slowly turning clockwise or 
counterclockwise, while directing the vibration 
out through the hands. The doctor focuses on his 
orher own breath to adjust the frequency and am- 
plitude of the vibration, the shape and nature of 
the emitted Qi (Yin or Yang, etc.), and the strength 
of the energy. 

Some examples of hand postures and tissue 
regulation techniques for emitting vibrational en- 
ergy include: 

a. The Extended Fan Palm is used for acti- 
vating and regulating Qi activities by: 

* Vibrating the Extended Fan Palm on the 
Baihui GV-20 point, to descend the 
patient’s Yang Qi, tranquilize the 
patient's mind, regulate Qi in the Up- 
per Burner, and induce sleep; 

* Vibrating the Zhong Wan CV-12 point 
to replenished the patient's Qi, to regu- 
late the Stomach’s energy and to induce 
sleep; 

© Vibrating the patient's Lower Dantian, 
to Lead the Qi back toits origin through 
supplementing its Qi; 


‘+ Vibrating the Mingmen GV-4 and Da 
Zhui GV-14 points, to activate Qi in the 
Governing Vessel. 

b. The Sword Finger Palm is used for di- 
recting and emitting concentrated vibra- 
tional energy into channel points, to 
stimulate the patient's energetic field. 

c. The Invisible Needle Palm is used for di- 
recting and emitting the most condensed 
form of concentrated vibrational energy 
into the channel points, to stimulate the 
patient’s energetic field. 

VIBRATING PALM EXERCISE 

The training for this kind of vibrational ex- 
tension usually begins from a static Wuji posture, 
then gradually progresses into a dynamic state of 
energy projection. 

+ From a Wuji posture, press both palms to- 
gether at the center of the chest forming a 
“Buddhist greeting” posture (see Chapter 15). 
Press the Baihui point upward and the 
Mingmen backward, while slightly drawing 
in the chest. Keep hips relaxed, knees bent, 
tongue on palate, and eyes closed. 

* Breathe naturally while focusing the mind on 
the Lower Dantian. When the Heat and Qi be- 
gin to circulate, exhale while mentally guid- 
ing the Qi up the chest into both of the palms, 
by sending the energy through the three Yin 
channels of the hands. 

‘When inhaling, mentally guide the Qi along, 
the three Yang channels of the hands, back 
down the back into the Lower Dantian. Main- 
tain natural breathing, and continue to focus 
attention on both the palms and the fingertips. 
The palms should heat up and the fingertips 
tingle, as they expand with Qi Figure 34.15). 

Lead the vibrating energy in the Lower 
Dantian up into the palms and fingertips, feel- 
ing the tissues dissolve inch by inch, cell by 
cell. The Qi is always centered on the inner 
Lao Gong Pe-8 point, gathering and collect- 
ing but not dispersing. Practice this exercise 
once or twice a day for 3-10 minutes. 

‘Note: It is imperative that the doctor, when 
using the technique of “stationary energy pro- 


Figure 34.15. The Vibrating Palm exercise helps to 
increase the Qigong doctor's projected vibration 


jection,” never hold his or her breath, or pur- 
posely make the hand vibrate by forcefully 
shaking the muscles. To do so causes Qi stag- 
nation which results in pain and stiffness in 
the chest and sharp pain in the arms that feels 
similar to having a fractured bone or a lacera- 
tion of the muscles. To ensure that there are 
no difficulties, the doctor should first master 
the Vibrating Qi method, allowing the vibrat- 
ing energy to extend and project naturally. 


GUIDING THE HoT AND CoLD FLow oF 
ENERGY 

This method refers to the doctor’s release of 
energy being emitted into the patient’s body to 
either regulate Hot syndromes with Cold energy, 
or Cold syndromes with Hot energy. These two 
Yin and Yang energetic properties are used to de- 
velop the emission of both Hot and Cold ener 
getic flows, through breathing, mental concentra- 
tion and finger placement. 


When Yin Qi is applied, the patient will fee! 
“cold as iron,” when Yang Qiis applied, the patient 
will feel “hot as fire.” The mind plays an important 
role in regulating the doctor's and patient's Yin and 
Yang energy. When the Qigong doctor thinks of fire, 
the doctor's body will naturally become hot; con- 
versely, when the doctor thinks of water, his or her 
body will naturally become cold. 

HAND MANIPULATION OF YIN AND YANG 
ENERGY EXTENSION 

‘The Yin (Cold) and Yang (Hot) energy exten- 
sion utilizes specific palm and finger arrangements. 
‘The index and middle fingers together are assigned 
‘Yang properties, whereas the ring and little fingers 
together are assigned Yin properties. The doctor's 
left thumb connects with the selected two fingers, 
to determine the release of Yin or Yang energie 
‘This enerpy is first gathered from the doctor's left 
hand, through the arm into the Lower Dantian, then. 
emitted out through the right hand. The Qi that is 
emitted when the doctor’s thumb, index and middle 
fingers connect, for example, releases the Heart's 
‘Yang Qi through the right hand. This technique is 
used to replenish the patient's Yang and regulate 
the patient’s Heart energy. 

GATHERING AND ISSUING YANG (HoT) 
ENERGY 

Before emitting Hot energy into the patient, 
the doctor's Qi is first gathered into his or her 
left palm by imagining a small “fiery red sun” 
radiating heat, light, and fire. This small sun is, 
imagined within the circle created between the 
thumb and first two fingers on the left hand. The 
hot energy of the sun is then absorbed through 
the doctor’ left arm into the Lower Dantian. The 
Heat is then blended with the Lower Dantian's 
Qi and released out the doctor’s right arm 
through either the tips of the index and middle 
fingers (the Yang Sword Fingers hand technique) 
for a deeper, concentrated type of penetration, or 
through the Extended Fan Palm hand technique 
for a dispersing type of penetration. 

‘To extend Hot energy deeper into the patient, 
the right hand Yang Sword Finger posture is used. 
The doctor’s index and middle fingers are ex- 
tended and joined together, the ring and little fin- 


Glossary 


This glossary is not comprehensive. It contains 
only the technical terms that have been used 
most frequently in this book in conjunction 
with sensor attributes. 


ADC Analog-to-digital converter, which accepts 
a varying signal (usually, a voltage) as an input, 
and converts it to a digital value in the form of a 
binary number. This number is likely to have a 
high limit ranging from 255 decimal to 65535 
decimal. Many microcontrollers contain their 
own ADC, which is multiplexed to assess the 
inputs on several pins. On an Arduino Uno, the 
ADC creates a digital value ranging from 0 
through 1,023. 


analog output When a sensor creates a volt- 
age or varies its resistance without steps or 
increments, as a function of the phenomenon 
that itis measuring, this is an analog output. 


binary output In this Encyclopedia, the term 
“binary output” describes a sensor output that 
only has two states: logic-high and logic-low, or 
on and off. The term is used in some data- 
sheets, but more often a binary output is 
described, misleadingly, as an analog output. 


breakout board A small printed-circuit board 
containing one or more integrated circuit chips, 
usually surface-mounted. The board makes the 
features of the chips easier to access, because 
has pins or connectors with 2.54mm (0.1") spac- 


ing for convenient experimental use with a 
breadboard. Additional features may be 
included, such as a voltage regulator. 


chip-based sensor This term is used in the 
Encyclopedia to describe a sensor that is 
etched into a silicon chip and usually has signal 
conditioning components and circuitry built in. 


contact bounce The tiny and rapid vibrations 
of mechanical switch contacts, when the switch 
opens or closes. If the switch is connected with 
a digital device such as a logic chip, debounc- 
ing hardware may be necessary, to allow the 
contacts time to settle. If the switch is connec- 
ted with a microcontroller, a delay from Sms to 
50ms may be written into program code. Differ- 
ent switches have widely different settling 
times, 


decibel A unit that expresses relative power or 
intensity, often (but not exclusively) applied to 
audible sound, The decibel is one-tenth of a 
bel, and is abbreviated dB, with the B capital- 
ized because it is derived from the name of 
Alexander Graham Bell. Because dB is a loga- 
rithmic unit, the scale has no zero origin. How- 
ever, 0dB may be assigned arbitrarily to any 
intensity, in which case lower intensities will 
have a negative value. An increase of 3dB corre- 
sponds to a doubling of sound intensity (acous- 
tic energy). However, when a sound is sensed 
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gers curl into the center of the palm. The thumb 
should rest on the nails of the ring and little fin- 
ger, forming a circle, 

The first or “index” finger indicates the Wood 
Element, ic, the Liver’s energy, and the middle fin- 
‘ger indicates the Fire Element or the Heart's Qi. To- 
gether, both fingers activate the Qi of Fire and Wood, 
which catalyze the Yang energy needed for guid- 
ing Heat during point concentration. 

Guiding Hot Yang Qi Exercise 

This particular meditation is used to increase 
Heat and light in specific areas of the patient's 
body (usually for chronic, Deficient, or Cold syn- 
dromes). The following meditation, for example, 
can be used to Heat and tonify the Kidneys in 
chronic fatigue patients. 

* Sit on the edge of a chair in front of a table, 
feet flat, eyes closed, with the left hand resting 
comfortably on the left thigh. The right palm is 
extended face down suspended over the table. 

+ Breathe naturally while concentrating the mind 
on the Lower Dantian. Imagine the energy in 
the Lower Dantian is a hot, burning sun ex- 
panding out and enveloping the entire body. 
Gather the energy back into the Lower Dan- 
tian, transforming it into heat and light. Draw 
the heat and light up into the chest, down the 
arms, and out the right palm. Concentrate and 
imagine the heat and light burning and extend- 
ing into the table, penetrating deep into it. Af- 
ter awhile, switch palms. In China, this exer- 
cise is practiced while standing or sitting in the 
sunshine, facing south or east. Practice for 20- 
40 minutes (Figure 34.16). 

GATHERING AND ISSUING YIN (COLD) 
ENERGY 

Before extending Cold energy into the pa- 
tient, the doctor’s Qi is first gathered into his or 
her left palm by imagining a small, watery blue 
moon, radiating cool light. This small moon is 
imagined within the circle created between the 
thumb and last two fingers. The cool blue energy 
of the moon is then absorbed through the doctor's 
left arm, into the Lower Dantian. The cool blue 
energy is then blended with the Qi of the doctor’s 
Lower Dantian and released out the doctor's right 


Figure 34.16. Guiding Hot Yang Qi Exercise 


arm through either the tips of the ring and little 
fingers (the Yin Sword Fingers hand technique) 
for a deeper, concentrated type of penetration, or 
through the Extended Fan Palm hand technique 
for a dispersing type of penetration. 

Inextending cool blue energy into the patient, 
the right hand Yin Sword Finger posture is gener- 
ally used. The doctor's ring and little fingers are 
extended and joined together, and the index and 
middle fingers curl into the center of the palm. 
The thumb should rest on the nails of the index 
and middle finger forming a circle. 

The ring finger indicates the Metal Element or 
the Lungs’ energy, and the little finger indicates the 
Water Element or the Kidneys’ energy. Together, 
both fingers activate the Qi of Metal and Water, 
which is a catalyst for the Yin energy needed for 
‘guiding cool Yin Qi during point concentration. 
Guiding Cold Yin Qi Exercise 

This meditation is used to cool specific areas in 
the patient’s body in acute, inflamed Excess or Heat 
syndromes. It can also be used, to cool down and 
dredge the Liver in cases of chronic depression. 
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« Sit on the edge of a chair in front of a table, feet 
flat, eyes closed, with the left hand resting com- 
fortably on the left thigh. The right palm is ex- 
tended face down suspended over a table. 

* Breathe naturally while concentrating the 
mind on the Lower Dantian. Begin to gather 
energy from the heels and Bubbling Well (Kd- 
1) points, directing the energy through the 
chest (CV-17), out the arms, and into the right 
palm. Imagine the right palm turning as cold 
as ice. Focus the mind on the coldness of the 
right palm and imagine the cold energy pen- 
etrating deep into the table. In China, this ex- 
ercise is practiced at night, facing north or 
‘west for 20-40 minutes (Figure 34.17). 

Note: While practicing the Cold Yin Guiding 
exercise, never imagine that the whole body is 
cold, also do not direct and keep the cold energy 
into your body (only through it). Otherwise the 
Cold energy will affect the balance and energetic 
harmony of the Qis flow. You can, however, use 
the image of cool blue water or vapor flowing, 
through your body into the right hand (which is 
freezing cold), without causing harm to your 
body's energetic balance. 


CLINICAL APPLICATION OF YIN AND 
YANG ENERGY EXTENSION 

Traditionally, the Qigong doctor would emit 
Hot Yang Qi during the Yang period of the day 
(from midnight to high noon) to warm the 
patient's Cold areas. During the Yin periods of the 
day (from high noon to midnight) the doctor 
would apply the Cold Yin Qi to cool the Hot ar 
eas of the patient's body. 

In China today, the clinical application of issu- 
ing Hot or Cold energy is no longer limited to the 
position of the sun and moon, but is applied ac 
cording to the doctor's ability to regulate the Ex- 
cess or Deficient condition of the patient's disease. 


GUIDING THE ENERGETIC FLOW OF 
THE FIVE ELEMENTS 

‘This particular Medical Qigong healing system. 
is divided into two popular methods of energy ex- 
tension: The Five Elemental Organ Energies Method 
and The Five Elemental Channel Energies Method. 
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Figure 34.17. Guiding Cold Yin 


ea 


Exercise 


Both systems can be used for diagnosing the pa- 
tient (using palm detection) or for treating Excess 
or Deficient conditions within the patient's body 
(using energy extension techniques). Each of these 
two powerful systems of treatment has its own 
‘unique advantage in application. Both systems com- 
bine healing sound resonances with energy light 
extension of various colors, and are used in accor- 
dance with the theory of the Five Elements. 
THE SIX CHARACTER FORMULA 
When utilizing either the Five Elemental Or- 
gan, or Five Elemental Channel system of energy 
projection, the Qigong doctor will guide the energy 
of the Five Elements in conjunction with the Six 
Character Formula. The Six Character Formula in- 
cludes: The Five Elemental Energies, Time of Treat- 
ment, Direction of Energy, Position of the Thumb, 
Guiding Energy, and Emitting Energy and Sound. 
1. The Five Elemental Energies of Wood, Fire, 
Earth, Metal, and Water relate to either the Five 
Elemental Channel system of energy projection 
and the Blood / Heat Cycles; or the relate to Five 


Elemental Organ system and the energy of the 

Five Yin Organs. The decision regarding which 

of the two methods to choose is determined by 

the patient's condition. 

2, The time of treatment is traditionally deter- 
mined by the doctor in accordance with the 
patient's Blood /Heat Cycle, the time of day 
(sunrise, noon, sunset, and midnight) and the 
season (summer, winter, autumn, or spring). 

3. The direction of energy emitted into the 
patient’s body is determined by the doctor in 
accordance with his or her intention to purge, 
tonify or regulate the patient's tissues. 

4, The position of the thumb is determined in ac- 
cordance with the type and amount of energy 
the doctor wishes to absorb into his or her 
Lower Dantian. 

5. Guiding (Pushing, Pulling and Leading) the 
energy is determined by the doctor in accor- 
dance with the Excess or Deficiency of the 
patient's Five Yin Organs: Liver (Wood), Heart 
ire), Spleen (Earth), Lungs (Metal), and Kid- 
neys (Water). 

6. The type of energy (Qi or Shen) and the choice 
of sound to be emitted are determined by the 
doctor's intention and the condition of the 
patient’s organs and channels. Qi and sound 
are emitted like water, Shen is emitted like light. 

EMITTING THE ENERGY OF THE FIVE 
ELEMENTAL ORGANS 

The method of projecting the Five Elemental 
Organ Energies is utilized by blending a specific 
organ energy together with the Qi stored in the 
doctor's Lower Dantian. Both of these energies 
are combined and then issued out the doctor’s 
right palm into the patient. The fusion of the 
doctor's Lower Dantian Qi with the selected or- 
gan Qi is very powerful. This synergized Qi is 
further combined with sound resonation and col- 
ored light to treat patients with extreme condi- 
tions of Deficiency. 

The left thumb connects with either the tip of 
the index (Wood), middle (Fire), ring (Metal), little 
finger (Water) or upper pad of the palm (Neutral) 
to connect with the selected ongan energy (Figure 
34.18). 


Figure 34.18. Left Palm - The Five Element Organ 
Energy Pattern: the left hand is used in order to absorb 
the organ Qi into the doctor's Lower Dantian. This, 
arrangement corresponds to the Five Seasonal Pattem 
Cycle and the Five Elements. 


Five Five Five 
| _ Fingers Elements. Viscera 
Thumb Earth Spleen 
Index Wood Liver 
Middle Fire Heart 
Ring ej Metal Lungs 
Little Water Kidneys 


Figure 34.19. Hand Chart of the Five Elements 


After choosing the appropriate thumb and fin- 
‘ger position on the left hand to tap into the se- 
lected organ’s energy, the doctor descends this 
‘energy into the Lower Dantian. This energy is then 
blended together with the energy of the Lower 
Dantian and led out of the doctor's body, to be 
emitted into the patient using the right hand, 
along with the sound and specific organ color (Fig- 
sure 34.19). 

EMITTING THE ENERGY OF THE FIVE 
ELEMENTAL CHANNELS 

The method of projecting the Five Elemental 
Channel Energies is utilized by blending a specific 
channel energy together with the Qi stored in the 
doctor's Lower Dantian. To tap into the selected 
channel's energy, the thumb is positioned on the 
corresponding finger, or palm segment (Figure 
34.20), The selected channel's energy is then blended 
with the Qi stored in the doctor’s Lower Dantian. 
‘These combined energies are then issued out the 
doctor's right palm into the patient. The blending 
of channel and Lower Dantian Qi is strong but not 
as powerful as the doctor’s organ energy. 

The resonant sound and light emitted from 
the combined channel and Lower Dantian energy 
is considered appropriate for patients with mod- 
erate Deficiency conditions. Healing sounds in 
combination with specific colors can be emitted 
by the Qigong doctor to stimulate the internal tis- 
sues, When healing sounds are directed into the 
patients tissues they have a tonifying action, as 
opposed to the purging affect which happens 
‘when the patient's practice healing tones by them- 
selves (see Chapter 40). 

The treatment is conducted according to the 
Five Elemental Creative Cycle. First the energy of 
the “mother” elementis gathered into the doctor’s 
Lower Dantian to be combined with the doctor’s 
Lower Dantian energy. After the doctor collects 
and mixes the mother’s elemental channel energy 
with the Lower Dantian’s energy, the doctor 
switches the left thumb’ position to the mother’s 
corresponding “child” element position. This en- 
ables the mother’s channel energy to support the 
strength of the child’s channel energy, which is 
emitted into the patient's body Figure 34.21). 


Note: The doctor first connects to the mother 
element, then to the child element. Thus the 
mother’s elemental channel energy, Lower Dantian 
energy and the child’s elemental channel Qi are 
synergized and projected into the patient's corre- 
sponding “child” organ. The patient's organ, into 
which the Qi is emitted, has the same elemental at- 
tribute as the doctor's “child” transmitted energy. 

1. To Emit Liver Energy and Guide Wood Qi 
proceed as follows: 

+ First, from a Wuji posture, press the left thumb 
into the channel Water bands (9, 10). Inhale 
this Water energy into the Lower Dantian, 
mixing it together with your Lower Dantian 
energy. 

‘+ Second, extend the right hand facing outward 
from the chest, facing the patient. Then ex- 
hale and press the thumb onto the Wood chan- 
nel bands (1, 2) while uttering the sound 
“Shu.” Guide the Wood energy out of the right 
palm into the patient’s Liver organ or chan- 
nel. In this particular technique, the doctor is 
using Water energy to support the extension 
of Wood energy. 

2. To Emit Heart Energy and Guide Fire Qi pro- 

ceed as follows: 

First, from a Wuji posture, press the left thumb 

into the channel Wood bands (1, 2), while in- 

haling the Wood energy into the Lower 

Dantian, mixing it together with your Lower 

Dantian energy. 

* Second, extend the right hand facing outward 
in front of the chest, towards the patient. 
When exhaling, press the thumb onto the Fire 
channel bands (7, 8) with the thumb while 
uttering the Heart sound “Ha.” Guide the 
Fire energy out the right palm into the treat- 
ment area. In this particular technique, the 
doctor is using Wood energy to support the 
extension of Fire energy. 

3. To Emit Spleen Energy and Guide Earth Qi 
proceed as follows: 

+ First, from a Wuji posture, press the left thumb 
into the channel Fire bands (7, 8) gathering 
this Fire energy into your Lower Dantian. 

* Second, extend the right hand in front of the 
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Colors Element Channel 


1.| Green | Wood | Gall Bladder 


2.| Green | Wood Liver 


3.| White | Metal Lungs 


4.| White | Metal | Large Intestine 


5.| Yellow | Earth 


6.| Yellow | Earth 


7.| Red Fire Heart 
8.| Red Fire | Small intestine 
9.| Blue | Water Bladder 

10.| Blue | Water Kidney 

11.| Red Fire Pericardium 

12.| Red Fire Triple Burner 


Figure 34.20. The Twelve Channels are superimposed 
‘onto the Qigong doctor's left palm, arranged according 
to the progression of the Two Hour Qi and Blood/Heat 
Cycle. 

‘This Blood/Heat Cycle also corresponds to the Four 
Principle Time Periods and can be divided into quarters 
and arranged according to the Midnight, Sunrise, Noon, 
and Sunset patterns of the Sun. 


chest, facing outward towards the patient. 
When exhaling, press the thumb into the 
Earth's channel bands (5, 6) while uttering the 
Spleen sound “Who.” Guide the Earth energy 
out of the right palm into the treatment area 
In this particular technique the doctor is us- 
ing Fire energy to support the extension of 
Earth energy. 

4, To Emit Lung Energy and Guide Metal Qi 
proceed as follows: 

‘+ First, from a Wuji posture, connect the left 
thumb onto the tip of the left index finger (ie., 
the Earth channel bands 45, 6), thus forming. 


Noon. 


Figure 34.21. Left Palm - The Five Elemental Channel 
Pattern: 


‘The left palm is used in gathering and absorbing the 
channel Qi of the doctor's Five Yin Organs. As the 
Qigong doctor’s thumb touches the specific areas on 
the fingers, the energy is gathered into the doctor's 
Lower Dantian and released out from the right palm, 


acircle. Imagine this circle full of golden light. 
When inhaling, draw this golden Earth en- 
ergy into the Lower Dantian, while also in- 
haling Heavenly Qi into the Yellow Court area 
(CV-12) below the solar plexus. Mix all three 
of these energies together. 

* Second, extend the right hand facing outward 
in front of the chest, towards the patient. When 
exhaling, press the thumb the Metal channel 
bands (3, 4) while uttering the Lungs’ sound 
“"Sss.” Guide the Metal energy out of the body 
by way of the right palm into the treatment area. 
In this particular technique, the doctor is using 
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imagination to draw the Earth’s golden light 

energy into his or her Lower Dantian to sup- 

port the extension of Metal energy. 

5. To Emit Kidney Energy and Guide Water Qi 
proceed as follows: 

* First, from a Wuji posture, press the left thumb 
into the Metal channel bands (3, 4). Inhale the 
Metal energy into the Kidneys, mixing it to- 
gether in the Lower Dantian. 

+ Second, extend the right hand facing outward 
in front of the chest. As you exhale, press the 
Water channel bands (9, 10) while uttering the 
“Chree” sound (in a very low pitch). Guide 
the Water energy out of the body by way of 
the right palm. In this particular technique, 
the doctor is using Metal energy to support 
the extension of Water Gi. 

Once skilled in these five exercises, the Qigong 
doctor should continue to practice them in com- 
bination with the Linear, Circular, or Spiral En- 
ergy Guiding Methods, creating an individual- 
ized, structured technique. 

COMBINING THE ENERGY OF THE FIVE 
ELEMENTAL TONGUE POSITIONS 

The doctor can also use the Five Elemental 
‘Tongue Positions to increase the power and ener- 
getic potential of the doctor's internal organ. Each 
tongue position connects with the organ’s Orb (the 
complete organ system), thereby increasing the 
power of the doctor’s Qi projection. These tongue 
positions are described as follows. 

1. To connect with Earth (Spleen) energy—the 
tongue is placed on the bottom of the jaw at the 
base of the lower palate, beneath the teeth and 
gum line. 

2. To connect with Metal (Lungs) energy—the 
tongue is placed between the maxilla and man- 
dible bones, suspended, between the teeth. 

3. To connect with Fire (Heart) energy—the 
tongueis placed on the hard palate, at the front 
of the upper palate, behind the teeth and gum 
line. 


4. To connect with Wood (Liver) energy—the 
tongue is placed on the hard palate, at the 
middle of the upper palate at the center of the 
roof of the mouth. 


5. To connect with Water (Kidneys) energy—the 
tongue is placed on the soft palate, at the back 
of the upper palate. 

COMBINING THE ENERGY OF THE FIVE 
ELEMENTAL CoLors 
The doctor can also include the Five Elemen- 
tal Colors to increase the power of his or her in- 
ternal Qi projections (see Chapter 4). The Five El- 
emental Colors are described as follows. 
* Earth (Spleen)—The organ color bright yel- 
low, the channel color is soft yellow. 
+ Metal (Lungs)—The organ color bright white, 
the channel color is soft white. 
+ Fire (Heart)—The organ color bright red, the 
channel color is soft red. 
* Wood (Liver)—The organ color bright green, 
the channel color is soft green. 
* Water (Kidneys)—The organ color bright 
blue, the channel color is soft blue. 


SUMMARY OF QI EMITTING METHODS 
When the Qigong doctor emits Qi into the pa- 
tient, it effects the quality of light, sound, heat, vi- 
bration, and electromagnetic energy stored within 
the patient's tissues and cells. There are many varia- 
tions of Qi emission hand postures and techniques 
used by Qigong doctors in China. Each differs ac- 
cording to the various schools, colleges, and styles, 
‘of Medical Qigong training. These changeable and 
diverse hand postures, as well as the various Qi 
extension, guidance, and regulation techniques can 
all be combined and grouped together to assist the 
Qigong doctor in understanding the clinical treat- 
ment potentials. The following is an outline of the 
aforementioned Hand Postures and Extension, 
Guidance, and Regulation techniques (described in 
Chapter 33 and 34), along with their applications. 
HAND PosTURES USED FOR EMITTING QI 
1. The Extended Fan Palm Hand Posture energy 
emission has the widest beam of Qi extensior 
2. The Sword Finger Hand Posture energy emis- 
sion has the width and beam reduced into a 
more condensed form of Qi extension. 
3. The One Finger Skill Hand Posture energy 
emission is further reduced into an even more 
condensed form of Qi extension. 
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4. The Invisible Needle Hand Posture energy 
emission is condensed even further into a 
finely honed needle of light, similar to that of 
a laser beam. 

HAND TECHNIQUES USED FOR BREAKING UP 
ENERGETIC STAGNATIONS 

1. The Thunder Fingers Hand Technique is the 
strongest, most aggressive hand technique, 
and is used to break into the energetic bound- 
ary of the Qi stagnation. Itis used as a prepa- 
ration technique before purging the stagna- 
tion. 

2. The Shaking and Trembling Hand Technique 
isthe second most aggressive hand technique, 
and is used to purge stagnation and toxic Qi 
from the patient's body. 

3. The Vibrating Hand Technique is a powerful, 
yet subtle hand technique, which can be used 
to expand, contract, vibrate, and loosen the 
patient's Stagnant Qi. 

4, The Kneading Tiger Hand Technique is used 
to separate the Toxic Qi, and to dredge and 
purge it out of the patient’s body. 

ENERGY EXTENSION AND GUIDANCE 
TECHNIQUES FOR MOVING QI 

1. The Pushing Technique is used to push and 
move the energy within the body's tissues, 
channels, and energetic fields. 

2. The Pulling Technique is used to pull and 
move the energy within the body's tissues, 
channels, and energetic fields. 

3. The Leading Technique is used to lead, guide, 
and move the energy within the body's tis- 
sues, channels, and energetic fields. 

4. The Circling Technique is used to lead, guide, 
and move the energy in a circling pattern 
within the body's tissues, channels, and en- 
ergetic fields. 

5. The Spiraling Technique is used to spiral or 
drill energy into or out of the body's tissues, 
channels, and energetic fields. 


6. The Energetic Cupping Technique is used to 
lead, guide, and move the energy within the 
body’ tissues, channels, and energetic fields. 

HAND POSTURES USED FOR PURGING, 
DREDGING, AND REMOVING Toxic Qi 

1. The Bellows Palm Hand Posture is used like 
a vacuum to remove toxic Qi 

2. The Dragons Mouth Palm Hand Posture is 
used to grasp, pull, and lead toxic Qi from 
the body. 

3. The Sword Fingers Hand Posture is used to 
circle-wrap toxic Qi (like a fork wrapping spa- 
ghetti) and remove it from the body. 

4, The Kneading Tiger Hand Posture is used to 
grasp, seize, and pull toxic Qi from the body. 

5. The Shaking and Trembling Hand Posture is 
used in order to grasp, seize, and pull toxic 
Qi from the body. 

6. The Thunder Fingers Hand Posture is used 
toshake and release toxic Qi from the doctor’s 
body. 

7. The Extended Fan Palm Hand Posture is used 
to dredge, pull, and purge toxic Qi from the 
body. 

TYPES oF ENERGY RELEASED THROUGH QI 
EMISSION 

1. Hot Qi Emission is used to tonify or sedate a 
specific area, ongan, channel, or energetic field. 

2. Cold Qi Emission is used to cool down or se- 
date a specific area, organ, channel, or ener- 
getic fiel 

3. Color Qi Emission is used to tonify or sedate 
a specific area, organ, channel, or energetic 
field. 

4, Sound Emission is used to tonify or sedate a 
specific area, organ, channel, or energetic field. 

5. Five Elemental Organ Qi Emission is used to 
tonify or sedate a specific area, organ, chan- 
nel, or energetic field. 

6. Five Elemental Channel Qi Emission is used 
to tonify or sedate a specific area, organ, chan- 
nel, or energetic field. 
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CHAPTER 35 


THE INVISIBLE NEEDLE THEORY AND APPLICATION 


INTRODUCTION 

In China today, the use of Invisible Needles in 
Medical Qigong therapy is usually reserved for 
patients who are hypersensitive to energy flow. As 
the patient's sensitivity increases, the treatments are 
modified in order to complement their perceptive 
abilities. 

‘To perform the Invisible Needle technique, the 
Qigong doctor must first connect with the divine 
energy. This is performed by drawing energy from 
the Heavens through the Baihui GV-20 point at the 
top of the head and extending it out through the 
hands, enveloping the patient. Some Qigong doc- 
tors imagine that needles of light, from the Heav- 
ens, descend through their Baihui point. As this light 
fills their body, they become empowered with a 
never-ending reserve of Invisible Needles to treat 
the patient. In order to use these needles, the doc- 
tors rotate their wrist clockwise and the Invisible 
Needle flows out the Pc-8 Point at the center of their 
palm (Figure 35.1). 

Other Qigong doctors use a single needle im- 
age. The doctor imagines needles of light coming 
out of the Heavens, spiraling around the head like 
a golden halo. This golden halois positioned above 
the head, above the Heavenly Transpersonal Point 
(located about a foot above the head). To use these 
needles, the doctors reach above their head and 
pluck the needles from the Heavens. These needles 
are then inserted into the patient's body (Figure 
35.2). When using either visualization, the impor- 
tant factor is to focus on how deep the needles 
should penetrate. When treating an area deep in 
the major organs, a clockwise rotation reinforces and 
tonifies, while a counterclockwise rotation sedates 
the organ area. 


PREPARATION 
Before inserting an Invisible Needle into the 


oe 36.1. The Qigong doctor imagines divine healing 
light descending from the Heavens, fling the doctor's 
body with the energy to create the Invisible Needle. 


Figure 35.2. Another variation is for the Qigong doctor 
to imagine divine healing light descending from the 
Heavens and encircling the doctor's head like a golden 
halo. Contained within this halo are the Invisible 
Needles. 
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patient, it is important for the doctor to dredge 
the diseased area first. Thisis similar to swabbing 
an area with alcohol (or disinfectant) before in- 
serting an acupuncture needle. As one hand ex- 
tends the Invisible Needle, the other is used to 
reinforce its energy. The doctor works the Invis- 
ible Needle into the patient's tissues until he or 
she feels it inside the patient’s body. Sometimes 
the patient may feel a cold sensation while being 
treated by the doctor. This is a normal reaction to 
the Invisible Needle insertion. The longer that the 
doctor keeps the Invisible Needle inserted inside 
the patient's body, the better the healing effect. 


ANGLE OF INSERTION FOR 
TONIFICATION OR SEDATION 

The skill of using Invisible Needles encom- 
passes a complete system of energetics that uti- 
lizes both reinforcing (tonifying) and reducing 
(sedating) techniques. The polarity of the patient's 
channel (Yin or Yang) determines the angle at 
which the Invisible Needle is inserted. 

* When performing reducing or sedating tech- 
niques, it is important to insert the Invisible 
Needles perpendicularly into the patient’s 
points or channels, forming an energetic dam 
to slow the flow of Qi (Figure 35.3). The doc- 
tor removes the needle slowly, and leaves the 
point open (this allows the point to continue 
to release Qi naturally). 

* When performing any reinforcing or tonify- 
ing techniques, insert the Invisible Needle at 
anangle, pointed in the direction of the chan- 
nel’s flow (provided that the channel is flow- 
ing towards the direction of the intended or- 
gan). Then, when retracting the Invisible 
Needle, remove it quickly and seal the point. 
This quick retraction method is done to pre- 
vent the Qi from escaping the area once it is 
stimulated, and is followed by pressing the 
needle hole to seal the point (Figure 35.4). 
One favorite tonification technique used by 

certain Qigong doctors in Beijing, China is to leave 
the Invisible Needles inside the patient, while 
regulating the Conception and Governing Vessels. 
(Once they have strengthened the patient's Micro- 
cosmic Orbit (Fire Cycle), they retract the Invis- 
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Figure 35.3. The doctor's right hand extends the Invisible 
Needle perpendicularly into the patient's point or 
channel, to reduce or sedate the energy flow. The 
doctor's left hand is used to reinforce the energetic 
purging of the patient's toxins. 


7 
Figure 35.4. insert the Invisible Needle at a 45 degree 
angle with the flow of the patient's channel to reinforce 
or tonify, provided the channel's flow is towards the 
organ 

In order to prevent the Qi from escaping, when 
performing any reinforcing or tonifying techniques, the 
Qigong doctor presses the patient's channel point after 
retracting the Invisible Needle. 


ible Needles and disperse them one by one into 
the Earth. The insertion and manipulation of the 
Invisible Needles is performed with the Invisible 
Needle Palm technique. 

Another favorite technique used for tonifica- 
tion is for the Qigong doctor to first insert the In- 
visible Needle deep into the patient’s Kd-1 point 
at the bottom of the feet. Once the needle is in- 
serted, the doctor extends his or her intention, 
causing the needle to grow and extend up the 
patient's legs and into the Kidneys. Next, the doc- 
tor emits energy up the patient's legs to further 
tonify the Kidneys and Mingmen area. 

The Invisible Needles can also be transformed 
into the specific colors of the Five Elements to 
enhance tonification. A blue needle, for example, 


by the human ear and evaluated by the brain, 
its subjective loudness doubles when the inten- 
sity increases by 1048. 


dielectric The insulating layer separating two 
plates in a capacitor, 


hysteresis The difference between thresholds 
for switching an output on and off. When a sen- 
sor exhibits hysteresis, it may be unresponsive 
toa stimulus slightly above or below its equiva- 
lent current value. This may be useful to elimi- 
nate numerous responses to very small stimuli 
—for example, in a room thermostat. 


I2€ Interintegrated circuit bus. Sometimes writ- 
ten as HC, and often referred to verbally as "I. 
squared-C” A communications protocol that is 
often used between a microcontroller and 
other components on a circuit board. For a 
description, see "8. Digital: |2C” in the Appen- 
dix. 


IMU Inertial measurement unit, consisting of 
three accelerometers and three gyroscopes, 
sometimes with the addition of three magneto- 
meters. It can be used as a navigational aid. It 
may also be used in handheld user input devi- 
ces, such as game controllers. 


Kelvin A temperature scale, often abbreviated 
with the letter K, in which each degree is equiv- 
alent to a Celsius degree, but 0 degrees is at 
absolute zero—the temperature at which 
materials have no heat energy at all. 273 
degrees K is approximately equal to 0 degrees 
G 


MEMS Microelectromechanical system, i.e, an 
integrated circuit chip that also contains tiny 
moving parts. For example, a MEMS accelerom- 
eter is built around microscopic springs that 
respond to accelerative forces. 


newton A unit of force named after Isaac New- 
ton, abbreviated with the capital letter N. A 
force of 1N will accelerate a mass of 1kg at a 
rate of 1 meter per second each second. 


open collector output Many sensors have an 
open collector output, or contain an op-amp 
that has an open collector output. The output 
pin is attached to the collector of an internal 
transistor, with its emitter connected to nega- 
tive ground. Positive voltage applied through a 
pullup resistor to the open collector will be 
grounded when the internal transistor is con- 
ducting current, but will be available for other 
devices when the transistor is off. See "3. Ana- 
log: Open Collector’. 

orthogonal Angled at 90 degrees. Three 
orthogonal elements in a sensor will all be 
angled at 90 degrees to each other. 


pascal A unit of pressure equivalent to 1 new- 
ton of force per square meter. 


PIR Passive infrared sensor, See Chapter 4. 


pullup resistor A resistor that pulls up an out- 
ut or input voltage in the absence of a signal. 
May be used in conjunction with an open col- 
lector output. 


quadrature An encoding system for output 
from a pair of sensors. If the sensors are identi- 
fied as A and 8, four output combinations are 
possible: A high and B low; A high and B high; A 
low and B high; A low and B low. A common 
application is to show the direction of move- 
ment of a magnetic or optical pattern past the 
sensor pair. 


reference temperature The temperature at 
which the output signal of a temperature sen- 
sor is measured. This is often listed in a data- 
sheet, 


egister A section of memory that stores a dig- 
ital value (usually 1 of 2 bytes in a sensor). 


target Any object that is being detected by a 
motion sensor, proximity sensor, or presence 
sensor. 


temperature coefficient The percentage 
increase or decrease in the value of a sensor as 
a result of unit change in temperature (usually 
1 degree Celsius). Often abbreviated as TC. The 
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can be used to intensify Kidney tonification. Each 
needle can additionally be spiraled in a clockwise 
or counterclockwise direction to generate an en- 
ergetic vortex used for either tonification or pur- 
gation (Figure 35.5). 


THE HAND POSTURES OF THE 
INVISIBLE NEEDLE 

The following is a description of the various 
hand postures used when treating patients with 
the Invisible Needle technique. 

‘THe Doctor's RicHT HAND 

The doctor’s right hand is generally used for 
controlling and projecting the energy of the In- 
visible Needle into the patient. It is not only re- 
sponsible for the formation but also the inser- 
tion of the Invisible Needle. The action and move- 
ment of the right palm projecting and stimulat- 
ing Qi is sometimes referred to as the Chicken 
Pecking technique. In this hand posture, the 
thumb connects with the index finger or index and 
middle finger to form the shape of a bird's beak 
(Figure 35.6). While these fingers are joined to- 
gether, the other fingers on the hand relax in an 
extended, straight position. The doctor's intention 
is focused on the image of an Invisible Needle 
which is projected into the patient's body. 

‘The pricking, insertion, and manipulation of 
the Invisible Needle is only effective when the 
Qigong doctor connects and roots his or her in- 
tention deep within the patient's Jing, Qi, and 
Shen. This intention connects the doctor with the 
patient's Qi and Blood, and their animated Spirit. 
‘THE Docron’s LeFY HAND 

The doctor's left hand is used to either ma- 
nipulate the patient's tissues to enhance the 
Qigong treatment, or to collect Qi into the doctor's 
Lower Dantian to be projected into the patient. 
This technique is similar in method to collecting 
the Yin (Cold) and Yang (Hot) energy before emit- 
ting it into the patient. Once the thumb connects 
with any of the fingers, the released energy bears 
the nature of the associated element and its Yin 
and Yang properties (Figure 35.7). The Qi that is 
collected when the thumb and middle finger con- 
nect, for example, is the Yang Qi within the Heart. 


mi 


The needle can be made The needle can be made to 
to grow and extend deep grow fat inside the patient's, 
inside the patient's tissues tissues or channels to 
or channels. increase Qi projection, 


CCounterclockwise spiraling 
the needle is used to 
Create an energetic vortex 
for purgation. 


Clockwise spiraling the 
needle is used to create 
an energetic vortex for 
tonification 


Figure 35.5. The Invisible Needle Techniques 


Figure 35.6. The Invisible Needle Palm 
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This Qi replenishes the Yang Qi and regulates the 
energy of the Heart (Figure 35.8). If the doctor's 
hand is positioned over the Pericardium Channel 
and energy is emitted into the patient, the patient's 
Shen will become peaceful. When treating with 
the Five Elemental organ energy, the index and 
middle finger stand for Fire and Wood; this com- 
bination is considered Yang. The ring and little 
finger stand for Water and Metal; this combina- 
tion gathers and creates Yin energy. 


TIME AND DURATION OF TREATMENT 

In general, Medical Qigong Invisible Needle 
Technique and Point Therapy is applied once a 
day. A routine therapeutic course includes six to 
eighteen treatments. Patients with mild diseases 
may continue the therapy from six to twenty-four 
treatments. For chronic patients, however, treat- 
‘ment may last as long as one to three months de- 
pending on the patient’s condition (i.e., for 
paraplegic patients the treatments generally from 
three to six months). 

‘As far as the time sequence of when to treat 
the patient, or when the patient is to treat them- 
selves, the chronometric rate is based on the high- 
tide sequence of the patient’s channels (i.e., 11 am 
to 1 pm is the Heart time, which is the best time 
period to treat patients with Heart disease). 


REMOVING THE INVISIBLE NEEDLES 
AND ENDING THE TREATMENT 

During tonifying treatment, the Qigong doc- 
tor removes the Invisible Needle quickly from its 
point of origin while the patient is inhaling, This 
allows the patient to keep the Qi and Shen within 
the body’s channels and tissues. After extracting 
the needle, the doctor presses down on the acu- 
puncture point with emitted Qi and lightly rubs 
itin a clockwise direction until the open point has 
closed. 

During a sedating treatment, the Qigong doc- 
tor has the patient exhale to expel the Evil Gi and 
Heat from the patient's tissues. After extracting 
the needle slowly, the doctor allows the acupunc- 
ture point to naturally drain and eventually close 
by itself. This aids in draining the Evil Qi and Ex- 
cess Heat from the patient’s body. 


Figure 36.7. When treating patient’s with the Invisible 
Needle technique for tonification, the Qigong doctor 
emits the required amount of energy into the patient, 
according to the specific Deficient organ and channel's 
condition. 

The thumb, being the Earth Element and neutral, allows 
the Qigong doctor the ability to connect and combine 
the energy of the Five Yin Organs into his or her Lower 
Dantian, before extending the Qi into the patient. 


Five Five Five 
Fingers Elements | Viscera 
Thumb Earth Spleen 

Index Wood Liver 
Middle Fire Heart 
; Pa Metal Lungs 

$ ce Water Kidneys 


Figure 35.8. Hand Chart of the Five Elements 


CHAPTER 36 


ENERGETIC POINT THERAPY 


‘The importance of Energetic Point therapy as 
a Medical Qigong modality can best be under- 
stood when exploring the amount of information 
stored within the body's tissues. According to 
theoretical physicist Michio Kaku, the body's 
DNA contains over one hundred trillion times the 
information stored in current computers. There is 
an even greater amount of information stored 
within the three subtle energy fields outside of 
the human body. Most of this information is not 
readily translatable or decipherable, and is hid- 
den from the conscious mind. 

By stimulating certain energy points, for a spe- 
cificlength of time, an energetic trigger mechanism, 
or response reflex is created. This energetic reaction 
releases memories and stored information unique 
to each patient. To facilitate the unlocking of this 
stored information, the Qigong doctor must main- 
tain a deep state of Alpha consciousness when 
stimulating the patient's energy points. 

Energetic Point therapy involves two distinct 
‘modalities of treatment: Channel Point treatments 
and Channel Point meditations. Either can be used 
in conjunction with the Invisible Needle therapy. 
In these particular modalities of treatment, the 
Qigong doctor can either emit Qi into specific chan- 
nel points on the patient’s body to enhance the 
Medical Qigong treatment, or have the patient 
meditate on a specific point while the doctor ad- 
ministers the therapy. Both approaches canbe used 
by the Qigong doctor to gather energy, move Qi, or 
release trapped energy from the patient's tissues. 


CHANNEL POINT TREATMENTS AND 
PRESCRIPTIONS. 

The following treatments are generally used 
in the clinic by the Qigong doctor for Invisible 
Needle therapy, but are not necessarily limited to 
that modality of treatment. These Energetic Point 


treatments are arranged and categorized accord- 
ing to specific diseases. The Energetic Points are 
located on the patient's front and back as depicted 
in the anatomical graphs (Figures 36.1 and 36.2). 
These points are clinically used for the following 
treatment goals: 

POINT THERAPY To TONIFY YIN ENERGY 

1. To Tonify Yin energy and to reduce a Deficient 
type of Fire, extend Qi into the patient’s Kd-3 
point. 

2. To nourish the Yin energy and to reduce Fire, 
extend Qi into the patient’s Kd-3 and Lu-10 
points. 

3. To treat a Deficiency of Yin of the Liver and 
Kidneys and to reduce the causes of Deficient 
Fire, extend Qi into the patient's Sp-6 and Lv-3 
points, 

4, To treat a Deficiency of Yin causing a dryness 
of the Lungs, extend Qi into the patient’s Lu-1 
and BI-13 points on the front and back of the 
body. Regulate the respiratory tract, as well as 
the patient’s Lu-7 and Kd-6 points, thereby 
tonifying the body's Yin energy and activating 
the descending function of the Lungs. 

POINT THERAPY To TONIFYING OR DI 
YANG ENERGY 

1. Tostrengthen the Yang of the patient's Kidneys, 
extend energy into the patient's GV-4, BI-23, and 
Kd-3 points. 

2. To warm, and tonify the Yang of the patient's 
Spleen and Kidneys, extend energy into the 
patient's BI-20 and -23 points. This treatment is 
ideal for eliminating Damp fluid caused from 
Deficient types of edema. 

3. To fortify the Yang and avert a state of Yang 
collapse, tonify the patient’s Yuan Qiby extend- 
ing energy into the patient's Lower Dantian, 
focusing specifically on the patient's CV-4, -6, 
and -8 points. 


RSE 


Figure 36.1. Chart of Specific Channel Points 


4, Totreat a condition of Deficiency of Yang of the 
Spleen, strengthen the patient’s Stomach and 
Spleen to eliminate Damp and Phlegm. This is. 
done by extending energy and tonifying the 
patient's St-36, CV-12, and B1-20 points. Then 
activate and warm the Qi of the patient's Lungs 
by extending Qi into BI-13, and -43 points. 

5. Tostrengthen the Yang of the Spleen, promote 
the Spleen’ transporting function by extend- 
ing energy into the patient's CV-12, BL-20, Lv- 
13, and Sp-3 points. 

6. To raise the patient’s Yang Qi or the Yang Qi 
flowing within the patient's Governing Ves- 
sel, extend energy into the GV-20 point. 

7. To reduce hyperactive Yang of the patient's 
Liver, first dredge and disperse the patient's 
GB-20, BI-18, and Lv-2 points to pacify the 
Yang of the Liver; then tonify by extending 
energy into the patient s BI-23 and Kd-3 points 
to strengthen the Kidneys. 

8. To reduce Excess Yang within the patient’s 
Governing Vessel which has caused a hyper- 
activity of Heat, dredge and sedate the 
patient's GB-20 point. Then purge the Heat 
from the patient's GV-14 and LI-4 points. 

POINT THERAPY TO TONIFY OR DISPERSE QI 

1. To strengthen the patient's Yuan Qi, extend Qi 
into the patient’s Lower Dantian, focusing on 
CV-4 and -6 points. 

2. To fortify the patient’s Qi and reestablish their 
Yang, extend energy into the patient's GV-20, 
CV-6, and St-36 points. 

3. To subdue the patient's ascending Qi, extend 
Qi into the patient's CV-22 and BI-17 points. 

4. To disperse the patient’s stagnant Qi and 
Phlegm, extend Qi nto the patient's BL-13 point. 

5. To tonify the Kidneys’ Qi and Jing and to re- 
duce any Kidney Deficiency, extend Qiinto the 
patient’s GV-4, BI-52, and Kd-3 points. 

6. To stimulate the circulation of Qi and Blood, 
extend Qi into the patient's LI-4 and Lv-3 points. 

POINT THERAPY To TONIFY AND NOURISH 
THE BLoop 

1. To activate the patient's Blood circulation, 
extend energy into the patient's Sp-10 point. 

2, Tostimulate the function of conducting Blood, 


extend energy into the patient's Sp-1 point. 

3. To control the production of Blood, extend 
energy into the patient's BI-20 point to con- 
trol the Blood, as well as BI-15 to increase the 
production of Blood. 

4, To activate Blood circulation and remove sta- 
sis, extend energy into the patient’s Sp-6 and 
BLI7. 

5. To strengthen the source of Blood formation, 
extend energy into the patient's St-36 and Sp- 
6 points. 

6. To remove Blood stasis of the uterus, extend 
energy into the patient's BI-32 and St-29 
points. 

POINT THERAPY To ELIMINATE COLD AND 
DAMP 

1, Towarm the Spleen and Stomach to eliminate 
Cold, extend energy into the patient's Lower 
Dantian and CV-12 and -13 area. 

2. To disperse Cold, relieve pain, pacify the 
Stomach and strengthen the Spleen, extend 
energy into the patient's Sp-4 and BI-20 points. 

3. To strengthen the Spleen to disperse Damp- 
ness, extend energy into the patient's Sp-6 and 
St-36 points. 

4. To eliminate edema above the waist, extend 
energy into the patient’s BI-20 and Lv-13 
points. 

5. To eliminate edema below the waist, extend 
energy into the patient's BI-28, LI-6, and Sp-9 
points. 

POINT THERAPY To ELIMINATE HEAT 

1. To eliminate Heat from the patient’s body, 
extend energy into the patient's LI-11 points, 
or dredge and disperse energy from the 
patient's Shi Xuan points (at the tips of the 
fingers). 

2. To move Heat downwards from the patient's 
body, dredge and disperse energy from the 
patient's Kd-1 points. 

3. To disperse External Heat, dredge and dis- 
perse energy from the patient's SI-3 points. 

4, To eliminate Internal Heat, dredge and dis- 
perse energy from the patient's Pc-5 points. 

5. To eliminate Damp Heat, extend energy into 
the patient's BI-20 and Sp-9 points. 
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Figure 36.2. Chart of Specific Channel Points, 


6. To eliminate Damp Heat from the Blood, 
dredge and disperse energy from the patient's 
BI-40 points, then extend energy into the Pe-3 
points, 

7. To reduce Fire of the Liver, dredge and dis- 
perse energy from the patient's CV-3 and Lv- 
5 points. 

8, Toreduce Liver and Gall Bladder Upward Fire 
disturbance, dredge and disperse energy from 
the patient's GB-12, as well as BI-19 and -18 
areas. 

POINT THERAPY To ELIMINATE WIND 

1. Toeliminate Wind Cold, dredge and disperse 
energy from the patient’s GV-16, BI-12, GB- 
20, Lu-7, LI-4, and Kd-7 points. 

2. Toeliminate Wind Heat, dredge and disperse 
energy from the patient’s GV-14, LI-4, TB-5, 
and GB-20 points. 

3. To eliminate Wind from the upper portion of 
the patient's body, dredge and disperse en- 
ergy from the patients BI-7, GV-20, and -16 
points. 

4, Toeliminate pathogenic Wind, extend energy 
into the patient's Lu-7 points to activate the 
natural dispersing function of the Lungs. 

5, To eliminate Wind and reduce Fire, dredge 
and disperse energy from the patient’s GB-20 
points 

6. To calm the Wind of the Liver, dredge and 
disperse energy from the patient’s Lv-3 points. 

POINT THERAPY To ELIMINATE PHLEGM 

1. Toeliminate Damp Phlegm in the Interior, first 
strengthen the function of the patient's Spleen 
and Stomach to eliminate the Dampness, by 
extending energy into the patients BI-20 and 
CV-12 points, then eliminate the Phlegm by 
dredging both of the St-40 points. 

2. To eliminate Phlegm Fire in the patient's 
Stomach, dredge the patient’s GB-34 and St- 
40 points. 


CONTRAINDICATIONS. 

Never apply Energy Point therapy to patients 
who are in an acute stage of inflammatory dis- 
eases (especially of the abdomen). Also avoid us- 
ing Energy Point therapy on patients with hyper- 


tension, heart diseases, severe cases of pulmonary 
tuberculosis, hemophilia, purpura hemorrhagic, 
purpura allergic, and severe skin diseases. 


CHANNEL POINT MEDITATION 

After applying the Invisible Needle technique 
or Energetic Point therapy, the Qigong doctor may 
decide to initiate Channel Point meditation to in- 
tensify the treatment. This is achieved by having 
the patient concentrate on specific points along the 
channels. This concentration will produce two dis- 
tinct results. First, it will get rid of any of the patient’s 
distracting thoughts, and second, it will cause dif- 
ferent fluctuations of the Qi and Blood circulation 
through the patient’s Yin and Yang organs. This fo- 
cused concentration will allow the internal organs 
to supply the patient's body with either: a more 
concentrated flow of Qi and Blood into the tissue 
area; or the focused attention will have a stronger 
dispersing effect on the patient's tissues (depend- 
ing on the patient's focus). 

Each time a patient switches the focus of con- 
centration to a different point in a different area of 
the body, the circulation and regulation of Qi and 
Blood will alter to accommodate the mental transi- 
tions of intention. In giving the patient a specific 
point meditation as a prescription, the Qigong doc- 
tor should be careful to select the areas and points 
in accordance with the particular Qigong exercises 
that will arrest the patient's Yin and Yang organ dis- 
case. 

Generally speaking, when treating an Excess 
condition with Channel Point meditation, the Qi- 
‘gong doctor has the patient imagine draining the 
Excess Qi out through the extremities. In the case 
of a Deficiency, the doctor has the patient focus on 
tonifying the Deficient organ(s) by absorbing en- 
ergy and light into the Deficient area. Below is a list 
of channel point regulations and their applications. 
IMAI (CV-6) SEA OF QI 

‘The CV-6 point, located in the Lower Dantian, 
is the most frequently selected point (Figure 36.3). 
Itis chosen for normal conditions to lead the Qi 
back to its origin. Itis this area from which Qi ema- 
nates and returns, hence its name, Sea of Qi. Fo- 
cusing on this point will allow the patient to tonify 
the Kidneys (Yuan) Qi, and can be used to regu- 
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late the Lower Burner, Conception Vessel, and 
Water pathways. The Qigong doctor may also 
extend energy into this area to: 
* restore collapsed Yin or Yang Qi, 
« raise the patient's Middle Burner Qi, 
‘* warm a patient's Yang Qi, 
+ warm a patient's Cold condition, 
+ treat mental disorders, 
« treat male sexual problems, 
* treat urinary problems, 
* treat local pain, 
« treat fatigue, and 
* treat Qi and Blood Deficiency. 
MINGMEN (GV-4) GATE OF LIFE 
This point is also called the Palace of Essence 
(Figure 36.4). Located between the two Kidneys, 
this point is used for patients with a Deficiency of 
the Kidney Yang and declining Fire of the 
Mingmen (this condition is manifested as lum- 
ago pain, seminal emissions, and an aversion to 
cold). Focus the patient’s concentration on the 
navel first, then gradually have the patient focus 
deeper into the Mingmen area. This area is known 
as the Sea of Blood and Essence. Focusing on this 
point will allow the patient to tonify and stabilize 
the Kidney (Yuan) Qi and Jing. A Qigong doctor 
extending energy into this area can regulate the 
patient's water pathways, heat the body’s Yang 
Qi, and lower blood pressure. This point is also 
used to treat lower back pain, sciatica, as well as 
sexual /genital problems. 
SHAO SHANG (LU-11) LESSER SHANG 
This point is also called Ghost Sincerity, and 
is considered the second of eleven ghost points 
(Figure 36.5). The sound “shang” isa musical note 
and corresponds to the Element Metal. This par- 
ticular point is used for patients with a Deficiency 
of Lung Qi (this is manifested by asthma and 
coughing). It reinforces the Qi and regulates the 
Lungs. A Qigong doctor can pull energy from this 
area to dredge and clear Lung Fire, Heat, and Sum- 
mer Heat, as well as dispel Wind Heat from the 
patient's body. 
ZHONG CHONG (Pc-9) MIDDLE RUSHING 
This point is used for patients with a 
Deficiency of Heart Qi (which manifests as palpi- 


Figure 36.4. Mingmen (GV-4) 


Figure 36.5, Shao Shang (Lu-11) 


tations and restlessness). It reinforces the Qi and 
calms the Heart and mind. This area is good for 
regulating the Heart’s Qi, reviving consciousness, 
and restoring collapsed Yang. It can be used to 
dredge and clear the patient's body of Heart Fire, 
Heat, and Summer Heat conditions (Figure 36.6). 
ZU SAN Li (ST-36) Foor THREE MILES 

This point is used for patients with a disor- 
der of transporting and transforming Spleen and 
Stomach Qi (which manifests as abdominal dis- 
tention and pain). This point has a strong tonifying 
effect (especially for the Spleen) and regulates the 
Stomach. It also tonifies the Ying (Nutritive) Qi, 
and regulates the Lower and Middle Burners. It 
can be used by a Qigong doctor to dredge and 
reduce digestive stagnation, to redirect Rebellious 
Qi, to drain pathogenic influences from the Stom- 
ach, and to soften hard abdominal masses or tu- 
mors (Figure 36.7). 
Da DUN (Lv-1) GREAT PILE 

This point is used for patients with hyperac- 
tive Liver Yang or overactive Liver and Heart Fire. 
It calms the Liver to treat diseases of the upper 
portion of the body (primarily the head). By fo- 
cusing on this area, the patient can regulate and 
tonify the Liver Qi and Blood. The Qigong doctor 
may dredge this area to disperse Liver Qi and 
transform Damp Heat in the Lower Burner (Fig- 
ure 36.8). 
YONG QUAN (KKD-1) GUSHING SPRING 

This point is used for patients with Yin 
Deficiencies of the Liver and Kidney, hyperactiv- 
ity of Fire due to Yin Deficiencies, or Excess in the 
upper torso and Deficiency in the lower torso. 
Concentration on this area will also calm the spirit, 
clear Fire and Heat from the head area, restore 
collapsed Yang, and transform Heart Phlegm (Fig- 
ure 36.9). 
Bainut (GV-20) HUNDRED MEETINGS 

This point is used for patients with a 
Deficiency of Qi in the Middle Burner (manifested 
by ashortness of breath, dizziness, intractable di- 
arthea, and a prolapse of the internal organs). This 
point is knownas the Sea of Marrow. Focusing on 
this area will clear the brain and calm the spirit. If 
the Qigong doctor treats this area, the patient's 
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Figure 36.7. Zu San Li (St-36) 


Figure 36.8. Da Dun 
(ty 


Figure 36.9. Yong Quan 


(Kd-1) 


lower orifices can be stabilized, the Qi can be 
warmed and tonified, and Yang Qi can be warmed 
and a collapse can be prevented. This point is also 
used in order to treat hypertension, insomnia, sei- 
zures, dizziness, headaches, and the prolapse of 
internal organs (Figure 36.10). 
Hurvin (€V-1) MEETING OF YIN 

This point is used for patients with a 
Deficiency of Lung Qi and Kidney Yin (manifested 
by asthma and coughing). Focusing the patient’s 
concentration on this area stabilizes the patient’s 
Jing and lower orifices, as well as calms the spirit 
and clears the brain. It can be used by the Qigong 
doctor to tonify and regulate the patient's Qi, to 
clear Heat from the patient's body, to treat irregu- 
lar menses, urethritis, prostatitis, and to raise the 
blood pressure (Figure 36.11). 
YIN TANG (EX. HN. 3) SEAL HALL 

This point is used for patients to calm the 
spirit, and can be used by the Qigong doctor to 
dispel Wind and clear Heat from the patient’s 
body. This point is also used to treat epilepsy, nau- 
sea and vomiting, insomnia, sinus headaches, diz- 
zines, and vertigo (Figure 36.12). 


Figure 36.10. Baihui (GV-20) 


Figure 36.12, Yin Tang (Ex.Pt.) 
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value may be resistance, voltage, or current, 
depending on the sensor. The temperature 
coefficient should be negative if the value of 
the sensor diminishes when its temperature 
increases. If itis expressed in parts per million, 
abbreviated ppm, it can be converted to a per- 
centage by dividing by 10,000. 


Wheatstone bridge A network of four resis- 
tors. At least one of the resistors has an 
unknown value, while the others have precisely 
known reference values. The network enables 
calculation of the unknown value. See 
Figure 12-2. 
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CHAPTER 37 


MEDICAL QIGONG MASSAGE 


INTRODUCTION To TISSUE FUNCTION 
To understand the energetic function of sur- 
face and deep tissue stimulation through Medi- 
cal Qigong Massage, it is important to first un- 
derstand the reflexes and spontaneous energetic 
reactions within the body’s tissues. The tissues of 
the human body are in a constant state of per- 
petual change. No matter where illness or dam- 
age has occurred, everything in the body is linked 
to the organs’ and bowels’ functions of produc- 
ing and governing energy, and their interaction 
with the body’s surface tissues (Figure 37.1-37.2). 
In Traditional Chinese Medicine, the human 
body is viewed as a conglomeration of Qi, Blood, 
channels, tendons, fascia, bones, Marrow, bowels 
(Yang organs), and viscera (Yin organs). Each part 
is interdependent, each having inseparable Yin 
and Yang relationships and all of them interact- 
ing with each other. The following describes the 
interaction of: Qi and Blood, Tendons and Fascia, 
Bones and Marrow and the Bowels and Viscera. 

1. Qiis considered the Blood’s leader: as the Qi 
leads, the Blood follows. If the Qi ceases to 
flow, the Blood stops. 

2. The tendons and fascia are used for channel 
energy movement, As the tendons and fascia 
stretch, they cause the channel Qi to increase 
its energetic movement and flow. When the 
tendons and fascia are calm, the channel Qi 
slows down. 

3. The bones are the Marrow’s residence. When 
the bones are hard, the Marrow is solid; when 
the bones are soft, the Marrow is hollow. 

4. The bowels (Yang organs) are the viscera’s 
(Yin organs’) manifestations. If the bowels are 
strong, the organs become robust; when the 
bowels become weak, the viscera begin to fail. 
Medical Qigong massage takes into consid- 

eration the function and flow of the body's tis- 


Figure 37.1. The Human Body (Anterior) 
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sues, in conjunction with the interacting systems 
of the body’s energetic fields, striving to regulate 
both systems at the same time. 


TWO APPROACHES IN TREATMENT 

Medical Qigong massage can be divided into 
two schools of treatment modalities: Surface Tis- 
sue Massage Therapy and Visceral Tissue Mas- 
sage Therapy. 

1. Surface Tissue Massage Therapy utilizes the 
Five Elemental Qi Massage Therapy tech- 
niques in conjunction with external tissue 
stimulation. All external tissue manipulation 
techniques used in Qigong massage should 
be light as a feather and should not exceed 
the pressure one would place on an eyeball. 
When treating with Surface Tissue Massage, 
the doctor's focus must be centered on the dis- 
persion of pathogenic Qi and the expansion 
of the patient's Wei Qi, while softly touching 
the patient's tissues. 

2. Visceral Tissue Massage Therapy utilizes the 
Five Elemental Qi Massage Therapy tech- 
niques in conjunction with deep tissue stimu- 
lation. By matching the patient's pulse fre- 
quency and respiration with that of the 
doctor's, a stable, energetic resonance is se- 
cured and treatment begins. When treating 
with Visceral Tissue Massage, the doctor's fo- 
cus must be centered deep into the patient's 
internal organs without touching the patient's 
external tissues. 

After external tissue massage is used to treat 
the patient's tissues, it is important for the doctor 
to maintain focused intention on the patient's 
channels while slowly removing his or her hands. 
Ifa break in contact with the mind’s intention is 
made, the patient's tissues will return to their pre- 
treatment state. Once the doctor has physically 
disconnected from the patient in this manner, Dis- 
tance Qi Emission and Qi manipulation tech- 
niques can be applied. 

It is believed that the treatment of diseases 
should be carried out primarily by Qiemission as 
the main approach, and secondarily through 
Qigong massage. By combining both external and 
internal tissue manipulation skills with energy 
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Figure 37.3. Energetic Tissue Manipulation Chart 


extension techniques, the Qigong doctor greatly 
improves the quality of treatments. In the clinical 
setting, this type of energetic tissue manipulation 
is utilized before or after energy extension. This 
facilitates the relaxation of the patient’s muscles 
and joints and the opening or closing of their 
points. It also aids in dredging the channels, guid- 
ing the flow of energy, and in regulating Yin and 
Yang energy. 


TISSUE REGULATION THROUGH 
MEDICAL QIGONG MASSAGE 

The external treatment of the patient's tissues 
encompasses a wide variety of body manipula- 
tion and alignment methods to provide a com- 
plete treatment program (Figure 37.3). Used for 
toning the organs, glands, nervous system, and 
joints, Qigong massage is applied to treat soft tis- 
sue injury. The following are the six treatment 
goals of Qigong Massage: 

* To relax the tendons, activate the channels, 
promote circulation of Qi and Blood, and re- 
lieve pain, 

‘+ To disperse Blood stagnation, 

* To relieve muscle spasms, 

‘+ To expand the tendon sheaths, 

‘To treat fascia in order to move stagnations 
and separate adhesions, and 

+ To correct dislocations. 


The following isa list of the five predominant 
external tissue manipulation techniques used by 
Qigong doctors in China today. 


THE Five ELEMENTAL Qi MASSAGE 
THERAPY 

Traditionally there are five different tech- 
niques for Medical Qigong massage therapy. 
These five techniques are very important for re- 
establishing the energetic vitality of the patient’s 
body. Each of these techniques relates to a spe- 
cific action and organ associated with one of the 
Five Elements. The objective of these techniques 
isto influence the muscles, nerve fibers, and deep- 
lying tissues of the body in order to aid metabo- 
lism and stimulate energy flow (Figure 37.4). The 
applications of these five methods of energy ma- 
nipulation and their affect on the body's tissues 
are described as follows. 

THE CIRCLE-TWISTING METHOD 

This technique relates to the Spleen, which 
rules and affects the muscles, and is implemented 
asa quick drilling motion into the body’s surface 
tissues, using the fingers, palms, knuckles, or heel 
of the palm. 

‘When treating a patient's tissue area, a circle- 
twisting movement will stimulate the Qi and 
Blood within the channel points. This will gener- 
ate a numbing and tingling sensation that will 


SecTion 8: QI EMITTING METHODS 


Circle-Twisting Method 


Compression Release Method 


Thrusting Method 
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Spleen-Earth Element: affects the muscles, stimulates 
and improves Blood circulation. 


Kidneys-Water Element: affects the bones, and 
regulates the Wei and Ying Qi 


Heart-Fire Element: affects the Blood, pulse, and 
regulates and activates the Gi 


Liver-Wood Element: affects the tendons, ligaments 
‘and muscles, promotes, clears, and activates Qi flow, 
and balances the Yin and Yang energy. 


Lungs-Metal Element: affects the Qi and skin, 


Figure 37.4, The Five Elemental Qi Massage Methods 


cause the channel points to induce the energy to 
counterattack the foreign invasion of Turbid Qi 
and disease. The circle-twisting action will also 
stimulate and improve Blood circulation and is 
divided into two modalities of treatment: 
* Tostimulate, massage the area in a clockwise, 
spiraling, circular motion from the outside to 
the center of the point. The purpose of this 
action is to gather energy from the surround- 
ing areas of the patient’s body and collect it 
into the center point the doctor is treating. 
+ Tosedate, massage the area in a counterclock- 
wise, spiraling circle from the center of the 
point outward. The purpose of this action is 
to disperse the energy from the area the doc- 
tor is treating. This Excess energy will later 
beeither moved into other organs, or dredged 
outside the patient’s body through an adja- 
cent channel (Figure 37.5). 
THE COMPRESSION RELEASE METHOD 

This technique relates to the Kidneys, which 
rule and affect the bones, and is performed by the 
doctor extending his or her intention into the pa- 
tient, softly pressing the body’s surface tissues, us- 


ing the whole palm, parts of the fingers, or elbows. 
‘The Compression Release method is commonly 
used to purge or drain the tissues of pathogenic Qi. 

‘The Compression Release techniques are gen- 
erally used to regulate the Ying and Wei Qi, which 
travel along the channels and collaterals. Deep 
pressure reaches the Ying Qi, while shallow pres- 
sure stimulates the Wei Qi. Once damage has oc- 
curred in the body, the damaged channel points 
and organ regions cause certain changes in the Wei 
Qi Ying, Qi, and Blood areas of the body, result- 
ing in numbness, aches, pain, swelling, etc. Both 
Circle-Twisting and Compression Release tech- 
niques can eliminate these symptoms and create 
amore stable energy flow. 
‘The Compression Release Technique 

‘Once the proper hand posture and area to be 
treated has been selected, the doctor guides Qi into 
his or her palm and fingers using Hot, Cold, vi- 
rating, or spiraling energy. The doctor then ini- 
tiates a rhythmic compression over the patient's 
tissues stimulating the patient's energetic field. 
This action has the function of relieving stagna- 
tion or congestion and can be used to dredge the 
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Figure 37.5. Circle Twisting Method of Energy Therapy 


channels and energetic points, as well as to relieve 
muscle spasms and physical pain. 

The doctor must apply the correct amount of 
pressure for the patient’s physical condition: 

1. Aslow Compression Release method is applied 
toany kind of hyperactive iliness, nervous sys- 
tem disorder, mental disorder, or loss of Blood. 

2. Amedium Compression Release method is ap- 
plied to illness for Spleen and Stomach disor- 
ders. 

3. A fast Compression Release method is applied 
to hypoactive or Cold illnesses. 

Itis important to note that when applying the 
Compression Release method to tonify a specific 
area, the doctor should energetically press on the 
channel ata forty-five degree angle, slightly above 
where the channel flows into the injured area. This 
augments the flow of energy along the channel. 

‘To disperse or drain a particular area, the doc- 
tor should apply slight pressure at an angle past 
where the channel flows into the injured area. This 
downward pressure will cause the energy to flow 
away from the injury. This application is used 
when treating Excess conditions. 

‘THE THRUSTING METHOD 

This technique relates to the Heart, which 
rules and affects the Blood and Blood pulses. It is 
utilized to gently push the tissues, extending the 
Qiand Blood along the patient's surface channels, 


using the thumb, ball of the thumb, or heel of the 
palm. The thrusting method can draw energy into 
a Deficient area or move Qi out of an Excess area. 
The Thrusting Technique 

Once the proper hand posture and area to be 
treated has been selected, the doctor guides Qi into 
his or her palm and fingers using Hot, Cold, vi- 
brating, or spiraling energy. The doctor then rubs 
lightly or lightly touches above the patient's tis- 
sues while simultaneously emitting Qi. 

‘The technique should be synchronized with 
the frequency of the patient's pulse and respira- 
tion. The Thrusting technique has the function of 
regulating and activating the patient's Qi, allevi- 
ating pain, and dredging the channels. 

‘THE GRASPING AND SHAKING METHOD 

This technique relates to the Liver, which rules 
and affects the tendons. It is administered by 
lightly vibrating the skin (gently at first, then 
slowly increasing the intensity). The Grasping and 
Shaking method sends a wave of vibration 
throughout the patient's body, and is used to in- 
crease Qi and Blood flow to the tissue area. 

‘The Grasping and Shaking Technique 

‘Once the proper hand posture and area to be 
treated has been selected, the doctor guides Qi into 
his or her palm and fingers using Hot, Cold, vi- 
brating, or spiraling energy. 

The doctor then lightly grasps and shakes the 


‘energetic field within the patient's tissues, while 
extending energy. The Grasping and Shaking tech- 
nique is used for directing Qi to flow with or 
against the natural currents in the body's chan- 
nels, It promotes, clears, and activates the chan- 
nels and flow of Qi, relaxes the muscles and ten- 
dons, and balances the Yin and Yang energy. 
‘THE TAPPING METHOD 

This technique relates to the Lungs, which rule 
and affect the Qi and skin. This technique is ad- 
ministered by lightly and rhythmically tapping 
the patient's skin (with varying degrees of force), 
using the fingers, palms or fists (Figure 37.6). The 
‘Tapping method sends a pulsating ripple through- 
out the patient's tissues and is used to disperse 
stagnation from a point, channel, or organ. 


YIN AND YANG ENERGETIC POINT 
MANIPULATION 

Before treating patients with Five Elemental 
Regulation therapy, the Qigong doctor should be 
aware of the principals of Yin and Yang energetic 
polarity involved within the Energetic Point Ma- 
nipulation. This method of treatment is used to 
regulate the patient's Wei Qi, Ying Qi, and Qi and 
Blood systems (as a whole), in order to form a 
governed systemicbalance. In the Energetic Point 
Manipulation methods, the treating techniques are 
directly based on Yin and Yang theory. 
‘THE YIN THEORY OF QI MANIPULATION 

This technique is expressed as a passive, quiet, 
or motionless action (more energy and less physi- 
cal movement). The energetically passive Yin 
movements are used to push, fill, or tonify the 
patient’s Righteous Qi, located within the patient's 
tissues. It is used for treating external tissue con- 
ditions and for internal organ conditions. 

+ If the external tissue area is in an inactive or 
Yin state, apply a Yin technique. Treat a Cold 
area with soft, passive manipulations, while 
extending the mind superficially onto the 
patient's surface tissues to fill or tonify anti- 
pathogenic factors, and to revitalize the Defi- 
cient area. 

* If the internal organ area is either in an active 
or Yang (Hot or hard) state, the doctor must 


Figure 37.6. In the Massage Tapping Method, the 
Qigong doctor will extend his or her intention deep into 
the patient's tissues in order to stimulate the channel 
point. 


apply a Yin, passive, or slow action technique, 

while extending his mind deep into the 

patient's tissues and organs. 
THE YANG THEORY OF QI MANIPULATION 

‘This technique is expressed as an active tech- 
nique, in motion. The active energy of the Yang 
movements are generally used to pull or purge 
pathogenic factors. It is used for treating external 
tissue conditions and for internal organ condi- 
tions. 

‘If the external tissue area is in an active or 
Yang state, apply a Yang technique (treating 
an External Hot or hard area with fast dredg- 
ing manipulations) while extending the mind 
superficially onto the patient's surface tissues. 
This is done to pull or purge pathogenic fac- 
tors, or break up the stagnation. 

« If the internal organ area is either in an inac- 
tive or Yin (Cold or flaccid) state, the doctor 
must apply a Yang, quick, or active technique, 
while extending his or her mind deep into the 
patient's tissues and organs. 

This combination of movement (Yang) and 
non-movement (Yin) is embodied in both the 
Circle-Twisting and Compression Release Meth- 
ods of the Five Elemental Regulation Techniques. 
APPLICATION FoR YIN AND YANG 
TecHniques 

The following text gives examples of specific 
Yin or Yang hand techniques, and when to apply 
them: 

1. The Qigong doctor uses Yin hand techniques 
for tonifying, filling and pushing Qi and 
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Blood through the patient's organs, tissues, 
and channels. The Yin hand actions are dem- 
onstrated through slow or inactive hand 
movements, 
2. The Qigong doctor uses Yang hand techniques 
for sedating, purging, and pulling Qi and 
Blood. The Yang hand actions are demon- 
strated through fast or active hand move- 
ments. 
YIN AND YANG TREATING METHODS 

The following text gives examples of specific 
Yin or Yang hand treatment methods, and when 
to apply them: 

1, When a patient's tissues are in an Excess Yang, 
state (Hard or Hot), the Qigong doctor sedates 
the area with counterclockwise rotations, 
leading the Excess energy from inside the tis- 
sue area out of the body. 

2. When a patient's tissues are in a Deficient Yin 
state (Flaccid or Cold), the Qigong doctor 
tonifies the area with a clockwise rotation, to 
bring energy into the Deficient tissue area. 


TREATING THE TISSUE AREA OR 
ENERGETIC POINT 

In treating the patient's surface tissue area or 
specific energetic points, some Qigong schools 
teach that with a male patient, one should begin 
with points on the left side, then on the right side; 
whereas for female patients, one begins working 
on the points on the right side of the body, then 
on the left 
DEEP AND SHALLOW PRESSURE 

Energy compression (deep or shallow) is con- 
trolled by the doctor’s release. A deep compres- 
sion relates to the Ying Qi, while a shallow com- 
pression pertains to the Wei Qi. This Compres- 
sion Release technique affects the body's Blood 
and vital energy harmony. It seeks to balance the 
body’s energy by preventing the Qi from flowing 
in the wrong direction. This technique also leads 
the pathogenic Qi outside the patient's body and 
is commonly called “The Dispersing Evil Qi Tech- 
nique. 

If stagnant energy remains in the center of a 
channel point, then the doctor must employ a 


Compression Release method. The compression 
causes the channel point to contract, leading it 
toward a calm, stable state. When the doctor re- 
leases the compression on the channel point, it 
expands and becomes stimulated into an active 
state. 

‘THE GRADUAL ENERGETIC PENETRATION OF 
Tissues 

When treating a patient with External Tissue 
Regulation, there should always be a gradual pen- 
etration of energy permeating the patient's tissues. 
The Qigong doctor first sinks his or her focused 
intention onto the patient's surface tissues. The 
intention is then slowly sunk deeper, first into the 
patient’s muscles and inner fascia, then into the 
bones or internal viscera. 

At no time should pressure damage the tis- 
sues or compound pain. Treatment or pressure 
time at each area or energetic point should not be 
excessive. To establish the correct amount of pres- 
sure, determine the normal energetic pulsation in 
accordance with the Five Elemental Qi Massage 
methods, then decide if the technique is to be light, 
medium, or heavy. 


ADDITIONAL GUIDELINES 

The following are specific guidelines of 
Qigong massage treatment methods, and when 
to apply them: 

1. Before beginning Qigong massage, the patient 
must be comfortable and relaxed. Otherwise 
the patient's body will not be receptive to the 
tissue stimulation or Qi emission. 

2. When first touching the patient, the touch 
should be slow, as if the doctor is dipping his 
orher hand to test the water. The movements 
should have an established rhythm. 

The doctor should never hold his or her arm, 

or the patient's arm, rigid or fully extended; 

the elbows should always be bent to some 
degree. 

4. A symptom or damaged area occurring on 
one area or point at the extremity of a chan- 
nel may be effectively treated by stimulating 
the point at the opposite end of the channel 
(see Magic Square, Chapter 31). 

5. Points which are painful with light pressure 
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are in a state of Yang and need to be purged 
and sedated. 

6. Points which are painful to deep pressure are 
ina state of Yin and need stimulation. 

7. When an organ is functioning normally, it 
should receive weak, short stimuli that will 
increase the function, action, and energetic 
potential of the organ. 


8. Cool skin over a point or channel indicates a 
Deficiency in that channel and should be 
tonified. 

9. Hot skin indicates Excess Qi accumulation. It 
also indicates a current or pending illness in 
an organ, or area associated with that chan- 
nel, and should be purged immediately. 


SECTION IX 
MEDICAL QIGONG EXERCISES 
AND PRESCRIPTIONS 


CHAPTER 38 


INTRODUCTION TO MEDICAL QIGONG PRESCRIPTIONS 
AND REGULATION EXERCISES 


HISTORY OF MEDICAL QIGONG 
PRESCRIPTIONS 

Many of the earliest known Medical Qigong 
prescriptions were derived from the movements of, 
animals. Dating back to the second century B.C, 
the Qigong Classic (Dao Yin Tu) illustrates, in manu- 
scripts written on silk, over 45 Qigong postures with 
descriptions of the movements as well as the names 
of the diseases which they treat. Over half of these 
illustrated postures are animal movements. 

In the ancient Chinese text called the Spring 
and Autumn Annals, itis written, “Flowing water 
never stagnates, and the hinges of an active door 
never rusts. This is due to movement. The same 
principle applies to the body’s Jing and Qi. If the 
body does not move, Jing does not flow. When 
Jing does not flow, Qi stagnates.” The soft flow- 
ing movements in the Medical Qigong prescrip- 
tion exercises enhance and increase the flow of 
the body's Qi and Blood. 


THE FUNCTION OF MEDICAL QIGONG 
PRESCRIPTIONS 

When a disease develops, certain active points 
of the disease correspond to different organs, 
muscles and limbs of the body, and a pathological 
reflex is formed. Trigger and reflex points which 
are painful to touch are perfect examples of this phe- 
nomenon. The cerebral cortex can be inhibited in 
specific ways by regulating the Mind and entering 
a state of tranquility through Medical Qigong pre- 
scriptions, thus overriding the pathological reflex 
pattern, allowing the body time to heal. 

Although acupuncture and herbs can, in ad- 
dition to relieving pain, move Qi, Blood, and 
Phlegm (the roots of the disease), they fail to ad- 
dress the patient's life-style which is often a ma- 
jor contributing factor. Problems such as stagna- 
tion, Excess or Deficient conditions are often ex- 
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Figure 38.1. Medical Qigong Treatments 


acerbated by a patient's sedentary life style. A re- 
sponsible doctor of Medical Qigong therapy ad- 
dresses this particular element by prescribing 
physical therapy, exercise, and meditations as part 
of the overall treatment strategy. 

The standing rule for treatment in Medical 
Qigong prescriptions is to: 

* Tonify the Deficient organs and organ systems 
with color visualization, by using the Mind's 
intention to focus on moving Qi into a Defi- 
cient organ, strengthening, thus illuminating its 
tissues; 

+ Purge the Excess organs and organ systems 
with sound resonation, by using the Mind’s 
intention to focus on moving the Qi out from 
an Excess organ, resonating, and draining its 
tissues; 

‘ Regulate the body’s Yin and Yang organs and 
organ systems with Qigong massage, by using, 
the Mind’s intention to balance the energetic 
fields by moving the Qi up and down, right 
and left, and inside and outside of the tissues 
(Figure 38.1). 

The therapeutic effects of Medical Qigong 
meditations and prescriptions are designed to move 
Qi and Blood stagnation, to tonify the internal or- 
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gans and ongan systems, and to enhance the auto- 
nomic nervous system. These prescriptions stimu- 
late the patient's body, thereby gradually eliminat- 
ing fatigue, as the normal body functions are re- 
stored. Another important aspect of the Medical 
Qigong meditations and prescriptions is the en- 
hancement of the body’s immune system functions. 


MEDICAL QIGONG AND THE IMMUNE 
SYSTEM 

The many health benefits of Medical Qigong 
include increased white blood cell production, sta- 
bilized blood pressure, and an improved immune 
function. The immune system, unlike the vascu- 
lar circulation system, defies a clear anatomical 
description. It can only be understood through its 
functions and interrelationships with the mind 
and various other parts and systems of the body, 
such as the lymph nodes, Spleen, tonsils, appen- 
dix, Peyer’s patches (in the ilium), thymus gland 
and the bone marrow. 

The lymph nodes contain specialized com- 
partments - some contain B cells (B stands for 
Blood), some T cells (T stands for Thymus), and 
some contain macrophages. The tonsils likewise 
contain B and T cells. The appendix and Peyer's 
patches are components of the lymphatic drain- 
age system, and serve as locations where the B 
cells mature and where antibodies are produced 
by the B cells. The body’s T cells mature in the 
thymus gland. 

Both B and T cells begin their life in the Liver, 
when the fetus is only nine weeks old. They then 
migrate to the bone marrow where they form pre- 
cursor cells. Afterwards, the T cells migrate to the 
thymus nd the B cells remain in the bone marrow. 

The immune system utilizes two major strat- 
egies for protecting the body from an infectious 
disease: The Humoral Immunity and the Cell 
Mediated Immunity. 

+ Inhumoral immunity the B cells play the pri- 
mary role, and the T cells as well as other re- 
lated cells play supporting roles. 

+ Incell mediated immunity the T cells play the 
main role, while B cells and other related cells 
play auxiliary roles. 

Both T cells and B cells are called “Lympho- 
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cytes.” They are two types of white blood cells 
that originate in the body's bone marrow and 
travel in the blood and lymph circulatory system 
(Figure 38.2). Both T cells and B cells are concen- 
trated in the lymph nodes, which are found in 
clusters near groups of veins, and are heavily con- 
centrated under the arm pits, in the adenoids, the 
Spleen and in the groin area 

‘When B cells encounter an antigen or foreign 
substance, they differentiate into plasma cells. 
These plasma cells secrete antibodies that fight 
and neutralize bacteria, or coat the antigen to mark 
it for destruction by other components of the im- 
mune system (such as the T cells). 

T cells specialize in destroying cells infected by 
viruses, in attacking tumors, and in rejecting trans- 
planted organs and tissues. The T cell, after leaving 
thebone marrow, travels to the thymus gland where 
itundergoes further development before returning 
to the lymph and blood circulatory systems. The T 
cells respond to an antigen by differentiating into 
several kinds of T cells, three of which are of pri- 
mary importance: Killer T cells (also called cyto- 
toxic T cells), Helper T cells and Suppressor T cells. 
Killer T cells bind to viral antigens displayed on 
the surface of infected cells and destroy them. 
Helper T cells bind to the antigens on the surface of 
a B cell that has already bound itself to the antigen. 
Each Helper T cell then releases Lymphokines (one 
well know class of lymphokines is interferon), that 
enhance the maturation of the B cells, or signal them 
to differentiate and multiply into plasma cells that 
secrete antibodies. The Suppressor T cells function 
to dampen the immune response and to signal the 
“all clear.” 

A third group of important immune cells are 
the phagocytes. These cells are the body's natural 
scavengers. They engulf antigens and destroy them. 
Those that specialize in cleaning up the debris are 
called macrophages. The macrophages can also sig- 
nal B or T cells to the presence of foreign material. 

Anotherimportant group of cells are called Null 
cells, among which the NK. or “natural killer” cells 
are found. These cells are able to identify tumors 
and virally infected cells, and kill them without 
having any prior encounter with such an antigen. 
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Figure 38.2. The Body's Immune System 


Afinal important group consists of Mast cells. 
They contain powerful chemicals: heparin - an 
anticoagulant, serotonin -aneurotransmitter, and 
histamine - a biochemical released in overabun- 
dant quantities in allergic reactions. 

These white blood cells live in the blood and 
lymph fluid, and are commonly known as the leu- 
kocytes. There are two main varieties of white 
corpuscles: The Polymorphonuclear Leucocyte 
(Polymorphs) and Lymphocyte. 

+ Polymorphs are found in the bone marrow 
stem cells; they destroy invading bacteria and 
remove dead or damaged tissue. 

+ Lymphocytes are found in the lymph glands, 
Spleen and thymus gland and circulate in the 
blood along with the polymorphs. They are 
the smallest of the leucocytes, and designated 
the lymphocyte because it is identical with the 
lymphoid cell derived from the lymphatic 
glands. 

Both the white blood cells called polymorphs 
and lymphocytes move into the body’s surround- 
ing tissues as a part of the immune function. The 
purpose of these cells is to work together to de- 
fend the body from invasion of pathogenic fac- 
tors. Their function is to identify, ingest, destroy 


and eliminate disease-causing organisms, as well 
as to remove any and all dead, damaged, or ir- 
regular cells. 

Immune cells are produced in the lymphoid 
tissue and red bone marrow, and are stored in the 
lymphatic organs and blood. In order to perform 
their function of protecting and cleaning, these 
cells must circulate throughout the entire body. 
The capillaries and lymphatic vessels carry the 
lymph fluid through the lymph nodes and the 
lymphatic organs of the thymus gland, spleen, and 
tonsils, where the lymph fluid is filtered, cleansed 
of impurities, and infused with new lymph cells. 

Inorder for an external pathogen to affect the 
body, it must first pass through the protective lay- 
ers of cells. Generally, the macrophages (special- 
ized white blood cells) present within the tissues 
ingest the pathogens and dead tissues. This ac- 
tion of the macrophages is reinforced by the ac- 
tion and movement of the Wei Qi. When a patho- 
genic intruder invades the body, the macrophages 
are the first to attack the intruder. If the macroph- 
ages are not strong enough, more blood and fluid, 
which contain more immune cells, are brought to 
the area. The increased fluid engorges the tissue, 
and brings more cellular activity. The increased 
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1. Antibodies passed from mother to fetus via the placenta 


‘Acquired Immunity Established Through: 


1. Antibodies passed to the infant during breast-feeding 


2. Infection (contact with pathogen) 


3. Injection of immune serum (gamma globulin) 


4, Injection of vaccine (dead or attenuated pathogens) 


Figure 38.3. Congenital and Acquired Immunity 


blood and cellular metabolism increases the local 
temperature. The immune cells try to break down 
and ingest the pathogen, creating a process which 
continues until the disease is eliminated. 

Once the battle is won, some of the Killer T 
cells and Helper T cells will remain circulating in 
the blood and lymph circulatory system as 
Memory cells that will be able to deal more effi- 
ciently with any future antigen of the same kind. 
Likewise, some of the mature B cells will also be- 
come Memory cells that hover around lymph 
nodes which they use as a base of operation. 

Because Qigong movements generate heat 
and soften the body’s connective tissues, this en- 
courages the flushing of the intercellular fluid 
throughout the body’s tissues and organs. When 
combined with Breathing, Mental, and Postural 
Qigong exercises, the entire body is affected. These 
energetic Qigong actions increase oxygenation of 
the blood and improve circulation, thereby en- 
hancing lymphocyte production and strengthen- 
ing the body’s immune system. 

CONGENITAL AND ACQUIRED IMMUNITY 

The body has two ways of establishing or 
maintaining its immune functions: Congenital Im- 
munity and Acquired Immunity (Figure 38.3). 

+ Congenital Immunity (Prenatal) is established 
during gestation, through antibodies that are 


passed from the mother to the fetus via the 

placenta. 

* Acquired Immunity (Postnatal) is established 
in the following ways: immediately after birth 
during breast-feeding (through the colostrum- 
mother's first milk), through contracting an 
infection (contact with external pathogens), 
the injection of an immune serum (gamma 
globulin), and the injection of vaccines (dead 
or attenuated pathogens). 

Due to the importance of establishing a strong, 
immune system within the body's Prenatal Jing, 
Traditional Chinese Medicine strongly endorses 
fetal education, instruction on diet and nutrition, 
maintaining emotional well-being during preg- 
nancy, and Qigong exercises specifically designed 
toenhance the child’s Prenatal Essence, Energy, and 
Spirit. 
overview 

(One specific goal of Medical Qigong treat- 
‘ments, exercises and meditations is to activate and 
strengthen the immune function. Qigong therapy 
can be used to not only strengthen the metabo- 
lism of the organs and cells, but also increase cel- 
lular energy, thus making the immune system 
stronger. 

In China, even though the lymphatic function 
itself was unknown and unnamed, its effects were 


CHAPTER 38: INTRODUCTION TO MEDICAL QIGONG PRESCRIPTIONS AND REGULATION EXERCISES 


Medical Qigong 
Self-Regulation Therapy 


1. The patient is taught to increase self-awareness. 


. The patient is taught to cleanse and purify 
his or her energetic field. 


3. The patientis taught to strengthen and recharge 
his or her body. 


4, The patient is taught to circulate the Qi inter- 
nally and externally throughout the body's 
entire energetic structure. 


5. The patient is taught to dissipate any Excess 
Qi from the body. 


Figure 38.4. The Five Stages of Healing Transitions That Occur Through Self-Regulation Therapy 


generally ascribed to the proper action of the Qi 
and Body Fluids. Therefore, elaborate methods for 
generating and circulating lymph were devel- 
oped, and faithfully practiced through Qigong. 
Breath, movement and postural modification as 
well as meditations have specific effects on the 
circulation of the lymph and therefore enhance the 
overall function of the lymphatic system. 


THE FIVE STAGES OF HEALING 

When practicing Medical Qigong exercises 
and meditations, there are five basic stages of heal- 
ing transitions which occur through self-regula- 
tion therapy (Figure 38.4) 

1. The patient is taught to increase his or her 
awareness of the body (physically, mentally, 
and emotionally) and its current condition. 

2. The patientis taught to cleanse and purify the 
body’s energetic fields to rid it of Qi stagna- 
tions and toxic pathogenic factors. 

3. The patient is taught to strengthen and re- 
charge his or her body to replenish the Qi. 

4, The patient is taught to circulate the Qi inter- 
nally and externally throughout the body's 
entire energetic structure, thus moving any 
stagnant Qi and strengthening the body. 


5. The patient is taught to dissipate any Excess 
Qi from the body by way of self-massage 
(ightly brushing the skin to release stagnant 
Qi). 

THE THREE CATEGORIES OF MEDICAL 
QIGONG PRESCRIPTIONS 

‘The Medical Qigong prescriptions are divided 
into the same three categories (or goals) used in 
Medical Qigong therapy: tonification, purgation 
and regulation. These three goals are achieved 
through both Dynamic and Quiescent Qigong ex- 
excises, meditations, prayers, and mantras. These 
prescriptions enable the patient to reinforce the 
treatments performed by the Qigong doctor, and 
prevent the patient's energy from reverting back 
to old destructive patterns. 

The Qigong doctor selects the proper Qigong 
prescription to fit the patient's illness (to Tonify, 
Purge, or to Regulate) and formulates a rational 
program that suits the patient's case. The patient 
should never be allowed to practice at random, 
otherwise pathological changes or Qi deviations 
may occur. 

The following are but a few examples of 
Qigong prescriptions, which are interchangeable, 


MEDICAL @icone ExercH 


as there are certain variations of purging exercises 
that can be modified and used for tonification and 
visa versa. 


@IGONG PuRGING Exercises 
Qigong Purging exercises are practiced by the 
patient to detoxify pathogenic Qi. Some examples 
are already presented in this textbook are: 
+ Channel Purging exercise (Chapter 15) 
* Cleansing the Body meditation (Chapter 12) 
* Dry Crying meditation (Chapter 53) 
+ Energy Melting meditation (Chapter 18) 
+ Internal Organ Sound Therapy exercises 
(Chapter 4 and Chapter 40) 
+ Old Man and Tide Poo! meditation (Chapter 
40) 
+ Pulling Out The Pain meditation (Chapter 28) 
* Releasing Emotional Blockages and Energetic 
Armoring meditation (Chapter 18) 
* Sun and Moon meditation (Chapter 18) 
+ Tumor and Cancer Tone Resonating exercises 
(see Chapter 40) 
QIGONG TONIFICATION EXERCISES 
Qigong Tonification exercises are practiced by 
the patient to strengthen and stabilize the inter- 
nal organs and organ systems. Some examples are 
already presented in this textbook are: 
* Channel Point meditations (Chapter 36) 
* Color Visualization meditations (Chapter 4) 
* Cultivating Yuan Qi meditation (Chapter 50) 
* Daoist Five Yin and Yang Organ exercises 
(Chapter 42) 
+ External Qi Cultivation meditations (Chapter 
41) 
* Gaining Wisdom meditation (Chapter 49) 
* Gathering Energy from the Five Planets 
meditations (Chapter 11) 
* Gathering Moon Cream meditation (Chapter 
uy 
* Gathering Sun’s Essence meditation (Chap- 
ter 11) 
* Gathering Qi from Mountains, Valleys, and 
Deserts (Chapter 12) 
‘* Gathering Qi from The Four Directions (Chap- 
ter 12) 
* Gathering Qi from Trees, Bushes, and Flow- 
ers (Chapter 12) 


* Improving the Intellectual Facilities medita- 
tion (Chapter 49) 
* Internal Qi Cultivation meditations (Chapter 
41) 
* Nei Guan - Inner Viewing Meditation (Chap- 
ter 25) 
* One Through Ten meditation (Chapter 26) 
© Opening and Closing the Three Dantians exer- 
cise (Chapter 41) 
* Organ Massage exercises (Chapter 39) 
* Qigong Walking exercises (Chapter 15) 
* Seeing Auras meditation (Chapter 25) 
* Soul Retrieval meditations (Chapter 19) 
© Tian Wu Zang meditation (Chapter 11) 
QIGONG REGULATION EXERCISES 
Qigong Regulation exercises are practiced by 
the patient to balance their Yin and Yang, as well as 
their internal organ energy. Regulation exercises 
usually follow Tonification or Purgation exercises, 
because the goal is to reestablish balance. Some ex- 
amples already presented in this textbook are: 
+ Exchange of Fire and Water meditation (Chap- 
ter 18) 
* Gathering Qi in the Upper and Lower 
Dantians (Chapter 41) 
* Microcosmic Orbit meditations Chapter 41) 
* Opening and Closing the Three Burners 
(Chapter 41) 
‘* Opening and Closing the Three Dantians exer- 
cise (Chapter 15) 
+ Pulling Down the Heavens (Chapter 41) 
* Qigong Self-Healing massage (Chapter 41) 
‘Taiji Ruler exercises (Chapter 18) 
* Wu Zang meditation (Chapter 28) 


CHOOSING PRESCRIPTIONS 
ACCORDING TO THE PATIENT'S QI 
CIRCULATION 

When prescribing Medical Qigong prescrip- 
tions, the priority isto get the patient to move and 
circulate the Qi and Blood superficially and deeply 
within the body. According to Chinese physician, 
Professor Yan De-xin, the motion and quality of 
Blood flow in young and middle-aged patients is 
different from that in the elderly, which should 
be kept in mind when prescribing exercises. 
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‘+ When prescribing Medical Qigong therapy for 
young patients, use mostly Dynamic and 
Some Quiescent Qigong regulations. 

+ When prescribing Medical Qigong exercises 
for both adolescent and middle aged patients, 
it is important to increase Yin Qi cultivation 
while maintaining and storing the patient's, 
Yang Qi. 

+ When prescribing Medical Qigong for senior 
citizens, focus is placed on Quiescent Qigong, 
with a minor emphasis on Dynamic breath- 
ing exercises, depending on their age and con- 
stitution. 

+ When prescribing Medical Qigong therapy for 
patients with very weak health or constitu- 
tion, the doctor should prescribe mostly Qui- 
escent Qigong regulations to start with. 

+ When prescribing Medical Qigong therapy for 
senior citizens with a strong constitution and 
health, the doctor can prescribe Qigong regu- 
lations that increase Yin Qi cultivation while 
‘maintaining and storing the patient's Yang Qi. 


MEDICAL QIGONG PRESCRIPTIONS FOR 
GENERAL SYNDROMES 

The following are some examples of the 
proper application of Dynamic and Quiescent 
Qigong prescriptions as presented by Dr. He Si 
Hai of the Zhe Jiang Qigong Hospital in China: 

1. For Excess and Heat Syndromes it is recom- 
mended to prescribe static (quiescent) Medi- 
cal Qigong exercises. After the gradual decline 
of the patient's fever or disease, the Qigong. 
exercises are gradually increased in numbers 
and duration, and the purging training 
method is added (provided they have not ex- 
cessively consumed their constitution). 

2. For Deficiency and Cold Syndromes it is rec- 
ommended to prescribe Dynamic Medical 
Qigong exercises. Gradually increase the ex- 
excises to include methods of lifting the limbs. 
Ifhowever, the pathological state is more se- 
rious, then static exercises are prescribed first. 

3. For Cerebral Hemorthage, have the patient 
practice static exercises such as the Hiberna- 
tion Breathing exercise (quiescent lying pos- 
ture, see Chapter 15) while combining it with 


the Yongquan (Kd-1) purging exercise (once 
the patient has regained consciousness). Dy- 
namic Medical Qigong exercises that use 
methods of passing, circulating, or distribut- 
ing Qi through the head are forbidden. 

4, For Cerebral Embolism combine the training 
methods to include exercises that accelerate 
Blood flow and strengthen the function of the 
limbs as well as quiescent tonifying methods. 

5. For Malignant Tumors (in a state of non-dif- 
fusional transference, in situ), combine an ef- 
fective Dynamic exercise with a Quiescent 
exercise. Some examples of non-aggressive 
tumors /cancers are considered energetically 
warm and in a non-aggressive state of transi- 
tion are: 

Prostate cancer 

Cervical dysplasia 

Endometrial adenocarcinoma (uterine) 

Basal cell skin cancer 

Squamous cell skin cancer 

. For Malignant Tumors (ina state of diffusion, 

i.e., metastatic) prescribe Quiescent Medical 
Qigong exercises which are similar to the Hi- 
bernation Breathing exercise, in combination 
with strengthening exercises for patients with 
chronic diseases. Dynamic Medical Qigong 
exercises which accelerate the Blood flow are 
forbidden. Some examples of tumors that are 
considered energetically Hot and in an aggres- 
sive state of transition are: 

+ Pancreatic cancer 

* Leukemia 

* Cervical cancer 

* Clear cell carcinoma (uterine) 

+ Melanoma (skin cancer) 


NUMBER OF BREATHS REQUIRED IN 
MEDICAL QIGONG PRESCRIPTIONS. 

Each Medical Qigong treatment will gener- 
ally last up to three days. The Medical Qigong pre- 
scriptions that the doctors gives their patients will 
extend the treatments effects indefinitely, provid- 
ing the patients do all their homework. 

The number of breaths required to Regulate 
the patient's Yin and Yang energy in a Medical 
Qigong prescription is often calculated in respi- 
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ratory cycles, and on the basis of the number of 
the Yin and Yang aspects of diseases. This is often 
determined by the Yin and Yang energy numbers. 
Yang energy is represented by all the odd num- 
bers (1, 3, 5, 7, 9, etc.) Yin energy is represented 
by all the even numbers (2, 4, 6, 8, etc.). These 
numbers are related to the Five Elements (Figure 
38.5). For example: 6 is the number of the Kid- 
neys, 7 the Heart, 8 the Liver, 9 the Lungs, and 10 
the Spleen (Figure 38.6). The cycles of Yin and 
‘Yang numbers can be implemented through the 
utilization of the Magic Square (see Chapter 31). 

‘The Yang number is used to calculate the res- 
piratory cycles for Tonification and Purgation of 
the Yang channels; likewise, the Yin number is 
used for the Yin channels. This calculation should 
only be used as a general reference guide in treat- 
‘ment. Clinically, respiratory cycles should be de- 
termined based on the location and nature of the 
disease (if it is Yin or Yang, Exterior or Interior, 
Deficient or Excessive). The primary goal for us- 


General | Moderate | Strong 

Treatment | Treatment | Treatment 
Yin 6 18 or 36 64 
Yang 9 27 or 49 81 


Figure 38.5. Number of Yin and Yang Respirations 


ing respiratory calculations is to ensure that suffi- 
cient Qi is administered when applying Medical 
Qigong treatments and therapeutic prescriptions. 

A disease due to a Deficiency of Yin, for example, 
should be treated with a tonification method for 
18 or 64 respiratory cycles. To treat a Deficiency 
of Yang, a tonification method is used by the pa- 
tient for 24 to 36 breaths. 


5 Yin Organs. Kidneys | Heart Liver Lungs | Spleen 
Number-of 6 7 8 9 10 
Respirations 

Element Water Fire Wood Metal Earth 


Figure 38.6. Yin and Yang Five Element Respiration 


CHAPTER 39 


SPECIFIC ORGAN SELF-MASSAGE PRESCRIPTIONS 


INTRODUCTION 

‘Thenext few chapters of this book include some 
of China's most popular clinical therapies. It is the 
author's sincere desire to educate the reader as to 
the diversity, yet effectiveness of these prescriptions. 
Itis important to remember that it is not necessar- 
ily the exercise or prescriptions history that mat- 
ters, what does matter is the initial goal of the pre- 
scription (whether to purge, tonify, or regulate) and 
the correct posture, breath, and mental focus. 

This section begins with energy massage tech- 
niques, which are prescriptions that require the pa- 
tient to regenerate his or her own body energy for 
self-healing, cultivation, and circulation. These ex- 
ercises are designed to purge, tonify and regulate 
the Five Yin Organ System. They are not arranged 
in any particular order, and can be singled out by 
thedoctorand given to patients for specificailments. 
Each massage prescription is named after the or- 
ganitstimulates. For clinical therapy, perform these 
exercises three to five times a day. 


HEART MASSAGE 

The doctor can chose to give the patient ei- 
ther the One Through Four meditation (1-fun, 2- 
shoe, 3-tree, 4-core; from Chapter 26), or the Stack- 
ing the Bones meditation (described below) to pre- 
pare for the following meditations. 

1. Begin in a Wuji posture to perform the Stack- 
ing of the Bones meditation. Imagine the en- 
ergy in your body sinking and melting into 
the ground; the bones vertically stack, one by 
‘one, on top of each other. Each of the body’s 
articulations stacks on top of the next section 
of bone, from the bottom of the feet, ankles, 
knees, etc,, to the top of the head. 

The spine is kept straight but relaxed, the 
anal sphincter is closed, the tongue is touch- 
ing the top of the upper palate, the Mingmen 


Figure 39. 
regulate the 


The patient uses the mind's intent to 
of the Heart. 


is slightly pressing towards the back, and the 
body is completely relaxed. 

2. Perform the Heart Regulation. When prescrib- 
ing these exercises for male patients, have them. 
place the left hand over the Heart with the right 
hand on top of the left hand (for women, the 
hand positions are opposite, and the beginning 
placement of the hands is below the left breast). 
‘Massage in twelve circular rotations clockwise 
to the left, then twelve rotations counterclock- 
wise. The hand can either lightly touch the skin 
(using Qi massage), or be slightly off the skin, 
up to several inches away from the patient's 
body (using Qi Distance therapy), depending 
on the degree of energetic sensitivity and pro- 
jection skill (Figure 39.1). Focus the mind's in- 
tention on the Heart organ, allowing the energy 
within the Heart area to flow and circulate with 
the movement of the hands. 
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Figure 39.2. Pulling Down the Heavens allows the 
Patient to sink the Qi, returning the excess energy back 
into the Lower Dantian. 


‘The purpose of the rotating action of the 
Heart’s Qi is for promoting Blood circulation 
and dispersing Blood Stasis, while dredging 
the channels and collaterals. 

3. Perform the Point Respiration. This technique 
focuses breathing and imagination into the 
channel points for the specific treatment area. 
For this particular exercise, the patient should 
leave the hands over the Heart, while concen- 
trating the focused intention and breath deep 
into the tissue of the organ. The patient should 
then exhale while lightly squeezing and press- 
ing the area of the Heart, and imagining divine 
healing light radiating outward from the tis- 
sues. While inhaling, the patient should lift the 
hands away from the body and imagine divine 
healing light flowing into the Heart organ area. 
This action is similar to that of a bellows. This 
exercise should be performed twelve times, 
then lead the Qi down into the Lower Dantian. 

4, Perform the Pulling Down the Heavens 
method. Inhale, pause, then exhale while slowly 
bringing the arms down the center line of the 
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Figure 39.3. Exhaling and Opening the Lower Dantian 
allows the body to expel the Evil Qi from the intemal 
organs. Expand the abdomen. 


torso, while quietly drawing the energy back 
down into the Lower Dantian. When lowering 
the arms, imagine the energy of the Heart like 
water, melting and flowing down the torso. 

‘Pause fora breath at the Lower Dantian, root- 
ing the energy. Then slowly raise the hands 
above the head, while inhaling. Exhale slowly 
and imagine the energy in the arms and head 
melting down the body, beginning at the top of 
the head and tips of the fingers, flowing down 
and into the Lower Dantian. 

This action is important, because if the Qi 
not brought back into the Lower Dantian after 
each exercise, the energy will be easily dis- 
persed (Figure 39.2). 

5. Perform the Opening and Closing of the Lower 
Dantian. Finally exhale and imagine the Evil 
(Qi being expelled through the mouth. As you 
exhale, separate both of the hands away from 
the abdomen (as you contract the abdomen). 
This is called the Opening (Figure 39.3). 

After completing the Opening of the Lower 
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Figure 39.4. inhaling and Closing the Lower Dantian 
allows the body to seal itself from outside pathogenic 
factors. Contract the abdomen. 


Dantian, inhale through the nose while bring- 

ing both hands back to face the Lower Dantian 

(as you expand the abdomen). This action is 

called the Closing. When Closing, imagine seal- 

ing the body in a protective energetic field, so 
that the pathogenic factors cannot get inside 

(Figure 39.4), Perform the Opening and Clos- 

ing method three times. 

Note: The techniques 1 through 5 are one com- 
plete set. Perform a total of three sets. Three sets 
are necessary because the body will naturally 
progress through three stages. The first time the 
body is introduced to a new pattern it will shock 
the system. The second time the body begins to 
understand the pattern. The third and final time 
the body recognizes and accepts the changes the 
patient is attempting to reprogram. 

Liver MASSAGE 
1, Begin from a Wuji posture and perform either 


the One Through Four or Stacking the Bones 
method as described in Heart Massage (1). 


Figure 39.5. The patient will focus their mind's intent on 
the Liver area while massaging, allowing their energy 
to circulate into the organ’s tissues. 


2. Perform the Liver Regulation. Place the left 
hand on the Liver with the right hand on top 
(opposite for women). Massage in twelve cir- 
cular rotations to the left in a clockwise direc- 
tion, then twelve rotations in the opposite di- 
rection. When massaging, focus the mind on 
the Liver. Inhale and imagine divine healing 
light coming down from the Heavens and fill- 
ing the Liver. Exhale and purge the Liver of 
Turbid Qi through the mouth. 

The purpose of this exercise is to smooth 
and regulate the activities of the vital energy 
flowing inside the Liver, encouraging the hy- 
peractive and Rebellious Liver Qi to flow 
downward (Figure 39.5). 

3. Perform Point Respiration with both hands 
still over the Liver, for twelve breaths, as de- 
scribed in the Heart Massage (3) 

4, Perform Pulling Down the Heavens by lead- 
ing Qi down into the Lower Dantian, as de- 
scribed in the Heart Massage (4). 

5. End with Opening and Closing method as 
described in the Heart Massage (5). 
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Figure 39.6. The patient focuses the mind's intent on 
the Lung area while massaging, allowing the energy to 
Circulate into the organ’s tissues. 


Note: The techniques 1 through 5 form one 
complete set. Perform two more sets for a total of 
three to complete the prescription. 


LUNG MassacE 
1. Begin from a Wuji Posture and perform either 
the One Through Four or Stacking the Bones 
method as described in the Heart Massage (1). 
2. Perform the Lung Regulation. Place both palms 
on the Lungs (specifically on an injured or dis- 
eased region, if known). Massage in twelve cir- 
cular rotations from the bottom, up the center 
to the top and then to the outside of the chest. 
‘Then massage twelve rotations in the opposite 
direction, from the top, down the center and to 
the outside. When massaging, concentrate on 
the Lung region. Inhale and imagine divine 
healing light coming down from the Heavens 
and filling the Lungs. Exhale and purge the 
Lungs of Turbid Qi. 
‘The purpose of this exercise is to bring Blood 
and Qi into the Lung area, clean and purify the 
inhaled breath and support the Lungs’ Qi flow- 
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ing downward (Figure 39.6). TB patients with 
pulmonary holes should concentrate on abun- 
dantly filling and expanding the vital energy 
in the Lungs while visualizing the Qi activat- 
ing the body's cells to close the holes. Ifthe pa- 
tient is unable to visualize this, or the reaction 
istoo uncomfortable, have the patient mentally 
pull the Qi downward. 

3. Perform the Point Respiration with both hands 
still over the Lungs, for twelve breaths, as de- 
scribed in the Heart Massage (3). 

4, Perform Pulling Down the Heavens method, 
leading the Qi back down into the Lower Dan- 
tian as described in the Heart Massage (4). 

5. End with Opening and Closing method as de- 
scribed in the Heart Massage (5). 

Note: The techniques 1 through 5 are one com- 
plete set. Perform two more sets fora total of three 
to complete the prescription. 


SPLEEN & STOMACH MASSAGE 


SPLEEN MASSAGE 
1. Begin from a Wuji Posture and perform either 
the One Through Four or Stacking the Bones 
method as described in the Heart Massage (1). 
2. Perform the Spleen Regulation. Place the left 
hand on the Spleen with the right hand on top 
(opposite for women). Massage in twelve cit- 
cular rotations to the left in a clockwise direc- 
tion, then twelve rotations in the opposite di- 
rection. When massaging, concentrate the mind 
on the energy within the Spleen area, imagin- 
ing the Spleen Qi movement flowing with the 
movements of the hands (Figure 39.7). Inhale 
and imagine divine healing light coming down 
from the Heavens and filling the Spleen. Ex- 
hale and imagine the Spleen absorbing the di- 
vine Qi 
‘The purpose of this exercise is to strengthen 
and increase the Spleen’s function of transport- 
ing and converting Qi. Thisis an excellent mas- 
sage for patients with splenomegaly (enlarge- 
‘ment of the spleen) and dyspepsia (painful di- 
gestion). 
3. Perform the Point Respiration with both 
hands still over the Spleen, for twelve breaths, 


Figure 39.7. The patient focuses the mind's intent on 


the Spleen area while massaging, allowing the energy 
to circulate into the organ’s tissues. 


as described in the Heart Massage (3). Then. 

move both hands to the Stomach area. 

STOMACH MASSAGE 

4, Perform the Stomach Regulation. Place the left 
hand on the Zhongwan CV-12 point at the 
middle of the Stomach with the right hand 
on top (opposite for women). Massage in 
twelve circular rotations to the left in a clock- 

direction, then twelve rotations in the 
opposite direction. When massaging, concen- 
trate on warming the Stomach area (Figure 
398). Inhale and imagine divine healing light 
coming down from the Heavens and filling 
the Stomach. Exhale and purge the Stomach 
of Turbid Qi. 

This is an excellent massage for patients 
with thoracic depression, abdominal disten- 
tion, gastritis, and gastric ulcers. 

5. Perform the Point Respiration with both 
hands still over the Stomach, for twelve 
breaths, as described in the Heart Massage (3). 

6. Perform the Pulling Down the Heavens method 
to draw the Qi down into the Lower Dantian, 


Figure 39.8. The patient will focus their mind's intent on 
the Stomach area while massaging, allowing their 
energy to circulate into the organ’s tissues. 


as described in the Heart Massage (4). 
7. End with the Opening and Closing method 
as described in the Heart Massage (5). 
Note: The techniques 1 through 7 are one com- 
plete set. Perform two more sets for a total of three 
to complete the prescription. 


KIDNEY MASSAGE 

This exercise is excellent for tonifying the Kid- 
neys, as well as healing impotence, premature 
ejaculation, lumbago, lower back problems, and 
pelvic inflammatory disease (for PID use reverse 
breathing with static Qigong training) 

This is an extremely important exercise for 
patients and for Qigong doctors to practice; it en- 
ables them to increase their Qi projection when 
treating patients. 

1. Begin from a Wuji Posture and perform ei- 
ther the One Through Four or Stacking the 
Bones method as described in the Heart Mas- 
sage (1). 

2. Perform the Kidney Regulation. Close the 
eyes and place both hands on the back (waist 
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Figure 39.9. The patient will focus the mind's intent on 
the Kidney area while massaging, allowing the energy 
to circulate into and warm the organ's tissues. 


level), middle fingers touching the Shen Shu 

BI-23 points. Focus on the Kidneys. Begin 

massaging twenty-four times inward, then 

‘twenty-four times outward, until the area be- 

‘comes warm (Figure 39.9). 

3. Perform the Point Respiration with both 
hands still over the Shen Shu BI-23 points for 
thirty-six breaths. Exhale as you press the 
palms into the Kidneys, inhale as you raise 
the palms from the back. While inhaling, 
imagine divine healing light coming down 
from the Heavens and filling the Kidneys 
completely. While exhaling, imagine the Kid- 
neys absorbing the divine Qi. 

4. Perform the Pulling Down the Heavens 
method, drawing Qi into the Lower Dantian 
as described in the Heart Massage (4). 

5. Perform the Opening and Closing method as 
described in the Heart Massage (5). 

Note: The techniques 1 through 5 are one com- 
plete set. Perform two more sets for a total of three 
to complete the prescription, then proceed to the 
Closure. 


Figure 39.10. The patient will focus the mind's intent on. 
the bottom of the foot while massaging, allowing the 
energy to flow through the Kidney Channel into the 
Lower Dantian. 


6. Perform the Closure. After completing three 
sets of the Kidney exercise, place the right 
hand on the navel and the left hand on the 
Mingmen. Focus on gathering Heat and Qi in 
the Lower Dantian. Next, place the right foot 
on the left knee (opposite for women). With 
the right hand still on the Lower Dantian, 
place the left hand at the bottom of the right 
foot and gently massage the Yongquan Kd-1 
point. Massage this area 100 times in a clock- 
wise direction, then 100 times counterclock- 
wise. When massaging the Kd-1 point, work 
slowly, focusing the mind’s intention through 
the center of the palm into the center of the 
foot, imagining the Qi flowing up the leg into 
the Lower Dantian (Figure 39.10). 

Note: Some Medical Qigong Clinics in 
China perform this same exercise while slap- 
ping the bottom of the feet (instead of using 
circular massage). They begin this treatment 
with 100 strikes on each foot for the first day, 
increasing an additional 100 strikes each con- 
secutive day (not exceeding 300 strikes) until 


the desired result is achieved. 

7. Perform the Point Respiration for twelve 
breaths, with the right hand still on the Lower 
Dantian and the left hand still on the bottom 
of the right foot, as described in the Heart 
Massage (3). 

8. Switch feet, placing the left hand on the Lower 
Dantian while the righthand gently massages 
the Kd-1 at the bottom of the left foot, 100 
times clockwise then 100 times counterclock- 
wise. 

9. Perform the Point Respiration for twelve 
breaths, with the left hand still on the Lower 
Dantian and the right hand still on the bot- 
tom of the left foot. 

10. End with the Opening and Closing method 

as described in the Heart Massage (5). 

Note: Do not use this ending method (5 and 
10) for patients who suffer from insomnia, as it 
will have an awakening effect as it invigorates the 
vital energy. When performed at bedtime it can 
be used for treating insomnia by following the 
simple prescription below. 

‘TREATMENT FOR INSOMNIA 

This is a very famous prescription for insom- 
nia. Ihave used it in my clinical practise for many 
years and have found it to be extremely effective. 
If the insomnia is due to a Deficiency of Kidneys’ 
Yin, or the patient is restless during the night due 
tothe Liver’s Heat rising and causing the patient's 
mind to wander, this prescription will help. After 
clinically treating patients for insomnia, the 
Qigong doctor can prescribe the following exer- 
cise to be performed by the patient. 

This exercise is to be practiced just before the 
patient is going to sleep. Begin by sitting at the 
edge of the bed, repeating the previous Kidney 
exercises 2, 3, and 6. 

1, Perform the Kidney Regulation. Close the 
eyes and place both hands on the back (waist 
level), middle fingers touching the Shen Shu 
BI-23 points. Focus on the Kidneys. Begin 


massaging twenty-four times inward, then 
‘twenty-four times outward, until the area be- 
comes warm (Figure 39.9). 

2 Perform the Point Respiration with both 
hands still over the Shen Shu BI-23 points for 
thirty-six breaths. Exhale as you press the 
palms into the Kidneys, inhale as you raise 
the palms from the back. While inhaling, 
imagine divine healing light coming down 
from the Heavens and filling the Kidneys 
completely. While exhaling, imagine the Kid- 
neys absorbing the divine Qi. 

3. Perform the Closure. After completing three 
sets of the Kidney exercise, place the right 
hand on the navel and the left hand on the 
Mingmen, Focus on gathering Heat and Qi in 
the Lower Dantian. Next, place the right foot 
on the left knee (opposite for women). With 
the right hand still on the Lower Dantian, 
place the left hand at the bottom of the right 
foot and gently massage the Yongquan Kd-1 
point. Massage this area 100 times in a clock- 
wise direction, then 100 times counterclock- 
wise. When massaging the Kd-1 point, work 
slowly, focusing the mind’s intention from the 
Lower Dantian through the leg into the cen- 
ter of the foot, imagining the Qi flowing down 
the leg into the bottom of the foot (Figure 
39.10). As the mind begins to relax, close the 
eyes and fall sleep. If you become fatigued, 
do not complete the exercise. 

An explanation for the reason for this exer- 
cises success is as follows: 

1. The Kidney exercise 1 and 2 will root the 
body's Blood, Heat, and Heart Qi back into 
the Kidneys and Lower Dantian, where they 
will become stabilized. 

2. The Kidney exercise 3 will draw the body's 
Heat, Blood, and the Heart Qi away from the 
torso and Lower Dantian into the extremities 
of the feet, quieting the mind and causing 
sleep. 
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CHAPTER 40 


HEALING SOUND THERAPY AND PRESCRIPTIONS 


INTRODUCTION AND HISTORY 

Asearly as the Qin Dynasty (221-207 BC) heal- 
ing sounds have been recorded in China. For thou- 
sands of years, Qigong masters have studied oc- 
currences in nature and in the physical body to de- 
velop a holistic approach to health and longevity. 
‘One of the many discoveries made is that all hu- 
‘mans produce similar sound patterns in certain situ- 
ations. For instance, after a tense situation many 
people utter a sigh of relief. This sigh is the body’s 
‘way of releasing emotional stress. Specific situations 
will release different emotional sounds, because 
emotions are stored as tone resonances in the dif- 
ferent chambers of the Five Yin Organs. 

During the Sui Dynasty (590-618 AD), ancient 
Qigong Master Zhi Zhuan pointed out that there 
are six ways of expelling toxic energy from the in- 
ternal organs, using the six different sounds for- 
mula. The silently spoken six sounds are coordi- 
nated with the breathing and the movements of the 
body’s extremities to purge and cleanse the organ 
cavities and particular channels of stagnant Qi. 
‘These exercises are excellent for treating muscular 
injuries and for the Yin and Yang organs. The im- 
pure Qi produced by external pathogenic factors 
(from food, air, and drink) and internal pathogenic 
factors (toxic emotions and negative mental atti- 
tudes) will be expelled directly from each organ. 

The healing sound techniques can either be 
used by the patient as a form of static Medical 
Qigong prescription (for purgation), or projected 
into the patient by the doctor as a clinical form of 
‘energetic stimulation (for tonification or purga- 
tion). The six words are: Xu (Shu), Ke (Haa), Hu 
(Who), Si (Sss), Chui (Chree), and Xi Shee). These 
sounds are also used in chanting (in spiritual 
Qigong). Ancient documents state that these six 
sounds denote the Five Yin Organs as well as the 
five seasons. 


It is important to note that there are several 
healing sound systems used by different Medical 
Qigong schools and other cultures. These sound 
systems all affect the body's sympathetic and 
parasympathetic nerves to some degree. The 
main emphasis, when performing any healing 
sound, should be placed on the connection of the 
mind, breath, and imagination to the area or in- 
ternal organ focused on by the patient. This will 
reduce the potential for causing Qi deviations. The 
patient must have an internal image and actually 
hear and feel the resonating sound inside the body. 
Itis also important that the patient feel enveloped 
in the sound, vibration, energy, and light of the 
therapeutic tone. 


SOUND VOLUME RESONATION 

The pronunciations of the sounds must be 
correct. The resonant effects of the sounds must 
be brought into full play to be successfully trans- 
mitted to the diseased areas of the intemal organs. 
Therefore, it is extremely important that the pa- 
tient focus the mind and intention on the area 
being treated. There are three volume resonations 
commonly used in Medical Qigong sound 
therapy: soft, moderate, and loud. 

1. Soft volume is spiritual in its energeticnature 
and is related to the projection of Shen. A soft 
volume is generally used when beginning 
sound therapy treatments. With soft volume 
pronunciation, the patient can easily feel 
where the sound waves reach and acquire 
resonant effect, but the amplitude of the 
sound wave is not wide enough to produce 
the desired healing effects, and its vibrational 
force is very weak. 

2. A moderate volume of sound is emotional and 
mental in its energetic nature and is related 
to the projection of Qi. A moderate volume is 
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considered the standard for all healing sound 

treatments. Moderate volume is decided by 

the individual's own voice. It should be lim- 

ited to the range in which the patient's voice 

does not strain and in which the voice can be 
raised or lowered effortlessly. 

3. Loud Volume is related to the projection of 
Jing. A loud volume is used to shock the pa- 
tient into feeling the diseased tissue area. This 
is due to the fact that loud volume is more 
tangible (or physical) in its energetic nature. 
With loud volume pronunciation, the patient 
can easily feel the body’s internal organs and 
tissues vibrate; however, this sound is only 
used to reintroduce a desensitized patient to 
his or her body. The problem with prolonged 
use of loud volume is that the increased vol- 
ume is liable to create tension and cause Qi 
deviations. 

The volume of sound uttered also depends 
on the patient's current state of health. People who 
are physically weak can usually practice the breath 
regulating and Qi reinforcing exercises, but should 
not practice the sound pronouncing method until 
they feel appropriately energetic. 

To practice the word pronouncing method, the 
patient should start from the soft volume and in- 
crease it gradually. Diseases of different parts of 
the body require different volumes. For example: 

« Patients with Heart or Lung trouble can com- 
fortably take the soft to moderate volume pro- 
nunciation; 

+ Patients with Liver, Spleen, Stomach, Kidney 
and intestinal diseases can take the moderate 
to louder volume pronunciation. 


HIGH-, MIDDLE-, AND Low-PITCHED 
SounD 

The healing sounds have high, middle, and 
low pitches with different penetrating potentials. 
When correctly vocalized, they cause resonant 
vibrations in the body, producing certain states of 
consciousness that have both a psychological and 
a physiological effect on the nervous system. 

As the tones change from a high to low pitch, 
they regulate the depth of the tone penetration. 
Similar to a dimmer switch on a light bulb, the 


tone adjusts the depth of the vibration resonance 
in the body. 

The three pitch sounds also affect the energy 
movement of the body’s Triple Burners, as well as 
the internal organs positioned within the thorax. 

1. The high-pitched sound is pronounced in a 
straight tone with the head slightly drooped. 
The high pitch focuses the energy resonation 
into the specific organs of the patient’s Upper 
Bumer from the sternum to the manubrium. 
‘After completing the sound resonation exercise, 
retum back to the Wuji position and relay; regu- 
late the body using natural breathing. 

2. The middle-pitched sound is pronounced in 
either a rising or descending tone, depend- 
ing on the patient’s specific conditions. The 
rising tone will cause the patient's Qi to as- 
cend, while the descending tone will cause the 
Qito drop. The middle pitch focuses the en- 
ergy resonation into the specific organs of the 
patient’s Middle Burner from the navel to the 
sternum within patient’s body. Middle- 
pitched sounds are only prescribed for spe- 
cific conditions (organ prolapse or organ en- 
ergetic overload), 

3. The low-pitched sound is pronounced in a 
dropping, then rising tone, within one breath. 
This causes the energetic resonation to satu- 
rate the diseased organ from top to bottom, 
then from bottom to top. This focuses the en- 
ergy resonation into the specific organs of the 
patient's Lower Burmer from the navel to the 
perineum. The method of pronouncing the 
low-pitched sound is usually practiced imme- 
diately after sounding the high-pitched tone. 
After pronouncing either the high-, middle- 

or low-pitched sounds, perform the Open and 
Close the Three Dantians method once, then close 
with the Pulling Down the Heavens exercise. This 
completes one set. 


BREATH AND MIND CONTROL 

Healing sounds produce an aspirating effect 
analogous to vacuuming a room. This analogy 
describes to the patient the desired intention 
needed to successfully utilize this modality of 
healing. Toning without proper focused intention, 
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breath, and mind control placed on the specific 
internal organ is like trying to vacuum a room 
while waving the hose in the air. Although the 
hose is sucking the air, it is not performing the 
desired result of purging the room of dust and 
dirt. To become proficient and establish the de- 
sired result, the individual must focus the atten- 
tion and place the vacuum hose onto the specific 
area that needs cleaning. 

Healing sound and toning therapy work the 
same way. It is not just sounding the tone which 
allows the technique to work, but the combina- 
tion of the breath and mind focused on the in- 
tended internal organ. When practicing sound 
therapy, the patient generally uses the Natural 
Breathing method, along with focused intention 
and color visualization. 

While inhaling, the patient imagines breath- 
ing in divine, white light healing energy through 
the nose and absorbing this healing Qi into the 
diseased area, vibrating it. 

‘When exhaling, the patient imagines breath- 
ing out the dark, diseased, Turbid Qi through the 
mouth. Itis important for patients to maintain the 
healing color (i: green, red, golden yellow, white, 
or blue) vibration inside the diseased organ, even 
when they exhale. 

SEPARATING THE BREATH INTO YIN AND 
Yana 

‘The breath can be divided into either Yin or 
‘Yang qualities. When breathing shallow and focus- 
ing the mind on the front of the throat, the breath 
feels cool and is therefore considered Yin; however, 
when shifting the mind’s attention towards the back 
of the throat, the breath, when released, feels hot, 
and is considered Yang. This change in tempera- 
ture is due to the front of the body being Yin in na- 
ture and the back of the body being Yang. 


AUDIBLE AND INAUDIBLE SOUND 
RESONATION 

Before projecting sound therapy in a clinical 
setting, the Qigong doctor must vibrate the three 
Dantians while focusing on his or her Taiji Pole. 
Once the sound vibration has filled the doctor's 
body, the resonate healing sounds can be projected 
into the patient's tissues and organs. 


Another way to produce sound is to imagine 
that the sound is appearing as a specific color and 
causing a vibration within the body. Clinical 
sound therapy is further divided into three dis- 
tinct levels of emitted energies: Obvious Sound 
Resonation, Hidden Sound Resonation and Mys- 
terious Sound Resonation. 

1. The Obvious (Ming) Sound Resonation is au- 
dible sound. This energy sound resonation is 
considered Yang and is produced through the 
vocal organs. When toning audibly, the heal- 
ing sounds fills the Qigong doctor’ s energetic 
fields. These fields can then be transferred 
onto the patient to produce a very strong, 
physical affect on the patient's tissues and 
organs. The Qigong doctor connects (through 
intention) with the patient's internal organ, 
and imagines his or her voice penetrating the 
diseased organ’s tissues. The doctor then 
imagines the patient's tissues vibrating like 
rippling water with the sound exhalation, to 
purge the pathogenic Qi. 

2. The Hidden (An) Sound Resonation is slightly 
audible sound. This energy sound is consid- 
ered Yin transitioning into Yang, and is pro- 
duced by softly exhaling sound energy reso- 
nation into the patient's body. This slightly 
audible energy sound resonation affects the 
patient's tissues and organs more on an emo- 
tional plane, enveloping and penetrating the 
patient's tissues like a mist. 

3. The Mysterious (Hua) Sound Resonation is 
inaudible sound. This energy sound 
resonation is considered Yin and is mentally 
produced inside of the doctor’s body. The 
Qigong doctor first focuses and fills his or her 
body and energetic field with the vibrant 
sound. The doctor then focuses the mind on 
the healing sound like a mantra. This inner 
sound fills the Qigong doctor's field with reso- 
nant vibration which can be transferred into 
the patient's body. This energy sound 
resonation affects the patient's tissues and 
organs on a more spiritual dimension, envel- 
oping and purging like a gentle light. 

The Qigong doctor can also coordinate the 
projection of the healing sounds with the patient’s 
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toning to synchronize their energetic fields. All 
sound techniques have specific postures, breath- 
ing, and mind regulations to facilitate whole body 
integration. 

Patients and students are usually encouraged 
to practice the audible sound vibrations until they 
can vibrate the tissues of the organs at will, before 
they proceed to the inaudible sound resonation. 


THE SIX HEALING SOUND 
PRESCRIPTIONS 

Before starting any organ sound exercise, 
there are certain grounding and cleansing tech- 
niques that the patient should practice. These 
preparation exercises are described as follows. 

1. Always begin sound resonation from a Wuji 
standing posture. 

2. Breathe naturally from the abdomen, inhaling 
through the nose and exhaling through the 
mouth. The body should be relaxed, and respi- 
ration should be gentle, thin, even, and ex- 
tended. The mind should not concentrate on 
the expansion of the Lungs, but on the Lower 
Dantian first, and then on the treatment area. 
Also, breath through every pore of the body 
into the Lower Dantian. 

Uponexhaling, sound the healing word with 
alow volume pronunciation, feeling where the 
sound waves reach. Once the tissue area is 
stimulated, increase the volume. At the same 
time draw in the abdomen, draw up the anus, 
slightly knead the ground with the feet, sink 
the shoulders, and then shift the body weight 
to both heels. This will access the Kidneys’ 
Water Qi. When inhaling, close the mouth, raise 
the tongue against the hard palate, and shift 
the body weight to the anterior soles of the feet. 
This will access the body’s Fire energy. Exhale 
the specific sounds through the mouth while 
imagining the impurities of that specific organ 
being expelled. 

3. Pull Down the Heavens (the ending breath 
regulation). Inhale and exhale through the nose. 
When inhaling, slowly raise both arms forward 
and upward from the sides of the body, with 
both palms facing downward until reaching 
shoulder level. Then turn the palms up, and 


Figure 40.1. Pulling Down the Heavens allows the 
Patient to sink the Qi, returning the excess energy back 
into the Lower Dantian. 


continue to circle the arms over the head. When 
exhaling, bend the elbows to make a curve in 
front of the chest, and press the abdomen. Then 
separate the arms to the sides of the legs, and 
retum to the Wuji posture (Figure 40.1). 
Regulate the breath three times in the Wuji 
posture after completing the exercise. Breath- 
ing Regulation (Pulling Down the Heavens) is 
required after the exercise of each sound is com- 
pleted and before the next exercise begins. 
‘THE SOUND “Xu” (SHU) NOURISHES THE 
Liver 
This sound relieves Liver stagnation, aids in 
correcting certain types of visual distortions, and 
purges the accumulation of Phlegm in the body 
(eg,, the condition of Lung Hot Phlegm, due to 
an already existing cold). 
Both hands overlap the inner Laogong Pc-8 
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points, with the left hand on the outside for men 
(opposite hand position for women). The 
Shaoshang Lu-11 point of both thumbs presses 
against the navel, with the Laogong points point- 
ing at the umbilicus. 

When inhaling, expand the abdomen and 
close the eyes, feeling the breath envelop and pen- 
etrate the Liver organ. At the same time direct the 
Qi of the Liver’s Channels to flow upward from 
the Dadun Lv-1 point on the lateral portions of 
the big toes. Visualize the Qi rising through the 
lower abdomen, linking the Gall Bladder to the 
Lungs, traveling to the throat, and eyes, to the fore- 
head, and then to the Baihui GV-20 point. 

When exhaling, contract the abdomen and re- 
lease the pathogenic factors. Focus the attention 
and imagination on the Qi flowing down the face, 
to connect with the Lungs’ Channels, flowing 
downward to the Shaoshang Lu-11 points on the 
medial portions of the thumbs. The Qi is then di- 
rected and rooted into the Lower Dantian. Open 
the eyes wide, and sound the word “Shu” (the lips 
are slightly brought together, the tongue tip 
stretches forward with the lateral sides slightly 
curling toward the middle). Exhale completely. 

In this particular exercise, the breath should 
feel lukewarm as you exhale (Figure 40.2). Per- 
form six times. 

THE SOUND “KE” (HA) REPLENISHES THE 
HEART 

This sound relieves Fire from the Heart and 
expels Heat from the body; it also improves poor 
Circulation and reduces fevers. The respiration 
patterns are the same as those in the previous 
(Liver) sound prescription. 

When inhaling, raise both hands to shoulder 
level asif embracing a post. Both palms should face 
each other with the arms making a curve in front of 
the chest. Expand the abdomen and close the eyes; 
feel the breath envelop and penetrate the Heart or- 
gan. At the same time direct the Qi of the Spleen’s 
Channels to flow from the Yinbai Sp-1 point on the 
‘medial portion of the big toes, along the inner por- 
tions of the legs, upward to the abdomen to meet 
with the Thrusting Channels, and enter into the 
Heart. 


Figure 40.2. The sound "Xu" (Shu) is used to purge 
Liver stagnation as well as to disperse the accumulation 
of Phiegm in the body (Lung Hot Phiegm). 
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Figure 40.3. The sound *Ke" (Ha) is used to purge Heart 
Fire as well as expel Heat from the body. 


When exhaling, softly open the eyes and draw 
the Qiout from the Heart, past the Lungs, through 
the armpits, along the inner portions of the arms, 
to the Shaochong Ht-9 point on the medial por- 
tion of the little fingers. Point the fingers forward 
to release the pathogenic Qi, and sound the word 
“Ha.” The mouth is half closed with the tongue 
placed against the lower mandible. Exhale com- 
pletely. This breath should feel hot (Figure 40.3). 

Return to the beginning position and perform 
six times. 
‘THE SOUND “ 
SPLEEN 

This sound is used to correct digestive prob- 
Jems, especially when the Stomach or intestines 
feel full or sluggish. 

When inhaling, raise both hands upward in 
front of the abdomen, as if embracing a ball in the 
Lower Dantian area. Both palms should face each 
other with the arms making a curve. Expand the 
abdomen and close the eyes; feel the breath en- 


1U" (WHO) STRENGTHENS THE 


oa 


Figure 40.4. The sound “Hu" (Who) is used to treat 
digestive problems, by purging Stomach and Intestinal 
stagnation. 


velop and penetrate the Spleen organ. Direct the 
Qiof the Spleen’s Channels to flow from the Yinbai 
Sp-1 points on the medial portion of the big toes, 
up tothe abdomen to enter the Spleen, and to link 
up with the Stomach. 

When exhaling, the right palm turns outward, 
rolling over and pushing above the head, thus 
forming the posture of Holding the Heavens. At 
the same time, imagine the Qi ascending up to 
the throat, to the root of the tongue, and spread- 
ing under it. Imagine a secondary river of Qi flow- 
ing from the Stomach to the Heart, and ascend- 
ing along the Heart’s Channels to the Shaochong 
Ht9 point on the medial portion of the little fin- 
gers, and exhale the sound “Who.” The lips are 
brought together as if playing a flute, the tongue 
islevel and stretched forward as much as possible 
to allow the ascending energy of the Thrusting 
Channels to rush out. Exhale completely while the 
left palm turns downward and presses down to 
the outside of the left hip (Figure 40.4). 


Figure 40.5. The sound "Si" (Sss) is used in order to Purge the Lungs. 


Next, inhale and tur the right palm over to 
face the body; slowly descend the right arm in 
front of the body, while the left arm turns towards 
the body and ascends. The two hands cross in 
front of each other (with the ascending arm on 
the inside, and the descending arm outside), Now 
the left hand pushes up and the right hand pushes 
down. At the same time, exhale and repeat the 
sound “Who.” Pressing both left and right hands 
form one set. Perform six times. At the end, cross 
both arms in front of the chest and return to the 
beginning position. 

‘THE SOUND “SI” (S555) MOISTENS THE 
Lunes 

This sound is used to nourish the Lungs, treat 
problems suchas tuberculosis, abscesses, and der- 
matitis, 

From the beginning Wuji posture, inhale and 
raise both hands as if holding a ball, moving it up- 
wards, until the hands face the Shanzhong CV-17 
point at the front of the chest. Direct the Qi of the 
Liver’s Channels to ascend from the Dadun Lv-1 


point on the lateral portions of the big toes, along 
the inner portion of the legs, through the lower ab- 
domen into the Lungs. 

When exhaling, turn over both palms to face 
downward, then separate the palms horizontally 
to the sides. Guide the Qi along the Lungs’ Chan- 
nels to the Shaoshang Lu-I1 points on the inner 
portion of the thumbs, while exhaling the sound 
“Ss” The lips are slightly drawn back, the upper 
and lower teeth are slightly brought together 
forming a small slit; the tip of the tongue is placed 
against the slit in-between the teeth to articulate 
the sound. Exhale completely, then allow both 
arms to descend to the sides of the body (Figure 
40.5). Repeat six times. 

THE SOUND “CHUI” (CHREE) STRENGTHENS 
THE KIDNEYS 

This sound is used to regulate the Kidneys, 
expel chills, and to maintain the Internal Heat of 
the Lower Dantian and Mingmen Fire. 

Inhale and raise both arms to embrace an imagi- 
nary ball in front of the chest (Middle Dantian area). 


Figure 40.6. The sound “Chui (Chree) is used to 
regulate the Kidneys and the Mingmen Fire, as well as 
to expel chills from the body. 


The joints in between the thumb and index finger 
ofboth hands are stretched wide open. Lead the Qi 
to flow upward from the Yongquan Kd-1 points of 
the Kidney Channels, through the inner portions 
of the thighs, along the spinal column, and into the 
Kidneys. 

When exhaling, hold the posture and stretch 
the fingers, while leading the Qi from the Kid- 
neys into the chest and then to the Lungs. The 
channel Qi then transfers into the Pericardium 
Channels and flows down the arms to the 
Zhongchong Pc-9 points at the tips of the middle 
fingers. While exhaling, sound the word “Chree.” 
The mouth is nearly closed with the corners 


Figure 40.7. Massage the sides of the body. 


slightly drawn back; the tongue moves forward. 
The breath should feel cold (Figure 40.6). 

Slowly straighten the body as the hands circle 
downward, from the lower back to the thighs. Rub 
the lower lumbar region (Shenshu BI-23 points) 
and the sides of the thighs (Huantiao GB-30 
points), moving the hands upward while massag- 
ing the buttocks. Return to the holding the bail 
posture and repeat six times (Figure 40.7). 

‘THE SOUND “XI” (SHE) REGULATES THE 
‘TRIPLE BURNERS 

This sound is used to eliminate Excess Heat, 
for treating rheumatism, poor circulation, and 
problems of the Triple Burners. This exercise helps 


to recharge the body's Qi metabolism, regulate 
Internal Qi, and balance the eight systems of the 
body (respiratory, digestive, reproductive, circu- 
latory, lymphatic, nervous, muscular skeletal, 
and excretory systems). 

The “She” sound of the Triple Burners is al- 
ways prescribed for patients undergoing radia- 
tion or chemotherapy. This allows the patient to 
disperse the toxic Heat left within the tissues. 

From a beginning Wuji posture, inhale and 
raise both hands as if holding an imaginary ball 
up in front of the chest at the Middle Dantian. 
Direct the channel Qi of the Triple Burner Chan- 
nels in the arms to flow downward to the Lower 
Dantian, then down the legs via the Gallbladder 
Channels to the tips of the fourth toes of the feet 
at the Qiaoyin points (GB-44). 

Exhale the sound “She,” at the same time ro- 
tating both arms upward to form the Embracing 
the Heavens posture. The lips are slightly open and 
drawn back; the tongue suspends behind the teeth. 
When exhaling, direct the Qi to flow from the 
Qiaoyin GB-44 points on the outer portion of the 
fourth toes upward, along the Gall Bladder Chan- 
nels, through the outer portions of the legs to the 
head, and transfer the energy flow into the Triple 
Burner Channels, directing it along the outer por- 
tions of the arms to the Guanchong TB-1 points at 
the ends of the ring fingers. Exhale completely. 

Inhale, while turning the palms over to face 
downward, and begin lowering both arms along 
the front of the chest. Imagine the Qi flowing 
down from both arms into the Lower Dantian. 
Exhale without sounding “She,” and press both 
palms down along the front of the abdomen to 
the sides of the hips, returning to the Wuji pos- 
ture (Figure 40.8). Repeat the entire sequence six 
times. 

This exercise is different from the others in 
that the energy circulates back and forth through 
the channels but does not disperse outside the 
body. Meaning you inhale Qi from fingers to toes, 
exhale Qi from toes to fingers and sound, inhale 
Qi from fingers to Lower Dantian, exhale Qi from 
Lower Dantian to toes, without sound, then be- 
gin entire sequence again. 


(4) 


Figure 40.8. The sound "Xi" (She) is used to purge 
Excess Heat from the body. 


THE PROPER NUMBER OF BREATHS 
FOR HEALING SOUND PRACTICE 

When practicing all six healing sounds, each 
sound should be practiced a minimum of three to 
six times before proceeding on to the next sound, 
If the patient wishes to practice the six healing 
sounds daily, the patient should perform each 
sound no more than twenty-four times. If the pa- 
tient is practicing one or more healing sounds for 
a specific therapy, then the number of times for 
tone resonances should be thirty-six. 

Practice the six healing sounds in the sequen- 
tial order of the Fire Cycle (ie., Liver, Heart, Spleen, 
Lungs, Kidneys, and Triple Bumers) to enhance the 
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‘Yang energetic field. Practice the six healing sounds 
inthe sequential order of the Water Cycle (ie, Liver, 
Kidneys, Lungs, Spleen, Heart, and Triple Burners) 
to enhance the Yin energetic field. 

Itis advisable to practice the healing sounds 
at the end of a meditation practice. This is because 
the free circulation of Qiis already in motion and 
freely accessible after meditating. 


COMBINING MULTIPLE ORGAN 
Sounps 

The six healing organ sounds may be per- 
formed asin the prescribed series, or asindividual 
therapies ranging from single to multiple organ 
sounds. Some examples are: 

1. Single organ sound regulation, like the “Haa” 
sound for the Heart, is used followed by swal- 
lowing the collected saliva (after Qi purgation) 
to relieve a fast, irregular heartbeat. 

2. Multiple organ sound regulations, like the 
sounds of “Shu” (Liver), “Haa” (Heart), and 
‘"Ses" (Lungs), are used in sequence to quench 
the pathogenic Fire inside the patient’s body 
(for mild symptoms). 

3. Alll six healing sounds are used for regulation 
and balance to treat “False Cold” (a feverish 
sensation followed by a feeling of cold all over 
the body). This symptom is caused by Excess 
Fire. The Internal Fire drives the Yin to the 
body's surface, thus producing the cold sensa- 
tion. To treat, the Qigong doctor guides the 
patient's Yin Qi back to its original organs and 
uses all six sounds to regulate the body. 

4, Sounding according to the Five Seasons will 
also be beneficial to the patient’s Qi regula- 
tion. The five sounds are divided according 
to each season, and the vulnerability of each 
organ. They are categorized as follows: 

a. “Shu” sounding in the springtime will 


benefit the Liver. 

b. “Ha” sounding in the summer will ben- 
efit the Heart. 

. “Ssss” sounding in the autumn will 
benefit the Lungs. 


d. “Cree” sounding in the winter, and 
during all seasons, will vitalize the Kid- 
neys and harmonize Qi and Blood. 


e “Who" sounding inall seasons helps vi- 
talize the Spleen and regulates the func- 
tion of Postnatal Qi. 

5. Combining healing sounds according to the 
specific prescriptionsis similar to taking com- 
binations of Chinese herbs. The Six Healing 
‘Sounds may be combined in order to target 
specific areas on the body's energetic system. 
Generally, the doctor gives the patient specific 
healing sound combinations as prescriptions 
to purge stagnation, and to increase the ener- 
getic movement within the diseased tissues 
or organs. 

One such combination prescription used to 
treat overall Shen disturbances due to emo- 
tional depression, from suppressed anger, 
guilt or grief is called, “Old Man Searching 
for the Reflection of the Moon at the Bottom 
of the Tide Pool.” In Medical Qigong Soul Re- 
trieval, this healing sound prescription is used 
to bring the patient back in touch with his or 
her painful emotions. 


OLD MAN SEARCHING FoR THE 
REFLECTION OF THE MOON AT THE 
BOTTOM OF TIDE Poot 

This particular exercise was introduced into 
the United Stated in the early 70's by Dr. Her Yue 
Wong. Doctor Wong believed that after the Qigong 
student has spenta sufficient amount of time prac- 
ticing the Five Elemental Daoist Qigong 
tonification exercises, his or her deep seated emo- 
tions will begin to surface and must be purged 
from the body. In order to purge the toxic emo- 
tions, this healing sound prescription was give 

1. Begin this exercise prescription from a stand- 
ing posture. Both feet are facing forward, shoul- 
ders width apart. Inhale, and imagine divine 
healing light filling the Lungs. While inhaling, 
separate and stretch both arms to the sides of 
the body, forming the shape of a “T” (Figure 
409). 

2. Lean over and begin to exhale, making the “Sh- 
h-h-h-h” sound. While exhaling imagine Toxic 
Qi from both Lungs flowing down each arm 
and pouring into the ground. Both arms should 
swing from one side to the other, crisscrossing 


Figure 40. 9. Old Man and Tide Pool (a) 


Figure 40. 11. Old Man and Tide Poo! (c) 


Figure 40. 12. Old Man and Tide Pool (4) 


while making the purging sound (Figure 40.10). 

. Return to an upright position, while inhaling 
and imagining divine healing light filling the 
chest (especially the Heart, Liver and Spleen 
areas). When inhaling, look upward and raise 
the hands over the head (Figure 40.11). 

. When exhaling, both hands should descend to 
shoulder level, making soft fists (as if embrac- 
ing two sparrows). Focus the mind's intention 
on the center of the chest and imagine the Toxic 
Qi releasing from the Heart while making the 
“Haa-a-a-a” sound. Exhale only half of your 
breath. Next, exhale the second half of your 
breath while imagining Toxic Qi releasing from 


the Liver and Spleen and making the “Who-o- 

0-0” sound. While exhaling, move both hands 

down to the hips while keeping the fists soft 

(Figure 40.12), Repeat the last two steps (c. and 

d.) three times. This equals one set. Practice 36 

sets to complete the exercise. It should take 

about 25 minutes. 

‘There is an story associated with this ancient 
healing sound prescription; it is described as fol- 
lows. 

One night, on a full moon, an old man on the 
southern coast of China, went looking for sea crus- 
taceans to feed his family. Holding his lamp up- 
ward, he gazed down and saw a large beautiful 
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pearl at the bottom of a tide pool. “Oh My!” He 
exclaimed, ashe quickly placed his lamp on a rock. 
“Look at the size of that pearl! With a pearl that 
large, I'l be able to retire! Even my family won't 
have to work, and we'll all live in the lap of luxury 
for the rest of our lives!” 

So the old man stretched his hands wide and 
began splashing his arms in the tide pool, trying 
to grasp the large pearl. Sh-h-h-h-h-h-h-b-h! went 
the water as the old man frantically grasped at 
nothing. Perplexed, the old man looked up. Reach- 
ing into the night sky, the old man’s eyes wid- 
ened as he saw the full moon. “Ha-a-a-a-a-a-al” 
exclaimed the old man, “It’s the moon!” “Whooo- 
0-0-0-0-0" cried the old man, “There’s no money!” 


CONTRAINDICATIONS FOR THE SIX 
HEALING SOUND THERAPY 
There are several counter-indications for the 
use of the Six Healing Sound Therapy: 
* The resonating sounds have a strong affect on 
the tissues, therefore patients who have bro- 

ken or fractured bones are forbidden to prac- 
tice sound therapy. Only after the bones tis- 
sues have mended are the patients allowed 
to practice the healing sounds. 
Due to the stimulating effect of the Six Heal- 
ing Sound Therapy, it is advisable for the 
Qigong doctor not to prescribe the practice of 
the six healing tones in a very acute stage of 
illness. Vibrating the patient's internal organs 
in the beginning stages of a disease (ie., a high 
fever) may stimulate the patient's virus or bac- 
terial growth. 

* Women are prohibited from practicing Tone 
Resonation therapy when pregnant, as the tone 
resonations have a pattern of dispersing clots 
and may lead to spontaneous miscarriages. 

* Women are prohibited from practicing Tone 
Resonation therapy when menstruating, as it 
is important for the woman's body to be al- 
lowed tonaturally Purge Toxic Blood from the 
body. 


SOUND RESONATION THERAPY FOR 
TUMOR AND CANCER 
Cysts, tumors, and cancer are characteristic 


of Excess stagnation of Qi and Blood, as well as 
stagnations of Heat and Cold. Chronic diseases, 
marked by obstruction of channel Qi, disorders 
of Qi and Blood, and the breakdown of Yin and 
‘Yang balance, are also included as Excess stagna- 
tion syndromes. The following sound methods 
involve a special series of tone resonation exer- 
cises (similar to, but stronger then the six healing 
sounds) which are utilized to disperse stagnations, 

In order to find the correct pitch, the patient 
starts with a soft volume sound to experience the 
physical characteristics of the internal organ vi- 
brating. While pronouncing the tone with the vo- 
cal cords relaxed, the patient gradually increases 
the sound to a louder volume. 

‘While exhaling the sound, the patient focuses 
‘onan internal image of the diseased tumor dissolv- 
ing. The patient must actually hear and feel the 
sound resonating the body's tissues, saturating the 
organ with sound vibration, energy, and light. 

The following sounds are prescribed for the 
treatment of tumor and cancer therapy: the “Guo” 
sound is used by patients with Liver diseases, the 
“Zheng” (pronounced as jang) sound is pronounced 
by patients with Heart trouble, the “Gong” sound 
by patients with Spleen diseases, the “Shang” sound 
by patients with Lung trouble, and the “Yu” sound 
by patients with Kidney diseases. The relationship 
between the five pronunciations and the five solid 
organs as well as the number of pronunciations are 
shown in Figure 40.13. 


PREPARATION FOR TUMOR AND 
CANCER SOUND THERAPY 

Have the patient begin this exercise in a Wuji 
posture, and encourage the patient through the 
One Through Four meditation (One-Fun, Two- 
Shoe, Three-Tree, and Four-Core) described in 
Chapter 26. 

Each tumor and cancer healing sound is pro- 
nounced in a straight tone, facing the left and ex- 
haling the tone while rotating the body to the right. 
This allows the patient to purge the specific dis- 
eased organ. After completing the required num- 
ber of straight tone exhalations, the patient faces 
forward and pauses. 

‘The patient then begins the second half of the 


Elements 
Wood | Fire Earth —|Metal_—_| Water 

Yin organs | solid organs |Liver [Heart | Spleen |Lung —_| Kidney 
Gall Small Large 

Yang organs | hollow organs | Bladder | intestine |StM@Ch | intestine | Bladder 

body tums h-pitched 

leftto right | straight tone 

body tums |towpitchea | 94° zheng |gong | shang | yu 

right to left | descending- 

ascending tone 
number of repetitions 8 7 10 9 6 


Figure 40.13. Tumor and Cancer Sound Therapy Chart 


prescription by facing the right direction and ex- 
haling a descending tone while rotating the body 
to the center of the room, then rising tone while 
rotating the body towards the left side of the room. 
This application causes the patient to purge the 
diseased organ’s channels of Toxic Qi. 

Upon completion the patient performs the 
Pulling Down the Heavens technique to cleanse 
the body of any leftover energetic residue. 


THE PROPER AMOUNT OF TONE 
REGULATIONS 

The beginning patient should not be too anx- 
ious to perform the required number of pronuncia- 
tions. By gradually reaching the required number, 
and slowly adapting themselves to the Tone Reso- 
nation method, the patients avoid getting tired. The 
sound “Shang,” for example, is pronounced nine 
times for each exercise in the case of Lung disease. 
However, abeginner may start by pronouncing the 
tone three times, and then gradually progress to six 
‘times in twenty days. Then, in another thirty days, 
the patient can reach the required number of times. 
The number of repetitions is always dependent 
upon the patient's age, type of constitution and the 
severity of the disease. 


In other words, the amount of times in a day 
that the patient performs the healing sounds de- 
pends upon the patient's general condition. The 
sounds used in tumor and cancer therapy, for ex- 
ample, will be prescribed more frequently with 
less volume then that of the regular six healing 
sound therapies. For Lung cancer, for example, 
the patient should perform the “Shang” sound 
eighteen times a day, nine breaths in each direc- 
tion, right and left; for Lung congestion, perform 
the “Sss” sound three times a day, 36 breaths for 
each set. 


SPECIALIZED PRESCRIPTIONS FOR 
TUMORS AND CANCER 

‘The sound therapies used for treating tumors 
and cancer are quite different and much more 
powerful then the six healing sounds previously 
prescribed to purge and regulate the body’s in- 
ternal organs. Because of the dramatic difference 
in power and energetic potential between these 
two healing sound systems, the cancer patient will 
be given a lower number in tone respirations, but 
an increased number of times of practice per day. 

The healing sounds used for treating tumors 
and cancers are as follows: for Liver/Gall Blad- 
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Figure 40.15. For Heart trouble, the sound is “Zheng” 


Figure 40.14. For Liver diseases the sound is “Guo.” (Jang). 


Figure 40.16. For Spleen diseases, the soundis “Gong.” Figure 40.17. For Lung trouble, the sound is “Shang.” 
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Figure 40.18. For Kidney diseases, the sound is “Yu.” 


der tumors, use the sound “Guo” Figure 40.14); 
for Heart/Small Intestine tumors, use the sound 
"Zheng" (Jang - Figure 40.15); for Spleen/Stom- 
ach tumors, use the sound “Gong” (Figure 40.16); 
for Lung/Large Intestine tumors, use the sound 
“Shang” (Figure 40.17); and for Kidney /Bladder 
tumors, use the sound “Yu” (Figure 40.18). The 
‘Triple Burners’ sound “Xi” (She) is used to purge 
Heat from the body after radiation and chemo- 
therapy (Figure 40.19). 

The choice of sound resonation must suit the 
patient's specific disease. Generally, in the begin- 
ning, patients with cancer should mainly pro- 
nounce the purgation sound “Ha” nine times to 
purge the Heart of stagnant emotions (Figure 
40.20). After pronouncing the sound “Ha” for a 
certain time period, the patient begins to become 
emotionally vulnerable. The doctor then adds the 
specific sounds for the treatment of the diseased 
internal organs. The “Shang” sound, for example, 
is prescribed for patients with Lung cancer. 

1. The tones for Radiation and Chemotherapy 
patients should include the Triple Burners’ 
sound “She.” This toning should be done 
when their blood count is low after chemo- 
therapy or radiation therapy and is used to 
purge Excess Heat from the body. The sound 
“She” is pronounced six times. Its high- 


Figure 40.19. For chemotherapy, the sound is "Xi" 
(She). 


pitched sound is in the straight tone (perform 
six times), and its low-pitched sound is in the 
dropping and rising tone (perform six times). 

After the patient has stabilized and the red 
and white blood count has reached a normal 
level, the “She” sound is dropped and replace 
by the sound “Haa.” This is done to stabilize 
the patient’s emotions. Instead of “Haa,” the 
doctor can also replaced the healing sound 
with the specific sound needed to treat the 
diseased internal organ. 


2. The tones for Stomach cancer patients should 


include the sound “Dong.” The Dong sound 
has a deeper penetrating affect than the 
“Gong” sound (which is usually prescribed 
for Stomach diseases). The “Dong” sound 
should be pronounced ten times (Figure 
40.21). Its high-pitched sound is “Dong” in 
the straight tone (perform ten times), and its 
low-pitched sound is “Dong” in the dropping 
and rising tone (perform ten times) 


3. The tones for Brain tumor patients (with ce- 


rebral carcinoma) should include the sound 
“Duo.” The “Duo” sound should be pro- 
nounced ten times (Figure 40.22). Its high- 
pitched sound is “Duo” in the straight tone 
(perform ten times), and its low-pitched 
sound is “Duo” in the dropping and rising 
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Figure 40.20. For cancer in general, the sound is Figure 40.21. For Stomach cancer, the sound is 
“Ha” “Dong.” 


Figure 40.22. For brain cancer, the sound is “Duo.” _—Figure 40.23. Back View for the Cancer Prescriptions 
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tone (perform ten times). In addition the pa- 
tient should also practice techniques to 
strengthen the Kidneys and Heart. 

The tones for Lung tumor patients (with car- 
cinomas of the Lungs) should include the 
“Shang” sound. The “Shang” sound should 
be pronounced nine times. The patient should 
also use the Fast Breathing Method technique 
inhalations, followed by 1 exhalation of the 
sound “Shang”), in addition to practicing 
Lung and Kidney strengthening exercises. 

. The tones for Large Intestine tumor patients 
(with carcinomas of the Large Intestine) should 
include the “Shang” sound. The “Shang” sound 
should be practiced nine times using the Fast 
Breathing Method technique, in addition to 
practicing Lung strengthening exercises. 

. The tones for Nasopharyngeal tumor patients 
should include the “Shang” sound. The 
“Shang” sound should be practiced nine times 
using the Fast Breathing Method Walking 
technique (see Chapter 15), in addition to 
practicing Lung strengthening exercises. 

. The tones for Small Intestine tumor patients 
(with carcinomas of the Small Intestine) 
should include the “Zheng” sound. The 
“Zheng” sound should be practiced seven 
times, using the Fast Breathing Method tech- 
nique, in addition to practicing Heart 
strengthening exercises. 

. The tones for Liver Cancer and Gall Bladder 
tumor patients (with carcinomas of the Liver 
and Gall Bladder) should include the “Guo” 
sound. The “Gou' sound should be practiced 
eight times, using the Fast Breathing Method 
technique, in addition to practicing Lung, 
Liver, and Spleen strengthening exercises. 


9. The tones for the Bladder and uterus tumor 
patients (with carcinomas of the Urinary Blad- 
der and uterus) should include the “Yu” 
sound. The “Yu” sound should be practiced 
six times, using the Fast Breathing technique, 
in addition to practicing Kidney strengthen- 
ing exercises. 

‘While in a Wuji posture, the patient places 
both hands on the Kidneys and presses the 
middle fingers at the Shenshu BI-23 point be- 
side the Mingmen before pronouncing the 
sounds (Figure 40.23). 

10. The tones for Prostate cancer patients should 
include the “Yu” sound. The “Yu” sound 
should be practiced six times, using the Fast 
Breathing Method technique, in addition to 
practicing Kidney strengthening exercises. 

11. The tones for Skin Cancer patients (with der 
mal carcinomas) should include the “Shang’ 
sound. The “Shang” sound should be practiced 
nine times, using the Fast Breathing Method 
technique, in addition to practicing Lung, Liver, 
and Spleen strengthening exercises. 


CONTRAINDICATIONS FOR TUMOR AND 
CANCER SOUND THERAPY 

As previously mentioned, the tumor and can- 
cer healing sounds are only prescribed for purg- 
ing Excess conditions within the patient's diseased 
organs, and not for treating Deficient organ con- 
ditions. If a specific internal organ is already in a 
state of Deficiency and the patient is allowed to 
focus on that organ with one of the tumor and 
cancer sounds, the patient's condition will worsen. 
This increases the potential for rapid growth of 
the disease. 
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CHAPTER 41 


MEDICAL QIGONG REGULATION EXERCISES 


INTRODUCTION 

The following chapters explore several sys- 
tems of Medical Qigong exercises used in regula- 
tion, purgation, and tonification prescriptions. 
Conceived in ancient China, these exercises origi- 
nate from the various medical, martial, and Dao- 
ist schools of energy cultivation. It is from these 
ancient energetic systems that today’s modern 
clinical Qigong prescriptions originate. 

Each Qigong system has its own unique ap- 
proach to circulating, balancing, and storing the 
body's life-force energy. No one particular style 
of energetic healing is superior to the next, only 
different in its approach. The primary goal of each 
of these systems is removing stagnant pathogenic 
energy and replenishing and circulating clean life- 
force energy. 

‘The Xi Yuan Hospital in Beijing, China is fa- 
‘mous for its advanced Medical Qigong clinics and 
‘Medical Qigong prescriptions. These exercises 
utilize both Static and Dynamic Postures and are 
generally taught in both the inpatient and outpa- 
tient clinics. The static exercises are used to store 
the Qi, while Dynamic Qigong exercises are used 
to open the patient's channels and circulate the 
Qi. 

Each prescription should be practiced for five 
to ten minutes for each organ or organ system on 
a daily basis; or if the patient is practicing only 
one set (e.g,, Regulation of Spleen and Stomach 
Qi), they should practice for thirty minutes. Un- 
less otherwise indicated, all breathing should be 
“natural.” 

The goal is for patients to empty their body 
and mind, so that their emotions can be felt and 
activated. In the Medical Qigong clinic there is a 
saying, “The patient can only heal what they feel.” 


STARTING AND ENDING THE 
PRESCRIPTIONS 

Before starting any Medical Qigong prescrip- 
tion, it is important for the patient to understand 
that every Qigong exercise must start and end 
with specific preparations. 

* Before starting the Medical Qigong prescrip- 
tion, the patient must always purge his or her 
body. It does not matter if the exercise they 
are about to begin is used to purge, tonify, or 
regulate the internal energy; they must always 
purge first. This is similar to washing a dirty 
glass before filling it with clean water. 

* After ending the Medical Qigong prescrip- 
tion, the patient must always gather the gen- 
erated Internal Qi and the return to its origin. 
The term “Return to its Origin” refers to a 
three fold process: 

* cultivating, collecting, and accumulating 
the prenatal energy, 

* developing and transforming it into post- 
natal Jing, Qi, and Shen, and 

* returning it back to prenatal Jing, Qi, and 

Shen. 

This allows the Post-Heaven Kan and Li (Wa- 
ter and Fire energies) to return to their origin and 
restores them to Pre-Heaven Qi (Heaven and 
Earth energies). This fusion into one energy, often 
called the Hun-Yuan or Blended Originals, re- 
quires the patient’s original substances to con- 
dense into one energetic substance and be merged 
with the patient’s Lower Dantian energy. 

In order to collect the energy, the patient is 
taught to apply the Three Natures Become One 
technique of focused concentration (all thinking, 
seeing, and listening is focused into the Lower 
Dantian). The Three Natures are as follows: the 
eyes represent the perceptive nature, the ears rep- 
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resent the spiritual nature, and the Heart repre- 
sents the courageous nature. When all three na- 
tures unite into one, the energetic refinement is 
called “collecting the body’s true nature.” The pa- 
tient can then collect the body’s power. 


MEDICAL QIGONG 


CULTIVATION EXERCISES 

The body is composed of different densities 
of energy and matter in the form of internal or- 
gans, organ systems, channels, and collaterals. 
‘When practicing Qi cultivation methods both stu- 
dents and patients are instructed to train in a pro- 
gressive order of Qi cultivation. 

First, the students and patients are taught how 
to purge, tonify, and regulate their internal and ex- 
ternal channels. Once the Yin and Yang energy of 
the channels are balanced, the practitioners learn 
how to balance the Yin and Yang energy of the in- 
ternal organs. This training likewise involves purg- 
ing, tonifying and cultivating methods. The directed 
focus of intention on specific points, channels, or 
areas of the body causes the Qi to gather in those 
locations and to be absorbed into the body’ tissues 
through the Mind’s intention (whole body aware- 
ness and consciousness). The final step of training 
the Yuan (Original) Qi is undertaken only after the 
first two steps have been accomplished. 

All cultivation practices of Medical Qigong 
therapy can be divided into two main categories 
of gathering and training Qi: the External Elixir 
Cultivation (Wai Dan Shu) and the Internal Elixir 
Cultivation (Nei Dan Shu). These two Qi cultiva- 
tion training methods are described as follows. 


EXTERNAL QI CULTIVATION 
The External Elixir Cultivation (Wai Dan Shu) 
involves several methods of gathering energy 
from the external environment (Heaven and 
Earth) to strengthen the body's organs, organ sys- 
tems, channels, and collaterals. 
HERBS AND Foop 
‘The first method is developed through food and 
herbal soups, teas, and pills to increase the body’s 
energy. When herbs are prescribed as a tonic, they 


stimulate the organ’s energy by increasing the flow 
of Qi in the patient's channels. Qigong and 
herbology go hand-in-hand with respect to the en- 
ergetic regulation and balance of the body's life- 
force energy. Herbs can be extremely important for 
maintaining the physiological balance of the me- 
tabolism and restoring any depletion of the body's 
energetic mechanism. Herbs act as a form of ener- 
getic nutrient, allowing the Earth energy to be in- 
gested into the body through a natural substance. 
MEDITATION 

The second method is developed through 
meditation. Qi is cultivated through the body’s 
extremities from energy originating outside of the 
body's torso (i.e,, both palms, both soles of the 
feet, and the top of the head). The External Elixir 
Cultivation meditation focuses the concentration 
on either the Heaven or Earth energy fields to 
draw their energy into the torso for increased Yin 
or Yang Qi regulation. The Postural Dao Yins in 
External Elixir Cultivation may be either static or 
dynamic. 

‘Two examples of External Elixir Cultivations 
are: the Earth Yin Qi Regulation and the Heaven 
‘Yang Qi Regulation. The Earth Yin and Heaven 
Yang Qi Regulations are used to balance the en- 
ergy along the body’s ascending and descending 
‘energetic channels. To balance along the horizon- 
tal energetic channel, perform the Turning and 
Winding the Belt Vessel exercise described later 
on in this chapter. 

+ Earth Yin Qi Regulation 

‘The Earth Qi is considered Yin Qi or elec- 
tronegative energy. Blood also pertains to Yin 
Qi. Through Earth Regulating Qigong medi- 
tations, the body's Blood cells can be replen- 
ished with Earth Yin energy. 

Begin the Earth Qi Regulation meditation 
from a Wuji posture, while using Natural 
Breathing. In this particular exercise, the prac- 
titioner takes advantage of the Kd-1 points at 
the bottom of the feet, and the Pc-8 points at 
the center of the palms which are sensitive to 
the magnetic pull of the Earth. 

‘After standing in the Wuji posture for sev- 
eral minutes, inhale and begin to absorb the 


Earth Qi up from the ground through the cen- 
ters of the palms and the bottom of the feet 
(Figure 41.1), After several more minutes of 
drawing the Earth energy into the Lower 
Dantian, begin circulating the energy through 
the Microcosmic Orbit’s Fire Cycle. The palms 
should begin to expand and feel almost swol- 
len; the red and white blotches on the palms 
and feet indicate that the exercise has been 
practiced correctly. 

Heaven Yang Qi Regulation 

Heaven energy pertains to the sun's Yang 
Qior electropositive energy, which is used to 
tonify the body’s Yang Qi. 

Begin from a Wuji posture, placing both 
palms above the head, facing upwards, like two 
antennas collecting the sun or Heaven’s Qiinto 
the Middle Dantian. Use Natural Breathing. 
Imagine the sun's golden light showering the 
‘outside of your body. Open your mouth and 


oy 
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Figure 41.1. Absorb the Earth Qi into the body through 
both hands and feet, and store the Qi in the Lower 
Dantian, 


Figure 41.2. Absorb the sun's energy into the body 
through both palms, moving it into the Middle Dantian, 
and store the Qi in the Lower Dantian, 


imagine swallowing the sun’s Qi, allowing it 
to mix with your saliva. As you swallow, feel 
the energy flow down into your Lower Dan- 
tian, and then out of your pores. Once the Dan- 
tian is full, the body should feel expansive. Al- 
ways end the meditation by returning the en- 
ergy to the Lower Dantian to avoid any Qi de- 
viations (Figure 41.2). 


INTERNAL QI CULTIVATION 

The Internal Elixir Cultivation (Nei Dan Shu) 
method focuses on first training the energetic sub- 
stances already gathered and existing inside the 
torso, and then extending this accumulated en- 
ergy out into the extremities. Since it first appeared 
in the Han Dynasty, the training and theory of In- 
ternal Elixir Cultivation has become the primary 
focus of many Qigong masters, working with 
postnatal energy transformations. Internal Elixir 
Cultivation focuses on transforming the body's 
Jing, Qi, and Shen. When practicing this exercise, 
ancient Qigong masters imagined the Lower 
Dantian as a stove, the Shen as a Fire, and the 
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body's Jing, Qi, and Shen as the internal medi- 
cine. 

Atbirth, the energy flows up the front of the 
body (Conception Vessel) and down the back 
(Governing Vessel). This is considered the circu- 
lation of the Yuan Qi (generated from the prena~ 
tal ing stored in the Kidneys). Itis considered the 
Perceptual Yin or Water Cycle of the Microcosmic 
Orbit. This Perceptual Yin Cycle allows the new- 
born child to possess powerful psychic, empathic, 
and kinetic abilities; it enables the child to ener- 
getically connect with the environment in order 
to ensure survival. 

‘Asthe child advances in age, he or she begins 
to encounter and experience some hostile mes- 
sages in the form of physical or emotional frus- 
tration and pain from both parents, siblings, and 
the environment. For protection, the child armors 
and creates a denial system, which insulates him 
or her from the energetic and emotional wound- 
ing. The child begins to instinctively stop the en- 
cergetic flow of the perceptual Yin Water Cycle and 
begins to activate the acquired rational mind, try- 
ing to cope with his or her feelings and the stress 
of his or her surroundings. Whenever the child 
begins to experience painful emotions, he or she 
learns to avoid experiencing these hurtful feelings 
through certain mental and physical actions by 
contracting the throat and thorax. These acquired 
actions further create an energetic restriction and 
impede the flow of Qi along the Conception and 
Governing Vessels. This physical activity naturally 
causes the Yin Water Cycle to stop its perceptual 
flow of energy, and allows the child’ body to deal 
with the trapped emotional experiences by stor- 
ing them within the tissues. Although this is not a 
healthy response, itallows the child to survive and 
develop in a sometimes difficult environment. In 
cases of deep traumatic wounding (physical, emo- 
tional or sexual), the child becomes void of deep 
emotional connections, while still allowing for cer- 
tain perceptual survival instincts. 

Also, our culture emphasizes left brain think- 
ing for educational purposes, and later to enable 
young adults to rival others in the competitive job 
‘market. The child thus must forgo most of his or 


her innate intuitive perceptions to succeed in 
school and to appropriately integrate society's 
values and belief structures. Very little encourage- 
ment is given to right brain activity; it is in fact 
discouraged by society at large. 


REGULATING THE Bopy’s QI 

The first stage in circulating and cultivating 
the Qi is to regulate the Yang or Fire Cycle of the 
Microcosmic Orbit. This allows the trapped emo- 
tions within the tissues to be released. This is ini- 
tiated through mental concentration, focusing the 
flow of the Qi up the back and down the front of 
the body. It is extremely important to allow the 
trapped energy to release itself naturally from the 
body through the Fire Cycle of the Microcosmic 
Orbit. Otherwise, trapped emotions deep within 
the tissues can cause Qi deviations within the 
body, which may lead to energetically induced 
psychosis. 

‘When regulating the Microcosmic Orbit, there 
are three primary methods of energetic cultiva- 
tion that harmonize the body's Jing, Qi, and Shen. 
They relate to the sun (Fire and Heaven), moon 
(Water and Earth) and stars (Wind and Man). 


THE FIRE PATH OF THE MICROCOSMIC 
oRsIT 

The Yang or Fire Path is the most popular 
method of cultivating energy along the Small 
Heavenly Cycle or Microcosmic Orbit (Figure 
41.3), Because it joins together the body's Yin and 
Yang rivers of Qi, which regulate the Twelve Pri- 
mary Channels, it is considered the foundational 
meditation for the Internal Elixir Cultivation 
methods. The circulation of Postnatal Qi is gener- 
ated from the Acquired Essence (food, air, and wa- 
ter). In this cycle, the Qi moves up the Governing 
Vessel and down the Conception Vessel, and is 
considered the ascension of Yang or the opening 
of the Fire Channel. The initial goal is to circulate 
the Fire energy from Yang to Yin to convert Jing 
to Qi and then to Shen. The Yang (Fire) Qi sup- 
ports awareness of the emotional side of con- 
sciousness. 


Exhale down the 
Conception 
Vessel. 


Inhale up the 
Governing 
Vessel, 


Lower Dantian 


Figure 41.3. The Fire Path of the Microcosmic Orbit 
flows up the back and down the front of the body. 


‘The Heart and Middle Dantian are considered 
the House of Shen; Fire and passion (Qi that mani- 
fests as emotions) and are related to the flow of 
the Conception Vessel. The Kidneys and Lower 
Dantian are considered the House of Jing, Water 
and pleasure and are related to the flow of the 
Governing Vessel. It is important to use Reverse 
Breathing while uniting the Heart's Fire and Kid- 
neys’ Water, to cause the alchemical transforma- 
tion of Jing into Qi in the lower abdomen. 

When moving the Qi along the Governing 
Vessel, practitioners must move the energy 
through the Five Gates (see Chapter 30). The en- 
ergy first gathers at the Lower Dantian, then over- 
flows into the Governing Vessel, collecting, build- 
ing, and then passing through to the next gate, 
one gate at a time. As the energy gathers at these 
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gates, the Qi and Blood begins to Heat and vi- 
brate the tissues. This energeticreaction affects the 
patient's emotions that correspond to or are em- 
bedded in each specific gate, causing a powerful 
emotional release. As the Qi passes through to the 
next gate, a new set of emotions is experienced, 
then released. 

‘THE JIAJI POINTS’ EFFECT ON THE 
GOVERNING VESSEL'S ENERGETIC FLOW 

Jia translates to mean “besides.” Ji translates 
as “the spinal column.” These points are located 
lateral to the lower border of each spinous pro- 
cess of the cervical, thoracic, and lumbar verte- 
brae. Each point has its own Luo pathway (ener- 
getic channel), which intersects with the spine and 
connects to the Jiaji point located on the opposite 
side of the Governing Vessel. It is believed that 
one pair of the ascending Governing Vessel’s Luo 
Channel intersects and connects to all of the Jiaji 
points along the spine. 

This being the case, when the two energetic 
flows from the Jiaji points (via the Luo pathways) 
are superimposed, the reaction causes a crisscross- 
ing and intertwining of Qi flow, which resembles 
the intertwining energies of the caduceus or 
double snakes. 

THE TWELVE EARTHLY BRANCHES’ 
RELATIONSHIP WITH THE MICROCOSMIC 
Oreit 

Within the Fire Cycle of the Microcosmic Or- 
bit, there are twelve channel points located along 
the Governing and Conception Vessels which re- 
late to the Twelve Earthly Branches and the wax- 
ing and waning of the Yin and Yang cycles (see 
Chapter 11). The Fire phase of the Microcosmic 
Orbit starts at the Zi branch located at the Sheng 
Si Qiao area at the root of the penis in men and at 
the vagina in women. Moving up the back of the 
body, there are four phases of Qi ascent in the Gov- 
ering Vessel. The four phases are: from Zi to 
Chou, from Zi to Yin, from Zi to Chen, and from 
Zito Si. The Mao point is one of the four cardinal 
points (along with Zi, Wu, and You) and isa point 
of purification. The path up the Governing Vessel 
cleanses the energy through this point of purifi- 
cation. 
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Figure 41.4, Twelve Earthly Branch Relation with the Microcosmic Orbit: the main channels of the back and front 
of the body correspond to the ecliptic path of the sun. These twelve special energy points are associated with the 


‘Twelve Chakra Gates. 


When the energy reaches the Wu point at the 
top of the head (also known as the Ascending 
point), it stays there briefly before beginning the 
descent of Yin in the Conception Vessel. The de- 
scent down the Conception Vessel purifies the 
energy (Figure 41.4). 

While at the perineum and Zi point in the or- 
bit, the Yang Qi begins to develop as the Yin Qi 
reaches its zenith. Once the energy reaches the 
Mao point at the middle of the back, the Yang en- 
ergy has developed fully and begins to prosper. 
At the Wu point at the top of the head, the Yin Qi 
begins to develop while the Yang Qi reaches its 
zenith. This point represents the turning point 
from Yang to Yin. 

If the energy is to flow properly down the 


Conception Vessel, there must be an opening of 
the energy centers via a connection with the Shen. 
This purification of energy commences at the Wu. 
point when the Yang Qi tums to Yin Qi. While the 
Earth's daily orbit around the sun has the same 
Yin-Yang transitions, the body absorbs the Yang 
energy during the hours of Zi and Wu, and ex- 
pels Yin energy during the hours of Mao and You. 

At the Zi hour (11 p.m.-1 a.m.), the Jing natu- 
rally collects at the Sheng Si Qiao point at the root 
of the penis (prostate area) in men causes a natu- 
ral erection while the man is sleeping. This hour 
also marks the commencement of the Yang half 
of the day. This period of the day is the best for 
collecting Jing and, thus, is the best time to per- 
form Wuji standing practice. 
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ConTRAINDICATIONS 
Whenever the practitioners are weak, itis im- 
portant that they practice Natural Dantian Breath- 
ing and avoid practicing the Microcosmic Orbit. 
If patients attempt to practice Circular Breathing 
while in a depleted state, the Qi may become 
1pped in their head causing Qi Deviations, and 
initiating more problems. Circular Breathing is 
achieved by guiding the Qi in a circular pattern 
through even inhalation (eg,, up the spine) and 
exhalation (e.g., down the front of the body). 


THE WATER PATH OF THE 
MicRocosmic ORBIT 

The Water Path is trained only after the 
completion of the Fire Path circulation exercise, 
After the patient's Prenatal Qi has been cultivated 
and accumulated to a substantial level, the patient 
may lead the Qi up the Conception Vessel and 
down the Governing Vessel (Figure 41.5). 

This is opposite the direction of the flow of 
the Fire Path, and is considered the ascension of 
Yin or the opening of the Water Channel. The pur- 
pose for the Water Path circulation is to change, 
regulate, and charge the body’s Yuan Shen. The 
‘Water cycle supports the perceptional side of con- 
sciousness, cools down the body's overheated 
‘Yang Qi, and regulate the Qi circulation of the Fire 
Path to rebalance the body. 


THE WIND PATH OF THE 
Microcosmic ORBIT 

The Wind Path of the Microcosmic Orbit is 
the third method of circulation and requires prac- 
titioners to lead energy up the center of their body 
through the Taiji Pole (Figure 41.6). This energy 
pathway flows up through the Marrow of the 
spine, through the brain, and washes over the falx 
cerebri into the pineal and pituitary gland. It then 
descends down along the Conception Vessel and 
back into the Lower Dantian. 

‘The purpose of the Wind Path is to increase 
divine perception (by accessing the energy of the 
Wu Jing Shen), and to regulate the body’s glan- 
dular and endocrine systems, to enable the prac- 
titioner to slow down the aging process. 
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the Governing 
Vessel, 


Lower 
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Inhale up the 
Conception 
Vessel. 


Figure 41.5. The Water Path of the Microcosmic Orbit 
travels up the front and down the back of the body, 
ending at the Lower Dantian. 


Exhale down 


the Conception 
Vessel 
Inhale up 
the center of 
Lower the spine. 
Dantian 


Figure 41.6. The Wind Path of the Microcosmic Orbit 
travels up the center of the spine into the brain and 
third-eye point, down the front of the body, ending at 
the Lower Dantian 
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MEDICAL QIGONG 


PRESCRIPTIONS 

‘The following exercises are taken from vari- 
ous hospitals, universities, and institutes of Medi- 
cal Qigong. These regulation prescriptions are 
used throughout China. 


DESCEND THE QI AND CLEANSE THE 
ORGANS 

This exercise was developed to utilize the 
body's Hun-Yuan Qi (the body’s internal com- 
bined organ energy) to flush and cleanse the Triple 
Burners and the Five Yin Organs. This is a purg- 
ing exercise, used to: 

* eliminate the body's Turbid Qi, 

© unclog the channels and collaterals, 

+ wash the bones, 

* transform the Marrow, and 

+ combine the remaining pure energy with the 
body's Yuan Qi. 

It can be prescribed for patients with Excess 
conditions to descend the Liver’s or Heart's Fire. 
PULLING DOWN THE HEAVENS 

This exercise requires the focus of energy to 
flow down the body in three directions (front, cen- 
ter, and back) to complete one set. 

1. Begin in a Wuji posture, with both feet facing 
forward, a little wider than shoulders width 
apart. Both hands are at the sides of the body. 
The spine is kept straight, with the body re- 
axed and centered (see Chapter 15 for proper 
alignment). Stand with the eyes focused on 
the horizon. Pull the Qi from the horizon into 
the eyes and down to the Lower Dantian, fill- 
ing the entire body. Hold this posture for one 
to three minutes Figure 41.7). 

2. Inhale through the nose. With the palms fac- 
ing downward, begin to scoop the energy 
from the Earth into the body, gathering and 
absorbing the environmental energy. Focus on 
slowly filling the body with Earth Qi while 
moving the hands upwards to about waist 
level (Figure 41.8). 

3. Continue inhaling, turning the palms to face 
the Heavens and drawing both hands upwards 
at a forty-five degrees angle. As both palms 


continue to move upwards, begin pulling in 
and absorbing the Heavenly Qi while guiding 
the hands above the head. Complete the inha- 
lation with the arms above the head, palms fac- 
ing the top of the head. Pause when the hands 
are above the Baihui area (Figure 41.9). 

Exhale through the nose, and begin descend- 
ing the palms in front of the body. Allow the 
palms to face the body and direct the Qi flow 
through the head and throat area (Figure 41.10) 


. Imagine the energy continuing to pour down 


through the chest and abdominal areas (Figure 
41.11). 


. While exhaling, slowly lower the hands in front 


of the body in one continuous movement, un- 
til they reach just above the knees (Figure 41.12). 


Inhale and begin the sequence again. Each 


time the hands pass in front of the body, ex- 
hale and imagine the Qi being emitted 
through the hands into the tissues. Three 
passes over the front of the body equal one 
set, practice 36 sets. The energetic pathway of 
each set is explained as follows: 
a. The first pass begins by leading the Qi 
down the front of the body from the 
Baihui area. Each palm facing the body 
divides the energy into two rivers, 
which flow from the top of the head, 
over the ears, and down the throat. 
Continue guiding the two rivers down 
the front of the chest, joining again at 
the navel. From there lead the Qi down 
into the Huiyin CV-1 point at the 
perineum, then separate them again 
into two rivers which continue to flow 
down the Yin channels on the inside of 
each leg, ending at the Yongquan Kd-1 

point at the bottom of each foot. 
b. Start the next pass at the middle of the 
head above the Baihui area. Lead the 
Qi down the center of the body, and ab- 
sorb the Heavenly Qi as it passes 
through all the body's internal organs, 
till it reaches the Lower Dantian area. 
From the Lower Dantian divide the 
energy into two rivers and descend the 
Qi down the center of the legs ending 
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Figure 41.7. Wuji Posture Figure 41.8. Pulling Down the Figure 41.9. Pulling Down the 
Heavens (A) Heavens (B) 


Figure 41.10. Pulling Down the Figure 41.11. Pulling Down the Figure 41.12. Pulling Down the 
Heavens (C) Heavens (D) Heavens (E) 
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at the Yongquan Kd-1 point at the bot- 
tom of each foot. 

c. The final pass likewise begins at the top 
of the head, at the Baihui area. Imagine 
the energy flowing like a river, down the 
midline of the back of the head and back, 
until it reaches the Mingmen GV-4 point. 
From thereit divides into two rivers, de- 
scending into the Huantiao GB-30 point 
at the side of each buttock, and contin- 
ues to flow down the outside of each leg 
and ends at the Yongquan Kd-1 point at 
the bottom of each foot. As the Qi de- 
scends (on each pass), it washes the or- 
gans from the top of the head (Baihui 
point) to the bottom of the feet. 

d. Toend the exercise, relax the whole body 
and retum to the Wuji posture, allowing 
the Qi to return to its origin. As the Qi 
descends through the body, imagine the 
environmental energy fusing with the 
body’s Yuan Qi, forming a mist and dew. 
Imagine this mist slowly flowing down 
(from top to bottom) and bathing, cleans- 
ing, and purifying the entire body. As the 
mist descends, if a certain organ is dis- 
eased, pause for awhile to bathe the area 
with the vapor before continuing the 
flow of energy. Consciously disperse the 
pathogens out the extremities. 


GATHERING QI IN THE UPPER AND 
LOWER DANTIANS 

This exercise is designed to strengthen, tonify, 
and regulate the body’s internal organs and ener- 
getic fields. Itis excellent for promoting and main- 
taining health, and can be used for tonifying the 
Kidneys, as well as to treat impotence, premature 
ejaculation, lumbago, lower back problems, and 
pelvic inflammatory disease (PID). When treat- 
ing PID, use reverse breathing with Static Qigong 
training. 

‘This isa tonification exercise, used to increase 
the production of Jing (sperm or ovary energy), 
transforming it into Qi, and to lead the Jing up 
the spinal cord to support the brain, as well as 
nurture the bone marrow. This exercise adds F 


to the Mingmen, simmering the condensation of 
energy within the Kidneys. When the Kidney 
(Water) and Heart (Fire) energies are sufficient, 
their energies merge to form the True Qi which 
cultivates one’s nature, spirit, and life. This exer- 
cise also assists the Microcosmic Orbit and estab- 
lishes a base for refining and gathering energy in 
the Upper and Lower Dantians and Huiyin. 
GATHERING QI IN THE UPPER DANTIAN 

Begin from a Wuji posture. Inhale, as both 
hands gather energy while moving up the sides 
of the body and embrace the Qi into the Upper 
Dantian. Pause and exhale while separating the 
hands (Figure 41.13). 

Inhale and imagine the middle fingers of each 
hand gathering the Heaven and Earth Qi into the 
Upper Dantian, Imagine the body absorbing these 
energies through the Yin Tang point (Third Eye), 
into the pineal gland at the center of the brain. 
Imagine the light of the Upper Dantian getting 
brighter as the energy begins to increase (Figure 
41.14). Repeat this exercise nine times. 

Upon completion, focus on the Upper Dantian 
and begin to gather and fuse the body’s Yuan Shen 
along with the collected Heaven and Earth ener- 
gies into one energy. As this energy collects, imag- 
ine it forming into an energetic balll of white light 
and allow the hands to guide the light downward 
into the Lower Dantian. 

During the process of descending the Qi from 
the Upper to Lower Dantian, the focus should be 
on feeling, guiding, listening, and seeing the en- 
ergy traveling downward. As the energy of the 
Shen descends, the Jing energy naturally ascends. 
This descending and ascending action of Jing and 
Shen energies cultivates an abundant amount of 
Qi in the Lower Dantian. After the Qi has been 
gathered and stored there, pause a moment, al- 
Towing the energy to settle. Then proceed to regu- 
late the Lower Dantian. 

GATHERING QI IN THE LOWER DANTIAN 

Both hands sink down to waist level and form 
an embracing posture in front of the navel. Inhale 
while slowly drawing the palms inward towards 
the navel, gathering the Qi into the center of the 
Lower Dantian. Pause a moment and relax, allow- 
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Figure 41.13. Gathering Qi in the Upper Dantian (A) Figure 41.14, Gathering Qi in the Upper Dantian (B) 
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Figure 41.15. Gathering Qi in the Lower Dantian (A) Figure 41.16. Gathering Qi in the Lower Dantian (B) 
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Figure 41.17. Gathering 
Glin the Huiyin Area (A) 


Figure 41.18. Gathering 
Qiiin the Huiyin Area (B) 


ing the energy to settle, then exhale and separate 
the hands (Figure 41.15). 

Inhale and imagine the body absorbing the 
universal and environmental energies in through 
the navel and Lower Dantian areas (Figure 41.16). 
Repeat this exercise nine times. 

Imagine the Lower Dantian asa reservoir, stor- 
ing but never overflowing. The expansion and con- 
traction of the abdominal muscles creates a “beat- 
ing and drumming” movement which improves the 
abdominal muscles’ elasticity while massaging the 
digestive system. The “beating and drumming” 
movement strengthens and increases peristal 
GATHERING QI INTO THE HUIYIN AREA 

Continuing from the last posture, both hands 
begin to move downward from the Lower Dan- 
tian (Figure 41.17). 

As you inhale, bend over and imagine scoop- 
ing the Earth energy along the inside of the legs, 
directing the Qi through the three Yin channels 
into the body's Huiyin, coccyx, and Mingmen ar- 
eas. While inhaling, it is important to pull up on 
the anal sphincter and imagine gathering the Earth 
Qidirectly through the lower body's orifices (tes- 
ticles and penis, or vagina) into the Kidneys and 
Mingmen area (Figure 41.18). 

Move both hands from the insides of the thigh, 
groin, and lower abdomen backward, along the 
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Figure 41.20. Gathering 
iin the Huiyin Area (D) 


Figure 41.19. Gathering 
Qin the Huiyin Area (C) 


Belt Vessel, expanding the energy into the Kid- 
neys and Mingmen area. Hold this posture and 
exhale, imagining the Qi flowing into the Kidneys 
and Mingmen areas (Figure 41.19). 

Next, circle the Qi down to the Lower Dantian 
and Huiyin area. Pause for a moment to allow the 
Qito settle and root (Figure 41,20). Repeat this ex- 
ercise nine times and end this exercise. 


ROLLING THE BALL WITH BOTH 
PALMS 

The purpose of this exercise is to regulate the 
Yin and Yang balance of energy in the body. This 
‘exercise also causes the capillaries along the Mi- 
crocosmic Orbit to open up, improving the Qi cir- 
culation and nerve stimulation in the extremities. 

It is excellent for purging and regulating emo- 
tions from the Heart and Yellow Court, as well as 
for descending Rebellious Lung Qi downward 
and purging Yang Qi Rising. 
SHAKING THE SUN AND Moon 

Begin from a Wuji posture. Both arms raise 
up in front of the shoulders, palms and fingertips 
pointing upward. Imagine the left palm embrac- 
ing the sun and the right palm embracing the 
moon. Vigorously shake the palms, focusing the 
mind’s intention on the center of the palms and 
fingers (Figure 41.21). 


Place both palms in front of the chest and 
Middle Dantian area, and imagine the energy of 
the sun and moon melting into each other, creat- 
ing a huge ball of energy. Make sure the eyes fo- 
cus on the center of the ball (Figure 41.22). 
ROLLING THE BALL 

‘Wait until you can feel the sensation of the 
energy ball before beginning the rotations. Imag- 
ine the energy ball in the hands and the energy 
ball in the Lower Dantian blending naturally into 
one energy, simultaneously rotating and rolling 
together both internally and externally. 

Begin rolling the ball, keeping the mind’s in- 
tention focused on the center of each palm. Imag- 
ine the ball is slowly growing between the hands. 
Roll the ball, with the hands opposite each other, 
(one hand is up while the other is down), eigh- 
teen times in a clockwise direction, then reverse 
the direction and repeat another eighteen times 
(Figure 41.23). After the last rotation, relax the 
arms and return to Wuji posture. 


OPENING AND CLOSING THE UPPER, 
MIDDLE, AND LOWER BURNERS 

This exercise is used to regulate the body’s Yin 
and Yang energy, tonify the Yin organs, calm and 
harmonize the Yang organs, Regulate the Triple 
Burners, and help open the Conception and Gov- 
ceming Vessels. This is an excellent exercise for purg- 
ing and regulating Excess conditions within the 
‘Triple Bumers, as well as for purging the patient’s 
Liver Fire. 

There is an ancient Chinese saying, “Open, 
close, and come and go, one hundred ilinesses will 
be healed.” When opening, the Qi circulates into 
themuscles. When closing, the Qi sinks and gathers 
into the bones. The purpose of this exercise is to 
train the mind’s intention, making it easier to in- 
crease the body's external field of Wei Qi. 
OPENING AND CLOSING THE UPPER BURNER 

Begin from a Waji posture. Both arms raise 
up to shoulder level. Vigorously shake the hands, 
palms facing down. Before opening and closing 
the Upper, Middle and Lower Burner areas, the 
awareness must settle in the Laogong area (cen- 
ter of the palms) for a few minutes. Wait until heat 
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Figure 41.21. Shaking the 
‘Sun and Moon (A) 


Figure 41.22. Shaking 
the Sun and Moon (B) 


Figure 41.23. Rolling the 
Ball with Both Palms (A) 


Rolling the Ball with Both 
Palms (Side View) 
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Figure 41.24. Vigorously Shake Figure 41.25. Open and Close the Figure 41.26. Open and Close the 
the Hands Upper Burner (A) Upper Burner (B) 
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Figure 41.27. Open and Close the Middle Bumer (A) Figure 41.28. Open and Close the Middle Burner (B) 


Figure 41.29. Open and Close the Lower Burner (A) Figure 41.30. Open and Close the Lower Burner (B) 


is felt in the center of the palms before beginning 
(Figure 41.24). 

After a while, bring both hands close to each 
other in front of the throat and manubrium sterni 
area (the upper segment of the sternum). Both 
palms face each other, with the fingers facing up- 
wards. Pause a moment, focusing the mind's at- 
tention on the center of the palms, forming an en- 
ergetic ball (Figure 41.25). 

Slowly begin to open by pulling the arms 
apart, while imagining the energy between the 
center of the palms stretching like warm taffy. 
When the hands separate and open, the mind and 
body (chest and abdomen) also open. Slowly be- 
gin to close by bringing both palms together, push- 
ing and condensing the stretched energy to form 
an energetic ball. When the hands close, the mind 
and body close by removing the attention away 
from the outside world (Figure 41.26). 

When inhaling, imagine extending the fingers 
deep into the body and the Qi pouring deep into 
the tissues. When exhaling, separate the hands 
while imagining the Excess Heat and toxic energy 
being purged from the body. Repeat the exercise 
eighteen times. 

OPEN AND CLOSE THE MIDDLE BURNER 

Both hands sink down in front of the dia- 
phragm and xiphoid process (just above the na- 
vel). Pause a moment, keeping the eyes on the 
energy ball and an imaginary line which connects 
the inner Laogong Pc-8 points at the center of the 
palms (Figure 41.27). 

Slowly begin to open by pulling the arms 
apart, while imagining the energy between the 
center of the palms stretching like warm taffy. 
While exhaling, separate the hands while imag- 
ining the Excess Heat and toxic energy being 
purged from the body (Figure 41.28). 

Slowly close by bringing both palms together, 
forming an energetic ball as you push and con- 
dense the energy. While inhaling, imagine extend- 
ing the fingers deep into the body and the Qi pour- 
ing deep into the tissues. Repeat the exercise eigh- 
teen times. 

OPENING AND CLOSING THE LOWER BURNER 


Both hands sink down in front of the repro- 
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ductive organs and perineal area. Pause a mo- 
ment, keeping the eyes on an imaginary line which 
connects the inner Laogong Pc-8 points at the cen- 
ter of the palms (Figure 41.29) 

Slowly begin to open by pulling the arms 
apart, imagining the energy between the center 
of the palms stretching like warm taffy. When ex- 
haling, separate the hands while imagining the 
Excess Heat and toxic energy being purged from 
the body (Figure 41.30). 

Slowly close by bringing both palms together, 
forming an energetic ball by pushing and con- 
densing the Qi. While inhaling, imagine extend- 
ing the fingers deep into the body and the Qi pour- 
ing deep into the tissues. Repeat eighteen times. 

‘Toend the exercise, draw the Qi back into the 
Lower Dantian, and return to a Wuji posture. 


SUN AND MOON ROTATING 
TECHNIQUE 

This exercise will massage the internal organs 
of both the Heart and the Lungs. In Medical 
Qigong, the sun is sometimes referred to as the 
energy of the Heart, which is the considered the 
‘master of the three Yang energies. The moon per- 
tains to the Lungs, which are the masters of the 
three Yin energies. Through the harmony of these 
dual powers the body's Yuan (Original) Qiisborn. 
This exercise increases the elasticity of the Heart 
muscles and arteries and improves Blood circula- 
tion. It also flushes the Eight Extraordinary Ves- 
sels, increases vitality, and causes the upper half 
of the body to become lighter while making the 
lower half more solid. 

This exercise can also be used in conjunction 
with the healing sound “Shang” to treat Lung dis- 
eases (ie., asthma and chronic bronchitis), as well 
as breast cysts and tumors by purging Toxic Qi 
from the tissues of the Lung. 

ROTATING THE PALMS 

Begin from a Wuji posture, start by vigorously 
shaking the hands and then rubbing the palms 
together (Figure 41.31). 

Place both hands on the chest, and draw the 
heat from the center of the palms into the chest, 
inhaling three times. Once the chest has absorbed 
a certain amount of heat, both palms begin to ro- 


SECTION 9: MEDICAL GIGONG EXERCISE PRESCRIPTIONS 


APT 
Si el 
Wr 
Figure 41.31. Vigorously Shake Figure 41.32. Sun and Moon Figure 41.33. Sun and Moon 


the Hands Rotating Technique (A) Rotating Technique (8) 
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Figure 41.34. Expanding and Figure 41.35. Expanding and Figure 41.36. Expanding and 
Contracting the Rings (Forward-A) Contracting the Rings (Forward-B8) Contracting the Rings (Forward-C) 
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tate up the center line of the chest. The rotation of 
the arms forms two circles, that circulate the en- 
ergy from the inside to the outside of the breast. 
The focus of the intention should be on the “chest 
opening and the back closing” of the thorax. Re- 
peat this exercise 18 to 36 rotations, depending 
on the severity of the condition Figure 41.32). 

Next, rotate the circles in the opposite direc- 
tion, moving from the outside towards the center 
line of the chest and then down, circulating the 
energy from the outside to the inside of the breast. 
Repeat 18 to 36 rotations, depending on the se- 
verity of the condition (Figure 41.33). 

When the rotations are completed, the middle 
fingers of both hands slightly press the Concep- 
tion Vessel downward to descend the Qi into the 
Lower Dantian. Rub the abdomen three times and 
resume a Wuji posture. 


EXPANDING AND CONTRACTING THE 
RINGS 

Expanding and contracting the rings refers to 
the expansion and contraction of the spinal verte- 
bra. This exercise reinforces the flow of the Mi- 
crocosmic Orbit, invigorates and strengthens the 
Yuan Qi, aids in transforming Jing to Qi, and 
strengthens the entire spine. The patient's coordi- 
nation and balance are also positively affected. 

While performing this exercise, the body 
should move like a “dragon playing in the ocean 
waves” by appearing and disappearing, rising and 
sinking, and twisting and coiling. The goal is to 
stretch and loosen the spinal column, rib articula- 
tions, and the back. This will cause the body's Fire 
to descend and Water energy to ascend naturally 
through the body's center channels. 

This exercise can be modified into a station- 
ary position for convalescing patients or patient's 
confined to a wheelchair. The patient bends for- 
ward, allowing the spine to slowly stretch, shift- 
ing the body to a forty-five degree angle. 

Begin this exercise from a right Bow Stance 
(weight is shifting 70% to the back, 30% forward) 
with both hands positioned in front of the Lower 
Dantian (Figure 41.34), 

Both hands raise upward and stretch forward, 
creating an arc and stretching the spinal column. 
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When extending and stretching the spine forward, 
imagine the Earth Qi traveling up the back leg, 
through the spine and Governing Vessel to the top 
of the head (Baihui point), and extending down 
to the Yin Tang and both Laogong points at the 
center of the palms (Figure 41.35) 

While extending the energy outward, use in- 
tention to connect with the Heavenly Qi, the en- 
ergy of the horizon, or a tree (Figure 41.36). 

As both hands withdraw, shift the weight to 
the back leg, allowing the spinal column to con- 
tract. As you shift your weight back to the start- 
ing position, imagine drawing Qi up from the 
Earth into your body. Repeat nine times. End in 
the Wuji posture. Then switch directions by 
switching the position of the feet and repeat the 
entire sequence while reversing the rotation. 

‘To perform the second half of the exercise, shift 
the body's weight forward and begin moving the 
body in the reverse circular direction (Figure 41.37). 

Imagine the Heaven Qi traveling from the 
Baihui point down the Conception Vessel and out 
the front foot, extending deep into the Earth (Fig- 
ure 41.38). 

‘As the weight shifts back, imagine drawing 
Qi from the Heavens back into the body through 
the head and hands (Figure 41.39). 

Sink the Qi deep into the Earth allowing the 
body to be cleansed and purified (Figure 41.40). 
Repeat the exercise nine times. End in the Wuji 
posture. Then switch directions and repeat the en- 
tire sequence. 


DESCENDING THE YANG AND 
ASCENDING THE YIN TECHNIQUE 

This exercise cultivates Qi in the channels and 
collaterals of the lower body, aids the free flow of 
Qito the Lower Dantian, strengthens the Kidneys, 
Spleen, Stomach, and the Liver Qi, while regulat- 
ing the Gall Bladder Qi. 

Itis an excellent exercise for pulling the Earth 
Qi Spleen Qi) up while sinking the Stomach Qi, 
and is good for treating problems such as irritable 
bowel syndrome and problems caused from Ex- 
cess Heat in the Middle and Lower Burners. In 
order to treat such conditions, the exercise should 
be performed for twenty minutes, twice a day. 
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Figure 41.38, Expanding 
‘and Contracting the 
Rings (Reverse-B) 


Figure 41.37. Expanding 
‘and Contracting the 
Rings (Reverse-A) 


This exercise can furthermore be used in con- 
junction with the healing sound “Yu" to treat re- 
productive organ diseases (ie., uterine and ova- 
rian cysts, tumors, and cancer, as well as prostate 
cancer). The patient should practice a total of one 
to four hours each day, depending on the severity 
of the condition. 

Begin from a Wuji posture and embrace the 
abdomen (Figure 41.41). 

Gather Qi into the Lower Dantian and turn 
towards the left, both hands move into the 
Huantiao GB-30 point at the side of the hip (Fig- 
ure 41.42) 

Both hands slowly descend the three Yang 
channels down the outside of the left leg with a 
“pushing” action, ending on the outside of the left 
foot at the Bubbling Well point (Kd-1) at the bot- 
tom of the foot. As both hands reach downward 
to the foot, stretch the body and allow the waist 
to follow the descending Qi with a downward 
crouching movement (Figure 41.43). 

Next, shift the hands around the foot and be- 
gin ascending the three Yin channels with the 
hands inside the left leg. Continue the movement 
all the way up into the Huiyin point, pubic bone, 
\d Lower Dantian area with a “pulling” and 
irawing” action. Pull the anal sphincter upward 
while drawing the Earth Qi into the body. When 


Figure 41.39. Expanding 
‘and Contracting the 
Rings (Reverse-C) 


Figure 41.40. Expanding 
‘and Contracting the 
Rings (Reverse-D) 


both hands raise and gather Qi upward, the body 
and waist must follow the ascending and rising 
movements (Figure 41.44). 

Pause for a few seconds and let the Qi settle 
into the Lower Dantian (Figure 41.45). 

Shift the body's weight, and repeat the entire 
sequence on the opposite leg. The turning of the 
waist should match the movements of the thighs. 
The toes should naturally grasp the ground and 
the soles of the feet should feel full of Qi. Repeat 
nine times on each leg, and end in a Wuji posture. 

End the exercise by ascending and descend- 
ing the Earth Qi through both legs. 

From a Wuji posture, both hands embrace the 
abdomen to gather the Qi of the Lower Dantian 
and to separate the energy into two balls of en- 
ergy (Figure 41.46). 

Both hands then slowly descend the outside 
Yang channels of each thigh, all the way to the 
outside of the feet, ending at the Bubbling Well 
points (Figure 41.47). 

Move the hands along the front of the feet, 
toward the inside of the foot, slowly ascending 
the inside Yin channels of each thigh all the way 
up the body into the Huiyin and Lower Dantian 
areas (Figure 41.48) 

Pause and allow the Qito settle in the Lower 
Dantian, then begin again (Figure 41.49). Repeat 
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Figure 41.44 Figure 41.42, Figure 41.43, Figure 41.44, Figure 41.45, 
Descend the Yang Descend the Yang Descend the Yang Descend the Yang Descend the Yang 
and Ascend the Yin and Ascend the Yin and Ascend the Yin and Ascend the Yin and Ascend the Yin 

Technique (Single-A) Technique (B) Technique (C) Technique (D) Technique (E) 


Figure 41.46. Descend 
the Yang and Ascend the 
Yin Technique (Double-A) 


Figure 41.47. Descend 
the Yang and Ascend the 
Yin Technique (B) 


this exercise 18 times, then return to the Wuji pos- 
ture and end the exercise. 


TURNING AND WINDING THE BELT 
VESSEL TECHNIQUE 

This tonifying exercise is divided into two meth- 
ods: the Small Turning and Winding, and the Large 
‘Turning and Winding techniques. Each method of 
exercise causes a different action between the rota- 
tion of the energy’s circle, the form’s circle, and the 
internal turning action of the Lower Dantian. 


Figure 41.48. Descend 
the Yang and Ascend the 
Yin Technique (C) 


Figure 41.49. Descend 
the Yang and Ascend the 
Yin Technique (D) 


Practice the Small Turning and Winding tech- 
nique first, then proceed to the Large Turning and 
Winding technique. The small method uses a 180 
degree semicircular rotation in addition to the Belt 
‘Vessel and Lower Dantian circle rotation. 

When practicing the Large Turning and Wind- 
ing method, the patient’s mind must imagine a 
360 degree circle rotation of the Belt Vessel. The 
body moves externally in one direction, while the 
energy in the Lower Dantian rotates in the reverse 
direction. 
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Figure 41.50. Small Turning and Figure 41.51. Small Turning and Figure 41.52. Small Turning and 
Winding (A) Winding (8) Winding (C) 


Figure 41.53. Large Figure 41.54, Large Figure 41.55. Large Figure 41.56. Large 
Turing and Winding (A) Turning and Winding (B) Turning and Winding (C) Turning and Winding (0) 


The back and forth, side to side movements 
of the Turning and Winding action move the 
body’s Qi, and stimulate the energy moving 
within the Belt Vessel’s Qi circle. This energy circle 
fuses with the external rotation of the hands, al- 
lowing the energy from both external and inter- 
nal Qi circles to be absorbed into the Lower Dan- 
tian. Once absorbed into the Lower Dantian, the 
Qiexpands into the body’s center core and blends 
with the Yuan Qi. This strengthens the waist, 
spine, and enables the Middle Burner’ Qi to per- 
vade through the upper and lower parts of the 


body. This exercise also develops strong and vig, 


orous Kidneys and thus promotes the transporta- 
tion of the Kidney’s Jing and Qi. 
SMALL TURNING AND WINDING TECHNIQUE 

Froma Wij posture, step forward with the left 
foot to form a Leaning Horse stance. Raise both 
palms to waist level, in front of the Lower Dantian, 
with the palms facing the ground (Figure 41.50). 

Inhale and shift the body forward towards the 
right direction and begin to rotate, turning and 
twisting the body in a clockwise direction. Imag- 
ine gathering the Earth’s Qi into the Lower 
Dantian (Figure 41.51) 

Exhale, but allow the mind to focus on ab- 
sorbing the Earth Qi into the Lower Dantian. 
Pause for a minute, allowing the Qi to settle after 
filling the Lower Dantian (Figure 41.52). Afternine 
Circle rotations switch directions, moving in the 
opposite direction nine times. 

LARGE TURNING AND WINDING TECHNIQUE 

Bring the hands to the right side of the Ming- 
men and right Kidney area, while placing the 
mind's intention onto the Lower Dantian and na- 
vel area (Figure 41.53). 

Inhale, as you extend both hands forward, and 
begin gathering the Earth’s Qi (Figure 41.54). 

Begin to circle rotate a 270 degree turn to- 
wards the left, while internally the energy of the 
Lower Dantian circles in the opposite direction to 
the right (Figure 41.55). Imagine the navel to be 
the center of the external circle and the Belt Vessel 
tobe the internal circle. The mind’s intention leads 
the energy which guides the hands and moves the 
body and the waist. The hand movements and 
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center of weight shifting must be synchronized. 

Exhale and gather the Earth’s Qi into the left 
Kidney and Mingmen area; repeat nine times. 
Allow the Qi to fill the Mingmen and Kidneys, 
then switch directions for nine times (Figure 
41.56). End in the Wuji position. 


OPENING AND CLOSING THE HEAVEN 
AND EARTH TECHNIQUE 

‘The purpose of this exercise is to cultivate and 
strengthen the Lower Dantian energy by blend- 
ing it together with the Heaven and Earth Qi us- 
ing the Beating and Drumming the Qi method of 
Qi cultivation. This cultivation method roots and 
stabilizes the body, causing the Five Hearts to re- 
turn to their origin. The Five Hearts (sometimes 
called the Five Palms) are as follows: 

« The Heart of the Baihui area (the Crown 

Chakra) 

* The Hearts of each Laogong area (the palm 

Chakra) 

© The Hearts of each Yongquan area (the bot- 
tom of each foot Chakra) 

When the energy of the Lower Dantian dis- 
perses through the body, as the Mingmen pushes 
back, the Yuan Qi returns and gathers into the 
navel. This gathering and extending, back and 
forth action of energy of the Five Hearts trans- 
forms the body's Yuan Qi, strengthens the Yin and 
Yang energy, opens the body’s channels, and en- 
courages the merging of the Heart's Fire and the 
Kidneys’ Water Qi. This method is divided into 
two techniques: Open the Heaven and Close the 
Earth, and Open the Earth and Close the Heaven 
techniques. 

OPEN THE HEAVEN AND CLOSE THE EARTH 

Begin from a Wuji posture with the left hand 
on the Lower Dantian and the right hand resting 
on top of it, both Laogong points face the navel 
(Figure 41.57). 

Keep the mind’s intention focused on the na- 
vel as the center base. Inhale as both arms raise 
up the center line of the body (Figure 41.58). 

Extend the intention into the Heavens and 
begin to gather the universal Qi (Figure 41.59). 
Imagine Heavenly Qi descending and completely 
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Figure 41.57. Open the Heavens _ Figure 41.58. Open the Heavens _ Figure 41.59. Open the Heavens 
and Close the Earth (A) and Close the Earth (B) and Close the Earth (C) 
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Figure 41.60. Open the Heavens _Figure 41,61. Open the Heavens Figure 41.62. Open the Heavens 
and Close the Earth (D) and Ciose the Earth (E) and Close the Earth (F) 


Figure 41.63. Close Figure 41.64. Close Figure 41.65. Close Figure 41.66. Close Figure 41.67. Close 
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Figure 41.68. Collect the Qi and 
Retum it to the Lower Dantian (A) 


filling the body (Figure 41.60). Exhale and gather 
the Heavenly Qi deep into the body’s center core 
(Figure 41.61). 

Lead the energy from inside of the body's cen- 
ter core to the outside, imagining Heavenly Qi, 
like steam, releasing through the pores and fill- 
ing up the body's external energy bubble like a 
mist (Figure 41.62). Repeat 18 times. 

OPEN THE EARTH AND CLOSE THE HEAVENS 

This is the exact reverse action of the Open 
the Heaven and Close the Earth technique. Begin 
from a Wuji posture with the left hand on the 
Lower Dantian and the right hand resting on top 
of it, both Laogong points face the navel (Figure 
41.63). 

Inhale and begin to separate the hands, mov- 
ing them to the outside of the body (Figure 41.64). 
Imagine gathering the Earth’s Qi into the body as 
the hands raise upwards towards the head (Fig- 
ure 41.65). Exhale and gather the Earth’s Qi deep 
into the body’s center core (Figure 41.66). 

Lead the energy from inside of the body's cen- 
ter core to the outside, imagining the Earth’s Qi, 
like steam, releasing through the pores and fill- 
ing up the body’s external energy bubble like a 
mist (Figure 41.67). Repeat 18 times, then pause 


Figure 41.69. Collect the Qi and 
Retum it to the Lower Dantian (B) 
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Figure 41.70. Collect the Qi and 
Retum it to the Lower Dantian (C) 


and relax, returning to the Wuji posture. 


COLLECT THE QI AND RETURN To THE 
LOWER DANTIAN TECHNIQUE 

The purpose of this exercise is to gather both 
universal and environmental energy and to store 
it in the navel. This exercise is used for treating 
Deficient conditions. 

CoLLecr AND RETURN 

Begin from a Wuji posture and step out to the 
right, forming a Horse Stance. The left hand 
swings to embrace the navel and Lower Dantian 
as the body shifts its weight and twists toward 
the right (Figure 41.68). 

The body slowly begins to shift from side to 
side while the opposite hand gathers the univer- 
sal and environmental energy, gathering and 
packing it into the navel and Lower Dantian area 
(Figure 41.69). 

‘During the exchange of left and right hands 
collecting Qi, imagine that the body is swimming 
in water. Imagine the energetic consistency of the 
air, like water, following each arm as it moves, 
flowing into the center of a whirlpool located in 
the navel and Lower Dantian area (Figure 41.70). 
Repeat 18 times. End in Wuji posture. 
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QIGONG SELF-HEALING 
MASSAGE AND POINT 


THERAPY 

Qigong Massage and Point therapy is usually 
practiced after the Qigong meditations and exer- 
ise prescriptions. It involves having the patient 
lightly massage or tap the skin, while extending Qi 
into the various channels, points, and tissues. These 
self-healing massage techniques are specifically 
designed to disperse stagnations and Excess con- 
ditions, as well as to activate and regulate the ener- 
getic flow within the body’s external and internal 
channels, thereby increasing the energy flow. 

These massage techniques can be practiced 
from either a lying, sitting, or standing posture. 


WASH THE FACE 

This exercise stimulates the skin and facial 
muscles. Begin from a Wuji posture. Shake the 
hands vigorously to remove any External patho- 
genic Qi. Then slap the palms and rub the hands 
together vigorously until they get hot. Gently 
place both hands over the eyes and inhale, absorb- 
ing the heat into the face and Upper Dantian. 
While inhaling, allow the Qi to enter the Taiji Pole. 

Exhale and imagine the energy gathered in 
the Upper Dantian descending down the center 
of the body, flowing into the Lower Dantian. Per- 
form this gathering and descending action three 
times. 

Next, both hands begin to wash the face, in 
an outward circular motion. Allow the hands to 
massage the face, up from the nose, eyes, and fore- 
head, down along the temples, cheeks, and across 
the chin and mouth, returning back to the nose. 
Perform this face massage technique for 9 breaths. 

Shake the hands vigorously to remove any 
External pathogenic Qi, then proceed to the next 
exercise. 


MASSAGE THE HEAD 

Guide all ten fingers over the head and down 
over the back of the neck (this is called Ten Drag- 
ons Run Through the Forest). Repeat nine times. 
This can be performed either by touching or not 
touching the head (Figure 41.71). 
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Figure 41.71. Wash the Face and Massage the Head 
‘After rubbing the hands to heat the palms, place both 
hhands on the face and draw the heat in through the 
eyes and into the Upper Dantian (1). Next, comb the 
hair with the fingertips (2), and drain the excess Qi 
from the head and neck area (3). 


Figure 41.72. Beating the Heavenly Drum 


BEATING THE HEAVENLY DRUM 
This exercise balances the air pressure in the 
eustachian tubes and ear canals, relieves tinnitus, 
helps prevent vertigo, relaxes the mind, helps to 
improve hearing, expels stagnant Qi collected at 
the back of the head (within the Jade Pillow), and 
also stimulates the pineal gland and Kidneys’ Qi. 
Begin by interlacing the fingers and place both 
hands on the back of the head. The palm of each 
hand should cover the ears. While compressing 
the ears, close your eyes and practice the Beating 
and Drumming thumping method at the back of 
the head in the rhythmic sequence of a heart beat. 
This causes relaxation and creates an altered, in- 
utero state of consciousness. The index fingers of 
each hand should thump the Jade Pillow (BI-9) at 
the back of the occiput pass 36 times (Figure 41.72) 
‘After thumping the back of the head, clench 
the teeth, close the mouth, and bend the body over. 
Exhale while bending over and bring the head 
between the legs. The legs are straight, waist and 
buttocks are relaxed, and both eyes look towards 
the back from in-between the legs, while holding 
the breath (Figure 41.73) 
Next, raise the body up, inhale and again per- 
form the Beating the Heavenly Drum sequence. 
Practice this exercise 14 times. 


PRESSING THE EARS 

This exercise is used to enhance hearing, 
stimulate mental energy and also to stimulate the 
Kidneys’ Qi. Use the Laogong areas at the center 
ofeach palm to compress the ears (like a plunger). 
Repeat this exercise nine times (Figure 41.74). 

Next, move the right hand behind the head 
and pull the left ear (at a 45 degree angle) towards 
the back, with the left hand is placed on the Lower 
Dantian. Hold this posture for 9 breaths, then re- 
verse for 9 breaths. 


RUBBING THE EYES 


RUBBING THE EYES (SEQUENCE #1) 

This exercise is good for enhancing Qi and 
Blood circulation to the eyes for improving vision, 
treating eye diseases (especially glaucoma), reliev- 
ing fatigue (caused by eye strain), and also for 
stimulating the Liver Qi. 
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Figure 41.73. Bend the Body Over While Holding the 
Breath 


Figure 41.74. Pressing the Ears 
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With both thumbs resting on the cheekbones, 
form two soft fists and, using the edge of the index 
knuckles, begin to massage in a circle the top of the 
eyelids (from the bridge of the nose out along the 
eyebrows). Next massage just bellow the bottom of 
the eyelids from the bridge of the nose. Alternate 
from top to bottom 18 times (Figure 41.75). 
RUBBING THE EYES (SEQUENCE #2) 

With the thumbs still resting on the cheek- 
bones, use the tip of the index fingers to massage 
the points around the eyes, from the inner cor- 
ners of the skin, in a circular motion. Start rotat- 
ing in a small circle, at the BI-1 point. Circle nine 
times towards the inside, then nine times towards 
the outside, for a total of three breaths. 

Next massage the middle of the eyebrows at 
the Extra Point Yu Yao. Then proceed to the out- 
side of the eyes at the GB-1 point. (3) End at the 
base of the eyes at the St-1 point. Each area should 
be massaged 18 times (9 times towards the inside, 
then 9 times towards the outside) (Figure 41.76). 


MASSAGING THE NOSE 

This exercise is performed to treat colds, re- 
duce swelling of the sinus tissues, eliminate mu- 
cus from the airways, stimulate the sinus nerves, 
open the nasal passages, and also stimulate the 
Lungs’ Qi. 

Begin by making soft fists and use the sides 
of the thumbs to massage the sides of the nose at 
the LI-20 points in an up and down motion 9 times 
pressing inward, and then 9 times pressing out- 
ward (Figure 41.77). 

Next, use the tips of the index fingers and 
press deeply at the base of the nose at the LI-20 
points, for a period of ten seconds, then circle- 
massage for 18 rotations. Press deeply midway 
up the nose, on both sides at the Bitong points for 
a period of ten seconds, then circle-massage 18 
times. Finally, both fingers press deeply at the 
upper point at the bridge of the nose at the 
Shangen points for ten seconds, then circle-mas- 
sage 18 times. 


CLICKING THE TEETH 
‘This exercise is good for strengthening the 
teeth and gums, tonifying the jaw muscles, im- 


Figure 41.75. Rubbing the Eyes (Sequence 1) 


Figure 41.76. Rubbing the Eyes (Sequence 2) 
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proving the Qi and Blood circulation to the gum 
tissues, and also to enhance the Kidneys’ Qi. 
Clamp the jaws shut so that the teeth are pressing 
together and the jaw muscles flex. Click the teeth 
36 times. 


WAGGING THE TONGUE 
This exercise is good for stimulating the sali- 
vary ducts beneath the tongue, and also for stimu- 
lating the Heart’s Qi. Wag the tongue on the out- 
ide gums 18 times in one direction, 18 times in 
the opposite direction, then 18 times from the 
lower to upper palate, and finally, 18 times press- 
ing the tip of the tongue against the back of the 
teeth (Figure 41.78). 


‘SWALLOWING THE SALIVA 

Saliva contains many kinds of enzymes which 
aid in digestion. In ancient China, this practice was Figure 41.77. Massaging the Nose 
sometimes called the Immortal’s Water or Juice ——— ar ee 
of Jade, because the saliva is energized during the 
Qigong meditation and believed to contain spe- 
cial healing properties. 

To begin, inhale and swallow the saliva with 
big gulp (three times), using the breath as a seal 
or bubble to enclose the air, then send it down the 
Conception Vessel to bathe the Five Yin Organs, 
ending at the Lower Dantian. It is important to 
tilt the head slightly forward (after inhaling) be- 
fore swallowing the Immortal’s Water. 


WHIRLING THE NAPE AND TURNING 
THE NECK 

‘The purpose of this exercise is to massage the 
thyroid and larynx as well as to stretch the muscles 
and tendons throughout the neck and cervical 
vertebrae. 

‘To begin, place the back of the hands on the 
Kidneys. While relaxing, allow the head to relax 
and naturally hang, slowly rotating its motion to 
the left and right nine times (Figure 41.79). 

Next, suspend the head and slowly twist the 
nape of the neck to the right and left direction nine 
times. While performing this exercise, focus the 
mind’s intention on the Lower Dantian. When fin- 
ishing, focus the mind’s attention on the Bubbling 
‘Well points at the center of the feet. Figure 41.78. Wagging the Tongue 
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MASSAGING THE CHEST AND 
ABDOMEN 

The purpose of this exercise is to disperse Ex- 
cess Qi from the chest and abdominal area. This 
allows the body to balance the energy of the up- 
per torso with that of the lower torso. 

Beginning with the mind’s attention focused 
on the Laogong areas at the center of each palm 
(Pc8), brush the chest and abdomen downward 
nine times, starting from the collar bone and end- 
ing by the pubic bone (Figure 41.80). 


MASSAGE TAPPING THE HANDS (LI-4) 

Stimulating the Hegu or Joining of the Val- 
leys points. The purpose of this exercise is to clear 
and activate the channels and collaterals, regulate, 
tonify and promote the circulation of Qi, to dispel 
pathogenic Wind, clear Fire and Heat, and to tran- 
quilize the mind. 

Begin by extending both arms in front of the 
body and allow both hands to collide into each 
other, thus tapping the Hegu points located be- 
tween the thumb and first finger. Repeat nine 
times (Figure 41.81). 


MASSAGE TAPPING THE FOREARMS 
(Pc-6) 

Stimulating the Neiquan or Inner Border Gate 
points. The purpose of this exercise is to regulate 
and tonify the Qi and Blood of the Heart and Stom- 
ach, to clear the Heart Fire, transform the Heart 
Phlegm, and to calm the Heart. 

Begin by forming a hollow fist with the right 
hand and then lightly tap the Neiquan point lo- 
cated three fingers up from the wrist fold, on the 
lower left forearm area, nine times. Switch arms 
and repeat (Figure 41.82). 


MASSAGE TAPPING THE ELBows (LI- 
11) 

This exercise stimulates the Quchi or Crooked 
Pond points. The purpose of this exercise is to help 
dispel pathogenic Wind from the body, to regu- 
late the Stomach and intestines, eliminate stasis, 
relax the muscles and tendons, lubricate the joints, 
and to cool the Heat in the Blood. 

To begin, the right hand forms a hollow fist 


Figure 41.79. Whirling the Nape and Turning the 
Head 
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Figure 41.80. Massaging the Chest and Abdomen 


Figure 41.81. Massage Tapping LI-4 


and lightly taps the Quchi point located at the end 
ofthe left elbow-fold, nine times. Switch arms and 
repeat (Figure 41.83). 


MASSAGING UNDER THE ARMS (HT-1) 

This exercise stimulates the Jiquan or Supreme 
Spring points. The purpose of this exercise is to 
regulate the Qi of the Lungs and Heart, promot- 
ing the circulation of Qi and Blood, as well as to 
regulate the blood vessels. 

Tobegin, the right hand reaches under the left 
arm pit and circle massages nine times. Switch 
sides and repeat nine times (Figure 41.84). 


MASSAGE TAPPING THE UPPER 
‘SHOULDERS (GB-21) 

This exercise stimulates the Jianjing or Shoul- 
der Well points. The purpose of this exercise is to 
regulate the body’s Qi activities, disperse Liver 
Qistagnation, extinguish Liver Wind, dispel Wind 
and Cold, redirect Rebellious Qi downward, and 
to dredge Excess Qi from all the Yang channels. 

To begin, the right hand forms a hollow fist 
or soft paim and taps the left Jianjing point lo- 
cated on the upper ridge of the neck, while the 
left hand alternately taps the right Jianjing point. 
Both left and right tapping count as one set. Per- 
form nine times (Figure 41.85). 


MASSAGING THE ARMS 

This exercise stimulates the six channels of the 
arms (the three Yang channels located on the out- 
side, three Yin channels located on the inside). 

Begin by placing the right palm on the inside 
of the left shoulder. Exhale and rub the entire arm 
from inside the shoulder and arm to the fingers. 
Next inhale and rub the entire outside of the arm 
from the fingers to the outside of the shoulder. 
Continue this movement for 18 breaths, then re- 
peat on the other side (Figure 41.86). 


MASSAGE TAPPING THE LOWER 
DANTIAN (CV-6) 

This exercise stimulates the Qihai or Sea of 
Qi points. The purpose of this exercise is to ener- 
gize and tonify the lower abdominal organs, as 
‘well as to stimulate the Qi of the Lower Dantian. 
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Figure 41.85. Massage Tapping GB-21 
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Begin by stroking the chest, gathering the 
body's Qi down into the Lower Dantian. Using 
either soft fists, palms, or fingers, both hands 
lightly tap the Lower Dantian and navel area for 
three breaths (Figure 41.87), 


MASSAGE TAPPING THE BACK OF THE 
WAIST (GV-4) 

‘This exercise stimulates the Mingmen or Gate 
of Life point. This exercise stimulates and tonifies 
the Kidneys, adrenal glands, and the Mingmen. 
It is used to regulate the Governing Vessel, excite 
and strengthen Kidneys’ Yang Qi, to replenish the 
Kidneys, as well as to strengthen the lower back 
and bones. 

Begin by slightly leaning the body forward. 
Using the right and left soft palms or hollow fists, 
lightly tap the back of the waist, Mingmen and 
the Kidneys’ area for three breaths (Figure 41.88). 


MASSAGE TAPPING THE SIDES OF THE 
HIPs (GB-30) 

This exercise stimulates the Huantiao or 
Jumping Circle points. The purpose of this exer- 
cise is to dispel Wind and Cold, reduce pain in 
the thighs and legs, as well as to strengthen the 
lower back, and tonify the lower extremities. 

Using the right and left hollow fists or soft 
palms, lightly tap the hip bone Huantiao points 
nine times (Figure 41.89). 


MASSAGE TAPPING THE THIGHS (GB- 
31) 

This exercise stimulates the Fengshi or Wind's 
Market points. The purpose of this exercise is to 
dispel Wind and Cold, clear Heat, tonify the legs, 
reduce flaccidity and numbness of the lower ex- 
tremities, and to transform Dampness. 

Using the right and left hollow fists or soft 
palms, lightly tap the upper thighs at the Fengshi 
Points nine times (Figure 41.90). 

MASSAGE TAPPING THE OUTSIDE OF 
THE KNEES (GB-34) 
This exercise stimulates the Yanglingquan or 


‘Yang Mound Spring points. The purpose of this, 
exercise is to relax the muscles and tendons, acti- 
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Figure 41.88, Massage Tapping the Mingmen GV-4 


Figure 41.89. Massage Tapping GB-30 


vate the flow of Qi and Blood in the channels and 
collaterals, relieve spasms and pain, clear away 
Damp-Heat, and disperse stagnant Liver and Gall 
Bladder Qi. 

Using the right and left hollow fists or soft 
palms, lightly tap the outside of the knees at the 
Yanglingquan points nine times (Figure 41.91). 


MASSAGE TAPPING THE INSIDE OF 
THE KNEES (SP-9) 

This exercise stimulates the Yinlingquan or 
‘Yin Mound Spring points. The purpose of this ex- 
ercise is to regulate and tonify the Spleen (Yang), 
Stomach (Yin), and Lower Burner, to resolve 
‘Dampness and Damp Heat, as well as to treat knee 
pain and problems with difficulty in urination. 

Using the right and left hollow fists or soft 
palms, lightly tap the inside of the knees at the 
Yinlingquan points nine times (Figure 41.92). 


MASSAGE TAPPING THE BACK OF THE 
KNEES (BL-40) 

This exercise stimulates the Weizong or En- 
trusting Middle points. The purpose of this exer- 
Cise is to relax the muscles and tendons, activate 
the flow of Qi and Blood in the channels and 
collaterals, cool the Blood to stop bleeding, trans- 
form Damp Heat in the Bladder and intestines and 
to strengthen the waist and knees. 

Using the right and left hollow fists or soft 
palms, lightly tap the back of the knees at the 
Weizhong points nine times (Figure 41.98). 


MASSAGE TAPPING BELOW THE 
KNEES (ST-36) 

This exercise stimulates the Zusanli or Foot 
‘Three Miles points. The purpose of this exercise 
is to regulate the Stomach and intestines, facili- 
tate the flow of Qi to relieve bloating and disten- 
tion, to dissipate stagnation and obstructions, to 
promote the circulation of Ying Qi, toalleviate wa- 
ter retention and subdue swelling, and to activate 
the flow of Qi and Blood in the channels and col- 
laterals. 

Using the right and left hollow fists or soft 
palms, lightly tap the lower leg Zusanli points nine 
times (Figure 41.94). 


CHAPTER 41: MEDICAL QIGONG REGULATION EXERCISES 


Figure 41.93. Massage Tapping BI-40 
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MASSAGE TAPPING ABOVE THE 
MEDIAL MALLEOLUS (SP-6) 

This exercise stimulates the Sanyinjiao or 
‘Three Yin Crossing points. The purpose of this ex- 
ercise is to tonify and regulate the Qi and Yang of 
the Spleen, as well as regulate the Qi of the Stom- 
ach, Middle and Lower Burners, reduce digestive 
stagnation, and to facilitate Blood flow. 

Using the right and left hollow fists or soft 
palms, lightly tap the inside of the lower leg at 
the Sanyinjiao points nine times. (Figure 41.95), 


MASSAGE TAPPING THE HEELS (KD-1) 

This exercise stimulates the Yongquan or Bub- 
bling Spring points. The purpose of this exercise 
is to tonify the Kidneys’ Yin and Jing, tranquilize 
the mind, clear away Heat, purge pathogenic Fire, 
calm the Liver and to stop pathogenic Wind. 

‘Tobegin this exercise make sure that the knees 
are slightly bent. Quickly rise and fall on both 
heels to stimulate the Yongquan points and shake 
the back nine times (Figure 41.96). 


TREMBLING THE KNEES 

‘The purpose of this exercise is to disperse stag- 
nant Qi, as well as to relax the perineum. 

To begin this exercise, relax, then bend and 
straighten the knees quickly for nine times. Next 
shake them from side to side quickly in order to 
tremble and shake the entire body. Repeat nine 
times Figure 41.97). 


CIRCLING THE ABDOMEN 
The purpose of this exercise is to balance the 

Lower Dantian Qi, stimulate the Stomach and 

bowels, and enhance digestive peristalsis. 

To begin, place the center of both palms on 
the Lower Dantian, embracing the navel (for men, 
the left palm is on the top, opposite for women). 
Focus the mind’s intention deep into the Lower 
Dantian. While using the navel as the center, con- 
nect the energy of the Lower Dantian with the 
center of the palms as they rotate. 

Begin to circle 36 times counterclockwise for 
‘men (from the patient's point of view), whereas 
the rotation is clockwise for women. Allow the 
circle to gradually move from a smaller to a larger 


Figure 41,95. Massage Tapping Sp-6 


rotation (as the hands circle, imagine that they are 
dispersing the Qi). Pause and reverse the circle, 
rotating 24 times in the opposite direction, gradu- 
ally reducing the circle’s size. This will draw the 
Qi from the outer portion of the body and collect 
it into the Lower Dantian. Pause for a moment 
then return to the Wuji position (Figure 41.98). 


COMPLETING THE EXERCISE 

Upon completion of the exercise, close the 
Four Doors (the center of each palm and foot) and 
cultivate the Qi with stiliness, allowing the energy 
to return to its origin. Hold a quiet Wuji postue 
for about 15 minutes. 

‘The purpose for the first circle rotation is to 
release the Yuan Qi which has been collected and 
gathered in the Lower Dantian. This is to avoid 
any stagnation which may cause the energy flow 
toslow down. This also disperses and releases the 
Yuan Qi, allowing it to blend with the Essential 
Qi of the Five Yin Organs. 

When performing the reverse or second circle 
rotation, allow all the dispersed energy to gather 
together and return back to the Lower Dantian. 
‘This accumulates and stores the organ energy, 
blending it together with the Original Qi. 
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Figure 41.98. Circling the Abdomen to Finish 
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CHAPTER 42 


DAOIST QIGONG REGULATION EXERCISES 


This particular school of Daoist Medical Qigong 
Regulation was first introduced in the West by one 
of my teachers, Dr. Her Yue Wong. These techniques 
have become increasingly popular, as they are 
simple, yet extremely effective in tonifying and 
regulating the body's organ energy. 

The interesting thing about Western healing 
practices is that they focus on the neuromuscular 
skeletal system to the exclusion of the visceral sys- 
tem, not recognizing that the visceral system is 
necessary to supply the fuel for the neuromuscu- 
lar system. These following exercises focus on the 
visceral system and enhance the quality of life of 
the viscera. 

The system as a whole is divided into two 
sections. The first section stimulates, energizes, 
and regulates the body’s Yang organs and chan- 
nels, The second section stimulates, energizes, and 
regulates the body’s Yin organs and channels. 

The exercises can be practiced as a complete 
system, or singled out individually and practiced 
as tonification prescriptions. As with any Medi- 
cal Qigong prescription, the patient must purge 
his or her body of Toxic Qi before starting the toni- 
fication exercise and return the Qi back to the 
Lower Dantian upon completion. 


DaoIsT FIVE YANG ORGAN 
REGULATION EXERCISE 

This exercise massages the five Yang diges- 
tive organs, strengthens the peristaltic action of 
the body's digestive system, as well as increases 
the capillary circulation through the stimulation 
of the autonomic nervous system. The Yang di- 
gestive organs (Stomach, Small Intestine, Large 
Intestine, Urinary Bladder, and Gall Bladder) are 
used by the body to release waste and Turbid Qi; 
therefore, it is important to keep the Yang organs 
strong and functioning smoothly. 


The Beating and Drumming the Qi Breath 
Regulation (which is employed within this exer- 
cise) is beneficial for those patients who suffer 
from digestive problems and irregularity (i.e., 
spastic colon, chronic diarrhea, irritable bowel 
syndrome, etc.) 

When the patient’s arms swing rhythmically 
throughout the exercise, the nerves and Qi chan- 
nels of the shoulder joints become stimulated. The 
swaying action of the arms increases the circula- 
tion in the energetic channels which connect the 
different intemal organs and terminate at the hands. 

‘Although this exercise is simple, the result in 
strengthening the body's peristaltic action and 
curing digestive illnesses is very effective. The 
patient is therefore cautioned not to eat prior to 
practicing this exercise. 

SWAYING THE ARMS WHILE BEATING AND 
DRUMMING THE Qi 

Assumea wide stance with the arms suspended 
by the sides of the body. While inhaling, swing the 
arms up straight out in front of the body and then 
bring the hands in by the chest (Figure 42.1). Ex- 
pand the abdomen fully focusing the mind’s inten- 


Figure 42.1. The Daoist Five Yang Organ exercise. 
Inhale and draw the Gi into the Lower Dantian while 
swinging the hands forward, 
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tion on filling the lower abdomen with Qi. 

When exhaling, swing the arms back behind 
the body while compressing the abdomen down 
and inward directing the Qi to flow from the 
lower perineum, circulate back into the sacral 
area, then to the navel and back down to the 
perineum (Figure 42.2), 

Continue to swing the arms back and forth at 
a pace that is comfortable using natural breath- 
ing. The abdomen should expand and contract 
without forcing the respiration. The patient must 
have the anal sphincter closed throughout the 
entire exercise. Continue this repetition for at least 
50 breaths. Try to work up to 250 breaths or more 
for chronic conditions of abdominal obstruction 
and Qi stagnation within the digestive system. 

The pressing and releasing action of the ab- 
domen stimulates the energetic functions of the 
autonomic nervous system. The autonomic ner- 
vous system has two divisions: 
1. The fight or flight mechanism of the sympa- 
thetic division - which shuts down the diges- 
tive system due to the production of adrena- 
line or norepinephrine and redirects Qi and 
Blood flow to the brain and skeletal muscles, 
and 
2. The vegetative, renewal mechanism of the para- 
sympathetic division -- which draws Qi and 
Blood from the brain into the digestive system. 
The centers for neuronal control of the auto- 
nomic nervous system and also control the diges- 
tion and tubal contraction are located in the cra- 
nium and in the sacrum. The accessory nerve and 
vagus nerve carries from the brain stem, its 
nucleus (or center), all of the information to sup- 
ply the digestive system with impulses to stimu- 
late peristaltic contraction. At the lower end of the 
digestive system, the sigmoid colon, rectum, Blad- 
der and uterus are controlled by nerve fibers com- 
ing from the first, second, and third sacral fo- 
ramina. The action of the cranial-sacral division 
of the parasympathetic nervous system is to 
stimulate peristaltic action (hence the movement 
of nutrients through the digestive system). 

‘The movement of the abdominal cavity, dia- 
phragm, and thoracic cavity changes the position 
of each organ and enhances its function. By tight- 
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Figure 42.2. Exhale and compress the abdomen, 
allowing the hands to swing behind the body. 


ening the anal sphincter and compressing and re- 
leasing the urogenital diaphragm, the reproductive 
organs are also stimulated, including the uterus, 
prostate, urethra, and testicles. Finally, the Daoist 
Five Yang Organ Regulation exercise also enhances 
the peristaltic action of the body's lymphatic sys- 
tem, circulatory system, and tubal systems. 


DAoIST FIVE YIN ORGAN 
TONIFICATION AND REGULATION 
EXERCISES 

Each of the following exercises are designed 
to stimulate the specific internal Yin organ, as well 
as the paths of energy that flow from the chan- 
nels of each organ. Since the Yin organs have the 
responsibility of storing energy, each exercise is 
named for the organ it tonifies 

The Yin exercises are performed in the se- 
quence shown below without pausing in-between 
transitions. Unless specifically prescribed as a 
therapeutic modality, each exercise should flow 
directly into the next. The transitions are very im- 
portant for continuity of energy flow. This par- 
ticular Five Yin Organ series begins with an open- 
ing exercise and ends with a closing exercise. 
OPENING, COLLECTING, AND MOVING THE QI 

The opening exercise is designed to stretch and 
loosen the spinal vertebrae and to facilitate the en- 
ergy flow through the patient’s Governing Vessel. 
The spinal stretch also stimulates the flow of fluids 
and electrical impulses in the central nervous sys- 
tem (brain and spinal cord), which is nurtured by 
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the cerebral spinal fluid. When the fluid starts to 
‘move, itawakens the nervous system causing more 
nutrients to enter the cellular structure of the nerves. 
The stretching, compressing, and pumping action 
of the spinal cord stimulates the movement recep- 
tors located in all of the ligaments and fascia ener- 
gizing the body’ entire proprioceptor mechanism. 

The opening exercise is also designed to stretch. 
the connective tissue, warm the body's intercellu- 
lar matrix and tissues, stimulate the somatic sys- 
tem, free adhesions, as well as enhance the elastic- 
ity and compressibility of the ligamentous structure. 

After finishing the Daoist Five Yang Organ 
Regulation exercise, return both hands to the 
Lower Dantian. Next, raise both hands above the 
head as you inhale (Figure 42.3). 

Imagine energy (like a rushing river) flowing 
up from the feet, filling the legs, hips, waist, chest, 
arms, and head. Every square inch of the body is 
absorbing and being saturated with this Earth 
energy. When the entire body is completely full, 
the hands should still be positioned above the 
head (Figure 42.4). 

Begin to exhale and feel the hands getting 
very heavy. The heaviness pulls the hands for- 
ward and then slowly starts to pull the body over. 
Slowly bend the head forward and feel the cervi- 
cal vertebrae stretch. Let the hands pull the arms, 
which in turn will pull the shoulders and torso, 
followed by bending at the waist. The purpose 
of this movement is to feel each vertebra of the 
spine stretch sequentially so that a rippling ef- 
fect descends down the spine. This will facilitate 
maximum stretch of the spine. While bending 
over, exhale and imagine the energy melting away 
from the entire body (like ice melting into water) 
slowly dissolving and rushing down through the 
feet and out into the ground (Figure 42.5). 

Once completely bent over, imagine picking 
up a ball. Bend the knees and slowly stand up. 
While standing up, reverse the rippling of the 
spine from the coccyx, sacrum, and lower lumbar 
vertebrae to the base of the skull (Figure 42.6). Re- 
peat these movements five times. Remember to 
inhale while raising the body, bring both arms 
over your head, and exhale as the body descends. 


CHAPTER 42: DAOIST QIGONG REGULATION EXERCISES 


Figure 42.3. The Daoist Five Yin Organ Opening 
exercise. Begin by stretching the arms above the head. 


Figure 42.4. Inhale and imagine the Earth Qi like water 
filing the entire body. 


Figure 42.5. Exhale, bend the body and imagine any 
tension melting out the body into the Earth. 
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Figure 42.6, For the transition movement to the Lung 
‘Tonification exercise: inhale, bend the knees and slowly 
stand up. 
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LUNG TONIFICATION AND REGULATION 
EXERCISE 

This exercise is designed to massage the Lungs’ 
tissues and nerves, as well as tonify the entire Lung 
organs and channels. In the Lung exercise, both the 
sympathetic and parasympathetic divisions of the 
autonomicnervous system are stimulated. The com- 
pression and release action of the scapulae and tho- 
racic vertebrae stimulate the nerves, arteries, veins 
and capillary system in the thoracic region. 

‘Compressing and releasing of the muscles and 
blood vessels in the back and chest areas stimulates 
the transforming of the Qi and Blood and enhances 
the health of the individual tissue cells. The com- 
pression and release of the thorax also increases the 
stimulation of the nervous system in the Lung area, 
as well as stimulates the “release and return” ac- 
tion of the lymphatic system. All the major lym- 
phatic ducts are located in the posterior portion of 
the thoracic wall. 

‘The compression and release of the second, 
third, and fourth thoracic vertebrae stimulates the 
sympathetic preganglionic fibers from the spinal 
cord, which in turn stimulates the postganglionic 
fibers and the sympathetic outflow to the Lungs 
and bronchi. Patients practice this exercise to 
strengthen their respiratory system as well as in- 
crease the production of their Wei Qi to enhance 
their body’s immune system. 

Upon completion of the Opening exercise, the 
patient brings thehands above the head and places 
them in front of the torso at shoulder level while 
exhaling. The patient's palms should be facing 
downward parallel with the floor (Figure 42.7). 

Inhale and bring the arms straight out to the 
sides (both hands should not go any higher than 
the shoulders) (Figure 42.8). 

As the arms reach the sides of the body, ro- 
tate the palms until they face upward. Keep the 
shoulders stable and relaxed (Figure 42.9). 

While exhaling, bring the arms straight out 
in front of the body returning to the beginning 
posture (Figure 42.10). 

Allow the scapulas to gently push the arms for- 
ward. The sternum at this point is pushed inward 
soas tohollow the chest. Once thehands are aligned 
in the front of the shoulders, rotate the arms and 


Figure 42.7. The Lungs Tonification exercise: Inhale as 


the hands separate, 


Figure 42.8. Separate the Hands and turn the palms 
upward, 


Figure 42.9. Exhale as you bring the arms toward each 
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Figure 42.10. Draw the hands toward each other and 
turn the palms facing the Earth, 


inhale to begin again. Repeat 20 times. 

Note: Do not let the hands touch when bring- 
ing the arms back together towards the center line 
of the body. The body will short circuit itself, re- 
sulting in a mild shock or a sick feeling inside the 
thorax by the Heart. 

KIDNEY TONIFICATION AND REGULATION 
EXERCISE 

This exercise is designed to massage the Kid- 
neys’ tissues and nerves, as well as tonify the en- 
tire Kidney organs and channels. According to 
Western physiology, the Kidneys maintain the 
chemical, pH (potential of hydrogen), and tem- 
perature balance of the Blood. The Kidneys func- 
tion like a theostat changing the body’s ability to 
absorb, retain, or release water according to the 
environment (eg, retaining water in hot climates). 

‘The twisting back and forth, pumping action 
of the exercise stimulates an opening and closing 
action within the Kidney organ. The Kidneys re- 
ceive the major Blood supply from the abdomi- 
nal aorta. In the Kidney exercise, the action of rais- 
ing the torso upwards will literally suck Qi and 
Blood into the Kidney area. 

Patients practice this exercise to strengthen 
their reproductive system, as well as increase the 
production of their Jing, It also helps balance the 
body’s general energy condition, and can be used 
to treat sexual disorders and malfunctions. 

Upon completing the Lung exercise, both 
arms are extending straight out in front of the 
body (Figure 42.11). 

Inhaleand drop the elbows and bring thehands 
down in front of the Lower Dantian (Figure 42.12). 

Exhale and shift the weight to the left. As the 
left outer palm wraps around the back, resting it- 
self on the right Kidney, the right palm extends 
towards the left direction (Figure 42.13). 

‘The right palm, facing outward towards the left 
direction, begins to circle upwards in front of the 
face at eye level. As the palm begins to move, the 
eyes watch the back of the right palm (Figure 42.14). 

Shift the weight towards the right side of the 
body and begin leaning towards the right direction, 
The eyes continue to follow the right palm as it be- 
gins to circle downwards in front of the body. Ex- 
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Figure 42.11. After completing the Lung exercise, center 
the body to prepare for the Kidney Tonification exercise. 
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Figure 42.12. Preparation for the Kidney Tonification 
Exercise 


Figure 42.13. Kidney Tonification Exercise: exhale as 
the left outer palm wraps around the right kidney, and 
the right palm extends outward in a left direction, 
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Figure 42.14. Begin to inhale as the right palm circles 
upwards and tums outward at eye level and begins to 
descend, 
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hale while shifting the weight (Figure 42.15). 

Shift the weight, bend the knees and begin to 
ean over. While continuing to exhale, imagine 
scooping water with the right palm. Bend at the 
waist and scoop with the right arm. Keep the back 
relaxed and straight (Figure 42.16). 

Allowing the right arm to follow the motion 
of the body, begin rising up slightly while turn- 
ing forming an arc in front of the torso. As the 
palm raises, imagine the energy (which has been 
scooped into the arm) draining down the right 
arm across the shoulders and down the left arm 
into the right Kidney. Repeat this side for ten 
breaths (Figure 42.17). 

‘After completing 10 breaths switch directions 
by shifting the weight onto the right leg (Figure 
42.18 and Figure 42.19). 

‘The right hand wraps the torso ending at the 
left Kidney and Mingmen area while the left palm 
is positioned in front of the face. Begin to inhale 
and repeat 10 times on the opposite side. 

LIVER TONIFICATION AND REGULATION 
EXERCISE 

This exercise is designed to massage the 
Liver’s tissues and nerves, as well as tonify the 
entire Liver organ and channels. 

According to Western physiology, the Liver 
is the body’s master filter, collecting all of the nu- 
trients that are being absorbed from the digestive 
system via the hepatic portal vein. The Liver func- 
tions like a series of channels. The cells of the chan- 
nels are considered the processing factory for the 
entire body. If the body has a need for a particular 
nutrient, the Liver will create the enzymes for di- 
gestion, breaking down into components that 
which the body needs (or storing the components 
until needed). The Liver is also responsible for 
detoxifying, producing antibodies, and creating 
new cells to handle foreign substances recently 
absorbed by the body (storing substances of which 
ithas no need). 

The compression and release action of the 
torso causes a physical compression within the 
Liver organ itself, flushing Qi and Blood from the 
digestive system through the Liver and into the 
Gall Bladder where bile is stored. 
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Figure 42.15. Continue inhaling as you bend over at 
the waist. Once your head sinks below your hips begin 
to exhale. Allow your right palm to circle downward to 


the lett. 


Figure 42.16. Continue exhaling as your weight shifts 
to the other foot and imagine the palm scooping up water 
as the body begins to circle upward 
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Figure 42.17. As the torso begins to arch upwards, allow 
the right arm to follow the body’s movement. As the 
‘arm reaches the chest level, turn the outer palm towards 
the face and begin inhaling, 
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Figure 42.18. Preparation to switch hand positions: Shift 
the body's weight onto the right leg as the right arm 
begins to move to the back left Kidney and the left arm 
leaves the right Kidney to move forward, 


Figure 42.19. Kidney Regulation exercise final 
movement: begin to inhale as the left palm circles 
upwards and turns outward at eye level and begins to 
descend to the left. 


Patients practice this exercise to strengthen 
their tendons and ligaments. This exercise helps 
to regulate the patient’s emotional state. 

Upon completing the Kidney exercise, begin 
to unwind the arm from behind the back and ro- 
tate the hips so they face forward (Figure 42.20). 

Place the right arm straight out in front of the 
body, shoulder level, palm facing down. Place the 
left hand by the left hip, palm facing up (Figure 
42.21). 

Simultaneously draw the right palm back and 
extend the left palm forward while inhaling. The 
left hand moves forward passing the right hand 
which is moving backwards (Figure 42.22). 

The hands continue in this motion extending 
‘outward from the center line of the body. Use long, 
slow inhalation and exhalation, inhaling and exhal- 
ing every three moves. Relax and continue to re- 
peat this sequence for 20 breaths (Figure 42.23). 
HEART TONIFICATION AND REGULATION 

‘This exercise is designed to massage the 
Heart's tissues and nerves, as well as tonify the 
entire Heart organ and channels. 

‘The compression and release of the skeletal 
‘muscles squeezing and releasing the cardiac muscle 
energetically stimulates the pericardium surround- 
ing the heart. The twisting movement and compres- 
sion of the torso also enhances the fluidity of all the 
connective tissues that are involved with the Heart. 
Every time the thoracic wall moves, expands, con- 
tracts, or twists, the tissues of the Heart are pulled, 
stretched, and released. 

Patients practice this exercise to strengthen 
their circulatory system. This exercise helps to 


fy 


Figure 42.20. Preparation for the Liver Tonification 
Exercise: upon completing the Kidney exercise, begin 
to unwind the arm from behind the back and rotate the 
hips so they face forward. 
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Figure 42.21. Liver Tonification Exercise: place the right 
‘arm straight out in front of the body, shoulder level, palm 


facing down, Place the left hand by the left hip, palm 
facing up. 


Figure 42.22. Simultaneously draw the right palm back 
‘and extend the left palm forward while inhaling. The left 
hand moves forward, passing the right hand which is 


moving backwards. 
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Figure 42.23. Use long, slow inhalation and exhalation, 
inhaling and exhaling every three moves. 
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Figure 42.24. Preparation for the Heart Regulation 
Exercise: upon completing the Liver exercise allow both 
hands to sink down in front of the lower abdomen, 


Figure 42.25. Heart Tonification Exercise: imagine the 
hands embracing a ball, placing the right hand on top, 
and the left hand on bottom: inhale. 


stimulate the patient's intellectual activity and 
mental acuity or clarity. 

Upon completing the Liver exercise allow both 
hands to sink down in front of the lower abdomen. 
(Figure 42.24), 

‘Imagine the hands embracing a ball, placing 
the right hand on top, and the left hand on bottom 
(Figure 42.25). 

‘Exhale and twist the hips to the left, simulta- 
neously raising the left hand up over the head while 
extending the right hand towards the left (Figure 
42.26). 

Continue pressing until both hands extend to 
the furthest point (Figure 42.27). 

Inhale and turn the right palm upwards facing 
the sky as the body twists back to the center allow- 
ing the right hand to end up in front of the navel 
(Figure 42.28). 

‘The left hand simultaneously turns so that the 
palm faces the center of the right hand following it 
to the center line of the body (Figure 42.29). 

As the body reaches the point where it faces 
forward, twist to the right side and push in the same 
manner while exhaling. Repeat 10 times on each 
side (Figure 42.30). 
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Figure 42.26. Exhale and twist the hips to the left 
simultaneously raising the left hand up over the head 
while extending the right hand towards the left 
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Figure 42.27. Continue pressing until both hands extend Figure 42.28. Inhale and turn the right palm upwards 
to the furthest point. facing the sky as the body twists back to the center 
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Figure 42.29, The left hand simultaneously turns so that Figure 42.30. As the body reaches the point where it 
the palm faces the center of the right hand following it faces forward, twist to the right side and push in the 
to the centerline of the body. ‘same manner while exhaling, 
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SPLEEN TONIFICATION AND REGULATION 
EXERCISE 

This exercise is designed to massage the 
Spleen’s tissues and nerves, as well as tonify the 
entire Spleen organ and channels. 

Raising the arms above the head stretches all 
of the suspensory ligaments of the Spleen mak- 
ing the Spleen energetically accessible by the 
twisting movements of the torso. The compres- 
sion and release action on the connective tissue 
and fascia that support the placement of the 
Spleen allows the internal channels to become 
dilated facilitating a greater flow of Qi and Blood 
into the organ. 

While looking up and turning to the right, 
the left brainis stimulated. Consequently, by look- 
ing up and turning to the left, the right brain is 
stimulated. According to Western physiology, 
light waves come into the eyeballs through the 
retina stimulating the opticnerve, chiasma, tract, 
lateral geniculate body (stimulating the thala- 
mus), superior colliculi (in the brain stem where 
visual reflexes are initiated), optic radiations, ce- 
rebral cortex, and occipital (visual) cortex, which 
integrates both visual and memory impulses re- 
sponsible for the perception of the image. Half of 
the information received from the right eye goes 
to the right side of the brain, while the other half 
ofthe information crosses over and stimulates the 
left brain. 

Patients practice this exercise to strengthen 
their digestive system, as well as to enhance their 
visual equilibrium. 

Upon completion of the Heart exercise, bring 
both hands down to the waist level, palms facing, 
downward. Circle them above the head and per- 
form the Pulling Down the Heavens exercise. 
Next, move the palms towards the outside of the 
‘knees while twisting the thumbs to point towards 
the back of the body (this stimulates the Luo 
points of the arms and squeezes the Wei Qi of the 
hands and arms deep into the bones) (Figure 
42.31). 

The thumb and index fingers touch and form 
a triangle as the hands slowly raise above the 
head (Figure 42.32), 


Figure 42.31. Preparation for the Spleen Regulation 
Exercise 


Figure 42.32. Spleen Regulation Exercise: the thumb 
and index fingers touch and forma triangle as the hands 
slowly raise above the head 


The eyes look through the center of the tri- 
angle as the upper torso is turned from side to 
side. It is important that the hips remain station- 
ary and that the upper torso rotate in order to 
massage the digestive organs. Inhale in the cen- 
ter. Exhale on each side. Repeat 10 times on each 
side (Figure 42.33). 

ENDING, ROOTING, AND STABILIZING THE QI 

‘The purpose of the ending is to gather the Qi 
back into the patient’s Lower Dantian rooting and 
stabilizing the patient's Qi. This ending exercise is 
very important as its initial goal is to gather any 
excess Qi developed from the over stimulation of 
the Five Yin Organs and to collect the runoff en- 
ergy into the Lower Dantian (where it can be ab- 
sorbed and used by the Eight Extraordinary Ves- 
sels). Otherwise, ifthe individual unknowingly has 
a preexisting Excessive condition in a particular Yin 
organ, the additional tonification can exasperate the 
organ’ condition. To avoid this Excess condition, 
certain Medical Qigong schools will use external 
‘massage and lightly brush the energetic channels 
after practicing certain Qigong exercises and medi- 
tations to disperse any excess Qi. 

‘The soft compression used during the end- 
ing exercise increases the partial pressure of oxy- 
gen in the Blood as more oxygen passes into the 
cells. The action of moving oxygen into the cells 
creates a movement of carbon dioxide out of the 
cells increasing the exchange rate and establish- 
ing a greater metabolic breakdown. 

The breathing initiated for the ending exer- 
cise is known as “Turtle Breathing.” The Turtle 
Breathing method requires slow respiration and 
stimulates the center hub of the Belt Vessel. 

‘Upon completion of the Spleen exercise, ex- 
hale and start to separate both hands (as if em- 
bracing a ball) (Figure 42.34 and 42.35). 

Bring both hands down to waist level and 
separate the arms, moving the hands away from 
the center of the body (Figure 42,36). Inhale and 
raise the arms up over the head. Each hand is 
placed above the head as if embracing a ball (Fig- 
ure 42.37). 

Exhale and form loose fists with the hands 
(Figure 42.38). 


ChapTER 42: DAGIST GIGONG REGULATION EXERCISES 


8 
f\ 


Figure 42.33. The eyes look through the center of the 
triangle as the upper torso is turned from side to side. 
Inhale in the center, exhale on each side. 


n 


Figure 42.34. Preparation for Ending the Daoist Five 
Yin Organ Exercise (a) 
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Figure 42.35. Preparation for Ending the Daoist Five Figure 42.36. Preparation for Ending the Daoist Five 
Yin Organ Exercise (b) Yin Organ Exercise (c) 


Figure 42.37. Ending the Daoist Five Yin Organ 
Exercise: each hand is placed above the head as if 


‘embracing a ball Figure 42.38, Exhale and form loose fists with the hands. 
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Figure 42.39, As you bend over, slowly turn the soft 
fists 50 that the curled fingers face the body and begin 
‘squatting, forming a Turtle Posture. 


As you bend over, slowly turn the soft fists so 
that the curled fingers face the body and begin 
squatting forming a Turtle Posture (Figure 42.39). 

Inhale and slowly begin to raise the body up 
while opening the fists and allow the hands to 
return back to their original position at the sides 
of the body (Figure 42.40). Repeat five times and 
end in the Wuji posture. 

When practicing the Turtle Breathing method, 
the mind’s intention and respiration should be 
focused onto the Lower Dantian, navel, and 
‘Mingmen areas of the body. 

‘The Lower Dantian is divided into eight sec- 
tions (see Figure 42.41). Each section is numbered, 
beginning with the front of the Lower Dantian at 
the navel area (1), increasing in number as one 
continues over the left and right sides of the waist 
(4), ending at the Mingmen area (8). 

Think of the anal sphincter as a great funnel, 
attached in eight different segments (like canals) 
which progress up the torso. As you focus your 
mind on each section (begin with the navel at sec- 
tion 1), allow any excess energy to flow down- 


Figure 42.40. Inhale and stowly begin to raise the body 
Lup while opening the fists, and allow the hands to return 
back to their original position at the sides of the body. 


wards from that particular section to be gathered 
into the Lower Dantian. With your imagination, 
direct the breath and Qi from your torso to flow 
into each of the eight areas. 

The breath and Qi should be slowly inhaled 
and guided into the Lower Dantian via the anal 
sphincter area for an even three counts. Then, pro- 
ceed to gather Qi from the next consecutive area 
of the body. By pulling upwards on the anal 
sphincter and perineal areas, an energetic vacuum 
is created within the pelvic diaphragm and uro- 
genital diaphragm. This energetic vacuum is used 
to gather the internal organ’s excessive Qi. 

Begin with collecting Qi from the front of the 
body, to the navel via the anal sphincter. Hold the 
Qiin the Lower Dantian area for three counts, then 
proceed to the next areas at the sides of the body 
absorbing the Qi into the Lower Dantian via the 
anal sphincter for three counts. 

‘Next, proceed to the sides of the body con- 
tinuing in progression until you reach the 
Mingmen area (8). Then, reverse the progression 
beginning with the Mingmen and working around 
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Figure 42.41, When practicing Turtle Breathing, inhale and slowly begin drawing the Qi from the front ofthe body into 
the navel area (1), absorbing the energy from the Heart, Conception Vessel, reproductive organs, and Bladder into 
the Lower Dantian. This absorbing action is created by pulling upwards on the anal sphincter in the direction of the 
intended energy. Next, proceed to the sides of the body. In women, the next area (2) will include the excess energy 
gathered from both the left and right ovaries, as well as the left and right breasts. in men, however, this area (2) is 
Considered general and not specific to certain internal organs or tissues. Continue in the progression of crcing the 
‘waist until you have reached the Mingmen area (8). Then, reverse the order of the tissue areas (8, 7, 6, etc). 


the waist until you reach the navel (8, 7, 6, etc.). titioner can create the energetic vacuum and ini- 

‘Make sure that you push your anal sphincter to- _tiate the absorption of excess Qi into the Lower 

wards the direction of the area of the body from Dantian by moving his or her intention from the 

which you are absorbing Qi. anal sphincter through the Lower Dantian and 
‘After perfecting the Turtle Breathing, a prac- torso at an extremely fast speed. 


SECTION X 

TREATMENT OF INTERNAL 
DISEASES WITH QI EMISSION 
THERAPY 


INTRODUCTION 

Clinical records from China verify that Medi- 
cal Qigong treatments are most effective on ner- 
vous system diseases, migraines, bronchial 
asthma, nocturnal enuresis, psychosomatic dis- 
eases, gastric ulcers, arthritic pains, sterility, and 
in the elimination of ovarian cysts and benign tu- 
mors. 

The following chapters are designed to assist 
the Medical Qigong doctor in his or her profes- 
sional clinical practice, by explaining the various 
techniques and prescriptions used in several 
Medical Qigong Hospitals, Institutes and Colleges 
throughout China. 

These Medical Qigong techniques are pre- 
sented as basic guidelines for the Qigong doctor 
to use, and need not be followed exactly to the 
letter. They are presented as an example to advise 
Qigong doctors in treatment and prescription pro- 
tocols. 

Thave personally found these various ap- 


proaches of Chinese energetic medicine to be ex- 
tremely effective in my own clinical practice, and 
have therefore encouraged the directors of the In- 
ternational Institute of Medical Qigong to instruct 
their students in the following techniques. 

This particular section of the book (Section X) 
deals with the treatment of Zang (Yin) and Fu 
(Yang) disharmonies in clinical practice, and dis- 
cusses general and specific diagnosis, treatments, 
and prescriptions. I will begin by exploring sev- 
eral examples of the Five Elements’ disease pat- 
terns and the various techniques used to treat 
them (Chapter 43-48). Starting with the treatment 
of Liver diseases, I will progress to the treatment 
of Heart, Spleen /Stomach, Lung and Kidney Dis- 
eases. 

In the ending chapter in this section empha- 
sis will be placed on the practical application and 
theoretical principles of “Miscellaneous” diseases 
and their treatments. 


CHAPTER 43 


QI EMISSION THERAPY FOR LIVER DISEASES 


INTRODUCTION 

The Five Yin Organs’ interrelationship with 
cach other, and their complex interrelationship with 
the energetic ebb and flow of Qi must constantly be 
regulated to maintain health. The constant flux of 
energetic flow within the body sometimes causes 
an Excess or Deficiency of Qi requiring specific or- 
gan therapy for restoration and balance. This 
therapy is designed to bring the specific organ or 
organ systems back into balance by using various 
meditations, visualizations and breathing exercises. 

This section focuses on specific Liver diseases 
and how to rectify them. The Liver is responsible 
for the circulation and smooth movement of the 
body’ internal Qi. 

‘The Liverisa solid (Zang) organ which stores 
the Blood and is attributed to the element Wood. 
The Liver is sometimes referred to as the Green 
Emperor. The Liver is in charge of strategy with- 
out hesitation. It is energetically paired with the 
Gall Bladder (a hollow organ) which carries out 
the decisions made by the Liver Figure 43.1) 

The Liver houses the Hun. The Liver’s asso- 
ciation with the environment is through the eyes. 
‘Through observation, the Qigong doctor's eyes 
can receive images that reveal the status or inten- 
tion of the patient. These images are absorbed into 
the doctor's Shen via the Hun. There is an old 
Chinese saying, which goes, “When the Hun swim 
to the eyes, a person can see.” 

In the springtime, Liver Qi becomes more ac- 
tive in individuals with strong Liver Qi; whereas, 
it may become Deficient in those with weak Liver 
Qi. When Liver Qi is Deficient, the patient be- 
comes fearful; when the Liver Qiis in Excess, the 
patient becomes consumed by anger. The exces- 
sive eating or drinking of sour foods, and overex- 
posure to wind depletes the Liver. 


Figure 43.1. The Liver (Lv) Channel 
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LIVER COMPLICATIONS AND 
Symptoms. 

Liver diseases often manifest with the follow- 
ing symptoms which are common to the organ’s 
energetic dysfunction: headaches, dizziness, tired- 
ness, and mental and emotional problems. When 
Liver disorders occur, the patient may experience 
Qi movement below the left side of the navel 
(which feels hard upon pressure), pain and dis- 
tention in the hypochondria, cramps, drowsiness, 
blurred vision, etc. A list of Liver syndromes and 
their symptoms are described as follows, 

1. Stagnation of Liver Qi can cause such symp- 
toms as: headaches, mental and emotional 
problems, hypochondriac pain, abdominal 
pain and masses, diarrhea, constipation, pain- 
ful urination, dysmenorrhea, and premen- 
strual tension. 

2. Stagnant Liver Qi Invading the Stomach can 
result in epigastric pain. 

3. Stagnant Liver Qi Invading the Lungs can 
cause wheezing. 

4, Liver Yang Rising can cause such complica- 
tions as: headaches, dizziness, and tiredness. 

5. Liver Fire Blazing can cause such symptoms 
as: severe headaches, dizziness, breathless- 
ness, wheezing, coughing, mental and emo- 
tional problems, insomnia, tiredness, painful 
or scanty urination, and constipation. 

6. Liver Wind can cause headaches, dizziness, 
seizures, tremors, muscle spasms and tired- 
ness. 

7. Liver Blood Deficiency can cause such symp- 
toms as headaches, mental and emotional 
problems, tiredness, hypochondriac pain, con- 
stipation, and premenstrual tension. 

8. Liver Yin Deficiency can cause such symp- 
toms as wheezing, mental and emotional 
problems, insomnia, tiredness, and hypo- 
chondria pain. 

9. Stagnation of Liver Blood can cause such 
symptoms as headaches, mental and emo- 
tional problems, hypochondriac pain, ab- 
dominal pain, and dysmenorrhea. 

10. Damp Heat in the Liver and Gall Bladder can 
cause such symptoms as jaundice, headaches, 


‘mental and emotional problems, hypochon- 
driac pain, and abdominal pain. 


GENERAL TREATMENT FOR 


LIVER DISEASES 

‘The following is a description of a general pro- 
tocol used for treating common Liver diseases. The 
goal is to introduce the Qigong doctor to the ba- 
sic hand positions and areas of the patient's body 
towards which Qi is emitted or Turbid Qi is re- 
moved. Once the Qigong doctor becomes profi- 
cient at locating these specific points, the treat- 
ment flows more smoothly. 

‘The reader will notice that after comparing 
the various Liver and Gall Bladder therapies, cer- 
tain patterns repeat themselves. 

1, Generally, the Qigong doctor accesses the 
patient's Liver through either direct energetic 
insertion into the Liver’s anatomical location, 
or through the patient's channels or external 
energetic fields, 

2. After purging, tonifying, and regulating the 
patient, the Qigong doctor stimulates the back 
gates to the patient's Liver and the Yellow 
Court. 

3. Next, the doctor roots the patient's Middle 
Burner Qi into the Lower Dantian. 

4, Finally, the Qigong doctor leads any remain- 
ing Turbid Qi down the right Gall Bladder 
Channel and out of the patient’s body (Fig- 
ure 43.2). 

Keep in mind that these areas are general, and 
that specific treatment patterns must change as 
they apply to the patient's exact condition (Ex- 
cess, Deficient, etc.). 


MEDICAL QIGONG THERAPY FOR 
LIVER QI DYSFUNCTION 
The primary therapies used to treat Liver dis- 
eases include the Windy Breathing Method (see 
Chapter 16) to strengthen the Liver, Spleen, Lungs, 
and Kidneys, and Quiescent Qi Regulating medi- 
tations (see Chapter 14). 
1. Patients with Deficiency of Qi and Cold syn- 
dromes of the Liver may feel cold and are li- 
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Figure 43.2. Basic Treatment for Liver Stagnation 
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Figure 43.3. Purging the Child to Treat the Mother 


able to feel frightened. To treat this condition, 
the patient can practice the meditation of Tak- 
ing in the Green Qi to nourish the Liver and 
also Taking in the Blue Qi to nourish the Kid- 
neys (Formula: nourishing the mother to re- 
plenish the child). 

Patients with an Excess of Qi and Heat syn- 
dromes of the Liver may have dry eyes, pain 
in the hypochondria that may radiate down 
to the lower abdomen, and changing moods 
accompanied by flushed cheeks. To treat this 
condition, the patient can practice uttering 
“Xu” (pronounced Shu) for the Liver, and 
“Ha” for the Heart (Figure 43.3. Formula: 
purging the child to treat the mother). 

‘Note: In treating Liver diseases, exhaling the 
sound “Shu” purges and sedates, while inhal- 
ing “Shu’ replenishes and tonifies (see Chap- 
ter 40). 


. Stagnation of Liver Qi and Liver Fire Rising 


(anger or rage impairing the Liver) may cause 
an abnormal dispersing and impair the 
Liver’s function. The patient may experience 
headaches, deafness, and swelling cheeks. To 
stabilize the hyperactive Liver Yang (and 
guide the flaring up Liver Fire to descend), 
the Qigong doctor guides the patient’s Qi back 
to its origin with external energy projection. 
If treatment of Liver stagnation is not under- 
taken, there may be an organic change in the 
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Liver, resulting in hardening of the Liver or 
Liver cancer. 

4. Patients with Rebellious Liver Qi resulting in 
hypochondriac pain and stiffness with 
spasms, should be treated by guiding their Qi 
back to the origin of the Liver with external 
‘Wei Qi therapy. 


LIVER QIGONG PRESCRIPTIONS 

‘The following system of exercises canbe used 
to regulate the Qi and Blood of the Liver Chan- 
nels, soothe and regulate Qi circulation, and sup- 
press hyperactive Yang. These exercises can also 
be used to prevent and treat diseases and syn- 
dromes such as hypertension, psychoneurosis, 
chronic hepatitis, and hepatosplenomegaly (the 
enlargement of both Liver and Spleen), as well as 
bitter taste in the mouth, dry throat, dizziness, ver- 
tigo, and fullness in the chest and hypochon- 
drium. 
COLOR VISUALIZATION AND ORGAN 
CORRESPONDENCE 

In China, the clinical use of color therapy is 
prescribed according to the Five Color Correspon- 
dence Theory. Each of the five major colors are 
assigned to specific organs and their channels (see 
Chapter 4). If an organ is diseased, it will gener- 
ally appear in various shades from gray to black. 
‘To heal the disease, the patient imagines taking in 
the organ’s clean color, while dispersing the tur- 
bid pathogenic color. This visual meditation helps 
to return the organ’s Qi back tots origin, in order 
to achieve balance and health. 
PRESCRIPTIONS FOR TONIFYING THE LIVER 

Taking in the Green Qi can be used to tonify 
the Liver. The properties inherent within the color 
green have a persistent vibratory rate also used 
for tonifying the Liver and Gall Bladder. 

1. Assume a standing, sitting, or lying posture. 
Relax the whole body, breathe naturally, and 
get rid of any stray thoughts. Place the tongue 
against the soft palate on the roof of the 
mouth. 

2. Visualize green energy in front of you. Draw 
from a visual /emotional association with 
green trees, grass, bushes, etc. from your 


imagination, or if possible, actually look at a 
green object. Inhale the green light energy in 
through the nose and down into the Liver 
organ. As you exhale through the mouth, the 
dark, pathogenic Qi leaves the Liver; however, 
the bright, clean color remains in the organ, 
stimulating and vitalizing it. With each breath 
the organ retains more clean energy and be- 
gins to glow. Repeat for five breaths. 
‘Next breathe the color green in through the 
nose, filling the entire mouth. When exhaling, 
send the Gi slowly to both costal portions at 
the sides of the Lungs, and then down to the 
‘Lower Dantian. Practice eight to sixteen times. 
PRESCRIPTIONS FOR PURGING THE LIVER 

Purge the Liver by having the patient rub his 
or her chest while sounding “Shu.” Have the pa- 
tient assume a sitting or standing posture, and 
place both palms flatly on both sides of the chest 
and inhale slowly. When exhaling, the patient 
should sound the word “Shu,” while gently rub- 
bing both costal regions in a clockwise circular 
motion with both palms. Practice for ten to twenty 
breaths. 
PRESCRIPTIONS FOR SOOTHING THE LIVER 
AND CONDUCTING Qi 

The following exercise is used to regulate and. 
soothe the Liver Qi; it is used after the purging or 
tonifying exercises. 

1. Stand relaxed with both arms naturally hang- 
ing down, palms facing downward, with the 
five fingers of each hand slightly held up. 
Press down with slight force and imagine Qi 
reaching the palms and extending to the fin- 
gertips. Press the palms down three times 
(Figure 43.4), 

2. Lift both hands up in front of the chest, with 
each palm facing forward. Focus the mind on 
both palms. Push the palms forward three 
times, first drawing them closer to the body 
and then pressing them further away from the 
chest (Figure 43.5). 

3. Stretch both hands horizontally out to the 
sides of the body (as if imitating a bird that is 
stretching out its wings) with all the fingers 
pointing upward, and the palms pushing to 
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Figure 43.6. Press the palms to the sides of the body 
three times. 


Figure 43.4. Press the palms downward three times. 


Figure 43.7. Direct the Qi to flow downward from the 
Middle to the Lower Dantian three times. 


the sides. Focus your attention on extending, 
the Qi out the palms to the fingertips. Press 
the palms out to the sides three times (Figure 
43.6). 

4, Draw both palmsback to the front of the chest, 
palms facing upwards, elbows down, Rotate 
the palms to face downwards, and circle them 
down to the pubic arch, while focusing the 
mind on both palms (Figure 43.7). When Qi 
flows to the Lower Dantian turn the palms to 
face upward as if embracing a ball at the 
Lower Dantian. 

Perform this exercise three times, then place 


both hands against the sides of the body. This com- 
Figure 43.5, Press the palms forward three times. pletes one set, Do three sets, 
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MEDICAL QIGONG THERAPY 
FOR SPECIFIC LIVER 


DISEASES 
The following are several Medical Qigong 


treatments used in China to treat specific Liver 
diseases. 


DISORDERS OF THE BILIARY TRACT 
‘The biliary tract includes the organs and ducts 

that participate in the secretion, storage, and de- 

livery of bile into the duodenum. 

ErioLocy 

Disorders of the biliary track mainly include 
cholecystitis (inflammation of the Gall Bladder), 
cholelithiasis (formation of calcium or bile stones 
in the Gall Bladder), and ascariasis of the biliary 
tract (infestation by ascaris lumbricoides para- 
sites). Traditional Chinese Medicine teaches that 
the first two diseases belong to the category of hy- 
pochondriac pain or jaundice, while the last con- 
dition is called biliary ascariasis. 

Disorders of the biliary track can be caused 
by mental depression, stagnation of Gall Bladder 
Qi, the excessive intake of fatty foods, 
exopathogenic invasion, failure of biliary drain- 
age system resulting from stagnation of Damp- 
ness and Heat, or obstruction by ascarid parasites. 
Although the causes and symptoms of these dis- 
orders are different, the Medical Qigong treat- 
ments and prescriptions are the same. 
Symproms 

The onset of biliary tract disorders are usu- 
ally acute, and the pain is felt on the right upper 
abdomen and the right hypochondrium area of 
the thorax. Other symptoms include nausea, vom- 
iting, rigor, high fever, yellow-colored skin pig- 
mentation (jaundice), yellow sclera of the eyes, 
and whitish-grey stool. 

Patients with biliary ascariasis may experi- 
ence severe colic or a tearing pain below the xi- 
phoid process. The pain is sometimes so severe 
that the patient experiences extreme perspiration 
accompanied by nausea and vomiting. If the as- 
carid parasites withdraw from the biliary tract, 


the pain is immediately relieved, but can return 
intermittently. If the ascarid parasites move com- 
pletely into the Gall Bladder, the pain will be con- 
tinuous, causing Gall Bladder distention. Symp- 
toms such as jaundice, rigor, and high fever may 
appear, and a tenderness on the upper right quad- 
rant of the xiphoid process can be felt with deep 
pressure. 
TREATMENT 

Cholelithiasis (gall stones) and cholecystitis 
(inflammation) are often treated by guiding the 
‘Toxic Qi downward and out of the patient's lower 
extremities along the Liver and Gall Bladder 
Channels, and by balancing the Qi activities be- 
tween the upper and lower quadrants of the 
patient's body, as well as the right and left sides. 

1. Tobegin treating disorders of the biliary tract, 
place the patient in a sitting position on the 
table. Stimulate the BI-18, -19, -20, -21 points 
beside the patient's lower thoracic vertebrae, 
paying particular attention to the right side 
of the patient’s body. 

2. Next, extend Qi into the Gall Bladder area for 
24 breaths (on the front of the patient’s body), 
stimulating this area with the Tiger Knead- 
ing Palm technique, using Pushing, Pulling, 
and Shaking Qi manipulations. 

3. To regulate the patient's Qi, and relieve epi- 
gastric distension, the doctor purges the 
Patient's Toxic Qi, guiding it to flow out of 
the body downwards along the patient's Gall 
Bladder and Stomach Channels and out of the 
feet. 

4, Using the Vibrating Palm technique, stimu- 
late the patient's BI-18, -19, -20, -21 points on 
the right side of the body once more, this time 
for 28 breaths. Then use the same Vibrating 
Palm technique on the front side of the body 
while directing the energy towards the Gall 
Bladder for 28 breaths. 

5. Finally extend energy into the patient's BI-19 
point on the right side of the body for 12 
breaths, and using the Sword Fingers tech- 
nique, lead the Qi down the right Bladder 
Channel to the foot and out the small toe three 
times, 
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spring constant which, according to Einstein's General 
Theory of Relativity, is required in order to create a stable 
‘wormhole between our space and hyperspace. Two separate, 
but electrically connected, toroidal coils of differing radii, 
‘carry magnetic ux in opposite directions about their com- 
mon centerline. According to Maxwvell’s equation, this pro- 
duces bucking electric fields along said centerline. Because 
the two solenoids have diferent radii, the parallel spring 
constant of both coils is. negative. 

her with the negative spring constant produce a re 
resonant frequency which can distort the spacetime curva 
ture due to the creation of powerful spikes of negative mass. 
This phenomenon, similar to the common electrical thun- 
derstorm, opens up a wormbole into hyperspace through 
which low-density hyperspace energy can enter into our 
dimension, This energy finds many application in new types 
‘of power supplies, inertia-less and mass-less. spacecraft, 
‘vehicles that ean travel light-years by moving out of dimen= 
sion through byperspace, surgery-less medical tables, cranes 
for lifting heavy objects, cold-welded erystals for erystal 
rotors, folding space waveguides, and electromagnetic field 
propulsion vebieles using highly relatvistie fields, 


The negative mass 
to, 


TREATMENT MODIFICATIONS 

When treating the condition of ascariasis of 
the biliary tract, also include rubbing the abdo- 
‘men 18 times in a counterclockwise direction. 
PRESCRIPTIONS AND HOMEWORK 

In prescribing homework, place the patient 
in a standing Wuji posture, with both palms 
placed against the hypochondria. Have the patient 
slowly massage the Gall Bladder area while purg- 
ing the organ with the sound “Shu” for 24 exhala- 
tions 

Next, have the patient sit or lie down ina com- 
fortable setting. As the patient inhales, he or she 
should meditate on the word peace; as the patient 
exhales, he or she should focus on relaxation. The 
patient should focus on releasing all tension in the 
head, chest, Liver, Gall Bladder, back, abdomen, 
and waist, for 36 breaths. 


GALLSTONES 

A gallstone is a Gall Bladder stone formed as 
a result of an excess of cholesterol in relation to 
the bile acids. The formation of calculi which re- 
sults from this skewed relationship of cholesterol 
and bile is believed in Traditional Chinese Medi- 
cine to be dependent on the Liver Qi 
ErioLosy 

Stagnant Liver Qi is believed to be a prereq- 
uisite for the formation of gallstones. If the Liver 
Qi stagnates, the bile will not secrete properly, 
leading to an accumulation of Damp Heat in the 
Gall Bladder. The steaming action of Heat on 
Dampness over prolonged periods of time, leads 
to the formation of gallstones. 

Itis generally believed that gallstones are re- 
lated to cholestasis, an infection of the biliary tract, 
and metabolic disturbances of cholesterol. Gall- 
stones form when the bile contains more choles- 
terol than it can keep in solution. The cholesterol 
precipitates out to form gallstones. The incidence 
of gallstones in women is approximately twice 
that in men. Any factor which increases the 
patient's cholesterol or decreases bile acids may 
lead to the formation of gallstones (i.e., obesity, 
high fat diet, Liver disease, and bile stasis increase 
the risk of developing gallstones). There are three 
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types of gallstones: Cholesterol Stones, Mixed 
Stones, and Pigment Stones. 

1. Cholesterol stones are usually single stones, 
which ate composed almost entirely of cho- 
lesterol, and correspond to the pattern of 
Damp Heat in the Liver and Gall Bladder. 

2. Mixed stones are the most common type of 
stones, consisting of lamellated layers of cho- 
lesterol, bilirubin, and calcium. 

3. Pigment stones are less common and are al- 
ways numerous. They are composed of bile 
pigment. 

Gallstones are clinically manifested as pain in 
the right upper abdominal quadrant and right 
costal region, and are classified in Traditional 
Chinese Medicine as being placed in the catego- 
ties of either hypochrondriac pain or jaundice. 
Symproms 

* Liver Qi stagnation is manifested by pain and 
distention in the right upper abdominal quad- 
rantand right hypochondriac region. The pain 
can range from mild to severe. The patient 
may experience a distention and fullness in 
the Stomach with no obvious fever or jaun- 
dice. 

+ Damp Heat in the Liver and Gall Bladder is 
manifested by persistent pain in the right 
upper abdominal quadrant and right hypo- 
chondriac region. The pain manifests proxi- 
mally or radiates up to the right shoulder. The 
patient experiences abdominal distention, fe- 
ver, and jaundice. 

TREATMENT 

Have the patient sit on the edge of the table. 
Begin stimulating the patient’s middle-back area, 
focusing on the BI-21, BI-20, BL-19, and BI-18 
points, on the right side of the back and drain the 
Toxic Qi down the torso and out the GB-34 point 
below the knee. 

Use the Vibrating Palm hand technique and 
emit Qi into the patient's mid-back area for 14 
breaths at each point. Then emit Qi into the pain- 
ful area of the front side of the patient’s body for 
28 breaths. 

Next, applying the Extended Fan Palm hand 
technique, emit Qi into the patient’s Gall Bladder 
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for 24 breaths using the Pulling and Leading ma- 
nipulation skills to draw the Qi down through the 
Gall Bladder and Stomach Channels and out the 
patient's feet. 

‘TREATMENT MODIFICATIONS 

‘When treating a patient with a Liver Qi stag- 
nation, use the Pulling and Leading manipulations 
to draw Qi down the lower limbs of the patient’s 
body. 

‘When treating patients with Damp Heat in 
the Liver and Gall Bladder: use the Extended Fan 
Palm hand technique and emit Qi into the 
patient’s CV-12 and St-21 points, leading the Qi 
down the right Stomach Channel to the feet. 
PRESCRIPTIONS AND HOMEWORK 

Have the patient practice Liver Massage de- 
scribed in Chapter 39, while exhaling the sound 
“Shu” for 36 breaths. 

PRESCRIPTION MODIFICATIONS 
* For patients with Liver Qi stagnation, have 
the patient practice rubbing the hypochon- 
drium while imagining the Toxic Qi descend- 
ing down and out the body. Instruct the pa- 
tient to practice the Descending the Yang and 

Ascending the Yin Technique (see Chapter 41). 

‘+ For patients with Damp Heat in the Liver and 

Gall Bladder, have the patient practice rub- 

bing the hypochondrium while imagining the 

Toxic Qi descending down and out the body 

as he or she sounds the “Hu” sound to purge 

and regulate the Spleen. 


CIRRHOSIS 

Cirrhosis is a generalized disease marked by 
hepatic lesions. Itis a chronic disease of the Liver 
characterized by the formation of dense lobular 
connective tissue, degenerative changes in the pa- 
renchymal cells, structural alterations in the 
Liver lobules, and sometimes fatty and cellular 
infiltration within the Liver. 
ETIoLosy 

Cirrhosis refers to a series of pathological 
changes of degeneration, necrosis and regenera- 
tion of Liver cells, as well as the proliferation of 
fibrous tissue due to prolonged or recurrent dam- 
age of the Liver caused by various pathogenic fac- 
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tors. Cirrhosis is clinically manifested as a series 
of symptoms caused by a hypofunction of the 
Liver and portal hypertension. 

SYNDROMES 

1, Liver Qistagnation and Spleen Deficiency re- 
sults in lassitude, weakness, fullness in the 
chest and abdomen, hypochrondriac disten- 
sion and pain, occasional nausea, belching, 
and vomiting. 

2. Qi and Blood stagnation results in poor ap- 
petite, hypochrondriac distention and pain, 
and enlargement of the Spleen and Liver 
marked by spider nevus and Liver spots. 

3. Water retention results in hardiness and full- 
ness of the abdomen with a severe fullness in 
the Stomach, distention of the abdomen or in- 
testines (by gas), nausea, vomiting, and anor- 
exia. Patients with an insufficiency of Spleen 
and Kidney Yang suffer from symptoms of 
cold limbs, pale complexion, and an aversion 
to cold. Patients with a Deficiency of Liver and 
Kidney Yin experience sporadic fever, irrita- 
bility, and a dark complexion. 

TREATMENT 

Place the patient on the edge of the table and 
stimulate the BI-18 and BL-20 points on the mid- 
back, as well as the Lv-13 and Lv-14 points (at the 
sides of the body), and the CV-12 point (at the cen- 
ter of the body). Use a Vibrating Palm hand tech- 
nique to emit Qi into these points for a period of 
14 to 18 breaths. 

Use the Extended Fan Palm technique and 
emit Qi into the patient's mid-back at the BI-18 
points, as well as the sides of the torso at the Lv- 
13 and Lv-14 points. Purge and drain the Toxic Gi 
down and out the patient's body along the Gall 
Bladder and Liver Channels. 

TREATMENT MODIFICATIONS: 

‘When treating patients with Liver Qi stagna- 
tion and Spleen Deficiency, use the Vibrating Palm 
to emit Qi into the BI-20 and CV-12 points. 

When treating patients with Qi and Blood 
stagnation, use the Extended Fan Palm technique 
to emit Qi into the Lv-13 and Lv-14 points, con- 
ducting the Qi along the Gall Bladder Channel 
down the leg to GB-34, and out the body. 


When treating patients with water retention, 
use the Extended Fan Palm technique to emit Qi 
into the Sp-21 points. Lead the Qi down the Spleen. 
Channels into the lower limbs. For patients with 
a Spleen and Kidney Yang Defeciency or a Liver 
and Kidney Yin Deficiency, use a Vibrating Palm 
technique to emit Qi into the Lower Dantian and 
‘Mingmen areas. 
PRESCRIPTIONS AND HOMEWORK 

Have the patients practice self-regulation ex- 
excises to tonify the entire body's energetic sys- 
tem. 
PRESCRIPTION MODIFICATIONS 

1. For patients with Liver Qi stagnation and 
Spleen Deficiency, have the patients practice 
the Old Man Searching for the Reflection of 
the Moon at the Bottom of the Tide Pool (see 
Chapter 40). 

2. For patients with Qi and Blood stagnation, 
have the patient perform the Liver Massage 
while exhaling the sound “Xu.” 

3. For patients with water retention, have them 
practice rubbing the Yellow Court area (CV- 
12) and sounding the word “Hu to dredge 
the Spleen and Stomach. For patients with a 
Spleen and Kidney Yang Deficient, have them 
practice Gathering the Sun’s Essence (see 
Chapter 11), and for patients with a Kidney 
and Liver Yin Deficient, have them practice 
Gathering the Moon Cream. (see Chapter 11). 


CHOLECYSTITIS 

In Traditional Chinese Medicine, both sides 
of the hypochondrium are related to the Liver 
Channels. In Western medicine, however, only the 
right side reflects a possible Liver pathology. Thus, 
it is important to have a distinction between left 
and right hypochondriac pain. Cholecystitis con- 
sists of the inflammation of the Gall Bladder with 
or without gallstones. It is related to hypochon- 
driac pain on the right side of the body, It is cre- 
ated when cholesterol is maintained in the bile so- 
lution within the bile acids. Hypochondriac pain 
on the left side of the body extending to the epi- 
gastrium and left scapula is often related to acute 
pancreatitis. 


CHAPTER 43: Q1 EMISSION THERAPY FoR Liven DISEASES 


ErioLocy 
Cholecystitis is mostly caused by a bacterial 
infection or an obstruction of the bile duct. Clini- 
cally itis characterized by pain in the upper right 
quadrant of the abdomen and dyspepsia, and may 
be accompanied by nausea, vomiting, and sweat- 
ing. 
SYNDROMES 

+ Damp Heat manifestations are alternating at- 
tacks of chills and fever. Sometimes there is 
fever without chills, nausea, vomiting, loss of 
appetite, and pain in the right hypochon- 
drium region. 

* Qi stagnation manifestations are distending 
or moving pain in the right hypochondrium, 
belching, acid regurgitation, nausea, and an- 
orexia 

TREATMENTS 

1. Have the patient sit at the edge of the table. 
Stimulate the patient’s mid-back, emitting Qi 
into the BI-18, BI-19, and BI-20 points as well 
as the GB-34 point below the right knee. 

2. Using the Vibrating Palm, first emit Qi into 
the patient's mid-back for 14 breaths, then di- 
rectly into the painful area on the front side 
of the patient’s body for 28 breaths. 

3. Using the Extended Fan Palm hand technique, 
emit Qi into the patient's Gall Bladder region 
for 24 breaths, then purge the Toxic Qi down 
their right Gall Bladder Channel to the base 
of the foot and out of the body. 

TREATMENT MODIFICATIONS 
+ For patients with Damp Heat, use the Ex- 
tended Fan Palm hand technique to emit Qi 
into the patient's CV-12 area, then purge the 
Toxic Qi down the Stomach Channels to the 
base of the feet and out the body. 
+ For patients with Qi stagnation, use mostly 
purging and dredging Qi manipulations, fo- 
cusing on the patient's lower torso. 
PRESCRIPTIONS AND HOMEWORK 

Itis advisable to have the patient perform the 
Six Healing Sound Regulation exercise (see Chap- 
ter 40) 
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PRESCRIPTION MODIFICATIONS. 

* For patients with Damp Heat, it is advisable 

tohave them perform the Spleen Massage (see 

Chapter 39) while exhaling the sound “Hu” 

to purge the Spleen and Stomach, allowing 

the Toxic Qi to flow down the Spleen and 
Stomach Channels into the ground. 

‘+ For patients with Qi stagnation, it is advis- 
able to have them perform the Liver Massage 
(see Chapter 39) while exhaling the sound 
“Shu.” 


HYPOCHONDRIAC PAIN 

Hypochondriac pain is a syndrome charac- 
terized by pain in one or both sides of the hypo- 
chondrium. The hypochondrium is located on the 
part of the abdomen beneath the lower ribs on 
each side of the epigastrium. 

Chronic hepatitis, hepatolithiasis, cholelithi- 
asis, cholecystitis and other diseases related to the 
Liver and Gall Bladder can be differentiated and 
treated in accordance with the exercises described 
in the prescription section. 

ErioLocy 

Hypochondriac pain may be caused by dif- 
ferent factors such as trauma, the accumulation 
or blockage of Qi, stagnation of Phlegm and the 
Deficiency or Excess of Liver Qi (commonly seen 
in patients with Excess Liver Fire or Liver Qi stag- 
nation). The symptoms of hypochondriac pain 
may occur in one or both sides. 

SYNDROMES 

+ An Excess syndrome occurs when a patient 
suffers from Excess Liver Fire. This condition 
manifests with symptoms such as severe pain 
in the hypochondrium area with difficulty in 
breathing. The pain may radiate from both 
sides of the body, or from one side only. 

© A Deficient syndrome occurs when a patient 
suffers from a Liver Yin and Kidney Yin Defi- 
ciency (often caused by mental depression or 
hemorrhage). This condition is observed clini- 
cally with symptoms such as a dull or sharp 
pain in the hypochondrium areas. 


‘TREATMENT 
1. Begin by stimulating the patient's Middle 
Dantian and Lv-14 and Lv-13 points at the 
front of the chest in the hypochondrium area 
(on both sides or the right side only). Next, 
stimulate the patient’s mid-back around the 
BI-17 and BI-18 points and the base of the out- 
side of the knees around the GB-34 areas, 

2. Using the Extended Fan Palm hand technique, 
emit Qi into the patient’s Lv-13 and Lv-14 
points and the painful region of the chest and 
hypochondrium and begin purging the Toxic 
Qi, dredging it down the body and out of the 
extremities through the patient's Liver and 
Gall Bladder Channels. 

‘TREATMENT MODIFICATIONS 
+ For patients with an Excess syndrome, extend 
energy into the patient’s mid-back at the Bl- 
18 points. Then grasp and softly rock this tis- 
sue area to free the trapped Qi 
+ For patients with a Liver and Kidney Yin De- 
ficiency, emit Qi into the patient’s Lower 
Dantian and Mingmen area using the Ex- 
tended Fan Palm technique for 12 to 24 
breaths. 
PRESCRIPTIONS AND HOMEWORK 

1. Have the patient perform the Liver Massage 
(cee Chapter 39) and sound the healing tone 
“Shu” for 36 breaths. 

2. If the pain is on the left side of the patient’s 
chest, have the patient place his or her palms 
on the painful area and begin to purge the 
Toxic Qi from the midline of the thorax, down. 
the left side of the body, following the Gall 
Bladder Channel to the ground, for nine 
breaths. 

3. Finally, have the patient stand in a Wuji pos- 
ture and focus the mind's intention on his or 
her palms. The patient then raises the arms 
sideways, like a bird stretching its wings (cre- 
ating a "T" formation). Next, both arms em- 
brace (as if holding an imaginary ball) at the 
Middle Dantian level. The patient imagines 
the Qi from the middle chest flowing down- 
ward and rooting into the Lower Dantian. 
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INTRODUCTION 

‘The Heart is a solid (Zang) organ and controls 
Blood circulation. The Heart corresponds to the el- 
ment Fire and is sometimes referred to as the Red 
Emperor. The Heart houses the Shen and isin charge 
of mental activities and long term memory. Itis en- 
ergetically paired with the Small Intestine (a hol- 
low organ), which is in charge of separating the 
pure, clean energy from the impure Qi (Figure 44.1). 

The Heart’s upper external connection with 
the outside is through the tongue, hence sensa- 
tions of the tongue (from food, kissing and so on), 
as well as talking can travel directly into the spirit, 
mind, and emotion, affecting the Heart's desires 
and senses. 

In the early summer months, the Heart en- 
ergy becomes more active in individuals who al- 
ready have strong Heart Qi, but can become Defi- 
cient in those who already have weak Heart Qi. 
Excessive eating and drinking of bitter foods, and 
overexposure to heat depletes the Heart. 


HEART COMPLICATIONS AND 
SYMPTOMS 

‘The Heart is responsible for governing the 
flow of Blood through the body’s arteries and 
veins. Coronary artery disease (CAD) is a disease 
in which the patient's coronary arteries begin to 
harden, or impede adequate vascular flow to the 
myocardium, resulting in an insufficient supply 
of Qi and Blood throughout the body. This causes 
such diseases as hypertension, vasculitis, myo- 
carditis, congenital Heart disease, rheumatic Heart 
disease, nervous malfunctioning of the Heart, or- 
ganic pathological changes of the Heart, and ar- 
teriosclerosis of the brain. 

In general, patients with Heart disease may 
have an arterial pulse above the navel which of- 
ten disappears upon pressing, as well asa hot sen- 


Figure 44.1. The Heart (Ht) Channels 


sation in the soles of the feet and palms, dry 
mouth, stiffness of the tongue, and absentmind- 
edness. A list of Heart syndromes and their symp- 
toms are described as follows. 

1. Heart Qi Deficiency can cause such symptoms 
as: physical tiredness, palpitations, sweating, 
pallor, and shortness of breath when exerting, 
oneself. 

2. Heart Yang Deficiency can cause such symp- 
tomsas: tiredness, tightening in the chest, and 
edema. 

3. Heart Blood Deficiency can cause such symp- 
toms as: headaches, mental and emotional 
problems, tinnitus, and tiredness. 
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4, Heart Blood stagnation can cause such symp- 
toms as: mental and emotional problems, as 
well as tightness or pain in the chest. 

5. Heart Yin Deficiency can cause such symp- 
toms as: tiredness, insomnia, and mental and 
emotional problems. 

6. Heart Fire can cause such symptoms as: in- 
somnia, painful urination, and mental and 
emotional problems. 


GENERAL TREATMENT FOR 


HEART DISEASES 

The following is a description of a general pro- 
tocol used for treating a patient's Heart. The goal 
is to introduce the Qigong doctor to the basic hand 
positions and areas of the patient's body towards 
which Qi is emitted (or Turbid Qi is removed). 
Once the Qigong doctor becomes proficient at lo- 
cating these specific points, the treatment will flow 
more smoothly. 

After comparing the various Heart therapies, 
the reader will notice that certain patterns repeat 
themselves. 

1. Generally, the Qigong doctor can access the 

patient's Heart through four methods: 

« direct energetic insertion into the Heart's ana- 
tomical location, 
* the patient's channels, 
* the external energetic Wei Qi fields, or 
« the patient's Taiji Pole (Figure 44.2), 
‘To avoid energetic armoring (while access- 

ing the Qi in the front of the Heart), it is im- 

portant for the doctor to already be connected 

to the patient’s Shendao point (through the 
back of the Heart). 

2. After treating the patient (purging, tonifying, 
and regulating), the Qigong doctor stimulates 
the patient’s Heart and Shendao area, and 
roots the Upper Dantian Qi into the Lower 
Dantian. 

Next, the Qigong doctor leads any remaining 
Turbid Qi down the Pericardium and Heart 
Channels and out from the patient’s hands 
(Figure 44.3) 

Keep in mind that these areas are general and 
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Figure 44,2. Treating Heart Conditions 


Lead Toxic 
Heat down 
the 
Pericardium 
and Heart 
Channels, 


Figure 44.3, Lead the Toxic Qi out of the body through 
the patient's Pericardium Channels. 


that specific treatment patterns must change as 
they apply to the patient’s exact condition (Ex- 
cess, Deficient, etc.). 


MEDICAL QIGONG THERAPY FOR 
HEART QI DYSFUNCTION 

The primary therapies used to treat cardio- 
vascular diseases include: the Windy Breathing 
‘method to strengthen the Heart and Kidneys, Toe- 
Raised Walking, Heart Massage, and Quiescent 
meditation (see Chapter 15). 

* Patients with an Excessive Qi syndrome of the 
Heart with extreme Heat may have a flushed 
complexion, full pulse, and excess sputum; 
they may feel pain in the chest, hypochon- 
drium, back, shoulders, and arms. This syn- 
drome can be treated by having the patient 
utter the “Ha” sound while guiding the Kid- 
ney Water Qi upwards to suppress the Heart 
Fire (Figure 44.4). Alternatively, the Qigong, 
doctor may guide the Evil Qi out of the 
patient's body along the Heart and Small In- 
testine Channels with Pulling and Leading Qi 
manipulations. 

Patients with Deficient Heart Qi may dream 
of flames and red colored objects and have a 
radiating pain in the abdomen. This condi- 
tion can be treated by having the patient per- 
form the Taking in Yellow Qi meditation (see 
Chapter 4) which replenishes the child 
(Spleen), and Taking in Pink Qi meditation to 
nourish the mother (Heart); or, by using the 
Pushing and Guiding Qi manipulations to re- 
inforce the Heart Qi and the Qi in the Lower 
Dantian. 

In this particular case (Deficient Qi syndrome 
of the Heart), the reason the patient should not 
take in the energetic color red is because the Heart 
has already established a draining pattern, and 
any energy pouring into the Heart will only con- 
tinue to drain away. 


HEART QIGONG PRESCRIPTIONS 

‘To tonify the Heart, tranquilize the mind, pro- 
‘mote Blood circulation, and remove obstructions 
inthe channels, prescription exercises can be used. 
The following exercises can be used to prevent and 
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Figure 44.4. Treating Patients with an Excess Qi 
‘Syndrome of the Heart 


treat diseases and syndromes such as coronary 
Heart disease, hypertension, angina, arrhythmia, 
theumatic Heart disease, cardiac neurosis as well 
as palpitations (ranging from mild to severe), peri- 
cardial pain, and insomnia. 
PRESCRIPTIONS FOR TONIFYING THE HEART 
Taking in the Red Qi can be used to tonify the 
Heart. The properties inherent within the color red 
have a persistent vibratory rate used for tonifying 
the Heart and Small Intestine. 

1. Assume a standing, sitting, or lying posture. 
Relax the whole body, breathe naturally, and 
get rid of any stray thoughts. 

2. As you inhale, visualize red energy in front 
of you. Inhale the red light energy in through 
the nose and down into the Heart organ. As 
you exhale through the mouth, the dark, 
pathogenic Qi leaves the Heart; however, the 
bright, clean color remains in the organ, stimu- 
lating and vitalizing it. With each breath the 
organ retains more clean energy and begins 
to glow. Repeat for five breaths. 

3. Next breathe the red energy in through the 
nose and fill the entire mouth with it. When 
exhaling through the nose, send the Qi slowly 
to the Heart, then to the Lower Dantian, to 
connect the energy of the Heart and Kidneys 
and to remove obstructions in the whole body. 
Perform this exercise seven or fourteen times. 
Return to the first step and close the training. 


797 


SECTION 10: TREATMENT OF INTERNAL DISEASES WITH QI EMISSION THERAPY 


Figure 44.5. Hands rest in front of the Lower Dantian. 


PRESCRIPTIONS FOR PURGING THE HEART 
Purge the Heart by having the patient rub his, 
or her chest while sounding “Ha.” 
1. The preparatory postures are the same as 
above. 
2. Begin by clicking the teeth, stirring the tongue, 
and swallowing the saliva, then place the 
palms on the pectoral region of the left side 
of the chest (left hand on the outside for men, 
opposite for women). Inhale slowly, then 
gradually exhale the sound “Ha,” focusing the 
mind on the Heart area. Repeat for six to 
twelve breaths altogether while rubbing with 
the palm lightly in a clockwise circle. 
PRESCRIPTIONS FOR REGULATING THE HEART 
AND CONDUCTING QI 

‘The following exercise is used to regulate the 
Heart after purging or tonifying. 

1. Assume a standing or sitting posture. Relax 
the whole body, breathe naturally, and raise 
the tongue against the hard palate, just behind 
the teeth. Bring both palms loosely together 
(left over right for men, opposite for women) 
at the Lower Dantian; stand still for several 
minutes and concentrate the mind on the 
Lower Dantian (Figure 44.5). 

2, Tam both palms outward, and push the arms 
along the sides of the body towards the back. 
Hold this posture for several minutes. 

3. Tum both palms upward and lift them to the 
sides of the chest. 


Figure 44.6. Both palms simultaneously press forward. 


4, With both palms facing forward, stretch both 
hands level and forward. Focus your atten- 
tion on the ends of the middle finger of each 
hand, while the thumb and little fingers 
stretch and separate (Figure 44.6). 

5, Clench both hands into fists and pull them 
along the sides of the body towards the back, 
as if dragging heavy weights. Perform this 
movement three times (Figure 44.7) 

6. Raise the right palm, as if holding a heavy 
‘weight in front of the chest, and push the palm 
out vertically to the right. Then, draw the right 
hand back to the side of the body near the hip. 
Repeat on the left side, and finally return to. 
the starting posture. Perform these move- 
ments three times (Figure 44.8). This com- 
pletes one set. Perform three sets. 


SPECIFIC MEDICAL QIGONG 
THERAPY FOR HEART 


DISEASES 

The following are several Medical Qigong 
‘Treatments used in China to treat specific Heart 
diseases. 


HYPERTENSION 

Hypertension is considered a condition in 
which the patient has higher blood pressure then 
what is determined to be normal for his or her 
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Figure 44.7. Both hands simultaneously clench into fists 
and pull to the hips. 


Figure 44.8. Alternate each palm as it presses towards 
the side of the body. 


chronological age and physique. Generally, Tra- 
ditional Chinese Medicine places it in the catego- 
ties of vertigo and headache. 

ErioLocy 

Hypertension is one of the most common 
problems impacting the Heart. It is the result of 
an imbalance of the Yin and Yang functional as- 
pects of Deficient Kidney Yin and Excess Liver 
Yang, and/or an overabundance of Phlegm and 
Dampness within the body. 

Hypertension can be caused by the patient 
eating too much food or salt, by too much stress, 
or not enough exercise. A renin imbalance within 
the patient's Kidneys, increased cholesterol, a pre- 
existing genetic predisposition, a secondary illness 
(diabetes, nephritis, or hyperthyroidism), or even 
pregnancy can also lead to hypertension. These 
causes of hypertension can result in one of three 
internal factors: high cardiac output due to stress, 
reduced elasticity of the vessels, and resistance to 
Blood flow. 

1, When the body experiences emotional tension 
it releases adrenaline, which speeds up the 
Heart rate and causes the blood vessels to 
narrow, increasing the body’ blood pressure. 

2. A buildup of plaque and normal aging re- 
duces the vessel's elasticity and can lead to 
hypertension. 

3. Old age, certain hormonal imbalances or dis- 
orders, or a genetic predisposition can like- 
wise cause high blood pressure. 


‘The overall goals in treating hypertension pa- 
tients are to: 

1. Lower blood pressure, 

2. Stabilize blood pressure, 

3. Establish a quiescent state of mind (generally, 
meditating 20 minutes, twice a day provides 
the patient with a prolonged state of deep re- 
laxation needed to combat stress), and 

4, Encourage life-style changes (i.e., monitor 
potassium intake, decrease sodium intake, 
‘weight control, and stress reduction manage- 
ment). Treatment programs are established as 
described below. 


SYNDROMES 

As previously stated, there are three under- 
lying causes or syndromes relating to hyperten- 
sion: Excess Liver Yang, Deficient Yin, Excess Liver 
Fire, and Kidney Yin and Yang Deficiency. 

1. If the body’s Kidney Yin is Deficient, it fails 
tonourish the Liver Yin, which leads toa con- 
dition of hyperactivity of Liver Yang. The 
clinical manifestations are feelings of fullness 
in the head, daydreaming, headaches, dizzi- 
ness, tinnitus, insomnia, and dysphoria with 
feverish sensations in the chest. 

2. Excess Liver Fire can cause headaches, dizzi- 
ness, restlessness, irritability, flushed face, and 
constipation. 

3. If the body's Kidney Yang is Deficient the Yin 
(Water) accumulates, ifthe Yang doesnot move, 
the blood vessels cannot relax. This results in 
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obstructed Blood flow. The clinical manifesta- 
tions are dizziness and tinnitus, daydreaming, 
palpitations, amnesia, lassitude and weakness 
in the legs, as well as insomnia. 
TREATMENT FOR PATIENTS SENSITIVE TO 
ENERGY 
1. Use Medical Qigong therapy, and have the pa- 
tient sit in a chair with his or her feet flat on 
the ground. Begin the treatment by cleaning 
the patient’s Conception and Governing Ves- 
sels, using purgation methods. Focus specific 
attention on clearing the patient’s head area 
(Figure 44.9). Literally sweep with the entire 
hand, and comb the patient’s Wei Qi fields 
with the fingers. 
By scanning the occipital region of the pa- 
tient, you can verify that the Excess Qi in the 
patient's upper extremities has abated. Once 
these vessels are clean, you can focus on treat- 
ing the hypertension. 
2. Stand behind the patient, using the Extended 
Fan Palm technique (with both hands) extend 
energy from the left hand into the top of the 
patient's head at the Baihui GV-20 area, while 
your right hand extends energy into the back 
ofthe patient’s head, beginning at Yuzhen Bl- 
9. The two streams of Qi flow downward to 
the Dazhui GV-14 area, where they join into 
one river, which continues to flow downward 
through the patient's Taiji Pole. Continue to 
visualize these two streams joining and fill- 
ing the Lower Dantian, for a period of 6 to 12 
breaths (Figure 44.10). 
3. Next, move your left hand and extend energy 
into the patient's Yellow Court, while your 
right hand is placed above the patient's Ming- 
men area. Lead the Qi from the Yellow Court 
into the patient's Lower Dantian, continuing 
to root the Qi, for a period of 6 to 12 breaths. 
‘TREATMENT MODIFICATIONS 

These modifications are additional formulas 
which are added onto the previous treatment ac- 
cording to the specific cause and condition of the 
patient's Heart. 

1. When treating patients with Excess Liver Yang 
and Deficient Yin, use the Extended Fan Palm 


Figure 44.9. The Qigong doctor begins by dredging, 
purging and cleaning the patient's Conception and 
Governing Vessels. 


Figure 44.10. The Qigong doctor emits Qi into the 
patient's Baihul, Yuzhen and Dazhul points, in order to 
‘access the Taiji Pole and fill he patient's Lower Dantian, 
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hand technique and emit Qi into the patient's 
mid-back, drawing the energy down and root- 
ing itin the patient's Lower Dantian and Ming- 
men. 
2. When treating patients with Excess Liver Fire, 
itis important to treat the Lv-13 and -14 points, 
by dredging and purging the Excess Qi, and 
leading it down the patient's right Gall Blad- 
der Channel, through the foot and into the 
Earth, 
3. When treating patients with Kidney Yin and 
Yang Deficiency, use the Extended Fan Palm 
technique to emit Qi into the patient's mid-back, 
drawing the energy down and rooting it in the 
patient's Lower Dantian and Mingmen. 
‘TREATMENT FOR PATIENTS NOT SENSITIVE 
‘To ENERGY 

Use Jing Point therapy in conjunction with 
Medical Qigong therapy (see Chapter 36). Have 
the patient lie prone. Using the Sword Finger tech- 
nique, touch the patient’s head with the left hand 
and extend energy into the Baihui GV-20 point 
Guide this Qi down to the Lower Dantian through 
the Taji Pole, while your righthand embraces and 
energizes the patients’ Mingmen GV-4 point, 
thereby filling the Lower Dantian and rooting the 
patient’s Heart Qi (Figure 44.11). Next, treat the 
patient's LI-11, St-36, Lv-2, and Sp-6 points on both 
sides of the body to lower the patient's blood pres- 
sure. 
PRESCRIPTIONS AND HOMEWORK 

1. Astatic posture can be given to convalescing 
patients as part of a meditative homework 
prescription for treatment of high blood pres- 
sure, The prescription is as follows. 

a. Have the patients lie supine (the patients 
may use a pillow under the head for com- 
fort) and have him or her imagine that 
they are floating in warm water. 

b. The patients should perform the toning 
sound “Zheng” (prenounced Jang), and 
imagine dispersing Qi out of his or her 
body. The patient should use natural 
breathing while toning and dispersing 
the Toxic Qi. There are ten major areas, 
from the top of the head to the bottom 


Figure 44.11. If the patient is not sensitive to energy, 
have them lie prone, and apply Jing Point Therapy in 
conjunction with Qi emission. 


Figure 44,12. In this Static posture used to treat high 
blood pressure the patient lies supine and performs the 
toning sound “Zheng” (Jang), for dispersing Gi 


of the feet, from which the patients 
must discharge the toxins. These areas 
include: the top of the head, Upper 
Dantian, throat, Middle Dantian, Yel- 
low Court, Lower Dantian, the center 
ofthe thighs, knees, ankles, and bottom 
of the feet (Figure 44.12), 

c. After several minutes the patients will 
relax and focus their attention on the 
Lower Dantian or Bubbling Well points 
at the bottom of the feet. 

2. Another meditation prescription given to pa- 
tients with hypertensionis tohave them sitand 
imagine the feeling of warm water pouring 
down over thehead, torso, extremities, and feet. 
‘This meditation should be practiced several 
times a day, using 36 breaths each time. 

3. The patient can also be given the prescription 
of rubbing the hypochondrium and toning the 
sound “Shu” to purge Excess Heat from the 
Liver. 
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PALPITATION 

A palpitation is an abnormally rapid throb- 
bing or fluttering of the Heart. The symptom is 
characterized by nervous feelings or restlessness 
due to strong anxitey or fright. Clinically, it mostly 
attacks paroxysmally and is caused by emotional 
stress or overexertion. Symptoms such as insom- 
nia, vertigo, tinnitus, etc. often accompany palpi- 
tations 

Diseases with palpitation as the main mani- 
festation include arrhythmia, iron-deficiency ane- 
mia, aplastic anemia, hyperthyroidism and anxi- 
ety disorders. These diseases may all be differen- 
tiated and treated in reference to the prescriptions 
described in this section. 
EtioLocy 

There are several factors which contribute to 
palpitations. These factors and their symptoms are 
described as follows. 

1. In patients suffering from Deficient Qi and 
Blood, and Deficient Heart Qi, palpitations 
may occur following sudden mental irritation. 
‘The patient may note unduly rapid heartbeat 
accompanied, in cases of Deficient Heart Qi, 
by pallor, restless sleep at night, dizziness and 
vertigo. This condition may also be caused by 
Deficient Heart Blood that fails to nourish the 
Heart. 

2. Phlegm Fire disturbing the Heart may also 
give rise to palpitations. In cases with inter- 
nal disturbances of Phlegm Fire, symptoms 
also include fidgeting and disorientation. 

3. Another factor causing palpitations is a Defi- 
ciency of Heart Yang that leads to fluid reten- 
tion. In cases of fluid retention with epigastric 
stiffness symptoms will also include: dizziness, 
excessive salivation and mental fatigue. 

TREATMENT 

1. Begin by extending Qi into the patient's Bl- 
14, BI-8, CV-15, and CV-17 points. To open 
up these points, emit Qi into the tissue areas 
surrounding these points using the Extended 
Fan Palm technique. 

2. Next, use the Sword Fingers hand technique 
and vibrate Qi into each of these points for 
the duration of six to twelve breaths at each 


point. Upon completion, the doctor will then 
guide the Qi back down the patient's torso 
and root it into the patient’s Lower Dantian. 
3. Finally, the doctor emits Qi into the patient's, 
Yellow Court area using the Extended Fan 
Palm technique and then guide the Heart and 
Pericardium Channel Qi down the patient’s 
arms using Pushing, Pulling and Leading 
techniques. This ending is performed to bal- 
ance the Qi in the upper and lower aspects of 
the patient's body. 
4, As with every treatment, end the procedure 
by regulating the patient’s Microcosmic Or- 
bit (Fire Cycle). 
TREATMENT MODIFICATIONS 

These modifications are additional formulas 
which are added onto the previous treatment ac- 
cording to the specific cause and condition of the 
patient's Heart. 

1. In cases of insufficiency of Heart Blood, add 
BI-17 and BI-20 to the treatment points. 

2. In cases of internal disturbance of Phlegm 
Fire, purge from the CV-12 to St-40 points. 

3. In cases of Fluid retention, add BI-21 and BI- 
22 to the treatment points, for 14 to 24 breaths. 
Then, guide the Qi to flow down the patient’s 
Gall Bladder Channels into their BI-40 points. 

PRESCRIPTIONS AND HOMEWORK 

1. For treatment of palpitations due to Deficient 
Heart Blood, have the patient practice the 
method of Taking in the Red to nourish the 
Heart (see Chapter 4). Have the patient send 
the red Qi slowly down into the Heart and then. 
to the Lower Dantian during the exhalation. 
Practice should be for several minutes, accord- 
ing to the patient's strength and constitution. 

2. For treatment of palpitations due to Phlegm 
Fire, have the patient place both hands on the 
Heart and slowly inhale. As the patient exhales, 
he or she should pronounce the sound “Ha.” 
This exercise should continue for several min- 
utes, 

3. For Heart regulation, have the patient prac- 
tice the Heart exercise from the Daoist Five 
Yin Organ prescriptions (see Chapter 42). 


RHEUMATIC HEART DISEASE 

Rheumatic valvular Heart disease is a condi- 
tion where there is chronic damage of the cardiac 
valve caused by rheumatosis. It clinically mani- 
fests with palpitations, dyspnea and edema. 
‘SYNDROMES 

1. Heart Blood stagnation is manifested through 
symptoms such as severe palpitations, bad 
cough with hemoptysis, lassitude and weak- 
ness, purplish-red color of the lips, nails and 
zygomatic facial regions, pain in the Heart, 
chest, or both. 

2. Deficient Qi and Blood manifests through 
such symptoms as shortness of breath, palpi- 
tations which are aggravated on exertion, per- 
spiration and pale complexion. 

3. Heart and Kidney Yang Deficiency manifest 
through such symptoms as palpitations, pale 
or darkish complexion, edema, cough, cold 
hands and feet and dyspnea. 

TREATMENT 

1. Have the patient sit at the edge of the table, 
and begin to stimulate the Shendao (GV-11) 
and Middle Dantian areas. 

2. Use the Vibrating Palm hand technique and 
emit Qi into the patient’s Yellow court and 
‘Shendao (GV-11) area for 6 to 12 breaths. 

3. Use the Extended Fan Palm hand technique 
and emit Qi into the patient's Heart region, 
leading Qi down the Heart and Pericardium 
Channels to the tips of the fingers (on both 
sides of the body). 

‘TREATMENT MODIFICATIONS 

1. When treating patients with Heart Blood stag- 
nation, use the Extended Fan Palm hand tech- 
nique and emit Qi into the patient’s Middle 
Dantian, leading the stagnant Qi down the 
Heart and Pericardium Channels and out the 
hands (on both sides of the body). 


2. When treating patients with Deficient Qi and 
Blood, use the Extended Fan Palm technique 
and emit Qi into the patient’s Middle Dan- 
tian (both Shendao GV-11 and CV-17 areas), 
leading the Qi down the Conception Vessel 
to the Lower Dantian to root and stabilize the 
patient's Qi. 

3. When treating patients with Heart and Kidney 
Yang Deficiency, use the Extended Fan Palm 
technique and emit Qi into the patient's 
Shendao (GV-11) and Mingmen (GV-4) for 24 
breaths. 


PRESCRIPTIONS AND HOMEWORK 
When prescribing homework for patients 
with rheumatic Heart disease, have them begin 
with a quiescent sitting meditation, while focus- 
ing on their Lower Dantian. 
PRESCRIPTION MODIFICATIONS 
1. Have patients with Heart Blood stagnation 
perform the Heart Massage exercise (see 
Chapter 39), while toning the sound “Ha.” 
2. Itis advisable for patients with Qi and Blood 

Deficiency to practice the method of Taking 

in the Yellow Qi into the Spleen and Red Qi 

into the Heart from the natural environment. 
3. Have patients with Heart and Kidney Yin De- 
ficiency practice Gathering the Moon Cream 

(see Chapter 11), as well as the method of Tak- 

ing Yellow Qi into the Spleen and Red Qi into 

the Heart from the natural environment (see 

Chapter 4). 

ConTRaINDIcATIONS 

‘The Heart may either have functional or struc- 
tural problems. In either condition, Medical 
Qigong is contraindicated when working directly 
over a pacemaker. 

Also, when treating Heart conditions, make 
sure the patient is under a Western doctor’s care, 
and inquire as to any medications the patient may 
be taking. 
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CHAPTER 45 


Qi EMISSION THERAPY FOR SPLEEN/STOMACH 


DISEASES 


INTRODUCTION 

‘The Spleen is a solid (Zang) organ and it stores. 
and nourishes Ying (Nourishing) Qi. The Spleen 
corresponds to the element Earth and is sometimes 
referred to as the Yellow Emperor. It houses the Yi, 
which governs the intention, thought, study, con- 
centration, and memorization. It is energetically 
paired with the Stomach (a hollow organ). The 
Spleen isin charge of transporting, distributing and 
transforming nutrients and Qi into Gu Qi, as well 
as controlling Blood circulation (Figure 45.1). 

The Spleen’s external connection with the out- 
side world is through the mouth, hence any con- 
nection with the mouth can affect the body’s ac- 
quired constitution, developing a tolerance or in- 
tolerance to specific substances (allergies), as well 
as affect concentration and thought. 

Inthelatesummer months, Spleen Qibecomes 
more active in individuals who already possess 
strong Spleen Qi, but can become Deficient in those 
individuals who already have weak Spleen Qi. Ex- 
cessive eating and drinking of sweet foods, and 
overexposure to dampness weakens the Spleen. 


SPLEEN COMPLICATIONS AND 
SYMPTOMS 

Because of the importance of both the Spleen 
and Stomach, this chapter is divided into two 
separate sections. The first section focuses on spe- 
cific Spleen diseases and how to rectify them. The 
second section explores the energetic dysfunctions 
of the Stomach. 

The following discussion of treatment begins 
with an explanation of Spleen complications and 
symptoms. Spleen syndromes have symptoms 
which are common to the organ’s energetic dys- 
function such as: diarrhea, tiredness, and edema. 
Allist of Spleen syndromes and their symptoms 
are described as follows. 


Figure 45.1. The Spleen (Sp) Channels 
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1. Spleen Qi Deficiency can cause such symp- 
tomsas: wheezing, tiredness, abdominal pain, 
diarrhea, constipation, painful urination, en- 
uresis, bleeding and menorrhagia. 

a. Patients with a failure of normal trans- 
porting and transforming Qi activity in 
the Spleen may have a poor appetite, 
abdominal distention, loose stools, 
edema and retention of Phlegm. 

b. Deficient Spleen Qi may cause the Qi 
in the Middle Burner to sink. This re- 
sults in shortness of breath, unwilling- 
ness to talk, persistent diarrhea, pro- 
lapse of the anus or uterus, or gastrop- 
tosis (downward displacement of the 
Stomach). 

©. Spleen Qi Deficiency can result in fail- 
ure of the Spleen to control the Blood 
circulation and may be manifested by 
the following symptoms: bloody stool, 
bleeding from the uterus, and subcuta- 
neous hemorrhaging. 

2. Spleen Yang Deficiency can cause such symp- 
toms as: tiredness and edema. 

3. Spleen Blood Deficiency can result in fatigue. 

4. Spleen Yin Deficiency can result in tiredness. 

5. Damp Heat in the Spleen can cause such 
symptoms as: sinusitis, edema, common cold, 
and influenza. 

6. Dampness in the Spleen can cause such symp- 
toms as: diarthea, tiredness, edema, and Wind 
Stroke. 


GENERAL TREATMENT FOR 


SPLEEN DISEASES 

‘The following is a description of a general pro- 
tocol used for treating the Spleen. The goal is to in- 
troduce the Qigong doctor to the basic hand posi- 
tions and areas of the patient’ sbody towards which 
Qi is emitted (or Turbid Qi removed). Once the 
Qigong doctor becomes proficient at locating these 
specific points, the treatment will flow more 
smoothly. 

‘After comparing the various Spleen therapies, 
the reader will notice that certain patterns repeat 


Energize 
the 
Deficient 
Spleen. 


Energize 
the Lower 
Dantian, 


Purge the Toxic 
Spleen Qi down the 
‘Stomach Channel 
and out the St-36 


Figure 45.2. Treating Spleen Conditions 
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themselves. 

1. Generally, the Qigong doctor accesses the 
patient’s Spleen through either direct ener- 
geticinsertion into the Spleen’s anatomical lo- 
cation, or through the patient’s channels and 
external energetic fields. 

2. After treating the patient (purging, tonifying, 
and regulating), the Qigong doctor stimulates 
the patient's Spleen and Yellow Court areas, 
and roots the patient's Middle Burner Qi into 
the Lower Dantian. 

3. Next, the Qigong doctor leads any remaining 
‘Turbid Qi down the Stomach Channels and 
out of the patient's St-36 points (Figure 45.2). 
Keep in mind that these areas are general and 

that specific treatment patterns must change as 
they apply to the patient's exact condition (Ex- 
cess, Deficient, etc.). 


MEDICAL QIGONG THERAPY FOR 
SPLEEN QI DYSFUNCTION 

The primary therapy used to treat the Spleen 
and gastric diseases include the Windy Breathing 
method (see Chapter 16) to strengthen the Liver, 
Spleen, Lungs, and the Kidneys. 

1, Spleen diseases should be treated by vocaliz- 
ing the “Hu” sound, which is effective for re- 
moving Turbid Qi accumulated in the Spleen, 
as well as for aiding digestion (Figure 45.3). 

2, To treat insutfficiencies of the Middle Burner, 
the doctor emits Qi into the patient's Zhong 
Wan CV-12 point and Lower Dantian points 
to reinforce the patient's Qi in the Middle 
Burner area. 

3. Patients with an Excess Heat syndrome of the 
Spleen should be treated by guiding the Qi 
out along the Spleen and Stomach Channels 
with Pulling and Leading Qi manipulations 
to expel the Turbid Qi from both the Spleen 
and Stomach. 

EN QIGONG PRESCRIPTIONS 

The following exercise regulates the Qi and 
Blood of the Spleen Channels, strengthens the 
Spleen and replenishes Qi. It also regulates the 
Stomach and promotes digestion. It can be used 
to prevent and treat diseases and syndromes such 


—— 


Figure 45.3, The "Hu" sound will purge the Spleen. 
as: gastritis, gastric and duodenal ulcers, colitis 
and gastrointestinal neurosis, abdominal disten- 
tion, diarrhea and constipation. 
PRESCRIPTIONS FOR TONIFYING THE SPLEEN 
‘The method of Taking in the Yellow Qi can be 
used to tonify the Spleen. The properties inherent 
within the yellow color have a persistent vibra- 
tory rate used for tonifying the Spleen and Stom- 
ach. 

1, Assume a standing or sitting posture. Relax 
the whole body, breathe naturally, and get rid 
of any stray thoughts. 

2. When inhaling, imagine yellow energy in 
front of you, Inhale the yellow light energy in 
through the nose and down into the Spleen 
organ. As you exhale through the mouth, the 
dark, pathogenic Qi leaves the Spleen; how- 
ever, the bright clean color remains in the or- 
gan, stimulating and vitalizing it. With each 
breath the organ retains more clean energy 
and begins to glow. Repeat for five breaths. 

3. Next breathe the color yellow in through the 
nose, filling the entire mouth. When exhaling 
through the nose, send the Qi slowly to the 
Zhongwan CV-12 point, then out to the four 
limbs, skin, and hair. Repeat five to ten times. 
Retum to the beginning posture and close the 
training. 
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Figure 45.4. Twist at the waist, swing the arms, and 
look towards the opposite direction, focusing the mind's 
intention on the heel 


PRESCRIPTIONS FOR PURGING THE SPLEEN 

Purge the Spleen by having the patient rub 
his or her epigastrium while toning the sound 
“Hu.” 

Assume a sitting or standing posture. Gently 
place both palms (left on the outside for men, op- 
posite for women) flatly on the Zhongwan CV-12 
point on the upper abdomen. Exhale, rubbing the 
palms in a clockwise direction while sounding 
“Hu”. Perform ten to twenty breaths. 

Dredging the Spleen and Stomach 

The following exercise is used to purge Toxic 
Qi from the Spleen and Stomach. 

1. Assumea standing posture and breathe natu- 
rally. While relaxing the whole body, twist at 
the waist as you swing both arms in front of 
the body to the left, then to the right. Look in 
the opposite direction when turning the torso. 
As you tum your torso, your mind should be 
focused on your heels. Continue until you fee! 
all tension has left your body (Figure 45.4). 

2. Assumeasitting posture. While sitting on abed, 


Figure 45.5. Turn and look over the shoulder with both 
‘eyes wide open. 


press the palms level on the mattress and medi- 
tate until you feel peaceful and relaxed. Tum 
the head towards the left and look over your 
left shoulder into the distance. Then turn the 
head to the right and look back over your right 
shoulder into the distance. Pause in the center, 
facing forward (Figure 45.5). When looking 
over the shoulders, both eyes should be wide 
open. Repeat five times in each direction. 
PRESCRIPTIONS FOR REGULATING THE 
SPLEEN AND CONDUCTING Qi 
The following exercise is used to regulate the 
Spleen after purging or tonifying. 

1. Ina Wuji posture, begin by placing the hands 
on the Yellow Court and begin circle rotation 
ina clockwise direction for 36 rotations, end- 
ingat the Lower Dantian. Pause for 18 breaths 
to root the Spleen Qi in the Lower Dantian. 

2. Next, rotate the abdomen in a counterclock- 
wise direction for 36 rotations, ending at the 
Lower Dantian. Pause for 18 breaths and re- 
turn to Wali posture. 
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SPECIFIC MEDICAL QIGONG 
THERAPY FOR SPLEEN 


DISEASES 

The following Medical Qigong treatment is 
used in China to treat specific types of Spleen dis- 
case. 


DIABETES 
Diabetes refers to a syndrome characterized 
by polydipsia (excessive thirst), polyphagia (ex- 
cessive eating), and emaciation. Itisa general term 
used to describe diseases characterized by insuf- 
ficient secretion of insulin and excessive urination. 
The prescriptions described in this section can 
also be used for the treatment of such disorders 
as: psychogenic polyuria, polyphagia due to hy- 
perthyroidism, hyperhidrosis (excessive sweat- 
ing), and emaciation. 
ErioLoay 

According to Traditional Chinese Medicine, 
diabetes is caused by disturbances in the Spleen 
and Stomach functions of transforming and trans- 
porting energy and the accumulation of toxic Heat 
in the body. These malfunctions can be due to eat- 
ing too much sweet and greasy food, or drinking 
too much alcohol. 

From the Western medical perspective, there 
are two types of diabetes, one type can be con- 
trolled through diet, the other cannot (usually he- 
reditary). Diabetes is included in metabolic dis- 
ceases (the Beta cells in the pancreas do not pro- 
duce enough insulin) and caused by pathogenic 
factors relating to genetic predispositions, envi- 
ronmental stress, diet, obesity, and alcohol con- 
sumption. 

In the Medical Qigong clinic there are three 
‘main factors that can contribute to the origination 
of diabetes: improper diet, emotional factors, and 
congenital predisposition. 

1. The first factor is due to improper diet, includ- 
ing the excessive intake of alcohol, acrid, sour, 
pungent and greasy foods. The excessive intake 
of these types of foods can cause stagnation at 
the Middle Burner (which houses the Stomach 
and Spleen), and failure of the Stomach and 


Spleen to transport the accumulated Heat in- 

side the body. This in turn can give rise to fail- 

ure of the body’s Yin fluids tonourish the Lungs 
and Kidneys, resulting in diabetes. 

2. The second factor is due to a state of constant 
emotional upheaval. Emotional upsets can lead 
to stagnation of Qi which in tum impairs the 
body’s Fluids, causing a Yin Deficiency with a 
hyperactivity of Evil Fire, resulting in diabetes. 

3. The third factor is due to a genetic predisposi 
tion that can eventually surface if the patient is 
negligent with his or her diet and emotional 
health. 

‘The Qigong doctor focuses on strengthening 
the patient’s Spleen and Stomach, regulating the 
Liver Qi, and tonifying the Lung, Stomach, and 
Kidney Yin (which has been consumed by the 
Toxic Heat). It also is helpful to monitor the 
patient's eating habits to correct the disturbed 
metabolic rate and promote the regeneration and 
secretion by the patient's pancreatic islet cells. 
SymProms 

1. Diabetes involving the Upper Burner is char- 
acterized by excessive thirst, dry throat, dry 
tongue, and frequent urination. 

2. Diabetes involving the Middle Burner is char- 
acterized by consuming abnormally large 
quantities of food during meals, emaciation, 
or constipation, 

3. Diabetes involving the Lower Burner is char- 
acterized by frequent sweet smelling urina- 
tion, or chyluria (passing of fat globules in the 
urine), and weakness and softness in the waist 
and knees. 


TREATMENT 

1. Begin by stimulating the BI-23, BI-20, BI-13, 

St-36, and Sp-6 points on both sides of the 
patient's body. 

2. Then purge and dredge the patient's CV-12, 
CV-4, and St-21 points. 

3. Next, use the Extended Fan Palm hand ma- 
nipulation with the Vibrating Palm technique 
to emit Qi into the patient's BI-23, BI-20, BI- 
13, CV-12, and CV-4 for six to twelve breaths 

4, Continue emitting Qi into those points and 
into the Middle Dantian to regulate the Qi 


activities of the Upper, Middle, and Lower 
Burners. 
5. End the treatment by softly holding on to the 
patient's LI-11, LI-4, and Ht-1 points on both 
sides of the body, and with a gentle rocking 
or shaking motion allow the Gi to flow into 
the patient’s body, settling into the patient’s 
Lower Dantian. 
PRESCRIPTIONS AND HOMEWORK 

The “Inner Health” cultivation meditation is 
given to patients with diabetes, and is prescribed 
as follows. 

1, Have the patient begin in a sitting posture, 
eyes closed, body relaxed using natural ab- 
dominal breathing. 

2. While inhaling, the patient places the tongue 
against the hard palate, and begins to men- 
tally repeat the mantra “Iam quietly sitting.” 

3. While holding the breath, the patient mentally 
continues by saying the words “Iam healthy.” 

4, The patient then exhales, releasing the tongue 
from the palate, while thinking the last phrase. 


MEDICAL QIGONG THERAPY 


AND STOMACH DISEASES 

This second section focuses on specific Stom- 
ach diseases and how to rectify them (Figure 45.6). 
The following discussion of treatment begins with 
an explanation of Stomach syndromes and symp- 
toms. Several Stomach diseases have symptoms 
which are quite common to the organ’s energetic 
dysfunction, such as epigastric pain. 


STOMACH COMPLICATIONS AND 
‘SYMPTOMS 
A list of Stomach syndromes and their symp- 
toms are described as follows. 
1. Stomach Heat can cause headache, epigastric 
pain, and bleeding. 
2. Stomach Damp Heat can cause sinusitis and 
epigastric pain. 
3. Stomach Phlegm Fire can cause epigastric 
pain and mental and emotional problems. 
4, Stomach Deficiency can cause epigastric pain, 
diarrhea, atrophy syndrome, and bleeding. 
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Figure 45.6. The Stomach (St) Channels 


5, Stomach Yin Deficiency can cause tiredness, 
epigastric pain, and bleeding 

6. Cold invading the Stomach can result in epi- 
gastric pain. 

7. Stagnant Blood in the Stomach can result in 
epigastric pain. 
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GENERAL TREATMENT FOR STOMACH 
DISEASES 

The following isa description of a general pro- 
tocol used for treating the patient's Stomach. The 
goal is to introduce the Qigong doctor to the ba- 
sic hand positions and areas of the patient’s body 
towards which Qi is emitted (or Turbid Qi re- 
moved). Once the Qigong doctor becomes profi- 
cient at locating these specific points, the treat- stimulate the 
‘ment will low more smoothly. patient’s 

After comparing the various Stomach thera- Stomach and 
pies, the reader will notice that certain patterns _Yellow Court 
repeat themselves. Gr 

1. Generally, the Qigong doctor accesses the 
patient's Stomach through either direct ener- 
getic insertion into the Stomach’s anatomical 
location, or through the patient's channels and 
external energetic fields. 

2. After treating the patient (purging, tonifying, energize 
and regulating), the Qigong doctor stimulates the Lewer 
the patient's Stomach, Spleen, and Yellow ‘Dantian. 
Court areas, and then roots the patient's 
Middle Burner Qi into the Lower Dantian. 

3. Next, the Qigong doctor leads any remaining 
Turbid Qi down the Stomach Channels and 
out of the patient’s St-36 points (Figure 45.7) 
Keep in mind that these areas are general and 

that specific treatment patterns must change as 
they apply to the patient's exact condition (Ex- 


cess, Deficient, etc.). Purge he Tone 
ymach Qi down 


the Stomach 
Channels and out 
SPECIFIC MEDICAL QIGONG the St-36 points. 


THERAPY FOR STOMACH 
DISEASES 
‘The following are several Medical Qigong treat- 


‘ments used in China to treat specific Stomach dis- 
eases. 


ABDOMINAL PAIN 
Abdominal pain is an abnormal condition of 
the abdomen in which there is a sudden, abrupt 
onset of severe pain in any part of the abdomen 
below or just around the umbilicus. 
Diseases such as acute pancreatitis, gas- Figure 45.7. Treating Stomach Conditions 
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trointestinal spasm, stress induced abdominal 
pain, dyspeptic abdominal pain, and peritonitis, 
etc,, in which abdominal pain symptoms appear, 
should be differentiated. Each differential diag- 
nosis can be treated according to the exercises 
taught in the prescription section. 
ErioLocy 

The treatment for abdominal pain that is pri- 
marily intestinal in origin is different then that of 
gynecological abdominal pain, which is related to 
the menstrual cycle (see Chapter 51). There are four 
‘main factors which can contribute to the intestinal 
type of abdominal pain: abdominal pain due to the 
internal accumulation of Cold in the Lower Burner, 
abdominal pain due to dysfunction of Spleen Yang, 
abdominal pain due to food stagnation, and ab- 
dominal pain due to emotional stress. 

1. Internal Cold in the Lower Burner may accu- 
mulate from eating too many cold foods and 
drinks, or can be due to the invasion of patho- 
genic Cold caused by exposure to the ele- 
ments. Women in particular are more prone 
to Cold invading the abdomen during or im- 
mediately after menstruation. When Cold 
contacts the tissues, it slows down the move- 
ment of Qi and Blood, thus causing pain. Ex- 
ternal Cold may invade the patient's intestines 
directly without causing exterior symptoms, 
resulting in a sudden onset of pain and diar- 
thea. 

2. Patients who are usually Deficient in Yang Qi 
often have a weak digestive system and a 
dysfunction of the Spleen Yang Qi. In this con- 
dition, pain often follows a pathogenic inva- 
sion, no matter how mild it may be. The 
pathogenic invasion may be due to overeat- 
ing, overexertion, or brought on by eating af- 
ter fasting and dieting, or simply by an Exte- 
rior Cold invasion 

3. Food stagnation is related to food intake or 
constipation, and is induced by Qi stagnation. 
The Stomach fails in digesting the food and 
the Spleen fails in separating and transporting 
the Clear and Turbid Qi. 

4. Emotional stress is related to the circulation 
of Qiand Blood in the abdomen, and thus af- 


fects both the Liver and Spleen. Anger, frus- 
tration, and resentment can cause Liver Qi 
stagnation in the intestines, resulting in ab- 
dominal pain. Pensiveness and worry affect 
the Spleen and Lungs, impairing the trans- 
forming ability of the Spleen Qi and the down- 
ward descending ability of the Lung Qi, and 
likewise result in abdominal pain. 
Symproms 

1. Abdominal pain due to the internal accumu- 
lation of Cold, occurs abruptly, and may be 
relieved by defecation. 

2. Abdominal pain due to Spleen Yang dysfunc 
tion, is characterized by continuous recurring 
pain, which may be relieved by pressure. 
Symptoms include loose stool, mental fatigue, 
and aversion to Cold. 

3. Abdominal pain due to food stagnation, is 
characterized by gastric and abdominal dis- 
tention, severe tenderness in the abdominal 
area, aversion to food and belching with acid 
regurgitation. 

4, Abdominal pain due to emotional stress, is 
characterized by crying and vomiting. 

‘TREATMENT 

1. Have the patient lay on his or her side and 
begin stimulating the BI-21, BI-20, CV-12, St- 
36, and St-25 points on both sides of the body. 

2. Purge the patient's Bladder Channels from the 
mid-back and waist area down to the feet 
three to five times. 

3. Using the Vibrating Palm, emit Qi into the 
patient's CV-12, St-25, BI-21, and BI-20 points 
on both sides of the body. Purge and guide 
the Toxic Qi through the abdomen and down 
the lower extremities along the Stomach and 
Bladder Channels and out the patient's feet. 

4. Using the Extended Fan Palm technique, ex- 
tend Qi into the patient's CV-12 and both St- 
25 points for 14 breaths. Using Pulling and 
Leading manipulations, guide the patient's Qi 
down along the Stomach Channels and out 
both of the patient's feet. 

5. Finally, Circle Rotate the patient’s abdomen 
for 81 breaths in a clockwise direction. 
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Figure 45.8. To tonify Deficient Stomach Qi, the patient 
must imagine drawing Qi into the body through the 
Bainui point at the top of the head, and the Yongquan 
points at he bottom ofthe feet. ll three rivers of energy 
‘must meet to form a pool of energy within the Stomach 
area, which the body will absorb and store. 
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Figure 45,9. To treat Excess Stomach Qi, begin from a 
supine posture. While inhaling, imagine the Qi flowing 
down the Stomach Channels from the Baihui point 
ending just below the stemum at the Stomach area. 
Exhale and imagine the Turbid Qi dissolving and melting 
into the Lower Dantian, then disperse i from the body, 
‘out the pores. 


TREATMENT MODIFICATIONS 

1. In cases of abdominal pain due to the inter- 

nal accumulation of Cold, add the method of 
extending Hot Qi. 

2. In cases of pain due to Spleen Yang dysfunc- 
tion, extend Hot Qi into the patient's BI-21, 
B1-20, and Mingmen area. 

3. In cases of pain due to food stagnation, emit 
Qi using the Extended Fan Palm with clock- 
wise then counterclockwise Spiraling meth- 
ods into the patient's CV-12, CV-4, and St-25 
points. 

4, In cases of pain due to emotional stress, emit 
Qi using the Extended Fan Palm hand tech- 
nique into the patient's Ht-7 and Pc-6 points 
on both sides of the body. Purge and Circle 
Massage the Shendao (GV-11) area ina coun- 
terclockwise direction. 

PRESCRIPTIONS AND HOMEWORK 

1. Have the patient place his or her right palm 
on the CV-12 area and begin to Circle Mas- 
sage 36 times in a clockwise and then 36 times 
ina counterclockwise direction. 

2. After completing the circle rotations, the pa- 
tient pauses for a moment, and then leads the 
Qi down to the navel and continues the 36 
rotations, in both clockwise and counterclock- 
wise directions. 

3. Next, the patient inhales and presses the fin- 
‘gers of both hands gently below the xiphoid 
process. The patient exhales and directs the 
Qi down along the midline of the body to the 
pubic symphysis area for 36 times. 

4, Finally the patient overlaps his or her hands 
(right over the left in men and opposite in 
women) and places them on the midpoint of 
the lower abdomen to knead the tissue area 
clockwise and then counterclockwise 36 
times. 

PRESCRIPTIONS MODIFICATIONS 
* In cases of Stomach pain due to Deficient 
Stomach Qi, have the patient lie supine. The 
patient must imagine drawing Qi into his or 
her body through the Baihui point at the top 
of the head, and the Yongquan points at the 
bottom of the feet. All three rivers of energy 
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must meet to form a pool of energy within 
the Stomach area, which the body will absorb 
and store into the Stomach’s spacial cavity 
(Figure 45.8). 

In cases of Stomach pain due to Excess Stom- 
ach Qi and to treat Excess Stomach Qi symp- 
toms, have the patient lie supine. As the pa- 
tient inhales, he or she is to imagine the Qi 
flowing down the Stomach Channels (from 
the Baihui point) ending just below the ster- 
num at the stomach area. As the patient ex- 
hales, he or she imagines the Turbid Qi 
trapped within the Stomach dissolving and 
melting into the Lower Dantian. Next, the 
patient disperses the Toxic Qi from the body 
out through the pores (Figure 45.9). 


CHRONIC GasTRITIS 

In Traditional Chinese Medicine, this disease 
belongs to the category of epigastralgia. Gastritis 
is described as an inflammation of the Stomach. 
Inflammation of the gastric mucosa is the main 
clinical manifestation of chronic gastritis, and re- 
sults in chronic epigastralgia and dyspepsia (air 
hunger, resulting in difficult breathing, shortness 
of breath, sometimes accompanied by pain). 
ErioLosy 

Generally, emotional factors such as worry, 
anxiety, or anger may cause stagnation of Qi. Stag- 
nant Qi, by impeding the function and flow of the 
body's energy, causes Qi deviations and obstruc- 
tions that result in a stomach ache. 

Gastritis can be superficial (affecting only the 
superficial layers of the Stomach) or atrophic (caus- 
ing thinning of the Stomach mucosa). Its main mani- 
festations are epigastric pain, which occurs about 
one hour after eating, followed by nausea, belch- 
ing, and vomiting with sour regurgitation. 
SYNDROMES 

1. Liver and Stomach Qi stagnation, manifests 
asa distending pain, fullness, and discomfort 

in the Stomach, which is aggravated after a 

meal. The pain is not fixed to any specific 

Stomach location and worsens under emo- 

tional stress, causing belching with acid re- 

gurgitation and nausea. 


2. Stomach Yin Deficiency due to Stomach Heat 
manifests as a stomach ache accompanied by 
scorching sensation. The pain is not fixed to 
any specific Stomach location and is aggra- 
vated when the Stomach is empty, and is alle- 
viated after a meal. The symptoms are ex- 
pressed as irritability, dysphoria, and excess 
appetite. 

3. Weakness of the Spleen and Stomach mani- 
fests as a dull stomachache which is relieved 
by Heat and pressure. Symptoms are ex- 
pressed as abdominal distention, dim com- 
plexion, lassitude, cold limbs, and anorexia. 
If the patient has congenital insufficiency of 
‘Yang in the Middle Burner (the functional area 
of the Spleen and Stomach), Cold may origi- 
nate from the interior of the body. 

TREATMENT 

1. Have the patient lie supine and relax his or 
her whole body, focusing especially on the 
‘Stomach area. The patient imagines the Toxic 
Qi dispersing upon exhalation. 

2. Begin to purge and dredge the patient's CV- 
15 point (ust below the xiphoid process), lead- 
ing the Qi down to the Lower Dantian, 

3. Next, use a Vibrating Palm hand technique 
to emit Qi into the patient’s CV-12 point and 
both St-21 points for 14 to 28 breaths. 

4. Applying the Extended Fan Palm hand tech- 
nique to the patient’s CV-12 and Middle 
Dantian, begin drawing Qi downward along 
the Conception Vessel and Stomach Channels 
to the bottom of the patient's feet. 

5. Finally, have the patient lie prone and stimu- 
late the BI-20 and BI-21 points on the lumbar- 
dorsal region, directing the energy from the 
upper back down to the Mingmen area. 

TREATMENT MODIFICATIONS 

1. For Stagnant Liver and Stomach Qi, use the 
Extended Fan Palm hand technique to emit 
Qi into the patient's BI-18 points, pulling and 
conducting Qi along the Gall Bladder and 
Liver Channels down the legs and out the feet 
on both sides. 

2. For Stomach Yin Deficiency due to Stomach 
Heat, use the Vibrating Palm hand technique 


to emit Qi into the patient’s BI-20 and BI-23 
points, leading the Qi down the patient's Blad- 
der Channels to the feet. 
3. For Spleen and Stomach Deficiency, use the 
Extended Fan Palm hand technique to emit 
Qi into the patient’s Lower Dantian area. 
PRESCRIPTIONS AND HOMEWORK 

Have the patient practice the Descending the 
Yang and Ascending the Yin technique (see Chap- 
ter 41). 
PRESCRIPTION MODIFICATIONS. 

1. For patients with Liver and Stomach Qi stag- 
nation, have the patient practice the Spleen 
and Stomach Massage (see Chapter 39), Then 
perform the healing sounds “Hu” to regulate 
the Spleen and “Shu” to regulate the Liver. 

2. For treating patients with Stomach Yin Defi- 
ciency due to Stomach Heat, have the patient 
first dredge the Spleen and Stomach and then 
perform the “Chui” (pronounced Chree) heal- 
ing sound to regulate the Kidneys. Next, have 
the patient practice the tonification method 
of Taking in the Yellow Qi (see Chapter 4), 

3. For treating patients Deficient Spleen and 
‘Stomach Qi, have the patient first practice the 
Daoist Five Organ Regulation exercise (see 
Chapter 42). Next, have the patient practice 
the tonification method of Taking in the Yel- 
low Qi to strengthen the Spleen and Taking 
in the Red Qi to strengthen and regulate the 
Heart. 


GasTRIC AND DUODENAL ULCERS 

An ulcer is an open sore or lesion of the skin 
or a mucus membrane, accompanied by slough- 
ing of inflamed, dead, or dying tissue, that causes 
the Stomach’s lining to become more vulnerable 
to acids. If the sore becomes infected puss is dis- 
charged. 
ErioLocy 

‘gastric or duodenal ulcer refers to a chronic 
ulcer seen only in the regions where the gas- 
trointestinal tract contacts the patient's gastric 
juice. Its formation and development is closely 
related to the digestive functions of the acidic gas- 
tricjuices and pepsin. Clinically this type of ulcer 
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is characterized by chronic recurring epigastralgia, 
lasting for a few weeks, with pain occurring from 
30 minutes to two hours after eating, 

Currently, Stomach ulcers are also being 
treated through either herbs or antibiotics (from 
Western medicine). They are caused by bacterial 
infections resulting from either Qi and Blood stag- 
nation or a Deficient Cold syndrome of the Spleen 
and Stomach. 

SYNDROMES 
* Qiand Blood stagnation results in a distended 
pain and fullness in the Stomach, tenderness, 
belching, and acid regurgitation, which be- 
comes aggravated by emotional stress. 
© ADeficient Cold syndrome of the Spleen and 

Stomach results in a dull pain within the 

Stomach which is relieved by heat and com- 

pression and aggravated by cold. There can 

also be vomiting with watery regurgitation, 
shallow complexion, cold extremities, lassi- 
tude, and weakness. 

TREATMENT 

1, Have the patient sit at the end of the treat- 
ment table, and begin extending energy into 
the patient's mid-back along their BI-18, BI- 
20, and BI-21 points using the Extended Fan 
Palm technique. 

2. Next, use the Vibrating Palm to extend energy 
into the patient's Yellow Court area. When the 
area has been sufficiently stimulated, purge 
the Toxic Qi out of the patient's body by lead- 
ing the Qi down to the Lower Dantian for 14 
to 28 breaths. 

3. Finally, use the Extended Fan Palm hand tech- 
nique to emit Qi into the patient’s CV-12 and 
St-34 points for 14 breaths. Then lead the Qi 
down the Conception Vessel into the Lower 
Dantian to root and stabilize the patient’s en- 
ergy. 

TREATMENT MODIFICATIONS 
‘* When treating patients with Qi and Blood 
stagnation, use the Extended Fan Palm hand 
method to emit Qi into the CV-12, CV-13, and 

St-21 points. Next, direct the Qi along the 

patient’s Conception Vessel and Stomach 

Channels, leading the Toxic Qi down the 
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patient's legs and out of the body via the St- 
36 points. 
+ When treating patients with a Deficient Cold 
syndrome of the Spleen and Stomach, use the 
Extended Fan Palm hand method to emit Qi 
into the patient's Mingmen and Lower 
Dantian areas. 
PRESCRIPTIONS AND HOMEWORK 

In treating patients with ulcers, have them 
practice the Old Man Searching for the Reflection 
of the Moon at the Bottom of the Tide Pool exer- 
cise (see Chapter 53). 
PRESCRIPTION MODIFICATIONS 

* For patients with Qi and Blood stagnation, 
have them perform the Spleen and Stomach 
Massage (see Chapter 39) while sounding 
“Hu.” Next, have the patient dredge the 
Spleen and Stomach using the sound “Shu” 
to purge the Liver and regulate Liver Qi. 

‘+ For patients with a Deficient Cold syndrome 
of the Spleen and Stomach, have them prac- 
tice the method of Taking in the Yellow Qi 
from the natural environment. 


CHRONIC CONSTIPATION 

Chronic constipation refers to the prolonged 
retention of feces in the intestinal tract and diffi- 
culty in discharging the fecal matter. This condition 
isnot only painful to the patient, but also increases 
toxicity in the body. Itis clinically characterized by 
decreased times of fecal discharge or small amounts 
of feces which are considered either too dry and 
hard, or too difficult to be discharged. 

Generally, the transitional time for food to 
pass through the digestive tract for humans takes 
24 to 40 hours. The postponement of defecation 
over two days is considered constipation, al- 
though some normal patients may have regular 
defecation every two to three days. 

ErioLocy 

‘The common causes of constipation are: Diet, 
Febrile Diseases, Emotional Stress, and A Seden- 
tary Life-style. 

1. Diet plays a major role in causing constipa- 
tion. Constipation can result from the exces- 
sive consumption of hot, spicy, or greasy 


foods. This excess consumption of hot and 
greasy foods can dry up the fluids of the Stom- 
ach and intestines, thereby drying up the stool 
so that it cannot properly move through the 
intestinal walls. 

‘An excess consumption of Cold foods can 
block the Spleen’s function of transporting 
and thus prevent the stool from moving 
downwards. 

Finally, a lack of fiber in the food, lack of 
sufficient fluid intake or excessive alcohol 
consumption can cause constipation. 

2. Febrile diseases can be caused by External 
Wind Heat invasion, which if not rapidly ex- 
pelled from the body, can turn into an Inte- 
rior Heat condition. The Interior Heat usually 
attacks the Lungs, Stomach, and intestines 
causing the Body Fluids to dry up. A Defi- 
ciency of Body Fluids from the retention of 
Heat within the intestines (even after the fe- 
brile disease has passed) can cause dry stool 
and constipation. 

3. Liver Qi stagnation (due to mental depression, 
anger, resentment, or frustration) can cause a 
Qi obstruction in the Lower Burners that af- 
fects bowel movements and leads to consti- 
pation, abdominal distention, and pain. Ex- 
cessive studying, worrying, and thinking af- 
fects the Spleen, slowing down its transpor- 
tation of food in the intestines, this in turn can 
lead to constipation. 

4, Asedentary life-style, whether from choice or 
due to a weak constitution from a chronic or 
severe illness (or surgery), can cause consti- 
pation. Patients in convalescent homes often 
suffer from constipation due to a lack of exer- 
cise and poor diet, which can lead to Spleen 
Qi and Blood Deficiency. Lack of exercise 
‘weakens the Spleen Qi and can cause Liver 
Qi stagnation. When Spleen Qi becomes De- 
ficient for long periods of time, the Spleen 
energy fails to provide the Qi to move the 
stool, resulting in constipation. 

SYNDROMES 
* Constipation due to an Excess condition is 
caused by decreased times of fecal discharge 
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(once every three to seven days), and is usu- 
ally accompanied with fever, thirst, poor ap- 
petite, and emotional anxiety. 

+ Constipation due to a Deficient condition is 
mostly seen in patients who have just recov- 
ered from an illness, or have just given birth 
and have become Deficient in Qi and Blood. 
It may also be observed in patients who suf- 
fer from a congenital insufficiency of Yang Qi 
in their Lower Burner and an accumulation 
of Yin Cold, which makes it difficult for the 
intestines to perform their normal transport- 
ing function. Patients with a Deficient condi- 
tion may have bowel movements every three 
toseven days. The stool may be very dry, hard, 
and difficult to pass. This condition is clini- 
cally manifested by a pale and dull complex- 
ion, listlessness, and cold pain in the abdo- 
men which is relieved by heat. The patient 
may also experience emotional fright due to 
a Kidney Qi Deficiency. 

‘TREATMENT 

1, Have the patient sit at the end of the treat- 
ment table, and begin to stimulate the 
patient's mid-back between the Bl-23 and Bl- 
25 points. Then stimulate the patient's lower 
lumbar and coccygeal areas, dredging and 
purging the Toxic Qi down the patient's thighs 
and the feet, while stimulating the BI-31 
through BI-34 points 

2. The doctor will then have the patient lie su- 
pine and begin to stimulate the patient's Yel- 
low Court and Lower Dantian areas, using the 
Vibrating Palm hand technique for 14 breaths. 

3. Next, apply the Kneading Tiger Palm with the 
Vibrating and Quivering hand manipulations 
to emit Qi into the back of the patient's head at 
the BI-10 points for 12 breaths, and then onto 
the patient's Lower Dantian for 14 breaths. 


4, After energizing the patient's Lower Dantian, 
emit Qi, using the Extended Fan Palm tech- 
nique, into the patient's middle epigastrium 
and navel area, as well as into the Lower 
Dantian. Finally, use the Spiraling and Quiv- 
ering hand manipulation in a clockwise di- 
rection to gather the stagnant Qi and to lead 
it down the patient's Stomach Channels and 
out the legs. 

TREATMENT MODIFICATIONS 
* When treating patients with an Excess type 
of constipation, use the Extended Fan Hand 
Palm technique to emit Cold Qi into the 
patient's lower abdomen. Rotate the hand in 
a counterclockwise direction, while purging 
the Toxic Qi from the patient's body. Repeat 
for 14 breaths. 
+ When treating patients with a Deficient type 
of constipation, use the Vibrating Palm tech- 
nique to emit Qi into the patient’s Lower 
Dantian and Mingmen area for 8 to 16 breaths. 
PRESCRIPTIONS AND HOMEWORK 

To treat chronic constipation, have the patient 
practice the Daoist Five Yang Organ Regulating 
exercise (see Chapter 42) for 250 breaths twice a 
day. 
PRESCRIPTION MODIFICATIONS 

+ For patients with an Excess type of constipa- 
tion, place them in the Wuji posture with their 
hands resting on their lower abdomen. Begin 
with a clockwise rotation, imagining the Toxic 
Qi draining from the patient's Spleen and 
Stomach areas, down into their Stomach 
Channels and out their feet. 

‘For patients with a Deficient type of consti- 
pation, have them practice rubbing their 
Lower Dantian to strengthen the abdominal 
Qi, and have them practice the Gathering the 
‘Sun's Essence meditation (see Chapter 11). 
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CHAPTER 46 


Qi EMISSION THERAPY AND LUNG DISEASES 


INTRODUCTION 

‘The Lungs are solid organs that control the 
cycles of Qi circulation in the body, and are some- 
times referred to as the White Emperor. They cor- 
respond to the element Metal. The Lungs house 
the Po (Corporeal Souls) and are in charge of res- 
piration and regulating the metabolism of the 
Body's Fluids (Figure 46.1). The Lungs are also 
responsible for keeping Qi pure and extending it 
downward. The Lungs are energetically paired 
with the Large Intestine (a hollow organ). 

‘The Lungs’ upper external connection with the 
outside world is through the nose, hence any fra- 
¢grance or odor inhaled through the nose affects the 
senses and evokes emotional responses from the Po. 

Inthe fall months, the Lung Qi becomes more 
active in individuals that already possess strong 
Lung Qi, but becomes Deficient in those who al- 
ready have weak Lung Qi. The excessive eating 
and drinking of pungent foods and the overex: 
posure to dryness drains the Lungs. 


LUNG ComPLICATIONS AND 
SYMPTOMS 

This section focuses on specific Lung diseases 
and how to rectify them. The following discus- 
sion of treatment begins with an explanation of 
Lung syndromes and symptoms. Several Lung 
diseases have symptoms which are quite common 
tothe organ’ energetic dysfunction, such as head- 
aches, cough, the common cold and influenza. A 
list of Lung syndromes and symptoms are de- 
scribed as follows. 

1. Wind Cold invading the Lungs usually enters 
the patient through the pores of the skin and 
body hair (which are ruled by the Lungs). If 
the Lungs’ energetic field is invaded by Wind 
Cold, it may cause the Lung Qi to become 
impure, ascend, and cause obstructions in the 


Figure 46.1. The Lung (Lu) Channels 


pores, resulting in a Wind Cold syndrome. 
This can cause the following symptoms: se- 
vere aversion to cold, headache, cough, the 
common cold or influenza, breathlessness, 
asthma, and allergic rhinitis. 

Wind Heat Invading the Lungs usually en- 
ters the body by way of the mouth and nose; 
the nose being the orifice to the Lungs. If the 
Lungs’ energetic field is invaded by Wind 
Heat, it may cause the Lung Qi to become im- 
pure, ascend, and impede the ability of the 
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pores to expel pathogenic Evils, resulting ina 
‘Wind Heat syndrome. This can cause the fol- 
lowing symptoms: slight aversion to cold, 
headache, cough, the common cold or influ- 
enza, asthma, allergic rhinitis and sinusitis. 
‘Wind Dampness is a type of Wind Cold syn- 
drome. It consists of both Wind and Damp- 
ness together, invading either the skin (caus- 
ing itching and rashes) or the channels and 
joints (causing painful obstruction syndrome). 
If the Lungs’ energetic field is invaded by 
Wind Dampness, it causes the following 
symptoms: skin rashes, swollen joints, body 
aches, headaches, the common cold and in- 
fluenza. 


. Wind Dryness invading the Lungs causes the 


following symptoms: dry, itchy sore throat, 
dry lips, dry mouth, the common cold and 
influenza, cough and bleeding. 

Lung Heat causes the following symptoms 
restlessness and a feeling of heat, common 
cold and influenza, cough, sinusitis, breath- 
Iessness and atrophy syndrome as the body's 
functions begin to shut down. 


. Lung Phlegm Heat causes the following 


symptoms: common cold and influenza, 
cough with expectoration, breathlessness and 
a sensation of oppression in the chest. 


. Cold-Damp Phlegm invading the Lungs 


causes the following symptoms: a feeling of 
heaviness, cough with profuse expectoration, 
wheezing, nausea, poor appetite and breath- 
lessness. 


. Lung Qi Deficiency causes the following 


symptoms: breathlessness, wheezing, slight 
cough with no phlegm, asthma, allergic zhini- 
tis, tiredness, spontaneous sweating, and en- 
uresis or incontinence. 

Lung Yin Deficiency causes the following 
symptoms: night sweating, extreme tiredness, 
breathlessness, asthma, dry cough in short 
bursts, and Five Palms Hot (a condition also 
known as “Five Center Heat,” in which the 
patient feels a hot sensation in the palms and 
soles of the feet, accompanied by heat and 
agitation of the chest and /or head area). 
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‘Access Lu- Access GV- 

1 and 2, to 14, B12 and 

purge the 13, to purge 
Lungs. the Lungs. 


Figure 46.2. Treating Lung Diseases 


Purge the Lungs 
through the 
Lung and Large 
Intestine 
Channels. 


Figure 46.3. Drain the Turbid Qi out of the Lungs, down 
the Lung Channels and out of the hands. 
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Figure 46.4. Replenish the mother (Spleen) to 
nourish the child (Lungs) 


GENERAL TREATMENT FOR 


LUNG DISEASES 

The following isa description of a general pro- 
tocol used for treating a patient's Lungs. The goal 
isto introduce the Qigong doctor to the basichand 
positions and areas of the patient’s body towards 
which Qiis emitted (or Turbid Qi removed). Once 
the Qigong doctor becomes proficient at locating 
these specific points, the treatment will flow more 
smoothly. 

After comparing the various Lung therapies, 
the reader will notice that certain patterns repeat 
themselves. 

1. Generally, the Qigong doctor accesses the 
patient’s Lungs through either direct ener- 
gized insertion into the Lungs’ anatomical 
location, or through the patient’s channels and 
external energetic fields (Figure 46.2). 

2. After treating the patient (purging, tonifying, 
and regulating), the Qigong doctor stimulates 
the patient's Lungs and Upper Burner areas 
and roots the patient’s Qi into the Lower Dan- 
tian. 

3. Next, the Qigong doctor leads any remaining 
Turbid Qi down the Lung Channels and out 
the patient's hands (Figure 46.3). 
Keep in mind that these areas are general and 

that specific treatment patterns must change as 
they apply to the patient's exact condition (Ex- 
cess, Deficient, etc.). 
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MEDICAL QIGONG THERAPY FoR LUNG 
Qi DYSFUNCTION 

Patients with Lung disease may have a pale 
complexion, dry hair, dyspnea (difficult breath- 
ing), hyposmia (a deficient sense of smell), stuffy 
nose, dryness and itching of the skin, or discom- 
fort and pain in the chest and back. Patients may 
dream of the sun, moon, clouds, or of having sex. 
‘The primary therapies used to treat Lung diseases 
include the Breath regulation and Qi reinforcing 
meditations (see Chapter 16). 

* Patients with an Excess Heat syndrome of the 
Lungs may have a flushed right cheek. To treat 
this type of syndrome, have the patient utter 
the sounds “Si” (Sss) for the Lungs and 
“Chui” (Chree) for the Kidneys. Guide the 
Evil Qi out of the patient’s body along the 
Lung and Large Intestine Channels using the 
Pushing, Pulling and Guiding Qi manipula- 
tions 
Patients with a Deficient syndrome of the 
Lungs may have shortness of breath and be 
unable to regulate their breathing, To treat this 
type of syndrome, have the patients inhale the 
sound “Hu,” as they visualize absorbing the 
color yellow to replenish the Spleen (the 
mother); this will nourish the Lungs (the 
child). Next, the patient guides the Qi back to 
the Lungs (Figure 46.4), 


LUNG QIGONG PRESCRIPTIONS 
These exercises regulate the Qi in the Lung 
Channels, tonify the Lungs, replenish Qi, venti- 
late the Lungs, and relieve asthma, coughing, and 
sputum. These exercises can be used to prevent 
and treat the following diseases and syndromes: 
bronchitis, pulmonary emphysema, and bronchial 
asthma, as well as dyspnea and abundant expec- 
toration. 
PRESCRIPTIONS FOR TONIFYING THE LUNGS 
The Taking in the White Qi meditation can be 
used to tonify the Lungs. The properties inherent 
within the color white havea persistent vibratory 
rate used for tonifying the Lungs and Large In- 
testine. 
1. Assume a standing, sitting, or lying posture. 
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Figure 46.5. Inhale Figure 46.6. Exhale 


Relax the whole body, breathe naturally, and 

get rid of any stray thoughts. 

2. When inhaling, imagine a white energy in 
front of you. Inhale the white light energy in 
through the nose and down into the Lungs. 
‘As you exhale through the mouth, the dark, 
pathogenic Qi leaves the Lungs; however, the 
bright clean color remains in the Lungs, stimu- 
lating and vitalizing them. With each breath 
the Lungs retain more clean energy and be- 
gin to glow. Repeat for five breaths. 

3. Next breathe the color white in through the 
nose, filling the entire mouth. When exhaling 
through the nose, send the Qi slowly into the 
Lungs, then down to the Lower Dantian, and 
then further out into the skin and hair of the 
whole body. Repeat nine to eighteen times. 
Return to the beginning posture and close. 

PRESCRIPTIONS FOR PURGING THE LUNGS 

Purge the Lungs by having the patient rub his 
or her chest while sounding “Sss.” 

The patient should assume a sitting or stand- 
ing posture, Both palms are placed flaton the sides 
of the chest as the patient inhales slowly. When 
exhaling, the patient sounds the word “Ss” while 
rubbing the chest with both palms (circling up and 
down, from the center outward). This exercise is 
performed for six to twelve breaths. 
PRESCRIPTIONS FOR REGULATING THE LUNGS 
AND ConUCTING Qi 

The following exercise is used to regulate the 
Lungs after purging or tonifying. 


Figure 46.7. Inhale 


Figure 46.8. Exhale 


1. Sit with the legs crossed, breathe in with the 
spine arched backwards and the hands by the 
sides pressing against the ground; extend the 
chest, and inhale until the chest is full (Figure 
465). 

Pause, then push the upper back in a poste- 
rior direction and draw in the chest while ex- 
haling through the nose (Figure 46.6). Repeat 
four to nine times. 

2. Next, still sitting with the legs crossed, place 
the palms on the knees. Inhale with the spine 
erect and tum the head allowing the torso to 
tum slightly to the left (Figure 46,7). Then bend 
forward and exhale while facing the center (Fig- 
ure 46.8). Next, inhale and turn to the right, then 
again bend forward and exhale while facing the 
center. Alwaysinhale when tuning to the sides, 
and exhale while facing the center. 


SPECIFIC MEDICAL QIGONG 
THERAPY FOR LUNG 


DISEASES 

The following are several Medical Qigong 
treatments used in China to treat specific Lung 
diseases. 


TREATING THE COMMON COLD AND 
INFLUENZA 


Upper respiratory tract infections belong to 
the category of common colds, while influenza 


belongs to the category of seasonal epidemic colds. 
Both conditions may be treated by referring to the 
prescriptions described within this section. 
ErioLocy 

‘The common cold is a generic term used to 
describe an Exterior condition caused from the 
invasion of pathogenic Wind (Wind Cold, Wind 
Heat, Wind Damp Heat or Wind Dry Heat). It is 
generally associated with coryza or inflammation 
of the respiratory mucous membranes. 

Upper respiratory tract infection is caused by 
viruses or bacteria. Influenzais known as an acute, 
contagious respiratory infection, characterized by 
sudden onset. The chief clinical manifestations are 
stuffy nose, nasal discharge, coughing, sneezing, 
sore throat, fever, headache, chills, and an aver- 
sion to wind. 

Ifthe pathogenic Qi is on the Exterior level of 
the body, the internal organs are not affected, and 
only the patient’s Wei Qiis involved. If the patho- 
genic factor becomes Interior, the patient's inter- 
nal organs are affected, especially the Lungs and 
Spleen. If the pathogen is not cleared and purged 
from the patient's body, it may either penetrate 
more deeply into the patient's body and cause 
serious problems, or give rise to residual Heat 
which causes chronic post-viral fatigue syn- 
dromes. 

SYNDROMES 

* A Wind Cold syndrome has the following 
symptoms: chills, headache, aches and pain- 
ful joints, coughs and sore itchy throat, stuffy 
nose, low fever, and no sweating with pro- 
fuse, watery nasal discharge. 

* A Wind Heat syndrome has the following 
symptoms: fever, cough, headache, slight 
aversion to cold, swollen and sore throat, thick 
yellow sputum, slight thirst, and perspiration. 
‘Once the pathogenic factor penetrates into the 
patient's interior, the body’s Qi begins to fight 
against it, causing a fever and feeling of heat 
inside the body, with an aversion to cold, and 
shivering. 

TREATMENT 

1. Have the patient sit at the end of the treatment 

table. 
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2. Begin by stimulating the energy within the 
patient's head, purging and leading the Toxic 
Qi down the patient's arm and out the LI-11 
and LI-4 points. 

3. Then stimulate the patient's Yintang (Third 
Eye)and Taiyang (temple) points. Using Pull- 
ing and Leading Qimanipulation techniques, 
purge and guide any remaining Toxic Qi 
downward, along the Conception Vessel and 
the Stomach Channels, out the patient's feet, 
three to seven times. 

4. Next, tobalance the functional activities of the 
body’s Qi, stimulate the tissue area on the 
patient’s upper back and head (GV-14 and 
GV-16, BI-12 and BI-13) using the Extended 
Fan Palm technique, and guide the Qi down- 
ward along the Bladder Channels to the 
patient's feet. 

5. Finally, softly grasp the patient's LI-4 and LI- 
11 points and gently shake the arm, stimulat- 
ing the patient’s Lung Qi. This technique is 
performed on each of the patient's arms. 

TREATMENT MODIFICATIONS 

1. When treating patients with Wind Cold syn- 
drome, extend Hot Qi into the GV-14 and Bl- 
12 points, using the Extended Fan Palm tech- 
nique, and guide the Qi downward along the 
Bladder Channels to the patient's feet and out 
the body. 

2. When treating patients with Wind Heat syn- 
drome, extend Cold Qi into the GV-14, BI-13, 
and GB-20 points, using the Extended Fan 
Palm technique, and guide the Qi downward 
along the Stomach Channels to the patients’ 
feet and out the body. 

3. When treating patients with nasal obstruction, 
extend Vibrating Qi, using the Sword Fingers 
technique, into the L1-20 points for 9 breaths. 

4, When treating patients with cough, chest 
stuffiness, and Phlegm, extend Vibrating Qi, 
using the Sword Fingers technique, into the 
CV-17, Lu-1, and Lu-2 points for 8 breaths. 

PRESCRIPTIONS AND HOMEWORK 

‘The patients should be given the Ten Drag- 
ons Run Through the Forest exercise (see Chap- 
ter 41) to sweep and purge the Gall bBladder 
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Channels. Most of the attention should be placed 
on feeling the Qi beneath the hands, with empha- 
sis placed on exhalation to expel the pathogenic 
Wind from the body. Perform this prescription for 
24 to 50 times. 


CHRONIC BRONCHITIS 
Chronic bronchitis is a condition caused by 
the chronic inflammation of the mucous mem- 
branes of the bronchial tubes. 
ErioLocy 
Chronic inflammation of the bronchial mu- 
cosa and peribronchial tissues is mostly due to lin- 
gering and recurrent acute bronchitis, or may oc- 
cur after an infection from other diseases. The chief 
clinical manifestations are chronic recurring 
cough, expectoration and dyspnea. Bronchitis can 
be divided into acute and chronic conditions. 

1. Acute bronchitis corresponds to the Qi level 
of infection within the four level identifica- 
tion patterns. Itis the easiest to treat, and nor- 
mally manifests with Hot Phlegm symptoms. 

2. Chronicbronchitis takes a little longer to heal 
and the doctor should focus treatment on at- 
tending to the root and manifestation of the 
disease simultaneously (purging Phlegm and 
dispersing the Heat or Cold). 

SYNDROMES 

+ For Phlegm Dampness attacking the Lungs, 
the main symptoms are abdominal distention, 
cough with copious white sputum, stuffiness 
in the chest and loss of appetite. 

* For Lung and Spleen Deficiency, the main 
symptoms are cough with sputum, shortness 
of breath, spontaneous sweating, loss of ap- 
petite and loose stool. 

TREATMENT 

1. Have the patient sit at the edge of the table. 
Begin to purge the patient’s Lungs, dredging 
the Toxic Qi down the Lung Channels and out 
of the hands. 

2. Use the Vibrating Palm technique to stimu- 
late the patient's Middle Dantian, Lu-1, -2, BI- 
13, GV-16, and St-40 points. Use 8 to 12 breaths 
for each point. 


TREATMENT MODIFICATIONS. 
« For Phlegm Dampness attacking the Lungs, 
use the Extended Fan Palm technique to emit 
Qiinto the patient’s Lungs; purge the Spleen 
and Stomach Channels, leading the Toxic Qi 
down the channels and out of the St-40 and 
Sp-6 points on each leg. 
* For Spleen and Lung Deficiency, emit Qi us- 
ing the Vibrating Palm technique into the 
patient's B1-20, B-23, BI-13 and CV-12 points 
for 6 to 12 breaths. 
PRESCRIPTIONS AND HOMEWORK 

Have the patient practice the Lung exercise 
from Daoist Five Yin Organ Tonification and Regu- 
lation exercises (see Chapter 42) to strengthen and 
balance the Lungs. 
PRESCRIPTION MODIFICATIONS 

+ For patients suffering from Phlegm Dampness 
attacking the Lungs, have the patient perform 
the Sun and Moon Rotating technique (see 
Chapter 41), sounding “Sss” to regulate the 
Lungs and the sound “Hu’ to regulate the 
Spleen. 

+ For patients suffering from Lung and Spleen 
Deficiency, have them perform the Taking in 
the White Qi to tonify the Lungs, and the Tak- 
ing in the Yellow Qi to tonify the Spleen. 


ASTHMA 

Asthma is a chronic disorder of the respira- 
tion organs characterized by difficulty in breath- 
ing, wheezing, and tightness in the chest. Bron- 
chial asthma, chronic bronchitis and pulmonary 
emphysema are all included in the category of this 
disease. 
ErioLocy 

Asthma is an Excess condition which is 
caused mainly by a retention of Wind, Cold, Heat 
or Damp Phlegm in the Lungs. When a patient is 
affected by invasion of pathogenic Dampness, dis- 
orders in Qi mobility develop. Phlegm mixes with 
Qi and obstructs the air passages, causing dysp- 
nea (shortness of breath) and wheezing. 

Asthma may also result from an obstruction 
of the Lungs due to Phlegm retention caused by a 
failure of the Spleen to transport, or from a Defi- 


cient condition of the Kidneys. The diagnosis of 
this disease can be divided into two types of 
asthma: early onset asthma and late onset asthma. 

1. Early onset asthma (also called extrinsic or 
atopicasthma), usually starts during childhood 
and is divided into non-allergenic and aller- 
genicasthma, Allergicasthma is associated with 
eczema and it tends to be difficult to treat be- 
cause it stems from a congenital Lung and Kid- 
ney Qi Deficiency and is often hereditary. Early 
onset asthma can be affected by diet (e.g,, lac- 
tose intolerance), emotional problems, fatigue, 
chronic illness and invasion by external patho- 
genic factors. It is related to an allergic hyper- 
sensitivity of the immune system. 

2. Late onset asthma (also called intrinsic 
asthma) normally starts later in life and is due 
to bronchial hyperreactivity. In late onset 
asthma there is no hereditary basis. It is gen- 
erally characterized by a Lung, Spleen, or Kid- 
ney Deficiency and a retention of Phlegm. In 
some cases, asthma can be caused by Liver 
Qi stagnation or Liver Fire obstructing the 
descending action of Lung Qi. Late onset 
asthma can be affected by overwork, exces- 
sive sexual activity, emotional stress and the 
excess consumption of sour, greasy or cold 
foods. 

SYNDROMES 

1. For Wind Cold asthma due to External Evils, 
the main symptoms are dyspnea, coughing, 
abundant, thin expectoration and clear 
Phlegm accompanied with external Wind 
Cold syndrome. 

2. For asthma due to the accumulation of 
Phlegm Dampness in the Lungs, the main 
symptoms are dyspnea, cough, abundant, 
thin and sticky expectoration, stuffiness in the 
chest and in the epigastric region. 

3. For asthma due to Deficient Lung and Spleen 
Qi, the main symptoms include dyspnea, 
spontaneous perspiration, aversion to Wind, 
an expectoration of clear, thin Phlegm, weak 
voice, loss of appetite and general lassitude. 

4, For asthma due to Deficient Lung and Kid- 
ney Yin, the main symptoms are dyspnea, dry 
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throat and mouth, dry cough, inconsistent fe- 
ver, night sweating, and with some patients 
there may be hemoptysis (the expectoration 
of Blood). 
TREATMENT 
‘The therapeutic effect of Medical Qigong is 
better for patients who have had this disease for a 
short time period. In chronic asthma, improve- 
ment usually takes more time. 

1. Begin by stimulating the patient's CV-22, CV- 
17 and CV-4 points along with the BI-13 
points. 

2. Using the Vibrating Palm technique and emit 
Qi with the left palm into the patient's lower 
neck and upper back area, while simulta- 
neously extending energy into the patient’s 
Lower Dantian with the right hand for 14 to 
28 breaths 

3. Purge the Toxic Qi from the patient’s CV-22 
and BI-13 areas, then lead and guide the 
patient's Lung Qi down the Governing Ves- 
sel and Bladder Channels into the Mingmen 
GV-4 and BI-23 points. Repeat for3 to7 respi- 
rations. 

4. Using the Sword Fingers hand posture, vi- 
brate energy into the patient's CV-22, -17, Lu- 
and Lu-2 points. Then guide the patient’s 
Qi to flow downward from the chest to the 
Lower Dantian along the Stomach Channels 
and Conception Vessel to stabilize the 
patient's Qi. 

TREATMENT MODIFICATIONS 

1. To treat a case of Wind Cold syndrome due to 
exogenous Evils, purge and sweep the 
patient's Gall Bladder Channels, concentrat- 
ing on the head area. Then extend Qi into the 
patient's Lu-1 and Lu-2 points. Use Pulling 
and Leading manipulations to draw the Toxic 
Qi along the patient’s Lung Channels, expel- 
ling the pathogenic Qi out of the fingertips 
on both hands. 

2. Intreating cases of Deficient Lung and Spleen 
Qi, use the Extended Fan Palm hand posture 
and Vibrating Palm technique to emit Qi to- 
wards the patient's CV-12, CV-6, BL-20 and Bl- 
13 points for 9 to 18 breaths. 
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3. In treating cases of Deficient Lung and Kid- 
ney Yin, use Extended Fan Palm hand pos- 
ture and Vibrating Palm hand technique to 
emit Qi towards the patient’s Lower Dantian, 
Mingmen, and BI-13 points for 6 to 12 breaths. 

PRESCRIPTIONS AND HOMEWORK 
Patients are encouraged to practice physical 

exercises to strengthen the body and enhance their 

resistance to pathogenic invasion. These exercise 
prescriptions however, must not be too strenuous. 

‘Two prescriptions used for relieving asthma and 

respiratory pain are described as follows. 

Exercise to Relieve Asthmatic Pain. For chronic 

conditions of asthma, patients are given the fol- 

lowing prescription: 

1. From a sitting or standing posture, slightly 
close the eyes and relax. Stimulate the energy 
ofthe chest by kneading the sternum from the 
sternal notch to the xiphoid process 36 times. 

2, Inhale and place the right palm on the left side 
of the chest. Exhale, and begin dredging the 
left Lung Channel using a sweeping motion 
to purge the Toxic Qi down the arm and out 
through the hand. Perform this Purging exer- 
cise 10 times, then repeat 10 times on the op- 
posite side. 

3. Finally, perform the Kidney Rub exercise (see 
Chapter 39) for 18 breaths. 

Exercise to Relieve Asthma Attacks 
Foracuteasthmatic attacks, patients are given 

the following prescription. 

From a sitting or standing posture, slightly 
close the eyes and relax the muscles of the chest 
and back. Take a deep breath and say “relax” si- 
lently, while simultaneously imagining the Lungs 
relaxing and descending the body's Qi down to 
the toes along both lateral sides of the body. As 
the Qi descends from the Lungs, imagine this en- 
ergy flowing like water, down your body into the 
Earth. Repeat this procedure until the asthma at- 
tack has receded. 

PRESCRIPTION MODIFICATIONS 

« Patients with Deficient Lung Qi should prac- 
tice the previous exercises in combination 
with Taking in the White Qi 

« Patients with a domination of pathogenic fac- 


tors should practice the previous exercises in 
combination with rubbing their chest and ut- 
tering the sound “Sss.” 


BRONCHIECTASIS 

Bronchiectasis is the chronic dilation of the 
bronchi, with a secondary infection that usually 
involves the lower portion of the Lungs. Dilation 
may involve an isolated segment or can spread 
throughout the entire bronchi. 
ETioLocy 

This disease is characterized by hypertrophy 
of the mucus-secreting glands in the bronchial 
tree. The dilation and deformation of the bronchi 
are caused by the damage of the vessel walls due 
to chronic inflammation of the bronchi and the 
peribronchial Lung tissue. In advanced cases the 
bronchi themselves can become inflamed with in- 
fection. The clinical manifestation is a chronic 
cough with an excessive expectoration of sputum. 
Iffollowed by infection, there may be night sweat- 
ing, fever and lassitude. 
SYNDROMES 

1. Liver Fire attacking the Lungs can manifest 
with pain and distention in the chest and 
hypochrondium, flushed face, cough, expec- 
toration of yellow, thick sputum and repeated 
hemoptysis (Blood discharging from the lar- 
ynx, trachea, bronchi, or Lungs). 

2. Dry Heat scorching the Lungs manifests as a 
dry throat and dry cough with little sputum, 
which is bright red and bloody. 

Qi and Yin Deficiency manifests through 
shortness of breath, lassitude, emaciation, re- 
peated hemoptysis, cough with little sputum, 
erratic fever and flushed face (especially 
around the cheeks). 

TREATMENT 

1, Have the patient sit at the edge of the table, 
and begin to stimulate the upper chest at the 
Lu-1 and Lu-2 points and the upper back 
around the patient's BI-13 points. 

2. Using the Extended Fan Palm hand technique, 
emit Qi into the patient’s Middle Dantian di- 
recting the energy to flow into the Lu-l and 
BI-13 points for 6 to 12 breaths. 


3. 


3. Using the Leading and Guiding hand tech- 
niques, purge and dredge the Toxic Qi out the 
Lung Channels (ie., down the arms and out 
of the hands). 

TREATMENT MODIFICATIONS 
1. When treating patients with Liver Fire attack- 
ing the Lungs, include the Vibrating Palm 
technique, and emit Qi into the patient’s BI- 
13and BL-18 points for 12 breaths. Then purge 
the Liver Channels down the torso and out of 
the legs. 
2, When treating patients with Dry Heat scorch- 
ing the Lungs, apply the Vibrating Palm tech- 
nique to emit Qi into the patient’s BI-23 and 
BI-13 points for 24 breaths. 
3. When treating patients with Qi and Yin Defi- 
ciency, apply the Vibrating Palm technique to 
emit Qi into the BI-13, BI-20, and BI-23 points 
for 12 breaths. 
PRESCRIPTIONS AND HoMEWoRK 

It is advisable for patients to practice regulat- 
ing Lung exercises with Natural Breathing to 
strengthen the Lungs. 
PRESCRIPTION MODIFICATIONS 

1, For Liver Fire attacking the Lungs, have the 
patient perform the Sun and Moon Rotating 
technique (see Chapter 41), while sounding 
the word “Sss” for 36 breaths, to purge the 
Lungs in addition to performing the Lung 
tonification and regulation exercises (see 
Chapter 42). Next, have the patient rub the 
hypochrondrium area and sound the word 
“Shu” for 36 breaths. 

2. For Dry Heat scorching the Lungs, (from a 
‘Waji posture) have the patient bring both 
hands up to the sternum and begin kneading 
the sternum down to the xiphoid process 36 
times. Next, the patient places both palms on 
the chest with the fingers touching the ster- 
num to allow the Qi to flow into the Lungs 
for 10 breaths. Finally, the patient rubs the 
hypochrondrium and purges the Toxic Qi 
from the body while exhaling and rubbing the 
sides of the chest, starting at the armpits, to 
direct the Qi to flow downward into the 
Lower Dantian. 
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3. For Qi and Yin Deficiency, it is advisable for 
the patient to practice Lung tonifying exer- 
cises and the Gathering the Moon Cream ex- 
excises (see Chapter 11), as well as the meth- 
‘ods of Taking in the White Qi. 


Sinusitis 
Sinusitis is described as the inflammation of 
the sinuses. Infections stemming from the com- 
mon cold or influenza frequently cause second- 
ary infections in the sinuses, these infections tend 
to become chronic. The body's frontal and maxil- 
lary sinuses are very prone to infection and in- 
flammation. 
EioLosy 

An invasion of pathogenic Wind Cold into the 
Lungs through the nose (the orifice of the Lungs) 
can bring about the accumulation of Heat and 
cause an obstruction of the Lungs’ Qi. This condi- 
tion further impairs the Lungs’ dispersing and de- 
scending function, giving rise to sinusitis. 

The excessive consumption of greasy, hot 
foods leads to a buildup of Phlegm and Heat tox- 
ins within the body and may predispose the pa- 
tient to sinusitis. Greasy, hot foods may also lead 
to the formation of Damp Heat within the Stom- 
ach and Spleen, which can be transported up- 
wards into the sinuses by way of the Stomach 
Channels. 

Excess conditions, such as Wind Heat, Lung 
Heat, Stomach and Spleen Damp Heat, and Liver 
and Gall Bladder Fire, should all be purged from 
the patient's body, whereas chronic conditions 
caused by Spleen Deficiency should be tonified. 
SYNDROMES 

Sinusitis is characterized by consistent yellow- 
ish and foul smelling nasal discharge accompa- 
nied by cough, impairment of smell, and dull pain 
in the upper part of the cranium. The headache 
caused from sinusitis is located on the face and 
corresponds with either the frontal ethmoidal or 
the maxillary sinuses. 

TREATMENT 
1. Begin by stimulating the patient's frontal si- 
nuses, focusing specific attention on the LI- 
20, GB-20, and Yintang points. 
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2. Then emit Qi into both of the patient’s hands 
and wrist areas, focusing specific attention on 
the LI-4 and Lu-7 points. 
3. Next, using either the Sword Fingers or Ex- 
tended Fan Palm hand posture, emit Qi into 
the patient’s LI-20 points. Begin using the 
Pushing, Pulling, and Leading manipulations 
to guide the patient's Toxic Qi down the Stom- 
ach Channels, purging it out through the St- 
36 point on each leg. 
PRESCRIPTIONS AND HOMEWORK 

The following prescription is used for reliev- 
ing sinusitis. 

The patient, from a seated posture, rubs his 
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or her palms until the dorsal sides of each thumb 
are very hot. Then the patient places the thumbs 
on the sides of the nose and begins to gently rub 
up and down for 10 breaths. This exercise is called 
Bathing the Nose. 

Next, the patient places the tips of the middle 
fingers on each side of the nose (LI-20), and be- 
gins kneading these points. This is followed by 
using circular rotations from the cheeks to the nose 
five times during inhalation, and then from the 
nose to the cheeks five times during exhalation. 
This part of the exercise is called Kneading the 
Apex of the Nose. This exercise is performed for 
10 breaths. 


CHAPTER 47 


Ql! EMISSION THERAPY FOR KIDNEY DISEASES 


INTRODUCTION 

The Kidneys are solid (Zhong) organs that store 
thebody’s jing. They correspond tothe element Wa- 
ter and are sometimes referred to as the Black Em- 
peror. The Kidneys house the Zhi, which is the will 
power, and they are in charge of life and reproduc- 
tion. The Kidneys are also responsible for bone, 
brain and Marrow formation. They govern the 
Mingmen Fire and are the root of the Yin and Yang 
‘energies within al the organs (Figure 47.1). The Kid- 
neys are energetically paired with the Bladder (a 
hollow organ). 

The Kidneys are responsible for inhalation. 
Upon inhalation the Kidneys grasp the Lungs’ Qi 
and hold it. This “holding” action secures the 
body's ability to maintain deep, slow inhalation. 
‘Therefore, when the Kidneys become weak (due 
to shock, trauma or disease), one of the clinical 
manifestations of Deficient Kidneys includes dys- 
pnea (shortness of breath and gasping for air) 

‘The Mingmen, or Gate of Life, is the root of the 
Yuan Qi, the residence of Water and Fire energy. 
The Yin Qi of the Five Yin Organs cannot be nour- 
ished without it, and the Yang Qi of these organs 
cannot be lifted without it. Kidney Qi flows to the 
brain. The ears (Yang orifice), anus and urethra (two 
Yin orifices) are the orifices of the Kidneys. 

‘The Kidneys’ upper external connection with 
the outside world is through the ears, hence any 
sound or tone resonation affects the core essence of 
the individual's spiritual and emotional will power. 

In the winter months the Kidneys become 
more active in individuals who already possess 
strong Kidney Qi, but becomes Deficient in those 
with weak Kidney Qi. The excessive eating and 
drinking of salty foods and overexposure to cold 
depletes the Kidneys. 

Kidney Yin energy flows to the Liver, Heart, 
and Lungs. It is responsible for the body’s Jing 


Figure 47.1. The Kidney (kd) Channels 
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and produces the birth, growth, maturation, and 
reproduction cycle. Kidney Yang energy flows to 
the Spleen, Liver, Heart, and Lungs. It supports 
the Yang of all the body’s organs via the Mingmen 
(Figure 47.2) 


KIDNEY COMPLICATIONS AND 
SYMPTOMS 

This section focuses on specific Kidney dis- 
eases and how to rectify them. The following dis- 
cussion of treatment principles begins with an 
explanation of Kidney syndromes and symptoms. 
Several Kidney diseases have symptoms which 
are common to the organ’s energetic dysfunction, 
such as mental and emotional problems, lower 
back pain, tiredness, and breathlessness. A list of 
Kidney syndromes and their symptoms are de- 
scribed as follows. 

1. A Kidney Yang Deficiency syndrome mani- 
fests through such symptoms as headaches, 
breathlessness, wheezing, asthma, tiredness, 
mental and emotional problems, lower back 
pain, diarrhea, constipation, painful urination, 
enuresis, edema, menorrhagia and premen- 
strual tension. 

2. AKidney Yin Deficiency syndrome manifests 
through such symptoms as tiredness, chest 
tightness, asthma, breathlessness, mental and 
emotional problems, constipation, enure: 
lower back pain, bleeding, Parkinson's dis- 
ease, menorthagia and premenstrual tension. 
AKidney Jing Deficiency syndrome manifests 
through such symptomsas tinnitus, dizziness, 
and mental and emotional problems. 


GENERAL TREATMENT FOR 


KIDNEY DISEASES 

The following is a description of a general pro- 
tocol used for treating a patient's Kidneys. The 
goal is to introduce the Qigong doctor to the ba- 
sic hand positions and areas of the patient’s body 
through which Qi is emitted (or Turbid Qi re- 
moved). Once the Qigong doctor becomes profi- 
cient at locating these specific points, the treat- 
ment will flow more smoothly. 
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Mingmen 
Fire 


Figure 47.2. Kidney Yin flows from the Kidneys to the 
Liver, then to the Heart and Lungs. Kidney Yang flows 
from the Kidneys to the Spleen, Liver, Heart and the 
Lungs, 


After comparing the various Kidney thera- 
pies, the reader will notice that certain patterns 
repeat themselves. 

1. Generally, the Qigong doctor accesses the 
patient's Kidneys through either direct ener- 
getic insertion into the Kidneys’ anatomical 
location on the back, through the naval and 
Mingmen access gates, or through the 
patient’s channels and external energetic 
fields (Figure 47.3). 

2. After treating the patient (purging, tonifying, 
and regulating), the Qigong doctor will stimu- 
late the patient’s Kidneys, Mingmen, and 
Lower Burmer areas, and roots the patient's 
Qi into the Lower Dantian. 

3. Next, the Qigong doctor stimulates the 
patient's Kidneys and Lower Dantian through 
the Taiji Pole and Bubbling Spring (Kd-1) 
points, regulating the body’s Yin and Yang Qi 
via the Microcosmic Orbit (Fire Cycle). 
Keep in mind that these areas are general and 

that specific treatment patterns must change as 
they apply to the patient's exact condition (Ex- 
cess, Deficient, etc.). 
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Energize the 
Kidneys through 
the patient's Tali 
Pole. 
Energize 
the Kidneys 
Energize through the 
Lied Mingmen 
Keneys (Gv-4) 
throug x 
ee point 
Shenque 
(cv) 
point at 
the navel. 
Regulate the 
Kidneys through 
the Sanyinjiao 
(Sp-6) points. 
Energize the 
Kidneys through 
the Yongquan 
(Kd-1) points. 


Figure 47.3. Treating Kidney Diseases 


MEDICAL QIGONG THERAPY FOR 
KIDNEY QI DYSFUNCTION 

Some symptoms of Kidney disease can mani- 
fest as dark circles under the eyes, decaying teeth, 
distended abdomen, dyspnea, and perspiration. 
The primary therapy used to treat Kidney diseases 
include: the Windy Breathing method to strengthen 
the Kidneys, Toe-Raised Walking, and Kidney mas- 
sage (see Chapter 15). 

1. An Excess Heat syndrome of the Kidneys 
should be treated by purging through utter- 
ing the “Chui” (Chree) sound, and reinforc- 
ing its effectiveness by focusing intent on the 
exhalation (Figure 47.4). This gradually re- 
lieves sluggishness and stagnation of the Kid- 
ney’s Qi. 

2. A Kidney Deficiency syndrome manifests 
mid-lower back pain at the waist level, and 
should be treated by Taking in the Blue Qi (see 
Chapter 4) into the Kidneys, Mingmen, and 
Lower Dantian. 

3. A Deficiency of Mingmen Fire should be 
treated by emitting Qi into the patient's Lower 
Dantian and Mingmen area with the Pushing 
technique along with clockwise Qi rotation. 
This manipulation invigorates the Kidneys’ 
Qi and replenishes the Fire of the Mingmen. 


Figure 47.4. The Kidney sound is 


“Chui (Chree). 
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KIDNEY QIGONG PRESCRIPTIONS 
These exercises promote the flow of Qi and 
Blood of the Kidney Channels, nourish the Kid- 
neys, strengthen Yang, and increase the Yuan Qi 
These exercises can also be used to prevent and 
treat the following diseases and syndromes: ne- 
phritis, psychoneurosis, lumbago, rachialgia (spi- 
nal inflammation), tinnitus, deafness, frequent 
micturition and aversion to cold due to having a 
Cold condition. 
PRESCRIPTIONS FOR TONIFYING THE KIDNEYS 

‘The Taking in the Blue Qi can be used to tonify 
the Kidneys. The properties inherent within the 
color blue have a persistent vibratory rate used 
for tonifying the Kidneys and Bladder. 

1. Assume a standing, sitting, or lying posture. 
Relax the whole body, place the tongue 
against the hard palate behind the teeth, and 
get rid of any stray thoughts. 

2. When inhaling, visualize blue energy in front 
of you. Inhale the blue light energy in through 
the nose and down into the Kidney organs. 
As you exhale through the mouth, the dark, 
pathogenic Qi leaves the Kidneys; however, 
the bright clean color remains in the organ, 
stimulating and vitalizing it. With each breath 
the organ retains more clean energy and be- 
gins to glow. Repeat for five breaths. 

3. Next breathe the blue color in through the 
nose, filling the entire mouth, When exhaling 
through the nose, send the blue Qi slowly 
down to the Kidneys, then into the Lower 
Dantian. Perform six to twelve times. Return 
to the beginning posture and close. 

PRESCRIPTIONS FOR REGULATING THE 
KIDNEYS 

Remove stagnation from the Kidneys by hav- 
ing the patient rub the abdomen while sounding 
“Chree.” 

‘Assume a sitting or standing posture. Place 
both palms flatly on the lower abdomen (left hand 
on the outside for men, opposite for women), in- 
hale slowly, and exhale the sound “Chree” while 
rubbing the lower abdomen clockwise, gently 
with the palms. Perform ten to twenty breaths. 
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Figure 47.5. Rotate the waist in a clockwise and 
counterclockwise direction. 


PRESCRIPTIONS FOR STRENGTHENING THE 
KIDNEYS AND CONDUCTING QI 

The following exercise is used to tonify the 
Kidneys. 

1, Assumea standing posture. Clench both hands 
into fists, and place them against the soft tissue 
onboth sides of the Mingmen. Rotate the waist, 
turning towards the left in a clockwise direc- 
tion for six rotations. After the six rotations 
pause in the center, then rotate in the opposite 
direction for six times (Figure 475). 

2. Assumea standing or sitting posture. Rub the 
sides of the Mingmen with both hands, up and 
down thirty-six times, focusing the mind on 
the lumbar region (Figure 47.6). 

3. Tuck the sacrum under (to stimulate the re- 
nal capsule), placing both palms on the groin, 
under the junction of the pubic bone (left hand 
on the outside for men, right for women). 

Support and gently pull up thearea around 
the perineum with both hands eighty-one 
times (Figure 47.7). Switch hands and repeat. 
Note: The Kidneys are injured by irregular 
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Figure 47.6. Rub the Kidney and Mingmen area, 


sleep patterns, fear, excessive caffeine, sex, drugs, 
alcohol, and smoking. Excess saltiness and Cold 
(climate and food) have a draining effect on the 
Kidneys. 


SPECIFIC MEDICAL QIGONG 
THERAPY FOR KIDNEY 


DISEASES 

The following are several Medical Qigong 
treatments used in China to treat specific Kidney 
diseases 


TINNITUS AND DEAFNESS 
Tinnitus isa condition of a high-pitch or rush- 
ing-wind sound within one or both ears. The 
sound may be a consistent pitch or vary in inten- 
sity and modulation. 
ErioLocy 
Although the ears are the opening of the Kid- 
neys, there are other influences which must be 


Figure 47.7. Support the groin and perineal area. 


addressed when dealing with tinnitus. Tinnitus 
is most commonly caused by stagnation of the 
‘Triple Burner and Gall Bladder Channels. These 
channel stagnations are due to three adverse con- 
ditions: the rising of Liver Wind Fire which may 
be induced by violent rage, the obstruction of the 
orifices in the head due to External Wind inva- 
sion, or by failure of the Kidney Jing to reach the 
ears due to a Kidney Deficiency. 

‘This disease can be divided into Full and 
Empty Types of tinnitus: 

1. The Full Type of tinnitus is caused by the flar- 
ing up of pathogenic Wind, Yang, Fire, 
Phlegm, or Phlegm Fire. It is most noted in 
the Excess rising of Liver and Gall Bladder 
Fire, or Phlegm Fire flaring upwards. This 
type of tinnitus is experienced as a sudden 
onset with a loud sound and is aggravated 
by cupping one’s hands over one's ears. 

2. The Empty Type of tinnitus is caused by a 
Deficiency of Kidney Qi, Kidney Jing, Lung 
Qi, or Heart Blood that is unable to extend to 
the ears. It is most noted in Kidney Jing Defi- 
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ciency, Deficient Upper Burner Qi and Heart 
Blood Deficiency. This type of tinnitus mani- 
fests clinically through a gradual onset with 
a low sound and is improved by cupping 
one’s hands over one’s ears. 

Symproms 

1. The Excess Type of tinnitus manifests as a 
sudden deafness or distending pain in the ears 
accompanied with a loud-pitched ringing 
noise. The adverse rising of Liver Wind Fire 
or Gall Bladder Wind Fire causes vexation and 
irritability, and often manifests as a flushed 
face and dry mouth. 

‘The Excess condition caused by an invasion 
of External Wind also includes symptoms 
such as chills, fever, and headache. 

2. The Deficient ‘Type of tinnitus can either oc- 
cur constantly or intermittently, and may be 
aggravated by overstraining and relieved by 
hand pressure. This condition is often accom- 
panied by dizziness, soreness of the waist, 
seminal emission, or leukorrhea. 

‘TREATMENT 

1. Begin by stimulating the patient’s TB-3, TB- 
17, SI-19, and LI-4 points on both sides of the 
body. 

2. Emit Qi towards the patient’s Lower Dantian, 
using the right Sword Finger hand posture 
and left Extended Fan Palm hand posture. 

3. Next, extend energy into the patient's affected 
ear and focus the Qi emission around the 
patient's TB-17 and TB-21 point areas. Next, 
guide the Qi to flow down the head, neck, 
shoulders, and arms along the Triple Burner 
Channels and out of the hand 3 to 7 times. 

4, Finally, extend Qi into the patient's affected 
ear and guide the Qi down and out of the 
body along the corresponding Gall Bladder 
‘Channel ending at the corresponding foot. 

MopiFications 
*# In cases of adverse rising of Liver Wind Fire, 
use the Vibrating Palm to emit Qi into the 
patient's BI-18 and -19 points for 14 breaths 
on both sides of the body. 
+ Incases of Kidney Deficiency, emit Qi into the 
patient's BI-23 points for 14 breaths. 


PRESCRIPTIONS AND HOMEWORK 

In the following three prescriptions make sure 
the patient heats his or her hands before begin- 
ning, 

1. Have the patient perform the Beating the 
Heavenly Drum exercise (see Chapter 16) for 
24 breaths. 

2. Have the patient press the ears with the palms 
in a compression-release fashion 10 times 
each. Be sure to warn the patient to avoid 
forceful or violent compression. The patient's 
intention should focus deep within the ori- 
fice of the ears. 

3. Have the patient pinch the top of the auricles 
of the ears gently, and massage them from the 
top downwards 24 times. 


LumBaco 

Lumbago is a general non-specific term for 
dull aching pain in the lumbar region of the back. 
EtioLocy 

Lumbago is a common symptom observed in 
‘many diseases, such as acute and chronic muscular 
strain of the lower back, subluxation of the discs, 
prolapse of the lumbar vertebra, etc. Patients may 
suffer from lumbago with pain radiating down to 
their lower limbs. Lumbago pain can also be ag- 
gravated by weather changes. Traditionally, there 
are three general causes of lumbago: lumbago due 
to Wind Cold and Dampness, lumbago due to Kid- 
ney Deficiency, and lumbago due to trauma. 

1. Lumbago due to Wind Cold and Dampness, 
is caused by retention of Cold and Damp 
pathogens in the channels and collaterals. This 
in turn leads to the obstruction or stagnation 
of Qiand impairs Blood circulation. 

2. Lumbago due to Kidney Deficiency is caused 

by an over consumption of the Kidney Jing 
due to an overactive sex life. This results in 
the failure of the Kidneys to nourish the Triple 
Burmer Channels. 
Lumbago due to trauma occurs from an in- 
jury tothe tissues and muscles (eg,, dislocated 
vertebra, fractures, ruptured spinal disks, 
etc.), and leads to stagnation of Qi and Blood, 
Qiand Blood stagnation leads to obstructions 
in the channels and collaterals. 
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symproms 

1. Lumbago, due to Wind Cold and Dampness, 
is manifested by heaviness and pain at the 
waist, which may radiate to the hips and 
down the legs, or may be accompanied by 
muscular stiffness. In chronic cases, the pain 
is intermittent with various degrees of sever- 
ity. On wet and cold days the patient often 
feels cold at the waist and lumbar area. 

2. Lumbago, due to Kidney Deficiency, is mani- 
fested by continuous, dull pain, accompanied 
by soreness and weakness of the waist and 
knees, cold limbs and nocturnal emission. 

3. Lumbago due to trauma is manifested by lo- 
calized pain along with tenderness and lim- 
ited mobility. 

TREATMENT 

1. Place the patient in a sitting position on the 
table. Begin stimulating the patient’s 
Mingmen area with your left hand while the 
right hand guides the energy down to the 
patient's BI-40 points behind the knees. 

2. Using the Extended Fan Palm hand manipu- 
lation emit Qi into the patient’s Minginen and 
BI-18 areas, guiding the Qi to flow along the 
Bladder Channels down the legs. 

Next, place the patient in a supine posture, 
knees pointing upwards and feet flat on the 
table. Position yourself over the patient allow- 
ing the weight of your chest to support and 
compress the physical structure of the 
patient's knees, lower legs and feet. Embrace 
the patient's hips and imagine separating the 
inner fascia and tissues. The purpose for this 
compression is to initiate a strong internal 
stretching action within the tendons and 
smaller muscles of the patient's lower back 
and sacral area. This technique is used to dis- 
perse stagnant Qi and Blood within the 
patient's lumbar vertebra, sacrum and femur 
articulations. At the same time, direct the Qi 
upwards along the patient's spine and Gov- 
cerning Vessel. Hold this compression for sev- 
eral minutes. 
4. To avoid respiratory congestion (while your 
‘weight is stretching the patient's sacrum and 


lower lumbar), the patient is instructed to 
raise the arms above the head. 

5. As the patient experiences the lower back 
‘compression, he or she imagines the stagnant 
energy (trapped within the lumbar area) melt- 
ing like ice into water and flowing through 
the Microcosmic Orbit (Fire Cycle). With each 
exhalation the patient relaxes toa deeper level, 
imagining him or herself sinking deeper into 
the table. 

TREATMENT MODIFICATIONS 

1. For lumbago due to Wind Cold and Damp- 
ness, purge the pathogenic Qi out of the 
patient's body first, and then emit Heat into 
the channel points associated with the spe- 
cific location of the patient's pain. 

2. For lumbago due to Kidney Deficiency, use a 
Vibrating Palm technique to emit Qi towards 
the patient’s Mingmen, BI-23 and BI-18 points 
for 14 breaths each point on both sides of the 
body. 

3. For lumbago due to trauma, extend Qi for 28 
breaths into any Ah Shi point (painful tissue 
area). 


INSOMNIA 

Insomnia is described as a sleeping disorder 
that disrupts the patient's normal sleeping pat- 
tern. Inmild cases, the patient may have difficulty 
falling asleep or remaining asleep (waking numer- 
ous times during the night). In severe cases the 
patient may be unable to fall asleep at all. Dis- 
eases with insomnia as part of their manifestation 
include anxiety disorders and menopausal syn- 
drome. 
ErioLoay 

‘The amount and quality of sleep depends on 
the state of the patient’s Shen, which is rooted in 
the Heart (specifically, the Heart Blood and Heart 
Yin). If the Heart is agitated or Deficient, the Shen 
cannot root, and sleep will be affected. Any dis- 
harmony of the body's internal organs due to an 
Excess or Deficient condition affects the patient's 
Jing and Blood. Since the Jing and Blood root the 
Shen, the Shen will have no residence and insom- 
nia may result. 
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Insomnia can be caused by insufficient Blood 
due to impairment of the Spleen Qi, or from mal- 
nourishment of the Heart Qi due to a Deficiency 
of Heart Blood. This condition can also result from 
overfatigue, anxiety or irritability. This may be due 
toa disharmony between the Heart and Kidneys 
(resulting from Deficient Kidneys), irritability 
(due to mental depression) or from disharmony 
between the energetic function of the Stomach and 
Spleen (resulting from an improper diet). 

Since the Hun (rooted in the Liver Blood or 
Liver Yin) play an important role in the length and 
quality of sleep, Liver Blood Deficiency can cause 
the Hun to be deprived of their residence and to 
wander at night causing restless sleep. 
‘Symproms 

‘The main symptom is an inability to sleep, 
which based on the different conditions of this ill- 
ness can be further classified as: 

* An inability to get to sleep, 

* Sleepwalking, and an 

* inability to fall asleep after waking 
The symptoms vary with the causes of the 

disease. 

1. Insomnia due toa Deficiency of the Heart and 
Spleen (resulting from severe worry) may 
cause shallow sleep, or dream disturbed sleep. 
Itis manifested by palpitations, poor memory, 
vertigo, dizziness and spontaneous sweating. 

2. Insomnia due to Kidney Deficiency (result- 
ing from excessive sexual activity) is mani- 
fested by dizziness, tinnitus, soreness in the 
loins and back area, as well as involuntary 
seminal emission. 

3. Insomnia due to upward stirring of Liver 
Yang is manifested by pain and distention of 
the chest and epigastrium, belching, and acid 
regurgitation, as well as mental hyperirrita- 
bility, dizziness and headaches. 

TREATMENT 

1. Begin by having the patient sit at the edge of 
the table. Your right hand emits Qi into the 
patient's CV-12 point, directing the energy to 
flow down into the patient’s Lower Dantian. 
The left hand extends energy into the patient’s 
mid-back around the area of the patient's BI- 


18, BI-19, BI-20 and BI-21 points, and leads the 
Qi down the Bladder Channels to the feet on 
both sides. 

2. Next, use the Vibrating Palm technique to 
extend energy into the patient’s Baihui, GV- 
14, Mingmen, CV-12 and Lower Dantian ar- 
as for 9 to 18 breaths each. 

3. Emit Qi into the patient’s Baihui area and 
Jeads the Qi from the top of the patient's head 
down the Conception Vessel into the Lower 
Dantian. 

4, Finally, emit Qi into the patient’s GB-8 point 
by the top of the ears and guide the Qi down 
the patient’s Stomach Channels to the St-36 
points. 

TREATMENT MODIFICATIONS 
1. For treatment of insomnia due to Deficiency 
of Heart and Spleen, emit Qi into the patient’s 
BI-20 and BI-15 points, guiding the Qi down 
along the Bladder Channels to the feet. 
2. For insomnia due to Kidney Deficiency emit 
Qi into the patient's Mingmen and BI-23 
points for 18 respirations. 
3. Forinsomnia due to emotional depression, emit 
Qi towards the patient's Lv-3 and Lv-4 points 
(on both sides of the body), guiding the Qi 
down to the patient's lower extremities along 
the Liver and Gall Bladder Channels. 
4. For insomnia due to Spleen and Stomach dis- 
harmony, use the Vibrating Palm hand tech- 
nique to emit Qi into the patient’s CV-12, St- 
36, and St-21 points on both sides of the body. 
PRESCRIPTIONS AND HOMEWORK 

For the best results, have the patient practice 
Medical Qigong prescriptions one to two hours 
before going to bed. For chronically ill patients, 
the causes of the insomnia should be removed 
first, followed by Medical Qigong prescriptions 
and regular physical exercise for lasting therapeu- 
tic results. 

Have the patient perform the Kidney Massage 
for treating insomnia prescribed in Chapter 39 


PYELONEPHRITIS 
Pyelonephritis is an infectious disease caused 
by bacteria invading the renal parenchyma and 
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renal pelvis unilaterally or bilaterally. It clinically 
manifests through the following symptoms: fever, 
lumbago and abnormal discharge of urine. 
SYNDROMES 

1. Damp Heat in the Bladder is clinically mani- 
fested through symptoms such as frequent 
and painful urination, fever, distention and 
pain in the lower abdomen, lumbago and 
aversion to cold. 

2, Stagnation of Liver and Gall Bladder Heat is 
dlinically manifested through symptoms such 
as fever with or without chills, nausea, loss of 
appetite, lumbago or pain in the lower abdo- 
men, frequent urination with cloudy urine 
and feeling agitated. 

3. Spleen and Kidney Deficiency with Heat sta- 
sis is clinically manifested through such 
symptoms as edema of the face, swelling of 
the feet, abdominal distention, thin stools and 
frequent urination, lassitude and weakness in 
the entire body (especially the legs), dizziness, 
tinnitus and anorexia (lack of appetite). 

TREATMENT 

1. Have the patient sit at the edge of the table 
and begin stimulating the Mingmen and 
Lower Dantian areas using a Vibrating Palm 
technique for 11 to 22 breaths. 

2. Next, have the patient lay supine on the table 
and stimulate the patient's Sp-6 and Kd-3 ar- 
as on both sides of the body. 

3. Use the Extended Fan Palm hand technique 
to emit Qi into the patient’s Lower Dantian, 
guiding it down the Kidney Channels to the 
bottom of the feet. 

‘TREATMENT MODIFICATIONS 

1, When treating patients with Damp Heat in 
the Bladder, use a Sword Fingers hand pos- 
ture and apply the Vibrating technique, emit- 
ting Qi into the patient's Mingmen and Lower 
Dantian for 14 to 28 breaths. 

2. When treating patients with stagnant Heat in 
the Liver and Gall Bladder, use the Extended 
Fan Palm hand posture to emit Qi into the 
patient’s mid-back and Liver, purging Toxic 
Qi down the Liver and Gall Bladder Chan- 
nels and out of the body via the legs. 


3. When treating patients with Deficient Spleen 
and Kidneys, use the Extended Fan Palm 
hand posture to emit Qiinto the patient's mid- 
back BI-20, and BI-23 points, CV-12 and Lower 
Dantian areas. 
PRESCRIPTIONS AND HOMEWORK 

Have the patients practice the Standing Post 
Posture with arms suspended at the Middle Dan- 
tian, and the mind’s intention focused on the 
Lower Dantian. Use natural abdominal breathing, 
(see Chapter 16) 
PRESCRIPTION MODIFICATIONS. 

1, For patients with Damp Heat in the Bladder, 
have them practice rubbing the costal area and 
sounding “Who.” 

2, For patients with stagnant Liver and Gall 
Bladder Heat, have them practice massaging 
the costal area and sounding the word “Shu.” 

3. For patients with Spleen and Kidney Defi 
ciency, have them practice the method of Tak- 
ing in Yellow Qi, as well as the Gathering the 
Moon Cream exercise (see Chapter 11). 


IMPOTENCE 

Impotence is a weakness and inability of the 
ale to achieve or maintain an erection. Symy 
toms vary from premature ejaculation to partial 
penile erection (the penis is erect but not hard, 
resulting in the incapability of sexual intercourse), 
to a complete failure to achieve any erection at 
all. Impotence indicates a weakness in all Five Yin 
Organ energies. The combined energies must be 
sufficient to culminate an erection, as described 
below. 

1. The Heart energy quality is strongly affected 
by the nature of the sexual encounter. Casual 
sex may not involve the highest spiritual en- 
ergy of the Heart's upper chamber (see Chap- 
ter 5), only the basic instincts and drives of 
the lower chamber. The Heart may also be 
affected by the individual's moral values and 
beliefs, as well as the quantity and quality of 
emotional passion (ie,, with or without guilty 
feelings) at the time of arousal. Heart energy 
also pertains to the energy of the Blood. 

2. The Spleen energy pertains to what the man 


is thinking and his intention at the time of 

arousal. This also affects the man’s muscles. 

3. The Liver energy pertains to visual stimula- 

tion that affects a man’s sexual drive. This af- 
fects the man’s strength. Many aspects of 
man’s sexuality are relate to the Liver's func- 
tions, ie,, visual images evoking emotions, 
Blood filling the erectile tissue, and the power 
of desire. 

4, The Kidney’s Qi pertains to the Jing energy 
stored within the Marrow, and relates to the 
man’s will power and endurance. It is associ- 
ated with audible stimulation and affects the 
‘man’s endurance. 

. The Lung Qi is man’s somatic expression of 
sexual passion and is stimulated through 
touch and smell. This energy also affects the 
man’s endurance. 


ErioLocy 
There are two main factors ascribed to impo- 
tence: psychogenic and organic. In the first case, 
the patient's physical, mental, emotional, and 
spiritual energies are out of harmony. This can be 
caused by fear, excitement, performance anxiety, 
etc. In the second case, impotence can be caused 
by medications, drugs, alcohol, etc. In most or- 
ganic cases, however, impotence is caused by pros- 
tate failure, cardiovascular disease or diabetes. If 
this condition persists long enough the man looses 
sexual interest and the condition becomes psycho- 
somatic. 
SYNDROMES 

+ Insufficiency of Kidney Yang is clinically 
manifested through symptoms such as impo- 
tence, lumbago, weakness in the knees, diz~ 
Ziness, tinnitus, aversion to cold, cold limbs 
and a cold sensation in the external genitalia, 
listlessness and shortness of breath. 

* The downward flow of Damp Heat is clini- 
cally manifested through such symptoms as 
impotence, itching and pain around the ex- 
ternal genitalia and scanty, dark urine. 

TREATMENT 
1, Stimulate the patient’s Mingmen and Lower 
Dantian areas using the Vibrating Palm tech- 
nique for 12 breaths. 
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2. Next, stimulate the patient’s Sp-6 areas on 
each leg, leading the Qi up into the Lower 
Dantian for 12 breaths. 

3. Finally, return back to the Mingmen and 
Lower Dantian areas using the Extended Fan 
Palm hand technique. Emit Qi for 24 breaths, 
rotating in a clockwise direction to gather the 
Qiin the Lower Dantian. 

‘TREATMENT MODIFICATIONS 

‘+ When treating a patient with an insufficiency 
of Kidney Yang, vibrate the energy using the 
Sword Fingers Hand technique, while emit- 
ting Qi into the Lower Dantian for 16 to 18 
breaths. 

+ When treating a patient with a condition of 
Damp Heat flowing downward, purge the Qi 
along the Kidney Channels down into the 
Lower Dantian. Use the Extended Fan Palm 
hand technique and emit Qi into the patient's 
Lower Dantian, Kd-13 and Kd-14 points on 
both sides of the body, as well as the navel 
area, for 24 breaths. 

PRESCRIPTIONS AND HOMEWORK 
It is advisable to have the patient perform the 

Deer exercise, prescribed for increasing the body’s 

Jing. 

1. Have the patient sit on the edge of the chair, 
rubbing the palms to create heat. This right 
hand will cup his testicles so that the palm 
completely covers them with slight pressure. 
The left hand is placed on the area of the 
Lower Dantian just below the navel. The left 
hand moves in a circular clockwise direction 
81 times. Next, the hands are rubbed together 
again, reversing the hand positions so that the 
lefthand cups the testicles and the right hand 
ison the Lower Dantian. The circle rubbing is 
repeated in the opposite direction 81 times. 
Concentrate on the heat and Qi filling up the 
Lower Dantian and genital area. 

2. The patient should tighten and draw up the 
anal muscle while inhaling, feeling the Qi 
being drawn up the rectum and prostate area, 
filling up the Lower Dantian. He should hold 
the breath as long as possible, then exhale, 
release and relax. The anal contraction exer- 


cise should be repeated beginning with 25 
breaths, and eventually working up to 250 
breaths. 
PRESCRIPTION MODIFICATIONS 
1. When treating patients with Kidney Yang 
Deficiency, it is advisable to have them prac- 
tice Beating and Drumming the Qi with lower 
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abdominal breathing (see Chapter 42). 


. When treating patients with a downward flow 


of Damp Heat, it is advisable to have the pa- 
tient rub the Lower Dantian and sound the 
healing tones “Chree” for 36 breaths and 
“Shu” for 36 breaths. 
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CHAPTER 48 


QI EMISSION THERAPY FOR MISCELLANEOUS 


DISEASES 


INTRODUCTION 

This chapter deals with miscellaneous dis- 
eases that are classified as either complicated 
multiple diseases, or energetic conditions which 
havenot yet been classified. This section describes 
the conditions, symptoms and treatment for these 
syndromes. The discussion of these various treat- 
‘ments begins with energetic dysfunctions stem- 
ming from the Qi of the Three Dantians, and ex- 
pands further to include other tissues, internal or- 
gan and energetic organ system complications. 


DEFICIENT DANTIAN Qi 

One of the most common problems found in 
the body’s energetic system is Deficient Dantian 
Qi. The symptoms vary according to the location 
of the Deficiency, as well as the patient's constitu- 
tion. 

1. If the energy is Deficient within the Lower 
Dantian, the symptoms and syndromes cover 
a large range that includes: chronic diarrhea, 
asthma due to Kidney Deficiency, hyperten- 
sion due to Yin Deficiency, Blood Deficiency, 
insomnia, spermatorrhea, collapsing syn- 
drome due to Deficiency, abandoned-type 
Wind Stroke, abandoned-type coma and all 
types of organ prolapse. 

2. If the energy is Deficient within the Middle 
Dantian, the problems may include shortness 
of breath, bronchitis, asthma, chest pain, pal- 
pitations, intercostal neuralgia, all breast dis- 
orders including acute mastitis and breast 
abscesses 

3. If the energy is Deficient within the Upper 
Dantian, the problems may include frontal 
headaches, dizziness, vomiting, fainting due 
to Blood loss, insomnia, eye soreness, febrile 
convulsions and insanity. 


PRESCRIPTIONS FOR REGULATING THE 
THREE DANTIANS 

‘The following meditations are prescriptions 
used to regulate the heat, vibration, and light in 
the Lower, Middle, and Upper Dantians. 

1. The Lower Dantian meditation solidifies the 
Qi in the Lower Dantian that allows for stable 
energy transference to take place. The purpose 
for Heat Regulation in the Lower Dantian is 
to cause the internal organs to steam; this 
transfers energy from organ to organ to nur- 
ture and regulate the body's Qi. 

Have the patient focus on breathing into the 
center of the Lower Dantian. Upon inhaling, 
the patient imagines drawing Qi into the body 
from the nose, urethra and anus, and directs 
it into the Lower Dantian. After inhaling, the 
patient closes the lower orifices and circulates 
the Qi up through the coccyx and Mingmen 
area, then down into the navel and into the 
Lower Dantian. It is important that the pa- 
tient visualize a ball of energy rotating in the 
lower abdomen like a spinning wheel. As this 
Qi begins to collect in the Lower Dantian, heat 
and vibration begin to resonate in the lower 
abdominal area. 

2. The Middle Dantian meditation expands the 
patient’s Wei Qi, which in turn enhances the 
body’s protection against an attack of Hot or 
Cold pathogenic factors. The patient should 
draw the Toxic Qi out of the Yang Channels 
of the arms, through the center point of the 
palms. This is an excellent meditation for 
treating diseases caused from Excess Heat, 
such as insomnia, headaches, hypertension, 
and arthritis of the joints: 

‘To regulate the heat of the Heart Fire and 
Middle Dantian area, the patient focuses the 
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breath and mind’s intention on the center of 
the chest (CV-17) while placing the right 
thumb inside the heart of the left palm (Pc-8), 
while resting both hands on the lap. 

The Upper Dantian meditation not only ex- 
pands the patient’s Wei Qi, but also fills the 
body with sound and light vibration. Sound 
and vibration are used in the Qigong clinic to 
purge Toxic Qi out of the patient's body. This 
is an excellent meditation for balancing and 
energizing all Three Dantians. 

‘The patient begins in a standing or sitting 
Wuji posture, with the spine straight, 
Mingmen pressed back, anal sphincter closed, 
tongue on upper palate, and breathing natu- 
rally. This particular exercise follows the open- 
ing and closing pattern of Qi regulation. The 
focus is placed on each Dantian area for a pe- 
riod of 18 to 24 breaths. Each Dantian area 
needs a specific sound and light visualization 
to open, purge, close, and regulate its energy. 
The sounds and physical actions are as fol- 
lows. 

To open, energize and regulate the Upper 
Dantian, use the sound of “Om.” The arms 
separate and come together above the Baihui 
area (above the head) in order to open and 
close the Upper Dantian. The focus of the 
mind’s intention is placed on drawing in di- 
vine healing light while inhaling, to fill the 
Taiji Pole. When exhaling, imagine the energy 
rushing into the Upper Dantian while toning 
the first vowel sound “O.” Then imagine light 
shinning outside of the body while sounding 
the consonant sound “m.” On the beginning 
of the vowel sound, the tongue is placed on 
the lower palate. As the toneand breath reach 
its midpoint, the tongue rises to connect with 
the upper palate to finish the sound “Om.” 

To open, energize and regulate the Middle 
Dantian use the sound of “Ha.” The arms 
separate and come together above the chest 
at the CV-17 point while opening and closing 
the Middle Dantian. The focus of the mind’s 
intention is placed on drawing in divine heal- 
ing light while inhaling, to fill the Taiji Pole. 


When exhaling the tone “Ha”, separate the 
arms and imagine that the Qi rushes into the 
Middle Dantian and then expands to shine 
outside of the body. On the beginning of the 
tone “Ha,” the tongue should be placed on 
the lower palate. As the tone and breath reach 
its midpoint, the tongue maintains its connec- 
tion to the lower palate. 

* To open, energize and regulate the Lower 
Dantian use the sound of “Hai-riem.” The 
arms separate and come together above the 
lower abdomen at the CV-8 point while open- 
ing and closing the Lower Dantian. The focus 
of mind's intention is placed on drawing in 
divine healing light while inhaling, to fill the 
Taiji Pole. When exhaling, imagine the Qi 
rushing into the Lower Dantian with the first 
syllable “Hai,” then shines outside of the body 
when the syllable “reim” is pronounced. At 
the beginning, the tongue is placed on the 
lower palate to pronounce the sound “Hai.” 
Asthe tone and breath reach its midpoint, the 
tongue changes its position to behind the teeth 
to tone the sound “reim.” 

All three sounds are used to activate and en- 
ergize the body's Three Dantians by practicing 
these sounds in the following two step progres- 
sion: 

1. Upon inhalation, focus the mind’s intention 
on drawing divine healing light into the body 
to fill the Taiji Pole. 

2. While exhaling, sound the specific tone of 
each Dantian, while both hands perform the 
opening (the expanding movements of the 
arms and hands) and closing (the contracting 
movements of the arms and hands) technique 
ateach Dantian. The mind visualizes the light 
resonating and shining out from the body at 
each Dantian during the toning. 


IMPROPER YIN AND YANG ENERGY 
BALANCE 

Another common problem observed in the 
clinic is an imbalance of Yin and Yang Qi within 
the patient’s body. Converting and balancing the 
Yin and Yang energy diverts the Qi before it has a 
chance to overload the body’ system. The Qigong 
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doctor first removes any obstruction in the 
patient's Governing Vessel and then harmonizes 
the patient's Yin and Yang energy by extending 
Qi into the patient's back, on the GV-13 and -14 
points. 

The following meditations are used as pre- 
scriptions to develop a strong electrical charge in 
the body, that balances the Yin and Yang currents: 

Have the patient place the thumb in the heart 
of his or her palm (Pc-8), fingers touching the back 
(dorsal) side of the hand, opposite the (Pc-8) point 
(Figure 45.1). To energize the Lower Dantian the 
patient concentrates on his or her lower abdomi- 
nal area. To energize the Middle Dantian the pa- 
tient should concentrate on the area at center of 
the chest. The only difference between the Lower 
Dantian exercise and the meditation used to heat 
the Middle Dantian is the focal point of the 
patient’s concentration. In these particular exer- 
cises, the hand postures are the same, however, 
the mind is focused on either the hands near the 
Lower Dantian, or on the middle of the chest. 

+ Formento develop a stronger electropositive 
Yang energy field, the right hand should cover 
the top and center of the left hand. To develop 
a stronger electronegative Yin energy field, the 
left hand should cover the top and center of 
their right hand. 

+ For women to develop a stronger electroposi- 
tive Yang energy field, the left hand should 
cover the top and center of the right hand. To 
develop a stronger electronegative Yin energy 
field, the right hand should cover the top and 
center of the left hand. 

Note: In generating energy within each Dan- 
tian area it is important to understand basic Yin 
and Yang polarities and their relationship to male 
and female. The female chest is considered Yang 
while the female genital area is considered Yin. 
‘The female Middle Dantian (or Heart area) is the 
focal point of female Yang (positive) energy; the 
genital area is the focal point of female Yin (nega- 
tive) energy. Conversely, the male chest is consid- 
ered Yin while the male genital area is considered 
Yang. The Middle Dantian (or Heart area) is the 
focal point of male Yin (negative) energy; the geni- 
tal area is the focal point of male Yang (positive) 


energy (see Chapter 5). 


DISORDERS OF THE Qi 

Whenever energy movementis impeded, dis- 
orders in Qi functions occur. Generally, these dis- 
turbances cause either disorders of Fire, or disor- 
ders of Water (see Chapter 22). 

‘The cause and progression to these disorders 
can be further broken down and classified accord- 
ing to their energetic dysfunction. There are sev- 
eral types of Qi disorders observed in the clinic 
and they are generally described as follows. 
LEAKAGE AND Loss oF Q1 

During or after training practice, the patient 
may feel that Qi is continuously and uncontrolla- 
bly leaking out of the body from the genitalia and 
anus or somewhere else on the body. This loss of 
Qi can lead to Qi Deficiencies and manifest 
through the following symptoms: emaciation, 
weakness of the limbs, grayish and dull complex- 
ion, nervousness, mental disturbances, distract- 
ibility, failing memory, spontaneous sweating, 
night sweats, seminal emission, insomnia, lassi- 
tude and sluggishness. 

To treat this condition apply the Extended Fan 
Palm technique, use the Pushing, Pulling, and 
Shaking manipulations to emit Qi into the 
Mingmen; then use Vibrating and Shaking ma- 
nipulations to emit Qi into the Lower Dantian. 
QI STAGNATION DISORDERS 

Qi stagnation exists when the Qi becomes 
sluggish when moving within the body's chan- 
nels, organs, or tissues. Qi stagnation can be 
caused by many different factors such as sup- 
pressed emotions, trauma, contraction of micro- 
organisms, poor diet, and weak digestion. Qi stag- 
nation, over time, results in localized pain, dis- 
tention, cysts, tumors, etc. Qi stagnation disorders 
have two subcategories: Qi and Blood Stasis, and 
Obstructed Qi (see Chapter 22). 

1, Qiand Blood Stasis refers to the sensation of 
local pain, heaviness, soreness, distention, and 
compression, which are caused by the stag- 
nant Qi and Blood in certain areas of the body. 
These sensations do not resolve by them- 
selves. This stasis may occur during or after 
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Medical Qigong training practice from Qi dis- 
orders and visceral malfunctions. 

2. Obstructed Qi is also considered a subcat- 
egory of Qi stagnation, and exists when the 
‘Qibecomes so stagnant that it no longer flows. 
At this stage the Qi can’t move the Blood. This 
can be caused by trauma, surgery, and acute 
Qi stagnation. 

Reconstructive Qi therapy, for conditions of Qi 
stagnation use the following two methods: 

1. Select corresponding channel points in the re- 
gion of the Qi and Blood stasis. Knead the 
selected channel points, then push and rub 
along the obstructed channel. 

2. Finish the treatment by applying the Extended 
Fan Palm technique; use the Pushing, Pulling 
and Shaking manipulations to emit and con- 
duct Qi along the channels to open them. 


REBELLIOUS QI DISORDERS 

Rebellious Qi disorders manifest as Qi flow- 
ing in the wrong direction (a direction different 
from its normal physiological progression); this 
causes a disturbance within the harmonious flow 
of energy and affects the organ functions. The 
symptoms have to be analyzed according to the 
internal organ which is involved. There are two 
types of Rebellious Qi, the Excess type and the 
Deficient type. Rebellious Qiis categorized as fol- 
lows. 


DISORDERS OF EXCESS REBELLIOUS QI 

Disorders of Excess Rebellious Qi occur when 
the vital Qi increases and forces the pathogenic 
Qi to move. This causes local sensations of pain, 
soreness, distention, heaviness, coldness or hot- 
ness which can develop during Qigong practice. 
TTo treat for conditions of Rebellious i, use the 
following two methods: 

1. From the head and torso, follow the routes of 
the channels and collaterals out to the extremi- 
ties. Pinch and lightly pull on the extremities 
(fingers and toes). Then press, knead, push 
and rub the location of the discomfort, guid- 
ing and leading the Qi along the channels 
away from the area of discomfort. 

2. Apply the Extended Fan Palm method; use 
the Pulling and Leading manipulation to pull 
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and guide the Qi, or open up the channel 
points to disperse the Qi. 
DISORDERS OF DEFICIENT REBELLIOUS Qi 
Disorders of Deficient Rebellious Qi refer to 
the disorderly flow of Qi and Blood during or af- 
ter training practice, which can cause dizziness, 
fright, a heavy feeling in the chest, shortness of 
breath, shaking limbs, trembling of the hands and 
feet or fainting. Generally, energy sensitive prac- 
titioners know the location and direction of the 
disorderly flow of Qi in their tissues. 
‘To treat conditions of Deficient Rebellious Qi use 
the following two methods: 

1. Open the appropriate channel points to regu- 
Jate the functional activities of the Eight Ex- 
traordinary Vessels. 

2, Select appropriate regions and channel points 
and apply the Extended Fan Palm or Sword 
Fingers technique. Use Pushing, Pulling, and 
Shaking manipulations to activate the chan- 
nel Qi of that particular channel or region. 
‘Then, use the Leading manipulation to direct 
the Qi into specific channels or returnit to the 
Lower Dantian. 


ARTHRITIS 

Arthritis is defined as inflammation of the 
joints, usually accompanied by pain, swelling and 
frequently changes in structure. This is a chronic, 
multiple arthropathy and can be divided into the 
peripheral type (pertaining to the four limbs), and 
the central type (pertaining to the spinal column, 
i.e,, rheumatoid arthritis or ankylosing spondyli- 
tis). 
ErioLocy 

Arthritis is caused by pathogenic Wind, Cold 
and Dampness attacking the body’s channels and 
hindering the Qi and Blood circulation. This in- 
vasion can give rise to pain, soreness, heaviness, 
and numbness of the tendons and muscles, as well 
as swelling and difficulty in moving the joints. 
This condition can be caused from an unstable life- 
style weakening the body’s Wei Qi, overexposure 
toa draft after sweating, wading in water, expo- 
sure to cold weather, or laying on a damp ground 
for long periods of time. 
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symptoms 

Arthritis is clinically manifested primarily as 
arthralgia and dysfunction of the joints and can 
be accompanied by muscle spasm, loss of muscle 
tone, loss of muscle mass and deformity. Symp- 
toms can be divided into early and late stages. 

+ In the early stages of arthralgia, the local 
swelling usually starts from the small joints 
of the fingers and toes, wrists and ankles, or 
from the iliosacral joint and spreads upward 
into the body. Several weeks or months later, 
the patient may feel local tenderness and in- 
flexibility of the joints with some clicking or 
cracking sounds. In this stage the pain is 
worse at night and early in the morning, and 
may be alleviated with gentle exercise. In the 
early stages of arthritis, the patient’s condi- 
tion can be controlled and even restored back 
to normal through Medical Qigong prescrip- 
tions. 

+ In the later stages of arthritis, the articulation 
of the joint movement is markedly limited, 
and patients may experience deformity in the 
joints, as well as stiffness, muscular atrophy 
and paralysis. The phalangeal and carpal 
joints of the patient’shands may become rigid 
and deviate to the ulnar side of the arm. The 
fingers may also become deformed with re- 
stricted mobility, and the elbow and shoul- 
der joints may also be affected. In the late 
stages of arthritis, the treatment can only con- 
trol the progression of the disease and allevi- 
ate local symptoms. The patient's locomotive 
function can only be gradually improved. 

If the patient's lower limbs are affected, the 
ankle, knee and hip joints may become rigid, and 
he or she may experience motor impairment. If 
arthritis occurs in the patient's spinal column, it 
may cause kyphotic deformity and dyspnea, as 
well as restriction in neck movement. At this stage 
a sudden backward flexing of the neck may cause 
sudden death in patients with rigid forward bend- 
ing neck deformity. 

When treating an External invasion of patho- 
genic factors, the Qigong doctor observes three 
main symptoms of arthritis: 


1. Wind or migratory arhtralgia is manifested by 
pain that has no particular fixed location, but 
‘moves throughout the body's extremities and 
joints, and is sometimes accompanied by 
chills and fever. 

2. Cold arthralgia is manifested by localized 
pain of the joints, which may be relieved by 
heat and aggravated by cold. 

3. Damp arthralgia is manifested by fixed pain 
and swelling in the joints and extremities, or 
by numbness of the skin which may be ag- 
gravated in cloudy and rainy weather. 

‘TREATMENTS 

1. Place the patient in the standing posture and 
begin dredging the Governing Vessel, draw- 
ing the energy into the ground, 

2. Use the Extended Fan Palm hand technique 
and begin to emit Qi into the patient's GV-14, 
Mingmen, and Lower Dantian areas. 

3. While emitting Qi into the painful joint areas, 
purge the pathogenic energy out of the 
patient's body, leading the Toxic Qi along the 
channels and out of the extremities. 

PRESCRIPTIONS AND HOMEWORK 

In treating arthritis itis important to prescribe 
exercises which lubricate the joint articulations to 
increase the production of Qi and Blood to the 
extremities. The Daoist Five Yin and Yang Organ 
exercises will accomplish this goal quite easily. 

‘The patients are required to perform Qigong 
prescriptions which improve the body's resis- 
tance, but do not cause fatigue. Patients should 
also improve their diet and should be encouraged 
to consult a nutritionist for natural supplements 
that can help rebuild healthy cartilage and reduce 
pain. They should also make every effort to keep 
their body warm. 

For patients with osteoporosis, stretching 
techniques, as well as sudden forward flexing of 
the neck are absolutely prohibited. 
PRESCRIPTION MODIFICATIONS. 

1. When treating patients who suffer from ar- 
thritic pain in the upper limbs, advise them 
to practice shoulder and arm Dynamic Medi- 
cal Qigong, moving at a slow, fluid pace. 

2. When treating patients who suffer from ar- 
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thritic pain in the lower extremities, advise 
them to practice Dynamic Walking Medical 
Qigong (see Chapter 15), moving at a slow, 
fluid pace. 

3. When treating patients who suffer from ar- 
thritic pain in the waist and lower back, ad- 
vise them to practice the Expanding and Con- 
tracting the Rings exercise (see Chapter 41). 

4, When treating patients who suffer from ar- 
thritic pain in the neck, advise them to prac- 
tice slow-moving non-forceful neck rotation 
exercises in conjunction with stationary neck 
massage. 


VERTIGO 

Vertigo is a syndrome manifested mainly by 
dizziness and dim eyesight. It is defined as a sen- 
sation of moving around in space or having ob- 
jects move about the person as a result of a dis- 
turbance of equilibrium. Vertigo is sometimes 
used as a synonym for dizziness, feeling light 
headed, or giddy. 

Patients with mild vertigo may experience 
relief from this condition after a short bed rest, 
with their eyes closed. In severe cases, patients 
may suffer from a serious rotary vertigo and will 
not be able to stand or walk straight (e.g,, sea and 
air sickness), sometimes followed by nausea, vom- 
iting, perspiration, or even syncope (fainting). 

Diseases that have vertigo as their main mani- 
festation include cerebral arteriosclerosis, auditory 
vertigo, hypertension, anemia, and psychosomatic 
illnesses such as hyperventilation (which often 
accompanies anxiety disorders, especially panic 
disorders). These diseases may be diagnosed, cat- 
egorized, and treated with reference to the pre- 
scriptions described in this section. 

ErloLoay 

Several factors contribute to the vertigo syn- 
drome. In ancient times, Chinese physicians be- 
lieved that vertigo was caused by Yin Deficiency 
and Excess Liver Wind, or by a head trauma. In 
Excess conditions, vertigo is caused by Phlegm 
Fire or Wind Phlegm. Currently, the clinical pro- 
tocol for treating vertigo is divided into three con- 
ditions: 

1. Hyperactive Liver Yang causing an insuffi- 


ciency of Kidney Yin, 

2. A Deficiency of Qi and Blood in the Heart and 
Spleen causing a Deficiency in the Marrow 
reservoir, and 

3. Stagnation of Phlegm Dampness caused by a 
Deficiency of Spleen and Stomach Qi (which 
fail to transport the Phlegm). 

Vertigo may be caused by a variety of factors 
affecting the ear, the eighth cranial nerve, and the 
brain stem; including middle ear disease, infec- 
tious diseases, trauma, tumors, toxemia due to 
food poisoning, hypertension, sun stroke, and 
toxic conditions such as those caused by alcohol 
and drugs. Over medication and malnutrition (es- 
pecially in the elderly who suffer from dehydra- 
tion) aiso cause vertigo. 

Symproms 

1. In cases where the patient has hyperactive 
Liver Yang, the syndrome of vertigo is char- 
acterized by severe dizziness, splitting head- 
ache, blurred vision, nausea, soreness and 
‘weakness of the waist and legs, mental fatigue 
(caused by emotional upset and anger), 
flushed face, constipation and tinnitus. 

2. In cases of Qiand Blood Deficiency, the symp- 
toms include rotary vertigo, blurred vision or 
night blindness, listlessness, disinclination to 
talk, palpitations, insomnia and anorexia. 

3. In cases of stagnation of Phlegm Dampness, 
the symptoms include chest pain and distress, 
nausea and vomiting, poor appetite, listless- 
ness of the body and heaviness in the head. 

TREATMENT 

When treating patients with vertigo, begin 
with the upper body working downward and 
from the medial aspect of the body towards the 
lateral part of the body. 

1, Begin with the patient sitting on the edge of 
the table. Stimulate the patient's Baihui, the 
sides of the head, (GB-4, GB-8, and Taiyang 
areas), GV-14, Shendao, Mingmen, and the 
Lower Dantian. 

2. Next, use the Vibrating Palm hand manipu- 
lation to emit Qi into the patient's Baihui, GV- 
14, Yellow Court and Lower Dantian for 12to 
24 breaths. 
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3. Use the Extended Fan Palm hand technique 
toemit energy into the patient's St-8, St-21 and 
St-36 points on both sides of the body. 

4, With the left palm, emit Qi into the patient's 
Baihui point while using the right hand Sword 
Fingers to guide the patient's Qi from the Yel- 
low Court down the Conception Vessel into 
the Lower Dantian. 

5. Next, direct the Qi from the patient's St-8 
points down to the St-36 points via the Stom- 
ach Channels. 

6. Purge the energy of the upper torso out 
through the hands via the Large Intestine 
Channels. 

7. Finally, lightly pat and knead the patient's 
Baihui and GV-14, softly rocking their upper 
limbs to end the treatment. Softly pressing and 
kneading the patient's tissues along their 
channels can push Qi and Blood downward 
to free the patient's mind from Toxic Qi and 
can improve the eyesight. The soft grasping 
can relieve stasis of Qi and Blood in the 
patient's blood vessels and promote circula- 
tion, thus reducing and relieving vertigo. 

‘TREATMENT MODIFICATIONS 

1. In cases of hyperactive Liver Yang, use the Ex- 
tended Fan Palm hand method to emit Qi into 
the patient's BI-18, Mingmen, and Lower Dan- 
tian. Guide the Qi to flow along the channels 
(or in a clockwise direction) to nourish the 
patient's Yin and to suppress the hyperactive 
Yang. 

2, Incases of Deficient Qi and Blood, use the Ex- 
tended Fan Palm hand method to emit Qi into 
the patient’s mid-back (BI-17, BI-18, and Bl- 
20 points) and Lower Dantian to nourish the 
patient's Qi and to replenish the Blood. 

3. In cases of stagnation of Phlegm Dampness, 
use the Extended Fan Palm hand method to 
emit Qi into the patient's Yellow Court. Guide 
the Toxic Qi down the Stomach Channels and 
expel the pathogens out from the patient's St- 
36 points. 

PRESCRIPTIONS AND HOMEWORK 
‘To treat vertigo, have the patient practice the 
Descend the Qi and Cleanse the Organs exercise 


(see Chapter 41). 
PRESCRIPTION MODIFICATIONS 

When treating patient’s who suffer from a 
Deficiency of Kidney Yin and a hyperactivity of 
Liver Yang, prescribe the following meditation. 
Have the patient take a standing or sitting pos- 
ture, breathing naturally, and relaxing. While in- 
haling through the nose, the patient imagines blue 
energy filling the mouth. When exhaling, the pa- 
tient imagines this dark blue energy slowly pour- 
ing down the throat, like warm water, filling the 
Kidneys and Lower Dantian area. The patient 
should practice this meditation for 7 breaths. 


HEADACHES 
A headache is defined as a diffused pain in 
different portions of the head which is not con- 
fined to any one nerve distribution area. It may 
beacute, chronic, frontal, temporal, occipital, con- 
fined to one side of the head, or affect the region 
immediately over one or both eyes. The character 
of the pain may vary from dull and aching, to 
acute stabbing pain that is almost unbearable. 
‘There may be intermittent, intense pain, a throb- 
bing pain, a pressure in the head which feels as if 
it will burst the head, or a penetrating pain driv- 
ing through the head. 
ErioLosy 

‘Transient, acute headaches may vary in their 
etiology. Disease of the perinasal sinuses, teeth, 
eyes, ears, nose or throat, acute infections, inva- 
sion of Wind Cold pathogens into the channels of 
the head, or trauma to the head are among the 
most frequent causes of headaches. 

Chronic headaches may also be caused by a 
variety of conditions including physical, emo- 
tional, psychosomatic, or psychogenic factors, in- 
cluding fevers, metabolic conditions (hyperten- 
sion, etc.), or even exposure to toxic chemicals. 
SYNDROMES 

Headache syndromes can be divided into five 
categories which are described as follows. 

1. AShaoyang headache (migraine) is clinically 
manifested through symptoms such as a se- 
vere headache (splitting pain) in the temple 
region accompanied by Excess Heat in the 
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head, conjunctive congestion, and sometimes 
intercostal fullness or pain. Nausea often ac- 
companies a severe migraine attack. 

2. A Taiyang headache (occipitocervical head- 
ache) is clinically manifested through such 
symptoms asa headache and pain in the back 
of the head which can be accompanied by fe- 
ver, aversion to cold, and rigidity at the back 
of the neck. 

3. AJueyin headache (vertical ache) is clinically 
manifested through such symptoms as a ver- 
tex headache, vertigo, insomnia, dizziness, 
and irritability with a flushed face. 

4, A Yangming headache (frontal ache) is clini- 

cally manifested through such symptoms as 

a headache in the upper part of the cranium 

accompanied by dysphoria (depression and 

anxiety) with a smothering sensation, thirst, 
bad breath and constipation. 

A Deficient Qi and Blood headache is clini- 

cally manifested through such symptoms as 

a lingering headache with a heavy sensation 

in the head, blurred vision, lassitude, and 

weakness. 


TREATMENT 

Begin by purging and dredging the patient’s 
Upper Dantian, focusing on the Yintang, Taiyang, 
Baihui, GV-16, GV-20, and GB-4 points. Purge the 
pathogenic Qi down the patient’s arms and out 
the LF-Il and LI-4 points, as well as down the Gall 
Bladder Channel out of the GB-41 points. The 
point and channel purging is specific to the loca- 
tion (right or left side) of the headache. 

‘Next, using the Extended Fan Palm hand tech- 
nique, emit Qi into the patient's headache region, 
purging it down the Conception Vessel to the 
Lower Dantian. 

TREATMENT MODIFICATIONS 
1. When treating a patient with a Shaoyang 
headache, apply the Extended Fan Palm hand 
technique to emit Qi into the GB-4, GB-8, and 

TB-20 points, leading the pathogenic Qi out 

of the Triple Burners and Gall Bladder Chan- 

nels. 
2. When treating a patient with a Taiyang head- 
ache, apply the Extended Fan Palm hand tech- 


nique to emit Qi into the LI-11 and BI-10 
points, Purging pathogenic Qi down the Large 
Intestine and Bladder Channels and out of the 
hands and feet. 

3. When treating a patient with a Jueyin head- 
ache, start at the head using the Circle Spiral- 
ing hand technique in a counterclockwise di- 
rection, purging the Toxic Qi out the patient’s 
Gall Bladder Channels and out of the legs. 

4, When treating a patient with a Yangming 
headache, use the Extended Fan Palm hand 
technique to emit Qi into the patients Taiy- 
ang, Yintang, and St-8 points, purging the 
Toxic Qi down the Stomach Channels and out 
of the legs. 

5. When treating patients with Deficient Qi and 
Blood, use the Extended Fan Palm hand tech- 
nique to emit Qi into the patient’s mid-back, 
at the BI-17 and BI-20 points, and the chest at 
the CV-17 point. Then emit Qi into the 
patient’s CV-12 and Lower Dantian areas. 

PRESCRIPTIONS AND HOMEWORK 

1. Itis advisable to have the patient practice the 
‘Ten Dragons Run Through the Forest exercise 
found in the Wash the Face and Massage sec- 
tion of Chapter 39. 

2. Itisbeneficial to prescribe the following medi- 
tation to prevent the advancement of an acute 
attack. The main focus of this meditation is to 
direct Blood, Heat, and Qi to the body’s up- 
per extremities (the arms and hands), away 
from the original source of pain (i, the head). 

a. Froma sitting, semi-reclining, or lying 
posture, the patient begins to relax and 
quiet the mind, with the eyes closed. 

b. The patient imagines that it is summer- 
time and he or she is at the beach. Next, 
the patient focuses on both arms and 
hands, imagining them growing 
‘warmer and warmer in the hot sun. The 
patient imagines feeling massive 
amounts of heat radiating from the 
arms and hands, redirecting the Blood 
flow away from the head. 

¢. Then, the patient imagines the face be- 
coming cooler, as the pressure and pain 
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melts down the neck, shoulders, arms, 
forearms and out of the hands. 
Prescription Modifications 

1. For patients with a Shaoyang headache, fo- 
cus the prescription meditations and exercises. 
on treatments that purge the bilateral sides of 
the patients head along the Triple Burners 
and Gall Bladder Channels, dredging the 
pathogenic Qi down and out of the patient's 
arms and legs. 

2. For patients with a Taiyang headache, focus 
the prescription meditations and exercises on 
treatments that purge the patient’s occiput 
and cranium, the Small Intestine and Bladder 
Channels, and that dredge the pathogenic Qi 
down and out of the patient's arms and legs. 

3. For patients witha Jueyin headache, focus the 
meditations and exercises on treatments that 
purge the patient's vertex cranium, dredging, 
the Toxic Qi down the Liver Channels and out 
of the legs. 

4, For patients with a Yangming headache, fo- 
cus the prescription meditations and exercises 
on treatments that purge and dredge the en- 
ergy from the patient's forehead down the 
Large Intestine and Stomach Channels and 
out of the legs. 

5. For patients with a Deficient Qi and Blood 
headache, focus the prescription on Lower 
Dantian Cultivation exercises and medita- 
tions. 


MIGRAINE HEADACHES 

This type of headache initially consists of a 
constriction in the head arteries, followed by va- 
sodilation of the extracerebral cranial arteries. 
EtioLocy 

Migraine headaches are usually brought 
about by stress, and can also be initiated by an 
allergic reaction to what the patient's body con- 
siders to be a toxic invasion (e.g., cheese, choco- 
late, red wine, contraceptive pills, etc.). These 
types of stresses on the body's system result in 
internal organ dysfunction, which is generally 
caused by one or more of the following three fac- 
tors. 

1. The energy of the Heart and Spleen are not 


regulated. 
2. Arising up of Liver Heat and Fire occurs. 
3. ADeficiency of Kidney Yin and rising of Heart 

Fire occurs simultaneously. 

‘The result of stress-related internal organ dys- 
functions causes the initial constriction of the ar- 
teries in the head, followed by vasodilatation and 
distention of the vessels. 
symproms 

The clinical manifestations of migraine head- 
aches are hypersensitivity to light and sound, fol- 
lowed by severe, throbbing pain (most commonly 
felt on only one side of the head), nausea, dizzi- 
ness, and sometimes vomiting. Some migraine 
patients experience seeing an aura or visual dis- 
turbances (colors, shapes, lines, flashing spots, or 
temporary reduction in the field of vision) before 
the head pain begins. 

TREATMENT 

For treatment, the Qigong doctor must pull 
the pathogenic energy out of the patient's head, 
from the location of the pain; then lead the Excess 
Toxic Qi out of the patient's extremities, and open 
up the channels so that Qi can rise and fall to the 
patient's head unobstructed. 

1. Ina severe case, combine Medical Qigong. 
therapy with Jing Point therapy. 

a. Begin the treatment by pulling out 
(with strong intention) the stagnant Qi 
trapped in the patient's head. First, 
purge the patient's Wei Qi field, then 
enter the patient's Jade Pillow at the 
base of the head. Next, emit Qi along 
the falx cerebri and circulate it using 
your intention to create a small Micro- 
‘cosmic Orbit (circling from the back of 
the head to the nose and back). This en- 
courages the patient's stagnant Qi to 
move. 

b. Next, dredge around the area of the 
patient's eye (from the inner corner of 
the eye to the side of the eye), starting 
at the Bl-1 point to the Yin Tang point 
(Third Eye), following the sphenoid 
arch across to the temple at the Taiyang 
point, then to the back of the ear at the 
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a. 


‘TB-17 point. Next, lead the pathogenic 
Qi down the neck and pull out the stag- 
nant Qi through the extremities (Pc-6 
and LI-4 on the hand). If the patient is 
feeling nausea, purge the Toxic Qi from 
the Yellow Court and lead the Toxic Qi 
down and out the body through the St- 
36 point on the leg and Lv-3 point on 
the foot. 

To remove sluggish Qi stagnation, 
squeeze the patient's trapezius muscles, 
draining the pathogenic Qi out of the 
axillary fold of the patient's arm. The 
patient should breathe into the painful 
areas, and imagine any remaining Toxic 
Qi descending down the arm into the 
fingertips when exhaling. The doctor 
should squeeze the patient's armas the 
patient exhales, to support the descend- 
ing action of the Toxic Qi. 

‘The patient should be given homework, 
depending on his or her constitution. 


2. Inttreating chronic migraine headaches, com- 
bine Medical Qigong therapy with An Mo 
therapy, working from the branch to the root. 


a 


Begin the treatment by pulling out the 
stagnant Qi trapped in the patient’s 
head. This is done by first purging the 
patient’s Wei Qi field, then entering the 
patient's Jade Pillow (at the base of the 
head) to purge and remove Toxic Qi and 
stagnation. Then emit and guide the Qi 
with your intention, to flow along the 
patient's falx cerebri. This forms a small 
Microcosmic Orbit (circling from the 
back of the head to the nose and back) 
and encourages the patient's stagnant 
Qito move. 

Extend Qi into the patient's Bl-1 point 
(on the inside of the eye). 

Next, focus energy into the patient's Yin 
Tang point and begin circulating the Qi 
along the orbicularis oculi muscle of 
whichever eye is in pain (along the eye- 
brows to the ear). Work from the inside 
of the eye, out along the eyebrows (Fig- 


Figure 48.1. For treating chronic migraine conditions 
(which dominate behind the left eye), begin by extending 
i into the patient's BI-1 point and start to dredge the 
Toxic Qi from the patient's Yin Tang area, circulating 
the orbicularis oculi muscle of the eye in a clockwise 
direction. 


ure 48.1). 

d. After several rotations, follow the sphe- 
noid arch to the back of the ear at the 
‘TB-17 point (ifthe pain is bilateral, for 
men treat the left side first; for women 
treat the right side first. 

e. Next, beginning at the TB-21 point, out- 
line the outside of the ear, then massage 
the lateral aspect of the ear’s ridge (up- 
per auricle) Figure 48.2). 

f. Hold both of the patient's ears firmly 
and begin to apply slight pressure at a 
45 degree angle towards the sides of the 
patient’s head. This allows the Qi 
trapped within the patient's head to 
escape. Using intention, move the Qi 
from the Jade Pillow (along the tento- 
rium cerebelli) into the patient's pitu- 
itary gland. Then divide the energy into 
two rivers of Qi that circulate through. 
the middle of the cerebrum and end 
back at the Jade Pillow. 
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Yin Tang 


Bi 


Figure 48.2. Outline the outside of the patient's ear, then massage the lateral aspect of the ear's ridge. 


g. From the front of the head, at the edge 
of the hair, gather the Qi and lightly 
scratch the patient’s head, as you use 
the Kneading Tiger technique. Visual- 
ize pulling the Toxic Qi down the front 
and sides of the patient's head (down 
the Gall Bladder Channels) to the base 
of his or her neck (Figure 48.3). 

h. From the base of theneck, pull the Toxic 
Qi down and out of the arms. 

i, The patient should be given seated Qui- 
escent Qigong meditation homework, 
the length of meditation time will de- 
pend on his or her constitution. 

Note: When treating migraine headaches, the 
head should always be treated first before treat- 
ing the extremities Figure 48.3. Using the Kneading Tiger technique, 

visualize pulling the pathogenic Qi out of the patient's 
head, down the side of the neck and down along the 
sides of his or her arm. 
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SECTION XI 

SPECIALIZED QI EMISSION 

THERAPY FOR PEDIATRICS, 
GERIATRICS, GYNECOLOGY, 
NEUROLOGY, PSYCHOLOGY, 
ONCOLOGY, AND SURGERY 


INTRODUCTION 


Es _ The last two chapters will address Medical 
an ths section Wwe will explore disease Wet” Qigong therapy and the treatment of radiation, 
By techni peecipecre uniqueto chemotherapy, and surgery. 

Qigong doctors who specialize in Pediatrics, Ge- 
riatrics, Gynecology, Neurology and Oncology. 


CHAPTER 49 


Ql! EMISSION THERAPY FOR PEDIATRICS 


INTRODUCTION 

Pediatrics is the branch of medicine which 
deals with the care of children and the treatment 
of childhood diseases. 

From a traditional Chinese medical perspec- 
tive, children are different than adults in several 
important ways. First, the Yin and Yang energy in 
children is fresh and pure, and their vitality usu- 
ally flourishes. Second, although the internal or- 
gans of children have begun to take shape, the 
organs are still in the process of developing Qi; 
the organs are still maturing and are not yet fully 
developed. Because children are still growing or- 
gans and tissues, stimulating the channels and 
channel points has a different effect on their body 
than on an adult. 

Specifically, the Lungs, Spleen, and Kidneys 
are especially delicate in children. The Lungs and 
Spleen are weak, and the Kidneys are particularly 
vulnerable. The Lungs control the Qi of the whole 
body. The Spleen is responsible for the transfor- 
mation of food and the transportation of Gu Qi 
(food Qi). The Lungs and Spleen are the postna- 
tal foundation of health. The Kidneys are in charge 
of the bones and Marrow and are the prenatal 
foundation of health. Children are still full of Pre- 
natal Qi; they are just beginning to use their Lungs 
and Spleen for the function of acquiring Postna- 
tal Qi. Consequently, their energetic system is 
vulnerable and unstable. 

If children are born without congenital defects 
‘or weakness, are nursed properly, and avoid con- 
tracting major diseases, the internal organs should 
develop normally. However, because of inherent 
weakness or immaturity of the digestive system, 
almost all pediatric diseases of children under the 
age of six usually begin with some element of in- 
digestion. A child’s tiny digestive system makes 
him or her prone to the creation of Phlegm. Since 


the Spleen is the root of Phlegm production, and 
the Lungs are the storehouse of Phlegm, then a 
congenitally weak Spleen can lead to the creation 
of Turbid Dampness within the child’s body. This 
Turbid Dampness can congeal into Phlegm and 
lodge within the child’s Lungs. These symptoms 
can be observed in young children as runny noses, 
ear infections, phlegmy coughs, and other respi- 
ratory difficulties. 


EARLY STAGES OF CHILD GROWTH 
AND DEVELOPMENT 

Inchildhood, growth and development occur 
rapidly. In the ancient Chinese medical classic 
entitled “Prescriptions Worth a Thousand Gold Duc- 
ats” it states, “A newbornis feeble and tender; two 
months later, its pupils begin to become well de- 
veloped, it can smile and distinguish parents from 
strangers; 150 days later, its sacral bones have been 
well developed, it can sit independently; 210 days 
later, its metacarpal bones have been well devel- 
oped, it can crawl; 300 days later, its patellae have 
been well developed, it can stand alone; at one 
full year of life, its shank and occipital bones have 
been well developed, it can walk and speak.” 

In the natural course of childhood growth and 
development, there may be fever, irregular pulse 
signs, or perspiration due to the imbalances of Yin 
and Yang. The child usually recovers spontane- 
ously within a day or two. Such episodes are called 
Changing and Steaming. Changing implies the 
transformation of the Five Yin Organs, with the 
accompanying, variations of emotions, and the 
development of the child’s intelligence. Steaming 
implies the vaporous exchanges within the six 
Yang organs induced by accumulated Heat. The 
ancient Chinese discovered that there is one 
Changing every 32 days, and one Steaming every 
64 days. Thus, within 320 days, there are 10 
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Changings, and within 576 days, there are 9 
Steamings. Every Changing or Steaming is an or- 
dinary event in the course of growth and devel- 
‘opment, and should not be mistaken for a condi- 
tion of childhood disease. However, if children are 
not cared for properly during Changing and 
Steaming, they are more apt to fall ill 


PATHOLOGY 

In “Detailed Analysis of Epidemic Febrile Dis- 
eases,” Dr. Wu Tang stated that children’s diseases 
are apt to change because the internal organs are 
frail and their defense mechanisms are incom- 
plete; children contract infections easily because 
the skin and muscles are still tender, and the vi- 
tality is timid and weak. Propensity to illness, in- 
dlination to Excess and Deficiency, and being 
prone to suffer from Heat and Cold syndromes 
are common features of pediatric pathology. Since 
children are full of pure Yang, the course of dis- 
ease is changeable and unpredictable. Neverthe- 
less, recovery of health is generally easy. 


DEFICIENT LUNGS 

Children are apt to suffer from internal organ 
disorders, especially of the Lungs, manifested by 
symptoms of cough, dyspnea, retention of Phlegm 
and Dampness in the Lungs, seasonal febrile dis- 
eases, allergies, asthma, and other Lung disorders. 

The Lung is a delicate organ in charge of the 
skin and hair. Therefore, particularly in children, 
junctures between the skin and muscles are not 
compact enough to resist the invasion of Exog- 
enous Cold, Heat, Dampness, Wind, and other 
pathogens. Seasonal pathogens may attack the 
Lungs through these slackened junctures and 
through the nose, thereby interfering with the 
descending and dispersing functions of the Lungs. 
This results in the accumulation of Heat, fullness 
in the chest, productive cough, or dyspnea. 


DEFICIENT SPLEEN 

Since the Spleen is not yet matured and thus 
usually Deficient, it may be harmed or damaged 
due to improper diet, irregularity of meals, or im- 
balances caused by excessively Hot or Cold diets. 
Consequently, Clear Yang fails to rise, Turbid Yin 


fails to descend, and Stomach Qi becomes dishar- 
monious. Therefore, children frequently suffer 
from abdominal masses, abdominal pain and dis- 
tension (stomachache), belching, hiccups, vomit- 
ing and diarrhea, infantile malnutrition, and other 
digestive disorders. These conditions often lead 
to children becoming hypersensitive to the foods 
they consume. 

‘According to Five Elements theory, the Spleen 
(Earth) generates the Lungs (Metal) and the Lungs 
(Metal) generate the Kidneys (Water). The ele- 
ments work in coordination and influence each 
other. In children suffering from Spleen Deficiency, 
there will also be a Deficiency of Lung Qi; in chil- 
dren suffering from Lung Deficiency, there will 
also be a Kidney Deficiency. 


DEFICIENT KIDNEYS 

Kidney problems can manifest in two differ- 
cent ways: Kidney Jing Deficiency, which can cause 
retardation, or Congenital Qi Deficiency (i., De- 
ficiency in the Sea of Marrow), which can lead to 
Down’s Syndrome, Attention Deficit Disorder 
(ADD) and learning disabilities. Since the Kidneys 
control the lower orifices, Deficient Kidney Qi can 
also lead to chronic bed wetting. 

Ifthe child was improperly nursed when they 
were young, the Deficient Kidney Yin not only 
fails to nourish the bones and Marrow, but also 
fails to nourish tendons. During depletion of Liver 
and Kidney Yin, there can be atrophy, weakness 
of tendons, five types of developmental retarda- 
tion, as well as five kinds of flaccidity. 


Liver YANG Excess 

By contrast, Liver Yang is usually Excessive, 
and Liver Wind may be brought on by Heat or 
Fire, resulting in infantile convulsions, twisting, 
and even opisthotonos. 


HEART (SHEN) IMBALANCE 

‘The Heart is responsible for the child’s men- 
tal stability. The Heart Fire and the Kidney Water 
must constantly be balanced to stabilize the child’s 
‘Wu Jing Shen. An imbalance of the Heart can lead 
to Shen disturbances which can result in mental 
instability or disability. 


According to the active energetic balance of 
the child’s Wu Jing Shen, the Hun tend to natu- 
rally be overactive, and the Shen of the Heart is 
generally unstable. The reason for this instability 
is because the Hun are very active within a child. 
The Hunare responsible for creativity, enthusiasm, 
dreaming, going in and out of the body, and see- 
ing into the Spirit world. The Shen, which is re- 
sponsible for the child’s discriminating mind, re- 
spect and conveying the appropriate behavior, is 
not fully developed. Consequently, young children 
tend to often be wild, hard to control, and get eas- 
ily bored. 

In treating a child’s overactive Hun and un- 
stable Shen, the Qigong doctor harmonizes the 
child’s Heart Fire and Kidney Water energy, and 
opens the Heart's orifices (using Qi massage on 
the child’s eyes, ears, nose, mouth and all upper 
sensory orifices) to stabilize the Wu Jing Shen. 


HoT AND COLD EXoGENous FACTORS 

Susceptibility to Exogenous Cold and Heat 
reflects the characteristics of puerile Yin and Yang. 
When children are invaded by Exogenous Evils, 
for example, there will be Excess Heat syndromes; 
when the child’s healthy energies are depleted, 
there will be Deficiency Cold syndromes. 

Although various defects and Deficiencies do 
exist in children, their Yang, Liver, and Heart are 
ina hyperfunctional state. Therefore, children are 
full of vitality and their anti-pathogenic responses 
are sensitive and immediate. The causes of child- 
hood diseases are usually comparatively simple, 
relative to adults, and their convalescence is easier 
and quicker provided they receive appropriate 
treatment and care. 


THERAPY 

Because the internal organs of children are still 
forming and are, therefore, still frail and tender, 
children are much more sensitive than adults, and 
cannot stand strong energetic stimulation. This is 
why the primary modality for treating young chil- 
dren is gentle pediatric Tui Na, which is usually 
on the child’s hands, feet or abdomen, or Qigong, 
massage (lightly touching the child’s body). Acu- 
puncture is used only infrequently, and when it 
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is, the needles are usually not retained for long - 
the points are quickly and lightly stimulated and 
then the needles are removed. Similarly, when 
using Medical Qigong emission therapy, a milder 
stimulation is applied than would be used for 
adults when purging, tonifying, and regulating. 

Medical Qigong is useful for treating pediat- 
ric neurological disorders, and particularly for 
such conditions as epilepsy, hyperactivity, atten- 
tion deficit disorder (ADD), and mental retarda- 
tion. Effective points for tonification include 
Tianzhu (BI-10), Sishencong (four extra points, 
located around the Baihui area at the top of the 
head), Baihui (GV-20), Yamen (GV-15) and Fengfu 
(V-16). 

When children under the age of six practice 
self-regulation Medical Qigong exercises (such as 
Qigong to increase intelligence), they frequently 
develop special abilities. These abilities include 
ESP (eg,, telepathy and telekinesis), and special 
Qigong healing abilities. 


ENERGETIC MOVEMENT AND FLOW 

The child’s Microcosmic Orbit naturally flows 
in the direction of the Water cycle, moving up the 
front (CV) and down the back (GV) in order to 
facilitate the child’s spiritual, intuitive, and psy- 
chic perceptions. This energetic movement con- 
tinues in this direction until the child reaches 
puberty, at which time the energy reverses its di- 
rection and flows up the back (GV) and down the 
front (CV), in the direction of the Fire cycle. This 
energetic switch in direction facilitates the child's 
cognitive development and the ability to control 
emotions and impulses. The time of the Micro- 
cosmic Orbit’s energetic reversal varies depend- 
ing on the child’s physical constitution, state of 
health, and his or her environment. 


MEDICAL QIGONG EXERCISE 
PRESCRIPTIONS FOR CHILDREN 

The following Medical Qigong exercise is 
considered a basic training method for children. 
This exercise is specifically developed for children 
ofall ages and physical conditions, and is used to 
improve a child’s physical and mental health, as 
well as aid in curing some common childhood 
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diseases. This exercise can also help to cure food 
allergies, loss of appetite, malnourishment, a weak 
immune system, neurasthenia, insomnia, dreami- 
ness, and disturbances of the Spleen and Stom- 
ach. It is believed that this exercise also helps 
‘moderate a child’s stubbornness and impatience. 
IMPROVING INTELLECTUAL FACILITIES 
QIGONG (DA-zHI-GoNG) 

This particular Medical Qigong exercise is 
excellent for children who range from 3 to 12 years 
old. The time and frequency of the following 
Qigong exercise is not fixed. It is important, how- 
ever, that the child be consistent with the prac- 
tice, and that the body and mind remain relaxed 
while training. 

It is important that the child practice the entire 
‘Qigong sequence in its proper order. The child is 
not allowed to practice only a part of the exercise. 

Prohibited from this particular exercise are 
children who have weak constitutions (ie,, have 
difficulty in standing up) or suffer from serious 
diseases. 

1. Begin by having the child assume a standing 
Wuji posture. Have him or her relax the body, 
with the eyes either open or closed. The child 
then raises both hands in front of the Upper 
Dantian. Boys will place the left hand facing 
the forehead, about three inches from the 
Yintang point. Girls will place the right hand 
facing the forehead, about three inches from 
the Yintang point. At the same time the oppo- 
site hand should be level with the other palm 
and should be facing outwards (Figure 49.1). 

2. Both hands begin to make a clockwise circle 
rotation (from the child’s point of view). The 
child keeps the Yin Tang point as the center of 
the circle, for 18 breaths. Next, the child moves 
both hands to the frontof the right eye and con- 
tinues the same clockwise movement while 
keeping the righteye at the center of the circle. 
Rotate for 18 breaths. Then, the child moves 
both hands to the front of the left eye and con- 
tinue the clockwise movement for 18 breaths. 
Finally, the child returns to the front of the fore- 
head and continues the rotation, keeping the 
Yintang point as the center for 18 breaths, then 


Figure 49.1. Improving Intellectual Facilities (1) 


Figure 49.2. Improving Intellectual Facilities (2) 


Figure 49.3. Improving Intellectual Facilities (3) 


ends the meditation (Figure 49.2). 

3. The child places both hands in front of the ears, 
with the center of the palms facing the external 
opening of the ear canals; breathing naturally, 
the child moves both hands forward and back- 
wards while emitting Qi into the ears. Make 
sure the child does not concentrate on any spe- 
cific thing, but simply relaxes (Figure 49.3). 

.. Next, the middle fingers softly touch the navel 
with the left hand, and the right hand softly 
touches the Mingmen. Have the child imagine 
that there is a big red ball of fire in his or her 
abdomen (where the child’s two middle fingers 
are pointing). The child's fingers should remain 
is this position until warmthis felt in the abdo- 
‘men. Ifthe heat becomes too hot, have the child 
exhale the sound “Ha” three times to release 
the Excess Heat (Figure 49.4). 

To end the exercise, have the child cover his 
or her tailbone with both hands and jump up 
and down gently for several minutes. Do not 
allow the child to become tired from jump- 
ing, Again, make sure that the child does not 
concentrate on any specific thing Figure 49.5). 
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Figure 49.5. Improving Intellectual Facilities (5) 
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Figure 49.6. Gathering Wisdom Qigong (1) 


MEDICAL QIGONG FOR GAINING WisDoM 
QIGONG (ToNG-LING-coNG) 

This particular Medical Qigong exercise is 
‘excellent for children who range from 3 to 16 years 
of age. The time and frequency of this particular 
Qigong exercise is not fixed, and may be decided 
by the child. Also, there are no contraindications 
for this particular Qigong exercise. 

1, The child begins by standing with his or her 
feet flat, shoulders width apart. The child 
should place one hand on the Lower Dantian 
(below the navel) and the other hand at the 
back, below the Mingmen (opposite the 


Figure 49.7. Gathering Wisdom Qigong (2) 


Lower Dantian). Have the child close his or 
her eyes and relax the body and mind for 
about three minutes. The child is to imagine 
that the upper part of the body (above the 
waist) is extended into the blue sky above, and 
that below it (around waist level) are clouds 
(Figure 49.6). 

Next, the child imagines that he or she has 
changed into an Immortal (a Super-Hero). En- 
courage the child’s imagination to flow freely 
with this concept, allowing the child to move 
about, gently shaking the knees (Figure 49.7). 
After several minutes end the meditation, 
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MAGNETIC VORTEX WORMHOLE GENERATOR 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention, which is the subject of my present 
application, is comprised of two solenoids wound with a 
‘common wire in opposite directions on two separate toroidal 
‘curved-sheet transformer laminates of differing radii. The 
‘smaller solenoid is mounted along the centerline of the 
larger solenoid. This circular magnetic geometry creates 
linear bucking electric fiekds along the centerline ofthe coils. 
‘Because the magnetic lux in the laminates travels in oppo- 
site directions along ares of differing radii in the two coils, 
‘a negative mass and a negative spring constant are generated 
by the system. From the theory of gravitational physics, a 
negative mass is prerequisite to producing a wormhole 
because it allows the throat of the wormhole to remain open 
and stable. The ereation of the wormbole is facilitated by the 
appearance of a negative spring constant which allows the 
‘spacetime curvature to resonate to such a degree that said 
‘wormole develops between our dimension and another 
‘co-dimension of hyperspace. Because the physics constants 
of hyperspace are different from ours, the wormbole allows. 
hyperspace energy having a low speed of light to enter our 
dimension, Because electromagnetic fields obey the Lorentz 
transformation, it is now possible with this lower velocity of 
Tight to create huge relativistic fields which can drive the 
now electromagnetic field propulsion vehicles. 


BACKGROUND OF THE INVENTION 


[0002] ‘The idea for this coil configuration comes from the 
observation of powerful thunderstorms, as described by 
physicist Dr. Richard Feynman in his Lectures an Physics, 
a copy of which is enclosed asa reference. Upon reading his 
explanation, I realized that the thunderstorm is actually a 
hyperspace physics phenomenon, 

[0003] fier the passage of a lage lightning storm, people 
have observed that a car tre rim has merged with the trunk 
‘of a tree growing in the ground. Due to the large branches 
‘of the tree, there is no possible way that it could slide down 
the branches and around the trunk. It was observed also that 
a slraw of wheat became embedded in the hard wood of a 
telephone pole. It turns out thatthe thunderstorm offers an 
‘explanation as to how this ean occur. 


[0004] Aficr reading Feynman’s explanation, it can be 
seen that the key to this phenomenon is that there is a 
downward and an upward lightning bolt, sometimes occur- 
ring together ifthe leader branches into two paths. Bolts of 
lightning also like to strike tall objects such as telephone 
poles or trees. Now an electrical current moving downward 
produces a clockwise magoetic B field, as seen from above. 
On the return stroke, the current is moving upward which 
produces a counterclockwise magnetic B field. Thus the 
thunderstorm produces two huge bucking magnetic B fields. 
which is the magnetic geometry of this magnetic vortex 
xenerator. Using my tetrahedron diagram, I will then show 
that the low density hyperspace energy with its low speed of 
light is able to pull the rim out of dimension so that it ean 
merge with the tree at the moment the lightning strikes. 


SUMMARY OF THE INVENTION 


[0003] It is the object of this invention to produce two 
toroidal oppositely-direeted magnetic flux fields in two 
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separate yet electrically connected solenoids of differing 
radii. Because the lines of flux are traveling, in toroidal, 
ccurved-sheet transformer laminates along, ares of different 
‘curvature, the fields produce what is known in gravitational 
physics as nogative mass, Negative mass has the property 
that if you project it onto a hot surface, the surface will cool 
rather than heat up. The negative mass, together with the 
resonance of the spacetime curvature involving a negative 
spring constant, create a wormbole into hyperspace. This 
interdimensional connection allows low speed of light 
hyperspace energy into our dimension which can be used to 
decrease the weight of an object, or produce huge relativistic 
electromagnetic fields that can be used to drive the new 
electromagnetic field propulsion spacecraft. 


STATEMENT REGARDING FEDERALLY 
‘SPONSORED RESEARCH OR DEVELOPMENT. 


[0006] Not Applicable. 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] FIG. 1. Front view of magnetie vortex generator. 
[0008] FIG, 2. Perspective view of the magnetic vortex 
generator. 

[0009] FIG. 3. The non-linear coil winding on the interior 
face of the laminations. 

[0010] FIG. 4, The non-linear coil winding on the exterior 
face of the laminations showing that there is an electrical 
current component in the theta direction 

[0011] FIG. $.'The coil variables forthe tensor calculation 
Of the negative spring constant. 

[0012] FIG. 6. The Faraday electromagnetic tensor show- 
ing the position of the magnetic field in the {1.2} slots. 
[0013] FIG. 7. The units of the spring constant. 

[0014] FIG. 8. The parallel spacetime spring constant 
[0015] FIG. 9. The cylindrical g metric tensor including 
the magnetic fields. 

[0016] FIG. 10, A plot of the mass term G, for Einstein's 
G curvature tensor showing that two negative mass spikes 
are created along the centerline of the generator. Negative 
mass is required to keep open the throat of the wormhole 
[0017] FIG. 11, Circuit diagram for the magnetic vortex 
generator. 


[0018] FIG. 12. BH curve for noo-linear SupeeMalloy 
toroidal core, From the equation, Bal, the slope ofthe line 
is equal to the permeability @BVaH=y. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0019] 1. The fact that negative mass is required to keep 
the throat of a wormhole open has been shown to be valid 
by physicist Dr. Kip Thome in the enclosed reference 
physics paper. The key point ofthis invention is that if you 
have a negative mass, you also require a negative spring 
constant in order to get a real frequency and vice versa. The 
angular frequency of vibration is equal to the square root of 
the spring constant K divided by the mass M, or «o=/RM. 
If the mass is negative, and the spring constant is postive, 


CHAPTER SO 


Qi EMISSION THERAPY FOR GERIATRICS 


Geriatrics is a branch of medicine which deals 
with the problems of the aging. Geriatric special- 
ists addresses the physiological, pathological, psy- 
chological, economic, and sociological problems 
of the elderly. The importance of geriatrics is em- 
phasized by the fact that the expected life-span of 
the average person is increasing. 

Diseases of the internal organs can spread 
throughout the body via the channels and 
collaterals, and vice versa, as channel diseases can 
be transmitted to the internal organs. If Qi and Blood 
lose their harmony due to old age, and the patient's 
internal organs, channels, and collaterals become 
obstructed, then Phlegm and Stasis will develop in- 
ternally. The accumulation of Phlegm, Qi and Blood 
stasis may lead to a chain reaction of pathological 
transformations, such as Hot, Cold, Excess or Defi- 
ciency Syndromes in the patient's internal organs. 
‘The following are examples of some of the patho- 
logical transformations. 

1. If the patient’s Qi and Blood in the Liver lose 
their harmony, the patient may experience 
fatigue and depression with dry eyes or di- 
minished vision. The patient may also expe- 
rience numbness in the extremities and 
muscle spasms due to a weakening of the sin- 
ews and blood vessels. 

2. Ifthe patient's Qi and Blood in the Heart lose 
their harmony, the patient may experience 
poor memory, insomnia, heart palpitations, 
and shortness of breath (which may be aggra- 
vated by movement). 

3. Ifthe patient’s Qi and Blood in the Spleen lose 
their harmony, the patient may experience 
fatigue and general weakness inall four limbs. 
The patient may also experience loose or 
bloody stools, and there will be abdominal 
distention after food consumption. 

4, Ifthe patient’s Qi and Blood in the Lungs lose 


their harmony, the patient may experience 

coughing with Phlegm and panting, as well 

as spontaneous sweating. 

5. If the patient’s Qi and Blood in the Kidneys 
lose their harmony, the patient may experi- 
ence poor memory, anxiety, tinnitus or deaf 
ness, as well as a sore or weak lower back, 
knees, and teeth. 

The Chinese have a saying, “When the 
Heaven (Heart Qi) connects with the Earth (Kid- 
ney Qi), all seven emotions are kept in modera- 
tion.” When Qi becomes scattered the Heart 
and the Kidney Water cannot converge. This re- 
sults in an unbalanced and unstable energy flow. 

The Kidneys are extremely important for 
health maintenance and healing in all patients, 
and especially in senior citizens. As one gets older, 
the Kidneys, lower back, and legs are the first 
things to be affected. 

tis important to stabilize the Heart because 
the Heart is responsible for mental and emotional 
orientation. Traditional Chinese Medicine holds 
that, “when the Heart is moved, all the other or- 
gans will be shaken.” 

Inteaching Medical Qigong to senior citizens, 
first quiet the Heart, so that the other organs can 
begin to relax. When the mind becomes disturbed, 
the body becomes disturbed. To affect one is to 
affect the other. 

The eyes are considered the seedlings of the 
Heartas they receive information, gathering it and 
feeding it to the brain. It is important for the 
Heart's Qi to descend into the Lower Dantian to 
calm the mind. When the patient is in a hurry, the 
Heart is in a hurry, thus inducing the Qi to rise to 
the head. This results in nervous tension and anxi- 
ety. Itis only through rest and quiet training that 
the mind and the Heart can begin to settle. 

‘One method of quieting the mind is through 
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prayer and meditation. This is considered “active 
rest.” Sleep is considered “passive rest.” When fo- 
cusing inward and not using the eyes to see or 
the ears to hear, the Qi begins to converge in the 
middle of the body and the energy is drawn back 
into the organs, settling down into the Lower 
Dantian. This convergence of Qi nourishes and 
cultivates the natural energetic structure of the 
internal organs. Senior citizens are encouraged to 
sit for longer periods of energy cultivation. If they 
practice Taijiquan they are to avoid low postures 
and big motions. The arm movements should be 
kept small, soft, and slow. 


TREATING THE PATIENT'S EMOTIONAL 
STABILITY 

When treating the elderly, the Qigong doctor 
bases the regulation therapy prescriptions on two 
major priorities. The first is to achieve emotional 
stability and the second is to improve the Qi and 
Blood circulation. 

The first priority in working with healing pre- 
scriptions is to focus on the patient's psychologi- 
cal profile. When teaching Medical Qigong to se~ 
nior citizens, first teach them how to quiet the 
Heart. Once the Heart is calm the other internal 
organs begin to relax. Always keep in mind that 
when the mind becomes disturbed, the body be- 
comes disturbed. To affect one is to affect the other. 

Depression and sadness can have a profound 
effect on the patient’s healing ability. Medical 
Qigong regulation can be a strong aid in releas- 
ing an elderly patient from a chronic, detrimental 
attitude that complicates the healing cycle. Take 
for example the three stages of emotional transi- 
tion the patient endures before his or her Spirit 
closes (see Chapter 18). 

If anger and grief are not allowed to be ex- 
pressed by the patient (which is the first stage of 
energetic expression and release of emotional pain), 
then anger transforms into depression, and grief 
transforms into despair. This is the second stage of 
the energetic/emotional transformation due to 
emotional pain. Ifthe patient's depression and de- 
spair are not alleviated, then indifference, the final 
stage of energetic/ emotional transformation, is de- 


veloped. The patient becomes withdrawn, apathetic 
and either antisocial, or obsessive/ compulsive in 
his or her thinking and behavior. 

When the patient's Spirit closes, they tend to 
be extremely difficult to work with, and can eas- 
ily sabotage their own healing potential. Though 
the use of Soul Retrieval meditations (see Chap- 
ter 19), Medical Qigong prescriptions can be used 
to reconnect the patient with their disassociated 
emotions. This allows the patient the ability to feel 
and regain contact with his or her true feelings. 

Pleasant emotions bring about a calm and re- 
laxing physiology, while strong, chronic negative 
emotions cause Qi and Blood stagnation, as well as 
Excess conditions within the patient's body, effect- 
ing the quality of the body’s life force energy. 


ENERGIZING THE PATIENT'S QI 
CIRCULATION 

The second priority is to get the patient to 
move and circulate the Qi and Blood deep and 
superficially within his or her body. Static Blood 
is considered the primary mechanism of senility. 
All growth, development, decline, and debility of 
the human body, is related to the condition of the 
patient’s Qi and Blood. 

Pathophysiologically, both Qi and Blood af- 
fect each other; if one becomes diseased, the other 
is affected. Due to the Kidney’s influence, as se- 
niors get older, their hearing, hair, memory, lower 
back, and legs become adversely affected. Tradi- 
tionally, all senility-combating formulas of Medi- 
cal Qigong stress treating the patient's Spleen and 
Kidney Deficiency by supplementing the patient’s 
Yin and/or Yang. Then, by applying the balanc- 
ing methods of activating the patient's Blood and 
rectifying the Qi, the doctor can also combat the 
patient's senility. 

Senility is also frequently caused by dehydra- 
tion and malnutrition. Both conditions are fre- 
quently overlooked by Western medicine. The 
dehydration is usually due to a breakdown of the 
body's thirst signal. The patient does not feel 
thirsty, and thus forgets to drink. Malnutrition 
may be caused by a lack of enzymes that aid in 
absorbing nutrition from foods. Overmedication 


likewise can cause senility. These issues should. 
always be addressed when treating the elderly, 
along with Medical Qigong exercises and medi- 
tations. 

One example of a Medical Qigong exercise for 
aiding Qi and Blood circulation for geriatric pa- 
tients is the Microcosmic Orbit (Fire Cycle) which 
can be practiced in a sitting position. 

The elderly are more subject to musculoskel- 
etal disorders and visceral diseases, especially in 
the Kidneys and Liver. As the Kidney Yang rises, 
it begins to restrict the heat in the upper portion, 
of the body, thereby affecting the Heart. Also, as 
the patient gets older the Lungs cannot sustain 
liquid retention; this affects the Wei Qi, and re- 
sults in a thinner layer of skin covering the body. 

The Qigong movements prescribed for the 
elderly should be kept slow and smooth. Qi regu- 
lation can be cultivated safely by focusing the 
patient's intention on the center of the palms while 
keeping the mind’s intention moving downward. 
‘The patient must not exert strain when using the 
muscles. When the patient turns his or her body, 
make sure that the center of each palm (Pc-8) faces 
the other. Slow and even breathing will calm the 
patient's emotions and sedate the mind. 

Itis important to begin Medical Qigong regu- 
lation training for senior citizens with natural 
breathing, Natural breathing allows their respi- 
ration to become soft, natural, gentle and quiet. 
‘The focus of the mind should be on relaxation. In 
dealing with senior citizens, if the focus of their 
mind's intention is allowed to become too con- 
centrated, it can cause the Qi in their body to con- 
strict and develop into Qi or Blood stagnation. 
Redirect their focus of intention on their breath- 
ing by practicing the Small Heavenly Cycle medi- 
tation. The Small Heavenly Cycle meditation is 
used to regulate the body’s Yin and Yang energy 
and to strengthen the patient’s mind and spirit. 
The Large Heavenly Cycle meditation can be pre- 
scribed to increase the patient’s Qi and Blood cir- 
culation, to rejuvenate the body and the sense or- 
gans, to clear the complexion, and to improve 
mobility. 
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TAPPING THE KNEES TO PREVENT 
SENILITY 

One exercise prescription that the doctor can 
use to assist the patient in combating senility is to 
have the patient lightly tap above, below, and 
around his or her knees. This exercise stimulates 
the Kidneys’ energy and can also be used as an 
important adjunct to maintaining health for se- 
nior citizens, especially when combined with the 
foot tapping (Kd-1) Kidney Tonification exercise 
(see Chapter 39). Combined, both of these exer- 
cises can help to strengthen the patient's Kidneys, 
lower back, and legs. When combining both exer- 
cise prescriptions, the Knee Tapping exercise 
should follow after the Kidney Tonification exer- 
cises. 

‘To begin the Knee Tapping exercise, have the 
patient sit in a chair, with both knees lower then 
the thighs. Encourage the patient to direct the fo- 
cus of his or her attention in and around the knee 
area. As the patient taps or softly slaps the tissue 
surrounding the knees, he or she should imagine 
the energy and vibration flowing into the Lower 
Dantian. After several minutes (about 36 breaths) 
the patient can stop. 


CULTIVATING THE PATIENT'S YUAN 
QI BY ABSORBING ENERGY FROM 
NATURE 

Another priority of focus for older patients is 
the gathering, storing and cultivation of his or her 
‘Yuan Qi. In China, in order to tonify the Yuan Qi, 
elderly patients practice their Qi Tonification and 
Regulation Exercises facing a cypress tree daily 
(a cypress tree is considered very powerful and 
full of energy). If a cypress tree is not available, 
then the patient can use a pine or oak tree. This 
exercise prescription is considered a slow and 
gentle Dynamic cultivation. Any Dynamic exer- 
Cise for senior citizens should always be practiced 
slowly, and gently, in order to replenish the Yuan 
Qi during the Static Qigong posture (in this case, 
standing). 

The flexion and extension of the muscles re- 
lates to the interaction of Yin and Yang within the 
body’s energetic tissues and muscles. This flex- 
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ion and extension of the muscles becomes the 
foundation of energy balance. Relaxation of the 
body results in soft, gentle movement, peaceful- 
ness and tranquillity. Muscular rigidity, on the 
other hand, results in hardness, restlessness and 
disease. 

Inorder to practice Medical Qigong exercises, 
senior citizens are encouraged to keep their body's 
energy connected with the energy of the Earth. 
This connection is obtained via their energetic at- 
tachment through the bottom of their feet and the 
center of their palms. If the patients are confined 
to wheelchairs, or are bedridden, they can still fo- 
cus the mind’s intention on the Lower Dantian, 
and then extend their energy deep into the Earth. 

As with all Medical Qigong prescriptions, the 
patients must first purge and cleanse their body 
before gathering, collecting, tonifying and regu- 
lating the body’s energy. To purge the body of 
Toxic Qi, the patients imagine divine healing en- 
ergy pouring down from the Heavens, filling the 
entire body, as they inhale. This vibrant healing 
energy is absorbed into their tissues and the Toxic 
Qi stored within the patient's body is dispersed 
into the Earth. 

As the patients exhale, they imagine the Toxic 
Qi melting out their tissues and flowing down- 
ward, deep into the ground. The patients perform 
this purging and dispersing sequence for several 
breaths until they feel cleansed. Next, the patients 
begin to fill and regulate their body. 

Tofill and regulate the body, the patients imag- 
ine circulating the energy downward, deep into 
the Earth, and into the root system of a tree. 

Next, the patients imagine the Earth’s energy 
ascending up through the top of the tree, blend- 
ing with the energy of Heaven, and then de- 
scending through their head, filling their entire 
body from the feet upward like water being 
poured into a glass and filling it up (Figure 50.1). 

The inhalation and exhalation should follow 
the Natural Abdominal Breathing method, and the 
mind's intention should be focused on filling, gath- 
ering and circulating the universal and environ- 
mental Qi. 


Figure 50.1. Extend Qi and Intention deep into the root 
system of the tree and absorb its natural energy through 
the Baihui point at the top of the head, 


FURTHER OBSERVATIONS AND 
INSIGHTS ON GERIATRIC PATIENTS 

According to Mark Johnson (an expert who 
has been treating “Seniors” with Medical Qigong 
Therapy and Taijiquan since 1987), any encour- 
agement to undertake new experiences is very ca- 
thartic for older patients. Getting involved in any- 
thing creative seems to prolong the quality of their 
life. 

Understanding the physical and emotional 
transitions that geriatric patients undergo in their 
every day life helps the Qigong doctor establish 
a better awareness of the patient's energetic dy- 
namics. These physical and emotional transitions 
can best be understood when realizing the inter- 
nal and external conflicts senior patients must 
constantly address. 

ComPaNIonsHiP 

Many people tend to lose meaning in their 
life when they retire, lose a spouse, witness the 
death of countless friends, or when their children 


move away. Patients who lose their life purpose 
(or their meaning of life) usually do not live long. 
Elderly patients, who have lost their friends, usu- 
ally have an extremely strong emotional attach- 
ment to any pet they may own. If the pet dies, 
this is usually as devastating as the loss of a close 
family member. 

According to clinical observation, most older 
patients who become involved in spirituality, so- 
ial service or voluntary work tend to be the most 
fulfilled and therefore most healthy. Humor and 
laughter as a means of internal emotional medi- 
cine for older patients cannot be overemphasized. 
Socializing with an understanding yet active sup- 
port group also tends to bring healing to their 
heart. 

In addressing the issue of being lonely, it has 
been found that the healing quality of having a 
pet to love can be very helpful for seniors who 
have become solitary or isolated. 
OVERMEDICATING 

‘Too many older patients are overly medicated. 
Taking up to ten pills a day is not unusual for 
many seniors. Ina book initiated by Ralph Nader, 
titled “Worst Pills, Best Pills” the author empha- 
sizes the fact that if an older person is taking over 
three different drugs, they are taking too many 
and should consult their doctor with the expressed 
purpose of cutting down to a maximum of only 
three types of medication. 

‘The drugs given to seniors are usually tested 
0n30 year old individuals who are generally much 
stronger than most 70 year olds. Therefore half 
dosages are usually considered safer. In addition, 
there is a minimum of thirty-three drugs on the 
market today that can give the symptoms of 
Parkinson's disease. Several healers have gotten 
their patients off Parkinson’s medication after 
demonstrating the fact that one of their other 
medications initiated the patient's symptoms. 
SEDENTARY LIFE-STYLE 

Too many older patients are sedentary, espe- 
cially men. Itis generally agreed that people liv- 
ing today move only 35% as much as people liv- 
ing 100 years ago. This has got to have a major 
impact on one’s health, especially on older people 
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whose circulation is not what it once was. Our 
bodies are designed to move; to become seden- 
tary violates one of our basic needs. The studies 
conducted at Emory College confirm that the saf- 
est and most beneficial exercises for seniors is 
Medical Qigong, Taijiquan, walking, mild aero- 
bics and light weight training. Seniors are encour- 
aged to stay away from running. 

ImpRoPeR DIET 

Because of the patient's age and changing 
metabolic needs, diet is as equally important for 
seniors as exercise. Proper nutrition can be used 
to augment the benefits from the patient's pre- 
scriptions, as well as to increase the patient'sheal- 
ing potential. The diet in senior housing commu- 
nities is usually atrocious. Sugar, canned veg- 
etables and too many heavy meats are the norm. 
When prescribing Medical Qigong exercises for 
seniors, the Qigong doctor must also take into 
consideration the patient's diet and fluid intake, 
making sure that it is not sabotaging the healing 
effect of the Qigong prescriptions. 

SLEEP DEPRIVATION 

‘As patients gets older, their Kidney Jing be- 
comes weak, their hair begins to turn grey, the 
hearing and sight becomes affected, the bone 
structure, mental comprehension and sleeping 
patterns also undergo changes. These physical 
transitions can and do affect the patient's emo- 
tional outlook on life. This however, is all part of 
the natural course of ageing, 

Due to the weakening of the patient’s Kid- 
neys, sleep deprivation is more common in seniors 
than most people realized. More training in deal- 
ing with insomnia and changing sleeping patterns 
is necessary for Western doctors, as the serious 
impact on health by sleep deprivation is poorly 
understood in Western society. 

Sleep is needed to invigorate and stabilize the 
patient’s Wu Jing Shen (Five Essence Spirits). 
Without sleep, the patient’s Hun (Spirit Soul), 
Shen (Spirit), Yi (Intention), Zhi (Willpower) be- 
come depleted and they lose control of their Po 
(Corporeal Soul). This affects the patient's intui- 
tive perceptions, mental comprehension, drive 
and willpower, and can result in dementia. 
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UNDERSTANDING DEATH AND DYING 

Classes and workshops on death and dying 
should be more available, and both patients as 
well as doctors should be encouraged to attend 
them. The doctor can benefit greatly by learning 
specific meditations being taught to facilitate this 
major transition, and also how to relate better to 
their elderly and young dying patients. The pa- 
tients can benefit greatly by increasing their 
awareness and understanding of this process, as 
well as learning the numerous meditations that 


help resolve unprocessed emotions. Furthermore, 
patients can meet others with whom they can 
share their fears and hopes openly. 

Too often the elderly do not wish to share 
these feelings, even with those closest to them for 
fear of burdening their family and friends. Patients 
may also be very reluctant to disclose their per- 
sonal concerns for fear of being alienated, even 
with Qigong doctors, especially if the doctor's fear 
of death becomes evident through too much en- 
couragement to get well and not lose hope. 


CHAPTER 51 


QI EMISSION THERAPY FOR GYNECOLOGY 


INTRODUCTION 

Gynecology is the study of diseases of the fe- 
male reproductive organs. The earliest records of 
Chinese gynecological medical writings date as 
far back as the Shang Dynasty (1500-1000 BC). 
From a Traditional Chinese Medical perspective, 
a woman's physiology is characterized and diag- 
nosed in accordance with her menstrual flow and 
vaginal discharge (also included are the energetic 
formations and transitions during pregnancy and 
childbirth). A woman's physiology is dominated 
by, and rooted in Blood. Her Lower Burner houses 
the uterus, which stores Blood, and corresponds 
to her Lower Dantian, 


MENSTRUAL FLOW 

Normally, a woman will follow the cycles of 
the moon and will menstruate every 28 days. Her 
cycles can be categorized into either new moon 
or full moon periods. The length of days between 
menstruation and the time of duration vary; four 
days of flow is considered average. 

‘A woman’s menstrual cycle can be catego- 
rized into four distinct time periods: Irregular 
Menstruation, Early Menstruation, Late Men- 
struation, and Prolonged Menstruation. 

1. An irregular menstrual cycle is never consis- 
tent: sometimes early, sometimes late. The 
cause of an irregular menstrual cycle can be 
due to either a stagnation of Liver Qi (from 
suppressed anger or emotional shock), Liver 
Qi invading the Spleen (emotions affecting the 
Liver invades the Spleen), or a constitutional 
weakness of the Kidneys. 

2. The cause of an early menstrual cycle can be 
due to either Heat in the patient’s Blood or Qi 
Deficiency. 

3. The cause of a late menstrual cycle can be due 
to either Cold stagnation of Blood, Blood De- 


ficiency, stagnation of Qi (caused from emo- 
tions), or Deficiency of Qi. 

4, The cause of a prolonged menstrual cycle can 
be due to either Qi Deficiency or Heat in the 
Blood (this is because Blood that is Hot wan- 
ders out of the vessels). 


QI AND BLOOD REGULATION 

Due to periodical menstruation and the com- 
plex changes that occur in the uterus and the or- 
gans (ovaries, cervix, and vagina) associated with 
reproduction, women tend to become especially 
vulnerable to Blood damage. The formation, cir- 
culation, and control of Blood depends upon the 
transformation, regulation, and production of the 
woman's Qi. This interdependence of Qi and 
Blood is regulated through the harmony of the 
body's Five Yin Organs. For example: 

1. The Liver stores the Blood. 

2. The Heart controls the Blood. 

3. The Spleen contains or keeps the Blood in its 
vessels. In addition, the body's Spleen and 
‘Stomach are also known as the source of re- 
production and transformation of Qi and 
Blood. 

4, The Lungs store the Qi, which commands or 
moves the Blood. 

5. The Kidneys store the Jing, which transforms 
or creates the Blood. 

The woman’s Sea of Blood can only flow 
freely when the Qi and Blood of the Five Yin Or- 
gans are in harmony. When a woman’s Sea of 
Blood is full and exuberant, then her menstrua- 
tion will be healthy and normal. 

Regarding the Eight Extraordinary Vessels, a 
woman’s Governing, Conception and Thrusting 
Vessels all originate within her uterus. The Gov- 
ering Vessel governs the body's Sea of Yang and 
represents the Yang aspect of a woman's repro- 
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ductive functions. The Conception Vessel governs 
the body's Sea of Yin and provides the Yin sub- 
stances for all physiological and hormonal transi- 
tions, including puberty, conception, pregnancy, 
childbirth, and menopause. The Thrusting Vessels 
function as the Sea of the Twelve Primary Chan- 
nels, and influence the supply and proper move- 
ment of Blood in the uterus, and control all as- 
pects of menstruation. 

‘The Belt Vessel encircles the Governing, Con- 
ception, and Thrusting Vessels, and governs, 
guides, and supports the energetic flow of Qi and 
Jing to the uterus. 

‘Regarding the Twelve Primary Channels, 
their internal network is distributed throughout 
the uterus and is connected to both the Heart and 
Kidneys. In addition, the energetic connection 
with the uterus is further strengthened by the con- 
vergence of the Liver, Spleen, and Kidney Chan- 
nels, along with the Conception Vessel, through 
the connecting vessels in the genitalia. 


ETIOLOGY AND PATHOLOGY OF 
GYNECOLOGICAL DISEASES 

In order for the Qigong doctor to make a cor- 
rect diagnosis pertaining toa woman's menstrual 
flow and reproductive organ function, attention 
must be placed on identifying the primary etiol- 
ogy of the imbalance in the patient's Qi and Blood. 

The Governing, Conception, Thrusting, and 
Belt Vessels are the most important vessels in 
terms of diagnosing gynecological pathophysiol- 
ogy. Consequently, any damage or disease of the 
these vessels are believed to be the main causes 
of gynecological disorders. 

Either a direct or indirect attack to the Con- 
ception and Thrusting Vessels can cause dishar- 
mony of Qi and Blood, resulting in a loss of inter- 
nal organ regulation. 

Direct Cause 

A direct cause of damage to the Conception 
and Thrusting Vessels can result from either Evil 
Toxin infections or from hygienically unclean 
sexual encounters. If the Conception and Thrust- 
ing Vessels become damaged, the result can mani- 
fest in symptoms such as profuse abnormal vagi- 
nal discharge or uterine bleeding. 


InpIREcT CAUSE 

Indirect causes of damage to the Conception 
and Thrusting Vessels can result from internal 
damage due to: The Seven Emotional Factors, In- 
vasion of the Six Exogenous Factors, and An In- 
consistent and Undisciplined Diet. 

1. The Seven Emotional Factors tend to be the 
‘major factors in determining the root causes 
in most gynecological diseases. 

‘The suppression of anger, rage, resentment, 
and jealousy often results in Liver Qi depres- 
sion, which eventually leads to Blood stagna- 
tion. This can result in such symptoms as de- 
layed, painful, or blocked menstruation. If a 
hyperactive Liver Yang condition occurs, the 
patient can develop symptoms as serious as 
pre-eclampsia or eclampsia (coma and con- 
vulsive seizures that can occur between the 
20th week of pregnancy and first week post- 
partum; symptoms include edema of the legs 
and feet, puffiness of the face, hypertension, 
severe headaches, dizziness, epigastric pain, 
nausea, sudden convulsive seizures and 
coma). The Liver’s Blood Heat can lead to pro- 
fuse uterine bleeding, leaking of Blood, he- 
moptysis (throwing up Blood) or epistaxis 
(bleeding of the nose). 

The suppression of worry and regret, or 
obsessiveness, can harm the Heart and Spleen. 
‘This can lead to amenorthea (the absence or 
suppression of menstruation) or a fetal leak- 
age (after conception, if a small amount of 
bloody fluid discharges from a woman's va- 
gina, it is known as Tai Lou or fetal leakage) 

‘The suppression of fright, fear, loneliness, 
and insecurity can damage the Kidneys and 
lead to miscarriages. 

2. Invasion of the Six Exogenous Factors, in par- 
ticular, Cold, Heat, and Dampness, are the 
primary causes for gynecological diseases. 

Ifthe Blood is invaded by Cold, it congeals, 
causing delayed menstruation, painful men- 
struation, or severe contractions and thick 
conglomerations of Blood. 

If the Blood is invaded by Heat, it moves, 
causing the Blood to flow recklessly. This reck- 
less movement of Blood leads to early men- 


struation, excessive menstruation, and uter- 
ine bleeding. 

If the Blood is invaded by Dampness (Damp 
Evils invading the Spleen), it can lead to ab- 
normal vaginal discharge, uterine bleeding, 
and irregular menstruation. 

3. An Inconsistent and Undisciplined Diet can 
lead to a Spleen and Stomach disharmony. If 
the Spleen and Stomach’s ability to transform 
and transport food becomes hindered or 
weakened, the Sea of Blood becomes Empty. 
This can lead to delayed menstruation or 
scanty menstruation. 

If the Spleen loses its ability to restrain and 
contain the Blood, both Blood and Qi leak out 
of the vessels. This leaking of Qi and Blood 
can lead to excessive menstruation and uter- 
ine bleeding. 

If the Spleen’s Yang does not perform its 
transporting function, Dampness and Turbid- 
ity will descend, resulting in abnormal vagi- 
nal discharge. 


VAGINAL DISCHARGE 
In Traditional Chinese Medicine, abnormal 
vaginal discharge (Dai Xia) is considered a dis- 
ease of the Belt Vessel. If the Belt Vessel loses its 
restraint on the other vessels, then abnormal vagi- 
nal discharge is produced. This is usually caused 
by a Spleen Deficiency, Dampness, and descend- 
ing Turbid Qi. 
ConsisTENcY 
‘The consistency of the patient's vaginal dis- 
charge can be divided into three categories: Tur- 
bid, Watery, and Clotting (thick and pasty). 
1. A Turbid discharge refers to Blood Heat and 
an infection in the uterus. It also refers to signs 
of Cold stagnation 
2. A Watery discharge is considered a Cold 
Damp and/or Deficient condition. 
3. Clots (thick and pasty) are considered a Damp 
Heat and Excess condition. 
SMELL 

The smell of the patient's vaginal discharge 
can be divided into conditions of either Damp 
Heat, indicated by a leathery smell, or Cold Damp- 
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ness, indicated by a fishy smell. Also, if the 
patient’s menstrual Blood hasa strong, foul smell, 
it usually indicates a Heat condition. 
coor 

Vaginal discharge color is divided into five 
colors (Wu Se Dai): white, yellow, red, green-blue, 
and dark brown or black. The pathology of the 
discharge color is mostly caused from a Deficient 
Conception Vessel, loss of restraint from the Belt 
Vessel, Spleen Dampness, or Evil Wind invading 
the uterine vessels. These conditions create Heat, 
which descends into the uterine area causing dis- 
ease. 
Only profuse vaginal discharge, which bears 
anunnatural color and gives off a malignant odor, 
is considered pathological. The five colors of vagi- 
nal discharge are as follows. 

1. White vaginal discharge (Bai Dai) is the most 
commonly seen type of vaginal discharge. Itis 
a Cold condition caused by a Spleen or Kidney 
Yang Deficiency, or from Exterior Cold Damp- 
ness. It manifests as a white, sticky, slimy fluid 
discharge from inside the patient's vagina with 
a fishy smell. Symptoms include sore lower 
back, weakness, and irregular menstruation. 

2. Red vaginal discharge (Chi Dai) is caused 
from Damp Heat in the Lower Burner or Fire 
Blazing through the Heart and Liver channels. 
The latter eventually causes Yin Blood Defi- 
ciency. Red vaginal discharge manifests as 
thick and sticky, white with red mixed to- 
gether, pale red, or red vaginal discharge with 
a foul odor. Symptoms include thirst, bitter 
taste in the mouth, and reddish urine. Con- 
tinued red vaginal discharge may bea sign of 
cancer, and the patient should immediately 
be referred out to an oncologist. 

3. Yellow vaginal discharge (Huang Dai) is caused 
from Heat, usually Damp Heat in the Lower 
Burner produced from a Deficient Spleen not 
transporting the Dampness. This condition 
causes Water Dampness to brew and bind, 
which then transforms into Damp Heat. The 
Damp Heat invades the Conception Vessel 
which causes the Belt Vessel to lose its ability 
to restrain. It manifests as a yellow, sticky, and 
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slimy vaginal discharge with a foul odor. A 
vaginal discharge that has yellow and red with 
white pus (after menopause) is considered a 
‘manifestation of Toxic Damp Heatiin the uterus 
and can indicate endometrium cancer. 

4, Green-blue vaginal discharge (Qing Dai) is 
caused by Damp Heat in the Liver or Gall 
Bladder Channels. A yellow-green color with 
pus accompanied by itching and soreness is 
also a sign of Damp Toxic invasion. 

. Dark brown or black vaginal discharge (Hei 
Xia) is seen as a form of Blood stagnation. 
All gynecological disorders are closely related 

to the patient’s whole constitution, even though 

the manifestations appear in the reproductive or- 

gans. The patient's general constitution, age, di- 

etary habits, home and work environment, should 

all be taken into account when diagnosing clini- 
cal pathophysiologies. 


MENSTRUAL COMPLICATIONS 


DYSMENORRHEA 
Dysmenorthea is one of the most frequent 
gynecologic disorders observed in the clinic to- 
day. It is described as pain associated with men- 
struation and refers to cyclic pain (before, during 
or after menstruation) felt in the lower abdomen 
or lumbosacral area of the woman's body before, 
during, or after menstruation. Serious cases of dys- 
‘menorrhea can be accompanied by headache, nau- 
sea, vomiting, and even syncope. 
ErioLocy 

From a Traditional Chinese Medical perspec- 
tive, a woman's body is more susceptible to an 
attack of external pathogens and injury from in- 
ternal emotional disturbances during her men- 
strual period. Mental depression may injure the 
Liver and cause Qi and Blood stagnation. 

‘The invasion of Cold into the Thrusting and 
Conception Vessels may also cause stagnation and 
coagulation of Blood, which in turn causes Qi and 
Blood Deficiency (leading to poor nourishment of 
the uterus). Excessive exposure to Cold and Damp- 
ness can cause Cold to invade a woman's uterus, 
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causing stasis of Blood. A women is prone to Cold 
invasion when her uterus and Blood are ina weak- 
ened state, during and soon after her period. 

‘There are four different phases identified dur- 
ing a woman's menstrual cycle: Before Menstrua- 
tion, During Menstruation, After Menstruation, 
and During Mid-cycle. 

1. Before menstruation, the woman's Yang rises 
in preparation to move Blood during her 
menses; Liver Qi also moves into the lower 
abdomen in preparation to move the Blood. 
Ifa woman's Liver Qi stagnates, it can cause 
the Blood stagnation in the uterus, leading to 
pain, especially before her period. This type 
of stagnation is the most important pathologi- 
cal condition causing dysmenorthea. Liver Qi 
stagnation can be caused from emotional 
strain resulting from suppressed emotions, 
such as anger, resentment, hatred, and frus- 
tration. 

2. During menstruation, the woman's Blood is 
moving. The movement of Blood relies on 
Liver Qi and Liver Blood. If a woman's Liver 
Blood stagnates, it will cause pain during her 
period 

3. After menstruation, the woman's Blood and 
Yin are Empty. 

4, During mid-cycle, the woman's Blood and Yin 
gradually fill up the Thrusting and Concep- 
tion Vessels. 

According to Western medicine, dysmenor- 
thea is related to mental stress, emotional insta- 
bility, mental depression, and fright. Dysmenor- 
thea can also be due to diseases of the ovaries, 
uterine, or endocrine glands. 

The menstrual pain may appear one to two 
days before the onset of the menstrual period, and 
remain until the start of the menstrual flow. It usu- 
ally lasts from just a few hours to one to two days. 
Symproms 

In Traditional Chinese Medicine, dysmenor- 
thea iis classified into two types of syndromes: the 
Excess type and the Deficient type. 

* The Excess type of dysmenorrhea can be 
caused by either Qi and Blood stagnation, 
Cold stagnation, or Damp Heat. An Excess 
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the frequency is imaginary. Therefore, in order to get real 
frequency, the spring constant has to be negative also. 
[0020] 2. Referring to FIG. 1, the magnetic vortex ge 
feralor consisis of a large toroidal solenoid (A) and it 
support structure (C), a smaller toroidal coil (B) with 
support structure (D) which holds the col along the eenter- 
line ofthe larger coil. The entire structure sits on a base (B). 


[0021] 


3. The two solenoids are wound with a common 
\wire in opposite directions on two separate toroidal curved- 
sheet transformer laminations of differing radii. From the 
right hand mule, a changing circular magnetic field in the 
Jirection of the fingers produces a linear electric field in the 
Jirection of the thumb, Because there are two coils produe- 
ing two magnetic fields in opposite directions, there are two 
bucking electric fields down the centerline of the coils. This 
‘duplicates the thunderstorm conditions. A perspective view 
Of the generator is shown in FIG. 2. 


[0022] 4. Aenlarged view of the non-linear coil winding 
shown in FIG. 3, The wire (B) is wound around the thi 
transformer laminations (A) with a non-linear coil spacing 
as shown by the difference in spacing between length (C) 
and (C), On this inner side of the coil, the wire is wound 
straight across where it can be seen that the wire is normal 
{0 the edge of the laminations. Not shown are two strips of 
Velero which Keep the wire aligned and offset from the 
tape-covered metal laminations. 


[0023] 5. Since the wite is straight across on this side, the 
‘opposite side has to have the wire run in a diagonal manner 
as seen in FIG. 4A. In terms of cylindrical coordinates, the 
‘components of the electrical current in the coil flow in the 
z-direction across the breadth of the lamination and in the 
O-direction around the lamination, 


[0024] 6. The reason for the non-linear spacing is 10 
preserve the vector potential ofthe coil. The vector potential 
is a more important field than the magnetic field because 
‘can extend out past the windings of a long solenoid, If you 
Took at the units, i€ is the fick momentum per charge or 
kilogram meter per second coulomb. Notice that the deriva- 
Live of the vector potential with respect to time is an electric 
field, while a derivative with respect to length is the mag 
netic field, The inductance of the coil times the cuerent 
density is equal to the vector potential. Thus the inductance 
gradient of the coil times the current per meter is the 
‘magnetic field, So the noo-linear coil picks up an additional 
‘magnetic field around the coil besides the one created in the 
Taminations by the winding itself 


[0025] 7. Taking a closer look atthe coil in FIG. 8, itis 
‘onsintcted of thin laminations taped together to form a 
‘ylindrical shape with a wire coil wrapped around it. This 
‘reales a magnetic field in the theta 6 direction within the 
lamination. Because the col is wrapped asa heli, there i 
4 current component Ig in the theta dceetion, ‘The eross- 
Sectional area Area through which the magnetic Bux Rows 
times « normal vector n inthe theta direction isthe tensor 
area ny Arca If the radius of the cil, then the curvature 
Kis Li pointing in the radial direction, Because there are 
two coils with difering rai, the generator bas two curva- 
tures associated with i 


[0026] 8. In the geometry of electromagnetism, the mag- 
netic fleld is part of the electromagnetic Faraday tensor P* 
which isa 4 by 4 spacetime matrix having rows and columns 
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of time t, radius s, angle @ and eight z in cylindrical 
coordinates. The fist index ye refers to the row, and the 
second index v refers 10 the column. The diagonal of the 
matrix is zero. ‘The first row and column belong to the 
leer field. Ail the other slots are filled by the components 
of the magectic field. The By componcat is located in the 
‘complementary slots of rand’ as shown in FIG. 6. Now a 
tensor product can be written with the available variables I° 
no Area K,F“=K*. This says thatthe current around the loop 
in the theta direction times the lamination area veetor inthe 
thota direction times the curvature K of the coil i the radial 
direction times the magnetic field in the theta direction is 
‘equal toa spring constant in the z-direction, or ormal to the 
plane of the coil. All the tensor components cancel out 
except for the z-direction. That is, the coil produces. a 
spacetime spring conslant through the center of the coil 
‘where there are resonant bucking electric fields, So the coil 
is creating a magnetic spring. The units of the spring 
constant are shown in FIG. 7 as force per meter. 


[0027] 9. Because there are two coils operating in opposite 
directions in regions of differing curvature, there are two 
parallel spring constants generated along the centerline. Two 
Springs in parallel sum, but the inner cil is negative due to 
the triple product of negative signs of curren, field and ara, 
Looking atthe front view of the coils the right hand rule 
shows the field going counterclockwise with the thumb 
Pointing along the elecre field inthe positive z-direction 
‘The inner eol with the field woing inthe clockwise direction 
has the electric fiek! in the negative z-direction. Therefore 
the outer col’s postive spring constant sums with the inet 
cril’s negative spring constant to produce an overall nega 
tive spring constant as shown in FIG, 8. The inner coil has 
4 radius rand the spacing between the outer and inne col 
is In this design, the ier radius 1, and the outer radius 
is 3 which is the magic ratio in physics of 1/3. That makes 
length a equal to 2, Substituting t=1 and a2 into the spring 
constant equation shows thatthe ratio is negative 8/9. That 
is the spring constant is negative as previously asserted. IF 
the spring constant is negative, it must preuce negative 
mass in order to have a real frequency of resonance. Since 
it produces negative mass, then it can produce @ wormbole 
as shown by Dr Kip Thorne 


[0028] 10. The geometry of hyperspace physies is based 
‘on the geometry of the tetrahedron which is circumscribed 
by the sphere. The comers of the tetrahedron touch the 
sphere ata latitude of 19.47122063° which turas out to be, 
in terms of planet cosmology, the location where all the large 
vvoleanoes and vortices occur on Earth, Mars, Jupiter, Uranus, 
and Neptune, Furthermore, the cosine squared of this angle 
is 8/9, which is the spring constant ratio for the magnetic 
vortex generator. That is, the coil is interacting with the 
‘geometry of spacetime which is why it is such an effective 
‘wormhole generator. As will be demonstrated later, the 
tetrahedral geometry of hyperspace shows that the electron 
‘and proton are one and the same particle. This is a new 
discovery in science coming out of this research, The 
diagram also shows that when the speed of light is reduced, 
due to the low density of energy coming into our dimension 
through the wormhole, Planck’s constant divided by the 
speed of light puts the electron at the boundary between 
space and hyperspace. That is, the electron and the proton go 
‘out of dimension which is the reason that the car tre rim can 
become merged with the tree, The ramifications of this 
magnetic vortex generator are enormous, It means develop- 


condition manifests as distention and pain in 
awoman‘s lower abdomen and/or lumbago, 
occurring before or during menstruation. 
Symptoms also include obstructed menstrua- 
tion with pale-purplish color and clots. 

* The Deficient type dysmenorthoea can be 
caused by either Qi and Blood Deficiency or 
Kidney and Liver Yin Deficiency. Symptoms 
of this condition manifest as pain in the lower 
abdomen, occurring before or during men- 
struation, which can be relieved by heat and 
compression. The patient will experience sore- 
ness and distention of the waist and legs with 
pale and scanty menses. 

‘TREATMENT 
1. Tobegin, have the patient sit atthe edge of the 
table and begin stimulating the Yellow Court, 
Mingmen, and Lower Dantian areas, using the 
Vibrating Palm technique, for 6 to 8 breaths. 
2. Emit Qi, using the Extended Fan Palm tech- 
nique, into the patient’s Lower Dantian, purg- 
ing the Qi down the Stomach Channels to her 
feet. 
TREATMENT MODIFICATIONS 
‘* When treating patients with the Excess type 
of dysmenorrhea, emit Qi into the patient's 
Lower Dantian, St-21, and Lv-14 points, then 
purge the Stomach and Liver Channels down. 
to and out of the feet. 
‘* When treating patients with the Deficient type 
of dysmenorrhea, emit Qi into the patient's, 
Lower Dantian, then guide Qi along the Stom- 
achand Spleen Channels to regulate the body. 
PRESCRIPTIONS AND HOMEWORK 

Have the patient practice the Descending the 
‘Yang and Ascending the Yin techniques (see Chap- 
ter di). 
PRESCRIPTION MODIFICATIONS 

1. For patients with the Excess type of dysmen- 
orthea: 

a. Have the patient sit at the edge of a chair, 
relax and breath naturally, with the 
tongue placed up against the hard pal- 
ate, The patient’s mind should concen- 
trate on her Lower Dantian and navel 
area. 


b. The patient should imagine the navel 
as the center of a wheel. When inhal- 
ing, she should move the Qi upwards, 
rotating the energy clockwise, from the 
lower portion of the right side of the 
abdomen. The patient silently chants 
the phrase: “The white tiger hides in the 
east.” Exhaling, she rotates the Qi from 
above the navel to the left side of the 
abdomen back to the beginning point, 
while silently chanting the phrase: “The 
blue dragon shelters in the west.” The 
patient continues circulating the Qi 
around the navel, rotating it in a clock- 
wise direction for 36 breaths. In this 
particular meditation, it is important 
the patient start with small circles and 
gradually increase the circumference of 
the energy circle, in order to disperse 
the accumulated Heat in the uterus. 

2. For patient's with a Deficient type of dysmen- 
orthea: 

a. Havethe patientsit at the edge of a chair, 
relax and breath naturally, with her 
tongue placed up against the hard pal- 
ate. The patient's mind should concen- 
trate on the Lower Dantian and navel 
area. 

b. Imagine the navel as the center of a 
wheel. When inhaling, she should 
move the Qi upwards, rotating the en- 
ergy counterclockwise, from the lower 
portion of the left side of the abdomen. 
‘The patient silently chants the phrase: 
“The blue dragon shelters in the west.” 
Exhaling, she rotates the Qi from above 
the navel to the right side of the abdo- 
men back to the beginning point, si- 
ently chanting the phrase: “The white 
tiger hides in the east.” She continues 
circulating Qi around the navel, rotat- 
ing from large to small circles ina coun- 
terclockwise direction for 36 breaths. In 
this particular meditation, it is impor- 
tant that the patient start with large 
circles and gradually decrease the en- 
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ergy circle’s circumference in order to 
gather energy into the uterus. 


MENOXENIA 
Menoxenia refers to the pathological changes 
of menstruation occurring in the cycles, such as 
the color, quantity, and quality. This includes ex- 
tended or delayed menstrual cycles, as well as 
menorrhagia (excess bleeding) and scanty men- 
struation. 
Symproms 

1. Blood Heat symptoms include: prolonged 
menstrual cycle, profuse menstruation of 
bright red or purplish color, viscous in qual- 
ity, and a heavy feeling in the chest. 

2. Deficiency of Qi symptoms include: pro- 
longed menstrual cycle, profuse, pale and 
watery menstruation, listlessness, palpita- 
tions, shortness of breath, and an empty or 
dropping sensation in the lower abdomen. 

3. Blood Stasis symptoms include: delayed men- 
strual cycle, purplish and massed menstrua- 
tion with pain and distention in the lower 
abdomen, 

TREATMENT 

1. Have the patient sit at the edge of the table 
and begin to stimulate her Yellow Court, 
Lower Dantian, and Mingmen areas using the 
Vibrating Palm, for 8 to 16 breaths. 

2. Use the Extended Fan Palm hand posture to 
emit Qi into the patient's Mingmen and Lower 
Dantian using the Spiral Rotating method of 
Qi manipulation. Rotate the energy in a coun- 
terclockwise direction for conditions of Excess 
and a clockwise direction for Deficient con- 
ditions. 

TREATMENT MODIFICATIONS. 

‘+ When treating a patient with Blood Heat, emit 
Qi into her Yellow Court and Lv-14 points, 
drawing the energy down her Liver Channels 
and out of her feet. 

‘+ When treating patients with a Deficiency of 
Qi, use a Extended Fan Palm hand method 
while tonifying and filling her Mingmen and 
Lower Dantian areas. 

‘+ When treating a patient with Blood Stasis, use 


the Extended Fan Palm hand method to emit 
Qi into her Lower Dantian and rotate the Qi 
ina clockwise direction. 
PRESCRIPTIONS AND HOMEWORK 
Inorder to move the energy and allow Qi and 
Blood to flow smoothly in the uterus, have the 
patient practice the Microcosmic Orbit Fire Cycle 
(see Chapter 41), 
PRESCRIPTION MODIFICATIONS 

* For patients with Blood Heat, it is advisable 
to have them practice the Liver Massage 
method (see Chapter 39) and sound the word 
“Xu" (Shu). 

* For patients with Qi Deficiency, have the pa- 
tients perform Natural Breathing meditations, 
as well as the Daoist Five Yin and Yang Or- 
gan Exercise (see Chapter 42) 

* For patients with Blood Stasis, have the pa- 
tient practice Circling the Abdomen, for 36 
breaths in a clockwise direction (see Chapter 
41). 


CYSTS AND TUMORS 


BREAST CYSTS AND BENIGN TUMORS 

A breast cyst or benign tumor is a lump or 
nodule found within the breast tissue. 
ErioLocy 

The fibrocystic changes that can occur in a 
‘woman's breast tissue are commonly divided into 
three levels of benign breast disorders. Beginning 
with Level-1 breast cysts (which include the de- 
velopment of benign lumps, nodules or fibroad- 
enoma), progressing onto the development of 
Level-2 breast cysts (which include the develop- 
ment of mastitis or carbuncles), and ending with 
Level-3 breast tumors. 

‘The Qigong doctor's treatment will vary ac- 
cording to the type and condition of the lump 
enclosed within the patient's breast tissue. 


DIAGNOSIS ACCORDING To DIFFERENT TYPES 
oF BREAST Lumps 

The Qigong doctor differentiates among the 
types of breast lumps and initiates treatment ac- 


cordingly. Breast lumps can be divided into three 
major categories: Phlegm, Blood Stasis, and Toxic 
Heat. 

1. Phlegm lumps are soft with distinct edges, 
mobile and slippery. They are not swollen, 
and the skin surface around the area is white. 

2, Blood Stasis lumps are hard, immobile nod- 
ules. The skin surface around the surround- 
ing area is purple. 

3. Toxic Heat lumps are hard, immobile, with 
indistinct edges. The skin surface of the sur- 
rounding area is indented and red. 


LEVEL-1 BREAST CYSTS (BENIGN 
Lumps, NODULES OR FIBROADENOMA) 

These are lumps that feel like hard nodules; 
they are usually painless, round, flat, and mobile. 
The lumps do not feel hot or cold to touch, the 
skin color is unchanged, and the size of the lump 
may vary depending on the patient’s mood 
changes. 
ErioLocy 

Level-1 cysts are usually caused by the 
patient's Liver and Spleen being affected by an- 
ger, worry, and depression. The Spleen Qi is weak- 
ened, thus disrupting the free-flow of the Liver 
Qi. This leads to conditions of nodules due to both 
Qi and Phlegm stagnation. Long term Qi stagna- 
tion eventually leads to the accumulation of 
Phlegm and Stasis of Blood. 
SympToms 

‘These type of cysts are characterized by their 
process of development; they generally start off 
small and increase in size after several months. 
TREATMENT 

Eliminate the stagnation and remove the 
Phlegm using Qi purging and dispersing tech- 
niques. 
LEVEL-2 BREAST CYSTS (MASTITIS 
oR CARBUNCLE) 

This condition is a painful inflammation of 
the breast skin and underlying tissue. 
EtioLocy 

Level-2 cysts are usually caused by Qi and 
Blood stagnation, resulting from the stagnation 
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of the Liver or Gall Bladder Qi, which is accom- 
panied by excessive stagnation of Toxic Heat in 
the Stomach Channels. Breast cysts can be inter- 
nally induced by suppressing the emotions, es- 
pecially grief. Generally mother issues relate to 
the left breast and Lung area, while father issues 
relate to the right breast and right Lung area. 


TREATMENT 

1. After clearing the diseased area of Toxic Qi, 

the Qigong doctor uses the Sword Fingers 

technique to stimulate CV-17, St-18, Lu-1, BI- 

18, and -21 points, to open the points along 
the Liver, Lung, and Stomach Channels. 

2. Next, the Qigong doctor emits Qi, using the 
Vibrating and Shaking techniques, to disperse 
the cyst. 

3. The doctor then applies the Dragon Mouth 
manipulation to dredge the patient's body, by 
pushing, pulling, and leading the Stagnant 
and Toxic Qi down the patient’s Lung Chan- 
nels (out the arms), and Stomach Channels 
(out her legs), via the St-36 points. 

4. The patient is given homework, consisting of 
Jing Point Therapy, and of kneading the sur- 
face and surrounding tissue of the cyst at least 
once a day. This prescription should also in- 
clude the use of the “Shang” sound tone 
resonation to further dissolve the cyst, and to 
dispel the Toxic Qi out of the breasts. 


LEVEL-3 BREAST TuMoRS 
This type of breast cyst corresponds to a se- 
vere condition of dysplasia. 
ErioLocy 
Level-3 cysts are usually caused by Liver Fire, 
accompanied by Heart and Lung Qi stagnation 
due to the accumulation of grief, sorrow, exaspera- 
tion, and being upset, or due to the derangement 
of the patient's Thrusting and Conception Vessels. 
TREATMENT 
1. After clearing the diseased area of pathogenic 
Qi, the Qigong doctor uses the Thunder Palm 
technique to disperse the tumor. 
2. After several minutes of blasting the area, the 
Qigong doctor uses the Spiraling and Circling 
Energy techniques to circle the tissue areas 


SkeTION 14: SPECIALIZED QI EMISSION THERAPY 


surrounding the tumor, drawing the patho- 
genic Qi down and out of the patient's near- 
est arm via the Lung Channel (Figure 51.1). 

3. The Qigong doctor then uses energetic Pull- 
ing and Shaking techniques to release the 
pathogenic Qi from the patient's body and to 
draw it out of the arm. The doctor must then 
pull and snap each of the patient's fingers and 
thumbs, to release and disperse the Excess 
Heat and pathogenic Qi. 

4, Next, circle rotate the energy within the 
patient's Lower Dantian, pulling the Qi down 
the lower legs and out the St-36 points. 

5, Finally, fill her Lower Dantian and circle regu- 
late her Governing and Conception Vessels 
using the Microcosmic Orbit to balance the 
Yin and Yang energy. 

6. Give the patient homework consisting of Jing 
point therapy that stimulates the GB-21, St- 
36, CV-17, and Sp-6 points, once a day. If the 
patient is using magnetic therapy, she should 
place the magnets on the points for 1 hour. 
This prescription should also include herbs, 
and the use of the “Shang” sound tone 
resonation (straight tone and descending /as- 
cending tone prescriptions) to further dissolve 
the tumor. 


OVERVIEW OF TREATMENT 

The general treatment for breast diseases, de- 
pending on the severity of the condition, is di- 
vided into five main components: Medical Qigong 
therapy, Medical Qigong massage, prescriptions, 
Jing point therapy, and herbal teas. 
MEDICAL QIGONG THERAPY 

The doctor's emitted energy can assist the pa- 
tient in dispersing stagnations, as well as dissolv- 
ing breast tumors and cysts. Generally, the 
doctor's treatment lasts for a period of three days, 
and can be indefinitely prolonged and increased 
in effectiveness if the patient is given additional 
Medical Qigong prescriptions as homework. 
MEDICAL GIGONG MASSAGE PRESCRIPTION 

This therapy is most important asit allows the 
patient to reconnect with her tissues and further 
allows her to feel and release emotions trapped 


Figure 51.1. After purging the Toxic Qi from the patient's 
upper body, the Qigong doctor continues to disperse 
the patient's Toxic Gi from the lower abdomen, leading 
it down the patient's leg and out of the St-36 points. 


within her body (remember, you can only heal what 
you feel). This healing process is as follows. 
1. The patient begins by rubbing her hands to- 
gether to get them hot. 
2. Placing her hands on her breast, the patient in- 
hales and draws the heat from her hands into 
the breast tissue, while imagining divine heal- 
ing light flowing from the Heavens, and pour- 
ing into her body to fill up her chest. 
3. The patient circle massages her breasts 36 times 
towards the outside of her body, concentrating 
on the breast tissue filling up with the divine 
healing energy that destroys any and all patho- 
gens stored within her breast tissues. 
4, After completing 36 times in one direction, the 
patient reverses directions but maintains the 
‘same visualization. 
5. Next, the patient exhales the straight healing 
sound “Shang” for 9 breaths, toning, while tumn- 
ing the body from the left to the right side. The 
patient focuses on purging the pathogens out 
of her breast area through her mouth, This 
purges her Lungs and the surrounding breast 
tissues. 
6. The patient then exhales the descending /as- 
cending healing sound “Shang” for 9 breaths 
as she turns at the hips, toning from the right 
to the left side of her body, and focuses on purg- 
ing the pathogens out of her breast area. This 
purges her Lung Channels and the surround- 
ing energetic connections to the breast area. 
7. The patient then rubs 36 times in a clockwise 
direction, from her abdomen to her Lower 
Dantian, leading the Qi downwards. This is 
performed to root the energy back into her 
Lower Dantian. 
8, The patient ends the prescription in a quies- 
cent state of mind. 
MEDICAL QIGONG PRESCRIPTIONS 

‘This therapy allows the patient to purge the 
congans that are found to be the root cause of the 
disease. In Medical Qigong, the doctor views the 
patient's cysts or tumors as a flower. If, through 
surgery, the top of the flower is plucked from its 
stem (and the branch, stem, and root cause of the 
disease is left still intact), the tumor or cyst will 
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return again. In order to heal the patient’s condi- 
tion, the doctor must also address the original 
cause of the disease and destroy the entire sup- 
port system. The purpose for these prescriptions 
is to destroy the disease’s entire root system to 
kill the flower. 

1. The Dry Crying prescription is given to purge 
the emotions of grief and sorrow from the 
patient's Lungs (see Chapter 53). 

2. The “Guo” healing sound is given to purge 
the patient's Liver Fire. 

3. The “Shang” healing sound is given to dis- 
solve the cyst or tumor. 

4, Prescribe Jing Point Therapy. Specific points 
are prescribed for the patient to enhance the 
doctor’s treatments, and increase her own 
healing potential. The patient is encouraged 
to stimulate specific areas of her body, by 
emitting Qi while pressing and focusing her 
intention into the following points: 

a. The Smalll Intestine 3 point affects the 
patient's breast disease caused by Re- 
bellious Qi and Qi depression. 

b. The Stomach 18 point frees Qi flow lo- 
cally in the patient's breast. 

¢. The Stomach Channel transverses the 
breast, and the Stomach 36 point regu- 
lates Qi of the patient’s entire body. 

d. The Spleen 6 point is specifically cho- 
sen for treating breast cysts. 

e. The Gall Bladder 21 point (Shoulder 
Tapping) is prescribed to assist the pa- 
tient in sinking Liver Qi Heat. 

HERBAL TEAS 

All herbal teas are administered to move the 
Qi and assist the doctor’s treatment. Dandelion 
tea, for example, is mixed with green tea to clear 
Heat from the patient’ body; or green orange peel 
is added to help move the Qi. 


OVARIAN CYSTS AND UTERINE 
Tumors 

In an ovarian cyst, there is a closed sack or 
pouch containing fluid, semifluid, or solid mate- 
rial, usually characterized by Phlegm, Damp Heat, 
and Stasis of Blood. 
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ETIOLOGY OF OVARIAN CysTS 

Ovarian cysts can be caused by psychologi- 
cal upheavals which lead to enlarged follicles that 
fail to rupture, as well as by Liver Fire stagnation. 
Ovarian cysts are usually related to the anger from 
the Liver turning inward and attacking the body. 
ErloLocy oF UTERINE TUMOR 

‘Auterine tumor, or myoma, is a solid benign 
growth in the myometrium, and is often called a 
fibroid. It contains muscle tissue. Excessive uter- 
ine bleeding is a common effect of myomas. Ova- 
rian cysts and uterine tumors are generally di- 
ded into thuee types of myomas: 

1. The subserous type is located on the outside 

wall of the uterus; 
2. The interstitial type is located within the wall 
of the uterus; 
3. The submucous type is located on the inside 
of the uterus. 
TREATMENT 

The same treatment is used for both ovarian 
cysts and uterine tumors. To treat these conditions, 
the doctor uses Medical Qigong therapy in con- 
junction with Jing point therapy and herbs. 
1. Begin with the patient in a supine position and 
purge and clean the diseased area of patho- 
genic Qi, using the Thunder Palm technique 
inconjunction with the Vibrating Palm, to dis- 
perse the stagnation in the ovaries or uterus. 
2. Disperse pathogenic Qi out the patient's body 
via the Gall Bladder Channels. 
3. Tonify the patient’s Lower Dantian with Qi 
and circulate the energy through the Micro- 
cosmic Orbit. 
4, Press and stimulate with Jing point therapy 
the Sp-6, Sp-9, St-36, GB-34, and GB-38 points 
(Figure 51.2). 
PRESCRIPTIONS AND HOMEWORK 

The patient should be given homework, in 
accordance with her constitution. The prescrip- 
tions should include: 

1. The “Guo” sound to disperse Liver Fire. 

2. The “Yu” sound to disperse ovarian cysts. 

3. Prescribe Lower Dantian regulation exercises 
to access and regulate the ovarian energy. 

4, Prescribe herbs for chronic conditions. 


Figure 1.2, When treating ovarian cysts, use Jing Point 
therapy in conjunction with Qi emission, to stimulate 
Sp-6-9, St-36, G.B.-34 and 38 points. 


UTERINE COMPLICATIONS 


MISCARRIAGE 
Amiscarriage is the termination of a pregnancy, 
at any time before the fetus has attained extrauter- 
ine viability. Miscarriage occur usually between con- 
ception and the fourth month of pregnancy. 

In Traditional Chinese Medicine, a miscar- 
riage can have several stages and levels of sever- 
ity, ranging from such conditions as Fetal Leak- 
age, Restless Stirring of the Fetus, Falling Fetus, 
and Small Birth. Within each of these conditions 
there are several patterns of disharmony. 
EioLosy 

There is an ancient Chinese saying which 
states “A miscarriage is more serious than child 
birth.” According to Traditional Chinese Medicine, 
there five basic mechanisms associated with the 
cause of a miscarriage: Empty Conception and 
Thrusting Vessels, Blood Deficiency, Depressed 
Liver Fire, Blood Stasis, and External Injuries. 

1. An Empty condition of the Conception and 
Thrusting Vessels causes miscarriages. The 
mother’s Kidney Qi consolidates the fetus and 
is responsible for constricting the anal and 
vaginal orifices. If the Conception and Thrust- 


ing Vessels become empty, they cannot con- 
solidate and secure the fetus within the womb. 
Ifany of the following three conditions occur 
singly or in concert, both the Conception and 
‘Thrusting Vessels may indeed become Empty: 
(1) the mother’s Yin Essence is depleted or 
consumed; (2) the Mingmen Fire is insuffi- 
cient, and (3) both the Yin and Yang Qi are 
Deficient. Any of these three conditions may 
bbe due to: congenital weakness and insuffi- 
ciency, chronic disease, extreme or prolonged 
stress, unrestrained sex after conception, or 
the mother’s age (over 40). 

. Blood Deficiency from an irregular diet, exces- 
sive worry and anxiety may deplete the Spleen 
and Stomach organs resulting ina miscarriage. 
‘Since the Spleen is the postnatal root for Blood 
generation and transformation, an Empty or 
Deficient condition of Spleen Qi may cause 
Blood Deficiency. Furthermore, as the Spleen 
Qi restrains and supports the mother’s abdo- 
‘men, a Spleen Qi Deficiency, or Empty Spleen 
Qi, may lead to the prolapse of the Central Qi 
and produce insufficient Blood to nourish the 
fetus. Both the Central Qi prolapse and the 
Blood Deficiency can present the Conception 
and Thrusting Vessels from consolidating the 
fetus and securing it in the womb. 

}. Depressed Liver Fire due to suppressed emo- 
tional frustration (with mental agitation, an- 
ger, jealousy, and envy) may cause a miscar- 
riage. The excessive Heat generated by the 
depressed Liver Fire may in turn attack the 
mother’s Sea of Blood, scorching and injur- 
ing the Thrusting (Chong) Vessel. This injury, 
in turn, may cause the mother’s Yin Blood to 
flow recklessly downward, leaving no place 
for the fetus to rest. 

. Blood Stasis may be due to three different fac- 
tors: past internal injuries, iatrogenic disor- 
ders, and long term Qi stagnation. The exces- 
sive accumulation of Qi and Blood within the 
mother’s womb during conception can some- 
times aggravate a preexisting condition, and 
thereby cause hemorrhaging, as well as ini- 
tiate energetic patterns which fails to stop her 
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from bleeding. 

5. External Injuries from accidents (sustaining a 
sprain or strain in the abdominal region), or 
battery (being hit or struck) can lead the body 
into a state of shock. This shock to the 
mother's body may damage either the Con- 
ception or Thrusting Vessels, preventing them 
from securing the fetus within the womb. 

TREATMENT 

In the Medical Qigong clinics in China, doc- 
tors are cautioned to be extremely careful when 
treating pregnant patients. Qi emission can cause 
a spontaneous miscarriage if done incorrectly. It 
is therefore recommended that only Medical 
Qigong doctors, who have specialized in the spe- 
Cific treatment of pregnant women, be allowed to 
diagnose and treat them. The interdependencies 
of the mother’s and the fetus’ energy circulation 
is too complex and delicate for a generalized prac- 
titioner to handle. 

‘Treatments for miscarriage vary, based on 
pattern discriminations of Kidney Deficiency, Qi 
and Blood Deficiency, Blood Heat or physical 
trauma. An example of an ancient Chinese pre- 
scription requires the doctor to treat Yingu Kd-10 
for miscarriages with vaginal bleeding, dark urine, 
abdominal distention, and fullness with an inabil- 
ity to lie down. 

If the patient has already experienced a mis- 
carriage, and is in the state of recovery, specific 
treatments vary according to the doctor's diag- 
nosis concerning the etiology and pathology of 
the patient's condition. 

HOMEWORK AND PRESCRIPTIONS 

Each consecutive miscarriage causes further 
injury to the patient's Kidneys, creating or aggra- 
vating the stagnant Blood condition in the uterus. 
Doctors of Traditional Chinese Medicine therefore 
encourage their patients to take herbal medicines, 
and to practice Medical Qigong for six months 
before attempting to conceive again. 

When they do become pregnant again, they 
are encouraged to continue to practice Medical 
Qigong meditations and exercises for strengthen- 
ing and balancing their body’s energetic fields and 
internal organs. 
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A patient recovering from a miscarriage is 
given specific prescriptions according to her emo- 
tional condition, organ dysfunction, and the eti- 
ology of the condition. 


UTERINE COMPLICATIONS DUE TO 
ABORTIONS 

Another important aspect of Medical Qigong 
and gynecology is helping a patient face the loss, 
or termination of a pregnancy. This can occur ei- 
ther intentionally (through an abortion), or unin- 
tentionally through a miscarriage, spontaneous 
abortion, or the death of a fetus by other causes. 

When a woman has undergone an elective 
abortion, the Qigong doctor must not only con- 
sider the potential for scar tissue formation and 
physical complications within her uterus, but also 
the energeticand emotional complications result- 
ing from the abortion. 

While treating the patient, the doctor may dis- 
cover within the uterus what appears to be the en- 
cergetic remains of the aborted embryo. These phan- 
tom embryos may in fact be thought forms created 
by the mother’s feelings of guilt and shame at hav- 
ing undergone an abortion. These difficult emotions 
are further compounded by deeper feelings of self- 
hate, that go unnoticed by others. 

Most people fee! little compassion for women 
who suffer a miscarriage, and discourage them 
from grieving. They are frequently advised by well 
meaning friends to believe that the miscarriage 
was all to the good, preventing a possible de- 
formed or sickly baby from being born. 

If women who miscarry are discouraged from 
grieving, those who make the painful decision to 
abort often face scorn and disbelief when they 
grieve their loss. Silently they mourn as best they 
can, haunted by feelings of shame imposed upon 
them by others and their own conscience. 

Most women struggle long and hard before 
resorting to abortion. Afterwards, they often ob- 
sess about the living embryo, and what it felt like 
tobe pregnant, centering all their attention on the 
uterus, Such intense, emotional concentration cre- 
ates phantom embryos that, in fact, take on the 
form of ghostly embryos. These thought forms or 
energetic imprints are clearly visible to the 


doctor's inner vision. The energetic imprint con- 
tains the location, exact age and size at the time of 
the embryo’s termination. The unprocessed ener- 
getic charge of the embryonic ghost’s location cre- 
ates an energetic vortex. This vortex, in turn, 
draws emotions such as rage, anger, guilt, and 
shame into itself. If this area is not purged, the 
resulting accumulation of negative emotions will 
develop into cysts, tumors, and possibly cancer. 

This energetic reaction to surgical abortions has 
been confirmed by several Western doctors (all 
wishing to remain anonymous). These doctors ob- 
served that after many years of performing abor- 
tions, within a very short time period several pa- 
tients (whose ages ranged from 16 to the mid 30's) 
developed reoccurring cysts and tumors. The loca- 
tion of the cysts or tumors in the majority of the 
patients uteri was at the exact tissue area of the 
embryo. 
HEALING THE ENERGETIC TRAUMA 

When the patient has decided to heal from 
her loss, she must not only address her physical 
condition (scar tissue formation, etc.), but also heal 
from the spiritual and emotional woundings as 
‘well. To assist the patient to heal emotionally and 
disperse the energetic charges, the doctor must 
help the patient transform the energy stored 
within her Wu Jing Shen, which is responsible for 
‘maintaining the toxic energetic pattern. Only af- 
ter experiencing and releasing the emotions stored 
within the Wu Jing Shen (see Chapter 13) is the 
patient ready to heal. The healing process is 
vided into three distinct steps: 

1. The patient is encouraged to completely for- 
give herself for losing the child and to recon- 
nect with her higher power. 

2. The patient is encouraged to completely for- 
give herself for being in the situation, and as- 
sume the responsibility of the pregnancy and 
the loss. 

3. The patient is encouraged to completely for- 
give the person responsible for making her 
pregnant. 

It is important for the patient to completely 
feel and experience all three stages of forgiveness 
in order to begin healing these energetic wounds. 


Withholding the smallest bit of guilt or anger will 
seek to sabotage the healing process, and will also 
allow the toxic energetic charge to remain within 
the patient's tissues. Even the smallest bit of an- 
ger or guilt that remains will continue to recreate 
a destructive energetic cycle, storing and retain- 
ing the patient's toxic emotions. 

RELEASING THE EMBRYO’S ETERNAL SOUL 

‘The purpose and goal of releasing the embry- 
onic thought form is to free the patient from the 
energetic remnants of the phantom embryo. The 
patient is encouraged to make peace with herself 
and with the energetic form of her unborn child, 
as well as the divine (God or higher spiritual force 
incorporated in the patient's own belief system). 
‘The patient does this through deep, meditative 
prayer, positive affirmation, and an attitude of 
honor and respect for the relationship between 
herself and the embryo's energetic remains. Even 
though the Eternal Soul does not remain present 
during the abortion, the mother may still need to 
atone for her decision not to bring the baby to 
term. This atonement may be necessary to fully 
release all feelings of guilt in accordance with the 
patient's religious belief system. 

The patient must also make peace with the 
embryo’s Eternal Soul, by enveloping the phan- 
tom embryo in a circle of divine healing light and 
love, to return it back to the divine. In order to 
achieve this, itis helpful for the patient to visual- 
ize creating a small energetic bubble, full of love 
and healing light, to house the departed embryo's 
energetic remains before returning it back to the 
divine. This serves to complete the emotional clo- 
sure, Once closure is established, the energy of the 
embryo's energetic remains will leave her body, 
allowing the patient to feel a fulfilling sense of 
release, completion, calmness, and inner-peace. 


UNDERSTANDING ENERGETIC 
ABORTIONS. 


The gift of life is an incredible miracle. If a 
difficult decision is made to not keep a pregnancy, 


however, then the patient should consider con- 
tacting the embryo's Eternal Soul. Through prayer, 
meditation, imagination, and visualization, the 
mother and father can connect to the developing 
‘embryo and request that the embryo's Eternal Soul 
return back to the light of the divine. Sometimes 
called an energetic abortion, this energetic trans- 
formation can take place within the first develop- 
ing stages of the mother’s pregnancy. 

Since the Eternal Soul is ageless, it is possible 
to carry on a mind to mind conversation. When a 
baby is born, its brain must have time to develop 
before it can grasp complex information; the mind 
itself must have time to direct the brain’s growth 
and the body’s maturation. Once the Eternal Soul 
is freed from the body, however, itis not confined 
by the physical limitations of the infantile brain and 
should be spoken to as an equal. This method is 
used by psychotherapists on the leading edge to- 
day, using hypnosis to facilitate the patient's con- 
nection to the Eternal Soul through visualization. 

Patients who have undergone age regression 
psychotherapy to the state of conception and em- 
bryonic state often describe visiting the mother’s 
womb during the time of conception, then leav- 
ing and returning at various times during the 
embryonic stage of development. The Eternal 
Soul's residence does not appear to be permanent 
until the end of the first trimester (see Chapter 2). 
Until then, the Eternal Soul may come and go as 
it chooses, staying, at times, just long enough to 
insure the continued growth and development of 
its physical body. 

It may be for this reason, that talking mind to 
mind with the embryo’s Eternal Soul to request 
its departure, is often successful in precipitating 
a miscarriage. As the Eternal Soul leaves the 
embryo’s body (sometimes observed as a small 
ball of white light energy), all that remains in the 
mother’s womb is an empty, lifeless mass of tis- 
sue. Usually the mother’s body will naturally 
abort the lifeless tissue mass, either immediately, 
or by the next morning. 
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ing new types of erystals through interdimensional merging 
which will be needed in the development ofthese spacecraft 
and their crystal rotors. It means the possibility of teleport- 
ing spacecraft through hyperspace over distances of light 
years using the new folding space waveguides. It means 
light-weight or inerta-less spacecraft which can be accel- 
‘rated at hundreds of thousands of g's. It means the ability 
to lift extraordinary loads in construction work. It means 
ssurgery-less medical tables where tumors can be pulled 
<ireetly out of the patient's body. 


[0029] 11. Because we have a magnetic spring, then there 
{s some resonant frequency at which the coil can be operated 
in order to create a large spacetime distortion. It is this 
distortion that creates the wormhole into hyperspace, From 
this it follows that the wormhole attaches fo a low pressure 
region with a magnetic monopole. Because pressure is linear 
‘mass times the speed of light squared divided by area, a low 
pressure signifies a Tow speed of light and less dense matter. 
‘What this means is that opposite polarity spacetime curva- 
ture at two ends of an electrode will produce a voltage along 
the electrode, electively creating a power supply. The 
reason for this is that spacetime curvature, as shown by 
Einstein's General Theory of Relativity equation Gag 
‘Sn gp is equal to the square of the electromagnetic fields in 
the stress-energy tensor T. So the curvature on the ends of 
the electrode appear as voltages and the system acts as a 
battery supply to power the spacecraft 


[0030] 12. The other characteristic of the magaetic vortex 
{generator is that it can pull objects out of dimension allow- 
ing the object to apparently move through solid walls. The 
‘object doesn’t actually move through the wall because the 
‘object is not in the same dimension as the wall; it just 
appears that way. Moving out of dimension and then back 
again on the other side of the wall would effectively move 
the object through the wall for all intents and purposes. 


[0031] 13. The tetrahedron diagram is a physics diagram 
‘which plots the natural logarithm of mass to the natural 
logarithm of wavelength. The product of mass times wave- 
Jength is equal to Planck's constant divided by the speed of 
light. So the product of the electron mass times its wave- 
length is equal to the proton mass times its wavelength is, 
‘equal to the Planck mass times the Planck wavelength. The 
Planck wavelength is the bottom dimensional limit of the 
universe. We live in the Planck box which is bounded by the 
Planck wavelength and Planck mass, Outside this box is 
hyperspace. 

[0032] 14. Because logarithms sum, the sum of the log of 
the mass plus the log of the wavelength is a constant sum. 
‘Thus the electron and proton and Planck mass slide on a 45° 
line known as the base constant which is equal at the axes 
to the log of Planck's constant divided by the speed of light. 
Planck’s constant is measured in joule-sec so that multiply- 
ing it by the frequency 1/second of light gives the energy of 
the photon particle. 

[0033] _15. Planck’s constant is equal to the Planck wave 
Jength times the Planck mass times the speed of light. The 
45° base constant is Planck’s constant divided by the speed 
of light, which means that the speed of light eancels out top 
and botiom, leaving the area of the Planck box as the value 
ff the base constant. Hyperspace has a low linear mass 
‘compared to our dimension, Therefore, Planck's constant is 
reduced when this energy enters our dimension through the 
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‘wormhole created by the generator. And the base constant is 
also so reduced, In terms of logs, this means that the 45° 
base line becomes more negative and moves to the right on 
the diagram. As it does So, the base Tine intersects the 
electron at the Planck wavelength which is the separation 
point between space and hyperspace. That is, the electron 
moves out of dimension. Because the electron and proton are 
‘one and the same particle, as shown in reference tetrahedron 
diagram e10565, the proton and henee the entire atom is 
taken out of dimension as well. 


[0034] 16. All of this can be seen more easily graphically 
‘oa the tetrahedron diagram itself, referring to reference 
tetrahedron diagram 1013025, The 45° Line which intersects 
the electron at point (b) is the base constant for our dimen= 
sion. As you can see, this base line intersects the horizontal 
axis ata value of ~95.91546344 which is the log of Planck's 
‘constant h divided by the speed of light. Because Planck’s 
‘constant is proportional to the linear mass, itis redueed in 
value by the low density hyperspace energy and, in terms of 
Togs, becomes more negative. This moves the base line to the 

ight at a value of around minus 108, The new base line 
tersects the electron at point (a) which is located on the 
Planck wavelength that is the boundary between space and 
hyperspace. Thus the electron at point (a) goes out of 
dimension, 


[0035] 17. was inferred previously that negative spring 
Constant meant a negative mass was produced by the worm= 
hole generator. This can actually be calculated using Ein- 
stein’s General Theory of Relativity. The calculation stats, 
the g metric tensor which is a spacetime measurement 
of distance in terms of time t, radius, horizontal angle 8 and 
length 2. This 4 by 4 matrix is shown in FIG. 9 where the 
diagonal line has a signature in cylindrical coordinates of 
values equal to {-1, 1, °, 1}. All the other terms of the 
matrix are zero except for the magnetic fields in the two 
coils. Because the field is changing sinusoidally with time in 
the theta direction, the field has to go into the {t, 0} and (0, 
1} slots of the matrix. Because the field in the inner coil is 
in the negative direction compared to the outer coil, ad 
including a 90° phase shift between the two fields, a suitable 
magnetic field funetion would be B (cos(0)-sin(@)). 


[0036] 18. Using a gencral relativity software package, 
Einstein's G curvature tensor can be calculated for this 
particular metric. The first term G tin the upper left hand slot 
in the comer is the mass term for the tensor. All the other 
terms are either electromagnetic fluxes or pressure terms 
involving the squares of the fields. 


[0037] 19. Referring to FIG. 10, a plot of the mass as a 
function around a small circle shows that two negative mass 
spikes occur around the circumference of the eile, Because 
the rains is almost zero, the two spikes are actually coin- 
cident 


[0038] 20. This next section shows the electrical system 
used to drive the magnetic vortex generator. Referring to 
FIG. IL the system is driven by a sinusoidal voltage source 
(A) into'a 1:1 tuns isolation transformer (B). The voltage is 
stepped up into the range of thousands of volts using a 
step-up hi-pot transformer (C). Te first loop consists of a 
direct current blocking capacitor (D), a transformer choke 
(B), a variable inductance (G) and the current in the loop (F).. 
‘The variable inxtuctance is a coil winding on a toroidal core 


CHAPTER 52 


QI EMISSION THERAPY FOR NEUROLOGY (STROKE, 
COMA, PARALYSIS, AND MULTIPLE SCLEROSIS) 


INTRODUCTION 

Neurology is a branch of medicine that deals 
with the nervous system and its diseases, as well as 
neuropathology. Neuropathology is the study of 
diseases of the nervous system and the structural 
and functional changes occurring within them. 
‘Neurological diseases are divided into either con- 
genital predispositions that develop over time into 
full-blown disorders, or those in which acquired 
destructive pathogenic factors act upon the brain. 
‘The latter are usually caused by toxic, traumatic, 
mechanical, inflammatory factors or neoplastic 
types of diseases (abnormal tissue formation). 

The following is a description of several treat- 
‘ments and prescriptions used in various Qigong 
clinics and hospitals throughout China. Please be 
aware that specific treatments will vary accord- 
ing to each patient's constitution and the nature 
of his or her diseases. 


STROKE (WIND-STROKE) 

Astroke isa sudden loss of consciousness fol- 
lowed by paralysis, and may be caused by one of 
several different factors, including a brain hem- 
orthage, the formation of an embolus or throm- 
bus in an artery, or the rupture of an extracerebral 
artery causing subarachnoid hemorrhage. 
EtioLocy 

Although a stroke occurs suddenly, in actual- 
ity, the causal factors build up for several years. A 
stroke can be caused from high blood pressure, 
diabetes, high cholesterol, chronic dehydration, 
overwork, emotional stress, irregular diet, exces- 
sive sexual activity and severe migraines. Strokes 
usually occur at night, or early in the morning (the 
same is true regarding heart attacks). 

There are four pathogenic factors involved in 
causing stroke. These factors are: Wind, Phlegm, 
Fire and Stasis. The Liver is dependent on the Kid- 


ney Water (Yin Qi) to moisten and soften it. If, 
however, the Kidney Yin becomes Deficient, this 
may cause the Liver Yang energy to grow, and to 
‘generate Fire. Excess Liver Fire may stir up Inter- 
nal Wind which causes the Qi and Blood to rebel 
upwards. Phlegm is then formed, which obstructs 
the cavities and vessels, causing the patient to lose 
consciousness. This can further develop into Pen- 
trating Wind (ie, stroke), Internal Wind may also 
develop from Heat and Phlegm caused by the 
patient eating too many sweet and fatty foods (ir- 
regular diet), overwork, emotional stress, exces- 
sive sexual activity, and inadequate rest. 

In the clinic, conditions referred to as stroke 
(Wind-Stroke) include cerebral hemorrhage, cere- 
bral thrombosis, cerebral embolism, and cere- 
brovascular spasm. These four conditions are 
termed in Western Medicine as “Cerebro-Vascu- 
lar Accident” (CVA), and include: Cerebral Hem- 
orthage, Cerebral Thrombosis, Cerebral Embo- 
lism, and Cerebrovascular Spasm. 

1. Cerebral Hemorrhage consists of bleeding, 
which is caused from a rupture of a sclero- 
sed, or diseased vessel in the brain; 

2. Cerebral Thrombosis is an obstruction of a 
cerebral artery by a thrombus (blood clot); 
Cerebral Embolism is a condition which oc- 
curs when an embolus (bubble of air, or piece 
ofa thrombus) detaches from a thrombus and 
obstructs a cerebral artery; and 
4, Cerebrovascular Spasm (Ischemia) is a condi- 

tion which occurs when a cerebral vessel tem- 
porarily contracts, or constricts, impeding 
Blood flow. Hence, the oxygen supply is ob- 
structed sufficiently to cause symptoms. When 
reversible, or when thereisno permanent dam- 
age, they are known as Transient Ischemic At- 
tacks, or TIA's. The TIA’s are pre-stroke symp- 
toms, commonly known asa mini-stroke. 
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Symproms 

In dealing with stroke patients, it is impor- 
tant to differentiate between the severe type 
(which attacks the internal organs and channels), 
the mild type (which attacks only the channels), 
and the chronic type. 

Stroke manifestations can either arise inde- 
pendently from an attack on the channels, or as a 
result of an attack on the internal organs. After a 
severe type of stroke, the patient enters into the 
next stage, clinically manifesting symptoms simi 
lar to that of the mild type. The shorter the time 
lapse before beginning treatment on a stroke pa- 
tient, the better the chances are for recovery. 

‘THE SEVERE TYPE OF STROKE 

Ina severe type of Wind-Stroke, the energy at- 
tacks the patient's internal organs and channels. It 
is characterized by a loss of consciousness, apha- 
sia, numbness, paralysis and /or coma. If the right 
side of the brain is damaged, there will be paralysis 
on the left side of the patient’s body with accompa- 
nying memory defects and language difficulties. If 
the left side of the brain is damaged, there will be 
paralysis on the right side of the patient’s body, 
speech and language difficulties, slow, cautious 
movements, and memory problems. 

Clinically, severe stroke patients are further 
classified into two categories: Tense or Flaccid. The 
Tense type (also referred to as the Closed type) 
corresponds to the Collapse of Yin. The Flaccid 
type (also referred to as the Open type) corre- 
sponds to the Collapse of Yang. These conditions 
and symptoms are further described as follows. 

1. The Tense Stroke Symptoms include: clenched 
hands, open eyes, clenched jaw, red face, 
coarse breathing, and a forceful pulse. 

* Treatment for Tense Stroke conditions. Res- 
cue the patient's Yin by giving herbs, as well as 
extending Qi into the patient's GV-20, -26, Kd- 
1, Lv-3, St-40, and the 12 Jing-Well points on 
both hands (Lu-I1, LI-1, Ht-9, SI-1, Pc-9, TB-1). 
‘The patient should be given homework upon 
recovering, depending on his or her constitu- 
tion. 

2. The Flaccid Stroke Symptoms include: limp 
hands, closed eyes, open mouth, weak breath- 


ing, and a weak pulse. 
+ Treatment for Flaccid Stroke conditions. Res- 
cue the patient's Yang by giving herbs, as well 
as extending Qi into CV-8, CV-6, and CV-4 
points, and GV-20 points (with or without the 
application of Moxa), to increase the patient’s 
‘Yang. Patient should be given homework upon 
recovering, depending on his or her constitu- 
tion. 
‘THE MILD TyPE oF STROKE 

In the Mild Type of Wind-Stroke, the energy 
attacks only the patient's channels. This is charac- 
terized by numbness, slurred speech, and unilat- 
eral paralysis. Clinically, mild stroke patients are 
further classified into two categories that are deter- 
mined by the type of channels that are attacked. 

1. Anattack of the main channels causes no loss 
of consciousness or coma; however, there will 
beunilateral paralysis (hemiplegia), numbness 
of the limbs and deviation of the eyeand mouth. 
Clinical manifestations vary according to the 
location of the channels and collaterals that 
have been affected. 

a. Symptoms of an attack on the channels 
include: facial paralysis, hemiplegia, 
motor impairment and numbness of the 
limbs. 

b. Symptoms of an attack on the collater- 
als consists of a unilateral numbness of 
the face and extremities. 

2. Anattack of the connecting channels is char- 
acterized by numbness. 

+ Treatment for mild stroke conditions. In 
der to treat a Mild stroke condition combine 
Medical Qigong therapy with acupuncture 
therapy and herbs, to: 

a. Remove obstructions from the patient's 
channels, 

Purge Wind and transform Phlegm, 

c. Invigorate the patient’s connecting 
channels, 

d. Regulate the circulation of Qi and Blood 
in the patient's channels, and 

e. Prescribe homework in accordance with 
the patient's constitution and condition. 

In the acute stage, stroke patients should im- 


mediately be treated in combination with West- 
em medicine, utilizing Qigong, acupuncture and 
herbal therapy. Treatments should be given ev- 
eryday (usually every six hours) for the first 
month, and every other day for the second month. 
‘The general treatment is aimed at relieving the 
patient's spasms, and lowering his or her blood 
pressure (if the condition is due to hypertension). 
‘The primary points treated are determined by the 
type of stroke, which internal organs were af- 
fected, and the extent of damage to the patient. 
THE CHRONIC TYPE OF STROKE 

This condition is characterized by slurred 
speech or an inability to talk or eat, and involves 
either a unilateral (hemiplegia) or bilateral 
(paraplegia) paralysis. 

+ Treatment for Chronic Stroke conditions. In 
order to treat a chronic stroke condition the 
Qigong doctor must invigorate the patient's 
Blood, tonify the Spleen and open the 
patient's channels. The specific points will 
vary according to the area and location where 
the channels are blocked. The most commonly 
used points include: St-4, St-6,St-7, TB-17, GB- 
14, LI-4, SL-18, Tai Yang (Temple), and Yin Tang 
(Third Eye Point) 

If the body is in a state of unilateral paraly- 
sis, the doctor also treats the opposite side of 
the patient’s head using Jing Point Scalp 
Therapy, in order to move stagnation, purge 
any Excess, and stimulate and fill any Deficien- 
Ges. 


Coma 

Acoma is an abnormal, deep stupor occur- 
ring during illness, as a result of the illness, or due 
toan injury. 
ErioLocy 

From a Traditional Chinese Medical perspec- 
tive, a coma results from Qi obstruction to the 
brain. More then 50% of coma cases result from 
trauma to the head, or circulatory accidents in the 
brain. A coma can be initiated from several differ- 
ent types of conditions. 

1. A trauma induced coma is caused by an in- 
jury to the head as a result of accidents and 
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internal hemorrhages. Electrocution can also 
induce a coma. 
2, Insufficient Blood flow to the brain can cause 
coma. This can result from circulatory acci- 
dents within the brain caused from hyperten- 
sion, arteriosclerosis, thrombosis, and tumors. 
3. Anoverdose of drugs, alcohol or medications, 
poisoning, gases or fumes such as carbon di- 
oxide or carbon monoxide can all induce a 
coma. 
4, Temperature abnormalities, such as hypoth- 
ermia or sunstroke can cause vomiting, diar- 
thea, shock and then coma. 
5, Insulin shock, epilepsy, electrolyte abnormal 
ities, endocrine problems, meningitis, uremia 
or renal problems, and hyperglycemia can all 
induce a coma. 
6. An infection induced coma is caused by an 
acute infection and bacterial intoxications as 
in fevers, botulism, and other infectious dis- 
eases; or as a result from abscess formations. 
7. Psychogenic comas are also known as a hys- 
terical coma. 
8. Windstroke comas are caused by tension, hy- 
peractive Liver Yang and Phlegm Fire over- 
heating the brain. This results in urine and 
stool incontinence, cerebral hemorrhaging, 
and thrombosis. This is often located at the 
union of the anterior and posterior cerebral 
arteries, called the Circle of Willis. 
Symptoms 

‘When a patient is in a coma, the Shen is com- 
pletely out of its residence and the patient cannot 
be aroused by external stimuli. The patient's Shen 
is inactive, yet the Hun and Po are still there. For 
death to occur, it is not enough for the patient’s 
Shen to leave, but the energy of the Hun and Po 
must also leave. 
TREATMENT 

In treating coma patients, it is mandatory to 
use methods that will activate the patient’s Qi, 
remove the Blood stasis, and return the Shen back 
into the body. In the acute stages of treatment, use 
Medical Qigong therapy in addition to the Invis- 
ible Needle technique (see Chapter 35). It is most 
important to treat the coma patient as soon as pos- 
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sible. [have trained with three doctors of Tradi- 
tional Chinese Medicine who were proficient in 
coma revival. Below are two accounts of coma 
revival cases from Dr. Lu Guo Hong's clinic at the 
Hai Dan Medical Qigong College in Beijing, 
China. 

Case Study #1. Dr. Lu’s patient had been in a coma 
for four hours prior to treatment. The patient re- 
gained consciousness within fifteen minutes dur- 
ing the treatment. Dr. Lu treated his patient using 
the Vibrating Palm technique (on points GV-20, 
Yin Tang, GV-15, CV-17, BI-15, Pe- 6, TB- 5, and 
the extra points Shi Xuan at the tips of the fin- 
gers). By squeezing the Shi Xuan points, the Ex- 
cess Heat was allowed to disperse (Figure 52.1). 
Case Study #2. A female patient apparently in- 
curred a series of Transient Ischemic Attacks (TIA) 
over a period of two years prior to coming to Dr. 
Lu. As the condition progressed, she developed a 
thrombosis on the left side of the brain, which 
paralyzed the right side of her body. The patient 
then apparently incurred thrombosis of the right 
side as well. 

Because there were thrombosis on both sides 
of the brain, the patient was expected to die within 
a month. Dr. Lu, assisted by two other doctors, 
treated the patient for three days using the Ex- 
tended Fan Palm technique, Invisible Needles, 
and Vibrating Palm technique. In this particular 
case, the doctors used the same points as in the 
previously mentioned case to cultivate the 
patient's Yuan Qi, adding points BI-23, GV-4, CV- 
4, and CV-8. The patient was treated twice a day 
for 15 minutes, both morning and evening. 

On the fourth day, the patient regained con- 
sciousness, and the treatment was continued once 
aday fora month using the Conception and Gov- 
ering Vessel circulation points (to move the Qi 
along the Microcosmic Orbit), in addition to points. 
on the arms including LI-4, LI-11, LI-15, TB-5, and 
‘TB-14 points. 

When treating the lower limbs, he used GB- 
30, GB-31, GB-34, Sp-6, Sp-10, and St-41 points. 
‘The patient was given prescriptions and home- 
work, specific to her constitution, state of con- 
sciousness, and motor control. 
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Figure 52.1. Common Points used for Coma Revival 


The patient gradually regained movement in 
her limbs. Once the patient could move her limbs, 
she was given Dynamic Qigong to increase the 
flow of energy to her extremities. This included 
‘meditations and exercises that used guided im- 
agery to regain muscle cellular memory. After two 
‘months, the treatment time was changed to every 
other month until the patient was fully restored. 


FACIAL PARALYSIS (BELLS PALSY) 

‘This condition is known as the sudden onset 
of unilateral facial paralysis. 
EtioLocy 

The patient experiences the swelling of the 
seventh facial nerve due to the External Wind and 
Cold invasion. 
Symproms 

‘The disease is characterized by hemiparalysis 
of the face which manifests as numbness of the 
affected area, deviation of the eye and mouth, dis- 
torted mouth with the comers tilted on the healthy 
side, and a half closed eye with dacryorrhea (ex- 
cess tear flow). 
TREATMENT 

For this type of paralysis, itis important that 
the Qigong doctor treat the patient as soon as pos- 
sible. The shorter the duration time from the ini- 


tial onset and the treatment, the more successful 
the therapy tends to be. 

1. Begin by purging the Toxic Qi out from the 
patient's face and head area, dredging the 
‘Toxic Qi down the arm and out the LI-4 point. 

2. Using the Extended Fan Palm hand technique, 
emit Qi into the affected area, guiding the Qi 
to.circulate in the Microcosmic Orbit from the 
anterior to the posterior of the patient’s head. 

3. Finally, initiate the Fire Cycle Microcosmic 
Orbit to regulate the patient's Qi. 

‘TREATMENT MODIFICATIONS 

+ For treatment of the first stage of paralysis, the 
doctor is advised to apply gentle Pressing and 
Kneading techniques to the patient's face be- 
fore using the Extended Fan Palm hand tech- 
nique. 

* To treat patients whose paralysishas remained 
‘ina chronic state, the doctor is advised to use 
deep pressing and kneading techniques before 
using the Vibrating Palm technique. 

PRESCRIPTIONS AND HOMEWORK 

1. Have the patient massage the affected side of 
the face from the corner of the mouth to the 
ear and forehead, down over the side of the 
ear and down the side of the neck 81 times. 

2. The patient then focuses on specific areas on 
the face, circle massaging with the tips of the 
thumbs for 24 times. 

Finally, the patient is given the Wash the Face 
and Massage the Head exercise to perform for 
18 times (see Chapter 39). 


MULTIPLE-SCLEROSIS (MS) 

In Chinese medicine, multiple sclerosis is con- 
sidered a type of Atrophy Syndrome. It is an in- 
flammatory disease of the central nervous system 
in which infiltrating lymphocytes (predominantly 
T cells and macrophages) deteriorate the myelin 
sheath of nerves. Its pathology consists in the par- 
tial destruction of the myelin sheath around the 
spinal cord, brain and optic nerves, 

ErioLocy 

‘Multiple sclerosis is suspected to be an au- 
toimmune disease, somehow linked to a viral in- 
fection originating from an invasion of External 
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Dampness (especially in the beginning stages). As 
the External Dampness invades the body it be- 
gins to obstruct the channels, causing heaviness, 
numbness, and tingling in the limbs. 

Diet is another contributing factor. The exces- 
sive consumption of greasy fried foods, dairy 
foods, or Cold foods can impair the Spleen, lead- 
ing to the formation of Dampness. 

In the later stages of MS, excessive sexual ac- 
tivity can also be a contributing factor for weak- 
ening the body and escalating the disease’s pro- 
gression. Excessive sexual activity can weaken the 
patient's Kidneys, contributing to such symptoms 
as dizziness, blurred vision, urgency or hesitation 
of urination, and extreme weakness of the legs. If 
excessive Liver Yang develops, symptoms will 
also include stiffness of the legs, severe vertigo, 
and vomiting. In the later stages of development, 
Liver Wind can cause tremors and severe spasms 
of the patient's legs. 

Clinically MS is categorized as either a pas- 
sive aggressive type of disease, in which episodes 
of neurologic dysfunctions are followed by times 
of remission, ora steady progression of neurologic 
dysfunction. 

SYMPTOMS 

The symptoms of MS were once thought to 
develop gradually; however, this is not necessar- 
ily true. In about 40% of clinical cases, the onset 
may occur in less than a few hours. In about one 
half of the patients, at onset the symptoms include 
weakness, ornumbness in one or more limbs; later, 
the tendon reflexes become hyperactive. 

In young patients the first obvious symptom 
is often retrobulbar neuritis (inflammation of the 
nerves behind the eyeball) causing blurred vision. 
In older patients the most common symptom is 
weakness of the legs. 

Patients may experience vertigo, retrobulbar or 
optic neuritis, double vision, unstable walking, 
vomiting, and difficulty urinating. Also included 
are numbness or tingling of the extremities, as well 
as periodical electric shocks radiating through the 
limbs. These symptoms may be due to opticnerve, 
brain stem, cerebellar and spinal cord involvement. 

‘Traditional Chinese Medicine divides these 
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symptoms into two categories of clinical manifes- 
tations: Damp Phlegm with Spleen Deficiency, and 
Liver and Kidney Deficiency. 

Clinical manifestations in patients with Damp 
Phlegm and Spleen Deficiency include feeling 
weak and tired, dizzy, as well as numbness, tin- 
gling and feeling of heaviness in the legs. 

Clinical manifestations of patients with Liver 
and Kidney Deficiency include progressive weak- 
ness of the back, legs and knees, blurred vision, 
dizziness, poor memory, and a hesitancy, or an 
urgency to urinate. 

TREATMENT 

‘There are two basic treatment patterns in 
Medical Qigong for multiple sclerosis. Ifthe treat- 
ment is started within its early stages, the symp- 
toms can be completely eliminated, and the pro- 
gression of the disease indefinitely stopped. This, 
of course, must be done in conjunction with an 
alteration in the patient's eating habits (no red 
meat, processed meat, sugar additives, or high fat 
diary products). The patient should reduce the 
amount of sexual activity, get plenty of rest and 
exercise, and avoid allergy causing agents. Treat- 
ments are described as follows. 

1. To treat a patient with Damp Phlegm and 
Spleen Deficiency, first resolve the Dampness 
by purging the patient's torso and extremi- 
ties. Next Dredge the Toxic Qi down the legs 
and out the Sp-9, and Sp-6 points. After purg- 
ing, emit Qi into the Yellow Court (CV-12) to 
tonify the Spleen. Finally tonify the patient’s 
Lower Dantian and regulate his or her Micro- 
cosmic Orbit (Fire Cycle). 

2. To treat a patient with Liver and Kidney De- 
ficiency, first tonify the patient's Kidneys and 
Liver by emitting Qi into the patient's 


Mingmen and Lower Dantian. Next emit en- 
ergy into the patient’s Bubbling Spring (Kd- 
1) points and direct the Qi to flow up the 
patient’s Yin Channels into the patient's 
Lower Dantian and Kidney area. Finally, regu- 
late the patient’s Microcosmic Orbit (Fire 
Cycle). 
PRESCRIPTIONS AND HOMEWORK 
Patients often benefit from Medical Qigong 
exercises such as the Descending the Yang and 
Ascending the Yin Technique, Walking Therapy, 
Daoist Five Organ Exercises, as well as Taijiquan 
(Iai Chi Chuan) practice. One prescription Ihave 
found to be very effective in treating MS patients 
is as follows. 

1. Have the patient sit in a chair, feet flat on the 
ground, hands resting on the knees, anal 
sphincter closed, tongue touching the upper 
palate while inhaling and exhaling through 
the nose. 

2. While using natural breathing, the patient fo- 
cuses on the Lower Dantian to create an en- 
ergy ball. With each inhalation, divine heal- 
ing light is absorbed into the body and stored 
in the Lower Dantian. With each exhalation, 
this healing light radiates within the Lower 
Dantian. After several minutes, the patient 
notices the Lower Dantian becoming full of 
heat and light. 

3. Next, the patient imagines the energy ball in 
the Lower Dantian leaving the body through 
the coccyx into the Earth upon exhalation. 
Upon inhalation, the patient imagines the en- 
ergy flowing up the center of both legs and 
filling the Lower Dantian. This meditation 
should continue for at least 20 to 30 minutes 
per sitting, 


CHAPTER 53 


Qi EMISSION THERAPY FOR PSYCHOLOGY 


INTRODUCTION TO ENERGETIC 
PsycHoLocy 

The object of Chinese psychology is to study 
and understand the interplay of internal and ex- 
ternal events on physical, mental, emotional, en- 
ergetic and spiritual dimensions of human exist- 
ence. These interactions include the human quali- 
ties and characteristics, as well as the fundamen- 
tal attributes that exist and evolve within the 
changing environment and evolutionary develop- 
‘ment of nature. These interactions at the most fun- 
damental level can be viewed as the transforma- 
tional interactions of Yin into Yang, and Yang into 
Yin vibrational energy. 

All matter vibrates regardless of its form (gas- 
eous, liquid, solid, or in a transitional state such 
as ice melting into water). The human body re- 
ceives these vibrations through the skin, eyes, ears, 
nose, and mouth, and records them in its cells. 
‘The mind interprets these incoming vibrations as 
images, sounds, smells, and sensations, and or- 
ganizes these into memories. The extent to which 
the mind interprets the incoming data, depends 
upon the level of consciousness and awareness of 
the individual at the time of the recording, In times 
of danger, alertness normally increases and con- 
sciousness either expands or focuses more sharply 
until the danger is past; or ifan injury occurs con- 
sciousness and awareness may be lost (e.g., a car 
crash). 

‘When a Qigong doctor, attunes his or her vi- 
brations to the patient's energetic field and emits 
Qi, the body’ cells responsible for storing the vi- 
brations are stimulated. The doctor‘s intention to 
heal the patient by releasing traumatic memories, 
combined with his or her projected Qi, often 
causes the patient to relive the original traumatic 
experience as the recorded vibrations are released. 
‘The Qigong doctor (still in tune with the patient's 


energy) is receptive to the patient's reaction and 
isable to interpret the released energy in the form 
of images, sensations, smells, sounds, and emo- 
tions while they are being reexperienced by the 
patient. If the doctor is sufficiently attuned, he or 
she may even pick up the conscious thoughts of 
the patient during this process. 

‘As doctors tune in to their patients’ cell emis- 
sions they arealso able to project their own thoughts 
and interpretations of these memories back to the 
patients. This creates a positive feedback system, 
wherein the doctors’ thoughts can influence the 
patients’ thoughts and emotional reactions. 
‘Through thought transmission, Qigong doctors are 
often able to break the vicious cycle of negative 
thinking that so often leads to disease in the body. 

In Western psychology, it is believed that a 
person's tendency to interpret events - even nega- 
tive imaginary events (e.g., assigning malicious 
intentions to peoples’ actions), can result in a self- 
fulfilling prophecy. By assuming and expecting 
the worst behavior in people, such a person al- 
ways feels on the defensive and provokes others 
around him or herself to anger or irritation, thus 
reinforcing the negative viewpoint. 

Chinese energetic medicine adds to this 
simple behavioral understanding of self-fulfilling 
prophesies, a new level of comprehension based 
on energetic interchange between people. When 
someone observes, or imagines, a specific nega- 
tive thing happening, certain brain cells record this 
information in the form of vibrations. These vi- 
brations can be received by another person's cor- 
responding brain cells and projected back to the 
original sender, reinforcing the negative interpre- 
tation of the event(s). Ifhis feedback loop contin- 
ues - an imaginary wrong may become manifest, 
i.e,, the negative event imagined actually occurs. 

Itis believed that different cells store differ- 


SecTION 11: SPECIALIZED QI EMISSION THERAPY 


ent types of information, received in the form of 
vibrations. The silent thought communications 
between doctors and patients is believed to in- 
volve different sets of cells than those used to re- 
ceive and record emanations of divine energy. 
These cells interrelate with the patient's emotional 
changes that are stored and released from the Yin 
and Yang organs and tissues, and are expressed 
through the patient’s Wu Jing Shen. 

The patient’s ontology also includes the 
patient’s growth and self-realization in relation- 
ship to the Wu Jing Shen (Five Essence Spirits) 
and the emotions stored within the body's Yin and 
Yang organs. Each of the Five Yin Organs has a 
Yin and a Yang aspect within its energetic sub- 
stance, as well as emotional factors, and dynamic 
interconnections. The Yin and Yang aspects give 
rise to the Creative and Controlling Cycles and 
the Five Yin organs with their associated elements 
and emotional energies (Figure 53.1 -53.3). 


THE EMOTIONAL ENERGY STORED 
WITHIN THE FIVE YIN ORGANS 

Traditional Chinese Medicine classifies the 
etiology of diseases into Internal and External 
physical, mental, emotional, energetic, and spiri- 
tual influences. In Chinese psychology, the p 
mary focus is placed on the “root” of the ener- 
‘getic/emotional dysfunction. The root of the en- 
ergetic/emotional dysfunction is often the un- 
processed emotions which are stored in their as- 
sociated organs. Once the patients’ mental and 
emotional symptoms have been alleviated, the en- 
ergy that was being used to suppress the exce: 
sive emotions, is then freed to be focused on their 
physical healing. 

Traditional Chinese Medicine also recognizes 
the power of thoughts, images (including psy- 
chotic delusions and hallucinations), and fanta- 
sies to generate and release emotions. Qigong 
doctors study these images and emotional reac- 
tions of attraction or aversion to evaluate their 
patient's condition. When traumatic memories 
and emotions are suppressed over a long period 
of time, or are still fresh in the mind, any minor 
incident can precipitate a tidal wave of emotions. 
‘A rapid influx of thoughts and images sweeps 


Summary of the Five Elements 
Wood |Liver | Anger, irritation and rage 
Fire |Heart | 40%; happiness, pleasure 
and excitement 
Worry, sympathy, 
Earth | Spleen | anxiety, contemplation 
and meditation 
Grief, sorrow, anguish, 
Metal /Lungs | distress and heartache 
Fear, terror, panic, horror 
Water | Kidneys | E°S ‘sone 


Figure 53.1. The Five Elements, Organs and 
Acquired Emotions. 


through the mind, too fast for the conscious brain 
to register. These thoughts and images are of past 
painful experiences, and are loaded with emo- 
tional energy. Getting cut off by someone on the 
freeway, for example, may cause a momentary 
reaction of surprise, or an explosive enduring rage, 
depending upon the condition of the Five Yin 
Organs. In the latter case, the driver is over- 
whelmed by the Liver’s sudden release of rage, 
triggered by the traumatic images and emotions 
from the past. 

Clinical pathology is considered an Excess or 
Deficiency of the emotions at the level of the Five- 
Elements and their corresponding organs. The 
Excess or Deficiency of an internal organ can cause 
release of thoughts or images that sweep through 
the patient's mind, bringing a sudden emotional 
response. In some instances these emotions first 
affect a specific organ, and then the entire balance 
of energy, as the first organ’s energetic field dete- 
riorates or adversely expands. When emotionally 
charged Qi is trapped within the tissues of the 
patient's internal organs, it travels through the 
channels, affecting the metabolic order of the vis- 
cera, glands and nervous system. 
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Creative Cycle 


Controlling Cycle 


Wood | Anger | Creates Joy | Fire Wood | Anger | Controls Worry | Earth 
Fire Joy Creates Worry | Earth Earth Worry | Controls Fear Water 
Earth |Worry |Creates Grief |Metal | | Water |Fear | Controls Joy | Fire 

Metal |Grief |CreatesFear |Water | |Fire | Joy | Controls Grief | Metal 
Water | Fear Creates Anger | Wood Metal | Grief Controls Anger | Wood 


Figure 53.2. The Creative Cycle 


Emotions consist of energetic light that is ei- 
ther tempered and softened by the patient's be- 
lief structure and energetic fields. When the emo- 
tions and life purpose are in harmony, the Wu Jing 
Shen become focused; the Hun and Po do not dis- 
perse, grief and anger do not arise, and the Five 
Yin Organs effectively combat pathogenic influ- 
ences. I this energetic light becomes unstable, i., 
too Excessive or Deficient, the patient's inner 
strength and individual nature begins to undergo 
dramatic changes. 

‘The body’s internal organs and their relation- 
ship to the Five Elements are as follows. 


EXCESSIVE ANGER INJURES THE 
Liver (Woop) 

‘The Chinese character for anger (Nu) is de- 
picted by the Heart ideograph underneath two 
characters, a woman (placed on the left) and some- 
one who has the upper hand (placed on the right) 
It expresses the feeling and frustration of an en- 
slaved woman being dominated by someone. 
PATHOLOGICAL MANIFESTATIONS OF ANGER 

Pathological anger is considered the perverse 
movement of the element Wood. Anger is a gen- 
erated force that has the potential to unleash ex- 
plosive amounts of Qi, pushing the energetic 
manifestations to the extreme. 


Figure 53.3. The Controlling Cycle 


THE YIN AND YANG ASPECTS OF ANGER 

The emotion of anger can be divided into Yin 
and Yang tendencies. The Yang type of anger can 
burst out due to accumulated pressure, resulting 
in the upward flow of massive amounts of Blood 
and Qi. The Yin type of anger implodes, remain- 
ing buried or held inside, thereby causing inter- 
nal agitation and dissatisfaction which generates 
blockages. 

The Liver’s negative nature is one of being 
stubborn and rude; its positive nature is one of 
being compassionate, unselfish, kind, and merci- 
ful. The rising of Heat from the Liver’s Qi corre- 
sponds to the level of anger; since the Liver stores 
the Blood and the Blood stores the Hun (Ethereal 
Soul). When the Hun leaves the body due to an- 
ger and rage, the animal nature of the Po take over. 
As the individual's Liver Fire rises, it causes the 
eyes and the face to become red. Liver Fire can 
also injure the Liver as well as the Blood, bile and 
Body Fluids associated with this organ. 

ANGER AFFECTING THE LIVER 

When Liver Qi becomes depleted it retracts, 
causing the emotion of fear to arise. When Liver 
Qifills to Excess, the result is progressive restless- 
ness, irritability, anger, and rage. In some in- 
stances, these emotions affect the entire balance 
of energy so that the organ begins to deteriorate. 
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Anger can cause trembling of the entire body due 
tothe Liver’s control of the tendons and ligaments. 

When an individual experiences any type of 
boundary invasion, the Liver Qi triggers the Heart 
(Ghen) to recall from its long term memories past 
traumas (containing both anger and fear). At the 
same time, the Liver also drains the Kidney Qi to 
meet the apparent life-threatening situation; this 
prepares the body for the flight or fight response. 
‘The power of the emotional response causes the 
Heart to go into shock and prevents the Shen from 
directing the mind. Thus another trauma is expe- 
rienced by the patient's interpretation of the event 
(eg, getting cut off on the road) and will auto- 
matically trigger an exaggerated emotional re- 
sponse in the future. 

Given that the Liveris the mother of the Heart 
(responsible for long term memory) and the child 
of the Kidneys (responsible for short term 
memory), the Liver can drain the Kidneys and 
flood the Heart with anger, causing one’s mind to 
{go blank and the face to turn red. 

ANGER AFFECTING THE SPLEEN AND 
SToMAcH 

Anger can damage the Spleen and Stomach, 
causing digestive problems, loss of appetite, and 
a sour taste in the mouth. These symptoms are 
directly related to the level of anger. 

ENERGETIC PATTERN OF ANGER 

‘The Qi pattern of anger has a very hot energy 
associated with it. When discharged, this hot en- 
ergy swells up like a tidal wave expanding from 
behind the person's back over the head (Figure 
53.4), It crests over the head and rushes forward 
like a wild animal attacking. The emotion also 
travels from the groin up the back of the body and 
out through the eyes. 

Grief controls anger as metal cuts wood. At 
the root of anger is pain and sorrow. The anger 
protects the patient from feeling the initial hurt 
that festers like an infected wound. When the doc- 
tor lances the wound, allowing the toxic anger to 
drain, the uncovered original hurt can heal cleanly. 
Anger is transformed to sorrow and grief. The 
compassionate, non-judgmental attitude of the 
doctor allows the patient to grieve openly. The re- 


Figure 53.4. Anger rushes from the Liver over the back 
like a tidal wave, causing the Qi to ascend. 


lease of toxic anger and pain enables the patient 
to listen to the Hun. By focusing on the patient’s 
emotional hurt from past experiences, which are 
the root of his or her anger, a shift from anger to 
hurt occurs. This exchange of emotions allows the 
patient to confront the hurtful past memories and 
discharge the toxic anger. 


EXCESSIVE JOY INJURES THE HEART 
(Fire) 

The Chinese character for joy (Le) is depicted 
by the ideograph of a large drum, framed by bells 
mounted ona wooden stand. Itexpresses the feel- 
ing of rhythmical ceremonies and excitation. The 
character gives the image of a hand beating a 
drum during a festival (this same character is used 
for music). 

‘THE YIN AND YANG ASPECTS oF JoY 

When the Heart's emotions are balanced, they 
can be experienced as love, joy, happiness, excite- 
ment, and pleasure. This warmth radiates through 
the body affecting the expansion of free and easy 
Qi circulation. Joy is communicated and felt 
throughout the body, mind and soul. 
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‘wound with thousandth-inch thick SuperMalloy tape. This 
coil acts as a magnetic switch due to its variable permeabil- 
ity. 


[0039] 21. Referring to the accompanying drawing in 
FIG. 12, the slope of the BH curve is actually the perme- 
ability ofthe core. At point (a) on the curve, the slope is very 
low and therefore the permeability is very small. The 
resistance of the coil i the frequency of the current times the 
inductance of the coil. Ifthe permeability is small, then the 
inductance is low, which means that the coil resistance is 
low initially. With a low resistance in the coil, current (F) 
flows through the winding rather easly. Then the coi 

from point (a) to point (b) where the permeability and 
resistance increase. This change in resistance from a low to 
a high value dumps the magnetic energy into capacitor (H). 
‘Then the non-linear coil saturates between points (b) and (©) 
‘winere again the coil has.a small slope and the coil resistance 
switches to alow value. Capacitor (D) then dumps its charge 
(D through coil (G) producing a large voltage spike in the 
input and output winding of transformer toroidal coil (J) 
‘The magnetic flux in coil (J) then produces a voltage spike 
in coils (L) and (M) of the magnetic vortex generator. The 
frequency of oscillation of the generator is determined by 
capacitor (K) and the overall inductance of the two coils 
‘The diagram shows that the winding is non-linear and in 
‘opposite directions going from outer coil to the inner coil 
[0040] 22. Frequency ofescillation has to be kept under 20 
MI in order to ereate a soft wormhole that connects to low 
pressure regions of hyperspace. The pressure regions of 
hyperspace are similar to the pressure produced by a dam 
holding water. The upper surface of the water, where there 
is no water pressure, is analogous to the black void into 
which our universe is expanding. In the middle of the dam, 
there is a region just above us having a lower water pressure 
which corresponds to the low density hyperspace energy. 
This analogy is not perfect because the many frequencies of 
hyperspace are quantized, as we know from quantum phys- 
ics, rather than being a continuous spectrum of lower and 
Jower frequencies down to the ze10 frequency of the black 
void 


What I claim as my invention is 
1. Amagnetie vortex generator which can generate nega- 
tive mass according to Einstein's General Theory of Rela 
tivity, which isa tested and proven theory. As a result of this 
theory, it can be shown that negative mass is required to 
create a stable wormhole between space and hyperspace. 
Without the negative mass, the throat would close. 

2. The generator consists of two solenoids wound wit 
‘common wire in opposite directions on two separate toroidal 
ccurved-sheet transformer laminates of differing radii. The 
‘smaller solenoid is mounted along the centerline of the 
larger solenoid, 

3. According to Maxwell’s equations, said geometrical 
and magnetic arrangement produces linear bucking electric 
fields along the centerline of said coils. Since curvature and 
the square ofthe electromagnetic fields are one and the same 
phenomenon according to Einstein's spacetime curvature 
{ensor G=8n T, this resonance of the electri fields causes a 
resonance of the spacetime curvature and the opening of the 
wormbole. 

4, Due to the fact that the magnetic flux travels within the 
laminations at a curvature equal to the inverse of the radius 
‘squared, each coil produces a spring constant which depends 
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‘on the current, lamination area, magnetic field strength and 
the individual curvature of each coil, 

8. Due to the fact that the flux travels in opposite 
directions in each solenoid, the spring constant ofthe outer 
coil is positive, and the spring constant ofthe inner coil is 
negative. These two spring constants, one positive and one 
negative, ald in parallel to create a negative spring constant 
for the generator. Because the frequency of resonance is, 
equal to the square root of the negative spring constant 
divided by the negative mass, the resonant frequency is 
positive real. 

6. This process of creating and keeping open the worm 
hole allows Tow density hyperspace energy to enter our 
dimension. Because the linear mass is lower, Planck's 
constant, equal to the Planck mass times the Planck wave= 
length times the speed of light, i reduced to such an extent 
that the electron is moved out of dimension. Because the 
electron and proton are one and the same particle, when 
considering a path through space and hyperspace, the proton 
is also moved out of dimension, Thus this process of moving 
the atom in and out of dimension using the magnetic vortex 
‘generator has the ability to ereate cold-welded erystals, new 
types of materials and new ways to cold solder one disparate 
material to another. 

7. As a consequence of said process, highly relativistic 
lectromagnetic fields can be created because the velocity of 
light has been reduced considerably. These fields than can be 
used to produce life in the new class of electromagnetic 
propulsion vehicles. 

8, Asa consequence of said process, refrigeration systems, 
can be created because negative energy cools rather than 
heats 

9. As a consequence of said process, power supplies ean 
bbe made such that a differential spacetime curvature on the 
ends of a carbon electrode can create a differential voltage 
similar to a regular chemical battery, 

10. Asa consequence of this process, surgery-less medical 
tables can be fabricated whereby tumors can be pulled 
direclly from the patient's boc! 

IL. As 4 consequence of this process, the negative mass 
procluced by the generator can offset the mass ofa spacecraft 
to create a massless, inertia-less vehicle which can accel- 
crate at hundreds of thousands of g's. 

12. As a consequence of this process, the folding space 
waveguide becomes a reality whereby hyperspace energy, 
which has @ low spring constant, can be easily folded and 
curved using powerful, relativistic electromagnetic fields 
Spacecraft willbe able to teleport themselves out-of-<dimen- 
sion over huge distances measured in terms of light-years. 

13, Because the wormhole opens up an interdimensional 
connection to hyperspace having a magnetic monopole, a 
radial magnetic field is created. As a consequence of this 
process, a changing magnetic monopole field crossed with a 
changing electric field can produce a toroidal electromag 
netic flux around the circular hull of the spacecraft. AS @ 
consequence of the merger of these two fiekls, a spacetime 
curvature G,, is produced over the hull of the spacecraft 
Which ereates a tension or lift force which enables the 
spacecrafl to ascend, hover or descend. 

14, An electrical system, comprised of a variable fre- 
«quency generator and amplifier, an isolation transformer and 
voliage step-up transformer, drives a non-linear inductance 
which switches on and off the current in the output eieuit in 
such a manner as to procuce large voltage spikes through 


PATHOLOGICAL MANIFESTATIONS OF JoY 

Excessive joy and laughter can injure the 
Heart and scatter the spirit; the Qi becomes con- 
gested and the Heart flutters erratically. When the 
Heart Qi becomes depleted, it can no longer con- 
trol the Lungs: the emotion of grief arises, and 
when the Qi fills to Excess, hysteria results, Water 
extinguishes Fire, therefore the emotion of fear 
controls the emotion of joy. By supporting a hys- 
terical patient to become aware of his or her un- 
derlying fears, the doctor can startle the patient 
into a sense of sobriety. 

Pathological joy and laughter are considered 
the perverse movement of the element Fire. If the 
patient’s Fire becomes uncontrollable, the Qi - 
which expands outward towards the periphery - 
will cause the patient to become hysterical. After 
Fire has exhausted the patient's life-force, it eaves 
the patient exhausted, dazed, and disenchanted. 
The Heart's negative nature is confused, doubt- 
ful, and greedy; the positive nature is open- 
minded, loving, non-judgemental, and trustful. 
ENERGETIC PATTERN oF JoY 

Joyful feelings make the body's Qi become 
soft and relaxed. This energetic pattern is expan- 
sive, and causes a slower movement of the Qi. As 
the Heart controls the blood vessels and stores the 
Shen, a joyful spirit produces a clear, calm mind 
and aheaithy body. This energy bubbles out from 
the center core of the body and ripples out in all 
directions (Figure 53.5). A light energy gently 
flows from the recipient back to the person ex- 
pressing the emotion. While in this state, the 
patients head is usually held erect, the face is full 
of color, and the limbs are relaxed. 


EXCESSIVE WORRY INJURES THE 
SPLEEN (EARTH) 

When the Spleen Qi becomes depleted, all 
four limbs lose their strength and the Five Yin 
(Organs become unstable. When the Spleen Qi be- 
comes Excessive, the body becomes swollen and 
the flow of urine and menses loses its smoothness. 
‘THE YIN AND YANG ASPECTS OF WoRRY 

‘The emotions associated with the Spleen are 
relative to the energy expended in contemplation, 
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Figure 53.5. Joy bubbles out from the center core of 
the body, rippling out in all directions, causing the Qi to 
slow its flow. 


meditation, anticipation, and worry. Too much 
worry and thought produces Qi stagnation. A 
stagnant condition causes Stomach disorders, 
such as poor appetite, indigestion, ulcers, consti- 
pation, or diarthea. Stagnation can also block the 
Shen, which is responsible for emotional and men- 
tal balance, and thus result in a lack of common 
sense. The Spleen’s negative nature is suspicious 
and self-centered; the positive nature is truthful, 
sincere, and compromising. 
WORRY AFFECTING THE MEMORY 

The Spleen stores the Yi, and the Yi stores 
ideas. The Spleen transfers short term memory to 
the Kidneys; the Kidneys later transfers the ac- 
quired memory to the Heart, which is responsible 
for long term memory. In trauma victims, the Kid- 
neys’ role in transferring memories, can also ac- 
count for the loss of memories that are too ter- 
rible to accept, since these memories are trans- 
ferred along with great fear, or fail to get trans- 
ferred at all. 


eat 
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‘THE ENERGETIC PATTERN OF WORRY 
When one is worried, the energy comes up 
from the Earth and congests in the Middle Dan- 
tian area, thus weakening the Wei Qi (Figure 53.6). 
CONTROLLING THE EMOTION OF WoRRY 

Because the element Wood controls the ele- 
ment Earth, the emotion of anger controls worry. 
Itis very important that any anger uncovered be 
directed at the root cause, and not at the doctor 
who is trying to help a patient end a negative pat- 
tern. The doctor will gently challenge toxic belief 
structures held by the patient, until the patient 
begins to confront whatever issue is at the root of 
the anger. 

When the patient becomes angry with the 
doctor, itis generally a condition knownas “trans- 
ference.” If and when transference arises, the 
‘Qigong doctor can ask the patient, “Who do I re- 
mind you of right now?” or “When was the last 
time you felt this way?” Trace the patient's feel- 
ings as far back as possible. If the doctor gets mad 
at the patient, itis called “countertransference.” 
Both transference and countertransference can in- 
volve any emotion (eg, falling in love, feeling 
afraid, etc.). 


EXCESSIVE SADNESS AND GRIEF 
INJURES THE LUNGS (METAL) 

‘The Chinese character for sadness (Bei) is de- 
picted by the Heart ideograph underneath the 
character for the back (placed on the top). It por- 
trays a picture of a person who has turned his or 
herback on the true feelings of the Heart. The Chi- 
nese character for grief (Ai) is depicted by the 
mouth ideograph (wailing, groaning, and lament- 
ing) placed within the center of the character of 
someone dressed in a special garment for mourn- 
ing. Pathological grief is considered the perverse 
movement of the element Metal. 

When grief is experienced, its natural move- 
ment of condensation begins to compress the 
Heart, interfering with Blood circulation. This 
obstruction destroys both the respiratory flow of 
the Lungs, as well as the body's liquids. The Lungs 
store the Qi, the Qi stores the Po (Corporeal Soul). 
When the Lung Qi becomes depleted, shortness 


Figure 53.6. Worry binds the Qi, causing the Qi to 
stagnate. 


of breath develops. When the Lung Qi becomes 
excessive, the result is a feeling of discomfort in 
the chest, panting, and difficult breathing. 
‘THE YIN AND YANG ASPECTS OF GRIEF 

The feelings associated with the Lungs are 
sadness, melancholy, grief, sorrow, and anxiety. 
‘The negative nature is cunning, jealousy, and pes- 
simism; the positive nature is generosity and righ- 
teousness. In the Five Elemental Controlling 
Cycle, the Lungs (Metal) affect the Liver (Wood). 
Excessive sadness from the Lungs can cause the 
Liver Qi to stagnate the Blood (Metal Overcon- 
trolling Wood), leading to possible intercostal and 
hypochondriac pain, bloating, and depression. 
GRIEF's AFFECT ON THE INTERNAL ORGANS 

Grief disperses the Qi, and thus injures the 
Lungs. Crying can lead to the release of toxic an- 
ger (that suppresses the feelings of sorrow) and 
grief. Depression and despair may also be mani- 
festations of abnormal Liver Qi stagnation. When 
grief from the Lungs is excessive, the Spleen may 
be affected (this almost always happens after a 
major loss, such as a death in the family). 


‘THE ENERGETIC PATTERN OF GRIEF 
‘The external energetic patterns of grief and 
sorrow have a heavy, downward moving energy 
(Figure 53.7). The internal energetic patterns and 
manifestations of grief have a very thick, sticky 
energy, and a denseness like gelatin. Long peri- 
ods of extreme grief also injure the Heart, Peri- 
cardium, and the Triple Burner Channels. 
CONTROLLING THE EMOTION OF GRIEF 

Because Fire melts Metal, the emotion of joy 
controls grief. The grieving process is a very im- 
portant part of healing; however, chronic grief can 
bbe extremely detrimental, and when it is extreme 
and prolonged it can lead to spiritual oppression or 
possession. Ifthe survivor cannot accept the death, 
he or she may prevent the departure of the loved 
one's spirit for many years on end, The patient may 
bbeg the Eternal Soul not to leave and cling with un- 
relenting grief to the lost one’s energy. This type of 
dependency deepens, rather than lessens over time, 
as the patient opens more to receive the loved one’s 
spiritual essence. In so doing, other Gui (spirits) are 
given power to enter as well. 

‘After a death of someone loved, the patient may 
consciously suppress any joy or pleasure. The pa- 
tient may believe that to allow any relief to suffer- 
ingis tantamount toa betrayal of the deceased. This 
belief structure must be addressed by the doctor 
and patient. Establishing a sense of empathy with 
the patient will provide a safe environment for the 
patient to release the emotion of grief. The doctor 
can work towards empowering the patient to be- 
gin to recognize times of joy, and learn, or remem- 
ber, how to count his or her blessings, to let go of 
sadness and grief, and reclaim lost joy. 

Grief may give way to despair and anxiety. 
Because anxiety suppresses respiration, anxiety 
lowers the body’s resistance to pathogenic factors 
by weakening the Wei Qi; anxiety also damages 
the Large Intestine, resulting in symptoms that 
range from constipation to ulcerative colitis. 

Just as too much grief can cause inappropri- 
ate laughter, or gallows humor; too much laugh- 
ter masks the accumulated and suppressed grief. 
Gallows humor is a syndrome whereby the pa- 
tient laughs instead of grieving about hurtful past, 
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Figure 53.7. Grief causes the Gito become obstructed. 


or current experiences. Gallows humor is a de- 
fence mechanism of the patient's denial. Grief and 
humor are examples of opposites (Yin and Yang) 
transforming into each other. 

The concer in dealing with many grieving 
people (pertaining to the death of a patient’s mate 
or close friend, etc.) is that the patient may be us- 
ing grief to suppress other unresolved emotions, 
such as: guilt, fear and loneliness. 

1. Fear of forgetting the deceased voice, appear- 
ance, etc. may be due to feelings of guilt over 
not having expressed enough love towards 
the person when it was possible to do so. 

2. Guilt over any expressed feelings of joy or 
happiness, may seem morally wrong because 
they cannot be shared by the departed 

3. Guilt may arise from too many hurtful things 
said, or too many things left unsaid to the de- 
parted. 

4, Guilt over never having had the chance to re- 
ally say good-bye (as with victims of acci- 
dents and sudden death) may become all con- 
suming. 

5. Loneliness and isolation may result from the 
loss of friendships. 
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6. Worry that loss of income and security may 
cause financial difficulties and health prob- 
Jems may cause the patient to cling to the past. 
To assist the patient to heal from these toxic 

beliefs, the doctor prescribes creative visualiza- 
tions, such as the following. 

“Imagine, see and feel yourself and your 
loved one clothed in your astral bodies. Embrace 
and express your feelings and thoughts, know- 
ing that these will be heard and received. Listen 
to your loved one’s answer. 

‘Ask forgiveness for any cruel remarks or fail- 
tures to be as loving as you wish you could have 
been. Visualize your loved one accepting the request 
for forgiveness; embrace with love, and release 
him /her to be with God with your blessings.” 

In cases where the patients could not attend 
the funeral, have the patient imagine the funeral 
and performa ritual closure (e.g, lighting a candle 
at home and saying a prayer). 

Finally, encourage the patient to give him or 
herself permission to experience some joy in life 
and to go on living. 


EXCESSIVE FEAR INJURES THE 
KIDNEYS (WATER) 

The Chinese character for fear (Kong) is de- 
picted by the Heart ideograph underneath two 
characters, a structure (placed on the left) and re- 
peated strokes by the small blows of a hammer 
(placed on the right), 

‘THE AFFECT OF FEAR ON THE INTERNAL 
ORGANS 

‘The Kidneys store the Jing, the Jing stores the 
Zhi (actions that the mind expresses). Pathologi- 
cal fear is considered the perverse movement of 
the element Water. Fear is the unrestrained sink- 
ing and uncontrolled descent of Water Qi. When 
the Shen of the Heart is no longer supported by 
the Kidneys’ Jing, the Shen leaves its residence. 
This results in the emotional release of panic. If 
the Heart Fire becomes weak, the Kidney Water 
rapidly draws downward and freezes. Insecurity, 
hesitation, immobility, and paralysis ensue. Ifthe 
Heart Fire become Deficient, it cannot radiate 
warmth, causing the patient to crouch and hide. 


Figure 53.8. Fear causes the Qi to move inward and 
downward. 


If the Kidney Yin is Deficient, the vision de- 
teriorates, there is a ringing in the ears, dizziness, 
night sweats, and nocturnal emissions. If the Kid- 
ney Yang is Deficient, the Mingmen Fire becomes 
Deficient, and causes a counter-flow of energy 
affecting the hearing. Kidney Yang Deficiency 
also results in shortness of breath, cold limbs, and 
impotency. When the Kidney Qi becomes Exces- 
sive, swelling occurs and the Five Yin Organs 
become unstable. The feelings associated with the 
Kidneys are fear, paranoia, and panic. 

THE YIN AND YANG ASPECTS OF THE 
KIDNEYS. 

The Kidneys’ negative nature is arrogant, 
troublesome, and ignorant; the positive nature is 
peaceful, soft, and tender. Fear can cause loss of 
Bladder control, weakening of the knees, renal 
failure, and permanent damage to the Kidneys. 
Itcan injure the Heart, affecting the speech, eyes, 
and the Shen. 

‘When fear injures the Kidneys, this can affect 
the Liver, causing muscle spasms, trembling, and 
disruption of the menses cycle. When the Gall Blad- 


der is affected, decision-making becomes more dif- 
ficult. 
‘THE ENERGETIC PATTERN OF FEAR 

‘The energetic pattern of fear is very cold and 
implodes into the center of the body, drawing all 
the energies inward and downward. Fear travels 
from the eyes down the front of the body into the 
groin (Figure 53.8). 

Because Earth absorbs Water, contemplation 
controls fear. Therefore, the doctor can help the 
patient control the fear through visualization and 
meditation. The purpose of the visualization is to 
resolve and reprogram the patient's thinking pat- 
tems. 

‘THE EMOTION oF FRIGHT 

The emotion of fright is distinguishable from 
fear by the sudden, unexpected shock to the sys- 
tem. The Chinese character for fright (Ju) is de- 
picted by the ideograph of a small bird opening 
its frightened eyes, in fear, anxiety, and dread. 
Fright startles the Shen, which then scatters the 
Qi and injures the Heart. Persistent fright causes 
damage to the Kidney Qi and results in a nega- 
tive cycle of chronic fear, 


FIVE YIN ORGAN EMOTIONAL 
RESPONSES 
‘The common ingredient in any emotional 
dysfunction is the power element maintaining it. 
Holding on to original traumas, whether con- 
sciously or unconsciously, requires a great deal of 
energy. Itis possible to stop this negative pattern 
by releasing the toxic emotional energy, thereby 
creating the opportunity for the mind, body, and 
spirit to heal. A new pattern of harmonious bal- 
ance can be maintained, however, only after the 
old dysfunctional patterns are consciously recog- 
nized during their occurrence. Old habits die hard; 
new patterns require time and continuous effort 
before becoming as automatic as the previous 
dysfunctional habits. Every emotion is meant to 
serve a positive function, even anger, fear, and 
grief. Patients often require reminding of this fact. 
Every emotion also has its darker side when re- 
pressed for too long and when avoided atall costs. 
1. Learning how and when to express anger is 
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as important as not holding on to it for ex- 
tended periods of time. Anger serves as a 
warning sign that personal boundaries are 
being violated, threatened, wounded, or that 
injustices are being committed. Patients must 
be taught better communication skills so they 
need not resort to screaming or insulting oth- 
ers to protect themselves. Appropriate 
assertiveness skills must be learned, and may 
require either psychotherapy, or classes in 
assertiveness training. Patients must also 
earn how to ask for what they need and de- 
sire, without expecting those close to them to 
mind read. Without learning how to set ap- 
propriate boundaries, without the ability to 
say “no” to those who take advantage of them, 
they will fall into the old habit of accumulat- 
ing resentments; or they will alienate their 
employer, friends, and family through un- 
guarded candor when angry. 

© Onits negative side, anger can cause rage and 

destructive pattems (both internally and ex- 

ternally), 

Onits positive side, anger can cause construc- 

tive boundary setting and the righting of 

wrongs. 


2. Fear, like anger, serves as a warning sign. Fear 


informs patients when they are in danger, so 
that appropriate measures can be taken to in- 
sure safety and survival. Some patients donot 
recognize the danger signals until itis too late 
to avoid falling victim to unscrupulous 
people. Some may require counseling and in- 
struction in how to establish healthy relation- 
ships, and in how to identify individuals who 
are potential abusers before it becomes too late 
to avoid the ensuing violence. 

* Onits negative side, fear can cause disabling 
panic. 

© Onits positive side, fear can cause an aware- 
ness of the need for self-protection. 


3. Joy inexcess can lead to disharmony. Nervous 


laughter, or always playing the clown to gain 
acceptance, can be extremely difficult to un- 
learn. Often professional help is needed to 
increase socialization skills and self-esteem. 
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Figure 53.9. The Five Element Cycles 


* On its negative side, joy can cause hysteria. 
* On its positive side, joy can be a source of 
happiness to the spirit. 

4, Sorrow is necessary at times to motivate pa- 
tients to change. The old self must periodi- 
cally die to make room for new experiences 
and learning. Risking sorrow is part of the 
process of bonding and maturing. Sadness is 
often a signal of imbalance in the patient's life, 
indicating insufficient rest or recreation, and 
far too much work. 

© On its negative side, sorrow can cause self- 
pity, rather than compassion for oneself. 

* On its positive side, sorrow can release dis- 
tress. 

5. Worry and anxiety are normal reactions to 
change. When these emotions become patho- 
logical in intensity of duration, patients may 
need professional help in the form of medica- 
tion (e.g, for obsessive compulsive disorders), 
and/or psychotherapy (e.g,, in the case of 
generalized anxiety disorder and posttrau- 
matic stress disorder), 

* On its negative side, worry can cause great 
anxiety. 

* On its positive side, worry can be a motivat- 
ing source for change. 

The healing stages used in Medical Qigong 
Therapy employ these transitions in order to as- 
sist the patient’s emotional and spiritual growth. 


The picture in Figure 53.9 summarizes the 
Five Elements, their associated organs, and their 
associated emotions. 

The cycles serve a functional importance for 
‘emotional transitions. The elements can be ar- 
ranged in a number of ways. For clinical purposes, 
the main emphasis is on the Creative and Con- 
trolling Cycles. 


EMOTIONAL DISHARMONY 

Itis becoming more common in the Western 
belief system that if a patient concentrates his or 
her mind and emotions on healing the illness, they 
can accelerate the recovery. Some Western research 
suggests that when the patient stops thinking and 
trains the mind to relax (reaching an alpha state), 
the healing is accelerated. 

Emotional disharmony can resonate and pen- 
etrate one’s entire being, thereby creating a vicious 


Major Organ |_| Emotional 
Disharmony Disharmony 

Environmental Disturbed 
Disharmony | *— Behavior 


Figure 53.10. The Cycle of Emotional Disharmony 


circle affecting the body, mind, emotion, energy, 
and spirit. As evidenced by the diagram (Figure 
53.10), any disharmony in one of these four fac- 
tors can trigger the cycle. 

This vicious circle can be set in motion by any 
major disharmony, be it environmental, physical, 
emotional, or behavioral. Once in motion the dis- 
ease can feed on itself. The power of emotional 
energy generated can at times overwhelm the con- 
scious mind. The mind then has three options: to 
give in to the emotional tidal wave, to become 
eventually paralyzed through the effort of con- 
trolling it, or simply to deny that anything is 
wrong. 

When emotional energy is suppressed it ac- 
cumulates within the body, causing the Qi to flow 
incorrectly or to condense. The unresolved emo- 
tions cause chronic blocks in the body, particu- 
larly in the back, neck, Stomach, and intestinal ar- 
eas. This toxic energy stored in the muscles and 
organs leads to tension, stress, and illness. The root 
cause of chronically tense shoulder muscles, for 
example, can be traced to: tensing the muscles to 
suppress the emotion(s), a strong negative belief 
system, and an accumulation of unresolved past 
traumatic memories, which continue to resurface. 

Unless the initial cause of tension is released, 
the tissue memory associated with the initial 
trauma will repeat its programmed pattern, re- 
sulting in chronic tension and pain. Painful and 
negative emotions are not the only emotions sup- 
pressed. Many people also suppress feelings of 
joy and love. Most do so out of fear, guilt, and 
sense of unworthiness. Some do so out of religious 
beliefs, believing that suffering is good for the 
soul, or that the are being punished by God for 
sins of omission and/or commission to test their 
faith. 

All emotions are triggered by sensory asso- 
ations with pleasant and unpleasant past memo- 
ries. In many cases patients are completely un- 
aware of the triggering smell, image, sensation, 
or sound. To them it seems that the trauma, or 
memory, resurfaces from nowhere. This inability 
to pinpoint the trigger mechanism may indicate 
the progression of the patient's illness. Patients 
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suffering from panic attacks, for example, have 
no idea what stimulus may have caused the over- 
whelming terror that they feel. Quite often panic 
attacks increase in frequency, partly out of the 
anticipatory fears of having another one, and 
partly due to their fear spreading and generaliz~ 
ing. 

The first panic attack may have taken place 
ina restaurant, triggered by one of the five senses 
registering similar data (a smell or image for in- 
stance) which occurred during one of their trau- 
matic memories. Henceforth they will avoid this 
restaurant, or perhapsall restaurants because new 
data has been added to the original trigger mecha- 
nism, New smells and images occurring during 
the attack may now stimulate the old memory of 
the trauma. Eventually, such patients may become 
home bound as they try to limit themselves to only 
safe places; their panic attacks have generalized 
to agoraphobia (ear of places or situations from 
which escape might be difficult or embarrassing). 
Each panic attack requires more energy to sup- 
press both the original trauma and all of the new 
‘traumas added to it from surfacing. 

Outgoing, successful people can thus trans- 
form themselves into anxiety ridden hermits. They 
can also develop physical symptoms, or turn to 
alcohol and drugs in attempts to cope. In less ex- 
treme mental emotional diseases, changes in skin 
colors, tone of voice, mannerisms, and nervous 
twitches may manifest. As the mind tries to sup- 
press uncomfortable emotions, these unresolved 
feelings often manifest as physical symptoms. 

‘At times, however, the symptoms manifest 
more on the mental level, as in obsessive compul- 
sive disorder. The logical mind, failing to com- 
pletely suppress the emotion, may develop fran- 
tic obsessive thinking patterns, that seem to take 
ona life of their own. Some patients may obsess 
about dying, even if they seem by Western medi- 
cal standards to be physically completely healthy; 
or they may obsess about killing their own child, 
or forgetting to lock all the doors when leaving 
the house and so on. They have no control over 
their repeating thoughts, and are aware of the un- 
realistic and unreasonable nature of these obses- 
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sions. Nevertheless, they are helpless to stop them- 
selves. 

Obsessions often manifest with compulsive 
addictions such as washing the hands so often 
during the day that they are raw and bleeding, or 
pulling out the hair on their head, or folding and 
unfolding their clothing. Any ordinary daily ac- 
tivity may turn into a compulsion, requiring the 
patients to continue performing a meaningless 
action again and again. 

‘Another frequent disease found in trauma- 
tized patients goes by the name of posttraumatic 
stress disorder. Patients suffering from this con- 
dition have flash backs, ic, they can not stop hav- 
ing moments of releasing the original traumas 
again and again with full intensity. 

In posttraumatic stress disorder patients’ 
symptoms are often disabling. Anviety is chronic, 
they are in a state of hyper-alertness. They have 
become good at disassociating from their body, 
since it has become a very uncomfortable place to 
be. The Shen wanders and the patients may, or 
may not, be aware of where their spirit goes or 
what it experiences at these times. In extreme cases 
the ego fractures, usually during early childhood, 
and a full blown identity disorder (previously 
called multiple personality disorder) ensues. 

Patients suffering from obsessive compulsive 
disorders, posttraumatic stress disorder, agora- 
phobia and panic attacks, or identity disorders 
should be referred out for extra help to a mental 
health professional specializing in these disorders. 

Ideally, the doctor can teach and encourage 
the patient to get in touch with their body, and 
learn how to achieve and maintain a balance be- 
tween the physical, mental and emotional planes. 
The doctor can also teach the patients how to tran- 
sition detrimental energy into a higher level of 
consciousness, when the patients become aware 
of an unpleasant emotion. When patients learn 
how to channel their own energy ina more healthy 
way, the cycle of reliving the past can be broken. 
‘A negative emotion can be transmuted and ex- 
pressed as a positive emotion; emotional energy 
can be converted to positive life-force energy. 


EMOTIONAL FREQUENCY RESONATION 

‘When the Qigong doctors are appropriately 
sensitive to the patients’ emotional transitions, 
they are able to detect, and recognize, recurring 
energetic patterns. These energetic patterns are in 
constant resonation throughout the body's tissues. 
‘As patients shift their emotional thinking, their 
energetic frequency resonation (the body's Hz 
shythm) shifts. These different emotions establish 
specific patterns of energy in the body. Each indi- 
vidual has a brain wave pattern that is as unique 
as their fingerprints. According to Richard Lee, 
director of the China Healthway's Institute, indi- 
viduals resonate at different frequencies depend- 
ing on their state of consciousness. Mr. Lee's re- 
search reveals the following. 

1. Those motivated by fear and instinct will reso- 
nate at the delta wavelength, between 0 and 
4 Hz (hertz, ie, cycles per second). This level 
of energetic resonation, as measured by an 
electroencephalograph (EEG), is normal in an 
awake infant and a sleeping adult. This delta 
wavelength, however, indicates brain pathol- 
ogy in adults that are awake. 

2. Those motivated by attachment and desire 
will resonate at the theta wavelength, between 
4.-7 Hz. This level of energetic resonation is 
generally common in children and in adults 
in the early stages of sleep. This frequency 
range also occurs when an individual creates 
‘mental imagery, and often manifests when a 
person is involved in deep altered states of 
consciousness. This level of energetic 
resonation also occurs in many brain disor- 
ders. 

3. Those motivated by service and compassion 
will resonate at the alpha wavelength, be- 
‘tween 8 and 13 Hz. These low amplitude al- 
pha waves usually occur when the brain is in 
a calm, and the mind is relaxed (in a state of 
wakefulness). It was discovered that Qigong 
masters emit energy within this frequency 
range. 

4, Those motivated by organization and plan- 
ning will resonate at the beta wavelength, 
between 14 and 25 Hz. This level of energetic 


resonation usually occurs when the nervous 
system is active and the body is awake. It 
manifests during sensory input and mental 
activity. This frequency range is usually com- 
mon for those suffering from nervous over- 
load and excessive thinking. 

When the patients’ vibratory rate shifts to- 
wards the alpha rhythm, they begin to experience 
deep relaxation and clarity of mind. Relief from 
chronic pain and symptoms associated with low 
energy is achieved 

According to Richard Lee, the infrasonic 
sound produced by Qigong masters is effective 
because it causes decreased resonation in the theta 
and beta ranges. This simultaneously decreases 
attachments and desires, calms the emotions, and 
reduces excess thinking, thereby freeing the 
patient's vital sources to be redirected towards 
healing. 


DIFFERENTIATION OF PSYCHO- 
EMOTIONAL DISORDERS 

‘Traditional Chinese Medicine has, for centu- 
ries, recognized the fact that psycho-emotional 
states, energy, and physical health are intertwined, 
In the Huang Di Nei Jing, the emperor's medical 
adviser, Qi Po, outlined the Internal Factors (emo- 
tions) as primary causes of disease. 

Within the context of Traditional Chinese 
Medicine, Medical Qigong therapy is useful for 
treating many types of psycho-emotional disor- 
ders. Qi emission therapy can be used to calm the 
patients’ Shen, as well as accelerate the patients’ 
recovery time. In China, psycho-emotional prob- 
Jems are commonly called Jing Shen disorders and 
are differentiated as follows: Obstructed Shen, 
Unsettled Shen, and Weakened Shen. 

1. Obstructed Shen isa condition due to the Shen 
becoming obstructed with Phiegm, or in mild 
cases, becoming obstructed by Qi or Blood. 
Symptoms are characterized by confused 
thinking, clouding of the mind, and in severe 
cases, complete loss of touch with reality. De- 
grees of severity range from very mild disor- 
ders to severe schizophrenia or mania. 

2. Unsettled Shen is a condition due to the Shen 
becoming unsettled from Blood or Yin Defi- 
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ciency (in mild cases), Qi stagnation, Blood 
Stasis, Fire, Empty Heat, Phlegm Fire, or In- 
ternal Wind. Symptoms are characterized by 
agitation, restlessness, and anxiety. 
3. Weakened Shen is a condition due to Defi- 
ciency of Qi, Yang, Blood, or Yin. Symptoms 
are characterized by depression, mental ex- 
haustion, and melancholy (dysthymia). 
EtioLocy 

‘The cause for psycho-emotional disorders can 
range from a variety of factors, including prena- 
tal or postnatal constitutional imbalance, diet, 
unbalanced sexual activity, overwork, alcohol or 
drug abuse, trauma, stress, emotional immaturity, 
and instability, as well as a lack of love or spiri- 
tual perspective. 
TREATMENT PRINCIPLES 

There is a considerable degree of overlap 
among Jing Shen disorder symptoms. Therefore, 
the treatment principle must be based on a clear 
distinction between Excess and Deficiency, as well 
as the cause (root) and manifestation (branch) of 
the symptoms. The main treatment principles are 
as follows 

1. Nourish the Heart and calm the Shen to treat 
Shen weakness due to Qi, Yin, Yang, Blood, 
or Body Fluids Deficiency. 

2. Purge the Excess, move stagnation, and calm 
the Shen to treat Shen obstruction or Shen agi- 
tation (unsettled Shen) due to Excess condi- 
tions of Qi, Blood, Phlegm, and/or Fire stag- 
nation, 

3. Purge the Excess, nourish the Heart and calm 
the Shen to treat Shen obstruction due to Yin 
Deficiency with Empty Heat. 

4, Resolve the Phlegm, open the Heart's orifices, 
and calm the Shen to treat Shen obstruction 

due to Phlegm or Phlegm Fire. 

. Sink and calm the Shen to treat unsettled Shen 
due to rising Qi. 

The term “calm the Shen’ is used to describe 
the treatment principles in all psycho-emotional 
disorders. It should be understood to mean not 
only calming the mind, as in anxiety, but also li 
ing the patient’s mood (as in depression), or clear- 
ing the mind (as in schizophrenia or mania) 
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SELF-TREATMENT PRESCRIPTIONS 
FOR PSYCHO-EMOTIONAL DISORDERS 
Most meditations are difficult for patients 
with psycho-emotional disorders due to several 
factors. One factor is the problem of maintaining 
focused attention, as well as retaining the memory 
of specific medical Qigong prescriptions. The suc- 
cess, or failure of the treatment will also depend 
on the severity of the disorder. 
POINT MEDITATION FOR EMOTIONAL TRAUMA 
In China, Channel Point meditation is used in 
conjunction with the Massage Tapping method for 
treating patients with conditions such as anxieties, 
phobias, and addictions. In acupuncture, 135 of the 
original 365 acupuncture points are used to treat 
mental, emotional, energetic, and spiritual dishar- 
monies. In fact, many of the “new” points can be 
applied for the treatment of Jing Shen disorders. 
The cause of fear and anxiety is the disrup- 
tion to the body’s energy system from emotional 
trauma. When a patient is focusing on a particu- 
lar anxiety or fear, the Shen becomes disrupted, 
and the energetic harmony of the body becomes 
unbalanced. This energetic imbalance causes cer 
tain physical reactions within the patient (abnor- 
mal breathing, pulse, etc.), and results in patho- 
logical behaviors. 


TREATING EMOTIONAL ANXIETIES, 
PHOBIAS, AND ADDICTIONS 

To treat anxieties, phobias, and addictions, the 
doctor encourages the patient to focus attention 
on the specific fears, or cravings for the particular 
addiction, to initiate a maximum emotional charge 
of distress. When the patient reaches maximum 
emotional distress, the doctor calls out specific 
channel points for the patient to tap. 

‘The patient is given a specific mantra to re- 
peat while tapping, to discharge the accumulated 
emotionally charged Qi, such as; “I accept this fear 
(or other emotion or craving)” or “I am being 
healed.” The treatment continues for five to ten 
minutes, as the patient focuses on feeling the dis- 
tress as much as possible, until all the trapped emo- 
tion has been discharged. Some energetic points 
commonly chosen for treating emotional anxieties, 


phobias, and addictions are GV-26, Ht-7, and Pc-6, 
‘These specific points are used to draw the energetic 
charge away from the Heart and into the extremi- 
ties; this action facilitates calming the patient's Shen. 
The initial tapping method, in conjunction 
with vivid imagination and positive affirmation, 
disperses the energy away from the Heart and 
other organs and calms the Shen. The spontane- 
ous dispersing of the emotional charge, stored 
within the patient's tissties, releases all feelings 
of stress and anxiety. This type of guided Tapping 
Meditation therapy not only reduces and dis- 
perses the patient’s emotional trauma, but also 
causes an energetic reprogramming within the 
patient's psychophysical dynamics. 
MEDICAL QIGONG TREATMENT OF THE 
PHOBIA AND ANXIETY OF DEMON POSSESSION 
‘These specific treatments are used in China to 
treat specific mental, and emotional disorders, that 
lead the patient to imagine that they are being 
haunted by spirit demons. In rectifying this type of 
psycho-emotional disorder, itis recommended that 
the Qigong doctor proceed as follows. 

1. Perform Channel Point therapy to open the 
energetic points of the Eight Extraordinary 
Vessels (Figure 53.11). 

2. Press and knead the Baihui GV-20, Dazhui 
GV-14, Lingtai GV-10, and Feishu BI-13 points. 
Then apply the Extended Fan Palm or Sword 
Fingers method (see Chapter 33), using the 
Pulling and Shaking manipulations (see 
Chapter 34) to emit and conduct Qi along the 
Governing Vessel. 

3. Pressand knead the following channel points 
Baihui GV-20, Yintang (Ex.Pt.), Renzhong GV- 
26, Tinggong SI-19, Jiache St-6, Quchi LI-11, 
Hegu LI-4, Weizhong BI-40, and Chengshan 
BI-57 points. 

4. Apply the Sword Finger technique, using the 
Vibrating and Shaking manipulations to emit 
Qi into the Jiuwei CV-15 and Zhongwan CV- 
12 points and conduct Qi along the Concep- 
tion Vessel to return it to the Lower Dantian. 

MEDICAL QIGONG TREATMENT FOR SPECIFIC 
SPIRIT/GHOST HALLUCINATIONS. 
These specific treatments are also used in 
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magnetic vortex generator. The generator responds by pro 
‘ducing two lange negative mass spikes close to the centerline 
Of the 10 coils. 

45. The winding on each coil of the generator bas a 
fon-linear spacing 1o enhance the magnetic field and 10 
reduce the interwinding coil eapacitance. 

16. The ratio of the radius of the small coil to that of the 
larger coil is 1/3, which is the magic ratio in physics. This 
‘creates a spring constant that i proportional to 8,9. The 
‘square of the cosine of the tetrahedral angle of 19.47° is, 
‘equal to this ratio. Also the ratio of the atea-to-volume rati 
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of the circumscribing sphere of a tetrahedron to the area- 
to-volume ratio of the tetrahedron is also 1/3. And the 
‘corners of the tetrahedron touch the circumscribing sphere at 
19.47°. All the large volcanoes and vortices on Earth, Mars, 
Jupiter, Uranus and Neptune are located at this latitude, Thus 
this invention is more effective in developing a wormhole 
because itis tuned geometrically to the tetrahedral geometry 
of space. 


(CHAPTER 53: QI EMISSION THERAPY FoR PsYcHoLocY 


ev.20 


Yin Tang 
Si19 Si-19 
St6 St6 

ov-26 


ue ut 


Le 


Figure 53.11. Medical Qigong Channel Point Therapy for the Treatment of Energetic Delusions 
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China to treat specific mental and emotional dis- 
orders that lead the patient to see spirit/ghost 
hallucinations. The Qigong doctor may addition- 
ally treat the patient according to the following 
therapeutic point stimulation: 

+ If the patient is disoriented, sees and hears 
floating corpse ghosts, or hears crying ghosts, 
treat the Tianfu Lu-3 points. 

+ If the patient is manic-depressed, sees and 
hears ghosts talking, treat the Tianchuang SI- 
16 points. 

+ Ifthe patient ishaving seizures, sees and hears 
ghosts talking, treat the Tianzhu BI-10 points. 

* Ifthe patient is manic, suicidal with incessant 
wild talking and actions, treat the Fengfu GV- 
16 point. 

+ Ifthe patient experiences chronic nightmares, 
confused dreaming, and restless sleep, treat 
the Tianyou TB-16 points. 

MEDICAL QIGONG TREATMENT FOR DEMON OR 
SPIRIT POSSESSION 

‘Since the creation of Traditional Chinese Medi- 
cine in the People's Republic of China, the notion 
of spirits has been down-played. However, within 
the confines of the Medical Qigong clinics, I have 
been fortunate enough to be able to discuss with 
several Qigong doctors the cause, effect, and treat- 
ment of demon and spirit possession. 

These following Thirteen Ghost Points are 
listed in the Thousand Ducat Formulas, prescribed 
by the famous physician Dr. Sun Simiao in the 7th 
century China, and were once used for the treat- 
‘ment of spirit possession (Figure 53.12). Today in 
China, these points are now used in the TCM clin- 
ics for the treatment of manic and depressive 
mental disorders, as well as for treating epilepsy. 
In extreme manic cases (with Heat) the doctor 
bleedsall of these points as well as all twelve Jing- 
Well points on the patient's hands. Classically, the 
patientiis treated by bleeding each of these points, 
or by inserting an acupuncture needle into each 
point and then immediately withdrawing it. These 
Ghost Points are stimulated in a sequence of pro- 
gressive point therapy, wrapping and enfolding 
the patient's body in five consecutive circles. 

1. The Guigong (Ghost Palace), also known as 
the Renzhong GV-26 (Middle of Man) point, 


ea2 


is the first point to be stimulated and is treated 

to calm the Shen and clear the brain. 

2. The Guixin (Ghost Faith), also known as the 
‘Shaoshang Lu-I1 (Lesser Metal's Note) points 
on both thumbs, are treated to calm the Shen 
and restore Collapsed Yang. 

3. The Gullei (Ghost Fortress), also known as the 
Yinbai Sp-1 (Hidden Clarity) points on both big 
toes, are treated to calm theShen, clear the brain, 
in order to instill clarity of thought and mind. 
These first three points are used to complete 

the energetic pass of the first circle, covering the 
head, tips of the thumbs and tips of the big toes. 
‘The GV-26 point is considered the meeting point of 
Yinand Yang in the body, while the Lu-11 points on 
both hands and the Sp-1 points on both feet are lo- 
cated on the body’s Hand and Foot Tai Yin Chan- 
nels, 

Next, the following two points are used to 
complete the second circle: 

4, The Guixin (Ghost Heart), also known as the 
Daling Pc-7 (Big Mound) points on both wrists, 
are treated to calm the Shen and clear the brain. 

5. The Guilu (Ghost Path), also known as the 
Shenmai BI-62 (Extending Vessel) points under 
both outside ankles, are treated to calm the 
Shen. 

‘The Ghost Heart and Ghost Path points com- 
plete the energetic pass of the second circle, cov- 
ering and wrapping the patient's wrists and 
ankles. The Pc-7 points on the wrists are located 
on the body's Hand Jue Yin, and the BI-62 points 
on the outside of the ankles are located on the 
body’s Foot Tai Yang Channel points. 

The following set of four points are stimulated 
to complete the energetic pass of the third circle: 

6. The Guizhen (Ghost Pillow), also known as 
the Fengfu GV-16 (Wind’s Palace) point just 
below the occiput, is treated to clear the brain. 

7. The Guichuang (Ghost's Bed), also known as 
the Jiache St-6 (Jaw Vehicle) points on both 
sides of the jaw, are treated to dispel Wind 
and Cold and to clear Heat. 

8. The Guishi (Ghost Market), also knownas the 
Chenggiang CV-24 (Receiving Liquid) point 
under the lower lip, is stimulated to treat 
mental disorders, dispel Wind and Cold, clear 
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Heat, and to transform Dampness and 

Phlegm. 

9. The Guicu (Ghost Cave), also known as the 
Laogong Pc-8 (Palace of Labor) points at the 
center of both palms, are stimulated to treat 
mental disorders and to clear the brain. 
These four points complete the energetic pass 

of the third circle, by covering and wrapping the 

patient’s head, then drawing the energy into the 
center of the patient's palms. The GV-16 point on 
the back of the patient's head is located on the 
back gate of the Upper Dantian, the St-6 points 
are located on the sides of the mandible, and the 

CV-24 point is located in the depression in the 

center of the patient's mentolabial groove (jaw). 

The next two points complete the energetic 
pass of the fourth circle: 

10. The Guitang (Ghost Hall), also known as the 
Shangxing GV-23 (Upper Star) point, is 
treated to brighten the Shen and clear Heat. 

11. The Guicang (Ghost Store), also knownas the 
Yumentou (Jade Gate) in women, and 
Yinxiafeng (Below the Hidden Seam) in men, 
is used to treat mental disorders. The Jade 
Gate is located at the opening of the vagina, 
the Below the Hidden Seam is located in the 
‘Huiyin area in men. 

These two points complete the energetic pass 
of the fourth circle, by covering and wrapping the 
patient’s body from the head to the lower 
perineum. The GV-23 point is located on the an- 
terior hairline, at the top of the patient's forehead, 
and the Ghost Store point is located in the lower 
perineum 

The following two points are stimulated to 
complete the fifth energetic pass: 

12. The Guitui (Ghost Leg), also known as the 
Quchi LI-11 (Crooked Pool) points, are treated 
inorder to drain the pathogenic influences from 
the Lungs and to calm the Po (Corporeal Soul) 

13. The Guifeng (Ghost Seal), also known as the 
Haiquan (Sea Spring) and She Xia Zhong Feng 
(Under Tongue Middle Frenulum) are two Ex- 
{ra points located below the tongue. They are 
stimulated in order to treat mental disorders. 
These final two points complete the energetic 


pass of the fifth circle, by covering and wrapping 
the patient's body from the arms to the head. The 
LF-11 points are located in the depression on the 
lateral end of the elbow crease, and the Haiquan 
Sea Spring points are located under the tongue. 


TREATING PHOBIAS AND DEPRESSION 
USING “THE WINDOWS OF THE SKY” 
Points 

If we observe the body as a figure 8, with the 
head being the upper portion and the torso being 
the lower portion, the neck would represent the 
area where the two circles meet. The points and 
orifices of the head, face and neck are like great 
‘windows in which Qi moves. 

The trunk of the body is considered Earth and 
the realm of the physical; the head pertains to 
Heaven and the realm of the spirit. The neck is 
where all of the classic “window” points are lo- 
cated. The neck is the junction between Heaven 
and Earth, and is considered the Earth’s window 
to Heaven. With the exception of Lu-3 (upper arm) 
and Pc-I (chest), eight of the ten Windows of the 
‘Sky points are located on the neck itself, and seven 
of the ten points have the word Tian (Heaven) as 
part of their name. 

Over the last quarter century, the Chinese 
have used the Windows of the Sky points in treat- 
ing such psychological disorders as depression 
and phobias. In the Qigong clinic, we look for 
three indications before prescribing the Windows 
to the Sky points. 

1. According to the Nei Jing, the Windows of the 
Sky points are used when the Yang Qi is un- 
able to ascend to the patient’s head. The re- 
sult is that the patient will have physical 
symptoms in the head or Heart (ie, loss of 
hearing, or pain described as being behind the 
Heart. 

2. The second indication is that there is some- 
thing missing in the Heavenly aspect of the 
patient's spiritual life. When the patient be- 
comes stuck in their own negative patterns, 
these particular points can be used to open a 
window of hope by bringing into the patient's 
body the illuminating light from Heaven. 

In these cases, the patient’s disconnection 


from emotions and spiritual insight is due to the 
chronic negative patterns that block the descent 
of Heavenly light. 

3. The third indication is a constant attitude of 
despondency by the patient. This behavior is 
not in accordance with his or her own values 
and beliefs, but the patient cannot control this 
pattern. Some patients know that something 
is amiss but cannot discern the source of the 
problem. 

‘The Window points induce a hypnagogic state 
(a transitional state between sleeping and awak- 
ing) that allows some patients to experience out- 
of-body projection and past life regressions. 
‘TREATMENT 

‘When treating patients with the Windows of 
the Sky points, the Qigong doctor should use slow, 
gentle pressure on the skin to dip into the tissues, 
and then proceed with pure intention. The ten 
‘Windows of the Sky points are described as fol- 
lows. 

1. The Tian Fu Lu-3 (Heaven's Residence) point 
is sometimes called the Celestial Palace. The 
word Heaven represents divinity, clarity of vi- 
sion, and the sense of the spirit (Figure 53.13). 
This point has a powerful psychological ef- 
fect on all emotional problems deriving from 
Lung Qi disharmonies (e.g., depression, claus- 
trophobia, agoraphobia, mental confusion, 
and forgetfulness). 

2. The Fu Tu LI-18 (Support the Prominence) 
pointis also known as Support and Rush Out. 
It is used on patients who feel out of touch 
with their own inner strength (Figure 53.14). 
This point relieves coughing, resolves Phlegm, 
and disperses masses (cysts and tumors) in 
the neck area. Itis also used to treat a patient's 
inability to speak. 

3. The Tian You TB-16 (Heaven's Opening) point 
canbe used to calm the patient of anxieties and 
to soothe Heart palpitations (Figure 53.15). This 
point is also used for dizziness, sudden deaf- 
ness, and diminished visual acuity. 

4, Tian Zhu BI-10 (Heaven's Pillar) is a Sea of Qi 
point. It is used to clear the brain, open the 
orifices, brighten the patient's eyes, and re- 
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Figure 53.15. Heaven's Opening 
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move obstructions from the channels. The 
energy that moves and is located at these 
points has to do with the patient's will, ambi- 
tion, and inner fortitude (Figure 53.16). Ener- 
getic dysfunction located at the Heaven's Pil- 
Tar may manifest as deep sadness or anxiety, 
and be related to a lack of inner strength, or 
will. This pointis also used when the patient's 
feet are unable to support the body. 

5. Ren Ying St-9 (Man's Welcome) is a Sea of Qi 
point. The ancient Chinese philosophers as- 
sociated this area of the body with Man in the 
triad of Heaven, Man, and Earth. This point 
isknownasa place where energy is being wel- 
comed into the body (Figure 53.17). Itisa very 
sedating point of Blood and Qi, and is used 
to reduce blood pressure. Opening up this 
point allows the patient to become receptive 
to nurturing energy (Ying Qi). The doctor 
should be gentle and only treat one side at a 
time. Itis also used to disperse Lung Qi and 
Regulate Qi. 

6. The Tian Tu CV-22 (Heaven's Rushing Out) 
points also known as the Celestial Chimney, 
and is an area where the body's internal en- 
ergy and spirit leaves the body through sound 
(Figure 53.18). Heaven Rushing Outis related 
to emotional and spiritual expression, and is 
relevant when the patient's spiritual self (i.e, 
the individual's life purpose) is not being sup- 
ported by physical actions (his or her code of 
conduct).In other words, the patient's life pur- 
pose is not in alignment with the patient's 
behavior. This point can also be used to regu- 
late the Lungs, stimulate the descending ac- 
tion of the Lung Qi, clear Heat, and resolve 
Phlegm. 

7. Feng Fu GV-16 (Wind’s Palace) is a Sea of Mar- 
row point, and is also a very good point for 
strengthening the body’s Wei Qi (Figure 
53.19). This point connects directly to the 
brain, and is used to eliminate Wind, clear the 
mind, open the sensory orifices, and benefit 
the energetic function of the brain (used for 
treating convulsions, epilepsy, or palsy). 

8, The Tian Chuang SI-16 (Heaven's Window) 


Figure 53.19. Wind's Palace 


10. 


point is used to open a window to Heaven, 
especially in patients who need help in per- 
ceiving how to change a negative behavior 
pattern into a productive and harmonious one 
(Figure 53.20). This point is used for dispers- 
ing the Liver’s Qi and for eliminating buzz- 
ing, pain, or deafness of the ears. 


). The Tian Rong SI-17 (Heaven's Appearance) 


point is also known as the Celestial Counte- 
nance. This point is where the Small 
Intestine’s Channel Qi is received by, and en- 
ters into, the Heaven's Body Chamber (the 
head or skull). It can be used to produce a 
strong movement of energy from the head 
downward into the body. 

This point is used in spiritual emergencies, 

when patients have lost their connection with 
Earth energy, and remain blissed out, and 
oblivious of reality. Its often used in cases of 
addictions, once the patient.is conscious of the 
addiction (Figure 53.21). This point is also 
used in order to expel Excess Fire and remove 
obstructions from the patient's channels. 
The Tian Chi Pc-1 (Heaven's Pond) point is 
also known as the Celestial Pool. The term 
pond represents a source, resource, or reser- 
voir of energy for the spirit. This point influ- 
‘ences the area where the Shen gathers or pools 
in the chest region (Figure 53.22). Itis capable 
of enhancing the transition from normal con- 
sciousness to feelings of being submerged in 
a sea of energy. 

It affects the Heart and Pericardium which 
govern the Shen, and whose symbolic home 
is Heaven. The doctor uses this point to re- 
move the patient's street armor, and to begin 
the process of opening the patient’s Heart 
protector at its source. This point is also used 
to disperse the Lungs’ Qi, expand and relax 
the chest, regulate Qi, and clear Heat. 

Note: Because of the proximity of the breast 
tissue, the Heavenly Spring points (Pc-2) are 
sometimes used in women instead of the 
Heaven's Pond points (Figure 53.23). The 
Heavenly Spring point is located halfway 
down the anterior face of the biceps muscle. 
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Figure 53.23. Heavenly Spring 
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TREATING PSYCHO-EMOTIONAL 
DISORDERS RELATED To STRESS 

‘The following prescriptions are used in order 
toaassist the patient in dealing with suppressed an- 
ger and grief, for additional prescriptions used in 
order to treat emotional problems (see Chapter 19). 
TREATING EXCESS LIVER FIRE AND THE 
REPRESSION OF ANGER 

One of the most common problems observed 
in the clinic is Excess Liver Fire. One of the many 
causes of Excess Liver Fire is the repression of an- 
gerand a suppression of the spiritual components 
of the Hun. When anger is suppressed, its vola- 
tile Heat will sometimes attack and drain the Kid- 
ney Yin (Water). Therefore, Excess Liver Fire is 
generally related to a Deficiency of the Kidney Yin 
energy. When Qigong doctors reduce the Excess 
Liver Heat, they must also increase the patient's 
supply of Kidney Yin (Water) Qi (see note #2). 

If the Liver’s Yin becomes Deficient, the 
body's Qi will not be able to keep the patient's 
Internal Fire from rising. This causes the Yang to 
rise to the patient’ shead, and the Blood to become 
Deficient. The patient becomes irritable as the 
Liver’s Yang begins to rise. This in turn, causes 
high blood pressure, whichis associated with such 
problems as headaches, dizziness, insomnia, tin- 
nitus, hypertension, and migraine headaches. 
Deficient Liver Yin, if unchecked, turns into Liver 
Fire, which causes severe high blood pressure, and 
heats the patient’s Blood. As the Blood heats, it 
becomes Deficient, and causes Liver Wind. Un- 
checked Deficient Liver Yin results in shaking and 
trembling. If the Liver Wind mixes with the 
patient’s Phlegm, it blocks the patient’s channels 
resulting in paralysis, aphasia, memory problems, 
and eventually stroke. 

The method of treatment is chosen according 
to the patient's syndromes: 

1. For patients sensitive to energy, use Medical 

Qigong therapy while the patient is lying su- 

ine. 
« Purge and disperse Qi from the patients 

Liver; 

+ Pull pathogenic Qi out the patient's Liver 

Channels; 


* Tonify the patient's Kidneys through the 

Lower Dantian; 

* Give Liver purging and Kidney tonification 
prescriptions and homework. 

2. For patients not sensitive to energy, use Tui 
Na and An Mo in conjunction with Medical 
Qigong therapy while the patient is lying 
prone. 

+ Purge and reduce the Fire in the patient's Gov- 
cerning Vessel and Bladder Channels; 

« Start at the Mingmen and dredge the patient's 
Liver Fire, ending at the sacrum, using a coun- 
terclockwise circle rotation to reduce the 
Liver’s Qi; 

* Give Liver purging and Kidney tonification 
prescriptions and homework. 

Note #1. If the Liver Fire attacks the Stom- 
ach, resulting in vomiting and migraine head- 
aches, have the patient lie supine. Because the 
Liver’s Fire can travel transversely along the hy- 
pochondrium area, the Qigong doctor rocks and 
gently shakes the patient from the center of the 
thorax down to the Kidneys using intention, lead 
and disperse the Heat out from the patient's torso. 
Next, pull the Stomach Qi down and out of the 
patient's feet. 

Note #2. Tonify the patient’s Kidneys by us- 
ing Jing Point therapy on the following points: St- 
36, GB-34, Sp-6, Lv-3, and Kd-1 on both sides of 
the body. 

BEATING THE BAG AND SHOUTING To 
DETOXIFY LIVER HEAT AND RELEASE 
TRAPPED ANGER AND RAGE 

Beating the Bag and Shouting is the most com- 
mon Medical Qigong homework given to patients 
with Excessive Liver Fire. The concept of Beating 
the Bag and Shouting is best comprehended when 
the function and flow of Liver Qi Heat is under- 
stood. When striking the bag and shouting, the 
shaking movements of the body will: 

« facilitate an energetic discharge from the Liver 
organ, 

+ help alleviate pressure stored within the Liver 
organ itself (detoxifying suppressed feelings), 
and 

* purge the body of Excess Liver Heat 


Itis important for the patients to understand, 
that when shouting and striking on the surface of 
the bag (while focusing their intention deep into 
the bag’s center), they are releasing deep seated 
pathogenic rage. This is why it is prohibited for 
patients to substitute such things as pillows, bed, 
etc,, for the bag. If a patient takes a pillow and 
pounds it, for example, screaming and shouting 
to release the aggression, he or she is releasing 
and discharging pathogenic Qi into the pillow. If 
after releasing this Toxic Qi into the pillow, it is 
returned to the bed for a person to sleep on, the 
patient will reabsorb the discharged energy. To 
avoid this occurrence, patients are encouraged to 
set aside a space where they can safely discharge 
internal pathogenic Qi (preferably outdoors). This 
is similar to isolating and storing garbage away 
from living quarters. 

While striking the bag, in addition to feelings 
of anger and rage, sometimes the patient may start 
crying or experience overwhelming feelings of grief 
and despair. This is also a normal reaction to dis- 
persing toxic emotion. It sometimes occurs while 
discharging Stagnant Liver Qi, because the Lungs, 
which store the emotion of grief, have the function 
of keeping the Liver organ in check, in accordance 
with the Five Elemental Controlling Cycle. 

‘What the patient needs to perform this exer- 
cise is two wooden dowels (1-1.5 inches in diam- 
eter and three feet long), a large bag of rice from 
the grocery store, and some duct tape. Completely 
encase the bag of rice with the duct tape to pre- 
vent spilling. Place the bag on a table, or a hard 
surface, level with the Lower Dantian. Hold a 
dowel in each hand, strike the bag, and focus on 
the Liver’s Qi traveling up the back, down the 
arms, and through the wooden dowels, 

With each impact, imagine the body releas- 
ing Toxic Liver Qi into the bag. It is important for 
the patient to exhale completely and deeply from 
the lower abdomen when shouting and striking 
the bag. Sometimes the patient is encouraged to 
shout “no” or “stop.” These words will help the 
patient to facilitate complete emotional discharg- 
ing, while also reestablishing a patient’s broken 
energetic/emotional boundary system. 

Bag striking should be performed for 10-15, 
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‘minutes to achieve maximum benefit. Afterwards 
patients may feel euphoric and exhausted due to 
the heightened endorphin activity now occurring 
within the tissues. If the patient still feels angry, 
he or she should try writing out the rest of the 
rage on paper, which is then discarded. In order 
to end the exercise, patients should sit for five 
‘minutes in quiet solitude. It is important for the 
patient to reflect on any emotional memories 
which have been released and brought back into 
consciousness. The patient may then begin shar- 
ing these feelings and memories with the doctor, 
and commence the process work for healing the 
unexpressed emotions. 

Some patients may become absolutely horri- 
fied at themselves for getting so angry during bag 
beating that they feel terrified afterwards; espe- 
cially if so much rage was built up that is seems 
there is no end to it. Often patients are forced to 
stop from overwhelming fatigue, aches, and pain 
caused by this purging exercise. If the patient al- 
lows the rage to build and never completely pro- 
cesses the rage, it may cause the patient to feel 
that without the anger he or she would literally 
cease to exist, or that he or she is innately evil. 
‘The patient may feel that he or she “is” the anger, 
and that the exercise is making it worse, and may 
strive to control the anger even more than before. 

Some patients will get so mad, they will walk 
out on the Qigong doctor without processing any- 
thing. This unprocessed rage can be extremely 
dangerous, especially if the patient is prone to 
beating his or her mate, kids, or pets. Many people 
are completely unaware of how much anger they 
have suppressed. Some patients are like bottom- 
less wells, especially patients with borderline per- 
sonality disorder. Patients with this disorder 
should never be given this exercise, as it could 
lead to self-mutilation. Refer such patients out for 
psychotherapy. 

In our culture, women are not allowed to ex- 
press anger, much less rage. Ifthe patient has ever 
been beaten, or witnessed a loved one being 
abused, he or she may believe that he or she is 
just like the abuser, and that he or she has been 
lying to him or herself about not being bad and 
may become suicidal. 
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The Qigong doctor should never prescribe this 
exercise unless he or she fully understands the 
complexity of the patient's circumstances. Some 
patients require a period of time, in a safe place, 
with supervision to help them deal with such in- 
tense emotions. 

Other possible reactions might be that the 
patient goes into stronger denial of the rage, 
blames the doctor for causing him or her to beat 
their mate or children, or blames the doctor for 
causing the rage. The Qigong doctor must make 
sure there is sufficient time for the patient to pro- 
cess all the reactions aroused. The patient must 
not feel hurried. 

ANGER MANAGEMENT 

With some patients it is best to start them off 
journalizing the anger, not ina dairy, buton sheets 
of paper. They address the letters to the person, 
or persons, with whom they are angry. They con- 
tinue writing until all the anger has been dis- 
charged. They are not to mail the letters, or give 
them to the addressee, or show them to anyone 
including the Qigong doctor. In writing the letter, 
they allow themselves to fully express the anger 
without judging themselves. The patient should 
not be concerned about grammar, foul language, 
etc. No matter how trivial the upsetting incident 
was, it should be written down. The flow of con- 
sciousness is initiated and continued until the end 
of the letter. No event (no matter how silly or in- 
significant) that comes to mind should be left un- 
expressed. 

When finished, the letter is to be torn up, or 
safely burned in a ritual of healing and letting 20 
(eg, light some incense or candles, then blow 
them out after the paper has been incinerated). 
‘Symbolically the patient must let go of the anger 
for good, and that is why the letter is destroyed in 
a ritualistic act. 

Only later, as the patient continues to prac- 
tice this purging technique, slowly gaining con- 
trol of the emotions, can the angry letters be kept 
for a few days and reread. In rereading the letters 
the patient engages his or her discriminating, 
judging faculties (i.e., “Was I right to get upset 
over this incident? Did I over-react? What did this 


incident remind me of from my childhood?”). This 
isa safe and very powerful method of discharg- 
ing anger from the patient’s body. The patient is 
encouraged and allowed to say everything he or 
she thinks of when writing, holding nothing back. 
It is nonthreatening, and allows the patient to 
come to understand him or herself better in time. 


TREATING STAGNANT LUNG QI AND 
THE REPRESSION OF GRIEF 

The Lungs dominate the Qi and respiration. 
Acommon problem observed in the clinic is stag- 
nant, or obstructed Qi within the Lungs, from the 
toxic buildup of sorrow, grief, and worry. Sadness 
and sorrow can cause a Deficiency of Lung Qi, 
while worry can cause the Qi in the chest to stag- 
nate. Stagnant Qi within the Lungs is usually di- 
rectly or indirectly related to the suppression of 
emotional issues. 

The right Lung is considered more Yang than 
the left Lung; it therefore tends to reflect, and 
sometimes manifests physically, any unresolved, 
or suppressed emotional conilicts experienced 
within the father-child relationship (or other main 
male figures in the patient's childhood). These 
unresolved emotional issues tend to carry over 
and help shape the nature of subsequent conflicts 
experienced in other male relationships. These 
ongoing emotional reactions provide a further 
‘opportunity in life to express, work through, and 
resolve these emotional issues. 

The left Lung is considered more Yin and thus 
reflects emotional issues stemming from the 
mother-child relationship (or main female figure 
in childhood). The left Lung may likewise mani- 
fest these issues in subsequent female relation- 
ships. 

Generally, cysts, tumors, or cancer originat- 
ing in these corresponding regions reflect the emo- 
tional history. Because of these emotional pattern- 
ings, the method of treatment for Lung diseases 
(that are Internally induced) is chosen according 
to the patient's syndromes in relationship to the 
root of the original trauma. After determining the 
specific Lung which dominates and manifests the 
patient's pathogenic condition, the Qigong doc- 
tor proceeds as follows. 
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1. For patients sensitive to energy, use Medical 
Qigong therapy while the patient is supine. 

+ Disperse Qi over the patient's throat and 
Lungs; 

+ Purge pathogenic Qi out the afflicted Lung 
Channel; 

+ Tonify the patient’s Spleen and Kidneys; 

* Prescribe Homework. 

2. For patient's not sensitive to energy, use Medi- 
cal Qigong therapy in conjunction with An 
Mo Qi therapy while the patient is supine. 

* Disperse Qi over the patient's throat and Lung. 
area; 

+ Purge pathogenic Qi out the afflicted Lung 
Channel; 

* Dredge Fire from the patient's Liver; 

* Tonify the patient’s Spleen and Kidneys; 

+ Prescribe Homework. 

DRY CRYING To DETOXIFY STAGNANT LUNG 
QI AND RELEASE TRAPPED SORROW AND 
Grier 

The most common homework prescription 
given to patients with stagnant Lung Qiis the Dry 
Crying exercise. The concept of “dry crying” is 
best understood if we look back to when we were 
little children. When little children cry hard, they 
generally release full body resonances. They shake 
and undulate from the middle of the body, allow- 
ing the pain to resonate outwards. When children 
reach puberty, they learn (through parental or peer 
pressure) to suppress their feelings, and to restrain 
full body resonance, by tensing the muscles in the 
throat. The constant pressures from society, par- 
ents and peers, result in self-conscious feelings and 
shame regarding the loss of control over the emo- 
tions. The following exercise allows the patient to 
experience full body resonation and to release 
deeply suppressed emotions. 

Begin the exercise from a standing position. 
Stand with the feet more than shoulders width 
apart, toes pointing straight and the knees com- 
fortably bent. With each hand, touch the thumb 
to the index finger to form a circle. Relax the arms 
letting them hang naturally. Close the anal sphinc- 
ter, and breath naturally from the abdomen. Tilt 
the head backwards, opening the mouth wide, 
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Figure 53.24. Dry Crying 


and relax the jaw. Allow the upper body to lean 
and bow backwards (without straining the spine), 
but stretching the psoas muscles, Hold this pos- 
ture from 5 to 15 minutes, concentrating on relax- 
ing the body, and allowing it to resonate (Figure 
53.24). 

The psoas muscles are located in the lower 
back and Mingmen area. They articulate from the 
transverse process of the lower lumbar vertebra. 
These muscles travel near the center of the abdo- 
men down to the inner thigh. These particular 
muscles are associated with the storing and re- 
leasing of powerful emotions. As the psoas 
muscles stretch, the body begins to resonate and 
shake from the pelvic cavity upward. This action 
returns patients back to the preadolescent state of 
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energy release, allowing them to detoxify deep 
seated grief within the tissues. 

Inorder to complete the exercise, itis extremely 
important to ground. This prevents the uprooted 
toxic emotions from causing Qi stagnations in the 
throat and chest area. After holding the posture for 
the prescribed amount of time, slowly lean forward 
and tilt the chin down. Allow the arms to continue 
to hang naturally. Slowly lean forward until the 
hands touch the floor. Imagine Qi, flowing like 
water, from the torso out your arms, cleansing your 
body, sending the pathogenic Qi deep into the cen- 
ter of the Earth. 


ConTRAINDICATIONS 

Patients should avoid this particular exercise 
ifthey have previously injured their back. For pa- 
tients who have difficulty with the stretching of 
the cervical or lumbar vertebrae, it is encouraged 
that they wear a cervical collar or lumbar sup- 
port to prevent injury to the spine. Also, the ex- 
ercise can be modified to allow the patient to sit 
comfortably on the edge of a chair while stretch- 
ing the psoas muscles if the standing stretch is 
too difficult, 
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HISTORY OF CANCER 


TREATMENTS 

The ancient doctors of Traditional Chinese 
Medicine understood about the formation of tu- 
mors. The earliest records found were inscriptions 
recorded on “Oracles of Bone,” unearthed from 
the ruins of the Yin Dynasty (16th-11th century 

C.). The word “ai” (cancer) first appeared in the 
Chinese Medical classic Wei Ji Bao Shu during the 
Song Dynasty, in the year 1171. 

In Traditional Chinese Medicine, cysts, tu- 
mors, and cancers are considered multifaceted dis- 
eases, originating from imbalances in one or more 
of the five following sources: environmental, 
chemical, biological, physical, and psychological. 
According to the General Treatise on the Etiology and 
Symptomatology of Diseases, a tumor is one of the 
many diseases that responds to Dao Yin (Medical 
Qigong) exercises and meditations. To prevent the 
formation of cysts, tumors, or cancer, and to in- 
crease the strength of the immune system, Qigong 
doctors encourage patients to monitor their diet, 
maintain emotional stability, increase physical 
exercises through Medical Qigong prescriptions, 
and avoid exposure to pollutants, 

From a Western Medical perspective, tumors 
and cancer are likewise considered multifaceted 
diseases. They are generally viewed as being cre- 
ated and formed through a constant bombard- 
‘ment, attack, and weakening of the tissues, caused 
by the following three factors: 

* Acongenital tendency towards specific types 
of tumors and cancers (inherited weakness); 

* Exposure to radiation, environmental pollut- 
ants, and chemical poisoning, and 

+ An inability to repair weakened DNA, lead- 
ing to uncontrolled replication. 

In Traditional Chinese Medicine, cancer cells 


are considered “infant bodies” which absorb nour- 
ishment from the host (mother) body for their own 
growth; thus they are called “pathogenic or evil 
embryos.” Cancer cells are actually components 
of the “original” or “mother” body. 


CATEGORIZATION OF TUMORS 

In Chinese Medicine, tumors and cancers are 
commonly referred to as “a retention of mass.” 
Retention has the meaning of stagnation. Tumors 
and cancer originate from flowing substances 
within the body such as Qi, Blood, Phlegm, and 
food. These substances stagnate when they are at- 
tacked by pathogenic factors, and they gradually 
take on the form of a lump as a result of excessive 
accumulation. If the lump subsides spontaneously, 
itis commonly referred to as.a cyst, or benign tu- 
mor. Many benign cysts and tumors, however, 
persist indefinitely. 
BENIGN Tumors 

Abenign tumor grows slowly, and can sponta- 
neously stop growing, or disappear by itself. A be- 
nign tumor also grows in expansive ways. Its mar- 
gin is clearly defined with firm boundaries, and is 
easily manipulated through palpation. There is no 
temperature differentiation between the skin sur- 
rounding a benign tumor and normal skin tissue. 

Often, no symptoms surround the internal lo- 
cation of a benign tumor. As the tumor grows in 
certain areas of the patient’s body, however, it can 
disrupt the functional activity of an affected organ. 
Benign tumors have been known to cause bleeding, 
and inflammation. If the tumor is located within 
the endocrine glands, it can cause an abnormal func- 
tion within the gland itself. A tumor located within 
an endocrine gland does not usually endanger the 
patient's life. Benign tumors can, however, become 
life threatening if the location compresses specific 
areas of the patient's brain or vital organs. 
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Figure 54.1. The Three Formations of Cancer Growth 


MALIGNANT TuMoRS 

‘A malignant tumors grow very fast (poten- 
tially doubling every two months). Degeneration, 
festering, and hemorthaging often accompany 
malignant tumors. A malignant tumor is infiltra- 
tive in its growth, with no clearly defined bound- 
ary, Its appearance is irregular and fastened (not 
easy to move through palpation). The skin tem- 
perature surrounding the malignant tumor is con- 
sidered energetically Hot, as it is warmer than the 
normal surrounding tissue. 

‘Most malignant tumors either metastasize to 
nearby, or distant areas of the body. The body’s 
symptoms include fever, pain, anemia, fatigue, 
and general weakness. In many cases, if left un- 
treated, they can cause death. Malignant tumors, 
and cancers can be divided into two main catego- 
ries: a Carcinoma, and a Sarcoma. 

1. Acarcinoma is a malignant growth or tumor 
that occurs in the epithelial tissue (the outer 
surface or first layer of tissue that lines the 
body’s cavities, as well as the principal tubes 
and passageways leading to the exterior of the 
body). Skin cancer, esophageal squamous can- 
cer, adenocarcinoma of the Stomach, and 
breast cancer all belong to this type of carci- 
noma. A carcinoma may affect any organ, or 
part of the body, and may spread by direct 
extension, or indirectly through the lymphatic 
system and bloodstream. 


2. A sarcoma is a malignant growth, or tumor, 
that occurs within the connective or mesen- 
chymal tissue. It may affect the muscles, 
bones, fat, blood vessels, lymph system, Kid- 
neys, Bladder, Liver, Lungs, Spleen, or parotid 
glands. Rhabdomyosarcoma (sarcoma of the 
muscles), osteosarcoma (sarcoma of the 
bones), and lymphosarcoma (sarcoma of the 
lymphatic system) all belong to this type of 
sarcoma, 


THREE FORMATIONS OF CANCER 
GROWTH 

According to Dr: Pan Mingji, Director of the 
Fuzhou Cancer Institute of Integration of Traditional 
Chinese and Western Medicine, there are three 
forms of cancer growth: Expansive Growth, Infil- 
trative Growth and Exophytic Growth (Figure 54.1). 

1. Cancers of the Expansive Growth type con- 
sist of tumor cells crowded together on cer- 
tain parts of the body. These cells proliferate, 
grow constantly, and expand towards the 
outside. The cells of the surrounding tissue 
form a wall to resist the tumor’s expansion. 
The walll becomes the external membrane of 
the tumor, which has an evident boundary 
separating it from the normal tissue. Tumor 
growth begins in this way in the early stages 
of both benign tumors and malignant sarco- 
mas. 

2. Cancers of the Infiltrative Growth type con- 
sist of cells that not only group together, but, 
also separately invade the intercellular spaces, 
and tubular tissue of normal cells. They es- 
tablish their foundation within the tissues, 
and proliferate daily, expanding outward with 
no boundary system between the cancer tu- 
mor and the normal tissue. Since there is no 
surrounding wall of membrane, the growth 
spreads in mass. Malignant tumors, especially 
carcinoma growth, infiltrate in this way. 

3. Cancers of the Exophytic Growth type con- 
sist of cancer cells that occur on the skin, body 
cavity, or gastrointestinal mucosa; they often 
form on the surface of the body's tissues 
through papillary masses, projecting out- 
wards on the skin and mucosa. Polyp, papilla- 


shaped tumors, papilloma, gingival cancer, 

esophagal cancer, Stomach cancer, and intes- 

tinal cancer all grow in this way. 

Benign tumors do not spread; they only grow 
in an expansive or exopathic way. The malignant 
tumor is different, however, as the cancer cells do 
not remain in their original location but expand 
from the mass outward. This expansion extends 
into other organs and tissues by way of the body's 
lymphatic plexus and blood circulation. This phe- 
nomenon is known as metastasizing. 


ETIOLOGY, THE SIX PATHOGENIC 
EVILS THAT CAUSE CANCER 

The following is an analysis of the causes of 
tumor formation. Traditional Chinese Medicine 
maintains the concept that a tumor is a systemic 
disease (affecting the whole body). It can be sum- 
marized asa disorder of the internal organs caused 
by emotional strains, and an imbalance of the vis- 
cera, that has allowed the pathogenic Evils to en- 
ter the body and obstruct the channels and 
collaterals. These pathogenic Evils cause prob- 
Jems, that may eventually lead to the stagnation 
of Blood and Qi and develop into tumors. The pa- 
thology of cancer is as follows: Qi stagnation, 
Blood stagnation, Retention of Toxic Dampness, 
Retention of Phlegm, Toxin Attack, and Weakness 
or Deficiency of Energy (Figure 54.2). 

1. Emotional strains, depression of Liver Qi, or 
External pathogenic Evil factors can lead toa 
stagnation of Qi. Long term Qi stagnation can 
cause stagnation of Blood, which eventually 
causes clots. Itis known that pathogenic Cold 
and Heat, and the prevailing pathogenic Evil 
factors, inevitably cause Blood clots. 

2. Since Blood and Qi flow together, the obstruc- 
tion of Qi can lead to an interference in Blood 
circulation. This interference gradually leads 
to Blood stasis; Blood Stasis is always further 
complicated by stasis of Qi. Blood stasis is 
sometimes referred to as “Dead Blood,” due 
to the fact that the Blood is not moving. When 
Dead Blood accumulates in a certain area of 
the body, it eventually develops into an im- 
movable mass or lump. 

3. A weakness of the Spleen and Stomach, as 
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Figure 54.2. The Six Pathogenic Evils That Cause 
Cancer 


well as indigestion, can cause retention of 
fluid in the body. Long term fluid retention 
will produce toxic materials that can accumu- 
late and form lumps. 

4. Functional disorders of the Lungs and Spleen 
lead to poor digestion of watery food, and 
poor distribution of Body Fluids. Fluid reten- 
tion causes Phlegm, especially when it is com- 
plicated by Excess Heat. If Phlegm is unable 
to move upward to be dispersed out of the 
body, itcollects and stagnates. The stagnation 
of Phlegm in the Lung(s) leads to asthma. The 
stagnation of Phlegm in the Stomach causes 
gastric disorder and nausea. If Phlegm goes 
beneath the skin, it will take the form of a 
movable mass or lump. 

5. Toxic Evils may come from poisonous exter- 
nal environments (exposure to chemicals, as- 
estos, ultraviolet rays, radiation, etc.) or may 
be generated by the stagnation of Excess Heat 
within the body. This Excessive Heat causes 
abnormal cell fusion and growth within the 
body, leading to cancer formation, and a sys- 
temic breakdown of normal cell growth. 

6. Deficiency of both Qi and Blood, as well as a 
weakness of Yuan Qi, make the body more 
vulnerable and susceptible to the formation 
of new growth. When pathogenic Evils enter 
the body, they damage the Blood and Qi. If 
the Yuan Qi cannot be restored, the disease 
will lead to a vicious, destructive cycle, mak- 
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ing the individual more and more debilitated. 

These six pathological changes may occur ei- 
ther alone or in combination: ie., Qi and Blood 
stasis, Phlegm stagnation and Toxic Dampness, 
Phlegm stagnation and Blood stasis, a weakness 
of the body’ s Yuan Qi and strong pathogenic Evils. 

The choice of which Medical Qigong therapy 
to use should be based on differentiation of symp- 
toms and signs. Since cancers are primarily caused 
by emotional strains, strong pathogenic Evils, and 
a weakness of the patient's Yuan Qi, clinical therapy 
should be focused on tonifying the patient's Yuan 
i, and purging the Evil pathogenic factors. 


EMOTIONAL COMPONENTS OF CANCER 
FORMATION 

From the clinical perspective, if the cancer is 
internally induced through emotional suppres- 
sion, there will be a series of emotional transitions 
the Qigong doctor will observe during its devel- 
‘opment. When there is an accumulation of nega- 
tive emotions, for example, the patient’s body 
begins to wall off this type of energy, and creates 
an energetic cyst, instead of dissipating and dis- 
posing of the Toxic Qi. The patient's suppressed 
internal emotions intensify the production and 
formation of the cyst, and feed the cancer cells, 
which result in an uncontrolled, rapid growth rate 
of these cells. 

The body creates potential tumors and can- 
cer cells every day. The macrophages or mono- 
cytes (large phagocytes) in the immune system ag- 
gressively attack and dissolve the cancer cells once 
the body becomes aware of them. Areas in the 
body, however, which are armored in denial, tend 
to attract and protect these distorted cells, allow- 
ing them to cluster and mass together. 

Cancer cells can grow and accumulate wher- 
ever emotions are being repressed. The patient's 
denial maintains the constant unconscious flow 
of energy to these tissue areas. The phagocytes 
and other components of the immune system do 
notattack these toxic pockets of emotional energy, 
because of the patient’s continuous denial of their 
existence. Consciousness and awareness exists 
even at the cellular level of the body. The continu- 
ous emotional energy bombarding the cells and 


tissues causes these tissues to go into an emotional 
state of shock. Emotional shock causes a release 
of endogenous opiates and corticosteroids, that 
deplete the white blood cells, and prevent the im- 
mune system from protecting the body. Because 
of the immune system's weakened state of resis- 
tance, infection and even the formation of cancer 
cells are now free to enter and coagulate within 
the tissue areas. 

Scientific studies based in China, and the West, 
have shown that stress can stimulate the neuroen- 
docrine system to the extent that it leads to depres- 
sion of the immune system. Furthermore, the cre- 
ation and growth of cancer can be influenced by 
stress. Removal of psychological stress alone can 
alter the neuro-immunologic functioning of the 
body to the extent that it can prevent and even 
change the course of cancer development. 

Ina patient with emotional blocks, chronic ten- 
sion begins to interrupt the flow of Qi. If the emo- 
tional block is deep and long standing, this tension 
‘becomes constant. The capacity to express or dis- 
charge the trapped emotion becomes very difficult. 

As the awareness dims, the natural commu- 
nication between the conscious and subconscious 
mind breaks down. The original conscious deci- 
sion to suppress certain emotions becomes a habit; 
it thus becomes an unconscious aberrant auto- 
matic function. When emotions are expressed, the 
conscious and subconscious mind are in harmony 
and synergized. When emotions are suppressed, 
the subconscious mind can no longer perform its 
job of healing the body; it diverts all its energy to 
shield the patient's denial system. Thus, the Shen 
itself, becomes misaligned with the patient's life 
purpose. The patient’s posture, movements and 
lack of spiritual growth, reflect this misalignment. 
Changes also occur in skin temperature, body 
chemistry, and skin tone. The overall level of vital 
life force visibly drops. 

Dr. Xu, at the Xi Yuan Hospital in Beijing, 
China, often pointed out that emotional upheaval, 
and the restriction of the breath, could cause the 
patient's energy to stagnate or deviate from its 
path. The deviated Qi draws more energy to its 
pathway, compounding the disease. The unstable 
‘emotional and mental focus of the patient further 


causes adverse effects to the body. Medical Qigong 
therapy and exercises expose the patient's deep- 
est secrets, and thus reveal the underlying causes 
of the disease, which can then be treated. The 
patient's being is energized through his or her 
personal perceptions and belief structures. There- 
fore, it is necessary to change the patient's belief 
structure to increase the level of awareness and 
perceptual accuracy. The patient must be enabled 
to let go of suppressed emotions to fully experi- 
ence deep emotional and spiritual changes. The 
Qigong doctor initiates the release of Toxic Qi to 
begin this healing process that can thereafter be 
‘maintained through appropriate prescriptions. 

When cysts, tumors, or cancer are internally 
induced, they are formed from long-standing sup- 
pressed emotions which have become trapped 
within the tissue itself, These emotions usually 
consist of anger, guilt, grief, shame, and disap- 
pointment. The energetically formed cyst, or tu- 
mors, will remain walled off until the emotional 
energy is dissipated. Cysts, or tumors, can lodge 
themselves anywhere, penetrating deep into the 
major viscera causing visceral dysfunction; or they 
can superficially lodge themselves beneath the 
skin. 

If the nature of the emotional energetic ma- 
trix (ie., belief structure) is negative, the patient 
retains the energy of the injury, making it diffi- 
cult to heal the trauma. If, however, the emotional 
matrix is positive, then the energy of the injury 
can be easily dispersed. 

‘Once the Qigong doctor’s energy reaches the 
cyst or tumor, the patient’s energetic resonance 
supporting the tumor formation is interrupted. As 
the doctor continues to break up the cyst or 
tumor’s physical mass, the frozen energetic pat- 
tern begins to unwind. The doctor continues to 
unravel the energetic mass until all the Heat has 
been released from the tissues, and the energetic 
pattern’s unwinding is completed. 

The underlying pathophysiology of healing 
can be broken down into four components: 

1. The mind affects tissue matter through the 
emotions, 

2. The emotions cause neuropeptides to be re- 
leased, 
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3. The emotions (via the neuropeptides) influ- 
ence the direction and movement of the im- 
mune cells (e.g., monocytes), sending them 
to various parts of the body. 

4. The immune system (e.g., monocytes and ph- 
agocytes) heal the body. 

The neuropeptide receptor sites are located 
on the immune cells, linking the body’s immune 
system with the functions of the mind, emotions, 
and spirit. Neuropeptides are produced in re- 
sponse to the individual's state of mind and emo- 
tions; they influence the state of health of all the 
internal organs. 

‘Through Dynamic Medical Qigong training, 
neuropeptides, in the form of endorphins, are re- 
leased within the body’s system. This release of 
energy and endorphins helps to facilitate the 
patient's healing. 

Through the use of Medical Qigong therapy, 
exercises, and meditations, areas of denial and 
subconscious energetic patterning can be altered. 
The energetic matrix which supports the tumor(s) 
or cyst(s) thus dissolves. 

‘When a healing session occurs, the Qigong 
doctor's external energy field envelops the 
patient's tissues, thus allowing the patient's cells 
to receive new information to reprogram the toxic 
energetic patterns. This reaction occurs providing 
the patient's tissues are open to receive the infor- 
mational structures needed to either rebuild them, 
or disperse the disease’s cell formation. 


CANCER FORMATION AND THE 
PATIENT'S MIND, EMOTIONS, AND 
SPIRIT 

Emotions strongly influence the increase or 
decrease of tumor size; therefore, itis important 
to regulate the patient’s mind, emotions, and 
spirit. When the patient's mind, emotions and 
spirit are free from distractions and are in har- 
mony, the patient is able to manage negative emo- 
tions. Regulating the Mind (whole body aware- 
ness and consciousness) is considered the primary 
Medical Qigong technique used for teaching pa- 
tients how to avoid creating the dark abyss of 
negative emotions, 

‘The patient must learn to let optimism pre- 
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vail over pessimism. The practice of Medical 
Qigong not only cultivates vital energy and builds 
up the patient's health, but promotes the devel- 
‘opment of optimism through creating a quiescent 
mind. Tranquility and optimism improve circula- 
tion of Qi and Blood (which strengthens the im- 
mune system) thereby inhibiting cancer cells un- 
til they gradually perish. 

While visiting in Maui, Hawaii, I came in con- 
tact with four people who had been diagnosed with 
terminal cancer, and had a life expectancy of two 
‘weeks according to their physicians. Each person 
had their own unique story as o how they had come 
to the Hawaiian Islands to die. What struck me as 
fascinating was the fact that each one of these indi- 
viduals had either left successful but extremely 
stressful businesses, or long term abusive relation- 
ships. Each made amends the best they could with 
relationships from their past (those who had anger 
against them or those whom they had hurt). They 
had come to paradise to live their last weeks in 
peace. That was several years ago! It seems that 
upon resolving all personal conflict, and leaving 
their stressful environment, their cancers went into 
spontaneous remission. Each individual was now 
concentrated on enjoying the pleasures of a sim- 
pler life, and on focusing on their own spiritual 
growth. 


STRESSFUL LIFE ACTIVITIES AND THE 
IMMUNE SYSTEM 

Stressful life activities create a flood of adrena- 
line within the body. This occurs not only from 
the endings of the vertebral lumbar division at the 
core segment of the major internal organs, but also 
from the core of the adrenal gland in the medulla 
(which specifically is a sympathetic ganglion, and 
responds to stress by releasing adrenaline into the 
blood stream). Adrenaline spreads throughout the 
body and activates not only the body’s sympa- 
theticnervous system, but also the adrenal glands; 
the heart rate, respiratory rate, blood pressure, and 
Blood flow to the muscles are increased in re- 
sponse to the Fight or Flight Syndrome. 

When the release of adrenaline causes the 
mind and body to react, the immune system must 


then seek to balance the chemical imbalances cre- 
ated within the body, before it can return to its 
normal job of monitoring cellular activity, and 
defending against pathogens. If a patient is al- 
ready vulnerable to a specific disease, added stress 
causes the patient to get sick quicker. Meditation 
takes the patient out of the stress mode, deacti- 
vates the adrenal glands, and normalizes the func- 
tion of the immune system. 

An unstable life style is very stressful and can 
lead to depression and Qi deviations. Conflict 
produces stress which causes anxiety; chronic 
stress wears down the mind and body, which leads 
to anxiety, or depression. Stress begins with an 
overexcitement of the nervous system, slowly 
working its way deep into the body like wet ce- 
‘ment. It causes the shoulders and upper back to 
become tense and rigid. Stress can result from 
happy occasions (such as weddings) and other 
normally pleasant events. When the patient's life 
style is not properly balanced, over time Qi de- 
viations, and illness can result. The capacity to 
bear stress is related to the strength of the nerves. 
‘When stress levels surpass the nervous system's 
capacity to handle them, the nerves “break down"; 
this results in all sorts of physical, mental, and 
‘emotional disturbances. These disturbances, ifun- 
heeded, can eventually lead to organ malfunc- 
tions, cysts, tumors, cancer, and premature death. 
Toavoid such states, a balance between work and 
rest must be maintained. 

At a conference of the International Society 
for Neuro-immunomodulation (The Effects of Stress 
and Depression on Physical Disease), Dr. Philip Gold, 
of the National Institute of Mental Health stated 
that stress and depression send hormones (e.g., 
cortisol) flowing into the bloodstream. An imbal- 
ance of hormones, if unregulated, can: 

* destroy the appetite, 
« cripple the immune system, 
+ shut down the processes that repair tissue, 
+ inhibit sleeping patterns, 
* break down bone density, 
© aid the onset of infection, and 
* instigate the growth of cancer cells. 
‘An individual's emotional past determines 


his, or her, present state of health, both physical 
and emotional. Past emotional belief structures are 
responsible for both creating and healing diseases. 
Just as thoughts drift through the mind (but do 
not become active until they reside within a be- 
lief structure), so emotional wounding resides 
within the tissues and cells waiting to be activated 
by emotional upheavals. Our thoughts become 
form via choices, and manifest within the body. 

In most societies, sharing traumatic wounds 
is often the first act of intimacy and bonding. Trau- 
mas provide a common ground for relationships, 
and support the pain structure that cements the 
relationship. People become addicted to empow- 
ering wounds, which in turn supports and em- 
powers the disease. The exchange of painful per- 
sonal traumas is reinforced by receiving sympa- 
thy and strong empathy, which binds rather than 
releases the pain from the tissues. Desire for shar- 
ing one’s pain in order to receive love can lead to 
a habitual way of relating to those closest and 
dearest. When such individuals feel taken for 
granted, or unappreciated, they may immediately 
resort to sharing past traumas to illicit the desired 
response. When such techniques fail to elicit the 
desired response, a new wounding is experienced. 
Many of these individuals will continue to uncor 
sciously create new traumas, in the hope that, this 
time, the desired outcome will be achieved. This 
in turn can become an addiction, empowering old 
wounds as it creates new ones, including illness. 
Thus, the spirit becomes divided to support the 
new belief structure (i.e,, that pain and misery grin 
love and attention), and the life-force energy de- 
viates from its assigned job of protecting the body, 
which creates illness. Setting the self up for new 
wounds is not a conscious process, but an uncon- 
scious one, which needs to be brought into the 
patient's awareness in order to be healed. Then 
and only then can the mind and spirit act as one 
unit, directing the body’s Qi towards its proper 
function of healing. 

Because energetic healing occurs in the 
present, not in the past, victims of past traumas 
will never heal if the energy continuously re- 
gresses to the armored traumatic belief structure. 
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USING MEDICAL QIGONG TO 
STRENGTHEN THE IMMUNE SYSTEM 

Medical Qigong increases leukocyte produc- 
tion, stabilizes the body’ blood pressure, and im- 
proves the immune function. The immune system 
is not so much an independent system, but is 
rather an interactive functional system through- 
out the body. Immune cells which live in the Blood 
and lymph fluid are commonly known as leuko- 
cytes (white blood cells); lymphocytes are a type 
of leukocytes that is created in the Spleen. The pur- 
pose of these cells is to work together to defend 
against pathogenic factors. The function of leu- 
Kocytes and lymphocytes is to identify, ingest, de- 
stroy, and eliminate disease-causing organisms, 
as well as remove all dead, damaged, or irregular 
cells. 

Immune cells are produced in the lymph tis- 
sue and red bone marrow, and are stored in the 
lymphatic organs and the Blood. To perform the 
function of protecting and cleaning, immune cells 
‘must circulate throughout the entire body through 
the capillaries and vessels that carry Blood and 
lymph fluid. Immune cells travel from the lymph 
nodes and the lymphatic organs of the thymus 
gland, Spleen, and tonsils, which are responsible 
for filtering the lymph fluid to remove impuri- 
ties, and produce more lymph cells. 

Foran External pathogen to affect the body, it 
must first pass through protective layers of cells. 
Generally, the macrophages present within the tis- 
sues ingest the pathogens and dead tissues. Mac- 
rophages are reinforced by the action and move- 
ment of the body’s Wei Qi. When a pathogenic 
intruder invades the body, the macrophages are 
often the first to attack the intruder. If the mac- 
rophages are not strong enough, more Blood and 
fluid are brought to the area, which contain more 
diverse immune cells. The increased fluid en- 
gorges the tissue, which engenders more cellular 
activity. The increased Blood and cellular metabo- 
lism increases the local temperature. The immune 
cells break down and ingest the pathogens, creat- 
ing a process which continues until the disease is 
eliminated. 

‘The dynamic movements of Medical Qigong 
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Cancer Treating 
Prescriptions 


1.The Fast Walking Method 


2. The Deep Breathing Method 


3.The Tone Resonating Method 


Figure 54.3. Three Prescriptions Used For Treating Cancer 


exercises generate Heat, soften the body’s connec- 
tive tissues, and encourage the flushing of the in- 
tercellular fluid throughout the body's tissues and 
organs. Energetic Qigong practices increase oxy- 
genation in the Blood and improve circulation, 
thereby enhancing leukocyte production, and 
strengthening the body's immune system. 


CANCER TREATMENT METHODS, 

Tumor and cancer cells make their own room 
within the body’s tissues by crowding the normal 
tissues. The tumor and cancer cells grab nourish- 
ing energy at the expense of the host, thus dam- 
aging the patient’s body. 

Medical Qigong cancer treatment methods are 
techniques designed to purge the energy that sup- 
ports the tumor. These techniques are based on the 
fundamental Qigong patterns mentioned previ- 
ously. The goal of these patterns focuses on treat- 
ing the patient's Excess syndrome first, by purga- 
tion. Purgation is then followed by tonification, then 
regulation. The rapid growth of healthy energy, and 
the fast expulsion of Evil factors, should lead to 
normal body function restoration, and create more 
vigorous metabolic activity. More nourishment can 
be absorbed, delivered and distributed throughout 
the body, leaving no room to feed the tumor cells. 

In Medical Qigong clinics, tumors are viewed 
as being similar in their expansion and growth to 
that of the energetic pattern of a plant's Qi flow. 
When tracing the origin of a tumor, the Qigong 


doctor begins at the tumor’s location (considered 
the flower or fruit of the disease) and traces its 
energetic branches to the organ of origin (the ac- 
tual root of the disease). If the disease is internally 
induced, the original source, ie, the dysfunctional 
internal organ, feeds the tumor through sup- 
pressed emotional trauma 

‘Toaddress this problem, the doctor prescribes 
the following three cancer treatment methods as 
homework, in addition to Medical Qigong treat- 
ments and herbal therapy: the Fast Walking 
Method, Deep Breathing Method, and the Tone 
Resonation Method (Figure 54.3). 

1, The Fast Walking Method stimulates the elec- 
tromagnetic fields within the tissues and re- 
inforces the patient's Yuan Qi. By walking fast 
and changing the normal breathing patterns, 
the cancer cells can be destroyed. This is be- 
cause the dual action of shocking the systern 
with more Qi and Blood flowing through the 
body tends to stimulate the electromagnetic 
fields within the tissues, causing the tissue 
cells to become stimulated and the immune 
system to be aroused and thus enhanced. 

2. The Deep Breathing Method tranquilizes the 
patient's mind, and enhances their Yuan Qi. 
‘The Deep Breathing method is used to treat 
various cancers due to mental and emotional 
factors, by changing the patient’s normal 
breathing patterns. 

By changing the normal breathing into rapid 
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exhaling, slow deep exhaling, or relaxed ton- 

ing, Blood clots and tumors can be dissolved. 

This breathing technique has a special effect on 

reinforcing the patient's Yuan Qi. When pre- 

scribing Medical Qigong therapy, it is impor- 

tant to match the patient’s Yin disease with a 

‘Yang method of treatment, and a Yang disease 

with a Yin method of therapy. For example: 

rapid exhalation (a Yang method) would be 

‘used when treating an abdominal mass caused 

by a Cold (Yin) condition. 

3. The Tone Resonating Method is utilized to 
purge any residual Evil pathogenic factors 
from the patient's body. 

When first starting the Medical Qigong Can- 
cer Tone therapy, a patient's practice time should 
be short. The performing time can be extended 
gradually with the increase of the patient's physi- 
cal strength. To bring the Medical Qigong exercises 
to peak efficiency, a patient should practice a mini- 
mum of four hours (including 15 minute breaks), 
and up to six hours each day. The patient can takea 
break after half an hour to avoid fatigue. 

‘Through various kinds of breathing and fast 
walking therapies, Qi can be energized to flow so 
vigorously through the Conception Vessel that the 
patients’ Yin and Yang is balanced and their Lung 
Channels are strengthened. In the course of treat- 
ing the tumor or cancer, True Qi (Zhen Qi) is fos- 
tered and the immunity of the body strengthened. 
Research from China proves that persistent train- 
ing, vigorous enough to increase a person's heart- 
beat up to 70-80% of its maximum rate, helps dis- 
solve Blood clots. Other reports state that long dis- 
tance running can be effectively used to cure can- 
cers. These reports may help explain why fast 
walking, and breathing methods, are effective for 
preventing and treating cancer. 


SOCIAL ONCOLOGY—ESTABLISHING A 
CANCER SUPPORT Group 

In China, cancer patients join support groups 
to practice Medical Qigong, This form of treatment 
is called social oncology; it was created by the 
Cancer Recovery Society for the purpose of sup- 
porting human interaction and the recovery of 
health by cancer patients. 
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Cancer recovery groups meet daily in parks 
throughout China, practicing self-healing (in par- 
ticular, Guo Lin's Cancer Recovery Qigong and 
Walking Qigong Therapy). After practice, the 
groups gather together for about an hour to so- 
Cialize in a nearby tea house. The patients sing 
songs, tell jokes, laugh, introduce new members, 
read poems, and tell stories that highlight the pos- 
sibilities of recovery from cancer. As part of the 
social meeting, the group regularly sings Happy 
Birthday” to each patient who has an anniversary 
after his or her cancer diagnosis. Laughter be- 
‘comes a top priority in social oncology, and is con- 
sidered the strongest medicine for healing. 
‘According to Dr. Roger Jahnke, O.M.D,, the 
advantages of social oncology are three fold: stress 
reduction, positive reinforcement of hope, and the 
establishment of deep interpersonal relationships. 

1. Stress is reduced through socializing rather 
than isolating and fretting. The social healing 
aspect of the patient’s recovery program 
serves as a constant reminder that the physi- 
cal healing is enhanced when he or she be- 
comes lighthearted and free of worry. 

2, Increased hope and faith is achieved through 
the power of personal testimony. Each day 
during the social healing session, patients hear 
stories of close friends whose recovery pro- 
cess proves the benefits of healing from vari- 
ous forms of Medical Qigong. 

3. The value of love and encouragement from 
friends mitigates depression, fear, and worry. 
Isolation is like a food to cancer; social on- 
cology provides fun, encouragement and a 
deep, caring interpersonal connection within 
the recovery group. 


SOCIAL ONCOLOGY WITHIN THE 
HospITaLs 

In several Medical Qigong hospitals in China, 
when the patients first check-in, they are assigned 
a support group. The support group consists of 
previous and current patients, who have survived 
the same type of cancer as the entering patients. 

‘To assist patients in healing and to give them 
every emotional advantage during recovery, visi- 
tors, phone calls, letters, TV, and newspapers are 
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forbidden for six weeks; this ensures a controlled 
environment in which neither family nor friends 
can adversely affect the healing process (through 
critical comments or attitudes). Patients are im- 
mersed in a support group full of caring, moti- 
vated individuals all working towards the same 
goal. Furthermore, patients who have been there 
the longest share their success stories, boosting 
everyone's moral. 

‘The concept of clinical social oncology is 
based on the belief that the patients’ high spirits 
affect the emotional perspective, and thus mental 
thinking. These emotional and mental changes 
alter the physical body. It was recently discovered 
that the group of breast cancer patients, who par- 
ticipated in the Stanford Hospital Cancer Support 
Group, lived twice as long as the women who re- 
fused to join the group. This difference in longev- 
ity was attributed to the love, support, and social 
aspect of the cancer support group. This recently 
discovery has given rise to the increase of several 
support groups in the United States now being 
established for patients recovering from AIDS, 
heart attacks, and many other illnesses including 
several types of cancer. 


CANCER RESEARCH 

Noted research scientist Feng Lida pioneered 
cancer research in China by showing that emitted 
Qi from Qigong masters produced marked 
changes in cancer cell cultures from mice. Several 
studies reported the effects of emitted Qi on tu- 
mors in animals, The emission of Qi, for example, 
‘was reported to inhibit the growth of implanted 
malignant tumors in mice, but did not destroy the 
tumors. Encouraged by the results with animals, 
researchers carried out clinical research on the ef- 
fects of Medical Qigong on human subjects with 
cancer. 

In one study, 127 patients with medically di- 
agnosed cancer were divided into a Qigong group 
of 97 patients, and a control group of 30 patients. 
All patients received drugs, and the Qigong group 
practiced Medical Qigong for more than two 
hours a day over a period of 3 to 6 months. Both 
groups improved, but the Qigong group showed 
improvements four to nine times greater than the 


control group for strength, appetite, and weight 
gain. The Qigong group also did not experience 
bouts of diarrhea. The phagocytic rate, which is a 
measure of the immune function, increased in the 
Medical Qigong group, but decreased in the con- 
trol group. These cancer treatment results were 
gathered and compiled from clinical research by 
Dr. Kenneth M. Sancier, available in the first Ap- 
pendix of this text. 


MEDITATIONS FOR CANCER PATIENTS 

The following meditations are frequently used 
within the Medical Qigong clinic to aid healing. 
As previously discussed, it takes focused concen- 
tration to initiate an energetic transformation. 
Focused concentration is achieved through proper 
imagination, visualization and positive affirma- 
tion; itis practiced to reprogram the body's ener- 
getic cell patterns, and initiate healing. 


DIVINE HEALING LIGHT MEDITATION 

A very effective Medical Qigong meditation 
called Divine Healing Light is practiced by can- 
cer and tumor patients throughout China to dis- 
solve and disperse energetic pathogens. This 
meditation begins as follows: 

Begin in a seated posture. Relax, and feel a 
quiet comfort. Imagine yourself seated on a quiet 
mountain overlooking the ocean, resting under a 
clear, dark blue evening sky. At the rim of the 
ocean, the full moon begins to rise. It continues to 
ascend until it faces you, suspended in the sky 
above your head. Siowly the moon begins to 
shrink, becoming smaller and smaller, yet brighter 
and brighter until it becomes the size of a small 
luminous pearl. This brilliant white pearl begins 
to pulse and expand, as it grows it opens to form 
alarge orb, vibrating with divine power. From the 
center of the divine power flows unconditional 
love, healing, and compassion. 

Breathe in this vibrant, healing light; allow it 
to penetrate deep into your body, permeating ev- 
ery cell, illuminating and dispersing all illness. 
Open fully to the divine healing. Feel the love and 
‘compassion enveloping you, and penetrating all 
the diseased areas of your body. Continue to 
breathe the healing energy in through your nose 
and exhale out through your mouth (imagining 


all the unclean energy descending into the 
ground). Continue this breathing pattern until all 
the negative energy has been expelled and re- 
placed with divine love and healing light. 
PULLING OUT THE PAIN MEDITATION 

This meditation is an effective treatment pre- 
scription for treating many illnesses, including 
cancer and tumors. The goal is to eliminate all 
toxic belief structures that stand in the way, and 
sabotage the patient's healing. Gentle acceptance 
of the illness and emotional pain opens the path- 
way to understanding and unveiling hidden trau- 
mas. Force does not work in trying to change the 
tumor or cancer energetic patterns. Only honesty, 
respect, tenderness, and understanding will be- 
gin the healing process. As pain and suffering are 
allowed to surface into consciousness, the immune 
system is able to recognize diseased cells, and can 
mobilize an army of immune cells. These are then 
able to effectively identify, dissolve, and remove 
any tumors and disease. 

The doctor instructs and guides patients 
through this meditation matching the rhythm of 
the words, to the patients’ exhalations. Patients 
draw their painful memories and traumas out of 
their body in the form of dark smoke; they then 
separate the distilled wisdom and knowledge 
from this dark cloud, reabsorbing the healing light 
into every pore and cell in their body. The dark 
cloud then is released with the help of an angelic 
being who severs the energetic cord(s) that still 
attach the patients to their pain and suffering, The 
doctor assists the complete severance by clapping 
his or her hands as the patients visualize the 
"Sword of Truth” (held by this holy being), sever- 
ing the dark energetic cord(s). The sword of truth 
represents the patients’ intent to regain their 
power by letting go of their attachment to their 
illness. This attachment created very real energetic 
cords that bound the patients to their painful 
memories and toxic emotions. Severing these 
cords, or cord, symbolizes the end of the patients’ 
investment in their disease, and the beginning of 
true healing. All the patients’ pain and despair is 
released, as the black cloud ascends into the Heav- 
ens, and into the hands of God (ora higher power, 
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in accordance with the belief structure of the pa- 
tients). As the cloud reaches the first wave of love 
and compassion emanating from God (or a higher 
power), a mighty explosion transmutes the black 
despair and pain, into divine healing light. The 
doctor then assists the patients in accepting this 
healing, loving light back into their body, to ex- 
perience, perhaps for the first time in their lives, 
true forgiveness and a state of grace. 

1. Begin by sitting comfortably in a chair, with 
both feet on the floor, hands resting on the 
thighs, eyes closed, tongue on the upper pal- 
ete. Breathe naturally through the Lower 
Dantian. 

2. Focus your attention on the Yellow Court area 
below the diaphragm where you store pain- 
ful memories and traumas. Imagine opening 
up this area to release the toxic energy out of 
your body as a stream of dark steam releas- 
ing from a pot. 

3. As the dark steam flows out of your body you 
release feelings and memories of guilt, anger, 
rage, humiliation, abandonment, degrada- 
tion, rejection, insecurity, and sorrow. These 
toxic emotions have, until now, prevented you 
from healing through creating a deep distrust 
of yourself and others. 

4, Focus your attention on this energetic cloud, 
and begin separating the pain and hurtful 
memories from the knowledge and wisdom 
gathered from these experiences. Visualize 
this knowledge and wisdom in the form of 
golden, white, and silver light energy gather- 
ing on the right side of the room. Continue to 
drain the dark cloud of misery and pain, now 
occupying the left side of the room, until you 
have extracted all the new insights from it. 
As you do so, you notice the dark cloud be- 
coming heavier and darker. 

5. Focus on the right side of the room. Through 
you intention, begin to inhale and imagine this 
bright, illuminating energy flowing back into 
your body. Absorb this knowledge and wis- 
dom gathered from past experiences, void of 
any feelings of hurt, pain, or judgement, into 
every cell of your body. This distilled know!- 
edge and wisdom empowers you to heal from 
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your wounds on a physical, mental, emo- 
tional, and spiritual level. 

6. Next focus your attention on the dark black 
cloud containing all your pain and suffering. 
Imagine an angelic being, righteous and holy 
holding a “Sword of Truth” standing by your 
side, ready to sever the dark energetic cords 
still connecting your physical body to this 
dark cloud of despair. The sword descends 
and severs the cords (the doctor claps his or 
her hands at this moment), 

7. The cloud of darkness begins to float up, 
through the ceiling, through the sky into 
space. Far in the distance you begin to per- 
ceive God, or a higher power, emanating 
waves of compassion, love, and mercy de~ 
scending towards the Earth. One of the waves 
touches the ascending dark cloud of hurt and 
pain, exploding it into a brilliant light. The 
cloud is immediately transmuted into fluo- 
rescent crystal blue drops of light. This pure, 
clean energy descends from the Heavens like 
agentle rain. Breathe in this crystal blue heal- 
ing energy, let it penetrate deeply into every 
pore, every tissue and cell, saturating your 
body completely. Feel the light cleansing, heal- 
ing, and radiating throughout your being. 


SUMMARY 

Cancer is defined by Traditional Chinese 
Medicine as, “an obstruction of Qi and Blood cir- 
culation resulting in stagnation.” The root cause 
for cancer is the breakdown and stagnation of the 
patient’s Yuan Qi. Once cancer becomes estab- 
lished within the patient's body, or metastasizes, 
it is difficult to heal. 

In order for cancer to form, it must elude the 
body's immune system, undergo many divisions, 
and produce countless generations of cells without 
resistance. By the time the cancer cells have formed 
into cluster mass, a fixed energetic pattem has been 
established to support its existence and survival. 

Only when the patient's Yuan Qi is returned to 
its original state, can the body begin to heal itself. 
Medical Qigong Cancer treatment methods 
strengthen the True Qi which in turn strengthens 
and cultivates the Yuan Qi. In this manner, the body 


is returned to its natural state of Yin and Yang bal- 
ance. 

Itis the author’ shope that these effective meth- 
ods of treating cancer will soon be available to the 
American public. To this end, Ihave established a 
three-year master’s and plan to offer a five-year doc- 
torate program in Medical Qigong Science at the 
Five Branches Institute, College of Traditional Chi- 
nese Medicine, in Santa Cruz, California. 


TREATING TUMORS AND 
CANCER WITH MEDICAL 


QIGONG THERAPY 

The following are several Medical Qigong, 
techniques and treatment modalities, currently 
used in China, to treat different types of energeti- 
cally induced cysts, tumors, and cancers. Itis ad- 
visable to accompany the prescriptions with vari- 
‘ous herbal prescriptions. 


BRAIN TUMORS 

Abraintumorisa generic term used to describe 
any intracranial mass, which includes: neoplastic, 
cystic, inflammatory (abscesses), or syphilitic. 
ErioLocy 

‘There are many causes for intracranial tumors. 
‘The most common cause is Kidney Yin (Water) fail- 
ing to wash over the brain to disperse the patho- 
‘gens. This condition can be caused by Excess Liver 
Fire dissolving the body’s Kidney Water. 
SYmproms 

Intracranial tumors produce symptoms prima- 
rily by two mechanisms: the infiltration and destruc- 
tion of the normal brain tissue; or the tumor mass 
affecting the surrounding tissue, which causes 
edema, thus increasing the intracranial pressure. 

General symptoms include headache (due to 
intracranial pressure), changes in the retina, and 
vomiting (without nausea). Additional symptoms 
include mental and emotional changes such as 
dullness, giddiness, or epileptiform convulsions. 
‘TREATMENT 

1. The doctors first step is to analyze the syn- 
drome and the patient’s emotional outlook. 


‘When treating brain tumors, the growth of the 
disease must first be stopped. Check the 
patient's external living conditions, and do a 
psychological profile to determine any detri- 
mental patterns. 

2. Dredge and disperse toxic Heat out of the 
patient’s Yang channels. Remove any Excess 
Liver Fire by drawing it out the Liver organ; 
then dredge the patient's Liver Channels, dis- 
persing toxins out through the Lv-3 points. 

3. The doctor must reverse the process of tumor 
development to dissolve the tumor. Instruct 
the patient to visualize energy from the Lower 
Dantian rising up to the tumor and transform- 
ing the mass back into Qi. The tumor growth 
must be reversed by first converting the solid 
tumor into soft tissue, then into fluid Qi that 
is then dispersed. 

In cases of cranial thrombosis, tumors must 
be dissolved slowly; otherwise other tumors 
will be created. The tumors must be softened, 
then slowly dispersed to avoid any recreation 
of the energetic channels’ dysfunctions. 

4. Extend Qi into the patient to reinforce the Kid- 
neys’ Qiby extending Qi into the patient's feet 
via the brain tumor point, Shihmein, at the 
bottom of the heels (Figure 54.4). Next, lead 
the patient's Kidney Water up into the brain 
to rinse over and slowly dissolve the tumor. 

5. Finally, regulate and balance the patient's Yin 
and Yang energy. 

PRESCRIPTIONS AND HOMEWORK 

1, Have the patient practice the healing sound 
“Duo” (10 times in a straight and 10 times 
descending / ascending tone) five times a day. 

2. Assign tonifying exercises for the Kidneys and 
Heart. 

3. Prescribe herbal teas to enhance the patient's 
Kidney Yin. 


BREAST CANCER 
Mammary cancer is one of the most common 
types of malignant tumors in women; it is con- 
sidered a malignant neoplasm of the breast. 
ErioLocy 
‘There are multiple factors associated with breast 
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Shimian Point 


Figure 54.4. The Qigong doctor will emit Qi into the 
Patient's “Brain Tumor” point (also called the Shimian, 
meaning insomnia point) located at the bottom of the 
patient's Heel 


cancer. These factors can be categorized under ge- 
netic family factors, hormonal factors, dietary fac- 
tors, environmental factors, and benign breast dis- 
ease. Heredity can play an importantrole, especially 
if the patient’s mother (or close relative) had bilat- 
eral breast cancer diagnosed prior to menopause. 
Also, a history of chronic breast disease (especially 
epithelial hyperplasia), or obesity can predispose 
the patient to breast cancer. 
Symproms 

Symptoms consist of hard lumps which lack 
mobility, and progressively increase in size. The 
hard lumps may be concave, convex, or protrude; 
or the nipple may be inverted, Breast cancer is usu- 
ally related to stagnation of the Liver’s Qi, stasis 
of Blood, Phlegm and Toxic Heat, as well as weak 
Kidneys. The emotional components which lead 
to breast cancer are suppressed grief, worry, sor- 
row, and depression. 
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‘TREATMENT 

1. Purge and eliminate the stagnation from the 
breast tissue (Figure 54.5). 

2. Subdue the Rebellious Qi. 

3. Clear the Liver and tonify the Kidneys. When 
treating breast cancer, the doctor should use 
the Vibrating Palm in conjunction with pro- 
jected Tone Resonation (projecting both vibra- 
tion and the “Ni” tone resonation into the can- 
cerous area). 

4, Tonify the patient's Conception and Thrust- 
ing Vessels, and end with the Microcosmic Or- 
bit regulation (Fire Cycle). 

UTERINE CANCER 
Uterine cancer is considered a malignant neo- 
plasm of the uterus. 
ErioLocy 
The etiology of uterine cancer is unknown. 
Possible causes of the disease may be: 
* chronic stress 
* toxins 
‘+ suppression of emotions 
+ pathological changes of the endometrial hy- 
perplasia, or 
* cervical carcinoma spreading onto the uterus. 
‘Symproms 
A uterine carcinoma is generally more com- 
‘mon in women after menopause, roughly 75% of 
uterine cancers occur in postmenopausal women, 
15% peri-menopausal women and 10% of men- 
struating women. The main clinical manifesta- 
tions include pain in the lower abdomen, waist 
and thighs, abnormal uterine bleeding with a 
bloody, purulent discharge. 
TREATMENT 
One Medical Qigong therapeutic technique 
used in China to treat uterine cancer is as follows. 

1. Purge the diseased area of stagnant Qi using 
the Thunder Palm technique in conjunction 
with the Vibrating Palm technique. 

2. Project the sound "Yu" into the uterus to dis- 
perse Heat from the cancer cells. 

3. Disperse Excess Heat from the patient's Liver 
and uterus, leading the Toxic Qi out the 
patient's body via the right Gall Bladder 
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Figure 54.5. After Purging the pathogenic Qi from the 
patient's upper body, the Qigong doctor continues to 
disperse the patient's Toxic Qi from her lower abdomen, 
leading it down her legs and out her St-36 points. 


Channel. 
4, Fill and tonify the patient’s Lower Dantian 
and Kidneys with Qi. Circulate the energy 
through the Microcosmic Orbit to improve Qi 
and Blood circulation through the Governing 
and Conception Vessels. 
PRESCRIPTIONS AND HOMEWORK 

‘The Conception Vessel moves Qi in the Lower 
Burner and uterus; it is the primary Vessel used 
in treating uterine and cervical cancer. Sexual ac- 
tivities are therefore prohibited from the start of 
the treatments, until treatment is no longer 
needed. 

1. Have the patient practice the Descending the 
Yang and Ascending the Yin Technique (see 
Chapter 41), ending with the healing sound 
"Yu" for 24 breaths, 9 times a day. 

2. Prescribe the Fast Exhaling Breathing Method 
along with the Cancer Walking methods for 
treating Kidney disease (see Chapter 15). 

3. Have the patient practice the method of Tak- 
ing in the Blue Qi, three times a day for 15 
minutes each session, to strengthen the Kid- 
neys. 

4, Have the patient practice the Filth Dispelling 
meditation, while focusing on her uterus. This 
meditation is practiced as follows: 

a. From a sitting posture, with the eyes 
closed, and the body relaxed, place the 
tongue up against the upper hard pal- 
ate, behind the teeth. 

b. Breathe naturally and evenly. 

c. Imagine Qi whirling in through the 
upper portion of the uterus, circulating 
clockwise, building momentum as the 
energy flows downward to the base of 
the uterus. 

. Once the energy has reached just above 
the cervix area, imagine the whirling Qi 
absorbing the noxious Heat and Toxic 
Qi from the uterus, transforming it into 
wind, and dispelling it out the vagina. 
Repeat this sequence 10 times. 

e. Next, gently close the vagina and anal 
sphincter, then inhale, and imagine the 
Qi flowing into the body through the 
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vagina, As this energy flows into the 
uterus and Lower Dantian area, it trans- 
forms into wind. This wind circulates 
ina counterclockwise direction, spiral- 
ing up the body, through the Thrusting 
‘Vessel and exits the body through the 
mouth with each exhalation. Repeat 
this visualization 10 times. 

{. Finally, focus attention on the Lower 
Dantian, imagine the Qi retuming tots 
origin, and rub the abdomen 36 times 
ina clockwise direction to end the pre- 
scription. 


CERVICAL CANCER 
Cervical cancer is considered one of the most 

‘common malignant tumors in China. It is consid- 

ered a malignant neoplasm of the cervix of the 

uterus, and can occur at any age. 

EtioLocy 

Cervical cancer is suspected to be an onco- 
genic papilloma virus thatis transmitted sexually. 
Risk factors include: 

* sexual intercourse at an early age, 

+ multiple sexual partners and promiscuous 
‘male sexual partners (especially those whose 
previous partner had cervical cancer), 

* serious cervical lacerations caused from the 
penis being too long, or the insertion of for- 
eign objects, 

© unsanitary sexual relationships, 

* closely spaced births, and 

+ a family history of cervical cancer. 

Excessive sexual activity predisposes young 
teenage girls to cervical cancer, because, with the 
onset of ovulation and the changes in vaginal PH, 
active squamous metaplasia is taking place in the 
cervix. During this time of cellular immaturity and 
vulnerability, a carcinogen is most likely to have 
an influence on the squamous epithelium; this can 
predispose the teenager girl to cervical cancer later 
on in life. 

‘THE DEVELOPMENT oF CERVICAL CANCER 

There are two main types of cancer of the cer- 
vix. The squamous cell carcinomas make up 85- 
90% of cervical cancer, the rest (a small 10-15%) 
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are developed from a malignant adenoma arising 
from a glandular organ known as a adenocarci- 
noma. 

Cervical cancer begins with the growth of 
abnormal precancerous cells and tissues called 
dysplasia. Dysplasia is first detectable in the squa- 
mous epithelium of the cervix (the muscle lining 
ofthe cervix), and spreads to create a tumor called 
cervical intraepithelial neoplasm (CIN). The cer- 
vical intraepithelial neoplasm progresses through 
three levels of severity, from mild, to moderate, 
to severe, At the severe level of CIN, the precan- 
cerous growth turns malignant; it becomes a car- 
cinomain situ (localized). Ifleft untreated, the car- 
cinoma progresses through four more stages of 
development, each of which is subdivided into 
two grades of severity. These grades indicate the 
location and spread of the carcinoma. The four 
stages and their subdivisions are described as fol- 
lows: 

In the beginning stages of the disease, cervi- 
cal dysplasia is characterized by three stages of 
abnormality and severity (CIN-1,-2,-3), which later 
progress onto four stages of invasive carcinoma 
(Gtages I through IV). 

* CIN-1: Corresponds to a mild condition of 
dysplasia. 

* CIN-2: Corresponds to a moderate condition 
of dysplasia 

* CIN-3: Corresponds to a severe condition of 
dysplasia, and carcinoma (in situ). The can- 
cer, however, is found only in the layers of 
the cells lining the cervix, and has not yet ex- 
tended deeper into the tissue lining. 

* Stage I-A: Corresponds to a microinvasive car- 
cinoma. The cancer is beginning to spread 
from the lining of the cervix into the deeper 
connective tissue. 

‘+ Stage I-B: Corresponds to an invasive carci- 
‘noma confined to the cervix. The cancer has 
now spread from the lining of the cervix into 
the deeper connective tissues. 

‘* Stage II-A: Corresponds to a tumor extend 
ing beyond the cervix, into the upper third of 
the patient's vagina, but is still inside the pel- 
vic area 


« Stage II-B: Corresponds toa tumor extending 
beyond the cervix, into the loose connective 
tissues around the patient's uterus 
(parametrium), but is still inside the pelvic 
area. 

* Stage III-A: Corresponds to a tumor extend- 
ing into the lower third of the patient's va- 


* Stage III-B: Corresponds to a tumor extend- 
ing into the patient's pelvic wall. At this stage, 
the cancer may be blocking the ureters (re~ 
sponsible for carrying urine from the Kidneys 
to the Bladder). 

* Stage IV-A: Corresponds to a tumor extend- 
ing into the patient's Bladder or rectum. 

* Stage IV-B: Corresponds to a tumor extend- 
ing into the patient's Liver or Lungs. 

‘SympToms. 

Clinical symptoms include bleeding after 
sexual intercourse and between periods, abnor- 
mal bowel movements, or fatigue. Bleeding may 
also be noticed after severe exertion or straining 
during defecation. As the disease develops, the 
Jeukorrhea (vaginal discharge) may become filthy 
and mixed with blood, or foul and mixed with 
sloughed pieces of Body Fluid or tissue. Addi- 
tional symptoms include lumbar, sacral and ab- 
dominal pain, Bladder irritation, frequent and 
urgent urination, blood-tinged vaginal discharge, 
unilateral lymphoedema, and unilateral ureteral 
obstruction (this indicates a very advanced stage). 
‘TREATMENT 

When Righteous Qi is increased through 
Medical Qigong therapy and prescription home- 
work, the energy feeding the patient's cancer be- 
gins to decrease. 

One Medical Qigong therapeutic technique 
used in China to treat cervical cancer is as follows: 

1. Purge the diseased uterine area of pathogenic 

Qiusing the Thunder Palm technique in con- 

junction with the Vibrating Palm to disperse 

the stagnation. 

2. Use the “Yu” sound Qi projection into the 
uterine and cervix area to disperse Heat from 
the cancer cells. 


3. Disperse the Excess Heat from the patient's 
Liver and cervix areas, leading the Toxic Qi 
out the patient's body via the right Gall Blad- 
der Channel. 

4, Fill and tonify the patient’s Lower Dantian 
and Kidneys with Qi. Circulate the energy 
through the Microcosmic Orbit to improve Qi 
and Blood circulation through the Governing. 
and Conception Vessels. 

PRESCRIPTIONS AND HOMEWORK 

‘The Conception Vessel moves Qi in the Lower 
Burner and uterus, and is the primary vessel used 
to treat uterine and cervical cancer; therefore, sexual 
activities are prohibited from the start of the treat- 
‘ments, until treatment is no longer needed. 

The prescriptions and homework required for 
cervical cancer treatment are exactly the same exer- 
cises that are used for the treatment of uterine can- 
cer 


PROSTATE CANCER 
Prostate cancer is considered a malignant neo- 
plasm, and is usually an adenocarcinoma of the 
prostate gland. It is the major type of cancer in 
rales. Prostate cancer occurs in less than 1% in 
‘men under 50. Men with a family history of pros- 
tate cancer are three times more likely to develop 
it then the general public. Many prostate cancers 
remain dormant, but once awakened, can become 
life-threatening. 
ErioLocy 

The etiology of prostate cancer is unknown. 
Speculations suggest that prostate cancer can be 
related to an imbalance between male and female 
hormones. From a Western Medical perspective, 
the carcinogenesis is a multistep accumulation of 
genetic lesions. These lesions may result in un- 
controlled cellular proliferation, a decrease in cel- 
lular death or an apoptosis, invasion, and the 
metastatic spread of the disease. 

From a Traditional Chinese Medical perspec- 
tive, prostate cancer is due to Excess Liver Fire and 
Kidney Deficiency. The suppression of anger and 
fear, as well as a diet consisting of a high alcohol 
intake, or consumption of too many hot spicy foods, 
may also cause, or contribute to prostate cancer. 
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SyYmPToms. 

In the early stages there are no symptoms; 
however, as the disease progresses the inflamed 
prostate gland impedes urination and results in 
outflow obstruction, preventing the Bladder from 
emptying completely. Dull pain is experienced 
around the external genitals and Bladder. There 
is frequent burning, unfinished and dripping af- 
ter urination with white discharge. Also, in some 
cases, there will be sexual function disord. 
inability to attain erection) as well as sciatica-like 
symptoms with pain radiating downward to the 
perineum and anus. 

If the prostate is hard and firm, it indicates 
cancer; if the prostate is large and swollen, it indi- 
cates an infection. Inflammation of the prostate 
can be divided into acute and chronic conditions, 

In acute prostatitis caused from Damp Heat 
in the Lower Burner, symptoms include pain and 
discomfort in the genital and Bladder areas, fe- 
ver, and chills. 

In chronic prostatitis, symptoms include dull 
pain in the urogenital area, discharge from the 
penis, discomfort during sexual intercourse, and 
frequent urination (especially during the night). 
‘TREATMENT 

‘One of the Medical Qigong therapeutic tech- 
niques used in China to treat prostate cancer is as 
follows. 

1. With the patient supine, begin to purge the 
diseased prostate area of pathogenic Qi us- 
ing the Thunder Palm technique in conjunc- 
tion with the Vibrating Palm to disperse the 
stagnation. 

2. Next, use “Yu” sound projection into the pros- 
tate area to disperse the Heat from the cancer 
cells. 

3. Disperse Excess Heat from Liver and patho- 
genic Qi from the prostate, out of the patient's 
body via the right Gall Bladder Channel. 

4, Fill and tonify the patient’s Lower Dantian 
and Kidneys with Qi, and circulate the energy 
through the patient's Microcosmic Orbit to 
improve Qi and Blood circulation within the 
Governing and Conception Vessels. 
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PRESCRIPTIONS 

Depending on the patient's condition, one or 

more of the following prescriptions may be given: 

1. The “Guo” sound resonation is used to dis- 
perse the Liver Fire. 

2. The Kidneys’ “Yu” sound resonation is used 
to disperse Toxic Qi from the prostate. 

3. Tonification and regulation exercises are pre- 
scribed for the Lower Dantian, Spleen, and 
Kidneys. 

4, The following three exercises are used to treat 
prostate cancer, and were made popular in the 
West by Dr. Hong Liu. 


a. 


Sit at the edge of the chair with your 
feet flat on the floor. The right leg 
crosses over your left leg. With your left 
hand grasp the bottom of the right foot. 

Then extend your right hand out in 
front of the body, palm facing upward, 
while you imagine releasing toxic en- 
ergy from your body through the 
mouth as you exhale. As you inhale, 
twist your hand as far as possible to- 
wards the right side keeping your eyes 
on the palm, while simultaneously pull- 
ing your foot towards the body and 
contracting the anus and perineum. 
‘This opens the Liver Channel and di- 
rects Qi into the Kidneys and prostate 
area. 

After completing the movement, hold 
your breath for a moment. Imagine 
Blood and Qi flowing into the prostate 
area and exhale while returning to the 
starting position. The exercise is re- 
peated for 18 breaths per each side. 
The next exercise begins from a Wuji 
posture. Bend over as you flex your toes 
upwards. Hold this position as long as 
you can before standing erect, focusing 
on breathing naturally from the abdo- 
men. This movement increases the flow 
of Qi and Blood into the prostate area. 
It is important to make sure this exer- 
cise is performed slowly. The exercise 
is repeated 9 times, 


c. This last exercise is done sitting on the 
floor while facing a wall. Place the balls, 
of your feet against the wall while rest- 
ing your heels on the floor. Wrap your 
arms around your bent knees, while 
keeping the back straight and breath- 
ing naturally through the Lower 
Dantian. 

While inhaling, focus on breathing 
from the lower abdomen instead of the 
chest. This causes the Qi of the Thrust- 
ing Vessel to stimulate the prostate 
gland, and increases the flow of Qi and 
Blood into the prostate area. The exer- 
cise is repeated for 18 breaths. 

5, The “Filth Dispelling Meditation,” is also pre- 
scribed, with the patient focusing on his pros- 
tate area. This meditation is practiced as fol- 
lows: 

a. From a sitting posture, with the eyes 
closed, and the body relaxed, place the 
tongue up against the upper hard pal- 
ate, behind the teeth. 

b. Breathe naturally and evenly. 

¢. Imagine Qi whirling in through the 
upper area of the Bladder, circulating 
clockwise, building momentum as the 
energy flows downto the prostate area. 

d. Once the energy has reached the pros- 
tate, the patient will imagine the whirl- 
ing Qi absorbing the noxious Heat and 
filthy Qi from the Bladder and prostate 
areas, transforming it into wind, which 
is dispelled out through the penis. The 
exercise is repeated 10 times. 

e. Next, gently close the anal sphincter 
while inhaling and imagine the Qi flow- 
ing into the body through the penis. 
This energy flows into the Lower 
Dantian, becoming transformed into 
wind. This wind begins circulating ina 
counterclockwise direction, spiraling 
up the body, through the Thrusting Ves- 
sel and exits through the mouth with 
each exhalation. This is also practiced 
for 10 repetitions. 
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Figure 2 


f. Finally, focus the attention on the Lower 
Dantian; imagine the vital Qi returning 
back to its origin, while rubbing the ab- 
domen in a clockwise direction to end 
the prescription. 


LUNG CANCER (PULMONARY 
CARCINOMA) 

Lung cancer, also called a “Bronchial Carci- 
noma,” is a malignant Lung tumor that originates 
in the bronchi. It can also spread to the trachea ap- 
pearing as an ulcer in the windpipe, a small flat- 
tened bump ornodule. It can extend into the body’s 
lymphatic system, as well as into the blood vessels. 

‘The most common type of bronchogenic tu- 
mor is the squamous cell or epidermoid (on the 
airway lining). The oat cell and adenocarcinoma 
are the next most common. 

Erioocy 

Squamous cell cancer is usually associated 
with a history of cigarette smoking and second- 
hand smoke. Statistically it is the most common 
of all carcinomas and accounts for 40% of all male 
deaths. Other chemical carcinogens may cause 
Lung cancer, especially among workers in indus- 
trial and mining areas. 

Symproms 

‘The main clinical manifestations include: chest 
pain, coughing with scanty sputum (sometimes 
with blood), pectoralgia, fever, loss of appetite, loss 
of weight, weakness and breathlessness in the later 
stages due to a Lung Yin Deficiency. 

TREATMENT 

Purge the Excess Heat from the patient's 
Lungs and Liver. Tonify and regulate the patient's 
Kidneys and Mingmen area, then strengthen the 
patient’s Spleen and Lungs. 

PRESCRIPTION AND HOMEWORK 

1. Have the patient practice the Dry Crying ex- 
cercise for a period of 15 minutes twice a day 
(see Chapter 53). 

2. Have the patient practice the Sun and Moon 
Rotation Technique (see Chapter 41), ending 
with the healing sound “Shang” for 24 
breaths, 9 times a day. 

3. Prescribe the Fast to Moderate Exhaling 
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Breathing Method along with the Cancer 
Stepping Method for treating Lung diseases 
(see Chapter 15). 

4, Have the patient practice the method of Tak- 
ing in the White Qi, three times a day for 15 
minutes each time to strengthen the Lungs. 

5. Have the patient practice the method of Tak- 
ing in the Blue Qi, three times a day for 15 
minutes each time in order to strengthen the 
Kidneys. 


Liver CANCER 

The Liver is the most usual site for the meta- 
static spread of tumors that disseminate through 
the Blood system. Carcinoma of the Liver is quick 
in development, high in mortality, and is regarded 
as one of the common malignant tumors. 
ErioLocy 

The etiology of Liver cancer is unknown. 
There are speculations suggesting that the follow- 
ing list of items may cause, or contribute, to the 
creation of Liver cancer: 
* exposure to chronic stress and the suppres- 
sion of anger, 
+ toxic poisoning (Liver cancer is usually asso- 
ciated with a long history of alcohol, drug 
abuse and chronic hepatitis), and 
‘+a congenital weakness, with heredity being 
the predisposing factor. 
Symproms 

The Liver may have a single nodule, or mul- 
tiple nodules. The main clinical manifestations 
include: distension and severe hypochondriac 
pain, hemorthage of the digestive tract, and pro- 
gressive hepatomegaly (enlargement). Its surface 
feels irregular on palpation (central depression or 
umbilications can often be detected). 
‘TREATMENT 

Purge the Excess Heat from the patient's Liver 
and Gall Bladder Channels, then tonify and regu- 
late the patient's Kidney and Mingmen areas. 
Strengthen the patient's Spleen and Lungs, then 
regulate the patient's Liver. 
PRESCRIPTIONS 

1. Have the patient practice the Descend the 
Yang and Ascend the Yin Technique (see 
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Chapter 41), ending with the healing sound 
"Guo" for 24 times, 9 times a day. 

2. Prescribe the Fast to Moderate Exhaling 
Breathing Method along with the Cancer 
Walking Method for treating Liver disease 
(see Chapter 15). 

3. Have the patient face, or embrace, a tree while 
practicing the method of “Taking in the Wood 
Element Qi,” but only upon inhalation. With 
each exhalation the patient should purge the 
toxic Qi, sending it into the ground. This pre- 
scription is practiced three times a day for 15 
minutes each time. 

4. Have the patient practice the method of “Tak- 
ing in the White Qi,” three times a day for 15 
minutes for each session to strengthen the 
Lungs. 

5. Have the patient practice the method of "Tak- 
ing in the Green Qi,” three times a day for 15 
minutes for each session to strengthen the 
Liver. 

6. Have the patient practice the method of “Tak- 
ing in the Yellow Qi,” three times a day for 15 
minutes for each session to strengthen the 
Spleen. 

ESOPHAGEAL CANCER 
Carcinoma of the esophagus is one of the com- 
‘mon malignant tumors, caused from a carcinoma 
of the squamous epithelium of the esophagus. 
This type of carcinoma is called “Ge Shi” or dys- 
phagia in Traditional Chinese Medicine. 
EtioLosy 
‘The cause of esophageal cancer is unknown. 
‘There is speculation that the following list of items 
may cause or contribute to the creation of esoph- 
ageal cancer: 
‘+ consumption of foods with a high content of 
nitrates, 
* large quantities of spicy, hot foods, or mouldy 
food, 
* chronically eating too fast, thus irritating the 
throat, 
« strong alcoholic drinks, 
+ smoking, 
* poor oral hygiene, resulting in tooth decay, and 
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* chronic stress and the suppression of emotions. 
There are three types of esophageal cancer 
that invade the wall of the esophagus. 

1. Anulcerous carcinoma of the esophagus that 
grows towards the outside of the esophagus. 
Dysphagia (difficulty in swallowing) is not 
evident in this type of cancer. 

2. Atumor which grows ina circular formation. 
In this type of cancer, the lumen is narrow and 
easily obstructed. 

3. The tumor attaches itself to one side of the 
esophagus, while the other sideis still healthy 
and can still dilate. In this type of cancer, 
symptoms of obstruction appear slowly. 

Symproms 
More common in men over 40, carcinoma of 

the esophagus causes pain in the epigastric and 
sternal area, Swallowing aggravates the symp- 
toms. The main clinical manifestations include the 
following symptoms: 

‘* enlarged lymph nodes in the neck, 

* difficulty in swallowing (dysphagia), 

** excessive salivation, 

* poor digestion, 

+ vomiting, 

+ loss of weight, 

‘+ pain in the chest and back, and 

+ emaciation and weakness. 
TREATMENT 

Purge the Excess Heat from the patient’s 

throat, Lungs and Liver area. Tonify and regulate 
the patient’s Kidney and Mingmen area, then 
regulate the Qi of the patient’s esophagus, root- 
ing it within the Lower Dantian. 
PRESCRIPTIONS 

1. Have the patient practice the “Dry Crying” 
‘exercise for a period of 15 minutes twice a day 
(see Chapter 53). 

2. Have the patient practice the healing sound 
“Shang” for 24 breaths, 9 times a day (see 
Chapter 40). 

3. Prescribe the Fast to Moderate Exhaling 
Breathing Method along with the Cancer 
Walking method for treating Lung disease 
(see Chapter 15). 


4. Have the patient practice the method of “Tak- 
ing in the White Qi,” three times a day for 15 
minutes for each session to strengthen the 
Lungs. 
STOMACH CANCER 

Carcinoma of the Stomach is regarded as one 
of the common malignant tumors. It is sometimes 
categorized asa carcinoma, lymphoma or sarcoma. 
ErioLocy 

‘The etiology for Stomach cancer is unknown. 
Speculations suggest exposure to chronic stress, 
anda suppression of emotions, may cause, or con- 
tribute to this disease. There is also an association 
between the development of gastric cancer and 
previous partial gastrectomies for benign diseases. 
SYMPTOMS 

The symptoms of Stomach carcinoma often 
do not appear until they have developed to the 
middle and late stages. Most common in men over 
40, carcinoma of the Stomach causes a continual 
pain and burning sensation in the epigastric and 
sternal area, which is usually aggravated by swal- 
lowing, The main clinical manifestations include: 
shallow complexion, lack of appetite, loss of 
weight, extreme anemia, blood in the stool, debil- 
ity, vomiting of partially digested food, and some- 
times Blood that looks like coffee-grounds. The 
Liver may also be enlarged with nodules. 
TREATMENT 

Purge the Excess Heat from the patient’s 
Stomach, Liver and Gall Bladder Channels, then 
tonify and regulate the patient’s Heart and Spleen. 
End by regulating the patient’s Kidney and 
Mingmen areas. 
PRESCRIPTIONS 

1. Have the patient practice the Descend the Yang 
and Ascend the Yin Technique (see Chapter 41) 
ending with the healing sound “Dong” for 24 
times, 9 times a day (see Chapter 40). 

2. Have the patient practice the method of “Tak- 
ing in the Yellow Qi,” three times a day for 15 
minutes each time in order to strengthen the 
Spleen. 

3. Have the patient practice the “Taking in the 
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Red Qi,” three times a day for 15 minutes each 
session to strengthen the Heart. 


PANCREATIC CANCER 

Carcinoma of the pancreas is regarded as one 
of the common malignant tumors. Statistics state 
that 22% of deaths from gastrointestinal cancer are 
due to cancer of the pancreas. 
EtioLocy 

The etiology for pancreatic cancer is un- 
known. Speculations suggest cigarette smoking 
and diet (in particular, a high intake of fat and /or 
meat) may cause, or contribute to the cancer. Re- 
cent investigations have identified a number of 
factors that may also contribute to the cause of 
pancreatic cancer, including: environmental fac- 
tors, surgical or associated medical factors, genetic 
factors, and occupational exposures to toxins. 
symproms 

This type of cancer is more common in men 
between 50 and 70. A carcinoma of the pancreas 
causes pain in the epigastric area, which starts as 
a dull ache and usually becomes aggravated by 
ying down. The main clinical manifestations in- 
clude dyspepsia, diarrhea and constipation, loss 
of weight, nausea, vomiting and fatigue 

‘The symptoms of pancreatic cancer can some- 
times vary in accordance to its exact location. The 
head of the pancreas is close to the duodenum, 
while its tail reaches to, and energetically connects 
with, the Spleen. The middle of the pancreas lies 
horizontally across the upper aspect of the abdo- 
men. 

1. Carcinoma of the Pancreas’s head has as for 
its main symptom jaundice, due to the com- 
mon bile duct of the Gall Bladder becoming 
obstructed. This obstruction causes the bile to. 
back flow into the Liver and thus contami- 
nates the Blood. This causes both the Gall 
Bladder and Liver to swell. As the amount of 
bile and Blood increases, it causes the skin, 
mucous membrane and sclera to become yel- 
low, and the urine to turn brown. During the 
later stages, the skin color changes from a yel- 
lowish color to orange or dark yellow. 

2. Carcinoma of the Pancrea’s body has for its 
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main symptoms sharp abdominal pain and 
swelling. The abdominal pain reacts to the 
compression of the abdominal cavity nerve. 
‘This type of pain can occur sporadically, ra- 
diating to the patient’s shoulder and back. The 
patient will notice this type of pain becoming 
aggravated when sitting up or lying down. 
Bending forward, however, can ease the pres- 
sure on the celiac nerve plexus and reduce the 
pain. 
3. Carcinoma of the Pancrea’s tail usually does 
not have detectable, early symptoms. At 
times, it can only be discovered when the tu- 
mor has metastasized to the peritoneum, 
Lungs, bones or other organs. Once the tu- 
morhas developed to sufficient size, the mani- 
festation of symptoms include anorexia, fa- 
tigue, and loss of body weight. 
TREATMENT 

Purge the Excess Heat from the patient's pan- 
creas, then dredge the Stomach, Liver and Gall 
Bladder Channels. Next, tonify and regulate the 
patient's Heart and Spleen, then regulate the 
patient’s Kidney and Mingmen areas. 
PRESCRIPTIONS 

1. Have the patient practice the Descend the 
Yang and Ascend the Yin Technique (see 
Chapter 41), ending with the healing sound 
“Dong” for 24 times, 9 times day (see Chap- 
ter 40), 

2. Have the patient practice the method of “Tak- 
ing in the Yellow Qi,” three times a day for 15 
minutes each session to strengthen the Spleen. 

3. Have the patient practice the “Taking in the 
Red Qi” three times a day for 15 minutes each 
time in order to strengthen the Heart. 


COLON AND RECTUM CANCER 
Carcinoma of the Large Intestine or rectum is 
regarded as one of the common malignant tumors 
of the digestive tract. 
ETioLocy 
Ithas been long accepted that colorectal can- 
cer is caused, or promoted, by environmental fac- 
tors, especially diet. It is suspected that carcino- 
gens are present in the patient's feces. 


Also, chronic ulcerative colitis is considered 
a predisposing factor for colorectal cancer. The 
following chronic diseases are believed to be re- 
lated: benign tumors of the colon and rectum (es- 
pecially frequently occurring Large Intestine pol- 
‘yps), and chronic colitis (especially chronic amoe- 
bic dysentery and chronic ulcerative colitis). 
Symproms 

‘Colorectal cancer is more common in patients 
cover 50 years of age. A carcinoma of the colon 
causes pain in the lateral abdominal area, which 
also may be umbilical. The main clinical manifes- 
tations include a sudden change of bowel habit 
(constipation or diarrhea), loss of weight, fatigue 
and Blood in the stool. 

Large Intestine cancer can be divided into two 
quadrants of right and left intestinal dysfunction. 

* Cancer on the right half of the Large Intestine 
is measured from the cecum to the right half 
of the transverse colon. The early symptom 
of this disease is dull pain and discomfort 
within the right epigastrium, or lower ab- 
dominal area. As the disease progresses, the 
pathological changes of the tumor initiate 
poisoning symptoms which appear as: weak- 
ness of the body, poor appetite, loss of weight, 
and anemia. In the midterm, or late stages, 
the patient can sometimes feel the tumor on 
the right side of their abdomen (located where 
the right Large Intestine stores food residue 
from the Small Intestine). 

* Cancer on the left half of the Large Intestine 
is measured from the center of the transverse 
colon to the junction of the sigmoid colon and 
rectum. Symptoms of cancer in the left half of 
the Large Intestine appear earlier because the 
frequency of defecation increases with mucus 
and Blood in the stool. Moreover, because the 
narrow opening of the Large Intestine is now 
occupied by the tumor, it is difficult for the 
fecal matter to pass through, causing inflam- 
mation, as well as alternating diarrhea and 
constipation. If the tumor continues to grow, 
the intestinal cavity can be clogged, causing 
abdominal distention and toxicosis of the 
whole body. 


TREATMENT 

Purge the Excess Heat from the patient's Large 
Intestine and rectum area, purging and dredging 
the toxic Qi out the body and down the Stomach, 
Liver and Gall Bladder Channels. Next, tonify and 
regulate the patient’s Kidney and Mingmen ar- 
as, emitting Qi through the soles of the patient’s 
feet. End with regulating the patient's Fire and 
Water Qi through the Fire Cycle of the Microcos- 
mic Orbit. 
PRESCRIPTION AND HOMEWORK 

Have the patient practice the “Filth Dispel- 
ling Meditation,” focusing on the Large Intestine 
and rectum area. The meditation should be prac- 
ticed as follows. 

1. Begin from asitting posture, eyes closed, body 
relaxed, with the tongue placed up against the 
upper hard palate, behind the teeth. 

2. The breathing should be natural and even 

3, Imagine Qi whirling in through the upper 
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orifice of the Stomach, circulating clockwise 
through the Small Intestine, building momen- 
tum as it flows to the Large Intestine. 
Imagine the whirling Qi driving through the 
colon. As it moves through the colon, the whirl- 
ing Qi begins absorbing the noxious Heat and 
filthy Qi from the Large Intestine, transform- 
ing it into wind, and dispelling it out the anus. 
This is practiced for 10 repetitions. 


. Next, gently close the anal sphincter while in- 


haling; imagine the Qi in the lower abdomen 
again becoming transformed into wind. This 
wind begins circulating ina counterclockwise 
direction, spiraling up the body, through the 
Stomach, and is expelled out the mouth. This 
is also practiced for 10 repetitions. 


. Finally, focus the attention on the Lower 


Dantian; imagine the vital Qi returning back 
to its origin, and begin rubbing the abdomen 
clockwise to end the prescription. 
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Ql! EMISSION THERAPY FOR RADIATION AND 


CHEMOTHERAPY 


The purpose of Cytotoxic treatments (radia- 
tion and chemotherapy) is to kill the dividing cells 
responsible for the formation of the tumor mass. 
The well-known side effects of these types of 
therapy are loss of hair, loss of appetite, nausea, 
vomiting and damage to the patient's skin and 
gastrointestinal tract. When facing radiation and 
chemotherapy, the damage to the patient's im- 
mune system, although less obvious, is the major 
concern for the Qigong doctor. The cure of the 
cancer inevitably lies in activating and increasing 
the function of the immune response, so that it 
can recognize and eliminate the malignant tissue. 

In China, Medical Qigong Therapy is com- 
monly prescribed as an adjunct to both radiation 
and chemotherapy. The value of Medical Qigong 
‘Therapy is that it is very useful in reducing the 
harmful side effects caused by both radiation and 
chemotherapies, as well as enhancing the patient’s 
immune system. Both radiation and chemo- 
therapy assist the body in weakening a pathogenic 
cluster, but do not completely kill all of the tumor 
or cancer cells. That function is still left to the 
patient's immune system (which has consequently 
been weakened by the radiation or chemo- 
therapy). Because Medical Qigong treatments, 
prescriptions and meditations enhance the body's 
immune system, its utilization as a adjunctive 
therapy is paramount. 


MEDICAL QIGONG THERAPY AND 
RADIATION THERAPY 

In most cases, radiation is much safer than 
‘chemotherapy because it can be directed into one 
specific area of the patient's body. However, it may 
also cause scarring that can interfere with the 
patient's internal organ function. Although radia- 
tion therapy is strong, its effect on the patient’s 
body can be corrected by the Qigong doctor with 


dredging, purging, dispersing and tonifying tech- 
niques. The tissue damage left after radiation 
therapy should be rectified by dredging, purging 
and dispersing the afflicted area first. Then, after 
the toxic Heat has been purged, begin to tonify 
the patient’s supporting organs and tissues sur 
rounding the treatment area. 

Sometimes the harmful side-effects of radia- 
tion therapy can be avoided by giving the patient 
Resonant Sound Therapy. In order to alleviate the 
patient's toxic Heat and pain, it is important for 
them to practice the “She” sound to cool the tis- 
sues after radiation treatments. After the organs 
have been sufficiently cleansed, the doctor may 
then tonify the patient's tissues, as well as the Wei 
Qi Fields, which have been damaged by the ra- 
diation therapy. 


MEDICAL QIGONG THERAPY AND 
CHEMOTHERAPY 

All forms of chemotherapy are cell-killing 
agents that damage the DNA and injure actively 
dividing cells, including those of the body's im- 
mune system. The tissue damage after chemo- 
therapy is extremely extensive; the white blood 
cells decrease, causing secondary infections. Un- 
like radiation therapy, which is generally isolated 
to specific areas of the patient’s body, chemo- 
therapy affects all of the body’s internal organs. 

‘When treating patients who have undergone 
chemotherapy, itis important for the Qigong doc- 
tor to dredge, purge and disperse all the patient's 
‘Yin and Yang organs. As with radiation therapy, 
Sound Resonation Therapy is also mandatory in 
alleviating the patient's pain. 

Itis important for the patients to practice the 
“She” sound to cool the tissues after chemo- 
therapy treatments. Specifically, cancer patients 
should pronounce the “She” Healing Sound 
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therapy several times a day when their blood 
count is low, after both chemotherapy or radia- 
tion therapy. The sound “She” is pronounced six 
times. Its high pitched sound is in the straight tone, 
and its low pitched sound is in the dropping and 
rising tone. This sound is dropped and replaced 
by the sound “Ha,” or the sound for the specific 
internal organ, as soonas the red and white blood 
count reaches a normal level. 

After pronouncing the sound “Ha” for a cer- 
tain period of time, add the sounds for the spe- 
cific internal organs that have been affected (for 
example, add “Shang” for a patient with Lung 
cancer, and “Guo” for a patient with Liver cancer, 
etc). 

When treating the patient, after the diseased 
organs have been sufficiently cleansed, the doc- 
tor may then tonify the patient’s Blood, Jing and 
tissues, as well as their energetic fields, which have 
been damaged by the chemotherapy. 


RELIEVING SYMPTOMS ASSOCIATED 
WITH RADIATION AND 
CHEMOTHERAPY 
After receiving radiation or chemotherapy, 
patients may suffer from several internal compli- 
cations due to the severe organ and tissue trauma 
caused by these therapies. The following are six 
common problems resulting from radiation and 
chemotherapy. 
1. A gastrointestinal infection can result from 
both radiation and chemotherapy, which have 
a tendency to burn up the body’s Yin. This 
frequently results in causing Rebellious Qi, 
which is accompanied by such symptoms as 
nausea, vomiting, and poor appetite. Treat by 
tonifying the patient's Stomach Yin by pre- 
scribing herbs, and use Jing Point Therapy to 
quiet the digestion by tonifying Pc-6, St-36 
points, as well as the Ear Shenmen points. 


. An infection of the Large Intestine can occur 


from the accumulation of toxins in the Lower 
Burner creating Damp Heat Symptoms 
(caused from radiation and chemotherapy). 
These toxins can cause abdominal pain, con- 
stipation or diarrhea with bloody mucous 
Treat by tonifying the patient's Yin to prevent 
loss of Body Fluids (also give astringent 
herbs), and use Jing Point Therapy to stop any 
internal bleeding, by tonifying St-25, St-36, St- 
37, St-38, LI-4 and LI-11 points. 


. A Urinary Bladder infection can be caused by 


both radiation and chemotherapy that havea 
tendency to create Damp Heat in the Lower 
Burner. Damp Heat in the Lower Burner can 
result in cloudy, bloody and scanty urination, 
with a feeling of an urgency to urinate but an 
inability to do so. To treat, use Jing Point 
Therapy and tonify Sp-6, Sp-9, CV-2, CV-3, Bl 
23 and BI-29 points. 


. Edema in the limbs can occur from both ra- 


diation and chemotherapy that have a ten- 
dency to create Wind Damp and Deficiency, 
which leads to an accumulation of Body Flu- 
ids in the extremities. Treat by tonifying the 
Spleen and draining the body of Dampness. 
Use Jing Point Therapy to tonify Sp-6, Sp-9, 
Lw-7, LF-4, and BI-20; also prescribe herbs. 

A diminished white blood cell count can be 
caused by radiation and chemotherapy and 
canlead to secondary infections. Treat by toni- 
fying the patient's Blood and Jing, and pre- 
scribe herbs. 

Pneumonia can be caused by radiation and 
chemotherapy that have a tendency to cause 
damage to the Lungs. When both the Lung 
Qi and Yin Qi are damaged, pneumonia can 
result. Treat by tonifying the patient's Yin and 
Lung Qi, and prescribe herbs to enhance the 
immune system. 


CHAPTER 56 


QI EMISSION THERAPY FOR SURGERY 


Medical Qigong Therapy is useful for treat- 
ing patients before, during and after surgery. Qi 
emission can be used to reduce the patient’ bieed- 
ing, enhance the immune system, minimize the 
risk of infection, strengthen the body, and to ac- 
celerate the recovery rate. Medical Qigong mo- 
dalities are involved in preoperative therapy, sur- 
gery, postoperative therapy, follow-up therapies 
and remedial prescriptions. 


MEDICAL QIGONG AND PREOPERATIVE 
THERAPY 

Although Medical Qigong Therapy has had 
incredible results in healing and in stopping the 
progression of certain diseases, it is not a “cure- 
all.” As with other clinical modalities, it has its 
‘own limitations. Currently, conventional medicine 
only utilizes three modalities for treating tumors 
and cancer; these include surgery, radiation and 
chemotherapy. In the healing process, undergo- 
ing surgery is sometimes unavoidable, and should 
never be viewed by the patient as a defeat, but 
only as a necessary step in the healing transition. 

Having to face surgery should not be viewed 
as a negative reflection of a Qigong doctor's heal- 
ing potential, nor as a patient's inability to heal. 
Surgery should be viewed as a necessary life sav- 
ing intervention, that can firmly establish the pa- 
tient on the road towards health and recovery. It 
is a positive affirmation of the patient's commit- 
ment to getting well and taking responsibility for 
thehealing. Sometimes, surgery isa necessary step 
towards health and healing. 

Before surgery, itis important for the doctor 
to consider the emotional relationship that the 
patient has developed with his or her diseased tis- 
sues. The mental, emotional, energetic and spiri- 
tual aspects of a disease must not be ignored. 

‘The doctor's involvement with the patient 


and the tissues which are about to be surgically 
removed is extremely important, since this emo- 
tional interaction affects the patient's healing po- 
tential. For healing to take place, a trusting rela- 
tionship with the patient must first be solidly es- 
tablished; this includes a compassionate attitude 
of the doctor towards the tissues that will be re- 
moved. The doctor models the correct attitude to 
facilitate an accelerated healing for the patient. It 
is believed that scar tissue formation is in direct 
Proportion to the patient's fears and negative ex- 
pectations surrounding the surgery. These fears 
and expectations form energetic and spiritual at- 
tachments to the physical body. Often the patient 
attempts to disconnect these spiritual attachments 
out of fear and survival instinct. 

A patient is spiritually, emotionally and ener- 
getically interconnected with his or her body. This 
energetic attachment includes any and all organs, 
organ systems, or areas of the body which can be 
involved in the operation. 

‘A patient may sometimes feel disillusioned 
about his or her own interpersonal relationship 
with the body, and try to disconnect all energetic 
attachments to the body’s tissues out of fear and 
survival instinct. It is important for the Qigong 
doctor to help the patient get in touch with the 
suppressed feelings of loss surrounding the tis- 
sues which will soon be operated on. This is be- 
cause surgery represents the death of a relation- 
ship with part of the self. Although the relation- 
ship that the patient has with the diseased organ 
is not considered a healthy one, it exists never- 
theless. Allowing the patient to deny his or her 
true feelings related to the surgery interferes with 
the healing process. Denial may lead to increased 
scar tissue formation, and can promote the return. 
of certain disease formations. 

The Qigong doctor therefore encourages the 
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patient to talk to, and “brief,” each organ and tis- 
sue area regarding the surgical procedure to pre- 
vent further denial, and to promote the release of 
feelings. Otherwise, the patient may experience 

, feelings of loss, grief and depression; this reaction 
can of course also be due to the aftereffects of the 
anesthesia. It is important that these feelings be 
experienced and expressed before the surgery. 
After the surgery, the patient may then experience 
feelings of relief and gratitude about the new 
changes in his or her body. 

To prepare for surgery, the patient is usually 
given Medical Qigong meditations and prescrip- 
tions that strengthen the Lower Dantian, Kidney 
and Mingmen areas. One, or several sessions may 
be specifically devoted to allowing the patient to 
connect with the diseased organ(s), as well as the 
regions that are to be operated on. A request for 
divine intervention can facilitate the patient's re- 
linquishing control, and for the removal of any 
and all energetic armor surrounding the diseased 
area (and the subsequent release of emotions as- 
sociated with this armoring). The patient is then 
encouraged to disconnect any energetic attach- 
ments that the diseased tissues have formed with 
the surrounding cells, facilitating a final closure. 
This gradual process allows for an easier transi- 
tion, as the patient’s body must completely release 
any attachment to the diseased tissues during sur- 
gery. 

Just before surgery, the patientis given a medi- 
tation, and encouraged to imagine a divine white 
light energy submerging and enveloping the re- 
gions of the body which are to undergo the oper- 
ation. The Lower and Middle Dantians, as well as 
the areas which will soon be operated on, should 
also be energized. In addition, the Liver should 
also be energized to make sure that the Blood co- 
agulates properly during the surgery. 


USING MEDICAL QIGONG FoR 
ANESTHESIA 

According to research on Western Surgeries 
(presented at the Second International Sympo- 
sium on Memory and Awareness in 1992), patients 
who undergo anesthesia may be aware of both 
the pain and conversations within the operating 
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room. Many kinds of drugs used to supplement 
anesthesia, such as neuromuscular blocking 
agents, paralyze all the muscles in the body but 
do not affect the central nervous system and con- 
sciousness. During surgery, patients have been 
observed flinching, twitching and making other 
facial expressions. Many patients later can give 
an accurate detailed account of the surgical pro- 
cedure and conversations between the doctors and 
nurses. Even when unconscious, patients 
(whether energetically inside or outside of their 
bodies), can record, see and remember everything. 

Qigong energy emitted during surgery, can 
however, reduce pain and wound shock, as well 
as calm the patient's Shen. Qi emission also re- 
duces postoperative complications such as respi- 
ratory tract infection, functional disorders of the 
gastrointestinal tract, retention of urine, etc. The 
energy received by the patient also speeds up the 
healing process. 

Medical Qigong therapy is found to be very 
useful in relieving pain by affecting the body's 
neuro-chemicals. The energy stimulates the pe- 
ripheral and cutaneous nerves that carry sensory 
information, via the spinal cord, to the brain. This 
stimulation of the cutaneous nerves activates neu- 
rotransmitters which carry pain messages to the 
brain, and facilitates the closure of the body's pain- 
relay gates. The brain produces endorphins, or 
endogenously generated morphine-like chemicals 
in response to this closure. The body's opiate re- 
ceptors are then able to dull the pain. This pro- 
cess is the basis for Qigong Anesthesia. Because 
Medical Qigong therapy safely produces an anal- 
gesic affect on the body's cutaneous tissues, its 
use in hospitals for surgery as well as for pre and 
postoperative procedures is gradually increasing. 

The first operation in which Qigong anesthe- 
sia was applied (recorded in modern times), was 
performed successfully for the removal of a thy- 
roid tumor in the Shanghai #8 People's Hospital, 
‘on May 9, 1980. Qigong Master Lin Hou-sheng 
demonstrated the ability to induce anesthesia 
during surgery by pointing his fingers at specific 
acupuncture points, using external Qi projection 
without the use of any Western anesthetic. The 
patient's blood pressure, pulse and respiration rate 
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remained stable during the operation, and the 
patient's physiological function remained normal 
after the operation. The success of the Qigong an- 
esthesia boosted the resident doctor's confi- 
dence and laid a solid foundation for future ap- 
plications of Qigong anesthesia in surgical opera- 
tions. 

Qigong anesthesia has begun to follow in the 
wake of the widely accepted acupuncture anes- 
thesia, as a holistic alternative to conventional 
pharmaceutical methods. The number of cases 
‘treated in China with Qigong anesthesia is steadily 
increasing, primarily for the following six benefits. 

1. Arresting the patient's pain, 

2. Resisting the pulling reflex action or shock 
reaction of the body's internal tissues and or- 
gans when the scalpel is inserted, 

3. Reducing infection, 

4, Reducing the body’s opposition or contrary 
action reaction to operative wounds, 

5, Preventing wound shock (response of the 
body to the tissue trauma), and 

6. Promoting the healing of wounded tissues. 
Since Qigong analgesia is effective through 

the stimulation of certain points on the body's 
surface, both the location of the points, and the 
type of energetic application are crucial. There are 
three methods commonly used in selecting points: 
According to the Channels, According to the Seg- 
‘mental Innervation, and According to the Auricu- 
lar Points. 

1. The analgesic approach used according to the 
patient's channels includes two main appli- 
cations: 

+ The selection of points according to the course 
of the channel which traverses the site of the 
operation, and 

* The selection of points according to the dif- 
ferentiation of symptoms and signs of a dis- 
ease, as well as the responses that may be elic- 
ited from the patient's body during the op- 
erative procedure. 

2. The analgesic approach used according to the 
segmental innervation includes three main 
applications: 

* The selection of points according to the adja- 
cent segment, or an area that is supplied by 
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the same spinal nerve, or an adjacent spinal 

nerve of the operative site, 

* The selection of points according to the remote 
segment, in an area not supplied by the same 
spinal nerve, or an adjacent spinal nerve (on 
the operative site), and 

* Theselection of points according to the stimu- 
lation of the nerve trunk within the same seg- 
ment, stimulating directly the peripheral 
nerve of the operative site. 

3. The analgesic approach used according to the 
Auricular Points employs the insertion and 
stimulation of acupuncture needles with 
Medical Qigong Therapy, and includes three 
main applications: 

© The selection of points according to the cor- 
responding Auricular areas pertaining to the 
operative site and its involved internal organs, 

* Theselection of points according to the theory 
of the Yin and Yang Organs pertaining to the 
operative site and its involved intemal organs, 
and 

* The selection of points according to such 
things as tenderness, reduction of electro-re- 
sistance, the appearance of deformation and / 
or discoloration when a certain internal or- 
gan or area of the body is affected. 

Itis important preoperatively that the patient 
have confidence in the doctor’s method of Qigong, 
application. Any misgivings should be dispelled 
by explaining the procedure to gain the patient's 
full corporation and trust. In order to know the 
level of response that the patient will experience, 
itis necessary to test the patient's response to Qi- 
‘gong anesthesia prior to any surgery. 

‘Touse external Qi asan anesthetic, the Qigong. 
doctor must first focus Qi into his or her Lower 
Dantian, increase its charge and density and then 
extend it out through the palms, or sword fingers, 
into the patient's body through specific channel 
points. The goal is to numb a specific area on the 
patient's body without touching the patient. 

When Qigong anesthesia is being adminis- 
tered successfully, 96% of the nerve fibers respon- 
sible for pain sensation become anesthetized and 
the patient loses consciousness within ten min- 
utes. Ten minutes after cessation of the Qigong 
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anesthesia emission, 24% of the anesthesia has 
disappeared; while 72% of the tissue remains 
numb, The remaining tissue quickly recovers from 
the anesthetic effect and the patient quickly re- 
turns to consciousness. 

Patients suffering from pain caused by such 
conditions as cancer or dysmenorrhea also re- 
spond positively to Qigong anesthesia. 


MEDICAL QIGONG THERAPY AND 
SURGERY 

Surgery has been performed in China for 
thousands of years. In ancient times, the legend- 
ary physician Hua Tuo was noted, not only for 
his expertise in Medical Qigong, acupuncture, 
massage and herbs, but also for his surgical skills 
as well. In Western culture, surgical therapies are 
applied for the removal of tumors, cysts, and ab- 
normal tissue growth, as well as the transplanta- 
tion of organs (heart, lungs, and kidneys) and the 
replacement of dysfunctional systems (joint re- 
placement). Surgery, however, having a potential 
toboth hinder and obstruct the body’ flow of life 
force energy, is generally considered a last resort 
modality. 

During surgery, the Qigong doctor assists the 
surgeon by applying External Qi Emission to the 
patient's body, energizing and strengthening spe- 
Cific areas. This is done to reduce pain and allevi- 
ate or eliminate the pulling reflex action (shock 
reaction) of the body’ internal tissues and organs 
when the scalpel is inserted, prevent infection, and 
reduce bleeding. 

When assisting surgeons during an operation, 
I personally have found that it is important to 
maintain a physical connection with the patient’s 
body before beginning the Qi emission, until the 
anesthesia has fully taken effect. As the anesthe- 
sia relaxes the patient's tissues, the Qigong doc- 
tor can feel and see the patient's spirit leave the 
body. 

Just before the scalpel begins its first incision, 
itis important for the Qigong doctor to physically 
disconnect from the patient’s body. Even though 
the Qigong doctor has physically disconnected 
from the patient's tissues, it is extremely impor- 
tant for the Qigong doctor to increase his or her 


energy extension deeper into the center core of 
the patient's body. This protects the Qigong doc- 
tor from experiencing the shock, and initial trauma 
from the scalpel's first incision, which resonates 
throughout the patient's entire body. 

tis also important for the Qigong doctor to 
focus the attention on extending and circulating 
his or her energy deep into the patient's Taiji Pole 
while the surgery is being performed. As the pa- 
tient begins to lose Qi and Blood due to the op- 
eration, the Qigong doctor replenishes the 
patient's lost Qi, as well as energizes the incom- 
ing Blood from the transfusion. The Qigong doc- 
tor should also slow down the bleeding by slow- 
ing the patient's pulse. 

During surgery, the surgeon's scalpel will 
sever several of the patient's channels as the doc- 
tor cuts through the surface of the skin and con- 
tires into the deeper regions of the patient's body. 
Each channel that is being disconnected will 
weaken the patient's energetic field correspond- 
ing to that specific organ or organ systems. It is 
the Qigong doctor's responsibility to maintain 
connection with the patient's energy field, and also 
tomonitor and maintain the patient's energy level. 
‘The Qigong doctor maintains this connection as 
the surgeons open up the patient's body cavity, 
move internal organs, remove the diseased tissues 
(and any associated structures), and then sutures 
and closes the patient's body cavity. 

‘When the patient is being sutured, the Qigong 
doctor must facilitate the patient's circulation of 
Qithrough the Microcosmic Orbit; this stimulates 
the re-connection of any of the patient's internal 
and external channels which have been severed. 
‘The Qigong doctor must also change and rebuild 
the Energetic Grid formations in the body’ inter- 
nal and external energetic fields. The patient’s En- 
ergetic Grid is reconstructed to a pre-diseased pat- 
tem to prevent the regrowth of the disease. 


MEDICAL QIGONG AND 
POSTOPERATIVE THERAPY 

‘The separation and restructuring of the inner 
fasciae that occurs during surgery can cause seri- 
ous postoperative problems by either stopping the 
Qi from flowing (causing stagnations), or alter- 


ing the energy’s natural course (causing devia- 
tions). This is why after the surgery has been com- 
pleted, it is extremely important for the Qigong 
doctor to immediately dredge and disperse the 
Turbid Qi from the patient's body. This is per- 
formed by energetically combing over the fresh 
incisions, to reconnect the patient's energetic pre- 
operative patterns. Energetic combing also pro- 
motes the rapid healing of the patient’s wounded 
tissues, reduces the formation of scar tissue, and 
continues to alleviate the effects of the surgery. 

To facilitate an escalated healing, the Qigong 
doctor must also energize the patient's Kidneys 
and any energetic field which may have been de- 
pleted. Also, to bring the patient’s temperature 
back to normal, and to disperse any feelings of 
nausea after the anesthesia and shock of surgery 
wear off, certain Heart, Pericardium and Stom- 
ach Channel points require stimulation. 

Itis important to note that after an operation, 
the patient’s Dantians and all the body's tissues 
have been depleted, and are in need of revital- 
ization. While the patient is healing, the color of 
the aura (located in the Wei Qi field surrounding 
the area of the surgical trauma) is usually dark to 
light gray. To increase the healing potential, the 
Qigong doctor gives the patient specific prescrip- 
tions in accordance with the internal organ(s) af- 
fected, such as white light meditation images. This 
is prescribed to energize and replenish the 
patient’s damaged tissues and energy fields. The 
Qigong doctor also continues to work on rebuild- 
ing, reconnecting and reinforcing the patient's 
channels and Energetic Grids which the surgeon 
has severed during the operation. 


MEDICAL QIGONG THERAPY AND 
RECREATING ORGAN ENERGY 

‘Once an organ has been removed, there re- 
mains an energetic “void” within the spatial cav- 
ity of the patient's tissues. The energy of the or- 
gan, however, still exists within the patient's body 
as a “Phantom Organ.” This energetic phenom- 
ena is due to the creative “blue-printing” of the 
prenatal and postnatal formation of the body's tis- 
sues. Because mass and energy are interconnected 


Lungs Brilliant Pure White 


Large Intestines Abalone-Shell White 


‘Stomach Deep Yellow 
Spleen Orange Yelow | 
Heart Red with Blue Tint 
Small intestine Pink 

Bladder Deep Blue 

Kidneys Light Pastel Blue 
Pericardium | Purple Red 

Triple Burners Orange Red 

Gall Bladder Pale Chartreuse 

Liver Dark Green 


Figure 56.1. Organ Color Chart 


and interchangeable, it is therefore possible to en- 
ergetically stabilize, as well as energize, the spa- 
tial cavity wherein the surgically removed organ 
once resided. To assist the patient in recreating, 
active organ energy, the Qigong doctor prescribes 
the following meditation: 
STAGE 1 - THE HooKuP 

Generally several days after the surgery, while 
the patient is still recovering, the Qigong doctor 
has the patient imagine him or herself being con- 
nected to the Heavens and rooted to the Earth. 
‘Next, the patient uses color visualization. 
STAGE 2 - CHOOSING THE APPROPRIATE 
CoLor 

To prescribe the correct color, it is important 
for the Qigong doctor to know which organ or 
organ systems have either been removed, or seri- 
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ously affected by the surgery. The patient is then 
assigned specific color meditations to tonify and 
strengthen the energetic fields that support the 
traumatized tissues. These meditations are also 
used to reestablish a physical, mental, emotional, 
energetic and spiritual connection to the area of 
trauma. 

Figure 56.1 categorizes the general colors as- 
sociated with the body’s organs and channels. 
These colors can be viewed as extensions of en- 
ergy originating from the original organs. 

STAGE 3 - CLEANING AND ENERGIZING THE 
SPATIAL CAVITY 

After the doctor has selected the proper or- 
gancolor, the patientis given specificimages used 
to cleanse, purify, and energize the tissues. These 
meditations create a solid energetic transforma- 
tion that stabilizes the patient's energetic field. 

1. The Cleansing and Purifying meditation is as 
follows. The patient imagines that his or her 
fingers and toes are straws. As the patient in- 
hales, he or she will imagine divine white light 
energy flowing from the Heavens and Earth 
into the fingers and toes, filling the specific 
area which has been traumatized by the sur- 
gery (Figure 56.2). While exhaling, the patient 
imagines any pathogenic Qi leaving the tis- 
sues and body via the fingers and toes. The 
patient continues to perform this cleansing 
meditation for several minutes until he or she 
feels that the specific area has been purified. 

2. The Creating and Energizing meditation re- 
quires that the patient imagine a clean, vibrant 
color (the Five Element Color associated with 
the particular organ), flowing into the spatial 
cavity, and areas, surrounding the removed 
organ. As the patient inhales, the organ color 
fills the vacant cavity, energizing the remain- 
ing energetic structure and surrounding tis- 
sues. The patient continues with this imag- 
ery until the specific organ area is full of heat, 
light and vibration (Figure 56.3). Because the 
surgery has permanently removed the organ 
from the patient’s body, itis important for the 
patient to continue with this meditation ev- 
ery day for the rest of his or her life. 
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Figure 56.2. As the patient inhales, he or she willimagine 
the divine white healing light lowing into his or her body 
through the fingers and toes. This image is used to purge 
the patient's body and cleanse the tissues, 


Figure 56.3. Once the patient is cleansed, in order to 
energize the tissues, he or she will imagine a clean 
vibrant energy color flowing into the specific spatial 
cavity associated with the removed organ. 


MEDICAL QIGONG THERAPY AND 
ORGAN TRANSPLANTATION 

Each particular organ in the human body has 
its own unique history and experience. This emo- 
tional memory and experience is active in the 
donated organ, as well as in the patient's diseased 
organ. Before the body can, or will receive a f 
eign organ, there must first be a time of reconcil 
ation between the memories stored within the 
negative (as well as positive) physical cells of the 
organ soon to be replaced, and that of the donor’s 
organ. To assist the surgeon in transplanting an 
organ, the Qigong doctor must perform visceral 
cleansing, preparation and purification of the 
transplanted organ. This method is explained in 
the following three stages: 

STAGE 1 

The patient must release all attachment to the 
departing organ. This includes all negative (as 
well as positive) physical, mental, emotional, en- 
ergetic and spiritual memories and experiences. 
STAGE 2 

The history and emotional memory of the 
transplanted organ must be cleansed. This in- 
cludes all negative (as well as positive) physical, 
mental, emotional, energetic and spiritual memo- 
ties stored within the donor's organs. 

STAGE 3 

The relationship between the patient's tissues 
and the spatial cavity wherein the initial diseased 
organ was, or is located, must be established and 
harmonized, 

The patient's body will either receive or re- 
ject the transplanted organ due to unresolved 
emotional trauma stored within the patient's tis- 
sues, or within the transplanted organ itself. Cur- 
rent research reveals that emotions trapped within 
transplanted organs can surface within the 
patient’s subconscious mind, affecting his or her 
behavioral patterns. This is manifested through 
certain unnatural behavioral traits, which are 
transferred via the donated organ to the patient. 

A famous example of a lingering emotional 
connection between an organ donor, the organ, 
and the recipient is described in the following true 
story. A few years ago a young woman (vegetar- 
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ian) received a heart transplant froma young man 
who died in a motorcycle accident. Upon being 
discharged from the hospital, the woman began 
craving Chicken McNuggets, which was the 
young man’s favorite food. This was in direct op- 
position to her previous diet and eating habits. 

Itis important to note here that organ rejec- 
tion is not always due to the donor or patient’s 
unresolved emotional issues. Organ rejection can 
also be caused from biological reactions compli- 
cating the acceptance of the foreign tissue. 


FOLLOW-UP AND REMEDIAL 
PRESCRIPTIONS 

‘The follow-up and remedial prescriptions will 
be determined according to the specific type of 
surgery the patient has undergone. The prescrip- 
tions must be designed to purge, strengthen and 
regulate any organ(s) that have been weakened 
by the surgery. Follow-up and remedial prescrip- 
tions must aiso circulate the patient's energy to 
reduce any energetic stagnations which may have 
‘been caused by internal organ movement and fas- 
cia damage. This will assist the patient in an esca- 
lated recovery, as well as reduce postoperative de- 
pression, which often follows after major surgery. 

Sometimes, when assisting a patient who is 
healing from a severe disease (je., malignant tu- 
mors), additional Western therapies such as ra- 
diation or chemotherapy are required. The follow- 
ing is a testimonial by a patient of mine, Thea 
Sagen (female - age 50), illustrating the use of 
Qigong therapy in combination with radiation 
therapy. 

Hereis a summary of events surrounding my 
pancreatic surgery, June 16, 1997 at Community 
Hospital of the Monterey Peninsula. 

“On June 16, 197, emergency surgery to re- 
move a fist-sized tumor from the tail of my pan- 
creas, resulted in my former Sifu (Martial Arts 
Master), Jerry Alan Johnson, changing roles to 
become an “Energy Therapist.” Thanks to my 
admitting physician, Dr. Stephanie Taylor, who 
facilitated the arrangement, Dr. Johnson was the 
first representative of Chinese Medical Qigong 
therapy allowed to enter surgery at the Commu- 
nity Hospital of the Monterey Peninsula 
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‘As my Energy Therapist, Dr. Johnson con- 
ducted a preoperative session during which he 
facilitated the energetic and emotional release of 
‘my tumor. He then accompanied me into the four 
hour surgery, during which he maintained my 
energy levels, while reminding my tissues of their 
preoperative energetic patterns in order to facili- 
tate rapid healing. He continued to work with me 
through the postoperative healing, and followed 
up several days after surgery. It was his vital sup- 
port and insights that helped me to undergo the 
recommended course of radiation therapy. 

The following is a synopsis of the Medical 
Qigong therapy that I experienced along with the 
traditional Western modalities used to treat my 
pancreatic islet-cell tumor. 

Phase 1. The Preoperative Stage. Consisted of a 
Medical Qigong session directed toward putting 
me in touch with the tumor, my relationship to it, 
and the emotions associated with it. This was fol- 
lowed with an atonement with the Divine and 
relinquishment of control, removal of the 
armoring around my tumor, and subsequent re- 
lease of emotions with it. I actually “saw” the dis- 
connected energetic attachments of the tumor as 
they detached from my organs and were blowing 
like ostrich feather segments in a wind. Ialso saw 
a bright neon sign on the tumor that identified its 
emotional source. This entire process took only 
an hour, yet it facilitated closure with the tumor 
in order for me to easily release it during the sur- 
gery, which immediately followed the session. It 
also provided me with insights that helped my 
emotional healing over the months following sur- 
gery. 

Phase 2. Surgery. I entered surgery without any 
sedatives and was filled with a tremendous sense 
of peace and empowerment in knowing that the 
hospital was honoring my energetic, as well as 
my physical needs. The surgery lasted for four 
hours during which Dr. Johnson connected with 
my energy fields and monitored, as well as main- 
tained, my energy levels. He continued treating, 
me, and working with my energetic fields, as the 
anesthesia was administered, and as the two sur- 
geons opened my cavity, moved structures, re- 
moved the tumor (along with the tail of my pan- 


creas and the spleen), and then sutured and closed 
my abdominal cavity. 

Throughout the surgery Dr. Johnson stood at 
my head, where energy enters through the crown, 
and facilitated the running of energy into my cen- 
ter channel in the core of my body. He described 
his work as following the actions of the surgeons, 
and my body's response to these actions: the inci- 
sion, the movement of internal organs, the resec- 
tion of the tumor, and the final suturing. He used 
this opportunity to change the energetic grid for- 
mations in the tumor bed to prevent regrowth of 
the tumor, which was malignant. 

Phase 3. The Postoperative Stage. This stage in- 
volved a continuation of the mitigation of the ef- 
fects of surgery. He worked to tonify my Kidneys, 
to bring my temperature up, and to offset the 
shock of surgery, as well as used acupressure 
points to calm my heart and stomach during the 
nausea. I was reminded upon awakening, to do 
my Microcosmic Orbit exercise. Dr. Johnson then 
proceeded to “dredge” or comb over the incision 
to reconnect my pre-energetic channel and tissue 
patterns in order to facilitate healing, and to re- 
duce scar tissue. The healing of the incision was 
fast. My doctors later remarked at how quickly I 
healed, and how little scar tissue there was com- 
pared to similar surgeries. 

Phase 4. Follow-Up and Remedial Prescriptions. 
During the days following surgery, Dr. Johnson 
taught me several meditations: The “Divine Heal- 
ing Light Meditation” for healing the tumor bed 
and incision, and the “Heaven and Earth Spleen 
Meditation” that fuses a ball of energy where the 
spleen once was - allowing me to continue to pro- 
duce the energetic pattern of the spleen within my 
body. I began doing these meditations the day 
following surgery for the week of hospitalization, 
and continued to practice them along with the 
Microcosmic Orbit exercises throughout my re- 
covery. 

Phase 5. Radiation. After several weeks of recu- 
peration, I was scheduled to received radiation 
treatments daily (Monday through Friday) for six 
weeks. Each day I would perform the Medical 
Qigong exercises (vocal and physical prescrip- 
tions) outdoors in a field overlooking the ocean. 


‘Then I would drive to the hospital for the 15 min- 
utes of radiation, followed by a session with Dr. 
Johnson every other day. I understood that the 
Medical Qigong exercises and sessions would off- 
set the heat in the tissues while protecting the sur- 
rounding organs from unwarranted harm. There 
‘was concern about the possible loss of function in 
one kidney, but blood tests during the treatments 
showed no noticeable effects on them, or on my 
liver. In addition, unexpected by-products of the 
Medical Qigong sessions involved the release of 
emotional memories and an experience of the Di- 
vine in my healing process. 

On alternate days after radiation, I had acu- 
puncture and pranic healing with Jason Gill L.Ac. 
who teaches classes in Chinese Herbs and Tradi- 
tional Chinese Medicine at Dr. Johnson's Interna- 
tional Institute of Medical Qigong. Through these 
treatments, and the use of Chinese herbs, my im- 
mune system was strengthened. These compli- 
mentary modalities, combined with my body's 
own healing abilities and visualization practice, 
enabled me to avoid the typical side-effects of 
nausea and diarrhea. Aided by the positive en- 
ergy from these two therapists, I was able to main- 
tain my energy levels in sufficient quantity to con- 
tinue driving to the radiation treatments on my 
own. 

Itis hard for me to imagine what this entire 
experience might have been like without the sup- 
port of a doctor of Medical Qigong. I am truly 
grateful for Dr. Johnson’s dedication, discipline 
and expertise that enabled him to be present for 
me throughout all aspects of this illness. It was a 
gift that I would encourage other patients to uti- 
lize for themselves in combination with any tra- 
ditional allopathic program for cancer. I had the 
best of both worlds working for me in a remark- 
able manner thanks to all of my doctors.” 


PHANTOM PAINS OF AMPUTATED 
ORGANS 

Amputation may be necessary as a result of 
severe injury or massive infection, such as gan- 
grene. During surgical amputation, the soft tis- 
sues are cut in such a way that they cover the end 
of the remaining bone to heal completely. This al- 


(CHAPTER 56: QI Emission THER: 


"Y FoR SURGERY 


lows the body's tissues to seal and protect them- 
selves from the external environment. “Ghost” or 
“phantom” pains are caused by the patient's en- 
ergetic connection with the amputated tissues, 
through the internal “energetic spacial cavity,” or 
external “energetic boundary system.” The phan- 
tom limb (usually one of the body's extremities, 
eg., finger, hand, arm, etc.) exists in an energetic 
state and continues to interact with the patient’s 
external Wei Qi field, as well as with the patient's 
Shen. Any interaction with the space, or energetic 
field of the amputated organ, will produce a di- 
rect response in the patient, similar to that of con- 
tacting the actual physical limb. 

Rehabilitation programs generally donot pre- 
pare the patient for such reactions as phantom 
pains, which tend to leave the patient perplexed 
and frustrated. To alleviate the symptoms of phan- 
tom pains, the Qigong doctor sedates the patient's 
Wei Qi field that surrounds the amputated limb, 
and assists the patient in re-patterning the old 
energetic field to fit the postoperative tissue for- 
mation. The Qigong doctor can also prescribe Ju- 
niper Berries, which will relieve the phantom pain 
symptoms. 


MEDICAL QIGONG THERAPY AND THE 
TREATMENT OF SCAR TISSUE 

Medical Qigong therapy may be effective for 
treating pathologies caused by scarring due to 
surgical procedures. The formation of scar tissue 
often becomes the source of other physical prob- 
lems by either obstructing, or weakening, the flow 
of Qi within the body’s channels. In most cases of 
pathological scar tissue, the scar itself transverses 
several channels within the superficial and deep 
tissues. 

The topological relationships of each scar will 
vary according to each patient. Therefore, differ- 
ent therapeutic approaches may be required for 
treatment, depending on the patient's strength, 
weakness, Elemental Constitution, and the 
patient's emotional state surrounding the surgery. 
‘Manifestations of scar tissue pathology include 
some of the following symptoms: 

* a feeling of discomfort, or unpleasant sensa- 
tions that originates around the scar area, 
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+ radiating sensations that occur when the scar 
is being pressed, and 
+a sharp, pulling type of pain that originates 
from the scar. 

‘These conditions can be present, even if tthas 
been several years since the surgery was per- 
formed. 

TREATMENT 

‘Medical Qigong treatment for scar tissue for- 
ation follows the principle of emitting Qi along 
the pathway of the channels. Before treatment, the 
doctor should take into consideration the energetic 
flow and function of the channels that have been 
affected by the surgery. If, for example, a patient's 
‘Yang channel (e.g,, Stomach) becomes obstructed 
due to surgery, it can create an Excess condition 
within the Stomach Channel, which in turn cre- 
ates a Deficiency of the Spleen Channel. There- 
fore, the treatment of both the Stomach and Spleen 
channels should be addressed. 

‘After surgery, some scar tissue formation is 
inevitable, since both the body's inner-facia and 
channels (which are responsible for the lubrica- 
tion of the tissues) have been severed. To mini- 
mize the degree of scar tissue formation, the 
Qigong doctor uses Qi extension techniques on 


the sutured area, extending his or her intention 
deep into the patient's body. The doctor's focuses 
on dispersing stagnations and regulating the flow 
of the undercurrent of Qi through the sutured tis- 
sues. Emphasis should be placed on reconnecting 
the patient’s channels and collaterals. Next, the 
doctor focuses on regulating the external and in- 
ternal flow of energy from within and without the 
patient's tissue area. 

In treating scar tissue formation which has 
laid dormant for quite some time, tissue regula- 
tion through Tui Na therapy is required. After 
using the proper tissue regulation method (see 
Chapter 37), the Qigong doctor ends the treatment 
by using the One Finger Skill technique along the 
line of the patient’s external scar. To perform this 
method, one thumb is placed on the end of the 
scar, while the doctor's other thumb presses into 
tissue, slowly outlining the entire scar (this heats 
and energizes the patient's tissues). The doctor 
ends the treatment with both thumbs placed at 
the beginning and ending of the scar, extending 
his or her energy through the patient's tissue ina 
circular pattern. This technique naturally induces 
an energetic emotional release of the memories 
trapped within the scar tissue. 
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There are many documents discussing the 
experimental research of Medical Qigong Therapy 
written within the past ten years. Among these 
documents, are listed a collection of abstracts from 
five national congresses on Medical Qigong re- 
searches as well as four World Conferences. The 
research has covered a variety of topics ranging 
from Medical Qigong and its relationship with: 
Physics, Chemistry, Biology, Western and Tradi- 
tional Chinese Medicine, Optics, Magnetism, Elec- 
tromagnetism, Acoustics and the Projection of 
Sound Resonation, Fluid Mechanics, Nuclear 
Physics, Electro-Chemistry, Organic Chemistry, 
Inorganic Chemistry, Analytical Chemistry, Physi- 
ology, Bio-Chemistry, Molecular Biology, Micro- 
Biology, Cytology, Genetics, Pathology, Pharma- 
cology, Psychology, and Sports Medicine. 

‘The experimental research of Medical Qigong 
is actually a study with multiple sciences. Of all 
the research reported, Biology and Medicine are 
in the forefront of the material collected. 

The following research was conducted by dis- 
tinguished scholars at various Universities, Sci- 
entific Academies, and Institutes through out the 
world (i.e. Beijing Medical University, Qinghua 
Medical University, Nanjing Medical University, 
Tokyo Medical University, Tokyo Electro-engi- 
neering University, Higher Energy Institute, Phys- 
ics Institute, International Institute of Medical 
Qigong, China Healthways Institute, etc.). 

This research was focused on the Extension 
of Emitted Qi by various Medical Qigong Mas- 
ters/Doctors, the result being positive in it’s con- 
clusion on the effectiveness of Medical Qigong 
Therapy as.a solid and effective clinical modality. 
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This section of the text is devoted to the sci- 
entific approach of analyzing and scrutinizing the 
claims made as to the actual effectiveness of Medi- 
cal Qigong Therapy as a clinical modality. 

For this purpose, I have elicited the help of 
my good friend, the renowned scientist and re- 
search investigator, Dr. Kenneth M. Sancier. Dr. 
Sancier (a Material Scientist) is the president of 
the Qigong Institute, of San Francisco, California, 
and an active Council Board Member of the World 
Academic Society of Medical Qigong (Beijing, 
China). His many years of extensive research in 
the field of Energetic Medicine has led him tohelp 
organize the first International Congress of 
Qigong in conjunction with the Fifth International 
Congress of Chinese Medicine (at the University 
of California, Berkeley) including maintaining an 
active annual Qigong Science Forum for scientists. 
Heis also responsible for developing the first com- 
puterized Qigong Data Base, which is currently 
being sold worldwide. 

Dr. Sancier has actively collected scientific 
information on Qigong by attending international 
conferences, and meeting scientists in China, Ja- 
pan, Canada and the United States. He has pub- 
lished several reviews of clinical and experimen- 
tal studies of the medical aspects of Qigong 
therapy in many scientific journals and maga- 
zines. Although the following information in this 
appendix represents but a fraction of Dr. Sancier’s 
findings, I am confident that the reader will find 
the data fascinating. 


Dr. Jerry Alan Johnson May 2000 
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MEDICAL APPLICATIONS OF QIGONG 


Kenneth M. Sancier, Ph.D. 
Qigong Institute 
Menlo Park, California 


ABSTRACT 
This article reviews selected scientific studies 
of medical applications of Chinese Qigong. The 
intention of the review is to outline research on 
Qigong and its potential for improving health care 
in western countries. The review centers on clini- 
cal and experimental studies to show that Qigong, 
exercise can beneficially affect many functions of 
the body and improve health. The studies were 
selected to illustrate the following points: medi- 
cal applications of Qigong are diverse, some stud- 
ies were conducted in depth, and many applica- 
tionshold promise to improve western health care. 
Several specific clinical and experimental 
studies are outlined. The study using 
electroacupuncture according to Voll shows that 
almost all organs and functions of the body can 
be balanced by Qigong. The research on hyper- 
tension serves as a model to illustrate the many 
ways that the effects of Qigong on the body can 
be measured, Studies on brain waves are included 
to show that the mind is involved in Qigong and 
probably in the healing process. Research on 
Qigong’s role in high altitude adaption suggests 
some practical applications for treating cardiovas- 
cular disease. A combination of Qigong and drug 
therapies is superior to drug therapy alone, as in- 
dicated in the case of two diseases, hypertension 
and cancer. In conclusion, there is a plea to medi- 
cal practitioners and scientists to collect existing 
information on medical Qigong, promote research 
if needed, and identify applications that hold 
promise for improving western health care. 


INTRODUCTION TO MEDICAL QIGONG 
‘Traditional Chinese Medicine (TCM) is a ho- 
listic system for promoting health and for heal- 
ing that includes several therapies such as acu- 
puncture and moxibustion, herbal medicine, 


acupressure massage, nutrition, and Medical 
Qigong. These therapies are often used in combi- 
nations. The underlying theory of TCM is based 
on balancing Qi, the vital energy in the body, ac- 
cording to the theory of "yin-yang” and the Five 
Elements, that has been used for more than three 
thousand years. In practice, the flow of Qiis regu- 
lated, and “blocks” to the flow of Qi are removed. 
Energy blocks or Qi in excess or deficiency may 
result from disease, injury or stress. Qigong (pro- 
nounced chee gong) hasa history of thousands of 
years, and it is unique among TCM therapies be- 
cause almost anyone can learn and practice 
Qigong. However, it best to study Qigong with a 
qualified teacher to avoid adverse side effects. It 
is claimed that 60 million people in China prac- 
tice Qigong daily, primarily to maintain health and 
achieve long life. 

The word Qigong is a combination of two 
ideas. Qiis the vital energy of the body, and gong 
is the skill of working of the Qi. Medical Qigong 
for health and healing consists primarily of medi- 
tation, physical movements, and breathing exer- 
cises. Qigong practitioners develop an awareness 
of Qi sensations in their bodies and use their mind, 
i.e,, intention, to guide the Qi in the body. Itis said 
that the benefits of Qigong extend beyond health 
and healing to enhance spiritual life and even spe 
cial abilities, such as psychic powers. Qigong is 
also used in martial arts to help develop physical 
and mental powers for self defense and healing. 

Medical Qigong is divided into two parts: in- 
ternal and external. Internal Qi is developed by 
individual practice of Qigong exercises. When 
Qigong practitioners become sufficiently skilled, 
they can use external Qi to “emit” Qi (Wai Qi in 
Chinese) for the purpose of healing another per- 
son. There are many reports of the medical effi- 
cacy of emitted Qi. This therapy has limited ap- 


plication on a large scale because there are a lim- 
ited number of skilled Qigong masters. The 
present article will focus mainly on internal Qi 
because almost everyone can learn Qigong exer- 
cises for maintaining health and for self-healing. 

In the early 1980s, scientists in China began 
investigating the many medical benefits claimed 
for Qigong. Since then, research on hundreds of 
medical applications of Qigong has been reported 
in the literature, which, unfortunately for the West, 
is written primarily in Chinese. A wealth of mate- 
tial is published in English in the proceedings of 
international conferences of Qigong. The proceed- 
ings contain abstracts of talks given at the confer- 
ences, and since 1986 there are 837 abstracts, more 
than half in English. 


EXAMPLES OF MEDICAL 
APPLICATIONS OF QIGONG 

Some examples of the applications of medi- 
cal Qigong and emitted Qi on humans, animals, 
cell cultures, and plants were reviewed. Clinical 
and experimental evidence showing that Qigong 
exercise and external Qi affects various functions 
and organs of the body have been discussed. A 
short list of some of the functions and organs af- 
fected by Qigong, and the measurement tech- 
niques employed, include: the brain (EEG and 
magnetometer); blood flow (thermography, 
sphygmography, and rheoencephalography); 
heart functions (blood pressure, EKG, and UCG); 
kidney (urinary albumin assay); biophysical (en- 
zyme activity, immune function, sex hormone lev- 
els); eyesight; and tumor size in mice. 

In the following discussion, some clinical and 
experimental research studies will be discussed to 
illustrate the scope of research on medical applica- 
tions of Qigong. The studies have been selected 
because they contain scientific information on im- 
portant chronic medical conditions, such as hyper- 
tension and aging. Most of these studies on Qigong 
used controls and statistical analysis. This review 
focuses on the main accomplishments of selected 
research studies. Details may be omitted because 
of space limitations or because relevant informa- 
tion is not available. The critical evaluation of re- 
search studies will be left to medical specialists. 


THERAPEUTIC BALANCING OF THE 
CHANNELS AND FUNCTIONS OF THE 
Bopy 

Electroacupuncture According to Voll (EAV) 
can monitor the effects of Qigong practice on 
therapeutic balancing of the Channel system, the 
classical TCM organs, and body functions. In EAV 
the electrical conductance of the skin above indi- 
vidual acupuncture points is measured using a 
low voltage and low current. Diagnosis depends 
on measuring the relative electrical conductance 
and its time dependence. An important diagnos- 
tic criterion of degeneration of an organ is an “in- 
dicator drop” that may occur during the measure- 
ment when the conductance reaches an apparent 
maximum value but then decreases before level- 
ing off. 

Measurements were made at 24 acupuncture 
points at the ends of the Channels of the fingers 
and toes of subjects and were made by the same 
operator and equipment. The subjects were asked 
to perform a Qigong exercise of their choosing, 
for example, sitting or standing meditation or 
moving Qigong. Two series of EAV measurements 
were made before and after healthy subjects prac- 
ticed Qigong. In the first series, four subjects were 
examined by EAV before and after they practiced 
Qigong for 10 to 15 minutes. Qigong exercise de- 
creased the average of the EAV measured values 
in the range of -19 to -31% (p<0.004) for the four 
subjects. Qigong essentially eliminated the indi- 
cator drops. In the second series, each of seven 
subjects was examined by EAV three times in a 
blind protocol so that the operator did not know 
whether a subject had practiced Qigong before the 
second or third examination. In the second series, 
Qigong exercise changed the average EAV mea- 
sured values in the range of -17% to -35% for four 
subjects and in the range of 4% to 15% for three 
subjects. Indicator drops again were decreased. 

These preliminary results show that Qigong 
can make significant changes in the therapeutic 
balancing of the Channel and organ systems, the 
goal of TCM. 
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Figure 1. A 20-year folow-up of the effect of Qigong on mortality and stroke of 242 hypertensive patients. Both 


(groups received drug therapy. (Qang. Xu, et al. ref. 7) 


HYPERTENSION 

Several groups in China have investigated the 
effects of Qigong on hypertension (i.e, high blood 
pressure). Research on the short- and long-term 
cffects of Qigong practice on hypertensive patients 
has been carried out at the Shanghai Institute of 
Hypertension by Wang Chongxing, Xu Dinghai 
and their colleagues. Their research is reviewed 
extensively because it serves as a model of the ef- 
fects of Qigong on many functions of the body. 
For these studies, the patients practiced “Yan Jing 
Yi Shen Gong” for 30 minutes twice a day. This 
Qigong is claimed to be especially valuable for 
therapeutic purposes and delaying senility. The 
Qigong exercise consists of a combination of sit- 
ting meditation and gentle physical movements 
that emphasizes a calm mind, relaxed body, and 
regular respiration. 


PREVENTION OF STROKE AND 
MORTALITY 

In 1991, the researchers reported a 20-year 
controlled study of the anti-aging effects of 
Qigong on 204 hypertensive patients. Recently, the 
researchers performed a 30-year follow-up on 242 
hypertensive patients who were divided ran- 
domly into a Qigong group (n = 122) and a con- 
trol group (n= 120). All patients were given drug 
therapy to control blood pressure, but only the 
experimental group practiced Qigong 30 minutes 
a day, twice a day. The results show that the accu- 
mulated mortality was 25.41% in the Qigong 
group and 40.79% in the control group (p<0.001). 
The incidence of stroke was 20.49% and 40.73% 
(p<0.01), and death rate due to stroke was 15.57% 
and 32.50% (p<0.01), respectively. These results, 
which are shown graphically in Figure 1, indicate 
that Qigong has potential for preventing strokes 
and extending life. 


Figure 2. Serum estrdio! levels of hypertensive men (ages 40-69) and women (ages 51-57) who practice Qigong 
one year compared to healthy controls. (Ankun, Eang, et al. ref. 6) 


‘The researchers also reported that over the 20- 
year period, blood pressure of the Qigong group 
stabilized while that of the control group in- 
creased. Remarkably, during this period the drug 
dosage for the Qigong group could be decreased 
and for 30% of the patients could be eliminated. 
However, the drug dosage for the control group 
had to be increased. These results suggest that 
Qigong activated the natural healing process of 
the body. 


IMPROVEMENTS IN HEART FUNCTION 
AND MICROCIRCULATION 

‘Aged hypertensive patients usually are found 
to havea deficiency of Heart-energy, which often 
leads to a weakened function of the left ventricle 
and a disturbance of microcirculation. The re- 
searchers evaluate the effects of Qigong by using 
ultrasonic cardiography (UCG) and indices of 
microcirculation. The 120 male subjects, 55 to 75 
years of age, were divided into three groups: 46 
cases of hypertensive subjects with Heart-energy 
deficiency, 34 cases without Heart-energy defi- 
ciency, and 40 cases with normal blood pressure. 
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Patients whose blood pressure measured more 
than 160/95 mm mercury were accepted as sub- 
jects after regulation with anti-hypertensive drugs 
for 4 weeks. 

The results showed that subjects with Heart- 
energy deficiency experienced several improve- 
‘ments: increases in cardiac output, ejection frac- 
tion mitral valve diastolic closing velocity, and 
mean velocity of circumferential fiber shortening, 
while the total peripheral resistance decreased 
(P<0.05-0.01). Significant changes did not occur 
in the group without Heart-energy deficiency. 

Multiple quantitative evaluation of nailfold 
disturbance in microcirculation was made on the 
above three groups by observing 10 indices of 
abnormal conditions: configuration of 
micrangium, micrangium tension, condition of 
blood flow, slowdown of blood flow, thinner af- 
ferent limb, efferent limb and afferent limb ratio, 
color of blood, hemorthage, and petechia. At the 
beginning of the study, the incidence of microcir~ 
culation obstruction for the above three groups 
‘was 73.91%, 26.47% and 17.50%, respectively. Af- 
ter practicing qigong for one year, the group with 


Heart-energy deficiency showed a decrease in 
nailfold microcirculation obstruction from 73.91% 
to 39.31% (p<0.05). Significant changes did not 
occur in the group without Heart-energy defi- 
ciency. 

‘These studies show that proper TCM diag- 
nosis is essential for qigong therapy. The investi- 
gators emphasized that the kind of qigong must 
be selected according to the patients condition. 


IMPROVEMENT IN SEX HORMONE 
LeveLs 

One consequence of aging is that the levels of 
sex hormones change in unfavorable directions. 
For example, female hormone (estrogen) levels 
tend to increase in men and decrease in women. 
‘Two studies indicate that this trend can be re- 
versed by qigong exercise. The effect of qigong 
exercise on plasma sex hormone levels was deter- 
mine for hypertensive men and women. The sex 
hormones levels were measured before and after 
qigong practice for one year. 

‘The 70 male patients with essential hyperten- 
sion (ages 40 to 69; disease stage II) were divided 
into two groups. For the qigong group (n = 42), 
the estradiol level (E2) decreased from 70.12 to 
47.71 pg/ml, a decrease of 32% (p<0.01), while no 
significant changes occurred in the control group 
(n=20). The testosterone levels (T) of both groups 
decreased about 7%. The value of E2 for the qigong 
group (47.71 pg/ml) approached that of healthy 
‘men (42.23+5.82 pg/ml) of the same age but with- 
out hypertension or cardiovascular, pulmonary, 
hepatic, renal, or endocrine diseases (p<0.05). For 
women (ages 51 to 67, the number in group not 
available), the aging process was associated with 
failure of ovarian function manifested by de- 
creased E2 and increased T levels. Qigong resulted 
nan increase of E2 from 40.9+.3.5 t051.623.5 pg/ 
ml, a value about equal to that of normal meno- 
pausal controls without hypertension or cardio- 
vascular, pulmonary, hepatic, renal, or endocrine 
diseases. The value of T was also increased by 
qigong from 25.522.2 to 37.2+2.2 ng/ dl. These fa- 
vorable changes in estradiol levels, E2, brought 
about by qigong are summarized in Figure 2 for 
both men and women. 


Appenpix 1 


In an auxiliary study, the 24-hour urinary es- 
tradiol levels were determined in 30 men ages 50 
to 69. Qigong for one year resulted in a decrease 
of 31% in E2 and a decrease of 54% in the estra- 
diol/ testosterone ratio (E2/T). These changes 
were accompanied by improvements in symp- 
toms associated with Kidney deficiency hyperten- 
sion, such as soreness, dizziness, insomnia, hair 
loss, impotence, and incontinence. The average 
score for these symptoms was changed by qigong 
from 5.5342.31 to 2.83:1.32 (p<0.001). 

‘Ye Ming and co-workers reported similar fa- 
vorable changes in plasma sex hormone levels E2 
in 77 male and female qigong exercisers after 2 
months qigong compared with 27 controls. They 
did not observe significant changes in testoster- 
one. 

The above studies show that qigong exercise 
can help restore the sex hormone levels that had 
deteriorated because of aging. 


INCREASED BONE DENSITY 
Aging may result in a decrease in bone den- 

sity, especially in women. Asa consequence, bones 

become more brittle and subject to fracture. 

Bone density of male subjects was found to 
increase by practicing qigong for one year. For 
subjects 50 to 59 years of age (18 cases), the bone 
density increased from 0.627+0.040 to 0.6960.069 
g/cm3 (p<0.01). For subjects 60 to 69 years of age 
(12 cases), the bone density increase was some- 
what less, namely, from 0.621:40.039 to 0,6720.083 
g/cm3 (p<0.05). For both age groups, the bone 
density increased to values exceeding those of 
normal men of the same age, 0.6950.096 and 
0.657+0.102 g/cm3, respectively. The results are 
shown graphically in Figure 3. 

Itis likely that gigong therapy also would help 
restore the bone density of women, especially 
menopausal women. If so, hormone replacement 
therapy and its side effects could be reduced. 
CHANGES IN BLOOD CHEMISTRY IN 
HYPERTENSIVE PATIENTS 

Auxiliary studies by Wang, Xu and co-work- 
ers on the effects of qigong exercise on blood 
chemistry of hypertensive subjects include im- 
provements in plasma coagulation firbrinolysis 


indices, blood viscosity, erythrocyte deformation 
index, levels of plasma tissue-type plasminogen 
activator (tPA), plasminogen activator inhibitor 
(PAD), VIII factor related antigen (VII R:AG), and 
anti-thrombin (AT-II)) In another study, they re- 
ported that qigong exercise significantly and ben- 
eficially changed the activities of two messenger 
cyclic nucleotides (cAMP and cGMP). 

These results provide further evidence that 
qigong affects many complex functions of the 
body. 


CANCER 

Feng Lida pioneered in research showing that 
emitted qi from qigong masters produced marked 
changes in cell cultures of cancer cells from mice. 
Several studies reported the effects of emitted qi 
on tumors in animals. For example, emitted qi was 
reported to inhibit the growth of implanted ma- 


lignant tumors in mice but did not destroy the tu- 
mors. Encouraged by the results with animals, 
researchers carried out clinical research on the ef- 
fects of qigong on human subjects with cancer. 
Detailed results are not available in English for 
all these clinical studies. 

Some results are available for a clinical study 
of qigong as a therapeutic aid for patients with 
advanced cancer. In this study, 127 patients with 
medically diagnosed malignant cancer were di: 
vided into a qigong group of 97 patients and a 
control group of 30 patients. All patients received 
drugs, and the qigong group practiced qigong for 
more than 2 hours a day over a period from 3 to 6 
months. Both groups improved, but the qigong 
group showed improvements four to nine times 
greater than the control group for strength, appe- 
tite, diarthea free, and weight gain of 3 kg. The 
phagocytic rate, which a measure of the immune 
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Figure 3. Changes in bone density of hypertensive men who practice Qigong one year compared to healthy 


males of the same age. (Xu Wang, et al. ref. 9) 
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Figure 4. Comparison of Qigong, drug and drug-alone terapies for patients with advanced cancer. (ref. 25) 


function, increased in the qigong group but de- 
creased in the control group. These results are 
shown in Figure 4. 


REVERSING SENILITY 

‘To study the mechanism of keeping fit by 
qigong, a controlled study was made of 100 sub- 
jects classified either as presenile or with senile 
impaired cerebral function. The subjects were di- 
vided into two groups of 50 people each with a 
mean age of 62.7 years and with a similar distri- 
bution of age and sex. The qigong group practiced 
a combination of static and moving qigong. The 
control group exercised by walking, walking fast, 


or running slow. According to TCM method of 
classifying the vital energy, more than 80% of the 
patients in each group were classified as deficient 
in vital function and vital essence of the Kidney. 
Criteria for judging outcome were based on mea- 
suring clinical signs and symptoms including ce- 
rebral function, sexual function, serum lipid lev- 
els, and function of endocrine glands. 

After six months, 8 of the 14 main clinical signs 
and symptoms in the qigong group were im- 
proved above 80%, whereas none of the symp- 
toms in the control group was improved above 
45%. These results suggest that qigong can reverse 
some symptoms of aging and senility. 


MIND-Boby REGULATION 
‘The main function of qigong is to regulate the 
mind, and according to TCM theory the mind 
leads the qi. The mind-regulating function of 
qigong mainly refers to the regulation of the func- 
tions of the brain and related body reactions. One 
tenant of qigong is that “the mind leads the qi, 
and the qi leads the blood.” This somewhat mys- 
terious statement can be interpreted to mean that 
intention (the mind) can direct the qi within the 
body. This mechanism is perhaps similar to the 
role of volition in biofeedback self-regulation. 


BRAIN WAVES 
The main focus of research has been on the 
effects of qigong on brain waves as measured by 
electroencephalography (EEG). During static e.g, 
sitting meditation, alpha brain waves dominate 
‘over beta waves and spread to the frontal areas of 
the brain. Kawano and Wang have found differ- 
ences in the EEG of Zen Buddhist priests and 
qigong masters. During almost all types of qigong 
training, the frequency of the alpha waves in- 
creased in the range from +0.6 to 1.0 Hz. During 
deep Zen meditation, the frequency decreased in 
the range from -1.0to-1.5 Hz, and sometimes theta 
waves appeared. Also, frontal and occipital alpha 
waves tended to synchronize with a phase differ- 
ence that depended on the type of meditation. This 
phase difference became smaller with gigong, 
‘meditation (i.e, better synchronization) and larger 
for Zen meditation. According to Kawano and 
Wang these differences in brain function suggest 
that internal qigong involves a “semi-conscious” 
process, which involves some awareness and ac- 
tivity, while Zen meditation is a neutral process 
that releases the meditator from all concerns. This 
difference may relate to qigong being a healing 
art, whereas Zen is generally not considered to be 
one. 
As mentioned earlier, a qigong master can 
emit qi to heal a patient, and the literature con- 
tains many references to this subject. The interac- 
tion between the qigong master and his subject 
has been followed in double blind tests. Both 
qigong master and subject were simultaneously 
measured by EEG, polygraphs, biochemical blood 


tests, and psychological tests. The EEG studies 
showed that brain wave patterns of the subject 
and qigong master were synchronized in type of 
brain waves and their location in the brain. Such 
synchronism may be required for healing by emit- 
ted gi. 

‘Machi has studied qigong masters by com- 
bining EEG measurements with simultaneous 
measurements of physiological changes. He found 
that while the qigong master was emitting qi, the 
alpha-1 waves showed extremely high potential 
on the right frontal lobe, and there were increases 
inblood pressure, heart rate, and skin surface tem- 
perature. He also detected a far infrared emission 
with 1 Hz modulation signal coming from the 
Laogong point (a major acupuncture point in the 
palm of the hand.) 


BLOOD FLOW To THE BRAIN 

Qigong exercise has been shown by 
theoencephalography to increase blood flow to the 
brain. For 158 subjects with cerebral arterioscle- 
rosis who practiced qigong for 1 to 6 months, im- 
provements were noted in symptoms such as 
memory, dizziness, insomnia, tinnitus, numbness 
of limbs, and vertigo headache. During these stud- 
ies, a decrease in plasma cholesterol was also 
noted. These results may offer hope to people with 
cerebral arteriosclerosis. 


EFFECT OF RAPID AND LARGE 
CHANGES IN ALTITUDE 

Studies have been made to determine whether 
aigong exercise would protect pilots from altitude 
stress when they increased altitude by going rap- 
idly from low altitudes to the Tibetan highlands. 


CARDIAC FUNCTION 

Before entering the Tibetan highland, 66 per- 
sons were divided into two groups: a qigong 
‘group of 32 young men who did Qiyuan Qigong, 
exercise for 4 weeks, and a control group of 34 
young men who exercised to radio music. The two 
groups of men suddenly entered the highlands 
from a lower altitude. Before and after entering 
the highland, measurements were made of symp- 
toms of altitude sickness and physiological 


changes. The qigong group suffered less altitude 
stress than the control group as measured by blood 
pressure, heart rate, oxygen consumption, micro- 
Circulation on epex of tongue and nail fold, and 
temperature at Laogong point (P8) of the left hand 
(p<0.01). The researchers suggest that qigong can 
prevent stresses from altitude changes. 

These results with healthy subjects suggest 
that qigong also should be effective in improving 
the health of people with cardiovascular condi- 
tions, In fact several research studies have been 
reported the beneficial effects of qigong on car- 
diovascular diseases. 


MICROCIRCULATION DISORDERS 

Air force pilots were randomly divided into 
two groups: a qigong group of 22 persons who 
had practiced Qiyuan Qigong exercise for eight 
weeks, and a control group of 18 persons who did 
physical exercise for eight weeks before entering 
the Tibetan highlands. Microcirculation was mea- 
sured at tongue apex and the nail fold, and also 
from the temperature at the Laogong point in 
palm of the left hand. When the men entered the 
high altitude, abnormal blood pressure and mi- 
crocirculation of tongue apex and nail fold oc- 
curred in both groups. However, the abnormali- 
ties were statistically less in the qigong group than 
in the control group (p<0.01). The temperature at 
Laogong kept steady in the qigong group, but was 
reduced in the control group (p<0.05). 


‘STUDY OF LUNG FUNCTION 

The men were divided into three groups. 
Forty young males were in the qigong group and 
practiced Qi Yuan qigong for 4 weeks prior to 
entering the highlands; 40 young men were in the 
control group and exercised to radio music for 4 
weeks prior to entering the highlands; and 40 
young males were residents living at high alti- 
tudes. The results show that the integral value of 
symptoms of acute mountain sickness was lower 
inthe qigong than in control group (p<0.05—0.01). 
Pulmonary ventilation of the qigong group was 
significantly improved compared with the con- 
‘trol group (p<0.05—0.01), and nearly equal to the 
resident group. 


The favorable outcome of these studies sug- 
‘gests that gigong may be a valuable therapy for 
people suffering from cardiac, microcirculation 
and lung disorders. 


SUMMARY AND CONCLUSIONS 

This review deals with only a small fraction 
ofa large collection of research already performed 
on medical applications of qigong, mainly in 
China. Hopefully, the information presented is 
sufficient to illustrate the potential of qigong ex- 
ercise for restoring normal body functions. The 
main conclusion from many studiesis that gigong 
enables the body to heal itself. 

Medical practitioners and scientists are en- 
couraged to evaluate the potential value of medi- 
cal applications of qigong. They should collect as 
much information as possible from original 
sources, develop bibliographies, and then deter- 
mine whether additional research is required to 
validate given medical applications. They should 
then recommend those applications most likely 
to be suitable for western health care. It is recom- 
mended that TCM and qigong be considered to 
complement western medicine. 

There are several issues that should be ad- 
dressed for the successful introduction of qigong 
into western health care. Itis necessary to win the 
support of scientists, medical practitioners and the 
public who know very little about TCM and 
qigong, A crucial step is to collect scientific evi- 
dence from research already performed. Regret- 
tably, there are few research reports in English, 
and original scientific reports in Chinese are of- 
ten difficult to obtain and translate. Further, some 
of the best technical research papers are incom- 
plete scientifically. Recently this has become less 
of a problem in China. Although some scientific 
reports have flaws, we must not reject all research 
on qigong. We must give credit to China for de- 
veloping the science of qigong and recognize that 
it is a science in development. 

On the positive side, qigong is emerging rap- 
idly among a public interested in improving their 
health. Qigongis a subject being addressed by the 
public press and in books and magazines. Increas- 
ing numbers of medical practitioners are becom- 


Skerion 12: APrenoices 


ing active in alternative medicine, although few 
physicians have studied TCM. At least one insur- 
ance company has paid for gigong therapy. HMOs 
and state and federally funded medical programs 
would benefit from paying for qigong therapy 
because it is effective and inexpensive. Pharma- 
ceutical companies are already exploring many 
herbs, and these companies also could benefit 
from qigong research because of the synergic ef- 
fect between qigong and drugs mentioned in this 
review. The Office of Alternative Medicine (OAM) 
of the National Institutes of Health is working to 
develop a basis for evaluating the merits of di 
ferent alternative therapies, and in 1994 it funded 
one grant involving qigong. Incidentally, the Japa- 
nese Ministry of International Trade and Indus- 
try (MITI) is reported to be taking a pragmatic 
approach to alternative therapies by encouraging 
the development of industrial applications of 
therapies such as acupuncture and qigong. 

There are many medical applications of 
gigong. Some of the most promising for introduc- 
ing into western health care are chronic problems 
such as hypertension, cardiovascular disease, ag- 
ing, asthma, allergies, neuromuscular problems, 
and cancer. These areas of public health deserve 
consideration by the western medical establish- 
ments, 

“The p-valueis the probability that two quan- 
tities are not different: the smaller the p-value 
greater the difference. 
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ANTI-AGING BENEFITS OF QIGONG 


Kenneth M. Sancier, Ph.D. 


INTRODUCTION 

In the early 1980s, scientists in China began 
to study the medical benefits claimed for qigong. 
Since then, research on hundreds of medical ap- 
plications of qigong have been reported in the 
Chinese literature. Of special interest for the 
present article are clinical reports of the medical 
benefits of qigong that claim to retard or reverse 
some diseases associated with aging. 

‘Most of the original research was reported in 
Chinese, but access in English to most of this ma- 
terial is possible by reference to the proceedings 
of international conferences of qigong. Since 1986, 
ten such proceedings contain about 840 abstracts 
of talks given at the conferences, more than half 
of which are in English. These abstracts, along 
with about 160 abstracts of articles in the scien- 
tific literature, have been organized as a comput- 
erized database. The database enables searches 
and development of bibliographies across this 
entire body of information by using any key word. 
‘The clinical outcomes reported in this article are 
partly based on material in the database and partly 
on the author's person contacts with researchers. 

The word qigong is a combination of two 
ideas: qi the vital energy of the body, and gong 
the skill of working of the qi. Medical qigong for 
health and healing consists primarily of medita- 
tion, physical movements, and breathing exer- 
cises. Qigong practitioners develop an awareness 
of qi sensations in their bodies and use their mind, 
i.e, intention, to guide the qi in the body. The ben- 
efits of qigong are said to extend beyond health 
and healing to enhance spiritual life and even spe- 
cial abilities, such as psychic powers. 

Medical qigong is divided into two parts: in- 
ternal and external. Internal qi is developed by 
individual practice of qigong exercises. When 
gigong practitioners have sufficiently mastered 


the skill, they can “emit” qi (external qi or waigi 
in Chinese) for the purpose of healing another 
person. There are many scientific reports of the 
medical existence and efficacy of emitted qi. The 
present article focuses mainly on internal gi be- 
cause almost everyone can learn qigong exercises 
for maintaining health and for self-healing, 
whereas, there are a limited number of skilled 
qigong masters available for healing. 

There are numerous reports of the effects of 
emitted gi on living systems and the functions and 
organs of the human body. The present author 
reviewed some examples of medical applications 
of qigong and emitted qi on humans, animals, cell 
cultures, and plants, and he also published some 
of his experimental research on physiological ef- 
fects of qigong. He discussed some clinical and 
experimental evidence showing that qigong ex- 
ercise and external qi affects various functions and 
organs of the body. A short list of some of the func- 
tions and organsaffected by qigong, and the mea- 
surement techniques employed (in parentheses), 
include: the brain (EEG and magnetometer); blood 
flow (thermography, sphygmography, and 
theoencephalography); heart functions (blood 
pressure, EKG, and UCG); kidney (urinary albu- 
min assay); biophysical (enzyme activity, immune 
function, sex hormone levels (laboratory analy- 
sis); eyesight (clinical); and tumor size in mice. 


CLINICAL STUDIES INDICATING THE 
ANTI-AGING BENEFITS OF QIGONG 

Several clinical studies will be described to 
illustrate the scope of research on medical appli- 
cations of qigong to treat chronic medical condi- 
tions that may affect the aging process. Some de- 
tails may be omitted because of space limitations. 
The critical evaluation of the research studies will 
be left to medical specialists. 
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THERAPEUTIC BALANGING OF THE 


CHANNELS AND FUNCTIONS OF THE 
Bopy By QIGoNG 

‘The profound effect that internal qigong prac- 
tice may have on balancing the energies of the 
organs and functions of the body is illustrated by 
measurements using Electroacupuncture Accord- 
ing to Voll (EAV). In EAV the electrical conduc- 


points is measured using low voltage and low 
current. Diagnosis depends on measuring the rela- 
tive electrical conductance and its time depen- 
dence. An important diagnostic criterion of de- 
‘generation of an organ is an “indicator drop” that 
‘may occur during the measurement when the con- 
ductance reaches an apparent maximum value but 
then decreases before leveling off. 

Measurements were made at 24 acupuncture 
points at the ends of the 12 Channels in the fin- 
gers and toes of subjects and were made by the 
same operator and equipment. The subjects were 
asked to perform a qigong exercise of their choos- 
ing for 10 to 15 minutes, for example, sitting or 
standing meditation or moving qigong. Two se- 
ries of EAV measurements were made before and 
after healthy subjects practiced qigong. 

In the first series, four subjects were exam- 
ined by EAV before and after they practiced 
qigong. Qigong exercise decreased the average of 
the EAV measured values of the four subjects in 
the range of -19 to -31% (p<0.004). Qigong elimi- 
nated almost all the indicator drops. 

In the second series, each of seven subjects 
was examined by EAV three times in a blind pro- 
tocol so that the operator did not know whether a 
subject had practiced qigong before the second or 
third examination. The results showed that igong 
exercise changed the average EAV measured val- 
ues in the range of -17 to -35% for four subjects 
and in the range of 4 to 15% for three subjects. 
Indicator drops again were markedly decreased. 

‘These preliminary results show that internal 
qigong practice can make significant changes in 
the therapeutic balancing of the Channel and or- 
gan systems. 


Ina similar type of study, the electric current 
at acupuncture points on 14 Channels was mea- 
sured using a single square wave voltage pulse 
technique. Both a qigong master, who emitted qi, 
and a qi-receiver were measured simultaneously 
and continuously. The results show that internal 
and external qigong produce different values in 
some measurement parameters, and also some 
synchronous behavior was observed between the 
sender and receiver. 


BLoop PRESSURE 

The effect of qigong exercise on blood pres- 
sureis shown graphically in Fig. 1. The blood pres- 
sure (systolic and diastolic) in millimeters mer- 
cury is plotted as a function of time over 20 years 
for the group consisting of 242 patients, 122 in the 
qigong group and 120 in the control group. Dur- 
ing the first two 

Fig. 1. Effect of qigong on blood pressure of 
hypertensive patients over 20 years. Qigong group 
(n = 104) practiced 30 min/day twice/ day, con- 
trol group (n = 100). 

months, the blood pressure of all patients 
dropped in response to the hypotensive drug. 
Subsequently, and over the period of 20 years, the 
blood pressures of the qigong group stabilized 
while that of the control group increased. Remark- 
ably, during this period the drug dosage for the 
qigong group could be decreased, while the dos- 
age for the control group had to be increased. 


MORTALITY AND STROKE 

‘The incidences of mortality and stroke for the 
30-year study are shown in Fig. 2. These results 
show that qigong exercise decreased by about 50 
percent the incidence of total mortality, mortality 
due to stroke, and morbidity due to stroke. At the 
end of 30 years, 86 patients survived in the qigong, 
group and 68 in the control group. These results 
clearly show that qigong has significant potential 
for preventing strokes and extending life. 

Fig. 2. Effect of qigong on mortality and stroke 
of hypertensive patients over 30 years. Both 
groups received drug therapy; qigong group (n= 
122) practiced qigong 30 min /day twice/ day; the 
control group (n = 120). 


IMPROVEMENTS IN HEART FUNCTION 
AND MIRCROCIRCULATION 

Aged hypertensive patients usually are found 
tohhavea deficiency of Heart-energy, which often 
leads to a weakened function of the left ventricle 
and a disturbance of microcirculation. The re- 
searchers evaluated the effects of gigong for120 
aged patients by using ultrasonic cardiography 
(UCG) and indices of microcirculation 

Experiments showed that the left ventricular 
function (LVE) in the hypertensive aged group (80 
cases) was lower than that in the aged normal 
blood pressure group (40 cases), while the LVF in 
the deficiency of Heart-energy hypertensive pa- 
tients (46 cases) was lower than in the non-defi- 
ciency Heart-energy hypertensive patients (34 
cases). 

‘After practicing qigong for one year, cardiac 
output was increased, the total peripheral resis- 
tance decreased, and the ejection fraction mitral 
valve diastolic closing velocity and the mean ve- 
locity of circumferential fiber shortening tended 
tobe increased. Significant changes did not occur 
in the group without Heart-energy deficiency. 

Quantitative evaluation of nailfold distur- 
bances in microcirculation was made on the above 
groups by observing 10 indices of abnormal con- 
ditions: configuration of micrangium, micrangium 
tension, condition of blood flow, slowdown of 
blood flow, thinner afferent limb, efferent limb and. 
afferent limb ratio, color of blood, hemorrhage, 
and petechia. The results showed that hyperten- 
sion had an accelerating effect on the disturbance 
of microcirculation. The incidence of disturbance 
of microcirculation disturbance was 73.9% in the 
deficiency of Heart-energy hypertensive patients 
After a year of qigong practice, the incident of 
disturbance was 39.1% (p<0.01). 

The results suggest that qigong exercise has. 
beneficial effects on Heart-energy and regulation 
of the blood channel, and qigong seems to have 
improved abnormal conditions of blood circula- 
tion. 


ENHANCED ACTIVITY OF ANTI-AGING 
ENZYME SOD 

Superoxide dismutase (SOD) is produced 
naturally by the body but its activity declines with 
age. SOD is often called an anti-aging enzyme 
because it is believed to destroy free radicals that 
may cause aging. The effects of qigong exercise to 
treat disorders of retired workers were studied by 
Xu Hefen and coworkers and included determi- 
nations of plasma SOD. 

For their study, 200 retired workers,100 males 
and 100 females, ranging in age from 52 to 76 were 
divided into 2 groups: the qigong exercise group 
and the control group, and each group consisted 
of 50 males and 50 females. The main qigong ex- 
ercise was Emei Nei Gong (one kind of qigong 
exercises of the Emei School), and was practiced 
at least 30 minutes a day. 

The result showed that the mean level of SOD 
was increased by qigong exercise. For example, 
the SOD level was larger in the qigong group 
(about 2700 1/g Hb) and than in the control group 
(1700 u/g Hb), and this difference was significant 
(p<0.001). This study shows that qigong exercise 
can stimulate physical metabolism, promote the 
circulation of Channels and regulate the flowing 
of gi and blood, thus preventing and treating dis- 
orders of aging and promoting longevity. 


CARDIOVASCULAR FUNCTION 

Several studies reveal the potential benefits 
that qigong may have for improving the cardio- 
vascular function of those with heart disease as 
well as old people. This conclusion is based on 
three studies reporting that qigong exercise can 
protect healthy pilots from altitude stress when 
they flew rapidly from a low altitude to the high 
altitude of the Tibetan highlands. 

Before entering the Tibetan highland, 66 
healthy young men were divided into two groups: 
agigong group of 32 men who did Qiyuan Qigong 
exercise for 4 weeks, and a control group of 34 
men who exercised to radio music. The two 
groups of men rapidly entered the highlands from 
a lower altitude. Before and after entering the 
highland, measurements were made of symptoms 
of altitude sickness and physiological changes. 
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‘The qigong group suffered less altitude stress than 
the control group as measured by blood pressure, 
heart rate, oxygen consumption, microcirculation 
on the epex of tongue and the nail fold, and the 
temperature at the Laogong point of the lefthand 
(p<0.01). The researchers suggest that qigong can 
prevent stress from altitude changes. 

In another study of changes in altitude, 
healthy young men were divided into three 
groups. Forty males were in the qigong group and 
practiced Qiyuan qigong for 4 weeks prior to en- 
tering the highlands; 40 men were in the control 
group and exercised to radio music for 4 weeks 
prior to entering the highlands; and 40 males were 
residents living at high altitudes. The results show 
that the integral value of symptoms of acute 
mountain sickness was lower in the qigong than 
in control group (p<0.01 to 0.05). Pulmonary ven- 
tilation of the qigong group was significantly im- 
proved compared with the control group (p<0.01 
to 0.05), and nearly equal to the resident group. 

In another study, air force pilots were ran- 
domly divided into two groups: a qigong group 
of 22 men who had practiced Qiyuan Qigong ex- 
ercise for eight weeks, and a control group of 18 
men who did physical exercise for eight weeks 
before entering the Tibetan highlands. Microcir- 
culation was measured at tongue apex and the nail 
fold, and also from the temperature at the Laogong 
point in palm of the left hand. When the men en- 
tered the high altitude, abnormal blood pressure 
and microcirculation of tongue apex and nail fold 
occurred in both groups. The abnormalities were 
statistically less in the qigong group than in the 
control group (p<0.01). The temperature at 
Laogong kept steady in the qigong group, but was 
reduced in the control group (p<0.05) 

The results of these three studies with healthy 
subjects lead to the conclusion that qigong also 
should be effective in improving the health of 
people with cardiovascular conditions including 
the aged. In fact several research studies have re- 
ported such beneficial effects of qigong on cardio- 
vascular diseases. The three studies also provide 
evidence that qigong exercise is superior to physi- 
cal exercise such as calisthenics. 


COMBINATION OF MEDICAL @IGONG 
AND DRUGS THERAPY 

‘There is ample evidence in the literature that 
therapy by a combination of qigong exercise and 
drugs is superior to that of drugs alone. The ad- 
vantages of a combination therapy of qigong and 
drugs over drugs alone were discussed earlier in 
this paper for hypertension and cancer. 

‘The mechanism of this apparent synergism is 
not entirely understood, but undoubtedly relates 
to the fundamental mechanism of qigong. Qigong 
is believed to remove blocks to the ready flow of 
the qi (energy), blood, oxygen and nutrients to all 
cells of the body as well as to promote removal of 
waste products from cells of the body. Blocks to 
energy (qi) flow may result from injury, disease 
or stress. 

Increases in qi flow and blood circulation help 
nourish diseased or stressed tissue, providing a 
‘means for the body to heal itself. This mechanism 
suggests that qigong also could promote drug 
uptake to tissue and cells via increased blood cir- 
culation. Omura's research shows that drug up- 
take was increased by using qigongized paper (ie, 
paper to which emitted qi was sent) applied to 
afflicted area of the body. 


ConcLusions 

This review deals with a small fraction of the 
large collection of clinical research on medical ap- 
plications of gigong. The information presented 
is intended to illustrate the potential of qigong 
exercise for restoring normal body functions in 
people with chronic conditions, many of which 
accelerate the aging process. The main conclusion 
from many studies is that gigong exercise helps 
the body to heal itself. In this sense, qigong is a 
natural anti-aging medicine. Two studies indicate 
that qigong exercise is superior to some physical 
exercises. 

Qigong can complement Western medicine in 
many ways to provide better healthcare. For ex- 
ample, qigong has special value for treating 
chronic conditions and as a preventive medicine, 
whereas Western medicine has special value for 
treating acute conditions. There are many medi- 


cal applications of qigong that can complement 
Western medicine to improve health care. Some 
‘examples include chronic problems such as hy- 
pertension, cardiovascular disease, aging, asthma, 
allergies, neuromuscular problems, and cancer. 
‘These areas of publichealth deserve consideration 
by the Western medical establishment. 
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APPENDIX 1C 


THE EFFECT OF QIGONG ON THERAPEUTIC 
BALANCING MEASURED BY ELEXTROACUPUNCTURE 
ACCORDING TO VOLL (EAV): A PRELIMINARY STUDY 


Kenneth M, Sancier, Ph.D. 


ABSTRACT 

Electroacupuncture According to Voll (EAV) 
was used to monitor the effects of qigong prac- 
tice on therapeutic balancing of subjects. In EAV 
the electrical conductance of the skin above indi- 
vidual acupuncture points is measured using low 
voltage and current. Diagnosis depends on mea- 
suring the relative electrical conductance and its 
time dependence. An important diagnostic crite- 
rion of degeneration of an organ is an indicator 
drop which occurs during the measurement when 
the conductance decreases from an apparent maxi- 
mum value and then levels off. Two series of EAV 
‘measurements were made before and after healthy 
subjects practiced qigong. Measurements were 
made at 24 acupuncture points at the ends of the 
Channels of the fingers and toes of a subject and 
were made by the same operator and equipment. 
The subjects were asked to perform a qigong ex- 
ercise of their choosing. In the first series, four 
subjects were examined by EAV before and after 
qigong exercise. Qigong exercise decreased the 
average EAV measured values of the four subjects 
in the range of -19 to -31%. Qigong eliminated 
indicator drops for three subjects and reduced the 
indicator drop by 80% for the fourth subject. In 
the second series, each of seven subjects was ex- 
amined by EAV three times in a blind protocol so 
that the operator did not know whether a subject 
had practiced qigong before the second or third 
examination. Qigong exercise changed the aver- 
age EAV measured values in the range of -17 to - 
35% for four subjects and 4 to 15% for three sub- 
jects. Indicator drops appeared for three subjects, 
and they were eliminated for two subjects and 
reduced by 50% for the third subject. These pre- 


liminary studies indicate that EAV can monitor 
the effects of qigong on changes in the therapeu- 
tic balancing of the Channel-organ system. Sug- 
gestions are made of how EAV can provide basic 
information about qigong and its applications. 


INTRODUCTION 

Electroacupuncture According to Voll (EAV) 
is one of several electroacupuncture techniques 
for measuring local skin electrical conductance for 
diagnosticand therapeutic purpose(1).In general, 
EAV emphasizes preventive medicine by provid- 
ing the medical practitioner with a diagnosis of a 
subject's health and its change at every stage of 
therapy. In the present study, EAV was used to 
monitor the effects of qigong practice on thera- 
peutic balancing of subjects (2,3). The equipment 
isbasically a D.C. resistance meter that measures 
relative changes in electrical conductance of the 
skin above an individual acupuncture point. Di- 
agnosis depends on measuring the relative elec- 
trical conductance and its time dependence. The 
relative conductance is measured by a meter that 
is calibrated from 0 to 100. The “normal” value of 
50 is expected when the acupuncture point and 
associated organ are in a physiologically balanced 
condition. Higher values (higher conductance) are 
associated with inflammation and lower values 
(lower conductance) with degenerative distur- 
bances. The indicator drop is an important diag- 
nostic criterion in EAV of a functionally disturbed 
organ. An indicator drop occurs during a mea- 
surement when the conductance of a given acu- 
puncture point increases to an apparent maximum, 
value and then decreases to a lower equilibrium 
value. In the present study, EAV was used to moni- 
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tor the effects of qigong practice on therapeutic 
balancing of healthy subjects. 

‘Two series of EAV measurements were made 
by the same operator and equipment. In both se- 
ries, the subjects were asked to perform a qigong 
exercise of their choosing, usually sitting or stand- 
ing meditation or moving qigong. The first series 
‘was performed during an international conference 
(4) at which gi and the human Channel system 
were among the main topics. About six months 
later, the second series was conducted in San Fran- 
cisco with different subjects (5). 


MATERIALS AND METHODS 
The EAV instrument, a Computronix Acupro 
Iisystem Synergy Health Systems, 1223 Wilshire 
Boulevard #321, Santa Monica, CA 90403) was 
designed and operated by Douglas C. Leber. The 
instrumental test parameters were: 1.25 volts D.C. 
output voltage, 12.7 microamperes current output 
at full scale, and 95,000 ohms resistance at 
midscale of 50. A schematic of the electrical cir- 
cuit is shown in Fig. 1. The instrument was cali- 
brated from 0 to 100, and the value of 50 indicates 
that an organ associated with the acupuncture 
point was free of pathological problems. The tester 
pressed the brass probe electrode (0.13 cm diam- 
eter and connected to the positive side of the cir- 
cuit) gently onto the acupuncture point as shown 
in Fig. 2. To minimized variations of skin conduc- 
tance due to perspiration, tap water was applied 
to the skin in the region of the acupuncture point 
before the measurement. The cylindrical brass 
hand electrode (1-inch diameter and connected to 
the negative side of the circuit) was held in the 
subject's free hand, which was also moistened 
with water. Twenty four acupuncture points at the 
ends of the Channels of the fingers and toes of a 
subject were tested in about 5 minutes. The com- 
puter was programmed to provide information 
on the right and left side of the body for twenty 
organs and physiological functions of the body. 
The subjects were 30 to 65 years of age. They 
were examined by EAV before and after practic- 
ing a qigong exercise for 10 to 15 minutes. The 
subjects went to a secluded spot to practice their 
own style of qigong, which was sitting or stand- 


ing meditation or a form of moving qigong, The 
subjects were asked to balance their energies, and 
they were examined within 15 minutes after prac- 
ticing qigong. One subject was examined by EAV 
before and after receiving qigong therapy froma 
qigong master and was also examined by EAV 
three more times within 22 hours. 


RESULTS AND DISCUSSION 

Series 1: In Series 1, four subjects were exam- 
ined by EAV before and after qigong. Subjects A, 
B, and C, who had practiced qigong for more than 
10 years, practiced their own style of qigong for 
10 to 15 minutes. Subject D, who had studied 
qigong for about one year, was given a qigong 
balancing treatment for about 10 minutes by sub- 
ject A, a qigong master who used a combination 
of acupressure massage and emitted qi to balance 
the Channels and organs of subject D. Subject A 
‘was not aware of that variations in the polarity of 
gi may exist in different parts of the hishands and 
of the body of the subject (6). 

Examples of the EAV measurements before 
and after qigong are shown for subject D in Fig. 3 
and for subject C in Fig. 4. The 20 pairs of hori- 
zontal bars represent the measured values at the 
acupuncture points associated with specific or- 
gans and functions of the body as described be- 
low the pair of bars. For a given pair of bars, the 
upper bar represents the value on the left side of 
the body and the lower bar that on the right side 
of the body. For example, LUCLand LUCR repre- 
sents the lung Channel on the left and right side 
of the body, respectively. The scale for the mea- 
sured values is shown at the bottom of each graph 
in the figure. A vertical line at the “normal” read- 
ing of 50 is a convenient reference for comparing 
changes that resulted from qigong practice. The 
two numerical values to the left of each bar are 
the actual measured values. The maximum value 
ison the left and the equilibrium value, which may 
be lower if there is an indicator drop, is on the 
ight. The magnitude of the indicator drop is rep- 
resented by a “white” bar and its numerical value 
is the difference between the maximum and the 
minimum measured values. 

‘Visual inspection of Fig. 3 and Fig. 4 shows 


that qigong had decreased all measured values 
and had either eliminated indicator drops or re- 
duced their numbers. However, qigong did not 
restore balance to some of the Channels and the 
corresponding organs. For example after the 
qigong balancing treatment for subject D, the 
measured values for the spleen, liver and gall 
bladder Channels on the right side of the body 
remained elevated with respect to the others at 
values of 66, 69 and 67, respectively. In the case of 
subject C, the measured values remained elevated 
for the stomach at values of 77 and 66 and for the 
urinary bladder on the right side of the body at a 
value of 68, and two of the nine indicator drops 
remained. These observations suggest that EAV 
can be used to monitor the effects of qigong 
therapy on individual organs of the body. 

The results of the EAV measurements ob- 
tained before and after qigong for each of the four 
subjects are summarized in Table 1. For each sub- 
ject, average measured values were calculated 
from the 40 values, 20 on the left and 20 on right 
side of the body (see Fig. 3). For each subject, a 
percentage change (change %) was calculated 
from the average measured values obtained be- 
fore and after qigong. The results show that 
qigong had changed the average measured val- 
ues of each practitioner in the range of -19 to - 
31%. The sum of all indicator drops (in meter di- 
visions) for a given EAV examination were either 
eliminated or reduced markedly by qigong. The 
style of qigong of each subject and the duration 
of the practice are noted in a separate column in 
Table 1. 

In Table 1, the plus and minus value that fol- 
lows an average EAV value is an apparent “stan- 
dard deviation” that indicates that individual 
Channels or body functions have measured val- 
ues greater or less than the average value. This 
standard deviation would be zero if all the Chan- 
nels and body functions were balanced and had 
the same measured AEV values. Individual Chan- 
nels and body functions may not be balanced for 
‘many reasons, including chronic, acute, stress, and 
emotional factors. The magnitude of the appar- 
ent standard deviation may be regarded as a 
semiquantitative indicator of imbalance in the 


Channel system, 

Ina preliminary study to determine possible 
lasting effects of qigong, subject D was examined 
by EAV a total of four times over a period of 22 
hours. The average measured value was 75.135.2 
before qigong, 51.549.9 twenty minutes after 
gigong balancing, 55.7£10.4 four hours later after 
lunch, and 59.0:8.1 twenty-two hours later after 
breakfast. The increases in the standard deviations 
after the first 20 minutes were mainly due to large 
elevations in the measured EAV values of the 
Channels of the liver ata value of 85, spleen at 85, 
large intestines at 68, and kidney at 65. These 
changes are probably caused by food eaten at 
lunch. 

Series 2. A blind protocol was used in Series 2 
so that the EAV operator did not know when the 
seven subjects practiced qigong. This was accom- 
plished by measuring the EAV of each subject 
three times, and in between measurements the 
subject left the examination room. After the ini- 
tial EAV examination, the subjects were given a 
random selected card instructing them to prac- 
tice qigong after the first or after the second EAV 
examination. Later the subjects informed the ex- 
aminers when they practiced qigong. Of the seven 
subjects, E, FG, H, I and K were experienced 
qigong practitioners, while subject J had studied 
qigong one year. Computer printouts similar to 
those in Fig. 3 and Fig. 4 were analyzed for each 
subject. The averages of the 40 measured values 
and the sum of indicator drops are tabulated in 
Table 2. The average measured values obtained 
just after qigong practice are indicated in bold- 
face. 

The results show that qigong practice changed 
the average measured readings of most subjects. 
The average measured values decreased for four 
subjects (E, EG, H) in the range of -17% to -35%, 
increased for two subjects (J and K) in the range 
of 12% to 15%, and remained essentially un- 
changed for subject I. For subject I, a decrease in 
the average measured values was observed after 
qigong, that is, from the second to the third ex- 
amination (82.7+2.7 to 61.2118, respectively) 
‘This decrease may be due toa delay in the effects 
of qigong exercise. Indicator drops were present 


in the EAV of only three subjects before qigong, 
and these drops were either eliminated or de- 
creased by qigong. 

In series 2, the average measured values for 
four subjects (E, E G, H) showed similar decreases 
in magnitude as those in series 1. However, the 
average measured values for the other three sub- 
jects (IJ, K) increased. This difference in response 
of individual qigong practitioners can be ac- 
counted for in many ways, such as by differences 
in qigong style, intention of the practitioner, and 
physical and emotional states. For example, we 
had asked the subjects to balance their energies, 
but subject J later told us that she had tried to in- 
crease her qi, thus perhaps explaining the increase 
of 12%. 

Because of scheduling problems, we were 
‘unable to carry out control experiments. However, 
the reproducibilities of successive AEV measure- 
ments before or after qigong were satisfactory for 
five of the subjects. This can be seen in Table 2 by 
comparing the second and third measurements 
(after gigong) for subjects E, F, H, and J, and by 
comparing the first and second measurements 
(before qigong) for subject G. These successive 
readings changed less than 4%. 


CONCLUSIONS. 

Our preliminary studies suggest that the EAV 
technique can monitor the effects of qigong on the 
therapeutic balancing of the Channel-organ sys- 
tem. EAV also should be valuable in other appl 
cations of qigong: 1) evaluating the effectiveness 
of different types of personal qigong exercises for 
balancing organs of the body, 2) measuring the 
receptivity of subjects to emitted qi, 3) evaluating 
the effects of different kinds of emitted qi, for ex- 
ample, positive and negative qi (8), 4) determin- 
ing the duration of the balancing effects of qigong, 
5) determining the relative healing power of 
qigong masters for certain medical problems, 6) 
comparing the relative effectiveness of energy 
balancing by qigong with other therapies, such 
as acumassage, acupuncture, healing with hands, 
Reiki, as well as conventional physical exercise, 
7) investigating the therapeutic effectiveness of qi 
energy stored on materials such as paper (7), 8) 


investigating the therapeutic effectiveness of elec- 
trical, mechanical and laser stimulation(8), and 9) 
investigating the interaction between a qigong 
master and a subject (9). 
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Table 1. The effect of gigongee 
sured EAV values and sum of indicator drops for each of 4 
subjects before and after gigong (Series 1) 

Each subject was tested before and after practicing. 
gigong. Subject D was given qigong balancing therapy by sub- 
ject A. The change (%) refers to the difference between the 
measured values before and after qigong, The indicator drop 
(1D) divisions are the sum of all such drops for a given sub- 
ject. The style and duration of qigong practice is shown in the 
righthand columns. Average measured values for before and 
after qigong were calculated from the average of 40 readings, 
20on the left side of the body and 20 on the right side (see Fig. 
3. 


ercise on the average mea- 


Average measured values Sum ID Divisions Qigong, 
Before After Change Before After Time 


‘Subject Qigong Qigong(%\QigongQigongstyle(min.) 
A69.023:351.424.4-26200Moving]5 
B72.023:953.327.1-26220Standing10 
(€67.026.654.625.7-1912928Sitting]0 
1D75.125.251.529.9-31530Therapy10 
‘Table 2. A blind study of the effect of qigong exercise on 

the average measured EAV values and sum of indicator drops 

for each of 7 subjects before and after igong exercise (Series 

2) 


ch subject was tested 3 times. The bold faced numbers 
indicate measured values obtained just after qigong practice. 
Secret instructions informed the subjects to practice qigong, 
either after the second or third EAV test. The change (%) re 
fers to the difference in measured values before and after 
Aigong practice. Indicator drop ID) divisions are summed for 
2a given subject. The style and duration of qigong practice are 
shown in the right-hand columns. The average measured val- 
ues before or after qigong were calculated from the average of 
40 measured values, 20 onthe left side ofthe body and 20 on 
the right side (see Fig. 4), 
‘Average Measured Values Sum ID Divisions Qigong 
Change Before After Time 
SubjectFirst testSecond 
(RigoneQigongStyle(min.) 
61.3=15 499 6s11.238.629,7-35140Moving 15, 
F74813.052.025.251,724.0-3000Sitting10 
(676.122.679.124. 258.128.6-27008itinglO 
H74.423.262.1212.758.9510.5-17005itingIO 
179.24182.722.761 22, 8400Sitting10 
167 528:974.5+7 071,134.2122814MovingIS 
K67 2411.5 53.9413.562.1214,71580SittingI0 


testThird test 


APPENDIX 2 


INTRODUCTION 

This second Appendix includes research in- 
formation on Medical Qigong therapy, collected 
by my good friend Richard H. Lee, Director of 
China Healthways Institute, San Clemente, Cali- 
fornia. Mr. Lee, a council board member of the 
World Academic Society of Medical Qigong, in 
Beijing, China, is a specialist in Western medical 
technology. He has worked extensively with the 
research department of the Beijing College of Tra- 
ditional Chinese Medicine, studying the relation- 
ship of infrasonic waves emitted as Qi. 

This research, focused on the Extension of 
Emitted Qi by various Medical Qigong Masters/ 
Doctors, was motivated by the pioneering re- 
search of Professor Lu Yan Fang at the National 
Institute of Electro-Acoustics in Beijing, China. 
Professor Lu developed prototype devices which 
simulated the frequency output of Medical 
Qigong doctors. 


Mr. Lee has spent many years in China and 
abroad researching and collecting scientific data 
which led to the development of several Infratonic 
Medical Qigong Therapeutic Machines (in Cha- 
otic resonances), which are currently being sold 
worldwide. 

This second Appendix is a continuation of the 
research devoted to the scientific approach of ana- 
lyzing and scrutinizing the claims made as to the 
actual effectiveness of Medical Qigong Therapy 
as a clinical modality. The result on the effective- 
ness of Medical Qigong Therapy as a solid and 
effective clinical modality being positive in con- 
clusion. 

The following information in this second ap- 
pendix represents but a fraction of Mr. Lee's find- 
ings, however, Iam confident that the reader will 
find the data fascinating. 


Dr. Jerry Alan Johnson May 2000 
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INTRODUCTION 

In the years since the first edition of “Scien- 
tific Investigations” was published, the debate 
over the existence of Qi, the legitimacy of healers, 
and the reality of PSI phenomena has heated up. 
While most readers embrace energetic concepts 
like Qi as a useful framework for unde®rstanding 
otherwise unexplainable phenomena, some con- 
tinue to reject Qi. Even in China, while an esti- 
mated 100 million people practice Qigong, many 
professionals remain skeptical. Scientists who ac- 
tually investigate Qigong generally conclude that 
the phenomena really do happen, but still try to 
maintain an arms-length distance from it. Many 
doctors are also reluctant to discuss Qi openly 
even though most of the general public is quick 
to identify Qi as feelings of abundant vitality, and 
the absence of Qi as fatigue. 

‘There appear to be three principal barriers to 
is consideration of Qi. 

1. Inertia: “There is not enough data.” “These 
studies have not been replicated.” This seems 
to stem from an unwillingness to explore the 
studies that have been done. This book pre- 
sents enough information to satisfy the open- 
‘minded investigator and the Qi explorer, but 
nothing was added in this edition to satisfy 
those who demand overwhelming evidence. 

2. Hidden Bias: This is probably the biggest re- 
sistance that Qigong research faces. Many 
people simply refuse to consider the possibil- 
ity of action at a distance, as exhibited in 
Qigong and PSI research. On the basis of this 
single assumption, all empirical data which 
supports such phenomena must be rejected 
as mistakes, experimenter bias, or falsification. 
Nothing was added to this edition to try to 
overcome this hidden bias. 


3. Need for a framework: While the information 
presented in the first edition of this book an- 
swered the question, “Is the phenomenon of 
Qigong scientifically measurable?,” It left 
readers without a framework other than faith 
by which they can understand these phenom- 
ena. Without a framework of understanding, 
many are reluctant to accept these strange ex- 
perimental results. 

Others are less concerned about physical sub- 
stance and seek to understand Qi as an aspect of 
intention or consciousness. This more closely par- 
allels the approach of most Qigong masters who, 
through years of training, gradually gain mastery 
over their own mind (through focus of attention), 
emotions (through calmness and releasing de- 
sires), and physical body (through discipline). In- 
terestingly, this second viewpoint is similar to the 
view of many skeptics who insist that phenom- 
ena of Qi are simply “a product of the mind.” 
Combining the idea that Qiis strongly influenced 
by the mind, with the research in this book which 
shows that Qiis measurable in the physical world, 
we geta picture of Qi asa mind/body connection 
which is appealing to most readers. 

The Chinese do not view Qi asa scientific sub- 
stance, but rather, as the essence of life, the bridge 
of consciousness between mind and body, and the 
“eternal now” in which all activity occurs. The 
physical body supports physical fields (Qi) which 
support vibrational frequency patterns (Qi) which 
allow communication (Qi) between some kind of 
abstract consciousness (mind) and a physical body 
which is our vehicle. 


Richard H. Lee, January, 1999 
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QIGONG MASTERS AND 


ENERGETIC MEDICINE 

For thousands of years, China has been a 
major source of the world’s technology. We are 
surrounded by Chinese inventions such as paper, 
movable type, gun powder, and surgical anesthe- 
sia. And while the West has shot past China in 
many technological areas, there are still areas 
where China holds an edge. The Chinese investi- 
gations into the phenomenon of Qigong over the 
last ten years have, in some ways, placed Chinese 
researchers at the forefront of energetic medicine. 
Many findings of this research are presented on. 
the following pages. 

Qigong has been practiced for thousands of 
years in China. Yet it has never before had the 
broad acceptance that it has today. This is because 
the scientific investigations into the nature of 
Qigong show clearly that something is going on 
beyond what physics might predict. Measurable 
energy is emitted from the hands of those who 
have mastered these Qigong techniques. These 
‘masters can influence events from a distance with 
energy (or signal) emitted from their hands. Fur- 
ther, these energy emissions and Qigong training 
exercises have scientifically measurable, benefi- 
ial effects on health and healing, 

Qigong masters have demonstrated many 
remarkable feats. Some can soften and bend steel. 
Some can light fluorescent tubes with their bare 
hands. Others can kill cancer cells in laboratory 
experiments, and many can, from another room, 
alter the brain wave patterns of test subjects in- 
cluding test animals. 

The energy they emit from their hands is mea- 
surable with scientific equipment in the forms of 
infrared, magnetic, and acoustical energy. In one 
test, a strong pulse of static electricity was mea- 
sured at a point 50 mm above the head of a Qigong 
master. In another, a strong magnetic field was 
‘measured just at the instant that a heavy iron bar 
hit a Qigong master’s head. The:bar bent as it 
would against Superman's head. He was un- 
harmed with no sign of a lump or a bruise. 

In 1979 and 1980, the leaders of China decided 
to put Qigong to the test. The Western scientific 


test. High technology government organizations 
across the country, many as prestigious as the Na- 
tional Atomic Energy Lab in Shanghai, and the 
Space Science and National Electro-Acoustics In- 
stitutes in Beijing, started testing Qigong masters 
and promptly discovered that the phenomenon 
of emitted Qi was measurable. Some of these labo- 
ratories went further and actually developed 
therapy equipment such as the Infratonic QGM 
which reproduces the infrasonic component of the 
emitted Qi. This research has led me into Qigong 
and taught me many things I didn’t think I ever 
wanted to know. 

Today's Western scientists know little about 
Qigong, butit is an important healing technology 
in the world today. It is the basis of acupuncture 
and traditional Chinese herbal medicine, yet it 
presents effective medical intervention when used 
alone. Americans have been radiating cancer with 
energy emitted from machines for the last few 
decades. The Chinese have been using energy 
emitted from the hands of Qigong doctors to treat 
cancer for thousands of years, finding that, in 
many cases, tumors can be shrunk without side 
effects. 

These scientific experiments are repeatable. 
Scientific laboratories in America will reach the 
same conclusions as those in China. The evidence 
is persuasive that systematic Qigong training pro- 
duces real benefits. And advanced practitioners 
can emit energy from their hands that is measur- 
able with scientific equipment. Further, therapeu- 
tic equipment has successfully reproduced many 
of the beneficial effects observed. The Chinese sci- 
entific investigations into medical Qigong are in- 
deed at the heart of a medical revolution that is 
improving the science of health and healing 
around the world. 


THE SCIENCE OF CHINA 

For thousands of years China has been a cen- 
ter for the advancement of civilization. The sci- 
ence of China has produced a wide variety of tech- 
nologies. Gunpowder is the central ingredient to 
modem warfare. Paper and printing with mov- 
able type have for centuries been at the center of 
education, communication, and information stor- 


age. Despite the growth of computers, this sys- 
tem will continue to be the world’s dominant in- 
formation storage method. 

Many centuries ago, a physician named Hua 
Tou invented surgical anesthesia and performed 
many kinds of surgeries like appendectomies and 
other of today’s popular surgeries. While the Chi- 
nese contributed to what has today become mo- 
dem medicine, they also created “Chinese medi- 
cine,” a system of medicine based on the Chinese 
science of “Qi” or vital energy. It is this system 
from which acupuncture and Chinese herbal 
medicine have evolved. And at the heart of this, 
system lie the science and practice of Qigong. 


QIGONG’s LONG HisToRY 

Through the millennia Qigong has been an 
influential force in the molding of China. Until 
recently ithas been hidden from public view. Like 
many other disciplines, the art of Qigong has been 
taught from father to son or from master to dis- 
ciple only after a strict oath of secrecy has been 
given. Knowing a science that others don’t know 
gives a practitioner a decided advantage in earn- 
ing a living. Thus, until recently, very few books 
have been written about Qigong, particularly 
about the more advanced techniques of study. The 
exception is the secret books that have been main- 
tained in religious monasteries, being copied and 
recopied by studious monks through the centu- 
ries. 

Even this activity in monasteries came to an 
abrupt halt with the Communist government in 
China when Mao put an end to most religious 
activities. Through the Cultural Revolution, mon- 
asteries and temples were shut down. Many of 
the ancient texts and artifacts were destroyed. 
Others were stored in government libraries. Many 
of the Qigong masters were killed. A few went 
into hiding or escaped from the country. 

At the end of the Cultural Revolution, Deng, 
Xiao Peng set about rebuilding much of the cul- 
tural heritage of China, allowing limited freedom 
of religious expression. He also promoted the re- 
discovery and preservation of traditional Chinese 
science and medicine, which included Qigong. 

Itis interesting to note that much of the will- 


ingness to share the secret teachings of Qigong 
came from outside countries. Masters who had 
emigrated to the West had started teaching the 
techniques openly without the strict code of si- 
lence. And some of the secret Qigong texts that 
had been taken from the temples and monaster- 
ies were published for people around the world 
to read. Qigong was no longer a secret so there 
‘was no longer any value to secrecy in China and 
Qigong masters became much more willing to 
teach what they knew. 

The most influential factor in the Qigong re- 
vival was, perhaps, the new policy on the part of 
the China government to allow freedom of reli- 
gion, particularly religion that had a basis in 
China's cultural heritage. Thus, Taoists and Bud- 
dhists who had preserved its teachings in secret 
for centuries were free to share their knowledge. 
This allowed Qigong practitioners to demonstrate 
their skills freely in public without fear of being 
condemned to death as witches or evil beings. 
Paranormal skills were again publicly accepted 
as a product of China's cultural heritage. 

The big boost to Qigong came in the early 
1980s when modern science turned to study the 
tradition of Qigong. The leaders of China reasoned 
that, if Qigong is to be accepted, it must pass the 
rigorous screening of scientific scrutiny. Studies 
‘were funded in the prestigious scientific institutes 
of China to determine whether the special skills 
of the Qigong masters could be scientifically veri- 
fied. The results were most impressive. Many 
forms of energy were measured coming from the 
hands or bodies of Qigong practitioners in repro- 
ducible scientific experiments. 

Scientificinvestigations into the effectiveness 
of medical Qigong quickly showed that, for many 
illnesses, medical Qigong was unsurpassed by any 
other medical system in the world. The discovery 
that energy emitted from the hands of Qigong 
doctors under controlled laboratory conditions 
was highly effective in killing cancer cells, gained 
extensive press coverage around the world. 

Qigong science isa very new field with valu- 
able technologies just beginning to surface. But 
given the fundamental nature of these discover- 
ies, Qigong science could easily dominate the 


world of the 21st century. 


‘SIMULATION OF EMITTED QI 

Simulation of emitted Qi has been the goal of 
much of the Chinese Qigong research that has 
been conducted since about 1980. Many devices 
have been developed and tested, some of which 
have considerable potential. The following is a de- 
scription of the most common forms: 

Infrared devices have been developed some 
of which, through rare-earth emission surfaces, 
emit characteristic frequency bands, while others 
modulate the infrared output according to re- 
corded patterns emitted by Qigong masters. These 
devices tend to have the most effect where cold- 
ness in the body is effectively treated with heat. 

Electrical devices are often adapted to deliver 
current through the skin at frequency patterns that 
follow patterns produced by Qigong masters. 
These units have been used principally by acu- 
puncturists. 

Acoustical devices, which reproduce the sub- 
sonic output of the emitted Qi in the form of deep 
acting massage action, have been shown to be ef- 
fective in pain management, circulation of Qi, 
blood, and endocrine fluids, and relaxation. The 
Infratonic QGM was used in several of the labo- 
ratory tests described in this book to simulate the 
emitted Qi in experiments. Because this device 
offers many insights into the nature and function 
of emitted Qi, and because many of the readers of 
this book use the Infratonic QGM at home or in 
their medical practices, much of the research 
around this device is included in this book. 


SCIENTIFIC PLAUSIBILITY OF QI, THE 
HUMAN ENERGY FIELD 

Some readers might tend to reject the find- 
ings of this study based on their assumption that 
the existence of human energy fields and the al- 
tering of a person's energy field are outside the 
laws of physics, and therefore impossible. It is 
therefore appropriate here to briefly review some 
of the findings of researchers mostly within the 
last decade to show that these energy fields are 
quite measurable with existing equipment and 
that there is strong evidence that known biophysi- 
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cal mechanisms can account for the observed phe- 
nomena. 

First, the human body clearly has a vibrating, 
electrical field, measurable for decades through 
‘such techniques as EMG, EEG, and EKG. How is 
this possible? The classical view of the human cell 
as a bag of water with a nucleus has been, for the 
most part, rejected in favor of models in which a 
highly structured collection of filaments, tubes 
and fibers connect the cell's nucleus not only to 
the surface of the cell but beyond, in a matrix 
which connects and interrelates the cells of the en- 
tire body (Oschman 1994) and (Pinta and Coffee 
1991). Second, helical molecules within the body, 
such as DNA, keratin, collagen, actin, and myo- 
sin have piezoelectric qualities. As they elongate 
and contract they produce voltages. Also, when 
voltages are applied, they expand or contract pro- 
ducing mechanical activity and acoustical energy. 

While it is well established that electrical sig- 
nals are produced and received by the body, read- 
ers are more likely to question whether a mag- 
netic field interpenetrates and surrounds the body. 
In 1963 researchers at Syracuse University re- 
ported the first measurements of the magnetic 
field of the human heart, just a millionth the 
strength of the earth's magnetic field, yet highly 
coherent and measurable throughout the body 
and beyond. Then in 1971, the SQUID, a highly 
sensitive superconducting magnetometer, was de- 
veloped which was used to measure the magnetic 
field of the brain, 100 times weaker than that of 
the heart (Cohen 1972). 

Many researchers now believe that the mag- 
netic field of the heart, which extends throughout 
the body playsa role in regulating biological func- 
tions. Then, in 1991, Seto and colleagues measured 
the magnetic field between the hands of healers 
to be as strong as 1 milligauss. This is less than 
1% the strength of Earth’s magnetic field, but 1000 
times as strong as the magnetic field produced by 
the heart. If the heart regulates biological func- 
tions with it's weak field, it is certainly feasible 
that a magnetic field from the hands of healers, 
measured tobe many times stronger than the heart 
field might influence biological functions. 

But, how can a magnetic field be produced 
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from the hands? The Josephson junction, a super- 
conducting semiconductor which is the basis of 
the SQUID's extremely high sensitivity to weak 
magnetic fields, has been predicted in quantum 
physics calculations to be present in living tissue. 
This was verified just ten years ago. (Del Giudice 
et al 1989), DNA is one of the biochemical struc- 
tures shown to act as a superconducting magnetic 
field detector, able, through the Hall effect, not 
only to detect very weak magnetic signals, but also 
to produce magnetic signals (McCraty 1993). Thus 
DNA may act as a signal amplifier, releasing its 
energy coherently into passing magnetic waves, 
much as the ruby rod of a laser releases its light 
energy coherently with a passing photon to pro- 
duce a laser beam. This provides a mechanism by 
which healers might produce the observed rela- 
tively strong biomagnetic signals, and by which a 
test subject or patient might be influenced by such 
signals (Oschman 1993). 

Thus, modern advances in science now pro- 
vide mechanisms by which it is possible for heal- 
ers to produce magnetic and electric signals of sig- 
nificant magnitude to influence patients. For those 
who seek a more indepth overview of this rap- 
idly advancing field of knowledge, "The Scientific 
Basis of Energy Medicine" by James L. Oschman, 
1998, is highly recommended. 
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THE FUTURE OF QIGONG 
Chinese research has found that Qigong train- 
ing increases balance, quickness and endurance 
in athletes, and that fighter pilots trained in 
Qigong have quicker reactions and greater toler- 
ance for the G-forces of sudden turns. Qigong has 
provided revolutionary treatments for hyperten- 
sion and cancer, and has the potential for much 
more. 
If, as the Chinese claim, Qi is the fundamen- 
tal substance of the universe making up both 
matter and energy, and if we can through our bod- 
ies and our awareness, control and direct this Qi, 
not only within our own bodies, but as has been 
seen, beyond the limits of our bodies, the fantasy 
of “the Force” in Star Wars comes within the grasp 
of reality. Psychic phenomena like telekinesis and 
‘mental telepathy become minor extensions of the 
human manipulation of Qi. The Western ideas of 
positive thinking take on new meaning: 
The mind is the builder” and “Your thoughts 


create your reality.” 

The Chinese science of Qigong gives us 
proven tools to strengthen our ability to structure 
the world around us by training our minds and 
bodies to feel and understand Qi. 

‘Remember that Western science and technol- 
ogy gave us electric motors which, when coupled 
with man-made equipment, can do the work of a 
thousand men. This came with our understand- 
ing of the principles of electricity. Emitted Qi simu- 
lation devices such as the Infratonic QGM pro- 
vide this work-saving feature of machines. As we 
learn more about Qi, how it functions, and how it 
is directed by the human body, we will learn how 
to construct more and more powerful machines. 
We will see Qigong devices not only in hospitals 
but also in agriculture, in building air condition- 
ing systems, in chemical processing plants and in 
space flight. The scientific Qigong research that 
started just a decade ago will grow and grow, and 
perhaps dominate our world of the 21st century. 

However, the real emphasis of the Qigong 
movement and the intent of most Qigong teach- 
ers is not just to heal patients with illness, but to 
expand human potential. The research presented 
in this book shows that Qigong exercises help 
people to develop, not only the ability to heal 
themselves and others, but to do things which sci- 
entists considered impossible justa few years ago. 
Through a study of Qigong, there is strong evi- 
dence that we can become more than we ever 
thought possible. 


INFRASONIC QIGONG RESEARCH 

The discovery that specific bands of very low 
frequency sound influence healing and vitality 
was an accident. A “friend of the family” walked 
in to the National Electroacoustics Laboratory in 
Beijing and asked Prof. Lu Yan Fang, an acoustics 
scientist, if she would test his hand to see if any 
sound was coming out of it when he emitted Qi. 
She thought he was crazy but went along because 
she didn’t want to dishonor her family by turn- 
ing out a friend. 

Prof. Lu’s discovery that he did indeed emit 
a very strong signal in the infrasonic range was 
quite a surprise. This signal was 100 times stron- 
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ger than that of a healthy, normal person. Elderly 
and sick people had even lower readings. 

To verify that this infrasonic sound had a 
physiological effect, she built a device to simulate 
this output and tested it in hospitals. It worked to 
relieve pain and assist recovery in a wide variety 
of patients. 

Prof. Lu’s patent for the Infratonic QGM was 
the first ever filed in China and her device was 
awarded three awards for outstanding contribu- 
tion to science and medicine from Chinese na- 
tional science organizations. 

It is clear from the Chinese infrasonic research 
presented in this chapter that infrasonic sound is 
an important component of emitted Qi. 


INFRASONIC SIMULATION OF 
EMITTED QI FROM QIGONG 


MASTERS 

by Professor Liu Guo-long, MD, PhD 

Beijing College of Traditional Chinese Medicine 
with Richard Lee 


SUMMAY OF RESEARCH 

Emitted Qi from Qigong masters clearly has 
a strong effect on the central nervous system, not 
only in humans but also in animal subjects. 
‘Qigong meditation and the Infratonic QGM have 
similar effects. These findings are summarized 
below: 

Repetition of these tests with animals con- 
firmed that these changes are physiological and 
not psychological phenomena by eliminating pla- 
cebo effects. 


DousTs ABOUT EMITTED QI 

At the beginning of my research with Qigong, 
was confident that a study of neurophysiology 
would prove that the “Wai-Qi” emitted by Qigong 
masters was nothing more than a psychological 
factor induced by the waving of hands and hyp- 
notic suggestion. 

Qigong is a system of physical and mental 
exercises which has been practiced in China for 
thousands of years. Up until the 1980's, most Chi- 


nese considered Qigong masters (those who have 
mastered this Qigong training) to be mythical 
story book characters with super-human powers. 
However, as the Chinese government began to 
support scientific research into Qigong, the few 
remaining true Qigong masters began to surface, 
amazing researchers with feats like killing bacte- 
ria in test tubes and causing previously paralyzed 
people to get up and walk. 

thought that these were all tricks of one sort 
or another, perhaps magicians’ sleight-of-hand, 
hypnosis, or optical illusion. When I got the chance 
to work with people claiming to possess these 
abilities, I was fascinated. This was my chance to 
test with scientific equipment, whether there was 
any truth behind the excitement about Qigong, 


| EFFECTS OF EMITTED QI ON THE BRAIN 
‘Measured By EEG Power Specsum Aner 


Emitted Qi has a pronounced and repeatable effect on 
EEG. It enhances frontal and occipital EEG power 
‘spectra, and often enhances the frontal so much that 
frontal becomes the dominant EEG activity whereas 
‘occipital dominance is more common. Emitted Qi also 
‘enhances and synchronizes the Alpha. 


masters, Iwas confident that I could disprove the 
myths. 


BACKGROUND 

Iwas a specialist in Western medical technol- 
ogy assigned to the research department of the 
Beijing College of Traditional Chinese Medicine. 
The project was sponsored by the China Govern- 
ment Department of Education and the Depart- 
‘ment of Natural Sciences. My research group was 
assigned to study the relationship of infrasonic 
‘waves to emitted Qi. These research grants were 
motivated by the pioneering research of Prof. Lu 
Yan Fang at the National Institute of Electro- 
Acoustics in Beijing, who developed prototype 
devices to simulate the output of Qigong doctors. 

Research has confirmed that humans have a 
very high degree of acoustic activity in the sub- 
sonic range below 20 Hertz (infrasonic), similar 
to the alpha rhythm of EEG. Also, people with 
chronic illnesses were found tohave a much lower 
level of infrasonic activity, while Qigong masters 
shad a much higher level of infrasonic output when 
they were emitting Qi. 

The implication was that infrasonic sound 
might be related to human functioning, and fur- 
ther, that it might be in some way involved in the 
mechanism of brain functioning. We searched the 
available scientific literature for research papers 
for relationships between sound waves and brain 
‘waves but found none that had been done. 

Extensive clinical research, based on infra- 
sonic Qigong simulation, showed it to be effec- 
tive fora wide variety of hospital problems. These 
results are what motivated the National Depart- 
ments of Education and Natural Sciences to look 
further into the importance of infrasonic sound 
and what led to the research I am about to de- 
scribe: 


THE BRAIN AS A DETECTOR OF 
EMITTED Qi 

Thad learned in my many years of research 
with the Blectro-Encephalograph (EEG) that the 
human brain responds to even the most subtle of 
stimuli to the body, so I reasoned that, if there were 


really any scientific basis to emitted Qi, it would 
show up in the brain waves of test subjects who 
were placed in the path of these emissions, I ex- 
pected to see no difference between the resting 
states and the Qi emission states. 

What we saw was extraordinary. Within a few 
seconds after the Qigong master began to emit Qi, 
the subject’s EEG would begin to shift. The EEG 
power spectrum was enhanced on all channels 
while the most pronounced increase was in the 
frontal lobe. Also, there was an enhancement and 
synchronization of the Alpha Rhythm in all chan- 
nels. When the Qigong master stopped emitting 
Qi the EEG would gradually shift back toward 
the baseline readings. 

To determine whether infrasonic energy was 
a significant part of the emitted Qi, we used the 
infrasonic Qigong prototypes in the same experi- 
ment. It was located 18 inches away, directly be- 
hind the back of the head of the test subject. The 
EEG electrodes were attached as before. The simu- 
lator was activated for short periods of time and 
the results recorded. We found that the effects on 
the receiver's EEG were quite similar to those of 
the emitted Qi. 

Our further research involved monitoring the 
various sensory-cortical evoked potentials during 
Qigong meditation, emitted Qi, and infrasonic 
Qigong simulation, We again found very similar 
results from all three stimuli. We found that a large 
portion of the cerebral cortex was inhibited while 
other somatosensory cortex were excited. One of 
the significant findings of this study is that the 
inhibition of the cerebral cortex during Qigong 
‘meditation is clearly different from the excitation 
of the cerebral cortex that is measurable during 
sleep. 

‘Through Acoustical Brainstem Evoked Re- 
sponse (ABER) it was found that the brainstem 
structures from the medulla to the hypothalamus 
were significantly facilitated. The brainstem plays 
an important role in regulating the functions of 
the inner organs, motor function, and emotion. 

The implications of these studies were star- 
ting. Qigong masters can, without touch, voice, 
eye contact or any other traditional communica- 


tion means, inducea clear, strong, and highly mea- 
surable change in a subject's brain functioning. A 
synchronization of alpha rhythm indicates deep 
relaxation, and is closely associated with acceler- 
ated healing. Enhanced power spectrum in the 
frontal lobe is especially significant because the 
association cortex of the frontal lobe is concerned 
with higher motor action, higher sensory function, 
emotional and motivational aspects of behavior, 
and integration of autonomic function. Facilita- 
tion of the brain stem, with its regulation of inter. 
nal organs, may bea mechanism by which physi: 
cal healing is induced or accelerated. 

Despite these highly significant changes in 
EEG and evoked potentials, the subject had felt 
nothing and had no idea of the profound changes 
taking place within them. 

‘The findings of these studies are solid evi- 
dence that a Qigong master can induce real physi- 
ological changes in a subject from several feet 
away, and further, may help to explain the high 
rate of recovery from chronic degenerative dis- 
eases in groups of hospital patients under the care 
of Qigong masters. These studies also show that 
the infrasonic Qigong simulator can induce simi- 
Jar changes in brain function and that, through 
Qigong meditation, a Qigong master can induce 
these same changes in his own brain. 


SCIENTIFIC CONTROLS 

‘There is much disagreement on how emitted 
Qiaffects the brain. Many doctors insist that brain 
changes are psychologically induced, and that 
verbal suggestion, impressive hand motion, and 
expectation of the subject account for the observed 
phenomena. 

To test this, we had several Qigong masters 
and people pretending to be Qigong masters treai_ 
the test subjects. The subjects were told that all 
were Qigong doctors, and all moved their hands 
in similar ways. We saw no significant changes in 
brain wave patterns with the fake Qigong mas- 
ters, but when the real doctors emitted their Qi, 
or when we used the infrasonic Qigong simula- 
tor, we repeatedly got the highly significant 
changes. 


Even this did not satisfy many of the doctors 
who reviewed our work, so we repeated the study 
with animals. We monitored EEG in awake rab- 
bitsand ABER in anesthetized cats as Qigong mas- 
ters emitted Qi toward them. Even though there 
was no voice or eye contact between the Qigong 
‘masters and the animals, and the masters emitted 
Qi from several feet away, we saw shifts in EEG 
and ABER (Acoustical Brainstem Evoked Re- 
sponse) similar to those observed in the human 
subjects. Thisis a highly convincing result because 
all kinds of placebo effects are eliminated, yet 
modification of brain function at a distance re- 
mains. 


INFRASONIC VS. ELECTROMAGNETIC 
INTERFERENCE 

Extremely low frequency (ELF) electromag. 
netic signals can affect EEG. There is growing con- 
cern about the low frequency radiation produced 
by 60 Hz electrical power lines located close to 
people's homes and schools because of apparent 
disruption of brain and cellular function. ELF sig- 
nals will cause the principal EEG power spectrum 
to show a spike at the frequency of the ELF sig- 
nal. This is because the EEG is easily entrained by 
ELF signals. When the signal is discontinued, the 
EEG abruptly returns to normal. Electrical power 
lines operate at 60 Hz, which corresponds to EEG 
in the high Beta range, associated with mental 
anxiety and confusion. The entrainment of EEG 
to 60 Hz around power transmission lines may 
be why researchers are finding that people who 
live close to these power lines show a higher inci- 
dence of brain tumors. 

‘The results using the infrasonic Qigong simu- 
lator were quite different from ELF signal entrain- 
‘ment. The shifts in EEG were gradual rather than 
abrupt, and while dominant EEG frequency did 
drift toward the dominant peak infrasonic fre- 
quency, it was a broad spectrum of EEG activity 
rather than a spike. The enhanced power spec- 
trum continued after simulation was stopped, 
gradually decreasing and returning to the pretest 
state. From these observations it is clear that the 
effects of infrasonic are quite different from the 
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entrainment of ELF electromagnetic signals. 


SUMMARY 

When I started this project in 1976, Thad seri 
ous doubts about Qigong masters and emitted Qi. 
Now I am convinced that emitted Qi is very real 
and that Qigong is a very valuable art. With the 
support of the China government, an estimated 
50 million Chinese are practicing Qigong daily, 
and many Western hospitals have added Qigong 
departments for patients with chronic and degen- 
erative diseases. In addition, the China govern- 
ment has funded extensive scientific research into 
the nature of emitted Qi with the goal of advanc- 
ing science and medical technology. 

The study of emitted Qi and infrasonic sound, 
as they relate to human health and functioning, is 
a broad and exciting field. The use of Qigong in 
treating chronic degenerative diseases such as 
cancer and hypertension in China has proven very 
effective. Ithas been employed to accelerate heal- 
ing for thousands of patients with a wide variety 
of diseases in Chinese hospitals. I am confident 
that emitted Qi, Qigong meditation, and the in- 
frasonic Qigong simulator will play an increas- 
ing role in health care around the world. 


SECONDARY AcousTIC 


BIOLOGICAL RESPONSE 

(The following is froma technical paper presented 
in Beijing, China by Professor Lu Yan Fang, the 
inventor of the Infratonic Qigong Machine.) 

“People often talk about sound. Common 
sense suggests that sound is what the ear can hear, 
the frequencies between 60 Hz. and 20,000 Hz. 

Secondary sound is that sound that is outside 
of the range of the human ear, specifically low fre- 
quency sound below 60 Hz. Secondary sounds 
travel long distance with little attenuation. 

In the 20th century, in the 1930's, this second- 
ary sound was discovered, but it wasn’t until the 
1960's that it started drawing much attention. 
Since then the study, measurement, and analysis, 
of the physical features of secondary sound have 
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included: 
1. Physical Features 
2. Secondary Sound Measurement 
3. Technology of Analyzing, and 
4, Protecting the Body Against Strong Second- 
ary Signals 

Initial secondary sound biological response 
studies emphasized protecting against high level 
secondary sound which can damage the human 
body. Laboratory studies showed that strong sec- 
ondary sounds beyond 150 dB are harmful to bio- 
logical bodies. The American Environmental Pro- 
tection Agency sets standards for secondary 
sound, concluding that secondary sounds below 
130 dB are not harmful. 

To this date there had been almost no studies 
investigating how secondary sounds affect bio- 
logical processes. And never before has there been 
any thought of testing of the human body as a 
secondary sound source. Since 1983, we have 
‘worked with more than 70 Qigong masters, and 
have discovered for the first time that the human 
body actually emits a secondary sound signal. The 
frequency distribution peak of the signal is located 
in the secondary sound region of the sound spec- 
trum, at about 10 Hz. 

‘Through more than 100 repeated lab experi- 
ments we found almost identical results of fre- 
quency distribution. According to the analysis of 
test results in 1984, the first infrasonic Qigong 
prototypes were constructed. These machines 
used electroacoustic technology to simulate the 
frequency distribution of the Qigong master’s low 
frequency signal, but stronger. This simulation of 
the human body life signal emission is then fed 
back to the human body. In the two years that fol- 
lowed, many clinical and animal tests proved that 
weak secondary sounds benefit the human body. 
‘The discovery that infrasonic sound is a basic sub- 
stance of Qigong emission opens Qigong science's 
big door, opening an exciting new field for medi- 
cal science. 

Through hospital and clinical use, 1,134 pa- 
tients were treated by the Infratonic QGM. Ani- 
mal studies were also performed. Clinical use and 
animal use prove that this kind of secondary 


sound signal can strengthen many functions of the 
human body. The Qigong machine can have sig- 
nificant treatment value to the human body and 
works by reproducing the acoustic waves pro- 
duced by the human body. It can promote circu- 
lation, regulate Qi and blood, open channels, and 
relieve pain. 

‘The Qigong master is not alone in this ability 
to emit the secondary acoustical signal. Most ev- 
erybody generates a similar signal. Young people 
with good health can emit the signal to a degree 
similar to that of a Qigong master. People with a 
weak body and elderly people have similar sig- 
nals but much lower in power. People having 
Qigong training have a signal that is strong all 
the time, but especially strong during Qi emission. 
However, in normal people, as age increases or 
health condition worsens, the signal decreases. 
This explains why the human body is only some- 
times a source of secondary sound. In the mean- 
time, the body is also a receptor of secondary 
acoustical signals, and can be benefited by receiv- 
ing the weak secondary acoustic signals. 

Very early in the development of traditional 
Chinese medicine, this effect had been shown to 
exist. Anmo, and tuina, Chinese therapeutic mas- 
sage techniques, give the human body this kind 
of low frequency stimulation. This stimulation 
through acupuncture points follows the cell as the 
basic pathway, and then goes to the meridian, and 
reaches the problem area. Then the problem can 
improve. Just like an old Chinese saying: “If you 
can get enough energy into the problem area, you 
can use that energy to treat the problem.” 

The human body’s secondary acoustical bio- 
logical effectis a scientific reality. The human body 
produces, delivers, emits, receives and controls 
this low frequency energy. This weak secondary 
acoustic effect has beneficial biological effect on 
the human body. It and its relationship with tra- 
ditional Chinese medicine are of great value to 
the medical world. It is hoped that all scientists 
do research in this area. 


MEASUREMENT AND 
ANALYSIS OF INFRASONIC 


WAVES FROM EMITTED QI 
Niu Xin, Liu Guolong and Yu Zhiming 
Beijing College of Traditional Chinese Medicine, 
Beijing, China 

The theory of traditional Chinese medicine 
suggests that Qi is one of the fundamental sub- 
stances in human bodies. Modem scientific re- 
search of the essence of the emitted Qi has yielded 
some positive results. In order to find out the re- 
lation between the emitted Qi and infrasonic 
waves, to explore the mechanism of the emitted 
Qi, to find out how a person generates and re- 
ceives the emitted Qi, and to provide a quantita- 
tive physical scale for indicating the strength of 
the emitted Qi for experimental studies of the ef- 
fect of it, we measured and analyzed the infra- 
sonic waves from the Qi emitted by Qigong mas- 
ters, 

The test, which was done by an infrasonic test- 
ing system made in Denmark, was conducted in 
a noise-proof room in the Institute of Sound and 
Electronics under the Ministry of Electronic In- 
dustry. The background noise in the room was 
lower than 30 dB (decibel). The microphone was 
hung in the air over Laogong (P-8, acupuncture 
designation for a point in the center of the palm), 
the distance being 2 cm with no contact. 

The experiment tested the release of emitted 
Qi at Laogong (P-8) in the palm, Mingmen (Du- 
4), Baihui (Du-20), Dantian, and Jianzhi. Special 
attention was paid to the test of Laogong (P-8). 

1. The peak frequency of the infrasonic waves 
from the tested Qigong and non-Qigong mas- 
ters ranged from 8 to 12.5 Hz. In one case the 
frequency reached 16 Hz. In another two, it 
reached 6 Hz. 

2. The infrasonic waves from the Qigong mas- 
ters ranged from 45 to 76 dB and those from 
thenon-masters, 45-50 dB. Comparison of the 
intensity of infrasonic waves during the 
Qigong state and the non-Qigong state before 
and after the emission of Qi showed a statis- 
tically significant increase (P<0.01).* The 


crease of wave intensity of the Qigong mas- 

ters compared with that of the non-Qigong 

masters was also obviously significant 

(P<0.01)+ The energy of the Qigong masters 

‘was over 100 times higher than that of ordi- 

nary persons. 

3. The masters who had practiced Qigong for 
many years and often emitted Qi to treat pa- 
tients had a higher intensity of infrasonic 
waves, reaching over 70 dB. Those who 
started to practice Qigong a short time before 
and mainly practiced Nei Yang Gong had a 
lower intensity of the infrasonic waves (lower 
than 60 dB.) 

Infrasonic and ultrasonic waves are all sound 
waves which cannot be detected by human ears. 
The frequency of infrasonic waves is below 20 Hz. 
Many natural phenomena and artificial actions 
may generate infrasonic waves. Human bodies 
may act as a source or a receptor of infrasonic 
waves giving rise to a biological effect. The infra- 
sonic information we acquire a from the measure- 
ment of the Qi makes it possible to study the ef- 
fect of the emitted Qi. 

‘The Valsalva state in which a Qigong master 
emits his Qi, is the breath regulating state of 
Qigong and also the state of emitted Qi in the 
breath holding exercise. Non-Qigong masters who 
simulate the Valsalva state also send out more in- 
tense infrasonic waves. It shows that every per- 
son has infrasonic characteristics. A long period 
of practicing Qigong helps increase the radiative 
intensity of infrasonic waves. Entering the Val- 
salva state helps in the emission of Qi. The Qi 
emitted by masters who adopted Song Jing Gong 
(relaxed Quiescent pattern) had more intense in- 
frasonic waves (reaching 72 dB). Thus, the mecha- 
nism of the emitted Qi released by different exer- 
cise patterns is different. 

We have found by a series of tests that very 
able Qigong masters can keep the energy of infra- 
sonic waves ata relatively high level (over 70 dB). 
So tests on infrasonic waves can be used to screen 
Qigong masters. 

The human body can generate and emit in- 
frasonic waves. As far as acoustics is concerned, 


the most suitable resonant frequency of human 
tissues is within the range of infrasonic waves. It 
shows that the human body easily receives infra- 
sonic waves. Infrasonic waves are a strong, effec- 
tive part of the emitted Qi because of their quick, 
Jong distance transmission, strong penetration, 
and non-decreasing vibration. It is possible that 
infrasonic waves themselves transmit the mes- 
sages between the Qigong masters and the sub- 
jects, or serve as a carrier. 

F* (P<0.01) means that the probability that these 
test results would occur by chance is less than 1%. 
This measure of “statistical significance” tells us that 
the sample size was large enough and causative factors 
strong enough that the results of this study are reli- 
able.] 


NEURO SCIENCE—NERVE 


IMPINGEMENT AND EMITTED QI 
China Healthways Newsletter’s Interview with 
Liu Guo Long, MD, PhD 

Beijing College of Traditional Chinese Medicine 
by Richard H. Lee in Palos Verdes, CA, August, 
1991 

(This interview came about as a result of requests 
by readers of China Healthways Newsletter for 
an explanation of neuroscience as it relates to vi- 
tal energy and healing.) 

Dr. Liu provides a fresh view into the role of 
vital energy in the nervous system and how ver- 
tebral nerve impingement affects Qi.] 

China Healthways Newsletter: How has 
your research changed your views on Qi? 

Dr. Liu: started my research with the inten- 
tion of proving that there was no physiological 
basis for Qigong, that it was nothing more than a 
circus trick. As my research progressed, I became 
more and more convinced that emitted Qi is both 
measurable and effective for healing. This was not 
before I eliminated all possible psychological ef- 
fects by replacing human subjects in my experi- 
ments with laboratory animals and got similar re- 
sults, In my view, emitted Qi is quite real because 
itis easily measurable using the human brain asa 
detector. 


CHN: How does Qigong affect the function 
of the nervous system? 

Dr. Liu: This is a very complex question be- 
cause emitted Qi affects different organs quite di 
ferently. First, it clearly increases Electro-Encepha- 
lograph (EEG) activity throughout the brain and 
nervous system, principally in the frontal cortex 
and in the range of alpha, 8 to 14 Hz. This greater 
‘mental activity in the alpha range is associated 
with clear relaxed state of deep thought, which 
many agree is effective to relieve tensions and 
clear the mind. The frontal cortex of the cerebrum 
is at the top of the hierarchy. It is the center of 
awareness within the body, directing the cerebel- 
Jumand brain stem. Increased EEG activity in the 
frontal cortex would indicate expanded aware- 
ness. 

Secondly, emitted Qi inhibits the sensitivity 
of the cerebrum to outside stimulation while fa- 
cilitating the sensitivity of the hypothalamus and 
medulla of the brainstem. The cerebrum performs 
high level conscious activities. When inhibited it 
receives less visual, auditory, and sensory input, 
and presumably sends fewer and clearer signals 
to the brain stem, which, in turn, is responsible 
for automatic functions such as respiration, va- 
sodilation, and the complex functioning of inter- 
nal organs. Because the brainstem is facilitated, it 
ismore able to “tune-in” to the needs and illnesses 
of the body and to activate the needed repairs to 
restore health. [believe that this enhanced aware- 
ness of internal stimuli in the brain stem, com- 
bined with reduced sensitivity to outside stimuli, 
is the primary product of emitted Qi that brings 
about accelerated healing throughout the body. 

CHN: Then, would you say that emitted Qi 
directed only to the central nervous system can 
enhance healing in all parts of the body? 

Dr. Liu: That's right. 

‘CHN: How can Qi applied to the local injury 
accelerate healing? 

Dr. Liu: Neurons in all parts of the body are 
in constant oscillation, producing measurable out- 
putin the range of 8 to 14 Hz, the frequency of the 
alpha pattern. Neurons can both emit and receive 
energy in this frequency band. Therefore nerves 
throughout the body can be facilitated by the 


emitted Qi. The application of emitted Qi to the 
site of an injury facilitates the signals to the brain 
stem. Stronger and more accurate signals to the 
brain means a more effective healing response 
directed to the area of injury, including greater va- 
sodilation, increased lymph flow, and an increased 
supply of nutrients for cell regeneration. 

CHN: Is there any direct effect of emitted Qi 
on the injured tissue. 

Dr. Liu: Yes, of course. Qi is the vital energy 
that drives the regeneration of tissue. Supplement- 
ing the available Qi can directly increase the meta- 
bolic activity of the injured tissue just as it in- 
creases the EEG activity of the brain. 

CHN: How can emitted Qi strengthen the 
immune system against bacteria and viruses? 

Dr. Liu: The mechanisms are the same. A fa- 
cilitated brainstem and nervous system are able 
to identify the invader more quickly and accu- 
rately and to direct the immune system response 
more precisely to the area of infection. And, as 
before, the added supply of Qi fuels a more furi- 
‘ous response from the immune system. Chinese 
herbs such as Huang Qi (Astragalus) are also 
highly effective at enhancing Qi to accelerate the 
immune response. 

CHN: Can mis-position of spinal vertebrae 
disrupt this healing process? 

Dr. Liu: Most definitely. There are basically 
three types of nerves, the sensory, the motor, and 
autonomic. Vertebral pressure on any type of 
nerve cell can inhibit sensitivity or create false sig- 
nals, If sensory nerves are affected, important in- 
formation may never reach the brain, or may ar- 
rive confused, misdirecting the healing effort. Af- 
fected motor nerves can result in spasm or dropsy, 
and most importantly, impingement of autonomic 
nerves affects the function of internal organs and 
if it continues over a long period, can result in 
serious degeneration or dysfunction. 

Often, impingement of motor nerves can per- 
petuate the problem. As muscles spasm from false 
motor nerve signals, they may tend to pull the 
vertebrae further out of alignment, increasing the 
impingement. In this case, the problem tends to 
get worse with time as greater impingement fur- 


ther increases the muscle spasm. 

The best way to deal with this sort of nerve 
impingement is through adjusting the position of 
spinal vertebrae. Often just the vertebral adjust- 
‘ment is sufficient to release pressure on the motor 
nerve and release the muscle spasm, allowing 
complete recovery. However, in many cases the 
impinged nerve is slow to recover, showing some 
immediate release of spasm but not complete re- 
lease. The remaining muscle spasm is sufficient 
to pull the vertebra out of adjustment again and 
re-establish the motor nerve impingement. 

In these cases of muscle spasm aggravating 
thenerveimpingement, better results are achieved 
if nerve facilitation technique is used in conjune- 
tion with the adjustment. Emitted Qi or the 
Infratonic QGM applied a few minutes before or 
after the adjustment facilitates the nerve to pro- 
vide greater muscle relaxation and quicker regen- 
eration of the nerve. In upper back disturbances 
the Chinese herbal formula, Hsiao Yao Pienis also 
excellent to accelerate progress by promoting im- 
proved Qi circulation through the motor nerves 
and through the muscle itself. 


INFRASONIC TREATMENT OF 


ASTHMA 

by Su Cheng Wu, 

Department of Pediatrics, 

‘The First Affiliated Hospital Guangxi Medical 

University, 

Nanning, Guangxi, China. 

(This clinical study finds that infrasonic sound is 

effective in treating symptoms of childhood bron- 

chial asthma, and in strengthening immune func- 

tion as measured by T-lymphocyte population.) 
Fifty cases of child bronchial asthma were 

treated with the Infratonic QGM and routine 

drugs. T lymphocyte subpopulation (CD2,, CD4, 

CDS, and CD4/CD8) of peripheral blood was 

measured to evaluate this treatment's clinical ef- 

fectiveness on raising immunity. The control 

‘group of 15 cases was treated with routine drugs 

only. 


TREATMENT METHOD 

Based on the features of child bronchial 
asthma and a dialectical therapeutics of traditional 
Chinese medicine, the following four points were 
treated for 5-10 minutes each morning for 5 days: 

Dingchuan (located on the back, 0.5 cun lat- 
eral to the lower border of the spinous process of 
the 7th cervical vertebra). Indications: Facilitating 
the flow of the lung-qi to relieve asthma, Feishu 
(Located on 1.5 cun lateral to the lower border of 
the spinous process of the 3rd thoracic vertebra). 
Indications: Facilitating the flow of the lung-qi to 
resolve cough. Tiantu (located on the neck, on the 
anterior midline, in the center of the suprasternal 
fossa). Indications: Cough, asthma, chest pain and 
so on. Danzhong (located on the chest, on the an- 
terior midline, on the level of the 4th intercostal 
space, on the midpoint of the line connecting the 
two nipples). Indications: Checking upward ad- 
verse flow of the lung or the stomach-qi). 


OBSERVATION CRITERIA—FOUR 
GRADES 
1. Clinically controlled: Remission from symp- 
toms. Occasional mild asthma attacks are re- 
mitted without taking any medicine. 
2. Obviously curative effect: Asthma attack is 
relieved within a short time. 
3. Improvement: Some abatement. 
4, Inefficacy: Symptoms, signs and reproduction 
rate of T lymphocyte subpopulation are un- 
improved or exacerbated. 


Obviously 
curative 


Clinically 
controlled 
54% 27 cases 


T- lymphocytes in Control vs Experimental Groups 


THERAPEUTIC RESULTS 

94% of the experimental group showed im- 
provement (as shown to the right). In the control 
group 80% showed improvement as follows: 
Clinically controlled - 6 cases; obviously curative 
- 3 cases, improvement - 3 cases, inefficacy - 3 
cases. X? determination indicates that there is a 
more obvious therapeutic effect in the treatment 
group than that in the control group (P<0.01). 


LABORATORY RESULTS 

T Lymphocyte subpopulation showed a sig- 
nificantly greater increase in the experimental 
group than in the control group treated by rou- 
tine drugs alone as shown below: 
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Figure 8 


‘Notes: Comparison beforelafter treatment P<0.01 
unless noted: * = P>0.05 

In this study, clinical symptoms of wheezing, 
coughing and asthma caused by infection of the 
upper respiratory tract are obviously relieved us- 
ing the Infratonic device. Testing of peripheral 
blood showed that the reproduction rate of Tlym- 
phocytes subpopulation in treatment group is 
greater than those receiving routine treatment, in- 
dicating increased level of immunologic function 
of human cells. The Infratonic QGM reduces the 
course of treatment without discomfort or side- 
effect. Its biological mechanism of action should 
be explored in the future 


THE INFRASONIC SIGNAL 
FROM THE QIGONG 


PERSPECTIVE 

Sun Hua Ling, MD, Beijing Military Qigong Re- 
search Institute 

(Dr. Sun, a physician and gifted Qigong doctor 
presents her analysis of the mechanism of emit- 
ted Qi and infrasonic signal.) 

With the development of human society, 
health care has become an important part of daily 
life. Qigong training and techniques and devices 
like the Infratonic QGM can provide valuable in- 
fluence. This instrument simulates the low fre- 
quency sound of Qigong doctors, which pen- 
etrates tissues and organs of the human body, in- 
fluencing the function of cells, providing clinical 
results. This study reflects clinical treatment with 
the QGM of more than 1000 patients. 

Cells are units of the human body. Biological 
electric waves transfer information between cells, 
forming a biological field of consciousness. The 
aim of Qigong training is the unification of this 
field, making the human body more in tune with 
nature and able to affect nature. 

‘Some “hard Qigong” masters can break stones 
but can't treat disease because their emitted Qi’s 
amplitude and frequency can not be absorbed by 
the human body. To be effective, emitted Qi or 
simulated emitted Qi must be close to the biologi- 


cal waveform of the patient. Then it is easily ab- 
sorbed and treatment is more likely to be success- 
ful. Effective treatment protocols for 30 disease 
conditions were developed. 


MECHANISMS OF THE QGM 
1. Relieves pain and edema 
2. Strengthens immune function and reduces 
inflammation. 
3. Normalizes autonomic nervous system. 
4, Relieves some symptoms of heart disease. 


RELIEVES PAIN AND EDEMA 

When applied to sprain of oints, fracture, and 
arthritis, the QGM has the obvious result of re- 
ducing pain distention and edema. Italso relieves 
pain due to sciatic neuralgia, cancer, lumbago, 
periarthritis of shoulder and stiffness of neck and 
shoulder muscles. Thus the QGM can effectively 
treat disease caused by disturbance of blood cir- 
culation and can improve local blood circulation. 

Patients may feel a sensation of heat, relax- 
ation of muscles, and gradual reduction of pain. 
‘This phenomenon may be due to excitation of 
cells, nerves, and blood vessels around the dis- 
eased area. This excitation may contribute to the 
reduction in pain. 


STRENGTHENS IMMUNE FUNCTION 
AND REDUCES INFLAMMATION 

‘The QGM has a function similar to short wave 
and ultrashort wave diathermy which strength- 
ens immune function and reduces inflammation. 
Itstrengthens metabolism of organs and cells, in- 
creasing cellular energy, thus making the immune 
system stronger. 

Diseases such as nephritis, inflammation of 
intestines and gall bladder, pancreatitis, gas, 
duodenal ulcer, and infantile dyspepsia, all re- 
spond favorably to treatment with the QGM, prob- 
ably because of this factor of increased cellular en- 
ergy. 

NoRMALIZES AUTONOMIC NERVOUS 
SYSTEM 


Where the autonomic nervous system is dis- 
turbed, the QGM is often useful. This includes 


neurasthenia, tenseness of the cerebral cortex, and 
fatigue. Research shows that the low frequency 
signals emitted by the QGM penetrate the tissues 
and organs, altering the internal environment of 
cells, improving cellular metabolism, and relax- 
ing nerves and muscles, thus regulating the bal- 
ance between internal and external environment 
of nerve cells. 

Some scholars suggest that emitted Qi may 
increase cerebral bioelectricity, balancing cell en- 
vironment, resulting in disappearance of disease. 
In traditional Chinese medicine, this corresponds 
to regulating the meridians and collaterals”, “im- 
proving blood circulation”, and “nourishing in- 
ternal organs”. 


RELIEVES SOME SYMPTOMS OF HEART 
DISEASE 

‘The QGM can relieve symptoms such as lack 
ofblood in the heart muscle, arhythmia, pressure 
on the chest, palpitation, and shortness of breath 
for pulmonary heart disease. This result may be 
due to improved metabolism of cells and im- 
proved local blood circulation. 


EMITTED QI TRAINING 
INCREASES INFRASONIC 
SOUND EMISSION OF 


HEALERS 
Prof. Lu Yan Fang, National Institute of TV and 
Electroacoustics, Beijing 
Richard H. Lee, Director, China Healthways In- 
stitute, USA 
(This study supports the premise, proposed by 
researchers earlier in this chapter, that infrasonic 
sound can be used as a measure of Qigong ability 
and indicates that Qigong skills, in this case, the 
ability to emit infrasonic sound from the palms, 
can be increased through intensive training.) 
Can students in an intensive Qigong training 
increase the output of infrasonic sound from their 
hands after one week of training? 
To answer this question (and others), 29 
Americans traveled to China. The strength of their 
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infrasonic emission was measured before and af- 
ter the training at the Institute of TV and Elec- 
troacoustics, a national institute of technology and 
standards. Prof. Lu Yan Fang, who conducted the 
seminal research on infrasonic sound emission 
two decades ago, conducted the testing. In her re- 
search she had found that Qigong masters, pow- 
erful healers in China, were able to emit high in- 
tensity low frequency sound, 100 to 1000 times 
stronger than average individuals. Before the ex- 
periment she expressed strong doubts as to the 
possibility of increasing energy emission within 
one week because Qigong masters require many 
years to cultivate powerful Qi emission. 

Prof. Lu had seen that strong young adoles- 
cent males could produce sound as high as 60 dB 
while average individuals emitted in the 40's and 
50's. She was not surprised when in the initial test- 
ing 21 of 25 produced scores in the 40's. She felt 
that an improvement to 60 dB (only one partici- 
pant had scored in the 60's in the pretest) would 
suggest improvement to supernormal ability, and 
that scores above 70 dB would be in the range of 
the powerful and well known Qigong healers. 

‘A powerful Qigong healer who had scored 
well in this test before was invited to demonstrate. 
After several tries, the best he could do was 67 
dB, which was 100 times what an average adult 
could produce, and still in the range of powerful 
healers, but not nearly as good as he had done 
previously. He was rather embarrassed and the 
translator explained that he had worked late the 
night before and had exhausted his Qi. An hour 
later he returned covered with perspiration. Ap- 
parently, in an effort to redeem himself, he had 
been building up power doing Qigong exercises 
for the past hour. This time his score was 78 dB, 
10 times the power he had generated just an hour 
earlier. Participants applauded as he came out of 
the testing chamber. He had redeemed himself. 
Interestingly, he was massaging his shoulder as if 
he had strained it during the Qi emission. 

This was a most interesting scenario. First the 
failure of an experienced Qigong doctor to pro- 
duce high power, then his performing Qigong 
exercises to build up his Qi, and finally, his pow- 


erful sound emission, offered a persuasive picture 
that some sort of energy can be stored in the body 
during Qigong exercises and discharged rapidly 
through the shoulders to the hands to create in- 
tense sound, and possibly straining muscles. 

Supporting this finding, one participant was 
experimenting with the equipment afterwards, 
emitting Qi into the microphone. At firsthe could 
produce high levels of infrasonic sound in front 
of the microphone, but after five minutes of emit- 
ting he could produce only 10% of the power he 
had produced earlier. He did not feel tired, but as 
he tried to emit sound, he found that his hand 
‘would no longer tremble as ithad before. He had 
apparently exhausted his supply of this form of 
Qi! 

‘Test Scores: The average score for the group 
before the training was 47 dB with only four par- 
ticipants scoring above 50. Under the guidance of 
Master Wan Sujian, a well known Qigong teacher 
and physician, the group began a 10-day inten- 
sive which included climbing mountains and the 
Great Wall, practicing emitted Qi, and receiving 
extensive emitted Qi. The group also received 
physical therapy treatments to open meridians 
and remove potential blockages in the arms and 
shoulders which would otherwise restrict the flow 
of Qi to the hands. The results of both tests are 
shown below. 


After the emitted Qi intensive, the number 
scoring above 50 dB tripled from four to 13. Five 
scored above 60 and two above 70. An average 
increase of 7 dB (to 54 dB) means that students 
‘were producing five times the infrasonic energy 
they had produced before the training. (Statisti- 
cal significance t < 0.0005) Professor Lu was quite 
impressed. She felt that five of the participants had 
both the amplitude and spectral distribution as- 
sociated with powerful Qigong healers. 

‘An interesting technique: While four of the 
five participants who scored above 60 were men 
with strong musculature, one petite woman 
scored 64 dB, which is 10 times the power that 
anyone else of similar build had scored. When 
asked her secret, she answered, “Well, to be hon- 
est, as I was waiting to emit Qi silently asked 
our teacher for help. As soon as I did, Ifelt a surge 
of energy flowing through my arm and my hand 
started trembling powerfully. When I was done, 
my arm was sore clear up to the shoulder.” She 
had massaged her shoulder after emitting her Qi 
much as the Qigong master who first demon- 
strated had done. 


SCIENTIFIC QIGONG RESEARCH 

Measuring the emitted Qi from Qigong mas- 
ters has been the purpose of scientific research in 
many major scientific research institutes in China, 
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Participants were able to emit substantially higher levels of infrasonic sound after a week-long Qigong training, 
On the average, scores increased from 47 dB to 54 dB, a five-fold increase in infrasonic eneray. 


Skevion 12: Aprenoices 


including the following: 
* China Immunology Research Center, Beijing 
* Institute of Space Medico-Engineering, Beijing, 
‘+ National Research Institute of Sports Science, 


jing 
«Institute of Psychology, Academia Sinica, 
Beijing 
* China Academy of Traditional Chinese Medi- 
cine, Beijing 
* Institute of Traditional Chinese Medicine, 
Beijing 
© Beijing College of Traditional Chinese Medi- 
cine, Beijing 
* Tangshan Health Institute for Women and 
Children, Hebei 
* Zhejiang Research Institute of Traditional Chi- 
nese Medicine, Hangzhou 
* Guiyang College of Traditional Chinese Medi- 
cine, Guizhou 
«Shanghai Academy of Traditional Chinese 
Medicine, Shanghai 
* The Second Military Medical College, Shang- 
hai 
+ Shanghai Qigong Institute, Shanghai 
« Xing Cheng Air Force Sanitarium 
+ Zhao Baofeng Beidaihe Qigong Rehabilitation 
Hospital, Hebei 
+ Shanghai Institute of Hypertension, Shanghai 
* Shenyang Institute of Traditional Chinese 
Medicine, Shenyang 
* Institute for Industrial Health, Xian 
* Shandong Medical University, Shandong 
* Anti Epidemic Centers of Henan Province, 
Xin Xiang 
* Institute of High Energy Physics, Beijing 
* Jiangxi Chinese Medicine and Pharmacy In- 
stitute, Jiangxi 
‘* Nanjing Aeronautical Institute, Nanjing 
‘+ Institute of Space Medical Engineering, 
Sichuan 
‘* Chinese Academy of Sciences, Chengdu 
While thousands of investigations have been 
done, just a few have been described here, princi- 
pally those that are reproducible either with 
Qigong masters or with Qigong simulation equip- 
ment. These studies show that emitted Qi is effec- 


tive in treating digestive problems, infectious dis- 
eases, and bone fractures; that measurable changes 
in blood chemistry occurs a result of Qigong ex- 
ercises; and that emitted Qi affects electricity and 
light in physics experiments. 


EFFECTS OF THE EMITTED 
QI ON HEALING OF 


EXPERIMENTAL FRACTURE 

Jia Lin and Jia Jinding 

‘National Research Institute of Sports Science, 
Beijing, China. 

(This study offers laboratory evidence that Qigong 
masters can accelerate recovery from fractures. 
From 1988 FWCAEMQG Proceedings) 

‘The emitted Qi has been found to have a good 
curative effect on soft tissue injuries such as 
muscle soreness, scleroma in muscles, acute 
muscle sprain, muscle contusion and pains. Frac- 
ture is also a common injury in sports medicine. 
We have cured some cases of fracture with the 
emitted Qi. The purpose of this experiment was 
to investigate the biological effect of the emitted 
Qion healing of fracture. 

Sixteen healthy male rabbits, weighing be- 
tween 1.9 and 2.5 kg, were divided into two 
groups: the control group and the emitted Qi 
group. A fracture with a gap of 3mm was made 
in the left radius. The rabbits in the emitted Qi 
group were given the emitted Qi treatment for 
three minutes per day after fracture. X-ray films 
were taken every week. Each week specimens for 
light microscopy from two rabbits were cut into 
slices of 8um thickness along vertical axis of ra- 
dius, stained with H.E., and studied by a light mi- 
croscope. The morphological observations are as 
follows: 

1, Based on some radiographic indexes, such as 
reaction of fracture section, periosteal reaction 
and amount of callus formation and callus 
density, we found that the amount and den- 
sity of callus formation were better in the 
emitted Qi group than in the control group. 
The difference was significant in the 2nd week 


(n=16. P<0.01) and 3rd week (n=12. P<0.05). 
2. Ultrathin sections were produced with LKB- 

ULultrotome, stained with uranyl acetate and 

lead citrate, and studied with a DXB electron 

microscope (EM). The changes in myofibrils 

‘were observed and photographed (x13000). 

Injured myofibril volume density in the pic- 

tures were calculated by means of point-count 

method. 

‘The ultrastructural examination revealed that 
overstrain caused pathological changes such as 
muscle fiber edema, shortening or lengthening of 
sarcomeres, disorganization, breaking and disap- 
pearance of myofibrils as well as Z lines, accom- 
panied by edema and damage of mitochondria. 
These changes could be seen less frequently in the 
emitted Qi group than in the control group. The 
result of quantitative analysis showed that the vol- 
ume density of myofibrils of the injured muscle 
in the emitted Qi group was 2.47%, and that in 
the control group, 20.41 %. 


MEASURING QI IN THE 


BLoop 
‘APreliminary Study of the Relationship Between 
Qigong and Energy Metabolism—The Changes of 
the Blood ATP Content in Qigong Masters in the 
Qigong State 
by Wang Zhenchang, Huang Jian, and Wu Zijuan 
Shanghai Qigong Institute, Shanghai, China 
[This revealing study quantifies a physiological 
change in the blood during Qigong exercise and 
Qi emission. When Qigong masters do Qigong 
exercises, blood ATP level increases, indicating a 
storing of energy. When they emit Qi, blood ATP 
evel drops, indicating a depletion of energy. This 
is measurable evidence that physiological 
changes are occurring when a healer says he is 
collecting energy or emitting energy. Itis also evi- 
dence that healers may be exhausted after treat- 
ing patients and need rest and energy building 
activities to remain in good health themselves. 
From the 1988 FWCAEMQG Proceedings.] 
Recently it has been reported that the emit- 


ted Qiby Qigong masters may have material foun- 
dation and the internal Qi cultivation can promote 
health. In this paper, the relationship between 
Qigong and energy metabolism was studied. The 
ATP content was measured with 20u! of blood 
drawn from the ring finger of the Qigong masters 
before and after the Qigong exercise, and, at rest, 
by the method of bioluminescence assay. 

The instrument (FG-30 Type Luminescence 
Meter) and the chief reagent (Iuciferase-luciferin) 
were produced by Shanghai Plant Physiology In- 
stitute. The experiments were conducted in three 
groups: 

1. The experimental group: The blood was 
drawn from each Qigong master’s ring fin- 
ger after he had taken a short rest, and before 
he exercised Qigong and entered the Qigong 
state. If he could emit Qi, he would do it for 
5-10 minutes. Ifhe exercised internal Qi culti- 
vation, he would do it for half an hour. After 
the Qigong exercise the blood was drawn 
again. After rest for half an hour the blood 
‘was drawn once more. 

2. The control group: The above procedure was 
repeated on the second day but the Qigong 
masters did not exercise Qigong. 

3. Thehealthy group: Healthy persons did as the 
Qigong masters did at the same time. The re- 
sults are as follows: 

In 10 healthy persons the blood ATP contents 
were constant during the experiment. For nine 
Qigong masters in the control group the blood 
ATP contents did not change markedly. The blood 
ATP contents in 11 Qigong masters after emitting 


Effect of Qi-Gong on Blood Energy 
Metabolism 
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their Qi decreased markedly (the mean decrease 
‘was .000131 M compared with that of the healthy 
group (P<0.01). The blood ATP contents in 16 
Qigong masters after cultivating the internal Qi 
increased markedly (the mean increase was 
(000054 M) compared with that of the healthy and 
the control group (P<0.05). The duration of 
Qigong practice influenced the changes of the 
blood ATP content. 

The blood ATP contents in both groups of 
Qigong masters recovered after rest. Qigong mas- 
ters were observed continually. First they exer- 
cised Qigong, cultivating the internal Qi. Then 
they emitted their Qi. The blood ATP contents 
changed as above. Conclusions were discussed. 
‘The emitted Qi may have a material foundation 
because the blood ATP contents decreased after 
the Qi was emitted. The internal Qi cultivation 
process promotes anabolism and increases CAMP 
level so that health may be improved. 


EFFECTS OF QIGONG ON 


NEUROTRANSMITTERS 
Liu Binghuai, Jiao Jie and Chen Quanzhu 
Anhui College of Traditional Chinese Medicine, 
Anhui Province, China 
Li Yefu, Shang Lili (Affiliated Hospital) 
[This study shows that you don’t need to be a 
Qigong master to gain healing benefits from 
Qigong exercises. New Qigong practitioners with 
chronic ilinesses showed significant normalization 
of neurotransmitter concentration after Qigong 
practice, From the 1988 First World Conference 
for Academic Exchange of Medical Qigong 
(FWCAEMQG)] 

tis well accepted that Qigong contributes to 
preventing and curing of diseases and prolong- 
ing life. To study its mechanisms, the authors ob- 
served by means of fluorescence spectrophotom- 
etry in 68 subjects the variations in blood content 
of the following monoamine neurotransmitters 
before and after the Qigong exercises. (5- 
hydroxytamine: 5-HT, norepinephrine: NE, and 
dopamine: DA) Forty-four of the subjects were 


male, 24 females. Their age ranging from 25 to 68 
‘years old, with an average of 48. They all had prac- 
ticed the Qigong exercise for one month. All were 
patients of common chronic diseases such as hy- 
pertension, coronary heart disease, gastric ulcer, 
gastritis, pulmonary emphysema, chronic bron- 
chitis, joint system diseases, neurasthenia and 
neurosis. Results are as follows: 

1. Acomparison of monoamine neurotransmit- 
ter contents in the blood of the subjects pre- 
and post-exercise showed a general reduction 
in 5-HT, averaging from 0.42 to 0.21 ug/ml, 
close to the normal value of 0.15 ug/ml. The 
difference was notable (P<0,001) Variations in 
NEand DA tended to go up. The average NE 
was from 0.27 to 0.35 ug /ml, and DA in- 
creased from an average of 0.86 to 1.19 ug / 
ml. The above description showed that the 
effect of the Qigong exercise is closely related 
to the monoamine neurotransmitters in the 
body fluid. 

2. Effects of the Qigong exercise on the blood 
monoamine neurotransmitters of patients of 
different diseases: The subjects were divided 
into five groups according to the nature of 
their disease. Subjects in each group showed 
reduction in blood 5-HT content after they had 
practiced the Qigong exercise. In all the 
groups, the content of vasoconstrictor sub- 
stance 5-HT dropped to the normal concen- 
tration level, resulting in sufficient blood sup- 
ply for the local tissues and organs. Italso im- 
proved blood flow, promoted metabolism and 
strengthened the physiological function of the 
cells in the tissues thus helping to restore 
health, adding to the efficacy of Qigong 

3. The Qigong exercise helps regulate the neuro- 
body fluid inner environment. Through regu- 
lating the 5-HT blood concentration in the 
neurotransmitter of parasympathetic nerve, 
it causes the extra high blood 5-HT of the car- 
diovascular patients to drop to the normal 
level. It also dilates the coronary artery and 
improves the physiological functions, result- 
ing in the relief of symptoms. 

4, The Qigong exercise helps build or strengthen 


the physiological function of the digestive sys- 

tem. The exercise exerts an influence on the 

control of nerves that govern the activities of 
the internal organs. It is shown by variation 
in the blood content of neurotransmitters NE, 

DA and 5-HT, with 5-HT getting lower and 

DA getting higher, facilitating local blood flow 

and metabolism in the tissues. 

5. Through regulating the concentration of pain 
producer 5-HT in the peripheral blood, the 
Qigong exercise achieves an analgesic effect. 
The drop of 5-HT content is relative to the re- 
sult of analgesia. This fact shows that the drop 
of 5-HT is good for invigorating blood circu- 
lation and reducing extravasation, which is a 
proof of the TCM principle: “pain is removed 
when block is eliminated.” 

‘The Qigong exercise results in preventing and 
curing of diseases. It helps regulate the neuro- 
body fluid inner environment, promotes activi- 
ties of organs and maintains dynamic equilibrium 
of the organism through self stabilization. 


PHYSICAL 
CHARACTERISTICS OF 


EMITTED Qi 
Gui Yongfan, Chen Qi, Li Yinfa, and Jiang Shen 
Nanjing Aeronautical Institute, Nanjing, China 
[Emitted Qi can alter the results of common phys- 
ics experiments shown in this study from 1988 
FWCAEMQG Proceedings.] 
In this paper, three functions of the emitted 
Qi which were discovered with the aid of some 
physical instruments, such as the Van de Graaff 
generator and light sensitive plate are discussed. 
1. The emitted Qi can restrain the discharge pro- 
cess. The discharge between the two balls in 
the Van de Graaff generator will be stopped 
or the period of discharge will become longer 
when the emitted Qi is exerted on the instru- 
ment. The Van de Graaff generator was used 
for testing, The two discharge balls in the gen- 
erator were pulled apart until the critical state 
was reached. Then the Qigong master aimed 


his emitted Qiat the discharge space. The dis- 
tance between the fingers or palm of the 
Qigong master and the discharge space was 
10cm to3M. We have discovered the follow- 
ing phenomena: 

a. The emitted Qi stopped the discharge 
or made the period of discharge longer. 

b. The Qigong master had no sensation of 
getting an electric shock when he emit- 
ted his Qi near the discharge space. 
Nevertheless, when he stopped emit- 
ting his Qi, he had the sensation of an 
electric shock if his hand was still near 
the discharge space. 

c. In the restraining process, a series of 
restraint and discharge, such as re- 
straint—intermittent bursts of dis- 
charge—restraint, sometimes appeared, 

2. The emitted Qi can cause the exposure of light 
sensitive plates wrapped in a piece of black 
paper. By false color image processing with a 
picture processing instrument, we obtained a 
color photograph, in which the image of fin- 
gers and the Laogong (P-8, center of palm) 
can be seen clearly. The Qigong master emit- 
ted his Qi at the emulsion layer of a light sen- 


‘Concentration of 5-HT(ugimi) 
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The concentration of the monoamine neurotransmitter 
S-hydroxytamine decreased toward the normal value 
of 0.15 ugiml in the above groups of patients after one 
month of Qigong exercises. 
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sitive plate from about 10 cm away for about 
10 minutes. 


RESULTS 

a) The color of the controls was darker than 
that of the affected plates. b) After development, 
white speckles, various patterns or orderly stripes 
appeared on the affected plates. 


SUPERCONDUCTING 
MAGNETOMETER MEASURES 


CHANGES DURING QIGONG 
Wu Benjie, Dept. of Biophysics, Beijing Medical 
University 

Wang Xiubi, Institute of Somatic Sciences, Beijing, 
Wang Zijun, Nanjing University 

Liu Jianben, Institute of Geophysics, Beijing 
[Here we see that Qigong masters can produce 
magnetic fields from their palms, and that these 
fields have characteristic frequency bands. From 
1988 FWCAEMQG Proceedings.] 

A dynamic study of Qigong (QG) magnetic 
signals (MS) by a flux-gate magnetometer was 
conducted in a magnetically shielded room. Un- 
der the QG state, MS was <2Hz in frequency and 
several nT (T = Tesla, the unit of magnetic flux 
density, InT = 10° T) in amplitude. For deeper 
understanding of the MS dynamic properties, hu- 
man weak MS were investigated by a supercon- 
ducting biomagnetometer which is wider in fre- 
quency response (DC to 10 kHz instead of DC to 
10 Hz) and higher in sensitivity. Through a fre- 
quency-power spectrum analysis by a computer, 
the MS changes under QG state were analyzed 
quantitatively. 

‘Twenty persons (38 tests) were selected as 
subjects, and divided into two groups. (1) The 
control group consisting of three persons did not 
practise Qigong, 46.3 years old in average; (2) The 
Qigong group (practising for 1-20 years) consisted 
of 17 persons (31 tests), 48.3 years old in average. 

The subjects took off all magnetic things; then 
came into a magnetically shielded room, with the 
acupoint to be measured aiming at the probe. The 


distance between the probe and Laogong (P 8) was 
about 6 cm, and that between the probe and head 
acupoints was about 4.5 cm. The MS dynamic 
changes were recorded continuously, before, dur- 
ing, and after QG state (3 minutes each), 

MS was measured by a superconducting 
biomagnetometer, Model M-601. The frequency 
power spectra were analyzed by a signal proces- 
sor, Model 7117-S. In this paper the power changes 
were all of relative values. 

The experimental results indicate that under 
the QG state three kinds of MS (1Hz, 3 Hz and <2 
kHz) are measured from different acupoints 
Laogong (P 8), Baihui (Du 20), Yintang (Extra); 
there are three kinds of MS changes in intensity: 
increasing, decreasing and no change; and there 
is a good repetition of the change patterns and 
signal frequency of MS. Two novel phenomena 
were found, i.e. decrease of power and the change 
of frequency spectrum in MS during QG. 


QIGONG AND CANCER 

‘Cancer is one area where western science can 
use some help. Our government has pumped bil- 
lions into cancer research, yet the problem con- 
tinues to grow. Chemotherapy and radiation have 
such negative side effects that the time has come 
to look beyond therapies of killing “bad” cells, 
toward therapies with which the individual pa- 
tient brings his own body into order. 

In China, the obvious answer is Qigong. Can- 
cer occurs when the cells of the body follow the 
will of an outside influence, perhaps a bacteria or 
a virus or a genetic predisposition. If Qi is strong 
and flowing smoothly within the individual, 
many Chinese believe that the cells will do the 
will of the organism, not of an outside influence. 

‘Avery interesting experiment that illustrates 
the will of an individual influencing cell growth 
is presented in a study by Dr. Feng Lida, MD, 
Ph.D., a famous Beijing researcher. She had 
Qigong masters treat vials of E-coli bacteria. The 
first vial was held but not treated. The Qigong 
master emitted Qi to the second one to try to “kill” 
the bacteria. He directed “health-promoting” Qi 


to the third one. Dr. Feng reported that, with over 
40 repetitions, the health promoting dose resulted 
ina seven- to tenfold increase in the number of E. 
coli. The health destroying dose lowered the num- 
ber of bacteria by one half or more. This experi- 
‘ment illustrates the power of the Qigong master 
in influencing cell growth. Every one of us has 
the latent ability to do the same, directing Qi to 
control disease within our own bodies. This can 
be seen from the success of programs emphasiz~ 
ing visualization and meditation. 

If Qi is weak in an area of the body, abnormal 
growth will appear. Qi is weakened by poor nu- 
tition and lack of exercise. Itis also weakened by 
‘mental and environmental stress. Chemotherapy 
and radiation put heavy additional loads on the 
body, draining it of Qi. This is why methods to 
strengthen Qi are so valuable. 

This chapter is devoted to Qigong as it is ap- 
plied to cancer. It is clear from these studies that 
Qigong is an option that every person trying to 
beat cancer should consider, regardless of whether 
western techniques are also pursued. Chemo- 
therapy and radiation in many cases have been 
shown to be of little value improving quality or 
length of life. They are not the only option. The 
following evidence shows that Qigong is an im- 
portant therapeutic modality for treatment of can- 
cer. 


THE EFFECT OF THE 
EMITTED Qi ON CARCINOMA 
CELLS 
Feng Lida, Qian Ju Qing, Chen SuQing, et.al. 
China Immunology Research Center, Beijing, 
China 
[This influential paper is the first presented in the 
1998 FWCAEMQG Proceedings, and shows that 
emitted Qi can kill cancer cells and alter chromo- 
somes in vitro, providing clinical evidence that 
cancer patients would do well to learn Qigong,] 
We used the techniques of tissue culture, 
cytogenics and electron microscopy to study the 
Hale cells and SCG-7901 human gastric adenocar- 
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cinoma cells, the change of the cellular ultrastruc- 
ture and abnormal structure of the chromosomes 
of the cells. The results showed: 

1. The effect of the emitted Qigong on the Hale 
Cells: 

‘We repeated the experiment 20 times under 
identical conditions. After the Hale cells received 
the emitted Qi for 20 minutes, the survival rate of 
the cells in the experimental group was 69.28% of 
that in the control group, i.e. 30.72% of the cells in 
the experimental group were killed. At the same 
time we observed the Hale cells with a transla- 
tion electron microscope, and found that degen- 
eration and swelling took place in some of the cells 
which received the emitted Qi, The endoplasmic 
reticula were dilated obviously, and the nuclei of 
the cells were destroyed. 


THE EFFECT OF EMITTED QI ON THE 
GASTRIC ADENOCARCINOMA CELLS: 

Alter the gastric adenocarcinoma cells re- 
ceived the emitted Qi for one hour, the survival 
rate of the cells was 74.98% of that in the control 
group. ie. the average destruction rate of the cells 
was 25.02%, We repeated the experiment 41 times 
under identical conditions, and through statisti- 
cal analysis, found a difference between the two 
groups (P<0.01). In the meantime, a scanning elec- 
tron microscope was used to study the cells. The 
results showed that the microvilli of the cells 
which received the emitted Qi had remarkably 
dwindled or disappeared and tiny holes could be 
seen on the surface of the cells 

3. The effect of the emitted Qi on the chro- 
mosomes of the gastric adenocarcinoma cells: We 
repeated the experiment 10 times under identical 
conditions. 1420 tumor cells in the control group 
and 1,428 tumor cells which received the emitted 
Qi for 60 minutes were analyzed. The subdiploid 
in the control group was 2.11%, the superdiploid 
was 0.14%, whereas the subdiploid in the experi- 
mental group was 3.29% and supertriploid was 
0.56%. The statistical significance in these findings 
(P<0.05). 

The structure of the chromosomes of the gas- 
tric adenocarcinoma cells also varied. In the ex- 
perimental group, the total abnormality rate was 


5.39%. The total abnormality rate in the control 
group was 1.40%. (P<0.01). 


SUMMARY: 

‘Tumor isa common disease which endangers 
man’s life and health. The study on the effects of 
the emitted Qi on carcinoma cells, especially on 
the study of the structure and the chromosomes 
of tumor cells, has not been reported in the world 
before. The human chromosome is a material base 
of human heredity and a carrier of the genetic ma- 
terial. The results of our studies showed that the 
abnormality of the chromosomes of the gastric ad- 
enocarcinoma cells was significant after they re- 
ceived emitted Qi. The rate of exchange, break- 
ing, and the dicentromere in the structure of the 
chromosomes of the gastric adenocarcinoma cells 
is increased. The results suggested that the emit- 
ted Qi could kill the chromosomes of the gastric 
adenocarcinoma cells. The study may start a new 
way to cure carcinoma. 


QIGONG AS A THERAPEUTIC 
AID FOR ADVANCED CANCER 


PATIENTS 

by Sun Quizhi and Zhao Li, Kuangan Men Hospital 
China Academy of Traditional Chinese Medicine, 
Beijing, China 

[This article shows that, in clinical trials, cancer 
Patients were far better off when they combined 


Qigong exercises and chemotherapy as compared 
to chemotherapy alone. 

‘One hundred and twenty three cases of ad- 
vanced cancer treated simultaneously with drugs 
and Qigong has been reported in this paper. These 
‘were inpatients of our department during the past 
five years. Among them there were 60 males and 
63 females. The youngest was 20 years old. The 
average age was 47 years old. These patients were 
diagnosed pathologically as malignant cancer, 70 
cases were in the III stage, 53 were in the IV stage, 
of which, cancer of the stomach accounted for 
42.23%, cancer of the large intestine 31.70%, 
‘mastocarcinoma 11.29%, and cancer of the esopha- 
gus and cardinal carcinoma, 8.1% each. 

The 123 patients were divided into two 
groups. The experimental group included 98 cases 
treated with drugs and Qigong exercises. The con- 
trol group, which consisted of 30 cases, was treated 
by drugs alone. Similar drugs were given to the 
two groups. Each patient who received the 
therapy of drugs and Qigong did the Qigong ex- 
excises for over two hours a day, three months as 
a course. Symptoms, signs, body weight, and im- 
munological indices, etc. were recorded before 
and after treatment. The results were as follows: 

1. Amelioration of general symptoms: In the 
experimental group, 81.7% of the patients re- 
gained strength, 63% improved appetite, 

33.3% were free from diarrhea or irregular def- 

ecation in the experimental group, while in 

the control group the rates of patients were 


Cells of ung cancer before irradiation with 
emitted Qi 


Villus exfoliation of lung cancer cells after 
itradiation with emitted Gi. 
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10%, 10% and 6%, respectively. The difference 
between the two groups is significant. 
(<0.01) 

2. Body weight: In the experimental group, 
50.54% of the patients’ body weight increased 
more than 3kg, and 5.4% of the patients’ body 
weight decreased more than 3 kg. In the con- 
trol group, the rates were 13.3% and 30.0%, 
respectively. The difference between the two 
groups is, again, quite significant. 

3. Phagocytosis of macrophages: In the experi- 
mental group, the phagocytic rate of macroph- 
ages increased by 12.31 % and the index of 
macrophages increased from 0.45 before the 
combined therapy to 0.63 after. In the control 
group, the phagocytic rate did not elevate, but 
decreased by 7.87% while the phagocytic in- 
dex also dropped from 0.63 to 0.50. 

4, In addition, it has been observed that, in the 
experimental group, the erythrocyte sedimen- 
tation of 23, and hepatic function of 20 of the 
93 patients returned to normal, while in the 
control group, there were only three patients 
with normalized erythrocytic sedimentation, 
and two patients with normalized hepatic 
function, out of the 30 control cases. 

To sum up, these studies suggest that the 
Qigong therapy is helpful to some extent to ame- 
liorating the symptoms, improving appetite, 
strengthening constitution, and increasing the 
ability of self-cure. Qigong can regulate the mind, 
heart, Qi, and blood so as to get rid of pessimism 
and eliminate evil factors. Therefore, it is really 
aneffective, simple supplementary treatment with 
no side effects. 


THE EFFECT OF EMITTED QI 


ON LEUKEMIA IN MICE 

Feng Lida and Zhao Xiuzhen 

China Immunology Research Center, Beijing, 
China 

(This study by Feng Lida, MD, PhD shows that 
emitted Qi can decrease the reproduction rate of 
Teukemia cells in mice and that infrasonic Qi simu- 


ators can play a similar role. From the 1988 
FWCAEMQG proceedings.] 

With the rapid development of modern sci- 
ence and technology and the enhancement of 
people's living standard, the constitutive propor- 
tion of diseases has changed and most infectious 
and parasitic diseases have been brought under 
control or eliminated, whereas, tumors are becom- 
ing a common problem and are endangering 
man’s|life and health. In our country, the number 
of patients suffering from tumor diseases is over 
1,000,000 a year, and the number of patients who 
died from tumors has exceeded 800,000. There- 
fore, it is important for us to explore a new route 
to cure tumors. 

Leukemia is a malignancy, which has a high 
incidence and is difficult to cure. As there are some 
similarities between leukemia in mice and human 
leukemia, we chose DBA mice asa research model 
to study the effect of the emitted Qi on L,,,, cells 
of leukemia in mice. 

The experiment chose DBA mice with a 
‘weight of 2042 gm, and both male and female mice 
were used. In the experiment we killed the mice, 
which had been injected with the L,,,, cells 7 to 9 
days before we collected the celiac liquid and ad- 
justed the concentration of cells to 4.70-31.00 mil- 
Tion/ml (avg. concentration was 1.20 million/ml). 
0.2 ml Ly. cells was injected i.p. into the abdomi- 
nal cavity of mice. And after one day we randomly 
divided the mice into group: 

One Group Treated With Emitted Qi 

Among these groups, the mice of the experi- 
mental group received the emitted Qi once per 
day, for between 10 and 40 minutes for 10 days, 
while in the control group, no treatment was 
given. After 10 days the mice were killed and the 
number of L,,, cells were counted with a light mi- 
croscope. The average value in the control group 
was 200.435x0.5 million per mouse, while in the 
experimental group 66.458x0.5 million per mouse 
and there is significant meaning between the two 
groups. (P<0.01). 

Second Group Treated With Infrasonic Qi 
Simulator 

At the same time, we used an infrasonic qi 
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Benefits of Qi-Gong to Cancer Patients 
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123 advanced cancer patients were treated for 6 
‘months. The contol group with drugs, the experiemental 
with drugs and Qigong exercises. The results show the 
value of Qigong exercises in cancer treatment. 


Can QI-Gong Fight Leukemia? 
TM contri croup 


Gi 


Leukemia Cell Concentrations 


Concentration of leukemia cells in mice after 10 days’ 
treatment with emitted Qi and the infratonic Qi 
stimulators 


simulator to stimulate the mice injected with the 
Lay Cells, once per day, two hours at atime for 10 
days, after which the number of L,,,. cells was ob- 
served. The number in the control group was 
160.826x0.5 million per mouse, while in the ex- 
perimental group 70.870x0.5 million per mouse. 
This difference is of statistical significance (P<0.1). 
‘The results showed that the number of L,,.. cells 
which were injected into mice could be remark- 
ably reduced after the mice received emitted Qi, 
and the fact suggested that the emitted Qi could 
Kill or inhibit the L,,,. cells in mice. 

Qigong is a part of traditional Chinese medi- 
cine, which is a therapy with Chinese characteris- 
tics. In recent years, Qigong has been used to cure 
alot of diseases, especially difficult diseases and 
tumor diseases. It is an important issue whether 
Qigong can kill or inhibit malignant tumor cells. 
or not. The result of this experiment shows that 
the emitted Qi could kill or inhibit the L,, cells 
of leukemia in mice. Aftera body received it many 
times, the emitted Qi could significantly reduce 
the number of L,.,,. cells in mice. The experimen- 
tal study laid a theoretical basis for the treatment 
of tumors with Qigong. Qigong therapy will be a 
new way to cure carcinoma. However, the mecha- 
nism and way that the emitted Qi kills or inhibits 
Lyn Cells of malignant tumor cells in mice needs 
to be further investigated. 


EFFECTS OF QIGONG ON 


MALIGNANT TUMOR 

Luo Sen, Tong Tianmin, et al 

Zhejing Institute of Traditional Chinese Medicine 
Hangzhou Qigong Hospital, Hangzhou, China. 
[This study, also from the 1988 FWCAEMQG pro- 
ceedings shows the benefits of combining tradi- 
tional and modem cancer therapies in maintain- 
ing healthy blood cells.] 

Under observation in this experiment were 80 
patients with 17 kinds of malignant tumors includ- 
ing nasopharyngeal carcinoma, breast cancer, lung 
cancer, and gastric carcinoma. Their diagnosis was 
confirmed by cytological and radiological exami- 


nations, Within this group, 48 were male and 32 
female. Most of them had been operated on be- 
fore hospitalization. They were at their I or Il stage 
of the disease and had received radiation or che- 
motherapy before. These patients were randomly 
divided into three groups. 30 of them, as the first 
group, received Qigong treatment. 

‘The second group, composed of 25 cases, were 
treated with routine chemotherapy. And the third 
group, another 25, received chemotherapy com- 
bined with Qigong exercises. The parameters 
adopted included WBC and RBC count, serum he- 
moglobin and platelet count in blood before and 
after treatment, T-lymphocyte conversion test 
(H3TARLT) and urine excretion of 17-hydroxy ste- 
roids within 24 hours before and after the last 
week of Qigong therapy in some patients. The to- 
tal period of observation lasted 60 days. Results 
are reported as follows: 

1. Group |, the Qigong group, developed a sig- 
nificant rise in their WBC, RBC count and se- 
rum hemoglobin after treatment (P<0.01), 
Group II, treated with chemotherapy, pre- 
sented a significant lowering in these mea- 
sures (P<0.01). Group II, which both prac- 
ticed Qigong and received chemotherapy, 
showed an obvious elevation of serum hemo- 
globin, RBC and platelet count (P<0.005-0.01). 
Their WBC remained at the same level as be- 
fore the treatment (P>0.05) 

2. T-lymphocyte conversion test in Group I also 
showed a significant rise (P<0.05). It was seen 
tobe maintained at the original level in Group 
IMI (P>0.05). 

This experiment proves that this kind of 
Qigong exercise, by exciting the circulation of Qi 
along meridians and modulating the functions of 
blood circulation, immune response and endo- 
ctine tissues, can minimize the toxic side-effects 
of chemotherapy and enhance energy supply to 
the body. This practice is effective in treatment of 
cancer and supported by confirmed scientific ex- 
periment. 
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EFFECTS OF PATIENT 
TUMORS ON KIRLIAN 
IMAGES OF HEALTHCARE 


PROVIDERS 

‘Su Cheng Wu, Guangxi Tumor Hospital, Guangxi, 
China 

Richard H. Lee, China Healthways Institute, USA 

The process of emitting Qi during a Qigong 
treatment, while valuable at jump-starting a 
patient's recovery, is exhausting and requires ex- 
tensive Qigong exercises to replenish the depleted 
Qi. However, as Qigong practitioners become 
more skilled, they can treat more patients with less 
depletion, probably through a combination of be- 
coming more proficient at collecting Qi and more 
efficient at utilizing the Qi that they do have. This 
isan important field of study because of the preva- 
lence of “burnout” which affects many practitio- 
ners in all the medical professions. Perhaps doc- 
tors and nurses can be taught the principles of ef- 
ficient use of their Qi. The following is offered to 
illustrate this point: 

The top two Kirlian photographs on this page 
show images of fingertips of healthy individuals 
and healers. The light recorded by the photos is 
created as electrons moving between the fingers 
and the film ionize air. In the first photo, the balls 
are created as electrons leaving the finger create 
pools of light. And the streamers are created as 
electrons stream back from the film to the finger. 
A balance between balls and streamers indicates 
that electrons move both to and from the fingers. 
The second photo shows that, around the fingers 
of healers, the electrons travel more as waves than 
particles, creating a smooth glow instead of balls 
and streamers. 

In cancer patients, research has shown that 
balls appear around the cancer (not illustrated, 
reference Dumitrescu and Kenyon in 
“Blectrographic Imaging in Medicine and Biol- 
ogy’, 1983) and streamers appear around all other 
parts of the body, as shown in the fourth picture. 
(reference “Bioelectrography” by Konikewicz and 
Griff 1984 and Dumitrescu, 1983). This strongly 
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suggests that the rapid growth of cancer cells is 
fueled by high electrical vitality at the cancer site, 
and that the rest of the body is devitalized as the 
high energy electrons are somehow attracted by 
the cancer. 

The lower three Kirlian photos were taken in 
a tumor hospital. A typical cancer patient (the 
third photograph) shows virtually no Kirlian im- 
age. This indicates a very low flow of electrons, 
cither in or out of the finger, and thus, low vital- 
ity, After increasing the patient's electrical conduc- 
tivity using an Infratonic QGM on the foot (K-1), 
the patient’s image brightened, but showed only 
streamers but no balls, as electrons shot to the fin- 
gers but did not return from the fingers to the film. 
Had high energy electrons returned to the film, 
we would have seen balls in addition to stream- 
ers in the photographs. This suggests that the en- 
tire patient, not just the photographed finger, is 
depleted in electrical vitality, and may be draw- 
ing electrical vitality from the Kirlian camera as 
high voltage electrons stream into the patient's 
body, but do not retum to the film. This supports 
the common belief that cancer draws vitality from 
everything in the surrounding area while fueling 
the very rapid growth of the cancer cells. 

Several doctors in the tumor hospital were 
photographed and those with patient contact 
showed a similar image dominated by streamers 
with almost no balls. This suggests that the doc- 
tors were in some way devitalized by the patients’ 
low energy condition, and were, themselves, 
drawing electrical vitality from the camera. It ap- 
pears that cancer drains the vitality of everyone, 
the patient, health care providers, family, and even 
those who visit to show their support. 

Why does vitality flow to the cancer site? 
Qigong practitioners believe that intentionality 
moves Qi, which suggest that intentionality might 
be acting. We might suspect the intentionality of 
the patient, the family or the doctor. All seem to 
be convinced that the cancer will win. It seems 
that we should also look at the possibility that the 
cancer, itself, has intentionality, and is causing the 
patient to give up hope and the doctor to say 
things like, "You have no more than 3 to 6 months 
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to live.” Perhaps the fight against cancer is a battle 
of wills over the flow of vitality more than simply 
the biologically understood multiplication of ig- 
norant cancer cells. 

Can we reverse this flow of vitality, and will 
this reverse the growth of cancer? The preceding 
research in this chapter shows that Qigong prac- 
tice and emitted Qi can kill and decrease the 
growth rate of cancer. Perhaps intentionality is a 
new weapon against cancer. And maybe the 
Kirlian camera will be the biofeedback technique 
which shows patients and researchers when their 
intentionality is properly applied and when they 
are winning the battle. 

As is concluded in most research studies, 
“More research is necessary.” 


CHAOS AND 


CONSCIOUSNESS 

The study of Qi as the relationship between 
the physical world and consciousness is often 
avoided by scientists because this violates a basic 
tenet of science, the experimental method, that the 
experimenter is not to interfere with the experi- 
ment. However, this appears to be exactly what 
Qigong masters are doing. Whereas religious 
groups have long held that our thoughts, wishes, 
desires, and prayers can influence our own lives 
and the lives of those around us, the scientific 
world has, for the most part, denied this possibil- 
ity. 

If, in our study of Qigong, we discount the 
scious intent of the practitioner, we are ignor- 
ing what Qigong practitioners claim is the vital 
ingredient, intentionality. Thus, we are led to 
study the physics of the phenomenon, the inter- 
action of electric, magnetic, and acoustical fields. 
However, if we allow intentionality to enter the 
equation, avery different view of Qigong emerges 
with enormous implications. 

‘To accept that consciousness can influence the 
physical world, science needs some sort of field 
or substance which can be shaped by conscious- 
ness such as the rhythmic movement of electrical 


charges in the body as measured by EEG, which 
is shown to be influenced by Qigong masters. 

From a broader perspective, this field is chaos, 
which might be described as uncertainty regard- 
ing the future, or instability such that subtle in- 
fluences can guide the field’s reorganization. In 
the case of EEG, the chaos is the available insta- 
bility of free electrons, molecular ions, and neu- 
rochemicals. There are probably many other forms 
of chaos within the body including magnetic, 
acoustical, and electromagnetic. Itis chaos, or un- 
certainty in these fields, which allows conscious- 
ness to enter and shape reality. 

Qigong therapy is often broken into three 
phases. First, the practitioner “adds Qi” increas- 
ing the available energy, or chaos of the patient. 
Then he “sweeps the bad Qi out the feet” to re- 
move crystallized structures which are interfer- 
ing with the patient's health. Finally, he “smooths 
the Qi” tohelp bring order out of the chaotic state 
which results from the adding of chaos and re- 
moving of “bad Qi.” 

Thus, a Qigong treatment might be viewed 
as adding chaos to liquefy a crystallized structure, 
removing undesired, loosened crystals, then 
smoothing and harmonizing the field to “bring a 
higher order out of the chaos.” Softening and 
bending metal, altering EEG in anesthetized ani- 
mals, and accelerating recovery from cancer might 
allbe explainable by “consciousness creating and 
guiding chaos.” 


Low DIMENSIONAL CHAOS 


IN PRACTICING QIGONG 

Yagu Lin, Jijun Gao, and Huo Lu 

Shanghai Qigong Research 

[In our research at CHI, we have found that chaos 
isa key ingredient in the effectiveness of a thera- 
peutic signal, allowing greater penetration into the 
body. This Chinese chaos research shows that 
Qigong exercises result in reduced complexity of 
the EEG in the brain, providing calmness and 
mental clarity (bringing order out of chaos). From 
the FWCAEMQ| 
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Recently, researchers such as Kaczmark, LK. 
(1977), Nicolis, G. (1985), Skarda, C.A. and Free- 
man, WJ. (1987), and Xu Jinghua and Xu Nan 
(1987) have reported the systematic complexity 
and chaos of the brain electroencephalographic 
techniques (EEG) by the analysis of dimensional- 
ity in studies of chaotic dynamics of biological 
systems. However, there are few reports analyz~ 
ing the Qigong functional state using this method. 

In this paper, we analyze change in attractor 
dimensionality d values of the occipital EEG be- 
fore, during, and after Qigong exercises. The re- 
sults show that before exercises, d=1.8, during 
exercises d increases to 2.1, and after Qigong ex- 
ercise, it remains at the increased value of 2.1. 
These results show that Qigong exercises can 
lower the complexity under conscious conditions, 
increase the orderliness, and decrease the random- 
ness. This may explain Qigong's effect of "ward- 
ing off distraction, thoughts, or evils," and may 
be a principal mechanism of Qigong's effective- 
ness, 


QIGONG TRAINING AND 


COHERENCE OF EEG 

Yang Sihuan, Yang Qinfei, Shi Jiming, Cao Yi 
Institute of Qigong Science, 

Beijing College of Traditional Chinese Medicine, 
100029, Beijing, China 

[This study shows that Qigong training increases 
coherence between the right and left sides of the 
brain. From the perspective of chaos theory, this 
means that Qigong helps to bring “order out of 
chaos” in the brains of practitioners. From Sec- 
‘ond World Conference on Academic Exchange of 
Medical Qigong.] 

In this study, we analysed the coherence of 
EEG to observe the trainees’ EEG regularly. The 
young students, who were 17 to 20 years old, had 
been practicing “Zhanzhuang Gong” for one year. 
We try to find out the effects of the Qigong train- 
ing period on coherence of EEG. Thirty two per- 
sons in the Qigong group and 35 persons in the 
control group were involved in this experiment. 


During one year period of observation the sub- 
jects of the Qigong group practiced Qigong for 40 
minutes every day. The EEGs of the Qigong group 
were analysed every half year in meditation, and 
the EEGs were also recorded before learning 
Qigong. The students in the control group did not 
take part in the Qigong training and their EEGs 
were investigated at rest twice with an interval of 
one year. In the test, eight channels of EEGs were 
simultaneously processed by a computer on line 
for 20 minutes. The program, “computer evalua- 
tion system for the Qigong state” was provided 
by the “Laboratory of Bio-Control, Department of 
Electrical Engineering, Zhejiang University”. 

After one year of Qigong training, total co- 
herence between the left and right frontal regions 
increased from 0.84+0.07 to 0.8720.06 (p<0.05). 
Before Qigong training, the total coherence be- 
tween the left and right occipital areas was 
0.680.14. After half year’s training, it increased 
to 0.7940.10, and after a year’s training, it was 
0,760.10. Self comparison showed the probabil- 
ity p<0.001. The total coherence between the left 
and right temporal areas before Qigong training 
‘was 0.4840.17. Half year after Qigong training it 
was 0.554013, compared with that before Qigong 
training (p<0.05). One year after Qigong training 
it was 0,640.12. Comparing before and a half year 
after Qigong training p<0.001. 

Total coherence did not change significantly 
in the control group 


VIBRATIONAL TREMBLING, 


CHAOS, AND EEG 
Dale M. Patterson, MS, CACB, BCIA Certified 
Richard H. Lee, China Healthways Institute, USA 
[This article, published in China Healthways 
Newsletter, provides data collected from biofeed- 
back research conducted by Dale Patterson which 
shows that chaos increases alpha EEG induction. ] 
Vibrational trembling appears to be a way 
memory is stored or processed in the physical 
body. Chaotic sound penetrates this field of vi- 
brational activity, softening this memory and al- 


lowing us to more easily let go of fixated thoughts, 
addictive desires, and compulsive actions. 

When someone is full of anger at being 
blocked from acquiring the object of desire, he 
may tremble extensively in the theta range of EEG. 
‘And when someone is overloaded with the stress 
of excess thinking (worry) and approaching aner- 
vous breakdown, he will also tremble, but this 
time in the beta range. This excess vibrational ac- 
tivity consumes the body's Qi and causes the per- 
son to become emotionally, mentally, and physi- 
cally rigid. 

‘Applying chaotic sound breaks up these re- 
eating patterns, often freeing the patient from 
frustration and worry. As the patient relaxes, ca- 
pacity to process thoughts and emotions increases, 
new answers are found, and the increased free- 
dom and flexibility are experienced as increased 
vitality. Thus, where physical memory inhibits 
healing, adding a chaotic alpha signal can accel- 
erate recovery. 


LABORATORY TESTING 

Dale Patterson, a board certified EEG techni- 
cian trained in biofeedback became intrigued with 
the QGM when one of his patients brought one 
in, He recorded EEG brain maps first with an early 
model of the QGM which produced a clinically 
sig- 
nifi- 
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cant 18% increase in Alpha. He then used the Q4 
with chaos which provided eight times the in- 
crease in alpha activity, showing that chaos in- 
creases induction of alpha rhythm in the EEG. 


CHAOS AND THE COLLEGE 


ENTRANCE EXAM 

Su Cheng Wu, Guangxi Medical Hospital 

[From China Healthways Newsletter: A medical 
researcher applied the Infratonic QGM to high 
school students preparing for the college entrance 
‘examination.] 

There was little chance that Li Wen Chao 
could ever attend college. As a high school senior, 
he had achieved only moderate grades in his 
courses and had done poorly on previous national 
examinations. Without very high scores in the 
China College Entrance Examination, Li would 
almost certainly spend his life in a menial factory 
or farming job. The College Entrance Examina- 
tion is terrifying, because everyone who faces it 
knows that only half of high school graduates will 
enter the nation’s college system. Failure in this ex- 
amination is a common cause of suicide in China. 

Enter Su Cheng Wu, a medical researcher and 
Li’s uncle. He had just completed a successful 
study involving infrasonic treatment of bronchial 
asthma (see page 28) and was searching for other 
subjects to study. He felt that stress, nervousness, 
and mental overload were the principal reasons 
that high school seniors failed the examination, 
and believed that the Infratonic QGM would in- 
duce the deep calmness and mental clarity of Al- 
pha into the students’ minds and bodies, helping 
them to relax and overcome the mental overload 
that causes brains to lock up during tests. 

For three days before the examination, Dr. Su 
went to visit his nephew's class and treated each 
patient by holding the machine on the upper back 
for five minutes and encouraging the student to 
talk about fears and tensions regarding the up- 
coming test. For students suffering from symp- 
toms stich as headaches, dizziness, poor appetite, 
insomnia, and menstrual pain, he instead selected 


and treated an appropriate point, usually along 
the front midline of the body. 

The results of this small test drew much at- 
tention. Li's class was average among the seven 
senior classes, yet performed the best by far. 
Whereas the average pass rate for the other six 
senior classes was 50%, 86% of the students in this 
class passed the examination and were placed in 
five year colleges! The other 14% got high enough 
scores that they were accepted to three year trade 
schools. Thus, 100% made it to some sort of col- 
lege. Li Wen Chao enrolled the next year at 
Guangxi Medical University to become a physi- 
cian, 

While it sounds unreasonable that a little cha- 
otic infrasonic sound can cause such a large in- 
crease in scores, the opposing view makes more 
sense. Stress and worry can shut down the thinking 
process. 


SEARCHING FOR JING, QI, 
AND SHEN IN WESTERN 


SCIENCE 

‘Traditional Chinese medicine (TCM) holds 
that three “vital treasures”, Jing, Qi, and Shen, are 
real substances which envelop the human body 
and are essential to life and healing, These are the 
fields through which Qigong masters work. Jing 
provides the genetic structure or the physical 
strength of the body. Qi is the life or vitality of the 
body, our energy level. And Shen provides the 
mind, or conscious aspect. TCM goes further, in- 
troducing three seeds of consciousness, the lower, 
middle and upper Dan Tians located in the lower 
abdomen, chest, and above the head respectively, 
which are born and mature through cultivation, 
providing awareness of the physical world 
through Jing, Qi, and Shen. 

This parallels the writings of Alice Bailey 
which present a three fold personality: the etheric 
body (Jing) is shaped by the emotional body (Qi) 
which, in turn, is shaped by the mental body 
(Shen). The substance of each body is produced 
by the physical body whereas the function of each 


body is to support a mode of consciousness. 

In “A New Science of Life” by Rupert 
Sheldrake a “morphogenetic field” is described 
asa vibrational field which surrounds and shapes 
living things as they organize. He argues that our 
‘genetic structure doesn’t contain, but rather tunes 
into the blueprint of the physical body through 
this morphogenetic field. He supports this with 
laboratory findings that as more and more ani- 
mals and humans are taught new behavior, oth- 
ers of similar geneticmakeup but physically sepa- 
rated from the first, learn the new behavior more 
and more quickly. Jing appears to be the TCM 
equivalent to the morphogenetic field of the physi- 
cal body. Qi and Shen might also support mor- 
phogenetic fields of their own. According to 
Sheldrake, these morphogenetic fields are pro- 
grammable, obtaining their initial programming 
from genetic structure, and being reprogrammed 
through experience and learning. 

Jing, from the standpoint of physics, might 
bea field of electrons in constant flux suspended 
in salt water throughout our bodies. The rhyth- 
mic movement of this electric field is measurable 
by EEG, EMG, and EKG. Electrostatic forces are 
very strong and it is conceivable that such a field 
can shape a physical body by catalyzing certain 
chemical reactions and moving certain molecules 
to the right place at the right time, causing, for 
example, differentiation between liver cells and 
brain cells in the embryo. 

If Jing is to vibrate freely it requires su 
energy tohave free flowing electrical charges both 
to resonate with the morphogenetic field and to 
fuel biochemical reactions. Ilya Prigogine, in “Or- 
der Out of Chaos”, proposes that life requires 
chaos, that higher forms of organization emerge 
‘out of chaos, and that raising the energy of a sys- 
tem allows it to reconfigure into a higher order of 
organization. From the standpoint of Jing, when 
biochemical activity exhausts the available elec- 
‘trochemical potential, chaos in the field of elec- 
trons has been exhausted. Then the physical body 
may become unresponsive, and illness may result. 
Research during long airline flights shows that, 
where crowding and recirculated cabin air reduce 


the availability of electrical energy in the air, 
people become depleted and develop exhaustion 
and succeptibility to illness and infection. When 
passengers wear portable air ionizers, which add 
electrical instability (chaos) to the air by ionizing 
it, they do not suffer from exhaustion and avoid 
illnesses from airborne bacteria. From the stand- 
point of physics, Jing might be the available elec- 
trical instability or chaos in the sea of electrons in 
the body. 

Qi might be a field of magnetic substance 
which canbe measured because it makes the body 
more electrically conductive. Such diagnostic 
equipment as Ryodoraku and EAV are claimed to 
measure the Qi by measuring the electrical con- 
ductivity of meridians. High and balanced con- 
ductivity are associated with good health and vi- 
tality, and low or imbalanced conductivity is as- 
sociated with illness and debility. While the Qi 
may have little direct influence on the physical 
body, its ability to increase local electrical conduc- 
tivity givesit the ability to provide selective path- 
ways of decreased resistance which allows it to 
influence the flow of electrons, and thus, shape 
the Jing, Electrically conductive needles may give 
acupuncturists a similar ability. 

Analysis with Kirlian photography shows 
that washing the hands with tap water causes the 
electrical conductivity of the hand to decrease 
considerably. However, when the hands are 
washed with the same water which is first passed 
through a strong magnetic field, the electrical con- 
ductivity of the hands increases. (ref: Bioelectric 
Vitality — The Science of Human Energy by Lee) 
This tells us, first, that water can store and trans- 
portsome sort of magnetic substance, and second, 
that this substance can be removed from or added 
to the human body. To illustrate this, Kirlian re- 
search on long jet flights reveals that reduced 
magnetic fields on airliners often cause those who 
have a TCM condition called Yin deficiency to 
have severe exacerbations of symptoms such as 
anxiety, nausea, headaches, dizziness, and rising 
heat. Placing a magnet on the body during the 
flight provides a source for magnetic substance 
and reduces the symptoms considerably. Qi might 


be describable by physics as available magnetic 
activity within the body, though there appears to 
be much about magnetism that physics doesn’t 
yet know. 

Shen is described in traditional literature as 
mind or awareness, and often as light. Ifitis light, 
why can’t we see it? Modern physics tells us that 
an electron is really an electromagnetic wave, an 
x-ray, high energy light which has been somehow 
captured by the nucleus of an atom. Thus, it is 
conceivable that a field of light or electromagnetic 
energy could resonate around our physical bod- 
ies and remain unmeasurable, just as electrons 
orbit around a nucleus undetected. 

Shen may become visible when excited by 
electricity. Most people have Kirlian images which 
show small balls of light surrounding the finger 
during the negative pulse and streamers, lines of 
light perpendicular to the finger surface, during 
the positive pulse. However, healers and artists 
who use their hands with enhanced awareness, 
often have a smooth glow around their fingers. 
(Kirlian photos of the balls and streamers and 
smooth glow are shown on page 58.) Some even 
have certain fingers with a smooth glow while oth- 
ers show the balls and streamers. It appears that 
only those fingers used intelligently have the glow. 
For instance, a person who principally uses three 
fingers for massage will find that those three will 
have the glow while the others have the balls and 
streamers. The fact that electrons act differently 
around a healer’s fingers is a big opportunity for 
physicists to investigate the nature of Shen, and 
to give us a better understanding of the special 
function abilities of Qigong masters and other 
healers. 


CONCLUSION 

Jing, Qi, and Shen are measurable with physi- 
cal equipment, and thus are subject to scientific 
study, These measurements correlate with states 
of health and rates of healing. Thus monitoring 
the strength of these fields in hospitalized patients 
and supplementing them when low may prove 
of value in reducing recovery time and saving 
lives. In addition to studying, monitoring and 


supplementing these fields, it might also be pro- 
ductive to study how to increase a patient's reso- 
nance with his own morphogenetic field while de- 
creasing his resonance with that of a disease pro- 
cess. This may be a principal area where Qigong 
masters and other healers excel, while western 
medicine has little knowledge. Jing, Qi, and Shen, 
long considered nothing more than useful meta- 
phors by western scientists, may be very real sub- 
stances which unlock the door for western scien- 
tists to understand human vitality. 


THE ROLE OF CHAOS IN 


DISEASE AND HEALING 
Richard H. Lee, China Healthways Institute 

In the book, “Order Out of Chaos,” Ilya 
Prigogine offers that, when a structured system 
is energized, its chaos increases, allowing it to 
reconfigure spontaneously into a higher order of 
organization. This may explain the evolutionary 
progression on Earth from the simple structures 
to the highly organized life forms, from the help- 
less child to the capable adult who chooses to 
serve a yet higher organization, humanity. 

How can chaos be healing? Chaos is often 
thought of as unpredictable and destabilizing. It 
is the enemy of structure and overturns the law 
of the land. How is it possible that chaos can be 
harnessed to serve us? As an example: When 
someone's life is not working, when the basic or- 
der upon which they depend is failing them, and 
when they just want to run away, it may be time 
to “let go of life” in a way that nurtures the cre- 
ation of anew order within which the world again 
makes sense. 

Chaos is opportunity. Where there is rigid 
organization, there is little opportunity for restruc- 
turing. The best solutions often go ignored be- 
cause their implementation would require de- 
struction of some of the structure which holds an 
organization together. An organization which is 
flexible, receptive to new ideas, and free to adjust 
to changing circumstances, is willing to break 
down old structures for the sake of growth and 


efficiency. Structure provides for certainty. Chaos 
injects uncertainty. With a high degree of chaos, 
an organization can quickly adapt to strange and 
unfamiliar circumstances without being held back 
by the inertia of structure. 

Within the human body, there is a great deal 
of structure. Physically we can have unnecessary 
chronic muscle tension, purposeless lumps, and 
other structures which don’t serve us. Emotion- 
ally, we can hold onto desires which repeatedly 
carry us down pathways of misery. Mentally, we 
can so fill ourselves with conflicting thoughts that 
we are unable to sleep and on the edge of ner- 
vous breakdown. Whenever a structure within us 
becomes inflexible, we experience pain. Blocked 
desire provides emotional pain, and conflicting 
world views cause mental pain. Flexibility allows 
us to face the unexpected with capability and en- 
thusiasm. We can run from the path of an ap- 
proaching car, or stop to pick up a dime. We can 
eat a bowl of bean sprouts and tofu as comfort- 
ably as a hamburger, attend a religious service of 
any denomination without concern for the cloth- 
ing of our creator, and be comfortable consider- 
ing philosophies of strict child rearing alongside 
newsletters promoting chaos. 

Random, unexpected events provide the 
chaos which exposes our rigidity, our unyielding 
habits, our crystallized beliefs. Sometimes these 
crystallized structures within us yield to the pres- 
sure but often they resist, sustaining the old ways 
despite conflicting forces and pain. And some- 
times the strain even becomes so great that a 
person's entire world view shatters. This can be a 
hugely transformative event: 

‘The initial stress is experienced as pain, un- 
certainty, or fear of the unknown, We become des- 
perate to avoid further stressing of the crystallized 
structure so we hang on even tighter. Then the 
order governing our emotions and thoughts 
snaps, pops, or shatters. We burst into tears and 
watch as our life falls to shambles before our eyes, 
with seemingly nothing left for us to hang onto. 
‘We may feel an abrupt shift. Perhaps we experi- 
ence an immediate release or an exhilarating feel- 
ing of freedom and relaxation. At other times, we 
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find ourselves drowning in the unknown, trying 
to hang onto the structure which just crumbled, 
unwilling to relax and trust that a new better struc- 
ture will form in its place. Sometimes we spend 
years trying tohang ontoa crumbled, useless, and 
painful structure. 

Chaos is an opportunity to restructure our 
beliefs, habits, and physical bodies into a more 
flexible arrangement, more suitable to the un- 
known but anticipated future. Whenever we face 
a new situation, we have this opportunity. Every 
time we make a new choice or break an old habit, 
‘we increase our flexibility and expand our oppor- 
tunities. 

How do we nurture chaos? We start by look- 
ing for patterns which restrict our choices, con- 
sume our resources, and limit our beliefs. Watch- 
ing TV, smoking, recounting past experiences or 
gossip, consuming countless grams of animal fats 
and alcohol, spending endless hours or repetition 
ina job or relationship. Changing these patterns 
may be quite painful because of deep and exten- 
sive crystallization, but the result will almost cer- 
tainly be free time, vitality, new experiences, and 
an opportunity to make less restricted new 
choices. While choices made in anger are easiest, 
and often create more chaos, choices made with 
love usually provide a greater opportunity for 
growth. If shattering and reorganization occur 
within the emotion of anger, the new order will 
embody anger. If we immediately forgive and 
“love our enemy’, the new order within us will 
embody love and harmony. 


THERAPEUTIC CHAOS 

Richard H. Lee, China Healthways Institute 
[This article describes how chaotic infrasonic 
sound might work to penetrate the body, break 
up stagnation and accelerate healing, ] 

Over the past ten years CHI has been study- 
ing the Infratonic QGM, trying to determine why 
it is effective at accelerating recovery and decreas- 
ing pain. Until recently, our focus has been on the 
broad spectrum frequency band of infrasonic 
sound produced by the QGM which infuses the 


local area, facilitating nerves and inducing Alpha 
brainwave activity, facilitating nerve transmission 
between the brain and the local site of pain. This 
isa plausible mechanism, but there appears to be 
more to it. 

‘As we experimented chaos surfaced as an 
“active ingredient.” We built prototypes with ad- 
vanced microprocessor technology which pro- 
duced an almost purely chaotic signal. In testing 
we found that these new units penetrated more 
deeply and stimulated resistant areas of the body 
which other therapies could not penetrate. 

Itappears that our thoughts and emotions are 
strongly affected by sound, and that the body de- 
fends itself against outside vibrational signals by 
anticipating and setting up signals which cancel 
them out. This may be why someone speaks 
loudly when he wants to persuade us of an idea, 
and why we may shout back to defend our own 
position, and why it is difficult to read or think 
clearly while sitting in a noisy park in a big city, 
or in a windstorm, or with loud music playing. It 
seems that itis difficult to sustain one’s own com- 
plex thoughts when noise is jumbling them. 

Many of the emotions and thoughts we hold 
within us can be the cause of chronic illness, pain, 
and slow healing. We might even be carrying some 
of these patterns from childhood, or pick them up 
from chance encounters or spooky movies. Like a 
computer virus, they are lurking among thoughts 
and beliefs which make up our personality. Those 
emotions and thoughts which are causing health 
problems are part of what Qigong therapists call 
“bad Qi.” 

Our ability to filter out recognizable sounds, 
while allowing us to maintain our own thoughts 
and emotions, is a major barrier to the effective- 
ness of therapy devices like TENS, ultrasound, 
and massagers. If we receive a therapeutic treat- 
ment from such a device, it may provide some 
relief but will only affect those surface vibrational 
patterns which are ready to let go. Thus many 
therapy devices relax muscles to some degree. But 
as soon as the therapy begins to intrude on domi- 
nant beliefs or emotions we automatically iden- 
tify the invading signal and filter it out. Thus, pre- 
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dictable therapeutic signals can only do so much. 

‘While we can defend against rhythmic sig- 
nals, our old attitudes and emotions are defense- 
less against the random sound of a chaos therapy 
device because it is unpredictable. It simply goes 
past our vibrational defenses and softens all 
thoughts and emotions in the target frequency 
range. This may be why, after a treatment, peopie 
feel calm, clear thinking, and liberated from the 
problems and worries of life. A big part of what 
they are feeling may be the abundance of energy 
which is released when old unnecessary thought 
and emotion patterns dissolve, releasing the Qi, 
the substance that was vibrating to maintain them 

It is not just “bad Qi” that is softened by cha- 
otic infrasonic sound. Alll structures, thoughts and. 
emotions, may be softened as acoustical chaos 
increases in the body, Since accelerated healing of 
broken bones and sprained tendons is often re- 
ported, chaotic sound may soften these solid 
physical structures as well. This parallels the first 
step in Qigong therapy, emitting Qi to soften and 
liquefy the stagnant Gi. 

The second step is to sweep “bad Qi” down- 
ward and out the feet. This may be a process of 
removing old vibrational structures which have 
been freed to move but have not entirely dis- 
solved. Therapists have found that using chaotic 
infrasonic sound to sweep from the area of pain 
down the body and out the feet after treating the 
pain is often more effective than treating the point 
of pain alone. 

The third step in Qigong therapy is to create 
a nurturing Qi field to allow the remaining Qi to 
harmonize, nurturing the emergence of a new 
order out of the chaos. The Infratonic QGM helps 
to do this by infusing the body with alpha EEG 
activity. Whereas the theta rhythm is associated 
with our individual identity and our relationship 
with the physical world (and our sense of ego and 
self importance), and the beta rhythm is associ- 
ated with planning and thinking (stress and 
worry), alpha is all about relationships, putting 
the group before the individual. This may be why, 
after a QGM treatment, patients become more 
“compliant” in a doctor’s office and people find 


that interpersonal conflicts are easier to resolve. 
This process may also occur on the cellular level 
toward healing and disease resolution as “bad Qi” 
is removed and the body's cells and organs can 
reorganize along the lines of teamwork and har- 
mony. 

Qigong therapy can be understood in terms 
of chaos theory. As we let go of old structure, we 
have an increase of chaotic or undefined energy, 
which then can transform into a higher order of 
organization which handles all previous require- 
‘ments in a new way and has left over capacity for 
new endeavors. 


IMPLICATIONS OF 
SCIENTIFIC QIGONG 


RESEARCH 

The findings of the scientific research into 
human vitality have implications in broad areas 
of science and medicine. 

1. Emitted Qi has strong measurable effects in 
health, healing, physiology and mental fune- 
tioning. The presented research will encour- 
age scientists around the world to seek deeper 
understanding of this phenomenon. 

2. Ashuman vitality becomes better understood, 
both in terms of measurable fields which sur- 
round the body, and chaos and consciousness, 
it will be integrated into the American health 
care system. Monitoring and treating patients 
accordingly will significantly improve recov- 
ery rates and shorten hospital stays. 

3. Qigong exercises are effective tools for the in- 
dividual to cultivate rapid healing and vital- 
ity. In addition, many who overcome chronic 
illness through Qigong practice will develop 
the ability to help treat others through the 
emitted Qi. 

4, For those who are caught in the frenzied 
thinking of busy city life, practice of Qigong 
and other forms of concentration and medi- 
tation exercises is an answer. Qigong simula- 
tors help to get people started in their relax- 


ation and Qigong exercises by relieving pain, 
promoting deep relaxation and mental clar- 
ity, and providing evidence that the phenom- 
enon is real. 

As the principles of human vitality are ac- 
cepted in families, children will learn that 
their feelings of energy flowing through their 
bodies are normal, and that their awareness 
of these feelings is valuable. Just as children 
quickly learn the language that their parents 
speak, these children will learn to understand 


and use Qi if their parents accept and discuss 

it. 

‘The Chinese scientific investigations into 
Qigong establish the phenomenon of emitted Qi 
asareal and fertile area of scientific study. Qigong 
teaching centers and Qigong simulation devices 
are already making a difference. Further studies 
into the nature of human vitality and inventions 
coming out of this ongoing research will do much 
to shape the 2ist century. 


APPENDIX 3 


INTRODUCTION 
This third Appendix includes research infor- 
mation on the physiological and energetic mecha- 
nisms triggered within the body, when stimulated 
through Medical Qigong therapy, Taijiquan or 
Yoga. This information was collected by my good 
friend Roger Jahnke, OMD, Director of the Qigong 
Department at the Santa Barbara College of Ori- 
ental Medicine, Santa Barbara, California. Mr. 
Jahnke is a doctor of Acupuncture and Oriental 
Medicine, and has studied extensively in China 
and abroad, learning Traditional Chinese Medi- 
cine and refining his clinical ability since 1967. 
Doctor Jahnke is also the Director of the 
Health Action Clinic in Santa Barbara, California, 
and was one of the founding Board members of 


the National Qigong Association. He has written 
a Medical Qigong book entitled, “The Healer 
Within: Using Traditional Chinese Techniques to 
Release Your Body’s Own Medicine.” 

This third Appendix is a continuation of the 
research devoted to the scientific approach of ana- 
lyzing and scrutinizing the claims made as to the 
actual effectiveness of Medical Qigong Therapy 
asa clinical modality. The result on the effective- 
ness of Medical Qigong Therapy as a solid and 
effective clinical modality being positive in con- 
clusion. 

The following information in this third appen- 
dix represents but a fraction of Dr. Jahnke's find- 
ings, however, Iam confident that the reader will 
find the data fascinating. 


Dr. Jerry Alan Johnson May 2000 


THE PSYCHOLOGICAL AND ENERGETIC MECHANISMS 
TRIGGERED IN THE HUMAN SYSTEM BY THE SELF- 
APPLIED HEALTH ENHANCEMENT METHODS QIGONG, 


TAIJI, AND YOGA 
Roger Jahnke, OMD 
Director of the Qigong Department 
Santa Barbara College of Oriental Medicine 


Western science has very clearly delineated 
numerous physiological systems: the digestive 
system, the nervous system, the cardiac system, 
etc. However, what might be called the “healing 
system” has not been discussed or clearly defined 
until recently. Medicine has uncovered many of 
the pathological processes that occur within the 
recognized systems and defined clinical strategies 
for their resolution. Strategies for enhancing the 
“healing system,” however, have not been ad- 
dressed by conventional science or medicine. 

‘Numerous cultures, typically considered tobe 
scientifically unsophisticated, actually noted and 
described the “healing system” long ago. The 
Chinese in traditional Chinese medicine, and the 
Asian Indians in Ayurvedic medicine, simulta- 
neously developed elaborate theories of the func- 
tion of the “healing system,” and over thousands 
of years refined strategies for enhancing its func- 
tion to produce a remarkable endogenous re- 
source for self-repair. This internally generated 
healing resource is called an “inner elixir,” liter- 
ally a medicine produced within the human sys- 
tem. 

In addition to specific clinical methods such 
as acupuncture, herbal therapies and tissue ma- 
nipulation (massage and articular adjustment), 
these ancient cultures also created comprehensive 
health enhancement and self-healing systems to 
assist people in improving their own capacity to 
heal. Collectively such methods have been called 
the self-applied health enhancement methods 
(GAHEM). 1 Typically SAHEM includes breath 
practice, relaxation and regulation of the mind and 
nervous system through meditation, purposeful 
adjustment of the body posture with gentle move- 


ments and self-applied massage. 

Qigong (also Chi Kung) from China and Yoga 
from India are ancient methodologies developed 
and refined over thousands of years specifically 
for sustaining and enhancing the “healing sys- 
tem.” Qigong and Yoga, while they are histori- 
cally based on the cultivation of factors unknown 
to the West (China—Qi and India—Prana), actu- 
ally have specific effects on well known physi- 
ological mechanisms that are fully understood by 
Western science. 

While there are many subtle aspects of hu- 
man physiology that are triggered or accelerated 
by the practice of the SAHEM (including an 
emerging new understanding of “energetics,” 
“bio-energetics” or “the electro-physiological sys- 
tem) the following three areas of conventional 
physiology make up a major portion of the physi- 
ological function of the “healing system” and are 
enhanced by the practice of the SAHEM. 

1. Oxygen Delivery 
2. Lymph Generation and Propulsion 
3. Brain and Neurological Activity 

The following sections will address each of 
these aspects. Other important mechanisms ef- 
fected by the SAHEM including co-enzymes, an- 
tioxidants, connective tissue, precursor hierar- 
chies, stem cell morphology , etc. do not fall into 
the scope of this paper and their discussion must 
be held for the future. The domain of subtle en- 
ergy based mechanisms for the SAHEM effect will 
be explored briefly in conclusion. 


OXYGEN 
The Chinese knew about the circulation of the 
blood approximately 2000 years before William 


Harvey described it in 1616 (Temple and 
Needham, 1986; Veith, 1972)). They knew about 
the energy generating relationship of food and air 
2300 years before the elaboration of the oxidation 
feature of the Krebs cycle. The simplicity of the 
ancient Chinese formula for metabolic activity, 
understandable even by children, encourages wise 
use breath and food as health enhancing factors 
This is how Chinese grandmothers have passed 
health wisdom to children. Note that such simple 
wisdom is uncommon in the grandmothers of sci- 
entific cultures today. 

It is often asked what difference there is be- 
tween Qigong, Yoga (or other mild SAHEM) and 
the more vigorous conventional fitness methods 
like running, lifting weights, power biking and 
aerobic exercise. One way to discuss this isto trace 
the oxidation and energy cycle. In both aggres- 
sive, vigorous exercise and mild exercise the body 
naturally produces a powerful mix of metabolic 
resources. In vigorous exercise this is typically 
called a fuel. In the mild fitness systems of an- 
cient cultures this inner resource has historically 
been called a medicine, or an elixi 

In vigorous exercise this oxygen induced re- 
source is spent as fuel for hungry muscles. In the 
milder forms of SAHEM this resource is not com- 
pletely spent, instead itis circulated internally and 
utilized as an internal reserve of self-repair fac- 
tors to sustain and heal the tissues, organs and 
glands. At the advanced levels of Qigong this en- 
dogenous medicine is believed to be transformed 
into an elixir of longevity and wisdom. 

Increased oxygen availability from practice of 
SAHEM has three potential effects, it: 

1. supports energy (ATP, AMP, ADP) generation. 

2. generates water as a by product of energy 
metabolism. 

3. enhances immune function. 


ENERGY GENERATION 

The energy necessary for cellular processes 
and body heat regulation is supplied through the 
reaction of oxygen and glucose, in the presence of 
adenosine triphosphate (ATP). The combination 
of oxygen from air and sugar from food is cata- 
lyzed by ATP releasing chemical energy (ergs) 


which accomplishes all cellular processes. ATP is 
the basic energy storage and energy transfer mol- 
ecule in the body. 

The oxygen carrying capacity of the blood and 
the energy catalyzing ability of ATP are critical 
factors in the ability of the human organism to 
sustain a high level of vitality. This suggests that 
oxygen and ATP may be related to what the Chi- 
nese call “Qi” and what the Asian Indians call 
“Prana,” the vital force or life energy. Chinese 
medicine distinguishes several aspects of Qi. Zhen 
Qi (Genuine, True or Normal Energy) is the basic 
dynamic force of all vital function. Ying Qi (Nu- 
trient Energy) is the dynamic force which fuels 
cellular work (Kaptchuk, 1983). The interaction of 
oxygen, nutrients and ATP is apparently a physi- 
ological process that is a direct correlate of one 
particular aspect (there are many) of the activity 
of the Qi. 

In Chinese research it was observed that blood 
levels of ATP increase with practices which culti- 
vate Qi (Wang, 1988). When the mysterious prac- 
tice of Qi emission (projecting Qi) was performed, 
the practitioner's ATP levels decreased signifi- 
cantly. Emission of Qi results in a decrease in 
stored ATP (or potential energy) as recognized by 
Western physiological science. 

‘The SAHEM activate the body’s energy me- 
tabolism cycle. The Chinese call this the “cycle of 
the transformation of energy” (Jahnke, 1989). In 
the West itis called the Krebs cycle, and has been 
nicknamed the “bioenergetic cycle.” 

In the West, ancient medicine is generally 
characterized as unscientific, superstitious or even. 
primitive. Therefore, the Chinese “formula” for 
the transformation of energy (Qi) seems overly 
simplified: 

Gu Qi + Kong (Qing) Qi = Zhen Qi 
or energy of food + energy of air = essential body 
energy 

Gu Qi (grain Qi, or food Qi) is the essence or 
life force of food. It mixes with Kong Qi 
(Kaptchuck, 1983) or Qing Qi (Kendall, 1989) 
(natural air Qi), the essence or life force of air to 
form Zhen Qi (Genuine, True or Normal Qi)) 
which is the life force of the body (Veith, 1972; 


Kaptchuck, 1983; Kendall, 1989). 

However, it is this same basic formula, hid- 
den in the complex vocabulary of Western science, 
that is used in modem physiology: 

60, + C.H,,O, = ATP = ergs + 6CO, + 6H,O 
air + glucose = catalyst = energy + carbon dioxide 
+ water 

It seems that the Chinese knew, without a 
particularly refined scientific method, that only a 
portion of the air and food, the Qi or essence, was 
‘employed in the process. In fact only 21% of air is, 
‘oxygen and glucose is approximately 60% of food. 
(Guyton, 1992) 

Science has been exploring energies, beyond 
metabolic energy (ergs), within the human sys- 
tem including the migration of ions, the ionic gates 
incell membranes, the ionic discharge along neu- 
rological pathways and the electrical discharge 
that causes the beating of the heart. The overall 
understanding of body energetics will increase 
significantly as science explores the extent to 
which Qi is linked to these known physio-ener- 
geticmechanisms. The interaction of oxygen, glu- 
cose and ATP is likely only one energetic aspect 
of the beneficial effects of Qigong and other 
SAHEM. 

WATER PRODUCTION 

second critical benefit of increased oxygen 
‘metabolism is linked to the cellular production of 
water as a by-product of the energy production 
cycle noted above. (Shields, 1989) This water is 
incorporated in interstitial fluid, lymph, blood 
serum, cerebrospinal fluid, synovial fluid, tears, 
sweat, etc 

Coincidentally, the energy which fuels the 
work of the cells as well as much of the water 
which contributes to the lymphatic fluid and other 
body fluids have the same source: metabolism. 
Metabolism is gently increased by all of the 
SAHEM. In addition, while the metabolic produc- 
tion of ergs also produces water, itis also intersti- 
tial water that has been found to conduct the 
physiologic flow of ions internally. 

The benefits of the practice of health enhance- 
ment and self-healing methods upon the water 
component of the endogenous self-repair resource 


will be further explored in the section below on 
the lymphatic system. The bionic conductance will 
be explored briefly under energetic mechanisms. 
IMMUNE FUNCTION 

ATP drives the activity of every cell. Immune 
function as well as the production of immune re- 
sources (white blood cells, lymphocytes, T-cells, 
killer cells, etc.) are dependent on oxygen avail- 
ability. It has been shown that exercise can mobi- 
lize the effect of natural killer (NK) cells. 
(Pedersen, 1988) However, in individuals who 
exercise so vigorously that they exceed the aero- 
bic level and cross the anaerobic threshold, im- 
mune function is actually decreased (Brahmi, 
1985; Fehr, 1989). 

‘The scientific evidence is strong on two points: 
1) oxygen deficiency leads to decreased immune 
function and 2) moderate amounts of mild exer- 
cise increase immune function. 

In his research, Nobel Prize recipient Otto 
Warburg found that oxygen deficiency was typi- 
cally supportive of cancer cell proliferation 
(Warburg, 1966). There are numerous studies that 
associate reduced lung volume and oxygen ex- 
change capacity with increased mortality and re- 
duced resistance to disease (Gordon, 1970; Cullen, 
1983). In studies with elders, immunodeficiency 
was found to be one consequence of reduced oxy- 
‘gen metabolism. (Saltzman, 1987). 

Oxygen’s effect on immune function was 
demonstrated in a German study. It was found 
that in elderly injured, stressed and hospitalized 
individuals the arterial oxygen content is often 
reduced from normal levels. Administration of 
oxygen was found to elevate the arterial oxygen 
content and increase recovery rates. Interestingly, 
the experimental addition of germanium to the 
treatment protocol in the study further accelerated 
the healing process (Liem, 1985). Germanium is 
known to accelerate oxygen metabolism. 

‘These mechanisms associated with oxygen’s 
role in the endogenous “healing system,” are natu- 
rally occurring and optimal in healthy individu- 
als. One or several of these mechanisms may be 
deficient in individuals who are ill or at risk for 
disease. These mechanisms are all enhanced by 


the gentle movement, focused breath practice and 
relaxation that occur in the practice of Qigong, 
‘Yoga and other SAHEM. 


LYMPH SYSTEM FUNCTION 
The lymphatic system has been largely ne- 
glected in the conventional Western scientific tra- 
dition. Contrasted with cardiac function, for ex- 
ample, the lymph function is relatively unex- 
plored. Perhaps, because lymph and lymph ves- 
sels are generally translucent, they drew little at- 
tention in early anatomical study compared to 
organs, blood vessels, muscles and bones. 

Hippocrates and Aristotle referred to “white 
blood” and “colorless fluid.” In the Middle Ages 
medical knowledge declined and the lymph was 
temporarily forgotten. Not until 1627 did Asellius, 
in Milan, recover the knowledge of the lymph 
(Rusznyak, 1976). The structure and action of the 
lymph system was still undefined by 1900 (Yotfey, 
1970) and both the immunological function of the 
lymphand the actual lymphogenic process are still 
not clearly understood even as we enter the 21st 
century. 

However, in Asia, medical practice is based 
on meticulous observation of whole organisms— 
the whole person and the totality of integrated 
functions. Even though the discrete lymphatic 
function itself was unknown and unnamed, its 
effects were generally ascribed to the proper ac- 
tion of the Qi and fluids in China or the Prana 
and fluids in India. Even though the lymph, as 
such, was unnamed by Asian physicians, elabo- 
rate methods for generating and circulating lymph 
were developed, and faithfully practiced through 
Qigong, Yoga and other self-care practices. 

When these practices are viewed in relation 
to what is now known about lymphatic function 
and its healing role, it appears that much of 
Qigong, Tai Chi, Yoga and Pranayama were de- 
veloped specifically with the enhancement of lym- 
phatic function in mind. Breath, movement and 
postural modification as well as meditation have 
specific effects on the circulation of the lymph and 
therefore enhance the overall function of the lym- 
phatic system. 


In the West science has divided the body flu- 
ids into specific categories: blood, lymph, cere- 
brospinal fluid, synovial fluid, extracellular fluid, 
intracellular fluid. From the paradigm of the West 
it seems that the unsophisticated Chinese may 
have overlooked important information with their 
broad, non-specific view of “Qi, blood and body 
fluids.” However, the lymph fluid is largely in- 
terstitial biological water. This becomes an aspect 
of blood plasma (Rusznyak, 1976). Plasma and 
lymph both contribute water to the cerebrospinal 
fluid, part of which migrates back into the lym- 
phatic system (Bradbury, 1985). This cycling of 
fluid (essentially water) from one system into an- 
other validates the Chinese approach of thinking 
of the all various fluids in a single continuum: sim- 
ply as “body fluids.” 

Recent discoveries have demonstrated that 
electrical energy in the form of ion streams mi- 
grate throughout the body (Nordenstrom, 1983). 
‘The conductance medium for this energy flow 
system (which will be discussed in the energetic 
section of this article) is biological water in its 
numerous contexts including lymph, blood se- 
rum, interstitial fluid, etc. 

The practice of SAHEM activates a number 
of remarkable self-healing mechanisms associated 
with the lymphatic system: 

1. Lymph generation 
2. Lymph propulsion 
3. Immune function 
4. Cerebrospinal fluid circulation 
5. Nutritive function 
LYMPH GENERATION 

The actual generation of the lymph has long 
been attributed to the filtration of blood plasma 
from the capillaries (Adair and Guyton, 1985). As 
recently as 1985 this was recognized as the pri- 
mary source of the lymph. This idea overlooks a 
significant detail that is at the crux of the tremen- 
dous health benefits of Qigong and Yoga: a sig- 
nificant portion of the water in the body's fluids 
is produced by the identical physiological process 
that generates the body's biological energy as dis- 
cussed in the previous section on oxygen (Shields, 
1989), Just as an individual respires to sustain life, 
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Figure 11 


each cell is also respiring. For each gram of glu- 
cose metabolized, in excess of a gram of water is 
produced. 

Ina moderately active 70 Kg human, between 
2100cc and 2800cc of lymph enters the blood 
stream daily at the sub-clavian vein through the 
thoracic duct. In a resting individual the calcula- 
tions of the Krebs cycle show that the cells pro- 
duce approximately 950cc (Shields, 1989) of this 
daily water flow. In a person engaging in moder- 
ate exercises, such as Qigong or Yoga (or walk- 
ing), up to 1400cc of aerobically generated water 
canbe produced daily. When an individual is prac- 
ticing some sort of moderate body activity, as 
much as one half of the water that is produced 
and propelled through the lymph system is a by- 
product of cellular metabolism. Increased lymph 
flow improves the elimination of the by-products 
of metabolism and pathogenic factors (both con- 
sidered toxins) and increases the circulation of 
immune factors. 

LYMPH PROPULSION 

The blood’s circulatory system has the pow- 
erful heart muscle to propel its fluid. The lymph, 
however has no distinct heart in humans. It was 
understood that the movement of lymph against 
gravity is accomplished by the contractions of the 
skeletal musculature through vessels with one 
way valves in a uni-directional system. Nothing 
new emerged until the mid 1900's when studies 
revealed that birds and reptiles have specific 
lymph hearts (Shields, 1980). Even as late as 1941 
important aspects of lymph propulsion mecha- 
nism remained obscure (Drinker and Yoffey, 1941). 

By 1949 “spontaneous, intrinsic pulsatory 
contraction of the peripheral lymphatic vessels” 
was demonstrated in humans with a rhythm 
unassociated with either the heart or the breath 
(Smith, 1949; Olszewski, 1979). 

The current literature is crowded witha wide 
range of questions raised by research specifically 
on lymph propulsion: What factors might stimu- 
late the intrinsic contractile mechanism? Is it con- 
sistent throughout or differentiated, by what re- 
gional factors? By what autonomic and neuro- 
endocrine factors is intrinsic contractility modi- 


fied? These are just a few of the questions. The 
study of SAHEM will accelerate our ability to an- 
swer these and other more general questions on 
the lymph system such as: What regulates lymph 
protein concentration? What effect does passage 
through the lymph nodes have on the prolifera- 
tion of immune cells from within the nodes 
(Olszewski, 1985)? And what is the nutritive role 
of the lymph (Shields, 1972)? 

The breath, through two mechanisms, has a 
significant effect on the propulsion of the lymph: 
1). aerobic production of water and 2). mechani- 
cal pumping of the breath apparatus, lungs and 
diaphragm. Several additional propulsive mecha- 
nisms are initiated by body movement and body 
posture. 

Tentative agreement now exists on at least five 
mechanisms which comprise the “lymph heart” 
and are activated by the SAHEM, including: 

1. aerobic production 
2. intrinsic smooth muscle contraction 

3. contraction of striated skeletal muscles 

4. gravity 

5. breath apparatus: lungs, rib cage and dia- 

phragm 

Aerobic Propulsion. The aerobic production of 
water contributes to lymph propulsion mechani- 
cally. The cellular production of water, as a by- 
product of oxygen metabolism, is increased by 
dynamic Qigong and Yoga practice. The liquid 
holding capacity of the tissue spaces is naturally 
limited. As the limit is reached, the presence of 
additional lymph drives the excess into the ter- 
‘minal lymphatic vessels, the initial vascular open- 
ings of the lymphatic system (Yoffey, 1970: Adair, 
1985; Shields, 1980, Olszewski, 1985). Like a cup 
that is running over, the interstitial space fills, 
building volume and pressure, and then flows 
over into the lymph vessels. 
Intrinsic Smooth Muscle Contraction. The auto- 
matic response of the smooth muscle tissue of the 
lymphatic vessels and the peripheral lymphatic 
capillaries is to contract when filled and stretched 
toa certain tolerance (Olszewski, 1985). This con- 
traction moves the lymph forward, with the as- 
sistance of the one way valves, in much the same 


way as the contraction of the heart moves the 
blood (Bradbury, 1985). In Qigong and Yoga this 
mechanism is accelerated by the increase in me- 
tabolism from gentle movement which contrib- 
utes to lymph volume. 

A number of studies have demonstrated that 
the intrinsicmechanism is also triggered when the 
overall sympathetic aspect of the autonomic ner- 
vous system is modified by the parasympathetic. 
Therefore, he intrinsic contractility mechanism is 
accelerated or enhanced by the shifting into the 
deeply relaxed state that is a primary feature of 
SAHEM practice. 

Striated Skeletal Muscle Contraction. Even 

slight contraction of skeletal muscles in mild 
health enhancement practices propels the lymph 
in the one way vessels. In the more dynamic prac- 
tices the pumping of the skeletal muscles and com- 
pression of the body parts increases interstitial. 
‘The effect of muscle contraction on lymph is one 
of the classic explanations for lymph motion 
(Adair, 1985, Bradbury, 1985). In Qigong and Yoga 
this mechanism is triggered by the mechanical 
action of the musculature and the action of the 
skeleton through the relaxation and contraction 
of the striated muscles in the movement forms of 
the practice. 
Gravitational Propulsion. Because gravity exerts 
such a substantial force and because lymph has 
s0 far to climb to get to the thoracic duct’s entry 
into the sub-clavian vein (at the base of the neck), 
any inversion of the limbs or even the prone body 
position allows for a more free flow of lymph. In 
keeping with this, elevation of the limbs is often 
prescribed for health problems characterized by 
a pooling of interstitial fluids, edema. 

In SAHEM, many postures and movements 
create this mechanical dynamic where the lymph 
is actually propelled by gravity. In certain walk- 
ing forms, Tai Chi and Guo Lin Qigong are the 
most renowned, the practitioner is constantly but 
slowly moving all of the limbs in beautiful circu- 
lar motions that recurrently activate this mecha- 
nism. In Yoga many of the asanas (postures) in- 
vert the limbs. In the head and shoulder stands 
the whole body is inverted. 


Breath Apparatus: Mechanical Propulsion. The 
most powerful of the array of mechanisms that 
work together to form the “Iymph heart” is the 
mechanical action of the breathing apparatus it- 
self (Sheilds, 1980). The concentration of lymphoid 
tissue above and below the diaphragm is many 
times more dense, and contains greater fluid vol- 
ume, than any of the lymphoid tissue at the pe- 
riphery, or even in the moderately prolific lym- 
phoid areas of the axilla or groin (Adair, 1985). 
Lymph that has been carried from all over the 
body, accumulates centrally and is then propelled 
by the breath / diaphragm in a final rush through 
the thoracic lymph duct into the blood at the sub- 
clavian vein where it leaves behind its identity as 
lymph and is transformed into blood serum 
(Shields, 1981). 

Above the diaphragm the thoracic duct of the 
lymphatic system is a central collecting vessel. Its 
size is many times that of the peripheral lymph 
vessels. Below the diaphragm a substantial dila- 
tion of the thoracic duct forms a collecting cap- 
sule for lymph, called the cisterna chyli. Chyle is 
amilky fluid of nutrients absorbed from the small 
intestine, which is passed into the circulating 
blood through the thoracic duct. 

‘When full inspiration of the breath occurs, the 
diaphragm drops downward. A tremendous pres- 
sure is exerted on the cisterna chyli and a great 
negative pressure is generated in the thoracic cav- 
ity. The compressed cisterna chyli shoots lymph 
upward through the thoracic cavity. As air rushes 
in to balance the negative thoracic pressure, the 
Jungs are fully expanded. This creates a powerful 
positive pressure which compresses the thoracic 
duct. Due to the one way lymphatic valvular sys- 
tem, lymph is forced upward where it enters into 
the sub-clavian vein with a rush. 

Simultaneously, when the diaphragm drops 
downward on full inspiration it also compresses 
the abdominal and pelvic organs. The contents of 
the lymphoid reservoirs and vessels are forced by 
the same arrangement of one way valves forward 
in the system. In research with moving X-ray film, 
study subjects explored various actions and breath 
patterns. It was demonstrated that deep inspira- 


tion pumps the lymph at a rate that is dramati- 
cally greater than resting inspiration and other 
activities, including massage and walking 
(Ghields, 1981). 

It is fascinating to note that in Traditional 
Chinese Medical theory ithas been taught for sev- 
eral millennia that the “lungs regulate the water 
passages” (Xie Zhu Fan, 1988). To Westerners this 
seems quite strange. The kidneys are considered 
tobe responsible for water regulation. How could 
the Chinese have known that the activity of the 
lungs and diaphragm were linked to moving the 
body's intemal water supply? Even now as we 
enter the 21st century Western science, and espe- 
cially average Western citizens, have little idea that 
the simple act of regulating the breath is such a 
profound healing tool. However, here we can see 
that the Chinese somehow arrived at a kind of 
remarkable wisdom about how the lungs, the 
breath and the oxygen literally cooperate to pro- 
duce and circulate the healing resource of water 
in the body. 

IMMUNE FUNCTION 

The immunoactive aspect of the lymphatic 
system is well represented in the conventional lit- 
erature of Western physiology (Drinker, 1941; 
Bradbury, 1985; Olszewski, 1985; Van Rooiijen, 
1987). The bone marrow, thymus, spleen and 
lymph nodes participate in the interaction of the 
lymph and immunity. The composition of the 
lymph fluid itself includes a number of immune 
active agents such as lymphocytes and macroph- 
ages (Olszewski, 1985). 

Lymphocytes that exit with the lymph fluid 
from the nodes come from three sources: 1) 
inflowing with lymph from the tissues in the pe- 
ripheral vessels, 2) exchanged from the blood that 
enters the node's own vascular system and 3) 
formed by local proliferation in the node itself 
(Bradbury, 1985). Lymphocytes naturally collect 
within the node, especially when lymph flow is 
sluggish. Greater numbers of cells proliferate 
‘when lymph flow is greater and the numbers cir- 
culated out of the node increase with flow vol- 
‘ume as well (Adair, 1985). Both the numbers 
immunoactive cells and their circulation rate are 


increased by the deepening of the breath, relax- 
ation and the alternating contraction and releas- 
ing of the musculature in the gentle practices of 
Qigong and Yoga. 

Excellent recent research has clearly delin- 
eated, localized and quantified the development 
of specific antibody forming cells in lymph nodes 
(Van Rooijen, 1987). In addition, it has been found 
that there are neurotransmitter receptor sites on 
lymphocytes where they actually interface with 
the neuropeptides that drive immune function 
(Gmith, 1985). This is one of the important links 
between neurochemistry and immunity that is 
mediated through the lymph system and opti- 
mized by the practice of the SAHEM which also 
increases the numbers of circulating immune cells 
and accelerates their rate of delivery. 
CEREBROSPINAL FLUID (CSF) 

The cerebrospinal fluid (CSF) system was clas- 
sically perceived as a closed system, though an- 
other view, unconventional for many years, held 
that CSF was actually circulating in an open sys- 
tem that allowed the fluid to flow through the 
aracnoid villi and into the venous blood. By the 
1970'sit was generally acknowledged that the CSF 
travels along the cranial and spinal nerves and 
into the perineural lymphatics (Kimber, 1977). 

Research using the microinjection of tracers 
has suggested several possible pathways for the 
passage of both the CSF and the cerebral intersti- 
tial fluid (CIF) to exit the aracnoid space 
(Bradbury, 1985). By 1985 the flow of CSF and CIF 
into the lymphatics was well documented 
(Bradbury, 1985). Consideration has even been 
given to the effects of pressure and posture on this 
flow (Bradbury, 1985), both of which are primary 
effects that are enhanced in the practice of Qigong, 
Taiji and Yoga. 

The presence of CSF in the lymphatic system 
and the presence of neurotransmitter receptors on 
immune cells (Covelli, 1988) suggests a powerful 
benefit of the SAHEM on the interaction between 
neurotransmitters and immune function in the 
reticulo-endothelial system. 

Nuraitive (TRoPHIC) FUNCTION 
The importance of a broad availability of nu- 
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tritional factors to the tissues is fully accepted. 
However, the role of the lymphatic system in this 
activity was barely understood before 1972. 
(Ghields, 1972) The original findings of Assellius 
in dogs revealed the route of absorption of nutri- 
cents from the small intestine via the lacteals which 
are specialized lymphatic ducts. (Adair, 1985)The 
effect of the breath apparatus through the action 
of the diaphragm, during deep inspiration, on the 
cysterna chyli and the small intestine may signifi- 
cantly enhance the rate or effectiveness of nutri- 
ent absorption. 

The breath gentle body movements are con- 
sidered especially important in traditional Asian 
systems of medicine and self-care as techniques 
for accelerating the circulation and absorption of 
healing nutritional factors in the diet and in me- 
dicinal and tonic herbal formulas. The clarifica- 
tion and understanding of the trophic function of 
the lymph suggests a simple but profound effect 
of the SAHEM on both the volume and flow rate 
of the lymphatic fluid and its nutrifying poten- 
tial. 

‘These mechanisms associated with lymphatic 
function play a significant role in the endogenous 
“healing system.” They are naturally occurring 
and optimally functional in healthy individuals. 
One or several of these mechanisms may be defi- 
cient in individuals who are ill or at risk for dis- 
ease. Each of these mechanisms are enhanced by 
the gentle movement, focused breath practice and 
relaxation that occur in the practice of Qigong, 
‘Yoga and other SAHEM. 


BRAIN AND NERVOUS SYSTEM 
FUNCTION 

‘Much of whatis described in traditional medi- 
cal systems as the “balance” of forces or energies, 
such as yin and yang in the Chinese system, can 
be associated with the dualistic components of the 
nervous system. In the central nervous system yin 
is rest and yang is action. Balance is the state be- 
tween rest and action called dynamic equilibrium. 
This is the state that training in Qigong and Yoga 
seeks to refine. In the autonomic nervous system 
yin may be associated with the parasympathetic 
and yang may be associated with the sympathetic. 


The balance of yin and yang is associated with 
homeostasis—the state of balanced function and 
vitality. 

Because the Western world view has gener- 
ally had a difficult time understanding and ac- 
cepting the concepts of Qi (chi), prana or vital force 
from the Asian systems, there has been a strong 
trend toward explaining the effects of Yoga, 
Qigong, acupuncture, etc. through the mecha- 
nisms of the nervous system (Kendall, 1989; Mann, 
1973; Melzak and Wall, 1973; NIH, 1997). While 
these practices do havea definite effect upon neu- 
rological function, the neurological mechanism 
‘may actually be only an intermediary feature of a 
more refined and less easily quantified system of 
dynamic subtle energy interactions. However, 
much research has been done that reveals the neu- 
rological mechanisms activated in Qigong and 
‘Yoga, and it is appropriate to explore them here. 

Qigong and Yoga and many of the SAHEM 
enhance several nervous system functions. These 
include: 

1. initiation of the “relaxation response” (RR) 

2. shift of the neurotransmitter profile 

3. dilation of blood capillaries 

4. support of the brain/ neurological aspects of 
immune function 
balance of right/left brain hemispheres 
induction of alpha, and sometimes theta 
waves in EEG. 
INITIATION OF THE RELAXATION RESPONSE 

When the predominance of autonomic ner 
vous system activity is sympathetic (adrenergic) 
the human system is working, expending energy 
and breaking down tissue. This is associated with 
the action phase of metabolism, and referred to 
as catabolic. In the extreme, this is the “fight or 
flight response” with increased heart rate, breath 
rate and blood pressure. Itis also called the stress 
state and can lead to adrenal exhaustion and col- 
lapse (Selye, 1978). This state, when overactive and 
out of balance causes internal acidosis. Biological 
stress is conducive to the proliferation of a num- 
ber of diseases or syndromes including hyperten- 
sion, pain, depression, immune deficiency and 
inflammation (Benson, 1975). 
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The opposite aspect of autonomic activity, 
parasympathetic (cholinergic), is a phase of rest 
and tissue regeneration. It is associated with the 
conservative anabolic phase of metabolism. In its 
extreme this state is associated with the “relax- 
ation response” (Benson, 1975), characterized by 
decreased heart and breath rate and a lowering of, 
blood pressure. This is also associated with the 
resting phase of the basic resting activity cycle 
(BRAC), (Kleitman, 1967). Conscious deactivation 
of the sympathetic function with the activation of, 
certain parasympathetic features of autonomic 
activity can neutralize the negative effects of “fight 
or flight” overactivity. The primary steps to ini- 
tiate this state are deep, slow breathing coupled 
with the intention to relax. (Benson, 1975) These 
are the identical initiating steps for the practice of 
Qigong and Yoga. The literature alludes liberally 
to traditional Asian health maintenance practices 
as the historic source of techniques for generat- 
ing the relaxation response (RR) and the typical 
biofeedback response (Green and Green, 1977). 
NEUROTRANSMITTER PROFILE 

Much of the new science of 
psychoneuroimmunology is based upon findings 
in the area of neurohormones, neuropeptides or 
neurotransmitters. Ithas already been mentioned 
that neurotransmitter receptor sites have been 
found on lymphocytes. A characteristic profile of 
neurotransmitters is present in a person who is 
experiencing pain, anxiety or depression. (Shealy, 
1989) Joy, comfort or celebration produce their 
‘own neurotransmitter profiles as well. (Ornstein 
and Sobel, 1987) In patients suffering from pain, 
increased norepinephrine, reduced cholinesterase 
and depressed beta endorphin were found to be 
typical. (Shealy, 1989) 

When SAHEM methods are employed that 
regulate the sympathetic function through the 
hypothalamus (see below) a neurotransmitter pro- 
file emerges which is characterized by decreased 
norepinephrine, elevated cholinesterase and el- 
evated beta endorphin. (Shealy, 1989) The neu- 
rotransmitter profile present in the predominantly 
parasympathetic and usually more anabolic (al- 
kaline) environment is recognized as able to re- 


duce pain and depression (Shealy, 1989), reduce 
cravings for addictive substances (Kovacs, 1988) 
and promote healing, 

Chinese research has quantified neurotrans- 
mitter activity specific to Qigong exercise. It was 
found that the Qigong effect, the biological state 
during Qigong practice, is associated with spe- 
cific shifts in the monoamine neurotransmitter 
content of the blood. (Liu, 1988) Serotonin and 
SHE generally tend to be decreased by Qigong 
practice. Noradrenaline and dopamine tend to 
increase. This demonstrates that the aspects of 
Qigong and Yoga that quiet the mind and relax 
the body tend to induce a neurotransmitter pro- 
file that is conducive to healing, 

INCREASED MICROCIRCULATION 

A dlassic body response in Qigong and Yoga 
is the elevation of skin temperature. In the fight 
or flight state, hyper-sympathetic, the arterioles 
in the skin, muscles and certain organs constrict. 
During the systematic deactivation of sympathetic 
function, typical in Qigong and Yoga, vasodila- 
tion occurs with the accompanying warmth of the 
surface of the skin. This is one of the primary goals 
in biofeedback training and was found asa typi- 
cal response when the skin temperature of medi- 
tators was evaluated in research. (Green, 1977) 

‘Anumber of studies from China explore the 
microcirculatory mechanism very thoroughly and 
conclude that this microcirculatory dilation, in- 
creasing blood volume in a particular region, is a 
major reason for the continued successful appli- 
cation of Qigong and other ancient health main- 
tenance methods (Zhou, 1989; Xiu, 1988; Hong, 
1988; Wei, 1988; Zhao, 1988; Chu, 1988). 

An ancient saying from traditional Chinese 
medicine is, “The Qi is the commander (leader) 
of the blood, and the blood is the mother of the 
Qi” (Kaptchuk, 1983). It is interesting that the 
Chinese were aware of a direct relationship be- 
tween healing energy and blood circulation long, 
ago. They were able, without science as we know 
it, to develop specific self-healing methods that 
purposefully increase the circulation of Qi and 
blood more effectively to the tissues, organs and 
glands. 


BRAIN/NEUROLOGICAL ASPECTS OF IMMUNE 
FUNCTION 

In the classic tradition of Western science, it 
has been thought that the immune system was an 
autonomous self-regulating system. A tremen- 
dous amount of research now demonstrates that 
mental and emotional states alter resistance to 
disease and infection (Ornstein, 1987). Immune 
organs including the thymus gland, spleen, lymph 
nodes and bone marrow are invested with nerve 
tissue (Ornstein, 1987). Lymphocytes and mac- 
rophages have receptors for neurochemicals, in- 
cluding catacholamines, prostaglandins, serotonin 
and endorphin (Roszman, 1985; Ornstein, 1987). 
Clearly, there is a definite relationship between 
brain, nervous system function and immune ca- 
pability—a major interaction of the “healing sys- 
tem” 

In the practice of Qigong and Yoga the hypo- 
thalamus regulates the autonomic nervous sys- 
tem function to decrease sympathetic activity. 
(Green, 1977; Benson, 1975) A number of studies 
have demonstrated that the hypothalamus has an 
influence over immune function (Ornstein, 1987). 
The hypothalamus has 40 times more receptor 
sites than any other part of the brain or nervous 
system (Pert, 1985 and 1986). 

Meditation, progressive relaxation, deep 
breathing and slow relaxed movement all tend to 
move the practitioner out of the sympathetic state 
and induce the relaxation response. Research on 
the effect of relaxation and visualization sheds 
some light on the effect that the Qigong and Yoga 
states may have on immune function. Groups of 
elders who received relaxation training had sig- 
nificant increases in the activity of “natural killer 
cells” while control groups did not. Chinese re- 
search has corroborated the positive effect of 
Qigong and other SAHEM on the status of im- 
mune function as well (Hong, 1988; Yao, 1989; Xu, 
1988; Wang, 1988; Shannahoff-Khalsa, 1988). 
BRAIN HEMISPHERE DOMINANCE 

Thousands of years ago the Oriental practi- 
tioners of self-care disciplines intuitively devel- 
oped an awareness of an alternating cycle of the 
predominance of body activity from the right side 


ofthe body to the left side. One particular Qigong 
method, Taiji (Tai Chi), is founded on a constant, 
flowing of the limbs in circular motions, alternat- 
ing from right to left. The side of the body that 
bears the weight is planted, stable, heavy and as- 
sociated with the Yin. The side thattis free to move 
and kick is active, light, flexible and associated 
with the Yang. Constant alternation of right and 
left side activity are thought to balance the forces 
of yin and yang in the body. Focusing on the right 
and left sides, alternatively, activates and balances 
the right and left motor centers in the brain. 

In Yogic medicine (Ayurveda), the channels 
or circuits that conduct the resonating human en- 
ergy field, are called nadis. Ida nadi and Pingala 
nadi associate with right and left brain activities 
(Ghannahoff-Khalsa, 1988; Werntz, 1983). This as- 
sociation effects right and left nasal passage ac- 
tivity. These channels alternate dominance in a 2- 
3 hour cycle, causing the dominant nostril to be 
clear while the other nostril to swells and becomes 
congested. (Werntz, 1983) This phenomenon was 
not noted in the Western world until 1889 when 
the German physician R. Kayser recorded his ob- 
servation of the “nasal cycle” (Kayser, 1889), Much 
of the research on this phenomenon up through 
the 1980's was motivated by the quest to develop 
pharmaceuticals for nasal congestion 
(Shannahoff-Khalsa, 1988). 

It has been demonstrated that the nasal cycle 
is coupled with the alternating lateralization of 
cerebral hemispheric activity (Werntz, 1983). It 
was found with research subjects that when a shift 
occurred in either nasal dominance or brain hemi- 
sphere dominance, there was an associated shift, 
within moments, in the other as well. The right 
nasal cavity, tends to be more open and the left 
more congested when the left hemisphere of the 
brain is more active. This is associated with the 
active phase of the BRAC and increased general 
sympathetic tone (Shannahoff-Khalsa, 1988). In 
contrast the right brain hemisphere is more ac- 
tive when the left nostril is open and dominant 
and the individual is in the resting phase of the 
BRAC or the para-sympathetic mode. 

A number of different physiological states 
have been found to be associated with the domi- 


nance of one or the other nostril. 

‘deep sleep is initiated more quickly with left 
nostril dominance. 

+ appetite and digestive ability are enhanced 
during right nostril dominance. 

left nostril, right brain dominance is more 
conducive to receiving new ideas, while right 
nostril left brain dominance is an advantage 
during discourse. 

+ itis possible to alter the pattern of “thought 
waves” by consciously alternating nasal 
dominance by exercising the congested nos- 
tril through forced nostril breathing 
(Shannahoff-Khalsa, 1989). 
specific Qigong and Yoga breath technique 

which has been practiced for centuries is the right 
and left singular nostril breathing, The Salk Insti- 
tute has done extensive research with this tech- 
nique, originally prompted by the researcher's 
‘work with the Kundalini Yoga tradition. The stud- 
ies have shown that forcing the breath through 
the constricted nostril can increase the EEG am- 
plitude of the contralateral hemisphere of the 
brain (Werntz, 1987). It has been demonstrated 
that certain diseases and psychopathologies are 
brain hemisphere specific (Flor-Henry, 1979; 
Mlntyre, 1976). It may be possible, therefore, that 
the use of alternating single nostril breathing may 
be applicable as therapy in cases where lateral- 
ized dysfunction has been found. 

In addition, it was discovered that there is a 
direct correlation between nasal dominance, brain 
hemisphere dominance and the lateralized bio- 
chemical activity in the peripheral body parts. 
Recent studies of the nasal cycle comparing 
plasma catecholamine levels in the venous circu- 
lation of the right and left arms found that levels 
of norepinephrine alternated in direct correlation 
with the rhythm of sympathetic dominance of the 
nasal passages (Kennedy, 1986). 

INDUCTION OF ALPHA/THETA BRAIN WAVE 
Activity 

The intention to relax and deepening of the 
breath are the classic initiating actions that trig- 
¢ger the “relaxation response.” Research with prac- 
titioners of Yoga (Green, 1977) and Qigong (Col- 


lected Proceedings, 1988) has shown that during 
practice brain wave frequency tends toward the 
alpha range and in certain cases theta frequency 
brain activity is achieved. 

Alpha level brain function is a result of relax- 
ation and is conducive to healing. The slowing of 
heart rate, reduction of blood pressure and eleva- 
tion of skin temperature are common physiologi- 
cal features of the alpha state. Theta is a deeper 
trance like state that has been found in research 
with individuals with extraordinary capabilities 
such as sitting on beds of nails or immediate 
‘wound healing without bleeding. (Green, 1977) 

In Qigong and Yoga the goal is to bring the 
lowest achievable frequency of brain wave activ- 
ity to the practice. In standing Qigong, where there 
is no body movement, deep states of conscious- 
ness with low frequency brain waves are more 
likely than in moving Qigong. Similarly, in Yoga, 
there are methods involving movement and meth- 
ods that primarily involve stillness. The pure 
meditation state lends more easily to the theta 
range of brain activity. 

Several EEG studies from China have concen- 
trated on the quiescent state—meditation with no 
movement (Pan, 1988; He, 1988; Wang, 1988). 
However, the dynamic or moving methods are 
effective, as well, when the alpha or theta state is 
achieved with the movement. In both Qigong and 
Yoga it is a primary focus to “allow the body and 
energy to sink and relax” and to “relax into the 
posture.” 

‘These neurological mechanisms are associ- 
ated with the production and circulation of an 
endogenous healing resource. In healthy individu- 
als they are optimally functional. In those indi- 
viduals who are ill or at risk for disease, one or 
several of these functions may be deficient. The 
gentle movement, focused breath practice and 
relaxation that occur in the practice of Qigong, 
Yoga and other SAHEM enhance alll of the neuro- 
logical activities. 


ENERGETIC MECHANISMS 

As has been shown, the benefits of practicing 
health enhancement and self-healing methods are 
significant even though we have little or no un- 
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derstanding of the traditional Asian mechanisms 
based in Qi and Prana. There is, however, a ro- 
bust exploration of energetic biophysiology in the 
Western world that is not new. The biological en- 
ergy for the work of the cell, called ergs, is fully 
embraced by conventional science. The electrical 
discharge in the sinus node of the heart and the 
ability to track it electrically through EKG has an 
‘unquestionable place in science and medicine. It 
is fully recognized that the movement of the neu- 
ological impulse along the nerve pathway in- 
cludes a discharge of ions. The permeability of the 
cell membrane is directly linked to the electrical 
charge associated with the channels of entry and 
exit In diagnostic medicine the MRI's ability to 
manipulate the electrons within the cells is clearly 
based on energetic subtlety that is beyond ionic 
exchanges. 

‘There is really no question that there has been 
a profound discussion of energetic physiology that 
is quite evolved in Western science. As early as 
1935 Harold Saxton Burr described a system of 
electro-dynamic fields (Burr, 1935) from studies 
using DC current with both salamanders and hu- 
mans (Burr, 1973). Previous to that numerous Eu- 
ropean and American scientists and natural phi- 
losophers, including Hippocrates, Paracelcus, Van 
Helmut, Fludd, Stahl, Mesmer, Galvani, 
Hahnamann discussed a non-chemical basis to life 
and medicine: pneuma, physis, munia, magnale 
magnum, magnetic fluid, anima, animal magne- 
tism, life force, odic force, vital force, elan vitale, 
life field, etheronic force, body electric. This is a 
much richer history of energetic physiology than 
most people in the Western world are aware. 

Robert Becker confirmed Burr's work and 
used low frequency DC currents to regenerate 
salamander tails, and foster healing in wounds 
and non-healing bone fractures. In his work with 
the National Institutes of Health (NIH) Becker 
demonstrated that the perineural (nerve sheath) 
network is highly conductive. The points of high- 
est conductivity on this network are in the same 
spot, in many instances, as the major acupuncture 
points (Becker, 1985). B.E.W. Nordenstrom has 
delineated the vascular-interstitial closed circuit 
(VICC) asa system of preferential ion conductance 


pathways (PICP), comprising a network of bio- 
logical circuitry (Nordenstrom, 1983) which is 
nearly identical to the energy channels of tradi- 
tional Chinese medicine. 

Itis unlikely that much historic time will pass 
before the Western scientific community turns full 
strength on the issues of energetic physiology. 
Already the notion of inherent electrodynamic 
fields has gained significant attention. A concept 
is arising in both China and the west of 
‘bioinformation,” which is an intrinsic “inform- 
ing” capacity across the life continuum, all the way 
from molecules through mind. (Rubik, 1995) Ithas 
been proposed that the energetic mechanism of 
acupuncture, energy medicine and the inner ca- 
pacity for self-repair is mediated through an elec- 
tromagnetic vector field, intrinsic to each living 
entity. (Liboff, 1997) 

Qigong and Yoga with their roots in energy 
based systems and their obvious benefits in health 
and healing will only accelerate the movement 
toward a scientific clarification of the interface 
between the biochemical and bioenergetic aspects 
of physiology. 


ConcLUSION 

Qigong, Taiji, Yoga and various other self-ap- 
plied health enhancement methods (SAHEM) in- 
cluding Feldenkrais and Alexander methods have 
demonstrated significant potential for disease 
resolution, health improvement, health mainte- 
nance and performance enhancement. The effi- 
cacy of these ancient techniques and the newer 
innovations can be explained clearly through our 
conventional scientific understanding of the acti- 
vation of the body's basic self-regulatory mecha- 
nisms. Though the traditional Asian explanations 
for such efficacy has been based on mysterious 
and invisible forces, Qi and Prana, the methods 
are, nonetheless, fully congruent with our prevail- 
ing model of physiology. 

One or several of the following mechanisms 
(see chart) are activated during the practice of 
various forms of SAHEM: enhancement of oxy- 
genavailability, cellular water production, lymph 
propulsion, cerebrospinal fluid motion, accelera- 
tion of immune activity, modification of the neu- 


Physiological Mechanisms Structures, Processes, and Substrates. Qigong or Yoga Activity 


L Oxygen 
1. Energy generation Oxygen uptake Movement/breath 

2. Aerobic water Oxygen uptake Movement/breath 

3. Immune enhancement Oxygen uptake Movement/breath 
4. Free radical neutralization Oxygen uptake Movement/breath 
HL. Lymph 


1. Aerobic generation Oxygen uptake Movement /breath 
2. Propulsion 

a) Aerobic Oxygen uptake Movement/breath 

) Intrinsic contraction Interstitial fluid volume Breath and relaxation 
©) Muscle pumpMuscle contraction Movement 

d) Gravitational Body position Postures and movement 


e)Breath apparatus Lungs, diaphragm, cisterna chyli Breath activity 
3. Immune function _ Propulsion (2a-e) Breath, movement, and posture 
4, Cerebrospinal fluid flow Propulsion (2a-e) Breath, movement, and posture 
5. Nutritive function Propulsion (2a-e) Breath, movement, and posture 


IIL. Nervous system 
1. Autonomic Brain, neurochemistry, nervous system Relaxation and breath 
2.Neurotransmitter profile Hypothalamus Relax/ visualize 

3.Microcirculation Hypothalamus Relaxation 

4,Immunity Macrophages, lymphocytes, neurotransmitters Relaxation, meditation 


5.Brain hemisphere control Brain, nervous system Nostril breath and right/Ieft side 
movement 

6. Brain wave frequency Brain, nervous system Meditation 

7. Neuroreflex stimulation Neuroreflex system Rubbing points 


‘Appendix Figure 3.1. Physiological mechanisms and the activities in Qigong and other self-applied health 
enhancement methods (SAHEM) which are their triggers: 


rotransmitter profile, initiation of the relaxation 
response, alpha range brain wave frequency, etc. 
Each of these mechanisms is a component of a 
powerful internal “healing system.” Together they 
produce and circulate internal healing resources 
which are historically referred to in Asia as an “in- 
ner medicine” or “healer within.” In Western 
terms we might call this an endogenous medicine 
or a naturally occurring self-repair resource. 

It may be that simple SAHEM practices are 
among the most powerful healing tools ever de- 
veloped by the human race. It is clear that trig- 
geting such an array of self-regulating internal 
mechanisms has profound effect on the capabil- 
ity of an individual to maintain health or resolve 
disease. Given 70% of disease is preventable 
(DHHS, 1991) and 8 of the 9 major causes of dis- 
ease are preventable (Fries and Koop, 1993), the 
SAHEM may be more powerful than post symp- 
tomatic medical intervention in reducing disease 
overall. 

Using science to study Qigong, Yoga and acu- 
puncture will very likely help to rewrite the text- 
books of medicine and physiology. Direct study 
of the activity of the physiological states triggered 
in subjects trained in Qigong or Yoga is an obvi- 
ous research priority. In light ofthe crisis in health 
care costs, it is the mandate of the medical and 
social sciences to purposefully remove barriers to 
the implementation of these practices and the 
study of their benefits. 

It was agreed in 1997 that acupuncture had 
health enhancing potential (NIH, 1997) even 
though neither its traditional Asian explanation 
nor its Western scientific explanation were con- 
clusive. Given the conventional scientific under- 
standing of the SAHEM is very much more con- 
clusive than the understanding of acupuncture, it 
is likely that Qigong and Yoga will be even more 
easily embraced in the emerging health care de- 
livery paradigm that is based in health improve- 
ment. This promises to eventually create a radical 
transformation in health care and medicine, a 
major redesign of public health and a significant 
decrease in the cost of medicine. 

For now we have ample evidence to confirm 
the value of these practices physiologically. Even- 


tually, perhaps, our capacity to explore more 
subtle realms of human energy will confirm that 
there is an energetic feature of anatomy and physi- 
ology that we do not yet understand. Either way, 
it is clear that Qigong, Yoga and other SAHEM 
are practical, timely and inexpensive tools for in- 
creasing health and healing disease. 
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GLOSSARY OF TERMS 


A 

Abdominal Breathing - to breathe from the ab- 
omen (expand with inhalation, contract with 
exhalation). 

Acupuncture - one of the Four branches of Tra- 
ditional Chinese Medicine, which involves 
treating patients through the use of Needling, 
Cupping, Bloodletting, Moxa and Magnets in 
order to stimulate energy flow. 

Acupuncturist - a doctor of acupuncture 
therapy. 

Acquired Essence - also called Postnatal Jing, 
is acquired energetic tissue substance, devel- 
oped after birth. 

Acquired Force - energy pertaining to the Earth 
and surrounding environment. 

Acquired Qi - also called Postnatal Qi, is the 
body’s energy derived from food, air and 
drink, acquired after birth. 

Acquired Rational Mind - also called postna- 
tal mind, are thoughts and feelings derived 
from the acquired experiences of one’s envi- 
ronment. 

Acute - a rapid onset and short duration of a 
particular condition. 

‘Adenoma - a neoplasm (abnormal formation of 
tissue) of glandular epithelium. 

Adenocarcinoma - a malignant tumor arising 
from a glandular organ. 

Affirmation - a word, phrase or sentence that 
is repeated frequently to influence, or change, 
a belief held deeply within the unconscious 
mind. 

Agoraphobia - fear of places or situations from 
which escape might be difficult or embarrass- 


ing. Symptoms include panic like symptoms 
and a precondition towards panic attacks. 

Akashic Records - a Sanskrit term used to de- 
scribe the detailed knowledge of all the his- 
torical events of the world recorded within 
the “all-pervasive space of the universe” or 
“Wuji,” also called the “knowledge of the in- 
finite Void.” 

Alchemy - internal transformation of body and 
energy brought about by: 1. Nei Dan (Inner 
Alchemy) through internal Qigong training, 
and 2. Wai Dan (External Alchemy) using 
herbal formulas. 


Amenorrhea - the absence or suppression of 
menstruation. 

Ancestral Channel -a term used to describe one 
of the Eight Extraordinary Vessels. 

Ancestral Qi - energy inherited from both par- 
ents at the time of conception, responsible for 
innate talents and skills. 

Ancestral Traits - pertaining to the ancestral 
spiritual influence which affects the patient's 
body. Ancestral traits are developed accord- 
ing to the geographic location at the time of 
conception. 

‘Anemia - a reduction in the number of circulat- 
ing red blood cells. 

Angina Pectoris - severe pain and a sensation 
of constriction about the heart. 

‘An Jing - see Hidden Power. 

Ankylosing Spondylitis - inflammation of the 
vertebrae, giving rise to stiffness of the back. 

‘An Mo Therapy -a tissue manipulation therapy 
that focuses primarily on the treatment of in- 
ternal organ disorders. 


Anorexia - loss of appetite. 

‘An Sound Resonation - Hidden or inaudible 
sound resonation. 

Antibody - any of the numerous proteins pro- 
duced by the immune system that defend 
against antigens. 

Anxiety - emotional distress, resulting in Heart 
palpitations, inability to concentrate, muscle 
tension causing muscle aches. 

Aphasia - the absence or impairment of the abil- 
ity to communicate through speech, writing, 
orsigns, due toa dysfunction within the brain 
center. 

Aplastic Anemia - anemia caused by deficient 
red cell production, due to bone marrow dis- 
orders. 

Apoptosis -the disintegration of cells into mem- 
brane-bound particles that are then phagocy- 
tosed by other cells. 

Archetypes - a term coined by the psychiatrist 
Carl G. Jung to describe the collective uncon- 
scious images and motifs (e.g., warrior, healer, 
priest, whore, etc.). An inherited idea or mode 
of thought derived from the experiences of 
the race which is present in the unconscious 
of the individual. 

Arrhythmia - an irregularity or loss of rhythm 
pertaining to the Heart, 

Arteriosclerosis - term pertaining to a number 
of pathological conditions in which there is a 
thickening, hardening, and loss of elasticity 
of the artery walls. 

Arthralgia - pain in the joints. 

Arthritis - pain and inflammation of the joints, 
followed by progressive stiffness. 

Arthropathy - pertaining to any joint disease. 


Ascariasis - infestation of ascaris lumbicoides 
parasite (pinworm), 


‘Ascending Qi - the action and flow of energy 
moving upward. 

Ashi Points (also called Trigger Points) - places 
on the body which are tender spots or pain- 


ful areas near diseased or injured tissue. 

Asthma -a disease caused by increased respon- 
siveness of the tracheobronchial tree within 
the Lungs, due to various stimuli, causing 
severe difficulty in breathing, 

Astral Body - also called the Soul Body, de- 
scribes the energetic vehicle in which the Eter- 
nal Soul can journey outside of the physical 
body. The Astral Body is connected to the 
Middle Dantian by a silver “cord of life.” 

Astral Matter - the energetic substance located 
within the second field of the body’s external 
Wei Qi and attributed to the emotional energy 
body. 

Astral Plane - an energetic and spiritual plane 
of existence parallel to the physical plane. 

Astral Travel - also called Soul Travel (or Astral 
Projection) describes the condition of the Eter- 
nal Soul journeying outside of the physical 
body, connected to the Middle Dantian by a 
silver “cord of life.” 

Astringent - any substance or agent that causes 
tissues to contract or that inhibits secretion of 
Body Fluids such as mucus or Blood. 

Antigens - any substance able to provoke an 
immune response in the human body. 

trophic - pertaining to atrophy. 

Atrophy Syndrome - a disorder characterized 
by flaccidity and weakness of the limbs and a 
progressive loss of strength and muscle tone. 

Attention Deficit Disorder - a learning disor- 
der manifesting through the following symp- 
toms: habitual failure to pay attention, very 
distractible, inability to organize, extreme 
impulsiveness, difficulty in studying, often 
accompanied by hyperactivity. 

‘Aura - the energetic field which radiates light 
and circulates around the second field of the 
body's external Wei Qi 

‘Aura Colors - the body’s energetic luminous 
colors ranging from red, orange, yellow, 
green, blue, violet to white. 


Auspicious Powers - the energy potential con- 


tained within the Five Yin Organs. 

B 

Ba Gan - eight diagnostic principles used in Tra- 
ditional Chinese Medicine in order to differ- 
entiate symptoms. 

Bai Dai - white vaginal discharge. 

Baihui Point (One Hundred Meetings) - the 
Governing Vessel point at the top of the head 
(GV20). 

Bellows Palm Technique - a palm technique in 
which the thumb and little finger compress 
and release like a bellows. 

Bells Palsy - unilateral facial paralysis of sud- 
den onset. 

Benign - gentle or kindly, not aggressive, the 
opposite of malignant. 

Bile - a secretion stored in the Gall Bladder re- 
leased into the duodenum asa digestive juice. 

Bio-Rhythm - three distinct cycles and energy 
flow that pertain to the body’s physical, emo- 
tional and intellectual rhythms. 

Bipolar Personality Disorder- formerly known 
‘as Manic Depressive Personality Disorder, a 
state of extreme euphoria or pervasive irrita- 
bility, with racing thoughts, inability to sleep, 
and impulsive behavior (that may last for 
days or months), that alternate with morbid 
depression with suicidal ideation or attempts 
at suicide (see Depression). During the manic 
phase there may be hallucinations. 

Bird’s Bridge - pertaining to the energetic con- 
nection between the tongue and the upper 
“hard” palate, behind the teeth. 

Birth Energetic Patterns - pertaining to the en- 
ergetic patterns developed according to the 
influence of the time and geographic location 
of the patient's birth. 

Bladder Fire - also called Common Peoples’ 
Fire, or Perineal Fire, is located in the lower 
abdomen by the perineum, and is responsible 
for evaporating water. 

Blended Originals (Hun Yuan) - the body's “in- 


ternal combined energy” fused into the Lower 
Dantian area. 

Bloated and Expanded Stagnation - stagnation 
with a characteristically expansive or bloated 
appearance, can be caused from an accumu- 
lation of Phlegm and Body Fluids (in addi- 
tion to Qi and Blood) in the adjacent tissue 
areas of the body. 

Blood (Xue) - the dense fluid which nourishes 
the body, transmits Qi, and provides the ma- 
terial for the mind and emotions. 

Blood Heat - a condition categorized by Heat 
and Blood signs (retching of Blood, expecto- 
ration of Blood, Bloody stool or urine, nose- 
bleeds, and menstrual irregularities). 

Bloodletting - a technique used in acupuncture 
therapy which entails pricking the skin to re- 
Tease and remove Blood Heat and Blood stag- 
nation. 

Blood Stagnation - the impairment or cessation 
of normal Blood flow. 

Blood Stasis - the same as Blood stagnation. 

Blood Vessels - the body’s transportation sys- 
tem for Qi and Blood nutrition and regenera- 
tion. 

Body Fluids (¥e)- these are clear, light, and wa- 
tery. They originate from food and drink and 
are transformed and separated by the Spleen 
(aided by the Kidneys) and dispersed by the 
Lungs and Triple Burners. (ie., sweat, tears, 
saliva, and mucus.) 

Body Liquids (Jin)- these are a heavier denser 
form of Body Fluids. Their function is to 
moisten the joints, spine, brain, and bone 
marrow. They lubricate the orifices of the sen- 
sory organs. 

Bone - the body's skeletal material related in 
essence to the Kidneys. 

Bone Marrow - sustains and nurtures the bones, 
composed of Kidney Jing (Essence) and Mar- 
row. 

Book of Commentaries - consisting of ten com- 
mentaries from Confucius and his disciples, 


pertaining to the study of the eight trigrams, 
sixty-four hexagrams, and the Ying. 

Book of Oracles - written by King Wen and the 
Duke of Zhou, pertaining to the study of the 
ight trigrams, sixty-four hexagrams, and the 
YiJing 

Borborygmus - a gurgling, rumbling sound 
heard over the Large Intestine, caused by the 
passing of gas through the liquid contents of 
the intestines. 

Borderline Personality Disorder -a psychologi- 
cal disorder characterized by a pervasive pat- 
tern of intense, unstable relationships, and an 
unstable self-image. Such patients suffer from 
chronic feelings of emptiness stemming from 
abandonment issues. They exhibit self-de- 
structive behavior and transient paranoia, or 
dissociative symptoms. 

Brain - pertaining to the Sea of Marrow issuing 
from the Kidneys that collects within the cra- 
nium. 

Brain Tumor Point - Shihmien Point located on 
the heel of each foot. 

Bronchial Asthma - asthma caused by a hyper- 
sensitivity to an allergen. 

Bronchiectasis - chronic dilatation of a bronchus 
or bronchi, with a secondary infection (usu- 
ally involving the lower portion of the Lungs). 

Bronchitis - inflammation of mucous mem- 
brane of the bronchial tubes. 

c 

Caduceus - medical insignia picturing double 
snakes wrapping a winged staff 

Calculi - the plural of calculus or stones, usu- 
ally composed of mineral salts. 

Cancer - an obstruction of Qi and Blood circu- 
lation resulting in stagnation and the forma- 
tion of a malignant tumor that tends to spread. 

Carbuncle - a circumscribed inflammation of 
the skin and deeper tissues. 

Carcinogens - any substance or agent that pro- 
duces or increases the risk of developing can- 


cer. 

Carcinoma - a malignant growth or tumor that 
occurs in the epithelial tissue (the outer sur- 
face or first layer of tissue that lines the body's 
cavities, as well as the principal tubes and 
passageways leading to the exterior of the 
body) 

Catatonic - totally withdrawn, almost uncon- 
scious, frozen and unable to move. 

Celestial Stems - see Ten Celestial Stems. 

Center Core - pertaining to either 1. The core of 
light within the Taiji Pole which joins the 
body’s three Dantians through the center of 
the body, or 2. The True Self (the essence of a 
person's spirit). 

Cerebral Embolism - a condition which occurs 
when an embolus (bubble of air, or piece of a 
thrombus) detaches from a thrombus and 
obstructs a cerebral artery. 

Cerebral Hemorrhage - bleeding caused from 
a rupture of a sclerosed or diseased vessel in 
the brain. 

Cerebral Thrombosis - an obstruction of a ce- 
rebral artery by a thrombus (blood clot). 

Cerebro-Vascular Accident (CVA) -intthe clinic, 
conditions referred to as stroke (or Wind- 
stroke) include cerebral hemorrhage, cerebral 
thrombosis, cerebral embolism, and cere- 
brovascular spasm. These four conditions are 
termed in Western Medicine as “Cerebro-Vas- 
cular Accident.” 

Cervical Spondylosis - a degenerative arthritis 
(osteoarthritis) of the cervical vertebrae and 
related tissues. 

Chakra - an energetic vortex, spiraling out from 
the body’ Taiji Pole, manifesting in the body 
and extending through the external field of 
Wei Qi. 

Chakra Gates - the twelve major energy gates 
located on the center line of the anterior and 
posterior aspects of the body, as well as at the 
lower perineum and the top of the head. 


Chakra System- the seven major Chakra or en- 


ergy centers that connect to the Taiji Pole. Five 
Chakras extend to the front and back of the 
torso, with an additional one located at the 
top of the head and on the perineum. 

Channels - the body's energetic rivers respon- 
sible for transporting Qi, also called “merid- 
ians.” 

Channel Points - areas or points (similar to 
smail pools of Qi) found along the streams of 
a Channel, through which energy of the Yin 
and Yang (Zang/Fu) organs and channels are 
transported internally and externally. 

Channel Qi - pertaining to the Qi found within 
the energetic flow of a channel, 

Charts of the Hall of Light - ancient diagram 
depicting the body's internal organs and 
channels. 

‘Chemotherapy - the application of chemical 
agents that have a specific and toxic effect 
upon the disease-causing microorganism, as 
well as the patient's tissues, energetic fields 
and immune system. 

Chicken Pecking Palm Technique - a palm 
technique wherein the doctor's hand re- 
sembles the head of a chicken while manipu- 
lating the energy flow of the Invisible Needle. 

Chi Dai - red vaginal discharge. 

Child Element - pertaining to the Five Element 
Creative Cycle of Traditional Chinese Medi- 
cal, the primary organ is considered the 
Mother and its sequential organ is considered 
the Child. 

Chinese Massage and Tissue Regulation - one 
of the four branches of Traditional Chinese 
Medicine, which involves treating patients 
through the use of tissue manipulation, in- 
cluding Jie Gu Therapy for bone disorders, 
‘Tui Na Therapy for muscle disorders, Gua Sha 
Therapy for febrile diseases, An Mo therapy 
for internal organ disorders, and Jing Point 
‘Therapy for channel and internal organ regu- 
Iation. 

Cholecystitis - inflammation of the Gall Blad- 
der. 


Cholelithiasis - formation of calcium, ie,, bile 
stones in the Gall Bladder. 

Cholestasis - an infection of the biliary tract. 

Chronic - the long duration of a specific di 
ease or condition, showing slow or little im- 
provement. 

Chronic Fatigue Syndrome - debilitating fa- 
tigue that is not the result of physical or men- 
tal exertion, and does not diminish by rest- 
ing. 

Chrono-biology - the science that deals with the 
study of the body’s biological clocks and fluc- 
tuations in accordance with the cycles of the 
sun, moon and nature's rhythms. 

Chyluria - the passing of fat globules in the 
urine. 

Circle of Willis - the union of the anterior and 
posterior cerebral arteries, forming an anas- 
tomosis at the base of the brain. 

Circulating Energy Technique - this method 
refers to rotating Qi in a circular pattern 
(clockwise or counterclockwise) to move Qi 
and Blood stagnation, or to gather energy for 
tonification. 

Cirrhosis - Cirrhosis is a generalized Liver dis- 
ease marked by hepatic lesions, characterized 
by the formation of dense lobular connective 
tissue, degenerative changes in the parenchy- 
mal cells, structural alterations in the Liver 
lobules, and sometimes fatty and cellular in- 
filtration within the Liver. 

Clairaudience - the ability to hear sounds, mu- 
sic, and voices not audible to normal hearing 
(for example, receiving Messages and/or in- 
spirations from the divine). 

Clairasentience - the ability to perceive smells, 
taste, touch, emotions and physical sensations 
that contribute to an overall psychic and in- 
tuitive impression. 

Clairvoyance - the ability to perceive current 
objects, events and/or people that may not 
be discerned through the body's normal 
senses. Both time and space are perceived on 


a clairvoyant spiritual dimension. 

Clean Qi - Energy which has been purified. 

Clinical Ethics - the moral principles and stan- 
dards governing the doctor’s conduct with 
patients in or away from the clinic. 

Coccyx Pass (Wei Lu Guan) - is located on the 
lowest segment of the spine just posterior to 
the anus, near the Chang Qiang (GV-1) point. 

Colitis - the inflammation of the colon. 

Cold Constitution - pertaining to a physical 
body innately prone towards coldness. 

Collapsed Qi - this is considered a subcategory 
of Deficient Qi, and is regarded as the third 
and most severe type of Deficiency. 

Collaterals (Luo) - the body's energetic streams 
that branch off the Twelve Primary Channels 
and the Conceptional and Governing Vessels 

Collective Unconsciousness - concept of psy- 
chiatrist Carl G. Jung pertaining to the memo- 
ries of mental patterns that are experienced 
and shared by all mankind. 

Coma - an abnormal deep state of uncon- 
sciousness with some possible awareness of 
surroundings, but a total inability to commu- 
nicate with the outside environment. Comas 
result from a Qi obstruction to the brain 
caused by illness or injury. 

‘Common People’s Fire - pertaining to the Blad- 
der Fire, located in the perineal area of the 
body. 

Compressed Stagnation - stagnation caused by 
the patient's energy pressing downward (ex- 
ternally moving inward), feels armored and 
hollow. 


Concentrative Meditation - keeping the mind 
focused and under control. 

Congealed - when Qi and/or Blood become 
thick and solid within the body's tissues, en- 
ergetic fields, or both. 

Congenital Qi (Prenatal Qi) - energy existing 
before the fetus is born, acquired from the 
mother’s, father’s energies, as well as from 


the environmental and universal energies. It 
is sustained through prayer, meditation and 
sleep. 

Conscious Mind - acquired mental reasoning, 
created through learning via the five senses 
and interactions with other people. 

Constipation - difficulty or infrequent defeca- 
tion, with the passage of unduly hard and dry 
fecal material. 

Constitutions - see Five Elemental Constitu- 
tions. 

Contracted Stagnation - stagnation caused by 
the patient's energy pulling inward, feels ar- 
mored and solid. 

Contraindications - any symptom or circum- 
stance indicating the inappropriateness of a 
form of treatment that would be otherwise 
advisable. 

Controlling Cycle - pertaining to the Five El- 
ement Cycle, where one organ controls the 
second elemental organ in the Five Elements’ 
Circle. 

Corporeal Soul - see Po. 


Coryza - the inflammation of the respiratory 
‘mucous membranes. 

Cosmology - the study of the universe. 

Countertransference - this is the process 
whereby a doctor loses objectivity and uncon- 
sciously projects feelings, thoughts, beliefs 
and patterns of behavior onto the patient. 

Couple Point - the Master Point's secondary 
point of connection affecting the Eight Ex- 
traordinary Vessels. 

Cranio-Sacral Rhythm - Western term given to 
the fluctuating rhythm of the Sea of Marrow 
flowing from the Kidneys. 

Creative Cycle - pertaining to the Five Element 
Cycle, where one organ creates the energy for 
the next. 

Creative Subconscious Mind - the part of the 
‘mind that maintains the patient's reality by 
making him or her act like the person they 


believe themselves to be. 

Creative Visualization - the process of using 
visualization as a tool for transforming energy 
and spirit. 

Crown Center - the name given to the Baihui 
Point (GV-20) and Upper Chakra Gate, at the 
top of the head. 

Crystal Palace - the energetic field of Qi located 
within the third ventricle of the brain. 

Cupping - a technique used in acupuncture 
therapy in which wooden, clay, or glass cups 
are adhered to the patient's skin by suction, 
to drain or remove pathogenic Qi from the 
body's pores. 

Curious Organs - the body’s Six Extraordinary 
Yang Organs which function like Yin Organs 
as they store Yin Essence (i.e,, Blood, Marrow, 
or Kidney Essence), but look like Yang Organs 
(because they are hollow). These organs con- 
sist of the uterus, brain, Marrow, bones, blood 
vessels and Gall Bladder. 

Cycle of Disharmony - an emotional state 
which induces a vicious cycle of physical, 
‘mental, emotional, energetic and spiritual dis- 
harmony. 

Cyst -a closed sac that forms in tissue ora body 
cavity. 

Cystitis - inflammation of the Bladder, usually 
‘occurring secondary to ascending urinary 
tract infection. 

Cytotoxic Treatments - treatment containing 
toxins which attack the cells of the body (for 
example: radiation and chemotherapy). 

D 

Dacryorthea - excess tear flow. 


Damp - a internal pathogenic condition relat- 
ing to the storage of Damp or Wet toxins. 

Dantians - the body's three main energetic 
pools, or reservoirs located in the head, chest 
and lower abdomen. 

Dantian Regulation - the principle of balanc- 
ing the energy governing the body's three 


‘main energetic pools (Dantians). 

Dao - pertaining to God or divine conscious- 
ness. 

Daoist - a student of the “Dao” or way of life, 
pertaining to living in harmony with the uni- 
verse and environment. 

Dao Yin - energy regulation exercises consist- 
ing of training the body, mind, and breath. 
De- pertaining to an individual's personal Vir- 

tue, 

Defence Mechanisms - see Ego Defence Mecha- 
nisms. 

Deficiency - a condition relating to the inad- 
equate degree of a particular substance, e.g 
Qi, Blood, Yin, Yang, Heat, etc. 

Delusions refers to the occurrence of a mental 
derangement in the patient resulting in a false 
belief based on incorrect inference about ex- 
ternal reality. Regardless of the evidence to 
the contrary, the belief is strongly maintained. 

Demon or Spirit Oppression - the condition of 
having a foreign spirit attach to a patient's ex- 
ternal Wei Qi field, resulting in emotional dis- 
harmony. 

Demon or Spirit Possession - the condition of 
having a foreign spirit invade and inhabit the 
patient's body, mind, emotion, and spirit. 

Denial -a conscious refusal of an impulse-evok- 
ing fact, feeling or memory. 

Depersonalization Disorder persistent, recur- 
ring episodes of depersonalization, character- 
ized by a feeling of detachment, or estrange- 
‘ment from one’s self. 

Depression (Major) - a psychological disorder 
resulting in major sadness and pessimism, 
feelings of worthlessness, helplessness and 
hopelessness. Symptoms include overeating 
orunder-eating, insomnia or hyper-insomnia, 
difficulty concentrating, and fatigue. 

Descending - the action of energy moving 
downward. 


Diabetes - a general term used to describe dis- 


eases characterized by excessive urination and 
a sugar imbalance in the Blood. 

Diaphoresis - profuse sweating. 

Diathermy - the therapeutic use of a high-fre- 
quency current to generate heat within a cer- 
tain area of the body. 

Di Qi- Earth (Environmental) Energy. 

Disharmony - pertaining to a lack of adequate 
balance of energy. 

Disorder - an abnormal state of physical, men- 
tal, emotional, energetic or spiritual dishar- 
mony. 

Dispersing- the spreading of Qi to other parts 
of the body, or purging of pathogenic energy 
from the body. 

Displacement- the shifting of impulses aroused 
by one person, or situation on toa safe target. 

Dissociated Identity Disorder - new terminol- 
ogy used for multiple personality disorder. 

Distance Therapy - also called External Qi 
Therapy, Qi Emission and Outgoing Qi 
Therapy, is defined as extending or project- 
ing energy into a patient from a distance. 

Divergent Channels - twelve secondary chan- 
nels that parallel the Twelve Primary Chan- 
nels. 

Divine - pertaining to God. 

Divine Center - referring to the North Star’s 
stable position in the sky. 

Divine Hook-Up - the Qigong doctor's initial 
preparation for therapy, wherein he or she 
connects with the divine for guidance. 

Divine Therapy - long distance Qigong heal- 
ing. 

D.M.Q. - a licensed Doctor of Medical Qigong 
‘Therapy, presently only obtainable in China. 

Dong - the Yang method of dynamic Postural 
Dao Yin training. 

Dragon’s Mouth Palm Technique - hand tech- 
nique wherein the thumb touches the other 
four fingers of the hand, forming an image of 


the head of a dragon. This hand manipula- 
tion is used for leading and pulling the Qi. 

Draining Qi - drawing off pathogenic energy 
from a specific organ area or channel of the 
patient's body. 

Dredging - a type of energetic purging, used to 
clean the patient’s energetic fields and chan- 
nels. 

Drilling Energy Technique - this method refers 
to rotating Qi ina spiraling pattern (clockwise 
or counterclockwise) to access the energy 
deep inside the patient's body. 

Dryness - a internal pathogenic condition re- 
lating to the storage of Dry toxins. 

Dynamic Qigong - energy gathering which uti- 
lizes active movements of the body. 

Dysmenorrhea - painful menstruation. 

Dyspepsia - painful digestion. 

Dyspeptic - one afflicted with dyspepsia. 

Dysphagia - difficulty in swallowing. 

Dysphoria - exaggerated feeling of depression, 
anxiety and unrest. 

Dysplasia - the abnormal development of tis- 
sue. 

Dyspnea - air hunger, resulting in difficult 
breathing, shortness of breath, sometimes ac- 
‘companied by pain. 

Dysthymia -a chronic, form of depression (last- 
ing at least two years), for children and ado- 
lescents the mood can be irritable rather than 
sad. 

E 

Earth Element - one of the Five Elements, per- 
taining to Spleen and Stomach. 

Earth Energy (Qi) - Energy pertaining to the 
Earth and surrounding environment. 

Earth Jing - energy that supervises the matura- 
tion phase of the fetus’s ability for emotional 
and spiritual bonding during the seventh 
‘month of pregnancy. 

Earthly Branches - twelve energies of the Earth 
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represented in the human body as the Twelve 
Primary Channels. 

Earth Transpersonal Point - pertaining to the 
body’s energetic connection to the Earth, lo- 
cated several feet beneath the feet. 

ECG (or EKG) Eletrocardiogram - a graphic 
record made by an instrument that measures 
the Heart's electrical activity; usually used to 
confirm a diagnosis of a Heart condition. 

Eclampsia - coma and convulsive seizures (be- 
tween the 20th week of pregnancy and first 
‘week postpartum). Symptoms result in edema 
of the legs and feet, puffiness of the face, hy- 
pertension, severe headaches, dizziness, epi- 
gastric pain, nausea, sudden convulsive sei- 
zures and coma. 

Eczema - an acute or chronic inflammation of 
the skin. 

Edema - an acute or chronic cutaneous inflam- 
matory condition. 

EEG Electroencephalogram - a graphic record 
made by an instrument that measures the 
brain's electrical activity and records it as pat- 
terns of fluctuating waves. 

Ego - the ego is the mediator between the id 
and the superego. According to Dr. Sigmund 
Freud’s psychoanalytical theory, the superego 
‘combines the critical inner parent aspect with 
the idealistic aspect of the individual's con- 
science; the id consists of unconscious drives 
and instincts. The ego as meditator is respon- 
sible for ensuring rational behavior. 

Ego Defense Mechanisms - according to Dr. 
Sigmund Freud’s psychoanalytical theory, the 
ego defence mechanisms include: Repression, 
Displacement, Projection, Intellectualization, 
Regression, Fixation, Denial, Reaction-Forma- 
tion, and Sublimation. 

Eight Confluential Points - the areas where the 
Eight Extraordinary Vessels and Twelve Pri- 
mary Channels intersect with each other. 

Eight Energetic Principles - a system of differ- 
ential diagnosis using four pairs of opposites 
(Yin and Yang, Cold and Hot, Deficient and 


Excess, Internal and External). 

Eight Energetic Touches - pertaining to the so- 
matic tissue response to energy stimulation 
(tingling, sensations of heat, coldness, expan- 
siveness, contracted, heaviness, lightness, and 
vibration). 

Eight Extraordinary Vessels - the primary chan- 
nels responsible for the formation of the fe- 
tus, which after birth, are considered the 
body's reservoirs for collecting the overflow 
energy from the Twelve Primary Channels. 

Eight Miscellaneous Factors - eight factors that 
can off set the patient's Yin and Yang balance 
(diet, overexertion, excessive sex, child bear- 
ing, traumatic injuries, exposure to poisons, 
parasites, and iatrogenic disorders). 

Eight Trigrams (Bagua) - eight cosmological 
patterns of three lines (solid and /or broken), 
called Yaos, used to diagnose as well as pre~ 
dict future transitions. 

Emaciation - the state of being malnourished 
and extremely lean 

Embolus - the obstruction of a blood vessel by 
foreign substances or a blood clot. 

EMG Electromyogram -a graphic record made 
by an instrument that measures the muscle’s 
electrical activity and records its function. 

Emitting Qi - the Qigong doctor extending en- 
ergy outside the body for the purpose of treat- 
ing a patient. 

Emotional Energy Body - is the external energy 
existing in the body’s second field of Wei Qi, 
which is attached to the internal organs. 

Emotional Spirit - pertaining to the Emotional 
Energy Body. 

Empathic Communication - the doctor's abil- 
ity to experience the feelings and thoughts of 
his/her patients. 

Empty Qi -a serious weakness or Deficiency of 
the body's Qi. 

Encephalomyelitis - acute inflammation of the 
brain and spinal cord. 


Endrometrial Hyperplasia - excessive prolifera- 
tion of the cells within the lining of the uterus. 
Energetic Armoring -a condition resulting from 
the patient protecting specific tissues, organs, 
or areas of the body. Energetic armoring is 
initiated when the patient freezes certain emo- 
tional feelings to maintain the denial system. 

Energetic Barriers (Energetic Boundaries) - the 
protective barriers existing within and outside 
of the body's tissues. 

Energetic Complications - pertaining to ener- 
getic imbalances within the patient's tissues 
(eg., compressed energy stagnation, energetic 
armoring, migrating Qi deviations, etc.) 

Energetic Cords - energetic bands of light and 
vibration which form an emotional attach- 
‘ment, connecting the patient to certain people, 
places, or things 

Energetic Grids - an energetic net covering the 
surface of Heaven , Earth or the human body. 

Energetic Leakage - a condition resulting from 
the patient releasing Qi out of the joints, due 
to an injury or unconscious sabotage. 

Energetic Medicine - any and all medicine hav- 
ing to do with the stimulation, cultivation, 
tonification, purgation, balance and mainte- 
nance of the body's Qi. 

Energetic Point Therapy - extending energy 
from a distance into specific channel points, 
or vessels on the patient's body. 

Enteric Nervous System - pertaining to the ner- 
vous system of the Smal Intestine. 


Enuresis - the involuntary discharge of urine. 


Environmental Energy (Qi) - Energy pertain- 
ing to the Earth and surrounding environ- 
ment. 


Environmental Force - energy pertaining to the 
Earth and surrounding environment. 


Epigastric Pain - pain in the region over the pit, 
of the stomach. 

Epileptiform - having the form of epilepsy. 

Epistaxis - bleeding of the nose. 
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Epithelial Hyperplasia - excessive proliferation 
of the cells within the outer surface of the 
body, including the secreting portions of the 
glands and ducts. 

Essence (Jing) - referring to either Prenatal and 
Postnatal energetic tissue mass. 

Eternal Soul - the individual's True Self, which 
is always connected to the divine. It is ab- 
sorbed into the mother’s egg at the time of 
conception, and is rooted within the body's 
Taiji Pole. 

Ethereal Matter - the body's foundational en- 
ergetic substance. 

Ethereal Souls - see Hun. 

Etiology - the causes of a disease. 


Eustachian Tubes - the auditory tube, extend- 
ing from the middle ear to the pharynx. 

Evil Embryo - pertaining to a toxic formation 
in the form of a tumor or cancer mass. 

Evil Influences - pathogenic factors that can be 
either physical, mental, emotional, energetic 
or spiritual. 

Evil Qi (Xie Qi) -also called Pathogenic Qi, Per- 
verse Qi, Toxic Qi, and Heteropathic Qi, is 
energy that causes disease or harmful effects 
to the body. 

Evil States -a condition wherein the patient ex- 
periences mental delusions, obsessions, in- 
fatuations with the doctor, spiritual oppres- 
sion or possession. 

Evil Wind - toxic wind that invades the body, 
tissues or organs. 

Excess - a condition relating to the over abun- 
dance of a particular substance. (e.g., Heat, 
Wind, Damp, Cold, etc.). 

Exopathogenic-a disease or pathogen originat- 
ing outside of the body. 

Extended Fan Palm Technique - hand tech- 
nique where the fingers separate like a Chi- 
nese fan, used for extending energy through 
the doctor's palm. 


External Pathogenic Factors - an external inva- 


sion of Heat, Damp, Cold, Dryness, or Wind, 
ora combination thereof. 

External Qi Therapy -a technique used in Medi- 
cal Qigong therapy which pertains to Qi be- 
ing emitted onto a patient. 

Extraordinary Organs - also called Curious 
Organs, these six organs are shaped like Yang 
(Hollow) organs but store Yin Essence. The 
brain stores Marrow, the Marrow stores Kid- 
ney Jing, the bones store Marrow, the blood 
vessels store the Blood, the Gall Bladder stores 
the bile, and the uterus stores Kidney Jing, 
Blood, and Qi. 

Extraordinary Vessels - secondary channels that 
flow in conjunction with the body's Twelve 
Primary Channels. 

Extra Point - a point with a definite location, 
but not originating on the fourteen main chan- 
nels. 

F 


False Cold -a feverish sensation followed by a 
feeling of cold all over the body. 

False Self- pertaining to the dark emotional side 
ofthe self, i, the masks and defence mecha- 
nisms that serve to protect the individual from 
dealing with his or her issues. 

False Yang - a clinical condition where an over- 
abundance of Cold (Yin) transforms into Heat 
(Yang). 

False Yin - a clinical condition where an over- 
abundance of Heat (Yang) transforms into 
Cold (Yin), 

Fascia -a fibrous membrane covering, support- 
ing, and separating the muscles, as well as 
uniting the skin with the body's underlying 
tissues. 

Febrile Diseases - any and all diseases which 
cause the body to produce a fever. 

Feng Shui - the study of harmonizing the ener- 
getic flow of Wind and Water, and the heal- 
ing art of adjusting the person’s environment 
to create improvements in the person’ health 
and life. 
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Fetal Education - regulating the mother’s be- 
havior to improve her child's physical, emo- 
tional, and mental health is called “fetal edu- 
cation” in Traditional Chinese Medicine, and 
isimportantin the development of the child’s 
Prenatal Essence, Energy, and Spirit. 

Fetal Leakage - after conception, if a small 
amount of bloody fluid discharges from a 
woman's vagina, it is known as Tai Lou or 
fetal leakage. 

Fibroadenoma - a tumor with fibrous tissue, 
forming a dense covering. 

Fire Element - one of the Five Elements, per- 
taining to the Heart, Small Intestine, Pericar- 
dium, and Triple Burners. 

Fire Jing - energy that controls the development 
phase of the fetus’s emotional and spiritual 
well-being during the fifth month of preg- 
nancy. 

Five Agents - the five energies that are linked 
to the moral qualities of a person's inner char- 
acteristics (the five virtues stored within the 
body’s Wood, Fire, Earth, Metal and Water 
elements). 

Five Elements - Wood, Fire, Earth, Metal and 
Water. 

Five Element Animals - Green Dragon, Red 
Phoenix, White Tiger, Dark Blue Turtle, and 
Yellow Phoenix. 

Five Elemental Constitutions - physical con- 
stitutions based upon the observation of the 
Five Elemental formations within the human 
body. 

Five Element Organs - the organs related to the 
Five Elements, including: Wood - Liver and 
Gall Bladder, Fire - Heart and Small Intestine 
(also included are the Pericardium and Triple 
Burners), Earth - Spleen and Stomach, Metal 
- Lungs and Large Intestine, Water - Kidneys 
and Bladder. 

Five Energetic Fields - pertaining to the body's 
five levels of energy, including: 1. External Wei 
Qi Fields, 2. Internal Ying Qi Field, 3. Sea of 


Blood, 4. Sea of Marrow, 5. Center Core of 
Light (Taiji Pole). 

Five Flavors - also called the Five Tastes, are 
sour, bitter, sweet, pungent, and salty. 

Five Major Yang (Fu) Organs - also called the 
Five Bowels, they are the body’s five hollow 
organs: Gall Bladder, Small Intestine, Stom- 
ach, Large Intestine, and Bladder. 

Five Major Yin (Zang) Organs - are the body's 
five solid organs: Liver, Heart, Spleen, Lungs 
and Kidneys. 

Five Orbs - pertaining to the 5 Yin internal or- 
gans (Liver, Heart, Spleen, Lungs and Kid- 
neys), their complete organ system, and the 
surrounding areas that they influence. 

Five Palms Hot - a condition in which the pa- 
tient feels a hot sensation in the palms and 
soles of the feet, accompanied by heat and 
agitation of the chest and /or head area. 

Five Passes - five important gates on the Gov- 
cerning Vessel located at the coccyx, Mingmen, 
Shendao, occiput and Baihui, where energy 
tends to stagnate. 

Five Portals of the Earthly Yin Gate - pertain- 
ing to the five points at the bottom of the peri- 
neum through which the Qi of Earth enters 
into the body. 

Five Portals of the Heavenly Yang Gate - per- 
taining to the five points at the top of the head 
through which the Qi of Heaven enters into 
the body. 

Five Sense Organs - eyes, tongue, mouth, nose 
and ears. 

Five Thunder Fingers Technique - hand ma- 
nipulation technique wherein the fingers and 
thumb are rapidly extended from a closed soft 
fist, to strike with Qi for dispersing stagna- 
tions. 

Five Thrusting Channels - see Thrusting Chan- 
nels. 

Five Tissues - tendons, blood vessels, muscles, 
skin and bones. 

Five Zhi - in connection with the five mental 
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aspects of the Mind, the Hun (Ethereal Soul), 
Po (Corporeal Soul), the Shen (Spirit), the Yi 
(Intellect), and the Zhi (willpower) are some- 
times referred to as the Five Zhi. 

Fixation - has the same result as regression, but 
the person becomes fixated at a particular 
stage of mental and emotional development. 

Flat Palm Detection - an extended palm tech- 
nique used for sensing and diagnosing. 

Four Bigs - pertaining to severe excess of fever, 
sweating, thirst, and pulse 

Four Doors - the center of each palm and foot. 

Four Winds - pertaining to the Energy of the 
four compass points. (North - back, South - 
front, West - right, and East - left.) 

Fu Organs - Yang or hollow organs (Gall Blad- 
der, Small Intestine, Stomach, Large Intestine, 
and Bladder). The Fu Organs operate prima- 
rily to relieve the Zang (Yin) Organs of toxic 
energies and wastes. 

G 

Gallow’s Syndrome - laughing at a very pain- 
ful experience instead of grieving or crying. 

Gastritis - the inflammation of the stomach. 

Gastroptosis - the downward displacement of 
the stomach. 

Gate of Access - the passageway between life 
and death, believed to be related to the stars 
of the Big Dipper. 

Gate of the Moon - the western energetic re- 
gion, which the sun must pass through in or- 
der to create Autumn. 

Gathering the Immortal’s Water - pertaining to 
the energetic production of the saliva or Juice 
of Jade to create the Immortal Pill. 

Gathering Qi - also called Respiratory Qi, Col- 
lection Qi, Chest Qi, Pectoral Qi, and Big Qi 
of the Chest. It is derived from the conver- 
sion of the purest and most potent forms of 
the body’s Jing (particularly sexual fluids, hor- 
mones, and neurochemicals). 

Ghosts (Gui) - disembodied spirits. 


Ghost Points - points used for the treatment of 
emotional and spiritual disorders. 

Gland - an organ that produces a hormone or 
other secretion. 

Golden Gate in the East - the eastern energetic 
region, which the sun must pass through in 
order to create spring. 

Gong - meaning skill or study. 

Gout - sudden intense pain in a joint, usually 
the big toe or ankle, followed by swelling, in- 
flammation and heat in the joint (in extreme 
casts alternating chills and fever are experi- 
enced). 

Grandmother Element - pertaining to the Five 
Element Creative Cycle of Traditional Chinese 
‘Medical, the primary organ is considered the 
‘Mother and its previous organ is considered 
the Grandmother. 

Grain Qi (Gu Qi) - Energy derived from food 
and drink. 

Grounding - see Rooting. 

Gua Sha Therapy - an external “surface” tissue 
scraping technique commonly used to clear 
Excess Heat from the body. 

Guiding Qi - the technique of leading Qi. 

Gu Qi- Energy derived from food and drink. 

Gui - ghosts or spirits. 

H 

Hai - means sea. 

Healing Tones - resonant sounds used to purge 
the body of pathogens. 

Heart Fire - pertaining to the energy of the 
Heart, which is responsible for transforming 
the body's Energy into Spirit. This occurs in 
the chamber of the Heart’s courtyard (the Yel- 
low Court). 

Heaven Qi - also known as Heavenly Qi, this 
energy pertains to the Heavens, the divine and 
the celestial influences. 

Heavenly Stems - the ten energies of Heaven 
represented in the human body as the Yin and 
Yang aspects of the Five Elements or ten ma- 


jor internal organs, 

Heavenly Transpersonal Point - pertaining to 
the body’s energetic connection to the Heav- 
ens, located two to five feet above the head. 

Hei Xia- dark brown or black vaginal discharge. 


Hemiparalysis - paralysis on one side of the 
body 

Hemiplegia - paralysis on only one side of the 
body. 

Hemoptysis - the expectoration of Blood. 

Hepatitis - inflammation of the Liver. 

Hepatolithiasis - calculi or concretions in the 
Liver. 

Hepatomegaly - enlargement of the Liver. 

Hepatosplenomegaly - the enlargement of both 
the Spleen and Liver. 

Herbal Therapy - one of the four branches of 
Traditional Chinese Medicine, which involves 
treating patients through the use of formulas 
created through teas, soups, tinctures, wines, 
oils, balms, liniments and pills to stimulate 
energy flow. 

Herbalist - a doctor of Herbal Therapy. 

Herpes Simplex I - an infectious disease caused 
by the herpes simplex virus. This disease is 
characterized by thin-walled vesicles that oc- 
cur in the skin, usually at a site where the 
mucus membranes joins the skin. 

Hexagram - a six line symbol representing the 
function and flow of Yin and Yang energy, 
formed by stacking two trigrams on top of 
each other. 

Hibernation Breathing - a breathing method 
which includes inhaling and exhaling through 
every pore on the body's surface, from the 
body’s Center Core (Taiji Pole). 

Hidden Power (An Jing) - techniques that em- 
phasize stretching and twisting the tendons 
and ligaments (known as Reeling and Pull- 
ing the Silk) to cultivate resonant vibration 
within the body for striking and issuing 
power. 


Hollow Organs - the body’s Yang organs, which 
consist of the Gall Bladder, Small Intestine, 
Stomach, Large Intestine, Bladder. Also in- 
cluded in this list are the Triple Burners. 

Hologram - pertaining to the body's energetic 
three dimensional image. 

Hook-Up - see divine Hook-Up. 

Hostile Forces - dark spiritual forces which seek 
to influence the physical, mental, emotional, 
energetic and spiritual life of an individual. 

Hot Constitution - pertaining toa physical body 
innately prone towards heat. 

Hot Evil - also known as Evil Heat, a patho- 
genic condition causing Excess patterns that 
are Hot and Yang in nature. 

Hou Tian Zhi Qi (Postnatal Qi) - translates to 
‘mean after the baby sees the Heavens. 

Hua Jing - see Mysterious Power 

Huang - any membranous tissue. 

‘Hua Sound Resonation - Mysterious or Spiri- 
tual Sound Resonation. 

Huang Dai - yellow vaginal discharge. 

Hui Yin Point (CV-1) - Conception Vessel point 
located between the scrotum and the anal 
sphincter. 

Human Force - the energy or force manifesting 
from inside of the human body, as well as the 
within the human energetic field. 

Hun (Ethereal Soul) - the Three Ethereal Souls 
which are the spiritual part of man that as- 
cends to Heaven upon the death of the body. 

Hunter Killer Cells - the body’s neutrophils and 
macrophages, as well as the interferons and 
antibodies. 

Hun Yuan- the body's internal energies that has 
been combined and fused into the Lower 
Dantian area. 

Hyperbilirubinemia - excessive amounts of bi- 
lirubin (the orange-colored or yellowish pig- 
ment in bile) in the Blood. 

Hyperhidrosis - excessive sweating due to an 


over-activity of the sweat glands. 

Hypertension - high blood pressure. 

Hyperthyroidism - a condition caused by ex- 
cessive secretions of the thyroid glands, re- 
sulting in an increased metabolic rate and the 
consumption of food to support this increased 
metabolic activity. 

Hypertrophy - the increase in the size of an or- 
gan or structure that does not involve tumor 
formation. 

Hypochondriac Pain - pain in the upper lateral 
region on each side of the body below the tho- 
rax and beneath the ribs. 

Hyposmia - a deficient sense to smell. 

Hypotension - low blood pressure. 
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I-Ching - see Yi-jing 

Id - Dr. Sigmund Freud’s terminology for one 
of the three divisions of the psyche in Psy- 
choanalytic Theory that is the unconscious 
source of psychic energy responsible for the 
body’s drives and instincts. 

Immortal’s Pill - pertaining to the energetic pro- 
duction of Heaven and Earth Qi, in conjune- 
tion with the saliva. 

Immortal’s Water - when meditating, another 
word for energized saliva. 

Incontinence - an inability to control urination, 
involuntary urination when coughing, laugh- 
ing, sneezing, running, or performing some 
other physical activity. This condition can also 
refer to involuntary defecation, 

Infatuations - refers to the patient feeling in- 
tensely amorous towards the doctor. 

Influenza - an acute contagious respiratory in- 
fection, characterized by a sudden onset, with 
chills, fever and headache. 

Inner-vision - the skill of observing images of 
the internal organs, and energetic fields relat- 
ing to the body, mind, emotion and spirit, and 
their transition stages. 


Insight Meditation - focusing on sensual 
stimuli (sounds, smells, colors, etc.) while 
meditating. 

Insomnia - a sleeping, 

Insulting Cycle - pertaining to the Five Elemen- 
tal Cycle, wherein the Child Element counter 
attacks the Grandmother Element. 

Intellectualization - an elaborate rationalization 
of a naked impulse, to justify it. 

Interferons -a group of proteins released by the 
white blood cells and fibroblasts, responsible 
for fighting infection. 

Interjection - the insertion or interpose the en- 
ergetic pattern. 

Internal Dialogues - internal conversations, 
which are part of the patient's personal belief 
structure. 

Internal Pathogenic Factors - pertaining to dis- 
eases originating from the body's internal or- 
gans and emotions (e.g., anger, fear, grief, 
worry, etc.). 

Internal Viewing - technique used by the 
Qigong doctor to view the patient's internal 
organs. 

Interpersonal Relationships - close personal 
relationships, relating to self and others. 

Invading Cycle - pertaining to the Five Elemen- 
tal Cycle, wherein the Grandmother Element 
overcontrols the Child Element. 

Invisible Needle Therapy - the insertion of in- 
visible energetic needles into the patient's 
body to stimulate energy flow. 

Invisible Needle Palm Technique - Qi emis- 
sion in which energy is emitted in a very fine 
line, to stimulate specific channel points. 


J 

Jaundice - a condition due to deposition of the 
bile, characterized by the yellowing of the 
skin, eyes, mucous membranes and Body Flu- 
ids. 

Jia Ji Guan (Spinal Pass) - two points located 
‘on the lateral sides of the Mingmen (GV-4) 


isorder. 


where Qi can become stagnant. 

Jie Gu Therapy -a tissue manipulation therapy 
that focuses on the adjustment of bones and 
ligaments. 

Jin - thin Body Fluids. 

Jing - the human body's Essence, divided into 
Prenatal and Postnatal Essence. 

Jing Luo - the body's channels and collaterals. 


Jing Point Therapy - the original term for Chan- 
nel Point Therapy or Acupressure. 

Jing Shen Bing - pertains to all types of mental 
illness. 

Jiu Wei (Yellow Court) - located in the center 
of the diaphragm, below the xiphoid process 
of the sternum. Its function is that of being 
the access point to release emotional memo- 
ries from the body's internal organs. Its loca- 
tion is also attributed to the 3rd Chakra. 

Jue Yin (Reverting Yin) - associated with the 
most severe diseases, indicates Yin Qi devel- 
oping its final stage and then reverting into 
Yang. 

Juice of Jade - Energized saliva produced in 
meditation practices. 

K 


Karma - the manifestation of consequences to 
our actions and beliefs: “As you sew, so shall 
you reap.” 

Karmic Related Illness - pertaining to spiritual 
illnesses, which can be either congenital or ac- 
quired. 

Ketheric Matter or Substance - pertaining to 
the spiritual energy located within the third 
external field of Wei Qi. 

Kidney Fire (Mingmen Fire) - the energy that 
heats the body's Essence (jing), and domi- 
nates all Twelve Primary Channels. It is the 
motivating force of the body. 

Kinetic Communication - the intuition of the 
physical body, felt by the Qigong doctor as a 
movement in or of his or her own body. 


Kneading Tiger Palm Technique - hand ma- 


nipulation technique resembling the move- 
‘ment of a tiger kneading the ground, used for 
dispersing Qi stagnations. 

Kyphotic- the exaggeration or angulation of the 
normal posterior curve of the spine (hump- 
back). 

L 

Laogong - channel point located at the center 
of each palm. 

Large Heaven Cycle (Macrocosmic Orbit) - 
Qigong Meditation which connects the Qi of 
the extremities to the Qi within the Govern- 
ing and Conception Vessels. 

Leading Qi- technique of manipulating the pa- 
tient’s Qi by using a guiding gesture with the 
hands 

Leukocyte - the body’s white blood corpuscles, 
which included lymphocytes and other im- 
mune system cells. 

Leukorthea -an acute or chronic disease caused 
by the unregulated clonal proliferation of stem 
cells within the Blood forming tissues. 

Ley Lines - the energetic pathways that connect 
energy spots on the planet 

Life Force Energy - Qi. 

Light Energy Therapy - color, light projection 
and visualization used for healing, 

Light of the Dao - divine healing light energy. 

Lipid Bilayers - the outer membrane of most 
cells, includes two layers of lipid molecules. 

Lithotripsy - crushing of a calculus in the blad- 
der or urethra. 

Liver Wind - terminology used to describe ex- 
cess Heat generated from a toxic Liver condi- 
tion which can cause pathogenic symptoms. 

Lobular - composed of small lobes. 

Lords of the Three Dantians - three spiritual 
energies used to describe the energetic aspects 
of the human soul (Tai Yi, Si Ming and Xia 
Tao Kang). 

Lo Scroll (Magic Square) - tool used for diag- 


nosis and treatment of disorders through 
number configurations, which correspond to 
the Late-Heaven sequence of the Trigrams of 
the Yi-Jing (I-Ching). 

Lower Burner - area of the body in the Lower 
Dantian, responsible for the separation of 
Clean and Dirty Fluids. It also facilitates the 
production of urine. 

Lower Dantian - area in the center of the lower 
abdomen, attributed to the body’s chamber 
of heat and physical power. The Lower 
Dantian is also known as the Sea of Energy, 
Pill of Immortality, Root of life, Source of Gen- 
erating Qi, Five Qi Collection Seat, Progeni- 
tor of Life, Stove of Spirit, Root of Heaven, 
and Cinnabar Field. 

Lower Unconsciousness - pertaining to the ac- 
quired mind which is connected to the pri- 
mal senses. 

Lumbago - dull, aching pain in the lumbar re- 
gion of the lower back. 

Luo - translated to mean a net or web, and in 
‘Traditional Chinese Medicine it refers to the 
Connecting Vessels, i.e., the Fifteen 
Collaterals. These vessels are the major “pas- 
sage ways” for the circulation of the body’s 
channel energy, emerging out of the Luo 
(pathway) points on the Twelve Primary 
Channels (plus the Governing and Concep- 
tion Vessels). 

Luo Points - are the major intersecting points 
of the Fifteen Collaterals. The Luo points are 
located below the elbows and knees and pro- 
vide an additional energetic barrier to keep 
Evil Winds from affecting the Twelve Primary 
Channels, being somewhat deeper then the 
Muscle/Tendon Channels. 

Lymphocytes - immune cells present in the 
Blood and lymphatic tissue. 

Lymphoma -a group of malignant solid tumors 
of the lymphoid tissue. 

Lymphosarcoma - a sarcoma of the lymphatic 
system, 


M 

Macrocosmic Orbit - Qigong Meditation which 
connects the Qi of the Governing and Con- 
ception Vessels with the extremities of the 
body. 

Macrophages - the major phagocytic cells of the 
immune system (also known as Hunter Killer 
Cells). 

Magic Square - also known as the Lo Scroll, a 
tool used for diagnosis and treatment of dis- 
orders through number configurations corre- 
sponding to the Late-Heaven sequence of the 
trigrams of the Yi-Jing (I-Ching). 

Magnetic Energy Therapy - magnetic energy 
affecting the body’s channels and points via 
electromagnetic field stimulation. 

Malar Flushes - pertaining to flushed skin along 
the cheeks. 

Malignant- detrimental; growing worse; threat- 
ening to produce death. 

Man Qi - general term used to describe the en- 
ergy relating to the body, mind, emotion, en- 
ergy and spirit of both men and women. In 
the body, the area between the navel and the 
lower sternum correspond to “Man.” 

Manic Depressive Personality Disorder - see 
Bipolar Personality Disorder 

Mantra - a Sanskrit word, meaning a spiritual 
phase or sound repeated internally or exter- 
nally, used as a tool in meditation to induce 
an alltered state of consciousness. 

‘Marrow - derived from the Kidneys, nourishes 
the brain, spinal cord and forms the bone mar- 
row. 

Master Point - the main point of energy inter- 
action ona specific channel, used to affect an- 
other organ system or channel energy flow. 

Mastitis - inflammation of the breast. 

Medical Qigong - one of the four branches of 
Traditional Chinese Medicine. 

Menorthagia - excessive bleeding during the 
time of menstruation. 


Menoxenia - the pathological changes of men- 
struation occurring in a woman’s cycle, affect- 
ing the color, quantity and quality of Blood 
flow. 

Mental Delusions - the occurrence of mental 
derangement in the patient resulting from a 
false belief based on an incorrect inference 
regarding external reality. This belief is firmly 
sustained despite incontrovertible evidence to 
the contrary. 

Meridians- the body's channels or rivers of En- 
ergy. 

‘Message (Xin Xi) - knowledge stored within the 
Wuji or the Void. 

‘Metal Element - one of the Five Elements, re- 
lating to the Lungs and Large Intestine. 

Metal Jing - Energy that supervises the devel- 
opment phase of the fetus’s ability for emo- 
tional attachment and bonding during the 
sixth month of pregnancy. 

Metrorrhagia - bleeding from the uterus. 

Microcosmic Orbit - energetic orbits that cir- 
culate the Qi within the body’s energetic chan- 
nels; divided into Fire, Water and Wind path- 
ways. 

Micturition - discharging urine. 

Middle Burner - area of the body pertaining to 
the body's digestive system, responsible for 
transporting Gu Qi (derived from food and 
drink). 

Middle Dantian - area in the center of the chest, 
attributed to the body's chamber of emotional 
and vibrational power. The Qi of the Middle 
Dantian is called Zong Qi. Zong Qi is trans- 
lated as Gathering Qi, Ancestral Qi, Genetic 
Qi or Essential Qi. The Middle Dantian is also 
known as Middle Field of Elixir, Scarlet Pal- 
ace, Central Altar, Middle Sea of Energy, 
Courtyard of the Heart, Opening of Sus 
pended Gold, and the Seat of Emotion. 

Middle Emotional/Mental Barrier - the second 
and middle energetic barrier of the Wei Qi 
fields. 


‘Mind Regulation - the principles governing the 
conduct, action or functions of the mind. 

‘Ming Jing - see Obvious Power. 

‘Mingmen (Gate Of Life) - area responsible for 
heating the body, in particular the Kidneys 
and Lower Dantian. 

‘Mingmen Fire (also known as Kidney Fire, Ad- 
visor Fire, or Ministerial Fire,) - the Energy 
that heats the body's Essence (Jing), and domi- 
nates all Twelve Primary Channels. It is the 
motivating force of the body. 

Ming Sound Resonation - Obvious or Audible 
Sound Resonation. 

Ministerial Fire - pertaining to the Energy re- 
sponsible for heating the Middle Burner. 

‘Moon Cream - energy gathered during medi- 
tation from the moon’s Essence in the form of 
cool light: 

Morphogenic Field - pertaining to the form of 
the energetic field of Jing. 

Mother and Child Therapy - the Traditional 
Chinese Medical description of the primary 
organ (Mother) and its sequential organ 
(Child) in the Five Elemental Creative Cycle. 

Mother Element - pertaining to the Five Ele- 
ment Creative Cycle, the primary organ is 
considered the “mother.” 

Moxa Therapy - herb heated and applied in a 
clinical setting for tonification. 

Multiple Personality Disorder - also called 
Identity Disorder, is a mental state in which 
the patient develops “alter” personalities as 
a coping mechanism in dealing with severe 
‘emotional traumas. 

Multiple-Sclerosis (MS) - an inflammatory dis- 
ase of the central nervous system in which 
infiltrating lymphocytes degrade the myelin 
sheath of nerves. 

Muscle/Tendon Channels - channel connec- 
tions to the body’s muscles, tendons, liga- 
ments and other connective tissues. 


Myalgic Encephalomyelitis - acute inflamma- 


tion of the brain and spinal cord. 

‘Myocarditis - the inflammation of the cardiac 
muscle (located in the middle layer of the 
walls of the heart). 

‘Myoma - a uterine tumor that is a solid benign 
growth in the myometrium, often called a fi- 
broid, containing muscle tissue. 

‘Myophagism -a condition where the macroph- 
ages destroy (eats) muscular tissue. 

‘Mysterious Pass - the space between Yin and 
‘Yang where infinite space and time (Wuji) 
exists. 

Mysterious Power (Hua Jing) - techniques 
which emphasize training and conditioning 
the mind’s imagination and intention, to 
project and utilize the power of the 
individual's Shen (Spirit). 

N 

Necrosis - part of an area of tissues or bone that 
is dying or dead and may spread to healthy 
tissues or bones. 

Nei Dan Shu - internal elixir cultivation, that 
focuses on cultivating Qi from within the 
individual's body. 

Nei Gong (Internal Skill) - the training of the 
body's tendons, bone, breath, mind, emotion, 
and spirit to facilitate internal power. 

Nei Guan (Internal Viewing) -see inner vision. 


Nei Jing-- the Yellow Emperor’s classics on Chi- 
nese internal medicine. 


Neoplasm -a new or abnormal formation of tis- 
sue, as in a tumor growth. 

Nephritis - inflammation of the Kidneys. 

Neurasthenia - unexplained chronic fatigue and 
lassitude. 

Neutrophils - the most common type of granu- 
locytic white blood cell, responsible for fight- 
ing infection. 

Nine Dantian Chambers - the nine internal 
cavities established within the energetic ma- 
trix of each Dantian. 
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Figure 14 


Nine Palaces - the Later-Heaven sequence of 
the Trigrams of the Yi-Jing (I-Ching), repre- 
sented in the human body as the Eight Ex- 
traordinary Vessels and the Taiji Pole. 

Nine Star System - pertaining to the total de- 
velopment of the three periods of life and the 
three star developmental sequence. 

Noxious Qi (Turbid Qi) - coarse, Toxic, Evil, un- 
refined, polluted, or dirty Energy. 

° 

Objective World - pertaining to the spiritual 
world existing outside an individual's 
thoughts or feelings. 

Obstructed Qi - Energy that is immobile. 

Obstruction - the inhibition of the flow of Qi or 
Blood, caused by Cold, Damp, Heat and 
Wind, etc. 

Obvious Power (Ming Jing) - techniques that 
emphasize the training and conditioning of 
themuscles, strengthening the bone structure, 
and increasing the individual's overall 
stamina. This school also includes such tech- 
niques as pounding the body (arms, hands, 
legs, and torso) to strengthen and toughen the 
tissues. 

Occipital Pass (Yu Zhen Guan) - the area lo- 
cated just inferior to the occipital bone where 
the brain originates (according to energetic 
embryology), known asa specific point where 
Qioften stagnates. 

Oliguria - diminished amount of urine forma- 
tion. 

Omniscient Sight - the ability to see 360 degrees 
simultaneously. 

One Finger Skill Technique - clinical modality 
involving Energy extension employed 
through a single finger. 

Ontology - the study of the historical develop- 
‘ment of an individual. 

Opening and Closing - the method of leading 
Qiinto and out of specific internal organs, the 
Triple Bumers areas, or one of the Three Dan- 
tians, via the hands. 


Glossary oF TERMS 


Opisthotonosis - a form of spasm in which the 
patient's head and heels are bent backwards, 
and the body is bowed forward. 

Organ Dysfunction - the impaired or abnormal 
function of an internal organ. 

‘Organ Regulation - technique for balancing the 
action or functional principles of the internal 
organs. 

Organ Qi - Energy of the body's Yin and Yang 
ongans. 

Original Spirit (Yuan Shen)-see Prenatal Spirit 

Original Qi (Yuan Qi) - pertaining to the body's 
Prenatal Qi acquired from both parents at con- 
ception, and from the mother during gesta- 
tion. 

Original Force - pertaining to the Heavenly en- 
ergy, manifesting as the energy of the entire 
cosmos. 

Original Yang - pertaining to the body's Prena- 
tal Kidney Yang. 

Original Yin - pertaining to the body's Prena- 
tal Kidney Yin. 

Osteoarthritis -a chronic disease involving the 
joints and the deterioration of the articular 
cartilage. 

Osteoporosis -a general term used for describ- 
ing any disease process that results in the re- 
duction of bone mass. 

Osteosarcoma - a sarcoma of the bones. 

Outer Spiritual Barrier - the third and further- 
most energetic barrier of the Wei Qi fields. 
Overcontrolling Cycle - pertaining to one of 
the Five Elemental Cycles, where one organ 
overcontrols the second elemental organ in 

the Five Elements’ Circle. 

P 

Palace of Eternal Frost - the northern energetic 
region, which the sun must pass through in 
order to create winter. 

Palace of Universal Yang - the southern ener- 
geticregion, which the sun must pass through 


in order to create summer. 


Palpitations - an abnormal rapid, throbbing, or 
fluttering of the Heart. 

Pancreatitis - inflammation of the pancreas. 

Panic Attack - overwhelming panic and sense 
of impending doom, resulting in hyperventi- 
lation (breathlessness), heart palpitations and 
visual distortions. 

Papillary Masses - small, nipple-like protuber- 
ances or elevated tissue masses. 

Paraplegia - paralysis on both sides of the body. 

Parenchymal Cells - the essential parts of an 
organ’s cells that are concerned with the 
organ’s function. 

Parkinson’‘s Disease - a chronicnervous disease 
characterized by muscular weakness, rigid- 
ity and a fine, slow tremor. 

Past Life Regression - pertaining to the patient's 
exploration and experiences of previous lives. 

Pathogenic - disease-causing; see Internal 
Pathogenic Factors and External Pathogenic 
Factors. 

Penetrating Wind - pertaining to the external 
pathogen of Wind invading the tissues. 

Peribronchial - surrounding the windpipe 
(bronchus). 

Perineural Cells - the sheath of cells around a 
bundle of nerve fibers within the perineu- 
rium. 

Peristalsis - a progressive wave like movement 
that occurs involuntarily in the hollow tubes 
of the body. 

Peritonitis - inflammation of the abdominal 
cavity. 

Pernicious Influences - pertaining to the Six 
External Factors that cause disease. 

Personal Subconscious Mind - part of the mind 
associated with the recording and storing of 
personal interpretations of reality. 

Peyer's Patch - an aggregation of lympth nodes 
found chiefly in the ilium 


Phagocytes - cells that have the ability to de- 
stroy and ingest bacteria, protozoa, unhealthy 
cells and cell debris. 

Phantom Embryo - an energetic thought form 
inthe shape of an embryo created through the 
woman's feelings of grief, guilt or remorse 
after a surgical abortion. 

Phantom Organ - the energy of a particular or- 
gan which still exists, even after surgical re- 
moval. 

Phantom Pain - the feeling of pain relating toa 
particular organ which still energetically ex- 
ists, even after surgical removal. 

Phlegm - pathogenic factor responsible for the 
formation of diseases including tumors. 

Physical Barrier - the first level and closest to 
the body of the three Wei Qi energetic barri- 
ers. 

Piezoelectric - pertaining to the electricity cre- 
ated from pressure, especially pressure on or 
within the bones. 

Po (Seven Corporeal Souls) - sometimes called 
the Seven Turbid Demon Natures, this spi 
tual energy manifests as the physical or ma- 
terial soul of the human body that returns 
to the Earth at death. 

Points - specific areas on the body where en- 
ergy can intersect to travel externally to in- 
temally, or visa versa. 

Point Respiration - exercise which requires 
breathing into a specific channel point, organ, 
or area of the body. 

Polarity - opposite negative and positive quali- 
ties of power. 

Polergeists - malevolent spiritual entities, Para- 
psychology research indicates that poltergeist 
activity is often the manifestation of a 
psychokinetic ability. 

Polydipsia - excessive thirst. 

Polyphagia - eating abnormally large amounts 
of food at a meal. 


Polyuria - the excessive secretion and discharge 


of urine, 

Portal Hypertension - the increased pressure in 
the portal vein resulting from an obstruction 
of the Blood flow through the Liver. 

Postnatal Energy (Postheaven Qi) - sometimes 
called the Acquired Qi, it is the Energy ac- 
quired after birth from food, drink, and air. 

Postnatal Essence (Postheaven Jing) - some- 
times called the Acquired Essence, it is the 
Essence acquired after birth from food, air and 
drink. 

Postnatal Spirit (Zhi Shen) - also called the 
body’s Mental Spirit, Acquired Spirit, and 
Conscious Spirit. This spiritual essence is ac- 
quired after birth through the refinement of 
‘one’s Qi. 

Post Traumatic Stress Disorder - characterized 
by the reexperiencing of an extremely trau- 
matic event or events, accompanied by symp- 
toms of increased arousal, and by avoidance 
of stimuli associated with the traumas. This 
includes the general numbing of the patient's. 
emotional responsiveness. 

Prenatal Energy (Yuan Qi) - sometimes referred 
toas Congenital Qi, Pre-Heaven Qi, Inherited 
Qi, Source Qi, Ancestral Qi, Primordial Qi, 
Genuine Qi, and Kidney Qi. It is Energy ex- 
isting before the fetus is born, acquired from 
the mother’s, father’s, environmental and 
universal energies, and sustained through 
prayer, meditation and sleep. 

Prenatal Essence (Yuan Jing)- also called 
Preheavenly Essence, Original Essence, Inher- 
ited Essence, Congenital Essence, Primordial 
Essence, and Ancestral Essence. Itis the Origi- 
nal Essence existing before the fetus is born, 
acquired from the mother and father. 

Prenatal Spirit (Yuan Shen) - also called the In- 
tuitive Spirit, Perceptual Spirit, Primordial 
Spirit, Congenital Spirit, and the Original Sub- 
conscious. It is the Spirit essence existing be- 
fore the fetus is born, acquired from fusing 
the mother’s, father’s, environmental and 
universal energies. The Prenatal Spirit also re- 


GLossany oF Tenms 


lates to the individual's abi 
intuit information. 


to perceive and 


Prescriptions - directions given to the patient 
with regard to the manner of Medical Qigong 
exercises and meditations that must be prac- 
tise after the initial Medical Qigong treatment. 

Primal Senses - pertaining to the gross physi- 
cal, animalistic survival senses (seeing, hear- 
ing, feeling, smelling, etc.) 

Primary Channels - the body's twelve main 
channels, containing six Yin and six Yang riv- 
ers of Energy. 

Primary Posture - the main posture, in a series 
of Medical Qigong prescriptions, that the pa- 
tient focuses on. 

Primitive Unconsciousness (Lower Uncon- 
sciousness) - pertaining to the acquired mind 
and related to the primal senses. 

Projection - the attribution of unacceptable im- 
pulses within oneself to other people. 

Proliferative Arthritis -the rapid reproduction 
and growth of arthritis. 

Prostatitis - the inflammation of the prostate. 

Protective Qi (Wei Qi) - the body's external field 
of defensive, protective energy (divided into 
three external fields of Qi). 

Pruritus - severe itching. 


Psychogenic - a condition developed from the 
beliefs originating within the mind 

Psychogenic Polyuria - pertaining to the belief 
that one must frequently secrete and dis- 
charge urine. 

Psychometry - the act of sensing the thoughts, 
images and so on, with which the object has 
been imprinted. 

Psychoneurosis - emotional disfunction caused 
from unresolved unconscious conflicts. 

Psychosexual Qi Deviation -a condition result- 
ing from an immediate energetic tissue ov 
stimulation of the sexual organs. Patients with 
this condition experience intense sexual un- 
dulations and orgasms when being treated in 


a safe clinical environment. 

Psychosomatic - pertaining to the relationship 
between the physical tissues and the emo- 
tions. 

Pulling Down the Heavens - an opening and 
closing meditation used to energize and clear 
the body from the top of the head to the bot- 
tom of the feet, with breath, mind and hand 
movements. 

Pulmonary Emphysema - a chronic disease of 
the lungs characterized by a destructive in- 
crease in the normal size of air spaces distal 
to the terminal bronchiole. 

Purpura - a condition characterized by hemor- 
thages of the internal organs, skin, mucous 
membranes and other tissues, with various 
manifestations and diverse causes. 

Purgation (Purging) - technique used in order 
to reduce Excess and expel pathogenic Evils 
located within the energetic fields and tissues 
of the body. 

Pyelonephritis - the inflammation of the Kid- 
neys and pelvis. 

Q 

Qi - is the energetic medium existing between 
matter and spirit (also known as Life Force 
Energy, when pertaining to the physical 
body). 

Qi Collapse - pertaining to the complete ab- 
sence (void) of either Yin or Yang Qi. 

Qi Compression - using the Qi to press the tis- 
sues. 

Qi Deviations - an alteration of energetic pat- 
terns and flow of energy that affects the body, 
mind, emotion and spirit, resulting in disease. 

Qi Dysfunction - the impaired or abnormal 
function of the body’s energy. 

Qi Extension - the emission of energy from the 
body. 

Qigong - Energy Skill, pertaining to exercises 
that cultivate Life Force Energy. There are 
three primary schools of Qigong training - 


Martial, Medical and Spiritual. 

Qigong Clinic - a facility for diagnosis and treat- 

ment of outpatients with Medical Qigong 

therapy. 

Qigong Doctor - in China, a person who medi- 
cally treats patients for mental or physical dis- 
orders using Qi 

Qigong Massage - soft tissue regulation 
wherein the Doctor's hand lightly skims the 
patient’s body. This gentle surface tissue 
stimulation is used to energize, stimulate or 
dredge the patient’s Wei Qi fields. It is used 
with purging and tonifying techniques. 

Qigong Therapy - one of the four branches of 
Traditional Chinese Medicine, which involves 
treating patients through the use of Energetic 
Point Therapy, Qigong Massage, Distance 
‘Therapy, Self-Regulation Therapy, and Invis- 
ible Needle Therapy, to stimulate energy flow. 


Qigong Therapist - in America, a person who 
medically treats patients for mental or physi- 
cal disorders using Qi. 

Qi Hai - Sea of Qi point (CV-6). 

Qi Manipulations - techniques used to treat or 
influence the flow of energy in the body. 

Qing Dai - green-blue vaginal discharge. 

Qi Projection (Qi Extension) - the emission of 
energy from the body. 

Qi Regulation - energetically balancing the ac- 
tion or functions of the body's Yin and Yang 
energies. 

Qi Stasis - the total stagnation of energy. 

Quiescent - a meditative state wherein the 
individual's mind and body becomes quiet 
and peaceful. 

R 

Rachialgia - spinal inflammation. 

Reaction-Formation - the conversion of one 
feeling into its opposite, typically seen in love 
turning into hate. 

Rebellious Qi - energy that does not follow the 
correct flow or current, acting recklessly. 


Reconstructive Qi Therapy - pertaining to the 
reconstruction and energizing of the body's 
energetic fields and organ systems (especially 
after surgery). 

Reducing Qi - to lessen or decrease an organ or 
channel's energy. 

Reflexology - the skill of pressing specific ar- 
eas of the body’s hands and feet to initiate 
internal energetic movement. 

Regression - the return to an earlier childhood 
stage of behavior to reduce the demands on 
the ego. 

Regulating - pertaining to the balancing of the 
body's Yin and Yang Energies. 

Reinforcing Qi - to strengthen and support the 
body’s organ or channel Energy. 

Repression - the pushing down of unwanted 
ideas and emotions into the unconscious. 

Respiratory Qi - Energy of the chest. 

Restrictive Cycle - pertaining to the Five El- 
emental Controlling Cycle, where one organ 
restricts the energy of another organ (as de- 
picted in the pentagram drawing). 

Retrobulbar Neuritis - inflammation of the 
nerves behind the eyeball. 

Returning To The Origin - see Rooting the 
Lower Dantian. 

Reverse Breathing - opposite of abdominal 
breathing, wherein the patient will contract 
the abdomen with the inhalation, and expand 
the abdomen with the exhalation. 

Rhabdomyosarcoma -a sarcoma of the muscles. 

Rheumatic - pertaining to an rheumatism (a 
general term used to describe an acute or 
chronic condition characterized by inflamma- 
tion, soreness and stiffness of the muscles, and 
pain in the joints and associated structures. 

Rheumatoid Arthritis -a form of arthritis, char- 
acterized by inflammation of the joints, swell- 
ing, stiffness, cartilaginous hypertrophy, and 
pain. 

Rheumatoid Spondylitis - a chronic, progres- 


sive disease, characterized by inflammation 
of the joints between the articular processes, 
costovertebral joints, and sacroiliac joints. 
Rheumatosis - an acute or chronic condition 
characterized by inflammation, soreness and 
stiffness of the muscles, and pain in the joints. 
Rhinitis -the inflammation of the nasal mucosa. 


Righteous Qi (Zheng Qi) - is also called Up- 
right Qi and Correct Qi. Itis energy that heals 
the body and fights diseases. 

Rigor - a sudden, chill with high temperature, 
followed by heat and profuse perspiration. 
Can also be referred toa state of hardness and 
stiffness, as in the muscles. 

Root - the original cause of a disease; or to en- 
cergetically secure into the Earth by extending 
the body's Energy deep into the ground, as if 
growing tree roots. 

Rooting - the process of extending the body's 
Qi into the Earth to either establish a solid 
energetic foundation, or if need be, disperse 
Toxic Gi. 

Rooting the Lower Dantian (Returning to the 
Origin) - returning the body’s collected Qi 
back into the Lower Dantian. 

s 

San Bao (Three Treasures of Man) - pertaining 
to Jing (Essence), Qi (Energy) and Shen 
Gpirit). 

San Jiao (Triple Burners) - corresponding to 
three main body cavities, responsible forheat- 
ing the body and transporting the Body Flu- 
ids. 

Sarcoma - a malignant growth, or tumor, that 
‘occurs within the connective or mesenchymal 
tissue. It may affect the muscles, bones, fat, 
blood vessels, lymph system, Kidneys, Blad- 
der, Liver, Lungs, Spleen, and/or parotid 
glands. 

Schizophrenia -a mental disorder, that induces 
hallucinations- usually auditory - through can 
also be visual, accompanied by very disor- 
dered thinking, delusions, disorganized 


speech, irrational or catatonic behavior, such 
as stupor, rigidity, or flaccid movement of the 
limbs. The ability to interact with others is 
greatly impaired, 

Sclera-a tough white fibrous tissue that covers 
the white of the eyes. 

Sea of Blood (Sea of the Twelve Channels) - 
pertaining to the Energy located in the Thrust- 
ing Vessel. 

Sea of Energy - Energy located in the Lower 
Dantian, or Qi Hai area. 

Sea of Grain and Water (Sea of Nourishment) 
- pertaining to the Energy located in the Stom- 
ach. 

Sea of Marrow - pertaining to the Energy flow- 
ing in the spinal column and brain, originat- 
ing from the Kidneys. 

Sea of Qi - the chest center. Some Medical 
Qigong schools maintain that there are two 
reservoirs of Qi: the Middle Dantian, being 
the Sea of Postnatal Qi, and the Lower 
Dantian, being the Sea of Prenatal Qi (which 
is regulated by the Qihai CV-6 point). 

Sea of Yang Channels - pertaining to the Gov- 
ering Vessel. 

Sea of Yin Channels - pertaining to the Con- 
ception Vessel. 

Self Regulation Therapy - pertaining to the 
patient’s Qigong prescriptions (meditations 
and /or exercises). 

Seven Emotions - see Seven Internal Factors. 

Seven Essential Stars - the Sun, Moon, Mars, 
‘Venus, Mercury, Saturn and Jupiter, associated 
with the body's seven orifices. 

Seven Internal Factors - pertaining to the seven 
emotional pathogenic factors that cause dis- 
ease, when in an Excess condition (Joy, Sor- 
row, Worry, Grief, Fear, Fright, and Anger). 

Seven Material Souls - pertaining to the seven 
Earthly spirits that reside in the body as the 
Po. 

Seven Orifices - ears, eyes, nostrils, mouth, anus 


and urethra, which are considered the gates 
and windows of Essence, Energy and Spirit. 

Seven Turbid Demon Natures - see Po. 

‘Shaman - an ancient Tungus term meaning “be- 
tween the worlds.” A Shaman isa tribal priest 
or priestess who heals the physical, mental, 
emotional, energetic and spiritual aspects of 
the patient. 

Shao Yang - Small Yang, also called Lesser Yang, 
Minor Yang, or Young Yang, is affiliated with 
the sunrise and the waxing-moon phase. 
Modern physicists associate the Lesser Yang 
with a light force and electromagnetism. 

Shao Yin-Small Yin, also called Lesser Yin, Mi- 
nor Yin, or Young Yin, is affiliated with the 
sunset and the waning-moon phase. Modern 
physicists associate the Lesser Yin with a 
heavy force, and gravity. 

Shen - meaning Spirit; when speaking about 
physical development, itis derived from Qi, 
and can be divided into both Prenatal and 
Postnatal Shen. 

Shen Deviations - mental and emotional dis- 
orders which have caused the Three Ethereal 
Souls (Hun) to leave the patient's body. 

Shengong - training of the spirit through medi- 
tation and visualization. 

Shening Out - terminology used to describe the 
Ethereal Soul (Hun) wandering away from the 
body. 

Shi Qi (Turbid Qi) - also knownas Evil Qi, Toxic 
Qi, and Pathogenic Qi itis coarse, unrefined, 
polluted or dirty energy. 

Sishencong (Four Alert Spirit) Points - four 
points at the top of the head (that surround 
the Baihui Point) used to absorb Heavenly Qi 
into the body. 

Shou Zhen (Hand Diagnosis) - a form of diag- 
nosis, wherein, the doctor assess the “ener- 
getic blueprint” of the patient’s body trans- 
formed onto the doctor’ left hand. 

Shu Points - five specific points below the el- 
bows and knees identified as the Well, Spring, 


Stream, River and Sea points. Each point has 
an affect on the quantity of the energy of an 
organ. 

Sishencong (Four Spirit Hearings) Points - a 
group of four points located at the top of the 
head (surrounding the Baihui point), used for 
absorbing Heavenly Qi into the body's Taiji 
Pole. 

Six External Factors - also known as the Six 
Pernicious Influences, these factors pertain to 
the six climatic changes (Wind, Summer Heat, 
Heat, Damp, Dryness, Cold, and Fire). 

Six Storage Areas- body's Yang organs con- 
stantly fill and empty, and include the Blad- 
der, Gall Bladder, Stomach, Large Intestine, 
Small Intestine, and Triple Burners. 

‘Skin Zones - twelve dermal-zones, based upon 
the surface location of the body's Twelve Pri- 
mary Channels. 

Soaring Dragon Technique - hand technique 
for Qi emission, where the energy is emitted 
through the middle finger bent and pointing 
downward, while the other fingers are ex- 
tended straight outwards. 

Solid Organs - the body's Yin organs, which in- 
clude the Liver, Heart, Spleen, Lungs, and 
Kidneys (also included in this list is the Peri- 
cardium), 

Soul - immaterial Spiritual Essence of an indi- 
vidual's life, stored within the Heart and 
Middle Dantian. 

Soul Body- see Astral Body. 

Soul Extensions - the Shen develops and con- 
tains Twelve Soul Extensions. These Twelve 
Soul Extensions contain the body's different 
personality characteristics. 

Soul Loss - the loss of parts of the Eternal Soul. 

Soul Retrieval - to spiritually search for and 
bring back one’s forgotten memories (soul), 
which have been isolated from consciousness 
due to trauma and shock. 

Soul Travel - see Astral Travel. 


Sound Energy Therapy - sound projected as 
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audible and inaudible tone resonation, used 
for healing. 

Sound Resonation - healing tones used for toni- 
fying or dispersing the patient's Energy. 

Spider Nevus - a branched growth of dilated 
capillaries on the skin, that resemble a spider. 

Spinal Pass (Jia Ji Guan) - two points located 
on the lateral sides of the Mingmen (GV-4), 
where energy has a potential to stagnate. 

Spinous Process - the single midline posterior 
projection arising at the junction of each ver- 
tebra. 

Spiraling Energy Technique - hand manipula- 
tion, that extends and spirals the doctor's pro- 
jected energy. 

Spirit - the energetic manifestation of the Eter- 
nal Soul. 

Spirit Body - the energetic vehicle inwhich the 
‘body’s Shen can travel throughout the Astral 
Plane. The Spirit Body can manifest through 
many forms (Body of Light, animal forms, 
etc.) 

Spirit Demons - see Demon Possession and 
Oppression. 

Spirit Soul - the Three Ethereal Souls, accom- 
panied by the individual's consciousness, act- 
ing as one unit for spirit travel. 

Spirit Travel - the spirit (Hun) journeying out- 

le of the physical body. 

Splenomegaly - the enlargement of the Spleen. 


‘Squamous Metaplasia - the conversion of tis- 
sue into a form of scalelike cells, that is ab- 
normal for that tissue. 

Stacking the Bones - allowing the bones to stack 
upon each other from the bottom of the feet 
to the top of the head. 

Stagnation - not moving, inactive; pertaining 
to Qi, Blood, or thought patterns. 

Static Qigong - the process of stationary, quies- 
cent Energy gathering. 

Stroke (Wind Stroke) - caused by the buildup 
of Excess Liver Fire creating Internal Wind. 
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This Internal Wind causes Qi and Blood to 
rebel upwards causing Phlegm to form and 
obstruct the cavities and vessels, creating Pen- 
etrating Wind or Stroke. 

Subarachnoid Hemorrhage - bleeding inter- 
nally, within the spaces at the base of the brain, 
between the pia proper and arachnoid con- 
tain the cerebrospinal fluid. 

Subconscious Mind - part of the mind associ- 
ated with the recording and storing of per- 
sonal interpretations of reality (not readily 
accessible to the conscious mind). 

Sublimation - the channeling of unacceptable 
impulses into acceptable, refined social forms 
and is the only defence mechanism consi 
ered to be a healthy reaction. 

‘Substances - pertaining to the body’s essential 
parts of physical and energetic material. 

Sui - Marrow. 


Super Ego - Dr. Sigmund Freud's terminology 
for the division of the psyche in psychoana- 
lytic theory, responsible for the psychic re- 
ward and punishment system. 

Sun's Essence - energy gathered from the sun, 
ingested as warm light. 

Sword Fingers Technique - hand manipulation 
that emits Qi through the extended index and 
middle fingers. 

Symptoms - a subjective manifestation of a 
pathological condition, reported by the pa- 
tient. 

Syndromes - a grouping of signs and symp- 
‘toms, based on their frequent reoccurrence, 
that may suggest a common underlying 
pathogenesis. 

Systemic - affecting the entire body. 

T 

‘Taiji Pole - the Center Core of light which joins 
the body’s three Dantians and the Eternal Soul 
together. 

‘Tai Yang - Great Yang, also called Strong Yang, 
Major Yang, or Old Yang, is affiliated with 


high noon and the full-moon phase. Modern 
physicists associate the Strong Yang with a 
strong nuclear force. 

‘Tai Yi - meaning Great Divinity or God. 

‘Tai Yin - Great Yin, also called Strong Yin, Ma- 
jor Yin, or Old Yin, is affiliated with midnight 
and the new-moon phase. Modern physicists 
associate the Great Yin with a weak nuclear 
force. 

Ten Heavenly Stems - the ten energies of 
Heaven that rule the changes of the Five El- 
emental seasonal transitions, and are repre- 
sented in the human body as the Yin and Yang, 
aspect of the Five Elements (represented in 
the human body as the ten major internal or- 
gans). 

‘Ten Thousand Voices - pertaining to the state 
of open receptivity of the Qigong doctor's 
Heart, after rooting the mind. 

‘Ten Wings - consisting of ten commentaries 
from Confucius and his disciples, pertaining 
to the study of the eight trigrams, sixty-four 
hexagrams, and the Yi-Jing. 

Third Eye Point (Yin Tang) - located in the cen- 
ter of the forehead, responsible for spiritual 
intuition and communication. 

Thought-forms - images of concentrated 
thought patterns that manifest on the vibra- 
tional resonance of the Astral Plane. 

Three Ethereal Souls (Hun) - pertaining to the 
three heavenly spirits that reside in the body. 

Three Fires - the heat in the body, generated 
from the energy radiating from the Heart Fire, 
Kidney Fire, and Bladder Fire. 

Three Outer Forces - pertaining to the three 
natural powers of Heaven, Earth and Man. 
Three Parts Wisdom - knowledge obtained 
through the doctor’s connection and commu- 
nication with his or her Upper, Middle, and 

Lower Dantians. 

Three Periods of Life - the developmental 
‘stages of the patient's Jing, Qi and Shen di- 
vided into the womb, childhood and adult- 


hood. 

Three Stars - pertaining to the three periods of 
life, each period is divided into three stages 
of development, known as the three stars. 

Three Treasures of Earth - pertaining to the en- 
ergy of Soil, Water and Wind, and the study 
of Feng Shui (Wind and Water). 

Three Treasures of Heaven - pertaining to the 
energy of the sun, moon and stars, and the 
study of Chinese astrology. 

Three Treasures of Man - pertaining to the en- 
ergetic interaction of the body’s Essence, En- 
ergy and Spirit, and the study of the Yi-Jing 
(Ching or Book of Changes). 

Three Wonders - Clinical manifestations of Qi, 
categorized as Subtle, Mysterious and Incred- 
‘ible Wonders. 

‘Thrombosis - the formation and development 
or existence of a Blood clot (thrombus) within 
the walls of the vascular system. 

‘Thrusting Channels - the Five Energy Chan- 
nels which surround and penetrate the body's 
center core via the Taiji Pole. 

‘Thrusting Vessels - also called the Chong Ves- 
sels, they are the Five Energy Vessels which 
originate from the center of the body and in- 
ternally transverse the legs and torso. 

Ti- referred to as the Divine Center. 

Tian Qi (Heavenly Energy) - the transformed 
energy of the Yuan Qi and the divine. 

Tian Shen (Heavenly Spirit) - the transformed 
energy of the Yuan Shen and the divine. 

Tie Bi (Iron Wall) - the areas of the body where 
it is most difficult for the energy to pass 
through when circulating the Microcosmic 
Orbit. 

Tinnitus -a ringing, tinkling, or buzzing sound 
in the ear. 

Toe Raised Stepping - pertaining to energetic 
walking therapy, wherein the toes are 
stretched when stepping in order to facilitate 
the increase of Qi flowing into the body via 


the leg channels. 

‘Tonification (Tonify) - to supplement the insuf- 
ficiency and strengthen the body's resistance. 

Traditional Chinese Medicine - Chinese Ener- 
getic Medicine, divided into four branches of 
healing modalities (Acupuncture, Herbal 
Therapy, Medical Qigong Therapy, and Tis- 
sue Regulation Therapy (Chinese Massage). 

‘Transference - the process whereby a patient 
unconsciously transfers feelings, thoughts, 
beliefs and patterns of behavior that had been 
previously experienced with others onto the 
doctor. 

Transient Ischemic Attacks (TIA) - temporary 
interference with the Blood supply to the 
brain, 

Treatment - the medical care given to a specific 
condition. 

Trigger Points (Ashi Points) - places on the 
body which are tender spots, or painful areas, 
near diseased or injured tissue. 

Trigram - pertains to three Yao lines stacked 
‘upon one another forming a specific symbol, 
which represents certain characteristics. 

Triple Burners (San Jiao) - also known as the 
Triple Heaters and Triple Warmers, they cor- 
respond to three main body cavities 
(perineum to navel, navel to base of solar 
plexus, solar plexus to throat), and are respon- 
sible for heating the body and transporting 
Body Fluids. 

True Fire - the original Heat or Fire Energy that 
regulates the body’s Yin and Yang Qi, created 
from the radiating energy of the Heart's Fire, 
Kidneys’ Fire and Bladder’s Fire. 

True Nature - one’s innate nature in harmony 
with life. 

True Qi- the energy that circulates in the body's 
channels and collaterals which nourishes the 
Yin and Yang organs and fights disease. 

True Self - one’s true nature, connected to the 
subconscious mind. 


True Spirit - pertains to the spiritual nature of 
the True Self. The Hun and Po are expressions 
of the body's True Spirit. 

Tsou Hou Ru Mo (“the Spirit leaves and the 
Demon enters”) - describes self induced psy- 
chosis, pertaining to improper Qigong trai 
ing, wherein the patient's Hun leave the body 
and the Po take over. 

‘Tui Na Therapy -a tissue manipulation therapy 
that focuses on the adjustment and /or stimu- 
lation of the muscles and tendons. 


Tumor - an abnormal growth, either benign or 
malignant, caused by a retention of mass due 
to the cultivation and stasis of Qi, Blood, 
Phlegm, etc. 

Turbid Qi - also called Evil Qi, is coarse, unre- 
fined, polluted, and dirty energy. 

‘Twelve Pi Hexagrams- the twelve symbols per- 
taining to the twelve time periods of the day 
and year. 

‘Twelve Primary Channels - the body's twelve 
main energetic rivers (Liver, Lungs, Large In- 
testine, Stomach, Spleen, Heart, Small Intes- 
tine, Bladder, Kidneys, Pericardium, Triple 
Burners, and Gall Bladder). 

‘Twelve Earthly Branches - twelve energies of 
the Earth that determine the six Qi factors of 
the seasonal transitions (represented in the 
human body as the Twelve Primary Chan- 
nels). 

‘Two Breathings - pertaining to the abdominal 
breathing method of holding the breath. 

U 

Umbilications - a depression resembling a na- 
vel. 

Universal Qi - energy pertaining to the Heav- 
ens, the divine and the celestial influences. 
Upper Burner - pertaining to the body's com- 
plex system of Fluid distribution via the 
Lungs and located within the upper chest cav- 

ity. 


Upper Dantian - area within the center of the 


head, attributed as the body’s chamber of light 
and door to psychic and intuitive powers. The 
Upper Dantian is also known as Seal Palace, 
Ancestral Opening, Calm Fountain, Heaven's 
Valley, Inner Source, and Clay Pill Palace. 

v 

‘Vasculitis - the inflammation of a blood or 
lymph vessel. 

‘Vertigo - the sensation of moving in space, re- 
sulting in such symptoms as dizziness and 
light-headedness. 

Virtue (De) - pertaining to the function of the 
divine in man. 

Virtue of Dao - pertaining to the commendable 
quality of the divine. 

Viscera - the body’s internal organs. 

Void - also called Wuji, it pertains to the infinite 
space between matter and energy. 

w 

Wai Dan Shu - external elixir cultivation, that 
focuses on cultivating Qi from outside the 
individual's body. 

Wai Qi - external, extended energy. 

Walking Therapy - Postoral Dao Yin walking 
exercises and dynamic “moving” meditations 
‘used for the treatment of organ Deficiencies. 

Wandering Bi - migrating pain within the 
body's cavities. 

‘Waning - to grow smaller. 

Water Element - one of the Five Elements, per- 
taining to Kidneys and Bladder. 

Water Jing - energy that controls the genetic 
development phase of the fourth fetal month. 

Waxing - to grow larger. 

Wei Lu Guan (Coccyx Pass) - located on the 
lowest segment of the spine just posterior to 
the anus, near the Chang Qiang (GV-1) point. 

Wei Qi - the body’s external field of Defensive 
and Protective energy (divided into three 
fields of Qi). 

Wen Huo - pertaining to the gentle breathing 
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method of Respiratory Dao Yin training. 

White Blood Cell - any of a group of Blood cells 
that have no hemoglobin and migrate into tis- 
sues to fight infection and digest cell debris. 

Wind Bi - pain in the body created by toxic Wind 
invasion. 

Wind Stroke - Stroke caused by the buildup of 
Excess Liver Fire creating Internal Wind. This 
Internal Wind causes Qi and Blood to rebel 
upwards causing Phlegm to form and ob- 
struct the cavities and vessels, thus creating 
Penetrating Wind or Stroke. 

Windy Breathing Method - pertaining to the 
method of breathing through the nose. 

‘Wood Element - one of the Five Elements, per- 
taining to the Liver and Gall Bladder. 

‘Wood Jing - energy that controls the develop- 
ment phase of the direction of the fetus’s emo- 
tional and spiritual aspects during the seventh 
‘month of pregnancy. 

‘Wu Guan (Five Passes) - five important gates 
on the Governing Vessel located at the coc- 
cyx, Mingmen, Shendao, occiput, and Baihui 
areas where energy tends to stagnate. 

‘Wu Huo - pertaining to the vigorous breathing 
method of Respiratory Dao Yin training. 

‘Waji - pertaining to infinite space or the form- 
less Void. 

‘Wuji Posture -a quiet standing posture used in 
meditation to allow the practitioner to return 
toa state of tranquility. 

‘Wu Jing Shen (Five Essence Spirits) - the spiri- 
tual energy radiating from the core of the Five 
Yin Organs. Combined, these energies create 
the foundation of the body's Shen (Spirit). 

Wa Se Dai - pertaining to the five colors of vagi- 
nal discharge - white, yellow, red, green-blue, 
and dark brown or black. 

Wa Wei -a state of “no mind,” ie, no thoughts. 

‘Wu Zang - the Five Yin Organs. Wu translates 
to mean “five,” Zang translates to mean “to 
store or hold.” 
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Xie Qi (Evil Qi) - energy that causes disease or 
harmful effects to the body. 

Xin Xi (The Message) - knowledge stored 
within the Wuji or the Void. 

Xiphoid Process - the lowest part of the ster- 
num bone (sometimes referred toas the Doves 
Tail). 

Xue - Blood. 


Y 

Yang - the positive charged energetic polarity, 
opposite of its companion Yin, pertaining to 
man, hard, light, hot, etc. 

Yang Channels - the body’s Yang energetic riv- 
ers, consisting of the Governing Vessel, Belt 
Vessel, Yang Linking Vessels, Yang Heel Ves- 
sels, Large Intestine Channels, Triple Burner 
Channels, Small Intestine Channels, Stomach 
Channels, Gall Bladder Channels, and Blad- 
der Channels. 

Yang Fire - also called Emperor's Fire, energy 
of the Heart Fire, 

Yang (Fu) Organs - also known as Hollow Or- 
gans, that consist of the Gall Bladder, Small 
Intestine, Stomach, Large Intestine, Bladder. 
Also included is this category are the Triple 
Burners. 

Yang Shen Disturbances - an emotional Yang 
state of energetic dysfunction. 

‘Yang Ming (Yang Brightness) - indicates Yang 
Qi developing its final stage and then revert- 
ing into Yin. 

Yao - a solid or broken line which is representa- 
tive of either Yang or Yin energy, used in com- 
bination of three as Trigrams or six as 
Hexagrams. 

Yao Cycles - the progression of twelve 
hexagrams (six Yang and six Yin) flowing ina 
waxing and waning cycle. 

‘Ye (humor) - thick, turbid Body Fluids. 


Yellow Court - located in the center of the dia- 
phragm, just below the xiphoid process of the 
sternum. Its function is that of being the ac- 
cess point to releasing the body’ internal or- 
gan emotional memories. Its location is also 
attributed to the 3rd Chakra. 

Yi - the intention or thought (the cognitive 
mind). 

Yi Jing - Chinese “Book of Changes,” pertain- 
ing to the natural transitions of life. 

Yin - the negative charged energetic polarity, 
opposite of its companion Yang, pertaining to 
woman, soft, dark, cold, etc. 

Yin Channels - Yin energetic rivers, consisting 
of the Conception Vessel, Thrusting Vessel, 
Yin Linking Vessels, Yin Heel Vessels, Lung 
Channels, Pericardium Channels, Heart 
Channels, Spleen Channels, Liver Channels, 
and Kidney Channels. 

Yin (Zang) Organs - also known as the Solid 
Organs, that consist of the Liver, Heart, 
Spleen, Lungs and Kidneys. Also included in 
this category is the Pericardium. 

Yin Shen Disturbances - an emotional Yin state 
of energetic dysfunction. 

‘Yin Tang (Third Eye Point) - located in the cen- 
ter of the forehead, responsible for projecting 
the Spirit for psychic intuition and commu- 
nication. 

Ying Qi (Nutritive Qi) - the body's nourishing 
energy. 

Yu (Surplus) Vessels - secondary vessels that 
branch away from the energetic flow of the 
major Linking Vessels (at the chest and back), 


connecting the Linking Vessels energetic flow 
to the hands. 

‘Yuan Jing (Original Essence) - the Original Kid- 
ney or Prenatal Essence. 

Yuan Shen (Original Spirit) - the Original Pre- 
natal Spirit. 

Yuan Qi (Original Energy) - the Original Kid- 
ney or Prenatal Qi. 

‘Yun - the Yin method of dynamic postural Dao 
Yin training. 

Yu Zhen Guan (Occipital Pass) - the area lo- 
cated just inferior to the occipital bone where 
the brain originates, known asa specific point 
where Qi often stagnates. 

Zz 

‘Zang Organs - Yin or solid organs (Liver, Heart, 
Spleen, Lungs, Kidneys and Pericardium). 

Zang/Fu Organs - the body's Yin and Yang or- 
gans. 

Zhang Xiang Xue Shou - in Chinese medical 
science, the study of energetic physiology. 

Zhen Qi - see True Qi 

Zheng Qi - Righteous Qi, pathogenic fighting 
Energy. 

Zhi - the Will power, mental drive and deter- 
mination. 

Zhong Qi - Center Qi, Energy of the chest. 

Zhou Qi - Turbid Qi, Evil Qi, Impure Qi 

Zong Qi - Gathering Qi, and /or Respiratory Qi. 

Zygomatic Facial Regions - pertaining to the 
sides of the cheeks below the eyes. 
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FULL BODY TELEPORTATION SYSTEM. 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention is a system that teleports a human 
being through hyperspace from one location to another using 
1 pulsed gravitational wave traveling through hyperspace. 


BACKGROUND OF THE INVENTION 


[0002] ‘The basis for this invention is an event, referring to 
FIG, 1, occurring on May 2, 2004, in which the inventor 
Che") ‘personally experienced a full-body teleportation 
while walking 1 the bus stop (A) along a road (B) that runs. 
perpendicular to the nearby commercial airport runways 
‘where planes are landing. There is a wide iron grating (D) 
for water drainage that crosses the road at the center of the 
bus stop. The grating width is such that one has to make a 
‘concerted effort to jump across it in order to get from one 
side to the other, Approximately 50 meters from the iron 
grating, he (E) felt a vertical wave (F), similar to a flag 
waving in the breeze, traveling down the street toward the 
bus stop. The wave velocity was about | mefer per second, 
‘which was slightly faster than his walking speed. Inthe next 
instance, he (G) found himself down the street near the 
‘comer of the next block. Realizing that he had passed the bus 
stop, he turned around to see the iron grating approximately 
‘50 meters up the street in back ofhim, Because there was no, 
recollection of having jumped aeross the iron grating nor of 
having passed the bus stop’s yellow marker line, he realized 
that he had been teleported a distance of 100 meters whi 
moving along with the traveling wave. It was obvious that 
the wave was pulsed because the front edge overtook the 
inventor, moved with him momentarily, and then the back 
‘edge of wave left him as it moved on down the street. While 
‘contemplating this sequence of events, he then looked up 
and saw in a span ofa few seconds a twin-turboprop airplane 
(©) in the distance erossing above the road while making a 
shallow descent in order to land at the airport 


[0003] It took a nomber of days in order to understand this 
sequence of events, The explanation involves knowledge of 
‘a wide range of subjects such as gravitation physics, hyper- 
space physics, wormhole electromagnetic theory and experi- 
mentation, quantum physics, and the nature of the human 
‘energy field 

[0004] I¢ is obvious from the above scenario that the 
‘irplane momentarily crossing perpendicular to the road 
‘generates the aforementioned pulse. Because the airplane 
has an engine on each wing, there are two propellers which, 
conceivably are rotating out-of-phase with each other. That 
is, the blade of one propeller could be pointing up and the 
‘equivalent blade on the other engine could be pointing in a 
slightly different direction. Notice that the tip of the blade 
traces out a helix as the plane is landing. 


[0005] In gravitation physics, refering to FIG. 2, it is 
Known that two masses of mass m1 and m2 (A.B) attached 
by lever arms slightly offset by an angle 88 along the radial 
direction to the rotating shalt (C), will produce a gravit 

tional wave (D) traveling perpendicular to the shaft, The 
mass and wave are referred to as the souree and receptor 
respectively, Referring to aside view looking along the shaft 
FIG. 3, the product of the mass m times the angular 
acceleration a isa constant such that mLal is equal to m2a2. 
‘The distance between the masses is length L, which makes 
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an angle 6 with the horizontal axis. The difference in time of 
‘ravel fo the receptor gives rise to a difference in phase 50 
equal to the angular velocity w of the rotating shat times the 
length L times the eosine of the angle © 
ton cost) 

[0006] At the receptor, the amplitude ofthe wave is equal 
to the mass times the acceleration times the phase difference 
divided by the radius rto the receptor 


Even though the turboprop airplane engines have a high 
rotational speed and a large separation distance between 
‘asses, the gravitational wave which is produced is small 
and not noticed. The problem is that the gravitational 
‘constant G in this dimension has such a small value equal to 
the spoed of light ¢ squared divided by the linear mass Q of 
the universe 


[0007] On the other hand, a gravitational wave traveling in 
hhyperspace would be magnified enormously due to the face 
that the linear mass is 50 small. The magnitude of the 
‘travitational constant in hyperspace can be estimated in the 
following mannee. At the beginning of the 20th century, a 
man's parents were dying of tuberculosis. With their per- 
rission, he placed them and their beds on weighing scales. 
When each one passed away, each sale registered a drop in 
‘mass equal to 0.071 kilograms. This is the mass of the 
hyperspace energy being which resides inthe physical bod. 
Because hyperspace is co-dimensional with our dimension, 
the energy being interpenetrates the body and contols its 
movement 


[0008] Referring to FIG. 4, a human being has seven 
vortices (A through G) which are aligned along the center- 
line of the body. Each vortex is actually a co-gravitational 
field K which causes a pendulum placed in the field to spin 
in circles. For this reason, the K field has units of inverse 
seconds similar to an angular velocity. The vortex transports 
energy from our dimension to the energy being located in 
hyperspace. The gravitational field z and the co-gravita- 
tional field K are equivalent gravitationally 10 the electric E 
field and the magnetic B field found in electromagnetism, 
‘The equivalent gravitational solution to an electromagnet 

problem can be obiained by substituting the following 
‘gravitational constants for the electromagnetic constants 
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[0009] Referring to FIG. 5, each vortex is connected 
through the pineal gland by light cords toa separate hyper- 
space quantum well having its own frequency and dimen- 
sion, The reason for this separation is that the conical 
spiritual eye, attached to vortex B, has to have its own 
‘energy stricture which is different from vortex (A) which is 
‘connected to the quantum energy field in which the mental 
processes are developed. Due to the high speed of light in 
‘our dimension, the quantum wells are the size appropriate to 
molecules and atoms. In hyperspace, where the speed of 
light is one meter per second, the quantum wells are huge 
‘and can be manipulated. This manipulation has shown that 
the quantum wells are in the shape of a cube about a meter 
‘ona side, This makes the whole structure about seven meters 
tall for a volume of seven cubic meters, Thus the mass 
density p of hyperspace is about 


srt ks 
me Tae 


‘which per unit area is the same value, Therefore the hyper- 
space gravitational constant is equal to 


2.08 ye 


Be regina 


‘The enormous magnification of the gravitational constant is 
therefore of the order of 


Cae ae 
CaM * 


‘The question is how does this amplified gravitational wave 
created by the rotating propellers and turbines get into 
hyperspace from our dimension? 

[0010] The answer comes from experiments done using 
the ancient Chinese form of breathing known as Chi Kung. 
Using this breathing technique, we have been able to levitate 
the human body over six feet in the air. The internal 
temperature of the stomach is around 200 degrees Fakren- 
heit. By simultaneously squeezing the diaphragm to bring 
hot air up through the lungs, and breathing through the nose 
to bring cold air down, rotating vortices are generated in the 
Tung passages when these two air masses meet and twist 
‘around each other as depicted in the famous Yin-Yang 
diagram. Because the lung has variable diameter passages 
from the large diameter at the throat to the final small air 
sacs, there is a spectrum of rotating frequencies. 
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[0011} From quantum physics itis known that if there isa 
Temperature fluctuation occurring among a group of har- 
‘monic oscillators inthe environment, then Planck’s reduced 
constant 4 is inereased by the cotangent of the constant 
times the frequency © of the oscillator divided by twice 
Boltzmann's constant k times the temperature T 
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[0012] The effect of increasing Planck's constant, refer- 
‘ing to FIG. 6, can be seen in the tetrahedron diagram. This 
diagram, of which there are now over 4000, plots the natural 
logarithm of mass on the vertical axis versus the natural 
logarithm of wavelength on the horizontal axis, In terms of 
‘mathematics, it is a subspace logarithmic manifold which 
projects geometrically the physics constants into our 4D 
spacetime dimension. That is, it is the geometry of the 
tetrahedron circumscribed by the sphere that determines the 
‘mass of the proton and electron. The mass of the electron 
times its wavelength is equal to the mass of the proton times 

‘wavelength which in turn is equal to Planck's constant h 
divided by the speed of light © 


‘Taking the natural logarithm of the above equation shows 
that the mass plus the wavelength is equal to what is termed 
the base constant 


timo = 8} 85015 


which is represented in FIG. 6 by the 45 degree line (A) 
from point (a) on the horizontal axis t0 the vertical axis at 
point (b). The electron is located at point (¢) which is the 
intersection of the electron wavelength (B) with Tine (A). 
‘The electron wavelength (B) reflects off the sphere (D) at 
points (4) and (e) and retwms along line (C) as the electron 
‘mass. As shown in tetrahedron diagram tet056S, stored in 
the Library of Congress, the clockwise path of the electron 
transitions into the counter-clockwise path of the proton 
showing that the electron and proton are one and the same 
particle. Because the electron and proton travel in opposite 
directions along the path, they have the same charge but of 
‘opposite sign. 


[0013] Our dimension is represented by Planck box (E) 
which is bounded by the Planck mass and the Planck 
wavelength. The Planck mass is equal to the linear mass of 
the universe times the Planck length which is the bottom. 
limit of our dimension, The Planck wavelength is 27 times 
the Planck length. Notice that the electron is located within 
the Planck box. 


[0014] Referring to FIG. 7, if there is an increase in 
Planek’s constant due to the temperature fluctuations among 
the harmonic oscillators, the 45 degree base line (A) moves, 
to the left on the tetrahedron diagram as shown by line (). 


ter of Pacific Grove, California, as well as several 
other colleges, institutes and hospitals through- 
out North America. 


MARTIAL ARTS BACKGROUND 

Dr. Johnson is also internationally renowned 
as a Shifu (Master Instructor) of several Chinese 
Martial Arts Systems, having studied the martial 
arts for over 34 years 

In Shaolin, he has studied Praying Mantis, 
Hung Gar, Wing Chung, and Mi Zongquan 
Shaolin styles of fighting, weapons and Martial 
Qigong, and is a certified Master Instructor in Mi 
Zongquan Shaolin, teaching through the author- 
ity of the Mi Tsung-I Northern Shaolin Federa- 
tion of Taiwan. 

In Baguazhang he has studied several schools 
of fighting, including the Yin Fu, Cheng Ting-Hua, 
Liu De Kuan, Fu Zhen-Song, and the Chang Zhao- 
Dong Styles of combat, weapons and Martial 
Qigong. He is a certified Master Instructor in 
Chang Zhao-Dung Baguazhang, teaching through 
the authority of the Ching Yi Baguazhang Asso- 
ciation, the Hsiao Mien Hu Martial Arts Associa- 
tion, and The Canadian Martial Arts Society. 

In Taijiquan, Dr. Johnson has studied several 
schools of fighting, including the Yang Pan-Hou, 
Yang Chien-Hou, and Chen Fa Ke styles of com- 
bat, weapons and Martial Qigong. He is a certi- 
fied Master Instructor as well as a “Twentieth 
Generation Inner-Door Disciple” from Feng Zhi 
Qiang’s Chen Style Taijiquan, teaching through 
the authority of the Beijing Martial Arts Associa- 
tion and the Beijing Chen Style Taijiquan Asso- 
ciation of China. He is also a certified Master In- 
structor in the Yang Style Taijiquan, teaching 
through the authority of the Tai Chi Chuan Fed- 
eration of Taiwan. 

Excelling in “Empty Hand,” as well as “Weap- 
ons Fighting” from both the Shaolin and Wudang 
Martial Arts Systems, Dr. Johnson competed regu- 
larly in the tournament circuit and was titled: 1980 
Southbay National Champion, 1982 Tournament 
of Fighters Champion, 1982 Universal Tae Kwon 
Do/Tang Soo Do Invitational Grand Champion, 
1983 Colorado National Kung Fu Champion, 1983 


Tournament of Fighters Grand Champion, 1984 
Colorado National Kung Fu Champion, and the 
Tournament of Fighters Kung Fu Champion in 
1984, when he retired from competition. 

In addition to his own championships, many 
of Dr. Johnson’s students also went on to com- 
pete at the national level, bringing several cham- 
pionship titles to the school. Like their teacher, Dr. 
Johnson’s students excelled in free-form fighting, 
Taiji Push-hands and Chinese Gongfu forms, as 
well as weapon competitions. 

In 1986, the state of California issued Dr. 
Johnson teaching credentials, allowing him to 
teach adult education classes in Taijiquan and 
Baguazhang. Since then, he has been a council 
member of the International Baguazhang Re- 
search and Teachers Exchange, and served as a 
judging official and member of the Executive 
‘Committee of the U.S. Chinese Kuo Shu Federa- 
tion, as well as a coaching official, national certi- 
fier and council member of the Amateur Athletic 
Union (affiliated with the U.S. Olympics). Dr. 
Johnson also participated on the Board of Advi- 
sors for the United States of America Wushu-Kung 
Fu Federation, and is a member of the Interna- 
tional Congress of Oriental Medicine and Martial 
‘Arts, He was alsoa standing member of the North 
American Chinese Martial Arts Federation. 


Author and Publisher: 

Dr. Johnson was a contributing author, se- 
lected to write the Medical Chi Kung section, for 
the book The Complete Illustrated Guide to Chi Kung, 
a cooperative project between Element Books (UK) 
and author James MacRitchie. Dr. Johnson was 
also one of the selected contributing authors for 
the book Qigong-Essence of the Healing Dance, a 
cooperative project between P.B.S. and Documen- 
tary Producer / Director Garri Garripoli. 

Dr. Johnson has been interviewed many times 
on local radio programs, and has been featured in 
numerous local and international newspapers and 
magazines, including: Newsweek Magazine “The In- 
ternational Addition,” The World Medical Qigong 
Quarterly, Qi-The Journal of Traditional Eastern 
Health & Fitness, The Empty Vessel Magazine, Pent- 


house Magazine, Self Magazine, Billboard Magazine, 
The Mystical World of Chinese Martial Arts, Inside 
Kung Fu Magazine, Combat Karate Magazine, Inter- 
nal Arts Magazine, Black Belt Magazine, The Pa Kua 
Chang Journal, and Inside Karate's Master Series 
Magazine. 

‘Televised specials include: NBC News “Date- 
line,” CBS/Channel 46 “Eye on America,” featured 
in a documentary on Medical Qigong filmed for 
the “Discovery Channel,” featured in a documen- 
tary on Medical Qigong filmed for SBS “Qi-into 
the world of the unknown,” and K.P.B.S. “Man- 
aging Health and Productivity; New Approaches 
In Technology,” as well as The David Letterman 
Show. 

In 1988, Dr. Johnson created and published a 
six level “Pa Kua Chang Chi Kung Correspon- 
dence Course,” and in 1989, founded the “Pa Kua 
Chang News Letter,” which later became known 
as the “Pa Kua Chang Journal,” and was distrib- 
uted worldwide. Dr. Johnson has written and 
published five books on martial arts entitled: 

* The Secrets of the Eight Animals, 
+ The Masters Manual of Pa Kua Chang, 
* Classical Pa Kua Chang Fighting Systems and 

‘Weapons, 

© The Essence of Internal Martial Arts Volume 
1: Esoteric Fighting Techniques and Healing 
Methods, and 

* The Essence of Internal Martial Arts Volume 

2: Energy Theory and Cultivation. 

From 1984 to 1986, Dr. Johnson produced 
and directed six Baguazhang instructional vid- 
0s entitled: 

* The Eight Animal School of Pa Kua Chang, 
+ The Original Form of Pa Kua Chang 

© The Eight Circular Pa Kua Staff 

© The Bight Circular Pa Kua Broadsword 

* The Dragon School of Pa Kua Chang, and 
© The Fighting Techniques of Pa Kua Chang. 

In 1994 he was featured in two videos on 
Taijiquan, as well as one Qigong video narrated 
by actor John Saxon, entitled: 

Tai Chi-The Empowering Workout, 
‘* Power Tai Chi- Total Body Workout, and 
+ Chi Kung-The Healing Workout, 


He additionally created two Meditation CD/ 
cassette tapes with composer John Serr entitled: 

* Tai Chi Meditation - [1] Life Force Breathing, 
and 

* Tai Chi Meditation - [2] Eight Direction Per- 
ception. 

Dr Johnson’ latest project includes 10 Medi- 
cal Qigong videos which contain instructional in- 
formation and training from his current textbook 
Chinese Medical Qigong Therapy, A Comprehensive 
Clinical Text, entitled: 

© Gathering Energy from Heaven and Earth, 

+ Stationary and Dynamic Medical Qigong Pos- 
ture Training, 

* Treating Patients with Medical Qigong 
Therapy (Vol.1), 

* Treating Patients with Medical Qigong 
Therapy (Vol.2), 

* Medical Qigong Energy Techniques and Qi 
Emitting Methods, 

* Medical Qigong Invisible Needle Technique, 
Five Element Qigong Massage, and Energetic 
Point Therapy, 

‘* Medical Qigong Healing Sound Therapy and 
Prescriptions, 

© Treatment of Internal Organ Diseases with 
Medical Qigong, 

* Treatment of Cysts, Tumors, and Cancer with 
Medical Qigong Therapy, and 

* Soul Retrieval. 

Dr Johnson's books, video tapes, meditation 
C.D’s and cassette tapes have been translated into 
other languages and are currently being sold 
around the world. They have been featured in Pub- 
lishers Clearing House, Columbia House, Borders Book 
and Music Co,, The Book of the Month Club, T’ai Chi 
Magazine, Century Martial Arts, Qi-The Journal of 
Traditional Eastern Health & Fitness, The Complete 
Guide to Exercise Videos, the Double Day Book and 
‘Music Co, and Direct TV (both in the United States 
and Japan). 

For more information about the author, the 
reader can turn to his web page at: 

www.gigongmedicine.com 


ADDITIONAL BRANCHES OF THE INTERNATIONAL 
INSTITUTE OF MEDICAL QIGONG 


The following is a list of graduating students and instructors, as well as national and interna- 
tional directors of the International Institute of Medical Qigong. 


BRANCHES WITHIN THE UNITED 
STATES 


Jerry Alan Johnson, Ph.D,D.T.C.M., 
D.M.Q. (China) 

Director and founder of the International 
Institute of Medical Qigong 

(Main Branch) 

PO.Box 52144 

Pacific Grove, California 93950 USA 
Phone: (831) 646-9399 

Fax: (831) 646-0535 

E-Mail: drjerryalanjohnson@eatrhlink.net 
Web Page: www.qigongmedicine.com 


Seth Lefkowitz, D.C, D.M.Q. (China) 
Director of the International Institute of 
Medical Qigong 

(Gouth San Francisco Branch) 

351 South Baywood Avenue, 

San Jose, California 95128 USA 
Phone (408) 243-1565 

Fax: (408) 243-1568 

E-Mail: naturespath4me@yahoo.com 


Amold Tayam, D.M.Q. (China) 
Director of the International Institute of 
Medical Qigong, 

(Gan Jose/Silicon Valley Branch) 

c/o The Longevity Center 

PO. Box 26712 

San Jose, California 95159-6712 USA. 
Phone (408) 295-5911 

Fax: (408) 971-0136 

E-Mail: chi@longevity-center.com 
Web Page: wwwlongevity-center.com, 


Jean Ruth Vlamynck, L.Ac,, DiplAc,, 
M.L.CM,, M.Q.T. 

Director of the International Institute of 
Medical Qigong 

(Ganta Cruz Branch) 

257 B Center Ave. 

Aptos, California 95003 USA 

Phone: (831) 689-9093, 

Fax; (831) 689-9094 

ail: jeanhere@bigplanet.com 

Web Page: www.relaxationresources.com/ 
assoc/jeanv-html 


Dale M, Hopkins, M.QP. 
Director of the International Institute of 
Medical Qigong 

(Northern Santa Cruz Branch) 

24345 Loma Prieta Ave. 

Los Gatos, California 95033 

Phone: (408) 353-2566 


Wendy Lang, M.QP. 
Director of the International Institute of 
Medical Qigong 

(Marin County Branch) 

12 Skylark Dr. Apt 33 

Larkspur, California 94939 

Phone: (415) 924-7883 

E-Mail: wendylang@altavista.com 


Andy Balestracci, M.Q.P, and 

Linda MacElwee, M.Q.P. 

Director of the International Institute of 
Medical Qigong 

(Mendicino Branch) 

PO. Box 43 

Philo, California 95466 

Phone: (707) 895-9115 


Geoffery Greenspahn, M.Q.T. 
Director of the International Institute of 
Medical Qigong 

(Los Angeles Branch) 

Los Angeles, California 

Phone: 310-775-5022 

E-Mail: rumblej@hotmail.com 


Todd Gedryn, M.Q.T. 
Director of the International Institute of 
Medical Qigong 

(Gan Francisco Branch) 

c/o Qigong Institute of North America 
9 White Tail Lane 

Monterey, Ca 93940 USA 

Phone (408) 221-0628 

Fax: (831) 373-8149 

E-Mail: todd@qigonginstitute.net 

Web Page: www.qigonginstitute.net 


Matthew B. Weston, M.Q.T. 

Director of the International Institute of 
Medical Qigong 

(Big Sur Branch) 

c/o South Coast Qigong Center 

P.O. Box 223373 

Carmel, California 93922 USA 

Phone (831) 626-3347 

E-Mail: gigongr@mbay.net 


Ted Cibik, M.QP. 

Director of the International Institute of 
Medical Qigong 

(Pennsylvania Branch) 

¢/o Inner Strength Inc. 

RD. #4 Box 64 

Leechburg, Pa 15656 USA 

Phone (724) 274-0586 

Fax: (724) 845-7739 

E-Mail: ted@inner-strength.com 
Web Page: www.inner-strength.com 


Judith “Lacy” Storey, L.Ac. 

Director of the International Institute of 
Medical Qigong 

(Colorado Branch) 

Breckenridge, Colorado USA 

Phone (303) 274-0586 

E-Mail: dakini@colorado.net 


Ellie Christianson, L.L.C,, M.QP. 
Director of the International Institute of 
Medical Qigong 

(Arizona Branch) 

481 West Greys Road 

Tuson Arizona 85718 

E-Mail: ellie@MIOBI.com 


Donald Mead, MQP. 
Director of the International Institute of 
Medical Qigong 

(Georgia Branch) 

1008 Courtenay Drive NE 

Atlanta, Georgia 30306-3330 

Phone: (404) 873-6557 

E-Mail: dmm10@mindspring.com 


Connie Comer, M.QP. 

Director of the International Institute of 
Medical Qigong 

(Oregon Branch) 

1427 NW. 23rd Ave. 

Portland, Oregon 97210 

Phone: (503) 226-6822 

E-Mail: conniecomer@hotmail.com 


Cynthia McMullen, CM.T, MQP. 
Director of the International Institute of 
Medical Qigong 

(Alaska Branch) 

3713 E. 19th Ave. 

Anchorage, Alaska 99508 

Phone: (907) 279-0135 

E-Mail: touchoftaoCM@netscape.net 


Robert C. Bawol, MQP. 
Director of the International Institute of 
Medical Qigong, 

(New Mexico Branch) 

1145 N. Alameda 

Las Cruces, New Mexico 88005 
Phone: (505) 647-8827 

E-Mail: arrow@HTG.net 


Shirley Norway 

Director of the International Institute of 
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P.O. Box 1349 
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Director of the International Institute of 
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Director of the International Institute of 
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God could not be everywhere all the time, 
so, He created Mothers 


This book is in the memory of my mother 
Late Mrs Devaki Krishna Bhat 
who continues to inspire and guide me 
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Because of the increase in the base constant, there is a 
‘corresponding increase in the electron mass and wavelength. 
‘The electron moves from point (c) to point (f) which places 
it at the edge of the Planck box (F) which is the boundary 
between space and hyperspace. At point (1), the electron is 
‘essentially no longer in our dimension. 


[0015] Referring to FIG. 8, imagine a box (A) filled with 
nine electron oscillators (B). If Planck's constant is 
increased near the three oscillators in the middle, these 
electrons will leave this dimension. This leaves six oscilla- 
tors as shown in the box (C). However, box (O) is the 
‘equivalent of box (D) in which there are still nine positive 
mass oscillators together with 3 negative mass oscillaiors 
‘Thus there is an accumulation of negative energy (~) when 
information is lost from the environment to another dimen- 


[0016] Dr. Kip Thome, who co-authored the book Gravi- 
‘ation with Dr. Archibald Wheeler of Princeton University, 
has shown in a General Relativity spacetime curvature 
celeulation that negative energy’ is required 10 open and 
stabilize the throat of a wormhole between space and 
hyperspace. The accumulation of negative energy in the 
aforementioned example generates wormholes between into 
hyperspace. Hyperspace has a low enengy density because of 
the reduced speed of fight in that dimension. Ondinarily, 
‘energy would not fow from hyperspace to space because 
space has higher potential than the potential of hyperspace. 
“This, of course, is the reason that the body vortices ean flow 
‘energy into the energy field of the human being who is 
located in hyperspace. By creating negative enerey, the 
potential becomes reversed such that low density hyperspace 
‘energy flows into our dimension as seen by the positive head 


‘The low-density energy fills the body which allows a human 
being to float upwards like a helium balloon as verified by 
Chi Kung breathing as well as spinning on a motorized 
platform known as the Chakra Vortex Accelerator. The latter 
device resulted in the first mechanical means fo produce 
anti-gravity 


[0017] ‘The process of creating spinning thermal fiuctua- 
tions is the same as found in the hot air vortices created by 
the jet airplanes landing at the airport near the road where 
the full-body teleportation occurred. Large vortices are 
created over the wing of the airplane at the same time that 
the turbine engines are spinning hot vortices into relatively 
‘cold air. These conditions produce wormholes between 
space and hyperspace. It takes a twin turboprop airplane 
Janding behind the jet to generate the gravitational wave in 
the region where the wormholes have formed. The gravita- 
tional wave then traverses the wormboles into hyperspace, 
becoming highly amplified due to the change in linear mass 
‘and speed of light. Because the propeller blades are co-linear 
‘with the road, the gravitational wave travels in the direction 
‘along the road where it was encountered by the inventor. 


[0018] From experiments with cavitating bubbles (see 
patent application Cavitating Oil Hyperspace Energy Gen- 
‘erator, it was found that itis possible to produce a Worm- 
hole ifthe surfaces of the bubble collapse asymmetrically. A 
symmetric collapse of a spherical bubble produces enor- 
mous spacetime curvature distortions, An asymmetric col- 
lapse, using a magnetic field to distort the collapse, pro- 
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duces, in addition to the same severe spacetime distortions, 
negative energy as the bubble collapses. Due to some 
General Relativity considerations, the wormhole that is 
‘created starts rotating in a manner similar to the beacon light 
produced by a lighthouse. 


[0019] Referring to FIG. 9 due to the forward helical 
‘motion (A) of the propellers (B) as the airplane crosses the 
road, the pulsed gravitational wave (C) is skewed backward 
at an angle (D). Due to the wormboles created by the 
presence of thermal vorticity fluctuations generated by the 
‘wing and turbines of the airplane, this skewed wave moves 
into hyperspace where itis highly magnified and detected by 
the inventor. 


[0020] Referring to top view FIG. 10, the gravitational 
‘wave (A) causes a skewed compression and expansion of the 
hyperspace quantum wells (B) which constitute the human 
energy being. Due to this asymmetric distortion in the 
xy-plane, the quantum wells take the physical body out of 
dimension as long as the wave pulse is traveling with the 
Jhuman energy field. Once the back edge of the gravitational 
wave moves on past the quantum wells, the body is then 
Drought back into dimension, 


SUMMARY OF THE INVENTION 


[0021] Ibis the object ofthis invention to teleport a human 
being from one location to another by creating a pulsed 
‘gnvvitational wave traveling through hyperspace that asym 
‘metrically compresses and expands the quantum wells of the 
‘human energy being. This spacetime curvature distortion of 
the hyperspace quantum wells pulls the physical body out of 
dimension such that the human being is teleported along 
‘with the wave. As the pulsed wave moves on past the 
«quantum wells, the human is brought back into dimension at 
some distant location, The invention requires (1) a device 
that will generate a wormhole between space and hyper- 
space, and (2) a device that will generate a gravitational 
‘wave which can be inserted through the wormhole. 


[0022] Referring to FIG. 11, a magnetic vortex wormhole 
‘generator has already been developed which generates a 
‘wormhole between space and hyperspace as deseribed in a 
previous patent application entitled Magnetic Vortex Worm- 
hhole Generator. Using this generator, it was found that 
smoke blown through one side of the eoil does not appear on 
the other side of cylindrical evil. The smoke flows through 
the wormhole and appears in a hyperspace co-dimension. It 
‘was this experiment that resulted in making first contact with 
the androids of the Grey aliens who told me, in a remote 
‘viewing session, that “We saw you blowing smoke into 
hyperspace.” 

[0023] The wormhole generator consists of two concentric 
cylindrical coils (A.B), one of larger radins than the other, 
‘made of thin transformer iron laminate wrapped in opposite 
directions with one continuous wire driven by a sinusoidal 
current. The solenoidal coil generates a magnetic field 
‘through the laminate. Because the electrical current flows in 
‘opposite directions at different radii through the two wind 
ings, bucking electric fields (C) are created along the cen- 
terline ofthe generator. These raially-offset magnetic fields 
and bucking electric fields, as shown by a calculation using 
Einstein's General Theory of Relativity, generate both an 
‘enormous spiking spacetime curvature and negative energy 


A true surgeon is never fearless; he fears for his patients, he fears for his shortcomings, his own mistakes, but never fears for 
himselfor his professional reputation. 
—SamuleJ Mixter 


The manual is written for the students in this firing line for their MBBS degree. Common conditions seen on a day-to-day 
basis have been dealt with a little more detail. The uncommon and rare conditions have been dealt briefly. The mode 
of clinical presentation and the physical signs are mentioned vividly so as to register in the mind of the reader. There 
is a brief mention of necessary investigations in each of the surgical conditions. The accepted mode of recent advances 
in investigation and treatment has been included. This manual is meant for Final MBBS degree examination and not a 
consolidated textbook. Certain chapters are included at the end of the book for the more enthusiastic students and for 
those interested in participating in quiz programmes. 

The clinical photographs are of very good quality, which are self-explanatory of the conditions. The clinching physical 
signs have been highlighted in box forms with different shades of colour. This mode of presentation emphasises the 
point to be conveyed to the students which they can recollect when required either while arriving at a diagnosis in their 
examination or while in practice after obtaining the degree. This book gives a good foundation in surgery for those who 
wish to pursue surgery as a career. 

What does the surgeon ought to be? 

The conditions necessary for the surgeon are four—first, he should be learned; second, he should be an expert; third, he 
must be ingenious; and the fourth, he should be able to adapt himself. 

Foremost, itis required that the surgeon should know not only the principles of surgery, but also those of medicine 
in theory and practice; second, he should have seen others operate; third, he should be ingenious, of good judgement 
and memory to recognise conditions; and the fourth, he should be adaptable and able to accommodate himself to 
circumstances. 


Let the surgeon be bold in all sure things, and fearful in dangerous things, let him avoid all faulty treatments and practices. He 
ought to be gracious to the sick, considerate to his associates, cautious in his prognostications. Let him be modest, dignified, 
‘gentle, pitiful, merciful, neither covetous nor an extortionist of money; but rather let his reward be according to his work, to the 
‘means of the patient, to the quality of the issue, and to his own dignity. 

—Ars Cl 


| thank Sriram Bhat M for giving me this privilege of writing a foreword to his excellent manual 


Prakash Rao ms 

Retd. Professor of Surgery 
Kasturba Medical College 
Mangalore, Kamataka,India 


Itis my pleasure to release the fourth edition in four years after the release of third edition of SRB’s Manual of Surgery. Earlier 
editions were well-accepted by undergraduates and postgraduates. felt that | should bring out the fourth edition in the 
intention of making it much more updated with texts and illustrations. | have done extensive corrections in this edition. 
| added many new topics, text details, and additional topics in different chapters. Morbid obesity, gastrointestinal fistulas, 
and surgical audit are the newer topics added. Malignancies have been discussed in much more detail with new concept 
of staging and with present oncological trends. Mistakes are corrected and insufficient topics are upgraded. | have referred 
many books, journals and taken the help of my colleagues in surgery and other departments. | have retained all chapters 
with some rearrangements of few chapters and topics. Self-assessment questions at the end of each chapter are removed 
which allowed me to add much more text material in the same space. 

| sincerely express my thanks to everybody who have helped me to bring out this edition, and also to the publishers who 
are the backbone of this upgraded edition. hope this new book will be well-accepted by the teachers, undergraduates and 
postgraduates of surgery department. I sincerely welcome all criticisms. 


Sriram Bhat M 


This book is born out ofa desire to provide a complete, authoritative, current textbook on Surgery. For the past fifteen years 
of my teaching profession, watching students hurriedly jotting down notes during classes, an urge was born within me to 
put my thoughts in print. am fortunate to have been guided by my teachers and supported by my students towards this 
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General Surgery 


‘A. Wounds and Wound Healing 
Wounds 1; Classification of Wounds 1; Wound Healing 5; Compartment Syndrome 8; Crush Injury 9; Crush 
Syndrome 10; Degloving Injuries 10; Keloid 11; Hypertrophic Scar 12; Problems with Wound Healing 13 


B. Ulcer 
Ulcer 14; Granulation Tissue 17; Investigations for an Ulcer 19; Traumatic Ulcer 20; Trophic Ulcer (Pressure Sore/ 
Decubitus Ulcer) 21; Ulcer due to Chilblains 23; Ulcer due to Frostbite 23; Martorell' Ulcer 23; Arterial/Ischaemic 
Ulcer 23; Bairnsdale Ulcer 23; Carcinomatous Ulcer (Epithelioma, Squamous Cell Carcinoma) 24; Marjolin's 
Ulcer 24; Rodent Ulcer 24; Melanotic Ulcer 24; Diabetic Ulcer 25; Meleney’s Ulcer (Postoperative Synergistic 
Gangrene) 26; Lupus Vulgaris (Lupus —Wolf) 26; Tuberculous Ulcer 27; Bazin’s Disease (Erythrocyanosis Frigida/ 

Erythema Induratum) 27; Tropical Ulcer 27; Venous Ulcer (Gravitational Ulcer) 28; Syphilitc Ulcer 28; Soft Chancre/ 

Soft Sore/ Ducrey's Ulcer/Chancroid/Bubo 28; Climatic Bubo/Tropical Bubo 29; Clinical Examination ofan Ulcer 29 


¢. Sinus and Fistula 
Sinus 30; Fistula 30; Median Mental Sinus 33; Sequestrum 34; Preauricular Sinus 35 


D. Infectious Diseases 

Surgical infection 36; Cellulitis 37; Erysipelas 38; Erysipeloid Disease 39; Lymphangitis 39; Abscess 40; 
Bacteraemia 45; Septicaemia 45; Pyaemia 45; Metastatic and Pyaemic Abscess 46; Boil Furuncle) 46; Hidrad- 
enitis Suppurativa 46; Carbuncle 47; Pott's Puffy Tumour 48; Pyogenic Granuloma (Granuloma Pyogenicum) 49; 
Impetiga 49; Scrum Pox 49; Tetanus 49; Gas Gangrene 52; Tuberculosis 54; Leprosy 55; Syphilis (Great Pox) 
(French Disease) 56; Actinomycosis 56; Madura Foot (Mycetoma Pedis) 57; Rabies (Hydrophobia) 58; Rabies 
in Dogs 60; Anthrax 61; Nosocomial and Opportunistic Infections 61; HIV Infection and AIDS (Acquired 
Immunodeficiency Syndrome) 62; Necrotising Fascitis 65; Acute Pyomyositis 67; Surgical Site Infection (SSI) 67 


E, Swellings 
Lipoma 71; Cysts 74; Dermoids 75; Sebaceous Cyst (Wen, Epidermoid Cyst) 79; Glomus Tumour 82; Papilloma 83; 
Warts 84; Fibroma 84; Bursae 85; Semimembranosus Bursa 86; Morrant Baker's Cyst 87; Lymph Cyst (Lymphatic 

‘89; Neuroma 89; Neurofibroma 90; Neurilemmoma (Schwan- 

noma) 92; Ganglion 93; Chordoma 93; Epignathus 93 


Electrolyte and Nutrition 
Normal Physiology 95; Water Loss (Volume Loss) 95; Water Excess (ECF Volume Excess) 95; ECF Loss 96; 
ECF Excess 96; Hyponatraemia 96; Hypernatraemia 97; Hypokalaemia 97; Hyperkalaemia 98; Hypermagne- 
‘saemia 98; Hypomagnesaemia 98; Acid-BaseBalance 98; Metabolic Alkalosis 99; Respiratory Alkalosis 99; Metabolic 
Acidosis 98; Respiratory Acidosis 100; AnionGap 100; FluidTherapy 100; Nutrition 101; Gastrostomy 103; Jejunos- 
‘tomy 104; TotalParenteral Nutrition (TPN) 104; Refeeding Syndrome 106; Obesityand Morbid Obesity 106; Different 
Surgeries 107 


G. Shock 
Shock 111; Stages of Shock 112; Effects of Shock 112; Clinical Features of Shock 115; Investigations 
Shock 115; Central Venous Pressure (CVP) 116; Pulmonary Capillary Wedge Pressure (PCWP) 116; Systemic 
Inflammatory Response Syndrome (SIRS) 117; Multiple Organ Dysfunction Syndrome (MODS) 117; Oxygen 
‘Therapy 118; TopicalO,-Therapy 118; Cardiac Arrest 118 


H. Haemorthage and Blood Transfusion 
Haemorthage 121; Blood Transfusion 124; Blood Substitutes 126; Massive Blood Transfusion 126; Autologous 
Blood Transfusion 127; Artificial Blood 127; Erythropoietin 127; Tourniquets 127; Disseminated Intravascular 
Coagulation (DIC) 128; Mechanism of Blood Coagulation (Haemostasis) 129 


1. Burns 
Burns 130; Management of Burns 134; Eschar 136; Contracture in Burn Wound 137; Electrical Burns 139; 
Inhalation Injury 141; Chemical Burns 141 
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‘at small radius along the centerline where the wormhole is 
ormed. The gravitational wave generator is then coupled to 
this wormhole generator. 


[0024] Referring to FIG. 12, itis known from gravitation 
physics that injecting an electromagnetic wave (A) into a 
hollow toroidal waveguide (B) produces a hyperbolic space- 
time curvature stress (C) in the plane ofthe waveguide. The 
tips of the arrows indicate compression and the tail of the 
arrows indicate expansion or stretching of spacetime. The 
reason for this spacetime curvature is because the waveguide 
oroes the electromagnetic wave to curve around and travel 
in a circle. Spacetime has to compensate for this toroidal- 
senerated stress by creating hyperbolic lines of stress in the 
inner plane of the toroid so that the overall spacetime 
‘curvature is zero. For @ greater gravitational effect, three 
toroidal waveguides, phased 120 degrees apart, are used to 
seal off the curvature. 


[0025] Referring to FIG. 13, the three torwids create a 
rotating, twisting, vertical propagating gravitational field 
(A) through the centerline of the toroids provided that the 
period of the electromagnetic wave is twice the period of the 
gravitational wave, This phase relationship is adjusted by 
selecting the correct radius for the frequency of the mono- 
chromatic wave. 


[0026] In onder to effectively use this gravitational wave, 
referring to FIG. 14, three phased toroidal waveguides 
(A.B) are mounted atthe top ofeach of two identical square 
granite obeisks (C.D). The two obelisks are ollset by ashort 
distance between thom. As the vertical gravitational wave 
rotates around along the vertical axis inside the obelisk, the 
‘edges of the square obelisks are compressed and expanded 
such as to ereate two cylindrical asymmetric gravitational 
‘waves traveling radially outward 


[0027] Referring to FIG. 15, these waves meet to form a 
plane gravitational wave (A) which travels down the cen- 
terline between the two obelisks. 


[0028] Referring to FIG. 16, the full body teleportation 
system consists ofthe twin granite obelisks (A,B) on which, 
‘re mounted near the top of each the toroidal waveguides 
(C.D) which produce the pulsed gravitational waves (F,P) 
that nun the length of the obelisks. Because the gravitational 
‘wave is rotating inside the obelisk, the granite stone under- 
‘goes a very small asymmetrical compression and expansion 
cylindrical gravitational wave propagates out from each 
‘obelisk such that along the centerline between the two there 
js generated a plane gravitational wave. This wave enters the 
womnhole (H) created by the magnetic vortex generator 
which is located a short distance from and parallel to the 
obelisks. The wave is amplified by a factor of almost 10 '* 
‘when it enters the hyperspace co-dlimension, 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] FIG. 1. Perspective view of site where full-body 
teleportation occurred. 


[0030] FIG. 2. Perspective view of gravitational wave 
generator. 


[0031] FIG. 3. Planar view of gravit 
tor 


tional wave genera 


[0032] FIG. 4. Perspective view of seven vortices of 
human energy being. 
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[0033] FIG. 5, Perspective view of seven large quantum 
‘wells of human energy being, 


[0034] FIG. 6. Tetrahedron diagram showing Planck's 
‘constant and electron, 


[0035] FIG. 7. Tetrahedron diagram showing electron 
‘moving out of dimension, 


[0036] FIG. 8. Perspective view showing production of 
negative energy. 

[0037] FIG. 9, Perspective view of skewed gravitational 
‘wave produced by propellers. 


[0038] FIG. 10, Planar view of skewed quantum wells 
deformed by gravitational wave 


[0039] FIG. 11. Perspective view of magnetic vortex 
‘wormhole generator, 


[0040] FIG. 12. Perspective view of hyperbolic lines of 
stress generated by toroidal waveguide. 

[0041] FIG. 13. Perspective view of rotating, twisting, 
propagating gravitational wave generated by toroidal 
waveguides, 


[0042] FIG. 14. Perspective view of toroidal waveguides 
attached 10 obelisks. 


[0043] FIG. 15. Perspective view of gravitational wave 
‘generated by obelisk 


[0044] FIG. 16. Perspective view of magnetic vortex 
‘wormhole generator and obelisk gravitational wave genera 
tor. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0045] 1. The obelisks are quarried out of granite stone 
and cut with a large-diameter diamond saw that is used in 
highway construction. The beveled piece at the top is cut 
separately and cemented in place, A tapered aluminum 
bracket holds the toroids in place. 


[0046] 2. The electronics for the magnetic vortex genera- 
tor are similar to that used in the patent application 
Magnetic Vortex. Wormhole Generator. 


[0047] _3. The electronics for the toroidal waveguides isthe 
familiar stub and coaxial cable driven by an amplifier and 
pulsed variable-frequency generator. 


1 claim: 
1. A full body teleportation system consisting of 


generating a pulsed gravitational wave which propagates 
‘through a magnetic vortex wormbole generator; and 


‘generating a wormhole with the magnetic vortex genera- 
tor whereby the pulsed gravitational wave traverses 
through the wormhole and enters into hyperspace 
where the wave is enormously magnified due to the 
lower speed of light in that dimension. 

2. The method of claim 1, wherein the step of generating 
the pulsed gravitational wave comprises: 


using two granite stone obelisk: 
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Trauma 
Triage 143; Spinal Injury 145; Neck Injuries 146; Bullet Injuries 146; Blast Injuries 147; Penetrating Inju- 
ries 148; Abdominal Trauma 148; BluntTraumaof Abdomen 150; Duodenal injury 152; Pancreaticlnjury 153; Small 
Bowel Injury 153; Colonic Injury 154; Liver Injury 154; Splenic injury 154; Renal Injury 154; Urinary Bladder 
Injury 154; Abdominal Compartment Syndrome 154; Seatbelt Injuries 155 


Hand and Foot 
Hand 156; Hand Infections 157; Acute Paronychia 160; Chronic Paronychia 161; Apical Subungual Infec- 
tion 161; Terminal Pulp Space Infection (Felon) 161; Infection of Web Spaces 162; Deep Palmar Space 
Infection 162; Space of Parona Infection 164; Acute Suppurative Tenasynovitis 164; Compound Palmar 
Ganglion 165; Orf 166; Milker's Nodes 166; Hand Injuries 166; DupuytrensContracture 168; Volkmann's Ischaemic 
Contracture 168; Syndactyly 169; Mallet Finger (Base Ball Finger) 170; Heberden’s Nodes 170; Spina Ventosa 170; 
Foot 170; Callosity 170; Corn 171; Plantar Fascitis (Policeman's Heel) 172; Ingrowing Toe Nail 172; Onychogryph- 
sis 172; Onychomycosis 172; Athlete's Foot 172; Hallux Valgus 173 


Arterial Diseases 
Surgical Anatomy of Thoracic Outlet 174; Arteries of Upper Limb 175; Arteries of Lower Limb 175; Arterial 
Diseases 175; Intermittent Claudication 175; Rest Pain 176; Limb Ischaemia 176; Pregangrene 177; Gangrene 
177; Different Levels of Arterial Obstruction 178; Other Features of Poor Circulation 178; Investigations for Arterial 
Diseases 179; Diseases of the Arteries 182; Atherosclerosis 182; Thromboangiitis Obliterans (TAO) Syn. Buerger’s 
Disease 184; Takayasu's Pulseless Arteritis 188; Raynaud's Phenomenon 188; Temporal Arteritis 190; Treatment 
of Arterial Diseases 190; Subclavian Steal Syndrome 196; Acute Arterial Occlusion 196; Traumatic Acute Arterial 
Occlusion 197; Embolism 197; Reperfusion Injury 199; Saddle Embolus 200; Embolectomy 200; Fat Embo- 
lism 201; AirEmbolism 207; Therapeutic Embolisation 201; Caisson’s Disease or Decompression Disease 202; Aneu- 
rysm 202; Mycotic Aneurysm 203; Abdominal Aneurysm 203; Abdominal Aortic Aneurysm 204; Peripheral 
Aneurysm 208; Carotid Artery Aneurysm (Extracranial) 209; Dissecting Aneurysm 209; Erythromelalgia/ 
Erythralgia 210; Livedo Reticularis 210; Polyarteritis Nodosa 210; Scleroderma/Systemic Sclerosis 211; Acro- 
cyanosis (Crurum Puellarum Frigidum) 211; Gangrene 211; Diabetic Foot and Diabetic Gangrene 213; Trophic 
Ulcer 214; Bedsores (Decubitus Ulcer) (Pressure Sores) 214; Frostbite 215; Ainhum 215; Endovascular 
Surgeries 215; UpperLimb ischaemia 216; Arterial Substitutes 220 


|. Vascular Lesions and Hamartoma 


Vascular Anomalies 221; Haemangioma 221; Vascular Malformations 225; Cirsoid Aneurysm 225; Arteriovenous 
Fistula (AVF) 225; Campbell de Morgan Spots 229; Parry-Romberg Disease 229; Hamartomata 229 


|. Venous Diseases 


Anatomy of Veins of Lower Limb 230; Physiology of Venous Blood Flow in Lower Limb 231; Deep Vein 
Thrombosis (DVT) 231; Varicose Veins 235; Venous Ulcer (Gravitational Ulcer) 249; Compression Therapy for 
Varicose Veins 251; Thrombophlebitis 251; Klippel-Trenauny Syndrome 252; Anticoagulants 252; Heparin 252; 
Low Molecular Weight Heparin (LMWH) 252; Oral Anticoagulants 253; Warfarin 253; Direct Thrombin 
Inhibitors 253; Antiplatelet Drugs 253; Pulmonary Embolism 254 


|. Lymphatics 


Surgical Anatomy 255; Lymphangiography 257; Isotope Lymphoscintigraphy 257; Lymphoe- 
dema 257; Lymphomas 264; Hodgkin's lymphoma (HL) 265; Non-Hodgkin's Lymphoma NHL) 269; Malt Lymphoma 
(Maltoma) 270; Burkitt's Lymphoma (Malignant Lymphoma of Africa) 270; Cutaneous TCelllymphoma 270; Chylous 
Ascites 271; Chylothorax 271; Chyluria 271; Sarcoidosis 272 


Peripheral Nerves 
Peripheral Nerve Injuries 273; Tinel’s Sign 275; Brachial Plexus Injuries 275; Causalgia 275; Median Nerve 
Injury 276; Carpal Tunnel Syndrome 276; Ulnar Nerve Injury 278; Claw Hand 278; Radial Nerve Injury 279; 
Common Peroneal Nerve Injury 280; Foot Drop 280; Medial Popliteal Nerve Injury 281; Axillary Nerve Injury 281; 
Long Thoracic Nerve Injury (Nerve of Bell) 281; Meralgia Paraesthetica 281 


Neoplasm 
Definition 282; Dysplasia 283; Carcinoma In Situ 284; Aetiologic Factors 284; Spread of Malignant 
‘Tumours 284; Grading ofTumour 285; Staging ofthe Tumour 285; Paraneoplastic Syndromes 286; Investigations 
for Neoplasm 286; Management Strategy for Cancers 291 


Skin Tumours 
Anatomy 293; Classification of Skin Tumours 293; Skin Adnexal Tumours 294; Dermatofibroma (Sclerosing Angioma 
cr Subepithelial Benign Nodular Fibrosis) 296; Dermatofibrosarcoma Protuberans 296; Keratoacanthoma (Molluscum. 
Sebaceum) 296; Rhinophyma (Potato Nose) (Bottle Nose) 297; Seborthoeic Keratosis (Seborthoeic Wart, Basal 
Cell Papilloma) 298; Squamous Cell Carcinoma (Epithelioma) (Khangri Cancer) (Chimney Cancer) 299; Marjolin’s 
Ulcer 302; Basal Cell Carcinoma (Radent Ulcer) 303; Turban Tumour 306; Naevi 306; Melanoma 308 
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273 


282 


293 


S, Sarcomas 318 
Sarcoma 318; Liposarcoma 325; Fibrosarcoma 326; Malignant Fibrous Histiocytoma (MFH) 326; Leiomyo- 
sarcoma 327; Rhabdomyosarcoma 327; Chandrosarcoma 327; Haemangiosarcoma 328; Lymphangiosar- 
coma 328; Synovial Sarcoma 328; Malignant Peripheral Nerve Sheath Tumour (MPNST) 328; Kaposis Sarcoma 328 


T. Amputations 330 
Amputation 330; Complications of Amputations 337; Prosthesis 339 


U, Reconstruction 340 
Graft 340; Skin Grafts 340; Flaps 344; Tendon 351; Tendon Repair 351; Tendon Transfer 352; Tendon Graft 352 


V. Transplantation 353 
Preoperative Evaluation 353; Organ Procurement 354; Renal Transplantation 354; Immunosuppressive 
Agents 355; Liver Transplantation 357; Bone Marrow Transplantation 359; Pancreatic Transplantation 359; Small 
Bowel Transplantation 359; Dialysis 359; Cimino Fistula (Cimino-Brescia) 360 


W. Stings and Bites 362 
Snake Bite 362; Spider Bite 362; Bee Bite 363; Mammalian Bite 363 

x. Pi 364 
Gate Control Theory 364 

Faciomaxillary Diseases 367 


DiseasesofthePalate 367; Orthopantomogram(OPG) 367; CleftLipandCleftPalate 368; Maxillofacialinjuries 372; Primary 
Care (Early Care) in Maxillofacial Injuries 374; Fracture Middle Third Area 375; ZygomaticComplexFracture 376; Fracture 
ofthe Mandible 378; Dislocation of the Mandible 380; Preauricular Sinus 380; Jaw Tumours 381; Epulis(Greek—Means 
UponGum) 382; Ameloblastoma Adamantinoma,Eve'sDisease,Multilocular CysticDisease ofthe Jaw) 383; Dentigerous Cyst 
(Follicular Odontome) 384; Dental Cyst (Radicular Cyst, Periapical Cyst) 385; Osteomyelitis of Jaw 385; Alveolar 
Abscess (Dental Abscess) 386; Fibrous Dysplasia of Bone/Jaw 386; Cherubism (Cherub—Angelic Being) 388 


Oral Cavity 389 
Ranula 389; Sublingual Dermoids 390; Stomatitis 390; Cancrum Oris (Noma) 391; Syphilitic Lesions of Oral Cavity 392; 
Leukoplakia 392; Erythroplakia 393; Oral Submucosal Fibrosis 393; Premalignant Conditions of Oral Cavity 394; 

Oral and Upper Aerodigestive Cancers 394; Cheek 396; Carcinoma Cheek/Buccal Mucosa 396; Lip 408; Neoplasm of 

Lip 410; Carcinoma Lip 410; Tongue 414; Tongue Ulcers 415; Benign Tumours of Tongue 416; Tongue Fissure 416; 
Glossitis 416; Tongue Tie 417; Carcinoma Tongue 417; Carcinoma of Posterior One-Third/Base of the Tongue 422; 
Nasopharyngeal Carcinoma 423; Maxillary Tumours 424; Malignant Tumours of Tonsil 426; Carcinoma Hard 
Palate 427; Laryngeal Tumours 427; Malignant Tumours of Larynx 427; Trismus 430 


Salivary Glands 431 


Anatomy 431; Saliva 434; Sialography 434; Salivary Calculusand Sialadenitis 435; Sialosis 437; Sialectasis 437; Recur- 
rent Childhood Parotitis 438; Parotid Abscess (Suppurative Parotitis) 438; Parotid Fistula 438; Sjégren’sSyndrome 439; 
Mikulicz Disease 440; Salivary Neoplasms 440; Pleamorphic Adenoma (Mixed Salivary Tumour) 441; Adenolym- 
phoma (Warthin's Turnour, Papillary Cystadenolymphomatosum) 444; Oncocytoma (Oxyphil Adenoma) 445; Basal Cell 
‘Adenoma 445; Mucoepidermoid Tumour 445; Adenoid Cystic Carcinama (10% of Salivary Tumours) 446; Acinic Cell 
Tumour 446; Malignant Mixed Tumour (MMT) 446; Adenocarcinoma of Salivary Glands 446; Squamous Cell Carcinoma 
of Salivary Glands 447; Submandibular Salivary Gland Tumours 447; Management of Malignant Salivary Tumours 447; 
Minor Salivary Gland Tumours 450; Parotid Lymphoma 451; Parotidectomy 451; Frey's Syndrome (Auriculotemporal 
Syndrome, Gustatory Sweating); (Lucie Frey—Polish Surgeon—1932) 452; Facial Nerve Injury (Lower Motor Nerve Lesion, 
Surgically Related) 453 


Neck 455 


Anatomy of Lymphatics of Head and Neck 455; Thoracic Outlet Syndrome (TOS) 456; Cervical Rib 457; Branchial 
Cyst 459; Branchial Fistula 460; Pharyngeal Pouch 462; Laryngocele 463; Cystic Hygroma (Cavernous Lymphang- 
ioma) 464; Ludwig's Angina 465; Parapharyngeal Abscess 466; Retropharyngeal Abscess 466; Subhyoid 
Bursitis 467; Carotid Body Tumour (Potato Tumour, Chemodectoma, Nonchromaffin Paraganglioma) 468; Torticolis, 
(Wry Neck) 469; Sternomastoid Tumour 469; Tuberculous Lymphadenitis 470; Cold Abscess 474; Secondaries in Neck 
Lymph Nodes 475; Chemotherapy for Head and Neck Cancers 482 


Thyroid 484 


Development 484; Anatomy 484; Physiology 486; Congenital Anomalies 486; Thyroid Function Tests 489; FNAC of 
Thyroid 489; ClassificationofGoitre 490; DiffuseHyperplasticGoitre 497; MultinodularGoitre(MNG) 491; DiscreteThyroid 
Nodule 494; SolitaryThyroid Nodule 494; Retrostemal Goitre 497; Thyrotoxicosisand Hyperthyroidism 499; Radioactive 
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lodine 508; ThyroidNeoplasms 509; Differentiated Thyroid Carcinoma(OTC) 509; Papillary Carcinomaof Thyroid(PCT) 510; 
Follicular Carcinoma of Thyroid (FCT) 512; Anaplastic Carcinoma of Thyroid 515; Medullary Carcinoma of Thyroid 
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Parathyroids and Adrenals 531 


Anatomy 531; Calcium 531; Hyperparathyroidism (HPT) 532; Parathyroidectomy 534; MEN Syndrome (MEA 
Syndrome) 536; Apudomas 536; Hypopsrathyraidism 537; Tetany 537; Adrenals 538; Adrenal Cortical 
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Breast 544 


Anatomy 544; Mammography 547; Aberration of Normal Development and involution (ANDI) ofthe Breast 548; Fibroad- 
enoma 548; Fibrocystadenosis (Fibrocystic Disease of the Breast/Mammary Dysplasia/Cyclical Mastalgia with 
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Brodie) 552; Mastalgia ("Pain in the Breast") 553; Traumatic Fat Necrosis 554; Galactocele 554; Mastitis 555; Anti- 
bioma 558; Duct Ectasia 558; Mondor's Disease 558; Tuberculosis of the Breast 559; Breast Cysts 559; Galactor- 
thoea 560; Gynecomastia (Greek—Women Breast) 560; Duct Papilloma 562; Zuska-Atkins Disease 563; Mammary 
Fistula of Atkins 563; Carcinoma Breast 563; Management of Early Carcinoma Breast 586; Advanced Carcinoma 
Breast 590; Prognostic Factors in Carcinoma Breast 592; Prophylactic Mastectomy 593; Carcinoma of Male 
Breast 593; Breast Reconstruction 594; Breast Implants 596; Nipple Retraction 597 


Peritoneum 599 
Anatomy 599; Physiology 599; Acute Peritonitis 600; Primary Peritontis 600; Secondary Peritonitis 600; Tertiary 
Peritonitis 600; Spontaneous Bacterial Peritonitis (SBP) 605; Sclerosing Peritonitis 606; Biliary Pertonitis 606; Post- 
operative Peritonitis 606; Other Forms of Peritonitis 607; Pelvic Abscess 607; Subphrenic Spaces and Subphrenic 
Abscess 608; Mesenteric Cysts 611; Mesenteric Panniculitis 612; Acute Mesenteric Lymphadenitis 612; Mesen- 
teric Malignancy 612; Mesenteric Trauma 613; Peritoneal Malignancy 613; Omental Cyst 614; Omental 
Torsion 614; Omental Tumour 614 


Abdominal Tuberculosis 615 


Abdominal Tuberculosis 615; lleacaecal Tuberculosis 616; lleal Tuberculosis 621; Peritoneal Tuberculosis 621; Tuber- 
culous Mesenteric Lymphadenitis 624; Ano-Recto-Sigmoidal Tuberculosis 626; Tuberculosis of the Omentum 626 


Liver 627 


Surgical Anatomy of Liver 627; Liver Function Tests (LFT) 628; Alfa-Feto Protein (AFP) 628; Liver Biopsy 629; Liver 
Injury 629; Infections of Liver 631; Liver Tumours 642; Liver Cysts 649; Portal Hypertension 651; Oesophageal, 
Varices 654; Portal Hypertensive Gastropathy 661; Ascites 661; Ascites in Portal Hypertension 663; Budd-Chiari’s 
Syndrome 664; Hepatic Failure 664; Hepatic Encephalopathy 665; Hepatorenal Syndrome 665; Hepatic Resec- 
tion 665; Portal Bilispathy 668 


Gallbladder 669 


Surgical Anatomy 669; Oral Cholecystagram (OCG; Graham-Cole Test) 670; IV Cholangiogram 671; Endoscopic 
Retrograde Cholangio-pancreatography (ERCP) 671; Percutaneous Transhepatic Cholangiography (PTC) 672; 
Magnetic Resonance Cholangio-pancreatography (MRCP) 673; Radioisotope Scan Study 673; Peroperative 
Cholangiogram 673; Postoperative T-Tube Cholangiogram 673; Congenital Anomalies of Gallbladder 673; 
Choledochal Cysts 675; Caroli’s Disease 677; Biliary Atresia 677; Gallstones 679; Acute Cholecystitis 684; 
Acute Acalculous Cholecystitis 686; Empyema Gallbladder 687; Mucocele of the Gallbladder 688; Chronic 
Cholecystitis 688; Cholecystoses 689; Dissolution Therapy for Gallstones 690; Choledocholithiasis 690; Sump 
Syndrome 694; Courvoisier's Law 694; Surgical Jaundice (Obstructive Jaundice) 695; CBD Strictures (Biliary 
Strictures) 697; Sclerosing Cholangitis 699; Gallbladder Polyp 699; Benign Biliary Papilloma 699; Carcinoma 
Gallbladder 699; Cholangiocarcinoma (Bile Duct Carcinoma) 702; Klatskin Tumour 702; Biliary Fistulas 703; 
Gallstonetleus 703; Hemobilia 704; White Bile 705; Cholecystectomy 705; Laparoscopic Cholecystectomy 706; Single 
Incision Laparoscopic Surgery (SILS) in Cholecystectomy 708; Bile Duct Injuries 708; Post-cholecystectomy 
Syndrome 709; Biliary Dyskinesia 710 


Spleen 711 
Surgical Anatomy 711; Functions of the Spleen 711; Splenunculi 712; Splenic injury (Rupture Spleen) 712; Spleno- 


megaly 716; Hereditary Spherocytosis 716; ImmuneHaemolytic Anaemia 717; Thalassaemia (Mediterranean Anaemia/ 
Cooley's Anaemia/Erythroblastic Target Cell Anaemia) 718; Sickle Cell Disease 718; Idiopathic (Immune) Thrombocyto- 
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penic Purpura (ITP) 718; Thrombotic Thrombocytopenic Purpura (TTP) 720; Splenectomy 720; Overwhelming Post- 
splenectomy Infection (OPS!) 722; Splenic Artery Aneurysm 722; Splenic Abscess 723; Hypersplenism 723; Splenic 
Cyst 724 


Pancreas 725 


Anatomy 725; Serum Amylase 726; Magnetic Resonance Cholangio-pancreatography (MRCP) 727; Pancrea- 
titis 727; Acute Pancreatitis 727; Complications of Acute Pancreatitis 732; Pseudocyst of Pancreas 734; Chronic Pancrea- 
titis 738; Pancreatic Tumours 746; Exocrine Pancreatic Tumours 746; Carcinoma Pancreas 747; Endocrine Pancreatic 
Tumours 755; Insulinomas 756; Gastrinomas 757; Glucagonomas 758; Zollinger-fllison Syndrome 758; Cystic 
Fibrosis 758; Annular Pancreas 759; Ectopic (Accessory) Pancreatic Tissue 759; Pancreatic Divisum 759; Pancreatic 
Calculus 760; Pancreatic Ascites 760; PancreaticFistulae 760; Pancreatic Abscess 761; PancreaticNecrosis 761; Pancre- 
aticTrauma 762; Cystic Lesions of Pancreas 763; Exocrine Pancreatic Disease 763, 


Retroperitoneal Space 764 


Anatomy of Retroperitoneum 764; Retroperitoneal Fibrosis 764; Retroperitoneal Swellings 765; Retroperitoneal 
Tumours 766; Psoas Abscess 769 


ifferential Diagnosis of Mass Abdomen 771 
‘Mass in the Right Hypachondrium 773; Mass in the Epigastrium 775; Mass in the Left Hypochondrium 778; Nass in 

the Lumbar Region 778; Mass in the Umbilical Region 780; Mass in the Right lic Fossa 780; Mass in the Left liac 
Fossa 781; Mass in the Hypogastrium 781 


Abdominal Wall and Umbilicus 784 
DiseasesoftheUmbilicus 784; Omphaliis 784; Umbilical ranuloma 786; Anomalies of VitellointestinalDuct 786; Umbil- 
icalSinus 787; Umbilical Adenoma (Raspberry Tumour) 787; Umbilical Fistula 788; Patent Urachus 788; Burst Abdomen 
(Abdominal Dehiscence) (Acute Wound Failure) 788; Abdominal WallTumours 791; DesmoidTumour 791; Exomphalos 
(Omphalocele) 792; Gastroschisis (Belly Cleft) 793; Rectus Sheath Haematoma 794; Abdominal Wall Abscess 794) 
Meleney’s Progressive Synergistic Bacterial Gangrene of Abdominal Wall 795; Diverication of Recti DiastasisRecti) 796 


Hernia 797 


Hernia 797; Aetiology 797; Parts of Hernia 798; Classification of Hernia 799; Inguinal Hernia 800; Surgical Anatomy 
of Inguinal Canal 800; Classification of Inguinal Hernia (Earlier) 802; Newer Classification of Hernia 803; Indirect 
(Oblique) Inguinal Hernia 803; Direct Hernia 811; Malgaigne Bulging 817; Incarcerated Hernia 817; Strangulated 
Hernia 817; Sliding Hernia (Hernia-En-Glissade) 820; Pantaloon Hernia (Double Hernia, Saddle Hernia, Romberg 
Hernia) 821; Infantile Hernia 821; Femoral Hernia 822; Ventral Hernia 824; Incisional Hernia 825; Umbilical 
Hernia 829; Paraumbilical Hernia (Supra- and Infraumbilical Hernia) 831; Epigastric Hernia (Fatty Hernia of Linea 
Alba) 831; Spigelian Hernia 833; Obturator Hernia 834; Richter’s Hernia 834; Lumbar Hernia 835; Phantom. 
Hernia 835; Sciatic Hernia 836; Complications of Hernia Surgery 836; Parastomal Hernia 836; Different Types of 
Hemia 837 


Oesophagus 838 
Anatomy 838; Lower Oesophageal Sphincter(L0S) 839; Dysphagia 840; Contrast Study of esophagus 841; Oesophago- 
scopy 842; Oesophageal Endosonography 842; Gastro-oesophageal Reflux Disease (GORD/GERD) 842; Hiatus 
Hernia 847; Rolling Hernia (Paraoesophageal Hernia) 848; Reflux Oesophagitis 848; Barrett's Oesophagus (Norman 
Barrett, British, 1950) 849; Barrett's Ulcer 849; Oesophageal Motility Disorders 849; Achalasia Cardia (Cardios- 
pasm) 850; Plummer-Vinson Syndrome (Paterson-Kelly Syndrome) 853; Corrosive Stricture of Oesophagus 854; Schatzki’s 
Rings 856; Boerhaave's Syndrome 856; Mallory-Weiss Syndrome 856; Tracheo-oesophagealFistula 857; Oesophageal 
Diverticulum 857; Carcinoma esophagus 858; Benign Turmours of the Oesophagus 866; Oesophageal Perfora- 

tion 867; Foreign Body Oesophagus 867 


Stomach 869 


‘Anatomy 869; Blood Supply of Stomach 870; Nerve Supply of Stomach 870; Histology 870; Lymphatic Drainage of 
Stomach 871; uodenum 871; Gastric Physiology 871; Gastric Function Tests 872; Gastrin 873; Barium Meal 
Study 873; Gastroscopy 874; Helicobacter Pylori 875; Congenital Hypertrophic Pyloric Stenosis 876; Gastritis 877; 
Acute Peptic Ulcer (Duodenal or Gastric Ulcer) 878; Gastric Ulcer 879; Duodenal Ulcer 882; Pyloric Stenosis due 
to Chronic Duodenal Ulcer 885; Perforated Peptic Ulcer 887; Bleeding Peptic Ulcer 891; Haematemesis 893; 
Complications of Gastric Surgery 894; Trichobezoar (Rapunzel Syndrome) 898; Chronic Duodenal lleus (Wilkie's 
Syndrome) 898; Durban'sSyndrome 899; Acute Gastric Dilatation 900; GastricVolvulus 900; GastricPolyp 901; Menetriers 
Disease 901; Duodenal Diverticula 902; Carcinoma Stomach 902; GastricLymphoma 915; Gastric Sarcomas 916; Gastro- 
intestinal Stromal Tumours (Gist) 917; Pyloroplasty 918; Gastrostomy 918; Gastrectomy 919; Gastrojejunostomy 
(G)) 920; Retrograde Jejunogastric Intussusception 920; Vagotomy 920 
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‘Small Intestine 922 
Anatomy 922; Meckel's Diverticulum 923; Regional Enteritis (Crohn's Disease) 925; Surgical Complications of 
Typhoid 928; Surgical Complications of Roundworm (Ascaris Lumbricoides) 929; Pneumatosis Cystoides Intesti- 

nalis 931; MesentericVessel lschaemia 931; Necrotising Enterocaltis 934; Small Bowel Tumours 935; Benign Tumours 

of Small Bowel 936; Malignant Tumours of Small Bowel 937; Carcinoid Tumour 939; Short Bowel Syndrome (Short 

Gut Syndrome) 941; Massive Bowel Resection 941; Small Bowel Enema (Enteroclysis) 942; Capsule Endoscopy 94 

‘Small Bowel Enteroscopy 943; Enteric/Gastrointestinal Fistula 943 


Large Intestine 948 
‘Anatomy 948; Hirschsprung's Disease (Congenital Megacolon) 949; Diverticular Disease of the Colon 951; Ulcera- 

tive Colitis 954; Ischaemic Colitis 959; Pseudomembranous Colitis 960; Surgical Complications of Intestinal Amoebi- 

asis 960; TumoursofColon 961; Benign Tumours/Polyp ofthe Colon 961; Juvenile Polyps 961; Metaplastic/Hyperplastic 
Polyp 961; Peutz-Jegher's Polyp 962; Adenoma of Colon 962; Familial Adenomatous Polyp (FAP) 963; Gardner's 
Syndrome 964; Carcinoma Colon 964; Angiodysplasia of Colon 974; Ogilvie’ Syndrome 974; Colostomy 975; Stoma 
Care 977; Stoma Appliances 978; Faecal Fistula 979; Preparation of Large Bowel for Surgery 980; Surgical 
Pouches 980; Barium Enema 981 


Intestinal Obstruction 983 
Intestinal Obstruction: Types 983; Dynamic Obstruction 984; Duodenal Atresia 989; Small intestine Atresia (intestinal 
Atresia) 990; Malrotation 991; Meconium lleus 992; Intussusception ((SS) 994; Volvulus 997; Sigmoid Volvulus 
(Volvulus of PelvicColon) 997; Paralyticlleus Adynamicintestinal Obstruction) 1000; Adhesionsand Bands 1000; Internal 
Hernias 1003 


Appendix 1005 
Surgical Anatomy 1005; Duplication of Appendix (Wallbridge Classification) 1005; Acute Appendicitis 1006; Incidental 
Appendicectomy 1013; Appendicular Mass (Periappendicular Phlegmon) 1014; Appendicular Abscess 1015; Faecal 
Fistula After Appendicectomy 1016; Mucocele of Appendix 1016; Neoplasms of the Appendix 1017; Laparoscopic 
Appendicectomy 1017 


Rectum and Anal Canal 1020 
‘Anatomy 1020; Per-rectal Examination (Digital Examination of the Rectum) 1021; Proctoscopy (Kelly's) 1022; Sigmoi- 
doscopy 1022; Colonoscopy 1022; Carcinoma Rectum 1023; Solitary Ulcer Syndrome 1029; Rectal 
Prolapse 1030; Anorectal Malformations (ARM) 1034; Pilonidal Sinus/Disease (Jeep Bottom; Driver's Bottom) 1036; Piles/ 
Haemorthoids 1038; Anal Fissure (Fissure-In-Ano) 1046; Anorectal Abscess 1049; Fistula-In-Ano 1051; Anorectal 
Strictures 1056; Condyloma Acuminata 1057; Anal intraepithelial Neoplasia (AIN) 1057; Malignant Tumours of Anal 
‘Area 1057; Anal Margin Tumours 1058; SacrococcygealTeratoma 1058; Anal Incontinence 1059; Descending Perineal 
Syndrome 1059; Proctitis 1060; Proctalgia Fugax 1060; Hidradenitis Suppurativa of Anal Region 1060; Pruritus 

Ani 1060; Gastrointestinal Haemorthage (GI Bleed) 1061 


Urology 1065 


A. Kidney 1065 
Anatomy of Kidney and Ureter 1065; Kidney—Anatomy 1065; Ureter—Anatomy 1066; Plain X-ray—Kidney, 
Ureter and Bladder (KUB) 1066; Intravenous Urogram (IVU) 1067; Retrograde Pyclography (RGP) 1068; Renal 
Angiogram 1069; Micturating Cystourethrography (MCU) 1069; Ascending Urethrogram 1069; Isotope Renog- 
raphy 1070; Cystoscopy 1071; Catheters 1071; Foley’s Catheter (Fredrick Eugene Basil Foley—American Urolo- 
gist) 1072; Malecot’s Catheter 1073; Red Rubber Catheter 1073; Nephrostomy 1074; Suprapubic Cystostomy 
(SPC) 1074; Haematuria 1075; Horseshoe Kidney 1076; Cystic Diseases of the Kidney 1076; Polycystic Kidney 
Disease (PCKD) 1077; Duplication of Renal Pelvis and Ureter 1078; Retrocaval Ureter 1079; Ureterocele 1080; 
Injuries to Kidney 1080; Renal Tuberculosis 1081; Hydronephrosis (HN) 1084; Pyonephrosis 1088; Carbuncle of 
Kidney (Renal Carbuncle) 1088; Perinephric Abscess 1089; Renal Calculus 1089; Ureteric Calculi 1094; Staghom 
Calculus 1097; Benign Tumours of Kidney 1098; Wilm’s Tumour (Nephroblastoma) 1099; Renal Cell Carcinoma 
(RCC) 1100; Approaches to Kidney (Surgical) 1104 


B. Urinary Bladder 1105 
Anatomy 1105; Ectopia Vesicae (Extrophy of the Bladder) 1106; Urachal Anomalies 1106; Vesical 
Calculus 1106; Cystitis 1110; Recurrent Cystitis 1110; Interstitial Cystitis (Hunners Ulcer Elusive Ulcer) 1110; Schis- 
tosoma Haematobium (Endemic Haematuria, Urinary Bilharziasis) (Swimmer’s Itch) 1111; Thimble or Systolic 
Bladder 1111; BladderTumours 1112; Transitional ell Carcinoma (TCC) 1112; Ureterosigmoidostomy 1115; Rupture 
Bladder (Bladder injury) 1115; Residual Urine 1116; Malakoplakia 1116; Neurogenic Bladder 1117; Vesicoureteric 
Reflux 1117; Bladder Diverticula 1118; Urinary Diversion 1119; Urinary Fistulas 1120 
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C. Prostate 1121 


‘Anatomy 1121; Acid Phosphatase 1121; Prostate Specific Antigen (PSA) 1121; Benign Prostatic Hyperplasia 
(BPH) 1122; Prostatitis 1125; Bladder Outlet Obstruction (BOO) 1125; Carcinoma Prostate 1126 


D. Urethra 1129 


Anatomy 1129; Urethral Injury 1129; Rupture of Membranous Urethra and/or Prostatic Urethra (Posterior 
Urethra) 1129; Rupture of Bulbous Urethra (Anterior Urethra) 1130; Stricture Urethra 1131; Hypospa- 
dias 1132; Epispadias 1133; Posterior Urethral Valve 1133; Urethral Calculi 1134; Urethritis 1135; Extravasation 
of Urine 1135; Retention of Urine 1136 
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Phimosis 1138; Paraphimosis 1139; Circumcision 1140; Balanoposthitis 1141; Chordee (Corde) 1141; Pria- 
pism 1141; Peyronie's Disease (Induratio-PenisPlastica) 1141; RarnsHom Penis 1142; CarcinomaPenis 1142; Buschke- 
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Anatomy 1148; Fournier's Gangrene 1148; Hydrocele 1149; Primary Vaginal Hydrocele 1150; Secondary Hydro- 
cele 1151; Haematocele 1154; Pyacele 1155; Cyst of Epididymis 1155; Spermatocele 1156; Varicocele 1157 


G. Testis 1160 


Anatomy 1160; Undescended Testis 1161; Ectopic Testis 1163; Retractile Testis 1164; Torsion of the 
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Pericarditis 1209; Chronic Constrictive Pericarditis (Pick’s Disease) 1210; Pericardial Tap 1210; Cardiac 
Tamponade 1210; DiaphragmaticHemia 1211; Pulmonary Complications during Postoperative Period 1213; Surgical 
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Cardiac Surgery 1215 


Anatomy 1215; Preoperative Assessment and Preparation of the Cardiac Patient 1216; Cardiopulmonary 
Bypass 1217; Congenital Heart Diseases 1217; Patent Ductus Arteriosus (PDA)—10% 1217; Coarctation of 
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Operative Surgery 1244 
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C. Suture Materials 1256 
Classification | 1256; Classification il 1257; Classification lll 1257; Classification IV 1257; Classification V 1257 
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Types 1258 
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General Surgery 


A. Wounds and Wound Healing 


‘One having a wound in his eyebrow. An ailment which | will treat. Treatment [of a wound in the eyebrow]: Now 
after thou hast stitched it, [thou shouldst bind] fresh meat upon [it] the first day. If thou findest that the stitching of 
this wound is loose, thou shouldst draw it together for him with two strips (of plaster), and thou shouldst treat it 


with grease and honey every day until he recovers. 


CHAPTER OUTLINE 


Wounds 


Classification of Wounds 
Wound Healing 
Compartment Syndrome 
Crush Injury 


m= WOUNDS 
Wound Definition 


A wound is a break in the integrity of the skin or tissues often, 
which may be associated with disruption of the structure and 
function. 

Mound is simply a disruption of any tissues—sofi tissue or bone 
or internal organs. Uleer is disruption or break in the continuity 
of any lining—may be skin, mucous membrane or others. Uleer 
is one of the types of wounds. 


lm CLASSIFICATION OF WOUNDS 


1. Rank and Wakefield Classification 
a Tidy wounds 
» They are wounds like surgical incisions and wounds 
caused by sharp objects 
> Itis incised, clean, healthy wound without any tissue loss, 
» Usually primary suturing is done, Healing is by primary 
intention. 


—{Anonymous], circa 2500 BC 


Crush Syndrome 
® Degloving Injuries 

 Keloid 

» Hypertrophic Scar 
Problems with Wound Healing 


b. Untidy wounds 
» They are due to: 

— Crushing 

~ Tearing, 

— Avulsion, 

~ Devitalised injury. 

— Vascular injury. 

— Multiple irregular wounds, 

— Burns. 

> Fracture of the underlying bone may be present. 

‘Wound dehiscence, infection, delayed healing are common. 

> Liberal excision of devitalised tissue and allowing to heal 
by secondary intention is the management. 

» Secondary suturing, skin graft or flap may be needed. 

Classification based on Type of Wound 

a Clean incised wound is a clean cut wound with linear 
edge. 

b. Lacerated wounds have ragged edges with devitalisation 
‘of some part of tissues. Wound excision and primary 
suturing is done 

©. Bruising and contusion: Minor soft tissue injury with 
discoloration and haematoma formation without skin break. 


I dressed him and God healed him— Ambroise Pares 
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Figs 1.14 and B: A. Tidy wound; B. Untidy wound, 


4d. Haematoma: It may be subcutaneous/intramuscular/ 
subfascial/intra-articular. Small haematoma will get 
absorbed. Large haematoma once get infected forms an 
abscess and so it should be drained under general/regional 
anaesthesia adequately. Often haematoma contains only | 
reddish plasmatic fluid which can be aspirated with wide 
bore needle. 

Closed blunt injury. 

Puncture wounds and bites. 

Abrasion: It is superficial and is due to shearing of skin 
‘where the surface is rubbed off. It heals by epithetialisa- 
tion. It is only epidermal injury exposing dermis and 
dermal nerves. 

h, Traction and avulsion injury. 

i. Crush injury: It is caused by war wounds, road traffic 


/ 


accidents, tourniquet. It leads to 


Cactertniet-ayndrenne, Fig, 1.3: Haematoma in the groin being aspirated. Haematoma may 


ket infected or can compress adjacent structures. 


Muscle ischaemia. 
Gangrene, loss of tissue, 

J. War wounds and gunshot injuries. 

k, Injuries to bones and joints, may be open or closed. 


Fig. 1.4: Traumatic haematoma in the leg with abrasion over its 
surface. 


Fig. 1.2: Lacerated wound in the scalp, 


Fig. 1.5: Subungual haematoma. Often nail may need to be 
removed to evacuate the blaod clot. 


1. Injuries to nerves, either clean eut or crush. 

1m. Injuries to arteries and veins (major vessels) 

n, Injury to internal organs, may be of penetrating or 
nonpenetrating (blunt) types. 

©. Penetrating wounds—commonly due to stab injuries 
Common example is stab injury abdomen. Stab wound 
may be small on body surface but damage to the deeper 
organs like liver, spleen, major vessels like inferior vena 
cava/mesenteric vessels or intestines may be extensive and 
life-threatening. Patients with stab injury over abdomen 
should be admitted and evaluated by ultrasound or CT 
scan abdomen and observed. Often wound exploration is 
needed under general anaesthesia in operation theatre. 

F Re 


a \ 


Fig. 1.6: Typical look of abrasion in face. 


Fig. 1.7: Multiple abrasions 


Fig. 1. 


enetrating wound of the abdomen, 


Classification based on Thickness of the Wound 

© Superficial wound involving only epidermis and dermal 
papillae 

% Partial thickness wound with skin loss up to deep dermis 
with only deepest part of the dermis, hair follicle shafts and 
sweat glands are left behind, 

% Full thickness wound with loss of entire skin and subcuta- 
neous tissue causing spacing out of the skin edges. 

% Deep wounds are the one extending deeper, across deep 

cia into muscles or deeper structures 

% Complicated wounds arc one associated with injury to 


vessels of nerves. 
% Penetrating wound is one which penetrates into either 
natural cavities or organs. 


1V. Classification based on Involvement of Structures 
% Simple wounds are one involving only one organ or tissue. 
% Combined wounds are one involving mixed tissues, 
V. Classification based on the Time Elapsed 
% Acute wound is up to 8 hours of trauma 
% Chronic wound is after 8 hours of trauma, 
VL 
a. Clean wound 
> Hemiorrhaphy. 
> Excisions 
» Surgeries of the brain, joints, heart, transplant, 
> Infective rate is less than 2%, 


lassification of Surgical Wounds 


b. Clean contaminated wound 
> Appendicectomy 
» Bowel surgeries. 
» Gallbladder, biliary and pancreatic surgeries. 
> Infective rate is 10%, 

©. Contaminated wound 
» Acute abdominal conditions. 
> Open fresh accidental wounds. 


Infective rate is 15-30%, 


A great part, | believe, ofthe art of medicine is the ability to observe. Hippocrates, Father of Medicine 
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‘mounting monochromatic-wave toroidal waveguides on 
top of each obelisk to create a rotating, wwisting, 
propagating gravitational wave through the vertical 
axis of each obelisk; and 


creating a cylindrical compression and expansion in each 
‘obelisk to produce a plane gravitational wave traveling 
down the centerline between the two obelisk. 
3. The method of claim 1, wherein the step of generating 
a wormhole into hyperspace comprises 


using two concentric cylindrical solenoidal coils of di 
ferent radii connected by a single wire wrapped in 
‘opposite directions on thin iron transformer laminate: 


‘generating bucking electric fields down the centerline of 
the vortex generator which creates a spacetime curva- 


Apr. 6, 2006 


ture distortion with negative energy in accordance with 
Einstein's General Theory of Relativity. 
4, A teleportation system comprising: 


generating a gravitational wave traveling through hyper- 
space which interacts with the human energy being; 
and 


pulling the human energy being and physical body out of 
dimension when interacting with the pulsed gravita- 
‘tional wave such that the person is teleported from one 
location to another through hyperspace ancl back again 
into our 4D spacetime dimension. 
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Fig. 1.10: Hernia surgery with hemia sac. Its a clean wound. 


e 


» 
» 
» 
» 


Dirty infected wound 


, 


| 


Fig. 1.11: Appendicectomy wound, which isa clean x 
contaminated wound, ‘ 


Abscess drainage. 
Pyocele . 

Empyema gallbladder. iB) 

Faecal peritonitis, Figs 1.13A and B: Acute peritonitis with frank pusin peritoneal 
Infective rate is 40-70%. ‘cavity due to bowel perforation is a dirty wound. 


Wound classifications 


+ Simple wounds: Only | + Tidy wounds. 
skin is involved. 
+ Complex wounds: + Untidy wounds 
‘Vessels, nerves, ter 
cor bones are involved. 
* Glosed wounds: * Glean wound 
~ Contusion + Clean contaminated 
wound: 
~ Abrasion + Contaminated wound 
~ Haematoma + Dirty wound, 
+ Open wounds: 
~ Incised wounds 
~ Lacerated wounds 
~ Crush injuries 
— Penetrating wounds 


Fig. 1.15: Wound causing extensive skin loss and necrosis. 


Figs 1.46A and B: Wound with tension sutures after surgeries for 
acute abdomen/peritonitis. itis a contaminated wound. Both vertical 
and horizontal tension sutures are shown, 


ll WOUND HEALING 


A scab is a beautiful thing—a coin the body has minted, with 
4 invisible motto: In God We Trust. Our body loves us, and, even 
while the spirit drifts dreaming, works at mending the damage 
that we do. 

—John Updike, 1984 


Wound healing is complex method to achieve anatomical and 
functional integrity of disrupted tissue by various components 
like neutrophils, macrophages, lymphocytes, fibroblasts, 
collagen; in an organised staged pathways—haemostasis + 
inflammation + proliferation + matrix synthesis (collagen 
and proteoglycan ground substance) — maturation > 
remodelling — epithelialisation + wound contraction (by 
myofibroblasts). 


‘Types of Wound Healing 
Primary Healing (First Intention) 


% [occurs in a clean incised wound or surgical wound, 
Wound edges ate approximated with sutures. There is 
‘more epithelial regeneration than fibrosis. Wound heals 
rapidly with complete closure. Sear will be linear, smooth, 
and supple. 


Secondary Healing (Second intention) 


[occurs in a wound with extensive soft tissue loss like in 
‘major trauma, burns and wound with sepsis. It heals slowly 
with fibrosis, It leads into a wide scar, often hypertrophied 
and contracted. It may lead into disability 

 Re-cpithelialisation occurs from remaining dermal elements 
‘or wound margins, 


6uyjeay punom pue spunom 


SRB's Manual of Surgery 


Fig. 1.17: Wound in the abdomen healing with second intention 
which requires secondary suturing once it granulates well. Secondary 
suturing Is done after 10-14 days, once wound granulates well 
with proper control of infection. Scar in such type is prone to form 
incisional hernia. 


Healing by Third Intention (Tertiary Wound Healing 
or Delayed Primary Closure) 


‘After wound debridement and control of local infection, wound 
is closed with sutures or covered using skin graft. Primary 
contaminated or mixed tissue wounds heal by tertiary intention. 


Stages of Wound Healing 


¢ Stage of inflammation, 

# Stage of granulation tissue formation and organisation, Here 
due to fibroblastic activity synthesisation of collagen and 
ground substance occurs. 

# Stage of epithelialisation, 

¢ Stage of scar formation and resorption. 

¢ Stage of maturation. 


Phases of Wound Healing 


Inflammatory Phase (Lag or Substrate or 
Exudative Phase) 


¢ It begins immediately after wound healing, It lasts for 4-6 
days. 

¢ Features of inflammation are rubor, calor, tumour, dolor and 
loss of function, 

# Macrophages secrete fibroblastic growth factor which 
enhances angiogenesis, 

¢ Polymorphonuclear leukocytes (PMN leukocytes) appear 
after 48 hours which secrete inflammatory mediators and 
bactericidal oxygen derived free radicals. 

# These cells also remove clots, foreign bodies and bacteria, 

# Chemical factors involved in wound healing are: 
» Growth factor—platelet derived, epidermal, trans- 

forming, 

Interleukin. 


‘Tumour necrosis factor. 
Prostaglandins 
Collagenase, 

Elastase. 


coagulation and chemotaxis occurs. 
in wound haematoma — formation of platelet 
fibrin thrombus — release of cytokines, PDFG (platelet derived 
growth factor), transforming growth factor i (TGE-), platelet 
activating factor, fibrin, serotonin, Chemotaxis causes neutrophil 
migration first, and then activation of macrophages, lymphocytes 
leading into phagocytosis, wound debridement, matrix activa- 
tion, angiogenesis. Chemotaxis factors are complement factors, 
interleukin-1, TNF-a (tumour necrosis factor-a) TGF-B and 
platelet factor. Activated macrophages produce free radicals 
and nitric oxide; release cytokine to activate lymphocytes which 
release interferon and interleukin (called as lymphokines). These 
actions are reduced in diabetes mellitus, Cushing's syndrome and 
immunosuppression increasing the rate of sepsis 


44 


Figs 1.184 and B: Healing ulcer with healthy granulation tissue 
which is ready for skin grafting. 


Proliferative Phase (Collagen/Fibroblastic Phase) 


* Collagen and glycosamines are produced by fibroblasts 

# Itbegins in 7 days and lasts for 6 weeks 

# Hydroxyprotine and hydroxylysine are synthesised by specific 
‘enzymes using iron, alpha ketoglutarate and vitamin C. 

% Tropocollagen is produced which aggregates to form 
collagen fibrils 

# 80-90% of their final strength (in postoperative wounds) is 
achieved in 30 days. 
Here proliferation of venular endothelial cell with fibroblast 

at wound margin and bed occurs by the action of cytokines 

and released growth factors. This angiogenesis and fibroplasia 


causes formation of granulation tissue which contains fibro- 
blasts, neocapillaties, collagen, fibronectin and hyaluronic acid. 
Later neutrophils lead into apoptosis and die which are phago- 
cytosed by macrophages; later macrophages go for apoptosis 
which are cleared by lymphocytes into draining lymph nodes. 


Remodelling Phase (Maturation Phase) 


¢ Itbegins at 6 weeks and lasts for 2 years. 

# There is maturation of collagen by cross-linking which is 
responsible for tensile strength of the scar. 

Collagen production is not present after 42 days of wound 
healing, 
Initially 

later collagen protein develops to form scar. Normal dermal 

skin contains 80% type I (20% type III) collagen; granulation 
tissue contains mainly type III collagen: scar contains both 


rin, fibronectin, proteoglycan deposition occurs; 


type I and III collagen equally, Basic essential components of 


collagen are proline and lysine. Hydroxylation of lysine and 
later glycosylation of this hydroxylysine decides the collagen 
molecule type. Hydroxylation of both proline and ly 
essential step needs adequate concentration of vitamin C, iron 
and a-ketogluteric acid. Collagen deposition in the wound is 


assessed by quantity of hydroxyproline excreted in urine. There 
is a balanced activity of collagen production and degradation 
of collagen (collagenolysis). Collagen is broken down by 
collagenase and MMPs (matrix metallo prpteins). Procollagen 
through procollagenase — collagen fibril + cross-linking 
collagen fiber — deposition. Deposited collagen + through 
collagenase + degradation and collagenolysis, 

Scar strength is 3% in 1 week; 20% in 3 weeks; 80% in 12 
weeks. 


Phases of wound healing 
Vascular response -» blood coagulation/thrombosis ~» inflam- 
mation —> new tissue formation -> epitheliaisation -> wound 
contraction -» remodelling. 


Factors Affecting Wound Healing 
Local factors 


+ Infection 

@ Presence of necrotic tissue and foreign body 

+ Poor blood supply 

@ Venous or lymph stasis 

Tissue tension 

 Haematoma 

Large defect or poor apposition 

@ Recurrent trauma 

& Xerayirradiated area 

@ Site of wound, e.g. wound over the joints and back has poor 
healing 

Underlying diseases like osteomyelitis and malignancy 

@ Mechanism and type of wound—incised/lacerated/crush/ 
avulsion 

@ Tissue hypoxia locally reduces macrophage and fibroblast 
activity 


General Factors 


‘ Age, obesity, smoking 
+ Malnutrition, zinc, copper, manganese 
+ Vitamin deficiency (Vit C, Vit A) 

+ Anaemia 

Malignancy 

 Uraemia 

+ Jaundice 

+ Diabetes, metabolic diseases 

‘HV and immunosuppressive diseases 
4 Steroids and cytotoxic drugs 

‘ Neuropathies of different causes 


Management of Wounds 


a, Wound is inspected and classified as per the type of wounds. 

b. If itis in the vital area, then: 

‘The airway should be maintained, 

‘The bleeding, if present, should be controlled. 

Intravenous fluids are started 

Oxygen, if required, may be given 

Deeper communicating injuries and fractur 

should be looked for. 

. Ifitisan incised wound then primary suturing is done after 
thorough cleaning, 

4. If it is a lacerated wound then the wound is excised and 
primary suturing is done. 

e. Ifitis a crushed or devitalised wound there will be oe 
and tension in the wound, So after wound debridement 
‘or wound excision by excising all di 
‘oedema is allowed to subside for 2 
primary suturing is done. 

£. Ifit is a deep devitalised wound, after wound debride- 
ment it is allowed to granulate completely, Later, if the 
wound is small secondary suturing is done. If the wound 
is large a split skin graft (Thiersch graft) is used to cover 
the defect 

g. Ina wound with tension, fasciotomy is done so as to prevent 
the development of compartment syndrome. 

h. Vascular or nerve injuries are dealt with accordingly 
Vessels are sutured with 6-zero polypropylene nonabsorb- 
able suture material, If the nerves are having clean cut 
wounds it can be sutured primarily with polypropylene 
6-zero or 7-zero suture material. If there is difficulty in 
identifying the nerve ends or if there are crushed cut ends 
‘of nerves then marker stitches are placed using silk at the 
site and later secondary repair of the nerve is done. 

i, Internal injuries (intracranial by craniotomy, intrathoracic by 
intercostal tube drainage, intra-abdominal by laparotomy) 
has to be dealt with accordingly. Fractured bone is also 
identified and properly dealt with. 

|. Antibiotics, fluid and electrolyte balance, blood transfusion, 
tetanus toxoid (0.5 mi intramuscular to deltoid muscle), or 
‘antitetanus globulin (ATG) injection. 

Wound debridement (wound toilet, or wound excision) is 

liberal excision of all devitalised tissue at regular intervals 


ete. 


italised tissue, the 
days. Then delayed 


Clinical diagnosis is an art, and the mastery of an art has no end: you can always be a better diagnostician 


—Logan Clendening 
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(of 48-72 hours) until healthy, bleeding, vascular tidy wound 
is created. 


oes 


Fig. 1.19: Lacerated wound over the eyebrow. Eyebrow should not 
be shaved during suturing. 


Primary suturing means suturing the wound immediately 
within 6 hours. It is done in clean incised wounds. 
Delayed primary suturing means suturing the wound in 48 


hours to 10 days. It is done in lacerated wounds. This time is, 
allowed for the oedema to subside. 


Figs 1.20A and B: Delayed primary suturing is dane once oedema 
‘over the wound subsides. Its done as single layer interrupted deep 
sutures using monofilament polypropylene or polyethylene. 


Secondary suturing means suturing the wound in 10-14 days 
or later, It is done in infected wounds. After the control of 
infection, once healthy granulation tissue appears, secondary 
suturing is done 


‘ Primary suturing should not be done if there is oedema/ 
infection/devitalised tissues/haematoma 

+ Always associated injuries to deeper structures like vessels/ 
nerves or tendons should be looked for before closure of 
the wound 

‘& Wound should be widened by extending the incision when- 

ever needed to have proper evaluation of the deeper struc- 

‘tures—proper exploration 

Proper cleaning, asepsis, wound excision/debridement 

‘Any foreign body in the wound should be removed 

Skin closure itis possible without tension 

Skin cover by graft/fiap—immediate or delayed 

Untidy wound should be made tidy and clean before suturing 

Proper aseptic precautions should be undertaken 

Antibiotics/analgesics are needed 

Sutured wound should be inspected in 48 hours 

Sutures are removed after 7 days 


eo eeeeees 


‘Remember 


‘& Wound oiletis washing the wound thoroughly using normal 
saline—ideal 

‘& Wound debridement (french-letting loose) is allowing 
content to come out by release incisions or faciotomies. But 
‘commonly debridement. used for wound excision 

 Woundexcisionis actually correct terminology for excision of 
devitalised tissues once or serially 

Radical wound excision is (pseudotumour approach) is 
excising entire devitalised tissues leaving tissues with visible 
bleeding from all layers 


COMPARTMENT SYNDROME 


Compartment syndrome is a special entity; common in leg, 
forearm, thigh and arm; is a syndrome due to increased intra 
compartmental pressure within a limited space area, 

Causes are—narrowed space due to tight dressings/plaster 
cast, lying on one limb in comatous patient; increased content 
within the compartment due to trauma like fractures, oedema, 
ischaemic injury, haematoma, positioning after trauma, burn 
injury, etc.; high pressure injection injuries like gun injury, 
oil based material injury, extravasation of chemotherapeutic 
drugs; snake bite 

It compromises circulation and function mainly of muscles 
and nerves. It often maintains the normal colour and tempera 
ture of the fingers and distal pulses may not be obliterated 
in spite of severe muscle ischaemia, Muscle ischaemia more 
than 4 hours causes muscle death and myoglobinuria. Irrevers- 
ible nerve damage develops if ischaemia persists for 8 hours. 
Progressive, persistent severe pain which is aggravated by 
passive muscle stretching is the diagnostic sign. Tense tender 
regional lymph node is typical. Pulse will be usually normally 
{elt in compartment syndrome; but may become absent if there 
is associated arterial injury. Compartment pressure more than 
30 mmlg is an indication for fasciotomy. 


Fig. 1.21: Necrotizing fascitis with extensive skin involvement which 
requires adequate wound excision and eventual skin coverage. 


Fig. 1.22: Fasciotomy for compartment syndrome should be 
longitudinal, deep and lengthy and should decompress the 
compartment to expose the underlying muscle. It should be done 
early 


It is common in calf and forearm. Closed injuries cause 
haematoma leading to increased pressure. tis often associated 
\with fracture of the underlying bone which in turn compresses 
the major vessel further aggravating the ischaemia causing 
pallor, pulselessness, pain, paraesthesia, diffuse swelling 
and cold limb. 

Ifallowed to progress it may eventually lead to gangrene or 
chronic ischaemic contracture with deformed, disabled limb. 


Problems with the compartment syndrome 


+ Infection, septicaemia and abscess formation 
Renal failure 

& Gangrene of the limb 
e 

PS 


Chronic ischaemic contracture 
Disabled limb, Volkmann's ischaemic contracture 


Muscle necrosis releases myoglobulin which is excreted 
in the urine, damages the kidneys leading into renal failure. 
Note: 

Affected muscle when passively stretched worsens the pain—the 
‘most reliable clinical sign, 


Treatment 


© Compartment pressure will be persistently more than 30 
mm Hg. It can be measured by placing a fine catheter in the 
compartment and using a pressure monitor. Thisis an indication 
for fasciofomy. Adequate lengthy incision involving skin, fat 
and deep fascia should be done until underneath muscle bulges, 
ut properly. Multiple incisions should be made if needed. 
Separate incision in each compartment should be done. 


Fasciotomy done in forearm anterior compartment isa specific 
method, Carpal tunnel should be released by cutting flexor 
retinaculum. Incision begins at the junction of the thenar 


and hypothenar area; extends proximally initially transverse 
across flexion crease of the wrist at the ulnar border; then 
across forearm towards radial side of forearm; then in proximal 
forearm towards medial side creating convex flap towards 
lateral side. In the elbow it crosses along the medial border to 
reach the arm where it runs in arm along the medial part of the 
anterior arm, Injury to major nerves, palmar cutaneous branch 
of median nerve should be avoided while placing the incision. 
Incision should be deepened by cutting the deep fascia along 
the entire length of the incision, Dorsal fasciotomy should be 
added by placing longitudinal lengthy incision in the midline. 
‘Two longitudinal incisions on the dorsum of the hand also 
should be made, 


Fig. 1.23: Incision for fasciotomy in upper limb begins at flexor 
retinaculum extendinginto the forearm with a convex lap towards racial 
side eventually leading towards medial epicondyle ofthe elbow joint. 
# Antibioties. 

# Catheterisation, 

# Mannitol or diureties to cause diuresis, so as to flush the kidney. 
# Fresh blood transfusion. 

# Hyperbaric oxygen. 


CRUSH INJURY 


Crush injury is one where a part of the body is being squeezed! 
compressed between two high force or pressure systems. It 
causes extensive lacerations, bruising, compartment syndrome, 
crush syndrome, fractures, haemorrhage, etc. with extensive 
tissue destruction and devitalisation. Renal failure, hypovolaemic 
shiock and sepsis are the most dreaded problems in crush injuries 


Fig. 1.24, 


When you smile world smiles with you. When you cry, it will be your alone. 
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Fig. 1.248 


Figs 1.24A and B: Traumatic crush injury pelvis exposing testis and 
iliac vessels. Patient underwent hemipelvectomy. 


lm CRUSH SYNDROME 


It is due to crushing of muscles causing extravasation of blood 
and release of myohaemoglobin into the circulation leading to 
acute tubular necrosis and acute renal failure, 


Causes 


¢ Earthquakes. 
# Mining and industrial accidents 

# Aircrash. 

Tourniquet. 

Initially tension increases in the muscle compartment 
‘commonly in the limb, which itself impedes the circulation 
and increases the ischaemic damage. In 3 days, urine becomes, 
discoloured and scanty, patient becomes restless, apathy and 
delirious with onset of wraemia. Crush syndrome is often life- 
threatening. Jnjury is much worser than initial look, 


Effects of crush syndrome 


@ Renal failure 
& Toxaemia 

® Septicaemia 

‘ Disability with extensive tissue loss. 
@ Gas gangrene 


Treatment 


¢ Tension in the muscle compartment is relieved by placing 
‘multiple parallel deep incisions in the limb so as to prevent 
further damage. 

 Rheomacrodex, or mannitol is given to improve the urine 
‘output by improving the renal function. 

¢ Alkalisation of urine is done by giving sodium citrate 
or sodium bicarbonate. It increases the solubility of acid 
hhaematin in the urine and so promotes its excretion, Urinary 
pH should be above 6.5 until urine does not show any 
myoglobin, Mannitol-alkaline diuresis should be 8 litre/day. 

¢ Initial aggressive volume load using saline about 1-1.5 litres! 
hour is ideal in these patients, 


4 Haemodialysis is done sometimes asa life-saving procedure, 
Other measures: 
» Catheterization, 
Oxygen therapy. 
Antibiotics 
Blood transfusion 
Correction of severe hyperkalaemia. 


Note: 
Doing fasciotomy several days after crush injury may natbe safe as 
it may lead to sudden release of myoglobulin causing myoglobu- 
linuria and renal failure, 


lm DEGLOVING INJURIES 


4% It occurs due to shearing force between tissue planes as 
traction—avulsion injury. It usually occurs between subcu- 
taneous tissue and deep fascia or between muscle and bone, 
It can be localised or circumferential. 


Fig. 1.25: Degioved injury. 


Fig. 1.26: Degloving injury wherein skin often with soft tissues gets 
avulsed off the deeper plane to create extensive raw area which may 
bleed/get infected. 


+ Itcan be in one plane or multiple planes. 

+ It is commonly observed in machinery injuries or major 
road traffic accidents. It is much more extensive than of on 
initial presentation, 

Under anaesthesia fluoroscein is injected intravenously 
and viable skin is visible as fluorescent yellowish—green 
colour under ultraviolet light, As injection of fluoroscein is 
not fully safer, serial excision is better to look for dermal 
punctate bleeding. 

+ Itneeds examination under general anaesthesia, wound 
excision/radical excision, flap coverage, microflap surgeries, 


skin grafting, with proper asepsis, and blood transfusion as 
there is significant blood loss in these injuries. 


™@ KELOID: ‘Like a claw’ 


¢ Keloid is common in blacks. Common in females. 

Genetically predisposed. Often familial. Very rare in Cauca- 
sians. 

¢ There is defect in maturation and stabilization of collagen 
fibrils. Normal collagen bundles are absent. 

¢ Keloid continues to grow even after 6 months, may be for many 
years. ILextends into adjacent normal skin. It is brownish black! 
pinkish black (due to vascularity) in colour, painful, tender and 
sometimes hyperaesthetic; spreads and causes itching, 

¢ Keloid may be associated with Ehlers-Danlos syndrome or 
scleroderma, 

When keloid occurs following an unnoticed trauma without 
scar formation is called as spontaneous keloid, commonly 
seen in Negroes. 

Some keloids occasionally become nonprogressive after 
initial growth, 

* Pathologically keloid contains proliferating immature 
fibroblasts, proliferating immature blood vessels and type 
II thick collagen stroma. 

Site: Common over the sternum. Other sites are upper arm, 

chest wall, lower neck in front. 


Differential diagnosis: Hypertrophic scar, 
‘Treatment: Controversial. 


Figs 1.27 and B: Keloid in chest below the sternum and upper 
part of arm near shoulder—common sites of occurrence, 


iB 
Figs 1.28A and B: Keloid over sternum (Butterfly shaped). Note the 
typical common site 


}: Kelold in the upper part ofthe scar. Its the previous 
parotidectomy scar. 


on—intrakeloidal triameinotone, is injected at 
ctions, 


a. Steroid in 
regular intervals, may be once in 7-10 days, of 6-8 inj 

b. Steroid injection—excision—steroid injection. 

©. Methotrexate and vitamin A therapy into the keloid. 

d. Silicone gel sheeting; topical retinoids, 

£ 

& 


e. Laser therapy. 
Vitamin E/palm oil massage. 
Intralesional excision retaining the sear margin may prevent 
recurrence. It is ideal and better than just excision. 


‘Success is getting what you want. Happiness is liking what you get. 
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hh, Excision and irradiation or irradiation alone, 
i. Excision and skin grafting may be done. 

Note: 

Excision and primary suturing has got high recurrence rate; hence 
itis not usually practiced. 

Recurrence rate is very high—more than 50%, 


m HYPERTROPHIC SCAR 


Occurs anywhere in the body. 

4 Not genetically predisposed. Not familial 

Growth usually limits up to 6 months, 

$ Itis limited to the scar tissue only. It will not extend to 
normal skin. 
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Scar (linea 


n) 


Linear scar in 
lean wound: 


tissue 


‘Scar (hypertrophic) 


Hypertrophic scar 
in infected wound 
limits to scar 


‘Scar (keloid) 


Fig. 1. 


Keloid in genetically 
predisposed extende 
tenormal skin 


: Diagrammatic representation of linear, 


Figs 1.308 and B: Keloid in the chest wall due to burn wound. hypertrophic and keloid scar. 
Differences between keloid and hypertrophic scar 
Keloid ‘Hypertrophic scar 
a. Genetic predisposition Yes No 
b. Site of occurrence Chest wall, upper arm, lower neck, ear Anywhere in the body, common in flexor 
surfaces 
Growth Continues to grow without time limit Growth limits for 6 months 
Extends to normal skin Limited to scar tissue only 
d. Treatment Poor response Good response to steroids 
e. Recurrence Very high fs uncommon 
{Collagen synthesis 20 times more than normal skin (Type Ill_ 6 times more than normal skin (Type Ill fine 


thick) 


collagen) 


@. Relation of size of injury and No relation. Small healed scar can form Related to size of injury and duration of 
lesion large keloid healing 

h. Age ‘Adolescents, middle age Chilaren 

iL Sex ‘Common in females Equal in both 

|. Race ‘More in blacks (15 times) No racial relation 

k. Structure Thick collagen with increased epidermal _Fine collagen with increased alpha actin 

hyaluronic acid 

| Features Vascular, tender, itching Not vascular, nontender, no itching 

m. Natural history Progressive ‘Shows regression 

n._ Problems Hyperaesthesia, ulceration Not much 


© Itis pale brown in colour, not painful, nontender. 

Often self-limiting also. It responds very well for steroid 
injection. 

Recurrence is uncommon, 

¢ Itis common in wounds crossing tension lines, deep dermal 
burns, wounds healed by secondary intention. 


Figs 1.32A and 


Different contractures in hypertrophic scars over 
forearm, finger and neck. 


Complications 


# Often this scar breaks repeatedly and causes infection, 
pain. 

¢ Afier repeated breakdown it may turn into Marjolin'’s 
ulcer. 


Fig. 1.33: 7’ plasty is very useful method to release small 
contractures. 


Treatment 


Itis controlled by pressure garments or often revision excision 
of scar and closure, if required with skin graft 


ll PROBLEMS WITH WOUND HEALING 


% Wound infection is common in devitalized deep difficult 
wounds, Diabetes, immunosuppression, cytotoxic drugs, 
anaemia, malnutrition, malignaney increases the chances 
‘of wound infection 

# Wound dehiscence is common in all above said adverse 
factors. Wound suddenly gives away with pain causing 
copious serosanguineous discharge. After laparotomy when 
done specially as an emergency in trauma, acute abdomen 
and also in malignancy, abdominal closed wound may 
‘burst in 5-7 days. Usually all layers of abdomen give away 
causing discharge, occasionally bowel will extrude out. It 
needs emergency closure of the abdominal wound using 
specialized sutures or retention sutures. 

# Hypertrophic scar or keloid formation due to altered 
collagen synthesis in the wound healing process. Collagen 
synthesis is increased 3 times in hypertrophic scar and 20 
times in keloid. 

% Deeper wound will cause specified problems like paraes- 
thesia, ischaemia, paralysis, ete 


Itis not how much we have, but how we enjoy, that makes us happy. 
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B. Ulcer 


CHAPTER OUTLINE 


Ulcer 
© Granulation Tissue 
Investigations for an Ulcer 
“© Traumatic Ulcer 

% Trophic Ulcer 

© Ulcer due to Chilblains 

Ulcer due to Frostbite 

s Martorell’s Ulcer 

% Arterial/Ischaemic Ulcer 
Bairnsdale Ulcer 

% Carcinomatous Ulcer 

= Marjolin’s Ulcer 

s Rodent Ulcer 


™ ULCER 
Definition 


An ulcer is a break in the continuity ofthe covering epithelium, 
either skin or mucous membrane due to molecular death. 


Parts of an Ulcer 


a. Margin: It may be regular or irregular. It may be rounded 
or oval 

bb, Edge: Edge is the one which connects floor of the ulcer to 

the margin. Different edges are: 

Stoping edge. It is seen in a healing ulcer. 

Its inner part is red because of red, healthy granulation 
tissue, 

Its outer partis white due to scar/fibrous tissue, 

Its middle partis blue due to epithelial proliferation. 
Undermined edge is seen in a tuberculous ulcer. Disease 
process advances in deeper plane (in subcutaneous tissue) 
‘whereas (skin) epidermis proliferates inwards. 
Punched out edge is seen in a gummatous (syphilitic) ulcer 
and trophic ulcer. It is due to endartertis. 

Raised and beaded edge (pearly white) is seen in a rodent 
ulcer (BCC). Beads are due to proliferating active cells. 
Everted edge (rotied out edge): Itis seen in a carcinomatous 
ulcer due to spill of the proliferating malignant tissues over 
the normal skin, 

Floor: It is the one which is seen, Floor may contain 
discharge, granulation tissue or slough. 


\ Melanotic Ulcer 
Diabetic Ulcer 
vw Meleney's Ulcer 
= Lupus Vulgaris 
v= Tuberculous Ulcer 


‘ 


= Bazin’s Disease 
% Tropical Ulcer 

“= Venous Ulcer 

“= Syphilitic Ulcer 

\ Soft Chancre/Soft Sore/Ducrey's Ulcer/Chancroid/Bubo 
= Climatic Bubo/Tropical Bubo 

= Clinical Examination of an Ulcer 


Margin 


Fig. 1.34: Parts of an ulcer. 


d. Base: Base is the one on which ulcer rests. It may be bone 
or soft tissue. 


V's meee 


Fig. 1.358 
Figs 1.35A and B: Maggots on the ulcer bed in two different ulcers. 
Maggots eat only dead tissue/slough. 


Induration of an Ulcer 


Inchuration ssa clinical palpatory sign which means a specific type 
‘of hardness in the diseased tissue. Itis obvious in well-differenti- 
ated carcinomas. Its better felt in squamous cell carcinoma, Itis 
also observed in long standing ulcer with underlying fibrosis. Itis 
absent or less in poorly differentiated carcinomas and malignant 
melanoma. Less indurated carcinoma is more aggressive. Specifi 
types of indurations are observed in venous diseases and chronic 
deep venous thrombosis. Brawny induration is a feature of an 
abscess. Induration is felt at edge, base and surrounding area of 
an ulcer. Induration at surrounding area signifies the extent of 
disease (tumour). Outermost part of the indurated area is taken 
as the point from where clearance of wide excision is planned. 


Classification | (Clinical) 


a. Spreading ulcer: Here edge is inflamed and oedematous. 


Figs 1.368 and B: Callous ulcer without any sign of healing, without 
any granulation tissue. itis due to callous attitude of the patient. 


\ edge 


7 SS fal 
\ | Raises ana 
Undermined edge headed acne. 


\\__ Everted eat 
\__ Everted edge 


Figs 1.38A and B: Tuberculous ulcer in chest wall and ankle in two 
separate patients. Note the undermined edge. Discharge study, 
biopsy and later antituberculous drugs are the treatment. They are 
usually painful 


The wards are the greatest of all research laboratories. — Sir Henry Wade 
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b, Healing ulcer: Edge is sloping with healthy pink/red granu- 
lation tissue with serous discharge 

©. Callous ulcer: Floor contains pale unhealthy granulation 
tissue with indurated edge/base. It lasts for many months to 
years. Ulcer does not show any tendency to heal. It is due 
to callous attitude of the patient. 


Classification 1! (Pathological) 


a. Specific ulcers: 
> Tuberculous ulcer. 
> Syphilitic ulcer: It is punched out, deep, with “wash- 

leather” slough in the floor and with indurated base. 

> Actinomycosis. 
> Meleney’s uleer. 

b, Malignant ulcers 

> Carcinomatous ulcer (Figs 1.40 and 1.41) 

> Rodent ulcer (Fig. 1.39). 

> Melanotic ulcer. 

Nonspecific ulcers 

» Traumatic ulcer: It may be mechanical, physical, 
chemical—common. 


> Arterial ulcer: Atherosclerosis, TAO (Fig. 1.42) 


Fig. 1.39: Basal cell carcinoma of face (rodent ulcer). Ulcer edge is 
raised and beaded in appearance, 


Fig. 1.41: Squamous cell carcinoma in the arm with secondaries in 
the axillary lymph node. Friable tumour tissues in the floor cause 
bleeding after trauma. Secondaries are fixed with ulceration. Iti 
advanced disease. 
» Venous ulcer: Gravitational ulcer, post-phlebitic ulcer 
(Fig. 1.43). 
» Trophic ulcer/Pressure sore. 
> Infective ulcers: Pyogenic ulcer (See Fig. 1.44). 
» Tropical ulcers: It occurs in tropical countries. It is 
callous type of ulcer, e.g. Vincent’s ulcer. 
» Ulcers due to chilblains and frostbite (cryopathic ulcer). 
> Martorell’s hypertensive ulcer: 
» Bazin’s ulcer 
» Diabetic ulcer: 
» Ulcers due to leukaemia, polycythemia, jaundice, 
collagen diseases, lymphoedema. 
> Cortisol ulcers are due to long time application of 
cortisol (steroid) creams to certain skin diseases. These 
ulcers are callous ulcers last for long time and require 
excision and skin grafting. 


Fig, 1.40: Squamous cell carcinama scalp. Note the ulcero: 
proliferative lesion with everted edge. 


Fig. 1.42: Ischaemic ulcer foot. Middle three toes are already 
amputated because of gangrene, 


Fig. 1.43: Venous ulcers in both feet. Site is around ankle (Gaiter's 
zone). There are healthy granulation tissues. Itneeds skin grafting and 
definitive procedure for varicose veins after evaluation. 


Fig. 1.44: Infective ulcer in the foot. Note the quantity of slough, 
exposed tendon and gangrenous toes. Patient requires below or 
above knee amputation. 


Wagner's Grading/Classification of Ulcer 


=  Preulcerative lesion/healed ulcer 

— Superficial ulcer 

— Ulcer deeper to subcutaneous tissue exposing 
soft tissues or bone 

— Abscess formation undeneath/osteomyelitis 


ingrene of part of the tissues/limb/foot 
— Gangrene of entire one area/foot 


ll GRANULATION TISSUE 

Itis proliferation of new capillaries and fibroblasts intermingled 
with red blood cells and white blood cells with thin fibrin cover 
over it (See Figs 1.51 and 1,52) 


Figs 1.468 and B: Ulcer in the foot, initially with slough; later after 
slough excision and regular dressings. Area requires skin grafting 


Figs 1.47A to C: Ulcer leg with exposed bone. Patient underwent local 
rotation flap to cover. Area from where flapis rotated is covered with 
split skin graft. When the bone is exposed, skin grafting s not possible. 


Surgery is teamwork which divides the task and doubles the sucess. 
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Figs 1.49A and B: Ulcers with healthy granulation tissue. Ulcer is | 


infection. Note the greenish discharge in the wound. Pseudomonas 
infection is commonly hospital acquired. 


b. 


|, Seropurulent 


9. Yellowish: Tuberculous ulcer 


Types 


¢ Healthy granulation tissue: It occurs in healing ulcer. It 
has got sloping edge. It bleeds on touch. It has got serous 
discharge. 5 Ps of granulation tissue—Pink, Punctate 
haemorrhages, Pulseful, Painless, Pin head granulation. 
Skin grafting takes up well with healthy granulation tissue. 
Streptococci growth in culture should be less than 10°/gram 
of tissue before skin grafting, 


orn ee SS 


Fig. 1.51: Healing ulcer with healthy granulation tissue. Note the 
sloping edge. 


SS an 


Ver 


ready for spit skin grafting. 
Fig. 1.52: Exuberant granulation tissue (proud flesh) in an ulcer. It 


should be scooped out using Volkmann's scoop prior to skin grafting, 


1.50: Nonhealing ulcer foot ina diabetic patient with Pseudomonas 


Different discharges in an ulcer (as well as from a sinus) 


Serous:In healing ulcer 
Purulent:In infected ulcer 

Staphylococci: Yellowish and creamy 

Streptococci: Bloody and opalescent 

Pseudomonas: Greenish colour due to pseudacyanin 
Bloody: Malignant ulcer, healing ulcer from healthy granula- 
tion tissue 


Serosanguinaus:Serous and blood 
Serous with sulphur granules: Actinomycosis, 


Fig. 1.53: Pyogenic granuloma, 


¢ Unhealthy granulation tissue: tis pale with purulent 
discharge. Its floor is covered with slough, Its edge is 
inflamed and oedematous. It is a spreading ulcer. 

* Unhealthy; pate, flat granulation tissue: ILis seen in chronic 
nonhealing ulcer (callous ulcer), 

* Exuberant granulation tissue (Proud flesh): It occurs ina 
sinus or ulcer wherein granulation tissue protrudes out of 
the sinus opening or ulcer bed like a proliferating mass. It 
is commonly associated with a retained foreign body in the 
sinus cavity. 

% Sprouting granulation tissue of sinus. 

* Pyogenic granuloma: It is a type of exuberant granulation 
tissue. Here granulation tissue from an infected wound or 
ulcer bed protrudes out, presenting as a well-localised, red 
swelling which bleeds on touching. 

Differential diagnosis: PapillomXa, skin adnexal tumours, 
Treatment: Antibiotics, excision and sent for biopsy. 


l@ INVESTIGATIONS FOR AN ULCER 
ty, AFB study, 


# Study of discharge: Culture and sensiti 
cytology. 


: Typical greenish coloured ulcer due to Pseudomonas 
infection. 


A . \ 
» | 
} 


Fig. 1.55: X-ray showing osteomyelitis with sequestrum inside. 
Osteomyelitis prevents ulcer healing. Bone thickening on clinical 
‘examination is typical. 


* Edge biopsy: Biopsy is taken from the edge because edge 
contains multiplying cells, Usually two biopsies are taken, 
Biopsy taken from the centre may be inadequate because 
of central necrosis, 

+ X-ray of the part to look for periostitis/osteomyelitis. 

4 ENAC of the lymph node. 

* Chest X-ray, Mantoux test in suspected case of tuberculous 
ulcer. 


Note: 
Ulcer will not granulate if haemoglobin is less than 10 gmv% and 
‘serum albumin is < 3 gm%, 


Assessment of an Ulcer 


% Cause of an ulcer should be found—diabetes/venous/arte- 
rial/infective. 

+ Clinical type should be assessed. 

# Assessment of wound is important—anatomical site; size 
and depth of the wound; edge of the wound; mobility; fixity; 
induration; surrounding area; local blood supply. Wound 
perimeter may be useful in assessing this. 

* Wound imaging is done by tracing it on a transparent acetate 
sheet at regular intervals 

# Presence of systemic features; regional nodal status; function 
of the limb/part; joint movements; distal pulses; sensations 
should be assessed, 

* Severity of infection should be assessed—culture of 
discharge. 

% Specific investigations like edge biopsy; X-ray of part; blood 
sugar; arterial/venous Doppler; angiogram. 


© Managementofanulcer 


Cause should be found and treated 

Correct the deficiencies like anaemia, protein and vitamins 

deficiencies 

Transfuse blood if required 

Control the pain 

Investigate properly 

Control the infection and give rest to the part 

Care ofthe ulcer by debridement, ulcer cleaning and dressing 

is done 

& Remove the exuberant granulation tissue 

Topical antibiotics for infected ulcers only like framycetin, 
silver sulphadiazine, mupirocin 

‘& Antibiotics are not required once healthy granulation tissues 
are formed 

% Once granulates, defect is closed with secondary suturing, 
skin graft, flaps 


e 


eeeee 


Uleer cleaning is done using dilute povidone iodine and 
normal saline (better and ideal). It should be done daily or two 
times a day depending on the severity 


Conflict is the primary engine of creativity and innovation.—Ranold Heifetz 
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® Itisremoval of devitalised tissue 

‘& Small ulcers are debrided in ward 

+ Large ulcers are debrided in operation theatre under general 
anaesthesia 

 Alldead, devitalised, necrotic tissues are removed 

Slough should be separated adequately before debridement 

@ Often devitalised tissue separates on its own by autolysis 

‘® Enzymes like collagenase are used for debridement 

® Hydrotherapy and dressings are mechanical nonselective 
method of debridement 


To keep ulcer moist 
Tokeep surrounding skin dry 

To reduce pain 

To soothen thettissue 

To protect the wound 

‘Asan absorbent forthe discharge 


eeeeee 


Fig. 1.56: Ulcer after wound debridement. Adequate wound excision 
isessential whenever there is slough and necrosis o allow granulation 
tissue to develop. 


Note: 
Debridement can be surgical, mechanical, autolytic or enzymatic, 


Cotton dressing—cheap but traumatic 

Paraffin dressing 

Polyurethane dressings used in clean wounds 

Alginates (seaweed) dressing used when there are heavy 

exudates 

Type 1 collagen dressings cause haemostasis, proliferation of 

fibroblasts and improve the blood supply 

Foam dressings are highly absorbent, decrease the wound 

maceration, and reduce the frequency of dressing—hydro- 

philic polyurethane foam 

& Hydrocolloid dressings help in separation of slough and 
autolysis of dead tissues 

‘& Transparent fim dressings are waterproof permit oxygen and 
water vapour across and prevent contamination 

+ Hydrogel dressings used for clean wounds 


eeoee 


e 


° 


Recurrentinfection 
Trauma 

Absence of rest 
Poor blood supply 
Hypoxia 

edema of area 
Loss of sensation 
Malignancy 
Speci cause 
Fibro 
Periostitis or osteomyelitis of the underlying bone 


tuberculosis 


eeeeesseoos 


Figs 1.57A and B: Solutions commonly used for ulcer dressing— 
povidone iodine (brownish); EUSOL (colourless); hydrogen peroxide fll TRAUMATIC ULCER 
and normal saline. Note the EUSOL bath. Dilute EUSOL solution in 
a basin is used wherein ulcer foot is dipped and kept in place for : 
20-30 minutes. EUSOL removes the slough and cleans the ulcer bed. dental ulcer along the margin of the tongue duc to tooth 
Hydrogen peroxide releases nascent oxygen and helps in removing injury: physical like by electrical burn; chemical like by 
necrotic material alkali injury. 


% Such ulcer occurs after trauma. It may be mechanical— 


# Such ulcer is acute, superficial, painful and tender. 
Secondary infection or poor blood supply of the area make 
it chronic and deep. 

+ Footballer’s ulcer is a traumatic ulcer occurring over the 
shin of males due to direct knocks on the shin. Itis staphy- 
lococeal infection with a chronic and deep ulcer. 

* Traumatic ulcers can occur anywhere in the body due to 
trauma, 


Fig. 1.59: Degloving ulcer with devitalised exposed tendons on the 
dorsum of the hand. 


Trauma causes infection, necrosis, fasciitis, crush injury, 
endarteritis of the skin leading into formation of large/deep 
nonhealing ulcer. 

% Treatment depends on size and extent of ulcer. Regular 
dressing, later skin grafting is done 


lm TROPHIC ULCER (PRESSURE SORE/ 
DECUBITUS ULCER) 


Pressure sore is tissue necrosis and ulceration due to prolonged 
pressure. Blood flow to the skin stops once external pressure 
becomes more than 30 mmHg (more than capillary occlusive 
pressure) and this causes tissue hypoxia, necrosis and ulcera- 
tion. It is more prominent between bony prominence and an 
external surface. 


It is due to: 
% Impaired nutrition, 
# Defective blood supply. 
# Neurological deficit 


Sites 


% Over the ischial tuberosity. 
* Sacrum. 

# Inthe heel 

# In relation to heads of metatarsals 

# Buttocks. 

% Over the shoulder. 

# Occiput. 

Due to the presence of neurological deficit, trophic 
ulcer is also called as neurogenic ulcer/neuropathic ulcer: 
Initially it begins as callosity due to repeated trauma and 
pressure, under which suppuration occurs and gives way 
through a central hole which extends down into the deeper 
plane up to the underlying bone as perforating ulcer 
(penetrating ulcer), 


Bedsores are trophic ulcers. 


‘& Normal stimulus to relieve the pressure is absent in anaes- 
thetised patient 

+ ‘Nutritional deficiencies worsens the necrosis 

‘& Inadequate padding over the bony prominencesin malnour- 
ished patients 

Urinary incontinence in paraplegia patient causes skin 
soling-maceration-infection-necrosis 


): Trophic ulcer—heel. It is deep punched out ulcer. It often 
requires rotation flap/transposition flap. 


Figs 161A and 8 


To strengthen your heart, forgive yourself and others. 
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Fig. 1.61C 


Figs 1.61A to C: Bedsore (decubitus ulcer) over the greater trochanter, 
ischium and sacrum. Bedsore is a trophic ulcer. It is usually with 
punched out edge. 


Clinical Features 


% Occurs in 5% of all hospitalised patients. 
% Painless ulcer which is punched out. 
* Ulcer is nonmobile with base formed by bone 


Diabetic neuropathy 
Peripheral neuritis 
Tabes dorsalis 

Spina bifida 

Leprosy 

Spinal injury 
Paraplegia 

Peripheral nerve injury 
% Syringomyelia 


eoeseese 


Fig. 1,62: Bedsore over the sacrum with thick black slough 
‘on the surface, 


‘Stagingofpressuresore 


+ Nonblanching erythema —early superficial ulcer 

+ Partial thickness skin loss—late superficial ulcer 

Full thickness skin loss extending into subcutaneous tissue 
but not through fascia—early deep ulcer 

+ Full thickness skin oss with fascia and underlying structures 
like muscle/tendon/bone, etc—late deep ulcer 


Investigations 


Study of discharge, blood sugar, biopsy from the edge, X-ray 
of the part, X-ray spine. 


Treatment 

# Cause should be treated. 

® Nutritional supplementation. 

# Rest, antibiotics, slough excision, regular dressings 

% Facuum assisted closure (VAC): It is the creation of inter- 


mittent negative pressure of minus 125 mmHg to promote 


formation of healthy granulation tissue. Negative pressure 
reduces tissue oedema, clears the interstitial uid and 
improves the perfusion, increases the cell proliferation and 
so promotes the healing. A perforated drain is kept over the 
foam dressing covered over the pressure sore. It is sealed 
with a transparent adhesive sheet. Drain is connected to 
required vacuum apparatus. 


Fig. 1.63: Vacuum assisted closure of an ulcer. 


* Once ulcer granulates well, flap cover or skin grafting is 
done. 

Excision of the ulcer and skin grafting. 

Flaps—local rotation or other flaps (transposition flaps). 
Cultured muscle interposition. 

Proper care: Change in position once in 2 hours; lifting the 
limb upwards for 10 seconds once in 10 minutes; nutrition; 
use of water bed/air bed/air-fluid floatation bed and pres- 
sure dispersion cushions to the affected area; urinary and 
faecal care; hygiene; psychological counselling. Regular 
skin observation; keeping skin clean and dry (using regular 
use of talcum powder); oil massaging of the skin and soft 
tissues using clean, absorbent porous clothing; control and 
prevention of sepsis helps in the management, 


ll ULCER DUE TO CHILBLAINS 


# Itis due to exposure to intense cold causing blisters and 
ulcerations in the feet 

% These ulcers are superficial, 

# Itis due to excessive cutaneous arteriolar constriction, 

* The condition is also called as pernisis. 


™@ ULCER DUE TO FROSTBITE 


 Itis due to exposure ofa part to wet cold below the freezing 
point (cold wind), 

* There is arteriolar spasm, denaturation of proteins and cell 
destruction. 

 Itleads to gangrene of the part. 

% Uleets here are always deep. 


ll MARTORELL’S ULCER (1945) 


 Itis seen in hypertensive patients often with atherosclerosis. 
% Itis seen in calf, Often itis bilateral and painful. 
‘Necrosis of calf skin occurs with sloughing away and forma- 
tion of deep, punched out ulcers extending into the deep fascia. 
* There is sudden obliteration of the arterioles of the calf'skin. 
% Allperipheral pulses are present. 
% [takes months to heal. 
Treatment: Once ulcer granulates well, skin grafting with 
lumbar sympathectomy is done. 


Fig. 1.64: Typical Martorell’s ulcer. 


lm ARTERIAL/ISCHAEMIC ULCER 


* Itis common in toes, feet or legs; often can occur in upper 
limb digits. I is due to poor blood supply following blockage 
of the digital or medium sized arteries. 

# Atherosclerosis and TAO (Thromboangiitis obliterans) are 
common causes in lower limb, 

% Cervical rib, Raynaud’s phenomenon and vasculitis are 
common causes in upper limb, 


4% Ulcer initially occurs after trauma, soon becomes nonhealing, 
spreading with scanty granulation tissue. 

% Uleeris very painful, tender and often hyperaesthetic. Digits 
‘may often be gangrenous. Intermittent claudication, rest pain 
are common. Other features of ischaemia are obvious in the 
adjacent areas. They are—pallor, dry skin, brittle nail, patchy 
ulcerations, and loss of hair 

% Ulcer is usually deep, destructs the deep fascia, exposing 
tendons, muscles and underlying bone. Dead tendons look 
ppale/greenish with pus over it. 

# Management: Specific investigations like arterial Doppler, 
angiogtam, lipid profile, and blood sugar are done. Treat- 
‘ment is done accordingly —drugs like vasodilators, arterial 
surgeries may be needed. 


Fig, 1.65: Ischaemic ulcer foot. This ulcer is likely to lead into 
gangrene and eventual amputation. 


Fig, 1.66: Ischaemic ulcer foot with gangrene of toes without 
evidence of any bleeding with exposed tendons 


@ BAIRNSDALE ULCER 


# Itisa chronic, irregular, undermined ulcer due to Mycobac- 
terium ulcerans infection. 

# Deep severe form, with extensive dermal necrosis is called 
as ‘Buruli ulcer.” 

charge study will show acid-fast bacilli 

% Antituberculous drugs resolve the ulcer usually. Skin 
‘grafting may be required later. 


Aman without purpose is like a ship without rudder. 
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ll CARCINOMATOUS ULCER (EPITHELIOMA, 
SQUAMOUS CELL CARCINOMA) 


 Itarises from prickle cell layer of skin, It may initially be 
asa nodule or ulcer; but later forms an ulcerative lesion with 
rolled out/everted edge. Floor contains necrotic content, 
unhealthy (tumour) granulation tissue and blood. 

% Ulcer bleeds on touch and is vascular and friable. Induration 
is felt at the base and edge. It is usually circular or irregular 
in shape. Initially ulcer is mobile but becomes nonmobile 
‘once it infiltrates into deeper tissues. The typical foul smell is 
due to necrotic material, infection and release of polyamides 
from the tumour cells 

Hard, discrete regional lymph nodes are often palpable, 
initially mobile but later become fixed. Lymph nodes can 
fungate eventually. Uleer and lymph nodes are initially pain- 
less; but becomes painful and tender once there is deeper 
infiltration or secondary infection. Systemic spread is rare, 
Its a locoregional malignant disease 

* Verrucous carcinoma is exophytic, locally malignant well 
differentiated squamous cell carcinoma without lymphatic 
spread. 

# Management: Edge biopsy; FNAC of regional lymph nodes 
are the investigations. Treated with wide local excision with 
skin grafting and regional lymph node block dissection. 


Fig. 1.67: Squamous cell carcinoma heel. Its proliferative ulcer. 
Note the raised and everted edge. 


Fig. 1.68: Proliferative squamous cell carcinoma in the amputation 
stump. Patient has undergone amputation earlier for distal 
‘carcinomatous ulcer, Ths is recurrence at the stump site. SCC can be 
proliferative, ulceropraliferative or proliferative ulcer on clinical look. 


ll MARJOLIN'S ULCER 
(Rene Marjolin,1828, Paris) 


# Itis slow growing locally malignant lesion—a very well 
differentiated squamous cell carcinoma occurring in an 
unstable scar of long duration. 

* Itis commonly seen in chronic venous ulcer sear. Often it 
is observed in burns scar and scar of previous snake bite 
Lesion is ulcerative/proliferative. 

# Edge may be everted or may not be. Its painless as scar does 
not contain nerve fibrils, It does not spread into lymphatics 
as scar is devoid of lymphatics. Induration is felt at the edge 
and base, There is marked fibrosis also. 

# Once lesion spreads into adjacent normal skin, itcan spread into 
regional lymph nodes behaving like squamous cell carcinoma. 

4% Managed by edge biopsy and wide local excision and grafting, 


Fig, 1.69: Marjolin’s ulcer in a chronic unstable scar (of long 
duration) in the leg. It does not spread through lymphatics. 


@ RODENT ULCER 


# It is ulcerative form of basal cell carcinoma which is 
‘common in face. 

# Ulcer shows central area of dry scab with peripheral 
raised active and beaded (pearly white) edge. Often floor 
is pigmented. It erodes into deeper plane like soft tissues, 
cartilages and bones hence the name—rodent ulcer. 

+ As lymphatics are blocked early in the disease by lange 
tumour cells, it does not spread to regional lymph nodes. 
Blood spread is absent. It is only locally malignant. 

# Itis common in face; rarely can it occur over tibia, extemal 
genitalia, mucocutaneous junction. It does not occur in mucosa. 

* Management: Edge biopsy, CT scan of the part to see the 
depth, wide excision 


™@ MELANOTIC ULCER 


* Its ulcerative form of melanoma, It can occur in skin as 
de novo or ia pre-existing mole, Uleer is pigmented often 
with a halo around. 

* Ulcer is rapidly growing, often with satellite nodules and 
‘in-transit’ lesions. It is very aggressive skin tumour arising 
from melanocytes, 


# It spreads rapidly to regional lymph nodes which are 
pigmented. Blood spread to liver, lungs, brain, and bones 
is common, It can occur in mucosa, genitalia, and eye. It is 


a systemic malignant disease. 
© Management: Excision biopsy (usually incision biopsy 
is not done), FNAC lymph node, US abdomen, Treatment 
is wide loc 


excision, regional node block dissection, 
chemotherapy. 


a , a] 
Figs 1.708 and 8: Melanotculcerinthe foot with enlarged 
Inguinal mph nodes 


™@ DIABETIC ULCER 
Causes 


# Increased glucose in the tissue precipitates infection, 


Fig. 1.71: Diabetic ulcer foot. 


rg 


Diabetic microangiopathy which affects microcirculation. 
Increased glycosylated haemoglobin decreases the oxygen 
dissociation. 

Increased glycosylated tissue protein deer 
utilization, 

Diabetic neuropathy involving all sensory, motor and 
autonomous components. 

Associated atherosclerosis 


es the oxygen 


Figs 1.72A and B: Foot is the most common area for diabetic 
infective problems. It can cause abscess, ulcer, osteomyelitis, 
gangrene, septicaemia. Initially patient undergoes toe amputation 
but later eventually land with below knee or above knee 
amputation 


Sites 


Foot-plantar aspect—is the most common site 
Leg 

Upper limb, back, scrotum, perineum 
Diabetic ulcer may be asso 
Ulcer is usually spreading and deep. 


ed with ischaemia, 


Investigations 


Blood sugar both random and fasting, 

Urine ketone bodies 

Discharge for culture and sensitivity. 

“X-ray of the part to see osteomyelitis, 

Arterial Doppler of the limb; glycosylated haemoglobin 
estimation, 


When you cease to dream, you cease to live. 
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“4 Neuropathy, in foot—clawing of toes, hammer toe (due to 
intrinsic muscle paralysis) 

‘© Multiple deeper abscesses; osteomyelitis of deeper bones 
are common 

+ Reduced leukocyte function; resistant infection; spreading 
cellulitis 

‘& Arteta insufficiency 

+ Septicaemia; diabetic ketoacidosis 

+ Associated cardiac diseases like ischaemic heart disease 


Treatment 
Control of diabetes using inst 
Antibiotics 

Nutritional supplements. 
Regular cleaning, debridement, dressing 

Once granulates, the ulcer is covered with skin graft or lap. 
‘Toe/foot/leg amputation. 

Microcellular rubber (MCR) shoes to prevent injuries; care 
of foot. 


ll MELENEY’S ULCER (POSTOPERATIVE 
SYNERGISTIC GANGRENE) 

¢ Itis commonly seen in postoperative wounds in abdomen 
and chest wall like empyema drainage or after surgery for 
peritonitis 

# Itis an acute rapidly spreading ulcer with destruction and 
deep burrowing of subcutaneous tissues. 


Fig, 1.73: Meleney's ulcer. 


* Occasional symbiotic infection may develop in leg or hand. 
This can be as de novo association of ulcerative colitis or on 
8 pre-existing venous ulcer. 


Aetiology 


¢ Itis common in old age and immunosuppressed individuals 
and after surgery for infected cases. 

4 Itis caused by microaerophillic streptococci, Staphylococcus 
aureus and anaerobes. 


Sites 

% Itis common in abdomen and thorax. It begins in wound, 
‘margin and spreads rapidly. It can also occur in other areas 
of skin, 

% Infection is severe, often with endarteritis ofthe skin leading 
to ulcer and destruction 


Clinical Features 


Features of toxaemia. 
4 Spreading painful ulcer with discharge. 
# Abundant granulation tissue with purple and red zones. 


Management 


# Random blood sugar is checked, if diabetic it has to be 
controlled. 

# Anlibioties. 

* Blood transfusion, critical care, 

Adequate excision of dead tissues until it bleeds. 

% Once healthy granulation tissue is formed skin grafting is 
done. 


™ LUPUS VULGARIS (‘Lupus'—Wolf) 


# Itis cutaneous tuberculosis which occurs in young age 
group. 

¢ Commonly seen on face, hand and forearm; starts as typical 
‘apple-jelly nodule with congestion of skin around, Eventu- 
ally a superficial ulcer with undermined edge is formed. 

# Glass slide pressed firmly on the diseased area to eliminate 
the surrounding hyperaemia causes clinically obvious apple- 
Jelly appearence. 


Figs 1.74A and B: Lupus vulgaris in forearm and thumb. Biopsy 
confirmed tuberculasis. Patient needs antituberculous drugs 
(Courtesy: Dr Ashfaque, DNB, Surgeon, KMC, Mangalore). 


* The ulcer is active and destruction occurs at the periphery 
with healing takes place at the centre 

* Often lesion extends into nose and oral ca 
the mucosa, 

% Due to lymph 

* Long-standing lupus vulgaris can turn into squamous cell 


ty involving 


obstruction facial oedema can occur. 


Investigation 
ESR, discharge study, biopsy, chest X-ray. 


Treatment 


a. Antituberculous drugs. 
b, [fcomplete healing does not occur, then exeision and skin 
grafting is required. 


l™ TUBERCULOUS ULCER 


It is due to Mycobacterium tuberculosis. It is usually due to 
cold abscess later forming ulcer in the neck, chest wall, axilla 
and groin. It can also be primary tuberculosis of the skin 
(commonly in face). Ulcer can be single or multiple; oval or 
rounded: with undermined edge (due to progression of disease 
‘outwards undemeath and healing inwards by skin), painful and 
tender with caseating material on the floor. Ulcer is usually not 
deep. Regional lymph nodes may be enlarged matted, firm, 
and nontender. 


Fig. 1.75: Tuberculous ulcer is typically undermined, 


Management: Discharge study for epithelioid cells (modified 
histiocytes), AFB; edge biopsy, antituberculous drugs. 


@ BAZIN’S DISEASE (ERYTHROCYANOSIS 
FRIGIDA/ERYTHEMA INDURATUM) 


(Pierre Bazin, 1850, Paris) 

# tis localised area of fat necrosis with chronic ischaemia of | 
ankle skin affecting exclusively adolescent gitls. It may be 
due to tuberculosis. It is observed in girls with more / thick 
subcutaneous fat around ankle. 

* Bluish pink leg which becomes bluish mottling in extreme 
cold season. On warming, skin tums bright red and painful 
which is typical due to hyperaemia. In these patients perfo- 
rating arteries perfusing the skin around the ankle are small/ 
poor/not existing causing ischaemia of skin around ankle 
which becomes hyperaesthetic and sensitive for temperature 
alteration. 

Symmetrical, purple nodules develop in ankles and lower 
leg which later break down forming multiple, small, painful, 
superficial ulcers often with ankle oedema and pigment 
scars, 

% Treatment is antitubercular drugs and lumbar sympathec- 
tomy. 


™@ TROPICAL ULCER 


# Itis endemic in monsoon hit humid tropies with repeated 
epidemics but sporadic in subtropies. Trauma or insect bite 
leads into infection exclusively in the lower part of the leg 
and foot. 

# tis anacute ulcerative lesion of the skin observed in tropical 
regions like A rica, India and South America, Itis associated 
with lower socioeconomic group, anaemia, and malnutrition 
and vitamin deficiency. 

# It is commonly caused by Fusobacterium fusiformis 
(Vincent’s organisms) and Borrelia vincent 

# There are abrasions, redness, papule and pustule formation, 
‘acute regional lymphadenitis and severe pain. 

* Pustule bursts in 3 days along with necrobiosis and 
phagedena causing a spreading pa 
undermined edge, brownish floor and serosanguineous 
discharge. Spreading stops in few weeks with ulcer 
persisting for many months to years. Eventually a chronic, 
large nonhealing/callous ulcer forms with persistent pain, 
profuse serosanguineous discharge, extremely unpleasant 
‘odour, long existing firmly adherent slough in the floor 
without any obvious constitutional symptoms. During 
healing it causes a slight pigmented, parchment like 
round scar. 

* Often destruction is progressive without cessation 
(hagedena) to extend into entire soft tissues of foot and 
leg inviting amputation. Phagedena (Greck—to eat) is also 
seen in chaneroid and cancrum ori. 

% Occasionally squamous cell carcinoma can develop in it 

% ‘Treatment: Improvement in nutrition, penicillin, metroni- 
dazole, Eusol dressing, skin grafting at a later date. 


ful ulcer with an 


Happiness is never found until we have the grace to stop looking for it. 
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ll VENOUS ULCER (GRAVITATIONAL ULCER) 


# Itis common around ankle (gaiter's zone) due to chronic 
venous hypertension. It is due to varicose veins (long 
saphenous vein/short saphenous vein/perforators) or post- 
phlebitic limb. 

 Post-philebitic limb consists of veins that is been partially 
recanalised following deep venous thrombosis which causes 
increased venous pressure around ankle through perforators. 

Varicose veins are common in females. 50% of venous ulcer 
is due to varicose veins; 50% are due to post-phlebitic limb 
(previous DVT). Pain, discomfort, pigmentation, dermatitis, 
lipodermatosclerosis, ulceration, periostitis, ankle joint anky- 
losis, talipes equinovarus deformity and Marjolin’s ulcer are 
the problems of varicose veins and later of venous ulcer. 


Fig. 1.76: Venous ulcer around ankle with skin changes over 
surrounding area. itis the most common site of venous ulcer. 


% Ulcer is initially painful; but once chronicity develops it 
becomes painless. Ulcer is often vertically oval; commonly 
located on the medial side; occasionally on lateral side; often 
on both sides of the ankle; but never above the middle third 
of the leg. Floor is covered with pale or often without any 
granulation tissue. When well-granulated, edge is sloping, 
Induration and tenderness is seen often at the base of an 
ulcer. 

% Inguinal lymph nodes (vertical group) are often enlarged. 
Ulcer often attains very large size which is nonhealing, 
indolent and callous. 

Ulcer heals on rest and treatment; but reforms again, Scar- 
ring is common due to repeated healing and recurrent ulcer 
formation. This unstable scar of long duration may lead into 
squamous cell carcinoma (Marjolin's ulcer). 

¢ Management: Venous Doppler, regular dressing, skin 
grafting, specific treatment for varicose veins. 


@ SYPHILITIC ULCER 


Nowadays it is a rare entity. It is caused by Treponema 
pallidum bacterium. It is a sexually transmitted disease. 
It is named as ‘Syphilis’ after a shepherd named Syphilus 
‘who acquired the disease as was written in a poem by Fran- 
castorius of Verona, Many clinical lesions are observed in 
different stages of syphilis 


* John Hunter inoculated himself with syphilis organism to 
study the clinical features and effects. Afler 24 years of 
inoculation, he died from rupture of syphilitic aortic aneu- 
rysm at the age of 65. 

* Genital chancre (Hard chancre, Hunterian chanre) is pain- 
less, hard, button like, indurated, nonbleeding ulcer; usually 
seen in corona or frenum of penis, often on lips, breasts 
and anal region; appears 4 weeks after initial infection in 
‘first stage of the disease (primary syphilis). Shotty, pain- 
less, firm, discrete groin lymph nodes may get enlarged 
along with genital chancre. Suppuration in these nodes will 
not occur. Extragenital chancres in lips and breasts show 
enlarged neck/axillary nodes which are inflamed, painful 
and also often may be matted. 

* During second stage (secondary syphilis) white, thickened 
‘mucous patches appear commonly in the mouth like small, 
circular, superficial snail track ulcers. Also there appears 
raised, flat, hypertrophied, and warty like epithelium at 
‘mucocutaneous junctions (mouth, genitalia) called as 
condyloma lata. Generalised, shotty, hard, discrete, painless 
lymph nodes are palpable, epitrochlear and suboccipital 
nodes in particular are enlarged. Epitrochlear nodes are felt 
1-2 om above the medial epicondyle (It is also enlarged in 
‘non-Hodgkin's lymphoma/NHL). Iritis, arthritis, hepatitis 
(massive liver in syphilis is called as hepar lobatum), menin- 
igitis, syphilitic osteitis with ‘ivory’ sequestrum, coppery 
red skin rash, moth-eaten alopecia are other features of 
second syphilis. 

# Intertiary/late stage syphilis gummatous ulcer develops. It 
is deep, punched out, painless, nontender ulcer with wash 
leather slough in the floor, with ‘silvery tissue paper” like 
scar around and occurs over the subcutaneous bones like 
tibia, stemum, skull, palate or other area. It also can occur 
‘over the tongue, anterior aspect of the scrotum. It is due to 
delayed hypersensitivity reaction with endarteritis obliterans 
and vasculitis. Perforation of nasal septum/palate can occur. 
Clutton s joint and Sabre tibia ate often seen. Lymph nodes 
are not affected in tertiary syphilis. Neurosyphilis (tabes 
dorsalis), aneurysm of arch of aorta are other features of 
tertiary syphilis. 

# Tabes dorsalis presenting as generalized paralysis of insane 
is often called as late tertiary or quaternary syphilis. 

# Long quiescent asymptomatic period from secondary to 
tertiary is called as latent syphilis. 

# Secondary syphilitic stage shows plenty of circulating 
‘Treponema spirochaetes in blood where as in tertiary stage 
spirochaetes are less or absent. 


ll SOFT CHANCRE/SOFT SORE/DUCREY’S 
ULCER/CHANCROID/BUBO 


% These multiple irregular genital ulcers appear 3 days after 
infection with Haemophilus ducreyi as a venereal disease 

* They are acute painful, tender, nonindurated ulcers. Floor 
shows yellowish slough with purulent discharge. Edge is 
‘oedematous and inflamed. Acute regional lymphadenitis 
with suppuration presenting as tender, soft or firm swelling 
is common. Such soft fluctuant inguinal swelling is termed 
as bubo, 

4% Treatment is by drugs like co-trimoxazole, erythromycin, 
ciprofloxacillin, ceftriaxone; aspiration of bubo. 


@ CLIMATIC BUBO/TROPICAL BUBO 


It is due to lymphogranuloma inguinale, a venereal 
spreading organism (LGV, Chlamydia type L1, 2, 3) 

In LGY, lesion of primary genital stage is small, painless 
and commonly unnoticed. 

Lesion of secondary stage develops in 2 weeks. In males 
inguinal lymph nodes; in females intrapelvic and pararectal 
nodes are involved. Suppuration of inguinal nodes eventually 
‘occurs leading into dischanging sinuses. Frei intradermal test 
becomes positive in 6 weeks and remains positive for lifetime. 
In tertiary stage, eye, joint, meninges may get involved 
after many years. Repeated chronic inflammation, lymphatic 
blockage, scarring can cause rectal stricture and vulval 
elephantiasis (esthiomene) in females. 

Treatment is tetracycline for 3 weeks. 


OTHER ULCERS 


Ulcers can occur, in various parts like over shin, legs, f 
face, chest wall, in various diseases like anaemia, poly: 
cythaemia, sickle cell disease, hereditary spherocytosis, 
Ieukemia, vasculitis, autoimmune diseases like rheumatoid 
arthritis, Paget's disease of bone (deep, nonmobile, fixed to 
bone; common in tibia), ulcerative colitis, etc. 

Treponema pertenue causing Yaws (Frambesia) can have 
multiple painless ulcers in leg and feet due to walking with 
bare foot (organism enters through abrasion) which heals 
spontaneously leaving a tissue paper like scar 

Poor hygiene and dressings can cause multiple, small, red 
often scabbed Staphylococcus aureus ulcers on the skin 
over the leg and feet which is often recurrent and disturbing, 


@ CLINICAL EXAMINATION OF AN ULCER 


History 
+ Mode of onset 

Duration 

+ Pain—its time of onset, progress, severity 

‘Discharge from ulcer 

‘History suogestive of associated disease/treatment history 


Local examination of an ulcer 
Inspection 


% Site of ulcer—arterial ulcer over the digits; venous ulcer over 
the malleoltraphic ulcer over heel/pressure points 

Size of ulcer 

& Shape of ulcer 

Number 

& Margin whether regular/irregular/well-defined/ill-defined 


° 


Edge of ulcer 
Floor of the ulcer—floor is the one what is seen, It rests 
on the base (Base is not seen; itis only felt), Red color in 
floor—healing ulcer slough with pale/purulentdischarge— 
‘nonhealing ulcer or tubercular;wash leather slough—syphi- 
litc ulcer/proliferative and nodular floor—squamous cell 
carcinoma; pigmented—melanoma, pigmented basal cell 
Discharge from ulcer bed —serous, serosanguinous, bloody, 
purulent; color of discharge—greenish in Pseudomonas 
infection 

Surrounding area tobe examined for inflammation oedema, 
‘eczema, scarring, pigmentation 

Inspection of the entire part/imb 


Palpation 


° 
° 
° 
° 
° 


° 


‘Tenderness over edge, base and surrounding area 
Watmness over surrounding area 

Edge palpation for induration 

Palpation of base for induration/ixity 

Depth of ulcer—trophic ulceris deep with bone asits base— 
often its measured gently in mm 

Bleeding on palpation and touching 

Palpation for deeper structures and its relation to ulcer 
Surrounding skin and tibia/caleaneumv/other related bones 
for thickening 

Examination of adjacent joint for mobility 

Examination of regional Iymph nodes is essential—tender- 
ness (acute infection), mobility, consistency may be hard 
(carcinoma metastasis)/ firm/soft and nontender (inflam- 
‘matory fixity (malignancy) ulceration or fungation (malig- 
rancy);sinus (nonspecific, tuberculosis or carcinoma) 


Specitic systems 


° 


Examination of arterial pulse, peripherally in relation to ulcer 
and cardiovascular system for murmur 

Examination for varicose veins in standing position 
Examination of the abdomen for splenomegaly (sickle cell 
disease); hepatomegaly 

Examination of spine (gibbus, paraspinal spasm, movements) 
and neurological system like sensation and muscle power 


Excellence is never granted to man but given as the reward of labour. 
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C. Sinus and Fistula 


we Sinus 
oe Fistula 
® Median Mental Sinus 


we Sequestrum 
vs Preauricular Sinus 


lm SINUS 


It is a blind track lined by granulation tissue leading from an 
epithelial surface into the surrounding tissues. 
Sinus means “hollow” or “a bay” (Latin) 


e— 


Sinus 


Fig. 1.77: Sinus. 


Causes 


Congenital: Preauricular sinus. 
Acquired: Actinomycosis, tuberculosis, pilonidal sinus, chronic 
‘osteomyelitis, median mental sinus, 


Fig. 1.78: Typical sinus in the thigh due to osteomyelitis of the 
greater trachanter. 


FISTULA 


{tis an abnormal communication between the lumen of one 
vviscus to another or the body surfice or between the vessels. 
Fistula means “flute” or “a pipe or tube.” 


Fistula 
Fig. 1.79: Fistula, 


Causes 


Congenital 
¢ Branchia! fistula 

 Tracheo-oesophageal fistula, 

% Congenital AV fistula. 

4 Umbilical fistula (patent vitello-intestinal duct), 
Acquired: 

a. Traumatic: 

» Following surgery—intestinal fistulas (biliary, pancre- 
atic, faecal), 

» Following instrumental delivery or difficult labour 
(vesicovaginal fistula, rectovaginal fistula, uretero- 
vaginal fistula, 

b. Inflammatory—intestinal actinomycosis, tuberculosis. 
©. Malignaney—when the growth of one organ penetrates 
into the nearby organ (Rectovesical fistulas as in carcinoma 


rectum, vesicouterine fistulas as in uterine cancer). 
External fistula Internal fistula 
© Orocutaneous @ Tracheo-oesophageal fistula 
@ Branchial fistula + Cholecystoduodenal fistula 


@ Colovesical fistula 
 Rectovesical fistula 


“& Thyroglossal fistula 
+ Enterocutaneous fistula 
“® Appendicular fistula 


# Thickening of the bone underneath on palpation if sinus is | 34 
adherent to bone or if there is osteomyelitis 

Enlargement of regional lymph nodes will be evident. 

# Sinus may be single or multiple. 


| Causes of persistence of asinus or fistula 

% A foreign body or necrotic tissue underneath, e.g. suture, 
Ssequestrum 

Insufficient or nondependent drainage 

Persistent obstruction in the lumen,e.g.in faecal fistula, biliary 

fistula (distal obstruction) 

+ Lack of rest, persistent infection 

‘& Wall become lined with epithelium or endothelium 

‘& Dense fibrosis prevents contraction and healing 

+ Specific infections: Tuberculosis, actinomycosis, 

‘& Presence of malignant disease, post-irradiation 


Note: 
‘The most common cause of sinus in neck istuberculosis. Commonly 
itis tuberculous lymphadenitis. It shows yellowish cheesy discharge 
‘with bluish margin. Usually tuberculous sinus/ulcer do not show 
any induration, 


Figs 1.80 and B: Faecal fistula through laparotomy wounds. One is 


‘through main wound; other i through drain ste. often occursafter Ad 

surgery for severe peritonitis, tuberculosis, malignancy. = 
2 

Clinical Features = 

4 Discharge from the opening of sinus. PY 

# No floor. = 

# Raised indurated edge, indurated base, nonmobile a 

¢ Often sprouting granulation tissue over the sinus opening. 

# Bone thickening in osteomyelitis 

# Surrounding skin may be erythematous in inflammatory; 


bluish in tuberculosis; excoriated in faecal fistula; pigmented 
in chronic sinuses/fistulas, fat 

# Discharge typical of the cause will be evident which will Fig- 1-82: Discharging abdominal faecal fistula showing extensive 
be obvious after applyi ture over surrounding area skin excoriation 

# Induration is a feature of all chronic fistulas except tuber- Fi Z 


culosis, 
ae 


S 


Fig. 1.81: Multiple discharging sinus foot. itis commonly due to 


‘mycetoma (Madura foot. It could also be due to tuberculasis, chronic 
pyogenic osteomyelitis or malignancy. 


Fig. 1.83: Abdominal faecal fistula ina patient who underwent 
‘surgery for acute intestinal obstruction due to tuberculosis 


When a man looses his health he begins to take care of it— John Billings 
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87: Sinus opening in the thigh. Note there is no floor. 


Figs 1.84A and B: Secondaries in neck causing discharging sinus. 
(4) and (8) in two different patients = 


E pee] 


E Fig. 1.88: Pilonidal sinus showing primary and secondary sinus. 


Fig. 1.85: Mandibular sinus. Its usually due to infected tooth causing 
‘asteamyalitis of mandible. It also could be due to tumour, trauma, 
actinomycosis and radiation. X-ray (orthopantomogram), study of 
discharge and biopsy are relevant investigations. Such fistula should 
be exciced with extraction of the causative taoth, 


q 
Fig. 1,89: Fistula in ano both sides 
he 
r+ 
Fig. 1.90: Postoperative gastrointestinal fistula. Note the skin 
Fig. 1.86: Discharging sinus inthe neck due to tuberculosis of excoriation, It can be contralled by using zine axide cream local 


lymph nodes with a cold abscess underneath, application. 


Different discharges ina sinus/fistula 
+ Purulent—bacterial infection 

 Caseous—tuberculous 

‘Sulphur granules—actinomycosis 

& Mucus—branchial fistula 

+ Saliva—parotid fistula 

+ Faeces—faecal fistula 

® Bile—biliary, duodenal fistula 

© Bone—osteomyelitis sinus 

+ Urine—urinaty fistula 


Note: 

+ Streptococcal pus is watery with blood stain. 

+ Staphylococcal pus is yellow and creamy. 

+ Green or greenish blue pus is due to Pseudomonas aeruginosa 
infection. 

+ Anchovy sauce pus is seen amoebic liver abscess. 

+ Gas gangrene produces sickly sweet edour—decayed apple like. 

+ Eccoli pusis usually odourless. 

+ Anaerobic bacteria and proteus vulgaris cause typical dour 
due to proteolysis. Bacteroids cause typical overripe Camembert 
cheese like odour. 

+ Faecal fistula causes fou! smelling discharge with gas bubble nit. 

+ Tuberculous sinus discharges caseating cheesy material. 


Investigations 


4, Fistulogram/sinusogram using ultrafluid lipiodol or water 
soluble iodine dye (Lipiodol is poppy seed oil containing 
40% iodine). 

Discharge for C/S, AFB, cytology, staining 


. Biopsy from the edge for tuberculosis and malignane} 

4, Chest X-ray; X-ray of the part; MRI (most reliable) of the 
part. 

©. ESR. 


£ CT sinusogram. 

g, Probing gently with care. 

1h, Digital examination of the rectum and proctoscopy in fistula 
in ano, 


Treatment 


4 Treat the cause. 

Excision of sinus or fistulas. Always specimen should be 
sent for histology. 

Antibiotics, antitubercular drugs, rest, adequate drainage. 


ll MEDIAN MENTAL SINUS 


It is a chronic infective acquired condition wherein there is 
infection of roots of one or both lower incisor teeth forming, 
root abscess which eventually tracks down between two halves 
of lower jaw in the midline presenting as discharging sinus on 
the point of chin at midline, 


‘Sinus openina 
Fig. 1.91: Median mental sinus. Note the origin of the sinus from 
‘the root/roots of the lower incisor/incisors, 


Fig. 1.92: Median mental sinus. 


inical Features 


Usually painless discharging sinus in the midline on the 
point of chin. 

Often incisor infection may be revealed (in many patients 
clinically tooth looks normal even though root is infected 
invariably), 

+ Itis often mistaken for infected sebaceous cyst. 

Osteomyelitis of the mandible is the possible complication. 


Differential Diagnosis 
# Infected sebaceous cyst. 
Tuberculous sinus. 

# Osteomyelitis 


Investigations 


Dental X-ray is diagnostic (Plain X-ray mandible may not 
reveal the disease). 
Discharge study—C/S, cytology, AFB. 
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Treatment 


# Antibiotics, after doing discharge study (CS), 


k with extraction 


Lay opening and excision of the sinus tra 
of incisor toath/teeth. 


lm SEQUESTRUM 


 Sequestrum is dead bone in situ 

# It can be pyogenic, tubercular (feathery), Salmonella 
(granular), syphilitic (ivory), tubular and ring (in amputa- 
tion stump). 

¢ Itcan be unformed —means separation between sequestrum 
and adjacent normal bone has not occurred or formed— 
means there is proper adequate separation between normal 


bone and sequestrum by forming granulation tissue. Radio- 
logically formed sequestrum shows clear lucent area/zone 
of demarcation. 

# Sequestrum is denser because of the absence of decalcifica- 
tion in the dead bone as there is no blood supply (dead bone 
is dense bone), 

# Sequestrum should be formed prior to surgical interven- 
tion—sequestrectomy and saucerisation. 


‘Sinus track 


@ 


Figs 1.94A to C: Osteomyelitis patient with scar. Also showing on 
table photo of sequestrectomy and saucerisation. 


Figs 1.93 A and B: Diagram and Xray showing osteomyelitis with 
sequestrum and sinus. Sequestrum is dead bone in situ 


Figs 1.95A and B: X-ray pictures shawing features af osteomyelitis 
with sequestrum, sinus, cavity 


Fig. 1.96: X-ray of foot showing osteomyelitis of metatarsal bones. 
Metatarsal osteomyelitis is commonly seen in diabetes mellitus and 
trauma, 


ll PREAURICULAR SINUS. 


I is a congenital entity occurring due to imperfect fusion 
of the six tubercles which form ear cartilage, Sinus opening 


may be Seen at the root of the helix or on the tragus. Track is 
quiet deep running backwards, slightly upwards towards the 
helix. It usually ends blindly. Outer opening of the sinus often 
closed causing formation of a cystic swelling which contains 
fluid which is often infected, Preauricular sinus in no instance 
will communicate with the external auditory meatus. Bursting 
of this swelling leads into formation of ulcer like lesion. It 
can be unilateral or bilateral. Occasionally multiple 
are seen. Opening of the sinus occurs in a small triangular 
‘area in front of the ear at the level of the tragus. Scarring is 
common around the opening due to repeated infection. 


Features 


# Itis seen since childhood, 
Often swelling appears and apparently disappears repeat- 
edly 

Pain and discharge is common. 

cosmetic problem in young individual, 
Differential diagnosis is tuberculosis, 

Discharge study, ESR, sinusogram to assess the track is, 
needed. MR sinusogtam is beneficial 


tees 


Treatment 


Excision under general anaesthesia with removal of entire 
track is essential, If track is not removed properly recurrence 
will occur. 


The mother's heart is child's schoolroom.—Henry Ward Beecher 
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D. Infectious Diseases 


But however secure and well-regulated civilized life may become, bacteria, protozoa, viruses, infected fleas, lice, 
ticks, mosquitoes, and bedbugs will always lurk in the shadows ready to pounce when neglect, poverty, famine, 


or war lets down the defenses. 


CHAPTER OUTLINE 


Surgical infection 
* Cellulitis 

% Erysipelas 

 Lymphangitis 

wm Abscess 

 Bacteraemia 

 Septicaemia 

 Pyaemia 

v Metastatic and Pyaemic Abscess 
Boil 

 Hidradenitis Suppurativa 
Carbuncle 

w Pott’s Puffy Tumour 
 Pyogenic Granuloma 

Impetigo 


ll SURGICAL INFECTION 


# Surgical infection is major problem in surgical practice. 
Asepsis (prevention of entry of organisms) and antisepsis 
(killing of the bacteria in the skin or tissues) has made a 
difference in surgical practice. Epithelial surfaces act as 
mechanical barrier and phagocytes, antibodies; comple- 
ments, macrophages, leukocytes, opsonins, ete. act as 
protective mechanisms, 

¢ Malnuttition, diabetes mellitus, obesity, uraemia, jaundice, 
malignancy, immunosuppression, radiotherapy, chemo- 
therapy, HIV, ischaemia, foreign body, haematoma are the 


risk factors for surgical infections, Virulence of organisms, 
blood supply, body immunity and support of antibiotics are 
the decisive factors in proper response to control infection, 

¢ Surgical infection can be superficial surgical site infection 
in the wound or deep surgical site infection in deeper fascio- 
muscular layers or organ space infection like abdomen 
thoracic cavity, ete 

# Health care associated infection occurs after hospital admis- 
sion in intensive unit/postoperative ward, ete 

¢ Southampton wound grading system for healing and infec- 
tion: 
> Grade 0 is normal healing; 
» Grade 1 is with bruising/mild erythema; 


—Hans Zinsser, 1934 


Scrum Pox 
Tetanus 

% Gas Gangrene 

Tuberculosis 

Leprosy 

Syphilis 

 Actinomycosis 

» Madura Foot 

Rabies 

Anthrax, 

Nosocomial and Opportunistic Infections 
HIV Infection and AIDS 

 Necrotising Fasciitis 

Acute Pyomyositis 

Surgical Site Infection 


> Grade? is severe erythema with other features of inflam- 
mation at or around wound: 
> Grade 3 is serous or bloody discharge; 
> Grade 4 is presence of pus or deep infection or tissue 
breakdown or significant haematoma 
_ASEPSIS wound score system is used to assess the wound infection 


I "ASEPSIS wound scoring 1 

Parameters Score 

+ Additional treatment 
4. Antibioties 10 
2. Pus drainage 05 
3. Wound debridement 10 

+ Serous discharge—for 5 days of frst 7 days 0-5 daly 
cf wound infection 

+ Erythema—for5 days offirt 7 days of 0-5 daily 
wound infection 

+ Purulent flid—for 5 days of frst 7 days of 0-10 daily 
wound infection 

+ Separation of deep tissues—for 5 days of 0-10 dally 


first 7 days of wound infection 
+ Isolation of bacteria 10 


‘+ Stay in the hospital (in-patient) more than 1405 
days due to infection 


@ CELLULITIS 


© [is spreading inflammation of subcutaneous and fascial 
planes. 

# Infection may follow a small scratch or wound or incision 
or inseet/snake/scorpion bite 


Causative Agents 


# Commonly due to Streptococcus pyogenes and other Gram 
++ve organisms. Release of streptokinase and hyaluronidase 
cause spread of infection. 

# Often Gram -ve organisms like Klebsiella, Pseudomonas, 
E, coli are also involved (usually Gram —ve organisms cause 
secondary infection). 

# It can be superficial or deep, More common superficial type 
is easier to diagnose. 

¢ Itis common in diabetics, immunosuppressed people and 
old age. 

¢ Itis common in face, lower limb, upper limb and scrotum. 

¢ Cellulitis occurring in children is never primary but 
secondary to an underlying bone infection—Morison's 
aphorism (James Morison, 1939—Surgeon, Durham, 
Neweastle) 


Sequelae 


# Infection can get localised to form pyogenic abscess: 

# Infection can spread to cause bacteraemia, septicaemia, 
pyaemia 

¢ Often infection can lead to local gangrene, 

# Extensive necrosis of skin and subcutaneous tissue— 
necrotizing fasciitis. 


Clinical Features 


# Fever, toxicity (tachycardia, hypotension), 

© Swelling is diffuse and spreading in nature. 

# Pain and tenderness, red, shiny area with stretched warm 
skin. 

Cellulitis will progress ray 
pressed individuals. 

# Tender regional lymph nodes may be palpable which signify 
severity of the infection, 

# No edge; no pus; no fluctuation; no limit. 


ly in diabetic and immunosup- 


Management 


¢ Elevation of limb or part to reduce oedema so as to increase 
the circulation 

# Antibioties—penicillins, cephalosporins. 

Dressing (often glycerine dressing is used as it reduces the 
‘oedema because of its hygroscopic action glycerine magne- 
sium sulphate dressing), 

 Bandaging, 


Cellulitis in Special Areas 
Orbital Cellulitis 


Cellulitis in orbit causes proptosis, leading to impairment 
of ocular movements and blindness. It can spread through 
ophthalmic veins into cavernous sinus causing cavernous 
‘sinus thrombosis. lt requires admission and immediate aggres- 
sive treatment with higher generation antibiotics (Penicillins, 
cephalosporins). 


Fig. 1.97: Cellulitis face. Note the aedema of the face and eyelids. 


Oedema gives rise to soft pitting, while if pus present, induration can always be felt—Allan B Kanavel 


37 


saseasig snonsajuy 


SRB's Manual of Surgery 


__ i 
Cay 
Sa 


Figs L98CtoeE 


Figs 1.98A to E: Note the cellulitis in different patients. It is common 
in lower limbs. There is no edge without any formed pus. it should 
never be incised with certain exceptions like Ludwig's angina. itis 
treated by antibiotics, It can cause bacteraemia/septicaemia, 


Fig. 1.99: Severe cellulitis face involving nose, eyelids and facial skin. 
It can cause septicaemia, cavernous sinus thrombosis or intracranial 
spread of infection. This area is called as dangerous zone in face. It 
needs hospitalisation for treatment. 


Ludwig's Angina 
tis cellulitis of upper part ofthe neck involving submandibular 
region and floor of the mouth along the fascial planes It may 


be precipitated by tooth extraction, oral cancer, submandibular 
gland infection, diabetes mellitus, chemotherapy, ete. 


Fig. 1.100: Dangerous area of face—area of upper lip and lower part 
of nose. Infection from this area spreads through deep facial vein -> 
pterygoid plexus > communicating vein -> cavernous sinus causing 
its life-threatening thrombosis. 


Clinical Features 


# Diffuse swelling, redness, tenderness and induration in the 
floor of the mouth and submandibular region, 

® Difficulty in opening of the mouth (Trismus) 

# Toxic features like fever, tachycardia and tachypnoea. 

# Severe laryngeal oedema (presents with respiratory distress, 
stridor and cyanosis). 

# Dysphagia and putrid halitosis. 


Complications 


% Septicaemia. 

# Spread of in 
‘thrombosis of intemal jugular vein which ma 
into the sigmoid sinus which may be fatal 


‘ion into the parapharyngeal space leads to 
extend above 


Treatment 


% Antibioties—intravenous, 

+B 
Under GA, horizontal incision is placed in submandibular 
region extending on both sides, deepened to include deep 
fascia. Mylohyoid muscles on both sides are cut. Itreleases the 
tension, preventing laryngeal oedema and so further spread 
of infection is prevented. Antibiotics should be continued. 

# Incised wound is closed by secondary suturing once infec 
tion is controlled completely (not earlier). 


™@ ERYSIPELAS 


I is a spreading inflammation of the skin and subcutaneous 
tissues due to infection caused by Streptococcus pyogenes. 
‘There will be always cutaneous lymphangitis with development 
of rase pink rash with cutaneous lymphatic oedema, Vesicles 


ly surgical intervention (decompression) is required. 


which form eventually will rupture to cause serous discharge. 


Sites 


% Orbit, face and ear lobule—most common. 
# Hands and scrotum. 
% Umbilicus in infants, 
# Decubitus ulcer of lower limb occasionally. 


Clinical Features 


Toxaemia i: 


. Iwvays a feature, 

Rash is fast spreading and blanches on pressure. 

Rash is raised with sharp margin. 

Redness becomes brown and later yellow with vesicles. 

Discharge is serous (In cellulitis discharge is purulent) 

Inthe face and orbit it causes severe oedema, 

 Milian’s ear sign is a clinical sign used to differentiate 

etysipelas from cellulitis wherein ear lobule is spared. Skin 

of car lobule is adherent to the subcutaneus tissue and so 

cellulitis cannot occur. Erysipelas being a cutaneous condi- 

tion can spread into the ear lobule (Gaston Milian—derma- 

tologist Paris, 1945). 

Disease is common in poorly hygienic debilitated individuals 

 Septicaemia, localised cutaneous and subcutaneous 
gangrene are the dangerous problems. 

¢ Lymphoedema of face and eyelids can ocour later due to 
lymphatic fibrosis. 


. 


‘Treatment is with penicillins. 


ERYSIPELOID DISEASE 


# Also called as ‘Fish handler’'s disease. 
Occurs following any cuts or scratches. 

¢ Ithas features of both erysipelas and cellulitis. 
# Itis self-limiting with relatively mild symptoms 


lm LYMPHANGITIS 


# Itis an acute nonsuppurative infection and spreading inflam- 
mation of lymphatics of skin and subcutaneous tissues due 
to heta haemolytic streptococci, staphylococci, clostridial 
organisms. Its commonly associated with cellulitis. Erysip- 
elas is a type of lymphan; 

¢ Inendemic areas, filariasis is the most common cause (coastal 
India). tis caused by Wuschereria bancrofii Itis transmitted 
through bites of Culex mosquito. Microfilaria reaches the 
lymph node forming adult worm which blocks the lymph 
node causing obstruction, fibrosis and lymphangitis. 

Usually infection occurs following a small trauma in bacte- 
rial cause. Rapidly fever and redness at the area develops. 


Features 


¢ Streaky redness which is spreading is typical. On pressure 
area blanches; on release redness reappears. 

 Ocdema of the part, palpable tender regional lymph nodes 
are obvious. 

¢ Fever, tachycardia, features of toxaemia. 

Groin lymph nodes are enlarged and tender in lower limb 
lymphangitis. In upper limb, as lymphatics are mainly 
located on the dorsum of hand, oedema and redness 
develops on the dorsum. Infection in thumb and index 


finger causes palpable tender axillary nodes; in little and 
ring finger causes first tender palpable epitrochlear nodes to 
appear; infection in middle finger causes first deltopectoral 
nodes to enlarge. 

Regional lymph nodes (only) may eventually suppurate to 
form an abscess. 

* Toxaemia, septicaemia may occur. Rapidity may be more 
in diabetics and immunosuppressed. 

© Chronic lymphangitis occurs due to repeated attacks of acute 
recurrent lymphangitis leading into acquired /ymphoedema, 


Management 


Antibiotics like penicillin, cloxacillin. 
# Elevation, rest, glycerine magnesium sulpha dressing. 
Management of toxaemia or septicaemia with critical care. 


Figs 101A and B 
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Figs L.101¢ 
Figs 1.101 A to C: (A) Lymphangitis of lower limb showing redness. 
(61) tymphangitis of upper limb; (82) Blanching is seen immediately 
after pressure; (C) Typical red streaks in an upper limb lymphangitis. 


Fig. 1.102: Lymphangitis of one leg. Note the typical streaky 
redness compare to normal side. 


™ ABSCESS 


Ifyou examine a swelling of pus in any limb of aman and you find 
it (with) its head raised anditis enclosed anditis rounded, youshall 
say conceming it"asweling ofpus anillness which willbe treated 
bye with the knife treatment. Thereis something in it ike mucus. 
Something comes forth like wax. It makes a pocket. F anything 
(remains) inits pocket it recurs.” 


—(Anonymous), circa 1500 BC 


‘Types 
+ Pyagenic abscess 
+ Pyaemic abscess 
Metastatic abscess 
+ Cold abscess due to chronic infection like tuberculosis 


Pyogenic Abscess 


It isa localised collection of pus in a cavity lined by granula- 

tion tissue, covered by pyogenic membrane. It contains pus in 

loculi. Pus contains dead WB 

and necrotic material 

# Protein exudation causes fibrin deposition and formation of | 
pyogenic membrane 

¢ Macrophages and polymorphs release lysosomal enzymes 
‘which cause liquefaction of tissues leading into pus formation, 

# Toxins and enzymes released causes tissue destruction and 
pus formation. 


Pyogenic 
‘membrane 


-Granulatior 
tissue 


Locul 


Pus 


Fig. 1.103: Pyogenic abscess—parts, 


Mode of Infection 


© Direct 
 Haematogenous 

‘© Lymphatics 

‘@ Extension from adjacent tissues 


Bacteria Causing Abscess 


% Staphylococcus aureus. 


# Streptococcus pyogenes. 
# Gram-negative bacteria (E. coli, Pseudomonas, Klebsiella) 
# Anacrobes. 


i” 


ie 


Fig. 1.104: Abscess forehead. Patient is diabetic and has had 
trauma to the site 


— 


Fig. 1.106: Abscess in the nape of the neck—suboccipital region. 
Note the redness and visible pus. 


Factors precipitating abscess formation 
+ General condition of the patient: Nutrition, anaemia, age of 
the patient 
+ Associated diseases: Diabetes, HIV,immunosuppression 
 Typeand virulence ofthe organisms 


Trauma, haematoma, road traffic accidents 


Clinical Features 


# Fever often with chills and rigors. 

¢ Localised swelling which is smooth, soft and fluctuant 

© Visible (pointing) pus. 

# Throbbing pain and pointing tenderness, 

¢ Brawny induration around, 

Redness and warmth with restricted movement around a 
joint. 

 Rubor (redness); dolor (pain); calor (warmness); tumour 
(swelling) and functiolaesa (loss of localised and adjacent 
tissue/joint function) are quiet obvious. 

(Commonly cellulitis occurs first which eventually gets local- 

ised to form an abscess.) 


Fig. 1.2078 


ic] 
Figs 1.1078 and ¢ 
Figs 1.107A to €: Pyogenic abscess in different locations in chest 
wall; plantar aspect ofthe foot and in the thigh. Note the redness 
and visible pus. 
Visible (pointing) pus, tenderness, fluctuation are the 
features of formed abscess. 


Celalitis Pyogenie abscess 


* Diffused—no edge + Well-localised with 
clear edge 
* Pus not formed—non- + Formed pus 
suppurative initially 
+ Not fluctuant + Fluetuant 


+ Spreading—SIRS can occur 
* Blood culture may be negative + Culture of pus is 
usually positive 
+ Never incise; ifdone danger + Drainage is essential 
of bacteraemia, antibiotics, 
elevation, dressing—are 
treatment 


Sites of Abscess 
External Sites 
Fingers and hand. 

Neck. 

Avilla 

Breast. 

Foot, thigh—here it is deeply situated with brawny induration 
Ischiorectal and perianal region. 

Abdominal wall 

Dental abscess, tonsillar abscess and other abscesses in the 
oral cavity 


Happy is he who has no serious consequences of his erroneous diagnosis to regret—Fredrick H Marsh 
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1.108: Perineal abscess, 


b, Internal Abscess 
# Abdominal: Subphrenic, pelvic, paracolic, amoebic liver 
abscess, pyogenic abscess of liver, splenic abscess, pancre- 
atic abscess 

Perinephric abscess, 

Retroperitoneal abscess. 

Lung abscess, 

Brain abscess. 

Retropharyngeal abscess, 


eeees 


Investigations 

¢ Total count is increased. 

# Urine sugar and blood sugar is done to rule out diabetes, 

¢ USG of the part or abdomen or other region is done when 
required, 


Fig. 1.109: Abscess in plantar aspect of foot. Note the visible pus, 


# Chest X-ray in case of lung abscess, 

% Gallium isotope scan is very useful 

# CT scan or MRI is done in cases of brain and thoracic abscess. 

¢ Investigations, relevant to specific types: Liver function tests, 
PO; and PCO; estimation, blood culture, 


Complications of an Abscess 

¢ Bacteraemia, septicaemia, and pyaemia 

¢ Multiple abscess formation, 

% Metastatic abscess, 

% Destruction of tissues. 

© Antibioma formation (common in breast abscess). Once abscess 
forms, thick fibrous tissue develops around abscess cavity 
because of antibiotics. Cavity contains sterile pus as thick 
flaques. Itis nontender, localised, smooth, hard swelling which 
may mimic carcinoma (in breast—carcinoma breast). Itshould 
be differentiated clinically from carcinoma (it is not progres- 
sive whereas carcinoma is progressively increasing). FNA\ 
essential to differentiate, Antibioma should be excised. 

Sinus and fistula formation. 

+ Large abscess may erode into adjacent vessels and can cause 
life-threatening torrential haemorrhage, e.g. as in pancreatic 
abscess, 

4% Abscess in head and neck region can cause laryngeal oedema, 
stridor and dysphagia, 

% Specific complications of intemal abscess: 

» Brain abscess can cause intracranial hypertension, epilepsy, 
neurological deficit 

» Liver abscess can cause hepatic failure, rupture, jaundice. 

» Lung abscess can lead to bronchopleural fistula or septi- 
‘caemia or respiratory failure or ARDS, 


Fig. 1.110: Abdominal wall abscess being aspirated. Note the aspirated 
us in the syringe. Abscess should be aspirated priar to drainage. 


Fig. 1.111: Multiple abscesses in neck, chin, face. It is comman in 
HIV, diabetes and immunosuppressed, 


‘Treatment of an abscess: 
Abscess should be formed before draining. Exceptions for this 
tuleare: 
+ Paratid abscess 
Breast abscess 
Axillary abscess 
Thigh abscess 
Ischiorectal abscess 


Features of a formed abscess 
Visible pus 
Pointing tenderness 
Fluctuation 
Excruciating pain 


eeoe 


Note: 
Pus anywhere will come to surface: pus anywhere should be drained, 


Fig. 1.122: Scrotal abscess, which is well-localised and ready for 
drainage. Patient has undergone surgery for hernia earlier. 


Procedure 


Hilton's method of draining an abscess 

¢ Initially broad spectrum antibioties are started (depending 
on severity, extent and site of the abscess). 

Under general anaesthesia or regional block anaesthesi 
after cleaning and draping, abscess is aspirated and pre: 
of pus is confirmed. 

¢ Skin is incised adequately, in the line parallel to the neuro- 
vascular bundle in the most dependent position. 

¢ Next, pyogenic membrane is opened using Sinus fore 
and all loculi are broken up. Abscess cavity is cleared of pus 
and washed with saline. 


# A drain (cither gauze drain or corrugated rubber drain) is 
placed. 
# Wound is not efosed, Wound is allowed to granulate and heal 
Sometimes secondary suturing or skin grafting is required. 
# Pus is sent for culture and sensiti 
* Biopsy should be done in suspected tuberculosis or malig- 
nancy 
% Antibiotics are continued, 
# Treating the cause is important. 
Counter-incision is placed in breast abscess which is placed 
in upper quadrant. 
Incision should be deeper while draining pus in radial and 


ulnar bursae, palmar spaces and tenosynovitis 
Problems in drainage 
& Improperdrainage 


© Bleeding 
‘& Residual abscess or sinus formation 


Figs 1.1238 and 8 


*As the pus is acidic local anaesthetic agent will not act and hence it is not used, 
* Sinus forceps do not have lock and has got serrations in the tip. It is called as sinus forceps because it was initially 


designed and used to pack sinuses. 


Joseph Lister is father of modem surgery and started antiseptic surgery in 1912. 
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Figs at3ctoF 
Figs 2.113 A to F Technique of incision and drainage ofa pyogenic 
abscess, Abscess shouldbe arprated ist to get ps; No. 11 blade 
i used to inise; using snus forceps pyogenie membrane is opened; 
puis collected for culture; acl are broken using sinus forceps and 


Tittle finger; cavity is irrigated with normal saline (ideal) and povidone 
iodine; cavity is packed with roller gauze; wound is not sutured, 


Differential Diagnosis 


Especially in popliteal, femoral and axillary 


# Aneurys 
regions. So before draining the abscess, presence of pus is, 
confirmed by aspirating with a needle. It should be remem- 
bered that thrombosed aneurysm may not be pulsatile but 
can be warm, soft and tender. 

% Soff tissue tumours: Sarcomas may be smooth, soft and 

# Hacmatoma, 


Fig. 1.114 Incision for draining an abscess by Hilton’s method. 
Note the longitudinal incision. 


Fig, 1.115: Abscess with loculi and breaking of loculi using finger 
for drainage. 


f j 


l 
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Fig. 1.116: Typical cold abscess and tuberculous sinus in the neck 
It does not show signs of acute inflammation. it should be drained 
(under cover of antituberculous drugs) through nondenendent incision 
and incision should be closed without placing a drain. 


Differences between pyogenic abscess and cold abscess 


Pyogenic abscess 
a, Red, warm, tender, with signs of acute inflammation 


bb. Pyogenic bacteria are nonspecific organisms 
(Streptococcus, Staphylococcus) 


For drainage, dependent incision is used 
4d. Suturing of the wound is not done 
e. Drain is placed 


Cold abscess 
a. No signs of acute inflammation 
b. Tuberculous bacteria 


c, Nondependent incision is used 
d. Wound is sutured 


e. Drain is not placed (otherwise sinus will form 
which is difficult to treat) 


™@ BACTERAEMIA 


Presence of bacteria in blood, 


@ SEPTICAEMIA 


Presence of overwhelming and multiplying bacteria in blood 
with toxins causing SIRS (Systemic inflammatory response 
syndrome) or MODS (Multiorgan dysfunction syndrome). 


Types 


a. Gram +ve septicaemia is due to staphylococci, strepto- 
i, pneumococci, etc. It is common in children, old 
diabetics and after splenectomy. After splenectomy, 

overwhelming post-splenectomy sepsis (OPSI) is not 

uncommon. Common origin is skin, respiratory infection. 
b. Gram —ve septicaemia is common in acute abdomen 
'y 
infections, postoperative sepsis. It is commonly seen 
in malnutrition, old age, diabetics, immunosuppressed 
people. Common bacteria are E. coli, Klebsiella, Pseu- 
domonas, Proteus. Condition is also called endotoxic 
shock, Common focus of Gram-negative sepsis are 
urinary infection, abscess or infected wounds, biliary 
sepsis, postoperative wounds. 


like peritonitis, abscess, urinary infections, bili 


Stages of Gram-negative Septicaemia 


a. Warm stage is reversible stage. Here existing fever is due 
to pyrogenic response. Patient is toxic with fever, chills and 
rigors 

b. Cold stage is irreversible stage. Here fever is not present 
due to absence of pyrogenic response. Patient is having renal 
failure, ARDS, liver failure and multiorgan failure. 


Investigations 


# Urine/pus/discharge culture. 
% Blood culture 

# Hacmatocrit. 

# Electrolyte assessment, 

# PO, and PCO, analysis 

# Blood urea, serum creatinine, liver function tests, 


Treatment 


+ Antibiotics like cefoperazone, ceftazidime, cefotaxime, 
amikacin, tobramycin, metronidazole 

Fresh blood transfusion, 

Adequate hydration. 

Oxygen supplementation. 

Ventilatory support. 

Electrolyte management. 

Parenteral nutrition (TPN). 

CVP line for monitoring and perfusion, 

FFP or platelets in case of DIC. 


‘Complications of septicaemia 
n (DIC) 


Disseminated intravascular coagul 
ARDS 

Liver dysfunction 

Renal failure 

Bone marrow suppression—thrombocytopaenia 
Multiorgan failure 


™ PYAEMIA 


Presence of multiplying bacteria in blood as emboli which 
spread and lodge in different organs in the body like liver, 
lungs, kidneys, spleen, brain causing pyaemic abscess. This 
may lead to multiorgan dysfunction syndrome (MODS). It 
may endanger life if not treated properly. 


Clinical features: 


& Fever with chills and rigors 

+ Jaundice, oliguria, drowsiness 

Hypotension, peripheral circulatory collapse and later coma 
with MODS 


Common Causes 


¢ Urinary infection (most common). 

Biliary tract infection. 

% Lower respiratory tract infection, 

4 Abdominal sepsis of any cause. 

Sepsis in diabetics and immunosuppressed individuals like 
HIV, steroid therapy 


Intuberculus arthritis, starting pain at night is very important, as itattracts more attention than occasional discomfort 


during the day. 


— Royal Whitmann 
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Investigations 


Total leucocyte count. 
¢ Pus culture 

Blood culture 

Urine culture 

¢ Blood urea and serum creatinine, 
¢ LET. 


Treatment 


Monitoring of vital parameters, 

Antibiotics (ceftazidime, cefoperazone, ceftriaxone sodium). 

IV fluids, maintenance of urine output. 

¢ Hydrocortisone. 

Blood and plasma transfusion. 

Nasal oxygen, ventilator support, monitoring of pulmonary 
function, 


™@ METASTATIC AND PYAEMIC ABSCESS 


Metastatic abscess 

© Itis an abscess which occurs as a spread from other abscess. 
For example, lung abscess causing metastatic abscess in the 
brain (common example), 

¢ Presentation here is of features of focus abscess and of 
metastatic abscess (localised features). 

Pyaemie abscess 

¢ Itis from any infective focus which need not be always from 
aan abscess (Irom cellulitis or skin infections, etc.) causing 
pyaemic emboli leading into multiple abscess in different 
places like brain, kidneys, liver, ete 

Presentation here, is mainly of systemic features involving 
multiple organs with toxicity 

¢ These emboli contain bulk of multiplying organisms often 
derived from infective thrombus or vegetations. Focus may 
be an abscess, cellulitis, skin infection, acute osteomyelitis, 
and acute bacterial endocarditis. Acute appendicitis with 
severe sepsis can cause infective pyaemia in liver called as 
pyelphlebitis or portal pyaemia. 

¢ Pyacmic abscess are multiple, deeper, beneath the fascia or in 
the internal organs. When itis on the surface, iti less tender 
without any clear signs of inflammation. 

@ Management: Evaluation for focus of infection, pus for 
culture, blood culture (three samples), antibiotics, critical care, 
systemic therapy, drainage of surface abscesses. 

¢ Pyaemic abscess carries high mortality with SIRS and MODS. 


@ BOIL (Furuncle) 


It is an acute staphylococcal infection of a hair follicle with 

perifolliculitis which usually proceeds to suppuration and 

central necrosis, 

Often boil opens on its own and subsides (S. aureus infection). 

 Furuncle in extemal auditary canal is very painful because of 
rich cutaneous nerves. Here skin is adherent to perichondrium. 

¢ Boil often heals spontaneously; suppuration will not occur 
in such boil; it is often called as blind healed dull boil, 

% Boil is common over back, neck, thigh, and forearm even 
though it can occur anywhere. Boil in eyelash follicle is 


called as stye. Boil can occur in perianal region which can 
lead into abscess and fistula. Boil can lead into hidradenits, 
common in axilla and pubic region. Boil can cause cellulitis 
of local area. Overlying skin undergoes necrosis. But during 
healing re-epithelialisation occurs, 

Boil commonly subsides spontaneously often with the 
support of suitable antibiotics; occasionally it requires inci- 
sion and drainage. Regional enlarged tender lymph nodes 
‘may be palpable due to secondary infection, 

# Systemic features are not common unless it is multiple! 
recurrent/severe or in diabetics and immunosuppressed. 

‘¢ Multiple/recurrent boils are common in diabetics. 


Fig. 1.117: Furuncle/boil are infection of hair follicle with 
perifolicultis due to Staphylococcus aureus. 


Treatment 


+ Antibiotics given if boil is not resolving spontaneously — 
cloxacillinlamoxycillin. 
# Rarely drainage of boil is needed in severe persistent form, 


Complications 


* Cellulitis 

© Lymphadenitis. 

# Hidradenitis (Infection of group of hair follicles). 

* Boil in dangerous zone can cause cavernous sinus throm- 
bosis. 


@ HIDRADENITIS SUPPURATIVA 


It isa chronic infective and fibrous disease of the skin bearing 
apocrine sweat glands. Apocrine sweat glands are coiled glands 
which open into the hair follicles. 


© Axila 
© Groin 

+ Arcola 

& Umbilicus 

@ Scalp,chest 
 Perineum 


Aetiology 


% Obesity, smoking, 
* Poor hygiene. 


Figs 1.118A and B: Hidradenitis suppurativa.Itis chronic infection of 
‘apocrine sweat glands of the skin. Its common in axilla (Courtesy: Dr 
‘Achaleshwar Dayal, MS, Itarsi, MP). 


Diabetes mellitus. 
© Steroids. 

Common bacteria involved are staphylococci, streptococci, 
Staphylococcus aureus, Propionibacterium acnes. 


Pathogenesis 
Obstruction of duct of apocrine sweat gland by keratin 
L 


Dilatation of the duct of gland 
L 
Infection and abscess formation, 
4 
Involvement of subcutaneous tissue and adjacent apocrine 
glands 
L 


Fibrosis, searing sinus formation 


Spread to surrounding tissues 


c 


% Common in females 4:1. 

© The most common site is axilla. Often itis bilateral. 

% Multiple discharging sinuses, with nodules in the skin which 
is tender. 

¢ Induration due to fibrosis. 


ical Features 


Investigation 
4 Discharge study—culture/sensitivity and AFB. 
Biopsy to rule out tuberculosis or malignancy. 


Differential Diagnosis 

Tuberculous sinus. 

Malignancy (squamous cell carcinoma of skin). 

© Lymph node mass in the region which are in deeper plane. 


Treatment 

 Antibiotics—cephalosporins, long acting penicillin, 

% Excision of the involved area widely followed by skin 
grafting or flaps. 

Excision of the involved area widely followed by skin 
‘grafting or flaps (radical wound excision). 

© Antiandrogen drugs, 


ll CARBUNCLE 
Word meaning of carbuncle is charcoal. 
% Itis am infective gangrene of skin and subcutaneous tissue. 
Staphylococcus aureus is the main culprit 
% Common site of occurrence is nape of the neck and back. 
‘Skin in this area is thick. Condition also can occur in 
shoulder, check, hand, forearm, 
% Itis common in diabetics and after forty years of age. 
* Itis common in males. 
Infection 
L 
velopment of mal veils 
Sieve like pattern 
4 
Rod indurated skin wth cecharging pw 


Many fuse together to form a central necrotic ulcer (ash-grey 
slough) with peripheral fresh vesicle looking like a “rosette” 
(cribriform) 

L 


Skin becomes black due to blockage of cutaneous vessels 
4 
Disease spreads to adjacent skin rapidly 


Patient is toxic and in diabetics they are ketotic 


Investigations 
Urine sugar and urine ketone bodies. 


Blood sugar. 
Discharge for C/S. 
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Fig. 1.129: Carbuncle in the buttock. Note the vesicles and typical 
colour. 


Fig. 1.120: Carbuncle in the nape of the nack—typical site, Note the 
wide area of involvement and dark area—charcoal like. Ash-grey 
slough is specific. 


Treatment 


Control of diabetes is essential using insulin, 

Antibiotics like penicillins, cephalosporins or depending 
on C/S is given. 

Drainage is done by a cruciate incision and debridement of 
all dead tissues is done. Excision is done later. 

Once wound granulates well, sia grafting may be required. 
Renal Carbuncle is an entity which ocours in kidney due to 

infection, forming localized infective mass lesion. 


™ POTT’S PUFFY TUMOUR 


 Itis a misnomer. It is not a tumour. 

 Itis formation of diffuse external swelling in the scalp due 
to subperiosteal pus formation and sealp oedema. 

¢ It originates commonly in frontal region and may extend 
into other regions. 

¢ Often there is acute osteomyelitis of frontal bone. 


in sy 
Fig. 1.121: Pott's Puffy tumour. Note the swelling over the frontal 
‘region and eyelid 
Causes 


* Chronic frontal sinusitis which eventually suppurates and 
extends into subperiosteal region. 

 Trauma—subperiosteal haematoma, 

* Chronic suppurative otitis media. 


Clinical Features 


% Pain and boggy swelling in frontal region which is warm, 
tender, 

Toxicity and drowsiness, 

% Pitting scalp oedema is typical. 


Complications 


# Spread of infection into intracranial cavity leads to intrac- 
ranial abscess (Extradural or subdural abscess) (diumb-bell 
abscess). So may present with features of raised intracranial 
tension like headache, coning and convulsions. 


Investigations 


Total leucocyte count—increased. ESR—raised. 
# X-ray skull, CT scan. 


Differential Diagnosis 


Secondaries in the skull or brain. 


Treatment 


Antibiotics and drainage under general anaesthesia before 
it spreads into cranial cavity. 

Once it extends into cranial cavity, it is treated accor- 
dingly by formal neurosurgical decompression (often using 
Dandy’s brain cannula). 

Osteomyelitis of skull bones requires radical removal with, 
reconstruction of skull defect. 


l™ PYOGENIC GRANULOMA (GRANULOMA 
PYOGENICUM) 


¢ Iisa common condition which occurs on the face, scalp, 
fingers and toes, 

 Itmay be due to minor trauma or minor infection. 

¢ Infection leads to formation of unhealthy granulation tissue 
which protrudes through the wound. 
It is also called as acquired lobular capillary haemangioma. 


Clinical Features 

Usually single, well localised, red, firm, nodule, which 
bleeds on touch, 

© May or may not be tender. 


eR iar 
© Face 

@ Scalp 

@ Fingers 

+ Toes 


Differential Diagnosis 


 Haemangioma 
© Papilloma, 

Skin adnexal tumours. 

 Inrecurrent cases, haemangioendothelioma and melanoma. 


Figs 1.1228 and B: Pyogenic granuloma finger. 

Treatment 

Excision, laser surgery. 

¢ Tissue to be sent for histopathological study. 

IMPETIGO 

It is highly infectious superficial skin infection caused by 
staphylococei/streplococei organisms. 

Usually seen in children, with formation of multiple blisters 
that rupture and coalesce, to cover as honey-coloured crust. 

¢ Treatment is oral antibiotics and topical antiseptics. 

lm SCRUM POX 


It is a type of impetigo seen in Rugby players (Staphylococcal 
fection), 


Figs 1.123A to C: Pyogenic granuloma (A) adjacent to nose; (B) in 
the—scalp post-auricular region and (C) lower lip. 


lm TETANUS 


Itispainful for him to open his mouth. His heart beats too slowly (or 
weakly) for speech. You observe his saliva falling from his ips, but 
‘not falling completely... He suffers stifinessin hisneck. He does not 
find he can look at his two shoulders and his breast. 


—(Anonymous), Circa 1500 8C 


It is an infective condition caused by Clostridium tetani organ- 
isms leading to reflex muscle spasm, often associated with tonic 
clonic convulsions, 


Predisposing Factors for Tetanus 


# Absence of prior tetanus toxoid immunisation. 

© Trauma with lacerations, deep wounds, crush devitalised 
wounds, presence of foreign body, wounds with anaerobic 
environment in the tissues. 

© Chronic suppurative otitis media with perforation, caries teeth, 

Improper sterilisation in the ward, labour (septic abortion) 
and operation theatre. 

% Tattooing, rusted nails (there is a myth that only rusted 
instrument will cause tetanus; this isnot true), ear lobe prick, 
colloquial perianal therapies, 


Note: 
Tetanus is not communicable from person to person. 


__ Even if you're on the right track, you'll get runover if you just sit there. — Arthur Godfrey 
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Organism 

% Clostridium tetani is a Gram-positive, anaerobic, motile, 
noncapsulated, organism with peritrichous flagella, and 
terminal spores (Drum stick appearance). 

# Spore is the infective agent. They are found in soil, manure, 
dust 

¢ Spore can gain entry through any wound, pricks, injuries 
resulting from road traffic accidents, penetrating injuries. 


Toxins 

¢ Exotoxins released by Clostridium tetani are tetanospasmin 
and tetanolysin (Exotoxin is the one which is released from 
bacteria without their destruction/death. Endotoxin is the 
one which is released with death of the bacteria). Tetanus 
bacteria release only exotoxins. 

# Tetanospasmin, the common exotoxin released by the multi- 
plying bacteria once spore germinates travels along the 
perineural sheath, lymphatics along the netve, and through 
blood to cause various effects. 


Pathogenesis 
Spore 
+ 


Enters the wound 


It germinstes in anaerobic media releasing bacteria, 
‘which multiply 


Release of Exotaxins 


Tetanospasmin —Tetanolysin 
‘Through lymphatics <— 
Trough the perineura shéath Circulation ——-Hacmolysis, 


‘Toxaemia (through blood) 
Blocks the NMJ (ncuro- 
muscular junction) 

by acting on cholinesterase 
J cuyme 


Enters the central nervous syst 
Blocks cholinesterase enzymes at 
anterior horn cells 


Ageravates the muscle 
spasm 


‘Causing hyperexcitability and 
reflex spasm of muscles 
‘often with fone, clonic convulsions 
L 
‘Once toxin is Fixed in nerve tis, 
itean no longer he neutralised by antitoxin 


Clinical Features 
symptoms 4 
Tigi heen cononsyroer 

fe aw sites eae ls etl thareckare parr aces 
4 Anxiousness sweating 

fe Fence eg seepter eee 

+ Dysphagia 

Dyspnea 


Signs 

© Trismus, due to spasm of masseter and pterygoids 

# Risus sardonicus (smiling facies), due to spasm of the facial 
muscle—zygomaticus major. Looks as if patient is smiling, 

Neck rigidity. 


4% Spasm and rigidity of all muscles. 

4 Hyperreflexia, 

¢ Respiratory changes—due to laryngeal muscle spasm, infec- 
tion, aspiration. 

¢ Tonic clonic convulsions. 

Abdominal wall rigidity often with haematoma formation 

+ Severe convulsion may often lead to fractures, joint disloca- 
tions and tendon ruptures. 

¢ Fever and tachycardia, 

+ Retention of urine (due to spasm of urinary sphincter), 
constipation (due to rectal spasm). 

¢ Rarely features of carditis are seen duc to involvement of 
the cardiac muscle, which is dangerous, as it often leads to 
cardiac arrest and death. Here steroids are very useful. It 
presents with refractory bradycardia. 

Symptoms will be aggravated by stimuli like light, noise. 


Incubation Period 


% Time between the entry of spore and appearance of first 
symptom. 

Usually 7-10 days. 

¢ Shorter the incubation period worser the prognosis and 
more severe the course of disease. Ifit is less than 3 days it 
is commonly fatal 


Period of Onset 


4 Time between appearence of firs 
of frst sign. 

+ Shorter the period of onset worser the prognosis and vice 
versa, If itis less than 2 days it is commonly fatal 


symptom and appearance 


Effects on Respiratory System 


Diaphragm and other muscles of respiration undergo spasm 
causing tachypnoca, respiratory distress, respiratory infections, 
aspiration, cyanosis, respiratory failure with altered PO, and 
PCO; levels, 


Types of Tetanus 


4 Early tetanus: It is a severe form with a short incubation 
period and poor prognosis. 

4 Latent tetanus: Wound is healed and forgotten. After a long 
incubation period, may be years later, under favourable 
environment, spores n 
carries better prognosis. Latent tetanus is often called as 
delayed tetanus. 

¢ Late tetanus: Disease develops many months after injury. 

4 Ascending tetanus: Symptoms and signs progress from 
below upwards 

4% Descending tetanus: Symptoms and signs progress from 
above downwards. 

Cephalic tetanus: Facial muscles are involved first (3rd, 4th, 
6th and 7th cranial nerves can get involved). Facial nerve 
is commonly involved in this type. Oculomotor nerve—3rd 
nerve (ophthalmoplegia), hypoglossal nerve—12th nerve 
(spasm of tongue) ate other cranial nerves involved. 

4% Localised tetanus, Here muscles adjacent to the wound or 
‘muscles of one segment or one area develop spasm. It is due 


se bacteria and cause tetanus. It 


to less virulent toxin or released toxins are of less concentra: 


tion or only one or few segments of anterior horn cells of 


the spinal cord are affected 

% Bulbar tetanus: When muscles of deglutition and respiration 
are involved. Highly fatal, 

# Tetanus neonatorum (7th day tetanus): Tetanus occurring 
in neonates. Spread is through umbilical cord, It carries very 
high, nearly 100% mortality 

% Urban tetanus. Due to repeated injections in IV drug 
abusers. 

4 Postoperative tetanus due to improper sterilisation. 

# Even though it is classified as acute tetanus (tetanus 
develops within 10 days) or chronic tetanus (tetanus 
develops from 10 days to 3 months) it is only of outcome 
value as therapy will be same in both. Post-abortion or 
puerperal tetanus develops due to practice of improper steri- 
lisation during abortion or delivery. If patient is not given 
tetanus toxoid during the first attack, he can develop second 
attack of tetanus at a later period called as recurrent tetanus 
as patient who had once tetanus is not immune for develop- 
‘ment of second attack of tetanus. In children and adolescents 
chronic suppurative otitis media (SOM) with perforation 
of tympanic membrane can cause tetanus—otitis tetanus, 


Different Postures in Tetanus 


I 


Opisthotonus (backward) 


Orthotonus (straight)) 


\ 


Emprosthotonus (forward) Pleurosthotonus (lateral bend! 


Fig. 1.124: Different types of postures seen in tetanus. 


 Opisthotonus: Posterior muscles are acting more, so back- 
ward bending. 

# Orthotonus: Straight posture. Both front and back muscles 
are acting equally. 

© Emprosthotonus: Forward bending as front muscles are 
acting more. 

 Pleurosthotonus: Lateral bending as lateral muscles act 


Complications of tetanus: J 
Fracture bones 
Haematoma 
Aspiration pneumonia, respiratory failure, ARDS 
Garditis,arhythmias—life-threatening 
DVT, pulmonary embolism 
Toxaemia 
Secandary infection—septicaemia 


eeeeece 


‘® Bedsore. Malnutrition, stress gastric ulcers 

4 Mortality used to be very high in earlier days up to or more 
‘than 50%, It is reduced to 15-20% at present; but itis still 
higher in children and elderly 

Repeated uncontrollable convulsions can lead into coma 
and death. 


Staging of Tetanus 


% Mildly ill: Rigidity, spasm, trismus and different postures. 

# Seriously ill; Spasm, rigidity, severe respiratory infections, 
dysphagia. 

% Dangerously ill: Cyanosis with respiratory failure and 
tonic-clonic convulsions, cyanosis, 


Differential Diagnosis 


# Strychnine poisoning (here patient is normal in between). 

# Trismus due to other causes like—dental, oral, tonsillar 
sepsis, oral malignancy, temporomandibular joint dysfunc 
tion. 

Meningitis. 

# Hydrophobia. 

% Convulsive disorders. 


Culture media for Clostridium tetani are RCM (Robertson's 
cooked meat) media and nutrient agar. 


‘Cause of death in tetanus, 
‘& Respiratory failure with aspiration pneumonia and ARDS 
+ Severe carditis—an ominous sign 
‘® Mortality is 45-50%—becoming less now in will equipped 
centers (15%) 


Treatment 


# Patient is admitted and isolated in a dark, quiet room. 

% Antitetanus globulin (ATG), 3,000 units IM single dose is 
given, Test dose is not required (It is a human 1g). It is 100 
times more effective than ATS, Anaphylaxis is not observed. 
Once toxin is fixed fo nerve tissue it cannot be neutralised; 
but circulating toxins are very well neutralised. 

# Antitetanus serum (ATS): When ATG is not available or 
when patient cannot afford, after IV test dase (1,000 units 
of ATS), full dose is given, ie. 1,00,000 units, half of it is 
given IM and half of itis given IV, Itis a horse serum, so 
possibility of anaphylactic reactions should be borne in 
mind. 

% Wound debridement, drainage of pus, injection of ATG 
250-500 units locally to reduce the toxin effect 

# Ryle’s tube has to be passed, initially to decompre 
to prevent aspiration, but later for feeding purpose. 

# Catheterisation. 

# IV fluids and electrolyte balance has to be maintained. TPN 
is also required 


Ancients discovered much, and yet left much more to be discovered. 
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# Tetanus toxoid should be given as disease will not give 
immunity against further infections. To start—first dose, 
second dose after one month, third dose after six months, 
Aluminium phosphate adsorbed tetanus toxoid 0.5 ml is 
injected into the deltoid muscle (IM). Booster dose should be 
given every 4 years or after any significant trauma. In patients 
who have not been immunised earlier, it needs 30 days to 
develop antibody after tetanus toxoid injection. 

© IV diazepam 20 mg Ath or 6th hourly. Dose is adjusted 
depending on severity and convulsions. 

# IV phenobarbitone 30 mg 6th hourly. 

IV chlorpromazine 25 mg 6th hourly. 

# Injection crystalline penicillin 20 lacs 6th hourly and injection. 
gentamicin and metronidazole to prevent secondary infection. 

¢ Regular suction and clearance of respiratory tract. 

# Nasal oxygen 

# In severe eases, patient is curarised and placed in ventilator 
(PPR). 

¢ Endotracheat intubation or tracheostomy are often life- 
saving procedures. 

© Good nursing care—Change of position, prevention of 
bedsores, prevention of DVT (which is common in tetanus 
and often requires heparin injection). 

© Chest (respiratory) physiotherapy during recovery period. 

Steroids are given when carditis is suspected. 

* Cardiac pacemaker may be useful in refractory bradycardia 
and arrhythmias, 

Following treatment patient often gets spasm of different 
muscles (ties) for a long period which can be prevented by 
giving methocarbamol for 6 months to one year. 


General measures 
Isolation 
Avoid noise and light 
‘ATG 3,000 units IM 
‘ATS-50,000 IM and 50,000 IV—after test dase: 
Antibiotics lke inj penicillin 20 lacs 6th hourly 
Inj tetanus toxoid 0.5 ml IM—to deltoid muscle 
IV fluids with TPN. 
Urinary catheterisation 
Nasogastric tube is passed to prevent aspiration initially, 
later for feeding 
Regular suction of throat 
Nasal oxygen when required 
Prevention of hedsore formation 
Prevention of DVT by low molecular weight heparin 
Good nursing care. 


eeeeseeoe 
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‘Specific measures: 
IV diazepam 20 mg 6th hourly 
IV phenobarbitane 30 mg 6th hourly 
IV chorpramazine 25 mg 6th hourly 
Endotracheal intubation and ventilator support 
‘Tracheostomy if there is severe respiratory secretions 
Steroids 
Bronchodilators like deriphylline 
Wound care—debridement, drainage, and local injection 
oF ATG 


eeeeeeee 


Prophylaxis against tetanus 

+ Inadults fresh immunisation tostart—secondin one month, 
next in 6 months period, Tetanus toxoid 0.5 ml IM, Booster 
dose should be given once in every 4 yeats or after any 
significant trauma 

+ Ininfants—triple antigen (OPT)—6 weeks, 10 weeks, 14 
weeks, 18 months,and 5 years 

+ To pregnant mother tetanus toxoid injections are given in 
4th and 6th months of pregnancy 

+ Additional booster dose given in msjor injuries or high-risk 
injures 

+ ATG 500-1000 units IM given asa prophylaxis in road acc 
dents, severe bums crush injuries, war wounds, penetrating 
‘wounds and wounds of head and face. Here tetanus toxoid 
also should be given separately at separate site IM 


Monitoring during Therapy 


PCO}, POs, haemotocrit, blood urea, serum electrolytes, chest 
X-ray, ECG are done at regular intervals, 


ll GAS GANGRENE 


It is an infective gangrene caused by clostridial organisms 
involving mainly skeletal muscle as oedematous myonecrosis. 
Earlier it was called as malignant oedema, 


Source and Predisposing Factors 


# Contaminated, manured or cultivated soil, intestines are the 
sources. Faecal flora commonly contains clostridial organ- 
isms enters the wound; in presence of calcium from blood 
clot or silica (silicic acid) of soil, it causes infection, 

# Itis common in crush wounds, following road traflic acci- 
dents, after amputations, ischaemic limb, gunshot wounds, 
war wounds. Injury or ischaemia or necrosis of the muscle 
due to trauma predisposes infection. 

# Anaerobic environments in the wound—initial infection 
with acrobic organism utilises existing oxygen in tissues 
creating anaerobic environment to cause clostridial sepsis 


Organisms 


# Clostridium welchié (perfringens): Gram-positive, central 
spore bearing, nonmotile, capsulated organisms, most 
‘common—60%. 

# Clostridium oedematiens 

© Clostridium septicum 

% Clostridium histolyticum. 


‘Clostridium welchii produce toxins 
‘Aipha (most common) 
Beta 
Epsilon 
lota 
?Phitoxin—myocardal depressant 
Kappa toxin—desteuction of connective tissue and blood 
vessels 
Bursting factor and circulating factor 


eeeeee 


* 


Various strains include—A, B, C, D, E. 
A’ strain is most common. 


Note: 
Nonclostridial gas producing organisms like coliforms can also 
‘cause gas gangrene. 


Exotoxins 


 Lecithinase is important toxin which is haemolytic, 
membranolytic and necrotic causing extensive myositis. I 
splits lecithin into phosphocholine. 
% Haemotysin causes extensive haemolysis 
¢ Hyaluronidase belps in rapid spread of gas gangrene. 
© Proteinase causes breaking down of proteins in an infected 
tissue, 
Spores enter through the devitalised tissues commonly 
in road traffic accidents, crush injury 
L 


Spores germinate 
Released bacteria will multiply 


Exotoxins are released 
cause their effects, 


Effects 


Extensive necrosis of muscle with production of gas 
(hydrogen sulphide; nitrogen; carbon dioxide) which stains 
the muscle brown or black anaerobic myositis/myonecrosis. 

Usually muscle is involved from origin to insertion, 

Often may extend into thoracic and abdominal muscles. 

When it affects the liver it causes necrosis with frothy 
blood—foaming liver, is characteristic. 

¢ Rapidly spreading infection which is also often fatal 

Limbs are commonly involved; but organs like liver can 
also be affected. 

Muscle glycogen is broken down into lactic acid, CO, 
and hydrogen, Proteinase released by organism forms 
amino acids which further releases ammonia and hydrogen 
sulphide. Acid released earlier is neutralised by ammonia 
and calcium to progress further multiplication of organisms, 


Clinical Features 


Incubation period is 1-2 days 

¢ Features of toxaemia, fever, tachycardia (out of proportion 
to fever) pallor. 

Wound is under tension with foul smelling discharge (sickly 
sweety/decaying apple odour). 

Khaki brown coloured skin due to haemolysis, 

© Crepitus can be elt 

Jaundice may be ominous sign and also oliguria signifies 
renal failure. 

Frequent sites are adductor region of the lower limb and 
buttocks and subscapular region in upper limb. 
Clostridium welchii can infect limbs, abdominal wall, 

appendix, gallbladder, common bile duct, intestine, uterus 

(during septic abortion). 


Clinical Types 

© Fulminant type causes rapid progress and often death due to 
toxaemia, renal failure or liver failure or MODS or ARDS. 

© Massive type involving whole of one limb containing fully 
dark coloured gas filled areas. 

% Group type: Infection of one group of muscles, extensors 
of thigh, flexors of leg 

# Single musele type altecting one single muscle. 

© Subcutaneous type of gas gangrene involves only subeu- 
taneous tissue (i.e. superficial involvement). It is mainly 
of anaerobic cellulitis type without muscle involvement 
usually caused by less virulent clostridial organisms other 
than clostridial welchii. It is usually superficial but may 
spread and involve fascial planes. It causes necrosis with 
foul smelling seropurulent discharge. 


1.125: Gas gangrene in upper limb. It is after effect of an 
assault using an axe by a drunken husband. 


Fig. 1.126: Gas gangrene involving entire leg extensively. Note the 
black/khaki coloured area. Patient died of toxaemia. 


Complications of Gas Gangrene 
 Septicaemia, toxaemia. 

# Renal failure, liver failure. 

# Circulatory failure, DIC, secondary infection. 
Death occurs in critically ill patients, 


Investigations 

# X-ray shows gas in muscle plane or under the skin. 

% Liver function tests, blood urea, serum creatinine, total 
‘count, PO:, PCO>. 

* CT scan of the part may be useful especially in chest or 

abdominal wounds. 

Grams stain shows Gram-positive bacilli 

% Robertson's cooked meat media is used which causes meat 
to tum pink with sour smell and acid reaction. 


Right is right even if everyone is against it, and wrong is wrong even if everyone is for it. 
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© Clostridium welchii is grown in culture media containing 
20% human serum in plate. Antitoxin is placed in one-half 
of the bacteria grown plate sparing the other half. Zone of 
opacity will be seen in that half of the plate where there is 
no antitoxin. In the other half part of the plate where there 
is antitoxin there is no opacity—Nagler reaction. 


Prevention ofgas gangrene 
+ Proper debridement of devialised crushed wounds 

+ Devitalsed wounds should not be sutured 

Adequate cleaning ofthe wounds with H,0, and normalsaline 
 Penicilin as prophylactic antibiotic. 


Treatment 


¢ Injection benzyl penicillin 20 lacs 4th hourly + Injection 
metronidazole 500 mg 8th hourly + Injection amino- 
glycosides (if blood urea is normal) or third generation 
cephalosporins or metronidazole. 

¢ Fresh blood transfusion. 

 Polyvatent antiserum 25,000 units given intravenously after 
a test dose and repeated after 6 hours (Welchii 10,000 1U, 
‘oedematiens 10,000 IU, and septicum 5,000 IU). 

¢ Hyperbaric oxygen is very useful. 

¢ Liberal incisions are given. All dead tissues are exeised and 
debridement is done until healthy tissue bleeds, 

¢ Rehydration and maintaining optimum urine output (30 ml/ 
hour) (0.5 ml/kg/hout), 

¢ Electrolyte management, 

% Insevere cases amputation has to be done as a life-saving 
procedure—stump should never be closed (Guillotine 
amputation). 

Often ventilator support is required. 

Once a ward or operation theatre is used for a patient 
with gas gangrene, it should be fumigated for 24-48 hours 
properly to prevent the risk of spread of infection to other 
patients especially with open wounds. 

¢ Hypotension in gas gangrene is treated with whole blood 
transfusion. 

‘Therapy should be concentrated in managing dehydration, 
hypotension, infection, toxaemia by hydration, fresh whole 
blood transfusion, passive immunisation, antibiotics, and 
hyperbaric oxygen, doing radical wound excision with 
removal of all dead tissues with foreign body or amputation 
with critical care 


™ TUBERCULOSIS 


Whilst meagre Pthisis gives a silent bow, her strokes are ure,buther 
‘advances slow. No loud alarms, nor fierce assaults are shown: She 
starves the fortress frst, then takes the town. 


—Samuel Garth, 1699 


Multiple Iyer Truberculousuicer 


Fig. 1.127: Tuberculous lymphadenitis and tuberculous ulcer. 


I is commonly caused by Mycobacterium tuberculosis; 
occasionally by Mycobacterium bovis, M. kansasii, 
M. fortuitum, M. marinum, M. ulcerans. 

# M. tuberculosis is gram neutral, acid fast, alcohol fast 
straight or slightly curved rods 

# Its prevalent in most of the developing countries and has 
made its resurgence in the developed countries with the 
advent of AIDS. 


Pathogenesis 


# The characteristic lesion here is ‘tubercle’, which is an 
avascular granuloma composed of a central zone containing 
giant cells, with or without caseation necrosis, surrounded 
by aim of epithelioid cells, lymphocytes and fibroblasts. 

# It can occur in almost all organs in the body. Presentation 
may vary depending on the individual sites. 


General Features 


# Low grade fever with evening rise of temperature, 
# Loss of appetite 
# Decreased weight. 


Investigations 


# ESR is often raised; peripheral smear—lymphocytosis, 
AFB (Acid fast bacillus) staining using Zichl-Neelsen stain, 
Chest X-ray is done to rule out pulmonary tuberculosis. 
Culture of the organism in Lowenstein Jenson media. 
‘Mantoux skin test—read after 48 hours of inoculation 
Guinea-pig inoculation. 

Relevant investigations depending on the site of the tuber- 
culosis. 


Treatment 


# Antituberculous drugs are given for 6 months to one year. 
% Specific treatment is given depending on the site of the 
tuberculosis, 


(Please refer individual chapters for details about tuberculosis 
at different locations and also chapter drugs for Antituberculous 
Therapy.) 


lm LEPROSY 


# It is caused by Mycobacterium leprae. Itis a Gram-positive, 
acid fast bacillus. 

¢ Itmainly involves skin, nasal mucosa and peripheral neural 
tissues. 


Figs 1.128A to D: A leprosy patient with the typical face (leonine); skin 
patches; hand deformities and trophic changes; trophic ulcer in heel 


# It involves only the cooler parts of the body (So axilla, 
luteal region are not involved). Testicular involvement is 
seen but not the ovary, It does not involve the vital organs, 
Though not acutely fatal, the disease leaves the victim 
severely deformed and crippled for life. 


Types 

a. Multibacillary Types 

% Lepromatous leprosy: K denotes little or no host resistance, 
Bacilli are seen in large numbers in the superficial nodular 
lesions and the patient is highly infective 


% Borderline lepromatous. 
® Borderline. 


b. Paucibacillary Types 


% Borderline tubereuloid. 

% Tuberculoid leprosy: Here strong host resistance 
‘observed. The disease is more localised, but it causes more 
deformities due to early involvement of nerves. Bacilli are 
scanty in the lesion and so infectivity is minimal 


Investigations 


# Regular checking of sensation of the suspected area 
Split skin smear, nerve biopsy. 


Treatment 

# Dapsone 100 mg daily. 

# Rifampicin 600 mg once a month. 

# Clofazimine 50 mg daily + 300 mg once a month, 

For paucibacillary types, treatment is for 6 months. 

For multibacillary types, treatment is for 2 years or more. 


Surgical Complications in Leprosy 


a. Primary Deformities 

# Leonine facies. 

% Collapsed nasal bridge. 

© Upper branch facial nerve palsy (causes lagophthalmos). 

# Keratitis and blindness. 

* Claw hand either ulnar or combined ulnar and median 
nerves. 

# Radial nerve palsy—wrist drop (1%). 

# Clawing of toes due to involvement of posterior tibial 
nerve, 

# Foot drop due to involvement of lateral popliteal nerve. 
(Medial popliteal nerve which supplies the tibialis posterior 
is never involved.) 


b. Secondary Deformities 

# Anaesthesia of the part makes it prone to trauma, infee- 
tion, infective gangrene, destruction, autoamputation and 
functionless parts, 

# Trophic ulcers in the foot are common, 


Life is like a mirror. If you smile at it, it also smiles at you. 


saseasig snonsajuy 


SRB's Manual of Surgery 


Treatment 


Reconstructive surgeries. 
# Release of contractures. 

¢ Tendon transfers 

 Arthrodesis. 

Ulcer management, 
Physiotherapy and rehabilitation, 


| SYPHILIS (GREAT POX) (FRENCH DISEASE) 


Itis concluded... that this disease which amongst the talians is called 
Galicus thatisto say, the French disease should now be named Patursa, 
..adisease fithie and Saturmal.t isa fithie disease, because it maketh 
women to be esteemed unchast and ireligious.... There isa twofold 
inde of causes... The fists the only influence or corruption of the are 
from whence we must charitably think, that it infected those which 
Were religious. The second is conversation, as by kissing and sucking as 

‘appeareth in children, or by carnall copulation, 
‘—Juan Almenor, 1502 


It is a venereal infection caused by Treponema pallidum. 

Early syphilis: 1 lasts for 2 years and the patient is infective 

during this period, 

Primary syphilis: It presents as a Hunterian chancre (Hard 

cchancre). It is a shallow, painless, indurated, nonbleeding ulcer 

usually seen in the genitalia and often on the lips, breasts and anal 

region. It occurs in 3-4 weeks after the infection. It is confirmed 

by dark field microscopic study of the dischange for the onganism. 

Secondary syphilis: It occurs in 6-12 weeks. 

It presents as: 

Cutaneous coppery rashes. 

¢ Snail-track oral ulcers, 

# Condyloma lata: Raised, flat, white lesions seen at the 
mucocutaneous junctions (mouth, anus vulva). 

Painless, shotty Iymphadenopathy—epitrochlear suboccipital. 

# Moth-caten alopecia. 

© Hepatitis, arthritis, iritis, meningitis. Massive, enlarged liver 
in syphilis is called as hepar lobatum. 

¢ Syphilitic osteitis with “ivory” sequestrum. 

Latent syphilis: \t lasts between 2 years to lifetime, Serum 

tests are positive. 

Late (tertiary) syphilis: 

# Painless, punched out, gummatous ulcers are seen with 

“wash leather base” and silvery tissue paper scar: 

¢ Itis seen over the tibia, sternum, ulna, skull, scrotum, 

¢ Itis a hypersensitivity reaction occurs as a result vasculitis 
and obliterative endartertis. 

+ Neurosyphilis. 

# Cardiovascular syphilis—aneurysm of arch of aorta. 


Investigations 


# VDRL test; Kahn test 
¢ Treponema pallidum haemagglutination test (TPHA). 
¢ Treponema pallidum immobilisation test (TPD). 


Treatment 


Penicillin for 15 days is the drug of choice. 
Doxycycline 100 mg can be given thrice daily for 15 days. 
Others: Erythromycin, tetracycline, cephalosporins. 


Jarisch-Hersheimer teaction is commonly seen after penicillin, 
which often requires steroid therapy. 


Congenital Syphilis, 


Here the infection is transmitted from the mother to foetus 
through placenta. 
Early congenital syphilis: It is seen in newborn, 


‘& Features are: 
= Rash, syphilitic snuffles 
= Nasal discharge, weight loss 
~ Periostts, meningitis, hepatosplenomegaly 
~ Pneumonia alba 


Late congenital syphilis: 


& Hutchinson’ triad: 
= Interstitial keratitis 
= athnervedeatness 
~ Hutchinson's teeth: Peg shaped upper incisors 
‘Moon's molar, molars with cusps 
Congenital neurosyphi 
Cutaneous, skeletal or visceral gummas 
Saddle nose 
‘& Sabre tibia, Clutton’s joint. 
© Perforated palate 


Congenital syphilis is treated with penicillins 


Fig. 1.129: Saddle nose. 


@ ACTINOMYCOSIS 


# Itis caused by Actinomyces israeli. 

# Itis an anaerobic Gram-positive fungal like bacterium, 
which is a branching filamentous organism. It is called as 
“Ray fungus” because of sun-ray appearance. 


Clinical Types 


# Facio-cervieal: It is the most common type. Infection 
spreads either from tonsil or from adjacent infected tooth, 
Initially an induration develops. Nodules form with involve~ 
ment of skin of face and neck. It softens and bursts through 
the skin as sinuses which discharge pus which contains 
sulphur granules (60%) 


# ‘Thorax: Lungs and pleura get infected by direct spread from 
pharynx or by aspiration, Empyema develops. Later chest 
wall nodules appear leading to sinuses with discharge (20%), 

# In right iliac fossa: It presents as a mass abdomen with 
discharging 

¢ Liver is infected through portal vein (Honey comb liver). 

# Pelvie: Pelvic actinomycosis can occur due to intra uterine 
devie 


Pathogenesis 


Organism enters through deeper plane of the tissue, causes 
subacute inflammation with induration and nodule formation. 
Eventually discharging sinus forms at the surface. Pus collected 
in a swab or sterile tube will show sulphur granules. 


Clinical Features 


¢ Discharging sinus with induration and nodules. 
© No lymph nodal involvement. 
# Through blood spread it may cause pyaemia and endanger life 


Investigations 


¢ Pus under microscopy shows branching filaments, 

© Gram’s staining shows Gram-positive mycelia in centre 
with Gram-negative radiating peripheral filaments. These 
clubs are due to host reaction which are lipoid material 
(antigen-antibody complex), 

Cultured in brain heart infusion agar and thioglycolate media. 


Differential Diagnosis 


# Chronic pyogenic osteomyelitis. 
Carcinomas at the site 
# Tuberculous disease. 


Treatment 


¢ Penicillins for longer period (6-12 weeks). 

# Tetracyclines, lincomyein, streptomycin, 

 Dapsone and iodides may be usefa 

Antifungals are often given because itis fungal like bacte- 
rium, 

¢ Surgical debridement is occasionally required. 


lm MADURA FOOT (MYCETOMA PEDIS) 


¢ Itisa chronic granulomatous condition of the foot involving 
subcutaneous and often deeper tissues causing multiple 
discharging sinuses, 

© Tewas first ident Madurai, Tamil Nadu (India) by 
Gill (1842, Madura mycosis). 

# Itis common in India and Africa, 

¢ Itis common in Tamil Nadu, 

# Itcan be fungal (more common) or bacterial origin. Bacte- 
rial can be Actinomyces or Nocardia. Among bacterial 
Nocardia madurae is most common, 


% Fungal eumycotic mycetoma is caused by Madurella 
mycetomi ot Madurella grisa. Fungal mycetoma causes 
black granules, crushed smear of which shows thick stout 
filaments (5 ym). Bacterial mycetomas are by Actinomyces 
(A. israelii or A. bovis) or by Nocardia or Actinomadura (red 
granules). Occasionally it can be due to pyogenic bacteria 
like Staphylococcus aureus (Botryomycosis). Bacterial 
mycetoma shows white/yellow/red granules which on smear 
delineates thin filaments (1 im). Nocardia asteroids can 
primarily involve lungs later spreading to brain, kidney and 
‘other organs as metastatic infection. 


& Nocardia madurae (most common) 
® Nocardia brasiliensis 
% Nocardia asteroides 
Actinomyces israeli 


Pathogenesis 


Organism enters through a prick in the foot usually who 
walks barefoot 


Reaches deeper plane in the foot 
Evokes chronic granulomatous inflammation 


f 
Causes pale, painless, firm nodule 
l 


Formation of vesicles 


L 


Burst to form a discharging sinuses, 


# Discharging granules may be Black, Red, Yellow 
# In black type of Madura foot, infection is mainly subcuta- 
neous. 

# In red and yellow types, it burrows into the deeper plane 
including bone causing bone necrosis (osteomyelitis). Even- 
tually gross swelling of the limb with multiple discharging 
sinuses with disability will occur 

Muscles and bones are involved. 

‘Tendons and nerves are affected. 

Regional lymph nodes are not involved. 

Condition will deteriorate by secondary bacterial infection, 


inical Features 


Painless diffuse swelling in the foot of long duration. 
Later multiple discharging sinuses develop on the skin. 
Lymph node involvement will not occur unless secondary 
bacterial infection is present 

# Significant limb disability is common. 


eee00 


& Chronic osteomyelitis 
‘& Tuberculous osteomyelitis 
Carcinoma 


The best rose bush is not the one with the fewest thorns, but that which bears the finest roses.— Jerry Van Dyke 


57 


saseasig snonsajuy 


SRB's Manual of Surgery 


Investigations 


Discharge study will show branching filamentous appear- 
ance of the organism, 

¢ Culture in Sabouroud’s dextrose agat medium, 

Gram stain for actinomycosis will show sun-ray appearance 
with Gram +ve centre and Gram —ve clubs. 

X-ray of the foot is done to look for osteomyelitis 


Fig. 1.130: Madura foot. Note the multiple sinuses. 


Figs 1.131A and B: Mycetoma thigh and foot in two different 
patients. Note the discharging sinuses. 


Treatment 


Antifungal drugs—amphotericin, 
Long-term penicillins. 
© Dapsone, iodides. 
% In severe cases amputation may be required, 
Ifinfection occurs in the hand itis called as Madura hand. 


lm RABIES (HYDROPHOBIA) 


It is an acute fatal encephalomyelitis caused by a single 

stranded RNA virus Lyssa virus type 1 

# Iisa zoonotic disease transmitted to humans by bite/lick/ 
scratch of infected animals (commonly dogs). 

Its an ancient disease mentioned even in Vedas. Rabies word. 
is derived from Sanskrit word ‘Rabhas’ means ‘to do violence’ 

 Celsus found relation of saliva of infected dog to human 
disease in Ist century AD. Louis Pasteur developed Ist 
vaccine against Rabies in 1885, 

Rabies is uncommon in developed countries. It is mainly 
seen in Indian subcontinent (80%) and Arica. In India it is 
not seen in Lakshadweep, Andaman and Nicobar islands. If 
disease is not seen for 2 years in humans and animals then 
that area is termed as rabies free. Maldives country does not 
have human or animal rabies. 


Pathogenesis 


There is no predilection for age or sex even though it is 
‘observed more in children and adult males. 

# 95% of rabies develops due to bite of rabid dog occasion- 
ally cat (Urban rabies). Other animals that can transmit 
rabies are monkey, horse, fox, cows and butfaloes, donkey, 
pig, sheep, camel, elephant, mongoose, jackal, bear (Wild 
life/sylvatic rabies). In India transmission is not observed 
through bats, rodents and birds. Bat rabies (vampire bat) is 
seen in parts of USA and Latin American countries. 

% Asymptomatic carrier stage occurs only in animals but they 
are unlikely to be infective. Only symptomatic animals are 
considered to be infective. 

Rabies virus is bullet shaped envelop virus (75 nm * 180 nm) 
with numerous glycoprotein spikes to help in attachment of 
virus and also to induce antibodies. Natural occurring rabies 
virus is called as street virus which shows long incubation 
period of 20-60 days. Serial passage of this virus to brain of 
rabbits creates fixed virus which has got short incubation 
period of 4-6 days which does not show Negri bodies. This 
fixed virus which cannot multiply in extrancural tissues is, 
inaetivated to prepare vaccine. 

% Infection commonly occurs by animal bite, often by licks, 
scratches. Licks on abraded skin and licks on abraded or 
unabraded mucosa can cause infection, Licks are often 
ignored dangerously. Severity of infection depends on 
viral load in the animal saliva and class of wound. Aerosol 
transmission is found in bats or in lab workers. Person to 
person transmission can occur even though itis rare. Rabies 
‘may get transmitted through organ/comneal transplantation, 

Virus multiplies atthe site of infection and passes (ascends) 
through the peripheral nerves into the CNS to develop Negri 
bodies in the brain leading into fatal encephalomyelitis. 


From the brain virus descends into different tissues like 
salivary glands, muscles, heart, adrenals and skin. It also 
involves salivary glands to get secreted in the saliva to 
cause infection. 


Clinical Features 


¢ Incubation period is 3-6 weeks; but rarely can be up to 
many years. 

# Prodromal symptoms like 

Pain, tingling sensation at the site of bite. 

citability and irritability; increased muscle reflexes 


ver, headache. 


¢ Increased salivation, sweating, lactimation. 

# Hydrophobia (fear of water) and aerophobia (fear of air) 
is pathognomonic. 

Mental instability, dilatation of pupi 

# Symptoms are aggravated by swallowing water or blowing 
air on them, 

Once disease starts, patient die in 72 hours. 

Fear of water is seen only in affected human beings, not in 

animals 


Classification of Wounds 


Class I: Touching or feeding the diseased animal, lick over 
intact skin or scratches without oozing of blood, 

Class I: Licks on broken skin, scratches with blood ooze, 
and all bites except over head, face, palms and fingers, Minor 
wounds less than five in number. 

(Class IIL: All bites over head, face, palms and fingers, lacerated 
wounds, wounds more than five in number, wild animal bites, 
and contamination of mucous membrane with saliva. 


Indications for Antirabies Vaccination 


¢ All rabid animal bites. 

# If animal is killed or dies during 10 days of observation 
period. 

¢ Bite by an unidentifc 

# Iflab tests in animal show positive for rabies. 

¢ All wild animal bites. 


animal, 


Vaccines for Rabies 
1. Nervous Tissue Vaccine 


(a) BPL inacti 
5% emulsion of the infected brain of the sheep containing the 
inactivated fixed virus. It is Semple vaccine. 


Dosage of semple vaccine (as recommended by 
Pasteur Institute, Coonoor) 


ted vaccine: It is nervous tissue va 


Adult Children Duration 
Class 1 2mi 1mi 7 days 
Class Il aml 3mi 10 days 
Class Ill 5 mi 3mi 10 days 


Mode of administration: Subcutancously into the abdominal 
wall using long needle. Joseph Meister received first anti-rabies 
vaceine (ARV) in 1885, In Olden days, it was given for 15-21 
days. 

‘Antibody develops in 7-30 days. Protection lasts only for 6 
months. Booster doses are given if needed, 


Side effects 

# Headache, palpitation, allergic 

# Redness, tenderness and swelling at the site of the vaccina- 
tion. 


tions, 


+ Post-vaccinal neuroparal 
complication, 

% During therapy patient should avoid alcohol and steroids. 
(b) Nervous tissue vaccine derived from suckling mouse 
(less than 9 days old) brain (Fuezalida vaccine) is used to 
reduce neuroparalytic complications as suckling mouse has 
low myelin neuron, It is given for 10 daily doses then on 20th 
and 30th day 


—a dangerous life-threatening 


2. Avian Vaccines—Duck Embryo Vaccine (DEV) 


It has got less neuroparalytic side effects. It can cause eg 
protein allergy. Purified duck embryo vaccine (PDEV-1 ml) is, 
available in India, 


3. Cell Culture Vaccines 


They are more potent and safer. 

Human Diploid Cell Vaccine (HDCY-1 ml): Safest 
vaccine. It is prepared using fixed virus in human diploid 
fibroblast cells. But it is costly. It is available in India. 

# Second generation tissue culture vaccines: They are potent 
and cost-effective. They are derived from nonhuman base 
sources, Examples are chick embryo fibroblast (Purified 
Chick Embryo Cell Culture Vaccines—PCECY-1 ml), 
foetal bovine kidney, hamster kidney cells, vero cells (Pur 
fied Vero cell Rabies Vaceine—PVRY-| 

Dosage: 2.5 1U in one ml. One ml is given IM into the deltoid 

on 0, 3, 7, 14, 28 and 90 (optional) days. 

Side effects: Headache, redness at the 

serious side effects. 

Second generation tissue culture vaccine can be given intrader- 

mally also. Intradermal dose is one fifth of the intramuscular 

dose (0.1 ml) 


te, fever. No other 


Wound Treatment 

% Proper local wound care teduces the chances of rabi 
infection by 80%. Immediate cleaning and washing of the 
wound with running water for 15 minutes is essential to 
reduce the viral load at the wound site. If soap is available 
soap water is also used. It is better to wash with warm 
water if available 

# Wound should be cleaned with virucidal agents like alcohol, 
tincture, povidone iodine. Savion or carbolic acid or nitric 
acid should not be used, 


Your life is not a coincidence but it's a reflection of you. 
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# Wounds should not be closed. ARS should be injected 
locally. In deep wounds it may be closed only after 48 hours 
with loose sutures after thorough washing. 

# ARS (horse or human) should be injected toall wounds locally. 

One should not scrub the wound. 

© One should not touch the wound with bare hands. One 
should wear gloves to touch the wound, 


Passive Immunity 


It is used in all severe exposures, class I and class III and in 
all wild animal exposure. Present recommendation is injec~ 
tion of ARS with vaccine in all exposed patient irrespective 
of the class, 


Types of Antirabies Serum (ARS) 


Horse antirabies serum (horse/equine ARS): It is given on 
first day with a dose of 40 IU/ kg body weight (maximum up 
to 3000/units). Half is given into the wound and another half 
given into the gluteal muscle (IM)—single dose. It prevents the 
multiplication of the virus at the wound site. It also prolongs 
the incubation period. Passive immunity should always be 
‘combined with vaccine therapy. ARS needs test dose prior to 
injection of full dose. Side effects: Serum sickness, anaphylaxis. 
Human rabies immunoglobulin (HRIG). Dose is 20 units/kg 
body weight. Part is injected into the wound remaining part 
into the gluteal muscle (IM)—single dose. Patient should be 
immunised actively along with serum with additional booster 
doses. Side effects are rare here. 


Post-exposure Prophylaxis 


Cell culture and purified duck embryo vaccines are used as they 
are safe and efficacious. 

All vaccines should be given to deltoid region (never to 
gluteal region as due to high fat content vaccine won't get 
absorbed into circulation rapidly and so immune response 
may not be optimum). Vaccines should be stored at 4-8°C after 
reconstitution and should be used immediately. 


Mode of Injection 


a. Intramuscular into deltoid region—Essen regimen, It is 
commonly used and technically easier but higher dose is 
required compared to intradermal. Iti injected at a schedule 
of 0,3, 7, 14, and 28 days and booster at 90 days. First dose 
should be combined with ARS preferably HRIG. Multisite 
IM regime is often used as follows—first dose on day 0 two 
doses of IM vaccine is injected one on each side deltoid, 
Later single doses on 7 and 21 days (as 0 {2}, 7 {1}, 21 
(1), 

b, Intradermal route: (1) Two site intradermal method is used. 
1/Sth of the IM dose of selected vaccine is used. Two sites on 
the day 0,3, 7 and one site on the days 28 and 90. PVRY 0.1 
mi; PCECY 0,2 ml; PDEV 0.2 ml. (2) Eight site intradermal 
‘method is used. On day 0, eight sites intradermal injections 
at both deltoids, both suprascapular, both thighs, both lower 
quadrants of abdomen are given. On day 7, on4 sites—both 
deltoids, both thighs intradermal injections are given, On 


days 28 and 90 one dose on each day intradermal vaceine is 

injected at one site. HDCV 0.2 ml is used. Itis like 0 (8); 7 

(4); 28 (1); 90 (1). In whatever type, on first day (0) rabies 

immunoglobulin should be injected locally as well as IM. 
Postexposure vaccination if individual has been vaceinated 
earlier: Doses on days 0, 3, and 7 are given. But ideally 
assessed by serum antibody level (should be more than 0.5 
1U/ml, Passive immunity is not given in individuals who had 
vaceination earlier. 


Pre-exposure Prophylaxis 


Iis given to veterinarians, animal handlers. Dose: I ml of cell 
culture vaccine IM or 0.1 mil intradermally on days 0, 7, 28. 
Serum titre for antibodies should be assessed after I month 
If itis less than 0.5 IU/ml then one booster dose is injected. 
Booster doses are given once in every 2 years 


RABIES IN DOGS 
Incubation period: 10 days to 8 weeks. 


Types 


a. Furious type: Here dogs are aggressive like a mad dog. Dog 
changes its behaviour with loss of fear of human beings; 
bites objects, eat, mud, etc. Running amok, voice change, 
inability to bark properly, excessive salivation and foaming, 
paralysis and death. 

b. Dumb type: Dog is paralytic and sleepy. There is no ageres- 
siveness at all. Dog sleeps for 3 days and dies. 

‘Once symptoms of rabies develop in a dog it rarely survives 
more than a week 
Dog brain is sent for study in 50% glycerol-saline solution 


Lab Tests to Confirm Rabies in Dogs/Animals 


# Fluorescent antibody test (FRA test): It is reliable test. If 
FRA test is negative in brain of animal then even if dog is, 
rabid its saliva does not contain virus. FRA testis positive 
at any stage of the disease. 

# Microscopic examination of the brain of the infected dead 
‘animal to look for NEGRI bodies. It is seen in 90% of dead 
rabid dogs. 

# Mouse inoculation test is very sensitive test. 10% brain 
tissue emulsion in saline is centrifuged at 2000 rpm for 10 
minutes; 0.03 ml top fluid is injected intracerebrally into the 
suckling mouse to demonstrate rabies in 8 days in mouse. 

+ Comeal testis simpler but negative result does not rule out 
the infection possibility 


Immunisation in Animals 


8. BPL inactivated nervous tissue vaccine (20% infected sheep 
brain suspension): Single dose 5 ml to dogs; 3 ml to cats, 
Second dose after 6 months. Then once a year regularly 

b. Modified live virus vaccine (33% infected chick embryo 
suspension): Dose—3 mi single dose which is repeated once 
in 3 years 

. Oral vaccines are used successfully to control wild foxes in 
‘Canada by placing vaccine in food through baits. 


eeeee 


Remember about rabies 


Control of stray dogs andimmunisation ofalldogs will reduce 
the incidence of rabies 

Preventionisthe only way n rabies. Established rabies cannot 
be treated-—100% mortality 

HOCV and PCECV dose is 1 miPVRVis 0 mi—IMinto detoid 
‘anterolateral aspect of thigh in children (NEVER GLUTEAL 
region) 

Day 0is the day of fist date of vaccination not day of bite 
Interchanging of veccinesis even though acceptable but not 
well recommended and ideally should be avoided 

Vaccine dose is same in allage groups 

constituted vaccine should be used immediately 

Vaccine dose may be doubled in ist dose if ARS is not used 
in bites of face, head, hands and genitals in malnourished 
patients in patients who are on steroids, antimalignancy 
drugs, antimalaials;in pregnancy, lactation, infants, eldery, 
HIV and immunosuppressed individuals 

Consumption of unboiled milk ofa rabid cattle amounts for 
class Ill biteand needs prophylaxis vaccine 

Petdog shouldbe examined periodically by veterinary doctor. 
Usual vaccination method used in dogis—at 3d month ofage, 
1 month later and later yearly booster doses.0,6monthsand 
then yearly is also used, Pet dog should be prevented from 
coming into contact with stray dogs 

Dietary oralcohol restriction is not needed during vaccination 
asit will nt alter immune response 

Concomitant other vaccine injection along with rabies 
vaccine can be done but at different injection site as thereis 
no interference with immune response 

There is no contraindication for rabies vaccine as its life 
saving method 

{Al cases of dog bite should receive initial vaccine and ARS 
immediately the dog remains heathy even after 10 days 
cof abservation period vaccine is discontinued, Virus can be 
present in saliva 3 days before onset; once symptom begins 
dog cannot ive for more than 4 days.Safe period of 3 days is 
added and so total 10 daysis observed 

Virus can present in semen of a rabid man. So if he had 
contact with his wife within 5 days prior to symptoms then 
wife should be vaccinated a clas with HRIG 

if by mistake vaccine is given to gluteal region, fresh full 
course of vaccine to deltoid region should be started 

There are no single shot vaccines available. tis a myth 
Antiviral drugs are of no use 

Modern CCV are very safe and efficacious 

intradermal route of 0.1/0.2 mlis the best route 

Eiquinus ARS is cheaper and equally effective; but test dase 
should be given to prevent reaction 

Rabid dog will never have hydrophobia. Rabid dogs can 
swim through water or can even drink water. Aerophobia 
and photophobia are present in rabid dog, Hydraphobia is 
‘observed only in human rabies 

Bite by cats and cows also should be vaccinated 

Steroids and antimalarials should be avoided during vaccina- 
tion asit may alter the immune response 


@ ANTHRAX 


# It is caused by Bacillus anthracis, which is a Gram-positive, 
aerobic, spore forming, capsulated, nonmotile, nonacid-fast 
bacillus and is resistant to heat and antiseptics 

# Disease is common in cattle and seen in people who handle 
carcasses, wool, hairs. 

# Itis often used in biological war: 


Types 


a. Cutaneous type (/ide porters disease) 
> Its the most common type and occurs within 3-4 days 
afier infection. 
» Indurated papule with black slough surrounded by 
vesicles—matignant pustule. Itching is common in 
1ule—black colour eschar (Anthrax means charcoal). 
» Regional lymph nodes are involved, 
> Toxaemia is common, 


b. Respiratory type (Wool Sorter’s disease) is due to inhala- 
tion of spores, causing haemorrhagic pneumonia. tis more 
dangerous and life-threatening. 

€. Alimentary type due to ingestion of spores. 
> Fatal septicaemia and meningitis can occut in any type. 


Diagnosis 
% Culture of fluid will show Medusa head appearance. 


# Itshows positive M’ Fadyean’s reaction and positive Ascoli’s 
thermoprecipitation test 


Treatment 


% Ciprofloxacillin, doxycycline, penicillins 

# Alum precipitated Anthrax toxoid is used in humans. 

# Scalvo’s serum prepared by active immunisation of asses 
are used. 


™ NOSOCOMIAL AND 
OPPORTUNISTIC INFECTIONS 


Nosocomial Infection (Hospital Acquired 
Infection) 


I is an infection acquired because of hospital stay 


Sources 


# Contaminated infected wounds. 
# Urinary tract infections. 
© Respiratory tract infections 
© Opportunistic infections 
# Abdominal wounds with severe sepsis 

‘Spread can occur from one patient to another, through nurses 
or hospital stalf who fail to practice strict asepsis. 


Live your life as an exclamation not an explanation. 
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It is more common in: i 


+ Diabetics 

 Immunosuppressed individuals 

+ Patients on steroid therapy and life-supporting machines 

+ Instrumentations(indweling catheter, IV cannula, tracheos- 
tomy tube) 

+ Patients with artificial prosthesis 


Organisms 


¢ Staphylococeus aureus is the most common organism 
causing hospital acquired wound infection, Others are 
Pseudomonas, Klebsiella, E. coli, Proteus. 

© Streptococcus pneumoniae, Haemophilus, Herpes, Varicella, 
Aspergillus, Pneumocystis carinii are the most common 
pathogens involved in hospital acquired respiratory tract 
infection which spreads through droplets 

# Klebsiella is the most common pathogen involved in hospital 
acquired UTI which is highly resistant to drugs. 


Management 


Most of the time, organisms involved are multidrug resistant, 

virulent and hence, cause severe sepsis. 

# Antibiotics. 

# Isolation 

¢ Blood, urine, pus for culture and sensitivity to isolate the 
organisms. 

Blood transfusion, plasma or albumin therapy. 

‘Ventilator support. 

Maintaining optimum urine output 

Nutritional support 


sees 


Prevention 


# Isolation of patients with badly infected open wounds, 
severe RTVUTL 

* Following strict aseptic measures in OT and in ward by 
hospital attendants, 

¢ Proper cleaning and use of disinfectant lotions and sprays 
for bedpans, toilets and floor. 

# The precipitating causes has to be treated, along with caring 
for proper nutrition and improving the anaemic status by 
blood transfusion 


Opportunistic Infections 


‘They are normally of low pathogenicity, occur through thera- 


peutic invasive procedures and are common in immune defi 
ciency status 


Immune deficiency may be due to: 
Diabetes 
HIV 
Steroid therapy 
Radiotherapy 
Immunosuppressive therapy in transplantation 
Gytotoxic chemotherapy 
Starvation and old age 
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‘Therapeutic invasive procedures may be in the form of IV 
cannula, bladder catheter, tracheostomy and other minor surgical 
procedures which permit the skin organisms like Staphylococcus 
epidermidis to penetrate the skin and invade the deeper tissues. 


Organisms 


Bacteria: Gram-negative: E. coli, Pseudomonas, Klebsiella 

Proteus, Serratia. 

Gram-positive: Staphylococcus epidermidis, Streptococcus 

pneumoniae. 

Viruses: Herpes, CMV, Varicella zoster, may cause fatal 

pneumonia. 

Fungal: Candida, Aspergillus, yeast. 

Protozoal: Cryptosporidia (causes diarrhoea), Pneumocystis 
Because of the poor defence mechanism, infection is severe 

and often life-threatening, 


Investigations 


# Swab culture, blood culture, pus culture 


Treatment 


# These infections are difficult to treat as they are often multi- 
drug resistant. 

% Combination of broad spectrum antibiotics—cephalo- 
sporins, aminoglycosides, metronidazole are given. 

# Depending on culture and sensitivity appropriate antibiotics 

# Often ventilatory support and critical care are necessary. 


ll HIV INFECTION AND AIDS (Acquired Immu- 
nodeficiency Syndrome) 


Even if id made no money, even ifit was the pariah of specialties 
by virtue ofits lack of procedures, an unexpected fringe benefit 
hhad become evident with the appearance of AIDS: In those early 
days, dealing with AIDS made us an elite group, an unexpectedly 
glamourous group. Even the cardiac surgeons could not approach 
‘ourkind of heroism. Yes they dealt with death every day. Butt was 
‘somebody else's death they had to worry about. Never their own. 


—Abraham Verghese, 1994 


History 


& 1983:Discovery of the virus 
‘® First case of AIDS detected in UK 
® 1984:Development of an antibody test 


Definition of AIDS 


Confirmed HIV infection with CD, T lymphocyte count < 0.2 
* 10S/L with symptoms. 


Human Immunodeficiency Virus 
It was discovered by Barre-Sinoussi and Montagnier in 1983. 
Types 


It is classified under HTLV Type IIL. HIV is subdivided into 
‘Type I and Type 2, 


‘They are retroviruses. 


Clinical classification of HIV Infection 
+ Acute infection 
+ Asymptomatic but postive HIV 
+ Persistent generalised lymphadenopathy 
+ AIDS (HIV related diseases) 
~ Constitutional diseases like weightloss fever diarthoea 
~ Neurological diseases dementia,neuropathy,myelopathy 
Opportunistic infections 
Malignancies. Kaposi's sarcoma,non-Hedgkins lymphomas, 
primary cerebral lymphomas 
~ Other diseases attributable to HIV infection 


Mode of Transmission 


# Sexual intercourse—vaginal or anal 

¢ Needle pricks—using unsterilised needles for injections, in 
1V drug abusers, careless handling. 

# Mother to child—during birth through vaginal secretion, 
transplacental, through breast milk 

¢ Blood transfusions, organ transplantations, 
Disease is common in Africa and Asian countries. 

HIV mainly harbours in semen, genital secretions, blood, pus, 

sputum, saliva and other body fluids. 


+ Itappears about 3 weeks to 3 months after exposure 
+ Italways indicates infection 

‘& Ithas got weak neutralising capacity 

+ Itpersists throughout the HIV infection 


Tests for HIV 


ELISA test (sereening test), 
Western blot test (diagnostic test, 
Polymerase Chain Reaction (PCR), 
Anti-HIV antibody detection 
Viraemia quantification—to start treatment and to see the 
response of antiviral drugs (useful ifit is within 0.5 log 10). 
6. CD,, count 

> Normal value > 500/mm. 

> Values between 200-S00/mm! is seen in Kaposi sarcoma, 

Candida infection, Mycobacterium tuberculosis. 

> Values between 50-200/mm? is seen in Pneumocystis 

carinii and Toxoplasma infections. 

> Values < 50/mm! is seen in atypical mycobacteria, 

cytomegalovirus, lymphomas. 

After HIV infection, there is a time gap for the patient to 
become reactive to tests, This time gap is called as "Window 
period”. This period is variable. But during this period, the 
individual is infective. 


Pathogenesis 

Envelope glycoprotein of HIV binds with the surface molecule 
CD of “T” lymphocytes, monocytes, macrophages, cutaneous 
Langerhan’s cells, dendritic cells of all tissues, 


Fig. 1.132: HIV patient presented with tuberculous cold abscess 
with discharging sinus. 


= 


Figs 1.133A and B: Picture showing HIV kit and wearing of the HIV 
kit as a precaution while doing surgery for HIV infected individuals. 


Fig. 1.134: Severe infection of ear cartilage in a HIV infected patient. 


CD, of lymphocytes—T helper cells induce and control the 
normal immune response 

HIV suppresses immune response completely directly by 
suppressing “T’ cell, indirectly by suppressing “B’ cell. Finally 
it dismantles and destroys the immune system making the 
individual prone to opportunistic infections. 


The fragrance always remains in the hand that gives the rose. 
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After HIV infection, antibodies develop to virus envelope 
and core proteins which persists throughout life. 


General Features in HIV 


Weight loss more than 10%. 

Fever more than 1 month, 

Diarthoea more than 1 month. 

Neuralgia, arthralgia, headache. 

Lymphadenopathy. 

Cutaneous rashes, dermatitis, fungal (Candida), bacterial, 

viral (herpes simplex 1 and 2) infection 

Dental infection, gingivitis, candidiasis of oral cavity and 
oesophagus 

© Varicella zoster infection. 

© Opportunistic infections. 

Poor healing after surgery, trauma, infection with more 

complications, 
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Tumours in HIV Infection 


Kaposi's sarcoma—40% common. 
Lymphomas (NHL common) (3-4%). 

Cervical cancer. 

CNS lymphomas. 

Ano-genital squamous cell carcinoma, 

‘Testicular tumours (Germ cell types). 

Lung cancer, 

GIT lymphomas and adenocarcinomas. 
Squamous cell carcinoma of anal canal and cervix. 


eoeeecece 


Pulmonary Problems in HIV Infection 


Pneumonia. 
4 Tuberculosis. 

¢ Fungal infections. 

4 Pneumocystis carinii pneumonia. 
Cytomegalovirus pneumonia, 


GIT Problems in HIV Infection 


GIT infections—bacterial, protozoal, viral. 
Kaposi's sarcoma, lymphomas, adenocarcinomas. 
© Hepatitis (°C’ virus), cholestasis 


@ Anorectal diseases. 
@ Abdominal tuberculosis. 


Fig. 1.135: Kaposi's sarcoma, 


Neurological Problems in HIV Infection 

Encephalitis, aseptic meningitis, myclitis. 

 Neuropathies with demyelination. 

% Opportunistic infections like Toxoplasma, Cryptococcus 
causing severe meningitis. 

Primary CNS lymphomas, 

© CNS tuberculosis (Tuberculoma). 

Visual problems. 


Management 


Investigations 
Tests for HIV. 

4 Tests for specific and opportunistic infections 
% Tests relevant for associated tumours. 


‘Treatment 


1. Antiviral therapy: 
» Nucleoside reverse transcriptase inhibitor (NRTD): 
vudine, didanosine, abacavir, lamivudine, stavudine. 
> Non-nucleoside reverse transcriptase inhibitor (NNRTD: 
Nevirapine, delavirdine. 
» Protease inhibitors: Ritonavir, indinavir, amprenavit 
2, Treatment of opportunistic infections. 
‘Treatment of tumours. 
4, Immunotherapy: 
> Alpha and gamma interferons 
> Interleukins. 
5. Bone marrow transplantation, 
6. Anti-CD, or IL-2 after HAART (Highly Active Anti- 
Retroviral Therapy). 
7. Psychotherapy. 
8. Counselling of HIV patients and their families. 
9. Life-expectaney after initial HIV infection is 8-10 years. 


Prevention 


Continues to be our best weapon in combating the menace of 
HIV infection. 

¢ Safe sex. Condom usage reduces the risk of transmission, 
Health education, 

© Use of disposable needles to prevent infections 


I _ Universal precautions against HIV J 

+ Care inhhandling sharp objects like needles, blades 

 Allcuts and abrasions in an HIV patient should be covered 
witha waterproof dressing 

+ Minimal parenteral injections 

+ Equipments and areas which are contaminated with secre- 
tions should be wiped with sodium hypochlorite solution or 
26 glutaraldehyde 

& Contaminated gloves, cottons should be incinerated 

-& Equipments should be disinfected with glutaraldehyde 

© Disposable equipments (drapes,scalpels,etc) should be used 
whenever possible 

‘& Walls and floor should be cleaned properly with soap water 

‘© Separate operation theatre and staff to do surgeries to HIV 
patients is justifiable 

+ Avoid shaving whenever possible before surgery in HV patients 

+ All people inside the theatre should wear disposable gowns, 
plastic aprons, goggles, overshoes and gloves 

+ ‘Surgeons assistants and scrub nurse should wear in addition 
double gloves 

Suction bottle should be half-filled with freshly prepared 
‘glutaraldehyde solution 

Spilled body fluids should be diluted with glutaraldehyde 

+ Accidental puncture area in surgeon or scrub nurse should 
bee immediately washed with soap and water thoroughly 

“¢ Theatre should be fumigated after surgery to HIV patient 


HIY, hospital and surgeon 

¢ Isolation per se of HIV patient is not required. 

4 Proper care should be taken to prevent transmission ofthe virus. 

© Open wounds, disposal of excreta, fluids, discharge, pus and 
other infective materials should be taken care of properly. 

Risk of HIV infection through needle prick is very less 
(0.03%), 
Following measures should be taken while managing HIV 

patients: 

© Wearing double gloves. 

Wearing proper spectacles (as HIV can get transmitted 
through eyes directly). 

Wearing proper head mask, theatre shoes, apron, 

Measures to prevent spread of infection from patient to 
patient in the hospital. 

¢ Disposal of needles through a sharp disposing container. 


Disinfection 


Autoclave is ideal, 
¢ Boiling. 

Sodium hypochlorite solution. 
2% glutaraldehyde solution. 


1 NECROTISING FASCIITIS. 
© It is spreading inflammation of the skin, deep fascia and 


soft tissues with extensive destruction, toxaemia commonly 
due to Streptococcus pyogenes infection, but often due to 
mixed infections like anaerobes, coliforms, Gram-negative 
organisms. 


# Itis common in old age, smoking, diabetics, immunosup- 


pressed, malnourished, obesity, steroid therapy and 
HIV patients, Trauma is a common precipitating factor/ 
cause 8 


# Itcan occur in limbs, lower abdomen (Meleney’s infection), 


groin, perineum. There is acute inflammatory response, 
‘oedema, extensive necrosis and cutaneous microvasculature 
thrombosis. 


# Muscle is usually not involved in necrotising fasciitis. 


Figs 1.136A to C: Necrotising fascitis of skin, deep fascia and soft 
tissues without involvement of muscle. 
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‘ournier’s gangrene. Note the destruction of skin over 
penis, scrotum and lower abdominal wall. 


Types 
Type I—Itis due to mixed infection, 


Type II is due to Streptococcus pyogenes, usually duc to 
minor trauma like abrasions, 


Clinical Features 


Sudden swelling and pain in the part with oedema, diseolora- 
tion, necrotic areas, ulceration. 

¢ Foul smelled discharge. 

¢ Features of toxaemia with high-grade fever and chills, 
hypotension, 

¢ Oliguria often with acute renal failure due to acute tubular 
necrosis, 

Jaundice. 

Rapid spread in short period (in few hours). 

Features of SIRS, MODS with drowsy, ill 

Condition if not treated properly may be life-threatening. 


Management 


¢ IV fluids, fresh blood transfusion. 
Antibiotics depend on C/S 

High dose penicillins are very effective. Clindamycin, third 
pphalosporins, aminoglycosides are also often 


or broad-spectrum antibiotics. 


generation 

needed. 

Catheterisation and monitoring of hourly urine output 

Haematocrit, serum creatinine assessment. 

Pus culture, blood culture. 

Electrolyte management and monitoring 

Control of diabetes, if patient is diabetic. 

Oxygen, ventilator support, dopamine, dobutamine supple- 

ments whenever required 

¢ Radical wound excision of gangrenous skin and necrosed 
tissues at repeated intervals, 
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Figs 1.138A and B: Necrotising fascitis over chest wall and neck in 
two different patients, 


Figs 1.1394 to C: The typical necrotisingfascitis showing gangrenous 
skin, In second photo, arm is extensively involved. Also note the 
granulating area after extensive wound excision of the necrotic skin 
(debridement) 


‘Necrotising fasciitis 

% 80% are polymicrobial—streptococci, staphylococci, 
E.coli, Pseudomonas, Proteus, Clostridium 

+ Itis a surgical emergency condition as itis very rapidly 
progressive 

+ Lower limb is the most common site—60% 

+ Oedema beyond erythema,woody hard texture on palpation 

© Crepitus with subcutaneous emphysema, skin vesicles, dish 
water pus with grayish discharge are common 

 Lymphangitiss usually absent 

+ Pink/orange skin stain and later focal skin gangrene 

‘& Shock, multiorgan failure 

Resuscitation, wound excision, antibiotics, critical care 
(oxygen, intubation, ventilator 

‘& Hyperbaric oxygen given in high pressure chamber wit 
100% oxygen in 2-3 atmospheric pressure reduces the 
mortality to 10-20%. It is bactericidal and promotes the 
neutrophil function 

+ In spite of adequate therapy mortality is 30-50% or more 


needed 


# Vacuum assisted dressing is better. 

Once patient recovers and healthy granulation tissue 
appears, spilt skin grafting is done. As it commonly involves 
large area, mesh graft (meshing of SSG) is needed. 


@ ACUTE PYOMYOSITIS 


# It is infection and suppuration with destruction of the 
skeletal muscle, commonly due to Staphylococcus aureus 
(90%) and Streptococcus pyogenes, occasionally due to 
Gram-negative organisms. 

¢ Itis common in muscles of thigh, gluteal region, shoulder 
and arm, 

# Precipitating factors are similar to necrotising fasciitis— 
trauma, malnutrition, anaemia, and immunosuppression. 

¢ Pain, oedema, tenderness over the site with apparently 
normal overlying skin. 

¢ Induration and muscle spasm is typical 

¢ Fever, jaundice, uraemia (acute renal failure) are common. 


Fig. 1.140: Pyomyositis of thigh muscle. 


Management 


# Creatine phosphokinase will be very high and signifies acute 
phase (more than 50,000 units); due to rhabdomyolysis 
¢ MRI is useful. US guided pus aspiration is also done, 


# Treatment isantibioties, radical wound excision with removal 
of pus and all necrosed muscle and compartment release. 
Haemodialysis is needed until recovery if there is renal 
failure, Later secondary suturing or skin grafting is needed. 


@ SURGICAL SITE INFECTION (SSI) 


Surgical site infection is the second most common complication 
following surgical procedures (first being postoperative pnew- 
‘monia) due to virulent bacterial entry, altered wound microen- 
vironment, and changed host defense, Prevention of SSI can be 
achieved by better preoperative preparation; proper infection 
control during surgery: adherence to principles of preventive 
antibiotic therapy; better surgical techniques to reduce hema- 
toma, tissue injury and foreign bodies within the surgical site; 
prevention of tissue hypoxia with enhanced oxygen support. 


Common Sources of Infection 


# Surgical wards, wounds, ulcers, catheters, drains, sputum, 
urine, faeces, open wounds, 

# Operation room without proper ventilation, nurses, surgeons, 
Operation methods, sterilisation of instruments. 


Organisms Causing SSI 


# Commonly Staphylococcus aureus. Any organisms like 
clostridia, Gram-negative bacteria can cause SSI 

4 Bacteria present in a wound with no signs or symptoms of 
systemic inflammation is called as colonization, usually less 
than 10°cfw/ml. Transient exposure of a wound to bacteria 
(usually less than 6 hours) is called as contamination with 
varying concentration. 


Sequence of Events (in Surgical Wounds) 


* Activation of inflammation occurs by cuts, incisions, 
abrasions, burns. This initiates inflammation by protein 
coagulation, platelet aggregation, mast cell activity, release 
of complements and bradykinin, Phase I of inflammation 
begins with vasodilatation, increased bulk flow, increased 
vascularity, Later Phase II of inflammation proceeds with 
phagocytic infiltration and bacterial phagocytosis, removal 
of dead tissue with release of proinflammatory cytokines, 
Here tissue injury from incision mobilizes phagocytes before 
bacterial contamination leading into prior preparation against 
infection. If contamination is controlled monocytes activate 
to regulate wound healing using myofibrocytes and collagen, 

# If bacterial contamination is not controlled, proinflam- 
matory cells release TNF-« to stimulate neutrophils for 
phagocytosis. It also causes release of reactive oxygen 
and acid hydrolases from lysosomal vacuoles to result in 
lipid peroxidation, release of interleukins, evoking acute 
inflammatory response with creation of space containing 
pus which contains necrotic tissue, neutrophils, bacteria and 
proteinaceous fluid with all signs of inflammation—nubor, 
dolor, calor, tumour, It is typical surgical site infection (SSI), 


The drops of rain make a hole in the stone not by violence, but by off falling. 
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Factors Related to SSI 


# Bacterial entry (inoculum) into the wound occurs through 
airin operation room, through instruments, through surgeons 
and theatre staffs, patient’s endogenous bacteria like peri- 
neum, urine, ete 

¢ Bacterial virulence plays major role in causing SSI 

 Microenvironment in the wound like haemoglobin level 
at surgical site; presence of necrosis which interferes with 
phagocytosis; presence of dead space and or foreign body 
in the wound, 

© Host defenses both natural (Innate) and acquired, when 
altered SSI occurs. Acquired causes are—shock, hypoxia, 
chronic illness, hypoalbuminemia, malnutrition, hypo- 
thermia, hyperglycemia, corticosteroids, HIV infection, 
‘malignancy and certain drugs. 


Classification of Surgical Wounds 

# Clean wounds—operative procedure does not enter into 
normally colonised viscus. 

* Clean-contaminated—operation enters into a colonised 
viscus but under elective controlled circumstances. 

# Contaminated wounds—gross contamination is present at 
the surgical site in the absence of obvious infection. 

# Dirty wounds—surgical procedures performed when active 
infection is present. 

Risk Classification and Identification System 

It is based on three categories of variables—(1) Those that 

estimate intrinsic degree of microbial contamination at the 

site, 2) Those that measure the duration of operation. 

st susceptibility markers, 


Variables that Influence SSI 


‘Variables that influence SSI Point 
1.An abdominal operation, 1 
2. Operation lasting more than 2 hours. 1 
3, Surgical site classified as contaminated or diry/ 1 


infected, 

‘4. Operation performed on a patient with more than 1 
three discharge diagnosis, 

Total index 4 

All variables have equal significance. This index twice better at 

predicting SSI than wound classification. Disadvantage is that 

itis not operation specific and variables collected al discharge. 


The National Nosocomial Infections 


Surveillance (NNIS) System as Basic 
SSI Risk Index 
NNIS system Point 
Operation classified as contaminated or dirty 1 
The patient has an ASA (American Society of 1 


Anaesthesiology) preoperative assessment score of 
3,4,0r5. 

Duration exceeds 75th percentile of 'T’ point. 1 
T point defined as length of time in hours that 
represents 75th percentile of procedures in NNIS 
sure} 


fate: 
point for common surgical procedures are—Coronary artery bypass 
agraft—5; Bile duct, ver or pancreatic surgery, craniotomy, head and 
neck surgery—4; Colonic surgery, joint prosthesis surgery, vascular 
surgery—3; Abdominal or vaginal hysterectomy, ventricular shunt, 
hemiorthaphy—2; Appendicectomy, limb amputation, caesarean 
section—1 


Physical Status classification 


Class I: A patient in normal health 
Class II: A patient with mild systemic disease resulting in no 
funetional limitations, 

Class IIL: A patient with severe systemic disease that limits 
activity, but is not incapacitating, 

Class IV: A patient with severe systemic dis 
constant threat to life 

Class V: A moribund patient not likely to survive 24 hours, 


se that is a 


Classification of Surgical Site Infection (SSI) 
A. According to the Depth of the Wound Infection 
1. Superficial incisional SSI 


It occurs within 30 days of operation; involves only skin and 
subcutaneous tissue; and one of following: 

Purulent drainage (culture documentation not required), 
organisms isolated from fluid/tissue of superficial incision, at 
least 1 sign of inflammation, wound is deliberately opened by 
the surgeon, surgeon or attending physician declares that the 
wound is infected. 

Awwound not considered a superficial site infection—if stitch 
abscess is present; ifinfection is at episiotomy site; burn wound, 
SSI extends into the fascia or muscle. 


2. Deep incisional SSI 


{It occurs within 30 days of operation or I year ifan implant is 
present; involves deep soft tissues of the incision; and at least 
one of the following—purulent drainage from the deep incision 
site without organ/space involvement, fascial dehiscence or 
deliberate separation by surgeon, deep abscess, identified by— 
reoperation/histopathology/radiology, surgeon or attending 
physician declares deep infection present. 


3. Organ space infection 
It occurs within 30 days or 1 year if an implant is present; 
involves anatomic structures not opened or manipulated during 
surgery; and one of the following—pus from a drain placed 
into organ/space, organism isolated by culture, identification 
of abscess by direct examination, reoperation, histopathology, 
radiology, diagnosis by surgeon or attending physician. 


B. Classification of Wound Infection According to 
the Aetiology 


a. Primary infection where the wound is the primary site of 
infection. 

b. Secondary infection arises following complication that is, 
not directly related to the wound 
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Fig, 1.141: Surgical site infection classification as—superficial 
incisional, deep incisional, organ space. 
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Figs 1.1428 and C: Surgical ste infection (SS!) types: (A) Superficial 
incisional SS. (B) Deep incisional SSI. (C) Organ space SSL 


C. Classification of Wound Infections According to 
the Time 


a. An early infection presents within 30 days of a surgical 
procedure, 

b. An intermediate infection occurs between 1-3 months after- 
wards. 

©. Late infection occurs in more than three months after 
surgery. 


D. Classification of Wound Infections According to 
the Severity 


a. Minor wound infection if there is discharge without cellulitis 
or deep tissue destruction. 

b. Major ifthe discharge of pus is associated with tissue break- 
down, partial or total dehiscence of the deep fascial layers 
of the wound, or if systemic illness is present. 


Note: 
Please refer fist page ofthis Chapter for Southampton wound grading 
system and Asepsis wound score system, 


Prevention of SSI 
1. Preoperative 


% Preoperative cleaning and antiseptic scrub of surgical site 
Skin is colonised by various bacteria mainly Staphylococcus 
aureus (50%). Preoperative skin wash using chlorhexidine 
decreases bacterial colonisation by $0% and so wound 
contamination. 

4 Surgical site to be shaved or clipped in the operation theatre. 
Shaving should be done in the theatre itself or within 2 hours, 
of beginning of the surgery otherwise infection rate may 
raise. Clean wound infection after shaving is 2.3%; after 
clipping itis 1.7%; without shaving or clipping it is 0.9%, 
However, selective shaving is definitely needed in area like 
scalp, axilla, groin, and perineum. 

# Surgery should be avoided or postponed if fingers or hand 
Of surgeon has open wounds or infection. 

# Obvious infection in patient if exists should be treated. 

# Prolonged preoperative admission should be avoided for 
an elective surgery. 


2. Care in the Operation Theatre 


# One should ensure that sterile caps, masks, gowns and sterile 
gloves are used. 

# Proper skin cleaning is needed on table after anaesthesia 
using antiseptics like povidone iodine. One should ensure 
that all drapes are dry throughout the procedure and all 
instruments are thoroughly sterilised, 

# Unimpregnated plastic drapes are avoided as it is found that 
it does not have any advantage. 


We travel not to find ourselves in the world, but to remember that we have a world inside us. 
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Gentle tissue handling, absolute haemostasis, holding tissues 
using instruments as much as possible, using appropriate 
suture materials, avoiding dead space during closure are 
certain essential on table tips to reduce SSL 

One should consider leaving wounds open if itis severely 
contaminated. 


3. Preventive Antibiotic Therapy 


¢ Itis used whenever high-risk of infection is associated with 
the procedure and consequences of infection if possibly 
severe and if patient has a high NNIS risk index. 

Antibiotics should be administered as close to the incision 
time as possible, before induction of anaesthesia. 

# Selected antibiotic should have activity against likely 
pathogens. 

# Postoperative systemic antibiotics for 24 hours (beyond 24 
hours not shown to reduce SSI). 

4 Benefit of preoperative antibiotic 
difficult to assess and quanti. 

Proper techniques and wound microenvironment are more 
important than antibiotics. 

# Preventive systemic antibiotics not to be used to prevent 
nosocomial infections. 

Oral antibiotic bowel preparation 
ical bowel preparation. 


in NNIS risk 0 index is 


appropriate mechan- 


# If systemic antibiotics are to be used antibiotics of longer 
half-life are to be chosen 

# Very long procedures should have a redosing strategy during 
the procedure. 


4. Enhancement of Host Defences 


# Increased oxygen delivery facilitates phagocytic eradication 
of microbes. 

% Optimising core body temperature is important as warmer 
patients resist bacteria better. 

# Blood glucose control is essential even to nondiabetics as 
well. 


Management of SSI 


# SSI is managed depending on the type of SSI—superficial, 
deep or organ space. 

# All infected material and pus should be removed from the 
wound site—debridement. 

# Sutures are removed to allow free drainage of infected 
material 

# Infected fluid is sent for culture and sensitivity and suitable 
antibiotics are started, 

% Once wound shows signs of healing by healthy granulation 
tissue, secondary suturing is done. Often it is allowed to 
heal by scarring. 


E. Swellings 


® Dermoids 
oe Sebaceous cyst 
Glomus Tumour 


® Morrant Baker's Cyst 
o® Lymph Cyst 

»® Lymphangioma 

we Calcinosis Cutis 

we Neuroma 


vm Papilloma ss» Neurofibroma 
vm Warts vs» Neurilemmoma 
w Fibroma Ganglion 
om Bursae ws Chordoma 
‘s Semimembranosus Bursa s Epignathus 

LIPOMA Types 


Iisa benign tumour arising from yellow fat. 

¢ Tumour arising from brown fat is called as hibernoma 
(reddish brown). 

© Itis called as universal tumour (ubiquitous tumour) as it 
can occur anywhere in the body (except in brain). 

© Ibis the most common benign tumour (Karyotype 124 
change) 

¢ Itcan be diffused or localised. 

% Diffuse lipomas are not encapsulated, not well localised. 
Common in palm, sole, head and neck region, difficult to 
be removed. It is seen in subcutaneous and intermuscular 
tissues (pseudolipoma) 

It can be single or multiple (5%). Multiple lipomas often 
associated with many syndromes like MEN syndrome 
(Multiple endocrine neoplasia syndrome). 


Painful lipomas are called as newrolipomas. 

 Dercum’s disease is tender deposition of fat especially on 
the trunk, is also called as adiposis dolorosa. It is basically 
‘multiple neurolipomatosis. 

Fibrolipoma: Lipoma with fibrous component. 
Naevolipoma: Lipoma with telangiectasis, 

Lipoma arborigens is pedunculated lipoma. 

Lipomas attain large size in thigh, shoulder, retroperitoneum, 
back and often may turn into sarcoma, 


eeee 


Sites 


4 Subcutancous. 
© Subfascial, 
¢ Intramuscular. 


Figs 1.143A and B: Large lipoma in the nape of neck. 
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Intermuscular in anterior abdominal wall 
Parosteal 

Subserosal. 

Submucosal (GI tract, 

Extradural (not intradural). 
Intra-articular, 

Subsynovial 

Subperiosteal 

Intraglandular—breast, pancreas, kidney 


seercseoe 


Clinical Features 


 Localised swelling, which is lobular (surface), nontender. 

# Semifluctuant (because fat in body temperature remains 
in semiliquid condition). It is usually nontransilluminant. 

# Mobile, with edges slipping between the palpating fingers 
(slip sign) 

© Skin is free. 

# Lipomas may be pedunculated at times. 

© Itis rare in children, 

* Pain in lipoma may be due to neural element or compression 
tonerves or adjacent structures. Angiolipomas being highly 
vascular is commonly fender 

# Trunk is the most common site; nape of neck and limbs are 
next common. 

# Clinically lipoma can be single, multiple or diffuse 


Figs 1.144A and B: Diffuse lipoma on the plantar aspect of 
foot and back. 


Fig. 1.145: Slip sign of lipoma. 


\ 
Fig. 1.146: Large lipoma in the back over scapula. 


Fig. 1.2070 


} 
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Figs 1.148A and B: Large lipoma in buttock region. 


Figs 11478 and 7 
Figs 1.1478 to C:Pedunculated lipoma. ti common naxilary rion. 
Lobular surface with narrow pediceis typical Often ulceration can 
cccurinthe surface due torepeated friction. Itften mimics papilloma, 


Differential Diagnosis é 


 Neurofibroma, 

¢ Cystic swellings 

Note: 

FNAC/incision biopsy in suspected cases and CT /MRI scan in cases 

‘of deeply located/intracavitary lipomas/targe lipomas is done. 

# Application of ice over the swelling hardens lipoma but not 
neurofibroma, 


Complications 


# Myxomatous changes—occurs in retroperitoneal lipoma, 
 Saponification, Fig. 1.149: Lipoma in lateral chest wall near posterior axillary fo. 


There can be no substitute for detailed appraisal of the history of clinical signs.— Harold Ellis 
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# Calcification 

# Submucosal lipoma can cause intussusception and so intes- 
tinal obstruction. 

# Sarcomatous changes—liposarcoma (most common type 
of sarcoma). 

Note: 

Itis now considered that all sarcomas are of de novo in origin to 

begin with at mitochondrial level; so benign soft tissue tumour 

‘turing into sarcoma is under debate or rare or not existing; but in 

clinical practice such an entity is stil considered by few. 


Liposarcoma i 
‘Common in retroperitoneum, thigh and back 
Rapid growth 
‘Warm and vascular 
Dilated veins over the surface 
Infiltration in to deeper plane with restriction of the mobility 
Skin fixation and fungation 
Blood spread to lungs 
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Treatment 


Fig. 1.150: Submuscular lipoma under gastrocnemius muscle. 


¢ Excision. 

# Small lipoma is excised under local anaesthesia and larger 
one under general anaesthesia, 

¢ Ifitis liposarcoma, CT chest should be done to see second- 
aries in lungs. Later wide excision is done alongwith adju- 
vant chemotherapy and radiotherapy. 


Fig. 1.151: Gross feature of specimen of lipama, 


Note: 
Lipoblastoma, a benign tumour is seen in infant boys in extremity 
subcutaneous tissue. 


™m CYSTS 


Cyst is a collection of fluid in a sac lined by epithelium or 
endothelium. Word meaning of eyst is “bladder” (Greek) 
(Greek word *KUSTIS’ means bladder). 


True Cyst 


+ Cyst wall is lined by epithelium or endothelium. 

# Ifinfection occurs, cyst wall also will be lined by granula- 
tion tissue. 

Fluid is usually serous or mucoid derived from the secretion 
of the lining, 


False Cyst 


# Itdoes not have epithelial lining, 
# Fluid collection occurs as a result of exudation or degen- 
eration. 


Example: 
Pseudocyst of pancreas. 

Wall of cystic swelling in tuberculous peritonitis. 

Cystic degeneration of tumour. 

After haemorrhage, in 4 haematoma, RBC’s are lysed, gets 
absorbed and fluid remains as a false cyst. 

“Apoplectic eyst” is formed in brain as a result of ischaemia, 
causing collection of fluid, 


Classification 


a Congenital eyst 
> Dermoids: Sequestration dermoid, 
> Tubulodermoids: Thyroglossal cyst, postanal dermoid, 
ependymal cyst, urachal cyst 
» Cysts of embryonic remnants: Cysts from paramesone- 
phric duct and mesonephric duct, cysts of urachus and. 
Vitellointestinal duct. 
b. Acquired cysts 
> Retention cysts: They are accumulation of secretions 
of a gland due to obstruction of the duct, e.g. seba- 
ceous cyst, Bartholin’s cyst, cyst of parotid, breast, 


epididymis, 

> Distention cyst: Lymph cyst, ovarian cyst, colloid 
goitre, 

» Exudation cyst: Bursa, hydrocoele, pancreatic pseu- 
docyst. 


©. Ghstic tumours: Dermoid cyst of ovary, cystadenomas. 

d. Traumatic cyst: Due to trauma, haematoma occurs usually 

in thigh, loin, shin. It eventually gets lined by endothe- 

1m containing brown coloured fluid with cholesterol 
crystals. 

©. Degenerative cyst: Due to eystic degeneration of a solid 
tumour (due to necrosis of tumour). 

1. Parasitic eyst: Hydatid cyst, trichiniasis, eysticercosis, 


Clinical Features of a Cyst 


¢ Hemispherical swelling which is smooth, fluctuant, 
nontender, well-tocalised 

# Some cysts are transilluminant 

% Presentation varies depending on its anatomical location 
and pathology. 

# Cyst can be single or multiple. Sebaceous cysts are often 
multiple, 


Figs 1.152A to C: Traumatic cyst thigh with false cyst wall with clot 
inside, 


Effects of a Cyst 

* Compression of adjacent structures (CBD): Choledochal 
cyst compressing over the CBD. 

¢ Infection 

¢ Sinus formation, 

¢ Haemorrhage. 

# Torsion, e.g. ovarian cyst. 

# Calcification, e.g. hydatid eyst, cysticercosis, 

# Cachexia: In malignant ovarian cyst patient goes for severe 
cachexia. 


__ Swellings which are brilliantly transilluminant = 
@ Ranula 

4 Gystic hygroma and lymph cyst 

& Hydrocoele 

‘& Epididymal cyst (Chinese-Jantern pattern) 
 Meningocoele 


cS 
Figs 1.153A and B:Brilianti transiluminant swelings—possbly 
Iymph cyst. 
l= DERMOIDS 
Types 


1. Sequestration Dermoids 


# occurs at the line of embryonic fusion, due to inclusion of 
epithelium beneath the surface which later gets sequestered 
forming a cystic swelling in the deeper plane. 

# Itis congenital type. 


Common sites are: 
a. Forehead, neck, postauricular dermoid. 
b. External angular dermoid. 
©. Root of nose. 
d. Sublingual dermoid. 
€. Anywhere in midline or in the line of fusion. 
» Dermoids occurring in the skull may extend into the 
cranial cavity. 
> When it occurs as an external angular dermoid, it 
extends into the orbital cavity, or it can extend into any 
cavity in relation to its anatomical location (e.g, thorax, 
abdomen), 


‘Types of angular dermoid 

a. External angular dermoid: It is a sequestration dermoid 
situated over the external angular process of the frontal 
bone. Outer extremity of the eyebrow extends over some 
part of the swelling. This typical feature differentiates 
it from the swelling arising from the lacrimal gland. It 
‘may extend into the orbital cavity also (Frontozygomatic 
suture). 

b. Internal angular dermoid: It is a sequestration dermoid 
cyst in central position near the root of the nose. It occurs 
in frontonasal suture line, It is rare, It mimics swelling 
from lacrimal sac ot mucocele of frontal sinus. Mucocele 
of frontal sinus is due to blockage of frontonasal duct. 

# Dermoid cyst contains putty like desquamated material, 
hair follicle, sebaceous and sweat glands. Its lined by both 
dermal and epidermal components. 

# Dermoid cyst in skull region has different anatomical types 
as it ofien may extend into cranial cavity. 


Count your blessing not your problems. 
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» Cyst which is located entirely outside the skull bone over 
suture line but without bone indentation. 

> Cyst located outside the skull bone but with a bone 
defect underneath, Bone defect may be either on outer 
table of skull or through both tables of skull with attach- 
‘ment to dura 

» Cyst lyeing partly outside and partly inside the skull with 
a connecting stalk between the two like a dumb hell. 

> Cystiis entirely within the skull bone between skull and 
dura. Itis very rare but known, 


2s BD 


Figs 1.154 and B: Types of angular dermoid. (A) External angular 
dermoid. (B) Internal angular dermoid (midline). 


Clinical features 
# Painless swelling in the line of embryonic fusion 

# Presents in the second or third decade onwards. 

# Smooth, sofi, nontender, fluctuant (Paget test positive i.e. 
swelling is fixed with two fingers and summit is indented 
to get yielding sensation due to fluid). 
Nontransilluminating, 

Free skin, often adherent into the deeper plane. 

‘There will be resorption and indentation of the bone beneath. 
Impulse on coughing may be present only if there is intrac~ 
ranial extension, 


RBsHf 
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Figs 1.155A to C: Postauricular dermoid in diferent patients. 
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——— n 
: 1, Cyst outside 
4 1 [) skull bone 
q ; 2a, Cyst with bone indentatior 
y | 2b, With dura attachment, 
- 2b. 


2a. 


3. 3. Cyst connecting 
inside skull with a stalk 


4, Entire cyst is 
~. 4. intracranial — very rare 


t ie} Fig. 1.159: Sequestration dermoid in skull—anatomical types. 


— 


Figs 1.156A and B: Dermoid in the midline—suprasternal space of 
bums/sternum. It may extend into deeper plane and so itneeds CT 
chest and evaluation, 


Differential diagnosis, 
# Sebaceous cyst 

# Lipoma, 
Investigations 


# X-ray—skull or part, 
# CT scan head or part 


Infection 
Haemorthage, rupture 

Surface ulceration 

Pressure effects if there is intracavitary extension lke into 
‘cranial cavity or thoracic cavity,etc. 

 Calaification 


° 
° 
° 
° 


‘Treatment 
# Excision is done under general anaesthesia. Often formal 

< neurosurgical approach is required by raising cranial oste- 
Fig, 1.157: Lipoma forehead. It looks like a dermoid ‘ocutaneous flaps. 


Fig. 1.160: Dermoid in the ear. It arises due to sequestration at the 
fusion line of the one of the six developmental ear tubercles (Each 
Fig. 1.158: External angular dermoid, right sided. ear develops from SIX ear tubercles) 


The most valuable diagnostic instrument is passage of time. — Henry George Miller 
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¢ Iisa congenital sequestration dermoid occurs during fusion 
of Ist and 2nd branchial arches. Its deep to deep fascia of 
neck. 

@ It presents as soft, cystic, fluctuant, nontransilluminating, 
swelling in midline in submental region which does not 
‘move with deglutition nor moves while protruding the 
tongue out. 

It should be differentiated from thyroglossal cyst, cold 
‘abscess from submental lymph nodes or sebaceous cyst. 

@ Its excised under general anaesthesia with a curvilinear 
submental incision. 


2. Tubulodermoids 


It arises from the embryonic tubular structures. 
Examples include: 

 Thyroglossal cyst, 

¢ Ependymal eyst 

¢ Postanal dermoid. 

© Urachal eyst. 


3. Implantation Dermoid (Figs 1.161 and 1.162) 
Figs 1.161A and B: Implantation dermoid finger and thumb— 


# Due to minor pricks or trauma, epidermis gets buried into classical site. 


the deeper subcutaneous tissue which causes reaction and 
cyst formation (trauma is forgotten often). Itis an acquired 
cyst 

¢ I is common in fingers (common in tailors, gardeners), 
toes and feet 


Clinical features 

# Swelling is painless, observed after minor trauma, slowly 
progressing in fingers or toes. 

# It is smooth, soft, mobile, tensely cystic, nontrans- 
illuminating and is often adherent to skin, 

# Itcontains only squamous epithelium, without hair follicle/ 
sweat or sebaceous glands, 

* Complications are infection, rupture and pressure effect 
over digital nerves, 


Differential diagnosis, 
¢ Lipoma, Bursa, 

‘Treatment 

# Excision—under local anaesthesia, 


4. Teratomatous Dermoid 


# It arises from all germinal layers ecto, meso and endo- 
derms. 

# Itoccurs in ovary, testis, retroperitoneum, mediastinum, 

# Itcontains hair, teeth, cartilage, sebum and muscle. 

# It can be benign or malignant Figs 1.162A and B: Implantation dermoids in the hand and foot. 


lands are situated in dermis which secretes sebum through 
Sy B sebaceous duct which opens either directly to skin surface 
oF in to a hair follicle 


# Itis common in face, scalp, scrotum. 
# tis not seen in palms and soles as there are no sebaceous 

glands. 
# Scbaceous cyst contains yellowish white cheesy material 
y with fat and epithelium. It has putty like consistency, with a 
parasite in the wall of the sebaceous cyst—Demodex folli- 


¥ 
‘culorum. 11 is lined by only epidermal layer of squamous 
epithelium. 

Fig. 1.163: Dermoid cyst ovary right sided. Clinical Features 


# Painless swelling which is smooth, soft, nontender, freely 
‘mobile, adherent fo skin especially over the summit, fluctuant 
(positive Paget’ test), nontransilluminating with punctum 
over the summit 

# Itmoulds on finger indentation, 


| 
Fig. 1.165: Twisted gangrenous cyst ovary 
ll SEBACEOUS CYST 
(WEN, EPIDERMOID CYST) 
% Itis a retention cyst. It is due to blockage of the duct of Figs 1.166A and B: Small sebaceous cysts in face and back with 
sebaceous gland, causing a cystic swelling. Sebaceous ‘typical punctum over the summit 


The worth of your lives comes neither in what we do nor whom we know but by wham we are. 


79 


sBuljjams 


SRB's Manual of Surgery 


ca | Figs 1.1694 and B: Sebaceous cyst showing moulding sign 
Figs 1.4678 and B: Large sebaceous cystin the face and scalp. Note 
the hair loss onthe surface. 


| # # 


” 


Fig. 1.170: Strawberry scrotum—multiple sebaceaus cysts on the 
Fig, 1.168: Infected sebaceous cyst face. scrotum, 


# Punctum is present over the summit in 70% of cases because 
here sebaceous duct opens directly into the skin which gets 
blocked. Punctum is depressed black coloured spot over 
the summit of the sebaceous cyst. Because of the denuded 
squamous epithelium (keratin) itis black in colour. In 30% 
cases sebaceous duct opens into the hair follicle and so 
punctum is not seen. 

(Fordyce’s disease is heterotopic sebaceous glands in 
mucosa of the lip and oral cavity). 

# Hair loss over the surface is common due to constant pres- 
sure over the roots of the hair follicles. 

© Unpleasant odour of sebum content is typical 


Complications 


¢ Infection and abscess formation. 
# Surface gets ulcerated leading to formation of a painful, 
fungating mass with discharge called as—Cock’s peculiar 


Figs 1.1714 and B: Multiple sebaceous cysts in the scrotum. 
Occasionally partial scrotectomy is done in these patients. 


Fig. 1.173: Sebaceous harn—nape of the neck. 


tumour—often resembles epithelioma. It is a misnomer as 
itis not a tumour. It is a chronic granuloma on an ulcerated 
surface of a sebaceous cyst 

% Sebaceous horn results from hardening of slowly discharged 
sebum through the punctum, Hom is one which has greater 
length than its base diameter. Cutaneous horn is keratin 
deposition, 


4 | 
j 


Fig. 1.174: Multiple sebaceous cysts back 


If we are to grow good cor n, we must help our neighbours grow good corn.—Steve Goodier. 
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Note: 

+ Multiple sebaceous cysts may be associated with syndromes like 
Gardner's syndrome, 

+ Sebaceous cystin the scrotum is usually multiple, frm and often 
calcified without any punctum. It is often treated by partial or 
total scrotectomy, Scrotum with multiple sebaceous cysts is 
strawberry scrotum. 


Hp 


ABS 


Fig. 1.176: Incision for sebaceous cyst i elliptical which includes 
ppunctum. 


Figs 1.177A and B: 


lliptical incision and removal of sebaceous cyst. 


Treatment 


# Excision including skin adjacent to punctum using elliptical 
incision—dissection method. 

# Incision and avulsion of cyst wall 

# [abscess is formed, then drainage initially and later exci- 
sion is done. 

# Ifcapsule 


not removed properly the cyst will recur. 


lm GLOMUS TUMOUR 


# Itis also called as glomangioma. 


Fig. 1.178: Glomus tumour in finger tip—subungual region. 


# Itarises from the cutaneous glomus composed ofa tortuous 
arteriole which communicates directly into the venule 
(Suequet-Hoyer canal) and these vessels being surrounded 
bby network of small nerves making this lesion very painful, 
This communication is called as Suequet-Hoyer canal. 

# Tumour consists of a mixture of blood spaces, nonmedul- 
lated nerve tissue, muscle fibres derived from the wall of 
the arteriole, with large cuboidal glomus cells—angio- 
myoneuroma. 

# They are often seen in limbs and common in nail-beds near 
the finger tips, as purple red swelling 

# Itis 2-3 mm in size. 

# Itdoes not turn into malignancy. 


Clinical Features 


# Severe burning sensation and pain, out of proportionate to 
the size. The most common site is nail-bed. 

# Even the slightest pressure will give rise to severe pain, 
Dilated vessels compress over nerves. 

# Itis compressible and pain is more when the limb is 
‘exposed fo sudden changes in temperature (cold stimulus). 

% On increasing the pressure in the arm above systolic, pain 
disappears. 

# It looks like a reddish blue spot which does not blanch on 
percussion. 

# Subungual type may not be visible but only to cause episodic 
digital severe pain, 

# Itis usually single, but rarely multiplicity is observed as 
familial 


‘Sequestration dermoid 
+ Occurs jn the line of fusion 
+ Skin is not adherent (free) 


Sebaceous cyst l 
+ Occurs anywhere except palm and sole 
‘Skins adherent over summit 


+ Extends often into deeper plane or cavities through suture line + Subcutaneous plane—do not extend to deeper plane 


+ Punctum is absent 
+ Bone resorption and indentation is common 
+ With restricted mobility 


+ Needs proper evaluation with X-ray/CT scan 
+ Excision is done under general anaesthesia 


Punctum is present—70% cases 
+ Freely mobile without bone resorption 
‘Superficial swelling, mobile 


+ Excision is done under local anaesthesia 


Differential Diagnosis 


¢ Pyogenic granuloma—bleeds on touch. 
 Subungual melanoma—painless pigmented lesion, 


Treatment 
Excision cures the condition, 


™ PAPILLOMA 


¢ Itis warty swelling from the skin of often from the mucous 
‘membrane. 
 Ithas got a central axis of connective tissue, blood vessels 


and lymphatics. 


A 


Figs 1.1798 and 8: Pedunculated papilloma. Note the incision for 
the same. 


Fig. 1.180: Pedunculated papilloma with its pedicle, 


Look well to this day, 


True Papilloma 


¢ Itisa benign tumour with localised overgrowth of all layers of 
the skin. Itis commonly pedunculated but rarely can be sessile 

# Itcontains sweat glands, sebaceous glands and hair follicles, 

 Pedunculated papilloma is villous with a central axis of 
connective tissues, blood vessels and lymphatics. 

# Papilloma can be cutaneous or mucosal. Cutaneous can 
be squamous or basal cell type. Squamous cell papilloma 
can be sofl which is seen in eyelids in elderly; or can be 
congenital which can be sessile or pedunculated; single or 
‘multiple. Squamous papilloma also occurs in oral cavity. 
Basal cell papilloma is oily semitransparent brownish raised 
seborrhocic keratotic lesion in skin around trunk of elderly. 


Infective Papilloma 


Infective papilloma is a warty lesion due to infection, e.g 
condyloma acuminata. 


Papilloma may be single. 

multiple. 

Papilloma may be pigmented. 
‘nonpigmented. 


Fig. 1.181: Papilloma right waist. Note the warty surface. 


is but a dream and tomorrow is but a vision. But today, well lived, makes even 


yesterday a dream of happiness and every tomorrow a vision of hope. 
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Fig. 1.182: Papilloma tongue. Note: Papillama can occur in mucous 
membrane also like in oral cavity, urinary bladder, gallbladder and 
rectum. 


¢ True papilloma may turn into squamous cell carcinoma 
occasionally. There will be sudden increase in size, bleeding 
or uleetation. 

¢ Papilloma can occur in the breast called as duct papilloma 
‘which is the most common cause of bloody discharge from 
the nipple 

¢ Papilloma can occur in mucous membrane like in oral cavity, 
urinary bladder (transitional papilloma), in the rectum 
(columnar), in the larynx, in the gallbladder (cuboidal). 


Differential Diagnosis 


Amelanotie melanoma, pedunculated lipoma, carcinoma, 


Treatment 


% True papilloma is excised with its base along with 
surrounding 1 cm skin margin 

¢ Infective warts can be treated by excision or CO; snow oF 
diathermy coagulation. 


Complications of papilloma 
Bleeding 

‘Malignant transformation 

Ulceration 

‘Mechanical disability ike voice change when it occurs in 
vocal cord 
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Fibroepithelial papilloma also called as skin tags/achrochordon 
is very common benign skin lesion of usually $ mm diameter 
in size; common in adults; common in neck, axilla, thigh and 
groin. It is a vascularised keratinised squamous epithelium, 
‘can cause local irritation and insignificant bleeding. Ifit causes 
cosmetic problem itis removed by laser/cautery or excision. 


™@ WARTS 


¢ ‘They are usually multiple hyperkeratotic skin patches with 
finger like projections, common in children and adolescents. 


# They are common in finger tips, face, axilla and sole of the 
feet, It may be familial but often stimulated by virus. 

# They are dry, overgrown projections from the skin of finger 
often painful, tender and disfiguring, Repeated rubbing may 
‘cause infection, It can spread to other fingers and other parts 
of the body. Kiss lesions can occur. 

# Warts attain their size in few weeks and then persist for 
many months to years. They may regress spontaneously also 

® Plantar wart (Verruea plantaris) is wart in the sole. Speci- 
ality of this is it gets pushed into the sole of the foot due 
to walking. It is common in ball and heel of the foot. It is, 
pearly white in color with brownish haemorrhagic flecks. 
Itis often covered by apparently normal skin because wart 
is buried into the skin. It looks like a circular pit. It is grey 
white fingerifiliform like strands in the center of the lesion 
and is soft, Plantar warts can be multiple. It is painful and 
very tender on pressing (more than callosity or coms). A 
defined clear lump may not be felt. 

% Butcher's wartipathologist’s wart/verrucas necrogenica is 
due to entry of Mycobacterium tuberculosis through broken 
skin which are common in milkmaids. It presents as bluish 
red warty lesion from which fluid oozes out on pressure 
between projections. It is common over dorsum of hand. 
Lesion is surrounded by pustules. 

# Senile warts and venereal warts are other types. Venereal 
warls are same as infective papilloma. 

# Differential diagnoses are true papilloma, callosities, 
neurofibromas. 

* Treatment is excision. Salicylic acid, podophyllin cream 
applicatins are also used. Laser ablation of warts is 
commonly advocated. 


™ FIBROMA 


{tis a benign tumour arising from fibrous tissue. It is capsulated. 


Classification of True Fibroma 


1. Soft fibroma—contains immature fibrous tissue. Common 
in face, presents as soft brown swelling, 

2. Hard fibroma—contains well-formed fibrous tissue. 

Note: 

True fibroma is rare and cannot be diagnosed clinically It is mostly 

combined with mesodermal tissues like nerve sheath (neurofi- 

roma), fat (fbrolipoma), muscle (fibromyoma) 


Treatment 


‘Treatment of true fibroma is excision, 

An entity called aggressive fibromatosis is known to occur 
as unencapsulated proliferation of fibrous tissue, common in 
abdominal and chest wall. It is considered presently as locally 
malignant. It does not spread through lymphatics or through 
blood. But recurrence is common. 

Desmoid tumour is a variant of aggressive fibromatosis, 
seen in females, often associated with Gardner's syndrome 
(Desmos~tendon, eidos = appearance). Refer chapter Abdom- 
inal Wall and Umbilicus. 


Recurrent fibroid of Paget's isa rare type of fibrosarcoma 
occurring in a scar tissue aller many years 


lm BURSAE 


Bursa is a sac like cavity containing fluid within, which in 

normal location prevents friction between tendon and bone. 

© Minor injuries and pressure leads into bursitis, which 
present as a swelling at the site 

¢ Inflammation of this bursa due to friction causes bursitis, 
which commonly presents as swelling, pain, and restricted 
movements. 

¢ Bursa secretes synovia like clear fluid in a cavity lined by 
flat endothelium. It reduces the friction at the site between 
tendon and bone. Normally fluid content is little to cause a 
swelling. Minor trauma or infection causes sudden increase 
in fluid secretion of the bursa making it to enlarge and clini- 
cally palpable as pathological bursitis. Bursa is common 
around knee, elbow, heel and hip. 

 Long-standing bursitis leads into thickening of its wall 
often with calcification making it feel hard with indurated 
surface. Lining of bursa may become rough or fluid may 
contain loose fibrinous particles to create grating sensation 
(crepitus) on the surface. 

¢ Often overlying skin becomes thick, cracked and horny due 
to repeated friction and inflammation. 

# Bursa may get adherent to deeper tissue as well as overlying 
skin to make it immobile. Bursa is usually well-localised, 
smooth, fluctuant, nontender swelling. Often it can be bilat- 
cral—in knee or elbow. 

¢ Joint related should be examined, Bursa may he communi 
cating with the adjacent joint. 

# Gout or rheumatoid arthritis can cause bursa, For example, 
olecranon bursa can develop in gout patient. 

Bursa should be differentiated from cold abscess, sol ti 
tumour, aneurysm, synovial tumour (sarcoma) at different 
locations 


sue 


Complications of Bursa 


# Infection of bursa can occur due to trauma to overlying skin 
or through blood. 
* Mechanical disturbances and discomfort 


Management 


¢ US of the anatomical site, X-ray of the part or MRI are 
very usefal 

¢ Avoiding friction and other aggravating factors may control 
‘many bursae. 

# Aspiration and steroid injection may be useful, 

¢ Bursa which is felt indurated with thick wall or caleified or 
infected or attained large size or which interferes with joint 
‘movement or daily activities needs surgical excision, Subcu- 
taneous bursa can be excised under local anaesthesia; large 
or deeper bursa requites general anaesthesia for excision, 


Different Types 


Itcan be anatomical or adventitious. 


Anatomical 


% Anatomical bursae are located normally in a particular 


anatomical site with a purpose of reducing friction. They 
are commonly deep and adjacent to a bone or joint. 

‘They become pathological and clinically significant when 
it presents with bursitis. 

‘They are sofi, cystic, well localised, nontransilluminating 
swelling at known anatomical site. 

Subhyoid bursa: An horizontally oval swelling situated 
below the hyoid bone and in front of the thyrohyoid 
‘membrane. 

Subacromial bursa: In front and lateral to humeral head 
in relation to supraspinatus tendon between acromion and 
‘greater tuberosity of humerus, 

Bicipito radial bursa. 

Olecranon bursa (Students elbow, Miner's elbow): It is 
subcutaneous bursa in relation to olecranon which becomes 
distended due to prolonged periods of leaning over elbow, 
Gout may involve this bursa. 

Psoas bursa: A tensely cystic swelling situated beneath 
and below the inguinal ligament, in the lateral aspect of the 
femoral triangle. But it will not extend above the inguinal 
ligament in to the iliac region (unlike in psoas abscess 
which extends above and is cross fluctuant). Psoas bursa 
lies between the psoas tendon and lesser trochanter. When 
itis enlarged, it causes diffuse swelling over outer part of 
femoral triangle lateral to femoral vessels. When hip is 
moved swelling becomes painful. It also should be differ- 
centiated from femoral hernia. 

Prepatellar bursa (Housemaid’s knee/miner’s beat knee): It 
lies subcutaneously in front of lower half of patella and upper 
half of patellar tendon (upper part) undergoes inflammation 
in people who do much kneeling, Joint is normal here. 
Subcutaneous infrapatellar bursa occurs between skin and 
lower part of the tibial tuberosity and ligamentum patellae 
Itis called as Clergyman's knee. ‘Clergyman’ is Christian 
priest who kneels down during prayer. 

Suprapatellar bursitis is deep to patella and vastus interme 
dius, in front of lower end of femur, It communicates with 
knee joint. 


Fig. 1.183: Bursa near elbow joint. 


There is only one pretty child in the world, and every mother has it— Chinese proverb. 
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| Suprapatelar 
bursa 


Pre 
patellar 
bursitis 


Infrae 
patellar 
bursitis 


Fig, 1.184: Prepatellar (Housemaid’s knee) and infrapatellar bursae 
(Glergyman’s knee). 


# Brodie’s bursa lies deep to medial head of gastrocnemius, 

 Semimembranosus bursa 

# Bursa anserina—under the tendons of Guy ropes (sartorius, 
gracilis and semitendinosus tendons—Goose s foot) 

¢ Retrocalcaneum bursa—between caleaneum and tendo- 
Achilis 


Adventitious Bursa 


 Adventitious bursa occurs in an unusual place/site due 
to friction/pressure between two layers of tissue. Once it 
becomes chronic it may get adherent to overlying skin or 
tissue underneath. 

# Itmay get infected, wall gets calcified, and fluid may become 
thick. It is well-localised, cystic usually nontender swelling, 
It becomes painful and tender if infected. 

# Lining of bursa may become rough or fluid may contain 
loose fibrinous particles to create grating sensation/crepitus 
on the surface. 


Olecranon: 


Bursa 
Fig. 1.185: Location of olecranon bursa (Student's elbow) 


Fig, 1.186: Adventitious bursa over lateral aspect of foot—a 
common site. 


Fig. 1.187: Common site of adventitious bursa 
(Bunion). 


+ Examples 


» Bunion is adventitious bursa in patient with hallux valgus 
occurring between head of first metatarsal and skin, 
> Tailor's bursa occurs between lateral malleolus and skin, 
» Porter's bursa occurs between skin over shoulder and, 
clavicle. 
> Weaver's bursa occurs between gluteus maximus, ischial 
tuberosity and skin. 
> RetroAchillis bursitis occurs between skin and Achilles 
tendon. 
» Subcalcaneal bursitis occurs between caleaneum and 
heel in long distance runners. 
> Billing gate hump appears over Tth cervical spine deep to 
overlying skin in people carrying weight over it. Billing 
gate is a large fish market in London. 
# Condition should be differentiated from soft tissue tumour, 
sebaceous cyst, ganglion (depending on the location of bursa) 
% Management: X-ray of the part and FNAC of swelling 
should be done. Later it is excised usually under local 
anaesthesia. 


lm SEMIMEMBRANOSUS BURSA 


Iisa cystic swelling in the upper medial aspect of the popilteal 
{fossa under the semimembranosus tendon. Itis said to be due 
to friction under the tendon causing bursitis, 


Features 


# Itis located between semimembranosuis tendon and femoral 
condyle above the knee joint line. 

# It is common in young adult; in both sexes. It is most 
‘common swelling of the popliteal fossa. 

+ Itis nontender, cystic/tensely cystic (firm) swelling located. 
above and on medial aspect of the popliteal fossa, luctuant, 
noncompressible, often transilluminating, often with a fluid 
thrill. When it enlarges it comes out of semimembranosus 
tendon to become subcutaneous. 

% Content of bursa does not communicate with knee joint 
So fluid cannot be reduced into the joint cavity; but often 
“appears flaccid on flexion of knee or by firm pressure prob- 
ably due to displacement of fluid into deeper recesses of the 
bursa, The swelling becomes tense when knee is extended, 

# Knee joint is normal. 


‘Semimembranosus 
bursa~medial and 
above the joint line 


Fig. 1.188: Semimembranosus bursa typical location. 


Figs 1.189A and B: Semimembranosus bursa—typical location. On 
flexion it only becomes flaccid but does not disappear. 


Fig. 1.190: Semimembranosus bursa on table look. 


Differential Diagnosis 


# Baker's cyst, popliteal aneurysm, 


Treatment 


# Ultrasound of popilteal fossa shows the cystic swelling 
under semimembranosus tendon, 

# X-ray knee joint is normal 

* Excision is done under general anaesthesia using tourni- 
quet. Complete excision of the sac is needed to prevent 
recurrence. 


ll MORRANT BAKER'S CYST 


It is a eystic swelling containing gel like fui 

‘midline of the popliteal fossa. It occurs due to het 

the synovial membrane of the knee joint as a result of chronic 

arthritis 

# Itispulsion/pressure diverticulum of the synovial membrane 
towards surface under the gastrocnemius through an opening 
in the joint capsule. It is below the joint line. 


the lower 
iation of 


Clinical Features 


# Itis common in middle-aged individuals. 

# Itis smooth, soft and cystic, nontransilluminant, often tender 
swelling located below (the joint line) and in midline of the 
popilteal fossa. 


Baker's cyst 
below the 
joint line 

in middle 


Fig. 1.191: Morrant Baker's cyst—typical location. 


* On flexion swelling disappears and on extension swelling 

# Pain and tendemess are present in knee joint with effusion 
showing positive patellar tap. 

# The knee joint movements are painfull and restricted. 

# Baker’s cyst may rupture sometimes causing severe sudden 
pain and swelling in the calf mimicking deep vein throm- 
bosis 


The mother’s heart is child's schoolroom.—Henry Ward Beecher. 
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Figs 1.192A and B: Baker's cyst. itis below the joint line. 


Differential Diagnosis for Baker's Cyst 


Management 

4 X-ray of joint shows arthritic changes, 

¢ MRI may be needed occasionally. 

Arthritis is treated and Baker's cyst is excised under general 
anaesthesia in prone position. 


lm LYMPH CYST (LYMPHATIC CYST) 


# Itisan acquired type of distension cyst wherein lymphatics 
form a localised swelling with a capsule around it 

¢ I usually occurs in subcutaneous plane, which is smooth, 
soft, nontender, mobile, and brilliantly transilluminant. It is 
usually not adherent to the skin. 

Common sites are neck and limbs. 

¢ Itcan get infected and form an abscess. 


Fig, 1.193: Lymph cyst, which is transilluminant. It is an acquired 
condition 


Differential Diagnosis 


Cold abscess, dermoid cyst. 


Treatment 


# Excision, 


lm LYMPHANGIOMA 


1 is congenital localised clusters of dilated lymph sacs in the 
skin and subcutaneous tissue that has failed to join the normal 
lymph system during development period, 


Types 
Capillary Lymphangioma 


© Itis simple type which can be present at birth but noticeable 
skin vesicles often develop in few years. 

# It is common at the junction of body to limbs-like near 
shoulder, axilla, groin or buttock. 

# Skin vesicles contain clear watery or yellow fluid. Bleeding 
within the vesicle may turn it into brown or black, Its 
features includes multiple, indistinct white/brown/black 
coloured vesicles of 0.5 to 4 mm size at typical locations 
in children involving around 5-20 em area of skin in the 
particular location. 

# Tits less than 5 em 
circumscriptum. 

# [itis more than 5 em in size itis called as Iymphangioma 
diffusum 

# IFit is with reticulated ridges, itis called as /ymphoedema 
ab igne. 

# Area is soft, spongy, often fluctuant with fluid thrill and 
translucency. It is not compressible. Vesicles will not fade 
on pressure. 

Often lesion may get infected to make it painful and tender. 

Condition will not block the lymph drainage in normal 
lymphatics and skin oedema is absent. 

Regional lymph nodes are not enlarged. 


size it is called as Iymphangioma 


Fig. 1.194: Lymphangioma circumscripta (Courtesy: Balasaraswathy, 
MD, Consultant Dermatologist, Mangalore) 


Cavernous Lymphangioma 

# Itis soft, lobulated, fluctuant, brilliantly transilluminant 
larger lymphatic swelling with often multiple communi- 
cating lymphatic cysts. 

# Itofien extends into deeper plane like muscle. It is common 
in face, mouth, lips (macrocheilia), tongue (macroglossia). 


Cystic Hygroma 

Its collection of clustered sequestered lymph sacs (occurring, 
uring developmental period in utero) presenting in newborn as 
large swelling which is soft, smooth, fluctuant, brilliantly trans- 
illuminant, and compressible (For detail refer chapter 5, Neck). 


™@ CALCINOSIS CUTIS 


# Itisa type of caleification (dystrophic) in or under the skin. 
Usually presents as a circumscribed lesion in the skin 

Commonly seen in females. Common site is in the waist 
(Fig. 1.195) 

Usually bilateral 

© Itis said to be due to friction causing degeneration of skin 
and immediate deeper structure with increased local alka- 
linity of the tissue causes precipitation of the calcium leading 
to solid, hard, swelling in the skin, Cut section shows hard, 
yellowish material. 

 Itmay mimic calcified lipoma or neurofibroma, 

Treatment is excision and closure of defect often with 
local flaps. 


Fig. 1.195: Calcinosis cutis near waist sa common site. Its 
common in females, 


lm NEUROMA 


‘Two types of neuromas are found. 
¢ False neuroma. 
© True neuroma. 


False Neuroma 


# I occurs due to injury to the nerve either after trauma or 
amputation which presents as a tender swelling. 


# Itarises from the connective tissue of nerve sheath. 

# Itcontains fibrous tissue with coiled nerve fibres. 

% Itcan be end neuroma, commonly seen in amputation stump 
as a tender localised firm swelling often adherent to the 
stump scar. It can cause neuralgia in the stump. It prevents 
the proper usage of prosthesis. So during amputation, nerve 
should be pulled down and cut so as to make cut end to 
retract more proximally, which prevents the formation of 
‘neuroma. 

# It can be lateral (side) neuroma which is observed after 
partial nerve injury, usually after trauma, It presents as a 
tender, firm swelling along the line of the peripheral nerve. 


Lateral 
neuroma neuroma 
Figs 1.196A and B: Types of false neuromas: (A) End neuromas: 


(8) Lateral neuromas. 


True Neuroma 


¢ Iisa rare tumour. 
# Itoccurs in connection with sympathetic system. 


Types 
Ganglioneuroma 


# Itcontains ganglion cells and nerve fibres. 

% It ocours in connection with sympathetic chain. So it is 
observed in neck (parapharyngeal mass), thorax, retroperi- 
toneum, adrenal medulla. 

© Itis relatively benign and symptomless and often attains a 
large size. 

# Early complete excision can give a cure 


Neuroblastoma 


# Itis poorly differentiated, aggressive, embryonic type of 
tumour. 

© Itis seen in infants and children. 

It spreads through blood but can go for spontaneous remis- 
sion occasionally. 


Myelinic Neuroma 


% [contains only nerve fibres. 
© Ganglion cells are absent, 
# Itoccurs in spinal cord or pia mater. 


‘Move to the rhythm of soul and you'll never miss a beat—Vicki Virk 
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¢ Its a benign tumour arising from connective tissue of 
the nerve containing ectodermal neural and mesodermal 
connective tissue components. 

¢ It can be single or multiple, Neurofibromas may be asso- 
ciated with pheochromocytomas, hypertension and few 
syndromes, 


Figs 1.199A and B: Plexiform neurafibroma in the (A) Face and 
neck and (B) Buttock. 
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Fig. 1.200: Plexiform neurafibromatosis involving trigeminal (Sth 
cranial) nerve, 


Figs 1.198A and B: Patient with multiple neurofibromatosis 
‘underwent laparotomy showing serosal neurofibroma, 


Fig. 1.201: Plexiform neurofibroma involving ophthalmic division of 
trigeminal nerve. 


Sites 

Cranial 

¢ Spinal, Neurofibroma is the most common intradural 
extramedullary spinal tumour. 

Peripheral. 


Types 
© Nodular neurofibrom: 
> Itpresents as single smooth, firm, tender (often) swelling 
‘which moves horizontally or perpendicular to the diree- 
tion of the nerve, not in the direction of the nerve. 
» There is pain and hyperaesthesia in the distribution of 
the nerve. 


¢ Plexiform neurofibroma: 
> Itcommonly occuts along the distribution of Sth cranial 


nerve in the skin of face. It often occurs in the cutaneous 
distribution of the peripheral nerve. 

> It attains enormous size with thickening of the skin 
which hangs downwards. It causes erosion into the bone, 
orbit and deeper structure 

> Itmay also undergo myxomatous degeneration, It causes 
cosmetic problem. 

> Paraesthesia along the distribution of the trigeminal 
nerve (commonly ophthalmic division) is common. 

» Pachy dermatocele—a variant of plexiform neuro- 
fibroma where neck is involved. There is thickening 
and oedema of skin, pigmentation, thromobosed veins 
with enormous proliferation of subcutaneous nerve 
fibers causing folded pendulous hanging thickened skin 
with tissues. It is common along trigeminal (Sth cranial) 
nerve; rarely is it seen in limbs and scalp skin, 


a 


Figs 1.202A and B: Multiple neurofibromatosis with café-au-lait 


© Generalised neurofibromatosis (von Recklinghausen's 


 Elephantiatic neurofibromatosis: 


% Cutaneous neurofibromatosis: 


Clinical Features 
Mild pain or painless swell 


Fig. 1.2028, 


spots in the skin. 


disease): (1:4000 births) 

> It is an inherited autosomal dominant disease wherein 
there will be multiple neurofibromas in the body—chro- 
mosome 17. It is called as type 1 in which more than 
50% will be familial. Type 1, more commonly, called 
as von Recklinghausen disease. Type 2 is acoustic 
neurofibromatosis (mutation of chromosome 22). All 
layers of nerve with Schwann cells and fibroblasts show 
‘tumour proliferation 

> Itmay be cranial, spinal or peripheral. 

> Itis associated with pigmented spots (coffee coloured) 
in the skin, commonly seen on the back, abdomen, thigh 
(café au lait spots). More than 5 in number, with each 1.5 
em or more in size is significant. Café-au-lait signifies 
common neuroectodermal origin of nerve sheath cells 
and melanocytes. 

» Avillary/groin freckles and Lisch nodules, pigmented 
iris, hamartoma may be present. 

» Neurological disturbance is uncommon. 

» It may be associated with MEN type I1b (Multiple 
neurofibromas of eyelids, lips, and face; medullary 
carcinoma of thyroid; pheochromocytoma, hyperpar- 
athyroidism), primary brain tumours and bone cysts. 


> Itis of congenital origin. It involves limbs. 
» Skin of the limb is greatly thickened, dry and coarse. 


» They are small, multiple, firmvhard nodules arising from 
terminal ends of dermal nerves. Overlying skin is normal 
‘without any changes. It commonly occurs all over the 
body. It can be pedunculated or sessile. It can occur in 
scalp to result in a turban tumour 


1g usually in subcutaneous or 
cutaneous plane with tingling, numbness and paraesthesia 
along the distribution of nerve. 
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 Round/oval/fusiform swelling along the peripheral/cuta- 
neous nerves which moves perpendicular to the direction 
of the nerve but not along the longitudinal direction of 
nerve fibre with smooth surface and firm consistency. It is 
nontender or mild tenderness may be present. Skin is free 
unless itis of cutaneous type. Cutancous type is often soft, 


Complications 


Cystic degeneration, 

# Hacmorthage into the tissues 

¢ Spinal and cranial neurofibromas can cause neurological 
deficits. 

# Erosion into deeper planes, bone, orbit 

Muscle atrophy. 

¢ Spinal dumbbell tumour can cause compression of spinal 
cord and paralysis of the limb. 

# Sarcomatous changes: Common in generalised type (5%). 
‘When it occurs it shows rapid enlargement, warmness, more 
vascularity with dilated veins. Secondaries in lungs can 
occur through blood spread 

Note: 

+ The most common spinal tumour is neurofibroma. 

+ von Recklinghausen disease of primary hyperparathyroidism is 
differentasitis duetoraised PTH level causing ostetsfbrosa cstca 

+ Familial type of neurofibroma may be associated with scoliosis. 

+ Café-aurait spots is also seen in McCune Albright syndrome. 


Treatment 
Excision, 


Indications 
Symptomatic neurafibroma—pain and pressure symptoms 
‘Cosmetically problematic lesion 
Recent increase in size 
Malignant transformation 5% 


eeee 


Remember about neurofibroma 


+ Neurofibroma is fusiform swelling which has got horizontal 
mobility but not longitudinal mobility (neuriiemmoma has 
sot free mobility in all directions) 

+ Gaféaulaitspots signify common neuroectodermal origin of 
nerve sheath and melanocytes 

+ Kyphoscoliosis may be an association in familial variety 

 Phaeochromocytoma with hypertension may be an assoc 
tion (209%) 

+ Plexiform neurofibromatosis commonly involves trigeminal 
cranial nerve mainly ophthalmic division causing paraes- 
thesia, can obstruct the vision when its large, have grossly 
thickened pendulous skin hanging down to various levels 

+ Calcification, saponification, myxomatous changes, sarco- 
matous transformation (fungation, rapid recent increase in 
size warmness dilated surface veins redness with increased 
vascularity, fixity, persistent severe pain, immobility, lung 
spread) and cosmetic problem are the complications 

+ Intestinal neurofibroma may precipitate intussusception 


lm NEURILEMMOMA (SCHWANNOMA) 


Itis arising from Schwann (neurilemmal cells) cells. Th 
lobulated, encapsulated, soft, whitish grey in appearance. They 
displace the nerve from which they arise and can be removed. 
‘They are common in acoustic nerve (cerebellopontine angle) 


but also can occur in a peripheral nerve, Occasionally they are 
multiple. Cal 


fication is common, It is ectodermal in origin. 


Fig. 1.203: Lingual schwannoma (Courtesy: Dr Harish Rao, 
Professor in Surgery, KMC, Mangalore) 


Fig. 1.204: Schwannoma in the forearm. 


Figs 1.205A and B: Neurilemmoma—gross look and cut section, 


Two types 
Anthony A—Two rows of spindle cells with central acellular 
area (Verocay bodies), 

Anthony B—Acellular myloid areas 


Presentation is pain along the distribution of the nerve, 
hyperaesthesia and tenderness and as, soft or firm, lobulated, 
well localised mobile swelling 


Treatment 


4% Excision—easier without causing neurological damage, 
Recurrent schwannoma could be malignant. 


™@ GANGLION 


It isa cystic swelling occurring in relation to tendon sheath or 
synovial sheath or joint capsule. It contains clear gel like fuid. 


Figs 1.206A and B: Ganglion over the dorsum of the wrist— 
‘typical location. tt can occur over the flexor aspect also. It can be 
transilluminant also. 


Fig, 1.207: Ganglion over the wrist 


‘Common sites 
4 Dorsum of wrist (Near scaphoid-lunate articulation) 


4 Flexor aspect of wrist 
& Around ankle joint—occasionally 


Pathogenesis 

Cystic degeneration of the tendon sheath, 

# Leakage of synovial fluid through joint capsule. 

% There are small islets of microspaces in synovial sheath 
which often fuse together or one of them gets enlarged to 
form ganglion. 


Clinical Features 


# Well-localised swelling which is smooth, soft, cystic, or 

tensely cystic, (Paget's test is +ve), nontender, transillumi- 

nant, It is mobile but mobility is restricted when tendon is 

contracted against resistance 

Occasionally it is communicating with joint capsule. 

# Often pain, tenderness and restricted joint movement may 
bbe the presentation (but rare). 


Differential Diagnosis 

# Lipoma, 

# Lymph cyst. 

 ‘Sebaceous cyst. 

Small ganglion often mistaken for sesamoid bone or exostoses. 
# Bursa. 


Treatment 

% Asymptomatic ganglion is better left alone because of high 
recurrence rate. 

Excision, Usually done under local anaesthesia (lignocaine 
plain 2%). Patient should be explained of high recurrence 
rate (30%). After excision always it should be sent for histo- 
pathology. Firm crepe bandage application for 4 weeks is 
better in these patients 

# Aspiration and sclerosant injection may be useful 
(In olden days people used to rupture the ganglion using 

bible book), 


lm CHORDOMA 


‘Tumour arising from the remnants of notochord. 
I is seen in: 

» Sacrococcygeal region, 

> Sphenoid sinus region. 

» Around the foramen magnum. 
# Itinvades into the surrounding structure like nerves. 
Resection is difficult, 
© Radioresistant. 


™@ EPIGNATHUS 


‘This is a type of growth anomaly seen in neonates wherein 
growth from the base of skull protrudes through the mouth. 


We seldom think of what we have, but always of what we lack. 
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‘TRIANGULAR SPACECRAFT 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention is spacecraft having a triangular 
haull with vertical electrostatic line charges on each comer. 
‘The line charges create a horizontal electric field that, 
together with a plane wave emitted by antennas on the side 
of the bull, generates a force per volume providing a unique 
‘combination of both lit and propulsion, 


BACKGROUND OF THE INVENTION 


[0002] Referring to FUG. 1, the spacecraft has a hull inthe 
shape of an equilateral tangle. A parabolic antenna (E) is 
centrally located in the botiom of the bull. An array of 
horizontal slot antennas is located along the side ofthe hull 
(A), Each back comer (FG) has a comer conducting plate 
which is charged to a positive vollage +V. The forward 
comer (C) has a conducting plate charged to negative 
voltage -V: A motion control hemisphere (D) is located on 
the bottom surface in each ofthe three eorners 


[0003] Referring to FIG. 2, two planes (A,B) intersect at 
the oigin O at an opening angle B. Each plane (x.y) is 
‘charged toa voltage V. The potential at point Pi determined 
in polar coordinates {pp}. The Laplace equation for the 
potential @ in polar eoorinates is given by’ 


Using a separation of variables solution, the potential is 
‘given as the product of two functions: 


AipHrRI 
“which when substituted into the Laplace equation becomes: 


ey 
Rap ap) Fa 


Since the two tems are separately functions of p and 
respectively, each one has fo be constant with the sum of the 
‘constants equal to Ze: 


“These two equations have solutions 
Rippon 
wollen) 
muthal angle @ is restricted to a value in the range 
The boundary condition is thatthe potential is 
‘equal to V for any radius p when $=0 and ep, This means 
that v has to be an integer value of so that the sine function 


soto = sin’ 


i) = sitar) =O m= 2 
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which in tum means that the coeflicent A of the cosine term 
thas to be zero inthe solution above. Choosing b=0 makes the 
‘general solution for the potential equal to: 


eiasysSirocienin 


‘which shows that when the angle is zero, the sine is zero and 
the potential is V. Ifthe angle is fi, then there is a multiple 
‘of x such that the sine is zero again. 


[0004] Because the series involves positive powers of the 
radius, for small enough p, only the first term m1 in the 
series is important, Thus around p=0, the potential is 
approximately 


Hosdevvap"%akxp) 
[0005] The electric field component is the negative gradi- 
tent of the potential: 


‘The surface charge distil 
the electric field perpendicular to the surface times the 
permittivity of space €,: 


1) = eae. 


Notice that if angle of intersection ft is less than x, then the 
‘equation says that there is a very small radis to a positive 
power which means little charge density accumulation, 

[0006] Referring to FIG, 3, the value of f. in the case of 


the triangular hull, is equal to 360° less 60° for a total of 
300° or: 


which says that there is a charge density singularity to the 
‘wo fifths power for small radius. Thus, the comer plates on 
the hull ereate a huge Tine change density along the sharp 
vertical comer edge. The equation for the potential of lis 
charge density is given as: 


where 2. is the charge per unit length in the vertical 2-di- 
rection, and x, and Y, are the location of the line charge in 
the xy-plane. 
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Note: 


Enucleation is removal ofthe swelling within the tissue of arigin 
with normal part of tissue of origin is being retained, eg. enuclea- 
ton of prostate in benign prostatic hyperplasia (BPH). 

Excision is removal of tissue/tumour entirely with its capsule. 
Wide excision is removal of tumour with surrounding tissue 
margin adequately for clearance. 

Compartment excision is removal of tumour/diseased tissue 
with all adjacent soft tissues in one compartment except neuro- 
vascular bundle. its done in limbs for soft tissue sarcoma as a 
curative but limb saving procedure. 


Radical excision/radical block dissection is removal of tumour 
‘widely with adjacent soft tissues with lymph node dissection, 


—_ 


<> 


SS 
Elliptical incision partially occupying the 
‘swelling ~includes the punetum inthis 


=> 


eae 


Straight incision over swelling 


—— 
= 


a 


Eiptical incision occupying the 
entire sweling (circumferential) 


Fig. 1.209: Different incisions used in surgical appraaches to 
remove swelling. 


—————Swellings which are cross fluctuant 
‘& Psoas abscess 

+ Bilocular hydrocoele 

-® Ranula (plunging) 

-® Compound palmar ganglion 


F. Electrolyte and Nutrition 


CHAPTER OUTLINE 


+ Normal Physiology 
we Water Loss 

we Water Excess 
ECF Loss 

we ECF Excess 

ww Hyponatraemia 

we Hypernatraemia 

= Hypokalaemia 

we Hyperkalaemia 

w Hypermagnesaemia 
» Hypomagnesaemia 
Acid-Base Balance 


ll NORMAL PHYSIOLOGY 


Total body water is 60% of body weight in males, 50% of body 
weight in females, ic, 30 litres. 
4 Intracellular water—20 litres (2/3). 
Extracellular water—10 litres (1/3). 
> Plasma (1/4) (2.5 litres). 
> Interstitial luid (7.5 litres), 


[ion 1CF ECF and plasma | 
Sodium 410: mmovL. 140 mmol. 
Potassium 150 mmol/L 4.5 mmol 
Chloride Trace only 105 mmol. 


ECF volume and osmolality regulation is controlled by 
three hormones, Aldosterone, ADH, atrial natriuretic hormone. 


ll WATER LOSS (VOLUME LOSS) 


It is decrease in the whole body uid volume which includes 
both ECF and ICF. is usually ECF loss which is more impor- 
tant and assessed. It can be isotonic volume depletion with both 
saltand water loss leading into Aypovolaemia, or only water loss 


with only minimal loss of electrolytes leading into dehydration. 


Causes and Features 


¢ Lsotonic volume depletion occurs due to diarrhoea, vomiting, 
and excess diuresis. Here normal or decreased sodium is 
observed, Fluid loss is only of ECF and so early intravas- 
cular volume reduction occurs. This causes hypotension 


and decreased tissue perfusion. Features are—dry tong 
rapid pulse, cold clammy extremities, sunken eyes, hypoten- 


sion, oliguria, raised blood urea, decreased urinary sodium, 


Metabolic Alkalosis 
= Respiratory Alkalosis 

> Metabolic Acidosis 
Respiratory Acidosis, 

® Anion Gap 

> Fluid Therapy 

Nutrition 

 Gastrostomy 

= Jejunostomy 

= Total Parenteral Nutrition 

© Refeeding Syndrome 
Obesity and Morbid Obesity 


Hypovolaemia can be mild (< 21 fluid loss); moderate (2-3, 
L fluid loss); severe (>3 L fluid loss). 

# Only pure water loss occurs due to poor fluid intake and 
diabetes insipidus, It aauses dehydration with proportionate 
decrease in total body water (2/3rd ICF, 1/3rd ECF). As ECE 

including intravascular fluid loss is less, hypotension is les. 

Features here are—severe thirst, confusion and convulsions 

due to hypernatraemia; blood pressure is relatively normal. 

Dehydration can be mild (weight loss 5%); moderate (10%); 

severe (15%) 


Management 


4 Evaluation is done by doing serum sodium, urinary sodium, 
and blood urea. 

# Isotonic volume depletion is corrected by 0.9% normal 
saline, 

4% Pure water depletion is corrected by more water intake/ 
intravenous 5% dextrose. 

4 Monitoring fluid therapy by skin and tongue examination, 
weight gain, pulse, blood pressure, CVP, PCWP. 


ll WATER EXCESS (ECF VOLUME EXCESS) 


It can be divided into water and salt excess or predominantly 
water excess called as water intoxication. 

Water and salt excess occurs in CCF, cirthosis, nephrotic 
syndrome, hypoproteinaemia, renal failure, 
infusion, 


sessive saline 


Water intoxication oceurs in TURP, excess infusion of 5% 
dextrose only, SIADH secretion, psychogenic polydy, 
managed by stopping fluid infusion or procedure (TURP); fluid 
restriction, and treating the cause. 


ia. Ibis, 


You cannot harm a bandaged wound.— Croatian Proverb 
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Causes 


ssive amount of intravenous dextrose (5%). 

During colorectal bowel wash for preparation of large bowel 
for surgery, if water is used instead of saline, especially in 
children 

In TURP (Transurethral resection of prostate) when excess 
irrigating fluid water or glycine is used (commonly used). 

 Insyndrome of inappropriate antidiuretic hormone (SIADH) 
which is commonly associated with lobar pneumonia, 
empyema, oat cell carcinoma and head injury. 


Drowsiness, weakness 
Convulsions and coma 

Nausea, vomiting 

Passage of dilute urine 

Distended neck veins 

Pedal oedema 

Gain in body weight—most sensitive and consistent sign 
Circulatory overload—tachycardia, pulmonary oedema, 
hypertension 

+ Bilateral basal crepitations, ascites 

‘& Raised CVP, PCWP 


Investigations 


4 Haematocrit and sodium level (will show fall in level). 
Low potassium. Low blood urea, 


Treatment 


4 Water and salt restriction and observation. 
Monitoring in ICU. 

4 Management of fluid and electrolyte balance 

¢ Infusion of hypotonic sodium chloride. 

Administration of diuretics and hypertonic saline should 
be avoided, as it may cause rapid changes in serum sodium 
and water level which will lead to neuronal demyelination and 
fatal outcome. 


™ ECF LOSS 


¢ Here only ECF loss is present with normal ICE. 
¢ Itis seen in vomiting, diarrhoea, intestinal obstruction, 
4 ‘Treatment is infusion of normal saline 


m ECF EXCESS 


Only ECF excess without an ICF excess 

Excessive infusion of saline with impaired excretion, 

4 Raised JVP (carliest and best clinical sign), cardiac failure 
and peripheral oedema, 

¢ ‘Treatment is fluid restriction and diuretics like frusemide. 


ll HYPONATRAEMIA 


Sodium level less than 130 mEq/litre. Hyponatraemia is said to 
be severe if serum sodium becomes lesser than 100 mEq/L in 
‘acute type; and lesser than 115 mEq/L in chronic type. 

It can be due to water overload (dilutional) or sodium loss. 


‘Types of Hyponatraemia 


# Acute—presents as neurological manifestations 

 Chronic—causes pontine myelinolysis. It presents as 
behavioural changes, progressive weakness, and cranial 
nerve palsies, 


‘Types also may be: 

# Hypervolaemic hyponatraemia wherein rapid absorption 
of fluid occurs into intravascular compartment leading 
into pulmonary and cerebral oedema, Itis due to decreased 
‘osmolality causing movement of ECF into the cells 
Serum sodium level lesser than 100 mmol/L is called as 
severe hyponatraemia, causes convulsions. Here urinary 
sodium will be less than 15 mmol/L. Acute hyponatraemia 
is corrected by fluid restriction, hypertonic saline, loop 
diuretics like frusemide, Monitoring the serum sodium level 
of the patient is essential. Sodium should be corrected up 
to above the level of 125 mmol/L. Correction should be 
slow and gradual at a rate of 2 mEq/L/hour with up to 20 
‘mEq/L correction in 24 hours with 4th hourly assessment 
of serum sodium, Overvorrection of sodium should not be 
done, Rapid correction can lead into irreversible myelin 
ysis of pontine. 

 Hypovolaemic hyponatraemia: It is due to hypovols 
by diarrhoea, vomiting, wherein urine sodium level is less 
than 20 mmol/L; due to diuresis or renal causes wherein 
urine sodium level is more than 20 mmoV/L or it may be due 
to correction of hypovolaemia using hypotonic fluid like 
5% dextrose. Condition can be treated well using isotonic 
‘normal saline. 

* Normovolaemic hyponatraemia: it may be due to renal 
failure or syndrome of inappropriate ADH secretion 
(SIADH). In mild asymptomatic patients it is corrected 
by fluid restriction (1 litre/day will raise the serum Na). 
Vasopressin antagonist demeclocyeline which increases the 
diluting ability of kidney is used in severe cases, 

* Pseudohyponatraemia: Plasma osmolality is mainly 
achieved by serum sodium; but small proportion, i.e. 25% 
of osmolality is due to other solutes like glucase, lipids, 
plasma proteins, urea which will not move easily between 
intracellular and extracellular spaces, When concentration of 
these molecules raise due to some pathology, proportionately 
relative concentration of sodium will drop causing pseudo- 
hyponatraemia. Here condition causing related to spec 
solutes mentioned above is treated, than hyponatraemia, 


mia 


Causes 

¢ Intestinal obstruction, 

¢ Intestinal fistulas—biliary, duodenal, gastric, pancreatic. 

+ Gastric outlet obstruction with severe vomiting, 

4 Ryle’s tube aspiration. 

¢ Severe diarthoea due to viral cause, in colitis, colorectal 


polyps. 
Syndrome of inappropriate antidiuretic hormone (SIADH), 
Immediately after surgery and trauma, sodium depletion 
+ Stroke. 


Inrtabilty disorientation and neurological manifestations 
Convulsions 

Jn chronic hyponatraemia—hypothermia, reduced tendon 
reflexes, pseudobulbar pasly 


e 
e 
e 
® Dark scanty urine 
° 
eS 
eS 


Investigations 


Scrum electrolytes. Urinary sodium is low. 
Sodium deficit is calculated by: (125 — present serum 
sodium) * body weight in kg 0.6 


Treatment 


¢ Intravenous infusion of normal saline as a slow and gradual 
correction at a rate of 2 mEq/L/hour in acute cases and <1 
mEq/L/hour in chronic cases. Correction should not exceed 
more than 20 mEq/L/day in acute cases and more than 10 
‘mEq/L/day in chronic cases. Hypertonic saline of 1.6% or 3% 
also can be used in severe cases. 0.9% normal saline contains 
154 mEq of NaCl; 3% saline contains 500 mEq of NaCl 

The cause is treated. 


ll HYPERNATRAEMIA 


Serum sodium level > 150 mEg/L. Excess infusion of normal 
saline causes overload in circulating salt and water. Itis usually 
due to water d 


Causes 


Renal dysfunction 
Cardiac failure. 
Drug induced like NSAID, corticosteroids. 

It may be either primary sodium excess or primary potas- 
sium excess or primary water deficit. 


Types of Hypernatraemia 


 Euvolemic (pure water loss): It is due to failure of water 
intake like in comatous patients, bedridden people, postop- 
erative patients and in patients with high fever leading into 
extrarenal loss of water, It can occur in diabetes insipidus 
or chronic renal failure as renal loss of water. 

4 Hypovolaemic (among loss of water and sodium, more water 
is lost than sodium): It is due to vomiting, diarrhoea, more 
undue sweating (extrarenal); osmotic diuresis by glucose! 
‘mannitol (renal) 

 Hypervolaemic (both sodium and water gain but sodium 
gain is more than water gain) as seen in more salt intake, 
excess steroids, sodium bicarbonate/hypertonic saline infu- 
sion (salt gain). 


Clinical Features 


4% Pitting oedema 
4 Putfiness of face. 

# Increased urination, 

# Often dilated jugular veins. 

# Features of pulmonary oedema. 


Investigation 


# Serum electrolytes, plasma and urine osmolality, renal fune- 
tion tests, haematocrit. 


Management 


# Restriction of saline and sodium. Treatment of pulmonary 
oedema, 
4 Hypernatraemia should be corrected slowly as follows 
» Initial infusion of normal saline, then infusion of half 
strength saline (0.45%) and later with 5% dextrose, ie. 
grad 
‘oedema and hyperglycaemia can develop. 
» Oral and nasogastric administration of water/fluids 


controlled correction is done. Otherwise cerebral 


ll HYPOKALAEMIA 
Sudden Hypokalaemia 


Serum potassium level less than 3.5 mEqyL. 
It occurs in patients in diabetic coma treated by insulin and 
saline infusion. 


Gradual Hypokalaemia 
Causes 


# Diarrhoea of any causes, villous tumour of the rectum, 
ulcerative colitis, 

After trauma or surgery. 

Pylorie stenosis with gastric outlet obstruction. 

Duodenal fistula, ileostomy. 

After ureterosigmoidostomy. 

Insulin therapy. 

Poisoning. 

Drugs like beta agonists 

Familial periodic paralysis, 


ee receces 


Clinical Features 

Slurred speech, 

Muscular hypotonia—physical sign. 
Depressed reflexes, 

Paralytic ileus. 


Weakness of respiratory muscles 
Cardiac arrhythmias, 

Inability to produce concentrated urine and so causes, 
nocturia and polyuria 


eeeceee 


Sir, itis plain that if he is too fat he has eaten more than he should have done— Samuel Johnson 
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ECG shows prolonged QT interval, depression of the ST 
Segment and inversion of T wave, prominent U wave. 

Often hypokalacmia is associated with alkalasis 

Serum potassium will be decreased. 


Treatment 


Oral potassium 2 g 6th hourly, 15 ml potassium chloride 
syrup (20 mmol of K). 

IV KC140 mmollitre given in 5% dextrose or normal saline 
slowly, often under ECG monitoring [Total dose is 40 mmol 
(0.2 mmol /kg/hour). Maximum dose per hour is 20 mmol} 

¢ Hypokalaemic alkalosis which occurs in pyloric stenosis 
should be treated carefully by IV potassium as there will 
be severe potassium loss 


ll HYPERKALAEMIA 


Normal range of potassium is 4.0 t0 4.5 mEqilitre. 
Hyperkalaemia manifests when potassium exceeds 6 mLq/ 
litre. 


Causes 


Renal failure 
4 Rapid infusion of potassium, 
¢ ‘Transfusion of stored blood. 

# Diabetic ketoacidosis. 

Adrenal insufficiency. 

¢ Potassium sparing diuretics, cyclosporine, beta blockers. 

# Metabolic acidosis 

# Insulin deficiency, 

¢ Tissue destruction, burns, trauma, tumour necrosis, crush 


injury. 
4 Invitro haemolysis, thrombocytosis, tourniquet application, 
exercise—pseudohyperkalaemia, 


Familial hyperkalaemic periodic paralysis 
Potassium excess is a dangerous condition which can cause 
sudden cardiac arrest. 


Investigations 


High serum potassium level. Peak ‘T’ wave in an ECG. 


Treatment 


¢ IV administration of 50 ml of 50% glucose with 10 units of 
soluble insulin, slowly. 

# Infusion of 10% calcium gluconate (a 

intravenously. 

Calcium chloride is given in severe cases as calcium in this 

form is released immediately without hepatic metabolism. 

Diuresis using frusemide injection, 

Haemodialysis when required—very useful, 

Continuous ECG monitoring is a must. 

Polyesterene sulphonate ion exchange resin 30 g/hour in 

50 ml of 70% sorbitol as an enema, 

¢ Salbutamo! nebutisation of intravenously 0.5 mg in 4 ml of 
saline/Albuterol nebulisation. 

IV sodium bicarbonate—shilts potassium in to cells. 7.5%, 
with 50-100 ml intravenously in 10 minutes, 


cardioprotection) 


tees 


ll HYPERMAGNESAEMIA 


It is rare, Serum magnesium > 2,5 mEqjlitre. 

Normal serum magnesium is 1.5-2.5 mEq/L. and intracel- 
lular magnesium which is more (2nd higher) is 26 mEq/L. 
Magnesium is mainly deposited in bone (60%). Its a cofactor 
for many enzymes necessary in phosphorylation of glucose 
in the cell and ATP utilisation in muscle fiber. Daily required 
dietary intake of magnesium is 0.4 gram, It is reabsorbed well 
in proximal renal tubule. 


Causes 


Advanced renal failure treated with magnesium containing, 
antacids, diabetic ketoacidosis. 

¢ Intentionally produced hypermagnesaemia while treating 
pre-eclampsia. 


inical Features 


Loss of tendon reflexes (most common) 
Neuromuscular depression, 

Flaccid quadriplegia 

Respiratory paralysis. 

Somnolence. 

Hypotension 


teresa 


ll HYPOMAGNESAEMIA 


# Serum magnesium < 1.5 mEqilitre. 


Causes 

Malnutrition, aleohol, 

Large Gi fluid loss. 

# Patients on total parenteral nuttition, 


Clinical Features 

# Hyperreftexia 

# Muscle spasm. 

# Paraesthesia. 

# Tetany. 

# Itmimies hypocalcaemia. Itis often associated with hypoka- 
laemia and hypocalcaemia, 


Treatment 


‘Two gram (16 mEq) of magnesium sulphate slow intravenously, 
in 10 minutes. Later maintenance dose of | mEq/ke/day a: 
slow continuous infusion is given/oral magnesium is needed. 


ll ACID-BASE BALANCE 
Normal pH (—log 10 of H’) is 7.36-7.44 


—Factorswhich controlthepH 
& Buffersystem 
~ Bicarbonate buffer 
~ Protein buffer 
— Phosphate buffer 
+ Renal contralofpH 
+ Respiratory control of pH 


Note: 
‘When H" increases pH decreases. 


An acid is a substance that dissociates water to release 
hydrogen ion. A hase is a substance that takes hydrogen 
ion. A buffer is a combination of weak acid and conjugate 
base. These buffers maintain the H” concentration in blood 
within fine limits, Natural buffers are extracellular or 
intracellular, Bicarbonate/carbonic acid butter, phosphate 
buffer and plasma proteins are extracellular natural buffers. 
Haemoglobin and other proteins are intracellular buffers. 
Bicarbonate/carbonic acid buffer is most important as 
carbonic acid levels are regulated by lungs which eliminates 
excess of it as CO}. Bicarbonate part is separately controlled 
by kidney, 

Acidosis is pH of blood less than 7.35. Alkalosis 
than 7.45, 


is pH more 


Henderson Equation (Used to Assess 
Hydrogen lon Concentration) 


HY (amovL)= K x HCO, mmol/L. 
co, mmol/L 
a PCO. 


Hco, mmol/L 


OR 


Here constant K is 800 (for HjCO; / HCO, butfer). 

Carbonic acid (HjCO,) is solubility coefficient of COs in 
blood (a) multiplied by partial pressure of CO; (PCO;). ais 
0,03 mi/mmHg/100 ml of blood; PCO, is 40 mmHg, HjCO; 
= aPCO, = 0.03 * 40 = 1.2 ml. Normal blood bicarbonate 
HCOs level is 24 mmol/L. so H” is $00 * 1.2 divided by 24 
=40 mmol/L, 


Henderson-Hasselbalch Equation 

(Used to Assess pH) 

Itis used to find out pH of the blood using logarithm. Negative 
logarithm of constant K (800 for carbonic buffer) is called as 
pKa. Itis 6.1 for HyCO, / HCO, buffer system. 

co, 


pH=pKa+log ““° means 6,1 +log 24 divided by 1.2 
100. 


=14 


+ log 20= 


ll METABOLIC ALKALOSIS 


Primary base excess, ie. HCOs. 4 standard bicarbonate above 
27 mmolllitre. 


Causes 


Repeated vomiting due to any cause. Commonly seen in 
cases of pyloric stenosis, Here hypokalaemie alkalosis 
occurs which is an important aspect for managing the 
patient, 

4 Excess alkali ingestion, e.g. antacids, 

Cortisol excess either due to over administration or Cush- 
ing’s syndrome. 


Clinical Features 


# Cheyne stokes breathing with period of apnoea of 5-30 
seconds, 

¢ Tetany due to alkalosis. More often latent tetany which is 
revealed by Trousseau's sign 


Investigations 
Serum electrolytes, arterial blood gas analysis. 


Treatment 


4 Normal saline or double strength normal saline IV infusion, 
with slow IV potassium chloride 40 mmol/litre in saline, 
slowly under ECG monitoring, 

pH more than 7.7 causes life-threatening alkalosis which 
requires rapid correction by infusing dilute hydrochloric acid 
‘orammonium chloride, however, with care and monitoring, 


™@ RESPIRATORY ALKALOSIS 


Anterial PCO: is below normal, 


Causes 


# Hyperventilation during anaesthesia, due to head injury/ 
severe pain, 

# High altitude. 

# Hyperpyrexia, 

Encephalitis, hypothalamic tumours, drugs like salicylates, 
due to cirrhosis of liver, 

# Hysteria. 


Features and Management 


# Headache, tingling, circumoral anaesthesia, tightn 
chest, tetany, arrhythmias are the features, 

Low PaCO;, low HCOs, high alkaline pH are typical. Serum 
HCO, will not fall below 15 mEq/L. 

# Itcan be acute or chronic. 

# Itis managed by oxygen therapy, treating the cause, aceta- 
zolamide in high altitude. 

4 Respiratory suppression due to alkalosis is tr 


sd by Cl 


ll METABOLIC ACIDOSIS 


It is an excess acid or base defi 
below 21 mmol/itre. 


1. A standard bicarbonate 


Causes 


Increase in fixed acid: 
Diabetic ketoacidosis 
Starvation 

Hypoxia, 

Renal insufficiency. 
Cardiac arrest, 
Excessive exercise, 


’ 
’ 
+ 
’ 
’ 
+ Intestinal strangulation, Here anion gap is increased, 


Less you eat, you are malnourished. More you eat, more you are diseased. 
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Loss of base: 

 Diarthoea. 

¢ Ulcerative colitis 

 Gastrocolic fistula 

¢ Intestinal fistula 

¢ Ureterosigmoidostomy causes hyperchloraemic hypo- 
kalaemic acidosis. Here anion gap is normal. 


Features 


Rapid, deep, noisy breathing (air-hunger)—Kussmaul + 
breathing, 

Cold clammy skin, tachycardia, right heart strain, altered 

evel of consciousness. 

Cardiac arrhythmias, hypotension. 

Anorexia, muscle weakness, vomiting 

pH below 7.2 is dangerous and life-threatening, 

Capillary stasis 

Urine is strongly acidic. 

Low standard HCO, level 

Base deficit. 

It is evaluated by doing arterial blood gas analysis (ABG) 

which shows low HCOs, low pH; anion gap; urinary anion 

AG). Normal UAG is zero or positive. In metabolic 

UAG becomes negative due to 

jon; if itis due to renal cause, UAG. 


eeeeseces 


will be positive. 


Treatment 


4 Correction of hypoxia, 

¢ 50 mmol of 8.4% sodium bicarbonate infusion IV. 
Sodium bicarbonate required in mEq/L = Body weight in 

kg * Base deficit * 0.3, 

Correction of electrolytes. 

¢ Specific treatment for lactic acidosis (type A [shock / re 
tory/CO/eyanide/anacmia}; type B [diabetes/hepatic/toxins, 
drugs})—only careful use of NaHCO, in severe cases, 
dichloracetate which stimulates pyruate dehydrogenase to 
reduce lactate 

4% Specific therapies for diabetic ketoacidosis, alcoholic 
acidosis, aspirin poisoning, renal causes, 


Total base excess or deficit = Base excess/base deficit x body 
‘weight in kg 03 


lm RESPIRATORY ACIDOSIS 


It is a feature of respiratory failure with high arterial PCO, 
‘causing fall in pH. 


Causes 

During and after anaesthesia 

Chronic bronchitis, 

¢ Emphysema, 

Thoracic diseases, 

4 Upper abdominal surgeries and diseases. 


# Respiratory airway obstruction 
# Myasthenia gravis. 

¢ Poliomyelitis 

# Stroke, infection, obesity, hypoventilation. 


Features and Treatment 


4 Features of hypercapnia like dyspnoea, confusion, psychosis, 
hallucinations, sleep disturbances, tremor, jerks, and person- 
ality changes. CNS manifestations are more severe in respi 
tory acidosis than in metabolic acidosis as lipid soluble CO; 
crosses blood-brain barrier easily than HCOs, 

4 Acute respiratory acidosis is managed by oxygen therapy, 
Ventilator support. Oxygen therapy should not be used in 
chronic hypercapnoea unless itis really indicated as hypoxia 
stimulated respiration may be suppressed. Alkali therapy 
also is not usually used unless acidosis is very severe (below 
7.15) or there is severe bronchospasm. 


lm ANION GAP 


¢ Itis calculated estimation of the undetermined or unmeas- 
ured anions in the blood. 

# Itis (Nat + K") — (HCO; + CT). 

Normal anion gap is 10-16 mmol/litre. 

# Anion gap is charge difference between unmeasured anion 
and cation. Important unmeasured anions are anionic 
protein, phosphate, sulphate, organic acids. Unmeasured 
cations are calcium and magnesium, Albumin is the main 
component of anion gap. When albumin decreases by one 
‘gram/dl then anion gap decreases by 2 mEq/L. 


‘ncreased anion gap is ‘Normal anion gap is 
‘seen in seen in 
+ Metabolic acidosis due to + Diarthoea 
ketoacidosis 
+ Lactic acidosis + GIT fistulae 
+ Poisoning + Hyperchloraemic acidosis 


+ Renal failure 


™@ FLUID THERAPY 


Osmolality of a solution is assessed by the amount of solute 

dissolved in a solvent like water measured in weight (kg). 
‘Osmolarity ofa solution is assessed by the amount of solute 

dissolved in a solvent like water measured in volume 
Normal plasma Osmolality is 285 mOsm/kg (27: 


Osmolality is calculated by two methods 
ost 
16 

t that solution of 1 mOsmol/kg freezes 

eas normal plasma freezes at — 0.54°C. 


a. Osmolality of plasm * 10° mOsm/kg 


2 (Na) + (Glucosems) | (Blood urea 
TF G 

It is based on the concentrations of major solutes in 

plasma, So sodium concentration contributes mainly to the 


osmolality. 


Colloidal osmotic pressure is difference in plasma osmotic 
‘pressure and interstitial fluid pressure which is normally 25 mm 
Hg, which is mainly by plasma albumin concentration. Plasma 
proteins do not go out of capillary wall into the interstitium. 


Principles of Fluid Therapy 
Indications 


For rapid restoration of fluid and electrolytes in dehydra- 
tion due to vomiting, diarrhoea, shock due to haemorrhage 
or sepsis or buns. 

‘Total parenteral nutrition. 

Anaphylaxis, cardiae arrest, hypoxia 

Post-gastrointestinal surgeries, 

For maintenance, replacement of loss or as a special uid, 


seer 


Advantage 


Controlled, accurate and adjustable, rapid and predictable. 


Problems in Fluid Therapy 


4 Needs hospitalisation; costly; needs asepsis. 
Fluid overload; pulmonary oedema and cardiac failure: 
infection. 
‘Thrombophlebitis; haematoma; cellulitis in local area, 
Pyrogenic reaction; air embolism; bacteraemia, 
¢ Discomfort; poor patient acceptance. 

Daily requirement of sodium is 100 mEq; potassium is 60 
mEq; calcium is 5 mEq; magnesium 1 mEq, 

One litre of normal isotonic saline contains 154 mEq of 
sodium, 


Ringer's lactate is the most physiological fluid (crystal- 
Joid) containing sodium—130 mEq/It; potassium—4 mEq 
It; chloride—109 mEq/tt; lactate (bicarbonate)—28 mEqy/lt; 
and calcium—3 mEq/l. It should be avoided in liver failure 
patients. As it does not contain glucose it can be used in 
diabetics. 

Other erystalloid fuids—normal saline, dextrose saline, 5% 
dextrose, isolyte P, isolyte G, isolyte M. 

Colloids are of large molecules which shift the fluid from 
interstitial compartment to intravascular compartment and are 
used as plasma expanders, Haemaccel, hetastarch, pentastarch, 
dextran 40/70 are colloids, 

Special purpose fluids ate sodium bicarbonate 7.5% and 
8.4% used in metabolic acidosis, forced diuresis, hyper- 
mannitol 10/20% used as an osmotic diure 
agent: hypertonic saline 1.6%, 3%, 5% and 7.5% used in 
hyponatraemia of different severity; albumin 4.5% as plasma 
expander; albumin 20% in severe hypoalbuminaemia. 


Calculation of Drop Rate of IV Fluids 


1 ml =16 drops in usual drip set. For microdrip set one ml = 

60 drops. 

8. Quantity of fluid required in liters per day * 10 = Drop rate 
minute. 2.5 litres is usually used quantity of fluid/day. So 
2.5 * 10=25 drops/minute. 


b. Fluid volume in ml to be infused in one hour divided by four 

lumber of drops/minute, Example: 100 ml/hour means 
25 drops/minute. 

¢. Number of microdrop/minute 
microdrop/minute = 50 ml/hour) 

Note: 

+ Weight loss more than 10% ofindividual’ weight in 6 monthsis 
<alled as significant weight loss. 

+ Body Mass Index (BMI) is body weight in kilograms divided by 
height in meters squared, BMI less than 18.5 signifies nutritional 
impairment and below 15 signifies severe malnutrition. 

+ Daily fluid loss from kidneys is 1500 ml; from lungs is 400 mi; 
from skin is 800 ml; from stool is 60-150 ml 

+ Energy requirement per day is 20-30 kcal/kg, ie. around 2000 
keal/day total. 

+ Glucose requirement is 200 g per day; fat requirement is 200 g 
per week; nitrogen (protein) requirement is 0.15 g/kg per day. 
Nitrogen need increases t00.25 g/kg/day inhypercatabolicstatus. 

+ Transit time is rapid in jejunum; three times slower in ileum til 
slower in colon 

+ Fluid absorption capacity is 40% in jejunum; 70% in ileum; 90% 
in colon, 

+ Electrolyte and vitamin 82 absorption and enterohepaticcircula- 
tion occursin ileum and so ileum is more important than jejunurn, 


Volume in ml/hour (50 


@ NUTRITION 


We (naw) devote more attention ta the patient’ diet and habits, 
and more often send him away with good advice than with hastly- 
written prescriptions. 

—Robert Hall Babcock, 1901 


Principles of Nutrition 


Avoiding of malnutrition is the basic goal in nutrition 
therapy as malnutrition increases the morbidity and mortality 
of the disease process and prevents or delays the recovery. 
Malnutrition increases the chance of sepsis, prevents 
wound healing, increases the respiratory complications, 
and decreases the efficacy and tolerance to radiotherapy or 
chemotherapy. 

# Whenever possible enteral route of nutrition should be 
used ideally. If that is not possible then parenteral nutrition 
is used. 

# Overfeeding should be avoided as it leads into hypergly- 
caemia, hepatic steatosis, raised BUN, and excess CO. 
production 

# Timing and type of nutrition is also important, 

Nutrition therapy reduces protein wasting. 

# Immunomodulators like glutamine, arginine and omega 3 
fatty acids are also very useful. Glutamine is a nonessential 
amino acid synthesized in skeletal muscle. It is essential 
for cell protiferation during tissue repair. Glutamine helps 
Gi mucosal cell profiferation, maintains mucosal integrity, 


improves immune function and prevents translocation of 
bacteria, It is useful in inflammatory bowel disease, short 
gut syndrome, burns, major trauma, and sepsis. Glutamine 


Life will give you back everything you have given to it. 
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is used commonly by enteral route even though IV prepara- 
tions are now available (but itis very unstable in solutions), 

Caloric requirement 

Neonatal 100 keal/ke/day. 

Adult 40 keal/kw/day. 

Adult with catabolism 60 keal/ky/day. 

Iris given as: 

Carbohydrates 50%. 

4 Fat 30-40%. 

# Protein 10-15%. 

Calorie values: 

Carbohydrate 4 keal/. 

¢ Protein 4 keal/g 

4 Fat 9 keal/. 


Indications for Nutritional Support 


4, Preoperative nutritional depletion. 

b. Postoperative complications: Sepsis, ileus, fistula 

cc. Intestinal fistula: High type wherein output is more than 500 
mi/day. It may be duodenal, biliary, pancreatic, intestinal 

4, Pancreatitis, malabsorption, ulcerative colitis, pyloric 
stenosis. 

¢. Anorexia nervosa and intractable vomiting. 

£ Trauma—multiple fractures, fasciomaxillary injuries, head 
and neck injuries. 

. Burns 

h, Malignant disease. 

i. Renal and liver failure. 

j. Massive bowel resection causing short bowel syndrome 


& Body weight 
& Mid-atm circumference 
“ Triceps skin fold thickness 
@ Serum albumin 

+ Lymphocyte count 


Nutritional requirements: Carbohydrates, fat, proteins, 
vitamins (includes fat soluble vitamins also), minerals, trace 
clement, 


Methods of Feeding 


Enteral: 
a. Gastrointestinal tract is the best route to provide mutrition. 
b. Enteral feeding can be delivered by bolus, by gravity or 
using mechanical pump. 
> By mouth: Requires 
~ Common sense, 
— Cleanliness, 
— Compassion 
» By nasogastric tube: Confirmation of the tube in the 
stomach is made by injecting 5 ml of air down the tube 
and listening through a stethoscope for its bubbling 
entry into the stomach, Feeding rate is 30-50 ml/hours. 
5 hours night time gap is given to allow gastric pH to 
return to normal, 


Blockage 
4 Nausea and vomiting, aspiration 


& Hyperosmolarity 
 Diarthoea 


@ Tube discomfort 
© Cholestasis 


©. By enterostomy 


» Gastrostomy. 
> Jejunostomy. 


Fig. 1.210: Nasogastric tube passed should be confirmed in place 
using stethoscope. Tube is used for feeding purpose. 


Fig, 1.211: Gastrostamy tube in place for enteral feeding. 


Different preparations and formulas are available for enteral 
feeding, Soluble fibre containing diets along with nutrients are 
better to prevent diarrhoea, 


Complications of enteral feeding = 
% Aspiration 

‘& Wound infection and leak 
+ Diarrhoea due to rapid feeding or hyperosmolarity 

& Hyperglycaemia 

‘& Hypokalaemia 

+ Refeeding syndrome due to severe hypokalaemia and 
hypophosphataemia 


Gastrastomy 


1A 
Figs 1.212A and 


‘esophagus 


‘Abdominal wall 


Gastrostomy 
catheter (tube) 


ercutaneous endoscopic gastrostomy (PEG). Guide wire passed through a trocar in the abdominal wall into the stomach 


is pulled out across the oesophagus and mouth under visualisation using gastroscope. Gastrostomy catheter (tube) is passed along the guide 
wire and pushed downwards across mouth and oesophagus to reach the stomach. Its further pushed along the abdaminal wall through 
the trocar. Gastrostomy tube is pulled out through abdominal wall and fixed. Trocar is removed. Placement of tip of gastrostomy tube can 


be confirmed by doing gastroscope. 


Advantages of Enteral Nutrition 


Enteral nutrition preserves mucosal protein, digestive 
enzymes, IZA secretion; prevents mucosal atrophy and 
bacterial translocation 

# It is more physiological as nutrients pass through liver, 
the first filter to process and store. Gallstone formation 
is prevented (unlike long-term TPN) by stimulating gall- 
bladder mot 

4 Ithas got less Serious complications, It is cost-effective, 

¢ [supplies glutamine and short chained fatty acids to gut, 


Contraindications of Enteral Nutrition 


+ Intestinal obstruction, Gi bleed, paralytic ileus, severe diar- 
shoea, high output fistula. 

Low cardiac output, haemodynamically unstable patient. 

¢ If safe access to enteral feeding is not present 

Anticipated complications if thought to be present should 
be avoided. 


lm GASTROSTOMY 
Itis done if feeding is required for more than one month. 


Indications 
+ Severe malnutrition 

+ Major surgeries 

+ Severe sepsis 

& Trouma 

+ Head and neck surgeries 


Types 
Based on duration of use: 


Temporary. 
# Permanent, 


Based on linin; 


4 Mucus lined (permanent), 
4 Serosal lined (temporary), 


UONUIAN pue ayAj01}9013 


US 2006/0145019 Al 


[0007] Referring to FIG. 4, the triangular hull (D) is 
plotted together with the potential contours (A) and the 
electric field arrows (B) ereated by the three comer Tine 
charges. The line charges are perpendicular to the paper. 
Notice that the eletrc ied arrows are parallel erossing the 
‘center parabolic antenna (C). The electric field is also 
Parallel to the sides (D) of the triangle, 


[0008] Referring to FIG. 5, along the side of the triangle 
(A), at. array (B) of horizontal slot antennas emit electro- 
magnetic waves that have a vertically polarized electric E 
field (C). These traveling waves interact with the electric 
field (D) produced by the line charges on the corners of the 
triangle. 


[0009] Using differential forms mathematics, this combi- 
nation of fields is represented by the Hodge star of the 
‘ifferential of the wedge product of the two fields. The 
antenna electromagnetic field is a combination ofa traveling. 
magnetic field B,., and electric field F,. The stationary field 
E created by the line charges is perpendicular to the traveling, 


force 
vohume 


seen tran’ = 


here ¢ isthe linear capacitance of space and c is the speed 
of light. Thus there is a force per volume around the hull 


[0010] This combination of fields produces a spacetime 
‘curvaiure as determined by Einstein's General Theory of 
Relativity. The traveling electric field has an amplitude in 
the vertical zdirection and travels in the x-direction 


Feast) 
“The Faraday electromagnetic tensor contains all the electric 


‘and magnetic fields inal the {x.y,2} directions. The frst row 
‘and first column contain the two electric fields 


BP 0&0 Boosie 
x} 00 0 

Hy) 0 00 © 
elesosts-n 000 


‘The stress exerted on spacetime occurs in the xx, yy and 
zz-irection as calculated from the stress-energy tensor T of 
‘gravitational physics 


ser aorta 


‘where g is the metric tensor for Cartesian space 


Jul. 6, 2006 


where the diagonal components are the coeflicients of the 
elementary spacetime length ds squared 


daa? sas sayp a)? 


‘The calculation produces three stresses T™°P and T™ in 
their respective {x,y,z} directions. 


[0011] Referring to FIG. 6, these three stresses are plotted 
togetlier as a 3D vector field animated over time in nine 
frames. The graphs show that there is lift force as depicted 
by the vertical arrows as well as a force of propulsion as 
shown by the interspersed horizontal arrows. With the 
passage of time, these vectors exchange places with each 
‘ther so thatthe lift becomes the propulsion and vice versa, 
creating a wavy stress-energy field around the hull 


SUMMARY OF THE INVENTION 


[0012] ‘This invention isa spacecraft witha triangular hull 
having charged flat plates onthe vertical comers ofthe three 
sides. The two rear comers are charged to a potential V. The 
forward comer is charged to a potential ~V. The 60° angle 
fon the comer ereates a line charge density singularity that 
produces a huge horizontal electric field pointing from the 
back to the front of the craft which is also parallel to the 
sides of the triangle, An array of horizontal slot antennas 
located on the sides of the triangular hull produce an 
electromagnetic wave wit the electri field polarized in the 
vertical direction. This combination of fields produces a 
spacetime force in both the vertical and horizontal directions 
such that the spacecraft receives a lift force and a force of 
propulsion. 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0013] FIG. 1. Perspective view of triangular spacecraft. 


[0014] FIG. 2, Drawing of the intersection of two charged 
plates in order 1o ealculate the charge density in the comer. 


[0015] FIG. 3, Perspective view of the comer angle f for 
the equitateral triangle. 


[0016] FIG. 4, Planar 2D graph showing the electric field 
produced by three line charges on the comers of the trian- 
szular hull 


[0017] FIG. 5. Perspective view of electric field produced 
by the linear charge interacting with the traveling electro- 
‘magnetic wave produced by the slot antenna, 


[0018] FIG. 6. 3D vector animation of the lift and thrust 
force generated by the fields. 


[0019] FIG. 7. Perspective view of slot antenna, 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0020] Referring fo FIG. 7, the antenna (A) is made out of 
sheet copper in which a rectangular horizontal slot (B) has 
‘been notched out using a die press an sheet metal fixture. 
AAcoaxial cable from the amplifier and frequency generator 
is attache! across the sot by soldering the outer cable (D) to 
‘one side of the slot and the inner cable (E) to the other side 
of the slot. This ereates the positive and negative changes 
across the gap which forms the vertical electric field (F) 
which radiates out perpendicularly to the copper sheet. 
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Based on technique: 

a, Stamm temporary gastrostomy: After opening the abdomen, 
anterior wall of the stomach is opened. Feeding tube 
(Malecot’s catheter) is placed in position. Two layers of 
purse string sutures are put around the tube, Wound is closed, 

b. Kader-Senn temporary gastrostomy. 

©. Pereutaneous endoscopic gastrostomy (popular)—now 
becoming common method, 

4, Janeway’s mucus lined permanent gastrostomy by creating 
tunnel in stomach wall, 


-——Problemsin gastrostomy 
& Leak—gastric fistula 

Infection 

Aspiration and pneumonia 

 Diarthoea is common—30% 

+ Bloating, abdominal cramps 

+ Displacement, blockage of the tube 


Contraindications 


© Previous gastric surgeries, 
# Intestinal obstruction, 
© Gastric outlet obstruction. 


lm JEJUNOSTOMY 


Jejunostomy for enteral nutrition is becoming more popular 
because of: 

¢ Its comfort, 

Easy to do, 

Can be kept for long time, 

+ Lesser complication than gastrostomy. 

Indications are same as gastrostomy. 


Types 


4. Witzel jejunostomy: Site of placing jejunostomy is 30 em 
from duodenojejunal junction 
b, Needle jejunostomy using catheter of small gauge. 


Fig. 1.213: Needle jejunostomy. 


™@ TOTAL PARENTERAL NUTRITION (TPN) 


All nutritional requirements are given only through intravenous 
route, not through gastrointestinal tract. It can be through a 
central catheter through the subclaviarinternal jugular vein 
where the tip of venous catheter is at distal part of superior 
vena cava. 

It can also be a peripheral (Peripheral Parenteral Nutrition’ 
PPN) through a peripherally inserted central venous catheter 
(PICC) or through a formal peripheral venous line, 


‘ Failure or contraindication for any enteral nutrition for 7-10 
days 

+ High output abdominal fistulas, duodenal, biliary, pancreatic 

fistulas 

Major abdominal surgeries of liver, pancreas, biliary, colonic 

Septicas 

Multiple trauma 

Short bowel syndrome 

Severe pancreatitis, bowel ischaemia, peritonitis ileus 

Massive Gl bleeding, unstable haemodynamically 

High-risk of aspiration 

Hyperemesis gravidarum 

Multiorgan failure, head injury, severe burns 


eeeeeeeee 


About 5% of hospital admissions require TPN. 


Technique 


# Using a needle and guide wire a Subclavian vein catheter is 
passed just below the clavicle and fixed securely to the skin, 

¢ TPN is given through central vein and not through a periph- 
eral vein. 

* Peripherally inserted central catheter (PIC) is also 
commonly used (PPN). 


Goals, Factors and Assessment in TPN 


# To decrease adverse effects of catabolism; to increase 
protein synthesis, to reduce protein breakdown, to prevent 
weight loss, 

# To support ongoing metabolism. 

 Toimprove immune function, cardiac and respiratory fune- 
tion, 

# To maintain glycogen reserve in cardiac and respiratory 
muscles 

To maintain acid, base and electrolyte metabolism. 

# Age, premorbid state, muscle mass, weight, serum albumin 
should be assessed. 

Underlying disease, its severity, therapies for the disease, 
Gi function should be assessed. 

4 Fluid requirement is assessed by—1500 ml for 20 kg weight 
+20 ml/kg for additional weight. 

# Energy needed is calculated by calculating resting energy 
expenditure (REE). (1) By simple calculation: REE in keal/ 
day =25 » weight in kg, (2) Harris Benedict equation: REE 
in men = 66 + (13.7weight in kg) + (5 ht in em) — (6.7 
% age in years). In women = 655 + (9.6 * weight) + (1.8 * 
ht) — (4.7 * age). Activity/disease/thermal factors are also 


added. (3) Indirect calorimetry: It is more accurate method 
done using special instrument, REE: = (3.9 * VO) + (1.1 
x VCO;)- 61 


@ Carbohydrates 
& Fatand amino acids 
Vitamins and trace elements, electrolytes, minerals 


Components Used in TPN/PPN 


Carbohydrates: Dextrose is less costly (1 gram dextrose 3.4 
kcal); can be used in 50-70% concentration during PN. It 
supplies calories, stimulates insulin release and glucose oxida- 
tion, prevents muscle protein breakdown, has got nitrogen 
sparing ability. Problems of carbohydtate/dextrose are—low 
calorie value compared to fat, requires large fluid volume to 
infuse, hyperglycaemia, causes more CO; production, because 
of high osmolality it causes thrombophlebitis in 10% or above 
concentration. Rate of administration of dextrose is 5 mg/kg 

min, 

Fat: Fat gives high calorie (1 gram—9 keal), essential fatty 
acids, Its given as emulsion containing long chain triglycer- 
ides, It contains soyabean/sunflower oil with egg yolk phos- 
photipids (emulsifying factor), glycerin (isotonic). Fat has got 
low osmolality (260 mosm/L); it is available as 10%, 20%, 
30% emulsions. Advantages of fat in PN are—high calorie, 
prevents hyperglycaemia, glucose and nitrogen sparing, less 
‘CO; production, less insulin production: it prevents essential 
fatty acid deficiency (for this purpose 3 days a week dose 
is given), reduces thrombophlebitis. Problems of lipids in 
PN are—hypertriglyceridaemia, sepsis, fat embolism, fat 
overload, hepatic dysfunction, pancreatitis, delayed gastric 
‘emptying. Lipid emulsions are avoided in hyperlipidaemia, 
anaemia, acidosis, obesity. Lipid emulsion is good culture 
media for bacteria and fungi; so care should be taken to 
prevent sepsis, Triglyceride level should be monitored weekly: 
if more than 400 mg%, infusion is discontinued. Mixture of 
long and medium chain fatty acids is better tolerated and 
efficient. 

Amino acids: They are source of proteins 
amino acid is 4 keal/gram. 6.25 gram protein has 1 gram 
nitrogen. In PN 20% of energy comes from amino acids; rest 
from dextrose and fat. Daily protein need is 0.8-1.5 gram/kg. 

Protein supplement should be less in patients with CRF and 
hepatic encephalopathy. Its need is more in burns, trauma, 
enteropathy, sepsis. Protein supplement should not exceed 1.7 
gram/kg/day; if So will cause raised urea production. Uses of 
amino acids in PN—in protein anabolism; prevents scatabo- 
lism, Proper monitoring by doing BUN or ammonia level is 
‘essential during amino acid therapy. 

Vitamins, electrolytes, trace elements and minerals: Electro- 
lytes like sodium, potassium, magnesium, phosphate, calcium; 
fat soluble vitamins like A, D, E, K; water soluble vitamins; 
trace elements like chromium, copper, iodine, iron, manganese, 
selenium, zine are all used in PN. 


‘alorie value of 


—— Monitoringthe patient 

By body weight, fluid balance, blood glucose, electrolytes, 
blood urea, LFT, serum calcium, magnesium, phosphate 
should be done at regular intervals. 

& Aweight gain more than one kg/day signifies fluid overload. 


Complications 
Technical 


Air embolism, 
Pneumothorax. 

Bleeding, 

Catheter displacement, sepsis, blockage. 
e. Infection, thrombosis. 


Biochemical 


a. Electrolyte imbalance: Hyponatraemia, hypokalaemia, 
hypophosphataemia, 

b. Hyperosmolarity 

©. Hyperglycaemia—common, 

d. Dehydration. 

€. Altered immunological and reticuloendothelial function. 

£ Azotaemia, 


Others 


Dermatitis 
Anaemia and increased capillary permeability 
Cholestatic jaundice: It is common. 

Severe hepatic steatosis, 

Metabolic acidosis. 


£, Candida infection (candidiasis), staphylococcal infection 
(10-15%). 


% Cardiac failure 
Blood dyscrasias 
4 Altered fat metabolism 


Anabolic steroid durabolin 25 mg IM weekly is given to 
improve nitrogen balance. 


Itis becoming popular 

+ Itis commonly used in western countries 

+ Itis indicated in short bowel syndrome or any other condi- 
tions wherein enteral feeding isnot possible but patient can 
be sent home with provision for home parenteral nutrition 

+ Patient himself uses the TPN fluids as advised at home. He 
will be with TPN catheter 

+ Patient should attend TPN clinic weekly for follow-up or 
immediately whenever complications arise 

+ Patient will be comfortable psychologically and often can 

attend hisjob also 


e 


The secret of happiness is to admire without desiring. 
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@ REFEEDING SYNDROME 


# Releed fluid and ele 
trolyte imbalance in severely malnourished individual while 
starting the proper feeding enteral or parenteral nutrition. It 


syndrome is occurrence of se 


is more common in TPN. 
¢ It causes hypomagnesaemia, hypocalcaemia and hypophos- 
emia leading into myocardial dysfunction, respiratory 


s, altered liver functions, altered level of conscious- 
ness, convulsions and often death, 

¢ Gradual feeding and correction of magnesium, phosphate 
and calcium and other electrolytes is important. 

Condition is common in chronic starvation, severe anorexia 
and alcoholic patients, 


ll OBESITY AND MORBID OBESITY 


Obesity is weight more than 20% above the normal. Body mass 
index (BMI) is weight in kilogram divided by height in meters 
‘squared [wt in kg / (Ht in meters)?} 

Morbid obesity is a condition wherein BMI is more than 40 
kg/m, Iis often also defined as weight 100 Ibs or more; or 
100% over ideal body weight. 

‘Weight more than double the expected weight to that age and 
height of the individual is also often called as morbid obesity 
Body weight exceeding BMI 50 kg/m is called as superobesity 


Causes of Obesity 


¢ Familial, hyperinsulinism, hyperadrenocorticism, 
hyogonadism. 

# Abnormal eating behaviour: Hormones which control eating 
aare—ghrelin from stomach; insulin from pancreas; leptin 
from fat; PY 3-36 from colon. Hypothalamus is the center 
in CNS which controls eating, 


‘Nutritional status ‘BMI (kg/m?) 


+ Underweight + <185 

+ Normal + 18.5-24.9 

+ Overweight (Preobesity) + 25.0-29.9 

+ Obesity + >30 
Class | 30.0-34.8 
Class II (Moderate) 36,0-39.9 
Class Ill (Severe / Morbid) 40.0 

+ Superobesity + >50 

+ Super superobesity + >60 


Obesity is more common in young women, Child of a normal 
weight parents has 10% chance to become obese. If both parents 
are obese then child has got 80% chances to develop obesity. 


Problems with Morbid Obesity 


Obstructive sleep apnoea, degenerative joint disease, back 
pain, hypertension, GERD, gallstones, type Il diabetes, hyper- 
lipidaemia, arthythmias, venous diseases, DVT, skin diseases, 
Urine incontinence, infertility, ventral hernias, obesity hypoven- 
tilation syndrome, polycystic ovarian disease, hirsutism, 
gynaecomastia, steatohepatosis, malignanc 
problems. All these conditions are called as comorbidi 

Infertility is common in married morbid obes 
improper ovulation, polycystic ovary disease. Urinary inconti- 
nence is common in morbid obese women (stress incontinence 
and detrusor instability). Pregnancy in morbid obese patient 
is considered as high-risk pregnancy. Gestational diabetes, 
hypertension, are common. Itis better these women to undergo 
bariatric surgery prior to pregnancy which definitely reduces the 
complications during pregnancy. Such individual after bariatric 
surgery needs more iron and vitamin supplements, 


women due to 


‘Complications of obesity Obesity and surgery Treatment for obesity 
+ General: Difficulty in work, fatigue, + Hemia and galistones are more + General: Dieting, exercise 
depression, back pain, arthritis and gout ‘common in abese individual + Drugs: Onistat, Sibutramine 
+ Cardiovascular: Hypertension, stroke, + Burst abdomen, incisional hemia + Surgeries: 
thrombophlebitis, pulmonary embolism ‘are more common in obesity Restrictive 
+ Pulmonary: Hypoventilation, poor respiratory + Delay in recavering from + Vertical banded 
effort anaesthesia gastroplasty 
+ GIT: Hiatus hernia with reflux, changes in + Infertility is more common + Laparoscopic adjustable 


liver, pancreatitis, gallstones 
+ Endocrine: Diabetes mellitus 


gastric banding (LAGB) 

+ Jaw wiring 

Malabsorptive 

+ Biliopancreatic diversion 
(BPD) 

+ Biliopancreatic diversion 
with duodenal switch (BPD- 
Ds) 

+ Jejunoiteal bypass 

Combined 

Roux-en-Y gastric bypass 

(RYGB) open or laparoscopic 


Evaluation of the patient—eardiac and respiratory assess- 
ment; lipid profile; blood glucose; renal and liver status assess- 
ment; anaesthesia risk assessment. 


‘al Management 


General: Diet, life style changes, exercise. 

© Drugs: (1) Orlistat is a selective inhibitor of gastric and 
pancreatic lipases that reduces the absorption of lipids from 
intestine. (2) Sibutramine is a noradrenaline and 5 HT reup- 
take inhibitor which act as appetite suppressor. 


Surgical Treatment (Bariatric Surgery) 


Bariatric surgery causes long-term durable weight loss. 
Patient's eating behaviour is reduced to slow ingestion of small 
boluses of food and or also reducing the absorptive surfaces. 


Types of Bariatric Surgery 


a. Restrictive wherein calorie intake is reduced. Purely gastric 
restrictive procedures are vertical banded gastroplasty 
(VBG) and laparoscopic adjustable gastric banding (LAGB), 

b, Malabsorptive wherein absorption of calories and nutrients 
from food is reduced. Biliopancreatic diversion (BPD) and 
biliopancreatic diversion with duodenal switch (BPD-DS) 
are malabsorptive procedures. 

©. Combined wherein both methods are used. Roux-en-Y 
gastric bypass (RYGB) is both restrictive and malabsorptive 
types. Gastric bypass reduces GI polypeptide ghrelin level 
secreted from fundus of stomach and duodenum, Ghrelin 
acts on specific receptor in CNS—hypothalamus to initiate 
appetite. This stimulation is reduced to decrease appetite, In 
restrictive only procedure ghrelin level raises and so appetite 
stimulation is not controlled. 


Indications for Bariatric Surgery 


BMI more than 40 kg/m? or BMI more than 35 kg/m? with 
‘comorbidity is indication for bariatric surgery. American Asso- 
iation of Bariatric Surgery (ASBS) published indications and 
approved surgeries 


Contraindications 


Patients who are unfit for general anaesthesia (cardiac/renal/ 
respiratory/hepatic causes) or who are unable to adjust post- 
operative life styles or psychiatric patients are contraindication, 
{or bariatric surgery. 


Preoperative Preparations and Evaluation 

Complete cardiac, respiratory/renal/hepatic evaluation, 

# Lipid profile and blood glucose assessment, 

Obstructive sleep apnoea in obese patient should be assessed 
using polysomnography and be treated, 

# Risk assessment for DVT should be done. 

4 LEGERD symptoms are present gastroscopy should be done. 

4 USG abdomen to identify gallstones should be done; if gall- 
stones present itis of usual practice to do cholecystectomy 
along with bariatric procedure. 

Nutritional evaluation and. n advice for preoperative 
and postoperative diet management. 

4 Psychological screening is needed to all patients to counsel 
their postoperative care and diet 

# Separate theatre table is needed for morbid obese patient. 
Equipments should be long and flexible. In laparoscopic 
surgery, special ports and instruments are needed, 


DIFFERENT SURGERIES 


Vertical Banded Gastroplasty (VBG); 

Mason (1982) 

It is a purely restrictive type with creation of a calibrated 
stoma in the lesser curvature which is reinforced by an encir- 
cled mesh with a proximal gastric pouch. After laparotomy 
Ewald’s stomach tube is passed per orally to place against 
lesser curve. A 2.5 em circular window is created in the body 
of stomach near lesser curvature 8 cm below the angle of His. 
After this, four lines of linear vertical stapling are done from 
circular opening towards angle of His. This staple line ideally 
should be divided using another cutting linear stapler to reduce 
chances of dehiscence, This creates a 50 ml proximal gastric 
pouch. A 1.5 * 7 em polypropylene mesh is placed around the 
lesser curve through circular opening and sutured to create a 
5 em collar stoma, 


‘Stomach ready Circular window made in 
for VEG 


7X 1.5.am polypropyine mesh 


Vertical tne staples from 
stomach using ula stapler window towards angle of His. 


7X 15.m polypropyione 
mesh is wrapped around 
the window to create a 
natrow stoma 


‘Ideally mide of staple ne 
is divided using cutting 
linear stapler 


Fig, 1.214: Vertical banded gastroplasty (VBG). 


The fool is never satisfied while the wise man finds wealth in contentment 
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VBG causes only medium term weight loss; its efficacy 
is less compared to other procedures, Complications of VBG 
are—stricture at stoma (20%), vomiting (30%), reflux (20%), 
staple line dehiscence (40%), conversion into other procedures. 
Mortality is 0.3%. 

‘VBG is technically easier to do: it has got very less chances 
of long-term metabolic and nutritional deficiencies, 


Laparoscopic Adjustable Gastric Banding (LAGB) 


It is also a restrictive type (1992, Guy Bernard) to ereate a 
narrow stoma just below the OG junction. It is used in adoles- 
cents and elderly. It is contraindicated in hiatal and paraoe- 
sophageal hernias, It is done using laparascopy. 

Under general anaesthesia, with patient in reverse Tren- 
delenburg position six laparoscopic ports are placed. Using 
pars flaccida method, retrogastric tunnel is created: a silicone 
band is passed through the tunnel to encircle the cardia just 
below the OG junction; tal of the band is buckled and locked. 
Stoma diameter is determined by inserting a calibration 
tube. Stomach over the band is imbricated using interrupted 
sutures except the buckle area, Silicone tube end is brought 
‘out through the abdominal wall to connect 
used for band volume adjustment by in 
the saline. 

GGastrograffin study is done on Ist postoperative day to assess 
band position and lumen patency. Patient is advised to have 
liquid diet for one month, Band adjustment is done under fluoro 
scopic guidance in 2 months. Adjustment is done to achieve 
weight loss at a rate of 2 kg/week. Efficacy of LAGB is 55%. 

Complications of LAGB are—spleen/stomach injury; 
bleeding; band slippage (10%); band erosion (7.5%); tube 
related complications; vomiting; pouch dilatation; reflux 
Conversion rate is 3%; mortality is less than 0.5%, 


Jejunoileal Bypass 


It was the first malabsorptive procedure done for obesity. 
Now this technique is not done due to high incidences of 
complications 


i} 


Pars facisa meron 
used to create 
retrograde tunnel 


+ Silcone band wrapped 
‘around win bookie 


Proximal jejunum is divided and proximal cut end is anas- 
tomosed to distal ileum just proximal to ileocaecal valve to 
reduce the absorptive surface area of small bowel 

‘Complication rates were higher and so procedure is not 
practiced, Colon in these patients absorbs high level of oxalate 
causing nephrocalcinosis. Bypassed bowel promotes bacterial 
growth causing endotoxic induced liver injury, cirrhosis, liver 
failure, Complications like protein, vtamin K, vtamin B,2 defi- 
ciencies; gallstone formation; enteritis and diarrhoea; arthritis, 
osteoporosis are common. 


Roux-en-Y Gastric Bypass 


Itis commonly done combined procedure. It can be done by 
open or laparoscopic method. Proximal stomach is dissected 
between Ist and 2nd branches of left gastric branches. Vagii 
nerves and nerves of Latarjet are retained carefully. Stomach 
is transected at this proximal site to create a proximal gastric 
pouch (15 ml if BMI is > 50; 30 ml if BMI is 40-50). It 
is usually carried out through linear stapler. Jejunum is 
transected 45 cm from ligament of Treitz. A side to side 
{jejunojejunal anastomosis is done using stapler 75 em distal 
to the distal cut end, Proximal Roux part of the distal jejunal 
cut part (75-150 em, based on patient's preoperative weight) 
is brought out through the transverse mesocolon towards 
the created proximal gastric pouch and gastrojejunostomy 
is done to this proximal gastric pouch. Mesenteric defect is 
closed, Stomal integrity is checked on table by air distension 
and methylene blue infusion. Gastrograffin study is done 
in 24 hours to assess pouch size, stomal patency and distal 
obstruction. Oral food is started in 24 hours and patient is 
discharged in 4 days. 

RYGB is more useful in weight loss compared to purely 
restrictive types. 5 years Weight loss is 60-75%. It also prevents 
progression of noninsulin dependent diabetes mellitus, controls, 
hypertension, sleep apnoea, hyperlipidaemia, asthma, arthritis, 
GERD. 

Complications are—Roux obstruction, anastomotic leak, 
acute distal gastric dilatation, stomal stenosis, marginal ulcer, 
dumping syndrome, intemal hemias, vitamin B, deficiency, iron 


Gostric pouch 


Calibration tube 
should be brought out 
Through access port 


Fig. 1.215: Laparoscopic adjustable gastric banding (LAGB). 


bowel absorptive surface 


Proximal jejunum is anastomosed 
to distal ileum to bypass small 


Fig. 1.216: Jejunoileal bypass procedure (118). 


Creation of proximal 
gastric pouch 
of 15-30 mi 


45cm 


| 
f Staple transection of 


jejunum at 45 em 
from DJ junction 


Gy with 
Roux loop 


‘Ta mesocolon 


Jejunojejunostomy 


Fig. 1.217: Roux-en-Y gastric bypass pracedure (RYBG). 


deficiency anaemia. Distal gastric dilatation needs emergency 
intervention which is usually due to jejunojejunal obstruction. 


Laparoscopic RYGB (1994, Wittgrove, Clark, 
Trembly) 


‘Technique is similar to open RYGB. Anastomoses are done 
using endoscopic stapler. GJ between gastric pouch and Roux 
jejunum is done either using linear stapler through laparo- 
scopic port after making a gastrotomy in the pouch which is 
later sutured after staple firing; or using circular stapler anas- 
tomosis is done wherein anvil is initially passed transorally 
often under endoscopic guidance across the pouch into the 


Roux jejunum; or using hand sewing with absorbable sutures 
Omentum is released from the colon and is covered over the 
GJ. Mesenteric defect and Patterson Brown defect are closed. 
A Bronlin antiobstructive stitch is placed between Roux and 
biliopancreatic limbs. Integrity of anastomosis is checked using 
insufflation of air, methylene blue. Complications are similar to 
open RYBG. Conversion rate is 9%. Advantages of LRYBG to 
open RYBG are—faster recovery, less postoperative pain, less 
‘wound related complications, less morbid one. Disadvantage 
of LRYBG is availability of facility, technical expertise, and 
steep learning curve. 

Now technique is modified to antegastric, antecolic one 
‘which has become popular (Gagner). 


The lazy man is always occupied with his laziness. 


UONUIAN pue ayhj01}90/3 


109 


110 


SRB's Manual of Surgery 


Biliopancreatic Diversion (BPD) 
(Nicola Scopinaro, Italy) 


It is done in patients who had failed restrictive procedure or 
who are superabese, 

Distal subtotal gastrectomy is done with formation of 
proximal gastric pouch (of 400 ml in BMI 40-50; 200 ml in 
BMI > 50). Ileum is transected 250 cm proximal to ileocaecal 
valve; distal ileal segment is brought up to anastomose into the 
proximal gastric pouch, Proximal biliopancreatic jejunoileal 
limb is anastomosed into distal ileal segment 50 em proximal 
to ileocaecal valve as end to side stoma. Additionally cholecys- 
tectomy should be done. 

‘Modification of BPD with duodenal switch (BPD-DS) 
has become more popular. Here sleeve gastrectomy along the 
greater curvature is done to create gastric reservoir (200 ml) 
along lesser curve, Duodenum just distal to first part is divided 
using stapler; proximal cut end is sutured to proximal upward 
pulled end of the distal ileal segment of earlier transected ileum, 


Subtotal gastrectomy 
with proximal pouch 


Long bitopanereate 
tin " 200m 
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Fig, 1.218: Biliopancreatic diversion procedure (BPD). 
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Fig. 1.219: Bilopancreatic diversion with duodenal switch 
procedure (BPD-DS). 


250 em from ileocaccal valve. Biliopancreaticoduodenal with 
proximal jejunoileal segment is later stapled to distal ileum SO 
em proximal to ileocaccal valve. Duodenal switch reduces the 
rate of marginal ulcer and dumping syndrome. 

Results of BPD/BPD-DS are—excellent for Weight reduc~ 
tion compared to restrictive procedures. But they need lifelong 
supplement of vitamins, fat soluble vitamins, calcium, and iron. 
‘Technically BPD is easier to do when compared to BPD-DS. 

Complications of BPD/BPD-DS are—anemia (30%); 
protein deficiency (20%); dumping syndrome; marginal ulcer 
(in BPD 10%; in BPD-DS itis 1%); osteoporosis; night blind- 
ness; biliopancreatic limb obstruction; staple line leak; staple 
line bleed; DVT; subphrenic abscess. Vitamin By deficiency 
is specific. 


eal interposition with Sleeve Gastrectomy 


It is done mainly in type I diabetes. Often they are associ- 
ated with obesity, dyslipidaemia, hypertension, nephropathy 
and neuropathy. Two types of ileal interposition with sleeve 
gastrectomy are done, 

‘Type 1: Sleeve gastrectomy is done. 170 em of ileum with 
mesentery is isolated 30 cm from ileocaecal junction, Jejunum 
is transected 50 cm from duodenojejunal flexure. Isolated 170 
em ileal segment is interposed SO em distal to DJ junetion with 
end to end anastomosis on both ends. 

‘Type 2: After doing sleeve gastrectomy, gastroduodenal june- 
tion is transected; cut proximal end of duodenum is closed. 
170 cm ileal segment with mesentry is isolated and interposed. 
between cut end of stomach and side of jejunum 50 em distal 
to DJ flexure. 


Cholecystolithiasis After Bariatric Surgery 


Gallstone formation is common after bariatric surgery (50%). 
{tis due to rapid weight loss. If gallstones are present at the 
time of bariatric surgery it is essential to do laparoscopic 
cholecystectomy during bariatric procedure. It is controversial 
about doing prophylactic cholecystectomy during bariatric 
surgery even though it is practiced in many places. Advan- 
tages are—it prevents future gallstone formation at the time 
of bariatric surgery (loss of access); it prevents difficulties 
in approaching CBD in case needed endoscopically due to 
surgery. Disadvantage is cholecystectomy adds additional 
| hour time for bariatric surgery increasing the risk of imme- 
diate complications. Patients who are not having gallstones at 
the time of bariatric surgery, should receive ursodeoxycholic 
acid 300 mg twice daily for 6-12 months of post-bariatric 
surgery period. Often stomach is anchored to abdominal wall 
as access part to biliary system for future need. 


Note: 
Many of these patients after bariatric surgery require plastic surgery 
for abdominal contour (panniculectomy, abdominoplasty) after 
weight reduction due to bariatric surgery. 


G. Shock 


The first noteworthy characteristic of the blood in shock is a high capillary red count. 


When haemorrhage as a 


complicating factor tending to reduce the blood count is considered, these high counts are striking. They indicate 
that in shock a concentration of the blood occurs, at least in the superficial capillaries. 


—Walter Bradford Cannon, J Fraser, AN Hooper, 1918 


CHAPTER OUTLINE 


Shock 
Stages of Shock 

ww Effects of Shock 

v Clinical Features of Shock 
v™ Investigations in Shock 
Central Venous Pressure 


™ SHOCK 


Shock is a state of poor perfusion with impaired cellular 
metabolism manifesting with severe pathophysiological abnor- 
malities. It is due to circulatory collapse and tissue hypoxia. 
Normal aerobic metabolism is not maintained due to hypoper- 
fusion, Shock is meant by “inadequate perfusion’ to maintain 
normal organ function, 

At cellular level hypoxia causes change of normal aerobic 
to anaerobic metabolism causing lactic acidosis. Intracel- 
lular potassium is released into circulation. Lysosomes from 
cells get released into blood causing cell lysis. Hypoxia and 
acidosis through complements release free oxygen radicals and 
cytokines which damage capillary endothelium. Eventually 
cardiovascular, respiratory, renal, endocrine and GIT will be 
affected presenting as spstemic features 


1. Hypovolaemic shock—due to reduction in total blood 
volume. 
Itmay be due to 
a, Hoemorthage 
= External from wounds open fractures 
= Internal from injury to spleen liver;mesentery or pelvis 
Severe burns, which results in loss of plasma 
© Peritonitis intestinal obstruction 
d. Vomiting and diarrhoea of any cause 
2. Cardiac causes 
‘a, Acute myocardial infarction, acute carditis 
Acute pulmonary embolism wherein embolus blocks 
the pulmonary artery at bifurcation or one of the major 
branches 


® Pulmonary Capillary Wedge Pressure 
«Systemic Inflammatory Response Syndrome 
“Multiple Organ Dysfunction Syndrome 
Oxygen Therapy 

Topical O;-Therapy 

Cardiac Artest 


© Drug induced 

d. Toxaemia of any causes 

@. Cardiac surgical conditions like valvular diseases, 
congenital heart diseases 

. Catdiac compression causes 
i. Cardiac tamponade due to collection of blood, pus, 

fluidin the pericardial space which prevents he heart 

to expand leading to shock. 

‘Trauma to heart 

3. Septic shock—is due to bacterial infections which release 
toxins leading to shock 

4, Neurogenic shock—due to sudden anxious or painful 
stimuli causing severe splanchnic vessel vasodilatation. Here, 
patient either goes for cardiac arrest and dies or recovers fully 
‘spontaneously—spinal cord injury/anaesthesia can cause 
neurogenic shock 

5, Anaphylacticshock—is due toType 1 hypersensitivity eac- 
tion 


6. Respiratory causes 
a. Atelectasis (collapse) oflung 
b. Thoracicinjuries 
Tension pneumothorax 
. Anaesthetic complications 

7. Other causes 
a. Acute adrenal insufficiency (Adal 
b, Myxoedema 


n's disease) 


Shock may be hypovolaemic, cardiogenic, obstructive, 


distributive or of endocrine variety. 


Ideas have a short shelf life—that's why we must act before the expiry date. 
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412 | Pathophysiology of Shock 


Any cause of shock 
L 


Low cardiac output 


Vasoconstriction occurs as a compensation to perfuse vital 
cxgana lk bean, heart, sel, Kidnap, ier 
Because of vasoconstriction and tachycardia 
L 
Dynamic circulation increases 
L 
Tachypnoea oceurs to increase the oxygen saturation 
L 
Peripheral veins (capacitance vessels) constrict diverting 
blac romance system towards sen viel organs 
Decreased renal blood flow reduces the GFR and thereby the 
urine output 
L 
Renin angiotensin mechanism gets activated causing further 
vasoconstriction and aldosterone release 
1 
Causes salt and Water retention 
L 
ADH is released 
L 


Further concentration of urine occurs 


‘When shock persists cardiac output falls further 


Hypotension and tachycardia occurs leading to poor perfu- 
sion of coronaries 
L 
Hypovia—metabolie acidosis 
L 
Release of cardiac depressants 


L 
Cardiac (pump) failure 
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Hypoxia 
4 
Anaerobic metabolism 


t 


Lactic acidosis 


Potassium leaks out of the cell 
L 
Causes hyperkalaemia, hyponatraemia and hypocalcaemia 
L 
Intracellular lysosomes break down releasing powerful 
‘enzymes which destroy own cell 


l 
SICK CELL SYNDROME 


Platelets are activated forming small clots 
in many places 


Disseminated intravascular coagulation (DIC) (Consump- 
tion coagulopathy) 


Further bleeding, 


lm STAGES OF SHOCK 


Factors like infection, trauma, burns, 
haemorrhage, hypovolaemia 
4 


Hypoxia and its effects. 


SIRS (Systemic inflammatory response syndrome) is due to 
vasodilatation, increased endothelial permeability, thrombosis, 
leukocyte migration and activation. 

\ 


All these lead to altered cytokines level, abnormal NO (nitrie 
oxide) synthesis, abnormal arachidonic acid metabolism, 
neutrophil activation, free radical production, altered comple- 
ment activation, failure to have a localisation of inflammation, 
I is severe type of reversible shock. 

| 
‘Which will lead to established microvascular occlusion, cellular 
dysfunction, sick cell syndrome, DIC and PUMP failure 

4 
MODS (Multiorgan dysfunction syndrome) (Irreversible 
shock)—of lungs, kidneys, liver, clotting system and brain. 


Note: 

+ Distributive shock is one in which there is vasodilatation, 
decreased vascular resistance, hypotension, altered micro- 
vascular perfusion with arteriovenous shunting, altered cellular 
‘oxygen metabolism. It is seen in septic shack, spinal trauma, 
adrenal crisis and anaphylaxis. 

+ Obstructive shock occurs due to mechanical impediment of 
<irculation due to pulmonary embolism, tension pneumothorax 
‘ar cardiac tamponade. 


™@ EFFECTS OF SHOCK 


Heart: Low perfusion — low venous return + decreased 
cardiac output — hypotension — tachycardia. Persistent shock 
causes hypoxia and release of myocardial depressants leading 
to further cardiac damage. 


Lung: Interstitial oedema —> decreased gaseous exchange —+ 
pulmonary arteriovenous shunting > tachypnoea —> Adult/ 
Acute respiratory distress syndrome (ARDS) and pulmonary 
oedema, 


Metabolic: Shock leads to hypoxia, which activates anaerobic 
metabolism leading to lactic acidosis. Antidiuretic hormone 
(ADH) is released which increases the reabsorption of water 


from renal tubules. Other hormones released are ACTH, 
prostaglandins, histamine, bradykinin, and serotonin to 
‘compensate the effects of shock to increase the perfusion of 
Vital organs like heart, brain and lungs, 


Cellular changes occur in persistent shock due to release of 
lysosomal enzymes, which alters the cell membrane perme- 
ability causing cell death—sick cell syndrome. 

‘Sympathetic overactivity alters the microcirculation leading 
to capillary dysfunction, 

Brain perfusion, when decreases the patient becomes drowsy. 

Brain is the last organ to get underperfised in shock 


Kidneys: GFR decreases and tubular reabsorption of salt and 
water increases for compensatory response. But in severe cases 
tubular necrosis sets in leading into irreversible damage 


Blood: Alteration in cellular components including platelets 
leads to Disseminated intravascular coagulation (DIC). It 
causes bleeding from all organs 

Gastrointestinal tract: Mucosal ischaemia develops causing 
bleeding from GIT with haematemesis and malaena. It is 
aggravated by DIC. Hepatic ischaemia leads into increased 
enzyme levels, 


Types of Hypovolaemia 


a. Covert compensated hypovolaemia: When blood volume is 
reduced by 10-15% , there will not be significant change in 
heart rate, cardiac output and splanchnic blood compensates 
for the same, 

b. Overt compensated hypovolaemia: Here patient has cold 
periphery, tachycardia, a wide arterial pressure, tachypnoea, 
confusion, hyponatraemia, metabolic acidosis, but systolic 
pressure is well-maintained. 

. Decompensated hypovolaemia: Here all features of hypovol- 
acmia are present like hypotension, tachycardia, sweating, 
tachypnoea, oliguria, drowsiness, eventually features of 
SIRS is seen and often if not treated on time leads to MODS, 
i.e. imeversible shock. 


Types of Shock 
1. Vasovagal Shock 


It is sudden dilatation of peripheral and splanchnic vessels, 
causing reduced cardiac output and shock. Often it may be 
life-threatening due to hypoxia. 


2. Neurogenic Shock 
[tis usually dueto spinal cord injury, which causes dilatation 
of splanchni 
» This type can safely be treated with vasoconstrictor 
drugs to bring up the blood pressure. There will be 
bradycardia, hypotension, arthythmias, and decreased 
cardiac output, Blood pressure control, oxygen delivery, 
‘maintenance of haemodynamics, airway, fluid therapy, 


vessels, 


intravenous methylprednisolone therapy should be done. 
Dopamine and or phenylephrine («agonist) can be used. 


3. Hypovolaemic Shock—Most Common Type 


> Haemorrhage, may be due to injury to the liver, spleen, 
bone fractures, haemothorax, vascular injury, severe 
bleeding on table during surgeries of thyroid, liver, portal 
vein or major vessels. 

» Vomiting, diarrhoea due to any cause. 

» Bums 


4, Cardiogenic Shock 


Cantiogenic shock is defined as circulatory failure causing 
diminished forward flow leading into tissue hypoxia in 
the setting of adequate intravascular volume with systolic 
blood pressure < 90 mmHg for 30 minutes; cardiac index 
<2,2 Liminute / sq meter; raised PCWP (pulmonary capil- 
lary wedge pressure) > 15 mmHg. It is commonly seen 
in acute MI with a mortality > 50%. Cardiogenic shock 
develops within 24 hours of ML. it occurs when 50% of 
left ventricular wall is damaged by infarction, It leads to 
pulmonary oedema and severe hypoxia. Ischemic necrosis 
of left ventricular wall causes failure of pump thereby 
decreasing stroke volume. 

Diagnosis is established by ECG, echocardiography, arterial 
blood gas analysis, cardiac enzymes, PCWP and electrolyte 
estimation (hypokalaemia and hypomagnesaemia are common) 
are the essential investigations 


Management 


¢ Proper oxygenation with intubation, ventilator support, 
cardioversion, pacing, antiarthythmic drugs, correction of 
electrolytes, avoiding fluid overload, prevention of pulmo- 
nary oedema as immediate measures, 

# Dobutamine (p11 receptor agonist) is used to raise cardiac 
output provided there is adequate preload and intravas- 
cular volume (itis peripheral vasodilator and reduces BP), 
Dopamine is preferred in patients with hypotension. But it 
may increase peripheral resistance and heart rate worsening 
cardiac ischaemia. Often both dopamine and dobutamine 
combination may be required. 

Careful judicial use of epinephrine, norepinephrine, phos- 
phodiestera 
needed. Anticoagulants and aspirin are given, Throm- 
bolytics can be used. fi blockers, nitrates (nitroglycerine 
causes coronary arterial dilatation), ACE inhibitors are 
also used. 

# Intra-aortic balloon pump (IABP) may need to be introduced 
transfemorally as a mechanical circulatory support to raise 
cardiac output and coronary blood flow. 

¢ Relief of pain, preserving of remaining myocardium and its 
function, maintaining adequate preload, oxygenation, mini- 
mizing sympathetic stimulation, correction of electroly 
should be the priorities 


inhibitors (amrinone, milrinone) are often 


Tears shed for self are tears of weakness, but tears shed for others is a sign of strength. 
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[0021] Although the invention has been described with 
reference to specific embodiments, such as a particular 
antenna system, those skilled jn the art will appreciate that 
‘many modifications and variations are possible without 
‘departing from the teachings of the invention. All such 
modifications and variations are intended to be encompassed 
‘within the scope of the following claims. 

1. A spacecraft comprised of the following components: 

(@). triangular hull in the form of an equilateral triangle; 

(b) two copper plates attached on opposite vertical sides 
‘at each ofthe three comers of the hull (1a) such that a 
sharp vertical edge is formed where they come 
together; 

() an electrostatic generator used to charge the back two 
‘copper-cladkied comers (1b) toa high positive voltage, 
and the third forward copper-cladded corner to a high 
negative voltage; 


Jul. 6, 2006 


(@) ahorizontal slot antenna array mounted-on the sides of 
the bull; and 


(6) a frequency generator, antenna and coaxial cables 10 
drive the antenna array (Id) 

2. To create, by claims (1a, 16, 1c), an intense vertical line 
change atthe comers (16) and a horizontal electric field that 
that is parallel to the sides of the hull (La); 

3. To create, by claims (Ide), an electromagnetic wave 
with a vertically polarized electric field traveling outward 
from the side of the hull (1a); and 

4. To create, by claims (2,3), an interaction of the elec 
‘rostati field (2) with the electromagnetic wave (3) such that 
a combined spacetime curvature pressure is generated on the 
hull in the upward and forward direction to produce lift and. 
propulsion respectively, 
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4 Percutaneous transluminal coronary angioplasty (PTCA) and 
coronary artery bypass graft (CABG) are the final choices. 


5. Cardiac Compression Shock 


¢ Itis probably due to pericardial tamponade of any cause 
or kinking of great vessels, massive pulmonary embolism, 
tension pneumothorax, air embolism causes obstructiv 
shock with reduced preload to heart 

Acute massive pulmonary embolism from a thrombus or 
aan ait embolism (50 ml of air), obstructing more than 50% 
of pulmonary vasculature leads to severe shock and sudden 
death. 

¢ Tachycardia, hypotension, pulmonary oedema, raised IVP, 
gallop rhythm are the features, 


6. Septic Shock 


Septic shock may be due to gram-positive organism: 
negative organisms, fungi, viruses or protozoal origin. 
Gram-negative septicacmia/ gram-negative septic shock 

is called as endotoric shock. It occurs due to gram-negativ 
bacterial infections, commonly seen in strangulated intestines, 
peritonitis, gastrointestinal fistulas, biliary and urinary infec 
tions, pancreatitis, major surgical wounds, diabetic wounds, 
and crush injuries, 


Gram-positive septic Gram-negative septic 
shock shock 
*+ Due to exotoxin by gram Gram negative bacteria cause 
+ve bacteraemia lke tendotoxaemia and its effects 
Clostridium tetanifwelchil, —Urinarylgastrointestinall 
staphylococei, streptococci blary and respiratory foc! are 
pneumococci common 


* Fluid loss, hypotension 
is common; with normal 
cardiac output 


Pathophysiology of septic shock 


Toxinsendotoxins from organisms like E. Coli, Klebsiella, 
Pseudomonas, and Proteus 
L 
Inflammation, cellular activation of macrophages, neutro- 
phils, monocytes 
L 
Release of cytokines, free radicals 
L 
Chemotaxis of cells, endothelial injury, altered coagulation 
cascade—SIRS 
L 
Reversible hyperdynamic warm stage of septic shock with 
lever, tachycardia, tachypnoea 
L 
Severe circulatory failure with MODS (failure of lungs, 
kidneys, liver, heart) with DIC 
L 


Hypodynamic, irreversible cold stage of septic shock, 


Septic shock is typically a vasodilatory shock wherein 
there is peripheral vasodilatation causing hypotension which 
is resistant to vasopressors. This is due to toxin induced release 
of isoform of nitric oxide synthetase from the vessel wall 
which causes sustained prolonged release of high levels of 
nitric oxide, Magnitude of infection is quantified as (1) Sepsis 
which shows fever, tachycardia, leukocytosis. (2) Severe sepsis 
which shows low tissue perfusion with organ dysfunction 
(lactic acidosis, dysfunction of liver, kidney, lungs). (3) Septic 
shock with systemic hypotension (BP < 90 mm Hg in spite 
adequate fluid therapy), severe organ dysfunction (acute lung, 
kidney, liver injury), maldistribution of blood flow, shunting 
in microcirculation. 


Stages of septic shock 

a. Hyperdynamic (warm) shock: This stage is reversible stage. 
Patient is still having inflammatory response and so presents 
with fever, tachycardia, and tachypnoea. Pyrogenic response 
is still intact, Patient should be treated properly at this stage 
Based on blood culture, urine culture (depending on the 
: 
cephalosporins, aminoglycosides, metronidazole are started. 
‘The underlying cause is treated like draining the pus, lapa- 
rotomy for peritonitis, etc. Ventilatory support with ICU 
monitoring may prevent the patient going for the next cold 
stage of sepsis: 

b. Hypodynamic hypovolaemic septic shock (cold septic 
shock): Here pyrogenic response is lost, Patient is in decom- 
pensated shock. It is an irreversible stage along with MODS 
(Multi-ongan dysfunction syndrome) with anuria, respiratory 
failure (cyanosis), jaundice (liver failure), cardiac depres- 
sion, pulmonary oedema, hypoxia, drowsiness, eventually 
coma and death occurs (Irreversible stage). 


us of infection), higher antibiotics like third generation 


‘Treatment of septic shock 

* Correction of fluid and electrolyte by crystalloids, blood 
transfusion, Perfiesion is very/most important. 

# Appropriate antibiotics—third generation cephalosporins! 
aminoglycosides. 

# Treat the cause or focus—drainage of an abscess; lapa- 
rotomy for peritonitis; resection of gangrenous bowel; 
wound excision 

# Pus/urine/discharge/bile/blood culture and sensitivity for 
antibiotics, 


+ Critical care, oxygen, ventilator support, dobutamine/ 
dopamine/noradrenaline to maintain blood pressure and 
urine output. 

# Activated C protein prevents the release of inflammatory 
mediators and blocks the effects of these mediators on 
cellular function, 

# Monitoring the patient by pulse oximetry, cardiac status, 
urine output, arterial blood gas analysis 

# Short-term (one or two doses) high dose steroid therapy 
to control and protect cells from effects of endotoxaemia 
It improves cardiac, renal and lung functions. Single dose 


‘of methylprednisolone or dexamethasone which often may 
be repeated again after 4 hours is said to be ef 
endotoxic shock. 


‘& Common causes are biliary, urinary, GIT sepsis (peritonitis, 
strangulation) respiratory (pneumonia) 

& Common bacteria are Ecol Klebsiella, Pseudomonas 

‘Common pathophysiologiesare release oftoxins,neutrophil 

activation, cytokine release, and sick cell syndrome, SIRS, 

‘mops 

Clinical stages are hyperdynamic amd hypodynamic 

Find out the source of the infection by U/S, CT scan 

Do pus/blood/urine culture 

Start antibiotics of high generations like ceftazidime, 

amikacin, cefoperazone 

‘& Dopamine/dobutamine infusion (slow) 

Monitoring by pulse, BP, respiration, urine output, level of 
consciousness 

Ventilator support, ICU management 

Treat the causes lke peritonitis, abscess 


* 


7. Anaphylactic Shock 


Injections—penicillins, anaesthetics, stings, venom, shellfish 
‘may be having antigens which will combine with IgE of mast 
cells and basophils, releasing histamine and large amount of 
SRS-A (Slow releasing substance of anaphylaxis). They cause 
bronchospasm, laryngeal oedema, respiratory distress, hypoten- 
sion and shock, Mortality is 10%. 

Rashes all over the body are commonly observed. 


yaoys 


Sudden onset 
Distributive shock 

Bronchospasm laryngeal oedema 

Generalised rashes and oedema 

Hypotension feeble pulse 

Mortality 10% 

To start adrenaline 100 ug IV, steroids, V fluids, oxygen with 
foot end elevation 

Ventiiatorin severe cases 

Cardiac massage, defibilation 
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@ CLINICAL FEATURES OF SHOCK 


+ In early stage—tachycardia, sweating, cold periphery, 
hypotension, restlessness, air hunger, tachypnoea, oliguria, 
collapsed veins 

# In late stage—cyanosis, anuria, jaundice, drowsiness. 


Clinically shock may be: 
Compensated with mild tachycardia, normal blood pressure, 
urine output, normal respiration and mild lactic acidosis. 
# Mild shock with mild lactic acidosis, tachycardia, tachyp- 
noea and anxiousness, 

Moderate shock with significant lactic acidosis, decreased 
urine, tachycardia, tachypnoea, drowsiness, and mild hypo- 
tension, 


# Severe shock with severe lactic acidosis, anuria, tachypnoea 
with gasping, severe tachycardia, profound hypotension and 
unconsciousness, 

Shock index is ratio of pulse rate to blood pressure. Normal 
is <1. In shock, it reverses. 


ll INVESTIGATIONS IN SHOCK 


4 Regular monitoring of BP, pulse. 

# Heart rate, But in young patients and patients on beta 
blockers, tachycardia may be masked 

# Respiratory rate, 

# CVP line (Central venous pressure). 

# PCWP (Pulmonary capillary wedge pressure). 

# Pus, urine, blood culture in case of septic shock. 

 U/S, CT, X-ray depending on location of pathology or 

septic focus. 

Measurement of urine output 

Arterial PO, and PCO) analysis 

Electrolyte estimation. 

Blood CBC, pH assessment, pulse oximetry. Serum lactate 

estimation is an important prognostic indicator. Level on 

admission, high level reach, and level becoming normal 

should be assessed. 


Treatment 


 Totreat the cause 
4 Toimprove cardiac function 
4 Toimprove tissue perfusion 


+ Firststabilize the patient with initial resuscitation 
'& Next evaluate the patient for cause and severity 
+ Lastly treat the specific cause to achieve cure 


‘Treat the cause, e.g. arrest haemorrhage, drain pus. 

Fluid replacement: Plasma, normal saline, dextrose, 
Ringer’s lactate, plasma expander (haemaccel) (maximum 
1 litre can be given in 24 hours) 

Initially erystalloids then colloids are given. Blood trans- 
fusion is done whenever required. 

Fluid therapy is ideally done with crystalloids like normal 
saline, Ringer's lactate, Hartmann’s solution, Blood loss 
should be corrected by blood transfusion only. Crystalloids 
and colloids do not have O2 carrying capacity. Hypotonic 
solutions like dextrose are poor Volume expanders and so 
should not be used in shock. Dynamic fluid response is 
studied by infusing 500 ml of fuid rapidly in 10 minutes. 

Responders show improvement; transient responders show 
improvement temporarily but revert back to original status 
probably duc to still existing fluid/blood loss or still existing 


Excuses are the nails used to build a house of failure. 
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fluid shift from intravascular space; nonresponders will not 
respond as fluid loss is severe and persistently ongoing. 

¢ Inotropic agents: Dopamine, dobutamine, adrenaline infu- 
sions—mainly in distributive shock like septic shock. 


‘> Dopamine improves renal and splanchnic blood 
‘© Dobutamine improves the cardiac output 
% Adrenaline/Levarterenol Vin anaphylaxis 
+ Amrinone and milrinone are newer inotropic drugs 


Fig. 1.220: Trendelenburg position—head down position, used in 
patient in shock. 


Correction of acid-base balance. Acidosis is corrected by 
using 8.4% sodium bicarbonate intravenously. 

# Steroid is often life-saving. 500-1000 mg of hydrocortisone 
can be given. It improves the perfusion, reduces the capillary 
leakage and systemic inflammatory effects. 

Antibiotics in patients with sepsis; proper control of blood 
sugar and ketosis in diabetic patients. 

4 Catheterisation to measure urine output (30-50 ml/hour oF 
>0.5 mlkg/hour should be maintained). 

4 Nasal oxygen to improve oxygenation or ventilator support 
with intensive care unit monitoring has to be done, 

© CVPline to perfuse adequately and to monitor fluid balance. 
‘TPN is given when required, 

# PCWP to monitor very critical patient. 

 Haemodialysis may be necessary when kidneys are not 

functioning 

Control pain-using morphine (4 mg IV). 

‘Ventilator and ICU/critical care management 

Injection ranitidine 1V or omeprazole IV or pantoprazole IV. 

Activated C protein even though costly is beneficial as it 

prevents the release and action of inflammatory response. 

MAST (military antishock trouser): Provides circumferential 

external pressure of 40 mmHg. It is wrapped around lower 

limbs and abdomen, and inflated with required pressure. It 
redistributes the existing blood and fluid towards centre. It 
should be deflated carefully and gradually. 


soee 
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Remember 


4 Response to dynamic fluid therapy can be checked in patient 
in shock by perfusing 500 ml of fluid rapidly in 10 minutes 
and patient is checked as nonresponder/transient only initial 
responder or proper responder. 


# Vasopressor like dobutamine is used only in distributive 
shock like due to sepsis (not in hypovolaemic, haemorrhagic 
shock where there is low preload), 

# Intubation and ventilator may be needed in shock. 

# The patient is monitored with ECG, pulse oximetry, blood 
pressure/invasive blood pressure, CVP/ PCWP, urine output, 
pupillary reaction (dilated or not), serum electrolytes, arterial 
PO, and PCO; analysis 


ll CENTRAL VENOUS PRESSURE (CVP) 


It is a method to measure the right atrial pressure by placing 
a venous catheter (20 cm) into the SVC (superior vena cava). 
Commonly for CVP monitoring, a venous catheter is passed 
through intemal jugular vein or infraclavicular subclavian vein 
to the SVC (used for TPN purpose). Occasionally a long cath- 
eter (60 em) can be passed through basilic vein (not commonly 
done). Under radiological guidance, initially a needle is passed 3 
em above the medial end of the clavicle, in the hollow between 
the two heads of sternomastoid muscles, directing towards the 
suprasternal notch into the right internal jugular vein. Then 
through a guide wire, a venous catheter is passed into the SVC 
through right internal jugular vein, which can also be confirmed 
by changes in flow during inspiration and expiration. 

Catheter is connected to saline manometer, taking manubri- 
sternal angle (angle of Louis) as zero point. 


Normal value is 2-10 em of: 
If less than 2 em, more fluid is infused. 
Ifmore than 10 cm, fluid infusion should be restricted. 


sve 


Fig. 1.221: CVP cannula. Note the location of tip of CVP line in the 
SVC (ar can be in the right atrium). 


 Pneumothorax 
 Haemothorax 

‘ Injury to brachial plexus and vessels. 
@ Bleeding 

© Sepsis 

® Catheter displacement 


ll PULMONARY CAPILLARY WEDGE 
PRESSURE (PCWP) 


It is a better indicator of circulating blood volume and left 

ventricular function, 
Catheter used is Swan Gar 

balloon cathe 


triple channel pulmonary artery 


Fig. 1.222: CVP line for monitoring and perfusing the patient in shock. 


Differentiate right and left ventricular 
‘embolus, septic shock 

% To measure and monitor cardiac output during the use of 
inotropic agents vasodilators and fluid therapy. 


lure, pulmonary 


Procedure 


Under strict aseptic precaution, using cannula and guide wire, 
catheter is passed through internal jugular vein, into the right 
atrium, Balloon is inflated by 1.5 ml of air and then negoti- 
ated into pulmonary artery, until it reaches a small branch and 
wedges it. Pressure at this point is called as pulmonary capil- 
lary wedge pressure. 

PCWP normally is 8-12 mmHg, considering mid axillary 
point as zero reference point. 

After that, balloon is deflated to get pulmonary artery 
is normally 25 mmig systolic and 10 mmHg 


PCWP catheter can be kept in situ only for 72 hours. 


Arrhytmias 
Pulmonary artery rupture 
Balloon rupture 

Pulmonary infarction 
Pneumothorax. 
Haemothorax 

Bleeding, sepsis thrombosis 


ee eeeee 


lm SYSTEMIC INFLAMMATORY RESPONSE 
SYNDROME (SIRS) 


4 SIRSis systemic manifestations of inflammation due to variety 
of causes like infection, pancreatitis, polytrauma, burns, trans- 


fusion reaction, and malignancy. So itis often categorised as 
infectious cause SIRS or noninfectious cause SIRS. It causes 
cithet hyperthermia (>38°C) or hypothermia (<36°C); tachy- 
cardia (pulse > 90/minute); tachypnoea (> 20/minute); total 
white cell count > 12,000/cu mm, or count < 4000/cumm, 


Fig. 1.223: Pulmonary capillary wedge pressure. Note the wedged 
balloon in the tip of the venous catheter in the pulmonary arteriole, 


¢ Itis final common pathway in shock due to any cause 
(trauma, sepsis, endotoxaemia, burns) where there is failure 
of inflammatory localisation with vasodilatation, increased 
endothelial permeability with damage, thrombosis, leuco- 
cyte migration and activation. 

¢ Itis associated with release of free radicals, abnormal arachi- 
donic acid release, cytokine release, neutrophil sequestra- 
tion, abnormal NO synthesis, complement activation, DIC. 

¢ Iisa part of severely decompensated reversible shack 
which eventually leads to MODS (Multiorgan dysfunction 
syndrome), a state of irreversible shock wherein patient is 
anuric, drowsy, cold and terminally ill, 

# SIRS carries poor prognosis. 
Distributive shock is sudden change in vascular capacity 

leading to shock like in anaphylaxis and adrenal crisis. 


ll MULTIPLE ORGAN DYSFUNCTION 
SYNDROME (MODS) 


¢ [tis progressively becoming irreversible injury of all tissues 
like kidney, lungs, liver, GIT. Lungs and liver are commonly 
involved (70%). Next organs to be involved are kidney and 
GIT, Order of involvement of organs in MODS is—lungs 
— right ventricular failure + liver + kidney. But mortality 
is higher if kidney and lungs are involved. 

{occurs in critically ill patient after severe trauma, bums, 
acute pancreatitis, bleeding and sepsis. 

¢ Itismore common in elderly, diabetic, smokers, alcoholics, 
citthosis, malnutrition, patients under steroids and eytotoxic 
drugs, and uraemia, 


Hope puts a smile on our face when the heart cannot manage. 
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# Multiple features related to multiple organ dysfunctions 
are typical. Oliguria, jaundice, hypotension, drowsiness, 
respiratory distress are common, 

# Platelet microaggregation, acute pulmonary hypertension, 
ARDS, DIC, circulatory failure with reduced total oxygen 
utilization in spite of adequate oxygen supply, impaired 
defense mechanism are the pathogenetic features. 

¢ Respiratory, renal, hepatic, circulatory, coagulative and 
cardiac failure occurs as an end stage MODS. 

# Primary MODS is due to a well defined cause like pulmo- 
nary contusion, rhabdomyolysis, multiple transfusions 

¢ Secondary MODS oceurs as result of host response in 
SIRS. 

Management of MODS is critical care in ICU with vent 
lator support, haemodialysis, transfusions, antibiotics, 
proper nutrition in the form of TPN or enteral. MODS 
stage has got high mortality. 


ll OXYGEN THERAPY 


Indications 

1. Chest injuries, any severe haemorrhage. 

2. Gas gangrene with toxic haemolysis 

3, Coal gas poisoning, 

4, Over morphinisation, 

5. Pulmonary embolism and fat embolism, 

6, Spontaneous pneumothorax, pulmonary oedema, cardiac 


infarction, pneumonia, cor pulmonale. 
7. Cardiogenic shock and acute bronchitis 

27% oxygen is delivered through ventimask (disposable 
polythene mask) at a rate of 4-6 litres per minute, Oxygen is 
also given along with positive pressure ventilation. 


HYPERBARIC OXYGEN 


It is administration of oxygen 1 or 2 atmospheres above the 


atmospheric pressure in a compression chamber. It increases the 


arterial oxygen saturation so that oxygen perfusion of tissue: 
will be increased. 


Indications 


Carbon monoxide poisoning, 
‘Tetanus, gas gangrene infections. 

Bedsores , necrotising fasciitis 

Drenching in paralytic ileus to reduce the nitrogen gas in 
distended bowel. 


Asa radiosensitizer in the treatment of cancer, 


frostbite 


Complications 


# Cerebral gas embolism, 
# Rupture of tympanic membrane. 
Visual defies, 

4 0; toxicity. 

# CO, narcosis. 

Respiratory depression 


Contraindication 


# Asthma/emphysema, 
# High 
# Chronic sinusitis, 
# Viral infection. 
# Pregnancy. 


ver. 


ll TOPICAL 0,-THERAPY 


HzO» to release nascent oxygen in ulcers and abscess, 


ll CARDIAC ARREST 


It is the cessation of the heart. Heart stops contracting 


‘Causes: All causes for shock. 


Differences between CVP and PCWP 


cvp 
Technically easier 

Normal pressure is 2-10 cm of saline 
Gives gross idea about fluid balance 
Left ventricular function is not assessed, 


Not used to differentiate between right and left 
ventricular function 


Can be kept in situ as long as desired 
Catheter tip is in SVC 

Plain tip catheter 

Can be used for TPN, fluid infusion, etc. 
10. Complications are easy to tackle 

41, Not as sensitive and specific as PCWP. 


oP ep oe 
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PCWP 
Requires skilled experts 

8412 mmHg 

Better and specific 

Left ventricular function is very Well-assessed 
Very well-siferentiated 


seeps 


Cannot be kept in situ for more than 72 hours 
Catheter tip is in pulmonary capillary with wedging 
4.5 ml air filed balloon tip 

Can not be used for TPN, or fluid infusion 

10. Often difficult to tackle 

‘11. Sensitive and specific 


Features of cardiacarrest 
 Nopalpable pulse 

‘& Heart sounds not heard 

Cessation of respiration—cyanosis occurs, 

'@ Development of unconsciousness 

+ Pupilsstart dilating 


Critical Period 


Once heart and lungs stop, brain death occurs in 3 minutes. 


& Airway 
% Breathing 

Cardiac compression 

@ Drugs and Defibrillator 

‘@ ECG,Endotracheal tube and Monitor 


a. External cardiac compression (massage): Patient is 
laid flat on a hard surface (never on soft surface). Manual 
compression is exerted over the lower sternum using both 
hands one over other without bending the elbow at a rate 
of 60 to 70 per minute. Rib cage damage during procedure 
can be very well ignored (Heel of right hand is placed over 
the sternum & cm above xiphoid process and left hand is 
placed over it). 

b. Another person at the same time should give mouth to mouth 

breathing ata rate of 20 to 30 per minute after clearing the 

airway by removing froth and dentures. A bag with mask 
can be used to ventilate using air or oxygen 

Endotracheal intubation and ventilator support. 

Injection of 1:10,000 adrenaline and 10% calcium chloride 

intravenously. 

Sodium bicarbonate 8.4% injection, hydrocortisone injec~ 

tion, 

Defibrillator, if there is ventricular fibrillation. 

Analysis of blood gas (PCO, and PO} 

lytes assessment at reps 

h, Urinary catheterization, Ryle's tube insertion. 

i, Monitoring the patient with BP, pulse, respiration, and 
temperature chart, 


@ Groin pulse 
‘@ Respiration and breath sounds 
Blood pressure 

 Pupillary reaction 

© ECG activity 


e 


and serum electro 


® 


ed intervals 


‘i 


Fig. 1.224: Technique of external cardiac massage. 
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Fig. 1.225: Technique of mouth-to-mouth respiration. Note patient's 
nose should be held closed with right hand of the dactor/assistant 
and with left hand lower jaw should be pushed forward, 

Once p 
managed properly 


nt recovers, the eause 


ind sequelae has to be 


4 Cerebral oedema and permanent brain damage 
4 ARDS (Adult respiratory distress syndrome) 
Renal failure 


Internal Open Cardiac Massage 


‘This method is used when cardiac arrest occurs in the operation 
theatre during surgery, acute tamponade, and acute bilateral 
pneumothorax, 


Today's preparations determine tomorrow's achievement. 


120 Left side thorax is opened through a lengthy incision along the patient. Activate the defibrillator. Resume ventilation and 
4th or Sth intercostal space. Initially heart with intact pericar- ECG monitor immediately. After that, monitor continuously, 
dium is rhythmically compressed and relaxed using left hand correct the acidosis, eatheterise and observe urine output 
against sternum, Mean while costal cartilages above and below Arrange for ICU care. 

ut with a knife to have a better exposure. Pericardium is 

‘opened in front of the phrenic nerve. Direct cardiac massage 

is undertaken until heart regains its function and later shifted 

to ventilatory support and critical care. 


4th space incision 


Fig. 1.226: Left thoracotomy for open internal cardiac massage. 


Defibrillation Technique (Cardioversion) 


Apply gelly to the site of electrodes. One electrode at the base 
‘of heart to the right of the sternum other over the estimated area 
of the apex of the heart. Ensure that nobody is in contact with Fig. 1.227: Defibrillator used in case of cardiac arrest. 
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H. Haemorrhage and Blood Transfusion 


There are canals (or vessels) in it (the heart) to (every) member. Now if the priests of Sekhmet or any physician 
put his hands (or) his fingers (upon the head, upon the back of the) head, upon the two hands, upon the pulse, 
upon the two feet, (he) measures the heart, because its vessels are in the back of the head and in the pulse; and 
because its (pulsation is in) every vessel of every member. 


—(Anonymous), Circa 2500 BC 
CHAPTER OUTLINE 
w Haemorrhage Artificial Blood 
w Blood Transfusion «Erythropoietin 
= Blood Substitutes  Tourniquets 
Massive Blood Transfusion Disseminated Intravascular Coagulation 
\ Autologous Blood Transfusion «Mechanism of Blood Coagulation 
lm HAEMORRHAGE 3. Secondary: It usually occurs in 14 days after surgery: 
Classification Factors ‘Common causes 
1, Hse i is sours oF blending Infection Erosion of carotid artery by cancer 
: (secondaries in the neck) 
a. Arterial is bright red in colour, spurting like jet along 
With pulse of the patient erasers, ESerortiodacany 
b, Venous is dark red, steady and continuous flow. Blood @iP oF Bone 
Malignancy Inguinal block dissection 


loss may be severe and rapid when bleeding is from 
moral vein, jugular vein, othet major veins, varicose 
veins, portal vein, oesophageal varices. IL, Based on the type of haemorrhage: 
Pulmonary art 


blood is dark red in colour and 


pulmonary venous blood is bright red in colour. Revealed Concealed Tnitially 
©. Capillary: Here bleeding is upid and bright red, is |aemorrhage haemorrhage concealed but 
often torrential due to continuous ooze. ustonreveniod) 
IL, Based on the time of onset of bleeding in relation to any __Itis visible Itconstitutes Haematuria 
operative procedure: extemal internal haemorthage | Haematemesis 
1 : Occurs at the time of injury or operation. haemorhage Liver injury heise 
2. Reactionary: Itoccurs within 24 hours after surgery or SISNET 
after injury (commonly in 4-6 hours). ST EREIS GE 
Precipitating factors ‘Common causes + Ruptured ectopic 
Coughing Thyroid surgery Gale 
Vorniting Cholecystectomy Reaatnse 
Straining Mejor abdominal surgeries TT easretheree 
Rise of blood pressure Gircumcision 
Resllessness Hydrocele surgery IV. Based on the duration of haemorrhage: 
Venous refilling during Tonsillectomy 1. Acute haemorrhage: Ibis sudden, severe haemorrhage 
recovery from anaesthesia after trauma, surgery. 


2. Chronic haemorrhage: \tis chronic repeated bleeding 
fora long period like in haemorrhoids, bleeding peptic 
ulcer, carcinoma caecum, etc. They present with chronic 


Slipping of ligature 
Clot distodgement 


No problem is too large for God's intervention and no person is too small for God's attention 
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‘anaemia with hyperdynamic cardiac failure, They are 
in a state of chronic hypoxia. It is corrected by packed 
cell transfusion not by whole blood itself. Cause has to 
be treated accordingly. 

3. Acute on chronic haemorrage: \t is more dangerous 
as the bleeding occurs in individuals who are already 
hypoxic, which may get worsened faster 

V. Based on the possible intervention: 

1. Surgical haemorrhage—can be corrected by surgical 
intervention. 

2. Nonsurgical haemorrhage—is diffuse ooze due to 
coagulation abnormalities and DIC. 


Pathophysiology of Haemorrhage 


Bleeding 

L 

Hypovolaemia 
L 
Low cardiac output 

L 

‘Tachycardia and shunting of blood from splanchnic vessels 
by venoconstriction so as to maintain perfusion of vital 
organs like brain, heart, lungs, kidneys 


Hypoxia 
4 


Activation of eardiae depressants 
L 
Anaerobic metabolism and altered cell membrane 
function causing influx of more sodium and calcium. 
le the cell and potassium comes out of the cell 
L 
Hyponatraemic, hyperkalaemic, hypocaleaemic metabolic 
acidosis 
L 
Lysosomes of cell get lysed releasing powerful enzymes 
which is lethal to cell itself 
L 
‘SICK CELL SYNDROME 


Platelets and coagulants are activated leading to formation of | 
small clots DIC and further bleeding 
L 

Progressive haemodilution leading to total eireulatory 

failure. 

Initially there is compensatory hypovolaemic shock and 
later there is decompensatory hypovolaemic shock which will 
lead to MODS and death 

DIC, acidosis and hypothermia are the major factors in 
worsening the situation in haemorrhage 


Clinical Features of Haemorrhage 


Pallor, thirsty, eyanosis, 
‘Tachycardia, tachypnoea, 

Ai hunger, 

Cold clammy skin due to vasoconstriction, 

Dry face, dry mouth and goose skin appearance (due to 
contraction of arrector pilorum), 

# Rapid thready pulse, hypotension, 

 Oliguria 

4 Features related to specific causes. 


Pulse > 100/minute 

Systolic BP< 100 mmHg 

+ Diastolic BP drop on sitting or standing > 10 mmHg 

 Pallor/ sweating 

+ ‘Shockindex (rato of pulse rate to blood pressure) > 1 (cardiac 
index) 


eeeee 


Measurement of Blood Loss 


# Clot size of a clenched fist is 500 ml 

# Blood loss in a closed tibial fracture is 500-1500 ml; in a 
fracture femur is 500-2000 ml 

# Weighing the swab before and after use is an important 
‘method of on-table assessment of blood loss. 


Fig. 1.228: Mops used during major surgery should be kept in a 
rack so that quantity of bleeding during surgery can be assessed 
approximately. 


Classification of haemorrhagic shock (circulatory failure) l 


Blood loss 
1 Up to 15% (< 750 mi) 
Blood loss 15-30% (750-1500 mi) 
IN| Blood loss 30-40% (1500-2000 mi) 
IV Blood loss > 40% (> 2000 mi) 


Features 
Normal 

Palor, thirsty, tachycardia 

Hypotension, tachycardia, oliguria, confusion 

Rapid pulse, low BP, anuria, unconsciousness, MODS 


Rains Factor 


‘Total difference in swab weight x 1.5, 
Totalamount | = or 
of blood loss | Total difference in swab weight x 2 

(For larger wounds and larger operations) 


¢ Hb% and PCV estimation. 

Blood volume estimation using radioiodine technique or 
micro-haematocrit method, 

Measurement of CVP or PCWP. 

4 Investigations specific for cause: U/S abdomen, Doppler 
and ofien angiogram in vascular injury, chest X-ray in 
haemothorax, CT scan in major injuries, CT scan head in 
head injuries. 


‘Acute renal shut down 
Liver cell dysfunction 

Cardiac depression 

Hypoxic effect 

‘Metabolic acidosis 

GIT mucosal ischaemia 

Sepsis 

Interstitial oedema, AV shunting in lung—ARDS 
‘& Hypovolaemic shock—MODS 
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Treatment 


Restoration of blood loss: By blood transfusion, albumin 
4.5%, SAG-M blood, saline, Haemaccel (Gelatin), dextran, 
plasma infusions 
‘Note: One unit of blood should raise 1 gmY% of haemoglobin. 

 Catheterisation, foot end elevation, monitoring 

Oxygen support/intubation/ventilator and critical car 

4 Pressure, packing and head down (Trendelenburg) position 
to restore BP and blood supply of brai 

Wound exploration and proceeding, ic. ligation of the small 
vessel, suturing the wound part, vessel suturing (anasto- 
mosis), excision of the tissues, 

Absolute rest, analgesics, morphine 1 
relieve pain, sedation, 

ICT placing for haemothorax, 

Laparotomy for iver or spleen or mesentery or bowel inju- 
ries, suturing 

Topical applications for local ooze—Oxycel, gauze soaked 
with adrenaline, bone wax for oozing from bone and other 
ocal haemostatic agents (collagen, thrombin), 

4 Invenous haemorrhage, elevation, ligation of vein or in ease 
of large vein suturing of venous wall, pressure bandaging, 
packing will be helpful. 

Tourniquet are often used in operation theatre for control 
of haemorrhage in limbs. But itis not advisable as a first 
aid measure. 

@ TPN, CVP monitoring, electrolyte management are all 
equally important, 

¢ Steroid injection, antibiotics, ventilator support are often 
required. 


20 mg IM/IV to 


Confirm shock hypovolaemia and haemorrhage by 
assessment 

Immediate resuscitation by blood, oxygen, fluid 
Identity site of haemorthage—ultrasound, endoscopy, CT 
scan, diagnostic peritoneal lavage (DPL), blood tools 
Control of haemorrhage—surgery, endoscopic control, thera- 
peutic embolisation 

Definitive treatment ifany 

Sepsis control 

Prevention of coagulopathy by FFP, platelet concentrate, 
fresh blood 

Critical care management 

End point resuscitation, fluid and electrolyte management, 
prevention of organ failure 


Gelatin sponge (Gel foam) 
Oxidised cellulose (Surgicel) 

Collagen sponge (Helistat) 

Microfibrilar collagen powder (Avitene) 

Topical thrombin 

Bone wax (derived from bees wax-+ almond ol) 
Gelatin matrices (Floseal) 

Topical EACA, topical cryoprecipitate 


Figs 229Aand B 


Every obstacle introduces a person to himself. 
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Fig. 229 


Figs 1.229A to C: Gel foam (gelatin sponge) is a good haemostatic 
‘agent on oozing surface like gallbladder bed after cholecystectomy. 


Fig. 1.230: Oxidised regenerated cellulose is very good local 
haemostatic agent; but itis much costlier than gelatin sopnge. 


ll BLOOD TRANSFUSION 


This noon I met with Mr (Robert) Hooke, and he tells me the dog 
which was filed with another dog's blood atthe (Gresham) College 
the other days very wel. and like to be s0 as ever And doubts not 
its .e.blood transfusion) found being of great use to men. 
Samuel Pepys, 1656 


Indications 

4 Acute blood loss following trauma, >15% of total body 
volume in otherwise healthy individuals (liver, spleen, 
kidney, GIT injuries, fractures, haemothorax, perineal 
injuries). 


# During major surgeries—abdominoperineal surgery, 
thoracic surgery, hepatobiliary surgery. 

Following burns. 

In septicaemia, 

‘Asa prophylactic measure prior to surgery. 

Whole blood is given in acute blood loss. 

Packed cells are given in chronic anaemia, 

Blood fractions are given in ITP, haemophilias, 


eeeeee 


Donor Criteria 


# Donor should be fit without any serious diseases like HIV 
and HIV2 and hepatitis infections and malaria, 
Weight of donor should be more than 45 kg. 


Collection of Blood 


Blood is collected in a sac containing 75 ml of CPD (Citrate 
phosphate dextrose) solution and stored in special refrigerators 
at 4 degree celcius. CPD blood lasts for 3 weeks 


—Instoredblood 
 RBC'slast for 3 weeks 

“4 WBCsate destroyed rapidly 

‘ Platelets also get reduced in 24 hours 

+ Clotting factors are labile an so thei levels fall quickly 


Blood Fractions 


1. Packed cells 
» ILis obtained by centrifuging whole blood at 
2000-2300 g for 15-20 minutes, 
It is used in chronic anaemias, in old age, in children, 
It minimises the cardiac overload due to transfusion, 
» It ean be stored for 35 days at 1°-6°C. 
2. Plasma: 
» This is obtained in the same way as packed cells by 
centrifugation. 
» Itis indicated in burns, hypoalbuminaemia, severe 
protein loss. 
» It can be fractionalised into different fragments: 

a, Human albumin 4.5% is obtained after repeated 
fractionations and can be stored for several months 
in liquid form at 4°C 

b, Fresh frozen plasma (FFP): Fresh plasma obtained, 
is rapidly frozen and stored at ~40°C. It contains all 
coagulant factors. 1 unit of FFP increases the clot- 
ting factors levels by 3%. Itean be stored for 2 year. 
Rhesus D positive FFP can be transfused to Rhesus 
D negative female. 

Uses: 

= Severe liver disease with abnormal coagulation 
function, 

= Congenital clotting factor deficiency. 

- Deficiency following warfarin therapy, DIC, 
massive transfusion. 

- To maintain prothrombin time at normal level 
Dose of FFP is 15 ml/kg. 


» 
> 


©. Cryoprecipitate: When fresh frozen plasma is 
allowed to thaw at 4°C, visible white supernatant 
layer develops and is called as cryoprecipitate which 
is rich in Factor VIII and fibrinogen. It is stored at 
minus 40°C and ean be kept for? year. Cryoprecipi- 
tate is used to raise fibrinogen level at a dose to make 
plasma fibrinogen level 150 mg/dl. It is also used in 
inherited deficiency of Factor VIII fibrinogen, Factor 
XILL, von Willebrand's disease. 


IMMUNATE® 250 1.0. 


PuritiedFreeze-r Human Coagulation Factor, Vins acthated- EF 
j ote, 


Fig. 1.231: Purified freeze dried human coagulation factor Vl is 
available for use in haemophilia patients 


4d. Fibrinogen is obtained by organic liquid fractiona- 
tion of plasma and is stored in dried form, It is very 
usefull in DIC and afibrinogenaemia. It has risk of 
transmitting hepatitis 
© Factor VIII and IX concentrate: They are freeze 
dried part from a large pooled plasma used in haemo- 
plhitia and von Willebrand's disease. 

3, Platelet rich plasma: Itis obtained by centrifugation of freshly 
donated blood at 150-200 g for 15-20 minutes Platelet rich 
plasma contains 5.5 * 10°/L platelets in 50 ml plasma, It can 
berandom donor platelet or single donor platelet. Single donor 
platelet is prepared by plateletapheresis containing 3 * 107/L 
platelets in 200 mi of plasma. One single donor platelet is 
equal to 8 units of random donor platelet. 

4, Platelet concentrate: It is prepared by centrifugation of 
platelet rich plasma at 1200-1500 g for 15-20 minutes. 
Used in thrombocytopenia and drug (aspirin, clopidogrel) 
induced haemorrhage. Platelet is transfused at a dose of 0.1 
unit/kg, when platelet drops below 50,000 with episodes of 
bleeding. 

5, Prothrombin complex concentrate (PCO) are derived from 
pooled plasma which contains factors Il, IX and X; used 
in emergency reversal of warfarin therapy in uncontrolled 
haemorthage 


SAG-M Blood 


A proportion of donations will have plasma removed and will 
be replaced by crystalloid solution of SAG-M 
S_ — Sodium chloride, 


A — Adenine. 
G — Glucose anhydrate 
M — Mannitol 


& Thisallows good viability of cells 
4 Butitis devoid of any protein 
 Itis very usefulin anaemias 


Precautions 


4 For every four units of SAG-M blood, one whole blood has 
to be given. 
# Later for every two units of SAG-M blood, one unit (400 
ml) of 4.5% human albumin has to be given. 
Coagulation status and platelet count should be checked 
regularly 
Afier grouping and cross-matching, 540ml of blood is trans- 
fused in 4 hours (40 drops per minute), using a filtered drip set. 
‘One litre of blood contains 350 mg of iron. Normal excre- 
tion of iron is 1 mg/day. Iron overload can occur after many 
transfusions. Iron exeretion can be increased by desferriox- 
amine infusion, 


Complications of Blood Transfusions 
(Please also See Table for Entire List) 


Febrile reactions: It is the most common complication due 
to impurities like pyrogens in the blood or in infusion set 
Headaches, fever, chills and rigors, tachycardia, nausea are 
the features, Transfusion is temporarily stopped or the flow is 
slowed down with administration of antipyretic drug to reduce 
fever. Often transfusion of that unit needs to be discontinued, 
Alllergie reaction (3%): Utricaria and allergy to specific proteins 
in the donor’s plasma can occur. Usually it is mild and is treated 
with steroid and antihistaminics. In severe utricaria that unit of 
blood is discarded: new washed RBC’s and platelets are used. 
Acute haemolytic reactions: It is the most dangerous 
complication. It is due to ABO incompatibility. Usually it is 
nonfatal but occasionally can be fatal. It is commonly due 
to technical error at different levels. It amounts for criminal 
negligence in court of law, Intravascular destruction causes 
haemoglobinemia, haemoglobinuria, acute renal failure 
and DIC. Dyspnoea, chest pain, sweating, fever with chills, 
tachycardia, hypotension, and cardiac arrest oceurs in fatal 
type. Jaundice ix a common feature in nonfatal type. Fre 
haemoglobin level in blood will be above 5 mg/dl. Condition 
is treated as an emergency in critical care uni¥/ICU. Transfu- 
sion is stopped immediately; blood sample of recipient and 
transfusing blood is sent immediately for two laboratories for 
rechecking. Smoky urine of the patient is typical. Injection 
hydrocortisone/dexamethasone IV is given immediately. Fluid 
therapy, alkalization of blood is done using sodium lactate and 
sodium bicarbonate, Mannitol 20 gram in 100 ml is infused 
in 5 minutes; furosemide 120 mg is injected intravenously. 
Hacmodialysis is needed if there is renal failure, Often venti- 
lator support, defibrillator if cardiac arrest occurrs is needed. 
Correction of acidosis, electrolytes is needed. 


‘The very act of believing creates strength of its own. 
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‘Transfusion related acute lung injury: It is due to donor 
plasma antibody against HLA and leukocyte specific antigens 
of recipient. Occasionally it is due to recipient's antibody 
against donor’s leukocytes. Features are—breathlessness, 
saturation drop, fever, hypotension which is observed 4 hours 
afier transfusion. Chest X-ray shows bilateral diffuse infiltrate. 
‘They need ventilator support for short period with eventual 
rapid and complete recovery. 

‘Transfusion related graft versus host disease (TGVH): 
This very serious, very rare complication occurs due to 
recognition and reaction against host tissues by infused 
donor lymphocytes. It is common in immunosuppressed, 
lymphoma, leukaemic patients. Any type of blood products 
including leukocyte reduced blood can cause the condition. 
Features are—pancytopaenia, toxic epidermal necrosis, liver 
dysfunction with more than 90% mortality. I is difficult to 
treat. 

Congestive eardiae failure (CCF): It occurs if especially 
large quantities of whole blood are transfused in chronic severe 
angemia, pregnancy, elderly patients, in patients who have 
cardiac problems. 


@ Congestive cardiac failure 
Transfusion reactions HBV, HCV 
= Incompatibility. Major and minor reactions with fever, 
rigors, pain, hypotension 
=  Pyrexial reactions due to pyrogenic ingredients in the 
blood 
= Allergic reactions 
= Sensitisation to leukocytes and platelets 
= Immunological sensitisation 
+ Infections 
= Serum hepatitis 
= HlVinfection 
= Bacterial infection 
= Malaria transmission 
= Epstein-Barr virus infection 
= Cytomegalovirus infection 
= Syphilis, Yersinia 
= Babesia microti infection 
= Trypanosoma crual infection 
@ Airembolism 
 Thrombophlebit 
% Coagulation failure 
= Dilution of clotting factors 
= pic 
= Dilutional thrombocytopenia occurs in patients wit 
massive blood transfusion 
@ Circulatory overload causing heart failure 
@ Haemochromatosis in patients with CRF receiving repeated 
blood transfusions 
Citrate intoxication causes bradycardia and hypocalcaemia. 
For every four units of blood 10 ml of 109% calcium chloride 
‘or gluconate should be infused intravenously 
ron overload 


@ BLOOD SUBSTITUTES 


. 


+ 


Human albumin 4.5% 
There is no risk of transmitting hepatitis. 

Plasma fractionation is done using organic liquids and heat 
to extract albumin which is stored at 4°C for many months. 
It can be used in patients with cirrhosis, buns, nephrotic 
syndrome, ovarian hyperstimulation syndrome (occurring 
after ovarian stimulation with gonadotrophin injections 
during in vitro fertilization (IVF) therapy). One gram of 
albumin binds with 14 ml of Water so it increases the blood 
volume also, Albumin is infused daily as needed until good 
response is observed. Albumin is expensive. 


Dextrans are useful to improve plasma volume, They are 

polysaccharides of varying molecular weights. 

This is derived from leuconostoc mesenteroides bacteria 

after adding yeast, One gram of dextran binds with 20 ml 

‘of water to raise the plasma volume. 

a. Low molecular weight dextran (40,000 mol wt) (Dextran 
40, Rheomacrodes), 

Dextran 40 is very effective in restoring blood volume 
immediately. But small molecules are readily exereted in 
kidney and so effect is transitory, I may be useful in prev 
tion of sludging in kidney and hence renal shut down. 

b. High molecular weight dextran (Dextran 110 and 
Dextran 70), 
Less effective but long acting and so useful to have 
prolonged effect. 


Precautions 

1, Blood samples for blood group and eross-matching 
should be taken before giving dextrans as it interferes 
with Rouleaux formation of red cells. 

2, Dextrans also interfere with platelet fun 
precipitate abnormal bleeding 

3. Total volume of dextrans should not exceed 1000 ml 


jon and so may 


Gelatin, ina degraded form of mol. wt. 30,0008, is used 


as a plasma expander. Up to 1000 ml of 3.44% solution 
containing anions and cations is given intravenously— 
Haemaccel. But it is less effective than dextran and after 4 
hours of its infusion, only 30% remains intravascular, 


4 Hydroxyethystarch: It contains starch, sodium hydroxide, 


ethylene oxide. It is a good plasma volume expander but 
lasts only for 6 hours. 


ll MASSIVE BLOOD TRANSFUSION 


‘& Itis defined as replacement or transfusion of blood equivalent 
to patient's blood volume in < 24 hours corresponding to that 
particular age (in adult ts 5-6 litres, in infants it is 85 r/kg 
body weight.) Or single transfusion of blood more than 2500 
micontinuously 

'® Massive transfusion is used in severe trauma associated 
with liver vessel, cardia, pulmonary, pelvic injuries. Often it 
is required during surgical bleeding (primary haemorrhage 
on table) of major surgeries, 


& Adverse effects of massive transfusion 

a, Severe electrolyte imbalance (hypocalcaemia, hyper- 
kalaemia, acidosis) 

b. Coagulopathy—altered platelet and coagulation factors. 
= Dilutional thrombocytopenia 

& Gitrate toxicity 

d. Hypothermia 

Poor oxygen delivery—due to reduced 23 DPG 

Infections 

‘9. Incompatibility and transfusion reactions 

h. ARDS, DIC 


ll AUTOLOGOUS BLOOD TRANSFUSION 


‘An healthy individual with no infection and haematocrit of 
> 30% can predonate blood few weeks prior to any elective 
Surgeries which in turn can be used at the time of surgery. 

Autologous blood is used in orthopaedic, gynaecologic and 
urologic surgeries. Patient donates one unit of blood weekly; 
last one iffat all being 72 hours before the date of surgery. 


Recycled Blood 


In major surgeries if there is significant blood loss, then 
patient's bled blood is carefully sucked out through a sterile 
system and is filtered and reused again to the patient. This will 
reduce the number of transfusions, 


@ ARTIFICIAL BLOOD 


1, Perftuorocarbon (Fluosoleda}—abiotic substitute as synthetic 

oxygen carrier, Its half life is 7 days. It is RBC substitute. 

> Ithas got high affinity for Os, 

» Ibis inert, colourless, odourless, dense, poorly soluble 
liquid. 

> Itis biocompatible. 

> Itis emulsified with albumin or lipids before infusion. 
Its emulsion alone injection can cause pulmonary 
embolism. 

> It-can bind and release oxygen, But as it reduces the 
PPO; quickly, itis a disadvantage. Patient ideally to be 
kept in hyperbaric place. 

Stroma free haemoglobin—biomimetic haemoglobin based 

substitute, 

3. Chelates which reverse bound O:. 
> Intraoperative—salvage of blood: On table blood is 

collected, washed, filtered and transfused. Used in 


trauma. 


™@ ERYTHROPOIETIN 


# Injection 1000-3500 units preoperati 
increase the RBC count. 

# Itis used in CRF patients who are on haemodialysis. It is 
given twice weekly but it is costly. 


ely also used to 


@ TOURNIQUETS 


‘Tourer means to turn (Greek). A tourniquet is used to cut off 
the blood supply toa limb temporarily so that a bloodless field is 
created while performing the surgery. Limb should be exsangui- 
nated before applying/inflating the cuff of the tourniquet. Its 
done using a bandage or pressurized Rhys-Davis exsanguinator. 
A tourniquet is applied in mid-thigh above the knee joint in 
lower limb and in mid-biceps level above the elbow in upper 
limb. It should not be closer to joints. It is not applied over the 
forearm or leg, It is applied over layers of gauze or cotton, not 
over a bare skin, Pressure used in upper limb is 250 mmHg; 
ower limb is 300 mmHg (In children, it is 150 and 250 mmHg 
{for upper and lower limbs respectively), 


Fig. 1.232: Esmarch rubber tourniquet. 


Fig. 1.233: Automatic gauged pressure tourniquet. 


Uses 


To attain bloodless field in limb surgeries—upper and lower 
limbs, orthopaedic surgeries, sof tissue tumours, amputations 

# It is used (rubber tourniquet) to access veins for IV injec- 
tions and IV sampling. 

# Tourniquet is used in diagnostic tests for varicose veins, 
purpura (ITP), carpal tunnel syndrome, tetany 

¢ Itisused as a first aid in bleeding conditions of limbs, snake 
bite (itis controversial) 


Our greatest glory is not in never falling, but in rising every time we fall. 
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 Tourniquets are often used for small procedures in fingers 
and toes 


Types 

Rubber tourniquet: Simple red rubber catheter is used for 
drawing blood, to have access to veins. 

4 Martin’s tourniquet made up of India rubber, 

Pneumatic tourniquet: Used in limbs, will give the arterial 
pressure and also acts as a tourniquet (Sphygmomanometer 
cutf is simpler and easily available type) 

 Esmarch rubber elastic bandage tourniquet. 

Conn pneumatic tourniquet is manually operated tourniquet 


where air is pumped up to the required pressure. 
¢ Specialised sophisticated tourniquets are available which 

gauge pressure and time accurately—automatic tourniquet. 

Tourniquet time for upper limb is one hour and for lower 
limb is two hours: 


Contraindications 


¢ Inall peripheral vascular diseases and atherosclerosis. 
+ Infection 

Deep venous thrombosis, 

© Crush injuries. 

# Sickle cell disease. 


Complications 

Crushing effect on muscles in thigh occurs leading to crush 
syndrome. 

‘Tourniquet palsy in upper limb (radial nerve involvement) — 
neuropraxia, 

¢ Infection 

4 Improper application of tourniquet leads to more bleeding. 

4 Forgetting the removal of tourniquet or taking more time 
to release may compromise the blood supply of the limb 
leading to severe ischaemia and gangrene. 

4 Skin blistering and necrosis. 


@ DISSEMINATED INTRAVASCULAR 
COAGULATION (DIC) 


DIC isa manifestation due to wide spread intravascular coagula- 
tion resulting in microthrombi formation, consumption of plate 
lets and clotting factors and production of breakdown products 
eventually leading into severe bleeding and tissue ischaemia, 


Causes 


# Major trauma causes DIC due to release of tissue thrombo- 
plastin. Burns, major surgery can also cause DIC. 

4 Sepsis is the most common cause of DIC. Common sepsis 
causing DIC are gram-negative, meningococcal, malarial, 
histoplasmosis, aspergillosis, ete. 

Acute pancreatitis can cause DIC by releasing proteolytic 
‘enzymes which activate prothrombin and factor X. 

# Septic abortion, abruption, retained dead foetus, amniotic 
fluid embolism are obstetric causes of DIC. 

# Carcinoma of pancreas, prostate, acute promyelocytic 
leukaemia often cause DIC. 

4 Haemolysis, snake bite, liver dysfunction are other causes. 


Types of DIC 


4 Acute DIC presents with bleeding in gums, GIT, venepune- 
ture site, haematuria, petechiae, oozing from surgical or 
traumatic wounds. Massive bleeding also can occur, 

Chronic DIC is a low grade type with thrombotic features, 


Investigations 


# In DIC—bleeding time, platelet counts are reduced 
‘Thrombin time (TT), prothrombin time (PT) and activated 
partial thromboplastin time (APTT) are prolonged. Fibrin- 
‘ogen degradation product (FDP), D-dimer test are raised. 

Complete haematocrit, investigations relevant to cause, re 
function tests, LFT, electrolyte estimation, blood/discharge 
pus/urine culture 


Coagulation cascade system: 


Intrinsic 
Prekallkrein, kinninogen 


Xl Xila 


Xi xia 


Extrinsic 


{MILI (tissue thromboplastin), Ca, phospholipids) 


a > iXa + 


x oe 
Vil, platelet factor 


+ 


Geral beet: X— 


a 


Prothrombin (l) ——> ——* ——* Thrombin lla 


V, Ca**, platelet factor 


Fibrinogen (I) ——— Fibrin soluble ta 
XII la_Xita, 


le_xie, _,| 
Fibrin insoluble 


Treatment of DIC 


+ Treatment of specific cause as per protocol, Correction of 
haemodynamic instability by fuid therapy, transfusion of 
packed cells or whole blood. Dopamine/dobutamine therapy. 

+ Factor replacement—specific therapy for DIC—FEP, cryo- 
precipitate, platelet concentrate transfusions are essential. 
FEP is given at a dose of 15 ml/kg. Cryoprecipitate is used 
to raise fibrinogen level at a dase to make plasma fibrinogen 
level 150 mg/dl. Platelet is transfused ata dose of 0.1 univikg, 
‘when platelet drops below 50,000 with episodes of bleeding, 

Heparin use is often controversial. It is used mainly in 
chronic DIC, DIC with purpura, DIC of obstetric cause, 
cancer induced DIC, DIC due to acute antiphospholipid 
antibody syndrome. 

¢ EACA, tranexami 


id can be used but with questionable 


lm MECHANISM OF BLOOD COAGULATION 
(HAEMOSTASIS) 


Haemostasis is the spontancous arrest of bleeding, When 
an injury occurs platelet adhesion occurs to injured vessel 
capillary wall which activate the release of ADP (Adenosine 
diphosphate) which makes more platelet to ageregate (platelet 
aggregation). These activated platelets release thromboxane 
Ay which further increases the adhesion and aggregation 
of platelets. Circulating fibrinogen binds to an activated 
platelet receptors glycoprotein Ifb and Illa and fibrinogen gets 
converted into fibrin, 

Clotting factors are proteins synthesized by the liver which 
with a series of cascade reaction activates clotting factors and 
achieves blood coagulation by a complex mechanism, Factor 
Il, VI, IX and X are vitamin K dependent for their synthesis 
in liver (carboxylation of glutamic acid). In the process of 
coagulation each factor gets activated to an enzyme by partial 
proteolysis which in turn activates other needed coagulation 
factors, Eventually fibrinogen gets converted into soluble fibrin 
and later into insoluble fibrin. 


‘Two types coagulation system are there: 
¢ Intrinsic pathway 
¢ Extrinsic pathway 

In vitro coagulation occurs by intrinsic coagulation system, 
Cascade gets activated by vessel wall injury, shear stress of 
vessel or other factors. It activates the eascade to get final result 


Coagulation Cascade System 


Blood clotting factors 


Factor Common name 
No. 
1 Fibrinogen 
Prothrombin 


lil Thromboplastin 


1V onic calcium 
V_ Hereditary labile factor, activator (AC) globulin, 
proaccelerin 
Vi Accelerin,supposed to be active form of Factor V 
Vil Proconvertin; serum prothrombin—conversion 
accelerator (SPCA) 


Vill Antihemophilc factor (AHF) 


1X Plasma thromboplastin component (PTC; 
Christmas factor) 


X — Stuart-Prower factor 
XI Plasma thromboplastin antecedent (PTA) 


Xil_— Hageman factor 
XII Fibrin stabilizing factor, Nbrinase 
XIV Prekallikrein 


XV Kallikrein 
XVI_ Platelet factor 


Hemophilia and von Willebrand's disease are the two most 
common inherited bleeding disorders due to deficiency of 
factor VIL. 

Factor VIII has two components; smaller one—factor VILL 
C is needed for activation of factor X in intrinsic coagula- 
tion pathway; its deficiency leads to classic hemophilia. It 
is inherited as an X-linked 1 e trait, thus it occurs in 
males and homozygous females. The larger component of 
factor VIII called von Willebrand's factor, facilitates the 
adhesion of platelets to subendothelial collagen, hence 
crucial for hemostasis, its absence leads to von Willebrand's 
disease 

Classic haemophilia is called haemophilia A is caused 
by deficiency of factor VEIT C with X linked recessive trait. It 
occurs in males or homozygous females, Recurrent haemar- 
throses is a common presentation. Petechiae and echymoses 
are absent. Bleeding time is normal but coagulation time is 
prolonged. Treatment is replacement of factor VIII haemo- 
philic factor. Ifnot known patient may go fora life-threatening 
bleeding even after dental extraction. 

Von Willebrand’s disease is deficiency of larger compo- 
nent (99%) of the factor VIII-vWE. It is an autosomal domi- 
nant disease with normal bleeding time and normal platelet 
count. Common presentations are spontaneous bleeding 
from mucous membrane, excessive bleeding from wounds 
and severe menorrhagia. Haemarthroses is not common 
in von Willebrand’s disease. Treatment is replacement of 
specific factors, 

Haemophilia B also called as Christmas disease is due 
to factor IX deficiency is inherited as X linked autosomal 


ssive trait 


Action, to be effective, must be directed to clearly conceived ends. 
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1. Burns 


The infusion of large quantities of fluid, mainly a salt solution, as many as 3-4 litres daily, has proved satisfactory. 


‘Sometimes a life is saved if not more than one-quarter of the body surface has received a third-degree burn. 


Ihave given blood transfusions to two patients with severe bums, with recovery in one case and postponement 


of death in the other. 


CHAPTER OUTLINE 


Burns 
Management of Burns 
Eschar 

Contracture in Burn Wound 


™@ BURNS 


‘Types of burns 
@ Thermal injury 
=  Scald—spillage of hot li 
~ Flame burns 
~ Flash burns due to exposure of natural gas, alcohol, 
combustible liquids 
= Contact burns—contact with hot metals/objects/mate- 
rials 
Electrical injury 
Chemical urns—acid/alkali 
Cold injury—frost bite 
lonising radiation 


eeeee 


Sun burns 


Classification of Burns 
Depending on the Percentage of Burns 
Mild (Minor): 


¢ Partial thickness burns < 15% in adult or <10% in children. 


—Gustav Riehl, 1925 


Electrical Burns 
© Inhalation Injury 
= Chemical Burns 


# Full thickness burns less than 2%, 

# Can be treated on outpatient basis 

Moderate: 

# Second degree of 15-25% burns (10-20% in children). 

© Third degree between 2-10% burns, 

# Bums which are not involving eyes, ears, face, hand, feet, 
perineum. 


Major (severe) 

# Second degree burns more than 25% in adults, in children 
more than 20% 
All third degree bums of 10% or more. 

Burns involving eyes, ears, feet, hands, perineum, 
All inhalation and electrical buns. 

Burns with fractures or major mechanical trauma, 


1. Depending on thickness of skin involved 


a. First degree: Here the epidermis looks red and painful, no 
blisters, heals rapidly in 5-7 days by epithelialization without 
scarring, 


Rule of Nine (Wallace's rule of “S") 


Adults Children Infants 
Head and neck 9% 18% 20% 
Front of chest and abdominal wall 9x2= 18% 18% 10 x 2= 20% 
Back of chest and abdominal wall 9x 2= 18% 18% 10% 
Lower limb 18 «2= 36% 13.5% 2=27% 10% 
Upper limb 9x 2= 18% 18% 10 x 2= 20% 
Perineum 01% 01% 

100% 100% 100% 


Note: Itis head and lower limb percentage which differ in adults and children. 


First-degree 


Superficial 
partial-thickness 


{-— Deep parial-thickness 


|— Fullthickness 


Fig. 1.239: Degrees of burns. 


b. Second degree: The affected area is mottled, red, painful, 
Fig, 1.235: First degree burn, with blisters, heals by epithelialisation in 14-21 days 
» Superficial second degree burn heals, causing pigmen- 
tation 
» Deep second degree burn heals, causing scarring, and, 
pigmentation, 
©. Third degree: The affected area is charred, parchment like, 
painless and insensitive, with thrombosis of superficial 
vessels. Itrequires grafting. Charred, denatured, insensitive, 
contracted full thickness burn is called as esehar. These 
wound must heal by re-epithelialisation from wound edge. 
d. Fourth degree: Involves the underlying tissues—muscles, 
Fig. 1.236: Second degree burns with blisters. bones, 


‘Success lies not in achieving what you aim at, but in aiming at what you ought to achieve. 
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Il. Depending on thickness of skin involved 


a. Partial thickness burns: It is either first or second degree 
burn which is red and painful, often with blisters, 

b, Full thickness burns: It is third degree burns which is 
charred, insensitive, deep involving all layers of the skin 


Assessment of Burns 


© Wallace’s rule of nine is used for early assessment—refer 
figure, 

Using the Lund and Browder chart is better method for 
assessing the burns wound. Here each part of the body is 
individually assessed for involvement of burns. 

¢ Patient’s entire hand area is 1%, Clean piece of paper is cut 
to the size of hand and through that percentage of burns is 
assessed. 
44°C temperature takes 6 hours to cause deep burns. 65°C 

takes 45-60 seconds to cause deep full thickness burn, 


Clinical Features 


¢ History of burn. 
¢ Pain, burning, anxious status, tachycardia, tachypnoea, 
fluid Loss. 


# Insevere degrees features of shock. 
‘Tolerable temperature to human skin is 40°C for brief period, 


Fig. 1.240: 3rd degree burns with charred skin, with thrombosed 
veins and eschar. 


Fig. 1.241: Face burns in an adult—severe 3rd degree. 


Pathophysiology 


Heat causes coagulation necrosis of skin and subcutaneous 
tissue 
t 


Release of vasoactive peptides 
Altered capillary permeability 
L 


Loss of fluid Severe hypovolaemia 


Decreased cardiac Decreased myocardial 
output function 
L 


Decreased renal blood — Oliguria 
flow (Renal failure) 


Altered pulmonary resistance causing pulmonary oedema 
+ 


Infection 
L 

Systemic inflammatory response syndrome (SIRS) 
4 


Multiorgan dysfunction syndrome (MODS), 


‘There is increased capillary permeability, decreased plasma 
oncotic pressure causing loss of protein and fluid from intra- 
vascular space. Vasoconstriction occurs due to raised capil- 
lary hydrostatic pressure leading into cellular aggregation, 
Blockage of lymphatics causes poor clearance of fluid and 
proteins from interstitial spaces. Cell membrane function is 
impaired causing intracellular fluid accumulation. Activation 
and release of various complement factors, histamine, and 
prostaglandins results in myocardial dysfunction, oedema of 
tissues, reduced immunoglobulin synthesis. Catecholamine 
levels are raised drastically in patient with burn. There will 
be lipolysis, proteolysis, increased release of glutamine and 
alanine from skeletal muscles. Urea production is increased 
due to more proteolysis. 
Massive oedema in the body is due to altered pressure gradient 
because of the injury to basement membrane. 
Cardiac dysfunetion is due to: 
# Hypovolaemia, 
Release of cardiac depressants. 
¢ Hormonal causes like catecholamines, vasopressin, angio- 
tensins 


Zone of stasis 


Zone of coagulati 


Zone of hyperaemia: 


Coagulation 
Fig, 1.242: Burn zones (lackson's). 


Renal changes are due to: 

# Release of ADH from posterior pituitary to cause maximum 
water reabsorption, 

# Release of aldosterone from adrenals to cause maximum 
sodium reabsorption, 

¢ Toxins released from the wound along with sepsis causes 
acute tubular necrosis, 

# Myoglobin released from muscles (in case of electric injury 
or often from eschar) is most injurious to kidneys. 

Pulmonary changes are due to: 

# Altered ventilation-perfusion ratio. 

Pulmonary oedema due to burn injury, fluid overload, 
inhalation injury. 

© ARDS. 

¢ Aspiration. 

© Septicaemia. 


‘Assessment of airway injury is important in burns 

‘ Occurs in burnsaround face and neck.or trapped in burning 
oom 

+ Presents with hoarseness or stridor 

Inhaled burning gases can cause upper airway burns and 
laryngeal oedema 

‘= Smoke inhalation can cause chemical alveolitis, pulmonary 
‘oedema, ARDS and respiratory failure 

+ Steaminhalation can cause damageto respiratory epithelium 
and subglottic oedema 

‘& Catbon monoxide inhalation more than 10% is dangerous 
asit forms carboxyhaemoglobin (COhas got 240 times more 
affinity to haemoglobin than oxygen) which blocks oxygen 
‘transport completely causing respiratory arrest, hypoxia and 
metabolic acidosis 

‘ Chest wall burn causes mechanical block of ventilation— 
needs escharotomy in chest wall and procedure is painless 

‘& Airway burn may require earl elective intubation ortracheos- 
‘tomy oremergency cricothyroidetomy asalife-saving method 


GIT changes are due to: 

# Acute gastric dilatation which occurs in 2-4 days. 

¢ Paralytic ileus, 

© Curling’s ulcer, 

# Cholestasis and hepatic damage. 

¢ Acute acalculous cholecystitis, acute pancreatitis can occur 


Metabolic Changes 

# Hypermetabolic rate (BMR). 

Negative nitrogen balance. 

¢ Electrolyte imbalance. 

Deficiencies of vitamins and essential elements 
¢ Metabolic acidosis due to hypoxia and lactic acid. 


Sepsis in Burn Patient 


# Focus may be at the bum site, catheter site, cannula/CVP 


line site, or respiratory infection, 


+ Low immunity, loss of proteins and immunoglobulins, loss of | 
barrier causes sepsis. Opportunistic infection is also common. 


# Associated conditions like diabetes, HIV infection, old age, 
respiratory diseases worsen the sepsis in burn injury. 

# It may be local infection commonly by Staphylococcus 
aureus in early period, Pseudomonas, Candida, Aspergillus, 
herpes simplex virus in partial thickness nasolabial burns 
It may be suppurative thrombophlebitis also. 

# Systemic infection like pneumonia, bacteraemia, septicaemia 
can occur. 

# Bums itself creates immunosuppression, 

# Sepsis is identified by fever, lethargy, leukocytosis, throm- 
bocytopenia 


Infections are commonly due to: 
‘& Streptococci (Beta haemolytic—most common) 
‘& Pseudomonas 
® Staphylococci 
4 Other gram-negative organisms 
Candida albicans 


Fig. 1.243: Burns over chest wall with eschar. Note the extent of 
involvement. 


Fig, 1.244: Deep burns face with eyelid involvement. 


Life's disappointments are opportunity’s hidden appointment. 


suing 


March 25, 1969 


W. C. BROWN ETAL 3,434,678 


MICROWAVE 70 Dc CONVERTER 
Filed May 5, 1965 


Sheet _2 


of 5 


FIG. 7 


rc 
MICROWAVE 
hens — 


| BEAM: 


74 


Microwave 
GENERATOR 


FOCUSING ANTENNA 


80 


INVENTORS 
WILLIAM C BROWN 


ISCOE H.” GEORGE 
NEIL I. HEENAI 


ROGER CWONSON 


» GeO er 


ATTORNEY 


SRB's Manual of Surgery 


Fig. 1.245: Second degree burns in the leg with blebs. 


Effects of Burn Injury 


4 Shock due to hypovolaemia. 

Renal failure 

Pulmonary oedema, respiratory infection, adult respiratory 
distress syndrome (ARDS), respiratory failure. 

# Infection by Staphylococcus aureus, beta haemolytic Strep- 
tococcus, Pseudomonas, Klebsiella leads to bacteraemia, 
septicaemia, Fungal and viral infections of dangerous types 
can also occur. 

GIT: Hypovolaemia, ischaemia of mucosa, erosive 
gastritis—Curling’s ulcer (seen in burns > 35%). 

¢ Fluid and electrolyte imbalance. 

¢ Postburn immunosuppression predisposes to severe oppor- 
tunistic infection. 

¢ Eschar formation and its problems like defective circulation, 
ischaemia when it is circumferential 

Electrical injuries often cause fractures, major internal organ 
injury, convulsions. 

Development of contracture is a late problem. It leads to 
cotropion, microstomia, disability of different joints, defec~ 
tive hand functions, growth retardation causing shortening, 

¢ Inhalation burn causes pulmonary oedema, respiratory 
arrest, ARDS. 

Chemical injury causes severe GIT disturbances like 
erosions, perforation, stricture oesophagus (alkali), pyloric 
stenosis (aeid), mediastinal injury. 

¢ Other problems commonly seen are DVT, pulmonary embo- 
lism, urinary infection, bed-sores, severe malnutrition with 
catabolic status, respiratory infection 

© Complications of burns contracture itself like hypertrophic 
scar, keloid formation. 

¢ Toxie shock syndrome: It is a life-threatening exotoxin 
mediated disease caused by Staphylococcus aureus. It 
is common in children, presents with rashes, myalgia, 
diarrhoea, vomiting, and multiorgan failure with high 
mortality. 


¢ Hypovolaemia (refractory and uncontrolled) and shock 
> Renal failure 

+ Pulmonary oedema and ARDS 

“+ Septicaemia 

> Multiorgan failure 

‘@ Acute airway block in head and neck burns 


Figs 1.2468 and 


Fig. 1.247: Deep burn in the scalp involving extensively 
ll MANAGEMENT OF BURNS 
First Aid 


Stop the burning process and keep the patient away from 
the burning area, 

Cool the area with tap water by continuous irrigation for 
20 minutes (not cold water as it can cause hypothermia). 


Indications for admission in burns 
‘& Any moderate and severe buns 


@ Airway burns of any type 
& Burnsin extremes of age 
 Allelectrical/deep chemical burns 


Initial management 
Clothing should be removed 
Cooling of the part by running water for 20 minutes 
Cleaning the part to remove dust, mud, ete 
‘Chemoprophylaxis—tetanus toxoid; antibiotics; local anti- 
septics 
Covering with dressings by different methods 
Comforting with sedation and pain killer 


eeee 


Definitive Treatment 


Admit the patient. 
Maintain airway, breathing, circulation. 

Assess the percentage, degree, and type of bum. 

Keep the patient in a clean environment 

Sedation and proper analgesia 

Patient should be in burns unit (ideally air-conditioned) 
with barrier nursing, sterile clothes, bed sheets with all 
aseptic methods 


seesee 


Fluid Resuscitation 
Formulas to calculate the fluid replacement: 
a. Parkland regime: Commonly use 
4 mli% burnvkg body weight/24 hours 
Maximum percentage considered is 50%. 
Half the volume is given in first 8 hours, rest given in 16 
hours 
b, Muir and Burclay regime: 
% Burns * Body weight in ke _ 
“ e 
3 Rations given in first 12 hours, 
2 Rations in second 12 hours 
1 Ration in third 12 hours. 
¢. Galveston regime (pediatrie): 
5000 ml/m? burned + 1500 mlm? total 
. Modified Brooke formula: 
First 24 hours 
RL: 4 ml/kg/% burns in 24 hours 
(tirst half in first 8 hours) 
Colloid—none. 
Second 24 hours: 
Crystalloids—to maintain urine output 
Colloids—0.3 ml to 0.5 ml/kg/burns in 24 hours, 
(Albumin in RL solution) (Albumin alone should be given 
with care if really indicated only), 
ce. Evan’s formula: 
In first 24 hours. 
Normal saline 1 ml/kg/% burs 
Colloids 1 ml/kg/% burns 
% dextrose in water, 2000 ml in adult. 
In second 24 hours. 
Half of the volume used in first 24 hours, 


1 Ration 


Fluids used are normal saline, ringer lactate, Hartmann fluid, 
plasma, Ringer lactate is the fluid of choice. Blood is transfused 
in later period (after 48 hours). 


First 24 hours only crystalloids should be given (Crystalloids 
are one which can pass through capillary wall like saline either 
hypo, iso or hypertonic, dextrose saline, Ringer lactate). 
Sodium is assessed by formula: 0.52 mmol * kg body weight 
% body bums, given at a rate of 4.0 to 4.4 mi/kg/hour. 

After 24 hours up to 30-48 hours, colloids should be given to 

compensate plasma loss (colloids are one which are retained 

in intravascular compartment). Plasma, haemaccel (gelatin), 

dextrans, hetastarch are used. Usually at a rate of 0.35-0.5 ml/ 

kg/% bums is used in 24 hours 

# Urinary catheterization to monitor output; 30-50 ml/hour 
should be the urine output 

# Tetanus toxoid, 

# Monitoring the patient: Hourly pulse, BP, POs, PCO, elec- 
trolyte analysis, blood urea, nasal oxygen, ofien intubation 
is required. 

# IV ranitidine 50 mg 8th hourly. 

# Ryle’s tube insertion initially for aspiration purpose later 
for feeding (Enteral feeding) 

# Antibiotics: Penicillins, aminoglycosides, cephalosporins, 
metronidazole 

# Culture of the discharge; total white cell count and platelet 
‘count at regular intervals are essential to identify the sepsis 
along with Fever, tachycardia and tachypnoea. 

# In burns of oral cavity tracheostomy may be required to 
maintain the airway, 

# Total parenteral nutrition (TPN) is required for faster 
recovery, using carbohydrates, lipids, vitamins (through 
a CVP line). 

# Tracheostomy/intubation tube may be required in impending 
respiratory failure or upper airway block. 

# Intensive nursing care 


Local Management 

# Dressing at regular intervals under general anaesthesia 
using paraffin gauze, hydrocolloids, plastic films, vaseline 
impregnated gauze ot fenestrated silicone sheet or biological 
dressings like amniotic membrane or synthetic biobrane. 

% Open method with application of silver sulfadiazine without 
any dressings, used commonly in bums of face, head and neck, 

% Closed method is with dressings done to soothen and to 
protect the wound, to reduce the pain, as an absorbent. 

# Tangential exeision of burn wound with skin grafting can be 
done within 48 hours in patients with less than 25% burns, 
It is usually done in deep dermal burn wherein dead dermis 
is removed layer by layer until fresh bleeding occurs. Later 
skin grafting is done 
Advantages of tangential excision: 11 reduces—the chance 
of secondary infection, the hospital stay, and formation of 
hypertrophic scar or contracture, the cost. 

# In burns of head and neck region, exposure treatment is 
advised. 

# Slough excision is done regularly. 

* After cleaning with povidone iodine solution silver 
sulfadiazine ointment is used. It is an antiseptic and sooth- 
ening agent. It causes neutropenia. 


Ifanything is sacred, the human body is sacred.— Walt Whitman 
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[7 topical agent “Advantages 
Silver sulfadiazine + Antiseptic (G +ve and G -ve) 
(1%) 


+ Soothening, good penetration, 
+ Hydration and softening of eschar 
‘occurs 


+ Itdoes not cause pain 


Sulfamylon (5%/11%) + Antipseudomonal, anticlostridial 
(Mafenide acetate) + Penetrates very well in to tissues 
+ Itis water soluble 
+ Itis good antipseudomonal agent 
Silver nitrate (0.5%) + Antiseptic 
Povidone iodine (5%) + Antiseptic 0 (G +ve, G -ve) 
+ Used on granulation tissue after 
eschar separation 
+ Used in perineum and buttocks to 
prevent maceration 
Boosts cell mediated immunity and 
forms sterile eschar 


Silver sulphadiazine 
and cerium nitrate 


Problems l 
+ Neutropenia, pseudaeschar 
+ Itdifuses poorly through the eschar 
+ Causes hypertrophic granulation and so not used 
‘once wound is clean and eschar is separated 


+ Causes wound maceration 

* It should be avoided in pregnancy, nursing mother and 
infants below 2 years of age 

+ Very irritant, painful 

+ Causes acidosis, by inhibiting the carbonic anhydrase 


+ Stains burnt area 
+ Irritant and painful 
+ Not used in partial burns 


Other agents used are Sulfamylon (Mafenide acetate) and 
Silver nitrate 
> Sulfamylon is antipscudomonal and anticlosteidial 
agent. It penetrates well into the tissues but it is very 
invitant, 1 causes acidosis. 
> Silver nitrate causes staining of burnt area 
> 0.025% sodium hypochlorite (Dakin’s solution) is effec 
tive against Gram +ve organisms; 0.25% acetic acid is 
effective against Gram — ve organisms, but both mildly 
inhibit epithelialisation, 
Regular culture and sensitivity for bacteria is required, to 
see forstreptococeal growth which should be less than 1,00,000 
(10°) per gram of tissues. 


Wound Coverage 


Once the area granulates well, in 3 weeks usually, split skin 
grafting is done (SSG, Thiersch graft, 

# For wider area MESH split skin graft is used. 

¢ If there is eschar, escharotomy is required to prevent 
compression of vessels. 

¢ Incertain areas like face and ear, full thickness graft (Wolfe 
graft) or flap is required, 

# Cultured skin: Full thickness skin biopsy of patient's skin 
is done immediately after admission. By specialized culture 
technology sheets of skin can be manufactured in 3 weeks 
as cultured epithelial grafts. It can cover skin of almost 
entire body. It is usually useful in burns of > 80%. Take up 
of cultured graft is 60-75%, Limitations are—time taken to 
develop cultured graft; more vulnerability for mechanical 
trauma; costly; time taken to manufacture; scarring, 


Synthetic dressings in burn wound 


# Vaseline impregnated gauze dressing prevents stiffness of 
eschar. 


# Hydrocolloid dressing (duoderm) helps moist environment, 
proper epithelialisation. It is useful in mixed deep burns, It 
is changed once in 3 days. 

# Opsiteis less expensive, with less pai 
But it does not have antimicrobial effect and it causes accu 
mulation of exudates, 

% Biobrane is collagen coated silicone sheet which gets 
adherent to wound acting as barrier without any pain, But it 
does not have antimicrobial effect and it causes accumula- 


creates moist barrier. 


tion of exudates. It is used for 2nd degree burns. 

% Transcyte has similar features of biobrane. It contains 
growth factor derived from cultured fibroblasts which 
promotes wound healing, 

# Integra contains deeper collagen matrix as dermal substi- 
tute; outer silicone sheet as epidermal substitute, Inner 
collagen matrix acts as dermis whereas outer silicone sheet 
is removed 2 weeks after dressing and additional autograft 
should be placed. It provides complete wound cover. Sear- 
ring after healing is reduced significantly. 


Biologic dressings for burn wound 


It is used to cover the wound temporarily as a barrier and also 
to have some immunologic function. Eventually graft will 
slough, Later wound is covered with auto-skin graft. It is used 
for massive burn injuries more than 50%. Possible problem is 
transmission of viral diseases. 

Xenograft is of pig skin. Allograft is of cadaver skin 
(homograft)—it gives all existing normal skin function for 
temporary period. It may leave a dermal equivalent in the 
wound later, 


lm ESCHAR 


© Itis charred, denatured, full thickness, deep burns with 
contracted dermis. 


¢ Itis insensitive, with thrombosed superficial veins. 

* Circumferential eschar in the upper limb, lower limb, 
neck, thorax can cause more oedema which initially causes 
‘venous compression and later arterial compression causing 
ischaemia, gangrene of the distal part. So distal area should 
be monitored for circulation. 

# If required deep longitudinal full thickness incisions are 
made in different areas so as to prevent collection of oedema 
fluid and also to prevent compression over the vessels, 
This is called as escharotomy. Escharotomy causes large 
quantity of blood loss and so blood transfusion is needed 
while doing escharotomy. Incision should be of adequate 
length and depth during escharotomy. It should be placed 
in such a way so as to avoid injury to major neurovascular 
system, Release of muscle compartment is needed often in 
these patients, 

Multiple incisions or incisions over the joints may be 
needed. 

# Early rapid separation of eschar indicates severe sepsis 
underneath. 

# Eventually eschar should be excised and the area is allowed 
to granulate and skin grafting should be done. 

# Pseudoeschar is thickened burnt skin due to repeated silver 
sulphadiazine application. 


ll CONTRACTURE IN BURN WOUND 


‘Contracture in burns can occur anywhere. It is more common 
wherein flexibility and mobility is present like along the joint, 
eyelids, cheeks, lips, neck, elbow, knee, etc. Contracture can 
be intrinsic by loss of tissue or extrinsic by pull during heal 

ing phase contraction, Contracture proceeds towards position 
of comfort until it meets or closely reaches opposite surface. 
“There is clearly wound shortening. Disorganised over forma- 

tion of compact collagen (3 times normal) causes hypertroph. 

ic scar leading further contracture 

Deficit of neck extension is graded, normal > 110°; E, 95-11 
E, is 85-95%; E, is < 85° with mentosternal synechia. 


Classification of Burns Contracture in the Neck 
(BM Achauer) 


# Mild (less than 1/3rd)—inability to see ceiling. 

# Moderate (1/3rd to 2/3rd)—flexion is possible but not 
extension 

# Severe (more than 2/3nd)—fully contracted in flexed posi- 
tion with pull on lower lip. 

¢ Extensive—contraction is extensive with mentosternal 
adhesions 

Yeanyichukwu has classified neck contracture into: Type 1— 

mild anterior with narrow contracting band less than finger- 

breadth (1a) or broad band (1b); type 2—moderate anterior 

with narrow band (2a) or broad band (2b); type 3—severe 

anterior mentosternal adhesion with supple neck skin (3a) or 

without supple skin (3b); type 4—posterior with narrow band 

(4a) or multiple or broad band (4b). 


Reconstruction territories in neck in burn contracture based on 
functional benefits are—central above; central below; central 
abave and below; lateral. 


Complications of Burns Contracture 

Ectropion of eyelid causing keratitis and corneal ulcer. 

Disfigurement in face. 

Narrowing of mouth microstomia, 

Contracture in the neck causing restricted neck movements, 

Disability and nonfunctioning of joints due to contracture, 

Hypertrophic scar and keloid formation 

Repeated breaking of scar and infection, ulcer, cellulitis 

Pain and tenderness in the scar contracture 

Marjotin’s ulcer: It is a very well-differentiated squamous 

cell carcinoma occurring in a scar ulcer due to repeated 

breakdown (unstable scar of long duration). 

> Itis locally malignant. 

» As there are no lymphatics in the scar, so th 
spread to lymph nodes, 

» As there are no nerves in the se: 

> Ithas raised and everted edge wi 

» Biopsy confirms the diagnosis. 

‘Treatment: Radiotherapy is not given for Marjolin’s ulcer. 

‘Treatment is either wide excision or amputation. It is curable. 
‘Once it spreads out of the scar tissue it behaves like any 

other squamous cell carcinoma and so can spread to regional 

lymph nodes. 


itis painless, 
induration, 


Treatment for Contracture 


# Release of contracture surgically and use of skin graft or “Z” 
plasty or different laps. Different flaps used are—transposi- 
tion flaps, vertical or transverse; laterally based flap; bilobed 
flap; bipedicted flap; advancement flap; regional flap; random 
‘cutaneous flap (Epaulette flap, Charretera flap); fasciocu- 
taneous/myocutaneous flap; tube flap: expanded skin flap; 
‘combined skin graft and flap; microvascular free flap. 
Proper physiotherapy and rehabilitation is essential 
Pressure garments to prevent hypertrophic sears, 
# Management of itching in the scar using aloe vera, antihis- 
tamines and moisturizing creams. 


Problems in Managing Burn Contracture 
© Giving proper anaesthesia is challenging. 


Fig. 1.248: Ectropion of upper eyelid due to burns. 


‘Complete and lasting freedom from disease is but a dream remembered from imaginings of gartien of Eden. 


—Reni Jules Dubos 
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Figs 1.249A to C: Contracture at different parts of the 
bbody—chest, face and neck 


Fig, 1.252: Same patient with knee contracture undergoing release 
surgery. 


Fig. 1.253: Burn contractures over neck and chest wall causing 


‘cosmetic problem, 


e 


v. 


Fig, 1.254: Infant had burns in head and neck region causing severe 
contracture, 


Fig. 1.25 


Hypertrophic burn scar with contracture 
‘neck in a female. 


# Scar excision can cause significant bleeding 
# Identifying major structures in the area and safeguarding 
vascular and others is often worrisome. 


Figs 1.256A and B: Elbow contracture due to burns 


Fig, 1.257: Keloid in the hand after burn injury. 


# Need for repeated surgeries as staged one, 

Maintaining the position with skeletal traction, fixation, 
collar, POP cast, etc. 

4% Psychological problems and needs counseling 

¢ Prolonged hospital stay, cost factors. 


Prevention of development of contracture 
Joint exercise in full range during recovery period of burns 
Pressure garments fora long period 
Topical silicon sheeting 
Saline expanders for scars 


e 
e 
* 
* 


ll ELECTRICAL BURNS 
Types of Electrical Injury 


Low tension injury: Less than 1000 volts. 

¢ High tension injury: Mote than 1000 volts—may be due 
to current itself causing intense damage on the tissues up 
to 200°C; flash injury due to electrical are up to 4000°C: 
flame injury by catching of fire to the clothing and body: 
traumatic injury like fractures and internal organ injuries. 

$ Itisalways.a deep bum (always a major burn). 

# There is a wound of entry and wound of exit. 


There is no right way to do something wrong. 
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Fig, 1.259: Wound of entry in an electric burn, 


# Patient may also have major internal organ injuries. GIT, 
thoracic injuries 

# Often convulsions can develop, 

% Death may occur due to cardiac arrhythmias (instant death 
due to ventricular fibrillation), 

% Gas gangrene is common after electric injury. 

# Release of myoglobin can cause renal tubular damage and 
renal failure. 

# Acidosis is common and so often bicarbonate infusion is 
needed. 

# Patient should always be admitted and should be assessed 
by ECG, cardiac monitor, U/S abdomen, chest X-ray, some- 
times even CT sean head, cardiac enzyme analysis. 

% Depending on the injury it is managed accordingly. 

# Fractures and dislocations are common in electrical injuries 
which is treated accordingly, 

# Mafenide acetate is better agent as it penetrates well and it 
is useful against clostridial infection, 

% Mannitol is used to prevent myoglobin induced renal failure, 
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Figs 1.258A and B: High voltage electric burn wound of entry in the 
hand with extensive destruction. Some patient showing wound of 
‘exit in the buttock which is extensive and deep, 


Electrical burns 


Types Treatment Complications Monitoring and 
prevention 

High voltage—can Emergency resuscitation + Neurological like epilepsy, haemiplegia, Monitoring: 
cause ventricular Assessment of burn aphasia, memory loss, headache, ECG, echocardiography 
fibrillation, cardiac Prevention of renal failure + Cardiac—arrhythmias. Relevant investigations 
arrest, death, by hydration, dialysis, + Vascular injuries—major vessels, like X-ray, ultrasound, 
Extensive organ and alkalization of urine to bleeding. CT, electrolytes, urine 
surface injuries with clear myoglobin, mannitol - Compartment syndromes. analysis, LFT, renal 
fractures. therapy, IV sodium + Ischemia, gangrene of limbs. function tests 
Low voltage—deep _ bicarbonate. + Contracture development. Prevention: 
bum at the site of Extensive fasciotomy, + Bronchopneumonia, pleural effusion. Care during electrical 
wound of entry debridement + Abdominal—ileus, erosive gastritis, work and with electrical 


Infection control. Curling ulcer, injury to liver, pancrea system, 
Reconstruction. spleen, GIT. Unused outlets should 
+ Bone and joint injuries. be sealed with plastic. 


Cataract can occur in high voltage burn. _ Electrical system should 
+ Severe potassium deficiency is common. be away fram water 
source. 


Wound excision, amputation, surgery for internal organ 
injury, cardiac monitoring are essential part of the surgical 
‘management. 


ll INHALATION INJURY 


It occurs after major fire burns. 

Itis due to: 

¢ Inhalation of heat 

Noxious gases and incomplete products of combustion, 

# At the site of fire, oxygen concentration is less than 2% 
which can cause death in 45 seconds due to hypoxia. 

¢ Inhaled carbon monoxide binds with Hb immediately 
to form carboxyhaemoglobin causing severe anoxia and 
death. 

© CO has got 240 times more affinity for haemoglobin than 
oxygen. Carboxyhaemoglobin in blood more than 10% is 
dangerous; more than 60% is life-threatening 

Symptoms of carbon monoxide intoxication—headache, 
disorientation, visual changes, fatigue, vomiting, hallucina~ 
tions, shock and cardiac arrest. 

Smoke contains hydrocyanide which causes tissue hypoxia 

and profound acidosis. 

Laryngeal oedema and laryngospasm. 

Bronchial oedema and bronchospasm. 

¢ Formation of bronchial cast is typical which is due to 
oedema, lymph exudation, separation of ciliated epithelial 
cells from basement membrane. Inhaled gas causes supra~ 
glottic airway burn, laryngeal oedema, loss of respiratory 


oe 


epithelium, ARDS, CO poisoning, mechanical restriction of 


chest wall movement. 


Later Problems 


ARDS, pneumonia, 
# Atelectasis, pulmonary embolism, 
# Pulmonary oedema, pneumothorax. 


Clinical Features 


‘They have low oxygen saturation. 

Charring of mouth, oropharynx with facial burns, 

Carbon sputum. 

Change in the voice, singed facial and nasal hat 

Decreased level of consciousness with stridor or dyspnoea, 
ey with asphyxia, CO 

y n, After 3 to 5 days, 

ARDS and hypoxia develops. Bronchopneumonia with 

septicaemia occurs after 5 days. 


eeeeee 


Management 


# Replacing the patient from the site earliest 
# Ventilator support for several weeks. 

# Antibioties. 

¢ Bronchoscopy, at regular intervals to remove bronchial cast. 
¢ Tracheostomy whenever required. 

Hyperbaric oxygen. 


# IV heparin to reduce bronchial cast. Heparin nebulisation 
(10,000 units in3 mt satine 4th hourly) is also useful. N-acetyl- 
cysteine nebulisation—20% in 3 ml saline 4th hourly, bron- 
chodilatos ike albuterol 2nd hourly is yery useful. Hypertonic 

jon induces the effective coughing to remove 

casts. Racemic epinephrine is used to reduce mucosal oedema. 

Note: 

Steroids are not beneficial in inhalation burn. 


% Monitoring the patient with arterial blood gas analys 
regularly. 


ll CHEMICAL BURNS 


# In chemical burns, tissue destruction is more and progres- 
sive. It is always a deep bur. 

% Acid bum occurs in skin, soft tissues and GIT. In GIT, itis 
‘common in stomach either due to nitric acid or sulphuric 
acid which may lead to severe gastritis or pyloric stenosis, 
Other acids are formic acid, hydrofluoric acid. They cause 
metabolic acidosis, renal failure, ARDS, haemolysis. 
Acidaemia should be corrected by IV sodium bicarbonate. 

# Hydrofluoric acid is commonly used in industrial areas. It 
is strongest inorganic acid that can produce corrosion and 
dehydration, It chelates blood calcium causing hypocal- 
‘caemia and arrhythmias. It is managed with water irrigation, 
application of 2.5% calcium gluconate gel at 15 minutes 
interval, local intradermal and intra-arterial injection of 
10% calcium gluconate, Continuous cardiac monitoring, 
IV calcium gluconate or calcium chloride administration 
is needed. 

% Alkali burns occur in oral cavity and oesophagus 
which leads to multiple oesophageal strictures. Sodium 
hydroxide, lime, potassium hydroxide and bleach are 
common alkalis involved. They cause saponification of 
fat, fluid loss, release of alkali proteinates and hydroxide 
ions which are toxic. 

# External chemical burns are always deep and cause exten- 
sive disfigurement with cosmetic problems. 

# Initial treatment is dilution with water (Hydrotherapy). It 
is done using 15-20 litres of running tap water. 

# Neutralisation with antidote should never be done at initial 
phase of treatment as it creates exothermic reaction which 
aggravates the tissue damage. Late neutralisation is done, 

required by 0.2% acetic acid in alkali bums, sodium 
bicarbonate, calcium gluconate 10% gel, topical ziphrin 
solution in acid burns, 

# Treatment should always be with hospitalisation. 

# Mannitol diuresis, haemodialysis, calcium gluconate IV, 
pain relief, serum electrolyte management, TPN, ventilator 
support are systemic management required. 

# Late treatment is reconstruction of the face. 

% Oesophageal dilatation or colonic transposition is done for 
‘oesophageal stricture due to alkali burn 

# Gastrojejunostomy is done for acid induced pyloric stenosis, 

% Tar burns are treated additionally with neosprin which 
contains Tween-80 emulsifier of tar. 


‘Move to the rhythm of soul and you'll never miss a beat. 
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© Cements calcium oxide alkali. Its bum is due to hydroxyl ion 
which is often deep, Treatment is removal of cloth, irrigation 
with water, keeping pH below 8. Often it may form eschar. 


Police should be informed whenever a female, pregnant 
patient arrives with burns 

‘ Consent for high-risk should be taken especially in burns 
> 30% 


‘& Burns should be assessed whether it is accidental or homi- 
idal 

‘ Relatives should be informed about the duration of stay, 
problems, repeated surgeries 

In patients with severe burns who is likely to die, when 
suspected, dying declaration should be arranged 

Cost of therapy, long duration ofstay and cosmetic problems 
should be informed to the relatives 


J. Trauma 
CHAPTER OUTLINE 
we Triage «Pancreatic Injury 
vs Spinal Injury «Small Bowel Injury 
ve Neck injuries Colonic injury 
ve Bullet Injuries Liver injury 
ve Blast Injuries o Splenic injury 
ow» Penetrating Injuries s Renal Injury 
» Abdominal Trauma “Urinary Bladder Injury 
v= Blunt Trauma of Abdomen “Abdominal Compartment Syndrome 
Duodenal Injury » Seatbelt Injuries 


‘Trauma is the major public health problem in all countries, 


Fig. 1.260: Trauma causing large tissue defect exposing the bone. 


™ TRIAGE 


‘Triage means “To sort” in French. 

‘Triage is a system to attend trauma patients, formulated by 
Committee of Trauma of the American College of Surgeons. 

Advanced trauma life support (ATLS) is essential for first 
hour care of an injured patient 

Pre-hospital trauma life support (PHTLS) is to prevent 
deaths while injured patients are transported to the hospital. 


Types of Triage System 


% Multiple casualties: Staff and facilities are sufficient but 
priority is given to life-threatening injuries. 

Mass casualties: Staff and facilities are not sufficient to 
manage. Here those who are likely to have highest chance 
of survival are given priority. 


‘Assessment of four components, 
i. Physiologic response 

i. Anatomical injury 

Biomechanical injury 

iv. Comorbid factors 


‘Triage algorithm 

‘Step One (Assess physiological impact) 

Measure vital signs and level of consciousness 

By Glasgow coma scale 

‘Systolic blood pressure 

Respiratory rate 

‘& Revised trauma score. [tis based on airway, laryngeal injury, 
spine injury, maxillofacial injury 

‘Step Two (Assess anatomical impact) 

Al penetrating injuries to head, neck, thorax, major burns, frac- 

‘ture bones, pelvic fractures, paralysis 

‘Step Three (Assess mechanism) 

‘Automobile accidents, crash or blast injuries high eneray injuries, 

fall from more than 20 feet. Bullet injury 

Step Four (Assess history) 

‘ Patient's age below 5 years or age more than 55 years 

Cardiac diseases, respiratory and metabolic diseases 

& Pregnancy 

+ Patients with bleeding disorders 

 Immunosuppressed individuals 

BASED ON THESE STEPS CONSIDER TO SHIFT THE PATIENT TO 

TRAUMA CENTER and TRAUMA TEAM SHOULD BE KEPT ALERT, 

Itis important in multiple and mass casualities (re, blasts, auto- 

‘mobile accidents train accidents) 


Management 


¢ Initial evaluation of the patient. 

# Physiologic stabilisation. 

% Control of haemorrhage. 

# Management of thoracic and abdominal injury. 
# Management of cranial injury. 

L 

+ 


Primary Management 


Airway management (blocked by food, vomitus, clot, fallen 
tongue). 


‘During an injury, unsuspected lesions of the spinal cord may cause the most excruciating abdominal pain. 


—Theodore Schrire 
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# Breathing. 

Circulation. 

¢ Disability and level of consciousness assessment by 
Glasgow coma scale, 

¢ Exposure of the patient from head to toe for final assessment. 

¢ Fingers and tubes: Finger evaluation, Foley's catheterisa- 
tion. 


Goals 

# Identify life-threatening conditions. 

# Decide and implement appropriate treatment to the area of 
trauma, 

First think to salvage the life, then think to salvage the limb. 

Rapid assessment, rapid resuscitation, rapid stabilisation, 

© Optimum, complete care. 

‘Transport efficiently to higher trauma centre. 


Categorise the patient 

I: Deceased 

i: Walking wounded 

i immobile wounded 

1V: Trapped wounded 

Tag the patient accordingly 

Red colour Immediate treatmentis required 
Yellow colour Urgent treatment is required 
Green colour :Delayed treatment s required 
Blue colour Expectant treatment is required 
Black colour Deceased 
AIRWAY BREATHING 
Chin lft 100% oxygen 
Jaw thrust Assess bilateral chest raise 
Nasal airway ‘Assess breath sounds 
Oral airway Use pulse oximetry 
Endotracheal intubation Treat fal chest, pneumothorax 
Tracheostomy Intercostal tube drainage 
(assess airway patency) 

CIRCULATION DISABILITY EVALUATION 
Monitor vitals Neurological examination 
Heart sounds Glasgow coma scale 

ECG Pupillary reaction 

IV fluids blood transfusion 
‘Treatment of shock 

Control of external bleed 

Use two IV lines—146/16G 

EXPOSE THE PATIENT FINGERS AND TUBES 
FULLY Examine all orifices like P/R, 
Undress the patient PMetc 

Hypothermia assessment Use required tubes lke catheter, 
Assess injuries Ryle’s tube 

Examine joints,bones, 


abdomen, other systems 
Look for identification marks 


Wl. Investigations 
# X-ray spine, chest, pelvis, extremities. 
# CT scan. 

¢ Blood group and cross-matching. 

# Arterial blood gas analysis. 

# Serum electrolytes. 

 UIS abdomen. 


Fig. 1.261: Crush injury leg due to road traffic accident. 


Fig. 1.263: Degloving injury involving entire leftower limb, perineum, 
and left groin. Patient has lost scrotum and both testes. There were 
no internal injuries and vessels and nerves were intact. Patient 
underwent wound excision extensively and colostomy was done 
to promote healing of perineal wound and prevent contamination. 


Ill. Secondary Survey 
Re-evaluate the patient completely again. 


IV. Definitive Care 
(All discussed under individual topics.) 


Mechanism of Trauma 


¢ Blunt trauma—direct or indirect blunt injury can occur. Seat 
belt reduces the blunt injury in vehicles. 

# Penetrating injury—severity depends on the extent of deeper 
injury. 

# Blast injury. 

# Crush injury—earthquake, industrial accidents, and train 
acciclents—causes crush syndrome; compartment syndrome, 

# Burn injury. 

# Injury in alcohol patients. 


—_s 
Fig. 1.264: Class Il dog bite on face ina boy. 


Fig. 1.265: Degloving of scalp with bone periosteum exposing the skull 
bone. Outer table was actually dead and required bone removal and 
graft after healthy granulation tissue was formed. 


Concepts in Trauma Management 


# Concept of ‘golden hour’ to treat the trauma pa 
important. 


cent is 


% Multidisciplinary approach. 

% Planning, setting up, organizing, team work. 
Assess respiratory system; circulation; bleeding areas—as 
priority 

# Assess also whether patient is hacmodynamically stable 
or unstable. 

# Arrange fluids, blood, catheters, ventilator, 
Further definitive therapy depending on severity and site 
of injury. 


Damage Control Surgery 


# Resuscitation and early therapy in operation theatre itself, 

Minimum but essential surgery to control bleeding and 
prevent contamination. 

# Secondary definitive surgery at a later period to have final 
control 


l@ SPINAL INJURY 


# Assess the type, extent and severity of the injury. 
% Careful first aid and transfer to prevent further damage to 
the spinal cord. 


Fig. 1.266: Hand injury involving al fingers. 


Fig. 1.2678 


Remember what you do not know. It differs you from others. 
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Fig. 1.2678 


Figs 1.267A and B: A person has bitten this patient during a fight 
and removed the central part of lower lip. tis repaired primarily by 
repair. Remember human bites are most dangerous. 


4 Assess the sensory loss or motor loss properly. 

¢ Assess fractures clinically, by X-ray and MRI. 

© Central cord syndrome is common and is due to hyperflexion 
or hyperextension of the neck in an injured patient causing 
ischaemia of spinal column due to interfering of spinal 
artery blood flow. 

 Brown-sequard syndrome: It is due to partial transection 
of the cord causing ipsilateral motor function loss and 
contralateral sensory function loss, 

High dose of steroid is very useful to prevent further damage. 

% Rest, traction to neck. 

Decompression of spinal canal surgically by removing bone, 
disc, haematoma is useful 

Spinal stabilisation, 


™@ NECK INJURIES 


Neck is divided into zones for managing neck injuries 
+ Zone! From clavicle to cricoid cartilage 

“& Zone From cricoid carlage to angle ofthe mandible 
+ Zonelll: Above the angle ofthe mandible 


Indications for Neck Exploration in Injuries 


¢ Expanding haematoma, 
Uncontrolled external haemorthage. 
Decreased carotid pulse. 

¢ Stridor, hoarseness, dysphonia, haemoptysis, 
© Severe dysphagia, odynophagia. 

Blood in oropharynx. 


Treatment 


‘The neck is explored with adequate incision under general 
anaesthesia. 

¢ The injured structure like vessels, oesophagus, trachea, 
muscles are sutured. 

Antibiotics 


- 1.268: Degloving scalp trauma and exposed bone is, 


‘granulating well 


Fig. 1.269: Neck trauma zones. 


4 Blood transfusion is given as required. 
4 Ryle’s tube for 5-7 days. 

Other injuries like head, thorax, abdomen, maxillofacial 
area are discussed in respective chapters, 


™ BULLET INJURIES 


Bullet injury has wound of entry and wound of exit. Extent of 
damage is not related to the external wounds. It is related to 
the travel of bullet inside and extent of blast or cavitation effect 
inside caused by the bullet. It causes burn damage. 

It can damage vessels, organs like liver, spleen, kidneys, 
bowel, lungs, heart, cranial structures, soft tissues, bones and 
joints 


Management 


The wounds are explored properly under general anaes- 
thesia, 

4 All dead tissues and dead muscles are excised 

+ Skin is generously and adequately incised. 

¢ Injured nerves are cleaned and silk marker stitches ate 
placed to identify for later secondary suturing (Nerve should 
not be sutured primarily in bullet injury), 

¢ All foreign bodies are removed, 


Fig. 1.270: Multiple pellets over elbow region after gunshot. 


¢ Tendon repair should not be done primarily 

# Wound should not be closed. It should be left open. 

# Adequate blood transfusion and antibiotics coverage should 
be given. 

# Majorartery or vein are sutured. Vein graft can be used. But 
synthetic graft should never be used. 

* Thorough inspection, irrigation and debridement of injured 
joints is done. 

4 Immobilisation is done, 

# Tetanus toxoid, antitetanus globulin (3000 units IM), antigas 
gangrene serum is given 

¢ Second look surgeries at a later period is done once patient 
has been stabilised 

¢ Delayed primary closure in 4-7 days or secondary closure 
in 14 days is done. 

# Depending on extent of defect, skin grafting or flaps are 
used. 

¢ Laparotomy, thoracotomy, craniotomy are done depending 
on the site of the injury, 


BLAST INJURIES 


Here extent of damage is much more than bullet injuries. 
It creates complex blast wave which contains blast pres~ 
sure wave and mass movement of air. 
This explosion pressure wave is more than 1000 pounds per 
square inch. This pressure wave has got incident pressure and 
reflected pressure. Both will cause severe damage. 


Factors causing the damage 
‘& High pressure wave 

| Mechanical injury 

& Chemical injury 

‘& Thermal injury 

‘Inhalation of toxic gases and smoke 


Organs Affected 


# Ear drums, lungs, 
© GIT, brain 
# Skeletal system. 

Individual becomes deaf after blast and so rescue work 
may be delayed, 


Management 


# Critical trauma care 
# Management of shock and triage primary manage-ment 

% Urgent surgeries like laparotomy, thoracotomy, craniotomy. 
# Massive blood transfusion. 


Fig. 1.271: Degloving injury buttock. It needs colostomy to protect 
the wound from sepsis. Later once skin coverage is done colostomy 
is closed, 


Figs 1.272A and B: Crush injury foot with retained skin from plantar 
aspect was rotated forward (Courtesy: Dr Mayur Ral, Orthopaedician, 
KMC, Mangalore) 


Well done is better than well said. 
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Fig. 1.273: Penetrating injury. Pole missed all the major vessels. 
Miraculously the patient survived, after a Marathon surgery to tell 
her tale to her children, 


% Antibiotics, 
4% Ventilator support. 
% Management of specific organs like eye, ear 


ll PENETRATING INJURIES 


¢ Itean oy 


cur in abdomen, thorax, cranial cavity. 
# Icauses haemorthage, damage to internal organs like liver, 
bowel vessels, lung, pericardium and heart, brain, 


Fig. 1.274: Stab wound on the back communicating into the thoracic 
cavity. Wound was explored and sutured, with an ICT inserted into 
the thoracic cavity. 


¢ Its life-threatening and immediate surgical intervention 
is the only treatment. Patient requires adequate amount of 
blood transfusion, antibiotics, shock management, 


ABDOMINAL TRAUMA 


Itcan be: 
Blunt trauma 

+ Stab injury 

+ Abdominal wall injury 


Abdominal trauma is a major surgical emergency which 
‘most surgeons face. It is often associated with head injuries, 
chest, pelvic and bone injuries. Often patient is unconscious 
causing difficulty in diagnosing the condition, Often more 
importance is given to other system injuries like of head, 
thorax and bones whereas abdominal injury is not addressed 
properly causing life-threatening consequences. When patient 
is conscious, history related abdominal trauma is useful. Abra- 
sion over the abdominal skin suggests the possibility of internal 
injury (London s sign). Distension, tenderness, rebound tender- 
ness, fullness and dullness in the flank when present one should 


presume intemal injury. Tachycardia, hypotension, shock may 
be evident when there is significant haemoperitoneum, Injuries 
may be organ injuty like of liver, spleen, kidney, pancreas, etc. 
or bowel injury or retroperitoneal injury which is often under 
diagnosed or missed. Major vessel injury like of inferior vena 
cava, mesenteric vessels can cause real threat to life unless it 
is identified and managed early. 25% of entire trauma patients 
need surgical exploration of the abdomen, 


Fig. 1.275: Traumatic haemoperitoneum. 


Abdominal trauma can be blunt or stab/penetrating or 
abdominal wall injuries. Spleen is the most common organ 
involved in blunt trauma, Often in blunt trauma first part of 
the jejunum or ileocaecal junction gives way (blow out effect) 
due to traction often causing complete transection of bowel 
horizontally close tothe junction. It is due to force of the mobile 
part ofthe bowel over the fixed part. Liver is the most common 
organ involved in penetrating injuries. 

Injuries of the abdomen may be closed injuries, compres 
sion injuries and penetrating injuries. Penetrating injuries may 
be low velocity injury like stab injuries or high velocity injury 
like gunshot injuries. Penetration of blunt weapon causes less 
deep trauma than sharp weapon (sickle, knife). In sickle injury 
tip and sharp edge moves in curved pattern and so it is often 
difficult to predict the depth, track and organs injured. 

Routinely followed indications for exploration in abdominal 
trauma are—hypotension without any other cause; bleeding 
through wound; continuous bleeding in nasogastric tube; evi 
ceration of abdominal content through the open wound except 
in case of protruded omentum without any hypotension and 
{features of peritoneal irritation; air under diaphragm in blunt 
abdominal injury (not in penetrating injury as external air gets 
sucked into the peritoneal cavity through the wound) 


Types 


# Liver injury. 
# Spleen injury. 
% Gastric/small bowel/colonic injuries. 


% Duodenal injuries. General Clinical Features 

# Pancreatic injuries 

# Injuries to kidney/bladder/urethra # Features of shock—pallor, tachycardia, hypotension, cold 
# Mesenteric injury, periphery, sweating, oliguria, 

# Vascular injuries # Abdominal distension, 

# Associated injuries like of diaphragm, lungs. # Pain, tendemess, rebound tenderness, guarding and rigidity, 
# Abdominal compartment syndrome. dullness in the flank on percussion. 

% Gunshot or blast injuries. # Respiratory distress, cyanosis depending on the amount of 


blood loss: 
% Bruising over the skin of the abdominal wall, 
# Features specific of individual organ injuries. 


Investigations 


1. Ultrasound abdomen, FAST 
Trauma: It is rapid, noninvasive, portable bedside method. 
of investigation focusing on pericardium, sple 
and pelvic areas. Blood more than 100 ml in cavities c 
identified. It is not reliable for bowel or penetrating injuries 
It often needs to be repeated, 

2. Diagnostic peritoneal lavage (DPL): It is done in case 
of blunt injury abdomen. Through a subumbilical lavage 
catheter one litre of normal saline/Ringer’s lactate is infused 
into the peritoneal cavity. Patient is changed to different 
positions and side-to-side, Fluid content is aspirated from 
the abdomen for assessment, 


Focused Abdominal Sonar 


Ithas got 98% accuracy rate. 


‘One of the criterias signifies positive lavage 
 10mlormore of gross blood 
4 RBC count more than 1,00,000/cumm 
4 WBC count more than 500/curnm, 
4 Amylase level in the fluid more than 175 lU/dl 
Presence of bile, bacteria, food particles or foreign body 


It is the procedure of choice in physiologically unstable 
patient with blunt abdominal injury (like with spinal injury, 
unconscious patient) 


Contraindications for DPL : 
When laparotomy is definitely indicated 
® Previous laparotomy 
® Pregnancy 
@ Obesity 


3. CT scan is indicated in assessing retroperitoneum, solid 
‘organ injuries. It is noninvasive and highly specific. 

4. Diagnostic laparoscopy (DL) is valuable method in stable 
abdominal trauma patient. 


Figs 1.276A to C: Stab injury to LF by an angry husband to his wife 
‘causing left common ilacartery transection injury with aortic partial Treatment 

injury. In spite saphenous vein grat reconstruction patient could not 

survive (Courtesy: Professor Yogishkumar, MS, KMC, Mangalore). Emergency laparotomy 


Only bed of thos can give crown of roses. 
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Normal saline 
infusion 


‘Subumbilcal 


. oa 
‘ sii 


ertoneal dialysis catheter Retum fue 
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1 Bate infin ealection char) 


Figs 1.277A and B: Diagnostic peritoneal favage—incision and technique. 10 French polyvinyl catheter is used. Urinary bladder is emptied by 
ppassing a catheter. After injecting xylocaine local anaesthesia into subumbilical region, 2-3 cm vertical subumbilical midline incision is made. 
‘kin, linea alba is incised. Local anaesthesia is infiltrated into the peritoneum again. Peritoneum is held with two haemostats and a purse 
string suture is placed using polyglactic acid absorbable suture material. Peritoneum is incised for 3 mm length. Catheter (standard peritoneal 
dialysis catheter) is introduced into the peritoneal cavity. If blood enters the catheter immediately, it means early laparotomy is needed 
and carried out without continuing the peritoneal lavage. Otherwise, one litre of normal saline is infused into the peritoneal cavity rapidly 
in few minutes through the catheter using a drip set with elevation ofthe fluid bottle/bag. Patient is moved well to mix the fluid in all four 
quadrants, Now bag is lowered below so that fluid from the peritoneal cavity reenters/siphaned into the bag. Collected fluid is analysed for 
‘ed cells, leukocytes, etc. DPL may not be useful in bowel injury, retroperitoneal injury, diaphragmatic injury, organ haematoma (subcapsular 
splenic haematoma). f patient is decided for observation catheter can be left in situ for repeat DPL after 6 hours. One has to remember 
that DPLis not a substitute for clinical assessment and monitoring. In Lazarus-Nelson approach Teflon catheter with a guide wire is used. 


exploratory laparotomy is done. Plain X-ray abdomen may 
show gas under diaphragm. 

Difficulty arises in deciding about the need for laparotomy 
in abdominal trauma in unconscious patients. If severity of 
external injury is out of proportion to the existing severe shock 
then exploratory laparotomy is indicated in an unconscious 
patient. It is also often difficult to diagnose bowel injury in such 
patients. fit is suspected laparotomy should be undertaken in 
such patients. Associated spinal injury masks the abdominal 


may be of liver, spleen, GIT, pancreas, mesentery, 
vascular or diaphragm. Associated chest, pelvis, skeletal and 
head injuries should be remembered, 


Features of Blunt Trauma 


# Features of profound shock, progressive distension of 
abdomen, pain, tenderness, guarding, rigidity, rebound 
tendemess, dull flank. 

lunt injury abdomen. Note the bruising over 4 Features specific of individual organ injury like obliteration 

‘abdominal skin—London’s sign. liver dullness in bowel injury. 

© Bruising of skin over the abdomen—London 3 sign. 


ic indication # Respiratory distress, eyanosis 
Repeated clinical examination is a must in blunt trauma. 

‘& Frank haemoperitoneum p 

4 Significant diagnostic peritoneal lavage Evaluation 


4 Haemodynamically unstable patient 

¢ Userctocanstewssinfcatinveabdomininures Ultrasound Abdomen 

# Itis very useful, simpler, noninvasive method of evaluating 
the abdomen. Negative ultrasound means no immediate 

MEENA AU MACE ABDOMEN further intervention is needed and also conservative treat- 

It is common in accidents. It is often missed or lately diag __ ment can be undertaken. 

nosed. Ultrasound/CT abdomen or diagnostic peritoneal lav- ¢ Advantages of ultrasound: There is no danger of radiation; 

age (DPL) is useful. In many cases on clinical grounds direct it can be done bedside; it can be repeated many times: it 


is cost-effective. Its sensitivity is 90%; specificity is 98%. 
Focused abdominal sonar (ultrasound) for trauma (FAST) 
is very usefull method. 

# Disadvantages: It is less useful in obesity, with interposi- 
tion of gas, when fluid is less than 500 ml; retroperitoneal 
injuries and bowel injuries. 

¢ Focused abdominal sonar trauma (FAST): \t is rapid, 
noninvasive, portable bedside method of investigation 
focusing on pericardium, splenic, hepatic and pelvic areas. 
Blood more than 100 ml in cavities can be identified. It is 
not reliable for bowel or penetrating injuries. It often needs 
to be repeated. 


Diagnostic Peritoneal Lavage (DPL) (by Perry) 
11 is useful in blunt injury abdomen. It is not very useful in 
penetrating injury, bowel injury, retroperitoneal and pelvic 
injuries. 


CT Scan of Abdomen 


It is most commonly used and better investigation for abdomi 
nal trauma, It is useful in blunt/penetrating trauma, suspected 
pancreas, spleen, liver, duodenal, retroperitoneal injuries. 
Smaller injuries, early haemoperitoneum are better detected. 
It is noninvasive, highly specific, highly accurate (96%), with 
low false-positive/low false-negative, noninvasive. 


Other investigations 


a. Abdominal diagnostic paracentesis (Drapanas and 
MeDonald): Here 18 G short bevel spinal needle is inserted 
into the peritoneal cavity after injecting local anaesthetic 
agent into the abdominal wall. With continuous suctioning 
through syringe, needle is passed at various sites. Positive 
tap means return of minimum of 0.1 ml of nonclotted blood, 
False-positive result occasionally can occur due to needle 
puncture of abdominal wall vessels. Needle should not be 
inserted close to previous abdominal scar as bowel may be 
adherent undemeath the scar. Change of direction of needle 
is done by withdrawing the needle tip outer to peritoneum 
and again puncturing the peritoneum. Puncture by 18 G 
needle of nondistended bowel will seal without any leakage. 
Peritoneal tap should be avoided if bowel is distended. Bilat- 
eral flank tap/four quadrant tap is also done with similar 
result, Rectus sheath haematoma and false-negative results 
are the problems. 

b. Diagnostic laparoscopy is very useful. It can be done 
under local anaesthesia. Haemoperitoneum, solid organ 
and diaphragmatic injuries are well assessed. But bowel 
and retroperitoneal injuries are more likely to be missed. 

©. Arteriography through Seldinger technique is useful in 
suspected cases of renal arterial injury (thrombosis/spasm); 
intimal tears, traumatic aneurysm and aortic occlusion (after 
seat belt injury) are well diagnosed with arteriography. 
Often it can be therapeutic also. Pelvic bleed extending into 
retroperitoneum is not uncommon which ean be assessed by 


arteriography and also the bleeding vessel can be identified. 
But venous bleed cannot be assessed by this. 

4. Doppler assessment of major vessels may be beneficial 
especially for IVC, aorta, iliac vessels, and portal system; 
but with haemoperitoneum visualisation window may be 
poor and vessels can be better identified by contrast CT 
sean 


Management Concepts in Abdominal Trauma 


# Evaluation of extent of the injury; number of organs injured 
‘and severity of injury; haematocrit assessment (haemoglobin 
drop up to 6 gm% is tolerated well with adequate tissue 
oxygenation, Rapid drop of hemoglobin needs adequate 
number of blood to be kept ready for transfusion, like 
5/10/bottles or more); central line for volume replace~ 
ment; urinary catheterisation; administration of systemic 
antibiotics, 

# Autotransfusion of blood is very useful as a life-saving 
procedure in such situation. Blood from the cavity is sucked 
‘out into a sterile bottle which contains 150 ml of 3.8% 

solution. This blood is strained’ 

ed through gauze and re-transfused. If there is colonic 
and small bowel injuries auto transfusion is not possible for 
{ear of sepsis due to contamination, 

% Upper midline incision extending down actoss the left of 
the umbilicus is the preferred incision. But surgeon should 
not be hesitant to extend the incision into the thorax or do 
horizontal T ot extend as needed depending on the internal 
‘organ injury. 

# First priority after opening the abdomen is immediate 
control of profuse bleeding using finger compression or mop 
orpressure, Later once the field is clean; area is assessed for 
the extent of injury without releasing the compressed finger 
on the bleeding site. A vascular clamp or bulldog clamp is 
helpful in such situation. Once it is applied over the site 
of bleeding, compres 
suturing using 4 zero or 6 zero polypropylene/resection of 
the tissue; reconstruction of the area; persistent pressure mop 
in situ with closure of the abdominal wall with an option of 
second look surgery in 48 hours are the different options, 
Individual organs are assessed and graded for injuries and 
‘managed accordingly. 

% During laparotomy entire abdomen should be inspected! 
palpated carefully for any additional missed injuries. Lesser 
sac, retroperitoneum, duodenum, pancreas and diaphragm 
should be checked. Often peritoneum on the margin of the 
duodenum and right side colon is incised, duodenum and 
colon is reflected medially to visualise the retroperitoneum, 
Pelvic structures need special attention, Rectum, urinary 
bladder injuries are likely to be missed if proper attention 
is not given. On catheterization, if urine is clear it means 
urinary system is normal, Portal venous system should be 
assessed. 

% Resection or repair should be decided later once haemostasis 
is maintained. Whether the injury is to the bowel or organs 


ing finger can be removed. Vascular 


What we need is cup of understanding, barrel of love and an ocean of patience. 
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(liver/spleen/kidney, ete.) resection or repair approach is 
decided depending on the severity of individual organ injury 
(based on seale or grade). 

Mesenteric tear may be the cause for haemoperitoneum, 
‘Tear may be perpendicular or parallel to the bowel. If it 
is perpendicular, haemostasis and approximation of the 
mesentery is sufficient; if it is parallel tear, then blood 
supply to corresponding bowel may be compromised and 
resection of that part of the bowel is indicated. Mesen- 
teric haematoma is left alone if small and nonprogres- 
sive. Whether there is any colour changes in the adjacent 
bowel should be observed. If haematoma is large; if it is 
progressive; if it causes compromised blood supply to 


Figs 1.279 to C: Traumatic bunt injury abdomen causing small bowel 
Injury which is sutured using interrupted horizontal sik sutures. 


the adjacent bowel, then it should be gently evacuated. 
Mesenteric leaf is opened using curved scissor; clot is, 
‘evacuated using gentle finger dissection; bleeder is identi- 
fied and ligated. If there is compromised bowel function, 
it should be resected. Bleeding from the major vein like 
superior mesenteric vein is disastrous as tear may not be 
localised but may be extensive; and even gentle dissection 
‘may cause more tear. It is carefully mobilised; vascular 
clamps are applied and repaired using 5 zeto polypro- 
pylene sutures. 

% Aortic elamping: Catastrophic bleeding found after opening 
the abdomen which cannot be controlled and bleeding 
with profound hypotension are the indications for aortic 
clamping, Profuse intraperitoneal bleed comes under control 
temporarily by tamponade effect of tense abdominal wall 
and it itself temporarily helps the patient. The moment 
abdomen is opened; tamponade effect is released causing 
further rapid bleed leading into critical catastrophe. If such 
event is expected prior to opening the abdomen very quick 
rapid thoracotomy (prelaparotomy thoracotomy) through 
left Sth intercostal space is done; left lung is deflated and 
displaced; pleura over the thoracic aorta is incised; aorta 

is dissected using finger; vascular clamp ot soft intestinal 
‘occlusion clamp is applied to occlude the thoracic aorta. 
Later laparotomy is performed to go ahead with manage- 
ment of the bleeding, If profound bleeding is observed after 
laparotomy necessitating the aortic clamping, it is done 
by applying the clamp in infradiaphragmatic part of the 
aorta, Peritoneum is incised on the right of the abdominal 
‘oesophagus in infradiaphragmatic area; aorta is dissected 
using finger high up close to diaphragm to avoid injury to 
celiac plexus; clamp is applied across (infradiaphragmatic 
aortic occlusion). 

% Usually drainage using tube drains on either side of the 
abdomen is used even though itis controversial. ICT should 
bbe placed if thoracotomy is also undertaken. 

% Jejunostomy for enteral nutrition is ideal in all major 
abdominal injuries. Often gastrostomy is also done along 
with jejunostomy in case of duodenal and pancreatic 
injuries. 

# Management of individual organs after grading its severity 
of the injury—duodenum, pancreas, liver, spleen, bowel, 
kidney, etc. (Please refer individual chapters for detait— 
highlights of individual organ injury is given below). 

© Management as critical care (ICU with intensivist); multiple 
blood transfusions; management of sepsis, maintenance of 
respiration, management of electrolyte changes, treatment 
of renal failure, provision of nutrition, prevention of DVT, 
management of DIC are very essential part of postoperative 
treatment. 


l™ DUODENAL INJURY 


# Its severity depends on the type and extent of the injury. 

# Itcan be haematoma or lacerations. 

# Lacerations can cause duodenal disruption, may be < 50% 
or > 50% oF 75% or more, 

* Laceration may extend into the ampulla, distal CBD, 
pancreas or with duodenal devascularisation, 


I Grading of duodenal injury l 
Grade Haematoma Involving single portion of the 
=Laceration duodenum, 
Partial thicknoss injury without 
perforation 


Grade Il = Haematoma_ 
= Laceration 


Involving more than one portion. 
Disruption less than 50% 
circumference. 

Disruption of 50-75% ofthe 
‘circumference of 2nd part of the 
‘duodenum; disruption 50-100% 

(of the 1st, 3rd or 4th part of the 
‘duodenum. 

Disruption more than 75% of 2nd part 
‘of the duodenum and involving the 
ampulla or distal common bile duct. 
Severe disruption of 
‘duodenopancreatic complex. 
Duodenal devascularisation. 


Grade Ill - Laceration 


Grade IV ~ Laceration 


Grade V —Laceration 
Vascular 


Management 


CT scan is more relevant investigation. 

¢ Associated other injuries should be managed accordingly. 

¢ Haematoma without extension is managed conservatively 
with nasogastric aspiration, antibiotics and IV fluids. 

¢ Lacerations are sutured surgically with a stenting or often 
with bypass like gastrojejunostomy. 

ERCP stenting or CBD bypass is also often required. 


Infection, duodenal leak. 
“+ Peritonitis, haemorrhage. 


lm PANCREATIC INJURY 


¢ Itcan be in the head or body and tail of the pancreas 

 Itmay be associated with injury to duodenum or portal or 
superior mesenteric veins 

¢ Itcan be contusion or severe lacerations. 


Management 


¢ High resolution CT scan is diagnostic. 

Distal pancreatectomy for injuries distally. 

Conservative treatment is useful with antibioties, 1V fluids. 

 Whipple’s operation or total pancreatectomy is done as a 
last resort 

Drainage of the pancreatic bed is simple and often useful 
method. 


Complications 


% Pancreatitis, septicaemia, 
4 Pancreatic fistula, pancreatic abscess formation, 
Pancreatic injury has got high mortality (> 45%). 


™@ SMALL BOWEL INJURY 


It can be blunt injury of stab injury. 

© Blunt injury causes disruption of either duodenojejunal 
region or at ileocaecal region. 

# Presentation is like haemoperitoncum or features of peri- 
tonitis 

# Monks localising zones in the abdomen signify the location 
of the small bowel injury. 

# Presence of pattern bruising over the abdominal wall 
signifies the small bowel injury and its site. It is called as 
London's sign. 


Management 


¢ Plain X-ray abdomen shows gas under abdomen with 
ground-glass appearance, 

© U/S abdomen is useful 

# Laparotomy and closure of the perforation if it is small 

# In presence of extensive bowel injury or multiple injuries, 
resection and anastomosis is done. 

% Any associated injuries should be dealt with accordingly. 


Figs 1.280A and B: Assault causing stab injury abdomen. On opening. 
‘the abdomen, multiple perforations were found in the small bowel 
and was sutured, Patient recovered well 


Happiness is not destination, it is a manner of travelling. 
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ABSTRACT OF THE DISCLOSURE 
A combined antenna and conversion mechanism for re- 
ception of beamed high frequency electromagnetic encray 
in space including a large array of unidirectional current 
semiconductor rectifier devices, A self-supporting space 
‘vehicle utilizing the rectified DC electrical energy for pro- 
ulsion is disclosed in an illustrative embodiment. 


‘The present invention relates in general to the transfer 
of energy by means of an electromagnetic wave beam and. 
‘more particularly to interception and rectification of such 
energy into low frequency electrical DC energy with 
high degree of efficiency, 

Improved technology in the field of microwave energy 
generation at superpower levels has resulted in the realiza 
tion of electrical energy transmission over considerable dis 
tances for remote energization of devices ot vehicles wit 
Out the aid of wires. The transmission of microwave elec. 
‘tromagnetic energy into space has been commonly em- 
ployed in the radar pulse echo systems for the detection 
and orientation of desired objects within a predetermined 
scanning range of a transmitting antenna, Beams of a 
similar nature may now be employed for other useful 
Purposes and the advantages attendant the utilization of 
electromagnetic energy in the microwave resion in con- 
trast with other wavelengths may now be enumerated. 

‘Microwaves have been generally defined as high fre- 
quency radio waves whose wavelength is less than 30 
centimeters, with a lower wavelength limit on the order 
of 1 millimeter sometimes being applied to what is com- 
monly referred to as the “microwave region.” The superi= 
rity of high frequency microwaves is due in part to the 
fact that it is generally desirable to focus the transmitted 
energy so as fo achieve a high power density at a remote 
point or area with respect to a given power source, In 
accordance with the Taws of optics, the sharpness of the 
microwave beam produced by a transmitting antenna 
varies as the ratio of antenna dimensions to the Wavelength 
Of the transmitted energy. Therefore, for a given or de- 
sired power density or beam sharpness, a decrease in the 
wavelength of the transmitted energy permits a corre 
sponding decrease in the dimensions of the antenna, From 
the standpoint of mechanical considerations, it is desit= 
able to employ small antennas and other components, and 
it is therefore advantageous to employ high frequency 
eneray of very short wavelength, In addition, the diffcul- 
ties encountered in long wave transmission as a result of 
natural and man-made interference or noise do not occur 
with any appreciable significance at microwave frequen- 
cies. Further, in aerospace applications with considerable 
distances separating the transmitter at an earth or mother 
planet location and the employment of shorter wavelength 
‘beamed energy is preferred since longer wave signals will 
generally be reflected at certain altitudes by reflecting lay- 
rs in the atmosphere, 

In view of certain Tosses due to absorption which may 
‘occur in the atmosphere, microwaves in the region having 
the approximate bounds of 2 and 30 centimeters are 
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readily adaptable to the convenient radiation of power 
{0 remote points without the utilization of wires, The pre- 
ferred wavelengths are of the order of 5 or 10 centimeters 
to provide efficient focusing with existing transmitting 
antenna systems which may be maintained at a reasonable 
Size. An illustrative device of the superpower high fre- 
quency microwave generators operative in the desired 
band is the so.called Amplitron which is an amplifier 
having a broad bandwidth and excellent performance 
characteristics for the focusing of the beam, Such devices 
are capable of producing 15 or 20 kilowaits of average 
continuous wave power in the neighborhood of 10 cent. 
‘meters in wavelength with capabilities expected in the 
region of 500 kilowatts or more average power with 50 
‘megawatts peak power. A complete description of such 
devices may be had by referring to Patent No. 2,933,723 

sued Apr. 19, 1960 to William C. Brown and assigned 
to the assignee of the present invention. 

‘With microwave energy capable of being generated and 
directed over longer distances conversion of such high 
frequency electromagnetic energy is of paramount con- 
ern. One conversion mechanism in the prior art involves 
direct conversion of such energy into heat which may 
then be utilized directly or inditectly for propulsion oF 
generation of fight-producing forces, Examples of such 
vices for heat energy exchange as well as space vehicles 
utilizing such energy may be noted ia Patent No. 3,174, 
705, issued Mar. 23, 1965, to D. Schiff et al, as well as 
USS. Letters Patent No. 3,083,528, issued Apr. 2, 1963 
and No, 3,114,517, issued Dec. 17, 1963, to William C, 
Brown. The heat ‘exchanger method of conversion of 
lectromagnetic energy into useful power is limited by 
the overall efficiencies of approximately 25 percent in the 
conversion of heat into mechanical or electrical work. De- 
sirable, therefore, would be the direct rectification of the 
high frequency electromagnetic energy into low frequency 
electrical energy for the operation of many useful aero- 
space devices as well a systems, 

‘The present invention has for its primary object the 
conversion of high frequency electromagnetic energy in 
the microwave region directly into low frequency elec- 
trical energy. 

A further object of the present invention is the pro- 
vision of a combined nondirectional receiving antenna ‘and 
microwave electromagnetic energy to low frequency elec- 
trical energy conversion means in a unitary structure 

A sill further object of the present invention is a pro- 
vision of a new and novel combined nondirectional re 
ceiving antenna and microwave to DC energy converter 
for aerospace applications, % 

Another object of the present invention is the provision 
of a new and novel nondirectional receiving antenna and 
microwave to DC energy converter having a high degree 
of efficiency. 

Still another object of the present invention is the pro- 
vision of a new and novel aerospace vehicle with non 
irectional receiving antenna and microwave to DC ener 
aY converter means with said vehicle being capable of 
being supported by its own energy generation means at a 
distance spaced apart from the power generation means, 

In accordance with the teachings of the present inven. 
tion, the above and other objects are achieved by the 
employment of efficent unidirectional microwave power 
‘ectifiers and dipole antenna means. Such rectifying de 
vices, while being individually limited in power-bandling 
capabilites, normally in the order of fractions of watt 
hhave been found to be highly efficient means for the rect 
fication of microwave power when assembled in large 
numbers in various arrays. Tt is interesting to note that 
the observed collective efficiency was on the order of 
40 to 70 percent. In an illustrative embodiment, point- 
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COLONIC INJURY 


# Left sided injury is treated with proximal colostomy with 
closure of the wound if it is small, or resection and anas- 
tomosis if itis wider area, Closure of colostomy is done at 
later stages after 3-6 months. 

Small wound over right sided colon can be sutured primarily 

¢ Ieostomy alone or ileostomy with ileo-transverse anasto- 
mosis or right hemicolectomy with ileostomy is indicated 
in following situations 
> Extensive peritoneal contamination. 

» Colonic vascular injuries. 
> Hacmodynamically unstable patients, 
» Long-term hypotension after trauma. 


LIVER INJURY 


It can be subcapsular haematoma, lacerations, deeper injuries, 
lacerations with disruption of hepatic lobes or segments or 
liver injury with vascular injuries like of inferior vena cava or 
hepatic veins 

Present with features of haemorrhagic shock, distension 
of the abdomen, tenderness, rebound tenderness, guarding, 
rigidity. 


+ CTisdiagnostic tool 

+ Liver injury is graded depending on involvement of hepatic 
veins, portal system, biliary system and duodenum 

+ Often high grade liver injury also can be managed nonop- 
eratively 

+ Push (direct compression); Pringle (occluding portal triad at 
foramen Winslow with fingers temporally); plug by emboli- 
sation; pack the liver bed: repair of vena cava or portal vein; 
stenting of biliary tree and hemihepatectomy—are the 
treatment strategies 


Management 


# Small tear is sutured, 
For larger tears 
> Deep sutures, 

» Packing 
> Debridement, 
> Haemocoagulants. 

# Liver reseetion is not done (not advisable) usually for 
injuries. 

* Pringle manoeuvre—by compressing the porta near 
foramen Winslow—to control bleeding (not more than 30 
minutes). 

¢ Blood transfusions. 

¢ ‘Treatment of associated injuries like of diaphragm, lung, 
duodenum, colon 

¢ Antibiotics 


Complications of Liver Injury 


 Haemorrhage, septicaemia, bile leak, 
¢ Liver failure, haemobilia 
# Subphrenic abscess, CBD stricture. 


@ SPLENIC INJURY 


It can be subcapsular haematoma, laceration or hilar injury. 
Itcan be associated with other organ injuries like left kidney, 
left lobe of the liver, splenic flexure of the colon or pancreas. 
It can cause torrential haemorrhage and shock. 
tis the mast common organ injured in blunt injury abdomen. 


Management 


# U/S abdomen, diagnostic peritoneal lavage are the inves- 
tigations, 

% Blood transfusions. 

# Splenorthaphy is done in selected patients so as to save 
the spleen, 

# Splenectomy. 

# Management of associated injuries. 


Complications of Splenectomy 


# Loft lung atelactasis, 
# Overwhelming postsplenectomy inf 
# Pancreatitis and pancreatic fistula, 

# Gastric bleeding 

# Subphrenic abscess. 


m RENAL INJURY 


# Itis commonly managed conservatively 

# IVUis the investigation of choice in renal injury. 

# Surgery is indicated when there is hilar injury, progressive 
bleeding, failure of conservative treatment or perinephric 
abscess formation, 


ll URINARY BLADDER INJURY 


Intraperitoneal bladder injury occurs in distended bladder. 
It is treated always by surgical exploration through transab- 
dominal approach. Bladder tear is sutured with keeping a 
suprapubic cystostomy using Malecot’s catheter. 

Extraperitoneal injury can be treated conservatively by 
placing a Foley's catheter for 2-3 weeks 


1 ABDOMINAL COMPARTMENT SYNDROME 


# Normal intra-abdominal pressure is 2-12 mmHg, Abdominal 
‘compartment syndrome is increased intra-abdominal pres- 
sure more than 12 mmflg. tis often sudden, rapidly progres 
sive decreasing the venous return to heart 

# Itis common in multiple traumas, leus, bowel oedema are 
the factors causing it, Itis also seen in retroperitoneal haem- 
orthage, pancreatitis, long-standing hernia after reduction 
into the peritoneal eavit 

% Upward displacement of the diaphragm, increased peak 
inspiratory pressure, peripheral resistance, intrapleural 
pressure, CVP and PCWP: hypoxia, hypercapnia, acidosis; 
compression of IVC, decreased venous return to heart, 
cardiac output and right atrial pressure, decreased visceral 
and renal blood flow and glomerular filtration; mesenteric 
venous hypertension; bowel wall oedema and ischaemia— 
are the effects. Oliguria, respiratory failure, cardiac arrest 
ensures if abdomen is not decompressed, 


ll SEATBELT INJURIES 


¢ Inan individual with seatbelt, during impact violent decel- 


[ ‘Abdominal compartment syndrome (ACS) 


Causes Features Management 
‘Muttiple trauma and ICU patients— Hypoxia, hypercarbia Bladder pressure assessment 
common 
Postoperative ileus Decreased urine output Ryle’s tube aspiration 
Acute abdomen Hypotension Resuscitation 
Acute gastric dilatation Tense abdomen—distended ICU care 
Laparoscopic procedures Decreased venous return Surgical decompression 
Intestinal obstruction Bowel ischaemia 

Cardiac arrest 


# Intra-abdominal pressure is measured using a urinary cath- 
eter in the urinary bladder. Pressure is graded (Busch) as 
1-10-15 em of HO; lI—16-25 em of H,0; III—26-35 em 
H,0; IV—more than 36 em H,0. 

Beyond grade Ill immediate decompression is needed. Initial 
volume preload is essential otherwise sudden decompression 
may cause cardiac arrest in asystole due to reduced preload, 4, 
sudden influx of high potassium, acid and other metabolic 

by products into the heart 

Condition is a surgical emergency e 


‘intra-abdominal pressure grading (Busch) in cm of water 
110-15 cm of H,0 + 
1-15-25 em of HO 
25-35 cm of Hs + 
IV—more than 35 


eration of human body occurs. Seatbelt impinges heavily 


‘on its point of contact with trunk and viscera continue to 
move forward, It leads into severe contusion of abdominal 
contents; detachment of bowel from its mesentery due to 
free forward rapid mobility of the bowel over a relatively 
fixed mesentery. Solid organ injury occurs only occasion 
ally. 

‘Two point anchorages causes” solid organ injuries like of 
liver/spleen, Lap-belt causes contusion and bowel injury 
‘commonly. 

Itis often difficult to identify the injuries due to presence of 
more obvious other injuries. CT chest and abdomen diag 
nostic peritoneal lavage (DPL) are very useful 

Petechiae around iliac crest or costal margin are signs 
wherein one can suspect seatbelt injuries. 

Distraction fracture of lumbar spine (chance fracture) with 
hyperaesthesia of T12 and LI level is often associated. 
10% of such fractures are associated with intra-abdominal 


injuries. 
Treatment is immediate laparotomy and proceed—bowel 
suturing/resection/suturing of the organ injuries/splenor- 
rhaphy/splenectomy. 


‘Success is the ability to go from one failure to another with no loss of enthusiasm. 
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K. Hand and Foot 


CHAPTER OUTLINE 


Hand 
» Hand Infections 

Acute Paronychia 

Chronic Paronychia 

Apical Subungual infection 
Terminal Pulp Space infection 

w Infection of Web Spaces 

Deep Palmar Space Infection 
Space of Parona Infection 
Acute Suppurative Tenosynovitis 
© Compound Palmar Ganglion 
 Orf 

 Milker’s Nodes 

Hand Injuries 

© Dupuytren’s Contracture 


HAND 
Surgical Anatomy of the Hand 


Flexor Retinaculum 


# It extends medially from pisiform and hook of hamate, 
laterally to scaphoid tubercle and trapezium crest as a strong 
fibrous band so as to bridge carpus to create a carpal tunnel 

# Ulnar nerve and vessels, palmar cutaneous branches of 
‘median and ulnar nerves, palmaris longus muscle are super- 
ficial to the carpal tunnel, 

* Median nerve, tendons of flexor digitorum superficialis, 
profundus and pollicis longus, radial and ulnar bursa are 
deep to flexor retinaculum. 


Palmar Aponeurosis 


Itisa thickened, modified deep fascia in the palm with its apex: 
pointing proximally (as continuation of palmaris longus) and 
base distally which in turn gets divided into four parts. They 
extend over deep transverse ligament into lumbrical tunnel. 


Blood Supply of the Hand 


¢ Superficial palmar arch is mainly formed by ulnar artery and 
completed by superficial palmar branch of radial artery. It 
gives four digital branches to medial three fingers. 

Deep palmar arch is formed by radial artery and is completed 
by deep branch of ulnar artery. It gives three palmar meta~ 
carpal arteries which communicate with superficial palmar 
arch, It also gives communicating, perforating branches to 
dorsal metacarpal arteries, 


Volkmann's Ischaemic Contracture 
™ Syndactyly 

Mallet Finger 

™ Heberden’s Nodes 

Spina Ventosa 

™ Foot 
 Callosity 
© Corn 
Plantar Fas 
 Ingrowing Toe Nail 
® Onychographosis 
Onychomycosis 
o Athlete's Foot 
Hallux Valgus 


tis 


Muscles of the Hand 


% Thenar muscles: Abductor pollicis brevis, flexor pollicis 
brevis, opponens pollicis and adductor pollicis. 

% Hypothenar muscles: Palmaris brevis, abductor digiti 
minimi, flexor digiti minimi and opponens digiti minimi, 

% Lumbricals are four in number—named from lateral to 

medial 

Four palmar interossei 

% Four dorsal interossei. 


Nerve Supply 


% Abductor pollicis brevis, flexor pollicis brevis, opponens 
pollicis and Ist and 2nd lumbricals are supplied by median 
nerve (5 muscles) 

# Rest of the muscles in hand are supplied by ulnar nerve (15 
muscles). 


Modified Verdan Zone System in the Hand 
(Tendon Zones) 
Zone | 


From the fingertip up to the attachment of flexor digitorum 
superficialis (middle of middle phalanx). It contains tendon of 
flexor digitorum profundus, 


Zone Il 


{tbegins proximal to metacarpophalangeal joint at distal palmar 
crease and extends up to the attachment of flexor digitorum 
superficialis at the middle of the middle phalanx. It is called 


as“No-Man's-Land.” Here flexors are tightly enclosed within Zone V 
o Fvovossoous tunnel Is the mast dangerous zone in W304 exsends fom the proximal end of flexor retinaculum up to 
injuries (eritical zone), distal third ofthe forearm, 


one iit ll HAND INFECTIONS 
It begins at the distal end of flexor retinaculum (base of the 
palm) and ends at the transverse crease of the palm. It contains 
lumbricals attached to flexor digitorum profundus. 


Hand is a compact actively functioning unit. It contains neuro- 
vascular bundles, muscles, bones and ligaments. 
Infection may be due to minor injuries or blood borne. 


Zone IV 


tbegins atthe proximal end of the flexor retinaculum and ends 
al its distal end. 


Fig. 1.283: Infection of finger at middle phalanx level. Note the 
‘edema and position of the finger. 


— — 
© Diabetes 

 Immunosuppression 

Trauma 

@ HlVinfection 

patie 4 Steroid therapy 

-aponeurosis 4 Vascular diseases 


= a 

'® Staphylococcus aureus—most common 

Streptococcus 

‘Anatomy of flexor retinaculum and palmar aponeurosis. Gram-negative organismslike col B : 

Occasionally fungal infection causing chronic paronychia, 
‘Madura hand due to Nocardia group of fungi, viral infection 
like orfcan occur 


Flexor retinaculum 


General Features of Hand Infection 


% Infection spreads faster in all areas. 

© Causes oedema over the dorsum of hand due to lax skin 
and more lymphatic network even though infection per se 
is more over the volar aspect. It looks like frog hand. 

# Restricted movements of fingers and hand. The hand func- 
tions like hook, pinch, grip, grasp arc lost 

% Severe pain and tendemess, with fever. 

Tender palpable axillary lymph nodes are often present 


Different Types of Hand Infections 


# Acute paronychia. 
Chronic paronychia, 
% Terminal pulp space infection (felon). 


Fig. 1.282: Modified Verdan zone system in the hand,  Subungual infection, 


An ounce of action is worth a ton of theory. 
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458 | * Web space infection ¢ Lymphangits of the hand 
# Mid-palmar space infection, ¢ Arthritis of hand joints 
 Thenar space infection, ¢ Subcuticular abscess 
¢ Deep palmar abscess. Hand infection can be superficial or deep; it can be localised 
¢ Acute suppurative tenosynovitis st sqreailing 
# Chronic tenosynovitis of flexor tendon sheath of palm and 


forearm—compound palmar ganglion. 
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Figs 1.284A to F: Different types of hand infections. Note the oedema of hand even on dorsal aspect. Small infective focus can aggravate 
rapidly and so early proper drainage from deeper plane is important in managing the hand infections. Often it may cause extensive destruction 
‘exposing the tendons. 


Investigations 


# Pus for culture and sensitivity. 
¢ Blood sugar. 

¢ Urine sugar and ketone bodies. 

# X-ray of the part 

¢ Arterial Doppler of the hand if needed. 


Position af rast 
Fig. 1.285: Hand positions. 


Position of function 


Figs 1.286A and B: Hand positions in immobilisation and function. 


Fig. 1.287: Hand infection. Infection of rng finger extending into 
the palm. 


Fig. 1.289: Hypertrophic scar and keloid in hand and forearm after 
‘burn contracture. 


General Principles of Managing 
Hand Infections 


% Antibiotic therapy. 

% Position of rest with wrist slightly abducted and extended, 
thumb and index fingers away (glass-holding position). 
Position of function is in which thumb and index fingers are 
pinching firmly with wrist extension, 

# Elevation of hand reduces the oedema, increases perfusion, 
promotes healing. 

Early recognition of localised pus. Once localised, Incision 
and Drainage is done ideally under general anaesthesia or 
regional block (not local anaesthesia). Draining incision 
should not cross the palmar crease. Incision should have 
adequate length and adequate depth (deep to palmar fascia, 
“otherwise evacuation of pus is inadequate). Care should be 
taken not to injure neurovascular bundles. Pus should be 
sent for culture and sensitivity. Slough, if present should be 
excised thoroughly, Gauze drain is placed. Regular dressings 
are done with continuation of antibiotics. Communications 
{nto other areas of hand should also be drained. 

% Bloodless field (using tourniquet) is better to drain pus 
from hand. 

# Proper measures must be taken after treatment. Initial rest, 
elevation of hand and later proper physiotherapy and regular 
exercise of hand and fingers are encouraged to restore 
‘normal function, 


Early signs of Volkmann's contracture are pain, pallor, puffiness, pulselessness and paralysis. 


—David L Griffiths 
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‘Complications of hand infections 
Stifiness of digits and hand (ankylosis) 

Deformity and lsabllity 

Bacteraemia and septicaemia 

‘Osteomyelitis of bones depending on thelocation of abscess 
like metacarpal bones, terminal phalanx 

+ Suppurative arthritis of joints 

+ Paralysis of median nerve 


eeee 


Remember 


‘& Hand should be flexible and strong; sensitive and pain free 
and coordinated to show all fine and powerful functions 

+ Pinch (picking a small object);power grip (holding a hammer); 
‘ey grip holding a key); chuck grip (holding a pen);hook grip 
(carrying a bag)—are the functions of hand 

‘& Hand should be property examined dlnically for tendon func- 
tions; neurological problems—sensations (sweat test, two 
point discrimination test); for circulation (Allen's test); joint 
movements;examination of entire upperlimb; opposite hand; 
anillarylymph nodesand other relevant systemic examinations 

'& Nerve conduction tudies;electrophysiology;MRI hand;radio- 
isotope bone scan; elective angiograms;X-ray hand are the 
relevant investigations other than systemic investigations 

Principles of treatment—elevation to reduce oedema; 
splintage to prevent contracture; early movements once 
inflammation subsides;early exploration of woundor surgical 
drainage of infective area; regional anaesthesia; usage of 
tourniquet; incisions when done across the flexor creases, 
should be at 45" angle 


lm ACUTE PARONYCHIA 


 Itis the most common hand infection. 

% {occurs in subcuticular area under the eponyehium, 

© Minor injury to finger is the common cause 

 Suppuration occurs very rapidly. 

¢ Ittracks around the skin margin and spreads under the nail 
causing hang nail or floating nail 

# Organisms are Staphylococcus aureus and Streptococcus 
pyogenes. 

# Quantity of pus is very less around 0.5 ml but it should be 
drained to relieve sympotoms. 


Clinical Features 

Severe throbbing pain and tenderness (dependent throbbing) 
with visible pus under the nail root. Nail on touch is very tender 
(paronychia means “Run around”) 


Treatment 


# Pus is sent for culture and sensitivity 

Antibiotics like cloxacillin, amoxycillin. 

Analgesics. 

The pus is drained by making an incision over the 

eponychium. Digital block using xylocaine 2% plain 

(without adrenaline as end artery supply to digits can 

develop arterospasm) is given as anaesthesia, 

¢ [there is a floating nail, then the nail is dead and it has to 
be removed 

# Recovery is fast 


& 
Figs 1.2908 and B: Pointing pus in acute paronychia, Quantity of 
pus is very less usually around 0.5 ml 


Figs 1.2914 and B: Paronychia showing pointing pus in one picture 
and sloughed area granulating in another picture. 


ll CHRONIC PARONYCHIA 


It is commonly due to fungal infection—due to candida inte 
tion commonly. 


Clinical Features 


 Itis common in females, 
Nail is diseased with ridges and pigmentation 
¢ Itching in the nail bed. 

Recurrent pain, discharge 

Secondary bacterial infection may supervene. 


Investigation 
‘Culture of scrapings for fungus and other causative agents. 


Treatment 


Long-term antifimgal therapy—tocal and systemic. 
Antibiotics for secondary infection. 
¢ Insevere cases removal of nail is required. 


ll APICAL SUBUNGUAL INFECTION 


Its infection of the space between subungual epithelium 
and the periosteum. 

It occurs after minor trauma or rarely after formation of 
subungual haematoma, 

Beneath the free edge of the nail, pus comes to the surface. 

 Excruciating tenderness with small visible pus under the tip 
(summit) of the nail is the feature. 

¢ Drainage with ‘V’ incision over the summit is the treatment 
along with antibiotics, 

Osteomyelitis is not common, 


lm TERMINAL PULP SPACE INFECTION 
(FELON) 
 Itis the second most common hand infection (25%). 


Index and thumb are commonly affected. 
© Usually by a minor injury like finger prick. 


“V incision 


Fig. 1.292: Apical subungual infection and pus formation. Note the 
V" shaped incision to drain the same. 


Surgical Anatomy 


Terminal pulp space contains fat and is partitioned by septac 
which is attached from periosteum of terminal phalanx to 
skin, 

* Proximally deep fascia is attached to the periosteum distal 
to the base of terminal phalanx, ic, distal to the attachment 
of flexor tendon. 

# So, terminal space is a closed compartment, as the result 
of which pressure increases when there is infection, 
compressing terminal artery leading to thrombosis, resulting 
in osteomyelitis of terminal phalanx. 


Bacteria 


+ Staphylococcus—most common, 
© Streptococcus, Gram-negative organisms. 


Clinical Features 


# Pain, tenderness, swelling in the terminal phalanx. 
+ Fever. 
# Tender axillary lymph nodes. 
Often suppuration is severe, forming collar stud abscess 
which eventually may burst. 


Fig. 1.293: Anatomy of the terminal pulp space. 


lp space infection. 


Incision 


Fig. 1.295: Incision for pulp space drainage. 


| Dupuytren’s contracture typically affects the ring finger and years later the little finger becomes implicated. In 30% 


cases little finger is primarily affected. 


—Peter F Early 
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Causes ofcollar-stud abscess 
Tuberculous cold abscess 

‘Terminal pulp space infection (Felon) 

+ Deep palmar space infection 


Investigations 


¢ X-ray of the part is required often to rule out osteomyelitis 
of terminal phalanx, 
# Pus for culture and sensit 


ity. 


Treatment 


# Antibiotics and analgesics. 

Drainage of terminal pulp space by an oblique deep inci 
sion. 

# If there is osteomyelitis of the terminal phalanx, it has to 
be amputated, 


Complications 


% Osteomyelitis of the terminal phalanx. 

 Pyogenie arthritis of distal interphalangeal joint and teno- 
synovitis of flexor sheath. 

# Septicaemia—in immunosuppressed individuals, 


ll INFECTION OF WEB SPACES 
Surgical Anatomy 


‘There are three triangular web spaces filled with fat between 
the dorsal and volar skin, When the space is filled with pus 
it straddles the deep transverse ligament. Even though pus is 
volar, it points out dorsally. 

It originates from: 

Abrasion, 

Infection of proximal volar space of finger. 

Callosities. 

Infection of proximal spaces. 

‘Trauma. 

Spread from other palmar spaces and from flexor sheaths 
through lumbrical canal, 


eeeeee 


Bacteria 


# Staphylococcus. 
# Streptococcus 
¢ Gram-negative organisms. 


Clinical Features 


Fever. 
Pain and tenderness. 

Oedema of dorsum of hand. 

‘Maximum tenderness is on the volar aspect. 

*V" sign—separation of fingers. 

If untreated, infection may spread into other web spaces 
and hand spaces, 


seeses 


Treatment 


# Elevation of hand 

© Antibiotics and analgesics, 

# Drainage under regional or general anaesthesia. A hori- 
zontal incision is placed on volar skin of the web and deep- 
‘ened to reach the space by dividing fibres of palmar fascia, 
Pus is drained and sent for culture and sensitivity. If other 
web spaces are involved they should be drained through 
4 separate incision. Edges of the wound are cut to leave a 
diamond shaped opening, in front, Often counter-incision 
‘over dorsal skin of web is needed 


Fig. 1.296: Incision for web space drainage. 


lm DEEP PALMAR SPACE INFECTION 


Surgical Anatomy 


‘Two deep palmar spaces are present 
 Midpalmar space. 

® Thenar space. 

Midpalmar space is bound in front by palmar aponeurosis, 
behind by medial three metacarpals, laterally by a vertical 
line from lateral margin of the middle finger. It contains 
flexor tendons, neurovascular bundles and lumbricals. It is the 


common site of the infection, 
‘Thenar space is located anterior to lateral two metacarpals. 
Infection here is usually due to extension from midpalmar 
space. 


Midpalmar Space Infection 
Causes 


# Trauma. 
# Spread from infection of finger spaces and web spaces. 
# Haematogenous spread. 

# Spread from tenosynovitis. 


Clinical Features 


# Pain and tenderness in the palm, 

% Ocdema of dorsum of hand (frog hand). 

# Loss of concavity of palm 

# Painful movement of metacarpophalangeal joint (but inter- 
pphalangeal joint movements are normal and paintree), 

# Fever. 


‘Septum 
Thenar muscles 


Flexor pollicis longus tendon. 
Flexor tendons of index finger 
Thenar space 


Dorsal subcutaneous space. 


Dorsal subaponeurotic space: 


TA] 


‘Midpalmar space 


Palmar aponeurosis 
‘Superficial palmar arch 


Digital nerves 


Hypothenar muscles 
Flexor digitorum superficials tendons 
Flexor digitorum profundus tendons 


First. 
lumbrical 
canal 
Lumbrical canals 
2nd, 3rd, 4th 
Thenar- Midpalmar space 
space 


Flexor retinaculum 


Incisions to drain pus 
{rom space of Parone 


‘Space of Parana 


ic] 


Figs 1.2978 to C: Anatomy of palmar spaces of the hand and forearm. Midpalmar space is on the medial aspect; thenar space is on the 
lateral aspect. Space of Parona is on the lower forearm 


¢ Palpable tender axillary lymph nodes. 
Eventually pus may come out of palmar aponeurosis forming 
collar stud abscess and later sinus formation. 
X-ray of the part is required. 


Treatment 


¢ Elevation of the affected limb. 

¢ Antibiotics and analgesics 

© Drainage: It is drained under regional/general anaes- 
thesia by placing horizontal/oblique incision parallel to 
the palmar crease, One should avoid crossing the crease 
line as much as possible. Palmar aponeurosis is carefully 
incised vertically to avoid injury of the neurovascular 
bundles. Alternatively one of the interdigital web spaces 
is incised horizontally; /umbrical canal (3rd or 4th) is 
opened to reach the deep palmar space. Pus is drained 
and sent for culture and sensitivity. Thorough saline 

tion is very essential. Drain is placed through the 


wound, 


4 Osteomyelitis of metacarpals 

“© ‘Stiffness of hand 

© Suppurative arthritis 

+ Extension of infection into other spaces 


Thenar Space Infection 


‘Thenar space (triangular shape) is located anterior tothe lateral 
two metacarpals and fascia over transverse head of adductor 
pollicis; behind the short muscles of thumb, flexor tendons of 
index finger and Ist and 2nd lumbricals. Thenar muscles and 
flexor pollicis longus are lateral to it; fibrous vertical septum 
from palmar aponeurosis to 3rd metacarpal bone is medial 
to it, It is on the outer half of the hollow of the palm. Proxi- 
mally it extends from flexor retinaculum; distally it extends 
to transverse palmar crease, It communicates to fascial sheath 
of Ist lumbrical. It is often associated with midpalmar space 
infection. 
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contact semiconductor diodes were arranged in four arm 
bridge connected networks with the networks intercon 
ected in various configurations such as series, parallel 
and series-parallel. 

Tin discussing aerospace applications, an additional prob- 
lem is encountered in the beaming of microwave energy 
to a remote point and the interception and utilization of 
such electrical energy. In such applications the advantages 
of a vehicle which may be maintained in space for inde- 
terminate periods of time without employing a Tocal fuel 
source are readily apparent, Such devices could readily 
provide communication networks, surveillance functions 
‘ising radar techniques along with numerous other fonc~ 
tions. The acapture of the beamed high frequency elec- 
tromagnetic energy raises the need for an efficient an- 
tenna ‘means capable of intersecting the beam at high 
altitudes. Conventional techniques employed in micro- 
wave radar usage such as receiving antenna horns are 
capable of intersecting only a small portion of the beam 
energy and add considerable weight in applications in- 
Volving heavier-than-air vebicles. In an exemplary em- 
Dodiment of the invention a space vebicle, namely a heli- 
copter, is disclosed for either moving fight or a stationary 
ocation with self-supporting electrically operative propul- 
sion means. The semi-conductor diode rectifier arrays have 
been demonstrated to fulfill the receiving antenna func 
tions as well as the electrical energy rectification means in 
a highly efficient manner. Such combined antenna and rec- 
tifier means has also assisted in reduction of the weight 
problem in airborne devices. Further, it has provided a 
fhondirectional means for the interception of the micro- 
Wave enerey to thereby reduce the problems of focusing 
inherent in prior art directional horn type receiving an- 
tennas. 

‘Wit the above features, advantages and objects in mind 
the invention will now be described by reference to the 
following detailed description together with the accom- 
panying drawings in wh 

FIG. 1 is a perspective view of an illustrative diode 
rectifiers, 

FIG. 2 is a schematic circuit diagram of a bridge con- 
nected diode network with dipole antenna means; 

‘FIG. 3 is a schematic circuit diagram of a plurality of 
bridge connected networks arranged in series; 

‘FIG. 4 is a schematic circuit diagram of a parallel 
bridge connected network arrays 

FIG. 5 is a perspective view of an illustrative embodi- 
ment of a combined antenna and rectifier array in a folded 
fr rolled up configuration; 

FIG. 6 is a schematic circuit diagram illustrating the 
bridge connected diode array incorporated in the aero- 
space vehicle shown in FIG. 7 

"FIG. 7 is a schematic representation in elevation illus- 
trative of a heavier-than-air aerospace vehicle incorparat- 
ing the structure of the present invention; 

‘FIG. 8 is a perspective view of the aerospace vehicle 
embodiment as viewed from the under portion thereof, 
and 

"FIG. 9 is an enlarged partial view in elevation of a por- 
‘tion of the illustrative embodiment shown in FIG. 8. 

"FIG. 1 illustrates a point-contact semiconductor diode 
rectifier of the type employed in radar microwave receiver 
apparatus to rectify returned radar pulses. Any of the 
hhigh bumout semiconductor diodes having high recti- 
fication characteristics are preferred and are commercially 

railable, such as the IN82 or IN830. The rectifying junc~ 
tion is formed by whisker element 2 contacting the semi- 
conductor element 4 respectively connected to leads 6 and 
8. Silicon is preferred over germanium for element 4 
‘because of its ability to operate at higher temperatures and 
thereby handle higher powers. Envelope 10 houses the 
rectifying elements and may be of a hermetically sealed 
dielectric material or combination metal and ceramic com- 
position, The inherent characteristic of such diode rect 


10 


30 


49 


45 


0 


65 


0 


4 


fiers is that the microwave energy is intercepted and recti- 
fied in a unidirectional manner and the Tine 14 indicate 
pictorially the rays of the beamed electromagnetic micro- 
‘wave energy in a plane normal to the envelope. In FIG. 2 
2 full-wave bridge connected diode network is illustrated 
‘with the forward direction of the rectified DC electric 
current indicated by the direction of the arrow symbols. 
The network shown consists of half-wave dipoles 20 and 
22 cach terminated with a diode rectifier element 24 to 
27 in an arm of the bridge connected network. The di- 
pole elements 20 and 22 are of the half-wave configura- 
tion and may be spaced apart from each other a one-half 
wavelength at the frequency of the beamed electromag- 
netic energy. 

Referring now to FIG. 3, an array of bridge connected 
diode networks each with the half-wave dipoles are shown 
‘connected in series. Bach network is referred to by the 
umeral 30 and is similar in the bridge connections to the 
single element network shown in FIG. 2. The DC output 
Of the collective rectified eneray is coupled by means of 
terminals 32 and 33. In FIG. 4, a similar number of in- 
dividual bridge connected diode-dipole networks, are 
shown connected in a parallel array. Each network is in- 
dicated by the numeral 40, and the output terminals are 
indicated as 41 and 42 

‘Any number of diode-dipole networks may be pro- 
vided and in FIG. 5 such a multi-element array is illus- 
trated by mounting on a flexible material $0 which may 
be rolled or folded into any desired package or en- 
closed within a capsule to be launched and released at 
predetermined point in space. Any flexible material which 
js pervious to electromagnetic energy is preferred. The 
total power desired would be the determining factor in a 
umber of individual diode-dipole elements required. In 
this embodiment, the bridge connected networks 51 are 
connected in parallel to the output load indicated by ter- 
minals 52 and 53, and representative measurements of 
Cleetrical characteristics have shown that approximately 
five walls of DC electrical energy is realizable for each 
square foot of area of the combined antenna-rectfier. 
While the dipole elements 54 have been indicated in a 
particular array, itis within the scope of the invention to 
Stagger the placement of such dipoles to increase the over- 
all efficiency of the antenna-rectifier. 

‘To further increase the DC powder output, the full. 
wave bridge connected networks are preferably arranged 
with a plurality of diodes in series in each arm of the 
bridge. An illustrative schematic circuit diagram of such 
1 configuration is shown in FIG. 6 wherein seven diodes 
‘60 are shown in each arm of the bridge circuit and are 
connected in series for a total of twenty-eight diodes in 
each bridge network. The dipole members will then be the 
substantially U-shaped end portions 61 at the ends of each 
brace of seven diodes. In the illustration three such 
twenty-eight diode bridge networks are shown connected 
jn parallel to terminals 62 and 63. This closer spacing 
and compact arrangement has been shown to be a source 
of improved power output and is capable of a high degree 
of reliability through the redundant nature of the parallel 
Series connections within each bridge network. If one of 
the diode rectifiers fails to function the over-all voltage 
drop across this element would be divided among the six 
remaining diode rectifiers. If any of the connecting wires 
between the diode elements should break, the adjacent 
‘arms of the other bridge assemblies would take the addi 
tional load due to the close proximity of the respective 
farms to each other, In addition, it is possible to have a 
number of open connections of inoperative diodes dis- 
persed throughout the array without any serious impair- 
‘ment in performance. 

‘In relation to the array concept to be hereinafter de- 
scribed it may be stated that within a six inch square area 
ten such individual bridge networks each containing 
twenty-eight diode rectifiers for a total of 280 diode rec~ 
tiflers may be deployed in such a manner as to provide 
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It is drained similarly by placing incision on the lateral 
aspect of the palm or through the first web space incision is 
done along the first lumbrical canal on the radial side of the 
index finger. Often incision is made parallel to cleft between 
index and thumb on the posterior aspect. 


Web space incision— 
through lumbrieal cana 


JH incisions 


1 


~ Skin incision parallel to crease line 

= Never cross the crease line 

= Palmar aponeurosis is opened vertically 

= Space can be apgroacted through lumbrical 
canal through hotizental web space incision 


Fig. 1.298: Incisions to drain midpalmar space infection, 


Incision through first web 
space ~ radial side of index 
Finger — through frst 
lumbrical 


1.299: Incision and drainage of thenar space abscess. 


ll SPACE OF PARONA INFECTION 


Forearm space of Parona is a rectangular space situated in the 
lower part of the forearm above the wrist, in front of pronator 
quadrates and deep to long flexor tendons. Above it extends up 
to oblique origin of flexor digitorum superficialis, below up to 
flexor retinaculum communicating with midpalmar space. Flexor 
tendon sheath proximally extends into this space. Pus in this space 
is drained through lateral incisions in the lower part of the forearm, 


@ ACUTE SUPPURATIVE TENOSYNOVITIS 


Itis the bacterial infection of flexor tendon sheaths, 


Surgical Anatomy 


# Radial bursa is synovial sheath of flexor tendon of thumb 
which extends to the digit, 


# Ulnar bursa is synovial sheaths of medial four Nexor 
tendons of hand which extends into the digit of the fifth 
(little) finger. 


Fig. 1.300: Bursae hand. 


# Extensor tendons are devoid of sheaths. 

* Radial and ulnar bursa communicate with each other in 
80% of eases, 

Common bacteria: Staphylococcus aureus, Streptococcus 

pyogenes 


Clinical Features 


Symmetrical swelling of entire finger. 

Flexion of finger—Hook sign 

# Severe pain on extension. 

Tenderness over the sheath. 

# Oedema of whole hand, both palm and dorsum (due to 
lymphatic spread) 

As ulnar bursa extends into the little finger its infection 
results in pain and tendemess extending up to little finger 
‘but not much to other fingers. 


4 Swollen finger held in flexion 

4 Exquisite pain on passive extension 

4 Tenderness precisely over the tendon sheath 

& Area of greatest tendemess over the part of ulnar bursa lying 
‘between transverse palmar creases, 


# In infection of radial bursa thumb is swollen with pain and 
tendemess over the sheath of the flexor pollicis longus and 
there is inextensibility of interphalangeal joint. 

# Swelling just above the flexor retinaculum is common. 


Treatment 


# Elevation of the affected timb. 

% Antibiotics and analgesics, 

+ Position of rest. 

© Drainage under general anaesthesia. Incisions are placed. 
‘over the site of maximum tenderness and flexor sheath should 
be opened up. Many a times multiple incisions are required, 


Itis drained through two incisions—one over the proximal part Pathology 
ofthe sheath; other over the distal part ofthe sheath in the digit— 
along the crease lines. A fine catheter is passed into the sheath 
from proximal incision and irrigated with normal saline through 
this catheter. This catheter is left in situ for further regular irriga- 
tions, splinting of hand is necessary with boxing glove dressing. 


“Spread ofinfection proximally intoforearm—tospaceofParona Clinical Features 
+ Stiffness of fingers and hand 


# Flexor tendon sheath on either side of the wrist is 
involved, i.e. both in the volar surface of palm and lower 
forearm, 

# Swelling contains fluid with typical melon seed bodies. 

Condition is often bilateral in case of rheumatoid 
arthritis 


© Suppurative arthritis © Swelling in the palm and lower forearm which is smooth, 
& Osteomyelitis soft, nontender, fluctuant and also cross-fluctuant across 
& Median nerve palsy flexor retinaculum, nontransilluminating 

4 Bacteraemia and septicaemia Wasting of hand and forearm muscles are seen. 


© Matted axillary lymph nodes may be palpable. 
# Primary focus may be present in lungs. 
COMPOUND PALMAR GANGLION 
¢ Itis chronic tenosynovitis of flexor tendon sheaths due to tuber 
culosis (tuberculous tenosynovitis) or rheumatoid arthritis. @ ESR, chest X-ray. 
# Itcan be unilateral or bilateral # FNAC of axillary lymph node and swelling itself. 


Investigations 


Incisions for digital 
‘synovial sheath drainage 


Incision for 
radial bursa 


vA] Incision for ulnar burse 


Digital incision: 


Irrigation polythene: 


‘Synovial sheath 
catheter ee 


‘exposed in the digit 


Syringe with saline 
for wash 


Exposed tendon. 
‘Synovial sheath (infected) 


Syringe with sane 
Incision nthe pain forwash 


Figs 1.301A and B: Suppurative tenosynovitis is drained through incision at proximal part and another at digital sheath. Often by placing 
fine polythene catheter into the sheath, saline wash is given into the area. 


Disease is the fate of poor, but also punishment of rich— vo Andrick 
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Treatment 


Start antituberculous drugs: INH, rifampicin, ethambutol 
and pyrazinamide for 9 months. 

¢ Excision of flexor tendon sheath is done along with scraping 
of caseating material, tubercles, melon seed bodies, 

Care should be taken not to injure median and ulnar nerves. 


m ORF 

Itis contagious pustular dermatitis of the hand due to a parapox 
virus infection. 

ll MILKER’S NODES 


{tis similar viral infection of the hand seen in cow handlers. 


lm HAND INJURIES 


Classification 


© Tidy injuries: They are clean incised wounds and are usually 
treated by primary suturing but depends on the tissues 
involved like nerves, tendons and muscles, 

idy injuries: They are lacerated wounds. Treated by 
debridement and later by delayed primary or secondary 
suturing, 

© Compartment injuries. 

© Degloving injuries 

 Indetermined injuries which could not be assessed. 


Assessment of Injury 


It should include: Number, extent, depth, deformity and disa- 
bility, neurovascular injuries, tendon injuries, muscle injuries 
bone and joint injuries. 


Principles of Treatment 


4 Haemostasis, 

¢ Use of tourniquet. 

Wound debridement and cleaning. 

Antibiotics and antitetanus treatment (toxoid and antitetanus 
globulin) 

# Primary suturing ifit is a incised wound or delayed primary 
suturing if there is odema, 

¢ Skin grafting or flaps for skin loss. 

Tendon suturing or tendon graft for tendon injuries, 

Rest and elevation of the affected parts, 

Management of fractures by splint, wiring, 


Figs 1.302A and B: Indeterminate and untidy hand injuries. 


Nerve repair for nerve injuries. 

 Immobilisation up to 21 days, 

Later physiotherapy with warm, exercise, was bath active 
‘movements, 

% Microsurgical restoration of digits. Reimplantation of the 
digits 


[ In hand l 


Do's 
Do examine hand carefully 
Do think of other diagnosis 
Do wait for abscess to localise 
Do place adequate length and depth of incisions 
Do immobilise, elevate the hand 
Do give antibiotics and proper dressings 


Don'ts 
Do not incise every infected digit 

Do not make puncture incisions or over pads 

Do not injure the digital nerves or vessels 

Do not piace incisions crossing the crease line 

Do not close human bites or lacerated wounds 

Do not forget to send pus for culture and sensitivity 


* Amputation of d 
inevitable. 


its or metacarpals only when | 467 


Primary repair of tendons and nerves are of lesser priority 
in untidy injuries. Priority is wound debridement! wound 
excision and early skin cover. Cut ends of nerves and tendons 
are tagged with coloured stitches for future identi 
purpose. 


‘Complications and morbidity of hand injuries 
Infection 
& Osteomyelitis 
& Arthritis of joints 
Fig. 1.303: Hand injury exposing tendons. Note the marker stitch in Stiffness 
the tendon. It needs local transposition flap or groin flap to cover. _# Loss offunction due to disability 
‘skin grafting is not possible over tendons. 


yoo4 pue puey 


Fig. 1.304: Stuck finger by aring. It's removed by applying soap, fat, Fig, 1.306: Hand injury which is healing but with severe deformity 
and wax. String method is winding and unwinding a thread under and of fingers. 
‘across the stuck finger. Sawingiis done only when every method fails. 


Fig. 1.305: Avulsion injury of thumb causing raw area. This needs Fig. 1.307: Typical deformity of finger which needs correction for 
proper skin cover to get the function adequately. proper function. 


“Impossible” is a word found only in the dictionary of fools—Napoleon 
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ll DUPUYTREN’S CONTRACTURE 


Individuals pre-disposed tothe affection we are describing observe 
thatitismore dificult to extend the fingers ofthe affected hand... 
The is (interphalangeal oint)isflexed at nearly arightangle...the 
‘most powerful efforts are insuficient to extend it....Hence, t was 
‘natural to conclude, that the commencement ofthe disease was in 
the unusual tension of the palmar aponeurosis. 

Guillaume Dupuytren, 1833 


It refers to localised thickening of palmar aponeurosis and 

later formation of nodules with severe permanent changes 

in metacarpophalangeal and proximal interphalangeal joints. 

‘Terminal interphalangeal joint is not involved as palmar 

aponeurosis does not extend to terminal phalanx. It is common 

in males (10:1), 

¢ It starts in ring and litle fingers, with flexion of ring and 
little fingers. Later involving all fingers, 

# There is thickening and nodule formation in the palm with 
adherent skin, 

# Itis often familial and bilateral 45%, 

# Pads (of fat) develop in knuckles and are called as Garrod’s 
‘pads (in proximal IP joints) 


Figs 1.3084 and B: Dupuytren’s contracture in the hands. Note the 
involvement of the ring finger. Note the fibrous band on the other 
hand as early finding, 


Conditions often associated with: 
+ Plantar fasciitis 5%—Ledderhose’s disease 

 Mediastinal and retroperitoneal fibrosis 

+ Peyronie's disease of penis 3% 

+ Nodules in the face and ear 

+ Pellegrini-Stieda’s disease 


Aetiology 


¢ Repeated minor trauma, use of vibrating tools. 
% Cirrhosis, alcoholism, smoking, 

© Epileptics on treatment with phenytoin sodium. 
# Diabetics, pulmonary tuberculosis, AIDS. 

¢ Other metabolic conditions 
 Familial—autosomal dominant. 


@ Dupuytren’s contracture 
Retroperitoneal fibrosis, 
Peyronie's disease of penis 


Complications 
© Restriction of hand fumetion and so disability 


Arthritis of MCP and proximal IP joints. 


Treatment 


Fig, 1.309: Z plasty done for Dupuytren’s contracture. 


¢ Fasciotomy of palmar aponeurosis and later physiotherapy, 
Z plasty. 

# Insevere cases fasciectomy partial or complete 

% Treatment of the cause. 
Recurrence can occur in 5-50% cases. 


ll VOLKMANN’S ISCHAEMIC CONTRACTURE 


Itisa vascular injury leading to muscular infarction and subse- 
quent contracture, 


Causes 


¢ Supracondylar fracture of the humerus. 
IV chemotherapy. 

Burs. 

¢ Closed forearm crush injuries. 

¢ Tight plaster after reduction of fracture, 


Pathogenesis 


Injury of brachial artery (tear, contusion, spasm, compres- 
sion) 


——-~ 


Results in infarction Injury to median nerve 
of forearm flexor (mainly) and ulnar nerve 
muscle both by ischaemia and 

1 infarction 
Aseptic muscle necrosis 


Fibrosis of flexor muscle of forearm 
L 
Contracture 


Clinical Features 


Acute phase: 

Pain (persistent pain in forearm, hand, fingers—ominous 
symptom), 

¢ Pallor, 

 Pulfiness (due to oedema), 

# Pulseless (absence of radial pulse; but its presence does not 
rule out the onset of impending contracture). 

 Paresis 

Late phase: Deformity 

Deformity (due to injury to median nerve): 


© Wrist joint extended, 
Extended metacarpophalangeal joints. 

¢ Flexed interphalangeal joints, 

Volkmann's sign: 

In early stage, the fingers can be extended atthe interphalangeal 
joints, only when the wrist is flexed fully. The fingers tend to 
flex if any attempt to extend the wrist is made. 


Treatment 


In acute phase: 

¢ Removal of plastic cast applied after fracture reduction, 

Correction of fracture. 

Exposure of brachial artery and application of 2.5% papa- 
verine sulphate to relieve the spasm if any. 


Suture of arterial tear if present, often with placement of 


arterial graf 
¢ Lateral incision over the deep fascia of forearm is placed to 
decompress the oedema, 


In late phase (once deformity occurs): 

Physiotherapy 

© Dynamic splints, 

% Max-Page operation: Release of flexor muscles (forearm 
muscles) from their origins from the bone and allowing it 
stide down until full extension. 

Excision of fibrous tissue and damaged muscles along with, 
tendon transfer. 

© Arthrodesis. 


ll SYNDACTYLY 
It is webbing or fusion of fingers. 


Causes 

Congenital and hereditary—common, 
© Traumatic like burns, 

Types 


Cutaneous—simple. 
Fibrous. 


‘Bony—complex. 
It can be unilateral or bilateral 

Often all four limbs may be involved with webbing of toes. 
Itmay be associated with polydactyly or visceral anomalies, 
Ifbony type is suspected, X-ray of the part should be taken, 


eeecees 


Fig, 1.311: Syndactyly and polydactyly of bath hands and both feet. 
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Treatment 


¢ I cutancous, release of web is done as a staged procedure 
along with “Z” plasty or skin grafting, 

# If fibrous, release can be done. 

# Ifbony type, release is difficult because blood supply may 
be compromised which leads to gangrene of the digit. 


@ MALLET FINGER (Base Ball Finger) 


‘The terminal phalanx can not be extended because of tear at 
insertion of extensor tendon or avulsion fracture of the base of 
the terminal phalanx 


ll HEBERDEN’S NODES 


‘These are seen in osteoarthritis, occurring behind the distal 
interphalangeal joints of index, middle, litle and ring fingers. 


Fig. 1.312: Arthritis of joints of hands. 


lm SPINA VENTOSA 

Refers to phalangeal tuberculosis (Tuberculous dactylitis). 
It is called as spina ventosa because of its appearance as “ait 
filled balloon” 


Fig. 1.314: Localised gigantism of index finger, thumb and part of 
the medial aspect of the hand. 


™ FOOT 


Foot contains 7 tarsal bones, 5 metatarsals, 14 phalanges (total 
26 bones). Two sesamoid bones of Ist metatarsal bone are 
common. There are 4 layers of muscles in foot. Ligaments, 
muscles, joints, maintain the stability of foot complex. Blood 
supply is by anterior tibial, posterior tibial and peroneal arteries 
Nerve supply is by saphenous, sural, posterior tibial, superficial 
and deep peroneal nerves, 


™ CALLOSITY 


# Itis a hard, thickened skin occurs as a protective measure 
seen in wider area usually over heel and heads of metatarsals, 


Fig. 1.315: Callosity in the foot. 


# Acallosity protrudes outwards from the skin. 

# Itis greyish-brown, raised, protruded outwards, thickened, 
hypertrophic skin occurs due to occupation and skeletal 
structure. tis painless. Itis wider lesion, Paring the top layer 
exposes the shiny translucent dead skin beneath. 

# Itis grayish brown hypertrophic raised thick protective 
phenomenon which occurs commonly in areas of wear 
and tear like hands and feet. Top roughened layer when 
peeled off, shiny, translucent, homogenous dead skin can 
be exposed beneath 

# Itis painless; it can get rubbed easily to create a sore. 

# Asitis a protective phenomenon it is best left alone. 


ml CORN 
Types 


© Hard com, 
© Soft corn. 


Hard Corn 


¢ Itis locali 


xd area of thickening over a bony projections like 
heads of metatarsals 

# Histologically it differs from callosity by having severe kera~ 
toses with a central core of degenerated cells and cholesterol. 

# It presses over the adjacent nerves causing pain. It can get 
infected causing severe pain and tendemess with inability 
to walk. 

# It is smaller lesion which is pushed deep into the skin 
forming a localised palpable painful/tender nodule with a 
central yellow-white core of dead cornified skin. 

Corn is common if there is deformity or by wearing tight 

fitting shoes/foot wears. 

Com is narrow, deep and painful/tender. 

tis common in females. 

Com is usually white/gray/yellow coloured, deep seated lesion, 

Infection, abscess formation and ulceration can occur espe~ 

cially if patient is diabetic. 

# Corn may be associated with bursae causing bursitis 

# Com often recurs alter excision 


Treatment 


# Excision 

Local application of salicylic acid preparations or mixture 
of salicylic acid/lactic acid/collodion may be helpful. Skin 
softening agents are also tried 

¢ Eliminating the pressure is very important to prevent recur- 

# Avoid excision of com unnecessarily in diabetic (especially 
with neuropathy) and in ischaemic foot. 


Soft Corn 


It usually occurs between 4th and Sth toes due to friction of 


bases of adjacent proximal phalanges (See Fig. 1.318). 


anc 


. 1.316: Corn under great toe. 


Callosit 


) Evidermis 


Epidermis 


Dermis 


Fig. 1.317: Diagram showing differences between corn and callosity 


Fig. 1.318: Corns in the plantar aspect of the foot. 


Fig, 1.319: Subcuticular abscess over great toe. 


A positive attitude is like a magnet for positive results. 
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@ PLANTAR FASCIITIS (Policeman's Heel) 


Itoccurs due to friction or tear of the ossified posterior insertion 
of the plantar fascia which is common in people who stand or 
‘walk for long-time. 


Treatment 
Analgesics, rest, steroid injections to the site. 


I INGROWING TOE NAIL (Onychocryptosis) 

© Itis also called as embedded toe nail 

# It is due to curling of the side of nail inwards, causing it 
to form a lateral spike resulting in repeated irritation and 
infection of overhanging tissues in the nail fold. 


Causes 


4 Tight shoes. 
Improper cutting of nails (very short and convex), 


Clinical Features 


¢ Itis common in great toe and is often bilateral 

Both medial and lateral sides of the toe can be involved, 

¢ Recurrent attacks of acute and subacute paronychia 
occurs. 

Pain, tendemess, swelling of margins of the toe, often along 
with granulation tissue and foul smelling discharge. 


Treatment 


Regular dressing and packing, 

¢ Antibiotics. Discharge is sent for culture and sensitivity. 

Nails should be cut concavely or straight without leaving 
lateral spikes towards soft tissues. 

¢ Zadik’s or Fowler's operation: Skin in lateral margin 
and root is incised so as to expose the lateral spike and 
germinal matrix. Infected tissues with pus and germinal 
‘matrix of ingrown part of the nail is excised or often 
entire nail with its root and germinal matrix is excised. 


Eponychium 


{(Subungual 
space) 


Hypertrophied| 
Infected tissue| 


Fig, 1.320: Zadik’s or Fowler's operation. 


Figs 1.321A and B: Ingrowing toe nail. Note the granuloma caused 
by repeated infection and inflammation. 


Germinal matrix 


41.322: Incision for nail excision. Note the germinal matrix. 
Removal of nail, entire or partial with adjacent germinal matrix is 
called as radical nal excision, 


lm ONYCHOGRYPHOSIS 


% Itis curving of nail upwards (Ram's Horn Nail) 
% [occurs due to repeated trauma or fungal infection. 


lm ONYCHOMYCOSIS 
Itis fungal infection of the nail 


™ ATHLETE'S FOOT 


$ Itis the fungal infec 
Tinea pedis. 


n of the skin between the toes— 


¢ Fungi enter through cracks; survive due to moisture in 
between toes, 

¢ Skin is swollen, red, with sticky fluid, macerated with blisters 

¢ Itching, deep cracks, pain and discharge are common. 


Treatment 


¢ Part should be kept dry. Cotton, clean socks should be worn. 

# Oral antifungals, antihistaminies and topical antifungals 
are used. 

Condition is contagious, 


ll HALLUX VALGUS 


4 Here great toe is deviated laterally at first metatarsophalan- 
geal joint. There is outward deviation of great toe with 
‘medial deviation of first metatarsal head. 

It may be due to persistent lateral force or occasionally 
hereditary. 


Figs 1.323A and B: Hallux valgus deformity. 


# Condition is often bilateral, 

It is common in females. 

# Thick walled bursa (bunion) over medial aspect of the head 
of the first metatarsal bone is common. 

# Undue prominence of head of first metatarsal bone is typical 
often forming an exostasis at this point. Osteoarthritis of Ist 
‘metatarsophalangeal joint can occur. 

# Lateral deviation of proximal phalanx over 2nd toe causing 
crowding of the toes. 

# Initially itis painless; but eventually pain and tenderness 
develops with infection of bunion and splaying of forefoot. 

# X ray shoes deviation with often osteoarthritis of the meta- 
tarsophalangeal joint, 


Treatment 


Keller’s operation: Proximal 1/3rd of the proximal phalanx 
of great toe and medial part of head of Ist metatarsal bone is, 
excised through medial curved incision. Soft tissue interposi- 
tion is done. 
Mayo’s procedure: Medial part of base of the proximal phalanx 
of great toe and head of Ist metatarsal bone is excised — opposite 
of Keller's 
Simmond’s procedure: Varus osteotomy at the base of Ist 
metatarsal bone with reinsertion of adductor hallucis tendon 
is done. 
MeBride procedure: Transfer of adductor hallucis tendon 
and lateral head of flexor hallucis brevis from proximal 
phalanx of great toe to the lateral part of head of Ist meta- 
tarsal bone, 
Arthrodesis of metatarsophalangeal joint is done to relieve 
pain. 

Excision of bunion, deformity correction, osteotomy, muscle 
transfers are also done as a combined approach, 


Fig. 1.324: Hallux varus deformity. It is opposite of 
hhallux valgus deformigy. 


Today well lived makes every yesterday, a dream of happiness and tomorrow, a vision of hope. 
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‘maximum exposed area for each diode as well as the 
connecting leads. Such an arrangement will be hereinafter 
referred to as a “module” and a DC output in excess of 
fourteen watts has been measured for such a module. Any 
‘number of such modules could be connected provided for 
desired power yield and this module concept readily 
Tends itself to use in certain aerospace applications now 
to be described, 

In FIG. 7 a propelled type of space vehicle 70 is shown 
wholly supported by means of the transfer and rectifica- 

Of continuous wave electromagnetic energy via a 

microwave beam 72, The source of the microwave energy 
which may be of the Amplitron type device as described 
in the aforementioned issued Patent No, 2,933,723 is 
indicated as 74. This energy is fed by waveguide means 
76 to a transmitting horn 78 to illuminate an ellipsoidal 
beam forming focusing antenna 80 for the transmission 
Of the microwave beam 72, It will be appreciated by 
those skilled in the art that the representations of the 
microwave generation and transmitting antenna means 
are pictorial representations to illustrate the usage of the 
invention in diagrammatic form and the present invention 
is not limited to any particular source of microwave 
energy or transmitting antenna assembly, It may be 
stated the reflector of the antenna assembly is consider 
ably larger than most of the reflectors of the prior art 
in order to focus a large amount of the microwave power 
at high altitudes for use in the transfer of energy to 
‘space vehicles, Such antenna assemblies may be partially 
‘supported. in a large hollowed area on the eatth’s sur- 
face or other convenient means of support. 

The space vehicle or helicopter 70 can be described as 
a main body member supporting antenna-rectifer means 
‘82 including a large number of the so-called modules 
connected together and rigidly supported in a planar 
parallel array. A motor 84 is supported by the com- 
bined body member and the receiving antenna-rectiier 
‘means and actuates the rotor 86 of conventional desiga 
employed in such self-propelled. hovering vehicles. ‘The 
disclosed vehicle provides for the illumination of the 
planar array of the semiconductor diode dipole elements 
by the microwave beam and the direct conversion of the 
microwave power transmitted by the beam into usable 
electrical energy for the self-propulsion of the device 
without any local fuel supply being required. 

FIGS. 8 and 9 illustrate a space vehicle 82 comprising 
8 plurality of the combined receiving antenna-rectifier 
‘module means for interception and rectification of the 
electromagnetic microwave energy beam emanating 
from an earth or mother planet source. A planer array 
of the antenna-rectifier modules is mechanically sup- 
ported by means of structural members 90 of any light 
Weight wood or metal. Insulators 91 positioned coexten- 
sive with the members 90 support the diode rectifier array 
and avoid interference with the receiving and electrical 
performance characteristics by the structural support 
‘members. Carrying forward the module concept of 280 
diode rectifiers to provide an approximate power output 
of 14 watts, it was noted that any number of such 
‘modules may be coupled together since the individual 
‘module outputs are relatively insensitive to a wide range 
of load resistances connected to the common output 
terminals. To achieve the desired electrical output of ap- 
proximately 120 volts and 250 watts of power, subgroups 
of four modules each were assembled and parallel con- 
nected with an approximate 30 volls available for each 
subgroup. Four such subgroups were series-connected 
to result in a total of 4,480 diode rectifiers or 16 modules 
assembled in a two foot square self-supporting planar 
parallel array structure. The individual ‘diode rectifiers 
connected in each arm of the bridge network are indicated 
by the numeral 92, An exemplary module configuration 
would extend within the area delineated by the dotted lines 
and reference letter A on one side and similar dotted lines 
land reference letter B on the other side. 
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‘A motor 94 is connected to the DC side of the overall 
array and may be additionally supported by tubular mem- 
ber 98. A shaft and propulsion means consisting of rotor 
blades 97 provide for the upward lift of the overall 
ehicle for the self-supporting of same in space applica- 
tions. Additional structural support such as interlaced 
rigging 96 of @ high tensile strength material such as 
nylon or steel wire, as well as bracing member 98, may 
bbe employed for strengthening of the body means to with. 
stand the vibrational forces and downwash from the 
propulsion means 

Inaccordance with the well known technology of micro- 
‘wavo transmission the combined array of diode rectifiers 
and propulsion means presents a specific load impedance 
which must be suitably matched to the transmitted micro. 
wave energy beam to result in maximum efficiency. In 
aerospace applications a mismatch of approximately ten 
to one may be evident. Matching of the load impedance to 
4 value of approximately 377 ohms as the free space value 
will be provided by a plurality of coplanar parallel metal. 
lic rod members 99 disposed in a grating array in front 
Of the diode rectifiers a predetermined distance. Rod mem- 
bers 99 are linearly disposed and extend in a similar di 
rection as the assembled diode rectifiers, A selected frontal 
spacing of one-quarter of the wavelength of the micro- 
Wave frequency being transmitted has been experimen: 
tally determined to be suitable for impedance matching 
purposes. An approximate spacing of two inches between 
the respective members was preferred for a. selected 
microwave frequency of 2,450 megacycles, Each of the 
‘members 90 are provided with lateral sections 100 to sup. 
Port the elongated bar members 101 which in turn maine 
tain the rod members 99 in the desired position. A tubu- 
Jar member 102 of a lightweight metal may also be pro- 
vided to combine with the motor support member 9§ for 
structural support. 

‘The combined antenna-rectifier array provides a source 
of electrical energy to render any space vehicle self-sup. 
porting. The diode rectifier elements when assembled in 
‘the antenna array have been found to be nondirectional 
with respect to interception of the beamed microwave en- 
ergy. This represents a large step forward in the uiliza- 
tion of high power microwave energy over the prior art 
horn-type receiving antennas which must be accurately 
focused and pointed in a particular direction for the re- 
ception of any energy. The connections between the re- 
spective members of the diode rectifier array and de- 
ployment in the parallel configuration serves to provide 
‘maximum exposed area. Such connections and in partic. 
ular the end loop portions adjacent the terminus of each 
arm of the bridge networks serves as an efficient dipole 
for the interception of the microwave energy. 

Although itis not intended as a full explanation of the 

th degree of efficiency attained with the disclosed an- 
fenna-rectifier array, it is believed that the whisker ele. 
‘ments within the semiconductor diodes themselves are 
contributing factor and may function as additional dipole 
elements, The disclosed embodiment functioned efficiently 
when illuminated by microwave energy generating a verti 
cally polarized beam. Hence, an efficient and light weight 
energy conversion apparatus is disclosed which may be 
self-supporting without the requirement of a large local 
fuel supply payload. 

It may be Within the purview of the invention to use 
the available rectified electrical energy for performing 
many functions in addition to the actuation of the pro- 
pulsion means. Hence, communications’ payloads may be 
‘maintained at predetermined positions in space in a hov- 
ering attitude utilizing a portion of the electrical energy 
available. Relay signals to other such vehicles ot return 
signals fo ground stations would then be within the realm 
of possibility. Such available enerey may also be em. 
ployed for servomechanisms, stabilizing and counter 
torque systems for the navigation of such vehicles, 

The electrical efficiencies realized with the combined 
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L. Arterial Diseases 
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™@ SURGICAL ANATOMY OF 
THORACIC OUTLET 


‘Thoracic outlet is bounded by manubrium sternum in front, 
spine posteriorly, and the first rib laterally. At the superior 
aperture of thorax subclavian vessels, brachial plexus traverse 
the cervicoaxillary canal to reach the upper limb, 

Cervicoaxillary canal is divided into proximal Costocla- 
vicular space and distal avilla (divided by first rib) 

Costoclavicular space is bounded superiorly by clavicle, 
inferiorly by first rib, anteromedially by the costoclavicular 
ligament, and posterolaterally by scalenus medius muscle along, 
with long thora 

Scalenus anticus muscle divides the costoclavicular space 
into two compartments, the anterior one containing subclavian 
vein and the posterior one containing subclavian artery and 
brachial plexus. 


nerve. 


Fat Embolism 
Air Embolism 

‘Therapeutic Embolisation 

Caisson’s Disease or Decompression Disease 
Aneurysm 

Mycotic Aneurysm 

‘Abdominal Aneurysm 

‘Abdominal Aortic Aneurysm 
Peripheral Aneurysm 

Carotid Artery Aneurysm 

Dissecting Aneurysm 
Erythromelalgia/Erythralgia 

Livedo Reticulatis 

Polyarteritis Nodosa 
Scleroderma/Systemic Sclerosis 
Acrocyanosis 

Gangrene 

Diabetic Foot and Diabetic Gangrene 
Trophic Ulcer 

Bedsores 

Frostbite 

Ainhum 

Endovascular Surgeries 

Upper Limb ischaemia 

Arterial Substitutes 
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This posterior compartment is called as Scalene triangle 
bounded by scalenus anticus anteriorly, scalenus medius poste 
riorly, and the first rib inferiorly. 

Cervical rib narrows this triangle and causes compres- 
sive features of the Cy, T nerve roots and subclavian artery. 
Anything that narrows costoclavicular space causes Thoracic 
outlet syndrome. 

Cervical rity 

Long G; transverse process 

‘Anomalous insertion of scalene muscles 
Scalene muscle hypertrophy 

Scalene minimus 

‘Abnormal bands and ligaments 
Fracture clavicle or frst rib 

Exostosis 

Tumoursin the region 
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Differential diagnosis for thoracic outlet syndrome 
Carpal tunnel syndrome 
Cervical spondylosis 
Spinal canal tumours 
Shoulder myositis 
Angina 
Raynaud's disease 
Spinal stenosis 
Ulnar nerve compression 
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@ ARTERIES OF UPPER LIMB 


Right subclavian artery begins from brachiocephalic trunk 
(innominate artery) whereas left subclavian artery arises 
directly from the arch of aorta. From undemeath the sterno- 
clavicular joint artery arches over the pleura and apex of lung 
about 2.5 cm above the clavicle and then reaches the lateral 


border of first rib to continue as axillary artery. 

Subclavian artery is divided into three parts by scalenus 
anterior muscle. 

Axillary artery is divided into three parts by pectoralis 
minor muscle 

At the lower border of teres major muscle it enters the arm 
and continues as brachial art 

About 2.5 em below the ctease of the elbow joint, it bilur- 
ccates into radial and ulnar arteries which run in the forearm. 

Ulnar artery forms the superficial palmar arch which is, 
completed by superficial palmar branch of radial artery 

Radial artery after passing through the anatomical snuff box 
centers the dorsum of hand and first intermetacarpal space to 
form deep palmar arch. tis completed by deep palmar branch 
of ulnar artery and is 1 cm proximal to superficial palmar arch. 


m@ ARTERIES OF LOWER LIMB 


Abdominal aorta bifurcates at the level of fourth lumbar 
vertebra (corresponds to the level of the umbilicus in anterior 
abdominal wall) into two common iliac arteries 

Common iliac artery is about 5 cm in length passes down- 
ard and laterally; and at the level of lumbosacral intervertebral 
disc, anterior to sacroiliac joint, it divides into external and 
internal iliac arteries. Internal iliac artery supplies pelvic organs. 

Extemal iliac artery continues as common femoral artery at 
el of inguinal ligament 

About 5 cm below the inguinal ligament common femoral 
divides into superficial femoral and deep femoral (Profunda 
femoris) arteries. 

Deep femoral provides collateral circulation around the 
knee joint and also communicates above with gluteal vessels 
to maintain collateral circulation around the gluteal region. 

Superficial femoral artery at the hiatus in the adductor 
magnus, continues as popliteal artery up to the inferior angle of 
the popliteal fossa where it divides into anterior and posterior 
tibial arteries 


the 


Anterior tibial artery supplies anterior compartment of leg 
and ankle, continues as dorsalis pedis artery which forms dorsal 
arterial arch of the foot. 

Posterior tibial artery supplies posterior compartment of 
leg and ends as medial and lateral plantar arteries which forms, 
plantar arterial arch of the foot. 

Posterior tibial artery gives peroneal artery which runs close 
to fibula supplying calf muscles, 


Figs 1.325 and B: CT angiogram of aortoiliac segment showing 
aortoiliac black due to atherosclerosis. Collaterals are also well: 
developed. 


ll ARTERIAL DISEASES 


# Stenosis due to trauma, atherosclerosis, emboli, It may be: 
> Inthe brain causing transient ischaemic attacks. 
> In the limbs causing claudication and rest pain, 
> Inthe abdomen causing pain, bloody stool. 
> Inthe kidney causing hacmatutia. 
# Dilatations are aneurysms. 
# Arterits, 
# Small vessel abnormalities. 


@ INTERMITTENT CLAUDICATION 


Claudio means “/ imp’ Latin word. Itis a crampy pain in the 

muscle seen in the limbs, Due to arterial occlusion, metabolites 

like lactic acid and substance P accumulate in the muscle and 

¢ pain. 

The site of pain depends on site of arterial occlusion 

# The most common site is calf muscles. 

Pain in foot is due to block in lower tibial and plantar ves 

Pain in the calf is due to block in femoropopliteal 

# Pain in the thigh is due to block in the superficial femoral 
artery 

# Pain in the buttock is due to block in the common iliac or 
aortoiliac segment, often associated with impotence and is, 
called as Leriche’s syndrome. 
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Today's preparations determine tomorrow’s achievement. 
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176 Pain commonly develops when the muscles are exercising. @ It is ‘ery of dying nerves’ due to ischaemia of the somatic 


‘Cause for pain is accumulation of substance Pand metabolites. nerves. It signifies severe decompensated ischaemia. Pain 
During exercise increased perfusion and increased opening of _ets aggravated by elevation and is relieved in dependent 
collaterals wash the metabolites, position of the limb. 
4 Pain is more in the distal part like toes and feet. It gets aggra- 
‘Boyd!’ classification of claudication vated with movements and pressure. 


 Grade|:Patient complains ofpainafterwalking,anddistance ¢ Hyperaesthesia is common association with rest pain. 
in which pain develops is called as‘claudication distance! if Rest pain is increased in lying down and elevation of foot; 

it may be reduced on hanging the foot down. 
# Rest pain is worst at night and so patient is sleepless at night 


patient continues to walk, due to increased blood flow 
muscle and opening of collaterals metabolites causing pain 


are washed away and pain subsides 4 Rest pain is apparently reduced by holding the foot with hand, 
+ Grade i:Pain stil persists on continuing walk;but can walk probably due to suppression of transmission of pain sensation 
with effort 
© Grade Ill:Patient has to take rest to relieve the pain Features of arterial stenosis/block in limbs. 
Intermittent claudication 
Clauiication Rest pain 


Cold periphery, numbness, paraesthesia 
Color changes, ulceration, gangrene 

‘Altered sensation and decreased function/movements 
Diminished/absent arterial pulsation 

‘Thrill/bruit over the stenosed artery 

Altered venous filling—normally itis in few seconds; 
delayed in arterial stenosist is rapid AV fistula 


° 
PS 
+ Arterial—typically develops after walking fr certaindistance 
and resolvesrapialy within Sminutesoncewalkingisstopped 
+ Neurogenic—pain developsinstandingorwalkingand.disap- 
Pearsimmediately afterstopping walkinormalfeelingpulses 
without ischaemic changes are present. tt is usvally due to 
narrow lumbar canal (spinal canal stenosis) Y 
+ Venous—it is rare but definitely occurs. It is observed in 
chronic pelvic venous obstruction as a mechanical high 
venous pressure. tis usually due to iliac vein thrombosis, fl LIMB ISCHAEMIA 


¢ Physical agents—trauma, tourniquet, radiation injury. 


a 

5 

s Peripheral pulses are normal eauaes 

5 

B | Noe: + Atherosclerosis 

+ Beta blockers may aggravate claudication # Embolism (acute) 
7S —*Claudication is not that common in upper limb but can occur # Arteriopathies—Buerger's disease, Raynaud's disease, 
s ‘pb 
2 during writing or any upper limb exercise. Takayasu's disease 
= * Diabetes. 

= * Scleroderma. 

2 @ REST PAIN 

a 

= 

& 


¢ Itis continuous aching in calf or feet and toes or in the region 
even at rest depending on site of obstruction. Classification of Limb Ischaemia 


Fontaine classification of limb ischaemia 
Stage I:No clinical symptoms 
4 Stage 2: Intermittent claudication 
— 2a:Well compensated—can walk > 200 metres. 
— 2b: Poorly compensated—walk only < 200 metres 
@ Stage 3:Rest pain 
4 Stage 4: Gangrene, ischaemic ulcer 


Rutherford classification 


Grade Clinical feature 
‘Asymptomatic 

Mild claudication 
Moderate claudication 
Severe claudication 
Ischaemic rest pain 
Minor tissue loss 


Major tissue loss 


Limb ischaemia is also classified as 


asenso 
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Fig, 1.326: Rest pain in a patient suffering from TAQ. Holding the Functional ischaemia, 
foot reduces the pain slighty. * Critical ischaemia, 


Functional Limb Ischaemia 


Here flow of blood is normal when limbs are at rest; but will 
not be increased during exercise. It presents as claudication. 
It is defined as “Muscle discomfort in the limb reproducibly 
produced by exercise and relieved by rest within 10 minutes.” 


Critical Limb Ischaemia 


It is persistently recurring ischaemic rest pain for 2 weeks, 
which requires regular analgesics for > 2 weeks or ulceration 
‘or gangrene of the foot or toes with an ankle systolic pressure 
< 50 mmlg or toe systolic pressure < 30 mmHg. Ankle 
brachial pressure index (ABPI) will be less than 0.3. 

One should check blood pressure in all 4 limbs. ABPI is 
checked in supine position; systolic blood pressure in upper 
and lower extremities (two upper and two lower) is checked 
and higher value of each extremities is taken; ABPI is calcu- 
lated, 

Results 0.90 is normal; 0,70-0,89 is mild disease; 0.50- 
0.69 is moderate; <0.50 is severe. 

Note: 
Calcification can alter the ABPI. 


ll PREGANGRENE 


It is the changes in tissue which indicates that blood supply 
is inadequate to keep the tissues alive and presents with rest 
pain, colour changes, oedema, hyperaesthesia with or without 
ischaemic ulceration, 


ll GANGRENE 


It is macroscopic death of tissue in situ with or without putre- 
faction. 
(For detail see page no. 211, 212 and 213), 


Fig. 1.327: Gangrene of great and litle toes ina patient with 
vascular compromise. 


Dry Gangrene 

It is dry, desiccated, mummified tissue caused by gradual 
slowing of bloodstream. There és a line of demarcation and 
is localised. 


Wet Gangrene 
{is due to both arterial and venous block along with superadded 
infection and putrefaction. It spreads proximally and there is 
no line of demarcation. it spreads faster. 

‘Organs in which gangrene can develop—appendix, bowel, 
gallbladder, testis, pancreas. 
Necrosis: It is microscopic cell death. 


Sequestrum is dead bone in situ 
Slough is dead soft tissue, 


Fig. 1.328: Gangrene of litte toe with line of demarcation, 


Fig. 1.328: Ischaemic ulcer foot in a diabetic patient. 


Severely diseased distal aorta in atherosclerosis on arteriography is called as “shaggy aorta”. 
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Figs 1.331 and B: Gangrene of all toes at their distal phalanges. 
All ischaemic features are obvious. 


Fig. 1.332: Ischaemic changes in the right leg. Third and fourth toes 
are gangrenous with line of demarcation. Great and litte toes are 
partly gangrenous, There are ischaemic features in the right foot and 
leg lke hair loss/skin changes/wasting. 


Line of Demarcation 


¢ Iisa line between viable and dying tissue indicated by a 
band of hyperaemia, It also indicates that disease is getting 
localised. 

¢ Final separation between healthy and gangrenous tissue 
occurs by development of a layer of granulation tissue in 
between. 

# It is hyperaesthetic due to exposed nerve endings. 


Types of Separation 


¢ Separation by aseptic ulceration is seen in dry gangrene. 
¢ Separation by septic ulceration is seen in infected condition 
and wet gangrene. 


— Featuresofischaemia 
'® Marked pallor purple blue cyanosed appearance 

‘& Thinning of skin 

‘& Diminished hair 

& Loss of subcutaneous fat 

+ Brittle nails, with transverse ridges 

+ Ulceration in digits 

'® Wasting of muscles 

'® Tenderess and temperature (cold) 


™@ DIFFERENT LEVELS OF ARTERIAL 
OBSTRUCTION 


# Aortoiliac block causes claudication in both buttocks, thighs, 
and calves; absence of femoral and distal pulses bruit over 
aortoiliac region. Impotence occurs due to defective perfu- 
sion through internal iliac arteries and so into the penis 
causing erectile dysfunction (Leriche $ syndrome). 

# Hliac artery obstruction causes claudication in thigh and calf, 
bruit over iliacs with absence of femoral and distal pulses, 

# Femoropopliteal obstruction causes claudication in calf with 
absence of distal pulses but with palpable femoral 

* Distal obstruction shows absence of ankle pulses with 
palpable femoral and popliteal pulses. 

» Paraesthesia over the skin of the foot is due to shunting 
of blood from the skin to muscles in deeper plane. 

> Sensation in gangrenous area is absent. But, at the line 
of demarcation, skin is hyperaesthetic. 


lm OTHER FEATURES OF POOR CIRCULATION 


# The affected part is cold with numbness, paraesthesia and 
colour changes, Observing for colour change is important as, 
ifit is not present one may have to think that numbness could 
be of neurological origin. On elevation the part blanches, on 
dependency part becomes purple. Temperature sensation on 
the ischaemic limb is lost apart from its coldness. 

* Ulceration, gangrene, decreased sensation and movements 
are the features to be checked. 

# Delayed capillary filling: Blanched nails or pulp of fingers, 
‘on pressure, will show delay in refilling (to tur pink) after 
release of pressure, 

venous refilling: Two fingers are placed over the 

inger nearest to heart is moved away so as to empty 
the vein. Distal finger is released to observe the venous 
refilling. Delay in filling is called Harveys sign, signifies 
ischaemia, Venous filling is increased in AV fistulas. 

% Crossed leg test (Fuchsig’s test): Patient is asked to sit with 
the legs crossed one over the other so that the popliteal fossa 
of one leg will lie against the knee of other leg. Oscillatory 
‘movements of foot can be observed synchronous with the 
popliteal artery pulsation. This movement is absent with 
blockage of popliteal artery. 

* Disappearing pulse syndrome: Exercise the limb after 
feeling the pulse. Pulse disappears once patient develops 
claudication, It is due to vasodilatation and increased 
vascular space occurring as the result of exercise wherein 
arterial tension can not be kept adequately and so pulse will 
disappear (unmasking the arterial obstruction). 


 Buerger’s postural test: Patient lying down on his back 
is asked to raise the leg above. In normal individuals, limb 
(plantar aspect of foot) remains pink even after raising above 
90°. Ischaemic limb, when elevated shows marked pallor and 
empty veins. The angle in which pallor develops is called as 
Buerger’s angle of vascular insufficiency: If this angle is < 
30°, it indicates severe ischaemia, 

¢ Systolic bruit may be heard over stenosed artery like subcla- 
vian artery, femoral artery, carotid artery ilies, renal artery. 

¢ Adson’s test (Scalene manoeuvre): In a patient sitting on a 
stool, the radial pulse is felt. The patient is then asked to take 
a deep breath (to allow the rib cage to move upwards so as to 
narrow the cervicoaxillary channel) and tum the face to same 
side (1o contract scalenus anterior muscle so as to narrow the 
scalene triangle). If the radial pulse disappears or become 
feeble it signifies cervical rib or scalenus anticus syndrome. 

¢ Elevated arm stress test (EAST), or modified Roos test: 
With both the arms kept in 90° abduction and external 
rotation position, patient is asked to make a fist and release 
repeatedly for S minutes. In normal side, patient will continue 
to do the manoeuvre whereas in diseased (Thoracic outlet 
syndrome) side patient gets pain and paraesthesia with diffi- 
culty in continuing the manoeuvre. Patient drops the arm 
down to relieve the symptoms. 

 Costoclavieular compression manoeuvre (Falconer 
test): Radial pulse becomes absent when patient draws his 
shoulders backwards and downwards in excessive military 
position, This is because at this position, subclavian artery is 
compressed between first rib and clavicle, leading to feeble or 
absent radial pulse. Halstead manoeuvre another similar text. 

4 Hyperabduction manoeuvre (Wright test): When affected 
arm is hyperabducted, radial pulse becomes absent or feeble 
due to compression of artery by pectoralis minor tendon. 

4 Allen’s test: It is done to find out the patency of radial and 
ulnar arteries, Both the arteries are compressed near the wrist 
and allowed to blanch completely in one minute (In the mean 
time patient closes and opens the fist several times for further 
‘venous outflow). Palm appears pale and white. One of the 
arteries is released and colour of hand is noted. Normally 
hhand will become pink and flushed in no time; whereas in 
obstruction, the area will still remain pale. Other artery is 
also released and looked for changes in hand. Often test has 
to be repeated to get proper information. 

# Abdomen should be examined for the presence of abdominal 
aortic aneurysms. It presents as pulsatile mass above the 
umbilicus, vertically placed, smooth, soft, nonmobile, not 
moving with respiration, resonant on percussion, Expansile 
pulsation is confirmed by placing the patient in knee-elbow 
position. 

 Auscultation for arterial bruit over femoral artery, abdominal 
aorta, subclavian and carotid arteries is done. 


Palpation of Blood Vessels 


4% Dorsalis pedis artery is felt just lateral to the extensor 
hallucis longus tendon at the proximal end of first web space, 
folt against the navicular and middle cuneiform bones. Itis, 


% Posterior tibial artery s felt against the calcaneum just behind 
the medial malleolus midway between it and tendon Achilles. 

# Anterior tibial artery felt anteriorly in the midway between 
the two malleoli against the lower end of tibia just above the 
ankle joint, lateral to extensor hallucis longus tendon. 

# Popliteal artery is difficult to fee. Itis palpated better in prone 
position with knee flexed about 40-50°, to relax the popliteal 
fascia, Ibis felt in the lower part ofthe fossa over the flat poste~ 
rior surface of upper end of tibia, In upper end of the fossa, 
artery isnot felt as there is no bony area in intercondylar region, 

# Femoral artery in the groin is felt just below the inguinal 
ligament midway between anterosuperior iliac spine and 
pubic symphysis. Often hip has to be flexed for about 10-15° 
to feel it properly. 

# Radial artery is felt at the wrist on the lateral aspect against 
lower end of the front of radius. 

# Uinar artery’is felt at the wrist on the medial aspect against 
lower end of the front of ulna. 

# Brachial artery is felt in front of the elbow just medial to 
biceps brachii tendon. 

# Axillary artery is felt in apex of the axilla against shaft of 
the humerus, 

# Subclavian artery is felt against first rib just above the 
middle of the clavicle 

# Facial artery is felt against body of mandible at the inser- 
tion of masseter. 

% Common carotid artery is felt medial to sternomastoid 
muscle at the level of thyroid cartilage against carotid 
tubercle (Chassaigne tubercle) of transverse process of 6th 
cervical vertebra (in carotid triangle). 

% Superficial temporal artery is felt just in front of the tragus 
of the ear against zygomatic bone. 


@ INVESTIGATIONS FOR ARTERIAL 
DISEASES 


% Segmental pressure measurements: Segmental BP is 
measured at multiple levels (upper and lower thigh, upper 
calf and ankle); pressure reductions between levels help to 
localise the occlusion; normally pressures increase as one 
moves further down the leg (20 mmHg gradient abnormal); 
test is inaccurate in calcified artery walls, 

# Blood tests: Hb%, blood sugar, lipid profil 
smear, platelet count 

% Doppler to find out the site of block—hand held Doppler 
‘can be used (Doppler: Christian Johann Doppler, Austrian 
physicist, 
> Duplex scan: It is combination of B mode ultrasound 

‘and Doppler study. Difference in transmitted beam of the 
ultrasound and reflected beam is called as Doppler shift 
which is assessed and converted into audible signals. It is 
used to study the site, extent, severity of block, and also 
about collaterals. Audible sound is heard with normal 
flow, and sound is important. Turbulence is heard when 
there is stenosed partially blocked artery. Audible sound 
will be absent if there is complete block. Using Doppler 
probe blood pressure at various levels can be assessed. 
Pulse wave tracing along the artery is also important. 


, peripheral 


Half of us are blind, few of us feel and we are all deaf—William Osler 


179 


seseasig |evayy 


180 


SRB's Manual of Surgery 


Fig, 1.333: Hand held Doppler is simpler way to identify and assess 


the artery. 


» Arterial diameter, blood flow rate, velocity of flowing 


blood, assessment of stenosed segment is properly done 
using Doppler. 


Treadmill tes/ECG/echocradiography to assess cardiac! 
coronary status. 

Ultrasound abdomen o see ancurysmv/aorta and its anatom- 
ical changes/other vessels in the abdomenvother organs, 
Plethysmography: | measures the blood flow in limbs. 
Water filled volume recorder; air filled volume recorder; 
mercury in silastic gauze is used after occluding the venous 
outflow. It is a noninvasive method. Segmental plethysmog- 
raphy using occlusion cuffs of 65 mmlg pressure is placed 
at thigh, calf and ankle levels and then quantitative measure 
of pulsation is done, 

Ankle-brachial pressure index: Normally it is 1. If it is 
less than 0.9, it means ischaemia is present. Ifit reaches 0.3, 
or below then it signifies severe ischaemia with gangrene. 
Angiography: 

> Angiography’is the appropriate investigation for arterial 


diseases. 


1.33: 


eldinger angiogram—retrograde femoral approach 


(Courtesy: Dr Vasudeva Rao, Vascular Surgeon, Manipal Hospital, 
Bengaluru) 


> Retrograde transfemoral Seldinger Sweden) angiography: 


— It is commonly done angiogram. It is done only 
when femorals are felt. If femoral pulsation is not 


ee eeeeee 


eeeeeee 


felt then angiogram is done either transbrachially 
(left brachial artery), ot transaortic. 


‘Indications for angiogram 
TAO 
Atherosclerosis 
Raynaud's phenomenon 
AV fistulas 
Haemangiomas 
‘Thoracic outlet syndrome (e.g.cervical ib) 
‘Aneurysms 
Neoplastic conditions 
~ Other angiograms are carotid angiogram, coeliac 
angiogram, superior mesenteric angiogram, coronary 
angiogram. 


‘Seldinger technique (Steps) 
Arterial cannula is passed into the artery,e.g.femoral artery 
Needle is removed and guidewire is passed through the 
cannula, 
Cannula is removed 
lator is passed over the guidewire 
tor is removed and arterial catheter (5 French sized) is 
passed over the guidewire 
Guidewire is removed 


— Femoral artery is used because it can be easily felt 
and cannulated to pass an arterial catheter. 

— Water soluble iodine dye (Sodium diatrizoate) is 
injected. X-rays are taken to see the block, its extent 
in the affected limb, 

— In TAO cork screw appearance is characteristic. 
Distal run off through collaterals is also important, 

— If catheter is passed still proximally angiogram of 
opposite side is possible. 

~ Seldinger technique can also be used (to study) to do 
renal angiogram to detect renal artery stenosis, renal 
carcinomas, renal anomalies (vascular). But a caution 
should be remembered that angiogram in limb may 
precipitate further rapid thrombus formation, wors- 
ening ischaemia and precipitating gangrene, 


Complications of retrograde angiogram 
Bleeding, hypotension 
Dissection of the vessel wall, pseudoaneurysm 
Haematoma formation 
Embolic blue toe syndrome 
‘Thrombosis, AV fistula 
Infection, osmolarity discomfort 
‘Anaphylaxis—4% 


> Direct aortic angiogram, practiced earlier, is discour- 


aged at present because of the risk of aortic dissection 
‘and paraplegia due to blockage/spasm of anterior spinal 
artery, 


» Digital subtraction angiography (DSA) 


— “Here vessel (artery) is delineated in a better way by 
climinating other tissues through computer system, 
AY fistulas, haemangiomas, lesion in circle of Willis, 
vascular tumours, other vascular anomalies are well 
made out 


Fig. 1.335: DSA showing total block of right common iliac artery 
due to thrombosis. 


Fig. 1.336: CT angiogram showing abdominal aorta, branches and 
renal vessels. 

Dye is injected either to an artery or vein. Injecting 

into a vein is technically easier but larger dose of 

dye is required. Injecting into an artery is technically 
difficult but small dose of dye is sufficient. 

~ Advantages: Only vascular system is visualised; 

other systems are eliminated by computer subtrac 


tion, Small lesion, its location and details are better 
observed with greater clarity 
~ Disadvantages: Cost factor and availability. 
Complications: Anaphylaxis, bleeding, thrombosis, 
© CT angiogram/MR angiogram. 
Brown's vasomotor index: Specific nerve of th 
limb is anaesthetised like posterior tibial nerve or ulnar nerve 
(local anaesthetia or spinal anaesthesia is given to anaesth 


ischaemic 


tise entire limb), If the ischaemic disease is at vasospasm 
stage (like in TAO), nerve block will relieve the sympathetic 
vasospasm and skin temperature rises. It is compared to 
mouth temperature of the patient 


Figs 1.337A and B: Aortic and aortoiliac CT angiogram. 


It is to assess the degree of vasospasm which is used as a 
predictor of the efficacy of sympathectomy. 
(Rise in skin temperature—rise in mouth temperature) divided 
by rise in mouth temperature is called as Brown s vasomotor 
index. If iis more than 3.5, itis due to vasospasm, and can be 
relieved by sympathectomy. If less than 3.5, sympathectomy 
is not beneficial 
% Transcutaneous oximetry: By placing polarographic 
electrodes over the skin over thigh, leg and foot of oxygen 


tension (tePO,) can be measured which is reflection of 
underlying tissue perfusion. Normal tePO2 in the foot is 


The peroneal artery replaces the anterior tibial artery in 5% of cases.—Solly M Cohen 
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50-60 mmlg. Level less than 40 mmHg shows inadequate 
wound healing. Level below 10 mmHg suggests critical 
ischaemia with complete failure of wound healing. 
© Other tests 
> Xenon 133 isotope method is used to study muscle blood 
flow. Xenon 133 after mixing with normal saline is 
injected IM to study its clearance. 

> ‘Twoelectromagnetic electrodes are placed in contact with 
arterial wall in opposite directions which pick up moving 
blood force to feed into electronic amplifier. But it is 
invasive as artery has to be dissected to place electrodes. 


Treatment Plan for Arterial Diseases 


# Stopping smoking; supervised exercises; regular controlled 
walk, diet (carbohydrate and lipid free diet); care of limbs. 

Control of hypertension, diabetes; antilipid drugs like atorv- 
statin 10 mg or pravastatin 40 mg; low dose aspirin 75 mg; 
clopidogrel 75 mg; vasodilators; ticlopidine; dipyridamole; 
cilostazole 100 mg are different drugs used. 

Percutaneous transluminal balloon angioplasty (PTA) done 
mainly to iliac arteries, subclavian arteries, renal artery, 
carotid and occasionally leg arteries and mesenteric or 
gastrointestinal arteries. PTA with stenting using expand- 
able stents to the arteries is also often done to get a better 
resull 

Bypass graft surgeries—aortofemoral; femorofemoral; 
iliofemoral, ete. Dacron, human umbilical vein (3 mm), 
saphenous vein; PTFE (Polytetraflouoro ethylene)—are 
different grafts used. 

Endarterectomy, atherectomy, thrombectomy, profund: 
plasty, ete 


ll DISEASES OF THE ARTERIES 


% Atherosclerosis. 

 Thromboangiitis obliterans (TAO) (Buerger’s disease). 

Raynaud's disease. 

¢ Conditions causing Raynaud’s phenomenon: Like sclero- 
derma, rheumatoid arthritis, SLE, granulomatosis, vasculitis 
of other causes. 


arteritis, 


@ ATHEROSCLEROSIS 


It isa chronic, complex inflammatory condition of elastic and 
muscular arteries, involving as systemic and segmental. It 
begins in childhood as fatty streaks. 


Risk factors. 


Definitive 

+ Hypercholesterolaemia, and hyperlipidaemia (cholesterol 
> 200 mg%; high LDL (100 mg%); low HDL (< 35 mg%). 

+ Cigarette smoking 

+ Hypertension 

+ Diabetes mellitus 


Relative 

+ Age—elderly 

+ Common in males 

+ Hypertriglycerdaemia 
+ Sedentary life, obesity 
+ Family history 


Fig. 1.338: Angiogram showing atherosclerosis, 


Pathogenesis 


# All risk factors cause initial endothelial injury, both 
mechanical as well as toxic. This reduces significantly 
normal atheroprotective features of endothelium (barrier 
function; antiadhesive effect; antiproliferative effect on 
smooth muscles of arterial wall). Progressive atheromatous 
plaque formation, thrombosis, migration and proliferation 
of vascular smooth muscle cell occur. Migrated smooth 
‘muscle cells into intima act as neointima and this migra- 
tion is stimulated by PDGF (platelet derived growth factor 
released by endothelial smooth muscles, platelets); which 
(this migrated smooth muscle) newly becomes secretory to 
produce large quantity of matrix of the plaque. Lipid (LDL) 
gels oxidised to release factors which promote inflammation 
and coagulation and factors which prevent production of 
protective nitric oxide. Macrophages stabilise the plaque, 

% Pathology constitutes of atherosclerotic plaque which 
contains smooth muscle cells, connective tissue matrix, 
macrophages and lipid (the feature of atherosclerosis), 
Ulceration and calcification occurs in these plaques. Ulcer 
ated plague is highly thrombogenic causing thrombosis and 
further critical block of the vessel leading to tissue ischaemia 
and infarction distally. 

Plaques are more at the dividing junctions of the artery where 
stress and shear force of the blood flow is more. Plaques are 
dynamic in nature with progression and regression phases. 

% Plaque progression has got a unique ability of adaptation 
so that as the plaque progresses, lumen caliber is been tried 


to be preserved until critical stage occurs. Stenosis more 
than 40% is said to be critical. Beyond this, compensatory 
mechanism fails causing rapid progression and further 
stenosis of lumina. Stenosis more than 40% causes atrophy 
of tunica media making arterial wall mechanically unstable 
leading into dilatation and aneurysm. 

© Common arteries involved are— infrarenal part of abdom- 
inal aorta, coronary arteries, iliofemoral vessels, carotid 
bifurcation, popliteal arteries. It is less common in upper 
limb arteries, common carotid, renal and mesenteric arteries, 


Features and Evaluation 


¢ Itis common after 50 years, but can occur at earlier age 
group. 

# Ioccurs in males and females. Family history is common. 

Smoking, hypertension, diabetes, raised cholesterol are 
common causes. 

# Veins are not diseased. Arterial wall is thickened on palpa- 
tion. 

4 Thrill and bruit over femoral, renal, carotid arteries may be 
feltfheard. It suggests localised stenosis with turbulence of 
blood flow. 

# Features of ischaemia in the affected limb seen, Absence 
feeble pulses including of main arteries of the limb—femo- 
rals, Abdomen should be examined for aortic aneurysm. 

# Transient ischaemic attacks, chest pain, eye problems, 
mesenteric ischaemia, altered renal function may be asso- 
ciated 

# Blood sugar, fasting lipid profile, Doppler, angiogram (CT / 
DSA), US abdomen, ECG, echocardiography are essential 
investigations, Angiogram shows typical narrowed artery, 
site, extent, percentage of stenosis, and collaterals. 


Management 


¢ Risk factor modification: Avoid smoking; control of hyper- 
tension, diabetes, hypercholesterolaemia; weight reduction 
by diet, and exercise, 

Drugs: Antiplatelet agents (aspirin 75 mg, clopidogrel 75 
mg); cilostazol 50 mg bd; atorvastatin to reduce cholesterol; 
pentoxiphylline, 

¢ Percutaneous transluminal angioplasty (PTA) is very useful 
for iliac blocks and lower limb blocks. 

Surgeries: 

» Thrombectomy, endarterectomy, profundaplasty 

> Reverse/saphenous vein graft. 

> Bypass grafts—iliofemoral, aortofemoral, iliopopliteal 
femorofemoral grafts 

> Amputations if limb is gangrenous—toe/below knee, 
above knee, Forefoot and Syme’s amputations are not 
feasible in vascular conditions. 

Note: 

Lumbar sympathectomy and omentoplasty are not much useful 

in atherosclerotic limb. Omental vessels as such are often poorly 

perfused in atherosclerotic patients due to involvement of coeliac 
trunk. 


Aortoiliac Occlusive Disease 


Common site of symptomatic atherosclerotic occlusive arterial 
disease of lower limb is infrarenal abdominal aorta and iliac 
arteries. Aortic bifurcation is the most common site of ocelu- 
sion. Often disease may also extend into infrainguinal level 


Types of Aortoiliac Occlusive Disease 


Type I: Disease localised to distal abdominal aorta and common 
iliac arteries, 

Type Il: Wide spread aortic and iliac disease. 

Type III: Multiple level diseases along with infrainguinal 
diseases, 


Type! Type ll Type tit 


Distal aorta and 
‘common iliac 
arteries 


Widespread abdominal 
aorta and iliac arteries 


Multiple level disease 
‘abdominal, ac, 
infrainguinal arteries, 


Fig. 1.339: Types of aortolliac occlusive disease. 


Features 


% Common in Sth and 6th decades. Common in males, 

# Claudication in buttock, Leriche syndrome with impotence, 
distal ischaemia are the features. 

# Femoral artery pulsations below are absent, Systolic bruit 
over aorta and iliac arteries may be heand suggesting stenosis, 

# Atheromatous plaque may dislodge and may cause embolus 
causing acute presentation. 

# Aortic angiogram is diagnostic. 


Management 

# Treatment for diabetes, hyperlipidaemia, ete. 

# Surgical treatment is the mainstay. 

> Ditect anatomical reconstruction 
— Aortoiliac endarterectomy is reboring/disobliteration 

procedure useful for type I disease. Diseased intima, 
plaque with thrombus is removed by arteriotomy along 
the entire length which is closed later using 4 zero/S 
zero polypropylene continuous sutures (open endar- 
terectomy). In lengthy disease, after making two small 
arteriotomies at proximal and distal diseased parts, 
endarterectomy loop is passed to remove the intima 
with diseased plaque (semi-closed endarterectomy). 
Advantages: Itavoids prosthetic graft and its complica 
tions. Problem is—reocclusion and restenosis. 


Dacron is polyethylene terephthalate, 
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receiving antenna and rectifier means have also provided 
‘certain weight advantages over other energy converters in 
Serospace applications. Examples of such converters 
would be heat exchangers or solar cells. In comparison 
{0 the present invention where five to eight pounds per 
Kilowatt of energy realized is a normal characteristic, 
other energy conversion means weigh in the vicinity of 
150 pounds per kilowatt of realizable energy. The inherent 
advantages of the present invention are therefore appar- 
tent, While the technology in the diode rectifier artis be- 
{ng continually advanced, new diode power rectifiers a5 
well as integrated circuit techniques are readily available 
to future configurations of the present invention. The so- 
called Schottky barrier diodes could be employed to pro- 
‘Guce combined antenna-rectifier means weighing even less 
‘than two pounds per kilowatt of available energy. 

‘Although the foregoing detailed description ‘bas re- 
ferred to DC power rectification it will be evident that 
with suitable eitcuit components low frequency AC energy 
‘may also be made available. In addition, other propulsion 
‘means may be readily substituted using electrical eneray. 
‘The embodiments disclosed herein are illustrative only 
and other modifications or alterations will be apparent to 
those skilled in the art which do not depart from the 
scope of the broadest aspects of the present invention as 
defined in the appended claims, 

“What is claimed is 

1. A space vehicle comprising: 

‘body means; 

said body means including spaced structural support 
‘members; 

‘combined antenna and DC electrical energy rectification 
‘means for the interception and rectification of inci- 
Gent high frequency electromagnetic microwave en- 
‘ergy carried by said support members in a planar 
parallel array; 

said rectification means compr 


a plurality of four 
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1 


20 
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arm full-wave bridge connected rectifier circuit net- 
‘works each having a plurality of unidirectional semi 
‘conductors in each arm; 
said networks being electrically interconnected to com- 
‘mon output terminals; 
Clectrically operable propulsion means comprising a 
‘motor and rotor members carried by said body means 
‘nd connected to said terminals for the utilization of 
said rectified DC energy; and 
means for matching the load impedance of said com- 
‘bined antenna and electrical energy rectification 
‘means to the incident microwave energy. 
2.°A space vehicle according to claim 1 wherein said 
Joad impedance matching means are arranged in @ co 
planar array coextensive with said antenna and energy 
reelfication means array, and spaced therefrom a dis- 
tance of approximately one-quarter of a wavelength at 
the frequency of the microwave energy. 
"3. A space vehicle according to claim 2 wherein said 


oad impedance matching means comprise a plurality of 
parallel disposed elongated metallic members. 
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~ Aortofemoral bypass graft is the gold-standard 
surgical procedure for type I and II disease. Long- 
term patency rate is 70-80%, Woven Dacron graft 
is used. Complications are—bleeding, thrombosis, 
embolisation, graft blockage, graft failure, graft 
infection, graft leak, aortovenacaval/aortoduodenal 
fistula, mesenteric ischaemia (colonic), impotence. 
> Indirect extra anatomical bypass 
It is quicker and technically easier and is suitable to 
patients who cannot tolerate anatomical bypass. Axillo- 
bifemoral graft is used, only in such occasional situation. 
> Nonoperative catheter based endovascular procedure 
If stenosis is less than Sem percutaneous transluminal 
angioplasty (PTA) with or without intravascular stents 
can be done. Itis useful for single or multiple short focal 
stenoses. It is now proved that long-term patency of PTA 
is equal to surgical intervention. 


Figs 1.340A and B: Aortofemoral bypass graft. 


Infrainguinal Arterial Occlusive Disease 


Itis either part of type Ill aortoiliac disease (aortoliac femoral) 
‘or femoropopliteal tibial disease. Superficial femoral artery is 


most commonly involved. Involvement of long segment of 
the artery is common, Occasionally a short stenotic segment 
may be present. 


Management 


+ Ifthe popliteal artery below knee is patent femoropopliteal 
bypass is the ideal procedure used. Otherwise one of the 
patent branches is used for bypass. In situ saphenous vein 
graff is ideal; reverse saphenous vein graft or synthetic 
femoropopliteal graft can also be used. 

+ Profundaplasty may be done to improve the collateral cireu- 
lation through profunda femoris (deep femoral). 


ot 
PTAininfrainguinal blocksis occasionally useful, only when stenosis 
is short and well-localised; otherwise itis nat a good option. Angio- 
plasty with laser driling is often tried, 


ll THROMBOANGIITIS OBLITERANS (TAO) 
Syn. Buerger’s Disease 


The disease (occurs) in young adults between the ages of twenty 
and thirty-five or forty years... Upon examination wesee that one 
or both feet are markedly blanched, almost cadaveric in appear- 
ance cold tothe touch, and that neither the drsalispedis nor the 
posterior tibial artery pulsates....After manths... trophic distur- 
bbances make their appearance....Even before the gangrene, at the 
Ulcerative stage, amputation may become imperative because of 
the intensity ofthe pain. 


—Leo Buerger 
1908 (Professor of Urology, 1879 to 1943) 


# Iisa disease exclusively seen in males of young age group 
(Not usually seen in females due to genetic reason). Seen 
only in smokers and tobacco users. 

# Almost always starts in lower limb, may start on one side and 
later on the other side. Upper limb involvement occurs only 
afier lower limb is diseased. Only upper limb involvemnt 
can occur (not uncommon) but itis rare. 

# Itis nonatherosclerotic inflammatory disorder involving 
medium sized and distal vessels with cell mediated sensi- 
tivity to type I and type Il collagen. 

# It is common in Jewish people: it is rare even in female 
smokers, 


% Hormonal influence, familial nature, hypersensitivity to 
cigarette, altered autonomic functions are probable different 
causes. 

+ Lower socioeconomic group, recurrent minor feet injuries, 
poor hygiene are other factors. 

# tis segmental, progressive, occlusive, inflammatory disease 
‘of small and medium sized vessels with superficial throm- 
bophlebitis often may present as Raynaud’s phenomenon 
‘with mictoabscesses, along with neutrophil and giant cell 
infiltration, with skip lesions. 
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‘Smoking index (SI 
Number of cigarettes ] ” [wee 
‘smoked per day of smoking 
51> 300iisa risk factor 
Pack Years Index (PY!) = 
Number of eats [eee 
of smoking cigarettes per day 


PYL> 40 isa risk factor 
Shianoya’s criteria for Buerger’s disease 
‘ Tobacco use. Only in males 
ase starts before 45 years 
| extremity involved first without embolic or athero- 
sclerotic features 
‘& Absence of diabetes mellitus or hyperlipidaemia 
: Ischaemic features in upper and lower limbs (four ‘ With or without thrombophlebitis, 
limbs). 


+ 


Fig. 1.3 


Classification of TAO 
‘Type I: Upper limb TAO—rare, 
Le-Carboxyhaemoglobin TYPE I: Involving leg/s and feet—cruralinfrapoplitel 


Causes initially vasospasm and hyperplasia of intima _-_‘TYPe Ill: Femoropopliteal. 
if ‘Type IV: Aortoiliofemoral 


‘Type V: Generalised. 


Pathogenesis 


‘Smoke contains carhon monoxide and nicotinic acid 


‘Thrombosis and so obliteration of vessels occur, commonly 
medium sized vessels are involved. 


1 Clinical Features Ss 
Panarteritis is common + Common in male smokers between the 20-40 years of age | 
Usually involvement is segmental group. It is a smoker's disease. aE 
L o 
Eventually artery, vein and nerve are together involved z 
+ B 
Nerve involvement causes rest pain 3 
L 
Patient presents with features of ischaemia in the limb 
L 


Once blockage occurs, plenty of collaterals open up 
depending on the site of blockage either around knee joint or 
around buttock 
Once collaterals open up, through these collaterals, blood 
supply is maintained to the ischaemic area 


t 


Its called as compensatory peripheral vascular disease. 


L 

If patient continues to smoke, disease progresses into the 
collaterals, blocking them eventually, leading to severe isch- 
aemia and is called as decompensatory peripheral vascular 
disease. It is presently called as critical limb ischaemia. It 
causes rest pain, ulceration, gangrene, 
Note: 
‘There is vasospasm —> intimal hyperplasia -> thrombosis -> 
panartertis -> obliteration; tender, cord like veins with superficial 
migratory thrombophlebitis (30%); with nerve involvement due 
to vasa nervorum block/spasm. Arterial lumen is blocked but not 
thickened like atherosclerosis. Fig. 1.343: Ischaemic uiceration in the foot. 


The art of seeing invisible things is called as ‘clinical vision’. 
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Fig. 1.344: Gangrene of mid-toes—distal part. 


Fig. 1.345: Dry gangrene of leg. Patient needed above knee 
amputation. 


Fig. 1.346: Ichaemic ulcer foot. Note the poor blood supply and 


‘ 


Unhealthy granulation tissue. 


Intermittent claudication in foot and calf progressing to rest 
pain, ulceration, gangrene. 

Recurrent migratory superficial thrombophlebitis. 
Absence/feeble pulses distal to proximal; dorsalis pedis, 
posterior tibial, popliteal, femoral arteries 

May present as Raynaud’s phenomenon. 


Fig. 1.347: Bilateral TAO in a young male with large ischaemic 


ulcers. Patient underwent amputation of bath limbs (Below-knee). 


Fig. 1.349: Gangrene foot, 


Investigations 


# Hb%, Blood sugar. 
¢ Arterial Doppler and Duplex scan (Doppler + B mode U/S). 
% Transfemoral retrograde angiogram through Seldinger 
technique: 
> Shows blockage—sites, extent, and severity 
» Cork screw appearance of the vessel due to dilatation of 
vasa vasorum, 
> Inverted tree/spider leg collaterals, 
» Severe vasospasm causing corrugatedlrippled artery: 
> Distal run off is amount of dye filling in the main vessel 
distal to the obstruction through collaterals. If distal run 
offis good then ischaemia is compensated. If distal run 
off is poor then ischaemia is decompensated. 
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Fig. 


350: Skip ischaemic ulcers are common in vascular diseases. 
It suggests severe ischaemia up to most proximal ulcer level Fie! 452 Angiogéamh showing blotiéin main veséel with opened! 


¢ Transbrachial angiogram: If femorals are not felt, then 8 colatorals and adequate deta run off 


transbrachial angiogram (through left side brachial artery— 
{eft subclavian artery—and so to descending aorta) should 
be done. 

¢ Ultrasound abdomen to see abdominal aorta for block/ 
aneurysm. 

¢ Vein, artery, nerve biopsy. 


saseasig [evany 


Fig, 1.353: Angiogram showing adequate collaterals. 


Treatment 
Stop smoking. “Opt for either cigarette or limb, but not both.” 


Drugs 


# Vasodilators, e.g. nifedepine. 
# Pentoxiphylline increases the flexibility of RBC’s and 
helps them reach the microcirculation in a better way so as 
to increase the oxygenation. Its efficacy is more in venous 


Fig. 1.351: CT angiogram of lower limb (leg area) showing ulcer than arterial diseases (now). 
‘segmental block. # Low dose of aspirin 75 mg once a day—antithrombin activity 


Leam to see, learn to hear, lear to feel, learn to smell—that is clinical method. 
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¢ Prostacyclins, ticlopidine, praxilene. 

Clopidogrel! 75 mg; atorvastatin 10 mg; parvostatin 40 mg; 
cilostazole 100 mg bid—is a phosphodiesterase inhibitor 
which improves circulation (ideal drug). 
All drugs act af the collateral level than on the diseased 

vessel 

Analgesics, often sedatives, antilipid drugs like atorv- 
astatin may be needed. Complamina retard (xanthine 
nicotinate) tablet which was used daily once earlier, is 
presently not in use. However, graded injection of xanthine 
nocotinate 3000 mg from day 1 to 9000 mg on day 5 is 
often practiced to promote ulcer healing, helps to increase 
claudication distance as a temporary basis. Low molecular 
dextran may be also used. 


Care of the Limbs 


¢ Buerger’s position and exervise—tegular graded exercises 
up to the point of claudication improves the collateral 


circulation. 
In Buerger’'s position, head end of bed is raised; foot end of 
bed is lowered to improve circulation. In Buerger’s exercise 
leg is elevated and lowered alternatively, each for2 minutes 
for several times at time, 

© Care of feet (Chiropady): Exposure of feet to more cold and 
warm temperature should be avoided; trauma even minor 
like nail paring or pressure at pressure points in feet should 
be avoided. Dryness of feet and legs should be avoided 
by applying oil to the feet and legs. Footwear should be 
selected carefully. It is better to wear socks with footwear. 
Heel raise by raising the heels of shoes by 2 em decreases 
the calf muscle work to improve claudication. 


Chemical Sympathectomy 


Sympathetic chain is blocked to achieve vasodilatation 
by injecting local anaesthetic agent (xylocaine 1%) para- 
vertebrally beside bodies of L 2, 3 and 4 vertebrae in front 
of lumbar fascia, to achieve temporary benefit. Long time 
efficacy can be achieved by using 5 ml phenol in water. It 
is done under C-Arm guidance. Feet will become warm 
immediately after injection. Problems are—possible risk 
of injecting phenol into IVC/aorta, spinal cord ischaemia, 


Surgery 


 Omentoplasty to revascularise the affected limb. 

¢ Profundaplasty is done for blockage in profunda femoris 
artery so as to open more collaterals across the knee joint 
(itoften makes better perfusion to the knee joint and flap of 
below-knee amputation), 

¢ Lumbar sympathectomy to increase the cutaneous perfusion 
soasto promote ulcer healing. But it may divert blood from 
muscles towards skin causing muscle more ischaemic. 

 Amputations are done at different levels depending on 
site, severity and extent of vessel occlusion, Usually either 
below-knee or above-knee amputations are done. 

# Izarov method of bone lengthening helps in improving the 
rest pain and claudication by creating neo-osteogenesis and 
improving the overall blood supply to the limb. 


Gene Therapy 


# Intramuscular injection of vascular endothelial growth factor 
(VEGF) which is an endothelial cell mitogen that promotes 
angiogenesis, 


ll TAKAYASU’S PULSELESS ARTERITIS. 
(Takayashu, 1938—Ophthalmologist, Japan) 


# tis progressive, initially symptomless panarteritis involving 
aortic arch and branches of aorta of unknown etiology, prob- 
ably immunological. 

# Itis common in young females (85%); common in Japan; 
‘commonly subclavian artery is involved (85%); involves all 
layers of arteries of upper limb and neck; often bilateral. It 
remains unnoticed for long time. 


Features 


# Fever, myalgia, arthralgia, upper limb claudication. 

# Absence pulses in upper limb/limbs, neck; hypertension. 

* Fainting on turning the neck or change in position; atrophy 
of 

# Thrill/bruit along major arteries of upper limb and neck are 
the features. 


Optic nerve atrophy without papilloedema. 

Weakness and paraesthesia of upper limb. 

Cerebral softening, convulsions, hemiplegia can occur. 

threatening. Myocardial infare~ 
tion; embolism, ischaemia are other complications. 

* DSA; MR angiography and Doppler are the investigations. 


Treatment 


# To suppress immunity prednisolone 50 mg/day and cyclo- 
phosphamide daily is given. 
% Vascular reconstruction. 


lm RAYNAUD'S PHENOMENON 


Under the influence afa very moderate cold, and even at the height 
of summer, she (case I) sees her fingers become ex-sanguine, 
completely insensible, and ofa whitish yellow colour....One might 
indeed have suspected that the local asphyxia was connected with 
a spasmodic state ofthe vessels..a functional rouble localised to 
the arterioles immediately contiguous to the capillaries. 
‘Maurice Raynaud, 1862 (French Surgeon) 


Itis an episodic vasospasm, i.e. arteriolar spasm. It leads to 
sequence of clinical features called as Raynaud’s syndrome. 


‘Sequence of clinical features due to arteriolar spasm. 

+ Localsyncope:ltis due to vasospasm, causing white cold palm 
and digits along with tingling and numbness 

+ Local asphyxia: It is due to accumulation of deoxygenated 
blood as the result of vasospasm causing bluish discoloura- 
tion of palm and digits with burning sensation (due to accu- 
mulated metabolites) 


+ Localrecovery:itis due to relief ofspasmin the arteriole,leading 
to return of blood to the circulation causing lushing and pain 
in digits and palm (pain is due to increased tissue tension) 

+ Local gangrene: f spasm persists more than ischaemic time 
(more than one hour in upper limb), then digits go for 
Ulceration and gangrene. Does not occur regularly but is an 
‘occasional phenomenon in the cycle 


Coffinan criteria for Raynaud’s syndrome—“episodic attacks 
of well-demarcated reversible self-limiting colour changes 
{or 1-20 minutes on exposure to cold/emotional stimuli and is 
symmetrical/bilateral lasting for 2 years” 


Causes for Raynaud’s Phenomenon 
© Raynaud's disease: 

>It is seen in females, usually bilateral 

> Ioccurs in upper limb with normal peripheral pulses. 

» It is due to upper limb (hand) arteriolar spasm as a 
result of abnormal sensitivity to cold. Patient develops 
blanching, cyanosis and later flushing as in Raynaud’s 
syndrome. Occasionally if spasm persists it results in 
gangrene, 

» Symptoms can be precipitated and observed by placing 
hands in cold water, 

Working with vibrating tools: Like pneumatic road drills, 
chain saws, wood cutting, fishermen travelling in machine 
boats—vibration white finger. 


avn ai 


Fig, 1.354: Vasculitis can cause arterial insufficiency. 


¢ Collagen vascular diseases: Like scleroderma, rheumatoid 
diseases causing vasculitis (all autoimmune diseases). 
¢ Other causes: Cervical rib, Buerger's disease, Scalene 
syndrome. 
It is often associated with CREST syndrome (Calcinosis 
cutis, Raynaud’s phenomenon, Esophageal defects, Sclero- 
dactyly, Telangiectasia) 


‘Types of Raynaud’s phenomenon, 
+ Vasospastic 
+ Obliterative 


‘Not just 'Go’ through the life, but better ‘Grow’ through the life. 


Raynaud’s ean be: 


% Primary Raynaud’: is an idiopathic vasospastic disorder 
without underlying identifiable causes. Usually there is no 
significant pain in primary type. Primary is probably due to 
increased sensitivity of alpha 2 receptors to nonepinephrine; 
decreased nitric oxide and endothelin 1 in endothelial 
cells; increased serotonin and thromboxane. It is common 
in females and younger age group. Usually it is bilateral 
involving all digits 

% Secondary Raynaud’ is vasospasm due to some underlying 
cause. Significant pain will be present especially during 
rewarming stage. There are positive autoantibodies: equal 
in both sexes; occurs at any age group; need not be bilateral. 


Features 


% Commonly bilateral. 

# Common in young females. 

# Raynaud’s disease is common in westem white women, 

© Usually medial four digits and palm ate involved. Thumb 
is spared, 

# Features of pallor/blanching (syncope), dusky cyanosis 
(asphyxia), rubor/painful red engorgement (recovery) are 
the presentation. Occasionally if vasospasm becomes longer, 
‘gangrene or ischaemic ulceration supervenes along the tips 
of the fingers. 

# Peripheral pulses (radial/ulnar) are normally felt, These 
pulses will be absent in upper limb TAO. 

© Repeated attacks are common. 


Investigations 


‘Type is identified by angiogram of hand (DSA/MR angio- 
‘gram), arterial Doppler/Duplex scan. 

Other investigations required are X-ray of the part, anti- 
nuclear antibody (ANA assay) tests specific for different 
conditions 

Assessment of segmental blood pressure gradient from 
brachial-forearm-wrist-fingers; finger tip thermography; 
cold recovery time (normal is less than 10 minute, but in 
Raynaud’s it is more, often up to 30 minutes); reactive 
Iyperaemia time (pneumatic cuff is inflated and kept for 
5 minutes and released to observe hyperaemia); nail fold 
capillary microscopy; Laser Doppler flux to assess micro- 
vascular perfusion of finger skin—are special methods of 
evaluations. 

# Other routine investigations for arterial diseases like blood 
sugar/lipid profile/hypercoagulability status, 


Treatment 

Treat the cause, 

Avoid precipitating factors—protect from cold/propet dress/ 
hand warmer electrical or chemical/hand gloves. Avoid 
smoking even though itis not direct etiological cause (other 
than upper limb TAO), but it may possibly aggravate the 
disease. Avoid vibrating tools, 
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¢ Vasodilators/pentoxiphylline/low dose aspirin (75-100 
mg per day). Calcium antagonist (nifedipine 20 mg) 
is useful. Steroids may be useful in case of secondary 
Raynaud's, 

© ACE inhibitors, nitrates, endothelin inhibitors (bosentan), 
epoprostenol—prostaglandin a potent vasodilator and 
antiplatelet drug (continuous intravenous infusion can 
be given), iloprost—prostacycline analogue, PG El, 
misoprostol (oral PG E 1)—are all tried at different stages 
of the disease. 

# Cervical sympathectomy—is used for nonhealing digital 
ulceration. Not very beneficial to Raynaud's syndrome. 


ll TEMPORAL ARTERITIS 


+ There is localised inflammatory giant cell infiltration of 

arterial wall (giant cell arteritis) involving superficial 

temporal, facial, retinal, upper limb, coronary and vertebral 

arteries, 

tis common after 50 years. Common in females (2:1) 

¢ Claudication of facial muscles, ischaemic severe headache, 
tender, thrombosed superficial temporal artery and its 
branches are the features. 

¢ Retinal ischaemia leading into irreversible blindness is 
dangerous feature. Involvement of coronary artery may 
cause myocardial infarction, 

Temporal artery biopsy is diagnostic — shows giant cell 
granuloma with CD4+ T lymphocytes. 

¢ High dose long-term prednisolone 80 mg / day is needed. 
In involvement of retinal artery IV hydrocortisone / meth- 
yiprednisolone may be needed initially. 


™@ TREATMENT OF ARTERIAL DISEASES 
a. Medical 
General Measures 


¢ Stop smoking, reduction of weight, exercise. 
Change in life style, care of feet. 

Control of diabetes and hypertension. 

4 Buerger’s position and exercise. 


Drugs 


# Nifedipine, praxilene, pentoxiphylline, low dose aspirin, 
prostacycline, dipyridamole, ticlopidine. 

Clopidogrel (75 mg). 

Cilostazol (type III phosphodiesterase inhibitor) 100 mg 
‘BD—inhibits platelet aggregation, 

Oral anticoagulants are used only if thes 
lism or atrial fibrillation 

+ Prostaglandins, growth factors, vascular endothelial growth 
factor (VEGE), E2Fdecoy (blocks intimal and smooth 
muscle cell proliferation), mesoglycan (breaks blood clot), 
testosterone, herbals like garlic (reduces viscosity of blood) 
are other newer drugs under use and trial 

4 B vitamins and folic acid reduces homocysteine level (which 
isa risk factor). 


is history of embo- 


# Inositol, L-carnitine (1500 mg), magnesium $00 mg (not 
in renal failure of with diarrhea), vitamin E and C are other 
agents often used to improve walking distance. 

# Heparin is used onfy in acute phase or embolism 


b. Surgery 


% Percutaneous transluminal balloon angioplasty (PTA): 
‘Through transfemoral Seldinger approach, initially angiogram 
is done, Then under guidance (fluoroscopic) stenosed area 
is approached. First guidewire is introduced through which 
balloon catheter is passed. Balloon of the angioplasty catheter 
is inflated at stenosed area for one minute and repeated if 
required. Plaques should rupture. Catheter is withdrawn, It 
is useful in cases of localised stenosed areas. 

Note: 

+ Often nonexpandable or selfexpandable stents are used 
if stenosed segment is not dilated adequately through 
balloon—PTA with stenting 

+ PTA for carotid artery stenosisis risky and not ideal as there 
will be possible release of microemboli during dilatation 
procedure which can precipitate stroke. Specialised balloon 
catheters with umbrella tip which can trap the microemboli 
‘may be used in these places. 


‘Types 
> Conventional: Here balloon is inflated along the lumen 
to break the plaque circumferentially. 
> Subintimal: Here balloon is inflated after passing subin- 
timal plane to break the plaque 


Complications 
> Thrombosis, bleeding, sepsis. 
> Embolism, dissection, retroperitoneal haematoma, 
> Pseuodoaneurysm formation, 


Advantages 
It is done under local anaesthesia, 

Procedure can be repeated if needed 

Stent can be placed at a later stage if needed. 

Itis done when stenosis is less than 5 cm. In ideal indica- 
tions its efficacy is equal to surgery. 


Disadvantages 
> Itis less useful for lengthy blocks or stenosis more than 
Sem. 
Conventional PTA 
Medialladventitia 
= Intima 
PTA guidewire 
PTA balloon 
‘Atheroma plaque 


Subintimal PTA 
Medial/adventitia 


Intima 
PTA guidewire 
PTA balloon 
“Atheroma plaque 


Fig. 1.355: Conventional and subintimal types of PTA. 


Fig, 1.356: Percutaneous transluminal balloon angioplasty (PTA). 
Note the inflated balloons on bath side iliac arteries. 


Figs 1.357A and B: DSA showing left sided aortotliac black and, 
correction after doing PTA. 


> Itis dangerous to do in stenosis of carotid artery where 
endarterectomy is ideal 
¢ Atherectomy: 
Itis removal of atheroma either through open surgery or by 
percutaneous route from the wall of the vessels. 
© Thrombectomy: 
It is removal of thrombus through an arteriotomy of larger 
vessels. Done in aortoiliae, femoropopliteal region. 
Endarterectomy: 
» It is removal of thrombus along with diseased intima 
through an arteriotomy. Endothelium of the vessel is 
removed, hence the name. 


Figs 1.358 and B: DSA showing superior mesenteric artery 
stenosis, tis corrected by PTA. 


> Itis done in carotid, aortoiliac and occasionally 
aortofemoral blocks. It is also called as disobliteration/ 
reboring. There are three methods—{(1) Open method— 
Arteriotomy is done along the entire diseased segment; 
endarterectomy is done by removing thrombus, diseased 
intima with plaque along the plane of media. Arteri- 
‘tomy is closed using 5 zero polypropylene suture and 
patient is heparinised. (2) Semiclosed method—Here 
two arteriotomies are done on either ends of the level 
of obstruction; loop endarterectomy stripper is passed 
from one end to complete the endarterectomy; two 
arteriotomies are closed. (3) Wiley’ eversion endarter- 
ectomy—Here artery is cut transversely at the junction 
of diseased and normal nondiseased segment; diseased 
intima with plaque is circumferentially dissected; artery 
is everted out to extract the diseased intima like a tube; 
ceverted artery is reduced and sutured to normal end of the 
artery. Advantages are—it avoids prosthetic graft and its 
complications, Problem is—reocelusion and restenosis. 


% Placement of intraluminal stent for localised stenosis. 
% Profundaplasty: 


> It is done when there is localised block in opening of 
profunda femoris (deep femoral). Profunda femoris is 
‘opened, thrombus if present, is removed. Opening is 
widened using either venous or synthetic (Dacron or 
PTFE) grafts. This procedure allows collaterals across 
the knee joint to open through profunda femoris and. 
so gives good blood supply below-knee level and may 
prevent patient going in for above-knee amputation. 


Absolute diagnosis are unsafe and are made at the expense of the conscience. —William Osler 
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Fig. 1.359: Thrombectomy. 


(May be able to save knee joint with below-knee amputation 
with better prosthesis.) 
> Lateral angiogram view is needed to identity the orifice 
of profunda femoris. Disease involves invariably only at 
the orifice without extending distally towards Ist perfo- 
rator branch, Endarterectomy at the junction and closure 
with a venous patch widens the opening adequately. 
© Reverse saphenous vein graft: 
In case of femoropopliteal block, saphenous vein is 
dissected out, reversed and sutured above to the femoral 
artery and below to popliteal segment so as to bypass the 
blood through reverse saphenous vein graft. Saphenous vein 
is reversed to nullify the action of valves so as to allow easy 
flow of blood. 


Atneroma 


Artery 


‘Atheroma intima removed 


—______@ 20 


Fig. 1.360: Endarterectomy technique. Both thrombus and diseased 
intima are removed through an arteriotomy. Often ring stripper is 
used to remove the atheromatous plaque, 


In situ saphenous vein graft: 
It is arterialisation of saphenous vein, Saphenous vein intact 
in same position is sutured above and below the blocked 
femoropopliteal region to bypass the blood across. Venous 
valves are removed through valvulotomy instrument so as 
to allow the blood to pass. Here nutrient supply of vein is 
left intact with proximal part of the vein sutured to wider 
part of the femoral artery, narrow distal part is sutured to 
narrow part of the artery. 


Common iliac artery 


Internal iliac artery 


External iliac artery 


Inguinal igament (Beep femora artery 
‘Common femoral [profunda femoris artery 


artery 


Superficial femoral 


artery (blocked) 


Fig. 1.361: Profundaplasty for deep femoral block. 


# Arterial/venous grafts: 


Synthetic: 


* 
+ 
+ 


Dacron woven graft 
Dacron knitted graft 
PTFE—polytetrafluoroethylene graft 


Natural: 


° 
+ 
+ 


Internal mammary artery (ideal one) 


Long saphenous vein either reverse or in situ 
Umbilical vein graft (cryopreserved) —3 mm vein is the 
minimum diameter req 


Grafts of different length and size are available 


Different procedures 


Problems with grafts: Leak, infection, thrombosis. 


Aortofemoral bypass graft (end to side)—5% mortality. 
Heofemoral bypass grat 

Femorofemoral bypass graft 

Femoropopliteal graft 

Femorodistal graft 

Axillofemoral graft 


factor, availability, reblock, 

Note: 

Angioscope is used to visualise the valves in saphenous vein 
‘orto visualise the completion of the by pass grafts like femo- 
rodistal graft. 


Bypass: 
graft Occludec 


vessel 


Fig, 1.362: Bypass graft (Aortolliac) 


Inguinal 
ligament 


Fig. 1.363: Femoropopliteal bypass graft. 


© Cervicothoracie preganglionic sympathectomy: 
Itis removal of 2nd and 3rd thoracic ganglia which contains 
cells of postganglionic fibres supplying the upper limb, 
Preganglionic white rami communicantes fibres from 2nd 
and 3rd sympathetic nerves enter thoracic T1 ganglion and 
supplies head and neck region through upper part of the 
stellate ganglion. Preganglionic sympathetic nerve entering 
the 2nd and 3rd ganglia from below, supplies sympathetic 
fibres for upper limb through the lower part of the stel- 
late ganglion. In cervical sympathectomy for uppet limb 
ischaemia, lower part of stellate ganglion with Kuntz nerve 
is divided, For head and neck hyperhidrosis entire stellate 
ganglion should be removed which leads to development 
‘of Horner's syndrome. For hyperhidrosis of axillary area, 
along with stellate ganglion upper four thoracic ganglia has 
tw be removed. 


+—Arterial graft 


Inguinal 
ligament 


aot Femoral artery 


Deep femoral artery 


‘Aortofemoral bypass graft (End to side). 


Fig. 1.365: On table picture of aortofemoral arterial graft. 


° 
* 
° 
° 
° 
° 
° 


Cervical rib with vascular manifestations —useful 
Raynaud's phenomenon—useful 
Hyperhidrosis—very useful 

Upper limb vasospasm due to other causes—useful 
‘Acrocyanosis—useful 

Causalgia—very useful 

Sudeck's osteodystrophy 


Approaches 


> Supractavicular approach: 
‘Through a supraclavicular incision sternomastoid, 
(omohyoid is retracted or divided) scalenus anterior 


Einstein died of ruptured aortic aneurysm. Nissen did cellphone wrapping of the aneurysm in Einstein 
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Teleportation of Entangled Coherent States through Visual Pathways in the 
Human Brain 


‘Department of Physics, Shahid Bahonar University of Kerman, P.O. Box 76175, Kerman, Iran 
24feal Research Institute, Kerman, Iran 
‘Neuroscience Research Center, Kerman, Iran 
“Department of Physics, University of Alberta, Edmonton, T6G 2J1, Canada 


Abstract: 

In this paper we have proposed a new model for visual consciousness based on the premise there exists a 
quantum teleportation mechanism between the eye and the brain, In our model, some open questions will 
be answered. 


1) Introduction: 


Schrédinger’s book "What is life?" has had an enormous influence on the development of molecular 
biology [1]. His insight has since then inspired many researchers to investigate the molecular basis of a 
living organism [2,3,4]. Several researchers have noticed the sweeping consequences that would follow 
from the discovery that living organisms might process information quantum mechanically, either at the 
bio-molecular level, or the cellular/neuronal level [5,6,7,8,9]. Computational models of the behavior of 
networks of neurons are still mainly based on the integrate-and-fire model of neural function. Mainstream 
cognitive neuroscience typically ignores the role of quantum physical effects in the neural processes 
underlying cognition and consciousness. However, many unsolved problems remain, suggesting the need 
to consider new approaches. Recent contributions to the investigations of quantum effects in the human 
brain are due to Jibu and Yasue, Pribram, Lockwood, Mavromatos and Nanopoulous, Hameroff and 
Penrose, and Stapp [10]. These authors have proposed models in which the operation of consciousness is 
associated with some sort of explicit wave function collapse. There have been numerous suggestions that 
consciousness is a macroscopic quantum effect possibly involving superconductivity, superfluidity, 
electromagnetic fields, Bose-Einstein condensation or some other physical mechanism. Perhaps the most 
specific model developed thus far is that of Penrose and Hameroff and it asserts that quantum information 
processing takes place in microtubules (MTs). It has been argued that MTs can process information 
similarly to a cellular automaton, and hence Hameroff and Penrose suggest that neuronal MTs may 
operate as a quantum computer. 

In this paper, we investigate visual information transfer from a quantum information point of view. 
Theoretically we consider the conscious observer looking at a quantum system and propose that the state 
of this system is reported via superposed photons. We address the question whether the observer can 
receive the exact same state of this system quantum mechanically in his/her brain or this quantum state 
collapses before reaching the brain. Below we investigate the problem in detail 


2) Evolution of Information from the Eye to the Brain 


We assume that a conscious observer directs his/her attention to a quantum system. For simplicity we 
consider this system to be a manifestation of the celebrated Schrddinger’s cat. This system can exist in 
two states: Live|L), or Dead|D). 


* vahidsalari@graduate.uk.ac.ir 
Majid.rahnama@mail.uk.ac.ir 
* jus@phys.ualberta.ca 
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muscles, ate divided. Phrenic nerve is displaced medially; 
subclavian artery is pushed downwards; thyrocervical trunk 
is identified and ligated securely, suprapleural membrane 
is depressed, stellate ganglion is identified in the neck of 
the first rib. All ami communicantes from second and third 
ganglia are divided. Grey ramus from second ganglion to 
first thoracic nerve called as Kuntz nerve, is also divided. 


‘Complications 
Bleeding 
Injury to subclavian artery and nerves 
Preumothorax and haemopneumothorax 
Horner's syndrome with ptosis, miosis, anhydrosis, enoph- 
thalmos 
+ Chylous fistula, chylocele 
“+ Post-sympathetic neuralgia 


° 
° 
° 
° 


> Transthoracic/axillary approach (Hedley atkins): 
This gives better visibility and easier removal of rami,» 
lower down compared to supraclavicular approach 
Patient is placed in lateral position; transverse incision 
is made just below the hair bearing line; intercostobra- 
chial nerve is preserved. Thorax is opened at 2nd space. 
‘Sympathetic chain is identified at the neck of Ist rib. 

» Thoracoscopic sympathectomy is the choice, and popular» 
approach at present, 
Advantages are better visibility with magnification, less 
trauma of access (wound), faster recovery, and precise, 


1.367: Ptosis of right eye in Horner's syndrome, 


Principle: 


Itincreases the cutaneous blood supply thereby promoting 
healing of ulcer and skin flaps in amputation, It is a 
preganglionic sympathectomy. Ganglion L2 and L3 
supplies legs below knee level. L1 supplies upper part 
of thigh and buttock region, LI lies under the crus of 
diaphragm, LA lies under the common iliac vessels below. 
It increases the blood flow for 2-4 weeks by abolishing 
constriction of arterioles and precapillary sphincters 
(basal and reflux). It produces transient small increase 
in distal perfusion; increases the nutritive perfusion to 
promote ulcer healing; alters the pain perception and 
pain impulse transmission temporarily. 


Procedure: 


Under general or spinal anaesthesia, ganglia are approached 
through a transverse incision in the loin at the level of 
umbilicus, through extraperitoneal approach, by dividing 
external oblique, and internal oblique, and splitting trans- 
verse abdominis muscles. Inferior vena cava on right side, 
‘aorta on left side are identified. Sympathetic chain is identi- 
fied by its rami, over transverse processes of lumbar spines. 
Ly, Ly, La, Ls ganglia are removed. Ly is identified by its 
size (Larger) and more number of rami. L, is retained on 
one side in bilateral cases. If both are removed it will lead 
to failure of ejaculation and so sterility (Dry ejaculation). 


Complications 


4 Injury to IVC or aorta 
& Bleeding lumbar veins 
‘ Spinal vessel spasm and so ischaemia of spinal cord and 


paraplegia dry ejaculation 


Fig. 1.366: Cervical sympathectomy scar in the neck and patient has, 
developed Horner's syndrome. Healed ulcer over tip of index finger 
on left side is seen. Patient is asymptomatic after sympathectomy. 


Injury to bowel and ureter 
¢ Lumbar sympathectomy: ‘& Wound infection and abscess formation 
 Post-sympathetic neuralgia 
Indications: + Paradoxical gangrene of opposite leg and foot 


> Peripheral vascular disease like TAO. 


> To promote healing of cutaneous ulcers. » 
» To change level of amputation and to make flaps to heal 

better after amputation, > 
> Causalgia of lower limb (it is common in upper limb). 
> Hyperhidrosis of lower limb is rare. 


Its effects are only temporary (3-4 weeks). Long-term 
results are doubtful. It can be combined with omentoplasty. 
It can also be done along with below-knee amputation 
to increase the blood supply of skin flap so as to have 
beter healing, 


> Limb will become warmer immediately after sympa- 195 
thectomy, 
Ischaemic 
leer 
Fig. 1.368: Lumbar sympathectomy scar with ischaemic ulcer foot 
showing healing sgn Figs 1.3698 and ¢ 
Figs 1.369A to C: Omentoplasty procedure fr revascularisation of 
hae eek ° wea the ischaemic limb. 
umbar sympathetic chain may be mistaken for lymph nodes fat, 
sendin oe paune nase gentioferoral ye: Omentum is supplied by omental vessels 
$ Chemical sympathectomy: 
» It is done in lateral position using a long spinal needle 
under local anaesthesia, Position isconfirmed by injecting |yougn terme hepa ete) Splenic artery 
dye under fluoroscopy. Later § ml of phenol in water oF t t 
absolute alcohol is injected lateral tothe vertebral bodies Fight gestae [RATIO 
of fourth and second lumbar vertebrae. Care should be [ artery artery 2 
taken to see that the needle does not enter IVC or aorta arama 8 
> Procedure is contraindicated in patients with bleeding = 
disorders and in patients who are on anticoagulants Four layers of omentum has got omental arcades of vessels, NES 
© Omentoplasty: Omentum is also rich in lymphatics, It has got adhesive prop- g 
erty. By retaining one of the pedicles, omentum canbe mobil- | 58 
Indications ised so as to reach the limb to maintain the circulation. Itcan 
Pet sari acl eran isetreese apace inion also be mobilised up to the ankle, It promotes uleer healing, 
 Forlymphoedema,it helps by providing lymphatics and so reduces the pain and controls the features of ischaemia, It can 
tocdfaln iymph front the len also be used in upper limb ischaemia. But, if patient continues 


 Itisalso tried for revascularisation of pharynx, cranial cavity (0 smoke, disease spreads to these omental vessels also. Often 
it can be mobilised to both lower limbs in bilateral diseases. 


Fig. 1.370: Incisions for omentoplasty in the abdomen (upper 
Fig. 1.3698 midline) and in lower limb, 


Jn early painful stage the ischemic foot (gangrene threatened) is nearly always pink, the skin being atrophied as 
though it were stretched tightly over underyling structure —Wilfrid G Oakley 
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Complications of omentoplasty 
> Abdominal sepsis, 
> Incisional hernia, where omental pedicle is tunneled into 
the limb from the abdomen. 
> Adhesions and intestinal obstruction, 
Procedure: Under general anaesthesia, abdomen is opened 
with upper midline incision. Omental vessels are identified, 
Omentum with its blood supply is carefully mobilised to 
gel an adequate length. Lengthened, mobilised omentum 
is brought into the subcutaneous plane through abdominal 
wall, lateral to the lower part of rectus muscle. Later this 
pedicle is mobilised in the subcutaneous tunnel across the 
leg, burried in the deep fascia. 
Other treatment methods: 
> Amputations are done at different levels depending on 
extent of gangrene, site of block, amount of collaterals. 


Fig. 1.371: Below knee amputation stump which is also ischaemic. 
Patient underwent below knee amputation for gangrene foot. But 
patient might need above knee amputation. 


lm SUBCLAVIAN STEAL SYNDROME 


Following obstruction of the first part of subclavian artery, 
vertebral artery provides collateral circulation to the arm by 
reversing its blood flow. This causes cerebral ischaemia with 
syncopal attacks, visual disturbances, diminished blood pres- 
sure in the affected limb, 


Sia 
Right 
vertebral ie 
artery a 
Right: 
subclavian Left subclavian 
artery artery 
Brachiocephalic: 
Block 


artery 


Arch of aorta 
Fig. 1.372: Subclavian steal syndrome. 


# [Lis more common on left side. 

# Vertebrobasilar symptoms like dizziness, syncope, visual 
disturbances, vertigo can occur, 

% Pain, heaviness, paraesthesia and fatigue in the atm which 
is aggravated by exercise. 

Radial pulses on both sides are asymmetrical. 

Blood pressure on the diseased side will be 20 mmblg less 
‘compared to normal side. 

¢ Javid test: Here compression of carotid artery makes ipsi- 
lateral radial pulse feeble. 


Investigations 
Duplex scan and angiogram, DSA is usefil 


Treatment 


 ‘Transluminal balloon angioplasty. 
Endarterectomy or bypass graft 
(Common carotid—subclavian graft) 


™ ACUTE ARTERIAL OCCLUSION 


Iisa condition of acute lack of tissue perfusion due to sudden 
cessation of circulation, Main axial artery of the limb is blocked 
presenting within minutes to hour after occlusion 

It is common in lower limb, upper limb: but can occur in 
mesenteric, cerebral, coronary arteries, 


Causes 


4% Embolismn is the most common cause 


developing country. 

© Trauma. 

Thrombosis of an artery: Normal artery can develop sudden 
‘acute thrombosis in certain special situations with hyperco- 
agulable status like malignancy, leukaemia, antiphosholipid 
antibody syndrome, protein C/protein S/antithrombin 
deficiency; polycythaemia rubra vera, thrombocytosis. It 

is commonly observed in external iliac artery, profunda 
femoris artery and popliteal artery. 

# Thrombosis of a bypass graft is common caus: 
countries which occurs at the site of anastomosis. 


western 


Pathophysiology 


Distal ischaemia begins immediately after acute obstruction, 
Most sensitive peripheral netves are first involved, and then 
muscles, subcutaneous tissue and skin are affected in order. 
je ischaemia occurs in 6 hours. Golden period is 
1-6 hours. Ischaemia may get aggravated by—propagation of 
thrombus below and above the block occluding the orifices of 
collaterals, fragmentation of embolus, associated thrombosis, 
acute compartment syndrome. 

‘Acute ischaemia causes endothelial injury of capillaries, 
arterioles and venules with luminal obliteration. Raised capil- 
lary permeability causes fluid leakage into extravascular space 
forming massive tissue oedema deep to deep fascia which by 
raising the intracompartmental pressure further reduces the 
perfusion leading into acute compartment syndrome. 


Irres 


Features 


Pain which is continuous, severe, steady, bursting 
Pallor of the distal part with extreme cold limb. 
Pulselessness—sudden loss of earlier palpable pulse. 
Paraesthesia—sensory disturbances like tingling, numbness 
or complete loss of sensation 
¢ Paresis—damage to motor netve and muscle leading into 
paralysis as a late grave feature 
¢ Poikilothermia. 
Pain, paraesthesia, paresis are duc to ischaemia of periph- 
cral nerves which are sensitive to hypoxia. 


ll TRAUMATIC ACUTE ARTERIAL 
OCCLUSION 


Causes 


 ‘Thrombus due to trauma. 

¢ Subintimal haematoma, 

# Acute compartment syndrome 

During femoral or brachial arterial catheterisation for either 
diagnostic or therapeutic procedures. 


Clinical Features 


History of trauma, pain, swelling at the site, pallor, pulseless 
ness, cold limb. 


Investigation 


Duplex sean, angiogram, 


Treatment 


4 Wound is explored and tear in the artery is identified. It is 
sutured using nonabsorbable monofilament material, poly- 
propylene 6-0, Often venous or dacron graft is required for 
interposition. 

# Proper antibiotics and heparin are required to prevent 
thrombosis of the vessel. Later patient is advised to take 
oral warfarin for maintenance. 

% Compartment syndrome is common in anterior compart- 
ment of leg and in front of forearm. Here because of the 
closed compartment, pressure increases following fracture, 
haematoma which compresses over the vessel. It leads to 
blockade of vessel causing acute ischaemia of the limb 
presenting with severe pain, pallor, pulselessness. 
> Treatment: Immediate decompression by longitudinal 

fasciotomy, is the treatment of choice, wherein deep 
fascia is cut adequately to relieve the compression. 
Otherwise limb may go for severe ischaemia, gangrene 
and may land in amputation, 

# Associated fractures, haematoma, vessel tear has to be 
managed accordingly, 


™ EMBOLISM 


(Embolus’ means in Greek} 
Virchow in 1854) 

It is due to a solid, liquid or gaseous, material which is 
floating and travelling in the bloodstream, eventually blocking 
the vessel on its pathway. 

# Arterial emboli: 


first this term was used by 


& Cardiac source (80%): 
~ Due tomural thrombus following mitral stenosis and atrial 
fibrillation (50%); myocardial infarction (25%); others (5%) 
like prosthetic valves, endocarditis, intracardiac tumours 
(atrial myxoma) 
+ Noncardiac (109): 
~ Aneurysms (5%;atheromatous plaque in proximal artery, 
paradoxical (1%) 
& Idiopathicis 10% 
& Others (46) lke: 
~ Cervical rib causing poststenotic dilatation of subclavian 
artery can cause emboli 
'& Gryptogenic—an unknown source (5%)—afterinvestigations 
source isnot found 


% Venous emboli are due to DVT causing pulmonary embo- 
lism, 

% Fenous-arterial paradoxical emboli: 
shunt (ASD) or intrapulmonary shunts (A-V malformations) 
(Osler-Weber-Rendau syndrome) 

Fat embolism. 


seen in intra-cardiae 


© Air embolism. 
Effects of Arterial Embolism 


4% Brain: Blockage at middle cerebral artery causes hemiplegia, 
transient ischaemic attacks (TIA), visual disturbances 

% Blockage at central retinal artery causes amaurosis fugax or 
permanent blindness 

4 Blockage at mesenteric vessels causes intestinal gangrene 

‘& Blockage at renal artery leads to hematuria, loin pain 

‘& Blockage at limb vessels causes pain, pallor pulseless, paraes- 
thesia, paresis, ulceration, gangrene 

 Mostcommonsite of arterial emboliis common femoralartery 


Sites of Lodging of Emboli 


‘The most common site is lower limbs (75%). 10% brain; 10% 
upper limb; 5% superior mesenteric and renal arteries. 

In the lower limb the most common site is at the bifurca- 
tion of common femoral artery (40%); popliteal artery (15%); 
common iliac artery (12%); aortic bifurcation (10%). 


Unless you try to do something beyond what you have already mastered, you will never grow. 
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Features of Embolism 


+ Earlier history of claudication is absent but history sugges- 
tive of disease for source of emboli will be present. 

¢ Sudden, dramatic, rapid development of pain with numb- 
ness 

4 Limb becomes rapidly cold and mottled with blebs. 

¢ Loss of sensation and movements, 

4 Absence of distal pulses but forcible, expansile, prominent 
proximal pulse. For example—prominent femoral artery 
pulsation with embolic bock at popliteal level, 

Toxic features. 

¢ Collapsed veins, cold limb distal to the level of block, 
oedema and presence of blebs distally. 

# Muscle which is soft normally while palpating will feel 
doughy initially but later becomes stiff. Once stiffness of 
muscle is found embolectomy benefit is bleak. 


Differences between embolism and thrombosis 


Features Embolism Thrombosi 

Source Present Not present 

Pulse Proximal and Same and opposite 
contralateral _side pulses may be 
pulses normal absent. 

Temperature Severely cold Cold or normal 

Angiography Sharp cutoff _ Diffuse tapered disease 
sign 

Collaterals Very few—not —_Well-developed 
well-developed 


1.373: Right leg showing features of acute embolism. 


Investigations for Arterial Embolism 


Emergency Doppler angiogram, ECG and echocardiography. 
Angiogram is gold standard in all acute limb ischaemia. It 
differentiates between embolism and thrombosis; status of 
‘vessel proximally and distally. Angiography should ideally 
be done from contralateral limb or through left brachial. 

¢ Relevant tests for origin of emboli. Prothrombin time, APTT, 
BT, CT, platelet count should be done 


Note: 
‘Once embolism occurs irreversible changes occur distally in 6 hours, 
0 ideal period for intervention is within 6 hours. 


Classification of Severity of Acute 
Limb Ischaemia 


Class I: Viable—no pain; no neurological deficit; Doppler 
shows audible signal. Venous flow present, 

Class Ha: Marginally threatened—no pain; numbness/paraes- 
thesia; no audible Doppler signal. Venous flow present. 

Class I1b: Immediately threatened—persistent pain; sensory 
and motor loss; no Doppler signal. Venous flow present. 
Class III: Irreversible—paralysis and anaesthesia, No venous 
flow. 

Ischaemia up to class IIb with normal venous flow is called 
as Early; ischaemia which is class III, with muscle rigor, 
marbled skin and without any venous flow is Late. This late 
ischaemia is more likely to land with amputations even though 
revascularization can be tried. 


Treatment 


Treatment of Embolism and Thrombosis of 
Acute Limb Ischaemia 


Immediate infusion of $000-10,000 units of LV heparin and 
relief of pain are needed first. 


Surgical 
% Embolectomy (surgical exploration and removal of clot) is 
the choice for embolus. It is done either by interventional 
balloon 5 French (Fogarty, 1963) embolectomy or open 
‘method. Its the standard treatment for arterial embolism. It 
‘can be repeated several times until adequate bleeding occurs, 
% For acute thrombosis causing acute limb ischaemia, open 
thrombectomy with or without bypass may be the surgical 
treatment; but it is not the standard treatment for acute 
thrombosis (Standard is thrombolysis, Dotter and co, 1974), 


Endovascular therapy 

% Intrarterial thrombolysis using urokinase. 

% Percutaneous mechanical thrombectomy —it is done either 
by suctioning clot via catheter or dissolution of thrombus 
by pulverization and aspiration by high speed motors or 
fluid jets. 

# Ultrasound accelerated thrombolysis using catheter based 
or transdermal using acoustic cavitation to ablate thrombus, 
Embolectomy 
> Itis done as early as possible as an emergency operation. 
> Under fluoroscopic guidance, Fogarty catheter (inter- 

ventional radiology) is passed beyond the embolus and 
balloon is inflated. Catheter is withdrawn out gently with 
‘embolus. Procedure has to be repeated until embolec~ 
tomy is completed and good back bleeding occurs. 
Angiogram is repeated to confirm the free flow. 

» Postoperatively initially heparin and later oral anti 
coagulants are used. Procedure is done under general 
anaesthesia or local anaesthesia. 

> Open arteriotomy and embolectomy can be done by 
direct approach and later the arteriotomy has to be 
sutured, Postoperatively anticoagulants and antibiotics 
are given. 


Intra-arterial thrombolysis using fibrinolysins: After 
passing arterial catheter, angiogram is done and agents are 
injected intraarterially through the arterial catheter. 

Drugs used are: 

> Streptokinase (here lysis occurs in 48 hours). 

> Urokinase. It is commonly used for thrombolysis. It 
converts plasminogen to plasmin which breaks fibrin 
clots. Initial bolus of 2,50,000 IU is given followed by 
an infusion of 4,000 [U/min for 4 hours, later continuous, 
infusion of 2,000 [U/min to complete the lysis. Even 
though controversial, it is of usual practice to infuse 
1000 1Ushour of heparin to prevent new thrombus 
tion. Check angiography should be done during therapy. 
Multiholed catheter (5 French) is used for infusion. 

» Tissue plasminogen activator (TPA)—Alteplase, 
Reteplase—here lysis occurs in 24 hours. TPA is better 
and ideal; but itis costly. It has very less side effects. 

> TPA pulse-spray method—here lysis occurs in 6 hours, 


Contraindications for thrombolysis 
Recent stroke 
4 Recent major surgery of major bleed like of varices 
@ Recent eye surgery 
History suggestive of or confirmed active duodenal/gastric 
ulcers 
® Pregnancy 
Uncontrolled hypertension or coagulation disorders 


Note: 
Heparin should not be used concomitantly with fibrinolytcs. 
Anticoagulant therapy to prevent recurrent emboli 
Immediate infusion of heparin S000 units intravenously to 
prevent further extension of thrombus is needed. 


‘Advantages of thrombolysis _ Disadvantages of 
thrombolysis 

+ Useful only for 
class | and lla acute 
ischaemia 

Bleeding at the site 
and elsewhere is 
possible 

+ 25% rate of failure 


+ Gentle angiographic clot 
removal 


+ Survival and limb salvage is + 
equal 


+ Itis mainly useful for acute 
thrombus 

+ For embolus its used often 
as an adjunct along with 
‘embolectomy 

+ Itavolds surgery 


Complications of Revascularisation in 
Acutely Ischaemic Limb 


Reperfusion injury 
¢ ‘No reflow phenomenon: It is due to sever 


© capillary oedema 
causing poor peripheral tissue hypoperfusion in spite of 
‘major vessel revascularisation 


# Acute compartment syndrome can occur due to massive 
ischaemic oedema especially of skeletal muscles deep to 
deep fascia which compress on venules exceeding tissue 
interstitial pressure causing further compromise in tissue 
perfusion, Compartment pressure when measured using 
transducer needles will be more than 40 mmHg or > 30 
mmllg for 3 hours or above the mean arterial pressure. 
Presents with muscle weakness, sensory changes, leg pain 
which is aggravated by dorsiflexion of toes. 

# Other complications are—sepsis, reblock, bleeding and 
catheter related complications. 


ll REPERFUSION INJURY 


# Itoccurs after reestablishment of arterial low to an ischemic 
tissue bed which further leads to tissue death causing specifi- 
cally peripheral muscle infarction. tis due to sudden release 
of oxygen free radicals which blocks the microcirculation, 
with release of high levels of potassium (hyperkalaemia) 
and myoglobin (myoglobinaemia and myoglobinuria), 
Haemodynamically patient becomes unstable with lactic 
acidosis, intracellular changes, interstitial oedema and 

tening, 

# Haimovici triad of revascularisation injury (1960)—(1) 
Muscle infarction; (2) Myoglobinuria; (3) Acute renal failure 

# Severe ischaemia causes oedema in the muscular compartment 
with raise in compartment pressure more than the essential 
capillary perfusion pressure causing acute compartment 
syndrome. It is common in the anterior compartment of the 
leg. It is basically in the skeletal muscles deep to deep fascia. 
‘Compartment pressure when measured using transducer 
needles will be more than 40 mmHg or> 30 mmHg for 3 hours 
‘orabove the mean arterial pressure. Muscle weakness, sensory 
changes, leg pain which is aggravated by dorsiflexion of toes, 

# ‘No re-flow ‘phenomenon duc to tissue oedema causes capil- 
lary perfusion block, Even though compartment syndrome 
and ‘no reflow” phenomemenon are separate entities they are 
always seen together along with reperfusion injury. 

# Metabolic acidosis, acute tubular necrosis causing acute 
renal failure and cardiac arrhythmias may set in and become 
life-threatening, 

# Features are—toxaemia; oliguria; persistent pain and 
‘oedema in the leg with muscular tenderness; raised blood 
urea and serum creatinine with features of acute ischaemia 
in the limb. Raised creatinine level (renal failure), creatine 
kinase (muscle lysis) are typical 

# Treatment: 
> Mannitol to prevent renal failure; fuid therapy. 
> Fasciotomy to reduce raised compartment pressure. All 

four compartments of lower limb should be decom- 
pressed surgically. Long vertical lateral deep fasciotomy 
incision in the calf behind the fibula along the deep fascia 
and its fibular attachments is a must. Bleeding is common 
afler fasciotomy as patient is heparinised. Infection of 
the wound can occur. Later, once the patient is stabilised 
and oedema subsides with healthy wound, secondary 


cardiac dysfunction. It is often life-th 


We will not know unless we begin. 
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suturing or skin grafting is done, If after fasciotomy, 
patient survives then it is with eventual development of 
Volkmann's ischaemic contracture. 

> Antibiotics and supportive therapy. 


™@ SADDLE EMBOLUS 


It is an embolus blocking at bifurcation of aorta, 


Causes 

¢ Mural thrombus after myocardial infarction, 
Mitral stenosis with atrial fibrillation, 

¢ Aortic aneurysm. 


‘Adbominal aorta 


EIA EIA 


Fig. 1.374: Saddle embolus blocking the bifurcation of abdominal 
aorta. It causes severe, rapid, dramatic symptoms. 


The embolus which blocks at aortic bifurcation is usually 
large. 


Clinical Features 


+ Features of sudden, rapidly progressive ischaemia in both 
lower limbs. 

Note: 

In aortic bifurcation thrombus, there is earlier history of claudica- 
tion in the buttock often with Leriche's syndrome. Symptoms are 
slow and gradual but not dramatic. Collaterals between aorta and 
iliac arteries have well-formed and so sudden, rapid development 
‘of gangrene will not occur. 


Gangrene of both lower limbs. 
¢ Features of associated infection, 


Investigations 


¢ Arterial Doppler, aortic angiogram. 
4 U/S abdomen. 


Treatment 

4% Initially, heparin is injected intravenously —10,000 units and 
later 5,000 units subcutaneously 8th hourly. 

¢ Embolectomy can be done using Fogarty’s catheter. 

¢ Open arteriotomy and embolectomy can also be tried. 

¢ Antibiotic prophylaxis is given to prevent infection, 


ll EMBOLECTOMY 
Indications 


# Acute embolic blockade of artery commonly seen in 
common femoral, cranial vessels, mesenteric vessels, 

# Itshould be done within 6 hours as afler 6 hours irreversible 
changes occur. 

¢ Itisusually done under local anaesthesia under C arm guid- 
‘ance with anaesthetist monitoring the patient. Itean be done 
under spinal or general anaesthesia. 


Fogarty 
tube/catheter 


Balloon passed through Balloon inflatec 


Fig. 1.3 


mbolectomy technique. 


Methods 


# Interventional method is usually employed using Foga- 
rty’s catheter. Good back bleed signifies completeness of 
embolectomy. 

% Open arteriotomy method is done directly over the artery 
followed by suturing the artery 

Note: 

+ Intraoperative ateriogram is a must to confirm the adequacy of 
blood flow and completion. 

+ Intraoperative thrombolysis as an adjunct to save the limb using 
urokinase 2,50,000 IU for minutes into distal artery may be 
beneficial 

+ Prophylactic fasciotomy is needed in delayed cases to prevent 
reperfusion injury. 

+ Postoperative systemic heparin and later oral anticoagulants given. 

+ Treatment for atrial fibrillation, atherosclerotic stenosis and other 
causes is needed. 


Bleeding 
+ Sepsis 
Thrombosis: 

@ Narrowing 

® Incomplete removal, 


Figs 1.376A and B: Fogarty’s catheter. Its 80 cm in length with 4 to 
7 French size. Its used for embolectomy. Note the inflated balloon 
atthe tip. 


After Embolectomy 


Patient is placed in ICU care. 
Monitoring with—PTT, thromboplastin time. 


™@ FAT EMBOLISM 


It is commonly seen after fracture femur, tibia, ot multiple 
fractures and occasionally following electroconvulsive therapy, 
usually occurs in 72 hours, 


It is due to aggregation of chylomicrons, derived from bone 


marrow, causing fat embolism. 


Its often a fatal condition. 


Clinical Features 


¢ 


Cerebral: Drowsy, restlessness, disoriented, constricted 
pupils, pyrexia, coma. 

Pulmonary: Cyanosis, tachypnoea, right heart failure, froth 
in mouth and nostrils, fat droplets in sputum, eventually 
respiratory failure. 

Cutaneous: Petechial haemorthages in the skin, 

Retinal artery emboltis the earliest sign to appear, causing 
striae haemorrhages, fluffy exudates confirmed on fundo- 
scopic examination. 


# Kidney: Blockage in renal arterioles results in fat droplets 
in urine. 


Treatment 


# Heparinisation 
# Low molecular weight dextran. 
# Ventilator support and ICU management. 


@ AIR EMBOLISM 
Causes 


# Through venous access like IV cannula, most common 
cause 
# During artificial pneumothorax. 
# During surgeries of neck and axilla 
# Traumatic opening of major veins sucking air inside, causing 
embolism. 
# During fallopian tube insufflation, 
# During illegal abortion. 
> Amount of air required to cause air embolism is 15 ml. 
> When the air enters the right atrium, it gets churned 
up forming a foam which enters the right ventricle and 
blocks the pulmonary artery. 
> Mill-Wheel murmur heard over the precordium through 
stethoscope is diagnostic. 
> During open heart surgery/therapeutic pneumothorax, 
by accidental pulmonary vein puncture or in atrial 
septal defect (ASD) air may enter left side of the heart 
(paradoxical air embolism) causing coronary block or 
cerebral air embolism. 
> ‘Through paravertebral veins also air embolism to brain 


Treatment 


Patient is placed in Trendelenburg left side up position. By 
passing a needle, the air has to be a 
ventricle. Often requires life-saving open thoracotomy to 
aspirate the excess air causing the block. 


pirated from the right 


ll THERAPEUTIC EMBOLISATION 
Indications 


# Haemangiomas. 

# AY fistulas, 

# Malignancies like renal cell carcinoma, hepatoma, 

# Cerebrovascular problems, 

# To arrest haemorthage from GIT, urinary and respiratory 

tract 

> Inbleeding duodenal ulcer or gastric ulcer, embolisation 
is done to occlude gastroduodenal artery ot left gastric 
artery respectively. 

> Its also useful in bleeding oesophageal varices, secon- 
daries in liver (mainly due to carcinoids), hepatoma, 


When you cease to dream, you cease to live. 
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@ Blood clot Human dura 
@ Gelfoam Plastic microspheres 
Balloons Ethyl alcohol 

@ Quicksetting plastics Wool 


Stainless steel coils 


ll CAISSON'S DISEASE OR DECOMPRESSION 
DISEASE 

It occurs due to rapid decompression from high altitude, 

aircraft, compressed air chambers, deep sea divers causing 

bubbling of nitrogen which blocks the small vessels, 

# In joints and muscles it causes excruciating pain (bends). 

# Spinal cord ischaemia causing neurological deficits 

Lungs may be affected causing choking with chest pain, 
tightness and dry cough, 


Treatment 


Oxygen therapy, 
¢ Recompression and gradual decompression in special 
chamber. 


ANEURYSM 


Thereis no disease more conducive to clinical humility than aneu- 
sysm of the aorta, 
William Osler, Circa 1900 


It is an abnormal permanent dilatation of localised segment 
of arterial system. Diameter will be 50% more than expected 
normal diameter of that artery in aneurysm. Atherosclerosis 
which is the most common (90%) facilitating cause of aneu- 
rysm is due to destruction and loss of stability of tunica media. 

True aneurysm contains all three layers of artery. 

False aneurysm contains single layer of fibrous tissue as 
wall of the sac and it usually occurs after trauma. 


+ Fusiform—uniform dilatation of entire circumference of 
arterial wall 

+ Saccular—dilatation of part of circumference ofthe arterial wal 

+ Dissecting—through a tear in the intima blood dissects 
between innerand outer part of tunica media ofthe artery 


Intima: Soft tissue 
|—Megia—, 
Tue -Adventitia. False 
aneurysm Beeayem 


Fig. 1.377: True and false aneurysms. in true type, alllayers are intact. 
In false type all ayers breached with haematoma having false capsule. 


Aorta 


Saccular type 
Fig. 1.378: Fusiform and saccular types of aneurysms. 


Fusiform type 


Fig. 1.379: Thoracic aortic aneurysm, 
Causes 


# Acquired: 

» Degenerative: Atherosclerosis (most common cause); 

mucoid degeneration of intima and media (in South 
‘African young Negroes), 

» Traumatic: Direct; indirect like in post-stenotic dilatation 
by cervical rib; traumatic AV aneurysmal sac; aneurysm 
due to irradiation (due to dryness and destruction of vasa 
vasorum causing weakening), 

> Infective: Syphilis; mycotic; tuberculosis (in lung); 
arteritis; acute sepsis, 

» Collagen diseases like Marfan's syndrome, polyarteritis, 
nodosa, Ehler-Danos syndrome. 

% Congenital: 
» Berry aneurysm; cirsoid aneurysm; congenital AV fistula, 


Sites 


# Aorta 
* Femoral. 

% Popliteal 

* Subelavian, 

# Cerebral, mesenteric, renal, splenic arteries. 


‘The most common is true, fusiform, atherosclerotic, aortic aneu- 
rysms, 


Berry aneurysms are multiple aneurysms occurring in circle 
of Willis. 


‘& Thrombosis and distal ischaemia 

+ Release of emboli causing acute arterial occlusion 

‘Pressure effects on bone (erosion; skin; veins (oedema; nerves 
{an, paraesthesia stomach eresion—haematemesis oesophagus 
{dysphagia} 

Rupture 

+ Infection of aneurysm 


Clinical Features of Aneurysms 


4 Swelling at the site which is pulsatile (expansile), smooth, 
soft, warm, compressible, with thrill on palpation and bruit on 
auscultation, Swelling reduces in size when pressed proximally 
Distal oedema due to venous compression 

Altered sensation due to compression of nerves. 

Erosion into bones, joints, trachea or oesophagus. 
Aneurysm with thrombosis can throw an embolus causing 
gangrene of toes, digits, extending often proximally also. 


eens 


Differential Diagnosis 


# Pyogenic abscess: Abscess has to be always confirmed by 
aspiration; especially in axilla, popliteal region, groin 

# Vascular tumours 

¢ Pulsating tumours: Sarcomas, pulsating secondaries. 

# Pseudocyst of pancreas mimics aortic aneurysm. 

# AV fistul 


Investigations 


Doppler study, duplex scan, angiogram, DSA. 
Tests relevant for the cause, like blood sugar, lipid profile, 


echocardiography. 


Excision and gratin fusiform 
‘aneurysm (dacron graft) 


Treatment 


[2-12 


Matas aneurysmorrhaphy 
for saccular aneurysm 


ic] ] 
Ligation and exclusion using Excision of aneurysm and by-pass 
auiologous vein by-pass graft using autologous vein grat 

Figs 1.3800 to D: Different methods of aneurysm repair. (A) Matas 
aneurysmorthaphy for saccular aneurysm. (8) Excision and Dacron 
‘rafting (C) Ligation and exclusion ofthe aneurysm using autologous vein 
‘ft (0) Excision of aneurysm and bypass using autologous vein graft 


# Reconstruction of artery using arterial grafts. 

# Arterial endoaneurysmorthaphy—MATAS. It is done 

usually for peripheral saccular ancurysm, Matas aneu- 

rysmorthaphy may be restorative or endo-obliterative or 

reconstructive 

‘Therapeutic embolisation. 

Clipping the vessel under guidance (e.g. cranial aneurysms). 

# Older methods which are now not used but popular earlier 
|were—wiring of the aneurysmal sac/wrapping of the aneu- 
rysmal sac/ligatures at different levels (ligation just proximal 
to aneurysmal sac—Anel’; ligation proximally proximal to 
an arterial branch—Hunter’s; ligation just distal to aneu- 
rysmal sac—Brasdor 's; ligation distally distal to an arterial 
branch—Wardrop 5; ligature one proximal and another distal 
to aneurysmal sac—Antylus’). 


™@ MYCOTIC ANEURYSM 


# Itisa misnomer. 

# Itis not due to fungus but due to bacterial infection. 

# Common bacteria are gram-positive organisms like Staphy- 
Jococeus aureus (most common) and Streptococcus. 

# Common aetiology is bacterial endocarditis but could be 
any infective site. 

# Common vessels involved are aorta, visceral, head and neck 
‘and intracranial 

# Commonly it is saccular, multitobed, with a narrow neck. 

# Patient presents with fever, toxaemia and tender pulsatile 
mass if itis in the periphery. 


Investigations 


# Leucocytosis. Positive blood culture, MR or CT angiogram 
are relevant. 


Treatment 


# Broad spectrum antibiotics 

# Resection of aneurysm; debridement and drainage of the 
infected aneurysm with adequate blood transfusions. 

+ Extra-anatomic bypass through uninfected tissue planes to 
avoid contamination of the graft 

# Long-term antibiotic therapy is necessary. 

# Ithas got 25% mortality 

Note: 

Microbial arteritis with aneurysm isa different entity is due to bacte- 

raemia occurring in an atherosclerotic vessel due to Salmonella 

infection). 


@ ABDOMINAL ANEURYSM 


# Abdominal aortic aneurysm is the most common aortic 
aneurysm. 

# Splenic artery aneurysm is the 2nd most common type. 

# Incidence is 2%. It is more common in males, 

# Transverse diameter of aorta in an aneurysm should be 
3 cm of more, 


Today's impossibilties are tomorrow's miracle. 
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Poys = FUL) + 1D) (2-1) 


The state of this system is then reported via superposed photons. 4% of these photons are reflected from 
the cornea, 50% of remaining photons are dissipated through ocular media absorption. Other photons 
enter the 200-250 1m thick retina. There, photons interact with the photoreceptors in the rods and cons 
layer after 80% loss due to retinal transmission [11],{12]. In this ease, we consider just a few remaining 
photons which are in a superposed quantum state, The key question here is whether this quantum state of 
photons can be reported to the brain, 


When this state interacts with the last layer of retina, according to Thaheld, this superposed photon 
undergoes a wavefunction collapse. On the other hand, photons can be absorbed and then transformed 
into classical signals, Here, we use the symbols introduced by Tegmark [13] for the observer. The symbol 
\) denotes the state for which the information on photons is not received by the brain and thus the 
observer is amphoteric, The symbol |~) stands for the state in which the information received in the brain 
reports that the cat is alive (and the observer is happy). Finally, the symbol |=) corresponds to the state in 
which the information received in the brain indicates that the cat is dead (and the observer will be sad). It 
means that: 


u|D) = |-D) (2-2-a) 


ILL) = |~L) 


Where U = exp[—Ff Hphoton train at] 


Now, we consider another state in which the brain interacts with itself. Penrose and Hameroff have 
proposed a model of consciousness involving quantum computation with objective reduction in 
microtubules (or MTs) within the brain’s neurons (see Figure 1) [14],{15],{16],[17]. MTs are cylindrical 
polymers comprised of the protein tubulin which organize numerous cellular activities including neuronal 
motor transport. According to Hameroff and Penrose, switching of tubulin conformational states is 
governed by quantum mechanical forces within each tubulin interior, and an essential feature of the Orch 
OR model is that tubulins may exist in quantum superpositions of two or more conformations. Therefore, 
these states could function as quantum bits, or "qubits" by interacting non-locally (through their 
entanglement) with other tubulin qubits so that MTs may act as quantum computers, When sufficiently 
many entangled tubulins are superposed for long enough to reach Penrose's OR threshold given by E=h/T, 
an objective reduction (OR) "conscious event" occurs as stated in the Orch-OR model 


Figure 1 Representation of MTs inter a brain neuron. The Orch OR model suggests that the main information processing is 
Implemented in these structures. 
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¢ Common in elderly; common in males (4:1); chance of 
getting aneurysm in genetically related first degree relatives 
is 10 times more. 

¢ Common in smokers (8:Lwith nonsmokers); in 55% of 
patients Chlamydia pneumoniae is identified. 


Note: 
‘Smoking is an important factor. 


™ ABDOMINAL AORTIC ANEURYSM 


Figs 1.381 and B: Abdominal aortic aneurysm (A). Thrombosis of 
the aneurysm (8). 


Causes 


¢ Atherosclerosis (as degenerative process) is the most 
common facilitating cause (95%)—aortic wall contains 
smooth muscle cell matrix, elastin, collagen; elastin (in 
tunica media) is the main load bearing part with collagen (in 
adventitia) as safe net in the wall to provide tensile strength 
preventing aneurysm formation. Elastin in medial layer of 
aorta is degraded and reduced significantly in infrarenal 
aorta in relation to collagen, absence or less vasa vasorum 
in infrarenal aorta and atherosclerotic unstability of the 
‘medial wall of aorta cause infrarenal aorta more prone to 
develop aneurysm. Increased proteolytic activity of aortic 
medial wall due to increased matrix metallo proteinases 
(MMP) (derived from aortic smooth muscle cells and 
macrophages) cause elastin and collagen degradation and 


increase in diameter of aneurysm. Collagen degradation in 
adventitia causes rupture. 

# Familial aortic aneurysm (associated with 25% of AAA) is 
more prevalent in females to reduce male to female ratio to 
2:1. Ih is related to decrease in type III collagen, al antit- 
rypsin and lysyl oxidase. Marfan’s, Ehler Danlos syndromes 
are related genetically. 

# Others: Syphilis, dissection, trauma, collagen diseases, 
infection, arteritis, eystic medial necrosis, association with 
Chlamydia pneumoniae (55%). 


Classification | 


# Infrarenal—most common 95%, 
# Suprarenal—s%. Isolated suprarenal type is rare; it is 
usually associated with thoracic and or infrarenal types. 


Classification II 


# Asymptomatic. 
# Symptomatic 
# Symptomatic ruptured. 


Asymptomatic Type 


# Itis found incidentally either on clinical examination or on 
angiogtaphy or on ultrasound 

# Repair is required if diameter is over 5.5 cm on ultra sound, 

# It is identified during routine abdominal palpation or 
while assessing or operating for some other abdominal 
conditions. 


Symptomatic without Rupture (Clinical features! 
presentations) 


# It presents as back pain, abdominal pain, mass abdomen 
which is smooth, soft, nonmobile, not moving with respira- 
tion, vertically placed above the umbilical level, pulsatile 
both in supine as well as knee-elbow position with same 
intensity, resonant on percussion. 

# Common in males (4:1); common in smokers. 

© GIT, urinary, venous symptoms can also occur. 

# Hypertension, diabetes, cardiac problems should be looked 
for and dealt with. 

# In infrarenal type upper border is clearly felt. 
# Lower limb ischaemia and embolic episodes can ocour. 
present as inflammatory aneurysm adherent to ureters, 
left renal vein, inferior vena cava and duodenum, Expanding 
aneurysm blocks lymphatics causing inflammation and 
fibrosis; or it may be due to infection and fibrosis of earlier 
localised ruptured abdominal aortic aneurysm, Such chroni- 
cally inflamed aneurysm will not rupture further; but it is 
always symptomatic with fever and severe pain in abdomen 
and back. It needs surgical repair through retroperitoneal 
approach, 


Fig. 1.382: CT scan picture showing right arch aorta (anomaly) with 
thrombosed aneurysm. 


Fig. 1.383: Chest X-ray showing aortic aneurysm. 


¢ Aortocaval fistula, presents as high output cardiac failure 
with continuous bruit in abdomen and severe lower limb 
ischaemia (steal phenomenon). 

¢ Aortoenteric fistula is due to erosion of aneurysm into 4th 
part of duodenum presenting as GI bleed, malaena, shock. 
It is treated by duodenal closure, aortic ligation, aneurysmal 
exclusion with extra-anatomic bypass graft with gastrojeju- 
nostomy. Contamination is the major threat here 

# Being a retroperitoneal mass back pain is common—may 
be due to retroperitoneal stretching, nerve irritation or 
vertebral erosion. 


# Ancurysm in a patient with horseshoe kidney which is 
anterior to aorta is difficult to manage. Left retroperitoneal 
approach is needed. EVAR is not possible. 


Investigations 


# Blood urea, serum creatinine. 

# UNS (most widely used noninvasive test; but neck of the 
aneurysm, dimensions and relation to renal arteries are 
difficult to assess), aortogram, DSA, CT scan (most precise) 

u ening is done in 
cardiovascular patients in men (60-85 years), in women 
(60-85 years); men and women above 50 years with family 
history; annually in asymptomatic AAA with 4.0-4.5 em 
size, with size > 4.5 cm once in every 6 months. 

# CTangiogram, MR angiogram, 

# Blood sugar, lipid profile, other relevant investigations like 
ECG, echocardiography, cardiac and pulmonary assessment. 

Note: 

X-ray will show eggshell calcification. CT scan is more reliable and 

precise investigation of choice—gives better information regarding 

extent on sides/neck, size, dimensions, sizeand site ofthe thrombus, 

calcification, relation of renal arteries, inflammation and fibrosis and 

adjacent tissues. MRI may be better only in renal failure patients. 


Sis an effective sereening tool. Si 


‘Complications of abdominal aortic aneurysm 
® Rupture,infection 
& Thrombosis embolism 
4 Distal ischaemia/gangrene 
& Aortocaval fistula formation 
& Aortoenteric fistula 
+ Erosion of vertebra 
+ Spinal cord ischaemia when thrombosis develops 


Differential Diagnosis 


# Retroperitoneal mass, pseudocyst of pancreas, retroperito- 
neal cyst mimic abdominal aortic aneurysm especially when 
itis thrombosed. 

# Mesenteric i acute pancreatitis, perforated 
duodenal ulcer may mimic ruptured aneurysm. 

# Other conditions causing back pain like dise prolapse, 
sciatica 


hacmi: 


Treatment 
Conservative/Medical Treatment 


# Itis done in low-risk abdominal aortic aneurysm (age below 
70 years; active physically without cardiac, respiratory, renal 
impairment and noninflammatory aneurysm); if aneurysm 
size is <5 cm; if growth rate is <0.5 em/year. 

# It includes risk factor modifications; stopping smoking; 
control of blood pressure (propranolol), cholesterol; usage 
of drugs—alpha blockers, elastase inhibitors (NSAID— 
indomethacin), matrix metalloproteinases (MMP) inhibitor 
(doxyeyeline). 


A positive thought is a seed of positive result. 
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¢ Periodic size measurement of an aneurysm using ultrasound 


once in 6 months to find out growth rate is essential during 
conservative treatment, 


Surgical Treatment 


¢ Indications for surgery 


> Asymptomatic aneurysm more than 5.5 em. 
> Growth rate more than 0.5 em/year. 

» Painful, tender aneurysm. 

» ‘Thrombosed aneurysm, aneurysm with distal emboli 


Low-risk abdominal aorlic aneurysm—age below 70 
years; active physically without cardiac, respiratory, renal 
impairment and noninflammatory aneurysm. Here surgical 
mortality is < 3%. 

Intermediate risk—sedentary; stable coronary disease; 
‘mild COPD; creatinine 2-3 mg%; inflammatory/suprarenal 
aneurysm, Here surgical mortality is 3-7%. 
High-risk—restricted daily works; significant coronary 
disease; dyspneic COPD; creatinine > 3 mg%; liver failure 
status. Here surgical mortality is > 10%. 


© Open surgical repair 


> Itis called as endo-aneurysmorrhaphy with intralu- 
minal graft placement (Crawford, 1960). It is done 
under GA with epidural support. Major challenges 
during anaesthesia are—blood loss, haemodynamic 
control, problems during clamping and declamping of 
aorta, temperature control, renal hypoperfusion, left 
ventricular strain. 

» Incision is commonly lengthy midline transperitoneal 
or supraumbilical transverse. Retroperitoneal approach 
is used in horseshoe kidney, abdominal wall stoma, 
inflammatory aneurysm, suprarenal extension, peritoneal 
dialysis, hostile abdomen. Retroperitoneal approach 
favors rapid control of proximal aorta but prevents visu- 
alisation of abdomen. 

» After laparotomy, duodenum and small bowel are 
retracted laterally and above; left renal vein which is 


in front of aorta is dissected and retracted; occasion- 
ally it may require to be ligated and itis safer provided 
eft gonadal and left suprarenal veins are intact. 
Distal arterial clamps are applied first along common 
or external and internal iliac arteries on both sides. 
Proximal aortic clamp is applied at infrarenal level. 
Aorta is opened longitudinally midline towards right 
to avoid injury to orifice of inferior mesenteric artery. 
Atheroma, thrombus is removed until adequate back- 
bleeding occurs. Lumbar vessels are ligated from the 
luminal side, Knitted Dacron graft after preclotting or 
woven Dacron graft or ePTFE tube graft is used. Graft 
is anastomosed above and below using polypropylene 
sutures (4 zero). Inferior mesenteric artery can be 
reimplanted, Clamps are released first below. Colonic 
and limb perfusion is checked for adequacy. Graft is 
covered with aneurysmal sac 

> Minimal incision aortic surgery (MIAS) is done in thin 
individual with midline abdominal incision 12 em in length 
with its 9 em part above the umbilicus. S sdretrac- 


tors and vascular clamps are used for this. Advantages are 
less postoperative pain, ileus and incisional hernia 


Lae» 
‘orto bifemoral dacron graft (Woven) with 
Tight femoral exposed 


Graft in place in retroperitoneum 


Figs 1.3848 to C: Abdominal aortic aneurysm with aortofemoral 
graft placement (Courtesy: Dr Ashok Shetty, mch, Cardiothoracic 
‘Surgeon, Mangalore). 


¢ Endovascular aneurysm repair (EVAR) 
> In 1991 Juan Parodi and Julio Palmaz first did EVAR. It 
is less invasive, less morbid with less mortality rate and 
shorter hospital stay. It is basically aneurysm exclusion 
method. Itis useful in old age and patients who are not fit 
for surgery. EVAR is basically a prophylactic procedure. 
EVAR is indicated if aneurysm is less than 5.5 em in 
men and less than 5,0 em in women. It is usually done 

in patients after 65 years 


> Itisendoluminal stent graft placement into the aneurysmal 
segment of aorta using interventional radiology with 
Seldinger’s technique approach through femoral artery. 

> Dacron or ePTFE with integral metallic stent for support and 
firm attachment is used as stenvendovascular prosthesis. 

> One aortic and iliac (of one/same side) stent is commonly 
used together which is passed through same side common 
femoral. Other iliac is maintained with a separate stent 
approached through opposite common femoral 

» Procedure can cause endoleak, thrombosis, embolism, 
‘malposition/displacement of stent, sigmoid ischaemia, 
renal failure, failure of stent function causing recurrence 
and infection, 


‘Symptomatic Ruptured Aortic Aneurysm 


> Risk of rupture is 1%, if diameter is within 5.5 em in 
size, Risk increases to 20% once the diameter = 7 em, 
It may be anterior rupture (20%) into the free peritoneal 
cavity causing severe shock and death very early; or posterior 
rupture (80%) with formation of retroperitoneal haematoma 
of large size causing severe back pain, hypotension, shock, 
absence of femoral pulses and with a palpable mass in the 
abdomen, 
> Management of Ruptured Aortic Aneurysm 
— Immediate diagnosis by ultrasound, 
~ Resuscitation, 
— Massive blood transfusions (10-15 bottles). 


Superstif guide wire 


Catheter 


Renal arteries 


Main graft body: ‘Aneurysm 
Contralateral 

separate modulus 
Ipsilateral attached: branch 
branch 


+ Ipsilateral aoc andillac single unit modulus is passed through 
same side CFA. 

+ Opposite side (contralateral side) branch CIA graft is deployed 
through supersif guide wie. 

+ Through opposite CFA. 


— Emergency surgery is the only life-saving procedure 
in these cases. 

Patient has to be shifted to the operation theatre, Abdomen 
is opened. Vascular clamps or bull dog clamps are applied to 
the aorta above and below the aneurysm. Adventitia is opened 
and the clot is removed. Aneurysm is excised and the arterial 
graft either PTFE (Polytetrafluoroethylene), knitted dacron 
graft, or woven dacron graft is placed. The graft is sutured to 
the vessel above and below using monofilament, nonabsorbable 
suture material, polypropylene 5-zero. 


e 


‘lis the most common cardiac complication in perioperative 
and in first 2 days of postoperative period 
Haemorthage and haemodynamic compli 
Renal failure—is most common noncardiac complication 
‘Colonic ischaemia—10% due to poor IMA circulation 
Sexual dysfunction 

‘Aortoduodenal fistula 

‘Aortovenacaval fistula 

Spinal cord ischaemia—paraplegia 

Paralytic ileus 

Distal thromboembolism—blue toe syndrome 

pvr 

Graft leak, graft thrombosis, graft failure 

‘Anastomotic disruption, pseudoaneurysm formation 
Prosthetic infection/migration 


ooo eeseeeees 


Completion of procedure with graft in place. Arteriotomy is closed 
and skin incision is closed. 


Figs 1.385A and B: Endovascular aneurysm repair (EVAR). Aortic and one side ilac stent is used as one unit modulus which is passed 
through same side common femoral artery; opposite side iliac part is inserted as separate modulus through opposite CFA. 


Imagination is the highest kite one can fy. 
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Fig. 1.386: Infrarenal aortic aneurysm repair. Its the most common 
site of aortic aneurysm. Adventitia of aorta is opened; aneurysm 
is excised; graft is sutured above and below; adventitia is wrapped 
around, 


+ Pulsation of an aneurysm is expansile. Pulsation may be 
absent ifitis thrombosed. 

& Abdominal aneurysm of any size which is painful or tender 
should be operated 

+ Abdominal aortic aneurysm of any size causing embolus 
should be operated 

+ Abdominal aortic aneurysm more than 5.5 cm should be 
operated 

+ Inruptured abdominal aortic aneurysm emergency surgery 
is the only choice operation with rapid resuscitation; imme- 
diate opening and repair using graft. Systolic pressure in 
this patient should be just adequate to maintain the cardiac 
function but should not be more than 100 mmHg as it will 
‘cause more bleeding 

+ Anterior rupture is more dangerous than posterior rupture 

+ Endoluminal stenting is becoming popular 


ll PERIPHERAL ANEURYSM 


¢ Peripheral aneurysms ate less common compared to aneu- 
rysms in the cavity. Such surface aneurysms are easily 
visible and better amenable for clinical examination. But 
same time it may be mistaken for abscess and inadvertent 
wrong attempt of incision and drainage can occur leading 
to disastrous consequences. 

¢ Popliteal type is the most common one. Brachial, radial, 
femoral and axillary are other rarer sites. Expansile pulsa- 
tion which is confirmed using two finger placement with 
thrill and bruit is typical. Infection, thrombosis make it less 
pulsatile mimicking an abscess 

¢ Erosion into adjacent bone and skin, rupture are known to 
occur. Distal emboli may lead into digital gangrene. 

# Pressure on the affected artery proximally reduces the size, 
and eliminates the thrill/bruit; pressure distal to aneurysm 
increases the prominence of the aneurysm swelling with 
bounding pulsation. 

¢ X ray, arterial Doppler, angiogtam, echocardiogram are 
needed. 

# Treatment is open repair using arterial graft or endovascular 
stenting, 


Popliteal Aneurysm 


# Is most common (70%). 
# 65% are bilateral 

4 25% cases are associated with abdominal aortic aneurysm. 
# 75% cause complications in S years 


Fig. 1.387: Femoral artery aneurysm with impending rupture— 
‘needs emergency surgical intervention. Its rare type. 


Fig. 1.388: Popliteal aneurysm about to rupture. Its the most 
‘commen peripheral aneurysm. 


Fig. 1.389: Radial artery aneurysm. 


Presentations 


‘Swelling in popliteal region which is smooth, sof, pulsatile, 

|-Localised, warm, compressible, often with thrill and 
bruit. 1 may mimic a pyogenic abscess. 

¢ ‘Thrombosis and emboli from popliteal aneurysm can cause 
distal gangrene which may spread proximally and may lead 
to amputation. 

Rupture may cause torrential haemorrhage. 


Investigations 


Duplex scan, Angiogram, 
¢ CT scan, MRL 


Treatment 


4 Ancurysmorrhaphy. 
¢ Repair with arterial graft using PTFE, Dacron. 
 Endoluminal stenting. 


| CAROTID ARTERY ANEURYSM 
(EXTRACRANIAL) 

Incidence is less than 4% of peripheral aneurysms 

Most common site: Common carotid artery bulb, often extends 

into the internal carotid artery 


Fig. 1.390: Carotid aneurysm. 


Causes 


Atherosclerosis, trauma 
¢ Syphilis, Marfan’s syndrome. 
¢ Ehler-Danlos syndrome. 
Congenital. 


Clinical Features 


© 10% bilateral 

¢ Swelling in the neck at the level of the thyroid cartilage, 
below the angle of mandible. 

¢ Pulsatile (expansile pulsation). 

Smooth, sol, nontender, horizontally mobile. 


# Bruit felt 
# Neurological features due to embolic episodes (50%). 
# Hoarseness of voice, 

# Horner's syndrome. 

+ Dysphagia. 

# Swelling extending into the tonsillar bed. 


Figs 1.3914 and B: Basilar artery aneurysm—angiogram 
(Courtesty: Dr Muralidhar Pal, MCh, Mangalore) 


Differential Diagnosis 


# Carotid body tumour. 
# Neurofibroma arising from the vagus 
# Abscess in neck. 


Complications 


© Rupture. 
# Thrombosis. 
# Hemiplegia, 


Investigations 

+ Doppler of neck, carotid angiogram. 
# DSA, CT scan. 

Treatment 


# Reconstruction of the artery using vascular graft 

# Ligation of the bulb as a life-saving procedure, but results 
in hemiplegia. 

# Intravascular stents. 


™@ DISSECTING ANEURYSM 


Itisa misnomer: Itis not an aneurysm, only an aortic dissection. 
Itisthe dissection of media of the aorta after splitting through 
intima creating a channel in the media of the vessel wall 


Causes 


# Hypertension (It is associated in 80% of dissecting aneu- 
ysis), 

+ Cystic medial necrosis, 

# Marfan’s syndrome and collagen diseases 

# Trauma. 

# Weakening of the elastic layers of the media due to shear 
forces, 


Today well lived makes every yesterday, a dream of happiness and tomorrow, a vision of hope. 
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Features 


¢ It is always seen in thoraci 
aorta (70%. 

¢ Itis uncommon in other parts of aorta or other vessels 

 Itcan occur in aortic arch or thoracic descending aorta. 

% This dissected aortic channel gets lined by endothelium, 
often reopens distally into the aorta causing double-barrelled 
aorta which, in fact, prevents complications. 

¢ Itis commonly associated with aortic insulficieney. 
Atherosclerosis is not a usual cause for dissecting aneurysm. 


aorta, common in ascending 


1. Classification (DeBakey's) 

‘& Type: Dissection begins in ascending aorta extends into 
descending thoracic aorta (70%) 

+ Typell: Dissection originates in ascending aorta and extends 
only upto the origin ofthe major vessels. Its safer type with 
less complications 

‘& Type il Dissection begins in the descending thoracic aorta 
beyond the origin ofthe left subclavian artery 

I, Stanford classification 

 Proximal—includes DeBakey’sType! and I! 

 Distal—includes DeBakeys Type lll 

IL Dissecting aneurysm can be: 

& Acute 

+ Chronic 

+ Healed dissecting aneurysm which communicates 
distally again to aorta as double barrelled aorta 


Type Type tl Type|lll (DeBakey's} 


Type B (Stanford) 
: Dissecting aneurysm, 


+ Acute: Rupture into the pericardium or pleura—dangerous 
type 

+ Chronic:Blockage of coronary vessels and major vessels ike 
carotid and subclavian arteries with aortic insufficiency 


Clinical Features 


¢ Pain in the chest, back which is exeruciating, 
¢ Features of ischaemia due to blockage of different vessels. 


Investigations 
© Chest X-ray shows mediastinal widening 
+ Arterial Doppler 
+ Angiogram 


Treatment 


Antihypertensives. 
Surgery: Using Dacton graft reconstruction of aorta has to be 
done with cardiopulmonary bypass. 


Indications for surgery 
+ Progressive disease 
% Significant ischaemia 
Impending rupture 
@ Type Aaortic dissection 


ll ERYTHROMELALGIA/ERYTHRALGIA 


# Itis severe burning pain and redness in the fee 
of heat is so severe that patient keeps the feet in cold water 
to reduce it 

# Itpresents as episodic attack. 

% There will be flushing in feet; prominent veins; warmness 
in the skin; severe hyperaesthesia is typical; even touching 
ccan be painful 

# Itcan be primary or secondary. Secondary is which is not 
uncommon is observed in arterial obliterative conditions, 
erythrocyanosis frigida, polycythaemia, gout and frostbite 
Primary is due to unknown etiology; itis very rare, 

# Vasodilators and sympathectomy may be beneficial. 


@ LIVEDO RETICULARIS 


Itis a condition often associated with Systemic lupus erythema- 
tosus presenting as features of arteriolar spasm and dilatation 
of venules which is worsened by cold 


@ POLYARTERITIS NODOSA 


# Itis a necrotising inflammatory reaction with commonly 
microscopic polyarteritis and nodule formation, often of 
small and medium sized arteries (not capillaries), causing 
ischaemia of lower and upper limb. 

% Visceral arterial (mesenteric) involvement (70%) can cause 
abdominal pain, Gl bleed; mucosal ulceration and perfora~ 


tion of small bowel. Massive hepatic infarction, cholecystitis 
can develop. 

® Renal artery can cause loin pain, haematuria, and renal 
hypertension. 

% Coronary artery also can get involved causing myocardial 
infarction, 


# Disease is common at bifurcation of medium/small sized 
arteries leading to localised aneurysms. 

# I is common in males (3:1); fever, weakness, myalgia, 
arthralgia are early features. 

# Presents with localised small aneurysms, like multiple 5-10 mm 
nodules, palpable along the course of the artery. 

# In late stage presents with myocardial infarction, renal 
failure, sepsis, Gl bled. 

# HBsAg is positive in 40% patients of polyarteritis nodosa, 


 Angiogram of renal, mesenteric, peripheral arteries will 
show aneurysms at branching points. 

4% Biopsy of tender nodule, tender muscle is useful for diagnosis 

4% ‘Treatment is prednisolone 60 mg daily with cytotoxic drugs. 

4 Prognosis is poor with rapid death in early years 


lm SCLERODERMA/SYSTEMIC SCLEROSIS 


+ Itis a progressive disease causing fibrosis of skin, Gil tract, 
lungs, heart and kidney. 

¢ Itis common in females (4:1) at 4th/Sth decade. 

© Itis considered as vasculitis even though earlier considered 
as collagen disease. 

# Pathology consists of cytotoxic endothelial injury causing 
interstitial oedema, severe fibroblast proliferation causing 
fibrosis of affected vessels, and dilatation and proliferation 
of remaining capillaries as telangiectasis, 

# Thin epidermis, thick dermis with more collagen with 
absence of appendages and rete pegs are typical. 

Lower 2/3rd oesophagus is sclerosed (50%) with increased 
collagen in submucosa with atrophied mucosa and muscu- 
laris, Dysphagia is common, 

¢ Dilfuse interstitial fibrosis, thickening of alveolar membrane 
and pulmonary hypertension occurs. 

# Synovial thickening causes arthritis; fibrosis of skeletal 
muscles; interstitial myocardial fibrosis causes bundle 
branch block, pericardial effusion. 

# Glomerulosclerosis in kidney is common (50%). Renal 
failure is common. 

¢ Fibrosis of thyroid, periodontal membrane can occur. 
Malabsorption syndrome is common due to small bowel 
involvement. 

# Involvement of digital arteries present as Raynaud's 
phenomenon. 

¢ Calcinosis, Raynaud! 


. oesophageal hypomotility, sclero- 
dactyly, and telangiectasia are the presentation of CREST 
syndrome. 

¢ Investigations—anaemia, raised ESR, elevated IgG, pres- 
ence of antinuclear antibodies and anticentromere antibodies 
(in CREST)—are different laboratory findings. Skin and 
peripheral arterial biopsy is confirmative. 

¢ Treatment—is difficult. Drugs like D pencillamine, colchi 
cines, p amino benzoic acid, vitamin E, dimethyl sulfoxide, 
ranitidine are tried at various levels. Vasodilators, warming 
and massaging skin, avoiding detergent soaps, oil and 
hydrophitic ointment application are used, 

Steroids, oxygen therapy for irreversible pulmonary fibrosis; 
haemodialysis for renal failure; digitalis and other drugs for 
cardiac failure are needed later, 

# Death is due to cardiac/pulmonary/renal failure 


ll ACROCYANOSIS (CRURUM PUELLARUM 
FRIGIDUM) 
© Itis persistent, painless cyanosis seen in fingers and often 


in legs with paraesthesia and chilblains affecting young 
females. 


# Itis chronic persistent arteriolar constriction with slow rate 
of blood flow. 

# Trophic changes and ulcerations are not seen. 

# Cyanosis which is persisting may aggravate on exposure 
to cold. 

# Itmay be associated with endocrine dysfunction 


Treatment 


# Vasodilators. 
# Cervical sympathectomy (eff 


id's phenomenon ‘Acrocyanosis 


+ Episodic + Persistent 


tive). 


+ Painful 
+ Acute arteriolar spasm 


+ Ischaemic changes are 
‘common 


+ Painless 
+ Chronic constriction 


+ Ischaemic changes are 
not seen 


ll GANGRENE 


Ifthe tips of (the patient’) fingers are falling off and are black, he 
will die, 
—(Anonymous), circa 2000 BC 


It is macroscopic death of tissue in situ (in continuity with 
adjacent viable tissue) with or without putrefaction, 


‘tecan occur in sites like: 
© Limbs 
® Appendix 
® Bowel 
@ Testes 
% Gallbladder 


Causes 


# Secondary to arterial occlusion like atherosclerosis, emboli, 
diabetes, TAO, Raynaud's disease, ergots 

# Infective: Boil, carbuncle, gas gangrene, 
gangrene, cancrum oris, 

+ Traumatic: Direct, indirect, 

© Physi 
electrical 

# Venous gangrene. 


Fournier's 


1: Burns, sealds, frostbite, chemicals, irradiation, 


Clinical Features 


# Colour changes: Pallor, greyish, purple, brownish black due 

to disintegration of haemoglobin to sulphide. 

Absence of pulse, loss of sensation, loss of function. 

# Line of demarcation between viable and dead tissue by a 
band of hyperaemia and hyperaesthesia along with develop- 
ment of a layer of granulation tissue. 


Don't wait for your ship to come; swim out to it. 
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I Differences between dry gangrene and wet gangrene 


Dry gangrene 

Clear line of demarcation is seen 
Dry, shriveled, mummified 

Slow, gradual loss of blood supply 
Separation is by aseptic ulceration 
Limits to the demarcation 

Causes are atherosclerosis, TAO 
Limited amputation is sufficient 


Wet gangrene (Moist) 
Line of demarcation is vague 
Oedmatous, putrified, discoloured (H2S) 
‘Sudden loss of blood supply 

Septic ulceration causes separation 
Can extend proximally rapidly 

Emboli, trauma are the causes 

Major higher amputation is often needed 


Figs 1.393A and B: Gangrene of foot and leg. Note the line of 
‘demarcation. But skip lesion proximally shown signifies more proximal 


spread of gangrene which may need above knee amputation. 


Figs 1.394A and B: Gangrene of lower and upper limbs in two 
different patients. 


In dry gangrene the separation occurs by aseptic ulcera- 
tion with minimum infection and the gangrene is dry and 
mummified. 
separation takes place by septic uleera- 
mn demarcation is vague with skip lesions more 


In wet gangrene, 
tion. OF 
proximally and so landing with higher level of amputations. 
Even after amputation skin flap may show die back process, 
leading to failure of taking up of flap of amputation and so 
requiring still higher level of amputation, 

# Proximal ischaemic features may be present with rest pain, 
colour changes, hyperaesthesia—pregangrene. 


‘Types of gangrene 

‘& Dry gangrene is due to slow, gradual loss of blood supply to 

the part causing dry, desiccated, wrinkled, mummified part 

with proper line of demarcation from the viable adjacent 
tissues 

'® Wet gangrene is due to infection with putrefaction, causing 

edematous, swollen discoloured part, spreading proximally, 

‘with vague line of demarcation from the adjacent viable 
tissues 


Investigations 


+ Hb%, blood sugar: 
# Arterial Doppler, angiogram (Seldinger technique). 
# U/S abdomen to find out the status of aorta 


Treatment 


Limb saving methods: 
# Drugs: Antibiotics, vasodilators, pentoxiphylline, praxilene, 
dipyridamole, small dose of aspirin, ticlopidine 
# Care of feet and toes: 
>The part has to be kept dey. 
> Any injury has to be avoided, 
> Proper footwear is advised (Microcellular rubber foot- 
‘wear, MCR). 
Measures for pain relief is taken 
Nutrition supplementation is done. 
The limb should not be warmed. 
Pressure areas has to be protected. 
> Locatised pus has to be drained. 
# Cause is treated. 
# Diabetes is controlled. 


Surgeries to improve the limb perfusion: Lumbar sympa- 
thectomy, omentoplasty. 

Profundaplasty, femoropopliteal thrombectomy or endarter- 
cectomy, arterial graft bypass are done according to the need, 
Life-saving procedures: Amputations may have to be done 
occasionally. 

Level ofamputationis decided on skin changes, temperature, 
line of demarcation, Doppler study. 
¢ Below-knee amputation is a better option as BK prosthesis 

can be fitted better and also the movements of knee joint 

are retained, There is no need of extemal support and limp 
is absent. 

¢ Inabove-knee amputation range of movements are less, limp 
is present, and often requires third (stick) support to walk. 

Different amputations done are Ray amputation, below-knee 
amputation (Buerger’s amputation), Gritti-Stokes transgenial 
amputation, above-knee amputation. 

Lisfranc’s, Chopart’s, Symes", Modified Symes’ amputa- 
tions are not commonly used in ischaemic limb as flaps will 
not survive. 


™@ DIABETIC FOOT AND DIABETIC 
GANGRENE 


Foot is a complex structure with many layers of muscles, liga- 
ments, joints, arches, fat, thick plantar fascia, vascular arches, 
neurological system which maintains weight-bearing, gravity, 
normal walk, stability and gait (swing and stance phases) 


=  Problemsindiabieticfoot 

+ Callsities, ulceration 

‘Abscess and cellulitis of foot 

2 Osteomyelitis of diferent bones of foot like metatarsals, 
cuneiforms,calcaneum 

+ Diabetic gangrene 

® Arthritis of the joints 


| Meggitt’s classification of diabeticfoot 
Grade 0:Foot symptoms like pain, only 

Grade 1:Superfcial ulcers 

Grade 2:Deep ulcers 

Grade 3:Ulcer with bone involvement 

Grade 4:Forefoot gangrene 

Grade 5:Full foot gangrene 


Pathogenesis of Diabetic Foot/Gangrene 


¢ High glucose level in tissues is a good culture media for 
bacteria. So infection is common, 

Diabetic microangiopathy causes bloc! 
circulation leading to hypoxia. 

% Diabetic neuropathy: Due to sensory neuropathy, minor 
injuries are not noticed and so infection occurs. Due to motor 
neuropathy, dysfunction of muscles, arches of foot and joints 
occurs. And loss of reflexes of foot occurs causing more 
prone for trauma and abscess. Due to autonomic neuropathy, 


fective skin barrier and so more 


skin will be dry, causing det 
prone for infection, 


Fig, 1.395: Diabetic with extensive sepsis and gangrene, 
It requires amputation, 


# Diabetic atherosclerosis itself reduces the blood supply and 
causes gangrene, Thrombosis can be precipitated by infec- 
tion causing infective gangrene. Blockage occurs at plantar, 
tibial, and dorsalis pedis vessels. 

# Increased glycosylated haemoglobin in blood causes defec- 
tive oxygen dissociation leading to more hypoxia. At tissue 
level there will be increased glycosylated tissue proteins, 
which prevents proper oxygen utilisation and so aggrava 
hypoxia 


inical Features 


Pain in the foot. 
Ulceration, 

Absence of sensation, 

Absence of pulsations in the foot (Posterior tibial and 
dorsalis pedis arteries). 

Loss of joint movements, 

Abscess formation. 

(Change in temperature and colour when gangrene sets in 
Patient may succumb to keto acidosis, septicaemia or 
myocardial infarction. 


eee 


Investigations 


% Blood sugar, urine ketone bodies. 
Blood urea and serum creatinine. 

X-ray of part to look for osteomyelitis. 

Pus for culture and sensitivity 

Doppler study of lower limb to assess arterial patency. 
Angiogram to look for proximal blockage. 
Ultrasound of abdomen to see the status of abdominal aorta 
Glycosylated haemoglobin estimation. 


eeeceee 


Treatment 


% Foot can be saved only if there is good blood supply. 
> Antibioties—decided by pus C/S. 
> Regular dressing 
> Drugs: Vasodilators, pentoxiphylline, dipyridamole, low 
dose aspirin 
> Diabetes is controlled by insulin only. 
> Diet control, control of obesity. 
Surgical debridement of wound. 


‘He who attempts the absurd can achieve the impossible. 
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If previous evolution is described by Penrose’s self-collapse in the brain (i.e. Orch-OR), MTs in the 
neurons of the brain collectively evolve and then collapse (i.e. conscious event) to one of the happy or sad 
states. It mathematically means that: 


u2)y=50)+h) 3) 


where U = expif =f Hyrain dt] 


If we compare this state (2-3) and the state which has the information about the photon (2-2), we can say 
that there’s a great amount of correlation between the retina and the visual cortex, because their result 
should be identical. We know that in accordance with the Einstein-Podolsky-Rosen (EPR) pair, when two 
entities originate from a common source they can be entangled with each other. Retina has a similar 
layered structure as the gray-matter top layers of the cerebral cortex of the brain. In fact, retina is an 
extension of the central nervous system (the brain and spinal cord) that forms during embryonic 
development. One reason why scientists are interested in retinal processing is that retina is an accessible 
part of the brain that can be easily stimulated with light [18]. Thus, we can say that retina and visual 
cortex are entangled with each other. The other argument for this entanglement is that the image of a 
system is inverted on the retina but it is perceived in the brain directly. As we know, in two entangled 
entities when one has a property in some direction the other exhibits that property but in the opposite 
direction. Thus retina receives an inverted image, while it is received in the visual cortex upright. Th 
property is special to entanglement. 


The human body is made up of many organs, which themselves are made up of many millions of 
cells. How can such a system, with millions, or even billions, of parts function effectively and coherently? 
This is a no small feat as even small-size human societies often undergo periods of turbulence and trouble 
due to conflict and poor organization, Now some scientists think that quantum coherence in MTs is a 
major factor responsible for our bodies, and especially our brains, being so efficiency. Here, we intend to 
describe visual processing on the basis of quantum information theory. 


3) Generation of Entangled Coherent States 


Centrioles and cilia, which are microtubular structures, are involved in photoreceptor functions in single 
cell organisms and primitive visual systems. Cilia are also found in all retinal rod and cone cells. The 
dimensions of centrioles and cilia are comparable to the wavelengths of visible and infrared light (see 
Figure 2) [50]. Moreover, cytoskeletons are found mostly among the retina and the visual cortex in the 
cells of the optic nerve. Cytoskeletal structures of the centrioles can be expected to vibrate like a 
harmonic oscillator in its ground state. Vibrational dynamics of MT’s has been the subject of a recent 
paper where typical frequency ranges have been discussed [19] 


When a photon interacts with a centriole, its electric field can displace the potential of the harmonic 
oscillator and then releases it, thus generating coherent states [20]. It means that. 


D(a)|0) 


la) GB-1) 


Where D(a) is the displacement operator; D(a) = e*’~#"«, and |0) is the ground state of harmonic 
alee. 
oscillator, and |@) is the coherent state: ja) =e 2 Se 


alm). 
Hameroff [21] and Penrose [22] have suggested that MTs inside cells permit long-range quantum 


coherence, enabling quantum information processing to take place at the sub-cellular level. They use this 
hypothesis to develop their theory of consciousness. Cells interconnected by gap junctions form networks 
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Figs 1.396A to C: Diabetic foot with ischaemic ulceration and 
gangrene. Note in one of the photos distal part of foot is gangrenous 
and proximal part is pregangrenous. This patient underwent above 
knee amputation, 


Fig. 1.397: Gangrene of 3rd and Sth toes in a diabetic. Patient 
already underwent amputation of 4 the toe earlier for gangrene. 


> Amputations of the gangrenous area. Level of amputa- 
tion has to be decided by skin changes and temperature 
changes or Doppler study. 

Care of feet in diabetic 

— Any injury has to be avoided. 

~ MCR footwears must be used (Microcellular 
rubber). 

— Feet has to be kept clean and dry, especially the toes 
and clefts. 

—  Hyperkeratosis has to be avoided. 


™ TROPHIC ULCER 


Aetiology 
Diabetic neuropathy, spinal injury and diseases, other neuropathies, 


Causes 
% Pressure 
@ Anaemia 
& Malnutrition 
© Injury 
& Moisture 


Common Sites 


Heel, heads of metatarsals, sacrum, ischium, occipital region 
Bedsore is a trophic ulcer. 


Clinical Features 


They are deep, punched out, nonmobile ulcers, with bone as 
its base. 


Investigations 


X-ray spine, nerve conduction studies, blood sugar, Hb%. 


Treatment 


# Nutrition is improved. 
# Anaemia is treated, 

# Diabetes is controlled 

# Regular dressing is done. 

# Pressure and injuries has to be avoided. 


ll BEDSORES (Decubitus Ulcer) 
(Pressure Sores) 


Bedsore is a trophic ulcer with bone as the base. 
It is nonmobile, deep, punched out ulcer. 


This common in 


Old age Bedridden Tetanus Patients with orthopaedic 
Diabetic Paraplegic Comatose and head injuries 


Sites of bedsore are occiput, heel, sacrum, ischium, sc 
Factors: Malnutrition, pressure, anaemia, sensory loss, 
moisture, 


Treatment 


4 Change of positions is always encouraged, 

4 Use of water bed, ripple bed is advised. 

Moisture has to be avoided. 

¢ Soaking by urine, sweat, pus, and faeces has to be taken 
care off, 

Good nursing, regular dressing, good nutrition are necessary. 

¢ Antibiotics, blood transfusions are very essential. 

# Excision of dead tissue followed by skin grafting or local 
rotation flaps may have to be done. 

Rehabilitation. 


FROSTBITE 

4% Itis due to exposure to cold wind or high altitude. 

¢ Itis common in old age during cold spells. 

Damage to vessel wall occurs causing oedema, blistering, 
gangrene formation, 

4 Part is painless and waxy 

# Cells get frozen at —5°C. Initially redness and oedema (Ist 


degree); blister formation (2nd degree); skin necrosis (3rd 
degree); gangrene (4th degr 


develops gradually. 


Figs 1.3984 and B: Large bedsore over the sacrum in a abedridden 
patient. Note the size and slough on the surface. 


Treatment 


* Gradual warming is done. Part should be wrapped with 
cottonwool and rested. Warming is gradually done with 
44°C in 30 minutes with warm water. Limb elevation is 
done to reduce oedema. Intra-arterial vasodilators may 
help. 

# Warm drinks, analgesics, paravertebral injections to sympa- 
thetic chain, hyperbaric oxygen are effective. 

# If gangrene develops, amputation is needed. 


lm AINHUM 

# Commonly affects males (can also occur in females). 

# Common in blacks, in Negroes. 

# History of running barefoot in childhood is common. 

# Fifth toe is commonly affected, 

# A fissure develops at the interphalangeal joint which 


becomes a fibrous band, that encircles the digit causing 
necrosis (Gangrene of little toe). 
# Often it can be bilateral 
‘Treatment: [tis early “Z" plasty. Amputation is often required 
later. Most often autoamputation occurs. 


Note: 
Yoruba people of Nigeria named ainhum, 


Figs 1.399A and B: Typical Ainhum. Note its bilateral, Note the 
constriction ring in the litle toe. 


ll ENDOVASCULAR SURGERIES 


It is mainly used in peripheral vessels like femoropopliteal, 
renal, coronary, cerebral vessels, 


The greatest happiness of life is the conviction, that we are loved. 


215 


seseasig |evayy 


216 


SRB's Manual of Surgery 


Types 


¢ Balloon angioplasty: {tis useful in short segment stenosis 
in large vessles like renal vessels, iliofemoral, coronary 
vessels. It is less effective compared to open surgery. 

¢ Intravascular stenting: Balloon expandable and self- 
expanding stents are used at stenosed area. 

¢ Endovascular grafis (PTFE, DACRON). 

¢ Endovascular atherectomy. 

# Angioscopy: Flexible, small, fibreoptic scopes to visualise 
vessel wall with sufficient irrigation to avoid opacification 


¢ Intravascular ultrasound: To evaluate the vessel wall 
morphology. 


“Indications 
+ Aneurysm for stenting and grafting 
+ Aortoiliac constrictive disease 

+ Renal artery stenosis 

+ Carotid occlusive disease 

© AV fistulas 
Management of pseudoaneurysm 


Complications 


¢ Thrombosis, 
¢ Rupture 
# Sepsis. 
¢ Fluid overload. 
¢ Air embolism. 


@ UPPER LIMB ISCHAEMIA 


Iisa rare uncommon entity compared to lower limb ischaemia 
but important because of its difficulty in managing. Higher- 
level amputations are rare in upper limb ischaemia. 

Its incidence is rare (5%) due to abundant collateral supply, 
infrequency of atherosclerosis, decreased metabolic demand 
and smaller muscle mass, 

It mostly affects distal small arteries (90%). 

‘Symptoms are usually delayed. 


‘Types of Upper Limb Ischaemia 


Acute. 
Chronic. 


Acute type 


Causes: 
¢ Embolism—common. 30% of the peripheral emboli lodge 
in upper extremity. The most common site is at the bifurca~ 
tion of brachial artery (40%); next common is at axillary 
artery (12%). Embolism is due to: 
» Cardiac origin (70%)—valvular lesions (atrial fibrilla- 
tion, endocarditis), IHD, paradoxical 
> Others—aneurysms, thoracic outlet syndrome, plaque. 
¢ Trauma—most common. Brachial artery injury is seen in 
30% of civilian trauma with arterial injuries, blunt injuries, 
fractures and dislocations, penetrating injuries, 


+ latrogenic. 
# Post AV fistula “Steal syndrome’. 
% Aortic dissection. 


Symptoms of acute ischaemia: 
Pain, pallor, poikilothermia, paraesthesia, paralysis. 


Fig. 1.400: Upper limb ischaemia with gangrene extending 
proximally towards elbow joint. 


Chronic Type 


Causes: 

# Arteritis—aortoarteritis, Takayasu arteritis, giant cell arte- 
ritis, connective tissue discase/vasculitis—scleroderma, 
SLE, RA, PAN, etc. 

 Atherosclerosis—most common cause in USA. 

# TAO of upper limb, 

 Others—fibromuscular dysplasia; postirradiation—lung, 
breast; occupational injuries; vibration injury, hypothenar 
hammer syndrome; hypercoagulable states; APLA, poly- 
cythemia, cold agglutinins, 


Symptoms of chronic ischaemia: 
# Upper limb *Claudication’ 

© Weakness and wasting, 

Digital ischaemia—ulcer, gangrene in finger tips. 
# Raynaud's phenomenon, 


Signs of chronic ischaemia: 

# Wasting of arm, forearm and hand muscles. 

Ischaemic changes in skin; tapering of finger tips. 

Drop in systolic pressure >20 mmHg 

Proximal thrill or bruit, 

‘Mass in the neck, thrill and bruit in the neck in supractav- 

icular region 

 Adson test, hyperabduction (Halsted) test, Roos test, Allen's 
tests are important 


. 
. 
. 
+ 


Raynaud's Phenomenon 


# Itis episodic vasospasm. It is common in upper limb. 
© Raynaud's disease: Its primary Raynaud’s phenomenon— 
zno cause could be demonstrated (Idiopathic 
# Raynaud's syndrome: It is secondary Raynaud's phenom- 
enon—secondary to a demonstrable lesion like SLE, scle- 
roderma, TAO or atherosclerosi 
* Symptoms: Pain, discolouration, sensation of cold and 
numbness, pronounced on exposure to cold, and under 
stre 


Fig. 1.401: Left upper limb ischaemia with gangrene of three 
fingers and ischaemic changes in hand, forearm and arm 


Fig. 1.402: Gangrene of left index finger. Patient has undergone 
cervical sympathectomy. 


Signs: Cyclical colour changes—Pallor, Cyanosis and 
Rubor with swelling; seen in fingers, toes, nose, ear lobes 
and lips. 

Pathology of Raynaud's phenomenon: Exaggerated vaso- 
‘motor response to stress; more common in females; no struc- 
tural changes in the vessels, except in late stages; recurrent 
attacks can lead to atrophy of skin, subcutaneous tissue and 
muscles, ischaemic ulcers and gangrene. 


Investigations in Upper Limb Ischaemia 


¢ Lab tests for vasculitis, hypercoagulable states, and athero- 
sclerotic risk factors. 

¢ X-rays—for cervical rib; clavieular and first rib fractures; 
fractures and dislocations in extremity; pulmonary lesions 
of connective tissue disorders. 

¢ Arterial Doppler study. 

¢ Angiogram (Subclavian angiogram)—CT/MR; conven- 
tional 

CT scan neck and thorax. 

# Blood sugar, lipid profile, cardiac evaluation. 


Fig. 1.403: Upper limb angiogram showing blocks in 
subclavian artery, 


Management of Upper Limb Ischaemia 


Treatment of the cause. 


Treatment of Embolus 


# Time since the first symptom is very important. 
¢ Clinical assessment of extent of ischaemia, immediate anti- 
coagulation with heparin, Doppler study and angiogram of 
the arterial system, evaluation for the source of embolus— 
are the protocols. 
 Embolectomy 
> Brachial embolectomy: Local/regional/general anaes- 
thesia is used. Longitudinal incision in the arm is used 
for proximal embolus; Lazy S-shaped incision across the 
elbow is done for embolus extending into the bifurcation 
and to expose the branches 


Treatment in Trauma 


¢ General evaluation and resuscitation, 


We always have time enough, if we will use it ina right way. 


217 


saseasig |eveny 


218 


SRB's Manual of Surgery 


Control of bleeding in open wound: Pressure bandage/ 
‘manual compression (DO NOT USE TOURNIQUET). 

4 Time since the event and clinical assessment of limb perfu- 

sion. 

Stabilisation of fractures and dislocations 

Doppler study of arterial system, angiogram if required. 

¢ Arterial repair; bypass graft either venous or syntheti 


Treatment of Chronic Ischaemia 


Medical management 

> Risk modification—diabetes, hypertension, dyslipi- 
demia, smoking, homocystinaemia, exercise training, 

> Antiplatelets—aspirin/ticlopidine/clopidogrel. 
> Anticoagulants—heparin/wartarin, 
> Xanthines/pentoxiphylline/cilostazol 
Cilostazol—suppresses cAMP phosphodiesterase III rise 
in cAMP levels with antiplatelet, antithrombotic effects; 
induces vasodilatation; increases plasma HDL cholesterol; 
decreases plasma triglyc 


Catheter based interventions 
> Atherectomy. 
> Angioplasty + stenting by conventional or subintimal 
approach. 
> Stent grafts 
> Cryoplasty. 
© Surgery 
» Endarterectomy. 
> Bypass surgery. 
> Sympathectomy, extraperiosteal resection of the cervical 
rib. 


Bypass Surgeries in Upper Limb Ischaemia 


* Conventional bypass 
> Aorto-subclavian/axillary bypass. 
> Subclavian: Axillary/brachial bypass 
> Brachiodistal bypass. 

Extra anatomical bypass 
» Carotid: Subclavian/Axillary bypass. 


Figs 1.404A toD 


Figs 1.4044 to E: Brachial embolectomy (upper limb}—open method. 


> Subclavian: Subelavian bypass. 
> Axillary: Axillary bypass. 
 Subclavian Carotid transposition, 


Treatment of Raynaud's Phenomenon 


¢ Avoiding triggering agents 

Drugs (vasodilators)—calcium channel blockers, angio- 
tensin II receptor blockers, alpha-1 adrenergic blockers, 
Sildenafil, prostaglandin EL 

 Surgery—sympathectomy. 


Fig, 1.405: Carotid subclavian bypass, 


idual topics about causes of upper limb ischaemia are 
discussed in different places. 


‘ Trouma/cervical rib are the common causes 

'& Opposite limb, lowerlimbs should be examined 

% Cardiovascular system should be examined 

‘& Neck should be examined 

& Wasting/girth should be checked 

% Allrelevant clinical methods are equally significant 

‘& Auscultation over neck/asilla/carotids for bruit are impor- 
tant 

‘& Doppler;angiogram; nerve conduction studies; CT neck and 
thorax are essential investigations 

‘Arterial repair; therapy for cervical rib; scalenotomy; cervical 
sympathectomy are the different modalities of treatment 


cS Des eel une iatonmnay be rene Fig. 1.406: Subclavian carotid transposition, 


You my say you KNOW, butt by your actions itis KNOWN. 
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@ ARTERIAL SUBSTITUTES 


Ideal arterial substitute is not yet developed, Ideal arterial 
substitute should be strong, durable for patient’s life, bio- 
‘compatible, nonthrombogenic, should be resistant for infection, 
easily available, should have a long-term patency rate, and 
should have elastic property of normal artery 


Features of ideal graft 


Strong ‘Should be leak proof on 
restoration of blood flow 
Durable for patient's Should not chemically or 


lite physically degenerate 


‘Should not cause any abnormal 
reaction to surrounding tissues 


‘Should not occlude when flexed 
‘Should not damage blood contents. 


Non thrombogenic 


Biocompatible 
Resistant to infection 
Flexible 

‘Should maintain long- 
term patency 

Should have elastic 


property of normal 
artery 


Carrel and Guthrie first did venous autograft into arteries of 
dogs. They did extensive histological study of viable and 
nonviable grafts. Lexer in 1907 used saphenous vein foraxillary 
artery repair. Murray started to use intraoperative heparin, Ena 
Moniz and dos Santos originated technique of arteriography. 
Gross and his colleagues in 1948 started to use viable arterial 
allografts. Later it was found that, as of graft is considered 
tissue viability is not essential for success of graft uptake. 


Classification of Arterial Substitutes 


¢ Arterial allograft—not used. 
¢ Arterial autograf—internal mammary artery (common), 
internal iliac artery. 


# Arterial xenograft—bovine carotid artery graft—not used. 
# Venous autograf—long saphenous vein (common), small 
saphenous vein, basilic vein, cephalic vein, 
# Venous allograft—umbilical vein graf 
# Prosthetic grafts 
» Textile grafts 
— Dacron grafi—knitted or Woven or crimping or 
velour types. 
— Teflon graft—knitted or woven crimping or velour 
types. 
> Non textile semi-inert polymer graft 
— ePTFE graft—expanded polytetrafluoroethylene 
gral 
Preclotting the noncoated knitted or woven Dacron graft is 
done to seal the graft and to prevent leak, and to create a smooth 
lining at graft—blood interface. This step is not necessary for 
PTFE or newer grafts 


Complications of Graft 


% Neointimal fibrous hyperplasia at suture lines of the graft 
is due to surgical trauma, PDFG, arterial smooth muscle 
proliferation, 

% Graft infection—incidence is 2%. It is more in lower limb 
graft than abdominal graft. Peroperative cephalosporin 
administration reduces the rate of graft infection. If infec- 
tion occurs graft should be removed and revascularisation 
is achieved using a saphenous vein graft. 

* Graft failure ss rare but can occur. It is due to fiber degenera- 
tion, manufacturing defect, diffuse dilatation of graft (is due 
to expansion of the knit in knitted Dacron), 

# Anastomotic false aneurysm (3%) occurs just adjacent to 
suture line towards host artery. It is tearing of the artery 
adjacent to suture line due fo mismatched graft artery 
‘compliance, improper suture placement, and arterial degen- 
eration, There will be partial or total separation of the graft 
from the host with blood collection in a covering of fibrous 
capsule, Eventually it will rupture/may cause thrombosis 
and embolism. Treatment is graft—artery reanastomosis 
With insertion of additional piece of graft. 


M. Vascular Lesions and Hamartoma 


ws Vascular Anomalies 
» Haemangioma 

ww Vascular Malformations 
‘ Citsoid Aneurysm 


Arteriovenous Fistula 
= Campbell De Morgan Spots 
vw» Parry-Romberg Disease 

© Hamartomata 


VASCULAR ANOMALIES 


¢ Itis a collective term used for haemangioma and vascular 
malformations. 

4 Haemangioma is a benign tumour containing hyperplastic 
endothelium with cellular proliferation with increased mast 
cells. Growth in tissue culture is observed. It is absent at 
birth, seen by 1 month in 30%. It usually shows biphasic 
growth phase with slow involution, 95% of cases achieve 
spontaneous involution, Fast growing type can cause platelet 
trapping and thrombocytopenia. Associated skeletal changes 
are not common but can occur. But bone erosion by the 
lesion can occur. It is common in girls (3:1). 

4 Vascular malformations are single layer endothelium lined 
spaces derived from arterial, capillary, venous or lymphatic 
system. There is no growth in tissue culture. Raise in mast 
cells isnot seen, 90% cases are seen at birth; only few at later 
period. It is equal in both sexes (1:1). Quiescent endothelium 
with vessels showing progressive ectasia is the feature. 
Intravascular coagulation and mild thrombocytopenia can 
develop. Skeletal changes and overgrowth are common, 
Spontaneous involution is not common, 

 Disfigurement, tissue destruction, deformity, dysfunction, 
telangiectasia, skin scarring are common, 

# Szilagyi classification—{(1) Cavernous haemangioma; (2) 
Microfistulous AV communications; (3) Macrofistulous 
communications; (4) Anomalous mature vascular channels, 


Vascular anomalies 


—— 


4% Humburg classification—(1) Predominantly arterial/venous/ 
lymphatic defects with aplasia or obstructive dilatation 
which is limited or infiltrative; (2) Predominantly AV 
shunting defects with deep/superficial limited or infiltrating 
lesions; (3) combined vascular defects—arterial, venous 
‘and haemolymphatic which may be limited or infiltrating, 

Diagnosis is made clinically and by radiological imaging— 
coloured Doppler, DSA, MRI. MRI is better than CT to 
identify the flow (MR angiogram is ideal), Haemangiomas 
show intense parenchymal staining; vascular malformations 
show ecstatic vessels without much parenchyma; AVM 
shows rapid venous shunting 


lm HAEMANGIOMA 


4 Itis the most common tumour in children (in 10% of term 
deliveries). 

4 It shows cellular endothelial hyperplasia with increased 
‘mast cells, 

Onset is few weeks after birth with biphasic growth 
showing initial rapid growth with gradual involution over 
5-7 years. 

# It is benign vascular endothelial tumour, common in girls 
G1), 

¢ I is commonly seen in skin and subcutaneous tissue but 
can occur anywhere in the body like in liver, brain, lungs 
or other organs, 


Vascular anomalies 
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Haemangiomas| | Vascular malformations | _[Arteriaivenous proliferation! 

Multlayered ‘Sng layer neraie olan AV shunting defects | | Combined vascular defects 

Mast cells No mast cells T T T 
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It grows rapidly in first year and 70% involutes in 7 years. 

Early proliferative lesion is bright red, irregular; deep lesion 

is bluish coloured. Involution causes colour fading, sofiness, 

shrinkage leaving crepe paper like area 

Commonly it is central; common in head and neck region 
(60%). 

¢ Often large hacmangiomas may be associated with visceral 
anomalies, Head and neck haemangioma is associated with 
ocular and intracranial anomalies; sacral with spinal dysra~ 
phism, Multiple cutaneous haemangiomas may be associated 
with haemangioma of liver causing hepatomegaly, cardiac 
failure (CCF), anaemia, 

¢ Ulceration, bleeding, airway block and visual disturbances 
are common complications. 

 Adefinitive even though rare, but important life-threatening 
complication is platelet trapping and severe thrombocy- 
topenia presenting as ecchymosis, petechiae, intracranial 
haemorthage massive Gl bleed. 

# Raised angiogenic (fibroblastic) growth factor which is 

secreted in patient’s urine is useful lab investigation to 

differentiate it from vascular malformations, 


Classification 
© Copillary 

~ Salmon patch (stork bite) 

~ Strawberry haemangioma 

— Port-wine stain (naevus flammeus) 
& Cavernous 


Capillary Haemangioma 
Salmon patch (stork bite): 
> Itpresents at birth, It commonly occurs in nape of the 
neck (50%), face, scalp and limbs. It usually involves 
wide area of skin. It is caused by an area of persistent 
fetal dermal circulation, With age, it goes for sponta~ 
neous regression and disappears completely (usually in 
cone year). Hence masterly inactivity is the treatment. 
4% Strawberry haemangioma: 
> It may start at birth or child is normal at birth; between 
one to three weeks it appears as red mark which rapidly 


Fig. 1.407: Salmon patch 


Fig. 1.408: Strawberry haemangioma 


increases in size in 3 months to form strawberry/rasp- 
berry haemangioma, It contains immature vasoformative 
tissues, There will be eventually intravascular throm 
bosis, fibrosis and mast cell infiltration. 

It is a true capillary haemangioma, 

Itis 20 times more common than port wine stain. 

Itis common in white girls. Male to female ratio is |: 3 
It is common in head and neck region. 

Itis clinically compressible, warm with bluish surface. 
Bleeding can occur after minor trauma and also ulcera- 
tion, 


> Itinvolves skin, subcutaneous tissues and often muscles 
also. 

» After one year of age, it slowly begins to disappear, and, 
completely in 7-8 years (70% in 7 years) 

» Its the most common haemangioma. 


‘& Haemangioma in periorbital region obstructs the vision in 
newborn with amblyopia and ifit persists for 7 days causes 
permanent visual damage, Astigmatism also can occur 

 Haemangioma in nasal area in newborn may obstruct 
nasal airway seriously (as newborn cannot breathe through 
mouth—obligatory nasal breathing) 

‘Skin ulceration may cause haemorrhage 

‘ Infection can occur which may lead into sepsis, necrosis or 

rarely septicaemia 

Systemic steroid for3 weeks induces involution 

Usually there is no role for surgery. Surgery is done only for 

retained tissue after involution 


ee 


4 Port-wine stain (Naevus flammens): 

» It presents at birth and persists throughout life without 

any change. Spontaneous regression will not occur. It 

presents as smooth, flat, reddish blue/intensely purple 

area; common in head, neck and face; often with maxil- 

lary and mandibular dermatomes of Sth cranial nerve. 
Eventually surface becomes nodular and keratotic. 

> Itpersists throughout 

» It is actually a capillary malformation even though 

considered under haemangioma, It results from defect, 


Fig. 1.409: Port-wine stain (Naevus flammeus). 
in maturation of sympathetic innervation of skin causing 
localised vasodilatation of intradermal capillaries. 

> Itis often associated with Sturge-Weber syndrome, 
Klippel-Trenaunay-Weber syndrome and Proteus 
syndrome. 

> Itneeds treatment—taser (pulsed dye/diode); excision 
and grafting; cosmetic coverage. Expected result by 
treatment is not possible many times, 


Uncontrolled growth 
Functional impairment like vision or heating 
@ Accidental haemorrhage 


Treatment 


They are treated by wait and watch policy commonly— 
allowed for spontaneous regression. 

# Pulsed dye laser (diode laser), surgical excision and recon- 
struction, Feeding vessels may need to be ligated after wide 
exposure before achieving complete extirpation. Sclero- 
therapy/cryotherapy/CO» snow therapy cause unpleasant 
scarring. 

Preoperative embolisation facilitates surgical excision and 
reduces the operative blood loss. When once embolisation 
done, surgery should be done as early as possible otherwise 
recurrence occurs and much more worried formation of 
enlarged collaterals can occur. 

# Materials used are—foam, plastic spheres, stainless/platinum 
steel coils, ethanol, polyvinyl alcohol foam of 1000 4 
meters size, and rapidly polymerizing acrylic. Problems 
are tissue necrosis, reaction, normal tissue embolisation. 
Procedure is done with interventional radiology under 
C-Arm guidance. 


# Lif 


 Haemangioma with drug resistant CCI 


© Site 


# Rapidly growing hemangioma may need systemie/oral and 


intralesional steroid therapy. 


Antiangiogenic interferon 2a may be useful 


threatening platelet trapping may be controlled by 
cyclophosphamide chemotherapy. 


‘can be treated with 
radiotherapy 


‘& Klippel-Trenaunay-Weber syndrome: Naevus flammeus 
+ osteohypertrophy of extremities (soft tissue and bone 
hypertrophy) + varicose veins of lower limbs. if there is an 
association of arteriovenous fistula (AV fistula, itis called as 
Parkes-Weber syndrome 

& Kasabach Merritt syndrome: Capillary haemangioma + DIC 
(Disseminated intravascular coagulation) with thrombocy- 
topenia 

& Sturge-Weber syndrome: Haemangiomas (Naevus flam- 
meus) + hemiplegia and Jacksonian epilepsy (calcified 
‘vascular cerebral and meningeal deposits) + glaucoma 

& Maffucci syndrome: Cavernous haemangioma + dyschon- 
droplasia 

‘& Proteus syndrome: Naevus flammeus + regional gigantism 
‘with Iymphaticovenous malformation (asymmetrical hyper- 
trophy) 

| Osler-Rendu-Weber syndrome: Haemangioma of skin and lip 
‘with gastrointestinal tract haemangioma (hereditary haemor- 
thagic telangiectasia), (autosomal dominant) 


Cavernous Haemangioma 


¢ Itis present at birth and consists of a multiple venous chan- 


# Its size increases gradually and may cause problems 
¢ Itoften contains feeding vessels which is of surgical impor- 


tank 


Head, neck, face, limbs, tongue, liver and other 
internal organs. 


¢ Large or multiple cavernous haemangiomas can cause 


congestive heart failure (hyperdynamic) due to shunting of 
large quantity of blood, 


 Cavemous haemangioma with dyschondroplasia is called 


‘as Maffueci syndrome. 


Figs 1.410A and 


avernaus haemangioma in (A) tongue and 
(8) knee. 


When | was young, | observed that nine out of ten things | did were failures. So | did ten times more work. 


—George Bernard Shaw 
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which fire synchronously, behaving like one giant neuron [23], and possibly accounting for synchronized 
neural activity such as coherent 40 Hz waves [24]. Marshall [25] suggested that coherent quantum states 
known as Bose-Einstein condensation occurred among neural proteins [26], [27], [28]. Other issues, such 
as preconscious-to-conscious transitions were identified by Stapp [29] with the collapse of a quantum 
‘wave function in presynaptic axon terminals [7]. The other reason for coherence of these structures is that 
light is an electromagnetic wave and thus is vibrational, and according to Frochlich’s theory 
[44],{45],[46] it can take these cytoskeletal structures (i.e, nonlinear structures composed of electric 
dipoles) into one mode of frequency and coherence. 


Figure 2 Representation of ane centriole, the dimensions of centrioles are comparable to wavelengths of visible and infrared 
tight. 


Centrioles are two cylinders composed of MTs which are perpendicular to each other and in accordance 
with the Hameroff theory of the origin of cancer (30), centrioles are entangled with each other. Because 
of this entanglement, when a coherent state |ct) is generated in one centriole, in the other it will generate 
state |-a). Now, we can say that after interaction of photons with centrioles, they generate “entangled 
coherent states” in these structures in the retina, ic 


lo)iz = (Ala); ler)2 — B|-@) |-ar) ) (3-2) 


where |p)i2 is an entangled coherent state in centrioles with two modes 1 and 2. QED-cavity model of 
MTs [31] describes that coherent modes of electromagnetic radiation can be sustained in the interior of 
the MTs, These modes are provided by the interaction of the electric dipole moments of the ordered-water 
molecules in the interior of MTs with quantized electromagnetic radiation [32],[33). Jibu, et. al.[49], have 
proposed that the quantum dynamical system of water molecules and the quantized electromagnetic field 
confined inside the hollow MT core can manifest a specific collective dynamical effect called 
superradiance [34] by which the MT can transform any incoherent, thermal and disordered molecular, 
atomic or electromagnetic energy into coherent photons inside the MT. Furthermore, they have also 


shown [49] that such coherent photons created by superradiance penetrate perfectly along the internal 


photons themselves, This is referred to as the quantum phenomenon of self-induced transparency [35] 
Superradiance and self-induced transparency in cytoskeletal MTs can lead to “optical” neural holography 
[36]. Neurons (and maybe also other cells) may contain microscopic coherent optical supercomputers 
with enormous capacity. Thus Jibu, et. al.[49], suggest that MTs can behave as optical waveguides which 
result in coherent photons. They estimate that this quantum coherence is capable of superposition of states 
among MT spatially distributed over hundreds of microns, These in turn are in superposition with other 
MTs hundreds of microns away in other directions and so on. With the above conclusions |p);2 can 
produce those photons which produced itself, thus if the state |);2 can be restored in the brain, it will 
reproduce the photons which were absorbed in the retina. 

Additional arguments in favor of the feasibility of production of photons in the brain can be found in the 
conclusions of the paper [37], which also asserts that there exists a neural activity-dependent ultra-weak 
photon (biophoton) emission in the brain, Thus there is the possibility to restore the initial state of the 
photon in the brain after absorption in the eye. This process can be implemented through teleportation 
mechanism between retina and the visual cortex as will be discussed in the following sections. 
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# Cavernous haemangioma is often mixed with lymphatic 
component also (mixed vascular and lymphatic). 


Clinical Features 


# Itis smooth, soft, well-localised, warm, fluctuant, compress- 
ible, nonpulsatile swelling with bluish surface occurring 
in skin and subcutaneous tissue (often in mucosa like oral 
cavity) without any transitlumination 

¢ Compressibility and bluish surface is diagnostic. When 
swelling is pressed it reduces partially/often completely 
but when pressure is released it slowly attains its original 
size and shape. Vascular and lymphatic malformations are 
compressible. 

¢ Itis usually nontender unless it gets infected or undergoes 
thrombosis of causes haemorrhage. 


Figs 1.411A and B: Cavernous haemangioma in the cheek near angle 
of the mouth and in the tip of the tongue. Haemangiama tongue is 
one of the causes af macroglossia. 


Fig. 1.412: Laparoscopic view of cavernous haemangioma of liver. 
It is the most common benign tumour of the liver. 


Differential Diagnosis 


 Lymphangioma: [tis brilliantly transitluminant unless it is 
infected or fibrosed. 

# Lipoma, cold abscess, lymph eyst—elinically itis easier to 
differentiate 


Complications 


+ Hacmorthage 
¢ DIC, 

# Thrombosis. 

# Infection, ulceration and septicaemia. 
4 Erosion into the adjacent bone. 

# High output cardiac failure 


Investigations 


Ultrasound, Doppler. 

# Angiogram to find out feeding vessel. 

¢ Platelet count, 

¢ MRI/MR angiogram to see feeding vessels and deeper 
extension, 


Treatment 


# Sclerosant therapy: It is the initial first line of therapy. It 
causes aseptic thrombosis and fibrosis of the cavernous 
haemangioma with less vascularity and smaller size. It is 
directly injected into the lesion, Sodium tetradecyl sulphate! 
hypertonic saline are used. Often multiple injections are 
needed to achieve complete required effect. Later excision 
of the lesion is done. 

# Ligation of feeding artery and often at later stage excision 
is done once haemangioma shrinks. 

Therapeutic embolisation 

# Ifsmall and located in accessible area, excision is the initial 
therapy. 


Laser ablation—diode pulsed laser is becoming popular 
because of good control of bleeding. CO,/Nd:YAG laser is 
also equally eff 


VASCULAR MALFORMATIONS 


¢ Secondary to defect in development of vascular components, 
in 8th week of intrauterine period, 

4 Single layer endothelium lined spaces derived from arterial, 
capillary, venous or lymphatic system showing ectasia, 

¢ There is no growth in tissue culture. Raise in mast cells is 
not seen, 

Associated with many syndromes. 

Can be located in skin or in deeper planes. 

Present at birth and grows in proportion to child’s growth. 
Pale skin which later darkens over the age or faint blue mass 
is the presentation 

Spontaneous involution is not common. 

Capillary malformation (CM) type is due to lack of sympa- 
thetic control 

‘Venous malformation (VM) type is most common vascular 
malformation which shows hypoplasia, hyperplasia or 
aplasia of superficial or deeper system. It is seen in subcu- 
taneous plane as faint blue compressible mass with morning 
pain and stiffitess of the area 

Lymphatic malformation (LM) type can be microcystic 
(lymphangioma) or macrocystic (cystic hygroma). It can 

use lymphoedema, soft tissue and bony hypertrophy, 
asymmetry (face), macrochelia, macroglossia, macrotia, 
cellulitis, 

 Low/slow flow malformations can cause skeletal hypoplasia; 
high/fast low malformations can cause hypertrophy. AVM. 
is high flow type. 

Consumption coagulopathy (DIC) can occur, 

¢ Its equal in both sexes (1:1), 

Doppler is commonly used investigation; but MRI (MR 
angiogram is ideal) with contrast is ideal to identify and to 
differentiate low and high flow types. 

 Treatment—conservative with compression garments and 
sclerotherapy. Laser photocoagulation is the choice for 
superficial malformations; multiple sittings may be needed; 
complete clearance may not be achieved. Surgical excision 
can be done, Preoperative embolisation may be needed. 


Vin rose patch: 
It is a congenital intradermal pale pink vascular malformation 
ith dilatation of vessels in subpapillary dermal plexus. It may 
be associated with haemangiomas; AV malformations in limbs; 
congenital lymphoedema 


@ CIRSOID ANEURYSM 


¢ Iisa rare variant of capillary haemangioma occurring in 
skin, beneath which abnormal artery communicates with 
the distended veins, 

Commonly seen in superficial temporal artery and its 
branches. 


# Often the underlying bone gets thinned out due to pressure, 

Occasionally extends into the cranial cavity. 

# Ulceration is the eventual problem which will lead to uncon- 
trollable haemorrhage. 


Clinical Features 


Pulsatile swelling in relation to superficial temporal artery, 
which is warm, compressible, with arterialisation of adjacent 
veins and with hone thinning (due to erosion). It feels like a 
‘pulsating bag of worms’. 


Investigations 


# Doppler study, CT scan. 
 Angiogram, X-ray of the part. 


Treatment 


¢ Ligation of feeding artery and excision of lesion, often 
requires preliminary ligation of external carotid artery. 

# Intracranial extension requires formal neurosurgical 
approach. 


™@ ARTERIOVENOUS FISTULA (AVF) 


It is an abnormal communication between an artery and vein. 


ital —is arteriovenous malformation. 
ed (Trauma is common cause). 


Congenital Arteriovenous Malformation 
(Fistula)—AVM (AVF) 


During developmental period AV communications occur. 

It is high flow type of vascular malformation. It is 30% of 
all vascular malformation. 90% of AVM contains both arterial 
and venous components, Shuting of blood with thrill and bruit 
with hyperdynamic circulation is common, 


Sites 

+ Limbs, cither part or whole of the limb is involved, It may 
be localised to toes or fingers. 

Lungs 

# Brain—in circle of Willis. 

# Other organs like bowel, liver. 


Clinical Features 


‘Structural changes in the limb: 

# Limb is lengthened due to increase in blood flow since 
developmental period 

Limb girth is also increased. 

# Limb is warm, 


When stethoscope Is applied aneurysm is either silent or a systolic bruit can be heard, but an arteriovenous fistula 


emits a continuous murmer throughout the systole and diastole. 


—Charle G Rob 
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Fig, 1.413: MR angiogram of AV malformation in cranial cavity, 


Fig. 1.414: MRI picture of AV malformation, 


Continuous thrill and continuous machinery murmur 
all over the lesion. 

Dilated arterialised varicose veins are seen due to 
increased blood flow and also due to valvular incompetence. 
Often there is bone erosion or extension of AVF into the 
bone as such. 


Figs 1.415A and B: Hypertrophic changes due to AV malformation. 


Physiological changes 
Because of the hyperdynamic circulation, there is inereased 
cardiac output and so often congestive cardiac failure, 


‘Complications, 
'& Haemorthage 
& Thrombosis 
© Cardiac failure (CCF) 


Investigations 


Angiogram—MR angiogram is ideal 
Doppler study. 

# X-ray of the part. 

# ECG, echocardiography 


Treatment 


Conservative—sclerotherapy, compression, avoiding injury. 
# Indications for intervention 

» Absolute: Haemorrhage, ischaemia, CCF. 

> Relative: Pain, functional disability, cosmesis, limb 


» Emergency: Torrential bleeding usually after trauma 
(example—road traffic accidents). 

Interventions 

» Surgical ligation of feeding vessels and complete exci- 
sion of the lesion. Often if 
planes it is technically difficult; but with usage of tour- 
rniquet, careful meticulous dissection and ligation of all 


sion is extending into deeper 


vessels will lead into successful excision of entire lesion, 

» ‘Therapeutic embolisation/preoperative embolisation 
hasten the proper surgical excision. 

> In emergency bleeding, adequate transfusion of blood , 
tourniquet usage, intraoperative embolisation and then 
excision of entire lesion is done. Occasionally when e 
sive AVM is present often involving the entire limb, ampu- 
tation is the final option left as a life-saving procedure. 
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Figs 1.416A to E: Congenital arteriovenous malformation involving right upper limb, axillary region and part of right half of neck and face. 
Note the limb lengthening and widened girth. Limb is warmer. Limb should be measured at each level, Auscultation reveals continuous bruit 
‘over the limb, Note the dilated tortuous veins due to hyperdynamic circulation. 


Femoral region. 
Popliteal region. 

Brachial region. 

Wrist. 

Aorta—vena caval 

» Abdomen, 

It may be following road traffic accidents, penetrating 
‘wounds, cock-fight injury (common in South India). 

After surgical intervention of major vessels, 

‘Therapeutic: For renal dialysis, AVF is ereated (Cimino 
Fligi 1.4172 AV fishilay, fistula) to achieve arterialisation of veins and also to have 


Acquired Arteriovenous Fistula (AVF) 


: 


a hyperdynamic circulation. It is done to have easy and 
aUsee: adequate venous access for long time haemodialysis. 
Trauma in (most common cause): ‘Common sites are wrist, brachial, and femoral region, 
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Pathophysiology 


¢ Physiological changes: Cardiac failure due to hyper- 
dynamic circulation. 
Structural changes: 


Changes at the Level of Fistula 


Blood flows from high pressure artery to low pressure vein 
causing diversion of most of the blood. Between the artery and 
vein, at the site of fistula, dilatation develops with formation of 
fibrous sac called as aneurysmal sac. This presents as warm, 
pulsatile, smooth, soft, compressible swelling at the site with 
continuous thrill and continuous machinery murmur. 


Fig. 1.419: AV fistula created for treating chronic renal failure has 
formed an aneurysm. It may rupture to cause severe haemorrhage. 
‘Thrombosis or sepsis also can occur inthis 


Changes Below the Level of the Fistula 


Because of diversion of arterial blood distal part becomes 
ischaemic. Because of high pressure arterialisation of veins 
and valvular incompetence occurs causing varicose veins Atery 


Changes Proximal to the Fistula 


Hyperdynamic circulation causes cardiac failure. 

If pressure is applied to the artery proximal to the fistula, 
swelling will reduce in size, thrill and bruit will disappear, 
pulse rate and pulse pressure becomes normal, This is called 


as Nicoladoni’s sign or Branham’s sign. Manto 
Cardiac failure may be very severe in traumatic AVF (often 

resistant to drug therapy). 

Investigations 


Doppler, angiogram, 
¢ ECG, echocardiography. 


Treatment AV fistula 


¢ Excision of fistula and reconstruction of artery and vein lgaa202 Cheadruple: ligation of av fistule 


with graft. 
Adery Vein 


‘Artery Vein 
‘AV fistula with 


aneuryamal sac 


Dacron graft 
Fig, 1.421; Reconstruction of AV fistula using graft. 


iB} Done in early stages—larger vessels. Venous or Dacron 


raft is used, 


4 In emergency situation, quadruple ligation, i.e. both 


Figs 1.4184 and B: Acquired arteriovenous fistula in the wrist over 


radial vessels. It should be palpated for compressibility and thrill. It 
should be auscultated for brutt. artery and yein above and below are ligated without 


Artery Vein 


Hunter's ligation 
should not 
be done 


Collaterals. 


AV 
fistula 
Fig. 1.422: Hunter's ligation is tigation of artery proximal to AV fistula. 
Itshould not be done asit causes diversion of al blood fram periphery 
leading to gangrene of distal part. 


touching the fistula and sac. Patient recovers well from 
cardiae failure. 
Therapeutic embolisation may be tried, 

Hunter's ligation should be avoided. It is used as life- 
saving measure because it invariably causes limb ischaemia 
and gangrene even though patient recovers from cardiac failure 
Itis ligation of both artery and vein proximally so as to make 
cardiac function normal. But it invariably steals the blood from 
the limb leading to gangrene, 


lm CAMPBELL DE MORGAN SPOTS. 


# [tis usually smaller (0,2 to 6 mm) in size, circular, elevated 
and bright red swelling, 

tis common in trunk. Commo 
Also called as cherry angiomas. 

Usually it does not require treatment. 

When needed, excision or electrodesiceation or laser 
removal is done. 


elderly, 


sees 


™ PARRY-ROMBERG DISEASE. 


¢ Itis hemifacial atrophy of s 
‘Common in females. 

It usually begins at twenties 

Atrophy of skin, fat, muscle, cartilage and bone causing 
coupe de sabre deformity. 

It isa self-limiting disease. 

Aesthetic reconstruction is offered when severe deformity 
develops. 


in, soft tissue and bone. 


eee 


oe 


lm HAMARTOMATA 


Hamartano me: 

“error (mi 

Note: 

Presently this terminology is not very much in use. 

¢ Iisa benign lesion with aberrant differentiation producing, 
amass of disorganised but mature specialised cells or tissue 
indigenous to the particular site. 

© Itis tumour like overgrowth of tissue or tissues proper to 
that part 

# Itmay be single lesion or multiple lesions. 

4 Haemangiomas, lymphangiomas, AV malformations, neural 
malformations are the examples, 


‘I miss’ ( Greek). Or “fault or “misfire” or 
1g the mark in spear throwing). 


‘& Pressure symptoms locally 
Bleeding 

Infection 

 Gigantism 

Cosmetic problem 


Treatment 


Depends on site, type, extent 
# Cryotherapy, ligation of feeding vessels, sclerotherapy, 
excision or laser therapy. 


‘Have equal love for all, and experience a life of equanimity. 
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N. Venous Diseases 


Anatomy of Veins of Lower Limb 
Physiology of Venous Blood Flow in Lower Limb 
s® Deep Vein Thrombosis 

so Varicose Veins 

w® Venous Ulcer 

Compression Therapy for Varicose Veins 

s Thrombophlebitis 


ll ANATOMY OF VEINS OF LOWER LIMB 


Perforators 


Short saphenous 
system 


Long saphenous 
system 


Fig. 1.423: Anatomy of lower limb veins. 


Deep Veins 


¢ Tibial, popliteal, femoral veins are called as “veins of 
conduits” which drain blood into iliac veins and then to IVC. 

© Pumping veins: They are venous sinuses existing in the calf 
muscles which pump blood towards major veins. They are 
better termed as musculovenous pumps. They are also called 
as the peripheral heart 


Superficial Veins 


¢ Long/great saphenous vein: It is a subcutaneous vein over 
the inner aspect of the leg and thigh, joins into femoral 
vein at fossa ovalis, Tributaries of long saphenous vein are 
posterior arch vein, anterior vein of leg, anterolateral vein, 
postetomedial vein and sometimes accessory saphenous vein, 

 Short/small saphenous vein: \t is over the lateral and 
posterior aspect of the leg enters the deep fascia in the 
upper calf region and later joins popliteal vein at vari- 
able distance. 

Posterior arch vein of ‘Leonardo ({rom medial ankle to the 
Jong sephanous vien below the knee), 

¢ Anterior arch vein to peroneal veins, 


 Klippel-Trenauny Syndrome 
Anticoagulants 

o® Heparin 

Oral Anticoagulants 
Direct Thrombin inhibitors 
 Antiplatelet Drugs 

= Pulmonary Embolism. 


Superficial 
‘ircumiex iae 


lateral varicosity of great saphenous veins. 


‘Superficial 
epigastric 


‘Superficial 
external 
pudendal 


Posterior veir 


SP 
junetion 


erforatore 


Figs 1.426A and B: Short saphenous vein varicosity. 


Superficial veins have got multiple valves which facilitates 
blood flow towards heart, Superficial veins usually drain about 
10% of lower limb blood, ie. from skin and subcutaneous tissues. 


Perforator Veins 


‘They are the veins which connect superficial to deep veins at 
various levels. They travel from superficial fascia through an 
‘opening in the deep fascia before entering the deep veins. The 
direction of blood flow here is from superficial to deep veins. 
‘These perforators are also guarded by valves so that the blood 
flow is unidirectional, ie. towards deep veins. Reversal of flow 
‘occurs due to incompetence of perforators which will lead to 


SS ae 
+ Ankle perforators (May or Kuster) 

+ Lower leg perforatorsl Il (of Cockett) 

+ Gastrocnemius perforators (of Boyd) —below knee 
 Mid-thigh perforators (Dodd) 

+ Hunters perforatorin the thigh 


‘There are no valves for IVC and iliac veins. Long saphenous 
vein has got 10-14 valves; whereas short saphenous vein has 
usually one valve. Veins can accommodate large quantity of 
blood and hence called as capacitance vessels. 


ll PHYSIOLOGY OF VENOUS BLOOD 
FLOW IN LOWER LIMB 


Veins are thin-walled vessels with collapsible walls, that 
assume an elliptical configuration in collapsed state and circular 
configuration in the filled state. 

‘Venous valves are abundant in the distal lower extremity and 
the number of valves decreases proximally, with no valves in 
superior and inferior vena cava. 


Venous Return 


# Arterial pressure across the capillary increases the pumping 
action of vein. 

% Calf musculovenous pump: During contraction phase of 
walking, pressure in the calf muscles increases to 200-300 
mmlg. This pumps the blood towards the heart, During 
relaxation phase of walking, pressure in the calf falls and so 
itallows blood to flow from superficial to deep veins through 
perforators. Normally while walking, pressure in the super- 
ficial system at the level of ankle is 20 mmHg. 

* During walking, foot pump mechanism propels blood from 
plantar veins into the leg, 

© Gravity 

Note: 

Pressurein arteriolar end ofthe capillaryis 32 mmHg; venular end of 

capillary is 12 mmHg, 


————_—-Factors responsible for venous return, 
‘& Negative pressure in thorax. 

‘Peripheral pump—calf muscles 

+ Vis-a-tergo of adjoining muscles 

& Nontefuxing valves in course of veins 


™@ DEEP VEIN THROMBOSIS (DVT) 


It is called as phlebothrombosis. It is semisolid clot in the vein 
‘which has got high tendency to develop pulmonary embolism and 
sudden death. Common site of beginning of thrombus is soleal 
veins which later propagate proximally, often getting detached 
to cause acute massive pulmonary embolism or moderate sized 
emboli can cause pyramidal/wedge shaped pulmonary infarcts 


Aetiology: Factors 


© ‘Stasis 


& Hypercoagulablity 
& Vein wall injury 


Causes 


* Following childbirth. 

# Trauma—to leg, ankle, thigh, pelvis. 

# Muscular violence. 

# Immobility: Bed ridden patients, individuals on long dura- 
tion air or bus travel (Traveller's thrombosis). 

# Debilitating illness, obesity, immobility bed rest, pregnancy, 
puerperium, oral contraceptives, estrogens 

# Postoperative thrombosis (Most common cause): Common 
after the age of 40 years. Incidence following surgeries 
is 30%, In 30% of cases both legs are affected. Usually 
seen after prostate surgery, hip surgery, major abdominal 
surgeries, gynaecological surgeries, cancer surgeries. 
Bedridden for more than 3 days in the postoperative period 
increases the risk of DVT. 


You may be disappointed if you fail, you are doomed if you don't try. 
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Spontaneous thrombosis is common in visceral neoplasm 
like carcinoma pancreas or carcinoma stomach. It is often 
migrating type. 

‘Thrombus may startin a venous tributary which eventually 
may extend into the main vein causing DVT. 

Axillary vein thrombosis 

» It can occur spontaneously, following compression 
by cervical rib, by various causes of thoracic inlet 
syndrome, or arm being in the hyperabduction state for 
prolonged period (e.g. painting the ceiling), after axillary 
lymph node block dissection, after radiotherapy to axilla, 
‘occasionally as a complication of venous cannulation. 

> Upper limb DVT is rare compared to lower limb DVT. 
(5% of all DVT). It may be axillary or subelavian vein 
or both. 

> But 30% of upper limb DVT can cause pulmonary 
embolism. 

> Primary upper limb DVT is Paget-Schroetter syndrome, 
is due to subclavian vein compression that occurs in 
thoracic outlet syndrome. It may be precipitated by 
exertion of arms, swimming, exercise, ete 

» Idiopathic upper limb DVT is rare. Occult underlying 
malignancy should be thought of. 

» Secondary upper limb DVT is due to CVP line, pace- 
maker thrombocytosis, malignaney, surgeries, radio- 
therapy, ete. 

> Unilateral arm, forearm swelling with bluish discoloura- 
tion, pain, pitting oedema, often with skin blebs are the 
features. 

> Investigations are—Duplex scan, MR venography (as 
clavicle obscures proper duplex evaluation), BT, CT, PT, 
APTT, platelet count estimation. 

» Treatment is similar, with heparin/LMWH/warfarin, 
thrombolysis using tissue plasminogen activator, eleva- 
tion of the arm, using compression stockings. 

Polycythaemia vera, thrombocytosis, 

Deficiencies of antithrombin II, protein C, protein S, factor 

V of Leiden, thrombophilia. 

Recent myocardial infarction, heart failure, nephrotic 

syndrome. 

‘Thrombosis can occur in individuals who sit with computers 

for long time—‘ethrombosis’. 


Sites 


a, 


Pelvic veins—not uncommon; involves internal iliac veins, 
tis more common in PID (pelvic inflammatory disease) in 
females. In males prostatic veins may be the site of origin. It 
is difficult to identily clinically even though rectal or vaginal 
examination may help. 

Leg veins—very common in veins of soleus muscle in calf; 
femoral vein/iliofemoral vein thrombosis can occur along 
with calf veins or independently without calf vein throm- 
bosis which shows adductor canal tenderness. Hliofemoral 
vein thrombosis is common on left side due to its lengthy 
course/compression by right iliac artery/often due to pres- 


Jeep vein thrombosis (DVT) in both legs. 30% cases of 
DVT are bilateral 


128: Unilateral left leg DVT. Note the oedema and colour 
changes. 


ence of web at its entry into IVC. Incidence of bilateral leg 
DVT is 30% which should be differentiated from bilateral 
pedal oedema due to other causes like hypoproteinaemia, 
renal failure and cardiac causes. 

©. Upper limb veins—not uncommon (Axillary vein thrombosis). 


Phlegmasia Alba Dolens 


It is DVT of femoral vein (deep femoral vein commonly) 
causing painful congestion and oedema of leg, with Iymphang- 
itis, which further increases the oedema and worsens the situ- 
ation (white leg). 


Phlegmasia Caerulea Dolens 


It is extensive DVT of iliac and pelvie veins causing blue leg 
with either venous gangrene or areas of infarction, 


Fig, 1.429: Right leg venous gangrene. Note the discolouration, 
blebs and oedema. 


 Reaturesof DVT 


+ Commonly tis asymptomatic—60% 
& Fever—most common 

+ Tense, tender, warm, pale/bluish, shiny swelling calf 
‘Positive Homan's, Mose's or Neuhof's signs 

Inverted champagne bottle sign 

‘Features of pulmonary embolism 


Clinical Features 


# Fever—earliest symptom, 

¢ Pain and swelling in the calf and thigh (often). Pain is often 
so severe that the patient finds it difficult to flex (or move) 
the leg. 

¢ Leg is tense, tender, warm, pale or bluish with stretched 
and shiny skin, 

# Positive Homan’s sign: Passive forceful dorsiflexion of the 
foot with extended knee will cause tenderness in the calf. 

# Mose’ sign: Gentle squeezing of lower part of the calf 
from side-to-side is painful. Gentleness is very important 
otherwise it may dislodge a thrombus to form an embolus. 

# Neuhof’s sign: Thickening and deep tenderness elicited 
while palpating deep in calf muscles. 

© Most often, DVT is asymptomatic and presents suddenly 
with features of pulmonary embolism like chest pain, breath- 
lessness and haemoptysis. 

¢ After applying tourniquet at saphenofemoral junction, 
patient is made to walk and without removing the tourniquet, 
limb is elevated—persisting prominent superficial veins will 
be observed in DVT—Linton test 


& Ruptured Baker's cyst 
Ruptured plantaris tendon 
 Calfmuscle haematoma 

+ Cellultisleg 

‘& Superficial thrombophlebitis 


Investigations 


# Venous Doppler. 

# Duplex scanning: It shows noncompressible vein Which is 
wider than normal. On compression over calf muscles, it 
does not show any augmentation of flow. Normal venous 
sound at the area of femoral vein which disappears during 
inspiration is conspicuously absent in DVT. 

© Venogram: Contrast material is injected into venous system 
to get detailed idea of the veins after applying tourniquet 
into superficial system, Occlusive and nonocclusive 
thrombus can be differentiated by this. But as itis invasive 
‘one, it is not commonly done at present. MR venogram is 
under trial at present. Impedance plethysmography is used 
to measure the rate of venous emptying. Vein occlusion 
is done using cuff around upper thigh which is confirmed 
by flat electrical wave pattern, When cuff is released rapid 
flow of wave is observed in normal; sluggish flow of wave 
is seen in DVT. 

% Radioactive 1 fibrinogen study: Sodium iodide 100 mg 
orally is given to the patient 24 hours before the test to 
block the thyroid activity, I'?* labelled fibrinogen 100 jx 
curies is injected intravenously. First radioactivity of heart 
is measured by placing the scintillation counter over the 
precordium, Reading obtained by this is adjusted as 100%, 
‘After that legs are elevated using adjustable stands and to 
prevent venous pooling, scintillation counter is placed over 
the calf, Counting in the leg is done from below upwards at 
S em intervals. Procedure is done in preoperative period; on 
1st, 3rd and 6th postoperative days. A 20% or more raise in 
percentage value suggests deep vein thrombosis in leg. 15 
labelled fibrinogen is used (earlier I! labelled fibrinogen 
‘was used) because it has got softer radioaction; its detect- 
ability is with much lighter and mobile apparatus. 

 Hacmogram with platelet count; D-dimer test/analysis of 
fibrin degradation products (FDP) are relevant tests used. 
D-dimer test is measurement of cross-linked degradation 
products which interprets the plasmin activity on fibrin. 
Negative D-dimer test is of more value. 

# Ventilation—perfusion scanning with mismatched defects; 
pulmonary artery CT scan with filling defect; pulmonary 
angiography are the investigations to confirm the pulmo- 
nary embolism. 


Treatment 


# Rest, elevation of limb, bandaging the entire limb with 
crepe bandage. 
* Anticoagulants: Heparin/low molecular weight heparin, 
‘warfarin, phenindione 
© For fixed thrombus: 
> Initially high dose of heparin of 25,000 units/day for 7 
days is given. Then later patient is advised to continue 
‘warfarin for 3-6 months, Dose is controlled by assessing 
Activated Partial Thromboplastin Time (APTT). Dura- 
tion of heparin treatment is usually for 7-10 days. Dose 


ral contraceptives increases the risk Of DVT by 3-5 times, 
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4) The Decoherence Problem 


The important question about the quantum processing in the living systems is: how is it possible 
for MTs to process information quantum mechanically while the environment surrounding them 
relatively hot, wet and noisy? 


According to the Orch-OR model, microtubular structures in the neurons of the brain process information 
quantum mechanically and to avoid decoherence, like lasers maintain quantum coherence against thermal 
noise. Water within cells is itself not truly liquid, but has been shown to be, to a large extent, ordered 
[38]. Most of the ordered water in the cell in fact surrounds the cytoskeleton [39]. MTs and other 
cytoskeletal components are embedded in cytoplasm which exists in alternating phases of (1) “sol” 
(solution, liquid); and (2) “gel” (gelatinous, solid). Among the most primitive of biological activities, 
“sol-gel transformations” within neurons and other living cells are caused by assembly and disassembly 
of cytoskeletal actin (e.g. regulated by calcium ions through the protein calmodulin, in turn regulated by 
MTs). Sol-gel transformations are essential in basic cellular activities such as (“amoeboid”) movement, 
growth and synaptic formation and neurotransmitter vesicle release [40], [41]. Transitions can occur 
rapidly (e.g. 40 sol-gel cycles per second), and some actin gels can be quite solid, and withstand 
deformation without transmitted response [42]. Cyclical encasement of MTs by actin gels may thus be an 
ideal quantum isolation mechanism. In the gel phase of cytoplasm, the water ordering surfaces of a MT 
are within a few nanometers of actin surfaces which also order water. Thus bundles of MTs encased in 
actin gel may be effectively isolated extending over the radius of the bundle, on the order of hundreds of 
nanometers. There are many mechanisms which can protect these structures against decohering factors. In 
general, Quantum states of tubulin/MTs are protected from environmental decoherence by biological 
mechanisms which include phases of actin gelatin, plasma-like Debye layering, coherent pumping and 
topological quantum error correction [54]. Moreover, quantum spin transfer between quantum dots 
connected by benzene rings (the same structures found in aromatic hydrophobic amino acids) is more 
efficient at warm temperature than absolute zero[43]. It is conjectured that the “flexibility” of the resonant 
benzene electrons is advantageous to quantum processes by harnessing ambient thermal energy. MTs may 
possibly utilize nonspecific thermal energy for "laser-like” coherent pumping, for example in the GHz 
range by a mechanism of "pumped phonons" suggested by Froehlich [44.45,46] 


5) What is the mechanism of Teleportation? 
According to the definition of teleportation as stated in [47], in the process of quantum teleportation, one 
can construct an exact replica of the original unknown quantum state at a cost of destroying the original 
state. Therefore, to call a quantum state transfer operation- quantum teleportation, the process should not 
only generate output states with better qualities than what can be done classically but also obey the no- 
cloning theorem (48].The quantum state of a system can be transmitted from a location to a distant one 
using only classical information provided that a quantum channel exists between the sender and the 
receiver. Sharing entangled states between the two parties opens the necessary quantum channel. 
Research in quantum state transfer, especially the quantum teleportation, has emerged as one of the major 
research areas of theoretical and experimental quantum mechanics. Assume that Alice wants to send Bob 
an unknown quantum state but when she receives this state she does not know anything about that unles 
she affects it and collapses it to classical state, or in other hand she destroys that quantum state. She just 
can send classical signals to Bob through classical channel, but if there is a shared entangled channel 
between Alice and Bob, Bob can construct initial quantum state with the help of classical signal which is 
sent by Alice and quantum channel between them. This operation is implemented by operating special 
unitary operators. For more details see [47]. Here, we want to simulate visual information transfer with 
teleportation mechanism, We know that when photon penetrates the retina, it changes to action potentials 
or electrical signals and these classical signals are sent to the brain for interpretation. It means that retina 
(Alice) wants to send the brain (Bob) a photon state (unknown quantum state), but retina (Alice) absorbs 
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Fig, 1.431: U/S showing thrombosis of the IVC. 


of heparin is often calculated as— 80 units/kg bolus of 
heparin followed by 15 units/kg of infusion, 

» Low molecular weight heparin is preferred to heparin, 

> Warfarin should be started as early as possible (same 
day of heparin therapy). Day one and day two—10 mg 
each day; day three—S mg. On day three prothrombin 
time should be done. Warfarin is given for 3-6 months 
with regular monitoring, depending on the cause, risk 
group, and severity of DVT. INR should be maintained 
between 2.0 to 3.0, 

> Oral anticoagulants being teratogenic cannot he used 
during pregnancy. LMWH is the drug of choice used 
during pregnancy and postpartum period. 


© For free thrombus: 


+ Fibrinolysins 
+ Thrombectomy using Fogarty’ catheter 
© WCfiter 


> Fibrinolysins: Streptokinase, 6 lakhs to start with and 
later one lakh hourly. It is commonly infused directly 
into the affected vein through a venous catheter. Uroki- 


nase or tissue plasminogen activator may also be used to 
dissolve thrombus (it should not be given when patient 
is on heparin). 


‘ Tissue plasminogen activator—directly into the thrombus 
through popliteal/emoral vein 

‘® Urokinase—1,20,000 to 2,50,000 units/hour; derived from 
human urine 

Reptilase—0.5-1 unit/hour 

Streptokinase—6 lakh to start with later one lakh hourly; 

derived from streptococci 


ee 


> Venous thrombectomy is done using Fogarty venous 
balloon catheter, 

> ‘Thrombotic emboli is prevented from reaching the heart 
by filtering it at 1VC level using intracaval filters—Kim 
ray Greenfield filter, suture sieve plication, stapler plica- 
tion, vena caval ligation, Mobin Uddin umbrella filter 

» Special thrombectomy device of 7-9 French sheath is 
passed through the thrombosed segment to have partial 
mechanical thrombectomy and through that throm- 
bolytics (tissue plasminogen activator) are infused. 
‘Thrombus can be removed nowadays through balloon 
angioplasty tube. Open venotomy and thrombectomy 
also can be done. 

% Palma operation: In iliofemoral thrombosis, common 
femoral vein below the block is communicated to opposite 
femoral vein through opposite long saphenous vein. 

% May-Husni operation: When blockage is in popliteal vein, 
popliteal vein below the block is anastomosed to long 
saphenous vein (end-to-end) so as to bypass the blood across 
the popliteal block. 


Fig, 1.432: Palma operation for iliofemoral block. Using opposite 
saphenous vein femoral vein is connected to other femoral vein. 


Fig, 1.433: Crepe bandages applied to both legs in bilateral 
varicose veins and DVT. 


Prevention of DVT 


“# Categorise the patient as low/moderate and high risk. Low~ 
risk—young patients undergoing surgery for less than 
30 minutes. Moderate-risk—patients above 40 years 
of age undergoing major surgery. High-risk—one who 
had existing cardiac diseases, stroke, previous history of 
DVT, suffering from malignancy 

'% Mechanical methods—elastic compression bandage; eleva- 
tion; external pneumatic bandage 

“4 Pharmacological—low molecular weightheparin—onceaday 


Care has to be taken to see for proper positioning of legs 
with no pressure on the calf muscles. 

Pressure bandage to the legs has to be applied during major 
surgeries, laparoscopic surgeries. During postoperative 
period, elevation, massaging, pressure bandage, early 
ambulation, maintaining hydration are essential measures. 

Low dose heparin is given in suspected cases, in major 
surgeries and continued during postoperative period till the 
patient is ambulated. 5,000 units is given subcutaneously 
2 hours belore surgery. Low molecular weight heparin is 
preferred drug than heparin as it can be used once a day; 
it does not require monitoring; it does not cause thrombo- 
eytopenia (like heparin); and there is lesser risk of bleeding, 

¢ Various measures like graduated static compression, elastic 
stockings, electrical stimulation of calf muscles, pneumatic 
compression are used to prevent sluggish flow of blood. 

¢ Dextran 70, intravenously 500 ml during surgery and another 
500 ml postoperatively in 24 hours can also be used to 
prevent DVT. 

Smoking increases the viscosity of blood and so should be 
stopped. 

Patients on oral contraceptives or oestrogens should stop the 
drug 6-8 weeks prior to any elective surgery 

Effects and sequelae of DVT 

‘& Pulmonary embolism—15% 

Infection; venous gangrene 

+ Partial recanalisation, chronic venous hypertension around 
the ankle region causing venous ulcers—chronic venous 
insufficiency—CV 

Recurrent DVT—30% 

‘ Propagation of thrombus proximally—20-30% 


ll VARICOSE VEINS 


‘They are dilated, tortuous, elongated veins in the leg. There is 
reversal of blood flow through its faulty valves. 

Itis permanently elongated, dilated vein/veins with tortuous 
path causing pathological circulation. Risk factors being 
heredity; female sex; occupation that demands prolonged 
standing; immobility; raised intra-abdominal pressure like in 
sports, tight clothing, pregnancy, raised progesterone level and 
altered estrogen-progesterone ratio, chronic constipation, high 
heels. Prevalence of varicose veins is 35%; severe varicose 
veins is 10%; chronic venous insufficiency (CVI) is 8%; ulcer 


Classification | 


+ Long/great saphenous vein varicosity. 
 Short/small saphenous vein varicosity 
Varicose veins due to perforator incompetence. 


Classification I 


Thread veins (or dermal flares/telangiectasis/spider veins/ 
Hypen veins are 0.5-1 mm in size): Are small varices in the 
skin usually around ankle which look like dilated, red or 
purple network of veins (emilectasia). Spider naevi/venous 
flares ate common in females, 

# Reticular varices (1-4 mm in size): Are slightly larger varices 
than thread veins located in subcutaneous/subdetmal region. 

% Varicose veins. Dilated palpable subcutaneous veins more 
than 4 mm in diameter (specifically located in saphenous 
compartment). 

& Combination of any of the above. 

Small varicose vein is <4 mm in diameter, Large varicose 
vein is > 4 mm in diameter. 

Corona phlebectatica are blue telangiectasias on the medial 
aspect ofthe foot below the malleolus around ankle level. More 
than 5 such lesions are the best independent predictor of the 
skin changes, 


Fig. 1.434: Varicose veins in lower limbs. 


Pulsatile varicose veins in lower limb is seen in Klippel Trenauny syndrome. 
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1,435A to C: (A) Great saphenous vein varicosiy.(B) Small 


saphenous vein varicosity (C) Perforator incompetence (blow outs). 


Reticular veins 


Fig. 1.436: Thread veins are up to 1 mm diameter; reticular veins 
are 1-4 mm in diameter, 


Classification III 


CEAP Classification of Lower Limb Varicose 
Veins (2004) 


‘Clinical signs (grade 0-6); (A) for asymptomatic or (S) for 
symptomatic presentation 

E_£tiological classification: Congenital (Ec), Primary (Ep), 
Secondary (Es},No venous etiology (En) 

‘A—Anatomic distribution: Superficial (As), Deep (Ad) or Perfo- 
rator (Ap), No venous location identified (An) 

P_Pathophysiologic dysfunction: Reflux (Pr), Obstructive (Po), 
Both, or No pathophysiology identified (Pn) 


‘0—No visible or palpable signs of venous diseases 

1 Telangiectases, reticular veins or malleolar flare 

2Varicose veins 

'3Oedema without skin changes 

4—Skin changes due to venous diseases like pigmentation, 
eczema or lipodermatosclerosis 4a—pigmentation;4b>—lipo- 
dermatosis atrophia blanche 

5—Skin changes as above with healed ulceration 

‘6 Skin changes as above with active ulceration 


Anatomical distribution (A) 
‘As—superficial system: 
1-Telangiectases, reticular veins 
2-Great saphenous vein above the knee—ostial and preter- 
minal 
3-Great saphenous vein below the knee 
4-Small saphnous vein 
5-Nonsaphenous—43% 
Ad—deep system: 
From 6 to 15 
‘Ap—perforator system: 
17-Perforator vein (PV) of the thigh 
18-Perforator (PV) ofthe calf and leg 
‘An—no anatomical lesion identified 


Pathogenesis 


+ Fibrin cufftheory 
‘® White cell rapping theory 


Incompetence of venous valves 
4 
Stasis of blood 
4 


Chronic ambulatory venous hypertension 


Defective microcirculation 
L 
RBC diffuses into tissue planes 
L 
Lysis of RBC’s 
+ 
Release of haemosiderin 
L 
Pigmentation 
4 
Dermatitis 
4 
Capillary endothelial damage 
+ 


Prevention of diffusion and exchange of nutrients 
4 
Severe anoxia 
4 
Chronic venous ulceration (Fibrin cuff theory). 


Inappropriate activation of trapped leucocytes release 
proteolytic enzymes which cause cell destruction and 
ulceration—White cell trapping theory. Fibrin deposition, 
tissue death, scarring occurs together, called as lipoderma- 
tosclerosis. 

Secondary valvular failure — venous reflux + venous wall 
dilatation — effects, Weakening of the venous endothelial 
wall and valves occur due to raised venous wall tension by— 
(2) Shearing stress pressures of blood flow, (2) Increased 
‘matrix metalloproteinases (MMPs) activity on endothelium 
and smooth muscle cells reducing structural integrity of 


venous wall with decreased elastin content in the media of 
the vein, (3) Changes in normal venous constriction and 
relaxation properties, (4) Recurrent inflammation. 

Venous system in the lower limb is maintained by—(1) 
Vahular competence, (2) Venous patency, (3) Calf muscle 
pump Which is venous channel/plexus within the soleus 
muscle. Any change in any of these systems can cause 
‘venous insufficiency. 

Chronic venous insufficiency (CVI) is a syndrome resulting 
from continuous chronic venous hypertension/ambulatory 
‘venous hypertension [AVP] (> 80 mmHg venous pressure 
at ankle) in the erect posture either on standing or exercise 
(in normal people venous pressure in superficial system falls 
during calf contraction). CVI consists of postural discomfort, 
varicose veins, oedema, pigmentation, induration, derma- 
titi, lipodermatosclerosis and ulceration, CVI patients may 
be having superficial vein incompetence (30%) with or 
without perforator incompetence or deep vein incompetence 
(30%) or having previous DVT with complete obliteration 
or partial recanalisation with incompetence called as post- 
thrombotic syndrome (30%). 

Varicose vein is a condition of progressive deterioration 
even often with interventions. 


Figs 1.437A and B: Lipodermatosclerosis is pigmentation, 
thickening, and induration of the skin due to venous diseases, 


Aetiology of Varicose Veins 


Varicosities are more common in lower limb because of erect 
posture and long column of blood has to be supported which 
can lead to weakness and incompeteney of valves. Incidence 
is 5% of adult population, 
% Primary varicosities due to: 
» Congenital incompetence or absence of valves. 
> Weakness or wasting of muscles—defective connective 
tissue and smooth muscle in the venous wall 
> Stretching of deep fascia 
> Inheritance (family history) with FOXC2 gene. 
> Klippel-Trenaunay syndrome, avalvulia, Parkes- Weber 
syndrome. Here varices are of atypical distribution 
# Secondary varicosities: 
> Recurrent thrombophlebitis 
> Occupational—standing for long hours (traffic police, 
guards, sportsman). 


Fig, 1.438: Bilateral varicose veins with pigmentation, ulcer and 
lipodermatosclerosis 


Fig. 1.439: Long saphenous vein Fig. 1.440: Long saphenous vein 
varicosity. varicosity on the medial aspect. 


Venous claudication is acute bursting pain on ambulation due to chronic venous insufficiency. 
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Clinical Features 


—Symptomsinvaricose veins 
4 Dragging pain, postural discomfort 
ness in the legs 


-usually late night 
(feature of CVI) 


4% Discolouration/ulceration in the feet/painful walk 


+ Increased venous wall tension—chronic venous hypertension 
Hypoxia of tunica media of the venous wall due to altered 

function of vasa vasorum 

Increased capillary pressure 

Hyperviscosty of ted cells—haemortheological disorders 

Platelet hyperaggregation: 

Fig. 1.441; Ankle flare seen around ankle, which eventually leads Reduction in capillary permeability causing capillary func- 

into complication of varicose veins. tional disorder 
+ Altered cutaneous microcirculation due to leukocyte adhe- 

sion and accumulation into the venous wall release of free 
radicals cause microvascular lesional disease 


e 


eeee 


> Obstruction to venous return like abdominal tumour, 
retroperitoneal fibrosis, lymphadenopathy, ascites, 

» Pregnancy (due to progesterone hormone), obesity, 
chronic constipation == 

> AV malformations—congenital or acquired. is 

» Iliac vein thrombosis. xs 

> Tricuspid valve incompetence. 


Can be localised or generalised 
Localised oedema is due to ankle flare or dilatation of me 
marginal vein 

Cellulitis and lymphangitis association causes oedema 


Sites where varicosities can occur ‘ Scarring and thickening of dermal and subdermal tissues— 


+ Lowerlimb ‘ipodermatoscerosis (brawny induration) 
% Parnpinitorm plesus of veins ‘& Ankle becomes narrower due to contraction of skin and 
‘© Vulva, perineum subcutaneous tissues but calf remains prominent—cham- 
+ Sites of portosystemic anastomosis pagne battle appearance 


+ Paleatrophic skin with white patches surrounded by dilated 
Predisposing factors for varicose veins are—age, sex, race, _“@pilaries and pigmentation—atrophic blanche 

obesity, height, left > right, occupation, family history, erect 

posture It is more common in females (10 : 1). Often itis familial. 
Familial varicose veins begin in younger age group, seen 
bilaterally, involves all veins including deep veins. 


Signs 

% Visible dilated veins in the leg with pain, distress, nocturnal 
cramps, feeling of heaviness, pruritus. 

Pedal oedema, pigmentation, dermatitis, ulceration, tender- 
ness, restricted ankle joint movement. 

% Bleeding, thickening of tibia occurs due to periostitis. 

% Positive cough impulse at the saphenofemoral junction. 

 Saphena varix—a large varicosity in the groin, which 
becomes visible and prominent on coughing. 

 Brodie-Trendelenburg test: Vein is emptied by elevating 
the limb and a tourniquet is tied just below the sapheno- 
femoral junction (or using thumb, saphenofemoral junc 
tion is occluded), Patient is asked to stand quickly. When 


Fig, 1.442: Typical site of venous ulcer, Note the pigmentation and 
chronicity. 


Saphena varix 


Lsv 


Fig. 1.443: Site of saphena varix—in the lower part of groin just 
‘below the inguinal ligament. 
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Tourniquet applied Tourniquet released 


Fig. 1.444: Brodie-Trendelenburg test. Note the reversal of blood 
flow while releasing the tourniquet. 


Figs 1.445A and B: Tourniquet tests for long saphenous vein and 
short saphenous vein, 


tourniquet or thumb is released, rapid filling from above 
signifies saphenoemoral incompetence. This is Trende- 
lenburg test I 

In Trendelenburg test I, after standing tourniquet is not 
released. Filling of blood from below upwards rapidly can 
bbe observed within 30-60 seconds. It signifies perforator 
incompetence. 

Perthe’s test: The affected lower limb is wrapped with 
clastic bandage and the patient is asked to walk around and 
exercise. Development of severe cramp like pain in the calf 
signifies DVT. 

Modified Perthe’s test: Tourniquet is tied just below the 
saphenofemoral junction without emptying the vein. Patient 
is allowed to have a brisk walk which precipitates bursting 
pain in the calf and also makes superficial veins more 
prominent. It signifies DVT. 


DVT is contraindicated far any surgical intervention of 


superficial varicose veins. It is also contraindicated for 
sclerosant therapy. 

Three tourniquet test: To find out the site of incompetent 
perforator, three tourniquets are tied after emptying the vein, 
> At saphenofemoral junction 

> Above knee level 

» Another below knee level 

Patient is asked to stand and looked for filling of veins and 
site of filling. Then tourniquets are released from below 
upwards, again to see for incompetent perforators, 
Schwartz test: In standing position, when lower part of the 
long saphenous vein in leg is tapped, impulse is felt at the 
saphenous junction or at the upper end of the visible part 
of the vein, It signifies continuous column of blood due to 
valvular incompetence, 

Pratt's test: Esmarch bandage is applied to the leg from 
‘below upwards followed by a tourniquet at saphenofemoral 
junction, Afler that the bandage is released keeping the 
tourniquet in the same position to see the “blow outs” as 
perforators 

Morrissey’s cough impulse test: The vaticose veins are 
emptied, The leg is elevated and then the patient is asked to 
cough, If there is saphenofemoral incompetence, expansile 
impulse is felt at saphenous opening, Itisa venous thrill due 
to vibration caused by turbulent backflow: 

Fegan’s test: On standing, the site where the perforators 
center the deep fascia bulges and this is marked. Then on 
lying down, button like depression (crescent like) in the 
deep fascia is felt at the marked out points which confirms 
the perforator site. 

Jan-Aird test: On standing, proximal segment of long 
saphenous vein is emptied with two fingers. Pressure from 
proximal finger is released to see the rapid filling from above 
which confirms saphenofemoral incompetence. 
Examination of the abdomen has to be done to look for 
pelvic tumours, lymph nodes, which may compress over 
the veins to cause varicosity 


Everybody is in favour of progress. It is the change they don't like. 
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Fig, 1.446: Bilateral varicose veins. Note the tortuous long 
saphenous vein, 


Score 0 
Score 1 


‘Asymptomatic 
‘Symptomatic but able to carry out 

‘activities without any therapy 

‘Symptomatic—can do activities only 

‘with compression/iimb elevation 
‘Symptomatic—unable to do daily activities even with 
‘compression or limb elevation 


Score2 


Score 3 


Venous segmental disease score (venous clinical scoring 
system) is done based on different symptoms/signs/ulcer 
activity/compression therapy with 10 parameters with each 
having 3 scores as mild/moderate/severe. 


Complications of Varicose Veins 


4 Haemorrhage: Venous haemorrhage can occur from the 
ruptured varicose veins or sloughed varicose veins, often 
torrential, but can be controlled very well by elevation and 
pressure bandage 

Pigmentation, eczema and dermatitis. 

¢ Periostitis causing thickening of periosteum. It delays 
healing of ulcer due to poor perfusion of ulcer bed. 

Venous ulcer 

 Marjolin's ulcer—due to unstable scar of long duration — 
very well differentiated squamous cell carcinoma. 

 Lipodermatosclerosis. 

¢ Ankylosis of the ankle joint is due to fibrosis of soft tissues 
around ankle joint—fibrous ankylosis 

% Talipes equinovarus, wherein patient walks on the tip of 
toes like horse. 

Deep venous thrombosis per se due to varicose vein is rare 
but can occur if there is associated deep vein disease or 
recurrent thrombophlebitis. 

Calcification of the wall of varicose veins or of sclerosed 
soft tissue. 

¢ Recurrent thrombophlebitis, clot formation on the superficial 
system often at perforator level which often get infected 
causing fever and tenderness over the spot. 


Investigations 


© Venous Doppler: 

> With the patient standing, the doppler probe is placed. 

at saphenofemoral junction and later wherever required. 

Basically by hearing the changes in sound, venous 

flow, venous patency, venous reflux can be very well- 
identified. 

> Doppler test: When a hand held Doppler (continuous 

wave 8 MHz flow detector) is kept at SFJ, typical 


.appler machine to assess venous system and its 
problems. 


| | Behine 


nous haemodynamic mapping (VAM) 
of the lower limb. 


audible, ‘whoosh signal’ > 0.5 sec while performing 
Valsalva manoeuvre is the sign of reflux at SFJ. It is 
also used at SPJ and at perforators. Note: All clinical/ 
phlebotogical tests mentioned above have been super- 
seded by Doppler test. Doppler test is considered to 
be a clinical method. 
© Duplex sea 
> Itisa highly reliable U/S Doppler imaging technique 
(hete high resolution B mode ultrasound imaging 
and Doppler ultrasound is used) which along with 
direct visualisation of veins, gives the functional and 
anatomical information, and also colour map. Exami- 
nation is done in standing, lying down position and 
also with Valsalva manoeuvre, Hand-held Doppler 
probe is placed over the site and visualised for any 
block and reversal of flow. DVT is very well-identified 
by this method. 
> Femous haemodynamic mapping/VHM/Cartography is 
essential prior to surgery. 


Note: 
Proper venous haemodynamic mapping (VHM) is essential. 


+ To find out OVT—very important 

+ To find out saphenofemoral, saphenopopliteal incompe- 
tence 

+ To find out perforator incompetence 

'& Uniphasic signals signify flow in one direction—normal 

+ Biphasic flow signifies reversal flow with incompetence 


> Digitally coded free flow (B flow) USG (Professor 
Feder Lurie of Hawaii) allows simultancous visu- 
alisation of flowing blood/blood cells and surrounding 
stationary structures to give proper haemodynamic 
imaging with functioning mechanism of venous valves, 
valve leaflets and flow across leaflets. This may be the 
ideal tool of investigation in future. 


¢ Venography: 

» Ascending venography was very common investigation 
done before Doppler period. 

A tourniquet is applied above the malleoti and vein of 
dorsal venous arch of foot is cannulated. Water soluble 
dye injected, flows into the deep veins (because of the 
applied tourniquet). X-rays are taken below and above 
knee level. Any block in deep veins, its extent, perforator 
status can be made out by this. 

It is a good reliable investigation for DVT. 

IfDVTis present, surgery or sclerotherapy are contrain- 
dicated. 

» Descending venogram is done when ascending veno- 
gram is not possible and also to visualise incompetent 
veins, Here contrast material is injected into the 
femoral vein through a cannula in standing position 

X-ray pictures are taken to visualise deep veins and 
incompetent veins, 


Figs 1.449A and B: Duplex scan for venous diseases of lower limb 
should also be done in standing position. 


4 Descending phlebography identifies valvular incompetence 
& Regularly not required to be done 


% Plethysmography: 
> It is a noninvasive method which measures volume 
changes in the leg. It gives fimctional information on. 
venous volume changes and calf muscle pump insut- 

ficiency. 

> Photoplethysmography: Using probe transmission of 
light through the skin, venous filling of the surface 
venules which reflects the superficial venous pressure 
tially patient performs dorsiflexion at 
es to empty the venules and pressure 
tracing falls in photoplethysmography. Patient takes rest 
and refilling occurs. In normal people, it occurs through 


An ounce of action is worth a ton of theory. 
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arterial inflow in 20-30 seconds. In venous incompetence 
filling also occurs by venous reflux and so refilling time 
is faster than normal 
Disadvantage: Site of reflux cannot be localised by this 
method. 

» Air plethysmography: Patient is initially in supine 
position with veins emptied by elevation of leg. Air 
filled plastic pressure bladder (inflatable polyurethane 
cutf filled with air) is placed on calf to detect volume 
changes. Minimum volume is recorded. Patient is turned 
to upright position and venous volume is assessed. 
Maximum venous volume divided by time required 
to achieve maximum yenous volume gives the venous 
filling index (VFI). VEL is a measure of reflux, Ejection 
fraction is volume change measured prior and after 
single tiptoe manoeuvre which is a measure of calf pump 
action. Residual venous fraction is an index of overall 
venous function which is venous volume in the leg after 
ten toctip manoeuvres divided by venous volume prior 
to manoeuvre, Increased VFT and diminished ejection 
fraction in a patient will benefit from surgery 

% Ambulatory venous pressure (AVP): 
It is an invasive method. Needle inserted into dorsal vein 
of foot is connected to transducer to get its pressure which 
is equivalent to pressure in the deep veins of the calf. Ten 
tiptoe manoeuvres are done by the patient. With initial rise 
in pressure, pressure decreases and eventually stabilises 
with a balance. Pressure now is called as ambulatory venous 
pressure (AVP). After stopping exercise, veins are allowed 
to refill with return of pressure to baseline. Time required 
for pressure to return to 90% of baseline is called as venous 
refilling time (VRT). Raise in AVP signifies venous hyperten- 

sion, Patients with AVP more than 80 mmHg has got 80% 

chances of venous ulcer formation. 

¢ Arm-foot venous pressure: 
Foot pressure is not more than 4 mmHg above the arm pres~ 

* U/S abdomen, peripheral smear, platelet count, other 
relevant investigations are done depending on the cause of 
the varicose veins. 

¢ Ifvenous ulcer is present, then the discharge 
culture and sensitivity, biopsy from ulcer edge is taken to 
rule out Marjolin’s ulcer. 

# Plain X-ray of the part is taken to look for periostitis. 

 Varicography: 

Here nonionic, iso-osmolar, nonthrombogenic contrast 

is injected directly into the variceal vein to get a detailed 

anatomical mapping of the varicose veins. Itis used in recur- 
rent vaticose veins, 


Differential diagnosis 
‘@ Lymphoedema 
‘ AV malformation 
® Orthostatic oedema 
@ Renal and cardiac disease 
‘@ Hepatic causes 
@ Vasculitis 
@ Metabolic diseases like gout, myxoedema, and morbid 
obesity 
& Chronic infections like tuberculosis, syphilis 


collected for 


Trea’ 


tment 


© Conservative treatment: 


Elastic crepe bandage application from below upwards 
or use of pressure stockings to the limb—pressure 
gradiant of 30-40 mmHg is provided. 

Diosmin therapy which increases the venous tone. 
Elevation of the limb—relieves oedema. Two short 
times, during day and full night, elevation of foot with 
feet above the level of heart and toes above the level of 
nose is the method. 

Unna boots—provide nonelastic compression therapy. 
It comprises a gauze compression dressings that contain 
Zine oxide, calamine, and glycerine that helps to prevent 
further skin break down. It is changed once a week. 
Pneumatic compression method—provide dynamic 
sequential compression 

‘These methods reduce the AVP, reduce transcapillary 
fluid leakage by increasing SC pressure and improve 
cutaneous microcirculation. 


© Drugs used for varicose veins: 


» 


Calcium dobesilate—S00 mg BD. Calcium dobesilate 

improves lymph flow; improves macrophage mediated 

proteolysis; and reduces oedema. 

Diosmin—450 mg BD, 

Diosmin 450 mg + Hesperidin 0 mg (DAFLON 500 

mg). Mainly used in relieving night cramps but not to 

improve healing of ulcers. 

‘Toxerutin 500 mg BD, TID. Antierythrocyte aggregation 

agent which improves capillary dynamics, 

Diosmin is micronized purified flavanoid fraction. It 

protects venous wall and valve, and itis anti-inflamma- 

{ory, profibrinolytic, anti-oedema, lymphotropic. 

Benzopyrones, saponins, plant extracts, Ruscus (venular 

«1 adrenergic receptor partial agonist) coumarins are 

different drugs used 

Benefits of all these drugs are doubtful 

Inj 
» 


jection—sclerotherapy: 

Fegan’ technique: By injecting sclerosants into the vein, 

complete sclerosis of the venous walls can be achieved. 

Indications 

— Uncomplicated perforator incompetence. 

— In the management of smaller varices—reticular 
veins, thread veins (telangiectasis) 

~ Recurrent varic 

— Isolated varicosities. 

— Aged/unfit patients 


‘Sclerosants used are? 
Sodium tetradecy! sulphate 3% (STDS) —commonly used. 
Sodium morrhuate 
Ethanolamine oleate 
Polidocanol 


‘Mechanisms of action 
Causes aseptic inflammation 
Causes perivenous fibrosis leading to black. 
Causes approximation of intima leading to obliteration by 
endothelial damage 
Alters intravascular pH/osmolality 
Changes surface tension of plasina membrane 


— A23 gauge needle is inserted into the vein (3-8 mm 
sized) and vein is emptied. 0.5-1 ml of sclerosant is 
injected into the vein and immediately compression is 
applied on the vein (prevent the entry of blood which 
may cause thrombosis, which later gets recanalise, 
further worsening the condition) so as to allow the 
development of sclerosis and to have proper endothe- 
lial apposition, 

~ Usually injection is started at the ankle region and 
then proceeded upwards along the length of the 
veins at different points. Later pressure bandage is 
applied for six weeks. Ofien injections may have to 
be repeated at 2-4 weeks intervals for 2-4 sessions 
“Technique is called as macrosclerotherapy. 

~ Entrapped blood may require to be evacuated after 14 
days which is often essential to prevent recanalisation. 

> Microsclerotherapy: 

Very dilute solution of sclerosing agent like STDS, (0.1% 

of 0.1 ml—dilute) Polidocanol is injected into the thread 

veins and reticular veins followed by application of 
compression bandage (30 G needle). Dermal flare will 
disappear well by this method. 

> Transillumination microsclerotherapy (vein—lite) 

It i better imaging of the veins using light generated 

by halogen bulb with high quality fibre illumination 

over the skin uniformly and passing 30 gauge needle 
for microsclerotherapy. 

+ Foam sclerotherapy by Tessari: 

— STDS taken ina syringe is passed rapidly into another 
syringe which contains air to result in formation of 
foam, I ml of STD is mixed with 4 ml of air to make 
5 ml of foam which is injected to vein, Total 6 ml 
maximum of STDs with 30 ml foam can be used. 
This foam in much larger quantity is injected into 
the superficial vein, Air get absorbed between foam 
and endothelial lining is destroyed, Foam mi 
thrombosis by pushing the blood out ofthe sit 
vessel where action is needed, Polidocanol/STDs is 
used for foam sclerotherapy. 

— Advantages: Cheap, technically easy, easily avail- 
able, OPD procedure, can be repeated many times, 
anaesthesia is not needed, can be used along with 
other procedures for varicose veins. 

— Complications: Headache, transient blindness, stroke, 
air embolism, thrombophlebitis, pain over injected 
site, pigmentation 
Contraindications: Peripheral arterial disease, DVT. 
> Echosclerotherapy: 
clerotherapy is done under duplex ultrasound image 

guidance. 

» Catheter directed sclerotherapy: 

It is devised at Miami vein clinic with specific catheter Figs 4.4504 toc: Technique making foam and injecting into the vein. 
for sclerotherapy. This catheter has got side holes all 4 mt air with 1 ml STD is mixed vigorously using 3 way stopcock and 
around the specific length for uniform contact of venous two ml syringes. Created foamis injected into the vein immediately 
wall with the foam, It also has got a balloon at the tip Tota of 6 mi STD (30 ml foam) can be injected. 
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INR (International Normalised Ratio): Ratio of measured PT to a mean lab control PT corrected for 
the sensitivity of thromboplastin 


it (collapses the quantum state) and changes it to action potential (classical state) and send it through 
‘membranes of axons of the brain neurons (classical channel). Brain (Bob) can reconstruct the initial state 
of photon (unknown quantum state) to process it to emerge consciousness. Our arguments for this 
simulation are below conclusions: 
Orch OR [14], [15]: There is quantum processing in the neurons of the brain (there is a quantum 
channel between retina and brain) 
Tegmark [13]: Displacement of ions through membranes of brain neurons is a classical 
phenomenon (action potentials are classical signals and membranes of neurons are classical 
channels), 
Thaheld (11},{12|: Superposed photons do collapse in the retina (the quantum state is collapsed 
by the sender [Alice]). 
We assert that they describe different aspects of the teleportation mechanism. We simulate visual 
consciousness with the teleportation mechanism as shown in Table 5-1 


Table 5-1 Simulation ofthe transferring visual information from the eye to the brain to the Teleportation mechanism, 


‘Human Brain Quantum Teleportation Mechani 
Retina ‘Alc 
‘Membrane of axons in neurons Classical channel 
Cytoskeletal structures Entangled channel (quantum channel) 
Visual cortex Bob 


‘Action potentials 


Now we want to investigate this teleportation mechanism via teleporting of entangled coherent states 
through visual pathways in more details. We will show how photon states are constructed in the visual 
cortex. 


6) Teleportation of Entangled Coherent States through Visual Pathways 


Super radiance and self induced transparency [49] besides Froehlich oscillations can cause the coupling of 
MT dynamics over wide areas and take them into a superposition and a coherent state. While in 
superposition, tubulins communicate with entangled tubulins in the same manner, and in MTs in 
neighboring neurons, and through macroscopic regions of the brain via tunneling through gap junctions 
and possibly tunneling nanotubes [50]. As we have already said, retina and the visual cortex are entangled 
with each other. Thus there is a quantum channel between retina and the visual cortex which is composed 
of microtubular structures. MTS interact with membrane structures mechanically by linking proteins, 
chemically by ions and second messenger signals, and electrically by voltage fields. The transduction of 
light into electrical signals takes place in the photoreceptors. Except for the ganglion cells, none of the 
retinal cells display action potentials [51]. 
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Balloon inflation port 


Bladder valve port —: 


Infusion length 


Intusion po ——"" proximal Distal black Infating 
Pick mark mate talon 
Fig. 1.451: Catheter directed sclerotherapy. 


eeeeee 


which after inflation blocks the SFJ thus preventing 
embolization of foam. It has got three external ports one 
for balloon inflation; one for bladder valve port; one for 
injection, This technique is under trial 


cm Contraindications for sclerotherapy 


Saphenofemoral incompetence 
Deep venous thrombosis 

Huge varicosities—may precipitate DVT 
Peripheral arterial diseases 
Hypersensitivity/immobility 

Venous ulcer—relative contraindication 


Advantages of sclerotherapy 


> Itcan be done as an outpatient procedure. 
> Itdoes not require anaesthesia. 


Disadvantages of sclerotherapy 


> Inadvertent subcutaneous injection can cause skin 


necrosis or abscess formation. 
Anaphylaxis, vasovagal shock, allergy. 
Hyperpigmentation. 

‘Thrombophlebitis 

Deep venous thrombosis can occur. 

Inadvertent intra-arterial injection—serious complication. 
Intravenous haematoma, 

‘Temporary ocular disturbances, 

Skin staining, injection ulcers, persistent local pain. 


Current place of sclerotherapy is mainly for recurrent varicost- 
ties and thread/telangiectatic veins 

Sodium tetradecyl sulphate (STDS) is most commonly used 
sclerosant 

Hyperpigmentation is common after STDS 

‘Anaphylaxisis common after sodium morhuate 
Anaphylaxisis least with polidocanol 

Extravasation (presence of pairvititation/burning) should be 
avoided as it will cause skin necrosis 

Postsclerotherapy walking immediately after injection for 
'30 minutes with elastic bandage in place prevents/minimises 
the chances of DVT 

‘Compression bandage should be worn for minimum period 
of 6 weeks 

Sclerotherapy can be—macrosclerotherapy; microscle- 
rotherapy; echo (ultrasound guided) sclerotherapy; foam 
sclerotherapy; transilluminated sclerotherapy 


Indications for interventional procedures: To relieve 
Complaints which are relevant like pain, discomfort; to 


Fig. 1.452: Veins should be marked just prior to surgery using 
‘marking ink 
reverse Complications like skin changes, ulcers, bleeding, 
superficial thrombophlebitis, lipodermatosclerosis; 
‘Cosmesis; prophylaxis (not well accepted). 
© Surgery: 
> Trendetenburg operation (Crossectomy) 

It is juxtafemoral flush ligation of long saphenous vein 

(ic. flush with femoral vein), after ligating named 

(superficial circumflex, superficial external pudendal, 

superficial epigastric vein), deep extemal pudendal vein 

and unnamed tributaries. All tributaries should be ligated, 
otherwise recurrence will occur. Double saphenous vein 
is the most common anomaly occurring near sapheno- 

‘venous junction. 

> Stripping of vein 

~ Using Myer’s stripper vein is stripped off. Stripping 
from below upwards is technically easier. Immediate 
application of crepe bandage reduces the chance of 
bleeding and haematoma formation. Stripping avulses 
the vein as well as obliterates the tributaries. Babcock’s 
stripper and rigid metal pin stripper can also be used. 

~ Two methods of stripping are used: (1) Extralu- 
minal collision technique using Myer’s stripper 
(Acorn head stripper, 73 em long) is practiced 
since long time; but it damages the adjacent tissue, 
causes infection, postoperative pain, discomfort and 
haematoma along the stripped tract with possibility 
of revascularisation of the tract haematoma. (2) 
Invagination technique is better with less damage 
to adjacent tissue. Codman stripper is used for 
invagination technique. 

— Stripping of the short saphenous vein is done from 
ankle below upwards after passing stripper from above 
downwards. It obliterates the mid calf perforator vein 
‘which is the common reason for recurrences. 

~ Complications of stripping: Saphenous neuralgia 
(1%) due to saphenous nerve injury/avulsion; numb- 
ness and tingling along femoral nerve distribution; 
haematoma; infection; ulceration; recurrence of the 


disease is common (30%) which is not due to any 
technical default but due to progression of disease 
itself by neo-angiogenesis and re-vascularisation. 

— Stripping is not usually done for the veins in the lower 
part of the leg in LSV. 

~ ‘Stripping of the vein is more effective than just liga- 
tion at the junction. 


*. 
‘Antero 
superior 
Fig. 1.453: Linton's vertical approach for subfascial perforator maephe: 
ligation in the leg. 


Incision 
sv 


Fig. 1.455: Incision for juxtafemoral flush ligation of long, 
saphenous vein (Trendelenburg operation). 


Detachable tip 


Figs 1.454A and B: Photo of Myer’s stripper with Olive tips and 
‘also diagrammatic look of the same. 


‘Aman without purpose is like a ship without rudder. 
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Figs 1.4568 to C: Saphenafemoral junction and its ligation. 
“Tributaries are well seen, 
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Fig. 1.457: Stripper knob on the distal part of the vein before 
stripping of the vein. 


Figs 1.458C and D 
Figs 1.458A to D: Long saphenous vein stripping. Note the stripped 
Vein. Stripping is better than just ligation at the junction, 


“nverting or invaginating stripping’ using rigid 
Oesch pin stripper is better as postoperative pain 
and haematoma is less common and also tissue 
damage. Vein should be very firmly fixed to the end 
of the stripper and pulled out to cause the inverting 


of the vein. 
Stripping of short saphenous vein is more beneficial 
than just ligation at saphenopopliteal junction. It is 
done from above downwards using a rigid stripper 
to avoid injury to sural nerve. 

> Subfascial ligation of Cockett and Dodd: 
Perforators are marked out by Fegan’s method. 


Sr Perforators are ligated deep to the deep fascia through 


Figs 14588 and 8 incisions in anteromedial side of the le 


Typical perforator ligation. 


Fig. 1.460: Cockett and Dodd subfascal ligation of perforators 
using multiple small horizontal incisions. 


» Ligation of short saphenous vein at saphenopopliteal 
junction, It is done in prone position with horizontal 
incision, Variations in SP junction are common, But 
stripping is better. 

> Linton’s vertical approach—subtascial ligation of 
perforators. 

» Stab avulsion of varicose vein and perforators (Fig. 
1.461): Avulsion is done using mosquito forceps or avul- 
sion hooks—hook phlebectomy. It is popular method, 
also used along with other minimal invasive techniques 
like EVLA, RFA. Multiple incisions are made and veins 


are carefully and gently avulsed/teased to clear it. Post- 
operative compression bandage is 4 must. 
Minimally invasive methods: 
«4. Subfascial endoscopic perforator ligation surgery (SEPS) 
— A sspecial telescope is introduced deep to deep fascia 
through a single small vertical incision at proximal 
leg selecting healthy skin. Potential space between 


‘Mosquitofhook 


Fig. 1.461: Avulsion of the perforator using hook or mosquito 
forceps through a small skin incision. 


muscle and deep fascia with loose areolar tissue is, 
easy to dissect using endoscope. Technique is done 
under tourniquet 300 mmHg pressure. Endoscope 
is advanced down along the medial border of the 
tibia. Perforators travelling in subfascial plane are 
identified and fulgurated using bipolar cautery or 
clips can be applied into the perforators. It is recom- 
mended in chronic venous insufficiency (CVI). But 
its limitation is difficulty in getting ‘lift off” skin in 
cases with severe lipodermatosclerosis to identity 
the perforators 


Through working channel clip, 
applicator or diathermy instrument 
ispassed 


Visual side may be 
connected to a monitor 


Incision for SEPS 


Fig. 1.462: Subfascial endoscopic perforator ligation surgery (SEPS). 


4. Radiofrequency ablation (RFA) method (VNUS closure 
method) (VNUS medical technologies Inc; Sunnyvale, 
CA, USA) (by Goldman 2000); 

‘This procedure is done under general or regional anaes- 

A RFA catheter is passed into long/ short saphe- 

nous vein near saphenofemoral or sapheno-popliteal 

junction under guidance. 85°C temperature is used 
for longer period of time to cause endothelial damage, 
collagen denaturation and venous constriction. Phiebec- 
tomy is done while withdrawing the catheter. Wall of the 

vein is destroyed through its full thickness. Vein forms a 

cord, which gets dissolved by macrophages and immune 

cells. 
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¢ Trivex method: 
Under subcutaneous illumination and local anaesthesia, 
a large quantity of fluid is injected percutaneously to 
identity the superficial veins under. Tumescent anaes~ 
thesia created causes hydrodissection, Trivex resector 
and illuminator are placed under the skin. Resector gently 
extracts veins by suction and morcellation. Further stages 
of tumescence flushes all blood and delivers vasocon- 
striction solutions. Solution is passed through 18 gauze 
le to clear all blood underneath, Method is cosmeti 
cally acceptable; removes all sized veins; achieves good 
pain relief; with minimal complications like bruising, 
induration which gets resorbed eventually; and can be 


used when there are venous ulcers. 
4. Endovenous laser ablation (EVLA): 
It is done as an outpatient procedure or as day- 


are surgery. 
Patient lies supine with diseased leg flexed, hip externally 
rotated and knee flexed. With aseptic precaution, under 
U/S guidance LSV is cannulated above the kni 
guide wire is passed beyond SFJ and 5- French catheter 
is passed over guide wire and tip is placed 1 em distal to 
the junction. 200 ml of 0.1 % lignocaine (crystalloid with 
local anaesthetic) is infiltrated along the length of the LSV. 
cd up to the tip of the catheter and 
catheter is withdrawn for 2 em and laser fibre protrudes 
for2.cm. Laser fibre is fired step by step using diode laser 
(810-1470 nm diode laser energy), one mm withdrawal in 
2 seconds. Once procedure is over catheter is removed and 
pressure bandage is applied for 2 weeks. Heat produced 
(729-1000°C at tip) by the laser produces steam bubbles 
with thermal damage of endothelium leading into occlu- 


and a 


Laser fibre is ins 


sion of the vein. Laser energy acts on the blood within the 
vein rather directly through the wall and heats the blood 
and in turn heats the vein wall. Drawback of laser therapy 
is inability to create flush occlusion allowing tributaries 
to open up to cause possible recurrence. 
Complications of EVLA: Pain; ecchymosis, haematoma, 
skin burns, difficulty in cannulating the unsuitable vein 
ifselected; DVT; sensory disturbances, infection. 
Note: 
EVLA has got 95% efficacy. Tumescent anaesthesia is 
prepared by mixing 5000 ml of normal saline, 30 ml of xylo- 
caine 1% with adrenaline, 30m of & 4% sodium bicarbonate. 
It is injected using long needle along the length adjacent 
to vein to cause tamponade and to prevent heat burn on 
the surface, 
€. Other methods: 
Transilluminated phlebectomy is done by passing 
transilluminating light under the skin and passing a 


rotating blade through another small incision. Veins 


are grasped and removed by rotating movements, 
Ambulatory phlebectomy is done through tiny small 
incisions using special phlebectomy instruments, 

Electrodessication using weak electric current 


through a fine needle directly into the spider veins 
(Iclangiectasis) is also used. 


‘x 


Figs 1.463A to D: Endovenous laser ablation (EVLA) for 


“ Infection—10% 

4 Haematoma formation 

# DVT—001% 

4 Saphenous neuralgia, sural nerve injury 
& Recurrence 


Note: 
Contraindication for surgery is deep vein thrombosis (DVT). 


@ VENOUS ULCER (Gravitational Ulcer) 


Itis the complication of varicose veins or deep vein thrombosis. 


Pathogenesis of Venous Ulcer 


Varicose veins or DVT which are recanalised, eventually causes 
chronic venous hypertension around ankle 


‘Causes haemosiderin deposition in the subcutaneous plane 
frm sed RBCs 


Eczema 
t 
Dermatitis 


L 


Lipodermatosclerosis, 


Fibrosis 
L 
Anoxia 


L 


Ulceration 


Ambulatory venous hypertension is the prime cause of 
‘venous ulcer formation. Venous hypertension may be gravi- 
tational which is due to hydrostatic pressure by weight of 
blood column from the right atrium (ydrostatic reflux) which 
is maximum at foot and ankle OR dynamic which is due to 
‘muscular contraction across the incompetent perforator with a 
hhigh pressure up to 200 mmHg (ydrodymamic reffux). There is 
‘peculiar recycling of blood from deep veins — femoral vein 
= spillage of blood across incompetent SFI into LSV / GSV 
— passage of same blood across perforators into the deep veins 
to reach femoral vein + again to enter the LSV as spillage 


Fig. 1.464: Venous ulcers in the lower limb. 


White cell trapping’ theory and “fibrin cuff” theory; release of 

free radicals; increased matrix metalloproteinases (MMPs); 

abnormal fibroblast activity; inhibition of growth factors; are 
other causes of venous ulcer formation. 

# Area where venous ulcer commonly develop, is around and 
ahove the medial malleoli because of presence of large 
number of perforators which transmit pressure changes 
directly into superficial system. This area is called as 
Gaiter’s zone. Itean also be on both malleoli 

# Ulcer is often large, nonhealing, tender, recurrent with 
secondary infection. Vertical group of inguinal lymph nodes 
are usually enlarged and tender. 


Fig. 1.465: Gaiter’s zone. It is handbreadth area around malleoti 
where complications of venous disease occurs. Word gaiter (French) 
Is aleather/cloth covering for lower leg and ankle. 


i 


Fig. 1.466: Champagne bottle sign/inverted beer bottie sign is seen in 
lipodermatosclerasis due to prominent calf with narrow ankle contracted 
‘kin and subcutaneous tissue. Sign is often observed in DVT also. 


Everything has its beauty but not everyone sees it. 
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Often it leads to scarring, ankylosis, Marjolin’s ulcer forma- 
tion. Slough from the ulcer bed may give way causing 
‘venous haemorrhage. 

% Periostitis is common which also prevents ulcer from 
healing, 

Most of the venous ulcers have surrounding lipodermato- 
sclerosis. Lipodermatosclerosis is pigmentation, thickening, 
chronic inflammation and induration of the skin in calf and 
around ankle. 

Due to regular walking on toes so as to relieve the pain 
causes contraction and extra-articular fibrosis of achilles 
tendon. Proper exercise is the remedy for—talipes equino- 


Note: 
70-80% of leg ulcers are venous uleers. 


Differential Diagnosis 


# Ischaemic ulcer, diabetic ulcer. 
Rheumatoid ulcer, 

¢ ‘Traumatic ulcer. 

Neuropathic ulcer, 

Neoplastic ulcer. 


Investigations 


Discharge from the ulcer for culture and sensitivity. 

¢ X-ray of the area to look for periostitis. 

¢ Biopsy from the ulcer edge to rule out Marjolin’s ulcer. 

# Investigations to rule out other causes of leg ulcers like 
arterial; neurological; diabetes; sickle cell disease and other 
haemolytic diseases. 

Erythrocyte sedimentation rate; C-reactive protein, periph- 
eral smear; red cell counts. 

 Doppler—venous and often arterial 


Treatment 


© Bisgaard method of treating venous ulcer: 

> Measures to reduce oedema, increase venous drainage, 
so as to promote ulcer healing, 
~ Elevation, 
~ Massage of the indurated area and whole cal. 
— Passive and active exercise. 

» Care of ulcer by regular cleaning with povidone iodine, 
H,0;. 

> Dressing with EUSOL, 

> Four layer bandage (45 mmHg pressure) technique to 
achieve high compression pressure. It is changed once 
a week. 

> Antibiotics depending on culture and sensitivity of the 
discharge. 


Different bandages used are: i 
+ Gharing—Cross (hospital London) elastic multilayered 
‘compression bandage, once a week 
+ Low compression bandaging 


+ Graduated elastic compression stockings with a leak 
proof absorbent dressing beneath 

+ Unna boots 

+ Crepe bandage/stockings 


% Once ulcer bed granulates well, split skin graft (SSG) is 
placed (Thiersch Graft) or pinch grat. 

% Specific treatment for varicose veins should be undet- 
taken—Trendelenburg operation, stripping of veins, perfo- 
rator ligation, 

# Fifty percent of venous ulcer occurs as.a result of recanalisa- 
tion of DVT, and the leg is commonly called as postphlebitie 
limb (leg). It presents with all complications of venous 
diseases like eczema, ulceration, lipodermatosclerosis and 
venous ulcers, Here surgery for superficial varicose veins 
are contraindicated. Venous valve repair (Kistner’s valvalo- 
plasty) or valve transplantation or drugs like Stanazolol, 
which reduces the fibrous tissue thereby increasing the 
‘oxygenation are beneficial 


Fig. 1.467: Patient should wear stockings regularly in postoperative 
period for 3-6 months. It will reduce the recurrence rate and 
symptoms, 


Fig, 1.468: Skin grafting over a venous ulcer after formation of 
healthy granulation tissue. 


‘Complications of venous ulcers: 
‘@ Haemorrhage 
‘& Marjolin’ ulcer (in unstable scar of long duration) 
Infection 
 Talipes equinovarus 
4 Periostitisis common over the tibia 
+ Disability 
+ Calcification 


(EUSOLis Edinburgh University solution of ime containing 

boric acid, sodium hypochlorite, calcium hydroxide.) 

Note: 

+ Present concept is to treat the ulcer first by compression 
bandage; regular dressing; skin grafting. Once ulcer has healed 
definitive procedure for varicose veins is done. Studies show 
that rapidity of healing of ulcer perse is not dependent on the 
surgery for varicose veins. 

+ Recurrence rate of venous ulcer after proper therapy is 30%. 
Reulcer formation is more in post-phlebitic/ thrombotic limb. 


ll COMPRESSION THERAPY 
FOR VARICOSE VEINS 


Compression reduces the venous wall tension; prevents 
reflux; controls the venous over-distension, 

# Compression diverts the blood towards deep veins through 
perforating veins; prevents the outward flow of blood in 
perforator incompetence: improves the efficacy of calf 
muscle pump. Compression reduces the oedema and 
improves the venous and lymphatic drainage: improves 
‘venous elasticity; improves the microcirculation and more 
important is it prevents further damage of the venous wall 

+ Compression may be elasticfinelastic/combination of 
and inelastic (Unna boot)/multilayered (four layered) 
compression system which can provide sustained high 
compression for several days—usually up to a week/inter- 
mittent pneumatic compression. Unna boot is three-layered 
paste gauze compression dressing containing calamine, zinc 
oxide, glycerin, sorbitol, gelatin and aluminium silicate 
which has mainly inelastic inner component with partly 
elastic outer layer wrap. 


lastic 


1.469: Compression stockings should be worn in varicose vein 
disease even after intervention to reduce the chances of recurrence. 


# Recommended pressure in mild varicose veins, pregnancy 
and postoperative period is 20 mmlg: in symptomatic 
‘cose veins and after sclerotherapy is 30 mmlg; in venous 
ulcer and post-phlebitic leg it is 40-45 mmHg; in phlebolym- 
phoedema (venous oedema with lymphatic oedema which 
is more dangerous) itis more than 45 mmHg, 

# Skin maceration, excoriation, dryness, infection, ulceration 
and failure are the complications of compression therapy. 


‘Remember 


& Compression improves ulcer healing rate 

‘& Supplementation of phlebotonic drugs in conjunction with 
compression therapy is accepted 

Inelastic compression causes more improvement (reduc- 
tion) in venous filing index (VFI) than elastic compression. 
But elastic compression is more commonly used because it 
isbetter accepted 

‘& Multlayered bandage system is most effective 

 Ankle-arm pressure index less than 0.6 is cont 
for compression therapy as it may precipitate 
ulcer formation. 

+ Exercise may improve the muscle—pump action 


Compression garments standard 
British standard 
@ Class 14-17 mmHg, 
4 Class Ii:17-28 mmHg, 
& Class II:24-35 mmHg 
International (European) standard 


Class 2030 mmHg 
4 Class I:30-40 mmHg, 
® Class Il:40-50 mmHg 
4 Class 1V:50-60 mmHg, 


Compression Bandages 


% pe I: Light weight confirming stretch bandages. These 
comprise light weight elastomer with high elasticity but 
little power. It is used to retain dressings 

% Type II (short stop): Light support bandages. Minimal 
stretch, Exhibit limited elasticity but tends to lock out on 
minimal extension. In ambulant patient CVI they form an 
essentially inelastic covering to the leg which will exert 
pressure during calf systole but not during diastole. They 
are unsuitable for control of oedema. 

% Type II (Long stop): These are extensible elastic and 
powerful to a varying degree. 


™@ THROMBOPHLEBITIS 


Itis the inflammation of veins, usually superficial veins due to 
different causes. It is actually superficial vein thrombosis with 
inflammation (slight). 


Attitudes are more important than facts. 
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Fig. 1.470; Superficial thrombophlebitis with clot and infection. 


Types 


a, Acute: Due to IV cannulation, trauma, minor is 
hypercoagulability, 

b. Recurrent. 

©. Spontaneous: Polycythaemia vera, polyarte 
disease. 

4. Thrombophlebitis migrans (Trousseau's sign, 1876): It is 
spontaneous migrating thrombophlebitis seen in visceral 
malignancy like pancreas, stomach, 

€. Mondor’s disease. 


Buerger’s 


Clinical Features 


# Pain, redness, tendemess, cord like thickening of veins, fever. 
# Itcan be seen either in upper limb or lower limb. 


Complications 


¢ Destruction of venous valves resulting in varicose veins, 
DVT, embolism, infection. 


Treatment 
Elevation, 


 Anti-inflammatory drugs, antibiotics 
Application of crepe bandage 


@ KLIPPEL-TRENAUNY SYNDROME 


Itis a nonfamilial mesodermal anomaly with skin naevus, vati- 
cose veins, soft tissue and bone hypertrophy. Deep veins are 
often aplastic. It is usually managed with compression band- 
ages. If patient is undergoing surgery for some other condition, 
then LMWH should be started. Condition itself occasionally 
‘can be treated with EVLA for varicose veins if only deep veins 
are normal; bone length discrepancy correction of leg is done. 

Parkes Weber syndrome is a differential diagnosis. PW 
syndrome presents with varicose veins, multiple AV fistulas, 
chronic venous hypertension, high output cardiac failure and 
ulceration, 


™@ ANTICOAGULANTS 


‘These are the agents used to prevent and treat thrombosis and 
thromboembolic events. 


HEPARIN 


¢ Itis a natural anticoagulant, a mucopolysaccharide. 
¢ It prevents clotting of blood both in vivo and in vitro by 
acting on all three stages of coagulation. It prolongs clot- 


fing time and activated thromboplastin time in specific (by 
1.5-2.0 times the control). 

Heparin also causes hyperkalemia, thrombocytopenia, 

# Commercial heparin is derived from lung and intestinal 
‘mucosa of pigs and cattle. 

The onset of action is immediate after administration, lasting 
for 4 hours, 

# Itis metabolised in the liver by heparinase. 

# It does not cross placental barrier and is not secreted in 
breast milk, 


Indications 


As prophylaxis in major surgeries, postoperative period, 
puerperium, 


% As therapy in DVT. 


Dose 


+ For prophylaxis: 5,000 units/subcutaneously 8th hourly. 

 Fortherapy: 10,000 units/1V 6th or 8th hourly. Later changed 
to subcutaneous dose. 

# In severe cases, 5,000 units to 20,000 units is given daily 
through IV infusion at a rate of 1,000 units per hour. Daily 
dose should not exceed 25,000 units. 

Heparin should not be given intramuscularly and should 
not be combined with streptokinase or urokinase. Heparin is 
not given orally. 

Heparin administration should always be monitored with 
APTT. 


Complications 


Allergy, bleeding, thrombocytopenia. 
Danaparoid is an antifactor Xa, heparinoid, is an anticoagu- 
lant used in patients where heparin is contraindicated, 


LOW MOLECULAR WEIGHT HEPARIN (LMWH) 


{tis a commercially prepared heparin with a molecular weight 
0f 4,000 to 6,500. 

% Enoxaparin, 

 Dalteparin 

 Parnaparin, 

# Reviparin. 

© Fraxiparin, 


Have a longer duration of action—ance a day 
Have a better anticoagulant effect. 

Less interaction with platelets 

Less antigenic 

Usage is easier and more acceptable 
Monitoring is not necessary 


eoeeee 


Disadvantages 
‘They are expensive. 
Presently LMWH are becoming very popular. 
Heparin antagonist: 50 mg of 1% protamine sulphate solu- 


tion is given slow intravenous. 1 gm reverses 100 units of 
heparin. It is given only after doing activated thromboplastin 
time, Overdosing or infusion without indication may itself 
precipitate bleeding. 


ll ORAL ANTICOAGULANTS 


‘They are given orally and are slow acting, 


Types 


© Coumarin derivatives: Bishydroxycoumarin (Dicoumarol) 
First coumarin drug derived from sweet clover. 
Warfarin sodium: Most common oral anticoagulant used. 
¢ Indandione derivative: Phenindione, anisindione. 


Mode of Action of Oral Anticoagulant Therapy 


¢ By suppressing synthesis of prothrombin, factors VII, IX 
and X. 

By inhibiting vitamin K mediated carboxylation of glutamic 
acid. 

# Oral anticoagulant does not have in vitro action. 

‘They are slow acting, and long acting. 

Control of oral anticoagulant therapy is by monitoring 

prothrombin time. 

# PT comes to normal only 7 days after cessation of the drug, 

¢ They cross placental barrier and are known to cause tera- 
togenicity when given in Ist trimester: 

# They are secreted in breast milk 


oe 


Indications 


# In DVT after cessation of heparin for maintenance therapy. 
¢ After valve replacement surgery. 

To achieve adequate anticoagulant effect and to prevent 
thromboembolic episodes the INR has to be maintained 
within 2-3, 


Side Effects 


# Bleeding—it may require blood transfusion/FFP or vitamin 
K injection intramuscular or oral to control 

Cutaneous gangrene 

Fetal haemorthage and teratogenicity. 

Alopecia, urticaria, dermatitis. 

Drug interactions: with NSAIDS, cimetidine, omeprazole, 
metronidazole, cotrimoxazole, erythromycins, barbiturates, 
rifampicin, griseofulvin 


seer 


WARFARIN 


WARFARIN (Wiskonian Alumini Research Foundation + 
coumARIN derivative) SODIUM is the most common drug 
used. It has got lesser side effects. It has got cumulative action 
and so given in tapering dose. 

Dose is 5 mg, once a day 


It should be discontinued 7 days before any surgery like 
tooth extraction and prothrombin time should return to normal 
level. During surgery, if excess bleeding occurs, fresh frozen 
plasma may be given. 

The effects of warfarin sodium is reversed by injection 
vitamin K; the dose depends on INR and emergency of reversal 
(takes 24 times to reverse) 

IN VITRO ANTICOAGULANTS: Oxalates, citrates, EDTA 
(Ethylene diamine tetra-acetic acid), 


‘Thrombolytic agents 
‘® Streptokinase 
® Urokinase 
® Anistreplase 
% Alteplase 


Oral anticoagulant Heparin 


Slow acting Immediate 
Long acting Short acting 
Only in vivo action Both ‘n vitro and in 
vivo action 
Monitored by: Prothrombin time Partial 
thromboplastin time. 
Crosses the Does not cross the: 
placental barrier placenta 
Secreted in milk Not secreted in milk 
Administration: Orally Intravenously/ 
subcutaneously 
‘Contraindications for anticoagulant therapy 
Ongoing bleeding 
Recent surgery/invasive procedure 
Severe trauma 


Bleeding tendency (clotting factor deficiency) 
Intracranial haemorrhage 
Pericarditis/pericardial effusion 

Patient prone to fall 


eeeeeee 


™@ DIRECT THROMBIN INHIBITORS 


a. Recombinant hirudin and hirudin analogues—derived from 
leeches, are direct inhibitors of thrombin, 
b. Argatroban—synthetic direct thrombin inhibitor. 


@ ANTIPLATELET DRUGS 


# Small dose aspirin—inhibits platelet synthesis of throm- 
baxane A2 

# Ticlopidine (125 mg BD)—alters platelet membrane, 
thereby platelet aggregation, 

# Clopidogre!—action similar to tictopidine. 


Ifyou have the best products, you won't need much advertising. 
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Figure 3 The LGN is a laminated structure, having 6 layers. Contralateral fibers and ipsilateral fibers couple in the LGN. The 
ipsilateral fibers of the optic nerve terminate in laminae 2,3 and 5 of LGN, while the contralateral fibers terminate in laminae 
4,4and 6.{52] 


Axons leaving the temporal half of the retina traverse the optic nerve to the optic chiasm, where they join 
the optic tract and project to ipsilateral structures. Axons leaving the nasal half of the retina cross the 
midline at the chiasm and terminate in contralateral structures, This arrangement means that all the axons 
in the optic tract carry information about the contralateral visual field. Axons of the optic tract terminate 
in three areas of the central nervous system, the lateral geniculate nucleus (i.e. LGN), the superior 
colliculus and the pretectal area. The trajectory through the LGN is the largest most direct and clinically 
most important pathway by which visual information reaches the cerebral cortex. About 80% of the optic 
tract axons synapse in the LGN. The LGN is a laminated structure, having 6 layers, Contralateral fibers 
and ipsilateral fibers couple in the LGN. The ipsilateral fibers of the optic nerve terminate in laminae 2,3 
and 5 of LGN, while the contralateral fibers terminate in laminae 1, 4 and 6 of LGN (see Figure 3). There 
are about 10° neurons in each LGN, all of which project to the ipsilateral occipital cortex (area 17) as the 
optic radiations, The portion of the cerebral cortex that receives LGN axons is called the striate cortex. and 
is usually labeled V1 to designate it as the primary visual cortical area (Figure 3). Virtually all 
information in the visual system is recognized as being processed by V1 first, and then passed out to 
higher order systems [53]. The upper visual cortex receives signals from the lower visual field and 
similarly, lower visual cortex process information from the upper visual field. The right visual cortex 
processes the left field of view and vice versa (see figure 4). 


Now, we investigate the information transfer through visual pathways. The important model among 
quantum models about the processing in the human brain is the Orch-OR model which is based on the 
structure of the cytoskeleton. As already said this model asserts that the main processing in the neurons of 
the brain is performed in the MTs and the nature of the processing is mainly quantum mechanical. The 
processing unit in this model is tubulin which can be in a superposed state. Tubulins act like qubits in 
quantum computers. Max Tegmark believes that there is no quantum processing in the human brain. He 
has calculated decoherence times for every superposition state which can be possible in the neurons of the 
brain [13]. In his opinion, superposition states include ions such as Na’ which are “in” and “out” of the 
membrane of axon, On the other hand, Na’ ions are in the superposition of “in” and “out” with a 
separation distance comparable to the membrane thickness. He has considered three factors which can 
destroy this superposition state in neurons. Collisions with the neighboring ions, Collisions with the water 
molecules and Interaction with distant ions are the factors which Tegmark investigated for decoherence. 
He has estimated 10 s and 107” s for decoherence times. It is clear that above times are very small for 
the brain processes such as seeing, thinking, speaking and the other cognitive processes. Typically, 
dynamical timescales for neuron firing and cognitive processes are in the range of 10~* to 1 seconds, 
whereas decoherence timescales are many orders of magnitude shorter. Thus, action potentials should be 
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# Dextran—decreases platelet aggregation 

# Abciximab—glycoprotein IIb/IIIa inhibitors, block platelet 
aggregation, and platelet adhesion to fibrin. 

+ Dipyridamole—xanthine oxidase inhibitor. 


PULMONARY EMBOLISM 


¢ Itis commonly due to lower limb DVT (15% of lower limb 
DVT). It can also occur after pelvie vein DVT of upper limb 
DVT (30% of upper limb DVT). 

Chest pain, cough, haemoptysis, dyspnoea are the features. 

Often site of DVT may be asymptomatic. When sympto- 
‘matic, fever, pain, tense, tender calf, with positive Homan’s 
sign may be evident. 

# Massive embolism causes sudden cardiac arrest and death 
due to pulmonary artery block. Moderate embs 
pyramidal wedge shaped infarcts in lungs. 

# Duplex scan of limb, CT angiogram of thorax, pulmonary 
angiogram (gold standard), X-ray chest, ventilation perfu- 
sion scan, ECG, echocardiography are useful investigations. 

# Treatment is thrombolysis, heparin/LMWH, compression 
bandage. 


sm causes 


# Occasionally surgical removal of clot from pulmonary artery 
is done if possible. 

# IVC filter placement is essential in recurrent DVT with anti- 
coagulation, DVT with contraindication for anticoagulation, 
pulmonary hypertension. Greenfield IVC filter is ideal with 
95% patency rate. Complications ate—bleeding, haema- 
toma, migration of filter into pulmonary artery, thrombosis 
at filter level, IVC perforation, 

% Retrievable IVC filters ate newer method used to prevent 
long-term filter complications. Itis used in young patients who 
are at risk of DVT and embolism, for short specified period 
only like—high-risk trauma with orthopaedic injuries, exten- 
sive iliofemoral thrombosis, during thrombolytic therapy. 
Recovery filter, Gunthur-Tulip filter, OptBase filters are 
used, They are deployed through LIV or femoral vein under 
angiographic or intravascular US guidance, Recovery and 
‘Gunthur-Tulip types are recovered through right LIV. OptEase 
is recovered from right femoral vein. Complications are same 
as nonretrievable IVC filters. Retrieval failure, retrieval site 
thrombosis and embolism are specific complications 

# DVT prophylaxis is a must in all these patients 


O. Lymphatics 


CHAPTER OUTLINE 


Surgical Anatomy 
» Lymphangiography 
Isotope Lymphoscintigraphy 
»* Lymphoedema 
Lymphomas 

— Hodgkin's Lymphoma 

— Non-Hodgkin's lymphoma 


™@ SURGICAL ANATOMY 


Primordial lymphatic system begins to develop during 6th 
week of development adjacent to jugular vein as lymph sacs. 
Peripheral lymphatic systems develop from these primordial 
lymph sacs. Lymphatic system has three components. Terminal 
Iymphatic capillaries, which have high porosity absorb lymph, 
macromolecules, cells and microbes from tissues into the 
system; /ymphatic vessels which collect and transport lymph; 
Imph nodes which are interposed in the lymphatic pathway 
filter lymph and maintain immunity of the body. Lymphatic 
vessels run adjacent to main blood vessels reaching the major 
lymphatic channels. Cisterna chyli is formed in the abdomen, 
‘continues as thoracic duct (lormed at 9th week of gestation) in 
the thorax which has got initial main course towards right side of 
the mediastinum; but later towards left side entering the internal 
jugular vein at its joining point of the subclavian vein. In the 
periphery there is hardly any lymphovenous communications. 
Lymphovenous communications occur at lymph node level; 
iliac, subclavian and jugular levels. Lymphaties are absent in 
epidermis, comea, CNS, cartilage, tendon and muscle. 

Great lymph ducts are—the thoracic duet—single; right 
lymph duct—single; subclavian, bronchomediastinal and 
jugular trunks on both sides. These ducts contain valves to 
prevent backflow. 

Cisterna chyli is formed by joining of right and left lumbar 
lymphatic trunks and intestinal lymphatic duct. Lumbar trunks 
are short lymph vessels arising from para-aortic lymph glands, 
It receives lymph from lower limb, pelvis and pelvic viscera, 
kidney, adrenal and deep lymphatics of abdominal wall, Left 
lumbar trunk is behind the aorta, Intestinal lymph duct arises 
from preaortic nodes. It joins the cisterna chyli from front. It 
receives lymph from stomach, intestines, liver (except most 
convex surface which drains into right lymph duct), spleen 
and paneteas. Cisterna chyli isa lymph sac lying in front of the 
L and L, vertebrae between aorta and crus of the diaphragm, 
From its upper end it continues as thoracic duct. Thoracic duct 
passes through the aortic orifice of the diaphragm, runs medial 
to azygos vein and right of the aorta in posterior mediastinum. 
In front itis related to oesophagus, diaphragm and pericardium; 
behind right intercostal arteries, hemiazygos and accessory 


» MALT Lymphomas 
Burkitt's Lymphoma 
Cutaneous T Cell lymphoma 
 Chylous Ascites 
 Chylothorax 

© Chyluria 

Sarcoidosis 


hemiazygos vein. Atthe level of 7th thoracic vertebra it crosses 
towards left side behind the oesophagus obliquely reaching left 
side at Sth thoracic vertebral level, It runs upwards between left 
margin of oesophagus, medial part of left pleura, and behind 
left subclavian artery. In the neck it passes in front of vertebral 


system (vertebral vessels and sympathetic chain) and behind 
carotid system (Common carotid artery, internal jugular vein, 
vagus nerve), crossing scalenus anterior, phrenic nerve, trans- 
verse cervical and suprascapular arteries ending as a single 
vessel at the junction of intemal jugular vein and subclavian 
vein with a valve. Tributaries of thoracic duct are—trunk 
{from lateral intercostal nodes from lower six spaces; efferents 
from posterior mediastinal nodes, lateral intercostal nodes of 
upper six spaces, left jugular lymph trunk from head and neck 
region, left subclavian lymph trunk from left upper limb, left 
bronchomediastinal trunk from left side of the thorax. Single 
termination of duct is common (77%); but double/triple/quad- 
ruple terminations are known to occur, Occasionally it may end 
in left subclavian vein, left vertebral vein, right internal jugular 
vein, right subclavian vein. Thoracic duct is 45 em in length 
and 5 mm wide (wider at both ends; narrow in the middle) 

Right lymph duct is 2.5 em in length, formed by right 
jugular, right subclavian and right bronchomediastinal trunks; 
runs on the scalenus anterior joining the junction of right 
internal jugular vein and subclavian vein, 

‘There are about total 450-600 lymph nodes in the body. 
Around 200 in the neck; around 100 in the thorax; around 50-60 
in the axilla; around 250 in the abdomen and pelvis; around SO 
in the groin area 


Lymphatic Watersheds of Skin 


Lymph from the dermis and appendages drain into a plexus 
deep fascia which in turn drains into respective lymph nodes. 
There are six watershed areas in the body for lymphatic 
drainage. One vertical midline divides into right and left. Two 
horizontal lines on each side divide the area into three zones. 
First lies above the line of clavicle; second between line of 
clavicle and line at umbilical level; third below the level of 
umbilical line. First drains into head and neck lymph nodes; 
second drains into axillary nodes; third drains into inguinal 


In very early oedema, during pinching, there is a resistance that is not present on normal site, owing to thickening 


of dermis and subcutaneous tissue. 


—Sidney S Rose 


55 


soneydwily 


25 


SRB's Manual of Surgery 


Len cca 
a tev 
Left subclavian vein 
valve 


horace duct 
||} Sesootanus 


Azygos ven 
—Hemiazygos vein-T9 


Descending 
thovacle aor 


hs of 
‘he ciaphragm 


Intestinal mph trunk 
ght lumbar ym rune 
Palaorie nodes 
Prestote rages 
Abdominal aorta 


Fig. 1.471: Thoracic duct anatomy; cisterna chyli; tributaries of 
thoracic duct. 
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Fig. 1.472: Watershed zones/areas of Iymphatic drainage. Vertical 
sagittal midline; clavicular horizontal line; umbilical line—are used 
to divide areas into three zones on each side. Above clavicular 
line drainage occurs to cervical nodes; between clavicular line and 
umbilical line drainage occurs into axillary nodes; below umbilical 
line drainage occurs to inguinal lymph nodes. At the level of (lines) 


‘drainage can occur to lymph nodes on either side. 


groin nodes. Malignancy drains into theit respective nodes 
depending on the location. Lesion on the line can spread to 
both territory lymph nodes. In skin and appendageal cancers, 
deep fascia also should be cleared. 


Microanatomy of Lymph Node 


Lymph node contains three regions—cortex; paracortex and 
‘medulla, Cortex contains mainly follicles. It may be rounded 
lymphocytic aggregations of primary follicles or lymphocytic 


aggregation with germinal centres of secondary follicles due to 
antigenic stimulation, It contains B lymphocytes, macrophages, 
dendritic reticulum cells. Germinal centre is surrounded by 
small B lymphocytes. Both cortex and medulla are associated 
with humoral immunity. Proliferation of germinal centres 
suggests active humoral immunity with antibody production, 
Central medulla contains mainly lymphatic sinuses, arteries and 
veins, plasma cell and B lymphocytes. Paracortex is located in 
a zone between cortex and medulla. It contains T lymphocytes, 
related to cell mediated immunity. Post-capillary venules with 
high endothelial cells and lymphocytes in the wall are typical. In 
cell mediated immunity, paracotex expansion occurs. Afferent 
lymph vessels enter the node through the capsule. It enters the 
marginal sinus, communicates with intranodal sinus, merging 
as efferent lymph vessels which enter the hilum. Intranodal 
sinus lining is highly phagocytic containing littoral cells and 
sinus lining histiocytes. Main artery and veins pass through the 
hilum to enter the medulla, paracortex and inner part of cortex. 
Superficial cortex is supplied by direct capsular vessels 


Function of Lymphatics 


Most of the intravascular proteins are daily filtered 
through lymphatics and returned to the circulation again. 
Macromolecules (albumin, globulin and fibrinogen) and 
microbes are also filtered at the nodal level as first immune 
system, From GIT fat is absorbed directly through lymphatics 
Lymph shows centripetal flow. Cholesterol, long chain fatty 
acids, fat soluble vitamins are transferred through lymphatics 
into cistern chyli directly from GIT bypassing the liver. 
‘Transport is mainly due fo intrinsic contractility of the 
lymphatic vessels which contain valves for effective forward 
flow. To a lesser extent other factors like muscle contraction, 
arterial pressure, thoracic pressure, respiratory movements 
play role. 8 litres of lymph is produced daily; once it reaches 
to lymph nodes it is concentrated to 4 litres which enters the 
venous circulation. Protein concentration in lymph is very high 
(25 grams/lite). 


Fig. 1.473: Acute lymphangitis leg. Usually regional lymph nodes 
are enlarged and tender. 


ll LYMPHANGIOGRAPHY 
Indications 


Congenital Iymphoedema like aplasia, hypoplasia, hyper- 
plasia 

© Lymphomas show reticular patter, Its also useful to assess 
the response to treatment. 

# Secondaries in lymph nodes, especially iliac and para-aortic 
lymph nodes. 


Technique 


Patent blue dye or 1 ml isosulphan blue is injected subeuta- 
neously between toes. Dye is taken up by lymphatics which 
will be visualised clearly. After making incision, one of the 
lymphatic vessels is dissected and 30 G needle is passed. 
Ultra-fuid lipiodo! which is an oily contrast medium is injected 
slowly using pressure pump at a rate of I ml in 8 minutes (total 
‘quantity is 7 ml). Slowly in 24 hours, it passes through the 
lymphatics and reaches the iliac and para-aortic lymph nodes. 
Radiographs taken will help to visualise both lymphatic vessels 
as well as lymph nodes, 

Secondaries in lymph nodes causes filling defects 
Lymphomas shows enlarged nodes which have foamy or 
reticular appearance. 


Disadvantages 


# Technically difficult 
¢ Extravasation of dye can occur. 

Dye may not reach the required area, 

# Time consuming and invasive procedure. 


Lymphangiographic classification of lymphoedema (Browse clas- 

sification}: (Norman Browse) 

& Congenital hyperplasia (10%): Congenital;common in males; 

leg is involved; one or both sides; with often family 

story; progressive;involves increased number af lymphatics 
and lymph nodes associated with chylous ascites chylothorax 
and protein losing enteropathy 

‘ Distal obliteration (80%): Common in females; starts at 
puberty; calf and ankle are involved; often bilateral; with 
‘often family history; slow progression; aplasia/hypoplasia 
cof lymphaties 

+ Proximal obiteration (10%): Occurs at any ag both 
sexes; eg and thigh involved; untateral; rapid progression; 
proximal aortoliac nodal block 


lm ISOTOPE LYMPHOSCINTIGRAPHY 


¢ Radioactive technetium labelled sulphide colloid particles, 
or radioiodinated human albumin are injected into the web 
space using fine needle. These particles are specifically taken 
up by lymphatics. 

# Using gamma camera, limb and inguinal region is exposed 
to visualise the lymphatics and inguinal lymph nodes, 


# Radioactivity in inguinal nodes is measured at 30 and 60 
minutes. Normal uptake is 0.6-1.6%; if it is < 0.3% in 30 
minutes it is diagnostic of lymphoedema, If it is > 2% it 
suggests rapid abnormal clearance due to oedema as the 
result of venous disease. 

# In3 hours, it reaches the para-aortic lymph nodes, other 
‘abdominal lymph nodes and liver. 

+ Later thoracic duct also can be visualised. It can be compared 
to the take up on the other limb, 


Advantages 

# Itis more sensitive. 
# Technically easier and faster compared to lymphangiography. 
# Thoracic duct, other lymph nodes and liver can be visualised. 
# Itis the test of choice. It is simple and safe. 

# Ithas 90% sensitivity; 100% specifi 


lm LYMPHOEDEMA 
{tis accumulation of fluid (lymph) in extracellular and extravas- 
cular fluid compartment, commonly in subcutaneous tissue. It 
is primarily due to defective lymphatic drainage. 

Itis increased protein rich interstitial fluid 


Classification 

Kinmonth classified lymphoedema as: 

# Primary without any identifiable lymphatic disease 

# Secondary is acquired due to definitive cause, Most common 
form. 


Primary type 
Itaffects commonly females. 
 Itis common in lower limb and left side, 
Itean be: 
© Familial 
‘& Syndromic (Tumers/ Klinefeters / Down’s/Klipple Trenauny 
Weber) 
Itean be: 
* Lymphoedema — Presentatbirth—< 2 years 


congenital (10%) — Familial type is called as 

Itis type! 
familial, autosomal dominant—chro- 
mosome 5 related; bilateral upper and 
lower limbs, genitalia and face may be 
involved, Incidence is 1:6000 of live 


births. 
 Lymphoedema — Present at puberty—up to 
praecox 2-35 years (80%). 


— Familial type is called as Letessier- 


‘Meige'’s syndrome. ts type familial. it 
occurs between pubertyand middleage. 

& Lymphoedema — Present in adult life—after 

tarda 35 years 

It can be radiologically ymphangiography): 

‘& Hypoplasia 70% 

© Aplasia 15% 

‘& Hyperplasia (varicose lymphatics) 15% 


Don't consume your tomorrow's feeling on your yesterday. 
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Pathophysiology of Lymphoedema 


Decreased lymphatic contractility, lymphatic valvular insu 
ciency, lymphatic obliteration by infection, tumour or surgery 
causes all effects and pathology of lymphoedema. This leads 
to lymphatic hypertension and dilatation causing lymph stas 
accumulation of proteins, glycosamines, growth factors, and 
bacteria. There is more collagen formation, deposition of 
proteins, fibroblasts, ground substance causing fibrosis in 
subcutaneous and outside deep fascia. Muscles are normal 
ia but may get hypertrophied. 


without any oe 


Fig. 1.474: Right side congenital imphoedema in a gir 


Fig. 1.475: Early lymphoedema left side—pitting type. 


Fig, 1.476: Late lymphoedema—grade 2. 


: Lymphoedema leg extending into the thigh with 
Iymphangits. 


fe 
fs 


Figs 1.478A to D: Lymphoedema foot in diferent patients—severe 
with vesicles/oedema/skin changes/fissures. 


‘Causes of secondary lymphoedema 

@ Trauma 

 Surgery—inguinal block or axillary block dissection/post- 
mastectomy with axillary clearance 

‘ Filariallymphoedema due to Wuchereria bancrofti—common 

‘cause in coastal region 

Tuberculosis 

Syphilis 

Fungal infection 

‘Advanced malignancy—hard, fixed lymph nodes in axilla or 

ininguinal region 

‘® Postradiatherapy lymphoedema 

@ Bacterial infection 

4 Rare causes: Rheumatoid arthritis snake and insect bites, DVT, 
chronic venous insufficiency 


Note: 
Secondary lymphoedema develops rapidly. 


Filari 


It is caused by a parasite Wuchereria (Brazil) bancrofti 
(Australia). Iwas also called as Malabar leg in 1709, by Clarke, 
Cochin. Female adult worm is longer 7-10 cm than male worm 
(4m). Microfilaria is colourless, translucent, 300 jt length and 
10 thick. Ithas head, body and tail. Microfilaria circulates in 
blood. In India, Asian countries and China they show noctumal 
periodicity (from 10 PM to 4 AM). It is related to night biting 
habits of the vector, Culex fatigans mosquito and sleeping 
habits of the host. 

‘Man is the definitive host; animal or reservoir host is not 
known. Female mosquito is intermediate host (in India and 
China—Culex fatigans). Development or multiplication of 
microfilaria will never occur in human blood. Life span of 
‘microfilaria in human blood is 3 months. Microfilaria is infee- 
tive to female mosquito. A density of 15 microfilaria/drop of 
blood are needed to make it infective. 


Life Cycle 


Microfilaria from carrier human blood — enters the stomach 
of female Culex mosquito when it bites human carrying the 
parasite in blood — ex-sheathing of microfilaria in stomach of 
mosquito in 6 hours —> penetrate the stomach wall — migrate 
to thoracic muscles of mosquito in 12 hours — metamorphosis 
into sausage shaped first stage larva in 48 hours — second 
stage larva in one week —+ elongated actively motile third 
Stage infective larva in one more week (one microfilaria forms 
‘one infective larva; microfilaria never multiplies in mosquito 
nor in human) —+ enters the proboscis of mosquito to become 
infective to human during the mosquito bite; it takes 20 days: 
for microfilaria to develop into infective 3rd stage larva in 
mosquito [extrinsic incubation period|—> enters luman skin 
while biting — many larvae get destroyed in human skin by 
immunity, few enters lymphatics — enters regional lymph 
nodes in inguinal or axillary or abdominal nodes — develop 
into adult worm in lymph nodes — mating of female and 


male worms takes place —+ gravid female worm releases up 
to 50,000 microfilariae/day into lymph circulation — thoracic 
duct + subclavian vein — microfilatia in human circulation 
tive to female mosquito. Time from 3rd stage infective 
larva entering human skin and forming adult worm and 
later releasing microfilaria into blood is called as biological 
incubation period (12 months); time from 3rd stage infective 
larva entering human skin to appearance of first clinical feature 
is called as clinical incubation period (16 months). 


= ink 


Effects of Wuchereria Bancrofti Infection 


© Carrier stage having circulating microfilaria but asymptomatic. 

# Immune and allergic reactions by adult worm causing 
macrophage and lymphocyte infiltration, endothelial hyper- 
plasia, lymphatic vessel wall thickening, lymph stasis, dilata- 
tion, further reaction, fibrosis, Further blockage, calcification, 
recurrent streptococcal infection, filarial lymphoedema. 

# Filarial fever, utricaria, pruritus, epididymo-orchitis as 
‘acute presentation. 

% Occult filariasis where microfilaria is not demonstrable in 
blood but identified in lungs (by biopsy confirmation) causing 
eosinophilia, bronchospasm, nocturnal cough, fever, wheeze, 
weight loss, arthritis, thrombophlebitis, tenosynovitis 

# Lymphadenitis, ymphangitis 

# Lymphangiovarix, lymphorrhagia, lymph scrotum, 
Iymphocele, chyluria, chylous diarrhoea, retroperitoneal 
lymphangitis, chylous ascites, chylothorax. 

% Blood smear—night time (thick and thin), lymph node biopsy, 
skin test, eosinophilia, serological tests, DEC provocation test 
(by giving 100 mg DEC) are different investigations. 


Pathology (Commonly in Filarial Lymphoedema) 
Recurrent Iymphangitis causes obliteration of lymph vessels 
Del tymgte bakfow 
Retrograde obliteration (or de back of lymphatics) 
Ocdema, initially iting but later nonpitting 
Recurrent celulitis—thickening of skin 
Accumulation of otis, growth tr, lycosaminelyears 
Activation of collagens and keratinocytes 
Protein rich Iymphoedematous tissue formation 


Deposition of ground substance, subsermal fibrosis 


Dermal thickening and dermal proliferation, Fissuring —> 
Cracks—Uleeration Abscess formation 


Stout eg wit unbearable weight 


Elephantiasis. 


Knowledge speaks, but wisdom listens. 
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Rarely it causes protein losing diarrhoea, chylous ascites, 
chylothorax, chyluria, lymphorthoea. Recurrent lymphadenitis 
‘occurs in the region which aggravate the condition, 

Disease in the limb is confined to skin and subcutaneous 
tissue, ie. often, only superficial lymphatics are involved by 
the disease, deep lymphatics are not. Superficial and deep 
Iymphatics are not communicating with each other (Unlike the 
veins in the limb where superficial and deep veins are freely 
communicating with each other). 


‘© Lower imb—most common 
+ Uppertimb 

4 Scrotum, penis (Ramis hom 
“& Breast—requires reduction mammoplasty 
© Labia 

+ Eyelid 

+ Localised lymphoedema 


Clinical Features 


¢ ‘Swelling in the foot, extending progressively in the leg—iree 

trunk pattern leg, 

Loss of normal perimalleolar shape—tree trunk pattern leg, 

Buffalo hump in the dorsum of the foot. 

Squaring of toes. 

Skin over the dorsum of foot cannot be pinched because of 

subcutaneous fibrosis—Stemmer 's sign. 

Initially pitting oedema occurs, which later becomes nonpit- 
tin; 

4 Dull acheysevere pain/burning/bursting/eramps; $0% 
patients will have pain, 

¢ Debility/immobility/obesity/muscle wasting, 

% Athlete’s foot with joint pain and disability. 

Eczema, fissuring, papillae formation, ulceration, lymph 
ooze, elephantiasis are other features 

¢ Fever, malaise, headache 

Recurrent abscess formation. 

¢ Psychological and social discomfort causing severe 
morbidity. 

¢ Endemic elephantiasis/podoconiosis is common in Aftica; 
seen in barefoot workers; due to destruction of lymphaties 


eee 


Fig, 1.479: Ram's horn penis, 


Fig. 1.480: Typical elephantiasis leg with late lymphoedema. 


by silica derived from soil containing alkaline volcanic 
rocks. 


cally apparent lymphoedema. 


Grade! Pitting oedema which more or less disappears on 
elevation of the limb—is due to excess deposition of 
interstitial fluid 

Gradell Nonpitting oedema occurs which does not reduce on 
elevation 


Grade Ill Oedema with irreversible skin changes like fibrosis, 
papillae, fissuring 


Lymphoedema ean be: 
© Mild lymphoedema—< 20% of excess limb volume, 
% Moderate lymphoedema—20-40%, 

# Severe lymphoedema—> 40%, 


Differential Diagnosis 


Cardiac causes, hypoproteinaemia, malnutrition, nephrotic 
syndrome, liver failure. 

Myxoedema. 

‘Trauma 

Venous diseases like DVT. 

Lipodystrophy and lipoidosis (lipoedema). Lipoedema 
‘ocours exclusively in females; begins in puberty; bilateral 
and symmetrical; trunk may be involved; feet ate not 
involved; not pitting; not related to elevation/compression; 
MRI shows only fat without fluid. 

Arterial diseases including AV malformations. 

Gigantism. 

Drug induced—steroids, estrogens, nifedipine. 

External compression of veins as caused by abdominal 
tumours 


oeee 


Investigations 


For the cause, 
# ESR, peripheral smear. 

© Lymphangiography. 

% Isotope-lymphoscintigraphy. 

# MRI, CT scan to identify the cause. 
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Figs 1.4812 to C: Different iymphoedema pictures. Note the oedema, 
fissuring, cracks. All these make it more vulnerable for infection. 


Fig. 1.484: Extensive scrotal Iymphoedema of filaial origin. Patient 
underwent scratal reduction 


ORRWD Bae s8 


Figs 1.485: Lymphoedema right arm and forearm. Common causes 
Fig. 1.482: Lymphoedema of lower limb developed after for upper limb lymphaedema are flarial and post-mastectomy with 
ilioinguinal black dissection for nodal secondaries fram melanoma. axillary nodal clearance. 


Indecisive people are like a blind man looking in a dark room for a black cat that isn't there. 
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Figs 1.486A and B: Lymphoedema of penis. it needs reduction and 
reconstruction otherwise it may cause urinary problem and sexual 
dysfunction. 


Complications 


# Skin thickening, abscess and maggot’s formation. 
# Recurrent cellulitis, nonhealing ulcers, septicaemia. 


Fig. 1.487: Severe lymphoedema foot with vesicles and thickening, 


# Lymphangiosarcoma; Stewart Treves syndrome (0.5%, 
‘cours after 10 years), which presents as multiple bluish 
satellite nodules in the skin of the limb often with ulcera- 
tion and haemorrhage. Skin/nodule biopsy is confirmative. 
(Chemotherapy, radiotherapy, later even though radical ampu- 
tation is the treatment, it carries very poor prognosis. This, 
syndrome is usually seen in upper limb after mastectomy 

# Recurrent streptococcal infection. 


Treatment 
Conservative 


a. Elevation of the limb, exercise, weight reduction 

b. Static isometric activities like prolonged standing or carrying 
weights should be avoided; rhythmic isotonic movements, 
like swimming/massaging should be encouraged. 

. Diuretics to reduce the oedema is controversial. Itmore often 
causes eletrolyte imbalance than being beneficial 

4d. Benzopyrones are protienolytic agents/Iympedim. They 
‘are coumarin (I, 2 benzopyrones) derivatives with no anti- 
coagulant effect but increase the lymphatic peristalsis and 
pumping mechanism along with proteolysis 

©. Daily wearing of below knee stockings. 

£ Avoid trauma and infection, 

g. Intermittent pneumatic compression devices (Pressure > 50 
mmHg); multilayered lymphoedema bandaging (MLLB)— 
nonelastic type is preferred method; graded stockings. 

h, Antibiotics —fucloxacillin, erythromycin, long acting peni- 
cillins 

i, Topical antifungal 1% clotrimazole and systemic griseof- 
ulvin 250-1000 mg 

4. Regular washing and keeping the limb clean is very important. 

k. Diethyl carbamazine citrate (DEC) 100 mg TID for 3 weeks. 
Pain relief—by suitable means. 

m, Skin care: 

» Keratolyties like salicylic ac 
sofvliquid paraffin, 
Avoidance of skin sensitisers like some soaps. 

‘Topical steroids. 

Control of allergy. 

Control of fungal infection by drugs like fluconazole. 

3% benzoic acid ointment to prevent Athlete’s foot. 

Control of lymphorrhoea. 

Prevention/control of skin infections. 

1. Complex decongestive therapy is a comprehensive two 
phase program of elevation, exercise, massaging, and 
compression wraps. First phase is intensive therapy and 
second phase is maintenance therapy. 

Compression wraps may be high stretch wraps or low 
stretch wraps. Low stretch wraps are better accepted. It 
should be worn initially for 24 hours. Compression wraps 
are used in initial intensive phase of therapy. Graduated 
elastic compression garments are used in maintenance 
phase which provides maximum pressure of 50 mmHg 
at the distal part with gradual reduction of pressure in 
proximal portion. 

‘Manual lymphatic drainage isa specialised technique to 
stimulate the contractility of lymph collecting vessels and 


5%; bland emollient; 


enhance fluid and protein transport by gentle, light, super- 
ficial massaging of the skin so as to open up new lymphatic 
vessels. Technique is done first on the opposite normal side; 
then trunk, same side trunk; same side proximal; same side 
distal and later same side distal to proximal fashion, so as to 
redirect the lymph towards functioning lymphatic territories, 


Surgery 


‘Surgeries for lymphoedema has been classified as: 
a. Excisional 
> Charle’s operation. 
> Homan’s operation. 
b. Physiological 
> Omentoplasty. 
> Nodovenous shunt (Neibulowitz). 
> Lymphovenous shunt (O’Brien’s). 
> Heal mucosal patch. 
Here either communication between superficial and deep 
lymphatics are created or new lymphatic channels are 
mobilised to the sit. 
Omentoplasty (Omental pedicle): As omentum contains 
plenty of lymphatics, omental transfer with pedicle will 
facilitate lymph drainage. 
c. Combined: Both excision + creation of communication 
between superficial and deep lymphatics 
> Sistrnk operation 


Lymmphoedama 
lib. _ 
ssc 
Normal 
limb 
Before Charle's operation ‘fier Charie's operation 


Fig. 1.488: Charle's excisional surgery. Here after excising 
lymphoedematous tissue, area is covered with skin graft 


Bone 
SC tissue (excised ‘Muscle 
lymphoedematous 

tissue) Deep fascia 


‘Shaved buried dermis’ kn 
Fig. 1.489: Thompson’s Swiss-roll operation. Here after removal of 
Iymphoedematous tissue, deep fascia is opened to expose the muscle. 
Epidermis abraded using skin graft knife. This shaved dermis s buried 
into the muscle to get communication into the deeper lymphatics 


> ‘Thompson’s operation. 
» Kondolean’s operation. 
4. Bypass procedure: 
> Handley’s (1908) silk threads/nylon threads/perforated 
polyethylene tubes placement as burial from ankle to 
mid-abdominal level, kept for one year. Procedure is 
only of historical interest. 
Skin bridge across the thigh and abdomen (Gillies) 
Nodovenous shunt 
Lymphovenous shunt using microscope. 
eal mucosal patch (Kinmonth). Segment of ileum with 
pedicle is isolated and opened to expose the mucosa; 
‘mucosa is denuded and this mucosa is placed in the thigh 
as burial to communicate with lymphatics to drain into 
abdominal lymphatics across ileum. 
» Baumeister lymphatic grafting, 
> Autotransplantation of free lymphatic lap from opposite 
side—done in post-mastectomy lymphoedema (Trevidie 
and Cormier), 
©. Limb reduction surgeries: 
> Sistrunk operation: Along with excision of lymphoe- 
dematous tissue, window cuts in deep fascia is done, so 
a to allow communication into normal deep lymphatics. 
» Homan’s operation: Excision of lymphoedematous 
tissue is done after raising skin flaps. Later skin flaps are 
trimmed to required size and sutured primarily. Medial 
and lateral sides of the limb are done at separate sittings 
with 6 months interval 
> Thompson’s operation: Lymphoedematous tissue is 
excised under the skin flaps. Epidermis and part of 


y 


Noovenous shunt 


Lymphovenous shunt 


Lyimeh ngde” Femeral vein 
mm i ‘hong saphenous 


ie 
Lyeptate 
Long vessels 


Fig. 1.490: Diagram showing right side groin nodovenous shunt 
between iguinal lymph node and long saphenous vein. Left side 
showing lymphovenous shunts between dilated lymphatics and long 
‘saphenous vein. At least 4 lymphatics should be anastomosed using 
7 22r0/11 22r0 prolene—using operative microscope. 


A successful team beats with one heart. 
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regarded as classical signals or the displacement of ions through the membrane of axons should be 
investigated classically. It is remarkable that Tegmark has also calculated decoherence time for MTs, but 
he has used wrong assumptions about these structures (for more details see [54]) and we just accept his 
calculations about action potentials, Thaheld [11], [12] believes that the wave function of any superposed 
photon state or states is always objectively changed within the complex architecture of the eye, and any 
incident photons have to run a very daunting gauntlet before they are even converted or transduced to 
retinal ganglion cell spike trains (To learn more about Thaheld arguments, the reader is referred to refs 
[55,56,57]). According to Thaheld, the quantum state of photons does collapse in the retina and it does 
not reach the brain, 


Is Thaheld right? Is not there any mechanism to rebuild the quantum state of photons in the brain? Here 
‘we accept that the states of photons collapse in the retina but we believe that they can be restored in the 
visual cortex via the teleportation mechanism, 


Now, the question is how can it be possible to restore the exact state of photons in the brain while its state 
is collapsed in the retina. The other question which one may ask is: if this state is reported through action 
potentials how is this information reported to the brain and how can it interpret action potentials to obtain 
the exact state of the photons? Our solution to the above problems involves the teleportation of entangled 
coherent states through visual pathways. The state of the photon is teleported from the eye to the brain, 
On the other hand, the state of the photon is transferred via some “cut-and-paste” mechanism from the eye 
to the brain, But how is it possible? 


Figure 4 Visual pathways from the eye to the 
brain. See crossing of pathways. 


We concluded before that retina and the visual cortex are entangled. Also we explained how the entangled 
coherent state is generated in the retina. Now, we want to formulate the process of information transfer 
from the retina to V1. The state (3-2) with two modes 1 and 2 should be teleported to V1. After the 
interaction of light with retina, modes 3, 4 and 5, 6 are generated through microtubular structures between 
retina and V1, and thus they produce entangled coherent channels between retina and V1. It means that 
the channels are: 


h)as = Fi (leaders — |=@)3|-a)s) (6-1) 


@)4|—a)e) (6-2) 


[ae = Faq (adalecde — 


Where N,, is the number of tubulins in each channel, Each mode is reported via a special fiber through 
visual pathways. All of the neurons which are collected in the LGN are divided into two major pathways: 
ipsilateral fibers and contralateral fibers. Information transfer in the contralateral fibers takes longer than 
information transfer in ipsilateral fibers because contralateral fibers have crossing relative to ipsilateral 
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Figs 1.491 and B: Believe it or not! Severe scrotal lymphoedema 
reaching almost up to feet; after surgical excision it weighed 40 kg: 
postoperatively patient went home with ~ 40 kg weight (Courtesy: 
Professor Shivananda Prabhu, MS, KMC, Mangalore). 


the dermis of one of the skin flaps is shaved off using 
Humby’s knife, It is buried under opposite flap, deep to 
the deep fascia like a swiss roll (Swiss roll operation or 
buried dermal flap operation). 
Problems here are formation of epidermal cysts and sinus. 

> Kondolean’s operation: Along with excision of 
lymphoedematous tissue, vertical strips of deep fascia is 
removed so as to open the deep lymphatics which creates 
communication between superficial and deep lymphatics. 

> Macey’s operation: Here skin and subcutaneous tissue 
are peeled back with deep fascia and split skin grafting 
is done over the denuded area, Overlying pad of tissue 
is sutured back temporarily and after 10 days, it is 
trimmed away. 


> Miller’s procedure: \t is excision of subcutaneous 
tissues under the skin flap with deep fascia in two stages. 
First stage is done over the medial aspect of the limb; 
second stage done after two months over lateral aspect, 
of the limb, 

> Charle’s (1912) operation: Done in severe lymphoe- 
dema with elephantiasis. Along with excision of 
Iymphoedematous tissue, skin grafting is done. It 
reduces the size and weight of the limb. Patient becomes 
ambulatory. Wound sepsis, graft failure, dermatitis, 
hyperkeratosis are the complications. 

» Reduction surgeries are done for lymphoedema of 
serotum, penis, labia and eyelid, 
In severe type, occasionally amputation may be required, 


™@ LYMPHOMAS 


‘They are progressive neoplastic condition of lymphoreticular 
system arising from stem cells 


Lymphomas are the 3rd most common malignancy among 


children comprising 15% of paediatric cancers. 


Aetiology 


+ 
. 
. 
+ 
+ 
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Genetic predisposition, 

Sjogren's syndrome—30 fold increase of NHL. 

HIV infection. 

Wiskott—Aldrich syndrome. 

Ataxia—telangiectasia. 

Bloom's syndrome. 

Virus etiology—Epstein-Barr virus 

Celiac sprue—intestinal T cell lymphoma. 

LH. pylori may be associated with MALT lymphoma, 
‘Occupation causes—hair dye workers; herbicide exposure, 
Ionising radiation. 

Smoking; alcohol consumption; tobacco usage. 
Lymphomas are more common in western countries than 
in Asia. 


Types 


. 
+ 


Hodgkin's lymphoma (HL). 
Non-Hodgkin's lymphoma (NHL). 


192: Enlarged, B/L, rubbery neck LNs of lymphoma. Note 
the involvement of lacrimal sac. 


Figs 1.493A and B: Stage IV lymphoma with neck nodes/sternal 
‘swelling/axillary nades which has ulcerated (ulceration isnot common 
in lymphoma}. 


WHO modified REAL classification (Revised European American 
Lymphoma) of lymphoma: 
+ B-cell neoplasms 
~ Precursor 8 cell neoplasm—ALL, LBL. 
~ Peripheral B cell neoplasm—it includes all B cell related 
‘non-Hodgkin's lymphomas 
‘& Tell and putative NK cell neoplasms 
= Precursor cell neoplasms—ALL and LBL T cell related 
= Peripheral cell and NK cell neoplasm—it includes all T 
cell related non-Hodgkin's lymphomas 
Hodgkin's lymphoma 
~ Predominant HL—nodular lymphocyte type 
— Classical HL 
~ Nodular sclerosis 
~ Lymphocyte rich 
= Mixed celluarity 
= Lymphocyte depletion 
‘Note: ALL is acute lymphoblastic leukaemia. LBL is lymphoblastic 
lymphoma, 


Older Classifications (Not practiced now) 


# Jackson and Parker (1944); Paragranuloma; granuloma; 
sarcoma, 

# Lukes and Butler (1966): Lymphocytic and histiocytic 
nodular; lymphocytic and histiocytic diffuse: nodular scle- 
tosis; mixed cellularity; diffuse fibrosis; reticular. 


HODGKIN'S LYMPHOMA (HL) 


(The lymph glands of the neck) exhibited a firm cartilaginous 
structure of alight colour and very feeble vascularity, but with no 
‘appearance of softening or suppuration. Glands similarly affected 
‘accompanied the vessels into the chest, where the bronchial and 
‘mediastinal glands were inthe same state and greatly enlarged. 
The spleen was enlarged to at least four times its natural size... 
presenting the same structure asthe enlarged glands. 

—Thomas Hodgkin, 1832 

# Itis the most common type of lymphoma, 

# Infectious mononucleosis, Epstein-Barr virus, HIV infec- 
tion and genetic monoclonal B cell disorder (90%) may be 
the aetiologies. 

* Grossly lymph nodes are fleshy, pinkish grey, and rubbery 
in consistency 

# Microscopically contains cellular infiltration with lympho- 
cytes, reticulum cells, histiocytes, fibrous tissue and Reed- 
Sternberg cells: (Reed-Stemberg cells are giant cells with 
thro large mirror image nuclei) 


‘& Lymphocytic predominance. Has got good prognosis 

‘& Mixed cellularity 

& Nodular sclerosis 

Lymphocytic depletion. Has got poor prognosis 
(Reed-Sternberg cells are also seen occasionally in certain other 
conditions like glandular fever) 


Clinical Features 


# Itis more common in males. 

# Ithas got bimodal presentation. It is seen in young and 
adolescents (20-30 years) as well asin elderly (> 50 years) 

+ Painless progressive enlargement of lymph nodes. They are 
smooth, firm, nontender, typically India rubber consistency. 


Site 

Cervical lymph nodes most common—82% (lower deep 
cervical group and in posterior triangle). 

% Others include axillary, mediastinal, inguinal, abdominal. 


Specific Features 


# Nodular sclerosis is most common type. 

# Consecutive group of lymph nodes are involved. 

# Splenomegaly is very common (45%). 

# Hepatomegaly with jaundice—jaundice is due to haemolysis 
‘or due to diffuse liver involvement. 


The difference between ordinary and extraordinary is that little extra—Zig Ziglar 
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Figs 1.494A and B: Lymphoma in a boy and in an adolescent with 
neck nodes. Nate the diffuse nature, Nodes are usually India rubber 
consistency. 


¢ Para-aortic lymph nodes may be enlarged and often palpable 
as vertically placed mass at or ust left of the midline, which 
does not move with respiration, does not fall forward, 
nonmobile, resonant, smooth, firm mass often with trans- 
mitted pulsation from aorta (secondaries are hard, nodular 
usually primary from Gl, melanoma, testis). Ascites is not 
a common feature, 

# Rarely alcohol may induce pain in enlarged node; classical 
Pel Ebstein fever described early is also seen in other in 
tions like brucellosis. 


© Constitutional symptoms like fever, pruritus, weight loss may 
he present which signifies stage “B”, which has got poor 
prognosis. Stage “A” is absence of these symptoms which 
signifies etter prognosis. 


Stage ‘B’ Symptoms 
> Weight loss, more than 10% 
» Fever, earlier called as Pel Ebstein fever is actually is 

due to brucellosis. 


BE na 


anne 
Fig. 1.495: Hodgkin's lymphoma in neck region, 


Left side axila 


Ma b a 


Figs 1.496A and B: Fungating lymphoma in both axila ofa patient, 


Right side axilla 


> Pruritus—25%, It may be the only presenting symptom. 
Its usually seen in nodular sclerosis type. 

» Anaemia, 

» Bone pain. 

# Mediastinal lymph node involvement may cause compres- 
sion features like SVC obstruction, Mediastinal lymphoma 
is the most common mediastinal malignancy which usually 
occurs in anterior mediastinum, Occasionally presenta- 
tion may be difficulty in breathing, chest pain, dysphagia 
and SVC obstruction (Pemberton sign may be positive) 
It may be asymptomatic also. If ratio between maximum, 
transverse diameter of mediastinal mass to maximum 
transverse intrathoracic diameter (MMR) is more than 0.33 
in chest X-ray or more than 0.35 in CT chest, then it carries 
‘worst prognosis 

# Occasionally bone like vertebrae may get involved. 

% Anaemia, pancytopaenia, 


—Ann-Arborclinicalstaging 
Stage 1: Confined to one group of lymph node 
‘Stage 2: More than one group of lymph nodes on one side of 

the diaphragm 

‘Stage 3: Nodes involved on both sides of the diaphragm 
Stage 4: Extranodal involvement like lives, bone marrow 
Suffix'S'—Spleen involved 
Suffix’B'—Presence of constitutional symptoms 
‘Suffix’ —Absence of constitutional symptoms 


4 Single extralymphoid site isIE 

4 Anextralymphoid site with one or more lymph nodes same 
side of diaphragm isl E 

+ An extralymphoid site with lymph nodes on both sides of 
diaphragmllE, 

‘& Anextralymphoid site with spleen and lymph nodes on both 
sides of diaphragm Il SE. 

‘Spleen with lymph nodes on both sides of diaphragm isIlS. 

N—Nodes H-—Liver S—Spleen  L—Lung 

M—Marrow P—Pleura O—Bone — D—Skin 

‘Stage ll (1) is nodes above renal vein level and 

‘Stage ll 2) is below it. 


Differential Diagnosis 


Tuberculosis 
NHL. 

HIV. 

Chronic lymphatic leukaemia, 
Nonspecific lymphadenitis 
Sarcoidosis. 

Secondaries in lymph nodes. 


eoeseeoe 


Fig. 1.497: Secondaries in neck lymph nodes. Its hard, large 
probably fixed and nonmobile making it advanced and inoperable. 


Investigations 


% Blood: Hb%, ESR, peripheral smear, blood urea, serum 
creatinine. Serum alkaline phosphatase and calcium may 
elevated. 

# ENAC of lymph nodes 

Excision biopsy of lymph nodes. Full lymph node is excised, 
to retain the architecture of the Lymph node. It is important to 
grade the tumour. It is better to have immunohistochemistry 
of tumour tissue. As cell mediated immunity is decreased, 
CD4/CD 8 ratio will be decreased. 

# Chest X-ray—to look for mediastinal lymph nodes, pleural 
effusion, 

4 Ui abdomen—to look for the involvement of liver, spleen, 
‘abdominal lymph nodes. 

© CT scan of mediastinum/chest, abdomen and pelvis is better, 
ideal and essential. CT is used ideally to stage the disease. 

% Chamberlain's mediastinoscopy and biopsy of mediastinal 
lymph node is done if peripheral nodes are not available 
{or biopsy. Laparoscopy and biopsy of different abdominal 
lymph nodes is also a good option. 

Lower limb lymphangiography to look for the pelvic and 
retroperitoneal lymph nodes. It shows reticular pattern in 
node; it can be used to assess the therapeutic response and 
prognosis. Lymphoscintigraphy is better and acceptable. It 
is prognostic tool also. 

# Bone marrow biopsy to stage and also to see the response 
to treatment. 

Staging laparotomy: 

» ‘The abdomen is opened. Splenectomy is done mainly to 
remove the tumour bulk, as spleen is commonly involved 
and also to avoid irradiation to splenic area which often 
causes unpleasant pulmonary fibrosis. Biopsies are 
taken from both lobes of the liver (needle biopsy) from 
para-aortic, celiac mesenteric, iliac nodes. In females 
ovaries are fixed behind the uterus to prevent radiation 
oophoritis (oopheropexy/ovarian translocation). 

» Staging laparotomy is not routinely done now. Itis done 
only if it benefits the patient to have better plan of treat- 
‘ment or better result 

> Itisdone in stage VILA lymphoma (HL) in selected patients. 

Note: 

Staging laparotomy, splenectomy (requires for immune function), 

Iymphangiogram, IVU are no longer/very rarely done now for HL. 


Problems in HL 


# Pleural effusion—respiratory discomfort 

© SVC obstruct 

# Spine if involved—not very common but can occur. 

% Opportunistic infection—mycobacteria, cytomegalovirus, 
herpes zoster, 

% Bronchopneumonia, septicaemia. 

# Immunosuppression and its effects. 

% Risk for other malignancies in later life 


‘Man cannot discover new oceans unless he has courage to lose sight of the shore—Anonymous 
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Celiac nodes 


Spleen removed 


Orcs 
Mosontric re 


lige nodes 


Fig. 1.498: Staging laparotomy for Hodgkin's lymphoma. Needle and 
‘wedge biopsies from liver/nodal biopsies from para-aortic, celiac, 
mesenteric, lac nodes/splenectomy/avarian ranslocation/iliac crest 
biopsy are the components of staging laparotomy. This can be very 
well-achieved through laparoscopy also now. Staging laparotomy is 
not commonly done now. 


Treatment for HL 


‘Treatment strategy for HL, 
+ Early favourable stage—extended field radiation only 
+ Early unfavourable stage—extended radiation plus chemo- 


% Stage I and IL 
» Mainly radiotherapy—external high cobalt RT. 

— Above the diaphragm—"Y” field therapy, covering 
cervical, axillary, mediastinal lymph nodes. It may 
cause carcinoma of breast. 

— Below the diaphragm, mantle or inverted “Y” field 
therapy, covering para-aortic and iliac nodes. It may 
cause infertility 

» Chemotherapy is also given. 
4 Stage III and IV: Mainly chemotherapy. 


therapy 
+ Advanced stage—extensive chemotherapy often with local 
radiation 
Unfavourable signs in early HL 

* 

: 

+ Elevated ESR 

+ Four or more involved regions 

+ Presence of B symptoms 

+ Anaemia < 10 gram % low serum albumin level <4 gram % 

Age more than 50 

> Male gender 

Figs 1.4994 and B: Mediastinal nodes involved in lymahoma as 
Note: First five parameters are most important. seer in cheat eray and chest CT'scan, 
Differences between HL and NHL l 
HL (more common) NHL 

Age: Young and elderly Middle age and elderly 

Pattern of involvement: Symmetrical and consecutive Asymmetrical 

Cervical lymph node: ‘Commonly involved ‘Any group can be involved 
Splenomegaly: ‘Common Not common 

Peripheral lymph node involvement (2.9. Not common Common 

epitrochlear nodes) 

Treatment: Mainly radiotherapy Mainly chemotherapy 

‘Chemotherapy (MOPP regime) 
Prognosis: Better Poor 


Drugs used include: 

‘% Mustine, __M. (Mechloroethamine).6 mg/sq meter on 
1stand 8th day. 

 Oncovine. 0. (Vinca alkaloids). 1.4 mg/sq meter on 1st 
and 10th day. 


4 Procarbazine. P.100 mg orally daily for 10 days. 
4 Prednisolone, P.45 mg orally daily for 10 days. 
Other regimens available—MVPP, ABVD 


ABVD iis becoming more popular and commonly used now 
Adriamycin—30 mg/sq meter (cardiotoxic); Bleomycin—10 
mg/sq meter (pulmonary fibrosis); vinblastine—6 mg/sq meter 
(bone marrow suppression); DTIC/Dacarbazine 350 mg/sq 
meter, 


Treatment for Relapses 


# Autologous stem cell transplantation, 

¢ High dose chemotherapy. 

# High dose chemotherapy with autologous stem cell trans- 
plantation, 

¢ MOPP/ABY hybrid regime, 

# Single dose vinorelbine (new vinca alkaloid); gemcitabine; 
immunotherapy; tumour vaccination; gene therapy. 


Prognosis 


# Stage I and 180%, 
# Stage II LA—70%. 
¢ Stage III B and stage IV—< 40% 


Prognostic factors 

+ Stage land thas got better prognosis 

+ Lymphocytic predominance has got better prognosis 

+ Stage"A’ without constitutional symptoms has got better 
prognosis 

Anaemia < 109 %:hypoalbuminaemia <4 g Si lymphocyte 
‘count < 600/mm?: WBC count > 15,000/_mm?age > 50 years; 
involvement of bone and liver are other poor prognostic 
factors 


NON-HODGKIN'S LYMPHOMA (NHL) 


# Itoccurs in middle aged and elderly. It is more aggressive 
than HL, 

# It involves asymmetrical group of lymph nodes 
General condition is poor. 

¢ Inner Waldeyer ring, epitrochlear lymph nodes, peripheral 
lymph nodes are commonly involved. 

# Spleen is not commonly involved. 


© Hepatomegaly 

# Vertebral involvement is common; paraplegia can occur. 
(40%. 

¢ Secondary infection, cachexia and immunosuppression is 
‘more common. 


# Inner Waldeyer ring and oropharynx lymphoma (NHL-B 
cell) may be associated with MALT lymphoma of stomach; 
so gastroscopy is indicated in these patients. 

# Pyoderma gangrenosum may the presentation, 

# Small bowel lymphomas are usually NHL type. Western 
‘ype is annular, ulcerative multiple B cell type, presents as 
obstruction, bleeding, weight and appetite loss, perforation, 
Celiae disease related lymphoma is usually primary T cell 
type presents with severe unresponsive diarrhoea, PUO, 
obstructive features. Mediterranean lymphoma of small 
bowel is seen in North America and Middle East which is, 
associated with alpha chain disease 

# Sarcoma, carcinomas/secondaries are the differential diag- 
nosis for NHL, 


‘Types 
Nodular (Follicular) 
+ Diffuse lymphocytic 
+ Undifferentiated 
+ Histiocytictype 
Rappaport classification 
+ Nodular + Low grade 
+ Diffuse + Intermediate grade 
+ High grade 


Pathological Classification 


# B cell type—small lymphocytic, follicular, Burkitt's 
lymphoma. 

# T-cell type—cutaneous, mycosis fungoides, Sezzary 
syndrome, lymphoblastic lymphoma. 

Note: 

Many different classifications are there for NHL. Students have to 

refer pathology book when needed, 
Histochemist 


and tumour markers are very sensitive and 
essential tools other than biopsy; CT chest, abdomen, pelvis; 
MRI spine, peripheral smear and bone marrow biopsy. Serum 
LDH, calcium, CDS, CD23 counts are very useful prognostic 
indicators, Raised LDH carries poor prognosis and also patients 
require aggressive chemotherapy. 


Treatment 


Mainly chemotherapy 

Various regimens available include: 

# ChOPP—Chlorambucil, Oncovin, Procarbazine, Predni- 
solone. 

* ABVD—Adriamycin, Bleomycin, Vincristine, Dacar- 
bazine. 

¢ ABVP—Adriamycin, Bleomycin, Vincristine, Prednisolone, 

% Combinations of above. 

% Rituximab may be used with chemotherapy regimes. 

* Role of radiotherapy in NHL: When vertebra is involved. 

# Prognosis is poot compared to HL. 


Laugh at obstacles and cry at your success. 
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MALT LYMPHOMA (MALToma) 


# It is lymphoma arising from mucosa associated lymphoid 
tissue. It is usually primary GI lymphoma (4% of gastric 
lymphoma); of Non-Hodgkin's B cell type. 

The most common site is stomach. Helicobacter pylori 
infection is the causative agent commonly. 

# Itcan be low grade or high grade 

# Low grade occurs in patient with chronic gastritis due to 
Helicobacter infection. Diffuse mucosal thickening with 
ulceration is seen. Antihelicobacter therapy is very useful 
in this type. 

# High grade is aggressive one. It presents with features 
similar to gastric carcinoma often with smooth, firm gastric 
mass in epigastric region, 

¢ Systemic features like fever, night sweats, and weight loss 
can occur in 50% cases. Bleeding with haematemesis with 
obstruction is not uncommon. Locoregional lymph nodes 
(only) may get involved. 

4 Endoscopic biopsy is essential to diagnose. Endosonog- 
raphy, bone marrow biopsy, CT scan of chest, abdomen 
and pelvis is a must to confirm primary Gl/gastric 
lymphoma and to identify or to rule out extragastric lymph 
node NHL. 

¢ Radical subtotal gastrectomy with adjuvant chemotherapy 
is the treatment along with treatment for Helicobacter infec~ 
tion, Primary chemotherapy and RT is also useful. Palliative 
gastrectomy is needed in case of bleeding and obstruction, 


lm BURKITT'S LYMPHOMA (Malignant 
Lymphoma of Africa) 


Thirty-eight cases ofa sarcoma involving the jaws of African chil 
dren are described Thisisa smndrome which has not previousy been 
fully recognised Its by far the most common malignant tumour of 
childhood seen at Mulago Hospital. 

—Denis Parsons Burkitt, 1958 


¢ Itis common in South Africa and New Guinea. 
¢ Epstien-Barr virus may be the etiological agent. It is 
common in children, 


¢ Itis associated with infectious mononucleosis. 
# Itis common in malaria endemic area. 

# The tumour is multifocal, rapidly growing, painless 
Different groups of lymph nodes can also be affected. 


Microscopy 


Primitive lymphoid cells wit 
night (starry sky) pattern 


large clear histioeytes—starry 


Sites 


# Itis common in jaw—either lower or upper. 
# Abdominal presentation and renal involvement is common 
(75%). 


# Renal involvement often may be bilateral 
+ In females, ovaries are commonly affected. 


Types 


a Endemic (African)—commonly occurs in jaw. 
b. Nonendemic (sporadic)—commonly occurs in abdomen, 
©. Aggressive lymphoma—occurring in HIV patients. 


Investigation 


# FNAC and biopsy confirms the diagnosis, 
# Jaw X-ray shows osteolytic lesions 

# U/S abdomen is done to look for involvement of kidneys. 
# Blood urea and serum creatinine estimation is done. 


Treatment 


# Radiotherapy. 

# Chemotherapy: Cyclophosphamide, methotrexate, orthomel- 
phalan, 

% Surgery is usually not indicated unless itis localised or in 
case of involvement of ovaries 

Prognosis is good. 


l™ CUTANEOUS T CELL LYMPHOMA 


# Cutaneous T cell lymphoma comprises mycosis fungoides, 
Sezzary syndrome, reticulum cell sarcoma of skin and other 
cutaneous lymphocytic dysplasias. Mycosis fungoides is the 
most common among them. 

# Cutaneous T cell lymphoma can be indolent (commonly 
mycosis fungoides); aggressive (Sezzary syndrome); 
provisional (granulomatous/pannineulitis like T cell 
lymphoma). 

# Initial macular patch/plaque phase slowly changes into 
tumour phase with painful, pruritic erythroderma often with 
visceral spread. Alopecia mucinosa and follicular mucinosis, 
fare common in mycosis fungoides. Lymph nodes may get 
involved. Tumour cells in peripheral smear are also impor- 
tant in deciding therapy and prognosis. 

* Multiple skin biopsies/peripheral smear/node biopsy/ 
immunohistochemistry/pheo ot genotyping are important 
investigations 

% Prognosis depends on extent of skin involvement (more 
the 10% body surface area carries poor prognosis)/nodal 
spreadiblood spread. 

# Treatment: Localised external beam radiotherapy; topical 
chemotherapy (bexarotene gel/carmustine ointment); 
phototherapy; total skin electron beam therapy; extra- 
corporeal photochemotherapy, Bexarotene is a type of 
retinoid, 

% Seccary syndrome is a type of cutaneous T cell lymphoma 
with skin lesions with special Sezzary cells having cribri- 
form nucleus. It is often associated with leukaemias. It is, 
treated like any other cutaneous T cell lymphoma. 


Fig, 1.500: Cutaneous T cell lymphoma. 


ll CHYLOUS ASCITES 


It is collection of lymph in the peritoneal cavity. It is due to 
‘obstruction of intestinal lymphatics and subsequent leak. 


Causes 


© Most common cause is—congenital lymphatic abnormality 
in children (megalymphatics with lymphoedema) and in 
adults lymph node malignancy, either primary or secondary. 

¢ Filarial Iymphoedema causing obstruction. 

Malignancy either nodal secondaries or nodal primary 
causing obstruction, 

Tuberculosis causing blockage of lymph drainage and 
rupture and leak into the peritoneal cavity. 

 Post-surgical cause. 


Features 


Ascites, often massive. 

Severe malnutrition and protein deficiency. 

Features specific to the cause, 

‘Triglycerides > 110 mg/dl in ascitic fluid is diagnostic. 

Ascitic fluid aspiration is chalky white in colour and it shows 

chylomicrons. It should be studied for fat globules, proteins, 

AFB and malignant cells 

¢ Laparoscopy and biopsy is necessary when lymphoma/ 
secondaries are suspected, 

CT scan and CT guided biopsy may be needed. 

 Lymphangiography to find out the site of leak. 


eeeee 


Treatment 


Control of infection, 

¢ Antituberculous and antifilarial drugs. 
Fat free, protein rich diet 

Nutritional support—TPNienteral. 


‘Courage is fear that has said its prayers. 


# Medium chain triglycerides can be given as it directly gets 
absorbed into the blood rather into the lymphatics. 

Repeated tapping, peritoncovenous shunts are often 
required. 

# Surgical ligation of leaking lymphatic duet. 


ll CHYLOTHORAX 


It is accumulation of lymph in the pleural cavity. 
Itis common on right side because of long course of thoracic 
duct towards right side. 


Causes 


% Injury due to trauma/surgeries in neck or chest, Surgical 
trauma is the most common cause—may be oesophageal 
surgeries, pneumonectomy, cervical sympathectomy, neck 
dissections or aortic surgeries. 

Tuberculosis, lymphoma or secondaries in the mediastinum, 

Carcinoma lung or oesophagus. 


Features 


# Chest pain, dyspnoea, pleural effusion 

Protein loss and malnutrition 

Pleural tap will show chalky white fluid rich in chylomi- 
rons. Triglycerides more than 110 mg/dl in the pleural fluid, 

© Chest X-ray, CT chest are needed. 


Treatment 


# ICT placement 

# Fat free protein rich diet. 

# Antibiotics therapy for the cause. 

# Often pleurodesis using bleomycin, tale, tetracycline or 
pleural stripping is needed, 

% Thoracic duct ligation is beneficial in traumatic/iatrogenic 
cases. 

# Through thoracoscopic approach, ligation of the thoracic 
duct is done if leak persists beyond one week. If oral cream 
is given to the patient 6 hours before surgery, leaking 
site will be better identified. Thoracic duct is ligated 
above and below the leak either through thoracoscopy or 
thoracotomy. 

# ICTdrainage, oral diet of medium chain triglycerides which 
is absorbed directly into blood not through lymphatics; with 
‘TPN, is the usual earliet way of management 


™@ CHYLURIA 


% Itis passage of milky white chylous urine, which is aggra- 
vated after fatty meal 

# Itmay be due to obstruction of intestinal lymphatic vessels 
leading to high lymphatic pressure causing diversion of 
lymph into renal lymphatics ori often may be due to rupture 
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of intestinal lymphatics into renal pelvis or ureter leading 
into a lymphourinary fistula, 

The most common cause is filarial (2% of filarial cases): 
Other causes are tumour, tuberculosis, malaria and ascariasis 
infestation. 

¢ Urinary infection, protein loss is common. 

 Itmimies bacterial /tuberculous pyuria or phosphaturia, 

Clot colic due to fymph clot in urinary system may be the 
presentation, 

¢ Urine study, culture, IVU, lymphangiography, U/S abdomen 
is needed. 

¢ Treatment is low fat, protein rich diet, antibiotics, DEC, 
plenty of oral fluid intake, ligation of dilated lymphatics 
through laparotomy or sclerosing the lymph vessels. 

Condition causes severe psychological and nutritional 
problem, 


™ SARCOIDOSIS 


Itisa differential diagnosis for lymph node mass. Itis basically 
a granulomatous condition of unknown cause with bilateral 
hilar lymphadenopathy; with involvement of lungs, liver, 
spleen, lymph nodes, lacrimal glands, parotid glands, CNS, 
hhypercalciuria, acute onset of erythema nodosum in the skin. 
Fever and loss of weight are not common. It shows noncase- 
ating epithelioid granuloma with positive Kyeim-Siltzbach 
skin test (80%); high levels of serum angiotensin converting 
‘enzyme (SAGE). Investigations needed are—CT chest; medi- 
astinoscopy; nodal biopsy; slit lamp examination of eye; often 
abnormal immunoglobulins in the circulation. It is treated by 
corticosteroids with good response. It should be differentiated 
from other causes of lymphadenopathy especially Hodgkin's 
lymphoma. 

Note: 

For topics tuberculous lymphadenitis and lymph node secondaries 
please refer chapter'Neck: 


Figs 1.501A and B: Gross feature of sarcoidosis of spleen 
(Courtesy: Dr Arunkumar, MCh, Gastroenterologist). 


P. Peripheral Nerves 


The power of moving in every part of the body by means of the muscles which obey the will, or by means of 
others the actions of which are involuntary; the various perceptions by the five extemal senses; and lastly those 
‘mental powers named memory, imagination, attention, and judgement, together with the passions of the mind: all 
these seem to be exercised by the ministry of the nerves; and are impaired, disturbed, or destroyed, in proportion 
to any injury done to the brain, the spinal marrow, and nerves, not only by their peculiar diseases, of which we 
know little, but by contusions, wounds, ulcers, and distortions, and by many poisons of the intoxicating kind. 

—William Heberden, 1802 


we Peripheral Nerve Injuries 
 Tinel's Sign 

‘Brachial Plexus Injuries 
we Causalgia 

we Median Nerve Injury 
Carpal Tunnel Syndrome 
Ulnar Nerve Injury 

we Claw Hand 


= Radial Nerve Injury 
™ Common Peroneal Nerve Injury 
Foot Drop 

™ Medial Popliteal Nerve Injury 
Axillary Nerve Injury 


vs Long Thoracic Nerve Injury 
‘=p Meralgia Paraesthetica 


@ PERIPHERAL NERVE INJURIES 


Epineurium 


‘Axon 


Endoneurium 


Perineurium 


Fig. 1.502: Cross-section of a nerve. 


Classification 
Seddon's Classification 


 Neuropraxia: It is temporary physiological paralysis of 
nerve conduction. Here recovery is complete. There is no 
reaction of degeneration. 

4 Axonotmesis: It is division of nerve fibres or axons with 
intact nerve sheath, There is reaction of degeneration distally 
with near complete recovery. Patient can present with 
sensory loss, paralysis of muscles or causalyia, 


u 


Fig, 1.503: Dermatomes. 


4 Neurotmesis: Here complete division of nerve fibres with 
sheath occurs, Degeneration occurs proximally up to the 
first node of Ranvier as well as distal to the injury. Recovery 


is incomplete even after nerve suturing, There is complete 
loss of motor and sensory functions with loss of reflexes. 
Ifthe nerve is mixed type other than pure motor or sensory 
recovery is still poorer, 


seman [elaydied 


fibers and then they have longer lengths than ipsilateral fibers. On the other hand, contralateral fibers have 
a retarded phase relative to ipsilateral fibers. Now we want to answer the following questions. What is 
this phase difference? What is the role of this crossing? And how does crossing restore the initial state in 
the retina? 


7) The Role of Phase Shift to Restore Information in LGN 


When the information is collapsed in the retina, action potentials are produced. The shape of action 
potentials is the same for each neuron, but the main problem is which neurons are fired, or in other words 
which neurons carry action potentials and information, Consider two fibers selected from ipsilateral fibers 
and two fibers selected from contralateral fibers. The two ipsilateral fibers are called 1 and 2, and the two 
contralateral fibers are called 3 and 4 while the two fibers from the LGN to V1 are called 5 and 6 which 
are selected from the group of magnocellular and parvocellular fibers. Now, we start from the retina. The 
state of centrioles and channels is: 


w 


= |9)12 ® [Pas ® lbs 


1 
=p Alanlaizladsladalarsiads 


—Ala);|@)2|a)3|-@)4|a)s|-a)6 
—Ala);|@)2|—a)3|@)4|-)sla)6 
+Ala):|@)2|-@)3|-@)4|-a)5|- a) 
—B\—a);|—a)2|@)3|a)4|@)s|a)6 
+B|—a);|-a)2|a)3| — @)ala)s|—a)6 
+B — a):|-@)2|-a)s1@)4| — @)s|@)6 
—B|—a);|-@)2| — @)s| — a4| - @)5|—ax)6) (7-1) 


All of the above states are collected in the LGN. But here the role of action potentials is very 
important. They determine which fibers are fired, If fibers 1 and 2 carry action potentials, then it shows 
that information passes through ipsilateral fibers. Thus to select information from the LGN to send it via 
fibers 5 and 6 to V1 there is no need for phase difference (or to apply the phase shift operator on the 
states) and thus the state of (3-2) can be transferred like its first state through fibers Sand 6. In the 
formulation (7-1) we see that if fibers x and y are fired, the expression with |a),|a)y should be selected 
from the terms with coefficients +A besides the expression | — c),|—a),, from the terms with coefficients 
—B. Hence, 


L2firing S—|6')xg = Ala)sla), ~ Bl-a)sl—a) (7-2) 


In another state, if fibers 1 and 4 are fired it means that one fiber is selected from ipsilateral fibers and the 
other is from contralateral fibers, thus they have phase difference with respect to each other. Hence, 


yields 


1,4 firing > — |b')s6 = Ala)s|—a)g — Bl-a)s lad, (73) 
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Injuries may be incised or lacerated or crushed one. 
Cut end of the nerve forms proximally neuroma and distally 
glioma. 
‘Neuromas may be 
¢ ‘True neuroma or false neuroma, 


End neuroma or side neuroma, 


I: Conduction block—temporary neuronal block 

Il; Axonotmesis but endoneurium is preserved 

Ili, Axonotmesis with disruption of endoneurium, but perineu- 
rium is preserved 

IV; Here disruption of endo and perineurium has occurred but 

jneurium is intact 

\V: Neurotmesis with disruption of endo, peri and epineurium. 

has occurred 


Clinical Features 


Loss of sensory, motor, autonomous and reflex functions, 
Secondary changes in the skin and joint. 
Primary nerve suturing is done ifit isa clean incised wound, 
Secondary nerve suturing is done after 3 weeks if it isa 
crushed wound, 


Management 


4 Associated injuries like fracture, vessel injury, injuries in 
other systems should be looked for. 

4 Assessment of nerve injury is done by checking sensation, 
muscle power, reflexes. 

4 Nerve conduction studies. 

4% Investigations relevant for associated injuries. 

¢ Exploration of the wound, 
Debridement of the area is done. IFinjury is incised one, then 

nerve is sutured with 8-0 to 10-0 nonabsorbable interrupted 

sutures (polypropylene), 


Types of Nerve Suturing 


Usually microscope o loup is used for nerve suturing, 

i. Epineurorrhaphy: Only epineurium is sutured using inter- 
rupted sutures, 

ii, Epi-perineurorrhaphy: Initially perineural sheath and then 
epineurium is sutured, 


Nerve suturing can b 

» Primary repair: It is done immediately after injury. 
Nerve ends are minimally trimmed very close using a 
blade. All fascicles of the nerve are oriented correctly. 
‘Two stay sutures are placed to keep the orientation 
properly, Usually epincural suturing is done using 8 zero 
polypropylene interrupted sutures. It needs magnifica- 
tion. 6-8 sutures are placed for large peripheral nerve 
like median or ulnar nerve, For small nerve like digital 
nerve, only 2-3 sutures are placed. 


» Secondary repair: It is done at a later period. It is done 
in a preexisting scar tissue. Here first nerve ends, both 
proximal and distal are identified, carefully dissected 
adequately, Proximal neuroma and distal glioma are 
trimmed for 1 em to expose the normal fascicles of the 
nerve ends. Often guide sutures of silk may be present 
which were placed earlier during exploration of the 
trauma. Once nerve ends are clean, it is sutured alike 
primary suturing with stay sutures, with proper align- 
‘ment of fascicles, followed by epineural suturing. Here 
as epineurium is thicker, suturing is easier, 

If nerve is lacerated, then marker stitches (using silk) are 


placed at the cut end site to identify the nerve for suturing at 
a later period, 


If nerve suturing fails or if could not be done, then tendon 


transfer is done ata later period after 4-6 months, 


Incomplete injury usually does not require any suturing, 


Easier suturing is achieved by following methods: 


toceee 


Relaxing incisions, 
‘Transpositioning of the nerve. 

Shortening of the bone, 

Nerve graft—usually sural nerve is used for nerve graft 
Positioning of the limb. 

Initially neurolysis (release of the scar tissue adjacent to 
injury) is done in case of secondary suturing 


Prognostic factors in healing of the nerve injury 


+ 
. 


Higher the lesion worser the prognosis. 
More the gap between the cut ends worser the prognosis. 


= 
“~~ 


Severed nerve ends are Orientation of fascicles Completed 
‘rimmed just close to are done in both cut ends. epinaurorrhaphy, 
the ends. Guidelstay —Epineural sutures are 

stitches are placed on placed with knots on 

both sides of each outside. Polypropylene 

ends. interrupted sutures are used. 


Fig. 1.508: 


rimary nerve repair. 


Ifcut ends are without any undue tension 
(tension free), then ends are sutured with 
‘orientation of fascicles, 


be 
a . 
AN YIN 


Neuromaigioma — Neuromas are te for 
formation at the cut 1-2 cm to get normal fascicles 
ends ofnerve. at the nerve ends. 


If there is tension then nerve graft 
Is necessary using sural nerve. 


Fig. 1.505: Secondary nerve repair. 


# Associated injuries alter the prognosis, 
# Children do better with nerve injury. 
¢ ‘Type of the injury also decides the prognosis. 

The rate of growth of nerves after peripheral nerve suturing 
is | mmiday. 


™@ TINEL'S SIGN 


It is the clinical sign (prognostic indicator) used to assess the 
level of regeneration. Its elicited 3 weeks after the nerve injury 
(Regeneration begins afier the completion of nerve degeneration). 

Tapping over the course of the nerve is done from distal 10 
proximal to elicit a sensation of “pins and needles” or hyper- 
aesthesia. 

If sensation is felt at the site as well as distally along the 
distribution of the nerve, that means good recovery can be 
expected. If sensation is felt only at the site of tapping, then 
result is equivocal, Ifno sensation is felt it means no recovery. 


‘Traumatic:Either closed or open injury 
Inflammatory: Leprosy, herpes zoster, diphtheria 
‘Compression neuropathies 


Diabetes mellitus 
Vitamin B, deficiency 

Porphyria 

Neurofibroma and other neural tumours 
Idiopathic 


I BRACHIAL PLEXUS INJURIES 
It can be: 

¢ Supraclavieular injury 
¢ Infraclavicular injury 
Combined 

It can also be: 

Upper plexus injury, 
Lower plexus injury. 


Features of upper and lower plexus injuries 


Upper plexus injury (Erb-Duchenne paralysis) 
1. Its due to depression of shoulder by trauma 
2. After difficult labour in newborn 
3. Here Cs and Cg roots are injured 
4. Muscles affected are deltoid, biceps brachioradialis 
and supinator 
5. Effects are: 
a, Elbow will be extended, pronated and upper limb 
is internally rotated (Policeman receiving tp) 
b. Sensory deficit over the lateral aspect of atm and 
Upper part of the lateral forearm 


A 
2. 
3 
4, 
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Upper trunk 


Lateral cord 
Mice trunk 
Posterior cord 


Lower trunk 


Fig. 1.506: Brachial plexus anatomy, 
It can be: 
Post-ganglionic injury 


Usually ess severe 
Better recovery 


Pre-ganglionic injury 
Ayulsion injury 

More dangerous 

Extends into the spinal cord 


Investigations 
+ Nerve conduction studies. 

> CMR 

+ Electromyogram. 

+ Xray cervical spine and part. 


Treatment 


# Conservative, 
¢ Tendon transfer, physiotherapy. 

Osteotomy of coracoid process proximal to the attachment 
of pectoralis minor, short head of biceps and coracobrachialis, 
is done to improve abduction—Sever’s operation. 


nerve repair. 


™ CAUSALGIA 


It is severe burning pain and hyperaesthesia in the distribution 
ofa peripheral nerve due to incomplete injury to the nerve. 


Lower plexus injury (Klumpke's paralysis) 
Forcible hyperabduction of shoulder causes this injury 
In newborn it result due to difficult breech delivery 
Here Cs and T; are injured 

Intrinsic muscles of the hand are involved 


Effects are: 
‘a. Combined median and ulnar claw hand 


b. Horner's syndrome 


©. Sensory deficit over the medial aspect of forearm, hand, 
and medial 1% finger 


in lesions of S, there is no dropped big toe. —Gosta Norlen 
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Sites 


‘Common in upper limb, 

Commonly seen in median nerve, also often in brachial 
plexus injuries. In the lower limb it is seen in sciatic nerve or 
tibial nerve injuries. 


Pathology 


Incomplete nerve injury produces abnormal impulse towards 
sensory nerve ending causing vasomotor instability and pain. 


Clinical Features 


> Hyperaesthesia with severe disabling and burning pain. 

» Skin becomes red, shiny and glossy which sweats 
profusely —Weir-Mitchell skin. 

» Eventually skin becomes atrophic, cyanotic, cold and 
blotchy. 

> Skin is less sensitive to heat, cold, and pin prick, but 
hypersensitive to touch and tender to pressure. 

> Nails are rigid, brittle with change in colour. 


Investigation 


Nerve conduction studies, 


Treatment 


 Anti-inflammatory drugs, steroids, physiotherapy. 

4 IV guanethidine regionally 

¢ Lf not improved, sympathectomy—eervical for upper limb, 
lumbar for lower limb, 


ll MEDIAN NERVE INJURY 


Median nerve arises from lateral (Cs, ,») and medial cord 
(Cyand T,) of the brachial plexus. Its initially lateral to the 
axillary artery and becomes medial in the lower part of the 
arm and in the cubital fossa. It passes through the pronator 
teres, descends in relation to flexor muscles and enters the 
palm through the carpal tunnel at the wrist 

¢ It supplies pronator teres, flexor carpi radialis, palmaris 
Jongus and flexor digitorum superficialis. Anterior interos- 

seous branch of the median nerve supplies pronator teres, 
lateral half of the flexor digitorum profundus, flexor pollicis 
Jongus and pronator quadratus, 

¢ In the wrist, it supplies abductor pollicis brevis, flexor 


pollicis and opponens pollicis of thenar eminence and lateral 
two lumbricals. It gives sensory supply to lateral three and 
half fingers of the hand. 


+ Injuries 
~Supracondylar fracture ofthe elbow 
~ Fracture—dlslocation ofthe elbow 
~ Direct cut injuries 

© Leprosy 

+ Carpal tunnel syndrome 

+ Asa partof brachial plexus injury 


Clinical Features of Median Nerve Palsy 


In high median nerve palsy 

Wasting of the thenar eminence. Loss of sensation on lateral 
three and half fingers. 

# Ochsner’s clasping test shows pointing index because of the 
inactivity of lateral two divisions of the profundus. 

‘Ape or Simian thumb deformity” is due to overaction of 
the adductor pollicis which is supplied by the deep branch 
of ulnar nerve, As all other thenar muscles are paralysed, 
thumb comes in the same plane of the metacarpals, 

# “Pen test”: In median nerve injury, pen held in front of 
the hand cannot be touched by thumb as abduction is not 
possible due to paralysis of the abductor pollicis brevis. 

In low median nerve palsy profundus is not paralysed and 
so pointing index is not seen. 


Investigations 


4 Nerve conduction studies. 
# X-ray of the part in case of fracture. 
¢ Electromyogram, 


Treatment 


# Nerve suturing or nerve graft, 
¢ Tendon transfer. 
# Treat the cause like carpal tunnel syndrome 


lm CARPAL TUNNEL SYNDROME 


+ It is the compression neuropathy of median nerve in the 
carpus, deep to flexor retinaculum. 
¢ Flexor retinaculum (transverse carpal ligament) maintains 
the concavity of wrist and extends laterally from trapezium 
‘and seaphoid to pisiform and hook of the hamate medially. 
Carpal tunnel is formed by carpal bones behind and flexor 
retinaculum in front, It contains median nerve and long flexor 
tendons of fingers and thumb, Ulnar nerve lies superficially, 
notin the carpal tunnel 
Median nerve gets compressed if space of the carpal tunnel 
gots reduced. 


Causes 


4 Lunate dislocation, malunited Colle’s fracture. 
# Radiocarpal arthritis, flexor tendon tenosynovitis 
# Myxoedema, acromegaly, pregnancy 


Clinical Features 


Common in females, 

# Tingling, numbness, paraesthesia and burning sensation in 
the lateral three and half fingers supplied by median nerve. 
Burning sensation gets aggravated at night. 

# Ape thumb deformity, wasting of thenar muscles, weak- 
ness of opponens pollicis and abductor pollicis brevis, i 
features of low median nerve palsy. 

¢ When BP cuff is inflated patient feels the typical pain in 
the fingers, 


|] Flexor retinaculum 


Figs 1.507A and 


Tapping the median nerve at the distal end of forearm with 
the wrist held in extension aggravates the symptoms. 
Condition is often bilateral. 


Phalen’s Test (Wrist Flexion Test) 


Flexion of the wrist causes exacerbation of the symptoms 
within 1 minute and the symptoms will disappear as the wrist 
is straightened. 


Differential Diagnosis 
Cervical spondylosis. 
Cervical rib syndrome, 
Diagnosis 


Nerve conduction studies. 


Palmar cut branch of 


ulnar neve 


Palmaris longus 


Palmar cut branch of 
‘median nerve 


Thenar 
muscles 


Palmar aponeurosis 


jatomy of the carpal tunnel and flexor retinaculum. 


Treatment 


Surgical decompression of median nerve by cutting both. 
superficial and deep part of flexor retinaculum completely, 
by °S* shaped incision 

4 ‘Surgery is usually done under focal anaesthesia. General oF 
brachial block can be used. Tourniquet is commonly used, 
Vertical crease incision is made in the proximal part of the 
palm with convexity of the incision towards the ulnar side. 

Skin incision is deepened. Palmar cutaneous branch of the 
‘median nerve should be preserved. Incision is deepened to 
identify the flexor retinaculum. Entire length, both superfi- 
cial and deep parts should be cut properly. tis cut towards 
ulnar side of the wound. Only skin is sutured using inter- 
rupted nonabsorbable 3 zero polypropylene or polyethylene 
sutures. 

% Complications are incomplete fasciotomy and recurrence, 
nerve injury, 
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Fig. 1.508: Incision for carpal tunnel syndrome, 


Using small proximal incision, endoscopy can be passed 
to visualise and cut the entire flexor retinaculum—minimal 
access surgery 

4 Postoperatively good physiotherapy is required. 

Condition is permanently curable. 


ll ULNAR NERVE INJURY 


¢ After arising from the medial cord of the brachial plexus 
(Cg and 7), it runs on the medial aspect of the axillary 
artery up to middle of the arm. Then it enters the posterior 
compartment in relation to triceps muscle. After passing 
behind the medial epicondyle and through two heads of 
flexor carpi ulnaris, it runs in front of the flexor digitorum 
profundus (FDP) in the forearm. It reaches the hand in front 
ofthe flexor retinaculum through "Guyon's canal”, Here it 
divides into superficial and deep branches. 

Ulnar nerve supplies flexor carpi ulnaris, medial half of 
flexor digitorum profundus, all muscles of the hypothenar 
eminence (palmaris brevis, abductor digiti minimi, opponens 
digiti minimi, flexor digiti minimi), adductor pollicis of the 
thenar eminence and all interossei of the hand, It also gives 
sensory supply to medial part of the hand, medial one and 
half fingers, 


Ulnarnerveisaffectedin: 
‘% Supracondylar fracture 

+ Injury to the medial epicondyle 

+ Tardy ulnar palsy 

+ Leprosy 

& Cubitus valgus deformity 


Clinical Features 


Claw hand deformity. 

Weakness of all the muscles supplied by the ulnar nerve. 

‘ard test”: A card is placed between the two fingers of the 
patient to grasp. As the palmar interossei are weak, patient 
cannot grasp [palmar interossei are adductors of the fingers 
(PAD) 

Abduction of fingers are checked [dorsal interossei are 
abductors (DAB)]. 

4 Froment'’s sign: A book is placed to grasp between fingers 
and thumb of the patient. Normally thumb will be straight 


because of the action of adductor pollicis muscle, As itis 
paralysed in ulnar palsy, grasp is achieved by the action of 
flexor pollicis longus and there will be flexed thumb, 

+ Loss of sensation over medial one and half fingers and hand, 


Investigations 


4 Nerve conduction studies. 
4 Electromyogram. 


Treatment 


4 ‘Nerve suturing or nerve grafting. 
Tendon transfer. 

Intrinsic minus deformity: It is due to loss of intrinsic muscle 
power, ic claw hand. 

Intrinsic plus deformity: It is due to muscle contracture and 
fibrosis, 

Ulnar paradox: In ulnar palsy, higher the lesion, lesser the 
deformity, lower the lesion more the deformity. In higher lesion, 
EDP is also paralysed. In lower lesion FDP is intact and so 
FDP causes more flexion (overaction) and so aggravates the 
claw hand. 


lm CLAW HAND 


¢ Itis the hyperextension of the metacarpophalangeal joint 
with flexion of the interphalangeal joints of the hand. 

Extension of MCP joint is due to unopposed action of 
extensor digitorum. 

Flexion of MCP joint and extension of interphalangeal 
joints are by extensor hood of interossei and lumbricals 
So extensor hood is functioning mainly by ulnar nerve and 
also by median nerve. In ulnar or median nerve palsies, 
these actions are paralysed and so patient develops claw 
hand, 

# [tis actually intrinsic minus deformity 


EE 
+ Leprosy 

% Trauma 

‘ Entrapment neuropathies 

Tardy ulnar palsy 

& Klumpke’s palsy 


Clinical Features 


‘Typical claw hand. 

Loss of sensation along the distribution of the nerve. 

4 Inability to grasp card between the fingers 

While holding the book between the thumb and fingers, 
thumb will be flexed in ulnar claw hand (positive Froment’s 
test). 


Types 
% Ulnar claw hand: Only medial two fingers are involved. 
> Low ulnar palsy: Here lesion is in the wrist (at Guyon’s 


canal). Here deformity is more because of the overac- 
tion of the EDP. 


Figs 1.509A and B: Ulnor claw hand with hyperextension of 
‘metacarpaphalangeal joints and flexion of proximal and distal inter- 
phalangeal joints in medial two fingers due to ulnar nerve palsy. 


» 4 


os 


Figs 1.510A and B: Combined claw hand involving all fingers due 
to both ulnar and median nerve injuries. 


> High ulnar palsy: Here FDP is also paralysed and over- 
action is not there, So lesser deformity occurs, 


Ulnar paradox: Higher the lesion lesser the deformity, lower 
the lesion more the deformity. 

% Median claw hand: Only lateral two fingers are involved, 
Itis less common. 


4 Combined median and ulnar claw hand: Here all four 
fingers of the hand are involved. 


Investigations 


¢ Electromyogram. 
# Nerve conduction studies. 


Treatment 


% Paul Brand's operation: Extensor carpi radialis longus or 
brevis (ERCB) is transferred with a graft to the extensor 
hood through the lumbrical canal. Graft is taken from 
palmaris longus or plantaris muse 

# Stye-Bunnelt’s operation: Flexor digitorum superficialis 
of index finger is used (only in ulnar claw hand) to transfer 
to extensor hood, 

# Fowler's operation: Extensor digitorum is used to transfer 
to extensor hood, 

* Riordan operation: Flexor carpi radialis is used for tendon 
transfer. 

4 Anterior transpositioning of the ulnar nerve in case of tardy 
ulnar palsy. 


m RADIAL NERVE INJURY 


# Radial nerve is derived from the posterior cord of the 
brachial plexus (Cs « 7,y and T,). Itdescends behind the axil- 
lary artery in front ofthe subscapularis, latissimus dorsi and 
teres major. It passes through the medial and lateral heads 
of the triceps muscle, winds round the humerus through the 
radial groove and enters the forearm in front of the lateral 
epicondyle in relation to brachioradialis, brachialis and 
‘extensor carpi radialis longus muscles. 

4 In the arm it supplies triceps, anconeus, brachioradialis, 
‘extensor carpi radialis longus and part of brachialis. It gives 
posterior and lower lateral cutaneous nerves of the arm and 
posterior cutaneous nerve of the forearm. 

# Superficial branch of the radial nerve from the elbow runs 
in the forearm in relation to supinator and brachioradialis, 
and ends by forming five digital nerves which gives sensory 
supply to lateral three and half fingers on the dorsal aspect— 
except skin over the distal phalanges. 

Deep branch also called as posterior interosseous nerve 
winds round the radius supplying supinator and extensor 
carpi radialis brevis. It gives 3 short branches to extensor 
digitorum, extensor digiti minimi and extensor carpi ulnar, 
It also gives two long branches—one to abductor pollicis 
longus and extensor pollicis brevis; another to extensor 
pollicis longus and extensor indieis. 


(pen confession is good for the soul. 
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Inthe axilla 

+ Guutch palsy. ttisneuropraxia 

4 Fracture upper end of the humerus 

4 Bony or soft tissue growth 

Inthe radial groove 

‘Pressure on the arm from the edge of the operating table 

‘Saturday night palsy—an individual with excessive alcohol 
‘consumption compresses his arm over the chair or by fll. It 
is neuropraxia 

+ Prolonged tourniquet application—tourniquet palsy 

‘Fracture of the shaft of the humerus 

Rarely intramuscular injection of drugs can cause radial 
nerve palsy 

Intheelbow 

+ Dislocation or fracture neck of the radius 


Clinical Features 


+ Wrist drop because of inability of extending the wrist 

4 Inability to extend metacarpophalangeal joint, but extensions 
of the interphalangeal joints are normal 

4 Inability to extend the forearm. 

4 Inability to extend the thumb. 

¢ Flexion of the elbow against resistance with forearm in 
mid-prone position is difficult because of the weakness of 
the brachioradialis muscle. 

4 Loss of sensation in back of the arm, forearm, hand and 
lateral three and half fingers. 
Posterior interosseous nerve is purely motor and so sensation 

is intact when it gets injured. /t causes only dropped fingers. 


Investigations 
4 X-ray of the part 

4 Nerve conduction studies. 
Treatment 


4 Nerve suturing or nerve graf. 
4 Tendon transfer. 


Fig. 1.511: Wrist drop—due to radial nerve palsy. 


ll COMMON PERONEAL NERVE INJURY 
‘This nerve supplies the extensor and peroneal group of muscles 


and sensory supply to the skin over the front and lateral aspect 
ofthe leg and dorsum of the foot, 


Common peroneal nerveis affected in: 
® Fracture neck of the fibula 

® Leprosy 

® Lead poisoning 

© Iatrogenic 


Clinical Features 


4 Foot drop with high stepping gait. 

 Talipes equinovarus deformity. 

¢ Loss of sensation on the lateral side of the leg and dorsum 
of the foot. 


Management 

4 Treating the foot drop 
# MCR chappals. 

ll FOOT DROP 


Inability to dorsiflex and evert the foot due to paralysis of the 
peroneal and extensor group of muscles, as a result of common 
peroneal nerve injury. 


4 Fracture neck ofthe fibula 


+ Leprosy 

+ Lead poisoning 

® Iatrogenic 

-® Direct incised wound 


Fig. 1.512: Foot drop with claw toes. It is due to peroneal nerve 
injury (Lateral popliteal nerve). 


Clinical Features 


High stepping gait 
¢ Loss of sensation over lateral and dorsum of the foot 


Treatment 


Tendon transfer using tibialis posterior muscle. Tendon of 
the muscle is detached from its navicular insertion and with 
a tendon graft (from plantaris) itis transferred to cuboid and 
cuneiform bones to get dorsiflexion and eversion. 

a. Ober’s procedure, 

b, Bar’s procedure. 


lm MEDIAL POPLITEAL NERVE INJURY 


1 supplies the soleus, gastrocnemius, popliteus, plantari 
tibialis posterior, flexor digitorum longus and flexor hallucis 
longus, 

Medial popliteal nerve is rarely involved by any disease 


‘to plantar flex the foot 
@ Clawtoes 
@ Sensory loss in the sole of the foot 


@ AXILLARY NERVE INJURY 


Axillary nerve supplies the deltoid and teres minor muscle and 
also sensory supply to the skin over the upper lateral aspect 
of the arm, 
Axillary nerve is affected in: 
¢ Fracture neck of the humerus 
¢ Dislocation of humeral head. 
+ Following IM injection into the deltoid, 

Clinically there will be loss of abduction of the shoulder and 
anaesthesia of the skin over the lateral part of the arm. 


lm LONG THORACIC NERVE INJURY 
(NERVE OF BELL) 


It Supplies serratus anterior muscle. It arises from Cs, 6,7 
cervical roots 


‘The nerve is injured commonly in malignancy, during breast, 
axillary or chest wall surgeries, 

Clinically, when outstretched (elbow extended) arm is pushed 
against the wall, the inferior angle of the scapula will become 
prominent (Winging of the scapula). 


ll MERALGIA PARAESTHETICA, 
(Meralgia — Greek — thigh) 


Subcostal nerve (T'12); 


m1 
tichypogastrie nerve 
ic 1 x 
jcingunal neve 
S w 

Genitofemoral nerve 
Lateral taneous 3 

fh 
nerve of big a 
Femoral newve 
Accessory obturator“ is 
neve 


Obturator nerve 


Geosica way ——/ 


Fig, 1.513: Lumbar plexus showing origin of lateral cutaneous 
nerve of thigh. 


# It is entrapment neuropathy of lateral cutaneous nerve of 
thigh, Nerve gets compressed while passing through the 
inguinal ligament. It arises from posterior divisions of 
lumbar plexus (Lp, 3); runs over the quadrates lumborum 
and iliacus muscles; emerges behind the lateral part of 
the inguinal ligament; divides into anterior and posterior 
branches, supplying skin over anterolateral part of the thigh 
and anterior part of the gluteal region 

+ Itcauses hyperaesthesia, tingling over upper lateral aspect 
of the thigh along the distribution of the nerve. Symp- 
toms get worsened on standing or walking; it is relived 
by sitting. 

¢ It mimics disc prolapse or Hansen’s disease or neuropa- 
thies. 

+ Itis treated by reassurance; carbamazepine; steroids. Often 
release of inguinal ligament fibres that are compressing the 
nerve is needed. 


Don't judge each day by the harvest you reap but by the seeds you plant. 
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Q. Neoplasm 


CHAPTER OUTLINE 


Definition 
= Dysplasia 

Carcinoma in Situ 

w Aetiologic Factors 

w= Spread of Malignant Tumours 


ll DEFINITION 


Willis defined neoplasm as “itis an abnormal mass of tissue, 
the growth of which exceeds and is uncoordinated with that of 
the normal tissues and persists in the same excessive manner 


even afier cessation of the stimuli.” 


Neoplasia is: 
& Progressive © Persistent 
& Purposeless @ Pervasive 


+ Proliferative mass of tissue. 


@ Perverted 


Benign ‘Malignant 


Well-differentiated Lack of differentiation 
Structures are typical of Atypical structure with 
tissue/cel of origin anaplasia 


‘Smooth, slow, progressive 
rate of growth 


Normal mitotic figures 
Well localised and capsulated 


Erratic, rapid growth 


Abnormal mitotic activity 
Not localised. Not 


capsulated 

Do not infiltrate surrounding _Infitrate the surrounding 

normal tissues tissues 

No metastasis Metastasise through 
lymphatics or blood 

Curable May not be completely 
curable 


Few benign tumours after 
a long time may tur into 
malignancy 

Treatment is simple Treatment is complex and 
complicated 


No recurrence Recurrence can occur 


\ Grading of Tumour 
v= Staging of the Tumour 
Paraneoplastic Syndromes 
Investigations for Neoplasm 

= Management Strategy for Cancers 


‘Sarcoma Carcinoma 


Arising from mesenchymal Arising from epithelial cells 
tissues derived from any of the 
three germ layers 


‘Sar’ means flesh (Greek), Care means crab like 


(Oma means tumour 
‘Smooth, firm or hard swelling Hard, proliferative, with 
everted edge 

‘Warm and vascular with 
dilated veins over the surface 
Spreads mainly through 
blood commonly to 

lungs, e.g. liposarcoma, 
fibrosarcoma, 


‘Spreads through lymphatics 
as well as blood, e.g. 
‘squamous cell carcinoma, 
renal cell carcinoma, 
adenocarcinoma 


+ Neoplasms which are only locally malignant: No 
blood spread. No lymph node spread—Marjolin's ulcer, 
Rodent ulcer, Verrucous carcinoma, Adamantinoma, 

+ Neoplasms which are loco-regionally malignant: 
Spread only to regional lymph nodes is observed— 
‘Squamous cell carcinoma, Papillary carcinoma thyroid. 

+ Neoplasms which are systemic and spreads through 
blood and often also to lymph nodes. 

+ Melanoma, carcinoma breast 


Components 


Parenchyma: It contains proliferating neoplastic cells 
Stroma: It contains supporting connective tissues and blood 
vessels, 


Features of anaplasia 
Lack of cellular differentiation 
Pleomorphism—variation in size and shape 
Hyperchromatism—dark staining nuclei 
Anisocytosis 
Anisonucleosis 
‘Abnormal mitotic activity 
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Fig. 1.514: Soft tissue sarcoma thigh. Note the dilated vassels on 
the surface, 


Fig. 1.515: Carcinoma heel region. Note the everted edge with 
proliferative cauliflower like look 


Features of malignant tissues 
© Altered differentiation, anaplasia 
® Rapid rate of growth 
4 Local invasion—locally,lymphatic, vascular and perineural 
& Metastasis 
® Not capsulated 
© Increased vascularity 
@ Microscopic changes—necrosis, numerous atypical mitotic 


activities nuclear changes like pleomorphism/enlargement/ 
hyperchromatism/clumping of chromatin/enlargement and 
‘multiplication of nucleoli 


DYSPLASIA 


Itmeans “disorderd growth.” There is loss in the uniformity of 


the cells with pleomorphism and hyperchromatism, as well as 
loss in their architectural orientation, 


ae Soong: 
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joo 


. afc, 


Fig, 1.516: Squamous cell carcinoma scalp. Note the everted edge. 
Its ulceroproliferative lesion 


Fig. 1.518: Melanoma lip. Note the extension, 


The creation of a thousand forests is in one corn.—Ralph Waldo Emerson 
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To restore initial information, the operator 
tat ga 
Rg) = eat, 
should operate on the state in LGN in which fibers 1 and 4 have conveyed action potentials. This operator 
changes the ket a), to |-a)¢ and vice versa. It means that fiber 4 has a 7 radian phase difference with 


respect to fiber I, and this phase difference can restore the exact state of the photon. If fibers 2 and 3 are 
fired, this yields 


2,3 firing [p56 = Al—a)slads— Blads|-ads (4) 


In this case the operator 
imat sas 
R(g) =e 


should be involved. For the case of 3 and 4 firing, this yields, 


elds 7 
3,4 firing —> IP )s¢ = Al-@)s|—@)g — Bla)sla)e (7-5) 


in which case the operator 
~in(at ,as+at cas) 


Rg) =e 


should be involved. In this case we see that the main path is that of ipsilateral fibers which are direct to 
each eye and fibers 3 and 4 both have a 7 radian phase difference with it. We also know that there are two 
LGNs and the left and right V1. Now, another question emerges. How do these two left and right parts in 
V1 can instantaneously receive information? To answer this question, we can say that the synaptic B- 
neurexin/neuroligin-1 adhesive protein complex is claimed to be a device mediating entanglement 
between the cytoskeletons of the cortical neurons. Thus the macroscopic coherent quantum state can 
extend through large brain cortical areas [58] 


We see that crossing or rotation of neurons in the visual pathways has an important role in restoring 
information in the brain. Maybe rotations or crossings of neurons throughout the body are there for this 
very reason, 


8) Discussion 
In general, we can briefly summarize our approach by listing the following properties: 


I- It can combine the Orch-OR model with Tegmark’s approaches and the Thaheld conclusion in a 
compact physical model which is called Teleportation. 

2+ It investigates visual pathways from atomic scales to macroscopic scales. This approach includes 
classical descriptions as well as new answers to open questions, 

3- It explains why the shape of action potentials stays the same. Classical models state that 
“sensations” are action potentials that reach the brain via sensory neurons, and “perception” is the 
awareness and interpretation of the sensation. It is reasonable to assume that the constant shape of 
action potentials cannot result in different profiles of information. Thus the shape of information 
should be due to neurons. In this approach MTs are the representatives of information carriers. In 
‘our approach action potentials just determine which neurons fire and which do not. 

4 It describes why neurons cross at some point. This crossing causes a phase shift relative to a 
special pathway. In teleportation of entangled coherent states the phase shift operators can rebuild 
initial information 
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CARCINOMA IN SITU 


Here dysplasia involves the entire thickness of the epithelium, 
and is preinvasive, Basement membrane is intact in carcinoma 
in situ 


l@ AETIOLOGIC FACTORS 
Age 


It is more common in elderly. But it is variable. 


Heredity 
Familial: Familial polyposis of colon 
MEN syndrome 

Neurofibromatosis 
‘von-Hippel-Lindau syndrome 
Familial breast and ovarian cancers 


eeeee 


Genetic 
@ Xeroderma pigmentosa 
@ Ataxia telangiectasia 
& Fanconi anaemia, Bloom syndrome. 


‘Tumour suppressor gene p53 plays important role in preven- 
tion of the cancers, Its function is prevention of replication 
of damaged DNA. If damaged DNA replicates there is high 
chances of abnormal mitotic activity and cancer transtorma- 
tion of the tissue. Lass or reduction of ability/fumetion of p53 
suppressor gene can lead into cancers. Common cancers asso- 
ciated with p53 loss are cancers of breast, colorectum, retina, 
bone, brain, soft tissues, blood and familial related type. 


‘Acquired causes 
Chronic atrophic gastritis 
Solar keratosis 
Leukoplakia of oral cavity 
Ulcerative colitis 


eeee 


‘Chemical carcinogens 
Alkylating agents 
Hydrocarbons 
‘Smoking—lung,aerodigestive system, bladder cancer 
Asbestos—lung cancer 
Alcohol—liver cancer 
‘Amides, Azo dyes—bladder cancer 
Aflatoxin 8, 
Arecoline, collagenases and tannins (present in Betel nuts) 
Nitrosoamines, vinyl chloride, insecticides 


eeeeeeece 


Geographical variation 
Japan—Carcinama stomach 
China, France—Carcinoma oesophagus 
Hongkong—Nasopharyngeal carcinama 
Australia—Melanoma 
India—Carcinoma oral cavity gallbladder carcinoma 
Newzealand—Small bowel tumours 


Radiation carcinogens 


@ UV rays, ionising radiation. 


‘Microbial carcinogens: 


¢ Human papilloma virus—carcinoma cervix 
+ Epstein-Barr virus—Burkitt's lymphoma, nasopharyngeal 
‘¢ Hepatitis’8'virus—tiver cancer 

‘& Human cell leukaemia virus Type | 

+ Helicobacter pylori can cause carcinoma of stomach and 
fed with lymphomas [Mucosa Associated with 
Lymphoid Tissue (MALT)] 


lm SPREAD OF MALIGNANT TUMOURS 


1, Local spread: Into adjacent structures like soft tissues, 
vessels, bone, 
2. Lymphatic spread 
>” By permeation: Here malignant cells proliferate through 
lymphatic vessels up to lymph node level. For example, 
in carcinoma breast malignant cells permeate into axil- 
lary lymph nodes, 
> By embolisation: Here cells get dislodged from 
lymphatic vessels and freely travel to spread into further 
level of lymph nodes. In carcinoma breast by embolisa- 
tion, spread occurs from axillary lymph node to supra- 
vicular lymph node. 
> Retrograde lymphatic spread occurs once lymph vessel 
get blocked by malignant infiltration. In carcinoma breast 
retrograde spread occurs to opposite breast, opposite 
axilla, or to mediastinum. In melanoma, through dermal 
lymphatics and retrograde spread ‘in transit nodules" 

‘occur in the skin. 

3. Blood spread 
Occurs through veins, as veins are thin-walled and infiltra- 
tion is easier (Arteries contain elastic fibres in their wall, 
which resist malignant infiltration). 

Both by permeation (c.g. in renal cell carcinoma permea- 
tion through renal vein is common) and by embolisation (in 
‘other malignancies) 

Blood spread is commonly to lungs, bone (upper end of 
femur and humerus, ribs, skull), liver, brain, adrenals and 
other organs. 

In carcinoma prostate, due to increased pressure and 
venous blockade, retrograde venous spread occurs through 
vertebral venous plexus which causes osteoblastic second- 
aries in pelvic bones and vertebrae. 

4, Seedling: For example 
» From lower lip cancer to upper lip as kiss cancer, 


Kiss cancer 
@ Lip 
Bladder 
@ Cervix 
@ Vocal cord 
Vulva 


» Recurrence in the scar after surgery for malignancy, 
e.g. deposition of malignancy in the scar of SPC from 
bladder tumour. 

Seedling in the peritoneal cavity from abdominal malig- 
nancy is common causing intractable ascites, 


Fig, 1.519: Secondaries in neck. FNAC is the investigation to 
diagnose. 


Fig. 1.520: Carcinoma ovary specimen. It was malignant teratomas 
of ovary. Other ovary was normal. So chemotherapy is used as an 
adjuvant. Patient was 23 years young female. 


Fig. 1.524: Ethmoidal sinus tumour. Biopsy and CT scan is needed 
to-confirm and assess the extent. 


ie spread: Spillage or dislodge of malignant 
cells occurs from primary site resulting in seedling on other 
‘organ, ¢.g. in carcinoma stomach secondaries in ovary 
(Krukenberg tumour) occurs due to transcoelomic spread, 
Here cells get deposited on the raw surface of ovary during 
‘ovulation (So it occurs in menstruating age group only). 


™ GRADING OF TUMOUR 


It signifies aggressiveness of tumour. 
It is based on differentiation of tumour cells and mitotic 
activity 


Broder’s grading of squamous cell carcinoma: Based on keratin/ 
epithelial pearls 

Grade Well differentiated —>75% epithelial pearls 

Grade Il: Moderately differentiated —50-75% epithelial pearls, 
Grade Il: Poorly differentiated —25-50% epithelial pearls 
Grade IV:< 25% epithelial pearls 


Special Features of Malignant Cells 


# Independent and autonomous nature without any control 
‘or check. 

+ Normal telomeric shortening is altered. Normal cell divides 
for 40-60 times. Later telomere gets shortened and cell 
division stops. It is altered in malignancy with infinite cell 
division, 

4 Reduced cellular apoptosis. Normal cell has capacity to die 
‘once its function is over. Its normal programmed death of 
a cell. It is activated by tumour suppressor gene p33. If this 
‘gene loses its funetion, tumour will form. 

# Tumour has got capacity to ereate and construct blood 
supply called as angiogenic capacity. 

4 Malignant cells invade through the basement membrane and 
spread through blood and lymphaties. Itis through secretion 
‘of special enzymes, increased interstitial pressure, capacity 
tohave motility, release of collagenases/proteases/integrins. 

* Spread occurs by proliferation and permeation as well as 
cembolisation 

+ Creation of instability and alteration of existing tissue fimetion 
(aot obeying normal tissue function of that particular site). 

* Gompertzian growth—rapid growth of a tumour oceurs prior 
to its clinically detectable stage. Once it becomes clinically 
detectable which needs thirty generation of cell divisions 
(1 mm tumour is 10° cells), its growth slows down later. This 
late slow growth is due to decreased oxygen to tumour/by 
competition between host cells and tumour cells and also 
between tumour cells themselves. 

# Tumour mutation occurs at different generation of divisions 
stabilising the tumour further. 


™@ STAGING OF THE TUMOUR 


I is based on the size of the primary tumour, nodal spread and 
blood spread. 


Aman carries success or his failure with him; it does not depend on outside conditions. 
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286 Iti called as “TNM’ staging lematic and life-threatening are called as paraneoplastic 
“TNM’ staging is more relevant than grading in managing syndromes. 


and predicting prognosis. Incidence: Seen in 10% of patients. 
ll PARANEOPLASTIC SYNDROMES ll INVESTIGATIONS FOR NEOPLASM 
|. BIOPSY 


Certain symptom complexes which are not specifically 
explained by the tumour, but are relevant, often prob- gio ’means life or tissue. Opsis means vision or microscopy. 
Biopsy means study of tissues using microscopy. 

OR life by vision 

OR vision for life (to save life). 


a 


Fig. 1.522: Carcinoma tongue is more common in lateral margin. Fig. 1.523: Typical malignant cachexia observed in GIT 
Incision biopsy from the margin is dane here. ‘malignancies. It is totally malnourished incapacitated situation, 


a 
5 
= 
2 Paraneoplastic syndromes 
Ss ‘Syndrome Cause Type of tumour 
$s ‘Cushing's syndrome ACTH or ACTH like ‘Small cell carcinoma lung 
& substance ‘Neural tumour 
= Pancreatic tumour 
syndrome of inappropriate ‘ADH railcelcarcronnling 
ADH secretion Brain tumour 
Carcinoid syndrome Serotonin, bradykinin Bronchial adenoma 
Gastric and pancreatic carcinoma 
Hypoalycaemia Insulin Fibrosarcoma 
Insulin ke substance Hepatoma 
Hypercaleaemia PTH related peptide Renal cell carcinoma 


Carcinoma breast, SCC lung 
Ovarian carcinoma, leukaemia 


Polycythaemia Erythropoietin Renal cell carcinoma, hepatoma 
Cerebellar haemangioma 

Myasthenia Immunologic Lung cancer 

Acanthosis nigricans Epidermal growth factor Lung cancer, uterine cancer, gastric carcinoma 

Dermatomyositis Immunologic Lung carcinoma, breast carcinoma 

Clubbing and hypertrophic Ca lung 

Osteoarthropathy of fingers 

Migrating thrombophlebitis Tumour product mucin Ga pancreas, lung 


(Trousseau phenomenon) Itactivates clotting 
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Fig. 1.526: Carcinoma breast. Note the dilated veins on the surface. 
FNAC should be done to confirm the diagnosis. 


| | 


Figs 1.524A and B: Carcinoma cheek—advanced. It needs incision 
bbiopsy/orthopantomogram X-ray/CT of the part. 


Fig. 1.528: CT picture of brain tumour—astracytoma, 


Fig, 1.525: Secondaries in skull—solitary. 


The pathological fracture is a transverse one, and although it unites readily, refracture is not unusual. 
Max E Lake 
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a ‘Types ofbiopsies 

Incision biopsy 

Excision biopsy 

Trucut biopsy 

Papsmear 

FNAC 

Frozen section biopsy 

Punch biopsy 

U/S guided biopsy 

Laparoscopic biopsy 

CT guided biopsy 

Thoracoscopic biopsy 

Endoscopic biopsy gastroscopic or colonoscopicor through 
ERCP or through cystoscopy) 

+ Proctoscopic biopsy 

Open biopsy either laparotomy or thoracotomy of crani- 
tomy using Dandy brain cannula 


Contrast MRI of spinal column showing extradural ‘Biopsy is sent in 10% formaldehyde solution. In special 
schwannoma, occasions like, to assess receptorsito do histochemistry, 
biopsy is sent in low temperature; in normal saline or in 
specialised ingredients. Tissues ate kept in formalin for 24 
hours and then taken for ‘cut up" by pathologists. Sections 
are done after making tissue blocks using microtome up to 
5 microns thickness. These sections are placed on a slide 
for staining with haematoxylin and eosin, This is studied 
under microscopy by pathologist to give the report. Detailed 
history, findings, markings of the specimen should be 
done by the surgeon prior to sending the specimen. Bone 
specimens are decalcified in hydrochloric acid for 7-21 
days before sectioning and staining. So its report will be 
delayed usually. 

# Inadequate sampling and improper reports may be due 
to—limited tissue sent; tissues are nonviable; too superficial 
biopsy done; cautery use on the tissues; crushing effect on 
the tissues (gentle meticulous biopsy is important without 
rough handling and without over use of cautery on the 
required tissues). 

# Specimens are kept for 6 weeks. Blocks are kept for 30 
years. Slides are kept for 10 years. 

Risk of false positivity in malignancy should be remembered. 
Itisprobably due to contamination, interchanged specimens, 
wrong interpretation, ulceration, etc. Re-biopsy/reinterpre~ 
tation/repeat sectioning may be needed in such situations, 

# Often additional methods like deeper sections; extra blocks; 
special stains are needed. Special stains are PAS (Periodic 
‘Acid Schiff) for glycogen, mucin and fungi; D (diastase) 
PAS for mucin; Perls Prussian blue for iron in haemochro- 
matosis; reticulin for fibrous tissue; elastin stains for fibrosis; 
congo red for amyloid; Ziehl-Neelsen for mycobacteria; 
Grocott for fungi: Giemsa stain for protozoa; Warthin-Starry 
stain for spirochaetes, 


Incision Biopsy 
 Itis taken from the edge of the lesion as in ulcer, not from 
the centre as there is necrosis. 


Fig. 1.531: Alopecia (hair loss) is common after chemotherapy for * Usually two biopsies are taken in ulcerative lesion from 
cancers, the edge—edge/wedge biopsy (edge is a line which limits 


two parts; wedge is an area at two meeting parts like thick 
to thin, ete. 

¢ Incision biopsy is contraindicated in a case of melanoma 
where excision biopsy is preferred. 

# In secondaries in lymph nodes, FNAC is preferred. Ifit fails 
to give information, incision biopsy is done. 


Note: 
Biopsy taken from the centre of the lesion is only in post-radiation 
Ulcer and syphilitic gumma. Because of irradiation there is no blood 
supply in the margin and tumour proliferates in the centre of the 
lesion, 


Excision Biopsy 


In small lesions excision biopsy is done, e.g. lymph node biopsy 
is done in case of lymphoma. 


Trucut Biopsy 


It is done using a specialised device wherein gun with trucut 
tip is inserted into the surface tissue/organ and gun is fired to 
close the punching tip of the needle to catch and cut adequate 
tissue. It is done in prostate, breast and surface tumours. It 
‘cannot be done to deeper tissues or tissues which are close to 
major vessels/structures, 


Fig. 1.532: Trucut biopsy gun used for trucut biopsy. It gives 
histological diagnosis; itis also helpful to assess histachemistry. 


FINAC (Fine Needle Aspiration Cytology) 


It is cytological study of tumour cells to find out the disease 

and also to confirm whether itis malignant or not. 

Procedure: It is done using 23 or 24 gauge needle fixed to 

specialised syringes which creates negative pressure for aspira- 

tion and contents are smeared on the slides. Dry slides as well 

as slides fixed with 100% methanol are used for study. 

# Itis done in parotid, thyroid, lymph node, breast and all 
other surface lesions, 

¢ In follicular carcinoma of thyroid it is not very useful, as 
angioinvasion and capsular invasion which are specific 
cannot be detected, 

¢ In lymph nodes it is useful for detecting secondaries and 
tuberculosis. 

# U/S guided or CT guided FNAC are popular at present— 
especially when it is done from liver, lungs, kidneys, ete. 
(fiom deeper structures/ongans). 


Fig, 1.533: Fine needle aspiration cytology (FNAC) of thyroid. It is 
also done in breast, lymph node and other swellings. It is not done 
for testicular tumour, 


Fig. 1.534: FNAC vacuum creator with loaded syringe [FNAC gun; 
Cameco syringe (Sweden) holder]. (Courtesy: Dr Krishna Upadhya, 
MD, Nandikoor Laboratory, Mangalore) 
Itis absolutely contraindicated in testicular tumour, Because 
tough tunica albugenia usually prevents tumour spread and once 
it get disrupted by FNAC, spread can occur, 

‘Cytological study is done after Papanicolaou stain; Giemsa 
staining or Romanowsky staining, 


Note: 

+ In 1934, Martin and Ells did FNAC using 18 Gneedle with syringe 
with local anaesthesia use. 

+ Kline and Neal in 1973 did syringe needle aspiration using 18 G 
needle making dry smears. 

+ In 1982, A John Webb detailed standard FNAC using 21 Gneedle. 
Needle is passed obliquely into the lesion; constant suction is 
applied using Comeco syringe or braced thumb method. With 
suction persisting needle is moved in 4 directions. Suction is 
gently released and needle is withdrawn, Needle is detached 
from syringe to draw air which is reattached to withdrawn 
needle to blow the content over a dry slide. 

+ In 1987, AZajdello etal fineneedle sampling ofthe tissue in ques- 
tion without aspiration. 25 G needle is used without a syringe. 
Needle is moved in various directions to detach the cells by 
sharp end of the needle; by capillary force, cells are conducted 
into the needle lumen. Air filled syringe is attached to needle 
to express cells into a glass slide. Trauma to tissue is said to be 
less;and feel of tissue consistency is better through held needle, 
Itis called as Fine Needle Sampling Without Aspiration / Fine 


To different minds, the same world is a hell, and a heaven, 
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Needle Non-aspirating Cytology (FNNAC)/Fine Needle Capillary 
Sampling (FNCS; as capillary action causes conduction of cells 
into needle). 

+ USguided/MRI guided/CT guided/Mammographic guided FNAC 
are available now which are more precise versions oflocalization 
of lesions to be aspirated. 

+ Etherwith alcohol in equal proportion is used for wet fixation to 
stain Papanicolaou or & E stains. Grace in 1994 used modified 
ultra Pap stain 3 changes - by rehydration of air dried smears 
Using normal saline to cause RMBC haemolysis to restore cell 
transparency; by using mixture of 4% formaldehyde and 65% 
ethanol to reduce fixation time from minutes to few seconds; by 
Using Richard Allen Haematoxylin 2 and cyto stain. Total time of 
staining in this modification is 90 minutes. 

Advantages 

# Very sensitive. 

Done on OP basis. 

Least invasive, safer, fast and cheaper. 

Anaesthesia is not required. 

‘Tumour dissemination through the track is not present 

(except in testicular tumour where itis not done), 

¢ Presently DNA study of the cell ean detect very early malig- 
nancy. 


oeee 


Disadvantages 


© Negative result cannot rule out malignaney. 
¢ Tissue study is not possible 
# Further studies not amenable. 


Note: 
FNNAC—Fine Needle Non-aspirating Cytology is done in some 
tissues (in some centres). Here needle is passed into the tissue 
‘and material collected from the needle (without any aspiration) is 
studied for cytological analysis. 


Frozen Section Biopsy 


Frozen section is done whenever biopsy report is needed at the 
carliest. It is usually done in a pathology set up existing adja- 
cent to the operation theatre. An unfixed fresh tissue is frozen 
(using CO;) in a metal and sections are made and stained. It 
is technically difficult; processing and staining is of inferior 
quality and often it is difficult to give accurate results. But 
advantage is it is quick and surgeon can decide the further 
steps of procedure in same sitting like nodal clearance/type of 
resection to be done, etc. 
¢ Itis done in carcinoma breast or in follicular carcinoma of 
thyroid when FNAC fails. 
During surgery after resection of the tumout to look for (on 
table) the clearance in the margin and depth and also to study 
the lymph nodes for their positivity 


ll, IMMUNOHISTOCHEMISTRY 


It is detection of specific antigen using an antibody. Antibody 
labelled with a dye, binds to antigen in a section of tissue 
‘causing specific colours like brown, and determines its presence 
and distribution in the tissues. It is sate, specific and quick. 
Iti used in: 
# Neoplasia 

> To confirm, to find differentiation, to detect metastases; 

to plan type of therapy. 


> To categorise leukaemias or lymphomas; either of *T” 
cell or of *B’ cell type. 
> To find out site of origin of metastatic tumours, e.g. by 
doing prostate specific antigen in prostate cancer or doing 
thyroglobulin in thyroid carcinomas or clear cells in the 
Jung in metastatic renal cell carcinoma, 
> Detection of receptors or molecules, ¢.g. estrogen rec: 
tors [ER] in breast cancer. ER positive has got better 
prognosis. Presence of onco-protein product ¢—erbB2 
in breast cancer signifies poor prognosis. 
> Gastrointestinal stromal tumour (GIST) can be treated 
with imatinib if it shows CD 117 expression. 
> Endocrine tumours are assessed on ki67 proliferative index. 
> Cytokeratin marker for epithelial tumors like carcinoma; 
$100 and actin for glandular malignancy; S100 for mela- 
noma; CD31 and CD34 for vascular malignancy; CA 125 
for ovarian tumours; PSA for carcinoma prostate; CD3 
and CD20 for lymphoma. 
# Infections 
> Detection of specific antibodies to the antigens of 
certain specific infective agents like Epstein-Barr virus, 
cytomegalovirus, human herpes virus 8, herpes simplex 
virus, ete 
# Tp identify abnormal accumulation of various proteins like 
c-1-antitrypsin; deposition of amyloid. 
# Assessment of immunoglobulins. 
% Screening for mutations 


Ill, TUMOUR MARKERS 


# Tumour markers are biochemical indicators of presence of a 
tumour. They are not used for primary pathological diagnosis, 

# They are of prognostic value. 

# Presence of tumour marker signifies recurrence or residual 
tumour. 


IV. OTHER METHODS 


Electron Microscopy 


# It is visualisation of tissue in very high magnification of 
1000 * 500 000 in difficult deciding cases. But it is time 
‘consuming and expensive. 


In Situ Hybridisation 


# It is determination of presence or absence of a specific gene 
‘and its location ina freshfixed tissue sections using an oligo- 
nucleotide probe, targeting at specific DNA or RNA sequence. 


Polymerase Chain Reaction (PCR) 


DNA is amplified using this special method and detected by 
technique like electrophoresis. PCR can be done on blood or 
nontissue samples. Its highly sensitive, fast and safe, Disad- 
vantages are—expensive and risk of DNA contamination. 


Uses 


# Detection of mutations in congenital conditions like von 
Hippel-Lindau disease (vHL gene); haemochromatosis, 
(HFE gene); colorectal carcinoma (APC gene), 


Tumour markers 


Category 1 
Hormonal: 

Human chorionic gonadotrophin (HCG) — Trophoblastic tumour, nonseminomatous testicular tumour 

Calcitonin — Medullary carcinoma of thyroid 

Catecholamines and VMA —Pheochromocytoma 

Ectopic hormones — In tumours of paraneoplastic syndromes 

Category 2 

Isoensymes: 

Prostatic acid phosphatase —Carcinoma prostate 

Neuron specific enolase — Small cell carcinoma lung, neuroblastoma 

Category 3 

Oncofetal antigens: 

Alpha fetoprotein —Liver cancer, nonseminomatous germ cell tumour 

Carcinoembryonic antigen (CEA) — Carcinoma colon (common). Carcinoma pancreas, lung, stomach and breast 
Category 4 

Mucin and other proteins: 

A125 (Carbohydrate antigen) — Ovarian cancer 

CA-15-3 —Breast cancer 

CA19-9 —Panereatic and colon cancer 


Gene rearrangements in different conditions like lymphoma 
or other diseases can be detected by PCR (clonality) 

4 Assessment of loss of heterozygosity in tumours like oligo- 
dendrogtioma (Ip, 16). 

PCR study for infections like tuberculosis. 

¢ Fluorescence in situ hybridisation (FISH) 

¢ Itisatype of cytogenetics (study of chromosomes) that can 
be done in fixed or fresh tissues; used in haematological 
malignancies or trisomy 23. Its safe and quick. 


ll MANAGEMENT STRATEGY FOR CANCERS 


4% Diagnosis is confirmed by biopsy from primary usually. 
¢ Evaluations for staging—metastatic work up. 
¢ Approaches for primary—surgery/tadiotherapy/chemo- 
therapy. 
Approaches for secondary 
¢ Palliation in advanced stage—palliation of distressing 
symptoms. 
= Treatment of tumours: 
& Surgery—wide excision/radical 
+ Radiotherapy—curative/palliative 
& Chemotherapy 
Immunotherapy 
& Gene therapy 


Fig. 1.535: Advanced aggressive malignancy face may be 


Have, goals, they give direction, purpose and meaning to life. 
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Fig. 1.537: Recurrent secondaries in neck after radical neck 
dissection, 


Fig, 1.538: Anal canal carcinama (SCC). 


Fig. 1.540: Malignant primary nerve sheath tumour (MPNST). 


Basal cell carcinoma 
‘Adamantinoma 

Verrucous carcinoma 

Marjolin’s ulcer 

Papillary carcinoma of thyroid 
Carcinoma colon 
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Synovial sarcoma 
Ewing's sarcoma 
Lymphosarcoma 
Kasposi' sarcoma 
Rhabdomyosarcoma 
Angiosarcoma 
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R. Skin Tumours 


Anatomy 
Classification of Skin Tumours 
Skin Adnexal Tumours 

»@ Dermatofibroma 
Dermatofibrosarcoma Protuberans 
@ Keratoacanthoma 

s@ Rhinophyma 


lm ANATOMY 
Epidermis: Layers 


% Stratum comeum—t/3 of epidermis 
# Stratum granulosum—I-3 layers of cells 

# Stratum spinosum—3-S layers of cells 

‘Stratum basale—columnar cells 

# Stratum lucidum is seen in palms and sole, 
Melanocytes—one melanoeyte is seen for every 10 basal cells 
Langerhan's cell—a clear cell in stratum spinosum. 
Basement membrane is seen at dermo-epidermoid junction. 


Epidermis is avascular. 
Epidermis is 5% of the total skin. It is thickest (0.5-1 mm) in 
palm, sole, back and buttocks. It is thinnest in eyelids (0.05- 
0.09 mm). 

Dermis—contains collagen fibres, elastic fibres, capillaries, 
venules, arterioles, lymphatics, nerves, erector pilorum muscle, 


Fig. 1.541: Skin anatomy, 


 Seborthoeic Keratosis 
Squamous Cell Carcinoma 
‘= Marjolin’s Ulcer (1828) 

‘ Basal Cell Carcinoma 
Turban Tumour 

® Naevi 

'® Melanoma 


MOS 


Fig, 1.542: Extensive infective destruction of the eyelids, face exposing 
bone and deeper structures. Maggots are seen on the surface. It 
‘mimics carcinoma but it was of infective origin. Phagedenaiis infective 
destruction without proliferation. It often mimics malignancy. 


sweat glands (eccrine, apocrine), sebaceous glands. Merkel 
cells, Meissner and Pacinian corpuscles are receptors in dermis, 
Dermis constitutes 95% of the skin. Dermis is 15-40 times 
thicker than epidermis. 


I CLASSIFICATION OF SKIN TUMOURS 
Benign 
Epidermal 


 ‘Scborrhociec keratosis. 
¢ Trichilemmal tumour. 

# Sebaceous adenoma. 

 Sebaceous epithelioma, 
 Hydrocystoma, syringoma, spiradenoma, 


Probability is the rule of life, especially under the skin. Never make a positive diagnosis.—William Osler 
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5- It explains that how the inverted image on the retina is perceived in the brain as upright. 

6- It can describe how different information can be simultaneously perceived as a binding nature of 
conscious experience. This can be done via quantum parallel! processing. 

7- It explains how the brain of the observer can receive quantum information from the environment. 
We can see that there still exists this possibility that the mind can play the main role in the 
measurement problem, and this is in accord with what London, Bauer, von Neumann and Wigner 
(initially) asserted, 

9 Conclusions 
In this paper we have theoretically demonstrated the plausibility of a quantum teleportation 
mechanism between the eye and the brain which can describe different aspects of visual 
processing through visual pathways. Our model covers both quantum and classical aspects of 
neuroscience. This mechanism can combine some features of the Orch-OR model with 
Tegmark’s conclusions and Thaheld’s belief in one general model. 
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Dermal tumour 


 Neurofibroma, 
 Dermatofibroma, 


Malignant 


# Squamous cell carcinoma. 

4 Basal cell carcinoma. 

# Melanoma. 

# Malignant skin adnexal tumour. 

¢ Secondaries in the skin. Sister Joseph nodules around 
umbilicus. 


Classification of skintumours 
Epidermal 
‘Benign —papilloma, seborthoeic keratosis 
Malignant—BCC, SCC 
Melanocytic 
‘Benign—all types of naevi 
‘Malignant melanoma 
Skin adnexal tumour 
Benign—syringoma, hidradenoma, sebaceous adenoma, 
‘richofolliculoma,trichilemmoma 
‘Malignant—hidradenocarcinoma, sebaceous carcinoma 
Dermal tumours 
Neurofibroma, dermatofibroma, dermatofibrosarcoma protu- 
berans 


¢ Skin cancers (SC) are also classified ax melanotic (MSC) 
or nonmelanotic (NMSC). NMSC are commonest, Patient 
who had BCC/SCC has higher risk to develop 2nd new 
skin cancer (35% in 3 years; 50% in S years). NMSC can 
he low risk or high risk groups. Lesion more than 2 em in 
trunk and limbs; more than 1 cm in forehead and neck; more 
than 6 mm in central face; poorly defined margin; recurrent 
type; moderate or poor differentiation; perineural/vascular 
invasion; presence of immunosuppression; previous RT — 
are high risk lesions. 

Note: 

+ Multiple sebaceous adenomas with visceral malignancy are 
called as Torre-Muir syndrome. 

+ Secondaries in skin can occur lke Sister Joseph nodules around 
the umbilicus. 


Fig, 1.543: Abdominal wall cutaneous secondaries; primary is from 
carcinoma stomach. 


Fig. 1.5 


ster Joseph secondary nodule in umbilicus. 


™ SKIN ADNEXAL TUMOURS 
Classification 


# Eccrine gland tumours: Syringoma, hidradenoma, syringo- 
eystadenoma, 
# Hair tumours: Trichoepithelioma, tricholemmoma. 


Features 


# They are tumours arising from accessory skin structures like 
sebaceous glands, sweat glands, hair follicles. 

# Itis not uncommon. It may be benign or malignant. 

# Itpresents as protruding well-localised swelling in the skin, 

# Trichoepithelioma is usually seen in nasolabial fold; mimics 

BCC; presents as small cutaneous nodule 

Tricholemmoma is also called as naevus sebaceous of Jadas- 

sohn. It is a hamartoma from hair follicle which can turn 

into BCC in 10% of cases, 


Fig. 1.545: Skin adnexal tumour (benign) in the face. 


Fig. 1.546: Skin adnexal tumour (malignant) turned out to be of 
hair follicle origin 


Fig, 1.547: Skin adnexal tumour—preauricular region. 


# Adenoma sebaceum is seen in tuberous sclerosis as red 
papules in face which appears below 10 years. It is often 
called as Bourneville + disease. 

* Caleifying epithelioma of Malherbe/pilomatrixoma is 
benign hait matrix cell tumour seen below the age of 10 
‘years, containing basaloid and eosinophilic ghost cells with 
calcification. 

Malignant skin adnexal tumour forms a nodular, hard, indu- 
rated swelling in the skin, often with involvement of regional 
lymph nodes which are hard and nodular. 

# Itmimics squamous cell carcinoma of skin, 


Fig. 1.548: Skin adnexal tumour. Vascularity is increased and itis 
‘malignant, 


Differential Diagnosis 

# Squamous cell carcinoma of skin. 
‘ Dermatofibrosarcoma protuberans. 
Diagnosis 


# Biopsy—excision ori 
¢ FNAC of lymph node. 


sion type. 


Treatment 


# Benign tumour—excision. 
+ For malignant tumour—wide excision and regional lymph 
node block dissection when required. 
Prognosis is good. It is better than squamous cell carci- 
noma 


Note 

+ Merkel cell carcinoma is aggressive malignant condition 
arising from neuroendocrine receptor cells of the skin 
(dermis) which mimics histologically oat cell carcinoma. It 
is common in white elderly females (4: 1) may be due to UV 
rays. Treatment is wide excision with radiotherapy. 

+ Adenocarcinoma arising from the apocrine glands of skin is 
called as extramammary Paget's disease of skin (intraepidermal 
adenocarcinoma) commonly observed in perianal region. 
= Itcan occurin genitalia or in axilla (more apocrine glands). In 

25% of cases, the condition is associated with an underlying 
in situ or invasive carcinoma. Presentation is like red plaque/ 
white/depigmented areas/crusts/scales mimicking derma- 
titi, eczema, fungal infections. Condition is often associated 
with Gl or urinary malignancies (40%). Biopsy of lesion, CT 
evaluation for other malignancies, wide local excision and 
radiotherapy—are the management principles. 


It's when the fish opens his mouth that he gets caught. 
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Ill DERMATOFIBROMA (Sclerosing Angioma or 
Subepithelial Benign Nodular Fibrosis) 


¢ Itisa benign tumour arising from skin from dermal dendritic 
cells. 

 Itis formation of firm, single or multiple nodules occurring 
commonly in extremities (limbs). 

# Itcan be red, brownish yellow (due to lipid), or bluish black 
(due to haemosiderin. 

Histologically, spindle cells are arranged in ‘mat like’ or 

“cart-whee!” pattern 

# Itis also called as dermal histiocytoma, 


Differential Diagnosis 


# Squamous cell carcinoma of skin, 
¢ Melanoma, 

¢ Basal cell carcinoma, 

# Skin adnexal tumour, 


Treatment 


© Excision. 


ll DERMATOFIBROSARCOMA PROTUBERANS 


¢ It is a low grade fibrosarcoma which grows slowly but 
persistently. It arises from dermal fibroblasts: 

# Occurs in head and neck, limbs, abdominal wall and back— 
‘Trunk is commonest site (50%). 

¢ Itisnot arare entity, often attains a large size with multiple, 
nodular, hard, swelling with often involvement of lymph 
nodes, Malignant spindle cells are seen histologically. 

¢ Rarely it spreads into lungs through blood, 

# Itmimies squamous cell carcinoma of skin and skin adnexal 
tumour. 


Fig. 1.549: Dermatofibroma in leg, 


Positive for CD34 and ring chromosome. 
© With melanin pigmentation it is called as Bednar’'s tumour. 


Diagnosis 

Biopsy of the lesion. 

# Chest X-ray, CT Sean. 

¢ FNAC of the lymph node. 


Treatment 


# Wide excision and follow up. 
Recurrence is common—S0%, 
+ Prognosis is good. 


ll KERATOACANTHOMA (MOLLUSCUM 
‘SEBACEUM) 

# tis an overgrowth and subsequent spontaneous regression 
of pilosebaceous glands with proliferation of squamous cells 
protruding out of the duet which are common in adult males 
(3:1) and places where more sebaceous glands are found. 

© Cause is unknown. It may be self limiting, benign neoplasm. 
of viral origin (papilloma virus). 


Fig. 1.551: Malignant skin tumour with ulceration of the skin over 
chest wall. Axillary nodes were enlarged in this patient. 


4% Itpresents as a rapidly growing, painless, single swelling in 
the skin with central brown area 

¢ It grows usually for 4 weeks and later shows spontaneous 
regression in 4 months. It is a pseudomalignancy. 

During regression phase, central area separates from the 
lesion leaving a deeply seated scar. 


Clinical Features 

Mobile, hard, painless, nontender, lump with a central 
brownish volcano like area. It is common in face. It can be 
recurrent in lips and fingers. 

Lymph nodes are not enlarged. 

© Mis totally benign. 


Differential Diagnosis 


Squamous cell carcinoma. 


Treatment 
¢ Excision. The tissue is sent for histopathological study. 


ll RHINOPHYMA (Potato Nose) (Bottle Nose) 


© Iisa glandular form of aene rosacea causing immense 
thickening of distal part of skin of nose with visible open- 
ings of sebaceous follicles. Nose is bluish red in colour with 
dilated capillaries. 

 Itis due to hypertrophy and adenomatous changes in seba- 
ceous glands. 

# Male to female ratio is 12:1. 3% cases may have occult BCC 
in it, But rhinophyma itself will not cause BCC. 


Treatment 


¢ Excision of excess tissue and reconstruction. 


Fig, 1.552: Dermatofibrosarcoma protuberans. 


Figs 1.553A and B: Typical keratoacanthoma with central brownish 
area. It is self-limiting disease. It never turns into malignancy but 
looks like SCC, 


Never surrender your dream to noisy negatives. 
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I SEBORRHOEIC KERATOSIS (Seborrhoeic Wart, 
Basal Cell Papilloma) 


It is a benign overgrowth of the basal layer of epidermis with 
excess of small darkly stained basal cellls, which protrudes 
from the surface of the epidermis to give oily appearance. 


Figs 1.555A to C: Seborrhoeic keratosis in face, ear and in 
pperlumbilical region. itis not a premalignant condition, 


Features 


# Itis common in elderly. Common sites are the back, face, 
neck. 

# It grows slowly with widening in area without altering in 
thickness, 

# Itofien gets infected but uncommon to bleed on touch. 

# Itis pigmented due to melanin and so mimics naevus or 
melanoma, 

# Itis common Caucasians. It is familial—autosomal domi- 
nant gene related 

# Often when it falls off, it leaves a pale pink patch on the 
skin with visible small surface capillaries, 

# tis not a premalignant condition (Note: Solar keratosis is 
«a premalignant condition). 

# tis hard and stiffer than normal skin. 

# Lymph nodes are not involved 

# Itdoes not occur in palms and soles. 

# Itcan be picked off from the skin. 

# ‘Stuck on’ appearance is characteristic. 


Differential Diagnosis 
# Melanoma, Pigmented BCC, Naevus, 


Treatment 


# Excision cures the condition, 
# Shave excision or curettage can be done. 


+ Bowen's disease of skin: It is an intradermal precancerous 
condition. It presents as brownish induration with a well- 
defined edge. Microscopically it contains large clear cells. 
Eventually it willturn into carcinoma (108)-Entire epidermis 
is disorganised and irregular. It shows parakeratosis, acan- 
thosis hyperkeratosis Chronicsolarexposurearsenic;human 
papilloma virus 16 are the aetiologies. Topical 5 fluorouracil 
OF imiquimod; 4 mm margin surgical excision; MOHS; laser 
are the therapeutic options 

Erythroplasia of Queyrat is Bowen's disease occurring over 
glans penis 

+ Paget disease of nipple 

+ Leukoderma 

+ Senile or solar keratosis: It is multiple, dry, hard, scaly, lesions 
con the face and back of hands due to exposure to sunlight, 

occurs after middle age. This is sunray induced hyperkera- 
tosis with iregular, firm, raised or flat patch. Squamous cell 
carcinoma develops later after 10 years. Lesion in such situ- 
ation becomes non-healing, indurated with central crust 
with everted edge; hard enlarged regional lymph nodes 
may be palpable 

Radiodermatits, arsenic dermatit 

Chronic sears develop into Marjolin’s ulcer 

Albinism 

“Xeroderma pigmentosa wherein there is defective DNA exc 

sion repair mechanism. It turns into malignant melanoma, 

acc,scc 

+ Chronic lupus vulgaris 

+ Prolonged irtation of skin by various chemicals like dyes, 
tansoot 
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ll SQUAMOUS CELL CARCINOMA (Epithelioma) 
(Khangri Cancer) (Chimney Cancer) 


¢ I ocouts in premalignant conditions like Bowen's disease, 
Paget’s disease, leukoplakia, chronic sears, chemically 
induced chronic irritation, radiodermatitis, senile keratosis, 
e.g. Khangti cancer in Kashmir, Chimney scrotal cancer, 
Kang cancer of Tibetans 

 Itarises from squamous layer of the skin, Usually it occurs in 
a pre-existing predisposing lesion; occasionally can develop 
in de novo skin 

# Itcan be grossly proliferative/ulcerative/ ulceroproliferative/ 

red plaque like, Proliferative type is cauliflower like. 

It expresses cytokeratins one and ten. 

It is the 2nd (20%) most common skin cancer, 

tis common in males, 

Exposure to UV B rays (ultraviolet rays are A,B,C types) 

causes SCC by direct carcinogenic effects on keratinocytes, 

unrepaired mutations, decreased immune surveillanc 

ction, mutation of p53, 


response, inhibition of tumour 
suppressor gene (seen in 90% S 


Fig. 1.556: Squamous cell carcinoma eyelid. Note the involvement. 
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Fig. 1.557: Squamous cell carcinoma on the labia, 


ie 


‘Aetiology of SCC 

Bowen's disease. Exposureto UVB rays, 

CChroniescars and sinuses (burnsosteomyelit; venous ulcer) 

Lupus vulgaris 

Solar keratosis—20% chances of SCC 

Senile keratosis 

Xeroderma pigmentosa 

Tobacco use 

Viral cause—human papilloma virus (HPV) five and sixteen 

Chemically induced chronic irtation 

Radiodermatitis 

Kangri cancer—it is due to constant placing of the hot 

charcoal pot (kangri) over the abdominal wall to control 

cold, Seen in Kashmir 

+ Kang cancers seen in buttocks and heel of Tibetans due to 
sleeping over oven bed to control cold 

+ Chimney sweep cancer is observed in scrotum due to 
constant irritation by tar 

+ SCC is more common in immunosuppressed individuals, 
immunosuppressive drugs like azathioprine, cyclosporine, 
prednisolone; risk becomes 10%in 10 years of intake of these 
drugs and 40% in 20 years. 


ee eeeseoesos 


Common Sites are: 

% Dorsum of hand, limbs, face, and skin of abdominal wall 
SCC can occur in external genitalia, mucocutaneous junc~ 
tion, oral cavity, respiratory system, oesophagus, gall- 
bladder, in urinary bladder as metaplasia from transitional 
cell lining, 


Figs 1.558A and B: Squamous cell carcinoma in the forearm and 
foot. Its proliferative cauliflower like lesion. 


Finding fault is easier. Finding remedy is the one which is more difficult. 
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Clinical Features 

An ulcerative or uleeroproliferative lesion, 

Raised and everted edge. 

 Indurated base and edge. 

¢ Bloody discharge from the lesion. 

Regional lymph nodes are commonly involved, which 
are hard, nodular, initially mobile but eventually fixed to 
underlying structures. 

Usually blood spread does not occur. 


Variants 


% Marjolin’s ulcer which occurs in chronic scar is a type of 
squamous cell carcinoma without lymph node spread. 

% Verrucous carcinoma is a squamous cell carcinoma, 
commonly occurring in mucous membrane or muco: 
cutaneous junction without lymph node spread. It is dry, 
exophytic, warty, indurated growth. It has good prognosis. 
Itis a curable malignancy. 

 Arare multiple self healing SCC is observed usually in face 
a familial autosomal dominant (Ch 9q) disease in Western 
Scotland-Ferguson-Smith syndrome. 


Histology 

Malignant whorls of squamous cells with epithelial or 
Keratin pearls are characteristic feature. 

© Spindle cells, invasion, deep and peripheral margin clearance. 


Well differentiated:75% or more keratin pearls, 
Moderately differentiated: 50-75% keratin pearls 

Poorly differentiated: 25-50% keratin pearls, 
Undifferentiated/anaplastic:<25% keratin pears. Itisseen 
in 20% of SCs. 


Differential Diagnosis 


BCC. 
Melanoma, 

4 Keratoacanthoma, 

¢ Skin adnexal tumours. 
# Actinic keratosis. 
 Pyogenic granuloma, 


Investigations 


# Edge biopsy. 
© ENAC from lymph node. 


Fig. 1.559: Squamous cell carcinoma foot—ulceroproliferative lesion 
with fungating inguinal node secondaries. itis an advanced disease. 
‘Opposite inguinal nodes are also significantly enlarged. 


Fig, 1.560: Squamous cell carcinoma and BCC in face of a patient. 


TNM staging for skin cancer other than melanoma 


Tumour Node Metastasis 
TO no tumour found NO-No nodes ‘M0-No distant spread 
Tis Tumour in situ N1-Regional nodes ++ M1-Distant spread ++ 
T1 Tumour <2 em 

T2 Tumour 2-5 om G1—Low grade 

3 Tumour> 5 em G2~Moderate grade 

T4 Spread to cartilage, muscle or bone. __ G3—High grade 
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Figs 1.561A and B: Recurrent SCC in amputated stump. Note the 
enlarged significant lymph nodes in the groin. 


Treatment 


# Radiotherapy using radiation needles, moulds, ete. is given, 
© Wide excisi 
or flaps. 

(Presently for tumour less than 2.em, 4 mm clearance and for 
tumour more than 2 em, 1 em clearance is sufficient). Wide 
excision should show clearance both at margin as well as in 
the depth. If muscle, fascia, cartilage are involved, it should 
be cleared. Reconstruction is usually done by primary split 
skin grafting (SSG/Thiersch). Delayed skin grafting also can 
be done once wound granulates well. Often flaps of different 
types may be needed depending on the site of lesion, 

¢ Amputation with one joint above. 


in, 2 cm clearance followed by skin grafting 


* For lymph nodes, block dissection of the regional lymph 
nodes is done 

% Curative radiotherapy (RT) is also use! 
are not adherent to deeper planes or cartilage as SCC is 
radiosensitive. It is also useful in recurrent SCC and in 
patients who are not fit for surgery. A dose of 6000 eGy 
units over 6 weeks; 200 units/day is used. Recurrence after 
RT is treated by surgical wide excision, 

# In advanced cases with fixed lymph nodes, palliative 
external radiotherapy is given to palliate pain, fungation 
and bleeding. 

Chemotherapy is given using methotrexate, vincristine, 
bleomycin 

¢ Field therapy using eryo probe or topical fluorouracil or 
electrodessication 


in tumours which. 


Prognostic factors in SCC 


Tumour size > 2cmis worse 

Tumour border—ill-defined border is worse 

Associated immunosuppression is worse 

+ Differentiation—poorly differentiat 

+ Perineural involvement has worse prognosis 

+ Invasion;depth <2mm has got better prognosisjdepth more 
‘than 16 mm has got worst prognosis 

4 Local recurrence rate is 20%. Recurrence period is 5 years, 
not beyond 


Verrucous Carcinoma (Fig. 1.563) 
# Dry, exophytic, warty growth. 
# No lymph node spread 
No blood spread. 
# Surgery is the treatment—wide excision, 
# No radiotherapy 
¢ Examples: 
» Giant condyloma acuminatum (Buschke-Lowenstein 
tumour, Verrucous carcinoma of genitalia), 


Fig. 1.5628 


‘Moles must never be cauterised or curetted. 


301 


snowny UPS 


302 


SRB's Manual of Surgery 


Fig. 1.5628, 


Figs 1.562A and B: Carcinoma cunniculatum—in heel and under 
{great toe which isa low grade verrucous type of SCC. 


> Oral florid verrucos 
> Verrucous carcinoma of foot (plantar aspect) —earci- 
noma cuniculatum, 


ll MARJOLIN’S ULCER (1828) 


@ Itisa well-dif 
occurs in chronic scars like burn sear, scar of venous 


nitiated squamous cell carcinoma which 


ulcer. 

4 Asiit develops in a sear due to chronic irritation and there 
are no lymphaties in scar tissue, it will not spread to 
lymph nodes 

4 As scar is relatively avascular it grows slowly. As scar does 
not contain nerves, it is painless. 

Once it reaches the normal skin it may behave like any other 
squamous cell carcinoma, ic. it will spread to lymph nodes. 
It occurs in unstable scar of long duration. 


Clinical Features 


# History of pre-existing venous ulcer or burn scar. 

# Indurated, painless, nontender, ulcer with raised and everted 
edge. 

* Biopsy from the edge confirms the diagnosis. 


Treatment 


© Wide excision 
# Incase of large ulcer, amputation is required. 
© Radiotherapy should not be given as it may turn into poorly 
differentiated squamous cell carcinoma. 
Its a curable malignancy. 


Fig, 1.563: Verrucous carcinoma of penis. Its an exophytic, dry, 
‘warty, locally malignant lesion (Squamous cell carcinoma}. 
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Fig. 1.564: Marjolin’s ulcer in a burn scar. 


Fig. 1.565: Marjolin’s ulcer foot in a pre-existing burns scar. It is a 
‘well-differentiated squamous cell carcinoma occurringin an unstable 
scar of long duration. 


Figs 1.566A and B: Marjolin ulcers over elbow and over foot. First 
fone occurred over elbow ina pre-existing snakebite scar. Second one 
‘occurred in a long-standing venous ulcer. 


™@ BASAL CELL CARCINOMA (Rodent Ulcer) 


Itisa low grade, locally invasive, carcinoma arising from basal 
layer of skin (or adnexal basal layer of hair follicle) or muco- 
cutaneous junction, If does not arise from mucosa. 


# Itis the commonest (70%) malignant skin tumour, 

# Itis more common in white-skinned people than blacks. 

# Common in places where exposure to UV light is more 
(Australia). 

# Other causes are—arsenics, coal tar, aromatic hydrocarbons, 
skin tumour syndromes. 

# Itiscommon in males, common in middle-aged and elderly 

# Common site is face—above the line drawn between angle 
‘of mouth and car lobule (90%)—Onghren s line, 

# Its called as fear cancer because it is commonly seen in 


area where tears roll down, 

# Often it can occur in muco-cutaneous junctions 

# Basal cell naevus syndrome (Gorlin syndrome) with BCC; 
medulloblastoma; bifid ribs 

# Iris only locally malignant, It does not spread through 
lymphatics nor through the blood. But it erodes deeply into 
local tissues including cartilages, bones causing extensive 
local destruction. Hence the name “rodent ulcer”. 


Types 


1, Nodular. 

2. Cysticinodulocystic 

3. Ulcerative 

4. Multiple, often associated with syndromes and other malig 
nancies. 

Pigmented BCC—mimics melanoma. 

6. Geographical or field fire or forest fire BCC is wide area 
involvement with central scabbing and peripheral active 
proliferating edge. 

7. Basisquamous—behaves like squamous cell carcinoma 
which spread into lymph nodes. BCC which has not been 
treated for long time can turn into Basisquamous carci- 
noma, 


Note: 
Nodulocystic and naduloulcerative is the commonest form 
(70-90%), 


Fig. 1.567: Basal cell carcinoma. 


Fig. 1.568: Rodent ulcer lateral aspect of the eyebrow. Note the 
typical beaded edge. 


Adversity reveals genius, prosperity conceals it. 
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Fig. 1.571: Note the common site of BCC—in the face above the line 
‘drawn between angle of mouth and ear lobule—Onghren’s tine. 


Fig. 1.569: BCC in perianal region. Its nodular type. Wide excision 
is required. 
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Figs 1.572A and B: Nodular BCC in the nose. 


Fig. 1.573: Sebaceous epidermal naevus. itis common in females, 
often extensive, begins in childhood. It needs surgical excision and 
the inner angle af the eye. skin grafting. Ithas got 10% chances of turning into BCC. 


Figs 1.570A and B: BCC in different places—below the ear and in 


Clinicopathological Types 


8, Superficial type—small buds of tumour masses. 
b. Morpheic type—dense stroma with basal cells and type IV 
collagen; spreads rapidly. 
©. Fibroepithelioma type of Pinkus shows elongated cords of 
bbasaloid cells with mesh work. 
It contains outer palisading columnar cells with central 
polyhedral cells but no prickle cells or keratinisation. 


Clinical Features 

# Ulcer on the face in a middle-aged man which is nontender, 
dry, slowly growing, nonmobile, with raised and beaded 
edge with central scab, often with central depression or 
tumbilication, 

# Site of beading signifies the area of active proliferating cells 
In between beaded areas dormant nonactive cells are present 

# No lymph node or blood spread occurs. Due to large sized 
tumour cells/tumour cluster, it does not spread through 
lymphatics 


+ BCC can be low risk or high-risk 
@ Size>2em_ 

Near the eye/nose/ear 

@ Illdefined margins 

4 Recurrent tumours 

4 immunosuppressed individuals 


Differential Diagnosis 
1. Squamous cell carcinoma. 
2, Melanoma. 

3. Keratoacanthoma, 

4, Seborrhoeic keratosis, 


Investigations 
Edge biopsy, X-ray of the part, CT sean, 


"he | ? 
* + 
sae: 
Figs 1.5748 to C: Basal cell carcinoma in different locations. Note Fig. 1.575: BCC lesions in different places (multiple). 


the nodularity and ulceration. Note the beaded edge. 


An investment in knowledge always the best interest. 
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Treatment 


© Itis radiosensitive. If lesion is away from vital structure 
(like away from eyes), then curative radiotherapy can be 


12) 


Figs 1.576A to C: Surgical wide excision in BCC. 


given, Radiotherapy is not given, once it erades cartilage 
or bone. RT is not given to BCC of ear and close to lacrimal 
canaliculi 


% Surgery: 


» Wide excision (1 cm clearance) with skin grafting, 
primary suturing o flap (Z plasty, rhomboid flap, rota- 
tion flap) is the procedure of choice. 

> Laser surgery. 

> Cryosurgery 

» MOUS (Microscopically Oriented Histographic 
Surgery) (Federic E Mohs, American Surgeon) is useful 
to get a clearance margin and in conditions like BCC 
close to eyes, nose or ear, to preserve more tissues. 
MOUS is becoming popular in BCC/detmatofibrosar- 
coma protuberans/melanoma. Procedure is done by 
dermatological surgeon along with a histotechnician/ 
hhistologist. Under local anaesthesia, a saucerised exci- 
sion of the primary tumour is done and quadrants of the 
specimen are mapped with different colours. Specimen is 
sectioned by histotechnician from margin and depth, and. 
itis stained using eosin and haematoxylin. It is studied 
by MOUS surgeon or histologist. Residual tumour 
from relevant mapped area is excised and procedure is 
repeated until clear margin and clear depth are achieved. 
Clearance must be complete and proper in BCC other- 
‘wise there will be very high chance of recurrence (70%). 


@ Rodent ulcer eroding into cartilage or bone 
+ BCC close to the eye 
@ Recurrent BCC 


lm TURBAN TUMOUR 


It isa descriptive term wherein entire scalp looks like a turban 
because of multiple scalp swellings. It can be due to multiple 
exlindroma; multiple hidradenomas; subcutaneous neurofi- 
bromas; nodular multiple basal cell carcinoma. 


’ 


‘Multiple cylindroma is usually considered disease under this 
term. Cylindroma is a variant of eccrine spiradenoma (skin 
‘adnexal tumor). Multiple firm pinkish nodules in the scalp 
are the presentation in multiple cylindroma. They are rare, 
‘often locally malignant, grows slowly over the span of many 
‘years to cover entire scalp with reddish lobulated lesion. 
Hidradenoma isa rare benign sweat gland tumour. Multiple 
tumours commonly look like a turban in the scalp. They 
are painless, disfiguring, cosmetically problematic, soft, 
boggy, non-fluctuant, non-compressible cutaneous swell- 
ings; commonly observed in middle age group. 

Multiple sebaceous cysts over the scalp mimic the same. 
Management is initial biopsy to find out the cause; then wide 
excision with skin grafting 


™ NAEVI 


+ 


’ 


tis a hamartomata of melanocytes due to excessive stimu 
lation. 
It may present during birth or appear later in life. 


Metanocytes 
Epidermis «— 


besa ayer 
dermis «— 
Normal skin 
epidermis 
vasal layer *~8 9 > —# 
dermis <— ¢ 
inadermal naevus 
eptermis a 
basa yer ® RAP 
comin 


Compound naevus 


Sates a= 
bona ce “py” 
peepee 


Junetional naevus 


Fig. 1.577: Different types of naevi. 


Types 


Hairy mole is a mole with a hair growing on its surface. 
Nonhairy mole. 

Blue naevus. It is seen in children, It is located deep in 
the dermis, hence appears blue. It is common in buttock 
(Mongolian spot), hand, feet 

Junetional naevus. It lies centred in the junctional layer 
(basal layer) of the epidermis as clusters. It is immature, 
unstable and premalignant. Microscopically there is 
proliferation of melanocytes at the epidermal junction. 
Features of malignant transformation are—change in the 
size, colour, bleeding, ulceration, crusting, satellite spots. 
Compound naevus. It is combination of intradermal and 
junctional naevus. Intradermal part is inactive but junc~ 
tional part is potentially malignant. 

Juvenile melanoma (Spitz naevus) (It is a misnomer). It 
‘appears as junctional like mole before puberty. It is seen 
in children on face. They present as brownish red nodular 
lesion which needs always excision. 

Hutchinson's freckle. It is seen in elderly with large area 
of dark pigmentation. In the macularstage it is smooth and 
brown. In the tumour stage it is dark and irregular, It can 
tum into melanoma commonly. 

Halo naevus: Halo of depigmentation around the 
pigmented naevus. This halo is due to antibody response to 
‘melanocytes. Halo naevus is often seen along with vitiligo. 
Similar halo may develop around a malignant melanoma 
lesion. 


10, 


12 
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Intradermal naevus: Cluster of dermal melanocytes is 
seen without junctional component. Common in face 
Spindle cell naevus: It is dense, black pigmented lesion 
containing spindle cells and atypical melanocytes at 
dermo-epidermal junction; seen in females on high with 
‘malignant potential, 

Naevus spitus: Its hyperpigmented speckles throughout, 
also called as speckled lentiginous naevus. Malignant 
potential is rare 

Naevus of Ota is dermal melanocytic hamartoma seen in 
distribution area of trigeminal nerve (ophthalmic /maxil- 
lary). It is seen in oriental and African race adolescent 
females (thigh) with a hormonal influence. 
Naevus of Io is similar lesion occurring in shoulder region. 
Dysplastic naevus is proliferation of atypical melanocytes 
from epidermal basal layer having variegated irregular 
look; it is usually > 5 mm in size; can be familial; 10% 
cases may tum into superficial spreading melanoma, 


Fig. 1.578: Hairy naevus. 


Fig. 1.579: Congenital naevus. 


Fig. 1.580: Compound naevus. 
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Fig. 1.581: Junctional naevus. 


Fig, 1.582: intradermal naevus. 


Treatment 


Excision, Always should be sent for histopathology. 


Note: 

+ Giantnaevusis naevus more than 19% of body surface area or more 
than 20 cm in size. Giant congenital pigmented naevus (GCPN) 
often shows dermatomal distribution. Pigment-cells spread from 
epidermis to fat and muscle often. Itmay turn into melanoma (59 
risk)-Such melanomas are usually axialis usually associated with 
retroperitoneal /intracranial melanosis. Curettage, dermabrasion, 
laser, excision and SSG are the treatment options. 

+ Mongolian spot is a blue brown/grey pigmented macular area 
Which is seen in sacral region during birth and after initial intense 
pigmentation regresses fully in 7 years. 

+ Normal number of melanocytes releasing abnormally higher 
‘number of melanin granules is called as freckle/ephilis 


ll MELANOMA 


¢ Iisa malignant tumour arising from epidermal melanocyte 
which is most aggressive cutaneous malignant tumour. 


Figs 1.583A and B: Giant congenital pigmented naevus (Courtesy: 
Dr Murali Keshav, MD, Paediatrician, KM, Mangalore) 


# Itis of neural crest (ectodermal) origin. 
# Itis 20 times more commonly seen in whites than blacks. 


 Melanoblast:Primitive cell derived from the neural crest. 
 Melanocyte:The cell which synthesises melanins located in 
‘the basal layer (melanacyte basal cell::1:10). 
 Melanophores are pigment melanin carriers through 
dendrites into the epidermis. 
 Melanophages are macrophages having melanin pigment. 
+ Melanoblastsand melanocytes contain DOPA oxidase enzyme 
and synthesise melanin. They show +ve DOPA reaction. 
 Melanophoresand melanophages show —ve DOPA reaction. 
Melanin synthesis is controlled by melanocyte stimulating 
hormone, ACTH and sex hormones. 


OPA reaction: 
Tyrosine Zita DoPA ine 
Tyrasinase Oxidase 


Other sites: 09 
Eyes (iris, ciliary body, choroids), mucocutaneous june- 

tion (anorectal region, genitalia), head and neck (meninges, 
oropharynx, nasopharynx, paranasal sinuses) 


Risk Factors 


# Exposure to sunlight (exposure to UV light; more common 
in white-skinned—20 times). 

+ Ethnic factors, socioeconomic status (high society), lifestyle, 
climate, 

¢ Albinism. 

4 Xeroderma pigmentosa — RR is 1000 (By Kaposi in 1874): 
It is an autosomal recessive (Ch 9q) disease with defect 
in DNA excision repair mechanism causing formation of 
aberrant nucleotide causing ultraviolet rays” intolerance, 
erythema, pigmentation, photophobia, premature skin 
ageing, multiple malignancies with 60% mortality at the 
age of 20. 


Fig. 1.584: xeroderma pigmentosa with BCCin the nose. Such patients * Junctional naevus. 
are prone for other skin malignancy ike melanoma also. There is * Familial dysplastic naevus syndrome. 
defective DNA excision epaic. Sporadic dysplastic naevi. 10% tisk. 
Large congenital naevi (larger than 20 em), 
Family history of melanoma (10% through chromosomes 
+ €pidermis Ip, 6q, 7 and 9). They often present with multiple primary 
“L-Papilery melanomas; associated with dysplastic naevus. A 
“| dermis History of earlier skin cancers other than melanoma, = 
Patients who are on immunosuppressive drugs orafter renal | > 
transplantation or NHL (RR - 30), = 
8 
2 
Fig. 1.585: Clark's level. Malignancies which spread from mother to foetus a 
4 Melanoma 


4 Lymphosarcoma 


idence is equal in both sexes. 

¢ Its incidence is increasing over the years. 

5% of'skin cancers are melanomas. 

# It is most common in Queensland, Australia, Auckland, 
New Zealand, 


Classifications 


Breslow’s classification (1970):Based on thickness ofinvasion 
‘measured by optical micrometer—most important prognostic 
indicator until nodal spread 
I Less than 0.75 mm 
Between 0.76 to 1.5 mm 
4: 1.51 mmto-4mm 
IV: more than 4mm 


Sites 


Head and neck—25% 


* 
Mie Relation of Tumour Thickness to Nodal Spread— 
2 Leet lina Based on AJCC Classification 
* 


Upper limb—11% 
Oiersies Lesion Tumourthickness _Nodalspread 
# In females, leg is the commonest site. fen eae se 
front ot back of intermedia mm 
¢ Inmales, the front or back of the trunk, et ests pe 


# Inthe Bantu tribe, sole is the commonest site, 


‘You will soon break the bow if you keep it always stretched. 


310 Clark’s levels (Fig. 1.585) 
Level 1:Only in epidermis 
Level 2:Extension into papillary dermis 
Level 3:Filing of papillary dermis completely 
Level 4 Extension into reticular dermis 
Level 5: Extension into subcutaneous tissue 


Differential diagnosis for melanoma (other pigmented 

lesions of the skin) 

Seborthoeic keratosis, dermatofibroma 

Pigmented BCC, pigmented SCC 

Naevus, sebaceous epidermal naevus 

Kapos's sarcoma, mycosis fungoides 

Cutaneous haemangioma 

Certain skin adnexal tumours 

Solar keratosis 

Pyogenic granuloma 

‘Cutaneous angiosarcoma 
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Fig. 1.587: Superficial spreading melanoma (70%). 
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Fig. 1.586: Extensive pigmented lesion of the skin. 


Types 


Nodular malignant melanoma. 


Cutaneous melanoma 
4 Extra cutaneous—10% (ocular is common site) 
Occult (Unknown primary) —2-7% ‘4 


Clinical Types 


1. Superficial spreading: 
> Most common. 64-70%. Occurs in any part of the 


body with variegated irregular look. It has more radial 
growth and better prognosis. It commonly arises from 
a pre-existing naevus. 
2, Nodular melanoma: 12-25%, 
> More aggressive. It is common in younger age group, 
occurring in any part of the body, It has more vertical _ Fig, 1.589: Melanoma in the sole. Often such pigmentation may be 
growth. Common in mucosa and mucocutaneous june- unnoticed 
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Figs 1.591A and B: Primary melanoma with Iymph node secondaries 
in two different individuals. Note the pigmented ulcerated 
secandaries in one. 
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Fig. 1.592: Melanoma in tongue. 


r 


tion; uniform; nodular; more vertical growth; nodal 
spread is common; has got poor prognosis. It usually 
appears as de novo. Common in men; common in trunk, 
head and neck. 

3. Lentigo maligna melanoma: 

> 7-15%. Less common, least malignant. Occurs in old 

age and common in face (Hutchinson's melanotic 
freckle). It is slow growing, variegated, brown macule 
lentigo; common in face/neck/hands; common inelderly Figs 1.5938 to C: Melanoma in vagina—in mucocutaneous 
‘Women. Lentigo maligna is in situ type junction. On table and excised specimen of melanoma 


Creativity begins with thinking different and progress with acting different, thus giving unique results. 
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Fig. 1.594: ‘In-transit nodules in melanoma. They are secondary 
depositions in dermal lymphatics 


Fig. 1.595: Satellite nodule in melanoma occurs within 2 cm of primary. 
Nate the primary in the heel and satellite nodule adjacent to it. 


4, Acral lentiginous melanoma: 

> 5%, Occurs in palms, soles and subungual re; 

Common in Japan. It has got a poor prognosis. It is 

least common, Usually attains large size; nodular type 

‘with more vertical growth phase. Itis common in Africa 

and Asia, It is less common in whites. It is often flat, 

irregular macule. It mimics fungal infection/pyogenic 
granuloma, 

5. Amelanotie melanoma: 
> This is the worst type. Because of the undifferentiation, 

tumour cells loose their capacity to synthesise melanin. 
Itpresents as rapidly progressive pinkish fleshy tumour. 
Itmay mimic soft tissue sarcoma, It needs markers like 
100, HMB45 for diagnosis. 

6, Desmoplastic melanoma has high affinity for perineural 
invasion; is common in head and neck with higher recur- 
rence rate. It is amelanotic melanoma with thicker lesion 
carrying poor prognosis due to neural invasion. 


Note: 
Subungual melanoma which was earlier thought of acral lentig 
nous type is now considered as superficial spreading type. It is 
involvement of nail fold matrix not nail plate). Triangular, macular, 
progressively widening pigmentation of nailfold with nail dystrophy 
istypical—Hutchinsonts sign. Itshould be differentiated from benign 
racial melanonychia which are dark streaks under the nail. Biopsy 
of nail matrix should be done here. 

Ocular melanoma: tis the commonest malignancy arising ineye. It 
may arise from retina, iris, ciliary body, choroid. itrarely metastasize 
or only at late stage as itis devoid of lymphatics. Ocular melanoma 
commonly shows its distant spread toliver. Massive hepatomegaly 
istypicalandisoften seen many yearsafter the treatment of primary 
ocular lesion. Condition is treated with enucleation, radiation, 
photocoagulation. 

Clark’s concept—Two phases of growth: Initial radial growth 
phase occurs horizontally, later vertical growth phase occurs 
with invasion, 


59% ofall skin cancers—incidence 

20 times more common in whites than blacks | 

‘Mucosal metanoma has got poor prognosis 

Can spread from mother to foctus 

‘Muitiple metanomas are 1% common 

Melanoma in choroid will not cause Iymph node involve- 

‘ment,asit has no lymphatic drainage. But late massive liver 

‘secondaries even after 10-20 years is known to occur 

10% of melanomas are familial—in whites 

% Satellite nodules are secondary skin nodules within 2.cm 
of primary 

4 In transit’ nodules are secondary skin nodules beyond 2.cm 
of primary any where up to lymph node region 

Melanoma may present as secondary (in liver, lungs, bone, 
brain) with occult primary when primary is situated in anus, 
genitalia eye,external auditory canal, adrenal gland, nail bed 
‘and scalp—7% 

+ Pigmentation isnot mandatory to diagnose melanoma even 

‘though itis commonly present. 
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Clinical Features 


# It can stat in a pre-existing naevus (commonly junctional 
naevus) —50-60% or as de novo in a normal skin—40-50% 
% Melanoma is unknown before puberty. 
No induration is seen in melanoma. 
Pigmentation with irregular surface and margin with rapid 
growth. 
* Ulceration, bleeding, itching, change in the colour. 
Note: 
When a mole turns mal 
observed (Glasgow criteria: 
+ Major signs: Change in size (diameter more than 6 mm), shape 
and colour 
+ Other changes: 
> Inflammation, crusting, bleeding, itching 
» Nodularity, ulceration, halo around a mole 
> Satellite lesions 
> Doppler positive pigmented lesions using hand held, 
Doppler (> 1 mm thick lesion) 


inant, following changes should be 


Five most important features of melanoma 
© Asymmetry 
® Border irregularity 
© Colourvariation 
© Diameter>6mm 
© Elevation 


Spread 

© Through lymphatics it spreads to regional lymph nodes 
either by permeation or by embolisation. 

¢ In-transit nodules or satellite nodules are seen in the skin 
between the primary lesion and regional lymph node area, 
and is due to retrograde spread to dermal lymphatics. 

© Through blood: To lungs, liver (huge liver), brain, skin, 
bones. Secondaries are typically black. 


Blood spread in melanoma 


4 Brain—convulsions,localising features and raised intracranial 

pressure 

‘ Lung—cannan ball secondaries, pleural effusion-haemop- 
tysis,chest pain and cough 

4 Liver (massive liver) ascites 

‘® ‘Skin—cutaneous nodules often pigmented 

4 Bones—bone pain, pathological fracture-Paraplegia/neuro- 
logical deficits in spine metastasis 


Extensive visceral involvement causes melanuria 


# Melanoma in choroid has got better prognosis, because as 
there are no lymphatics, spread is delayed. 

Sometimes primary is very small and unnoticed (in anus, 
subungual region). They present with features of second- 
aries only. 


Note: 
Infiltration into deep fascia by melanoma is rare in initial stages as 
deep fascia acts asa strong barrier. 


Staging of Malignant Melanoma (It is older 
staging system) 


IA: Thickness less than 0.75 mm, 
IB: Thickness between 0.76 to 1.5 mm, 

HA: Thickness between 1.51 to 4.0 mm, 

IB: Thickness more than 4.0 mm. 

IIA: Any of the above + nodes less than 3 em, 

IIB: Any of the above + nodes more than 3 cm, 
IV: Any of the above + any node + MI (distant spread). 


‘Occult melanomas (primary unknown) are common in 


—Anus Genitalia 
—Saalp —tye 
—External auditory canal — Adrenal medulla 
—Nail bed 

‘Tumour markers for melanoma 
© MELANA 
+ $100 
+ HMB 45 (Hydroxy Methyl Bromide) 
¢ LOH 


Investigations 


# No incision biopsy. It can cause early blood spread 
# Excision biopsy of primary. It is done with 2 mm margin 
with deeper fatty tissue, One should avoid using cautery 


Newer TNM staging (2002) for melanoma 


Tumour 
TO No tumour 

Tis In situ tumour 

T 1a <1 mm level Il, level Ill no ulceration 
T1b<1 mm, level IV with ulceration 
2a 1-2mmno ulceration 

2b 1-2mm with ulceration 

T3.a2-4 mmo ulceration 

3b 2-4 mm with ulceration 

T4a>4 mm no ulceration 

T4b>4 mm with ulceration 

M—Metasta: 


Node 
NONo nodes 

N 1 a—one nade micrometastasis 

N 1 b—one node macrometastasis 

N2.a~2or3 nodes micrometastasis. 

N2b—2 or3 nodes macrometastasis 

N2.c—no nodes but satelite or in transit lesions 

N 3-4 or more nodes; nodes with satelite or in transits 

Stage 0 - TisNOMO 

Stage IA~T1aNOMO; |B ~T1b/T2aNOMO 

Stage IIA - T2b/T3aNOMO; !IB - T3b/T4aNOMO; 1IC - T4bNOMO 
Stage lIlA~T1-4aNN1a/N2aMO; IIIB ~T1-4bN1a/N2aMO, T1- 


4aN1bN2bMO, T1~4a/bN2cM0; IIIC ~T1-4bNibIN2bMO, any TN3MO 


M0—no blood spread 
M1 a—Skin, subcutaneous tissue, distant node 

M1 b-Lung spread 

M1 c—Other viscera or distant spread and increase in LDH 


Stage IV ~Any T, Any N, MO 


There is no service than doing something for someone who will never find it out! 
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and avoid crushing the tissues as much as possible, Instead 
of excision biopsy, punch biopsy is done in case of large 
primary tumour very close to pinna, eye, nose. Punch biopsy 
assesses the depth/thickness of the lesion, Punch should be 
done at the most elevated part of the lesion to get proper 
depth, 

# ENAC of lymph node. 

 UIS abdomen to look for liver secondaries (usually huge 
hepatomegaly occurs). 

# Chest X-ray to look for secondaries in lung (“cannon ball” 
appearance). HRCT of chest is ideal 

¢ Relevant other methods depending on site and spread, e.g. 
CT scan of head, chest, abdomen, pelvis. 

¢ Urine for melanuria signifies advanced disease. 

¢ Sentinel lymph node biopsy (SLNB). 


Treatment 


Surgery is the main treatment 


For Primary: 


a. Handley’s wide local excision (WLE) is wide excision with 
clearance of margin as well as depth. Clearance margin used 
in olden days is 3-5 om. 

Present recommendation is— in situ melanoma needs 0.5 
em clearance; melanoma <1 mm thickness needs 1.0 em 
; 1-2 mm thickness needs 1-2 (1.5) em clearance; 

2 cm/3 em clearance is sufficient for > 2.0 mm thickness, 

Procedure can be done under regional or local anaesthesia, 

Evidence says that more than 2 em clearance will not show 

any additional advantage in treating primary tumour. 

Primary closure or SSG or local flaps are used to cover 
the defect. 
b, primary area is wide, then amputation with one joint above 
is done. 


. Infingers and toes, disarticulation is required 


Fig. 1.596: Wide excision of melanoma from the heel. Note the 
clearance margin and depth of dissection. 


Fig. 1.597: Wide excision and skin grafting dane for melanoma, 


Figs 1.598A and B: Widely excised melanoma specimen from heel 
Cut section of widely excised specimen of melanoma from heel shows 
the depth of the tumour. 


Figs 1.599A and B: Secondaries in inguinal lymph nodes from primary 
‘melanoma sole-on table finding. Specimen of ilioinguinal blocks also 
shown. Pigmented nodes are observed. 


Fig. 1.600: Disarticulation of lateral two toes for interdigital 
melanoma. 


Figs 1.601A and B: Melanoma secondaries in groin nodes after 
black dissection. Black lesions are observed in cut section. 


4. Melanoma in anal canal may require abdominoperineal 


resection. 
Enucleation in case of melanoma in eye. 

Melanoma in pregnancy is treated with termination of preg 
nancy and specific therapy for melanoma, Pregnancy should 
be postponed for 2 years. 


For lymph node secondaries: 


1. Ina clinically palpable lymph node, FNAC of lymph node 
is done. In case of spread, then regional block dissection, 
ice. ilioinguinal or axillary or neck is done. Once FNAC 
shows positive lymph node 5-year survival rate reduces to 
50%. 


2. Ina fixed lymph node, only chemotherapy is the treatment 


because itis inoperable. 


3. Lymphatic mapping and sentinel node biopsy (Dr Donald 


Morton, 1970): Radioactive colloid is injected around 
primary site and lymphoscintigraphy is done using hand 
held gamma camera to visualise the micrometastasis in the 
nodal field, If there are micrometastasis, then regional block 
dissection (therapeutic LND) is done. 

SLN (Sentinel lymph node) can be identified in 9: 
‘more of groin and axillary nodes and in 85% cases of head and 


neck melanomas. Often both blue dye and technetium sulfur 
colloid is used together to identify the SLN. SLNB is usefil 
for melanoma with thickness more than 1 mm depth. Less 
than 1 mm thickness is considered as Jow-risk for metastases; 
between 1-4 mm thickness is considered as infermediate-risk 
for metastases mainly of nodal spread; more than 4 mm thick 
ness will be considered as high-risk for both nodal as well as 
blood spread. SLNB is the investigation of choice for staging 
in intermediate thickness melanoma. 

4. Prophylactic regional block dissection which was previ- 
ously advocated is now controversial. But still used in many 
centres, Elective lymph node dissection (ELND) is done 
‘when tumour thickness is 1-4 mm. 

5. Management in unknown primary (2%) presenting as nodal 
secondaries is by nodal radical dissection at the region 
with adjuvant chemotherapy. They have better prognosis, 


‘One only gets to the top rung of the ladder by steadily climbing up one at a time. 
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than with known primary. Patient should be monitored and 
evaluated to identify the primary site during every follow 
up. Once primary is identified it is treated accordingly 
depending on its location 


> Chemotherapy and immunotherapy is the main treatment, 

> Isolated lung or liver metastasis can be resected. 

» Radiotherapy is useful for bone and brain secondaries. 
Stereotactic program using gamma knife is better for 


brain secondaries. 


For Loco Regional Recurrent Melanoma: 
Chemotherapy for Melanoma 
Local recurrence is one which recurs within 5 cm radius of 


the primary tumour in skin or subcutaneous tissues. Risk 

of local recurrence is 0.2% if primary tumour is less than 

0.75 mm; 2% if it is between 0.75-1.5 mm; 6% if it is 15-4 

mm; 12% if it is more than 4 mm. 

» Isolated limb perfusion (Creech et al, New Orleans, 
1958) using cytotoxic agents like Melphalan (M for M), 
interleukin 2, tumour necrosis factor (TNF). Concentra- 
tion used here is 15-25 times more than that is used for 
systemic therapy. Melphalan dose is 10 mg / I perfusion 
solution in leg (13 mg/L in arm), 

Melphatan is injected at high temperature of 41°C with 
a pump and oxygenator through cannulas in femoral 
artery and vein with a proximal tourniquet in situ. Hyper- 


Indications: 

a. Secondaries in lungs, liver, bones. 

b. After surgery for melanoma. Usually it is given intrave~ 
nously. 

Drugs are: 

a. DTIC: Diethy! Triamine Imino Carboxamide. 

b. Melphalan (Phenyl alanine mustard) (Melphalan for mela- 
noma). 

©. Carboplatin, vindesine 

4. CVD regime—is cisplatin, vinblastine and dacarbazine. 


Immunotherapy/Biological Therapy 
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thermia and oxygenation increase the metabolic activity 
of tumour cells to make it more vulnerable to melphalan, 
Procedure controls the local disease well with preserving 
the functioning limb. Complications like DVT, bleeding, 
sepsis can occur. It is used in local recurrence or “In- 
transit” deposits 

It shows 80% response rate with 15% 
response; but only of short period. 

» Laser ablation of multiple small cutaneous lesions. 

» Isolated limb infusion (Thompson, 1993): Vascular 
catheters are passed and placed across femoral artery 
and vein through opposite femoral vessels or through 
arm vessels. The limb is warmed; patient is anaesthe 
tized 2 hours later and also heparinized; papaverine is 
injected into arterial catheter and tourniquet is applied 
in the thigh/arm. Melphalan 7.5 mg/L, actinomycin D 
75 g/L in 400 ml saline (10 mg and 100 jig/L in 300 
mi NS in upper limb) is infused into the isolated limb 
for 6 minutes which is pumped around the limb repeat- 
edly for 30 minutes with a hypoxia in limb; drugs are 
washed out using a Hartmann’s solution; tourniquet 
is removed and normal circulation is regained with 
removal of vascular catheters. Protamine is given to 
reverse heparin action, 


complete 


# Itis done using specific tumour antibodies, BCG, levami- 
sole, Corynebacterium parvum, alpha interferon, interleu- 
kins and tumour vaccines is tried with some success rate up 


to 40% in advanced melanomas. 


* Biochemotkerapy is combination of CVD with interferon 
‘and interleukin 2. 

# Interferon a is a cytokine which is a genic and 
stimulator of natural killer NK cells. Dose is 20 mUlm? IV 
3 times a week for 4 weeks then maintenance dose of 10 
‘mU/m? subcutaneously 3 times a we 
‘myelodepression and fulminant liver necrosis are the toxicity 
and so often dose is reduced to 3 mU/m? three times weekly 
for 2 years. 

+ GM2 ganglioside based vaccine (stimulates production of 
IgM antibodies), Melacine (contains melanoma cell lysates) 
and cancerVax are three vaceines under tral at present. 


for one year. Severe 


Endolymphatic Therapy 


 Itcan be done to control disease in the nodes using radioae- 
tive Ij, oF P33 With ultrafluid ipiodol along with lymphangi- 
ography. 


jate: 


+ There is not much role for radiotherapy. 

For Distant Spread: + Radiotherapy is beneficial only in secondariesin brain and bones. 

¢ Brain, /ung and liver ate the most common sites; skin, bone, 
GI are less common sites. But melanoma is one of the 
commonest tumours to spread to intramural GIT to present 
as intussusception. 


Prognosis for Melanoma 


# his not good since itis a very aggressive tumour. 
# Old age has worse prognosis. 
# Distant spread when found or suspected, CT scan of head, Females show better prognosis, 
chest, abdomen and pelvis are needed. PET scan and tumour Extremity melanoma has better prognosis than head and 
markers are very useful neck. 


Figs 1.602A and B: Melanoma involving face extensively with 
destruction. Note the maggots over the surface of tumour. Melanoma 
1s most aggressive cutaneous malignancy. 


Prognostic factors—overall_ Staging as prognostic 


poor factor 
+ Tumour thickness—very Stage I: > 90% prognosis. 
important factor Stage Il: 70% 
+ Nodal spread—once re- Stage Ill: 35% 
gional nodes are positive, Stage IV: < 2% 


85% of patients will have 
occult distant spread. Num- 
ber of positive nodes is also 
important. 

+ Ulceration—poor 

+ Angiogenesis, vascular 
invasion—poor 

+ In-transit nodules—poor 


+ Vertical growth—poor prog- 
nosis 


+ Metastatic disease—poor 
+ Staging 
+ Mitotic activity 


Follow-up After Therapy in Melanoma 


In stage I and Il disease after treatment, follow up is done at 
‘6 months interval for 3 years. It is done by clinical examina- 
tion, LDH assay, USG abdomen and chest X-ray. 

In stage III disease, PET scan CT of head, chest and 
abdomen are indicated. 


‘a. Carcinoma breast 
b, Melanoma 
c Carcinoma penis 


‘Note: Melanoma also can occur in fishes, dogs and horses. 


Happiness is the golden thread that ties the heart of all. 
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S. Sarcomas 


Sarcoma 

 Liposarcoma 

s Fibrosarcoma 

Malignant Fibrous Histiocytoma 
= Leiomyosarcoma 

s+ Rhabdomyosarcoma 


lm SARCOMA 


Sarcomas can arise from bone or soft tissue. Osteosarcoma 


the commonest of all sarcomas. Soft tissue sarcoma (STS) 
hhich is arising from mesenchyma is the one which will be 


discussed in this chapter. STS are aggressive tumours which 
needs multimodality therapeutic approach. 


Sarcoma occurs in younger age group compared to carci 


noma with fish fleshy gross look with haemorrhage and 
necrosis. It shows rapid growth, with tendency to show early 
blood spread. Lymphatic spread is rate even though few 
sarcomas can spread through lymphatics along with blood 
spread, Blood spread commonly occurs to lung but liver, skin, 
brain can also get involved 


Soft tissue is tissue that connect, surround and support 


the skeletal system which is non-epithelial, extra skeletal 
tissue excluding reticuloendothelial system, glial tissue but 


also includes peripheral nervous tissue by convention 


Embryologically it is mainly from mesoderm but few from 
neuroectoderm. 


STS are named based on their tissue which it resembles. 


Liposarcoma—fat;fibrosaroma—fibroblast; malignant fibrous 
histiocytoma—mesenchyma/histiocytes; leiomyosarcoma— 
smooth muscle; thabdomyosarcoma—skeletal muscle; chon- 
drosarcoma—chondroblast; angiosareoma—blood vessels, 


Fe 
+ 


eatures 


Sarcomas are much lesser in 
nomas, 

Itoccurs in younger age group compared to carcinomas 
‘They can arise from bone (osteosarcoma) or from any soft 
tissues (soft tissue sarcomas) (Mesenchymal tissue). 

‘They are much more aggressive compared to carcinomas. 
‘They are rapidly growing tumours with fleshy appearance. 
‘They are not encapsulated but often are having pseudo- 
capsule. 

‘They spread through blood especially to lungs often also 
to other organs. 

Lymphatic spread is not common with certain exceptions. 
Main method of treatment is surgery, ic. wide excision, 
amputation, 


idence compared to carci 


* Chondrosarcoma 
= Haemangiosarcoma 

® Lymphangiosarcoma 

Synovial Sarcoma 

* Malignant Peripheral Nerve Sheath Tumour 
Kaposi's Sarcoma 


# In inoperable cases debulking is the accepted method of 
treatment. 
% Chemotherapy is the adjuvant therapy. 


@ More aggressive 
Rapidly spreading 

+ Not very much radiosensitive 

Blood spread 

4% Painless soft tissue massis the presentation 
Very vascular 


© of adult malignancy 

+ 15% of paediatric malignancies 

Incidence: 
~ 35% occurs in lower limb (commonest site) 
~ 15% upper limb, 15% retroperitoneum 
~ 10% trunk, 15% viscera, 10% other areas 

+ Soff tissue sarcoma (STS) arises from pluripotent mesen- 
chymal stem cell without in situ changes. Transformation 
from benign lesion to sarcoma is not observed/disproved 
now except MPNST (Malignant peripheral nerve sheath 
tumour) 

+ Ratio of soft tissue sarcoma to bone sarcom 

Soft tissue sarcoma is more common in males (41) 

Ratio of benign soft tissue tumour to malignant soft tissue 
tumour is 100:1. Most of the sarcomas arse as de novo. Per 
‘se benign will nt tum into malignancy, as it is now found 
‘that cell of origin to begin with multiples with anisocytosi 
‘soft tissue sarcoma.in olden days twas accepted to consider 
benign (precursor tumour) turning into malignancy like 
lipoma turning into liposarcoma whichis disproved now. But 
this argument does not hold good for nerve sheath tumour 
and probably Iymphoedema turning into lymphangiosar- 
coma (post mastectomy) 

+ 50% of STS occursin extremities called as extremity STS;35% 
lower and 15% upper limb 

+ 3% of sarcoma spreads to lymph nodes 

+ Soft tissue tumour > 5 cm should be biopsied in suspicious 
of sarcoma 


 Commonest sarcoma of bone is osteosarcoma (Note: Note: 
commonest malignancy of bone is secondaries), + Many liposarcomas arise at sites devoid of adipose tissue. Most aw 


# Commonest soft tissue sarcoma is liposarcoma / malignant ‘thabdomyosarcomas arise in locations that lack voluntary muscle. 
fibrous histiocytoma (MFH —2: ir + 409% of soft tissue sarcomas are morethan T0cminsizeatthe time 


ties both MFH and lipasarcoma in the retroperitoneum it _f Presentation; 30% are 5-10 cm and 3086 are less than 5 em. 
is liposarcoma. 
© Commonest visceral (GIT) sarcoma is leiomyosarcoma, 


) overall; in the extremi 


Incidence of STS 
# In genitourinary system leiomyosarcoma is commonest in Jy adults 
adult 
uterus leiomyosarcoma; in myocardium angiosarcoma, in 


ind rhabdomyosarcoma in paediatric age group; in MFH and liposarcoma—: 


 Rhabdomyosareoma— 
hand and foot synovial sarcoma; in skin Kaposi's sarcoma; ¢ Leiomyosarcoma—9-15° 
‘ 


in head and neck region angiosarcoma 


Synovial sarcoma—7%, 


sewoaies 


is 


Fig. 1.604: Osteosarcoma of the upper end of humerus in an 
adolescent boy. 


Fig. 1.605: Osteosarcoma upper tibia. Note the size of the tumour _Figs 1.606A and B: X-ray pictures of osteosarcoma in tibia and 
‘and ulceration. itis very vascular. femur 


Allthings are difficult before they are easy. 


SRB's Manual of Surgery 


Malignant peripheral nerve sheath tumour (MPNST)—6%. 
# Fibrosarcoma—S%, 

In children 

 Rhabdomyosarcoma, neuroblastoma are common tumors. 


© Genetic 
~ von Recklinghausen disease 

— Gardner's syndrome 

— Tuberous sclerosis 

~ Basal cell naevus syndrome 

~_LeFraumeni syndrome 

CChemicals—PVC, tetrachlorodibenzodioxin arsenic 
Viral—HiV in Kaposi's sarcoma, cytomegalovirus 

Ionising radiation —malignant fibrous histiocytoma (p53) 
Lymphangiosarcomain post-mastectomy lymphoedema— 
Stewart—Treves syndrome. 

in Paget's disease of bone/exposure 


eeee 


‘ Retinoblastoma associated sarcoma 
Gorlin’s syndrome 
‘& Thorotrast, vinyl chloride, arsenic, pesticides 


* 


Clinical Features of Soft Tissue Sarcoma 


¢ Painless swelling of short duration with progressive increase 
in size—soft tissue mass. 30% of patients may present as 
‘pain during first evaluation. 

Compression of adjacent structures 

Smooth, firm/hard, warm and vascular 

Features of secondaries in Iung—cough, haemoptysis and 
chest pain, Lung is the commonest site of secondary. 

¢ Secondaries in fiver as a principal site especially in visceral 
STS. 

¢ There are no reliable findings to distinguish benign from 
‘malignant swellings. 

One has to maintain a high index of suspicion in any soft 
tissue mass deep to deep fascia, any soft tissue mass> 5 em, 
any new enlarging or symptomatic soft tissue mass. 


Investigations 


Preoperative evaluation of STS is done: 
% To determine the “exact extent” of the tumour, 
To obtain a tissue diagnosis. 

¢ To evaluate metastatic disease. 


Tissue Diagnosis 


¢ Incision biopsy is the most reliable method of diagnosis. It 
provides adequate tissue sample, 

4 Trucut biopsylcore needle biopsy is an acceptable frst diag- 
nostic step as itis technically easier, not costly, with fewer 
complications. But itis not useful in visceral STS. Again if 
it is inadequate one should not be hesitant to go for incision 
biopsy at the earliest, It is done using 14 gauge needle; often 
US / CT guide is used. 

Excision biopsy is done only if the tumor size is <3 em 
Which is cutaneous or subcutaneous wherein wide local 


Figs 1.607A and B: Soft tissue sarcoma upper chest wall. Note the 
vascularity and extent, 


re-excision is possible. Otherwise excision biopsy should be 
avoided as it may contaminate the tumour bed and restricts 
the therapeutic options, 


of less value in STS. Itis significant only if it positive. It 
is useful in local or distant recurrences in documented sarcoma 
patients, of to evaluate nodal status if enlarged. CT guided FNAC is 
Useful for retroperitoneal/intra-abdominal sarcomas, 


Assessment of the Extent of Tumour 


Imaging in STS provides a 3~dimensional extent of the tumour 

and helps in accurate planning of surgical procedure. But it 

does not reliably distinguish between a benign and malignant 

process. It assesses macroscopic and not microscopic extent 

of the disease, Imaging is essential for metastatic work up. 

© MRI is the investigation of choice as it determines the 
vascularity, relation to vessel and fascial planes (extent and 
invasion). Advantages of MRI are—imaging of choice in 
STS, excellent soft tissue delineation, without radiation, 
‘multiplanar imaging possible. Images of skip metastases are 
possible. Disadvantages of MRI are—cost, bone involve- 


ment is poorly delineated, claustrophobia, not possible in 
presence of metal implants and pacemakers, 

# CT scan also can be used to see the extent and invasion but 
not equivalent to MRI. CT scan helps in identifying pres 
ence and extent of the soft tissue mass, status of the adjacent 
structures, with mandatory contrast enhancement isodense 
‘masses, vasculature are better delineated, SPECT—3 dimen- 
sional reconstruction feasible. Advantages of CT are—easy 
availability, relatively cost effective, best to demonstrate 
bony involvement, usefull for guided biopsies. Disadvan- 
tages of CT are—eross-sectional imaging, ionizing radiation, 
inferior soft tissue detail 

# US is less sensitive investigation. It is useful in extremity 
lesions to assess vascular system. Its initial/first investiga- 
tion done in GI leiomyosarcoma/retroperitoneal sarcoma. It 
is useful for serial studies, guided trucut biopsy. 

Xray of part is not necessary; itis only used in initial phases 
to differentiate STS from bony lesion. 

# Angiogram is traditionally used to delineate adjacent vascu- 
lature. Itis upstaged by CECT/MRA. It is not necessary to 
do regularly in all cases but when there isa need for accurate 
assessment of vasculature its ideal. It is used in intra-arterial 
chemotherapy for unresectable tumours 

# CT abdomen is better in Gl/retroperitoneal sarcomas. 


Evaluation of Metastatic Disease 


# Chest X-ray is done to look for secondaries. 

© CT chest is ideal to see early lung secondaries. It is done in all 
deep seated, high grade and tumour more than $ em in size, 

# US abdomen is sufficient to check liver secondaries. But CT. 
abdomen may be better choice. Often CT pelvis is also added. 


Other investigations 


Radionuclide scintigraphy (Gallium-67). 

# -p-MRS (p-Magnetic Resonance Spectroscopy) and FDG 
(Fluor-2-Deoxy Glucose) PET are done to assess the meta- 
bolic activity of tumour. 


Fig. 1.608: MRI of STS leg. 


# Immunohistochemistry and FISH (fluorescence in situ 
hybridization), 

# Tumour markers. 

% Haematocrit, peripheral smear, ESR, serum alkaline phos- 
phatase, serum creatinine. 


Incision biopsy for soft tissue sarcoma, 


+ Itis the ideal tool to conclude sarcoma histologically 
% Incision should be placed in such a way that it can be 
included in wide tumor excision ata later period—as biopsy 


trackis always contaminated 

One should achieve absolute / adequate haemostasis to 
avoid haematomas as tumours are vascular 

+ Proper site of incision biopsy should be decided 

+ One should use shortest possible route to tumour while 
taking incision biopsy; should not violate more than one 
compartment; should avoid neurovascular bundle. (Injury 
to vessels and nerves should be avoided) 

+ ‘Smallest longitudinal incision is used to provide adequate 
specimen (Incision should be longitudinal in limbs) 

+ Transverse incision is contraindicated in the limbs except 
over the flexures 

+ Minimal tissue disturbance and avoiding raising of laps are 
crucial (Flaps should not be undermined) 

+ Itis better to use cold knife 

+ One should avoid crushing/distorting the specimen 

Frozen section/Imprint specimen can be used to av 
sampling error. 

Drains are not used routinely in incision biopsy. fused exit 
nnear|close to the wound and not away/distant from the 
incision biopsy wound 

+ Excise the biopsy tract and drain site enbloc during the 
definitive procedure. 

+ Immunohistochemistry and cytogenetics are possible 


Correct 
longitudinal 
incision for 

biopsy 


horizontal 


Never make i 


Fig. 1.609: Incision for biopsy in STS should be longitudinal so that 
it can be included in future surgical wide excision. Never place 
transverse incision for biopsy. 


Knowledge is fire and it is antidote to fear. 


321 


sewoaes 


322 


SRB's Manual of Surgery 


Fig. 1.610: MRI picture of the soft tissue tumour thigh encasing 
vessels partially and eroding the bone. Patient needed high level, 
above knee amputation. 


Fig. 1.611: CT picture of retroperitoneal leiomyosarcoma, 


Staging 


Staging of the soft tissue tumour is done depending on the 
tumour size, nodal status, metastasis and histological grading 
of the tumour (GTNM staging). 


TNM staging of soft tissue sarcoma_ 


Grade (6) Tumour (T) 
Gx Cannot be assessed ‘Tx Cannot be assessed 
G1 Well-differentiated TO No primary 


G2 Moderately differentiated 1 Size < 5 em or 5 cm 


(maximum dimension) 
Tia: Superficial 

Tib: Deep tumour 

2 Size > 5 cm 

2a: Superficial 


G3 Poorly differentiated 


G4 Undifferentiated 


Note: 


‘T2b: Deep tumour 


Regional lymph nodes (N) _Distant spread (M) 
Nx Nodes cannot be assessed Mx Cannot be assessed 
NO No nodes MO No distant spread 


N1 Nodes present M1 Distant spread present 
Note: Superficial tumour is outside the superficial fascia. 
Deep tumour is deep to superficial fascia or any tumour 
invading the superficial fascia. 


Stage !~ G1,2;T1a, 1b,2a, 2b;NO;MO. 
‘Stage ll~ G3,4;T1a, 1b, 23; NO; MO. 

Stage il! ~ G3,4;T2b; NO; MO. 

‘Stage IV ~ Any G;anyT;N1;MO,OR Any G;AnyT;NO;M1. 


Grading of sarcomas 
Low Desmoid, dermatofibrosarcoma, liposarcama, Here 
< 15% chances of metastases 
‘Synovial,Rhabdomyosarcoma, Angiosarcoma 
Malignant fibrous histiocytoma, Extraosseous chon- 
drosarcoma, Here > 50% chances of metastases 
Undetermined fibrosarcoma, Leiomyosarcoma 


High 


STS is an aggressive, invasive, destructive growth with high 
recurrence and distant metastases rate. Tumour shows fish flesh 
ccut appearance. 

+ Basis used for classification of STS—STS being highly hetero- 
geneous group of tumour is classified based on adult tissue it 
resembles; ie the type of tissue formed rather than from the type 
of origin, 

+ Grade_is the single most important factor in staging. It denotes 
the “biological aggressiveness’ of the sarcama. It predicts the 
likelihood of metastases. 

Nodal metastases are rarein STS (3%). It has the same prognosis, 
‘as M1 disease hence staged as Stage IV. 
(M1 is— Distant metastases. 


Differential diagnosis for soft tissue sarcoma 


¢ Haematoma 
& Abscess 

@ Aneurysm 
& Myositis 


Treatment 
Principles of Treatment 


# Surgery isthe main treatment modality. Amputation rate for 
STS has come down drastically from 50% in 1960 to $% at 
present. Its also because of proper adjuvant radiotherapy 
following funetion/limb sparing complete excision, applica- 
tion of microvascular surgeries. Neoadjuvant chemotherapy, 
perioperative/postoperative RT also play a major role. 

# In Jow grade fumour without any spread—functional/limb 
sparing complete wide excision is sufficient without any 
adjuvant therapy. If microscopic margin is positive for tumour 
then postoperative External Beam RT (EBRT) is given. 

# In high grade tumour < 5 cm size, function sparing wide 
excision with more than 1 em clearance margin is sufficient 
Ifclearance margin is less than 1 em or shows microscopic 


positive margin, then perioperative brachytherapy OR post- 
operative EBRT is given. 

¢ In high grade tumour which is between 5-10 cm size, fune- 
tion/limb sparing complete wide excision with perioperative 
brachytherapy OR postoperative EBRT is given. 

¢ In high grade tumour more than 10 em in size, initially 
neoadjuvant chemotherapy; then functional/limb sparing 
complete wide excision with postoperative brachytherapy 
and EBRT should be given 

# All limbs should be conserved if possible but with curative 
intent. 


Surgery 


Enneking classification of surgical procedures 

¢ Intralesional excision—done inside pseudocapsule very 
high recurrence 100%—not used. 

¢ Marginal excision—en bloc resections through the reactive 
zone-high recurrence rate 70% 

# Wide excision means en bloc resection done through 
normal tissues beyond the reactive zone; it means if the 
‘margin is less than 5 em; tumour is never visualised during 
surgery; it has local recurrence rate of 30%. Wide margin 
is classified as adequate if margin is at least beyond tem 
outside the reactive zone or inadequate if margin is within 
Tom. 

# Radical excision—if the margin is more than 5 em outside 
the reactive zone. It is like compartment excision with very 
low recurrence rate. 


Other procedures 
 Compartmental excision; functiowlimb sparing. 
# Vascular resections with vascular reconstruction. 
4 Amputation, 


4. Tumour mass. 
2. Reactive zone. 

53. Intralesional excision. 

4. Marginal excision, 

5. Wide excision-clearance up to 5 em. 
6. Radical excision-clearance > 5 em. 
Compartment excision 


Fig. 1.612: Different surgical approaches for STS. 


A thin barrier is considered to be a2 em thickness of normal 
tissue; a thick barrier is 3 em thickness; and joint cartilage is, 
said to be equivalent to a 5 em thickness margin, A surgical 
margin that is outside a barrier, with normal tissue between 
the barrier and the reactive zone of the tumour, is considered 
to be curative, 


/ Th 


Figs 1.6138 to C 


People can be divided into three groups: (1) Those wha make things happen, (2) Those who watch things 
happen, (3) Those who wonder what's happening. 
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Figs 1.6130 and € 


Figs 1.613A to E: Surgical approach to a deep seated sarcoma in 
leg—deep to gastrocnemius and soleus, 


imum need 


# Wide local excision with clearance of 2 em ( 
is 1 em) or more with preservation of function is needed. 
Depth clearance is also important, 3-5 em clearance even 
though was practiced in olden days, is not necessary. 

% Compartment resection isa radical limb saving procedure, 
Here muscle group of one compartment (anterior, posterior 
‘or medial) is resected entirely from its origin to insertion 
with the tumour. It is done only when tumour is intracom- 
ppartmental. Its not suitable when tumour is extracompart- 
mental or many compartments are involved or encased to 
major neurovascular bundle, 

Basis for compartmental excision is—STS rarely penetrate 
‘anatomical barriers unless itis very advanced, 


¢ Amputation is done in large tumours of upper or lower limbs, 


+ Major neurovascular encasement 

+ Bone involvement 

Multiple compartment involvement 

+ Limb itsefis diseased like lymphoedema 
Recurrence with multicentricity 


» Radical amputation is done as disease has not spr 
systemically which should be confirmed by CT chest, 
abdomen and pelvis. In metastatic disease there is no 


Figs 1.6148 and B: Recurrent chest wall tumour, could be secondaries, 
as patient was earlier amputated for soft tissue tumour hand (forearm 
amputation). X-ray of the same patient shows large tumour mass. 


need to do amputation as long term survival is not 
possible except if primary is fungating and distressing, 


[Famorane ee 
Foot Below knee 
Leg Above knee 
Thigh-middle and lower third Hip disaticulation 
Thigh proximal thied Hemipeivectomy 
Buttock Hemipeivectomy 
Hand and wrist, Below elbow 
Forearm Above elbow 
Distal arm and elbow Shoulder disartculation 
Axilla and shoulder girdle Forequarter amputation 


# Debulking surgery is useful in large advanced tumours like 
retroperitoneal sarcomas, 


Radiotherapy 


% Preoperative radiotherapy followed by wide excision— 
neoadjuvant RT. 

% Postoperative radiotherapy is commonly used because of 
less tumour burden and less wound problems. Titanium clips, 
are placed during surgery at high risk areas to identify the 
site to concentrate proper RT. 

> Brachytherapy is very effective in local control of the 
‘tumour. Initially precise mapping of the area is done in the 


operation theatre, Loading catheters are placed in surgical 
field peroperatively. Later these catheters are loaded with 
iridium 192, Dose is 45 Gy to tunbour bed for 6 days, 
» Permanent radioactive sources can also be placed to 
the area, 
> Postoperative external beam radiotherapy (EBRT)—itis 
quiet effective and used in high grade tumour more than 
5 em often with brachytherapy. Dose is 70 Gy-25 fractions. 
¢ Palliative external radiotherapy can be given to prevent 
bleeding, fungation and to reduce pain in advanced cases, 
Its also used in secondaries in brain, bone. 
4 Primary radiotherapy alone (radical) is of less beneficial in soft 
tissue sarcoma, but now it is used with more favorable results, 


‘® Brachytherapy is given in high grade tumour 

4 External beam radiotherapy is used in low grade tumour 

All tumours more than 5 cm need adjuvant radiotherapy 
(external beam) 

‘& Preoperative radiotherapy is also beneficial 

4 Deep seated tumour;high grade;size more than 5 cmneeds 
chemoradiation 


Chemotherapy 


© Chemotherapy drugs—VAC (Vineristine, Adriamycin, Cyclo- 
phosphamide) are commonly used. Other drugs ifasfamide, 
dacarbazine are used in combination with above drugs. 
‘Mesna is used as a protection for haemorrhagic cystitis, 
Chemotherapy is used when tumour is more than 5 em or 
high grade. Usually pastoperative chemotherapy is given, 
MAID regime is used especially in recurrent STS. Mesna, 
Adriamycin, Ifosfamide, Dacarbazine drugs are used. Its 
response rate is 50%. But survival benefit is controversial 

¢ Neoadjuvant chemotherapy is used to make the primary tumour 
better operable. It makes eventual sungery better; provides early 
treatment for micrometastasis; gives idea about the response 
for chemotherapy. Drugs used are adriamycin and ifosfamide 

Isolated limb perfusion using cytotoxic drugs and tumour 
necrosis factor with hyperthermia is also often used. 

© Chemoradiation is a good altemate adjuvant therapy used. 


Distant Spread 


Pulmonary metastasis can be treated with wedge resection, 
segmentectomy, lobectomy, pneumonectomy. Surgery is 
done only when primary is well-controlled. Radiotherapy 
and chemotherapy are also tried. More than three number 
metastases in lung signify poor prognosis. 


+ ‘Size > 5 cm—important factor 
& High grade 

‘ More than one compartmentinvolvement 
‘ Deep tumours and multicentric 

+ Neurovascular invasion 


4 Lung secondaries 
4 Clearance margin 


Figs 1.615A and B: Recurrent soft tissue sarcoma over scapular region 
‘and forearm in two different patients. Old surgical scar is seen. 


™ LIPOSARCOMA 


© Itis the commonest type of soft tissue sarcoma arising from 
the fat cells (of primitive mesenchymal cells). 

¢ Lipoma as a precursor tumour for liposarcoma which was 
thought earlier is disprovedinot accepted now. 

# Itis 20% of all soft tissue sarcomas 


Common Sites 


1. Thigh—commonest site 
2. Retroperitoneum. 

3. Back, 

4, Shoulder, 


‘Small minds are first to condemn great ideas. 
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Types 


1, Well-differentiated—common between 50-70 years age 
group; common in extremities (75%); metastasis is rare. 

2, Dedifferentiated—common between 50-70 years age group; 
common in retroperitoneum (75%); metastasis is high, 

3, Myxoid—common at 25- 45 years age; common in extrem 
ties (75%); high rate of metastasis. 

4 Round cell type—common at 25-45 years age; common in 
extremities (75%); high rate of metastasis, 

5, Pleomorphic (5%)—poor prognosis. 

jeroscopically, it contains lipoblasts with ‘signet ring” 

‘malignant cells. Itis low grade type. 
Spread is to lungs. 
‘Treatment is wide excision of radi 


herapy with surgical 
debulking in places where complete removal of tumour is not 
possible like in retroperitoneal liposarcoma. 


™@ FIBROSARCOMA 


# It can arise from the bone or trom soft tissues. 

¢ It is common between 30-55 years; common in deep soft 
tissues of lower extremities with intact overlying skin. 

# It is arising from fibroblasts. Intramuscular and inter- 
muscular fibrous tissue, fascial envelops, aponeurosis and 
tendons are common origin, 

# Commonest site is thigh. 


© Spindle fibroblasts with ‘herring bone* pattern ate typical 
on microscopy. 


\ 


Types 


Well-differentiated, 

Poorly differentiated. 

Dermatofibrosarcoma protuberans. It is common in trunk. 

DESP is an intermediate grade fibrohistiocytic tumor with 

nodular cutaneous mass; common in adult male; common in 

trunk and proximal extremities having slow growth without 
deep muscle invasion. Skin is taut, nodular and commonly 
ulcerated. 

4, Aggressive fibromatoses are variant of fibrosarcoma which 
are locally malignant in which desmoid tumour is also 
included. 

Fibrosarcoma is slow growing tumour which attains large 
size, 


Fig. 1.617: Malignant dermatofibrosarcoma left side of 
the chest wall 


Clinically itis smooth, hard, watm, localised tumour. 
It compresses or infiltrates the adjacent structures like 
neurovascular bundle. 


@ MALIGNANT FIBROUS HISTIOCYTOMA 
(MFH) 


# Itis group of malignant soft tissue tumours with a fibrobis- 

tioeytic appearance. 

MFH is one of the most common STS in adult. 

70% occur in skeletal muscles. 

Lower extremity is the common site. 

It presents as solitary, multilobular lesion. 

It spreads along the fascial planes or between muscle fibres, 

which is the probable reason for local recurrence. 

# Myxoid/giant cell/inflammatory/angiomatoid/pleomorphic 
are the types. It is common in adults and elderly. 


Fig. 1.618: Dermatofibrosarcoma 


lm LEIOMYOSARCOMA Types 327 


# Itarises from smooth muscle. Cut section shows whorled 1. Pleomorphic—msot common type of rhabdomyosarcoma. 
appearance, Iis common in adult, aggressive with poor prognosis 
# I constitutes 10% of STS; common alter 60 years. 2. Embryonal—common in infants and children—is seen in 
# Two third occurs in women. viscera like urinary bladder. 
# Itis undetermined grade—ageressive. 3. Borryoidal—slow growing polypoidal—respond well to 
¢ Itis common in retroperitoneum and viscera, but can occur chemotherapy and radiotherapy. 
in limbs and skin, Uterus is also common site. 4, Alveolar—chromosomal translocation is common. 
¢ Recurrence is common, It has got poor prognosis. It is more aggressive tumour with poorer prognosis (High 
# Itcan occur in the piloerector muscle of skin; inferior vena grade). 
cava; pulmonary artery. ILalso metastasises to lymph nodes. 
# Desmin and actin are the most common immunohisto- 
chemical stains ll CHONDROSARCOMA 


# Itarises from chondroblasts. 
# Itattains large size with slow growing nature, 
# Common sites are ribs, lat bones. 


Fig. 1.619: Large softtissue tumour aver gluteal region with ulceration 
and vascularity It was confirmed as malignant fibrous histiocytoma, 
Patient was successfully operated. 


sewoaes 


ll RHABDOMYOSARCOMA 


# Itarises from striated muscle. 

# Itis common in head and neck, upper thigh and arm, 

# Iris commonest sarcoma in children. 

# It can occur in retroperitoneum, pelvis and genitourinary 
tract. 

# Itis common in males, 


1) 

Figs 1.621A and B: Chondrosarcoma leg lateral aspect. X-ray shows 

Fig. 1.620: Recurrent soft tissue tumour thigh. Note the scar of old calcified tumour. It was successfully removed as limb salvage 
surgery. procedure. 


When you get angry, you lose more than your temper. 
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ll HAEMANGIOSARCOMA 


Itoriginates from blood vessel endothelium, 


Types 


Malignant haemangioendothelion 
Malignant haemangiopericytoma, 


Fig. 1.622: Aggressive haemangiosarcoma of the scalp. 
m LYMPHANGIOSARCOMA 


¢ Itatises from lymph vessel endothelium. 
It commonly occurs after radical lymph node dissection 
Stewart-Treves syndrome. 


lm SYNOVIAL SARCOMA 


# Itis the 4th commonest type. It occurs 15-40 years of age. 
¢ Origin need not be from synovium, 


Fig. 1.623: Synovial sarcoma. 


# 85-90% occurs in lower limb; head, neck and shoulder are 

the next common site. 

It is common in thigh, leg, shoulder, hand and foot. 

* Occasionally it can occur in the abdominal wall and retro- 

peritoneum. 

It is common in young individuals. 

# It occurs adjacent to joint but uncommon to involve the 
synovial sheath of the joint. 

# It spreads both through blood as well as through dymph 

nodes (20%). 

Itis very aggressive soft tissue sarcoma (High grade), 

Calcification with or without ossification is common—I 

Synovial sarcoma may be biphasic or monophasic. 

It possess specific chromosomal translocation (96-10%) — 

UX; 18)(p11.2; ql1.2). 


eee 


lm MALIGNANT PERIPHERAL NERVE SHEATH 
TUMOUR (MPNST) 


% Iarises from peripheral nerves, 

# Itshows differentiation along nerve elements, 

¢ MPNST replaced olden terms—malignant schwannoma, 
neurofibrosarcoma, neurogenic sarcoma, malignant neuti- 
Jemmoma. 

20-50% arises from neurofibromatosis type I (latent period. 
15-20 years). MPNST is an exception to sarcoma will not, 
arise from benign precursor. 

© Common sites are major/proximal nerve trunks. 


lm KAPOSI'S SARCOMA 


# Itis malignant blood vessel tumour of multicentric origin 
arising from vascular smooth muscle or pericytes. 

# It is seen commonly in HIV patients due to immuno- 
suppression. 

¢ Primary tumour commonly occurs in skin, mucous 
‘membrane, lymph nodes or viscera 

# Iti linked with Human Herpes Virus 8(HHV8) as causa- 
tive agent. 


Types 


1. European Kaposi's sarcoma: It is common in old age. It is 
first described by Kaposi in 1862, It mainly involves skin 
especially lower extremity. Visceral involvement is rare. 

2. African Kaposi's sarcoma: It oceurs commonly in children 
and young individual. It involves skin and lymph nodes 
‘commonly. It resembles lymphoma, 

3. Transplant associated Kaposi's sarcoma It is due to drug 
induced immunosuppression, It involves mainly skin and 
often regresses once immunosuppression is discontinued. 

4, AIDS associated Kaposi's sarcoma: It occurs in 30-40% 
of AIDS patients. It is common in homosexuals. It has got 
wide, disseminated involvement with metastases. Itis very 
aggressive. It is often associated with lymphoma and other 
malignancies, 


Note: 
Kaposis sarcoma is not found in transfusion related AIDS, 


Clinical Features 


# Multiple reddish-blue nodules in the skin with ulceration 
over the nodule, 

# Lymph node enlargement. 

# Koebner phenomenon is common in areas of trauma, 


Differential Diagnosis 


© Lymphomas. 
# Cutaneous angiomatoses. 
# Mycobacterial infection of skin. 


Investigations 


¢ Biopsy from the skin lesion. 
# Tests for HIV infection, 


| Sarcomas which also spread tolymphnodes 
1, Synovial sarcoma 

2. Lymphangiosarcoma 

3, Rhabdomyosarcoma—alveolar type 

4, Ewing's sarcoma 

5, Angiosarcoma 

6, Epithelioid sarcoma 

7. Carcinosarcoma of uterus 


Treatment 

¢ Irradiation. 

© Chemotherapy. Drugs used are adriamycin, bleomycin and, 
vinblastine. 

# Antiretroviral therapy. 

Interferons. 


Peace is $0 hard to find because itis under your nose. 
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T. Amputations 


“Amputation is one of the meanest yet one of the greatest operations in surgery, i.e. mean—when resorted to 
where better may be done. Great—as the only step to give comfort and prolong life.” 
—Sir William Ferguson 


@ Amputation 
‘= Complications of Amputations 


lm AMPUTATION 
Indications 


4 Gangrene due to atherosclerosis, embolism, TAO, diabetes, 
ergots. 

Trauma: To save life in crush injuries. 

+ Neoplasms: Osteosarcomas, Marjolin’s ulcer, melanomas, 

© Gas gangrene. 

4 Severe sepsis, 

Occasionally severe elephantiasis, madura foot, when all 
other methods have failed to help. 

Dead, dying, devitalised tissues. 

4% Severe deformity congenital or acquired. 


Types 


Itcan be: 

4 Non-end bearing/side bearing—Weight is taken up by the joint. 

4 End bearing/cone bearing—Weight is taken up by the body. 

Itcan be: 

@ Weight bearing 

+ Non-weight bearing. 

Itcan be: 

Provisional amputation with flap —later final formal amputa- 
tion my be required. 

Guillotine amputation which always requires revision formal 
amputation, 

+ Formal amputation —is definitive one. 


Types of Flaps 


+ Long posterior flap in below-knee amputation. 
4 Equal flaps in above-knee amputation. 


Ideal Stump 


Should heal adequately by Ist intention, 
Should have rounded, gentle contour, with adequate muscle 
padding. 
Should have sufficient length to bear prosthesis. 
> ForB-K 7.5 (minimum) to 12.5 em from tibial tuberosity 
> For above and below elbow 20 cm stump. 
> For A-K 23 em from greater trochanter, 


we Prosthesis 


20 om from acromion 
25 om from 
G trochanter 


17 em from olecranor 


17 em from 
knee joint 


iA} iB) 
Figs 1.624A and B: Different levels of amputation in upper limb 
and lower limb. 


Fig. 1.625: Little toe amputation for gangrene. Wound has healed well. 


Fig. 1.627: Above-knee amputation done for osteosarcoma of the 
Upper end of the tibia, Here equal flaps are used, 


Should have thin sear which does not interfere with pros- 
thetic function. 

Should have adequate adjacent joint movement. 

Should have adequate blood supply. 

Scar should be in a place where itis not exposed to pressure, 
Scar should be freely mobile over underlying tissues. Skin 
and scar should be freely mobile over the underlying bone. 
It is achieved only if deep fascia is closed properly. Scar 
and skin should be free to achieve free movement of the 
prosthesis. Socket of prosthesis with mobile skin creates a 
piston to bone to move like a joint, 

# Skin should not be infolded. 

Redundant soft tissue should not be there, 

Stump should be free from tenderness and conical 


seoee 


‘Conical bearing 
Here healing is by primary intention. 
Bone should not be projecting 
© Myoplastic 
 Noneuroma 
Scar should not be tender 
+ Proxima joint should be supple 


Evaluation of the Patients who need Amputation 


# Haematocrit, contro! of anaemia by transfusing blood/ 
packed cells. 

# Control of infection using antibiotics, 

# Decision of level of amputation by skin temperature, 
tial Doppler. 

# Informed consent should be taken, 

Plan for prosthesis and rehabilitation by physiotherapist and 
rehabilitation team, 


te 


Different incisions for amputation 

+ Gircular incision amputation—skin and muscles are divided 
circularly ata lower level than that of bone 

+ Eliptical/ova incision amputation 

+ Racquet incision amputation—for digital disarticulation 

+ Amputation using flaps—it may be of equal fap (above knee 
amputation) or with long posterior single flap (below knee 
amputation) Total length of single iap or combined length of 
two flaps should be equal to 11/2 times the diameter of the 
limb at the line of amputation. Flap should be semicircular 
to geta conical stump, not rectangular 


Principles in Amputation 


% Adequate blood supply of the flap should be maintained. 

# Proper marking of the skin incision is essential. 

# Tourniquet should not be used if amputation is done for 
vascular diseases. 

# Proximal part of the flap contains muscle component but 
distal part should contain only skin and deep fascia. 

# Flap length should be adequate; not short. It should be 
ideally semicircular not rectangular to get a conical stump. 

# Nerve should be pulled down and cut using a sharp knife and 
allowed to retract into the soft tissue otherwise neuromas 
may develop. 

# Incrush injury/entrapment injury/sepsis—guillotine ampu- 
tation is done, Later skin is pulled down by using skin trac~ 
tion, eventually to have better skin coverage. 

# Bone should be cut with beveling and all sharp margins 
should be rounded, 

% Postoperatively regular dressings are done. Patient is mobi- 
lised using axillary crutches. After 3 months, once scar has 
matured and stump has become supple, proper prosthesis is 
fit. Berlamont first started immediate postoperative fitting 


Asking for help is strength, not weakness. 
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Plaster of Paris: 


BK amputated limb 


Walking component 


Fig. 1.628: Pylon is plaster cast with walking component used for 
immediate mobilisation after below-knee amputation, 


of prosthesis to leg for early mobilisation. Plaster pylon 
applied to the stump and a prosthetic extension is fit to facili- 
tate partial weight bearing immediately after surgery. Ithas got 
‘more stump complications and so it has not become popula. 

# Stumps can be side bearing (sutures are on the side); end 
bearing/conical (sutures are on the end) or cylindrical. 

ly active exercise should be given to the 
proximal joint so that prosthesis can be ft to it properly. 

¢ I there is sepsis especially in gangrene limb, flaps should be 
left open or loosely sutured otherwise flap necrosis occurs. 

# Properanatomy of muscles and neurovascular bundle around 
should be known in all amputations 


Different Amputations 


Ray amputation 
Amputation of toe with head of metatarsal or metacarpals, 


7 GrittStokes 


6 
1. Ray's 2. Transmetatarsal (Gillies) 
3. Tarsometatarsal(Lisfrenc's) 4. Midtarsal (Chopar's) 
5. Syme's 6 Below-knee (Burgess) 


7. Transcondylar 8 Above-knee 
Fig. 1.629: Different levels of amputation in lower limb. 


Incision for ray amputation 
Fig. 1.630: Ray amputation for toes—racquet incision. 


1ay's amputation done for gangrene of great toe. 
Its usually not sutured. 


Fig, 1.632: Forefoot amputation. 


% Transmetatarsal amputation (Gillies’) 
Here amputation is done proximal to the neck of the meta- 
tarsals, distal to the base. 

% Lisfrane's amputation (Tarsometatarsal amputation) 


Here tarsometatarsal joint is disarticulated with a long 

volar flap. It needs a surgical boot. But there is inevitable 

development of equinovarus deformity. So stabilisation of 

‘midtarsal and ankle joints is needed. In Hey’s modification, 

2nd metatarsal is cut at base instead of disarticulation. 

Chopart's amputation (Midtarsal amputation) 

Here talonavicular joint and calcaneo cuboid joints are 

disarticulated. Tibialis anterior muscle is sutured to drilled 

talus bone, A long volar flap is used and immobilised for 6 

weeks after surgery. 

Syme’s amputation 

> It is removal of the foot with calcaneum and cutting 
of tibia and fibula just above the ankle joint with 
retaining heel flap (dividing both malleoli). Heel flap 
is supplied by medial and lateral calcaneal vessels 
(branches of posterior tibial artery). Elephant boot is 
used for the limb after Syme’s which is inexpensive 
Many patients walk well with Syme’s stump without 
difficulty. It is presently mainly used in trauma (crush 
injury) and malignancies in distal part of the foot. In 
vascular diseases, calcaneal vessels may not be adequate 
to maintain the viability of the flap. While raising the 
flap, knife should be very close to the caleaneum so as 
to avoid injury to calcaneal vessels and to maintain the 
Viability of the flap. 

> In Wagner's method deep fascia of hee! is sutured to drill 
holes made on the anterior edge of tibia and fibula, Above 
knee cast is essential 

> Advantages are—itis an end bearing stump having good 
proprioception. Patient can walk without prosthesis, Low 
energy consumption ambulation is possible. 

> Disadvantages—posterior displacement of heel pad; 
poor cosmesis. 

> Boyd's amputation—anterior part of the calcaneum is 
excised (osteotomy) just distal to the peroneal tuberosity 
and calcaneotibial arthrodesis is created. It is done to 
prevent posterior migration of heel pad. 


Level of bone cutting 
(libia and fibula just 
above malleol) 


Incision for Syme's amputation 


3: Syme's incision and level of amputation. 


Fig. 1.634: Incision for Syme’s amputation, 


Fig. 1.635: Elephant boot used after Syme's amputation, 


% Modified Syme's amputation 
Here heel flap is elliptical. Tibia and fibula are divided 
slightly higher. But variation here is the elliptical lap 


Level of bone cutting 
(tibia and fioula just 
‘above malleol) 


Incision for modified Syme's amputation 
Fig, 1.636: Modified Syme’s incision is elliptical one. 


Imagination is the highest kite one can fly. 
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334 ¢ Pirogoff's amputation 
It is like Syme’s amputation except posterior part of the 
calcaneum is retained along with heel flap. It provides longer 
stump than Syme’s amputation, 


\ 


Cut ends tibia: 
‘and fibula 


Incisior 
Heel fa 


Calcaneum part 


Fig. 1.637: Pirogoft’s amputation. Fig. 1.640: Below-knee amputation flap necrosis has occurred which 
eventually granulated with repeated dressings. Area s ready for skin 
Fibula rafting 


Tia 
Muscle 


Myocutaneous flap 


Tia 
luscle 
Flap 


Incision 


Anteriar View Posterior view 
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Fig. 1.638: Below-knee amputation technique—incision, flap and. 
levels of cutting bones. 


Fig, 1.641; Bilateral below knee amputations done for vascular 
causes with diabetes. 


% Below-knee amputation 
Here we use a long posterior flap with scar placed over 
anterior aspect is used. Prosthesis placement is better here 
with greater range of movements without limp and without 
support. Itisalso called as Burgess amputation. Fibula should 
be divided first, higher than the proposed site of cut of tibi 
otherwise its sharp end will press on the skin flap. Tibial 
stump should be beveled anteriorly. Posterior muscles are 
sutured across the bone end, to the periosteum in front. In 
more proximal type of below knee amputation, fibula often 
is removed to allow the proper use of flap. Length of the flap 
should be 11/2 times the circumference of the site (around 12 
‘em). Stump length is 14-17 em from knee joint. Minimum 
length required for prosthesis is 8 em. If need to extend more 

1.639: Below-knee amputation—long posterior flap. Note the proximally, itis better to do above knee amputation, Modem 

placing of the drain artificial limbs like suction socket prosthesis are used now. 


© ‘Peg-teg" amputation 


> Itis amputation $ em below the knee level — proximal 
most below knee amputation. It is not practiced nowa- 
days. Here anterior flap is rotated posteriorly like a 
hood and patient kneels and bears weight which is well- 
accustomed to pressure. It is done whenever prosthesis 
cannot be used probably due to economic causes (in 
developing countries), 


1.642: ‘Peg: leg’ amputation is below-knee amputation done close 


‘Skin incision 


tothe knee joint (5 cm stump) with folding flap and metallic support 
down. itis not used now. 


© Transcondylar-Griti-Stokes amputation with long poste- 


rior flap. 

> Femur is divided just above the articular surface and 
patella is anchored to the divided femur. There is risk of 
nonunion between patella and femur. This procedure is 
no longer performed. 


¢ Above-knee amputation 


> Usually equal anterior and posterior flaps are used. Lower 
third and middle third level amputations are done. Ideally 
the required length of the femur as stump is 25 em from 
the tip of the trochanter, Femur length lesser than 10 em 

is not possible and here one needs to do hip disarticula- 
tion, In children as growing epiphysis of femur is in 
ower end, itis essential to preserve as much length of 
femur as possible. Its done in ischaemia, trauma, sepsis, 
gangrene which is spreading above, Often patient might 

ier have undergone below knee amputation but now 

sated need above knee amputation. It is usually 


as in 
contraindicated in children (done only in undue definitive 
indication) or if stump is less than 7.5 em. 

» Advantages are technically easy, healing chances are 
better and faster. Disadvantages are cosmetically poor, 
rehabilitation is difficult, and fitting of prosthesis is not 


often 


proper, patient needs a third support for walk 
a limp. 


Fig. 1.644: Above-knee amputation wound which is infected in a 
diabetic patient. 


© Hip disarticutation 


It is done whenever itis not possible to save the minimum 
10 cm length of the femur. Incision used is either single 
posterior flap—Solcum’s approach (better) or anterior 
racquet incision—Boyd’s approach. 


¢ Hind quarter amputation 


Inter innominate abdominal amputation (Sir Gordon Taylor's 
amputation): Removal of one side pelvis with innominate 
bone, pubis, muscles and vessels. Original ligation of 
common iliac artery is modified to individual ligations of 
external and internal iliac vessels. Internal iliac artery is 
ligated beyond the origin of the superior gluteal artery to 
keep the large posterior flap viable. Now hind quarter name 


The most popular Jaipur foot was designed by PK Sethi. 
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is replaced by hemipelvectomy. \tmay be standard hemipel- 
vectomy with classic gluteal flap; extended hemipelvectomy 
with removal of posterior part of the sacrum; conservative 
hemipelvectomy with retaining part of the pubis, ilium 
bones on that side. Internal hemipelvectomy is new method 
wherein hemipelvectomy is done with preserving the limb. 


—_ 


Fig. 1.645: Hindquarter amputation done for run over of vehicle over 
pelvis, right thigh. Patient also underwent colostomy. Patient survived 
‘with severe morbidity, 


¢ Krukenberg’s amputation 
Done in upper limb following any trauma, Here forearm 
amputation is done in such a way that it creates a gap 
between radius and ulna like a claw to have a hold or grip. 

¢ Interscapulothoracic amputation (Forequarter amputa- 
tion) (Littlewood's posterior approach or Berger's anterior 
approach): 


Fig. 1.6468 


yf 
ihe 


Fig. 1.6468 


Figs 1.646A and B: Forequarter amputation done for electric burn 
Which caused extensive damage to upper limb. 


Itis removal of entire upper limb with scapula and lateral 
2/3rd of the clavicle and muscles attached to it. It is done 
in malignancies involving scapula, upper part of humerus 
and near shoulder joint, 

# In emergency conditions like severe sepsis, gas gangrene 
and machinery entrapment, Guillotine amputation is done 
without suturing, Suturing is done at later period. All tissues 
are divided at same level. 


Postoperative Period 


© Physiotherapy is advised. 
Regular dressings are done. 
¢ Crutch is used initially, after 3 months prosthes 
¢ Rehabilitation is important. 


is placed. 


Fig. 1.647: Upper limb Guillotine amputation—above elbow done 
for trauma induced gas gangrene. 


a 
Fig. 1.648: Forequarter amputation done fr sarcoma proximal to 
shoulder joint 


Fig, 1.652: Ulcer after great toe amputation done for vascular 
gangrene. 


1 COMPLICATIONS OF AMPUTATIONS 
Early 

Haemorrhage, haematoma, infection, 

Late 


Pain, ulceration of stump, ring sequestrum formation, flap 
necrosis, painful sear, Phantom limb—feeling of amputated 
part in toto or partially with pain over it. 


Haematoma 


Itis identified by pain, swelling over the stump undemeath the 
flap. Itis aspirated using a wide bore needle. Haematoma may 
Figs 1.650A and B: (A) Below-knee amputation stump infected. delay healing: may precipitate infection or flap necrosis due 

(6) Tibia is exposed. to pressure. Afier aspiration, pressure dressing is needed. If 


We make a living by what we get; we make a life by what we give. 
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haematoma reforms after 2-3 aspirations, it should be drained 
by opening the wound on one comet and inserting haemostat 
into the wound. 


Infection of the Stump 


It may cause abscess formation, delay in wound healing, flap 
necrosis, giving way of the wound. Removing few or all sutures 
to relieve pressure and draining the pus underneath is needed. 
Infection may also lead into poor scar, adherent sear which 
causes difficulty in placing the prosthesis, 


Flap Necrosis 


It isa. common complication. Main causes for lap necrosis are 
poor blood supply, infection, haematoma underneath, inad- 
‘equate length of the flap causing stretching of flap. Small area 
of necrosis can be excised. Wider area needs laying opening 
of the wound or revision of the stump or higher level amputa- 
tion. Anaemia, poor nutrition, nutritional deficiencies, diabetes 
mellitus, immunosuppression, smoking, old age are other 
factors causing flap necrosis 


‘Stump Neuroma 


It can occur due to proliferation of the nerve fibrils beyond the 
point of nerve division and is usually due to failure of cutting of 
the nerve more proximal to the level of division of the bone. It 
‘causes pain and tendemess over the stump. It is usually relieved 
by analgesies, reassurance and prosthesis. Occasionally it may 
require reexploration of the wound, excision of end neuroma 
and also cutting nerve more proximally. 


‘Stump Pain after Amputation 


infect 


It is a common problem. Causes are: 1, poor blood 
supply, causalgia, stump neuroma, phantom pain/limb, 
deep vein thrombosis, adherent scar, formation of spurs and 
osteophytes at amputated bone end. Scar adhesion to bone is 
prevented by keeping adequate length of deep fascia underneath 
intact, Spurs and osteophytes are confirmed by X-ray and needs; 
removal using bone nibbler after appropriate skin incision, 


Phantom Limb 


It is typical awareness of sensation that as if amputated part is 
still present partly or in toto; often such part may be painful 
or disturbing or hyperaesthetic. Exact cause is not known; but 
itis probably due to presence of severe pain at the amputated 
part just prior to amputation making brain area for that part in 
alert situation causing phantom limb, Reassurance, prosthesis, 
analgesics help to control the condition. Its said that it ean be 
prevented by proper pain control for 24 hours prior to amputa~ 
tion; but it is often difficult. It is common in upper limb, 


Fig. 1.653: Patient with axillary crutches. 


Ulceration Over the Stump 


It is not uncommon. It is due to necrosis, infection, lengthy 
bone stump pressing on the summit of the flap, prosthesis, 
nutritional deficiencies, diabetes mellitus, ischaemia. Ulcer 
may be small/large; superficial/deep. Callous chronic ulcer at 
the end of the stump is called as Douglas ulcer. Small ulcer 
is later treated by regular dressings and suturing. Large ulcer 
needs flap to cover the defect. Osteomyelitis of the stump 
should be ruled out in chronic stump ulcer. Ring sequestrum 
may be typical in such situation. Revision amputation is 
needed for the stump, 


Contracture of the Joint 


Contracture of the joint proximal to the amputated stump is 
‘common. It is mainly due improper positioning after amputation 
due to pain, poor exercise and occasionally due to inflamma- 
tion of surrounding soft tissues. Contracture interferes with 
proper fitting and functioning of the prosthesis and delays reha- 
bilitation. Proper positioning, passive stretching and exercises, 
strengthening exercises with help to correct it, Rarely needs 
surgical release of the contracture. 


Other Complications 


* Scar hypertrophy, skin thickening, hyperkeratosis, papil- 
Joma, eczema, lymphoedema, boils, bursae over bony point 
‘can occur which are treated accordingly. 

% Spur, osteophyte formation, causalgia, jactitation of the 
stump, stump aneurysm, stump fracture— are other compli- 


ll PROSTHESIS 


tis the substitution to a part of the body to achieve its optimum 
function. 
(Orthroses are supplement for limb function.) 


In Lower Limb 


¢ Syme’ amputation: Elephant boot, Canadian Syme’s prosthesis. 

* Below-knee amputation: Patellar tendon bearing (PTB) 
prosthesis and solid ankle cushion heel (SACH), 

¢ Above-knee amputation: Suction type prosthesis. Itis placed 
above the stump. It is better and well-tolerated, 

# Nonsuction type prosthesis: It is placed at the ends. It 
requires additional support 

¢ Hind-quarter amputation: Tilting table prosthesis (TTP) oF 
Canadian prosthesis is used here. 

¢ Patellar tendon bearing prosthesis (PTB prosthesis): Here 
all the weight bearing is done below knee; movement is 
controlled by his own knee joint. Patellar tendon is the 
main key weight bearing area within the socket; stump 
posteriorly up to the popliteal fossa is also important to 
provide counter pressure so that patellar tendon is kept 
in place, Medial and lateral paratibial areas and medial 
condylar flare also bear significant weight. Head of the 
fibula, tibial tubercle, cut ends of tibia and fibula are pres- 
sure intolerant areas. Socket should have proper relief areas 
to these intolerant parts. 

# Computer-assisted designing and computer-assisted mant- 
facturing (CAD — CAM) socket is an automated processing 
method which fulfills all above criteria accurately with 
modifications. It is more comfortable and is made up of 
thermoplastic or laminated plastic with closed cell poly- 
ethylene foam. 

# Suspension for below knee amputation prosthesis is leather 
cuff strap above femoral condyles. Exo or endoskeleton is 
used. For athletics endo skeleton is preferable. 

¢ SACH (Solid Ankle Cushion Heel) foot is used. It is multi- 
axial, optimizes gait, and facilitates walking on rough 
ground. It needs minimal maintenance. It is preferred in 
old people. Energy storing foot is often used wherein ankle 
joint is replaced by a plastic spring, 


In Upper Limb 


1. Above elbow prosthesis is a high technology prosthesis. Itis 
sophisticated device with harness, socket, elbow joint unit, 
control cable, forearm and wrist device 

2. Below elbow prosthesis. 

Krukenberg’s amputation does not require any prosthesis. 


Advantages of Prosthesis 


% Cosmetic. 
# Function of the part relatively can be got 
% Ambulation in lower limb prosthesis. 
Disadvantages 

# Infection, 


# Pressure ulcers. 
# Joint disability 


Prosthesis Types 


 Exoskeletal prosthesis 
 Endoskeletal prosthesis with modular system. 

Internal prostheses are one used inside. They are placed 
by open surgery. They ate nonreactive, long durable materials, 
e.g. hip prosthesis in total hip replacement 


Figs 1.6544 to C: Below-knee amputee with prosthesis. It gives 
‘good range of movements, normal walk and comfort. 


Don't sit back and take what comes; go after what you want. 
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U. Reconstruction 


CHAPTER OUTLINE 


Graft 

w= Skin Grafts 
Flaps 

» Tendon 


lm GRAFT 


Graft: Its transfer of tissue from one area to other without its 
blood supply or nerve supply. 

Autograft: It is tissue transferred from one location to another 
oon the same patient. 

Isograft: Its tissue transfer between two genetically identical 
individuals, ic, between two identical twins, 

Allograft: It is tissue transfer between two genetically different 
members, e.g, kidney transplantation (Human to human) 
(Homograft) 

Xenogeaft: It is tissue transfer from a donor of one spe 
a recipient of another species (Heterograt) 


esto 


SKIN GRAFTS 


We bring back, refashion, and restore to wholeness the features 
‘which nature gave but chance destroyed, not that they may charm 
the eye but that they may be an advantage to the living soul, not 
‘as a mean artifice but as an alleviation of illness, not as becomes 
charlatans but as becomes good physicians and followers of the 
{great Hippocrates, For although the original beauty of the face is 
Indeed restored yet thisis only accidental, andthe end for which the 
physician is working is that the features should fulfill their offices 
‘according to nature’ decree. 

—Gaspare Tagliacozzi, 1597 


Skin Grafting: It is transfer of skin from one area (donor 
area) to the required defective area (recipient area). It is an 
autograft 


Types 

1, PARTIAL THICKNESS GRAFT 
(Split-thickness skin graft—SSG) 

Also called as Thiersch graft, is removal of 

part of the dermis from the donor area, 

Itmay be 

* Thin SSG. 


® Tendon Repair 
Tendon Transfer 
Tendon Graft 


# Intermediate SSG, all depends on the amount of thickness 
of dermis taken, 
© Thick SSG. 


Indications: 


1, Well granulated ulcer 
2, Clean wound or defect which can not be apposed 
3, After surgery to cover and close the defect created. 
For example: 
After wide excision in malignancy 
After mastectomy 
After wide excision in squamous cell carcinoma 
Graft can survive over periosteum or paratenan or perichon- 
rium 


— 

1. Healthy granulation area 

2, f-haemolytic streptococci load less than 10° per gram of 
tissue, otherwise graft failure will occur 


Contraindications 


SSG can not be done over bone, tendon, cartilage, joint. 


Technique 


Donor area: Commonly shigh, occasionally arm, leg, forearm. 

# Knife used is Humby’ Knife 

# Blade is Eschmann blade, Down's blade. 

# Using Humby’s knife graft is taken, punctate bleeding is 
observed which says that proper graft has been obtained. 


Different instruments used to harvest the skin graft 
Humby's knife 

Watson modification of Humby/s knife 

Power dermatome is also used (Brown) 

Sterilised razor blade can be used with a specialised device 
to harvest small grafts under local anaesthesia, 


1B) 


Figs 1.655A and B: Split skin grafting knife and set; and harvesting. 


Fig. 1.656: Miniature SSG knife to take stamp sized small grafts 
Sterile razor blade is used in this 


Donor area is dressed and dressing is opened after 10 days 
not earlier, 

Recipient area is scraped well and the graft is placed after 
making window cuts in the graft to prevent the development of 
seroma. Graft is fixed and fie-over dressing is placed. If graft 
is placed near the joint, then the partis immobilised to prevent 
friction which may separate the graft. On 5th day, dressing 
is opened and observed for graft take up. Mercuro chrome is 
applied over the recipient margin to promote epithelialisation. 


Goals and actions must meet. 


Fig, 1.657: Commonest donor area for spilt skin grafting is thigh, 


F ei 


Figs 1.658 and B 
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342 Stages of Graft Intake 


1. Stage of plasmatic imbibition: Thin, uniform, layer of plasma 
forms between recipient bed and graft 

2. Stage of inosculation: Linking of host and graft which is 
temporary. 

3. Stage of neovascularisation: New capillaries proliferate into 
¢grafl from the recipient bed which attains circulation later, 

Note: 

Graftis stored at low temperature of C fornot more than 21 days. 


Fig. 1.661: Harvesting a skin graft. 
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Figs 1.658C to E 


Figs 1.658A to E: Technique of split skin grafting, 


ee J 
kin stapler canbe used to fixthe SSG tothe margin of Figs 1.662A and B: Donor area of spt skin raft inthe thigh and 
the recipient bed paleghced overran tthe 


Disadvantages of SSG 


1 


Contracture of graft, Two types: 

A. Primary contracture means SSG contracts significantly 
once graft is taken from donor area (20-30%). Thicker 
the graft more the primary contracture 

econdary contracture occurs after graft has taken upto 
recipient bed during healing period, due to fibrosis 
‘Thinner the graft more the secondary contracture. 

Seroma and haematoma formation will prevent graft take 

up. 

Infection, 

Loss of hair growth, blunting of sensation. 

Dry, scaling of skin due to nonfunctioning of sebaceous 

glands, So after heating, oil (coconut oil) should be applied 

over the area. 

Graft failure. 


Figs 1.663A and B: Mercurochrame is often used to apply on the 
SSG recipient bed margin to promote epithelialisation. It is applied 
once a day. 


Fig. 1.654A: 


Figs 1.6648 and c 


Figs 1.664A to C: Mesher used in split skin grafting to increase 
its surface area to cover wider area like burns wound. A large 
defect can be covered by this. It can cause expansion of skin upto 
sixtimes. 


Advantages 


1. Technically easier, 
Wide area of recipient can be covered. To cover large area 
like bums wound, graft size is increased by passing the graft 
through a Mesher which gives multiple openings to the graft, 
which can be stretched on the wider area like a net, It can 
cause expansion upto 6 times. 

3. Graft take up is better. 

4. Donor area heals on its own, 


Goodness is the only investment that never fails. 
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5. Mercurochrome/merbromin is used as a local applicant to 
the edge of the grafted area (SSG) and small raw areas to 
promote epithelialisation. It is applied once a day. 


2. FULL THICKNESS GRAFT (Wolfe Graft) 


¢ Itincludes both epidermis + full dermis, 

# Itis used over the face, eyelid, hands, fingers and over the 
joints 

¢ Itis removed using scalpel blade. Underlying fat should be 


Figs 1.665A to C: Mesh graft placed over donor area and photo of 
It, once it takes up. 


cleared off properly. Deeper raw donor area is closed by 
primary suturing. If large area of graft is taken, then that 
donor area has to be covered with SSG which is a disad- 
vantage in full thickness graft 


‘Common sites of donor area 


1. Postauricular area 
2. Supractavicular area 
3. Groin creasearea 


Advantages 


1. Colour match is good. Esp 

2. No contracture (unlike in SSG). 

3. Sensation, functions of sebaceous glands, hair follicles are 
retained better compared to SSG. 

4. Functional and cosmetic results are better. 


ly for face. 


Disadvantages 


1. It can be used only for small areas, 

2. Wider donor area has to be covered with SSG to close the 
defect, 

3. Can not be used to cover ulcers. 


Other Grafts 


1. Composite graft which includes skin + fat + other tissues 
like cartilage. 

2. Tendon graft 

3. Bone graft 

4. Nerve graft 

5. Venous graft 

Corneal graf 

Combined graft (allograft + autograft), 


lm FLAPS 


Itis transfer of donor tissue with its blood supply to the r 


Parts of Flaps 

Base, pedicle, tip of flap, Vasculature is usually through the 
pedicle in the centre of the flap. Tip is the place where often 
flap goes for necrosis, 


I Indications 
+ To coverthe wider deeper defects 
+ To.cover over bone, tendon, cartilage 
+ Ifskin graft repeatedly falls 


Types 
1. Random pattern flaps: Here vascular basis is subdermal 
plexus of blood vessels. No known blood vessel is supplying 


it, Rectangular flap with length to width ratios 1 
than 1.51 


Tor less 


Fig, 1.670: Different methods of immobilisation is needed for flap 
and SSG. Fixation is often used in limbs. 


2. Axial pattern flaps: Here superficial vascular pedicles pass 
along theit long axes, e.g. forehead flap, deltopectoral fap, 
groin flap. Anatomically a known blood vessel is supplying 
it, It is long lengthy flap, 

Anatomical types depending on the types of tissue in the flap: 
1. Cutaneous flap: Forehead flap, deltopectoral flap. 

2. Fasciocutaneous flap: Radial forearm flap, scapular flap, 
lateral arm flap. 


3: Hand held Doppler to hear audible signal of perforator 
‘to do rotation flap in the leg. 


Fig. 1.667: Traumatic exposure of the bone. Flap is needed to cover 
this defect. It could be cross leg flap or rotation flap. Skin grafting is 
‘not possible in this situation, 


Dermal-Subdermal plexus 


Musculocuténeous 
‘Segmental artery and perforator arteries, 


Inguinal ligament 


1atomy and blood supply of a skin flap. 


‘Anterosuperior 
lac spine 
Groin fap 


Superficial crcumtfiex 
liac artery 


Femoral artery 


Fig. 1.669: Flap which has taken up well-placed over the defect on _Figs2.671A and B: Groin flap is based on superficial circumflexiliac ar 
the bone with osteomyelitis. tery Itcan be used in defects in hand and forearm. Itisa cutaneous flap. 


Great achievements begin with small opportunities. 
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Fig, 1.672: Pectoralis major myacutaneous flap. 


sse—, 


t 


Flap rotated 
(transposed) 


Figs 1.673A and B: Transposition flap. 


Muscle flap: Gluteus maximus muscle flap, gracilis lap, 
tensor fascia lata muscle flap. 

Myocutaneous flap: Pectoralis major myocutaneous flap, 
latissimus dorsi flap - composite flap. 
Osteomyocutaneous flaps: Radius with brachioradialis and 
skin, rib with intercostal muscles and skin—composite flap. 
Local rotation flaps, transposition flaps: When the fap 
‘moves laterally itis called as transposition flap. When the 
flap rotates laterally towards defect itis called as rotation 
flap. Transposition fap is squarely designed which moves 
laterally to close the defect creating a larger area on its 
‘original place which has to be covered with split skin graft. 
“Z’ plasty: It is a procedure which involves transposition 
of two inter-digitating triangular flaps. There is change in 


Fig. 1.674: Technique of ‘2 plasty tis used in contracture release. 
Dupuytren’s contracture and pilonidal sinus. 


Lesionidefect 


Flap 
— 
Flap 


Fig, 1.675: Rhomboid flap 


ve 


vse 


YV plasty 
Fig. 1.676: Technique of V-Y plasty and ¥-V plasty. 


Defect with flap 


Fig. 1.677: Bilobed flap is used in lesions of the nose commonly. 


Lesion skin slack available equal to the length between the axes 7 
of Z. It can be single or multiple Z plasty. Complications 


+ are flap necrosis near the angle tip, infection, failure. 
a 8. Free flaps: Vascular pedicle of the flap, both artery and 
= vein are anastomosed to recipient vessels using operating 


| 


| 
poaaat 


binocular microscopes. 
9, Omental aps. 

10. Island flap: Localised flap is swung around a stalk from 
the donor area to the recipient area often with the pedicle 
buried underneath the skin bridge in between. Pedicled 
flap is also an island flap. 

Burrows bangle Areas where flaps are commonly used: Oral cavity, neck, 

breast, limbs (leg), buttock, bedsores. 

Flaps mobilised from donor area with its pedicle is placed 
direction as well as gain in length of the common limb of and sutured to recipient area, Once flap takes up usually in 
Z-Angle size and length of the limb are the most important 3-6 weeks, base of the flap is cut and sutured to recipient area. 
factors. It is used in managing contracted scars, facial scars, Saltatory flap is mobilising the flaps in stages from distant 
Dupuytren’s contracture and to cover the excised defects donor area towards recipient area. It requires many staged 
like pilonidal sinus (example). There should be transverse _ Surgeries and long term hospitalisation. 

Waltzing is a technique wherein flap is moved from donor 
area and attached adjacent to the recipient defect area. Later in 
2nd stage, it is moved towards the defect formally. It reduces 
the tension on the flap and increases the success rate. 


Fig. 1.678: Advancement flaps, used in distal defects. 


Advantages of Flaps 


Good blood supply, good take up. 

Gives bulk, texture, colour to the area 

Allows required movements in the recipient area, For 
‘example, jaw movements alter pectoralis major fap alter wide 
excision with hemimandibulectomy for carcinoma cheek 

4. Cosmetically better. 
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Disadvantages of Flaps 


1, Long-term hospitalisation, 
2, Infection, 
3. Kinking, rotation and flap necrosis. 
a SS 4. Staged procedure. 
Fig. 1.679: On table marking of glabellar flap to place after Positioning of the patient for long time is important to have 
excising a lesion in the root of the nose. good flap take up which is a real discomfort to the patient 
Lesionidefect 


Deltopectoral fap 
(Bakamjian) 


Fig. 1.680: Waltzing of flap. 


Duty makes us do things well, but love makes us do them beautifully. 
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Note: 
Delaying of the flap after mobilisation is dane to reorient its blood 
supply so as to decrease flap necrosis and increase flap survival. 
Delaying period is 10-14 days. Flap is raised properly as required 
and resutured to same place so as to allow the formation of reari- 
entation of vasculature near the tip of the flap. This delayed flap is 
raised again in 10-14 days to place in required area. 


Different Flaps Used are: 
Forehead Flap 


It is fasciocutaneous flap from forehead based on anterior 
branch of superficial temporal artery. Superficial temporal 


<4 4 


i ~ 


— 


Flap raise from donor 


Fig. 1.681: Soltatory flap. Flap raised from the abdomen is reached 
to the cheek in stages—from abdomen to wrist; from wrist to cheek. 


Transfer to wrist ‘Transfer to cheek 


Superficial 
temporal 
artery 


Forehead fap 

through anterior branch 
‘of superficial temporal 
attery 


Bipedicle forehead flap 
through both anterior 
and posterior benches 
of superficial temporal 


Figs 1.682A and B: Forehead flap based on superficial temporal 
artery. Its fasclocutaneous flap. 


artery is terminal smaller branch of external carotid artery. 
It begins under the parotid behind the neck of mandible, 
runs vertically upwards, crossing the root of zygoma at 
preauricular point; 5 cm above the zygoma it divides into 
anterior and posterior branches. Anterior branch anastomoses 
with supraorbital and supratrochlear branches of ophthalmic 
artery. Artery supplies scalp of temple region and side, 
parotid, ear, facial muscles. Superficial temporal artery gives 
transverse facial artery which runs from anterior margin 
of parotid, and middle temporal artery which runs deep to 
temporalis muscle. 

Itis used for defects in cheek (carcinoma, cancrum oris) and 
nasal reconstruction 

Standard forehead flap is taken from forehead above the 
level of eyebrow starting from the opposite side of the midline 
with base just above the zygoma, Width of the flap is usually 
about 3-4 cm. Flap is dissected from the distal end of the 
marked area going deep up to epicranium, raising the flaps 
using scissor dissection. Flap is held up using skin hooks. 
Flap is rotated towards the defect area in the cheek. Inner area 
of the flap is covered with split skin graft. Donor flap area is 
covered with another split skin graft. After 3 weeks, base of 
the flap is disconnected; remaining proximal part of the flap 
can be replaced into forehead donor area. SSG over donor flap 
area takes up well. This flap often can be rotated under (deep 
to) the zygoma also. 

A ined forehead flap can be used. After flap elevation, under 
surface of the flap is lined by split skin graft prior to rotation. 
‘This grafted lined flap is resutured into the donor area for 2 
weeks until undersurface of graft takes up well; after 2 weeks 
flap is rotated towards the defect area (cheek). 

Delaying ofthe flap is often done in forehead flap. Flap after 
elevation, is replaced into the original position to have optimum 
vascular reorientation; after 2 weeks itis again rotated towards 
defect. Delayed flap reduces the flap necrosis chances. 

Often bipedicted forehead flap (Naravanan’s flap) is used 
taking both from anterior and posterior branches of the superfi- 
cial temporal artery. This flap is moved to defect in cheek with 
anterior branch part staying outside and posterior part will line 
the mucosal area. 

‘A different type—middle forehead flap is used for nasal 
reconstruction, 

Problems—Poor color match, contraction of flap and donor 
area is cosmetically nonacceptable. 


Deltopectoral flap (Bakamjian flap) 
It is based on first three perforating branches of the intemal 
‘mammary artery (mainly 2nd perforator). Flap runs horizontally 
across the chest wall anteriorly towards shoulder tip from its 
base over the sternal border. Its upper border is along the line 
of the clavicle; its lower border is along the line of anterior 
axillary fold line, Raw area often requires a spilt skin grafting 
It is usually rotated upwards often with waltzing. It is tubed 
and attached above, Tube is drained to prevent any collection 
to occur. Rotation angle is important to prevent any kinking 
in the pedicle. It is usually used to cover the defects in cheek, 
chin, mastoid and parotid region. Often flap is delayed to get 
adequate length, 


LK 


Fig. 1.683: Deltopectoral cutaneous flap, 


Groin flap (Fig. 1.684) 
Itis based on superficial circumflex iliac artery which is 2-3 em 
below and parallel to the inguinal ligament. Artery originates 
from femoral artery over medial border of the sartorius and 
‘ends at anterior superior iliac spine. 1:1 rectangular flap with 
deep fascia is used, Secondary deféct can usually be closed with 
sutures. It is used mainly for defects in wristforearm where 
positioning is easier. 

Latissimus dorsi muscle/myocutaneous flap 

It is based on thoracodorsal artery, a branch of subscapular 
artery. Skin over the upper and anterior border of Latissimus, 


ts he 
Fig. .6848 
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Fig. 1.6848 
Fig. 1.6848 and B: Groin flap used for burns defect in the hand. 


dorsi is used for transfer. It is commonly used to cover the 
defect after mastectomy, But it does not give the bulk. It is 
technically easier. It can be used as muscle flap also. It helps as 
skin cover, Prosthesis is needed to place underneath to provide 
bulk in post-mastectomy defect. 

Pectoralis major myocutaneous flap 

Itis based on the pectoral branches of thoracoacromial artery. 


Usually skin below and medial to nipple over the muscle is 
used. Muscle pedicle is made as broad as skin. It used to cover 
the defect over the check/neck/pharynx/intraoral lesions after 
‘wide excision with removal of skin over the tumour. Vessel 
‘marking is 2 cm medial to coracoid process, obliquely below 
the clavicle at the junction between middle third and outer 
third, Skin with muscle is dissected from the deeper structures, 
like ribs, intercostal muscles and pectoralis minor. Flap is 
raised upwards up to the coracoid, Lateral pectoral vessels 
if possible are retained, otherwise can be sacrificed. Defect 
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Figs 1.685A and B: Pectoralis major myocutaneous flap used for 
‘carcinoma cheek. 


Example isn't the best way to teach, it's the only way. 
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below is usually closed primarily with sutures. Often it needs: 
spilt skin grafting. Pectoralis major flap can be used along with 
deltopectoral flap with proper planning 

Gastrocnemius muscle flap 

Itis either medial or lateral and is commonly used to cover the 
upper part of the tibia and knee joint. It is technically 
and functional deficit occurring at donor area is insigni 
Itis rarely used as myocutaneous flap. 

Transverse rectus abdominis muscle flap (TRAM flap) 

It is either superior pedicle based on the superior epigastric 


vessels or infe 


jor pedicle based on the inferior epigastric 
vessels, Supetior pedicle based flap is used to cover postmas- 
tectomy area or chest wall defect. To cover post mastectomy 
area opposite side supetior pedicle is used to reduce the arc 
through which flap has to rotate (but rotating from opposite 
side is technically difficult). Inferior pedicle flap is used to 
cover the defects in groin and thigh. Proper marking of the 
flap is essential, Skin incision is made like an ellipse. Ante- 
rior rectus sheath is cut in the line of incision and is raised 
upwards carefully of the rectus muscle up to the xiphisternum. 
Muscle is gently separated of the posterior rectus sheath with 
care not to injure the epigastric vessels. Once dissection is 
complete lower part of the muscle is cut in superior pedicle 
to rotate upwards carefully. In the upper part again anterior 
rectus sheath is opened to pass the flap towards the defect 
in subcutaneous plane. TRAM flap gives bulk and contour 
to the defect. But it is technically difficult. Usually opposite 
side of the defect is taken as flap as it is easier to rotate from 


opposite side, Defect in the abdomen usually needs mesh to 
support and close. It is not possible to do this flap in obese 
individuals and if patient has undergone laparotomy earlier 
(with a lengthy scar). Inferior cut end of the inferior epigastric 
artery in superior pedicle flap can be anastomosed to a vessel 
in recipient bed to improve the perfusion (supercharging). 
Inferior epigastric artery in inferior pedicle can be additionally 
perfused using opposite inferior epigastric artery (recharging) 
Radial forearm flap 

It is perfused from the radial vessels and raised on the flexor 
aspect of the forearm. Perforating branches of these vessels 
supply deep fascia and skin over it. Flap can be fasciocutaneous, 
or osteofasciocutancous/osteomyofasciocutaneous if radial 
bone is also used as part of the flap. Radial forearm free flap is 
commonly used for mandible defects. It is technically easier 
and safer. Flap is raised along with skin, segment of the radius 
along its intermuscular septum through which vessels pass 
and brachioradialis as components, Care is taken in dissecting 
vessels of the bed and not to injure the radial nerve. In free 
flap artery is sutured to the recipient artery like facial artery 
using microscope. Other similar flaps are—ulnar forearm flap, 
scapular flaps, and vascularised fibular transfer. 

Limberg flap 

It is a type of rhomboid flap used in pilonidal sinus with base 
at gluteal skin, 

Cross leg flap 

It is commonly used to cover the defect in the foot/leg from 
opposite leg, 


a 


Se 


Figs 1.686A to C: Rhomboid fiap used to cover the defect after 
excising a lesion in the arm. 
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Cross leg flap 


Figs 1.687A and B: Cross leg flap. 
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Fig. 1.688: Rotation flap. Itis commonly used in gluteal region in 
‘managing bedsores. 


lm TENDON 


¢ Tendon is the continuity of the muscle to have its action at 
the site especially in hand, foot and digi 

¢ Itis covered by synovial sheath with a thin layer of fluid in 
between which allows smooth gliding of the tendon 

‘Tendon after injury heals by: 

1, Intrinsic healing method occurs through synovial fluid 
‘when tendon is not under stress. 

2. Extrinsic healing method occurs through proliferation of 
fibroblasts across epitenon. It occurs when tendon is under 
stress. It forms a mass of fibrous tissue at the site called as 
“tenoma”. It may interfere with the proper gliding of the 
tendon. 


— Stagesoftendon healing 1 
+ By 21 days, weak healing occurs and contraction of muscle 
is possible 
+ By 6 weeks mild traction can be applied to the tendon 
+ By 3months, moderate stress can be used 
4 By 8 months, full tensile strength is recovered. 


‘Tendon injuries may be cut wound, lacerations, injury asso- 
ciated with nerve or vessel injury. 


ll TENDON REPAIR 


1, Primary repair is done within 24 hours, 
2. Delayed repair within a week after 24 hours 
3. Secondary repair anytime after one week, 


‘Types of Suturing the Tendon 


1. Kessler method. Here knot comes in the cut part of the 
tendon. 

2. Goldner method. Here knot comes away from the cut ends 
of the tendon. 

Suture material used is monofilament nonabsorbable suture 

material (polypropylene, 3 or 4 zero). 

% Continuous sutures are used for suturing 

% Epitenon can be later apposed with interrupted sutures. 

Postoperative immobilisation is advised for 3-4 weeks. 

# Later passive and active exercise is done with the help of 
a physiotherapist. 

Complications of tendon suturing ate in| 

stiffness and failure, 


jon, adhesion, 


uononjysuoaay 


Cutends 
oftendon 


2, Goldner method 


1. Kesster method 
Fig. 1.689: Types of tendon suturing 


Every job is self portrait ofthe person who did it 
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ll TENDON TRANSFER 


# Its the transfer of one tendon from its existing site to 
another site where its function is required to have a function 
required at the newer si 

# Function of the transferred tendon should be maintained by 
other tendons, 

¢ Tendon should be able to acquire the function at the newer 
site properly. 

¢ For example, in ulnar claw hand, the tendon of flexor digi- 
torum superficialis (FDS) (of index finger) is transferred to 
lumbrical canal of the digits to have flexion at MCP joint 
and extension of proximal IP joint. 


™ TENDON GRAFT 


# When tendon suturing or transfer is not possible because of 
inadequate length, tendon of a muscle which is not of much 
help functionally, is taken as a graft to obtain required length. 
Common grafts used are: 
> Palmaris tendon in forearm. 
> Plantaris tendon in leg 

> For example, extensor carpi radialis brevis (ECRB) is 
lengthened using tendon graft to transfer to lumbrical 
canals in claw hand. 

Problems in tendon graft: Infection, adhesions, graft failure, 

stiffness of the part 


V. Transplantation 


CHAPTER OUTLINE 
Preoperative Evaluation 
a Organ Procurement 
m Renal Tnsplantation 

| «® Immunosuppressive Agents 
a Liver Transplantation 


ll PREOPERATIVE EVALUATION 


eral evaluation: Pulmonary, cardiac, GIT, renal status 
and cancer screening. 

# Immunologic evaluation: Serology for hepatitis, HIV, cyto- 
megalovirus, 

# Placing the organ in the same position is called as orthotopic 
transplantation, e.g. liver, 

# Placing the organ in new position is called as heterotopic 
transplantation 


Donor Criteria 


a. Cadaver donor 
> Individuals with severe brain injury resulting in brain 
death. 
Brain death is defined as “complete irreversible cessation 
of all brain functions” 


Absence of spontaneous respiration 
Absence of cranial reflexes 

‘Absence of response to stimuli 
Irreversible causes 

‘Absence of cerebral blood flow 
Isoelectric EEG 

Sustained apnoea with elevated CO, 


eoeeeee 


Other criteria for cadaver donor: 

¢ Normothermic patient, 

No respiratory effort by the patient, 

Brain—dead donor. 

‘The heart is still beating 

No depressant drugs intake should be there while evaluating 

the patient 

# Individual should not have any sepsis, cancer (except brain 
tumour) 

Not a HIV or hepatitis individual, 

b. Living donor 
> Living unrelated donor. 


+ 
+ 
+ 
+ 


Bone Marrow Transplantation 
® Pancreatic Transplantation 
Small Bowel Transplantation 
® Dialysis 

Cimino Fistula 


» Living related donor, 
> Individual should have normal health, 


Requirements 


# ABO typing. 

¢ Serology tests 
 Angiogram. 

# Intravenous urography. 
¢ HLA typing 


Human Leucocyte Antigens (HLA) 


They are cell surface molecules which are highly antigenic 
‘They play main role in graft rejection and hence called as major 
histocompatibility complex/antigens MHC) (Dausset, 1958). 
Class 1 are located in nucleated cells. Class 11 are located in 
dendritic cells/macrophages/B cells, ete 


& MHCis located in chromosome number 6 

© Individual will have two HLA (Human Leucocyte Antigens) 
genes inherited from each parents, which together called 

asHLA types 

Classi —HLAisHLA-A HLA-Band HLA-C Intracellularantigens 

Class Il -HLA is HLA-DP.HLA-DQ and HLA- DR. Extracellular 

antigens 

‘@ HLA-DRis most important in kidney transplantation 


ee 


4 Adequate exposure is needed 
4 Control of the vessels above and below the organs to be 
removed is done 

Initiation of preservation in situ 

Removal of the organs,and separation. 

Completion of preservation 

Removal of iliac vessels for vascular reconstruction of 


eeee 


ppancteas and liver grafts 
Organ packaging 


* 


The winner always has a programme; the loser always has an excuse. 
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ll ORGAN PROCUREMENT 


Principles of Organ Procurement 


Once brain death has been confirmed in cadaver donor, 
afier giving inotropic support drugs (3 and argipressin) 
various organs are surgically removed carefully with 
preservation of their vessels. After removal, organs are 
flushed with chilled preservative solution (in specific organ 
procurement like of kidney, in situ perfusion of organs 
(kidneys) is done by placing double balloon catheter into 
the abdominal aorta and a balloon catheter into the femoral 
vein) and placed in sterile bags containing saline and 
organ preservative solutions which are then immersed in 
0-4°C box containing ice. Donor specimens are transported 
to the site of the recipient centre, Wisconsin and Euro~ 
Collins solutions are commonly used, 

4 Non-heart beating donors (NHBD)—here organs are 
procured from individuals who are just dead on arrival to 


the hospital or who have died in the hospital in spite of 


resuscitation, Category I—Dead on arrival; Category I— 
Unsuecessftl resuscitation; Category IlI—‘Awaiting cardiac 
arrest’ after support withdrawal; Category 1V—Cardiac 
arrest with brain death. 

University of Wisconsin solution contains—potassium 
lactobionate; sodium phosphate; magnesium sulphate: 
adenosine; allopurinol; glutathione; rafi-nose; hydroxyethyl 
starch; insulin; dexamethasone; potassium; sodium; with 
320 mosmol/! osmolality and pH of 7.4 

4 Living donor's organs are used commonly in kidney trans- 
plantation from genetically related individuals. 1t can be 
used from genetically unrelated donors after proper MHC 
match, Donor nephrectomy is done through loin incision 
(commonly from left side). Laparoscopic donor nephrec- 
tomy has become popular and sale. 


Technique of Organ Procurement 


Positioning the donor on the operating table: Supine position, 
with arms abducted on boards and legs laid flat and uncrossed. 
‘The neck is extended by placing a sandbag under the shoulders 
(as during thyroidectomy) 

Midline sternotomy incision is used extending up to 
the pubic symphysis with a supraumbilical horizontal part 
Abdomen and thorax are exposed properly. Retroperitoneal 
right sided mobilisation is done (Cattel-Braasch manoeuvre. 
‘Cannulation of inferior mesenteric vein is done. Aortic cannula- 
tion is done, Perfusion of preservative solution is done. 
Sequence of the thoracic organ procurement: First the heart (care 
must be taken to leave enough supradiaphragmatic IVC for both 
‘organs such as the liver and the heart); then the lungs separately 
‘or together are procured. Cooling of the abdominal organ has to 
be continued until the last thoracic organ is procured, 


Sequence of abdominal organ procurement: The small bowel is 
the most sensitive organ for ischemia; therefore, itis retrieved 
first. The second organ to be procured is the pancreas followed 
by the liver. Liver and the pancreas could also be retrieved ent 
block and split on the back table, Finally, the kidneys are the 
last organs to be procured, 


Incision 
from manubrium as 
stemotomy to pubic 
symphysis with a 
horizontal part above 
umbilicus 


Fig. 1.690: Incision for organ procurement. 


‘The most popular tool kit comprises the iliac vessels, which 
consists of common, extemal and internal artery and the vein. 


Organ Packing in Steps (Eurotransplant or 
National Transplant Organisation) 


‘The first bag is filled with a cold preservative solution. The 
procured organ must be completely covered by the preservative 
solution, and the bag must be closed (well tied) without any ait 
‘The second bag or a wax-impregnated fibre container is filled 
with cooled saline or Ringer lactate solution. The first tied bag 


must be completely covered in one of the solutions and closed 
(well tied) without air. Third bag dry, without air, well tied and 
sometimes covered with a sterile drape is also used. Finally the 
organ is placed in an icebox and well covered with nonsterile 
melting ice, the box is firmly closed to make the organ ready 
for transportation, 


™@ RENAL TRANSPLANTATION 


‘An animal which has undergone a double nephrectomy and 
grafting of both kidneys from another animal can secrete almost 
‘normal urine with his new organs, and live in good health for at 
leasta few weeks, 


The Criteria for an Ideal Deceased Kidney 
Donor 


Normal renal function. 

Without hypertension requiring treatment; without diabetes 
mellitus, 

# No malignancy other than a primary brain tumor or treated 
superficial skin cancer. 

No generalised viral or bacterial infection. 

# Acceptable urinalysis; age between 6 and 50 years. 

4 Negative assays for syphilis, hepatitis, HIV, and human 
‘T-lymphoproliferative virus, 


Fig, 1.691: Renal transplantation. 


Three types of donors: 

1. Living related donors. 

2. Living nonrelated donors, 
3, Cadaver donors. 

Highest chances of success in any transplant (renal) is seen 
when the donor is the identical twin, 

Compatibility should be checked by tissue typing, i.e, ABO 
blood group system and major histocompatibility complex, 
Evaluation of living donor: 
¢ Tissue typing, ABO, MHC typing, 

Renal function—blood urea, serum creatinine, 
IVP. 

¢ Selective renal angiogram. Single vessel is better. 
 HIV/hepatitis evaluation. 

Usually left kidney is taken for transplantation because of 
Jong left renal vein. Ibis placed in right iliac fossa with ureter 
connected to the urinary bladder; renal artery to intemal iliac 
artery (end-to-end); renal vein to external iliac vein (end-to- 
side). Renal artery (end) to external iliac artery (side) through 
Carrel stitch is also used for arterial continuity 


External lac artery 


Internal iliac artery 


External liac vein 


Fig. 1.692: Another method of getting arterial perfusion of the trans 
planted kidney by suturing (Carrel stitch) external iliac artery to renal 
artery side-to-end, 


Technique 


Before the removal of kidney, the donor receives IV mannitol 
to prevent kidney ischaemia, diuretics and IV heparin. After 
removal of donor kidney, protamine sulphate is given to the 
donor, Removed donor kidney is perfused with cold perfu- 
sion fluid at 4°C and cold intravascular electrolytes, Solutions 
used to preserve the donor kidney are Buro-Collins solution or 
University of Wisconsin (UW) (both contains inert sugar which 
prevents swelling of 
and at the end ureter is anastomosed, 

Azathioprine, cyclosporine and prednisolone should be 
started 3 days prior to surgery. Diuretics and mannitol should 
be continued as required. 

Bilateral nephrectomy in recipient is required only in: 
+ Polycystic kidney disease. 

# Hacmaturia 

# Severe hypertension. 

Kidney will stand cold ischaemia for 72 hours. 

Note: Overall survival is 90% in one year and 80% in five 


lls). First renal vein, then renal artery 


Postoperative Management 


¢ Immunosuppression: By cyclosporine, azathioprine, predni- 
solone, antithymocytic globulin and antilymphocytic serum. 
Proper fluid balance has to be taken care off 


Complications 


# Acute tubular necrosis 

4 Rejection (Rejection is identified by radioisotope study 
and percutaneous kidney biopsy). Chronic rejection is the 
‘common cause of graft failure. 

Obstruction of the collecting system. 

Infection. 

Urine leakage—5%, 

Secondary haemorrhage. 

Renal infarction 

Hazards of immunosuppression: 

» Infection by unusual organisms like cytomegalovirus, 
lla and other bacterial 


eecees 


herpes, Pneumocystis carinii 
infections, candidial infection, 
Changes in the cellular component of blood. 
Uncommon malignancies of CNS, skin. 
Nephrotoxicity, GIT bleeding and perforation 
Hirsutism, delayed wound healing, cataract formation. 
Renal artery stenosis —10%. 

Renal vein thrombosis —5%. 

Lymphocele. 


lm IMMUNOSUPPRESSIVE AGENTS 
Induction Therapy 


¢ [tis used immediately after transplantation (up to 3 weeks). 
# Antilymphocytic globulin (ALG}—human lymphocytes are 
injected into rabbithorse to develop antisera—ALG, It acts, 


‘If there were no obstacles, there would have been no achievements. 
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against T cells, It inhibits cell mediated immunity, allograft 
rejection, graft versus host reaction, It is used in transplanta- 
tion of kidney, pancreas, heart, small bowel. Anaphylaxis, 
anaemia, thrombocytopenia, allergy (serum sickness) are thi 
reactions. Rabbit serum is better than horse serum in terms of 
preventing the graft rejection (acute). Rabbit serum has anti- 
bodies against CD2,3,48,11a,18,25; HLADR, HLA class 

Monoclonal antibody—OKT3 (1975 by Kohler, Milstein — 
got Nobel prize) is developed by hybridoma technique, is a 
monoclonal antibody which acts / blocks at TCR complex 
(T cell receptor complex CD3) affecting the function 
of native T cell and cell mediated immunity. Within 60 
minutes of IV injection of OKT3 it blocks T cell function 
removing the circulating T cells. Problem with OKTS is its 
immune reactions. So often it is combined with steroid or 
indomethacin. It can cause acute cytokine release syndrome. 

4 Interleukin 2 receptor (1L2 R) inhibitors—a chain of IL 
2 R is related to activated T cells. Basiliximab (chimeric) 
and daclizumab (human) are two anti-CD25 monoclonal 
antibodies which bind with a chain of IL 2R. These drugs 
are well tolerated through a peripheral IV line; stops acute 
rejection; with less risk of infection and malignancy. It does 
not cause serum sickness or cytokine release syndrome. But 
all alone its effects are inadequate and so it should be used 
only in concomitant with other immunosuppressants. 

 Rituximab is an anti-CD20 monoclonal antibody as a 
depleting agent on B cell. Its used to control humoral medi- 
ated rejections. It is used in heart transplantation. 

4 Alemtuzumab—an anti-CDS52 human monoclonal anti- 
body which is expressed in B cell, T cell, monocyte, 
macrophage, It causes prolonged lymphocyte depletion 
for 6 months. It is used along with tacrolimus in kidney 
transplantation, Steroid can be spared while using his. 
This drug is also used in lymphoma, multiple sclerosis and 
rheumatoid arthritis 

¢ WIG (intravenous immunoglobulin) derived from pooled 
plasma neutralises the circulating autoantibodies, blocks the 
T cell cytokines, lymphocyte proliferation and apoptosis 


Maintenance Therapy 


Al transplant patients require maintenance therapy for 
prolonged period. Different drugs are used, Steroid and azathio- 
prine are old drugs commonly used. 
 Prednisolone: \t inhibits cytokines, binding of IL 2 to 
receptors, blocks macrophage migration, and inhibits 
delayed hypersensitivity reaction, But it causes Cushing’s 
syndrome, hypertension, peptic ulcer, cataract, diabetes, 
osteoporosis, muscle wasting. Often methyprednisolone 
may be used. 
 Antiproliferating agents: They inhibit differentiation and 
division of lymphocytes by blocking the purine, pyrimidine 
and folic acid metabolism as a structural analogue. 
thioprine is « purine analogue containing 6 mercap- 
topurine with a labile sulfhydryl chain. Conversion 
of inosine nucleotide to adenosine and guanosine is 
blocked. Drug inhibits both humoral and cell mediated 
immunity. Toxic effects are—bone marrow suppression, 
hepatotoxi 


» Mycophenolate mofetil (MME): It inhibits inosine 
monophosphate dehydrogenase of purine metabolism 
blocking lymphocyte proliferation. Dose is 2 grams/day. 
tis now more commonly used than azathioprine. Diar- 
rhoea and bone marrow suppression are the side effects 

> Leflunomide: It blocks pyrimidine synthesis in lympho- 
cytes by inhibiting dihydroorotate enzyme, This drug is 
used in rheumatoid arthritis. FK 778 i its analogue which 
is under trial in renal transplant. 

# Tcell directed immunosuppressants: 

> Cyclosporine (Borel, 1972) is extracted from fungus 
Tolypocladium inflatum. itis selective inhibitor of TCR 
mediated activation suppressing T cells. It inhibits 
formation of mature CD4 and CD8 T cells in thymus. 
Itcontains 11 amino acids with molecular weight 1202. 
It is a very good immunosuppressant. But it does not 
cause myelosuppression. It is metabolised in the liver 
by cytochrome P-450. Side/toxic effects are—nephro- 
toxicity, hypertension, hirsuitism, gingival hyperplasia, 
hyperkalaemia, neurotoxicity, tremor, hepatotoxicity, 
risk if infection (CMY, candida, Pneumocystis carinii, 
secondary infections) and malignancy (lymphoma, skin 
and CNS), IV dose given initially is 4 mg/kg in 500 ml 
of saline; later changed to oral therapy as 12 mg/kg 
daily; after few weeks dose is tapered to 5 mg/kg/day. 
Regular serum cyclosporine estimation twice weekly 
with estimation of haematocrit, blood urea and serum 
creatinine is needed. 

» Tacrolimus (FK 506, 1984, Japan) is derived from fungus 
Streptomyces tsukubaensis. It is macrocyclic lactone 


(MW 822) causes similar effect like cyelosporine. Drug 
binds with intracellular binding protein immunophilin 
forming complexes whieh block the phosphatase activity 


icurium so that inhibits IL 2 production, It is 
used in liver transplant, in acute rejection of kidney. Side 
effects are similar as cyclosporine but will not cause 
hirsuitism and gingival hypertrophy. It causes alopecia 
and diabetes. 

» Sirolimus (rapamycin) is a macrolide antibiotic which 
inhibits signal transduction from IL2 R to nucleus. It 
inhibits allograft rejection, It is used along with other 
immunosuppressants like cyclosporine. It causes 
anaemia, thrombocytopenia and proteinuria. Nephrotox- 
icity is less with sirolimus, 

* Costimutation blockage agent like belatacept which is a 
fusion protein of extracellular part of CTLA4. It s a good 
immunosuppressant used monthly or bimonthly. 


Risks Related to Immunosuppression 


‘They are mainly infection and malignancy. Individual drug 
related toxicity also can occur. 


Infection 


* Opportunistic infections are common with immunosup- 
pression, Cytomegalovirus (CMV) infection is common 
causing pneumonia, hepatitis, pancreatitis, Gl problems. 
Pneumocystis carinit infection is also common, 


# Trimethoprim, sulfamethoxazole, acyclocvir, ganciclovir, 
valganciclovir, clotrimazole, pneumococcal vaccine, hepa- 
titis B vaccine, pentamidine nebulizer are different drugs 
used to prevent sepsis. 

¢ BK virus associated nephropathy is controlled by cidofovir, 
IV immunoglobulin, 


Malignancy 


+ Malignancy potentiality increases by 10 times. 
# Skin cancers and carcinoma cervix are common, 
‘arcinoma cervix (HPV): 
hepatoma (Hepatitis B and C); Kaposi’s sarcoma (herpes 
virus 8); lymphoma (EBV) are common, EBV related 
lymphoma is post-transplant lymphoproliferative disorder 
(PTLD), Rituximab, anti-CD20 monoclonal antibody 
reduces B cells is effective in these patients. Hyper CMS 
IG is used as prophylaxis in high-risk groups. 


Virus mediated tumours like 


LIVER TRANSPLANTATION 


An ideal treatment for several kinds of liver disease would be 
removal of the diseased organ and orthotopic replacement with 
hepatic homograft. 

TE Starzl, TL Marchioro, KN von Kaul 


etal, 1963 


Indications 


¢ Primary biliary atresia, metabolic liver disease, 
¢ Cirrhosis. 
# Malignant disease of the liver, 

Children respond better for liver transplantation, Tissue 
typing and cross-matching are not that necessary and do not 
influence the results 

If the transplantation is done at the same site after doing 
hepatectomy, itis called as orthotopic liver transplantation. | 
itis placed in a different site itis called as ectopic or heterotopic 
liver transplantation. Success rate in liver transplantation is 
better, 


DDLT (deceased donor liver transplantation) donor TIDLT (living donor liver transplantation) donor 


+ 50 years or younger 
+ No hepatobiliary disease 


+ Hemodynamic and respiratory stability (systolic blood pressure >100 + 


Liver transplantation is the choice for end stage liver 
disease. Liver transplant is an accepted and effective treatment. 
Many tumours can be treated by transplantation. Cirrhosis, 
hepatitis, sclerosing cholangitis, biliary atresia, tumours are 
indications. 

CTP (Child Turcote Pugh) scoring system (ascites, encepha- 
lopathy, bilirubin, albumin, PT- INR); Model for end stage 
liver disease (MELD score) consists of total bilirubin, INR, 
creatinine; Paediatric end stage liver disease scoring (PELD); 
are different scorings used to assess the patients. 

# MELD Score=0.957 x Log(creatinine mg/dL) + 0. 378 x 

Log, (bilirubin mg/dL) + 1.120 x Log, (INR) + 0.643 


Contraindications for liver transplantation 


Active sepsis, SBP and HIV. 

¢ Extrahepatic malignancie 

# Large hepatocellular carcinoma and cholangiocarcinoma. 

Unfit for surgery - severely advanced cardiopulmonary 
disease. 


Active alcohol or substance abuse. 
Inability to comply with immunosuppression protocols, 
because of psychosocial situations, 


: 


Donor criteria 


‘They are related to donor liver function, hepatitis screening, 
history of consumption of alcohol and toxic substances. 
Marginal donor and expanded donor criteria are in use in places 
due to very high demand for donor for transplantation, ABO 
compatibility is important. HLA matching is not necessary 
unlike in renal transplantation. 


Donor operation 


It is by a midline incision from suprasternal notch to pubic 
symphysis. Initially dissection is done with a beating heart; 
but later with a cold preservation into aorta and portal vein 
and local ice application. UW solution extends cold ischaemic 
time for 24 hours but usually within 10 hours transplantation is 


+ Young, Non-obese, tall 
*+ No infection, malignancy, No fatty liver 
Enough liver to donate 


mmHg, and central venous pressure >5 cm/H,0); an acceptable 


PaQ> and haemoglobin level 
+ No severe abdominal trauma, systemic infection, or cancer 
+ Normal kidneys—diuresis greater than 50 mLih and normal 


+ Enough residual liver 
+ Suitable anatomy of liver 


ccreatinine:and finally, a dopamine requirement less than 10 yg/kg/min 


+ Simple technically 
+ Recipient complication is low (of bile duct) 
+ Graft quality is average 

+ Donor's complication—ril 


+ Technically complex procedure 
+ Recipient complication is higher 

+ Graft quality is good 

+ Donor's complication—25% morbidity; 0.4% mortality 


‘Success is never final and failure is never fatal; its courage that counts. 
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done, IVC segment is removed with hepatic veins, Portal vein 

is transected, Celiac artery with branches along with hepatic 

artery is dissected and transected at celiac artery origin, Bile 

duct is transected. 

Remnant liver—>30% of the original liver volume with 
complete venous drainage is safe for donor survival. 


Recipient Operation 


Bowel preparation, prophylactic antibiotics, administrative 
immunosuppressive agents are needed before surgery. Bilat- 
ral subcostal incision is used with midline upward extension 
Falciform ligament, left lateral ligaments, hepatogastric and 
hepatoduodenal ligaments are divided. Right and left branches, 
‘of hepatic arteries are ligated. CBD and cystic ducts are divided 
with ligatures. Portal vein is dissected, Infra and suprahepatic 
vena cava are exposed, Portal vein and suprahepatic vena 
cava are clamped. Venovenous bypass between portal and 
femoral veins and internal jugular vein is ereated with a flow 
of blood through it more than 2.5 ml/minute, Warming circuits 
and ultrafiltration is needed. Suprahepatic vena caval cuff is 
created at the opening of the right, middle and left hepatic 
veins. Donor IVC is sutured to recipient IVC first above and 
then below as end-to-end, Recipient IVC can be preserved 
entirely and donor IVC is sutured to recipient IVC as end-to- 
side, Preservative solution is passed. Portal vein is sutured. 
Reperfusion injury can occur at this stage with hyperkalaemia 
and acidosis. Arterial reconstruction is done between donor 
celiac artery to recipient gastroduodenal artery. Bile ducts are 
sutured as end-to-end with or without T tube. Often choledo- 
chojejunostomy is also done. 


Graft should be: 

4 40% of the estimated standard liver volume. 

0.8 to 1% of the body Weight of the recipient is ne 
for the recipient recovery. 


Segmental/Lobar/Split/Living Donor Liver 
Transplantation 


Itis newer beginning but becoming preferred one. It is based on 
‘Segmental anatomy and liver regeneration capacity. Minimum 
liver mass required is more than 1% of graft to body weight 
ratio, Right lobe is better. It is basically used in children; but 
useful in adults also. MELD score in donor should be less than 
20 for living donor transplantation. Regeneration occurs very 
significantly in recipients in first 2 weeks reaching standard 
in | month. Regeneration is slow in living donor liver in 
1 year. Graft to standard liver ratio should be more than 40%, 
Funetion of liver in living donor should be optimum, Proper 
imaging of the donor for entire anatomy including vasculature 
is important, Individual branches of portal vein, hepatic artery 
and bile duct are dissected and isolated. Liver is carefully 
separated from IVC; small branches of hepatic vein are ligated. 
Main hepatic vein is isolated; liver parenchyma is dissected 
with finger/Kelly fracture technique. After completion of 
parenchymal division, vessels are transected; dissected liver is 
perfused with cold preservative solution, Diseased liver of the 
recipient is removed completely. Gralt is anastomosed in usual 


manner hepatic vein, portal vein, hepatic artery, bile duct. Living 
donor transplantation has got higher chances of morbidity, 
complications compared to cadaveric transplantation. 


Postoperative Management 


4 Antirejection drugs to be given 

4 Liver shows low immunogenicity and high regeneration 
capacity causing long-term outcome. Initially cyclosporine 
or tacrolimus with MMF or azathioprine with prednisolone 
is given. ICU care is needed. 

# Electrolyte and fluid management, sepsis management, 
prevention of encephalopathy, observation for complica- 
tions are important. 


Complications and Problems of Liver 
Transplantation 


4 Bleeding on table and postoperatively can occur especially 
when recipient liver is cirrhotic. FFP, platelet and blood 
are needed. Reexploration is needed if bleeding persists 
postoperatively. 

# Hepatic artery thrombosis is the common vascular compli- 
cation leading into graft failure, CBD necrosis and anasto- 
motic dehiscence. 

Immediate graft failure as primary nonfunctional graft can 
‘occur (5% of liver grafts). 

# Bile leak due to CBD ischaemia which can be identified by 
HIDA scan, ERCP, revision anastomosis is needed 

# Infection is common especially enterococci, staphylococci, 
‘gram negative organisms, candida, aspergillus, etc. Antibi- 
otic and antifungal therapy is needed. 

# Acute rejection (30%) of T cell mediated is seen within 
10 days commonly but can occur up to 6 months. Liver 
biopsy confirms the rejection, Higher steroid therapy, poly- 
clonal anti-T cell antibodies are used. 

* Chronie rejection is seen after 6 months; appears gradu- 
ally with liver cell dysfunction and hyperbilirubinaemia, 
Liver biopsy shows very few numbered biliary radi- 
cles—vanishing bile duct syndrome. itis due to humoral 
immunity. It is difficult to control; eventually needs 
retransplantation. 

# Recurrence of the earlier disease to the transplanted liver like 
hepatitis, biliary sclerosis, sclerosing cholangitis, Hepatitis 
can be controlled by lamivudine (antiviral DNA polymerase 
for HBV), interferon a, ribavirin for HCV. 

* Complications of immunosuppressive drugs like hyper- 
tension, hyperglycaemia, hyperlipidaemia, osteoporosis, 
malignancy, infection, bone marrow suppression are often 
difficult to manage. 


Survival 


# 5-year survival is 70% in adults and 80% in children 

# Itdepends on age, general condition, earlier disea 
ated problems, MELD scoring. 

# The risk of rejection is highest (40%) during the first 3-6 
months after transplantation and decreases sig 
thereafter 


ll BONE MARROW TRANSPLANTATION 
Indications 


 Leukaemias, 
Aplastic anaemias 
Immune deficiencies, etc, 

Recipients are initially treated with total body irradiation, 
As bone marrow is an active immune system, proper tissue 
‘sping is essential. Infant hone marrow is belter marrow as a 
donor. Marrow aspirated from donor's bone is transplanted by 
intravenous injection to the recipient. 

Immunosuppression with cyclosporin-A is always needed, 
It will take few weeks to show the response. 


Problems 


1, Graft rejection 
2, Graft-Versus-Host disease (GVH) is more dangerous. 


ll PANCREATIC TRANSPLANTATION 


+ Itis used in diabetic patients, taken from cadaver donor to 
replace insulin. 

¢ It can be combined with kidney transplantation to patients 
who have diabetes with end stage kidney disease 

Donor criteria are individuals without pancreatitis, 

¢ Entire pancreas with duodenum (Lillehei) or part of the 
pancreas (body and tail ofthe pancreas) can be transplanted, 

¢ Itis placed in the right ifiae fossa with anastomosis done 
between portal vein and iliac vein, duodenum fixed to 
bladder. 

© Graft take up is 60-70%. 


Complications 


Graft pancreatitis, pancreatic leak, bleeding, urinary infections 
like eystitis, failure 


Common iliac 
artery 


External iliac 
artery 


Fig. 1.693: Pancreatic transplantation with duodenum and small 
bowel to achieve adequate exocrine function. Exocrine function is 
achieved immediately; endocrine (insulin) function is achieved after 
few days. 


‘Common iliac artery 


External lac artery 


Fig, 1.694: Pancreatic transplantation. 


Isolated Pancreatic Islet Transplantation 


Islets of Langerhans are obtained by mechanical disruption 
of panereas by injecting collagenase into the pancreatic duct. 
Tissue disrupted is collected and purified by density gradient 
centrifugation. These islet cells are injected into the liver 
through portal vein, Islet cell rejection is prevented by covering 
them with semipermeable membrane which prevents antibodies 
reaching islet cells but allowing insulin to get secreted. By this 
method animal pancreatic islet cells transplantation is also 
under trial 


ll SMALL BOWEL TRANSPLANTATION 


4 Indication is short bowel syndrome following massive resec- 
tion, atresia, necrotising enteritis, Crohn’s disease 

Bowel anastomosis with a stoma (ileostomy) is usual 
‘method. 

 Assmall bowel is rich in lymphoid tissue, graft versus host 
reaction is a major problem. So graft take up is poor. 

¢ It is an immunological challenge even though technically 
easier 


& Hyperacute rejection is due to antibody reaction which 
‘occurs within minutes of vascularisation of the graft 

Acute rejection results due to cell mediated immunity,occur- 
ring in a few days to frst 3 months of transplant. It responds 
‘well to steroids and immunosuppressants 

& Chronic rejection occurs in 12 months after transplant, is 
not very common. Itis due to late vasculitis, When it occurs, 
responds very poorly to steroids orother drugs.itis common 
type 


m DIALYSIS 


It is technique for the removal of waste product of metabolism, 
normalisation of plasma electrolytes and removal of plasma 
water. 


Everytime something good happens to you, make something good happen to someone else. 
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Types 


4 Peritoneal dialysis 
4 Haemodialysis, 


Peritoneal Dialysis, 


Indications 


Acute renal failure until renal function recovers. 
Chronic renal failure until long term dialysis is instituted. 


Contraindications 
Abdominal surgery. 
 Hypercatabolic states, 

# Infection, 

4 Pre-existing malignancy. 


Insertion of eatheter 

‘A rigid plastic catheter is inserted through the abdominal wall 

into the peritoneal cavity using a trocar through a small cut 

made in the skin under L/A. Catheter is bound to abdomen. 
Dialysis is done using sterile dialysate solution instilled into 

and drained out of abdomen, 


@ Leakage 
@ Pain—short lasting, mild 
 Peritonitis 

Membrane failure 
 Hemia 


Continuous ambulatory peritoneal dialysis (CAPD) is the 
preferred method of dialysis in some centre, 


Haemodialysis 


Indications 
Acute renal failure 

Chronic renal failure. 

Acidosis. 

Electrolyte disturbance, 

Intoxication 

Uracmia (pericarditis and polyneuropathy due to uraemia 
¢ indications) 

lysis requires access to circulation which is, 
achieved by creating a fistula between the radial artery and the 
cephalic vein at the wrist (Cimino fistula). Here dialysis occurs 
in a dialysing machine across a semipermeable membrane 
(usually cellulose membrane). 


eeecee 


‘Complications 

Access site—arterial and venous stenosis, thrombosis, 
infection. 

4 Hypotension. 

 Dyspnoea. 

4 Bleeding (due to dysfunctional platelets due to uraemia and 
due to heparin use), 

¢ Disequilibrium syndrome, 
Even though repeated dialysis (in CRF, at least twice a 

week is needed) helps, patient needs repeated blood transfu- 


Fig. 1.695: Patient with CRF undergoing haemodialysis using a 
dialysis unt. 


Vein AV fistula Artery 

Figs 1.696A and B: Arteriovenous fistula between radial artery and 
cephalic vein at wrist is done to attain increased venous engorge- 
‘ment and arterialisation so as to achieve rapid blood flaw which is 
necessary for haemodialysis. Patient with chronic renal failure who 
requires regular haemodialysis needs ths. 


sions, which will lead into haemochromatosis/iron overload, 
Patient should be given erythropoietin injection 3,000 units 
twice weekly to prevent repeated blood transfusions. But it is 
expensive. Transplantation is the best answer eventually, in all 
these individuals, 


CIMINO FISTULA (CIMINO-BRESCIA) 


It is an arteriovenous fistula created for haemodialysis. Usually 
at wrist, radial artery is anastomosed to cephalic vein side-to- 
side and a created good fistula shows continuous thrill and 
bruit, with increased venous engorgement along with hyperdy- 
namic circulation. At the ankle, often fistula is created between 
posterior tibial artery and saphenous vein; inthe thigh between 
Femoral artery and long saphenous vein. Distal gangrene is not 
common, 


Complications 
Infection, bleeding, hyperdynamic circulation, 


Figs 1.697A to E: Creation of Cimino AV fistula using radial artery and cephalic ein (magnifying operating loupe is used during anastoma- 
sis using 6 er0 polypropylene) (Courtesy: Ashok Pandit, MCh, Urologist). 
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W. Stings and Bites 


CHAPTER OUTLINE 
Snake Bite 
Spider Bite 


™ SNAKE BITE 


Snakes belong to Crotalidae, Elapidae and Viperidae family 
Common poisonous snakes are cobra, krait and viper. 
‘Common snakes are cobra, Russell's viper, saw scaled viper, 
pit viper, krait 
Itcauses renal failure, pulmonary oedema, cardiac complica 
tions and neurological problems. 


Clinical Features 
Local 


¢ Burning pain, oedema and erythema, 
# Swelling, echymoses and haemorrhagic bullae, 
# Tissue necrosis, ulceration and gangrene. 


Systemic 


Weakness, perioral paraesthesia, muscle twitching. 
Shock. 

Pulmonary oedema. 

Renal failure. 

Neurological manifestations. 

Bleeding tendency. 

Vipers affect multiple organs and soft tissues. Cobra and 
coral snakes are neurotoxic. 


Investigations 


# Blood count. 
# Coagulation stuclies like bleeding time, clotting time and 
prothrombin time. 


¢ Blood urea and serum creatinine 
# Scrum electrolytes 

# Creatine phosphokinase [CPK]. 

¢ Urine analyis for RBCs, albumin, myoglobin. 
# PO, and PCO, assessment 

Management 

First Aid 


# Reassurance. 

¢ Immobilisation 

# The site has to be incised and cleaned. 

# Tourniquet to occlude lymphatics only but not venous or 
arterial circulation. 

# The snake has to be identified. 


Bee Bite 
® Mammalian Bite 


‘The patient must be transferred to proper medical centre as 
carly as possible. 

# The bite wound is identified and assessed, 

¢ Itis thoroughly cleaned with debridement 

 Polyvalent antisnake venom (against cobra, krait, vipers) 

should be given. It should be given earliest within 4-24 hours, 

Dose is 20-150 mi depending on the type, severity and age 

of the individual. It is dissolved in normal saline and given 

‘as V infusion in 500 ml saline with 20 drops/minute as flow 

rate. Ifthe snake has been identified monovalent serum is 

better and more potent. 

Tetanus toxoid, 

1V fluids, blood transfusion and plasma, 

Antibiotics 

Urine output measurement, 

Monitoring by regular checking of blood urea, serum creati- 

nine and bleeding and clotting time. 

# Incobra bite, there is neuromuscular blockade and paralysis 
‘cours. So neostigmine should be given 0.5 mg IV every 
half hourly and later repeated as required, It is given along 
with 0.6 mg of atropine 

+ In viper bite DIC is common, So heparin is given as 10,000 
to 15,000 units loading dose and later 5,000 units as main- 
tenance dose 8th hourly. 

Human fibrinogen, whenever required, 


eeeee 


Complications of Snake Bite 


Cellulitis and gangrene of the part. 
Deep venous thrombosis [DVT] 
Paneytopenia 

DIC and haemorrhage. 
Neurological complications. 
Septicacmia, 

Renal failure 

Marjotin’s ulcer. 


eeecceee 


@ SPIDER BITE 
Types 
1. Black Widow Spider Bite 
> It causes neurotoxicity. 
> It causes muscle spasms, pain and abdominal cramp 
and rigidity. 
> Hypertension, tachycardia and diaphoresis are the other 
features 
> Its effects last for 2-3 days. 


‘Snake Venom secreted from saliva ofthe snake parotid 


| 


Other chemicals 


yaluronidase Phospt 156. ‘Alters coagulation, platelet] 
inlet tonne aed as etpaseAs | | function, bats, 
cases vasciat aga chenges| 
be 
edema and iae Spread ofvenom ] | Damage Rae 
fypovolaemic shock ae through tissues andmuscecels | | Haemorhagic eplodes 
thyotons) 


> Cleaning the wound, antibiotics, antihistamines, specific 
antivenins are the line of treatment, 

Brown Spider Bite 

» It releases sphingomyelinase-D which causes necrosis 
of the skin and haemolysis. 

> Local effects include skin rash, blister formation, 
necrosis of the skin and extensive ulceration. 

> Systemic effects are anaphylaxis, arthralgia, thrombo- 
eytopenia, haemolysis and renal failure, 

> Often it can be life-threatening especially in children 
and elderly. 

> The effects last for 2-3 weeks 

> Wound debridement, antibiotics, antihistamines, steroid 
therapy, antivenins and management of systemic 
complication 


@ BEE BITE 


Honey bee has got barbed stinger with two lancets. These lancets 
get attached to human skin to release the venom, Bee dies after bite 


Wasps: Yellow jacket wasps are more aggressive. 
Bee venom contains dopamine, histamine, neurotoxin and 


toxic peptides 


Clinical Features and Management 


Allergic reactions, 
Anaphylaxis. 

Pain in the local region, oedema, pruritus, flushing 
Hypotension, laryngeal oedema, bronchospasm. 
Musele spasm, convulsions 

Renal failure in severe eases. 


Soda bicarbonate is used to neutralise the bee venom, 
Antibiotics and antihistamines 


eee eecos 


MAMMALIAN BITE. 
It includes human bites also. 


Proper wound toileting is very important. 


a 

+ 

# Infection rate is more in mammalian bites. 

+ 

Within 12 hours, incised wound is closed primarily 
’ 


All lacerated wounds and wound which is seen after 12 hours 


is left open, Wound is closed secondarily. 
Antibiotics are must in all mammalian bites 


oe 


Human bite is very dangerous bite. 


Awareness of change in important and equally acceptance of it also. 
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X. Pain 


CHAPTER OUTLINE 


® Gate Control Theory 


Pain is a subjective one and is difficult to assess and quantify 
Pain perception varies from person-to-person and from tim 
to-time. 


 Itcan be physical or mental 
 Itcan be localised or diffused 
 Itcan be acute or chronic 
 Itcan be intermittent or persistent 
% Itcan be mild or severe 


Pain Pathway 


Pain receptors in the skin 
4 
Neurotransmitters of pain like substance P or 
peptides are activated 
| 
Sensory nerves 


4 


Posterior horn of spinal cord 
\ 


Spinothalamic tract, 
4 
‘Thalamus 
| 
Cerebrum 


4 


Pain perception 


ll GATE CONTROL THEORY 


Gate control system is located at the junction of first and second 
neuron, Large diameter “A’ fibre is stimulated by temperature 
and touch. Fine *C * fibre is stimulated by pain. If *A’ fibre 
once gets stimulated, blocks the gate mechanism, then pain 
from *C’ fibre cannot pass through the gate to reach the brain 
for perception 

Pain modulators like endorphins and opioid peptides in brain 
and spinal cord inhibit the release of substance “P’ 


Causes of Pain 


¢ Inflammatory causes due to any infection or infestations, 

¢ Hypoxia due to poor blood supply like in myocardial infare~ 
tion, peripheral vascular disease. 

¢ Trauma, 


Obstruction like intestinal obstruction. 

# Colicky pain like ureteric, biliary, intestinal. 

4 Compression over nerve roots like in inter vertebral dise 
prolapse. 

# Advanced malignancies cause severe distressing pain, which 
requires proper pain control. 

4 Ulcers, perforation, peritonitis, abscess formation are all 
other causes. 


Clinical Assessment of Pain 


¢ Its severity, nature, cause should be assessed. 

# Cause should be thoroughly analysed by doing all investi- 
gations like haematocrit, sinology, CT scan, culture of the 
fluid like pus, blood. 

Pain is a most common symptom which patient complains 
to aclinician, Latin word ‘poena’ means penalty/punishment. 
Pain is the one patient feels; tenderness (sign) is one surgeon! 
clinician elicits 


Specific Points in History in Relation to Pain to be 
Asked are: 


% Original site of pain is very important. In acute appendicitis 
original site of pain is in umbilicus; but later itis referred to 
right iliac fossa. Shift of pain towards other site 

# Time and mode of onset of pain—it is sudden onset and 
rapidly progressive in acute appendicitis; it is of insidious 
‘onset and of long duration with episodic nature in chronic 
peptic ulcer. 

 Type/nature of pain—superficial/deep; dull ache or sharp 
severe/pricking/bursting/vague aching (continuous mild 
pain), throbbing, scalding (burning sensation particularly felt 
during urination in cystitis, pyelonephritis, urethritis), pins 
and needles pricking sensation in peripheral nerve injury or 
invitation, shooting pain (seen in intervertebral dise prolapse 
and sciatica—pain shoots along the course of nerve), stabbing 
(sudden, severe, sharp, episodic—seen in perforated duodenal 
ulcer), distension pain (a feeling of restricted or distended like 
in paralytic ileus or intestinal obstruction), colicky pain is 
due to muscular contraction in a hollow tube in an attempt to 
“obviate the obstruction by forcing the content out—gripping, 
episodic pain with vomiting and sweating (seen in intestinal 
colic, ureteric colic of stone, biliary colic of stone), twisting 
pain of bowel volvulus/twisted ovarian cyst/torsion testis, 
constricting pain around the chest by angina, ete. 


: 


Severity of the pain: in acute conditions like peritonitis and 
abscess pain will be severe compared to chronic one. 
Progression of pain: It may be persistent and progressive 
or initially mild gradually increases, later gradually subside 
fluctuation in intensity whether increases and decreases in 
intensity at regular intervals; quickly reaches maximum and 
remains like that. 

Duration of Pain 

Periodicity of pain: Pain appears, persists for few weeks 
and then disappears for few weeks; again reappear. Such 
periodicity is often observed in chronic peptic ulcer; 
trigeminal neuralgia, 

Precipitating/aggravating factors: Abdominal pain may get 
worsened by taking food like in gastric ulcer. Pain due to 
appendicitis, ureteric stone aggravates by change of position, 
walking, jolting. Pain of urinary bladder stone aggravates 
in standing position. In reflux oesophagitis pain increases 
while scooping. Pain in pancreatitis increases while lying 
down, Pain in intervertebral dise prolapse aggravates by 
lifting the weight. 

Relieving factors of pain: Pain reduce by certain methods 
and patient uses that method to relieve the pain. Hunger 
pain of early morning in duodenal ulcer is relieved by 
taking food. Pain of pancreatitis is relieved in sitting and 
bending forward. Propped up position relieves pain of reflux 
‘oesophagitis. In acute peritonitis, pain reduces temporarily 
by lying stil, 

Associated symptoms: Acute pain may be associated with 
pallor, sweating and vomiting. Migraine pain with vomiting 
and visual disturbances; intestinal/ureteric colic with 
sweating, vomiting and cold periphery; acute pyelonephritis 
and urinary infections with chills/rigors and fever; ureteric 
colic with haematuria: biliary colic with jaundice and pale 
stool are other examples of such association, 

Time of oceurrence of pain is often important in diagnosing 
the condition. In duodenal ulcer, hunger pain occurring in 
early morning or later evening is typical. Migraine occurs 
in early morning; frontal sinusitis induced headache occurs 
8 few hours after getting up. 

Pain may move from one place to other: Radiation of pain 
Itis extension of pain from original site to another site with 
persisting of pain at original site, This radiating pain is of 
same character of original site. Penetration of duodenal ulcer 
posteriorly causes pain both in epigastrium and back—is an 
example, Pain of pancreatitis radiates to back. Referred pain: 
Pain is not felt at the site of the disease but felt at distant 
site, Diaphragmatic irritation causes referred pain at the tip 
of shoulder through same segmental supply of diaphragm 
(phrenic nerve C4, C5) and shoulder (cutaneous supply C4, 
C5). Hip joint pathology may cause referred pain in knee 
joint—through articular branches of femoral, obturator 
‘and sciatic nerves. Other examples—referred ear pain from 
carcinoma tongue through lingual and auriculotemporal 
nerve; referred pain in the epigastrium from the heart; 
referred pain in the abdomen from pleura; referred pain over 


the testis from the ureter. Shifting/migration of pain: Origin 
of pain is one site; later pain shifls to another site and pain 
at original site disappears, Pain when begins in viscera, it 
is felt at the same somatic segmental area in the body; but 
‘once parietal layer is involved by inflammation/pathology 
pain i felt at the anatomical site. Example is pain of acute 
appendicitis where original visceral pain is at the umbilicus 
(T9 and T10 segments supply both umbilicus and appendix) 
shifls later to right iliac fossa when once the parietal perito- 
neum of that area is inflamed. 

Types of pain: 

Superficial pain: It is sharp usually localised pain, due to 
invitation of peripheral nerve endings in superficial tissue by 
chemical/mechanical/thermal/electrical injury. Segmental 
pain: It occurs due to itvitation of particular nerve trunk! 
root; located in particular dermatome of the body supplied 
by the sensory nerve trunk or root 

4 Deep pain: It is due to irritation of deeper structures like 
muscles/tendons/bones/joints/viscera. Ibis vague and diffuse 
when compared to superficial pain. It is often referred to 
common segmental areas of representation, Often spasm 
Of skeletal muscle of same spinal cord segment can occur. 

# Psychogenic pain: It may be functional/emotional/hyster- 
ical 

# Other pain: like due to thalamic/spinothalamic diseases! 
causaigia (intense burning pain along the distribution of 
the partially. 

Grading of pain is done using pain scale. It is compared t0 a 

10cm line numbered 0 to 10. This is called as visual analogue 

scale (VAS). Minimum is 0 means no pain. 10 is the worst 
excruciating pain. 2 is mild; 4is discomforting; 6 is distressing; 

Sis intense 


Uncontrolled pain causes tachycardia, hypertension and 
vasoconstriction 

Abdominal (upper abdominal mainly) and thoracic wound 
pain restricts the respiration causing tachypnoea, altered 
respiration, coughing, chest infection, pneumoni 

% Petsisting pain causes restricted movements, deep venous 
thrombosis and its problems bed sores 

% Pain delays the recovery and also causes psychological 
trauma to the patient 


Management of Pain 


 Cortect the cause like removal of renal stone, cholecystec- 
tomy for gallstones. 

Analgesics. 

Surgical removal of tumour. 

Injection of phenol or alcohol 

Electric stimulation, massaging, infrared therapy, wax bath, 
Proper physiotherapy. 

Hormone therapy. 

Injection to ganglion like in trigeminal neuralgia, 


eeecece 


‘Success is dependent upon the glands—sweat glands. 
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Acute pain Drugs/opioids/epidural anaesthesia/drug infusion 


Chronic pain due to malignancy 
antidepressants) 


First level—simple analgesics (aspirin, paracetamol, NSAIDs, tricyclic 


‘Second level—intermediate opioids codeine, tramadol, dextropropoxyphene 


Third level—strong opioids like oral morphine, intravenous morphine, subcutaneous 
diamorphine, epidural diamorphine. Analgesic infusion is also useful. Neurolytics are 
used whenever there is limited lfe-expectancy. Other methods are - Subcostal phenol 
injection for rib secondaries/celiac plexus block using alcohol/ntrathecal hyperbaric 
phenolpercutaneous anterolateral cordotamy/pitutary ablation/hormone ablation! 
palliative radiotherapy/steroids/ecainide therapy 


Chronic pain in benign disease 


Local anaesthetics/steroid injections/nerve stimulation like acupuncture/nerve 


decompression/pain due to sympathetic overactivity is corrected by—IV pentotamine 
(alpha adrenergic block), stellate ganglion block, block using guanethidine, 
percutaneous chemical lumbar sympathectomy using phenol. Other methods for 
chronic pain are—paracetamolNSAIDs/antidepressants/opioids/carbamazepine/ 


neuroablative surgeries 


Chemotherapy for malignancies, 
Radiotherapy. 

‘Sympathectomy for vascular diseases, causalgia, 
Cordotomy for severe pain in case of advanced tumours 


Mental relaxation, 
Attending pain clinic. 

Continuous epidural anaesthesia/analgesia using opioids. 
Patient controlled analgesia (PCA) is injecting opioids 
through epidural route or intravenous route by patient 
himself after training him, 

4 Intravenous infusions of the analgesia. 


eeeeeoes 


Pain may be: 
# Acute pain. 
Chronic pain due to malignaney. 


Chronic pain due to benign disease. 


Drugs for Pain 


Drugs can be given orally, intramuscularly, few intravenously, 


intrathecally, per rectally as suppositories, sublingually, 


Narcotic Analgesics 


4 Morphine 10-15 mg, Very useful in intractable pain. It can 
cause nausea, constipation, and respiratory depression. Its 
action is neutralised by naloxone. 

 Pethidine 50-100 mg IM. 

 Diamorphine 5-10 mg. It is used only in intractable pain, 


# Pentazocine 30-60 mg, 

Dihydrocodeine. 

Codeine phosphate is commonly used after intra-cranial 
surgery. It should not be given intravenously as it may 
precipitate severe hypotension, Codeine also causes consti- 
pation. 

4 Bupremorphine. 


: 


Non-narcotie Drugs 


4 Aspirin. 

4 Ibuprofen 

4 Naproxen. 

¢ All these NSAIDs cause gastric irritation and may risk the 
gastric bleeding. NSAIDs are non-specific cyclooxygenase 
inhibitors. So gastric protection and platelet function are lost. 
Rectal diclofenac as suppository is good analgesic 

+ Paracetamol is effective analgesic and antipyretic agent. It 
is relatively less common to cause gastric bleeding. 

Note: 

Specific COX2 inhibitors are contraindicated in ischaemic heart 

disease 


Other Drugs 


# Anticonvulsants. 
Antidepressants, anxiolytics. 
Carbamazepine for neuralgi 


Faciomaxillary Diseases 


HAPTER OUTLINE 
w Diseases of the Palate 
® Orthopantomogram 
* Cleft Lip and Cleft Palate 
|= Maxillofacial Injuries 
% Primary Care (Early Care) in Maxillofacial Injuries 
» Fracture Middle Third Area 
* Zygomatic Complex Fracture 
* Fracture of the Mandible 


ll DISEASES OF THE PALATE 


* Cleft palate. 

% Torus palatinus—a bony hard swelling in the centre of the 
hard palate. 

# Nasopalatine cysts. 

% Epstein's pearls—at the junction of soft and hard palates, in 

the midline, in infants due to retained developmental cell rests 

Apical cyst or abscess 

Minor salivary gland tumour—commonest site is palate, 

Maxillary tumour extending into the palate 

‘Squamous cell carcinoma of the palate. 

Gummatous perforation in the middle of the palate seen in 

congenital syphilis. 

* Perforation of the palate anywhere in carcinoma palate, 


lm ORTHOPANTOMOGRAM (OPG) 


It is a plain X-ray of the mandible which shows the entire 
‘mandible in a single plane. It is better than X-ray mandible 
lateral view as it highlights proper dentition, inner and outer 
plates of mandible and joints. It is like a rotational tomogram. 


Indications 


a. Jaw tumours—Adamantinoma, dental cyst, dentigerous 
cyst, osteoclastoma 

b. Osteomyelitis of the mandible. 

Fracture mandible. 

Carcinoma oral cavity to check infiltration into the mandible. 


ae 


Jaw Tumours 
Epulis 


Ameloblastoma 
Dentigerous Cyst 


Dental Cyst 


© Osteomyelitis of Jaw 
Alveolar Abscess 
Fibrous Dysplasia of Bone/Jaw 


Cherubism 


Figs 2.1A and 


: Orthopantomogram is being taken and also 
picture showing OPG X-ray. 


‘Surgery is a science as well as an art. 
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Fig. 2.2: OPG showing jaw tumour probably adamantinoma. 


IN CLEFT LIP AND CLEFT PALATE 
Development of Face 


Face develops from median nasal process, lateral nasal process, 
maxillary process, mandibular arch, globular arch, olfactory 
pit and eye. Any change in the development or fusion of these 
arches leads to formation of different types of cleft lip or cleft 
palate 


Aetiology 


 Familial—more common in cleft lip or combined cleft lip 
and palate (Risk is 1:25 live births). 

Protein and vitamin deficiency. 

Rubella infection, 
Radiation, 

Chromosomal abnormalities. 
‘Maternal epilepsy and drug intake during pregnancy (ster- 
oids/eptoin/diazepam). 


Classification 


Unilateral 
Bilateral 
Median. 
IL Cleft of primary palate (in front of incisive foramen) only: 
a. Complete—means absence of pre-maxilla. 
b. Incomplete—means rudimentary pre-maxilla, 
i, Unilateral 
Bilateral 
iii, Median 
IIL. Cleft of secondary palate (behind the incisive foramen) 
only: 
a. Complete—nasal septum and vomer are separated 
from palatine process, 
b. Incomplete 
c. Submucous. 
Itcan be - Cleft with soft palate involvement, 
= Cleft without soft palate involvement. 
IV. Cleft of both primary and secondary palates. 
V. Cleft lip and cleft palate together: 
Defect is often associated with other congenital anomalies of 
cardiac, gastrointestinal, neurological system, Pierre-Robin 


1. Cleft lip alone: 


syndrome (most commonly associated syndrome with features 
of isolated cleft palate, retrognathia, posteriorly displaced 
tongue), Klippel-Feil syndrome, Stickler’s syndrome (eye, skel- 
etal, muscular, cleft disorder), Shprintzen’s syndrome (cardiac 
and cleft disorder), Down's syndrome, Treacher-Collin'’s 
syndrome, Apert syndrome and trisomy. 


 Central—rare. In upper lip. Between two median nasal 
processes. (Hare lip) 

‘& Lateral—maxillary and median nasal process,commonest;can 
be unilateral or bilateral 

+ Incomplete cleft lip does not extend into nose 

& Complete cleft lip extends into nasal floor 

Simple cleft 

& Compound cleft lip is cleft lip with cleft of alveolus 


CLANS classification of cleft disorders 
+ ‘Uforlip'A for alveolus,'H'for hard palate,’ for soft palate 
 Capital'LAHS'for‘complete' type 

‘& Small letters ‘lahs for incomplete type’ 

+ Asterisks'lahs' for microclefts 

 ‘LAHSHAL for bilateral clefts 


Incidence 


* Common in Caucasians 

# In 75% of cases itis unilateral. Commonly occurs on the 
left side (60%). 

4% In50% of cases itis combined cleft lip and palate. Incidence 

1:600 live births. Common in boys. 

# In 15-25% of cases it is cleft lip alone 

# In 25-40% of eases it is cleft palate alone. Incidence is 
1:1000 live births. More common in girls 


Problems in Cleft Disorders 


* Difficulty in sucking and swallowing. This is commonly 
observed in cleft palate than in cleft lip. 


Cleft tip central 


Teeth 


Fig. 2.3: Central cleft lip (Hare lip, Type I cleft lip—Itis rare, 


Cleft ip lateral 


Fig. 2.4: Lateral type of cleft lip (Type Il variety—it is commonest). 
It is due to imperfect fusion of maxillary process and median nasal 
process. It can be unilateral or bilateral 


Fig. 2.5: Wide cleft palate and lip—complete type in a child 


+ Speech is defective especially in cleft palate, mainly to 
phonate B, D, K, P, T and G. 

Altered dentition or supemumerary teeth 

Recurrent upper respiratory tract infection. 


Respiratory obstruction (in Pierre Robin syndrome) 
Chronic otitis media, middle ear problems, 
Cosmetic problems. 

Hypoplasia of the maxilla 

Problems due to other associated disorders, 


Treatment for Cleft Lip 
Millard criteria is used to undertake surgery for cleft lip. 


[Millard criteria (Rule of 10") 


@ 10 poundin weight 
@ 1Oweeks old 
@ 10gm % haemoglobin 


< 2 


»_ 


Fig. 2.8: Bilateral cleft lip involving palate. 


7: Unilateral cleft lip, lateral type which is commonest. 


- 


2 


4 


Bleeding gums in uraemia are not so spongy as in scurvy: in fact they may look nearly normal—Frederic J Wright 
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Figs 2.98 and B: Cleft lip and cleft palate in an adult. 


8. Millard cleft lip repair by rotating the local nasolabial flaps. 
'b, Management of associated primary or secondary cleft palate 
deformity. 
‘©. Proper postoperative management like control of infection, 
training for sucking, swallowing and speech. 
4. Tenninson’s “Z’ plasty (Tenninson-Randall triangular flap). 
Note: Delaire timing of the cleft surgery — Unilateral’ bilateral 
cleft lip alone, in one stage operation done in 4-6 months. For 
cleft palate alone involving only soft palate, in one stage surgery 
is done in 6 months. For cleft palate alone but involving both 
soft and hard palates — soft palate in 6 months; hard palate 
in 18 months. In combined cleft lip and palate, unilateral or 
bilateral, in two stages — cleft lip and soft palate in 6 months; 
hhard palate in 18 months, 


Cleft Palate 


% tis due to failure of fusion of the two palatine processes. 

% Defect in fusion of lines between premaxilla (developed 
from median nasal process) and palatine processes of 
‘maxilla one on each side, 


B = . : 
Figs 2.108 and B: Cleft palate only. Lip is normal. 
Pre-maxillais not involved. 


Cleft lip repair 


Fig. 2.11: Steps of cleft lip repalr. 


"Rule of 10'should be fulfilled 

Before 6 months it should be operated 

Infection should not be present 

Millard advancement flap is commonly used for unilateral 
left lip repair 

+ Bilateral cleft lip repair can be done either in single or two 
‘stages (with 6 months gap between each stage) 


eeee 


* Incomplete fusion of these three components can cause 


So RIESE AMI Gea LCE ER! incomplete cleft palate beginning from uvula towards 
res noe MaINGra le Me (BCR TETTIOG ae posteriorly at various lengths. So it could be Type II a-bifid 
© RGRRETE DSIRE SA CARED STREETS tuvula, Type II b-bifid soft palate (entire length) or Type I 
psboulel be over fom thickness Ba " ¢ bifid soft palate and posterior part of hard palate (but 
& Often 1 : 2,00,000 adrenaline injection is used to achieve Sitesi pail of ed paltia's nora 
haemostasis 
‘& Three layer lip repair should be done (mucosa, muscle and 
skin) 
‘& Cupid's bow should be horizontal & &® 
'& Continuity of white line should be maintained cenpaetia | \ 
Vermilion notching should not be there bifid uvula 


© When premaxilla and both palatine processes do not fuse, 
it leads into complete cleft palate (Type I cleft palate). 


Fig. 2.14: Cleft palate Type Il a—bifid uvul. 


cry 


Cleft plato tb 
bifid soft palate 


Fig. 2.12: Cleft palate with cleft lip ina child. Child also is suffering 


Fain need sat aoe Fig. 2.15: Cleft palate Type Il b—bifd soft palate (entire soft palate) 


% Small maxilla with crowded teeth, absent/poorly developed 
upper lateral incisors. 


Cleft palate Il c—bifld soft palate 
‘and cleft posterior hard palate 


Complete 
cleft 
palate 


i 


Fig. 2.16: Cleft palate Type Il c—bifid soft palate entire length with 
Fig. 2.13: Complete cleft palate Type | cleft of posterior hard palate (anterior palate is normal) 


Preauricular ulcer is a late stage of an abscess due to a congenital preauricular sinus. It refuses to heal for 
infection is maintained from the sinus. — Francis AR Stammers 
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Fig. 2.17: Bilateral congenital craniofacial cleft 
(Courtesy: Dr Sathish Bhat, Plastic Surgeon, Mangalore}. 


Bacterial contamination of upper respiratory tract with 
recurrent infection is common. 

Chronic otitis media with deatness may oceut. 

Swallowing difficulties to certain extent and speech prob- 
lems can occur. 

% Cosmetic problems can occur, 


Treatment for Cleft Palate 


+ 10kg weight 
 10months of age (10-18 months) 
& 10m % haemoglobin 


Cleft palate is usually repaired in 12-18 months. Early repair 
causes retarded maxillary growth (probably due to trauma to 
‘growth center and periosteum of the maxilla during surgery 
ifdone early). Late repair causes speech defect. 

Both soft and hard palates are repaired, 
* Abnormal insertion of tensor palati is released. Mucoperi- 
| asteal laps are raised in the palate which is sewed together. 
If maxillary hypoplasia is present, then osteotomy of the 

‘maxilla is done. With orthodontic help teeth extraction and 

alignment of dentition is done. 

Regular examination of ear, nose and throat during follow 

up period 

Postoperative speech therapy. 

% Whenever complicated problems are present, staged 
surgical procedure is done. 

% Wardill- Kilner push back operation—by raising mucoperi- 
fosteum flaps based on greater palatine vessels. 

Secondary management: 
> Hearing support is given using hearing aids if defect is 

present; control of otitis media, 


> Speech problems occur due to velopharyngeal incom- 
petence; articulation problems also can occur ~ speech 
therapy is given. It is corrected by pharyngoplasty, 
veloplasty, speech devices. 

» Dental problems like uneruption, unalignments are 
common, They should be corrected by proper dentist, 
opinion, and reconstructive surgery. 

» Orthodontic management with alveolar bone graft, 
maxillary osteotomy — done in 8-11 years of age. 

> Veloplasty, dental implants, rhinoplasty, orthognathic 
surgeries, ete 


4 Timing is between 10-18 months 

4 Mucoperiosteum flapis raised 

4 Palatal defect is closed using 3 layers—nasal, muscle and 
oral layers 

4 Hookof pterygoid hamulusis fractured to relax tensor palate 
‘muscle to relieve tension on suture| 


by 


Cleft palate repair V- 
palatoplasty 
Fig. 2.18: V-Y palatoplasty. 


Cleft palate with palatine artery 


ll MAXILLOFACIAL INJURIES 


It may be due to toad traffic accidents, assaults, bullet injuries 
or sport injuries. 


Classification 


Fracture in maxillofacial region can be grouped as: 


# Fracture lower third that comprises mandible. 

% Fracture middle third that comprises maxilla, zygoma and 
nose. 

Fracture upper third of the face involving part of the orbit, 
frontal bones, 


Maxillofacial fracture also can be grouped as: 


# Fractures of the face which do not involve the dental occlu- 
sion—fractures of zygoma and nose. 

* Fracture which involves the dental occlusion — fracture 
‘mandible and maxilla 


Occlusal plane 
4 


DONO _ 


Mande 
Fig. 2.19: Relation between middle third and cranium in 45" plane, 


Frontal bone 


Displacement 
backwards 


2.20: Posterior gagging of occlusion due to backward 
displacement of fracture segment in middle third fracture, 


Soft Tissue Injuries 


Lacerations, contusions, cut wounds, etc 
Eyelid injuries with black eyes. 

Facial nerve injury: Primary repair is required. 

Parotid duct injury: Here primary anastomosis of the 
injured duct is done, with a fine polythene cannula is kept 
asa stent inside the duct which will be removed in 14 days. 
* Lacrimal apparatus injury: Here the duct is sutured with a fine 
nylon thread in the canaliculus which is kept for 3 months. 


Injuries to the Facial Bones 


% Fracture nose: Nasal bones are most commonly injured 
bones in face. Patient presents with pain and swelling in 


the nose with deviation and displacement. Here reduc- 
tion of the fractured nasal bones and nasal septum under 
general anaesthesia is done. Later position is maintained 
bby nasal packs from inside (which is removed in 7 days) 
and by a nasal plaster from outside (which will be kept, 
for 14 days), Procedure is done using Walsham's and 
Asch's forceps. 

Injuries to the maxilla 

Zygomatic bone injures. 

Mandibular bone fracture and mandibular dislocation. 
Orbital bone fracture: Presents with diplopia, enophthal- 
mous, sensory loss in the area of infraorbital nerve. 

* Infraorbital ecchymosis of the orbit is called as Panda sign. 


9-21: Soft tissue injury face involving upper lip. 


2 


inical Features 


Localised swelling due to haematoma, 
Facial oedema, 

Bleeding with open wounds, 

Asymmetry which is clinically confirmed by observing 
supraorbital ridges, nasal bridge. 

Localised tenderness, 

Step deformity. 

‘Trismus, 

Diplopia 

Features of associated injuries like intracranial, abdominal 
‘or thoracic injuries. 


Investigations 


© X-ray face. 
* CT scan of head and jaw. 


‘ Suturing of soft tissues 
& Airway maintenance 

& Control of bleeding 

Pain relief 

& Control of infection 

‘& Treating the individual fractures 


Ankylosis of mandible joint causes receding of chin giving a characteristic shrew mouse profile. 


—Leon Dufourmentel 
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Figure 3 


Figure 4, 


Figure 5 
Figure 6. 
Figure 7 
Figure 8 
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Diagram of a Simultaneous View of Two Remote Compact Regions (Q, and 93) of 
Minkowski Space Used to Create the Wormhole Throat 0, Where Time is Suppressed 
in This Representation. 

‘The Same Diagram as in Figure | Except as Viewed by an Observer Sitting in Region 
, Who Looks Through the Wormhole Throat 0Q and Sees Remote Region Q; (Dotted 
Area Inside the Circle) on the Other Side. 

A Thin Shell of (Localized) Matter-Energy, or Rather the Two-Dimensional Spacelike 
Hypersurface 0 (via (2.3)), Possessing the Two Principal Radii of Curvature p; and ps. 
A Schematic of Vacuum Quantum Field Fluctuations (a.k.a. Vacuum Zero Point Field 
Fluctuations) Involved in the “Light-by-Light” Scattering Process That Affects the Speed 
of Light. 

A Schematic of the Casimir Effect Cavity/Waveguide. 

Classical Facsimile Transmission (Modified IBM Press Image), 

Quantum Teleportation (Modified IBM Press Image). 

Quantum Teleportation (From www.aip.org).... 
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ll PRIMARY CARE (EARLY CARE) IN 
MAXILLOFACIAL INJURIES 
Injury can be isolated single bone fracture or multiple bone 


fractures. Real primary care is usually not required except when 
there is mechanical respiratory block causing airway obstruction. 


Respiratory Obstruction 


Causes 


* Oronasal airway block can occur by blood, clot, vomitus, 
foreign body, dentures, teeth, saliva, bone pieces, etc. 

© Backward falling of tongue can cause obstruction of the 
nasopharynx and oropharynx. It is common in bilateral 
‘mandibular fracture. 

* Occlusion of the nasopharynx and oropharynx can occur in 
fracture maxilla with posterior and inferior displacement. 

% Hacmatoma in floor of the mouth or posterior oral cavity 
can cause airway block. 

© edema of larynx/tongue/pos 
pharynx. 

* Surgical emphysema. 


jor thitd of oral cavity/ 


Treatment 


* Cleaning of the oral and nasal cavities to remove obstructing 
agents like clot, dentures, teeth or bone. Gauze swabbing 
and suction. 

* Fallen tongue should be placed forward using finger and 
often temporary alignment of the occlusion may be needed. 

jon is done when needed in fracture 


% Positioning of the patient is important, Prone/semiprone 
position with head towards one side is the safest position. 
If this is not possible, then patient may be placed in sitting 
position which also improves the breathing. Placing the 
patient flat on his back in supine position should be avoided 
as much as possible. 

Tracheostomy should be done when needed without di 
as it will be life saving by 
breathing 


cilitating the easy airway and 


Control of Pain 


Analgesics like NSAIDs are used to control pain. Morphine and 
analogues are not used as they may suppress the respiration. They 
may mask the pain of alarming severe injury in chest, abdomen 
or other areas, or they may interfere with pupillary reaction and 
neurological signs in the presence of intracranial injuries 


Control of Infection 

Antibiotics are needed. Tetanus toxoid and often antitetanus 
globulin (ATG 3000 units IM) are required. 
Haemorrhage in Maxillofacial Injuries 


Hemorrhage in maxillofacial injuries is usually not life threat- 
ening, But it should be identified and controlled properly. In 


association with other internal injury, such haemorrhage may 
be important to cause the circulatory failure. 

Hacmorthage may be due to: 

* Soft tissue bleeding, 

* Bleeding from inferior alveolar artery, palatine vessels. 

# Nasal bleeding, 


Control of Bleeding 


Blood transfusion, IV fluids, resuscitation, 
Nasal packs. 

Fracture correction. 

Ligation of the bleeder. 

Cauterisation, 

Packing the area, 

Under running the bleeding field 

Embolisation. 

Extemal carotid artery ligation above the level of the origin 
of the superior thyroid artery. 


Fractures not involving Fracture involving 
occlusion ‘ocelusion 
Central Dentoaiveolar 
+ Fracture nasal bones and! 

or nasal septum ‘Subzygomatic 


+ Fracture of frontal process 
of maxilla 

+ Fractures of above two 
extending into ethmoid- 
nasoethmoid 

+ Fractures above three 
which extends into frontal 
bone ~ fronto-orbito-nasal 
dislocation 

Lateral 

+ Fractures involving zygo- 
‘matic bone, arch and 
‘maxilla excluding the 
dentoalveolar component 


Le Fort classification 


(Rene Le Fort—French surgeon classified these fractures 
by dropping rocks on the face of the cadavers and later 
dissected the area for study and research and published 
paper in 1911) 

Types Features 

Le Fort | (Guerin’s fracture- + Bleeding from nose 

Tow level) (floating fracture, +» Posterior gagging of 


+ Le Fort--iow level either 
unilateral or bilateral 

+ Le Fort I-pyramidal either 
unilateral or bilateral 


‘Suprazygomatic 

+ Le Fort Ill— high level 

* Craniofacial disjunction— 
unilateral or bilateral 


horizontal fracture of ‘occlusion 
maxila) + Upper lip swelling 
+ Itruns horizontally above | Palatal ecchymosis 

tig er onthe esa + Ocolusion derangement 


cavity involving lower third * Fleating maxila 


septum, palate, alveolar 
process of maxilla and 
lower third of pterygoid 
plates of maxilla 


Le For pyramidal» edema of mide hrs 
fracture) fece 
+ Both sides crcumorbita 

+ From the nasal bones 

aliopmost racine on subcoruncval 

ine laterally towards blessing! 

lacrimal bones, media * Nasal 

vall of orbit, infraorbital oper ere cotati) 

pes Y + Deformity of face (dish 

margin, tough ormedial_~ Deformly of 


to infraorbital foramen 
and backwards below the 
zygomatico maxillary area 
through lateral wall of 
‘maxillary sinus and ptery- 
goid plates. Zygomais 
intact with skull base 


+ Retroposition of maxilla 
with posterior gagging 

Limitation of ocular 

movements, CSF rhino- 

rthoea 

Tenderness and 

separation of infraorbital 

margin 

Lengthening of face 

Enophthalmos, ocular 


Le Fort Il (craniofacial dis- + 
Junction, high level) : 


+ Here fracture runs parallel ‘evel depression 
to skull base. Itpasses  * Hooding of eyes, occlusal 
plane titing 


through the nasal bone, 
lacrimal bone, ethmoid 
bone, optic foramen, 
inferior orbital fissure, 
plerygomaxillary fissure 


+ Entire facial skeleton 
moves as a single block 

+ Tendemess and 
separation of suture line 


and lateral orbital wall * Diplopia 

With frontozygomatic. —«*-—‘Trismus, teeth mal- 
suture with zygomatic, alignment 

arch Guerin sign: Haematoma at 


greater palatine foramen 


Associated Injuries 


Al associated injuries should be assessed properly and indi- 
dually, On priority basis it should be treated. 

* Soft tissue injuries. 

% Cranial injuries. 

% Orbital injuri 

*  Intra-abdominalthoracie/pelvie injuries. 


l@ FRACTURE MIDDLE THIRD AREA 


It includes- 
% Maxillae, zygomatic bones, palatine bones, nasal bones, 
lacrimal bones, inferior conchae (one on each side) 
* The vomer, ethmoid and its attached conchae, pterygoid 
plates of sphenoid, 
Fracture middle third includes fracture maxilla, zygoma and 
nasal bones. 


Clinical Features 


* Oedema face, subconjunctival haemorrhage, ocular ecchy- 
mosis 

% Bleeding from the nose, 

* Diplopia due to trapping of the extra-ocular muscles in the 
fracture segments. 


The first twa letters of goals are go. 


Dantoalveoiar 


Le Fort! Le Fort ill 
Figs 2.22A to D: Le Fort classification-ifferent types and also 
ddentoalveolar fracture (Refer table for detail) 


Fig. 2.23: Fixation of the splint to skull. It is often used with 
{gunning splints to fix it to skull, 


Anaesthesia of the cheek, 
‘Trismus and malalignment of teeth. 

Guerin’s sign: Haematoma at greater palatine foramen. 
Always patient should be examined and observed for CSF 
leak and intracranial injuries. 
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Fig. 2.24: Photo showing bilateral maxillary fracture 


Investigations 


© CT scan head. 
X-ray skull 


Treatment 


It should be managed in a center for maxillofacial injuries. 

Antibi 

Tracheostomy. 

Associated zygoma and nasal fractures are reduced first. 

Direct wire suturing of the zygomaticofrontal region. 

Fixation of teeth in occlusion using eyelet wires, bars or cap 

splints 

% Once reduced, fracture bones are immobilised using extra- 
oral rods called as Mount Vernon box frame. 

% Initially intravenous fluids and blood transfusions are 
required. Later Ryle's tube feeding is done. 

Proper ophthalmic consultation is necessary when there 

are orbital injuries, 


ll ZYGOMATIC COMPLEX FRACTURE 
Classification 


Simple fracture which is stable and undisplaced— here 
fracture line passes across the infraorbital foramen down- 
wards over anterior wall of the antrum. 

% Simple fracture which is displaced medially. It may be 
associated with rotation / tilt in vertical axis, either medial 
tilt or lateral tilt. Infraorbital nerve may get compressed or 
branches of superior dental nerve may get tom. 

Unstable fracture with rotation around horizontal axis with 
‘medial tlt or lateral 

 Comminuted fracture extending into the floor of the orbit. 

4% Fracture of the zygomatic arch causes a localised depres- 
sion of the arch which displaces medially and tends to 
impinge on the coronoid process of the mandible. 


% “Blow-out ‘fracture of the orbit is due to direct blunt trauma 
‘on the eyeball causing depressed comminuted fracture of 
the orbital floor with hemiation of the orbital fat into the 
antrum (Fig, 2,23C). 

¢ Enbloc dislocation of zygomatic bone medially/ inferiorly/ 
posterolaterally. 


Clinical Features 


Swelling and bruising in the cheek with subconjunctival 
haemorrhage. 

# Flattening of the cheek prominence. 

Step in the margin of the bony orbit atthe infraorbital foramen, 

# Sensory loss over the supply of the branches of the superior 
orbital nerve— teeth on the affected area are anaesthetic 
‘on pereus 

% Sensory loss over the supply of the infraorbital nerve 
usually over infraorbital region, upper lip and alar region 
of the nose—common. 

% Enophthalmos is due to herniation of the orbital fat across 
the fracture floor of the orbit into the antrum 

* Diplopia is due to entrapment of the inferior reetus 
muscle preventing upward rotation of the eyeball while 
looking up. 

 Trismus with marked restriction of the lateral movements. 

* Epistaxis, lowering of pupil level 

% Infraorbital ecchymosis of the orbit is called as Panda sign. 


Fracture site 
(displaced medially) 


Fracture site 
(undisplaced) 


Orbital & 

floor 2A. Biow 
Zygome 
fracture 
a Maxillary sinus 


Figs 2.25A to C: (A and B) Diagrams showing different types of 
zygomatic fractures, (C) Blow-out fracture. 


Investigations elevator, Orbital rim, zygomatic arch are palpated for comple- 77 
tion of correcti closed with sutures. 

Elevators used are Bristow’s periosteal elevator, Rowe's 
zygomatic elevator. 


Skin woun 


* 30° occipitomental X-ray is used commonly but often 
obliquity of X-ray may be increased to 60°, In X-ray, find- 
ings observed are: 
> Fracture line near infraorbital foramen, zygomatic arch 

and lateral wall of the antrum. 
> Orbital floor line for fracture, 
> Opacity in the antrum due to blood. 

© CT scan is done to see orbital depression and herniation 

of orbital fat. 


Treatment 


% Every patient with zygoma fracture need not require 
surgical correction. 
# Need for surgery is decided based on clinical features. 


+ Infraorbital anaesthesia trismus 

+ Diplopia, enophthalmos 

+ Flattening of the cheek 

© Undisplaced fracture with infaorbital anaesthesia 


Surgical Approaches Figs 2.278 and B: 


simpaction of maxilla using Rowe’s 


1, Closed reduction of the zygomatic arch through Gillies ‘simpaction forceps by downward leverage action 


temporal approach; 2. Internal fixation by open reduction and fixation ix needed 
© When fracture is unstable or 
Detopecie * Comminuted or 
4% Zygoma fracture with middle third fractures 
Temporal By proper incisions infraorbital and zygomaticofrontal 
muscle fracture sites are exposed; after open reduction they are fixed 
using wires/plates and serews, 
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3. Exploration of the orbital floor is necessary whenever there is 

* Comminuted fracture in orbital floor. 

© Orbital fat herniation. 

ry % Diplopia with entrapment of the inferior rectus muscle. 
artery 


.26; Technique showing method of temporal reduction using 
disimpaction forceps, 


An oblique skin incision of 2 cm length temporal is made 

between the two branches of the superficial temporal artery. 

Care is taken to avoid injury to artery. Whitish glistening 

temporal fascia is identified and incised. Zygoma elevator is, 

introduced beneath the zygoma and fracture fragments are 

manipulated and elevated into proper position. An audible snap 

is heard when fracture gets reduced into position. Reduced, ig, 2.28: Fracture zygoma showing open reduction and fixation using 
disimpacted fracture is always stable. Additional corre wires directly. Two types of incisions ae shown depending onthe ste 
in other parts can be done by different leverage actions of the of the fracture. 


Many receive advice, only wise profit from it. 
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ll FRACTURE OF THE MANDIBLE 
Types 

1. Atthe neck of the condyle (35%), a8 its the weakest point. 
‘The condyle is displaced in front and medially often with 
dislocation, Painful jaw movement is the clinical features. 
It may be unilateral or bilateral, 

IL At the angle of the mandible: If fracture is upwards and 
inwards, it is impacted and undisplaced. So itis a favour- 
able fracture. If fracture is downwards and outwards, it gets 
displaced and so it is an unfavourable fracture. It needs 
open reduction using wires 

IIL Fracture near the mental foramen through the canine 
fossa, This fracture causes displacement. Such bilateral 
fractures can cause pull on digastric and geniohyoid 
‘muscles precipitating fall of tongue backwards which will 
block the airway 


Fig. 2.29: Types of mandibular fractures. 


Other Classifications 


Classification of the fracture mandibl 


Depends on the type Depending on the 
anatomical site 
+ Simple + Dentoalveolar fracture 
+ Compound + Condylar fracture: 
+ Comminuted + Coronoid fracture 
+ Pathological + Fracture ramus of the 
mandible 
+ Green stick fracture in + Fracture angle of the 
children mandible 
+ Fracture in the body of 
the mandible 
+ Symphyseal region 
fracture 


Guardsman fracture is direct fracture of symphysis and indirect 
fractures of both the condyles of the mandible. In olden days, 
guards of the queen who are in attention position used to faint 
and fall forward to get these fractures. 


Dentoalveolar fracture 
Features Management 


+ Horizontal fracture below + 
the alveolar margin 


Look for other injuries in 
face 


+ Dentealveolar segment + X-ray face to see injuries 
will be freely mobile 


+ Tooth may get split : 
vertically/horizontally 


Dentealveolar segment 
reduction and placing 
Jaws in central occlusion 
position 


+ Derangement in occlusion + 
and alignment 


Stabilisation using inter- 
dental wires or arch bars 
+ Gingival laceration + Liquid diet for 3-4 weeks 
+ Bleeding 


+ Infection and late osteo- 
myelitis of mandible 


inical Features 


% Pain and tenderness in the lower jaw with bruising over 
the surface 

Hae 
‘man's sign. 
Difficulty in opening the mouth, speech and swallowing 
Anaesthesia of the lower lip due to compression of inferior 
dental nerve. 

% Deranged dental occlusion, 

* Step deformity. 


jtoma in the floor of the mouth is called as Cole- 


Investigations 


* X-ray of the mandible. 
% Orthopantomogram (OPG). 


Treatment 


% Antibiotics to prevent formation of osteomyelitis of the 
mandible 

% Open fixation of the fracture segments using silver wires 
for 4-6 weeks. 

# Fixation by: 
> Interdental wiring. 
> Using arch bars, 
» Silver alloy or plastic caps. 

% Only fluid diet for 6 weeks. 

* Inrigation wash to the oral cavity to maintain the hygiene. 


‘Complications of fracture mandible 
& Obstruction of the airway 
& Osteomyelitis of the mandible 
@ Trismus 
® Speech disturbances 


Fracture unreduced Gaiea ated 


Medial 
pterygoid 


Masseter- 
Mylohyoid 


Teeth well occluded 


Digastiic Teeth not occluded 
Fig, 2.31; Unreduced and reduced fracture mandible, 


Fracture 


Dentoalveolar 
Fracture site fracture 


Condyle 
fracture 


Ramus 
fracture 


Symphyseal Body Angle 
Fracture site trectue fracture fracture 
Fig. 2.30: Muscle actions in mandible fracture causing different Fig. 2.32: Different sites of fracture mandible. 


displacements, 


Erich arch bar fixation 
with cleats 


Fig. 2.33: Arch bar wiring, Figure shows both simple and Erich arch bar wiring with cleats to pass wire. 


' 


Fig. 2.34: Circummandibular wiring used in gunning splints. Fig. 2.35: Interdental wiring. Its commonly used and 
accepted method of wiring. 


-Rudeness is a weak imitation of strength. 
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Upper border 
wiring 


Fracture site 


Lower border 
wiring 


Fracture site 


Fig. 2.36: Upper and lower border wiring. Its used to fix the mandibular fractures and is often done together 
with other fracture fixations in the face. 


Rr) 


Fracture mandible 


Fracture site 


Fig. 2.37: Compression plating of a mandibular fracture. Note the different methods. 


™ DISLOCATION OF THE MANDIBLE 


© Moccurs at temporomandibular joint. 
islocation after trauma is common, 
slocation occurs during yawning and it is 


recurrent, 


Clinical features are ditficulty in opening the mouth with 
pain and tendemess over the joint. 


Treatment 


Reduction of dislocation under general anaesthesia 
If there is associated fracture mandible it should be dealt 
accordingly. 


ll PREAURICULAR SINUS 


4 Its due to failure of fusion of anterior tubercles of the 
auricle creating a sinus. 
Often sinus opening gets sealed forming a preauricular eyst 
which gets infected forming an abscess. 
‘© Sinus can get infected repeatedly, discharging pus through 
's opening. 
4% Itis often multiple. 


Investigations 


4% Sinusogram. 
+ Discharge study. 


Differential Diagnosis 


© Cold abscess. 
4% Scbaccous cyst. 


Fig, 2.38: 


reauricular sinus. During excision, methylene blue is 
injected into the track intially and later itis excised using elliptical 


mj Treatment 


Complete excision of the sinus with entire track. 


'% Mandibulofacial dysostosis 
‘© Hypoplasia of the zygomatic bone and mandible 
: © Antimangoloid slant to the palpebral fissure 
© Coloboma of lower eyelid 
] @ Low ear lobule with deficient middle ears 
+ Familial—3rd arch syndrome (Mandibulafacial dysostosis) 
4 = —a@ = JAW TUMOURS 


Fig. 2.39: Microtia which is corrected later 
(Courtesy: Dr Sathish Bhat, Plastic Surgeon, Mangalore). 


Figs 2.40A and B: Retruded chin is corrected by plastic reconstruc- 5 
tion (Courtesy: Dr Sathish Bhat, Plastic Surgeon, Mangalore). Fig. 2.42: Upper jaw tumour (Left sided). 


Open confession is good for the soul. 
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Classification 


L. Swelling arising from the gums (Epulis) 
» Congenital epulis. 

Fibrous epulis, 

Pregnancy epulis 

Giant cell epulis. 

Myelomatous epulis. 

Sarcomatous epulis, 

Carcinomatous epulis, 

IL. Swelling arising from the dental epithelium (Odontomes): 

> Ameloblastoma. 

» Compound odontome. 

> Enametoma, 

> Cementoma, 

> Dentinoma. 

» Odontogenic fibroma and myxoma. 

> Radicular odontome 

» Composite odontome. 


ists arising in relation to dental epithelium 

© Dental cyst. 

# Dentigerous cyst. 

MIL, Swelling arising from the mandible or maxilla: 
> Osteoma and osteoblastoma. 

> Torus palatinus and mandibular. 

» Fibrous dysplasia. 

> Osteoclastoma (Common in mandible). 

> Osteosarcoma. 

» Secondaries 

» 

Si 


Giant cell reparative granuloma, 


‘Tumours from the surface which extend into the jaw. 
Ossifying fibroma, 

Osteofibrosis of maxilla 

Ivory osteoma of jaw. 

Leontiasis ossea (diffuse osteitis). 

Carcinoma extending into the jaw. 


ll EPULIS (Greek—means upon gum) 


Swelling arising from the mucoperiosteum of gums. 


Fig. 2.43: Epulis. 


Congenital Epulis 


* Ibis a benign condition seen in a newborn arising from 
‘gum pads, 

¢ Itisa variant of granular cell myoblastoma originating 
from gums 

% Itis more common in girls. It is more common in upper 
_jaw, common in canine or premolar area, 

“Iti not a malignant condition. 


cl 


Well localised swelling from the gum which is firm and bleeds 
on touch, 


inical Feature 


Treatment 
Exci 


ion, 


Fibrous Epulis 
© Ibis a benign condition, can occur in any individual. 
red, firm/hard, sessile/pedunculated. 


commonest type. 
fibroma arising from periodontal membrane, 


Clinical Features 
Painless, well localised, hard, non-tender, grey pink swelling 
in the gum which bleeds on touch. 

Differential Diagnosis 


Squamous cell carcinoma from the gum, 


Investigations 
© X-ray jaw. 

* Orthopantomogram 
© Biopsy from the lesion. 


Treatment 


Excision with extraction of the adjacent tooth. Recurrence can 
if root is not removed properly. 


Pregnancy Epulis 


Itoceurs in pregnant women due to inflammatory gingivitis. 
Usually during 3rd month of pregnancy. 

Clinicalty it resembles fibrous epulis or pyogenic granuloma. 
It usually resolves after delivery. Otherwise it should be 
excised. 


Myelomatous Epulis 


# Its seen in feukaemic patients. 
Investigated for leukaemia by peripheral smear, bone marrow 
biopsy. 

Treatment: For leukaemia. 


Granulomatous Epulis 


It is a mass of granulation tissue in the gum around a caries 
tooth, It forms a localised sofvfirm/fleshy mass in the gum 
which bleeds on touch. 


Giant Celll Epulis 
Osteoclastoma causing ulceration and haemorrhage of gum. 


Carcinomatous Epulis 


Squamous cell carcinoma of the alveolus and gum presenting 
as localised, hard, indurated swelling with ulceration, 


Fibrosarcomatous Epulis 


Fibrosarcoma arising from fibrous tissue of the gum, 


EEE —ay 
+ Congenital 

+ Fibrous-commonest 

Granulomatous 

Pregnancy 

 Carcinomatous 

‘& Myelomatous 

‘ Fibrosarcomatous 
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Epithelial tumours 
‘Ameloblastoma 

Caleifying odontogenic tumour 

Odontogenic adenomatoid tumour 

‘Composite odontoma, which may be either complex or 
‘compound. tis odontogenic hamartoma containsall layers, 
dentin, enamel, cementum and pulp 

‘Mesodermal tumours 

& Odontogenic fibroma, myxoma 

4 Cementoma,dentinoma 

Malignant odontogenic tumours 

Malignant ameloblastoma 

“4 Fibrosarcoma 


eeee 


Il AMELOBLASTOMA (Adamantinoma, Eve's 
isease, Multilocular Cystic Disease of the 
Jaw) 


% arises from the dental epithelium probably from the 
cenamel/dental lamina 
It occurs commonly in mandible or maxilla. 

% Occasionally it is seen in the base of the skull in relation to 
Rathke's pouch or in tibia. 
Histologically itis a variant of basal cell carcinoma, 

% Itisa locally malignant tumour. 

* Itneither spreads through lymph node nor through blood. 
Hence it is curable. 


Fig. 2.44: Large jaw tumour—could be adamantinoma/ 
osteaclastoma, 


— 


Fig. 2.45: Orthopantomogram (OPG) X-ray showing unilocular 
‘odontogenic tumour in lower jaw. 


It is usually unilateral 
It can occur in a pre-existing dentigerous cyst. 

Itis usually multilocular eystic spaces but can be unilocular 
also. 

Histologically cords of odontogenic epithelium, connective 
tissue, stellate reticulum like cells with columnar ameloblast 
like cells 


inical Features 


Swelling in the jaw usually in the mandible near the angle 
which attains a large size, extending to vertical ramus— 
Eggshell crackling. 

Ibis a gradually progressive, painless swelling which is 
‘smooth and hard with intact inner table (enlarges externally). 
Lymph nodes are not enlarged. 

Outer table expansion, 

common in males, common in 4th to Sth decades. 


Attitudes are more important than facts. 
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Differential Diagnosis 


Osteoclastoma of the mandible: Here inner table is not intact. 
Dentigerous cyst. 

Dental abscess. 

Giant cell reparative granuloma (Jaffe's tumour) — Wis 
a swelling which occurs due to haemorrhage within the 
bone marrow. It contains vascular stroma, collagen and 
connective tissue cells. It is common in women. It causes 
painless enlargement of jaw. It can be treated by calcitonin 
(100 units/0,5 mg subcutaneously daily for 12 months) oF 
surgical curettage. 


Investigations 


% Orthopantomogram (OPG) shows multiloculated lesion— 
Honeycomb appearance 

* Biopsy from the swelling 

* CT scan of the region 


Figs 2.46A and B: Y-ray (two different X-rays) showing typical 
honeycamb/multilaculated features of adamantinama (Courtesy: 
Dr Veena Jagadish, MDS) 


Treatment 


% Segmental resection of the mandible. OR 
¢  Hemimandibulectomy with reconstruction of the mandible. 


Note: 


Curettage and bone grafting should not be done. It is a curable 
condition, 


Recurrent adamantinoma can spread through blood into 


lungs, 


ll DENTIGEROUS CYST 
(Follicular Odontome) 


It is a unilocular cystic swelling arising in relation to the 

dental epithelium from an unerupted tooth 

* Common in lower jaw, but can also occur in upper jaw. 

% It occurs over the crown of unerupted tooth. Commonly 
seen in relation to premolars or molars. 

It causes expansion of outer table of the mandible. 


Clinical Feature 


Painless swelling in the jaw which is smooth and hard, 


Differential Diagnosis 


© Adamantinoma, 
© Dental cyst. 
* Osteoclastoma, 


Fig. 2.47: Dentigerous cyst 


Complication 


It can tum into adamantinoma. 


Investigation 


Orthopantomogram. Tooth within the cyst, which is wel 


Fig. 2.48: Orthopantomogram showing dentigerous cyst. 


Trsetment — Curablemalignancies 
4% Ifitis small, excision of the cyst is done. SD 
© Ititis large, initial marsupialisation and later excisionis done. Basal cell carcinoma 
% Unerupted tooth should be extracted. ierieatecathonn 
‘ Papillary carcinoma thyroid 
ll DENTAL CYST © Marjolin’s ulcer 
(Radicular Cyst, Periapical Cyst) Carcinoma colon 


% It occurs under the root of the chronically infected dead 
erupted tooth. ll OSTEOMYELITIS OF JAW 
4 Itis lined by squamous epithelium derived from epithelial 


adits CLA: Itis an inflammatory process in jaw; acute or chronic. It can 


be in the maxilla or mandible. 


Clinical Feature Gauses 


Asa smooth, tender swelling in the jaw in relation to caries 


ross wich usoe expan of i oy bibe Alveolar abscess leading into osteomyelitis. 


Recurrent dental infection. 
‘Trauma, 

After dental extraction; surgeries of the jaw: 
Postradiotherapy osteomyelitis (osteoradionecrosis). 


Types 


Acute is common in children; maxilla or mandible may get 


involved: swelling, redness, fullness is the features; pus | 
may trickle through nostri iit is in maxilla ey 
s 
o 
FS 
Fig. 2.49: Dental st = 
Complication 3 
It can cause osteomyelitis of the jaw. F 
Differential Diagnosis s 
Dentigerous cyst & 
Investigation 
COrthopantomogram 
Treatment 
& Antibi 


% Drainage or excision of the cyst with extraction of the 
infected tooth is done, 


Differences between dental cyst and 
dentigerous cyst 


meter Dentigerous cyst F#-2.50: Osteomyelitis ofthe mandible. Discharging sinus is obvious. 
a. Site of Erupted tooth under Overthe crown of Subacute type is the commonest type; common in adult; 
occurrence the root ‘an unerupted tooth apical sepsis, endarteritis, bone necrosis is the pathology; 

b. Infection Common ‘Not common common in mandible; rare in maxilla due to existing 
©. Complication Osteomyelitis ‘Adamantinoma network vasculature which prevents endarteritis. Compres- 
d. Treatment Excision and Marsupialisation, sion over inferior dental nerve causes numbness in chin in 
extraction of tooth excision and then area of distribution of mental nerve. Pain, swelling, tender- 


extraction of tooth. ness, 


irregularity, bone thickening are typical. 
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Chronic type is also common in mandible; apical abscess, 
alveolar abscess, trauma, radiation, chemicals like phosphorus, 
tuberculosis, syphilis, actinomycosis are the causes. Pain, bone 
thickening, irregularity, discharging sinus, sequestrum in the 
discharge, discomfort are the features. Infection from lower 
incisor causes median mental sinus. X-ray shows features of 
‘osteomyelitis with new bone formation and sequestrum. 


Management 

X-ray jaw; CT sean of jaw: discharge study; ESR are essen- 
tial investigations. Biopsy from the sinus is needed often, 

% tis often difficult to treat. In acute phase, antibiotic 
coverage, treatment of cause is done. In chronic type, 
sequestrectomy, mandibulectomy is needed, 


Actinomycosis of Jaw 


Faciocervical is the commonest type; lower jaw is commonly 
involved; infection begins at carious tooth; indurated gums —> 
nodules — abscess —> multiple sinuses — discharging sulphur 
granules with normal X-ray (Ray fungus). Actinomycosis 
israeli is the causative agent. It is treated by penicillins. 


ll ALVEOLAR ABSCESS (Dental Abscess) 


It is due to spread of infection from root of the tooth into the 
periapical tissue. Initially, it forms periapical abscess which 
later spreads through the cortical part of the bone into the soft 
tissues around forming an alveolar abscess. 


Fig. 2.51: Tooth infection causing large dental abscess. It needs 
antibiotics, proper drainage and tooth extraction. Patient may 
develop trismus/retropharyngeal infection/chronic osteomyelitis of 
‘the mandible. 


Disease begins in the pulp of tooth —+ pulpitis —> spread to 
root > localized osteitis —> abscess formation — spread into 
soft tissues outside in cheek —> initially diffused later localised 
swelling in the jaw with redness and oedema of gum. Initial 
ull continuous pain later becomes severe excruciating pain. 


Bacteria: Staphylococci, streptococci, anaerobic-bacteria and 
gram-negative organisms 


Clinical Features 


% Deep, throbbing pain in the jaw and adjacent oral cavity 
with diffuse swelling over the cheek, 

4 Tender soft tissue swelling in the jaw which eventually 

‘bursts spontaneously leading to sinus formation, 

‘Oedema, pain and tenderness in the floor of the mouth. 

‘Trismus and dysphagia. 

Fever and features of toxaemia, 

‘Tender palpable lymph nodes in the neck. 


Investigations 


4 X-tay of the mandible or maxilla 
* Discharging pus for culture study. 


Complications 


4% Septicacmia, 

% Spread of infection into other spaces like parapharyngeal 
spaces; sublingual and submandibular spaces causing 
Ludwig's angina; oedema of epiglottis and respiratory 
distress; spread to pterygoid space and along pterygoid. 
‘muscles through emissary vein —> cavernous sinus throm- 
bosis; upper canine tooth abscess + medial corner of 
eye — angular vein thrombophlebitis + cavernous sinus 
thrombosis; submasseteric abscess. 

% Lower incisor abscess can cause abscess in the chin and 
later median mental sinus; chronic osteomyelitis of the 
jaw with discharging sinuses. Osteomyelitis is common 
in mandible — horizontal process near the mentum, 
presenting with pain, swelling, discharging sinuses, 
bone thickening, loose tooth, and trismus. Sequestrum is, 
commonly seen. It is treated by antibiotics, sequestree- 
tomy, mandibulectomy. 

Treatment: Antibiotics, sequestrectomy, mandibulectomy. 


Treatment 


Antibiotics 
Drainage of the abscess under general anaesthesia, 
Extraction of the tooth at a later period. 

Excision of the sinus whenever required. 


ll FIBROUS DYSPLASIA OF BONE/JAW 


{is benign self limiting non-capsulated lesion of bone wherein 
normal bony architecture is replaced by collagen, fibroblasts, 
osteoid and calcified tissue, It is often classified as benign 
tumour with localized developmental arrest, with bone being 
not differentiated into a mature bone tissue. 

Its seen in childhood and adolescents. 


Types 


It may be polyostotic or monostotic. Condition can occur in 
Jong bones, ribs and jaw bones, either mandible or maxilla. 
Disease is either metaphyseal or in the shaft, never in 
epiphysis. 


1. Monostotic (70%) 


Iti equal in both sexes. It occurs in children and adoles- 
cents; stops once growth plate is closed, 

* Femur is the commonest bone involved; tibia, ribs, jaw 
bones, skull and humerus can get involved, 

% Itcan present as asymptomatic diffuse hard bony swelling 
or can be painful due to fracture. Discrepancies of the part 
with asymmetry are common, 

Monostotic will not turn into polyostotic type. 

# Monostotic will not turn into sarcoma, 


2. Polyostotic Fibrous Dysplasia (27%) without 
Endocrine Dysfunction 


* Itbegins in earlier age group than monostotic. 

% tis common in femur, skull, tibia, humerus, ribs, fibula, 
radius, ulna, mandible and vertebrae. Craniofacial bones 
are involved in more than 50% of patients. 
It may continue to grow in adulthood (progressive). 

* There is no evidence of hyperparathyroidism. It should be 
differentiated from primary hyperparathyroidism of bone. 

% Involvement of shoulder and pelvis causes severe 
deformity. 

* Severe involvement of femur causes “shepherd crook’ 
deformity. 

* Recurrent spontaneous fractures are common. 

* Polyostotic occasionally tums into sarcoma. 


3. Polyostotic Fibrous Dysplasia with 
Endocrinopathies (3%) 


%  Polyastotic fibrous dysplasia with skin pigmentation (Café 
au lait, on same side of the disease in neck, chest, back, 
shoulder, pelvis, larger) with sexual precocity in females 
(McCune Albright’s syndrome); often with hyperthy- 
roidism, growth hormone secreting pituitary adenoma and 
primary adrenal hyperplasia is 3% common. 

Its due to mutation of guanyl nucleotide binding protein 
gene (GNAS gene). 


° 


Fibrous dysplasia is most common in femur—shepherd crook 

deformity; metaphyseal 

Inthe jaw, mandible is the common site, vertical ramus, outer 

table expansion 

+ Monostotic is more common 

“+ Polyostoticis more problematic—discrepancies pathological 
fracture, sarcoma changes 

“+ Monostotic ceases with cessation of growth 

‘Surgery should never he done during growing period 


° 


° 


Fibrous Dysplasia of Jaw 


* Inthe jaw, itean occur in maxilla or mandible; but mandible 
is more common site. 

© Itpresents with diffuse swelling of vertical ramus of the 
‘mandible or maxilla, Gritty white, hard cartilages with cysts 
are the pathology. Diffuse hard, painless swelling which 


causes asymmetry is the usual presentation. It progresses 
with the growth of the bone. 

% tis commonly monostotic but can be polyostotic. Monos- 
totic ceases once bone develops completely. Polyostotic 
may continue to grow. 

‘Teeth are normal 
Expansion is towards outer cortex of the mandible. 

% Polyostotic occasionally turns into sarcoma (but not 

-monostotic). 


Complications of Fibrous Dysplasia 


% Deformity and cosmetic problems. 
% Pathological fractures. 
%  Sarcomatous transformation in polyostotic type only. 


Differential Diagnosis 


4% Osteoclastoma, adamantinoma 
% Osteitisfibrosa cystica of primary hyperparathyroidism. 


Investigations 


¢ X-ray is diagnostic showing ground glass/smoke screen 
appearance. 

% Scrum alkaline phosphatase may be slightly elevated. 

% Biopsy may be needed to confirm the condition and to rule 
‘out other conditions. 

%  Parathormone assay, serum calcium estimation in suspected 
parathyroid pathology. 


Treatment 


It should not be operated during growing period as if inter- 
vened there may be chances that it may tum into osteosar- 


Fibrous dysplasia mandible 
Fig. 2.520 


We always have time enough, if we will use it in a right way. 
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Fibrous dysplasia maxilla 
Fig. 2.528 

Figs 2.52A and B: Fibrous dysplasia of mandible and maxilla in two 
different patients. Mandible is common site in jaw. Overall femur is 
‘the commonest site. 

‘coma. As itis a self limiting disease it can be left alone once 
the growth stops or can be corrected by restorative excision 
to maintain facial contour. Thorough curettage with grafting 
of cancellous bone may be done. Bisphosphonates are often 
used to relieve pain, 


ll CHERUBISM (Cherub—Angelic Being) 


tis an autosomal dominant condition that occurs in first year 
of life. 


Pathology 


Giant cell granuloma with fibrous tissues in the jaw. 

% Itis commonly bilateral. 

% Commonly seen in the angles of the mandible and also in 
maxilla. 

4% Itis familial fibrous dysplasia of jaw commonly involving 
both halves of the mandible with bulging outwards near 
the angle of the jaw causing ‘winged face’ appearance of 
angelic babies. 


Clinical Features 


Diffuse enlargement of maxilla and both sides of the 
‘mandible, 

Bulging of the check causes pull of the lower eyelid. Hence, 
child appears like, as if looking upwards. 

 Intertirence with the development and eruption of the teeth. 


Treatment 


Iisa self-limiting disease. Often requires dental care and treat- 
‘ment for proper dentition. 


Congenital condition 
left palate alone 

Mandibular hypoplasia 

Cyanotic episodes 

Deficiency in transforming growth factor 

Defective sucking and tongue falling backwards in infants 
‘Cryptorchidism 
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Oral Cavity 


CHAPTER OUTLINE 


~ Ranula 
© Sublingual Dermoids 

» Stomatitis 

* Cancrum Oris 

 Syphilitic Lesions of Oral Cavity 

» Leukoplakia 

~ Erythroplakia 

~ Oral Submucosal Fibrosis 

® Premalignant Conditions of Oral Cavity 
» Oral and Upper Aerodigestive Cancers 
~ Cheek 

~ Carcinoma Cheek 

» Lip 

* Neoplasm of Lip 

* Carcinoma Lip 


lm RANULA 


(Rana = Frog, Ranula looks like belly of frog, hence the 

‘name—Latin). 

* Ranula is an extravasation eyst arising from sublingual 
gland or mucous glands of Nukn or glands of Blandin in 
the floor of the mouth, Occasionally it can oceur in subman- 
dibular salivary gland also. 

Initially there is blockage of the duet (of sublingual gland) 
causing retention cyst, which causes rupture of the acini 
due to increased pressure leading into extravasation cyst. 


Clinical Features 


# Presents as a bluish smooth, soft, fluctuant, brilliantly 
transilluminant swelling in the lateral aspect of the floor 
of the mouth. 

# It often extends into the submandibular region through the 
deeper part of the posterior margin of mylohyoid muscle 
and is called as plunging ranula. It is intraoral ranula with 
cervical extension. It is cross fluctuant across mylohyoid. It 
can arise from both submandibular and sublingual salivary 
glands as a mucus retention cyst initially, which reaches neck 
by passing across the mylohyoid muscle presenting as soft, 


= Tongue 
* Tongue Ulcers 

* Benign Tumours of Tongue 

~ Tongue Fissure 

© Glossitis 

* Tongue Tie 

~ Carcinoma Tongue 

~ Carcinoma of Posterior One-Third/Base of the Tongue 
» Nasopharyngeal Carcinoma 

* Maxillary Tumours 

* Malignant Tumours of Tonsil 

‘= Carcinoma Hard Palate 

Laryngeal Tumours 

* Malignant Tumours of Larynx 

= Trismus 


‘luctuant, nontender, dumbbell shaped swelling in the subman- 
dibular region. It is bidigitally palpable. US and/or MRI is 
diagnostic. It is treated by surgical excision through neck 
approach along with excision of submandibular and sublin- 
‘gual salivary glands. Small plunging ranula is often excised 
per orally along with excision of sublingual salivary gland. 

* Ranula has a delicate fibrous capsule and is lined by a layer 
‘of macrophages. It contains clear fluid. 

# Itmay damage the Wharton’s duct. 

# Imay rupture; it may get infected. 

# Itmay interfere with speech and swallowing occasionally. 


+ Bluish swelling inthe floor of the mouth 
+ Laterally placed 

& Nontender 

+ Fluctuant and cross fluctuant (plunging ranula) 
+ Brilliantly transillurinant 


Differential Diagnosis 


Lymph eyst 
Sublingual dermoid. 


Leukoplakia tongue looks as though it has been covered with white paint that had hardened, dried and cracked. 


Sir Henry T Buutlin 
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Figs 3.14 to C: Ranula. Note the bluish discolouration, brilliantly 


transilluminant and the location. 


Treatment 


¢ Marsupialisation can be done initially, and later once the 
wall of the ranula is thickened it is excised (Marsupial 
‘means pouch where baby is kept, carried and sucked on the 
mother’s belly, like in Kangaroo) 

ranula is small it can be excised without marsupialisation. 

Excision of sublingual salivary gland is often needed. In 
plunging ranula submandibular salivary gland needs to be 
excised. 


™ SUBLINGUAL DERMOIDS 


‘They are sequestration dermoids lined by squamous epithelium 
containing keratin 

tis smooth, soft, fluctuant, nontransilluminant bidigitally 
palpable swelling. 


Types 


1, Median sublingual dermoid: 
cell rests at the level of fusion of tivo mandibular arches. 
It may be supramylohyoid or inframylohyoid. It is located 
between two genial muscles, in relation to mylohyoid 
muscle. Itisa midline swelling which is smooth, sof, cystic, 
nontender, nontransilluminant, 


Treatment is excision through oral approach, 
Complication is abscess formation. 

Lateral sublingual dermoid: \t develops in relation to 
submandibular duct, lingual nerve and stylohyoid ligament. 
It is derived from first branchial arch. It forms a swelling 
in the lateral aspect of the floor of the mouth, 

Treatment: Small one is removed per orally. Larger one, 
through submandibular incision 


@ STOMATITIS 


* Lis inflammation of oral mucosa by trauma, radiotherapy, 
‘chemicals, nutritional deficiency or infection. 

% Traumatic stomatitis may be due to dentures, teeth bite, 
and brushing of teeth harshly which presents as painful thin 
covering of furr with increased salivation, Proper mouth 
wash will cure the condition, 

¢ Aphthous stomatitis is seen in malnutrition, debility, steroid 
usage. Present as multiple hyperaemic painful vesicles 
later forming deep round painful ulcers. It is treated 
with mouth wash and if needed by antibioties. Recurrent 
aphthous stomatitis with ulcers is often familial, more 
‘common in women, common in lip, cheek, tongue which 
are very painful with more salivation, It heals spontane- 
ously. But during active petiod, it interferes with speech, 
swallowing distressfully. It is treated by many drugs like 
levamisole, antibiotics, vitamin B and C, local applications 
of anaesthetics (xylocaine)/choline salicylate/benzalkonium 
chloride. 

% Candida stomatitis (Monilial thrush) is due to fungal infec- 

n, Candida albicans which is seen in diabetics, indi- 
viduals on steroid therapy, long-term antibiotics, patients 
who are bedridden, on prolonged ICU care, in infants, and 
debilitated patients. Initially multiple red spots which are 
painful appear in the tongue and buccal area which later turn 
into curdy white patches. Often it extends into pharynx and 
‘oesophagus causing dysphagia. It is treated with antifungal 
drugs like clotrimazole or flucanazole. Rhagades occur at 
comers of mouth in congenital syphilis leaving radiating 
scar and furrow. 

# Fincent’s ulcerative stomatitis (Vincent's angina/trench 
mouth) is due to infection by Gram —ve anaerobic bacteria 
Borrelia vincentii and Fusiformis fusiformis. Itis common 
in adolescents and young adults below the age of 35 years. 
Presents with fever, excessive salivation, red swollen gums 
‘with painful ulcers covered with yellow slough (pseudomem- 
brane) which can be removed like membrane — ulcerative 
gingivitis. From the gums it spreads to cheek, palate, and 
pharynx. Tongue involvement is uncommon. Tender neck 
lymph nodes are palpable. Musty foetor oris is typical. Eden- 
tulous patients will not develop this infection. Infection in 
tonsillar crypts is called as Vincent + angina. It's confirmed 
by swab culture. Iis treated by antibiotics (penicillin group); 
peeling of membrane, mouth wash, supportive measures, 
vitamin B and C. 

¢ Nutritional stomatitis is due to—(1) vitamin B deficiency 
like nicotinic acid (pellagra), riboflavin deficiency. It is, 


Figs 3.28 and B: Sublingual dermoid. tis usually midline. It is not transilluminant. Note the extension into the neck in submental region. 


Excised specimen is also shown. 


common in tongue presenting as ted area with atrophy of 
papillae, (2) Vitamin C deficieney is commonly seen as 
bleeding gums and loosening of teeth, (3) Iron deficiency 
anaemia causes superficial glossitis mainly in females, 
Angular stomatitis is superficial lengthy red brown fissures! 
ulcers in and around the angle of the mouth with cracks 
Candida and streptococci infections are common. It is often 
called as cheilosis/perleche. Itis treated with vitamin B, C. 
iron and protein supplements with adequate oral hygiene. 
Perleche is seen in children who suck their finger. 


lm CANCRUM ORIS (NOMA) 
# ‘Noma’ means—‘to devour’ in Greek—‘eat greedily’ or 
ely’ 
# It is an infective gangrene, a severe form of Vincent's acute 
ulcerative gingivitis and stomatitis. 
% Scen in poorly nourished, ill-child due to Borrelia vincentii 
and Fusifor 


consume destru 


is bacteria 


Fig, 3.3: Severe infection of lip. 


In the case of malignancy of upper jaw, depression of the angle of the mouth on the affected side is also a typical sign. 


—Charles P Wilson 
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4% It starts in lips later extends to gums, spreads into cheek, 
bone, soft tissues and skin causing extensive tissue loss with 
severe toxaemia, 

4 Extensive necrosis of the mucus membrane of the oral cavity 
with destruction of deeper soft tissue and often bone. 

 Inchildren it may follow after an attack of measles, gastro- 
enteritis, typhoid, bronchopneumonia, Malnutrition is a 
predisposing factor. 

Excessive salivation, fetid odour with destruction, discharge 
and toxie features, 

* Borrelia vincentii can be cultured 

X-ray part shows bone destruction. 

% Condition has got high mortality 

% Secondary infections may also coexist. 

Note 

Phagedena is a destructive ulceration with gangrene seen in 

‘ancrum ofis,chancroi. 

(Phagedena is destruction without proliferation but malignancy is 

destruction with proliferation). 


Treatment 


1, Systemic antibiotics, high dose penicillins, metronidazole, 
2, High protein and vitamin rich diet, through nasogastric tube. 
3, Wound irrigation and liberal excision of the dead tissue. 

4, Blood transfusion, TPN. 

5. 


Later patient requires flaps to cover the defect. 


ll SYPHILITIC LESIONS OF ORAL CAVITY 


Chanere in lip: Itis highly contagious primary chanere, presents 
as painless macule later forming painful superficial ulcer. Uleer 
‘eventually heals with a scar. It can be on both upper and lower 
lip—primary syphilis 

Mucous patches which are greyish white contagious patches 
seen on lip, cheek and fauces. Mucous patches fuse together 
to form linear snail track ulcers in fauces, pillars—secondary 
syphilis. Hutchinson s contagious condyloma in midline tongue 
‘ean occur. 

Gummatous painless ulcers seen in anterior 2/3rd of tongue, 
palate and nasal septum (causes perforation and collapse of 
nasal bridge). 

Syphilitic chronic glossitis is seen in tertiary syphilis which is 
a precancerous condition, 


™ LEUKOPLAKIA 


Itis a white patch in the mucosa of the oral cavity that cannot be 
characterised clinically or pathologically to any other disease. 
It is premalignant condition. 


Types 
1, Homogenous. 
2. Nodular—more potentially malignant. 
3. Speckled—more potentially malignant-highest. 

Clinically the lesion appears as white ot greyish coloured, 
‘well-localised patch in the cheek, tongue, palate or other areas 
of the oral cavity. 


Hairy leukoplakia is dense pigmented friable lesion seen in 
tongue; it is more common in patients with AIDS. There are 
no hairs (misnomer). 


= “Common causes a1 
° 

° 

° 

2 Supertcial glostis 

® Syphiis 

® Spices 

5 sharp tooth 

2 Susceptblty 

{Pan chewing using areca, tobacco slaked ime 

5 Chron hypertrophic candidiasis (long-standing candida 


Infection) 


# Incidence of leukoplakia in those who smoke or chew pan 
is 20%, whereas incidence in non-smokers is 1%, 


# Incidence of ts turning into malignancy is 2-4%, It inereases 
with age, duration of the pan chewing, smoking. 


-~ 


Fig. 3.4: Leukoplakia right cheek. 


% Buccal mucosa and oral commissures are most common 
sites. Common in males (3:1). 

* Leukoplakia of long duration; leukoplakia in elderly; leuko- 
plakia in younger females; leukoplakia in lor of the mouth 
and tongue; leukoplakia with induration, cracks and fissures 
‘are more likely to turn into malignancy. 

¢ Histology: Parakeratosis with widening of rete pegs: 


. Histological staging = 

‘ Acanthosis—elongation ofrete pegs—smooth, white dry patch 

& Parakeratosis 

& Widening of rete pegs 

‘& Dyskeratosis—keratin cell layer formation deep to epidermis 

& Dysplasia 

Carcinoma insitu 

% Biopsy confirms the diagnosis as well as rules out the carei- 
noma 


Treatment 


Pan chewing and smoking has to be stopped. 

Excision, if required skin grafting has to be done. 
Regular follow-up is necessary. 

Isoretinoin is helpful. Beta-carotene, tocoferol are also used, 
CO, laser excision, 


ll ERYTHROPLAKIA 


# Itis red velvety appearance of the mucosa which cannot 
characterise any recognised condition. 

% I is 17-20 times more potentially malignant than leuko- 
plakia, 

+ Histologically parakeratosis with severe epithelial dysplasia 
is the typical feature 


Fig. 3.6: Erythroplakia of cheek. 


# Red color is due to decreased keratin causing shining and 
prominence of submucosal red vascularised connective 
tissue 

# Itis equal in both sexes, 

* It is common in lower alveolar mucosa, gingivobuccal 
suileus and floor of the mouth. 

# Itcan be homogenous/speckled/granular or erythroplakia 
interspersed with leukoplakia, 

4% Diagnosis is done by biopsy. 

¢ Treatment: Biopsy and surgical excision. 


™ ORAL SUBMUCOSAL FIBROSIS 


# Itis a progressive fibrosis deep to the mucosa of the oral 
cavity which causes frismus and ankyloglossia. 

% The mucosa of cheek, gingivae, palate and tongue shows a 
‘mottled/marbled pallor. 

# Itis common among Asians and Indians. 

# Aetiology: Hypersensitivity to chilli, betelnut, tobacco and 
vitamin deficiencies probably alter the collagen metabolism 

Zia: 


Fig. 3. 


‘Submucosal fibrosis of right cheek. Note the stiff fibrotic 
bands and scarring 


leading to juxtaepithelial fibrosis, epithelial atrophy and 
dysplasia 

# 4.5-7.6% of oral submucosal fibrosis tums into malignancy 
(Paymaster—1956 study shows 30-33% incidence—very 
high), 

% Treatment: Precipitating factors has to be avoided. 

* Surgical excision when required, followed by skin grafting, 
has to be done, 


— Submucosalfibrosis 
® Dueto: 
~ Prolonged local irritation by chilies, tobacco (pan/quid), 
areca due to arecoline 
~ Dietary causes—deficiencies of vitamin A, 8 complex 
(ciboflavin) and iron 
d collagen disorder 
‘common among Indians / Asians and people of 
Indian origin 
+ Prevalence in India is 5 per 1000 
 Incidenceis 47 % 
'& Common in middle age; equal in both sexes 


We are weaving the future on the loom of today. 
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AEC Average Energy Condition 

AFRL Air Force Research Laboratory 

AU Astronomical Unit 

BBO Beta (B)-Barium Borate 

cGs Centimeter-Gram-Second 

CIA Central Intelligence Agency 
DARPA. Defense Advanced Research Projects Agency 
DEC Dominant Energy Condition 

DIA Defense Intelligence Agency 

DNA Deoxyribo Nucleic Acid 

DoD Department of Defense 

EPR Einstein, Podolsky and Rosen 

ESP Extrasensory Perception 

ev Electron Volt 

FRW Friedmann-Robertson-Walker 

FTL Faster-Than-Light 

IBM International Business Machines 
INSCOM Intelligence and Security Command 


Infrared 

Mega-Electron Volt 
Meter-Kilogram-Second 

Null Energy Condition 
Neuro-Linguistic Programming 
Nuclear Magnetic Resonance 

National Security Agency 
Psychokinesis 

Parameterized Post-Newtonian 

Peoples Republic of China 
Polarizable-Vacuum Representation of General Relativity 
Quantum Electrodynamics 

Quantum Information Science Program 
Research and Development 


SAIC Science Applications International Corporation 
SEC Strong Energy Condition 

SRI Stanford Research Institute 

USSR Union of Soviet Socialist Republics 

uv Ultraviolet 

WEC Weak Energy Condition 

ZPE Zero-Point Energy 

ZPF Zero-Point Fluctuations 
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‘Soreness and burning in mouth which is more during meals; 
vesicular eruptions; trismus; difficulty in protruding the 
‘tongue Initial red area turnsinto superficial ulcers which later 
forms stiff fibrotic bands and scarring, 

Common in soft palate faucial pillars buccal mucosa 

+ Diseaseis progressive, even after cessation of causative factor 
like areca use/smoking 

+ Itshowsepithelial atrophy, hyperplasia, dysplasia and fibrosis 

'& Treatment—local injection of dexamethasone (4 mg) with 
hyalase (1500 units) biweekly for 10 weeks; avoidance of 
iritants vitamin supplements;correction of anaemia; surgical 
wide excision and skin grafting 


lm PREMALIGNANT CONDITIONS 
OF ORAL CAVITY 


High risks—tesions with definite risk of malignant change 

% Leukoplakia, 

¢ Erythroplaki 

* Chronic hyperplastic candidiasis: It is common in commis- 
sures of the mouth and tongue, Dense plaque of leukoplakia 
is common with curdy white patches due to Candida albi- 
cans infection. It often may not respond to drugs, surgery 
or laser. Immunodeficiency is often associated with this. It 
is treated by topical or systemic antifungal drugs/surgical 
excision or laser therapy. 


‘Medium risks—premalignant but not associated with higher 

incidence of carcinoma 

% Oral submucosal fibrosis 

% Syphilitic glossitis, 

* Sideropenic dysphagia (Sideropenia is iron deficiency 
without anaemia); or Plummer-Vinson syndrome, Sidero- 

‘common in Scandinavian females. It causes atrophy 

of epithelium and becomes potentially malignant. Proper 

iron therapy controls the disease and reduces the risk 


Carcinoma cheek with candida (curdy white dots) 
Infection, 


Equivocal risk lesions 

* Oral lichen planus, 

# Dyskeratosis congenital—reticular atrophy, nail dystrophy, 
leukoplakia in oral cavity. 

# Discoid lupus erythematosus. 

Note: 

+ Oropharyngeal cancer is the most common cancer—40% in 
Indian subcontinent. Inwestem countries itaccounts or 4% only. 

+ isk factors—tobacco and related products; alcohol; areca 
‘nut; human papilloma virus; Epstein Barr virus; Paterson Kelly 
syndrome; nutritional deficiency. 

+ Patient may develop a second primary (15%) in the oropharynx 
in different site at same time or within 6 months of the existing 
primary (synchronous—4% prevalence; 20% of second primaries) 
or after 6 months of fist primary (metachronous—80% of second 
primaries). Metachronous second primary is more common than 
synchronous second primary and it usually occurs in 2 years. 


Leukoplakia 
Erythroplakia 

Chronic hyperplastic candidiasis 
Oral submucosal fibrosis 


Syphiltic glossitis 
Sideropenic dysphagia 

ral lichen planus 

coid lupus erythematosus 
Dyskeratosis congenita 


eeeeeeces 


lm ORAL AND UPPER AERODIGESTIVE 
CANCERS 

# Itis one of the commonest cancer in Asian countries and 
India (40%). 

¢ All‘S* mentioned probably are the causative agents, 
Smoking, quid of chewing pan are important causes. 
Tobacco, betel nut, alcohol, human papilloma virus (present 
in 80% of oral cancers; present in 40% normal individuals), 
EB virus, vitamin A deficiency, Plummer-Vinson syndrome, 


bad dental hygiene, denture irritation—are etiologies. Risk 
is 8 times in tobacco chewers; 10 times with quid users; 30 
times with night quid users 

Alcohol increases the solubility of carcinogens and 
suppresses the DNA repair. 

Incidence of oral cancer in India is 28 per 1, 00,000 popula- 
tion. Commonest oral cancer in India is of buccal mucosa 
(more than 70%), 

In oral cavity, in West, itis common in tongue (50%), buceal 
mucosa (25%), floor (15%), gums and others (10%) 
Leukoplakia (commonest), erythroplakia, chronic hyper- 
plastic candidiasis are precancerous lesions; submucosal 
fibrosis, syphilitic glossitis, sideropenic dysphagia are 
precancerous conditions. Oral lichen planus, discoid lupus, 
dyskeratosis congenita are doubtful associated lesions, 
Precancerous lesion is one where cancer is more likely 
to occur; precancerous condition is one where there is 
increased risk of eancer. 

Upper aerodigestive cancers include that of oral cavity, 
larynx and pharynx. Depending on anatomical location 
they present with different features other than common 
features—trismus, ear pain, hoarseness of voice, dysphagia, 
ankyloglossia, 

Usually they are locoregional disease with high alfinity to 
involve regional lymph nodes. Distant spread is rare except 
in nasopharyngeal carcinoma. Tongue has highest incidence 
of nodal spread, then floor of the mouth, lower alveolus, 
cheek, upper alveolus, palate 

‘Multiple synchronous (at same time, 10%) de novo sites and 
or metachronous (at different periods, 15%) multiple sites 
Cancers in posterior third of tongue and floor of the mouth 
is often missed on clinical examination—coffin corner or 
sump area. 

Primary may be very small to be detected clinically in 
places like fossa of Rosenmuller, pyriform fossa, naso- 
pharynx, posterior third tongue but present clinically as hard 
lymph node secondaries in neck called as secondaries with 
unknown primary. Hard secondaries in neck confirmed by 
FNAC but all investigations including blind biopsies, CT 
head and neck region and endoscopies could not identify 
primary lesion creates a situation called as secondaries in 
neck nodes with an occult primary (30%) 

Trismus (pterygoid muscle involvement), ear pain due to 
auriculotemporal nerve involvement, eye pain in naso- 
pharyngeal carcinoma, dysphagia due to tongue involve- 
ment mainly the posterior third, hearing loss due to spread 
to eustachian tube can occur. 

Bronchopneumonia, aspiration are common problems. 

* Biopsy, endoscopy, CT neck, MRI, chest X-ray are different 
investigations needed depending on anatomical location of 
lesion 

‘Staging will help to plan the treatment and predict prognosis. 
Surgical wide excision and radiotherapy are main modalities 
of treatment. Chemotherapy is used as an adjuvant. Cura 
tive treatment in early growth with preservation of func- 
tions like swallowing, speech, cosmesis; but with adequate 


‘oncological clearance is the principle of surgical approach, 
Radiotherapy is also used as curative therapy. 

Palliative chemotherapy, radiotherapy and surgery ean be 
done depending on location of the lesion. 

# Involvement of mandible, neck nodes—number, size and 
fixity alters the prognosis and treatment schedule. 

* Outcome also depends on the anatomical location of the 
malignancy. Lip carries better prognosis; tongue has poor 
prognosis. 

* General principles used in approaching oral cancers are as 
follows (however it depends on grading and staging of the 
tumour 
» [fonly primary is present which is mucosal with size 

less than 2 em without nodal spread, then wide local 
excision with supraomohyoid block dissection of same 
side is done (NO); primary may also be treated with 
curative brachytherapy or external beam teletherapy. 
If nodes are histologically positive then radical neck 
dissection is done. 

> Larger mucosal primary with similar features are also 
treated similarly; but postoperative RT or/and chemo- 
therapy is added depending on grading of the tumour. 

> Inall these types of lesions, if there are positive mobile 
neck nodes which is confirmed by FNAC, then radical 
neck dissection should be done. 

» If primary lesion extends into adjacent soft tissue 
with mandibular involvement then mandibular resec 
tion (marginal mandibular/segmental/partial/hemi 
‘mandibulectomy) is needed. Part is reconstructed using 
plates or bone graft taken from iliac crest or opposite 
ith rib. 2.4 mm reconstruction plate with PMMF or 
non-vascularised bone graft iliac crest cancellous chips) 
or vascularised bone graft from fibula/liac erest/scapula 
are the present recommendations. Skin covering is done 
by split skin graft inside to mucosa or by appropriate 
flaps depending on the need and feasibility of donor 
area (PMMFIDP flap/forchead flap). Neck is addressed. 
similarly. Postoperative EBRT and chemotherapy is 
needed either concurrent or sequential. 

» If primary is advanced then chemotherapy with EBRT 
is used. If lesion reduces in size and becomes operable 
itis then operated accordingly. 

» In fixed primary or secondary, RT with chemotherapy 
is used for palliation to relieve pain, fungation, sepsis. 

# Inadvanced stage terminal events may be severe malnutri- 
tion, bleeding, sepsis, and bronchopneumonia, 

* Posterior lesions has got poor prognosis than anterior 
lesions. Lip carries best, Prognosis depends on anatomical 
location, grading, lymph node status, soft tissue involvement 
and response of therapy. 


Carcinoma of Gingivobuccal Complex 


# Itis cancer (SCC) involving buccal mucosa and gingiva 
etiology of which is keeping tobacco quid in gingivobuccal 
sulcus. 


All surgeries are major; there is no minor surgery. 
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% Itis often ealled as Indian oral cancer as it is most com- 
monly seen in India. 

* Buccal mucosa extends from upper to lower alveolus; from 
commissure in front to retromolar region behind. 

Features, management are same, Marginal mandibulectomy/ 
segmental resection is commonly needed. 

% Adjuvant RT and chemotherapy is useful 


| ml CHEEK 

| 

_ Anatomy of Cheek 

* They are fleshy flaps on either side of the face. The demarca- 
tion between the lips and cheek is nasolabial fold. 

 Itis composed of skin, superficial fascia with parotid duct, 
buccinator muscle, submucosa with buccal glands and 
mucous membrane. 

 Lymphaties: Submandibular and pre-auricular nodes. 


Fig. 3.10: Haemangioma cheek 


Retromolar Trigone 


% Itis the mucosa on the anterior surface of the ascending 
ramus of the mandible. It is triangular in shape with the 
base being superior and apex inferiorly behind the third 
molar tooth, 
> Malignancy in this area commonly invades the ascending 

ramus of the mandible, often to soft palate and tonsillar 
fossa. [tis also said that lymphatics here communicates 
with pharyngeal lymphatics in this region. Lip split or 
‘mandibulotomy approach is needed in these patients. 


™ CARCINOMA CHEEK/BUCCAL MUCOSA 


Squamous cell carcinoma is the mast common type of carci- 
noma of the cheek, 


Fig. 3.11: Carcinoma buccal mucosa. Itis the most common 
coral cancer in India, 


* Occasionally it can be adenocarcinoma arising from the 
minor salivary glands or mucous glands. Rarely it can also 
be melanoma 


4 Squamous cell carcinoma—commonest 
4 Minor salivary gland tumours 
 Melanomas 

4 Adenocarcinomas—rare 

4 Sarcomas—rare (Sarcomatoid) 


 Basaloid SCC 
___ Sites of carcinoma in oral cavityin order 
Inindia In Western countries 
Cheek—commonest Tongue 

Tongue Floor of the mouth 

Floor of the mouth lip 

Palate Cheek 

Lips 


Precipitating Factors 


All 'S'—Smoking, spirit, syphilis, sharp tooth, sepsis, spices. 
Incidence of oral cancer is six times more in smokers than 
nonsmokers 


Leukoplakia 
Erythroplakia 

Chronic hyperplastic candidiasis 
ral submucosal fibrosis, 
Sideropenic dysphagia 
Syphiltic glossitis 


eeoeee 


Betel nut chewing (Pan, with pan quid kept in cheek pouch 
{for a long time) is an important causative factor of carcinoma 
cheek 

Betel/areca nut, betel leaf, slaked lime, and tobacco (often 
with catechu and condiments) wrapped in betel leaf is repeat- 
edly chewed after putting into the mouth; and the quid formed 

~ is kept for long duration in gingivolabial sulcus; which is said 
to be highly carcinogenic. Tobacco is the main carcinogenic 
component, followed by arecoline (stimulate collagen synthesis 
and fibroblast proliferation) and tannin (stabilizes collagen) 
alkaloids of areca. 


= Ae & Ulcerative 


Fig. 3.13: Trismus in a patient with advanced carcinoma cheek (Ta Proliferative (exophytic) 
lesion). Patient is on chemotherapy and so developed alopecia,  Verrucous 


Faith and strength.......help you go through tough times. 
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Figs 3.144 and B: Betels commonly used to prepare quid which is 
kept in gingivoalveolar groove. It is common cause for carcinoma 
‘oral cavity 


Verrucous Carcinoma 


It occurs as a superficial proliferative exophytic lesion with 
minimal deep invasion, often multiple 

Lesion has white, dry, velvety or warty, keratinised surface. 
tis common in females. 

tis of low grade, very well-differentiated squamous 
cell carcinoma, which is locally malignant without any 
lymphatic spread. 

Itis a curable malignancy 

After biopsy treatment is wide excision. Radiotherapy is 
not given as it may lead to poorly differentiated carcinoma, 


3.15: Verrucous carcinoma of oral cavity at gingiobuccal sulcus 
with leukoplakia, 


Biological Behaviour of Carcinoma Cheek 


Carcinoma is common in posterior half of cheek than 
anterior. 
It spreads into the deeper plane to involve buccinator, 
pterygoids; into the retromolar trigone, base of the skull, 
pharynx, 

¢ It spreads outwards to involve the skin causing fungation, 
ulceration, orocutaneous fistula formation, 

Mandible is commonly involved either by direct extension 
‘or through subperiosteal lymphatic plexus which commu- 
nicates freely with oral lymphatics. 

* Lymph nodes commonly involved are submental, subman- 
dibular, deep cervical and often lateral pharyngeal groups, 
Nodal spread is seen in 50% of cases. 

Infection of the tumour area and soft tissues around is, 
‘common, causing fever, foul smelling ulcer, halitosis, 
nts 


Respiratory infection is common in these pat 
¢ Once tumour extends into the retromolar region, soft palate 
and pharynx, dysphagia will occur, 
# Lesion will later spread to involve alveolus. 


Clinical Features 


* Ulcer in the cheek which gradually increases in size in a 
patient with history of chewing pan and smoking is the 
commonest presentation and initially itis painless. 

* Pain occurs when it involves the skin, bone or if secondarily 
infected. Referred pain to the ear signifies involvement of 
lingual nerve. Lingual and auriculotemporal nerves arise 
from mandibular division of trigeminal nerve. 

Halitosis which is bad odour breath is common in many oral 
cancers. Itis due to necrosis of tumour, release of mercaptan, 
butyric acid and ammonia, 

¢ Involvement of retromolar trigone indicates that it is an 
advanced disease, as the lymphatics here communicate 
freely with the pharyngeal lymphatics. 

» Everted edge, induration are the typical features ofthe ulcer. 


Figs 3.178 and B: Advanced carcinoma cheek presenting as 
‘swelling outside. There is an ulcer inside over the mucosa. 


| Fissuring of tongue due to ariboflavinosis is longitudinal and the bottom of fissure is beefy red. 


% Mandible is examined bidigitally, for thickening, tender- 
ness, itregularity and sites of fracture. Mandible may get 
involved by direct extension, through mandibular canal, 
or through periodontal membrane. Loss of central part of 
‘mandible due to destruction by tumour will cause pouting 
‘of lower lip with drooling of saliva—dndy Gump deformity. 
Mandibular canal is close to occlusive alveolar surface in 
elderly and edentulous patients to cause early mandibular 
spread in carcinoma, 

% Trismus and dysphagia signify involvement of pterygoids 
or posterior extension, 

* Occasionally it may extend into the upper alveolus and to 
the maxilla causing swelling, pain and tenderness. 

% Once involvement of soft tissue occurs, it may come out 
through skin as fungating lesion often with orocutaneous 
fistulas with saliva dribbling through fistula, 

¢ Submandibular lymph nodes and upper deep cervical lymph 
nodes are involved which are hard and nodular; initially 
‘mobile and later get fixed to each other and then to deeper 
structure. 

» Once lymph nodes get fixed it may infiltrate into hypo- 
glossal nerve (tongue will deviate towards the same 
side), spinal accessory nerve (defective shrugging of 
shoulder) and cervical sympathetic chain (Horner's 
syndrome) 

» Compression over external carotid artery leads to 
absence of superficial temporal artery pulsation, 

> Eventually it causes fungation and bleeding from major 
vvessels—carotid blow out. 

Note: 

Node involvement may be due to infection. So often tral antibiotic 

is given initially. 


To Noevidence of primary tumour 

Tis Carcinoma in situ 

T, Tumour size < 2.cm—greatest dimension 

J, Tumour size 24cm 

Ts Tumour>4em 

T, Tumours of any size involving bone, soft tissues, muscles 

Nx_ Nodes cannot be assessed 

Nj Nolymph node spread 

Ni Lymph node size < 3 cm,same side 

Nz Lymph node size 3-6 cm and single (NZ 
nodes 3-6 cm size on same side (N2b); 
side nodes up to 6 em size (N2e) 

Ny_ Lymph node spread, more than 6 cm size 


Stages 

Stage !—T1,N0,MO. 

Stage Il T2,.NO,MO. 

Stage Ill -'T3,NO.MO; T1-3,.N1.MO. 

Stage IV—T4,NO,.MO; T1,N2-3,MO; T0,NO.M1. 


|Afonsky 
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Figs 3.18A to C: Carcinoma cheek fungating outside extensively. Note the pigmentation in one of the pictures, 
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Figs 3.194 and B: Advanced carcinoma cheek with fungation and orocutaneaus fistula 


Fig. 3.20: Oral cavity carcinoma with mandibular involvement, 
with TA lesion, 


Features of advanced carcinoma cheek = 


Involvement of retromolar trigone 
Extension into the base of skull and pharynx: 
Fixed neck lymph nodes 

Extension to the opposite side 


* irway obstruction and bronchopneumonia 

+ Feeding difficulties and severe malnutrition 

 Immunosuppression 

+ Secondary sepsis, uncontrollable bleeding 

+ Fixity of secondaries, fungation and disability 

+ Psychological trauma 

‘& When once trismus develops, patient is unable to take 
adequate food and eventually leads into cancer cachexia. 
Trismus may develop by tumour infiltration or after RT. 

+ Orocutaneous fistula causes salivary dribbling which is 
distressing. 


Investigations 

1, Edge biopsy, usually taken from two sites. Biopsy has to be 
taken from the edge as it contains active cells; not from the 
centre as itis the area of necrosis. Malignant squamous cells 
with epithelial pearls (Keratin pearls) are the histological 
features. 


Note: 
Biopsy from the centre is taken only from postradiotherapy ulcer 
and ulcerated minor salivary gland tumours. 


——__Broder’s histological grading 
a. Welldifferentiated: > 75% epithelial pearls 

b, Moderately differentiated: 50-75% epithelial pearls 
. Poorly diferentiated:25-50% epithelial pearls 

d. Very poorly differentiated: < 25% epithelial pearls 


2. FNAC from lymph nodes, 
3. CT scan is used to assess the extent of tumour into mandible, 
pterygoid region, in patient with trismus, with neck lymph 
nodes, with carotid involvement by lymph nodes, 
MRIs very useful in assessing the soft tissues, base of skull, 
and perineural spread. 


Fig. 3.21: Normal orthopantomogram. OPG is a must in all oral, 
‘carcinomas to stage the disease and to plan the treatment, 


Fig. 3.22: Orthopantomogram showing secondaries in mandible, 


4. Orthopantomogram to look for the involvement of 
mandible—destruction and fracture sites. Symphysis menti 
‘and lingual plate are not clearly appreciated. So often OPG 
may be supported with dental occlusion and intraoral X-rays. 

5. Opinion and help of dentist is taken for teeth extraction, 
dental care, for prosthesis preparation especially for palate, 
alveolus, dentures. 


Note: 
Open biopsy should be avoided in case of secondaries in lymph 
nodes as it may aggravate the spread to further level oflymph nodes. 


Treatment 


‘Treatment may be ewrative or palliative. 


Treatment Strategy 


# Surgery. Wide excision, hemimandibulectomy, neck lymph 
nodes block dissection. 
# Radiotherapy: Curative or palliative: external or brachy- 
therapy. 
¢ Chemotherapy: Intraarterial, LV or orally 
a. Early growth without bone involvement: 
1. Curative radiotherapy using '""Caesium needles or 
"2Iridium wires, i. brachytherapy. 
Advantages: 
i. Surgery is avoided. 
ii, No surgical mutilation. 


Aphthous ulcer is rare after the age of 50. —Wilfred Sircus 
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[Indications for surgery Tavantages 
+ Early tumour + Painis controled 
+ Tumour spreading to mandible bone/ Often curative 
alveolus 

+ Fungation, haemorthage due to prevented 
eroaion 

+ Recurrence of tumour after RT 

+ Multiple sites 


+ Soff tissue spread 
+ Locally advanced but amenable to 
surgical resection 


+ Fungation, ulceration, bleeding is 


Disadvantages 1 

+ Morality (5%) 

+ Morbiity, sepsis, lap necrosis, 
fibrosis 

+ Cosmetic problem 

+ Loss of anatomy and its function 


Fig. 3.23: Patient who has undergone hemimandibulectomy with 
primary closure. Note the defect. 


Fig. 3.24: Hemimandibulectomy, resected specimen 
(Courtesy: Dr. Jagadish Chandra, MDS). 


i, Parts are retained. 

iv. As it is a squamous cell carcinoma, primary is 
radiosensitive—90% cure rate. 

2. Other option is wide excision with 1-2 em clearance. 
COniten, the approach to the tumour is by raising the cheek 
flap (outside). After the wide excision, the flap is placed 
back (Patterson operation). 

3. Presently advanced technology in radiotherapy, facilitates 
the use of external radiotherapy also. The incidence 


Tumour (intraoraly) 


> . 


Patterson incision 


Fig. 3.25: Patterson incision to approach carcinoma cheek by raising 
‘skin flaps from lower part of face adjacent to lower margin of the 
mandible, 


of dreaded complication like osteoradionecrosis of 
mandible has been reduced due to better RT methods. 
b. Growth with mandible involvement: 
Here along with wide excision of the primary tumour, 
hemimandibulectomy or segmental resection of the 
mandible or marginal mandibulectomy (using rotary electri 
saw) is done, 
©. Operable growth with mandible involvement and mobile 
Iymph nodes on the same side (confirmed by FNAC) 
Along with wide excision of the primary, hemimandibulec- 
tomy and radical neck lymph node dissection is done (like 
‘commondo operation), 
Wide excision of primary lesion, hemimandibulectomy with 
radical neck node dissection is called as composite resection. 
. Operable growth with mandible involvement; mobile lymph 
nodes on same side and opposite side: 
Along with wide excision of the tumour, hemi- 
mandibulectomy, radical neck lymph node dissection on 
same side and functional block dissection on opposite side 
are done, retaining the internal jugular vein, stemomastoid, 
spinal accessory nerve, 
Operable primary tumour with mobile lymph nodes on 
same side but without mandibular involvement: 
Wide excision of primary tumour and radical neck lymph 
node dissection on same side are done, Mandible is not 
removed. 
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fal Lip-spiit incision 


Fig. 3.27: Defect in the cheek after wide excision for carcinoma cheek. 
Defect needs coverage using PMMF with skin graft inside (Courtesy: 
Professor Kishore Chandra Prasad, ENT Surgeon and Head of the 
Department and Dr Sampath, ENT Surgeon, KMC, Mangalore). 


‘Aneg 1210 


Fig. 3.28: Specimen showing primary tumour in cheek with 
mandible (hemimandibulectomy) and block dissection nodes. 


{. Fixed primary tumour or advanced neck lymph node 
secondaries 
Only palliative external radiotherapy is given to palliate 
pain, fungation and to prevent anticipated torrential haemor- 
rhage. 
Figs 3.26A to C: Lip-split incision approach for carcinoma cheek. It es 


‘es 3.268 to C Lip-spitincsion approach for cafcinoma cheek» preyperative radiotherapy is often used in fixed lymph 
Lele uri ie iol ata for neck nodes to downstage the discase 50 as to make it operable, 


Halitosis is better breath than no breath at all II! 
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Fig. 3.29: Segmental resection of the mandible (angle of mandible 
‘to mental foramen). 


noe _ ae 
es 


Mandible 
Fig. 3.30: Hemimandibulectony. 
“Tumour (aor ofthe mauth) 


Visor approach incision 


Fig. 3.31: Visor approach for oral malignancy. Visor approach for 
anterior mandible, floor of the mouth and tongue. Here skin over 
the anterior curved margin of the mandible is incised to approach 
the floor of the mouth for needed procedure. 


Fig. 3.32: Partial mandibulectomy is removal of mandible one side 
from mental foramen to line of coranoid process including coronoid 
process but leaving condylar process. 


Fig. 3.33: Carcinoma cheek operated with radical neck dissection of 
‘same side lymph nodes. Reconstruction done using pectaralis major 
‘myocutaneaus flap, 


h. Postoperative radiotherapy is given in T; and T, tumours: 
Nz and Ns nodal status to reduce the recurrence and to 
improve the prognosis (in multiple nodes and nodes with 
extracapsular spread) 

i. Prophylactic block dissection has become popular in No 
diseases. 

Reasons are—even though clinically, lymph nodes are nega- 
tive, there may be microscopic involvement of lymph nodes 

(25-65%). 

» Clinically detectable disease in lymph nodes of the 
patient signifies extracapsular spread which has got 
poor prognosis, 

> Recurrence rate is less after prophylactic block compared, 
to block dissection with clinically positive nodes because 


Figs 3.34A and B: Pectoralis major myocutaneous flap to cover the 
defect in the cheek after wide excision (Courtesy: Professor Kishore 
Chandra Prasad, ENT Surgeon and Head of the Department and 
Dr Sampath ENT Surgeon, KMC, Mangalore). 


c 


Fig. 3.35: Marginal mandibulectomy. 


Mandible fim 
for resection 


Mandible 


Fig. 3.36: Rim resection of mandible done for carcinoma floor of 
the mouth, 


there is no extracapsular spread in the former even if 
there is microscopic spread of tumour in many cases 

» Block dissection is an acceptable surgery as there is 
negligible mortality and less morbidi 

» Itisadvocated in T3, T4 lesions, carcinoma alveolus or 
floor of the mouth, 


J. If growth is extending to upper alveolus: 
Partial maxillectomy or total maxillectomy may be required. 

k. Role of chemotherapy: 
Drugs used are methotrexate, cisplatin, vineristine, bleo- 
mycin, adriamycin, Often itis given intraarterially through 
external carotid artery using arterial pump or by increasing 
the height of the drip more than 13 feet, so as to attain a 
pressure more than systolic pressure, Chemotherapy can 
also be given IV or orally - postoperatively. 

1. Initial chemotherapy to downstage the tumour followed by 
surgery and later again end with chemotherapy. 

m. Chemoradiotherapy is used in unresectable tumours — as 
consecutive therapies. 


Reconstruction after Surgery 


& Forehead flap based on superficial temporal artery 

4 Deltopectoral flap based on 1,2 and 3 perforating vessels 
from internal mammary vessels 

“® Pectoralis major myocutaneous flap (PMIMF) based on thora- 
‘coacromial artery 

+ Free microvascular flaps may be from radial artery forearm 
flap 

4 For small defects—tongue flap, buccal flap, palatal muco- 
periosteal flap 


© Split skin graft 

* Deltopectoral cutaneous flap. 

# Forehead flap, radial artery forearm flap, 

% Pectoralis major myocutaneous flap. 

* Mandible reconstruction by cortical bone graft or rib, fibuls 
‘or synthetic material like titanium, stainless stee! plate 


In great attempts, it is glorious even to fail. 
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Figs 3.37A and B: Reconstruction of the mandible after segmented 
mandibulectomy using plate and apposite rib fixation (Courtesy: 
Jagadish Chandra, MDS). 


Fig. 3.38: Harvesting fibular flap for mandibular reconstruction, 
(Courtesy: Dr Satish Bhat, MCh, Plastic Surgeon, Mangalore). 


Approaches to Carcinoma Cheek 


¢ Transoralintraoral approach. 
© Lip split incision 
# Patterson approach, 


* Visor approach for anterior mandible, floor of the mouth 


and tongue. Here skin over the anterior curved margin of 


the mandible is incised to approach the floor of the mouth 


for needed procedure. (Visor is French derived word which 
the 


means mobile lower part of the helmet which cove 
chin), 


Different mandibular resections 


Marginal mandibulectomy 
‘® Partial mandibulectomy 

& Segmental resection 

 Hemimandibulectomy 

& Rim resection of mandible 

4 Resection of the anterior mandible through visor approach 


Marginal Mandibulectomy 


# Itis in continuity wide excision of tumour with gingival and 
adjacent margin of the mandible. 

* Superior margin is removed using electric saw after proper 
marking leaving at least I em of inferior margin. 

# It is done in lesion which is close to mandible but not 
invading. Invasion needs segmental resection. Invasion is 
invariably through dental root leading into mandibular canal 
and cancellous bone. 

# Mandibular involvement either clinically or radiologically, 
previous RT, retromolar lesion (as pterygoid clearance is, 
needed here) are the contraindications. 


Problems with surgery 

‘& Mutilation (surgical) 

‘& Anaesthesia complications 

Bleeding 

+ Infection 

+ Flap necrosis 

'% Requirement for reconstruction 

* Mortal 

® Morbidity—stifiness; contracture; cosmetic problem; cuta- 
neous anaesthesia; speech and swallowing problems 

+ Problems of neck issection—hypaglossal accessory phrenic 
nerve injuries; thoracic duct injury.carotid blow outjoedema 
nieckand face 


Fig. 3.39: Carcinoma cheek, on table wide excision. It requires 
ppectoralis major myocutaneous flap for reconstruction. 


Fig. 3.40: Radical neck dissection for secondaries in neck through 
‘MacFee incision 


Problems with radiotherapy. 

‘& When mandibleis radiated, chances of the dreaded problem, 
‘osteoradionecrosis is high which requires the removal of 
mandible 


Loss of taste sensation and dryness, xerostomia 
Infection, mucositis, dental diseases 

‘Skin excoriation hair loss 

Trismus may get aggravated 

Can itself cause dysphagia, laryngeal oedema 
Hypothyroidism if neck s irradiated 
Radiation neuritis causing severe pain 


Carotid artery atherosclerosis 
Visual impairment 
Shoulder and neck dysfunction 
Softtssue fibrosis 


ee eee eeeeee 


Problems with chemotherapy 
Bone marrow suppression 
Megaloblastic anaemia 
GIT symptoms 
Hepatotoxicity and renal toxicity 
Alopecia 
Nausea, vomiting and severe stomatitis, 


seeoee 


‘Prognostic factors in oral carcinomas 


Stage of the disease 
= Stage land It has got 80% 5 years survival 
= Stage Il and IV has got less than 20% 5 years survival rate 


Fig. 3.42: Forehead flap is used after wide excision of carcinoma 
cheek. It is based on superficial temporal artery—anterior branch. 


3 and TA lesions has got poor survival rate 
Carcinoma lip has got best prognosis 

Carcinoma posterior 1/3rd tongue has got worst prognosis 
Cheek, floor of the mouth and palate has got intermediate 
prognosis 

+ Perineural invasion and angioinvasion carries poor prog- 


eeee 


‘& Histologically positive nodes decrease the survival rate by 
50% 

Level lil and IV, node > 3 cm, bilateral nodes extracapsular 
‘nodal spread are poor prognostic factors 

Grading (differentiation) of the tumour. 

‘ Tumour thickness > 6 mm has got paor prognosis 

+ Exophytic tumour is better than infiltrating type 


‘Knowledge is the only treasure that increases on sharing. 
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Figs 3.43A and B: Forehead flap used to cover the defect after wide 
‘excision for carcinoma lip or cheek (Courtesy: Professor Kishore 
Chandra Prasad, ENT Surgeon and Head of the Department and 
Dr Sampath, ENT Surgeon, KMC, Mangalore}, 


{Deterectra tap $e 4) 


© 2nd perforator IMA 


Fig. 3.44: Deltopectoral flap used to cover defect after surgical 
clearance in carcinoma cheek. Its based on 2nd perforator, a branch 
of internal mammary artery (Bakamjian—1965}. 


Figs 3.45A and B: Mucasitis in cheek and lip ina patient who is 
receiving chemotherapy for carcinama, 


@uP 


Lip begins at vermilion border. It has got upper lip, lower lip and 
oral commissure, SCC is the commonest lip cancer (90%). SCC 
is common in lower lip; BCC is common in upper lip. Other 
cancers in lip are spindle cell carcinoma, adenoid squamous 
carcinoma, malignant melanoma, minor salivary gland tumour. 

‘Mucous cyst of lip is a common condition. It can occur in 
upper or lower lip. It isa retention cyst derived from mucous 
glands of the lip. It presents as bluish, soft, fluctuant often 
transilluminating well localized swelling. It may resolve on its 
own. Ifit does not it should be excised under local anaesthesia. 
Absorbable suture is used to appose the wound starting from 
vermilion margin. Usually vertical elliptical incision is used 
to excise, Sutured wound heals rapidly with very limited scar. 

Macrocheilia is enlargement of lip mass in other than 
neoplastic conditions. Lymphangioma is the common cause. 
Haemangioma, inflammatory conditions also can cause macro- 
cheilia. 

Papilloma, lipoma, pyogenic granuloma, keratoacanthoma, 
minor salivary tumours are other swellings which can occur 
in lip, 

Cheilitis often associated with stomatitis is common in 
vitamin deficiency, malnutrition, sepsis, drug induced, RT 


induced presents as redness, pain, diffuse swelling. In chronic 
ceases, there will be linear ulcers especially at commissure. 
Actinic cheilitis is a premalignant lesion, Cause is treated. 

Pigmentation of lip occurs in Peutz-Jeghers syndrome 
(brown), Addison’s disease (black). 

Herpes labialis is formation ulcers in lip due to herpes 
simplex virus. Repeated multiple ulcers develop in lip. It is 
contagious by kissing. So kissing should be avoided including 
children. Touching repeatedly can transfer the virus to eye - 
causing herpes keratitis. Renae 

Cleft lip is a common congenital condition. 


iM 


16: Mucous cyst upper lip. It requires simple excision. It is a 
retention cyst. 


~~ 


Figs 3.47A to C: Mucous cyst seen in lower lip. tis bluish, localised, 
‘smooth, nontender, soft, fluctuant swelling, arising as a retention 
cyst from mucous glands of lip. Itneeds excision, 
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Figs 3.48 and B: (A) Haemangioma lip causing macrocheilia, 
(8) Macrocheilia due to inflammatory cause. 


Figs 3.470 and B 


Altitude is a small thing that makes a big difference. 
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Fig. 3.49: Aphthous ulcer lower lip. Its painful, elf limiting ulcer. It 
‘can occur in tongue, lip, cheek and other parts of the oral mucosa 


ll NEOPLASM OF LIP 


(One may...cure cancers ofthe lip without applying caustics or any 
similar thing....Pass a threaded needle through the cancer so the 
thread heldin the left hand can lift and control the cancer without 
‘ny ofits escaping. One can then cut to good flesh with scissors in 
therighthand:and socut that alayer of good fesh ofthe lip remains 
to serve asa base and foundation for regeneration offesh in place 
ofthe portion amputated supposing the cancer has not taken root 
‘and spread from top to bottom. 

—Ambroise Paré, 1585 


Minor salivary gland tumours are common in upper lip. They 
are usually pleomorphic adenomas. 


ll CARCINOMA LIP 


Incidence of carcinoma lip is 15% of head and neck cancers 
and 1% of all cancers. 

4 Itmay arise from vermilion surface or mucosa part of the lip. 

# Itis common after 40 years of age. In younger age group 
even though itis rare, carries poor outcome. 

# Itis more common in whites; rare in blacks. It is common 
in Caucasians. 

¢ Khaini, a mixture of tobacco and lime kept under the lip called 
as khaini chewers are more susceptible for carcinoma lip. 

¢ AIP'S's and itradiation are predisposing factors, 

¢ Ferrucous carcinoma can occur in lip. It is well differenti- 
ated SCC with exophytic, warty, dry surface. Itusually will 
not invade the deeper tissue and lymph node spread is rare. 
It carries good prognosis. 

% Itis common in men (15:1). Common in lower lip (90%); 
upper lip 5-10%. Upper lip is not exposed to direct actinic 
radiation. 

© Commonly due to exposure to sunlight (ultraviolet rays). 
‘Common in pipe smokers, 

Initially starts as a red, granular dry lesion which eventu- 
ally gets ulcerated and forms an ulceroproliferative lesion. 
Occasionally it occurs at the angle of mouth. 

4 Itspreads to submental nodes and later to other neck nodes 
on both sides, 


Figs 3.50A to C: 


arcinoma of lip involving extensively 
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Figs 3.51A to C: Carcinoma lip. 


% Usually itis a well-differentiated squamous cell carcinoma. 

* Commissure tumours are 2% ofall lip cancers but has higher 
rate of lymph node spread, 

{ Initially itis well localized. A depth of more than 5 mm will 
spread to lymph nodes mainly submental and submandibular 
(level 1) 

Painless ulcerative lesion is the most common presentation. 
Pain develops once necrosis occurs or tumour infiltrates 
nerve, periosteum of bone underneath, 

% Pigmented SCC can occur. It mimics melanoma, 

¢ Anaesthesia of chin can occur if mental nerve is invaded. 

# Staging is same as other oral cancers 


Clinical features of carcinomalip = 


Non-healing progressive ulcer, painless to begin with 

Everted edge with indurations 

Growth moves with the lip 

‘Submental, submandibular and upper deep neck nodes may 

get enlarged. 

‘@ Tender firm lymph node may be due to infection; hard initially 
nontender node is due to carcinoma spread. 

@ Inhalfofthe cases lymph nodes are enlarged due to infection 
‘ras reactive process 

4 Fungation, bleeding, halitosis 
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Predisposing Factors 


% Cheilitis—actinie type 
% Solar keratosis, 

* Papilloma. 

% Leukoplakia, 

Smoking, U-V rays, pipe smokers, reverse smoking, 

* Tobacco chewing, Khaini chewers (tobacco+lime). 

% Agriculturists who are commonly exposed to sunlight get 
carcinoma lip and is ealled as countryman’ lip. 


Differential Diagnosis 


» Keratoacanthoma, 
* Basal cell carcinoma. BCC occurs only in upper lip. 
* Minor salivary gland tumours. 
% Often carcinoma of lip is an extension from carcinoma of 

cheek, a 
* Pyogenic granuloma in carly cases only. Figs 3.52A to C: Carcinoma lip involving different parts. Commonly 
© Malignant melanoma in case of pigmented SCC: ‘they are squamous cell carcinomas. 


Faith makes all things possible; hope makes all things bright. 
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Diagnosis 
Edge biopsy, FNAC of lymph nodes. 


Fig. 3.53: Carcinoma lip extending into the floor of the mouth. 


Treatment 


If lesion is less than 2 em, then curative radiotherapy, either 
brachytherapy or external beam radiotherapy. It gives a 
good cure. 

 Iftumour is more than 2 em, wide excision is done. Exei- 
sion of lower lip up to one-third can be sutured primarily, in 
layers keeping vermilion border in proper apposition without 
causing any microstomia. 

* Excision of more than one-third of the lip requires recon- 
struction using different flaps. 


Methods 


1. Abbe-Estlander's rotation flap used for either upper or 
lower lip lesions (of less than of lip) located ar the angle 
‘based on labial artery. Here base at a later stage need not 
be disconnected unlike in Abbe lip. 

2. Fries” modified Bernard facial lap —reconstruction using, 
lateral facial flaps. It is used when defect is more than Ys 
of lip and midline. 


Tumour _ Tumour 
excised 


ee re 


Two layer closure 


Fig. 3.54: Primary repair of lip after wide excision of small tumour. 
‘One-third of the lip can be sacrificed. Lip is sutured in layers. First 
layer, muco-muscular layer with absorbable suture. Second layer is 
‘kin with non-absorbable monofilament sutures like polypropylene. 


Estlander flap 
SS 


Fig. 


Estiander lap 


Tumour 


NL 


3.55: Lower lip tumour after excision when primary suturing 


not possible, then upper lip flap based on upper labial artery can be 
used — Abbe-Estlander flop. 


3 
4, 


5. 


10, 


Microvascular flaps. 

Nasolabial flap: It is used when defect is more than 4 of 

lip laterally or defect is in the floor of the mouth, 

Cheek flap. 

Free radial artery flap. 

Abbe flap (switch flap) is used for upper or lower lip 

lesions at the middle or at the site other than angle based. 

on the labial artery. Here at a later 2nd stage base of the 

flap should be released once flap takes up, 

'W’ flap plasty: It is done for lower lip middle tumour 

which is less than 1/3rd of the lip. 

Gillies fan flap: It is a cheek flap usually bilateral but can 

be unilateral. Incision is full thickness around commissures 

extending into nasolabial fold and upper lip upto upper lip 

vermilion border. Flap which is based on labial vessels is 

advanced towards the defect. Vermilion is reconstructed 

with tongue mucosal flap which is divided in 3 weeks. 

Karapandzic flap: \tis modified version of the Gillies flap 

used for lower lip defect with less angulation towards upper 

lip. Reverse Karapandzic flap is used for upper lip defect. 

Johansen ‘stepladder’ procedure is used for extensive 

carcinoma of lower lip, 

Other regular flaps like forehead flap, deltopectoral flap 

also can be used. 

> Lymph nodes are dealt with by radical neck dissection 
fon one side and functional block or supraomohyoid 
block dissection on other side. For central tumour No 
disease, bilateral elective (prophylactic) supraomohyoid 
dissection is done. For lateral tumour Np disease, elec 
tive ipsilateral supraomohyoid dissection is done, 

» Postoperative radiotherapy is given if tumour is large 
or if lymph nodes are involved 

» When mandible is involved, segmental resection is 


done, 


Donor 
flap area 
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Figs 3.56A to E: For upper lip tumour when primary repair isnot possible, then lower lip flap based on 
inferior labial artery can be rotated to upper lip—Abbe flap. 


Fig. 3.57: Its used for central ip tumours. Angles of the lower part Fig. 3.58: It is done for lower lip middle tumour 
of the defect and upper part of the angles of the mouth are rotated which is less than 1/3rd of the lip—'W’ flop. 
inwards with Burrow’s triangles at the site of rotation—Bernard fiap. 


Preface 


The Teleportation Physics Study is divided into four phases. Phase | is a review and documentation 
of quantum teleportation, its theoretical basis, technological development, and its potential application, 
Phase II developed a textbook description of teleportation as it occurs in classical physics, explored its 
theoretical and experimental status, and projected its potential applications. Phase III consisted of a 
search for teleportation phenomena occurring naturally or under laboratory conditions that can be 
assembled into a model describing the conditions required to accomplish the disembodied conveyance of 
objects. ‘The characteristics of teleportation were defined, and physical theories were evaluated in terms 
of their ability to completely describe the phenomenon. Presently accepted physics theories, as well as 
theories that challenge the current physics paradigm were investigated for completeness. The theories 
that provide the best chance of explaining teleportation were selected, and experiments with a high chance 
of accomplishing teleportation were identified. Phase IV is the final report. 

The report contains five chapters. Chapter 1 is an overview of the textbook descriptions for the 
various teleportation phenomena that are found in nature, in theoretical physics concepts, and 
experimental laboratory work. Chapter 2 proposes two quasi-classical physics concepts for teleportation: 
the first is based on engineering the spacetime metric to induce a traversable wormhole; the second is 
based on the polarizable-vacuum-general relativity approach that treats spacetime metric changes in terms 
of equivalent changes in the vacuum permittivity and permeability constants. These concepts are 
theoretically developed and presented. Promising laboratory experiments were identified and 
recommended for further research. Chapter 3 presents the current state-of-art of quantum teleportation 
physics, its theoretical basis, technological development, and its applications. Key theoretical, 
experimental, and applications breakthroughs were identified, and a series of theoretical and experimental 
research programs are proposed to solve technical problems and advance quantum teleportation physics, 
Chapter 4 gives an overview of altemative teleportation concepts that challenge the present physics 
paradigm, These concepts are based on the existence of parallel universes/spaces and/or extra space 
dimensions. The theoretical and experimental work that has been done to develop these concepts is 
reviewed, and a recommendation for further research is made. Last, Chapter 5 gives an in-depth 
overview of unusual teleportation phenomena that occur naturally and under laboratory conditions. The 
teleportation phenomenon discussed in the chapter is based on psychokinesis (PK), which is a category of 
psychotronics. The U.S. military-intelligence literature is reviewed, which relates the historical scientific 
research performed on PK-teleportation in the U.S., China and the former Soviet Union. The material 
discussed in the chapter largely challenges the current physics paradigm; however, extensive controlled 
and repeatable laboratory data exists to suggest that PK-teleportation is quite real and that it is 
controllable, The report ends with a combined list of references. 
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Giles fan flap 
Figs 3.59A and B: Gillies fan flop. 


‘Tumour in the floor of the 
mouth remaved leaving a defect, Nha flor af the meth 

Figs 3.608 and B: Nasolabial flap used in extensive lower lip defect, 

‘or aver the defect after wide excision of a tumour in the floor of the 
mouth. 


Flap rotated into the defect in 


Prognosis 


Prognosis is good, 5 years survival is 70%. 

© Lip has best prognosis 

% Nerve involvement, fixation, nodal spread, upper lip or 
commissure lesions, age less than 40 years—are poor 
prognostic factors. 


lm TONGUE 


Anatomy of Tongue 


‘Tongue is a muscular organ located in the floor of the mouth, 


Parts 


1, Tip: Anterior free end lies behind the upper incisor teeth, 

2, Root: Attached to the mandible above and hyoid bone 
below. 

3, Body: Dorsal surface is rough due to papillae; and is divided 
into anterior 2/3rd (oral part) and posterior 1/3td (pharyngeal 


Fig. 3.61: Anatomy of the tongue showing parts and papillae. 


part) by sulcus terminalis. Ventral surface is smooth, has 
‘median fold, ‘frenulum linguae’ and deep lingual vein on 
either side. 


Papillae 

1. Vallate—targe, located in front of sulcus terminalis. 

2. Fungiform—lies over the tip and margin of the tongue. 

3. Filiform—lies over the dorsum of tongue, gives the velvety 
appearance—commonest. 

4, Foliate—over the margin. 


Muscles of Tongue 


a. Intrinsic muscle: Superior and inferior longitudinal, trans- 
verse and vertical. 
b. Extrinsic muscle: Genioglossus, hyoglossus, styloglossus, 
palatoglossus. 
Blood supply is from lingual artery, a branch of external 
carotid artery. Venous drainage by deep lingual vein which 
drains into fascial vein or internal jugular vein. 


Forward protrusion—genioglossus—most commonly 
affected by carcinoma 

@ Backward movement—styloglossus 

+ Elevation of tongue—palatoglossus 

® Depression of tongue—hyoglossus 


Lymphatic Drainage of the Tongue 


* Tip of tongue drains into submental lymph nodes, 

* Lateral margin drains to submandibular lymph nodes and 
into upper deep cervical lymph nodes. Many lymphatic 
vessels pass as subperiosteal lymphatics of mandible. So 
carcinoma can involve the bone through this route. 

¢ Lymphaties in the midline of tongue freely cross communi- 
cate with each other and so spread of malignancy can occur 
to both side neck lymph nodes. 


Fig. 3.62: Severe superficial glossitis. 


* Lymphaties trom posterior third of tongue drain into pha 
group of lymph nodes, as well as to the upper de: 

stvical lymph nodes. Early spread to the pharyngeal lymph 
nodes from carcinoma of posterior third of tongue has a 
poor prognosis. 


Lymphatic vessels are named as 
1. Apical vessels. 
2. Central vessels. 
3. Marginal vessels, 
4, Basal vessels. 


Development and Nerve Supply of the Tongue 


Anterior 2/3rd develop from first branchial arch through two 
Jingual swellings and one tuberculum impar. Itis supplied by 
lingual nerve for general sensation and by chorda tympani 
for taste sensation. 

* Posterior 1/3rd develops from third arch from cranial half of 
hypobranchial eminence. Its supplied by glossopharyngeal 
nerve for both general and taste sensations 

* Posterior most part develops from the fourth arch. It is 
supplied by vagus nerve (internal laryngeal nerve). 

Muscles of the tongue are derived from occipital myotomes 
and are supplied by hypoglossal nerve except palatoglossus, 
which is supplied by cranial part of accessory nerve. 


lm TONGUE ULCERS 


Differential diagnosis for tongue ulcers 
& Dental ulcers—painful 
& Aphthous ulcers—painful 
@ Ulcersin lichen planus—painless 
& Syphilticulcers—painless 
@ Tuberculous ulcers—painful 
@ Malignant ulcers—painless 


Dental Ulcer 


tis common on sides of tongue due to sharp tooth, denture, 
and broken tooth. Usually it is acute painful, self limiting 
ulcer. Occasionally repeated trauma form an indolent chronic 
ulcer which mimic carcinoma; it should be excised to rule out 
carcinoma and to cure the ulcer. 


Aphthous Uleer 


It can be (1) Minor aphthous ulcer, common in menstruating 
‘women as a crop with painfil, round, yellow based ulcer with 
red margin, It regresses spontaneously in 2 weeks. (2) Major 
aphthous ulcer, large and deep which often becomes chronic 
and takes more time to subside with a scar. Chlorhexidine 
gluconate, local application of triamcinolone acetate, choline 
salicylate gel are different local applicants used to promote 
healing. (3) Behcet's syndrome is genital ulcer, conjunctival 
ulcer and multiple oral ulcers. Reiter's syndrome is urethtitis, 
arthritis, periarteritis nodosa, conjunctivitis, and oral ulcers. (4) 
Herpetiform aphthous ulcer is not due to herpes simplex. They 
are small, 1-2 mm diameter ulcers in crops which heal by usual 
drugs mentioned above. 


Syphilitic Ulcer 


Extragenital chanere often occurs in tongue in primary syphilis 
which is painless with shotty, submental and submandibular 
lymph nodes. Jn secondary syphilis, multiple shallow snail track 
ulcers in the margins and undersurface; mucous patches on the 
tongue and fauces; Hutchinson s condyloma wart in midline of 
tongue can occur. In tertiary syphilis, gummatous ulcer occurs 
in anterior 2/3rd of tongue as.a deep punched out painless ulcer 
as gumma with wash leather slough, Endarteritis is the cause for 
the punched out look. Interstitial glossitis with loss of papillae 
causes longitudinally fissured bald lobulated tongue in tertiary 
syphilis, In carcinoma arising from syphilitic ulcer, RT is ques~ 
tionable as blood supply is precatious due to endarteritis; RT 
further compromises it leading to tongue necrosis. 


Tuberculous Ulcer 


Itis undermined shallow, often multiple, painful ulcer. Uleer 
can occur in margins, tip or anterior 2/3rd of tongue. Neck 
nodes may be involved. Associated tuberculous larynx and 
Jung may be present, 


Herpetic Lingual Ulcer 


It is involvement of lingual nerve presenting as acute 
neuralgia with vesicles which form multiple superficial 
painful ulcers. 


Other Ulcers 


Multiple ulcers in smokers due to glossitis (smoker's ulcer), 
ulcers due to vasculitis, eosinophilic granuloma. Post-pertussis 
ulcer in whooping cough occurs on upper part of frenum linguae 
and under the tip of tongue. 


He who believes, is strong; he who doubts, is weak. 
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in which the tongue is larger than normal. It 
is commonly painless, diffuse enlargement of the tongue. 
Macroglossia is usually caused by an increase in the amount 
(volume) of tissue on the tongue, rather than by a growth, such 
as a tumour tis often seen in hemangioma, lymphangioma, 
muscular macroglossia (in cretins), acromegaly, Beckwith- 
Wiedemann syndrome (hypoglycaemia, abdominal wall defects, 
Wilms'tumour,macroglossia adrenal tumout),Down's syndrome, 
mucopolysaccharidoses, primary amyloidosis, occasionally 
plexiform neurofibromatosis, Often it causes functional and 
cosmetic problems. 
Causes 
1. Lymphangioma—soft,painless enlarged tongue with ulcers— 

bilateral prevents closure of lip and jaw. 
2. Haemangioma—soft,fluctuant, compressible, bleeding, red/ 

blue lesion 

i. Both are treated by sclerotherapy (ethonalamine 
oleate)/partial excision 
ii, Angiogram/MR angiogram isa must in haemangioma 
li, Ligation of lingual artery/ECA on both sides may be 
needed in large lesions 

Note: 

= Varicosities of sublingual veins mimic haemangioma, 

~ Often causes unilateral enlargement of tongue. 

~ Pressure on alveolus causes spacing of teeth and incisor 

deformity. 

= Combination of haemangioma and lymphangioma can occur, 
3. Neurofibroma—partial excision is done 
4. Tongue muscular hypertrophy: Partial excision is done, 


Elongation is corrected by wedge resection of anterior part 
of extra tongue from midline. 

* Vertical thickening is rectified by slice cutting of lateral 
‘margins without injuring lingual artery and nerve. 


- 3.63: Macroglossia in Down's syndrome patient (Courtesy 
Professor Kishore Chandra Prasad, ENT Surgeon, Dr Sampath, ENT 
‘Surgeon, Mangalore) 


Fig, 3.64: Macroglossia, 


ll BENIGN TUMOURS OF TONGUE 


 Fibroepithelal polyp 
'® Haemangioma and lymphangioma 
‘& Neurofibroma 

& Uipoma 

‘& Granular cell myoblastoma 


Fibroepithelial Polyp 

I is due to repeated trauma at one place may be due to teeth 
(incisor) forming a thickened submucous scar which gets pulled 
ut like @ stalked polyp due to sucking and swallowing mecha- 
nism, It commonly enters the gap between the lower incisor teeth, 


Granular Cell Myoblastoma 


It is a benign noncapsulated firm mobile mass in the tongue 
showing pseudoepithetial hyperplasia of mucosa of tongue with 
eosinophilic granular cells in deeper plane. It is often mistak- 
enly diagnosed as carcinoma of tongue. Iti treated by excision 


™@ TONGUE FISSURE 


* Congenital fissures are transverse which run laterally from 
midline with normal papillae in between. Candida infection 
‘ean occur on this. 

+ Syphilitic fissures are deep bald and longitudinal. 


™ GLOSSITIS 
Median Rhomboid Glossitis. 


* Itis smooth, lobulated, triangular firm patch anterior to 
foramen caecum of tongue in midline with deeper colour. 
* Candida infection can occur in it 


Median GE fold 


Madian GE fold 


Congenital horizontal fissure Longitudinal syphiltic fissure 


Median GE fold 


Foramen 
caecum 


Median rhomboid glassitis 
Fig. 3.65: Congenital fissures of tongue are transverse; syphilitic 
fissures are longitudinal. Median rhomboid glossits is persistent 
‘tuberculum impar. 


# Itmimics carcinoma, Biopsy rules out malignancy. Carci- 
noma is uncommon in midline. 


Glossitis Migrans (Geographic Tongue) 


# It begins as benign small red patches with white furred 
margin which spread and recede in an irregular way to 

ippear as fresh patches. 

* White margin contains keratinized epithelium and inflam- 
matory cells over filiform papillae 

% Itis offen seen in patients with congenital heart diseases 
and acute gastrointestinal diseases. Etiology is unknown. 


Other Glossitis 


# Hunter's glossitis is seen in pernicious anaemia. 

* Hairy tongue is overgrowth of filiform papillae with black! 
brown stain on it due to bacteria, fungi, tobacco or drugs. There 
are no hairs. It is a misnomer. Cessation of causative agent, 
‘mechanical scraping, cleaning are the treatment methods 
granulocytosis glossitis, 

Nonspecific glossitis. 

Pellagra glossitis, due to deficiency of nicotinamide (B12). 
Chronic superficial glossitis in malnutrition, iron and 
vitamin B deficiencies. 


™@ TONGUE TIE 


 Itis short, thick, fibrous frenum linguae. 

* During protrusion lateral margin and tip of the tongue is 
everted with dorsal mid part heaping. 

% Icauses speech defect, difficulty in cleaning the inner part 
of lower teeth 


It is treated surgically under local anaesthesia (or general in 
child). Tongue lifted upwards with a stay suture at the tip; 
fibrous frenum is divided using fine scissor, linear wound 
is closed longitudinally using fine catgut from the tip of the 
tongue towards the margin of the floor of the mouth, 


Figs 3.66 and B: Tongue tie—on table photo, 


ll CARCINOMA TONGUE 


Incidence is equal in both sexes. Presently its incidence is 
increasing in females due to increase in number of female 
smokers, 


Aetiology 


Leukoplakia. 
Erythroplakia. 
AL*S’s (as mentioned in leukoplakia), 


‘ 
* Premalignant conditions mentioned earlier. 


Hope sees the invisible, feels the intangible and achieves the impossible. 
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Fig. 3.67: Papilloma tongue. tis a premalignant condition. It 
requires surgical excision, 


J 


Fig. 3.68: Pyogenic granuloma of tongue under surface. 


Types 
Gross 


1, Papillary. 
2, Ulcerative or ulceroproliferative 60%. 

3, Fissure with induration. 

4, Lobulated, indurated mass—frozen tongue. 


Histologically 
1, Squamous cell earcinoma—commonest. 
2. Adenocarcinoma, may arise from minor salivary glands or 


mucous glands. 
3, Melanomas. 


Fig. 3.69: Tongue showing fissuring. Fissuring is one of the 
presentations of carcinoma tongue. 


Fig. 3.70: Horizontal fissures of tongue. 


4, Transitional cell carcinoma and lymphoepithelioma rarely 
can occur in posterior 1/3rd of tongue 


Sites 


1. Lateral margin—commonest—47-50%. 
2. Posterior third—20%. 

3. Dorsum—6.5%, 

4. Ventral surface—9%, 

5. Tip—10%. 


Clinical Features 


# Painless ulcer/swelling in the tongue which later may 
become painful. Pain in the tongue due to infection or 


Fig. 3.71: Carcinoma tongue with leukoplakia. 


Tonsillar 


(Posterior 1/3rd 


4. Submental group | 

2 Submandibular group | 

3. Upper deep corvical 
‘group 

4. Pharyngeal group 


Fig. 3.72: Anatomy and lymphatic drainage of tongue. 


ulceration or due to the involvement of lingual nerve (pain 
is referred to ear). Pain on swallowing, in case of carcinoma 
of posterior third of tongue. 

» Excessive salivation. Saliva is often blood stained. 


Fig. 3.73: Frozen tongue is feature of carcinoma tongue with 
ankyloglossia. 


2 ‘. 


Fig. 3.74: Carcinoma tip of tongue. Well-circumscribed raised 


edge is seen. 


Dysphagia either due to fixed tongue ot duc to the involve 
ment of genioglossus or growth in the posterior third of the 
tongue. 

Visible ulcer in anterior two-thirds of tongue. Uleet can 
bleed on touch; edge, base and surrounding areas are indu- 
rated. Often indurated area is much more extensive than 
the primary tumour (itis also common in carcinoma penis). 
Edge is everted commonly. Ulcer may cross the midline; 
may extend into the floor of the mouth/alveolus/mandible 
Growth or ulcer in posterior third, is usually not visible. 


Efforts and energies should be consistent, constructive and compassionate. 
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Figs 3.75A and B: Carcinoma tongue lateral 
‘margin (commonest ite). 


Fig. 3.76: Carcinoma tangue. 


% Ankyloglossia—involvement of muscles of the tongue. 
% Movements of the tongue especially forward protrusion is 
commonly affected. 


& Inability to articulate 
+ Fovtor (Halitosis). Due to infection and necrosis inthe oral 
, butyric acid and 


cavity. It is due to release of ammoni 
mercaptan by tumour cells. 

% Change in voice. Occurs in posterior third tumours. Tumour 
in posterior third area is more aggressive. 

* Palpable /ymph nodes in the neck which are hard, nodular 
‘and get fixed to underlying tissues in advanced stages. 

% Features of bronchopneumonia—due to aspiration during 
lying down/sleeping mainly to lower segment of lung. 


Spread of Carcinoma Tongue 


Local spread: 
In case of anterior two-thirds of tongue, the spread occurs to 
genioglossus muscle, floor of the mouth, opposite side and 
mandible. In case of posterior third of tongue it spreads locally 
to tonsil, side of pharynx, soft palate, epiglotts, larynx and 
cervical spine. 
Lymphatic spread: 
From tip of tongue it spreads to submental nodes. From lateral 
margin it spreads to submandibular lymph nodes and later to 
deep cervical lymph nodes. Lymphatics in the tongue are freely 
communicating, and so involvement of bilateral neck lymph 
nodes is common, From posterior third it spreads to pharyngeal 
nodes and upper deep cervical lymph nodes. 

Note: 

+ Any tongue lesion more than 4mm depth has 30% metastasis 
tolymph nodes. 

+ Among oral cancers, carcinoma tongue is more aggressive, 
rapidly growing tumour with high potential for lymph node 
spread. 

«Bilateral neckiymph node spread is common duet crossing of 
lymph vessels in tongue. 

+ Clearance of lingual lymph node which is located between 
tongue and submandibular lymph glands has to be done wich 
‘may contain micrometastass. 

+ Carcinoma tongue has got highest incidence of nodal spread. 


Investigations 


1, Edge biopsy. 

2. FNAC of lymph nodes. 

3. Indirect and direct laryngoscopy to see posterior third 
growth. 


4 a 3 atl 


Fig. 3.77: Carcinoma left lateral margin of the tongue—ulcerative 
lesion. Note the proliferation. induration extends for beyond the 
Visible lesion, 


4, CT scan to see the extension of posterior third growth, or 
to see the status of advanced secondaries. MRI is also very 
useful to assess the extent of primary tumour. 

5S, Chest X-ray to see bronchopneumonia. 

6, Orthopantomogram. 


Note: 
‘Staging is same as carcinoma cheek. 


Treatment 
Surgery, radiotherapy, chemotherapy. 


Surgery 


* Wide excision with 1 em clearance in margin and depth is 
done in tumour less than 1 em in size or in carcinoma in 
situ, Laser (CO, / diode) can be used. 

* Tumour between 1-2 em in size, partial glossectomy is done 
with 2 cm clearance from the margin with removal of 1/3rd 
of antetior two-third of the tongue. 


‘Sulcus terminalis 


Cireumvatiate 
Folate 


Fig, 3.78: Wide excision is done in small lateral margin tumour of 
‘Lm size with 1 em clearance. 


Fig. 3.79: Tumour between 1-2 cm size is treated by partial 
glossectomy with 2.cm clearance. 


Epigiotis 


Vallecula 
Lateral GE fold 


Lymphoid nodules 


Sulcus terminalis, 
Circunnvaliate 


Folate 


Tumour > 2 em Fungiform 


Fig. 3.80: Tumour larger than 2 cm requires hemiglossectomy. 


¢ Tumour larger than 2 em, hemiglossectomy is done with 
removal of anterior 2/3rd of tongue on one side up to sulcus 
terminalis, 

» Raw area in these procedures can be left alone when area 
is wide allowing it to granulate and heal by epithelialisa- 
tion, If area is small like in wide excision it can be closed 
bby primary suturing. Wide raw area can also be covered 
with PMMF or quilted split-skin-graft. 

% Larger primary tumour can be given preoperative radio- 
therapy, then later hemiglossectomy is done. 

* Same side palpable, mobile lymph nodes are removed by 

radical neck block dissection. 

Bilateral mobile lymph nodes are dealt with one side radical 

block and other side functional block dissection with essen- 

tially retaining internal jugular vein (on opposite side) to 

‘maintain the cerebral venous blood flow. Other option is 

doing same side radical neck dissection and on opposite 

side supraomohyoid block dissection, 

Wide excision is done when growth isin the tip of the tongue. 

Posterior third growth can be approached by lip split and 

mandible resection, so as to have total glossectomy— 

Kocher’s approach. tis not done commonly as it carries 

significant morbidity and mortality due to difficulty in 

speech, swallowing, aspiration, sepsis. 

When mandible is involved hemimandibulectomy is done. 

The procedure that involves wide excision or hemi- 

¢glossectomy, hemimandibulectomy and radical neck dissec- 

tion together is called as Commando Operation. 

* Reconstruction of tongue and other area after surgery: By 
deltopectoral flap, forehead flap, pectoralis major muscle 
flap, skin grafting, 

Prophylactic block dissection is becoming popular at present, 


——Pastoperativemanagement 
© Control of infection and oedema 

“ Regular mouth wash 

-® Maintaining the airway 

“ Prevention of aspiration 

‘& Nutrition (through nasogastric tube commonly/TPN often) 


He who believes, is strong; he who doubts, is weak. 
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Radiotherapy 


1, In small primary tumour—curative radiotherapy (Brachy- 
therapy using caesium or iridium!” needles). 

2. Large primary tumour—initial radiotherapy is given to reduce 

the tumour size so thatthe resection will be better later. 

Advanced primary as well as secondaries in the neck can be 

controlled by palliative external radiotherapy. 

4, Postoperative radiotherapy is given in large tumours to 
reduce the chances of relapse. 

5. In case of growths in the posterior third of tongue, radio- 


therapy is of curative as well as palliative mode. 
‘Complications of radiotherapy J 
+ Loss of sensation like taste 
 Trismus and ankyloglossia 
+ Infection 


4 Pharyngeal and laryngeal oedema 
‘& Dermatitis and skin infection 


Chemotherapy 
Given in postoperative period and also for palliation. 
Price-Hill regimen is commonly used, Drugs are methotrexate, 
vincristine, adriamycin, bleomycin and mercaptopurine. 

Its either given intraarterially, as regional chemotherapy 
through external carotid artery using arterial pump or through 
IV, Itean also be given orally. 


‘Complications of chemotherapy. 
® Megaloblastic anaemia 
Bone marrow suppression 
+ Alopecia 
& Sepsis 


For melanoma, Melphalan and DTIC are used. 
Anterior chemotherapy (preoperative) is becoming popular 
to downstage the tumour, 


‘Terminal events =) 
Inhalational bronchopneumonia 
Haemorthage from erosion of lingualartery. In posterior third 
‘ofthe tongue, erosion of internal carotid artery can occur 
Cancer cachexia 


ee 


ee 


‘Asphyxia due to pressure on air passages or due to oedema 
glottis 


Prognosis 


Five-year survival for females is 50%, for males is 25%. 


‘Nodal prognostic factors 
Positive histology in node reduces the survival 
Levelland IV has poor prognosis 
Bilateral/ contralateral nodes carry poor prognosis 
Extracapsular spread/size > 3 cm carry poor survival 
> 3 in number of nodes involved is poor sign 


eeeee 


Prognostic Factors 


* Size of the tumour > 4 em caries poor prognosis. 
* Site of tumour (posterior third has got poor prognosis). 
% Tumour crossing the midline. 

* Lymph nodes status. 

* Differentiation. 

# Bone involvement. 


™ CARCINOMA OF POSTERIOR ONE- 
THIRD/BASE OF THE TONGUE. 


# Lesion may remain asymptomatic for long time. 

# Clinically may be missed easily. 

¢ Earlier symptoms are features mimicking sore-throat and 
throat discomfort 

* Dysphagia and change in voice (hot potato voice) occurs 
later. 


* Referred pain in the ear, bleeding from mouth, visible mass 
in posterior third of tongue is late local features. 

% Induration on palpation in posterior third tongue is diag- 
nostic of the carcinoma, 

As posterior third tongue has got abundant lymphatics which 
cross communicates on either side, lymph node spread is 
‘common (70%). Bilateral nodal spread is common, Massive 
nodes and involvement of jugulodigastric node are also 
‘common. 

# Infiltration into the tongue muscles like genioglossus, 
epiglottis, pre-epiglottic space, fonsillar pillars and 
hypopharynx are common. 

* Carcinoma posterior third of the tongue is often poorly 
differentiated and so caries poor prognosis. 

% Blood spread can occur into bones, liver and lungs in poste- 
rior third cancers, 

* Palpation under anaesthesia gives better idea about the 
tumour, its spread and also allows the biopsy. 

* Presentation as unknown/occult primary and often with 
blood spread can occur. 

* CT scan/MRI is always needed to plan the staging and 
therapy. 

# T), Tz, Noand N; diseases are treated by surgical wide exci- 
sion or often by total glossectomy using midline mandibu- 
lotomy incision (mandible split) with neck dissection on 
both sides (MRND one side). Postsurgery radiotherapy is 
needed if it is a poorly differentiated type or nodal status 
is more than N, 

# Advanced lesions need palliative radiotherapy or chemo- 
therapy. 

* Ty lesions are often treated by total glossectomy with 
laryngectomy and neck dissection but overall outcome is, 
not good 

# Inmany centers primary curative radiotherapy is used. 

* Lymphoepithelioma and transitional cell carcinoma can 
‘occur in posterior third tongue (rarely). 


Carcinoma floor of the mouth 


 Itis usually aggressive tumour 

 Itisrarein india 

Its 2nd common site of oral carcinoma (SCC) in western 
counties 

+ Itinvades hyaglossus, mylohyoid, genioglossus and anterior 
mandible early 

Bilateral neck nodes are commonly involved 

Rim resection of mandible with wide excision of tumour 
with muscles and soft tissues and bilateral neck dissection 
isnecessary 

‘@ Often visor anterior approach with anterior mandible resec- 
tion followed by proper reconstruction with bone graft and 
plates isneeded 

Postoperative radiotherapy and later chemotherapy is used 
to prevent recurrence 

Prognosis is poor and also has poor cosmetic results 


Carcinoma alveolus 


 Itissquamous cell carcinoma arising from gums 

 Itis commonin males 

 Itiscommonin India 

+ Itis commonly due to tobacco/pan chewing 

+ Features and precipitating factors are similar to other oral 
carcinomas 

There ill invariable bone involvementby directextension 

@ Nodal spread is also common 

‘@ Wide excision with mandibulectomy and block dissection of 
neckis the treatment 


Fig, 3.81: Carcinoma of floor of the mouth. has got poor 
prognosis. 


ll NASOPHARYNGEAL CARCINOMA 


Nasopharynx lies above the level of the soft palate which 
divides it from oropharynx below. 

Itisalso called as post-nasal space or epipharynx. Eustachian 
tube opens on its anterolateral wall. Fossa of Rosenmuller 
is located above and behind the opening of the Eustachian 
tube as a small depression. 

Nasopharyngeal carcinoma is common in China and 
Mongolia. In India it is common in North-East region 
It is commonly squamous cell carcinoma (85%). Lym- 
phoma, minor salivary tumours and sarcoma are other 
‘malignancies that can occur rarely in nasopharynx. 


# It can be of proliferative, ulcerative, and infiltrative types. 
‘Commonest site is fossa of Rosenmuller in lateral wall of 
pharynx. It is three times common in mates, 

* HO’ triangle in supraclavicular fossa (bounded by medial 
and lateral ends of clavicle and point where neck meets the 
shoulder) isthe site where metastatic nodes commonly exist 
in nasopharyngeal carcinoma. 

# In 50% of cases nodal involvement is bilateral. Often 
cervical lymphadenopathy may be the first presentation. 

* Clinical features may be nasal, otogenic, ophthalmoneu- 
rogenic (involving most of the cranial nerves with facial 
pain, squint, diplopia, exophthalmos, and ophthalmoplegia), 
jugular foramen syndrome (cranial nerves IX, X, XI spread), 
nodal spread and distant spread to bones, lungs and liver. 

% Unilateral serous otitis media may be the only presentation, 


Clinical Features 


1. Epistaxis, nasal speech, post-nasal discharge and nasal 

obstruction, 

Pain in the ear with unilateral deafiness due to compression 

of Eustachian tube with fluid collection in the middle ear. 

3. Elevation and immobility of soft palate on the same side. 

4. Pain in the area of distribution of trigeminal nerve due to 
direct infiltration of the nerve at foramen lacerum, 

5. Palpable secondaries in upper deep cervical lymph nodes 
(70%). 


‘Trotter's triad 
Unilateral deafness 
‘& Immobile elevated soft palate 
‘® Pain in the distribution of trigeminal nerve 


Differential Diagnosis 


* Lymphoma. 
# Lymphoepithetioma. 
# Minor salivary gland tumour. 


Investigations 


* Biopsy from the primary sit. 
¢ FNAC from the neck lymph nodes. 

¢ X-ray of the skull to visualise erosions 
# CT scan skull 


Histological Type 


Squamous cell carcinoma 


Treatment 


¢ External irradiation for primary. RT is the main modality 
of treatment 

# Radical block dissection of cervical lymph nodes, 

# InN2a, N2b and N2c contralateral neck dissection is needed, 
Spinal accessory nerve is never preserved while doing block 
dissection in nasopharyngeal carcinoma 


The road fo success is paved with good intentions. 
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1.0 INTRODUCTION 


1.1 Introduction 


‘The concept of teleportation was originally developed during the Golden Age of 20" century science 
fiction literature by writers in need of a form of instantaneous disembodied transportation technology to 
support the plots of their stories. ‘Teleportation has appeared in such SciFi literature classics as Algis 
Budry’s Rogue Moon (Gold Medal Books, 1960), A. E. van Vogt’s World of Null-A (Astounding Science 
Fiction, August 1945), and George Langelaan’s The Fly (Playboy Magazine, June 1957). The Playboy 
Magazine short story led to a cottage industry of popular films decrying the horrors of scientific 
technology that exceeded mankind’s wisdom: The Fly (1958), Return of the Fly (1959), Curse of the Fly 
(1965), The Fly (a 1986 remake), and The Fly I! (1989). The teleportation concept has also appeared in 
episodes of popular television SciFi anthology series such as The Twilight Zone and The Outer Limits. 
But the most widely recognized pop-culture awareness of the teleportation concept began with the 
numerous Star Trek television and theatrical movie series of the past 39 years (beginning in 1964 with the 
first TV series pilot episode, The Cage), which are now an international entertainment and product 
franchise that was originally spawned by the late genius television writer-producer Gene Roddenberry. 
Because of Star Trek everyone in the world is familiar with the “transporter” device, which is used to 
teleport personnel and material from starship to starship or from ship to planet and vice versa at the speed 
of light. People or inanimate objects would be positioned on the transporter pad and become completely 
disintegrated by a beam with their atoms being patterned in a computer buffer and later converted into a 
beam that is directed toward the destination, and then reintegrated back into their original form (all 
without error!). “Beam me up, Scotty” is a familiar automobile bumper sticker or cry of exasperation that 
were popularly adopted from the series. 

However, the late Dr. Robert L. Forward (2001) stated that modern hard-core SciFi literature, with 
the exception of the ongoing Star Trek franchise, has abandoned using the teleportation concept because 
writers believe that it has more to do with the realms of parapsychology/paranormal (a.k.a. psychic) and 

maginative fantasy than with any realm of science. Beginning in the 1980s developments in quantum 
theory and general relativity physics have succeeded in pushing the envelope in exploring the reality of 
teleportation. A crescendo of scientific and popular literature appearing in the 1990s and as recently as 
2003 has raised public awareness of the new technological possibilities offered by teleportation, As for 
the psychic aspect of teleportation, it became known to Dr. Forward and myself, along with several 
colleagues both inside and outside of government, that anomalous teleportation has been scientifically 
investigated and separately documented by the Department of Defense. 

It has been recognized that extending the present research in quantum teleportation and developing 
alternative forms of teleportation physics would have a high payoff impact on communications and 
transportation technologies in the civilian and military sectors. It is the purpose of this study to explore 
the physics of teleportation and delineate its characteristics and performances, and to make 
recommendations for further studies in support of Air Force Advanced Concepts programs. 


1.2 The Definitions of Teleportation 


Before proceeding, it is necessary to give a definition for each of the teleportation concepts I have 
identified during the course of this study: 


Approved for public release; distribution unlimited. 
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* Chemotherapy: Methotrexate, Vincristine. 
# Skull base surgeries are usefil 


@ MAXILLARY TUMOURS 


‘They are rare 


© Maxillary sinus is the commonest site for malignancy of 


paranasal sinuses. Ethmoids, frontal and sphenoids are 
next in order. 

% Itis common in people working in furniture industries, 
‘mustard gas industries, and leather industries. It is common 
in Bantus in South Africa where snuff with nickel and chro- 
mium is commonly used. 


Fig. 3.82: Carcinoma maxillary sinus in a boy. Note the extension 
into the palate 


Fig, 3.83: CT picture of carcinoma of maxillary sinus (left-sided). 


Types 


1, Squamous cell carcinoma 80%. 
2. Adenocarcinoma 

3. Transitional cell carcinoma. 

4, Salivary gland tumours. 

5. Sarcomas and melanoma, 

6. Burkitt's lymphoma. 


Behaviour and Presentation 


1. Initially may be symptomless or may present with epistaxis 
or features of chronic sinusitis. 
2. When it spreads to the floor, loosening of the teeth, n 


crosis, 
‘antro-oral fistula can occur. 

3. Extension medially causes nasal block, fungation, nasal 
discharge, blockage of nasolacrimal duct (epiphora), 

4, Extension anteriorly causes pain, anaesthesia and swel- 
ling in the cheek, ulceration and fungation in the skin 
of cheek. 

5. Spread above into the orbit causes epiphora, diplopia, prop- 
tosis. 

6. Posterior spread is most dangerous as it is not revealed 
casily. It causes postnasal discharge, pain, trismus, limitation 
of temporomandibular joint movement. 

7. Involvement of upper deep cervical lymph nodes in later 
stage is common. 


Differential Diagnosis 


Chronic sinusitis 


Classification 


1. Ohngren's classification 
An imaginary plane is drawn extending between medial canthus 
of eye and the angle of mandible. Growth situated above this 
plane is called as suprastructural which has got poor prognosis. 
Growth below this plane is called as infrastructural and has 
got better prognosis. 


Medial cans 
tee Oo) a 
Inrastucture =< Suprasieture 
EAS = 
Maxiary sinus’ yes A 
ae 
rmancile 


Fig. 3.84: An imaginary plane is drawn extending between medial 
canthus of eye and the angle of mandible and line in this plane is 
called as Ohngren’s line. 


Suprastructure 
oreit 


iagrammatic representation of Lederman's 
classification, 


2. Lederman’s classification 

‘Two horizontal lines are used, one passes through the floor of 

the orbit, another passes through the floor of the antra. These 

lines are called as line of Sebileau. 

* Suprastructure type: In this type olfactory area of nose, 
ethmoidal, sphenoid, and frontal sinuses are involved. 

 Mesostructural type: This involves maxillary sinus and nasal 
respiratory part 

¢ Infrastructural type: This type involves alveolar process 
Lederman’ classification is further divided by two vertical 

lines over medial walls of the orbit to separa 

and nasal fossa from maxillary sinuses. 


TNM staging ‘Staging 


+ T; Tumour limited to antral Stage IT; No Mo 


hmoid sinuses 


mucosa ‘Stage II Ty No My 

+ Tz Tumour causing bone ‘Stage III Ts No Moy 
erasion/destruction including Til Tals Ny My 
extension into hard palate or Stage IVATy No Mo, 
middle meatus of nose, TaN; My 

+ T, Tumour invading bone of _Stage IV BAny TN, 
posterior wall of maxillary ‘Mo, Any T Ny Mo 
sinus/skin of cheek/medial wall Stage IVC Any TAny 
of orbivfinfratemporal fossa/ NM, 
pterygoid plates/ethmoid 
sinuses, 


+ Ty Tumour invading orbital 
contents beyond the floor or 
‘medial wall including orbital 
apex/cribriform plate/base of 
skullnasopharynx/sphenold or 
ethmoidal sinuses 


Diagnosis 

# X-ray ofthe part—pacity ofthe involved sinus with destruec- 
tion of bony walls is seen. 

# CT scan—ideal method. 


iP on 
Caldwall-Lue incision 


sce SJ orion ana 
up. 
Fi. Incson for Cldvel-Lic aperetion whith used for taking 


biopsy from maxillary tumour. Incision is not used for definitive 
therapy for carcinoma maxilla. Incision also used in benign conditions 
to approach maxillary sinus. Gingivobuccal mucosa is incised and 
‘mucoperiosteum is raised. Bone of canine fossa is cut to reach the 
‘maxillary antrum, 


Figs 3.87AandB 


‘Don't wait for your ship to come; swim out to it. 
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Figs 3.87C and D 


Figs 3.87A to D: Carcinoma maxilla extending into the nose with 
Yeray and CT pictures, It isa fairly advanced growth. 


Ta 


Fig. 3.88: Carcinoma maxillary antrum extending outwards on to 


all walls, An advanced malignancy. 


~~ —~) 
. e 
( ) 
Weber- 
Ferguson's 


Fig. 3.89: Weber-Fergusson’s incision used for total maxillectomy. 


* Biopsy is done through nasal/oral or on early stage through 
Caldwell-Lue operation. 

* Sinus endoscopy for detailed examination of sinus and for 
biopsy. 


Treatment 


+ Preoperative megavoltage radiotherapy is given. After six 
weeks, total maxillectomy is done. Reconstruction of maxilla 
along with dental reconstruction is required 

¢ When lymph nodes are involved radical neck lymph nodes 
dissection is done, 

* Postoperative radiotherapy and chemotherapy is given as 
an adjuvant therapy. 

# Overall prognosis is 30-40%, 


ll MALIGNANT TUMOURS OF TONSIL 


* Carcinoma of tonsil: It is squamous cell carcinoma, 


similar to carcinoma che 
prognosis, 
Careinosarcoma of tonsil 
Lymphoma—NHL type. 


, but more aggressive with poor 


= 


Fig. 3.90: Lymphoepithelioma of tonsil 


ll CARCINOMA HARD PALATE # Investigations are edge biopsy, FNAC lymph node and CT 
scan to see extensions. 

¢ Treatment is wide excision with removal of the underlying 
palatal bone. Often partial or total maxillectomy (Weber- 
Fergusson incision) may be required. Myocutaneous flap 
with dental prosthesis is essential to reconstruct after 
surgery. Postoperative radiotherapy and neck block dissec- 
tion are often required. 


* Minor salivary gland tumours are more common in palate 

4 Inmales, in reverse smokers (Churat is rolled tobacco lea!) 
squamous cell carcinoma is seen in palate due to repeated 
thermal injury. 

‘ Matignant tumours may spread to periosteum, bone, maxilla, 
sinus, or nose. 

* Salivary gland tumours are commonly malignant and are of | 
adenoid cystic type. Other types also can occur. It presents as 
a single, solid, smooth swelling with ulcer over the summit, 

* Squamous cell carcinoma is ulcerative with raised and 


lm LARYNGEAL TUMOURS 


everted edge. Benign 
Upper deep cervical lymph nodes are involved in 25% of ¢ Epithelial can be papilloma, vocal nodule or vocal polyp. 
patients Papilloma is usually single in adult, multiple in children. 


% Connective tissue tumours like fibroma, myxoma, angioma, 
Indirect laryngoscopy (ILS) or direct laryngoscopy confirms 
the diagnosis, 


Childhood papilloma Adult papilloma 


Multiple, of viral origin _Single, of neoplastic origin 

(Papova) 

Can occur in glottic, supra Giottic only 

and infraglottic 

Not premalignant Premalignant 

Recurrence common. Not common after complete 
excision 

Excision is difficult Easier removal 

Causes more dyspnoea, _Hoarseness only 

stridor, cough 

May require tracheostomy. 


Fig. 3.91: Minor salivary gland tumourin posterior halfof the palate. Note: 
Note the nodular lesion with ulceration over the summit (Courtesy: Stridor can be inspiratory, expiratory or biphasic. 
Professor Kishore Chandra Prasad, ENT Surgeon and Head of the 

Department and Dr Sampath, ENT Surgeon, KMC, Mangalore). Treatment 
¢ Endoscopic removal. Application of podophyllum, 
# Cryosurgery, Laser surge 


lm MALIGNANT TUMOURS OF LARYNX 


Aetiology 


# Smoking, tobacco. 

# Alcohol intake. 

% Occupational/industrial exposure to chemicals like mustard 
‘gas, asbestos, benzopyrones, petroleum products, 

% Previous radiation. 

% Genetic: Russians develop familial laryngeal cancers. 

* Papillomavirus, keratosis, malnutrition, 


Incidence 


# Squamous cell carcinoma is commonest (95%). 
* Common in males (10 : 1). 
: Carcinoma hard palate extending laterally % Common in Sth/6th decade. 


‘He who attempts the absurd can achieve the impossible. 


27 


‘Ayneg [e190 


42 


SRB's Manual of Surgery 


Epigiotis: 


Aryepiglottic fold 
—Thyrohyoid 
membrane 


.93: Anatomy of larynx showing supraglottic, glottic and 
‘subglottic regions. 


Types 


% Ulcerative. 
Proliferative. 


Anatomical Types 


 Supraglottic (25%): It arises from infrahyoid part of 
epiglottis, ventricles, and arytenoids. It spreads to neck 
lymph nodes early (40%) due to rich lymphatics in this 


area, Throat pain, dysphagia, palpable neck nodes and 


referred pain are common features. Hoarseness of voice, 
loss of weight, respiratory obstruction, and halitosis are 
late features. Carcinoma in epiglottis causes bilateral nodal 
spread. Local spread occurs to vallecula, base of tongue and 
pyriform fossa, 

% Glottie (65%): It is the commonest type. It begins from 
upper part or free edge of vocal cords (mid or anterior) often 
extending 10 mm below. Lymphatic spread is slow (only 
4%) as this area has got least lymphatics. Opposite vocal 
cord can involve as kiss cancer. Vocal cord mobility is unaf- 


fected in early cases. Vocal cord fixation signifies spread to 
thyroarytenoid which is a poor prognostic sign. It presents 
very early due to hoarseness of voice. Eventual cord fixa- 
tion causes stridor. Locally it spreads anteriorly to anterior 
commissure, posteriorly to vocal process and arytenoids, 
above to ventricle and false vocal cords, below to subglottis. 

% Subglottic (2%) is less common involving under-surface 
of true vocal cords and subglottic space. It spreads to deep 
cervical and paratracheal nodes (20%). Upward spread is 
rather late and so hoarseness is not an early symptom in 
this type. It can spread through cricothyroid membrane or 
thyroid gland, 


Note: 

+ Inindian subcontinent supraglottic tumours are more common 
than glottic. Glottc type is common in Western countries. 

+ Fixation of cords s due to involvement of thyroarytenoid muscle 
or cricoarytenoid joint. 


(Clinical features Investigations 


+ Hoarseness of voice + ILS (Indirect laryngoscopy 
+ Pain and discomfort + Direct laryngoscopy and 
biopsy 


+ Cough. dyspnoea, stridor, + CT neck—very useful 


dysphagia in ate cases investigation 
+ Bloody sputum 
+ Palpable neck nodes, + ‘Chest X-ray 


which eventually get fixed 
+ FNAG of lymph node 
+ Absence of laryngeal + ‘Microlaryngoscopy in 
crepitus small lesions to identity 
and to have proper biopsy 
+ Common in males—10:1 + Toluidine biue staining 
to stain early superficial 
cancers which facilitate 
the accurate biopsy 
+ Hopkin’s endoscopy 
+ Flexible, fibreoptic 
laryngoscopy 


Staging 
Tumour 


‘TL Tumour confined to one anatomical site in larynx with 
normal cord mobility 
12. Tumour confined to one anatomical region within larynx. 
‘T3. Tumour spreads beyond one anatomical region within 
larynx with cord fixation 
T4 Tumour spreads beyond larynx. 
Nodal staging is similar to any other oral carcinomas, 


Treatment 


% Supraglottic: Stage curative radiotherapy is the choice. 
In stage II and II] total laryngectomy and block dissection 
of neck nodes, 

* Glottic: Radiotherapy is the choice as nodes are commonly 
not involved. Endoscopic laser surgery or open partial 
laryngectomy can be done. 

# Subglottic: Total laryngectomy is the treatment of choice 
with nodal block when needed 

¢ Inadvanced stage IV carcinomas surgery and radiotherapy 
both are not possible. Here chemotherapy is given using 
cyclophosphamide, cis platin and methotrexate. 

¢ In advanced resectable tumours, induction chemotherapy 
{for 4 cycles with methotrexate and cisplatin 100 m/sq metre 
BSA (at 0, 22. 43 days) and total laryngectomy is under trial 
Concurrent chemotherapy and radiotherapy are also under 
trial in these cases 


Supraglottic 


‘Subgiattic 


Tumour 
Supragiottic 
tumour 

Tumour 
Giotic 
tumour 
Tumour 
Subglottic 
tumour 


Fig. 3.94: Laryngeal carcinoma, types. Note the typical sites. Glottic is the commonest site. Next is supraglottic. Subglotticis rare. 


Median GE fold Vallecula 


Epigiti 
Tuberc: one 


Vestibular fold 


Vocal fold 


Lateral GE fole 
Ayepiglottic fold 


Comiculate 


Fig. 3.95: View of larynx as seen through a laryngoscope. 


Fig. 3.96: Endoscopic view of vocal cords, pyriform fossa and 
aryepiglottic fold. 


The greatest happiness of life is the conviction, that we are loved. 


rye 


Fig. 3.97: Indirect laryngoscopy to visualise larynx and its parts. 


Role of Radiotherapy in Laryngeal Cancer 

# Inearly growth with no impairment in motility curative RT 

is very useful with 90% cure rate with preservation of voice 

# Itis commonly used in superficial exophytic lesions, growth 
in tip of epiglottis and aryepiglottic folds. 

# In subglottic extension, fixed growths, and in presence of 
nodes, radiotherapy is less effective. 


Fig. 3.988 
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Fig. 3.988 


Figs 3.984 and B: Carcinoma larynx—patients underwent total 
laryngectomy with permanent tracheostomy. 


Conservative laryngeal surgery 


Indications Advantages 
+ Early growth without + Permanent tracheostomy 
fixation especially glottic _is avoided 
type Voice is retained 
Types Disadvantages 


+ Cordectomy through 
laryngofissure-excision of 
vocal cord after spiiting 
of larynx 

+ Partial frontolateral 
laryngectomy-excision of 
vocal cord and anterior 
commissure 

+ Partial horizontal 
laryngectomy-excision 
of supragiotis (epigiotis, 
aryepiglattc folds, false 
vocal cords and ventricle) 


+ Inadequate clearance 


+ Recurrence of the 
disease 


| Incision for block 
dissection 


Laryngectomy incision 


Fig. 3.99: Gluck-Sorenson's laryngectomy incision. Extension lines 
sideward can be used for adding radical neck dissection. 


Total laryngectomy 


Indications Technique 

+ Ta lesions with cord fixation + Entire larynx with hyoid 

+ All Ts lesions bone, pre-epiglottic 
space, strap muscles, 

+ Bilateral arytenoids spread he of more rings of 

+ Thyroid/ericoid spread trachea are removed 


+ Transglottic cancers + Pharyngeal wall is 


involving ventricle with renee 
fixation ofthe cord 

+ Posterior commissure > Lower tracheal stump 
disease is sutured to the 

+ Failure of conservative skin as permanent 
‘surgery or RT tracheostomy 

PeShene + Often laryngo-oesopha- 

‘gectomy is done when 
+ Mortality of surgery Fe criroeal eeu 
+ No speech present. Gastric pull-up 


Beene is done to maintain Gl 
tracheostomy and its continuity 
problems + Technique may be com- 
bined with neck nodal 
dissection both sides 


Care after total laryngectomy 

Speech therapy by pseudaglottis creation, battery operated 
attificial larynx or inger-Blom prosthesis or Panje'sprothesis, 
Tracheo-oesophageal prosthesis (TOP) is ideal 

+ Social and job rehabilitation 

Care of permanent tracheostomy by avoiding immersion 
in the water, care during bath, shower use and swimming. 
Shower covers are available for this purpose 

+ Often along with total laryngectomy, total thyroidectomy 
and removal of parathyroid glands are required.Patient then 
needs supplementation of thyroxine and calcium forlife time 


lm TRISMUS 


 Itis inability to open the mouth adequately. 

% Causes are—submucosal fibrosis, carcinoma buccal and 
gingivobuceal complex, post-radiotherapy sequelae, infec- 
tion like tetanus, parotitis, dental or peritonsillar abscess. 

+ Incarcinoma, invasion of tumour to pterygoids, buccinator, 
masseter, temporalis causes trismus, 

% Grading of trismus: Interincisor distance more than 3.5 
em is—normal; Grade I is between 3.0-3.5 em; Grade I is 
between 2.0—3 em; Grade Ill is less than 2 em. 

 Itis offen clinically assessed by placing fingers perpen- 
dicularly between two jaws at incisor level. More than 3 
fingerbreadth is considered as normal. 

+ Problems with trismus are—inability to put fingers or spoon 
into mouth; difficulty in cleaning the mouth; infection; ditfi- 
culty in assessing the tumour / pathology clinically. During 
surgery, intubation is difficult and so tracheostomy may be 
needed in these patients 

4 Management—treating the cause; release of soft tissue in 
case of fibrosis; draining the abscess and antibiotics for 
infection, 


MET iiaey Salivary Glands 


(Three weeks after arriving at the anatomy laboratory of Gerhard Blasius in Amsterdam) fortune so favoured me 
that in the first sheep's head, which |...was dissecting alone in my room, | found a duct which, so far as | knew, 


had been described by no one before. 


CHAPTER OUTLINE 


» Anatomy 
» Saliva 

 Sialography 

Salivary Calculus and Sialadenitis 
 Sialosis 

~ Sialectasis 

* Recurrent Childhood Pa 
» Parotid Abscess 


» Parotid Fistula 
Sjogren's Syndrome 

© Mikulicz Disease 
Salivary Neoplasms 
 Pleomorphic Adenoma 
~ Adenolymphoma 

» Oncocytoma 


™ ANATOMY 


Parotid Gland (Para—around, otis—ear) 


Itis the largest ofthe salivary gland, situated below the acoustic 
meatus between the ramus of mandible and sternomastoid 
muscle. The deep cervical fascia splits to form a capsule 
(parotid capsule) to enclose the gland. The superficial layer is 
thickened and adherent to the gland. 

Itis deep to parotid fascia, superficial to masseter. So parotid 
swelling occupies below, behind, in front of the ear lobule, 
obliterating the normal hollow below the ear lobule. When 
patient opens the mouth, parotid fascia stretches and swelling 
may become less preeminent but this test is difficult to elicit. 
‘When patient clinches his teeth, masseter contracts and parotid 
becomes more prominent. 


—Niels Stensen, 1661 


Basal Cell Adenoma 
= Mucoepidermoid Tumour 

* Adenoid Cystic Carcinoma 

* Acinic Cell Tumour 

~ Malignant Mixed Tumour 

® Adenocarcinoma of Salivary Glands 

= Squamous Cell Carcinoma of Salivary Glands 
 Submandibular Salivary Gland Tumours 
Management of Malignant Salivary Tumours 
= Minor Salivary Gland Tumours 

Parotid Lymphoma 

» Parotidectomy 

* Frey's Syndrome 

Facial Nerve Injury 


Parts of the Parotid Gland 


% Superficial part (80%)—lies over the posterior part of the 
ramus of mandible. 

% Deep part (20%)—lies behind the mandible and medial 
plerygoid muscle; in relation to mastoid and styloid process. 


Accessory Parotid 


It is prolongation of the gland above the parotid duct (socia 
parotidis) 


Parotid Duct 


Parotid (Stensem3) duct is 2-3 mm in diameter, S em in length, 
emerges from anterior surface of the gland, runs over the 
surface of the masseter muscle, passes through the buccinator 


Both over-salivation and under-salivation are not advised. Only optimum salivation is accepted and ideal. 
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muscle, and opens into the oral mucosa opposite to the crown 
of upper second molar tooth. It is palpated bidigitally, one 
fingerbreadth below the zygomatic bone with index finger 
inside and thumb outside, in front of masseter which is felt 
during clinching of teeth. Transverse facial artery is above the 
parotid duct, Duct is | em below the zygomatic arch. 


Facial Nerve 


It emerges from the stylomastoid foramen lying between 
‘external auditory meatus and mastoid process. Itpasses around 
the neck of the condyle of mandible and becomes superficial, 
later dividing into femporofacial and cervicofacial branches 
which in turn divides into many branches. Some of these may 
be interconnected as pes anserinus (goose foot). Branches are 
— temporal (auricularis anterior and superior part of frontalis), 
zygomatic (frontalis and orbicularis oculi), upper buccal and 
lower buccal (buccinator, orbicularis oris, elevators of the lip) 
‘mandibular (lower lip muscles) and cervical (platysma). 

While exiting the skull through stylomastoid foramen (it 
is accompanied by stylomastoid branch of posterior auricular 
artery which enters the same foramen), it gives posterior 
auricular nerve and motor nerves to posterior belly of digas- 
tric and stylohyoid. Trunk is initially Lem from posteromedial 
surface (extraglandular) and intraglandular for 1 em before 
giving divisions, 

Gland is often called as parotid sandwich due to transverse 
of facial nerve. 


Blood Supply 


It is from external carotid artery; and venous drainage is by 
external jugular vein, 


Nerve Supply 


It is from autonomic nervous system, parasympathetic is 
secretomotor from auriculotemporal nerve, sympathetic 
vasomotor from plexus around the external carotid artery 
Faciovenous plane of Patey is of surgical importance. Facial 


‘Superficial lobe 


Deep lobe 


ECA: 


Facial nerve 
Retromandibular vein 


Fig. 4.1: Superficial lobe (80%) and deep lobe (20%) are separated by 
‘external carotid artery, retromandibular vein and facial nerve from 
deep to superficial 


: Anatomical relations of the parotid gland. 


nerve is superficial to this plane which contains retromandibular 
vein and posterior facial vein. External carotid artery dividing 
into superficial temporal artery and maxillary artery is deeper 
to venous plane. 


Lymphatic Drainage of Parotid 


It drains into parotid lymph glands which are partly intrag- 
landular and partly extraglandular (preauricular and infraau- 
ricular), Mainly intraglandular nodes are involved which later 
drains into deep cervical lymph glands. Parotid lymph nodes 
also drain from temple, side of scalp, lateral part of auricle, 
external acoustic meatus, upper part of cheek, parts of eyelids 
and orbit. 


Structures within the parotid gland from deep to superficial 

‘External carotid artery, maxillary artery, superficial temporal 
artery, posterior auricular artery 

‘ Retromandibular vein (by maxillary and superficial temporal 
veins) 

+ Facial nerve with Its branches 


Great auricular nerve (cutaneous sensory around angle and 
lower part of the ear lobule) and auriculotemporal nerve which 
is from mandibular division of trigeminal nerve (secretomotor 
to parotid gland) are other nerves present in relation to parotid 
land, 


Submandibular Salivary Gland 


tis a‘F" shaped salivary gland situated in the anterior part of 
the digastric triangle. 


Parts 


% Superficial part: Lies in submandibular triangle, superficial 
to mylohyoid and hyoglossus muscles, between the two 
bellies of digastric muscle. 

* Deep part is in the floor of the mouth and deep to the 
mylohyoid. 


Zygomatic 
branch 


Mandibular 
‘branch 


Cervical 
branch 


Superficial temporal vein 
‘Superficial temporal artery 
nillary vein 


Maxillary artery 
Transverse facial 


Retromandibular vein 


Posterior auricular vein—y 
Posterior auricular arte 


External jugular vein 


External carotid artery 


Fig. 4.4: Vascular plane of parotid. 


Lingual nerve 


Nerve to 
mylohyoid 


Medial: 
pteryaoids 


Posterior. 
bally of 


ne AN 


‘Submandibular salivary gland 


: Anatomical relations of the submandibular 
salivary gland, 


Siyloglossus 


Deep lobe SMSG meee 


‘Mid constrictor 


Hyoid bone 


‘Submansibular ganglion Digastric muscle 


Sublingual gland Lingual nerve 


SMSG duct 


Lingual artery 
and vein 


Hypoglossal 
nerve (12) 


iB) Deep submandibular gland 


Figs 4.6A and B: Relations of the submandibular 
salivary gland and its deep lobe. 


Submandibular (Wharton's) duct (5 em), emerges from the 
anterior end of the deep part of the gland, enters the floor of 
the mouth, on the summit of papilla beside the frenulum of 
the tongue, 

Lingual nerve and submandibular ganglion are attached to 
upper pole of the gland. Hypoglossal nerve is deep to the gland. 

Facial artery emerges from under surface of the stylohyoid 
muscle, enters the gland from posterior and deep surfice, reaching 
its lateral surface crossing the lower border of mandible to enter 
the face. 

Venous drainage is to anterior facial vein, 

Nerve supply: Branches from the submandibular ganglion, 

Resting salivary flow usually arises from the submandibular 
salivary gland. Sialorrhoea is increased salivary flow often seen 
due to drugs, in cerebral palsy, physically handicapped person, 
children, and psychiatry patients. Intractable sialorthoea can be 


How a person masters his fate is more important than what his fate is. 
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Teleportation ~ SciFi: the disembodied transport of persons or inanimate objects across space by 
advanced (futuristic) technological means (adapted from Vaidman, 2001). We will call this sf- 
Teleportation, which will not be considered further in this study. 


> 


Teleportation — psychic: the conveyance of persons or inanimate objects by psychic means. We 
will call this p-Teleportation 


> Teleportation — engineering the vacuum or spacetime metric: the conveyance of persons or 
inanimate objects across space by altering the properties of the spacetime vacuum, or by altering 
the spacetime metric (geometry). We will call this vm-Teleportation. 


> Teleportation ~ quantum entanglement: the disembodied transport of the quantum state of a 
system and its correlations across space to another system, where system refers to any single or 
collective particles of matter or energy such as baryons (protons, neutrons, etc.), leptons 
(electrons, etc.), photons, atoms, ions, etc. We will call this g-Teleportation. 


¥ Teleportation ~ exotic: the conveyance of persons or inanimate objects by transport through extra 
space dimensions or parallel universes. We will call this e-Teleportation 


We will examine each of these in detail in the following chapters and determine whether any of the above 
teleportation concepts encompass the instantaneous and or disembodied conveyance of objects through 
space. 


Approved for public release; distribution unlimited. 
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corrected by different surgeries to submandibular salivary gland 
like duct repositioning to excision of the gland 

Xerostomia is decreased salivary flow. It is seen in post- 
‘menopausal women, depression, dehydration, use of antide- 
pressant drugs; anticholinergic drugs, Sjogren’s syndrome, 
radiotherapy to head and neck region. 


Minor Salivary Glands 


‘There are around 450 minor salivary glands which are distrib- 
uted in lips, cheeks, palate and floor of the mouth. Glands also 
may be present in oropharynx, larynx, trachea and paranasal 
sinuses. They contribute to 10% of total salivary volume. 

Sublingual glands are minor salivary glands one on each 
side; located in the anterior aspect of the floor of the mouth in 
relation to mucosa, mylohyoid muscle, body of the mandible 
near mental symphysis. Gland drains directly into mucosa or 
through a duct which drains into submandibular duct. This duct 
is called as Bartholin duct. 

Minor salivary glands are not present in gingivae and ante- 
rior portion of the hard palate. 


Ectopic Salivary Gland 


Ectopic salivary gland also called as aberrant salivary gland is 
nothing but ectopic lobe of the juxtaposed salivary gland. [tis 
‘commonly seen in relation to submandibular salivary gland. 

Commonest ectopic salivary tissue is Stafne bone cyst 
(Edward € Stafne, Dental Surgeon, Mayo Clinic). Itis invagi 
nation of the juxtaposed submandibular salivary gland into the 
mandible bone on its lingual aspect. 

‘X-ray shows radiolucent area due to the cyst below the angle 
of the mandible, lower to inferior dental vessels and nerve, 


™ SALIVA 


1500 ml of saliva 
is less, 7.0; acti 

Saliva contains lingual lipase secreted from tongue glands, 
amylase from salivary glands, 

Saliva contains mucin, glycoproteins, immunoglobulin IgA, 
lysozyme, lactoferrin which binds iron, proline rich proteins 
that protect enamel and bind toxic tannins. 

Parotid saliva is 20% of total secretion of saliva per day and 
is serous and watery; submandibular is 70% and is mucous 
and moderately viscous; sublingual is 5% and is mucous 
and viscous. Minor salivary and other oral glands —5%, 

Saliva facilitates swallowing, keeps mouth moist, serves as 
solvent for taste buds, facilitates speech, keeps oral eavit 
rinsed and clean, antibacterial, and neutralizes gasti 
content in regurgitation to relieve heartburn. 


secreted per day. pH of resting saliva 
saliva is 80. 


lm SIALOGRAPHY 


Indications 
1, Salivary fistulas, 
2, Sialectasi 
3. Congenital conditions, 


Fig. 4. 


Sialogram X-ray done to visualise 
the ductal pattern in parotid. 


Figs 4.8 and B: Submandibular gland sialogram pictures (Courtesy: 
Professor Kishore Chandra Prasad, ENT Surgeon and HOD, KMC, 
Mangalore; Dr Sampath, MS ENT, KMC, Mangalore]. 


4. Extraglandular masses. 
5. Parotid duct stones. 

Dye used is lipiodol or sodium diatrizoate (Hypaque). 
gauge cannula is passed into either Stensen's duct or 
‘Wharton's duct and one ml of the dye is injected into the duct 
and X-ray is taken, 


Findings 


& Narrowing (Stricture) 
+ Grapeske cluster appearance (Sialectasis) 
+ Dilatations 

4 Communications (Fistulas) 

4 Mass lesions 


Precautions 


1. Sialography should never be performed in acute inflamma- 
tion 

2. Only one ml of dye should be injected, if more dye is injected 
it causes extravasation and chemical sialadenitis. 


ll SALIVARY CALCULUS AND SIALADENITIS 


80% Submandibular, 
80% Radio-opaque 

Itis commonly calcium phosphate and calcium carbonate 
stones. 

Calculi are more common in submandibular gland, because 
the gland secretion is viscous, contains more calcium and 
also, its drainage is nondependent, causing stasis. 

* Secretion from parotid is serous, contains less calcium and 
so stones are not common, 


Fig. 4.9: Submandibular sialadenitis in a young boy who required 
excision of gland, 


Fig. 4.10: Stone in the submandibular salivary gland as seen in 
Xray (Courtesy: Dr Jagdish, Mangalore) 


Submandibular gland Parotid gland 

80% common 20% incidence (Rare) 
80% Radiopaque Radiolucent 

Seen in plain X-ray (intraoral) Not seen in plain X-ray 
Sialogram is not needed Identified by sialogram 


Caleuli are common in submandibular salivary gland, because: 
4 Viscous nature and mucin content 

Calcium content 

4 Nondependent drainage 

+ Stasis 

‘& Hooking of nerve by submandibular duct 


js05 for submandibular Types of slaladenitis 
denis 


Bacterial—more common. + Acute 
Itis usually due to ES pacerg Coca 
‘obstruction and stasis following submandibular 

+ Trauma over duet causing _salivary ductal 
‘cedemalstricture and ‘obstruction (Wharton's) 
‘stasis ‘or in parotid gland. In 

+ Vial—mumps—rare parotid, suppuration 

can occur leading into 
(Paramyxovirus) ean wen 
~ Viral—common in 
parotid 
+ Chronio—common after 
partial obstruction of 
‘submandibular gland 
duct oF due to stones in 
‘submandibular gland or 
hilum proximal to the level 
of crossing of the lingual 
nerve over the duct 
Presentation 


Acute Sialadenitis—Features 


* Pain, swelling, tendemess is seen in submandibular region 
and floor of the mouth. 
Dysphagia, trismus, fever, 
Double chin appearance due to spreading of oedema 
downwards. 

% Duct is inflamed and swollen, 


Chronic Sialadenitis—Features 


% Pain is more during mastication due to stimulation (Salivary 
colic which can be induced by meals, lemon juice, ete). 
Salivary colic is pain induced by obstruction to the outflow 
of saliva may be ductal stone. During salivation size of the 
swelling will decrease again 2 hours after meal/stimulation, 

* Salivary secretion is more during mastication causing 
increase in gland size. 


Diagnosis means finding the cause of the disorder, not just giving its narne —Sydney Walker 
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+  Firm/rubbery tender swelling is palpable bidigitally. 

* When stone is in the duct, itis palpable in the floor of the 
‘mouth as a tender swelling with features of inflammation 
in the duct, Pus exudes through the duct orifice. (Irrita- 
tion of the lingual nerve, which is in very close proximity 
to submandibular salivary duct, causes referred pain to 
tongue—lingual colic) 

* In submandibular salivary gland, often the stones are 
‘multiple, with chronic inflammation of gland (sialadenitis). 

# Often acute on chronic sialadenitis can occur. 

* Kuttner tumour is chronic sclerosing sialadenitis of 
submandibular salivary gland. 


Differential Diagnosis 


% Submandibular lymphadenitis, 
% Salivary neoplasm. 


Investigations 


Intraoral X-ray (dental occlusion films) to see radiopaque 
stones (80%), 

# FNAC of the gland to rule out other pathology. 

% Total count and ESR in acute phase. 

* USG will demonstrate stone with posterior acoustic shadow: 

Note: 

Radiological demonstration of stone/stones is called as sialo- 

lithiasis 


Treatment 


# Ifthe stone is in the duct, removal of the stone is done 
intraorally, by making an incision in the duct. Incised duct 
is not sutured as it may result in stricture, Laying open 
allows free drainage of saliva, Procedure is usually done 
under Jocal anaesthesia. 


Fig. 4.11: Stone in the duct of submandibular 
salivary gland (Wharton's duct) 


Fig. 4.12: Excised specimen of submandibular 
salivary gland with stone in the gland. 


Fig. 4.13: X-ray (OPG) showing left sided 
‘submandibular salivary stone. 


= 
eS. 


14: Incision for removal of the 
‘submandibular salivary gland. 


Submandibular 
salivary gland 


24om 


Fig. 4.15: Incision for excision of submandibular salivary gland. It 
should be 2-4 cm below the margin of the mandible to avoid injury 
to marginal mandibular nerve. 


* Ifstone is in the gland, excision of submandibular gland 
is done—sialadenectomy. Itis always done under general 
anaesthesia. 

Approach is from submandibular region (outside). An inci 
sion is made on the skin in submandibular region, about 5-8 em 
length, parallel to and 2-4 m below the mandible, Incision is 
deepened through the deep fascia until the gland is visualised 
without raising the flaps (so as to avoid injury to marginal 
mandibular nerve, branch of facial nerve). Facial artery is 
ligated twice, Lingual nerve and hypoglossal nerves are taken 
care of, Mylohyoid is retracted so as to remove the deep portion 
of the gland. Drain is placed after removal of the gland. 

Antibiotic coverage is 4 must. 

Facial artery lies in the groove on the deeper aspect of the 
‘gland; often embeds in the gland or runs around the gland with 
a variable course and so artery has to be ligated twice above 
anteriorly and below posteriorly. 

‘Marginal mandibular nerves in subplatysmal plane in neck, 
so incision should be deepened actoss the deep fascia without 
raising subplatysmal plane to avoid injury to this nerve. 


Complications of Surgery 

Haemorthage. 

Infection 

Injury to marginal mandibular nerve, lingual nerve, bypo- 

glossal nerve. 

4, Injury to nerve to mylohyoid causing anaesthesia over 
submental skin. 


Note: 
‘Stone in parotid duct can be removed by opening the duct langi- 
tudinally 

‘Stone in the gland or in collecting ductis treated by parotidectomy. 


Tndications for ‘Steps in submandibular 437 
submandibular salivary _ salivary gland excision 
gland excision 


‘Chronic sialadenitis + Anaesthesia—general 
‘Submandibular salivary. Bgsition—neck extension 


tumours with chin to opposite side 
papeccoes 
Erode, Picea sto) 
SOLIDI ROI ABISIY, margin of the mandible 
oe 


‘Superior salivary nucleus 
4 
Preganglionic fibres: 


Facial nerve, Chorda 


5-8 em in length (6 cm) 


+ Mobilisation of the gland— 
intracapsular in sialade- 
nits; extracapsular in 
tumours with ligation of 
anterior facial vein 


tympani nerve 
fe + Facial artery ligation 
Lingual nerve proximally and distally as 


‘Submandibular ganglion— 
post-ganglionic fibres F 


‘Submandibular and 
sublingual salivary glands 


* 


Itis enlargement of the salivary gland due to s 
a result of various metabolic causes like diabetes, acromegaly, 


artery isin the gland or in 

the groove posteriorly 

Dissection of deeper lobe 

from mylohyoid muscle 

+ Identification of lingual 
and hypoglossal nerves 

+ Duct identification and 
ligation 

+ Wound closure with a 
suction drain 


Rule of 2 in submandibular salivary gland 


2 parts divided by mylohyoid muscle 
2.conditions affect it—tumour and stone 

2 superficial nerves—cervical and mandibular branch of 
facial nerves 

2 deep nerves—lingual and hypoglossal nerves 
Incision—2-4 cm below the mandible 

Ligate facial artery at 2 places 


spueyy Aueatjes 


SIALOSIS 


ty infiltration, 


obesity, liver disease, alcoholism, bulimia, idiopathic, drug 
induced (sympathomimeties, carbimazole, thiouracil). 


Clinical features: Bilateral diffuse enlargement of parotids, 
which is smooth, firm, nontender, 


Treatment: The cause is treated, 


SIALECTASIS 


Itis an aseptic dilatation of salivary ductules causing grape- 
like (cluster-like) dilatations. 


By perseverance the snail reached the ark —Charles Haddon Spurgeon 
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$  Itis a disease of unknown aetiology with destruction of 
parenchyma of gland accompanied by stenosis and cyst 
formation in the ductules. 

%  Itis common in parotids; often bilateral. 
Presents as a smooth, sof, fluctuant, nontransilluminating 
swelling which increases in size during mastication. It is 
tender initially. It lasts for many days with a long symptom- 
free period of the disease. 

%  Sialogram is diagnostic (grape or cluster-like dilatations). 

* Treatment is conservative (nonsurgical). 


li RECURRENT CHILDHOOD PAROTITIS 


Iisa recurrent, rapid enlargement of one or both parotids with 
fever and malaise in children of age group between 3-6 years 
without any known aetiology. Recurrent episodes with a quies- 
‘cent period in between are typical. Sialogram shows snowstorm 
punctate sialectasis. Low dose antibiotics for long period may 
be required. Occasionally patient may need total conservative 
parotidectomy especially if it occurs late in adolescent period. 


ll PAROTID ABSCESS (SUPPURATIVE 
PAROTITIS) 


% Itisaresult ofan acute bacterial sialadenitis of the parotid 
gland 

+ Itisan ascending bacterial parotitis, due to reduced salivary 
flow, dehydration, starvation, sepsis, after major surgery, 
radiotherapy for oral malignancies and poor oral hygiene. 

* Parotid fascia is densely thick and tough and so parotid 
abscess does not show any fluctuation until very late stage. 

% Causative organism are Staphylococcus aureus (commonest), 
Streptococcus viridans and often others like gram-negative 
and anaerobic organisms, 


 Viral—Mumps, Coxsackie virus A and 8, parainfluenza 1 and 
3, Echo and lymphocytic choriomeningitis 

 Bacterial—Staphylocaceus aureus 

+ Alle 

@ HIVinfection 

‘@ Radiotherapy, postoperative period 

& Specific infections lke syphilis 

@ Sjogren's syndrome often causes bilateral parotitis 


Clinical Features 


Pyrexia, malaise, pain and trismus. 
Red, tender, warm, well-localised, firm swelling is seen in 
the parotid region (brawny induration). 

‘Tender lymph nodes are palpable in the neck. 
Features of bacteraemia are present in severe cases. 

% Pus or cloudy turbid saliva may be expressed from the 

parotid duct opening, 


Investigations 
© U/S of the parotid region, 


* Pus collected from duct orifice is sent for culture and 
sensitivity 
% Needle aspiration from the abscess is done to confirm the 
formation of pus. 
Sialogram is contraindicated in acute phase, as it will cause 
retrograde infection leading into bacteraemia. 
Note: 
In suppurative parotitis patient may develop severe laryngeal or 
pharyngeal oedema and may require steroids, tracheostomy and 
critical care. 


4 Septicaemia 
® Severe trismus 
4 Rupture into the external auditory canal 


Treatment 


1. Antibiotics are started depending on culture report. 
2. When it is severely tender and localised, incision and 
drainage is done under GIA. 


& Parotid 
& Breast 
+ Ischiorectal fossa 
Thigh 


Skin is incised in front of the tragus vertically and then 
parotid sheath (pyogenic membrane) is opened horizontally 
Pus is drained using sinus forceps and sent for C/S, Antibiotics 
are continued (Blair's incision) 


Pactsshen—<——-B)) | 


== 


Fig. 4.16: Blair’ incision used to drain the parotid abscess. 

3. Proper hydration, mouth wash using povidone iodine/potas- 
sium permanganate solutions, nutrition, Often patient with 
parotid infection needs admission and treatment. 


ll PAROTID FISTULA 


Parotid fistula may arise from parotid gland or duct or duct- 
les. It may open inside the mouth as internal fistula; or open 


* Fistulogram or CT fistulogram, 
* Discharge study. 
* MRL. 


Treatment 


Anticholinergies—hyoseine bromide (probanthine). 
Radiotherapy. 

Often exploration of fistula is required. 

Repair or reinsertion of the duct into the mucosa. 
‘Newman Seabrocks operation—a probe is passed into the 
parotid duct through the opening in the mouth. Another 
probe is passed through the fistula, Duct and fistula are 
dissected over the probe. After removal of the fistula track 
severed duct ends are identified; and ends are trimmed. 
Probes are removed. A tantalum wire is passed into the duet 
across the severed ends and duct is sutured over it using 4 
zero vicryl. Tantalum stent is removed after 3 weeks. 


Fig. 4.17: Parotid fistula with discharging % If still persists, auriculotemporal nerve which supplies 
saliva and pus. secretomotor component of parotid is cut, 
# If there is stenosis at the orifice of the Stenson’s duct, papil- 
outside onto the skin as external fistula. Fistula from the duct _Jotomy at the orifice may help. 


has profuse discharge. Fistula from the gland often shows only —¢ Total conservative parotidectomy is done in failed cases. 
minimal discharge. 

Incidence of salivary fistula is 0.2-3%. 
Remember about salivaryfistula 
Types '& Commonly from the parotid 

‘ Itcan be internal draining into the mouth or can be external 


1, Duct fistula forms after superficial parotidectomy. It Teheacnets 


profuse and often persisting, So duct should be ligated using 


+ Itis acquired commonly but rarely can be congenital 
nonabsorbable suture as far as possible, anteriorly to alloW jt can be due to surgery, trauma or due to sepsis 
normal saliva drainage from deep lobe. If common duct is Fistula arising from the gland parenchyma drains through 
ligated deep lobe atrophies without causing any fistula suture line but usually closes spontaneously. Leakage will be 
2. Gland fistula occurs from the raw surface after superficial more during meals. Saliva is confirmed by its high amylase 
parotidectomy. It is mild and symptom subsides ina month content compared to seroma/serous fluid 
with anticholinergic drugs. Jacobsom tympanic neurectomy Fistula due to ductal disruption leaks profusely and invariably 
completely stops the secretion from the fistula in this type. needs surgery to close it 
+ Submandibulargland fistula commonly closes spontaneously, 
Cates rately ifnot requires complete removal of the gland 
“4 Anticholinergics, irradiation, denervation of the gland, duct 
% After superficial parotidectomy. iigatiriate done tovfedbee tha p Gaucton) 
# After drainage of parotid abscess, ruptured abscess. + Excision offistula,repair of the duct,diversion ofthe ductinto 
After biopsy. the mouth are other options 
© Trauma. ‘& In severe intractable cases, removal of the gland/total 
4% Recurrence of malignant tumour, ‘conservative parotidectomy is needed 


Clinical Features 


: ll SJOGREN’S SYNDROME 
% Discharging fistula in the parotid region of the face, and 


discharge is more during eating Its an autoimmune disease causing progressive destruction 
% Tendemess and induration. of salivary and lacrimal glands, leading to keratoconjunctivitis 
% Trismus. sicca (dry eyes), and xerostomia (dry mouth). 
Diagnosis Types 
% Sialography to find out the origin of the fistula whether 1. Primary, 

from parotid gland or duct or ductules. 2. Secondary. 


“Tumours of ectopic salivary glands are of low grade malignancy (cylindroma) may ultimately metastasize to 
_ regional lymph nodes, the viscera and the skeleton. —Kenneth Harrison 
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Primary Sjégren’s Syndrome (Primary Glandular 
Sicca Syndrome) 


Severe dry mouth, 

Severe dry eyes. 

Widespread dysfunction of exocrine glands. 
Incidence of developing lymphomas is high. 

‘There is no association of connective tissue disorders. 
Primary extra glandular sicea syndrome 

© Dry mouth, dry eyes, 

% Hyperglobulinaemic purpura, vasculitis, 
Raynaud's phenomenon or B cell lymphoma. 


Secondary Sjégren’s Syndrome 


Dry mouth. 

Dry eyes 

With association of connective tissue disorders like 
> Primary biliary cirthosis (near 100%) 

> SLE (30%). 

> Rheumatoid arthritis (RA) (15%). 

Female to male ratio is 10 1 


Clinical Features 


* Iti common in middle aged females who present with dry 
eyes, dry mouth, enlarged parotids and enlarged lacrimal 
lands, 

Often they are tender. 

 Superadded infections of the mouth, Candida albicans is 
common. 


Investigations 


1, Autoantibody estimation—rheumatoid factor, antinuclear 
factor, salivary duct antibody. 

2, Sialography. 

3, Estimation of salivary flow. 

4, Slit lamp test of eyes. 

5, Schirmer test —to detect lack of lacrimal secretion. 

6, NAC of parotids and lacrimal glands. 

7. Technetium pertechnetate scan for gland function, 


Treatment: It is conservative. 


Artificial tears. 

Artificial saliva. 

Frequent drinking of water, 
“Treat the cause. 


@ MIKULICZ DISEASE 


% Itisa clinical variant of Sjégren’s syndrome 

% tis an autoimmune disorder of salivary and lacrimal 
glands, resulting in infiltration of the glands with round 
cells 

%  Itmay be due to or associated with sarcoidosis, Sjégren’s 
syndrome, leukaemia, lymphoma, 


4 Symmetrical and progressive enlargement of all salivary 
glands 

‘& Narrowing of palpebral fissures due to enlargement of the 
lacrimal glands 

4 Parchment-ike dryness of the mouth 


l™ SALIVARY NEOPLASMS 
Aetiology 


% Genetic—toss of alleles of chromosomes in 12g, 84, 174, 
Eskimos are more prone for salivary neoplasm, 

4% Infective—mumps, Epstein-Barr virus, chronic sialadenitis 
may be the cause; but not proved emphatically. Recurrent 
inflammation can cause duct dysplasia and carcinoma. 

* Radiation—it is more common in survivors of atomic 
bomb explosion; mucoepidermoid carcinoma is more in 
these patients. 

4 Smoking—adenolymphoma of Warthin’s shows 40% risk 
in smokers, 

4% Sex—benign tumours and many malignancies are common 
in females; Warthin’s and some malignancies are common 

males, 

% Environment and diet—Arctic-Eskimos show dietary defi- 
ciency of vitamin A and develop salivary tumour. Industrial 
agents like nickel, cadmium, hair dyes, silica, preservatives, 
‘may increase the risk of salivary tumours. 


Classification (WHO) 


8. Epithelial (90%): 
1, Adenomas 
~ Pleomorphic adenoma, 
— Monomorphic adenomas, 
» Adenolymphoma (Warthin’s tumour). 


Fig. 4.1 


Partoid enlargement in a boy of 11-year-old. 


» Oncocytoma (oxyphil adenoma) seen in elderly; 
seen in parotid gland. 
» Basal cell adenoma—it is a rare benign tumour, 
2. Carcinomas 

— Mucoepidermoid carcinoma—most common malig- 
nancy. 

~ Acinic cell earcinoma— 

— Adenoid cystic carcinoma—very aggressive—10% 
‘common minor salivary glands. 

~ Adenocarcinoma, 

— Squamous cell carcinoma—2%, 

— Carcinoma in ex pleomorphic adenoma, 

~ Undifferentiated carcinoma, 

Note: 

Carcinoma can be: 

{Low grade (aciniccell;adenoid cystic; ow grade mucoepidermoid) or 

High grade (adenocarcinoma; squamous cell carcinoma; high grade 

mucoepidermoid) mesenchymal. 

b. Nonepithelial: 

% Haemangioma—commonly seen in infants, usually in 
parotids. Spontaneous regression is common, Most common 
benign salivary gland tumour in paediatric age group. 

© Lymphangioma. 

* Neurofibromas and neurilemmomas, 


. Malignant lymphomas—NHL type: 
© Common in parotids, 
* Common with HIV, Sjégren’s syndrome (44 times more 
chances than normal people). 
4, Secondary tumours from head and neck region; bronchus 
and skin. 
¢. Lymphoepithelial tumours 
» Benign—it is 5% of all benign salivary tumours 
(Godwin: tumour). It is common in females; can be 
bilateral. Benign lymphoepithelial lesion (BLEL) is 
of unknown etiology characterized by replacement of 
salivary parenchyma with lymphoid tissue. It may be 
diffuse/focal/capsulated/unencapsulated, It may be asso- 
ciated with Mikulicz’s disease or Sjggren’s syndrome. 
> Malignant—it is rare tumour occurs in parotid and 
submandibular glands (ESKIMOMA). 


19A and B: Neoplasm of parotid gland. 


Incidence 


¢ Eighty per cent salivary neoplasms are in the parotids of 
which 80% are benign; 80% of these are pleomorphic 
adenomas. 

* Fifteen per cent of salivary tumours are in the subman- 
dibular salivary gland, of which 50% are benign. 95% of 
these are pleomorphic adenomas, 

¢ Ten percent of salivary neoplasms are in the minor salivary 
glands—palate, lips, cheeks, and sublingual glands. OF 
these only 10% are benign. 

Note: 

+ Parotid tumours are common but only 20% are malignant. 

+ Submandibular tumours are uncommon but 50% of them are 
‘malignant. 

Minorsalivary gland tumours (other than sublingual glands) are 
rare and 90% of them are malignant. 
Sublingual salivary tumours are very rare but almost all sublin- 
{ual salivary tumours are malignant. 

+ Incidence of malignancy in salivary glandsisinversely related to 
size of the glands in parotid itis 15%; in submandibular itis 50%; 
in sublingual itis 85% 


lm PLEOMORPHIC ADENOMA (Mixed Salivary 
Tumour) 


‘Commonest of the salivary gland tumour in adult 

Ibis 80% common, 

More common in parotids (80%). 10% in submandibular 

salivary gland; 0.5% in sublingual salivary gland. 

It is mesenchymal, myoepithelial and duct reserve cell 

origin. 

Grossly it contains cartilages, cystic spaces, solid tissues. 
Microscopically it is biphasic in nature with epithelial and 
stromal components, Benign tumours will usually not show 
necrosis. 


Histologically itshows: 
+ Epithelial cells 

+ Myoepithelial cells 

© Mucoid material with myxomatous changes 
+ Cartilages/pseudacartilages 


* Even though it is capsulated, tumour may come out as 
pseudopods and may extend beyond the main limit of the 
tumour tissue. 

* When disease occurs in parotid, commonly it involves 
superficial lobe or superficial and deep lobe together. 

* But sometimes only deep lobe is involved and then it 
presents as swelling in the lateral wall of the pharynx, soft 
palate and posterior pillar of the fauces. There may not be 
any visible swelling in the preauricular region. It is called. 
as “dumbbell tumour’. This tumour is in relation to styloid. 
process, mandible, stylohyoid, styloglossus, stylopharyn- 
‘geus muscles. 


Remember that the faith to move a mountain always carries a pick. — Anonymous 
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.21: Deep lobe tumour of parotid is examined per orally. 


Clinical Features 


4 Swelling, pain, ulceration dysphagia ifdeep lobes involved) 

“4 Raised ear lobule 

4 Cannot be moved above the zygomatic bone—curtain sign 

4 Deviation of uvula and pharyngeal wall towards midline in 
‘case of deep lobe tumour 

‘Facial nerve, masseter, skin, lymph node and bone involve- 
‘ment eventually occurs in case of malignancy 


% 80% common. 
% Common in females (3:1). 


Figs 4.22A and B: Typical parotid swelling with ear lobe raised. 
Facial nerve should be tested by clenching the teeth. 


‘Occurs in any age group, But common in 4th and Sth decade 
Usually unilateral 

Present as a single painless, smooth, firm lobulated, mobile 
swelling in front of the parotid with pasitive curtain sign 
(As the deep fascia is attached above to the zygomatic 
bbone, it acts as a curtain, not allowing the parotid swelling 
to move above that level, Any swelling superficial to the 
deep fascia will move above the zygomatic bone). 
Obliteration of retromandibular groove is common, 

‘The ear lobule is lifted. 

When deep lobe is involved, swelling is commonly located 
in the lateral wall of pharynx, posterior pillar and over the 
soft palate—10%. Deep lobe tumour passes through Patey's 
stylomandibular tunnel pushing tonsils, pharynx, soft palate 
often without any visible swelling or only small swelling 
when only deep lobe tumour is present; it also presents as 
dysphagia. Bidigital palpation of parotid is significant in 
such occasion with one finger inside mouth, 

Facial nerve is not involved. 


Long-standing pleomorphic adenoma may turn into carci- 
‘noma (carcinoma in ex pleomorphic adenoma). Its features are: 


& Recent increase in size 

Pain and nodularity 

+ Involvement of skin, ulceration 

@ Involvement of masseter 

Involvement of facial nerve—lower facial nerve palsy—(Diff- 
culty in closing eyelid, difficulty in blowing and clenching 
teeth) 

Involvement af neck lymph node 

Restriction of jaw movements 


Fig. 4.23: Typical parotid tumour—a pleomorphic adenoma, 


7 
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Fig. 4.24: Parotid tumour showing typical raise in earlobe. 
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& Benign tumours are usually painless 
‘® Sudden onset of pain denotes malignant transformation 
‘& Pains dull boring at primary site or referred to ear through 
auriculotemporal nerve 
+ Painis due to: 
= Capsular distension by tumour 
= Obstruction to free flow of saliva 
= Nerve infiltration, 
Inflammation like in Warthin’s 
= Tumour necrosis 


Complications 


Recurrence—S-50%, 
Malignancy. 
% in early tumours. 


» 10% in long duration (15 or more years) tumours, 


Investigations 
FNAC is very important and diagnostic. 
CT scan to know the status of deep lobe, local exter 


and spread. 
MBI is better method. 


Note: 
Incision biopsy of parotid tumour is contraindicated as chances 
of seedling and recurrence are high and also there is a chance of 
injuring the facial nerve, and chance of developing parotid fistula 
while doing the biopsy. 


Open biopsy is contraindicated in parotid tumours due to: 


spuey Aueaes 


& Chance of injury to facial nerve 
‘® Seedling and high chance of recurrence 
+ Chance of paratid fistula formation 


Fig. 4.25: CT picture of pleomorphic adenoma. 


Anything the mind of man can conceive and believe, it can achieve. 


2.0 vm-TELEPORTATI! 


2.1 Engineering the Spacetime Metric 


A comprehensive literature search for vm-Teleportation within the genre of spacetime metric 
engineering yielded no results. No one in the general relativity community has thought to apply the 
Einstein field equation to determine whether there are solutions compatible with the concept of 
teleportation. Therefore, I will offer two solutions that I believe will satisfy the definition of vm- 
Teleportation. The first solution can be found from the class of traversable wormholes giving rise to what 
I call a true “stargate.” A stargate is essentially a wormhole with a flat-face shape for the throat as 
opposed to the spherical-shaped throat of the Morris and Thorne (1988) traversable wormhole, which was 
derived from a spherically symmetric Lorentzian spacetime metric that prescribes the wormhole geometry 
(see also, Visser, 1995 for a complete review of traversable Lorentzian wormholes): 


ds 


Fd? +[1-b(*)/r] dr? +1°'dQ? (2.1), 


where by inspection we can write the traversable wormhole metric tensor in the form 


0 o 0 
0 fl-by/ry' 0 0 
= s (2.2) 
S| 9 0 roo : 
0 0 0 rsin’@ 


using standard spherical coordinates, where c is the speed of light, 0,8 = (0 = 1, 1 =r, 2 =, 3 = @) are the 
time and space coordinate indices (-22 < t < ee; r: 2nr = circumference; 0 < 8 < x; 0 < @ < 2x), dQ? = de + 
sin’@dq’, 0(r) is the freely specifiable redshift function that defines the proper time lapse through the 
wormhole throat, and b(r) is the freely specifiable shape function that defines the wormhole throat’s 
spatial (hypersurface) geometry. Such spacetimes are asymptotically flat. The Einstein field equation 
requires that a localized source of matter-energy be specified in order to determine the geometry that the 
source induces on the local spacetime. We can also work the Einstein equation backwards by specifying 
the local geometry in advance and then calculate the matter-energy source required to induce the desired 
geometry. The Einstein field equation thus relates the spacetime geometry terms comprised of the 
components of the metric tensor and their derivatives (a.k.a. the Einstein tensor) to the local matter- 
energy source terms comprised of the energy and stress-tension densities (a.k.a. the stress-energy tensor), 
The flat-face wormhole or stargate is derived in the following section. 


2.1.1 Wormhole Thin Shell Formalism 


The flat-face traversable wormhole solution is derived from the thin shell (a.k.a. junction condition or 
surface layer) formalism of the Einstein equations (Visser, 1989; see also, Misner, Thorne and Wheeler, 
1973). We adapt Visser’s (1989) development in the following discussion. The procedure is to take two 
copies of flat Minkowski space and remove from each identical regions of the form © x 9, where Q is a 
three-dimensional compact spacelike hypersurface and 9 is a timelike straight line (time axis). Then 
identify these two incomplete spacetimes along the timelike boundaries 0 x R. The resulting spacetime 
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Treatment 


‘Surgery—first line treatment. 

% [only superficial lobe is involved, then superficial parot- 
idectomy is done wherein parotid superficial to facial nerve 
is removed, 

If both lobes are involved, then total conservative parot- 
idectomy is done by retaining facial nerve. 

Note: 

+ Enucleation is avoided ast causes high recurrence due to exten- 
sion of tumour outside as pseudopods across the capsule 

+ Incomplete excision, 10% of tumours which are highly cellular 
are other causes for recurrence. 

+ RTisgiven after surgery even though itis benign 

+ Inexplicable metastasis can occur even though itis benign, 

+ Tumour may implant due to spillage while surgical removal 
into retained residual parotid (deep lobe in superficial parot- 
idectomy) 


Figs 4.260 and 8 


Fig. 4.26C 
Figs 4.26A to C: Recurrent parotid tumour which has attained large 
size, Note facial nerve is intact. Duct orifice should be inspected 
using retractor, 


+ Recurrence after parotidectomy in pleomorphic adenoma is 5%. 
It is due to spillage, improper technique, inadequate margin, 
retained pseudopads, multicentricity. Recurrent tumour is 
multinodular without any capsule. Expression of MUCI/DF3 in 
the tumour is marker to predict recurrence. 


lm ADENOLYMPHOMA (Warthin's Tumour, 
Papillary Cystadenolymphomatosum) 


a misnomer. It is not malignant, itis not lymphoma. 
Its a benign tumour that occurs only in parotid, usually 
in the lower pole. 

% tis said to be due to trapping of jugular lymph sacs in 
parotid during developmental period. 


Fig. 4.27: Warthins tumour of parotids. Its common in males; 


often bilateral; common in elderly 


* Itcomposed of double layer of columnar epithelium, with 
papillary projections into cystic spaces with lymphoid 
tissues in the stroma 

* Itusually involves only superficial lobe of parotid gland, 
It may also be multicentric. 

Smoking (40%/8 times more risk than nonsmokers) and 
radiation exposure may be the cause. 


Clinical Features 


 Itpresents asa slow growing, smooth, soft, cystic, luctuant 
swelling, in the lower pole, often bilateral and is nontender. 
It is common in males—4:1, Common in smokers. 
‘Common in old people ~ 60 years, 

Its incidence is 10%. Common in Whites. 

It is 2nd most common benign tumour. 

Itis often bilateral—10%. 


Investigations 


 Adenolymphoma produces a “hot spot” in Technetium 
pertechnetate scan—it is diagnostic (Due to high mito- 
chondrial content) 
+ FNAC. 
Adenolymphoma does not turn into malignancy. But occ 
sionally it ean simultaneously be associated with pleomorphic 
adenoma, carcinoma or lymphoma of parotid. 


Sitd of 
adenolymphoma 


: Warthin’s tumour. It's seen in parotid gland usually in 
superficial lobe, in lower pole. 


Fig. 


Treatment 


Superficial parotidectomy. 


ll ONCOCYTOMA (Oxyphil Adenoma) 


% Itis< 1% of salivary tumours, 
* Usually benign, originating from oncocytes (oxyphilic 
cells). 


Radiation and occupational hazards are the causes. 
‘Common in parotid; but rarely can occur in submandibular 
salivary gland. 

% Gross - small, tan coloured, well circumscribed encapsu- 
lated solid tumour. 


Microscopy - large oncocytes with swollen granular eyto- 
plasm due to abundant mitochondria. Tyrosine crystals are 
‘present in glandular spaces. 

 Predilection for “Te with hotspots and FNAC are the 
investigations 


l™@ BASAL CELL ADENOMA 


* Its rare, benign, now classified under monomorphic 
adenoma containing isomorphic basaloid cells with basal 
layer and basement membrane. 

% Itis common in minor salivary glands; in major salivary 
glands it is multicentric, 

% Grossly it looks like lymph node. 
Microscopy—isomorphic basaloid cells with soliditrabec~ 
ularitubular/membranous patter. 

* Camalicular adenoma is its variant with bilayered ribbons 
of columnar cells separated by vascular stroma, 


lm MUCOEPIDERMOID TUMOUR 


Itis the commonest malignant tumour in parotid. 
It is 2nd common malignant tumour in submandibular and 
sublingual salivary glands. 

Itis commonest malignant tumour of parotid in childhood. 
Incidence is 9% of salivary tumours; 20% of malignant 
salivary tumours. 

% occurs both in major as well as minor salivary glands, 
Parotid is the commonest site; palate is the commonest 
minor salivary gland site (In the palate adenoid cystic 
carcinoma is common), 


Fig. 4.29: Mucoepidermoid tumour. 


It's your imagination that can take you anywhere. 
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Radiation is the commonest etiological factor. 
Gross—unencapsulted solid tumour with cystic spaces. 
Microscopy—biphasie with mucin secreting (+ve for PAS, 
ve for diastase) low grade and epidermoid with high grade; 
clear cell with intermediate type. 

% Itis slowly progressive, often attains a large size and 
spreads to neck lymph nodes. 

 Itcontains malignant epidermoid and mucous secreting cells. 


Types 


% Low grade—mucous cells mainly—spreads to regional nodes. 

* Intermediate—clear cell variety 

% High grade—epidermoid cells mainly—spreads to regional 
nodes and also shows high propensity for distant spread. 
Facial nerve involvement is late in mucoepidermoid carci- 

‘noma of parotid 


Clinical Features 


Swelling in the salivary (parotid or submandibular) region, 
slowly increasing in size, eventually attaining a large size, 
which is hard, nodular, often with involvement of skin and 
lymph nodes. 

Common in females (3:1); slow growing 

* Pain, skin and facial involvement are not common unless 
itis high grade 


lm ADENOID CYSTIC CARCINOMA 
(10% of Salivary Tumours) 


%  Itis most common tumour in submandibular and subli 
gual salivary glands. 50% of eases occur in minor salivary 
glands—palate 
Itis also called as cylidromatous carcinoma. 

Itis 2nd most common malignant salivary tumour: but itis 
rare in parotid (2% of parotid tumours, 15% of malignant 
parotid tumours. 

% Itis common in females (3:2). Common in Sth and 6th 
decades, 

% Its slow growing but highly malignant with remarkable 
capacity for recurrence. But itis classified under low grade 
‘malignaney. 

% Microscopy: Cribriform, tubular, and solid are 3 types. 
Cribriform type shows cells in nests separated by round 
or oval spaces—‘Swiss-cheese’ pattern. Myo and duct 
epithelial cells with ace like pattern are also seen. It invades 
periosteum and bone medulla carly and spreads extensively. 

4% Ithas got high affinity for perineural spread (both axially and 
circumférentially; antegrade and retrograde fashion) along 
‘mandibular and maxillary divisions of trigeminal (common) 
nerve and facial nerve. It infiltrates nerve more proximally 
for long distance. Tumour may reach Gasserian trigeminal 
ganglion, plerygopalatine ganglion and cavernous sinus, 

% Blood spread can occur to Jungs, bones and liver. Lung 
secondaries may remain dormant for many years and so is 
not a contraindication for surgery of primary tumour. Blood 
spread can occur decades after removal of primary tumour. 


* Radical parotidectomy/wide or radical excision of subman- 
dibular and sublingual glands with neck nodal dissection 
and postoperative RT is the treatment of choice. 

* Positive margin, perineural spread, solid type on micros- 
copy carry poor prognosis. Lung metastasis will not affect 
the prognosis. 

Local recurrence is common. 5-year survival is 70%. 
Regional nodal spread can occur but rare 


@ ACINIC CELL TUMOUR 


*  Itisarare, slow growing tumour that occurs almost always 
parotid and is composed of cells alike serous acini. 

jore common in women. It occurs in adult and elderly. 
Ibis 3% of salivary tumours; 90% occurs in parotid. 
Microscopically it can be microcystic (commonest), papil- 
lary, follicular, medullary ete. 
It can involve facial nerve or neck lymph nodes. 

% Clinically itis of variable consistency with soft and cystic 

# Its low grade malignant tumour, 


ll MALIGNANT MIXED TUMOUR (MMT) 


%  Itis 10% of salivary malignancy in incidence with epithelial 
‘and mesenchymal elements, 
+ Itcarries worst prognosis. 


Types 


% Carcinoma ex pleomorphic adenoma: Its the commonest 
type. Previous long standing parotid swelling shows rapid 
change, fixity, facial nerve spread, neck nodal involvement 
are typical. Transformation is 2% in tumour of 5 years 
duration; 10% in 15 years tumour, Itis the most aggressive 
salivary malignancy. Radical parotidectomy is the treatment. 

¢ Primary malignant mixed tumour: Wis also called ax carci- 
‘nosarcoma which arises as de novo. It shows components 
of both carcinoma and sarcoma with metastatic potential 
both through lymph nodes and blood. 

4% Metastasizing mixed tumours: It contains structures typical 
of benign mixed tumour both at original and at metastases 
sites 

* In situ non-invasive carcinoma in pleomorphic adenoma 
‘There is no evidence of capsular invasion. Lesion with 
less than 8 mm invasion in depth shows 100% of 5-year 
survival; > 8 mm invasion carries 5-year survival < 50%. 


ADENOCARCINOMA OF SALIVARY 
GLANDS 


% Ibis 3% of parotid and 10% of submandibular and minor 
salivary gland tumours. 

It is equal in both sexes. 

1 is common in children 

It can be tubular, papillary and undifferentiated. 

20% involve facial nerve clinically. 

Undifferentiated type is aggressive. 


l™ SQUAMOUS CELL CARCINOMA OF 
SALIVARY GLANDS 


{tis rare in salivary glands, 
In salivary glands, parotid is the common 
tis almost never seen in minor salivary glands. 

It is classified as high grade tumour. 

{tis common in men (3:1). 

It occurs in 6th or 7th decade. It is aggressive nonencapsu- 
lated tumour arising from ductal system 

s rapidly causing pain, facial palsy, skin fixity, 


# Itspreads commonly to neck nodes. 
% Itcarries poor prognosis. 
Radical parotidectomy and RT is the treatment of choice. 


ll SUBMANDIBULAR SALIVARY 
GLAND TUMOURS 


Benign tumours: 

% They are commonly pleomorphic adenomas, are smooth, 
firm or hard, bidigitally palpable, without involving adja- 
cent muscles or hypoglossal nerve or mandible bone. 

+ Diagnosis is by FNAC, Orthopantomogram (OPG) and CT 
sean, 

Excision of both superficial and deep lobes of the gland 
is done. 

‘Malignant tumours of submandibular salivary gland: 

% They are hard, nodular, often get fixed to skin, muscles, 
hypoglossal nerve and mandible. 

% Diagnosis is by FNAC of primary tumour and of lymph 
nodes when involved, CT scan and OPG. 

© Treatment 
> Wide excision, with removal of adjacent muscle, soft 

tissues and mandible, 


Fig, 4.30: Submandibular salivary gland tumour 
which is malignant. Patient underwent wide excision. 


In time of test, family is best. 


» If lymph nodes are involved, block 
(Classical neck dissection) is done, 


General features of malignant salivary tumours 
Fixation 

Resorption of adjacent bone 

Pain and anaesthesia in the skin and mucosa 

Muscle paralysis 

Skin involvement and nodularity 

Involvement of jaw and masticatory muscle 

Nerve involvement (facial nerve in parotid or hypoglossal 
nerve in submandibular salivary gland) 

Blood spread when occurs, commonly to lungs 

Mandibular branch of Sth cranial nerve may be involved 
‘when tumour tracks long the auriculotemporal nerve tothe 
base of the skull causing severe pain in the distribution area 
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ll MANAGEMENT OF MALIGNANT 
SALIVARY TUMOURS 


‘TNM Staging of Malignant Salivary Tumours 
(AJCC, 7th Edition, 2010, Clinical Staging) 


T—Tumour 
‘Tx—Tumour cannot be assessed. 
‘TO—No evidence of primary tumour. 
‘T1—Tumour < 2cm without extraparenchymal spread. 
‘T2—Tumour 2-4 em, without extraparenchymal extension 
‘T3—Tumour >4 em. 

—or with extraparenchymal spread. 

—but no facial nerve spread. 
‘T4—Spread to facial nerve, skin, mandible, ear canal 

Te 

—or spread to base of skull, pterygoid plates, encased 

external carotid artery —Tyy, 


Staging 

Stagel — TINOMO 

Stage — ‘T2NOMO 

Stage Ill — ‘T3NO/NIMo 

Stage IVA — T4aN2NINOMO 
StageIVB — Tab any NMO; any TN3MO 
Stage IVC — Any Tany N MI 

Note: 


Pathological TNM staging is also present which differs from 
clinical in many points. Example—T3 is tumor of size 4-6 em; 
TA is size > 6 em. 


N—Lymph node 


Nx — Nodes not assessed. 
NO — _ Regional nodes not involved. 

NI — Single ipsilateral node <3 em, 

N2a — Single ipsilateral node 3-6 em, 

N2b — Multiple ipsilateral nodes <6 em. 
‘N2c — Bilateral or contralateral nodes < 6 em. 
N3_ —_ Single node spread > 6 em. 
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Fig. 4.31: Submandibular salivary gland tumour in old female. 


M—Metastases 


Mo — 
ML — 


No blood spread 
Blood spread present. 


Specific Investigations 


FNAC. 

> FNAC also confirms possibility of (35% of patients) 
lymphoma/inflammatory masses. 

> FNACallows preoperative counselling regarding nature 
of tumour, likely extent of resection (conservative, 
radical), management of facial nerve (high grade 
adenoid cystic), and likelihood of neck dissection (high 
grade). 

» But FNAC may cause haematoma leading to difficulty 
in surgical dissection. Sampling problem, difficulty in 
finding histological type. 

> Conservative approach for benign tumours in high tisk 
surgical candidates may be thought of. 

CT scan to see the deep lobe of the parotid: the involve- 
‘ment of bone, extension into the base of the skull; relation 
of tumour to internal carotid artery, styloid process, deep 
lobe tumour, parapharyngeal space extension. Neck nodes 
are better assessed. Bony changes in the foramina, erosions 
and sclerotic margins in fissures or canals, enlarged diam- 
ter of canal and fissure are the CT features of perineural 
spread. 

MRL is very useful to find out perineural spread, bone 

‘marrow involvement, skull bones, internal architecture 

and intracranial extensions, recurrent tumours. Repls 

‘ment of perincural fat with tumour, contrast (gadolinium) 


enhancement, increased size of the nerve are features of 


perineural spread. 
OPG. 


Blood grouping and cross matching; required amount of 


blood is kept ready. 


Figs 4.32A and B: CT scan pictures of salivary tumours. 


# FNAC of lymph node. 
% MRI shows better soft tissue definition than CT sean, Sialo- 
gram is not useful in assessment of tumour 


Treatment 
In Parotid 
© Surgery 
Indications for surgery 
4 TI, 12,73 tumours of low grade—total conservative parot- 
idectomy 


4 T4tumours high grade tumours,SCC—radical parotidectomy 
It includes facial nerve sacrifice, may involve resection of skin, 
‘mandibular ramus, masseter muscle, inftatemporal fossa dissec- 
tion, subtotal petrosectomy. 

Note: In 1 low grade, superficial parotidectomy is often practiced; but 
notidel 


a. Radical parotidectomy is done which includes removal 
of both lobes of parotid, soft tissues, part of the mandible 
with facial nerve. 

» It isdone in high grade malignant tumours and squamous 
cell carcinoma, 


“Preoperative weakness/paralysis of nerve 

+ Intraoperative evidence of gross invasion even in presence 
‘of normal preoperative function 

‘& Tumours transgressing through facial nerve from superficial 
to deep lobe 

‘& Nerve stump is checked for frozen section for negative 
‘margins, if positive mastoidectomy and nerve dissection in 
‘temporal bone is needed, 


> Facial netve is reconstructed using greater auricular 
nerve, orsural nerve. All branches except buccal branch 
are repaired using cable graft. Nerve graft is not a 
contraindication for future RT. 

> Often lateral tarsorthaphy or temporal sling recons- 
truction is done. 

b. Total conservative parotidectomy is becoming popular in 
many parotid malignancies. 


+ Haemorthage 
& Infection lap necrosis, 

© Fistula 

Frey syndrome 

Facial nerve palsy 

Facial numbness 

+ Numbnessin earlobule due to injury to great auricular nerve 
# Sialocele 


% Postoperative radiotherapy 

Itis quite useful to reduce the chances of relapse. Usually, 
external radiotherapy is given. Its given in all carcinomas, but 
‘more useful in adenoid eystic and squamous cell carcinomas. 


13,74 tumours 

High grade tumours 

Perineural spread 

‘Adenoid cystic carcinomas 

Deep lobe tumour 

Vascular involvement 

Close clearance margin 

‘Multiple neck nodes involvement 

Recurrent malignant tumours 

Recurrent pleomorphic adenoma 

Spillage after surgery for pleomorphic adenoma 

Residual/reftactory tumours/nerve involvement. 

Inadequate clearance margin 

Note: 

~ Itis given in 3.6 weeks after surgery. Dose is 50-70 Gy 
15-20Gyin5-Bweeks 


eee eeeseorses 


RT is delayed for 6 weeks ifnerve grafting is done 
= Neuron beam therapy is used 


+ 
® Osteoradionecrosis of temporal bone/mandible 

® Skin ulcers, mucositis: 

4 Fibrosis of optical apparatus, brainstem injury 

+& Trismus due to fibrosis of masseter pterygoids and TM joint 
4 Ottis media, localized hairloss 


© Chemotherpy 


Itis also given. Drugs given here depends on tumour type 
Intra-arterial chemotherapy is beneficial, But overall effi- 


cacy of chemotherapy is very less compared to RT. 5 FU, 
cisplatin, doxorubicin, epirubicin, cetuximab are used. 


Figs 4.33A and B: Recurrent parotid tumour right side. Note the scar 
of previous surgery. It was adenoid cystic carcinoma. Recurrent has 
‘occurred after 6 years. Patient underwent radical parotidectomy. Neck 
nodes are involved in this patient even though itis rare in adenoid 
cystic carcinoma 


You will soon break the bow if you keep it always stretched. 


spueyy lentes 


450 


SRB's Manual of Surgery 


Preoperative radiotherapy 
Itis given in large tumours to reduce the size and make it 
better operable, i.e. to down stage the dis 

%  Iflymph nodes are involved, which is confirmed by FNAC, 


radical neck dissection is done. Itis also done in NO with 
high-grade tumour or T3/T4 tumours, 


In Submandibular Salivary Gland 


Wide excision is done, with removal of mandible, and soft 
tissues around—extraglandular excision. If lymph nodes are 
involved, then block dissection of the neck is done. 


ll MINOR SALIVARY GLAND TUMOURS. 


# Itis 10% of salivary tumours. 
# Itiscommon in — palate (40%). 

— lip. 

— cheek 

— sublingual glands 
Palate is the commonest site. 
10% are benign—commonly pleomorphic adenomas. 
90% are malignant—commonly adenoid eystic carcinomas. 
They present as swelling with ul 
Ifit is malignant, then extension into the palate, maxilla, ptery- 
zoids can occur ofte n with involvement of the lymph node. 


er over the summit 


Differential Diagnosis 


Squamous cell carcinoma of oral cavity. 


Investigations 


1. Incision biopsy. 
2. CT scan, 

3. X-ray maxilla 
FNAC of lymph node. 


Treatment 


# Wide excision often with palatal excision or maxillectomy 

for malignancy. 

# Ifthe tumour is Jess than I em in size excision biopsy is 
done with 1 em clearance margin. If the tumour is more 


is done 


than 1 cm in size, initially incision biopsy is done and then 
wide excision is done. Even in larger defect in hard palate 
region, it usually re-epithelialise if once left open to allow 


Figs 4.34A and B: Minor salivary gland tumour in the palate. Palate 
is the common site of minor salivary gland tumour. 


Figs 4.358 and B: Minor salivary gland tumour of hard palate. itis 
excised with 1 em margin; aeais allowed to granulate and epithelialise 


itto granulate, If bony palate is infiltrated then that part of 
palate bone is removed to get a clearance; area is recon- 
structed by moulds, synthetic materials 

© Reconstruction by dental plates, skin grafting, or Naps are 
done 

© Lymph node block dissection of the neck is done if 
involved. 

* Excision with primary closure is done for benign tumours, 


Points to be remembered 


‘Salivary gland tumours are usually benign in an adult 
 Itis rare in children but when it occurs, it is commonly 
malignant 

Clinical and FNAC are diagnostic methods 

Open biopsy is contraindicated 

Sialogram is not useful in salivary tumours, 

(CT scan or MRlare often needed 

Nerve should be preserved in benign lesions 

Nerve can be sacrificed to achieve clearance in malignancies 
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@ PAROTID LYMPHOMA 


* Parotid lymphoma can occur from the lymph nodes in the 
gland or from parotid parenchyma, 

Itcan occur in HIV patients; lymphoepithelial diseases and 
in Sjogren’s syndrome. 

© Common in elderly. 

% Disease may be confined to parotid gland or may involve 
other nodes in neck, mediastinum, 

© When it is confined to parotid total parotidectomy with 
radiotherapy and later chemotherapy is the treatment. 

* When many other nodes are involved chemotherapy is the 
choice therapy. 

Note: 

Lymphoma occasionally can occur in other salivary glands also (10% 

of all salivary lymphomas). 


ll PAROTIDECTOMY 
Types 


1. Superficial parotidectomy: It is the removal of superficial 
lobe of the parotid (superficial to facial nerve). Done in case Fig. 4.36: Incision for parotidectomy, Typical lazy ‘S. 


of benign diseases of superficial lobe of the parotid. 

‘Steps in parotidectomy =i 

 Lazy'S'incision—modified Blair's/Sistrunk’s approach and 
raising the skin flaps 

‘& Mobilisation of the gland 

‘ Flap is reflected in front just up to anterior margin of the 
parotid; never beyond. After identification of sternocleido- 
‘mastoid great auricular nerve is identified and can be sacri- 
ficed. Posterior belly of digastric is identified, 

+ Location of stylomastoid branch of posterior auricular artery 
isanteriorto facial nerve trunk which enters he stylomastoid 
foramen. 

 Thrustthe mosquito haemostat 5 mm in front of facial nerve; 
‘open the blades for 5 mm; liftthe blades for 5 mm. 

One should worry about the nerve not small bleeding and Fig. 4.37: ‘S’ shaped incision for parotidectomy. 
haemostasis, 

+ Identification of facial nerve trunk 

“ Dissection of the gland off the facial nerve using bipolar 
cautery 

+ Removal of paratid—superficial/both 

+ Distilled water (hypertonic) imigation tokill spilled tumour cells 

‘¢ Haemostasis and closure with a suction drain 


2, Total conservative parotidectomy: It is done in benign 
diseases of parotid involving either only deep lobe or both 
superficial and deep lobes. Here both lobes are removed 
with preservation of facial nerve. Here initially superficial 
parotidectomy is done and facial nerve and its branches are 
retracted gently and deep lobe is removed. 

3, Radical parotidectomy: Both lobes of parotid are removed Jn table exposure of facial nerve branches after 
along with facial nerve, fat, fascia, muscles (masseter, “superficial parotidectomy for a benign tumour. 


You my say you KNOW, but by your actions it is KNOWN. 
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pterygoids and buccinator), lymph nodes. It is done in case 
of carcinoma parotid, Later facial nerve reconstruction is 
done using great auricular nerve graft. 

Conservative surgeries are becoming popular for malig- 
nancy but they are not universally accepted. 
Suprafacial parotidectomy is done in lower pole parotid 
tumours wherein all branches of the facial nerve need not 
be dissected 


intification of facial 

Facial nerve is 1 cm deep and below the tip of the inferior 
portion of the cartilaginous canal—Conley point 

‘@ Bynervestimulator 

@ Itisinferomedial to tragal point 

‘® Deep to digastric muscle and tympanic plate 

* 

* 


Nerve is just lateral to the stylaid process 
Tracing branch from distal to proximal (Hamilton-Bailey 
technique) 


a (°) 


i ‘Complications of parotidectomy_ i 

@ Facial nerve injury 

‘ Haemorrhage 

Salivary fistulas, 

 Infection—Flap necrosis is common 

& Frey'ssyndrame 

+ Sialocele 

Numbness over the face and ear - due to injury to great 
auricular nerve. Female patients ind dificult to wear earrings. 
Spontaneous recovery may occur in 1 to 2 years. 


ll FREY’S SYNDROME (Auriculotemporal 


Syndrome, Gustatory Sweating); (Lucie 
Frey—Polish Surgeon—1932) 


# Occurs in 10% of eases. 
# Itis due to injury to the auriculotemporal nerve, whet 


post-ganglionic parasympathetic fibres from the otic 


| 


Figs 4.39A to D: Steps in parotidectomy and demonstration of facial nerve. Note the placement of drain after surgery (Courtesy: Professor 
Kishore Chandra Prasad, ENT Surgeon and HOD, KMC, Mangalore; Dr Sampath, MS, ENT, KMC, Mangalore}. 


ganglion become united to sympathetic nerves from the 
superior cervical gangtion (Pseudosynapsis). There is inap- 
propriate regeneration of the damaged parasympathetic 
autonomic nerve fibers to the overlying skin. 

* Auriculotemporal nerve has got two branches. Auricular 
branch supplies external acoustic meatus, surface of 
tympanic membrane, skin of auricle above external acoustic 
‘meatus. Temporal branch supplies hairy skin of the temple. 
Sweating and hyperaesthesia occurs in this area of skin. 


Causes 


1, Surgeries or a 
2. Surgeries or a 


‘dental injuries to the parotid. 
‘dental injuries to temporomandibular joint, 


Clinical Features 


% Flushing, sweating, erythema, pain and hyperaesthesia 
in the skin over the face innervated by the auriculotem- 
poral nerve, whenever salivation is stimulated (i.e. during 
mastication). 

* Condition causes real inconvenience to the patient. 

* Involved skin is painted with iodine and dried. Dry starch 
applied over this area will become blue due to more sweat 
in the area in Frey's syndrome—Starch iodine test. 


Treatment 


% Initially conservative and reassurance. Most often the 
recover without any active treatment in 6 months. Antiper- 
spirants, anticholinergic like scopolamine 3%, glyeopyt- 
rolate 1%, methyl sulfate, radiation 50 Gy are used. 


Inferior salivary nucleus 
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pharyngeal 
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ECA 


Parotid 


% Occasionally (10%) they require surgical division of the 
tympanic branch of the glossopharyngeal nerve below the 
round window of middle ear [i.e. intratympanie parasym- 
pathetic (Jacobsen nerve) neurectomy) 

* Dermal/fat graft; avulsion of auriculotemporal nerve; 
interposition of temporal fascia, fascia lata, sternomastoid 
muscle, acellular human dermal collagen; alcohol injec- 
tion—ate all tried. 

Note: 

Incidence is higher with a flap elevation superficial to platysma. 

Elevation of thick flap or insertion of fat flap under skin during 

surgery may reduce the chance of Frey's syndrome. 


Treatment of Frey's syndrome 
Reassurance 

Jacobsen neurectomy (tympanic) 

Injection of botulinum toxin tothe affected skin 
Antiperspirants like aluminium chloride 

Syndrome can be prevented on table by placing muscle 
(sternomastoid) or fascial (temporal) flaps or artificial 
membranes over parotid bed, under the skin 


° 
° 
° 
° 


Il FACIAL NERVE INJURY (Lower Motor Nerve 
Lesion, Surgically Related) 


Causes 


‘Trauma 
Surgery—parotidectomy, drainage of parotid abscess 
‘Compression of facial nerve—Bell’s palsy. 

Incidence of temporary/transient facial nerve palsy after 
parotidectomy is 30%, Recovery occurs usually in 12 weeks. 
# It is due to transection of trunk or branches or excessive 


traction or over use of nerve stimulator, 


Clinical Features 


Inability to close the eyelid. 
Difficulty in blowing and clenching. 
Drooping of the angle of the mouth, 
Obliteration of nasolabial fold. 
Loss of forehead wrinkles. 

Wide palpebral fissure. 

Epiphora, 


Treatment 


# Nerve grafting using greater auricular nerve, sural nerve, 
lateral cutaneous nerve of thigh or hypoglossal nerve. 

% Suspension of angle of mouth to zygomatic bone using 
temporal fascia sling. 
Lateral tarsorrhaphy—to prevent comeal ulceration. 
Medial canthus reconstruction—to reduce epiphora 
Cross facial nerve transplantation from opposite side using 
its insignificant branches, 
Dynamic neurovascular muscle gra 
Upper lid gold weights to protect comea. 


Have equal love for all, and experience a life of equanimity. 


spuey Aueaes 


is geodesically complete and possesses two asymptotically flat regions connected by a wormhole. The 
throat of the wormhole is just the junction AQ (a two-dimensional space-like hypersurface) at which the 
‘wo original Minkowski spaces are identified (see Figures 1 and 2), 


Approved for public release; distribution unlimited. 
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Surgeries for facial nerve palsy 
Static 
~ Suspension surgeries using temporal fascia 
~ Correction of medial canthus 
~ Lateral tarsorthaphy—to prevent exposure keratitis due 
to widened palpebral fissure 
~ Upper lid weights 
+ Dynamic 
~ Muscle transfer—temporal to masseter 
~ Free muscle grat. Graclis muscle neurovascular transfer 
~ Gross acialnerve transplant from opposite facial nerveto 
injured facial nerve using sural nerve 
~ Nerve grafts 


Heerfordt’s syndrome is sarcoidosis of parotid swelling; 
anterior uveitis; facial palsy and fever. 


Remember 


Taste sensation and general sensation (lingual nerve) 
should be checked. Patient isnot allowed to speak but asked 
to write in a paper. Taste material is instilled on the surface 
of the diseased side first and then normal side. Prior to each 
instillation patient should wash his mouth with warm water. 
Usually four substances are used. After 10 seconds patient 
should identify the substance and write, Facial nerve serves 
3 tastes—sait (rock salt) on the tip of tongue; sweet using 
syrup on the tip ofthe tongue;sour using lemon juice on the 
lateral aspect ofthe tongue. Bitter taste is mediated by glos- 
sopharyngeal nerve andistested using quinine on posterior 
third of the tongue. 

 Secretomotor fibres of parotid: Secretomotor pregangli- 
‘onic fibres from inferior salivary nucleus ~» glossopharyngeal 
nerve» tympanic branch ~> tympanic plexus > lesser super- 
ficial petrosal nerve ~» otic ganglion —» post ganglionic fibres 
> auriculotemporal nerve, branch of mandibular division of 
trigeminal nerve -» parotid gland, 

 Secretomotor fibres of submandibular salivary gland: 
Preganglionic fibres from superior salivary nucleus ~» facial 
nerve ~>chorda tympani nerve —» lingual nerve -» Langley's 
submandibular ganglion ~» postganglionic fibres —» sub- 


+ Parotid glands serous Submandibular gland is mixed (major 
{is mucous). Sublingual is mucous. Minor salivary glands are 


Figs 4.41A and B: Features of post parotidectomy 
facial nerve palsy. 


‘mucous except von Eber’ glands which empty into the circum- 
vallate papillae and glands in the tongue tip. 

® 70%of total saliva s from submandibular salivary gland.25% 
of salivais from parotids. 10% of total salivary volumeis from 
minor salivary glands. 

4 Normal salivary secretion per day is 1500 ml. It is hypotonic 
fluid with pH 7.0.{t contains a-amylase. 


Note: 
Accessory parotid tumour—Accessory parotid tumour is very rare 
tumour arising from accessory parotid usually above the parotid 
duct level infront of the master muscle. It can be benign or malig- 
nant. Pleomorphic adenoma is common. Tumour behaves like 
tumour from main paratid gland. Incidence is 1% of all parotid 
‘tumours. 30% of them are malignant. It is located in a line at 
central 1/3d of the line joining the middle of the tragus to a point 
between the ala of the nose and vermilion border of upper lip. 
FNAC confirms the diagnosis. CT scan confirms the anatomical 
location, Main parotid gland is usually normal. Surgery isthe treat- 
‘ment. Standard parotidectomy incision or direct cheek approach 
canbe used. But direct cheek approach can cause higher incidence 
of buccal and zygomatic branches of facial nerve injuries (40%). 
Standard parotidectomy approach has gat less chance of nerve 
branch injuries. Lymph node spread in the neckis dealt with radical 
dissection. Excision cures the benign disease. 


Neck 


CHAPTER OUTLINE 


Anatomy of Lymphatics of Head and Neck 
Thoracic Outlet Syndrome 

Cervical Rib 

v Branchial Cyst 

 Branchial Fistula 

 Pharyngeal Pouch 

 Laryngocele 

w® Cystic Hygroma, 

Ludwig's Angina 

v Parapharyngeal Abscess 


ml ANATOMY OF LYMPHATICS OF 
HEAD AND NECK 


Waldeyer’s Lymphatic Ring (Inner) 


It consists of adenoids above, lingual tonsils below and two 
palatine tonsils laterally one on each side. 


Outer Circular Chain of Nodes 
(Outer Waldeyer’s Ring) 


Occipital, postauricular, preauricular, parotid, facial, subman- 
dibular, submental, superficial cervical and anterior cervical 
Facial nodes are. 
a. Superficial 
> Upper—infraorbital 
> Middle—buccinator, 
> Lower—supramandibular 
b. Deep groups—in relation to pterygoids 
Submandibular lymph nodes drain 
‘The side of the nose. 
‘The cheek. 
Angle of the mouth, 
Entire upper lip. 
Outer part of the lower lip. 
‘The gums, 
# Side of the tongue, 
Submental lymph nodes: Drain from the central part of the lower 
lip, floor of the mouth and apex of the tongue. 
Superficial cervical nodes: They lie on outer surface of the 
sternomastoid around the external jugular vein. They drain the 
parotid region and lower part of the ear. 


eoeeee 


 Retropharyngeal Abscess 

 Subhyoid Bursitis 

% Carotid Body Tumour 

 Torticollis 

® Sternomastoid Tumour 

® Tuberculous Lymphadenitis 

Cold Abscess 

Secondaries in Neck Lymph Nodes 

s Chemotherapy for Head and Neck Cancers 


Retropharyngea 
rhodes 
‘Adenoids 
nner 
ring 
Tubal tonsil 
Palatine tonsil 
Lingual tonsil 
‘Neck 
nodes 
Fig. 5.1: Inner and outer Waldeyer’ ring anatomy, 


Deep cervical lymph nodes: Uppet deep cervical lymph 
nodes—jugulodigastric nodes Below the digastric and in front 
of UV. 

Lower deep cervical lymph nodes—jugulo-omohyoid 
nodes—Above the omohyoid and behind the LIV. 

‘They drain the ipsilateral half of head and neck, finally form 
a jugular lymph trunk from lower deep cervical nodes to 
thoracic duct on the left side, and the junction of right subcla- 
vian and right jugular vein on right side. 


 7months—neoplasm 

4 7years—congenital defect 

‘Note:The Rule of 7 provides a probable diagnosis of the neck 
‘mass based on the average duration of the patient's symptoms 


Do not worry and hurry so much rather walk this earth lightly and leave your mark—Dr Saroj Kanna 
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Fig. 5.3: Lymphatic drainage of the neck. 


lm THORACIC OUTLET SYNDROME (TOS) 


Itis syndrome complex due to neurovascular bundle compres- 

sion in the thoracic outlet. 

Thoracic outlet has got two main spaces. 

¢ Scalene triangle is bound by scalenus anterior, scalenus 
medius and first rib, It contains subclavian artery and 
brachial plexus, 

¢ Costoclavicular space is bound by clavicle, first rib, costo- 
clavicular ligament and scalenus medius. It contains subcla- 
vvian artery and vein and brachial plexus. 


Causes 


© Cervical rb. 
Long C; transverse process. 
Anomalous insertion of scalene muscles. 
# Scalene muscle hypertrophy. 


# Scalene minimus. 
# Abnormal bands and ligaments. 

# Fracture clavicle or first rib, 

# Exostosis. 

% Tumours in the region, 

# Brachial plexus trauma and diseases. 


Differential Diagnosis of TOS 


Carpal tunnel syndrome. 
Cervical spondylosis. 

Spinal canal tumours. 

Shoulder myositis. 

Angina, 

Raynaud's disease. 

Spinal stenosis. 

Ulnar nerve compression, epicondylitis. 


eeeecece 


Clinical Features 


Neurological symptoms 

# Paraesthesia. 

Pain in shoulder, arm, forearm and fingers. 

% Occipital headache as referred pain from tight scalene muscles, 

# Weakness in forearm, hand. 

Vascular symptoms 

+ Claudication, ischaemic ulcers, gangrene. 

Signs 

 Scalene muscle tendemess. 

% Pulsatile swelling in supraclavicular region with thrill and 

bruit (25%). 

Bony mass above claviele. 

Adson’s test (+ve), 

Roos test (+ve). 

Elevated arm stress test (+ve). 

Costoclavicular compression reveals feeble/absence of 

‘maneuver, } radial pulse due to compres- 
sion of the subclavian artery. 


teees 


# Hyperabduction maneuver. 
% Poor capillary refilling 

# Absence or feeble pulse. 
(Please refer Chapter on Arterial Diseases for details of tests. 


Investigations 


X-ray neck and cervical spine 
% Doppler. 

 Subclavian angiogram, CT angiogram, CT neck, 
Nerve conduction studies, electromyography. 


Treatment 


# Conservative—if nerve velocity is > 60m/second 
 Surgical—if nerve velocity is < 60m/second 


+ Exercises—neck tretching, postural and breathing exercises 
‘& Drugs—analgesics, muscle relaxants, antidepressants 

+ Avoid weightlifting 

“Physiotherapy 


@ Transaxillary (ROOS)—mainly for fist rib excision and also 
cervical rib 

‘® Supraclavicular approach for cervical rib and soft tissue exci- 
sion,scalenotomy, neurolysis, arterial reconstruction 

Cervical sympathectomy may be needed 


@ CERVICAL RIB 

Definition 

¢ Itis an extension of costal element (anterior part) of trans- 
verse process of C; vertebra more than 2.5 cm (normal). 

4 Syndrome caused by it is called as cervical rib syndrome, 
thoracic-inlet syndrome, thoracie-outlet syndrome, scalene 
syndrome. 

# It is 0.46% common; common in females; more frequent 
on right side. 

¢ Iean be unilateral or bilateral (50%) can be asymptomatic 
or symptomatic. 


Types (Refer Fig. 5.4) 


1. Complete bony: Cervical rib is tadio-opaque, anteriorly ends 
over the first rib or manubrium, 

2. Complete fibrous: Cannot be demonstrated radiologically. 

3. Combined: Partly bony partly fibrous. 

4, Partial bony: With free end expanding as bony mass, which 
is felt in the neck. 


Pathology 


Cervical rib narrows the scalene triangle (bounded by scalenus 
anterior, scalenus medius and first thoracic rib below). 


Compression of subclavian artery; Cy and T, nerve roots due 
to cervical rib 
4 
Angulation of subclavian artery occurs, 
4 
Causes constriction of artery at the site where artery crosses 
the cervieal rib, 


‘Eddie's current’ created in the blood flow 
‘causes sudden release of pressure distal 
to the narrowing, 

4 
Poststenotic dilatation —+ Venturi phenomenon. 

(due to vessel wall ischaemia) | 

Stasis of blood occur. 
4 
Thrombosis > Embolus. 
1 4 
Features of ischaemia in the hand and forearm. 
Later digital gangrene occurs, 


Rarely thrombus may extend proximally into the subclavian 
stery causing vertebrobasilar insufficiency. 


Fig. 5. 


% Compression of Cy and T, causes tingling and numbness 
along its distribution, ic. inthe litte finger, medial side of 
hand and forearm, 

% Paget-Schroeter syndrome is subclavian vein compression 
by cervieal rib. 


Fig. 5.5: Post-stenotic dilatation of subclavian artery in cervical rib 
(Courtesy: Dr Ashok Shetty, MCh, Cardiothoracic Surgeon, Mangalore) 


Clinical Features 


Majority of patients are asymptomatic—(80%). 
1. Vascular manifestations: 
> Pain is due to ischaemia in the muscle. Itis more during 
work, exercise, and is relieved by rest. 
> Upper limb claudication usually is observed in forearm 
and arm more obvious after usage of limb. Pain (dull 
pain) in posterior triangle of neck may be due to pres- 
ence rib mass. Ischaemic pain in the digits and hand. 
‘may be present. 
> Vasomotor changes with cyanosis, cold fingers, exces- 
sive sweating may be observed. 
> Roos testis raising the arm above the shoulder. The side 
‘where cervical rib is present, patient cannot continue and, 
so drops the hand down, 


Nothing dies quicker than a new idea in a closed mind, 
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EAST—Elevated Arm Stress Test (Modified Roos test): 
Ammis elevated above the shoulder, with elbow stretched 
fully. Rapid movements of fingers will cause fatigue on 
the side where cervical rib is present. 

Adson's test: The hand is raised above after feeling the 
radial pulse. The patient is asked to take a deep breath 
and tur the head to the same side. Any change in pulse, 
i.e, either becoming feeble or absent, is noted. 
Modified Adson’s test is same as Adson’s, but neck is 
tumed towards the opposite side. 

Costoclavicular compression manoeuvre: While 
palpating the radial pulse of the patient he is asked to 
move his shoulder backwards and downwards (exagger- 
ated military position) which may cause absence/teeble 
radial pulse and a bruit may be heard while auscultating 
the supraclavicular region—military attitude fest. This is 
due to compression of subclavian artery between clavicle 
and first rib, Similary Halstead manoeuvre is done by 45 
abduction and extension of arm with downward pushing 


Firstria  Subelavian artery 


of the shoulder with neck tumed opposite side to cause 
radial pulse feebly palpable. 

> Hyperabduction manoeuvre (Wright * test): While 
palpating the radial pulse, arm on the diseased side is 
passively hyperabducted causing feeble or absence of 
radial pulse. This is due to compression of artery by 
pectoralis minor tendon (pectoralis minor syndrome). 
An axillary bruit may be heard on auscultation 

> Alllen’s test It is used in hand to find out the pateney of 
radial and ulnar arteries. Both radial and ulnar arteries of 
the patient is felt and pressed firmly at the wrist, Patient 
clinches his hand firmly (often repeated clinching) and, 
holds it tightly. After | minute clinch is released to 
open the palm of the hand which looks pale. Pressure 
on radial artery in the wrist is released to see area of 
distribution of the radial artery. Normally it becomes 
flushed with pink color. there is block in radial artery, 
the area will remain white, Test is repeated again. This 
time pressure on the ulnar artery is released to check the 
patency of ulnar artery. Area will be pale and blanched. 
after releasing in case of ulnar artery block. Otherwise 
it becomes pink after release in normal individual. 

> Wasting of thenar, hypothenar and forearm muscles, 

> Often digital gangrene, ischaemic ulcers in digits, 
‘oedema of fingers and hand are observed. 

> Limb is colder and paler than the opposite side. 

Neurological features is due to compression of T, and Cy 

causing tingling and numbness in the little finger, medial 

side of hand and forearm. 

> Pain, on the medial side, weakness on the medial side 
of hand and anaesthesia may be evident. 

> Card test for interossei muscle weakness, Froment’s 
signiest to detect weakness in adductor pollicis are 
positive. Wasting may be due to neurological cause also. 

Features in the neck: 

> Hard, fixed, bony mass in the supraclavicular region. 

» Palpable thrill above the clavicle in the subclavian 
artery. 

> Bruit on auscultation. 


Fig. 5.7: Allen's test done upper limb ischaemia to look for 
perfusion of hand. 


Figs 5.6A to C: Anatomy of cervical rib and its relation to subclavian 
artery and vein and brachial plexus. Note the Eddie's current, post 
stenotic dilatation due to arterial compression by cervical rib. Xray 
picture shows let sided complete cervical ib 


Fig. 5.8: Adson’s test—after palpating radial pulse, elbow stretched 
hands slightly raised; neckis turned to same side; deep breath istaken; 
feeble or pulse becoming absent may be obvious in positive Adson's. 


Gangrene) 


Fig. 5.9: Upper limb ischaemia showing ischaemic ulcers and 
‘gangrene of finger tips. 


Note: 

+ Most common presentation is neurological 

+ Most problematic presentation is vascular which requires 
surgery. 


Differential Diagnosis 


1. Cervical spondylosis—to differentiate, X-ray neck—lateral 
view should be taken. 

2. Carpal tunnel syndrome. 

3, Tumours or swellings compressing over the vessel or nerves 
in the neck. 

4, Other causes of digital gangrene like atherosclerosis, 
Raynaud’s syndrome, collagen diseases, diabetes mellitus, 
and embolism. 

5, Syringomyelia, motor neuron disease. 

6, Pancoast tumour, 


Investigations 


Chest X-ray PA view and lateral view including neck—only 
(radio-opaque) bony rib can be identified. 


# Nerve conduction studies to confirm neurological compres- 

sion and also to rule out carpal tunnel syndrome or cervical 

spondylosis. 

Arterial Doppler of subclavian artery and of the upper limb, 

Subclavian angiogram. 

© Other relevant investigations like blood sugar, lipid profile, 
cardiac assessment. 

# CT'scan neck and thorax and CT angiogram of subclavian 
artery are ideal investigations. 


Treatment 


Note: 
For conservative treatment refer TOS above. 


Surgical 


1, In symptomatic cervical rib without arterial compression 
(subclavian artery), along with scalenotomy (cutting scalenus 
anterior muscle), extraperiosteal resection of cervical rib and 
‘often resection of first rib is done to increase the thoracoaxil- 
lary channel and so as to reduce arterial compression, 

2. In symptomatic cervical rib with significant subclavian 
artery compression along with scalenotomy, extraperiosteal 
resection of cervical rib, resection of first rib, subclavian 
artery reconstruction with ot without a graft is done, 

3. Along with scalenotomy, extraperiosteal resection of 
cervical rib, resection of first rib, reconstruction of subcla- 
vian artery, cervical sympathectomy is also done to improve 
the circulation to the ischaemic upper limb, 

4, Amputation of the gangrenous toe. 

5. In pectoralis minor syndrome, pectoralis minor tendon is 
released from its insertion to coracoid process. 


need for 


‘® Supraclavicular approach—mainly when there 
vascular reconstruction 

 Transaxillary approach—through axillary crease, rib is 
approached and removed 

‘ Thoracotomy approach 


m= BRANCHIAL CYST 


{arises from the remnants of second branchial cleft, Normally 
2nd, 3rd, 4th clefts disappear to form a smooth neck. Persistent 
2nd cleft is called as cervical sinus (of His) which eventually 
gets sequestered to form branchial cyst. 

Epithelial infusion within lymph node may be the other 
cause as branchial cyst contains lymphoid tissues in their wall. 

Six branchial arches with five pharyngeal pouches (endo- 
derm lining) inside and five pharyngeal clefts (ectoderm lining) 
outside are present. 


Features 


# Swelling in the neck beneath the anterior border of upper 
third of the sternomastoid muscle. It is smooth, soft, fluc 


Everything big starts with something litle. 
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Figs 5.108 and B: Branchial cyst: Its only occasionally 
‘ransiluminant. 

tuant, often transilluminant with a sensation of *Half-filled 
double hot water bottle’ 

¢ Itis equal in both sexes. Even though congenital, it is seen 
in late adolescents and early 3rd decade. 

# Usually painless unless itis infected. 

¢ It contains cholesterol crystals which is from the lining of 
‘mucous membrane which contains sebaceous gland. Cheesy 
toothpaste like material is typical 

¢ Histologically, itis lined by squamous epithelium. Ocea- 
sionally it contains ciliated columnar epithelium, Cyst wall 
shows plenty of lymphoid tissue. 

 Itmay get infected to form an abscess. 

¢ FNAC shows cholesterol erystals 


Complications 

Recurrent infection, 

# Rupture may cause acquired branchial fistula at upper third 
of sternocleidomastoid muscle. 


Differential Diagnosis 
1. Cold abscess, lipoma neck. 
2, Lymph eyst. 

3. Chronic lymphadenitis. 


‘Treatment: Excision under G/A. 
Cyst isin relation to carotids, hypoglossal nerve, glossopharyn- 
geal nerve, spinal accessory nerve, posterior belly of digas 
and pharyngeal wall. Medially itis close to the posterior pillar 
of tonsils. During dissection, all these structures should be 
taken care of, 


Complications of Surgery 


Injury to major structures. 

# Infection, 

% Recurrence/fistula formation due to incomplete removal 
of the track. 


‘& Branchial cyst 
& Dentigerous cyst 
& Hydrocele 


3. 5.1: Branchial cyst—both sides. 


Branchial eyst 


Branchialfstuls 


Fig. 5.12: Positions of branchial cyst and fistula. 
lm BRANCHIAL FISTULA 


Branchial fistula is commonly a congenital lesion. It is duc to 
persistent precervical sinus between 2nd branchial cleft and Sth 
branchial cleft having opening in the skin at lower 1/3rd of neck 
on the inner margin of stemocleidomastoid muscle, often ends 
as a sinus just proximal to the posterior pillar of fauces behind 
tonsil which is also the site of inner opening when presents as 
fistula, Fistula runs between the structures related to 2nd and 
3rd branchial arches (2nd arch artery is ECA, nerve is facial; 
3rd arch artery is ICA, nerve glossopharyngeal), From external 


‘opening at skin below, it runs in subcutaneous plane to pierce 
deep fascia at level of thyroid cartilage: to travel between ECA 
and ICA; behind posterior digastric belly and stylohyoid; outer to 
LV, stylopharyngeus, hypoglossal and glossopharyngeal nerves; 
perforates superior constrictor to reach the internal opening, 

Occasionally aequired branchial fistula can occur due 
to rupture of or after drainage of infected branchial cyst or 
incomplete excision of the cyst track, This type of fistula is 
located outside at skin at the level of upper third of sterno- 
mastoid musele. 


Features 


¢ tis apersistent second branchial cleft with a communication 
outside to the exterior. It is commonly a congenital fistula, 
Occasionally, the condition is secondary to incised, infected 
branchial cyst. 

# Often itis bilateral (30%), 

¢ External orifice of the fistula is situated in the lower third 
of the neck near the anterior border of the sternomastoid 
muscle. 

¢ Internal orifice is located on the anterior aspect of the poste- 
rior pillar of the fauces, just behind the tonsils. 

# Sometimes fistula ends intemally as blind end. 


Figs 5.13A and B: Branchial fistula in two different patients. Note 
the location and discharge (Courtesy: Professor Kishore Chandra 


Prasad, ENT Surgeon and Head of the Department and Dr Sampath 
ENT Surgeon, KMC, Mangalore) 


# Track is lined by ciliated columnar epithelium with patches of 
lymphoid tissues beneath it, causing recurrent inflammation, 

# I usually presents at birth. It is common in children and 
carly adolescent period. Equal in both sexes. 

# External orifice is very small with a dimple which becomes 
‘more prominent on dysphagia with tuck in appearance. 

# Discharge is mucoid or mucopurulent. 


Investigations 


Discharge study, fistulogram, MR/CT fistulogeam, 


Treatment 


Abways surgery 
# Under general anaesthesia, methylene blue is injected into 
the track. Probe is passed into the fistulous track. Through 
<ircumferential/elliptical incision around the fistula opening, 


ae 


Figs 5.148 and B: Branchial fistula is usually operated using two 
transverse parallel incisions with step ladder dissection (Courtesy: 
Br Ganesh Pai, MCh) 


There is only one degree difference between hotwater and steam. 
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entire length of the track is dissected until the internal 
orifice. Care should be taken to safeguard carotids, jugular 
vein, hypoglossal nerve, glossopharyngeal nerve and spinal 
accessory nerve. Entire track should be excised. 

# Step ladder dissection is done using two parallel inci 
fone below at lower part another above at upper part of the 
neck, will make dissection easier and complete. 


jons 


ll PHARYNGEAL POUCH 


¢ Itisa protrusion of mucosa through Killian + dehiscence, a 
‘weak area of the posterior pharyngeal wall between thyroph- 
aryngeus (oblique fibres) and cricopharyngeus (transverse 
{fibres of the inferior constrictor muscle of the pharynx. 

# Thyropharyngeus is supplied by pharyngeal plexus from 
cranial accessory nerve. Cricopharyngeus is supplied by 
external laryngeal nerve. 

# Pharyngeal pouch is a pulsion diverticulum. It starts in the 
midline of posterior pharyngeal wall. Once it expands and 
reaches the vertebra, it deviates towards left side of the neck 
because of resistance of vertebra. 

¢ Imperfect relaxation of the cricopharyngeus increases the 
pressure in the pharynx, mainly during swallowing which 
leads to protrusion of mucosa through the Killian’s dehis- 
cence causing pharyngeal pouch. 

¢ The protrusion is usually towards lef 


Stages 


1, Small diverticulum pointing towards vertebra. It is asymp- 
tomatic and incidentally diagnosed by barium meal X-ray. 
Foreign body sensation in pharynx may be present. 

2, Large, globular diverticulum with vertical mouth/opening 
causing regurgitation, violent cough, dysphagia, respiratory 
infection. Regurgitation is more after meals and while tuning 
the neck, 
> Large pouch which is visible in the neck as a globular 

swelling often tender, smooth and soft. Swelling is below 
the level of the thyroid cartilage and behind sternocleido- 


Thyropharyngeus 


Kilian’ 
dehiscence 


Pharyngeal pouch 


Zenkers diverticulum 
Fig. 5.15: Pharyngeal pouch (Zenker’s diverticulum). 


‘mastoid muscle and can be emptied on pressure. Opening 
of the pouch is not vertical but horizontal. They present 
with dysphagia, features of respiratory infection like pneu- 
‘monia and lung abscess, weight loss and cachexia, Pouch 
‘may itself get infected and may form an abscess. Often 
the pouch may descend downward and enter the superior 
‘mediastinum. Gurgling sound in the neck is observed. 


Progressive dysphagia 
‘Respiratory problems like pneumonia, lung abscess 
'& Abscess in the neck due to infection in the pouch 
‘& Weight loss and cachexia 


Differential Diagnosis 


Branchial cyst 
Cold abscess in the neck. 
Lymph cyst. 
Haemangioma neck. 


Clinical Features 

# Pain, dysphagia, recurrent respiratory infection, swelling in 
the neck on the left side which is smooth, soft and tender. 

% Regurgitation during night while turing neck, smooth, soft, 
tender swelling in the posterior triangle of the left side of the 
neck; typical gurgling noise while swallowing—are typical 
features, It is common in males. 

# Swelling is deep to sternocleidomastoid muscle below 
the level of thyroid cartilage; initially soft and emptying; 
impulse on coughing may be evident unless opening of the 
pouch is blocked due to recurrent inflammation, 


Investigations 

% Barium swallow—lateral view shows pharyngeal pouch. 
Chest X-ray shows pneumonia, 

# CT neck is very useful 


Fig. 5.16: Barium study showing pharyngeal pouch. 


Note: 

‘Oesophagoscopy should be gentle or avoided as scope may enter 
the friable pharyngeal pouch and can cause perforation and life 
threatening mediastinitis. 


Treatment 


Antibiotic is started to control infection, 

 Pharyngeal pouch is excised by an oblique neck incision 
(approach from neck). As there is cricopharyngeal spasm, 
cricopharyngeal myotomy (ie. cutting of cricopharyngeal 
circular muscle fibres without opening mucosa) is done to 
prevent the recurrence, 


Indications for surgery 

Progressive symptoms. 

Recurrent respiratory complications. 
Dysphagia. 


Technique 


Under anaesthesia endoscope is passed to identify the 
opening of the pouch. 

4 Pouch is packed with acriflavine soaked gauze for identifica- 
tion of the pouch. 

Under anaesthesia nasogastric tube is passed into the 
oesophagus under visualisation 

¢ Pouch is approached through neck with oblique incision 
along the anterior margin of sternocleidomastoid muscle 
for proper removal. 

¢ Myotomy of cricopharyngeus and upper circular muscle of 
the oesophagus is done to relieve the spasm, at posterior 
midline. 

 Dohlman’s operation is endoscopic excision of the phar- 
yngeal pouch, 


Complications of surgery 

Infection, either mediastinitis or lung infection (Pneumonia 
‘orlung abscess) 

‘& Pharyngeal fistula 

+ Abscess in the neck 

@ Oesophageal stenosis and recurrence 


lm LARYNGOCELE 


¢ Itisaunilateral narrow necked, air containing diverticulum 
resulting from herniation of laryngeal mucosa. 

% {occurs in professional trumpet players, glass blowers and 
in people with chronic cough. 


Types 


a, External: Itis situated in the anterior third of the laryngeal 
ventricle, between the false cords and thyroid cartilage, 
herniates through the thyrohyoid membrane where it 
pierced by superior laryngeal nerve. 


b. Internal: Confined within the larynx, presents as a disten- 
tion of false cords, 
©. Combined. 


Fig. 5.17: Laryngacele. 


Clinical Features 


Swelling in the neck in relation to larynx, adjacent to 
thyrohyoid membrane which is smooth, soft, resonant and 
is more prominent while blowing, coughing and Valsalva 
manoeuvre, 

4% Itmoves upwords during swallowing with expansile impulse 
on coughing, 

Infection is quite common in the sac of laryngocele, leading 
to the blockade of opening of the sac causing an abscess. 

% Pus often may be discharged into the pharynx repeatedly. 

4% Hoarseness and cough. 

% Iflarge, causes obstruction to larynx. 
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Figure 1. Diagram of a Simultaneous View of Two Remote Compact Regions 
(Q: and Q2) of Minkowski Space Used to Create the Wormhole Throat 32, 
Where Time is Suppressed in This Representation (adapted from Bennett et al., 1995) 
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Figs 5.188 and ¢ 


Figs 5.1BA to C: Typical laryngocele in the neck which becomes 
prominent after blowing. X-rays (AP and lateral) show radiolucent 
airin the neck. 


Diagnosis 


Clinical features, X-ray neck, laryngoscopy, CT scan. 


Treatment 


External laryngocele: Excision through neck incision. Neck 
of the sac should be ligated, Thyrohyoid membrane is repaired 
using 3 zero nonabsorbable polypropylenes sutures. 

Internal laryngocele: Marsupialisation, with the help of laryn- 
goscope. 


ll CYSTIC HYGROMA (Cavernous 
Lymphangioma) 


# Itis.a cystic swelling due to sequestration of a portion of 
jugular lymph sac from the lymphatic system, during the 
developmental period in utero. 

Present at birth and so may cause obstructed labour, Ocea- 
sionally present in early infancy. 

# Iis also called as hydracele of the neck. 

# Cyst will not communicate with normal lymphatics and so 
existing lymph gets absorbed and cyst will be filled with 
clear watery mucous derived from endothelial lining of the 
cyst wall, Cyst even though is subcutaneous; it commonly 


extends into deeper planes across many anatomical planes 


and barriers. Cyst is multilocular. Often extension may oc 
across two or more lymphatic regions; example—invol 
ment of both neck and axilla 

# Lymphangioma circumscripta (<5 em), lymphangioma 
diffusum (> 5 em) and lymphangioma ab agne (reticulate 
pattern) are different variants, For detail refer chapter 
‘Swelling’ 


Sites 


1. Posterior triangle of the neck—75%—most common site, 
Eventually may extend upwards in the neck 

2, Axilla—20% 

Cheek. 

‘Tongue—lymphangiogenetic macroglossia 

Groin 

Mediastinum 

Often multiple sites 


Pathology 


# It contains aggregation of cysts looking like soap bubbles: 
Cysts have mosaic appearance with larger cysts near the 
surface and smaller cysts in the deeper planes. Each cyst 


Fig. 5.19: Cystic hygroma in newborn baby. 


contains clear lymph with endothelial lining, Fluid does 
not coagulate, 


Clinical Features 


Swelling is present at birth in the posterior triangle of neck 
causing obstructed labour. 

¢ Swelling is smooth, soft, fluctuant (cystic), partially 
compressible, brilliantly transillumsinant. Itis not reducible 
completely. 

During erying swelling often increases in size. 

4 Disfigurement of face of the child which is more worrying 
factor for the parents. 

Swelling may rapidly increase in size causing respiratory 
obstruction—dangerous sign. 

¢ Itmay get infected forming an abscess which is a tender, 
‘warm, soft swelling. It may cause septicaemia which may 
be life threatening. 

Rupture with lymph ooze can occur. 


Fig. 5.20: Cystic hygroma. 


Treatment 


4 Aspiration of the contents. Later once the sac or capsule gets 
thickened by fibrous tissue, itis excised. 

Care should be taken to have meticulous dissection across 
all planes including deeper muscular one to clear entire cyst 
wall; otherwise recurrence will occur. 

When it causes respiratory obstruction, aspiration and 
tracheostomy is done. 

Under proper antibiotics coverage, drainage of abscess is 
done. Later sac is excised, 

¢ Preoperative injection of selerosants (OK 432, PICIBANIL 
recently used) and later once fibrosis develops excision of 
entire aggregation of cysts. In olden days injecting boiling 
water into the cyst as a sclerosant used to be popular. 


Complications 
+ Respiratory distress 

‘ Infection Abscess. Septicaem 
+ Surgery itself may cause torrential haemorrhage 


™@ LUDWIG’S ANGINA 


* [tis an inflammatory oedema of submandibular region 
and floor of the mouth, commonly due to streptococcal 
infection, 

# It causes diffuse swelling and brawny oedema of the 
submandibular region. It is common in severely ill and in 
advanced malignancy, causing rismus, laryngeal oedema, 
Extension of infection into parapharyngeal space may lead 
to dreaded internal jugular vein thrombosis. 

 Asthe infection is deep to the deep fascia in a closed fascial 
plane, it spreads very fast causing dangerous complications. 


© Caries teeth 
“@ Oral orother malignancy 

+ ‘Submandibular salivary infection/caleuli 
‘& Chemotherapy 

'® Chronic diseases ike diabetes mellitus 
+ Cachexia of any cause 


‘ Brawny oedema/diffuse swelling of submandibular and 
submental region 

+ Intraoral oedema in floor of the mouth 

® Putrid halitosis 


® Severe toxicity 

+ Dyspnoes, dysphagia 

4 May cause laryngeal oedema, septcaemia,extension of sepsis 
into other spaces in the neck 


Fig. 5.21: Typical Ludwing’s angina. 


Itis better to aim at good things and miss it, than to aim at a bad thing and hit it. 
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Clinical Features 


4% Fever, toxicity, diffuse swelling, dysphagia, dyspnoea, 
trismus, 

¢ Intraoral oedema is common. 

 Brawny swelling in submandibular region. 

4 Putrid hal 


Treatment 


Antibiotics 

© IV fluids. 

% Decompression of the submandibular region ix done, by 
‘making a deep incision extending into the deep fascia and also 
cutting both the mylohyoid muscles. Either itis left open and 
delayed suturing is done (better option) or its loosely sutured. 


Laryngeal oedema and respiratory distress, may require 
‘tracheostomy 

4 Septicaemia 

“Extension of infection into parapharyngeal space 


Fig. 5.22: Incision for draining Ludwig's angina, 


Fig. 5.23: Abscess in submandibular region. Note the redness and 
‘swelling, It needs incision and drainage under general anaesthesia. 


ll PARAPHARYNGEAL ABSCESS 


# tis infection of pharyngomaxillary space. 

# This is a cone-shaped space; base is formed by the base of 
skull; apex is formed by the greater cornu of hyoid bone; 
‘medial wall by the superior constrictor; lateral wall is formed 
by the lateral pterygoid, angle of mandible and below by 
submandibular salivary gland. 

Usually, infection arises from the tonsils, after tonsillectomy 
‘and from the submandibular space. 


Clinical Features 


# It causes diffuse swelling in the upper neck, trismus, fever, 
toxicity. 

# Swelling lies behind the posterior pillar with oedema of 
soft palate, 


Complications 


# Thrombosis of internal jugular vein, 

Erosion into the intemal carotid artery causing torrential 
bleeding 

# Septicaemia. 


Treatment 


© Under G/A, drainage is done by making incision (deep inci- 
sion) between angle of the mandible and hyoid bone. Early 
drainage is needed, 

% Antibiotics are given, 

# Causative pathology should be addressed. 


ll RETROPHARYNGEAL ABSCESS 
Surgical Anatomy 


‘The wall of the pharynx has got S layers. Mucosa, submucosa, 
pharyngobasilar fascia, muscular layer (contains 3 constrictors and 
stylo, salpingo, palatopharyngeus muscles) and buccopharyngeal 
fascia covers outer part of constrictors and extends over bucci- 
nator, Buccopharyngeal fascia is adherent to prevertebral fascia 
posteriorly in the midline. Retropharyngeal lymph nodes are 
located between buccopharyngeal fascia and prevertebral fascia 
in paramedian (eccentric) position (not midline). 


Types 


@ Acute, 
© Chronic. 


Acute Retropharyngeal Abscess 


# Itis infection and suppuration of retropharyngeal lymph 
nodes due to staphylococci or streptococci organisms. 

% Commonly from tonsils or pharynx. 

Common in infants and children 


Clinical Features 

% Itpresents as lateral (paramedian, eccentric) smooth, tender 
swelling in the pharynx with dysphagia, dyspnoea, cough, 
toxic features and neck rigidity, 

Diagnosis is obvious on proper clinical examination, 


Chronic © ome 
abscess, 


Chronic retrophiaryngeal abscess 
1. Pharyngeal wall; 2. Buccopharyngeal fascia: 3. Retropharyngeal 
LN; 4, Prevertebral fascia; 5. Median septum: 6. Vertebra 
Fig. 5.24: Note acute and chronic retropharyngeal abscess. Normal 
anatamy is also shown. Acute is eccentric and is due to suppuration 
of retropharyngeal iymph nodes. Chronic is central, midline and is 
‘due to tuberculosis of the cervical vertebra. 

Treatment 


Antibiotics intravenously. 
Drainage is done usually through per oral incision under 
carefil general anaesthesia. Only occasionally drainage may 
be done through a neck incision, Pus should be sent for culture. 


Chronic Retropharyngeal Abscess 


© Itis invariably due to tuberculosis of cervical spine. 

Abscess is in the midline behind the prevertebral fascia. 

There is destruction of the body of the vertebra due to 
tuberculosis 


Clinical Features 


 Itis midline swelling in the posterior pharyngeal wall, which 
is smooth and nontender. 

Features of tuberculosis of cervical spine will be observed. 

Often abscess may point in the neck in relation to sterno- 
mastoid, 

Neurological manifestations may occur in severe disease. 


Investigations 


X-ray spine, chest X-ray, ESR, MRI of cervical spine are 
essential investigations. 


Treatment 


 Antitubercular drugs. 

Drainage of the abscess should be done through neck 
approach (never intraoral approach). 

Decompression of the vertebra and stabilisation is also 
often required. 


Fig. 5.25: Xray neck showing retropharyngealabscess with tuberculosis 
lesion involving the C, cervical spine (Courtesy: Dr Navin Chandra Shetty 
MD, Radiologist, Professor and Head, Department of Radiodiagnosis, 
KMC, Mangalore). 


lm SUBHYOID BURSITIS 

 Subhyoid bursa is space between posterior surface of the 
body of hyoid bone and thyrohyoid membrane. It lessens 
friction between these two structures during swallowing. 

Due to constant friction inflammatory fluid collects in the 
bursa leading to bursitis, which presents like a horizontally 
placed midline swelling between lower part of the hyoid 
bone and thyrohyoid membrane. 


Features 


Smooth, soft, cystic, fluctuant, nontransilluminating 
swelling which moves upwards with deglutition but not 
while protruding the tongue out. 

4 Itshould be differentiated from thyroglossal cyst and pretra- 
ccheal lymph nodes. 

# It contains turbid fluid often may get infected to make the 
swelling tender or to form an abscess, 


Hyoid bone. 
Subhyout 
Thyrohyoid 
‘membrane 
Thyroid cartilage 
Cricoid 


Sagittal view Front view 


Fig. 5.26: Sagittal and front view showing lacation and relation of 
ssubhyoid bursa. 


Happiness is a direction not a destination. 
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Treatment 


# Excision under general anaesthesia 


ll CAROTID BODY TUMOUR (Potato Tumour, 
Chemodectoma, Nonchromaffin 
Paraganglioma) 


 Itarises from the carotid body, which is located atthe bifur- 
cation of the common carotid artery. 

# The tumour is situated in the adventitia of the artery. 

© They are benign or locally malignant tumours (10%), but 
in 20% cases spread can occur to the regional lymph nodes 
and lungs. 

# Blood supply to the tumour is from external carotid artery. 
‘Tumour does not secrete epinephrine or any endocrine 
substances. Blood supply comes through Meyer's ligament 
on the posteromedial wall of the carotid at bifurcation, 

¢ They can be familial. 

Common in high altitude area, common in females, 

¢ Pathologically, it is well-encapsulated, hard creamy 
yellowish tumour with dense fibrous tissue. Carotid body 
tumour cells are not hormonally active. 


Ica. 
Carotid body 
tumour 
Splaying of 
carotid 


cea. 


Fig. 5.27: Carotid body tumour—note the site and location. 
Splaying of the carotid is common, 


Carotid body. 


+ Normal carotid body is3-5 mm sized fat brownish nodulein 
the adventitious of common carotid artery 

+ It consists of chief cells (contains catecholamine granules) 
and supportive cells 

+ Itgetsits nerve supply from glossopharyngeal nerve 

+ These chemoreceptors are sensitive to changes in pH and 
temperature in the body especialy in hypoxia, help in 
autoregulation of respiration and circulation 

+ Carotid body hyperplasia can occurin people 
altitudes who are exposed to chronic hypoxia 

Other chemoreceptors in the body are—sorticbodiesin the 
arch ofaorta;glomus uguiarin the bulb ofthe internal ugular 
vein; glomus intravagale in elation to ganglion nodosum of 
the vagusnerve and others like pulmonary (near pulmonary 
artery) and myocardial (near coronary artery origin) receptors 


inginhigh 


Clinical Features (0.5%—Incidence) 


Usually unilateral 
More common in middle age. 

# Swelling (75%) in the carotid region of the neck which 
is smooth, firm, pulsatile (transmitted pulsation—due to 
pulsatile carotid vessel overlying its surface) and moves 
ontly side to side but not in vertical direction. 

It can often compress over oesophagus and larynx. 
Headache, neck pain (35%), dysphagia, syncope are other 
presentations 

It can present with unilateral vocal cord palsy; can cause 
Horner's syndrome. 

# Features of transient ischaemic attacks due to compression 
over the carotids, “carotid body syncope.” 

‘Thrill may be felt and bruit may be heard, 

Itis located at the level of hyoid bone deep to anterior edge 
Of the sternomastoid muscle in anterior triangle, vertically 
placed, round, firm “potato” like swelling 

# Often tumour may extend into the cranial cavity along the 
intemal carotid artery as dumbbell tumour. 


"Sites where dumbbell tumours 
= 
t Spinalcor tumour 
 Caretdbody tumour 


= TANTS — 
Type: Localised easily resectable (26%) 

Type: Adherent, partially surrounding the carotids (46%) 
4 Type ill:Adherent, encased carotids completely (27%) 


Investigations 

# Doppler. 

# Angiogram to see the ‘tumour blush"—DSA. Widening! 
splaying of the carotid artery with tumour blush in an angio- 
‘gram is called as Lyre sign. 

# CT scan, MRI, MR angiography. 

No FNAC: No partial excision. 


Differential Diagnosis 


Carotid artery aneurysm, 
Soft tissue tumour (Sarcoma). 

Lymph node enlargement. 

Neurofibroma of the vagus nerve presents as swelling in the 
carotid triangle in the region of thyroid as vertically placed, 
oval, hard swelling. On palpation of the swelling, patient 
often develops bradycardia and dry cough. It does not move 
with deglutition and has only transverse mobility. As the 
tumour lies behind the carotid it can stretch the carotid in 
front causing transmitted pulsation. 


Treatment 


# Ifitis small, it can be excised easily as the tumour is situ- 
ated in the adventitia 

# When itis large, as commonly observed, complete excision 
has to be done followed by placing a vascular graft. 


During resection a temporary shunt (diversion of blood) is 
placed between common carotid below and internal carotid 
above to safeguard cerebral perfusion; extemal carotid artery 
is ligated. Venous or prosthetic graft is placed between 
common carotid and internal carotid arteries. 

Carotid body tumour is not radiasensitive (controversial). 


Complications of the Surgery 

Bleeding 

Blockage of common carotid artery, leading to contralateral 
side hemiplegia (3%). This can be prevented by stenting the 
common carotid artery towards internal carotid artery and 
is done during surgical excision of the tumout. 

Cranial nerve injury X and XI (40%). 


+ Cold abscess 
+ Gystic hygroma 
“& Branchial cyst 

4 Thyraglossal cyst 
‘@ Laryngocele 

+ Pharyngeal pouch 
® Subhyoid bursa 


™ TORTICOLLIS (Wry Neck) 


It is turning of the neck to one side with chin pointing towards, 
“opposite side. 


Causes 


 Sternomastoid tumour. 

 ‘Trauma—spinal injury, dise prolapse, spondylosis, 

¢ Inflammatory: Lymphadenitis either tuberculous or suppura- 
tive: tuberculosis of cervical spine, 

 Spasmodic—due to spasm of sternomastoid muscle of same 
side or spasm of posterior cervical muscles of opposite side. 

Reflex. 

 Rheumatic—after exposure to cold/draught 

 Burns—eausing contracture. 


sai 


Fig. 5.28: Boy having right-sided torticllis. 


Ocular causes. 
% Compensatory due to scoliosis, 


Clinical Features 


Restricted neck movements. 
Chin pointing towards opposite side. 
© Squint 

Features relevant of the causes, 


Treatment 


The cause is treated. 


Fig. 5.29: Tortcols(rightsided) wit chin towards opposite side. 


ll STERNOMASTOID TUMOUR 


x 


Fig, 5.30: Sternomastoid tumour—typical location. 
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It is due to birth injury to the sternomastoid muscle. It is a 
‘misnomer. It is not a tumour. 


Pathogenesis 


# During child birth, injury to the stemomastoid muscle causes 
haematoma in the muscle which gets organised to form 
sternomastoid tumour. 

# Common in breech delivery. 


Clinical Features 


¢ Itis seen in infants of 3-4 weeks age. 

Swelling of about 2 em size, in the sternomastoid muscle 
‘which is smooth, hard, nontender and adherent to the muscle— 
in the middle part. 

Chin pointing towards opposite side. Head towards same 
side (Scoliosis capitis). 

¢ In later age groups it causes hemifacial atrophy due to 
less blood supply as a result of compression of the external 
carotid artery by stemomastoid tumour and due to kinking by 
position of neck. Distance between the outer canthus of 
to angle of mouth is reduced, with less arched eyebrow, flat 
or less filled cheek and flat nose compared to opposite side. 

# Compensatory cervical scoliosis. 

© Compensatory squint. 


Differential Diagnosis 


Other causes for torticollis. 


Treatment 


# Division of the lower end of the sternomastoid muscle or 
excision of the muscle. Both stemal and clavicular heads of 
stemocleidomastoid muscle should be divided under general 
anaesthesia using horizontal incision. One should not injure LV, 
carotid, vagus, spinal accessory nerve, Additional all fibrous 
bands are also cut, Usually over correction is done, Physio- 
therapy exercise and toricollis hamess i used for 6-12 months, 

¢ Exercise and active stimulation of muscles in early cases, 


Fig. 531A 


15) 


Fig. 5318 


Figs 5.31 and B: Lymphoma neck involving both sides. Lympho- 
‘mas are smooth, nontender, firm/India rubber consistency. 


Differential diagnosis for neck lymph node 
enlargement 
‘Tuberculous lymphadenitis + Secondaries in lymph nodes 


+ HIV infection + Lymphomas 
* Chronic lymphatic leukaemia + Nonspecific lymphadenitis 
+ Infectious mononucleosis + Sarcoidosis 
+ Actinomycosis + Brucellosis, 


+ Toxoplasmosis 


+ 


Fig. 5.32: Swelling in the neck well-localised. Note the scar of 
previous biopsy/excision. It could be lymph node enlargement due 
‘to lymphoma or tuberculosis. 


l™ TUBERCULOUS LYMPHADENITIS 


Causative organism: Mycobacterium tuberculosis not M. bovis) 


Site 


# Common in neck lymph nodes. 
% Common in upper deep cervical (jugulodigastric—54%) 
Iymph nodes. 


Fig. 5.33: Cold abscess in the neck which has formed collar stud 
abscess. It eventually leads into sinus formation. 


' = 


Figs 5.34A and 8 


Fig. 5.34C 


Figs 5.34A to C: Cold abscess due to caseating tuberculous 
lymphadenitis in neck. Collar stud abscess in the neck. Tuberculous 
sinus formation after drainage. 


+ Next common is posterior triangle lymph nodes (22%). 

# Disease can also occur in other lymph nodes like, axillary 
lymph nodes, para-aortic lymph nodes, mesenteric lymph 
nodes, inguinal lymph nodes. 

# Disease may be associated with HIV infection, lymphomas, 


Mode of Infection 


# Usually through the sonsils, occasionally through blood 
from lungs. Tonsillar infection shows multiple tubercles on 


‘ 


Fig. 5.35: Tuberculous lymphadenitis—cut section of the specimen, 
Note the yellowish caseating material with periadenitis (matting). 
Caseating type is more common than hyperplastic type. 


It takes 5 years to learn when to operate, and 20 years to learn when not to. 
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Stage 4: Lymphadenitis 
(Discrete nodes, nontender, 
firmihard mobile) 


Stage 2: Mating 
(Firm, nontender, move together 
‘en mass—due to periadenitis) 


*) te 


Stage 3: Cold abscess 
(Deep to deep fascia) 


Stage 4; Collar stud abscess 
(Rupture through deep fascia under 
the skin, cross-fluctuant, adherent 
toskin) 


tage 5: Sinus formation 


Fig. 5.36: Stages of tuberculous lymphadenitis (Hogarth’s Rake). 


its surface; from here infection spreads into jugulodigastric 
nodes (anterior triangle nodes) then to other nodes. Infection 
reach lymph node first into subcapsular space/sinus then 
to lymph node cortex which contains plenty of lymph 
follicles. Matting is due to periadenitis involving subcap- 
sular sinus/space of lymph node. In children infection 
to neck node can come from either tonsils or adenoids 
or both. When it occurs from adenoids, lymph nodes in 
posterior triangle are involved through retropharyngeal 
lymphatics. 


# It may be associated with pulmonary tuberculosis or renal 


tuberculosis, Through blood infection reaches medullary 
cords of lymph node and so medulla of lymph node. 


# Rarely spread can occur from tuberculous lesion of the apex 
of lung through suprapleural Sibson’s fascia/membrane to 
supraclavicular nodes, 


‘Stages of tuberculous lymphadenitis 
1, Stage of infection, and lymphadenitis 
2, Stage of periadenitis with matting 
3, Stage of caseating necrosis and cold abscess formation 


4, ‘Stage of formation of collarstud abscess 
5, Stage of formation of sinus which discharges yellowish case- 
ating material 


* Often fibrosis and caleification can occur with or without 


treatment. 


Gross Pathology 


* Firm, matted, lymph node, with cut section showing 
yellowish caseating material 


Microscopic Features 


# Epithetioid cells with cascating material are seen along with 
Langhan’s type of giant cells. 


Clinical Features 


# Swelling in the neck which is firm, matted. 

# Cold abscess is sofi, smooth, nontender, fluctuant, without 
involvement of the skin. It is not warm. 

# As a result of increased pressure, cold abscess ruptures 
‘out of the deep fascia to form collar stud abscess which is 
adherent to the overlying skin 

% Once collar stud abscess bursts open, discharging sinus is 
formed. It can be multiple, wide open mouth, often under- 
mined, nonmobile with bluish color around the edge. It is, 
usually not indurated. 

* Tonsils may be studded with tubercles and so clinically 
should always be examined 

# Associated pulmonary tuberculosis should also be looked for 
In 20% cases of tuberculous lymphadenitis, there may be: 
ciated pulmonary tuberculosis or it may be a primary focus, 

% Cervical spine is examined for tuberculosis. 


Types 


1 
a. 20% common — 
b. Discrete, firm or hard — 
. Occurs in the cortex of lymph node — 
d. Host immunity is good = 
e. Drugs act better = 


Drug resistance Is uncomman — 
No cold abscess or sinus formation — 
h. Blood spread = 


2. Caseating 
a. 80% common, 

b. Matted due to periadenitis 

©. Involves medulla with periadenitis 
d. Body resistance is nat adequate 
e. 


.. Drugs do not reach in proper concentration and may 
not be effective 


Drug resistance is common 
9. Cold abscess or sinus are common 
fh. Spread from tonsils 


¢ Axillary nodes, when involved, is due to retrograde 
lymphatic spread from neck nodes or blood spread. 

Inguinal lymph nodes are involved occasionally through blood. 

* Bluish hyperpigmented involved overlying skin is called 
as scrofilloderma. 

Tuberculous pus with caseating cheesy creamy material is 
infective as it contains multiplying organisms. 

¢ Atypical mycobacterial tuberculosis can occur occasi 
Such disease may be resistant to drug therapy. 

# Sinus may persist due to—fibrosis, calcification, secondary 
infection, inadequate reach of drug to maintain optimum 
concentration in caseation, 

Clinical types 
‘& Acute type:seen in infants and early childhood below 5 years 
‘= Hyperplastic type: Lymphoid hyperplasia is typical is seen 
in patients with good resistance;hard discrete mobile lymph 
nodes; 15-20% common 
' Caseating type: 75-80% common; matted nodes often with 
cold abscess; poor body resistance; seen in young adults 
'& Atrophic type: Rare type; sen in elderly; small lymph nodes 
but caseating type with atrophied nodes 


ally 


Differential Diagnosis 


1, Nonspecific lymphadenitis 
2, Lymphomas, and chronic lymphatic leukaemia, 
3. Secondaries in the neck. 

4, Branchial cyst mimics cold abscess. 

5. Lymph cyst mimics cold abscess. 

6, HIV with lymph node involvement. 

7. When there is discharging sinus—actinomycosis 


Cold abscess: 


+ Deep to deep fascia 
& Noevidence of signs of inflammation 
‘& Not warm, nontender, smooth, soft and fluctuant, non- 
transilluminating 
& Notadherent to skin (skin i free);no redness 
+ Contains cheesy caseating material 
+ It is seen in caseating tuberculous lymphadenitis due to 
‘aseation necrosis 
+ Itmay form collar stud abscess and later sinus 
‘& FNAC, AFB, culture are useful investigations 
+ Differential diagnosis are branchial cyst Iymph cyst 
+ Treated by 
= Antituberculous drugs 
"Zig-zag|aspiration by wide bore needle in non dependent 
area to prevent sinus formation 
= Drainage using nondependent incision; later closure of 
the wound without placing a drain 


Investigations 


 Haematocrit, ESR, peripheral smear. 
 FNAC of lymph node and smear for AFB and culture. 
FNAC is very useful but not as superior as open node biopsy. 


Figs 5.37A to C: Typical cold abscess in the neck in which pus is 
aspirated. Pus should be sent for cytology (for epithelioid cells), 
staining (Ziehl-Neelsen—AFB) and culture. 


Fig. 5.38: Tuberculous sinus excision with excision of diseased 
lymph nodes. 


False negative, false positive results and altering the node 
architecture, and so eventual need of open biopsy are the 
problems. Epithelioid cells (modified histiocytes/macro- 


Happiness is when what you think, what you say, and what you do are in harmony —Mahatma Gandhi. 
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Figure 2. The Same Diagram as in Figure 1 Except as Viewed by an Observer 
Sitting in Region 2, Who Looks Through the Wormhole Throat 2 and 
Sees Remote Region Q: (Dotted Area Inside the Circle) on the Other Side 


Approved for public release; distribution unlimited. 
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Fig. 5.39: Cold abscess with impending rupture. 


phages) are diagnostic. Langhans giant cells, lymphocytes, 
plasma cells are other features. 

* Open biopsy when FNAC is inconclusive. Open biopsy 
is more reliable for tuberculosis (and also in lymphoma; 
but it is contraindicated in node secondaries); entire node 
ideally two nodes if possible has to be taken intact; one in 
formalin for pathology, other in normal saline for microbi- 
ology (AFB). 

# HIV test (ELISA and western blot), 

Lowenstein Jensen media is used for culture which takes 6 
weeks to give result; so selinite media is often used which 
shows growth in 5 days, 

© Mantouc test may be useful; but not very reliable, 

# Chest X-ray to look for pulmonary tuberculosis. 

Polymerase chain reaction (PCR) is very useful method, 


Treatment 


© Drugs 
Antitubercular drugs has to be started: 
1. Rifampicin 450 mg OD on empty stomach. Itis bactericidal 
It discolours urine red. It is also hepatotoxic. 
2, INH: 300 mg OD. Itis bacteri 
GIT, Neuritis, Hepatitis (INH). 
3. Ethambutol 800 mg OD. It is bacteriostatic. It causes GIT 
intolerance, retrobulbar neuritis (green colour blindness), 
4, Pyrazinamide 1500 mg OD (or 750 mg BD). It is bacte- 
ricidal. It is hepatotoxic, also causes hyperuricaemia and 
increases psychosis, 
Duration of treatment is usually 6-9 months. 
¢ Aspiration 
When there is cold abscess, initially itis aspirated. (Wide 
bore needle is introduced into the cold abscess in a nonde- 
pendent site along a "Z” track (in zig-zag pathway) so as to 
prevent sinus formation.) 
¢ Incision and drainage 
If it recurs, then it should be drained. Drainage is done 
through a nondependent incision. After draining the caseating, 
material, wound is closed without placing a drain 


I It causes intolerance of 


% Surgical removal 

Surgical removal of tubercular Iymph nodes are indicated 
when 
1. There is no local response to drugs oF 
2. When sinus persist. 

It is done by raising skin flaps and removing all caseating 
material and lymph nodes. Care is taken not to injure major 
structures. 

# Excision of the sinus track is often essential when sinus 
develops. 


™ COLD ABSCESS 


Cold abscess is common in neck. It can also occur in groin, 
intercostal space, loin or any site where tuberculous easeating 
material with cheesy content can get collected and localised. 


Sites of Origin 


Cold abscess may originate from tuberculosis of spine (thoracic 
or cervical spines), lymph node, internal organs, bone, etc. 


In the Neck 


% Tuberculous lymphadenitis is common cause. Here cold 
abscess is commonly seen in anterior triangle. 

% Tuberculosis of cervical spine is also an important cause. 
‘Commonly here cold abscess occurs in posterior triangle. 
Caseating material from the cervical spine collects in front of 
the vertebra behind the prevertebral fascia which eventually 
ruptures either anteriorly or posteriorly. 

> Anterior rupture allows passage of caseating mate- 
rial below and behind the prevertebral fascia reaching. 
superior mediastinum; laterally behind the prevertebral 
fascia and carotid sheath to form cold abscess in poste- 
rior triangle; in midline upper part, protruding forwards 
from behind the prevertebral fascia in midline presenting 
as chronic retropharyngeal abscess; in midline lower part 
protrudes into oesophagus; caseation runs along the axil- 
lary sheath and neurovascular plane to reach axilla and, 
arm to cause cold abscess in axilla and arm/cubital fossa. 

> Posterior rupture occurs towards spinal canal facili- 
tating the passage of caseation along the cervical nerves 
towards posterior triangle and brachial plexus and so 
axilla and arm, 


Features 


# tis common in young but can occur in any age group. Equal 
incidence in both sexes. 

# Swelling in the neck, which is smooth, nontender, soft, 
fluctuant, nontransilluminating, with restricted mobility but 
is not adherent to skin, 

© Neck pain, neck rigidity, restricted movements of cervical 
spine in case of cervical spine tuberculosis. With every 
change of position and often when patient is seated he 
supports his head with his hands and forearm—Rust' sign 
(Jan N Rust Surgeon, Poland). 

Evening fever, loss of weight and appetite, anaemia, 


4 Features of systemic disease if present like of pulmonary 
tuberculosis—cough, haemoptysis. 

© Matted lymph nodes adjacent to cold abscess may be palpable. 

Oral cavity, tonsils, chest should be examined. 

Raised ESR, positive Mantoux test, anaemia, lymphocytosis, 
chest X-ray may show pulmonary tuberculosis, aspiration 
of cold abscess (FNAC) to see microscopically epithelioid 
cells. Acid fast bacilli may be identified from the aspirated 
fluid using Zichl-Neelsen stain 

X-ray neck in case of cervical spine tuberculosis to identity 
reduced joint space, vertebral destruction, soft tissue shadow. 

¢ MRI of cervical spine, US/CT scan neck ate needed to 
confirm the anatomical location, number of lesions. 


‘Sequelae of Cold Abscess 


¢ Secondary infection of the cold abscess making it tender. 
Formation of collar stud abscess, once pressure increases 
inside the cold abscess which will give way through the deep 
fascia to reach the subcutaneous plane to get adherent to skin, 
Sinus formation. 


¢ Spread of disease to multiple lymph nodes and other organs. 


55.40: Tuberculous cold abscess and sinus in the neck. 


Differential Diagnosis 


 Branchial cyst and other cystic swellings in neck. 
¢ Secondaries in neck lymph nodes, 
Secondaries in cervical spine. 


Treatment 


 Antituberculous drugs. 

 Nondependent aspiration of the cold abscess. 

Excision of the diseased neck nodes. 

¢ Immobilization of cervical spine by plaster jacket/collar for 
4 months. Cervical spine fusion by open surgical method if 
diseased spine is unstable, 


ll SECONDARIES IN NECK LYMPH NODES 


Levels in Neck Nodes (Memorial Sloan— 
Kettering Cancer Centre Levelling of Neck 
Nodes) 


Level I—Submental (Ia) and submandibular (Ib) lymph nodes. 
Level II—Lymph nodes in upper deep cervical region. 
(extends from base of skull to hyoid bone and from lateral margin 
of sternohyoid to posterior margin of stemomastyoid muscle). 
Level Ill —Lymph nodes in middle cervical region (trom hyoid 
bone to omohyoid muscle or cricothyroid membrane). 

Level 1V—Lymph nodes in lower cervical region (from 
omohyoid muscle to clavicle). 

Level V—Lymph nodes in posterior triangle including supra- 
clavicular region from posterior border of sternocleidomastoid 
muscle to anterior border of trapezius muscle 

Level VI—Lymph nodes in the midline neck—pretracheal 
and prelaryngeal from hyoid bone above to suprastemnal notch 
below, medial border of carotid sheath on either side. 

Level Vil—Lymph nodes in the mediastinum, inferior to 
suprasternal notch to innominate artery below. 

Note: 

Levellland Vare now subdivided into Level la/Level lb and Level Va/ 
Level Vb; depending whether these nodes are above the level (Level 
Hib/LevelVa) of the spinal accessory nerve or below (Levela/Level Vb). 
Levelinode from oral cavity, lip, salivary gland, skin; level node from 
oral cavity, oropharynx, nasopharynx, salivary gland; level Il node 
from oral cavity, oropharynx, hypopharynx, larynx, thyroid; level 
IV node from oropharynx, hypopharynx, larynx, thyroid, cervical 
esophagus; level Vnode from nasopharynx, scalp, GI, breast, lungs. 


Fig. 5.41: Levels of neck nodes. 


& Oral cavity, tongue, tonsils 
“Salivary glands 
& Pharynx—nasopharynx 
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# Itis commonly from squamous cell carcinoma, but can also 
be from adenocarcinoma or melanoma, 

# Squamous cell carcinoma is mainly from oral cavity, 
pharynx 
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): Typical secondaries in the neck. Nate the different 


Figs 5.428 to 
levels involved in different patients. Note the skin involvement and 
sinus formation in few photos. 


Adenocarcinoma is usually from GIT, commonly involving 
{eft supraclavicular lymph nodes. 

* Breast, lungs, abdominal viscera are other areas where 
primary may cause secondaries in neck which should be 
examined when suspected. 

Note: 

+ 208% of metastatic squamous cell carcinomas from aerodigestive 
tract. 

+ Source of primary from head and neck region usually have 
frequency like this—nasopharynx, tonsil, base of tongue, thyroid, 
larynx, floor ofthe mouth, cheek, palate, pyriform fossa, Non-head 
and neck source of primary are—branchus, oesophagus, breast, 
stomach 

+ Histologically it is SCC (80%) or non-SCC. In non-SCC it may be 
poorly cfferentiated carcinoma (10-15%) adenocarcinoma (5-10%) 
or others like melanoma, poorly differentiated neoplasm (5%). 

+ In poorly differentiated neoplasm immunohistochemistry/ 
immunoperoxidase staining, electron microscopy and chramo- 
some analysis are needed to rule out lymphoma, neuroendocrine 
tumours, undifferentiated sarcomas. 

+ 3yearsafter treatment of one primary ifrecurrence occuritis called 
as new primary in aerodigestive tract. 

+ Lowerlip, tongue, soft palate and supraglottis can cause bilateral 
secondariesin neck 

+ Soft palate, retromolar region, nasopharynx, hypopharynx poste- 
rior and lateral oropharynx can involve retropharyngeal nodes. 

+ Nasopharyngeal carcinoma spreads to level I+, retro and para- 
pharyngeal nodes. 

+ 15% of secondaries are from infraclavicular primaries—lung, 
pancreas, oesophagus, stomach, breast, ovaries, testis, prostate. 


Nodal spread below the lower border of cricoid (level IV and V; 
Lower) carries poor prognosis compared to nodes above cricoid 
(Uppe. 


Branchiogeni¢ Carcinoma 


It is a primary squamous cell carcinoma arising from remnants 
of branchial cleft or arch. It is a differential diagnosis for 
secondaries in neck. It is common in men. It 
the area of carotid bifurcation. Histologically it contains malig 
nant squamous cells with lymphoid tissues around, It spreads 
to lymph nodes and can infiltrate into adjacent soft tissues. 


Treatment: Wide excision, 


Features of Secondaries in Neck 


# Common in adult/elderly male (Male to female ratio is 4:1), 
presents as painless rapidly increasing localised swelling 
in the neck 

* Nodular surface and hard in consistency, often fixed when 
itis advanced. 

# Secondaries trom papillary carcinoma of thyroid can be soft, 
cystic with brownish black fluid, 

# Secondaries can infiltrate into carotids, sternomastoid, 
posterior vertebral muscles, spinal accessory nerve (shrug- 
zing of shoulder is affected), hypoglossal nerve (tongue will 
deviate towards the same side), cervical sympathetic chain 
(Horner's syndrome). 

# Secondaries spread into adjacent soft tissues and also to 
the skin causing fungation and ulceration, Often because 
of tumour necrosis, softer area develops in the hard node. 
Skin fold prominence due to infiltration of the platysma 
is typical 

# In advanced cases tumour may infiltrate into the major 
vessels like carotids, or branches of external carotid artery 
causing torrential haemorrhage. 

% Dysphagia, dyspnoea, haemoptysis, hoarseness of voice, 
ear pain, deafness are other features depending on the 
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Hoarseness—carcinoma larynx thyroid 

Dysphagia—carcinoma posterior 1/3rd of the tongue, 

pharynx, oesophagus 

Haemoptysis, cough, dyspnoea—carcinoma lung 

ar pain, deafness—nasopharyngeal carcinoma, 

Spinal accessory nerve—shrugging of shoulders difficult 

Hypoglossal nerve—tongue deviates to same side 

wasting 

& Sympathetic chain—Horner’s syndrome with miosis, anhi- 
drosis, upper eyelid droop (pseudoptosis), enophthalmos, 

loss of spinociliary reflex 


e 
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Types of Secondaries in the Neck 


1. Secondaries in the Neck with Known Primary 


¢ Here secondaries are present and primary has been identi- 
fied clinically in the oral cavity, pharynx, larynx, thyroid 
or other areas. 

¢ Biopsy from the primary and FNAC from the secondaries 
are done. 

Primary is treated accordingly either by curative radio- 
therapy or by surgery (wide excision) 

Secondaries, when mobile are treated by radical lymph node 
block dissection in the neck. 


Figs 5.44A and B: Advanced secondary carcinoma neck with 
ulceration and fungation. 


ASA and B: Large secondaries in neck with extensive 
fungation, 


2. Secondaries in the Neck with Clinically 
Unidentified Primary 


Hard neck lymph nodes are the secondaries, but primary has 
not been identified clinically. 

¢ FNAC of the neck node is done and secondaries is 
confirmed. Then search for the primary is done by various 
investigations 


‘They are: 
a. Panendoscopy 
> Nasopharyngoscopy. 
> Laryngoscopy. 
» Ocsophagoscopy. 
> Bronchoscopy. 
1b. Blind biopsies are taken from fossa of Rosenmuller, lateral 
wall of pharynx, pyriform fossa, tonsillar bed, base of 
tongue, subglottic region (larynx). It is called as surveil- 
lance biopsy and is done to reveal unknown primary in 
15% of cases of secondaries in neck. If this surveillance 
biopsy is negative, then ipsilateral tonsillectomy may be 
needed, 
©. FNAC of thyroid and suspected areas 
d. CT scan, 
‘Once the biopsy confirms the primary, itis treated either by 
surgery or by curative radiotherapy. 
Secondaries in the neck is treated by radical neck dissection. 


Figs 5.46A and B: (A) Large secondaries in neck with nodularity, 
with involvement of platysma below. (B) Bilateral secondaries are 
observed. Skin fold prot 


Fig. 5.47: Secondaries in neck with nodules and ulceration. Note the 
deviation of tongue towards same side due to hypoglossal nerve 
involvement. 


3. Secondaries in the Neck with an Occult Primary 


‘® Fossa of Rosenmuller 

+ Lateral wall of pharynx 

+ Posterior third of the tongue 
© Thyroid 

 Paranasal sinuses 
 Bronchus 

& Oesophagus 


Liste to the faintest souind: for opportunities knock nly once. 
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Histologically secondaries in neck with occult primary 

may be of squamous cell carcinoma or of nonsquamous cell 

carcinoma, i, adenocarcinoma/poorly differentiated tumours 

(lymphoma/sarcoma/melanoma). In upper and mideervieal 

region 80% are due to squamous cell carcinomas. In lower 

cervical and supraclavicular region 40% can be adenocare 

‘nomas. Common sites of primary here (for adenocarcinoma) 

are thyroid, breast, gastrointestinal tract, salivary glands, lungs, 

prostate and kidney, 

# Here secondaries in the neck lymph nodes are confirmed by 
FNAC, but primary has not been revealed clinically and by 
any available investigations. 

¢ When all the investigations mentioned above are done, do 
not show any evidence of primary, only then itis called as 
oceult primary 

# Primary tumor is not identified at the time when definitive 
therapy has started. 

70% of occult nodes occur in jugulodigastrie group. 

Differential diagnosis for secondary with occult primary is 
lymphoma and primary branchiogenic carcinoma. 

Reasons for primary lesion being occult—too small a 
primary to detect; possibility of immunological spontaneous 
regression of primary and inability of the present diagnostic 
tools to detect the primary. 

# ENAC is the tool to confirm the occult secondary. If FNAC 
is inconclusive, only then open biopsy (incision/excision) 
is done to confirm. Open biopsy helps in high suspects of 
lymphomas or poorly differentiated carcinomas. It facilitates 
tissue study, immunohistochemistry, and special stains. Many 
studies prove that risk of seedling, survival and prognosis will 
not alter by open biopsy. But at present it is proposed only 
when FNAC fails or special methods are mandatory to type 
the disease. Afer open biopsy, frozen section confirmation 
and immediate neck dissection has to be done. 

# Immunoperoxidase staining can be done in FNAC spec 
imen ot formalin fixed paraffin tissue using monoclonal 
or polyclonal antibodies. Immunoperoxidase is the most 


Nj—3om 
NYNg Same side 

Normal 4, 

No nodal spread 


N—node> 6m 


Fig. 5.48: Diagrammatic representation of neck lymph node staging 
in secondaries, 


commonly used tool, It is mainly useful in lymphomas! 
neuroendocrine tumours, Electron microscopy is superior 
to immunohistochemistry as ultrastructure details can be 
assessed. But itis costly. Chromosomal analysis for tumour 
specific genes is used in B, T and germ cell lymphomas. 

Initially the secondaries in the neck are treated by radical 
neck dissection, then regular follow-up is done (at three 
monthly intervals) until the primary reveals, 

# Once primary is revealed it is confirmed by biopsy and 
treated accordingly, either by curative radiotherapy or by 
wide excision depending on location of revealed primary. 

# This type is usually less aggressive and has got better 
prognosis, 


nodes cannot be assessed 
Nj—no nodal metastasis 

Nisingle node same side <3 cmin greatest dimension 
Nay-single node same side 3-6 em 

‘Nou —multiple nodes same side < 6 em 
N,_—bilateral/contralateral nodes < 6 cm 

Ny—node > 6 cm 


Investigations for Secondaries in Neck 


# ENAC of secondary: Open incision biopsy is not advised 
here, It destroys the fascial barriers and causes the spread 
of tumour faster and earlier into next level nodes or other 
soft tissues, Eventual neck dissection technically becomes 
difficult, Recurrence rate in neck will be higher after open 
biopsy. If FNAC of node and all investigations for primary 
become negative, then open biopsy of node following 
confirmation with frozen section and immediate neck 
dissection is undertaken. In such situation if neck dissection 
is delayed after open biopsy confirmation, chances of cure 
will be reduced. 


Fig. 5.49: FNAC of neck lymph node. It is very useful method in 
secondaries in neck nade and tuberculosis. Its use is equivocal in 
lymphoma where open biopsy of the node is preferred method. 
(Courtesy: Dr Krishna Upadhya Pathologist, Nandikoor Laboratory, 
Mangalore) 


Fig. 5.50: CT neck showing secondaries, 


¢ Biopsy from primary: Incision biopsy is the choice here. 

# Blind biopsies from suspected areas. 

# Nasopharyngoscopy, laryngoscopy, bronchoscopy, 
‘oesophagoscopy—panendoscopy with examination under 
anaesthesia. 

# CT scan is to see the base of skull, paranasal sinuses, naso- 
pharynx, extension of primary tumour/secondary deposits 
CT scan of chest and abdomen. 

# Chest X-ray to visualise primary or secondaries in case 
melanomas or mediastinal nodes. 

# MRI scan or PET scan in conjunction with CT scan or 
MRI. MRI identifies soft tissue extension/changes; guided 
primary biopsy is possible; extension into bone is identi- 
fied 

# CT chest and abdomen in case of infraclavicular primaries 


or to assess nodes, 
Open incision biopsy is avoided in lymph node secondaries. 
Triple endoscopy includes direct/indirect laryngoscopy. 
‘oesophagoscopy and bronchoscopy. 


Differential Diagnosis 
Lymphomas. 

Tuberculous lymphadenitis, 
Nonspecific lymphadenitis 
HIV. 

Chronic lymphatic leukaemia, 


Insecondaries neck with occult primary 


FNAC of node/open biopsy to confirm 
Proper clinical methods to identify the lacation of primary 
CECT is the investigation of choice to look for primary 
Other methods are—MERl, triple endoscopy, examination 
under anaesthesia, blind biopsies from fossa of Resenmuller, 
pyriform fossa, base of tongue, subglottic area and tonsils, 
FNAC of thyroid ipsilateral tonsillectomy ifsurveillance biopsy 
and ather methods are negative 


'& Once occult primary is confirmed and f nodeis lessthan 3 em 
in siz, itis treated asN, disease with RND/MRND 

‘Postoperative RTs essential ifdisease sN,;Na, (more than 2 
nodes are postive;if2 or more levels areinvolvediifextraca- 
psular spreads present 

‘In fixed lymph node/nodes, initially radiotherapy is given 
followed by surgery (RND) ifnodes become mobile and later 
adjuvant chemotherapy 

‘ In Nye bilateral neck dissection (one side UV preservation) 
with bilateral RTs given 

'® Ns stage has got poor prognosis. AND and RT with later 
chemotherapy are used, In fixed nodes, RT and then chemo- 
therapy is used 

+ Properfollow-up at regular intervalsis essential wthall diag- 
nostic tools identify the possiblesite of primary which may 
get revealed during follow up period 


Figs 5.51A to C: (A) Secondaries in neck but no skin involvement is 
seen. (B and C) Secondaries with skin involvement is obvious. 


Treatment 


# Primary is treated depending on the site, either by wide 
excision (surgery) or by curative radiotherapy. Then the 
secondaries are treated. 

# Secondaries when mobile, are treated by radical neck 
dissection. 

# When fixed itis inoperable. Palliative external radiotherapy 
is given to palliate pain and to prevent the anticipated 
bleeding 

# Sometimes initially, external radiotherapy is given to 
downstage the disease so that it becomes operable and later 
classical block dissection can be done. 


‘Excellence’ is an outcome, of good intentions and the right ways to do a work. 
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Postoperative RT is given after neck dissection when— 
more than two lymph nodes are positive for metastases; 
nodes show metastases at two or more level; extracap- 
sular spread in lymph node. Suspected occult primary 
is included/covered in the RT field. RT is also given to 
contralateral neck nodes in nasopharyngeal carcinoma, 
Level Il lymph node alone from an occult is more likely 
to be from nasopharyngeal carcinoma and RT is preferred 
in such situation covering nasopharyngeal area; later RND 
is done, 


1. Schobinger 
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Figs 5.52A and B: Secondaries in neck with ulcer over the summit. 
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Types of Block Dissection 


1. Classic Radical Neck Dissection 


1S) 
Figs 5.54A and B: Incisions/different approaches for radical (RND/ 
MRND) neck dissections. There are many incisions mentioned. Few 
cof them are shown in diagram. 


Upper incisior 


Lower incisior 


Fig. 5.53: MacFee incision for radical neck dissection. Upper incision is 
from mastoid process along the line of digastric to hyoid bone point, 
then upwards to chin. Lower incision is parallel to clavicle 2.cm above 
from anterior margin of trapezius to midline, 


It is resection of lymph nodes (evel I to V), fat, fascia, 
sternomastoid muscle, omohyoid muscle, internal jugular 
vein, external jugular vein, accessory nerve, sub-mandibular 
salivary gland, lower part of parotid, prevertebral fascia—"“en- 


Fig, 5.55: Radical neck dissection, on table, 


block” (Criles operation) : : Pear 
ae hats peiene made is MacFee incision which 2 rp ape it da rep separ / 
are two parallel incisions, one at submandibular region, Rect ncecee Ueno lodiied Radical 


another al supraclavicular region. Blood supply of the flap 
remains intact and so healing will be better without flap It is done only in selected cases where tumour is very well- 
differentiated and less aggressive like in papillary carcinoma 


necrosis, 


Fig. 5.56; Radical neck dissection on table photo. Note the internal 
jugular vein, digastric muscle, strap muscles, lower margin of the 
mandible, 


of thyroid with lymph node secondaries. Structures preserved 

here are stemomastoid muscle, internal jugular vein and spinal 

accessory nerve. 

¢ Only spinal accessory nerve is preserved —MRND type 1 
(most important). N-Preserved. 

# Accessory nerve and stemocleidomastoid are preserved — 
MRND type Il. NM-Preserved 

¢ Accessory nerve, sternomastoid and intemal jugular veins 
are preserved —MRND type III. NMV-Preserved. Itis called 
as functional neck dissection. 


3. Supraomohyoid Block 


Removal of only fat, fascia, lymph nodes, muscles, subman- 
dibular salivary gland, with dissection above the omohyoid 
muscle is done. Done only in selected individuals with well- 
differentiated tumour and involvement of few submandibular 
lymph nodes (Levels J, I, 111 are removed). Done in NO lesions. 


4. Bilateral Neck Dissection 


Here internal jugular vein is preserved on one side. Always 
the side where the vein is preserved, is operated first (If both 
the jugulars are ligated, cerebral congestion occurs leading to 
cerebral oedema which is dangerous, Jugular veins are ligated 


as an inevitable procedure during surgery, the patient is kept in 
propped-up position; antibiotics, diuretics, steroids, mannitol 
infusion are given, repeated CSF taps are done to control the 
cerebral oedema), 

Ligating one LIV increases the ICP by 3 fold; both IJV liga- 
tions increase ICP by 5 fold. ICP gradually falls over 8-10 days. 
For this reason pressure dressing should be avoided over the 
‘wound of neck dissection after surgery. 


5. Commando Operation (Combined Mandibular 
Dissection and Neck Dissection) 


Itis en-block removal, which includes wide excision of primary 
tumour with hemimandibulectomy and neck block dissection, 
e.g. in tongue. 


6. Lateral Neck Dissection (Anterolateral/Jugular/ 
ALND) 


It is done in laryngeal and pharyngeal primaries with clinically 
negative nodes. Levels IL IIL, IV are removed bilaterally. 


7. Anterior (Central) Dissection 


Level VI (pre, paratracheal) nodes are removed. 


8. Posterolateral Dissection 


Levels Il, III, LV, V are removed for cutaneous malignancies, 
with suboccipital nodes, 


9. Extended Radical Dissection 


Additional nodes in the mediastinum are cleared (level VID). 
Nodes like level VI or parapharyngeal, retropharyngeal, 
extemal carotid artery, hypoglossal nerve, vagus nerve, parotid 
gland, mastoid tip—are addressed, 


‘Complications of block dissection 
Haemorrhage 
Infection 
Lymph ooze 
Carotid blow out 
Seroma and flap necrosis 
Frozen shoulder is common 
Rarely pneumothorax and chylous fistula 
Drooping of shoulder due to paralysis of trapezius in radical 


eoeeeees 


Ica: ECA 


Ligature 


Superior 


CCA. thyroid artery 


Fig. 5.57: Ligation of external carotid artery should be done when 
needed distal to the origin of the superior thyroid artery. 


Ifyou have the best products, you won't need much advertising. 
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[Tipe of neck dissection "Nodes remo 
Comprehensive: 
Radical neck dissection (RND) Level LV 
MRND type | Level LV 
MRND type Il Level LV 
MRND type Ill Level LV 
Selective node dissection: 
‘Supraomohyoid neck dissection (Ne) Level Hill 
Extended supraomohyoid dissection (Ne) Level LIV 
‘Anterolateral neck dissection (Np) Level ILIV 
Posterolateral neck dissection (No) Level ILV with 

suboccipital, 


ved Structures preserved l 
None 

Spinal accessory nerve 

Spinal accessory nerve; sternomastoid muscle 

Spinal accessory nerve; sternomastoid muscle; [JV 


Spinal accessory nerve; stemomastoid muscle; IJV 
Spinal accessory nerve; stemomastoid muscle; |JV 
Spinal accessory nerve; stemomastoid muscle; IJV 
Spinal accessory nerve; stemmomastoid muscle; IJV 


retroauricular nodes 


Anterior/central dissection Level VI 


Spinal accessory nerve; stemomastoid muscle; |JV 


Note: 

+ To control haemorthage in head and neck cancers and during 
head and neck surgeries (lke radical parotidectomy, commando 
operation, maxillectomy) often ligation of external carotid artery 
is required, Ligation should be done distal to the origin of the 
superior thyroid artery. it should never be ligated below the 
origin of the superior thyroid artery as this will lead to forma- 
tion eddy current and thrombus at the carotid bifurcation and 
intracranial embolism. Ligation of ECA to control bleeding is 
usually done in continuity (Fig. 5.57). 

+ Middle of the neck, laterally over CCA isthe poorly vascularised 
area of skin which can lead into skin necrosis. So vertical inci- 
sion or three point junctions at this point should be avoided. 
Horizontal incisions are better in neck 

+ Carotid artery should be protected by muscle flap or free dermal 
graft, Levator scapulae muscle flap is commonly used. 

Carotid blow out is most dangerous complication, It is due 

to sepsis, wound breakdown, stripping of arterial adventitia, 

necrosis and drying of the artery. Ligation of the carotid is done 

to save the life of the patient but procedure itself has got 20% 

mortality and 50% morbidity (hemiplegia) 


ll CHEMOTHERAPY FOR 
HEAD AND NECK CANCERS 


It may be used alone or as multimodality therapy. 


Types 


# Adjuvant chemotherapy: Chemotherapy is used before, 
during or after main therapeutic modality (surgery or 
radiotherapy). When used before it is called as anterior/ 
induction chemotherapy. It reduces the burden, downstages 
the tumour, reduces the chance of micrometastasis that may 
occur during surgery. When used with radiotherapy (concur- 
rent) itis used as radio sensitiser. When used after surgery 
radiotherapy itis called as posterior chemotherapy. 

* Palliative chemotherapy: It is used in advanced) recurrent 
‘metastatic cancers to relieve symptoms like pain/dysphagia 
dyspnoea or to prevent chances of bleeding or fungation 


may be single drug therapy like methotrexate/bleomycin/ 
cisplatin/S-fluorouracil or multidrug combination chemo- 
therapy. Combination chemotherapy is more beneficial which 
increases efficacy 

# Methotrexate—40 mg/m? IV weekly. It causes mucositis, 
bone marrow suppression with liver and kidney toxicity 
Hydration and alkalisation of urine before and after therapy 
is beneficial to reduce toxicity 

# 5-Fluorouracil—10-15 mgt IV daily for S days. Compli- 
cations are bone marrow suppression and gastrointestinal 
symptoms. 

# Bleomycin—10-20 mg/m? IV weekly. Pneumonitis and 
pulmonary fibrosis are the complications. 

# Vincristine—1-2 mg/m? IV monthly, Neurotoxicity (sensory 
and motor neuropathy), constipation and alopecia are the 
side effects 

 Cisplatin—80-120 mg/m? IV infusion once in 3 weeks. 
Complications are neurotoxicity, bone marrow suppression, 
renal toxicity, ototoxicity. Adequate hydration and mannitol 
diuresis may be needed 

 Cyclophosphamide—60-120 mg/m? IV for 5 days at regular 
3 weeks cycles. Alopecia, bone marrow suppression and 

cystitis (haemorthagic) are the toxicities (ABC), Barbiturate 
should be avoided during therapy. 

* Adriamyein—60-90 mg/m? IV. Its cardioraxic and hence 
cardiac monitoring is needed while infusion. 

4 Paclitaxel and carboplatin as empiric chemotherapy are used 
in neck secondaries with occult primary. 


Mode of Administration 


# It can be given by intra-arterial route, through external 
carotid artery (Never through internal carotid as it will 
cause cerebral damage). Site of arterial catheter should 
be confirmed by Doppler or angiogram. Drug is usually 
administered through an arterial pump, Other method is 
to increase the height of the drip stand to get a pressure 
above the level of the systolic pressure of the patient (i.e 
more than 13 fi) 


# Drugs can also be given intravenously or orally (metho- 
trexate). 
General toxicity of chemotherapeutic agents: Mucositis, 
alopecia, stomatitis, nausea and vomiting, diarrhoea, bone 
‘marrow suppression. 
Often transfusions of blood/FFP/platelet are needed before 
‘or after chemotherapy depending on parameters, 


Monitoring the Patient on Chemotherapy 


¢ Clinical assessment—pulse, blood pressure, alopecia, urine 
output, jaundice, skin changes like rashes, fever, pallor. 

# Biochemical parameters—total count, platelet count, blood 
urea and serum creatinine, liver function tests, 


# Specific relevant tests—chest X-ray, endoscopy, CT scan, 
tumour marker if specific in some types of carcinomas, 


80% of nonthyroid neck masses are neoplast 
‘80% of neoplastic neck masses are seen in males 
180% of neoplastic neck masses are malignant 

'80%% of malignant neck masses are metastatic 

80% of metastatic neck masses are from primary sites above 
the clavicle 


ooees 


Note: 
For carotid artery aneurysm—refer Chapter on Arterial Diseases, 


Courage is fear that has said its prayers, 
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The resulting spacetime is everywhere Riemann-flat except possibly at the throat, Also, the stress- 
energy tensor in this spacetime is concentrated at the throat with a 8-function singularity there. This is a 
consequence of the fact that the spacetime metric at the throat is continuous but not differentiable, while 
the connection is discontinuous; thus causing the Riemann curvature to possess a 8-function singularity 
(causing undesirable gravitational tidal forces) there. The magnitude of this 8-funetion singularity can be 
calculated in terms of the second fundamental form on both sides of the throat, which we presume to be 
generated by a localized thin shell of matter-energy. The second fundamental form represents the 
extrinsic curvature of the 20 hypersurface (ice., the wormhole throat), telling how it is curved with respect 
to the enveloping four-dimensional spacetime. The form of the geometry is simple, so the second 
fundamental form at the throat is calculated to be (McConnell, 1957): 


x 0 0 
K*=4/0 «0 
00K 
(2.3), 
0 0 0 
+0 Vp, 0 
0. 0 Ve, 


where i,j = 0,1,2 and K'* is the second fundamental form. The full 4x4 matrix K“s has been reduced to 
33 form, as above, for computational convenience because the thin shell (or hypersurface) is essentially 
a two-surface embedded in three-space. The overall sign in equation (2.3) comes from the fact that a 
unit normal points outward from one side of the surface and points inward on the other side. We hereafter 
drop the + sign for the sake of brevity in notation, The quantities xy, Kj, and k, measure the extrinsic 
curvature of the thin shell of local matter-energy (ie., the stuff that induces the wormhole throat 
geometry). Since the wormhole throat is a space-like hypersurface, we can exclude time-like 
hypersurfaces and their components in the calculations, Therefore we set ky = 0 in equation (2.3) because 
ke extrinsic curvature for the time-like hypersurface of the thin shell of matter-energy. As 
seen in equation (2.3) k1 and x» are simply related to the two principal radii of curvature p; and p> 
(defined to be the eigenvalues of K') of the two-dimensional spacelike hypersurface 0Q (see Figure 3). It 
should be noted that a convex surface has positive radii of curvature, while a concave surface has negative 
radii of curvature 


it is the time-t 
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HeClas Thyroid 


(The thyroid gland) has no very evident mechanical or local office to fulfll.... Yet we may one day be able to show, 
that a particular material principle is slowly formed, and partially kept in reserve; and that this principle (serves) 
important subsequent functions in the course of the circulation... Something analogous to a reservoir function 


obtains in this part. 
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DEVELOPMENT 


‘The thyroid gland develops from a median down growth of 
a column of cells from the pharyngeal floor between the first 
and second pharyngeal pouches (subsequently marked by the 
foramen caecum of the tongue). 

‘The canalised column becomes the thyroglossal duct which 
is displaced forward by the developing hyoid bone and then 
below the hyoid, lies slightly to one side, more commonly to 
the left. The duct bifurcates to form the thyroid lobes and a 
portion of the duet forms the pyramidal lobe. 


lm ANATOMY 


Itis located in the anterior triangle of the neck. It weighs about 
20 grams. 


—Thomas Wilkinson King, 1836 


\ Differentiated Thyroid Carcinoma 
v= Papillary Carcinoma of Thyroid 

v= Follicular Carcinoma of Thyroid 

Anaplastic Carcinoma of Thyroid 

‘ Medullary Carcinoma of Thyroid 

Malignant Lymphoma 

= Hashimoto's Thyroiditis 

= De-Quervain's Subacute Granulomatous Thyroiditis 
= Riedel’s Thyroiditis 

v= Thyroid Incidentaloma 

v= Thyroidectomy 

= Emil Theodor Kocher 

vw Kocher's Test 

= Hypothyroidism 

v= Recurrent Laryngeal Nerve Palsy 


Parts 


# Right and left lateral lobes located in a space (thytoid 
fossa) between trachea and oesophagus medially and 
carotid sheath laterally. Each lobe is 5 * 3 1.5 em in 
size, extends from the middle of thyroid cartilage to 6th 
tracheal ring. 

# Isthmus is the connecting part between two lateral Lobes in 
‘midline extending from 2nd to 4th tracheal rings. 

% Pyramidal lobe is upward extension as fibrous strands or 
‘muscular strands from the junction of the isthmus and left 
lateral lobe. 

# Gland is invested by pretracheal fascia. 

# Berry’s ligament is a strong condensed vascular connec- 
tive tissue between the lateral lobe and ericoid cartilage on 
cach side. 


Recurrent laryngeal nerve Delphi isa place in Greece where Pythia, snake women, 
Carotid sheath afier sulphurous fume inhalation uttered meaningless 


Parathytid esophagus 
ee Corel ay jargon purpose of it was unclear. 
agus > Mediastinal nodes. 
Sympathetic Secondary: 


chain 
Internal jugular vein 


» Deep cervical nodes 
> Supraclavicular nodes, 
> Occipital nodes, 

— Ascending medial lymph vessels from the upper 
border of isthmus drain to prelaryngeal nodes which 
are located in the cricothyroid membrane. 

— Ascending lateral vessels from the upper pole of the 
Middle thyroid gland along the superior thyroid artery drain into 
vein deep cer 
~ Descending medial vessels begins at lower part of the 

isthmus to reach pretracheal lymph nodes. 


‘Superior thyroic 
vein 


cal nodes. 


Interior 
thyreid g — Descending lateral vessels run from the deep 
vein = surface of the thyroid to recurrent laryngeal chain 
nodes. 
‘Left brachiocephalic Important Relations of Thyroid Gland 


ey paibsncene ty # Recurrent laryngeal nerve lies in the tracheooesophageal 


groove, in relation to Berry’s ligament. 
% Superior laryngeal nerve which gives a branch, external 
laryngeal nerve supplies cricothyroid muscle. It accompa- 
nies superior thyroid artery. 
Superior thyroid artery is first anterior branch of extemal ¢ Parathyroid glands—four in number, two on each side 
carotid artery enters the gland near superior pole asalarger embedded in thyroid. 
anterior superficial branch and a smaller posterior branch. 
¢ Inferior thyroid artery, a branch of thyrocervical trunk of 
subclavian artery passes behind the carotid sheath running 
medially reaching the posterolateral aspect of the gland. 
 Thyroidea ima artery, a branch of aorta or brachiocephalic 
artery enters the isthmus or lower pole of one of the lateral 
lobes (10%). 
Tracheal and oesophageal branches serve blood supply to 
retained thyroid gland after thyroidectomy. 


Blood Supply 


Venous Drainage 


Superior thyroid vein. 

¢ Middle thyroid vein is short and drains into the internal 
jugular vein. It is first to be ligated in thyroidectomy, 

4 Inferior thyroid veins are many in number, 

¢ Kocher’s vein may be present which drains lower or middle 
thyroid. 


Lymphatic Drainage 


© Primar 
> Tracheo-oesophageal nodes. 

> Prelaryngeal nodes (Delphian nodes). Formerly purpose ‘Supraclavicular nodes Mediastinal nodes 

of these lymph nodes were uncertain hence the name. Fig. 6.2: Lymphatic drainage of thyroid 


The art of medicine consists in amusing the patient while nature cures the disease. 
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Tongue. 
Foramen © 


(superior) 
Thyroid: 
Pyramidal lobe 


Thyrothymic 
ligament 


Fig. 6.3: Anatomy of thyroglossal duct showing its pathway. 


lm PHYSIOLOGY 


‘Thyroid gland has two secretory cells: 

1. Follicular cells—secretes thyroid hormones (Thyroxine 
(19), Tri-iodothyronine (3). 

2, Parafollicular cells (“C’ cells) —seeretes calcitonin. 


1, Metabolism 

Ninety per cent of body iodide uptake is in the thyroid gland, 
whose uptake into the follicular cells is regulated by TSH and 
follicular iodide content, 


Thyroid Hormone Synthesis 


Iodothyronins (MIT, DIT) are formed in follicular cells by 
the coupling of inorganic iodide with tyrosine. These are 
logically inert molecules. T, (Thyroxine) is formed by 
coupling of 2 DIT molecules and T; (Tri-iodothyronine) 
formed by coupling of 1 MIT and I DIT molecules. Both 
are bound to thyroglobin which is the primary component 
of colloid matrix. 

‘The hypothalamus-pituitary-thyroid axis regulates thyroid 
hormone production and releases in a classic feedback system. 
‘TRH is a regulatory hormone from hypothalamus and TSH is 
a regulatory hormone from anterior pituitary. 


ll CONGENITAL ANOMALIES 


Athyreosis is total absence of lateral lobes and isthmus with 
hypothyroidism. 


Ectopic Thyroid 
It is residual thyroid tissue along the course of thyroglossal 
tract. 

Ectopic thyroid tissue may lie anywhere along the line of 
descent, Whole of the thyroid gland or residual thyroid lies in 
jon either in the posterior part of the tongue, 
‘midline, or intrathoracic 
region. Carcinoma develops more commonly in ectopic thyroid 


tissue than normal thyroid. Radioisotope scan, CT scan for 
intrathoracic thyroid will confirm the diagnosis. 


Lingual Thyroid 

It is a thyroid swelling in the posterior third of tongue, at the 
foramen caecum, presenting as rounded swelling. It may be the 
only existing thyroid tissue which may cause: 

a Dysphagia, pain, speech impairment. 

b. Respiratory obstruction, haemorrhage. 

©. 70% present as hypothyroidism, 10% as cretin, 

dd. Common in females (3:1), 

Bare tracheal rings in midline with absence of normal 
thyroid tissue may ofien be evident, 

Any diseases which can occur in normal thyroid can also 
occur in lingual thyroid, i.e. nodularity, toxicity, malignancy 
(if turns malignant, follicular carcinoma is more common, 
papillary carcinoma is very rare). 


Figs 6.44 and B: Lingual thyroid visible on the posterior 1/3rd of 
‘the tongue. Neck should be palpated for the presence or absence 
‘of normal thyroid, 


Thyroglossal Cyst 


@ Carcinoma of posterior third of tongue 4 ‘Thyroglossal cyst is a swelling occurring in the neck in any 
+ Angiofibroma part along the line of thyroglossal tract 

+ Sarcoma 

* 


Hypertrophied lingual tonsil 


2. Beneath the foramen caecum 
Diagnosis b. Inthe floor of mouth 


©. Suprahyoid 
% Radioisotope study shows the uptake of iodine by the lingual __d. Subhyoid—commonest site 


thyroid and also shows the status of the thyroid in normal _&- ‘On the thyroid cartilage—2nd common site 
fossa F ‘ 
+ UIS neck has to be done to see the absence of thyroid in "18 usually congenital wherein there will be degeneration 
normal location, ofa part of the tract causing cystic swelling. Normal thyroid 
‘may be present in the normal location (fossa). Sometimes, 


Treatment thyroid may not be present in the normal site but may be 
present in the wall ofthe thyroglossal cyst 
4 Lethyroxine is given daily orally. + Itisa tubulodermoid type of eyst. 
Often requires surgical excision and is technically easier. Jt jg lined by pseudostratified, ciliated columnar epithelium. 
4 Radioisotope therapy for ablation is also often used 
Clinical Features 
“ seeehyroldecan 2 Swelling in the midline, towards the left 


Anterior viow 


Figs 6.58 and B: Technetium 99 radioisotope scan in lingual thyroid. 
USG of neck is done to assess lingual thyroid and normal thyroid - 
region. 


Figs 6.7A and B: Thyroglossal cyst 


Foramen caecum 


4. Ectopic lingual thyroid 
2. Intralingual thyroid 

3. Sublingual thyroid 

4. Thyrogiossal cyst 

5, Retrostemal thyroid 


Lateral lobe of thyroid 


Pyramidal lobe. 


hyroglossal cyst in a boy. Its a midline swelling with 2 
“TUG feeling while protruding the tongue out. 


Fig. 6.6: Ectopic sites of thyroid 


‘The person who really wants to do something finds a way: the other finds an excuse. 
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Fig. 6.9: 


b. Moves with deglutition as well as with the protrusion of 
tongue. Patient is asked to open the mouth and keep the 
lower jaw still. Examiner holds the cyst between the thumb 
and forefinger. When the patient is asked to protrude the 
tongue, a “tugging sensation” can be felt. 

¢. Swelling is smooth, soft, fluctuant (cystic), nontender, 
mobile, often transilluminant, 

«Thyroid fossa is empty, ifthere is no thyroid in normal location. 

¢. Thyroglossal cyst can get infected and may form an abscess. 
Cyst wall contains lymphatic tissue and so infection is 
common. 

£, Malignaney can develop in thyroglossal cyst (papillary 
carcinoma)—1%. Cyst will be harder, fixed, with palpable 
neck nodes. More often it is difficult to suspect and will 
be confirmed by histology after excision. If biopsy report 
is papillary carcinoma, then completion thyroidectomy is 
indicated if the remaining is nodular thyroid shows cold 
nodule or these are enlarged neck nodes, or with history of 
neck irradiation. If neck nodes are present, node dissection, 
and radioactive iodine therapy with suppressive dose of L 
thyroxine 0.3 mg OD is needed. 

g. Incidence is equal in both sexes. 


Infected thyroglossal cyst. 


Investigations 

a. Radioisotope study. 
b, U/S neck. 

c. NAC from the eyst 


 Subhyoid bursa 
4 Pretracheal lymph node 

Dermoid cyst 

4 Solitary nodule of thyroid—isthmus 
‘& Submental lymph node 
 collarstud abscess 


Treatment 

a. Sistrunk operation: 
Excision of cyst and also full tract upto the foramen caecum 
is done along with removal of central part of the hyoid bone, 
as the tract passes through it 


Technique 
‘Through transverse neck incision placed over the cyst, skin 
flap is raised above along with platysma, Care should be 
taken not to open the cyst. Cyst with surrounding tissues 
is dissected up to the hyoid bone. Sternohyoid and thyro- 
hyoid muscles are divided. Central part of the hyoid bone 
of | em width is resected along with intact track within it, 
Geniohyoid and mylohyoid muscles are divided off from 
the hyoid, Track with adjacent tissues is dissected above 
upto the foramen caecum. Adjacent tissues also should be 
removed because of possibility of multiple tracks which 
otherwise lead to recurrence ot fistula formation. Often 
anaesthetist is asked to apply digital pressure over the base 
of tongue near foramen caecum to facilitate the dissection 
and to confirm the reach up to the foramen caecum. Track 
is ligated at foramen caecum and removed. Recurrence 
rate by removal of only track without central hyoid is 25%, 
Removal of track with central hyoid of ! cm width reduces 
the recurrence rate to 5%, Complications are recurrence, 
thyroglossal fistula formation, haemorrhage/haematoma 
formation and infection. Low lying cyst often requires 
two parallel incisions to remove entire track up to foramen 
caecum. 

b. If there is no normal thyroid gland after the surgery, main- 
tenance dose of L-thyroxine 0.1 mg OD is given life long, 

Note: 

Iftract snot completely excised, itwillresultin thyroglossal fistula. 


Thyroglossal Fistula 

 Itis not a congenital condition. 

% Iteither follows infection of thyroglossal cyst which bursts 
‘open or after inadequate removal of the cyst. 

# Itis lined by columnar epithelium, discharges mucous and. 

is a seat of recurrent inflammation. “Hood sign’ is charac~ 

teristic, Opening of fistula is indrawn and been overlaid by 

a fold of skin as “hood. 

Peculiar crescentic appearance is called as semilunar sign. 

It secretes mucous discharge. 

© Site of the fistula is just below the hyoid bone commonly; 
in infants it may be much lower. 


\ 
Fig. 6.10: Thyroglossal fistula, 


¢ Investigations: Radioisotope study and fistulogram. 
© ‘Treatment: Sistrunk operation. 


Note: 
(One more Sistrunk operation is done in case of lymphoedema,) 


Lateral Aberrant Thyroid 

¢ It is at present considered as a misnomer. 

 Itis the metastasis into cervical lymph node from a papillary 
carcinoma of thyroid. 

# ENAC has to be done and treated as papillary carcinoma of 
thyroid. 


Agene: 


# Total agenesis of one thyroid lobe may oceur. This is rare 
but can be clinically important, It leads to confusion in 
diagnosis, especially in the toxic gland, where it could be 
diagnosed as a secreting nodule. 


Dyshormonogenesis 

¢ Itis an autosomal recessive condition wherein there is either 
deficiency of thyroid enzymes (either peroxidase or dehaloge- 
nase) or inability to concentrate or to bind or to retain iodine. 

¢ I may be familial and patient presents with large diffuse 
vascular goitre involving both lobes. 

# They respond very well to L-thyroxine and may not require 
surgery at any time. 

# Condition may be associated with congenital deafness which 
is being called as Pendred s syndrome. CT scan of temporal 
bone shows abnormal bony labyrinth. Condition shows 
thyroid peroxidase deficiency. 


ll THYROID FUNCTION TESTS 


1. T; (Serum tri-iodothyronine): 1.2-3.1 nmolllitre. 80% of 
Ty is from deiodination of Ts at periphery in iver, muscle, 
kidney and pituitary. Ts is 4 times more potent with half 
life of 24 hours. 

2. T, (Serum thyroxin): 55-150 nmolilitre. It ref 
‘output of the gland (Edward Calvin Kendall 1915). 

3. TSH 0-5 IU/ml of plasma. TSH is secreted from anterior 
pituitary; its secretion is inversely related to circulating 
thyroid hormones. TSH secretion is regulated by TRH 
from hypothalamus, 

4, PBI (Protein bound iodide)—8 ug/100 ml. 

5. Free Ty is 0.3% (3-9 nmollitre), Its the best single test 
in assessing hyperthyroidism. 

6, Free T, is 0.03% (8-26 nmol/litre). 

7. RA 1'™ scan can show either cold nodule, hot nodule, or 
‘warm nodule. 

8. TRH stimulation test for hypothalamie—pituitary axis: 
Intravenous TRH (200 1g) shows rise in serum TSH level 
in 20 minutes (from basal 1 1 unit/ml to 10 y unitiml) 
and reaches to normal in 2 hours. Patients with pituitary 
insulficiency develop a subnormal response; patient with 
hypothyroidism will show enhanced TSH response; in 
hyperthyroidism there will be no response. This test is 


ts the 


usefull in doubtful hyperthyroidism, hypothyroidism, T, 
thyrotoxicosis, ophthalmic Graves’ disease. 

9, Serum creatinine is increased in hyperthyroidism; 
decreased in hypothyroidism. 

10. Serum cholesterol is increased in hypothyroidism and 
decreased in hyperthyroidism. 

11. BMR is increased in hyperthyroidism. 

12. Thyroid autoantibodies are also useful to evaluate the 
function (LATS). TSH receptor antibodies (TSH RAb) has 
got long acting potential and are reasons for all primary 
thyrotoxicosis. 

13, Werner's T; suppression test: Initial isotope uptake study is 
done. 40 j1g of T; is given to the patient orally 8th hourly 
for 5 days. Uptake study is repeated. In normal uptake 
suppression up to 80% is noted. In toxic goitre suppression 
is 10 - 20%, It is used in patients with antithyroid drugs 
for primary thyrotoxicosis to assess the remission status. 

14, Thyroglubulin estimation: Normal value is 0.5-50 g/L. 
It is used during follow up period especially in follicular 
carcinoma of thyroid, But if thyroglobulin antibodies are 
raised in patient, then it is of no use. Thyroglobulin is 
produced only by the thyroid tissue. After total thyroid- 
ectomy, its level drastically reduces. It is the ideal follow 
up marker in well differentiated thyroid carcinoma after 
thyroidectomy. Sudden raise in its serum can occur in 
thyroiditis, primary or secondary toxic goiter. 


™@ FNAC OF THYROID 


# tis the investigation of choice in most the thyroid diseases 
to conclude pathological diagnosis. 

# Itis useful in papillary/medullary (amyloid)/anaplastic 
carcinomas, lymphomas, colloid nodule, thyroiditis 

# 23G needle is used. Suspicious solitary/multiple nodules! 
dominant nodules should be aspirated 

* Karolinska hospital (Lowhagen) at Sweden pioneered this 
method, 

# Minimum 6 aspirations should be done. An adequate FNAC 
smear should have six aspirations with six groups of cells 
with each group containing 20 cells. USG guided aspiration 
is better. 

# Diagnostic accuracy of FNAC is 95%; sensitivity 85%; 
specificity 94% 

# Aspiration is graded as: Thy 1—Nondiagnostie; Thy 2— 
Nonneoplastic; Thy 3—Follicular; Thy 4—Suspicious of 
malignancy; Thy 5—malignancy. 

# Inacyst of thyroid FNAC may be less reliable; if eyst recurs 
afer 3 aspirations, surgery is needed. 

# Malignancy rate in a simple cyst is 5%; in a complex cyst 
itis 75%. 

# ENAC is not reliable at present in follicular carcinoma of 
thyroid as capsular and vascular invasions cannot be found. 
But by newer technique it is possible to identity the differ- 
ences—Benign is polyploidy, malignant is aneuploidy; 
benign are monoclonal, malignant are polyclonal; MR 
spectroscopy and thyroimmunoperoxidase estimation are 
useful to differentiate. 

# FNNAC is fine needle nonaspiration cytology—is said to 
be more reliable, 


In the case of retrostemal goitre, hemoptysis unmixed with sputum is due to rupture of an engorged tracheal vein. 


—Peter Burgess 


pyosAyy 


SRB's Manual of Surgery 


To identify nodules, number, size, vascularity, echogenicity 

To do USG guided FNAC 

To identify neck lymph nodes 

Tofind out sold or cysticnature 

Benign lesion is hyperechoic, often cystic with well-defined 

‘margin; shows peripheral eg9 shell calcification with sonolu- 

centrim (halo) around nodule 

+ Malignant lesion is hypoechoic with poorly defined margin, 
with high vascularity, with microcalcfication without any 

halo around 


eeeee 


Fig. 6.11: Examination of the thyroid gland from behind for any 
nodules. Thyroid enlargement in male is rare. Nodule ina male could 


bbe malignant. 


Fig. 6.12: Thyroid swelling moves on deglutition because of 


attachment of pretracheal fascia through Berry's ligament to cricoid 
cartilage and to constrictor muscles. 


ll CLASSIFICATION OF GOITRE 


Goitre is enlargement of thyroid gland. (‘goiter larin-guttur- 


throat) 


1. Simple nontoxic 
1, Diffuse hyperplastic: 

~ Physiological 
= Puberty, 
= Pregnancy. 

~ Primary iodine deficiency (Endemic; dietary iodine 
intake less than 100 g/day) 

— Secondary iodine deficiency: 

= Goitrogens of Brassica family, e.g. cabbage, soya 
bean. Common in hill stations, 

- Excess dietary fluoride, 

- Drugs: PAS, lithium, phenylbutazone, thiocy- 
anates, potassium perchlorate, antithyroid drugs, 
radioactive iodine. 

-  Dyshormonogenetic goitre. 

b, Colloid goitre. 
¢. Nodular goitre (Multinodular). 
4, Solitary nontoxic nodule. 
¢. Recurrent nontoxic nodule. 
2. Toxic 
a. Diffuse (Primary)—Graves ‘disease. 
b, Multinodular (Secondary)—Plummer 's disease. 
¢. Toxic nodule (solitary) (Tertiary). 
4, Recurtent toxicosis. 
3. Neoplastic 
a, Benign—adenomas: follicular, Hurthle cell. 
b, Malignant: 
~ Carcinomas: Papillary, follicular, medullary, 
anaplastic. 
— Lymphomas. 
4, Thyroiditis 
4, Hashimoto’s autoimmune thyroiditis. 
bb, de-Quervain’s autoimmune thyroiditis, 
¢. Riedel’s thyroiditis, 
5. Rare causes: Bacterial (suppurative), amyloid. 


Figs 6.13A and B: Note the goitres in (A) male and (B} female patient. 


8.8. 


Figs 6.148 and 


Familial goltre. Goitres in brother and sister. 


decreases and many follicles become inactive, get filled with 
Somais AREER: colloid and itis called at colloid goltre 

rade 0; No visible orne palpable goltre. As diffuse hyperplastic goitre is a reversible stage, 
Grade 1: Palpable thyroid/goitre but not visible in normal spain bochcal en ne 
positioned neck. ” g 


Grade 2: goitre which is visible in normal positioned neck 
ll MULTINODULAR GOITRE (MNG) 


Ina case of thyroid disease following things should be  MNG is discordant growth with functionally and structur- 


‘made very clear ally altered thyroid follicles presenting as multiple nodules 
Functional status—hyperthyroid/euthyroid/ hypothyroid in thyroid. 
& eal me ee igantk mm It may be due to mainly fluctuation in TSH level; other 
Bel Neck beh hedalararas causes may be iodine deficiency, goitrogens, hereditary, 
+ Tracheal deviation dlyshormonogenesis. 
+ Carotid infiltration 
* Retrostemnal extension Pathogenesis 

features lke toxicity ormalignant spread to different 
pear poke Persistent TSH stimulation. 


4 
Diffuse hyperplasia of gland (all active lobules), 
L 


™@ DIFFUSE HYPERPLASTIC GOITRE 
Later with fluctuation of TSH level, 


Initial persistent increase in TSH level causes diffuse active ‘t 
lobules. In late stages of diffuse hyperplasia, TSH stimulation 


Mixed areas of active and inactive lobules develop. Itis also 
probably due to increased sensitivity of follicular cells to 
‘TSH. 

4 
Active lebale Hesrns mora vaca and hyperplastic 
Haemorrhages occur with necrosis in the centre. 

4 
Nodule formation, 

4 
Centre of the nodule is inactive and only margin is active, ie 
intemodular tissue is active. 

4 

i Formation of many nodules. 
Multinodular goitre (MNG). 
Other factors involved are growth stimulating immuno- 
globulins and growth prone cell clones. 


Fig, 6.15: Pizilos method to make the thyroid mare prominent 
while examining the thyroid. 


Stages of multinodular goitre formation 
‘ Stage of hyperplasia and hypertrophy 
‘Stage of fluctuation in TSH 
+ ‘Stage of formation of nodules (inactive); (inter nodular tissues 
are active) 
Colloid goitre is a goitre due to long standing iodine deficiency 
With localised accumulation of significant colloid in the gland. 


Clinical Features 


# More common in middle aged females (10:1). 

# Itisaslowly progressive disease with many years of history. 

# Multiple nodules of different sizes are formed in both lobes, 

Fig, 6.16: Multinodular goitre surgical specimen—total also in isthmus, which is firm, nodular, nontender, moves 
thyroidectomy was done. with deglutition. 


‘Some people speak from experience; others, from experience, don't speak. 
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% Recent increase in size signifies malignant transformation 
or haemorrhage. 

+ Positive Kocher’s test is due to compression over trachea 
(tracheomalacia/scabbard trachea) in a long standing MNG. 

 Nodule when calcified becomes harder; necrosis softens 
the nodule, 


Multinodutar goitre 


Fig, 6.17: Multinodular goitre. 


3-18: Recurrent nodule thyroid. Note scar of previous surgery. 


Figs 6.194 and B: Multinodular goitre. 


a 


Note: 
‘Thyropharyngeus and cricopharyngeus parts ofinferior constrictor 
muscle are attached to thyroid and cricoid cartilages respectively; 
during swallowing these muscles will contract to move thyroid and 
cricoid cartilages upwards. Thyroid is attached to larynx (cricoid) 
‘through condensed pretracheal fascia, Berry’ ligament. So thyroid 
moves upwards with deglutition, 


Complications of MING 
& Secondary thyrotoxicosis (30%) 

‘ Follicular carcinoma of thyroid (10%) 

& Haemorthage ina nodule 

+ Tracheal obstruction, calcification 

© Cosmetic problem 


Investigations 


5, Ty, TSH, U/S neck, FNAC. FNAC is done from most 
dominant and suspicious nodule. FNAC from more than one 


Fig. 6.20: Goitre neck, left sided. 


Fig. 6.21: Multinodular goitre. Note the nodules marked. 


nodule is better; US guided FNAC is more reliable. High 
resolution US identifies impalpable nodules, number, nature 
of nodule, vascularity of nodule. Nodule less than 0.3 em is 
identifiable in US. 

# X-ray neck shows ring or rim calcification; also reveals the 
position (displacement) and compression of trachea. 

¢ Indirect laryngoscopy to see vocal cords prior to surgery 
(This is mainly for documentation and legal purpose as even 
in individual with normal voice, one of the vocal cords may 
have been paralyzed by viral infection like mumps, probably 
during childhood and have compensated)—oceult recurrent 
laryngeal nerve (RLN) palsy. 

¢ Radioisotope iodine scan—in selected patients when indi- 
cated only, 

¢ Routine blood investigations, serum calcium, 

¢ CT scan/MRI are routinely not indicated. It is done in 
retrostemal extension. 


Treatment 


Usually surgery is preferred. Reason for doing surgery in 

nodular goitre is—it is an irreversible stage and chances of 

complications like development of toxicity, haemorrhage and 

follicular carcinoma is high and also for cosmetic reason. 

¢ When entire gland is diseased total thyroidectomy is a better 
option. 

¢ Subtotal thyroidectomy is done depending on the amount of 
gland involved, amount of normal gland existing and location 
(of nodules—commonly done procedure in multinodular goitre. 
Eight grams of thyroid tissue is retained in each lateral lobe. 

¢ Often partial thyroidectomy ot Hartley Dunhill operation 
(isthmus + one entire lateral lobe and opposite side subtotal 
or partial) is also done depending on the amount of diseased 
gland and normal tissues behind. Partial thyroidectomy is 
not well approved now. 

¢ Postoperative L thyroxine is often given to prevent any 
fluctuation in TSH level which may cause recurrent nodule 
formation. 


Fig. 6.22: Large multinodular goitre. 


Fig. 6.23: Nodular thyroid involving both lobes in a female. 


yA 


Fig. 6.24: X-ray neck showing calcification in thyroid. Fine calcification 
is seen in papillary carcinoma. Coarse calcification is seen in 
multinadular goitre, 


* Prevention of multinodular goitre is possible by supple- 
menting with L-thyroxine (0.1-0.2 mg) when patient 
develops goitre in puberty. Formation of nodular goitre 
can be prevented by correcting iodine deficiency by using 
iodine rich diet like eggs/seafood/milk or iodized salts and 
also avoiding goitrogenic drugs and diet. 

Suppressive dose of L-thyroxine alone may be used occasion- 
ally in small nodules with limited results. TSH level should be 
suppressed consistently below 0.5 mIU/L. Problems are need 
‘of periodic monitoring with TSH estimation; hormone insen- 
sitive part of thyroid tissue continue to grow; indefinite period 
of treatment; high recurrence afler stopping L-thyroxine, So it 
is not ideally accepted therapy. Its found that TSH suppres 
sion is of no use in treating residual/recurrent MNG. 


A genius is someone who shoots at a target which no one else sees and hits it. 
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Figure 3. A Thin Shell of (Localized) Matter-Energy, or Rather the Two-Dimensional 
Spacelike Hypersurface 32 (via (2.3)), Possessing the Two Principal Radii of Curvature p: and p2 
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Thyroid 


Trachee 


Note: 
Adequate thyroidectomy is essential, either total or subtotal, 
‘complete removal of diseased thyroid without retaining is consid- 
‘ered, in view of chances of high recurrence in 10 ormore years due 
toincomplete removal. Re-surgery for recurrent MNG is difficult due 
‘to loss of anatomical plane and fibrasis; hence total thyroidectomy 
is often advised. 


™@ DISCRETE THYROID NODULE 


Discrete thyroid nodule 4% of adult population) isa clearly 
palpable nodule in thyroid. It can be solitary (isolated) 
nodule (70%) ically only a nodule is felt without 
palpable remaining gland OR it can be dominant nodule 
(30%) if clinically a nodule is felt in a palpable remaining 
one or both lateral thyroid lobes. 

% A discrete thyroid nodule is common in females. Discrete 
nodule may be solid or cystic. USG, CT, MRI may confirm 
the diagnosis, 

4 15% solitary/isolated nodule may be malignant; 40% may be 
follicular adenoma. Other causes are thyroid cyst, thyroiditis, 
or colloid degeneration. 

Incidence of malignancy in dominant nodule is 50% less 
than that of solitary nodule. 

¢ Risk factors for malignancy in discrete thyroid nodule are— 
(1) solitary is 2 times more risk than dominant; (2) male is 4 
times more than female (in solitary—48% to 12% in solid, 
24% to 6% in cystic; in dominant 24% to 6% in solid, 12% 
to 6% in cystic); (3) solid nodule is 2 times more risk than 
cystic—Rulle of 12. 


@ SOLITARY THYROID NODULE 


Itisa single palpable nodule in thyroid on clinical examination, 
in an otherwise normal gland. Rest of the gland is impalpable. 


Causes 
1, Thyroid adenomas—20%. 
a, Follicular—colloid (commonest); embryonal; fetal 
b. Hurthle cell 
Note: 
Papillary adenoma earlier called, was actually papillary carcinoma). 


Thyroid 


Isthmus 
(Enlarged) 


Fig. 6.26: Solitary nodule thyroid involving isthmus. 


2. Papillary carcinoma of thyroid—20% 

3. Only one nodule may be clinically palpable in an underlying 
‘multinodular goitre—S0% 

4, Thyroid eyst—10%, 


Types 
1. Toxic solitary nodule—3-5% of solitary nodules of thyroid, 
2. Nontoxic solitary nodule. 


Based on radioisotope study: 

» Hot: Means autonomous toxic nodule. Normal 
surrounding thyroid tissue is inactive and so will not 
take up isotope. Nodule is overactive. It is 5% common, 
of which only 5% can be malignant. 

» Warm: Normally functioning nodule. Nodule and 
surrounding normal thyroid will take up the isotope 
(active), Itis 10% common of which 10% can be malignant. 

» Cold: Nonfunctioning nodule; may be malignant 
(need not be always). Nodule will not take up isotope 
(underactive). It is 80% common of which 20% are 
‘malignant, 


Features 


4% Single nodule palpable in one or other lobes of the thyroid 
which is usually smooth and firm. 

¢ Lahey’s test does not show any other nodules in posterior 
part of the gland. 

¢ Hot or warm in "Te scan but cold in I” sean (discordant 
nodule) commonly they are malignant, 

¢ Thyroid nodule in children and elderly can be malignant. 

Rapid enlargement of thyroid nodule can be malignant, 

¢ Tracheal deviation towards opposite side is common— 

confirmed by ‘rail sign, three-finger test, auscultation and 

X-ray neck, 

30% of solitary nodules are cystic. 

4% 20% of cold nodules are malignant. Cold nodule may be 
ddue to malignancy, thyroiditis, thyroid cyst or haemorshage, 
benign adenoma. 

 Commonest site of a nodule is at the junction of isthmus 
‘with one of the lateral lobes. 

© Solitary thyroid nodule is the most common thyroid surgical 
disease 


‘& Any nodule can be malignant whetheritishard/firm/cystic/ 
small/latge/asymptomatic 

Rapid onset/rapid recentincrease in size 

Hoarseness of voice/dysphagia/stridor/dyspnoea 

Fixity ofthe nodule 

Palpable significant necknodes 

Nodule in a male patient 

[Nodule in a child (50% are malignant) 

Nodule in extremes of age group 


* 


sees eee 


Solitary nodule thyroid, left-sided 


Fig. 6.28: Solitary nodule thyroid. 


Larynx 


Thyroid nodule 


Figs 6.29A and B: Trachea should be clinically examined to find out whether itis central or deviated. In goitre involving both lobes, its, 
central. One lateral lobe enlargement usually causes deviation of trachea towards apposite side. Tracheal compression should be checked 


by Kacher’s test. t confirms the scabbard trachea. 


‘Success consists of a series of little daily efforts. 
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Investigations 


U/S neck (very useful) 

FNAC. 

1s, Ts, TSH. 

Power Doppler is done to know the vascularity of the gland, 

‘Vascularity is described in resistive index (RI) (Harley De 

Nicola 2005). Normal RI is 0.65-0.7; if RI is more than 0.7 

it indicates malignancy in that nodule. Malignant nodule 

shows anarchical angiogenesis, Flow patter are: Type 0 — 

no flow: Type 1: only peripheral flow; Type 2: peripheral 

with small central flow; Type 3: peripheral with extensive 

central flow; Type 4: only central flow. 

# Radioisotope study (I'13/"Te). 

# Serum calcitonin estimation if FNAC confirms medullary 
carcinoma, 

© CT scan or MRI neck is not done routinely, but only in 
selected cases. Large swellingito see vascularity/retrosternal 
extension are the indications 

# X-ray neck to see tracheal de 


seee 


Nate: 
‘True incidence of solitary nodule will come down to 50% fram its 
‘original clinical diagnosis after investigations and surgical explora- 
tion, 


Transverse 


Figs 6.308 and B: Ultrasound pictures of thyroid. Its often used to 
see nodules, content—solid/flui, size and extent 


Fig. 6.31: FNAC of thyroid (Courtesy: Dr krishna Upadhya, 
Pathologist, Nandikoor Laboratory, Mangalore) 


Nodule (carcinoma) 


Fig. 6.32: Patient earlier operated for nodular goitre. Note 
recurrent nodule and scar of previous surgery. 


Treatment 


Malignant nodule 
‘ Follicular neoplasm 

Toxic nodule in young 

‘® Nodules with obstruction 

‘® Recurrent cystic nodule 

‘& Complex.cyst (both solid and cystic components) 
& Cosmetic reason 


¢ Ifitisa nontoxic nodule due to any cause, hemithyroidectomy 
‘with complete removal of lateral lobe and whole of the 
isthmus is done. 

# itis papillary carcinoma thyroid, then near total thyroid- 
ectomy is done along with suppressive dose of L-thyroxine 
given 0.3 mg OD daily, 

¢ Ifitis a toxic nodule, radioiodine therapy, 1!*!—4 curie 
is given orally, ifthe age ofthe patient is more than 45 years. 

# Ifage is less than 45 years, then initially toxicity has to 
bbe controlled by antithyroid drugs, always followed by 
surgery—Hemithyroidectomy. 


¢ IEFNAC report says follicular adenoma, then hemithyroid- 
cctomy is done. If histology report says follicular carcinoma 
(capsular and vascular invasion) then completion total 
thyroidectomy is done. Completion thyroidectomy is done 
usually within 7 days or after 3 weeks. If frozen section 
biopsy proves carcinoma then total thyroidectomy is done. 

# Ifthere is a nodule in the isthmus, isthmectomy is done with 
excision of part of adjacent lateral lobes, 

¢ IFENAC report says medullary carcinoma of thyroid, then 
total thyroidectomy with bilateral neck nodal dissection 
including central compartment is done. 

Colloid nodule may respond for conservative drug treatment 
using thyroxine orally in 50% cases. If nodule reappears! 
enlarges progressively and significantly/causing cosmetic 
problem then hemithyroidectomy is indicated in colloid 
nodule. 


+ Itis thyroid swelling which is cystic in nature eliciting posi- 
tive fluctuation 

‘& Buttensely cystic swelling can be hard (thyroid paradox—with 
cellular tumour of thyroid can be soft also) 

& Common cause is colloid degeneration—50%. There will be 
absence of epithelial lining 

+ Involution in follicular adenomas present lke a cyst; 15% of 

such cysts may be malignant 

30% of solitary nodules are cystic 

15% cystic swellings in thyroid are malignant 

Cyst formation is common in papillary carcinoma of thyroid 

A.gyst if contains both solid and cystic areas is called as 

‘complex cyst which is more likely to be malignant 

‘& FNAC may cause regression of simple cyst:Even after three 
repeated aspirations ifrecurrence occurs surgery is needed 

+ Surgery sindicated in complex cyst and ifcyst is more than 
4emin size 


eeee 


@ RETROSTERNAL GOITRE 


Retrosternal goitre is defined as having > 50% goitre below 

the suprasternal notch, 

¢ Primaryis rare—1%, Primary retrosternal goitre arises from 
ectopic thyroid tissue from mediastinum. It gets its blood 
supply from mediastinum itself, not from the neck. And also 
it is not related to the existing thyroid in the neck. 

# Secondary is common. It is extension from the enlarged 
thyroid from the neck. Usually arises from the lower pole 
of a nodular goitre. Commonly seen in short neck or obese 
individuals. Due to negative intrathoracic pressure, nodule 
gels drawn into the superior mediastinum, 


Types 

1. Substernal type: Part of the nodule is palpable in the lower 
neck, 

2. Plunging goitre: An intrathoracic goitre is occasionally 
forced into the neck by increased intrathoracic pressure. 

3. Intrathoracic goitre itself. Neck is normal. 


Fig. 6.33: Lower border should be checked to confirm retrosternal 
extension whether present or not, 


Fig. 6.34; Superior vena cava obstruction due to thyroid extending 
into the retrosternal area, Note the dilated veins over neck, chest 
wall and arm, 


Clinical Features 


4% Dyspnoea at night during lying down or neck extended. 

Cough and stridor (stridor is harsh sound on inspiration) 

+ Dysphagia 

 Engorgement of neck veins and superficial veins on the 

chest wall 

Lower borders not seen on inspection and not felt on palpation 

¢ Pemberton’ sign is positive. The patient is asked to raise 
the arm above the shoulder level. Dilated veins are seen 
over neck and upper part of chest wall. Stridor and rarely 
dysphagia may occur. (When patient raises the arm above 
the shoulder level, retrosternal goitre compresses over the 


‘Men take only their needs into consideration, never their abilities. 
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‘extension 


Figs 6.35Ato 


(A and B) X-rays (PA view and lateral view) showing retrasternal goitre. 


{c} Diagrammatic representation of the retrosternal goitre. 


easily compressible structures like SVC and trachea causing 
dilated veins and dyspnoea respectively) 
Dull note over the sternum on percussion, 
¢ Retrostemal goitre can be either nodular, toxic or malignant. 
# Rarely recurrent nerve palsy can occur. 


Differential Diagnosis 


¢ Mediastinal tumours. 


Investigations 


© Chest X-ray shows soft tissue shadow under the sternum. 
# Radioactive iodine study is diagnostic 
© CT scan is usefil 


Treatment 


# Surgical removal of retrostemal thyroid is done. Commonly 
it can be removed through an incision in neck (as blood 


supply of retrosternal goitre is from neck), but in case of 
large retrosternal extension or in malignant type median 
sternotomy is required (rarely), 


Note: 

+ Radioiodine therapy is not accepted in etrosternal goitre. 

+ Stridor due to compression of tracheobronchial tree by retros- 
ternal goitre is very dangerous because itis often not possible 
to clear the airway either by intubation or by tracheostomy. 

+ Surgical removal should be complete because recurrent retros- 
temal goitre is very difficult to re-operate. 


‘& Multinodular goitre of long duration—positive Kocher's 
‘test—compressive stridor 

+ Secondary toxic goitre—congestive cardiac failure 

‘ Carcinoma infiltrating the trachea—stridor on rest—without 
compression with fingers 


l@ THYROTOXICOSIS AND HYPERTHYROIDISM 


{have lately seen three cases of violent and long-continued palpita- 
tions in femates.in each of which the sample peculiarity presented 
itself—viz,enlargement ofthe thyroid gland....Alady,aged twenty, 
became affected with some symptoms which were supposed to be 
hhysterical....It was now observed that the eyes assumed a singular 
appearance, forthe eyeballs were apparently enlarged,so that when 
‘he slept. or tried to shut her eyes, the lids were incapable of closing, 

Robert James Graves, 1835 (lish physician) 


Thyrotoxicosis is symptom complex due to raised levels of 
thyroid hormones. 


Thyrotoxicosis tefers to biochemical and physiological 
manifestations of excessive thyroid hormones, Hyperthn~ 
roidism is the term used for overproduction of the hormones by 
thyroid gland, In hyperthyroidism pathology is in thyroid gland 
itself, Hyperthyroidism is one of the causes of thyrotoxicosis. 
Thyrotoxicosis can also occur due to other causes other than 
hyperthyroidism, 

Other causes of thyrotoxicosis without hyperthyroidism 
are—ectopic functioning thyroid, struma ovari, functioning 
‘metastatic follicular carcinoma, trophoblastic tumours, thyro- 
toxicosis fuctitia 


Types 
1, Diffuse toxic goitre—(Graves’ disease, Basedow's disease. 
Primary thyrotoxicosis) 
2, Toxic multinodular goitre (Secondary thyrotoxicosis) 
(Plummer disease). 
3, Toxic nodule (Goetsch disease). 
4, Thyrotoxicosis due to rarer causes: 
8. Thyrotoxicosis factitia—drug induced. Due to intake of 
L-thyroxine more than normal. 
b. Jod Basedow thyrotoxicosis—because of large doses of 
iodides given to a hyperplastic endemic goitre 
©. Autoimmune thyroiditis or de Quervain’s thyroiditis. 
. Occasionally carcinoma thyroid. 
©. Neonatal thyrotoxicosis. Itsubsides in 3-4 weeks as TsAb 
titres fallin the baby’s serum, 
£ Struma ovarii, 
g. Drugs like amiodarone—an antiarrhythmic agent. 
h, Very rarely, well-differentiated carcinoma can cause 
thyrotoxicosis 
[Wolf-Chaikoff effect—lodides inhibit the further release of 
hormone causing hypothyroidism (Hokkaido goitre).| 


Graves Disease 


Graves disease isan autoimmune disease with increased levels 
of specific antibodies in the blood (TSH receptor antibodies). 
Its often associated with vitiligo. It is often familial. Thyroid 
stimulating immunoglobulins (TSIythyroid stimulating anti- 
bodies (Ts Ab) and long acting thyroid stimulator (LATS) cause 


Figs 6.36A and B: Graves disease in a female and male patient. 
Note the exophthalmos with clearly visible lower sclera. 
pathological changes in the thyroid. Histologically there is 
acinar cell hypertrophy and hyperplasia with absence of normal 
colloid in the tall columnar epithelium (normal is flat epithetium 
with colloid). As cells are empty, they look vacuolated, Tissues 
are highly vascular. Exophthalmos producing substance (EPS) 

causes Graves ophthalmopathy. 

# Diffuse goitre, thyrotoxicosis and autoimmune mai 
festations like infiltrative ophthalmopathy, dermopathy, 
myopathy are essential components of Graves, disease. 
‘Thyroid stimulating immunoglobulins (TSI) are produced 
against thyroid antigen in Graves disease which is directed 
to TSH receptor acting as TSH receptor antibody. This TSHR 
Ab is observed only in Graves disease. 

* Puberty, pregnancy, emotion and infection are the precipi- 
tating factors for primary thyrotoxicosis 

# Familial/genetic cause is also attributed in Graves disease 
(50%); both identical twins can develop Graves disease. 

‘There is hyperplasia and hypertrophy of entire thyroid due to 
prolonged continuous action by binding of abnormal thyroid 
stimulating antibodies to TSH receptor sites. 


Toxic Adenoma 


It is benign functioning monoclonal thyroid tumour, usually 
more than 3 cm in size, 

# Itusually presents as functioning (toxic) solitary nodule of 
thyroid. 

% Itis autonomous functioning tumour; not TSH responding, 

# Toxic adenoma secretes large quantity of thyroid hormones 

suppressing the function ofthe remaining normal thyroid tissue 

‘There are no eye signs and other features of Graves disease. 

It commonly shows higher Ts levels than T 

‘TSH receptor or G protein genes show somatic mutation. 

US neck, Ts, Ts, TSH and radioisotope scan (shows hot 

nodule) —are the relevant investigations. 


eens 


Hope sees the invisible, feels the intangible and achieves the impossible. 
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‘Treatment 

# Initial control of toxicity with antithyroid drugs; later 
hemithyroidectomy is done after 6 weeks. Once thyroid- 
ectomy is done, suppressed remaining normal thyroid 
tissue starts functioning to secrete normal level of thyroid 
hormones. 

¢ In patients after the age of 45 years radioactive iodine 
therapy can be used which selectively concentrates and 
ablates the thyroid adenoma; later remaining normal thyroid 
starts Functioning, 


Ty Toxicosis 
Here T, alone is raised; TSH is decreased; T, is normal. 
Free T, estimation is important. 


Subclinical Hyperthyroidism 


# Here serum TSH is low; free T, is normal; there are no 
symptoms. 
¢ Its incidence is 


% of hyperthyroidism, 

# It is one of the causes for infertility often missed (both 
subclinical hyper- and hypothyroidism can cause infertility 
in females). 

# Itneeds radioisotope study; US neck 

¢ It requires treatment—antithyroid drugs, often thyroidec- 
tomy. 


Struma Ovarii 


Ovarian teratoma with thyroid differentiation will secrete 
‘T, and T, and suppress TSH. 

¢ Function of normal thyroid in neck is suppressed. 

¢ Radioisotope scan shows uptake in pelvis with no or less 
uptake in neck. 


Note: 


‘The River Struma arises in Bulgaria and flows into Aegean Sea. 
Endemic goitre existsin area along its banks;’Struma’ means goitr. 


Hashitoxicosis 


# Itis due to autoimmune Hashimoto's thyroiditis, 

# Mild toxic features develop during initial stage of hyper- 
plasia, 

# Already formed thyroid hormones are released by inflamed 
gland causing toxicity. It eventually leads into euthyroid and 
later hypothyroidism in Hashimoto’s disease. 


Thyrotoxicosis Factitia 

Intake of L thyroxine without indications to lose weight or 
over dose intake causes toxicity. 

Postpartum Hyperthyroidism 


It is exacerbation of previously confirmed or undiagnosed 
hyperthyroidism during pregnancy or after delivery due to 
increased autoimmune factors. 

Its associated with HLA DR3 and HLA DRS. 


Neonatal Thyrotoxicosis 


It is seen in infants born to mother with Graves* disease due 
to crossing of the thyroid stimulating antibody (TSH RAb) 
across placental barrier. Infant will be toxic for 3-4 weeks 
which subsides gradually. 


Trophoblastic Thyrotoxicosis 


HCG secreted from vesicular mole, choriocarcinoma or meta- 
static embryonal carcinoma in females, acts like TSAb causing 


toxicity. 


Jod Basedow Thyrotoxicosis 


Patient with hyperplastic endemic goitre takes large doses 
of iodide, which will be taken up by hyperplastic gland in 
lange quantity causing temporary hyperthyroidism called as 
Jod Basedow thyrotoxicosis. It differs from Basedow disease 
which is the other name for Graves disease (‘Jod’—in German 
means iodine). 


Apathetic Hyperthyroidism 


It lacks all usual clinical features of toxicity. 
It is commonly observed in old people 

‘Thyroid gland is not enlarged 

Patient presents with behavioral problems; often considered 
‘as psychiatry patient with decreased appetite, 

# Such lethargic individual also often show features of recent 
‘angina and atrial fibrillation, 


# Unless serum Ts, Ty and TSH are done diagnosis is mas- 
ked. 


inical Features of Thyrotoxicosis 


# Itis eight times more common in females. 

# Occurs in any age group, 

# Primary type is seen commonly in younger age group, 

# Secondary type is common in older age group 

# Graves disease often presents without any obvious thyroid 
swelling in the neck. Whenever there is unexplained behav- 
ioural problem, insomnia, myopathy, unexplained diarrhoea 
or loss of weight, tachycardia, Graves disease should be 
suspected and evaluated. 


A. Symptoms of Hyperthyroidism/Toxicosis 
Gastrointestinal system 


# Weight loss in spite of increased appetite. 
# Diarrhoea (due to increased activity at ganglionic level) 


Cardiovascular system 
© Palpitations. 

# Shortness of breath at rest or on minimal exertion, 
# Angina 

# Inregulatity in heart rate. 

# Cardiac failure in the elderly (CCF), 


jifferentiating points between primary and secondary hyperthyroidism 101 


Primary thyrotoxicosis 
1, Symptoms appear first, then thyroid swelling 


2. Goitre is diffuse, smooth, firm or soft, both lobes are 
involved with thril and bruit 


3. Features are much more severe compared to that of 
secondary toxicosis of short duration. 


4. Eye signs and exophthaimos are common 

5. As it is an autoimmune disease, there may be hepato- 
‘splenomegaly 

6. Itoccurs in younger age group 

7. Entire gland is overactive 

8. There is no preexisting goltre 


Histologically, there is hyperplasia of acini ined by columnar 
epithelium, often containing vacuolated colloid scalloping with 


pseudopapillary formation 


‘Secondary thyrotoxicosis 
1. Thyroid swelling appears first 
2. Swelling is large nodular, obvious 


3. Symptoms appear after long time, which is less severe 
‘and slowly progressive compared ta primary toxicosis 


4. Eye signs are not common 
5. Cardiac features are more common 


6. It occurs in adult and elderly individual 
7. Intemodular tissues are overactive 
8. Occurs in a long standing preexisting multinodular goiter 


‘Neuromuscular system 

Undue fatigue and muscle weakness, 
Tremor. 

‘Skeletal system 

Increase in linear growth in children. 


Genitourinary system 
 Oligo- or amenorthoea, 
Occasional urinary frequency. 
Integument 


¢ Hair loss, gynaecomastia 
 Proritus. 
Palmar erythema. 


Diffuse toxic 
goitre 


Thyroid 


Traches 
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Fig, 6.37: Diffuse toxic goitre (primary) involves 
‘both lobes with hyperfunctioning acini 
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Fig. 6.38: Primary thyrotoxicosis. Note the exophthalmos. 


Figs 6.39 and B: Note the dilated veins in an enlarged vascular 
‘thyroid gland. Auscultation is important to hear a brut. 


One person with passion is greater than ninety-nine who have only an interest. 
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Psychiatry 


© Irvitability. 
Nervousness, 
Insomnia, 


Sympathetic overactivity 


¢ It causes dyspnoea, palpitation, tiredness, heat intolerance, 
sweating, nervousness, increased appetite and decrease in 
weight 

Because of the increased catabolism they have increased 


appetite, decreased weight and so also increased ct 
nine level which signifies myopathy (due to more muscle 
catabolism). 


Fine tremor is due to diffuse irritability of grey matter. 


B, Signs of Hyperthyroidism/Toxicosis 
1. Eye Signs in Toxic Goitre 


Eye signs are common in primary thyrotoxicosis. Lid lag, lid 


spasm can occur in secondary thyrotoxicosis also. 


Wayne's diagnostic indices (clinical) 


Present 


‘Symptoms 
4. Dyspnoea on effort 

Palpitation 

Tiredness 

Preference to heat 

Preference to cold (Heat intolerance) 
Excessive sweating 

Nervousness 

Appelite increased 

Weight decreased 

Signs 

4. Bruit aver thyroid 


2. Exophthaimos 
3. Lid retraction 
4. Lidlag 
5. Hyperkinetic movements 
6. Fine finger tremors 
7. Hands hot 
Moist 
8. Atrial fibration 
9. Pulse rate 60/minute 
80-90/minute 
More than 90/minute 
10. Palpable thyroid 
< 11 points—nontoxic goitre 


ea 
42 
42 


Present 


11-19 equivocal 


Lid retraction: Here upper eyelid is higher than normal: 
lower eyelid is in normal position, It is due to sympa- 
thetic over activity causing spasm of involuntary smooth 
muscle part of the levator palpebrae supetioris (Muller's 
muscle). It is a sign of thyrotoxicosis, not a sign of 
exophthalmos. 

von Graefe’s sign (Lid Lag’s sign): It is inability of the 
upper eyelid to keep pace with th 
downwards to follow the examiners finger. 

Dalrymple’s sign: Upper eyelid retraction, so visibility of 
upper sclera 

Stellwag's sign: Absence of normal blinking—so staring 
ook. First sign to appear. It is due to widening of palpebral 
fissure due to lid retraction and also due to contraction of 
voluntary part of levator palpebrae superioris muscle. 
Joffroy’s sign: Absence of wrinkling on forehead when 
patient looks up (frowns). 

‘Moebius sign: It is lack of convergence of eyeball. Def 
tive convergence is due to lymphocytic infiltration of 
inferior oblique and rectus muscles in case of primary 


all when it looks 


Absent 


Absent 


> 19 points—toxic 


thyrotoxicosis. There will be diplopia, It may be an early 
sign of eventual ophthalmoplegia. 

7. Jellinek’s sign: Increased pigmentation of eyelid margins. 

8. Enroth sign: Oedema of eyelids and conjunctiva, 

9. Rosenbach + sign: Tremor of closed eyelids. 

0. Gifford’s sign: Difficulty in everting upper eyelid in 
primary toxic thyroid, Differentiates from exophthalmos, 
of other causes. 

11. Loewi's sign: Dilatation of pupil with weak adrenaline 

solution, 

12. Knie’s sign: Unequal pupillary dilatation. 

3, Cowen sign: Jerky pupillary contraction to consensual 
light. 

14, Kocher’s sign: When clinician places his hands on patient's 
eyes and lifts it higher, patient’s upper lid springs up more 
quickly than eyebrows, 

15, Naffziger’s sign: With patient in sitting position and neck 
fully extended, protruded eyeball can be visualized when 
observed from behind. 


sacs ueicsrancae 
Stellwag’s sign—mild frst sign to appear 
von Graefe's sign—mild 


Joffray's sign—moderate 
‘Moebius sign—severe 


res 


EXOPHTHALMOS 


# Itis proptosis of the eye, caused by infiltration of the retrob- 
ulbar tissues with fluid and round cells, with lid spasm of 
upper eyelid (Lid spasm is spasm of levator palpebrae superi- 
oris muscle which is partly innervated by sympathetic fibres) 

# Sclera can be seen clearly below the limbus of the eye. 

¢ Proptosis can be measured by exophthalmometer. 

# Exophthalmos is often self limiting, but not always. Sleeping 
in propped up position and lateral tarsorthaphy will help to 
protect the eye 


Severe Exophthalmos 


¢ Eyelid oedema, chemosis, conjunctival injection. 
¢ Diplopia, ophthalmoplegia (complete weakness of all 
extraocular muscles and so no movements possible). 
# Comeal ulceration. 
# Papilloedema soon develops, 
Finally it may also cause loss of vision 
It is called as malignant exophthalmos (1t is misnomer 
even though it is not malignant nor related to any malignancy). 
‘Treatment is emergency, ic. large doses of systemic 
steroids (Prednisolone) are given along with orbital decom- 
pression, systemic antibiotics, steroid drops, antibiotic drops. 
Remember: 
> Antithyroid drugs may worsen exophthalmos and the 
patient should be observed once antithyroid drugs are 
started as steroid supplementation may be required. 
> Ophthalmopathy may worsen by thyroidectomy or 
radioiodine therapy also. 


‘Treatment of severe exophthalmos 
‘Steroids intravenously 
& Wantibiotics 
& Guanethidine, steroid, antibiotic drops 
Lateral tarsorrhaphy 
Orbital decompression by surgical removal of lateral wall 
or roof of orbit 
Diuretics 
4 Dark spectacles protective eye patches 
+ Eyelid surgeries, extraocular muscle surgeries 
Local radiation therapy to orbital space 
& 1% methylcellulose eye drops to prevent comeal ulceration. 
Sleeping with head end elevation 


‘& Lid retraction is higher upper eyelid with normal lower eyelid 
‘with visible sclera adjacent to upper eyelid 

‘© Lid lag is inability of the upper eyelid to keep pace with the 
eyeball when itlooks downwards to follow the examiners finger 

‘& Exophthalmosis visible sclera irstbelow (lower part) the lower 
edge of the iris and later eventually upper part of sclera will 
be visible It is due to pushing of the eyeball forwards due to 
fat, oedema fluid, cells ike macrophages in retrobulbar space 


<= 


Upper eyelid between 


‘Normal Upper limbus and pupil 
Upper eyelid raised 
Ld retraction lower eyelid normal 
Both upper and lower 
‘eyelids away from the 
‘centre with visible sclera 
Exophthalmos all around mainly below 


Fig. 6.40: Diagram showing normal relation of eyelid and pupil in 
lid retraction and exophthalmos. 


Pay 


Fig. 6. 


Malignant exophthalmos, 


You don't drown by falling in the water; you drown by staying there —Edwin Louis Cole 
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It is a standard result of the thin shell or junction condition formalism that the Einstein field equation 
may be cast in terms of the surface stress-energy tensor S of the thin matter-energy shell localized in 3 
(note: we are exploiting the symmetry of the wormhole with respect to interchange of the two flat regions 
Q) and 23): 


42G 


where G is Newton’s gravitational constant and 8 is the (three-dimensional) unit matrix. K*; is the trace 
of equation (2.3): 


K‘,=TrK', 


and 


5K 2.6) 


The thin matter-energy shell’s surface stress-energy tensor may be interpreted in terms of the surface 
energy density o and principal surface tensions ®; and By 


0 (28), 


‘Thus we arrive at the Einstein field equation by equating (2.8) and (2.7) and multiplying both sides by —1 


Approved for public release; distribution unlimited. 
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Important signs to be remembered 

‘® Visible lower selera—sign of exophthalmos 

© Naffeiger’s sign 

von Graefe's sign-upper lid lag—contraction/overactivity 
of the involuntary part of the levator palpebrae superioris 
muscle—Muller's muscle 

 Joffroy’ssign 

& Moebius sign—mostimportant—early sign of ophthalmoplegia 


‘Thyroid ophthalmopathy in Grave's disease-Werner’s 
‘abridged classification of ocular changes with van Dyke's 
‘modification 


Class-grade Definition 

0 No signs and symptoms 

1 Eye signs only—refer table below for eye 
signs 

2 Soft tissue involvement 

3 Proptosis more than 22 mm 

4 Extraocular muscle involvement 

5 Corneal involvement: ulceration 

6 Loss of sight/vision due to optic nerve and 
corneal involvement. 

Eyesigns only 


+ Resistance to retro-displacement of eye 
@ edema of conjunctiva and caruncle 

@ Lacrimal gland enlargement 

‘@ Injection of conjunctiva 

& edema and fullness of lids 


Grading of exophthalmos 

| Mild: Widening of palpebral fissure due to lid retraction 

Moderate: Orbital deposition of fat causing bulging with 
positive Joffroy’s sign. 

‘& Severe: Congestion with intraorbital oedema, raised intra- 
‘ocular pressure, diplopia and ophthalmoplegia 

+ Progressive: In spite of proper treatment progression of 
eye signs is seen with chemasis, corneal ulceration and 
ophthalmoplegia 


2. Cardiac Manifestations 


1, Tachyeardia is common, 
As per Crile’s grading 
Sleeping pulse rate is usually checked for three consecutive 
nights and average is taken as the value. 


Pulse rate 
@ Grade l:< 90/mt 

@ Grade Il:90-110/mt 

@ Grade Il>110/mt. 


Ectopic. 
Pulsus paradoxus. 

Wide pulse pressure. 

Multiple extrasystoles. 

Paroxysmal atrial tachycardia, 

Paroxysmal atrial fibrillation, 

Persistent atrial fibrillation (not responsive to digoxin), 


3. Myopathy 


1. Weakness of proximal muscles occurs, i.e, the front thigh 
muscles, arm muscles, 

2. Weakness is more when muscle contracts isometrically 
cither while getting down steps, or lifting a full bucket. 

3. Often when itis severe it resembles myasthenia gravis. Once 
hyperthyroidism is controlled recovery occurs. 


4. Pretibial Myxoedema 


It is a misnomer. Pretibial myxoedema is often a feature of 

primary thyrotoxicosis: 

Is usually bilateral, symmetrical, shiny, red thickened dry 
skin with coarse hair in the feet and ankles, 

# In severe cases skin of entire leg below the knee with 
involvement of foot and ankle can occur. 

# Itis due to deposition of myxomatous tissues (mucin like 
deposits) in skin and subcutaneous plane. Glycosaminogly- 
cans (hyaluronic acid) deposition occurs. 

# I might or might not regress completely after treatment 
for toxicity. 

# Itis associated with exophthalmos with high levels of 
thyroid stimulating antibodies. 

# Skin becomes cyanotic when cold, Skin changes in toxicosis 
are called as thyroid dermopathy. They include—pretibial 
myxoedema, pruritus, palmar erythema, hair thinning, 
Dupuytren’s contracture (fascial). 


5. Thyroid Acropachy 


Thyroid acropachy is clubbing of fingers and toes in primary 
thyrotoxicosis, Hypertrophic pulmonary osteoarthropathy can 
develop. 


6. Others 


% Thrill is felt in the upper pole of the thyroid and also bruit 
‘on auscultation. It is because in upper pole, superior thyroid 
artery enters the gland superficially and so thrill and bruit 
‘can easily be felt. In lower pole inferior thyroid artery enters 
the gland from deeper plane and so thrill cannot be felt. 

# Hepatosplenomegaly. 


TOXIC NODULE 


# Isa solitary overactive nodule. 

# There is an autonomous hypertrophy and hyperplasia of a 
part of the gland where there is a nodule. [It is not due to 
‘Thyroid stimulating antibody (T's Ab) 

# Here high levels of circulating thyroid hormones suppress 
‘TSH secretion and so, normal thyroid tissue surrounding the 
nodule is itself suppressed and inactive. 

# Once patient becomes euthyroid by drugs, surgery (hemithy- 
roidectomy) or radioactive iodine therapy 1'*" in a thera- 
peutic dose of 5 m curie is given orally 

Because normal gland is inactive, radioa 
‘only the autonomous nodule, allowing the normal gland to 
remain intact which later gets activated and functions normally 


¢ iodine affects 


‘Causes of exophthalmos 


Endocrinal 
+ Thyrotoxicosis—common 
+ Cushing's syndrome, acromegaly—rare 


Congenital deformities of skull 
+ Craniostenosis, oxycephaly, hypertelorism 
Primary tumours 

+ Periorbital meningioma 

+ Optic nerve glioma 

+ Orbital haemangioma 

+ Lymphoma: 

+ Osteoma 

+ Pseudo tumour—granuloma 

‘Secondary tumours 

+ Antral carcinoma, neuroblastoma 
Inflammatory 

* Orbital celluites, frontal sinusitis 

Vascular causes 

+ Cavemous sinus thrombosis/A-V fistula 

+ Ophthalmic artery aneurysm 

Other eye causes 

+ Severe myopia 

+ Severe glaucoma—buphthalmas 


Causes of pulsating exophthalmos | 
Caroid-cavernous sinus ALV fistula 

Cavernous sinus thrombosis 

Orbital vascular neoplasm 

Orbital haemangioma 

Ophthalmic artery aneurysm 


Drugs are used initially, only fora temporary period to make 
the patient euthyroid. 

# Before the age of 45, surgery is preferred. 

# After 45 years age, radioiodine therapy is used. 


Investigations 


# Thyroid fiction tests 
Serum T3 and T, levels ate very high. TSH is very low or 
undetectable. Sometimes, only T level is increased and is 
called as 7; toxicosis. Here in T; toxicosis, free T; estima- 
tion is important. Free'Ts, free Ts estimation is done as total 
T; and total T, levels will vary depending on the amount of 
thyroid binding globulin (TBG). TBG will be raised in preg- 
nancy, cithosis, hyperestrogenism. It decreases in conditions 
with high androgen level, hypoproteinaemia, acromegaly. 
Free T, and free T4 are measured using radioimmunoassay. 
Normal free Ts is 3.0-9.0 pmol/L; free Ty is 8-26 nmol/L, 
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+ Radioisotope study 
» Radioisotope study by 1!3! (Diagnostic dose -5 micro- 
curie is used) shows more uptake, ie. hot nodules or 
hot areas. This is very useful in autonomous solitary 

toxic nodule. 

> 1! causes more irradiation and its half life is 8 days. 
So intravenous "Te is used for diagnostic purpose. 
99m technetium has become isotope of choice for 
diagnosis as itis cheap, less radiation, scanning is done 
20 minutes after IV injection of "Te (half life is 6 
hours). Drawback of technetium is that it concentrates 
in carcinoma, so forms hot nodule (means hot nodule 
need not be benign in Te scanning). Warm nodule in Te 
scan may appear as cold nodule in RAI scan and so is 
called as discordant nodule which suggests malignancy. 
If radioactive iodine is used for diagnosis then I' is 
better as it has got short half life (13 hours). 

» Autonomous toxic nodule is absolute indication for 
radioisotope scan in toxic thyroid showing hot nodule. 
Graves disease shows diffuse over activity (uniform), 
hypofunctioning cold nodule in Graves disease could 
bbe malignant. In secondary thyrotoxicosis internodular 
tissues are overactive (heterogenous activity). Nonhy- 
perthyroid toxicosis shows increased uptake in nonthy- 
roid areas of toxicity like struma ovarii in pelvis. 

# TRH estimation. 
% ECG—to look for cardiac involvement; if required opinion 
from cardiologists taken and cardiac problems are managed. 


Dissatisfaction and discouragement are not caused by the absence of things but the absence of vision. 
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¢ Total count and neutrophil count are very essential base line 
investigations before starting antithyroid drugs (as it may 
cause agranulocytosis) 

Thyroid antibodies estimation—antithyroglobulin antibody, 
‘TSH receptor antibody, 


Treatment 


© Antithyraid drugs 
+ Surgery 
 Radiciodine therapy 


1. ANTITHYROID DRUGS 


Indications for antithyroid drugs: 

+ Toxicity in pregnant women—Propyithiouracilis preferred 

+ Toxicity in children and young adults 

+ Before subtotal thyroidectomy to make the patient euthyroid 

+ Soon after starting radioactive" therapy for 6 to 12 weeks 
(Effects of radiotherapy start only in 6 to 12 weeks) 


a, Carbimazole: 

» Is the commonest drug used. 

» Dose is 5-10 mg, exactly 8th hourly (as T1/2 of carbi- 
mazole is 8 hours). Each tablet is 5 mg. 

» Usually given for 12-18 months. 

» Peak plasma level should be maintained in optimum 
concentration to have a proper benefit 

» Often tri-iodothyronine 20 microgram 4 times daily or 
‘Thyroxine 0.1 mg daily are given in combination with 
antithyroid drugs, to prevent iatrogenic thyroid insul- 
ficiency or to prevent the increase in size of goitre. 

> Itacts by blocking thyroid hormone synthesis. Carbima- 
zole also suppresses the autoimmune process in thyroid 
in Grave’s disease 

> Carbimazole causes fever, rashes, arthralgia, myalgia, 
neuritis, lymph node enlargement, liver cell dysfunction, 
psychosis, agranulocytosis, 


b. Methimazole: Alike carbimazole. Dose is 5 to 20 mg daily. 

Jong acting, once a day dose. 
¢. Propyl thiouracil: 

> Itacts by blocking thyroid hormone synthesis as well as 

by blocking peripheral conversion of Ty to Ts. 

> Italso decreases the thyroid autoantibody levels. 

» It can be given for hyperthyroidism in children and in 

pregnancy, lactation. 

» Dose is 200 mg 8th hourly. 

PTU causes dose unrelated hepatoxicity; agranulocytosis; 
antineutrophilic cytoplasmic antibody in 20% of patients after 
Jong term usage. 

Antithyroid drugs are continued during and after surgery, for 
7-10 days. It has to be given after starting radioactive iodine 
therapy for 6 weeks to 12 weeks. 

Response to treatment and possibility of relapse in primary 
thyrotoxicosis can be assessed by studying HLA status and 
‘TsAb level 
4. Propranolol: 
¢ Itis.a beta blocker, which is used as an antithyroid drug. 

# Dose is 40 mg tid. 


# Itteduces the cardiac problems and also blocks the periph- 
cral conversion of T, to Ts, as itis the Ts which is the prin- 
ciple active agent in periphery 

# Contraindications are bronchial asthma, heart block, cardiac 
failure 

# Long acting nadolol 160 mg OD can also be used, 

€. Lugol's iodine (5% iodine + 10% potassium iodide): 

It decreases the vascularity of the gland and makes it more 
firm and easier to handle during surgery. Dose is 10-30 
drops/day (minims) for 10 days prior to surgery. Potassium 
iodide tablets 60 mg tid also can be given instead of Lugol's 
iodine. But its use at present is disqualified. 

(One minim = one drop. One ml = 16 drops) 


Note: 

Lugol's iodine prevents the release of hormone from the gland ~ 

thyroid constipation. After 2 weeks, effect of Lugols iodine is lost 

causing thyroid escape from iodine contro. 

£. Block and replacement therapy: 

It is giving high dose of carbimazole to inhibit T and T, 

production compeltely with a maintenance dose of 0.1 mg of 

L thyroxine, It reduces the iatrogenic thyroid insufficiency. 

g. High dose of glucocorticoids impair peripheral conversion 
of T, to T; and also lowers serum TSH level; hence can be 
used in severe resistant/refractory cases. 


Advantages of Antithyroid Drugs 


1. Avoids surgery and its complications. 
2. Avoids radioiodine therapy 

Clinical improvement occurs in 2 weeks. Biochemical 
improvement occurs in 6 weeks 

Remission is confirmed by TsAb assessment, which will be 
low 

Permanent remission rate is very less in adults and is 20% 
in children, 


Disadvantages 


1, Prolonged course of treatment for 18 months, and in spite 

of this cannot predict the remission or relapse. Relapse rate 

is 40%. Large gland/severe disease/abnormal TSH receptor 

antibodies (TSH-RAbs) are likely to lead into high recur- 

rence. 

Size of swelling may not regress. 

3. It may lead to agranulocytosis and thrombocytopenia, liver 
damage, hair loss (except propranolol) 
Sore throat is the earliest presentation of agranulocytosis. 
If it is so, drug is stopped, total count is done. I itis less, 
agranulocytosis is confirmed. High doses of injection benzyl 
penicillin 10-20 lac, 6th hourly, IV is started to prevent infec- 
tion, [f required, blood transfusion is done. Patient usually 
recovers by this. To control toxicity, Tab. Propranolol 40 mg 
tidis started. Rarely they need bone marrow transplantation. 


Other Antithyroid Drugs which are not Commonly 
Used are: 


# Potassium perchlorate inhibits iodide transport. 
# Lopanoic acid 50 mg is used in severe unresponsive cases. 
It inhibits peripheral conversion of T, to T 


Lithium carbonate 300 mg 6th hourly. 
Guanethidine 40 mg orally 6th hourly. 

Reserpine 5 mg IM. 

Dexamethasone 2 mg orally 6th hourly. It inhibits peripheral 
conversion of T, to Ts. It is used in thyroid storm, 

# 2 mg IV propranolol in thyroid storm. 


eeee 


2, SURGERY 


Indications 


failure of drug treatment n primary thyrotoxicosis in young 
patients 

‘Autonomous toxic nodule 

Nodular toxic goitre 

When malignancy cannot be ruled out 

Graves disease in children, Graves with nodules 

Need for antithyroid drugs for more than 2 years. 

Large goitre, substernal/intrathoracic goltre 

Pressure symptoms, Graves ophthalmopathy 

‘Amiodarone induced thyrotoxicosis, 


eeeeeese 


Surgery done is subtotal thyroidectomy—Both lobes with 
isthmus are removed and a tissue equivalent to pulp of 
finger is retained at lower pole of the gland on both sides 
(5-8 grams), 

# In autonomous nodule, hemithyroidectomy is done. Here 
entire lateral lobe with whole of isthmus is removed. 

¢ Itis now observed that fofal thyroidectomy may be a better 
option in Graves disease to achieve lowest relapse rate and 
successful stabilisation of thyroid ophthalmopathy as it 
clears the antigenic focus in thyroid completely 


Advantages 


¢ Rapid and high cure rate 

# Problems of radioiodine therapy are avoided. 

¢ Surgery provides tissue for biopsy, removes the occult 
malignant foci 


# Surgery is better option for ophthalmopathy due to thyro- 
toxicosis. 

# tis the option for women planning for child. 

# Coexisting parathyroid carcinoma can be removed, 

# For intrathoracic retrostemal toxic thyroid, surgery is the 
choice, Antithyroid drugs and also radioactive iodine may 
increase the goitre size, 

Patient should be made euthyroid before doing surgery. (It 
should be confirmed by repeated estimation of serum Ts, Ty 
and TSH levels). 


Disadvantages 


# Recurrent thyrotoxicosis (5%. 

¢ Thyroid insufficiency (20-45%). It is revealed in 6 months 
to 2 years and is confirmed by estimating Ts, T, and TSH 
levels. Hypothyroidism is better than recurrent thyrotoxi- 
cosis. It is treated by tab. L-thyroxine 0.1 mg daily (OD) 
for life-long 

+ Complications of thyroid surgery itself, 


3. RADIOIODINE THERAPY 


Indications 


‘& Primary thyrotoxicosis after 45 years of age 
@ Inautonomous toxic nodule 
‘@ In recurrent thyrotoxicosis 


# Radioiodine destroys the cells and causes the complete 
ablation of thyroid gland. It is given only after the age of 
45 years, as the chances of genetic mutation (damage), 
leukaemia, carcinomas are high in younger individual. 

# Usual dose is 5 10 10 millicurie, or 160 microcurie/gm of 
thyroid. 

Patient is made euthyroid using antithyroid drugs; drug is 
discontinued for 5 days; '*! 300-600 MBq is given orally 
antithyroid drugs are started after 7 days and are continued 
for 8 weeks. In 30% of patients additional 2 or 3 doses may 
be required. 


Choice of therapies 


Condition Age Treatment 
1. Diffuse toxic goitre: 
a, Small goitre Over 45 years Antithyroid drugs for 18 months 
b. Large goitre Under 45 years  Radioiodine therapy Surgery (Subtotal 
thyroidectomy) 
2, Toxic nodular goitre ‘Surgery (Subtotal thyroidectomy) 
Initially antithyroid drugs are given to make the 
patient euthyroid before surgery 
3. Toxie solitary nodule Over 45 years Radioiodine 
Under 45 years Surgery (Hemithyroidectomy) 
4, Recurrent thyrotoxicosis Under 45 years _Antithyroid drugs 
after surgery Over 45 years Radioiodine therapy 
5, Failure of antithyroid drugs Surgery 
or radioiodine therapy 


Don't spend a dollars’ worth of time for ten cents worth of results. 
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¢ Itakes 3 months to get full response and so until then, the 
patient has to take antithyroid drugs. Often additional one or 
two doses of radioiodine are required to have complete abla- 
tion. Eventually they go for hypothyroidism and so require 
maintenance dose of L-thyroxine 0.1 mg daily. 

¢ To give therapeutic dose, patient should be admitted and 
isolated for 7 days (Half life) to prevent irradiation. It 
is given orally soon after getting from the manufacturer 
without much delay to have optimal efficacy. 


Advantages 

1, No surgery. 

2. No prolonged drug therapy. 
3. Cure rate 90% 


Disadvantages 


1, Availability of facilities. 
2, Proper follow-up is essential 


TOXIC THYROID IN PREGNANCY 


* Radioiodine therapy is absolutely contraindicated in preg- 
nancy (High-risk to foetus). 

# Antithyroid drugs can be administered carefully. 

But, the problem here is that both TSH and antithyroid drugs 
cross the placental barrier and baby bom may be hypothy- 
roid and goitrous. 

# Propylthiouracil is preferred in pregnancy. 

Subtotal thyroidectomy can be done in second trimester. 


TOXIC THYROID IN CHILDREN 


# Radioiodine therapy is absolutely contraindicated in 
children because of the high-risk of developing thyroid 

Recurrence rate is also very high after surgery. 

¢ So proposed treatment is, initially antithyroid drugs are 
given until adolescent period and then subtotal thyroide 
tomy is done. 


THYROCARDIAC 


Severe cardiac damage (partly or wholly) resulting from 
hyperthyroidism, usually secondary type, requires proper 
opinion from cardiologists and treatment with propranolol 
Subtotal thyroidectomy is the treatment. 


IN A PATIENT WITH THYROTOXICOSIS, WITH 
RECENT ONSET OF PROPTOSIS 


Early thyroidectomy has to be avoided, because early surgery 
may precipitate malignant exophthalmos. Here the patient has 
to be treated initially with antithyroid drugs and if required with 
steroids, until the proptosis has remained static for six months. 
‘Then subtotal thyroidectomy is done. 

Since half-life of L-thyroxine is 7 days, propranolol and 
antithyroid drugs has to be continued for 7 days after thyroid- 
ectomy, 

‘T, Thyrotoxicosis should be suspected if the clinical picture 
is suggestive of toxicosis, but routine tests for thyroid function 
are within normal range. 


@ RADIOACTIVE IODINE 


Itis used both as a diagnostic as well as a therapeutic agent 
1. 1s used for radioactive iodine therapy (P-rays are 
used). 
2. 18 is used for diagnostic studies (y-rays are used). 
For diagnostic purpose I" is given orally in empty stomach 
‘on previous day (dose—S micro curie; Ty (half life) of I is 13 
hhours and so itis suitable for diagnostic purpose). Patient should 
not take L-thyroxine for 6 weeks prior to radioisotope study. 


Note: 
If patient is on T; (60 g/day) medication, the drug is stopped 10 
days before radioisotope scan. 

Injection TRH, if given, radioisotope scan can be done in 
24 hours. 

‘Thyroid treats this 1° similar to inorganic 1”. This 1 
enters the thyroid from the circulation and gets incorporated 
into Ts, T, and later released into citculation as protein bound 
iodide (PBI). Normal value of PBL is 8 gm. 

Using Gieger Muller's gamma ray counter, scanning of 
thyroid gland is done to visualize the gland. 

# Hot area suggests more uptake, 
# Warm area suggests normal uptake, 
# Cold area suggests no uptake. 

1% radioisotope can be safely used in children and preg- 
nancy for diagnostic purpose only (5 microcurie) as the dose 
is low. 


Note: 

+ Presently !" is also becoming popular as a diagnostic tool. Far 
treating malignancy f-rays are more used than 7-rays. 

+ Technetium 99 scan is used for diagnostic purpose at present 
as it s effective and faster (in 20 minutes). IV administration is 
used. 


Indications for diagnostic radioactive iodine study 

® Doubtful toxicity 

® Ectopic thyroid 

® Autonomous toxic nodule 

+ After total thyroidectomy, to look for secondaries in folicular 
carcinoma thyroid 

+ Retrosternal thyroid 


Radioisotope study is done to look for secondaries by 
doing whole body scanning (total body scintygraphy). For 
diagnostic radioactive study Technetium 99 pertechnetate can 
also be used. 


Therapeutic Uses 


1. In primary thyrotoxicosis after 45 years, 

2. In autonomous toxic nodule after 45 years, it is useful as 
remaining gland still will function adequately after radio- 
therapy (As during radiotherapy radioisotope will not be 
taken up by this retained normal gland as it is suppressed 
in the presence of toxic nodule which will function later 
adequately), 

3. In follicular carcinoma of thyroid, afer total thyroidectomy, 
if there are secondaries elsewhere in the body, as in bones 


or lungs, then radioiodine therapy is given. 1" is given 


as its half-life is 8 days. Patient should be isolated for this 
period and careful disposal of urine has to be done during 
this period. It is given orally in a dose of 5 millicuries (160 
microcurie/gm of thyroid) 


Problems in Radioactive lodine Therapy 


# Permanent thyroid failure with hypothyroidism. 
Genetic damage, leukaemia, damage to foetus. 

¢ Effects will be seen only after 3 months. 

¢ Ophthalmopathy and dermopathy will be worsened. 
¢ ‘There is risk of malignant transformation of thyroid. 
¢ Itmay induce hyperparathyroidism. 


Dose of radioactive iodine 


Diagnostic Therapeutic 
+ For thyroid-5-50 microcurie > Residual thyroid 
ablation—50 mCi 
+ Bone secondaries from 
FCT—100-120 mCi 


+ Lung secondaries from 
FCT—180 mCi 


+ For whole body fodine scan 
5-10 millicurie in 72 hours 


Contraindications for Ra 
lodine Therapy 


active 


¢ Pregnancy/females desiring to have pregnancy within 1 
yearilactating mothers. 
# Children/adolescents, 


Radioactive isotopes used in thyroid 


Isotopes Route of Halflife Type of 
administration rays 

= Oral 13hr yrays 

( Oral B0days —yrays 

i Oral Sdays i, yrays 

= Oral 23hr 

Te 99 scan" IV 6hr 


* Used mainly for malignancy in thyroid itself. tis sensitive, con- 
Venient, low radiation exposure, inexpensive, with good images 
but nonspecific and not used for therapy. 

Lithium is also used as isotope for diagnosis in thy diseases, 
“Technetium is better to identify nonfunctioning secondaries. 


Note 


High dose of retinoic acid will make I" to concentrate in 
tumour cells (70 mg/day for2 weeks) 

+ Fertility should be avoided for 1 year after therapy 

+ Avoid contrast CT in thyroid diseases as much as possible 
because I" study in later period will be difficult 

‘& MRlis ideal when radioiodine therapy is needed 


@ THYROID NEOPLASMS 


A. Benign 
a, Follicular adenoma—colloid, embryonal, fetal 
b. Hurthle cell adenoma. 
Colloid adenoma (commonest adenoma). 
Papillary adenoma—its existence is doubtful. It is invariably 
low-grade papillary carcinoma. 
B. Malignant (Dunhill classification). 
a. Differentiated —80% 
1. Papillary carcinoma (60%). 
Follicular carcinoma (17%). 
Papillofollicular carcinoma behaves like papillary carci- 
noma of thyroid, 
4, Hurthle cell carcinoma behaves like follicular carcinoma, 
b. Undifferentiated —20% 
Anaplastic carcinoma (13%). 
©. Medullary carcinoma (6% 
. Malignant lymphoma (4%) 
©. Secondaries in thyroid (rare)—from colon, kidney, mela 
noma, breast 
Annual incidence of thyroid cancers is 3.7 pet 1,00,000 
population. It is common in females (3:1). 
Papillary carcinoma mainly spreads through lymphatics; folli- 
cular through blood; anaplastic through lymphatics and blood, 


Aetiology of Thyroid Malignancy 


1. Radiation either external or radioiodine can cause papillary 
carcinoma thyroid. There is increased incidence of thyroid 
carcinoma among children following exposure to ionising 
radiation after the Chernoby! nuclear disaster in Ukraine in 
1986. 

Earlier irradiation was practised to head and neck region 
to treat benign conditions like tonsillitis, adenoids, thymus 
enlargement, acne vulgaris, haemangiomas during first two 
decades of life. As a consequence papillary carcinoma of 
thyroid became common in these individuals. Radiotherapy 
received in adolescent period for Hodgkin's lymphoma may 
predispose to papillary carcinoma 

2. Pre-existing multinodular goitre. It turns into follicular 
carcinoma of thyroid. 

3. Medullary carcinoma thyroid is often familial 

4. Hashimoto’s thyroiditis may predispose to NHL/papillary 

carcinoma of thyroid. 

Familial 

Elevated TSH is observed in papillary carcinoma of thyroid 

Genetic —Cowden syndrome is differentiated thyroid carci- 

noma, carcinoma breast, multiple hamartomas. It is due 

to germ cell mutation of PTEN tumour suppressor gene. 

Oncogenes—C mye, C erb, , C fos, Ras are associated 

thyroid neoplasms. 


@ DIFFERENTIATED THYROID 
CARCINOMA (DTC) 


# DTC isa spectrum of disease derived from follicular cells 
Both papillary and follicular carcinomas are grouped under 


Happiness is always an inside job. 
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this, 90% of thyroid malignancies are differentiated one. 
Papillary, follicular and Hurthle cell carcinomas are DTCs. 

¢ AGES (Mayo Clinic, Hay); AMES (Lahey Clinic): MACIS: 
Sloan Kettering scoring—are different scoring systems used 
for DTCs. Sloan Kettering scoring includes low, interme- 
diate and high risk groups. First three scoring systems have 
low and high risk groups, 

# Papillary carcinoma spreads to lymph nodes; follicular 
carcinoma through blood. FCT causes pulsatile vascular 
secondari 


¢ of thyrotoxicosis in DTCs is 2%, 

 Galectin—3, RET/PTC rearrangements, CD44 are the prob- 
able tumour markers under evaluation, 

# TNM staging for DTCs are: Tx—primary tumour size 
unknown; T1—<2 em; T2—2-4 em; T3—> 4 em limited to 
thyroid or only minimally extrathyroid extension (to stemo- 
thyroid soft tissue); T4a—invasion to subcutaneous tissue, 
larynx, trachea, oesophagus and recurrent laryngeal nerve: 
‘Tab—invasion to prevertebral fascia, carotid encasement, 
NO—no nodes; Nla—spread to level VI (pre/paratracheal, 
prellaryngeal): NIb—neck nodal spread same or opposite or 
both sides and superior mediastinal nodes. MO—no distant 
spread; M1—distant spread present. Age is included in staging, 


(CECE TEI OC 


‘Age less than 45 years 
Stage | AntT,any N,MO;Stage il any T,anyN, M1. 

‘Age after 45 years 

Stage |-T1, NO, MO; Stage -T2,NO.MO; 

Stage Il -T3,NO,MO or T1,N1a,NO;T2,N1a, MO;T3,Nia.MO 

Stage IVA - T4a,NO,MO; Téa, N1a, MO;T1,N1b,MO; T2,N1b,MO; 
T3.NTbMO;T4a,N1bMO 

Stage IVB - Tab, any N;MO 

Stage IVC - Any any N, MT 


American Thyroid Association for predicting the risk of | 
‘recurrence 


Low risk—90% of patients 
+ Microscopic tumour clearance 

+ Nospread to node/blood 

+ No capsular/vascular invasion 

+ Extrathyroid ls, uptake is not found 
& 25 year mortality is 2% 
Intermediate risk 

+ Microscopic perithyri 
+ Vascular invasion 
High risk 

+ Incomplete tumour removal 
+ Macroscopic invasion 

+ Distant spread 
+ 
* 


Extrathyroid bed 1131 uptake present 
25 years mortality is 463 


# Total/near total thyroidectomy, central compartment dissec- 
tion + MRND, suppressive L-thyroxine radioactive iodine 
therapies are different modalities of treatment 

# They usually carry good prognosis. 


Figs 6.42A and B: (A) Fungating follicular carcinoma thyroid in a 
female. (B) Pulsatile vascular skull secondaries from FCT in a male 
patient. 


¢ Tall/columnar cell, trabecular, scirrhous, solid types of 
papillary carcinoma; oxyphilic, insular types of FCT carry 
poor prognosis. 


ll PAPILLARY CARCINOMA OF THYROID (PCT) 
+ Itis 60% common, 

+ Common in females and younger age group. 

Aetiology 


+ Radiation either external or radioactive iodine therapy. 
‘TSH levels in the blood of these patients are high and so it 
is called as hormone dependent tumour. 


Papillary 
carcinoma 


Enlarged 
lymph nodes 


Papillary carcinoma of thyroid with nodal infiltration— 
diagrammatic representation. 


Woolner Classification 
Types 


i, Occult primary (< 1.5 em). 
ii, Intrathyroidal 
ili, Extrathyroidal 
Micropapillary carcinoma is a tumour, clinically not detect- 
able or less than 1 em, 

¢ Encapsulated variant of papillary carcinoma, ike adenoma 
shows capsule with local invasion, commonly nodal spread; 
it often mimics hyperplastic nodule; but this type carries 
good prognosis. 

Diffuse sclerosing variant is seen in children which is very 
aggressive type with lymphocytic infiltration; it shows near 
100% nodal spread; it earries poor prognosis, 

Encapsulated papillary variant and follicular carcinoma 
may be found together as papillofollicular (Lindsay 
tumour); it behaves like papillary carcinoma with good 
prognosis. 


Gross 


It can be soft, firm, hard, cystic. It can be solitary or multi- 
nodular. It contains brownish black uid, 


Microscopy 


4 Itshows eystic spaces, papillary projections with psammoma 
bodies, malignant cells with ‘Orphan Annie eye’ nuclei 
(intranuclear eytoplasmic inclusions) 

¢ Orphan Annie eye nuclei are identified in histology 
(paraffin section of formalin tissue). It snot seen in FNAC. 
Orphan Annie is strip cartoon character with empty circled 
eyes. 

4 Tal cell type of papillary carcinoma (10% of papillary 
carcinomas) is very aggressive type seen in elderly, 30% 


show capsular and vascular invasion, with 25-30% 5 year 
survival rate. 

 Columnar type is seen only in males with near 100% 
mortality in 5 years 


Spread 

# Itisa slowly progressive and less aggressive tumour. 

¢ Itis commonly multicentric. 

¢ Itspreads within the gland through intrathyroidal lymphatics 
to other lobe, comes out of the capsule and spreads to 
cervical lymph nodes, 

Usually there is no blood spread, Extrathyroidal disease— 
invasion into thyroid capsule can cause blood born second- 
aries occasionally 


Fig. 6.44: Papillary carcinoma thyroid, operated specimen. 


Clinical Features 


# Soft or hard or firm, solid or eystic, solitary or multinodular 
thyroid swelling, 

# Compression features are uncommon in papillary carcinoma 
thyroid. 

Often discrete lymph nodes in the neck (40%) are palpable. 

# May present with secondaries in neck lymph nodes with 
‘occult primary. 


Diagnosis 

ENAC of thyroid nodule and lymph node. 

Radioisotope scan shows cold nodule. 

‘TSH level in the blood is higher. 

Plain X-ray neck shows fine calcification whereas nodular 

goitre shows coarse—ring/rim calcification. 

© U/S neck or CT sean neck (better) to ident 
nodes in neck. 


eee 


non- palpable 


Take time to think—It is the source of power. 
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Fig. 6.45: FNAC of thyroid (Courtesy: Dr Krishna Upadhya 
Pathologist, Nandikoor Laboratory, Mangalore), 


Treatment 


# Total or near total thyroidectomy, with central node 
compartment dissection (level V1). 

4 Suppressive dose of L-thyroxine 0.3 mg OD life long. TSH 
level should be < 0.1 m U/L. 

¢ MRND (modified radical neck dissection) type Il (fune- 
tional neck dissection), is required if lymph nodes are 
involved. 

Occasionally if small lymph nodes are present, ‘Berry 
picking’ may be done (universally not accepted). (Not done 
now). 

¢ Present concept is extrathyroidal type also responds well to 
radioactive 1!" therapy. 


Note: 

+ Iftumour is < 1.0 cm, solitary, low grade, probably unicentric, 
hemithyroidectomy is done with proper follow up at regular 
intervals. 

+ Suppressive dose of Lthyroxine can cause osteoporosis and so 
often needs calcium and Vitamin D supplementation, 


Prognosis 


Prognosis is good and it is one of the curable malignancies. 


AMES scoring 

‘A : Age. Age less than 40 years has got better prognosis 

M : Distant metastasis 

E : Extent of the primary tumour 

S : Size of the tumour. Size less than 4 cm has got better prog- 
nosis 


AGES scoring 

+ Age less than 40 years has got better prognosis 

: Pathologic grade of the tumour 

+ Extent of the primary tumour 

+ Size of the primary tumour, Size less than 4cm has got better 
prognosis 


uma> 


Note: 


+ Lymph node status does not alter the prognosis of papillary 
carcinoma of thyroid. 

+ MACIS scoring system is metastases, age, and completeness of 
excision, invasion, and size, 


All scoring systems categorise the patients as high risk for 
death—40%»in 20 years; low risk for death—1% in 20 years. 80% 
cof patients are in low risk for death. Low death riskis achieved by 
complete clearance of macroscopic tumour without any possible 
retaining of the disease during first surgery. 

Follow-up: Regular estimation of TSH levels, helps to monitor 


Psammoma bodies are seen in: 
‘& Papillary carcinoma thyroid 
 Meningioma 
& Serous cystadenoma of ovary 


Berry's in thyroid 
Berry ligament 
 Berrysign 
Berry picking 


Thyroid paradox: Cellular tumours are soft, and cystic tumours 
are firm or hard (tensely cystic). It is observed in papillary 
carcinoma of thyroid. 


Role of ultrasound (U/S) in thyroid diseases. 


% To detect number, size, nature of the nodules (cystic/solid/ 
complex) (complex means cystic and solid together—more 
suspicious of carcinoma). Size up to 2 mm can be detected 

@ U/S guided FNAC is very useful 

4 U/Satregularintervalsis advisable to observe a small nodule 
inthyroid 

‘® To detect recurrent nodule 

To find out the invasion/spread/vascularity/status of carotid 
artery and internal jugular vein 

To find out enlarged lymph nodes in neck 


Role of FNACin thyroid swelling 

& Highly sensitive in papillary carcinoma of thyroid and also 
itsnodal spread 

‘Useful to differentiate between benign and malignant 

& Should be done in all thyroid diseases especially when there 
is a nodule or multiple nodules 

Useful in lymphoma/anaplastic carcinoma/medullary carci- 
‘noma thyroid/Hashimatos thyroiditis 

% Itis not very useful in follicular carcinoma as itis dificult to 
differentiate it from follicular adenoma as main feature in 
follicular carcinoma is capsular invasion/vascular invasion 
‘which are nat made out in FNAC 


| FOLLICULAR CARCINOMA OF THYROID (FCT) 


# Itis 17% common. 

# Itis common in females. 

# Itcan occur either de novo or in a pre-existing multinodular 
goitre 

# Thyroglobulin immunostaining is positive, 


Types 


a, Noninvasive—blood spread not common. 


b, Invasive—blood spread common, 
‘Thpical features: Capsular invasion and angioinvasion. 


- 6.46: Total thyroidectomy specimen— 
done for carcinoma thyroid 


Spread 


# It is a more aggressive tumour. 

 Itspreads mainly through blood into the bones, lungs, liver. 

# Bone secondaries are typically vascular, warm, pulsatile, 
localised, commonly in skull, long bones, ribs. 

# It can also spread to lymph nodes in the neck occasionally 
(10%). 


Clinical Features 


Swelling in the neck, firm or hard and nodular. 

‘Tracheal compression/infiltration and stridor. 

Dyspnoea, haemoptysis, chest pain when there are lung 
secondaries 

4, Recurrent laryngeal nerve involvement causes hoarseness 
of voice, +ve “Berry's sign’ signifies advanced malignancy 
(infiltration into the carotid sheath and so absence of carotid 
pulsation), 

Pulsatile secondaries in the skull and long bones. 


Investigations 


Most often FNAC is inconclusive, because capsular and 
angioinvasion, which are the main features in follicular 
carcinoma, cannot be detected by FNAC. 

¢ Frozen section biopsy was said to be useful earlier; but itis 
questionable now. In 15% cases frozen section biopsy may 
be inconclusive or facility for frozen section biopsy may not 
be available in many places, then initial hemithyroidectomy 
is done. 

 U/S abdomen, chest X-ray, X-ray bones are the other inves- 
tigations required. 

# Trucut biopsy gives tissue diagnosis, but danger of haemor- 
rhage and injury to vital structures like trachea, recurrent 
laryngeal nerve, vessels are likely, It may be useful in 


lymphoma and anaplastic carcinoma, but it is not very well 
accepted. 


Treatment 


# Total thyroidectomy is done along with central node 
‘compartment dissection (Level V1), 

% Functional neck node dissection is done with preservation 
of stemnocleidomastoid, spinal accessory nerve and UV if 
nodes are present clinically or by imaging, FNAC shows 
positive node, and on table frozen section biopsy of lymph 
node shows positive for tumour. 

% Maintenance dose of L-thyroxine 0.1 mg OD or T; 80 Hg! 
day is given lifelong. Immediate thyroxin supplementation is 
often not started following surgery to keep TSH level raised 


x 


Figs 6.47 and B: Thyroid swelling which is highly vascular and 
‘malignant in two different patients {male and female), 


Voice can say both: What you have done and what you would not have done also !! 
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0% 0 0 (2.9), 
oo 8 Ye, 
which gives the final result 
(2.10a) 
B= ebay (2.10b) 
4nG p, 
ee Gly (2.10¢), 
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‘These are the Einstein equations. Equations (2.10a-c) imply that (for 9Q convex) we are dealing with 
negative surface energy density and negative surface tensions. This result is in fact the primary matter- 
‘energy requirement for traversable wormholes, as was proved by Morris and Thome (1988), and later by 
Visser (1995), within the paradigm of classical Einstein general relativity. The negative surface tensic 
positive outward pressure, a.k.a. gravitational repulsion or antigravity) is needed to keep the throat 
open and stable against collapse. The reader should not be alarmed at this result. Negative energies and 
negative stress-tensions are an acceptable result both mathematically and physically, and they manifest 
gravitational repulsion (antigravity!) in and around the wormhole throat. One only needs to understand 
what it means for stress-energy to be negative within the proper context. In general relativity the term 
“exotic” is used in place of “negative.” The effects of negative energy have been produced in the 
laboratory (the Casimir Effect is one example). In short, negative energy arises from Heisenberg’s 
quantum uncertainty principle, which requires that the energy density of any electromagnetic, magnetic, 
electric or other fields must fluctuate randomly. Even in a vacuum, where the average energy density is 
zero, the energy density fluctuates. This means that the quantum vacuum can never remain truly empty in 
the classical sense of the term. The quantum picture of the vacuum is that of a turbulent plenum of virtual 
(ie., energy non-conserving) particle pairs that spontaneously pop in and out of existence. The notion of 
“zero energy” in quantum theory corresponds to the vacuum being filled with such fluctuations going on. 
This issue is further elaborated on and clarified in greater detail in Appendix A. We will also revisit this 

n Section 2.2. Finally, it should be noted that for the analysis in this section we assumed an ultrastatic 
wormhole [i.e., goo = 1 => (7) = 0 in equation (2.1)] with the “exotic” matter-energy confined to a tl 
layer, and we dispensed with the assumption of spherical symmetry. 

We can now build a wormhole-stargate and affect vm-Teleportation such that a traveler stepping into 
the throat encounters no exotic matter-energy there. This will require that our wormhole be flat shaped. 
To make the wormhole flat requires that we choose the throat JQ to have at least one flat face (picture the 
thin shell in Figure 3 becoming a flat shell). On that face the two principal radii of curvature become p; = 
P2 = as required by standard geometry. Substituting this into equations (2.10a-c) gives 


Qn, 
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‘Thyroidectomy scar 


Fig. 6.48: Secondaries in the skull in a patient who underwent 
thyroidectomy earlier for follicular carcinoma thyroid. 


Fig. 6.49: Secondaries in the skull rom thyroid primary. Note well: 
localised, warm, pulsatile, vascular tumour with underlying bone 
‘erosion. It is common in flat bone like skull/ribs/steraum/scapula. 
Most common in frontoparietal part of skull 


so that all extrathyroidal tissues that takes up iodine will also 
take up radioiodine to achieve optimum radioablation. TSH 
level should be more than 30 mIU/L for this. 

On table frozen section biopsy is useful in negative FNAC 
but doubtful cases. Definitive procedure is undertaken once 
frozen section report comes on table. But in frozen section 
biopsy itself, 15% of follicular carcinoma report may be 
inconclusive or negative which causes difficulty in taking 
decision. In such occasion hemithyroidectomy is done and 
once histology report of follicular carcinoma is obtained 
completion thyroidectomy is done usually immediately 
within a week. If biopsy report is delayed then completion 
thyroidectomy is done after 6-12 weeks. 


Follow-up 
% ILis by radioisotope 1! scan done at regular intervals (6 
months) to look for secondaries. 


Fig. 6.50: CT skull showing secondaries from follicular 
carcinoma thyroid. 


Fig. 6.51: X-ray skull showing secondaries with lytic lesions from 
follicular carcinoma of thyroid as primary. 


% Thyroglobulin estimation is a good follow-up method to 
decide for Radioisotope study. Normal value (0.5-50 pg/L). 
TG > 50 jgi/L is abnormal. It should be done once in 3-6 
months. Its raise signifies recurrent/metastatic disease. 


Serum thyroglobulin level estimation is of no value in 
preoperative assessment, After thyroidectomy thyroglobulin 


sretion is stopped, hence its level should not be traceable 


after total thyroidectomy. 
4 U/S neck or MRI neck to identify eatly relapse, MRI neck 
is better. 


Further Treatment 
 Ifsccondaries are detected therapeutic dose Ra 1'*! is given 
orally. L-thyroxin has to be stopped 6 weeks prior to RT, then 
required dose of Ra I'*" is given (50-150 m curie) 
+ Radio remnant ablation (RRA) 
> Initially thyroid radioisotope scan is done, If patient is 
on 300 pg suppressive dose of L-thyroxine, it should 


Fig. 6.52: Follicular carcinoma of thyroid in a male patient. Itinvolved 
mainly left lobe but it is extensive and spreading to soft tissues 
adjacent to it. 


be stopped for 3-6 weeks so as to achieve serum TSH 
level above 30 M IU/l or two intramuscular injections of 
0.9 mg of recombinant human TSH is given. 

» If iodine isotope scan detects remnant disease, then 
30-100 mCi of radio ablation dose of 1 is given orally. 
RR will destroy occult microscopic disease, Post-ablation 
isotope scanning is done in 8 days. Later in intermediate 
‘and high risk patients, follow up body scan is done once 
in 6 months. Serum thyroglobulin estimation is done for 
6-12 months, later once in 6 months; neck US at 6, 12 
‘months and annually for S years. Raise in thyroglobulin 
level indicates for further whole body isotope scan. To 
detect metastases radioisotope 1,», 100-200 mCi is given 
‘and 250-300 mCi is given for bone. 

» Prior to radioactive iodine therapy following precau- 
tions should be taken—low iodine diet for 10 days; 
isolation when dose is more than 30 mCi; increase 
intake of oral fluid to maintain high urine output to 
avoid radio iodine induced bladder injury; sucking of 
lemon to avoid sialadenitis; laxatives; reduced sperm 
count for 6-8 months; pregnancy should be avoided for 
6-12 months. 

Secondaries in bone are treated by external radiotherap) 
Intemnal fixation should be done whenever there is patho- 
logical fracture, 

There is no role of chemotherapy for follicular carcinoma 
thyroid, 


Hurthle Cell Carcinoma 


Hurthle cell carcinoma is a variant of follicular carcinoma of 
thyroid which contains abundant oxyphill cells. It spreads more 
commonly to regional lymph nodes than follicular carcinoma 
of thyroid, 


Hurthle cell carcinoma does not take up I! 

It secretes thyroglobulin 

Ithas got poorer prognosis than follicular cell carcinoma 
30% multicentric 

929m sestamibi scan is very useful for Hurthle cll carcinoma 
Regional nodes are commonly involved than follicular 
carcinoma 

+ 20% show distant spread 

‘& Abundant oxyphil cells (Askanazy) are specific 

‘ Total thyroidectomy, MRND and TSH suppression is the 
treatment 


Central Node Compartment Neck Dissection 

It is removal of paratracheal, tracheooesophageal, pretracheal 
and prelaryngeal nodes along with thymus and thyroid enbloc 
extending from hyoid bone above, brachiocephalic vein below, 
carotids on both sides, 


Completion Thyroidectomy 


# Itis done after hemithyroidectomy if histology confirms 
as differentiated thyroid cancer, either papillary or fol 
cular. 
# It is indicated in—high-risk patients, age more than 45 
years, family history, size more than 1 cm, opposite 
side thyroid nodule, nodal or distant spread, multifocal 
disease, extrathyroidal spread, capsular and vascular 
invasion. 
Reasons for completion total thyroidectomy are: 
> Indifferentiated thyroid cancer (for follicular carcinoma 
of thyroid) radioiodine 1,,, is the treatment for blood. 
spread secondaries. It is only possible if entire thyroid. 
gland is removed to make radioiodine to concentrate on. 
tumour tissue to achieve needed efficacy. 

> Inmany indications papillary carcinoma of thyroid also 
needs radioablation like extrathyroid spread, size more 
than 4 em ete, 

> During follow up, in DTCs/FCT thyroglobulin as tumour 
marker estimation at regular intervals (6 months; to 
suspect tumour bed recurrence/metastases) can be done 
if thyroid tissue is removed entirely. 

> Papillary carcinoma of thyroid are multicentric with 
intrathyroid spread and so completion thyroidectomy 
is better. 

Timing of completion thyroidectomy is within 7 days of first 
surgery or after 6-12 weeks to allow the settling of inflam- 
matory response (dissection and to get surgical planes is 
difficult during this period). 


ll ANAPLASTIC CARCINOMA OF THYROID 


% lis an undifferentiated very aggressive carcinoma (1%) 
‘occurs in elderly females. 


Only in advanced cases of hypothyroidism there is a substantial loss of hair—Richard A J Asher 
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# Iris a very aggressive tumour of short duration, presents 
with a swelling in thyroid region which is rapidly progres- 
sive causing: 

i, Stridor and hoarseness of voice due to tracheal obstruction. 

ii, Dysphagia. 

ili, Fixity to the skin 

iv. Positive Berry's sign—involvement of carotid sheath leads 
to absence of carotid pulsation, 

Swelling is hard, with involvement of isthmus and lateral 
lobes. 

# ENAC is diagnostic 

¢ Tracheostomy and isthmectomy has got a role to relieve 
respiratory obstruction temporarily. 

Treatment is external radiotherapy, as usually thyroidec- 
tomy is not possible. 

Adriamycin as chemotherapy. 

# However prognosis is poor. Life span is counted in few 
weeks to months only. 


Fig. 6.53: Carcinoma of thyroid gland. It is anaplastic carcinoma. It 
carries poor prognosis. 


Anaplastic 


Thyroid 


Trachea 


Fig. 6.54: Anaplastic carcinoma of thyroid with infiltration through 
__ the capsule, It commonly encases the caratid artery causing Berry's 
__ sign positive 


Fig. 6.55: Anaplastic carcinoma of thyroid. 


Fig. 6.56: Anaplastic carcinoma thyroid in a female patient. 


Fig. 6.57: Anaplastic carcinoma thyroid, an aggressive tumour with 
poor prognosis. 


Follow-up in differentiated thyroid carcinoma 


@ Proper clinical examination in the neck for residual/nodal 
disease and for distant spread 

& Whole body radiaisotope scan after one week of surgery to 
see residual tumour in the neck or metastases 

+ Estimation of thyroglobulin at regularintervalsis very impor- 
tant—once in 6 months 

+ Follow up whole body radioisotope scan at 3-6 months 
intervals. Thyroxine shauld be stopped for 6 weeks. But itis 
‘commonly done if thyroglobulin level in the blood is signifi- 
cantly high 


‘STAGE GROUPING FOR PAPILLARY OR FOLLICULARTHYROID 
CARCINOMA (DIFFERENTIATED THYROID CANCER) 


Patients younger than 45 years: 
Stage I: The tumour can be any size and may or may not have 
spread to nearby lymph nodes.|thasnot spread to distant sites. 
Stage Il:The tumour can be any size and may or may not have 
spread to nearby lymph nodes. thas spread to distant sites 
Patients 45 years and older: 

Stage I: The tumours less than 2.cm across;no lymph nodes/ 
distant spread. 

Stage l:The tumours 2to 4m across:no lymph nodes/distant 
spread. 

Stage Ill The tumour is larger than 4 em orslightly outside the 
thyroid: no lymph nodes/distant spread. OR The tumour is any 
size and has spread to lymph nades around the thyroid in the 
neck (cervical nodes) but not to distant sites 

Stage IVA: The tumour is any size and has grown beyond the 
thyroid gland toinvade nearby tissues ofthe neck Cervical nodes 
bute distant spread.OR The tumour is any sizeand may have 
grown outside of the thyroid gland.it has spread tolymph nodes 
in the side of the neck (lateral cervical nodes) or upper chest 
(upper mediastinal nodes) but not to distant sites. 

Stage IVB:The tumours any size and has grown either back to 
the spine o into nearby large blood vessels. Nearby lymph nodes 
but no distant spread 

Stage IVC: The tumour is any size and may or may not have 
grown outside the thyroid, It may or may not have spread to 
nearby lymph nodes. It has spread to distant sites, 


Stage grouping for medullary thyroid carcinoma 
itis same as of differentiated thyroid cancer older than 45 years. 


‘Stage grouping for anaplastic/undifferentiated thyroid 
carcinoma 

All anaplastic thyroid cancers are considered stage IV 

Stage IVA:Tumour is stil within the thyroid and may be resect- 

able (removable by surgery). Nearby lymph nodes © but no 

distant spread, 

Stage IVB: Tumour has grown outside ofthe thyroid and isnot 

resectable, Nearby lymph nodes but no distant spread 

Stage IVC:The tumour is any size and may or may not have 

grown outside ofthe thyroid. Nearby lymph nodes + but distant 

spread always present. 


Features of thyroid carcinoma 


‘Any thyroid can be malignant of any size, of any texture—solid/ 
cystic, of any number—single/multiple in any age group. 


Features of infiltration 


e 


Infiltration of strap muscles often with sternomastoid muscle 

Infiltration of laryngotracheal complex causing stridar and 

often haemoptysis 

‘Infiltration of recurrent laryngeal nerve causes hoarseness 
of voice 

‘ Infiltration of oesophagus causes dysphagia/ odynophagia 
(painful swallowing) 

+ Infiltration into caratid sheath causing absence of carotid 
pulsation—Berry’s sign 

‘® Infiltration of cervical sympathetic chain causing Horner's 
syndrome 

‘® Rarely infiltration into cranial nerves or brachial plexus can 


* 


Features of lymph nodal spread 


‘& Discrete neck node involvement can occur commonly in 
papillary carcinoma of thyroid,often in medullary carcinoma 
and occasionally in follicular carcinoma.Lymph nodes often 
cystic (20%) and contains brownish—black materialin papil- 
lary carcinoma 

‘ Central neck (level VI) and mediastinal nodes often gets 
involved in thyroid malignancy. Primary nodes may be 
involved but clinically may not be palpable. Superior medi- 
astinal nodes (level Vl) can cause compression of SVC, recur- 
rent laryngeal nerve with often dullness on percussion aver 
the sternum. These nodes can get involved without palpable 
neck nodes 

‘& Intheneck commonly palpable nodes arelevels—IiL|Vand 
occasionally level. Secondary nodes—clinically palpable 

‘& Only palpable neck node may be the presentation without 
clinically palpable thyroid—occult secondary with primary 
(papillary) thyroid carcinoma, FNAC of the node concludes 
the diagnosis 

+ Central node dissection is the common practice while doing 
total thyroidectomy in carcinoma thyroid especially in medul- 
lary carcinoma of thyroid 


Features of blood spread 


‘ Follicular carcinoma commonly spreads through blood to 
bone, lungs, and liver. Bone secondary is typical. It is well- 
localised, smooth, soft/hard, warm, nonmobile, vascular and, 
pulsatile. t is common in the skull bone—frontal/parietal 
boone. can occurin other bones also 

Lung secondaries present with chest pain, dyspnoea and 
haemoptysis 

+ Liver secondaries cause hepatomegaly and jaundice 

4 Blood spread also can occur in medullary carcinoma of 
thyroid 


Everything has its beauty but not everyone sees it. 
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ll MEDULLARY CARCINOMA OF 
THYROID (MCT) 


# Itis uncommon (5%) type of thyroid malignancy. 

# Itarises from the parafollicular °C’ cells which is derived 
from the ultimobranchial body (neural ctest). C cells are 
more in upper pole of the thyroid gland. 

# It contains characteristic ‘amyloid stroma’ wherein malig- 
nant cells are dispersed. Immunohistochemistry reveals 
calcitonin in amyloid, 

+ In these patients blood levels of calcitonin both basal as 
well as that following calcium or pentagastrin stimulation 
is high, a very useful tumour marker. 

Tumour also secretes S-HT (serotonin), prostaglandin, 
ACTH and vasoactive intestinal polypeptide (VIP). 

¢ It spreads mainly to lymph nodes (60%). 


> Parafaliculat 


Fig, 6.58: Note the parafollicular cells. Cell of origin of medullary 
carcinoma thyroid, 


¢ Itmay be associated with MEN II syndrome and pheochro- 
‘mocytoma with hypertension. MCT associated with MEN 
type II B with pheochromocytoma (Sipple’s disease) is 
most aggressive 

¢ ‘There may be mucosal neuromas in lips, oral cavity, tongue, 
eyelids with marfanoid features. 

¢ MCT is not TSH dependent and does not take up radioac- 
tive iodine. 


Clinical Features 


# Thyroid swelling often with enlargement of neck lymph 
node. 

# Diarrhoea, flushing (30%), 

# Hypertension, phaeochromocytomas and mucosal neuromas 
when associated with MEN I syndrome. 

# Sporadic and familial types occur in adulthood whereas 
cases associated with MEN syndrome I occur in younger 
age groups. 

# Paraneoplastic syndrome like Cushing’s and carcinoids. 

Note: 

Consider MCT in thyroid swelling with significant diarrhoea and 

hypertension. 


Types 


1. Sporadic. Usually solitary —70%, 

2. MCT with MEN II syndrome. It is more aggressive, bilateral, 
multifocal/multicentric, affects younger age group. MCT 
with MEN type IIb is most aggressive, often involves infants, 
and children, with marfanoid features. 

3. Familial MCT (20%). Commonly multicentric, autosomal 
dominant in chromosome no. 10. Familial non-MEN MCT 
is least malignant, occurs in 4th and Sth decades, shows 
extra and intracellular cysteine codon. 


Investigations 


# FNAC: shows amyloid deposition with dispersed malignant 
cells and “C” cell hyperplasia. 

# Tumour marker: Calcitonin level will be higher. Unstimulated 
serum calcium more than 100 pg/ml is suggestive of MCT. 

# Increased levels of calcitonin afier injection of calcium 
2 mg/kg or pentagastrin 0.5 ygike. 

Note: 

Calcitonin is undetectable in the serum of normal individuals (< 

0.08 ng/L). 

# U/S abdomen, 

# U/S neck to see neck nodes. CT neck and chest is preferred 
method to identify neck and mediastinal nodes. 

* Urinary VMA, urinary catecholamines, urinary metane- 
phrine (24 hour estimation), serum calcium, serum para- 
thormone estimation, 

# 111 Indium octreotide scanning is useful in detecting medul- 
lary carcinoma thyroid (70% sensitivity) It is also useful in 
postoperative follow up to find out residual/metastatic 

+ 50% of MCT shows rise in CEA. 


isease. 


Treatment 


Surgery is the main therapeutic modality 

# Total thyroidectomy with central mode dissection (level 
6) in all patients even if there are no nodes in the neck 
+ maintenance dose of L-thyroxin 

# Neck lymph nodes block dissection if lymph nodes are 
involved (bilateral modified radical dissection of neck nodes 
should include levels—II, II, IV, V and VI). Later regular 
U/S neck is done to detect early neck nodes. 

# No role of suppressive hormone therapy or radioactive 
iodine therapy. 

# External beam radiotherapy for residual tumour disease. 

% Somatostatin/octreotide for diarrhoea. 


# Adriamycin is the drug used as chemotherapy with limited 
results. 

# If there is associated phaochromocytoma it should be 
treated surgically by adrenalectomy first and later only total 


thyroidectomy is done. 
# Ail family members of the patient should be evaluated for 
serum calcitonin and ifit is high they should undergo prophy’ 
lactic total thyroidectomy (Can also be assessed by geneti 
evaluation). Ifthere is positive RET proto-oncogene in MCT 


with MEN II A and familial MCT types, prophylactic total 
thyroidectomy is done at the age of 5 years. In positive RET 
proto-oncogene in MCT with MEN II B, prophylactic total 
thyroidectomy is done at the age of one year. 

* MCT with associated parathyroid hyperplasia (30%) in 
MEN IA, total thyroidectomy with central nodal dissec~ 
tion with total parathyroidectomy and autotransplantation 
of half of gland in sternomastoid or nondominant forearm 
brachioradialis muscle is done. 


Prognosis 


¢ Sporadic MCT and MCT with MEN IL are aggressive. 
¢ Familial MCT not associated with MEN II has got better 
prognosis. 


Calcitonin 


# Itis a polypeptide of 32 amino acids. It is derived from 
ultimobranchial body. It is secreted from C cells of thyroid 
(paratollicular cells). 

¢ I lowers the plasma calcium and phosphorus levels. It 
blocks the PTH induced bone resorption. Calcium from the 

lation is shunted into the bone. It increases the exeretion 
of calcium, phosphorus, sodium and potassium. It rapidly 
lowers the serum calcium 

# Normally itis less than 0.08 ng/L (undetectable), 

¢ Itis increased in medullary carcinoma of thyroid. It is very 
good tumour marker for MCT. It confirms the relapse 
metastases/residual disease. Increased levels in family 
members confirm the genetic relation and such relatives 
should undergo prophylactic total thyroidectomy. 

# Calcitonin level will further increase after injection of 
calcium 2 mg/kg or pentagastrin 0.5 ug/kg, 

# Indisease free individual, after therapy for MCT calcitonin 
level decreases. 

¢ Calcitonin asa therapeutic agent is used in hypercaleaemi 
Paget's disease, bone pain of neoplastic diseases, meno- 
pausal osteoporosis. Calcitonin (pork), 4 units/kg is given 
SC or IM three times a week. 

# Salmon calcitonin SC/IM/nasal spray—S0-400 units can 
be given three times a week or daily depending on need. 


| MALIGNANT LYMPHOMA 

# It is NHL type. Occurs in a pre-existing Hashimoto's 
thyroiditis (Not proved well) 

¢ FNAC is useful to diagnose the condition (Often trucut 
biopsy). 

# Chemotherapy and radiotherapy is the main treatment. 

© Rarely total thyroidectomy is done to enhance the results 


——__ Degroot’s staging of carcinoma thyroid" = 
Stage 1: Malignancy is intrathyroidal 

Stage 2: Malignancyis intrathyroidal with mobile lymph nodes 
Stage 3: Malignancy is intrathyroidal with fixed lymph nodes 
Stage 4: Distant metastasis 

“This staging is applicable to all thyroid malignancy but mainly used in 
follicular carcinoma of thyroid 


_ Differential diagnosis for carcinoma thyroid 
& Multinodular goitre 

Solitary nodule of other causes 

© Riedel’ thyroiditis 


ll HASHIMOTO'S THYROIDITIS (Struma 
Lymphomatosa) 


# Also called as diffuse non-goitrous thyroiditis 

# Itis an autoimmune thyroiditis—common in women (15 
times more common), 

# There is hyperplasia initially, then fibrosis, eventually infil- 
tration with plasma cells and lymphocytic cells 

# Askanazy cells are typical (like Hurthle cells) 

# The river Struma arises in Bulgaria and flows into Aegean 
Sea, Struma means goitre. Banks of this river are endemic 
area for goitre 


Features 


# Painful, diffuse, enlargement of usually both lobes of thyroid 
which is firm, rubbery, tender and smooth (occasionally one 
lobe is involved). 

# Initially they present with toxic features but later, they 
manifest with features of hypothyroidism, 


Hyperplasia —> Hyperthyroid—Hashitoxicosis 
= Euthyroid 
Fibrosis — Hypothyroid. 


# There may be hepatosplenomegaly, 

# Itis often associated with other autoimmune diseases. 

# In 85% cases significant rise in the thyroid antibodies 
(inicrosomal, thyroglobulin, or colloid antibodies) is 
observed 

# Often condition may be associated with or may predispose 
to malignant lymphoma. It is at present not well-proved. 

% Common in perimenopausal females. 

% Occasionally it can predispose to papillary carcinoma of 
thyroid also 


Investigations 


FNAC, Ty, Ts, TSH. Thyroid antibodies assay. Usually ESR is 
very high (over 90 mmv/hour), 


Treatment 

1. Lethyroxine therapy. 

2. Steroid therapy often is helpful 

3. If goitre is large and causing discomfort, then subtotal 
thyroidectomy is done, 


ll DE-QUERVAIN'S SUBACUTE 
GRANULOMATOUS THYROIDITIS 
Itis due to viral aetiology either mumps or coxsackie viruses 


causing inflammatory response with infiltration of lymphocytes, 
neutrophils, multinucleated giant cells. 


You never get the second chance to make the first impression. 
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‘They requ 


Features 


# Painful diffuse, swelling in thyroid which is tender 

Commonly seen in females. 

¢ Initially there is transient hyperthyroidism with high T; and 
‘T, but poor radioiodine uptake. 

# FNAC is useful 

¢ Itis usually a self limiting disease. 

# Prednisolone 20 mg for 7 days helps 


@ RIEDEL’S THYROIDITIS (0.5% Common) 


# Avery rare benign entity wherein thyroid tissue is replaced 
by fibrous tissue which interestingly infiltrates the capsule 
into surrounding muscles, paratracheal tissues, carotid 
sheath, 

¢ (Woody Thyroiditis’, ‘Ligneus Thyroiditis’ 

¢ Itis often associated with retroperitoneal and mediastinal 
fibrosis and sclerosing cholangitis. 

There is both intrathyroidal as well as extrathyroidal fibrosis. 

# It also encroaches parathyroids and recurrent laryngeal 

# It may be unilateral or bilateral 


Clinical Features 


# Swelling with irregular surface, stony hard consistency 
stridor, with positive Berry’ sign (absence/impalpable 
carotid pulsation); small goitre; common in males, 


Differential Diagnosis 


Anaplastic carcinoma of thyroid. 


Investigations 


© T, Ty may be low due to hypothyroidism. 
Radioisotope scan will not show any uptake. 
# FNAC to rule out carcinoma. 


Treatment 


Isthmectomy is done to relieve compression on the airway. 
-thyroxine replacement later, as hypothyroidism 


High dose of steroid often used. 
 Thyroidectomy is not necessary. 


‘Causes of dyspnoea/stridor in thyroid diseases 
Carcinoma thyroid infiltrating recurrent laryngeal nerve/ 
trachea 
 Large,long standing goitre causing tracheomalacia 
® Retrosternal goitre 
'® Congestive cardiac failure in thyrotoxicosis, 


Recent rapid increase in thyroid swellings due to: 
+ Previous MNG undergoing malignant transform: 
‘& Haemorrhage into a nodule 
‘@ Anaplastic carcinoma of thyroid 


Remember 


& Goitreis enlargement of the thyroid gland 

+ Solitary naduleis single palpable nodule on clinical examina- 
tion without palpable rest of the gland 

& Dominant noduleis single nodule with palpable enlargement 
of the remaining thyroid gland 

‘® Thyroid swelling is confirmed by its movement with deglutition 
due to attachment of enclosed pretracheal fascia to inferior 
constrictor muscle which is attached to trachea and cricoid 
cartilage and so moves with deglutition 

‘& Berny'sligament is condensed vascularised pretracheal fascia 
postero-supero-medially.Itis importantasitis close to recur- 
rent laryngeal nerve 

+ Any thyroid swelling can be malignant unless proved other- 

4 U/S neck, FNAC, estimation of 13,14, TSH are essential inves- 
tigations 

@ CTscanneckis needed in large goitre and fixed or malignant 
thyroid 

+ Radioisotope study I" is done only in selected cases like 
borderline toxicity, ectopic thyroid, retrosternal goitre and 
after thyroidectomy in follicular carcinoma thyroid to see 
secondaries during follow-up period 

+ Normal thyroid gland is usually nt palpable 

& Arare entity called as black thyroid shows lipofuscin deposi- 
tion in thyroid in a patient who is an longstanding tetracy- 

e therapy which may interfere with thyroid function 


Occasions wherein thyroid swelling may not move 
upwards with deglutition 

Anaplastic carcinoma thyroid—often 

‘® Carcinoma thyroid with extensive local infiltration into soft 
tissues, trachea/larynx and posterior muscles 

4 Intrathoracic retrosternal extension with infitration/impac- 
tion 

& Riedel’ thyroi 

& Massive thyrold wherein upward movement is difficult to 
observe and appreciate 


‘with encasement of trachea 


Narrowing of tracheais seen in: 
Scabbard trachea in longstanding MNG 
Retrostemal goitre 

Carcinoma of thyroid 

Riede!’s thyroiditis 


eeee 


ll THYROID INCIDENTALOMA 


Clinically unsuspected and impalpable thyroid swelling which 
is identified while doing imaging of head and neck for nonthy- 
roid head and neck diseases is called as thyroid incidentaloma. 
It is usually left alone with yearly review both clinically and 
sonologically. Such nodule is usually less than 1 em, 


ll THYROIDECTOMY 
Types 


1, Hemithyroidectomy’ Along with removal of one lobe, entire 
isthmus is removed. It is done in benign diseases of only one 
lobe. It is also done in follicular neoplasm involving only 
one lobe. Solitary toxic or nontoxic nodule, thyroid cyst are 
other indications. 

2, Subtotal thyroidectomy commonly done in toxic thyroid 
either primary or secondary and also often for nontoxic 
multinodular goitre. Here about 8 grams, ora tissue, size of 
pulp of finger is retained on lower pole, on both sides and 
rest of the thyroid gland is removed. It is also done in MNG. 

3, Partial thyroidectomy (By Thomas) is removal of the gland 
in front of trachea after mobilisation. It is done in nontoxic 
multinodular goitre. Its role is controversial 

4, Near total thyroidectomy’ Here both lobes except the lower 
pole (one or both sides) which is very close to recurrent 
laryngeal nerve and parathyroid is removed (To retain blood 
supply to parathyroids). It is done in ease of papillary carci 
noma of thyroid. Here less than 2 grams of thyroid tissue is 
left behind near its lower pole on one side usually opposite 
‘side of the diseased, occasionally on both sides. 

5. Total thyroidectomy: Entire gland is removed. It is done in 
case of follicular carcinoma of thyroid, medullary carcinoma 
of thyroid, 

6, Hartley Dunhill operation is removal of one entire lateral 
lobe with isthmus and partial/subtotal removal of opposite 
lateral lobe. It is done in non-toxic multinodular goitre. 
4 grams of tissue is left behind only on one side. 


+ Blood grouping and cross matching. Keep the required blood 
ready 

+ Indirect laryngoscopy. Patient is asked to tellE’to check the 
abduction of vocal cord 
‘Serum calcium estimation 
T,,TyTSH 


ECG and cardiac fitness especially in toxic goitre 
Luugols iodine 10 days prior to surgery to make gland firm 
and ess vascular. 


° 
e 
@ Thyroid antibodies 
+ 
* 


Procedure 
© Position: 

» Under general anaesthesia patient is put in supine posi- 
tion with neck hyperextended by placing a sand bag 
under shoulder—with table tlt of 15 degree head up to 
reduce venous conge: 


# Incision: 
> Horizontal crease incision is done, two finger breadth 
above the stemal notch, from one sternomastoid to the 


other (Kocher’s thyroid incision) (Posterior margin of 


sternomastoid) 


# Procedure 
» Skin and platysma are incised (Subplatysmal plane}— 
upper flap raised up to thyroid cartilage, lower flap up to 
sternoclavicular joint. Deep fascia is opened vertically 

in the midline, 


@ 


‘Two finger breadth 


Fig. 6.59: Note the incision for thyroid surgery. 


Part removed Part retainec 


Entire one 
lateral lobe 
and isthmus 


Sternomastold muscle 


Fig. 6.60: Hemithyroidectomy: Entire one lateral lobe and entire 
isthmus are removed retaining entire opposite lateral lobe. itis done 
in solitary nodule/toxic or nontoxic adenoma in one lobe. 


Part removed 


Part retained 


Sternomastoid muscle 
Pulp ofthe finger or 4-8 om 


lower pole both sides: 


Fig. 6.61: Subtotal thyroidectomy—it is done in toxic/nontoxic 
‘multinodular goitre. Most of the gland except lower pole (4-8 gram) 
‘on both sides is removed, 


thyroid 


Anything the mind of man can conceive and believe, it can achieve. 
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(Thyroid tissue in tracheo-cesaphageal groove) 
Partretained 


Part removed 


Part of both 
lateral lobes and 
entire isthmus 


Stamnamastnid miisela 


Fig. 6.62: Partial thyroidectomy—it is done in nontoxic nodular goitre 
if there is adequate normal gland posteriorly. Tissue in the tracheo- 
‘esophageal groove is retained. Isthmus and gland with nodules in 
front is removed. It s not commonly done now. 


Except small tissue in lower pole near recurrent laryngeal nerve 
‘and parathyroids (one or both sides—t g/1 cm) 


(Both sides) 


Recurrent 
laryngeal nerve 


Sternomastoid muscle 


Fig. 6.63: Near total thyroidectomy is done in papillary carcinoma 
of thyroid. Here most of the gland except lower small tissue of 1 
gram on one side usually is retained to safeguard recurrent laryngeal 
‘nerve and parathyroid gland. Tissue is retained either in one or 
both sides. 


Both lateral— 
lobes and isthmus 


Sternomastoid muscle 


Total thyroidectomy is done for follicular carcinoma and 
‘medullary carcinoma of thyroid. 


Fig. 6. 


(One side partial—in trachoo- « 
‘esophageal groove) 


Part removed = Pat 
retained) 
Isthmils, one 
entire lateral 
lobe and other 


side—partial subtotal 
(4 grams retained) 


Stemomasioid muscle 
Fig. 6.65: Hartley Dunhill procedure: Here one entire lateral lobe, 
isthmus, and most part of the opposite lateral lobe except small 
quantity of tissue in the lower pole/tracheo-oesophageal groove— 
ssubtotal/partial/one gram is retained 


Fig. 6.66: Skin flaps raised in thyroidectomy. Thyroid covered with 
pretracheal fascia Is seen, 


> Strap muscles are retracted; in large goitre they are often, 
divided in upper part to retain their nerve supply ansa 
cervicalis, Often anterior jugular veins need to be ligated 
using 3 zero vieryl 

> Pretracheal fascia is opened vertically to expose thyroid, 
gland, Short stout middle thyroid vein which enters the 
LIV is ligated immediately (frst vessel to ligate; itis vein 
‘without accompanying artery) using vieryl of silk and. 
divided. Avulsion of this vein from its junction to JV 
will cause bleeding, Gland is mobilised medially using 
peanut dissection and bipolar cautery. 

» Superior pedicle is dissected; artery and vein ate indi- 
vvidually ligated and divided. In olden days mass liga- 


Fig. 6.67: Total thyroidectomy specimen done for follicular 
carcinoma of thyroid, 


Recurrent 
laryngeal nerve 


Trachea 


Fig. 6.69: Note the relation of recurrent laryngeal nerve. 


‘Everyone should be quick to listen and slow to speak. 


tion close to gland at superior pole was the practice. 
Chances of injuring external laryngeal nerve and AV 
fistula may happen in mass ligation. It is also always 
better to identity external laryngeal nerve entering the 
cricothyroid. Dissection is done in an avascular plane 
between cricothyroid and gland. 

» Parathyroids both superior and inferior are identi 
fied, They are 6 « 4 = 2 mm in size weighing 50 mg 
with yellowish brown/orange brown colour. Superior 
(parathyroid IV) and inferior (parathyroid 111) glands 
are identified and dissected. Both glands receive their 
blood supply from inferior thyroid artery and through 
an anastomotic branch. Superior parathyroid is above 
and behind the junction of RLN and inferior thyroid 
artery; inferior parathyroid is below and in front of 
this junction, 

» Recurrent laryngeal nerve should be identified with 
careful dissection through its entire course. Ridiélle 
triangle is between inferior thyroid artery above, carotid 
artery laterally trachea medially. From this area nerve 
runs upwards to enter the larynx at greater cornu of 
thyroid cartilage. Many branches of nerve and the vari- 
ations should be remembered while dissecting here. One 
should not use monopolar cautery here; only bipolar 
cautery should be used carefully. Nerve usually crosses 
the inferior thyroid artery from deeper aspect; but varia- 
tions are common. Posterior extension of lateral thyroid. 
lobes close to Berry’s ligament is called as Zuckerkandl 
tubercle which is seen in 40% of cases, Nerve runs 
upwards in a fissure between Zuckerkandl tubercle and. 
trachea or main thyroid gland, Nonrecurrent laryngeal 
nerve (0.5%) is occasionally seen in right side due to 
failure of development of 4th aortic arch; it directly 
arises from vagus enters the larynx atthe level of inferior 
horn of thyroid cartilage. Recurrent laryngeal nerve is in 
close contact with suspensory ligament of Berry. 

» Inferior thyroid artery which is a branch of thyrocervical 
trunk ascends upwards reaching gland at its lower pole 
afier turning towards midline behind the carotid artery. 
Here ligation is done at capsular level by identifying 
every small branch entering the gland (capsular ligation 
of inferior thyroid artery). This retains the blood supply 
of parathyroids which is very important. In olden days, 
ligation of inferior thyroid artery was done away from 
the gland often in continuation using absorbable suture 
‘material, is now no longer in practice. 

» Mobilized gland is removed. Critical points of recur- 
rent laryngeal nerve injury are—at the entry of inferior 
thyroid artery and crossing the nerve, at suspensory 
ligament of Berry, at lower pole of the gland. 

‘Thyroid steal: In thyrotoxicosis, patient is taken to operation 
theatre daily for few days before doing surgery, so as to reduce 
the anxiety of the patient. 

MIVAI—Minimally Invasive Video-Assisted Thyroidectomy 
is becoming popular for small nodules and gland without 
thyroiditis. But it is costly. 
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which is a remarkable result, A further consequence of this is that now XK’) = 0, thus making the Riemann 
curvature and stress-energy tensors (Riemann: R% ~ K“y; stress-energy: 7“ ~ K%s) at the throat become 
zero such that the associated S-function singularities disappear there. This means that a traveler 
encountering and going through such a wormhole will feel no tidal gravitational forces and see no exotic 
matter-energy (that threads the throat). A traveler stepping through the throat will simply be teleported 
into the other remote spacetime region or another universe (note: the Einstein equation does not fix the 
spacetime topology, so it is possible that wormholes are inter-universe as well as intra-universe tunnels). 
We construct such a teleportation stargate by generating a thin shell or surface layer of “exotic” matter 
energy much like a thin film of soap stretched across a loop of wire. 


2.1.2 “Exotic” Matter-Energy Requirements 


Now we have to estimate the amount of negative (or exotic) mass-energy that will be needed to 
‘generate and hold open a vm-Teleportation wormhole. A simple formula originally due to Visser (1995) 
for short-throat wormholes using the thin shell formalism gives: 


r 
oa 


G 


= (1.3469 x10" kg) (2.12), 
Tmeter 


= (0.709 M pp, 
| meter 


where Mz, is the mass required to build the wormhole, ry is a suitable measure of the linear dimension 
(radius) of the throat, and Map, is the mass of the planet Jupiter (1.90x10" kg). Equation (2.12) 
demonstrates that a mass of -0.709 Miyiie- (or —1.3469X10"" kg) will be required to build a wormhole 1 
meter in size. As the wormhole size increases the mass requirement grows negative-large, and vice versa 
as the wormhole size decreases. After being alarmed by the magnitude of this, one should note that My, 
is not the total mass of the wormhole as seen by observers at remote distances. The non-linearity of the 
Einstein field equations dictates that the total mass is zero (actually, the total net mass being positive, 
negative or zero in the Newtonian approximation depending on the details of the negative energy 
configuration constituting the wormhole system). And finally, Visser et al. (2003) have demonstrated the 
existence of spacetime geometries containing traversable wormholes that are supported by arbitrarily 
small quantities of exotic matter-energy, and they proved that this was a general result. In Section 2.3 we 
will discuss how or whether we can create such a wormhole in the laboratory. 


2.2 Engineering the Vacuum 

Engineering the spacetime vacuum provides a second solution that also satisfies the definition of vm- 
Teleportation. The concept of “engineering the vacuum” was first introduced to the physics community 
by Lee (1988). Lee stated: 
“The experimental method to alter the properties of the vacuum may be called vacuum engineering....f 
indeed we are able to alter the vacuum, then we may encounter some new phenomena, totally 


unexpected.” 


This new concept is based on the now-accepted fact that the vacuum is characterized by physical 
parameters and structure that constitutes an energetic medium which pervades the entire extent of the 
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1, Head end elevated 15 degrees 
2. Sand bag under the shoulder 
3. Head rest under the ecciput 

4, Hands tugged under the buttocks 


Fig. 6.70: Position of the patient for thyroid surgery. Head end elevated, sand bag under the shoulder. 


Fig. 6.71: Patient under anaesthesia with proper position for 
thyroidectomy surgery. 


Fig. 6.72: Position of neck in thyroid surgery. 


Complications of Thyroidectomy 


1, Haemorrhage: 
May be due to slipping of ligatures either of superior 
thyroid artery or other pedicles or small veins, It causes 
tachycardia, hypotension, breathlessness and compression 
over the trachea may cause severe stridor, respiratory 
obstruction due to tension haematoma under strap muscles. 
Asa first aid, immediate release of sutures including that 
of deep fascia has to be done and pressure over the trachea 
is released, Then patient is shifted to operation theatre and 
under general anaesthesia exploration is done and bleeders 
are ligated. Blood transfusion may be required. 


Fig. 6.74: Suction drain kept after thyroidectomy. 


2. Respiratory obstruction: 
It may be due to haematoma (if it is so, the haematoma 
has to be evacuated), or due to laryngeal oedema, or due 
to tracheomalacia or bilateral RLN palsy (emergency 
endotracheal intubation is done along with steroid injec- 
tions), Often emergency tracheostomy may be required as 
a life-saving procedure. 

Laryngeal oedema is the commonest cause may be due 
to haematoma with tension along with intubation injury 
and surgical trauma. In such situation even though haema- 
toma should be evacuated immediately to avoid further 
compression, airway obstruction will not be relieved due 
to laryngeal oedema and so endotracheal intubation is also 


‘Complications of Thyroidectomy 


Metabolic Nerve injuries Other complications 
Hypoparathyrodism + Extemal laryngeal nerve injury ~ pitch of | + Respiratory obstruction 
+ Temporary hypoparathyroidism the voice is lost + Skin lap necrosis ~ rare 
+ Temporary hypocalcaemia without + Recurrent laryngeal nerve injury + Infection 
hypoparathyroidism (hungry bone syndrome) Vascular complications. + Discharge and sinus 
+ Permanent hypoparathyroidism + Haemorthage— primary and reactionary formation 
+ Spurious hypoparathyroidism (total calcium is + Haematoma formation + Wound granuloma 
less but ionized calcium is normal) + Compromised tracheooesophageal + Keloid formation 
Thyroid crisis blood supply 
Hypothyroidism / thyroid failure / myxoedema 
Intraoperative Immediate postoperative Late postoperative 
+ Haemorthage + Haematoma + Hypothyroidism 
+ Nerve injuries + Laryngeal oedema + Recurrent nodule 
+ Respiratory obstruction ~ stridor + Recurrent toxicity 


occas 


+ Wound infection 
+ Granuloma / keloid 


its problems 


Fig. 6.75: Note the location of parathyroid glands. 


needed immediately; in difficult situation ifit is impossible 
to intubate, a needle tracheostomy using 12 gauge needle 
(2.3 mm diameter) is done temporarily. 

3. Recurrent laryngeal nerve palsy 
Itcan be transient or permanent. Transient is 3% common. 
‘They usually recover in 3 weeks to 3 months. Often they 
require steroid supplement and speech therapy. Permanent 
paralysis is rare. It presents with hoarseness of voice, 
aphonia, aspiration, ineffective cough. Unilateral injury 
can be well compensated. It is advisable to do routine 
postoperative ILS on Sth postoperative day. Later ILS is, 
done in 4 weeks and 12 weeks, 

4, Hypoparathyroidism: 
It is rare 0.5% common, Mostly it is temporary due to 
vascular spasm of parathyroid glands, occurs in 2nd-Sth post- 
‘operative day. Present with weakness, +e Chvostek’s sign, 
carpopedal spasm, convulsions. Serum calcium estimation 
is done and then 10 ml of 10% calcium gluconate 


given 


IV 8th hourly. Later supplemented by oral calcium carbonate 
500 mg 8th hourly. After 3-6 weeks, patient is admitted, drug, 
is stopped and serum calcium level is repeated, 

Note: 

Earliest symptom of hypocalcaemia is muscle weakness, 


Thyrotoxic crisis 2% (Thyroid storm). 

Occurs in a thyrotoxic patient inadequately prepared for 
thyroidectomy and often a thyrotoxic patient presents in 
a crisis following an unrelated operation or stress. Other 
causes are—infection, trauma, preeclampsia, diabetic 
ketosis, emergency surgery, stress. 

Features: They present in 12-24 hours after surgery; with 
severe dehydration, circulatory collapse, hypotension, 
Inperpyrexia, tachypnoea, hyperventilation, palpitation, 
restlessness, tremor, delirium, diarrhoea, vomiting and. 
cardiac failure; later coma. 

Bayley’s symptom complex of thyroid storm ate—insomnia, 
anorexia, diarrhea, vomiting, sweating, emotional insta- 
bility, fever, tachycardia, aggravated toxic features, multi- 
organ dysfunction. 

Treatment: Injection hydrocortisone, oral antithyroid 
drugs, tepid sponging of whole body, beta blocker injec- 
tion, oral iodides, large amount of IV fluids for rehydra- 
tion, digitoxin, cardiae monitor, often ventilator support, 
with close observation. Ithas got high mortality rate with 
critical period of 72 hours. Fluid and electrolyte manage 
ment, cardiac management are the important aspects to be 
monitored and treated 


‘Treatment of thyrotoxic crisis 

Injection hydrocortisone high dose—500-1000 mg V;Tepid 
‘sponging; antipyretics, cooling blankets 

Rehydration with adequate IV fluids to control circulatory 
collapse 


The same beam of light can illuminate two objects and produce two different effects. 
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‘ Injection sodium iodide V-1 gram; oral iodides—Lugol's 
iodine 10-15 drops 8th hourly 

+ Injection propranolol—2 mg; esmolol; reserpine 500 g/kg 

loading dose, then 5 pig/kg/minute; heart rate should be < 

100/min 

ral antithyroid drugs—propyithiouracil, 200 mg; carbima- 

zole 20 mg 4th hourly ithium carbonate 300 mg 6th hourly 

Digitoxin; heparin; plasmapheresis 

Fluid and electrolyte management, antibiotics 

ICU care, ventilator support and cardiac monitor 

Exchange transfusion; charcoal plasma perfusion 

Heamodialysis 


eeeee @ 


Injury to external laryngeal nerve causes weakness of 
cricothyroid muscle leading to alteration in pitch of voice, 
voice fatigue, breathy voice, frequent throat clearing. ILS 
reveals short hyperaemic vocal cords, lower level affected 
vocal cod, oblique glottis chink due to rotation of the 
posterior commissure to the paralyzed one 
Hypothyroidism. Revealed clinically after 6 months. 
Wound infection, stitch granuloma formation. 

Keloid formation 


Recurrent thyrotoxicosis is 5% common. It is due to 
retaining of more thyroid tissue during thyroidectomy for 
toxie thyroid, It is difficult to manage. It is treated with 
antithyroid drugs, radioiodine therapy or re-excision 
surgically which is technically demanding (so often 
avoided). 


Remember in thyroidectomy 

& Middle thyroid vein is present only in 30% of cases 

Bipolar cautery or harmonic scalpel (harmonic wave) are 
better to control bleeding and to prevent injury to RLN 

 RLN should be identified in both sides. Variations should be 
remembered 

‘@ Parathyroids should be retained and also their blood supply 

‘Parathyroid autotransplantation may be needed iftheir blood 
supply is compromised 

‘@ Rapid influx of serum calcium into bones in immediate past- 
‘operative period may cause severe hypocalcaemia—hungry 
bone syndrome which is initially corrected by IV calcium 
gluconate—10 ml of 1096. It is mare commonly observed in 
patients with beta blockers. It is due to sudden drop in PTH 
level after surgery 

4 Tension haematoma under strap muscles is very dangerous 
and should be relieved by removing sutures from the skin 
and strap muscles 

& Permanent hypoparathyroidism is rare (0.5-19%) whereas 
temporary hypoparathyroidism and hypocalcaemia 
‘common (25%) which is corrected well with calcium for 
certain period of 3-6 months, 

 Extemal laryngeal nerve injury is more common than of RLN. 
Thereisloss of tension of vocal cords causing reduced power 
and range in voice (pitch). 

‘® Thyroid insufficiency develops in 25-45% cases.Itis confirmed 
by doing serum Ts, and TSH after 6 months. 


@ EMIL THEODOR KOCHER 


We have arrived at the point where we generally recommend the 
radical operation for goitre as the surest and simplest method of 
treatment....Surgeans have simply assumed that the thyroid gland 
has no function whatever....Patients with total excision...allshow 
‘more or less severe disturbances in their general condition... We 
cannot fail to recognise (the) relation toidiocy and cretinism.... We 
seeno objection forthe time being, o the use of the name cachexia 
strumipriva. 


—Emil Theodor Kocher, 1883 


He is the first surgeon to get Nobel prize. He did extensive 
work on thyroid surgeries and designed present technique of 
thyroid surgeries. 

He was from Switzerland. He was the founder of: 
Kocher’s vei 
Kocher’s forceps (has got tooth in the tip) 

Kocherisation (Duodenal mobilisation). 

Kocher’s incision (Right subcostal for cholecystectomy). 
Kocher’s thyroid incision. 

Kocher’s test 

Kocher’s method for reduction of shoulder dislocation, 

He died in 1917. He is the father of thyroid surgery 

Other surgeons who got Nobel prizes are—Alexis Carrell, 
{for his work on vascular anastomosis; Christian Berard, for 


heart transplantation, Charles Huggins, urologist, for manage- 
ment of carcinoma prostate. 


lm KOCHER’S TEST 


In case of a huge or long-standing thyroid enlargement, both 
lateral lobes of thyroid are pushed posteromedially with fingers, 
‘The testis positive, ifit produces stridor. This signifies weak- 
ened tracheal (rings) cartilage because of constant pressure by 
the thyroid gland. But then trachea is kept patent by the thyroid 
itself. Once the gland is removed there is no support to trachea 
and so it collapses causing stridor (scabbard trachea). Such 
patient requires temporary tracheostomy for 2-3 weeks. By 
then trachea regains its strength back 


@ HYPOTHYROIDISM 


Causes, 
‘Agenesis or dysgenesis, 

Enzyme deficiency 

lodine deficiency 

Hashimoto's thyroiditis 

Antithyroid drugs 

Radioiodine 

Drugs: Lithium, amiodarone 

‘After thyroidectomy, common cause 


eeeeeees 


Primary—is due to thytoid diseases or removal of thyroid, 
Secondary—is due to hypopituitarism, 
Tertiary—is due to hypothalamic diseases. 


Cretinism 


¢ Iis fetal/infantile hypothyroidism due to inadequate 
thyroid hormone production during fetal and neonatal 
period. It may be due to agenesis, inborn error of thyroid 
metabolism, dyshormonogenesis or dietary deficiency 
(endemic). 

* ‘Typical hoarse cry, macroglossia, umbilical hemia, thick- 
ened skin are the features. 

4 TSH will be raised; Ty and T, will be low. 

Incidence is 1:4000 live births. 

¢ Itis treated with L thyroxine once a day morning orally. 


Clinical Features 


General: Tiredeness, weight gain, cold intolerance, goitre, 
hyperlipidaemia. 

¢ Cardiovascular: Bradycardia, angina, cardiac failure, peri- 
cardial effusion. 


Haematological: Anaemia. 
Dermatological: Dry skin, vitiligo, Alopecia, erythema. 


Figs 6.76A and B: Typical myxoedema patient. 


[ Myxoedema coma 1 

Characteristic Precipitated Treatment 

features by 

Hypothermia Cold Drug of choice—Ts, 
(Levothyronine) 10 ug 
given IV 6th hourly 

Hypotension Infection _—_Levothyroxine—300 yg 

trauma 1V/1000 pig orally large 

dose) 

Hyponatraemia Glucocorticoids 

Hypoventiation Antibiotics 

Hypoglycaemia ‘Slow warming 

Bradycardia Electrolyte management 

Skin is deadly 

cold lke of a 

todd 

Coma 


Note: Myxoedema is severe thyroid falure. 


% Reproductive: Infertility, menorthagia, galactorrhoca, 

Gastrointestinal: Constipation, ileus. 

Developmental: Growth and mental retardation, delayed 
puberty. 

% Other features: Carpal tunnel syndrome, myalgia, hoarse- 
ness, deafness, ataxia, depression, psychosis (Myxoedema 
madness). 


Investigations 


© Ty, Ty estimation. 
TSH level estimation which is higher. 


Treatment 


% Replacement with L-thyroxine 100 to 150 g/day. In old 
patients with ischaemic heart disease initial therapy is 
with 25-50 g/day and then gradually increased upto the 
required dose 

4% Initial rapid response can be achieved by giving L iodothy- 
ronine 20 ig td. 


ll RECURRENT LARYNGEAL NERVE PALSY 


Anatomy and Relations of Nerves with 
Thyroid Gland 


¢ External laryngeal nerve is a branch of superior laryngeal 
nerve. Vagus gives superior laryngeal nerve branch at infe~ 
rior ganglion of vagus which is at the level of greater commu 
of hyoid bone, which in turn divides into internal laryngeal 
and external laryngeal nerves. Internal laryngeal nerve 
pierces the thyrohyoid membrane and gives sensory supply 
to larynx above the vocal cord and hypopharynx. External 
laryngeal nerve runs close to superior thyroid vessels to 
supply cricothyroid muscle which is tensor of vocal cord, 
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ured while ligating superior pedicle causing 
defective pitch of the voice. So upper pedicle of thyroid 
should be ligated close to gland. 

Recurrent laryngeal nerve is a branch of vagus which 
hooks around ligamentum arteriosum with arch of aorta 
on the left and right subclavian artery on the right side. It 
runs in the tracheo-oesophageal groove near the posterome- 
dial surface close to thyroid gland. Nerve lies in between 
branches of inferior thyroid artery. So inferior thyroid 
artery should be ligated away from the gland. Anomalies 
of the nerve should be remembered. In 5% of cases nerve 
passes through the gland. Nerve may be much more away 
from the gland. Nerve may be closely adherent to gland 
posteriorly. Nerve may lie within the ligament of Berry 
(25%). Non-recurrent laryngeal nerve may be present in 
1 in 1,000 cases with a horizontal course. RLN supplies 
all muscles (abductors, adductors) of the larynx except 
cticothyroid and also gives sensory supply of larynx below 
the vocal cords. 


Muscles of the Larynx 


¢ Crivothyroid: It is the only muscle which is located on the 
extemal aspect of the larynx. It is supplied by external laryn- 
geal nerve. Itis tensor and mild adductor of the vocal cord, 

¢ Abductors of the vocal cord—Posterior cricoarytenoids 

# Adductors of the vocal cord—Lateral cricoarytenoids, trans- 
verse arytenoid, thyroarytenoids and cricothyroids 

 Relaxant of vocal cords—Thyroarytenoids and vocalis, 

# Muscles which close the laryngeal inlet—Oblique aryt- 
enoids and aryepiglottic. 

Muscles which open the laryngeal inlet—Thyroepiglotticus. 


‘Superior vagal ganglion 


Jugular foramen 


Inferior vagal 


Superior 
ganglion 


laryngeal nerve 


Internal laryngeal 
nerve 


External laryngeal 
Common ‘Vagus 
carotid artery Thyroid 
eit Inferior thyroid artery 
‘subclavian: Left recurrent 


laryngeal narve 


Right recurrent. 


laryngeal narve Left subclavian artery 


‘Trachea: Arch of aorta 


Fig. 6.778 


Inferior thyroid artery 


Carotid artery 
= 50% 
Thyroid 


Rec laryngeal nerve 


= 26% 
Thyroid 


Rec laryngeal nerve 


= 20% 
Thyroid 


Rec laryngeal nerve 


= 1.5% 
Thyroid 


Rec laryngeal nerve 


0.25% 
‘Thyroid 


Non-recurrent-(rec.) laryngeal 


Fig. 6.778 


Figs 6.77A and B: Anatomy of superior and recurrent laryngeal nerve. 
Superior laryngeal nerve divides into internal and external laryngeal 
nerves. Right recurrent winds round subclavian artery and left winds 
around arch of aorta 


Fig. 6.78: Recurrent laryeal nerve on table identification is a must 
during thyroidectomy. 


Positions of Vocal Cord 


Median; paramedian (1.5 mm); normal; cadaveric/neutral 
(3.5 mm); gentle abduction (7 mm); completely abducted (9.5, 
mm). 


‘Assessment of voice change 
Pitch ofthe voice—whetherraised/lowered or pitch locked 
Breath support during speaking is adequate or not 
Ability to alter the rapidity of speech—slow/fast/ medium 
‘Altered laryngeal and neck muscle tension 
Indirect laryngoscopy—with tongue pulled out using gauze, 
warmed ILSis placed into the oral cavity to see vocal cords. 
Patient is asked to say'e'to see the vocal cord movements 


ee eee 


Types 


Unilateral recurrent laryngeal nerve palsy. 

2. Bilateral recurrent laryngeal nerver palsy. 

3. Unilateral, combined recurrent laryngeal and superior laryn- 
geal nerve palsy. 

4, Bilateral, combined recurrent laryngeal and superior laryn- 

geal nerve palsy. 


1. Unilateral Recurrent Laryngeal Nerve Palsy 


All intrinsic muscles of the larynx except cricothyroid are 
paralysed. Vocal cord becomes median or paramedian position. 
Reasons are: 

a. Only retained cricothyroid is a weak adductor of vocal 
cord causing median or paramedian position of vocal cords 
(Wagner-Grossman hypothesis). 

bb, Abductor fibres which are phylogenetically newer (to poste- 
rior cricoarytenoid) of the recurrent laryngeal nerve is more 
susceptible and paralysed than adductor fibres (Semon 
Jaw). 


| Causes for unilateral recurrent laryngeal nerve paralysis 
+ Infiltration from carcinoma thyroid 

+ Infiltration from carcinoma oesophagus 

+ Infiltration from carcinoma bronchus (left-sided) 
‘Mediastinal tumours (left-sided) 

Aortic aneurysms 

Trauma 

Idiopathic 

Thyroidectomy 

+ Neck or mediastinal lymph node mass 
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Clinical features 

# Asymptomatic in 33% cases. 

Some change in voice, which gradually becomes normal 
with speech therapy. 

# Aspiration never occurs. 

¢ Airway obstruction never occurs. 


Completely 
abducted (8.5 mm, 


29 


Paramediar 
1.5mm 


Gentle 
abduction 
(7.0 mm) 


Cuneiform 
cartilage 


Cadaverie Comiculate 
Median cartilage 


.79: Vocal cord in recurrent laryngeal nerve palsies 


‘Treatment 
No specific treatment is required. 

But steroid should be started. Prednisolone 20 mg tid for 10 
days orally after food is given with gradual tapering in another 
10 days. 


2. Bilateral Recurrent Laryngeal Nerve Palsy 


Both side intrinsic muscles are paralysed. So both vocal cords 
lie in median or paramedian position due to unopposed actions 
of the both side cricothyroid 


Clinical features 

# Change in voice. 

# Severe dyspnoea and stridor (more during exertion) leading 
to airway block and respiratory arrest. 
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‘Treatment 

# Emergency tracheostomy. 

# Lateralisation of the cord by: 
» Arytenoidectomy by open surgery or through an endo- 

scope, 

> Vocal cord lateralisation through endoscope. 

# Excision of vocal cord through an endoscope or laser cord- 
ectomy, 

+ Implantation of sternohyoid. 

# Thyroplasty 


3. Unilateral, Combined Recurrent Laryngeal Nerve 
and Superior Laryngeal Nerve Palsy 


All the muscles on one side are paralysed. Vocal cord is 
cadaveric position, 3.5 mm from the midline. 


Clinical features 
# Hoarseness of voice, 

# Aspiration through ineffective glottis, 
# Ineftective cough. 


Have, goals, they give direction, purpose and meaning to lofe. 
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‘Treatment 

© Speech therapy (Commonly healthy opposite cord moves 
to opposite side of the midline so as to compensate for the 
paralysis of the opposite side). 

¢ Injection of Teflon to the paralysed cord. 

% Muscle or cartilage implant to the paralysed cord 

# Arthrodesis of cricoarytenoid joint 

4. Bilateral, Combined Recurrent Laryngeal Nerve 
and Superior Laryngeal Nerve Palsy 


Causes 
¢ All (total) paralysis of intrinsic muscles of larynx 
¢ Total laryngeal anaesthesia 

Clinical features 

+ Aphonia (no voice) 


# Aspiration due to severe glot 
anaesthesi 

# Absence of cough. 

# Retention of secretions in the chest. 

# Respiratory arrest, 


incompetence and laryngeal 


‘Treatment 
# Emergency tracheostomy. 

+ Fixing epiglottis over the arytenoids to prevent aspiration, 
# Plication of vocal cords to prevent aspiration, 

# Total laryngectomy. 


+ Unilateral recurrent laryngeal nerve palsy ~ Not dangerous 
+ Bilateral recurrent laryngeal nerve palsy | - Most dangerous 
Unilateral combined palsy ~ Not dangerous 
4 Bilateral combined palsy ~ Dangerous 


Hie lGa@ve Parathyroids and Adrenals 


About three years ago | found on the thyroid gland...a small organ, hardly as big as a hemp seed, which was 
enclosed in the same connective tissue capsule as the thyroid, but could be distinguished therefrom by a lighter 
color. A superficial examination revealed an organ of a totally different structure from that of the thyroid, and 
with a very rich vascularity.... (I) suggest the use of the name Glandulae parathyreoideae; a name in which the 
characteristic of being bye-glands to the thyroid is expressed. 


CHAPTER OUTLINE 


Anatomy 
= Calcium, 

© Hyperparathyroidism 
 Parathyroidectomy 
= MEN Syndrome 

= Apudomas 
 Hypoparathyroidism 
~ Tetany 


™ ANATOMY 


¢ Parathyroids are endocrine glands situated behind 
the thyroid gland. They are four in number two on each 
side. 

Two upper glands are constant in position. Superior is behind 
recurrent laryngeal nerve. They develop from 4th pharyngeal 
pouch hence called as parathyroid IV. 

# Two lower glands are variable in position. They develop 
from endoderm of 3rd pharyngeal pouch hence called as 
parathyroid II tis usually infront of the recurrent laryngeal 
nerve, lower part 

¢ Each gland weighs 40-50 mg. Itis brownish (khaki coloured) 
firm gland, which sinks in the fluid unlike fat which floats. 
It is usually adjacent to the anastomosis between superior 
and inferior thyroid arteries posteriorly. 

Glands (chief cells) secrete parathormone (PTH) which 
controls the calcium metabolism. 

# Variations are common in inferior parathyroids. It can be 
located in thyrothymic ligament, superior pole of thyroid, 
tracheooesophageal groove, behind oesophagus, carotid 
sheath. There may be more than two glands on one side 
called as supernumerary gland (2,5-22%), 


—Ivar Victor Sandstrém, 1879 


* Adrenals 
* Adrenal Cortical Tumours 

* Adrenocortical Carcinoma 

* Cushing's Syndrome 

® Conn’s Syndrome 

* Virilising Syndrome or Adrenogenital Syndrome 
* Neuroblastoma 

* Pheochromocytoma 


# Both superior and inferior glands receive their blood supply 
from inferior thyroid artery and its anastomotic branch. 
Blood supply is through an end arterial branch. 

# Gland contains chief and oxyphil (water cleat) cells. 


+ Increases absorption ofthe calcium from the gut 

'& Mobilizes calcium from the bone 

+ Increases the calcium reabsorpt 

+ Halflifeof PTH i 4 minutes. 


from the renal tubules 


lm CALCIUM 


Total calcium in plasma in ionised and nonionised (unbound 
and bound) form is 8.5-10.2 mg/dl (2.2-2.5 mmol/L). $5% is 
bound; 45% is unbound ionised free active part (4.5-5.0 mg/dl). 

Commonest protein part of bound calcium is albumin (80%); 
remaining is beta globulin, non-protein molecules. lonised 
calcium is inversely related to pH of blood; raise in pH by 1 will 
reduce the ionized calcium by 0.36 mmol/L. Levels of calcium 
is controlled by PTH, calcitonin and vitamin D acting on bone, 


Any adrenal tumour more than 50 gm is usually malignant. 
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parathyroids (IV) 


Inferior 
parathyroid (Il 


Trachea 
Fig, 7.1: Anatomical location of parathyroids. 


kidney and GIT, PTH (84 amino acids) is secreted by chief cells 
whenever serum calcium level falls. PTH stimulates osteoclasts 
for bone resorption; kidney to promote calcium reabsorption 
and production of 1,25 dihydroxy vitamin D; GIT to promote 
absorption of calcium and phosphorous. Vitamin D hydroxyla- 
tion at carbon 25 occurs in liver, and later at carbon I occurs in 
kidney, It is important for blood coagulation, neuromuscular 
activity, cellular activity, bone integrity 


ll HYPERPARATHYROIDISM (HPT) 
Types 

Primary. 

Secondary. 

Ter 
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Primary is unstimulated inappropriate high PTH secretion due 
to hyperplasia or adenoma causing hypercaleaemia, 
Secondary is due to chronic renal failure or due to malabsorp- 
tion, vitamin D deficiency rickets, ic. due to chronic hypocal- 
caemia, There is always parathyroid hyperplasia. CRF causes 
hyperphosphataemia and reduced conversion of 25 DHCC to 
1, 25 DHCC. So absorption of calcium from GIT is reduced 
‘causing chronic hypocalcaemia which stimulates PTH secretion 
and parathyroid hyperplasia 

Tertiary is duc to autonomous reactive hyperplasia of parathy- 
roids often seen like after renal transplantation. 


Primary hyperparathyroidism 
Adenoma (75-90%) 
© Hyperplasia (20-24%) 
@ Carcinoma, rare (1%) 


Carcinoma of parathyroid is rare—1%. It is aggressive. It 
presents as nodule, palpable neck lymph nodes along with HPT. 
It is invasive to soft tissues, thyroid, perineural spaces. Often 
blood spread can occur. Itneeds wide tumour excision, hemithy- 
roidectomy, neck node dissection and later radiotherapy to neck 
and mediastinum. With therapy 5-year survival rate is 85%, 


Primary HPT is 3rd most common endocrine disease after 
diabetes and thyroid disease. Increased PTH causes hypercal- 
caemia, 


Clinical Features 


Clinical vignette of hyperparathyroidism—*Bones, stones, 

abdominal groans, and psychie moans.” 

1. Hyperparathyroidism is common in middle aged women 

2. Presentation may be asymptomatic—> 50% cases. 

3. Nonspecific symptoms and psychiatric symptoms: They are 

‘most often named as neurotics, 

Behavioural problems. 

5. In the bone there will be osteitis fibrosa eystica (von Reck- 
linghausen disease) (5%), which shows single or multiple 
cysts or pscudotumour in the jaw, skull or middle phalanges, 

Lamina dura of tooth is the first bone to show changes. 

6. In the kidney, there may be bilateral, multiple renal stones 
‘or nephrocalcinosis (may go for renal failure) 

7. Itmay be associated with the peptic ulcer, pancreatitis, MEN 
I syndrome. 

8. They are more prone for skin necrosis, band keratopathy, 
pseudogout, myalgia, arthralgia, polyuria, glycosuria, hyper- 
tension (33%). 


& Primary HPT is commonly sporadic than fami 

‘& Histological difference between adenoma and hyperplasia 
is difficult to assess 

& On table gross look is preferred method 

Adenoma is usually single, Multiple adenomas occur in 
elderly (5%) 

& Hyperplasia involves all four parathyroids 

4 Parathyroid cyst may be developmental/secondary to degen- 
eration of nodule or adenoma, Cyst aspiration shows clear 
fluid with high PTH level in the content fluid 

4 Preoperative IV methylene blue 5 mg/kg in 500 ml dextrose 
saline which stains parathyroids is used often to localise 
glands 

4 50 percentage of one gland is sufficient to maintain function 

+ Persistent HPTis one in which HPT persists immediately even 
after initial surgery 

4 Recurrent HPT (initially after frst surgery HPT is corrected 
but recurs 12 months after surgery) is due parathyromatosis, 
development of new adenoma, and hyperplasia of trans- 
planted parathyroid. Parathyromatosisis due to rupture and 
spillage of parathyroid tissue in neck, mediastinum forming 
functioning nodules 

4 Re-exploration and removal in persistent/recurrent HPT 
needs on table PTH assay. On table PTH level drop more than 
50% of preoperative value indicates the success of surgical 
removal 

‘® CT/MRL,PET scan and selective angiography are usually done 
only for recurrent diseases 


Acute Hyperparathyroidism (Crisis) 


Causes 


# Sudden increase in PTH level due to rupture of parathyroid 
cyst or bleeding in the parathyroid tumour, 


4 Severe dehydration precipitates crisis 
¢ Secondaries in bone (primary may be from breast). 

Acute hyperparathyroidism is rare but dangerous presentation 
(crisis) wherein patient presents with abdominal pain, vomiting, 
dehydration, oliguria, muscular weakness and death, 

igh > 12 mg% (3.5 mmol/L). 


Serum Ca™ is very 


Treatment of Crisis 


¢ Forced diuresis using 3-5 litres of saline with frusemide. 


Rehydration using normal saline 300 mi/hout. 
¢ Steroids, inhibits effects of vitamin D. dose is 400 mg/day 
IV fo 
# Clodranate Na”, Pamidronate (90 mg IV slowly in 4 hours). 
Zoledronic acid 4 mg IV initially and later 8 mg is also used, 
level, i.e. mithramycin, calcitonin, 


Drugs to reduce Ca’ 
prednisolone, biphosphonates. Cinacalcet is calcium 


receptor agonist which reduces the serum calcium level 
{resorption of calcium at 
a dose of 200 mg/m*/day for 5 days. 
# Condition has high mortality rate 
Patient develops hyperchloraemic metabolic acidosis 


Gallium nitrate inhibits osteock 


Investigations for HPT 
© High serum Ca** — > 10 mg/100 ml, 


Note: 
Serum albumin should also be assessed to getaccurate calcium level 


# Decreased serum phosphorus, 
Increased urinary Ca”” —> 250 mg/24 hr. 
Increased serum alkaline phosphatase. 


& 


PY 
ry 
# Increased PTH level in the serum is diagnostic—> 0.5 
X-ray skull shows salt-pepper appearance. 
ry 


X-ray phalanges and jaw are specific 


Fig. 7.2: Plain Xray skull. Note the characteristic salt-pepper 
appearance of the skull bone. 


‘Xray features in hyperparathyroidism 


4 Pepper lesions in the skull 
‘& Sub-periosteal erosion of radial side of middle phalanx 
‘® Calcification in bones 


r 
+ 
+ 
+ 


U/S abdomen to find out problems in kidney, 
U/S neck and CT/MRI scan neck and medias 
Selective venous sampling for PTH is also very useful. 
Thallium-Technetium sean shows hot spots which is diag~ 
nostic of parathyroid adenoma. 

Technetium-99m labelled Sestamibi isotope scan is better 
and sensitive (80%) than ‘Thallium-Te scan, As it is very 
expensive it is used in parathyroid re-exploration. It is 
often combined with single photon emission computerised 
tomography (SPECT), 

Urinary cAMP level increases in 90% cases. 

Angiography, venous sampling, SG guided biopsy are other 
methods. 


Differential Diagnosis 


+ 


S 
polypeptide by tumour. Actual PTH is suppressed 
Multiple myeloma, 
Vit D intoxication. 


condaries in the bone—due to secretion of PTH related 


Sarcoidosis, 
Functioning carcinoma, 
Familial hypocaleiuric hyperealcaemia is an autosomal 
dominant disease with mild raise in serum calcium and 
PTH levels secondary to mutation in the cell membrane 
calcium receptor. Urinary calcium excretion is low. It does 
not require parathyroidectomy. Caleium e 


atinine clearance 


Figs 7.3A and B: Xray of humerus bone and hand bones showing 


bone features—brown tumour—osteitisfibrosa cystica, 


The fact which Addison has published seem to lead to the conclusion that these little organ are essential to life. 


—Charles Edward Brown-Sequard 
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universe. We note here the two most important defining properties of the vacuum in this regard (Puthoff 
et al., 2002): 


@ Within the context of quantum field theory the vacuum is the seat of all energetic particle and 
field fluctuations. 


@ Within the context of general relativity theory the vacuum is the seat of a spacetime structure (or 
metric) that encodes the distribution of matter and energy. 


We begin our look into this concept by examining the propagation of light through space. We know 
from quantum field theory that light propagating through space interacts with the vacuum quantum fields 
(a.k.a, vacuum quantum field fluctuations). The observable properties of light, including the speed of 
light, are determined by these interactions. Vacuum quantum interactions with light lead to an effect on 
the speed of light that is due to the absorption of photons (by the vacuum) to form virtual electron- 
positron pairs followed by the quick re-emission (from the vacuum) of the photon (see Figure 4). The 
virtual particle pairs are very short lived because of the large mismatch between the energy of a photon 
and the rest mass-energy of the particle pair. A key point is that this process makes a contribution to the 
observed vacuum permittivity € (and permeability 1s) constant and, therefore, to the speed of light c [ 
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ratio is less than 0.01 in this condition whereas it is > 0.02 
in primary HPT. 


Indications for parathyroidectomy. q 
Severe symptoms 
Young age group 
‘Markedly reduced bone density 
Serum calcium more than 11 mg% 
Urinary calculi 
Neuromuscular presentations 
Urinary calcium more than 400 mg /24 hours 


eeeeese 


Problems in parathyroidectomy 
+ Permanent hypoparath 
+ Persistent hyperparathyroidism—S% 
Recurrent hyperparathyroidism—hypercalcaemia recurs 12 
months after fist parathyroid surgery 
Recurrent laryngeal nerve injury—1% 
+ Often needs additional thyroidectomy 
+ Variations in positions of the gland especially lower-may be 
in mediastinum 
Sudden drop in calcium level after surgery due to increased 
absorption of calcium by bones—hungry bone syndrome 


Treatment 


# Surgical removal of the glands and implantation of frag- 
ments of the gland in forearm muscle mass (brachiora~ 
dialis) or neck (sternomastoid). Marker stitch is placed at 
the transplantation site, 1/3rd of one gland or 100 mg of 
parathyroid gland is autotransplanted—subtotal parathy- 
roidectomy 

¢ [fit is carcinoma, additional hemithyroidectomy with post- 
operative radiotherapy is required 

# Adenoma when occurs in one gland with normal other glands, 
removal of that gland with adenoma may be sufficient 

When all four glands are diseased, transcervical thymectomy 
is also added along with total parathyroidectomy to reduce 
persistent and recurrent disease. 

¢ In familial and MEN syndromes, total parathyroidectomy 
is better. 

¢ Ifitis mediastinal parathyroid adenoma, after proper locali- 
sation thoracoscopic removal may be sulficient. 

# Medical treatment of primary hyperparathyroidism is 
usually ineffective and not popular. However occasionally 
as initial therapy and acute crisis it is being advocated, 
Estrogens, progestogens, raloxifene (estrogen receptor 
modulator), mithramycin, caticitonin are the few drugs used, 
Mithramycin is used once a week but itis hepatotoxic and 
causes thrombocytopenia. 


ll PARATHYROIDECTOMY 


Primary hyperparathyroidism—Criteria (2002) for surgical 
intervention are—raise in serum calcium level more than 
1 mg/dl of upper limit of the normal calcium range; 
urinary calcium if more than 400 mg; creatinine clearance 
when reduced more than 30%; bone density greater than two 
standard deviations below peak bone mass in lumbar spine 


4 hours 


hip/lower end of radius; age below 50 years; when medical 
therapy is not possible. 

Secondary HPT is an indication for removal of all four glands 
with autotransplantation of parathyroid only in severe cases or 
with renal osteodystrophy. 


Preoperative Preparation 


‘Vocal cords should be assessed by preoperative indirect laryn- 
goscopy. 

High calcium levels preoperatively may require treatment with 
hydration; diuresis; steroids (prednisolone 20 mg TID for S days 
before surgery); 100 mmol phosphate infusion in 6 hours; 200 
units calcitonin subcutaneous injection for 5 days twice daily 
before surgery; diphosphanate—etiodronate disodium 7.5 mg/ 
kg daily as slow IV infusion for 3 days; mithramycin 25 1g/ 
kg as single dose 


Anaesthesia and Position 


General anaesthesia is used with neck hyperextension by 
placing rolled sheet under the shoulder blades. Head is placed 
on the head ring; head end of the table is raised to semi-erect 
position (Semi-fowler position). 


Incision and Dissection 


I is same as for thyroidectomy. Flaps are raised in similar way. 
Strap muscles are separated after opening the deep fascia in the 
midline. Thyroid gland is mobilised to identify the parathyroid 
adenoma, Parathyroid having adenoma is mobilised which is 
close to recurrent laryngeal nerve. End artery of the parathyroid 
is identified and ligated. Adenoma is separated from adjacent 
thyroid tissue using gauze dissection, Either on table venous 
sampling for PTH assay is done or venous sample from cubital 
vein is done for PTH assay. 

Parathyroid may be confirmed by frozen section biopsy or 
on table aspiration of parathyroid tissue which is analysed for 
PTH assay which will be more than 1500 pg/ml (confirms that 
removed tissue is parathyroid). 

‘Total parathyroidectomy is done for parathyroid hyper- 
plasia by removing all four glands and % of one gland is 
autotransplanted into the forearm muscle (brachioradialis) or 
sternocleidomastoid muscle with marker stitch. Gland to be 
transplanted is sliced into 1 mm pieces and around 18 pieces 
are embedded in decided muscle with a marker stitch or clip. 
atures 


If in postoperative period patient still presents with 
of primary HPT; transplanted area is re-explored and further 
reduction in parathyroid tissue is done 

Wound is closed with proper haemostasis, 


Complications 


# Haemorthage, recurrent laryngeal nerve palsy, hypocal- 
caemia and hungry bone syndrome are known to occur. 

# Persistent HPT (serum calcium does not normalise immedi- 
ately after surgery leading to total failure) or Recurrent HPT 
(serum calcium after surgery becomes normal but in 6-12 
months, it again inereases) may be a problem. 


 Hypoparathyroidism with severe hypocalcaemia is a 
problem when all glands are removed (3) with bilateral 
neck exploration. 10 ampoules of calcium gluconate is 
diluted with one liter of normal saline and given as contin- 
uous infusion at a rate of 30 ml/hour—initial method of 
management. Hypomagnesemia should also be corrected, 

© Migration or inability to identify the transplanted parathy- 
roid is often a problem in autotransplantation of parathyroid, 

Hungry bone syndrome 
> Itoccurs usually in patients with preoperative hyperthy- 

roidism. They have increased bone breakdown in their 
hyperthyroid state. When a patient’s thyroid hormone 
level drops acutely after surgery, stimulus to break 
down bone is removed. The bones are now “hungry” 
for calcium, remove calcium from the plasma rapidly. 

» It usually occurs after parathyroidectomy; thyroid- 
ectomy for toxic thyroid; prostate cancer patients on 
estrogen therapy, Sudden cessation of existing increased 
bone breakdown makes bones to absorb calcium, magne- 
sium and phosphorus rapidly. Calcium levels in blood 
prior to operation cannot predict hungry bone syndrome. 

> Hypocalcaemia, hypophosphataemia, hypomagnesemia 
and hyperkalaemia are four typical features in these 
patients. Estimation and correction of all these four 
factors is essential. ECG changes can occur. Hyper- 
kalaemia should be treated judicially. Magnesium 
infusion is needed. There is an unusually high need for 
calcium, with a low calcium excretion in the urine. 

» Bone-specific alkaline phosphatase (ALP) continues 
to rise in the first few weeks indicating increased bone 
reconstruction, 

» Supplementation of vitamin D and elemental calcium is 
needed during discharge for 6 months. 

> Postoperatively they need calcitriol (gradually increased 
to 16 mg in 1 month, then gradually reduced) with 2 gm 
calcium supplement. 

» Monitoring is done by evaluating serum calcium, 
albumin, magnesium, phosphorus and bone specific 
alkaline phosphatase. 

¢ Injury to recurrent laryngeal nerve, oesophagus can occur, 


Effects of Surgery 


Among neuromuscular symptoms of primary HPT, proximal 
muscle weakness responds better than respiratory muscle 
weakness by parathyroidectomy. 

# Among psychiatric illnesses, depression and spatial learning 
and processing improve well by surgery. 

# Bone mineral density in hip and lumbar spine becomes better. 

¢ Nephrocalcinosis is improved by surgery: but hypertension 
and renal excretion will not improve much, 

¢ Half life of PTH is 4 minutes. On table serial PTH assays 
are done at several intervals—before dissection of the gland, 
during dissection and after dissection, 50% reduction in 
PTH level from baseline in post-removal sample is a 96% 
predictor of complete removal. 


# Operative failure rate is 1.5 to 6%, Intraoperative PTH assay 
improves the success rate very much (76-94%). Cure rate 
is defined as normocalcaemia in 6 months postoperative 
period. 

# Radio guided parathyroidectomy using intravenous injec- 
tion of 20 mCi of 99mTe sestamibi 2 hours before surgery 
is not routinely practiced but may be useful for removal 
of adenoma appropriately. Hand held quantitative gamma 
counter is used intraoperatively on the neck over all para- 
thyroid tissues. 


Surgical Approaches 


Classic Approach (Traditional Approach) 


It is under general anaesthesia exploring bilateral neck to 
remove parathyroid tissue which is confirmed by frozen section 
biopsy. It shows 95% cure rate with 2% complication rate. 


Minimally Invasive Parathyroidectomy (MIP) 


It is done in ease of single adenoma of parathyroid under 
regional cervical block anaesthesia usually in ambulatory set 
up. Itis actually unilateral parathyroidectomy with removal of 
adenoma and involved entire that particular one parathyroid 
gland using limited neck exploration (small incision of 2-4 
em), Procedure is not useful in multiple adenomas or hyper- 
plasia, Preoperative localisation with sestamibi combined 
with SPECT is a must. Intraoperative PTH assay is a must to 
confirm drop in PTH level to required level. Cervical block is 
given by infiltrating the xylocaine (1%) with adrenaline along 
posterior and deep to sternocleidomastoid muscle and also 
along the neck incision. Direct field block along the anterior 
border of the stemocleidomastoid and over the incision is also 
used. Postoperative serum calcium and PTH level should be 
assessed until 7th day. 


Median Sternotomy (3%) Extension 


Median sternotomy is often needed when parathyroid is in 
anterior mediastinum along with thymus. Often parathyroids 
may be 5, 6 or 7 in numbers instead of four. 


Video Assisted Parathyroidectomy 
(Paolo Miccoli) 


It is done in localised single adenoma using multiple ports on 
one side with intermittent CO> insufflation and suction irriga- 
tion. 1.5 om incision I em above the sternal notch helps in 
tactile assessment and dissection. Strap muscles are retracted 
laterally and thyroid is retracted medially. Conversion rate is, 
11%; RLN palsy is 2%, 


Endoscopic Parathyroidectomy 


Entire parathyroidectomy is done using laparoscopy. It is 
first used (1994) for a mediastinal parathyroid adenoma. In 
1996, it was used for neck parathyroid hyperplasia by Gagner 


Great man is the one who treats the litte in a great way. 
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for removing 3% glands. Now technique is limited to single 
adenoma to remove tumour and gland. Low pressure insuffla- 
tions with $ mm four trocars are used. Placement of trocats is 
dependent on the need of the operating surgeon. Many place 
trocars on one side only; but few prefer to place working trocars 
on opposite side. 


Remedial Parathyroidectomy 


It is done for persistent HPT (serum calcium is not normalised 
immediately after surgery leading to total failure) or recur- 
rent HPT (serum calcium after surgery becomes normal but 
in 6-12 months, it again increases). It is done through lateral 
approach (Feind) between anterior margin of sternocleidomas- 
toid and strap muscles so that sear tissues are avoided from 
initial dissection, On table localisation methods, on table PTH. 
assay are needed. Medial sternotomy often may be needed to 
explore the mediastinum for complete removal of the gland. 
Parathyroids in such situations may be embedded in the tissue 
of thyroid or thymus. So removal of these glands also may be 
anced in such situations. 


Subtotal Parathyroidectomy 


It is indicated in hyperplasia or secondary HPT wherein 3% 
glands are removed, retaining Ys of one gland. 


Total Parathyroidectomy with Parathyroid 
Autotransplantation 


It is done alternatively in hyperplasia wherein all four glands, 
are removed; Yi or Y4 of one gland is transplanted into sterno- 
cleidomastoid or brachioradialis muscle with a marker, Disease 
control will not occur if more part of the gland is transplanted. 

It is removing all four glands ands or % of one gland is 
autotransplanted into the forearm muscle (brachioradialis) or 
sternocleidomastoid muscle with marker stitch, Transplanting 
gland is sliced into 1 mm pieces and around 18 pieces are 
embedded in decided muscle with a marker stitch or clip. If 
postoperatively patient still presents with features of primary 
HPT, transplanted area is re-explored and further reduction in 
parathyroid tissue is done. Migration or inability to identify the 
transplanted parathyroid is often a problem in autotransplanta- 
tion of parathyroid, 


ll MEN SYNDROME (MEA SYNDROME) 


Commonly inherited as an autosomal dominant. 
# Cells involved has got common features of APUD cells 
(APUDomas). 
Note: 
+ APUD—Amine Precursor Uptake Decarboxylation 
+ MEN—Multiple Endocrine Neoplasia; MEA—Multiple Endocrine 
‘Adenomatosis. 


Types 


© Type—t: Parathyroid hyperplasia or adenomas; pituitary 
tumour; pancreatic tumour [Endocrine—Insulinoma, 


gastrinoma, glucagonoma, vipoma]. It is also called as 
Werner's syndrome. Here the defect is in chromosome 11 
# Type—Il: Also called as Sipple 5 disease. 
1. Ia includes medullary carcinoma of thyroid’ phaco- 
chromocytoma + parathyroid hyperplasia (50%). Here 
the detect is in chromosome 10. 
2. ILb includes medullary carcinoma of thyroid + phaco- 
chromocytoma mucosal neuromas in lips and eyelids 
‘with bumpy-lumpy lesions, with marfanoid face, mega- 
colon. 
Evaluation and management of MEN syndrome: Family 
history; biochemical screening with parathormone, serum 
calcium, prolactin, growth hormone, blood sugar, insulin, proin- 
sulin, pancreatic polypeptide, glucagons, gastrin levels, calci- 
tonin, urinary catecholamines estimation; genetic screening 
from isolated DNA from peripheral blood white cells for ret 
proto oncogene. Specific surgical treatment of conditions is, 
needed. 


™ APUDOMAS 


APUD (Amine Precursor Uptake Decarboxylation) cells are 

cells having specific cytochemical characteristics. They are 
> High amine content. 

» Capacity of amine precursor uptake. 
» Property of decarboxylation of these precursors to form 
amines. 

# Initially it is thought that APUD cells are derived from 
neural crest cells (Pearse) but now found to be from endo- 
dderm. Cells share similarities in structure, properties, histo- 
logical, histochemical, immunocytochemical and electron 
microscopic appearance. Neuron specific enolase enzyme 
is specific for these cells. 

# These cells have got capacity to synthesize peptides which 
has got different modes of action. They are: 

1. Endocrine action where peptides get secreted into cireu- 
lation to have distant target actions. 

Paracrine action where peptides get secreted locally to 

have action at local sites. 

3. Neurocrine action where peptides act as neurotransmitter 
at neuronal synapses. 

4, Neuroendocrine action where peptides stimulate release 
of peptide product of the neuron into the circulation, 

% Tumours arising from these cells are grouped as Apudomas. 
Many of parathyroid tumours, pancreatic tumours are 
under this group. Their presentations are commonly due 
to increased secretions of these neuroendocrine hormones. 
Commonly presentation is like syndromes. Insulinoma, 
glucagonoma, gastrinoma, VIPoma are different examples, 
‘Tumours are entopic type if they secret hormones normal to 
the tissue like insulinoma/glucagonoma. They are ectopic 
{ype if they produce hormones which are not normal to the 
tissue of origin like gastrinoma/VIPoma. 

 APUDOMAS are commonly associated with MEN 
syndrome (commonly type 1). Radioimmunoassay, MRI 
abdomen, CT neck are useful investigations. 

% Treatment is of individual diagnosed components of the 
condition. 


ll HYPOPARATHYROIDISM 
Types 


Temporary More common (2~ 


50%) average 10%. 


Usually lasts for 2 
months maximum up 
to 6 months. 
Decrease in 

calcium; increase in 
phosphorous 


Permanent— 
continues beyond 6 
months. 

Decrease in 
calcium; increase in 
phosphorous 


Permanent Less common (0.4- 


13%) average 1% 


Hungry 
bone 
syndrome 


‘Common (5-13%) Severe, rapid 
begins in immediate 
postoperative period, 
Decrease in 

‘calcium; decrease in 


phosphorous 


¢ Inadequate production of PTH leads to hypocalcemia, 
Hypoparathyroidism and the resulting hypocalcemia may 
be permanent or transient. The rate of permanent hypopar- 
athyroidism is 0.4-13%, 

© Causes are - direct trauma to the parathyroid glands, devas- 
cularization of the glands, or removal of the glands during 
surgery. 

© The rate of femporary hypocalcemia is reportedly 2-50%. 
‘The cause of transient hypocalcemia after surgery is due 
to temporary hypoparathyroidism caused by reversible 
ischaemia to the parathyroid glands, hypothermia to the 
glands, or release of endothelin-1. Endothelin-1 is an 
acute-phase reactant which suppresses PTH production 
Other hypothesis is—calcitonin release and hungry-bone 
syndrome. Calcitonin is produced by the thyroid C cells 
which inhibits bone breakdown while stimulating renal 
excretion of calcium (opposite of PTH). 

# An effective method of evaluation of parathyroid function 
is to assess ionized calcium (or total calcium and albumin) 
levels in the perioperative period, A normal postoperative 
PTH level can accurately predict normocalcemia after 
thyroid surgery. Immediate postoperative PTH level if <1.5, 
pmol/L and morning serum calcium <2,0 mmol/L, then 
patient is at risk of hypocalcemia. 


Features of Hypoparathyroidism 


# Circumoral tingling, numbness, paraesthesia. 

# Carpopedal spasm, laryngeal stridor. 

¢ Respiratory muscle spasm, suffocation. 

* Convulsions, blurred vision due to intraocular muscle 
spasm. 

Cataract formation as late feature 


Treatment 


# Patients who have symptomatic hypocalcemia in the early 
postoperative period or whose calcium levels continue to 
fall rapidly need treatment. In symptomatic patients, intra 
venous calcium gluconate 10 ml 10% solution (I gm) is, 
administered over 10 minutes. A calcium infusion is started 
at a rate of 1-2 mg/kg/hr if symptoms do not resolve. Rate 
of infusion is decided by repeated analysis of serum calcium 
and clinical features. 

# One to two grams of elemental otal calcium should be given 
cach day. Calcium carbonate 1250 mg provides 500 mg of 
elemental calcium; the patient should take 2500-5000 mg! 
day. 

* The patient needs vitamin D supplementation with calcitriol 
0.25-1 megiday. The calcium supplementation should be 
divided 4-5 times per day rather than in a single dose to 
maximize absorption by the Gl tract. 

# Intravenous/intramuscular magnesium 0.5 gm/4 mEq/kg 
body weight for 5 days; later magnesium gluconate tablets 
500 mg orally. 

# In2 months, trial weaning of oral calcium can be made to 
identify whether the hypoparathyroidism is temporary. Need 
for calcium supplementation longer than 6 months, indicates 
permanent hypoparathyroidism. 


Prevention of Hypoparathyroidism 


# Proper preoperative parathyroid localisation. 

# Maintaining blood supply of parathyroids 

% Capsular ligation of the thyroid vessels at lower pole to 
retain parathyroid end arteries. 

# Parathyroid autotransplantation if all 4 parathyroids are 
removed. 


Spurious Hypocalcemia 


# Itis decrease in total calcium, albumin and haematocrit 
in the first two postoperative days following any surgery 
including non-thyroid. Surgical stress releases ADH causing 
water retention and haemodilution, Albumin bound total 
calcium is decreased. Free ionized calcium is normal unlike 
in true hypocalcaemia. 


mm TETANY 


Decreased level of calcium in blood causing its effects. 


Causes 


# After thyroidectomy (It is decreased level of parathormone 
in the blood causing hypocalcaemia). I is usually temporary, 
lasts for 4-6 weeks. It is the commonest cause of hypopar- 
athyroidism. 

# Other causes of hypoparathyroidism are neck dissec~ 
tion, haemochromatosis, Wilson’s disease, DiGeorge’s 
syndrome. 


Laughter is the music of the soul. 
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¢ Severe vomiting, hyperventilation associated with respira- 
tory alkalosis 

Metabolic alkalosis, 

© Rickets, osteomalacia, 

# Chronic renal failure 

Acute pancreatitis, 

Decreased PTH causes decrease in calcium level in the blood 
leading to: 

¢ Circumoral paraesthesia, paraesthesia of neck, fingers and 
toes. 

# Twitching and weakness of tongue muscles, muscles of 
forearm, hand, foot and digits—earpopedal spasm. Fingers 
are extended except at the MCP joints and thumb is strongly 
adducted (obstetrician’/ accoucheur’s hand); there is exten- 
sion of feet to develop carpopedal spasm. 

© Chvostek's sign—Tapping above the angle of the jaw to 
stimulate branches of facial nerve causes the twitching of 
the angle of mouth and eyelids 

¢ Applying the sphygmomanometer to the arm and inflating 
the pressure more than systolic pressure (200 mm of Hg) of 
the patient for three minutes can demonstrate carpal spasm 
(Trousseau’s sign). 

* Siridor and difficulty in breathing due to paralysis of respira- 
tory muscles. 

Generalised weakness and twitching all over the body in 
severe cases mimicking convulsions. 

¢ Prolonged QT interval and QRS complex in ECG. 


Management 

¢ Serum calcium estimation is done. It will be less than 
7 me% 

¢ 1V calcium gluconate 10% 10 ml sixth to eighth hourly is 
given. 


¢ Later oral calcium (1 gram three times daily) with vitamin 
D supplementation (1-3 j1g daily) 

¢ Follow up at regular intervals by doing serum calcium level 

Magnesium sulphate supportive therapy is also often 
needed—10 ml 10% magnesium sulphate intravenously. 


———— DiGeorge'ssyndrome 


& Absence parathyroids 
‘® Thymic aplasia with immunodeficiency 
Cardiac defects 


ll ADRENALS 


The facts which Addison has published seem to lead to the conclu- 
sion that these litle organs are essential to life. 
—Charles Edouard Brown-Séquard, 1856 


Adrenal cortex contains three layers: 
1, Zona glomerulosa secretes mineralocorti 
2, Zona fasciculata secretes glucocorticoids. 
3, Zona reticularis secretes sex hormones. 
> Cortex—85%; mesoderm: produces and secretes aldos- 
terone, cortisol, DHEA. 
> Medulla—15%; neuroectoderm; produces and secretes 
norepinephrine, epinephrine. 


ids. 


Diaphragmatic attachment 
renal gland 


Renal 
fascia 


‘Semilunar 
left adrenal 


Triangular 
right adrenal 


Cut section of 
‘adrenal gland 


Fig. 7.4: 


Location of right and left adrenals 
wnatomy of adrenal gland, 


™ ADRENAL CORTICAL TUMOURS 


# Are usually adenomas, 

# Any tumour measuring 6 em or more are likely to be 
malignant, or have high risk of turning into malignaney. So 
requires surgical res 

# Adenocarcinoma is the commonest adrenal cortical malig- 
nancy (1%). Itis very aggressive tumout. 

% Cortical tumours may be functioning or nonfunctioning 

# Functioning tumouts secrete mineralocorticoids, glucocor- 
ticoids or sex hormones or combinations of these. 


Investigations 


# U/S abdomen, 
# CT scan, Hormone evaluation. 


Treatment 


Adrenalectomy 


Incidentalomas (3-5%) 


# Incidentalomas are adrenal tumours incidentally identified 
cither through U/S; CT scan; MRI; or any other methods 
done for other reasons. 

# When incidentalomas are identified a proper biochemical 
work up for hormones is essential. Overnight dexametha- 
sone suppression test; 24-hour urinary cortisol excretion 
assay; 24-hour urinary excretion of catecholamines; serum 
potassium, renin and aldosterone analysis are done in these 
patients. MRI in suspected malignancy is better. 

# If secondaries are suspected adrenal mass biopsy is done. 
Otherwise it should not be done. Non-functioning adenomas 
(commonest—78%), Cushing’s adenoma, adrenocortical 
carcinoma, phacochromocytoma, secondaries, Conn’s 
adenoma are different causes of adrenal incidentalomas, 
Adenoma with Cushing’s syndrome is better than adenoma 
with Conn’s syndrome. Tumour with adrenogenital 
syndrome is commonly malignant. 

# Non-functioning adrenal tumour more than 4 cm should be 
‘operated. Smaller tumours that increase in size over specified 


period should be removed, All functioning tumours should 
be operated. 

¢ Non-functioning tumour less than 4 em should be followed 
up at regular intervals by hormone tests and CT/MRI 


ll ADRENOCORTICAL CARCINOMA 


¢ Itis a rare malignancy with 1 case in 1000000 population. 
tis common in females with bimodal presentation, 

¢ Features are—tumour size; necrosis; haemorrhage; capsular 
invasion; vascular invasion. Immunohistochemistry is specific. 

¢ Presentations are—abdominal pain; back pain; Cushing’s 
syndrome (60%); hyperaldosteronism; virilisation, 

# It is least common malignant endocrine tumour. 

# One of the most malignant endocrine tumour after anaplastic 
carcinoma of the thyroid 

# Can be functioning or nonfunctioning tumour. 

# Larger tumours (6 cm) are more likely to be malignant. 

¢ Cytologic criteria alone are not diagnostic but should find 
capsular infiltration and vascular invasion. 

Often presents with no symptoms or only vague symptoms, 

¢ May present with mass effect and compression of adjacent 
structures. 

Increased secretion of one or more steroid hormones can occur. 

Diagnosis ix by hormone evaluation, CT/MRI; MR angi- 
ography to identify IVC tumour thrombus. 

# Secondaries occur commonly in lungs. So HRCT of lungs 
is usually done. 

¢ Me Falane staging: Stage \—tumour <5 em; Stage I 
tumour> 5 em; Stage IIl—tumour with local invasion; Stage 
1V—distant spread. In stage I and II, 5 year survival is 2: 
in stage Ill and IV, 5-year survival is 5%. 

% Treatment is en block adrenalectomy; removal of tumour 
thrombus from vena cava if present; chemotherapy using 
mitotane—Op-DDD (choice) with cis platin, etoposide and 
doxorubicin. Adjuvant radiotherapy may be used to prevent 
recurrence (litle role). 

> Recurrence is treated by debulking and chemotherapy. 
» Laparoscopic adrenalectomy is not advisable in adreno- 


cortical carcinoma, 


" Secondaries in adrenal gland =a 

‘& Common entity 
& Commonly from breast, lungs, kidney melanoma 
+ 3d of above primaries show secondariesin adrenal land 
+ Commonly bilateral 
+ Inunilateral secondaries adrenalectomy can be done 
+ Bilateral secondariesare treated by chemotherapy depending 

‘on type of primary 


-Approches for adrenals (surgical) i 
+ Posterior lumbotomy 
+ Anterior transabdominal 
+ Abdominothoracic 
+ Laparoscopic 
 Retroperitoneoscopic 


@ CUSHING’S SYNDROME 


# Results from lengthy and inappropriate exposure to exces- 
sive glucocorticoids; iatrogenic administration of steroids 
(commonest cause); endogenous Cushing can also occur. 

# More common in women. 


Corticotropin (ACTH) Dependent—80% 


+ ACTH secreting pituitary adenoma 
# Ectopic ACTH secreting tumour. 


Corticotropi 


Independent—20% 


# Adenoma, 
# Carcinoma, 

# Macronodular adrenal hyperplasia 

# Primary pigmented nodular adrenal disease. 


Features 


# Centripetal obesity; redistribution of fat centrally. 
# Moonface; fullness of supraclavicular pad of fat. 
® Buffalo hump; proximal muscle wasting 

# “Lemon on toothstick appearance” 

# Skin changes. 


Diagnosis 

* Loss of normal diurnal or circadian rhythm of serum 
cortisol. Values more than 4 fold the upper limit of normal 
is diagnostic. 

% 24 hour urinary free cortisol is elevated > 90% of Cushings 
syndrome. 

% Low dose dexamethasone suppression test: Dexametha- 
sone is a potent glucocorticoid that suppresses adrenal 
production of corticosteroids in normal persons but not in 
persons with Cushing’s syndrome, Img of dexamethasone 
is injected; normal—< 1.8 meg/dl; in Cushings—high 
> 10 megidl 

# Late night salivary cortisol —Cortisol concentration in saliva 
correlates with free plasma cortisol; it is independent of 
salivary flow rate; it shows high sensitivity and specificity 

# Negative urinary free cortisol and Low dose dexamethasone 
suppression test rules out Cushing's syndrome. 

# Measurement of corticotropin (ACTH): If low—cortico- 
tropin independent Cushing’s syndrome; if high—cortico- 
tropin dependent Cushing's disease. 

® Localising methods/imaging: Advenal—CT scan/MRI 
abdomen; lodocholesterol scan. Pituitary - MRI pituitary, 
It can be incidentaloma in pituitary. Inferior petrosal sinus, 
sampling of blood for ACTH shows central to peripheral 
ratio of ACTH > 3. 


Treatment 


idieal: Metapyrone; ketaconazole; aminoglutethamide; 
mitotane, 


There is no service than doing something for someone who will never find it out! 
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Surgical 

For Pituitary Disease 

4 Transsphenoidal microsurgery. 

Pituitary irradiation—conventional fractionated therapy; 


Sterotactic radiosurgery. 
Bilateral adrenalectomy, 


For Adrenal Disease 


Unilateral adrenalectomy in adenoma, carcinoma. 
Bilateral adrenalectomy in macronodular adrenal hyper- 
plasia and primary pigmented nodular adrenal disease. 


ll CONN'S SYNDROME (Jerome Conn, 1954) 


It is primary hyperaldosteronism with excessive secretion of 
aldosterone from the adrenal gland associated with suppression 
of plasma renin activity. 

Aldosterone secretion is related to angiotensin 1 and I and 
plasma rennin with angiotensin converting enzyme. 


Causes 


Aldosterone producing adrenocortical adenoma—65%: 
Idiopathic hyperaldosteronism—30%, 


Features 


¢ Hypertension; hypokalaemia, 

 Hypernatremia or normal sodium; metabolic alkalosis 

¢ Inprimary hyperaldosteronism—hypertension of early onset 
which is difficult to control and is with hypokalaemia, 


Diagnosis 

¢ Hypokalemiay increase in urinary potassium excretion. 

% Elevated plasma aldosterone concentration (PAC); 
suppressed plasma renin activity (PRA); PAC: PRA > 30; it 
is confirmed by suppression test by oral or IV salt loading, 

 Localising tests—CECT abdomen; Selective adrenal venous 
sampling—Gold standard o differentiate between unilateral 
versus bilateral aldosterone hypersecretion, 


Treatment 

 Adenoma—unilateral adrenalectomy. 

¢ Idiopathic hyperaldosteronism—medical treatment with 
spiranolactone. 


™@ VIRILISING SYNDROME OR 
ADRENOGENITAL SYNDROME 


% Virilising tumours/syndromes. Such tumours are excist 
> In female: Virilism, ambiguous external genitalia, 
clitoral enlargement, 
» In male: Precocious puberty, premature fusion of 
epiphysis, short stature, 


% Congenital adrenal hyperplasia (adrenogenital syndrome) 
is—enzyme 21 hydroxylase deficiency; autosomal reces- 
sive. It is treated by—replacement of deficient steroids, 
Adrenal hyperplasia does not require surgical intervention 
but the genital manifestations of excess androgen produc- 
tion, particularly in women, may require specialised surgery. 


ll NEUROBLASTOMA 


 Commonest childhood tumour, 

# Itis a tumour of adrenal medulla. 

© Anaggressive malignant tumour in childhood usually below 
the age ofS years. 

# Incidence is equal in both sexes. 

# A reddish-grey tumour gets invaded early into kidney, 
pancreas and adjacent tissues, Can also cause distant spread 
to liver, bones (skull), orbit. 

It can occur anywhere in sympathetic chain but common in 

adrenal gland (40%), 


Types 

1. Pepper type is right side adrenal neuroblastoma with liver 
secondaries. Common in infants 

2. Hutchinson's type is left side adrenal neuroblastoma with 
secondaries in orbit and skull. Common in late childhood. 
Secondaries in the skull mimics spicular osteogenic 

sarcomas. 


Risk Groups 

* Low risk groups—Stage I disease; Stage II disease with 
single N myc value; Stage II with favourable Shimada 
histology. 


Fig. 75: Leftsided adrenal neuroblastoma with secondaries in 
‘orbit. Note scar of left sided adrenalectomy. 


# Intermediate risk groups—Stage III without N myc ampli- 
fication; Stage III with favourable Shimada’ histology. 

¢ High-risk groups—all patients with N mye amplification: 
stage IV neuroblastoma. 


Pathology 
© Gross—tumour with vascularity, necrosis, haemorrhage and 
often calcifications 
# Histologically it contains uniform round cells with hyper- 
chromatic speckled nucleus with Homer-Wright rosettes 
with central fibrillar core. PAS stain is negative and NSE 
stain is positive. Often histochemistry is needed to differ- 
entiate from other tumours, 
Shimada’ histological classification. 
> Stroma rich tumour: Presence of Schwannian spindle 
cell stroma, 
» Stroma poor tumour: Absence of Schwannian spindle 
cell stroma, 


Clinical Features 


Child presents as a huge mass per abdomen, in the loin 
which is non-mobile, Not moving with respiration, Knobby 
(nodular) surface, crosses the midline. 

# Dancing eye syndrome and opsomyoclonus 

 Racoon's eye sign is infraorbital ecchymosis due to second- 
aries in retroorbital region. 

Hypertension, fever, weight loss, anaemia, flushing (due to 
catecholamine release) and sweating, 

* Diarrhoea, hypokalaemia due to release of Vasoactive 
Intestinal Polypeptide (VIP). Other hormones like ACTH 
are also released, 


Figs 7.68 and B: Figure shows typical secondaries in skull and orbit, 
with primary in adrenal gland, Such patients carry poor prognosis. 
Racoon’s eye sign is infraorbital ecchymosis due to secondaries in 
retroorbital region. Dancing eye syndrome and opsomyoclonus are 
other eye features. CT picture of the same patient shows obvious 
secondaries. 


‘Staging of neuroblastoma 


‘& Stage :Localised tumour with gross complete excision.Same 
side representative nodes are negative on microscopy 

‘® Stage ll A:Localised tumour with incomplete gross excision. 
Same side representative nodes are negative on microscopy 

4 Stage ll B:Localised tumour with or without complete gross 
excision, Same side nonadherent representative nodes are 
positive but contralateral nodes are (may be enlarged) nega- 
tive on microscopy 

‘® Stage lll: Unresectable unilateral tumour infiltrating across 
midline/localised tumour with opposite side node spread/ 
bilateral nodal spread/midline tumour with bilateral infiltration 

‘ Stage IV: Any primary tumour with spread to distant nodes, 
bone, bone marrow, iver, skin and other organs 

® Stage IV S: Localised primary tumour (stage |, IA, 18) with 
spread to skin, liver or bone marraw—limited to infants 


younger than one year 


Differential Diagnosis 


Wilm’s tumour, which is mobile, with smooth surface, moves 
with respiration, does not cross the midline 


Diagnosis 

# UIS, CT to assess the mass and secondaries in liver. MRI 
is better than CT. 

# Plain X-ray abdomen shows stippled calcification, 

* Urinary VMA and Homovanillic acid (HVA) estimation in 
90% cases, 

# MIBG sean. 

# Bone marrow biopsy may be positive in 60% cases. 


Treatment 

# Adrenalectomy (Complete surgical excision), 

# In inoperable cases debulking is beneficial. 

# Postsurgical radiotherapy and folic acid supplements are 
useful 

# Chemotherapy is useful adjuvant. Drugs used are earbo- 
platin, doxorubicin, cyclophosphamide and etoposide. 

# Rarely spontaneous regression of tumour is known to occur. 

# Low risk groups are treated by surgery. Intermediate risk 
‘groups are treated by surgery and multidrug chemotherapy. 
High risk groups are treated by high dose multidrug chemo- 
therapy and later surgery. 


Prognosis 

# It depends on staging of the neuroblastoma—t, 2A, 2B, 
3,4, 48. 

# Low risk has got 3 years survival—90%; intermediate 
risk—70% and high risk group has got 30%, 

+ Factors are—age of the child; stage of the disease; Shima- 
da’s histology; N myc amplification status (more means high 
risk); DNA ploidy; neurotrophin receptor Trk A (increased 
favourable); neutrophin receptor Trk B (increased unfa- 
vourable). 


‘One only gets to the top rung of the ladder by steadily climbing up one at a time. 
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lm PHEOCHROMOCYTOMA 


¢ It is a tumour arising from chromaffin cells, commonly 
from the adrenal medulla but occasionally can arise from 
extraadrenal chromaffin tissues (Ongan of Zuckerkandl), 

# Itis catecholamine secreting tumours that arise from chro- 
maffin cells of sympathetic origin derived from neural crest 
representing a potentially curable form of hypertension, 

¢ Incidence is 0.005% to 0.1% of general population; 0.1% 
to 0.2% of adult hypertensive population. 

¢ Iisa sofi, brownish grey pink tumour, mainly secretes 
noradrenaline or other catecholamines, 

# Itmay also secrete calcitonin, ACTH, VIP (vasoactive intes- 
tinal polypeptide), PTH related polypeptide. 

# Prevalence of phacochromocytoma is 0.05%. In patients 
with hypertension it is up to 0.6%. 4% of incidentalomas 
are pheochromocytoma, 

¢ Often it is difficult to differentiate between benign and 
‘malignant types. Necrosis, haemorthage, high Ki-67 posi- 
tive cells, size of the tumour, increased pheochromocytoma 
of adrenal gland scale score (PASS), capsular invasion 
and vascular invasion, nuclear DNA ploidy and increased 
neuron specific enolase (NSE) level are possible Features of 
malignant phacochromocytoma. 

Currently mutations in at least six distinet genes predispose 
to pheochromocytomas—RET, NF1, VHL, SDHB, SDHC, 
SDHD. 

¢ Extra-adrenal pheochromocytoma—t0 % common; occurs 
in organ of Zuckerkandl, urinary bladder, paravertebral or 
para-aortic area, thorax, neck. It secretes norepinephrine 
rather than epinephrine because they lack the enzyme PNMT. 

# Commonly benign (90%). 


Tumours 
10% malignant 

10% extraadrenal 

10% bilateral 

10% familial 

10% childhood 

10% multiple 

109% not associated with hypertension 
10% calcified 


eeeeeeee 


Clinical Features 


# Clinical manifestations are due to increased secretion of 
epinephrine and norepinephrine, 

# Commonest presentation is severe headache. 

 Palpitation, dyspnoea, weakness, pallor, blurred vision and 
other symptoms of sympathetic overactivity. 

# They may present as persistent or paroxysmal hypertension 
(90%. 

Asan abdominal mass which is nonmobile, smooth, does 
not move with respiration, crossing the midline, palpitation 
may cause fluctuation in BP. 

¢ It may precipitate hypertensive encephalopathy, cardiac 
arrhythmias or cerebral haemorrhage. 

# Panic attacks and sudden death are known to occur, 


# Itmay be associated with MEN-Ha or MEN-IIb syndromes 
which includes medullary carcinoma of thyroid and mucosal 

# Itmay be associated with familial multiple neurofibromatosis 
with cafe au lait spots in the skin (von Recklinghausen 
disease). Or with von-Hippel-Lindau syndrome (cystic lesion 
‘of pancreas, non-functioning islet cell tumour, phaeochromo- 
cytoma), RCC, CNS and Retinal haemangioblastoma, 

% Familial paraganglioma syndrome may be an association 
with carotid body and extraadrenal paraganglioma. 


— _ 
& Hyperthyroidism 

& Anxiety status 

Cardiac conditions 

4 Carcinoids functioning) 


Investigations 


# YMA excretion in urine in 24 hours will be >7 mg/24 hr in 
pheochromocytoma. 

# U/S abdomen, IVU, CT scan, 

# MRL is preferred to CT as contrast used for CT scan can 
precipitate paroxysms, 

# Measurement of plasma free metanephrin 
mended test of choice for excluding or confirming diagnosis, 
of pheochromocytoma. 

% Urinary normetadrenaline or other 
tion. 

# Anteriography. 

Iodine labelled metaiodobenzylguanidine (1, MIBG), MIBG 
is useful to find out extraadrenal involvement—SPECT scan 
is very useful. 1°! MIBG scan is safe, noninvasive with 
100% sensitivity and 95% specificity 

# Measurement of plasma free metanephrine and norme- 
tanephrine has the highest sensitivity and specificity and 
appears to be the hes? initial test for screening patients with 
pheochromocytoma. 


es is the recom- 


\echolamines estima- 


Treatment 
Adrenalectomy 


# Before surgery, BP is controlled initially by a-blocking 
agent, phenoxybenzamine or doxazosin; then by B-blocking 
agent, propranolol. Then during surgery, sodium nitroprus- 
side IV infusion is used 

# Careful anaesthetic management with a good postopera- 
tive care is very essential. In case of bilateral presentation 
“opposite side can be operated in later period. 

# Intraoperative hypovolemia and postoperative hypotension 
is a demanding situation for anaesthetist to manage. 

# Handling of adrenal tumour on table must be careful and 
gentle. 

# Adrenal vein should be ligated first. CVP, arterial lines 
should be present for monitoring. 

# Rupture and spillage of tumour should be prevented. 


Note: 


Laparoscopic adrenalectomy is becoming popular. It is choice of 
approach for benign functioning or non-functioning adrenal 
tumours that are less than 6 cm in size. It is contraindicated in 
‘malignant tumours and tumour more than 6 cm. 

Recent trends are—cortical sparing adrenalectomy; thoraco- 
scopic transdiaphragmatic approach; Robotic assisted laparo- 
scopic adrenalectomy. 

Specimen should be sent for bichromate staining which stains 
the specimen brown. 


i Remember 

4 Pheochromacytoma is rarely malignant in MEN Il 

® Pheachromacytoma under 40 years of age suspect MEN 
2A,VHL 

‘@ Beta-blockeris given only after patients fully alpha blocked 
‘with phenoxybenzamine (20-60 mg/day) or doxazocin 

@ Alpha-blocker is given 4 weeks prior to surgery to control 
hypertension and beta-blocker is given one week before 
surgery to control tachycardia and archythmias 

‘@ Tumours, those secrete dopamine exclusively has got high 
malignant chances 


‘& S-year survival for malignant pheochromocytoma is 50%. 
It needs additional chemotherapy using vincristine, dacar- 
bazine and cyclophosphamide. 

 Pheochromacytoma in pregnancy has got 50% maternal 
mortality 

‘& Vaginal delivery is contraindicated in pregnancy with pheo- 
chramocytoma 

Adrenal vein should be ligated first 

4 Avoid breach in the capsule of tumour during surgery 

Careful handling and haemodynamic monitoring is a 
must 

‘& Sodium nitroprusside may be required on table to control 
the hypertension—10 ig/kg/minute 


‘Malignant pheochromocytoma is 10% common. tis more 
common in extraadrenal site, It commonly spreads to lymph 
nodes, bone and liver. Adrenalectomy in early tumour and 
debulking in advanced cases with « blockers, mitotane and 
1"'MIBG therapy and combination chemotherapy are the 
therapeutic choices, Overall prognosis is not good with 5-year 


survival being < 50%, 


Happiness is the golden thread that ties the heart of all. 
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Photons can change into a variety of short- 
lived, or “virtual”, particles. as they fly 
through the vacuum. The processes above, 
represented by Feynman diagrams, are “two- 
loop’” processes, They affect light’s speed 


Figure 4. A Schematic of Vacuum Quantum Field Fluctuations (a.k.a, Vacuum 
‘Zero Point Field Fluctuations) Involved in the “Light-by-Light” Scattering 
Process That Affects the Speed of Light (from Chown, 1990) 
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CHAPTER OUTLINE 


Anatomy 

» Mammography 

‘ Aberration of Normal Development and involution 
(AND) of the Breast 

w Fibroadenoma 

w Fibrocystadenosis 

 Sclerosing Adenosis 

w Phyllodes Tumour 

® Mastalgia 

Traumatic Fat Necrosis 

% Galactocele 

 Mastitis 

 Antibioma 

Duct Ectasia 

 Mondor’s Disease 

Tuberculosis of the Breast 


lm ANATOMY 


Breast is a modified sweat gland derived from ectoderm, as 
branching epithelial cords which form lactiferous ducts. About 
15-20 lobes develop during puberty, each of which drains into 
asingle lactiferous duct. True secretory alveoli develop during 
pregnancy and lactation under the influence of oestrogen, 
progesterone and prolactin, 


Secretory 
Collecting duct 


Fig. 8.1: Secretory apparatus of the breast. 


Secretory Apparatus of Breast 


‘The breast is composed of acini which make up lobules, 
aggregation of which form the lobes of the gland. The lobes 
are arranged in a radiating fashion like the spoke of a wheel 


wm Breast Cysts 

® Galactorthoea 

% Gynaecomastia 

Duct Papilloma 

 Zuska-Atkins Disease 

= Mammary Fistula of Atkins 

Carcinoma Breast 

» Management of Early Carcinoma Breast 
Advanced Carcinoma Breast 

s Prognostic Factors in Carcinoma Breast 
Prophylactic Mastectomy 
Carcinoma of Male Breast 

Breast Reconstruction 

Breast Implants 

= Nipple Retraction 


and converge on the nipple, each lobe is drained by a lacti- 
ferous duct. 
Different portions of the duct system are associated with 
different diseases. 
1. Larger duets are sites of duct papilloma and duct ectasia. 
2. The distal smaller ducts are the sites of fibroadenoma during 
development ofthe breast; and cyst formation and sclerosing 
adenosis during the involution period. 


+ Estrogen—ductal proliferation 
‘ Progesterone—glandular proliferation 
+ Prolactin—milk secretion 


Topography 


Vertically—it extends trom the second to the sixth rib in the 
mid-clavicular line and lies over pectoralis major, serratus 
anterior and external oblique muscles. 
Horizontally—from the side of sternum to the mid- 
line. 


illary 


2/3rd of the breast rests upon pectoralis major, 
1/3rd rest upon serratus anterior. 


At its lower medial quadrant the gland rests on the external 
oblique aponeurosis, which separates it from the rectus 
abdominis, 

Breast lies in superficial fascia, Deep to breast, structures 
related are—retromammary space containing loose areolar 
tissue, pectoral deep fascia, muscles (pectoralis major, serratus 
anterior, external oblique), chest wall, 

Retromammary bursalspace is located between deep layer 
of superficial fascia and pectoral (deep) fascia allowing free 
mobility of breast 

Nipple is located at the level of 4th intercostal space just 
below the center/summit of the breast. It contains circular and 
longitudinal muscles to make nipple stiff or flat. I is pierced 
bby 15-20 lactiferous ducts. Each duct independently opens into 
the nipple. It has rich sensory nerve endings. It also contains 
modified sweat and sebaceous glands. Nipple is supplied by 
4th intercostal nerve, 

Arcola is circular pigmented area around the nipple, It is 
rich in modified sebaceous glands which enlarge during preg- 
nancy and lactation as Montgomery tubercles. They secrete oily 
lubricant to nipple and areola. Arcola and nipple do not contain 
hhait and fat beneath. 

Breast parenchyma contains 15-20 lobes. Each lobe contains 
alveoli, lactiferous sinus and lactiferous duct (2-4 mm in 
diameter). Alveolus is lined by cuboidal (in rest) and columnar 
(in lactation) epithelium; smaller duct is by single layer of 
columnar epithelium; larger ducts by many layered columnar; 
lactiferous duct is by stratified squamous epithelium, Mvoepi- 
thelial cells lie between epithelium and basement membrane 
from alveoli to duct. 


Axillary Tail of Spence 


‘This is a prolongation from the outer part of the gland which 
passes up to the level of the 3rd rib in the axilla through a 
defect in the deep fascia (Foramen of Langer) where it is in 
direct contact with the main lymph node of the breasts (anterior 
axillary nodes). 


Aaillay til 
f Spence 


Foramen of 
Langer 


Fig. 8.2: Axillary tail of Spence. 


3A and B: Axillary tal of Spence-exact location and excision 
of hypertrophied axillary tall 


Fig. 8.4: Hypertrophy of the axillary tal, 


Fig. 8.5: Accessory nipple. 
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Fig. 


cessory nipple is not an uncommon condition. Often it 
can be bilateral. 


‘This process of the breast gets into axilla through an opening 
in the deep fascia, known as foramen of Langer. When it 
enlarges itis ofen mistaken for a lipoma, Axillary tail of Spence 
is deep to deep fascia. 


Ligament of Cooper 


‘The breast is anchored to the overlying skin and to the under- 
lying pectoral fascia by bands of connective tissue called liga- 
‘ment of Cooper 

1, In cancer, the malignant cells may invade these ligaments 
and consequent contraction of these strands may cause 
dimpling of the skin or attachment of the growth to the skin, 
‘which in turn cannot be pinched off from the lump. 

2, If the cancer grows along the ligament of Cooper binding 
the breast to the pectoral fascia, the breast gets fixed to the 
pectoralis major. It then cannot be moved along the long 
axis of the muscle. 


@ Absence of breast—Amazia 
@ Absence of sternal portion of pectoralis major 
@ Common in males 


Pectoralis 
major 


Ligament 
of Cooper 


Laciferous 
sinus 


Fig. 8.7: Anatomy of the breast. 


Note: 

“Amazia is very rae entity with congenital absence of breast 
Polymazia is accessory breasts along milk line like in axilla (most 
common ste, grin, thigh and buttock 

‘Atheligs absence of nipple; accessory nipples are called as plythelia 
or supernumerary nipples, 

‘Micromastiais smal sized breast due to less hormonal stimulation 
due to ovarian deficiency. 


Blood Supply to the Breast 


The lateral thoracic artery, from the 2nd part of the axillary 
artery—30%, 

# The perforating cutaneous branches of internal mammary 
artery to the 2nd, 3rd and 4th intercostal spaces —60%, 
The lateral branch of the 2nd, 3rd and 4th intercostal arteries. 
# Pectoral branches of acromiothoracic artery. 

# Superior thoracic artery. 


Venous Drainage 


# The superficial veins from the breast characterised by their 
proximity to the skin drain to the axillary, internal mammary, 
and intercostal vessels. 

# Phlebitis of one of these superficial veins feel like a cord 
immediately beneath the skin—‘Mondor's dixease’. 

Through posterior intercostal veins, venous drainage 
‘communicates with paravertebral venous plexus (Batson s 
venous plexus). So secondaries in vertebrae, is common in 
carcinoma of breast. 


Nerves-related (During MRM) 


Long thoracic nerve—Bell supplies serratus anterior. 

 Thoracodorsal nerve supplies latissimus dorsi 

# Medial pectoral nerve (from medial cord of brachial plexus) 
which lies /ateral, runs and winds from lateral margin of 
peetoralis minor, 

Lateral pectoral netve arises from lateral cord passes through 
the pectori either middle or medial part, 

# Intercostobrachial nerve is communicating nerve between 
lateral cutaneous branch of 2nd intercostal nerve and medial 
cutaneous nerve of arm; denervation of this nerve causes 
sensory loss of skin over upper medial and inner aspect of 
the arm, apex and lateral axilla, 

Nerve supply of breast is by anterior and lateral cutaneous 

branches of 4th to 6th intercostal nerves. 

Milk secretion is brought by prolactin hormone from anterior 

pituitary—not by nerves. 


Lymphatic Drainage of the Breast 


Commonly into the axillary lymph nodes—75%. 

1. Anterior group (pectoral, external mammary)—along lateral 
thoracic vessels. Main drainage node. 

2. Central group—next common node. It is the node most 
casily properly clinically palpable in axilla. 

3. Posterior group (subscapular) —rare to involve in carcinoma 


4, Lateral group—along axillary vein; rate to involve in carci 

Interpectoral node (Rotter 's node}—signifies the retrograde 

spread of tumour. It lies between pectoralis major and minor. 

6, Apical. They are 4-6 nodes, also called as subelavicular or 
Halsted nodes. It lies most superior and deep to pectoralis 
minor medial to axillary vessels, 


Lateral 
b— Central 

— Pectoral 
d—Apical 

e— Supraciavioulat 


ectoralis minor 


Level | - Below lateral 
Level ~ Behind 


‘Axillary vein Level Ill Above medial 


£8: Surgical levels of lymph nodes in the axilla draining the 
breast 

Later they drain into supraclavicular lymph nodes. 25% 
rains mainly from medial half of the breast into 2nd, 3rd and 
4th intercostal space internal mammary lymph nodes. Internal 
‘mammary nodes are located in retrostemal intercostal spaces 
1-2 em lateral to the sternal margin; it is vertically placed 
parallel to internal mammary vessels in relation to endothoracic 
fascia; its efferent ends in subclavicular nodes. 

Drainage into contralateral axilla and opposite lymph nodes 
also occur. 

The concept of Sappey’s subareolar drainage of lymph 
centripetally is not well accepted now. 

Axillary reverse mapping (ARM): Here blue dye is injected 
into upper part of inner aspect of the arm to achieve a mapping, 
of axillary lymphatic drainage. 


Levels of the axillary nodes (Berg's levels) 


+ Level I: Below and lateral to the pectoralis minar muscle— 
anterior lateral, posterior 

+ Level Il: Behind the pecto 

® Level Ill: Above and medial to pectoralis minor muscle— 
apical 


inor muscle—central 


Note in carcinoma breast 
Spread restricted to level I nades carries better prognosis 
@ Spread to level ll as poor prognosis 
® Spread to level ll indicates worst prognosis 


ll MAMMOGRAPHY 


Itis a plain X-ray of soft tissue of breast using low voltage and 
high ampearage X-rays. Two films are taken. 
1. Craniocaudal from above downward, 
2. Mediolateral from side to side. 

Dose of radiation is 0.1 Gy, a low dose, So it is a safe and 
effective procedure. 


Fig. 8.9: Mammography showing calcified lactiferous duct 
with a benign lesion. 


Findings 


# Microcaleifications signify matignaney. They are < 0.5 mm, 
pleomorphic/heterogenous, grouped, fine, linear and 
branching 

# Soft tissue shadow may be smooth, round/oval and regular 
in benign conditions or irregular in carcinomas. Lobulated 
mass is also suggestive of carcinoma, 

# Size and location of mass lesion. 

® Spiculations, duct distortion—features of malignancy. 

# Margin may be circumscribed (benign lesion), microlobu- 
lated, obscure, ill-defined, spiculated or stellate. 


Fig. 8.10: Different mammography pictures, craniocaudal and 
‘mediolateral films showing mass lesion, microcalcification (Courtesy: 
Dr Ganesh, MDRD, Mangalore). 


Its what you learn after you know it all that counts. — John Wooden 
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"Breast imaging reporting and data system (BIRADS) 
Grade Feature 
Need further imaging 

Negative 

Benign—repeat mammography 1 year 
Probably benign—mammography after 6 months 
Suspicious of carcinoma—biopsy 

Highly suggestive of carcinoma—biopsy 
Known carcinoma 


Indications 


¢ Screening mammography: For screening purpose it is done 
after 40 years. Early screening is indicated when there 
is family history of carcinoma breast ot histological risk 
factor. Mammography before 35 years of age is usually not 
done unless there is a suspicious lump or a strong family 
history. Screening is done in asymptomatic female where 
even cancer is suspected. 

¢ Diagnostic mammography is done in a patient to evaluate 
the existing symptoms/features of breast disease like breast 
lump, nipple discharge; or in patient who had breast conser- 
vative surgery earlier. 

¢ In obese patients, 

# Whenever conservative breast surgeries are planned. 

# To find out spread or de novo tumour in the opposite 
breast, 

¢ Mammography guided biopsy can be done 

* Evaluation and follow-up in benign breast disease with 
‘malignant potential 

# Follow-up mammography after conservative breast surgery 
(of operated side and opposite side when needed. 

# Mastalgias 

Note: 

+ 5% of breast cancers are missed in total mammograhic 
screening, 

+ Breastimaging reporting and data system (BIRADS) have got its 
own categories, assessment (0-6) and recommendations. 

+ Digital mammography is computerised electronicimage of the 
breast with enhanced magnified pictures. 

+ Digital spot-view mammography allows asterand more accurate 
stereotactic biopsy. 

+ The condition when lumpis clinically not palpable but mammo- 
gram shows identifiable carcinoma is ideal for breast conserva- 
tive surgery like quadrantectomy/QUART therapy. 


Xeromammography is same as above, but here a photocon- 
ductor is used to produce a final image on a Selenium paper 
rather than on X-ray film, 

Advantages: Edge enhancement effect, therefore, useful in 
dense breasts 

Disadvantage: Exposure to high radiation dose and selenium 
plates are needed. 


@ ABERRATION OF NORMAL DEVELOPMENT 
AND INVOLUTION (ANDI) OF THE BREAST 


ANDI includes variety of benign breast disorders occurring 
at different periods of reproductive periods in females—early, 
matured and involution phase of reproductive age group. It was 
first coined at Cardiff breast clinic in 1987 by LE Hughes. All 
conditions under ANDI should be carefully clinically examined 
and often mammography and FNAC/core cut biopsy should be 
done to rule out malignancy. ANDI includes different aberra- 
tions and diseases, 

It is based on change in normal three phases of physiology 
of breast—(1) Lobular development; (2) Cyclical hormonal 
modifications; (3) Involution 
In early reproductive age group (15-25 years): 

# Normal lobule formation may cause aberration as fibroad- 
‘enoma. If itis more than 5 em it is called as giant fibroad- 
‘enoma as a diseased status. It s AND of a lobule. 

# Normal stroma may develop juvenile hypertrophy as aber- 
ration and multiple fibroadenoma as diseased status. 


In mature reproductive age group (25-40 years): 

# Normal cyctical hormonal effects on glands and stroma get 
‘exaggerated by aberration causing generalised enlargement, 
Its diseased status is cyclical mastalgia with nodularity also 
called as fibrocystadenosis. 


Involution age group (40-55 years): 

% Lobular involution with microcysts, fibrosis, adenosis, 
‘apocrine metaplasia and eventual aberrations as macrocysts 
and cystic disease of breast. Macrocyst is an aberration of 
normal involution (ANI), Selerosing adenosis is also a type 
of aberration. 

% Ductal involution may cause ductal dilatation and nipple 
discharge as aberration, Later disease status develops with 
periductal mastitis, bacterial infection, nonlactational breast 
abscess and mammary duct fistula, Periductal fibrosis may 
‘cause partial nipple retraction. 

% Epithelial changes leads into epithelial hyperplasia and 
atypia 


ll FIBROADENOMA 


# Itis a benign encapsulated tumour occurring commonly in 
young females of 15-25 years age group. 

+ Presently it is considered as hyperplasia of a single lobule 
of the breast (classified under ANDI) 

# Itis the most common benign tumour of the breast below 
30 years of age in females. 

# Itis aberration in normal development (AND) of a lobule, 

# It shows similar hormonal activities of normal breast like 
lactation, petimenopausal involution. 

# Incidence is 15% of palpable breast lumps. It is common in 
blacks and Negroes 

# Itis bilateral in 20% of cases. 20% are multiple. 


¢ Juvenile fibroadenoma occurs in adolescent girls, rarely = 
(variant), Even though it shows rapid growth with stromal 
and epithelial hyperplasia, it does not show any alteration 
in stromal epithelial balance or cellular atypia or periductal 
cellular concentration. It may clinically mimic phyllodes 
tumour. But it does not turn into phyllodes tumour or 
carcinoma, 

# Complex fibroadenoma (Dupon etal) is a condition (variant) 
having typical fibroadenoma with fibrocystie changes like 
apocrine metaplasia, cyst formation, sclerosing adenosis, 
15% of proven fibroadenomas are complex. It occurs in older 
age group. Occasionally it may turn into malignancy unlike 
usual fibroadenomas. Core biopsy is needed to confirm the 
condition, 

¢ 30% of fibroadenomas may disappear or reduce in size in 
2-4 years. 

# 10-15% will increase in size progressively. Itdoes not occur 
after menopause unless women are on hormones, 

¢ Fibroadenoma does not turn into malignancy. 


Types 


Gross. 

1, Soft—common after 30 years; more cellular; often bilateral 

2, Hard—common below 30 years; more fibrous. 

3. Giant (> 5 em in size)—common in Africa, 

Microscopy: 

1, Intracanalicular—large and soft—mainly cellular. Stroma 
with distorted duct 

2, Pericanalicular—small and hard—mainly fibrous. Stroma 
with normal duct. 


SS ge 


Fig. 8.13: Large fibroadenoma left breast in a 14-year-old female. 


Fig. 8.11: Fibroadenoma, on table look—well-capsulated neoplasm. 
Its part of ANDI 
Clinical Features 


¢ It presents as a painless swelling in one of the quadrants, 
which is smooth, firm, nontender, well-localised and moves 
freely within the breast tissue (mouse in the breast) 

¢ “Axillary lymph nodes are not enlarged. Fig. 8.148, 


Clothe yourselves with compassion, kindness, humility, meekness and patience. 
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Fig. 8.148 


Figs 8.14 and 8: Multiple fibroadenomas. 


Investigations 


¢ Mammography (well-localised smooth regular shadow), 
# FNAC. 
Ultrasound (to confirm solid nature). 


Treatment 


Excision through a circumarcolar incision (Webster's) or 
submammary incision (Galliard Thomas incision) is done under 
general anaesthesia. 

Fibroadenoma which is small (<3 em)/single/age <30 years 
‘can be left alone with regular follow-up with USG at 6 monthly 
interval. But anxiousness of patient and parents find difficult 
for this conservative approach. 


Indications for surgery are: 
# Size>3 em. 

Multiple, 

# Giant type, 

# Recurrence 

© Cosmes 
# Complex type 


Points to be remembered 


‘Size of giant duadenal ulceris >2cm 
® Size of giant gastriculceris > 3cm 

Size of giant fibroadenomas > Sem 

'& Diameter of transverse colon in taxic megacolon is > 6 cm 
Size ofgiant naevus is > 20cm 


Figs 8.15A and B: Subareolar and submammary incision to excise 
benign lesions of the breast 


— cireumareoiar 


‘Submammary: 


Fig. 8.16: Diagram showing circumareolar and submammary 
(Caliard Thomas} incisions 


ll FIBROCYSTADENOSIS (FIBROCYSTIC 
DISEASE OF THE BREAST/MAMMARY 
DYSPLASIA/CYCLICAL MASTALGIA WITH 
NODULARITY) 

© Itis due to Aberration of Normal Development and Involu- 
tion (ANDD) of breast causing, 

# Itis presently called as cyclical mastalgia with nodularity 


L Microscopic changes ] 

+ ‘Stromal fibrosis 

+ Microcyst formation 

‘& Glandular proliferation (Adenosis) 

+ Hyperplasia (Epitheliosis)—in ducts and acini 

+ Papillomatosis—within the ducts, often with apocrine 
metaplasia 


¢ Itisan estrogen dependent condition. One of the eysts may 
get enlarged to become a clinically palpable, well-localised 
swelling—biuedome cyst of Bloodgood. It is fluctuant, 
transilluminant, nontender, often tensely cystic swelling 
(macrocyst) with thin bluish capsule. It should be aspirated 
initially. Surgical excision is done if it persists or recurs 
even after two aspirations; if it is blood stained; if there is 
residual lump after aspiration. 

# When diffuse small, multiple cysts are the main component, 
itis called as Schimmelbusch & disease. 

¢ Itis the most common breast disease. 

# Itis common in upper and outer quadrant. 

# Itisan exaggerated response of breast stroma and epithelium 
to hormones and growth factors, 

# It is rare in nulliparous/ovulating/OCP taking women. 


Classification 


 Nonproliferative—moderate hyperplasia of ductal luminal 
cells—no life time risk for cancer. 

Proliferative without atypia (severe hyperplasia). 

¢ Proliferative with atypia (Atypical ductal/lobular hyper- 
plasia)—is risk factor for breast cancer—often mimics in 
‘situ carcinoma, RR is 45. 


Usual hyperplasia is presence of 3 or more layers of prolif 
crating epithelial cells without atypia above the basement 
‘membrane in a lobular or ductal unit, Itcan be mild, moderate 
or florid. It is seen in 20% of biopsies. Risk of developing 
cancer is 1.5 times. Observation of such patient is the advice. 

Atypical ductal hyperplasia (ADH) is defined as a lesion 
that has got some but not all features of DCIS; a lesion that 
hhas all features of DCIS but less than 2 mm in size; lesion with 
all features of DCIS but involving less than 2 duct spaces. It 
is incidence is 30% of all mammographies and 5% of benign 
breast disease biopsies. Risk of developing cancer is 5 times 
the normal women of that age. 


Atypical lobular hyperplasia (ALH) is LCIS with half of the 
acini of lobular unit is involved. Developing invasive carcinoma 
in 10 years is 20%, 


Stages 


1Stromal protiferation or hyperplasia. 
I—Adenosis (increased glands) 
IN—Cyst formation 


Pathophysiology of fibrocystadenosis 


4 Oestrogen predominance over progesterone is considered 


causative 
‘@ Serum levels of oestrogen > 
+ Luteal phase is shortened 


‘Progesterone level decreased to 1/3rd normal 

+ Corpus luteum defciency/anovulation in 70% 

+ Patients with premenstrual tension syndrome more likely to 
develop fibrocystadenosis 

+ Prolactin levels are increased in 1/3rd of women with ibro- 
cystadenosis It is probably due to oestrogen dominance on 
pituitary 

‘& Thyroid in suboptimal levels sensitize mammary epithelium 
to prolactin stimulation 

'® Methylexanthiones derived from increased intake of coffee, 
tea, cold drinks, chocolate is associated with development 
offibrocystadenosis 

'& Oestrogens stimulate proliferation of connective and epithe- 
fal tissues 

+ Fibrocystadenosis entails simultaneous progressive and 
regressive change 


Clinical Features 


# Presentation is during menstruating age group as a bilateral, 
painful, diffuse, granular, tender, swelling which is better 
felt with palpating fingers (poorly felt with palm), 

% Common in upper outer quadrant. 

* Pain and tenderness are more just prior to menstruation 
(cyclical mastalgia). 

# It subsides during pregnancy, lactation and after meno- 
pause. 

# Discharge from the nipple when present will be serous or 
‘occasionally greenish, 

% Occasionally shotty enlargement of axillary lymph nodes 
ean occur (20%) 

# Not fixed to skin, muscle or chest wall 


Investigations 


# FNAC (Epitheliosis, when florid is undoubtedly prema- 
lignant) 

# Ultrasound. 

Mammography. 


ANDI was coined by Cardiff breast clinic. 
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Treatment 


1. Conservative line of management is preferred. 
1. Reassurance, avoid caffeine, chocolate, salt. 
2. Medical (Drugs) 


Goal 
= To stop progression. 
= Torelieve pain. 


~ Toreverse changes. 
~ To soften breast tissue. 
— Indicated when: 
~ Fibroadenosis is not increasing in size. 
~ No nipple discharge especially blood. 
~ No psychological effect 
Drugs are: 
> Oil of evening primrose used in moderate pain—drug of 
choice. It contains gamolenic acid which reverses satu- 
rated to unsaturated fatty acids. 1000-3000 mg/day for 
4-6 months—but costly. It also contains 7% of linolenic 
and 72% of linoleic acid. 
> Gamolenic acid—120 mg/day. 
> Danazol—interferes with FSH and LH (gonadotrophin 
releasing hormone inhibitor); most effective drug; but 
second drug of choice; used in severe cases; 200 mg 
: very effective but causes acne, hirsutism, weight 
gain and amenorthoea. It is teratogenic and so cannot 
be used if patient is planning for pregnancy. 
» Bromocriptine—lowers prolactin—2.5 mg/day for 3 
months. 
> ‘Tamoxifen—10 mg BD is an antiestrogenic drug. 
> LHRH agonist (Goserelin) is reserved for refractory 
cases. It shows 96-99% success. But it causes reversible 
postmenopausal symptoms, 
> Vitamin E and By are tried 
> NSAIDs—oral and topical. 
> Diuretics even though used by many—not effective. 
IL Surgery: 
Subcutaneous mastectomy with prosthesis placement—only 
in severe, persistent disease. 
4 Excision ofthe cyst or localised excision ofthe diseased tissue. 


 Intractable pain 
+ Florid epithel 
+ Blood good cyst 

+ Persistent bloody discharge 
+ Psychological reason 


Note: 

+ Subcutaneous mastectomy is removal of entire breast with 
retaining skin aver the breast, areola and nipple. It is done 
through a submammary Galliard Thomas incision, Adequate 
skin flap containing subcutaneous fats raised which maintains 
the blood supply of the flap and prevents flap necrosis, After 
haemostasis drain is placed. Breast implant can be placed in 
subcutaneous/submuscular plane either immediately or as 
delayed reconstruction. Indications for subcutaneous mastec- 
tomy are—fibrocystadenosis with epitheliosis, sclerosing 
‘adenosis, persistent nodules, gynaecomastia and DCIS. 

+ Macracysts (>1 cm) is an advanced form of fibrocystic disease; 
‘occurs in women in their forties and pericystic fibrosis develops 
later making cyst harder. 


ll SCLEROSING ADENOSIS 
Known cause of breast lump. 


Features 


‘Occurs in 30-50 years of age. 

Patient may present as breast lump or mastalgia, 

‘On palpation—it is smooth, relatively mobile mass. 

Itcan mimic carcinoma clinically, radiologically and histo- 

logically. 

% [contains proliferative terminal ductules and acini with 
proliferation of stroma often with deposition of calcium. 

# Number of acini per terminal duct is increased more than 
double the number of normal lobule. 

% Complex type is with papilloma and epithelial hyperplasia, 
Radial scar is variant of this. 

# No risk of malignancy. 

# Itis included under ANDI 

© Treatment is like ANDI. 


+ 
+ 
+ 
+ 


Histology 


 Lobular enlargement and distortion, 
Fibrous stromal proliferation. 


ll PHYLLODES TUMOUR (CYSTOSARCOMA 
PHYLLODES/SEROCYSTIC DISEASE OF 
BRODIE) 


They are not simply giant fibroadenoma. 

They showa wide spectrum of activity, varying from almost 
a benign condition (85%) to a locally aggressive and some- 
times metastatic tumour (15%). 

Depending on mitotic index and degree of pleomorphism 
they are graded as low grade to high grade tumours. 

# When malignant (sarcoma) spreads to lungs or bone 

Gross: Large capsulated area with cystic spaces and cut surface 

shows soft, brownish, cystic areas. 


Fig. 8.17: Cystosarcoma phyllodes of right breast. Note the dilated 
veins. Tumour occupies the entire breast. 


Microscopy: 


# It contains eystic spaces with leaf like projections, hence 
the name (Phyillodes—Greek—Ieal-like) 

Cells show hypercellularity and pleomorphism 

# It may be a variant of intracanalicular fibroadenoma of 
breast (Giant type). 


Clinical Features 


# They occur in premenopausal women (30-50 years). 

¢ Itis usually unilateral, grows rapidly to attain a large size 
with bosselated surfa 

# Swelling is smooth, nontender, soft fluctuant with necrosis 


of skin over the summit due to pressure, 


Fig. 8.18: Phyllodes tumour of left breast (Cystosarcoma phyllodes 
of left breast) 


Fig. 8.19: Operated specimen of cystosarcoma phyllodes. 


¢ Skin over the breast is stretched, red and with dilated veins 
over it, Tumour is warmer, not fixed to skin or deeper 
muscles or chest wall. Nipple retraction is absent. Lymph 
nodes are usually not involved. These are the differentiating 
features {rom carcinoma. 


¢ Tumour grows rapidly; undergoes necrosis at various places; 
causes cystic areas, 
# Recurrence is common. 


Figs 8.20A and 


scurrent cystosarcoma phyllodes. 


Investigations 


+ uss. 
# NAC, core biopsy 

Mammography. 

# Chest X-ray CT chest in malignaney to see secondaries, 


Treatment 


+ Excision or subcutaneous mastectomy is done 
# Ifmalignant (sarcoma), total mastectomy is indicated. 


@ MASTALGIA (“Pain in the Breast") 


# 45% of women report breast pain, 21% severe. 

# Anentity that is ubiquitous; has an unknown aetiology, and 
a poorly understood. 

% Mastitis, carcinoma presenting with only mastalgia (8%). 

# Patients who are on HRTT, calfeine, tobacco, large pendulous 
breasts, ete 


# Noneyctical—30%, 
% Chest wall pain—5%, 


‘Saying ‘no'to something is actually much more powerful than saying ‘yes’. — Tom Hanks 
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The role of virtual particle pairs in determining the €y (Lio) of the vacuum is analogous to that of 
atoms/molecules in determining the relative permittivity e (and 41) of a dielectric material. We know that 
the absorption/re-emission of photons by atoms/molecules in a transparent medium (note: there are no 
strongly absorbing resonances, so the atoms/molecules remain in their excited states for a very short time 
before re-emitting photons) is responsible for the refractive index of the medium, which results in the 
reduction of the speed of light for photons propagating through the medium. This absorption/re-emission 
process is also known in physics as a scattering process. We know from experiment that a change in the 
medium leads to a change in € (1), thus resulting in a change of the refractive index. The key point 
arising from this analogy is that a modification of the vacuum produces a change in €» (jo) resulting in a 
subsequent change in c, and hence, a corresponding change in the vacuum refraction index. 

Scharnhorst (1990) and Latorre et al. (1995) have since proved that the suppression of light scattering 
by virtual particle pairs (a.k.a. coherent light-by-light scattering) in the vacuum causes an increase in the 
speed of light accompanied by a decrease in the vacuum refraction index. This very unique effect is 
accomplished in a Casimir Effect capacitor cavity (or waveguide) whereby the vacuum quantum field 
fluctuations (a.k.a, zero-point fluctuations or ZPF) inside have been modified (becoming anisotropic and 
non-translational invariant) to satisfy the electromagnetic boundary conditions imposed by the presence of 
the capacitor plates (or waveguide walls). ‘The principal result of this modification is the removal of the 
electromagnetic zero-point energy (ZPE) due to the suppression of vacuum ZPE modes with wavelengths 
longer than the cavity/waveguide cutoff (hy = 2d, where d = plate separation; see Figure 5). This removal 
of free space vacuum ZPE modes suppresses the scattering of light by virtual particle pairs, thus 
producing the speed of light increase (and corresponding decrease in the vacuum refraction index). We 
know from standard optical physics and quantum electrodynamics (QED) that the optical phase and group 
velocities can exceed c under certain physical conditions, but dispersion always ensures that the signal 
velocity is < c. But recent QED calculations (see, Scharnhorst, 1990 and Latorre et al., 1995) have 
proved that in the Casimir Effect system, the dispersive effects are much weaker still than those 
associated with the increase in c so that the phase, group and signal velocities will therefore all increase 
by the same amount. Note that, in general, no dispersion shows up in all of the modified vacuum effects 
examined by investigators. 
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Cyclical 


# Pain related to menstrual cycles. 
# Usually seen in ANDI like fibrocystadenosis, 

Present in women of menstruating age group. 

# Pain is more during menstruation. 

© Itis bilateral, diffuse with “heavy feeling” 

Treatment: 

¢ Evening primrose oil 325 mg BD. 

 Gamolenic acid 120 mg BD. 

# Danazol (100-200 mg BD)—antigonadotrophin agent. 
# Bromocriptine (2.5 mg BD)—prolactin inhibitor. 

# Tamoxifen (20 mg daily). 

# GnRH analogue 3.6 mg injection depot-monthly. 

# Testosterone undecanoate 40 mg BD. 

# VitBy, By 

Analgesics. 


Noncyclical 


Other causes of breast pain are periductal mastitis, malig- 
nancy, cervical root pain, musculoskeletal pain, previous 
surgery, Tietze’s syndrome. 

# Itis unilateral, chronic, burning or dragging in nature, occurs 
both in pre- and postmenopausal age group. 

4 5% of breast cancers present as pain during first presentation. 

Treatment: 

# Cause has to be identified. 

Malignancy has to be ruled out 

¢ Avoid coflee and stress. 

¢ Proper support to breasts. 

Tietze's syndrome: 

Costochondritis of second costal cartilage, commonly seen in 

females, mimics mastalgia 


lm TRAUMATIC FAT NECROSIS 
It may be due to either direct or indirect trauma (trauma may 
not be noticed many times). 


Pathogenesis 


Capillary ooze causes triglyceride in the fat to dissociate into 
fatty acids. It combines with calcium from the blood resulting 
in saponification which causes inflammatory reaction and later 
presents as a nonprogressive swelling in the breast. 


Clinical Features 


¢ Painless swelling in the breast which is smooth, hard, 
nontender and adherent to breast tissue. 


# Itis nonprogressive, nonregressive. 


Investigations 


# NAC shows chalky fluid with fat globules. 
Mammography to rule out malignancy. 


Differential Diagnosis 


Carcinoma breast. 


Figs 8.21A and B: Traumatic fat necrosis 


Treatment 


# Excision. 


ll GALACTOCELE 

# Scen in lactating women. 

% Occurs during cessation of lactation. Often up to 10 months 
after lactation 

# It is due to the blockage of lactiferous duct resulting in 
‘enormous dilatation of lactiferous sinus, 

# Itcontains milk and epithelial debris within. 

# Itis a retention cyst in subareolar region attaining large 
size, 


Clinical Features 


% Lump in the lower quadrant of the breast which is usually 
unilateral, large, soft, fluctuant, with smooth surface. 
# Itis usually nontender. 


# Imay get precipitated, inspissated or get calcified. When Subareolar Mastitis 
itis eaeiied it mimies eareinoma breast, it gets infected 5. infection under the areola duc to eracks inthe nipple 


it will form an abscess 
When itis eystie other eystic swelling in the breast should °F #reola. It results from an infected gland of Montgomery 
atid ane ora furuncle of the areola. 
# Oten itis associated with duct ectasia—eausing formation 
ad of abscess, sinus and fistula, 


¢ [tis common in nonlactating women, 


Fig. 8.22: Galactocele, 


Investigations 


euls. 
¢ FNAC. Aspiration shows thick, creamy, greenish/brown fluid. Fig, 8.24: Severe infection caused sloughing of the skin and breast 


‘issue, eventually granulating and is ready for graft 


Treatment 


¢ Aspiration of the content. 

¢ Excision (submammary incision) 

Abscess when formed should be drained under general 
anaesthesia under cover of antibiotics. 


MASTITIS 
Types 


Fig. 8.25: Subareolar abscess. 


Clinical features 

# Red, inflamed, edematous areola with a tender swelling 
underneath. 

Nipple retraction may develop. 


Diagram showing subareolar, intramammary and 
retromammary abscess. 


1, Subareolar. Differential diagnosis 
2, Intramammary. 


3, Retromammary (submammary). 


When arms are raised fully above the head, visible signs of breast carcinoma frequently becomes more 


Fig. 


Paget's disease of the nipple. 
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‘Treatment 


# Under cover of antibiotics pus is drained by making a 
subareolar i 


Intramammary Mastitis (Breast Abscess) 


4a, Lactational abscess of the breast 
Commonly seen in lactating women. Usually up to 6 
months of lactation period. It occurs in 3% of breastfeeding 
mothers, 


Precipitating factors 
Cracked nipple 
+ Retracted nipple 
+ Improper cleaning of the nipple 
+ Inadequate milk sucking by baby or milk expression causing 
stasis 
+ Infection from the mouth of the baby 
+ Haematoma getting infected 


Mode of infection. 
Bacteria (Staph, aureus—most common) enters the breast 
during sucking through the cracked nipple, Occasionally it 


can be from haematogenous spread, Gram-negative and other 
bacterial infections can supervene later. 

Staphylococcus aureus causes clotting of milk in the blocked 
duet and multiply. Duct initially gets blocked by epithelial 
debris orby retracted nipple. Initially it begins in one quadrant 


but later involves entire breast. 
Clinical features 


# Continuous throbbing pain in the breast and high grade fever. 

# Diffuse redness, tenderness, warmness and brawny indura- 
tion in the breast 

# Purulent discharge from the nipple. 

# Entire breast may get involved eventually. 

# Occasionally tender fluctuant swelling (10%) may be felt; 
ulceration and discharge can occur at a later period 

# Itis difficult to differentiate initial stage of mastitis (stage of 
cellulitis) from stage of breast abscess formation, When itis 


treated by a ntibiotics without incision and drainage eventu- 

ally it may get organised to form a nontender, hard breast 

lump with sterile pus inside—stage of antibioma formation. 
Differential diagnosis: 


Inflammatory carcinoma of breast. 


Figs 8.26A to D: Typical breast abscess with features of acute inflammation, Drain should be placed after incision and drainage in such 
abscesses. Often gauze drain can be used, 


Retromammary Mastitis 


% Itis due to tuberculosis of the intercostal Lymph nodes or 
ribs beneath or suppuration of the intercostal lymph nodes, 
# Breast is normal 


WE Daan 
Incision 


Counter-ncisior 


Fig. 8.27: Breast abscess in a male patient. Breast abscess eventhough 
{is uncommon in males, itcan occur in puberty and middle age. 


Fig. 8.28: Incision and counter-incision for breast abscess. 


Treatment: 
 Antibioties—cephalosporins, flucloxacillin and amoxicillin. 
© Repeated US guided aspirations can be tried which avoids 
sungery and scar, 
Drainage under general anaesthesia, a counter incision may 
be needed. 
Its not advisable to wait tll the formation of abscess. 
Often takes very long time to heal after surgery causing 
distress to patient and surgeon as well 


& Mastitis not resolving with antibiotics in 48 hours 
“+ Persistent fever and progression of mastitis 


“ Brawny induration 
Do not wait for abscess to form (fluctuation to develop) 


ysealg 


Complications: 

 Antibioma formation, 

Sinus formation, skin necrosis, fistula formation, 

Recurrent infection, bacteraemia, septicaemia. 
Suppression of lactation is often required by giving 

Bromocryptine 2.5 mg BD for 2 weeks. 


Fig. 8.29: Photograph showing placement of drain in breast 
b. Nonlactational abscess of the breast: ¥ wide shy 


It commonly occurs in duct ectasia and periareolar infections. 
‘Common organisms are bacteroides, anaerobic streptococci, 

centerococei and gram negative organisms. tis commonly recur= 8 
rent with tender swelling under the areola + Tuberculosis of intercostal lymph nodes 

“Tuberculosis ofribs beneath 

+ Suppuration of intercostal lymph nodes 

“ Empyema necessitans 

Infected haematoma 


Treatment: 
Antibiotics. 


Repeated aspirations, 
Drainage and later cone excision of the duct is done, 


 Transillumination in a case of duct papilloma may reveal an opacity in the line of the duct due to pent-up blood. 
—William J Moore 
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Investigations: 

© Chest X-ray, FNAC, ESR. 

¢ Peripheral smear. 

# U/S of breast and chest wall 

¢ Often CT scan chest may be needed, 

Treatment: 

© Cause has to be treated, 

# Drainage through submammary/retromammary incision 

Note: 

+ Mastitis of infancy (Witch’ milk) is due to maternal hormone in 
infant blood. t usually subsides but may cause suppuration. 

+ Mastitis of infancy affects both sexes equally. 

+ Mastitis of puberty is common in boys, is invariably unilateral 
with tender, swollen and inflamed breast. 

+ Masttisof mumpsis usually unilateral and can occur in both sexes. 

+ Bacterial mastitis is seen in adult women, commonly lactating 
and is due to staphylococci infection. 

+ Subareolar mastitisis due to infection of gland of Montgomery 
or due to areolar furuncle 


@ ANTIBIOMA 


If intramammary mastitis is not drained but only treated by 
antibiotics, pus localises and becomes sterile (flaques) with a 
thick fibrous tissue cover and itis called as antibioma. 


Clinical Features 


# Previous history of mastitis treated with antibiotics 
‘Swelling which is painless, smooth, nontender, hard, fixed to 


breast tissue without involving the pectorals and chest wall 


Differential Diagnosis 


Carcinoma breast (Scirhous carcinoma breast) 


Investigations 
+ FNAC; mammography; U/S breast. 


Treatment 


Excision (Submammary incision). Later antibiotics are given. 
It should be sent for histology. 


™ DUCT ECTASIA 


© Itis dilatation of lactiferous ducts due to muscular relaxa- 
tion (myoepithelial relaxation) of duct wall with periductal 
mastitis. 

¢ Itis also called ‘plasma cell mastitis’ as periductal inflam- 
mation contains plasma cells 

Commonly many ducts are involved. 

 Hormonally induced myoepithelial relaxation with poor 
ductal absorption of secretions and desquamated cells causing 
obstruction ate the probable other causes and features. 


Clinical Features 


¢ Greenish discharge or creamy/paste like from the nipple. 
¢ Indurated mass under the areola which is often tender. 


# Retraction of nipple which occurs at later stage of the 
disease. Slit like retraction of nipple due to fibrosis occurs, 

# Eventually it forms an abscess and fistula. 

Often they are bilateral and multifocal 

More common it. smokers—in relation to arterial path- 

ology. 

% Common in multiple pregnancies, perimenopausal age, 
hyperprolactin status, 

# May present as mastalgia, 

Axillary nodes may be palpable as nonspecific 

# Secondary bacterial infection (anaerobic) is common. 


Differential Diagnosis 


Carcinoma breast. 


Investigations 
# Discharge study, FNAC. 
# Mammography. 


Fig. 8.30: Duct ectasia—ductography. 


Treatment 


# Itis important to stop smoking. 

# Cone excision of involved major duets (Adair-Hadfield 
operation). 

# Antibiotics. 

# Melhem Novel modified breast ductal system excision. 


lm MONDOR'S DISEASE (Henri Mondor—Paris, 
1939) 


# Mondor’s disease is spontaneous thrombophlebitis of the 
superficial veins of the breast and anterior chest wall 

# Cause is not known, History suggestive of injury or infe 
tion is not observed, 

Presents as a thrombosed subcutaneous cord (2-3 mm sized) 
which is attached to the skin. 

* On raising the arm above, narrow, shallow subcutaneous 
‘groove appears alongside the cord like thrombosed vein. 

# The thoracoepigastric vein, the lateral thoracic vein, and 
the superior epigastric vein—are involved. The upper, inner 
portions of the breast are never involved. 

# Trauma, infection, surgery may be the eause but clearly not 
proved and so controversial. 


¢ Rarely penile Mondor’s disease and Mondor’s in the arm 
are observed. 

© Iris offen a self-limiting disease without any recurrence, 
complication or deformity. 

 Itoften mimics the lymphatic permeation of carcinoma breast. 

¢ Restriction of arm movements, brassiere support and anti 
inflammatory drugs may be needed. Occasionally refractory 
cases need surgical excision of involved segment of vein. 


™ TUBERCULOSIS OF THE BREAST 


 Itis relatively rare. Even though itis rare, often seen in India 
(4% of benign breast diseases). It may be due to high resist- 
ance offered by mammary gland tissue to the survival and 
multiplication of the tubercle bacillus, a resistance similar 
to that offered by spleen and skeletal muscle. 

© Usually associated with active pulmonary tuberculosis. 

Infection reaches through blood or retrograde lymphatic 
spread from lymph nodes of axilla 

Common in lactation, 

Nipple and areola are not commonly involved. 

© Lump—iregular ill-defined: peaud” orange; discharge, sinus, 
matted axillary nodes often with sinus are the features, 

Presents as swelling in the breast with cold abscess, sinuses 
and a typical bluish appearance of surrounding skin with 
‘matted lymph nodes in the ipsilateral axilla. 


Fig. 8.31: Tuberculosis of breast showing undermined lesion. 


Differential Diagnosis 


Carcinoma breast. 


Investigations 

@ FNAC. 

4 Frozen se 
noma. 

4 Excision biopsy. 


ion biopsy is useful to differentiate from carci- 


Treatment 

% Antituberculous drugs—INH, rifampi 
pyrazinamide. 

# Drainage of cold abscess. 

Note: 

+ Mastectomy is not done. 


™@ BREAST CYSTS 


‘They are cavities lined by epithelium in the breast containing, 
fluid, Itarises from destruction and dilatation of breast lobule 
and terminal ductules. tis due to nonintegrated stromal and 
epithelial involution. 

# Cyst may be microscopic or macroscopic. It contains straw 
coloured or green or opaque fluid. 

# Incidence is very high (1 in 14 females). It is common after 
the age of 35 years up to menopause, It is uncommon after 
‘menopause. Hormone replacement can cause cyst formation 
in old women. 

# Cyst size varies with menstruation due to influence of 
ovarian hormones. 

# Cysts can be multiple (50%). Often bilateral. 

© Cysts can be recurrent (50%) 

# Risk of breast cancer in breast cyst is very less (0.1%). But 
incidental associated carcinoma may be present in 3% of 
breast cysts 

 Clinically—smooth, sof, fuctuant often transilluminating 
well-localised swelling may be felt. 

© Differential diagnoses are—Bloodgood cyst, haematoma, 
cystic necrosis in a carcinoma, Brodie’s disease, galactocele, 
lymph cyst, hydatid cyst. 

# Imestigations—US of breast; FNAC. Mammography to rule 
‘out associated carcinoma. 


ethambutol, 


Treatment 


Aspiration for two times. 

# Surgical excision is done if eyst recurs after two aspirations 
or if there is bloody discharge or residual mass if felt after 
aspiration 


Fig. 8.320 


In the presence of troubles some people grow wings; others buy crutches. 
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Fig. 8.328 


US look of breast cysts—simple and 
complex type. 


Bloodgood cyst 
Breast abscess 


Hydatid cyst 
Galactocele 

Serocystic disease of Brodie 

Gystic necrosis in carcinoma breast 
Lymph cyst 

Haematoma in breast 
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ll GALACTORRHOEA 


¢ It is secretion of milk not related to pregnancy or lactation, 
© Itis always bilateral 


Primary galactorrhoea is due to: 
# Stress and other factors. It is physiological in puberty or 
menopause. Reassurance is the treatment, 


Secondary galactorrhoea is due to: 
% Dopamine receptor blocking agents like haloperidol, 


methyldopa, chlorpromazine, metoclopramide or by hyper- 
ia due to pituitary tumours. It enhances the 


# Hypothyroidism. 

# Drugs like oral contraceptives, 
dine 

* Ectopic prolactin secreting tumours usually from lungs 
(bronchogenic carcinoma). 

# Chronic renal fa 


atenolol, clonidine, raniti- 


Management 


# Estimation of serum prolactin, 13, 4, TSH, CT/MRI head, 

% Bromocriptine therapy. 

# Treatment of cause. Causative drug should be stopped and 
different drugs should be used for the needed condition. 


Note: 
Witch's mitkis secretion of milk in both male and female infants due 
to maternal hormonal effects in foetus. It lasts up to three weeks 
after child birth. 


l™ GYNAECOMASTIA (Greek—Women Breast) 


# It is hypertrophy of male breast more than usual due to 
increase in ductal (epithelial) and connective tissue (stromal) 
elements often attaining features of female breast. 

# Itcan be unilateral or bilateral, Bilateral can be symmetrical 
‘or asymmetrical 

nes 
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Fig. 8.34: Gynaecomastia—right side breast (diffuse type). 
Compare with opposite side to note the difference in size. 


# It is nonphysiological stimulatory oestrogen excess or 
inhibitory androgen deficiency. There is nonphysiological 
hypertrophy of male breast ataining the size of female breast 
with increase in connective and ductal tissues. 

# It.can be diffuse—involving all quadrants or small well 
localised hard subarcolar nodule 


Fig. 8.35: Right-sided gynaecomastia (well-ocalised—puffy nipple) 


Etiology 


Oestrogen excess—increased estradiol secretion due to 
testicular tumour (Leydig cell) or nontesticular tumours 
from adrenal cortex, lung, liver; hyperthyr 
conversion of androgen to estrogen), 
estrogen therapy for prostate cancer. 

¢ Androgen deficiency—aging, Klinefelter’s/Kallmann 
syndromes, eunuch, ACTH deficiency. 

Secondary testicular failure—eryptorchidism, orchitis, 
trauma, CRF, etc 

© Drugs (25%: 
> Increases estrogen activity (digitalis, anabolic steroid)/ 

estrogen synthesis (reserpine, theophylline, frusemide). 
> Inhibition of testosterone synthesis—cimetidine, pheny- 
toin, spironolactone. 

Initially there will be florid proliferative stage of ductal 
epithelium with oedematous stroma without acini (1. year); 
later there will be quiescent stage with ductal dilatation and 
stromal fibrosis, 

Always one should examine genitalia and liver. 

# It is physically embarrassing; psychologically devas- 
tating. 


Neonatal gynaecomasti 
estrogen 

“ Pubertal (25%) in young boys is due to excess estrogen level 
in relation to testosterone Its usually unilateral. Here breast 
tissue willbe more than 2.cm in diameterin nonobese young 
male 

‘& Senescentin oldis due to fall circulating testosterone causing 
lative hyperestrinism 

+ Prepubertal—may also be seen in girl child 


due to action of placental 


Itcan be: 
+ Puffy nipples 

‘® Pure glandular 

Adolescent hereditary 

“4 Adult—most common 

4 Androgenic 

Simon's classification of gynaecomastia: 

Group 1 ~ Minor visible type without skin redundancy 
Group 2 A- Moderate without skin redundancy 
Group 2 8 - Moderate with minor skin redundancy 
Group 3 ~ Gross pendulous breast 


Differential Diagnosis 


# Pscudogynaecomastia—adipose tissue deposition as a part 
of obesity; needs liposuction, 

4% Pectoral muscle hypertrophy. 

* Lipoma, dermoid, haematoma. 


Presentations 


Diffuse enlargement of breast occupying all quadrants. 
Often well-localised, small, firm or hard nodule under the 
areola which is often painful and tender. 


ia SS SS 

% Idiopathic—25% 

 Teratoma testis—3% 

‘Ectopic hormonal production in bronchial carcinoma 

“© Anorchismafter castration 

‘& Adrenal and pituitary disease 

“© Leprosy, because of bilateral testicular atrophy 

“© Drugs (2506): Stlbestrol, digitalis cimetidine, spironolactone, 
INH, phenothiazides 

“© Liver diseases and liver failure—10% 

‘& Klinefelters syndrome (XXY Trisomy), Kallman syndrome 

'& Primary or secondary hypogonadism 

& Hyperthyroidism 

& Renal diseases, dialysis induced (1%) 


Investigations 


Relevant to the cause, e.g. liver function tests, DNA study, 
hormone assay, FNAC, USG breast. 


Treatment 


# Well-localised type which is symptomatic or patient is 
psychologically worried is treated by surgical excision using 
circumareolar incision. 

# Large diffuse gynaccomastia needs Galliard Thomas 

submammary incision for excision. 

Reduction mammoplasty: nipple reduction surgeries. 

# Drugs—tamoxifen, clomiphene, androgens (dihydrotestos- 
terone), danazol, testolactone as aromatase inhibitor—but 
less useful. Drugs are given only for 6 months. Gynaeco- 
‘mastia more than 2 years duration is less likely to show 
benefit from drugs 


Aiman is not the best because he works hard, he works hard because he is the best. 
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¢ Breast irradiation to prevent gynaecomastia in prostatic 
cancer patients who are on oestrogen therapy. 

Causative drugs should be stopped. 

¢ Testicular tumours, hyperthyroidism should be treated if 
they are the causes. 

¢ Testosterone can be given if hypogonadism is the cause 

¢ Endoscopic assisted subcutaneous mastectomy is done and 
under trial mainly for cosmetic purpose. 


Note: 

+ Rarely gynaecomastia may turn into malignancy. Gynaecomastia 
isa differential diagnosis for male breast cancer. 

+ 80% of Klinefelter’s syndrome shows gynaecomastia; it has got 
very high-risk (20 times) of developing carcinoma 


DUCT PAPILLOMA 


+ Itisthe most common cause of bloody discharge from nipple 
 Itis usually single, from a single lactiferous duct 
 Itblocks the duct causing ductal dilatation 


¢ They are epithelium lined true polyps of breast lactiferous 
duets. 

# Usually it is < 1 em in size often with a small lump under 
areola, But can attain large size 

# Vascular stalk is present usually. 

# Rarely a cystic soft swelling may be present underneath 
which is probably due to obstruction of the duct by papil- 
Joma. 

# Papilloma may often project out like a pedunculated mass. 


Figs 8.36A and B: Papilloma breast which is large, Usually itis small 
intraductal 


Types 


¢ Subareolar—common, 
¢ Peripheral—occasional 


¢ Solitary—common, 
© Multiple, 
# Unilateral—common. 
¢ Bilateral 


Clinical Features 


# Papilliferous swelling (projection), usually seen near the 
nipple orifice. 

Blood stained discharge from the nipple is common, 

But serous or serosanguinous discharge can also occur. 
Single papilloma is not premalignant. 

But multiple papillomas in many du 
Peripheral papilloma should be di 


an be premalignant, 
erentiated from invasive 
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papillary carcinoma. Fig. 8.37: Breast papilloma. It usually arises from single duct. It 
projects near the nipple orice 
Investigations 


Discharge study (FNAC). Treatment 


¢ Injection of contrast into the duct (Ductogram), Microdochectomy: Probed lactiferous duct is opened, and the 
# Mammography may show dense lesion under the arcola, papilloma is excised using tennis racquet incision. 


Probing of lactiferous duct is done up to S$ cm deep and 

excised with part of the areolar skin, 

Note: 

+ Intraductal papillary carcinoma arises usually not from a preex- 
isting duct papilloma but as de novo. 

+ Papillomatosisis hyperplasia of the duc lining, filling the duct, 
like a polyp without a pedicle/stalk (not a true polyp); itis not 
duct papilloma but part of fibracystadenosis. 

+ haillary nodes are not involved, 


ll ZUSKA-ATKINS DISEASE 


¢ A condition considered mainly by pathologists, Squamous 
metaplasia causes plugging and obstruction of the ducts 
subsequent inflammatory reaction and infection. 

¢ Nipple retraction, recurrent episodes of infection and pres- 
ence of painful nodules under the areola in a nonlactating 
woman is seen. 

¢ The presence of a sinus draining milky discharge in the 
areola is characteristic. 


# Scen in smokers—men or women, Vitamin A deficiency is 
also the cause 

¢ It can mimic carcinoma, 

# Treatment is antibiotics and surgical excision like for duct 


ectasia. 


m= MAMMARY FISTULA OF ATKINS 


# Itisa fistula of lactiferous duct which opens on to the areola, 

¢ It causes recurrent abscess that points on to the areola which 
discharges and continues to discharge for a week. 

# It is a differential diagnosis for carcinoma breast 


Treatment 


Antibiotics. 
¢ Excision of fistula along with lactiferous duet. 


™@ CARCINOMA BREAST 


When cancer occurs in the breast of women under forty, itis more 
‘rapid in its progress than when the patient solder, and also more 
extensive; remote sympathy likewise takes place more readily in 
them than in the old, so that the operation succeeds better in the 
latter on this account. 

Mohn Hunter, 1728-1793 


Aetiology 

# Carcinoma breast is more common in developed, western 
countries, 

# In Affican-American women, itis more aggressive. Itis less 
common in Japan, Taiwan. 

¢ Itis second most common carcinoma in females. Incidence 
is 19-34%, Median age is 47 years. 

# Carcinoma in one breast increases the risk of developing 


carcinoma on opposite breast by 3-4 times. Incidence of 


bilateral carcinoma is 


# Itis more common after middle age, but can occur at any 
age group, after 20 years, 

# Itcan be familial in 2-5% cases. 

% Mutation of tumour suppressor genes BRCAI/BRCA2 is 
thought to be involved with high-risk of breast carcinoma. 
BRCAI mutation is having more risk (35-45%) than 
BRCA2 mutation. Its located in long arm of chromosome 
17, whereas BRCA2 is located in long arm of chromosome 
13. BRCAI more commonly shows ER negative status, 
high grade, aneuploid with raised $ fraction than BRCA2 
which shows ER positive status. BRCAI is associated with 
increased risk in males, Lifelong risk of breast cancer in 
BRCAI and BRCA2 mutations is 50-70%. Both are associ- 
ated with high-risk for ovarian cancer. 

# Occasionally mutation of BRCA3 and p53 suppressor gene 
is also involved, 

# Li-Fraumen’s syndrome (LFS) is autosomal dominant 
condition with breast cancer inheritance (90%) along with 
sarcoma, leukemia, brain tumours, adrenocortical tumours 

# Diet low with phytoestrogens and high alcohol intake have 
high-risk of breast cancer. Vitamin C reduces the risk. 

# Itis more common in nulliparous woman, 

Attaining early menarche and late menopause have high-risk 
of breast malignancy. 

# Early child-bearing and breastfeeding reduces the chances 
of malignancy. Early Ist child birth reduces the risk; late 
first child birth after 35 years increases the risk. 

# Itis more common in obese individuals. 

# Breast cancer relative risk is qualified as relative risk (RR), 
IRR is 2.0 means, risk is twice the normal population. If 
RR is 0.5 means, risk is 50% less than normal population. 

# Risk is 3-5 times more if Ist degree relative is having breast 
cancer, Risk is more if Ist degree relative is younger or 
premenopausal or having bilateral breast cancers, 

# In males, occasionally gynecomastia turns into carci 
noma—not proved, 

# Benign breast diseases with atypia, hyperplasia and epithe- 
liosis has got higher risk in a patient with family history. RR 
in nonproliferative fibrocystic disease is 1.0; proliferative 
without atypia is 1.5; proliferative with atypia is 4.0 (with 
family history 6.5, premenopausal 6.0) 

% Cowden s syndrome—itis an autosomal dominant condition, 

with cutaneous facial lesion (100%), bilateral breast lesion 

(50%), GI polyps, brain, thyroid tumours. 

Itis often associated with ataxia telangiectasia. 

# Previous therapeutic radiation (thoracic) may predispose 
carcinoma breast especially when RT is given at younger 
age mainly for Hodgkin’s lymphoma, 

# Radial scar may predispose the carcinoma. It is a complex 
sclerotic condition of breast with microcyst, epithelial 
hyperplasia, adenosis, central sclerosis with lesions less than 
Tem in size, It mimics carcinoma clinically and mammo- 
graphically. 

# Itis more common in individuals who are on oral contra- 
ceptive pills and hormone replacement therapy (HRT) for 
more than $ years. 


To strengthen your heart, forgive yourself and others. 
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Metal piates 


Casimir effect: the vacuum is full of virtual 
photons, but photons with wavelengths (2), 
more than twice the separation of the plates, 
are excluded from the space between them. 
The imbalance pushes the piates together 


Figure 5. A Schematic of the Casimir Effect Cavity/Waveguide (from Chown, 1990) 


Approved for public release; distribution unlimited. 
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¢ Presently carcinoma breast is considered asa systemic disease. It may be: 


Halsted concept of spread is sequential spread. Breast—axile > Ductal in situ carcinoma (Ductal Carcinoma In Sit, 
lary lymph node—systemic spread. Fischer concept is early DCIS) ot 

to begin with itself, there is distant blood spread because of > Lobular in situ carcinoma (Lobular Carcinoma In Situ 
micrometastasis without nodal disease. Only tumour lesser ICIS). 


than 1 cm size can be sequential. Spectrum concept is new Invasive carcinoma can occur eventually. 
cone where disease spreads loco-regionally as well as systemi- 

cally which makes it to aim at both locoregional disease 
ell as systemic disease control 

of uterine/ovarian/colonic cancers, 


aS GAPE 7 
30% of all female cancers 

20% of cancer related deaths in females 

2.4% bilateral 

25% hereditary 

Lump in the breast—most common presentation (75%) 
10% presents with pain 

35-45% with mutation of BRAT gene 

70% blood spread occurs to bones 


control as w 
© Prior diagn 


5: Carcinoma right breast in an elderly—an atrophic 
scirthous carcinoma. 
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‘Modified Gail risk assessment model 
+ Age,age at menarche, age at 1st live child birth, race 
& Number of Ist degree female relatives having breast cancer 
‘& Number of previous breast biopsies 
+ Proliferative lesion with atypia 
‘These risk factors are translated into risk scores by specified 
calculations 
But model does not include genetic factor 


Pathology 

¢ Breast carcinoma arising from lactiferous ducts is called as 
ductal carcinoma. 

© Breast carcinoma arising from lobules is called as lobular 
carcinoma. It is 10% common, 


Fig. 8.39: Examination with both arms raised above the shoulder. 


‘Risk factors for breast carcinoma 

Breast carcinoma in 1st degree relative Classifications 

‘ Breast carcinoma in contralateral breast 1. Ductal carcinoma 

& BRCAT/BRCA2 gene mutation Lobular carcinoma. 

‘© Obesity and alcohol intake IL. (a) Jn situ carcinoma (Noninvasive) 

+ Nulliparity — DCIS (Ductal carcinoma in sit). 

‘@ Early menarche and late menopause ~  LCIS (Lobular carcinoma in situ). 

(b) Invasive. 
In situ carcinoma is preinvasive carcinoma which has not — Invasive ductal carcinoma—most common type. 
breached the epithelial basement membrane. Adenocarcinoma with no special type (80%) is 


Risk factors classification 
Slight to moderate risk Moderate to high-risk Very high-risk 


+ Florid hyperplasia + Age > 60 years + Therapeutic radiation 

+ Solid duct papilloma - ATD/ALS/LCIS + Farry history of breast cancer in two 1st degree relatives: 

+ Obesity, alcohol, HRT + History of DCIS + Family history of breast and ovarian cancer 

+ Nulliparity + Cancer on one side + BRCA1 and BRCA2 mutation carrier or 1st degree relative with 
breast mutation 


+ Early menarche, late 
menopause 


more common, 60% of this will show micro or 
macroscopic spread to axillary nodes, Invasive 
type can be special type or no special type (NST) 
[not otherwise specified/NOS 
» Invasive lobular carcinoma, It is commonly multifocal 
and often bilateral 
IL. Unilateral 


Bilateral—2-5% common, 
IV. Unitocal 
Multifocal—tumour tissues within the same quadrant at 
multiple foci 


Multicentric—tumour tissues within the same breast but 
in different quadrant, 


Foote Stewart original classification of invasive breast cancer 

+ Paget’ disease of nipple 

+ Invasive ductal carcinoma adenocarcinoma with productive 
fibrosis sctthous/simplex/no special typel—B0%; medul- 
lary—4%6;colloid-—2%;papilary—29% tubular and invasive 
ccribriform—2%) 

+ Invasive lobular carcinoma —10%% 

+ Rareothertypes~adenoidcystc;squamous cel, apoctnetype 


‘Classification of primary breast cancer 
‘Noninvasive epithelial 
+ Las 
+ DCIS intraductal —papillary, solid, cribriform,comedo 
Invasive epithelial 
+ Invasive lobular—10% 
+ Invasive ductal 
Invasive ductal with NST (no specialtype)/NOS (not ather- 
wise specified) —70% 
~ Tubular—2% 
~ Colloid—2% 
— Medullary —5% 
— Medullary variant—basal ike 
— Invasive cribriform—2% 
~ Invasive papillary —1% 
~ Adenoid cystic—1% 
— Metaplastic—196 
‘Mixed connective tissue and epithelial 
+ Phyllodes, angiosarcoma, carcinosarcoma 
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Multifocal-in same 
quadrant 


Multicentric-in 
different quadrants 
of same breast 


Fig. 8.40: Multfocolis occurrence of 2nd in situ breast cancer whithin 
the same breast quadrant as the primary in situ cancer: multicentricity 
is occurrence of 2nd in situ breast cancer outside (other) the breast 
quadrant as the primary in situ cancer in the same breast. 


DCIS (Ductal Carcinoma In Situ) 


# It is intraductal carcinoma (proliferation of malignant 
mammary ducal epithelial cells) without any invasion into 
the basement membrane. 

# Itis 5-20% common, 

# Itean be 
> Solid—high grade. 

» Comedo with necrosis is high grade with increased 
chances of microinvasion, 

> Cribriform—low grade. 

> Papillary—low grade. 

> Micropapillary. 

# Itis associated with high expression of C—erb2 gene (80%). 

# Itcan be high grade DCIS or low grade DCIS. 

# It can be comedo DCIS (more malignant and more likely 
to be invasive later) or noncomedo DCIS (less malignant). 

# In 20% of cases synchronous invasive carcinoma in duct 
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Untreated DCIS becomes invasive in > 


W% cases (5 fold). 
5% of male breast cancers are DCIS. 

Minor ductal epithelial proliferation is the typical histology. 
Invasive ductal cancer forms in the same breast and same 
quadrant of DCIS unlike LCIS, DCIS is an anatomical 
precursor of invasive DC. 

# Presence of > 25% of DCIS component is present in the 


‘main invasive tumour or if DCIS is present elsewhere in 
the surrounding breast tissue, it is called as extensive in 
situ component. 


Modern concept of breast cancer classification based on molecular markers 


Type Marker 
+ ERpositive + ER positive; HER 2 negative 
+ HER 2 positive + ER positive or negative; HER 2 positive 
+ Basal ke +_ER negative; HER 2 negative 


Treatment 
+ Endocrine treatment 


+ Endocrine treatment + Standard — surgery/RT/CT?? 
trastuzumab 


+ Standard ~ surgery /RT/ CT? 


Accountable, dependable, reliable are qualities that make a person responsible. 
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Nipple discharge and often small swelling are main pres- 


entations. 


 UIS assisted FNAC and mammography are the needed 


investigations. 


¢ Risk of lymph node spread in DCIS is less than 4%, So 


axillary dissection is not necessary. 
Sentinel Lymph Node Biopsy and proces 
method. 


is the preferred 


Score aD 2 3 
Size in mm <15mm 15-40mm > 40mm 
Clearanceinmm = >10mm 1-10mm — <1mm. 
Grade andnecrosis nothigh —_nothigh _high grade 
grade grade 
Nonecrosis Necrosis Necrosis 
present present. 
Total score is 9 


‘Score 3-4 conservative breast surgery (wide local excision) 
‘Score 5-7 conservative surgery + Radiotherapy 
‘Score 8-9 total mastectomy 


2. Medullary carcinoma (5%) 


‘Nottingham Prognostic Index (NPI) (0.2 » Tumour size in cm) 
+ Lymph node stage + Tumour grade 

NPlscore—<34  Goodpprognosis with 80% survival (15 years) 
NPI score—3.4-5.4 Moderate prognosis with 40% survival 
NPlscore—> 5.4 Poor prognosis with 15% survival 


‘Management of DCIS 

'& FNAC confirms the disease but will not differentiate from DCIS 
and invasive carcinoma 

Mammography, U/S breast, MRI breast. 

+ Routine metastatic work up 

‘& Breast conservative surgery with RT to breast and 
dissection after SLNB (if +ve) 

“Hormone therapy (tamoxifen) prevents both local recurrence 
and development of new primary breast carcinoma 

+ Total mastectomy is done in DCIS when—positive margin 
after wide local excision; two or more primary tumour; when 
radiation to breasts not possible (collagen diseases);tumour/ 
breast size ratio is not appropriate for conservative surgery 
and DCIS in pregnancy. Skin sparing mastectomy (SSM) may 
be ideal in such occasions with immediate TRAM/LD flap 
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Types of Carcinoma Breast 


1. Seirrhous carcinoma: itis 60% common. Itis hard, whitish, 
or whitish yellow, noncapsulated, irregular, with cartilagi- 
nous consistency. It contains malignant cells with fibrous 
stroma. 


Also called as ‘encephaloid 

type’ because of its brain like consistency. It contains malig- 

nant cells with dispersed lymphocytes. 

> Medullary variant with some features of pure form shows, 
uniformly high grade aggressive tumour cells with nega- 


tive ER, PR, HER, NEU cell surface receptors (triple 
negative). They express molecular markers of basal/ 
myoepithelial cells and so now termed as basal-like 
breast cancers. 


Fig, 8.41: Specimen of carcinoma breast. Cut section showing 
tumour tissue of scirrhous type (most common type). 


Inflammatory carcinoma/Lactating carcinoma/Mastitis 

carcinomatosis: 

> Most aggressive type of carcinoma breast 

It is 2% common. 

Itis common in lactating women or pregnancy. 

It mimics acute mastitis because of its short duration, 

pain, warmth and tenderness, 

» Clinically, it is a rapidly progressive tumour of short 
duration, diffuse, painful, warm ofien involving whole 
of breast tissue with occurrence of peau dorange, often 
extending to the skin of chest wall also. 

> More than 1/3rd of skin over the breast is involved; 
diffuse lymphoedema is due to tumour emboli within 
dermal lymphatics. Underlying localised palpable mass 
is not evident clinically. It should be differentiated from 
other LACB with skin involvement where underlying 
palpable mass is well evident. 

> Mammography may not show any finding except skin 
thickening. Inflammatory carcinoma of breast is a 
clinical diagnosis. 

» Ductal or lobular type with cancer cells in dermal 
lymphatics is the histology. 

> Itrapidly metastasises to chest wall, bone and lungs. 

> [tis always stage HIB carcinoma (T 
FNAC confirms the diagnosis—it contains undifferenti- 
ated cells, Punch biopsy is ideal and better which shows 
undifferentiated cells 

> Total count is normal 

Treatment 

» External radiotherapy and chemotherapy. 

> Salvage surgery whenever possible. 

> Ithas got worst prognosis. 

Differential diagnosis 

Acute mastitis—total count is increased here. 


4, Coltoid carcinoma: It produces abundant mucin, both intra- 
and extracellularly carrying better prognosis. 
5, Paget's disease of the nipple 


I believe thas not yet been published that certain chronic affections 
of the skin of the nipple and areola are very often succeeded by 
the formation of scirrhous cancer in the mammary gland....In the 
‘majority (the affection) had the appearance ofa florid, ntenselyred, 
raw surface... lke the surface of very acute diffuse eczema, 


—James Paget, 1874 


> tis superficial manifestation of an intraductal carcinoma. 
‘The malignancy spreads within the duct up to the skin 
of the nipple and down into the substance of the breast. 
It mimics eczema of nipple and areola 


ferences between Paget's disease and eczema 
of nipple 


Paget's disease Eczema 

4. Unilateral 1. Bilateral 

2, Edges are distinct 2. Edges are indistinct 

3. Itching absent 3. Itching present 

4, Seen in menopausal women 4. Occurs during the 
time of lactation 

5. Vesicles absent 5. Vesicles present 

6. Nipple is usually destroyed 6. Nipple is usually 
intact 

7. Underlying lump is usually 7. No underlying lump 


present 


> In Paget’s disease, there is a hard nodule just underneath 
the areola, which later ulcerates and causes destruction 
of nipple. Histologically, it contains large, ovoid, clear 
Paget x cells with malignant features. Paget's hyperchro- 
‘matic cells are located in rete pegs of epidermis containing, 
intracellular mucopolysaccharides as clear halo in cytosol 
> Itis2% common, 90% is invasive ductal carcinoma. 70% 
shows mass underneath nipple and areola 
» Breast conservation surgery (BCS) is difficult here; hence 
MRM is needed, 
6, Tubular, papillary, cribriform ate other types of duet carci- 
7. Atrophic scirrhous carcinoma: 
> Seen in elderly females. It is a slow growing tumour 
Which has got better prognosis. 
> FNAC is diagnostic. 
> Mastectomy or curative brachytherapy (using breast 
moulds) is the treatment of choice. 
> Iris curable. 
8. Lobular carcinoma in situ: 
> Itoriginates in terminal duct lobular unit only of female 
breast showing its distension and distortion, 
> Its 12 times more common in white females. Predomi- 
nantly perimenopausal. 
> Itis 3-5% common. High chance to predispose to inva- 
sive cancer. 35% of LCIS may develop invasive lobular 
carcinoma either in same or contralateral breast; 65% 


may develop invasive ductal cancer (same side/opposite 
side/both sides). LCIS is a marker/predictor of increased 
risk of invasive breast cancer; not an anatomical 
precursor unlike DCIS. It is now advocated as a risk 
factor for developing breast cancer. 

It is multifocal, bilateral (50%), 

It is an incidental pathological entity. Classical ype 
carries better prognosis; pleomorphic type does not so; 
‘occasionally mixed ductal and lobular in situ may be seen, 
Clinically it does not form a lump. 

Need not be detected by mammography, as it does not 
provoke calcification. 


coi 


Figs 8.424 and B: Paget's disease of the breast 


Fig. 8.43: Carcinoma breast invalving axillary tail of Spence. 


Have a heart that never hardens and a temper that never tires and a touch that never hurts. 
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> 50% cancers can develop in the contralateral breast. 

> Immunohistochemistry using e-cadherin antibody shows, 
positive reaction in lobular carcinoma. 

> Ithas poor prognosis due to bilateral, multifocal nature 
and difficulty in identifying it. 


Soap 


Fig. 8.44: Subareolar carcinoma with destruction of nipple-areolar 
complex. 


arcinoma breast over the most cammon site—upper 
‘outer quadrant—more visible on raising the arm, 


Fig. 8.46: Mass in the upper outer quadrant—is the most common 
site of the carcinoma breast. 


arcinoma right breast with ulceration in the primary (P) 
with axillary lymph node secondaries (S). 


r\\ a 


Fig. 8.48: Quadrants of breast. Carcinoma is more common in upper 
outer quadrant as more breast tissue is located in this quadrant. 


» ‘Tamoxifen (risk reduction in premenopausal) orraloxifen 
(postmenopausal) often with bilateral total mastectomy 
is the treatment, 

9. Disease of Reclus: Itis a rare intracystic papilliferous carci- 

‘noma of breast presenting as a cystic swelling with bloody 

discharge from the nipple. 


Grading of the Tumour 


# Itis based on nuclear pleomorphism; tubule formation; 
mitotic rate. 

% Itcan be—well-differentiated (grade 1); moderately differ- 
centiated (grade 2) and poorly differentiated (grade 3). 
‘Tumour doubling occurs in 6 months with reaching 1 em 

in size in 30 doublings. Breast cancer more than 1 em has its 

own blood supply and so high chances of systemic spread and 
so systemic therapy is a must 


Elston-Ellis Modified Bloom-Richardson 
Grading System 


Parameters used 


Nuclear pleomorphism: Score 1—relatively small uniform 
nuclei; score 2— intermediate pleomorphic nucleoli; score 
'3-relatively large prominent nucleoli 

& Mitotic count: Score 1—< 10% mitoses in 10 HPF; score 
2—10-20% mitoses; score 3—>20% mitoses 

 Tubule formation: Score 1—>75% cells in tubule forms; 
score 2—10-75% cells in tubule forms;score 3—< 10% cells 
intubule forms 


Grade Score 
Favourable 1 
Unfavourable Up to 3 
Grade | 35 

Grade Il 67 

Grade Il a9 


‘& Well differentiated low grade—grade 3, 4,5 
Moderately differentiated intermediate grade—grade 6,7 
Poorly differentiated high grade—8,9 


z 


arcinoma breast with rip secondaries, 


a 


Fig. 8.50: Carcinoma breast with extensive skin involvement. 


Biological Behaviour and Clinical Features 
of Carcinoma Breast 


Most common site is upper outer quadrant (60%) because 
breast tissue is more in this quadrant. 


Cutaneous Manifestations of Carcinoma Breast 


# Peau d'orange: Due to obstruction of dermal lymphatics, 
‘openings of the sebaceous glands and hair follicles get 
buried in the oedema giving rise to orange peel appear 

# Dimpling of skin due to infiltration of ligament of 
Cooper. 

* Retraction of nipple due to infiltration of lactiferous 
duct. 

% Ulceration, discharge from the nipple and areola. 

® Skin ulceration and fungation. 

# Cancer-en-cuirasse: Skin over the chest wall and breast 
is studded with cancer nodules appearing like an armour 
coat. 

# Tethering to skin 


Spread into the Deeper Plane 


# Into pectoralis major muscle (is confirmed by observing 
the restricted mobility of the swelling while contracting 
the PM muscle) 

# Into latissimus dorsi muscle (extending the shoulder against 
resistance). 

# Into serratus anterior (by pushing the wall with hands 
without flexing the elbow). 

# Into the chest wall (breast will not fall forward when leaning 
forward, and while raising the arm above the shoulder, breast 
will not move upwards as it is fixed to the chest wall) 


Fig. 8.51: Peou dorange appearance of skin. 


Mammary fistula presents as a recurrent abscess that points and discharges on to the areola and continues to 


discharge for weeks ata time. 


—Sir Headly Atkins 
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Fig. 8.52: Ulcerated carcinoma breast with peau diorange. Note the 
lymph node enlargement. 


Lymphatic Spread 
# Ioceurs through: 
> Subarcolar Sappey’s lymphatic plexus (presently its 
Significance is discounted). 
» Cutaneous lymphatics. 
> Intramammary lymphatics. 


eo} 


Fig. 8.53: Patient with carcinoma breast on chematherapy having 
alopecia, 


Fig. 8.54: Advanced carcinoma left breast involving entire breast 
with nodularity. 

# Lymphatic drainage of the breast is predominantly through 
axillary (75%) and internal mammary lymph nodes, 

Axillary group of nodes are: 

1. Anterior along lateral thoracic vessels (Pectoral) 

Central embedded in fat in the centre of the axilla 

Posterior along subscapular vessels. 

Lateral along axillary vein. 

Apical lies above pectoralis minor tendon in continuity 

with the lateral nodes and receive efferents from all the 

groups. Spread to these lymph nodes occur by lymphatic 

permeation. 


# Interpectoral, lies between pectoralis major and minor 
muscle (Rotter’s nodes). Presently involvement of these 
lymph nodes are considered due to retrograde spread. 
‘These lymph nodes are cleared during Patey's mastectomy. 


Groups Ist and 2nd are commonly involved. 
Groups 3rd and 4th are rarely involved. 
Finally Group Sth is involved. 


+ From axillary lymph nodes spread occurs to supraclavicular 
lymph nodes by lymphatic embolisation. 

# Through dermal lymphatics, it may spread to opposite breast 
‘or to opposite axillary lymph nodes. 

# Spread restricted to level I nodes carries better prognosis. 
Spread to level II has poor prognosis. 

Spread to level III indicates worst prognosis. 

# Spread may occur into internal mammary lymph nodes of 
same side and then to mediastinal lymph nodes. 

# Contralateral internal mammary lymph nodes can also get 
involved by retrograde spread. 

# Fixed enlarged axillary nodes can cause lymphoedema due 
to lymphatic block; venous thrombosis and venous oedema 
due to venous block; and severe excruciating pain along the 
distribution of the median and ulnar nerves (rare in radial 
nerve) with often significant sensory and motor deficits due 
to tumour infiltration of the cords of brachial plexus (medial 
cord often lateral cord), 


Once axillary lymph nodes get fixed, it can result in 
Iymphoedema of the upper limb. It develops gradually. 

Compression of nodes on axillary vein can cause sudden 
onset of venous oedema of upper limb (Nenous edema 
develops faster, and is more proximal with bluish discol- 
uration of the skin of the upper limb. It may lead to venous 
gangrene and so the compression has to be relieved early by 
radiotherapy). 


[Causes of lymphatic block Treatment of 
in carcinoma breast lymphoedema of arm 
+ Involvement and fixation of + Elevation of limb 


the axillary nodes level |, I + Elastic stockings 

and Ill + Pneumatic compression 
+ After levels |, |! and Ill + Drugs like diuretics and 

dissection benzopyrones 


+ Afler radiotherapy to axilla 

+ Inoperable fixed nodes in 
axilla 

+ Reourrent axillary disease 

+ May be associated with 
canceren-culrasse 

+ Secondary infection 

Effects of lymphatic 

obstruction 

+ Peau dorange 

+ Brawny oedema of arm— 
indurated, painful, non- 
pitting—ocours in fixed 
odes in axilla 

+ Elephantiasis chirurgens— 
afer radical mastectomy or 
radiotherapy to axilla 

+ Canceren-cuirasse— 
seen in locally advanced 
carcinoma of breast. Skin 
of chest wall is studded 
with hard fixed nodules tke 
‘atmour coat (of soldiers) 

+ Lymphangiosarcoma after 
radical mastectomy or MRM 


(Stewart-Treve's) 


Breast is in subcutaneous plane, but its extension, axillary 
tail of Spence passes through an opening in the deep fascia 
(foramen of Langer). Often its difficult to differentiate between 
lymph node in pectoral region and tumour invasion of axillary 
tail, Mobility will be independent if it is a lymph node, but if 
itis an axillary tail tumour, it is along with the primary tumour 
in the breast 


Haematogenous Spread 


# Bone (most common) (10%) 
» Lumbar vertebrae, femur, ends of long bones, thoracic 
vertebrae, ribs, skull, in order. 
> They are osteolytic lesion often with pathological frac- 
ture. 


Fig. 8.55: Carcinoma breast operated, with upper limb 
lymphoedema postoperatively 


Fig. 8.56: Cancer-en-cuirasse with malignant nodules in the chest 


wall and skin, 


Fig. 8.57: Pathological fracture of the humerus due to metastatic 
secondaries from the carcinoma breast. 


» Presents with painful, tender, hard, nonmobile swelling, 
with disability 

> 70% of secondaries in bone in a women is due to carci- 
noma breast 

» Spine secondaries can cause paraplegia 


Wise man has got the art of knowing what to overlook, 
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Fig. 8.58: intramedullary nailing as a treatment for 
pathological fracture, 


Features of bone secondaries 
+ Pain 
+ Swelling 
® Pathological fractures 


¢ Liver—either through blood, occasionally through transcoe- 
lomie spread 

# Lung—causes malignant pleural effusion and ‘cannon ball” 
secondari 

 Brain—causes increased intracranial pressure, coning. 

# Adrenals and ovaries. 


Fig. 8.59: Osteolytic secondaries involving ischium and pubic 
‘bones. 


‘Common sites of distant spread in carcinoma breast 
Bones—70%6 (lumbar vertebrae, pelvic bones, long bones) 
Lungs and pleura—20-30% 

Soft tissues—5-15% 

Liver—10-12% 

Brain—2-5% 

Adrenals—2-5% 


eeeeee 


Transcoelomic Spread 


Through mediastinal lymph nodes, it may spread into peri- 
toneal cavity causing secondaries in liver, peritoneum, 
ovary (Krukenberg secondaries—occurs in menstruating 
age groups. During ovulation, cells get attached over the 


ovarian capsule). 


Note: 
Present concept of Krukenberg tumour is haematogenous and 
lymphatic modes of spread. Older concept of transcoelomic spread 
isno longer well-accepted. 


Presentation of carcinoma breast 

@ Lump in the breast which is hard, painless (most common). 
‘At least tumour should become 1 cm to clinically palpable 
(Fig. 8.62) 

‘& Nipple discharge is the second common presentation 

‘@ Ulceration and fungation 

‘& Axillary lymph node enlargement; supractavicular lymph 
node enlargement 

4 Chest pain and haemoptysis 

Bone pain, tenderness, and pathological fracture 

+ Pleural effusion, ascites 

‘Liver secondaries, secondary ovarian tumour 

+ Pain inthe lump in 10% cases 


Fig. 8.60: Recurrent carcinoma breast. 


Note: 
Dominant breast massisthree-dimensional,distinct from surrounding 
tissue of same breast, asymmetric in relation ta other breast. 


Breast Self-examination (BSE) Ty—No evidence of primary. 

Tis — Carcinoma in situ (DCIS or LCI) 

Tis Paget's ~ Paget's disease of nipple with no tumour (with 
tumour underneath is staged according to size) 

‘T, mic ~ Microinvasion <0.1 em. 

‘T,— Tumour size < 2 em in greatest diameter (T),—0.1-0.5 


Breast self-examination plays a major role in early detection 
and intervention of breast carcinoma, This underlines the 
importance of advocating self‘examination of the breast. 


Ideally done once amonth justafter the menstruation, as during 


time breasts are less engorged. In postmenopausal age em; Tyy—0.5-1.0 em; T,—1-2 em), 
group itis done at monthly regular intervals. Ty~ Size 2-5 em, 
= Examine both breasts T;~ Size > 5 em. 


$ Remind the patient that 90% of breast lumps arenotcancer. 1, Tumour fixed to chest wall or skin (T,,—fixed to chest 
FF sai, tafe to thin, Ta-Ter + To, Tos 
« Palpation should be using the fingers over all quadrants of carcinoma breast, 
the breast sil 
+ any doubtful sweling is palpable consultthe surgeon 
American Cancer Society recommends monthly BSE after Ny ~ Nodes cannot be assessed. 
20 years of age No —No nodes, 
+ Nursing mother should perform BSEjustafterfeedingthebaby —_N, mic — Node with micrometasiasis. 


N,—Axillary nodes—ipsilateral, mobile, discrete. 
N 


lammatory 


Axillary nodes—ipsilateral fixed to one another and 
other structures. 
Nay — Clinically apparent* and ipsilateral internal mammary 
nodes inthe absence of clinically palpable axillary nodes. 
* Clinically apparent means nodes detected by imaging/clinically 
pathologically: 
Nj- 
Nj, Spread to ipsilateral infraclavicular lymph nodes with 
‘or without axillary nodes. 
Nyy — Spread to ipsilateral internal mammary nodes and 
axillary nodes. 
Nj. ~ Spread to ipsilateral supraclavicular lymph nodes with’ 
without axillary or internal mammary nodes, 


Fig. 8.61: Self-examination of breast is done in lying down position. Metastasis 
My — Metastases cannot be assessed 


Staging of Carcinoma Breast (Manchester M,—No metastasis 
and TNM Staging) My — Distant Metastases. 
Manchester Staging Sa Ans 
1, Tumour in the breast, not involving pectoral or deeper Stagella_: TN)MaTyNyMz:TaNgMg, 

plane. Skin involvement if present, it is lesser than the size Stage lib = T,NyMgjTsNoMp 

of tumour, Lymph nodes are not palpable, casa TAMGTNAGTNMGTINMST Me 
2, Same as stage I but with mobile, discrete lymph nodes  Sta9® NoMos TaN Mos TaN2Mo 
2, Si tage I but with mobile, discrete lymph nodes IaSeie * Thine 


palpable in the ipsilateral axilla 
3, Tumour fixed to pectoral muscle, or skin involvement more 

than the tumour size or ipsilateral axillary lymph nodes Early breast cancer—Stage | and llyT1N1,T2N1;73NO 

adherent to each other or fixed. Locally advanced breast cancer (LABC)—Stage IIA, IIB 
4, Tumour fixed to the chest wall, “cancer-en-cuirasse’, skin Metastatic breast cancer—Stage IV 

involvement wider than that of the breast, involvement of 

ipsilateral or contralateral supraclavicular lymph nodes or Bilateral Breast Cancer 

opposite breast or opposite axillary lymph nodes, spread to 

bone, lung, liver or inflammatory carcinoma of breast 


StagelV. : AnyTanyN.M 


# tis separate primary breast cancer on the opposite side in a 
patient who is having or treated for ipsilateral breast cancer. 
# Itcan be synchronous or metachronous. 


TNM Staging (AJCC Cancer Staging Manual, 2002, 


ni 4 Theres S fold inereasein 2nd breast cancer on opposite side 
Sixth Edition) ina female who has had breast cancer on ipsilateral side, 
Tumeur # LCIS, multifocal breast cancer, family history ate other 
‘T, — Tumour cannot be assessed risk factors 


If you don't know where you're going, you may miss it when you get there. 
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Examples demonstrating the increase in light speed (decrease in vacuum refraction index) via the 

Casimir Effect vacuum and other modified vacuum effects, as well as those effects producing a decrease 

n light speed (increase in vacuum refraction index), are described as follows. The vacuum modification 
effect on the speed of light described in the previous paragraph is (Scharnhorst, 1990): 


i “ 
Hts] tease =m 


lr 1 
=| 14+ >I 
8100 (ma)* 


the (modified) speed of light propagation perpendicular to the Casimir Effect capacitor 
plates, co is the speed of light in free space (3x10* m/s in MKS units), m, is the electron mass, 0 is the fine 
structure constant (= 1/137), e is the electron charge (e* = 4mo: in quantum field theory natural units), a is 
the plate separation, ft is Planck’s reduced constant, and €, is the vacuum permittivity constant. The 
condition fi = cy = & = lo = 1 stresses that (2.13), and all the equations that follow, are in quantum field 
theory natural units. The speed of light and vacuum refraction index measured parallel to the plates is 
unchanged from their free space values (c; = ¢o, mj = my = 1). The modified vacuum refraction index 
measured perpendicular to the plates is (Schamhorst, 1990): 


2.13), 


where 


Gy = Ey = My =D) (2.14). 


Equations (2.13) and (2.14) show that in general m, <1 and c," > cp. But c," — cy and n, > 1 when a > 
2 as expected, since we are now allowing all of the vacuum ZPE modes to re-enter the Casimir cavity in 
this case. 

We now survey the additional examples of modified vacuums which increase/decrease light speed 
(from Latorre et al., 1995): 


Q For light (photons) propagating in a Friedmann-Robertson-Walker (FRW) vacuum (i.e., a 


homogeneous and isotropic Robertson-Walker gravitational background with Friedmann 
cosmology): 


fof agPtP lor (A 
45 


2.15), 


Mo 


m, 


where c’ is the modified vacuum speed of light, G is Newton’s constant, p, is the energy density and p is 
the pressure of a radiation-dominated universe (p = p,/3). Here the speed of light is increased. 


a For light (photons) propagating in a homogeneous and isotropic thermal vacuum: 


ky, =) (2.16), 
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Fig. 


32: Carcinoma breast presenting as lump in the breast. Its 
the most common presentation. 


 Choudary Millis criteria that help to differentiate primary 
contralateral breast cancer from metastatie—in situ change, 
different histological pattern, different differentiation shown 
in opposite breast, clinically or by evaluation ipsilateral 
tumour has not shown any features of spread, 

# Itis investigated like any breast cancer, staged accordingly 
and treated. 

¢ Lf tumour on the opposite side is metastatic then it will show 
separate histology and differentiation with mammography 
showing less infiltrative, diffuse, without microcalcifica- 
tions but with oedema, If it is metastatic it is stage IV 
disease, 


a a 


Fig. 8.63: Bilateral breast cancer operated. 


Fibroadenosis 
‘Traumatic fat necrosis 
Tuberculosis of breast 
Blood good cyst 
Filariasis breast 

Mastitis 

Antibioma 

Galactocele 

Mondor's disease 
Cystosarcoma phyllodes 
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Investigations in Carcinoma Breast 
¢ Mammography. 


Lu 
oblique 


Fig. 8.64: Mammography in carcinoma breast: 


Size and location of mass lesion 
Microcalcifications signify malignancy 
Soft tissue shadow is iregular 
Spiculations 


+ Bilateral mammography is done to identify multicentricity, 
to have guideline for assessing eventual chemotherapy or 
RT in LABC 

@ Stereotactic mammography guided biopsy is very useful 

¢ LCIS may be missed in mammography 

¢ 50% of breast cancers can be seen on mammography before 

they are palpable 

Itis noninvasive with less radiation exposure 

5% false-positive rate in mammography; hence biopsy is 

a must 

¢ Mammogram sued during follow-up period ater consery- 

ative breast surgery and of opposite side 

# Ideally specimen mammography is a must after conserva- 

e breast surgery to assess the completion; and after core 
biopsy to confirm the sample tissue 

% Ultrasound of breast: 

» To find out whether the lesion is solid or cystic. 


© Utrasound of breast : 


+ Tolook for whether the lesion is solid or cystic, margin of the 
lesion, internal echoes, retro-tumour acoustic shadowing, 

compressibility, dimensions 

Jnegular margin, irregular internal echoes, irregular posterior 

‘shadowing, noncompressitilty, ratio between anteroposterior 

to width (lateral/harizontal) dimensions more than 1 are the 

features of carcinoma. Doppler will show high frequency 

signals with continuous flow. It is hypoechoic with more 

vertical taller growth 

Benign lesions are smooth, rounded with well-defined 

margins with weakintermal echoes and compressibiity.|tcan 

be elliptical, hyperechoic/hypoechoic smooth lesion 

‘Gystis anechoic, oval/round, well circumscribed lesion 

Disadvantage is lesions ess than 1 cm may notbe identified 

FNAC can be done under U/S guidance 

Itis cheaper, easily available and there is no tisk of radiation 

+ tis preferred method of screening in young females where 
mammography is not done and in pregnancy and early 
lactation 

+ USofaxilla also can be done toassessaxillaandtodo guided 
FNAC of node 


° 


° 


° 
* 
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¢ FAC (Martin and Ellis 1930): It is very useful in diag- 
nosing the carcinoma breast. U/S guided FNAC is also used, 

But negative results are difficult to interpret because it may 

be due to sampling errors and so requires further diagnostic 

methods. FNAC of opposite breast, lymph nodes, opposite 
axillary lymph nodes are also often required. 

It is done with 23 gauge needle using FNAC aspiration 
special syringe (aspiration gun). With the lump held firmly, 
the needle is passed into the lump and with negative pressure 
continuous aspiration is done until adequate material comes 
through the needle (suction pressure of 40 cm of HO is created 
into the syringe). Needle with syringe is removed without 
negative pressure. Material is collected on a slide; a smear is 
made using 100% aleohol. Cytology is studied after staining US breasts basic noninvasive simple investigation to 
it under microscopy assecs bast lamp. 


The Columbia classification (Haagsen, Cooley and Stout) 


GRAVE SIGNS: 
+ edema of skin Stage A—only tumour. No Grave signs 

+ Skin ulceration Stage B—tumour + axilary lymph nodes < 2.5 em 
+ Fixity to chest wall Stage C—tumour + anyone of ive grave signs 

+ Axillary lymph nodes >2.5 em Stage D—two or more Grave signs 

+ Fixed axillary lymph nodes ‘Supraclavicular lymph node involvement 


Distant metastasis, 

‘Stage A—No skin oedema, ulceration, or fixation to chest wall 
Axillary nodes are not clinically involved. 

‘Stage B— Clinically involved axillary nodes less than 2.5 cm in diameter, 
Not fixed. 

Stage C— Grave signs of comparatively advanced carcinoma. 
Oedema of skin, skin Ulceration, fixation to chest wall. 
Massive axillary involvement with nodes > 2.5 om in diameter. 
Axillary fixation. 

‘Stage D— Advanced carcinoma including two or more signs in stage C. 
In addition satelite nodules, supraclavicular nodes. 


Inflammatory cancer, arm oedema or distant metastasi 
Itis better to light a small candle than to curse the darkness, 


ysealg 


576 


SRB's Manual of Surgery 


Minimum six aspirations are done. 
Giemsa, Papanicolaou, hematoxylin and eosin stains are used, 
Repeat FNAC can be done for further 2 times, 

But it gives only cytological diagnosis. Receptor study 
cannot be done 

It is difficult to differentiate between in situ and invasive 
breast cancer by FNAC, 


eens 


Advantages 


FNAC is least painful, can be done on OP basis, reliable and 
cheaper. Malignant deposits will not occur along FNAC track 
(only contraindication for FNAC is testicular tumour). 

Note: 

FNNAC is Fine Needle Non-Aspirating Cytology. 


Fig. 8.67: FNAC of breast lump. 
Reliability of FNAC and mammography 
FNAC ‘Mammography 

Sensitivity (true positivity) 90-98% 90% 
‘Specificity (without false- 98-10% 90% 
positive) 

False-negative 210% 10% 
False-positive Near 1-5% _ 10% 


FNAC scoring 
Cy:No epithelial cells, 
C, :Scanty epithelial cells, benign 
G,:Benign cells 
Ga:Atypical cells 
Cy:Suspicious cells 
;:Malignant cells 


# Frozen section biopsy: If FNAC fails even after two trials 
or in cases of negative FNAC, then on table frozen section 
biopsy is done for diagnosis. Frozen section biopsy also has 
got drawbacks. It has got 20% false-negative results. So its 
use at present is under debate eventhough itis practiced in 
few oncocenters. It is not ideal method. 
% Corecut/Trucut biops 
» It is done under local anaesthesia, It giv 
logical evidence and also confirms DCIS (FNAC can not 
confirm DCIS). This allows proper neoadjuvant/primary 
chemotherapy, receptor status of the tumour. Wide bore 
needle biopsy with vacuum is also used. 

» 14-18 gauge spring loaded needle is used. Multiple 
punctures are needed. US guided biopsy is also done. 


sat histo 


» Large core biopsy is done using 6-14 gauge needle; 
single puncture is Sufficient; large single sample of tissue 
is obtained. 

> Vacuum-assisted core biopsy is also done. 

» Stereotactic mammographic/MRI/US guided core biopsy 
are also used in small/impalpable lesions. Stereotactic 
core biopsy is done in prone position with compressed 
breast. Under local anaesthesia, 3 mm incision is made 
and 11 gauge core needle is passed under digital mammo- 
graphic guidance. Multiple core biopsies are taken 
using vacuum, A clip may be placed under guidance at 
the site of the lesion as marker. Mammography of core 
biopsy specimen is done to confirm the sample tissue. If 
stereotactic biopsy is inconclusive then a wire localised 
surgical excision should be done. 

» Core needle biopsy is the method of choice. 


Image guided biopsies 

Itis done when lump is not clearly palpable 

+ US guided core needle biopsy 

4 Stereotactic mammographic core needle biopsy 

Mammography guided wire localisation using needle sheath 
over the tumour and through an incision under local anes- 
thesia hook is reached and biopsy is done. Itis used if core 
needle biopsy fails in lacalising nonpalpable lesion 

MRI guided care needle biopsy 


> Itisdone only when FNAC is inconclusive and a facility 
for frozen section is not available. Incision should be 
planned in such a way that it will be included in eventual 
mastectomy 
% Chest X-ray: 
> To look for pleural effusion, cannon ball secondaries 
in lungs, mediastinal lymph nodes, secondaries in rib. 
* CTehest: 
> Itis more reliable method to see lung secondaries, 


¢ Ultrasound abdomen: 
» To look for liver secondaries, ascites, “Krukenberg” 
tumour. 
# X-ray spine shows osteolytic secondaries, 
© Oestrogen receptor study: 
> They are oestrogen sensitive receptors, which are cyto- 
solic, glycoprotein present in the breast and tumour 
tissue, IL is an important indicator of prognosis of earci- 
‘noma breast 
> Tissue for 
flasks. ILis assessed by quantitative analysis (Frozen 70°). 
> Lf valueis more than 10 units (ffmols) per n gram of tissue 
itis called as ER +ve status. ER positivity is common in 
postmenopausal women (60%) compared to premeno- 
‘pausal women (30%). If value is less than 10 units per 
‘gram of tissue it is called as ER ve status 
In ER +ve status 
— Prognosis is good. 
— Hormone therapy including tamoxifen is more 
beneficial. 
— Response to treatment is better, 


tor study is sent at low temperature in ice 


In ER ~ve status 
— Prognosis is poor. 
— Hormone therapy is not very benef 
compared to ER +ve patients, 
~ Response to treatment is not good. 
© Progesterone receptor (PR status) study or Her 2 New 
receptor status or cErb B2 (growth factor receptor study) 
are other studies done at present to plan the therapy and 
assess the prognosis. 
> Her 2/Neu receptor (Human epidermal growth receptor 
2 Neu oncogene) is a tyrosine kinase receptor and is, 
associated with ER negative, high grade, tumours. It 
carries poor prognosis. Over expression of Her 2/New 
shows good response to adriamycin 
© Study of discharge from the nipple. 
> Nipple discharge is usually unilateral in carcinoma 
breast. Ductal lavage may be useful in some patients. 
Microcatheter of 1 em length is introduced gently into 
the ductal opening, 10 ml saline is infused through the 
catheter. Fluid is withdrawn into the syringe and eyto- 
logical analysis is done. 
© MRI of breast: 
> To differentiate scar from recurrence. 
> To image breasts of women with implants. 
» To evaluate the management of axilla and recurrent 
disease. 
> It is useful in screening females with high-risk group 
and young women, 
» TL and T2 weighed images are taken. 
> Irregular mass with spiculations, changes in skin and 
nipple, lymphoedema are the findings in carcinoma breast. FBS 8.68A to D: MRI of breast is ideal method to assess or identify 
recurrence after BCS or after breast implants. (A) T1 weighted with 
contrast; (8) T1 weighted: (C) T1 weighted with contrast and fat 
suppressed; (0) MRI perfusion image (Courtesy: Dr Raghavendra Bhat, 
MD, Radiologist, Galmatta Scan and Research Centre, Mangalore) 


I (but used) as 


Figs 8.68C and D 


» Lesion indeterminate by US/mammography is assessed 

by MRL 

Ionising radiation is not there with MRI. 

Itis the method choice of imaging breasts in pregnancy. 

It is better in dense breasts. 

Patient lies in prone position with breasts placed over 

breast coils; both precontrast and posteontrast (gado- 

linium) MARL are taken. 

> Disadvantages are—it is costly: nonavailability; not 
sensitive for premalignant lesions. It cannot be done in 
patients who are having incompatible metal prosthesis 
in the body. Its not accurate if done within 9 months of 
the radiotherapy for carcinoma breast. 

Edge biopsy: 

» Done only when there is ulceration and fungation 
Diathermy should be avoided in incision biopsy as it may 
distort the histology of tumour and study of hormone 
receptor status may not be possible. 

Tumour markers: CA 15/3 (normal value < 40 U/ml of 

serum) are used mainly during follow-up period. CEA, CA 

Figs 8.684 and 8 15-3, CA 27-29 may be useful 


The place to improve this world is first in one’s own heart, head and hands. 
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¢ MRI spine/petvis show osteolytic secondaries in the bone 
like vertebra and pelvic bones. 

Radioisotope bone scan to look for secondaries in bon 
advanced cases. It is not done routinely in early carcinoma 
of breast. 


. 
[Anterior 
Figs 8.694 and B: Isotope bone scan is a must in LABC/T3 disease. 


Indications for whole body bone scan in carcinoma breast 
& T3,T4advanced disease 

+ Advanced nodal disease 

+ Bone pain, bone swelling, pathological fracture 

“& Chestiiver secondaries 


* PET scan: 
> Itmay be an effective single scan for bone, soft tissue or 
visceral metastases in patients with symptoms or signs 

of metastatic disease. 


Sentinel lymph node biopsy (SLNB): 


» The first axillary node draining the breast (by direct 
drainage) is designated as the sentinel node (SLN). SLN 
is first node involved by tumour cells and presence or 
absence of its histological involvement, when assessed 

give a predictive idea about the further spread of 
tumour to other nodes. The incidence of involvement of 
‘other nodes without SLN is less than 3% and so if SLNB 
is negative nodal dissection can be avoided but regular 
follow-up is needed. SLNB is done in all cases of early 
breast cancers, Tl and T2 without clinically palpable node. 

> Itisnot done in clinically palpable axillary node as there is 
already distortion of lymphatic flow due to tumour. Itis also 
‘not done in multifocal and multicentric tumours, as there 
is involvement of many lymphatic trunks from different 
places of breast, and chances of false-negat 

> Sentinel node is localised by preoperati 
hours prior) or peroperative injection of patent blue 
(lsosulfan vital blue dye 2.5-7.5 ml) or 99m TC radio- 
isotope labelled albumin (one mCi on previous day)/ 
sulphur colloid (6 hours before) near the tumour (peritu- 
‘mour area) or into subdermal plexus around the nipple. 
Marker will pass through the sentinel node which can 
be visually detected as blue staining or with a hand held 
gamma camera; and is biopsied with a small incision 
made directly over it. Frozen section biopsy or touch 
imprint cytology is done for presence of malignant cells 
If there is no involvement of sentinel node by tumour then 
further axillary dissection is not required as skip lesions 
(skipping sentinel node) occur only in less than 3% cases, 

> Detection rate of sentinel node for blue dye and radioiso- 
tope is 90% and 98%, respectively. Subdermal/subareolar 
injection of radioisotope has gor better sentinel node 
localisation than peritumour injection, But better imaging 
is obtained by peritumour injection and so peritumour 
injection is usually practiced. Radioisotope tracer injec- 
tion done in the early morning of the day of surgery into 
peritumour area and perioperative injection of patent blue 
dye in subareolar region—as a combined methods often 
used in many centers. Afier injection of patent blue, breast 
is massaged continuously to enhance the uptake. Incision 
is made after 5-7 minutes between pectoralis major and. 
latissimus dorsi to identify blue stained lymphatics which 
are traced to 2-3 blue lymph nodes, Hand-held radio- 
probe is used to identify the sentinel node which is later 
excised. Often 2-3 nodes are removed. 

» Paraffin section histology is better than frozen section 
to identify positive sentinel lymph node. If report comes 
negative immunohistochemistry test is done to confirm 
that lymph node is negative for tumour. Sentinel lymph 
node biopsy should be done before wide local excision 
of the primary tumour. 

» Wide local excision of the primary tumour is done after 
SLNB in the same sitting 

> SLNBis ess invasive than axillary dissection, Its ideal in 
carly invasive carcinoma, Positive SLNB is again classified 
‘as macrometastasis (>2 mm) or micrometastasis (<2 mm), 

> SLNB is contraindicated in patients who are allergic 
to vital blue dye or radio-colloid, in pregnancy and in 
inflammatory carcinoma of breast 


> Complications of SLNB are rare. They are—blue 
tattooing of skin which gradually fades; blue—green 
urine and stool for short period; allergic reactions; 
anaphylaxis (0.1%); seroma formation. Blue dye binds to 
oxyhaemoglobin and so artificially registers in oximeter 
as hypoxaemia. 


Note: 
Facility for SLNB is not available in many centres. 


& Carcinoma pe 
Malignant melanoma 


Sentinel node 
2nd node 


Fig, 8.70: Sentinel ymph node biopsy (SLNB) of breast. Note: 
Spread by skipping the sentinel node is less than 3% 
© Axillary sampling: 
> Itisoften done with an adequate axillary incision, 10-15, 
nodes are removed for sampling. It is not commonly 
practiced now (Minimum 10 nodes should be removed- 
level I nodes). 
© CT sean of chest, abdomen and brain whenever needed. 
» CT is said to be more useful to detect secondaries in 
these regions, 
¢ Ductography: 
> Ibis contrast study of ducts of breast in case of unilateral 
nipple discharge. Fine cannula is passed under vision 
carefully through the duct opening into the duct and 
0.2 ml of dilute water-soluble contrast media is injected 
into the duct. Craniocaudal and mediolateral X-ray films 
are taken. Contrast irregular filling defect may be observed. 
Breast ductal endoscopy: 
> Its useful in direct visualisation of the tumour in DCIS 
and invasive ductal carcinomas. But it is technically 
difficult and demanding, 
© Thermography: 
> Itisnot very sensitive test (50%). Malignant tumours are 
hypervascular and so transmitted temperature is detected 
through different thermographic methods 
Blood count, complete liver function tests are needed. 


+ Clinical assessment 
‘ Radiologicalimaging US/MRY mammography (after 40 years) 
+ Cytological or histological analysis FNAC/core biopsy 


Stereotactic core biopsy using computer mammography 

® Vacuum-assisted biopsy using 11-guage biopsy probe 
(becoming popular) 

‘® Needle localised biopsy under mammographic guidance 

¢ 1"35— seed localisation biopsy 


Treatment 


(eisusuoll through acombined approach 
® Surgery 

@ Radiotherapy 

‘6 Hormone therapy 

‘© Chemotherapy 


Tumour 


Fig, 8.71: Horizontal incision for total mastectomy. 


\ 


Incision 


A\a)) 


Tumour 


Fig. 8.72: Oblique incision extending into the anterior axillary fold 
for radical mastectomy, 


Failure is the only opportunity to begin again more intelligently. 
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© Total (simple) mastectomy: 

» Along with the tumour, entire breast, areola, nipple, skin 
over the breast, including axillary tail are removed. There 
is no axillary dissection. Often the patient is subjected 
to radiotherapy later (External) to axilla. Pectoral fascia 
is removed along with breast specimen; breast tissue 
superficial to axillary fascia is removed. 


YW / 4 


tem’, Tumour 
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Figs 8.73A and B: Stewart incision for mastectomy. 


Tumour 
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Fig. 8.77: Orr incision for mastectomy. 


a 


Tumour 


Fig. 8.74: Gray incision for mastectomy in carcinoma breast which ° 
extends to opposite side, | 
= 


Incision » a 


Fig. 8.78: Rodman incision for mastectomy. 


© Total mastectomy with axillary clearance: 
> Commonly used procedure. Total mastectomy is done 


along with removal of axillary fat, fascia and lymph 
nodes. Level I and I axillary nodes are removed along 
ith total/simple mastectomy. 


'5: Greenough incision for mastectomy. 


© Modified radical mastectomy [MRM]: 


Patey’ 


tis total mastectomy along with 
Is of axillary nodes and removal 
of pectoralis minor muscle. It is enblock dissection of 
breast and axilla. An elliptical incision is made from 
medial aspect of the second and third intercostal space 
enclosing the nipple, areola and tumour extending later- 
ally into the axilla along the anterior axillary fold. Upper 
and lower skin flaps are raised. Breast with tumour is 


Figs 8,798 toc 


Figs 8.790 and E 


Figs 8.79A to E: Different steps of Patey’s mastectomy with incision, 
flap raise, dissection in breast and axilla and specimen after surgery. 


raised from the medial aspect of the pectoralis major 
muscle, Dissection is proceeded laterally with ligating 
pectoral vessels. Once dissection reaches axilla, lateral 
border of pectoralis major muscle is cleared with level 1 
nodes, Pectoralis minor is divided from coracoid process 
to clear level II nodes. Medial and lateral pectoral nerves 
should be preserved (otherwise atrophy of pectoralis 
minor muscle occurs). Later from the apex of axilla level 
II nodes are cleared. Nerve to serratus anterior, nerve to 
latissimus dorsi, intercostobrachial nerve, axillary vein, 
cephalic vein and pectoralis major muscle are preserved. 
Wound is closed with a suction drain. 

» Scanton’s operation: 1s 4 modified Patey’s operation 
wherein instead of removing pectoralis minor, it is 
incised to approach the alfected level III lymph nodes. 

> Auchincloss modified radical mastectomy: Here pecto- 
ralis minor muscle is left intact and level III lymph nodes 
are not removed—commonly done now 


Mastectomy specimen should be carefully inspected and 

to pathology department 

# Specimen is sent in formalin for histology. 

Its sent in saline in low temperature for ER/PR/Her 2 neu 
status study (histochemistry), 

# Specimen mammography is often done. 

# Tumour grading, tumour clearance, nodal involvement—its 
number and capsular breach are assessed histopathologially. 


‘He who is afraid of doing too much always does too litle. 
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¢ Halsted Radical Mastectomy* (Complete Halsted) (RM): 
Structures removed are: 
> Tumour. 
» Entire breast, nipple, areola, skin over the tumour with 
margin, 
> Pectoralis major and minor muscles. 
> Fat, fascia, lymph nodes of axilla 
> Few digitations of serratus anterior. 


@ Axillary vein 
Bells nerve (nerve to serratus anterior) 
Cephalic vein 


Complications are lymphoedema and eventual lymphangio- 
sarcoma (after 3 to many years later) of the limb. 

© Conservative breast surgeries: 

a. Wide local excision: It is removal of unicentrie tumour 

with 1 em clearance margin. Incision is made directly 

over the tumour, Skin flaps should not be raised. Normal 

breast tissue of / cm clearance with excision of tumour 

is done, Pectoral fascia is usually not opened in wide 

local excision unlike in total mastectomy. The specimen 


. Quadrantectom; 


is marked after placing in orientation grid and mammog- 
raphy of the specimen is done followed by frozen section 
biopsy to look for clearance. At least 1 mm clearance is 
needed for adequacy. Margins where clearance is less 
than | mm need re-excision at that particular margin. If 
margins show no clearance then patient requires prob- 
ably total mastectomy, So prior consent for mastectomy 
should be taken. Drain is not placed; deeper cavity is 
usually not closed/obliterated as small seroma gets 
absorbed without any problem. Skin is closed cosmeti- 
cally. Ibis often called as lumpectomy or partial mastec- 
leal 


tomy; but better term is wide local excision. It 
breast conservative surgery. Along with this, axillary 
dissection through separate incision and RT to breast and 
chest wall area is given. 

t is removal of entire segment/ 
quadrant with ductal system with 2-3 em normal breast 
tissue clearance. It is not advocated now as itis proved 
that there is no outcome benefit between wide local 
excision and quadrantectomy. Quadrantectomy is done 
asa part of QUART therapy (by Umberto Veronesi from 
Milan, Italy) along with axillary dissection (level I and 
11) through separate incision and RT to breast area 


i 


Original Halsted 


Tumour ———L@ “a 
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Modified Halsted 


Fig. 8.80: Note the original Halsted and modified Halsted incision. 


Tumour: 
Incision. 


Level of 
fap raise 


Pectoralis minor 


Axillary fat 


SS — Lymph nodes 


Pectoralis major 


Complete Halsted operation—radical mastectomy with removal of fat, lymph nodes, pectoralis major, pectoralis minor, entire 
‘breast with tumour and skin over the breast, nipple and areola, 


*Not commonly dove at present. Ifa al, its done in early stage I carcinoma breast. 


© Toilet mastectomy: 
> In locally advanced tumour, tumour with breast tissue 
and whatever possible is removed to prevent further 
fungation. But its use and significance is under question. 
Itis often done after giving chemotherapy. 
Extended radical mastectomies: 
> It includes radical mastectomy + removal of internal 
mammary lymph nodes of same side with or without 
opposite side. It is not done at present. 
% Skin sparing mastectomy (SSM/Key hole mastectomy) is 
becoming popular with different approaches. 
¢ Lumpectomy/partial mastectomy is better called as wide 
local excision which includes removal of tumour with gross 
rim (1 cm) of normal breast tissue. 
> Small (<0.5 cm), unicentric, low grade tumour of breast 
may be treated with lumpectomy with RT, But it is tech- 
nically difficult to assess such indications, Stereotactic 
wire localisation, lumpectomy with clearance, specimen 
mammography and proper follow-up are the needed 
principles in such situations. One should achieve negative 
‘margin of 1 mm on frozen section and with post-excision 
‘mammography of retained breast to confirm adequacy of 
excision. Presently term ‘lumpectomy’ is rarely used to 
such procedure which basically is wide excision with I em 
clearance. Patient always needs postoperative adjuvant RT 
and chemotherapy if poor prognostic factors are present. 


‘Complications of MRM/mastectomy 

 Injury/thrombosis of axilary vein 

& Seroma—50-70% 

‘& Shoulder dysfunction 10% 

+ Pain (30%) and numbness (70%) 

+ Flap necrosis/infection 

+ Lymphoedema (15%) and its problems 

+ Aaillary hyperaesthesia (0.5-1%) 

& Winged scapula 

‘& Occasionally ifon table injury occurs to axillary vein itshould 
be repaired by vascular suturing using 5 zero polypropylene 

‘ Numbness over the medial upper part of the arm can occur 
due to intercostobrachial nerve injury 

+ Pectoral muscles atrophy if medial and lateral pectoral nerves 
are injured 

'& Weakening of internal rotation and abduction of shoulder 
‘occurs due to injury to thoracodorsal nerve 


Lymphangiosarcoma (Stewart-Treve's syndrome) of upper 
limb can develop in patients who have developed lymphoedema 
afier mastectomy with axillary clearance. Usually it occurs 3-5 
years after development of lymphoedema. Such patient may 
require fore-quarter amputation, It has got poor prognosis. It 
presents as multiple subcutaneous nodules. 


B, Radiotherapy in Carcinoma Breast 


Indications: 
¢ Patient who undergo conservative breast surgery, breast is 
irradiated after surgery. 


583 


[rydlessection 


yseag 


Pectorslsggior nist 


Aedlinuath 
pades 


Figs 8.82A to D: (Ato C) Mastectomy specimen with dissected axillary 
nodes. (D) Organ specimens remaved during Patey's operation, Nate 
the pectoralis minor, axillary area and tumour with breast tissue. 


What lies within us is more important than what lies before or behind us. 


where T is the temperature of the vacuum and ky is the Boltzmann constant. Here the speed of light is 
decreased, 


For light (photons) propagating in an anisotropic vacuum given by an external constant uniform 
magnetic field B: 


& = hy =) 


@.17, 


where the speed of light is decreased in this vacuum for polarizations coplanar (|) with and perpendicular 
(4) to the plane defined by B and the direction of propagation, and @ is the angle between B and the 
direction of propagation. Latorre et al. (1995) calculated the polarization-average of (2.17) to give the 
averaged (modified) speed of light in the B-field: 


& = My =1) (2.18). 


<1 (h=e, 


For light (photons) propagating in an anisotropic vacuum given by an external constant uniform 
electric field E, the polarization-averaged modified speed of light is: 


0 = dy = 1) (2.19). 


Here the speed of light is decreased. 

Equations (2.16) — (2.19) are the result of vacuum modifications that populate the vacuum with 
virtual or real particles that induce coherent (light-by-light) scattering, which reduces the speed of 
massless particles. By examining the form of equations (2.13) and (2.15) — (2.19) Latorre et al. (1995) 
discovered that the low energy modification of the speed of light is proportional to the ratio of the 
modified vacuum energy density (as compared to the standard vacuum energy density, P,..= 0) over m.", 
with a universal numerical coefficient and the corresponding coupling constants. And a general rule 
became apparent from their analysis that is applicable to modified vacua for massive and massless 
quantum field theories, for low energy: 


> cy (vacuum refraction index < 1) when the modified vacuum has a lower energy density 
¢* <cy (vacuum refraction index > 1) when the modified vacuum has a higher energy der 
= cp (vacuum refraction index = 1) when the vacuum is free (or un-modified) with Puc 


The first two rules explain the sign of the change of the speed of light. From this rule and the 
mathematical commonality between the form of (2.13) and (2.15) — (2.19) Latorre et al. (1995) found a 
single unifying expression to replace these equations: 


My? 
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=) (2.20), 
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To chest wall: 
+ T3 tumour > 5 em 


+ 4 or more nodes positive 


+ RT is @ must after conservation of 
breast 


+ Residual disease-LABC + Extranodal spread + Local as well as to axilla 
+ Positive marginiclose surgical margin of + Axillary stalus not knowninot Tangential fields 60 Gy/25 fractions/5 
<2om assessed weeks 


+ Alter conservative surgery 
+ Higher risk group 
+ Inflammatory carcinoma 


+ Another 10 Gy to tumour bed. 
* Internal mammary and supraclavicular 
area may be included in radiation field 


Ww 


Fig. 8.83: Postmastectomy lymphoedema. Note the mastectomy scar. 


# After total mastectomy, extemal irradiation is given to axilla, 

¢ Patients with higher risk of local relapse after surgery 
a, Invasive carcinoma 
b. Extensive in sifu carcinoma, 
©. Patients under 35 years. 

4. With multifocal disease. 

# In bone secondaries, to palliate pain and swelling. If there 
is pathological fracture in the bone, internal fixation has to 
be done along with external irradiation. 

# Inflammatory carcinoma of breast. 

¢ In atrophic scirthous carcinoma of breast, as a curative 
radiotherapy. 

# As preoperative radiotherapy, to reduce the tumour size 
and downstage the tumour, so that the operability is better. 

# More than 4 positive lymph nodes in the axilla, pectoral fascia 
involvement, positive surgical margins, extranodal spread or 
in patients with axillary status not known/not assessed. 


External radiotherapy is given over the breast area, axilla (in 
selected patients like if axillary dissection is not done or more 
than 4 positive axillary nodes), intemal mammary and supra- 
clavicular area 

+ Total dosage 5000 GY units 

+ 200-cGY units daily 5 days a week for 6 weeks 


C. Hormone Therapy in Carcinoma Breast 


Principles: 
# Itis used in ER/PR positive patients in all age groups (earlier 
it is used in perimenopausal age groups). 


Itis relatively safe, easy to administer 

It gives prophylaxis against carcinoma of opposite breast. 

Itis useful in metastatic breast carcinoma 

Hormone therapy (tamoxifen) is useful in breast cancer in 

elderly (positive ER) after wide local excision or occasion- 

ally as tamoxifen alone. 

# Itis now not used in ER negative patients 

# Menopausal status; nodal status; chemotherapy used are not 
factors to defer the use of hormone therapy. 

# Hormone therapy reduces the recurrence rate and so prob- 
ably improves the life span and quality of life. 

Includes. 

# estrogen receptor antagonists—tamoxifen. 

* Ovarian ablation by surgery (Bilateral oophorectomy) or 

by radiation. 

LHRH agonists (Medical oophorectomy). 

Oral aromatase inhibitors for postmenopausal women, 

‘Adrenalectomy or pituitary ablation. 

Progesterone receptor antagonist. 

Androgens—Inj testosterone propionate 100 mg IM three 

times a week 

# Aminoglutethimide—blocks the synthesis of steroids by 
inhibiting conversion of cholesterol to pregnenolone— 
‘medical adrenalectomy 

# Progestogens, e.g. medroxyprogesterone acetate 


‘Tamoxifen 


# Itisan antioestrogen. It blocks cytosolic oestrogen receptors. 

# Dose is 10 mg BID or 20 mg OD for 5 years. 

# Half life of tamoxifen is 7 days; it takes 4 weeks to show its 
benefits. It reduces the cholesterol and also cardiovascular 
morbidity. 

Adverse effects: 

% Tamoxifen flare—flushing, tachycardia, sweating, genital 
itching, vaginal atrophy and dryness (premenopausal), 
vaginal discharge (postmenopausal), fluid retention, weight 
gain 

# Occasionally it causes bone pain which should be differenti- 
ated from pain due to bone metastasis. It is due to loss of 
bone density in premenopausal women, 

# Itincteases the incidence of endometrial cancer, 

* DVT (3%), pulmonary embolism, CVA, TIA, cataract, 
fractures. 

Side effects and endometrial cancer are less in selective 
drugs like raloxifene. 

Advantages: 

# Itreduces the recurrence rate by 25%. 

# Itimproves the prognosis. 

# Itis used presently in all age group, ER +e patients. 


Drugs used in hormone therapy | 

Drug Mechanism of action Dose Adverse effects 
Tamoxifen Antioestragen 20mg Nausea, weight gain, hot flushes, vaginal bleeding, 

bone pain, amenorrhoea 
Medroxyprogesterone _Progestogen 400 mg Nausea, flushing, vaginal bleeding 
Aminoglutethimide Aromatase inhibitor 250mg QID _Rash, dizziness, lethargy, Cushing facies 
Avimidex Aromatase inhibitors 1 mg Lethargy, Gl upset 
Letrozole ‘Aromatase inhibitor 2.5 mgOD _Vaginal dryness, hat flushes, vaginal bleeding, 

cardiovascular problem 
Zoladex (Goserelin) LHRH agonist 36mg ‘Amenorrhoea, nausea, Itis expensive 

monthly 

Diethyistibestrol estrogen 181mg dally Fluid retention, vomiting, thrombosis, hypercalcaemia 
Fluoxymestrone Androgen 30mg daily Masculnization, nausea 


Itis more beneficial in ER +ve patient; perimenopausal patient with node +ve; postmenopausal patient. 
Presently Tamoxifen and Oophorectomy are the commonly used methods. 


# Cheap, easily available, less toxic effects, very effective. 

© Itis equally effective in carcinoma male breast. 

© Itis presently also under trial for certain benign di 
of breast (ANDI, cyclical mastalgia). 


Selective oestrogen antagonist 

Do not cause endometrial hyperplasia or endometrial 
carcinoma, 

# Drugs include droloxifen, toremifen, raloxifene. 


‘Tamoxifen used in: 
® Carcinoma breast 
‘@ Benign diseases of the breast lke fibroadenosis 
Infertility in males 
 Desmoid tumour 
+ Riskreduction therapy in high-risk females in premenopausal 
age 


Letrozole 

¢ It is a nonsteroidal competitive inhibitor of the enzyme 
aromatase’. This enzyme converts adrenal androgens 
to oestrogen (aromatization). So it is an aromatase 
inhibitor. 

# Other aromatase inhibitors are anastrozole and exemestane 
(in postmenopausal). Its expensive but more effective than 
tamoxifen. It is also used in r 

# Letrozole is used as an adjuvant endocrine therapy in post- 
‘menopausal women with hormone sensitive breast cancer (In 


current disease, 


premenopausal women this will cause rise in gonadotrophins 
and ovarian aromatase is not well suppressed). It can also 
be used in metastatic and recurrent cases. It slows down and 
stops the growth of oestrogen sensitive breast tumours. It 


reduces oestrogen level by 98%. Its half life is 45 hours. It 
decreases the bone density. 

% Dosage of letrozole is 2.5 mg once daily. 

# Itis given for 5 years or for 2 years following 3 years of 
tamoxifen, 

# Side effects of letrozole are vaginal dryness, night sweats, 
hot flushes, vaginal bleeding, cardiovascular problems and 
‘osteoporosis, 


‘Transtuzumab (Herceptin) 

# Itisa monoclonal antibody that blocks HER-2/Neu receptors 
thereby preventing growth of cancer cells. It isa new drug 
Itis presently marketed as herceptin, It is ¢-ErbB2 (growth 
factor receptor) inhibitor. It is a newer biological agent. 
Her 2/Neu receptor is tyrosine kinase receptor. 

# Ithas very litle effect on HER-2/Neu negative cancers. 

# It is useful only in HER-2/Neu positive cancers. It is 
currently approved by FDA for use only in metastatic 
disease, It is given as intravenous infusion. 

# Studies have shown substantiate improvement in disease 
free and overall survival rate 

# Dose is 4 mg/kg as loading; 2 mg/kg as maintenance for 
1 year. 

# Ithas got cardiac side effects 


Note 


‘& Tamoxifen interferes with oestrogen receptors 

+ Letrozole interferes with oestrogen production 

+ Transtuzumab (Herceptin interferes with HER-2 Neu receptors 

‘® Bevacizumab—vascular growth factor receptor inhibitor— 
newer agent 

& Lopitinab—combined growth factor receptor inhibitor— 
neweragent 


He who reigns within himself and rules his passions, desires and fears is more than a king. 
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Hormone therapy for carcinoma breast 


Inpremenopausal women 
 Tamoxifen—antioestrogen 

Ovarian ablation by surgery/by Goserelin/by radiation 

@ Progestogens—medroxyprogesterone 400 mg 

4 Andragens—fluoxymestrone 

Inpostmenopausal women 

@ Tamoxifen 

‘Aromatase inhibitor like letrozale 2.5 mg OD 

Pragestogens 

‘Androgens 

‘Medical adrenalectomy using aminoglutethimide (Mitotane) — 
_asmajor source of oestrogen after menopause sadrenal gland, 
Cartisone supplements also needed to prevent feedback rise 
‘of ACTH which may block the effect of aminoglutethimide 


Py 
+ 
e 
° 


Surgical endocrine ablations 
‘Bilateral oophorectomy (Beatson—1896) in premenopausal age 
Bilateral adrenalectomy 
Pituitary ablation 


Note: 
Present changing concept—isletrazole and tamoxifen are continued 
‘even after five years (probably life long) to reduce the chance of 
late recurrence. 


D. Chemotherapy in Carcinoma Breast 


¢ Adjuvant chemotherapy refers to administration of cytotoxic 
drugs to women afier breast cancer surgery in the hope of 
climinating clinically undetectable distant spread, Reduced 
recurrence rate and improved survival rate is observed in all 
‘women with invasive breast cancer. Chemotherapy is usually 
not indicated in DCIS, 

Neoadjuvant chemotherapy refers to administration of 
cytotoxic drugs in a large operable tumour to reduce the 
loco-regional tumour burden to make it better amenable for 
surgical resection, usually after 3 doses. It downstages the 
disease; may achieve breast conservative sutgery in selected 
patients (only); early systemic control is achieved. 

¢ Palliative chemotherapy is used in advanced and metastatic 
carcinoma breast. 


Indications: 

¢ All node positive patients 

¢ Primary tumour more than 1 em in size. 

¢ Presence of poor prognostic signs of any tumour—vascular 
and lymphatic invasion; high nuclear and histologic grade; 
Her 2/Neu overexpression; negative hormone receptor status. 

¢ In advanced carcinoma breast as a palliative procedure. 

¢ Inpostoperative period after simple mastectomy in stage III 
carcinoma breast with fixed axillary nodes. 

¢ In inflammatory carcinoma of breast. 

¢ In stage IV carcinoma breast with secondaries in bone, 
lungs, liver. 

¢ In premenopausal age group with poorly differentiated 
tumours, 


Drugs used 
CMF regime CAF regime MMM regime 
Cyclophosphamide Cyclophosphamide Methotrexate 
Methotrexate Adriamycin Mitomycin-C 
5-Fluorouracil 5-Fluorouracil Mitozantrone 


Toxic effects are: Alopecia, bone marrow suppression, cystitis, 
megaloblastic anaemia, GIT disturbances, nephritis. 


* CMF and CAF are commonly used with monthly/3 weeks 
cycles for 6 months. 

# Other anthracyclines like doxorubicin or epirubicin should 
be used often for better result. 

# Taxanes: They are newer chemotherapeutic drugs which act 
by G2/M phase of cell cycle. Itis commonly used in metastatic 
carcinoma of breast. Drugs are paclitaxel and docetaxel, 
‘Taxanes have no cross-resistance with anthracyclines and so 
can be used sequentially or concurrently with anthracyclines, 

# Gemcitabine is also used often in selected cases for better 


results. 


‘Chemotherapy regimes 
| Istline drugs—anthracyclines—FEC regimen (better) CAF;CMF 
‘& 2ndline drugs—taxanes 
 3rdline—gemcitabine 

Note: 

Neoadjuvant (primary) chemotherapy is usefulin large operable 
primary tumour to make it amenable for conservative breast 
surgeries. Postoperative radiotherapy and chemotherapy is a 
‘must inthis situation, 

+ High dose chemotherapy with stem cellrescue is not found to be 
beneficial by trials in patients with heavy large nodal spread. 

+ Hormone therapy is given after completion of chemotherapy for 
additive effect. Concurrent therapy of both (together) isnot used 
atpresent. itis sequential—chematherapy then hormone therapy. 
Chemotherapy gives quicker and better response initially and 50 
itis used early and later only hormone therapy is continued. 
‘Adriamycin shows better response with Her-2 Neu overexpres: 
sion patients 
Paclitaxel may be combined with trastuzumab in Her-2 Neu 
(Human epidermal growth receptor2) over expression patients 

+ Chemotherapy and radiotherapy can be given concurrently or 
as sandwich therapy. 

+ Presently one day dose of all drugs of the regimen used as a 
standard at 3 weekly cycles for 6 cycles for stage ICA regime. 
For metastatic paclitaxel single day dose cycles or etoposide and 
cisplatin 3 days cycle—6 cycles. 

Complications of chemotherapy—bone marrow suppression, 

alopecia, Gl side effects, cardiac toxicity. Monitoring with 

haematocrit, blood urea, serum creatinine, LFT are needed. 
‘yloprotective agents like GMCF (granulocyte mactophage 
colony stimulating factor), GCSF (granulocyte colony stimu- 
lating factor) are given to reduce severity and duration of 
neutropenia, It is given in 24 hours as 30 million units. 


ll MANAGEMENT OF EARLY CARCINOMA 
BREAST 


# Early breast cancer is the one diagnosed by mammography 
or stage I carcinoma breast 

# Usually chest X-ray, blood count and liver functions are 
sufficient to screen the early breast cancer patients. 


Aims of Treatment 
# To achieve possible ‘cure" 

# Control of local disease in breast and axilla 

# Breast conservation, ie. breast form and function. 
4 Prevention of distant metastasis 

# To prevent local recurrence. 


Breast conservative surgery 


Indications 
+ Lump <4 em 

+ Clinically negative axillary nodes: 

+ Mammographically detected lesion 

+ Well-differentiated tumour with law S phase 

+ Adequate sized breast to allow proper RT to breast 
+ Breast of adequate size and volume 


Contraindications 

+ Tumour > 4 cm 

+ Positive axillary nodes > N1 

+ Tumour margin is not free of tumour after breast 
conservative surgery needs MRM 

+ Poorly differentiated tumour 

+ Multicentric tumour 


+ Feasibility of axillary dissection and radiotherapy to intact breast + Earlier breast irradiation 


+ Tumour/breast size ratio is more (centeral tumour) 
+ Tumour beneath the nipple 
+ Extensive intraductal carcinoma 


Modalities of Treatment 


© Breast conservative surgery (BCS)—ideally done as wide 
local excision with axillary dissection with RT to breast and 
chest wall, Quadrantectomy as a part of QUART therapy 
may be used only in selected patients. RT is given to the 
entire breast with 4500 cGy dose 
* Patey's operation or simple mastectomy with axillary 
clearance. 
Postoperative radiotherapy in high-risk patients, 
Hormone therapy, ic. tamoxifen 10 mg BID or 20 mg OD. 
Sentinel node biopsy when required. 
Regular follow-up often with radioisotope bone sean and 
CEA tumour marker. 
nearly breast cancer, breast conservative surgery like wide 
local excision/quadrantectomy, axillary dissection (level 1 
and II) and postoperative radiotherapy (to the breast) is used 
which prevents the disfigurement and psychological trauma 
‘of mastectomy to the patient. Tumour is removed with a rim 
of normal tissue, Wide excision and QUART therapy are 
different procedures. Wide local excision is ideal and better 
where clearance margin is 1 cm. In guadrantectomy entire 
segment with ductal system with 2-3 om clearance margin is 
achieved, But itis not advocated now as there is no benefit in 
outcome (survival/ret ¢ rate) by quadrantectomy over 
wide local excision, 


eeee 


Principles of Conservative Breast Surgery 
(Refer Table Above) 


 Curvilinear nonradial incisions (radial incisions should not 
be placed, because if there is a need to convert into total 
mastectomy, then incision plan may be difficult). 

# Separate incision for axillary dissection 

 Undermining of the skin flap must be avoided. 

# Confirm tumour clearance by frozen section. It may be often 
difficult and so tumouris cut and only margin which is close 
and doubtful is advocated for frozen section. 

Radiotherapy is a must to breast and chest wall region 
(locally). 


Correct incision 


i“ Axillary incision 


Curvitinear incisions 


Radial and directly axillary 
‘extended incisions should 
not be used in conservative 


breast surgery 
Wrong 
incisions 
va 
\ 
ia s 


Figs 8.84A and B: Curvilinear incision should be placed in conservative 
breast surgeries. Never place wrong radial incisions because if 
conversion to total mastectomy is needed then placement of incision 
will be difficult. In conservative breast surgery for axillary dissection 
separate incision in the axilla should be placed. 


In time of test, family is best. 
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QUART Therapy 


tis quadrantectomy, axillary dissection of level | and Il nodes 
with separate axillary incision and postoperative radiotherapy 
to breast (5000 cGy) and axilla (1000 cGy). First it was started 
by Umberto Veronesi from Milan. Now Quart therapy is only 
occasionally used. 


Skin Sparing Mastectomy (SSM) 


© Itis like a key-hole surgery of breast 

Skin sparing/limited skin excision (5-10%) will not alter/ 
affect the recurrence rate. 

Indications are—central tumour/multicentral/extensive 
intraductal/T l/not feasible for conservation. 

Excision of nipple-areola complex with very limited skin 
removal. 


‘© Marginal skin excision over the tumour/biopsy site. 

% Total glandular mastectomy. 

# Axillary dissection using either same (extension of SSM 
incision) or separate incision in the axill 


Indications for Total Mastectomy in Early 
Breast Cancer 


When tumour is more than 4 em, 

© Multicentric tumour. 

% Poorly differentiated tumour—high grade. 

Tumour margin is not clear of tumour after breast conserva~ 
tive surgery. 


Incision for axillary dissection 
Deep tumour (retained after biopsy 
Incision scar of excision biopsy: 


Re-excision incision with 1 om 
margin after excision biopsy 


Nipple-areolar incision 


Re-excision 
Incision with 
‘Vem margin 


Tumour 


Incision scar of 


previous biopsy 


Incision for axillary 
dissection 


Re-excision incision 
with 41cm margin 


Tumour 


incision (1 cm margin) 


Figs 8.85A to C: Skin sparing mastectomy for carcinoma breast—different approaches. Skin sparing mastectomy (SSM) 
does not affect the recurrence rate. 


Management of Axillary Nodes when 
Clinically Not Palpable 


¢ Sentinel lymph node biopsy (SLNB) is done. Ifnode is po 
tive for tumour then axillary dissection is done. But facility 
for SLNB is not available in most of the centres and so 
axillary dissection is done as a routine. Usually level I and 
I nodes—below the axillary vein are dissected. 

¢ Axillary sampling is done by separate curved i 
between the outer border of pectoralis major and latissimus 
dorsi 6 cm below the apex of axilla, About 10 
(level 1) are sampled. Aim is to remove largest modes in 
axilla which are likely to be involved. At least 4 lymph nodes 
should be removed. All 4 nodes should be sent separately 
for histology. First level I nodes are removed; if they are 
not palpable then only level II or III are sampled. Axillary 
sampling is said to detect skip metastasis in level I and IIL 
Itis not commonly advocated now 


nodes 


’ 


’ 


Principles of Axillary Dissection/ 
Axillary Clearance 


Indications: Axillary dissection is done when there is 
clinical involvement of nodes; when FNAC of lymph node 
‘or sentinel node biopsy proved malignancy; when in a large 
tumour where reconstruction is needed so that 2nd eventual 
axillary surgery is difficult ata later period. 

Itis removal of fat, fascia, nodes in the axilla. Usually level 
and II nodes are removed. Nodes below the axillary vein 
are only removed. Level III dissection increases the chances 
of lymphoedema, Risk of lymphoedema further rises if RT 
is given later along with level III dissection. 

Dissection is done through an individual crease transverse 
incision in the axilla, when it is advocated with breast 
‘conservative surgery, 

When it is advocated along with total mastectomy it is, 
done like modified radical mastectomy—Auchincloss is 
commonly used. 


Hope sees the invisible, feels the intangible and achieves the impossible. 
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Principles of axillary dissection/axillary clearance 


{tis removal of different levels of axillary nodes; with fat and axillary fascia 


Why axillary dissection is done? Which levels? Technical principles 
+ For staging + Level |-60% + Any incision but caudal hairline incision is preferred 
+ To assess the prognosis—number + Level I, 20-25% + Nerve to serratus anterior/thoracodorsal nerve 

of nadesisize of the nade + Level l,l, IlI-15-20% should be safeguarded 


+ Asa treatment—regional control of 


+ To plan adjuvant therapy 
irradiationichemo/hormone 
less chances of 

lymphoedema 


+ Levelland I dissection + 
Low axillary dissection + After surgery specimen should be properly dissected 


+ Medial and lateral pectoral nerves should be retained 
when the dissection is done with the mastectomy 


Drain should be kept to the area 


for all lymph nodes, labelled and sent for histological 
study. Usual number of nodes in axilla are 20-32, So 
minimum of 10 nodes should be dissected, Identified 
and sent for study. Nodes can be easily identified if 
fat dissolving agents are used over them. 


¢ In skin sparing mastectomy also axillary dissection is done 
using an extension of SSM incision or by separate axillary 
incision. 


Adjuvant therapy after surgery in early breast cancer 
@ Radiotherapy 
® Chemotherapy—CMF,CAF regime commonly used.Taxanes 
arealso used 
Endocrine manipulation: 
+ Ablation 
+ Tamoxifen (receptor antagonist) —20 mg/day for 5 years 
+ Aromatase inhibitors—blocks oestrogen production. 
Letrazole 25mg OD 
+ LHRH agonists—Goserelin 3.6 mg/28 day's cycle for 2 
years 


ll ADVANCED CARCINOMA BREAST 


Refers to: 

Locally inoperable (adherent to chest wall) tumour. 

# Inflammatory carcinoma of breast 

Fixed axillary lymph nodes, or supraclavicular lymph nodes, 
or opposite axillary nodes. 

Bilateral carcinoma breast. 

# Metastatic carcinoma of breast, ic. spread to bones, liver, 
lungs, brain. 


Locally Advanced Carcinoma of Breast (LABC) 


4 Itmeans locally advanced tumour with muscle/chest wall 
involvement, extensive skin involvement or fixed axillary 
nodes, It will be T3, T4a, T4b, Tac or T4d or N2 or N3. 

© Itis investigated by FNAC of tumour/core needle biopsy! 
incision biopsy/mammography of opposite breast, chest CT, 
CT abdomen or whole body bone scan. Biopsy is needed to 
assess receptor status, 

¢ Bilateral mammography is done to assess tumour size and 
multicentricity which is needed to check the chemotherapy 
response ata later period, FNAC of axillary node is required, 
Ir bone scan is positive it becomes metastatic carcinoma of 


breast not LACB. Only when 60% of bone is dimeneralised 
in metastatic bone disease, plain X-ray bone will detect 
the lesion. Even though X-ray may be normal in stage IIL 
disease, in 30% of these patients bone scan will be positive 
making the disease stage IV metastatic. 

# Treatment of LACB is always palliative by simple mastec- 
tomy/toilet mastectomy, chemotherapy and hormone therapy 
using tamoxifen 

Initial neoadjuvant chemotherapy; surgery; radiotherapy; 
adjuvant chemotherapy are other therapeutic plan. 

¢ Palliation is to control pain, to prevent fungation or bleeding, 

# In inoperable fixed tumour chemotherapy is given initially. 
Later, alter 3-4 cycles of chemotherapy, when tumour size 
reduces and becomes operable, total mastectomy is done 

+ Postoperative radiotherapy is given to breast field and axilla 

# Usually axillary dissection is not necessary in LACB. 

* Only chemotherapy and radiotherapy to breast and axilla 
(without palliative mastectomy) also can be done in LACB, 

# There is usually no role of breast conservative surgery for 
LACB 

# S-year survival is 40% and 10-year survival is less than 


Present strategy of treatment for LABC 

Initial neoadjuvant (anterior) chemotherapy is given to 
downstage and achieve cytoreduction, to target possible 
micrometastases first, to assess chemosensitivity. FEC, CMF, 
CAF regimes are used, 

+ Responseto chemotherapyis assessed by complete responders 
without palpable tumour; partial responders with > 50% 
decrease in tumour size;nonresponders with <50% decrease 
intumour size;progressive disease with > 25% increase in size 

‘® Patients with nonresponders and progressive disease are 
treated by RT to breast, chest wall, axilla and supraclavicular 
region; taxanes; hormone therapy; surgery if operable 

4 Responders are later treated with total mastectomy/MRM, 

accasionally BCS. After surgery remaining 3 or 4 cycles of 

chemotherapy are completed. Laterhormone therapy should 
be given for 5 years (tamoxifen 20 mg OD).ER +ve(> 10fmol/ 
img) patients show 75% positivity 

Stage IIA patients are classified as operable and inoperable 


e 


Inflammatory Carcinoma of Breast 


Inflammatory carcinoma is T4d LACB (Stage IIB). It is 
also called as mastitis carcinomatosis or lactating carcinoma 
Of breast, It is 2% common. It is observed in younger age 
group usually in pregnancy or lactating period. There will be 
extensive skin involvement with pain. It often mimics mastitis 
of lactation, FNAC or incision biopsy concludes diagnosis 
It is initially treated by chemotherapy or radiotherapy and 
later if tumour reduces in size total mastectomy with axillary 
clearance can be done. But most often itis inoperable. After 
surgery, chemotherapy and tamoxifen is given. 5-year survival 
for inflammatory carcinoma of breast is 25-30%. 


Metastatic Carcinoma of Breast 


It is blood spread into different places like bone, lungs and 

pleura, liver, soft tissues, brain and adrenals. It is evaluated 

by FNAC/incision biopsy, chest CT, LFT, U/S abdomen, CT 

abdomen, whole body bone scanning, CT brain, tissue study 

for ER/PR/HER-2 Neu receptor status. It is sfage IV disease. 

Bone is the most common site of metastasis. Spread to 
vertebra is through posterior intercostal vein and Batson’s 
venous plexus (valveless). Vertebrae, ribs, upper end of 
humerus and femur are common bones involved. 

Lungs and pleural spread causes “cannon ball’ secondaries, 
effusion, consolidation, chest wall secondaries 

¢ Liver secondaries may develop either by haematogenous 
or through lymphatics across diaphragm from lower inner 
quadrant of breast. 

Brain secondaries present with headache, vomit 
sions, localising features. 

# Soff tissue secondaries has got better prognosis; visceral 
secondaries has got worst prognosis. 

# Response to treatment decreases with number of organs 
involved with secondaries. 

Receptor negative secondaries are more aggressive. 

¢ Median survival time for metastatic breast cancer is 24 months. 


1g, convul- 


Treatment concept in metastatic carcinoma of breast 
To improve quality of life. 
¢ To relieve pain of secondaties like bone, lungs. 
¢ To relieve neurological problems like convulsions, space 
occupying cranial problems 
Other symptomatic relief. 
Treatment strategy in metastatic carcinoma of breast 
¢ Chemotherapy—CMEF, CAF, Taxanes in combination. 
Chemotherapy in metastatic breast cancer is useful (indi 
cated/commonly used) in rapidly spreading visceral and skin 
secondaries, Iymphangitis or when predicted disease free 
survival is less than 2 years; if response is negative for first 
line hormone therapy; in receptor negative status. 
> High dose of chemotherapy using cyclophosphamide, 
cisplatin, carmustine, melphalan is tried in view to get 
high response rate of 55-70% along with bone marrow 
transplant. But toxic effects are often life-threatening. 
Its advantages are now doubtful when compared to 
toxic effects. 


» Haemopoietic growth factor is also used along with 
chemotherapy to enhance the cell kill with less bone 
marrow toxicity. It may also allow multiple high dose 
chemotherapy to increase the response rate. 

# Radiotherapy is used in bone metastasis, brain secondaries, 
to prevent paraplegia in spine involvement, and advanced 
axillary nodes. It is also used in painful bone secondaries, 
chest wall secondaries. 

% Hormone therapy has got important role. Tamoxifen, 
oophorectomy, adrenalectomy, androgens, progestogens, 
aminoglutethimide are used. Itis useful in slow growing soft 
tissue or bone secondaries; or predicted disease-free survival 
is more than 2 years or age more than 35 years, 

# Blockage of over expression of epidermal growth factor 
(EGF)/transforming growth factor alpha (TGF-alpha) which 
are related to ErbB I/ErbB2 receptors in relation to aggres- 
sive carcinoma factor is tried. 

# Palliative surgeries done are total/toilet mastectomy, fixa- 
tion of bones in case of pathological fractures, spinal cord 
decompression to prevent paraplegia, lung resection in case 
of localised secondaries, bilateral oophorectomy. 

% Trastuzumab (herceptin) is monoclonal antibody used in 
cancers with good results. It blocks the Her-2/Neu and 
ErbB2 receptors. Bevacizumab and lapitinab are other newer 
biological agents of different actions. 


Carcinoma of breast operated earlier with skull secondaries. 
It is metastatic carcinoma of breast. Skull secondaries are not 
common, Common site of bone secondaries are lumbar vertebrae, 
pelvis, upper part of femur, ribs, etc. 


% Metabolic complications like hypercalcaemia may be life- 
threatening emergency in metastatic breast cancer. It is 
treated with hydration, steroids, biphosphonates (palmidro- 


When you get angry, you lose more than your temper. 
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nate, clodronate) 90 mg intravenously once a month. It also 
reduces the demineralisation of bone, fracture, pain and 
paraplegia 


"Bone secondaries in carcinoma breast 


Most common site of blood spread (70%) 
Lumbar vertebrae, femur, pelvis 

Pathological fracture can occur 

Spinal compression and paraplegia 

Radiotherapy, internal fixation, spinal decompression is 
required 

Biphosphonates 1600 mg/day 


‘Malignant pleural effusion as secondaries from Ca 
breast 

Itsignifies terminal event 

Ithas got poor prognosis 

Respiratory distress and fail 

HRCTi 

Treated by 

+ Intercastal tube drainage 

+ Pleurodesis using talc/tetracycline (1.5 gm)/bleomycin 
(60 units) 

+ Chemotherapy 


(Causes of death in carcinoma breast 4 


‘Secondaries in lung—haemoptysis, respiratory failure 
Spine involvement—quadriplegia 

Secondaries in brain 

Cancer cachexia 


Fig. 8.88: Secondaries in brain—primary is from breast 


™ PROGNOSTIC FACTORS IN 
CARCINOMA BREAST 


Stage yr survival 


1 90% 
fT 70% 
i 40% 
Vv 20% 


© Spread to axillary nodes is the most important prognostic 
indicator. 


Lymph node—as a prognostic factor 


‘ Number of nodes:> 2 carries poor prognosis 

Location of nodes 

© Capsular invasion 

® Extranodal status 

% Size of the node:> 2.5 cm has poor prognosis 

4 More than 4 nodes/leval Ill (apical nodes) involvement has 
got worst prognosis (5-year survival is 30%) and also decides 
forradiotherapy to axilla 


% Age: Younger the age worser the prognosis. 

# Sex: Carcinoma male breast has got worser prognosis 
compared to female breast. Because of early spread in 
carcinoma male breast. 

© Stage I and II has got better prognosis. 

% Atrophie scirrhous has got best prognosis. 

% Medullary carcinoma has got better prognosis than scir- 
rhous carcinoma because of lymphocytic infiltration. 

# Invasive eareinoma has got worser prognosis 

# Inflammatory carcinoma breast has worst prognosis. 

# ER +e tumours has got better prognosis. 

* Differentiation also decides prognosis 

# Presence of elastic fibres in histology has got better prog- 
nosis. 

% Tumour proliferation stage 

tors. 

# Tubular, colloid, papillary types has got better prognosis. 

* Tumour grade, growth factor and oncogene factors 
ErbB2—Her-2/Neu positive has got poor prognosis. ErbB1 
with overexpression of epidermal growth factor (EGF), TGF 
alpha and cathepsin D has got poor prognosis. 

# DNA flow aneuploid status has got poor prognosis. Low S 
phase fraction (< 5%) has got good prognosis, 

# Size of the tumour—tumour size less than 1 em has got 
better prognosis 

# p53 tumour suppressor gene (guardian gene) shows bad 
prognosis, 


growth factor and oncogene 


Prognostic factors are classified as: 

% Host factors: Age; sex; menopausal status; family history; 
previous breast cancer; immunosuppression; nutrition 

# Tumour factors: Tumour size; nuclear grade; staging 
receptor status; DNA nature; spread, 


Breast cancer group Prognosis—5-year survival 
Very low-risk primary > 90% 

Lowrisk primary Node negative; favourable microscopy 70-90% 

High-risk primary Node positive; unfavourable microscopy <70% 

Locally advanced Inflammatory callarge primary (T4) < 30% 

Metastatic Blood spread Poor 


™ PROPHYLACTIC MASTECTOMY 


It is removal of entire breast including axillary tail of Spence 
prophylactically as risk reduction procedure in high-risk patients 
with indications. Itreduces the developing of invasive cancer by 
(90% in high-risk group and also decreases the chances of death 
due to the disease, Axillary dissection is not done. 

Modified Gail model and evaluation of mutation carriers 
are used to assess the risk group for risk reduction surgeries, 


Indications 


# DCIS (noninvasive), 
Lc 
Florid changes in fibrocystadenosis, 

Suspicious lesion in mammogram, 

Strong family history with Ist degree relatives having 
carcinoma breast. 

# BRCAL and BRCA2 mutation ca 


Risk Reduction Surgeries 


# Total mastectomy. 
Subcutaneous mastectomy. 
© Skin sparing mastectomy. 

‘Mastectomy is done bilaterally in LCIS and in strong family 
history. In suspicious unilateral lesion only unilateral mastec~ 
tomy may be done. 

Note: 
(Other risk reduction methods are—life style modifications, avoiding 
alcohol and HRT, tamoxifen. 


lm CARCINOMA OF MALE BREAST 


# Itis less than 1% of cases of breast cancers, Mean age is 
65 years. 

Commonly associated with BRCA2 gene mutation. 

# Other risk factors are—radiation, excess oestrogen, 
cirrhosis, Klinefelter’s syndrome, liver schistosomiasis, 
family history, testicular disease, infertility, obesity. 

# Commonly it is infiltrating duct carcinoma (90%), DCIS 
(10%). Lobular carcinoma is not seen in male breast. 

Unilateral hard breast lump often eccentric with nipple 
retraction and discharge, skin dimpling and axillary 
lymphadenopathy are the clinical features, 

ential diagnosis —gynaecomastia, 

sarcoma, secondaries. 


breast abscess, 


Presentation, spread, behaviour are same as carcinoma of 
female breast, Investigations and treatment are same as 
‘carcinoma female breast 

MRM (as pectoralis major is involved early) with RT to 
breast area and axilla is the treatment. 

Tamoxifen is very useful in carcinoma male breast. 
Carcinoma male breast has poorer prognosis when compared 
to carcinoma breast in females. 

80% cases are ER positive. 75% PR +ve; 35% overexpress 
HER 2/Neu. 

LHRH agonists are also often used. It works at hypothalamo- 
pituitary axis level via tachyphylaxis. It produces reversible 
“chemical castration’. Goserelin 3.6 mg/28 days for 2 years 
is the current recommendation. 

Bilateral orchidectomy which was earlier used is no longer 
commonly advocated. Orchidectomy may be only useful in 
metastatic male breast cancer. 


Carcinoma male breast in a pre-existing gynaecomastia, 
‘Note the gynaecomastia on opposite side. 


Peace is so hard to find because it is under your nose. 
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where p is the energy density of the modified vacua under consideration such that p — pp ~ E* for the 
electric field vacuum, p —> py ~ B’ for the magnetic field vacuum, and p — pr ~ 7°7* for the thermal 
vacuum. If the vacuum is a FRW gravitational vacuum, then one has to substitute one factor of a in 
(2.20) by -m2G and p — p,. Equation (2.13) for the Casimir Effect vacuum studied earlier is recovered 
when Pp > Pcasinis = —(7/240)a* 

Let us recast (2.20) into a more useful form. We subtract one from both sides of (2.20), do some 
algebra, and thus define the ratio of the change in the speed of light Ac in a modified vacuum to the speed 
of light in free space co: 


Ac__ 44 
@ 135 


iy =1) (2.21). 


Equations (2.20) and (2.21) are in quantum field theory natural units, which is completely undesirable for 
estimating physically measurable values of Acico. We thus transform or “unwrap” (2.20) and (2.21) back 
nto MKS or CGS units by making the following substitutions (Puthoff, 2003) 


p (natural units) > 7 (MKS or CGS units) 
ic 


<t (MKS or CGS units), 


‘m, (natural units) —> 


and after some algebra and rearranging we arrive at the final result: 


44 


p {ny 
-— ~ (2.22; 
135 Mey (4 } : Y 


and 


ny 
2.23), 
9 135 m.c (4) a 


where all quantities are now in MKS or CGS units. We chose the former units so that cy = 3x10* m/s, 
1.055x10™ J-s, m, = 9.1110! kg, and o& = 1/137. Note that the ratio of the modified vacuum energy 
density to the electron rest-mass energy has the dimension of (volume) ' while the quantity in the bracket 
is the cubed Compton wavelength of the electron having the dimension of (volume), and the product of 
these is dimensionless. 

‘An excellent example for estimating the magnitude of the change in the speed of light (in a modified 
vacuum) is the Casimir Effect vacuum, since Casimir Effect experiments are common and widespread 
such that this would be ideal to experimentally test (2.23). We substitute the Casimir vacuum energy 
density Poainis = —(7hco/240)a~ (in MKS units) into (2.23), do the algebra, insert the MKS values for the 
physical constants, and make further simplifications to get: 
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Fig. 8.90: Carcinoma male breast showing mass under the areola, 
ppuckering and nipple retraction, 


‘Carcinoma breast in pregnancy 

+ Incidence is3% 

+ Breastfeeding should beavoided during chemotherapy.Lacta- 
tion should be suppressed by giving bromocriptine 25 mg 
0D for days 

'& Hormone treatment during pregnancy is potentially terato- 
genic 

+ During pregnancy breast showsincreased vascularity, densi 
water content and cellularity-So US and mammogram may 
show false-positive results. Chest X-ray can be done with 
abdominal shield 

Alkaline phosphatase is elevated during pregnancy and so 
itisalso not significant 

‘& Bone isotope scan cannot be done during pregnancy 

‘& MRlisthe investigation of choice for primary in breast and also 

for metastatic work up 

‘Treatment is modified radical mastectomy (MRM) 

Chemotherapy can be given in 2nd trimester with care 

Radiotherapy has no role 

‘As commonly ER negative, hormone therapy is not used 

When distressing secondaries are present termination of 

pregnancy may be required 

Women with breast cancer can become pregnant 2 years after 

the completion of therapy, as recurrence is mare common in 

2years 


eeeee 
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Management in carcinoma breast during 
pregnancy 

4st trimester 2nd trimester 3rd trimester 

MRM MRM MRM 

\faxillary node Chemotherapy After delivery, 

is¢vethen carefully chemotherapy with 

pregnancy is suppression of lactation 

terminated; 

chemotherapy 

is given 


Follow-up after Therapy for Carcinoma Breast 


# Clinical examination in detail at regular intervals 

% Yearly/two yearly mammography of treated and contralat- 
cral breast is a must 

% Bone scan/CT chest, abdomen/tumour marker are done only 
if there is clinical suspicion of spread/metastases. Itis not a 
regular routine follow-up method at present 


ll BREAST RECONSTRUCTION 


# Immediate reconstruction. 
» In early stages of malignancies as well as in selected 
more advanced stages where the response to neoadjuvant 
chemo therapy has been good. Not advised in locally 
advanced disease. 
> Advantages of immediate reconstruction are—maximum 
‘amount of breast skin is preserved for reconstruction. It 
will not affect the long-term survival or recurrence rate. 
% Delayed reconstruction (3-9 months after surgery). 


Indications 


+ Locally advanced disease. 
# Radiation needed in postoperative period. 
# Patient unfit for prolonged surgical procedure. 


Advantages 


# Allows for postoperative radiation without prosthesis 
exposure, 
# Avoids fibrosis and fat necrosis where TRAM flap is used. 


Factors deciding the reconstruction 
4 Amount of skin retained 
@ Stage of the carcinoma 
® Earlier radiotherapy 
© Typeofflap used 


Methods of Reconstruction 


% Oncoplastic techniques. 

# Insertion of breast implants or expanders. They are best for 
small breasts. Healthy nonirradiated overlying skin is the 
requirement. 

# Flap with implant or expanders 

# Flap reconstruction: 
> Pedicled flap—TRAM flap. 
> Free flap—free TRAM flap into internal mammary artery, 
> Muscle preserving perforator abdominal flap. 


Types 


# Silicon gel implant under pectoralis major muscle. 

# Expandible saline prosthesis with prior tissue expansion. 

# If there is less skin or after radiotherapy latissimus dorsi 
musculocutaneous flap (LD flap) or contralateral transversus, 
abdominis muscle flap (TRAM flap) is used. 

 ‘Supetior gluteal flap based on superior gluteal vessels. 


© Ruben's flap using soft tissue pad overlying the iliac erest 595 


based on deep circumflex iliac vessels 
External breast prosthesis which fits within the bra is a 


simpler cosmetic method. 


tissimus dorsi flap (LD flap) placed after mastectomy. It 


Fi 
Pectoral muscle Pectoral muscle is based on thoracodorsal arter 
Intact (subcutaneous) removed (subcutaneous) = 
Fig. 8.91: Breast implant. > 
va 
——— 
> tory 


yseaig 


Inferior epigastric 
Jartery 


Fig, 8.95: Transverse rectus abdominis myacutaneous flap (TRAM), 
Note the blood supply of the flap. 


Fig. 8.92: LD fap. 


Fig. 8.968 


| \ a! 
Figs 8.934 and B: LD flap (A) Donor area; (B) Recipient area. 


Don't sit back and take what comes; go after what you want. 
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TD fap 


TRAM flap 


Myocutaneous flap based on subscapular artery Transverse rectus abdominis myocutaneous flap based on. 


Easy to perform 
Reliable flap, well vascularised 

Can be placed over prosthesis 

Low complication rate 

But causes unsightly donor area on the back 


superior epigastric artery. ipsilateral or contralateral TRAM flap is used 
It gives the bulk needed for reconstruction and so implant is not needed 
Donor site morbidity and fat necrosis can occur 

Free TRAM flap into internal mammary/thoracodorsal axis can be done 
Limitations to position, shape and rotate; often needs mesh placement in 


the abdomen wound to prevent development of incisional hernia 


= 


Figs 8.968 toD 


Figs 8.95A to D: Different operative steps in TRAM flap. 


Note: 
Breast reconstruction is done in young patients with early stage 
disease. 

‘Skin sparing mastectomy with removal of nipple areola complex 
may be better for reconstruction, 
Symmetry isthe mast important factorin breast reconstruction, 


Nipple is created using: 


# Local breast flaps 3 months after breast reconstruction. 

© Nipple sharing from contralateral nipple using composite 
graft 

# Skate flap: Local flap with de-epithelialised donor site 
around the periphery over which a full thickness graft is, 
applied. 

# Nipple prosthesis can be fitted. 

Areola pigmentation is created using (it is done 3 weeks after 

nipple creation) 

# Full thickness skin graft from non-hairy skin lateral to labia 
majora, as the pigmentation of this graft matches that of 
the areola. 

# From contralateral areola if reduction mammoplasty is done 
‘on that side. 

# Tattooing—colour tends to fade with time and may need 
to be repeated 

* SSG from retroauricular area or from thigh 


™@ BREAST IMPLANTS 


Fig. 8.97: Typical breast implant and its placement. It can be placed 
in subcutaneous or submuscular plane, 


# Technically simple. 
# Achieve symmetry easily. 


# Implant in submuscular plane is better whenever muscle is 
not removed during surgery. 

¢ Lfmuscle is removed as in radical mastectomy, then subeu- 
taneous implant is placed. 

Silicon gel implants are used, 


Complications of breast implants 
+ Pain, exposure of implant and rupture 
+ Displacement extrusion 
% Infection 
+ Capsular contraction 


+ Benign hypertrophy—usually bilateral 
+ Giant fibroadenoma 

+ Serocystic disease of Brodie 

+ Sarcoma 

+ Colloid carcinoma 

+ Filariasis of breast 


= ~ ria 
Destruction 

& Depression—retraction 
+ Discolouration 
+ Displacement 
@ Deviation 

@ Discharge 

‘® Duplication 


(Causes of hard swellings in the breast 
Carcinoma breast 
‘Antibioma breast 
Traumatic fat necrosis 
Caleified haematoma 
Fibroadenoma—hard variety 


eeeee 


@ NIPPLE RETRACTION 


Fig. 8.98: Typical nipple retraction in carcinoma breast. It is 

circumferential retraction in carcinoma and partial slit like in duct 

ectasia 

# 25% of tetractions are bilateral 

% Congenital nipple retraction is simple nipple inversion, 
It causes problems in breastfeeding, recurrent infection, 
collection of secretions. 

Slit like retraction is due to duct ectasia and periductal 
mastitis. 

© Circumferential retraction is usually due to carcinoma, 

# Any nipple retraction of recent onset should be evaluated. 


Note: 

+ Nipple inversion is congenital, developmental one; itis seen in 
25% of females; can be bilateral; does not interfere with infant 
feeding; can predispose periductal mastitis, Surgical correction 
is not usually required ands technically difficult. Suction device 
is often tried mechanically, 

+ Nipple retraction occurs in a nipple which was normal earlier 
and is now pathologically retracted. Duct ectasia, carcinoma, 
previous surgeries may be the cause, 


ipple discharge 


Classifications Significant nipple 
discharge 

Itean be: + Spontaneous. 

+ Physiologic + Persistent 
~ Bilateral, involves + Nonlactating patient. 

multiple ducts. ~ Incidence of 
~ Usually not bloody. carcinoma in 
~ Nonspontaneous. nonlactating nipple 
discharge is 4% 

+ Pathologic Causes of nipple discharge 
~ Unilateral + Physiological is—during 
~ Spontaneous. lactation and pregnancy. 


Types of nipple discharge Discharge which suspects’ 


carcinoma 
Blood: + Spontaneous discharge. 
+ Papilloma/malignancy. + Age= 40. 
Purulent + Unilateral discharge. 
+ Infection, usually related > Bloody or guaiac-positive 
to lactation; often in discharge. 
malignancy. + Palpable lumpimass. 
Milky: ‘Management: 


* Aller childbearing up to Discharge study for 
cone year; hypothyroidism, cytology, culture. 


Everytime something good happens to you, make something good happen to someone else. 
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Can be often bloody. 
Most common cause 
intraductal papilloma, 
Itcan be: 
+ Spontaneous. 
+ Nonspontaneous, 
Itcan be due to: 
Benign cause—88% 
Malignant cause—12%, 


Galactorthoea is milk 
secretion not related to 
pregnancy either primary 
‘or secondary. 

Fibrocystic disease 

of breast—serous or 
greenish discharge. 

Duct papilloma—bloody 
discharge. 

Duct ectasia—thick, 
creamy discharge. 
Carcinoma—bloody 
discharge. 
Idiopathio—here cause 
of discharge is nat 
identified in spite of all 
investigations. Patient 
can be reassured with 
regular follow-up. It may 
be improper reabsorption 
of the normal ductal 
secretions (Normally all 
ductal secretions which 
‘occur continuously are 
reabsorbed completely), 


prolactinomas, 
galactorrhoea. 

+ Medications: Oral 
contraceptives, tricyclic 
antidepressants, dopamine 
agonists. 

+ In milk fistula; rarely in 
galactocele. 

Grey, brown, green, sticky: 

+ Duct ectasia. Common in 
5th decade, with nipple 
tenderness and pain. 

Creamy discharge: 

+ Duct ectasia. 

Serous: 

+ Fibrocystic disease (most 
‘common; but can be 
serous/greenish/greenish 
black), ectasia. 

‘Serosanguinous: 

+ Carcinoma, infection, 

Greenish: 

+ Fibrocystadenosis 
(commonly), duct ectasia. 

Black: 

+ Duct papillomalcarcinama, 


Mammography, US of 
breast and axilla, FNAC/ 
core biopsy. 

Ductography is specific for 
duct ectasia, 

‘Treat the identified cause 
accordingly. 


Hea) Peritoneum 


Among the inflammations of the abdominal region, | have given a place in our Nosology to the Peritonitis, 
comprehending under that title, not only the inflammations affecting the peritoneum lining the cavity of the 
abdomen, but also those affecting the extensions of this membrane in the omentum and mesentery. 


CHAPTER OUTLINE 


% Anatomy 
Physiology 

= Acute Peritonitis 

© Spontaneous Bacterial Peritonitis 

s Sclerosing Peritonitis, 

“Biliary Peritonitis 

w® Postoperative Peritonitis 

Other Forms of Peritonitis 

w Pelvic Abscess 

 Subphrenic Spaces and Subphrenic Abscess 


lm ANATOMY 
Peritoneum 


It is a serous membrane lining the abdominal cavity. It is 
composed of outer fibrous tissue layer (which gives strength) 
and inner mesothelial cell layer (secretes fluid giving lubri- 
cating function to the peritoneum), 


Parts of Peritoneum 


1, Parietal peritoneum: It lines the inner surface of the 
abdominal wall, under surface of diaphragm and pelvic 
wall, Itis loosely attached to the overlying walls and can be 
casily stripped off. Its innervated by the somatic nerves, so 
pain sensitive. Anterior peritoneum is most sensitive when 
compared to pelvie peritoneum, 

Visceral peritoneum: tines the outer surface of the abdominal 
viscera, firmly adherent, cannot be stripped off. It is innervated 
by autonomic nervous system; hence not pain sensitive, 


Peritoneal Cavity 


Its the potential space between the parietal and visceral peri- 
toneum. Normally it contains 100 ml of clear, straw coloured 


—William Gullen, 1792 


Mesenteric Cysts 
Mesenteric Panniculitis 

vw Acute Mesenteric Lymphadenitis 
Mesenteric Malignancy 
Mesenteric Trauma 

\ Peritoneal Malignancy 
 Omental Cyst 

% Omental Torsion 

 Omental Tumour 


fluid secreted by the mesothelial cells. Its quantity and quality 
varies in pathological conditions. It has got lubricating func~ 
jon, allowing frictionless movements of adjacent peritoneal 
surfaces 


Spaces in peritoneal cavity: Peritoneal cavity being largest 
cavity in the body is divided into different spaces by ligaments 
and mesenteries. Eleven ligaments are—coronary, gastrohe- 
patic, hepatoduodenal, falciform, phrenicocolic, splenorenal, 
gastrosplenic, duodenocolic, gastrocolic; mesenteries are— 
transverse mesocolon and bowel mesentery. Intra-abdominal 
spaces are nine in number; they are—right and left subphrenic, 
subhepatic, lesser sac, supramesenteric, inframesenteric, 
right and left paracolic gutters, and pelvic. Peritoneal cavity 
is surgically divided basically into supracolic and infracolic 
compartments, 


™ PHYSIOLOGY 


Surface area of peritoneum is 2 m? equal to surface area of 
skin, It has property of bidirectional transfer of substances, 
1 can absorb from or transfer to peritoneal cavity, fuid and 
electrolytes. This property is used in peritoneal dialysis. The 


Attack the problem, not the person. 
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mesothelial cells facilitate rapid healing following any injury, 
which takes place very fast in matter of hours, Adhesions occur 
due to delayed or incomplete peritoneal heating 


Diaphragmatic defense: Movement of peritoneal fluid and 
lymph in the peritoneal cavity depends on the diaphragmatic 
movement and phases of respiration, During expiration altered 
intrathoracic and intra-abdominal pressure makes all fluid, 
bacteria and particles to move/circulate upwards towards 
diaphragm; during inspiration, it facilitates the entry of these 
contents into lymph to clear it. There are fine intercellular 
pores in the peritoneum called as diaphragmatic stomatas 
‘covering the inferior surface of the diaphragm which leads into 
diaphragmatic lymphatics and so to regional lymph nodes and 
thoracic duct. During expiration intra-abdominal pressure is 
reduced and peritoneal fluid through capillary action travels 
upwards towards diaphragm. Peritoneal macrophages promote 
leukocyte migration into the peritoneal cavity. Peritoneal 


mast cells release vasoactive products causing vasodilata- 
tion on peritoneal surface and release of complements and 
immunoglobulins into the peritoneal cavity. Complements 
cause bacterial opsonisation and phagocytosis. Release of 
fibrin causes adhesions and localisation of infection to one 
place preventing generalised peritonitis; this often leads into 
localised abscess formation. 


@ ACUTE PERITONITIS 


& Primary 
@ Secondary 
& Tertiary 


PRIMARY PERITONITIS 


# Itis commonly due to pneumococci, and can occasionally 
be due to streptococci, haemophilus, gonococcus (rare now) 
and other gram-negative (Escherichia coli) organisms. It is 
common in young girls between 3-9 years of age group and 
also in women. 

4 Hete there is no documented source of infection, Infection 
usually spreads from lower genitals through fallopian tubes, 
from upper respiratory tract infection or from middle ear 
in males. 


# It is uncommon after 10 years of age. It is common in 
‘malnourished child and child with nephritis. Child is toxic, 
severely ill and develops septicaemia very early. 

# It is also seen in ascites, patient with indwelling catheter 
for peritoneal dialysis, patients with peritoncovenous shunt. 

¢ It can also be due to Chlamydial, fungal or mycobacterial 


infection. 
% TCis very high, > 30,000/mm’, 


Treatment 


¢ Diagnostic tapping, tube peritoneal drainage and laparo- 
scopic drainage and wash are useful methods. 

Laparotomy and peritoneal toilet. 

¢ Broad spectrum antibiotics including combination of amino- 
glycosides, cephalosporins and metronidazole. 


# Local instillation of antibiotics, into the peritoneal cavity to 
achieve quick and effective results 
Mortality is high. 


SECONDARY PERITONITIS 


It is secondary to any bowel or other visceral pathology, e.g 
perforation, appendicitis. Escherichia coli (70%) is the most 
common organism involved. Other bacteria are—aerobic 
and anaerobic streptococci, Clostridium welchii, bacteroides, 
staphylococci, Klebsiella, Salmonella typhi 


TERTIARY PERITONITIS 


# It occurs after any abdominal surgeries, which is usually 
severe and the patient may go in for SIRS or MODS early. 

Tertiary peritonitis is defined as persistent or recurrent intra- 
‘abdominal infection after an adequate treatment for primary 
or secondary peritonitis—usually after 48 hours, 

# Itis common in immunosuppressed individual with inef 
fective peritoneal host defenses against microbes. Infection 
due to E, faecalis, E. faecium, S. epidermidis, P. aeruginosa, 
C. albicans are common in such patients. Virulence and 
resistance to drugs are other factors. 

# Itis difficult to diagnose clinically causing delay in therapy. 
CT abdomen, total and platelet count, LFT, monitoring of 
renal functions, hourly urine output assessment, chest X-ray 
are required investigations, 

© Treatment is aggressive antibiotic therapy, antifungal 
therapy, TPN, maintaining of haemodynamic stability, 
exploration of abdomen, thorough wash, colostomy/ileos- 
tomy or exteriorisation of bowel segment. FFP, packed cells, 
platelet transfusions may be required. Ventilator, ICU care 
is often needed. 

# Mortality rate is 
uuraemia (haemodialysis may be needed), haemorrhage, 
pneumonia, ARDS. 


50%, Problems are—DIC, septicaemia, 


Bacteria Causing Peritonitis 


a. Bacteria from GIT—E. coli, actobic streptococci, Sirepto- 
coceus faecalis, Staphylococcus, anaerobic streptococei, 
anaerobes (bacteroides), Klebsiellla, Cl. welchii 

b. Bacteria not from GIT—Gonococeus, pneumococcus, are 
from fallopian tubes, commonly occurs in young females. 
Chlamydia, B-haemolytic streptococci, Mycobacterium are 
{ew other bacteria which can cause peritonitis. 


a. Primary Monomicrobial, extraperitoneal 
source, blood spread 
b. Secondary Most common, polymicrobial,intra- 
peritoneal source 
Tertiary Due to superadded infection 
peritonitis following treatment of secondary/primary 


Most common bacteria during the phase of peritonitis is 
E, coli and during abscess formation is B. fragilis. Mortality 
for diffuse peritonitis is 10%. 


Fig. 9.1: On table finding in a case of peritonitis, where the 
peritoneal cavity is filed with pus. 


Mode of Infection . 


asttic/enteric/colonic Fig: 9.3: Jejunal perforation due to trauma. Trauma is the common 
cause for jejunal perforation. tts commanly blunt abdominal injury 
due to shearing force (traction injury) causing jejunal tear near 


Perforation of the GIT—duodenal 
uleets; M 


's diverticulitis perforation. 


¢ Penetrating or blunt trauma duodenojelunal junction 

© Surgery 

¢ Drains 

# Dialysis. 

Foreign body. e 
# Appendicitis, cholecystitis, diverticulitis, 2 
Intestinal obstruction with strangulation. $s 
Via fallopian tubes. 2 
Through blood spread—in septicaemia 3 
¢ Transmural spread 

# Following uterine perforation/injury during abortion or 


termination of pregnancy. 


. PNR ( eS | 


Juodenal ulcer perforation causing peritonitis. Figs 9.48 and B: Ileal perforation with severe peritonitis. Note the 
closure done horizontally. It could be typhoid perforation. 


Fig. 9.2: 


Better three hours too soon, than one minute too later. 
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‘& Rapidity by which the pusis qushedintothe peritoneal cavity, 
9. burst appendix, perforations 

‘& Amount of peristalsis (more the peristalsis more the spread) 

+ Virulence of the organism 

+ Localising action of the omentum in children localisation is 
pooras omentum is small) 

¢ Immunosuppression—HIV steroids 

Anatomical nature of the peritoneal cavity 

‘Age,associated diseaseslike malignancy,malnutrition anaemia 


° 


Pathogenesis 


# Lot of fluid is secreted into the peritoneal cavity which 
is infected, containing bacteria and toxins causing shock, 
toxaemia and its subsequent effects. Fibrinogen forms fibrin 
which tries to localise the infection. Bowel gets adhered to 
ceach other with fluid collecting between the loops. Thick flakes 
are formed adhering to the surface of the bowel, Peritoneum 
is thick, oedematous, becomes velvety and reddish with loss 
ofits glistening appearance. Omentum is thickened, adherent, 
Often site of perforation may be identified by the location 
of the end of the omentum. Dilated bowel loops with site of 
obstruction/gangrene may be found. Pus, often with pockets 
‘may be present in subphrenic, paracolic and pelvic spaces. 

# Peritoneal contents are initially sterile but eventually become 
infected in certain situations, as in acute pancreatitis, in 
hhaemoperitoneum, and in ruptured urinary bladder. It is due 
to transmural migration of bacteria. 

# In perforated duodenal or gastric ulcers, contents in the 
peritoneal cavity are initially sterile but later get infected 
to form bacterial peritonitis 

# Localised peritonitis—initially localisation of peritonitis 
‘occurs based on the anatomical factors ike supracolic/infra~ 
colic compartments; greater omentum; paracolic gutters; 
dilated small bowel, etc. Pathological factors are thickened 
peritoneum, fibrin deposition, omental adhesions, reduced 
bowel peristalsis. Localised peritonitis may resolve by 
proper therapy. It may form abscess—pelvic/subphrenic. If 
it progresses it may form generalised peritonitis, 


Fig. 9.5: Small bowel perforation with peritonitis with thick plaques 
‘on the bowel surface. 


¢ Diffuse peritonitis sets in due to poor localisation, rapid peri- 
toneal contamination, violent peristalsis, virulent organisms, 


immunodeficiency status, and small omentum in children 
(not properly developed in children). Diffuse peritonitis 
‘may occasionally get localised to form abscess. Mortality 
in diffuse peritonitis is 10%. 


inical Features 


Sudden onset of pain which is severe 
Fever, vomiting. 

‘Tenderness—initially localised later becomes diffused. 
Rebound tenderness —Blumberg sign. 

Guarding and rigidity, dull flanks on percussion 

sardia, tachypnoca. 

‘Tenderness on P/R examination, 

Distension with silent abdomen. 

Eventually leading to Hippocrates facies, septicaemic shock 
‘and loss of consciousness. 

# Bowel sounds are absent due to paralytic ileus. 

# Fever may be absent in severe peritonitis due to loss of 
pyrogenic reaction. Total count also may be very low in 
severe peritonitis 
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Investigations 


# Plain X-ray abdomen (in erect posture)—will show ground- 
glass appearance along with gas under diaphragm in the 
presence of perforation. 

# Total count is increased. 

# U/S abdomen—shows fluid in the abdominal cavity. 

# Also clinches the other causes like haemoperitoneum, 
pancreatitis 

% Electrolyte study. 

Blood urea and serum creatinine, 

Serum amylase if four times the normal value, itis signifi- 
cant. LFT also should be done. Platelet count, bleeding 
time, clotting time, prothrombin time are to be assessed in 
severe peritonitis 

# Four quadrant abdominal tap—reveals pus or infected 
fluid. In suspected pancreatitis fluid should be analysed for 
amylase level (which will be high). Often US guided aspira- 
tion is better and more accurate 


Fig. 9.6: Plain X-ray abdomen showing gas under diaphragm. 
Perforation is the most comman cause of peritonitis, 


Fig. 9.7: Multiple air fluid levels in plain X-ray abdomen—feature of 
intestinal obstruction. 


% Diagnostic laparoscopy. It can also be used as therapeutic 
for duodenal ulcer perforation or primary peritonitis to 
«give peritoneal wash. 

# CT scan is often useful to confirm the cause or to rule out 
conditions like pancreatitis. CT sean detects bowel isch- 

ingrene, perforation, internal hernias and quantity 

of pus/luid in the peritoneal cavity. 


Differential Diagnosis 


 Panereatitis: in pancreatitis back pain is common, But itis 
often difficult to differentiate clinically from acute perito- 
nitis, Serum amylase is increased. CT abdomen may help 
in differentiating trom peritonitis. 

¢ Intestinal obstruction: There will be distension, vomiting 
and pain. Plain X-ray shows dilated bowel loops. CT scan 
confirms intestinal obstruction and its cause. 

# Ruptured ectopic pregnancy: Urine pregnancy test will be 
positive. History of amenorthoea is significant. Palor, tachy- 
cardia, lower abdominal pain and distension are common 
presentations, US abdomen and pelvis confirms the diagnosis, 

# Acute pyelonephritis: Often clinically acute pyelonephritis 
mimics acute peritonitis. Guarding, tenderness, rigidity 
may be present in pyelonephritis also. Urinary symptoms, 
tender renal angle, urine microscopy revealing pus cells, US 
abdomen may confirm the diagnosis. 

# Acute mesenteric ischaemia: Bloody diarthoea, colicky 
pain, tender abdomen, toxicity are the features of mesen- 
teric ischaemia. CT abdomen and angiogram are useful 
investigations. 

# Diabetic acute abdomen: Patient with diabetes mellitus may 
present as acute abdomen. Free fluid in the flank may not be 
present, Patient may be ketotic also. 


Fig. 9.8: Plain X-ray abdomen showing ground glass appearance—a 
feature of peritonitis, 


Treatment 


# Intravenous fluids for resuscitation are essential. It improves 
the tissue perfusion, corrects the hypotension and also 
improves the urine output. Normal saline, Ringe 
are usually used. Usual requirement is 2 ml/kg/hour, 

# Nasogastric tube aspiration—to decompress bowel: to 
reduce toxic fluid; to prevent aspiration. 

% Total parenteral nutrition, CVP line to perfuse and to monitor. 

* Blood transfusion, FFP, platelet transfusions if indicated. 

# Catheterisation with maintenance of adequate urine output 
(30 mU/hour) (0.5 ml/hourikg). 

Antibiotics —ampicillin, gentamicin, metronidazol 
dime, cefoperazone, cefotaxime, tazobactum, piperacillin, 
meropenem, linezolid, ete 

# Analgesics to relieve pain by drugs, epidural analgesia. 

Sitting propped up position, early mobilisation, exercise, 
respiratory physiotherapy, prevention of DVT using heparin’ 
low molecular heparin are essential 

# Surgical correction of underlying cause. 

# Use of dopamine, steroids, and management of shock. 

# Often ICU and ventilator support is required during post- 
operative period 

# Monitoring the pat 
pulse oximeter. 


lactate 


electrolytes, and. 


nt using PO3, PCO. 


Laparotomy and proceed 
» On laparotomy, the cause for peritonitis is identified 
and corrected. 
# In bowel perforation—perforation closure. 
# In intestinal obstruction—resection and anastomosis, 


Eyes are more accurate witness than ears.—Hiraclitus. 
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a geg|_* (2.24), 
8100 m,ca 


1.59x10“*)a* 


where a (the plate separation) is in meters. Another usefull equation is: 


er 
14 |e, (2.25), 


where we make the substitution c’ — c," for the present case. H. E. Puthoff and the author (Puthoff, 
2003) compared the third line in (2.24) with equation (26) in Scharnhorst (1990) and discovered that the 
result cited there is in error, because the numerical coefficient is four orders of magnitude too small 
(Scharnhorst originally pointed out this error to Forward, 1996). 

We now set a = 10° m (1 pm) and we get Acicy = 10“ and c," = co, which is a horrifically small 1 
part in 10 change that we cannot hope to measure at present. But for a = 107" m (1 A) we get Ac/cy = 
10°" and c," = co, which is a 1 part in 10'° change that could be measurable at present or in the very near 
future using high precision laser technology. Last, for a = 1.1229x107'* m (11.229 fm or = 11 times the 
nuclear diameter; 1 fm = 10-'S m) we find that Ac/co ~ 1 and cx" ~ 2cp. We are not able to do technical 
work at nuclear distances at this time; however, that could change as ultrahigh precision measurement 
technology continues to evolve. The threshold for the onset of significant changes in light speed occurs 
when a < 10"? m. This result is generally true for the other modified vacua surveyed in (2.15) — (2.19), 
since accessible (everyday) values for electric and magnetic field strengths, thermal temperatures and 
radiation densities are not large enough to overcome the size of the electron mass to create a measurable 
effect. However, there is a class of ultrahigh intensity tabletop lasers that have achieved such extreme 
electric and magnetic field strengths and temperatures that it may now be possible to consider using them 
to explore vacuum modification effects in the lab. We will return to this theme in a later section. 

«Key Point: As disappointing as the Casimir Effect vacuum (and other modified vacua) results are, it 
should be strongly pointed out that special relativity theory says that if in one inertial reference frame an 
object travels only one part in 10'° (or even one part in 10") times faster than cg, then one can find 
another reference frame where departure and arrival times of the object are simultaneous, and thus the 
velocity is infinite. This is what motivates us to look at a teleportation mechanism based on engineering 
of the vacuum, 


Technical Notes: 


> Equation (2.15) is interpreted as an increase in the speed of light due to a decrease in the 
number of vacuum ZPE modes. However, this effect is totally unrelated to light-by-light 
scattering in the vacuum because the gravitational background “squeezes” (as in squeezed 
quantum optics states; see Davis, 1999a) the ZPE modes, therefore reducing the vacuum 
energy density. We further note that the coefficient of 11 is the same for the gravitational 
vacuum as for the other modified vacua examples based on QED. This factor also appears in 
the coefficient of the Euler-Poincare characteristic spin-¥ contribution to the gravitational 
trace anomaly (Birrell and Davies, 1982). It is beyond the scope of this study to consider the 
deep connections between quantum field theory and gravitation. 
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Figs 9.98 and B: X-ray showing gas under diaphragm due to per- 
foration. Ground glass appearance of peritonitis is seen in another 
Xray, 


> Proper peritoneal toilet (wash with 10 litres of saline) is 
given. A drain is placed (tube) 
» Pus should be sent for culture and sensitivity. 
» Tension sutures are placed when required to prevent 
burst abdomen. 
Laparostomy—may be open or closed method. In open 
‘method, (Ettapan’s lavage) abdominal wall/fascia and 
peritoneum are not sutured but kept open. It will reduce 
the chances of abdominal compartment syndrome and also 
allows easier and faster drainage of the infected fluid from 
the peritoneal cavity. But disadvantages are it causes lot of 
fluid loss and electrolyte imbalance and open area itself may 
allow infection to get into the peritoneal cavity. In closed 
‘method, abdominal fascial wound is closed using a zip. It 
facilitates the regular washing of the peritoneal cavity with 
normal saline without contaminating the cavity from outside 
and reduces the unnecessary fluid loss. But it may cause 
abdominal compartment syndrome. 


Technique of emergency laparotomy 
Abdomen is opened with midline incision (with wide expo- 
sure), often extending both above and below the umbilicus, 


with incision inclined towards the left side at umbilicus. Once 
peritoneum is opened gushing pus is removed using suction. 
Pus is collected for culture. Abdominal cavity is inspected 
thoroughly for site of origin of sepsis—appendicitis/perfora- 
tion/gangrene, etc. Definitive procedure is done depending 
on the cause. Proper wash is given using normal saline (10 
litres). Drain should be placed. Wound is closed with tension 
sutures using nonabsorbable monofilament sutures (zero or 
one number). 


Fig. 9.10: Vertical midline incision is used for emergency laparotomy 
in peritonitis. Lengthy incision with wide exposure of the peritoneal 
cavity is advisible. 


Figs 9.11A and B: Severe peritonitis showing pus in the peritoneal 
cavity. 


Postoperative management 

# Proper critical care (ICU) postoperatively. 

# Ventilatory support; monitoring with urine output, tempera- 
ture, breathing, pulse rate, blood pressure, arterial blood gas 


analysis, total count estimation (both very high and very low 
counts signify severe sepsis/septicaemia), neutrophil count 
estimation, platelet count, prothrombin time analysis, blood 
urea and serum creatinine, liver function tests (altered liver 
function signifies septicaemia), These investigations need 
to be repeated as and when required. 

# Proper fluid and electrolyte management. 

Total parenteral nutrition (TPN). 

¢ Prevention of deep vein thrombosis by leg exercises, low 
molecular weight heparin 

 Prevention/identification of ARDS and its management. 

© Prevention of bedsore 


Horlzontal 


ag 
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| 
Fig. 9.12: Abdomen is closed with tension sutures in case of 
peritonitis using monofilament nonabsorbable sutures to prevent 
postoperative burst abdamen. Drain also should be placed into the 
peritoneal cavity. 
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Fig. 9.13: Postoperative patient with tension sutures with fistula and 
leak. Patient has undergone resection and anastomosis for gangrene 
bowel 


Terminal Features in Peritonitis 

a. Hippocratic facies—bright, hollow eyes; pale, pinched face; 
cold perspiration in eye brows; dry, fissured tongue; blue 
lips. Patient will be in severe shock. It signifies terminal 
status with high mortality rate. It is a typical facial sign of 
severe end stage peritonitis. 


5) 


Fig. 9.14: Hippocratic faciesin severe end stage peritonitis 
b. Septic shock (cold stage). 

c. Systemic inflammatory response syndrome (SIRS). 

d. Multiorgan dysfunction syndrome (MODS), 


Complications and Sequelae of Perito 


Septicacmia 

Paralytic ileus, adhesions, intestinal obstruction, 

Respiratory infection. 

ARDS, bronchopneumonia. 

Electrolyte imbalance, DVT. 

Renal failure. 

Mobs. 

DIC. 

Formation of subphrenic abscess, pelvic abscess and other 

intraperitoneal abscess, 

# Burst abdomen: biliary/gastric/enteric/faecal fistula forma- 
tion; later incisional hernia. 

Note: 

Complications may be systemic (septicaemia, respiratory, DIC, DVT, 

renal failure) or abdominal (ileus, intra-abdominal abscess, fistula, 

burst abdomen, portal pyaemia, adhesions) 


l™ SPONTANEOUS BACTERIAL 
PERITONITIS (SBP) 


SBPiis defined as bacterial infection of ascitic uid inthe absence 
ofan intra-abdominal surgically treatable source of infection, 


A friend should be a second identity. 
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Itis seen im: 
Infants and children commonly. 
¢ Innephritic syndrome, 


# In adults, with cirshosis, most common cause. In cirrhotic 
patients, there is low Fe y receptor on macrophage surface 
causing poor phagocytosis; opsonic action of peritoneal 
surface cells in presence of ascites is low causing poor 
control of bacterial load, 

4% In patients who has undergone splenectomy. 

Patients with ascites due to any cause. 

# Malnutrition and malignancy. 


Causative Organisms 


# Gram-negative bacilli (70%)—E.coli, Klebsiella 

# Gram-positive cocci (20%}—pneumococei, streptococci 
and enterococci 

# Anaerobes (10%). 

¢ In girls it is commonly through fallopian tubes. In males 
it is always blood bom from respiratory tract infection or 
otitis media 


Features 


Features of peritonitis but initially with dull aching pain. 
# Features of shock. 

Common in gis, 

High fever with neutrophilia is characteristic, 

Profuse diarrhoea is common. 

Features relevant of cause. 

‘Total count, LFT, U/S is useful tool. 

SBP is rare in ascites with high protein content like in peri 


eeesee 


toneal carcinomatosis. More than 250 neutrophils/eu mm? 
of ascitic fuid are diagnostic. 

Note: 

‘Scoring ofthe severity of the peritonitis is done based on age, sex, 

duration, cause, origin, content, general condition, haematocrit, 

electrolytes, , saturation, blood urea, serum creatinine. 

1. Mannheim peritonitis index. 

2. Acute physiology and chronic health evaluation score (APACHE 
score). 


Management 

© Usually conservative with proper higher generation antibi- 
tics. But condition has got high mortality. 

Tapping of the purulent fluid from the peritoneal cavity is 
done only with atypical needed cases 

# Laparoscopy is useful method. 

¢ Often peritoneal purulent fluid tube drainage may be 
beneficial. 

* Laparotomy and peritoneal wash is done occasionally if 
secondary peritonitis and toxicity develops. 

¢ Plasma albumin is helpful in SBP with cirrhosis to reduce 
hepatorenal syndrome and to decrease mortality. 


Note: 

+ Exudate in pneumococcal peritonitis is odourless, turbid and 
sticky, 

+ Exudate in streptococcal peritonitis, is odourless, thin, blood 
stained with flecks of fibrin. Greenish watery diarrhoea is 
common. tis common ininfants and children. Upper respiratory 


tract infections, tonsllitis, pharyngitis are the causes. Itis treated 
with penicillins, amoxycillin, cephalosporins. 

+ Staphylococcus aureus peritonitis is common in those who 
Use intravaginal tampons causing toxic shack syndrome and 
Dic. 


ll SCLEROSING PERITONITIS 


Itis usually Practolol(B blocker) induced peritonitis. Itisfbrinous 
peritonitis causing thickening of bowel and other contents of 
abdomen, It leads to intestinal obstruction and malnutrition 


@ BILIARY PERITONITIS 
Causes 


# Trauma. 

# Postoperative leak after surgery for gallbladder, CBD, 
duodenum, ERCP, pyloroplasty, post-gastrectomy duodenal 
stump leak/blow out, leak from choledochojejunal anas- 
tomosis. 


# Perforation of gallbladder or CBD. 
% Gangrenous cholecystitis and rupture. 
# Idiopathic. 

+ 


Leakage from accessory bile duct after surgery; leakage 
from displaced T tube or displaced percutaneous stent. 


Clinical Features 


# Features of peritonitis—abdominal distension, guarding 
and rigidity. 

# Jaundice: It may be due to CBD injury, liver biliary ductile 
injury, sectorial duct injury, eystic duct leak or by absorption 
of bile from free peritoneal cavity. 

# Toxicity 

# Features of shock. 


Investigations 


# X-ray abdomen, 
# Diagnostic peritoneal lavage. 


Treatment 


+ Laparotomy, wash, drainage. 

# Cause to be treated. US guided percutaneous drainage; ERCP 
stenting; duodenal stump exploration, wash and drainage or 
jejunal serosal patch over it; ligation of eystic or accessory duct; 
‘choledocho/hepaticojejunostomy, ete, depending on cause. 

# Ithas got high mortality 

# Itmay get localise and form abscess or may lead into biliary 
fistula 


™@ POSTOPERATIVE PERITONITIS 


 Itis the development of peritonitis in postoperative period, 
cither due to anastomotic leak, or biliary leak; and there is 
collection of pus in the peritoneal cavity including interloop 
areas. 

# Itis often difficult to differentiate it from postoperative 
urinary infection, respiratory infection like broncho- 
pneumonia, cardiac causes in old people, and infection in 


other areas like intravenous cannula site (thrombophlebitis). 
‘Symptoms may mask if patient is on steroid therapy 

¢ Inall abdominal surgeries p lly develops paralytic 
ileus which lasts for 3-5 days. Ifit persists or progresses one 
should suspect postoperative peritonitis. Other suspicious 
features ate—persisting toxaemia in spite of antibiotics, 
oliguria, pyrexia, altered liver functions, altered total WBC 
count (very high as well as very low and neutrophil count 
is more specific) and increasing leak from drain site either 
fecal/intestinal/biliary, increase in abdominal distension, 
pain and tendemess. Leak may be due to sepsis, hypoten- 
sion in pre/per and postoperative period, hypoxia, blood 
loss, ischaemia of bowel and friability of bowel wall, and 
specific causes like tuberculosis, malignancy or Crohn's 
disease. Often multiple areas of the bowel become necrotic 
which eventually causes leak. Leak from multiple sites is 
difficult to manage and has got poor prognosis, 


Management 


# Immediate US or CT abdomen to find out the abdominal 
cause, total count, assessment of urinary parameters like 
blood urea and serum creatinine, liver function tests 

# Immediate exploration is the only way to save the life of 
the patient. Proper exploration with wide exposure of the 
abdomen, is done to identify the cause for infection is done. 
Resuturing of the anastomotic site can be done but chances of 
releak are more likely. It can be done, if leak site is small and 
less friable. Otherwise either ileostomy or colostomy is the 
better choice, Often continuous tube irrigation and drainage 
is needed to clear the infective material. Laparostomy using 
zip technique is also beneficial. Multiple cavities with 
multiple abscesses are often found which should be drained 
and irrigated adequately with normal saline. Extensive bowel 
necrosis is the finding often observed which needs massive 
bowel resection that leads to short bowel syndrome which 
is difficult to manage on long-term basis. Higher antibiotics 
like piperacillin, meropenem are required. Ventilator support, 
total parenteral nutrition (TPN) haemodialysis support and 
critical care management is required. Postoperative perito- 
nitis has got high mortality and morbidity. 


lm OTHER FORMS OF PERITONITIS 

. Meconium peritonitis. 
Chronic bacterial peritonitis—tuberculous, 
Chronic nonbacterial petitonitis—granulomatous peritonitis 
due totale or starch (from surgical gloves}—starch peritonitis. 


4, Gonococcal peritonitis with perihepatitis—Curtis-Fite-Hugh 
syndrome. 
5. Familial periodic peritonitis (Familial mediterranean 


fever): A rate entity gets recurrent pain abdomen often after 
appendicectomy. It is familidal, common in Arabs, Ameri- 
cans and Jewish populations. It is common in children; 
common in females; associated with MEFV gene mutation, 
Specific gene produces a protein—pyrin from neutrophils 
in these patients. Peritoneum adjacent to spleen and gall- 


bladder are inflamed. But these two organs are normal. It 
is common in children and common in girls/females. Pain 
is usually in upper quadrant, left side. There is localised 
peritoneal inflammation. It is treated conservatively using 
colchicines. 

6. Parturition/abortion peritonitis: It occurs after delivery and 
abortion conducted without asepsis and instrumentation, 
incomplete instrumental abortion, uterine perforation with or 
without bowel injury. It causes pelvic peritonitis commonly, 
‘generalised peritonitis often. It is due to anaerobic bacteria, 
anaerobic streptococci, and gram-negative bacteria like 
Escherichia coli. It is often rapidly progressive causing 
septic shock, It needs emergency surgery. Complications 
are ARDS, intestinal obstruction, faecal fistula and intra- 
peritoneal abscess formation 


9.15: Perforation in the fundus of the uterus due to attempted 
abortion, It caused severe peritonitis. 


™ PELVIC ABSCESS 


# Itis the most common intraperitoneal abscess (50-60%). 
# Itis the collection of pus in rectovesical or rectouterine 
pouch (pouch of Douglas). 


# Sequelae of diffuse peritonitis, 
# Postoperative and other abdominal causes. 
Bacteria: Bacteroides fragilis, E. coli, anaerobic streptococci 


Note: 
Waltman-Walters syndrome: It is postcholecystectomy fluid callec- 
tion in subphrenic space causing compression over IVC. It mimics 
coronary thrombosis, 


The mother's heart is child's schoolroom.—Henry Ward Beecher. 


607 


wnauoyied 


SRB's Manual of Surgery 


Bladder ‘Abscess 


Rectum 


Fig. 9.16: Pelvic abscess. 


Clinical Features 


Diarrhoea, 
Mucus discharge per rectum. 

High temperature with chills and rigors 

Lower abdominal pain and distension. 

Frequency and burning micturition, 

PIR shows a soft, boggy, and tender swelling in the anterior 
wall of the rectum, 


Investigations 


# TC is raised. 

¢ UIS is diagnostic—shows pus in rectovesical or pouch of 
Douglas. 

# CT scan to find out the size and extent 


Fig. 9.17: CT pelvis showing pelvic abscess. 


Treatment 


# Afterstarting antibioties, under G/A, abscess is drained per 


reetally, through the boggy area, Catheter is passed to the 
bladder before draining the pus. 


# In females, posterior colpotomy is done to drain the pus. 
# Occasionally spontaneous rupture of the abscess into the 


rectum occurs leading to natural regression. 


When abscess is very lange, when it is progressing into 


the general peritoneal cavity or when in doubt, lapa- 
rotomy through lower abdomen incision is done to drain 
the pus and to correct the cause. Often in such cases, 
drainage tube can be placed through the abdomen under 
UIS guidance. 


# CT or US guided insertion of drainage tube into the abscess 


cavity per rectally or pet vaginally or percutaneous. 
% But most often laparotomy is not necessary. 


) so Intestine 
Pavestecies 


Rectum 


Drainage througt 
anterior wall of 
the rectum 


[Inmate patient) 


Usnary Uterine QO 
bladder cavly OOS hnestne 
Oe canscstoons 
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infemaie 
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Posterior dlpotomy 
a to dain pale absosss 


Figs 9.18 and B: In male, pelvicabscess is drained through an incision 
ver the anterior aspect of the rectum. In female, itis drained through 
posterior colpotomy. 


lm SUBPHRENIC SPACES AND 
SUBPHRENIC ABSCESS 
Surgical Anatomy (By Boyd) 


‘There are four intraperitoneal and three extraperitoneal spaces. 


1. Right anterior space 
2 Let anterior space 

3. Lef posterior space 

4 Right posterior space 
5. Right perinephrie space 
8. Lef porinophric space 
7. Bare area ofthe liver 


Fig. 9.19: Subphrenic spaces. 


Intraperitoneal Spaces 


Right anterior intraperitoneal space (Right subphrenic 
space): It is bounded by right lobe of the liver and diaphragm, 
posteriorly by anterior layer of coronary and right triangular 
ligament, and to the left by falciform ligament. 

Causes: Abscess here occurs due to cholecystitis, perforated 
duodenal ulcer, postoperative, appendicitis, duodenal cap 
blow out 

Right posterior intraperitoneal space (Right subhepatic 
space): (Rutherford Morison’s kidney pouch) is bounded in 
front by the liver and gallbladder, above by the liver, behind 
by the right kidney and diaphragm, below by the transverse 
colon and hepatic flexure, to the left by foramen of Winslow 
and duodenum, It is large and deepest space of all. ris the most 
common site of subphrenic abscess 


Causes: Appendicitis, cholecystitis, postoperative, perforated 
duodenal ulcer, intestinal obstruction. 
Left anterior intraperitoneal space (Left subphrenie space): 
It is bounded above by the diaphragm, behind by left lobe of 
liver and left triangular ligament, gastrohepatic ligament and 
anterior surface of the stomach, to the right is the falciform 
ligament 
Causes for abscess here are surgeries of the stomach, tail of the 
pancreas, spleen, colon (splenic flexure), diverticulitis. 
Left posterior intraperitoneal space: It is bounded by 
stomach, pancreas, greater omentum, liver, transverse colon 
(Lesser sac), 

Most common cause here is pseudocyst of pancreas, Rarely 
perforated gastric ulcer. 


Extraperitoneal Spaces 


Right extraperitoneal space is right perinephric space and 
left extraperitoneal space is left perinephrie space. 

Causes: Abscess here ate due to tuberculosis, trauma, haematoma, 
Midline extraperitoneal is bare area of the liver. Pus collects 
here commonly due to ruptured amoebic liver abscess and 
pyogenic abscess of the liver. 


Subphrenic: 
abscess 
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1. Appendicitis 

2. Perforated duodenal 
ulcer 

3. Cholecystitis 

4, Amoabic liver abscess 

5. Pancreatiis 

8. Splenectomy 

7. Postoperative 

~ Cholecystectomy 

~ Gastrectomy 

= Biliary surgery 

— Pancreatic surgeries 

~ Colonic surgeries 

~ Surgery for peritonitis, 
‘gangrene bowel 

— Pelvic surgery 


Gangrenous bowel 


Fig. 9.20: Common causes of subphrenic abscess both right and 
left. Subphrenic abscess is common on right side. 


Pathology of Subphrenic Abscess 


% During expiration, intra-abdominal pressure (especially in 
subphrenic area) is reduced and so this with capillary action 
‘and upward movement of the diaphragm make the peritoneal 
fluid to move upwards towards the diaphragm. This is the 
reason why there is higher incidence of subphrenic abscess 
and subphrenic abscess is the second mast common type of 
intra-abdominal abscess, first one being the pelvic abscess 

# Subphrenic abscess is more common on the right side than 
‘on left left anterior) because infective conditions are more 
‘common on the right side (like appendicitis/perforation/liver 
abscess/cholecystitis); and right paracolic gutter is wide and 
deep without any barrier (unlike left side paracolic gutter 
which is narrow and limited above by colophrenic ligament). 
Left posterior space is lesser sac in which infected fluid 
commonly collects following pancreatitis. Right subphrenic 
abscess causes elevation of the diaphragm. Pus collects in 
front or posterior aspect of the liver (right anterior or right 
posterior spaces) or often in both. Pus may be in a single 
cavity or may be multiloculated, Occasionally pus may get 
thickened to form a thick fibrous wall around leading into a 
chronic stage which causes generalised ill health. Pus gets 
well localised with a thick pyogenic membrane pushing 
pleura away and above and peritoneum away and below 
making subphrenic abscess essentially extraserasal, Because 
of the congestion/hyperaemia of the pleura and elevation of 
the diaphragm, there will be sympathetic pleural effusion on 
the side of the abscess. In severe acute subphrenic abscess, 
‘empyema thorax can also occur. 

# Ifinfective organism is gas forming one, abscess will contain 
pus with gas. So itis resonant above the liver dullness; dull 
above it due to collapsed lung/atelectasis; then again resonant 
‘on topmost due to normal lung (From below upwards—dull 
liver—resonant gas in abscess cavity—dull collapsed lung— 
resonant normal lung topmost). But itis rare presently. 


‘A superior man is modest in his speech, but exceeds in his actions. 
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¢ Postoperative surgeries—mainly of gastric/biliary/colonic 
and emergency surgeries (peritonitis) are becoming most 
common cause of the subphrenic abscess, 


Clinical Features 


Barnard’s aphorism (Harold Barnard) 

“Pus somewhere, pus nowhere else, pus under diaphragm”. 

History relevant of the specific causes; history of any previous 

surgery 

¢ Fever with chills and rigors. 

# Pain in right hypochondrium, epigastrium or lower thorax. 

# Tenderness in right hypochondrium. 

Sympathetic right sided pleural effusion due to congestion 
and hyperaemia of the diaphragm. 

# Collapse of the lung/basal atel right side may be 
evident. Tachypnoea and respiratory distress can be observed, 

# Pain in the right shoulder due to iritation of phrenic nerve. 

# Hiccough, tachycardia. 

4 Hoover's sign: Scoliosis towards same side in subphrenic 
abscess. 

# Wasting and anorexia is common. 

Occasionally tender mass in the right hypochondrium may 
be palpable. 

# Tenderness over Ith intercostal space may be evident in 
right subhepatic space abscess. 


Bacteria causing: 
@ E.coli 

# Klebsiella, 

# Streptococci 
Anaerobic organisms, 


Differential diagnosis 
@ Amoebic liver abscess 
 Pylephlebitis 
 Empyema 


+ Pulmonary collapse 


Investigations 

Plain X-ray chest and abdomen shows soft tissue shadow, 
pleural effusion, tenting of diaphragm, collapse of the lung, 
Fluoroscopy shows elevated right diaphragm with reduced 
right sided diaphragmatic movement. 


Fig. 9.21: CT scan of abdomen showing subphrenic abscess. 


# U/S abdomen confirms the diagnosis. 

# TC is high. There is raise in °C” reactive protein 

# CT scan is very useful to find out the extent and relation, 
CT shows ‘rind’ sharp outer margin; septations; size, shape, 
extent, diaphragmatic position, pleural changes, displaced 


bowel and other organs and communications 
% Gallium 67 or iridium 111 isotope imaging, 


Treatment 
% Antibiot 

losporins, 
® Percutaneous drainage: Initially ultrasound guided aspi- 
ful, Here, under ultrasound or CT guidance, a 
catheter is placed and pus is drained. Catheters used are 
pigtail catheter, 16 French trocar catheter or sump catheter. 


: Ampicillin, metronidazole, gentamicin, cepha- 


ration is use! 


90% of subphrenic abscess are drained percutaneous. 


Note: 
Aspiration alone is not done in subphrenic abscess. 


% Open drainage is indicated (Required in 10-20% of eases) in 


‘@ When symptoms persist 

When abscess increases in size 

When there is thick pus or multiloculated pus or multiple 
abscesses 

Failure of/contraindications for catheter drainage 

& Multiple abscesses 

4 Presence of foreign body/necrosis/haematoma/obstruction/ 
fistula 


» Under G/A through anterior or posterior subcostal 
incision, abscess is approached extrapetitoneally and 
extrapleurally (extraserosally), so as to prevent serosal 
contamination. Pyogenic membrane is opened, pus 
is collected for culture sensitivity. Pus is drained by 
breaking all loculi, Malecot’s catheter is placed in situ 

» Both anterior and posterior extraperitoneal approaches 
are used. Posterior approach allows dependent drainage; 
anterior approach (Clairmont approach for left side) is 
technically easier and allows proper ass 


> Transperitoneal approach is needed whenever definitive 
procedure has to be undertaken like managing the existing 
fistula, treating the cause, removal of foreign body, 
multiple abscesses, active intra-abdominal pathology, etc. 

# Antibiotics are continued. Malecot's catheter is removed once 
pus stops draining, usually after 14 days, which can also be 
confirmed by U/S abdomen or by X-ray with injection of dye. 


Catheters used for drainage are: 


& Malecot'scatheter/wide Foley's catheter when open drainage 
isdone 

+ Pigtail catheter 

© Catheter placement through trocar under guidance (16 
French trocar catheter) 

‘& Sump catheter (double lumen tube which allows irrigation 
as well as suction drainage) 

‘Note: Catheter isremaved when pus drainage fram the tube is <10 

‘ml/day,normal total count, improvement in symptoms, U/S shows 

clearance of abscess cavity. 


# Good nutritional supplement, respiratory physiotherapy are 
additional support required, 


Complications 
 Empyema, 

# Respiratory arrest. 
# Septicacmia 
Sinus formation. 
# Recurrens 
 Peritonits 


Extraserosal approach 


Fig. 9.22: Subphrenic abscess open drainage. Incision must be 
cextraserosal. Malecot's tube is placed in the abscess cavity. 


lm MESENTERIC CYSTS 
Causes 


Chylolymphatic 
Enterogenous. 

Cysts of urogenital remnant, 

Teratomatous dermoid cysts, 

Other causes: 

> Traumatic haematoma and cyst formation, 
» Tuberculous cold abscess of mesent 
» Hydatid eyst of mesentery. 


Chylolymphatic eysts are the most common one. 


¢ It arises from congenitally misplaced lymphatic system. It 
does not have efferent communication into lymphatic system, 

¢ Common in ileum, isa thin walled cyst with fat endothelium 
occasionally containing lymph or chyle, which is either 
milky or cream coloured 

# Itis solitary and commonly unilocular, with loop of the 
bowel in front 

¢ Ihas got independent blood supply, ie. not from the 
adjacent bowel loop. So enucleation can be done without 
resecting bowel 

© They are offen called as non-neoplastic mesothelial cysts 
as itis lined by mesothelium. It is common in small bowel 
mesentery (60%); but can occur in colonic mesentery (40%). 
It occasionally may contain chyle even though serous fluid 
is the common content. It is common in females. 

¢ Cyst is enucleated surgically (standard therapy), aspiration 
should not be done; in a lange cyst internal drainage of 
into the peritoneal cavity is advocated by few. Cyst wall 
should be sent for histology to rule out neoplastic condition, 


Enterogenous type arises as a diverticulum or duplication from 
the adjacent bowel 

Hence it is a thick walled cyst (contains all layers of the 
bowel) and receives its blood supply from the adjacent bowel 
(not independent). So resection of the adjacent bowel along 
with the cyst is essential. Enucleation is contraindicated. 


Chylolymphatic cyst Enterogenous cyst 


Fig. 9.23: Mesenteric cyst. 


Clinical Features 


# It presents as a painless abdominal swelling in umbilical 
region, smooth, fluctuant, not moving with respiration, 


Fig. 9.24: Mesenteric cyst. 


# Itis common in 2nd decade, often in childhood. 

# Itis freely mobile, mobile in the direction perpendicular to 
the line of mesentery. 

# There is a band of resonance in front of the cyst 

# Presentation as complications. 


Tillaux’s triad 


 Soft,smooth swelling in the umbilical region 
+ Freely mobile in a direction perpendicular to mesentery 
Zone of resonance all around 


Complications of mesenteric cysts 

Torsion of cyst can lead to volvulus of the adjacent bowel 

+ Rupture of the cyst 

¢ Haemorthage into the cyst 

+ Infection—patient presents with acute painful swelling in 
umbilical region 


Clothe yourselves with compassion, kindness, humility, meekness and patience. 
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Fig. 9.25: Mobility of mesenteric cyst. 


Investigations 


# U/S abdomen 
¢ Barium meal X-ray. 

Plain X-ray abdomen, 

# CT scan of the abdomen is diagnostic 


Differential Diagnosis 


# Hydronephrosis. 
4 Omental cysts 
¢ Tuberculosis 


Treatment 


¢ In chylolymphatic cyst—enucleation. 

# In enterogenous type, removal of the cyst with resection 
of adjacent bowel is done, because blood supply is from 
adjacent bowel. 


™@ MESENTERIC PANNICULITIS 


¢ Itis an inflammatory disease of mesentery with mesenteric 
fat necrosis, acute/chronic inflammation and fibrosis. 

¢ Enormous thickening of the mesentery near its root with 

le discrete nodules are typical. Venous and lymphatic 
obstruction of mesentery develops, causing bowel oedema, 
congestion and ischaemia, 

It commonly involves small bowel mesentery; but can 


involve colonic mesentery also. Spontaneous resolution is 
known to occur. 

¢ I is common in middle aged men. Recurrent abdominal 
pain, features of obstruction, distension of abdomen, tender 
resonant mass abdomen ate the features. 

¢ ESR and CRP is elevated, CT is useful with features like— 
pseudocapsule with well delineated fat margin; normal 
adipose tissue surrounding the mesenteric vessels—fat ring 
sign; no vascular deviation; intra-abdominal mass displacing 
bowel without infiltration. Laparoscopic biopsy of mesen- 
tery is conclusive. 

# Differential diagnoses are—peritoneal carcinomatosis, 
carcinoid tumour, mesenteric or retroperitoneal sarcoma, 
mesenteric tuberculosis and intestinal obstruction. 


# Treatment: Usually conservative using corticosteroids and 
immunosuppressive drugs. Laparotomy is done only when 
diagnosis is in doubt or intestinal obstruction is suspected. 


@ ACUTE MESENTERIC LYMPHADENITIS 


# tis nonspecific acute inflammation of the mesenteric lymph 
nodes (Nurse's syndrome) usually due to Yersinia enteroco- 
litica infection; often in 30% of cases respiratory infection 
will be present, Occasionally virus, parasite, fungal infec~ 
tions may also be the cause. Other regional lymph nodes 
(axilla, groin, neck) are also often involved and enlarged. 

# Mesenteric nodes in ileocaecal region are inflamed, enlarged 
often clinically palpable in right iliac fossa. Lymph nodes 
are red but not attached to mesenteric leaves or peritoneum, 
Appendix is normal 

# Itis self-limiting recurrent disease 

# Itis common in children and young females. 

# Pain in right iliac fossa, slight fever, vomiting, abdominal 
colicky, but normal bowel habits; tender nodes may be 
palpable in RIF. 

# Leucocytosis is common but regresses rapidly. US abdomen 
will be normal. 

# Condition often mimics acute appendicitis. 

* Treatment: Bed rest, re-assurance, analgesics, follow-up. 
Laparoscopy and appendicectomy is often needed to diag 
nose and to prevent missed appendicitis 


ll MESENTERIC MALIGNANCY 


# The most common mesenteric malignancy is secondaries. 
Gi adenocarcinoma is the most common site of origin, 
Carcinoid also can cause mesenteric metastasis. Mesentery 
is involved by either direct spread or through lymphatics 
oo transperitoneal route, Distortion, fixation, desmoplastic 
reaction with intestinal obstruction are the features. 


Mesenteric Desmoid Tumour 


# Itis the most common primary tumour of mesentery, 

# Itis common in familial adenomatous polyposis and Gard- 
net's syndrome. 

# FAP shows 75% intra-abdominal desmoid with 75% of 
them in mesentery. 

+ Mesenteric desmoid is aggressive tumour causing infiltration 
of adjacent structures. 

% Complications are—intestinal obstruction, bowel necrosis 
and perforation, hydronephrosis, aortic erosion and bleeding, 

# 10-year survival rate is 65%. But recurrence rate is also 
high—75%, 

# Investigations: CT abdomen, laparoscopy and biopsy, 
colonoscopy in case of FAP, to look for other features of 
Gardner's syndrome, 

# Treatment: Even though surgery is the treatment, in view of 

ce rate and inability to clear tumour surgically, 

is becoming popular many times. Drugs used 

‘are—sulindae; antiestrogen drugs, imatinib mesylate orally 

{inhibits tyrosine kinase receptor for PDGF and c-kit) 


Mesenteric Lymphoma 


It is also not uncommon as mesenteric fold contains plenty 
of lymph nodes. It is commonly NHL type. Other regional 


lymph nodes like of para-aortic, axillary, neck region may 
be enlarged. Liver and spine may be involved. CT abdomen, 
peripheral smear, laparoscopy and node biopsy, CT chest, bone 
marrow biopsy are investigations done, Treatment is usually 
chemotherapy. 


ll MESENTERIC TRAUMA 


Mesenteric injury is commonly seen in blunt abdominal 
trauma; traction injury or seatbelt injury causes mesenteric tear. 
Penetrating injury can also cause mesenteric injury. 


Presentations 

Features of haemoperitoneum—shock, pallor, abdominal 
distension and pain, guarding and rigidity. 

Types 


1. Transverse tear in mesentery causes not only more bleeding 
but also causes adjacent bowel ischaemia. So laparotomy 
and resection of bowel is needed. 

2. Longitudinal tear can be sutured using interrupted absorb- 
able sutures (vicryl) after haemostasis. 


Investigations 


Us abdomen; diagnostic peritoneal lavage. 
# CT abdomen. 


Horizontal 
mesenteric tear 


()s 


Longitudinal tear 
No bowel ischaemia 


@- 
& 


# Always evaluate for associated injuries —fractures, thoracic 
and head injuries. 


 Haematocrit, electrolyte estimation, blood grouping. 


Treatment 


Emergency laparotomy and resection of bowel or suturing of 
the mesentery. 


i PERITONEAL MALIGNANCY 


‘The most common peritoneal malignancy is secondaries. 
Primaries causing peritoneal secondaries are—GIT: stomach, 
colon, pancreas, small bowel, liver, lower oesophagus; Genitou- 
rrinary: ovarian tumour commonly; Extra-abdominal: Breast. 

Peritoneal carcinomatosis is diffuse metastatic deposits all 
over parietal and visceral peritoneum, 


Primary Peritoneal Malignancy 


‘The most common is malignant mesothelioma; sarcomas are 
rare type. 

Malignant mesothelioma: It is very aggressive primary type 
with survival rate of 6-12 months. Presentation is abdominal 
pain, ascites, weight loss, and cachexia, Omentum is involved 
with malignant nodules presenting like a nodular abdominal 
‘mass. Peritoneal cavity is studded with nodular deposits. Entire 
peritoneal cavity is involved often involving the organs like 


Normal mesentery with 


Resection and 
anastomosis is done 


@ 


Tear in the mesentery 
is sutured after haemostasis 


Fig. 9.26: Mesenteric tears due to trauma can be transverse or longitudinal; transverse tear needs bowel resection; 
longitudinal tear needs just suturing. 


am a great believer in luck and | find the harder | work, the more | have of it. 


winauoyied 


> We have excluded from our survey the Latorre et al. (1995) results pertaining to all other 
(high or low energy) modifications of the speed of massless particles. That is because the 
other examples invoked different QED theories possessing massless (i, = 0), massive and 
intrinsic mass scales that introduced complex correction terms (beyond the leading low 
energy terms surveyed above) which are mass-related or running mass-related, and they 
introduced no new speed modification effects (beyond the low energy electron-positron 
virtual pair contributions); or no genuine speed modification was possible (especially for the 
massless Quantum Chromodynamic sector involving pseudo-Goldstone particles). 


v 


There is ongoing (very noisy) controversy within the physics community over the effects of 
c’ > co on causality. As this topic is beyond the scope of this study, I will make three points 
in this regard: 1) There are no grounds for microcausality violations in accordance with 
Drummond and Hathrell (1980). 2) A new definition of causality is in order for FTL (faster- 
than-light) phenomena, 3) Investigators have found that time machines (a.k.a. closed 
timelike curves) do not affect Gauss’s theorem, and thus do not affect the derivation of global 
conservation laws from differential ones (Friedman et al., 1990). The standard conservation 
laws remain globally valid while retaining a natural quasi-local interpretation for spacetimes 
possessing time machines (for example, asymptotically flat wormhole spacetimes). Thome 
(1993) states that it may tum out that causality is violated at the macroscopic scale. Even if 
causality is obeyed macroscopically, then quantum gravity might offer finite probability 
amplitudes for microscopic spacetime histories possessing time machines. Li and Gott 
(1998) found a self-consistent vacuum for quantum fields in Misner space (a simple flat space 
with closed timelike curves), for which the renormalized stress-energy tensor is regular (in 
fact zero) everywhere. This implies that closed timelike curves could exist at least at the 
level of semi-classical quantum gravity theory. Therefore, FTL causality paradoxes are just a 
reflection of our ignorance or inadequate comprehension of the physics of chronology and 
causality. 


In this section we have shown how “vacuum engineering” can modify the speed of light, and how this 
can, in principle, lead to vm-Teleportation. The vacuum modification concepts summarized above lead 
us to a formal theory that implements the concept of vacuum engineering within a framework that 
parallels general relativity theory. This theory is called the Polarizable-Vacuum Representation of 
General Relativity. In the next section we will introduce and summarize this theory. 


2.2.1 The Polarizable-Vacuum Representation of General Relat 


The polarizable-vacuum representation of general relativity (a.k.a. PV-GR) treats the vacuum as a 
polarizable medium of variable refractive index (Puthoff, 1999a, 2002a, b; Puthoff et al., 2002) 
exemplifying the concept of the vacuum modification (or vacuum engineering) effects surveyed and 
discussed in the previous section. The PV-GR approach treats spacetime metric changes in terms of 
equivalent changes in the vacuum permittivity and permeability constants (€) and jig), essentially along 
the lines of the “7Hew” methodology (see Appendix B for a brief description of this) used in comparative 
studies of alternative metric theories of gravity (Lightman and Lee, 1973; Will, 1974, 1989, 1993; 
Haugan and Will, 1977). Such an approach, relying as it does on parameters familiar to engineers, can be 
considered a “metric engineering” approach. Maxwell's equations in curved space are treated in the 
isomorphism of a polarizable medium of variable refractive index in flat space (Volkov et al., 1971); the 
bending of a light ray near a massive body is modeled as due to an induced spatial variation in the 
refractive index of the vacuum near the body; the reduction in the velocity of light in a gravitational 
potential is represented by an effective increase in the refractive index of the vacuum, and so forth. This 
optical-engineering approach has been shown to be quite general (de Felice, 1971; Evans et al., 1996a, b). 
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liver or their surfaces. Its often difficult to differentiate it from 
peritoneal carcinomatosis. However, extra-abdominal spreads 
to lungs and bone is uncommon in malignant mesothelioma. 
CT abdomen, ascitic luid analysis are the diagnostic methods. 
(Chemotherapy, intraperitoneal hyperthermic perfusion of mito- 
mycin C, intraperitoneal chemotherapy of cis platin, surgical 
peritonectomy—are treatment options 


Pseudomyxoma Peritonei 


¢ Iisa rare malignant condition that develops due to ruptured 
malignant ovarian cyst or adenocarcinoma of appendix. 
Peritoncum is coated with mucus secreting tumour tenacious 
gel like mucus with cystic masses. It is common in old aged 
females. 

Vague abdominal pain with distension and dullness which 
is not shifting are typical findings. CT scan shows bowel 
displacement with fluid content in the peritoneal cavity. 

¢ Treatment: Iforigin is known then itis treated accordingly. 
In patients operated by appendicectomy, removal of all 
mucus gel with right hemicolectomy with omentectomy is 
done. If ovarian tumour is the cause then panhystrectomy 
with omentectomy is done. In cases with unknown cause, 
after laparotomy, panhystrectomy, right hemicolectomy, 
omentectomy are done. Intraperitoneal chemotherapeutic 
agents like 5 FU, mitomycin C, oxaliplatin; intraperitoneal 
instillation of mucolytic agents like dextran, urokinase after 
surgery is beneficial 

¢ It shows better prognosis compared to mesothelioma and 
carcinomatosis 


"Peritoneal carcinomatosis (carcinoma peritonel) 

(Entire peritoneal cavity i studded with carcinomatous 
Tedules=both pafefal and visceral peritoneum 

‘ Heeriorthagpic ascites Interloop bawel adhesions, hard 
sturkied nodules in the omentum are common intestinal 
Gistrueton can occu 

© Tay be pity pexitonel extator ats mesothelial] or 
Seca cin Gi ovary beast patton 

Ove teoisnnesarecren present 


It mimics peritoneal tuberculosis, acute pancreatitis, and 
multiple lymphomatous nodules, multiple peritoneal 
hydatids 

@ As malignant ascitic fluid contains high immunoglobulin, 
peritonitis is not comman, 

+ Instillation of radioactive gold and chemotherapy are the 

treatment 

Ithas got poor pragnosis 


e 


™@ OMENTAL CYST 


¢ Iarises from obstruction of omental lymphatics either 
congenital or acquired. 


# Itis unilocular or multilocular cyst lined by endothelium, 

# Itis common in children. 

# When it attains large it presents as mass in central or lower 
‘abdomen which is smooth well localised mobile often moves 
with respiration 

# It can cause torsion, rupture and infection. Extrinsic 

compression of bowel can occur. 

USICT shows cyst with internal septations. 

# Differential diagnoses are—mesenteric cyst, retroperitoneal 
cyst and desmoid tumour. 

# Treatment is laparotomy and cyst excision which can also 
be done laparoscopically. 


ll OMENTAL TORSION 


# Torsion of greater omentum is twist of omentum along 
its longitudinal axis; it usually occurs on right side of 
‘omentum, 

# Primary torsion is torsion occuring without any existing 
cause 

# Secondary torsion is occurring due to some cause like omen- 
tocele in a hernial sac or tumour or adhesion. 

# Torsion is more common in men (2:1) in Sth decade. 

# Sudden severe abdominal pain, mainly right sided often 
mimicking acute appendicitis, cholecystitis, ureteric stone 
or twisted ovarian cyst. 

# Often signs of peritonitis may be present 

# CT abdomen is diagnostic. Total count will be raised. 

# Treatment is laparotomy and omentectomy which can also 
be done laparoscopically 


ll OMENTAL TUMOUR 


% Metastatic omental deposits are common; usually from 
GIT cancers, 

# Primary neoplasm of omentum is rare, It may be soft tissue 
tumour arising from fat of omentum, 


Fig. 9.27: Omental secondaries, 


ela tt) Abdominal Tuberculosis 


In man the balance between immunity and susceptibility to tuberculosis is delicately adjusted: There is a small 


factor of safety. 


CHAPTER OUTLINE 


Abdominal Tuberculosis 


v= leocaecal Tuberculosis 
eal Tuberculosis 
Peritoneal Tuberculosis 


ll ABDOMINAL TUBERCULOSIS 


It is common in India and developing countries. 
It is the 6th most common type of extrapulmonary tubercu- 
losis. Its incidence is high in HIV infected patients, 


Types 
1, Antestinal 


Heocaecal region 
> Uleerative—60%, 
> Hyperplastic. 
> Ulcero-hyperplastic. 
Heal region, commonly: 
> Stricture type 
2. Peritoneal tuberculosis 
a, Acute 
b. Chronic. 
i, Ascitic type. 
ii, Encysted (loculated) type. 
iii, Plastic (fibrous/adhesive) type. 
iv. Purulent type. 
3. Tuberculosis of mesentery and its lymph nodes. 


—Milton Rosenau, 1927 


Tuberculous Mesenteric Lymphadenitis 
Ano-recto-sigmoidal Tuberculosis 
\ Tuberculosis of the Omentun 


4, Ano-recto-sigmoidal—present.as fistula, fissure, abscess, mass. 

5. Involvement of liver, spleen and other organs as a part of 
riiliary tuberculosis. 

6. Tuberculosis of the omentum. 

7. Rare types: Oesophageal (0.2% of abdominal tuberculosis)’ 
‘gastroduodenal (1% of abdominal tuberculosis) /retroperito- 
neal tuberculosis. Because of hydrochloric acid (acid media) 
gastric tuberculosis is rare. 


Note: 

+ Chronic peritoneal tuberculosis may be associated with pleural 
effusion and pericardial effusion 

+ Tuberculosis is not common in stomach, duodenum and 
jejunum. 

+ Diffuse tuberculous colitis is less commonly seen (4%), mimics 
Lleerative colitis in every respect even in colonoscopy. Patient 
recovers well with antituberculous drugs. 

+ Intestinal tuberculosis is called as Koenig's syndrome (1892), 


Modes of Spread of Abdominal Tuberculosis 


* By ingestion 
> Ingestion of food contaminated with tubercle bacilli 
causing primary intestinal tuberculosis. 


(Site spectrum Meocaecal and terminal lleum—most common site 


+ Luminal GI tuberculosis 75% 

+ Abdominal sold organ tuberculosis—tver, spleen, pancreas 

+ Peritoneal tuberculosis—adhesive (cocoon/doughy/rolled 
up omentum)/ascitic (wet) —loculated. It could be acute or 
chronic 

+ Abdominal lymph node tuberculosis—mesenteric/periportall 


para-aorticiretroperitoneal. It could be caseating/hyperplastic! 


calcified 


Jejunum and colon—less common 

‘Stomach, duodenum, oesophagus—rare 

Pathology: 

+ In malnourished poor resistance patients—ulcerative 
and or stricture types 

+ In well nourished with good resistance—hyperplastic 
and nodular types 


+ Combination types—ulcerostricture type; ulcero- 
hyperplastic type 


Phthisis ia an ulcer of the lung that consumes the whole body—Bernard de Gordan, 1495 
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Different clinical presentations of abdominal tuberculosis 


Clinical presentation may be: Types: 

+ Acute + Uleerative—diarthoea and malabsorption 

+ Acute an chronic + Stricture—subacute or acute intestinal obstruction 

+ Chronic + Hyperplastio—mass abdomen (RIF) and obstruction 

Constitutional symptoms: + Ascites—generalised distension of abdomen 

+ Low-grade fever, malaise, night sweats, anaemia, + ‘Peritoneal—abdominal cocoon; vague abdominal pain, 
weight loss parietal peritoneal thickening as doughy abdomen; mass 


+ Observed in 30% of patients 
‘Abdominal tuberculosis is 6th most common form of 
tuberculosis 

Itmay be associated with HIV/lymphoma/carcinoma 


abdomen 
‘Mesenteric—tabes mesenterica, obstruction, mass 
‘Associated tuberculosis of other organs is seen in 30% of cases 


Atypical presentations. 


+ Lower Gl blead, fistula-in-ano, PID like pain, gastric + 
disease symptoms, dysphagia, Gl fistulae, perforation 


Tuberculosis of liver: : 
+ Miliary type 2 
+ Granuloma/tuberculoma : 
+ Like liver abscess/intra-hepatie calcification 

* Obstructive jaundice = 
+ PUOjaltered LET 5 


Tuberculosis of pancreas: 


Like or part of miliary tuberculosis 
‘Common in immunocompromised 

Usually presents as acute or chronic pancreatitis 
Pancreatic mass or abscess may develop 

Can mimic malignancy 


Tuberculosis of spleen: 


Disseminated or miliary form 
Can present as PUO with hepatosplenomegaly 
Can occur as multiple abscess 


> Ingestion of sputum containing tuberculous bacteria 
from primary pulmonary focus causing secondary 
intestinal tuberculosis. 
# Haematogenous spread from tuberculosis of lungs. 
# From neck lymph nodes (tuberculous cervical lymphad- 
enitis—S-10%) through lymphatics. 
# From fallopian tubes by retrograde spread to involve peri- 
toneum (10%). 


@ ILEOCAECAL TUBERCULOSIS 


Most common site of abdominal tuberculosis due to pres 


of Peyer's patches; and stasis of luminal contents favoured by 
ileocaecal valve. 


Figs 10.1A and B: lleocaecal tuberculosis. (A) Note the multiple 
transverse undermined ulcers. (B) Note the ileocaecal tuberculosis 
with stricture. 


‘Causative organism 
Mycobacterium tuberculosis 
® Acid fast 20%H,S0, 
@ Alcohol fast 
4 Gram neutral 


Histology 


‘& Epithelioid cells diagnostic 
 Langhan's giant cells 

'® Features of granuloma 

@ Caseating necrosis 


© Inés presently due to Mycobacterium tuberculosis, earlier 
used to be due to Mycobacterium bovis. Mode of infection 
may be direct or blood spread, usually from lungs. 

¢ Atypical mycobacteria can spread directly. 

# Mycobacterium avium spreads through lymphatics, 


Types 


 Uleerative—most common 60%. Circumferential trans 
verse often multiple ‘girdle’ ulcers—with skip lesions. It 
is common in old, malnourished people. Long-standing 
ulcers cause fibrosis and later stricture formation. 
Stricture (Napkin ring stricture) is common in ileal 
part. Often related intestinal nodes are also involved 
with caseation, abscess (cold) formation. Bowel adhesions 
are common. Patient mainly presents with diarrhoea, blood 
in stool, loss of appetite and reduced weight. 


lieocaecal angle 
(Obtuse) 


Fig. 10.2: Obtuse ileocaecal angle—ileocaecal tuberculosis. 


¢ Hyperplastic: Fibroblast reaction in submucosa and 
subserosa causing thickening of bowel wall and lymph 
node enlargement, leading to nodular mass (tumour-like) 


Differences between ulcerative and hyperpla: 


Ulcerative type (60%) 
‘Secondary to pulmonary tuberculosis 
Virulent organism 

Poor body resistance, old people 


‘Multiple transverse ulcers commonly in the ileum, 
ofien in the caecum 


6. Clinically presents with diarrhoea, bleeding PIR, loss 
of appetite and reduced weight 


6. Complications: Stricture, intestinal obstruction 
7. Chest X-ray shows primary lesion 
8. Barium study shows ileal strictures with hypermotility 


kena 


formation. It is 10% common, less virulent, with adequate 
host resistance, seen in young well nourished individuals. 
It is common in caecal part. It causes extensive chronic 
inflammation, fibrosis, bowel adhesions, nodal enlarge 
ment, often presents with mass in the right iliac fossa. 
Caseation necrosis is not common, When present as a mass, 
it can cause subacute intestinal obstruction. It is commonly 
primary intestinal tuberculosis. There is no primary focus 
in the lungs. 

# Ulcerohyperplastic—30%, 


Clinical Features 


% Abdominal pain is the most common symptom (90%). It 
is dull in mesenteric type; colicky in intestinal type. 

% Common in 25-50 years age group. Equal in both sexes. 

# Anaemia, loss of weight and appetite (80%). 

# Diarrhoea—10-20%, 

# Fever—S0-70%, 

# Mass in right iliac fossa, (35%) which is hard, nodular, 
nonmobile, nontender with impaired resonance, which 
may mimic carcinoma caecum. Subacute obstruction can 

# Meocaecal tuberculosis can be associated with adeno- 
carcinoma of caecum, or large bowel lymphoma or HIV. 

# Often ileocaecal TB can cause intestinal obstruction 
(20%). 


Meocaecal region is common site due to: 
Stasis 
Abundant Peyer's patches—organisms get rapped in Peyer's 
patches 
‘® Bacteria contact time with mucosa is more 
Malls in Peyer's patches phagocytose bacilli and transfer 
tohostcells 
‘@ Liquid content in the region 
Increased rate of fluid and electrolyte absorption 
Minimal digestive activity 


e 
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ocaecal tuberculosis 


types of 
Hyperplastic type (10%) 

Primary GIT tuberculosis, could be due to bovine bacilli 
Less virulent organism 

Goad body resistance, young individual 

Chronic granulomatous lesion in the ileocaecal region 


Presents as a mass in rightiliac fossa 


Complication: Subacute intestinal obstruction 
No primary lesion in chest X-ray 
Barium study—pulled-up caecum, obtuse ileocaecal angle 


Whilst meagre Pthisis gives a silent bow, her strokes are sure, but her advances slow. No loud alarms, nor fierce 


assaults are shown. She starves the fortess first, then takes the town. 


—Samuel Garth 
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Fig. 10.3: lleocaecal and mesenteric tuberculosis. 


Differential diagnosis 
Carcinoma caecum, 
‘Ameboma 
Appendicular mass 
Ectopic kidney 
Retroperitoneal tumour 
Lymph node mass 
Psoas abscess 
Crohn's disease 


eeeeecee 


Fig. 10.4: leocaecal tuberculosis or tuberculous mesenteric Iym- 
pphadenitis can present as mass in the right iliac fossa which is usually 
nontender, nonmobile, hard/firm resonant/impaired resonant. 


Investigations 

# Chest X-ray to find out primary focus. 

 Mantoux test, ELISA (90%), SAFA (soluble antigen fluo- 
rescent antibody 80%), serum IgG. 

# ESR is raised. 

# U/S abdomen to see ascites, caccal thickening, nodal status 
and other organs 


# Plain 


ray abdomen, if presentation is of intestinal obstruc- 
tion, It often shows calcification. It shows calcified lesion 
; in the lymph node: in the liver (calcified 
granuloma). Perforation when it occurs (rare) shows gas 
under diaphragm. 


in the bowel 


Barium study X-ray Enteroclysis followed by barium enemaar 

barium meal follow through X-ray) (efficacy—75%) 

+ Pulled up caecum, conical caecum, pulled down hepatic 
flexure 

'® Obtuseileocaecal angle 

'® Hurrying of barium due to rapid flow and lack of barium in 
inflamed segment (Steiln sign) 

‘& Narrow ileum with thickened ileocaecal valve Fleischnersign) 
(inverted umbrella sign) 

Calcifications 

+ Incompetent ileocaecal valve, ileocaecal spasm 

Ulcers and strictures in the terminal ileum and caecum — 
Napkin lesions 

+ Eafliastsigns are— increased transit time; hypersegmentation 
(chicken intestine);flocculation of barium 

‘& Other signs are—persistent narrow stream (string sign); 
multiple strictures with enormous dilatation of proximal 
ileum (megaileur);straightening of leocaecal junction with 
‘goose neck’ deformity 


Figs 10.58 and B: Pulled-up caecum, obtuse ileacaecal angle— 
ileacaecal tuberculosis in barium study X-ray. 


% Colonoscopy is of value to rule out carcinoma. It is easiest 


and most direct method in establishing the diagnosis, Colon- 
‘scopy shows mucosal nodules or ulcers; caecal and ileal 
strictures; deformed ileocaecal valve; mucosal oedema and 
pseudopolyps and occasionally diffuse colitis. Biopsy can 
be taken to confirm the diagnosis. Tissue culture or tissue 
PCR can be done. 


# Capsule endoscopy is also useful to see small intestinal 


(tuberculous) pathology in difficult cases. 


# FNAC of palpable mass, 
% Laparoscopy is very useful method of investigation 


‘Transabdominal peritoneoscopy is visualisation of the 
peritoneal cavity using endoscope through a small incision in 
the abdomen, It aids in visualisation, to collect ascitic fluid 
for analysis and to take biopsy. Biopsy can be taken from 
‘omentum, peritoneum, nodes and suspected areas. Ascitic 
fluid can be collected for analysis, 


“| 
re | 
Fig. 10.6: Laparoscopic view of abdominal tuberculosis showing 
peritoneal nodules and thickening, ascitic fluid, bowel surface 
tubercles. Fluid for analysis, peritoneal, omental biopsy can be taken. 


# Abdominal CT scan is better and more reliable. 

# PCR assay of endoscopically biopsied tissue or of ascitic 
fluid. DNA—PCR can detect 1-2 organism or 8 fg of myco- 
bacterial DNA. Positive PCR signifies infection but need 
not be active disease. 

© Stool culture for AFB—not useful, Presence of tuberculous 
bacteia in stool does not signify disease. 

¢ Blind percutaneous needle peritoneal biopsy using Cope 3/ 
Abraham s needle is also practiced. 

¢ Ascitic tap fluid analysis. 

¢ Anticord factor antibody to differentiate it from Crohn’s 
disease. 

¢ Biochemical assay—proteins, ADA (Adenosine deaminase 
activity) and interleukins. ADA is specific and sensitive 
marker with 95-98% sensitivity and specificity. Its value 
more than 33 [U/litre in ascitic fluid and more than 42 1U, 
litre in serum is significant. Gamma interleukin is two times 
more expensive than ADA. 


Note: 

Serum ADA > 54 U/l, asctic ADA > 33 U/l ascit 

> 0.986. 

 Bactee MGIT broth culture: It is Mycobacterium growth 
indicator tube culture system containing Middlebrook Broth 
with silicon base; fluorescent technology is used. 


fluid: serum ADA 


(Methodused AFB/ml Time Sensitivity Specificity 
{to isolate specimen taken for 

tuberculous reporting 

bacteria 

Ziehi-Neslsen 5,000: 1-2hours 75% 85% 
stain micros- 10,000/ml 

copy 

Lowenstein 100/ml 4-8 weeks 80% 20% 
Jonson solid 

media culture 

Bactec MGIT 10iml  2-6weeks 94% 22% 
broth culture 

COBASTag- Lessthan 2448 97% 20% 
manPCR _10/mi hours 


‘Ascitic fluid in abdominal tuberculosis 


4 Exudate with protein level > 2.5 g/dl 

@ Serum-ascitic fluid albumin gradient is <1.1 

& Lymphocyte predominant cells with count as high as 4000/ 
mm? >250/cumm 

& AFBin ascitic fluid is seen only < 3% cases 

4 ADA (Adenosine deaminase activity) in ascitic fluid (95% 
specificity and 98% sensitivity) 

+ Specific gravity >1.016 

@ Glucose < 30mg 

Decreased pH 

4 LDH more than 90 units/litre 


Ultrasound features observed in abdominal tuberculosis, 


‘& Thickened bowel wall, mesentery, omentum, peritoneum 
Loculated ascites with fine septae 
Interloop ascites with alternate echogenic 
areas—Club-sandwich appearance 

Bowel loop radiates fram its mesenteric root—stellate sign 


e 


and echofree 


e 


Mesenteric thickness more than 15 mm 
Hepatosplenomegaly 

Lymph nodal enlargement matted 

Pulled up caecum presenting with a mass in subhepatic 
region and also sonologically visible—“pseudakidney sign” 
4 Concentric uniform mural thickening 


eeees 


(CT scan in abdominal tuberculosis 
‘ Itis very useful and reliable investigation 
 Itisdone with oral contrast—CT enteroclysis 
® Findings are: 
— Thickened bowel wal thickened peritoneum 
— Ileocaecal valve thickening 
~ Enlarged/necrosed/matted mesenteric nodes often with 
cold abscess 
— Adhesions 
— Mesenteric thickening and nodules 
— Nodules in the peritoneum/solid organs like liver 
~ Adhesionsin the bowel/stricture/dilatations of the bowel/ 
features of obstruction 
— Loculated ascites 
& CT guided FNAC/biopsy/aspiration of fluid can be done 


‘Complications of abdominal tuberculosis 
% Obstruction—20% 
& Malabsorption, blind loop syndrome 
‘& Dissemination of tuberculosis to other areas of abdomen as 
‘well as extra-abdominal sites 
& Faecal fistula 
® Cold abscess formation 
4 Haemorthage, perforation (rare) 


Note: 
Perforation is rare in GIT tuberculosis but ean occur. 


Aman carries success or his failure with him; it does not depend on outside conditions. 
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Treatment 
Drugs 


# INH; rifampicin; pyrazinamide; ethambutol—first line 
drugs. In drug resistance cases second line drugs are 
needed. WHO recommends 6-9 months course. Commonly 
patient presents with complications and late presentations 
are also common in many. So, mote often treatment for 
one year may be required in these patients. Recurrent 
abdominal tuberculosis has got high mortality and difficult 
toma 


Figs 10.7A and B: CT scan of abdomen showing features of 
abdominal tuberculosis. 


# As they are malnourished supportive therapy in the form of 


TPN, blood transfusion in preoperative as well as postop- 
erative period is required. Often steroid is used to prevent 
adhesions along with antituberculous drugs. 


Surgery 


Indications for surgery 
© Intestinal obstruction. 


# Severe haemorrhage. 

# Acute abdominal presentation like perforation, 

# Intra-abdominal abscess formation or fistula formation. 

# Uncertain diagnosis. 

Surgeries are: 

# Limited ileocaecal resection (with 5 em margin) is the 
surgical therapy of choice for ileocaecal tuberculosis, This, 
may be done in initial period depending on the obstructive 
and other presentations. Often during therapeutic period, 
healing with fibrosis causes stricture and obstruction in 3-6 
weeks after drug therapy. Patient during this time needs 
limited ileocaecal resection. 

# Insingle ileal stricture—stricturoplasty may be done. But if 
bowel wall is oedematous and friable then resection would 
be the ideal choice 

# In multiple strictures resection o 
is done (ideal). Multiple strictures with long segment gaps 
between each can be treated by multiple stricturoplasty. But 
Viability ofthe sutured area should be ensured, Resection is, 
better option for stricture within 10 em of ileocaccal valve. 

# In perforation of ileal bowel, resection and anastomosis is 
done. Biopsy from perforation site and closure c: 
in early perforations but chances of leak and 
formation is high (due to closure of perforation over a 
diseased bowel) and so resection is better option. In severely 
contaminated peritoneum, resection and exteriorisation is 
done, Bowel continuity is maintained after proper antituber- 
culous chemotherapy and proper nutritional improvement. 

% During therapy, if patient develops ileocaecal obstruction, 
ileotransverse colon anastomosis (bypass) can be done. 
But this is not a good procedure as it causes blind loop 
and tuberculous focus is retained. Now this bypass is used 
only in patient presenting with acute intestinal obstruction 
with poor general condition and in high-risk group patients, 
as al 
hemicolectomy is net 


sum and anastomosis 


in be done 
seal fistula 


patients at a lat 

# Adhesive obstruction may be released through laparoscopic 
adhesiolysis. Itis often technically difficult to release dense 
adhesions even by open method, 

% Drainage of intra-abdominal abscess, perianal abscess 
and treatment for tuberculous fistula-in-ano is done when 


necessary. 


Line of resection 


Neocaecat TB | 


# Itis usually stricture type, 
# Itmay be multiple, 

# Itpresents usually with intestinal obstruction, 

# Bowel adhesion, localisation, fibrosis, secondary infections 


are quiet common. 
Perforation (5%) though rare culminates in peritonitis. 
Plain X-ray shows multiple air fluid levels. 

‘Treatment is resection and anastomosis and to continue 
anti-TB drugs. 

Often stricturoplasty is beneficial 


Figs 10.88 and ¢ Fig. 10.10: Barium enema X-ray showing stricture in ileocaecal 
Figs 10.8A to C: leocaecal limited resection with § cm bowel mar- region due to ileocaecal tuberculosis 
gin is the treatment of choice for ileocaecal tuberculosis. 


m ILEAL TUBERCULOSIS ™@ PERITONEAL TUBERCULOSIS 


Peritoneal tuberculosis 
Post-primary 
Becoming more common 
Activation of long-standing latent focus 
Blood spread 
Can develop from diseased mesenteric lymph node, intestine 
or fallopian tubes 


eeeee 


Pathology in Peritoneal Tuberculo: 


% Enormous thickening of the parietal peritoneum with 
multiple tiny yellowish tubercles. 

Hyperlastc \ y # Dense adhesions in peritoneum and omentum with content 
inside as small bowel looking like abdominal cocoon. It 
‘may precipitate intestinal obstruction, 

+ Multiple dense adhesions between bowel loops and between 
bowel and peritoneum and omentum, 


Incompetent leocaecal valve 


Fig. 10.9: lleacaecal tuberculosis with rolled up omentum, Note the 
sites and tubercles in ileocaecal valve, which will be incompetent 
due to fibrosis. % Thickening of bowel wall with adhesions. 


Great things are done by a series of small things brought together. 


inazaqny jeuwopqy 
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Types 
1. Acute Type—Mimics Acute Abdomen 


Exploratory laparotomy reveals straw-coloured fluid with 
tubercles in the peritoneum, greater omentum and bowel wall. 
Itis an on-table diagnosis. Fluid is evacuated and collected for 
AFB study and culture. Omental biopsy is taken, Abdomen is, 
closed (without a drain) with tension sutures to prevent burst 
abdomen. ATD is started. 


‘Acute peritoneal tuberculosis 


+ Rare 

& On-table diagnosis 

‘® Features of peritonitis 

® Due to perforation or rupture of mesenteric tuberculous 
lymph nodes 


2. Chronic Tuberculous Peritonitis 


# Present as abdominal pain, 
appetite, abdominal mass, doughy abdomen (10%). 

¢ Peritoneum is thickened with multiple tubercles. Omentum 
is thick, fibrosed, rolled up. 

¢ Infection is usually from mesenteric lymph nodes, ileocaccal 
tuberculosis, from fallopian tubes rarely blood born (from 
lungs) 

¢ Laparoscopy is very useful in this type to diagnose. 


-ver, ascites, loss of weight and 


Figs 10.11 and 8 


Fig. 10.116 
Figs 10.114 to C: On-table findings in intestinal tuberculosis, of 
extensive involvement with multiple tiny tubercles, thickening, 
adhesions and involvement of mesenteric lymph nodes. 


Ascitie form 

% Ascitie form shows enormous distension of abdomen with 
dilated veins. 

# It presents with congenital hydrocele in male with patent 
processus vaginalis, umbilical hernia, rolled up omentum, 
shifting dullness, fluid thrill, and mass abdomen. 

% Ascitic tap reveals straw coloured fluid from which AFB can 
be isolated. Fluid is pale yellow, clear, rich in lymphocytes, 
with high specific gravity. 

# Chest X-ray, Mantoux test are other required investigations, 

# ATDs for one year is required. Repeat tapping may be 
required initially as part of the treatment. 


Note: 

Ascites may be free or loculated; clear or complex; debris or septae; 

‘sliced bread’ appearance. 

Eneysted (Loculated) ascites 

# Ascites gets loculated because of the fibrinous deposition. 

% Duliness, which is not shifting, is the typical feature. 

% They may present as intra-abdominal mass, which may 
mimic ovarian cyst, retroperitoneal cyst or mesenteric cyst 

# Treatment is U/S guided aspiration along with ATD's 


mea! 
Fig. 10.12: Abdominal distension with ascites due to abdominal 
tuberculosis. 


Figs 10.13A and B: US picture showing ascites, Straw coloured 
ascitic fluid tapping done under US guidance. 


a 


Figs 10.15A and B: Laparoscopic picture of loculated ascites due 
to abdominal tuberculosis. Fluid is getting aspirated using a needle 
under laparoscopic vision, 


Plastic type 

# Here there are wide spread adhesions between the coils of 
the intestine (ileum commonly), abdominal wall, omentum, 
with distension of the small bowel, leading to blind loop, 
ileus, intestinal obstruction (subacute, acute), thickened 
parietal peritoneum 

They get recurrent colicky abdominal pain, diarrhoea, 
wasting, and loss of weight, mass abdomen, and doughy 
abdomen. 

© Differential diagnosis: Peritoneal carcinomatosis. Open! 
laparoscopic peritoneal biopsy is very useful tool to diag- 

¢ They respond well for drug treatment, Surgery is indicated 
if obstruction occurs, Fig. 10.168 


Example isn't the best way to teach, it's the only way. 
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‘As recently elaborated by Puthoff (1999a, 2002a, b; Puthoff et al., 2002) the PV-GR approach, which 
was first introduced by Wilson (1921) and then developed by Dicke (1957, 1961), can be carried out in a 
self-consistent way so as to reproduce to appropriate order both the equations of general relativity and the 
match to the standard astrophysics weak-field experimental (PPN parameters and other) tests of those 
equations while posing testable modifications for strong-field conditions. It is in application that the PV- 
GR approach demonstrates its intuitive appeal and provides additional insight into what is meant by a 
curved spacetime metric. 

Specifically, the PV-GR approach treats such measures as the speed of light, the length of rulers 
(atomic bond lengths), the frequency of clocks, particle masses, and so forth, in terms of a variable 
vacuum dielectric constant K in which the vacuum permittivity ep transforms as € > Keo and the vacuum 
permeability transforms as [lo > Kilo (see also, Rucker, 1977). In a planetary or solar gravitational 
potential K = exp(2GM/rey’) > 1 (M is a local mass distribution, r is the radial distance from the center of 
M) while K = | in “empty” or free asymptotic space (Puthoff, 1999a, 2002a, b; Puthoff et al., 2002). In 
the former case, the speed of light is reduced, light emitted from an atom is redshifted as compared with a 
remote static atom (where K = 1), clocks run slower, objects/rulers shrink, etc. See Table 1 


‘Table 1. Metric Effects in the PV-GR Model When > 1 (Compared With 
Reference Frames at Asymptotic Infinity Where K = 1; adapted from Puthoff et al., 2002) 


Variable Determining Equation K>l 
(Subscript 0 is asymptotic value | (ypical mass distribution, M) 
where K=1) 
modified speed of light c’(K) C= cK speed of light < cy 
Modified mass m(K) m= mK? effective mass increases 
modified frequency eK) @ = WK"? redshift toward lower frequencies 
modified time interval A(X) At= AtgK'? clocks run slower 
modified energy E(K) E= ‘Ege lower energy states 
Modified length L(K) L= LK" objects/rulers shrink 
dielectric-vacuum F(K) « VK attractive gravitational force 
“gravitational” forces F(K) 


When & = 1 we have the condition that c” = ¢» (vacuum refraction index = 1), because the vacuum is 
free (or un-modified, and pa: = 0) in this case. When K > 1, as occurs in a region of space possessing a 
gravitational potential, then we have the condition that c” < cy (vacuum refraction index > 1), because the 
modified vacuum has a higher energy density in the presence of the local mass distribution that generates 
the local gravitational field. This fact allows us to make a direct correspondence between the speed of 
light modification physics discussion in Section 2.2 and the underlying basis for the physics of the PV- 
GR model. Under certain conditions the spacetime metric can in principle be modified to reduce the 
value of K to below unity, thus allowing for faster-than-light (FTL) motion to be physically realized. In 
this case, the local speed of light (as measured by remote static observers) is increased, light emitted from 
an atom is blueshified as compared with a remote static atom, objects/rulers expand, clocks run faster, ete. 
See Table 2. We therefore have the condition that c’ > cy (vacuum refraction index < 1) because the 
modified vacuum has a lower energy density. In fact, Puthoff (1999a, 2002a) has analyzed certain special 
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Figs 10.168 and c 


Figs 10.16A to C: Laparoscopy showing plastic type of abdominal 
tuberculosis and multiple tubercles over parietal and visceral surface 
cof the peritoneum, 


Purulent form 

# Itis invariably due to tuberculous salpingitis, presenting 
as a mass in the lower abdomen containing pus, omentum, 
fallopian tubes, small and large bowel. 

Cold abscess gets adherent to the abdominal wall, umbilicus 
and may form an umbilical fistula, 

¢ Patient commonly has got genitourinary tuberculosis 


r : 


Fig. 10.178 


Fig. 10.178, 


Figs 10.17A and B: Laparoscopy showing adhesions between bowel 
‘and abdominal wall due to tuberculosis. 


 UIS, discharge study, X-ray abdomen and other investiga- 
tions are useful. 

% Treatment: ATD’s are started exploration of umbilicus, 
exploration of fistula and bowel by pass is done. 

Prognosis is poor in this type. 


‘Ascitic form Loculated form 


Insidious onset Loculated abdominal 
Fatigue, weight loss, fever, swelling 

anorexia Ascites which is not shifting 
‘Abdominal pain usually Diagnosis US guided 
‘absent aspiration 

‘Abdominal distension ‘Antituberculous drugs 
Usually without pedal 

oedema 

Rolled up omentum is 

‘common association as. 

mass 

Fibrous form Purulent form 
Widespread adhesion of Due to tuberculous sal- 
bowel loops pingitis 

‘Adhesions, matting and Presenting as lower abdo- 
dilatation minal mass 

‘Act as blind loop— Umbilical fistula, abdominal 
malabsorption wall abscess can occur 
‘Abdominal pain, loss of _—_Cold abscess adherent to 
weight, doughy abdomen abdominal wall 

‘due to thickened parietal 

peritoneum, diatrhoea, often 

mass abdomen—are usual 

features 


lm TUBERCULOUS MESENTERIC 
LYMPHADENITIS 


Infection is usually through the Peyer's patches of the intes- 
tine (ie, through oral cavity). Usually several lymph nodes 
are involved often causing massive lymph node enlarge- 
‘ment, Commonly right-sided lymph nodes are involved, but 
left sided nodes can also get involved. 

 Iepresents with general symptoms (fever, malaise, weight loss). 


# Itmay present with features of acute appendicitis. 625 

# Oten coils of intestine get adherent to the caseated mesen- 
teric Lymph nodes leading to intestinal obstruction. 

# Most often caseating material may collect between the 
layers of the mesentery, forming a cold abscess, mimicking 
a mesenteric cyst (Pseudomesenteric cyst). 

# Massive enlargement of mesenteric Iymph nodes due to 
tuberculosis is called as tabes mesenterica. 

# Mesenteric tuberculous adenitis is more common in chil- 
dren, Present with anaemia, fever, loss of appetite and 
reduced weight, failure to thrive, palpable mass in right iliac 
fossa which is firm and nodular. 


Line of mesentery 


“Tuberculous mesenteric lymphadenitis 


inszaqny jeulwopqy 


siso| 


A Figs 10.198 and @: Note the location of mesenteric tuberculous 
5 Iymphadeniti inthe sgt ac fossa, Sut can occur anyuere in 

i « the ine of mesentery. On-tablecaseating tuberculosis mphadenitis 
‘ a is also shown, 


Presentations of mesenteric tuberculous lymphadenitis, 


- Mesenteric tuberculous adenitis—acute/chronic in right iliac 
Figs 10.18A to C: Mesenteric tuberculous lymphadenitis on table fossa—mass 
findings. 4 Pseudomesenteric cyst 


4% Cold abscess wit 
4 Tabes mesenterica 


he mesen 
¢ Pain in umbilical region and right iliac fossa, mass in right z Het] 


iliac fossa, which is matted, nonmobile. 


The same beam of light can illuminate two objects and produce two different effects. 
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Differential Diagnosis 


# Carcinoma caecum, 
© Lymphoma. 
¢ Retroperitoneal tumour. 
# Nonspecific lymphadenitis. 
(Acute nonspecific mesenteric lymphadenitis is called as 
nurses’ syndrome), 


Investigations 


X-ray abdomen shows calcification, 

# U/S may confirm the diagnosis, 

# Mantoux test may be positive. 

¢ Diagnostic laparoscopy—is very useful in TB lympha- 
denitis. Mesenteric cold abscess can be drained safely 
through laparoscopy. 
Treatment: ATD's; Laparoscopy and proceed. Prognosis, 

is good. 


lm ANO-RECTO-SIGMOIDAL TUBERCULOSIS 


¢ Itmimies carcinoma rectum, 

# Itpresents as tenesmus, diarthoea, and discharge from the 
fistula and occasionally as mass per abdomen. Rectal tuber- 
culosis occurs usually within 10 em of anal verge. 

# Fistulas are painful and characteristically not indurated. 
‘Tuberculous fistulas are commonly multiple. 

# Tuberculous anal ulcers when occur are shallow, bluish, 
with undermined edges. 

¢ Sigmoidoscopy, L/S, discharge study, fistulectomy and 
biopsy confirms the diagnosis 

¢ Treatment is ATD's, fistulectomy, often sigmoid resection. 


™ TUBERCULOSIS OF THE OMENTUM 


¢ Iusually occurs as a part of the other types of abdominal 
tuberculosis, 
* Rolled up omentum with thickening is characteri 
# Often cold abscess can develop per se in the omentum. 
# IFit is so it can be dealt with laparoscopy safely under the 
cover of ATDs. 
Inall abdominal tuberculosis, drug treatment is for one year 
In adrenal tuberculosis and severe adhesions steroids may be 
beneficial 


+ Millar tuberculosis 

+ Tuberculous meningitis 

+ Adrenal tuberculosis 

+ Tuberculous pericarltis 

+ Pleural and endobronchial tuberculosis 

+ In abdominal tuberculosis to prevent adhesions 

Tuberculosis of the mediastinal lymph nodes (Rapidly 
progressive) 

+ Genitourinary tuberculosis 

+ Ocular tuberculosis 


Remember 


AEB staining of fixed tissue in abdominal tuberculosis is 
possible only in 5% cases. Ziehl-Neelsen staining is done. 
(Carbol fuchsin—steam heat for 7 minutes—water wash- 
decoloraisation with 20% H,SO,—95% ethanol wash— 
counterstain with Loeffer’s methylene blue/1% picric 
acidi0.2% malachite green, Tuberculous bacilli are bright 
ted rods seen under oil immersion lens) 

Culture takes 8 weeks to get the result. 35% of abdominal 
tuberculosis shows positive in culture. Lowenstein Jenson 
‘media is used. Guinea pig inoculation is also useful method, 
WHO now recommends antituberculous drugs for 6 months. 
Uncomplicated cases—4 drugs for 2 months and 2 drugs for 
4 months. Complicated cases—4 drugs for 2 months and 
2 drugs for 7 months. But many patients need one year treat- 
ment. Because of complications and difficulty in managing 
recurrent cases of abdominal tuberculosis one year therapy 
is commonly used in developing countries. 

First line drugs are—isoniazid—$ mg/kg; rifampicin—10 
mg/kg; ethambutol—15 mg/kg; pyrazinamide—25 mg/kg. 
Second line drugs are—amikacin; kanamycin; PAS 
(Paraamino sulphuric acid); ciprofloxacin; ofloxacin; 
clarithromycin; azithromycin; rifabutin 

Follow-up and prognosis is monitored by—regular weight 
ccheck to see for gain; improvement in appetite; reduction 
‘of abdominal pain and distension; absence of fever; normal 
‘bowel habits; normal haemoglobin; ESR becoming normal; 
‘and US abdomen shows improvement in sonological features. 
Patients who are not responding in 6 weeks should be reas 
sessed again for—drug resistance; associated other diseases 
like malignancy (carcinomas or lymphoma), Crohn's 
disease, eosinophilic enteritis 

During therapy patient who is responding for drug therapy 
can also go for intestinal obstruction due to fibrosis during 
healing stage. It needs surgical intervention. 

Repeated surgery in abdominal tuberculosis is difficult and 
dangerous as chances of developing faecal fistula, further 
adhesions are more likely 


Liver 


The liver...that great maroon snail... No wave of emotion sweeps it. Neither music nor mathematics gives it 


pause in its appointed tasks. 


CHAPTER OUTLINE 


Surgical Anatomy of Liver 

s Liver Function Tests 

® Alpha-Fetoprotein 

w Liver Biopsy 

w= Liver Injury 

w Infections of Liver 
‘Amoebic Liver Abscess 
Pyogenic Liver Abscess 
Portal Pyaemia 
Hydatid Cyst of Liver 
Actinomycosis of Liver 

 LiverTumours 
Benign Tumours of the Liver 
Primary Malignant Tumours of the Liver 
Hepatocellular Carcinoma 
Secondaries in the Liver 


ll SURGICAL ANATOMY OF LIVER 


Liver has four lobes—right lobe, left lobe, quadrate lobe and 
caudate lobe. 

Supporting structures are right triangular ligament, left 
triangular ligament and faleiform ligament. 


Blood Supply 


Itis a unique organ with dual blood supply, Hepatic blood flow 
is around 1500 ml/minute of which portal vein contributes 80% 
and hepatic artery 20%, 

Hepatic artery commonly originates from coeliac axis. There 
are many variations of hepatic artery, both in its origin and its 
pathway and is considered surgically important. Hepatic artery 


—Richard Selzer, 1976 


vm Liver Cysts 
Congenital Liver Cysts 
Neoplastic Liver Cysts 
‘Traumatic Liver Cyst 

\ Portal Hypertension 

Oesophageal Varices 

Portal Hypertensive Gastropathy 

Ascites 

= Ascites in Portal Hypertension 

™ Budd-Chiari’s Syndrome 

Hepatic Failure 

v= Hepatic Encephalopathy 

= Hepatorenal Syndrome 

= Hepatic Resection 

Portal Biliopathy 


ligation is one of the surgical palliation for advanced hepato- 
ellular carcinoma and secondaries in liver as tumour tissue is 
supplied exclusively by hepatic artery but normal tissue is also 
supplied by portal vein, 

Superior mesenteric vein and splenic vein join dorsal to the 
neck of pancreas to form portal vein. 

Hepatic artery, portal vein and bile duct are located in the 
free edge of the lesser omentum until it enters the liver. 

Venous drainage is usually through the three major hepatic 
veins, right, left, and middle which drain into the IVC, Often 
inferior hepatic vein may be present. 

The liver parenchyma is entirely covered by a thin capsule 
called *Glissons capsule and by visceral peritoneum in all but 
the posterior surface of liver termed “bare area’, 


I prefer to learn and to teach anatomy, not from books but from dissections; not from the positions of philosophers 


but from the fabric of nature. 


‘William Harvey 
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2. Serum albumin, globulin and A : G ratio; serum albumin 
is the indicator of chronic liver disease. 

3. Prothrombin time: Normal value is 12-16 seconds, Ditfer- 
ence between control and test more than 4 seconds or test 
being more than 1 times the control is significant. When it 

r isaltered itis corrected by injecting vitamin K, 10 mg IM for 
5 days orby fresh frozen plasma (FFP)—For cell synthesis, 
4, Alkaline phosphatase—Secretary function 
5. Aspartate amino transaminase 5-40 [U/litre (AST, 
SGOT)—signifies inflammation. 
6, Alanine transaminase 5-40 IU/litre (ALT, 
specific 
7. Snucleotidase 
8. Gamma glutamyl transpeptidase (GGT) 10-48 IU/L. 
9. Immunological tests: Antimitochondrial or antinuclear 
Segmental lobos antibodies. 
[Right Lobe T Lobe] vie 10. AFP. 
van soa 11. Specific tests: (a) For haemochromatosis: Serum iron, total 
iron binding capacity, serum ferritin, (b) Wilson’s disease: 
Scrum copper, urinary copper, serum ceruloplasmin, 
12, Fluorodeoxyglucose-positron emission tomography (FDG: 
PET): Itis to find out the uptake of labelled glucose which 
Fatofon varies in different diseases of liver, ie. benign, malignant 
ligament and inflammatory. 
13. Technetium-99m labelled radioisotope sean shows the 
uptake and excretion of bile. 
A sulphur colloid liver scan shows specifically Kupffer cell 
Segmental Anatomy of ter leer oper 
Livers divided into functional right and left lobes by line passing _ lesions. 
fiom te left of the gallbladder fossa tothe le of VC—Caniliey 15. Urine for bile salts (Hay's rest), for bile pigments 
line creating Couniand’s segments, There are eight segments: (Foucher’s test) and for urobilinogen (Ehrlich aldehyde 
‘Segments I, I, Ill, and IV are of left lobe. test) 
Segments V, VI, VI, VIL are of right lobe, 
Segment I is the caudate lobe of the liver and has inde. {/HePatocyte function) |AS7, ALT, 


‘Synthetic function and _PT-INR, factor V, VII, albumin, 


SGPT), 


Figs 11.1 and B: Anatomical location of liver and its labes. 


Fig. 11.2: Segmental anatomy of the liver. 4 


pendent supply of portal and hepatic veins. This hepatic vein 


directly joins IVC. ‘metabolism bilirubin 
Right lobe is having right hepatic artery, right branch of —Billary canalicular function ALP, 8! nucleotide, gamma 

portal vein, and right hepatic duct glutamyl transferase, bilirubin 
Left lobe is having left hepatic artery, left portal vein, left = 

branch of bile duct. Le Other investigations for liver 


Functional unit is called as hepatic lobule and it contains U/S abdomen 
central hepatic vein and portal triad (hepatic arteriole, portal ® Angiography 


venule, bile ductule). OEE 
& PIC 
Functions of the liver @ ERCP 
Z z & MRI 
‘& Removal of gut endotoxins and foreign antigens—liver acts és 
oer pie Laparoscopy and laparoscopic U/S. 
Drug and hormone metabolism Sesh 
Formation of bilirubin and its metabolism, 
+ Formation of urea from protein catabolism ll ALPHA-FETOPROTEIN (AFP) 
Glucose metabolism glycolysis and gluconeogenesis # Itis.a normal component of plesma protein of the human 
® Clotting factors synthesis foetus secreted by embryonal hepatocytes which disappears 
+ pH balance and correction of lactic acidosis 2.3 weeks after birth. 
Maintaining body temperature # Normal value is up to 10.ng/ml of plasma, 
eesiciaae EE ae # Itis an important tumour marker for HCC and more often 
HCC with cirrhosis (between 100-1000 ng/ml), 
lM LIVER FUNCTION TESTS (LFT) # Italso increases in hepatoblastoma, testicular tumours and 
1. Serum bilirubin which includes both direct and indirect. Varian tumours. 


‘Test is known as van den Bergh's test. # Iisa prognostic indicator. 


# Italso increases slightly in benign conditions of the liver 
(only upto 100 ng/ml if at al). 

# It increases significantly in non-seminomatous testicular 
tumours and ovarian tumours (yolk sac tumour), 

¢ AFPisa usefil marker to suspect, relapse or resi 


al tumour. 


@ LIVER BIOPSY 


Prerequisites: 

¢ Prothrombin time should be normal before doing liver 
biopsy, otherwise severe bleeding can occur. 

Normal value of prothrombin time is 12-16 seconds (It is 
compared to control and difference should be less than 4 
sec between test and control). It is corrected by giving in 
vit K 10 mg IM, for 5 days. After that if repeat PT is still 
high then fresh frozen plasma (FFP) is required to correct it, 


Indications 


1, Cirrhosis, 
disease. 
2, Hepatoma, secondaries in liver. 


chronic hepatitis, haemochromatosis, Wilson’s 


Complications 


# Hacmorthage. 
¢ Bile leak and biliary peritonitis 
¢ Infection 


Contraindications 


Hydatid disease, where it will precipitate anaphylaxis, 
 Haemangioma, bleeding disorders. 
# Ascites 


Procedure 


Needle used here is either Fim-Silvermann needle or Menghini 
needle (better option). 

Needle is usually punctured through right midaxillary line 
in 9th intercostal space or under U/S guidance into any place 
as required. 

Presently, guided liver biopsy is commonly recommended and 
popula, ic, U/S guided, CT scan guided, laparoscopy guided, 


a.Stilete b. Bilanged needle 


a.Needle b. Locking pin ¢. Stlette 


Figs 11.3A and B: Liver biopsy needles. A. Vim-Silvermann, 
B. Menghini 


@ LIVER INJURY 
Causes 


It can be due to blunt injury, stab, gun shot injury 


Types 

Itcan be contusion, laceration, avulsion, extension into thorax 
and biliary tree may be associated with other organ injuries 
(spleen, kidney, duodenum, bowel, IVC) and with fracture ribs 


Liver injury ean be: 

# Penetrating: It often requires surgical intervention. After 
laparotomy with rooftop incision, laceration is assessed, 
clots and blood in the peritoneal cavity is removed. Using 
Pringle manoeuvre bleeding is temporarily controlled. Often 
suprahepatic IVC and infrahepatic IVC control may be 
required. Liver wound is sutured using specialized needle 
with vieryl using co-opting sutures. Gelfoam or Surgicel 
is placed over it, Other injuries like of diaphragm, biliary 
system, bowel should be looked for. Adequate amount of 
blood, FFP should be kept for transfusions. Postoperative 
assessment of BT, CT, PT, platelet count, observation for 
sepsis is needed. Ideal antibiotic coverage using 3rd genera- 
tion cephalosporins or higher are needed, 

% Blunt trauma: It is assessed by CT scan. It is usually 
treated conservatively. Indications for surgical intervention 
are—progressive deterioration and bleeding, grade 5 liver 
injury on CT scan, associated bowel injury. Commonly used 
procedure after laparotomy is keeping packs between liver 
and diaphragm which is removed in 48-72 hours. Occasion- 
ally venovenous bypass, hepatic resection may be required. 


Clinical Features 


# Features of shock due to severe torrential bleeding (pallor, 
hypotension, tachycardia, sweating). 

# Distension of abdomen with dull flank, guarding, tenderness 
and rigidity. 

# Oliguria 

+ Tachypnoea, respiratory distress and often cyanosis. 

# Rupture of right lobe is more common than left lobe leading 
to haemoperitoneum. 

% Occasionally can cause localized haematoma which may 
form an abscess. 

4 Bile leak from the injured site can lead to biliary peritonitis. 


Investigations 


# Chest X-ray to look for rib fractures. 
# U/S abdomen, CT scan of chest and abdomen (C'Tis ideal) 
# Diagnostic peritoneal lavage. 

# Hb%, PCV, blood grouping and crossmatching. Adequate 
amount of blood (5-10-15 bottles of blood) must be kept 
ready for transfusion, i.e. requires massive transfusion. 

% Arterial blood gas analysis. 


Regeneration of liver after resection is complete in 4-6 months. 80% of liver can be resected without compromising 


its function. 
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CT grading of liver injury 


Grade and type injury 


|-Haematoma  Subcapsular haematoma less than 10% 
—Laveration surface area. 
‘Capsular laceration less than 1 om in 
depth. 
l—Haematoma  Subcapsular haematoma 10-60%; intra 
=Laceration parenchymal less than 10 om diameter. 
‘Capsular laceration 1-3 cm in depth; 
less than 10 om length 
Ill—Haematoma Subcapsular haematoma more than 
—Laceration 50%; intraparenchymal more than 10 cm 
diameter—expanding. 
Capsular laceration 3 cm in depth, 
IV—Laceration Parenchymal disruption 25-75% hepatic. 
lobe; 1-3 Couiinaud segments. 
V—Laceration Parenchymal disruption more than 75% 
Vascular _or more than 3 Couinaud segments. 
‘Major hepatic veins or retrohepatic 
venacaval injuries. 
Vi-Vascular Hepatic avulsion 


# Coagulation profile. 

* Thromboelastography is dynamic form of assessing the 
coagulation status on table. 

¢ Arteriography to visualise the bleeding branch/vessel in the 
liver and embolisation can be tried. 


Treatment 

General measures 

1. IV fluids, blood transfusion (massive), FFP. 

2, Have both central venous access, and peripheral venous 
access. 

3. Bladder catheterisation has to be done to measure the urine 
output 


Initial conservative nonoperative management 

¢ Itis done in—nonprogressive liver injuries in patients who 
are haemodynamically stable, low grade (I-III) liver injury, 
need of less than 2 units of transfusion, without peritoneal 
signs, normal mental status. 

# However CT abdomen (absence of extravasation of contrast 
during arterial phase can be treated nonoperatively) and 
repeat CT or regular ultrasound follow up is a must. 

# Replacement of lost blood; prevention of sepsis; regular 
‘monitoring by haematocrit, liver function tests, prothrombin 
time are needed. 

# Angiographic embolisation increases the success rate of 
nonoperative therapy. 

¢ Intensive care unit (ICU) management for 2-5 days; repeat 
CT scan after 5 days; bed rest to be continued; patient can 
have normal activity only after 3 months. 

When at any time patient’s condition worsens, he should be 
taken up for laparotomy. 

Specific treatment 

Push (direct compression); plug (plugging the deep 
track injuries using silicone tube or SB tube); Pringle's 
manoeuvre: pack (liver wound is directly packed with mop), 


# Laparotomy is done through a large bucket handle abdo- 
minal incision or thoracoabdominal incision, and extent of 
liver injury and also other associated injuries are looked for, 

# Small liver tear is sutured with viery! or PDS mattress 
sutures with placing of gel foam to control bleeding, 

# To control bleeding on table, from hepatic artery and 
portal vein, both are temporarily occluded using fingers, 
compressing at foramen of Winslow-Pringle manoeuvre. 
Often bull-dog clamp ot vascular clamps can be used. 


Parallel mattress sutures 
on either side Co-opting sutures 
perpendicular 

Ig laceration 


Liver iniury 
4: Co-opting sutures are placed perpendicular to already 
placed parallel mattress sutures. 


Fig. 


Diaphragm — 


Mop placed 
above the lives 
tear under 

diaphragm 


Liver injury 


Haemoperitoneum- 
Fig. 11.5: By placing 3-5 mops between injured liver and diaphragm 
tamponade can be achieved to control bleeding from the liver. 
After 48-72 hours electively abdomen is re-explored for further 
intervention. By then commonly bleeding will be controlled and 
further management becomes easier. Sepsis should be taken care of 
by higher generation antibiotics. 


# In deep severe injuries, following methods are used: 
> Hepatic artery ligation, not usual. 

Segmental resection. 

Hemihepatectomy, not commonly used. 

Packing the liver temporarily with mops and closing 

the abdomen. 

# Ligation of bleeding vessel individually on the cut surface 
is needed and is called as tractotomy. Biliary ductules are 
also ligated. As vessels are supported by fibrous adventitia 
ligation suture holds well on these vessels even though liver 
parenchyma is soft and friable. 

# Liver can be wrapped with absorbable mesh (mesh hepator- 
rhaphy) to achieve haemostasis. 


# Cholecystectomy and placement of “T" tube in CBD. 
# Inassociated IVC injuries it is very difficult to manage (has 
high mortality). A veno-venous bypass between femoral 
vein and SVC is done and then repair of IVC is carried out. 
# ICT placement to thorax and repair of diaphragmatic injury. 
Management of other organ injuries accordingly. 
# Kous Netzoff aluminium needle is used to suture liver tear. 
# Postoperatively patient requires ventilator support, blood 
transfusion, electrolyte management, antibiotics like third 
generation cephalosporins, ceftazidime, cefoperazone. 
# FEP, cryoprecipitate are also required 
a of liver trauma 1 
'& Control ofhaemorthege—packing:tactotomy;mesh hepatorhaphy: 
debridement of devitalized tissue, segmentectomy, vein repair with 
vveno—venous bypass: transfusions, 
‘& Management of metabolic dsturbances—prevention of acidosis, 
DIC FFP; platelets. 
‘& Monitoring—repeat US; repeat CT; urine output LFT; prothrombin 
time; platelet count;haematocrit. 
‘& Prevention of sepsis—proper debridement: iigaion ofliver wound 
with warm normal saine;antibioties, 
‘Identification and management of complications of iver injury 


Porta hepatic injury 

¢ Itis life threatening even though rare. Penetrating trauma 
commonly cause this injury. 

¢ Iris commonly associated with organ injuries. Isolated porta 
injury is rare. Itis difficult to manage with mortality 50-80%, 

# Portal vein is sutured after veno venous bypass 

# Common bile duct injury involving less than half the cireum- 
ference can be sutured over a T tube. Injury more than 50%, 
or transection needs choledochojejunostomy 


I Complications and sequelae of liver injury. ] 

 Shockand haemorrhage 

+ Liverabscess or septicaemia—7% 

+ Bile leak biliary peritonitis, biliary fistulas—10% 

+ Disseminated intravascular coagulation 

Hepatic artery aneurysm, arteriovenous and arteriobiliary 
fistulas—haemobilia 


Life Cycle of Entamoeba Histolytica 


Mature cyst in faeces > contami 


Intrahepatic haematoma 
Intraabdominal abscess—subphrenic, pelvic 

Complications of massive blood transfusion, 

Electrolyte imbalance 

Respiratory complications 

Liver failure 

Late sequelae ofliver trauma is CBD stricture causing obstruc~ 
tive jaundice. it can be managed by endoscopic stenting or 
by open Roux-en-Y hepaticojejunostomy 

Mortality is 10%; morbidity is 30%, Associated injuries 
increase the mortality from isolated liver injury of 3% to 20%, 
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@ INFECTIONS OF LIVER 
AMOEBIC LIVER ABSCESS 


# Itis common in India and other tropical countries and it is 
caused by a parasite entamocba histolyt 

# Itis more common in alcoholics and cirrhotic patients. 

# Itis the commonest extraintestinal presentation of amoe- 
biasis. It is often called as tropical abscess 

# Infection commonly occurs from the caecum after an attack 
‘of amoebic typhlitis (inflammation of the caecum) through 
the superior mesenteric vein and portal vein. Infection from 
sigmoid (rectosigmoid) colon spreads through the infe~ 
rior mesenteric vein and portal vein to liver. Right lobe is 
commonly involved over posterosuperior surface (because 
ofstreamline effect and larger size of the right lobe). Tropho- 
zoites destroy the hepatocytes by releasing histiolysin, a 
cytolytic agent. It causes amoebic hepatitis with multiple 
microabscesses formation. It leads into liquefaction necrosis, 
thrombosis of blood vessels, release and, breaking of red cells. 
It causes formation of “Anchovy sauce’ pus which is choco- 
late brown coloured and odourless (Anchovy sauce is sauce 
prepared from a type of fish). Pus may be green coloured 
iff mixed with bile. Secondary infection is common (30%) 

# Inwestern countries pyogenic abscess is much more common, 
Amoebic abscess is much more common than pyogenic 
abscess in endemic areas like Indian sub-continent, and Africa, 

% Amoebic abscess is usually sterile unless infected. Tropho- 
zoites are found in the wall of the abscess not in the content, 


te food water — ingestion of eyst + pass through stomach undamaged — in alkaline medium, 
cyst wall lysis occurs by trypsin — excystation — release of quadrinuy 


eate amoebae—metacyst trophozoites formed —+ Habitat 


in crypts of caecum commonly, often in sigmoid colon as to form trophozoites. 
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Intestinal amoebiasis (10%) "Trophozoites may pass in 


faeces without encystation 
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Cannot 


[Chronic] [Amoeboria] [Liver abscess 


reactive amoebiasis, 


(10%) infect 


Amoebic liver abscess may be present as bulge in the right lower intercostal spaces and may exhibit pitting 


edema. 
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Note: 

+ 10% of amoebic infection causes intestinal amoebiasis 
commonly in caecum; 10% intestinal amoebiasis leads into 
amoebic liver abscess. 

+ Malnutrition, patients on steroid therapy, immunosuppression, 
cirthosis and alcoholism increases the infection rate and also 
rate of amoebic liver abscess. 

+ Amoebic liver abscess is not common in females especially in 
menstruating age group. 

+ Anchovy sauce pus is odourless unless infected secondarily 

+ Sizes the independent important risk factor for rupture. 


Pathology 


¢ Initially from infected rectosigmoid or ileocaecal region, 
amoebic trophozoites reach the liver through portal veins 
causing amoebic hepatitis, may be in the form of micro- 
abscesses all over the liver. This might resolve on its own 
or with antiamoebic drugs, but often leads to a localized 
amoebic liver abscess. 


Fig, 11.6: Commonest location of amoebic liver abscess—right 
posterosuperior part of the liver. 


‘Amosbic abscess: 


Spleen 


Portal vein -} 


Flaskshaped -} 
amoebic ulcer Flaskshaped 


‘amoebic ulcer 


Caecum 


SSigmoid colon 


Fig. 11.7: Spread of trophozoites occurs from ileocaecal region and 
sigmoid through mesenteric vessels. 


# In 70% of cases it is single large abscess, in 30% it is 
‘multiple, may involve both lobes. Problems and difficulties 
in treating, in addition to poor prognosis are more common 
in multiple abscesses. 

# Amoebic liver abscess is more common in right posterior- 
superior region (80%) because of streamline effect, i. the 
portal vein is in direct continuation with the right branch. It 
‘can be multiloculated also. 

% Pus is chocolate coloured, classically called as anchovy 
sauce, contains dead liver cells, RBCs, necrotic material, 
Pus may be green due to bile admixture. 

Often secondary infection by £. coli, staph, strepto 
may occur (30%) and so may present with features of 
pyogenic liver abscess. Because of perihepatitis, liver is 
fixed to diaphragm or abdominal wall, hyperaemia in the 
diaphragm causes sympathetic pleural effusion on right 
side. 

Commonly amoebic abscess presents as an acute entity, but 
it can also be present as chronic type where itis covered by 
capsule, that remains dormant for a long period. 

# Sometimes it can get calcified also. 


Fig. 11.8: Anchovy sauce pus seen in amoebic liver abscess. 


Course and Sequelae of Amoebic 
Liver Abscess 


# Itcan rupture into lungs leading to expectoration of choc- 
olate-coloured sputum resulting in natural regression of 
abscess—commonest site of rupture. 

¢ Itcan rupture into the peritoneum causing peritonitis which 
requires emergency laparotomy. 

¢ It can rupture into pleural cavity leading to empyema. 

# Rupture into bronchus can cause bronchopleural fistula 
leading into coughing out of Anchovy sauce pus. 

© Rupture into bare-area of liver causing retroperitoneal 
abscess. 

Rupture into the intestines, or tothe skin (Amoebiasis cutis) 

® Most dangerous complication is rupture into pericardial 
cavity (cardiac tamponade) which has very high mortality 
(30%) requiring emergency thoracotomy and pericardial 
decompression. 

% Septicaemia and liver failure can occur in a patient with 
amoebic liver abscess with cirrhosis. 


Fig. 11.9: Complications of amoebic liver abscess. 


Clinical Features 


¢ I is common in males (20:1), may be after an attack of 
amoebic dysentery or many months after the attack or 
history of dysentery may not be there at all 

¢ They present with fever, loss of weight, chills and rigors, 

non-productive cough, shoulder pain. 

Pain in the right hypochondrium—90%, 

Sofi, tender, smooth, liver with increased liver span—T 

# Intercostal tenderness is elicited which is a useful clinical 
sign. 

¢ Right sided pleural effusion may be evident 

# Mild jaundice is not uncommon especially in cirrhoties 
and multiple abscesses which may signily poor prog- 
nosis —20%, 

# Tenderness, rigidity and skin oedema in right hypochon- 
drium may be present in acute cases. 

¢ In chronic amoebic liver abscess, smooth, firm/hard, 
nontender liver may be palpable. 


oe 


Amoebic liver abscess may be 


# Acute—present with high fever, chills, rigors, tender, soft 
palpable liver, with intercostal tendemess. 

© Chronic—present with firm/hard, smooth, nontender 
palpable liver without acute features. 

Features may be oft 

# Systemic—present with fever, chills and rigors, loss of 
appetite, reduced weight, and jaundice. 

4 Abdominal—present with pain and tenderness, localised 
guarding and rigidity, mass in right upper abdomen (tender, 
soft liver), ascites, splenomegaly, abdominal wall oedema 

¢ Thoracic—present with dry cough, chest pain in right lower 
part, right shoulder pain, pleural effusion, and intercostal 
tenderness. 

¢ Features of complications —rupture/infection/septicaemia/ 
liver failure 


Differential diagnosis 
Foracute type 
% Acute cholecystitis 
® Acute presentation of hepatocellular carcinama (HCC) due 
‘to haemorthage or necrosis 
® Subphrenic abscess 
‘® Pyogenicliver abscess 
Chronic amoebic liver abscess mimics hepatoma in every 


respect 


Investigations 


# Total count may be increased, 

Liver function tests may show altered bilirubin and albumin 
level 

% Prothrombin time may be widened and if itis so Inj. vit K 
10 mg IM for 5 days should be given. Even with this if PT. 
remains widened then fresh frozen plasma (FFP) is needed 

fy the PT 

# Serum alkaline phosphatase, SGPT, SGOT levels are altered, 

U/S abdomen shows altered echogenicity (anechogenic, 

hypoechogenic), size, location, number of abscess, nature 

of the liver—90% sensitivity. 

# Chest X-ray findings: 


‘& Raised fixed diaphragm (tenting) 
® Pleural effusion 
+ Soft tissue shadow 


# Indirect haemagglutination test (95% positive rate), ELISA 
and gel diffusion precipitative test are reliable serological 
tests. Serological tests are reliable in non-endemic areas 
than endemic areas. Counter immunoelectrophoresis is more 
useful in active disease, 

# CT scan-contrast study. CT scan shows raised diaphragm; 
abscess cavity (low density area)—its size, location, number; 
presence of effusion; changes in the lung—95% sensitivity 

# Sigmoidoscopy/colonoscopy are used to identify the active 
ulcers. Scrapings of the ulcer show trophozoites. 


Fig. 11.10: US picture of amoebic liver abscess. US guided 
aspiration is very useful 


PIVKA II: Protein induced in the absence of vitamin K or antagonists-ll. 
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black hole metrics and found K <1 from the model. We will return to this theme later. In what follows 
we briefly review and summarize the key points and equations from the development of the PV-GR 
model, and we refer the reader to Puthoff (1999a, 2002a, b) for more extensive discussion and 
derivation 


Table 2. Metric Effects in the PV-GR Model When K <1 (Compared With 
Reference Frames at Asymptotic Infinity Where K = 1; adapted from Puthoff et al., 2002) 


Variable Determining Equation K<1 
(subscript 0 is asymptotic (typical mass distribution, M) 
value where K = 1) 
modified speed of light c’(K) c= 0/K speed of light > cy 
modified mass m(K) m= mK?” effective mass decreases 
modified frequency @K) @= Ok"? blueshift toward higher frequencies 
modified time interval AK) At=AtoK'* clocks run faster 
modified energy E(K) E=EyK"? higher energy states 
modified length L(K) L= 1K"? objects/rulers expand 
dielectric-vacuum F(K) VK repulsive gravitational force 
“gravitational” forces F(K) 


We begin by recalling that in flat space electrodynamics, the electric flux vector D in a linear, 
homogeneous medium can be written 


D=cE 
=6,E+P (2.26), 
=6E+a,E 


where € is the permittivity of the medium, the polarization P corresponds to the induced dipole moment 
per unit volume in the medium whose polarizability per unit volume is oly, and E is the electric field, The 
identical form of the last two terms naturally leads to the interpretation of ey as the polarizability per unit 
volume of the vacuum. The quantum picture of the vacuum, where it has been shown that the vacuum 
acts as a polarizable medium by virtue of induced dipole moments resulting from the excitation of virtual 
electron-positron particle pairs (Heitler, 1954), completely justifies the interpretation that the vacuum is a 
medium, Note that there are other virtual particle pairs in the vacuum that also contribute to this picture; 
however, it is the electron-positron pairs that dominate the others, as shown in Section 2.2. The basic 
postulate of the PV-GR model for curved space conditions is that the polarizability of the vacuum in the 
vicinity of localized mass-energy distributions differs from its asymptotic free space value by virtue of 
vacuum polarization effects induced by the presence of the local mass-energy. Thus the postulate for the 
vacuum itself is 


227, 
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Figs 11.11 and B: CT scan pictures showing single, large and 
‘multiple liver abscesses, 


Treatment 


Drugs 


# Tab. metronidazole 800 mg tid or Inj. metronidazole 500 
mg IV tid for 10 days. 

# Tinidazole 600 mg BD dose for 5 days. 

# IV or oral antibiotics are essential to control secondary 
infection (cefotaxime, ciprofloxacin, amoxycillin) (Small 
abscesses < 3 cm respond to drugs) 

© Other drugs: 

1. Injection dihydroemetine 1.5 mg/kg/day IM for 5 days 
should be given under cardiac monitoring, 
2. Chloroquine 250 mg BD given for 10-14 days, 


‘Drugs used for amoebic infection 
Metronidazole, Tinidazole, Secnidazole, Omidazole 
Dihydroemetine injection 
Chioroquine, tetracycline 
Diloxanate furoate, iodoquinol, paromonycin—as cyst eradi- 
cators 


eeee 


Note: 
Metronidazole is not given in 1st trimester of pregnancy. 


Aspiration 
# In case of large abscess and infected abscess aspiration 
with a wide bore needle is done under U/S guidance after 
correcting the PT. 
# Previously without U/S, aspiration used to be done by passing 
needle in right 6th intercostal space in midaxillary line. 
US guided 


\— aspiration 
from front ideal 


Aspiration through 
Bin intercostal space 


Fig. 11.12: Aspiration of the amoebic liver abscess under US guid: 
ance or through right &th intercostal space in midclavicular lin, 


Percutaneous Drainage 


# Under U/S guidance pigtail catheter is placed into the 
abscess cavity percutaneously to drain the pus. Catheter tube 


| 


Figs 11.138 and B: Amoebic liver abscess US picture. US guided aspiration is being done. 


and abscess cavity has to be washed and irrigated at regular 635 
intervals with normal saline, It may fail ifthere is thick pus, 
multiloculated abscess, and multiple abscesses. Procedure 
may cause bleeding and infection, 
Note: 
Aspirated fluid is sent for C/S, cytology and for study of trophozoites 
(last part ofthe aspirated fluid should be sent for this). 
Surgery 
Indications for surgery 
+ Even after repeated aspirations if abscess cavity fills again 
Thick pus 
‘& Multiloculated abscess 
+ Left lobe abscess, because of danger of rupture into peri- 
cardial cavity 
‘& Ruptured abscess 
+ Caudate lobe abscess 
& Multiple abscesses 
Malecot's 
catheter 
= 
= 
s 


‘Amoebic abscess 


Fig. 11.14: Drainage of amoebic liver abscess transperitoneally and 
placing Malecot's catheter into the abscess cavity. 


Procedure 


‘Through transperitoneal approach, abscess area is opened, 
pus is evacuated, Malecot’s catheter is placed and brought 
out through a separate stab incision. The catheter is kept 
in situ until drainage stops completely. Complete drainagy 
of pus will be confirmed by repeat U/S, During discharge 
advice is given to avoid alcohol, Chloroquine 250 mg BD 
for 10 days and Diloxanide furaote S00 mg tid is given for 
10-14 days. 

© Complications of surgery—anaesthetic problems; bleeding: 
liver failure (in cirrhotic patients); intraperitoneal abscess 
formation; bile leak—bile peritonitis and fistula, Figs 11.158 toD 


Anything the mind of man can conceive and believe, it can achieve. 
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Figs 11.15A to E: Operative findings of amoebic liver abscess. Note the 
‘exposed abscess in the liver, its aspiration and drainage. Placement 
of Malecot's catheter in the abscess cavity and drain placed into the 
peritoneal cavity is also seen 


Follow-up 
At regular intervals is important. Measures taken are proper 


counseling to avoid alcohol; repeat LFT; repeat ultrasound to 
confirm the complete resolution of the abscess cavity. 


Prognosis 


Mortality in amoebic liver abscess is 4%. It rises with 
rupture especially pericardial (30%), 

Poor prognostic factors are—Rupture, serum biliru 
3.5 mg%, serum albumin <2.0 g/dl, liver failure, cirrhosis, 
multiple abscesses, volume of abscess > 500 ml, anaemia, 
diabetes, 


PYOGENIC LIVER ABSCESS 
Aetiology 


1, Biliary sepsis 35%; commonest route. 
Empyema gallbladder. 
Cholangitis. 
After biliary tract surgery. 
Instrumentation. 
Stone disease, Caroli’s disease, biliary ascariasis, biliary 
enteric anastomosis, 
2, Portal vein sepsis: 
a, Appendicitis. 
b. Diverticulitis. 
c. Inflammatory bowel disease, pancreatitis, perforation, 
PID, colorectal carcinoma, 
d. Omphalitis in newborn, 
3, Distant infections (through hepatic artery 
a, Pneumonia 
b. Upper UTI. 
c. Endocarditis, osteomyelitis, bacteraemia, 


4, Super added infections: 
a, Amoebic liver abscess 
b, Hydatid cyst. 
5. Cryptogenic liver abscess—No identified primary infection 
6. Trauma becoming common cause. 
7. Direct extension: 
From suppurative chole 
tion, perinephric abscess. 


stitis, subphrenic abscess, perfora- 


Causative bacteria 
4 Ecoli—commonest 
& Klebsiella 
& Proteus 
4 Pseudomonas 
& Clostridia 


4 Enterococci streptococci viridians in polymicrobial infection 


Pathology 


# Due to laminar blood flow right lobe (75%) is commonly 
involved; left lobe (20%), caudate lobe (5%) are also often 
involved. 

# Usually solitary—60%; occasionally it can be bilobar and 
multiple, 

* Cavity contains pus with virulent organisms. Usually 
abscess is acute. In cryptogenic type chronic presentation 
is known to occur. 


+ Ascites and splenomegaly is not common. 

# Itis more common in diabetics. 

# Male to female ratio is 2-1. It is more common in old people 
afer 55 years of age. 

% Blood culture commonly shows positive for bacteria. 


inical Features 


‘ the right hypochondrium—60%, 
# High fever, with rigors—90%, 

# Weight loss 

# Jaundice—occasionally—20%, 

% Intercostal tenderness. 

# Tender, soft liver-60%. 

# Features of toxicity. 

© Constitutional symptoms like malaise, lethargy, vomiting 


Diagnosis 


# Ultrasound abdomen, CT sean, Sensi 
97% for contrast CT scan. 

# LET, total count 

# Ultrasound guided aspiration of pus after controlling PT. 

# Chest X-ray shows elevated diaphragm often with right 
sided pleural effusion, 

# Blood culture is very relevant 


ity is 90% for USG; 


Differential Diagnosis 


# Amocbic liver abscess, hydatid cyst, subphrenic abscess. 


Treatment 


# Systemic antibiotics—combination of third generation 
cephalosporins and metronidazole. 

¢ Ultrasound guided aspiration/pigtail catheter —Percu- 
taneous drainage is the treatment of choice at present. 
Drainage tube/catheter are placed under US / CT guidance 
into the liver abscess. Pus should be sent for culture and 
sensitivity, Follow up USG, LFT, assessment of quantity of 
daily drainage—should be done to assess the response. 75% 
of pyogenic abscess is drained percutaneously. Percutaneous 
aspiration without drainage tube placement is also used: but 
repeated guided aspirations are required; otherwise success 
rate is similar to drainage. 

# Occasionally open drainage is required. Open drainage 
is indicated in recurrent abscess, failure of percutaneous 
drainage, large abscess of size more than 5 em. Open 
drainage is becoming less common at present; but in 
selected patients it may be a life saving essential therapeutic 
modality 

# Treating the primary causes is very essential 


Complications 


# Septicaemia, liver failure 

# Rarely rupture and peritonitis can occur, 

¢ Klebsiella hepatic abscess can cause dangerous endogenous 
endophthalmitis commonly in diabetic patients impairing 
vision 


PORTAL PYAEMIA (PYLEPHLEBITIS) 


It usually follows after severe infection of areas drained by 
portal vein 


Causes 


Appendicitis. 

¢ Diverticulitis 

# Any severe abdominal sepsis. 

Presently it is becoming rare because of availability of good 
fective antibiotics. 


ef 
Infective thrombus in the vein (draining 
the infective area) 
L 
It dislodges as infective emboli 
L 
Reaches the liver 


L 


Causes multiple abscesses in liver parenchyma 


Pylephlebitis. 
E, coli is the most common organism. Often staphylococei, 

anaerobes, or combined infections may be involved. 

Note: 

Gas and thrombus in portal vein is diagnostic of portal pyaemia, 


@ High fever with 
@ Toxicity 

& Drowsiness,jaundice 

@ Tender soft liver 

& Ascites 

4 Blood culture is a useful investigation 


Treatment 


# Antibiotics: Combination of third generation cephalosporin 
+ aminoglycoside, ceftriaxone sodium, cefoperazone, 
ceftazidime, amikacin, tobramycin, metronidazole. 

# IV fluids, blood transfusion, FFP. 

# Ventilator support. 

# Mortality is very high and usually patients die of hepatic 
failure, septicaemia, MODS, 

# Its better to prevent portal pyaemia by prior good antibi- 
tics in suspected cases, 

# Treatment of primary cause is very important 


HYDATID CYST OF LIVER 


‘Word meaning is ‘dew drop "(Latin). In Greek it means ‘watery 
vesick 
Caused by Echinococeus granulosus (EG), dog tape worm, 
a parasite 
Life-eyele: Infected offal of sheep 
\ 
Eaten by the dog (definitive host) 
4 
EG released, develops in the dog’s intestine into a parasite of 
1 om long with a head and three segments, last of which 
contains about 500 ova. 
4 


Ova expelled from the dog’s intestine to grass and vegetables 


Eggs are ingested by sheep, cattle or human beings (interme- 
diate host) 
4 
‘Through portal vein—liver—tarva form 
| 
Hydatid cysts (70% in liver). 
It takes few years to evolve into a complete hydatid cyst 
Most commonly involved segment is segment VII—27%, 

Commonly right lobe—66%: both lobes in 16% and only left 
lobe is involved in 17%. 


Pathology 


Ithas got 3 layers 

1. Adventitia (pseudocyst) is an inseparable fibrous tissue due 
to reaction of the liver to the parasite. 

2. Laminated membrane (ectocyst), formed of the parasite itself 
is whitish, clastic, containing hydatid fluid, which ean be 
peeled off readily from the adventitia, 


Today's impossibilites are tomorrow's miracle. 
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Germinal layer sii sada 
rood capsule 


Laminated layer Protoscolex 
Brood capsule 


Daughter cyst 


Fig. 11.16: Anatomy of hydatid cyst. 
3. Germinal epithelium is the only living part, lining the cyst 
(endocyst) 
This layer secretes hydatid fluid, brood capsules with scol- 
ices (heads of future worms), 


© Clear 
‘@ High specific gravity (1.005-1,009) 
‘@ Shows hooklets and scolices 


Once brood capsules disintegrate, it grows into daughter 
cysts 


Course of the 


ease 


# The parasite may die and cyst eventually may get calcified. 

Commonly cyst enlarges and is palpable per abdomen 

¢ It may cause complications like jaundice due to pressure 
over biliary tree. 

© Rupture into the peritoneal cavity causes anaphylactic 
reaction which may cause life-threatening shock, requiring 
proper management with steroids. 

© Rupture into biliary channels is commonest (60%). Rupture 
into bowel, pleural cavity can occur. 

# Secondary infection causing suppuration and septicaemia, 

# Secondary cysts in the lung, spleen, mesentery, retroperito- 
rneum and other organs can occur, 

¢ Hepatic dysfunction. 

# Disseminated abdominal hydatidosis can occur after silent 
rupture. 


Clinical Features 


Asymptomatic palpable liver with classical thrill (iydatid 
thrill) elicited by three-finger test 

¢ Jaundice and pain. 

# Features of anaphylaxis. 

¢ Discomfort in right upper quadrant area; dyspepsia; hydatid 
cachexia in children; weight loss; fatigue: vomiting, 

* Occasionally splenomegaly, pleural effusion, cholangitis, 
allergic asthma, fever. 

© Camellotte sign: Following intrabiliary rupture, gas enters 
into eyst causing partial collapse of the cyst wall 


Differential Diagnosis 
# Hepatoma. 

© Amocbic liver abscess. 

# Cystic disease of the liver 


Complications ofhydatid 
+ Anaphylaxis 

® Rupture 

+ Obstructive jaundice— ERCP sphincterotamy may be needed 
+ Infection 

+ Caleification 

Liver failure 


Investigations 


# UIS is diagnostic. It reveals rosettes of daughter cysts, 
double contoured membrane of the cyst due to detachment 
of the cyst membranes, and calcification of eyst wall, Intra- 
‘operative ultrasound (IOUS) is very useful tool 

# X-ray often shows calcification, 

# CT'scan abdomen is more accurate in identilying cyst char- 


acteristics —cart wheel like—multivesicular rosette like. 

% Primary serological fests—ELISA; indirect haemaggluti- 
nation test; latex agglutination test; immunofluorescence 
antibody test; immunoelectrophoresis. 80-95% sensitivity 
for liver hydatid, 

# Secondary laboratory tests—Detection of precipitation 
line—are 5; immunoblotting; polymerase chain reaction 
(PCR). More specific, very useful in extrahepatic hydatid 
disease and calcified non-fertile liver hydatid. 

# Liver funetion tests. 

# Casoni's test (intradermal test—75% sensitive); complement 
fixation test—historical interest. 

# MRI when there is jaundice to visualise biliary tree and its 
relation to hydatid cyst; to find out cystobillary commu- 
nication; biliary hydatids in bile duct and hepatic ducts 
ERCP can also be done to find out the communications 
Other method to find out the cystobiliary communications 
is intraoperative cholangiogram. 

# ERCP to find out biliary communications but not as useful 
as MRL 
Aspiration of the cyst should not be done due to risk of 

anaphylais but presently PAIR (Puncture-Aspiration-Injection- 

Reaspiration) is done effectively. 


‘Type 1 ~ Pure fluid collection 
‘Type 2-Fi 
‘Type 3— Fluid collection with septa 

‘Type 4— Heterogeneous appearance 


‘Type 5 ~ Reflecting thick walls 


‘Type-CL— Active; unilacular;no cyst wallyearly stage;not fertile 
‘Type ~ CE 1 ~ Active; cyst wall present hydatid sand present; 
fertile 

‘Type ~ CE2- Active; multivesicular rosette like cyst wall fertile 
‘Type - CE 3 ~ Transitional; detaching laminated membrane; 
watersly sign; beginning of degeneration 

‘Type -CE4~ Inactive; degenerative contents;no daughter cysts; 


not ferti 
‘Type - CES - Inactive; thick calcified wall;not fertile 


Figs 11.17A to C: Hydatid cyst ofthe liver—typical look. 


Fig. 11.19: MRI picture of multiple hydatid cyst of liver—MAI is, 
very useful investigation in hydatid cyst of liver. 


Treatment 


Drugs 


# Indications for drug therapy 
» 4 days prior to intervention and to continue it for 1 
month (albendazole) to 3 months (mebendazole) after 
the intervention 
Inoperable cysts 
Multiple or multiorgan cyst. 
Recurrent hydatids. 
Surgically unfit patients 
Cysts in lungs, bone, brain, eyes. 
* Contraindications 
> Lange eysts. 
» Honeycomb cysts (with septae). 
> Infected cysts. 


Venous hum, which is heard louder on inspiration in epigastrium, in portal hypertension is called as Kenawy’s sign 
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> Calcified cysts 
> Pregnaney. 
# Drugs used are: 
> Albendazole 4-week cycles with 2 weeks drug free 
interval. Itis ovicidal/larvicidal/vermicidal. Commonly 
used. 
> Praziquantel—60 mg/kg along with albendazole for 2 
weeks. 
> Mebendazole—600 mg daily for 4 weeks. 


PAIR - (Puncture - Aspiration - Injection - 
Reaspiration) - Percutaneously Done [1980] 


Tndications for PAIR Results and problems of 
PAIR 
Inoperable patients Complication rate—10-40% 
* Patients who refuse + Mortality rate—0.9-2.5% 
surgery 


+ CL,CE1,CE2andCE + Fever—35% - disappears 


3 typesiGharbi type 1 in 72 hours 
and 2 
+ Relapse cysts + Anaphylaxis—0.1-0.2%- 
‘Same as open surgery— 
bul drugs should be kept 
ready for anaphylaxis 
+ Infected cysts + Infection—10% well con- 


+ In pregnant women: trolled by antibiotics 


children less than 3 
years 

+ Cysts more than Som in + Local recurrences—4% 
different liver segments Repeat PAIR can be done 

Contraindications for PAIR 

+ Inaccessible cysts 

+ Cysts with multiple septae—honeycomb cysts 

+ Hyperechogenic cysts 

+ Communicating cysts to bile duct 

* Calcified cysts 

+ Cysts in the lung 


Technique of PAIR 


% Done under US/CT guidance. 

# Under local anaesthesia cyst is punctured using a cholan- 
giography 22 gauge needie through thickest route/part of 
cyst wall 

# Cyst is entered through non-dependent wall and 50% of 
fluid is aspirated, All multiple/daughter cysts are aspirated 
Radiopaque dye is injected to see if any communications 
are present. Scolicidal agents—15-20% hypertonic saline 
is injected into the cyst. After 20 minutes reaspiration is 
done, A sclerosant—alcohol is injected. If eyst is 6 em or 
more, a drainage catheter is placed for 24 hours for complete 
drainage and later alcohol sclerosant is injected 


# Double—puncture aspiration and injection (D-PAI) or modi- 
fied PAIR/PEVAC (Percutaneous EV Acuation of Cyst) are 
other procedures done. 

# PAIR has gained wide acceptance as it is safe, less invasive, 
‘and easier to do, with low morbidity and mortality. Compli- 
cations and results are same as open surgery. 


Surgery 

# Surgery is still the choice and gold standard therapy for 
hydatid disease. The abdomen is opened, and the peritoneal 
cavity is packed with mops [black or coloured mops are 
used to identify white scolices clearly so as to pick up all 
and prevent any spillage]. Fluid from the cyst is aspirated 
and scolicidal agents [cetrimide, chlorohexidine, alcohol, 
hypertonic saline (15%-20%), 10% povidone iodine or 
H,0,] are injected into the eyst cavity (formalin should not 
be used). Hypertonic saline should be left within the cavity 
for 15-20 minutes to have effective scolicidal effect. 


Figs 11.208 and B 


Figs 11.20Cand D 
Figs 11.20 to D: On table finding of hydatid cyst of liver. Black mops 
are used to identify and isolate scolices. Note the cavity containing 
bile suggestive of biliary communication, 


Detection of cystobiliary communications is very crucial as 
it may cause caustic sclerosing cholangitis when scolicidal 
agent like formalin is used. Communicating openings may 
be single or multiple. Cyst more than 10 cm is likely to 
have cystobiliary communications, Often clinical features of 
communications may not be present. Preoperatively there may 
be recurrent cholangitis; dilated bile duct, Factors important 
aare—its size; number; site; involvement of hepatic/bile ducts; 
liver dysfunction. Finding of ble stained cyst on table during 
aspiration is highly suggestive of communication. White mops 
soaked with hypertonic saline are kept in the cyst cavity and 
gallbladder is gently squeezed to see for the bile staining of 
the mop in the cavity which confirms communication, 


# Laparoscopic pericystectomy is becoming more popular. 
Contraindications are deeply situated cyst, densely adherent 
cyst, and inaccessible cysts; more than 3 cysts; calcified cysts 
and cysts in other organs. Main problem with laparoscopic 
pericystectomy is spillage and difficulty in preventing it 

* Liver resection—only occasionally segmental or hemihe- 
patectomy is done, 


‘Scolicidal agents 
 Cetrimide—can cause acidosis 
& Alcohol 80%—can cause cholangitis 
‘& Hypertonic saline—hypernatraemia 
Sodium hypochlorite—hypernataraemia 
‘& Hydrogen peroxide 
In cases with biliary communication only hypertonic saline 
(15-20%) is used (not other agents) 


Procedures used to correct the cystobiliary communications 

and to obliterate the cavity are: 

# Suturing of the communication—simple suture using vieryl/ 
PDS suture with T tube drain of bile duct 

+ Peticystectomy (Pericystectomy is done by peeling off the 
cyst wall and abdomen is closed with or without a drain); 
marsupialization, 

Tube drainage of the cavity; capitonnage—spiral suturing 
of the bottom of the cavity upward from base of cavity to 
the edge of the eyst wall; introflexion—inverting the rim of 
the cyst edge without apposition; omentoplasty 

# Internal drainage procedures like choledochojejunostomy; 
transduodenal sphincteroplasty; Roux-en Y eystofintracystic 
hepatico jejunostomy; Roux-en-Y hepaticojejunostomy. 

# Incystobiliary communication (fistula), cystobiliary discon- 
nection is achieved anatomically between cyst and fistula 
and a multiperforated transparenchymal drain is placed 
into the fistula through the cyst and another multiperfo- 
rated drain is placed into the cyst cavity. A ‘T” tube drain 
is placed into the bile duet (perdomo procedure) to achieve 
complete external drainage with facilitation of closure of 
the communication 

* Bipolar drainage—a drain is placed to cyst cavity and a'T 
tube is placed into common bile duet. 

Reconstructive procedure like pericysto jejunastomy; bile 
duct repair. 

¢ ERCP sphineterotomy. 


‘Malignant hydatid disease 

 Itis a misnomer asit isa benign condition 

It is caused by Echinococcus multilocularis (Alveolaris). It 
presents with multiple small cysts in both lobes of the liver, 
allover 

 Itisdiffcultto treat,and mimics clinicallyand prognosis-wise 
‘to malignancy, hence the name 

& They die of liver failure 


Every job is self portrait of the person who did it. 
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ACTINOMYCOSIS OF LIVER 


# Actinomyces israelii reaches the liver—via portal vein from 
ceacum (60%) or via hepatic artery from distant focus— 
from faciocervical region—30%, 

# Disease progresses gradually and slowly to destroy the 
liver tissue causing multiple actinomycotic abscesses which 
produce a typical ‘honey comb liver. 


Complications 


Secondary infection, 
# Liver failure 


Investigations 


© Liver function tests, 
¢ Ultrasound guided aspiration and staining of pus shows 
“sun-rays’ appearance. 


Treatment 


Penicillins for 3-6 months. 


™@ LIVER TUMOURS 
BENIGN TUMOURS OF THE LIVER 


es common than malignant liver tumor 

+ Itis seen in 20% of population 

+ Haemangiomais the most common benign tumor 

Cand MRlae the essential investigations 

+ MRI shows 95% accuracy 

Diagnostic accuracy of liver biopsy is low—409% 

‘& Hepatic adenoma is potentially malignant 

‘& FNH and haemangiomas are not premalignant 

+ Primary (HCC) tumour or secondaries are differential diag- 
nosis; AFP and CEA are helpful to differentiate 


Fig. 11.21: Solitary benign cyst of the liver. It isa rare entity. Polycystic 
liver also can occur Polycystic liver is associated with polycystic kidney 
disease, Condition is a rare differential diagnosis for hydatid cyst, 
hepatoma, and solitary secondary. 


|. Haemangiomas 

‘They are the commonest benign tumour of the liver, 

It is usually solitary but can be multicentric. 

Compressibility of tumour is diagnostic 

It is common in females (3:1) in Sth decade, 

‘Commonly they are asymptomatic. 

‘They can occur in right and left lobes. 

In children it is 10-15% of liver tumours. They are multi- 

focal, often involves other organs also. Large one can cause 

AV shunting leading to CCF. Large childhood hepatic 

haemangiomas have got 70% mortality due to rupture, DIC, 

thrombocytopenia. It is confirmed by MRI. It is treated by 

embolization, radiotherapy and often resection. 

# Cavernous haemangioma, consumption coagulopathy, 
thrombocytopenia is called as Kasabach-Merritt syndrome. 

# LPT, AFP and CEA are normal, 


Bleeding rupture 
‘& Thrombosis 

@ DIC 

Infection 


% Complication usually occurs if haemangioma is more than 
Semin size. 

® Needle aspiration and biopsy are contraindicated. 

# U/S and CT scan ate confirmative, 

# Angiogram may be needed if surgical intervention is planned, 

# MRIis diagnostic. 

Giant haemangioma is of size > 4 om. 

Treatment 

+ Prior radiotherapy is given to reduce the size and then hemi- 
hepatectomy is done, 

Surgery is done when size is large, symptomatic, impending 
rupture or any other complications. Enucleation or anatom- 
ical resection with inflow control is needed. 

Note: 

Ithas got very little or no malignant potential 

2. Hepatic adenomas 

# They are common in females (10:1). They present as a 

solitary nodular lesions in the liver. 

Itis said to be due to use of oral contraceptive pills (OCPS). 

It is uncommon in males. 

Itis relatively rare compared to FNH and haemangioma. 

It is commonly solitary; but 20% of cases can be multiple; 

situation where > 10 adenomas are present is termed as 

adenomatosis. Multiple adenomas are not related to OCP 
intake and not more common in females. 

Upper abdominal pain (65%) isthe commonest present 

AFP is normal but rises if there is malignant transformation, 

‘They might tum into malignancy, hence resection is advised, 

U/S, CT scan are diagnostic but angiography is needed prior 

to resection, as itis vascular. 

MRI is ideal tool 

Haemorshage is more common, 

Hepatic adenoma cells are larger, contain glyci 

lipids. They are devoid of bile ducts whereas FNH contains 

bile duct components, 


# Surgical resection is the needed treatment. Limited resection 
is needed. It is better to do resection prior to pregnancy. In 
adenomatosis either hemihepatectomy or transplantation 
may be required 

# OCP should be stopped, 


Indications for surgical resection 

@ Rupture of adenomas—50% 

If there is possibility of turning into malignancy (large 
adenomas) 


Note: 

Kupffer cells are not present in hepaticadenomas. 

3. Focal nodular hyperplasia (FNH) 

¢ Iisa benign condition of unknown actiology, seen in 
females showing focal overgrowth of functioning liver tissue 
with fibrous stroma support. 

¢ It contains hepatic cells as well as Kupffer cells which is 
characteristic. 

# It is 2nd most common benign tumour. 

Usually it presents as solitary nodule. 

A sulphur colloid liver scan is diagnostic, shows ‘hot spot’ 

with a spoke wheel pattern—85% 

¢ Iisa harmless condition, 

# CT scan shows central scar with stellate distribution of the 
blood vessels 

# Telangicctatic FNH and hyperplastic with adenomatous 
FNH are nonclassic forms of FNH, which are 20% common 
and more common in men. 

# Itis totally benign tumour; but often difficult to differentiate 
from fibrolamellar type of HCC. AFP is normal. 

# Vague pain abdomen may be the presentation 

Rupture, bleeding are very rare. 

Histologically itcan be typical (with central scar) or atypical 

(without central scar)—15%, 

© Usually it does not require any treatment, OCP should be 
stopped. 


oe 


Note: 
Von Meyenburg’s complexes are benign liver malformations that 
‘originate from embryonic bile ducts that fail to involute with cystic 
dilatation, It mimics metastatic liver disease. MAI is essential to 
diagnose. 


PRIMARY MALIGNANT TUMOURS 
OF THE LIVER 


1, Hepatocellular carcinoma/Hepatoma/HCC (80%), 
2, Cholangiocarcinoma (20%). 

3. Hepatoblastoma in infants and children 

Hepatoblastoma occurs within 2 years of life. It is most common 
primary malignant tumour of liver in children. It is common 
in male child. It is derived from fetal or embryonic hepato- 
cytes. Serum AFP is elevated in 90% of cases. CT scan shows 
vascular mass with speckled caleification. Itis highly sensitive 
to chemotherapy (vincristine, doxorubicin, SFU). [Fit is resect- 


able, itis the initial choice of therapy. Liver transplantation is 
also beneficial 


HEPATOCELLULAR CARCINOMA 
(HCC/HEPATOMA) 


Its incidence is rising, 

# Itis common in cirthotics and hepatitis B and hepatitis C 
virus infection, 

# It is common in Mozambique, South East Asia, tropical 
Africa, Taiwan. In Mozambique it is often seen in younger 
age group - below 30 years. 

# Male to female ratio is 4:1 

# tis usually unicentric but occasionally can be multicentric. 

# Right lobe is commonly involved, 


Fig 11.22: Hepatocellular carcinoma (HCC/hepatoma) is usually 
solitary, common in right lobe, attains large sie 


Aetiology 


# Aflatoxin By, a product of fungus aspergillus. It is powerful 
carcinogen. 

# Hepatitis B and hepatitis C virus infection. It is more 

common in individuals who have chronic positive status 

for HBs Ag and chronic carriers. Vertical transmission 

of virus at birth raises HCC rate. In Europe, Japan, USA, 

HCV infection is more common cause. It is not necessary 

to develop cirrhosis to cause HCC. Iti the infection which 

is the cause. 

Alcoholic cirrhosis. It is co-carcinogen. 

Clonarchis sinensis infestation. 

Smoking, 

Haemochromatosis, al antitrypsin deficiency. 

Hepatic adenoma—potentially malignant. 

Environment related chemicals like DDT, nitrite and nitrate 

related food products; trichloroethylene (dry cleaning 

solvents), biphenyls, carbon tetrachloride, herbicides, 

solvents like dioxane. 

# Tannins, griseofulvin, bush tea (pyrrolizidine), rice toxins 

# Anabolic steroids, polyvinyl chloride. 


In time of test, family is best. 
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where K (a function of position) is the modified dielectric constant of the vacuum due to the induced 
‘vacuum polarizability changes under consideration. Equation (2.27) defines the transformation € = Ke, 

Table 1 shows the various quantitative effects a polarizable vacuum (in the presence of positive mass- 
energy distributions) has on the various measurement processes important to general relativity. The 
effects demonstrated in the middle and right columns demonstrate the basis of the polarizable vacuum 
approach to general relativity. Table 2 shows what effects are manifested when negative mass-energy 
distributions induce vacuum polarizability changes that lead to FTL phenomenon. Experimental 
observations impose constraints on the model causing key physical constants to remain constant even 
with variable polarizability present in the local space. Puthoff (1999a, 2002a, b) has shown that the fine 
structure constant is constrained by observational data to remain constant within a variable polarizable 
vacuum, and this constraint actually defines the transformation {t= Kj. The elementary particle charge ¢ 
is also taken to be constant in a variable polarizable vacuum because of charge conservation. And fi 
remains a constant by conservation of angular momentum for circularly polarized photons propagating 
through the (variable polarizability) vacuum, ‘The remaining constant of nature is the speed of light, and 
although the tables showed how this was modified in variable polarizability vacuums, it is interesting to 
see how this modification comes about. In a modified (variable polarizability) vacuum the speed of light 
is defined, as itis in standard electrodynamics, in terms of the permittivity and permeability by: 


2.28), 


where the permittivity/permeability transformations and the free space (un-modified vacuum) definition 
for cy were inserted. Note that (2.28) can be re-written as c’/cy = 1/K, and this is to be compared with 
(2.22). Thus we see from (2.28), and by comparison with (2.22), that K plays the role of a variable 
refractive index under conditions in which the vacuum polarizability is assumed to change in response to 
general relativistic-type influences. One further note of interest is that the permittivity/permeability 
transformations also maintains constant the ratio 


EE 

é & ; 

which is the impedance of free space. This constant ratio is required to keep electric-to-magnetic energy 
ratios constant during adiabatic movement of atoms from one position in space to another of differing 
vacuum polarizability (Dicke, 1957, 1961). And this constant ratio is also a necessary condition in the 
THe formalism for an electromagnetic test particle to fall in a gravitational field with a composition- 
independent acceleration (Lightman and Lee, 1973; Will, 1974, 1989, 199: laugan and Will, 1977). 

Now we make the “crossover connection” to the standard spacetime metric tensor concept that 
characterizes conventional general relativity theory, as originally shown by Puthoff (1999a, 2002a, b). In 
flat (un-modified or free) space the standard four-dimensional infinitesimal spacetime interval ds* is given 
(in Cartesian coordinates with subscript 0) by 
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Pathology 
Gross 


It is highly vascular with indistinct margin, Often it is well 

demarcated by fibrous tissue, Haemorrhage and necrosis are 

4 Hanging type of tumour—tumour attached to normal liver 
by a small vascular stalk—always very well resectable. 

# Pushing type of tumou—Iarge, well demarcated, displaces 
normal vasculature—resectable. 

¢ Infiltrative type of tumour—indistinet, infiltrative 
difficult to resect 


often 


Histology 


# Well/moderate/poorly differentiated tumour. 
Okudas classification —multifocal; indeterminate; spreading: 
expanding, 


Fibrolamellar Variant of HCC (FL HCC) 


# FLHCC occurs in younger age group. 

¢ Incidence is equal in both sexes. 

¢ Itdoes not show any elevated levels of serum AFP. 

# Tumour marker for FLHCC type is increase in serum vitamin 

B,» binding protein and increase in neurotensin levels. 

{tis not related to viral hepatitis or cirrhosis, 

Left lobe is commonly involved 

It involves lymph nodes more commonly than HCC, 

CT scan shows characteristic central scarring 

Fibrous stromas with thin hyaline bands are typical. Sh 

of well differentiated hepatocytes are seen which are sand- 

wiched between collagen and fibroblast 

# Itis fairly resectable (50-75%) with better prognosis than 
HC 
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[ ‘Okuda staging system (1984) for HCC l 

Parameter Points Stage 

Tumorsize <50% 0 Stage one—O points 
>50% 1 Stage two—t-2 points 

Ascites Absent 0 —_—_ Sage three—3-4 points 
Present 1 

Serum <3mg% 0 

Albumin >3mg% 4 

Serum  <3mg% 0 

Bilirubin >3mg% 1 

‘Staging of HCC(AICC) 


Tp- No tumour 
1; - Solitary tumour without vascular invasion 

1, Solitary tumour with vascular invasion / multiple tumours 
equal or less than 5 cm 

Ts Multiple tumours, more than 5 cm/tumour invading major 
branch of portal or hepatic veins 

T,~Tumour with direct invasion of adjacent organs other than 
gallbladder or to visceral peritoneum 

Np-No regional nodes are involved 

N; ~ Regional nodes are involved 

M,—No distant spread 

IM, ~ Distant spread is present 


[eancer of liver Italian group scoring (CLIP scoring) | 


Parameters Values Scares 
Child Pugh’s A 0 
slage B ‘i 
c 2 
Tumour __Uninodular less than 50% of 0 
morphology— extension 
Gross Multinodular less than 50% of 1 
extension 
Massive—extension more than 2 
50% of liver 
AFP ngidl Less than 400 0 
More than 400 1 
Portal vein No 0 
thrombosis Yes 1 


Total scores 0-6 
Early disease with potential lang term survival 0-3, 
Advanced stage 4-6 


Chinese universit 


ty prognostic index (CUP) scoring system 
uses TNM staging, symptoms, ascites, bilirubin, alkaline 
phosphatase, AFP. It is used mainly for HBV induced HCC, 


Clinical Features 


# Painless mass in right hypochondriac region with loss of 
appetite and weight. Liver is hard, smooth/irregular and 
often massively enlarged. Cirrhotic liver may be nodulat. 

# Acute presentation is not uncommon, when the tumour 
undergoes necrosis and haemorrhage. Both types of pres- 
centations mimic amoebic liver abscess (Haemoperitoneum 
is also known), 

# Jaundice when present is commonly due to hepatic dysfunc- 
tion, but occasionally due to compression of bile ducts. 

# Ascites (40%) often itis massive, splenomegaly and features 
of portal hypertension may be present. 

# Hepatic thrill and bruit—25%, 

# Fever (10-20%) may be present due to tumour necrosis 

+ 

+ 


Dull aching pain in right upper quadrant is common, 
Features of chronic liver disease—jaundice, dilated veins, 
palmar erythema, zynaecomastia, testicular atrophy, ete. 
Liver failure sets in once tumour replaces the functioning 
liver parenchyma or portal vein gets occluded by tumour 

thrombus. 

% Gastrointestinal bleeding may be the presentation in 10% 
‘of cases due to portal hypertension or portal vein invasion 
by tumour. 

* Occasionally may present with paraneoplastic syndromes, 
1%; hypercaleaemia, hypoglycaemia, hyperlipidaemia, 

hyperthyroidism, erythrocytosis. 


Spread of Tumour 


¢ Lymphatic spread: Itcan spread to other part of iver through 
lymphatics within the liver, to the lymph nodes in the porta 
hepatis and other abdominal lymph nodes later. Often spread 
‘occurs directly to cistema chyli 

# Blood spread: To lungs, bones and adrenals often can oceut. 

% Direct infiltration: To diaphragm and neighbouring struc- 
tures, 


Differential diagnosis 


Secondaries in liver 
Polycystic disease of liver 
Amoebic liver abscess 
Hydatid cyst ofthe liver 


eeee 


Figs 11.23A and B: CT pictures of hepatoma, 
In right lobe and left lobe, 


Investigations 


¢ U/S abdomen—very useful method. It shows hyperechoic 
‘mass; mosaic pattern with thin halo and lateral shadows 
Extent, tumour thrombi extension can be made out. 

¢ CT scan abdomen (CECT) more reliable and ideal (hypo- 
dense, mosaic, vascular lesion with irregular margin), 
> reveals the size, location and extent, vascularity, portal 

vein invasion, nodal status, portal vein thrombosis. 

» helps to assess operability 

¢ Tumour markers—a.feto protein (AFP). AFP will be raised 
more than 100 1U; as high as 1000 IU is possible in HCC 
PIVKA II is des y carboxy prothrombin protein induced by 
vitamin K abnormality/antagonists 2. It is increased in 80% 
of HCC patients. AFP is usually more than 400 IU in 70% 
of HCC patients, 


# Celiac angiography/CT angiography—it shows the vascu- 
larity of the tumour, tumour blush, arterial patter of the liver 
and tumour, venous phase can show portal vein invasion 
or thrombosis and invasion/spread to IVC, Angiogram is, 
essential while planning for hepatic re 

Liver function tests like serum bilirubin, albumin, enzymes 
(alkaline phosphatase, transaminase, 5' nucleotidase) 
including prothrombin time. 

# Liver biopsy is done after controlling prothrombin time if 
it is elevated (by Inj vitamin K IM 10 mg for 5 days; FFP 
transfusion). US / CT guided core liver biopsy is useful and 
mandatory before clinical trials. It is better than FNAC as 
it reveals tissue architecture. Problems with the core liver 
biopsy are spillage of tumour and bleeding (due to hyper- 
vascularity, associated thrombocytopenia and reduced liver 
dependent clotting factors like prothrombin). Such problems 
may be minimal in FNAC. Patients with high suspicious of 
HCC by clinical and imaging methods and who are appro- 
priate for surgery may be taken up for surgery without a 
preoperative biopsy. In case of portal vein infiltration by 
tumour a portal vein biopsy may be done to exclude the 
patient for surgery or transplantation, 


Note: 

Preoperative liver biopsy is not recommended now. Biopsy is rela- 

tively contraindicated in any candidate for resection, as there is 

a significant risk of haemorrhage and peritoneal implantation of 

tumour cells n case of potentially resectable tumour one should 

proceed to surgical exploration without tumour biopsy. Biopsy is 
done only in inoperable advanced cases wherein palliative therapies 
are undertaken to establish the diagnosis. 

# Contrast MRI/CT sean 1-2 weeks following intrahepatic 
infusion of lipiodol (ethiodized oil emulsion 5-15 ml) with 
contrast agent through hepatic artery is very useful 

 MRI—T: weighted studies are useful for small HCC. MR 
angiography is also done to see tumour thrombus in portal 
vein, hepatic vein and IVC 

# Ascitic tap when ascites is present for cytology. 

# Laparoscopic evaluation and laparoscopic US is useful for 
proper assessment of the tumour. 

4 Investigations in relation to hepatitis B and hepatitis C virus 
infections. 


Metastatic work up—HRCT of chest is essential 


Treatment 
Definitive Treatment 


# When limited to one lobe, hemihepatectomy is done 
(Removal of 80% liver is compatible with life). Laparo- 
scopic resection is becoming popular. It is done only to 
Child’s grade A and favourable Child’s B group patients, 
Itis the treatment of choice for operable HCC in noneir- 
‘thotic patients. There is no regenerative capacity in cirrhotic 


patients with poor coagulation status, portal hypertension, 
varices, and ascites. 

# In cirrhotic patients with HCC, total hepatectomy with 
orthotopic liver transplantation is required. Now it is found 


The best bridge between despair and hope is a good night's sleep —E. Joseph Cossman 
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that even resection candidates will do better by transplanta- 
tion than resection, But waiting period for transplantation 
is long. To bridge this waiting period for transplantation 
radiofrequency ablation, transarterial embolisation, ethanol 
acetic acid injections are used. 


Note: 
Liver mass which is confirmed by CT/MRI and serum AFP is > 500 
1ng/dl is almost diagnostic and resection treatment can be started 
without tissue diagnosis. 


Indications for transplantation in HCC 
‘® Patient who is not a candidate for resection 
& Tumour less or equal to Sem 
Tumour less than 3 in number 
& Tumour without portal/hepatic vein invasion 
Tumour without extra hepatic spread 


Palliative Treatment 


# Radiofrequency ablation (RFA): It is thermal ablation of 
the tumour by passing 18G needle into the middle of the 
tumour and passing electric current of 500 kHz. This creates 
frictional heat causing sphere of necrosis. Maximum zone 
of necrosis which can be created is 7 em for a Sem tumour. 
This causes adequate cyto-destruction of the tumour. 
Tumour close to vessels and biliary tree, tumour more than 
3-5 em and multicentric tumours are difficult to manage by 
radiofrequency ablation. One course ablation takes around 
20 minutes. It can be done percutaneously under US or CT 
guidance or through laparoscopy. Percutaneously it can be 
done on outpatient basis. It can be repeated several times. 
Tumour less than 3 cm, tumour deep in parenchyma, tumour 
away from hilum is ideal for radioablation. 

# Percutaneous ethanol or acetic acid injection: (Rule of 
3 is used here—indicated in HCC not >3 em and not > 3 
nodules), Ethanol injection is minimally invasive, can be 
injected using fine needle, and is cheaper. Local recurrence 
is lower with acetic acid injection than ethanol. But radiotre 
quency ablation has got better result than ethanol/acetic acid 
injection. RFA is costly and not available in many centers. 

¢ Intra-arterial chemotherapy using Adriamycin/cisplatin’ 
mitomycin through gastroduodenal artery. It is often given 
along with lipiodol to make drugs to stay longer time in the 
liver tissue so that better results are achieved. This regional 
chemotherapy is much more successful in HCC 

¢ Intra-arterial embolisation using gelfoam, microspheres, 
gelatin sponge, or chemoembolisation. 

¢ Microwave or eryo ablations similar to RFA. 

# As it is considered that tumour tissue exclusively gets its 
blood supply from hepatic artery, ligation of hepatic artery 
can be a good palliation (to achieve tumour necrosis) for 
HCC. Normal tissue will still have its blood supply from 
portal vein. 

# Transarterial I" lipiodol, Yttrium 90 microspheres. 


Adjuvant Therapy 


Systemic chemotherapy using intravenous adriamycin (doxo- 
rubicin), cisplatin, carboplatin, mitomycin C, 5 fluorouracil 


4 Octreotide is used along with other chemotherapeutic agents 
It decreases the size of the tumour. 

# Neoadjuvant (preoperative) chemotherapy also practiced to 
increase the operability/resectability of the tumour. 

# Newer treatments are tried using tamoxifen, interferons, 
EGFR antibody, interleukins, 1'"' lipiodol, Yttrium” micro- 
spheres, 


Neoadjuvant therapy in HCC 
Large primary tumour—downstaging/downsizing may make 
resection possible 

‘Transarterial chemoembolisation (TACE) 
Chemotherapy and radiotherapy 
Hepatic artery infusion of chemotherapy (HAI) 
Radioimmunotherapy 
Fractioned radiotherapy 
Transarterial °*Y microspheres 


eeeeee 


‘Treatment strategies for HCC 
Surgical resection, only 20% have resectable liver 
Liver transplantation 

Radiofrequency ablation. 

Percutaneous ethanol/acetic acid injection 
‘Transarterial embolisation/chemoembolisation 
Microwave/cryoablation 

‘ransarterial radiotherapy 

‘Transarterial Yttrium™ microspheres/I"lipiodol 
Hepatic artery ligation 

‘Adjuvant systemic chemotherapy 
Immunotherapy/hormone therapy/growth factors, 


Heres eeeees 


Hepatoma/hepatocellular carcinoma/HCC 

& Common etiologies are aflatoxins, hepatitis 8 and hepatitis 
C virus infection, alcoholic cirrhosis, haemochromatosis, 
smoking, hepatic adenoma, clonorchis sinensis, polyvinyl 
chloride 

® Unicentric and right lobe involvement is more common 

+ Fibrolamellar variant is common in left lobe, not related 
‘to hepatitis or cirrhosis without AFP level raise. There are 
Increased serum vitamin B, binding capacity and neurotensin, 
levels 

‘® Invasion to portal veins is common and it has got negative 
prognosis with lesser chances of resection or transplanta 
tion. It may cause portal vein thrombosis and so spleno- 
megaly 

% Itcan be multifocal/indeterminate/spreading/expanding— 
Okuda classification 

Presents as large, smooth, hard liver mass—later jaundice, 
fever pain and tenderness, ascites and bruit over mass 

‘® Spreads by lymphatics, blood and direct extension 

4 Mimics amoebic liver abscess, secondaries, hydatid cyst, poly- 
cystic liver disease 

 LFT,CT scan, raised AFP liver biopsy are the investigations 

Liver mass, confirmed by CT/MAl and serum AFP > 500 ng/dl 
is almost diagnostic and treatment can be started without 
tissue diagnosis 


+ Liver biopsy is done (FNAC) only in patients with nondiag- 
nostic level of AFP and not a candidate for curative surgery 
but only for palliation 

‘& Hemihepatectomyisthe treatmentin early operable growth 

+ Liver transplantation is the good surgical option 

+ Hepatic artery ligation/ntra-arterial chemotherapy/chemo- 
‘embolisation/percutaneous ethanol oraceticacid injection 
radiofrequency ablation/chemotherapy using adriamycin, 
carboplatin, gemcitabine—are palliative procedures 


SECONDARIES IN THE LIVER 


Itis the commonest malignant tumour in liver. The incidence 
of primary : secondary : +1 : 20 


_ Secondaries are common malignant tumours 
Inbone 

Stns 

@ Inbrai 


Causes 


Abdominal: Carcinoma in stomach, colon, pancreas, small 
bowel, kidney, abdominal oesophagus, rectum, carcinoids, 


Extra-abdominal 


© Melanoma, 
¢ Carcinoma breast, lung, thoracic oesophagus, bladder, 
prostate. 
¢ Testicular and adrenal tumours. 
¢ Follicular carcinoma thyroid (FCT) 
Commonly secondaries in liver are multiple, multiple in one 
lobe or in both lobes. It can be solitary (rare). 


It is often also classified as: 
Colorectal 


Colorectal carcinoma has got special interest in relation to 
its secondaries in liver. It carries good prognosis 

# Secondaries can be synchronous or metachronous. 

Resection of secondaries in liver often gives good outcome. 

PET scan is done to identify occult extrahepatic metastases. 

CEA is reliable indicator of spread or recurrence. 

% Resection, chemotherapy, intra-arterial chemotherapy are 
therapeutic modalities. 

¢ Contraindications for liver resection are—extrahepatic 
spread, nodal involvement along with primary, short disease 
free interval less than 1 year, four or more secondary deposits, 
bilobar spread, CEA more than 200 ng/di, secondary more 
than 5 cm in size, involved histologic margin. 

Colorectal liver secondaries show good prognosis when 
secondary are solitary, and with absence of all poor prog- 
nostic indicators, 

¢ 5 FU with irinotecan or oxaliplatin, bavacizumab (antivas- 
cular endothelial antibodies) are also useful, 


+ 
¢ 


Fig. 11. 


Secondaries in iver—solitary type from colonic primary. 
Neuroendocrine 


Gastrinoma, glucagonoma, somatostatinoma, nonfunctioning 

neuroendocrine tumours can cause liver secondaries. 

% These tumours are slow growing. 

Main symptoms are often due to secreting peptides causing 
different clinical syndromes. 

# Hormonal assay, CT abdomen, CT angiogram are needed. 

# Hormone controlling therapies, chemotherapy and cytore- 
duction using liver resection gives good 5-year survival up 
to 75% in these patients 


Non-colorectal and Non-neuroendocrine 


# These are aggressive primary tumour causing liver second- 
aries like from stomach, pancreas, small bowel, oesophagus, 
gallbladder, melanoma, urinary bladder and prostate 

They carry poor prognosis. 

# Treatment is chemotherapy. Early primary like—in stomach 
with isolated liver secondaries without extrahepatic spread 
can be benefited with liver resection. 

# But overall prognosis is guarded. 


Other classifications 

% Precocious: Secondaries are presented/identified before 
primary is suspected—carcinoid, colorectal cancer. 

# Synchronous: Both primary and secondaries are identified 
at the same time—careinoma stomach 

# Metachronous: Secondaries develop much later may be long 
time after the treatment for primary—melanoma, breast 
carcinoma, 


Route of Spread 

a. Direct spread: Stomach, colon, gallbladder, 
b. Hepatic artery: Melanoma. 

©. Portal vein: Carcinoid tumours, other GIT malignancies, 
4. Lymphatic spread: Breast, lung 


le ducts. 


A superior man is modest in his speech, but exceeds in his actions. 
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Clinical Features 


# They are multiple, hard, nodular, with nodule showing 
umbilication due to central necrosis. 

¢ Patient may have jaundice depending on the extent of liver 
involvement. 

¢ Loss of appetite and weight. 

+ Ascites. 

Pain in liver secondaries is due to stretching of liver capsule! 
tumour necrosis, Often pain may be of primary tumour, 

 Rectovesical secondaries —Blumer shelf” 

# Supraclavicular lymph node enlargement 


Fig. 11.25: Secondaries in liver. Note the multiple lesions (nadules) 
in both lobes of the liver. 


¢ Clinical features of primary tumour, e.g. stomach, colon— 

» Stomach: Vomiting; visible gastric peristalsis; palpable 
stomach mass. 

> Colon: Constipation/diarthoea; palpable mass; features, 
of obstruction. 

> Pancreas: Jaundice; steatorrhoea; itching; palpable 
gallbladder. 

> History of earlier surgery: Like mastectomy/wide exci- 
sion of the melanoma 

> Testis: Fullness; hard mass; loss of testicular sensation. 


Clinical features of secondaries in the liver 

® Poor general condition 

 Palpable liver which is hard, multinodular with umbilica- 
tion 

Clinical features of primary 

Ascites 

Jaundice + 


Differential Diagnosis 


# Multicentric hepatoma 
¢ Macronodular citthosis, 
# Polycystic liver disease, hydatid cyst of liver: 


Investigations 


# Primary is identified by—gastroscopy, colonoscopy, contrast 


X-rays, CT scan, 


Umblicatign 
x 


Figs 11.26A to C: Secondaries in liver are multiple and often with 
umbilication. CT picture shows multiple secondaries with ascites. On 
table photo of multiple liver secondaries with umbilication. 


# Liver biopsy is done, only if primary is not identified by 
any of these methods. 

# Liver function tests. 

# U/S abdomen—multiple hypo-or hyperechoic lesions; site 
of possible primary; nodal status; ascites. 


¢ Tumour marker: CEA. 

# MRUCT scan whenever resection is indicated 

¢ Laparoscopy often with laparoscopic US is very useful to 
detect small secondaries. 


Treatment 


© Chemotherapy is the treatment of choice. 

¢ Surgery has a definitive role if primary is from the colon, 
kidney 

¢ Ifthe primary growth is in the colon, then a palliative hemi 
colectomy is done, Along with that if‘ solitary secondary 
in the liver is present, it can be resected. If secondaries are 
in single lobe, hemihepatectomy is done. 


Criteria for selection for liver resection in secondaries in liver, when 
primaryisin colon are- 

‘Stage of the primary 
‘@ Type of primary resection 
+ Size of the largest liver secondary 
Number of secondaries 
+ 
+ 


° 


Palliative procedures for other primaries like—for carci- 
noma stomach—palliative partial gastrectomy/anterior 
gastrojejunostomy; for carcinoma pancreas—triple anasto- 
mosis/ERCP stenting 

Depending on the site of primary, drugs vary. 

» For carcinoma stomach, mitomycin and SFU are given. 
» For carcinoma colon, 5-FU, oraloplatinum/VEGF or 
EGER antibodies used with folinic acid, 

Hepatic artery ligation or therapeutic embolization with clot! 
gel foam can be tried to relieve pain, 

¢ Intra-arterial chemotherapy is tried with 


ttle success, 


‘Methods other than resection availableto ablate the tumour locally 
jn secondaries in liver 

4 Microwave therapy 

@ Radiofrequency ablation 

Laser hyperthermia 

Ultrasound or electrolyte therapy 


Overall outcome is poor in liver secondaries 
‘They die of malignant cachexia, infection, liver failure. 


‘@ Hepatoma 

‘® Secondaries in liver when primary is from melanoma, carci- 
noid tumour 

‘& Syphiltic enlargement of liver (hepar lobaturm) 


lm LIVER CYSTS 
CONGENITAL LIVER CYSTS 
Simple Liver Cyst 


# Itis 3% common. It is common in males (2:1), 

# Solitary simple cyst is congenital; developing from abnormal 
intrahepatic bile duct in utero. 

# 1/4th of simple cysts are symptomatic only at 4th or Sth 
decade. 

# Itis thin bluish walled cyst in one or other lobe containing 
clear fluid. Simple cyst will never communicate with 
biliary system. If communication is found it should be 
eystadenoma, 


Figs 11.27A and B: Simple liver cysts—CT pictures in 
‘wo different patients. 


Venous hum in epigastrium observed in portal HT is called as Kenawy’s sign. 
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# 50% present with abdominal pain. Hepatomegaly is 
common. Jaundice can be present. 

© Differential diagnoses are—hydatid cyst, cystic neoplasms, 
solitary secondary with tumour necrosis, 

# US shows anechoic lesion with smooth margin, 

# CT scan shows nonenhancing thin lesion. MRI shows 
hypointense T, image and hyperintense T, image 

Aspiration confirms the diagnosis. Aspiration will not cure 
the cyst as it recurs 100% 

# Treatment is—aspiration with sclerosant therapy where the 
recurrence rate is 20%, Deroofing with partial excision of 
cyst wall, by laparoscopic or open method has recurrence 
rate of 10%. Complete excision has very less recurrence rate 
but surgical mortality of 2% is present. 


Polycystic Liver Disease 


# It is autosomal dominant condition associated with poly- 
cystic kidney disease in 40% of cases. 
¢ Iarises trom biliary epithelium but doesn’t communicate 


with biliary system. 

© Usually they are asymptomatic. 

# Hepatomegaly, pain abdomen, jaundice and portal hyperten- 
sion are the presentations. 

# Hacmorthage, biliary obstruction, Budd-Chiari syndrome, 
rarely malignant transformation - are the complications. 

# Liver function is well preserved and so liver failure will 
not occur. 

# US, CT, MRI are investigations done. 

¢ Treatment: Percutaneous aspiration with sclerosant injec- 
tion, deroofing of all cys ion, liver transplantation. 


NEOPLASTIC LIVER CYSTS 


¢ They ate acquired eysts. 

# They are common in females 

¢ ‘They attain large size; multiloculated with papillary projec- 
tions, 

10% of neoplastic cysts are malignant. 

# Cystadenoma is benign containing mucinous or bilious 
fluid. 

# Cystadenocarcinoma contains haemorrhagic fluid. 

# AEP, CEA are normal; CA 19/9 is elevated. 


Hepatobiliary (Hepatic) Cystadenoma 


# Incidence is 5% of biliary intrahepatic cysts. 

50% are in right lobe; 30% are in left lobe; 

# Cystadenoma without mesenchymal stroma is equal in both 
sexes and occurs in Sth decade. It is not associated with 
cystadenocarcinoma, 

 Cystadenoma with mesenchymal stroma is common in 
young females and is often associated with cystadenocar- 


5% bilateral, 


# Itis septated, multiloculated, whereas if cavity contains 
debris it suggests malignancy. It is surrounded by a smooth 
and thick fibrous capsule. It contains internal septations and 
intraluminal papillary projections and lined by cuboidal or 
columnar biliary epithelium. 


Figs 11.28A toc 


ig 12.280 
Figs 11.28A to D: Hepatic cystadenoma of right lobe of liver—CT 
picture and on table look (Courtesy: Dr Ashfaque Mohammed, DNB, 
KMC, Mangalore), 


 Itoriginates from—congenital aberrant bile duct/embryonic 
foregut cells/peribiliary endocrine cells. 

MRI is diagnostic. USICT scan is also usefil. 

ERCP is done to identify communication with biliary 
system; usually to proximal left hepatic duct. 

¢ Treatment—enucleation of entire cyst with surrounding rim 
of normal liver tissue, Hepatic resection is also an option, 

¢ Note: Aspitation/deroofing, partial excision, sclerotherapy 
should not be done. 


Hepatic Cystadenocarcinoma 


¢ It presents as large palpable smooth liver with abdominal 
pain, 
 Itcarries better prognosis than HCC or cholangiocarcinoma. 
Itcan be: 
> Cystadenocareinoma arising from preexisting cystad- 
enoma with mesenchymal stroma, which occurs only in 
young females, carries good prognosis. 
> Cystadenocarcinoma without mesenchymal stroma not 
associated with cystadenoma, which is common in males 
and is more malignant. 
> Cystadenocarcinoma without mesenchymal stroma 
occurring in women. 
Resection is the treatment. It carries good prognosis 


TRAUMATIC LIVER CYST 


# Itis an acquired cyst of liver after liver injury in a blunt 
abdominal trauma. Biliary duct which is injured will cause 
bile leak into the existing intrahepatic haematoma causing 
mixture of bile and blood. Cyst is pseudocyst in liver without 
an epithelial lining, 

¢ Itmay resolve spontaneously or may cause abdominal pain, 
jaundice. It may present months or years later. 

© CT scan, old history of liver trauma may be helpful. MRI 
is diagnostic. 


Glycery| trinitrate should be given along with vasopressin to prevent coronary vasospasm. — 


% Treatment is conservative. Often deroofing or cyst excision 


With ligation of biliary ductile may be needed but techni- 
cally demanding, 


ll PORTAL HYPERTENSION 
¢ Definition: Sustained elevation of portal pressure more than 


12. mm Hg (normal 8-12 mmHg) 


Inferior mesenteric 


Fig. 11.29: Anatomy of the portal system. 


Left sided portal hypertension (sinistral) can be caused by 
isolated splenic vein thrombosis, which is often caused by 
adjacent pancreatitis 
Arise in portal pressure stimulates portasystemic circulation, 
Portal vein carries 75% of blood flow to liver with all nutti- 
cents to maintain its integrity and gives 50% oxygen supply 
to liver. 25% hepatic arterial blood flow gives remaining 
50% of oxygen supply to liver. 
Portal hypertension causes compensatory portosystemic 
venous collateral formation, altered intrahepatic circulation 
and increased splanchnic blood flow. High pressure portal 
blood is diverted via coronary (left gastric vein), short gastric 
and esophageal veins into azygos venous system 
‘There is increased portal resistance and altered portal blood 
flow. Increased resistance may be presinusoidal, sinusoidal 
and postsinusoidal. 
> Presinusoidal 
—  Extrahepatic—portal vein/splenic vein thrombosis. 
— Intrahepatic—schistosomiasis, sarcoidosis 
> Sinusoidal — cirrhosis, haemochromatosis, Wilson’s 
disease, congenital hepatic fibrosis. 
» Postsinusoidal ~ Budd-Chiari syndrome, conges-tive 
heart failure, veno-occlusive disease, 
‘There is dysregulation of compensatory increased hepati 
arterial flow response in relation to decreased portal vein flow. 
30% of varices patients will bleed; 30% of them will die 
of bleed; 30% of patients with cirrhosis will develop portal 
hypertension; 30% of them have variceal bleed in 2 years; 
70% of patients who had bleeding once, will rebleed later. 
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In westem country more than 90% cases cirrhosis is the 
cause. In India extrahepatic portal vein obstruction (33%) 
and extrahepatic periportal fibrosis (33%) is becoming more 
common. As liver is normal in these two conditions, patients 
get better cure rate by shunt surgery. 


Sites of Portosystemic Collateralisation 


1, Lower end of oesophagus, between left gastric and short 
gastric veins with azygos vein resulting in oesophageal 
varices—commonest. 


Fig. 11.30: Portosystemic collaterals. 


2, Umbilicus, between paraumbilical vein and anterior abdom- 
inal vein resulting in caput medusae. 

3, Lower end of rectum, between superior haemorrhoidal vein 
and inferior, middle haemorthoidal vein resulting in piles. 

4. Retroperitoneum (vein of Retzius) 

5, Bare area of the liver. 


Fig. 11.31: Photo showing caput medusae. 


Presentations 


$ Triad of portal hypertension 

i. Oesophageal varices 
Splenomegaly. 

iii, Ascites 

Jaundice. 

Features of encephalopathy. 

# Recurrent infection. 

© Coagulopathy. 

 Hepatorenal syndrome, 


Investigations 


Liver function tests. 
Ultrasound 

Alfa-feto protein, 

MELD scoring is Model for End-stage Liver Disease, is 
assessed by specific equation using creatinine and bilirubin, 
Child-Pugh score system. 

Serological assessment—AFP, iron studies, ct,-antitrypsin, 
ceruloplasmin, autoantibodies, investigations for hepatitis, 
Doppler imaging to see vascular pattern, direction of blood. 
flow, size of the vein. 


tees 


‘Causes of portal hypertension 


Prehepatic Hepatic (80%) Posthepatic 
Portal vein or splenic vein thrombosis Portal pyaemia Budd-Chiari syndrome 
Hypercoagulable status Alcoholic cirrhosis Constrictive pericarditis 
Periportal inflammation Idiopathic portal hypertension Congestive cardiac failure 
Trauma Primary biliary cirthosis \Veno-ocolusive disease 
Extrinsic compression from pancreas, stomach Schistosomiasis 
Neonatal umbilicus sepsis Hepatitis 

Nodular regenerative hyperplasia 

Wilson's disease 

Haemochromatosis 


Congenital hepatic fibrosis 
"Note: Commonest prehepatic cause of portal hypertension is portal vein thrombosis. 


Fig. 11.32: Patient with portal hypertension showing massive ascites, 
with oedema of limb and scrotum—end-stage liver disease. 


# CT/MRIto look for cause, see collaterals and liver nodules. 
Magnetic resonance venogram (MRV) is very sensitive 
noninvasive method to study extrahepatic portal system 
mainly to confirm extrahepatic portal vein thrombosis, 

# Hepatic venous pressure gradient (HVPG): It is done 
using a balloon catheter. Difference between free hepatic 
vein pressure and wedged hepatic vein pressure is HVPG. 
Normal HVPG is 8 mm Hg. It is more than 10 mm Hg in 
cirrhosis, 

# Splenoportography 
> Bleeding/clotting time and prothrombin time should be 

normal prior to the procedure. 

> Antibiotic prophylaxis is a must, 

» A fine lumbar puncture needle is passed into the spleen 
through left 9th intercostal space in midaxillary line. It 
is placed into the pulp of the spleen. 

> Splenic pressure is assessed by connecting to a manometer. 


Fact 
(isament 


Nodbles 


Stomach 


Fig. 11.33: Laparoscopic view of cirrhosis with nodules on the surface. 


Figs 11.344 and B: CT scan pictures showing ascites, splenomegaly. 


> Water soluble iodine dye is injected under C arm guidance 
Flow, anatomy of portal system, size of the splenic/portal 
vein, site of the obstruction, communications are assessed. 
» Complications are—bleeding, infection, lef shoulder pain, 
> Its use is replaced by MR angiogramvceliac angiogram. 
# Gl scopy—to identify varices. 
# Liver biopsy. 
# Endosonography. 


Management of Portal Hypertension 


a. General measures: 
» Anaemia to be corrected. 
» Nutrition supplementation. 
> Inj. vitamin K—10 mg IM for 5 days, 
b. Specific measures: 
» Treatment of oesophageal varices 
> Prevention of hepatic encephalopathy 
» Treatment of ascites. 


Everyone should be quick to listen and slow to speak. 
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2 
+ Yds,” (2.29), 


where / = (1 = x, 2= y,3= 2). This metric means that measuring rods and clocks are non-varying 
wherever one goes in spacetime to make measurements. However, this has been shown to be incorrect in 
general relativity theory, so the length and time transformations (between proper and coordinate values) 
given in the tables (middle columns) indicate that measuring rods and clocks do vary when placed in 
regions where K¥ 1. Therefore, we replace the time and space differentials in (2.29) with the length and 
time transformations in the tables into (2.29), and derive the general relativistic spacetime interval 


ae-ex( Da) (2.30). 


G 


Note that observers within a K+ 1 region will always measure the speed of light to be co. Equation (2.30) 
defines an isotropic coordinate system, which is a common and useful way to represent spacetime metrics 
in general relativity studies. By inspection the metric tensor is written 


-YK 0 0 0 
0 K 00 

Se") 9 0 K 0 ate 
0 00 


The Lagrangian density for matter-field interactions in a vacuum of variable K is given by Puthoff 
(1999a, 2002a, b) as 


232), 


Beg? |__| egy 
2 Ku, 3206 K* 


where the first term is the Lagrangian density for a free particle of mass mp, charge q and 3-vector 
velocity v (v= |p|, 3-vector components are labeled by i) interacting with electromagnetic fields via the 
electromagnetic field 4-vector potential Ay = (@, 4) (note that 3°(r — ro) is the delta function that locates 
the point particle at position r = r9); the second term is the Lagrangian density for the electromagnetic 
fields themselves, and the last term is the Lagrangian density for K (treated here as a scalar variable). 
This last term emulates the Lagrangian density for the gravitational field. Equation (2.32) does not 
nclude any quantum gauge field interaction terms because it is beyond the scope of the present 
nearnation of the PV-GR approach to include them. We can obtain the equations of particle motion in a 
variable dielectric vacuum by performing the standard variations of the Lagrangian density 8(/ Lydx dy dz 
dt) with respect to the particle variables. However, we are more interested in obtaining the “master 
equation” for K by varying the Lagrangian density with respect to K, and Puthoff (1999a, 2002a, b) gives 
the result: 
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> Measures to reduce portal pressure: 
—  Surgeries—Portosystemie shunt. 
~ Nonselective. 
~ Selective. 
— TIPSS. 
— Drugs to reduce the portal pressure like propranolol, 
nadolol, isosorbide-S-mononitrate. 
> Liver transplantation. 


ll OESOPHAGEAL VARICES 


# May be asymptomatic 

# May present with haematemesis or melaena or as recur- 
rent bleeding. Varices begin to bleed when portal pressure 
exceeds 12 mmHg, 

When present with severe haematemesis, patient shows 

features of shock. 

Mortality in bleeding varices is 25-30%. 

¢ Factors related to variceal bleed are—portal venous pres- 
sure; gastro-oesophageal reflux causing ulceration; variceal 
size; variceal wall tension. 


- 


Types of Varices 
1. Oesophageal which is in the lower 1/3rd of the oesophagus, 
usually 3 or more in number, graded as I, I, IIL, IV (based 
on gastroscopic findings) (80%). 
2. Gastric which is findal or in upper part of the stomach (20%). 
Gastric varices 
Classification 
A. Extension of oesophageal varices 
Into lesser curve 
IL Into fundus 
B. Isolated gastric varices 


I. In fundus common 
I. In other parts—stomach, duodenum—rare 


Ossophagus 


Collected bleed bloae 


Fig, 11.35: Picture showing variceal bleed, 


Gastric varices are treated by endoscopic N butyl eyanaerylate 
glueing, sclerotherapy, Banding is usually not done. 


Differential diagnosis for oesophageal varices 
(Other causes for haematemesis) 


Bleeding peptic ulcer Carcinoma stomach 
Mallory-Weiss syndrome Acute erosive gastritis 
Bleeding disorders Dieulafoy's syndrome 
Gastric polyps Gastric lelomyoma 
Gastric lymphoma 


Investigations 


# Hb%, liver function tests, packed cell volume, blood 
grouping and crossmatching, prothrombin time, platelet 
‘count, blood urea, serum creatinine, 

# Endoscopy—Grading of varices 


|. Minimal varices without luminal prolapse 
Il. Moderate varices, with luminal prolapse and with 
minimal obscuring of 0-G junction 
li Large varices, with luminal prolapse and with moderate 
obscuring of 0-G junction 
IM. Very large varices, with luminal prolapse and with 
complete obscuring of 0-G junction 


‘Cherry red spots” may be sign of impending rupture. 
Endoscopic sclerotherapy or variceal band ligation should 
be tried in acute bleed also, while doing initial endoscopy to 
confirm the variceal bleed. If facility for sclerotherapy is not 
available of sclerotherapy/banding fails or not possible due to 
massive bleed, then balloon tamponade should be used, 

Occasionally patient may be having varices, but bleeding 
(upper GI bleed) is due to other causes like duodenal or gastric 
ulcer. 

# Once acute bleed stops patient is 
splenoportography, liver biopsy, and superior mesenteric 

‘or celiac angiography, MR angiogram. 


vestigated further by 


Note 
Cruvielhier-Baumgarten syndrome is loud venous hum heard at 
umbilicus in case of portal hypertension through congenital patent 
umbilical vein to portal vein, 


# U/S abdomen to see status of the liver and portal vein (size 
‘more than 13 mm is significant), 


Treatment of Oesophageal Varices 


# Treatment of varices prior to bleed (no history of earlier 

variceal bleed) —primary prophylaxis. 

> Drugs—propranolol (reduces the portal pressure by 20% 
‘with pulse rate below 55/minute or 25% of resting pulse); 
‘nadolol (long acting, less lipophilic, not metabolised by 
liver); isosorbide mononitrate. Drugs reduce bleeding 
by 40%, 

> Endotherapy 

Note: 

No prophylactic shunt surgeries. 


Figs 11.36A to C: Different grades of oesophageal varices— 
endoscopic views. 


Figs 11.37A and B: Active spurting variceal vessel. Endoscopic variceal 
banding is gold standard for oesophageal varices. itis not very useful 
for gastric varix. 


+ Treatment of varices after one or more episodes of 
bleeding—secondary prophylaxis. 
» Endotherapy. 
> Shunt surgeries 
» Drugs like propranolol. Drugs may prevent rebleed by 
40%. 
Treatment of varices is considered under two headings: 


4 Emergency management of bleeding varices. 
+ Definitive management of varices. 


SAAG means Serum, Ascites, Albumin, Gradient. 
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Figs 11.38 and B: Typical tortuous gastric varix and cyanoacrylate 
‘glue injection to the same 


EMERGENCY MANAGEMENT IN SEVERE 
HAEMORRHAGE 


— Controlofacutebleed 


‘Initial important measures 

~ Volume and electrolyte corrections; volume replacement 

Using crystalloids with central line (CVP line placement 

‘with CVP maintained at 5 cm of water, sudden overload 

should be avoided which may precipitate pulmonary 
‘edema/ascites/hyponatraeria) 


~ Blood (massive transfusion of 5,10, 15 bottles) and blood 
products (FFP, platelets) replacement endotracheal intu- 
bation, ventilator critical care/ ICU management 

~ Antibiotics, nutrition (TPN)/Vitamin K injection 

~ Catheterisation and hourly urine output monitoring 

~ Prevention of encephalopathy 

~ Rest/sedation only ifneeded with care 

Pharmacotherapy 

Endoscopic banding/sclerotherapy 

Balloon tamponade 

TIPSS 

Devascularisation surgical procedures 


eeeee 


Pharmacotherapy (Drugs) 


# Inj. Vasopressin 0.4 units/min for 24 hours is commonly 
uused. 20 units in 100 ml 5% dextrose LV in 20 minutes also 
‘can be given. Vasopressin infusion is combined with glyceryl 
trinitrate tablets sublingually (to reduce cardiac side effects 
and increase the efficacy). Vasopressin is contraindicated in 
ischemic heart disease as it causes coronary vasoconstric~ 
tion. Nitroglycerin prevents the coronary vasoconstriction 
and also reduces the portal pressure, Vasopressin can cause 
fluid retention and hyponatraemia, 
> Vasopressin consiricts the splanchnic vessels thus lowers 

the portal pressure controlling the variceal bleed. It 
controls acute bleed in 80% of cases; it is often used 
along with balloon tamponade to increase bleeding 
control to 95%, Complications are—MI, arrhythmias, 
intestinal ischaemia, hyponatraemia and reduction in 
hepatic, renal blood flow. 

# Glspressin (terlipressin), desmopressin. Glyptessin 2. mg IV 
bolus Sth hourly is better than vasopressin. It has got longer 
hall life with fewer side effects. 

% Somatostatin—half life 2 minutes. Somatostatin does 
not cause systemic vasoconstriction like vasopressin but 
reduces the splanchnic and hepatic blood flow. It is given 
as continuous IV infusion 250 jig/hour after an initial bolus 
of 250 ug 

# Octreotide—half life 2 hours. 50 yg IV bolus and 50 pg! 
hour for 5 days. 

4% Propranolol decreases the portal pressure. ILis used at later 
period as prophylaxis to prevent bleeding. Nadolol is also 
used which has got a longer hall life 

# Metoctopramide (20 mg IY, it causes lower oesophageal 
sphincter constriction); isosorbide 5 mononitrate which is 
not metabolized in liver can be salely used in patients in 
liver failure. 

# Acid inhibiting drugs (ranitidine IV, pantoprazole IV); and 
antifibrinolysins (tranexamie acid) are also used. 


Endoscopic Therapy 


Endotherapy—banding/sclerotherapy/glucing is used to control 
acute bleed as well as to prevent further bleeding. Pharmaco- 
therapy is often combined with endotherapy. 


1, Endoscopic variceal banding (EVB) 


> 


Itisdone for oesophageal varices. Banding/band ligation has 
become gold standard and ideal for oesophageal varices. 
Multishoot banding device is used, 

tis not commonly done for gastric varix as banding is 
difficult in retroflexed position. 

Banded varices thrombose and slough off leaving small 
discrete ulcers. 

It controls the bleeding in 90% cases. It is technically 
easier; chances of rebleeding are less; complications like 
perforation or stricture are less. 

Earlier single band application device was used. It should 
be passed through an oesophageal overtube as it requires 
repeated endoscopy for shooting many bands. Multishoot 
banding device/applicator carries 5/6/8/10 bands. It does 
not require repeated removal and insertion of endoscope 


Fig. 11.40: Endoscopioc view of variceal banding. Endoscopic variceal 
banding (EVB) is done for oesophageal varices. Not commonly used 
for gastric varices. 


and so overtube can be avoided, 


Paravariceal 


Fig. 11.39: Types of sclerotherapy. 


2, Endoscopic variceal sclerotherapy (EVS) 


» 


» 


Endoscopic sclerotherapy is also commonly used. It is 
technically easier, and cheaper. 

Both intravariceal and paravariceal or only intravariceal 
injections are given, 

In large varix lower part and upper part of the varix is 
sclerosed. Around 6 ml of sclerosant to lower part and 
2-3 ml to upper partis injected, In small varix, injection 
is sufficient to only lower part 

In combined para and intravariceal injection, first para- 
variceal injection is done into submucosal plane followed 
by intravariceal injection. 

Sclerosants used are—Fatty acid derivatives: ethanolamine 
oleate (5%); sodium morrhuate (2-5%); Synthetic: sodium 
tetradecyl sulphate; polidocanol (3%). Polidocanal is 
hydroxyl polyethoxydodecan (HPD/aethoxy skletrol 1-3%) 
Varices should not be injected blindly 

Inacute bleed itis better to insert an endotracheal tube to the 
patient and give 45° elevation to the head end of the table 
Sclerotherapy causes intimal injury, submucosal vessel 
thrombosis, ulceration, submucosal fibrosis. 5-6 sclero- 
therapies are needed to create total obliteration. If after 
sclerotherapy aspiration fluid is clear, then itis called as 
successful sclerotherapy. Success rate is 80%. Sclero- 
therapy during bleeding is called as acute sclerotherapy; 
at bleed free intervals it is called as chronic. 


> Complications 
— Fever, retrostemal pain, massive bleed, perforation, 
mediastinitis, stricture oesophagus. 
— Atelectasis, pleural effusion, ARDS are known to occur. 
» Sclerotherapy is done weekly for 6-8 sessions until 
varices are obliterated. Later follow up endoscopy is 
done once in 3 months for 6 months; and once in 6 
months for 2 years; then yearly for lite time. 
> Sclerotherapy causes 70- 80% control of bleeding but 
rate of re-bleed is higher than banding, 


3. Endoscopic gluing using tissue adhesives 


> Itis commonly used for gastric varices. 

> Butyl cyanoacrylate is used, It hardens in 20 minutes. If 
properly injected into the varix it controls the bleeding 
immediately with 90% success rate, 

» Risk of equipment damage is high if it spills into the 
working channel and blocks it. Lipiodol is used along with 
cyanoacrylate to delay premature hardening, Silicone oil is 
applied to the tip ofthe instrument to prevent the damage. 

> Needle tip is correctly placed into the gastric varix and 
0.5-1 ml of adhesive is injected. Instrument should be 
removed immediately. 


4, Endoscopic thrombin/dilute adrenaline injection into the 


Balloon Tamponade 


% Four lumen Minnesota tube/Sengstaken-Blakemore tube! 


Linton’s tube/modified 4 lumen Pitcher tube are used for 
the procedure. If bleeding does not stop by banding/sclero- 
therapy/gluing, balloon tamponade should be tried. Most of 
the time bleeding comes under control by balloon tamponade. 
Initially gastric balloon is inflated with 300-400 ml of air, 
later the oesophageal balloon is inflated with air at 30-40 
‘mmbg pressure. This should be deflated for a short period 
in 12-24 hours so as to prevent necrosis of oesophageal 
mucosa. Inflation of gastric balloon is most important, 
Oesophageal balloon inflation is done if needed only. 


During infancy until about the end of the third year the normal liver extends one to two finger breadth below the 
costal margin. During inspiration at this period of life, the extreme edge of normal spleen is also palpable. 
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Fig. 11.41: Child with Sengstaken-Blakemore (S8) tube for 
haematemesis showing three channels. 


Fig. 11.42: Sengstaken-Blakemore tube showing how it contrals the 
bleeding varices. Oesophageal balloon is inflated with 40 mig 
pressure of air, gastric balloon with 400 mi of ar. 


X-ray should be taken to confirm the position of balloons 
Usually within 24-72 hours bleeding comes under control 
and in mean time resuscitative measures has to be under- 
taken, Success rate is very good but only temporary. It 


should be followed by definitive procedures like banding/ 
sclerotherapy. Otherwise rebleed rate is 60%. Balloon 
tamponade is only a rescue procedure and emergency 
bridging method for more definitive procedures. 


TIPSS (Transjugular Intrahepatic 
Portosystemic Shunt/Stenting) 


I is used if all other earlier methods mentioned have failed, in 
less than 10% of acute bleed patients. It commonly controls 
the uncontrolled acute bleeding and prevents further bleed and 
also acts as a bridge for future transplantation. 


Surgeries for Acute Bleeding Varices 


* Open oesophageal stapler transection and oesophago- 
gastric anastomosis (Jhonston). 

* Borema—Crile operation: The oesophagus is opened 
Oesophageal varices are under-run using vieryl 

© Sugiura-Futagawa operation: Oesophagogastric transec- 
tion and devascularization, vagotomy, pyloroplasty and 
splenectomy. 

¢ Milnes-Walker thoracic oesophageal transection 

Tanner's abdominal oesophagogastric resection. 

# Hassab operation. 
Shunt surgeries are not commonly used to control bleeding 

in acute stage. 

Note: 

Oncea bleed, there will be alwaysarebleed without treatment and 

rebleed is much more severe than earlier bleed. Time gap between 

each rebleed shortens. 


Other Measures 


% Liver biopsy to confirm the cause for the portal hypertension 
{after controlling PT), 

© Correction of clotting mechanisms by Vit. K, blood, plasma 
or platelet concentrate. 


Control of encephalopathy 
Purgatives 

Protein free diet 

Lactulose syrup 30 ml tid 

Lactitol 

Neomycin orally—1.5 gm 6th hourly 
Parenteral nutrition 
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‘Sclerotherapy 


Sclerosants used 

Ethanolamine oleate (5%) 

Sodium tetradecyl sulphate (1-39) 
Sodium morthuate 2-5% 
Polidocanal 3% 

Absolute alcohol 


Method of injection 


Both intravariceally (6 ml) as well 
as para variceally (2-3 mi) to create 
thrombosis as well as fibrosis 
Repeated sessions in 2-3 weeks 
Total 15 ml in one session 


Problems with sclerotherapy 
‘Oesophageal ulceration 

‘Oesophageal perforation 

Worsening of bleeding 

Aspiration pneumonitis 

Difficult to inject gastric varices 

Chest pain and dysphagia are common, 


DEFINITIVE MANAGEMENT OF VARICES 


¢ Selerotherapy 
© Shunt surgery 
Prophylactic shunt surgery should not be done. 
Shunt surgeries should not be done if the varices have not 
bled before. 
Indications 
Child's Grades A and B. 
(Child’s grading is used for selecting patients for surgery and 
predicting prognosis.) 
Surgery is contraindicated in Child C. 
Non-selective shunts: 
> Porta-caval shunt (end-side, side-to-side), 
> Mesentericocaval shunt with or without graft, 
> Mesenterico-renal shunt 
> Proximal splenorenal shunt—Linton 
Non-selective shunts control and prevent further bleeding as 
well as reduce the ascites. But since it diverts the blood from 
liver there is high incidence of encephalopathy. 
Note: 
End to side porta caval shuntis called as ECK fistula, 


shunt. 


2, Selective shunts: 
1. Distal splenorenal shunt—Warren s shunt. End of splenic 
vein is shunted to the side of the left renal vein, Splenic 
vein should be more than 10 mm in size (diameter). It 
selectively decompresses the portal bed near oesophago- 
gastric area (so that it prevents bleeding). Liver is also 
perfused adequately and so possibility of encephalopathy 
is less, 
b. Inokuchi shunt is a selective shunt between IVC and left 
gastric vein (using a graf) 
¢ Splenectomy 
Left sided portal hypertension also called as segmental portal 
Iypertension (sinistral portal hypertension) is due to splenic 
vein thrombosis (If partial channels are present within it, it is 
called as splenic vein cavernoma). Here liver is normal and 
splenectomy alone will correct the condition 


© TIPSS (Transjugular Intrahepatic Portosystemic Stenting/ 
Shunt) 
> Size of stent must be 10 mm. It is a nonsurgical, inter- 
ventional radiological method wherein a stent is placed 
in the liver between hepatic venule and portal venule 
through a guidewire following dilatation, 
> Itisa simple and easier method to reduce portal pressure. 
» It can cause hepatic encephalopathy, bleeding, bile leak 
id infection. 
> It is contraindicated in encephalopathy, tumours and 
liver eysts. 
> It is quite useful as a temporary measure to reduce portal 
bed pressure, before doing orthotopic liver transplanta- 
tion in cirrhotic patients, 


Fig. 11.43: TIPSS. 


1 
Bilirubin (mg/dl) <2.0 
Albumin (gmidl) > 3.5 


Ascites None 
Mental status Normal 
Nutrition Very good 
Total Score <6 Child's 

‘Wdisease 
(Pugh's modification) 
Prothrombin Increase 
time seconds upto 3 
prolonged 


IVC. Superior mesenteric vein 
End-to-side portocaval shunt (ECK fistula). 


0-35 
Controlled 
Disoriented 
Good 
7-9 Child's 
‘B'disease 


Between 3.6 


Inferior 


Efforts and energies should be consistent, constructive and compassionate. 


mesenteric vein 


230 
<30 
Uncontrolled 
Coma 
Poor 
10-15 Child's 
‘C'disease 


>6 


Kidney 
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Mesenlenc vere ngy 
r mesenteric vein 


Spleen: 


Splenic vein 


Inferior 
mesenteric vein 
Kidney Ive: Kidney 
‘Mesentericacaval shunt 


cv 


‘Superior mesenteric veir 
— 
CIV Mesentericocaval shunt (rat) 


Splenic vein Splesn (remaved) 


Inferior 
mesenteric 
vein 


Proximal 
splenorenal Kidney 
shunt 
IV sMV 
: Proximal splenorenal shunt (Linton’s} 


111.47: Side-to-side mesenteriocaval shunt using a graft. 


(End to side) 
Left renal vein 
Splenic vain 


Kidney Kidney 


Distal spleno- 


-— renal shunt 


civ SMV 
Fig, 11.49: Distal splenarenal shunt (Warren's, DSRS}—selective. 


Fig. 11,50: Oesophageal open stapler transection. 


-® Post-stent encephalopathy—40% 
-® Stenosis (50%) and recurrent varices 


‘& Devascularisation surgeries 
‘& Decompression surgeries 
Orthotopic liver transplant (OLT) 


‘Nonselective shunts 
4 End-to-side portacaval shunt (ECK fistula) 
4 Side-to-side portacaval shunt 

& Mesentericocaval shunt 


 Mesentericocaval shunt with graft 

+ Proximal splenorenal shunt—Linton’s shunt 

TPS 

Selective shunts 

+ Distal splenorenal shunt—Warren’s shunt 

@ Inokuchi shunt between left gastric vein and IVC through 
agraft. 

Porta azygos disconnection 

‘Oesophageal stapler transection of Johnston 

Boerema-Crile operation—thoracic approach 

Milnes-Walker thoracic oesophageal transection 

Tanner's abdominal oesophagogastric transection 

Hassab operation. Devascularisation and splenectomy. 

Sugiura-Futagawa operation—vagotomy, pyloroplasty, 

devascularisation, splenectomy 

+ Splenectomy 

Liver transplant 
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© Liver transplant (orthotopic) 


Liver transplant is becoming popular for cirrhosis with varices. 
Its ideal, final and best. But donor availability and cost is the 
problem. If patient is for orthotopic liver transplantation (OLT), 
‘open shunt surgeries should not be done as liver hilum should 
be kept virgin for effective transplantation. TIPSS can be done 
as a bridge in such patients, 


ll PORTAL HYPERTENSIVE GASTROPATHY 


¢ Portal hypertension causes vascular dilatation and ectasia in 
the stomach which appears pink, speckled, with red mosaic 
pattern in the gastric mucosa. It occasionally causes upper 
Gl bleed (5% of total; 20% of portal hypertension bleed), 
Endoscopy is diagnostic. 

# Mucosal changes are diffuse and so not amenable for 
endotherapy. 

Portal gastropathy is more common in cirthotic patients, 

# Commonly presents with chronic bleed causing anaemia; but 
acute bleed with haematemesis and melaena also can occur. 

# Treatment is mainly to reduce the portal pressure using 
propranolol 


™ ASCITES 


It is pathological collection of fluid in the peritoneal cavity 

In Western countries cirrhosis is the commonest cause 
(80%) of ascites. Ascites is the most common complication 
of citthosis. It is a poor prognostic factor. Portal hyperten- 
sion, renin angiotensin aldosterone pathway causing renal 
sodium retention, increased hydrostatic pressure in hepatic 


sinusoids and splanchnic vessels cause ascites. In metastatic 


malignancy ascites develops due to liver secondaries, peri- 
toneal carcinomatosis which secretes protein rich fluid and 
lymph, Leakage of pancreatic juice, bile, lymph also causes 
specific ascites. 


Types 

© Mild — Up to 150 ml amount required to demon- 
strate radiologically 

# Moderate — 1500-2000 ml causes clinical dullness in 
flanks, 

# Severe 2000 ml 

Classification 


% Transudate (Protein <2.5 gm/ dl), 
> CCF—Commonest (SAG > 1.1) 
Hypoproteinaemia, 


> Anaemia, 

> Beri-beri 

> Nephrotic syndrome, 
> Portal hypertension, 
> Polyserositis 
Exudate (Protein > 2.5 gm/dl) (SAAG < 1.1). 
» Peritoneal diseases. 


~ Tuberculosis. 
~ Bacterial, fungal and parasitic infection, 
— Neoplasm 

> Collagen disorder. 

» Eosinophilic gastroenteritis, 

> Granulomatous peritonitis. 


Management of oesophageal varices 


Emergency management in acute bleed Definitive management 


Balloon tamponade 
Pharmacotherapy 
Oesophagogastric transection 
Borema-Crile operation 

. Sugiura-Futagawa operation 

. Sclerotherapy 


1. Sclerotherapy, Banding, Glueing 
2. Nonselective shunts: Porta caval 


Mesentericocaval 
Mesentericorenal 


3. Selective shunts: Distal-splenorenal shunt 


Inokuchi shunt 


4, Splenectomy 
5, TIPSS 
6. Liver transplant 


Understanding is part of learning and needed before teaching. 
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Clinical Features 
Symptoms 


¢ Gradual distention of abdomen 

# Severe cases of ascites may lead to respiratory embarrass- 
ment. 

4% Specific features related to the cause may be evident 

¢ Risk of spontaneous bacterial peritonitis. 


Signs 

Mild: 

# Puddle sign—Tapping around the umbilicus in knee-elbow 
position elicits dullness, 

Moderate: 

# Positive shifting dullness in the abdomen, 

Severe: 

¢ Positive fluid thrill, 

¢ Tanyol sign: Umbilicus is shifted upward in pelvic mass 
(ovarian cyst) downwards in ascites. 

Hamilton ruler testis also used to differentiate ascites from 
ovarian cyst. 

 Blaxland (Athelstan Blaxland) ruler test shows pulsation 
in ovarian cyst not in ascites. A flat ruler is placed on the 
abdomen just above the anterior superior iliac spines and 
pressed firmly backwards. Ifthe swelling is due to ovarian 
cyst, transmitted aortic pulsation can be felt across the ruler. 

Smiling horizontal umbilicus. 


Investigations 


¢ U/S abdomen. 
% Ascitic tap—Always should be done after emptying the 
bladder by placing the needle below the umbilicus lateral 
to the rectus muscle. It may be Diagnostic or Therapeutic 
tap. Fluid is sent for analysis. 
> Ascitic fluid having cells less than 1000/mm* is clear; 
from 1000-5000/mm! is unclear; more than 5000/mm* 
is turbidicloudy. 

> Non-traumatic blood in the ascitic fluid does not clot. 
‘Traumatic (trauma during tapping) blood will clot 

in the ascitic luid is seen in chylous ascites. 

> In cirrhotic patients ascitic fluid without SBP contains 
less than 500 cells/mm’ with 50% of them are neutro- 
phils. LPascitic fluid contains more than 250 neutrophils! 
mm it suggests acute inflammation, 

» Serum ascites albumin gradient (SAAG) is calculated 
by subtracting ascitic fluid albumin level from serum 
albumin level. I'SAAG more than 1.1, itis called as high 
gradient which suggests portal hypertension. IF SAG is 
less than 1.1, its called as low gradient which suggests 
absence of portal hypertension. SAG is 98% accurate. 
— High gradient SAAG is seen in—cirthosis, alcoholic, 

cardiac ascites, multiple liver secondaries, fulminant 
liver failure, Budd-Chiari syndrome, portal vein 
thrombosis 


— Low gradient SAAG is seen in—peritoneal second- 
aries, peritoneal tuberculosis, pancreatic ascites, 
biliary ascites, nephrotic syndrome, lymph leak, 
connective tissue diseases causing ascites. 


Figs 11.51A and B: Ascites on CT scan and gross clinical look of 
‘severe ascites. 


Treatment 


© The cause is treated 

# Therapeutic tap—It should be slow and gradual or staged 
tapping. Up to $ litres can be tapped in 90 minutes 

% Ascitic shunt surgeries. 

% Spironolactone, salt restriction, 

Salt (sodium) restriction in diet is important. Itis assessed 
‘by measuring 24 hour urinary sodium excretion. If it is 
‘more than 78 mmol/day patient will loose weight with salt 
restricted dite. 

* Spironolactone 100 mg/day and frusemide 40 mg/day 

promotes natriuresis and reduces the ascites. tis very usefil 

afler paracentesis to prevent re-accumulation of fluid 

TIPSS. 

* Liver transplantation, 


Complications of ascites, 
‘@ Respiratory embarrassment 
‘& Umbilical hernia with erosion, ulceration and leak 
® Spontaneous bacterial peritonitis, 


ASCITES IN PORTAL HYPERTENSION 
Causes 


 Hypoproteinaemia, 
¢ Increased hydrostatic pressure, 
Decreased colloidal osmotic pressure. 
Lymphatic blockage 

¢ Altered aldosterone mechanism, 


‘Treatment of ascites in portal hypertension: 
& Medical—spironolactone, sat restriction 
Abdominal paracentesis 
+ TIPSasa bridge to liver transplant 
+ Liver transplantation 


‘Abdominal Nid 
+ Straw coloured fuid 

~ Ginhosis 

— Tuberculosis 

~ Hypoproteinaemia 

—Nephrotic syndrome 

~ Budd-Chiari syndrome (Hepatic vein thrombosis) 

~ Constritve pericarditis 

~ Chronic pancreatitis 

~ Ovarian tumour (Meigs syndrome) 

~ Malignancy 
 Haemorrhagic fluid 

= Traumatic tap 

= Tumour 

— Acute haemorrhagic pancreatitis 

~ Bleeding disorder 
 Chylous fluid 

— Parasitic infestation—filariasis 

~ Tuberculosis 

~ Malignancy of thoracic duct 

~ Trauma to thoracic duet 

~ Thrombosis of subclavian vein 
+ Purulen uid 

~ Abdominal infections 

Penetrating wounds or infections 

— Pyaemia and septicaemia 

— Rupture/perforation ofan organ 


Fig. 11.52: Ascites. Observe the dilated abdominal veins. 


Investigations 
Liver funetion tests, U/S, CT sean, MRI, gastroscopy 


b 
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Fig, 11,53: Massive ascites in severe portal hypertension. 


Treatment 


% Correction of serum proteins, salt restriction. 

4% Ascitic tap—Site of tap is below the umbilicus, lateral to 
the rectus muscle, Bladder should be empty before tapping 
Slow gradual tapping is important, otherwise patient goes 
in for fluid and electrolyte imbalance. Up to S litres can be 
tapped at a time. 

* Spironolactone 25 mg orally BD and other diuretics are 
often used, 


Laughter is the sun that drives away the winter from the human face. 
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This equation describes the generation of general relativistic vacuum polarization effects due to the 
presence of matter and fields. By inspecting the right-hand side of the equation, we observe that changes 
in K are driven by the mass density (1" term), electromagnetic energy density (2 term), and the vacuum 
polarization energy density itself (3“ term). In fact, the 3“ term emulates the gravitational field self- 
energy density. Note that the 2™ and 3“ terms in (2.33) appear with opposite signs with the result that 
electromagnetic field effects can counteract the gravitational field effects. Puthoff found that (2.33) gives 
the solution K = exp(2GM/rey’) in the vicinity of a static spherically symmetric (uncharged) mass M (in 
the low velocity limit v << cp, dK/at = 0, E = B = 0, = 0), which reproduces to appropriate order the 
standard general relativistic Schwarzschild spacetime metric for the weak gravitational field conditions 
prevailing in the solar system. This solution guarantees that K > | near mass concentrations. 

Of major importance to the present study are solutions giving K < 1 so that teleportation can be 
realized. Puthoff has found one such solution by studying the case of a static spherically symmetric mass 
M with charge Q familiar from the study of the Reissner-Nordstrpm spacetime metric. In this case 
Puthoff found the result 


K =| cos 


where a? = (GMlc,°)", b? = O°G/4meq¢;", and r is the radial distance from the center of M. And in this case 
(2.34) gives K <1, which shows that FTL solutions are available in the PV-GR approach (as they are also 
in the Einstein theory). (For a’ > b? the solution is hyperbolic-trigonometric and describes the standard 
Reissner-Nordstrom metric where K > 1.) 

Generally speaking, in Einstein general relativity the Reissner-Nordstrom metric can be manipulated 
along with two shells of electrically charged matter to form a traversable wormhole (Schein and 
Aichelburg, 1996). But there are two drawbacks to this. The first is that the scheme involves dealing 
with the collapsed state of the stellar matter that generates the metric (a.k.a. Reissner-Nordstrm black 
hole) along with the unpleasant side effects that are encountered, such as the crushing singularities and 
multiple (unstable) event horizons. Second, the traversable wormhole is an eternal time machine 
connecting remote regions of the same universe together. Now there are no black hole solutions found in 
the PV-GR model because in that approach stellar matter collapses smoothly to an ultra-dense state and 
without the creation of singularities and event horizons (Puthoff, 1999b). 

In either case, the Reissner-Nordstrom metric does not offer a viable mechanism for vm- 
Teleportation. We are more interested in examining other PV-GR cases (where K < 1 or even K << 1) 
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¢ Le Veen shunt is a one way valve peritoneo-venous shunt 
done in order to drain ascitic fluid from peritoneal cavity to 
internal jugular vein, 

Denver shunt is similar to Le Veen type with additional 
facility of having a chamber to evacuate the debris by digital 
pressure. 

¢ Liver transplantation may be beneficial for ascites in liver 
diseases 

# The cause is treated. 

# TIPSS. 


¢ Hepatorenal syndrome 
Bacterial peritonitis, 


Complications of Ascitic Shunt Procedure 


# Bleeding, infection, 
¢ Displacement, blockage. 
Thrombosis of the vein, volume overload. 


ll BUDD-CHIARI'S SYNDROME 


mn of the hepatic veins, 
Usually three major hepatic veins are involved by throm- 
bosis or block. It is common in females. 


It isa syndrome due to obstru 


Causes 


1. Spontaneous thrombosis of hepatic 

veins (due to myeloproliferative 

diseases (50%) commonly seen in 

adults and IVC webs commonly 

seen in children). 

Neoplastic encroachment of 

hepatic veins. 

Polycythaemia. 

Contraceptive pills 

‘A membranous web in suprahepatic portion of IVC—: 

curable type of Budd-Chiari syndrome, 

6, Plant extracts of Senecio and Crotalaria used in herbal tea 
in Jamaica causes acute Budd-Chiari syndrome. 

7. Protein C, S or antithrombin III deficiency, Behcet’s disease. 


Majority of cases 


Clinical Features 


1, In acute form: Nausea, vomiting, severe pain in right 

hypochondrium, rapid enlargement of liver, hypotension 

and often death. 

In less sudden onset type: Rapid development of ascites, 

hepatic insufficiency, oedema feet, features of IVC obstruc- 

tion, hepatic coma can occur, 

3. Chronic type: Present with hepatic cirrhosis, ascites, oesopha- 
geal varices, infection, which gradually leads to hepatic failure. 

4, Jaundice, ascites and hepatomegaly is common. 


Investigations 


# Transcutaneous Doppler will show hepatic vein thrombosis 
and collaterals across retrohepatic IVC. 


# CT-shows caudate lobe (segment 1) hypertrophy with nonho- 
‘mogenous contrast enhancement. 


Treatment 


# Anticoagulation is the standard therapy. 

# In membrane obstructing IVC, it can be cut by transatrial 
meatotomy, i.e. under guidance a catheter is passed, via right 
atrium to IVC and the web is cut. It is curable, 

+ In other types of portacaval or mesocaval shunts are tried 
bbut results are equivocal. 

# Mesoatrial shunt between right atrium and SMV using 
Gortex graft 

# TIPSS is also useful. 


ll HEPATIC FAILURE 
Aetiology 


# Cirhosis, 
# Congenital diseases. 

# Terminal liver diseases. 
# Drug induced. 

# Fulminant hepatitis 


Precipitating Causes 


Infection, 
GIT bleeding, 

Surgery. 

General anaesthesia 

Drugs—nareoties, analgesics. 

Old age 

Electrolyte abnormality hypokalaemia. 


Clinical Features 


Weakness and jaundice. 
Cyanosis. 

Fever, fetor hepaticus. 
Features of hyperdynamic circulation: Bounding pulse, 
flushed extremities, fresh erops of spider naevi, palmar 
cerythemas, 

% Loss of axillary and pubic hairs 
# Inmale, gynaccomastia and tes! 


cular atrophy. 


Fulminant Hepatic Failure 
It occurs as a result of massive liver cell death due to: 
1. Acute viral hepatitis 


2. Drugs like carbon tetrachloride, halothane, cytotoxic 
drugs, 


Sudden onset ofthe disease 
Personality changes 
Delirium 

‘Altered behaviour 

liguria and kidney failure 


ee eee 


Treatment 


Correction of precipitating factors, eg. GIT bleed, infection, 
hypokalaemia. 
High carbohydrate diet 
# IV fluids or nasogastric feeding, 
* Diuretics and morphine is avoided as it may precipitate 
coma, 
# Correction of hypoglycaemia and electrolytes. 
Management of renal failure by haemodialysis. 
Correction of clotting factors. 
Temporary hepatic support like: 
» Exchange blood transfusion 
» Cross circulation between donor and patient 
» Extracorporeal perfusion of patient's blood through 
pigs liver. 
> Perfusion through columns of activated charcoal 


ll HEPATIC ENCEPHALOPATHY 


Itis a chronic neuropsychiatric disorder wherein blood bypasses 
the liver, as a result of which, detoxification of foxic products 
do not occur, which, in turn enters the brain to cause toxicity 


Toxic Products 

Ammonia, 

Aminobutyric acid, 

Mereaptan. 

Methionine. 

Short chain fatty acids. 

Collaterals developed in chronic liver disease like cirrhosis 
or after shunt surgeries, allow the blood with toxic products 
to enter the brain causing toxic effects (As toxic products of 
bacterial degradation, and nitrogenous material {rom the bowel 
is normally metabolized in the liver, these toxic products bypass, 
the liver through collaterals to enter the cerebral circulation) 


Encephalopathy is precipitated by: 
Large protein meal 

GIT bleed. 

Hypokalaemia. 

Drug-induced diuresis. 
Uraemia. 

Narcotics 

Infection 

Dehydration. 

Constipation. 


teecccoes 


Clinical Features 


# Disorientation, flapping tremor. 

# Cogwheel rigidity of limbs, ankle clonus. 
# Slurred speech, intellectual deterioration 
# Personality changes. 


| _ Grading of hepaticencephalopathy = 
+ Decreased skils—Subelinical 

+ Confusion—Grade 1 

& Drowsiness—Grade 2 

+ Somnolence, hyperrefiexis—Grade 3 

® Coma—Grade4 


Treatment 


‘To reduce the entry of nitrogenous products and toxic products 
from the gut into the circulation, 
© Restriction of dietary protein. 
# Removal of blood from bowel by purgation or enemas. 
# Antibiotics administration 
Oral neomycin to reduce bacterial load inside the bowel 
lumen. 1 gm 4-6 hours or metronidazole 250 mg every 8 hours. 
% Oral lactulose 30-50 ml 4 times a day. 
# Sedatives like benzodiazepines and opioids are avoided. 
% Correction of vitamin and electrolyte deficiencies. 
# Lactulose enema: 300 mi of lactulose in 700 ml of water 
can be given 


™ HEPATORENAL SYNDROME 


# Itis development of acute renal failure due to severe hepati 
or biliary disease with jaundice 
# Patient develops oliguria, azotaemia and hyponatraemia, 


Causes 


Bile salt sludging in the tubules. 
# Absorption of toxins. 

# Increased ADH release. 

# Hypoperfusion and renal ischaemia, 

# Itmay be precipitated by surgery, stress, 


Treatment 


# Mannitol infusion, 
# Diuretics 
# The cause is treated, 
# Dialysis. 
# Liver transplantation, 


ll HEPATIC RESECTION 


Anatomy and Types of Resections 


# Right hepatic artery divides into anterior and posterior 
segmental arteries. Left hepatic artery divides into medial 
and lateral segmental arteries. 

+ Portal vein divides at porta hepatis as right and left branches 
and these branches enter the respective lobes of the liver. 

# Hepatic veins originate as central vein of the liver which is 
formed by liver sinusoids. Middle hepatic vein is located 
in main lobar fissure. Left hepatic vein is in left segmental 
fissure—upper portion; right hepatic vein isin right segmental 
fissure. Inferior part of middle and anterior segments are 
drained by middle hepatic vein. In 60% of cases middle and 
left hepatic veins join to form single trunk to enter IVC. 

# Main portal fissure divides liver into two lobes by Cantlie’s 
line from anteroinferior part of gallbladder fossa to left of 
the IVC with 75° angle with horizontal plane. It divides into 
right/left paramedian sectors/segments. 

© Liver is divided into 8 segments (Couinaud segments). Right 
lobe is formed by segments V, VI, VII, VIIL from front to 


Nothing great was ever achieved without enthusiasm. 
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[ Nomenclature for liver resection l 


‘Segments Brisbane - 2000 Couinaud - 1957 Goldsmith and Woodburne—1957 
vevlll Right hemihepatectomy Right hepatectomy Right hepatic lobectomy 

Ivvill Right trisectiontectomy Right lobectomy Extended right hepatic lobectomy 
tv Left hemihepatectomy Left hepatectomy Left hepatic lobectomy 

ut Left lateral sectionectomy _Left lobectomy Left lateral segmentectomy 

Ui, ILIV, V, VIII Left trisegmentectomy Extended left hepatectomy Extended left lobectomy 


Indications Contraindications 


+ Primary/Secondary malignancy fram gallbladder or 
colorectum or carcinoids 


+ Benign tumours of liver 
+ Parasitic/non-parasitic cysts—hydalid cysts/simple liver cysts 
+ Refractory abscess/Carali disease / RPC 

+ LOLT 

+ Klatskin's tumour 

+ Trauma to liver 


‘Acute hepatitis—viral/aleaholic 


Severe chronic hepatitis 
Poor liver reserve 

‘Severe portal hypertension 

Severe coagulopathy 

Severe thrombocytopenia—platelet count less than 30,000/- 


behind. Left lobe formed by segments Il, Ill and IV, Segment 
1 (Spigel lobe) is caudate lobe which has got independent 
blood supply. 

¢ Resection along the main portal fissure (Cantlie’s line) and 
removal on right side is right hemihepatectomy and removal 
on left side is left hemihepatectomy. 

Resection on right of the ligamentum teres is called as right 
trisegmentectomy (older—right lobectomy): and left of the 
ligamentum teres is called as left lateral segmentectomy- 
segment II and III (older left lobectomy) 

# Removal of single segment is called as unisegmentectomy 

¢ Plurisegmentectomy is removal of two ot more segments, 
Segments IV and V are removed in carcinoma of gall- 
bladder. 

¢ Removal of small portion of liver either within the segment oF 
traversing segments is called as wedge resection of the liver. 


Technical Principles 


Inflow (portal vein, hepatic artery, bile duct) control; outflow 
(hepatic veins) control; parenchymal transection; preserva~ 
tion of adequate sized liver remnant with intact inflow, biliary 
drainage and venous outflow; mobilisation of left and right 
triangular ligament; ligation of branches of portal vein and 
hepatic artery and resection of hepatic duct branch of the side; 
ligation of hepatic vein at a later period; proper haemostasis 
and ligation of individual biliary ductules. Retrohepatic caval 
dissection includes—dissection of right adrenal vein, inferior 
hepatic veins and IVC ligament. 


‘Types of Hepatectomy Techniques 


¢ Preliminary vascular section (Lortat-Jacob). 
¢ Primary parenchymal transection (Ton That Tung in 1965). 
# Selective clamping. 

¢ Total vascular exclusion 

¢ Pedicular clamping (Pringles). 

 Suprahilar clamping (Glissonian approach), 

¢ Intrahepatic portal control 


Procedure 


* Proper preoperative preparation is essential. LFT, 
prothrombin time is done, Adequate blood, FFP, along with 
central line is kept ready. 

# Subcostal or thoracoabdominal incision is needed. 

# Proper mobilisation, identification and dissection of portal 
areas is essential; dissection of hepatic veins, usage of 
vascular clamp secured ligation of branches of portal vessels, 
and major hepatic veins are essential steps. 


Techniques of parenchyma Intraoperative ultrasound 


dissection is done to: 
+ Kelly clamp and bipolar Identifying tumour 
forceps 

+ Water jet dissection + Recognising the 
anatomy 

+ Ultrasonic dissection. + Unexpected 
contralateral tumour 

+ Ultrasound cutting + Intrahepatic selective 
vascular control using @ 
balloon catheter 

+ Dissecting sealer + Guided biopsy 


How much to cut: 
+ Remnant liver—30% of the original liver volume with 
‘complete venous drainage is safe 


After completion of resection Complications 


+ Check for bile leak by * Bleeding, infection, 
injecting dye through cystic septicaemia 
duct 

+ Check for absolute + Subphrenic abscess 
haemostasis, formation 


+ Cholangiogram to confirm + Bile leak, haemobilia 
contralateral biliary patency 
+ Fi the left lobe : 
+ Pleural effusion, 
‘empyema 


Liver failure 


© Liver is dissected by finger dissection, back of scalpel, 
Cavitron ultrasonic surgical aspirator (CUSA), laser ligation 
of biliary radicles and vascular branches individually using 
non-absorbable sutures are other methods 

Control of bleeding is done by on table Pringle manoeuvre, 
gel foam, cautery, laser and vessel ligation. 

¢ Proper antibiotic coverage is needed to prevent sepsis 

+ Postoperative ICU care is needed. 


iB) : c Tires 

Figs 11.54A and Bs Liver resection. Suprahepatic outflow control Figs 11.55A to C: Liver resection of left lobe tumour. CT picture, 
and parenchymal marking is shown (Courtesy: Dr Ravishankar, MCh, incision scar and specimen are also shown, 
GGastroanterologst and Liver Transplantation Surgeon, Bengaluru). 


The best way to behave when crisis strikes is to be brave. 


667 


32a] 


SRB's Manual of Surgery 


™ PORTAL BILIOPATHY 


‘ 


In patients with portal hypertension, particularly with 
extrahepatic portal vein obstruction, portal biliopathy 
producing biliary ductal and gallbladder wall abnor- 
malities are common, Portal cavernoma formation, 
choledochal varices and ischemic injury of the bile duct 
have been implicated as causes of these morphological 
alterations 

Gallbladder varices, bile duct varices are typical. Often it 
‘may cause torrential haemorrhage per se or on table if patient 
is undergoing choledocholithotomy. 

While a majority of the patients are asymptomatic, some 
present with a raised alkaline phosphatase level, abdominal 
pain, fever and cholangitis. 

Choledocholithiasis may develop as a complication and 
manifest as obstructive jaundice with or without cholan- 
itis 


# Endoscopic sphincterotomy and stone extraction can effec- 
tively treat cholangitis when jaundice is associated with 
‘common bile duct stones. 

* Definitive decompressive shunt surgery is sometimes 
required when biliary obstruction is recurrent and progres- 
sive. 

+ Portal biliopathy isa specific entity which may cause severe 
technical difficulties especially bleeding during ERCP 
sphincterotomy or open biliary surgeries. 


4 Secondaries in the liver, 
& Cysts of the liver 
4 Haemangioma 


Gallbladder 


Ifthe passages which convey the bile to the intestine, be obstructed from inflammation or scirrhous, the bladder gets 
‘over-distended, and the bile regurgitates; it therefore becomes mixed with the blood, and the blood, passing over 
the whole system, carries the bile to every part of the body, which acquires the appearance of bile. But the hardened 
faeces are white and clayey, as not being tinged with bile, because the bowels are deprived of this secretion. 


—Aretaeus the Cappadocian 
‘CHAPTER OUTLINE 

~ Surgical Anatomy ~ Sump Syndrome 

© Oral Cholecystogram ~ Courvoisier’s Law 

» IVCholangiogram Surgical Jaundice 

» Endoscopic Retrograde Cholangiopancreatography ‘CBD Strictures 

~ Percutaneous Transhepatic Cholangiography © Sclerosing Cholangitis 

~ Magnetic Resonance Cholangiopancreatography ~ Gallbladder Polyp 

® Radioisotope Scan Study * Benign Biliary Papilloma 

© Peroperative Cholangiogram Carcinoma Gallbladder 

» Postoperative T-Tube Cholangiogram * Cholangiocarcinoma 

* Congenital Anomalies of Gallbladder ~ Klatskin Tumour 

~ Choledochal Cysts ~ Biliary Fistulas 

* Caroli’s Disease * Gallstone ileus 

Biliary Atresia = Hemobilia 

» Gallstones = White Bile 

» Acute Cholecystitis ~ Cholecystectomy 

» Acute Acalculous Cholecystitis » Laparoscopic Cholecystectomy 
» Empyema Gallbladder © Single Incision Laparoscopic Surgery (SILS) in 
~ Mucocele of the Gallbladder Cholecystectomy 

» Chronic Cholecystitis Bile Duct Injuries 

* Cholecystoses ~ Post-cholecystectomy Syndrome 
» Dissolution Therapy for Gallstones Biliary Dyskinesia 


© Choledocholithiasis 


ll SURGICAL ANATOMY Parts 

Gallbladder * Fundus, body, infundibulum and neck. Hartman's pouch is 
Itis a pear-shaped (size is 5-12 em) reservoir, located ina fossa__pathological one located in the infundibular region created 
‘on the inferior surface of the liver. by gallstones. 


Your mind will give back exactly, what you put into it. 
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Fig. 12.2: On table finding of empyema gallbladder 
with inflamed areas near Calot's triangle. 


¢ Gallbladder drains through cystic duct into common hepatic 
duct to form common bile duct. 

 Itis supplied by cystic artery, a branch of right hepatic artery. 

% Calot’ triangle is formed by common hepatic duct to the 
lef, cystic duet below, and inferior surface of liver above. 
Cystic artery originating from right hepatic artery passes 
behind the common hepatic artery, enters the Calot’s triangle 
to reach the gallbladder. It contains lymph node of *Lund 
(Fred Bates Lund). 

* Often cystic artery, hepatic artery, cystic duet have anoma~ 
lous positions and anomalous origins. Both gallbladder neck 
and cystic duct contain mucosal fold called valves of Heister 


Extrahepatic Biliary Tree 


‘The left hepatic duct is formed by the ducts draining Il, II, 
IV segments of the liver. The right hepatic duct is formed 
by the ducts draining V, VI..VII, VIII segments of the liver. 
Both join to form the common hepatic duct, which joins with 
the cystic duct to form the common bile duct. 

* Common bile duct is normally 10-12 em in length and 
6-8 mm in diameter. It joins the major pancreatic duct in 


the wall of the 2nd part of duodenum to form the ampulla 
of Fater. intraduodenal part of common bile duct (CBD) is 
surrounded by smooth muscle fibres called as sphincter of 
Oddi. 

Blood supply: From gastroduodenal, retroduodenal, postero- 

superior pancreaticoduodenal arteries. 


Bile 

* Daily up to 1000 ml of bile is secreted from the liver which 
contains water (98%), bile salts, bile pigments, fatty acids, leci- 
thin, cholesterol, and electrolytes (sodium, potassium, chloride, 
bicarbonate, calcium, magnesium) with a pH more than 7.0. 

* Main function of gallbladder is to concentrate and store the 
bile. Capacity of gallbladder is 40-50 ml 

* Bile salts form micelle which makes cholesterol soluble. 
Bile salts (ic. salts of cholic and chenodeoxycholic acids) 
with formed deoxycholic acid (in the bowel) enters the 
centerohepatic circulation to get resecreted in the bile. 

Bilirubin conjugated in the liver is secreted into the bile, 
which in the bowel is converted into urobilinogen by bacteria 
Urobilinogen gets absorbed in the bowel, enters the liver for 
resecretion again and part of't is excreted in the urine, Absence 
of urobilinogen in the urine signifies obstructive jaundice. 

# In the absence of gallstones or any other disease, bile is 
sterile, Symptomatic gallstone disease shows positive 
culture for bacteria, commonest being £. coli and Klebsiella, 


Right hepatic duct, 


“Left hepatic duct 


‘Common hepatic duct 


‘CBD (supraduodenal part 


CED (tetroduodenal part) 


‘CBD (intraduodenal part} 


Pancreatic duct 
~—— Sphincter of Oda 


Fig. 12.3: CBD parts, 


l™@ ORAL CHOLECYSTOGRAM (OCG; 
GRAHAM-COLE TEST) 


# This test is done to study function of the gallbladder, 

# Patient is advised to have fat free diet for 3 days. Previous 
night 6 tablets of fopanoic acid (Telepaque) is given orally. 
On the day of OCG, plain X-ray abdomen in erect posture 
is taken to visualise the gallbladder. 


ll ENDOSCOPIC RETROGRADE CHOLANGIO- | §74 
PANCREATOGRAPHY (ERCP) 


Through a side viewing gastroduodenoscope, sphincter of 
Oddi is cannulated, and dye is injected. Biliary and pancreatic 
t trees are visualised. It is done under C-ARM guidance and 
sedation like midazolam or propofol anaesthesia. Patient is 
tured towards right. 


placed in prone position with the he 
After passing 


Fig. 12.4: Oral cholecystogram with smooth filing defect 
(cystic duct stone). 


¢ Later, fatty meal is given and one more X-ray is taken 
to see the change in the size of the gallbladder (which 
should be less in size compared to the earlier film, as the 
gallbladder contracts on stimulation with fat rich meal if 
signifies 


it is functioning normally). Smooth filling det 
nonopaque stone. 
Note: 
+ One tablet of lopanoic acid is 500 mg. 
Contraindications 
+ Patients with serum bilirubin > 3 mg% 
© Acute cholecystitis, 
+ Vomiting 


sappeiques 


l@ IV CHOLANGIOGRAM 

# Its to visualise bile ducts and biliary tree, by injecting 
IV Meglumine ioglycamate (Biligram) and taking X-ray 
abdomen. 
It can be combined with OCG. 

¢ Problems with this method are poor visualisation, drug 
reaction. It is not very useful if serum bilirubin is> 3 mg%. 


ay 


Figs 12.68 toD 


u 


Fig. 12.5: Cholecystocholanglogram. Note the dilated CBD, 
‘complete block in lower CBD, dilated biliary radicles. 


There is little if any restriction to respiratory movements of the abdominal wall in pleuropneumonia. 
—C Allan Birch 
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Fig. 12.65 


Figs 12.6A to E: ERCP being done. Note the gastroduodenoscope 
with injection of dye. (A) Shows filing defect in the CBD. (B) Shows 
dilatation of biliary radicles. (C) Shows radiolucent stone (smooth 
filing defect) in distal CBD which can be removed through ERCP. 
Antibiotics should be given to prevent cholangitis. 


gastroduodenoscope, sphincter is identified and cannulated. 
Under visualisation 3 ml of water soluble iodine contrast is 
injected into the bile duct and pancreatic duct. When cannula 
‘goes upwards beside vertebra, it signifies that itis in bile duct; 
and if cannula goes across the vertebra itis in pancreatic duct. 


Indications 


Malignancy—irregular filling defect. 
Chronic pancreatitis—‘chain-of-lakes’ appearance. 
Congenital anomalies, 

Stones. 

Stricture of biliary tree. 

Choledochal cyst. 

For sampling of biliary and pancreatic juices for analysis 
and cytology. 

Brush biopsy from tumour site. 


—Therapeuticuses 
“Extraction of tone from biliary duct 

> Nasobiliary drainage 

‘Stenting of tumour in the CBD ot in the pancreas 

“+ Dilatation of the biliary stricture 

+ Endoscopic papillotomy 


Complications 


Pancreatitis, 
% Duodenal injury, perforation, 
# Cholangitis. 


# Bleeding from pancreaticoduodenal artery. 
# Sphincter stenosis 


Relative Contraindications 


4% Acute pancreatitis. 
Previous gastrectomy. 


ll PERCUTANEOUS TRANSHEPATIC 
CHOLANGIOGRAPHY (PTC) 


# Itis done in case of severe obstructive jaundice under cover 
‘of antibiotics and after control of any bleeding tendeney—by 
ziving injection vitamin K or FFP transfusion, 


“® Failure of ERCP 

“High biliary strictures 

-® Klatskin tumour 

@ High blocks when external caternal catheter drainage is 
needed 

‘& Stenting in high tumours 


% With the help of fluoroscopy (C-ARM)/US/CT guided, 
Chiba or Okuda needle which is long, flexible, thin, blunt, 
without a bevelled end (15 em long and 0.7 mm in diameter) 
is passed into the liver through right 8th intercostal space in 
‘midaxillary line. Once needle isin the dilated biliary radicle, 
bile is aspirated (sent for culture, cytology, analysis) and 
then water soluble iodine dye is injected into the same so 
aS to visualise the dilated biliary radicles, also the site and 
extent of the obstruction, i. tumour, stricture. 

* Procedure can be used for therapeutic stenting across the 
biliary tree through the obstruction either in the hepatic 
ducts or in the CBD into the duodenum. 

# Itis used whenever ERCP fails, in high strictures (in CHD), 
in Klatskin tumour, in catheter drainage (external) in high 
blocks, in stenting high tumours. 


Prerequisites for PTC 


* Should have normal prothrombin time (or should be made 
‘normal by injection vitamin K or FFP), 

Should be a last and final inevitable method for evaluation 
or therapy. 

% Blood for transfusion in case of bleed, consent for inter 
vention in need, antibiotic prophylaxis—are a must prior 
to PTC, 

Note: 

+ Chiba isan university in Japan. Okuda is the name of person. 

+ PTBD is percutaneous transhepatic biliary drainage. It can be 
‘external or internal. tis done through PTC. 


Complications 
‘ Bleeding 

-® Biliary leak and biliary peritonitis 

® Septicaemia 


ll MAGNETIC RESONANCE CHOLANGIO- 


PANCREATOGRAPHY (MRCP) 


{tis noncontrast noninvasive imaging method, better than 
ERCP as diagnostic tool in biliary and pancreatic diseases. 


lm RADIOISOTOPE SCAN STUDY 


1" Rose 
(HIDA, PIPIDA) ate very useful in diagnosing acute chol- 
cystitis and other biliary disorders, like biliary atresia, 


Bengal and Te labelled imino diacetic acid 


Note: 
HIDA is Hippuran Immuno Diacetic Acid. 


lm PEROPERATIVE CHOLANGIOGRAM 


It is done during CBD exploration for stricture, residual 
CBD stones, atresia, choledochal cyst, cholangitis. 

Fine polythene catheter is passed into the CBD through 
cystic duct and dye is injected, Under C-ARM image-inten- 
sifier, any block or stricture can be identified and completion 
of the procedure can be confirmed. 


Fig. 12.7: Preoperative cholangiogram. Fine catheter is passed 
through cystic duct into the CBD. Care should be taken to avoid 
air getting into the CBD (it will mimic stone). Dye is injected under 
ARM guidance. 


Complications 


Infection, 
Bile leak. 


Precaution 


Air should not be present in the syringe, as it may mimic stones. 


ll POSTOPERATIVE T-TUBE 


CHOLANGIOGRAM. 


Afier choledochotomy, Kehr's T-tuhe is placed in CBD for 14 
days and then water soluble dye is injected into the tube and 


X-ray is taken. Complete fi 


flow of dye into the duodenum 


indicates that there is no blockage. T-tube can then be removed 
safely. Block indicates residual CBD stones. 


‘Residual CBD stones are removed by: 
Dormia basket 
Fogarty’s catheter 


Choledachascope 
ERCP 


eeee 


Fig. 12.8: T-tube cholangiogram. 


ll CONGENITAL ANOMALIES OF 
GALLBLADDER 


& Absence of gallbladder—rare 

‘& Phrygian cap—cap like projection and bend over the fundus 
of the gallbladder (Phrygia is an ancient Asian country— 
Mongolia) (Liberte cap of French revolution). [tis identified 
in cholecystogram. It is 6% common 

‘& Double/triple gallbladder—additional one may be intrahe- 
patic, Cystic ducts may join to form a common cystic duct 
‘which joins the CBD or cystic duct of each gallbladder may 
join separately into the CBD. 

‘& Mobile/fioating/mesenteric gallbladder—gallbladder has a 
ong mesentery attached. It may cause torsion. It can cause 
recurrent abdominal pain. Its emoval is easier through lapa- 
roscopic or open method 

‘& Long ysticduct with low insertion of the cystic ductinto CBD 
‘near the ampulla This is important in all pancreatic/biliary/ 
laparoscopic biliary surgeries 

'& Absence of cystic duct with gallbladder directly entering the 
CBD through a wide opening near infundibulum 

'& Accessory cholecystohepatic duct (duct of Luschka) may be 
present(10%) which if not identified and ligated during 
cholecystectomy will cause biliary fstula/ peritonitis due to 
continuous leak 

+ Gysticartery may originate anteriorly (15%) from right hepatic 
artery/from common hepatic artery 

+ Very tortuous hepatic artery in front of the origin 
duct is called as Moynihan’ caterpillar hump. it 
cause of bleeding in cholecystectomy 

‘& There may be double ystic ductor cystic duct may insert high 
into the common hepatic duct or right hepatic duct 


If vomiting or distinct nausea preceeds pain, the case is not one of appendicitis — John B Murphy 
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that emulate the effects of traversable wormhole metrics that do obey the vm-Teleportation definition, 
such as the example presented in Section 2.1. Equation (2.33) suggests that we search for a vacuum 
engineering concept that exploits electromagnetic fields to alter the vacuum dielectric constant K to 
induce the desired vm-Teleportation effect in the modified vacuum. (However, we can insert other source 
terms that will lead to the desired result.) We envision this particular teleportation concept to resemble 
Figure 2. [Note: Before this report went to press H. E. Puthoff, C. Maccone and the author discovered a 
number of K < 1 solutions to equation (2.33) that uniquely meet the definition of vm-Teleportation and 
FTL motion. We discovered that the generic energy density required to generate K < 1 solutions must be 
negative, and that the total energy density of the system as seen by remote observes is approximately 
zero. This unique result compares very well with the traversable wormhole mass-energy density 
requirements discussed in Section 2.1.2. This discovery will be the subject of a forthcor 


2.3 Conclusion and Recommendations 


The concept we envision for vm-Teleportation is that animate or inanimate objects would be placed 
inside an environmentally enclosed vessel that would simply be moved into the teleportation device. The 
“teleporter” would be activated, and the vessel would almost immediately disappear and then reappear at 
the remote destination as if it were briefly moving through a portal or “stargate.” The teleportation device 
might be required to operate in the vacuum of space outside of the Earth’s atmosphere. We have shown 
‘two practically equivalent ways to implement vm-Teleportation. There is the manipulation of spacetime 
geometry via exploiting negative (i.e., quantum vacuum zero point) energy as shown by Einstein's 
‘general relativity theory, and there is the modification of the vacuum dielectric constant as shown by the 
PV-GR model. Both have a great deal of theoretical foundation to begin exploring experimentally. The 
PV-GR model needs additional theoretical work for the present application, but it is now mature enough 
for experimental exploration. 

There already is extensive theoretical, and more importantly, experimental research proving that the 
vacuum can be engineered (or physically modified) so that the vacuum ZPE can be exploited (via the 
Casimir Effect, for example) to extract electrical energy or actuate microelectromechanical devices (see 
for example, Ambjom and Wolfram, 1983; Forward, 1984, 1996, 1998; Puthoff, 1990, 1993; Cole and 
Puthoff, 1993; Milonni, 1994; Mead and Nachamkin, 1996; Lamoreaux, 1997; Chan et al., 2001, and the 
references cited therein). But most of this research involves very low energy density regimes, which are 
much too low for our purposes. The Mead and Nachamkin (1996) device is actually designed to extract 
electrical energy from the higher frequency/higher energy density ZPE modes. However, new ultrahigh- 
intensity lasers became available in the 1990s that have achieved extreme physical conditions in the lab 
that are comparable to the extreme astrophysical conditions expected to be found in stellar cores and on 
black hole event horizons (Perry, 1996; Mourou et al., 1998; Perry, 2000). The power intensity of these 
lasers has reached the point to where they actually probe QED vacuum physics and general relativistic 
physics, and they have even modified the vacuum itself, The lasers were originally called petaWatt lasers 
(operating range of 10'* — 10'* Watts/em? at femtosecond pulses), but they have now reached power 
intensity levels in the 10°* — 10°° Watts/cm? range. The lasers were made possible by a novel 
breakthrough called “chirped pulse amplification” whereby the initial low energy/low power intensity 
laser beam is stretched, amplified and then compressed without experiencing any beam distortions or 
amplifier damage. This laser system was initially designed as a large-optics beam-line power booster for 
the NOVA laser fusion experiment at Lawrence Livermore National Laboratory. But researchers found a 
way to shrink the optics down to tabletop scale, and one can now own and operate a tabletop ultrahigh- 
intensity laser for = $500,000. The dimensions of the optical bench used by the University of California- 
San Diego is = 5 m x 12 m (or = 60 m’; see Mourou et al., 1998). In tabletop lab experiments ultrahigh- 

ntensity lasers have generated >> gigagauss magnetic fields, > 10'° Volt/cm electric field strengths, >> 
terabar light pressures and >> 10°° m/sec” subatomic particle accelerations. These ultrahigh-intens' 
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Fig. 12.9: Cystic duct is absent with wide communicat 
‘There is higher chance of CBD injury here. Fig, 12.12: Long cystic duct joining the C&O very low. 


cholecysto- 
hepatic duct 


(duct of 
Luschka)—10% 


Fig. 12.10: Accessory cholecystohepatic duct (Duct of Luschko— Fig. 12.43: Cystic duct joining the right hepatic duct—a variation. 
10%). It may cause bile leak postoperatively fit isnot ligated during 
cholecystectomy. 


nf 


Fig. 12.11: Double cystic ducts from the gallbladder joining the CBD. Fig. 12.14: Phrygian (cap) gallbladder. 


Fig. 12.17: Cystic artery originates from right hepatic artery which 
Js anterior to common bile duct. 


‘Moynihan's caterpillar 
humptum of right 
hepatic artery 


3 
5 
= 
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Fig. 12.18: Moynihan’scoterpillr turn/hump is bend of right hepatic 
artery in front offclose to cystic duct. It may get injured during 
cholecystectomy causing torrential haemorrhage. 


ll CHOLEDOCHAL CYSTS 


4 Itis defined as isolated focal or combined diffuse congenital 
dilatation of extra or intrahepatic biliary tree. 

 Itis congenital cyst with partial or complete weakness of 
the CBD biliary wall. 

 Itmay be single/multiple or extrahepatic or intrahepatic. 

¢ [tis more common in Asia. Itis common in Japan. Its inci- 
dence is 1 in 1000, 

* Itis often associated with pancreaticobiliary maljunction. 
‘There is long common channel more than 2 em. It causes 
reflux of pancreatic juice into the bile duct, enzymatic 
destruction of the bile duct wall, ductal wall weakening and 
dilatation —Babbit theory. 

% During embryogenesis there is abnormal early canalisa- 
tion of bile duct with distal obstruction causing increased 

Figs 12.16A and B: Double gallbladder, One may be intrahepatic,it Proximal pressure, weakening and ductal dilatation 

may have separate cystic ducts joining CBD or two cystic ducts join ¢ Reduced postganglionic autonomous neurons in the distal 

to form single duct to join the CBD. portion of the cyst causing its poor function distally. 
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Pancreatic 
duct 


— 


biliary 


maljunction 


| Fig. 12.19: Pancreaticobiliary maljunction. Here pancreatic duct joins 
‘CBD more proximally han normal causing reflux of pancreatic enzymes 
into the CBD. It leads into weakening, clatation and choledochal cyst. 


¢ Chronic inflammation, sparse mucin glands and metaplasia 
are the histological features, Histologically it is either 
glandular with normal cuboidal epithelium with cavities 
in the mucosa, Or fibrotic type with fibrous cyst wall with 
thickened bile duct. 


Types of Choledochal Cysts (Todani Modifica- 
tion of Alonso-Lej Classification) 


| ¢ ‘Type I: Dilatation of extrahepatic biliary tree (60%). 
> Type la—cysti. 
» ‘Type Ib—focal segmental (saccular), 
> ‘Type lo—fusiform, 
% ‘Type II: Diverticulum of extrahepatic biliary tree (5%). 
¢ Type III: Choledochocele—eystie dilatation of intraduo- 
denal part of CBD (5%). 
¢ ‘Type IV: Dilatation of extra- and intrahepatic or multiple 
parts of extrahepatic biliary tree (30%). 
> ‘Type IVa: Dilatation of extrahepatic and intrahepatic 
biliary tree. It is 2nd most common, 
» ‘Type IVb: Dilatation of multiple sections of the extra- 
hepatic bile duct. 
% ‘Type V: Dilatation of the only intrahepatic biliary tree 
(Caroli disease). 


Presentations 

| Common in females 4:1, Common in Japan. 
Present in infants, children and even in adults. 

% Obstructive jaundice (80%), pain in right hypochondrium, 
cholangitis. 

© Mass per abdomen—mass is to the right and above the 
umbilicus, smooth, soft, not moving with respiration, not 
mobile and resonant (30%). 

Failure to thrive. 


___ Triad of choledochal cyst (seen in 10% of cases) 
“+ Right upper quadrant pain. 

Jaundice 

“+ Palpable abdominal mass 


Fig. 12.20: Different types of choledochal cysts—(1) Fusiform type, 
(2} Saccular type, (3) Choledochocele, (4) Fusiform + Intrahepatic 
‘type, (5) Intrahepatic type. 


& Hydronephrosis 
4 Intussusception 

4 Pseudo pancreatic cyst 
® Choledochal cyst 


Complications 


Pancreatitis, mainly in type IIL 
Suppurative cholangitis, 

Gallstone and CBD stone formation, 

Biliary cirrhosis—secondary; portal hypertension. 
Rupture of eyst and peritonitis. 

Cholangiocarcinoma in CBD (30% of cases). Incidence of 
‘malignancy increases with age and is more common in type 
and V. Reflux, stasis, super infection, pancreaticobiliary 
‘maljunction are the causes for malignant transformation. 
Malignancy can develop even in residual cyst or at anas- 
tomotie site. 

% Malignancy is common in posterior wall, 


Diagnosis 
¢ U/S abdomen—unilocular cyst mainly in infants, 
# CT scan—mainly to see intrahepatic biliary system. 


Figs 12.21 and B: CT picture of choledochal cyst (Courtesy: 
Dr Yogish Kumar, MS, Professor, KMC, Mangalore), 


* Hepatobiliary nuclide scanning 

ERCP, Cholangiography—to see ductal anatomy, 

* MRCP—to see status of pancreatic and biliary system and 
pancreaticobiliary maljunction, 

% Liver function tests, 

# PTC to see intrahepatic 


Treatment 


% Resection of extrahepatic biliary tree with removal of chole- 
dochal cyst along with cholecystectomy and Roux-en-Y 
hepaticojejunostomy is the ideal treatment for choledochal 
cyst especially types I, Il and IVb. 

# In'Type I—excision of eyst with its mucosa and reconstruc- 
tion by Roux-en-Y hepaticojejunostomy. 

# In Type f1—excision of the diverticulum and suturing of the 
CBD wall is done, 

Intype Ill endoscopic sphincterotomy is done. Excision 
is also often needed. 

Intrahepatic dilatation is difficult to treat. I itis localised, 
hepatectomy is sufficient, but if it is diffuse, liver transplan- 
tation may be required, 

+ Intype IV if cyst is adherent to portal vein posteriorly, that 
part of the cyst wall over the portal vein is left behind. But 
mucosa of the part should be removed (Lily's operation). 


Fig, 12.22: Choledochal cyst on table look, 


* Cholecystectomy is a must in all these types. Incidence of 
gallbladder carcinoma is also high in these patients. 

# Ieyst has already turned into malignaney—adenocarci- 
‘noma, then radical surgery and chemotherapy is given. 


™@ CAROLI'S DISEASE 


# tis congenital, nonfamilial, multiple, irregular, dilatations 
of the intrahepatic ducts with stenotic segments in between, 
It is associated with congenital hepatic fibrosis and medul- 
lary sponge kidney 

# Itcan also be included under type V choledochal cyst. 


Investigations 
% CTscan 
ERCP 
® LET 
© MRCP 


Complications 


% Recurrent cholangitis. 

% Stones in biliary tree. 

® Portal hypertension, 

% Cholangiocarcinoma (7%), 


Treatment 
1. Liver transplantation, 
2. Hepatectomy, 


ll BILIARY ATRESIA 


# Itmay be either due to viral infection or defective embryogen- 
sis resulting in fibrosis of extra- and intrahepatic biliary tree 


Porcelain gallbladder is radiopaque gallbladder, due to calcification of the gallbladder wall following chronic 
cholecystitis which has got high malignant potential. 
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Fig. 12.23: Types of biliary atresia, 


% Incidence is 1 in 10,000. 

 Itis obstructive cholangiopathy with inflammation, destruc- 
tion and obliteration predominantly involving the extrahe- 
patic biliary tree. There is bile duct proliferation, cellular and 
canalicular bile stasis, bile plugs in portal tract bile system, 
periportal inflammation and fibrosis. 


etiology ofbiliary atresia 

“+ Infections—cytomegalovirus, reovirus, rotavirus and human 
papilloma virus 

4 Immune and autoimmune diseases 

“Abnormal development of the biliary system 

Toxins 

Vascular defects ofthe hepatic artery 


Classification 
© Correctahle—10%. 
© Noncorrectable—90%. 


 Typel: Atretic CBD—10% 

@ Typell:Atretic C8D and common hepatic duct 

@ Typelll: Atretic CBD, common hepatic duct and right and 
left hepatic ducts—88% 


Biliary atresia can be: 
% Perinatal acquired (70%), not associated with congenital 
anomalies. 
¢ Fetal/embryonic (30%) is associated with congenital 
anomalies 
It may be associated with other congenital anomalies (20%) 
of the GIT—(malrotation, annular pancreas duodenal atresia) 
and congenital heart diseases, polysplenia, situs inversus, 
absent vena cava, preduodenal portal v 


Clinical Features 
Progressive jaundice in a newborn, 
Steatorthoea (Pale stool is common). 
Hepatomegaly. 

Splenomegaly with portal hypertension. 
Osteomalacia. 

Biliary rickets, 

Severe pruritus 

Clubbing, skin xanthomas. 


Differential Diagnosis 


Neonatal hepatitis. 
Choledochal cyst. 

Cholestatic jaundice. 

Sclerosing cholangitis 

Metabolic diseases. 

Storage disorders. 

Alagille syndrome—hypoplastic biliary ducts. 


Diagnosis 

Liver function test—conjugated hyperbilirubinacmia, 

* US abdomen shows triangular cord, tubular echogenisity 
extending above the bifurcation of the portal vein which is 
‘more than 4 mm thick—diagnostic. 

MRCP—100% accuracy. 

Radioisotope study (HIDA or PIPIDA scan), 

On table cholangiogram. 

Liver biopsy (Percutancous)—is usually first test obtained. 
Rose Bengal I's" study, if shows < 10% secretion its biliary 
atresia, Ifsectetion is > 10% itis more likely to be hepatitis, 


Treatment 


# Incorrectable cases: Roux-en-Y jejunal anastomosis 

# Innoncorrectable cases, hepaticoportojejunostomy (Kasai + 
operation). 

Liver transplantation is becoming more popular in biliary 
atresia—ideal 

* Presently Kasai (1974) porto enterostomy is done (in 
8 weeks) as a preliminary procedure followed by liver 
transplantation eventually. After opening the abdomen, 
gallbladder is cannulated and on table cholangiogram is 
done to confirm atretic segment. Liver biopsy should also be 
done at the same time. If biliary pateney is found procedure 
is abandoned. In atretic biliary tree, gallbladder is dissected 
off the liver and by applying traction to it, fibrotic atretic 
biliary tree is felt and dissected upto intrahepatic segment 
(upto the segmental branches of portal vein). Portal plate is 
anastomosed to Roux-en-Y part of the small bowel. Post- 
operatively, antibiotics, intravenous corticosteroids initially, 
later orally (for 6-12 weeks), ursodeoxycholic acid (for 1 
year), nutrition, medium chain and essential fatty acids, 
essential elements supplementation is given, Success of 


procedure depends on age of the patient; presence of chol- 
angitis; ductule size (more than 200 j1m is better); bridging 
fibrosis; type of atresia; bilirubin level. Eventually cholan- 
itis, portal hypertension, variceal bleeding will develop. 


™@ GALLSTONES 


Thus with stone obstruction of the common duct, dilatation of the 
gallbladder is rarely observed; the organ has already undergone 
Contraction; with obstruction from other causes, dilatation is to 
be expected. 

Ludwig Courvoisier, 1890 


Fig. 12.24: Multiple gallstones removed along with gallbladder, 


Types 


1. Cholesterol stones (Cholesterol solitaire—radiating crystal- 
line appearance) are 6% common, often solitary. 


a > 


C aml 


Figs 12.25 and B: Multiple gallstones in a plain X-ray. Only 10% 
gallstones are radio-opaque. Often they are faceted because of 
compactness and equal pressure exerted by each stone. Centre of 
the gallstone is often found radiolucent and is called as Mercedes 
Benz sign/Seagull sign, 


Fig. 12.258 


Fig. 12.26: Lateral X-ray of spine showing radio-opaque shadow in 
front of the vertebrae—could be radio-opaque gallstone. Note also 
the fused intervertebral dise spaces. 


2. Mixed stones are 90% common. It contains cholesterol, 
calcium salts of phosphate carbonate, palmitate, proteins, 
and are multiple faceted. 

3. Pigment stones are small, black or greenish black, multiple. 
Often they can be sludge like. 


It frequently happens that gallstones are found in the gallbladder after death. Where there was not the least 


suspicion of existence during life. 


— Mathew Baillie 
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‘Altered GB function 
+ Stasis 

~Poor emptying 
Poor absorption 
“Infection 


‘Supersaturated bile 

~Female 

-Fertile 

Fal 

ataty: allstones 

“High calorie on 
‘Spleen 


9 Haematytic 


diseases 


| at 


‘Altered enterohepatic circulation 
“Hleal resection 

“Hleal diseases 

“Altered bowel transit time 
Altered bowel fora 

+ Cholestyramine 

= Deoxycholate 


Cholesterol 
nucieation 
factors 


Fig. 12.27: Diagram showing diferent causes 
‘of gallstone formation. 


Fig. 12.28: Pigment stones showing faceted look. 


Common in “Fut, Fertile, Forty, Flatulent, Female”. 


‘Common in western counties and in north India, 


Pathogenesis 


L. Metabolic: 


> Cholesterol is synthesised in liver. Its solubility is deter- 
mined by relative concentration of cholesterol, bile salts, 
and lecithin. Altered levels of cholesterol, lecithin, and 
bile salts in bile reduces the micelle concentration in 
the bile leading to precipitation of insoluble cholesterol, 
hence, the stone formation (Lithogenic bile). 


> Normal ratio of bile salt and lecithin to cholesterol is 
25:1. Ratio below 13:1 leads to precipitation of choles- 
terol, Insoluble cholesterol is within the soluble micelle 
which is formed by lecithin and bile salts. Ifcholesterol 
‘component increases bile gets supersaturated and inad- 
‘equate micelle makes insoluble cholesterol to undergo 
crystallisation and cholesterol monohydrate stone 
formation (Admiron’s triangular hypothesis). 

> Some cholesterol remains as bilayered lipid vesicles 
which are soluble. A specific heat labile glycoprotein in 
bile induces cholesterol monohydrate crystal formation, 
in the vesicle and causes their aggregation, It is called 
as nucleation. 

> Eventual precipitation and stone formation occurs by 
infection/infestation; pancreatic fluid reflux into CBD 
causing conversion of toxic lecithin to lysolecithin 
which is also toxic (causes supersaturated bile); bile 
stasis or altered enterohepatic circulation. 

» Any condition which either increases the cholesterol 
secretion in the bile or reduces the bile salt concentra 
tion causes cholesterol stone formation. Old age: OCP; 
obesity; clofibrate may increase cholesterol secretion. 
estrogen, ileal resection and cholestyramine reduce 
the bile salt concentration, 

» Chenodeoxycholic acid and ursodeoxycholic acid 
prevent cholesterol stone formation by maintaining bile 
acid pool; reducing cholesterol synthesis and secretion; 
converting supersaturated bile into normal bile. 


‘Factors altering the cholesterol to bile salt ratio 

® Obesity 
© Drugs 

~ Oral contraceptive pills 

— Clofibrate 

— Cholestyramine 
Ileal disease 
% Ileal resecti 
4 Altered enterohepatic circulation 


IL Infections and Infestations: 

Bacteria like E. coli, Salmonella 

Parasites like Clonarchis sinensis and Ascaris lumbricoides 

are often associated. 

Moynihan aphorism: “A gallstone is a tomb stone erected 

to the memory of the organism within it.” 

Bile stasis: Occurs due to estrogen therapy, pregnancy, 

vagotomy and in patients who are on long term intravenous, 

fluids or TPN, 

IV. Increased bilirubin production duc to any of the causes 
of haemolysis as in hereditary spherocytosis, sickle cell 
anaemia, thalassaemia, malaria, citrhosis, Here pigment 
stones are common. 


Saint's triad 


® Gallstones 
4 Diverticulosis of the colon 
& Hiatus hernia 


# Rarely centre of the stone contains radiolucent gas which is 
either triradiate (Mercedes Benz sign) or biradiate (Seagull 
sign). 


Note: 


Fig, 12.29: Ultrasound gallbladder showing echogenic lesion. US should be done with change of position to find out movement of the 
lesion with posterior acoustic shadow to say itas gallstone. Otherwise it wil be gallbladder polyp or sludge ball 


Sometimes gallbladder may be filled by “toothpaste like* 
material which is a mixture of calcium carbonate and 
phosphate, which on plain X-ray looks like an opacified 
gallbladder, so called as limey gallbladder: 

Only 10% of gallstones are radio-opaque, 90% are radiolucent, 


Fig. 12.30: Multiple gallstones collected during cholecystectomy. 


Black pigment stones are common in gallbladder. It is usually 
calcium bilirubinate, calcium phosphate and bicarbonate stone 
with a matrix. It is common in haemolytic disorders. They are 
usually multiple, small black and hard in consistency. Mucin A 
and mucin C5 secreted by biliary glands may be the aetiology. 
Cholesterol component here is less than 30%. It is often seen 
in cirthosis. They almost always form in gallbladder, They are 
‘common in Asia and Japan, 


Brown pigment stones are formed in biliary tree as primary 
biliary stones. It is commonly due to infection like Escherichia 
coli and bacteroides (98%) with bacterial nidus at the centre 
{often Ascaris lumbricoides or Clonorchis sinensis infestation 
or foreign body or stents). They secrete f8 glucuronidase to 
cause hydrolysis of soluble conjugated bilirubin to insoluble 
calcium bilirubinate. It also contains calcium palmitate, 
calcium stearate and cholesterol. They are brownish yellow, 
soft and mushy. 


iv 
os 


Fig. 12.31: Gallstones removed, on cutting showing central nidus. 


Life is endless until it ends. 
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Fig. 12.32: Thickened gallbladder due to chronic cholecystitis with 
single cholesterol stone. 
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Fig. 12.33: Gallbladder with stone removed from Hartmann’s 
pouch. 


Effects of the Gallstones 


a. In the gallbladder 
i. Silent asymptomatic stones occurs in 10% of males and 
20% of females. 


Figs 12.348 to 
Figs 12.34A to E: Different types of gallstones. Note the faceted 
stones; black stones; brown stones; green stones. Thickening of 
gallbladderis seen. Hartmann’s pouch is obvious in one of the photos 
Fig. 12.388 (with cholesteroses). 


ii, Biliary colic with periodicity, severe within hours after 
meal (commonest presentation). Biliary colic is spasmodic 
pain often severe, in right upper quadrant and epigas- 
trium radiating to chest, upper back and shoulder. It is 
self-limiting, recurs unpredictably, often precipitated by 
a fatty/heavy meal. Fever and increased WBC count may 
be observed. 


Figs 12.358 and 


lain Xray showing (A) Mercedes Benz sign, 
(8) Multiple faceted stones. 


iii, Acute cholecystitis 
iv. Chronic cholecystitis. 
y. Empyema gallbladder. 
vi. Perforation causing biliary peritonitis or pericholecystitic 
abscess. 
vii. Mucocele of gallbladder. 
viii. Limey gallbladder. 
ix. Carcinoma gallbladder. 
b. Inthe CBD 
x. Secondary CBD stones (occurs in 10% of gallstones). 
xi. Cholangitis 
xii, Pancreatitis 
xiii, Mirizzi syndrome (compression of CBD by stone from 
cystic duet or cholecysto-choledochal fistula), 


_- Perforation 
(Hartmann’s) 


Mirizai syndrome 
Carcinoma 


AD stone 
Abscess — 
z Pancreatitis 
Perforation ~ 
(fundus) —4 
Gallstone ous 


Fig. 12.36: Diagram showing complications of gallstones. 


. Inthe intestine 
xiv. Cholecystoduodenal fistula causing gallstone ileus and 
so intestinal obstruction, 


Flatulent Dyspepsia 

# Is discomfort in the abdomen, belching, heartburn, fat 
intolerance, sensation of fullness in the abdomen usually 
‘observed in fatty; fertile, flatulent female 


Gallstone Colic 


# Itis sudden, severe colicky abdominal pain in right upper 
‘quadrant which radiates to back and shoulder. This pain is 
due to sudden spasm of gallbladder wall when gallstone 
moves towards the neck of the gallbladder or eystie duet and 
gets impacted. Tachycardia and restlessness are common, 
Right hypochondrium is tender. 

# Itis precipitated by supine position while sleeping at night 
Itlasts for few hours and is episodic. It may precipitate acute 
cholecystitis or empyema gallbladder. 

# There is reflex pylorospasm causing vomiting, 


Mirizzi Syndrome (Physician from 

Argentina, 1948) 

In Mirizzi syndrome, gallstone impacts in the gallbladder wall 
and compresses it causing pressure necrosis which further gets 
adherent to CBD wall. It eventually causes compression and 
later occasionally leads into cholecystocholedochal fistula. It 
‘occurs either from Hartmann’s pouch into CBD (common) or 
from fundus of gallbladder into the CBD. 

* Mirizzi syndrome is suspected on CT sean, but usually 
identified on table. It needs cholecystectomy; on table 
cholangiogram; and exploration of CBD. It often needs 
choledochojejunostomy, 

* Partial cholecystectomy with primary closure of CBD is 
done with a T tube insertion through a separate choledo- 
cchotomy in type 2. 

* Partial cholecystectomy with closure of gallbladder flaps 
is done with T tube insertion through a separate choledo- 
chotomy in type 3. 

* Partial cholecystectomy with duodenal/jejunal anastomosis 
is done in type 4 is done in few centres. 

# Open approach is ideal for Mirizzi even though laparoscopic 
approach is done in few centres. 


‘Mirizzi syndrome 


Type! : Compression of CBD without lumen narrowing 
Typell : Compression causing CBD lumen narrowing 
Typelll : Compression causing CBD wall necrosis, 

TypelV : Cholecysto-choledochal fistula 


Silent gallstone 
‘Asymptomatic stone in the gallbladder 
Usually itis cholesterol stone, aften single 
Itis accidentally discovered by U/S 
Itneed not be treated unless: 
~ Patient is diabetic/immunosuppressed 
— High chances of developing gallbladder carcinoma 
— Stone more than 2.5 cm/multiple stones 
— {fgallbladder walls thickened 
— Ifthere is high risk for carcinoma GB 


eoee 


‘Surgery is to be done, not to have. 
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tabletop lasers are thus the ideal instrument with which to explore the fundamental physics underlying the 
‘two possible concepts for vm-Teleportation, 
There are several ideas on how to generate negative energy in the lab that could potentially be 


extracted and concentrated in the proper fashion to induce the traversable flat-face wormhole outlined 


Section 2.1.1 or induce the X < | condition (in the PV-GR model) outlined in Section 2.2.1. The schemes 
for generating negative energy are: 


a 


Casimir Effect (described in Section 2.2): This is the easiest and most well known way to 
generate negative energy in the lab. The energy density Pcasimie = —(1hco/240)a~* within a 
Casimir capacitor cavity is negative and manifests itself by producing a force of attraction 
between the capacitor plates. This has been measured in the lab (see above references). Forward 
(1998) proposes a mechanism for the endless extraction of energy from the vacuum in a Casimir 
cavity by cyclic manipulation of the cavity dimensions. 


Moving Mirror: Negative quantum vacuum energy can be created by a single moving reflecting 
surface (a moving mirror). If a mirror moves with increasing acceleration, then a flux of negative 
energy emanates from its surface and flows out into the space ahead of the mirror (Birrell and 
Davies, 1982). However, this effect is known to be exceedingly small, and it is not the most 
effective way to generate negative energy. 


Optically Squeezed Laser Light: Negative quantum vacuum energy can also be generated by an 
array of ultrahigh intensity lasers with an ultrafast rotating mirror system. In this scheme a laser 
‘beam is passed through an optical cavity resonator made of lithium niobate crystal that is shaped 
like a cylinder with rounded silvered ends to reflect light. The resonator will act to produce a 
secondary lower frequency light beam in which the pattern of photons is rearranged into pairs. 
This is the quantum optical “squeezing” of light effect. (See Section A.2 in Appendix A for a 
complete definition and description of squeezed quantum states.) Therefore, the squeezed light 
beam emerging from the resonator will contain pulses of negative energy interspersed with pulses 
of positive energy. Another way to squeeze light would be to manufacture extremely reliable 
light pulses containing precisely one, two, three, etc. photons apiece and combine them together 
to create squeezed states to order. Superimposing many such states could theoretically produce 
bursts of intense negative energy. For the laser beam resonator example we find that both 
negative and positive energy pulses are of = 10”' second duration. We could arrange a set of 
rapidly rotating mirrors to separate the positive and negative energy pulses from each other. The 
light beam is to strike each mirror surface at a very shallow angle while the rotation ensures that 
the negative energy pulses are reflected at a slightly different angle from the positive energy 
pulses. A small spatial separation of the two different energy pulses will occur at some distance 
from the rotating mirror. Another system of mirrors will be needed to redirect the negative 
energy pulses to an isolated location and concentrate them there. 


Gravitationally Squeezed Vacuum Energy: A natural source of negative quantum vacuum energy 
‘comes from the effect that gravitational fields (of astronomical bodies) in space have upon the 
surrounding vacuum. For example, the gravitational field of the Earth produces a zone of 
negative energy around it by dragging some of the virtual particle pairs (a.k.a. virtual photons or 
vacuum ZPF) downward. This concept was initially developed in the 1970s as a byproduct of 
studies on quantum field theory in curved space (Birrell and Davies, 1982). However, Hochberg 
and Kephart (1991) derived an important application of this concept to the problem of creating 
and stabilizing traversable wormholes, and their work was corrected and extended by Davis 
(1999a). They proved that one can utilize the negative vacuum energy densities, which arise 
from distortion of the electromagnetic zero point fluctuations due to the interaction with a 
prescribed gravitational background, for providing a violation of the energy conditions (see 
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Mirizzi syndrome 
type Il (compression| 


Gallstone 


Mirizzi syndrome 
type IV (fistula) 


Gallstone 


Figs 12.37A and B: Mirizzi syndrome type il and IV. 


Management of Gallstones 


% UIS abdomen (gallstones are seen with posterior acoustic 
shadowing); plain X-ray abdomen; LFT; total WBC count. 

% Laparoscopic cholecystectomy ideal. 

% Open cholecystectomy is done through right subcostal 
Kocher’s incision. Open approach is used if patient is not 
fit for laparoscopic surgery (anaesthesia); in suspected CBD 
stones; Mrizzi syndrome, suspected carcinoma gallbladder. 
During laparoscopic cholecystectomy, if there is on table 
difficulty in dissection at Calot’s triangle, then conversion 
into open approach may be required 

* Dissolution therapy for asymptomatic cholesterol stones using 
ursodeoxycholic acid can be tried. I is not very successful 


Kidney stone 
Gallstone 

® Calcified 12th rib tip 

 Phlebolith 

Pancreatic stone 

@ Radio-opaque foreign body 

+ Faecolith 

+ Calcified lymph node 

> Calcified renal tuberculosis 
“Renal cell carcinoma—calcifications 
@ Adrenal tumour—caleification 


‘® Teratomatous dermoid 

4 Calcification of atheroma in aorta 

 Calcified lesion in liver—amoebic liver abscess/calcified 
hydatid cyst 


@ ACUTE CHOLECYSTITIS 


* Commonly it occurs in a patient with pre-existing chronic 
cholecystitis but often also can occur as a first presentation, 

% Usual cause is impacted gallstone in the Hartmann’s pouch, 
obstructing cystic duct, 


E coli—most common 
Kebsiella, pseudomonas proteus 
Strep. faecalis 

Salmonella 

Clostridium welchit 


eeeee 


Classification 


1. Acute calculous cholecystitis, 
2. Acute acalculous cholecystitis. 


Mode of Infection 


4% Haematogenous through hepatic artery—eystic artery. 
% Portal vein 
* Through bile after filtering in the liver via portal circulation, 


Pathogenesis of Acute Cholecystitis 


# Stone causes obstruction at Hartmann’s pouch or in cystic 
duct. Obstruction causes stasis, oedema of the wall, bacterial 
infection, acute cholecystitis and its effects. 

# Impacted stone also causes mucosal erosion allowing bile 
salts to act over the submucosal tissues as bile is toxic to 
these tissues. It leads into necrosis, further infection and often 
perforation of the gallbladder usually at Hartmann’s pouch, 


Pathology of Acute Cholecystitis 


* Gallbladder will be distended with oedematous friable wall, 
Wall contains dilated vessels. 

# Areas of necrosis and patchy gangrene may occur in severe 
cases. 

4% Mucosa shows ulceration and necrosis. 

* Lumen contains infected fluid/infected bile or frank pus, 

# Histology shows features of acute inflammation with neutro- 
phils, oedema, and areas of necrosis and cell death. 


Complications of Acute Cholecystitis 


Acute cholecystitis can lead to: 

1. Perforation, which usually occurs in the fundus or in the 
neck (Hartmann’s). It can cause cholecystoduodenal, chol- 
ecystointestinal or cholecystobiliary fistula. 

2. Peritonitis. 

3. Pericholecystitic abscess, empyema GB. 


4, Cholangitis and septicaemia, 
5. Empyema gallbladder, gangrenous gallbladder. 


Emphysematous cholecystitis 
Seen in elderly male patients 
‘Common in diabetic and immunosuppressed individuals 
Clostridium welchiiis the causative organism 
Gass seen in the gallbladder 
Results in life-threatening septicaemia 
It causes severe fulminant cholecystitis 
Gangrene, perforation and peritonitis are common 
Emergency cholecystectomy is needed 
‘Absence of stones—observed in more than 50% of cases. 
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Fig. 12.38: On table look of gallbladder with acute cholecystitis. 


Clinical Features 


* Sudden onset of pain in the right hypochondrium, with 
tenderness, guarding, and rigidity 

* Palpable, tender, smooth, soft gallbladder. 

# Area of hyperaesthesia between 9th and 1 Ith ribs posteriorly 
on the right side (Boas sign). 

* Jaundice may be present. 

* Fever, nausea, palpable tender mass in GB region (2: 

Tachycardia and toxic features. 


Investigations 


* Ultrasound abdomen—very useful, reveals presence or 
absence of gallstones; and thickening of gallbladder wall 

* Plain X-ray abdomen—10% of gallstones are radio-opaque; 
also rules out other causes of acute pain abdomen, Gas is 
seen in emphysematous GB 

* Total count shows neutrophilia 


HIDA/PIPIDA radioisotope study—very useful, Non- 
visualisation of gallbladder is diagnostic. 

LFT is important. Increased serum bilirubin often signifies, 
cholangitis or stone in the CBD. 


Fig. 12.41: CT scan showing stone in the neck of the gallbladder. 


Plain X-ray abdomen is not very relevant but is often 
important to rule out duodenal ulcer perforation, peritonitis. 
Only 10% of gallstones are radio-opaque. In emphysema- 
tous cholecystitis gas shadow may be seen in the region of 
gallbladder. Porcelain gallbladder may be seen as opacified 
area in gallbladder region. 


‘Success is the ability to go from failure to failure without losing enthusiasm. 
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Note: 


Dire + Cholecystostomy is better option than emergency cholecystec- 

‘& Duodenal ulcer perforation tomy as chances of injuring adjacent structures are higher in 

+ Acute pancreatitis emergency cholecystectomy. Other option is portia/subtotal 

‘& Acute appendicitis cholecystectomy with removal of part of GB distal to the Calot's 

+ Acute pyelonephritis triangle. 

+ Lobar pneumonia, myocardial infarction + There isa changing trend now towards early cholecystectomy 

Ruptured ectopic pregnancy in acute cholecystitis. Laparoscopic cholecystectomy can be 

done in 48-72 hours in these patients. But conversion chances 

Tisstment are high—5-6 times more than usual. Complications also may 

bee higher due to difficulty in dissecting the Calo’ triangle. t 

Advised hospitalisation. an be done ln good set up with surgeons having adequate 
$ Initially (nonoperative) conservative treatment (95%): expetierice 

> Nasogastric aspiration. + When patient's condition is deteriorating, and acute chol- 

> IV fuids ecystitis is progressing, suspicious about forming empyema 

> Analgesics and antispasmodics. ‘or necrosis and perforation; surgery should be done by 

> Broad spectrum antibiotics (cefoperazone, ceftazidime, abandoning conservative treatment. Usually open surgery, 


either cholecystectomy (may be partial) or cholecystostomy 
is done. 


ceftriaxone, cefotaxime + amikacin, tobramycin + metro- 
nidazole {antimicrobial}), 

> Observation 

> Follow-up U/S scan, 

* Later after 3-6 weeks, elective cholecystectomy, either by 
open method through right subcostal (Kocher’s) incision or 
through laparoscopy is done. 

Cholecystostomy is done immediately if patient is having: 
Empyema gallbladder. 

Persisting symptoms, 

3, Progressing symptoms, 

Here the gallbladder is opened and all stones and pus are 
removed. Either a Foley's or Malecot’s catheter is placed in the 
gallbladder and is exteriorised. 

After 3 weeks, elective cholecystectomy is done 


Indications for cholecystostomy or emergency 
cholecystectomy (5%) 
+ Empyema GB 
+ Persisting symptoms/falure of medication 
‘> Emphysematous cholecyst 
+ Perforation/peritnitis 
® Elderly 


Figs 12.43A and B: On table photo of distended gallbladder. Note 
the Calot’s triangle, liver and CBD. 


Bice ll ACUTE ACALCULOUS CHOLECYSTITIS (5%) 
Fig. 12.42: A Foley's or Malecot’s catheter is placed in severely ill * Itisnotan uncommon entity, but can be commonly missed. 
patient with acute cholecystts to drain pus intally and later elective ¢ It is common in patients who have undergone major 
cholecystectomy is done. Procedure is done in elderly, severely ill, surgeries, trauma, burns, or any other stress or in cases of 
empyema GB, emphysematous GB, perforation of GB (cholecystostomy). cholecystoses. 


Fig. 12. 


Acalculous cholecystitis. Note the necrotic 
‘gallbladder wall. 


* Common in ICU patients—in critically ill patients. Ibis due 
to bile stasis and ischaemia, 

Exact cause is not known. Gallbladder distension, release 
of activation factor VII may be the causes. 

Pathology is oedema and necrosis of the gallbladder wall 
with features of acute inflammation, 

* Presentation is usually acute 

# Investigations: Isotope study (HIDA), U/S abdomen. 

# Treatment: Cholecystectomy. 
Percutaneous US guided/CT guided or open cholecys- 

tostomy initially, later cholecystectomy is the treatment of 

choice, 


ll EMPYEMA GALLBLADDER 


# Itis a type of acute cholecystitis wherein the gallbladder is 
filled with pus. In 30% cases pus may be sterile. 

# It also can occur in a pre-existing mucocele of the gall- 
bladder where it gets infected. 

* Itis commonly observed in impacted stone, diabetic indi 
vidual, immunosuppressed people like HIV, long time 
steroid therapy. 

 Itcan perforate; can form abscess of can cause peritonitis — 
biliary and bacterial 

Condition has got high mortality. 


Clinical Features 


% Fever, toxicity. 

* Pain and tenderness in right hypochondrium. 

* Tender, smooth, globular, gallbladder is palpable in right 
hypochondrium to the right of the right rectus muscle. 
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Sphincter of Oud! 


Fig. 12.45: Gallstone obstructing the neck ofthe gallbladder in 
Hartmann’s pouch, may lead into empyema or mucocele of the GB. 
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Fig. 12.46: Empyema gallbladder. Note the pus and stone. 


Complications 
+ Septicaemia 

© Rupture and peritonitis, 
Investigations 


# U/S abdomen, 
% Total count is raised. 
4 Radioisotope scan. 


Treatment 


# Antibiotics: Cefotaxime, quinolones, ceftriaxone. 
* Cholecystectomy—an emergency procedure, 


Ability may get you to the top, but it takes character to keep you there. 
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Often initially cholecystostomy is done, with cither Foley's 


or Malecot’s catheter kept in sit 
Later after 3-6 weeks, cholecystectomy is done. 


Fig. 12. 


jangrenous gallbladder. 


l™ MUCOCELE OF THE GALLBLADDER 


# It is due to obstruction of the cystic duct by a stone in the 
neck (Hartmann’s pouch) of the gallbladder, without any 
infection or inflammation in the gallbladder. This causes 
absorption of all bile and secretion of mucous into the gall- 
bladder allowing gallbladder to distend causing mucocele 
of the gallbladder (Hydrops of the gallbladder). 

* Rarely cholangiocarcinoma occluding cystic duct may cause 
mucocele of gallbladder. 

% Content is usually sterile. 


Clinical Features 


Painless swelling in the right hypochondrium, 

% Nontender, smooth, soft, globular, palpable gallbladder 
(content is sterile) 

Features of dyspepsia. 


Fig. 12.48 


1ucocele of gallbladder. 


Complications 


% Iinfected, can cause empyema gallbladder. 
Rupture can cause pseudomyxoma peritonei (but rare). 


Investigations 


* U/S abdomen, 
© Liver function tests 


Treatment 


Cholecystectomy, either laparoscopic or open method, 


l™ CHRONIC CHOLECYSTITIS 


It is chronically inflamed, thickened gallbladder, which is 
nonfunctioning and nondistending 


Causes 


% Gallstones. 
# Cholecystoses. 
* Chronic acalculous cholecystitis 


Organisms 


* Klebsiella. 
% Streptococci. 
% Salmonella. 


Pathology 


% Gallbladder is shrunken, contracted, small, non-functioning 
and fibrotic with thickened gallbladder wall. Mucosa prolifer- 
ates into the lumen creating deep clefts in the wall projecting 
into the muscular wall of the gallbladder being lined by epithe- 
lium, It is called as Rokitansky-Ashchoff's sinuses 

* Muscular wall is atrophied and is often replaced by fibrous 
tissue 

# Histologically it shows dense chronic inflammation with 
fibrous tissue, 
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Fig. 12.49: Specimen of gallbladder showing thickened gallbladder 
wall with multiple gallstones. Faceting of stones is due to equal 
pressure, 


Clinical Features 


* Pain in right hypochondrium, may be colicky, or persis- 
tent. 

% Positive Murphy's sign, where in sitting position during 
deep inspiration, while palpating in right hypochondrium, 
patient winces with pain at the summit of the inspir 
tion, Same sign elicited in lying down position is called 
a8 Moynihan sign. It may also be elicited in acute—on 
chronic cholecystitis, 

 Flatulent dyspepsia. 

# Intolerance to fatty meals. 

% Biliary dyspepsia. 


Complications 
+ CBD stone. 
% Cholangitis. 
+ Pancreatitis. 
© Mirizzi’s syndrome, 


Differential Diagnosis 


# Peptic ulcer. 
# Pancreatitis. 
Hiatus hernia, 


Investigations 


© U/S abdomen may show stone with posterior acou: 
owing. Gallbladder wall will be thickened. 


shad- 


Figs 12.50A and B: Thickened GB due to chranic cholecystitis with 
multiple stones. 


Fig. 12.51: Thick GB with single large stone. 
# Isotope study may help to confirm the infection. 
# LET. 


* Total count may be raised if there 
infection. 


an acute re 


Treatment 


Cholecystectomy (Laparoscopic or open method). 


ll CHOLECYSTOSES 


% Cholecystoses are chronic inflammatory conditions of gall- 
bladder with cholesterol deposits. 

# Itis due to defective transport of the absorbed cholesterol 
which accumulates in mucosa, There is also increased 
absorption of cholesterol by gallbladder epithelium, 

% Cholecystoses gallbladder is more prone for infection. 

# Itmay precipitate stone formation. 

# Itisa premalignant condition. 


Types 


1. Aggregations of cholesterol crystals in the mucosa or 
submucosa—cholesterosis (Strawberry galibladder), Lipoid 
contents are present in large foamy cells which has phago- 
cytosed cholesterol, Here cystic duct is normal, Disease 
occurs only in gallbladder. It i a premalignant condition 

IL. Cholesterol laden polypoid projections in the mucosa— 
cholesterol polyposis (Gallbladder polyp) 

IIL Granulomatous thickening and hyperplasia of the gall- 
bladder—cholecystitis glandularis proliferans. 

IV. Diverticula formation in the wall of the gallbladder— 
diverticulasis of gallbladder. 

V. Gallbladder wall fistula. 


Clinical Features 


+ Features of acalculous cholecystitis like dyspepsia, positive 
‘Murphy's sign. 


Typhoid Mary: Salmonella typhi infection with chronic cholecystitis acting as a carrier. 
‘Mary was a cook who spread typhoid to many people. 


dsappeiquey 


SRB's Manual of Surgery 


Fig. 12.52: Types of cholecystoses. (I) Cholesterosis, (Il) Cholesterol 
polyposis, (Ill) Cholecystitis glandulars prolferans, (IV) Diverticulosis 
of gallbladder, (V) Fistula. 


Fig 12.53: Cholesterosis of gallbladder. Its a premalignant 
condition 
Investigations 


4% UIS abdomen. 
# OCG. 
4 Isotope study. 


Treatment 


Cholecystectomy—always should be done whether itis symp- 
tomatic or not as itis potentially malignant, 


ll DISSOLUTION THERAPY FOR 
GALLSTONES 


Indications 


* Functioning gallbladder with cholesterol stone, 
Single stone less than 1.5 cm. 

* Radiolucent stone, 

# Old age 

# Patients who are not fit for surgery. 


& Nonfunctioning gallbladder 
‘& Stone more than 1.5m 

& Radio-opaque stone 

& Multiple stones 


Drugs Used 


* Chenodeoxycholie acid (for 2 years). 
% Ursodeoxycholic acid (15 mg/kg/day) 

They inhibit absorption of cholesterol from the gut and 
synthesis of cholesterol in the liver. They inhibit HMG CoA— 
a rate limiting step in cholesterol synthesis. Ursodeoxycholic 
acid also inhibits absorption of cholesterol in GIT. 


— Othermethedsused 

© Citrate 

& Monoterpenes 

‘Percutaneous infusion of methyi-tertiary butyl ether (MTBE) 
into the gallbladder using a catheter 

+ Extracorporeal shock wave lithotripsy (ESWL)—not popular 


Problems with Dissolution Therapy 


% Drugs should be given for a long time, 
# Results are not good. 
# Expensive 
% Causes side effects like diarthoea, pruritus, 
# Hepatic dysfunction, 
Overall results are not good by dissolution therapy 


™ CHOLEDOCHOLITHIASIS 
Iti stones in the CBD and biliary tree. 


Classification 

i, Primary—Rare—brown pigment stones, 

ii, Secondary—Common—black pigment stones/cholesterol 
stones. It is seen in 15% of gallstone disease; 75% are 
cholesterol stones, 15% are pigment stones. 

Primary stones 

‘They are formed in CBD and biliary tree itself, and are multiple, 
often sludge like, commonly pigment or mixed type, extends 
into hepatic ducts (Brown pigment stones) 


Causes: 
1. Defective pathophysiology of biliary tree causing stasis, 
biliary dyskinesia 
Congenital conditions like Caroli’s disease, choledochal eyst. 
Infections and infestations like clonorchiasis, ascariasis 
Others: Low protein diet, malnutrition, obesity, females, 
old age. 
Secondary biliary stones 
* They are from gallbladder (gallstones) passes through cystic 
duct to CBD. Here CBD and biliary tree are otherwise normal. 
* Secondary stones are better and easier to manage than 
primary stones. 
© Commonly gallstones get impacted in supraduodenal portion 
of CBD. 


Fig. 12.54: Multiple stones removed from common bile duct and 
hepatic ducts. They cause cholangitis. After stone removal patient needs 
holedochoduadenastomy/sphincteroplasty/choledachojejunastomy. 


Note: 

+ Black pigment stones are common in—haemolytic diseases, 
Cithosis, ileal resection, fasting for long time, TPN for long time 
(home TPN), 

+ Intrahepatic stones are comman—biliary sepsis, biliary stasis, 
parasitic infection, malnutrition, 

+ Retained stones means—if stones are found in CBD within 2 
years of cholecystectomy. 

+ Recurrent stones means—if stones are found in CBD 2 years 
after cholecystectomy. 


Clinical Features 


Incidental CBD stones along with jaundice/without jaundice. 

Pain: It may be biliary colic; nonspecific abdominal pain; 
pain of ascending cholangitis, pain of pancreatitis. 

 Jaundice—most common clinical manifestation 

Fever with chills and rigors. 


‘Charcot’ triad of ascending cholangitis 
Intermittent pain (may be colicky) 
+ Intermittent fever 
+ Intermittent jaundice 


Stone moves proximally and floats, obstruction is relieved 
and symptoms subside (Intermittent features). 


Stone in CBD due to impaction 


— 


Causes obstruction ‘stasis 


Jaundice Pain Infection, bacteraemia and fever 


& Reynolds pentad of acute obstructive cholangitis (suppura- 
tive cholangitis) 


‘Sometimes obstruction persists causing 
Persistent pain 
Persistent fever 
Persistent jaundice 
Shock (toxicity) and 
‘Altered mental status 


eeeee 


Here biliary tree contains pus. 
Pain and tendemess in epigastrium and right hypochondrium, 
* Steatorthoea and darkening of urine, 

© Pruritus, 


Complications 


Liver dysfunction and biliary citthosis, 
White bile formation and liver failure. 

Suppurative cholangitis, 

Liver abscess. 

Septicacmia 

Pancreatitis if CBD stone is near sphincter of Oddi blocking 
drainage of bile and pancreatic duct. 


Differential diagnosis 
Obstructive jaundice due to other causes: 
Carcinoma of head of pancreas 
‘& Carcinoma of periampullary region 
‘& Carcinoma of biliary tree 
Biliary stricture 
 Viralhepatitis 


Investigations 


* U/S abdomen; CBD diameter > 1 cm indicates biliary 
obstruction, 

ERCP, gold standard for diagnosis, 

MRCP. 

Liver function tests, 
Endoultrasonography 
PIC if only indicated. 


is useful (ZUS), It is more accurate, 


Treatment 


% Injection Vit. K 10 mg IM once a day for 5 days or FFP. 
infusion to correct the prothrombin time. 


Commitment is what transforms a promise into reality. 
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IV antibioties (cefoperazone, cefotaxime). 

* Correction of dehydration. 

¢ IV Mannitol daily 200 ml BD to prevent hepatorenal 
syndrome. 

¢ ERCP—Therapeutie, ic. endoscopic papillotomy (sphine- 
terotomy) and stone extraction through Dormia basket or 
balloon catheter; or fragmenting the stone and extraction; or 
removal through baby endoscope. CBD stent is placed in situ 


Fig. 12.55: Plain X-ray showing stents in CBD and pancreatic ducts. It 
‘was placed ina patient who presented with recurrent pancreatitis with 
block/stricture in both terminal CBD and pancreatic duct. Later patient 
underwent choledochojejunastomy and pancreaticajejunastomy,. 


= 


Fig. 12.56: ERCP showing CBD stones. Endoscopic view af 
stenting is also seen. 


Complications of sphincterotomy i 
© Bleeding 

saps 
 Perforti 
+ Pancreas 


Once CBD stones are extracted through ERCP, laparoscopic 
cholecystectomy is done. 


# In open cholecystectomy 
» Afier the removal of gallbladder, on table cholan- 
giogram is done through cystic duet using water soluble 
iodine dye to see any stones in CBD. Using stay sutures 
choledochotomy is done (opened longitudinally) to 
remove stones in CBD, 


-_ Indications for choledochotomy — 
(After open cholecystectomy) 

4 U/S shows stonein CBD 

+ Palpable stone in CBD. 

CBD diameter >10 mm. 

4 Recent history of jaundice, and with raised serum alkaline 
phosphatase level 

On table cholangiogram shows stone (done using C-arm 
image machine) 

Failure of stane extraction by ERCP prior to cholecystectomy. 
When in doubt 


e 


e 


Fig. 12. 


: Placing T-tube in CBD after choledacholithatomy, 
It is kept for 10-14 days. 


Tube drain in GB bed Cystic duct ligated 


Gallbladder bed 


4 \ Z_ Duodenum 
X ’ 

Fig. 12.58: Diagram showing placement of T-tube in CBD after 

choledacholithotomy. Note the separate drain placed in the 

cholecystectomy bed to drain fluid, blood, bile. 


After choledochotomy, stones are removed using Des 
jardin‘s choledocholithotomy forceps. Bake’s CBD 
dilator is used to confirm the CBD patency. 

T-tube (Kehr's) is then placed in the CBD and kept for 
14 days. 

After 14 days a postoperative T-tube cholangiogram is 
done to see for free flow of dye into the duodenum, so 
that T-tube can be removed. 

If Tube cholangiogram shows persistent stone, 
be extracted after 6 weeks, through a basket (Dormia) 
or catheter (Fogarty) through the track or through a 
choledochoscope. Retained stones can also be removed 
through ERCP. 


Fig. 12.59: T-tube cholangiogram showing retained stone in the 
CBD (Courtesy: Dr Navin Chandra Shetty, HOD, Department of 
Radiodiagnosis, KMC, Mangalore}. 


% Afier open cholecystectomy, on table ERCP can be tried if 


there are indications for CBD intervention case of secondary 
CBD stone/s and if ERCP was not done prior to cholecys- 
tectomy. If secondary stone is retrieved by this method, open 
exploration of CBD can be avoided. 

* Laparoscopic CBD exploration is becoming popular with 
availability of expertise and high technology imaging and 
instruments, 


Methods to confirm the removal of T-tube 
Clamp the T-tube, after 10-14 days and observe 48 hours for 
development of pain, jaundice and fever 

Confirm free flow of dye in T-tube cholangiogram 
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‘Management of retained CBD stones 
Small stones may spontaneously pass down. 

Heparinised saline or bile acid flushing through the T-tube. 
(Wash 250 ml of narmal aline with 25,0001V heparin for 5 days) 
& Burhenne technique (Canada)—after 6 weeks ance T-tube 
track gets matured, track ifneededis dilated using graduated 
dilators. Either using Dormia basket or Fogarty catheter or 
choledachascope, stone is removed through T-tube track 
under fluoroscopic guidance (C-ARM) 

ERCP and stone removal in 3 weeks 

Reoperation if everything fails, either transduodenal sphinc- 
teroplasty or choledachojejunostemy 


ee 
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& ESWL with endoscopic sphincterotomy/extraction/lavage/ 
stenting 

‘& Through percutaneous transhepatic route, cholangioscope is 
passed and CBD is visualised, stone is identified and removed 
Using Dormia basket or Fogarty catheter 

4 Laparoscopic choledocholithotomy 

& Open choledacholithotomy often with choledachojejunos- 
tomy 


Treatment of Primary CBD Stones 


+ Difficult and is associated with more complications 


Fig. 12.60: Ttube cholangiogram showing dye in the duodenum 
and visualisation of normal biliary tree without any obstruction, 


Preferred procedures: 
* Transduodenal sphincteroplasty (open method), or 
% Open choledochoduodenostomy, side-to-side, or 

# Open choledochojejunastomy—Roux-en-Y method. 


> ‘These procedures attain complete drainage of bi 
> Postoperatively they may often require long-term anti- 
biotics 

Indications for choledochoduodenostomy/choledochojejunos- 

tomy 

* Multiple CBD calculi with distal narrowing (Funnel syndrome) 

* Papillary stenosis. 

# Impacted calculi 

© Biliary sludge—symptomatic 

# Residual stones 

Prerequisite for choledochoduodenostomy 

* CBD should be more than 1.4 em and stoma should be 2 em, 

Advantages of choledochoduodenostomy are: 

Bile leak is minimal/not there. 

* Beneficial as a permanent remedy in multiple stones/sludge/ 
stenosis/strictures/intrahepatic stones, 

Problem with choledochoduodenostomy 

* Sump syndrome. 


Note: 
Roux-en-Y choledochojejunostomy is equally good as chole- 
dachaduadenostomy. 


You are the sole master of your thought processes. 
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Section A.1 in Appendix A). Hochberg and Kephart (1991) showed that the squeezed quantum 
states of quantum optics provide a natural form of matter having negative energy density. And 
since the vacuum is defined to have vanishing energy density, anything possessing less energy 
density than the vacuum must have a negative energy density. The analysis, via quantum optics, 
shows that gravitation itself provides the mechanism for generating the squeezed vacuum states 
needed to support stable traversable wormholes. The production of negative energy densities via 
‘a squeezed vacuum is a necessary and unavoidable consequence of the interaction or coupling 
between ordinary matter and gravity, and this defines what is meant by gravitationally squeezed 
vacuum states. The magnitude of the gravitational squeezing of the vacuum can be estimated 
from the squeezing condition, which simply states that substantial gravitational squeezing of the 
vacuum occurs for those quantum electromagnetic field modes with wavelength (A. in meters) > 
Schwarzschild radius (rs in meters) of the mass in question (whose gravitational field is 
squeezing the vacuum). The Schwarzschild radius is the critical radius, according to general 
relativity theory, at which a spherically symmetric massive body becomes a black hole; i.e., at 
which light is unable to escape from the body’s surface. We can actually choose any radial 
distance from the mass in question to perform this analysis, but using the Schwarzschild radius 
makes equations simpler in form. The general result of the gravitational squeezing effect is that 
as the gravitational field strength increases the negative energy zone (surrounding the mass) also 
increases in strength. Table 3 shows when gravitational squeezing becomes important for 
example masses. The table shows that in the case of the Earth, Jupiter and the Sun, this squeeze 
effect is extremely feeble because only ZPF mode wavelengths above 0.2 m— 78 km are affected. 
For a solar mass black hole (radius of 2.95 km), the effect is still feeble because only ZPF mode 
wavelengths above 78 km are affected. But note from the table that quantum black holes with 
Planck mass will have enormously strong negative energy surrounding them because all ZPF 
mode wavelengths above 8.50 x 10™ meter will be squeezed; in other words, all wavelengths of 
interest for vacuum fluctuations. Black holes with proton mass will have the strongest negative 
energy zone in comparison because the squeezing effect includes all ZPF mode wavelengths 
above 6.50 x 10“ meter. Furthermore, a black hole smaller than a nuclear diameter (= 10~'® m) 
and containing the mass of a mountain (~ 10'' kg) would possess a fairly strong negative energy 
zone because all ZPF mode wavelengths above 10'S meter will be squeezed. 


Table 3. Substantial Gravitational Squeezing Occurs When 
1.2 8nrs (For Electromagnetic ZPF; adapted from Davis, 1999a) 


Mass of body ‘Schwarzschild radius of body, ts | ZPF mode wavelength, X 
‘Sun = 2.0% 10" kg 2.95 km 278 km 
Jupiter = 1.9 x 10” kg 2.82m 274m 

Earth = 5.976 x 10" kg 8.87x 10° m 20.23 m 

‘Typical mountain = 10"' kg. =10%m 210m 
Planck mass = 2.18 x 10" kg 3.23 x10 m 28.50x 10m 
Proton = 1.673 x 10” kg 2.48 x 10m. 26.50x 10 m 

Recommendations: 


> 


Theoretical Program 1: A one to two year theoretical study (cost ~ $80,000) should be initiated to 
explore the recently discovered K < 1 (FTL) solutions to equation (2.33) in order to define, 
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Remember 


Gallstones are commonly radiolucent (90%). 
Multiple stones are usually faceted because of exertion of 
equal pressure in a compact gallbladder. 

Plain X-ray shows radio-opaque lesion to the right side of 
the vertebra below rib cage. It should be differentiated from 
kidney stones. In lateral view X-ray, gallstone will be in front 
of the vertebra whereas kidney stone overlaps the vertebra, 

Often gallstone has got central radiolucent area—sea gull 
sign/Mercedes Benz sign. 

Silent/asymptomatic gallstone is one which is identified on 
routine investigation whete there are no specific relevant 
symptoms related to gallstones. Chances of developing symp- 
toms in a silent gallstone is 5% in 5 years and 20% in 15 years. 

Presently ultrasound is ideal investigation for gallstones. 


* To sce gallbladder function or confirm cholecystitis radio- 


© Mixed ston 


isotope HIDA/PIPIDA sean is ideal 
Cholecystitis can cause jaundice due to cholangitis. But 
other causes of jaundice should be ruled out—CBD stones/ 
Mirizzi syndrome, 

Limey gallbladder is gallbladder filled with toothpaste 
like mixture of calcium carbonate and calcium phosphate. 
Plain X-ray shows dense radio-opaque gallbladder shadow 
(opacified gallbladder) 

Porcelain gallbladder is one where gallbladder wall is 
calcified because of chronic cholecystitis. It is potentially 
‘malignant. It should be removed either by open or laparo- 
scopic method. 

Cholesterol stone occurs when there is alteration in levels 
of cholesterol, lecithin and bile salts. This altered bile has 
got more cholesterol than adequate micelle and is called as 
ithogenic bile. Here bile is in supramicellar zone. Choles- 
terol stone is radiolucent but causes acoustic shadow in U/S 
are most common—90%. 

“Gallstone is a tomb stone erected to the memory of the 
organism within it"—Moyniban’s aphorism, 

Saint's triad: Gallstones—colonic diverticulosis—hiatus 
hernia. 

Complications of gallstones: Acute cholecystitis, chronic 
cholecystitis, empyema gallbladder, mucocele of gall- 
bladder, perforation and peritonitis, secondary CBD stones, 
cholangitis, pancreatitis, Mirizzi syndrome, gallstone ileus, 
pericholecystic abscess and carcinoma of gallbladder. 
Black pigment stones are more common in gallbladder; 
brown pigment stones are common in CBD. 

Cholesterol stones are common in Western countries; 
pigment/mixed stones are common in Asian countries, 
Acute acalculous cholecystitis is 5% common. It occurs after 
stress, major surgeries or in cholecystoses. 
Xanthogranulomatous cholecystitis is a rare pathological 
condition. Gallbladder is thickened with chronic inflammation, 
Its yellow xathogranulomatous in nature, It often extends to 
adjacent organs. tis due to reaction to penetrated bile. 
Residual/retained bile duct stones are one which is present 
in CBD within 2 years of initial surgery—cholecystectomy. 
‘They are usually missed secondary bile duct stones. 
Recurrent bile duct stones are one which is present 2 years 
after the initial surgery—cholecystectomy and CBD explo- 
ration, They are primary biliary stones. 


% Salmonella cholecystitis (Typhoid Mary—a cook in New 
York transmitted typhoid through her infected faeces and 
urine) causes typhoid gallbladder. It can cause acute or 
chronic cholecystitis. Salmonella itself may predispose stone 
formation, Patient may be silent typhoid cartier. 


m= SUMP SYNDROME 


Itis commonly observed after choledochoduodenostomy rarely 
after choledochojejunostomy. CBD distal to the choledochoduo- 
denostomy acts as a reservoir with stasis of food particles, bile, 
stones and sludge. Often it causes cholangitis and narrowing of 
the stoma of choledochoduodenostomy. Conversion to end-to- 
end Roux-en-Y choledochojejunostomy is required. 


CCholedocho- 
duodenastomy 


4st part 
duodenum 


Site of sump 
syndrome 


Duodenum 


Fig. 12.61: Technique of choledochoduodenostomy for CBD stones. 
Note the site of possible occurrence of sump syndrome, 


lm COURVOISIER’S LAW 


# ‘Ina patient with jaundice if there is palpable gallbladder, 
itis not due to stones’. 


Floratic 
gallbladder 


Fig. 12.62: Courvoisier’s law—"In a patient with jaundice if there 
is palpable gallbladder it is not due to stones’. In stone disease 
gallbladder is contracted and fibrotic and so nondistensible, 


% In obstruction due to CBD stone, gallbladder does not 
distend because it is chronically inflamed, thickened, 
fibrotic, contracted and nondistensible 

% In malignancy, like carcinoma of head of the pancreas oF 
periampullary carcinoma, gallbladder will be distended 
and palpable to the right of rectus muscle in the right hypo- 
chondrium, as nontender, globular, smooth, soft, dull mass 
which moves with respiration and with horizontal mobility. 


ule may not be usefulin: 
+ Absence of gallbladder 

+ Intrahepatic gallbladder 
+ Previous cholecystectomy 


Exceptions to the rule are: 

* Double impacted stone—one in CBD and one in cystic duct, 
with mucocele of gallbladder. 

+ Large stone in Hartmann’s pouch. 

* Empyema gallbladder with CBD stone, 


ll SURGICAL JAUNDICE (Obstructive Jaundice) 
Definition 


Itis the jaundice that develops due to biliary obstruction, partial 
‘or complete or intermittent. It causes conjugated hyperbilirubi 

‘naemia, Normal serum bilirubin level is 0.2-0.8 mg”. Scleral 
icterus is visible when serum bilirubin level exceeds 2.5 mg. 


Effects of Obstructive Jaundice 


In liver: Enlarged green bile stained liver (hydrohepatosis) 
shows dilated intrahepatic biliary radicles. Once intraductal 
CBD pressure increases bile secretion from liver is reduced 
causing formation of ‘white bile” in CBD. Biliary cirrhosis 
may develop later. 

¢ Inthe biliary tree: Recurrent inflammation—cholangitis— 
fibrosis ean occur, 

# In bowel: Absence of bile from bowel impairs digestion, 
reduces fat absorption making faeces bulky and fatty. 
‘Vitamin K absorption is reduced causing fallin prothrombin 
level raising PT-INR, 

% Retention of bile salts and bile pigments in blood and body 
fluids occurs. 

¢ Altered coagulation profile; hepatorenal syndrome and renal 
failure; sepsis. 


Causes 


Biliary atresia. 
Choledochal eyst. 

CBD stones, 

Ascending cholangitis 

Biliary strictures 

Sclerosing cholangitis. 

Carcinoma of head and periampullary region ofthe pancreas. 
Cholangiocarcinoma. 


CAD stricture 
Choledochal cyst 


Roundworm 
incBO 


Pancreatic 
stone 


Periampullary 
‘carcinoma: 
Chronic. 
pancreatitis 


Fig, 12.63: Different causes of obstructive jaundice 
(surgical jaundice). 


9. Klatskin tumour (Carcinoma at the confluence of hepatic 
ducts above the level of the cystic duct and so will cause 
hydrohepatosis without GB enlargement) 


Fig. 12.64: CT scan showing hydrohepatosis due to obstruction 
below, in a patient with obstructive jaundice, 


10. Extrinsic compression of CBD by lymph nodes or tumours. 
11. Parasitic infestations 


Clinical Features 


Severe jaundi 
Pruritus, more on the back and forearms. 

Fever, may or may not be present. 

Loss of weight 

Loss of appetite. 

Pain in right hypochondrium, palpable gallbladder, hydro 
hepatotic palpable, smooth, soft, nontender liver are other 
features, 

4% Courvoisier’s law may suggest inflammatory/neoplastic cause. 
% Charcot’ triad’Reynold’s pentad as presentation in cholangitis, 
# Steatorthoea (more fatty stool) due to improper absorption 
of fat soluble vitamins 


Accountable, dependable, reliable are qualities that make a person responsible. 
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Fig, 12.65: Sclera ofthe patient with obstructive jaundice is 


Breenish yellow in colour. 


Classification of Causes of Obstructive Jaundice 


Congenital: Biliary atresia, choledochal cyst 

Inflammatory: Ascending cholangitis, sclerosing cholangitis 

Obstructive: CBD stones, biliary stricture, parasitic infesta~ 

tion. 

4, Neoplastic: Carcinoma of head or periampullary region of 
pancreas, cholangiocarcinomas, Klatskin tumour. 


5, Extrinsic compression of CBD by lymph nodes or tumours. 


 Tumours—pancreatic,cholangiocarcinoma 
CBD ligation— iatrogenic 
 Primary/secondary liver tumours 


Type 2: Intermittent obstruction 

+ Choledocholithiasis 

+ Periampullary tumour 

+ Choledochal cyst 

+ Bile duct papilloma 

= Hemot 

+ Duodenal diverticula 

Type 3: Chronic complete obstruction 

+ Bile duct stricture 

© Congenital 

+ Traumatic 

+ Post-radiotherapy 

+ Chronic pancreatitis 

+ Gstic fibrosis 

Type 4: Segmental obstruction 

Traumatic 

+ Sclerosing cholangitis 

 Cholangiocarcinoma,intrahepatic biliary stones (hepatolithi 
asis) 


Investigations for Obstructive Jaundice 

* Serum bilirubin, Normal value is less than 1.0 mg%. Both 
direct and indirect bilirubin are assessed. Direct is increased 
in obstructive jaundice, i. conjugated hyperbilirubinaemia, 
van den Bergh’ test is done. 

¢ Scrum albumin, globulin and A : G ratio, Normal S. albumin 
is more than 3.5 gm%, 

% Prothrombin time. Normal value is 12-16 seconds. It is 
significant if it is more than 4 from the control or more than 


‘one and half times the control, It is corrected by injection 
vitamin K, 10 mg IM OD for days or by FFP—S-10 units 

# Serum alkaline phosphatase, SGPT, SGOT, 5° nucleotidase. 

* Total count may be raised with neutrophilia in inflamma- 
tory conditions. 

# U/S abdomen. 

# ERCP to visualise the site of obstruction, brush biopsy, bile 
sample for analysis 

# PTC to decompress, assess proximal dilated obstructed 
biliary system if ERCP fails; dine polythene catheter can 
be kept in situ to have biliary drainage; PTC—stenting 
across the obstruction can be done under image (C arm) 
guidance. 

¢ MRCP—Noninvasive diagnostic tool. It shows 96% sensi- 
tivity; 99% specificity. 

# CT'scan in case of tumours to assess operability 

% Tumour markers: CA 19/9 is useful for carcinoma pancreas 
(more than 70 units/L) with 70% sensitivity and 90% 
specificity. But it may also increase in other causes of biliary 
‘obstruction and cystadenoma. 

* Endoscopic US (EUS): It is done through endoscope. It is 
more accurate in assessing pancreatic mass, staging of the 
disease, to identify involvement of portal venous system, 
CBD stones. It is also useful in EUS guided FNAC, celiac 
axis neurolysis, EUS guided immunotherapy. 

# Intraductal US (IDUS): Itis very useful in assessing tumour 
stage, tumour margin in bile duct cancer. It is also used in 
assessing pancreatic duct to differentiate pancreatic cancer 
and chronic pancreatitis, 

* CT/MR angiogram or venogram to assess vascularity and 
portal venous system in malignaney. 

+ Urine tests: Fouchet’s test for bile pigments, Hay’s test for 
bile salts and test for urobilinogen in urine, 


Fouchet’s test: 10 ml of urine + 5 ml of BaCl, + pinch of 
MgSO, causes formation of BaSO, which is filtered over 
a filter paper and few drops of Fouchet’s reagent is added. 
Green or blue colour signifies presence of bile pigments in 
the urine, 

Hay’s test for bite salt: Sprinkle sulphur to 2 ml of urine. In 
presence of ble salts sulphur sinks to the bottom, 

Ehrlich’s test: 5 ml of freshly voided urine + 1 ml of Ehrlich 
reagent (p-dimethyl amino benzaldehyde) and wait for 
5 minutes, Formation of red colour signifies presence of 
urobilinogen in urine. Normally it is present in traces, in 
obstructive jaundice it is absent and in haemolytic jaundice it 
is in excess, 


4 Injection vitamin K IM 10 mg for S days 
4 Fresh Frozen plasma—often requires 6 bottles or more 

4 Adequate hydration is most important 5/10% dextrose 

4 Blood transfusion in case of anaemia 

‘& Oral neomycin lactulose 

4 Mannitol 100-200 mi BD IV to prevent hepatorenal syndrome 


'& Repeated monitering by doing prothrombin time, electro- 
Iytes 

+ Antibiotics like third generation cephalosporins, 

Calcium supplements as calcium chloride IV 

+ Preoperative decompression is indicated if bilirubin is > 12 
‘mate, sepsis, hepatorenal syndrome, severe malnutrition or 
cardiopulmonary disease. 

+ Correction of coagulopathy, prevention of renal failure,infec- 
tion, hepatic encephalopathy and electrolyte imbalance 
(correction of hypoglycaemia and dilutional hyponatraemia 
due to water retention; avoiding isotonic saline infusion). 


+ 


Treatment of Obstructive Jaundice 


* CBD stones—ERCP stone removal, choledocholithotomy, 
transduodenal sphincteroplasty, choledochojejunostomy or 
choledochoduodenostomy. 

* Carcinoma periampullary or head of pancreas—Whipple’s 
operation or triple bypass or ERCP stenting, 

Biliary stricture—Stenting, choledochojejunostomy, Roux- 
en-Y hepaticojejunostomy, 

* Klatskin tumour—Radical resection or palliative stenting. 

Biliary atresia—Kasai’s operation or liver transplantation, 

* Choledochal cyst—Excision, hepaticojejunostomy, mucosal 
resection, 

% Management of pruritus: Pruritus may be due to retention 
ofbile salts which activates the release of histamine in skin, 
central mechanism or by release of endogenous opioids. It is 
often difficult to treat, Once cause is treated and obstruction 
is relieved, pruritus will regress. Drugs and therapies used 
aare—cholestyramine (ion exchange resin binds bile salts in 
intestine inhibiting their absorption), rifampin, ondansetron, 
gabapentin, sertratine, ursodeoxycholic acid, antioxidants, 
phototherapy, plasmapheresis, 


Postoperative Management 


% Monitoring with prothrombin time, bilirubin, albumin, 
creatinine, electrolyte estimation. 

¢ FEP or blood transfusion. 

% Antibiotics 

% Observation for septicaemia, haemorrhage, pneumonia, 
pleural effusion, bile leak. 

% Care of T-tube and drains. 

Tube cholangiogram in 10-14 days. 

TPN, CVP line, nasogastric tube, urinary cath 


ll CBD STRICTURES (BILIARY STRICTURES) 
Causes 


1, Postoperative (80% common) 

> After cholecystectomy [open or laparoscopic, more 

common following laparoscopic (0.8%) than open 
method (0.35%)] 


Biliary surgery. 
Gastrectomy. 
Liver surgery, 
Duodenal and pancreatic surgery. 


Fig. 12.66: ERCP picture showing stricture and 
passing stent into CBD. 


Inflammatory: Stricture following recurrent attacks of chol- 
angitis due to 

> CBD stones, 

> Parasites—Ascaris lumbricoids, Clonorchis sinensis. 

> Primary sclerosing cholangitis. 

3. Malignant: Due to cholangiocarcinoma. 

4, Traumatic. 


|. Low CBD stricture with stump (proximal to stricture) > 2.em 
I. Middle CBD stricture with proximal stump <2cm 

I, Hilar, Confluence of right and left hepatic ducts is intact 

IV. Separated right and left hepatic ducts 

V, Stricture involving intrahepatic ducts 


Clinical Features 


4% Obstructive jaundice, 
# Pain abdomen. 

# Features of ascending cholangitis. 
# Profuse persistent bile leak. 


+ Too much traction to the GB during  Fundus fist cholecys- 
tectomy’ 

‘Blind application ofartery forcepsin alot'stocontral bleeding 

'& Anomalies ofbiliary tree 

+ Inflammatory adhesions at Calot's triangle 

+ Injury during other surgery like gastrectomy 


Note: 
Hogarth Pringle's manoeuvre is ideal to control bleeding on table 
by applying pressure using thumb and fingers over the Foramen 
Winslow. 


The mother's heart is child's schoolroom—Henry Ward Beecher. 
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Proximal 


Praia stump < 2m. 


stump > 2 em 
Stricture 


Type Il 


Right and left 
duct separated 


Figs 12.68A and B: CBD stent and imaging after placement. 


‘Stricture at confluence 
‘of RHO and LHD 


Investigations 


U/S abdomen 
Liver function tests, 
ERCP. 

On table cholangiography. 
MRCP. 


Treatment 


» ERCP stenting, 
* Choledochoduodenostomy or jejunostomy. 
# Roux-en-Y hepaticojejunostomy—ideal. 


@ SCLEROSING CHOLANGITIS 


# It is fibrous thickening of the CBD and biliary ductular 
wall, associated with multiple strictures with dilatation in 
between the strictures. Both extra- and intrahepatic ducts 
are involved. 

» ‘They have increased risk of developing cholangiocarcinoma. 


Types 


1. Primary sclerosing cholangitis is one wherein no cause is 
found and is associated with ulcerative colitis, Sjogren’s 
syndrome, Crohn’s disease, Grave’s disease. It eventually 
leads to biliary cirrhosis. Primary sclerosing cholangitis 
(PSC) is an idiopathic, progressive, chronic, cholestatic 
pathology with diffuse inflammation, sclerosis, and oblitera~ 
tion of intra- and extrahepatic biliary systems. There will be 
multiple areas of strictures and dilatations (1%/year). It has 
high risk for cholangiocarcinoma, It could be an autoimmune 
disease. It is common in HLA/B8/DR3 halotype 

2. Secondary sclerosing cholangitis is due to stones, trauma, 
congenital lesions. AIDS, chemotherapy (SFU), transplanta~ 
tion, collagen diseases, sarcoidosis, histiocytosis. 


Features 

Common in young men (70%). 

# Intermittent jaundice 

% Abnormal liver functions, 

% Weight loss, pain, fever, pruritus. 

+ Features of ulcerative colitis in case of PSC (70%), 

% PSC may be associated with retroperitoneal fibrosis, 


mediastinal fibrosis, Riedel’s thyroiditis, orbital pseudo- 
tumour. 

Hepatic duct confluence 
in PSC. 


is most severely strictured segment 


Investigation 


ERCP shows beaded appearance of biliary tree. 

# LFTis altered. 

* Liver biopsy is needed to identify the severity of hepatic 
fibrosis. 


Treatment 


© Stenting, 
# Tube drainage. 

# Large dose steroids. 

# Immunosuppression therapy—methotrexate, azathioprine, 
tacrolimus, cyclosporine. 

Ursodeoxycholic acid is beneficial 

Liver transplantation, 

¢ Median survival in PSC after diagnosis is 10 years, 


™ GALLBLADDER POLYP 


idence is 5% in routine US abdomen; 10% in chol- 

ecystectomy tissue specimen. 

Itis usually less than 10 mm in size, pedunculated appearance. 

Sessile polyps are often more than 10 mm in size. 

30% are multiple. 

Gallbladder polyp more than 10 mm in size, associated 

with gallstones, age above 60 years, symptomatic, sessile 

polyp and multiple polyps—are indications for surgical 

intervention. 

* CT'scan should be done if malignancy is suspected on US. 

# Itis treated by laparoscopic cholecystectomy. Histology is 
‘a must to confirm benign nature and to rule out carcinoma, 


ll BENIGN BILIARY PAPILLOMA 


# Itis the most common benign biliary tumour, 

# 30% occurs close to ampulla presenting as obstructive 
jaundice. 

* Benign adenoma (soft), benign inflammatory pseudotumour 
and cholangiocarcinoma—are differential diagnosis, 

¢ ERCP, CT scan, EUS, LFT—are the investigations 

# Treatment—papillotomy, wide local excision 


lm CARCINOMA GALLBLADDER 


# Itis more common in India (Pata) and Asian countries. It 
is also common in Chile. 


# Iis common in females and elderly. Male: Female :: 1: 3 


Aetiologies for Carcinoma of Gallbladder 


+ 3% of gallstones with cholecystitis will develop carcinoma 
of gallbladder. 

# 90% of carcinoma of gallbladder is associated with gall- 
stones. Risk of developing carcinoma in gallstone disease 
is 7-10 times more than general population. Relative 
risk is less if stone size is less than 2 em; if stone size is 
2-3 em in size it is 2.5; it is 10 or more if stone size is 
more than 3 cm. 

* Choledochal cyst, anomalous pancreaticobiliary duct june- 
tion (20%), cholesteroses of gallbladder, gallbladder polyp 
more than I em in size or more than 3 in number or adeno 
matous polyp, PSC. 


You are the sole master of your thought processes. 
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Chronic typhoid carriers, carcinogens, inflammatory bowel 
disease, hepatitis B and hepatitis C virus infection. 
Porcelain gallbladder is more prone for malignant trans~ 
formation (25%) and 90% of them are inoperable tumours. 
Nitrosamines. 


Gross Types of Carcinoma Gallbladder 
Polypoid/papillary—better prognosis, 
‘Scirrhous/nodular. 

Proliferative/infiltrative. 


Microscopy 


Commonly it is adenocarcinoma (90%); occasionally squa~ 
‘mous cell carcinoma, adenosquamous or carcinoid tumour 
can occur. 

25% show only localised disease; 35% have lymph node 
spread; 40% have distant spread at the time of first diag- 
nosis. 

Its very aggressive tumour. 


Spread of Carcinoma Gallbladder 


Direct spread to liver (segment IV and V), bile duct, 
duodenum, colon and kidney. 

* Lymphatic—tymph node of Lund, periportal nodes, peri- 
pancreatic and periduodenal nodes. 
Blood spread—to liver, lungs and bones. 
Perineural spread is also known to occur. 


‘Staging of carcinoma gallbladder, 
Nevin’ staging: 
Stage I~ Intramural 
Stage ll~ Spread to muscularis propria 
Stage ll Spread to serosa 
Stage IV — Spread to cystic lymph node of Lund 
Stage V - Direct spread to adjacent organs/metastases 


Tumour Nodal spread 
Tis ~ Carcinoma in situ NO- No nodes 


1 — Spread to mucosa or Nt — Spread to cystic! 


Bae ie Rae acehaet 
peewee 

Resonate eee 

heed peeon ben 

ib Spread to muscle ayer Stodenalsupeiormes- 

ose ance ce a 

foray ee 

RSmiooe |e 


‘one adjacent organ or < 2 em 


‘MO — No distant spread 
toliver 


M1 — Presence of 


Ta Spread >2emtolive,, _—“stant spread 


2 oF more adjacent organs— 
CBD, stomach, duodenum, 
colon, omentum, 


uncon 
a 


Figs 12.69A to C: Specimen of gallbladder after extended cholecys- 
tectomy. Nate the liver margin cleared of carcinoma, stone in the 
gallbladder and lymph nodes cleared 


Features of Carcinoma of Gallbladder 


+ Pain in right hypochondrium, mass in right upper abdomen 

which is hard and nontender. 

Jaun 

Significant weight loss in short duration 

Acute presentation of cholecystitis 

Palpable nodular liver secondaries, 

It is common in places where there is more prevalence of 

gallstone disease—Patna, Bihar 

© Itis common in females, 

* Incidentally confirmed as carcinoma gallbladder histologi- 
cally after cholecystectomy for chronic cholecystitis, 


Investigations 


Ultrasound abdomen, 

CT abdomen to see operability. 

UIS guided FNAC. 

Liver function tests. 

MRCP. 

Laparoscopy. 

CA 19-9 is elevated in 80% of cases. 


Treatment 


* Cholecystectomy with resection of liver segments IV and 
V—extended cholecystectomy with perihepatic nodal clear- 
ance. At least 2 em margin in the liver from the gallbladder 
bed should be cleared. All pericholedochal lymph nodes 
should be removed. Frozen section biopsy from cystic duct 
stump should be done to identify for the existence of micro- 
scopic tumour. If present, CBD resection and hepaticojeju- 
nostomy is done. Open approach rather than laparoscopic 
is ideal for carcinoma gallbladder. 

* Hemihepatectomy with cholecystectomy with nodal 


Fig. 12.70: Extended cholecystectomy technique. 


+ Ifpatient has undergone laparoscopic cholecystectomy and 
histology confirmed carcinoma, then staging should be done. 
All port areas should be reexcised to prevent port site recur- 
rence, Often extended resection of segment IV and lymph 


nodes may be needed. Spillage of bile during laparoscopic 

cholecystectomy is common (30% in nonmalignant GB, 

50% in carcinoma GB), 

* Chemotherapy either systemic or intraarterial, and adjuvant 
radiotherapy but with poor success rate. 


Prognosis 


% Overall prognosis for carcinoma gallbladder is poor due to 
early spread and aggressive nature of the tumour. 

ear survival is only 
distant spread carry poor prognosis. In stage T, simple and 
extended cholecystectomy will not make difference in prog- 
nosis. In T stage extended cholecystectomy is very much 
beneficial which gives 60% 5-year survival rate. T and T 
carry poor prognosis 


Projterath 


Fig. 12.71: Gallbladder showing proliferative carcinamatous lesion, 


Calbiadde, 


Thos 


Fig. 12.72: Gallbladder showing scirrhous carcinoma with 
pre-existing gallstones and cholesteroses. 


Every day is little life. Live it to its fullest. 
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I CHOLANGIOCARCINOMA 
(Bile Duct Carcinoma) 


# It is associated with sclerosing cholangitis, clonorchiasis 
infestation, Caroli’s disease or choledochal cyst. 

% Iis an aggressive adenocarcinoma which presents as 
obstructive jaundice. 

% Itcommonly occurs at the hepatic duct confluence. 


Risk Factors for Cholangiocarcinoma 


* Primary sclerosing cholangitis (PSC): Here commonly it is 
extrahepatic, usually at the confluence 

* Choledochal cyst 

# Hepatolithiasis. 

Hepatitis B and C are risk factors for intrahepatic cholan- 
giocarcinoma. 

Lynch syndrome I 

Multiple biliary papillomatosis, 

Previous biliary enteric anastomosis. 

Clonorchis sinensis infestation, 

‘Thorotrast, nitrosamines, dioxin 


Classification | 


% Intrahepatic—10%, 
 Perihilar—65%. 
© Distal—25%, 


Classification II—-Pathological 


Sclerosing (80%); nodulae; papillary. 


Classification IIL 


Upper third from porta to eystic duct ~ 50%, 
¢ Middle third —from eystic duct to upper margin of first part 
of the duodenum—25%, 
Lower third—trom upper margin of first part of duodenum 
to ampulla—20%, 
$ Diffuse 
(Classification of perihilar cholangiocarcinoma (Bismuth) 
‘& Type! :Below the confluence of RHD and LHD 
‘ Typelll:Reaching the confluence of RHD and LHD. 
‘ Typelll:involving CHD and RHD/LHD 
Type IV : Involving confluence and both RHD and LHD or 
multicentric tumour 


Features 


Main presentation is painless obstructive jaundice of short 
duration. 

* Palpable liver either smooth and soft (hydrohepatotic) or 
hard nodular (secondaries), 

© Weight loss and anorexia is typical and significant 


ERCP and choledochoscope. 


Liver funetion tests 
PTC. 

U/S abdomen, CT scan, 

MR scan—Best investigation. MRCP to see duct; MRI to 
see nodes; MR angiogram to see vascularity 

Assessment should be done to check the operability of tumour 
by—assessing the spread in bilateral hepatic duct up to 
secondary radicles, both hepatic arterial spread, portal vein 
encasement, hepatic lobe atrophy, distant spread. 


TNM staging of cholangiocarcinoma 


Tumour Nodes Staging 
Tis— Carcinoma NO-No Stage 0 ~ TisNOMO 
insitu regional nodes Stage 1 -T1NOMO 
Ofsubepihela Hepetoduodenl 19° T= >NOMO 
connective tissue ligament nodes pee BLS a 
T2- Invasion of | N2- 
perifbromuscular Peripancreatic, Stage IVA~T3 any 
tissue periduadenal, NO 
T3-Invasion of periportal, celiac Stage IVB — Any T 
adjacent organs and or SMA anyNM1 

lymph nodes 
Metastases 
M1 — Distant 
metastases 
present 

MO - No 
metastases 

Treatment 


% When operable, portal region clearance with hemihepatec- 
tomy can be done. Intrahepatic type is treated with hemi- 
hepatectomy. Perihilar is treated with hemihepatectomy or 
extensive bile duct resection, nodal clearance, caudate lobe 
removal, cholecystectomy. Distal tumour is treated with 
Whipple's pancreaticoduodenectomy. 

% Most often itis inoperable. Stenting can be done to relieve 
jaundice, through PTC or ERCP or on table. 

* Chemotherapy—S FU; Gemeitabine, cisplatin. 

¢ Chemotherapy, with external beam radiotherapy (ERBT), 


@ KLATSKIN TUMOUR 


# Itis cholangiocarcinoma at the confluence of the hepatic 
ducts and common hepatic duct above the level of the cystic 
duct (20% of cholangiocarcinomas). 

# Itcauses obstructive jaundice with hydrohepatosis without 

enlargement of gallbladder. 

Management is like cholangiocarcinoma, 

Hilar resection with hepaticojejunostomy. 

Segment III left hepaticojejunostomy—Blumgart’s 

Longmire’s left hepaticojejunostomy after left liver lobe 

resection. 

Cattell’s hepaticojejunostomy. 

# Smith's mucosal graft hepaticojejunostomy 

* Palliative PTC with stenting/ERCP stenting, intraop- 
crative stenting, Metal stents show long period of patency 
(12 months) than polyethylene stents (4 months). 


12.73: Resected specimen of Klatskin tumour 
(Courtesy: Dr Arunkumar, MCh). 


Klatskin tumour 
Common hepatic duct 
cap 


‘@ Itis an uncommon tumour of elderly. 1 in 1,00,000 is the 
incidence 

“Primary sclerosing cholangitisis the commonest association. 
20 fold increased risk 

+ Choledochal cyst, Carols disease, pyogenic cholangiohepa- 
titis,Clonorchis sinensis, oisthorchis vivertni infestation, 
hhepatolithiasis, hepatitis C, Lynch syndrome Il, bile duct 
adenoma and papillomatosis are other causes 

'& Chemical carcinogens like thorium, nitrosamines, iosmin 
also can cause 

“ Intrahepatic cholangiocarcinoma is 10% 

{60% cases are proximal to cystic duct CBD junction 

Features are jaundice, pain, hepatomegaly, cachexia, early 
satiety and weight loss 


e 


+ Itisadenocarcinoma type 

+ Lymph node spread is common 

+ Resection along with lver/resection along with pancreas are 
surgical options 

“# But surgical resection is possible only in 5% of cases 

“@ Stenting/bypass are paliative options 

+ Doxorubicin, cisplatin and |, anti-CEA antibodies are adju- 
vant therapies 

+ Condition has got 90% mortality in one year 


lm BILIARY FISTULAS 
Types 


a. External: Usually occurs as a complication of surgery 
following: 
> Gastrectomy. 
> Cholecystectomy open or laparoscopic. 
> CBD surgery. 
> Pancreatic surgery. 
b. Internal: 
> Cholecystoduodenal fistula causing gallstone ileus. 
> Cholecystoenteric fistula 
> Cholecystocholedochal fistula. 
External biliary fistulas are difficult to manage, often 
dangerous, but many a times resolve spontaneously. 


Investigations 


 Fistulogram, 
* ERCP. 

* Electrolyte estimation. 
Liver function tests. 


Treatment 


Total parenteral nutrition (TPN). 

% Antibiotics, 

4% Blood transfusion. 

¢ Electrolyte management. 

% Care of the fistula wound with regular dressing, using zine 
‘oxide cream has to be done to protect the skin. 

Later continuity of biliary system has to be restored by open 
surgery or through ERCP and stenting 


™@ GALLSTONE ILEUS 


It is a type of acute intestinal obstruction, often seen in elderly 
and is due to blockage by a bolus or mass of gallstones which 
commonly enter the intestine through cholecystoduodenal 
fistula (75%) or rarely through cholecystointestinal or gastric 
fistulas. 


Jappeiques 


characterize and model the negative energy density source(s) that induce the FTL vacuum 
modification. The study should also identify potential lab experiments designed to test theoretical 
predictions 


> Theoretical Program 2: A one to two year study (cost = $80,000) should be initiated to conduct a 
detailed review of the negative energy generation schemes summarized above to define their 
characteristics, performances and requirements. The study should develop technical parameters 
for each of the schemes in order to identify potential lab experiments. 


(1998) 
imate 


Experimental Program 1: An experimental study should be conducted to test Forward’s 
Casimir energy extraction proposal. An experiment definition study will be required to es 
the experimental method, procedure, equipment needs and costs. 


> 


Experimental Program 2: An experimental study using ultrahigh-intensity lasers should be 
conducted to test the Optically Squeezed Laser Light proposal. An experiment definition study 
will be required to estimate the experimental method, procedure, equipment needs and costs. 


y 


Experimental Program 3: An experimental study using ultrahigh-intensity lasers should be 
conducted to probe QED vacuum physics and vacuum modification as well as test elements of the 
PV-GR model. A starting point for this program would be to use such lasers to perform the Ding 
and Kaplan (1989, 1992, 2000; see also, Forward, 1996) experiment. This is an important 
fundamental physics experiment to do, because it can distinguish between the rival quantum 
vacuum electromagnetic ZPE fluctuation and fluctuating charged particle source field theory 
models, which would settle the acrimonious debate over whether the vacuum really fluctuates or 
not. R. L. Forward (1999) told the author that a Nobel Prize rides on performing this experiment 
and settling the issue once and for all. The Ding and Kaplan proposal is already designed to 
probe QED vacuum physics and vacuum modification. [The essence of the Ding and Kaplan 
proposal is to demonstrate that a form of photon-photon scattering predicted by QED gives rise to 
2™ harmonic generation of intense laser radiation in a DC magnetic field due to the broken 
symmetry of interaction (in the Feynman “box” diagram approximation). This effect is possible 
‘only when the field system (optical wave + DC field) is inhomogeneous, in particular when a 
Gaussian laser beam propagates in either a homogeneous or inhomogeneous DC magnetic field. 
In other words, a vacuum region is filled with a DC magnetic field that polarizes the virtual 
particle pairs (a.k.a, virtual photons) in the vacuum. This polarized vacuum then scatters incident 
ultrahigh-intensity laser photons of frequency v (energy £), thereby generating outgoing photons 
of frequency 2v (energy 2£).] An experiment definition study will be required to estimate the 
experimental method, procedure, equipment needs and costs. 


> Experimental Program 4: An experimental study using ultrahigh-intensity lasers should be 
conducted to establish the extreme physical conditions necessary to test the strong-field limit of 
general relativity with an emphasis on generating spacetime curvature and negative energy in 
order to induce a putative micro-wormhole. (Experimental Programs 3 and 4 could be done 
together to determine whether Puthoff’s PV-GR theory or Einstein’s general relativity theory is 
the correct model for nature.) A Nobel Prize is in the offing if this question were to be addressed 
and settled. An experiment definition study will be required to estimate the experimental method, 
procedure, equipment needs and costs. 


Approved for public release; distribution unlimited. 
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Fig. 12.75: Gallstone ileus. 


Gallstones in the gallbladder 


Cholecystitis 
t 
Suppuration and adhesion over the duodenal wall 
4 
Communication of gallbladder into the duodenum 
4 
Gallstones pass into the duodenum forms a bolus (‘Rolling 
stone gather mass’) 


Blocks narrow part in the ileum. 


4 


Gallstone ileus 


Clinical Features 


Pain abdomen and features of intestinal obstruction. 

% Stones may perforate the ileum to cause peritonitis. 

# Itis 1% of all intestinal obstruction overall; 25% of obstruc- 
tion in elderly. 

4% Recurrent episodic obstruction due to moving stone bolus 
is typical—tumbling obstruction. 


Investigations 


Plain X-ray abdomen in erect posture shows air in the biliary 
tract (branching gas pattern) and multiple air fluid levels. 

¢ U/S abdomen. 

% CT is diagnostic. 


Treatment 


¢ Laparotomy, enterotomy, removal of gallstones and closure 
of enterotomy is done. Enterotomy is done not atthe site of 
obstruction but more proximal to the site of obstruction and 
stones are milked towards the enterotomy site. If bowel is 
found ischaemic at the impacted area, resection and anas- 
tomosis is done. 

¢ Laparotomy and crushing of stones with fingers to relieve 
the obstruction is only occasionally useful 

% Cholecystectomy, correction of fistula with T tube drainage 
can be done in same sitting if patient’s general condition is 
good. Otherwise it is done after 12 weeks. If cholecystec- 


tomy and definitive corrective surgery is not done, recurrent 
gallstone ileus is likely to occur, 


@ Cholecystoduodenal fistula 
 Choledochoduodenostomy 

& Choledochojejunostomy 
 Transduodenal sphincteroplasty 
‘& Emphysematous cholecystitis 


Bouveret’s Syndrome 


# A rare entity with cholecystoduodenal fistula causing 
gallstones from gallbladder to pass into the duodenum 
leading to duodenal obstruction. 


™ HEMOBILIA 


 Itis bleeding commonly from the liver or occasionally from 
the gallbladder into the biliary tract, 

* There is abnormal communication between a blood vessel 
and a bile duct or any part of the biliary tree. 


Causes 


* Accidental trauma, iatrogenic trauma (50%). In accidents 
hemobilia is more commonly caused by blunt trauma (3%) 
than by penetrating one 

Percutaneous diagnostic and therapeutic procedures, 

Vascular diseases of the hepatic artery. 

Malignant liver diseases. 

Portal hypertension. 

Parasitic liver diseases like hydatid disease. 

Gallstones rarely erode into hepatic artery causing I 

threatening hemobilia, 

# Blood and necrotic material drains into the biliary tree 
causing gastrointestinal bleeding. As bile interferes with 
coagulation a fatal haemorrhage can occur, 

% Arterial hemobilia is more common. Portal venous hemo- 
bilia is rare, 

Early rapid presentation can occur; but delayed, after weeks! 
months/years, presentations are known to occur which is 
often difficult to suspect and diagnose. 

# These recurrent clots can cause pancreatitis, cholangitis 


Clinical Features 


% Pain which is colicky in nature. 
% Obstructive jaundice. 
¢ Haematemesis and melaena. 


+ Jaundice—60% 
+ Pain—70% 
'& Upper Gl bleed with melaena (90%) haematemess (60%) 


AL 3 features of triad are seen only in 20% of cases. 


Investigations CHOLECYSTECTOMY 


+ LET. Itis the surgi 
# UIS abdomen 
Selective arteriographytest of choice in detecting bleeding) Prophylactic cholecystectomy isdonein| 
site in 90% of cases, 4 Diahetic patients 
Upper Gi scopy—usefil only in 10% of eases. CR cWahecae ets 
{Patients who has underwent bariatric surgery 


1 removal of gallbladder. 


Treatment 

+ Aim: To stop bleeding and to relieve biliary obstruction. Indications 

$ Antibiotics. : 

* Blood transfusions, Gallstones—syrmptomatic, 

® Sclective arterial cmbolisation. Transarterial embolisation * Cholecystitis —acute, chronic 


(TAE) shows 90% success rate. Itis the choice therapy with 
least morbidity. 

* Surgical intervention is only rarely indicated in failed TAE. 
Laparotomy, ligation of bleeding vessel or hepatic artery, 
excision of aneurysm, hepatic resection—are the procedures Approach 


Empyema gallbladder. 


+ 
* Acalculous cholecystitis. 
* Mucocele gallbladder, 


done © Open 
Hemobilia is ofien a fatal condition. > Right subcostal incision (Kocher’s). 

Note: > Right paramedian. 

Bilheria: It is different very rare entity wherein bile flows into the 

hepaticor portal venous system due to raise in intrabiliary pressure Kocher’s incision (open method) 


more than that of portal or hepatic venous pressure. It may be due 


to trauma, iatrogenic or gallstone eroding into the venous system. 10 rien pO 

Large quantity of bile enters the venous system and later to lung 

becoming fatal. Ifflow is low which is common, subsides spontane- Shim port 

‘ously. ERCP is diagnostic. Treatment is stenting. Septicaemia and jfayo.Robson. 

mortality is common, steered {— 5 mm port 
}— 10 mm port 

mi WHITE BILE D (Laparoscope 


to pass) 
% Itis double misnomer. 

# Itis neither white nor bile. Ibis opalescent. 

$ Itis mucous secreted by the lining of biliary tree. 

# It signifies severe obstruction due to stone (impacted in 


the CBD), or carcinoma head of panereas or periampull 
» i Periampullsty Fig. 12.77: Incsions for open cholecystectomy and laparoscopic 


region, cholecystectomy. 
% Itis on table finding during surgery. 
+ It means liver is unable to secrete bile due to raised intra- Horizontal incision, 


I pressure, and so can anticipate hepatic failure. > Mayo-Robson incision, 


% Indicates a poor prognosis, 


# Laparoscopic approach 


Technique 


After opening the abdomen, colon is pushed downwards and 
stomach medially. 

Duct—first method: Here Calot’s triangle is dissected. Cystic 
artery is identified and ligated. Cystic duct is ligated close to 
the gallbladder. Gallbladder is separated from gallbladder fossa 
and removed. Haemostasis is maintained. 

Fundus—first method: \t is done in difficult gallbladder due 
to dense adhesions. Fundus is separated from the liver bed. 
Fig. 12.76: Demonstration of white bile on table. Itis not white but Dissection is carried proximally until cystic duct and cystic 

opalescent. It is not bile but it is mucous. artery are identified, which are then ligated. 


Faith makes all things possible; hope makes all things bright. 
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Fig, 12.78: Kachers incision used for open cholecystectomy. 


Drain is placed, which is removed after 72 hours. 
On table cholangiogram is a must after cholecystectomy. 


Complications of Cholecystectomy 


© Complications can occur either in open method or in lapa- 
roscopic method, 

% Open method is done through either right paramedian inci 
sion or Kocher’s incision (right subcostal). 


Right hepatic 
Cystic artery 


Cystic duct Stomach 


‘Common hepatic artery 


Fig. 12.79: Ligation of cystic duct and cystic artery while doing 
cholecystectomy. 


Complications which can occurin both: 
‘Infection and subphrenic abscess 

'& Bleeding from cystic artery, and from liver bed 
Injury to CBD or hepatic duct 

+ Bile leak and biliary fistula formation 

“4 Bilary stricture formation 

4 Injuries to colon, duodenum, mesentery 


Fig. 12.80: Diagram showing the partial cholecystectomy wherein GB 
is removed at Hartmann’s pouch, distal to Calot's triangle. It is done 
when there is dense adhesions,with difficult surgical plane. 


™ LAPAROSCOPIC CHOLECYSTECTOMY 


It is the most popular method to remove gallbladder. It is the 
gold standard treatment for gallstone. 


Position 


* Supine, head end up and right side up. 
Anaesthesia—general. 


Ports 


10 mm port in umbilicus to pass 10 mm telescope. 

% 10mm port in midline epigastrium as working channel, 

# Two 5 mm ports at midclavicular and anterior axillary line 
in subcostal region, 


Procedure 


After creation of pneumoperitoneum with 12-14 mm pressure, 
10 mm umbilical port is inserted. Telescope is passed. Under 
vision remaining ports are passed. With lateral 5 mm port, 
gallbladder grasper forceps is passed and fundus of gallbladder 
is held and pushed up towards the diaphragm. With middle 
5 mm port grasper is passed to hold Hartmann’s pouch. With 
10 mm port dissector is passed using reducer. Calot’s 
is dissected. Cystic duet is 
3t posterior dissection is completed. Cystic artery is above 
and deep to cystic duet. Cystic duet is clipped or ligated. Cystic 
artery is also clipped. Gallbladder is dissected off the liver bed 
using cautery (hook/spatulay/harmonic scalpel, Gallbladder is 
removed through 10 mm working port with reducer of using a 
sterile bag. Any bleeding points are coagulated. If needed saline 
wash is given to the bed. If infected, if gallbladder is opened, 
ifthere are adhesions, if there is oozing from gallbladder bed, 
a tube drain is placed through lateral 5 mm port. All ports are 
removed, Umbilical port is sutured in layers. Other ports are 
sutured, Patient is asked to take oral food in 24 hours and can 
be discharged in 24-48 hours. 


07 


cE 


Fig. 12.82¢ 


Fig. 12.81: Rouvier sulcus on the undersuface of liver is a guideline 
during laparoscopic cholecystectomy wherein dissection in Calat's Figs 12.82A to C: Photos of laparascopic cholecystectomy shawing 
should be always kept in front of it to avoid CBD/hepatic duct injury. cystic duct, gallbladder, Calat’s triangle and clipped cystic duct. 


Problems 
Difficult Calot’s triangle 
Dense adhesions. 


Bleeding. 
Anomalies of cystic duct, cystic artery. 


Complications 


* Bile duct injury—0.8 %, 
* Bleeding, 


, we 


sappeiques 


12.83: Post-cholecystectomy bile leak with fistula itis 
‘common and problematic complication after cholecystectomy. 


Figs 12.82A.andB 


Condition your mind and remain cool under all conditions. 
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Bile leak. 
% Infection, cholangitis, septicaemia, 

% Subphrenic abscess formation. 

% Injury to colon, duodenum, mesentery. 


ll SINGLE INCISION LAPAROSCOPIC 
SURGERY (SILS) IN CHOLECYSTECTOMY 


SILS is an advanced minimally invasive surgical procedure 
wherein surgeon operates exclusively through a single umbil- 
ical entry port. It is also called as single port access surgery 
(SPA), one port umbilical surgery (OPUS), and Single port inci- 
sion less conventional equipment-utilising surgery (SPICES), 
natural orifice transumbilical surgery (NOTUS). 

It needs general anaesthesia, specialised umbilical lange 
trocars which accommodates working instruments along with, 
flexible laparoscope, rotatable instruments, articulating handles, 
harmonic scalpel 

Here through a large 2.5 cm umbilical vertical incision 
dissection is done by open method to reach peritoneal cavity. 
Specialised port in which one can pass 10 mm telescope and 
tivo S mm instruments for work is used. Instruments are angled 
and flexible to meet the ergonomic principles to certain extent. 
Dissection of gallbladder is done in similar fashion like four 
port technique. Specimen is easily retrieved through umbilical 
port as itis wide enough. If difficulty arises any time one can 
add additional ports as required. 


2 


Figs 12.844 and B: Single incision laparoscopic surgery (SILS) for 
cholecystectomy. 


Advantages 


# There is no visible scar like a traditional multiport. 
# Faster recovery time, early return to work 
% Cosmetically better. 


Disadvantages 


¢ Expensive trocars and instruments—eost factor. 
# Skilled work, learning curve. 
# Dissection against normal surgical ergonomics. 


Complications 


% Umbilical wound pain, infection. 

% Umbilical hernia 

% Because of limited visibility time consuming, 

* During learning curve complications of cholecystectomy 
and conversion rate may be more. 

Note: 

\Waltman-Watter syndrome: tis compression of VC due to collection 

offluid in subphrenic space during post-cholecystectomy period. it 

mimics coronary thrombosis, 


l@ BILE DUCT INJURIES 

Causes 

# Cholecystectomy—open or laparoscopic. 

* Trauma. 

# Instrumentation—ERCP, baby endoscope, choledochoscope. 


% Other surgeries pancreatic, duodenal, gastric. 
4% Anomalous biliary system increases the risk of injury. 


Classifications 


+ Class A:Bile leak from the cystic duct or an accessory duct 
showing continuity with the common bile duct 

+ Class B: Sectior/injury of an accessory duct/sectorial ducts 
aberrant right hepatic duct with no continuity with the 
common bile duct with occlusion 

‘Class C:Leak/open drainage from a sectorial duct/aberrant 
Fight hepatic duct with no continuity with the common bile 
duct 

‘Class D:Partial section/latera injury ofan extrahepatric duct, 
bile duct with no complete loss of continuity with the rest of 
the bile duct system 

‘Class E: Complete section/citcumferential injury ofthe bile 
duct with subtypes according to the length of the stump at 
various levels 
~ ET-Stricture/injury at more than 2cm distal to bifurcation. 
~ £2 Stricture/injury less than 2 cm distal to bifurcation, 
~ 3- Strictureinjury at bifurcation 
~ E4-Stricture/injuryinvolving ight and left hepatic ducts 
— £5 ~Complete obstruction of entre bile duct 

Note: Only right and left partial injuries are not included in this 

classification 


‘Stewart-Way classification 

‘This classification involves four strata based on the mechanism 

and anatomy of injury. 

& Class :Itrefersto the incomplete section of bile duct with no 
loss of tissue It has a prevalence rate of 8% 

'& Classikitisa ateralinjury ofthe common hepatic ductthatleads 
to stenosis orbileleak itisthe consequence of thermal damage 
and clamping the duct with surgical taples.Ithasa prevalence 
‘of 296 with a concomitant hepatic artery injury in 20% of cases. 
‘tube related injuries are included within this class 

+ Classi itis the most common (60%) represents the complete 
section of the common hepatic duct. It is subdivided into 
type lila, remnant common hepatic duct; type ib, section 
at the confluence; type ic, oss of confluence; and type Illd, 
injuries higher than confluence with section of secondary 
bile ducts. Associated injury of right hepatic artery occurs 
in 25% of cases 

‘& Class IV Its right (65%) and accessory right (25%) hepatic 
ductinjuries with associated injury ofthe right hepaticartery 
(60%). Occasionally it includes the common hepatic duct 
injury at the confluence (5%) besides the accessory right 
hepatic duct lesion (prevalence of 10%) 


Hannover classification (2007) 


It classifies injuries in relationship to the confluence and also 

includes vascular injuries, 

Type Arlt refers to cystic and/or gallbladder bed leaks. 

Type B is a complete or incomplete stenosis caused by a 
surgical staple, 

‘@ Type C represents lateral tangential injuries. 

@ Type D refers to complete section of the common bile duct 
‘emphasizing their distance to the confluence as well as the 
‘concamitant injuries of hepatic artery and portal vein. 

+ Type Eis late bile duct stenosis at different lengths to the 
confluence, 

Note: Bismuth classification (for open surgery/pre-laparoscopic 

era) is discussed under biliary stricture earlier. 


Presentations 


Fever, pain, features of bile stasis like cholangitis, jaundice. 

% 10% of laparoscopic bile duct injuries are identified on 
table; 30% with bile leak; 25% with obstructive jaundice; 
30% with cholangitis. Patients with bile leak present early; 
with formed biliary stricture presents with jaundice and 
cholangitis months or years later. 


Complications 


Biliary fistula with electrolyte imbalance. 
Biliary peritonitis, septicaemia 
Subphrenic abscess formation, 

Biloma formation. 

Severe malnutrition, deficiencies. 


+ Late—biliary cirrhosis, portal hypertension. 


Investigations 


LFT, coagulation profile. 

US abdomen, fistulogram. 

Dynamic CT scan will delineate the anatomy of injury. 

ERCP is useful if injury is only partial where stenting can 

also be done. 

* PTC is the investigation of choice to identify site, nature, 
extent of stricture. It also facilitates drainage and stenting. 

% Hepatobiliary scintigraphy may be useful 

# MRCP may be useful to identify ductal anatomy 

© CT arteriography is useful to identify associated hepatic 

artery or portal vein injury which is 20% in association 

with CBD injury. 


Management 


* General; antibiotics, nutrition, TPN 

% Conservative: Small partial injury to CBD may resolve 
spontaneously or with the help of ERCP, sphincterotomy 
and stenting is done 

% Management of biliary duct injury on table (during tapa- 
roscopic cholecystectomylopen): Conversion into open 
surgery with a lengthy subcostal/bucket handle incision, 
Intraoperative cholangiogram should be done. Partial injury 
of CBD less than 30% of circumference is treated with 
primary repair with a T-tube in place. Extensive injury more 
than 30% of the circumference or cautery injury or complete 
CBD transection should be treated with Roux-en-Y chole- 
dochojejunostomy. Isolated hepatic duct injury less than 3 
‘mm in size should be ligated. More than 3 mm in size should 
be reimplanted or Roux-en-Y hepaticojejunostomy should 
be done. If facility for surgical repair is available, patient 
should be sent to a higher centre after placing a drain with 
abdomen closure. 

# Management of bile duct injury identified at a later period: 
In such situation it is better to wait for 6 weeks for the 
inflammation to subside which facilitates easier identi- 
fication of proximal CBD. After proper assessment of 
injury, Roux-en-Y choledochojejunostomy or Roux-en-Y 
hepaticojejunostomy is done. 

¢ Hepp-Couinaud approach: Here hilar plate is meticulously 
dissected; left hepatic duct is anastomosed to Roux jejunal 
loop to create hepaticojejunostomy often with creation of 
proximal ‘access loop’ for future endoscopic approach. 
‘Complications are—recurrent cholangitis, bile leak from 
stoma, hemobilia, stenosis of biliary enteric anastomotic 
site (10%, occurs often after many years). 


™ POST-CHOLECYSTECTOMY 
SYNDROME (15%) 


# Recurrent, new or persistent symptoms after cholecystec- 
tomy in patients who have no demonstrable abnormality is, 
called as post-cholecystectomy syndrome. 


‘Success means growth and growth means change. 
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+ Imay be due to loss of reserving function of the gallbladder 
6 continuous bile flow into the duodenum may be causing 
‘oesophagitis/gastritis or diarrhoea and colicky pain. 20% 
causes are other than due to hepatopancreatic biliary prob- 
lems. 

+ However importance lies in ruling out the other causes of 
the symptoms like peptic ulcer, hiatus hemia, pancreatic 
diseases, residual CBD stone, cystic duct remnant, papil- 
lary stenosis, 

+ True post-cholecystectomy syndrome is treated with proper 
counseling, psychiatric evaluation and drug therapy. It 
should be evaluated thoroughly. 


Causes of post-cholecystectomy syndrome 


Gallbladder Residual or reformed gallbladder 
Stump stones in cystic duct 
Neuroma in the stump 
Slipped stones into the peritoneum 
Clips applied to cystic duct, 

Bilary tree Residual stone in CBD 
Bilary dyskinesia 
Stricture 
Dilatation without abstruction 
Fistula 
Cholangitis 
Malignancy 

Liver Fatty liver, hepatitis, cirhosis 
Sclerosing cholangitis 


Pancreas Pancreatitis, stones 
Carcinoma pancreas 
Sphincter of Oddi dyskinesia 
cir esophagitis / hiatus hernia! 
achalasia cardia 
Duodenal diverticula 
IBS, constipation, incisional hernia 
Mesenteric ischaemia 
Cardiac Coronary heart disease 
Others ‘Adrenal tumour 
Thyrotoxicosis 
Intercostal neuralgia 
Atriis 
Psychiatric diseases 


@ BILIARY DYSKINESIA 


Biliary dyskinesia is motility disorder of either gallbladder or 
sphincter of Oddi. Patient presents with features of biliary colic 
without any evidence of gallstone disease. 

It can be: 


ladder dyskinesia 
> Here CT scan, gastroscopy, ERCP are normal. CCK 
is injected intravenously after filling gallbladder with 
radionuclide labeled Tc99m, gallbladder ejection fraction 
is assessed alter 20 minutes, If itis less than 35% then 
itis called as gallbladder dyskinesia 
> Its treated with laparoscopic cholecystectomy 
% Sphincter of Oddi dysfunction 
> Itisalso known as biliary sphincter dyskinesia or pancre~ 


atic sphincter dyskinesia. Its benign acalculous obstruc- 
tion to bile and/or pancreatic flow across sphincter of 
‘Oddi causing cholestasis, pancreatitis and pain. 

> Itmay be due to trauma, congenital anomalies. 

> Inoccurs in 1% of cholecystectomy patients. Condition 
is common in females. 

» Normally CCK relaxes sphincter by decreasing its 
pressure. After IV injection of CCK, if CBD diameter 
becomes more than 12 mm or if there is inerease in 
CBD diameter in response to CCK on US evaluation 
it suggests dysfunction of sphincter of Oddi. If basal 
sphincter pressure, on study increases more than 40 mm 
Hg it also suggests the same. 

> Milwaukee's classification: Type I: Any one of the 


following features—unexplained biliary pain for more 
than 6 months after cholecystectomy, ERCP showing 
CBD > 12 mm, delayed bile drainage > 45 minutes, 
altered liver enzymes. Type II: Unexplained biliary pain 
for more than 6 months after cholecystectomy + with 
any one of the other criteria. Type HI: Only unexplained 
biliary pain for more than 6 months after cholecystec- 
tomy, without any of other criteria 

> ERCP/MRCP/sphincter of Oddi manometry, IV cholan- 
giography are the investigations 

> Treatment: Endoscopic sphincterotomy, botulinum toxin 
injection into the sphincter, nifedipine, transcutaneous 


electric nerve stimulation to raise serum VIP level which 
decreases the sphincter pressure. 


Spleen 


‘CHAPTER OUTLINE 


~ Surgical Anatomy 
Functions of the Spleen 

» Splenunculi 

© Splenic Injury 

~ Splenomegaly 

» Hereditary Spherocytosis 

» Immune Haemolytic Anaemia 
~ Thalassemia 

© Sickle Cell Disease 


™ SURGICAL ANATOMY 


Iisa wedge-shaped organ lying mainly in left hypochon- 
drium, along the long axis of 10th rib. 

* Hilum of spleen transmits splenic vessels and nerves. The 
visceral surface is related to stomach, splenic flexure of 
colon, kidney. 


Ligaments of Spleen 


Spleen is suspended by two ligaments (a) lienorenal ligament, 

(b) gastrosplenic ligament. 

 Lienorenal ligament transmits blood vessels to spleen. The 
tail of pancreas lies in this ligament, which can be damaged 
during splenectomy. 

The gastrosplenic ligament contains short gastric vessels 
which supply the left half of greater curvature of stomach. 

* Phrenicocolic ligament comes in contact with lower pole 
of spleen, which may be damaged during mobilization of 
splenic flexure of colon, 


Blood Supply 


Splenic artery isthe branch of coeliac artery but may arise from 
aorta or superior mesenteric artery, blood flow is 300 ml/mt. 
Splenic vein joins the superior mesenteric vein at right angle 
behind the neck of pancreas to form the portal vein, 

Splenic parenchyma contains white pulp and red pulp. 
White pulp lies in centre surrounding the central artery, 


Idiopathic Thrombocytopenic Purpura 
= Thrombotic Thrombocytopenic Purpura 

~ Splenectomy 

‘= Overwhelming Postsplenectomy Infection 
Splenic Artery Aneurysm. 

© Splenic Abscess 

= Hypersplenism. 

Splenic Cyst 


which is a branch of trabecular artery. It is made up of 
lymphatic nodules with germinal centres and periarterial 
lymphatic sheaths with a network containing lymphocytes 
and macrophages. White pulp is surrounded by marginal zone 
which contains end arteries from central and peripheral peni- 
ciliary arteries. Marginal zone contains marginal sinus which 
filters the materials from the white pulp, Immunoglobulins 
secreted by white pulp enter marginal zone and into main 
bloodstream. 

Red pulp is located outer to marginal zone. Red pulp 
contains cords and sinuses. Central artery gives reticular 
branches which open into these sinuses and cords wherein 
particles are phagocytosed. Commonly central artery even- 
tually ends in these cords and sinuses. Few end branches 
of the central artery directly enters the pulp vein. Cords 
and sinuses eventually drain into pulp vein. Blood circu- 
lating through these cords and sinuses are called as “open” 
circulation (90%). Blood passing through white pulp but 
not entering these cords and sinuses are called as “closed” 
circulation (10%), 

Spleen is palpated under left costal margin during inspira 
tion. It has to enlarge 2-3 times its normal size to become 
palpable. 


ll FUNCTIONS OF THE SPLEEN 


Spleen has got two groups of functions: 
1. Cellular function. 


Your mind will give back exactly, what you put into it 
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Fig. 13.1: Architecture of spleen showing red pulp (peripheral); white 
pulp (central); open and closed circulation; marginal zone and sinuses 
and trabecular artery and vein. 


Removal of non-deformable intracellular substances from 
deformable cells is called as “pitting”. Heinz bodies/ 
Howell-Jolly bodies, Pappenheimer siderotic bodies are 
removed by this method from RBCs. Post-splenectomy 
patients will show these bodies in the RBCs in peripheral 
smear. In splenunculi, these bodies will be absent even 
afier splenectomy. 

* Removal of aged/abnormal red cells is done by a process 
of “culling”. RBCs which loose osmotic balance and 
‘membrane integrity is called as non-deformable and they 
are removed by this method. 

Half life of platelets is 10 days. In splenomegaly 80% of 
platelets may be sequestered in spleen causing thrombocy- 


topenia. Normally spleen is reservoir for platelets. 1/3rd of 


total platelet mass is present in spleen. In pathological status 
like immune diseases phagocytosis of platelets in spleen is 
accelerated by many folds. 

% Splenomegaly and hypersplenism can cause neutropenia. 
Neutrophil half lie is 6 hours. 

% Bacterial clearance also occurs in spleen by phagocytosis. 
After splenectomy, patients are more prone for OPSL 


2, Immunologie functions like synthesis of antibody IgM; 
formation of lymphocytes; production of tufisin, opsonins, 
properdin and interferons, 


Functions of spleen 


‘Response to antigenic challenge—by secreting antibodies 
lke I9M,tuftn,opsonins, properdin, interferons. These agents 
make bacteria and other organisms more vulnerable to 
phagocytosis. ll bacteria including the capsulated types, 
virus and fungi are destroyed efficiently. 

+ Destruction or correction of abnormal cells like old RBCs, 
target cells siderocytes,spherocytes or removal af inclusion 
bodies or parasites from the RBCS by culling and pitting, 

+ Phagocytosis of foreign substances. 

+ As platelet reservoir. 

+ Erythrocyte production: In fetal lf, it is an important 
‘of RBC production till Sth month of gestation. In adults 
erythropoiesisin spleen occurs only if marrow production is 


ll SPLENUNCULI (30%) 


Fig. 13.2: On table photo of splenunculi with splenomegaly. 
Splenunculi should be removed otherwise disease will recur 


% These are single or multiple accessory spleens. 


Sites 


 Hilum of spleen (50%) 
® Near splenic vessels 

‘& Tall of the pancreas (30%) 

% Splenic ligaments—gastrosplenic/splenorenal 
 Mesocolon 

Greater omentum, 


# After splenectomy, they undergo hyperplasia and lead to 
recurrence of the disorder for which spleen was removed. 

* Blood peripheral smear, in these patients with splenunculi 
will not show Howell-Jolly bodies. Pappenheimer siderotis 
bodies. 

+ Accessory spleen can also be occasionally present adjacent 
to left ovary or adjacent to left testis 


l@ SPLENIC INJURY (RUPTURE SPLEEN) 
Causes 


® Splenic injury occurs commonly following road traffic 
accidents, other blunt injury or penetrating/stab injuries. 

4% Most often associated with fracture of left lower ribs, haemo- 
thorax, injury of liver (left lobe commonly, occasionally both 
lobes), bowel, til of pancreas, left kidney. 

# Injury is more common and severe in enlarged spleen, 
‘malaria, tropical splenomegaly, infectious mononucleosis. 

% Spontaneous rupture of spleen can occur in malaria and 
infectious mononucleosis. 

4% Larang was used to kill by the murderers in far east where 
malaria was endemic leading to splenomegaly, which 
ruptured more easily. 


ie.in 


¢ Spleen is the most common solid organ injured in blunt sssssssssqgsoeiatealinjuiag nll 


abdominal trauma. 
© Leftlobe liver injury 


; Tal of pancreas inj 
Types of Injury ® Let eyeftcolonicnjury 


1, Splenic subcapsular haematoma: After initial injury patient & Small bowel injury 
remains asymptomatic for a short period. But this haema- & Diaphragm and left lung injury 
toma ruptures later, may be after few days causing torrential Fracture lower ribs—left sided (30%) 
haemorthage,  Leftsided haemothorax 


Presentation 


Hilar injury presents with rapid development of shock and dete 
riorates fast. Even death can occur sometimes. Here emergency 
surgery and splenectomy is mandatory. 

# In other types, features of shock (pallor, tachycardia, rest- 
lessness, hypotension), pain, tendemess and abdominal 
rigidity in left upper quadrant is seen. 

% Later there will be abdominal distension due to haemop- 
critoneum. 

# Dullness in the left flank which does not shift, as the 

ed blood gets clotted. Dullness without shifting — 
Ballance’s sign. 

# Clot collected under the left side of the diaphragm irritates 
it and the phrenic nerve causing refered pain in the left 
shoulder—Kehr’s sign. There may be left sided haemo- 


calles 


ree subcapsular splenic haematoma, thorax with fracture of ribs. 
2. Clean incised wound over the surface: This can be treated Delayed presentation is also possible due to formation of 
by splenorhaphy. subcapsular haematoma which later gives way. Initially gets 
3. Lacerated wound. temporarily localized by greater omentum, later giving way 


4, Splenic hilar injury causes torrential haemorrhage, may leading to torrential bleeding. Blood clot temporarily seals 
even cause death. So immediate surgical intervention and off the bleeding which later gets dislodged causing severe 
splenectomy is done. bleeding. Th 

5. Splenic injury associated with other injuries (left kidney, yy pander’, 
left colon, small bowel, pancreas, diaphragm, left lung) 


time period in between is called ‘latent period 


* Pseudoancurysm and traumatic splenic arteriovenous fistuls 


formation can also occasionally cause delayed life threat- 
ening haemorrhage. 

® Features of other abdominal organ injuries may be 
present, 


5 ‘& Kehr: sign—pain in left shoulder 15 minutes after foot end 


elevation 
‘& Ballance’ sign—teft sided abdominal duliness which will 
not shift 
+ Saegesser’s tender point between left sternomastoid and 
scalenus medius 
: =) 4 Latent pero of andet—refer above 
ic} iD] Splenosis: Autotransplantation of fragments of splenic tissue 
Figs 13.44 to D: Types of splenic injury. (A) Subcapsular haematoma, May occur within the peritoneal cavity following rupture of 
(6) incised wound, (C) Lacerated wound and (0) Hilar injury. spleen 


A smile is the shortest distance between two people. 


3.0 q-TELEPORTATION 


3.1 Teleportation Scenario 


Future space explorers and their equipment will need to easily and quickly travel from an orbiting 
spacecraft to the surface of some remote planet in order to get their work done, or military personnel in 
the United States need to easily and quickly travel from their military base to another remote location on 
Earth in order to participate in a military operation, or space colonists will need quick transport to get 
from Earth to their new home planet. Instead of using conventional transportation to expedite travel the 
space explorer, military personnel or space colonist and/or their equipment go into the “Teleporter” (a.k.a. 
“Transporter” in Star Trek lingo) and are “beamed down” or “beamed over” to their destinations at light 
speed. The mechanism for this teleportation process is hypothetically envisioned to be the following: 


1, Animate/inanimate objects placed inside the teleporter are scanned by a computer-generated and - 
controlled beam, 


2. The scan beam encodes the entire quantum information contained within the animate/inanimate 
object(s) into organized bits of information, thus forming a digital pattern of the object(s). 


3. The scan beam then dematerializes the object(s) and stores its patter in a pattern buffer, thus 
transforming the atomic constituents of the dematerialized object(s) into a matter stream. 
Alternative 1: The dematerialization process converts the atoms into a beam of pure energy. 
Alternative 2: The scan beam does not dematerialize the object(s) 


4, The teleporter then transmits the matter/pure energy stream and quantum information signal 
the form of an annular confinement beam to its destination. Alternative: Only the quantum 
information signal is transmitted. 


5. At the receiving teleporter the matter/pure energy stream is sent into a pattern buffer whereby it is 
recombined with its quantum information, and the object(s) is rematerialized back into its original 
form, Altemative 1: The receiving teleporter recombines the transmitted quantum information 
with atoms stored inside a reservoir to form a copy of the original. Alternative 2: The quantum 
information is reorganized in such a way as to display the object on some three-dimensional 
(holographic) visual display system. 


Problem: This generic scenario is modeled after teleportation schemes found in SciFi. There are a lot of 
mportant little details that were left out of the teleportation process because we simply do not know what 
they are. This technology does not yet exist. And we are left with the question of which one of the 
alternative processes identified in items 3 — 5 one wants to choose from. The above scenario is only an 
outline, and it is by no means complete since it merely serves to show what speculation exists on the 
subject. The above scenario describes a speculative form of what we call q-Teleportation 
There are questions to be addressed in the above scenario. Does the teleporter transmit the atoms and 
the quantum bit information signal that comprises the animate/inanimate object or just the quantum bit 
information signal? There are = 10” atoms of matter combined together in a complex pattern to form a 
human being. How does one transmit this much information and how do we disassemble that many 
atoms? Computer information gurus would insist that it is not the atoms that matter but only the bits of 
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Figs 13.5A to C: Splenic injury with splenic haematoma, 
Investigations 


¢ U/S abdomen is the investigation of choice, as itis quicker, 
cheaper and non-invasive. 

# Hb%, PCV, blood grouping and cross matching. 

¢ Adequate amount of blood must be kept ready for transfusion. 

* CT scan will show type of splenic injury and its class. 


Plain X-ray abdomen. Findings are: 
Obliteration of splenic ou 
Obliterarian of psoas shadow (most important feature) 
Indentation of fundic gas shadow 
Fracture of lower ribs 
Elevation of left side of diaphragm 
Free fluid in the abdomen between coils of intestine 


eeeese 


% Diagnostic peritoneal lavage (DPL): By subumbilical inci- 
sion the peritoneal lavage catheter is introduced into the 

cavity. One litre of crystalloid (normal saline) is, 

cl into the cavity. Patient is tumed to both left and, 

right side and fluid is collected back. Its sent for cytology, 

culture, microscopy and biochemical analysis. 

Itis significant when the aspirated fluid contains: 

> Gross blood of 10 ml 

> >100000/mm? of RBC 

> >500/mm? of WBC, 

» Bile, bacteria or food fibres. 

> Amylase > 175 units/dl 


Fig. 13.6: Lacerated injury over the spleen. Patient underwent 
splenectomy. 


# Angiogram, for diagnosis and often for angiographic embo- 


lisation to reduce the bleeding and to manage splenic injury 
non-operatively is also becoming routine in many centres. 


Complications of Splenic Rupture/Trauma 


% Blood loss, 
* DIC, 

# Sepsis. 

% Splenic artery pseudoaneurysm, 

* Splenic arteriovenous fistula 

# Problems of associated injuries like of pancreas. 


‘Splenic organ injury scale (1994) 


Grade| —_Non-expanding subcapsular haematoma 
<10% surface area. 
Non-bleeding capsular laceration with <1 em 
depth 

Grade ll _Non-expanding subcapsular haematorna 10- 


50% surface area. 


Non-expanding intraparenchymal haematoma. 
<5.m in diameter 


Laceration—capsular tear 1-3 cm in depth 
which does not involve trabecular vessel 


Grade tll Expanding subcapsular or > 50% surface area 
or ruptured bleeding subcapsular haematoma / 
intraparenchymal haematoma. 
Intraparenchymal haematoma > 5 om or 
parenchymal laceration >3 cm depth involving 
trabecular vessels 

Grade 1V_Laceration involving segmental or hilar vessels 
with > 259% devascularzation 

Grade V Shattered or avulsed spleen; hilar 
<evascularization with entire spleen separation 

Treatment 

Initial Management 

# Central venous line for perfusion and monitoring 

* Transfusion of blood as needed. 

Antibiotics coverage. 

© Urinary catheterisation. 

# Nasogastrie tube aspiration, 


Surgical Management 


Emergency splenectomy 

% Itis done through midline/left subcostal incision. Thoraco- 
abdominal extension of incision may be needed for rapid 
control of bleeding for injury to a large tropical spleen 
with severe bleeding. Other associated injuries should be 
looked for and dealt with (injury to left lobe liver/pancreas 
intestine/ colon), 


Partial splenectomy (upper/lower) 
% Itcan be done by retaining either of the upper or lower polar 
branches of the splenic artery 


Splenorrhaphy 
% Ineespecially clean incised wound, spleen can be salvaged 
by suturing the wound carefully with placement of gel foam, 
topical thrombin, absorbable mesh wrap over the wound, 
Suture repair, oxidised cellulose, debridement of lacerated 
spleen—are other methods used. Temporary occlusion of 
splenic artery is often needed during splenorrhaphy. 10% 
of splenic injuries undergo splenorthaphy. Its application is 
getting reduced due to nonoperative approach in such patients 
* But in class IV or V injuries splenorrhaphy is not possible. 


Advantages of splenorrhaphy 
+ Itavoids OSI 
+ It avoids dead space and so prevents potential space for 
subphrenic abscess 
+ Cellular components of blood are better maintained 


Salutary effect 
In traumal 


c rupture of spleen, spleen is cut into pieces of 
0.5 em and placed in omental pockets. 


Nonoperative Management 


When facilities are available, splenic injury can be managed 
conservatively by non-operative management, 

* Clinically close observation, serial haematocrit evaluation, 
setial CT abdomen/U/S abdomen at regular intervals to 
assess the progress or regress of the bleeding spleen has to 
be done. 

# Absolute bed rest, sedation, antibiotic coverage and proper 
monitoring are needed. 

# Itis often supported by angiographic embolisation to 
improve the splenic salvage rate. But it may cause pain, 
splenic abscess or infarction. 

¢ Indications for nonoperative treatment 
> Only splenic injury—no other associated injuries, 
> Grade I I and IL injuries 

Note: 

If patient shows features of haemodynamic instability—blood 
pressure below 90 mmbg, pulserate above 120/minute, if patient 
does not show any positive response after 2 lite of crystalloid 
solution infusion, then nonoperative management should be 
abandoned 

+ Nonoperative approach prevents possibility of OPSI, thrombo- 
cytosis causing possible DVT. 

+ 80% of children (due to more elastin in spleen and complete 
coverage with ribs in childhood) and 50% of adult with splenic 
injury are treated by nonoperative method. 

+ Failure rate in nonoperative management upto grade lis 15-20% 
which is gradually reducing to 5% in many centres. tis more in 
patients with age more than 55 years. 

+ Delayed splenic rupture and formation of splenic pseudoaneu- 

rysm are problems in nonoperative approach, 
Normal activity ofthe patient can be resumed only after 3 weeks 
following nonoperative treatmentin grade land Ilinjuries; after 
8 weeks in grade Il or beyond usually with a confirmation by 
CTscan. 


‘Complications of splenectomy 


Haemorrhage and shock 
Haematemesis 

Pancreatitis 

Pancreatic fistula 

Gastric dilatation 

Left sided pleural effusion 

Left sided colonic injury 

Severe sepsis 

Changes in cellular component of blood. 
bic 
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The best bridge between despair and hope is a good nights sleep—E. Joseph Cossman 
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7: Splenorthaphy is done in incised wound, 


Upper branch Sutures. 


Partial splenectomy area 
Splenic artery 


Fig, 13.8: Partial splenectomy is done when one of the branches of 
the splenic artery is igated and other partis retained. 


Extensive injury 


Splenic artery ligated 


Fig. 13.9: Splenectomy is done in large wounds, lacerations, 
hilar injuries. 


ll SPLENOMEGALY 


Causes 


1. Infective: Tuberculosis, splenic abscess, infectious mono- 
nucleosis, malaria, typhoid, kala azar. 


2. Blood diseases: Chronic myeloid leukaemia, myelofibrosis, 
polycythaemia, hereditary spherocytosis, haemolytic 
‘anaemia, idiopathic thrombocytopenic purpura (ITP) 
Metabolic: Gaucher's disease, amyloidosis, porphyrias, 
Portal hypertension, 

Collagen diseases. 

Malignancy: Hodgkin’s lymphoma, splenic sarcomas. 


Masses which mimicenlarged spleen 
Kidney mass (Left sided) 

“ Retroperitoneal mass 

+ Left colonic mass 

“© Left adrenal mass, 


‘& Massin the left hypochondrium 
& Notchis felt 

& Moves with respiration 

 Dullto percuss 

“© Directed towards ightiliac fossa 

“Hook sign:inability to hook under left costal margin 
+ Can not insinuate finger under let costal margin 


epee 


ll HEREDITARY SPHEROCYTOSIS 


isan autosomal dominant disease effecting males and females 
equally. 


Pathology 


# Here there is an increase in red cell wall permeability to 
sodium, So sodium leaks into the red cells and it becomes 
spherical and more fragile. This leads to greater loss of 
‘membrane phospholipid resulting in weakening of the 
‘membrane with increase in energy and oxygen requirement, 
So these RBCs are destroyed in spleen causing haemolytic 
‘anaemia, haemolytic jaundice, unconjugated hyperbilirubi- 
naemia, pigmented gallstones, cholangitis. 

% Defect in components of red cell membrane like spectrin 
(mainly), ankyrin, band 3, or protein 4-2 causes weakness of 
red cell wall. This promotes the influx of sodium into the cell. 

% Condition is common in North America. 


Clinical Features 


* Pallor, jaundice, recurrent fever, pain abdomen, spleno- 
megaly, hepatomegaly, chronic leg ulcer. Gallstones are 
seen in 60% of cases. 

% Spontaneous remission is uncommon. 

* Patients are more prone for several infections. 

# Acute haemolytic crisis precipitated by infection and stress; 
with features of acute pain abdomen, fever, vomiting and 
anaemia. It often mimics other acute abdominal conditions, 


Investigations 


+ Fragility test: Here increased fragility of the erythrocytes 
is the typical feature. Haemolysis occurs in 0.6% or in even 
stronger solutions. 


Figs 13.10A and B:Hereditary spherocytosis—on table and after 
‘surgery showing gallbladder and spleen specimens. 


» LET-T serum bilirubin, 

# Reticulocyte count is increased significantly (25% 
increased), 

Faecal urobilinogen is increased. 

# Labelled radioactive chromium shows faster red cell 
destruction. 

% UIS abdomen is done to look for gallstones, spleen, liver, 

cep. 

Peripheral smear shows spherocytes, haematocrit. 


Problems with hereditary spherocytosis, 
Haemolyticanaemia 
Haemolytic jaundice 
Pigmented CBD stones 
Cholangitis with Charcot's triad 
Gallstones (309%) 
Chronicleg ulcers 


eeeese 


* Direct Coomb’s test—negative. 
* Radioactive chromium 51 labelled patients’ red cells shows 
rate of sequestration of red cells in spleen. 


oe a 


Fig. 13.11: Specimen of gallbladder and spleen (postsurgical) in 
case of hereditary spherocytosis 


Treatment 


* Blood transfusion to improve the Hb status. Later splenec- 
tomy is done—Optimum age for splenectomy is 7 years. 

* Accessory spleen should be removed. 

* Splenectomy prevents early RBC destruction thereby 
controlling anaemia, jaundice and also prevents further 
formation of leg ulcers, 

# Pneumococeal vaccine should be given to all these patients 
before elective splenectomy—3 weeks prior to surgery; 3 
weeks aller surgery and later once in 5-6 years, 

# Ithere are gallstones, cholecystectomy is done. 

* Both splenectomy and cholecystectomy can be done through 
laparoscopy. 

# Splenectomy for hereditary spherocytosis is not done before 
the age of 6 years. 


Note: 

+ Hereditary elliptocytosis is an autosomal dominant condition 
where 90% of RBCs are elliptical. Mostly they are asymptomatic, 
if symptomatic splenectomy cures the condition. 


lm IMMUNE HAEMOLYTIC ANAEMIA 


Here IgG or IgM antibodies bind to erythrocyte antigens 
causing red cell destruction through complement and RE 
systems. 

It can be: 

% Alloimmune haemolytic anaemia: \t occurs after exposure 
to allogenic erythrocytes during transfusion, pregnancy or 
transplantation. 

% Drug-induced immune haemolytic anaemia: It is drug- 
induced antibody reaction for drugs like ct methy! dopa, 
penicillins or 2nd generation cephalosporins. It occurs 


Autosplenectomy can occur in sickle cell anaemia, 
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via new antigen formation with positive Coomb’s test. 
Cessation of causative drug and steroid therapy will cure 
the disease. 
% Autoimmune haemolytic anaemia (AIHA): Here there is 
Development of IgG and IgM antibodies that bind to RBCS 
which are identified by Fe receptors of macrophages and 
RE cells causing phagocytosis and destruction of red cells, 
‘Two types of antibodies are: 
> Common warm antibodies: They react at 98.6°F. Often 
it is associated with CLL. In classical type, platelets 
are normal, Evan's syndrome is combination of AIHA 
and ITP. Coomb’s testis positive (95% cases). Clinical 
features are of any haemolytic anaemias like palor, 
jaundice, splenomegaly (50%), and gallstones (25%) 
Longterm prednisolone is the treatment of choice. 
Failure to respond after long-term treatment is an indi 
cation for splenectomy. $0% of patients benefit with 
splenectomy. 

> Less common cold antibodies (Cold agglutinin 
syndrome): It is treated by avoiding exposure to cold; 
folic acid; chlorambucil; cyclophosphamide and plasma- 
pheresis. Splenectomy is not beneficial in this condition. 


ll THALASSAEMIA (Mediterranean Anaemia/ 
Cooley's Anaemia/Erythroblastic Target Cell 
Anaemia) 


 Itcan be ct, B and y thalassaemia depending on defect in the 
synthesis of particular peptide. 

¢ Beta thalassaemia is commonest. There is decrease in Hb-A 
and persistence of Hb-F, Homozygous, thalassaemia major 
is commonest type. Heterozygous, thalassaemia minor also 
can occur. 

% Intracellular Heinz bodies are typical. 

% Chronic anaemia, jaundice and splenomegaly are the 
features. Major type presents in first year of life with 
retarded growth, frontal bossing and prominent malar bones. 
Leg ulcers, recurrent infections, splenic infarction, pleural 
effusion, crisis, gallstones (25%) are other features. 

Complications are haemosiderosis, diabetes mellitus, pancre- 
atitis, cirrhosis of liver, intractable sepsis and aplastic crisis. 

# Haemoglobin electrophoresis, peripheral smear, LFT, bone 
marrow study and U/S abdomen are the investigations 
required. 

Regular blood transfusions, splenectomy are the treatment 
options. 


™@ SICKLE CELL DISEASE 


% Itis hereditary haemolytic anaemia seen commonly in 
blacks wherein HbA is replaced by /1bS leading to forma- 
tion of crescent shaped red cells which is deformed and 
more prone for trapping in spleen and destruction. Under 
low oxygen tension, HbS undergoes crystallisation causing 
elongated and deformed red cells. It increases the blood 
viscosity and causes stasis in circulation, Splenic micro 
infarcts are common causing initial splenomegaly and later 
autosplenectomy and calcification 


Because of autosplenectomy patient is more prone for infec 

tion by pneumococeus and other organisms due to reduced 

production of antibodies. 

# Patients are commonly asymptomatic. 

# Itis common in Africa. Patients in India have high HbF 
which protects them from developing symptoms 

% Anaemia, pain abdomen, leg ulcers are the usual features, 

* Cerebral, pulmonary and mesenteric infarctions can occur 
which may be often life threatening. 

* Peripheral smear and electrophoresis ate diagnostic. U/S 
abdomen is needed to see spleen and for gallstones, 

% Treatment is sodium cyanate (prevents sickling of HbS); 

hydration; partial exchange transfusion, antibiotics, symp- 

tomatic therapy by folic acid. Splenectomy has only limited 

role in initial sequestration stage. 


@ IDIOPATHIC (IMMUNE) THROMBOCYTO- 
PENIC PURPURA (ITP) 


# Itis development of antiplatelet antibodies, (IgG) which 
damage patient’s own platelets. These platelets get seques- 
tered earlier and faster in the spleen than normal causing 
thrombocytopenia, Spleen is the source of antiplatelet anti- 
body production and destruction of formed platelet—anti- 
platelet antibody complex (by macrophage phagocytosis). 

+ Low platelet count, a normal bone marrow and absence of 
other causes of thrombocytopenia are the features. Bone 
marrow megakaryocytes are normal or increased but there 
is relative marrow failure in terms of compensatory platelet 
production for more destruction. 

# In adult it is common in females (70%) who are young 
below the age of 40 years (70%). Chronic type is common 
in adults. 


# In children it is equal in both sexes. Acute is common 
in children. Spontaneous remission (80%) is common. 
In girls it may become chronic continuing to adolescent 
period 

* Platelet count above 50,000/mm' usually will not cause 
spontaneous bleeding and undue bleeding is not common 
with invasive procedures. So specific therapy is not indi- 
cated, Regular platelet count estimation is needed. 

¢ Regular careful observation is done clinically and haema- 
tologically for count between 30,000/- $0,000/mm: if there 
is no bleeding. If any spontancous bleeding occurs or any 
invasive procedure is needed then platelet count should be 
corrected with steroids, platelet transfusion. With steroid/ 
prednisolone therapy count becomes more than 50,000/ 
mmm’ in 1-3 weeks, 


Types 
1. Acute ITP: 

> Initiated after viral infection. 

» Common in children (90%). 

> Spontaneous remission is common. 
2. Chronic ITP: 

> Common in adults (90%). 

> Gradual, may be present for years. 


ie f 

& Common in young women (3:1 ratio) 

@ Purpuric patches in skin and mucous membrane (most 
‘common presenting sign) 


@ Haematuria, haemarthrosis (rare) 

GIT bleeding 

+ Intracranial haemorthage—2%; dangerous 
‘& Tourniquet testis positive (Hess test) 


 Purpuric and petechial patches are common in buttocks and 
limbs as these areas are more dependent having more vascular 
pressure. These patches and petechiae are mild or moderate. 

 Splenomegaly is present in 25% of eases. 

¢ After applying sphygmomanometer cuff and inflation (just 
below systolic pressure for 10 minutes), cubital fossa is 
observed for petechial haemorrhagic spots. More than 20 
petechial spots in 3 cm circled area are significant—Hess 
test 


Differential Diagnosis 


Other causes for purpura—pregnancy, preeclampsia, drugs 
like heparin, quinidine, sulphonamides, HIV, rubella, infec- 
tious mononucleosis, myelodysplasia, congenital thrombo- 
cylopenia, thrombotic thrombocytopenic purpura, uraemia. 


Figs 13.12A and B: Purpura spots in legs in case of ITP, 


% Increased capillary fragility 
Bone marrow suppression due to aplastic anaemia, 
© Chemotherapy. 

* DIC. 

4 Autoimmune diseases, SLE. 


Investigations 


4 Bleeding time is increased times. 
Clotting and prothrombin time are normal 

% Platelet count is decreased. 

‘ Bone marrow biopsy reveals increased megakaryocytes. 
© Usually anaemia and neutropenia is not observed. 

© UIS shows splenomegaly only in 25% cases. 


Note: 


Positive Hess testis formation of > 20 purpuric patches in an area 
of 3 cm diameter. 


Treatment 


Drugs 

+ In children, spontaneous regression occurs in 75% of cases 
afer one attack. 

{Short courses of steroids or azathioprine hastens the recovery. 

In adults, treatment is indicated when platelet count is 
<30000/mm* 

 Glucocorticoid—1 mg/kg is given. Response to treatment 
is seen within a week. Prednisolone 10 mg/day for 6 weeks 
is given. Response to steroid (prednisolone—I mg/kg body 
weight) therapy showing complete remission is 25%. 

 Danazol 200 mg TID decreases IgG receptor on phagocytes 
causing lesser degradation of platelets 

Vincristine 2 mg per week for 6 weeks. 

IV immunoglobulin 0.4-1.0 gikg * 5 days (action like 
danazol). It is very useful in acute bleed, in preparing the 
patient for surgery, in conducting delivery in pregnancy 
with ITP. Dose should be given for at least two days before 
taking up for surgery. It is also used in preparing ITP patient 
for therapeutic splenectomy. 

© Anti-Rh D antibodies. 


+ Platelet countless than 30,000/mm?* 

Platelet count less than 50,000/mm? showing bleeding 
episodes/mucosal bleed 

“ Riskfactors association lke existing pepticulcer hypertension. 


+® Life threatening haemorrhage 


+ elapsed severe casesafter treatment withsteroids—for6 weeks 

+ Girlsattaining menarche 

ITP persisting even after 6-9 months refractory to treatment 

4 In2nd trimester pregnancy, with platelet count <10000/mm* 
and severe bleeding problems 
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@ Recurrence after stopping/tapering steroids 

‘® Profound Gl bleed and intracranial bleed 

ITP with persistent platelet count below 10,000/ mm for 
‘weeks whether bleeding present or nat, ITP with only tran- 
sient response to drugs for 3 months with platelet countless 
‘than 30,000/mm? 


Note: 

+ Splenectomy is not indicated in nonbleeding ITP for 6 months 
with platelet count above 50,000/ cu mm” 

+ Response rate is 80%; tis usually achieved in first 10 days of 
splenectomy. 

+ Relapse of IP after splenectomy is 10%. itis probably due to 
hepatic sequestration of platelets in such patients or presence of 
accessory spleens (10% of such cases). Such patients are dificult 
to treat. They need prednisolone, azathioprine (single agent— 
needs 4 months to achieve initial response in such patients), 
cyclophosphamide (ingle drug) 

+ Presence of accessory spleen is confirmed by blood smear and 
radionuclide imaging but exact anatomical number and location 
of accessory spleen is often difficult to identify preoperatively. 
Thorough exploration for possible al sites of splenuncul should 
bbe done to achieve good success rate. 

+ 15% of HIV patients develop ITP; splenectomy response is good 
inthese patients; splenectomy does not progress HIV status. 


Surgery 

During surgery and in emergency, fresh blood transfusions 
orplatelet transfusions are required, Sometimes anti-platelet 
immune response is temporarily blocked by IgG transfusion 
so to allow the platelet count to rise at the time of surgery 
or in cases of severe bleeding or in pregnancy. 

# Accessory spleen should be identified and removed. 

# In7 days platelet count raises to more than 100000/ cu mm, 

Laparoscopic approach is idea in elective splenectomy for ITP. 


‘Treatment for ITP 

® Methylprednisolone IV for 3-5 days only 

@ Oral prednisolone tablets—drug of choice for 6-12 weeks 
IV immunoglobulin 0.4-1.0 gm/kg/day for 5 days only. It 
competes with antibodies 

Vincristine 2 mg/week for 6 weeks 

Danazol 200 mg tid 

Anti-Rh D antibodies 

‘Azathioprine 

Splenectomy 

FFP platelet concentrate, fresh blood transfusions. 


eeeese 


ll THROMBOTIC THROMBOCYTOPENIC 
PURPURA (TTP) 


It is an idiopathic disease associated with bone marrow trans- 
plantation, drugs like penicillin, mitomycin, cyclosporine. 


‘Main features are(pentad: 
1. Microangiopathy haemolytic anaemia, 
2. Thrombocytopenia. 

3. Fever. 

4. Neurological disturbances, 

5. Renal dysfunction 


Features and management 

# Here only arterioles and capillaries of microcirculation are 
involved. Venules are not involved. Platelet microthrombi, 
endothelial proliferation are the pathological features. 

* Anaemia, platelet trapping in the spleen and thrombocyto- 
penia are typical 

* Altered mental status, neurological deficits and renal failure 

# Plasmapheresis improves the survival which is the main 
treatment. 

* Laparoscopic splenectomy is done only to reserved patients, 


Felty’s syndrome is chronic rheumatoid arthritis, mild leuko- 
penia and splenomegaly. 


m SPLENECTOMY 


Indications for Splenectomy 


Trauma, 

In radical gastrectomy—removed “en bloc” with stomach, 

Staging laparotomy in case of Hodgkin’s lymphoma, 

Hereditary spherocytosis and other haemolytic anaemias. 

Idiopathic thrombocytopenic purpura (ITP). 

Portal hypertension with variceal bleeding, 

‘Tuberculosis of spleen, 

Others: 

» Gaucher's disease 

> Chronic myeloid leukaemia, 

> Felty’s syndrome 

> Carcinoma of tail of the pancreas during distal pancrea- 
tectomy, 

chistosomiasis 

Splenic artery aneurysm. 

Splenic infarction. 

Cystic disease of spleen, 

Splenic tumours, 


\dications for splenectomy 


Benefit is Benefit is Benefit may be 
‘maximum/very equivocal thereflow 
good 
+ Splenic injury + AIHA + Thalassaemia 
+ Hereditary (autoimmune. CML 

‘spherocytosis haemolytic aos 
- iP anaemia) soe 
+ Splenic eysts. * ‘Topical ~ Hoxighin's 
+ Splenic Sepa lymphoma 
tumours + Feltys for staging 
+ Hypersplenism — S¥drome laparotomy 
+ Segmental left + Sickle cell 
sided portal anaemia 
hypertension 
Procedure 


# Incision —lef paramedian or left subcostal or in case of large 
adherent spleen left thoracoabdominal approach. 


1B “a 


Figs 13.13A and B: Incision for open splenectomy — left subcostal. 
Often in a massive spleen or adherent spleen incision need to be 
extended to opposite side and towards xiphisternum, 


* Lieno-renal ligament and short gastric vessels are ligated, 
Splenic vessels are ligated at the hilum of spleen, Spleen is 
removed. Abdomen is closed after placing a drain in situ. 
Presently, drain is indicated only if there is injury to tail of 
pancreas during splenectomy. 

» Presently laparoscopic splenectomy is becoming popular: 


* Preoperative splenic artery embolisation is beneficial in 
massive spleens 


Complications of Splenectomy 


* Haemorthage—mainly from short gastric vessels. 
Re-exploration and control of bleeding is needed. 
% Gastric dilatation 


EW | 
Fe 13.4 Splnivessels shouldbe lated india securely 
With double gates nage spleen durigsplenectomy. 


Fig. 13.15: Laparoscopic splenectomy is also a good alternative in 
many splenectomies when splenomegaly is not massive. It is not 
Useful in massive spleens and trauma, 


# Haematemesis due to mucosal congestion following ligation 
of short gastric vessels, 

* Left sided pleural effusion and left basal atelectasis (left lobe 
atelectasis is the commonest complication) (30%). 

% Left subphrenic abscess. 


Efforts and energies should be consistent, constructive and compassionate. 


721 


uaajds 


72 


SRB's Manual of Surgery 


4% Pancreatitis following damage to tail of the pancreas and 
pancreatic fistula (3%), 

{¢ Haematologic changes: Rise in WBC and platelet count, rise 
in abnormal RBCs and RBC bodies. 

* Gastric fistulas. 

% Left sided colonic injury. 

# Infection—Postsplenectomy septicaemia, OPSI—most 
dangerous. 

% Portal vein thrombosis can occur. 

* DVTas.alate sequelae after splenectomy is often dangerous. 
Risk is 4 times more than in non-splenectomised people 
and so also pulmonary embolism, It is betler to put them 


oon long term small dose of aspirin to reduce the incidence 
of thromboembolism. 


ll OVERWHELMING POSTSPLENECTOMY 
INFECTION (OPSI) 


As there is reduced IgM, tuftin, properdin and other anti 
bodies, phagocytosis of encapsulated bacteria is dete 
tive. So the postsplenectomised patient is more prone for 
Pneumococcal septicaemia (commonest), N. meningitides, 
H. influenzae, Babesia microti infections, Risk is more in 
patients on chemotherapy, radiotherapy and haemolytic 


diseases. 

% Incidence is 4%, 

© Common in first two years after splenectomy. But it can 
occur any time, Risk persists for lifetime, 


Clinical Features 


# Prodromal phase—fever, chills, sore throat 
¢ Hypotension, shock, 

» DIC. 

% Respiratory distress, coma, death. 
Mortality for fully developed OPSI—S0-70%. 


Prevention 


% Pneumococcal vaccine should be given to all splenec- 
tomised patients. Polyvalent pneumo-vac is given 2-3 weeks 
prior to surgery and soon after recovery from surgery and 
it is repeated once in 5 years (Given to patients older than 
2 years) 

# Other vaccines advised are meningococcal vaccine (only to 
those who travel with high-risk), /1 influenzae ‘B’ vaccine 
(to all whatever the age, once in 10 years. 

¢ Inmalaria endemic areas, antimalarial prophylaxis is given 
for patients after splenectomy. 


Treatment of OPS! 


‘Antibiotics like Cefoperazone, Ceftazi 
Ventilatory support—ICU care 

Blood transfusion 

Immunoglobulin transfusion 

‘& Nutrition (TPN) and maintaining of urine output 


* 
* 
° 
° 


Prevention of OPS! 

‘Life long prophylaxis using benzathine penicillin 12-24 lac 
tnits—controversial in adults 

Pneumococcal vaccine given 2-3 weeks prior to splenec- 
‘tomy—70% protection 

& H.influenzae 8 type vaccine 

Meningococcal vaccine is given only to high-risk groups, as 
its effects are short term.So itis nat routinely given 

4 Note: Protection by vaccine isnot completely guaranteed 


vote: 

+ OPSlis more common when splenectomy is done for malignancy 
‘or haematological diseases or done in young individuals. 

+ Usage of prophylactic penicillin (benzathine) is controversial 
in adult even though itis beneficial in children up to 16 years. 

+ OPSIcan occurat any time after splenectomy. Drugs like eryth- 
romycin, amoxicillin are also used as prophylactic agents. 

+ Mortality in fully developed OPS! (hypotension, DIC, MODS) is 
60%—very high. 

+ Patients who survived after OPSI with therapy may develop 
residual problems like - gangrene of limbs, deafness, meningitis, 
‘mastoid osteomyelitis, heart valve destruction. 

+ 7% of OPSIcases have S pneumonia sepsis. Others are—N. menin- 
gitidis,H. influenzae, Capnacytophaga canimorus after dog bite. 

+ PPV 23's the commonest vaccine used. Revaccination is done 
‘once in 5 years; decline in pneumococcal antibody level may be 
the criteria for revaccination. 

+ Preservation of 25% ofspleenis sufficient to protect against pneu- 
‘mocaccal infection. So partial splenectomy is definitely helpful. 

+ Splenic autotransplantation into the omental pouch is under 
{tial at present to reduce the chance of OPS 


™@ SPLENIC ARTERY ANEURYSM 


* Most common intraabdominal site for aneurysm after 
abdominal aorta 

% Most common in women, due to atherosclerosis. 

# Congenital splenic artery aneurysm can occur. 

* Splenic artery pseudoaneurysm (10%) can occur after an 
attack of acute pancreatitis which may cause life threatening 
rupture, 


Fig. 13.16: Splenic artery aneurysm. Itis the commonest site of 
aneurysm in the abdomen after aorta 


* Rupture of splenic artery may be intraperitoneal or into the 
stomach, colon and intestine. Calcified aneurysm rarely 
ruptures, 

+ Plain X-ray shows calcified lesion in 70% of eases. 

* Contrast CT, angiogram are needed. 

Indication for surgery: 

em diameter. 

‘Symptomatic aneurysm. 

Anticipating pregnancy, 

Aneurysm identified during pregnancy should be oper- 

ated before 3rd trimester. 


Treatment 


% Splenectomy with ligation of artery proximal to aneurysm. 
% Splenic artery embolisation under radiological guidance is 
also beneficial 


l™@ SPLENIC ABSCESS 


Clinical features 
Fever 
Pain in left hypochondrium 
Pain in left side of chest 
Left sided pleural effusion 
Spleen when palpable is tender 
Single or multiple abscesses 
Need not move with respiration 


eeeeees 


Investigation 
Ultrasound, ESR, chest X-ray, CT sean, blood culture. 


Treatment 


# High dose antibiotics has to be started. 
* ATT in case of tuberculosis. 

* Ultrasound/CT scan guided aspiration of abscess is done 
# Splenectomy. 


Fig. 13.17: Splenic abscess due to tuberculosis, 


* Itis uncommon but potentially fatal 
% Incidence is 0.7%. 
% Precipitating factors: 
» Endocarditis is commonest focus. 
AIDS. 
Polycythaemia. 
Malignancy. 
Sickle cell disease. 
Splenic vein thrombosis 
‘Trauma. 
Drug abuse. 
‘Typhoid, osteomyelitis, puerperal sepsis, pancreatitis, 
otitis media. 


Organisms responsible: Staphylococcus, Streptococcus, 
Enterobacter, E. coli, Proteus, Klebsiella, Candida albicans, 
Mycobacterium tuberculosis in developing countries, 


Fig. 13.18: CT scan showing abscess in the spleen. 


Vote: 
Splenic abscess can rupture causing peritonitis and left 
subphrenic abscess. 
+ Splenic abscess has 80% mortality in immunocompromised 
patients and 20% in an otherwise normal individual. 
2/3rd of splenic abscesses in adults are single and 1/3rd are 
‘multiple; in children 1/3rd are single, 2/3ed are multiple. 

+ Solitary abscess responds well for guided aspirations; whereas 
‘multiple abscesses need splenectomy. 


ll HYPERSPLENISM 

I is overactivity of spleen causing pancytopenia with more of 
hypercellular bone marrow. 

Causes 


% Primary hypersplenism, 
% Portal hypertension, 
* Malaria, kala-azar. 


‘Ifyou don't know where you're going, you may miss it when you get there. 
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formation representing them when considering the transmission of large “bodies” of information. But 
are humans simply the sum of all the atoms (and the related excited atom quantum states) that comprise 
them? We could possibly leam to reconstitute a beam of atoms into a chemically accurate human being 
However, would this also include the reconstruction of a person’s consciousness (personality, memories, 
hopes, dreams, etc.) and soul or spirit? This question is beyond the scope of this study to address, but it is 
nevertheless one of the most important concepts awaiting a complete scientific understanding. 

For the teleporter to process and transmit the quantum bit information signal that encodes the 
animate/inanimate object’s pattern will require stupendous digital computer power. For each atom 
comprising the object we must encode its location in space (three position coordinates), its linear and 
angular momentum (three vector components for each quantity), and its internal quantum state (electron 
orbital-energy levels and their excitation/de-excitation and ionization states, binding to other atoms to 
form molecules, molecular vibrational/rotational states, bound nuclei states, spin states for electrons and 
nuclei, etc.), etc. If we assume that we can digitally encode all of this information for a single atom with 
a minimum of one kilobyte (1 byte = 8 bits, I bit = 0 or 1) of data, then we will require a minimum of 
10* kilobytes to encode and store an entire human being (in three-dimensions). To digitally store and 
access this much information at present (and for the foreseeable future) is nontrivial. It will take more 
than 2,400 times the present age of the universe (= 13 billion years) to access this amount of data using 
commercially available computers (operating at ~ 10 gigabyte/sec). Top-of-the-line supercomputers will 
not reduce this time significantly. The computer technology needed to handle such a large data storage 
requirement simply does not exist. The largest commercially available computers can store = 40 
gigabytes on a single hard drive. We will need = 10” of these hard drives to store the encoded 
formation of just one human being. Also, wire and coaxial/fiber optic cables do not have the physical 
capacity to transmit this amount of data between devices. These numbers will not be significantly 
different for macroscopic inanimate objects. The information processing and transfer technology required 
for the teleportation system may become possible in 200 — 300 years if improvements in computer storage 
and speed maintains a factor of 10 — 100 increase for every decade. There is speculation that emergent 
molecular, bio-molecular (DNA-based systems) and quantum computer technology may achieve the 
performances required for a teleportation system. In the former case molecular dynamics mimics 
computer logic processes and the = 10% particles in a macroscopic sample will all act simultaneously, 
making for far greater digital information processing and transfer speeds. Researchers have given no 
formal performance estimates for this emergent technology. In the latter case quantum computing would 
take advantage of entangled quantum states of subatomic matter or photons, whereby digital logic 
processes would occur at light speed. This technology is in its infancy, and there has been no clear 
direction on what performance levels will be possible in the future. This topic will be discussed further in 
Section 3.2.3. 

In the above teleportation scenario we might consider dematerializing animate/inanimate objects into 
a matter stream consisting of only the object’s constituent atoms or atomic subcomponents (protons, 
neutrons and electrons) and transmitting them at the speed of light (or close to it). To push atoms or 
subatomic particles to near the speed of light will require imparting to them an energy comparable to their 
rest-mass energy, which will be at a minimum of one order of magnitude larger than the amount of energy 
required to break protons up into free quarks. The energy required to completely dematerialize (or 
dissolve) matter into its basic quantum constituents or into pure energy is alone stupendous. At first one 
will have to impart to every molecule within the object an energy that is equivalent to the binding energy 
between atoms (atomic binding energy ~ chemical energy ~ several eV) in order to break apart the 
molecules comprising the object’s macro-structure. After this an energy equivalent to nuclear binding 
energies (= several x 10° times atomic binding energy, or ~ several MeV) must be imparted to every free 
atomic nucleus inside the object in order to break apart the protons and neutrons residing within each 
nucleus. And last, an energy equivalent to the binding energy that holds together the three quarks 
residing within each proton and neutron must be imparted to each of the free protons and neutrons within 
the object. According to the Standard Model and experimental data, the quark binding energy is 
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% Schistosomiasis, 
% Tuberculosis 
% Mycloproliterative disorders, 


Hypersplenism often requires splenectomy: 


Note: 

‘& Commonest primary splenic neoplasm is haemangioma 

+ Littoral cell angioma is rare splenic tumour 

+ Lymphangioma, inflammatory pseudotumours are rare 
splenic tumours 

+ Hodgkin’ lymphoma commonly involves spleen 

+ Secondariesin spleen are rare. Occasionally spread can occur 
from lungs, stomach, pancreas, breast, melanoma 

+ Primary malignant splenic tumours are exceedingly rare. 
‘Angiosarcoma is the most common primary tumour 

+ Wandering spleen is due to failure to form suspensoryliga- 
ments of spleen so thatthe spleen isnot fixedin position. tis 
due to failure of dorsal mesogastrium tofuse withthe poste- 
rior abdominal wall t shows long splenic pedicle. Itis prone 
for torsion and recurrent ischaemia. tis common in females. 
(CT scan is diagnostic. f there is no ischaemia, splenopexy is 
cdone;if there is ischaemia which is confirmed by absence of 
perfusion in CT scan, splenectomy is done 


™@ SPLENIC CYST 


Splenic cysts can be— 


1 


True primary eyst (20%). 

Itcan be - 

> Non-parasitic [simple congenital cysts, epidermoid 
cysts (75% of non-parasitic cysts)]. It is common in 3rd 
decade, usually lined by squamous epithelium, Even 
though they are truly benign without malignant potential, 
they often show +ve for Ca 19/9 and CEA. Usually they 
are asymptomatic, but may present with splenic mass 
with pain, chest pain and left shoulder pain usually when 
cyst attains more than 8 cm in size. Occasionally sepsis, 
rupture and bleeding in a cyst can occur. 

» Parasitic (hydatid) ~ one should look for associated 
liver hydatids. CT abdomen confirms the diagnosis. It 
is treated with splenectomy; care should be taken not to 
spill or rupture during surgery. 

Pseudocyst/secondary eysts (80%) are due to old trauma, 

malaria, tuberculosis, infectious mononucleosis, old paren 

‘chymal haematoma and syphilis. They are not epithelial lined; 

they are smooth, unilocular, thick walled. Initially treatment is, 

‘guided percutaneous drainage or partial splenectomy. Splenec- 

tomy is done when entire spleen is involved with pseudocyst. 


Hr Clm@ey Pancreas 


‘CHAPTER OUTLINE 
® Anatomy 
Serum Amylase 
Magnetic Resonance Cholangiopancreatography 
Pancreatitis 
Acute Pancreatitis, 
Complications of Acute Pancreatitis 
v% Pseudocyst of Pancreas 
Chronic Pancreatitis 


Pancreatic Tumours 
Exocrine Pancreatic Tumours 
Carcinoma Pancreas 
Endocrine Pancreatic Tumours 
 Insulinomas 

% Gastrinamas 


Pancreas is also called as abdominal tiger 


™ ANATOMY 


Pancreas is an elongated retroperitoneal organ; 15-20 em in 
length; lies against LL, vertebra. It lies posterior to stomach, 
separated by lesser sac. 


Parts 


Itis divided into head, neck, body, tal 

# The head lies in the concavity of duodenum and tail reaches 
the hilum of the spleen, 

# The posterior surface of the neck of pancreas is related to 
terminal part of superior mesenteric vein and beginning of 
portal vein. 


Ducts of Pancreas 


1, Main duct of pancreas (Duct of Wirsung): It begins in the 
tail of pancreas and runs on the posterior surface of the body 
and head of pancreas, receives numerous tributaries at right 
angle along its length (erring bone pattern). 


® Glucagonomas 
 Zollinger-Ellison Syndrome 
Cystic Fibrosis 

® Annular Pancreas 
Ectopic (Accessory) Pancreatic Tissue 
Pancreatic Divisum 
Pancreatic Calculus 
Pancreatic Ascites 
Pancreatic Fistulae 

w Pancreatic Abscess 
Pancreatic Necrosis 

® Pancreatic Trauma 
Cystic Lesions of Pancreas 
Exocrine Pancreatic Disease 


It joins the bile duct in the wall of the second part of 
‘duodenum to form hepatopancreatic ampulla (of Vater) and 
‘opens on the summit of major duodenal papilla (8-10 cm 
from pylorus). 


Duct of Santorini 


Major duodenal papilla 


Fig. 14.1: Ducts of pancreas, 


2, Accessory pancreatic duct (Duct of Santorini): It begins in 
the lower part of the head and opens into the duodenum at 
‘minor duodenal papilla (6-8 em from the pylorus). 
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Hepatic artery Splenic artery 


Coeliac artery 


Gastro- 
duodenal: 
artery 


Superior 
Pancreatico- 
duodenal 
artery 

‘Arteria 
pancreatica 
magna 


Inferior pancreaticoduodenal artery 
Fig. 14.2: Arterial supply of pancreas. 


Blood Supply of Pancreas 


1, Panereatic branches of splenic artery. 

2, Superior pancreaticoduodenal artery. 

3, Inferior pancreaticoduodenal artery. 
‘Venous drainage is into portal vein, 


Splenic vein 


Inferior mesenteric vein 


Inferior pancreatico, ‘Superior mesenteric vein 


‘duodenal vein 
Fig. 14. 


nous drainage of pancreas. 


Nerve Supply 


Parasympathetic supply is from vagus and sympathetic innerva- 
tion is from splanchnic nerves. 


Functions 


# Exocrine part secretes pancreatic juice which helps in diges- 
tion of proteins, carbohydrates and fats. 

¢ Endocrine patt constitutes islets of pancreas which is distrib- 
uted more numerous in tail of pancreas 
B cells of islets secrete insulin. 
a.cells seerete glucagon. 


Normal pancreatic juice is colourless bicarbonate rich 
fluid containing around 15 gram of protein in total, 2.5 litres 
secretion/day. It alkalises duodenal content and helps diges- 
tion, Inactive proenzymes secreted into the duodenum from 
‘pancreatic juice are activated by trypsin in duodenum. Amylase 
and lipase can also be secreted in active forms. Basal secretion 
of these enzymes is low at rest; rapidly increases by hormonal 
and neural stimulation, It is controlled by secretin (cAMP) and 
cholecystokinin (phospholipase C, calcium). Protein part of the 
juice is secreted by acinar cells. Duct cells secrete fluid and 
tlectrolytes. Pancreatic secretion is very low in resting phase. 
During cating, cephalic phase stimulates 10% of pancreatic 
seeretion through peripherally mediated acetylcholine; gastric 


phase stimulates further 15% of pancreatic secretion through 
gastrin release and vagal stimulation; finally in main intestinal 
phase, 75% of the pancreatic juice is secreted by release of 
secretin due to duodenal acidification, and by release of 
and cholecystokinin following the entry of fat and proteins in 
duodenum. 


ll SERUM AMYLASE 


# Normal value is up to 200-250 Somogyi units, 

# Itincreases more than 1000 units or a rising titre is very 
significant in acute pancreatitis. 

# Its half life is 24 hours. 

# Itis not very sensitive because it also increases in other 
conditions: 

Salivary gland diseases. 

Mesenteric ischaemia 

Ruptured aortic aneurysm. 

Intestinal obstruction. 

Ectopic gestation, 

Salpingitis. 

Perforated duodenal ulcer. 


> 
» 
» 
> 
> 


¢ isoenzyme-P is specifically increased in 
pancreatitis 
> Inother conditions, Amylase-S is commonly increased. 


# Itcan be analysed with other proteolytic enzymes like lipase, 
elastase which are more relevant. 

# Inperitoneal tap, if amylase level of peritoneal fluid is more 
than serum amylase, then itis significant. 

Note: 

Amylase level in pseudocyst fluid is very high. 

# Magnitude of amylase elevation is not related to severity 
of the pancreatitis. It increases once symptoms appear for 
12-24 hours then decreases in 6 days. Persistent elevation 
suiggests complications like pseudocyst, ascites and abscess, 
formation. 

# 10% cases of severe pancreatitis with necrosis show 
normal serum amylase level. This is due to necrosis of 
‘most of the acinar cells retaining hardly any functioning 
cells at time. 

# Rise in pancreatic amylase will be very high in comparison 
with nonpancreatic causes of rise where itis only 2-3 times 
the normal. 

# Raised urinary amylase level persists for longer period then 
serum amylase level. 

# Amylase enters the lymphatics and circulation from the basal 
part of acinar cells and also, weakened intercellular adhe: 
sions in pancreatitis allow amylase to seep into the space 
to enter circulation, 

# Circulating amylase inhibitors often when present, mask the 
trie amylase level in pancreatitis 

+ Occasionally amylase binds with large abnormal circulating 
albumin like protein which cannot be cleared normally 
causing false raise in serum amylase level (false positive) 
even though there is absence of pancreatitis. This macroa- 
‘mylasaemia is 0.5% common. 


ll MAGNETIC RESONANCE CHOLANGIO- 
PANCREATOGRAPHY (MRCP) 


Itisa non-invasive diagnostic method using magnetic field and 
‘energy as resonance. 
T, weighted images are used for pancreas. 
‘T, weighted images are used for biliary tree. 
Both images are used to see invasion and adjacent struc~ 
tures. 


Advantages 


# It is non-invasive. 
It gives equal or better imaging than ERCP. 

Pancreatic divisum or annular pancreas are identified easily 
by MRCP. 

# Ductal dilatation in chronic pancreatitis and visualization 


oe 


of duct beyond stricture is possible. 
# Islet tumours are better visualised and diagnosed by 
MRCP. 


Disadvantages 


Availability. 

© Itis only diagnostic. Not therapeutic (ERCP is both diag- 
nostic as well as therapeutic) 

Costly. 


@ PANCREATITIS 


We learn that pain was an early symptom in nearly one-halfof the 
‘cases; that it was usually severe, and might be intense, and was to 
bbefoundin theabdomen or lower chest.... he appearances found 
after death are conspicuously the hemorrhage within and near 
the pancreas....[tis evident that all reatment,at the onset, can be 
nothing but palliative. 


—Reginald Heber Fitz, 1889 


Pancreatitis is inflammation of the pancreas acute, chronic 
orrelapsing which may lead into complications. Itis one of the 
most devastating conditions in the abdomen, 


Classification 


1. Marseilles’ classification: 
1. Acute pancreatitis 
Acute relapsing pancreatitis. 


Chronie relapsing pancreatitis 

Chronic pancreatitis. 

Acute means acute inflammatory changes which are 
reversible 


‘Chronic means chronic continuous inflammatory changes 
which are morphologically irreversible. 
I, Trapnell s aetiological classification: 


‘Major causes a 


‘ Biliary tract disease 50%—stones—common cause 
Alcoholism 25% 


Other causes i 
Trauma 
‘After biliary gastric, splenic surgery,ERCP 
Hyperparathyroidism 
Hypercalcaemia, hyperlipidaemia 
iabetes 
Porphyria 
Drugs: Steroids(), INH, diuretics (thiazides) septran, azathio- 
prine, 5-amino salicylic acid, estrogens, tetracycline, valproic 
acid, petamidine - 5% 
Viral infections (mumps, coxsackie) 
‘Autoimmune diseases 
Vascular diseases 
Idiopathic 
Scorpion venom—Common in Trinidad 
Biliary ascariasis, Clonorchis sinensis 
Mycoplasma pneumoniae 
Infectious mononucleosis, 
Pancreatic divisum 
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™@ ACUTE PANCREATITIS 


Acute pancreatitis isthe development of acute inflammation of 
the normally existing pancreas. It may be irs attack or relapsing 
attacks with an apparently normal gland in between. Biliary tract 
disease is the commonest cause for acute pancreatitis 


Pathogenesis 


# Present concepts the biliary stone induced pancreatic ductal 
obstruction and ductal hypertension as etiological factor 
(Pancreatic duct obstruction occurs due to biliary tract stones 
(commonest), duodenal ulcer, duodenal Crohn’s, periampul- 
lary diverticulum/tumour, trauma, pancreatic duct stricture, 
pancreatic divisum, ascariasis, Clonorchis sinensis). 

# OR alcohol causes direct toxicity, hypersecretion of 
gastric and pancreatic juices, reflux, plugging of pancreatic 
proteins, injury by release of free radicals like superoxide 
and hydroxyl, spasm of Oddi and stimulates trypsinogen 


All these aetiological factors 
f 


Either cause spasm of sphincter of Oddi and lead into the 
parenchyma (common channel theory), OR causes increased 
secretion of pancreatic enzymes 
L 
Trypsinogen gets activated forming trypsin which activates 
other enzymes. 
L L 


Proelastase to elastase. Prolipase to lipase. 
L 
Causes capillary rupture. Metabolises triglycerides to 
glycerol + fatty acids and 
fatty acids combine with cal- 
cium forming saponified fat. 
L L 
Sequestered fluid, saponified fat, blood, toxins all together 
forms. chicken broth fluid, 


Surgery is a painful procedure to relieve the pain. 
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L 
Lecithinase, amylase and factors like lysolecithinase, prosta- 
zglandins, bradykinins, kallikrein, myocardial depressant factor, 
radicals, cytokines, tumour necrosis factor, and platelet 


fir 
activation factor are also released to have local and systemic 


L 


Infection occurs causing bacteraemia, septicaemia, 


effects, 


Large volume of fluid sequestration occurs causing hypovo- 


lemic shock. 
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Figs 14.44 and B: Features of acute pancreatitis with necrosis in 
the omentum and over pancreas; with haemorrhage 


Toxins released may lead to acute tubular necrosis and so 

acute renal failure. 

¢ Left sided diaphragm gets elevated and left sided pleural 
effusion occurs. 

# Lecithinase reduces the surfactant in the alveoli of lung, 
and infection leads to pulmonary insutfliciency, ARDS and 
respiratory failure. 

# Because calcium is utilised for saponification, hypocal- 


caemia sets in. 

¢ Diffuse oozing in pancreatic bed occurs which utilizes 
platelets and causes disseminated intravascular coagula- 
tion (DIC) 

# In severe cases, extensive necrosis with haemorrhage 
occurs causing acute haemorrhagic necrotising pancreatitis 
(Fulminant pancreatitis), which has got a high mortality 


# Here enzymes seep across the retroperitoneum causing 
haemorrhagic spots and ecchymosis in the flanks (Grey 
Turner’s sign), ot through falciform ligament causing 
discolouration around the umbilicus (Cullens sign), unnbil- 
ical black eye or below the inguinal ligament (Fox sign). 

# SIRS and later MODS set in. 

# Sequence of events 

Acute oedematous >>> >-Severe acute pancreat 


pancreatitis tis > Acute sterile nee- 
rosis > Acute infected 
necrosis 
J tod 4 


Local or systemic compli- 
cations with high morta- 


Resolution/recovery 

complications (rare) 

Less mortality lity 
(pseudocystabscess 
ARDS/MODS/haemorrhage, 
etc.) 

% Moynihan described acute pancreatitis as “The most 

terrible of all the calamities that occur in connection with 


abdominal viscera 
mt 


Fig. 14.5: Grey-Turner’s sign ina patient with acute pancreatitis, 


Effects of alcohol on pancreas 


‘® Hypertriglyceridaemia, fatty acids and ethyl ester metabolites 
—> pancreatic injury 

‘& Formation of pancreatic juice which contains high enzymes 
but low enzyme inhibitors —> enzyme activation within 
pancreas; precipitation of proteins, intraductal plug forma- 
tion, ductal hypertension and obstruction —> pancreaticinjury 

4 Formation of 0» free radicals inside the pancreas —> pancre- 

aticinjury 

Direct pancreatic acinar injury 

® Sphincter of Oddi spasm by alcohol leading into ductal 
obstruction 

Repeated subclinical acute pancreatitis causes fibrosis and 
chronic pancreatitis 
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jote: 
Hereditary pancreatitis: In normal individuals small amount 
of spontaneous trypsinogen activation into trypsin accurs in 
pancreas which is further prevented and protected by trypsin 
inhibitors. In hereditary pancreatitis genetic mutation causes 
defective trypsin inhibitors and trypsin becomes resistant to 
‘trypsin inhibitors leading into high concentration of intrapan- 


creatic active trypsin which activates all other enzymes leading 
into pancreatitis, Here even though acute pancreatitis can occur; 
this is commonly subclinical leading into chronic pancreatitis. 

+ Autoimmune pancreatitis: \tcan be associated with primary scle- 
rosing cholangitis, Sjégren’s syndrome, biliary cirthosis. ymphop- 
lasmacytic autoimmune pancreatitis is a condition which causes 
high levels of circulating !gG,, pancreatitis, bile and pancreatic 
ductal strictures (double duct sign like mimicking the pancreatic 
cancer), pancreatic head mass. 

+ ERCP, major surgeries activate pancreatic enzymes causing acute 
pancreatitis. 

+ Hypercalcaemia, hyperlipidaemia type | IV,V can cause pancrea- 
titi, It is due to activation of digestive enzymes, blockage of 
pancreatic microcirculation causing pancreatic ischaemia. 

+ Idiopathic pancreatitis (20%): Even though it is due to some 
unidentified cause, itis probably due to gallbladder sludge or 
microcrystals which often can be very well controlled or further 
prevented by cholecystectamy and sphincterotamy.Italso can 
bbe due to malfunction of sphincter of Oddi which is treated by 
sphincterotomy and pancreatic septotomy. Some genetic cause 
is also postulated 

+ Colocalisation hypothesis: Trypsinagen within the cytoplasmic 
vacuoles of acinar cell gets colocalised into the lysosomal hydro- 
lases, commonly cathepsin B to activate into trpsin which in turn 
activates other intracytoplasmic digestive enzymes leading into 
intrapancreatic inflammation and pancreatitis. 

+ Infection occurs by bacterial translocation across gut due to 
altered mucosal barter, 


‘Atlanta classification 4 
1. Acute oedematous pancreatitis (80%):Milder form, mortality 
is <1% 
2, Acute necrotising pancreatitis (20%): Characterised by 
pancreatic and peripancreatic necrosis, Mortality is= 15% - 
30% 


Present Classification of Acute Pancreatitis 


¢ Interstitial acute pancreatitis with mortality less than 1%. 
Necrotizing pancreatitis. 
> Sterile necrosis with mortality 10%. 
> Infected necrosis with mortality 30-40% tis confirmed 
by CT guided aspiration and Gram’s stain. When 
confirmed, needs pancreatic necrosectomy. 


Note: 
In Ulm classification pancreatic abscess and pseudocysts are also 
included, 


Organisms Involved 


Infection is commonly polymicrobial (60%). It may be from 

gallbladder, colon or small bowel via transmural migration or 

by haematogenous spread. Infection rate in one week is 24% 

and in 3 weeks itis 70%, 

E.coli (35%), 

¢ Klebsiella (25%). 

# Enterococcus (25%). 

 Others—staphylococei, Pseudomonas, Proteus, Entero- 
acter, Anaerobes, Candida (10%). 


Clinical Features 


# Sudden onset of upper abdominal pain which is referred to 
back. Pain is severe, agonizing and refractory. Pain may be 
relieved or reduced by leaning forward. 

# Vomiting and high fever, tachypnoea with cyanosis 

# Tenderness, rebound tendemess, guarding, rigidity and 
abdominal distension, severe illness. 

# Often mild jaundice (due to cholangitis). Jaundice may also 

be due to bile duct disease / obstruction or cholestasis. 

Features of shock and dehydration, 

Oliguria, hypoxia and acidosis. 

Grey-Tumer's sign, Cullen’s sign, Fox sign, 

Hacmatemesis/malaena due to duodenal necrosis, gastric 

erosions, decreased coagulability/DIC. 

# Hiccough when present is refractory 

# Ascites may be present. Paralytic ileus is common. 

# Pleural effusion (20%), pulmonary oedema, consolidation, 
features of rapid onset ARDS is often observed. 

# Neurological derangements due to toxaemia, fat embolism, 
hypoxia, respiratory distress can occur, It may be mild 
psychosis to coma, 

# Occasionally haematemesis or melaena can occur. 


Fluid, Metabolic, Haematologic and 
Biochemical Changes 


% Hypovolemia due to diffuse capillary leak and vomiting 
causing raised haematocrit, blood urea, serum ereatinine levels, 

# Hypoalbuminaemia which is more revealed after fluid 
correction. 

# Hypocalcaemia is either due to decreased albumin level 
or specific loss of ionized calcium, Hypocalcaemia due to 
reduced ionised calcium carries poor prognosis. Response 
of calcium reserve in bone to PTH is also reduced, 

# Total count is raised with neutrophilia, Thrombocytopenia, 
raised FDP, decreased fibrinogen, prolonged partial throm- 
boplastin time and PT—are common. DIC can develop 
later. 

% Hypochloraemic metabolic alkalosis is common due to 
repeated vomiting, 

# Reduced insulin secretion, increased glucagon and catecho- 
lamine secretion causes hyperglycaemia, more so in diab 
patients. 

# Hyperbilirubinaemia may be due to biliary stone/obstruction 
‘or cholangitis or non-obstructive cholectasis 

# Hypertrighyceridaemia is common especially in hyperlipi- 
daemic patients, 

% Methemalbuminemia, when it occurs in acute pancreatitis 
indicates poor prognosis. 


‘Clinical features are classified as: 
& Mild attack 
® Severeattack 
& Fulminant attack 


Working together is essential for success; even freckles would make a nice tan if they would get together. 
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Differential diagnosis 
‘@ Perforated duodenal ulcer 
® Cholecystitis 
® Mesenteric ischaemia 
‘@ Ruptured aortic aneurysm 
Ectopic pregnancy 
+ Salpingitis 
Intestinal obstruction 
+ Diabetic ketoacidosis 


Investigations 


¢ Serum amylase is very high (>1000 Somogyi units) or shows 
rising titre, 

4 Amylase creatinine clearance tatio is increased. It is - urine 
amylase/serum amylase X serum creatinine’ urinary creati 
nine X 100, Normal value is 1-4%. More than 6% signifies 
acute pancreatitis. 

¢ Serum lipase more specific than amylase, Serum lipase level 
after rise persists for longer period than amylase. Pancreas is 
the only source unlike amylase, hence more specific. 

¢ Serum lactescence (related to triglyceride metabolism) — 
Most specific in hereditary hyperlipidaemia or alcohol 
pancreatitis 

¢ Serum trypsin is the most accurate indicator but it is not 
commonly used. 

¢ ‘Trypsinogen activation polypeptide (TAP) assay in serum 

y of the acute pancreatitis. CRP 
(©150 mg/L) is also useful. Phospholipase A2, LDH levels 
are also often assessed, 

¢ Liver function tests: Serum bilirubin, albumin, prothrombin 

time, alkaline phosphatase 

Blood urea, serum creatinine. 

Blood glucose (hyperglycaemia is seen). 

Serum calcium level (hypocalcaemia occurs). 

Arterial PO, and PCO; level to assess pulmonary insuf- 

ficiency (or ARDS). 

# Urinary lipase estimation, 

¢ Total count, haematocrit, platelet count, coagulation profil. 

© Peritoneal tap fluid shows high amylase and protein level 
(very useful method). Lipase level in ascitic fluid is also 
useful 

¢ Plain X-ray shows 
» ‘Sentinel loop’ of dilated proximal small bowel. 
> Distension of transverse colon with collapse of 

descending colon (colon cut off sign). 
> Airfluid level in the duodenum. 
> Renal halo sign 
> Obliteration of psoas shadow 
> Localized ground glass appearance. 

¢ UIS abdomen. 

© Spiral CT is better—gold standard, It is done after 72 hours. 
To look for oedema, altered fat and fascial planes, fluid 
collections, necrosis (non-enhancement area > 30% or 3 em), 
bowel distension, mesenteric oedema and haemorrhage. CT 
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‘guided aspiration (fluid should be sent for Gram’s stain and 
bacterial culture); pigtail catheter insertion can also be done. 
If fluid culture shows bacterial growth with CT showing 
necrosis, it means it is infected necrosis and needs early 
pancreatic necrosectomy. CT guided aspiration and Gram’s 
staining may need to be repeated. 

MRI, MRCP—should be done at a later date. 

ERCP is usually not done in acute phase. 

Chest X-ray for effusion and ARDS. 

EUS—to see necrosis, calcifications and to assess CBD. 


Balthazar CT Scoring System 
(Emil J Balthazar, 1990) 


CT grade: 

# A—Normal pancreas—0 

 B—Oedematous pancreatitis—1 

 C—B+ mild extrapancreatic change 

# D_Severe extrapancreatic changes with one fluid collec- 
tion 

# E—Extensive/multiple extrapancreatic collections or gas 
bubbles in or adjacent to pancreas—4 


Necrosis score 
* None—0 

 <V3rd—2 

# More than 1/3rd less than half—4 
# More than half—6 
CT severity index— CT grade + necrosis score 
0-3, 4-6, 7-10. 


Treatment 


‘Treatment of acute pancreatitis: 
® Conservative, 70-90% 
‘® Surgical treatment when indicated, 10-30% 
4 Management of complications like acute pseudacyst,abscess, 
fistula, haemorthage;systemic complications like ARDS, renal 
failure, MODS 


Fig. 14.6: CT picture showing features of acute pancreatitis. 


Conservative Treatment 


* Commonly opted. 

 Rehydration is essential (250-400 ml / hour) as there is lot 
of fluid sequestration and 3rd space fluid loss. It is done by 
using ringer lactate, normal saline, dextrose saline, plasma 
and fresh blood transfusion/packed cells. 

¢ Pain relief by pethidine and other analgesics. Morphine is 
not used as it causes spasm of sphincter of Oddi 

¢ In severe haemorthagic episodes, fresh frozen plasma and 
platelet concentrate may be required in anticipation of DIC 
and haemorrhage 

4 Nasogastric aspiration, urinary catheterisation to maintain 
and monitor urine output 50 ml hourly. 

Antibiotics like third generation cephalosporins, imipenem, 
‘meropenem, cefuroxime are used even though its role is not 
clear but it is commonly used to reduce the anticipated sepsis, 


Indications for antibiotics 
{In severe infected necrosis with proved culture. 
Prophylactic antibiotic therapy, in severe pancreatitis 
Inbiliary pancreatitis with biliary stones and cholangitis 
Pancreatic abscess formation 

Clinically disease is rapidly progressing with deterioration 
No role of antibiotics in early pancreatitis, 

Imipenem, cilastatin, cefuroxime are used. 


# Calcium gluconate 10 ml 10% IV 8th hourly is given as 
patient will be hypocalcaemic. 

# CVP line is essential to monitor, for rapid fluid therapy and 
for Total Parenteral Nutrition (TPN) using carbohydrate, 
amino acids, vitamins, essential elements, 

# IV Ranitidine 50 mg 6th hourly or IV omeprazole 40 mg 
BD or IV pantoprazole 80 mg BD to prevent stress ulcers 
and erosive bleeding, 

# Proper electrolyte management with monitoring is needed, 


‘Mainly conservative treatment 

+ Pain relief (pethidine, meperidine (no morphine)] 
Protease inhibitors (aprotinin antisnake venom, EACA, 
etc), Plasma 

+ Antibiotics (ceftazidime, cefoperazone, cefotaxime) 

ipenem 

Anticholinergics (to reduce sphincter pressure) 

+ Nasogastric aspiration, Nasal Os 
Nutritional support (TPN) 

+ Calcium gluconate 10 ml 10% 8th hourly 
Calcitonin 

VP line 

Rehydration by IV fluids plasma, blood 

Ranitidine IV 50 mg 8th hourly 

Respiratory support (ventilator) 

Resuscitation when required 

= Endatracheal intubation 
Electrolyte management 

Antacids 

+ Swan-Ganz catheter for CVP and TPN 
Somatostatin and its analogue (Octreotide) 


11) 


2)(A) 


3)(N) 


a) 


5)(R) = 


6)(E) 


71a) 
8) (s) 


# Itis always better to manage the patient in an intensive 
care set up so that when needed endotracheal intubation, 
Ventilatory support, tracheostomy can be done as an emer- 
gency basis 

# In case of renal failure haemodialysis is required. 

# Somatostatin/octreotide is often used to reduce pancreatic 
secretion. 

+ Anticholinergies, protease inhibitors and calcitonin are other 
agents used. Their efficacy is not sure. 

# Steroid injection in initial phase of shock is beneficial It is 
also useful in respiratory distress and ARDS. 

# Nebulisation, bronchodilators are also tried. 

% Nasojejunal tube placement and feeding should be started 
as carly as possible once ileus subsides so that it reduces 
the infection rate by transmucosal migration of bacteria 
and it also improves nutritional status. During recovery 
period nasogastric feeding or jejunostomy feeding can be 
undertaken, 


# Repeated calcium estimation, U/S examination to see the 
response is usetul 

% Dopamine or low molecular weight dextran (to improve 
renal perfusion), somatostatin/octreotide (to reduce pancre~ 
atic secretion) are also often used, 

# Management of complications like acute lung injury, atclec- 
tasis, renal failure, GI bleeding, metabolic encephalopathy, 
electrolyte deficiency as and when needed by repeated 
‘observation and evaluation, 


Other measures: 
Continuous monitoring, observation, maintaining good urine 
output 30 ml/hr, The required investigations are repeated to find 
out the response to treatment like serum calcium, total count, 
blood urea, creatinine, PaO), haematocrit, ECG. 


Uses of octreotide 


Pancreatic surgeries 
‘® Variceal bleeding 

® Endocrine pancreatic tumours 

 Glfistulas, pancreatic fistulas 

‘ Dumping syndrome 
Carcinoid tumour acromegaly 

@ Acute pancreatitis 

Dose: 

50 ug as loading dose IV 

50 ug 1 hour in 59% dextrose as maintenance dose. 


Surgery 


Indications for Surgical Intervention (10% cases) 

1. Ifcondition of patient deteriorates in spite of 
tive treatment 

2. If there is formation of pancreatic abscess, or infected 
necrosis. 


‘good conserva 


Each case has its lesson—a lesson that may be, but is not always, learnt for clinical wisdom is not the equivalent 


of experience. 


—William Osler 
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3. When diagnosis is in doubt 
4, In severe necrotising pancreatitis as a trial to save the life 
of the patient which has got very high mortality. 


‘Surgical management of acute pancreatitis 
Surgery removes intra- and extrapanereatic necrotic materials, 
pancreatic fluid, and toxins. It permits preservation of viable 
pancreatic tissue. Open surgery is the gold standard for infected 
pancreatic necrosis. 

¢ After opening the abdomen, all necrotic tissue, pus, 
infected fluid and toxins are removed. 10-12 litres of 
normal saline wash is given, Drainage tubes are placed 
liberally, Abdomen is closed in layets—Conventional 
closed method (necrosectomy, wide debridement, adequate 
drainage, cholecystectomy, closure). Re-laparotomy is 
done only on demand later. 

# Laparotomy — necrosectomy — wide debridement — wash 
—wide packing. Wound is left open, Repeated wash and 
packings are done until healthy granulation develops—open 
method. 

¢ Laparotomy —necrosectomy and closure with drain and 
re-laparotomy later—semi-open method. 

Zip technique can be used to give repeated wash to remove 
toxins and necrotic tissues until healthy granulation tissue 
develops in the pancreatic bed—Bradley’s repeated lapa- 
rotomies and wash. 

Continuous closed peritoneal lavage of the pancreatic bed 
and lesser sac is done with 10-12 litres of normal saline or 
hyperosmolar, potassium free dialysate fuid 2 litres/hour 
using multiple tubes to remove toxic material in the perito- 
neal cavity/retroperitoneal area until return fluid becomes 
clear—Beger 's lavage. Procedure is done after initial surgical 
debridement. 

¢ Extra peritoneal lavage through bilateral flank incisions 
is also used. But being a blind procedure it is technically 
difficult and one may not be sure about the adequacy of the 
procedure. 

Under laparoscopic visualisation, necrosectomy, wash and 
drainage can be done. But often itis difficult to create pneu- 
moperitoneum in acutely ill patient. But it is increasingly 
becoming popular. 

¢ Ajejunostomy is often done along with these procedures to 
have early enteral nutrition 

Endoscopic necrosectomy is often done in some centres. 
Early endoscopic intervention (within 48 hours) with ERCP, 
biliary stone removal and stenting in biliary pancreatitis is 
done and favored in many centres. 

¢ Further management is important to prevent recurrence. 
Gallstones should be dealt by laparoscopic cholecystectomy 
in 2 weeks after acute attack during same admission period, 
Endoscopic sphincterotomy (ERCP) and often stenting may 
be needed if there are CBD stones. 


Note: 
Gl fistula either enteric or pancreatic and incisional hernia are the 
late complications of these surgeries. 


COMPLICATIONS OF ACUTE PANCREATITIS 


4 Shock—Hypovolemic and septic 
‘® Respiratory fallure and ARDS—Common in 7 days 
& Septicaemia—Common after 7 days 
+ Hypocalcaemia 

‘® Disseminated intravascular coagulation (DIC) 
& Acute renal failure 

‘® Pancreatic pleural effusion (left sided 20%) 
+ Pancreatic pseudo aneurysm 
® Pancreatic ascites 

% Colonic stricture 

'& Pseudocyst of pancreas 

& Chronic pancreatitis 

® Splenic vein thrombosis 

4 Pancreatic abscess 


Acute fluid collection 

> Its collection of fuid in or near the pancreas during an 
attack of acute pancreatitis with an ill-defined or lacking 
fibrin wall or granulation tissue. 

> It is 40% common; it usually occurs at peripancreatic 
area, occasionally intrapancreatic. 

> More than 50% of acute fluid collection regress sponta 
neously, remaining may form pseudocyst of pancreatic 
necrosis. 

» CT guided aspiration at one puncture site is often neces- 
sary to confirm that it has not formed abscess. 

# Acute pseudocyst 
> Itis collection of fluid with pancreatic juice in or near 

localised by thin fibrin wall or granulation 


» Occurs in 2 weeks, usually resolves spontaneously. 

» Fluid can be removed percutaneously under guidance or 
through an endoscope. 

# Pancreatic pseudocyst 

> Itis collection of fuid in a false cavity which commonly 
contains brownish pancreatic enzyme rich fluid, lined 
by granulation tissue but not true epithelium with an 
“organised thick fibrous covering. 

> Itis commonly located in peripancreatic region, in lesser 
sac, It can be often intrapancreatic or in other places in 
the peritoneal cavity. It can be multiple also, 

> Itusually forms 4 weeks after an attack of pancrea- 
titis—a chronic entity. 

> Itis usually sterile but can get infected, 

> Pseudocyst may rupture to form pancreatic ascites. 

» It may cause pancreaticopleural fistula when once it 
‘erodes into lefi side pleural cavity or it may erode into 
splenic vessels causing life threatening haemorrhage. 

# Pancreatic necrosis 
> Itis focal/diffuse area of non- 


able pancreatic paren- 
‘chyma with peripancreatic fat necrosis. 

> Its initially sterile but eventually gets infected. 

> It contains paste/putty like material 


# Pancreatic abscess 

> Its collection of pus in lesser sac (intraabdominal) in 
relation to pancreatic surface which contains mainly pus 
with only less or no necrotic pancreas. 

» It may slough off the pancreatic/splenic vessel wall to 
‘cause torrential haemorrhage. Abscess may be single or 
multiple (60%). It is commonly in head/body or tail, But 
‘often entire gland may be involved (25%). 

> Abscess may rupture into viscera or extend into other 
part of the abdomen, Features of sepsis, tender palpable 
mass in the epigastrium with leukocytosis are observed. 

> Itis treated by antibiotics, percutaneous U/S or CT 
‘guided aspiration or drainage or open drainage. 


Saline drip 


Lavage tube 


Duodenum Lavage tube 
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Fig. 14.8: Beger's lavage to pancreatic bed. Tubes are placed post- 
operatively. Continuous saline irigation through the tube is done 
until irrigation fluid becomes clear. 


Figs 14.7A and B: On table photos of acute pancreatitis. Note the 
‘typical saponification in the amentum and mesentery. 


> Itmay form pseudocyst, abscess or may be replaced by 
fibrous tissue during healing, 

> Itcan be sterile or infected necrosis. 

» It is confirmed by CT scan and CT guided aspiration 
usually at one site; collected fluid should be sent for 
culture. 

> Infection of necrotic area usually occurs within 4 weeks. 
It is ideally conventionally treated with laparotomy, 
debridement is done by removing all necrotic tissue with 
adequate drainage for remaining viable exocrine func- 
tion. Often repeat laparotomies are done once in 3 days 
until all necrotic materials are cleared and jejunostomy 
is done in final approach, 

> Laparotomy and debridement done once with continuous 
lavage; antibiotics with percutaneous drainage/only 
surgical drainage without debridement/debridement 
using minimally invasive methods—ate unconventional 
approaches, 


© Respiratory complications 

» Thay are often severe and life-threatening. It is due to 
distension of abdomen, diaphragmatic elevation, pleural 
effusion, reduced surfactant (lecithin) activity in alveoli 
due to lecithinase, severe pain, pleural effusion (left), 
intravascular coagulation in lungs and ARDS. Arte- 
rial blood gas analysis should be done. Often it needs 
ventilator support. 

# Pancreatic pseudoaneurysm 

» It is due to enzymatic digestion (elastase) of the wall 
‘and weakening and aneurysmal dilatation of the splenic 
(50%) or gastroduodenal vessels (15%) or inferior and 
superior pancreaticoduodenal arteries (10%). 

» It may rupture and cause life threatening haemorrhage 
or may rupture into stomach or duodenum to cause 
massive upper GI bleed or may rupture into pancreatic 
duct causing haemosuccus pancreatitis. 

> Itis diagnosed by CT angiogram. 

> Itis treated by critical care, blood transfusion, emengency 
‘angiographic embolisation or by open surgery and liga- 
tion of the involved vessel. It carries high mortality 


# Pancreatic fistula 


» It can occur due to ductal wall disruption and necrosis, 
or alter surgical intervention for acute pancreatitis 
(necrosectomy), 


In case of chronic pancreatitis jaundice supervenes in only fifteen percent of cases, but diabetes is present on 


thirty percent. 


—Richard B Cattell 
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practically infinite. But all is not lost, because the Standard Model also predicts that if we could heat up 
the nuclei to = 10"? °C (= 10° times hotter than the core temperature of the Sun, or ~ 10° MeV), then the 
quarks inside would suddenly lose their binding energies and become massless (along with other 
elementary matter). This heat is also equivalent to the rest-mass energy of protons and neutrons. 
Therefore, to heat up and dematerialize one human being would require the annihilation of the rest mas 
energy of all 10* protons-neutrons or the energy equivalent of 330 1-megaton thermonuclear bombs. 
Compare this stupendous explosive energy with the explosive yield of the largest thermonuclear bomb 
ever detonated on Earth, which was a 50-megaton bomb that was built by Andrei Sakharov in the USSR 
and detonated on October 30, 1961; it was called “Tzar Bomba.” Its first incarnation (ca. early October 
1961) comprised a uranium fusion tamper, which gave an estimated explosive yield of = 100 megatons. 
But the weapon was too heavy (27 metric tons) for a bomber to carry, so the tamper was replaced by one 
made of lead, which reduced both the weight and the yield. In the end we see that it is not a trivial 
problem to simply heat up and dematerialize any human or inanimate objects. The technology to do so 
does not exist unless we invoke new physics to get around the energy requirement. 

Finally, we must consider the resolution and aperture of the optics required to scan and transmit the 
animate/inanimate object’s matter (or energy) stream. The Heisenberg quantum uncertainty principle 
fundamentally constrains the measurement resolution of conjugate observable quantities, such as position 
and momentum or energy and time. The measurement of any combination of (conjugate) observables 
with arbitrarily high precision is not possible, because a high precision measurement of one observable 
leads to imprecise knowledge of the value of the conjugate observable. The quantum uncertainty 
principle makes it impossible to measure the exact, total quantum state of any object with certainty. The 
scan resolution of a teleportation system is defined by the wavelength of light used to illuminate the 
object’s atomic/subatomic constituents and record their configurations. To resolve matter at 
atomic/subatomic distance scales requires that the energy of the scanner light (photons) be extremely 
large (according to the uncertainty principle); and during the scan this large light energy will be conveyed 
to the constituents, causing them to drastically change their speed and direction of motion. This means 
that it is physically impossible to resolve an object’s atomic/subatomic particle components and their 
configurations with the precision necessary to accurately encode and later recreate the object being 
teleported. To resolve atomic/subatomic particles requires wavelengths smaller than the size of these 
constituents, which will typically be 1 A — 1 fm. Such wavelengths are in the gamma ray part of the 
spectrum, and this becomes a major technical problem for us because at present there is no gamma ray 
electro-optics with which to work with. Now consider the example of teleporting an object from the 
surface of a planet back to its spacecraft in orbit some several x 10° — 10° km away. The optical aperture 
required to illuminate and scan an object with = 1 A —1 fm resolution from orbit will be >> several x 10° 
—10* km. If we are to consider teleporting an object from planet to planet or from star to star then the 
aperture required will be >> several x 10°— 10'° km. These technical problems are truly insurmountable 
unless totally new physics becomes available. 


3.2 Quantum Teleportation 


It turns out that there does in fact exist a form of teleportation that occurs in nature despite the 
numerous technical roadblocks described in the previous section. It is called quantum teleportation, 
which is based on the well-known concept of quantum entanglement. Erwin Schrédinger coined the word 
“entanglement” in 1935 in a three-part paper (Schrédinger, 1935a, b, c, 1980). These papers were 
prompted by the Einstein, Podolsky and Rosen (1935; denoted hereafter as EPR) paper that raised 
fundamental questions about quantum mechanics, whereby Einstein had loudly complained that quantum 
mechanics allowed physical processes resembling “spooky action at a distance” to occur. EPR 
recognized that quantum theory allows certain correlations to exist between two physically distant parts of 
‘a quantum system. Such correlations make it possible to predict the result of a measurement on one part 
of a system by looking at the distant part. On this basis, EPR argued that the distant predicted quantity 
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It may be internal into bowel or external to skin 
Fistula may be low (<200 ml) or high (> 200 ml) out put. 
Itcan be straight or curved, 

It is confirmed by biochemical analysis, ERCP, CT 

fistulogram, 
> If fistula persists for 6 months then sphincterotomy, 

resection of fistula with pancreatic resection, pancreati- 
cojejunostomy is done 

4 Emphysematous pancreatitis 
> Itis gas in pancreatic parenchyma, a dangerous type and 

can be diagnosed by CT scan 

Note: 

+ Dectease serum calcium level is worst prognostic indicator of 
pancreatitis: 

+ These scoring systems differ for non-gallstone pancreatitis and 
gallstone pancreatitis. 

+ Otherscoring systems which are often used are APACHE!I (Acute 
Physiology And Chronic Health Evaluation I) and SAP (simplified 
acute physiology) scoring systems. Twelve variables are used to 
assess in APACHE Il scoring. 

+ C- Reactive Protein (CRP) > 210 mg / Lin fist 4 days and > 120 
‘mg/l. in one week; phospholipase A2 assay; pancreas related 
protein; interleukin-6; polymorphonuclear elastase > 120 pg /L: 
serum ribonulcease assay—are other parameters used to assess 
the severity. 


Criteria to Find Out Systemic Failure in Acute 
Pancreatitis 


* Cardiac: Hypotension; pulse > 130/minute; arrhythmias, 
ECG changes. 

Pulmonary: Pa, > 60 mmlg; ARDS. 

# Renal: Urine output < 40 ml/hour; increase in blood urea 
and serum creatinine. 

¢ Metabolic: Falling serum calcium; magnesium and 
albumin. 

# Haematologic: Fall in haematocrit; DIC. 

© Gastrointestinal: Severe ileus; sequestration of fluid 

# Neurologic: Irritability; confusion; localising features. 


ll PSEUDOCYST OF PANCREAS 


# Its localized collection of sequestered pancreatic fluid, 
usually 3 weeks after an attack of acute pancreatitis. 

# Itcan occur after trauma and recurrent chronic pancreatitis 

* Collection usually occurs in the lesser sac in relation to 
stomach, but can occur in relation with duodenum, jejunum, 
colon, splenic hilum 

# About 50% of acute pancreatitis leads to pseudocyst forma- 
tion, but among that 20-40% will resolve spontaneously. 


Sites of pseudocyst 
® Lesser sac—commonest, 
In elation to: 

‘ Duodenum 
@ Jejunum 

© Colon 

© Splenic hilum 


between colon and stomach 


'seudocyst of pancreas, 


Ranson’s prognostic ___Ranson's prognostic Glasgow —Imrle prognostic Acute Physiology and 

criteria in gallstone Criteria in Non-gallstone criteria Chronic Health Evaluation 

pancreatitis pancreatitis (APACHE Il) score > 8 points 
predicts 11% to 18% mortality 

(On admission: (On admission: ‘On admission: + Equation includes the 

+ Age > 70 years + Age > 55 years + Age > 55 years following factors: age, 

+ TC>18,000/cumm + TG>16,000/cumm + TC > 15,000/cu mm rectal temperature, mean 

+ Blood sugar > 220™mg% + Blood sugar> 200mg% + PaO2<60 mmHg arterial pressure, heart rate, 

+ LDH > 400 IU/L + LDH> 700 IU/L + Blood urea > 16 mmovL PaO, arterial pH, serum 

+ AST>2501U/100 ml + AST > 250 1U/100 mi (No response to IV fluids) __ potassium, serum sodium, 


Blood sugar > 200 mg% (no serum creatinine, hematocrit, 


HIO diabetes) white blood cell count, 
Glasgow coma scale score, 

Within 48 hours: Within 48 hours: Within 48 hours: 

+ Haematocrt drop > 10% + Haematocrit drop > 10% + Serum calcium <2 mmol/L APACHE Il modified (1996) 

+ BUN ise > 2 mg% + BUN rise > 5 mg% + Serum albumin < 3.2 gmidl_LFT is added in biliary 

+ Serum calcium <8 mg% + PaO, <60mmHg + LDH > 600 U/L. pancreatitis 

+ Base deficit>5 mEq/L + Serum calcium<8mg% + AST/ALT > 600 U/L APACHE — 0 (Toh 1996) 


+ Fluid sequestration > 4L + Base deficit > 4 mEq/L 


Fluid sequestration > 6 L 


Obesity is added 


Types 


Depending on whether it communicates with pancreatic duct 
or not it is classified as: 

1, Communicating pseudocyst. 

2, Noncommunicating pseudocyst. 

Itean be 

# Acute pseudocyst. 

# Chronic pseudocyst. 


D'Egidio Classification of Pseudocyst 


# Type I After an attack of acute pancreatitis. Normal duct 
anatomy; no fistula/communication. 

© Type If: After an attack of acute on chronic pancreatitis. 
Abnormal duct anatomy without stricture; 50% chances 
of fistula. 

¢ Type Ill: After an attack of chronic pancreatitis, abnormal 
anatomy with stricture; always communicating. It appears 
like retention cyst. 

© Initially cyst wall is thin (unformed), but later it gets fibrosed 
and thickened (formed) (matured). 

¢ Itis lined by fibrin layer but no endothelium, hence called 
as pseudocyst. 

# Itcontains typically brownish fluid with sludge like necrotic 
material. It can get infected to form infected pseudocyst or 
pancreatic abscess. 

# Amylase level in the cyst fluid is very high (> S000 units/ml), 


Fig. 14.10: Pancreatic pseudocyst on table aspiration. Note the 
brownish black colour of the fluid. 


Note: 
Itis nota true cyst as there is no epithelial lining. 
Clinical Features 


A swelling in the epigastric region which is hemispherical, 
smooth, soft, not moving with respiration, not mobile, upper 


margin is diffuse but lower margin well defined, resonant or 
impaired resonant on percussion, with transmitted pulsation 
confirmed by knee-elbow position 

# Ifitis infected, it will be tender mass and patient will be 
toxic with fever and chills. 

# Because stomach is stretched towards the abdominal 
wall, Ryle’s tube passed will be felt per abdominally 
(Baid tes). 


Differential Diagnosis 


% Aortic aneurysm, 
# Retroperitoneal cyst or tumour, 
# Cystadenocarcinoma of pancreas. 


Fig, 14.11: Pseudacyst mass. 


# Cyst of the liver. 
# Mesenteric cyst 
# Hydatid eyst 


Investigations 


# UIS abdomen (commonly done procedure), U/S reveals 
the size and thickness of the pseudocyst. Size less than 
6 cm indicates that one can wait for spontaneous resolution. 
Endosonography (EUS) is very useful. 

# CT scan is ideal and study of choice. It is two times more 
sensitive than U/S. It demonstrates size, shape, number, 
wall thickness, contents, pancreatic duet size, and extent of 
necrosis in pancreas, calcification and atrophy in chronic 
pancreatitis, regional vessels, pseudoaneurysm, splenic/ 
portal vein thrombosis. 

# MRCP delineates the ductal anatomy and its abnormality 

ERCP can be done to find out the communication. 

# Barium meal (lateral view) shows widened vertebrogastric 
angle with displaced stomach (Not usually done now). 

* LET, serum amylase. 


Doing the surgery may be easier, but it is managing the patient which counts finally. 
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___ Indications for surgery/intervention 
+ Size more than 6cm 
+ Formed pseudocyst 
+ Infected pseudocyst 
+ Gyst persisting after 6 weeks/progressive cyst 
‘& Multiple cysts/cyst due to trauma 
& Communicating cysts/cyst with severe pain 
+ Thick-walled pseudocyst 


paominme 


Fig. 14.12: Vertebrogastric angle. 


Figs 14.13A and B: CT scan showing typical pseudocyst of 
pancreas. 


Figs 14.148 and B: CT scan showing pseudocyst of pancreas both 
single and multiple. Note the cyst cavity and the thick cyst wall. 
Patient needs drainage procedure either cystogastrostomy or 
cystojejunostomy. 


Surgery 


% Gystogastrostomy: At laparotomy, anterior wall and posterior 
wall ofthe stomach is opened. Brownish fluid is aspirated. The 
thick capsule of pseudocyst is opened. All fluid with necrotic 
‘material are sucked, Fluid should be sent for cytology, culture 
and sensitivity and amylase estimation, Cyst wall always 
should be biopsied. Cyst cavity should be washed with normal 
saline after breaking septae. Pseudocapsule is anastomosed to 

terior wall of the stomach—Juras= operation. 


Note: 

Roux-en-Y cystojejunostomy is better with lesser recurrence rate 

than cystogastrostomy. 

Other procedures 

# Cystoduodenostomy. 

# Cystojejunostomy is done in lange cyst, recurrent cyst. 

# Ifinfected, cystogastrostomy with external drainage is done 
using Malecot’s catheter (Smith operation). 

# Endoscopic cystogastric stenting, 

# ERCP and transpapillary stenting and drainage in commu- 

nicating pseudocyst. There is loss of exocrine and endocrine 

functions with progressive pancreatic fibrosis. 


Fig. 14.15: Pseudocyst of the pancreas aspiration on table. Note 

the brownish-black colour of the fluid aspirated. 

Laparoscopic cystogastrostomy is becoming popular, effec- 
tive and less invasive, 

 UIS guided aspiration is useful in initial phases. 

Along with cystojejunostomy, pancreaticojejunostomy 
should be done if there is ductal stricture and dilatation and 


communication with pseudocyst. 
Distal pancreateclomy with pseudocyst removal if eyst is 
in distal part 


Fig. 1 


:Cystogastrostomy for pseudocyst of the pancreas. 


Sa CRESS RE 

 Rupture—3%—into bowel or peritoneum 

+ Infection, commonest—20% 

Bleeding from the splenic vessels—7% 

Cholangitis 

Duodenal obstruction. 

 Portal/splenic vein thrombosis and segmental portal hyper- 
tension 

Cholestasis due to CBD block 


—— 


Fig. 14.17: Cystogastrostomy procedure, on table. 


Pseudopseudopancreatic Cyst 


It is a mass in epigastric region due to pancreatitis formed 
by bowel, omentum which clinically mimics a pseudocyst of 
pancreas. But fluid collection is absent 


Note: 

+ Small cyst can be drained through endoscopy. But debride- 
‘ment is not possible. Bleeding and cyst leakage are other 
problems. 

+ CT guided percutaneous catheter placement is done in crti- 
cally ill patients, infected pseudocyst, unfit patients, cyst in 
pelvis/mediastinum. Improper drainage, recurrence and 
fistula formation are the problems. 

+ External drainage is done when cyst is infected, haemor- 
thagic or ruptured. Problem with external drainage is forma- 
tion of fistula (20%). 

+ Therapy is decided based on thickness of the wall of pseu- 
docyst; location of pseudocyst; contents of pseudocyst and 
ductal status. 


Cystojejunostomy. 


Pancreas 
Duodenum 


Fig. 14.18: Roux-en-¥ cystojejunostomy for pseudocyst of the 
pancreas. 


Carcinoma pancreas should be suspected when an elderly person develops diabetes and in spite of adequate 


treatment, continues to loose weight. 


— Robert D Lawrence 
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@ CHRONIC PANCREATITIS 


# It is persistent progressive irreversible damage of the 
pancreas due to chronic inflammation. 
Itcan be 


Chronic relapsing pancreatitis Chronic pancreatitis 
(persistent) 
Chronic non’<alettying Caleif¥ing pancreatitis, 


pancreatitis 


Inthe duct 

{Stone in the pancreatic duet) 

¢ Chronic pancreatitis is more common in males, common in 
Kerala (induced by diet, rich in Tapioca) 


In the parenchyma 


Fig. 14.19: Calcifications in the parenchyma of the pancreas. 


Fig. 14.20: Pancreatic ductal stone removed—specimen, Patient 
underwent pancreaticojejunostomy. 


‘Aetiology J 
‘Alcohol—80% main cause 
‘Stonesin biliary tree—rare cause 
‘Malnutrition, diet 
Hyperparathyroidism 
Hereditary familial hereditary pancreatitis) 
Idiopathic—20%—as mutation 
Treuma 
Congenital anomaly (Pancreatic divisum) 
Cystic fibrosis 
Autoimmune pancreatitis 
Hyperlipidaemia 


eoeeeosoore 


TIGAR-O Risk Factor Classification 2001 
T- Toxic -alcohol/tobacco/dietary/drug. 
Metabolic-hypercalcemia/lipidemia/lipoprotein lipase 


ic—early/late onset/tropical, 

G ~ Genetic mutations —CFTR/SPINK 1. 

A~ Autoimmune primary/with Sjogren/Crohn's disease. 

R- Recurrent and severe acute/ischemic. 

(0 - Obstructive—pancreas divisum//annular pancreas/stenotic 
papilla/duodenal obstruction/trauma/pancreatic ductal stones/ 
choledochacele, 


Alcohol reduces pancreatic blood flow, alters cell viability, 
releases the free radicals, creates pancreatic ischaemia, and 
activates the pancreatic stellate cells which produce abun- 
dant extracellular matrix and collagen. 

% Genetic predisposition may be the cause of idiopathic 
pancreatitis. Mutation in pancreatic secretory trypsin 
inhibitor causes activation of trypsin causing pancreatitis 

# Hereditary pancreatitis is an autosomal disorder with 
mutation in trypsinogen gene in chromosome 7. It causes 
recurrent painful episodes of acute pancreatitis in child- 
hood, leading to chronic pancreatitis and pancreatic cancer 
in adulthood. 


Theories and Concepts in Pathogenesis of 
Chronic Pancreatitis 


* Oxidative stress hypothesis—Reactive by-products of 
hepatic mixed function oxidase activity damage the pancreas 
through chronic reflux of bile into the pancreatic duct. 

# The toxie-metabolic theory—Alcohol is directly toxic to the 
acinar cell where it brings changes in intracellular metabo- 
lism causing pancreatic lipid accumulation, fatty degenera- 
tion, cellular necrosis, and eventual widespread fibrosis, 

Stone and duct obstruction theory—Aleohol increases the 
lithogenicity of pancreatic juice, leading to stone formation, 
Chronic contact of stones with duct epithelial cells produces 
ulceration, scarring, atrophy, fibre 
tion of the acini 

# The necrosis-fibrosis theory—Acute and chronic pancreatitis 
represents a spectrum of disease. Inflammation from acute 
pancreatitis leads to scarring, extrinsic compression of the 
pancreatic ductules, obstruction, stasis, atrophy and stone 
formation. 

# The genetic defect of hereditary pancreatitis produces recur- 
rent acute pancreatitis in early childhood, leading to chronic 
pancreatitis in early adulthood. 

% Cellular mechanisms of pancreatic fibrogenesis is due to 
pancreatic stellate cells which are stimulated and activated 
by alcohol, oxidative stress, eytokines of acute pancrea- 
titi; activated stellate cells migrate to the periacinar areas 
to deposit collagen and fibronectin. Transforming growth 
factor beta 1 is an important mediator of pancreatic fibrosis. 

# The sentinel acute pancreatitis event (SAPE) hypothesis— 
An episode of acute pancreatitis, the sentinel event, sets the 
stage for the attraction of collagen-secreting stellate cells, 

% Heavy, prolonged alcohol use is the most common cause 
of chronic pancreatitis. Alcohol-related chronic pancreatitis 


and chronic obstruc- 


is associated with more severe pain, more extensive calei 
and more rapid progression 


feral years are seen in 

patients. Some cofactors amplify the effect of alcohol 
in these patients. Prevalence of some genetic mutations 
linked with pancreatitis like cystic fibrosis transmembrane 
regulator (CFTR), serine protease inhibitor Kazal type-1 
(SPINK) has been noted in alcoholic pancreatitis. A high-fat 
diet and smoking affect pancreatic bicarbonate and water 
secretion adversely, inducing oxidative stress and increases 
the rate of pancreatic calcification 

¢ Tropical pancreatitis is endemic in some regions of India 
(Kerala), Africa, and South America. Episodic abdominal 
pain begins in childhood and is followed by rapid progres- 
sion to endocrine and exocrine insufficiency with pancreatic 
calculi in non-alcoholic individuals. Dietary toxins (cyano- 
gens in the cassava plant, tapioca) and micronutrients like 
Zine, copper, and selenium, vitamin A deficiencies, genetic 
factors, ductal abnormalities are the probable causes of 
tropical pancreatitis. Linnamarin and its methyl derivative, 
in acid pH of stomach releases hydrocyanic acid which is 
cytotoxic in presence of rhodanase releases thiocyanates 
causing depletion of methionine, damaging pancreas > 
pancreatitis. Gross look is small, firm fibrotic/adipose type. 

# Early-onset idiopathic chronic pancreatitis manifests with 
severe abdominal pain in childhood, with relatively few 
structural and functional changes, Late-onset idiopathic 
chronic pancreatitis manifests in middle and late adult- 
hood, often with minimal pain and pronounced exoerine 
insufficiency. 


Pathology 


# It shows atrophy of acini, hyperplasia of duct epithelium, 
interlobular fibrosis, calcifications, ductal dilatation, with 
strictures in the duct, focal necros 


# There is loss of exocrine function initially and endocrine 
functions eventually. 

 Ductular metaplasia and acinar atrophy along with fibrosis 
and cyst formation develops. 


i Pathology of chronic pancreatitis i 
Focal necrosis 

Segmental or diffuse fibrosis 

Parenchymal calcification or ductal stones 

Stricture or dilatation of the duct 


Spectrum of Chronic Pancreatitis 


¢ Early — pancreatic oedema — chronic inflammation — normal 
secretory function. 

¢ Moderate — early fibrosis; only few acinar cells — exocrine 
dysfunction. 


# Late ~ fibrosis — loss of secretory function — diabetes 
mellitus, 

# Complications develop secondary to healing and fibrosis; 
deposition of inspissated proteinaceous material in the 
duct; over expression of CTGF and TGF-BI that stimulate 
extracellular matrix, 

# Pain hypothesis include. 

» Acute and chronic inflammation of the pancreas. 

> Increased pressure within the pancreatic ductal system 
and parenchyma, ductal dilatation, stasis. 

» Ischaemia of the parenchyma secondary to increased 
interstitial pressure. 

> Over expression of a particular protein in pancreatic 
nerve fibres. 

> Pancreatic nerve growth factor released by degenerating 
acinar cells and its high affinity receptor that promotes 
nerve growth and repair. 

> Pain may be due to perineural sheath destruction by 
toxins, ischaemia and also due to tissue acidosis. 


Classification of Chronic Pancreatitis 


1: Based on main duct dilated or not: 

# Large duet disease—main pancreatic duct is dilated. 

# Small duct disease—main pancreatic duct, is normal or 
smaller in size. 

Il: Staging/classification of chronic pancreatitis (Stages 

A,B,C) 

Anew classification of chronic pancreatitis, based on combina 

tion of clinical signs, morphology and function, is presented 

(2009 Biichler et al), 

Specific definition of chronic pancreatitis stage A 

# Stage A chronic pancreatitis 

Itis the early stage of chronic pancreatitis where complica- 
tions have not yet appeared and the clinical exocrine and endo- 
crine function is preserved. Subclinical signs (impaired glucose 
tolerance, reduced exocrine function but without steatorrhoea) 
might already be apparent. 

Stage A is accepted under the following conditions: Pain 
of any type and degree and/or attacks of acute pancreatitis, 
no complications, no steatorthoea, and no insulin-dependent 
diabetes mellitus 
Specific definition of chronic pancreatitis stage B 
© Stage B chronic pancreatitis 

Itis the intermediate stage where chronic pancreatitis has led 
to complications but clinical exocrine and endocrine function is, 
still preserved. The type of complication is specified (e.g. stage 
B, bile duct). Stage B is accepted under the following condi- 
tions: Patients with complications but without steatorthoea or 
diabetes mellitus 
Specific definition of chronic pancreatitis stage C 
# Stage C chronic pancreatitis 

Stage C is the end stage of chronic pancreatitis, where 
pancreatic fibrosis has led to loss of clinical exocrine and/or 
endocrine pancreatic function (steatorrhoea and/or diabetes 


A goal is a dream with a deadline. 
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mellitus), Complications of chronic pancreatitis might or might 
‘not be present. The type of exocrine and/or endocrine pancreatic 
function loss is specified (e.g. stage C, steatorthoea). 

Stage C can be sub-classified into three categories: 

Cl: Patients with endocrine function impairment. 

C2: Patients with exocrine function impairment. 

(C3: Patients with exoerine/endocrine function impairment and! 
‘or complications—as they are defined. 

> is accepted under the following conditions: Patients 


oo 
Fig. 14.21: Patient will occupy leaning forward position to relieve 
‘severe pain of pancreatitis. 


Clinical Features 


# Pain in epigastric region (80%) 
> Itis persistent and severe, which radiates to back. 

» This pain is due to irritation of retropancreatic nerves, 
or due to ductal dilatation and stasis, or due to chronic 
inflammation itself. 

» Two patterns ofpain have been described (Ammann and 
Muellhaupt). Type A pain is short relapsing episodes 
lasting days to weeks, with pain-free intervals. Type B 
pain is prolonged, severe, unrelenting pain, 

> Pain exacerbations need not be always associated with 
rise in amylase and lipase levels. 

» There is often a gradual diminish in pain over years 
due to “pancreatic burnout” by extensive calcifications, 
exoetine and endocrine insufficiency. 


# Exocrine dysfunction: Diarrhoea, asthenia, loss of weight 
and appetite, steatorrhoea (signifies severe pancreatic insuf- 
ficiency) (90%), malabsorption. 

# Endocrine dysfunction: Diabetes mellitus. Pancreatic 
diabetes may often be typically brittle because of concomi 
tant glucagon deficiency and reguires insulin 

# Mild jaundice is due to narrowing of retropancreatic bile 
duct and cholangitis. 

¢ Mass per abdomen, just above the umbilicus, tender, 
nodular, hard, felt on deep palpation, not moving with 
respiration, not mobile, resonant on percussion. 


® Pancreatic calcification 
‘® Steatorthoea 
® Diabetes mellitus 


‘Triad is found in less than one-third of patients with CP 


Mallet-Guys sign: In right knee-chest position, if left 
hypochondrium is palpated tenderness can be evoked in case 
of chronic-relapsing pancreatitis. In this position, bowel loops 
are being shifted to right so as to have a direct palpation of 
pancreas. 

Chronic pancreatitis can lead to carcinoma pancreas. 


+ ‘Stage A:85%, recurrent /acute episodic pain with weightloss. 


4 Stage B: Severe prolonged progressive pain with impaired 
pancreatic function with cholestasis, pseudocyst, sinistral 
portal hypertension. 

4 Stage C:Severe exocrine / endocrine deficiency, less severe 
pain, complications like pseudacyst and obstruction. 


Pseudocyst of pancreas 
Pancreatic ascites 

(CBD stricture due to oedema or inflammation 
Duodenal stenosis 

Portal thrombosis—segmental portal hypertension. 
Peptic ulcer 

Carcinoma pancreas 

Pancreatic pleural effusion, pancreatic ascites 
Pancreatic fistula 

Splenic vein thrombosis 

Pancreatics enteric fistula 


eeeeeeeeoee 


Differential Diagnosis 


® Carcinoma of head of the pancreas. 
® Retroperitoneal tumour. 


Serum amylase—not very useful 
Blood sugar 

Liver function tests and prothrombin time 

U/S abdomen to see duct dilatation, stones, parenchyma, liver 
status, CBD (normally, diameter of pancreatic ducts <3 mm) 
Endosonography 

CT scan—CT guided FNAC 

ERCP—Chain of lake appearance, Ductis dilated 

MRCP 

Plain X-ray shows calcification in 65% of patients 

Pancreatic secretory juice analysis 

Pancrealauryl test—pancreatic esterase cleaves fluorescein 
dilaurate after oral intake. Fluorescein is absorbed and quanti- 
fied in urine after 2 days. 

Oral glucose tolerance test 

Faecal chymotrypsin and elastase analysis, 

Bentiromide test 


ee eeees eee 


eee 


Investigations presently used are: EUS erfteria In chronic pan EUS eter in ehronie 


* CT scan abdomen: It is 95% reliable; to see pseudocyst, | ¢reatitis—parenchymal —_pancreatitis—ductal 
calcification, ductal stones, duct stricture and dilatation, + Gland atrophy + Narrowing, dilation, 
vasculature, fibrosis, surrounding structures, CBD status. imegularity 
It shows 90% sensitivity; 95% specificity. + Hyperechoic foci + Calcul 


+ ERCP is useful in chronic pancreatitis to see dilatations, Hyperechoie stranding + Side branch dilation 
strictures and altered ductal anatomy. It is mainly 0 assess | yet jobulaty See 


structural pathology of the pancreas. 
ite dle Rosemont EUS criteria 


Cambridge grading of CP on ERCP Major: 


+ A—Hyperechoic foci with shadowing and caleull in main 
Grade Main pancreatic duct Side pancreatic duct (PD) 


ug) + B-Lobularity with honeycombing 
[Normal Normal Normal Minor: 
Ii: Equivocal Normal <3 Abnormal ee 
+ Dilated ducts 23.5 mm. 
Mk: Mild Normal >3 Abnormal + Imegular PD contour 
IV; Moderate Abnormal >3 Abnormal + Dilated side branches =1 mm 


Hyperechoic duct wall, strands 
+ Nonshadowing hyperechoic foci 
+ Lobularity with noncontiguous lobules 


/;Severe Abnormal with at least one > Abnormal 
of the following: 


+ Large cavity ( >10 mm) 
+ Obstruction 
+ Filling defects 


+ Severe dilatation or 
irregularity 


Fig. 14.22: ERCP showing pancreatic duct. 


¢ MRCP is noninvasive method to see ductal anatomy. 
¢ Endosonography (EUS) to see possible malignant site and to 
take FNAC. Site, duct status, stricture, stones, parenchym: 
pseudocyst, CBD status, nodes are identified in EUS. Posi- # Secretin cholecystokinin test is the gold standard for 
tive five parameters suggest chronic pancreatitis. It also assessing pancreatic function. After over night fasting, 
helps in assessing operability double lumen tube is placed into the duodenum at the level 


Figs 14.23A and B: Multiple stones in pancreatic duct with ductal 
dilatation. It needs removal of stanes with pancreaticojejunostomy. 


‘Knowledge is the only treasure that increases on sharing. 
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of ligament of Treitz under C ARM guidance. Gastric and 
duodenal juices are aspirated. Continuous IV secretin 1 u 
kg/hour and CCK are infused in 90 minutes. Sampling of 
duodenal juice is done in every 10 minutes for one hour for 
analysis of volume, HCOs, amylase, lipase and proteases. 
Its to assess functional deficiency. In chronic pancreatitis 
Volume is normal—> 2 ml/kg but less bicarbonate content 
—< 80 mEq/L. In malignancy volume is reduced due to 
obstruction —<2 ml/kg; bicarbonate level is normal—> 80 
mEq/L; enzyme levels are normal. 

# Pancreolauryl test: After overnight fasting, blood sample is 
taken. IV secretin is injected 1 wkg in 3 minutes. Test meal 
containing bread, butter, tea and fluorescein dilaurate is given 
toeat. IV metoclopramide 10 mg is injected. Blood samples 
are taken at 2, 2/4, 3 and 4 hours to assess serum fluorescein 
concentration. Its also quantified in urine after 2 days, 

¢ LET, prothrombin time is needed to manage the patient. 

¢ Serum trypsinogen < 20 ng/ml and fecal elastase < 200 
megig stool—severe exocrine insufficiency. 


Treatment 


‘Aim of treatment 


® Control of pain 
‘@ Improvement in maldigestion and nutrition 
Management of complications 


Conservative 


# Avoid alcohol 
# Low fat, high protein, high carbohydrate diet; small and 
more frequent meals, 
# Pancreatic enzyme supplements, vitamins and minerals, 
‘medium chain fatty acids 
¢ For pain—analgesics, splanchnic nerve or coeliac plexus 
block. Pancreatic enzyme replacement therapy (PERT) is 
used to relieve pain based on—negative feedback mecha- 
nism of pain; protease content responsible for pain relief 
(dose: >50,000 units). It may be beneficial only in females 
with idiopathic pancreatitis, small duct disease and pancreas 
divisum, Other drugs used are—antioxidants, amitriptyline, 
fluoxitine, octreotide. Novel pain therapies like NGF, antino- 
ciceptive agents, mast cell directed therapies are also used, 
Control of diabetes by oral hypoglycaemics or insulin 
Somatostatin and its analogues. Its role is not clear, 
Repeated ascitic taps for pancreatic ascites. 
Steatorrhoea can be controlled by proton pump inhibitors 
with 1,50,000 units of oral lipase with low fat diet, PPI 
inhibits acid in stomach to prevent lipase getting inactivated 
in stomach, 


eens 


Endoscopic Therapy in Chronic Pancreat 

# Itis used as it has got low morbidity. 

# Main indications are—pain relief, ductal stones, main duet 
stricture, pseudocyst drainage, pancreatic ascites, effusion 
and fistula, 

# Its quite useful for main pancreatic duct obstruction and 
pseudocyst. It is less usefl for biliary stricture. 


# Procedures are—pancreatic duct sphincterotomy, main 
ductal stone extraction using Dormia basket, main ductal 
stenting in strictures, stricture dilatation, ESWL of main 
duct stones, minor papillary sphincterotomy, 

# Pseudocyst can be treated by transmural stenting across 
gastric wall if there is visible bulge, distance of cyst wall is 
less than 1 em, no major vessel at puncture site. Transpapil- 
lary stenting is done if pseudocyst is communicating, if eyst 
is less than 6 em, if there is no visible bulge in the stomach, 

# Complications are—pancreatiti, stent displacement/occlu- 
sion, perforation, bleeding, sepsis, resteno: 

# Advantages of endotherapy are—less invasive, can be 
repeated, less severe complications, can be used as bridge 
therapy prior to surgery. 

# Disadvantages are—long term benefits are less (50%). 
Definitive treatment is delayed. It is not useful in small 


duct disease; main duct dilatation decides the success rate, 


Surgery 
Indications for surgery 


‘& Persisting pain—main indication 
Severe malabsorption 

4 Suspicion of malignant transformation 

& Multiple relapses, 

& Complications like pseudocyst, segmental portal hypertension 
+ Biliary obstruction (Wadsworth syndrame) 

& Pseudacyst 

Pancreatic ductal dilatation > 7 mm 

® Pancreatic ascites/fstula 

® Pancreatic ductal stenosis 


Figs 14.240 and B 


Fig. 14.20 


Figs 14.24A to C: CT scan abdomen showing features of chronic 
ppancreatitis—caleification, ductal changes, and cyst formation, 


Objectives of Surgery 


¢ Pain relief when endotherapy has failed 

# Management of complications 

¢ Procedure is selected which shows less morbidity and 
mortality. 

% Quality of life (QOL) should be preserved 


Problems and Limitations of Surgery 


# Disease is irreversible parenchymal and ductal damage and 
so surgery cannot cure or reverse completely. 

¢ Disease progression cannot be prevented or arrested by 
surgery. 

¢ Risk of development of cancer continues, 

Complications of surgery are a drawback, 


Benefits of Surgery in Relation to Pain Relief 
and Obstruction 


# Relieves intraductal, interstitial, intracellular hypertension— 
through drainage procedures. 

¢ Entrapped nerv 
enzyme reduces nerve irritation—resectional methods. 

# Pacemaker—head of pancreas is removed in head coring 
procedure (Frey’s) to relieve pain, It is less morbid and 
acceptable method, 

# Resection is better than drainage procedure 


are released and reduction in pancreatic 


Principles of Surgery 


¢ Pancreatic duct decompression (drainage) reduces the pain 
and retains the existing exocrine and endocrine functions, 
But chances of malignant transformation are still high. In 
significant number of patients recurrence of symptoms 
(50% recurrence of pain in S years) and progression of the 
disease pathology occurs and it does not give a complete 
cure, Normal diameter of pancreatic duct 4 mm in head: 
3 mm in body; 2 mm in tail of the pancreas. Pancreatic 


duct diameter more than 7 mm is an indication for surgery 
(pancreaticojejunostomy). 

% Pancreatic resection (total pancreatectomy) is the actually 
ideal technique which relieves pain, removes entire diseased 
tissue. But technical difficulty; high surgical mortality 
(21%); and severe exocrine and endocrine deficiency (brittle 
diabetes) are the drawbacks. Head of pancreas is considered 
as pacemaker of the pancreatitis disease and so pancrea- 
ticoduodenectomy (Whipple's) is the other option to give 
adequate relief. It is preferred in patients who are having 
relatively normal body and tail of the pancreas. Occasion 
ally when disease is limited to tail and body then distal 
pancreatectomy With ot without splenectomy often with 
distal pancreatico jejunostomy may be done. But it is not 
beneticial if disease is extensive and diffuse. Resection is the 
main method of treatment if ductal dilatation is not adequate. 

* A combined resection and drainage procedures are also 
done. Head is decored at various levels and decompressed 
duct is anastomosed to jejunum, 


Surgeries 


# 95% subtotal pancreatectomy 

* Distal pancreatectomy—Spleen, body and tail of the 
pancreas are removed—Child's operation. 

# Puestow's operation [Puestow-Gilesby (1958)|—As the 
duct is dilated more than 8 mm, duct can easily be opened 
longitudinally. After removing all stones from the duct, it 
is anastomosed to the jejunum as Rowx-en-¥ anastomosis. 
In Puestow’s operation spleen is removed. 

# Partington-Rochelle operation: Here longitudinal pancrea- 
ticojejunostomy is done using almost entire laid open 
pancreatic duct. Spleen is retained in this procedure, This 
is now commonly done procedure. 


esophagus 


Puestow's 


‘operation removed 


JJejunal loap is telescoped into 
the entirely mobilised body 

and tal of pancreas and fixed 
Fig. 14.25: Puestow’s pancreaticojejunostamy. Here spleen is 
removed. Entice length of dilated duct is opened. Distal pancreas is 
‘mobilised up to superior mesenteric vessels, Pancreas with opened 
duct is telescoped into the Roux loop of jejunum and anastomosed, 


Listen to the faintest sound; for opportunities knock only once. 


743 


sealaued 


should have a definite value even before being measured, if quantum theory is complete and respects 
locality (a.k.a. causality). EPR concluded that, from a classical perspective, quantum theory must be 
;complete because it disallows such definite values prior to measurement. Schrédinger’s perspective on 
this argument gives the modern view of quantum mechanics, which is to say that the wavefunction (a.k.a. 
quantum state vector) provides all the information there is about a quantum system. In regards to the 
nature of entangled quantum states, Schrédinger (1935a, b, c, 1980) stated that, “The whole is in a 
definite state, the parts taken individually are not.” This statement defines the essence of pure-state 
entanglement. Schrédinger went on to give a description of quantum entanglement by introducing his 
famous cat experiment. 

To better understand the concept of quantum entanglement/teleportation we will focus on the 
quantum wavefunction (a.k.a. quantum state function). Any quantum system such as a particle that 
possesses a position in space, energy, angular and linear momentum, and spin is completely described by 
a wavefunction. This is usually symbolized in a variety of ways, and we choose to represent a generic 
wavefunction using the traditional “bra-ket” notation of quantum mechanics: |p). Anything that we want 
to know about the particle is mathematically encoded within |p). As we discussed in the previous section 
the wavefunction can never be completely known because there is no measurement that can determine it 
completely. The only exception to th the special case that the wavefunction has been prepared in 
some particular state or some member of a known basis group of states in advance. By measuring one of 
the properties of a quantum system, we can get a glimpse of the overall quantum state that is encoded 
within |). According to the quantum uncertainty principle the act of doing such a measurement wi 
destroy any ability to subsequently determine the other properties of the quantum system. So the act of 
measuring a particle actually destroys some of the information about its pristine state. This makes it 
impossible to copy particles and reproduce them elsewhere via quantum teleportation. However, it turns 
out that one can recreate an unmeasured quantum state in another particle as long as one is prepared to 
sacrifice the original particle. The trick is to exploit the EPR process to circumvent the quantum 
uncertainty principle 

‘As discussed previously, EPR discovered that a pair of spatially separated quantum sub-systems that 
are parts of an overall quantum system can be “entangled” in a non-local (i.e., non-causal) way. When 
two particles come into contact with one another, they can become “entangled.” In an entangled state, 
both particles remain part of the same quantum system so that whatever you do to one of them affects the 
other one in a predictable fashion, More precisely, a measurement on one of the entangled sub-systems 
puts it into a particular quantum state, while instantaneously putting the sub-system with which it is 
entangled into a corresponding quantum state, while the two sub-systems are separated by arbitrarily large 
distances in spacetime (even backwards in time!). A simple example of this phenomenon is to prepare a 
pair of photons in the same quantum state such that they are entangled, and then allow them to fly apart to 
remote locations without any form of communication occurring between them along their journey. 
Measuring the polarization of one of the pair of entangled photons induces the other photon, which may 
be light-years away, into the same state of polarization as that which was measured for its entangled twin. 
The basic operation of quantum teleportation can be described as determining the total quantum state of 
some large quantum system, transmitting this state information from one place to another, and making a 
perfect reconstruction of the system at the new location. In principle, entangled particles can serve as 
“transporters” of sorts. By introducing a third “message” particle to one of the entangled particles, one 
could transfer its properties to the other one, without ever measuring those properties 

Historically, quantum entanglement was never reconciled with the quantum uncertainty principle and 
the requirement of locality (or causality) in observed physical phenomena, thus it became a paradox in 
quantum theory. A three-decade debate began following the appearance of the EPR paper over whether 
quantum entanglement (a.k.a. “spooky action at a distance”) was a real quantum phenomenon or not, and 
this debate came to be called the “EPR dilemma.” Einstein’s only solution to the dilemma was to suggest 
that quantum mechanics was incomplete and needed a reformulation to incorporate local hidden-variables 
that can account for observed physical phenomena without violating causality. Bell (1964) later solved 
the EPR dilemma by deriving correlation inequalities that can be violated in quantum mechanics but have 
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f esophagus Ossophagus 


Spleen 
retained 


Jejunum 


Beger's 


Decoring upto portal 
procedure: ede 


_/ vein, neck transected 
T toanastomose 


Jojunum 


Bae reger’s procedure, Here head is decored up tothe visible 
operation Fig. 16.28: Beger’s procedure. Here head is decored up tothe vs 


7 portal vein. Neck is transected, Distal end of the pancreas with 
retained part is anastomosed to Roux loop of jejunum. 


Fig. 14.26: Portington-Rochelle operation. Here spleen is retained 
and longitudinal pancreaticojejunostomy is done to the opened 
duct from front. 


‘Oesophagus 


Pancreas 


junum 


Decoring of 
head also done_/“/Frey and Smith 


procedure 


Fig. 14.27: Frey’s procedure. Here head of pancreas is decored and 
‘opened duct with decored head is anastomosed to Roux loop of Fig. 14.29: Dilated pancreatic duct is laid open; multiple stones are 
jejunum. removed and duct is ready for longitudinal pancreaticojejunostamy 
* Total pancreatectomy is indicated when entire gland is (LP). 
diseased. It relieves the pain and also prevents the diseased 
pancreas from turning into malignancy. Patient has to take 


insulin and oral pancreatic enzymes permanently (brittle 
debe eal 3) BSrA0e Mm» 
The cause is treated like cholecystectomy for gallstones. 
Therapeutic ERCP is useful in removal of stones in dilated 
duct. 
If disease mainly involves head of the pancreas, then panere- 
aticoduodenectomy can be done—Whipple & procedure. 
Duodenal preserving resection of head of pancreas in front 
‘of portal yein with jejunal loop anastomosis to transected 
neck of pancreas—Beger procedure. Here extensive resee-  ¢ Longitudinal pancreaticojejunostomy after excision of peri- 
tion of head (than Frey's) is done. pancreatic duct tissue—here superficial part of the head of 


Fig, 14.30: Pancreatic duct stones—removed during 
ppancreaticojejunostomy. 


pancreas is removed to achieve improved drainage—Frey 
procedure. Itis done when ductal dilatation is not adequate; 
head is more than 4 cm thick. Head coring is done with 
retaining 5 mm thick tissue in front of veins, close to 
duodenum. It shows 75% pain relief in 3 years. 

¢ Resection of tail of pancreas with retrograde pancreatico- 
jejunostomy—Duval procedure, 


CD, ~ Choledochojejunostomy 
s1J= Jejunojejunostomy 


CDJ — Choledochojejunostomy 
PJ—Pancreaticojejunostomy 
«JJ ~ Jejunojejunostomy 

EX GJ~Gastrojejunostomy 


Figs 14.314 and B: Choledochojejunostomy. It is Roux-en-Y 
anastomosis. itis done whenever there is complication of biliary 
stricture after pancreatitis. Often triple anastomosis may be 
required—pancreaticojejunostomy, choledachojejunostomy 
and gastrojejunostomy. It is done whenever there is duodenal 
obstruction, biliary block and pancreatic duct dilatation (drainage 
procedure). 


esophagus 


: Retrograde pancreaticojejunostomy after resection of 
the tail of the pancreas (Duval), 


When duodenal, biliary and pancreatic obstruction is 
present—choledochojejunal, pancreaticojejunal and gastro- 
jejunal anastomosis may be needed—triple anastomosis. 
Only biliary stricture which can not be managed by ERCP 
needs choledochojejunostomy. 


Complications of surgery: 

# Pancreatic leaki/fistula (10%); infection; bleeding; recur- 
rence; brittle diabetes, 

# Pain relief in chronic pancreatitis is achieved by drugs; 
decompression/drainage surgeries, resection surgeries, 
epidural analgesia, coeliac ganglion block, operative chem- 
ical splanchnicectomy, extra/intra peritoneal right and left 
splanchnicectomy, transhiatal bilateral splanchnicectomy, 
thoracoscopic splanchnicectomy. 


‘& Nutrition—TPN/jejunostomy feed 
Fluid and electrolyte management 
‘ Prevention/control of sepsis 
* 
* 


Proper monitoring 
‘Octreotide on table and postoperatively—regular intervals 
or slow infusion—5 days: 


‘Surgery for chronic pancreatitis 


Drainage Resection 
+ Technically easier + Technically demanding 

+ Less mortality <2-5% + Mortality 8-21%—very high 
+ Adequate pain reli! + Used when carcinoma is 

+ Recurrence of pain in suspected or localised 


5 years—50% disease 
+ Diseased tissue is left Head is the pacemaker of the 
behind disease 


+ Disease progression + Whipple's is preferred 
+ Fearof existing occult + Total pancreatectomy causes 
carcinoma (17%) or high moral, brite diabetes: 
later onset, though ideal itis not done 
commonly 


‘Many receive advice, only wise profit from it. 
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746 | ™ PANCREATIC TUMOURS high CEA (mucinous) but low amylase and tumour markers 

with tumour cells on cytology. 

# They are 1% of all pancreatic tumours; 10% of all cystic 
lesions of pancreas. 

# They can be mucinous (commonest) or serous cystadenomar 
‘mucinous ductal ectasia of pancreas (common in elderly 
males, common in head, can turn into malignancy); papillary 
cystic tumours, teratomas, ete. (Note: cystic islet tumours 
also eystic neoplasm but are endocrinal nonfunctioning with 
30% malignant potential) 

Types of eystic neoplasms 


Classification 


A. Exocrine tumours 

Benign: Benign cystadenoma. It is rare. 

‘Malignant: 

1. Adenocarcinoma in ampulla or periampullary region or 
head of pancreas. Periampullary carcinoma may arise 
from any of the component—duodenal mucosa or CBD 
or pancreatic duct component or all. Occasionally squa- 
‘mous cell carcinoma, or combination of adeno squamous 


can occu. 4% Mucinous eystic neoplasms: 
2. Cystadenocarcinoma of pancreas occurs commonly in > They are more common. 
body and tail of the pancreas, which usually attains a > They are common in females (90%) and often seen in 
large size (5%). early age group. 
B. Endocrine tumours » They are common in tail and body. They do not commu- 
1, Insulinoma (B cells) Whipple's triad nicate with main pancreatic duct. 
2. Gastrinoma (G cells) Peptic ulcer. > Itcan be unilocular or multilocular. Mucous secreting 
3. Glucagonoma (cx cells) Diabetes, necrolytic columnar epithelium (mucin rich goblet ells) with dense 
migratory erythema. ‘ovarian like stroma is typical histology. It is not associ- 
4. Vipoma—Pancreatic Watery diarrhoea, ated with extrapancreatic neoplasm. 
cholera (Verner hypokalaemia » Itcan be mucinous eystadenoma; borderline; in sit; 
Morrison syndrome) achlorhydria mucinous eystadenocarcinoma, Mucinous cystadenoma 
(WDHA syndrome) can turn into malignancy, Increased mitosis, atypia, 
= 5, Somatostatinoma, Diabetes, tumour markers like CA 15/3, CA 72/4 will be positive 
= (S cells) 5 cells steatorrhoea, with over expression of EGER. 
é gallstones. » Mucinous tumours may show high levels of CEA but 
SC. Lymphomas low levels of amylase 
S&S > Presentations may be mass abdomen (75%, large epigas- 
sm EXOCRINE PANCREATIC TUMOURS tric mass, non-mobile, not moving with respiration), 
= abdominal pain, back pain, weight loss. 
= Exocrine Pancreatic Tumours can be Solid > Investigations—CT scan; EUS; EUS guided aspiration 
# (75%) or Cystic for cytology, fluid analysis for CEA (1), amylase (), 
e angiography shows hypervascularity. 
cog Sold neoplasms » Treatment: Depends on location of tumour either 
© Infiltrating ductal adenocarcinoma (85%) is common in Whipple's operation; distal panercatectomy; median 
head (yellowish white mass), neck and ampulla. There is panenestectomy, 
evidence of ductal/glandular differentiation; with intense, Survival rate for mucinous eystadenocarcinomais 50% 


non-neoplastic desmoplastic stromal reaction; haphazard 
infiltrative growth pattern; growth along the nerve roots: 
and lymphovascular invasion. Initial early non-invasive 
epithelial proliferation is called as pancreatic intraepithelial 
neoplasia (PanN). Immunohistochemistry shows CA 19-9; 
mucins (MUCI, 3, 4, 5); CEA; cytokeratins 9, 19. 5 years 
survival is < 5%, After surgery it may be 20%. Signet ring, 
colloid, anaplastic types are variants. 

# Acinar cell carcinoma shows sheets of acinar structures with 
ofien metastatic fat necrosis, eosinophilia, polyarthralgia 
Presence of zymogen granules; antibodies against trypsin / 
chymotrypsin and lipase are typical 

¢ Pancreatoblastoma are malignant tumour seen commonly 
in children. 

Cystic neoplasms 

They mimic closely pseudocyst of pancreas. 

# Cystic fluid analysis will commonly differentiate the 
problem, Pseudocyst is the fluid of low viscosity, with 
low levels of CEA, and tumour markers like CA 15/3, CA 
72/4 but high levels of amylase with inflammatory cells on 
cytology. In cystic neoplasms fluid shows high viscosity, Fig. 14.334 


Figs 14.38 and ¢ 
Figs 14.338 to C: Mucinous cystadenoma of pancreas. Only 
‘ystaderioma is removed and specimen was aspirated for id content 
(Courtesy Dr Arunkumar, MCh) 


© Serous eystie neoplasms 

> They are almost always benign and are common in 
females (2:1) 

» It can be microcystic adenomas (90%) or oligocystic 
adenomas (10%). 

> Extrapancreatic neoplasm can be associated (20%) with it 

> Itis more common in von Hippel Lindau syndrome. 

> Abdominal pain, backache, features of pancreatitis (5%), 
jaundice (10%) and palpable mass in epigastrium (65%) 
are the presentations, 

> Itis common in head of pancreas, usually solitary cells, 
which contain only glycogen but no mucin. 

> Microcysts of 3-6 mm size within the cyst is 
cyst is lined by cuboidal epithelium, 

» CT scan shows central calcification with enhancing 
septae. EUS is very useful investigation. 

> ‘Treatment: Central or distal pancreatectomy, 


‘ommon; 


Intraductal papillary mucinous neoplasms (IPMN) 

(Ohashi 1982): 

# It is “intraductal papillary mucinous neoplasm with tall, 

columnar, mucin containing epithelium with or without 

papillary projections, involving main pancreatic duct and 
or the branch duets’. 

It is common in 7th decade; equal in both sexes. 

# Itcan be main duct IPMN with duct (75% proximal 
part) dilatation > 1 cm containing mucous bulges through 
ampulla; branch—duct IPMN involving side branches of 
the non-dilated main duct but communicating to main duct 
‘mainly involving uncinate process, often head, neck and 
‘body, seen as multifocal disease. Combined IPMN involving 
both main duct and branch ducts is also possible. 

IPMN can be benign; borderline: malignant histologically. 
70% main duct IPMN and 25% of branch duct IPMN is 
associated with malignancy. Invasive type is more common 
‘with main duct IPMN, Adenoma—carcinoma sequence is 
commonly observed, 

IPMN is also classified as—PAN IN | with absence of 
dysplasia; PAN IN 2 with moderate dysplasia; PAN IN 3 
with carcinoma in situ. 

# Main duct IPMN presents with abdominal pain, features of 
pancreratitis, steatorrhoea where as branch duct IPMN can 
be asymptomatic, Jaundice, recent onset’worsening diabetes 
‘cour once it is malignant. 

# ERCP shows triad of Ohashi—a bulging ampulla of Vater, 
‘mucin secretion and dilated main pancreatic duct. Dynamic 
MR is very useful. Endosonography and helical CT are 
useful. EUS aspiration is also useful. 

IPMN should be identified first from other cystic diseases of 
the pancreas: then type should be assessed; later masiveness 
should be evaluated. 

# Features of malignant IPMN are—presence of jaundice! 
steatorrhoea/worsening diabetes/eyst > 3 em; thick wall 
cyst; nodules/papillary lesions; main duct > 1 em; raised 
CEA (120 ng/ml) in pancreatic juive/eyst fluid. 

% ‘Treatment: Main duct IPMN should be resected always. 
Branch duct IPMN <3 cm without nodules can be observed 
carefully. Middle pancreatectomy is done when needed in 
branch duct IPMN. Multifocal disease needs total pancrea- 
tectomy or extended resections to achieve clearance, Nodal 
spread in malignant IPMN is 45%, Long-term survival is 
‘good for noninvasive type. 


CARCINOMA PANCREAS 

# Carcinoma pancreas is higher in men. 

# Itis common in African American males. 

80% of pancreatic cancers are metastatic atthe time of first 
diagnosis. 

# Itis common in Jewish heritage and native Hawaiians, 

# Its incidence is 9 new cases per 100000 people. Mean age 
is 60-65 years 


Aetiology 


© Smoking. 
# High energy diet rich in fat. 
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Chronic pancreatitis 

# Familial pancreatitis, 

¢ Diabetes mellitus. 

 Carvinogens like benzidine 

# Hemochromatosis with pancreatic calcification 

© Cirrhosis, obesity. 

Occupational exposure to carcinogens like DDT, benzidine. 

# Previous cholecystectomy. 

85% show mutant K ras gene on codon 12; 60% show 
‘mutation of pS3 gene in chromosome 17; over expression 

R, 
+ Jegher syndrome, HNCC (Hereditary Nonpolyposis, 


Colonic Cancer—Lyneh II type), ataxia telangiectasia, 
hereditary breast and ovarian cancers, hereditary atypical 
‘multiple mole melanoma syndrome, familial adenomatous 
polyposis (FAP) 


Sites 
Head and neck region 
 Ampullary and periampullary region 
@ Body and tail—30% 


70% 


Periampullary Carcinoma 


It is tumour arising at or near the ampulla. 

It could be: 

Adenocarcinoma from head of panei 
ampulla—0%, 

¢ Tumour from ampulla of Vater—30%. 

¢ Distal bile duct carcinoma—10%, 

# Duodenal carcinoma adjacent to ampulla—10%. 


lose to the 


Pathology 
Gross 


# Grayish white scitthous nodular gritty tumour in the he: 
isthe usual gross look. More than 3 em sized tumour shows 
nodal and distant spread commonly. Induration, areas of 
haemorthage and necrosis are common, 

4% Panereatic duct may be dilated due to obstruction. 

¢ Carcinoma head of pancreas present earlier than carcinoma 
body and tail of pancreas. 


Microscopy 


¢ Itshows malignant cells with variable degree of differenti 
tion, high mitotic index, severe desmoplastic reaction with 
fibrosis, a halo around the tumour due to obstruction of the 
adjacent ducts caused by the tumour leading into chronic 
pancreatitis in close proximity. 

# Along with vascular and lymphatic invasion tumour has 
got high propensity for perineural spread and so to neural 
plexus causing back pain. 

# Colloid (mucinous noncystic), signet cell, squamous, aden- 
squamous, anaplastic, sarcomatoid are variants of duct cell 
carcinoma, 


Spread 
Local Spread 


# To adjacent structures like duodenum, portal vein, superior 
mesenteric vein, retroperitoneum. 

# Spread is more likely in carcinoma head of pancreas than 
in periampullary carcinoma. 

# Spread is common once carcinoma head of pancreas 
becomes more than 3 cm in size 

# Petineural spread is common, 


Nodal Spread 


# Usually to perihepatic nodes around the duodenum and 
CBD, subpyloric, celiac nodes. 

# Hard dark greenish nodes are typical. Often nodal enlarge- 
ment may be due to just reactive hyperplasia, 


Distant Spread 


% To liver commonly as multiple secondaries in both lobes. 


# Occasionally to lungs, adrenals, bran, bone, etc. 


Figs 14.344 to C: CT scan pictures of cystadenocarcinoma of 
pancreas. 


Fig. 14.35: On table finding of cystadenocarcinoma of pancreas. 


Clinical Features 
Presentations 


a. Ampullary tumours mainly present with jaundice and weight 
loss. 

b, Carcinoma of head and neck region present with weight loss 
and jaundice. 

cc, Cystadenocarcinoma of pancreas present with pain, weight 
{oss and mass. 


Fig, 14.37: Obstructive jaundice due to periampullary carcinoma in 
‘male and female patients. 


Features 


+ Jaundice is of obstructive nature which is of short duration, 
severe, progressive, associated with pruritus (due to deposi- 
tion of bile salts in the skin which releases histamine), Pain 
less jaundice is seen in ampullary malignancies. 

% In periampullary carcinoma sometimes necrosis of tumour 
‘oceuts, as a result of which jaundice may reduce temporarily 
thus being intermittent. 

Pain in the right hypochondrium, epigastrium, or left hypo- 
cchondrium depending on location of the tumour. 

# Back pain, when present, is due to involvement of retropan- 
‘reatic nerves, or pancreatic duct obstruction or stasis, disrup- 
tion of nerve sheath by tumour, Pain is more at night, after 
food and on recumbency; it is relieved by leaning forward. 

# Diarrhoea, steatorrhoea, acholic stools, tea colored urine. 

# Silvery stool (due to mixing of undigested fat with metabo- 
lised blood derived from the ooze of periampullary growth). 

Loss of appetite and weight 

‘Scratch marks on the back 

% Migratory superficial thrombophlebitis—Trousseau's sign 

(10%) is due to release of platelet aggregating factors from 

the tumour or its necrotic material (Trousseau himself died 

‘of carcinoma pancreas who had migrating thrombophlebitis) 

Ascites, 

Left supraclavicular palpable lymph node. 

Secondaries in rectovesical pouch (Blumer’s shelt). 

Gallbladder may be palpable which is nontender, soft, glob- 

ular, smooth, moving with respiration, mobile horizontally, 

dull on percussion (30% in carcinoma head of pancreas; 

50% in periampullary carcinoma). Courvoisier law favours 

gallbladder enlargement 

* Liver is enlarged, smooth, firm, nontender, due to dilated 
bile filled biliary radicles—Hydrohepatosis. Liver can show 
multiple hard nodules due to secondaries (70%). 

# Cystadenocarcinoma of pancreas can present with mass 


eeee 


in epigastric region, which is nonmobile, not moving with 
ration, smooth, soft, nontender. 
# Splenic vein thrombosis with splenomegaly (10%) can 


‘ Common in body and tail ofthe pancreas 

‘® Epigastric pain which is radiating to back is common 

4 Mass in epigastrium which is nonmobile, smooth, soft/hard 
but not maving with respiration. It is resonant, does not fall 
forward 

@ Jaundice is not observed 

May mimic pseudocyst of pancreas or retroperitoneal 
‘tumours 


196 of pancreatic malignant tumours: 
Papillary cystadenocarcinoma is common 

‘Mucinous cystic tumours shaw high levels of CEA 

(CTscan is diagnostic 

Distal pancreatectomy is the procedure of choice. In large 
‘tumours total pancreatectomy is required 

Ithas got better prognosis 


GOGGG 
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To overcome rigidity of abdomen in refractory cases, with the base of the left hand pressing upon the lower part 


of the sternum, thoracic respiration is impeded and the abdominal muscles relax. 


—Neville J Nicholson 
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750 Differential diagnosis 


Retroperitoneal mass/tumour/lymph nodes 
‘Advanced adherent carcinoma of stamach 
Advanced carcinoma of transverse colon. 
CBD stone 

Bile duct stricture 

Lymph node compressing C8D 
Cholangiocarcinoma of CBD 

Chronic pancreatitis 
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Fig, 14.40: CT picture of carcinoma pancreas showing dilated CBD 
due to obstruction. 


Investigations 


# Liver function tests: Serum bilirubin, direct component 
(conjugated) is increased (van den Bergh’s test). Serum 
albumin is decreased with altered A = G ratio. 

Prothrombin time is widened, Serum alkaline phosphatase 
is increased. 

# UIS abdomen to see gallbladder, liver, growth, CBD size 
(normal diameter is < 10 mm), lymph node status, portal 
vein, ascites 


Figs 14.38A to C: Mucinous cystadenocarcinoma of distal body and . 
tall of pancreas—CT picture and on table look. Distal pancreatectomy * Barium meal shows widened duodenal “C loop—pad sign. 
was done (Courtesy: Dr Arunkumar, MCh). Reverse 3 sign is seen in carcinoma—periampullary region. 


Differences between presenting features of carcinoma of head of pancreas and 751 
periampullary carcinoma of pancreas 


Carcinoma of head of pancreas _Periampullary carcinoma 
1. Pain and weight loss Early features Late features 

2. Jaundice Persistent and progressive Intermittent 

3. Occult blood in stool ‘Absent Present; stools are silvery 
4, Endoscopic examination Growth not visible Growth visible 

§. Prognosis Not good Good 


chronic pancreatitis. CEA is also often done in suspected 
cystadenocarcinoma, 
# Coeliac and superior mesenteric angiogram can be done to 
reveal tumour circulation and invasion. 
% Gastroduodenoscopy reveals ampullary tumour and biopsy 
‘ean also be taken. 
Endosonography is useful to see the invasion and size, to 
stage and to do EUS guided FNAC. 
# Urine for bile salts (Hay’s test), bile pigments (Fouchet’s 
test), urobilinogen. 
# Role of biopsy 
> Thucut biopsy and other biopsies are not advisable as it 
may cause bleeding, infection, leak and negative biopsy 
will not rule out malignancy. Biopsy is not done in poten- 
tially resectable tumour; itis probably useful in inoper- 
able cases to start palliative therapy (chemotherapy), 
‘Transduodenal/transgastric or EUS guided trucut biopsy 
may be useful in such situation, 
+ Laparoscopy to assess. Laparoscopy and laparoscopic US is 
useful for staging and to identify peritoneal deposits which 
prevents unnecessary laparotomy. Palliative laparoscopic 
bypass like choledochojejunostomy can also be done. 
CT angiogram to see the vascularity. It also provides idea 
about resectability of the tumour in 70% cases. 
PTC is useful if ERCP fails to detect and assess the site 
of lesion proximally; to decompress the obstructed biliary 
system through a fine catheter left in situ or to place an 
endobiliary prosthesis across the obstruction. 


Fig. 14.41: CT picture showing cystadenocarcinoma of pancreas. 
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Fig. 14.42: ERCP showing growth in the distal CBD. 


# Spiral CT scan (ideal) shows portal vein infiltration, retro- 
peritoneal lymph nodes, size of the tumour. 

¢ ERCP with pancreatic juice cytology or brush biopsy is 
useful. MRCP to see biliary tree 

# CA 19-9 (carbohydrate antigen) is a useful tumour marker. 
More than 37 units/ml is significant with 85% sensitivity Fig. 14.43: CT scan abdomen showing features of carcinoma of 
and specificity. CA 494 is useful to differentiate it from pancreas. 


Have a heart that never hardens and a temper that never tires and a touch that never hurts. 
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duct : 
+ Parenchymal filing 

+ Scrambled egg appearance . 
Barium meal X-ray 

+ Is rarely done in periampullary carcinoma : 
+ Rose thorn appearance in hypotonic duodenography + 
+ Reverse 3 sign in periampullary carcinoma . 


Pad sign—widened C loop of duodenum in carcinoma 
head of pancreas 
+ Features of Gastric outlet obstruction 


Important investigations 


Spiral CT/SD CT is ideal—to detect operability, portal vein 
invasion, size, extent, pancreatic and biliary tree and nodal 
status 

ERCP to take biopsy/brush cytology, stenting, to see the 
luminal extent of the tumour 

MRCP is non invasive—entire biliary tree is visualised 
properly 

Endosonagraphy (EUS)—to assess size of primary properly; to 
take endosonographic FNAC 

PTC often with PBD if ERCP fails, 


Investigations to stage the disease 


3D/spiral CT scan 
EUS 
Laparoscopy 
ERCP 


TNM staging of carcinoma __ Metastases—M 

pancreas 

Tumour—T Mx ~ Distant spread cannot 
be assessed 

Tx-Primary cannot be assessed MO ~No distant spread 


TO— No evidence of tumour M1 - Distant spread present 
Tis -Carcinoma in situ 

1 — Growth limited to pancreas 

<2am 

72 Growth limited to pancreas 

>2om 

T3— Extension to duodenum or 

bile duct 


‘T4— Extension to portal vein, SMV, 
‘SMA, stomach, spleen, colon, 


ccliac axis 
Nodes—N. Staging 
Nx—Regional nodes cannotbe 0 ~Tis NOMO. 
assessed 
N1—No nodal spread |A—T1 NO MO 
N2— Nodal spread present IB-T2NOMO 
WA-T3 No Mo 
iB -11,2,3 N1 Mo 
IL-T4 Any NO 
I~ Any TAnyN Mt 
Resection status 


RO No residual tumour found after resection 
I~ Microscopic residual tumour after resection 
R2~Macroscopic residual tumour after resection 


Preoperative Preparation in Carcinoma Pancreas 


# Adequate hydration is important in prevention of dehydra- 
tion postoperatively. Dehydration is common in obstructive 
jaundice 


# Glycogen reserve in liver will be inadequate which should 
be replenished by giving preoperative glucose orally or 
intravenously 

® Patient is prone to develop hepatorenal syndrome post- 

operatively, leading into renal failure due to sludging of the 

bile salts, due to toxins and sepsis; and so mannitol should 
be given intravenously for 3 days prior to surgery to flush 
the kidney (200 ml IV twice a day). 

Injection vitamin K 10 mg IM for 5 days. 

© ERCP stenting is done to drain bile if serum bilirubin is 
high (> 30 mg %). Surgery is done after 2-3 weeks once 
bilirubin level drops down adequately. If ERCP is not 
possible then percutaneous transbiliary drainage (PTBD) 
or cholecystastomy using Foley’s or Malecot’s catheter is 
done, Surgical resection (Whipple's) is done after 3 weeks, 
Present indications for ERCP stenting are severe albumin 
deficit and cholangitis. 

% Antibiotics one day prior to surgety—cephalosporins/ 
aminoglycosides. 

# Often TPN may be required preoperatively which is also 
continued postoperatively. 

% Pulmonary function study and respiratory physiotherapy to 
have adequate postoperative pulmonary function 

Note: 

+ Inobstructive jaundice, serum bilirubin level will not go beyond 
40 mgs. Atthis point raised intrabilary pressure (Normalis 12-22 
emo H,0) to 25 cm of H,0, blocks the formation of bilirubin and 
secretion of cholesterol and bile acids completely. Maximum 
production of bilirubin per day possible is 250 mg’. Normal 
maximum excretion of bilirubin by kidney per day is 210 mg®®, 
So maximum possible raise of serum bilirubin is 40 mg% in 
obstructive jaundice. 

+ Cholangitis in malignant obstruction is rare; but when it occurs 
itis rather severe form. 

+ Preoperative albumin therapy is usually not done. 


Treatment 


Only 10-15% of pancreatic carcinomas (head) are operable 
40-50% are locally advanced. Another 40-50% will have distant 
spread to liver or lungs. 


Criteria for resection 753 


‘@ Tumour size less than 3 cm 
& Periampullary tumours 
@ Growth not adherent to portal system 


In operable cas 


¢ Whipple's operation is done by removing tumour with 
head and neck of pancreas, C loop of duodenum, 40% 
distal stomach, 10 cm proximal jejunum, lower end 
of the common bile duct, gallbladder, peripancreatic, 
pericholedochal, paraduodenal and perihepatic nodes. 
Continuity is maintained by choledochojejunostomy, 
pancreaticojejunostomy and gastrojejunostomy. Few 
advocate pancreaticogastrostomy into posterior wall of 
the stomach. Mortality in Whipple's operation is 2-8%. ig, 14.45: Specimen of pancreaticoduodenectomy with tumour in 
Original Whipple’s operation (1935) was two staged the head of pancreas. 
procedure initial bypa: cond stage resection 
with closure of pancreatic stump. In 1941, Trimble 
performed one stage pancreaticojejunostomy, Compli- 
cations are delayed gastric emptying (19%); pancreatic 
fistula (14%); infection (intraabdominal abscess, wound 
infection, cholangitis, pancreatitis, pneumonia); bile leak. 
Mortality is 3%, 

# Traverso-Longmire pylorus preserving pancreatico- 
duodenectomy (1978): Here duodenum is cut 2 em distal to 
the pylorus and continuity is maintained by anastomosing 
with jejunum. 

# Fortner’s regional pancreatectomy (extended Whipple's) 
includes resection like Whipple’s along with removal of 
segment of superior mesenteric vein and clearance of all gig 44.46; gasected specimen (after Whipple's operation) of 
regional nodes; and portal vein continuity is maintained by Pasian pillay sartecia ot pantieas 
a synthetic vascular grafl. Even though technically it gives 
adequate clearance, results are only equivocal 
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Duodenum ——_Jejunum, 


41. Choledochojejunostomy 
2. Gastrojejunostomy 
53. Pancreaticojejunostomy Fig. 14.47: On table finding in periampullary tumour showing 


Fig, 14.44: Whipple's operation, dilated gallbladder and CBD. 


A goal is a dream with a deadline. 


to be satisfied within every model that is local and complete. Such models are called “local hidden- 
variable models.” Bell showed that a pair of entangled particles, which were once in contact but later 
moved too far apart to interact directly (i.e., causally), can exhibit individually random behavior that is 
too strongly correlated to be explained by classical statistics. Bell’s inequalities make it possible to test 
whether local hidden-variable models can account for observed physical phenomena in lab experiments. 
Groundbreaking experimental work by Aspect et al. (1982a, b) along with further theoretical and 
experimental work done by others (Freedman and Clauser, 1972; Aspect, 1983; Aspect and Grangier, 
1985; Hong and Mandel, 1985; Bennett and Wiesner, 1992; Tittel et al., 1998a, b; Tittel and Weihs, 2001) 
demonstrated violations of the Bell inequalities, which therefore invalidated the local hidden-variable 
models. The key result of recent theoretical and experimental work is that an observed violation of a Bell 
inequality demonstrates the presence of entanglement in a quantum system 


3.2.1 Description of the q-Teleportation Process 


The experimental work of Bennett et al. (1993) followed by the theoretical and experimental work of 
others (Vaidman, 1994; Kwiat et al., 1995; Braunstein, 1996; Braunstein and Kimble, 1998; Pan et al., 
1998; Stenholm and Bardroff, 1998; Zubairy, 1998; Vaidman and Yoran, 1999; Kwiat et al., 1999) made 
the breakthrough that was necessary to demonstrate the principle of quantum teleportation in practice. It 
was a remarkable technical breakthrough that settled, once and for all, the nagging question of whether 
quantum entanglement could be used to implement a teleportation process to transfer information 
between remotely distant quantum systems non-causally (i.e., at FTL speed). It is easy to describe how 
quantum teleportation works in greater detail. Figure 6 compares conventional facsimile transmission 
with the quantum teleportation process seen in Figure 7. In a conventional facsimile transmission the 
original document is scanned, extracting partial information about it, but it remains more or less intact 
afier the scanning process. The scanned information is then sent to the receiving station, where it is 
imprinted on new paper to produce an approximate copy of the original. In quantum teleportation (Figure 
7) one scans out part of the information from object A (the original), which one wants to teleport, while 
causing the remaining, unscanned, part of the information in A to pass, via EPR entanglement, into 
another object C which has never been in contact with A. Two objects B and C are prepared and brought 
into contact (i.e., entangled), and then separated. Object B is taken to the sending station, while object C 
is taken to the receiving station. At the sending station object B is scanned together with the original 
object A, yielding some information and totally disrupting the states of A and B, This scanned 
information is sent to the receiving station, where it is used to select one of several treatments to be 
applied to object C, thereby putting C into an exact replica of the former state of A. Object A itself is no 
longer in its original initial state, having been completely disrupted by the scanning process. The process 
just described is teleportation and not replication, and one should not confuse the two. There is a subile, 
unscannable kind of information that, unlike ordinary information or material, can be delivered via EPR 
correlations/entanglement, such that it cannot by itself deliver a meaningful and controllable message. 
But quantum teleportation delivers exactly that part of the information in an object that is too delicate to 
be scanned out and delivered by conventional methods. 
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¢ Total pancreatectomy is presently said to be better. Wis 
done along with nodal clearance. Reasons are—possibility 
of multicentric nature of the disease, higher chance of recur- 


rence after Whipple's operation, malignant cells may be 
present in pancreatic duct, morbidity by pancreatic fistula 
or pancreatitis after Whipple’s operation is not seen here. 
Mortality in total pancreatectomy is higher 10-20%. Severe, 
resistant brittle diabetes mellitus may be seen after total 
pancreatectomy. 


Fig. 14.48: Specimen of total pancreatectomy with C loop, head, 
body and tail of pancreas with spleen. Total pancreatectomy is done 
in refractory severe chronic pancreatitis and carcinoma pancreas. 


¢ Distal pancreatectomy or central pancreatectomy or total 
pancreatectomy for cystadenocarcinoma of pancreas 
depending on the extent and size of the tumour. 


Fig. 14.49: Photo showing spimen of distal pancreatectomy. 


In inoperable cases: 
‘Here mainly to palliate obstructive jaundice, duodenal obstruc- 
tion and pain, 

Roux-en-Y choledochojejunostomy is ideal palliative 
procedure along with gastrojejunostomy after doing 
cholecystectomy. Choledochojejunostomy is better than 
cholecystojejunostomy as CCJ may get blocked either by 
tumour infiltration or by bile sludge or by inflammation, 30% 


of periampullary carcinoma/carcinoma of head of pancreas 
eventually develop gastric (duodenal) outlet obstruction and 
so gastrojejunostomy is undertaken. 

¢ ERCP and stenting is done to drain bile, Problem here are 
recurrent cholangitis, stent blockage and displacement, 
requirement of repeated stenting procedure. Duodenal 


stenting for duodenal obstruction is tried. 
# Chemotherapy; neoadjuvant chemotherapy, 
 ‘Steatorthoea is treated by enzymes. Control of diabetes is 
important, 


Fig. 14.50: Choledochojejunostomy (CDI) with gastrojejunostomy 
(Gl) and jejunojejunostomy (i). Its @ Rouen anastomosis. CD! 
should be 70 cm from the 


Cholecysto- 
Jejunostomy Gastro- 
jejunostomy 
Duodenum: 
‘Jejunum 


Jejuno- 
Jejunostomy 


Fig. 14.51: Cholecystojejunostomy—is not a preferred method. 


Re 2 


Fig. 14.52: White bile. It is neither white nor bile. Itis opalescent; and 
is mucous. t suggests complete obstruction. Itis usually observed in 
‘carcinoma pancreas. Its peroperative finding. 


Adjuvant Therapy 


# Adjuvant chemotherapy using gemcitabine—better but 
costly; dose is 1000 mg/m? surface area; 5-fluorouracil; 
mitomycin; vincristine, cisplatin, docetaxel, oxaliplatin are 
used along with gemcitabine. 

Radioactive iodine seeds I'"* to the field are on trial, External 
radiotherapy 4000 cGy units to relieve pain and to reduce 
the tumour size. 

¢ Immunotherapy—specitic type to increase the effectiveness 
of chemotherapy and to improve the cure rate (allogenic 
tumour cell vaccine). 


Neoadjuvant Chemoradiotherapy 


Only 20% of pancreatic carcinomas are amenable for surgical 
resection, Even in these patients in spite of resection, overall 
‘outcome is poor. So neoadjuvant chemoradiotherapy is 
becoming popular [(50 Gy dose of radiotherapy for 5-6 
weeks (25-30 fractions) with infusion chemotherapy, then 
surgical resection) and under trial to improve the resecta- 
bility and survival. It increases the RO resection status and 
reduces the node positive rate. There is less chance of tumour 
hypoxia (which is more after surgery) by which increases the 
susceptibility of tumour to chemoradiotherapy; less chance 
of mucosal anastomotic toxicity, It reduces the tumour 
burden at surgery; decreases the local or regional recurrence; 
decreases the chances of pancreatic fistula. But there is no 
survival benefit, 


Postoperative Management in 
Carcinoma Pancreas 


# Maintenance of proper fluid and electrolyte balance. 

¢ Observation for bleeding and its control by transfusion of 
blood, fresh frozen plasma (FFP), and prevention of DIC 
at initial period. 

¢ Injection vitamin K 10 mg IM for $ days. 


# Respiratory care—ideally postoperative ICU cate is better. 
Often ventilator is needed for 24 hours 

# Maintaining adequate urine output—mannitol should be 
continued 

# Injection octreotide infusion for $ days to suppress pancre- 

ic secretion So as to prevent leak. 

# Antibiotics, nasogastric aspiration. 

% Continuous monitoring the patient with pulse/blood pres- 
sure/oxygen saturation/hourly urine output/inspection of 
drain site/abdomen distension/by doing HB%, LFT, serum 
creatinine, bilirubin, arterial blood gas analysis if needed, 
platelet count, prothrombin time. 


Pain Control in Carcinoma Pancreas 


# CT-guided 50% of 20 ml ethanol injection into coeliac ganglion. 
# Epidural anaesthesia. 

# Opioids administration 

# Transthoracic splanchnicectomy—greater splanchnic nerve, 
Palliative radiotherapy —4000 cGy units 


© Mean survival rate 6-9 months 

4 Growth more than 3.cm. 

4 Nodal involvement 

4 Resection status—RO/RI/R2 

Portal vein infiltration 

+ Liver/lung secondaries 

4 Ascites/Trousseau’s sign/left supraclavicular lymph nodal 
spread 

& White bile on table carries poor prognosis 

‘& Associated problems like pancreatitis diabetes mellitus 

+ Liver dysfunction 


ll ENDOCRINE PANCREATIC TUMOURS 


# Most common is insulinoma. 

Others are gastrinoma, glucagonoma, vipoma, pancreatic 

polypeptidoma. 

‘They belong to group of tumours called “APUDOMAS”. 

# Endocrine tumours are associated with MEN syndrome 
(Type I Werner's syndrome), 

# They are associated with 
> Parathyroid adenoma. 
> Pituitary adenoma, 
> Peptic ulcer. 

# They are usually multiple, small, 35-50% are malignant 
and presents with features of endocrine lesion. Commonly 
‘ocours in body and tail (except gastrinomas), 

# Requires special method to identity. 

# MRI, angiogram, hormone assay are the diagnostic methods 
required, 

# Normal islet cells are <2% of pancreatic mass. They contain 
a, B, 3, G, D2 and PP cells (pancreatic polypeptide) 

# Incidence is 5 per 100000 per year. 


Those who wish to sing always finds a song. 
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20% are nonfunctional 
¢ Insulinomas are commonly benign; glucagonomas are 
almost always malignant, 


™@ INSULINOMAS 


# Insulinomas are commonest endocrine pancr 
(60%) arising from B cells (B cells) of paner 

# They are commonly solitary but 10% can be multicentric and 

insulin in excess causing profound hypoglycaemic 
features. 

Equal in both sexes, 

4 90% of insulinomas are <2 em in size. 

15% are malignant. $5% are benign. 


tic tumour 


Clinical Features 


# Abdominal discomfort, trembling, sweating, hunger, dizzi 
ness, diplopia, hallucinations. Later epilepsy and uncon- 
sciousness. They are usually over weight. 

# Weight gain is common due to overeating 

# Permanent neurological deficits can occur with behavioural 


changes 


Whipple's triad: 
‘@ Anattack of hypoglycaemia in fasting state 

@ Blood sugar below 45 mg% during the attack 
& Symptoms relieved by glucose 


Diagnosis 

# Insulin radioimmunoassay. An insulin level > 7 U/ml; 
insulin/glucose ratio > 0.3 signifies insulinoma. Proinsulin 
level more than 24% of total insulin signifies insulinoma, 
Proinsulin level more than 40% of total insulin signifies 
malignant insulinoma. C peptide level > 1.2 g/ml with 
glucose level < 40 mg% suggests insulinoma, 


# MRI to localize the tumour. 

# Angiogram (coeliac). 

# Endosonography. 

# On table US. 

¢ Blood sugar estimation. 

¢ Insulin provocation test using calcium gluconate or tolbu- 
tamide. 


Radioimmunoassay in insulinoma 


+ Increase in insulin levels of plasma 
+ Increased ratio of proinsulin to insulin > 20% 

+ Increased circulating C-peptide 

+ Plasma insulin to glucose ratio > 0.3 is diagnostic 


Differential Diagnosis 


4% Nesidioblastosis, 
# Noninsulinoma pancreatogenous hypoglycaemia. 


Treatment 


Figs 14.534 to C: Insulinoma imaging picture and on table look 
(Courtesy: Dr Arunkumar, MCh). 


‘Treatment of insulinoma 


+ Enucleation commonly, often distal pancreatectomy 

 Diazoxide, beta blockers, phenytoin, verapamil, steroids, 
growth hormone to control hypoglycaemia 

& Octreotide decreases the insulin secretion 

@ Calcium channel blockers 

4 Streptozotocin whenever secondaries are present in liver or 
elsewhere 


¢ Enucleation of all tumours. 
# Often distal pancreatectomy is required (spleen; tail and 
body of the pancreas are removed) 90% are curable. 


ll GASTRINOMAS 


¢ They arise from non-beta cells (G cells) of the pancreas, 
which secretes high levels of gastrin. 

# Itis 2nd most common endocrine pancreatic tumour. 

# It is the commonest endocrine pancreatic tumour seen in 
MEN I syndrome. In MEN II syndrome lesion is often seen 
in duodenum (30%), 

¢ Itis common in males, 


# Common in gastrinoma triangle (Passaros triangle). 


Fig. 14.54: Passaros triangle. 


‘Three points forming Passaros triangle: 
1. Junction between the head and neck of the pancreas 
2. Junction of cystic duct with CBD 
3, Junction between the 2nd and 3rd parts of the duodenum 


# Half of them are multiple and malignant (50%), 
# It causes severe, multiple peptic ulcers in the stomach, 
duodenum and jejunum, 


© Itis due to hypergastrinaemia causing high lev 


of acid 

¢ Other features are diarrhoea, steatorrhoea, hypokalaemia. 

It causes ZES type II 

¢ When malignant commonly present with secondaries in liver 
(80%)/lymph nodes/lungs or bones. 


. 


‘Salient features of ulcers in gastrinomas 
‘& Multiple uleer 
+ Resistant ulcer/refractory ulcer 
‘& Jejunal ulcer 
‘& Recurrent ulcer 
+ Ulcer which is more prone for bleeding and perforation 


Investigations 


% Gastrin assay (normal level < 200 pg/ml) 

# Gastroscopy. 

# UIS, Endosonography. 

# MRI (more sensitive) or CT scan to detect the site of the 

tumour. 

Angiogram. 

# Increased gastrin level by calcium (injection IV) provoca- 
tion test 

# Pentagastrin test (both shows very high basal and peak 
levels). 

# Secretin provocation test 

# Somatostatin receptor scintigraphy (SRS) with radiolabeled 
octreotide is used to locate the site of tumour, 


Note: 
Normal level of gastrin is 100-150 pg/ml It is more than 200 pg/ml 
in gastrinoma patients. t usually reaches upto or greater than 1000 
pg/ml in gastrinoma, Other causes of hypergastrinaemia like G cell 
hyperplasia, incomplete antrectomy, low gastricacid level, achloro- 
hydria, pernicious anaemia, acid controlling drugs like H2 receptor 
block or proton pump inhibitors and atrophic gastritis should be 
ruled out. Basal acid output in gastrinoma is > 15 mEq/hour which 
is specific of gastrinoma (ZES I). Gastric pH more than 3 rules out 
gastrinoma, Secretin stimulation test by injecting 2 units/ kg secretin 
IV and assessing blood samples before and every 5 minutes after 
injection of secretin for 30 minutes will show rise in gastrin level 
‘more than 50% of baseline. 


Treatment 

60% are curable. 

# Enucleation of tumours. 
# Distal pane 
# Pancreaticoduodenectomy. 

# Subtotal pancreatectomy. 

# Often total gastrectomy may be required 


Remember 


‘& Gastrinomas are often associated with MEN syndrome and 
are multiple 

+ Sporadicgastrinomasare often solitary and then are malignant 

 Gastrinoma often secretes ACTH 

& Most common malignant endocrine pancreatic tumour is 
gastrinoma 

 Gastrinoma causes ulcer of unusual nature (refractory/ 
resistant); unusual recurrence (repeated and multiple); 
Unusual number (multiple); unusual sites (2nd/3rd part 
duodenum/jejunum);unusual age (young and aged) 


sectomy. 


Itis better to aim at good things and miss it, than to aim at a bad thing and hit it 
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_Triad of somatostatinoma / 
@ Diabetes mellitus 
 Steatorthoea 
@ Cholecystolithiasis 


™@ GLUCAGONOMAS 


# Arise from o: cells of pancreas 
Common in body and tail of pancreas 
tis common in females. 

Itattains large size of 5-10 em. 

It is commonly sporadic. 17% associated with MEN type 
I syndrome. 

# Itis commonly malignant (80%). 80% spreads to liver. 


eeee 


Clinical Features 


# Nectolytic migratory erythema (65%), 
Diabetes (90%), 

¢ Diarrhoea and weight loss. 

# Stomatitis, 

Anaemia and features of amino acid deficiency. 
 Vulvovaginitis is common, 


Investigations 


¢ MRI, CT sean. 

# Endosonography. 

# Angiogram 

# Increased serum glucagon level. Fasting glucagon level 
more than 50 p mollitre is diagnostic. 


Treatment 


¢ Correction of anaemia, protein and amino acid deficie 
by enteral/parenteral nutrition 
¢ Intravenous amino acid infusion to control necrolytic 
dermatitis, 
# Prevention of DVT. 
¢ Distal pancreatectomy. 
Occasionally Whipple’s/total pancreatectomy is needed, 
 Enucleation is rarely sufficient for glucagonoma. 
 Dacarbazine is specifically effective in glucagonoma, 
= _ 
Arising from D2 cells of pancreas 
‘& Watery diarrhoea, hypokalaemia, achlorohydria (WOHA 
syndrome) 
‘Also called as pancreatic cholera or Verner- Morrison syndrome, 
weak—tea syndrome 
+ Usually malignant 
+ Secretes vasointestinal polypeptide > 150 pg/ml 
Common in body and tail—solitary 
+ Distal pancreatectomy isthe treatment of choice 
‘& Prednisolone controls the diarthoea 
& Octreotide is useful 


@ ZOLLINGER-ELLISON SYNDROME 


Type EG" cell hyperplasia with hypergastrinaemia and chronic 
peptic ulceration. 

‘Treatments partial gastrectomy with removal of” 
TYPE II: Gastrinomas (see above). 


Note: 

+ Somatostatinama arises from 6 cells of pancreas. tis exceedingly 
‘are, Usually larger than 2.cm and single. tis common in head of 
pancreas and duodenum. Its association with MEN II syndrome 
is rare, Itis often associated with neurofibromatosis type | and 
phaeochromacytoma, Presentations are steatorrhoea; diabetes 
‘mellitus; gallstones; hypochlorohydria and occasional jaundice. 
Tumour is commonly malignant and commonly present with 
nodal and liver spread. Elevated fasting somatostatin level is 
diagnostic, Treatment is pancreaticoduodenectomy. 
20% of pancreatic endocrine tumours are nonfunctional. 
Nonfunctional means these tumours do not produce hormones 
‘or produced harmones will not produce any symptoms. 

+ Pancreatic polypeptide tumour (PP tumour) is classified under 
the non functioning endocrine tumour as it does not cause any 
symptoms even though there is high pancreatic polypeptide. 
It is commonly malignant, often with spread, PPoma occurs 
predominantly in head of pancreas. Pancreaticoduodenectomy 
is the treatment. 
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™@ CYSTIC FIBROSIS 


I is inherited as an autosomal recessive disease. It causes — 

1. Severe exocrine dysfunction—due to blockage of pancreati 
ducts as a result of precipitation of pancreatic enzymes 
leading to duct ectasia 

2. Chronic pulmonary disease due to blockage of bronchi and 
bronchioles. 


3. Elevated sodium and chloride—in the sweat more than 
90 mmol/L. 

4. It is common in Caucasians, It is inherited as mutation in 
cystic fibrosis transmembrane conductance regulator gene 
in chromosome 7. 


Presentations 


# Chronic pulmonary disease with emphysema, bronchiec- 
tasis, 

Steatorrhoea, 

Meconiuum ileus with intestinal obstruction. 

Salty sweat (while kissing the baby), 

Poor growth due to malabsorption, 

Cirrhosis of liver due to bile plugging 

Pancreatitis is common. 

Sialadenitis, choroiditis can occur. 


Absence of vas deferens in men, 


Diagnosis 

# DNA study. 

# Vomitus when put on an exposed X-ray film will not digest 
the gelatin in half an hour (wherein in normal individual 
vomitus contains trypsin which will digest the gelatin of 
X-ray film and tums white). 


¢ UIS abdomen, 
# Sweat test for sodium and chloride. 
Pulmonary function tests 


Treatment 


# Low fat and salt rich diet 
¢ Correction of malabsorption. 
# Pancreatic enzyme supplements. 


# Antibiotics. 
¢ Respiratory physiotherapy. 
# Ifmeconium ileus is present, it might require surgery, i. 


Bishop-Koop operation, 
Prognosis is poor. 


Meconium ileus 
Rlecurrent respiratory infection and complications 
Sodium deficit 

Severe malnutrition 

Sialadenits,choroidits 

Cirthosis of liver 

Usually die in childhood or early age group 
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ll ANNULAR PANCREAS: 


It is due to failure of complete rotation of ventral bud of 
pancreas, so that ring of pancreatic tissue encircles the 2nd part 
oof the duodenum causing obstruction. It contains a duct that 
joins the main pancreatic duct. 


Fig, 14,55: Annular pancreas, 


Clinical Features 


¢ Distension of upper abdomen, 

 Bilious vomiting 

© Visible gastric peristalsis 

¢ Itis often associated with the Down’s syndrome, and other 
congenital gut abnormalities. 


Types 


* Neonatal type—produces symptoms of intestinal obstruc- 
tion, 

# Adult type—presents after the age of 20. Presents with 
features of duodenal ulcer and bilious vomiting. 


Differential Diagnosis 


# Duodenal atresia. 
# Wilkies syndrome 


Investigations 


# Plain X-ray abdomen shows double-bubble appearance. 
# ERCP and Radioisotope study. 
# Barium meal shows obstruction at 2nd part of duodenum, 


Treatment 


# Duodenoduodenostomy—Ideal. 

# Duodenojejunostomy. 

% Do not resect the ring. Attempt at resection will lead to 
pancreatic fistula 

# G-Jiis not done, 


lm ECTOPIC (ACCESSORY) PANCREATIC 
TISSUE 
Sites 
# Stomach wall 
# Small intestine. 
# Meckel’s diverticulum. 
# Greater omentum, 
® Splenic hilum, 
> Inthe bowel it may be in the submucous or intramuscular 
plane, It may precipitate intussusception, 
> About 30-33% contain islet of Langerhan cells. Often 
endocrine pancreatic tumour can arise from ectopic 
pancreas. 
> Itmay cause upper Gi bleed. 


ll PANCREATIC DIVISUM 


# During development ventral pancreatic bud with distal bile 
duct is towards right and dorsal pancreatic bud is towards 
left side. Ventral pancreatic bud forms uncinate process and 
inferior part of the head of the pancreas. Dorsal bud forms 
body and tail of the pancreas, Ventral bud rotates clockwise 
towards left from behind the duodenum to join dorsal bud 
to form pancreas. Ventral pancreatic bud duct forms main 
paneteatic duct of Wirsung: dorsal bud duct forms accessory 
pancreatic duct of Santorini 

% Pancreatic divisum is failure of fusion of ventral and dorsal 
pancreatic ducts. So that dorsal pancreas drains through duct 
of Santorini (proximal minor papilla); ventral one drains 
through duet of Wirsung into major papilla of Vater. 


‘No problem can stand the assault of sustained thinking. 
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# Its incidence is 10%. 
# Here major pancreatic secretion drains through minor papilla 
causing partial obstruction precipitating pancreatitis. 


ll PANCREATIC CALCULUS 
Causes 


¢ Chronic pancreatitis commonly due to dietary factors, 
familial, hyperparathyroidism. 

* Commonly they are multiple and associated with or due to 
chronic pancreatitis, 


Pathogenesis 


Stricture of pancreatic duct and stasis of pancreatic secretion, 


Types 


a. Calculi in the duet 
> Here parenchyma is still functioning and less severely 
affected. 

» Duct is dilated significantly (more than 3 mm) with 
multiple large stones in the duct along with multiple 
strictures. 

> Duct is having dilatation alternating with strictures— 
chain of lake appearance. 

— Plain X-ray abdomen shows stones placed horizon- 
tally at L,-L, level. 

— U/S, ERCP, MRCP are other useful investigations 

~ Blood sugar should be checked. 


Figs 14.56A and B: CT scan picture showing pancreatic ductal tones. 
Stones that are removed from the same patient are also shown. 
Patient underwent longitudinal pancreaticojejunostomy,. 
Treatment 
‘The duet is opened longitudinally and after removing all 
stones, side-to-side pancreaticojejunostomy is done. 


b. Caleuli in the Parenehyma 

» Here multiple calcifications occur in the pancreatic 
parenchyma with pre-existing chronic pancreatitis. Gland 
is fibrosed and severely affected with less functioning 
capacity. 

> Plain X-ray, U/S, ERCP, MRCP are the diagnostic 
methods. 

Treatment 

> Total pancreatectomy 

» [tis more likely to turn into carcinoma pancreas. 


ll PANCREATIC ASCITES 


It can occur in chronic pancreatitis ot as a complication of 
‘acute pancreatitis or in ruptured pseudocyst of pancreas 
or after pancreatic trauma (10%, in children trauma is the 
case). 

# It may be associated with pleural effusion which can be 
both sided but commonly on left side. Often pleural effusion 
and ascites may be massive. Its due fo internal pancreatic 


fistula 


# Incidence is 1%, If not treated mortality is 30%. 

% It is due to leakage from disrupted pancreatic duct or 
ruptured pseudocyst. Anterior disruption causes pancreatic 
ascites. Posterior disruption causes fluid to travel along 
‘oesophageal and aortic hiatus resulting in pleural effusion, 

% Pancreatic ascites and fistula are common in pancreatitis, 
due to alcohol intake, It is less common in pancreatitis due 
to biliary tract disease. 

high amylase and protein levels in ascites fluid, 

lentify leak, CT scan are the essential investiga- 


tions. 

# Repeated ascitic tap; pleural tap; TPN; somatostatin or octre- 
tide to reduce pancreatic secretion are tried as conservative 
therapy for 3 weeks. 50% respond to this therapy. 

% LE there is no improvement beyond 3 weeks, ERCP stenting 
of pancreatic duct is done initially. Then resection (better 
option) or drainage (jejunal loop Roux-en-Y anastomosis 
directly over disrupted duct) surgery is done. Pancreatic 
pleural effusion disappears once abdominal cause or ascites 
is corrected. 


lm PANCREATIC FISTULAE 
Types 


External and internal fistulae. 


External Fistulae 
‘Types 
a, Low output fistulae <200 ml 
b. High output fistulae >200 ml 
(Note: For other GI fistulae it is 500 ml) 
Causes 


# Whipple’s operation. 
 Pancreaticojejunostomy. 


¢ Splenectomy. 

# Colonic surgeries 

¢ Trauma, 

% After external drainage of the infected pseudocyst of pancreas. 
# After percutaneous drainage of the pseudocyst. 


Clinical features 


© Patient is in a catabolic state. 
Skin excoriation, 


Investigations 
¢ CT scan, 

© ERCP. 

# Fistulogram. 

Amylase estimation of the discharge, 


‘Treatment 
Conservative treatment: 

¢ Total parenteral nutrition. 

# Zine oxide cream for skin excoriation. 

¢ Correction of electrolyte imbalance. 
Antibiotics 

# Octreotide. 

Surgery 

# Roux-en-Y anastomosis 

# Resection of fistula with pancreas. 

¢ Endoscopic stenting of the pancreatic duct. 


Internal Fistulae 
¢ Communicating pseudocyst. 
4% Pancreatic ascites 


¢ Pancreatic pleural effision. 
¢ Pancreatic-enteric fistulae 


+ Septicaer 
Malnutrition 

Bleeding due to erosion of vessels 
+ Electrolyte imbalance 

‘% Severe skin excoriation 


l™ PANCREATIC ABSCESS 


5% common. 

¢ Itean occur immediately after an attack of acute pancreatitis 
or in an existing pseudocyst 

Common in alcoholics and gallstone diseases. 

© Mortality is 25%, 


# Pancreatic abscess is collection of pus in lesser sac (intraab- 
dominal) in relation to pancreatic surface which contains 
mainly pus with only less or no necrotic pancreas. It may 
slough off the pancreatic’ splenic vessel wall to cause torren- 
tial haemorrhage. Abscess may be single or multiple (60%). 
It is commonly in head/body or tail. But often entire gland 
may be involved (25%). Abscess may rupture into viscera 
‘or extend into other part of the abdomen 


Clinical Features 


# Persistent pain abdomen, 
# Tender epigastric mass. 
‘Commonest organism involved is E. coli 


Investigation 


# Ultrasound and CT scan are diagnostic. 
# CT guided FNA and Gram’s staining and culture 


Treatment 


# Antibioties. 
% Open surgical drainage with cystogastrostomy. 
# UIS guided aspiration. 

© CT guided insertion of polythene catheter 


Complications 
+ Septicaemia 


# Hacmorthage due to erosion of splenic vessels. 
# Recurrent abscess formation 


lm PANCREATIC NECROSIS 


Itis diffuse or focal area of nonviable parenchyma of pancreas, 
occurs during an attack of severe pancreatitis that is associ 
ated with peripancreatic fat necrosis. It occurs in 20% of 
pancreatitis. 


cule 


Types 


# Sterile necrosis is 60% of total pancreatic necrosis. Mortality 
here is 10%. 

# Infected necrosis is 40% of total necrosis, Mortality here is 
30-40%, very high. Risk of infection is 25% in one week of 
acute attack; 35% at the end of 2nd week; and 70% at the 
end of 3rd week. 

# Necrosis extends to retroperitoneal fat, mesentery, retrocolic 
and perinephiic areas, 


Pathogenesis 


+ Premature activation of proteolytic enzymes. 
# Intrapancreatic vessel thrombosis, 


‘Turn your stumbling blocks into stepping stones. 


61 


seaisued 


76 


SRB's Manual of Surgery 


¢ Pancreatic microcirculation failure. 
# Release of inflammatory mediators. 


Mode of Infection 


# Hacmatogenous 
# Reflux through ampulla. 
Mucosal translocation of bacteria, 
¢ From the biliary tree. 

# Lymphatic route. 
 ‘Transperitoneal spread. 


Bacteria 

65% are polymicrobial 

¢ E.coli is commonest. 

# Others are—Proteus, Pseudomonas, Klebsiella, staphy- 


lococei, Streptococcus faecalis, enterococci, anaerobes, 
Clostridium welchii. 


Diagnosis 

% Clinical features. 

# CT scan abdomen and CT guided FNA for Gram’s staining 
and culture 

© CRP value—> 120 mgllitre; interleukin level; elastase level: 
urinary TAP assessment, 


Treatment 


 Antibiotics—imipenem, cefuroxime, ofloxacin, mero- 
penem. 

¢ Percutaneous drainage. 

Laparotomy, necrosectomy, debridement, saline wash, 
closure with tube irrigations/lavage. 


Complications 


# Septicaemia, ARDS, renal failure, MODS 
# Pancreatic fistula after surgery. 

¢ Intra-abdominal abscess. 

# Abdominal dehiscence, incisional hemia after surgery. 


ll PANCREATIC TRAUMA 


# It is rare because of its anatomical location - retroperito- 
eum. 

# Its injury is usually associated with injuries to liver/ 
duodenum/spleen/portal systembiliary system kidney. 

* Deep force in epigastrium may cause crushing of body of 
pancreas against vertebra—closed injury. 

# Penetrating injury may cause direct sharp injury of 
pancreas. 


Types 


# Parenchymal contusion/laceration without duct disrup- 
tion 


® Parenchymal injury with duet disruption. 
% Complete transection of pancreas. 
# Massive destruction of pancreatic head. 


Pancreatic injury 
Class | Capsular damage; minor parenchymal injury 

Class ITransection of duct in body or tail—partial or complete 
Class ll Major duct injury in pancreatic head or intrapancreatic 
CBD injury 

Duodenal injury 

Class |Contusion, hematoma, partial thickness injury 

Class Full thickness duodenal injury 

Class ll Full thickness duodenal injury with 

1,.More than 75% circumference injury 

‘2.Extrapancreatic CBD injury 


Combined pancreatico duodenal injury 
Type | Class linjury to both organs/class | injury of one organ 
with class Il injury to other 

Typell Class ll injuries of both organs 

‘TypelllClass injury to one organ with less severe injury to other 
‘Typell Class Il injury to both organs 


Grade I~ Minor contusion/laceration without duct injury 
Grade l- Major contusion/laceration without duct injury 
Grade Il ~ Distal transection or injury with duct involvement 
Grade! - Proximal transection orinjury with involving ampulla 
Grade V ~Massive disruption of pancreatichead 


Features 


# Pain in epigastrium, 
# Features of associated injuries. 

# Features of shock. 

# Rise in serum amylase level is common, 


Investigations 


# CT scan is diagnostic 
# ERCP to confirm duct disruption. 
# Assessment of blood loss and other injuries 


Treatment 


# Commonly conservative with fluid management; blood 
transfusions; antibiotics; pain relief 
# Surgery is needed when there is: 
> Major ductal disruption. 
> Vascular injury. 
> Extensive injury to head. 
> Other organ injury. 


Surgeries are 


# Proper exploration and haemostasis, 
# Inneck transection, distal pancreatectomy with splen 


¢ In injury to head, haemostasis and external drainage is 

done. 

Pancreaticoduodenectomy is done if there is major injury. 

Choledochojejunostomy is done if there is CBD injury. 

Different pancreatic drainage procedures are done to prevent 
sepsis and fistula 

¢ Portal system injury carties poor prognosis. It needs repair 
or intervening graft placement to control and maintain the 
continuity. 


oe 


Prognosis 


# Depends on type and class of injury and other associated 
injuries. 


Complications 
Haemorrhage. 

Septicaemia. 
Pancreatitis—acute/recurrent, 
Pseudocyst formation, 
Pancreatic fistula, 


Pancreatic abscess 
Pancreatic duct stricture atthe site of duct injury as a delayed 
complication, 


ll CYSTIC LESIONS OF PANCREAS 
Types 


seeseoe 


1, True pancreatic cysts: 

> Congenital 
Not premalignant. 
Asymptomatic. 
May be associated with cystic diseases of liver, kidney. 
Multiple true pancreatic cysts (polycystic disease of 
pancreas) are common than solitary true cyst. They are 
lined with cuboidal epithelium and are associated with 
vom Hippel Lindau disease in 50% of patients. They don’t 
require any treatment, 
2, Pseudocyst of pancreas. 
3, Cystic tumours of pancreas. 


Serous cystadenoma, 
“Mucinous cystadenoma, 
Cystadenocarcinoma. 
Angioma. 

. Cystic teratomas. 

4. Hydatid eyst of the pancreas, 
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ll EXOCRINE PANCREATIC DISEASE 
Causes 


# Pancreatitis, 
# Cystic fibrosis. 
# Pancreatic resections, 


Investigations 


# 72 hours faecal collection for estimation of daily faecal fat: 
Ina person ingesting 100 gm of fatiday, if faecal excretion 
of fat is more than 7 gm/day, it signifies pancreatic insuf- 
ficiency. Its the most sensitive and specific test (Presence 
‘of neutral fat suggests pancreatic disease whereas split fat 
suggests small bowel disease. 

# Secretin-cholecystokinin stimulation test shows duodenal 
fluid normally contain more than $0 mEq/L HCO, and 
HCO, greater than 15 mEq/30 minutes. 

# PABA excretion in the urine after ingestion of bentinomide, 

if less than 50% it signifies pancreatic insufficiency. 

Serum trypsin level is low in pancreatic insufficiency. 

Pancreolauryl test 

Triolin breath tes. 

Lundh test—Duodenal juice collected 2 hours after meal 

shows trypsin level > § mEq/ml, It is very low in chronic 

pancreatitis (Goran Lundh). 

# Glucose tolerance test 


Treatment of Pancreatic Insufficiency 


+ Low fat diet 
# Pancreatin enteric coated tablets during meals. 
# Cause is treated, 


In between goals is a thing called life, which has to be lived and enjoyed. 
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Retroperitoneal Space 


CHAPTER OUTLINE 


» Anatomy of Retroperitoneum 
© Retroperitoneal Fibrosis 
© Retroperitoneal Swellings 


ll ANATOMY OF RETROPERITONEUM 


‘This is the space between the peritoneal cavity and posterior 
‘abdominal wall, It is bounded anteriorly by posterior parietal 
peritoneum; posteriorly by vertebral column, psoas muscles, 
‘quadratus lumborum muscle and tendinous portion of transwersus 
abdominis muscles; superiorly by diaphragm; inferiorly by pelvic 
levator muscles (by Ackerman). Its real potential space. 


Retroperitoneal fibrosis 
Retroperitoneal cysts 

Retroperitoneal tumours 

Retroperitoneal lymphomas 

Retroperitoneal vascular diseases, e.g. aneurysms 
Retroperitoneal trauma and haematoma 

Retroperitoneal infection, e.g. psoas abscess, pyogenic 
abscess 
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Diseases of the specific retroperitoneal organs, eg. adrenals, 
kidney. 


lm RETROPERITONEAL FIBROSIS 


% Idiopathic type (70%) is called as Ormond’s disease 
which is associated with mediastinal fibrosis, Dupuytren’s 
contracture, plantar fasciitis, Peyronie's disease, Riedel’s 
thyroiditis, sclerosing cholangitis, mesenteric panniculitis, 
pseudotumour of the orbit and other fibromatosis. It 
nonspecific inflammation of fibrofatty tissue in the retro- 
peritoneum, 

+ Patient presents with severe and persistent back pain. 

% Diffuse fibrosis in retroperitoneum can compress both 
ureters leading to bilateral hydronephrosis and renal failure. 

+ Extravasation of urine, ascending lymphangitis, and autoim- 
mune cause are the aetiologies. 

% In 30% cases it is bilateral. Hypertension, lower limb 
oedema (lymphatic or venous block), feeble lower limb 

pulses are common, 

It is like woody fibrous tissue which narrows ureters, vessels 
and nerves, Ureteric obstruction commonly in lower 1/3rd 


Retroperitoneal Tumours 
w= Psoas Abscess 


42h dorsal nerve 
liohypogastiic nerve 


Lateral femoral 
cutaneous nerve 


Fig. 15.1: Anatomy of retroperitoneal space. 


causing dysuria, frequency, oliguria, renal failure. Venous 
and lymphatic oedema of limbs can occur. 

# Imay be localised or generalised. Generalised type (15%) 
‘may extend into duodenum, CBD and pancreas. It is not 
‘encapsulated but margin is well-demarcated. 

# It can also cause vascular compression, both venous and 
arterial 

# Disease is progressive one. 


Investigation 
+ us 
© IVU—diagnostic: 


SSS 
‘& Deviation of middle 1/3rd of ureter medially 
& Hydroureteronephrosis, 
+ Extrinsic ureteral compression 
* Blood urea and serum creatinine, raised ESR and CRP. 
# CT sean. 


Treatment 


* Drug therapy: Methylprednisolone, azathioprine, penicil- 
amine, tamoxifen 

Cystoscopic stenting of the ureters to prevent renal failure, 
‘Symptomatic treatment: If stenting fails, bilateral nephros- 
tomy is done. 

Ureterolysis, 

Lateral repositioning of ureters 

Omental wrap after ureterolysis, 

‘Vascular bypass graft for vascular encasement 


‘Other causes for retroperitoneal fibrosis (30%) 
‘@ Methysergide and beta blocker drugs 
Urine leak and collection in the space 
@ Haematoma, blood collection 
@ Advanced malignancy, radiation. 
4 Ergot's alkaloids, dopamine agonists 
Retroperitoneal surgeries, haemorrhage 
Trauma, infection 


ll RETROPERITONEAL SWELLINGS 


‘Types of retroperitoneal (RP) tumours (0.3 to 3%) 


Benign—20% of RP tumours 
Retroperitoneal lipoma 

Retroperitoneal neurofibroma, neurilemmoma 
Retroperitoneal lelomyama 

Extra-adrenal chromaffinomas 

Paraganglioma 

‘Mucinous cystadenoma 

Haemangiopericytoma 

‘Malignant —80% of RP tumours 

® Retroperitoneal liposarcoma, leiomyosarcoma—S0% 
Retroperitoneal lymphoma (commonly NHL) 

4 Malignant tumours from specific organs, 

 Getm cell tumours, chordomas 

 RPLN secondaries with hard nodules 


ee eeece 


Note: 

+ Tumours of retroperitoneal organs like kidneys, ureters, pancreas, 
and adrenals are conventionally not included in retroperitoneal 
tumours. 

+ Paragangliomas are of neural crest origin that arises from para- 
ganglionic tissues distributed along the major vasculatures 
(abdominal aorta in abdomen} or sympathetic chain, may be 
functioning or nonfunctioning. 20% secrete catecholamines. 
They may be multiple. Only 0.5% of cases present with hyperten- 
sion. Itcan be familial, often associated with von Hippel Lindau 
disease and RET proto-oncogene. It may arise from type! cellsas 
chromogranin A positive—NSE positive; or type Iicells as $ 100 
positive with good prognosis. 

+ Costello syndrome is mental retardation, benign papilloma; 
develop embryonal rhabdomyosarcoma. 

+ Retroperitoneal cysts ate—cysts arising from Wolffian remnants 
or urogenital tract; RP mesenteric cyst; teratomatous dermoid 
cysts; RP lymphatic cyst; parasitic cysts. 
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Fig. 15.2: Retroperitoneal tumour can attain very large size often. It 
causes deviation of ureter laterally often may invade the ureter (In 
retroperitoneal fibrosis ureter is deviated medially). It may invade 
of encase the IVC also causing IVC obstruction with features of 
bilateral oedema feet, dilated lateral abdominal wall vein with upward 
direction flow of blood. 


Features of the Retroperitoneal Mass 


Itis usually large. 
Not moving with respiration. 

Nonmobile 

Does not fall forward (confirmed by knee-elbow position). 
Deeply placed. 

Resonant on percussion (because of the bowel in front). 


The lesser the indication, the greater the complication. 
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Figs 15.34 and B: Retroperitoneal tumour—benign lipoma was 
excised with a loin retroperitoneal approach 


> In retroperitoneal cyst and sarcoma the swelling is 
smooth. 

> In lymphoma itis smooth and firm. 

> In ancurysm it is pulsatile (expansile pulsation) which 
will persist even in knee-elbow position. 

» Confirmation is by U/S, CT scan, MRL 

> Most common retroperitoneal benign tumour is lipoma. 

> Sarcoma (commonest is lipasarcoma 40%) which attains 
a very large size, goes for myxomatous degeneration very 
carly and is aggressive, 


ll RETROPERITONEAL TUMOURS 


¢ Retroperitoneal tumour can be benign or malignant (refer 
table above); solid or cystic. Solid tumours are commonly 
‘malignant (85%); cystic tumours are usually benign, 


Fig, 15.4: Retroperitoneal leiomyosarcoma, CT picture. 


© Malignant retroperitoneal tumour may be mesodermal (75%), 
neuroectodermal (24%) or embryonic remnant (1%) in origin 
Rarely it can be urologic or metastatic also. Sarcoma is the 
‘most common malignancy; in ackult—liposarcoma is the most 
common retroperitoneal sarcoma (50%); leiomyosarcoma 
is 30%; malignant nerve sheath tumour (5%): fibrosarcoma 
(5%); malignant fibrous histiocytoma (MFH—10%) can 


also occur, 20% show neurological deficit; 40% show distant 
blood spread. Jn children rhabdomyosarcoma is the most 
common one. 15% of all sarcomas are of retroperitoneal. 


15.5: Retroperitoneal tumour, on table finding. 
ttwas large and inoperable 


Aetiology 


% Retroperitoneal tumors may be associated with radiation; 
‘exposures to chemicals like vinyl chloride/thorium dioxide, 
familial Gardner's syndrome, familial retinoblastoma or 
{familial neurofibromatosis, Li Fraumeni syndrome, germline 
mutations of p53 in chromosome 17. 


Features 


% Tumor arises from fat, areolar tissue, vessels, nerves, skel- 
tal and smooth muscle, fascia, lymph node and lymphatic 
systems and tissues of embryologic origin, Sarcomas can be 
commonly solid, cystic or mixed. Usually tumour develops a 
pseudocapsule. Liposarcoma often originates from (> 30%) 
perinephric fat. 

+ Liposarcoma can be well-differentiated (60%) or undifferen- 
tiated (dedifferentiated). It spreads along the fascial planes 
enveloping the organs. Infiltration of organs occurs only 
at late stage. It shows whorl like pattern in histology with 
myofibroblastic or osteoblastic differentiation, Insulin like 
production by tumour or rapid utilisation of glucose by active 
tumour causes intermittent hypoglycaemia (paraneoplastic). 

# Spread of retroperitoneal sarcoma mainly occurs through blood 
to lungs and often to liver. Nodal spread occurs rarely (5%). 


Presentations 


% Most patients have initial asymptomatic course with eventual 
presentation as mass abdomen (90%). Pelvic mass (20%), 
vague abdominal pain and discomfort (70%), anorexia, 
fatigue, vomiting, weight loss, fullness in abdomen, back 
pain due to compression over lumbar and pelvic nerves, leg 
pain, recurrent episodes of fever—are other features. 


767 


Fig. 15.7: Retroperitoneal tumour showing encasement of major 
vessels. t becomes inoperable. Ureter, duodenum, intestines, kidney 
are other structures which may get infiltrated by tumour. 


Other presentations are—GI bleeding; intestinal/urinary 
obstruction (10%); neurological manifestations (20%) by 
compression or invasion of neurological systems by tumor. 
iliae vein or IVC compression can cause lower limb varicosi- 
ties, varicocele, and dilated abdominal veins with venous 


flow from below upwards, and oedema 


Investigations 


CT abdomen—helical contrast CT (commonly used) and 
pelvis and CT'chest (to see metastases) are essential inves- 
tigations 

CT guided core biopsy’, laparoscopic biopsy are needed 
FNAC has got limited role 

MRJis better than CT with near 100% accuracy. It identifies 
extent, desmoplastic reaction. Liposarcoma shows decreased 
signal in T1 and increased signal in T2. MFH shows hetero- 
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gamous signals. 
Retroperitoneoscopy may be ideal to take biopsy 

IVU shows laterally deviated ureter. Plain X-ray may show soft 
tissue shadow, obliterated psoas shadow, and often calcification 
AFP, HCG and other tumour markers are done often. LFT, 
blood urea and serum creatinine is done. 


Histochemistry is essential in many suspicious types. 


TNM staging (AJC 6th edition) _AJCC (6th edition) grading 


Tumour (7 Low grade 
Tx: Cannot be assessed High grade 
T0:No tumour 
T1:Scmorless 


255m 19 (AICC 6h 
Nodal) ETT Ny Mylow grade 
/ NiNodes cannot beassessed —{:Ty;Ni Mshigh grade 
N:No nodes IleT Ni Msshigh grade 
} NiiNodes present IVAny TiN 
; { Metastasis (Mt Nore: 
y M,Distant spread cannotbe Nodal spread caries poor 
oe assessed prognosis;it is equal to M, 
Myo metastases then outcome is consid- 
Figs 15.68 to C: Retroperitoneal tumour presenting a large mass Mi 
. 2 rapeney es presenters M,:Distant spread present ered 


‘abdomen with all features. CT pictures of the same patient. 


Time neither subtracts nor divides, but adds to such a pace it seems like multiplication. 
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Treatment # Recurrent disease needs re-exploration but often difficult to 
do complete clearance. 

% Mesna, Adriamycin (main drug), ifostamide and dacarbazine 
(MAID) ate the chemotherapeutic agents used. 

* Germ cell tumour, lymphoma (NHL) are treated according 

# Prognosis depends on: 


# Surgery is the main modality of therapy with wide exci- 


sion—complete enblock excision (possible only in 30% of 
cases) is the ideal. Limited resection; debulking (contro- 


versial) are other options. Often it needs extensive surgical 


dissection: resection of adjacent bowel. Wide exposure * fen rade. low or high 

is the key for successful surgery (lengthy midline/thora- _Rosectakilty 7 

coabdominal). Limiting factors are encasement of major} jnvasion inte organs, veins, nerves 

vessels; invasion of ureters; extension into duodenum or ive ofumour = $ conor 3 om o> 10 cm: 

pancreas; extensive involvement of mesentery and spread. Deep location 

Proper bowel preparation, colostomy, urinary diversion, Nontiposarcoma in histology-—poor prognosis 
adequate blood to replace the lost blood, hypotensive Recurrent disease. es 

general anaesthesia are the requirements during surgery. Distant spread 

Posterior dissection along the IVC, aorta and near spinal > Tumour grade and completeness of resection without 
canal are the difficult areas of dissection. Complications disdrs spread re ttnportant paoennsls: Bctors, 
are—injury to major structures, bleeding, sepsis, and leak > RPtumours has got overall 40% recurrence rate. Overall 


survival is 14 to 


S-year surrival for well-differentiated tumour is 75%; 
< 40% for undifferentiated tumours. 


Features of retroperitoneal sarcomas 
Mass per abdomen 

Pain in the back and compressive features 

GIT obstruction especially by leiomyosarcoma 
Compression over the ureter causing hydronephrosis, 
Compression over the major veins causing varicose veins 
Arterial compression features are not common 

Liver and lung secondaries can occur 

CT guided biopsy is ideal method of investigations 


‘Treatment of retroperitoneal tumours. 
Wide local excision. Often requires removal of adjacent struc 
tures lke colon, kidney,and spleen 
Debuiking operation as a palliative 
Enucleation through pseudacapsule. It has got high recur- 
rence rate—not done; may be useful in advanced cases 
Radiotherapy either brachytherapy or external beam radio- 
therapy or intraoperative RT 
Chemotherapy using adriamycin 
Retroperitoneal NHL is treated by chemotherapy 


Figs 15.8A and B: Retroperitoneal lymph node mass. It could be 
tuberculosis/lymphoma/secondaries/autoimmune lymph node 
enlargement. 


* Postoperative chemotherapy and radiotherapy is used as 
adjuvant method. 

¢ Radiotherapy may be external beam RT (5000 cGy); or ORT 
(intraoperative RT during surgical resection) which reduces 


local recurrence and radiation enteritis. Problems with RT 
are radiation injury to kidney, bowel, liver and spinal cord, 
Preoperative intensity modulated RT (IMRT) is tried. Fig. 15.9: Large pelvic retroperitoneal tumour. 


Retroperitoneal sarcoma (RPS) 

‘Accounts for 159% ofall sarcomas 

‘Common presentations are—nontender palpable RP mass 
(90%); weight loss, pain and discomfort; neurologic (20%) 
Urinary (1086); weight loss (20%); bowel obstruction; para- 
neoplastic syndrome (hypoglycaemia 
70% present with tumour more than 10 cm; 20% present 
with metastases 

Liposarcoma is the most common RP sarcoma; it can be 
well-differentiated, dedifferentiated, myxoid, round cell, 
pleomorphic 

Histological grading is important prognostic factor—high 
‘grade carties median survival of 2-3 years;/ow grade has got 
survival of 10 years 

CT scan, CT guided core biopsy through posterior approach, 
MRI (extremely accurate)—are the investigations needed, 
(CT chest and abdomen, isotope renal scintigraphy or IVU to 
check the function of opposite kidney has to be done which 
may required to be removed 

preoperative biopsy snot usuallyindicatedin patients with 
resectable RPS; but is needed when preoperative therapy 
alters or lymphoma/germ cell tumours are suspected 

‘Open biopsy is also nat done in a resectable tumour as itis 
potentially dangerous, can cause peritoneal contamination. 
Itis done only f CT core biopsy is inconclusive 

FNAC in RPS isnot useful 

PET scan do not have usual role in screening, diagnosis and 
staging It can be used to quantify tumour actvity;to assess 
the response of neoadjuvant chemotherapy and response of 
newer therapies targeted at specific molecular level to arrest 
the tumour growth 

Dutch/memorial Sloan-Kettering cancer centre classifica- 
tion system of RPS (post-surgical) is commonly used: 


= Stage! - Low grade,complete resection,nometastases 

— Stagell - High grade, complete resection, no metastases 

— Stage ll - Any grade, incomplete resection, no metas- 
tases 


— Stage lV ~ Any grade, any resection distant metastases 
Surgery is the choice of therapy—monobloc complete 
‘surgical resection with dissection outside the pseudocap- 
sule with adequate negative margin is possible only in 50% 
of cases 

Often associated visceral organ resection (in 50% cases) is 
nneeded—kidney and adrenals (459 cases) colon (25%), small 
bowel, pancreas (15%), spleen (10%). Need for removal of 
kidney arises when there s encasement of rena hilar vessels 
‘and fascia of Gerota, but not invasion of kidney 

‘Adjuvant RT to retroperitoneum is used to prevent local 
recurrence. It can be—preoperative, intraoperative (IORT), 
postoperative. It can be external beam (EBRT) or brachy- 
therapy. Advantages of preoperative RT are—well demar- 
cated gross tumour;radiosensitive viscera displaced away 
by tumour itself without adhesions; absence of potential 
contamination of abdomen cavity;better oxygenated tumour 
bed, ORT isgiven asa single large dose (20 Gy) of RT to the 


retroperitoneum on table after displacing sensitive viscera 
away. Intensity modulated RT (MRT) gives 45 Gy RT to planned 
gross tumour with 1.5 em margin with intergrated booster 
doses of 65 Gy at 25 Gy per fraction to the margins at high- 
risk IMAT has minimal local toxicity like damage to kidney, 
bowel (stricture), spinal cord. Postoperative RT has more 
disadvantages and toxicity but allows patient selection in 
terms of risk of lacal recurrence 

‘& Chemotherapy (CT}—no roleof neoadjuvant CT. Adjuvant CT 
may be useful in synovial and mysoid types of liposarcoma, 
Palliative CT is used in unresectable and metastatic RPS— 
‘MAID and AIM regimes are used 

'® Specific targeted therapy on tumourogenesis—antian- 
giogenetic agent, tyrosine kinase inhibitors,and mammalian 
target of rapamycin inhibitors (MTOR) are used. Trabect- 
edin—synovial sarcoma, myxoid sarcoma, leiomyosarcoma 

| Prognostictactors—tumourgradeand completion ofsurgical 
resection are the best prognostic factors (not tumour size) 

‘& Local recurrence is common in 50% of cases, tis usually 
seen in high grade liposarcoma, Leiomyosarcoma, malig 
nant peripheral nerve sheath tumours show distant spread 
commonly along with local recurrence 


ll PSOAS ABSCESS 

# Abscess in the psoas region in the iliac fossa, is commonly 
due to tuberculosis of spine (T 10) and lymph nodes, retro- 
peritoneal structures, lower intercostal region. 

# Itcan also be a pyogenic abs: 


ss. 


inical Features 


* Back pain, fever, spinal tenderness, paraspinal spasm and 
restricted spine movement. 

¢ Swelling in iliac fossa which is smooth, nontender, nonmo- 
bile, not moving with respiration. 

# When it extends across the groin and below th 


inguinal 
ligament, it is erass fluetuant across the inguinal ligament. 

# Patient has typical psoas muscle spasm in which patient is 
able to flex his hip but finds it difficult to extend. 


Psoas major 


Abscess 


7 Wiacus muscle 


Fig. 15.10: Psoas abscess, 


Aman carries success or his failure with him; it does not depend on outside conditions. 
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‘Swellings which are cross fluctuant 


‘@ Psoas abscess 
@ Ranula 

Compound palmar ganglion 
 Bilocular hydrocele 


Differential Diagnosis 


a. Iliac artery aneurysm. 


b. Ovarian cyst in females. 
¢. Sofi tissue tumours and cysts in the iliac region, 
d. Hernia, 


Fig. 15.11: CT picture of large psoas abscess, 


Investigations 


X-ray spine and chest, CT scan. 
Mantoux test, ESR, peripheral smear, 
U/S abdomen, 


A 


Wana 
Fig. 15.12: On table finding of psoas abscess. 


Treatment 


Antituberculous drugs are started INH, ethambutol, rifam- 
picin, pyrazinamide, 


Figs 15.13A to C: Bilateral large psoas abscess—CT picture. Drainage 
and placement of Malecot catheters for the same. Note the location 
of incisions. It is obliquely placed incision above the lateral aspect of 
groin with extraperitoneal approach. 


Under G/A through lateral loin incision, the psoas region is, 
reached extraperitoneally. The pus is drained and collected 
for culture and sensitivity, AFB, culture. The wound is, 
closed. All caseating material and diseased parts of vertebra 
should be removed. 
Only lateral approach is advised. In thoracic region—ante- 
rolateral decompression with costotransversectomy with 
bone grafting is the treatment. 

Note: 

Posterior approach, ie. laminectomy—not advised. 


Chapter 16 


Differential Diagnosis of 
Mass Abdomen 


‘CHAPTER OUTLINE 


Mass in the Right Hypochondrium 
Mass in the Epigastrium 

Mass in the Left Hypochondrium 
Mass in the Lumbar Region 


bana 


In a patient presenting with mass abdomen, generally following, 

clinical features should be assessed carefilly. 

# Pain: Site, nature, aggravating or relieving factors, duration 
of pain, referred pain. 

# Vomiting: Type, content, haematemesis, relation to food, 
frequency. 

¢ Jaundice: I is an important factor in relation to liver, gall- 
bladder or pancreatic masses. 


Fig. 16.1: Obstructive jaundice in a patient with carcinoma head of 
pancreas. Note the sclera or discolouration, Severeitching is common 
in these patients. 


# Bowel habits: Constipation, diarthoea, bloody diarrhoea, 
furious diarrhoea, tenesmus. 

# Decreased appetite and weight. 

# Inspection of the mass: Anatomical location, margin, 
surface, movement with respiration. 

¢ Palpation of the mass: Site, extent, surface, tendemess, 

tency, movement with respiration, mobility, borders, 


® Mass in the Umbilical Region 
Mass in the Right lliac Fossa 
Mass in the Left lliac Fossa 

® Mass in the Hypogastrium 


: Abdomen should be inspected by exposing from nipple 
level to knee level. Inspection is done from foot end and from right 
side, 


plane of the swelling (by leg raising test), presence of other 
masses. 

# Often mass needs to be examined for change of position—in 
sitting, in standing, in side position, after a brisk walk, in 
knee elbow position for retroperitoneal mass and for puddle 
sign (but difficult to keep patient in this position) 

# Percussion is an important aspect of examination in case of 
aan abdominal mass. Percussion over the mass is important 
to predict the anatomical location of the mass. If mass is 
ull, then itis in the anterior abdominal wall or in front of 
the bowel intra-abdominally like liver, spleen, gallbladder. 
Ifthe mass is with a impaired resonant note, then the mass 
is arising from the bowel like stomach, colon, small bowel. 
If the mass is resonant on percussion, then the mass is 
probably in the retroperitoneal region, Other than this, liver 
dullness, free fuid in the abdomen should be elicited during 
percussion. 

# Per rectal examination: ILis done to look for any secondaries 
in rectovesical pouch, primary tumour of relation of lower 
abdomen masses (pelvic masses). 

# Pervaginal examination is done to assess pelvis 


masses, 


Diagnosis of diseases os often easy; often difficult and often impossible. —William Harvey 
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Fig. 16.3: Superior vena caval obstruction causing dilated veins in 
the neck, chest wall and shoulder, Note the neck swelling extending 
into the mediastinum. 


Figs 16.48 and B 


a 


Figs 16.4A to C: Inferior vena caval obstruction causing dilated veins 
over the lateral aspect ofthe flank with flow of blood upwards. 


Fig. 16.4 


= q 


Fig. 16.5: Abdomen mass should be palpated clinically propery. 


Fig. 16.6: Percussion over the massis absolute need tofind out the plane 
of the mass. Anterior masses are dull on percussion; posterior masses 
are resonant and mass from bowel has impaired resonance. 


Fig. 16.7: Digital examination of rectum is a must in patients with Fig, 16.10: Regions in the abdomen. 
‘mass abdomen to look for secondaries, possible primary and often 
to assess the mass itself. 


1. Right hypochondrium 
2, Epigastric region 

3. Lefthypochondrium 
4, Right lumbar region 
5, Umbilical region 

6. Leftlumbar region 
7. Right iliac fossa 

8. Hypogastrium 

9. Leftiliac fossa 


Abdomen is divided into nine regions by four lines. 

1. Upper horizontal or transpyloric line is mid-way between 

the umbilicus and xiphisternum. 

Lower horizontal line is transtubercular line at the level of 

two tubercles on the iliac erest 

3. Right vertical line is the line through the midpoint of right 
‘anterosuperior iliac spine and pubic symphysis. 

4, Left vertical line is the line through the midpoint of left 

Fig. 16.8: Neck should be examined for let supraclavicular lymph _—_anterosuperior iliac spine and pubie symphysis. 


‘node enlargement in all abdominal masses. 
Il MASS IN THE RIGHT HYPOCHONDRIUM 
Liver Palpable as Mass in Right Hypochondrium 


# Itis horizontally placed. 

[usually moves with respiration 

% Upper border is not felt. 

# Its dull on percussion (This dullness continues over liver 
dullness above) 

Fingers can not be insinuated under right costal margin. 


Right upper 


Right ower Conditions where liver gets enlarged: 
1. Soft, smooth, nontender liver 
> Hydrohepatosis: tis due to obstruction of CBD causing 
dilatation of intrahepatic biliary radicles. 
» Congestive cardiac failure. 
> Hydatid eyst of the liver: Here mass is well-localised 
in the liver with typical hydatid thrill. Three finger test 


Fig. 16.9: Different quadrants in the abdomen. They are four in 


number formed by two lines—one is vertical midline through the ‘Three fingers are placed over the mass widely. When 
umbilicus; another is harizontal ne passing through the umbilicus, central finger is tapped fluid movement is elicited in 
‘Quadrants are—right upper, right lower, left upper and let ower. lateral two fingers 


‘As beds and couches vary in height, the examiner to palpate the abdomen, if need be, must sit on a suitable chair 
‘or even kneel upon the floor, no matter how undignified this may appear. —Charles P 
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Figure 7. Quantum Teleportation (Modified IBM Press Image) 
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See 


‘Amoebic liver abscess 
4 It is due to entamoebs histolytica infestation 
4 Itismore common in alcoholics and cirrhotics 
© Single abscess is common—70%; comman in right postero- 
superior lobe—80% 
4 Chocolate colored Anchovy sauce pus is classical 
Secondary infection can occur—30%—life-threatening due 
Pancreatic mass Aortic aneurysm ry Ja 1g 


Kidney mass to septicaemi 
Itcan be acute or chronic;both mimics hepatoma 


° 
* Rupture into lungs—most common site of rupture 
@ Most dangerous rupture is Into pericardium-—-left lobe 
abscess 
+ Liver failure can develop in cirhotc patient 
a Features 
® Common in males (20:1), fever, pain, intercostal tenderness, 
Cae ian 


Intussusception Massin RIF Pelvic mass 4 Mimics cholecystitis, subphrenic abscess, hepatoma 


+ Totalcount.LFT, prothrombin time,US abdomen are relevant 


investigations 
Lett iobe liver mass 


+ Chest X-ray may show left sided sympathetic pleural effusion 
& CT scan to differentiate from hepatoma 
‘& Treatment—drugs like metronidazole, injection dehydroem- 
etine, chloroquine tablets, diloxanate furoate; U/S guided 
aspiration after controlling prothrombin time using inj 
if recurs percutaneous guided drainage 
Using pigtail catheter or open laparotomy and drainage with 
placement of Malecot’ catheter 


GiB mass 


3. Hard, smooth liver 
> Hepatoma (HCC): Here a large, single, hard nodule 
is palpable in the liver. But occasionally there can 

be multiple nodules when it is multicentric. Rapidly 
growing tumour can be soft also, Hepatoma often can 

also be tender due to tumour necrosis or stretching of the 

liver capsule. Vascular bruit may be heard over the liver 
during auscultation. It mimics amoebic liver abscess in 


Pylori mass Pseudocyst of pancreas, 


Fig. 16.11: Mass abdomen, every resp 
> Solitary secondary in liver. 
Hepatoma/hepatocellular carcinoma/HCC, 
‘Stomach mass ‘& Common aetiologies are aflatoxins hepatitis and hepatitis 


‘virusinfection, alcoholic cirrhosis, haemochromatosis.smoking, 
hepatic adenoma, clonorchis sinensis, polyvinyl chloride 
Unicentric and right lobe involvement is more common 
Fibrolamellar variant is common in left lobe, nat related to 
hepatitis orcithosis without AFP level aise.There areincreased 
serum vitamin 8,2 binding capacity and neurotensin levels. 


Pancreas body mass 
Colonic mass 
Mesenteric cyst 
‘Omental mass 
Carcinoma caecum 


ee 


psespeseralanrt It can be multifocalindeterminate/spreading/expanding— 
eee eerie Okuda classification 

hic aes + Presentsas large smooth hard iver mass—later jaundice fever, 
Galbladder painand tendemess ascites and bruit over mass 

Umbiious 


+ Spreads to lymphatics, blood and direct spread 

Liver & Mimics amebic liver abscess, secondaries, hydatid cyst, poly- 
gysticliver disease 

4 LFT,CT scan, raised AFP, liver biopsy (only needed) are the 
Investigations 

 Hemihepatectomy in early operable growth isthe treatment 


Fig, 16.12: Different causes of mass abdomen, 


2. Soft, smooth, tender liver 


> Amoebic liver abscess: Here liver often gets adherent 
to the anterior abdominal wall and will not move with 
respiration. Intercostal tenderness, right sided pleural 
effusion are common. 


4 Hepatic artery ligation/intra-arterial chemotherapy/chem- 


‘cembolisation/percutaneous ethanol or acetic acid injection/ 
radiofrequency ablation/chemotherapy using adriamycin, 
carboplatin, gemecitabine—are palliative procedures 


Fig, 16.13: Hepatocellular carcinoma/hepatoma. It is common in 
right lobe, unicentric, attains large size. 


Figs 16.144 and B: Multiple secondaries inliver with umbilication. itis 
‘due to central necrosis, Secondaries are the most common malignant 
‘tumour of the liver. It could be from GIT or extra-gastrointestinal sites 
like from breast, lungs, melanoma, thyroid, prostate, kidneys, etc. 
Patient with iver secondaries has got poor general condition. Itshould 
be differentiated from multicentric hepatoma. tis usually treated by 
palliative chemotherapy. Solitary secondary from carcinoma colon 
‘can be removed by segmentectomy. 


4. Hard, multinodular liver: 
» Multiple secondaries in liver: Here hard nodules show 
umbilication which is due to central necrosis. 
> Macronodular cirthotic liver. 


Palpable Gallbladder in Right Hypochondrium 

% Itis smooth and soft (except in carcinoma gallbladder) 

% Itis mobile horizontally (side-to-side). 

# Itmoves with respiration. 

% Itis located right of the right rectus muscle, below the right 
costal margin or below the lower margin of the palpable 
liver. 

© Itis dull on percussion. 

Conditions where gallbladder is palpable: 

1. Soft, nontender gallbladder 
> Mucocele of the gallbladder. 
> Enlarged gallbladder in obstructive jaundice due to carci 

‘noma head of the pancreas or periampullary carcinoma 
or growth in the CBD. 

2. Hard gallbladder: 
> Carcinoma gallbladder, 

3. Tender gallbladder—empyema GB. 


Other Masses in the Right Hypochondrium 


% Pericholecystic inflammatory mass: Itis tender, smooth, firm 
‘orsoft, nonmobile, intra-abdominal mass often with guarding, 

Kidney mass arising from upper pole of the kidney: It may 
‘be due to renal cell carcinoma or hydronephrosis. 


Fig. 16.15: Large upper abdomen mass—could be liver mass, 
pancreatic mass, retroperitoneal mass. 


lm MASS IN THE EPIGASTRIUM 
Palpable Left Lobe of the Liver 


# Itis in the epigastric region. 
# Its upper border cannot be felt. 

# Itmoves with respiration. 

# Iextends towards left hypochondrium. 
# Itis dull on percussion. 


After every end is a new beginning and every beginning has an end. 
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‘Conditions where left lobe of the liver is palpable 
+ Hepatoma 
4 Amoebic liver abscess in left lobe 
Left lobe secondaries 
@ Hydatid cyst of the left lobe 


Features of Stomach Mass 


Careinoma| 
(primary) 


Figs 16.16A to E: Carcinoma pylorus causes gastric outlet obstruction 
‘with palpable mass above the umbilicus. Carcinoma body of stomach 
mainly presents as loss of appetite and decreased weight with 
horizontally placed stomach mass. Carcinoma from fundus of the 
stomach presents as mass abdomen with loss of appetite and weight. 
Carcinoma oesophagogastric (OG) junction presents as dysphagia. 
Carcinoma stamach is one ofthe common causes of secondaries in iver. 


eeceee 


Itis located in the epigastric region, 
It moves with respiration. It is intra-abdominal 

It is resonant or impaired resonant on percussion. 

Mass may be better felt on standing or on walking, 

Mass is often mobile, unless it gets adherent posteriorly. 

In pylorus mass, all margins are well felt which is mobile 
with features of gastric outlet obstruction 

Mass from the body of the stomach is horizontally placed 
‘without any features of obstruction. 

Mass from the upper part of the stomach near the OG june~ 
tion causes dysphagia, 

Mass from the fundus of the stomach is in the upper part of 
the epigastric region towards left side. 

Carcinoma stomach is nodular and hard. It is the most 
‘common cause for stomach mass. 
Leiomyoma of stomach is smooth and firm, 


Fig. 16.17: Epigastric mass arising from carcinoma stomach. 


rs — 

‘ Early growth—pylorus—lower radical gastrectomy with 
removal of tumour, proximal 5 em clearance, nodal clearance, 
‘greater and lesser omentum, distal pancreas and spleen 
(now not regularly removed: itis removed to clear splenic 
nodes—one of the node stations) and Billrath Il anastomosis 
‘or Roux-en-Y anastomosisis done. Postoperatively adjuvant 
‘chemotherapy should be given—5 fluorouracil, mitomycin, 
epirubicin, cisplatin 

& Growth in body, proximal growth, diffuse carcinoma and 
{generalised linitis plastica are the indications for total radical 
‘gastrectomy with cesophagojejunal anastomosis 

+ Neoadjuvant chemotherapy in advanced gastric cancer prior 
to surgery and later gastrectomy 

+ Instillation of mitomycin C impregnated charcoal intraperi- 
‘oneally to control lymphatic disease Uapan) 

+ Palliative procedures like palliative partial gastrectomy, ante- 
rior gastrojejunostomy,Devine’s exclusion procedure, luminal 
stenting in proximal inoperable growths, chemotherapy are 
Used in inoperable cases 

‘ Inearly carcinoma proper lymph nodal clearance is impor- 
tant 


Pseudocyst of the Pancreas Tnwastigations for psoudocyat ot ndioations for Tita 


© Mass in the epigastric region. It is smooth, soft. It can be ]Pancreas eieor 
tender if itis infected, * Ultrasound—commonly done + Size more than 6 
# Itdoes not move with respiration. procedure om 
# Its not mobile, * CT scan, ideal and choice + Formed thick-walled 
pseudocyst 
+ LFT, serum amylase, prothrom- + Infected pseudocyst 
bin time 
+ ERCP to find out communica- 
tions. 


+ Barium meal—not done now— 
shows widened vertebrogastric 


angle 

Interventions Complications 

+ Rouxen-¥ cystojejunostomy is + Rupture—3% 
ideal + Infection—20% 


+ Cystogastrostomy—Jurasz pro- + Bleeding—torrential 
cedure—commonly done cysto- 7% 
duodenostomy + Cholangitis 

+ Cystogastrostomy with external 
drainage if infected—Smith op- 
eration 

+ Endoscopic stenting 

+ Laparoscopic cystogastros- 
tomy—popular—safer 

+ Guided aspiration helps but high 
recurrence rate of 70% 

+ Acute fluid collection—just fluid 
collection 

* Acute pseudocyst with thin wall 

- + Chronic pseudocyst—thick 

Z, walled 

2 - + Pseudopseudocyst—inflamma- 
tory mass of bowel, omentum, 
etc. after acute pancreatitis mim- 
ics pseudocyst 


Fig. 16.18: Pseudacyst of pancreas presenting as epigastric mass. 


Cystadenocarcinoma of the Pancreas 


Mass is smooth, firm, does not move with respiration, nonmo- 
bile, resonant on percussion. Patient complaints of back pain. 


Colonic Mass 


# Itis due to carcinoma of transverse colon, 

# Itis mobile, horizontally placed, nodular, hard mass which 
does not move with respiration. Caecum will be dilated 
and palpable. 

16.19: Pseudocyst of pancreas—CT scan picture # Itis resonant or impaired resonant on percussion. 


+ Patient will be having bowel symptoms, loss of appetite and 
¢ Ithas got transmitted pulsation. It is confirmed by placing decreased weight. 


the patient in knee-elbow position. 

% Lower border is well felt. Upper border is not clear 

# Itis resonant on percussion. 

© Baid test: As the stomach is pushed in front, Ryle’s tube Mass in the epigastric region wi 
when passed, can be felt per abdomen on palpation bile, not moving with respiration. 


Para-aortic Lymph Node Mass 


is deeply placed, nonmo- 


‘The same beam of light can illuminate two objects and produce two different effects. 
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¢ Itis vertically placed, above the level of the umbilicus and 
resonant on percussion, 

Causes for enlargement are: Secondaries, lymphomas or 
tuberculosis: 


Aortic Aneurysm 


It is smooth, soft, pulsatile (expansile pulsation which is 
confirmed by placing the patient in knee-elbow position) 

Itis vertically placed above the level of the umbilicus, nonmo- 
bile, not moving with respiration and resonant on percussion. 


Il MASS IN THE LEFT HYPOCHONDRIUM 
Enlarged Spleen 


% Spleen has to enlarge three times to be palpable clinically, 

| @ Itenlarges towards the right iliac fossa from left costal margin. 

[moves with respiration, mobile, obliquely placed, smooth, 
soft or firm, with a notch on the anterior edge which is 
directed downwards and inwards. 


Fig. 16.20: Method of palpating spleen. 


Liver 
‘Spleen 


Fig. 16.21: Hepatosplenomegaly is the common condition (clinical 
entity). Ibis due to macronodular cirrhosis with portal hypertension, 
lymphoma, autoimmune diseases, congestive cardiac failure, 
hepatoma with portal hypertension, haemolytic diseases, etc. There 
may be ascites, supraclavicular palpable lymph nade and pleural 
‘effusion (right-sided). 


Fingers cannot be insinuated over the upper border. 

# “Hook sign” is positive, i.e. one cannot insinuate the fingers 
under the left costal margin. 

% Its dull on percussion. 

Left Sided Colonic Mass 


 Itis mobile, nodular, resonant. 

% It does not move with respiration, 

% Itis commonly due to carcinoma colon. 

Left Renal Mass from Upper Pole of any Cause 


Ithas got features of renal mass, 


Left Sided Adrenal Mass 


% Itdoes not move with respiration, It is not mobile. 
# Itis deeply placed mass. Often it crosses the midline. 
# Itis resonant on percussion. It mimics kidney mass. 


Mass Arising from the Tail of the Pancreas, 


Clinical features are same as other pancreatic masses. Causes 
are pseudocyst in tail of the pancreas and cystadenomas. 


ll MASS IN THE LUMBAR REGION 


Fig. 16.22: Kidney should be palpated bimanually with two hands. 
Ballotability also should be checked, 


Fig. 16.230 


Fig. 16.238, 


Figs 16.23A and B: Renal (Kidney) punch. Renal angle should be 
palpated for tenderness. Renal angle sjunction of 12th rib and erector 
spinae. On percussion ts normally resonant ass occupied by colon. 
It is replaced by kidney in kidney enlargement. Renal angle should be 
inspected, palpated and percussed in sting position from behind. 


Palpable Kidney Mass 

There is fullness in the loin which is better observed in 
sitting position. 

¢ Mass moves with respiration. It is vertically placed, 

 Itis bimanually palpable. It is ballotable. 

Renal angle is dull on percussion (normally it is resonant 
due to colon) 

‘There isa band of resonance in front due to reflected colon. 

# It does not cross the midline. 


Conditions Where Kidney Gets Enlarged 

Hydronephrosis. 

¢ Itis smooth, soft, lobulated, nontender mass, nonmobile, 

Pyonephrosis: 

History of throbbing pain in the loin, pyuria and fever with 
chills, 

% Itis smooth, soft and tender kidney mass, nonmobile 

Polycystic kidney: 

History of loin pain and haematuria, 

Hypertension, anaemia and features of renal failure. 

Usually bilateral, But one side can present early than on 


the other side, 
 Lobulated smooth surface. 


Renal cell carcinoma: 

History of mass in the loin, haematuria, fever and dull 
pain. 

© Mass is nodular and hard. 

# Itdoes not cross the midline. 

% Initially mobile; eventually it infiltrates gets fixed and 
becomes nonmobile. 


Mass from the Ascending Colon on Right Side 
or Descending Colon on Left Side 


% History of altered bowel habits with decreased appetite and, 
ight. 

% Mass is nodular, hard which does not move with respiration 
and is not ballotable. 

 Itis resonant or there is impaired resonance on percus- 
sion. 

% Renal angle is resonant. 

Proximal dilated bowel may be palpable, 


Adrenal Mass 


% Itis nodular and hard. 
# Itdoes not move with respiration, 

% Itis not mobile and often crosses the midline, 
% Itis felt on deep palpation. 

% Itis resonant in front. 

+ Itis not ballotable, 


Retroperitoneal Tumours 


They are not mobile, resonant and do not fall forward in 
knee-elboww position. 

They are deeply placed mass which are usually smooth, 
and hard. 

They may be retroperitoneal sarcomas of teratomas or Lymph 
‘node mass. 
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Fig. 16.24: Palpation of mass in knee-elbow position. Mobility and 
falling forward should be confirmed in knee-elbow position, 


780 


SRB's Manual of Surgery 


Fig. 16.25: Retroperitoneal tumour. 


Retroperitoneal Cysts 


‘They are smooth and soft with the same features as retroperi- 
toneal tumours, 


+ Mucocele/empyema of galbladder 
Pseudocyst of pancreas 

Hydatid cyst of liver 

‘Congenital nonparasitic cyst of liver 
Hydronephrasis 

‘Mesenteric cyst 

Ovarian cyst 

‘Omental cyst 

‘Aneurysm 

Retroperitoneal cyst 
Gystadenocarcinoma of ovary 
Loculated ascites 


ee eeeseococe 


ll MASS IN THE UMBILICAL REGION 


‘Mesenteric cyst 
‘Omental cyst 

Ovarian cyst (pedunculated) 

‘Small bowel tumours 

Extension of masses from other region 

Transverse colon mass 

‘Mass in the body of pancreas 

‘Mesentery mass 

Lymph node mass—secondaries (primary from GIT, testis, 
‘ovary, melanoma)/lymphoma/tuberculosis 

Retroperitoneal tumour 


eeeeeeeoe 
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Mesenteric Cyst 
© Tillaux triad: 
1. Soft intra-abdominal umbilical mass. 
2, Mobile in the direction perpendicular to the attachment 
of the mesentery. 
3, Resonant mass. 
# May precipitate intestinal obstruction, volvulus, 


Omental Cyst 
 Itis smooth, soft and nontender. 


# Itmoves with respiration. It is mobile in all directions 
# Itis dull on percussion. 


‘Small Bowel Swellings 


# Small bowel lymphomas, 
# Small bowel carcinomas. 
# Intussusception. 


Intussusception 


# Mass in umbilical region usually towards left and above 
the umbilicus. 

% Occasionally towards right side. 

# Mass is intra-abdominal which is sausage shaped, with 

concavity towards umbilicus, well-defined, smooth, firm 

and mobile. 

Mass does not move with respiration. 

Mass contracts under palpating fingers. 

Often mass disappears and reappears, 

Mass is resonant or there is impaired resonance on 

percussion. 

© “Red currant gelly” stool with features of intestinal obstruc- 
tion may be present, 


ll MASS IN THE RIGHT ILIAC FOSSA 


Fig. 16.26: Mass in right iliac fossa. All possible differential diagnosis 
should be considered and clinically analysed. Common masses are 
appendicular mass; carcinoma caecum; ileacaecal tuberculosis; ymph 
node mass; ameboma, 


‘Appendicular mass or abscess 
Carcinoma caecum 

lleocaecal tuberculosis 

‘Amoeboma 

Psoas abscess 

Lymph node mass ether mesenteric or external iac mph 
nodes 

Bony swellings 

Ectopic kidney 

Undescended testis (Abdominal) 

Actinomycosis 

Crohn’ disease 

Hac artery aneurysm 

‘Ovarian sweling-ovarian cyst 

Tubo—ovarian mass 

+ Uterine mass like pedunculated fibroid 


eeeoese 


ee eeeeee 


Appendicular Mass 


© Itis smooth, firm, tender mass in the right iliac fossa. 

# It is not mobile, It does not move with respiration, 

¢ Itis resonant on percussion. It is well-localised mass with 
distinct borders. 


Appendicular Abscess 


Itis smooth, soft, tender and dull mass in the right iliac fossa 
with indistinct borders, 


Carcinoma Caecum 


¢ Itis nodular, hard, mass in the right iliae fossa. 

# Itdoes not move with respiration 

# It is mobile but mobility may be restricted once it gets 
adherent to psoas muscle. 

# Mass is resonant or there is impaired resonance on 
percussion. 

¢ Often features of intestinal obstruction may be present. 


leocaecal Tuberculosis 

© Mass in the right iliac fossa which is smooth, hard, resonant 
and nontender. 

# It does not move with respiration and has restricted mobility 

Caecum may be pulled up to lumbar region due to fibrosis. 


Amoeboma 


# History of dysentery with pain in the right iliac fossa. 

Smooth, hard, well-defined mass in the tight iliac fossa 
which is nonmobile. 

# It may or may not be tender. 


Psoas Abscess 


# Itis localised, smooth, soft, nonmobile mass in the right 
iliac fossa 


# Psoas spasm (flexion of the hip joint) is typical 
# Spine may show gibbus, tenderness, paraspinal spasm. 
Spinal movements will be restricted. 


ll MASS IN THE LEFT ILIAC FOSSA 


Carcinoma sigmoid or descending colon 
Bony masses 

Ovarian/uterine masses 

Psoas abscess 

Ectopic kidney 

Lymph node mass 

Undescended testis 
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@ MASS IN THE HYPOGASTRIUM 
Bladder Mass 


# Itis in the midline, It is dull on percussion. Lower border 
is not felt. 

# It.can be mobile in horizontal direction. Mass reduces in 
size after emptying the bladder. It can be felt on per-rectal 
examination. 

Its either carcinoma bladder (common) or leiomyoma or 
sarcoma bladder. 


Uterine Mass 


# Itis midline mass which is smooth, hard. 
# Lower border is not felt which extends into the pelvis. 
# Itis felt on pervaginal examination. 


Ovarian Mass 


Pelvie soft tissue mass, 
Inall lower abdomen masses P/R and or P/V is a must. 

In all regions parietal masses can occur 

# Benign and malignant soft tissue tumours. 

% Common, is lipoma, 

# Fatty hernia of linea alba. 

# Desmoid tumour, 

# Parietal wall abscess. 

Blaxland tuler test (Athelstan J Blaxland): A flat ruler 
placed on the lower abdomen just above the anterosuperior 
iliac spines and pressed firmly backwards. In ovarian cyst 
aortic pulsation is transmitted to fingers through ruler; it is 
not so in ascites. 


Carnett's Test 


‘The patient, in lying down position, is asked to lift both legs 
off the bed with knee extended. This puts the abdominal 
muscles into contraction. Intra-abdominal mass become: 
less prominent, parietal mass persists as same, but becomes 
less mobile. 


Its your attitude, not your aptitude which determines your altitude in life. 


81 


uaWopgy sseW jo sisoubelg jenuaseyig 


78 


SRB's Manual of Surgery 


Fig. 16.27: Looking for minimal ascites in knee-elbow position— 
Puddle sign. 


Investigations for Mass Abdomen 


# Hacmatocrit, liver function tests, renal function tests, stool/ 


urine examination, 
Ultrasound abdomen, 


¢ Endoscopies-gastroscopy-colonoscopy-ERCP-MRCP. 


© Barium studies-Barium meal-Barium enema-Barium meal 


follow through. 
# CT scan-MRI 

 Endosonography, 

¢ Ascitic tap. 

# Diagnostic laparoscopy. 

¢ UIS guided/CT guided biopsy. 

# IVU/RGP/Cystoscopy/Isotope renogram. 
¢ Exploratory laparotomy. 


‘ Hard massin the abdomen is commonly malignant 

‘Firm mass may be tuberculous, lymphoma or many benign 
conditions 

+ Soft masses are hydronephrosis, pseudocyst, mesentericcyst, 
‘omental cyst,and loculated ascites 

In tuberculosis abdomen may be doughy due to thickened 
parietal peritoneum or omentum. 

+ Itisdifficult to elicit fluctuation in the massabdomen as mass 
‘cannot be fixed properly 

+ Plane of the swelling should be checked by leg raising/head 
raising test/Valsalva manoeuvre/knee elbow test 

+ Bimanual palpation, ballotabilty,renal angle inspection palpa- 
tion and percussion should be done in case of renal mass 

‘ Intrinsic mobility should be checked. Different mobilities/ 
movements are—gallbladder shows side to side; stomach 
lateral ovarian mass—all over; mesenteric cyst—right angle 
to line of mesentery; transverse colon mass—vertica; small 
bowel mass all over; appendicular mass/pancreatic mass/ 
nodal mass (para-aortic) /retroperitoneal mass do not show 
any mobility; cystadenocarcinoma of pancreas may show 
false mobility (tree top mobility) 


Percussion is very important method of examination to find 
out the anatomical plane of the mass, Mass in front of the 
bowel like liver/spleen/gallbladder/parietal mass are dull on 
percussion. Mass from the bowel is resonant on percussion 
like from stomach, small bowel and colon. Retroperitoneal 
masses lke cyst, sarcoma, nodal mass, aneurysm, pancreatic 
mass are resonant on percussion 

+ Succussion splash and auscultopercussion tests are done for 
‘gastric outlet obstruction in pyloric stenosis 

tal examination of rectum (P/R) and left supraclavicular 
‘examination for nodes is a must. PR is done to see Blumer 
shelf secondaries in rectovesical pouch. Pervaginal examina- 
tion should be done in pelvic mass in females 

Bladder should be emptied while examining pelvic mass 

‘ Bimanual examination is done often under general anaes- 
thesia in case of pelvic mass 

 Auscultation for bruit depends on condition and location of 
mass—over epigastrium, over liver 

‘& Other relevant systemic examination is a must in examina- 
tion of mass abdomen—respiratory system, skeletal and 


neurological systems 


‘Mass that appears and disappears 
Pseudocyst of pancreas (communicating) 
Hydronephrosis intermittent) 

Choledochal cyst 

Intussusception 


eeee 


Srinivasan Costal Sign 
“Srinivasan costal sign” is an inspectory finding to assess 
the acute distended abdomen secondary to surgical or post- 
operative status or medical causes under treatment, The 
bilateral costal margin is visualised tangentially on the 
either side of the abdomen in supine position to appreciate 
this costal sign. 

“Prominence of costal margins will be lost in distended 
abdomen. During therapy. once distension reduces, prominence 
of costal margins will be visible (during recovery)”. 


Visible costal 
margin 


Fig. 16.280 


Figs 16.288 and ¢ 


Figs 16.28A to C: Srinivasan costal sign: This sign can be appreciated under inspection, the costal margin which is not visible or poorly visible 
incase of distended abdomen. Once the acute abdomen or distended abdomen secondary to medical cause start settling, the costal margins 
become visible and prominent, this holds good even in case of fatty protuberant abdomen. 


Acknowledgements Gandhi Accident Hospital and Research Institute, Byrasandra, 
With kind permission from Professor Narayanaswamy Srini- Bangalore; Dean and Director of Bangalore Medical College 
vasan, MS, FRCS who was earlier worked as HOD, General and Rescarch Institute, Bangalore; Joint Director of Medical 
Surgery, Bangalore Medical College; Director of Sanjay Education, Govt of Kamataka, India. 


uawopgy Sse jo sisoubeig jenuaayig 


We now go one more final step to give a simplified outline of the actual teleportation process 
according to Bennett et al. (1993). They propose a multistep procedure by which any quantum state |x) of 
a particle or a photon (that correspond to an N-state system) is to be teleported from one location to 
another. For example, |x) might be a two-level system that could refer to the polarization of a single 
photon, the nuclear magnetic spin of a hydrogen atom, or the electronic excitation of an effective two- 
level atom. The following scenario outlines the q-Teleportation process in a very simplified way: 


1. Prepare a pair of quantum subsystems |@) and |y) in an EPR entangled state so that they are 
linked together. |g) and |y) are maximally entangled and together constitute a definite pure state 
superposition even though each of them is maximally undetermined or mixed when considered 
separately. 


2. Transport |g) to the location of the teleportation transmitter and transport |y) to the location of the 
teleportation receiver. (In the technical literature the transmitter is called “Alice” and the receiver 
is called “Bob.”) The transmitter and receiver can be many light years apart in space. Note that 
the two subsystems are non-causally correlated via entanglement, but they contain no information 


about (Z) at this point. The two subsystems represent an open quantum channel that is ready to 
transmit information. 


3. Now Alice brings the teleported state /Z) into contact with the entangled state |p) and performs a 
quantum measurement on the combined system |%)|@). Bob and Alice have previously agreed 
upon the details of the quantum measurement. 


4, Using a conventional classical communication channel, Alice transmits to Bob a complete 
description of the outcome of the quantum measurement she performed on |)|9). 


5. Bob then subjects |y) to a set of linear transformations (i.e., suitable unitary rotations) that are 
dictated by the outcome of Alice’s quantum measurement. The quantum subsystem Bob 
originally first received is no longer in state |y) after the linear transformations because it is now 
in a state identical to the original state |x). Therefore, |Z) has in effect been teleported from Alice 
to Bob. 


Bennett et al. (1993) showed in their experimental work that this scheme requires both a conventional 
communication channel and a non-causal EPR channel to send the state |) from one location to another. 
In addition to this, a considerable pre-arrangement of entangled states and quantum measurement 
procedures is required to make the process work. Bennett et al. (1993) analyzed the information flow 

mplicit in the process and showed that Alice’s measurement does not provide any information about the 
quantum state [Z). All of the quantum state information is passed by the EPR link between the entangled 
particle states |@) and |y). We can think of the measurement results as providing the “code key” that 
permits the EPR information to be decoded properly at Bob’s end. And because the measurement 
information must travel on a conventional communications channel, the decoding cannot take place until 
the code key arrives, insuring that no FTL teleportation is possible. 

The q-Teleportation scheme teleports the state of a quantum system without having to completely 


measure its initial state. The outcome of the process is that the initial quantum state |Z) is destroyed at 
Alice’s location and recreated at Bob’s location. It is very important for the reader to understand that it is 
the quantum states of the particles/photons that are destroyed and recreated in the teleportation proces 
and not the particles/photons themselves. The quantum state or wavefunction contains the information on 
the state of a particle, but is not a directly observable physical quantity like mass-energy. The quantum 
information contained within a state is available in the form of probabilities or expectation values. 
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er yiCimwa Abdominal Wall and 
Umbilicus 


Why do they meet this most unfortunate and lamentable fate? Have these vessels committed some great crime, 
that you, O Nature, a just and provident mother to all other parts of the body, have become a step-mother to 
these alone, so that they deserve to be visited with an affliction so dire, a punishment so severe as wasting and 
death? Did not the vein continuously supply blood to the fetus? Did not the arteries give life to it? Were they not 
the means of bestowing increase and nutrition upon the fetus? 

—Girolamo Fabrizio (Fabricius ab Aquapendente), 1649 


TER OUTLINE 


se Diseases of the Umbilicus 


= Omphalitis 

= Umbilical Granuloma 

© Anomalies of Vitellointestinal Duct 
= Umbilical Sinus 

= Umbilical Adenoma 

= Umbilical Fistula 

se Patent Urachus 

= Burst Abdomen 


ll DISEASES OF THE UMBILICUS 


1, Inflammations: 
> Omphalitis 
> Umbilical granuloma, 
> Pilonidal sinus. 
2, Fistulas 
a. Faecal 
~ Patent vitellointestinal duet. 
~ Neoplastic ulceration 
— Tuberculosis of peritoneum, 
b. Urinary—Patent urachus. 
3, Neoplasms: 
a, Benign 
~ Adenoma (Raspberry tumour), 
— Endometrioma, 
b. Malignant 
~ Primary (rare). 
~ Secondary carcinoma—Sister Joseph's nodule 
through lymphatics of the round ligament, primary 
being in the stomach, colon, ovary, uterus, breast 
(often blood spread). 
4, Umbilical hernias, 
5S, Umbilical calculus (Umbolith), 


* Abdominal Wall Tumours 

® Desmoid Tumour 

* Exomphalos 

* Gastroschisis 

 Rectus Sheath Haematoma 

+ Abdominal Wall Abscess 

* Meleney’s Progressive Synergistic Bacterial Gangrene 
of Abdominal Wall 

 Diverication of Recti 


Fig. 17.1: Periumbilical pigmented lesion—could be melanoma. 


lm OMPHALITIS 


# tis infection and inflammation of umbilicus, It is usually 
seen in newborn babies. 

# Umbilical cord which is severed during birth contains 
bacteria like staphylococci (50%), streptococci, £. coli, 
Clostridium tetani (occasionally). Proper aseptic technique 


(by staff nurses and doctors) and cleaning of umbilical 
cord with chlorhexidine solution will reduce the umbilical 
infection. 


Fig. 17.2: Omphalitis (Umbilical infection}. 


Causes 


¢ Ligation of the umbilical cord without aseptic precautions. 
¢ Poor asepsis and umbilical hygiene during delivery and 
after birth, 


Bacteria 


¢ Staphylococci, streptococci. 
# Gram-negative organisms. 
Clostridium tetani causing neonatal tetanus. 


Fig. 17.3: Umbilical sepsis with profuse discharge. 


Features 


# Infection may spread along the hypogastric vessels into the 
abdominal wall causing abdominal wall abscess. 

# Infection may spread into the peritoneum causing peritonitis 

# Insevere cases, septicaemia can occur. 

# Umbilical granuloma can occur once infection gets localised. 

# Purulent discharge with red, swollen umbilicus. 


Investigations 


# Culture study of discharge 


Treatment 


# Antibioties. 

# Drainage of the abscess. 

# Aseptic precautions while ligating the cord will prevent the 
‘chances of umbilical sepsis. 

# Excessive granulation tissue must be removed surgically or 
by cautery (commonly) using trichloroacetic acid or silver 
nitrate or copper sulphate in small quantity. 


‘Complications i 

+ Abdominal wall abscess 

+ Extensive abdominal wall ulceration and skin and subcuta- 
neous gangrene formation 

+ Septicaemia via umbilical vein 

+ Peritonits caries poor prognosis 

+ Umbilical granuloma, umbilical hernia 

+ Neonatal tetanus 

+ Portal vein thrombosis and portal hypertension 

+ Neonatal jaundice due to cholangitis—6 weeks after cil 
birth dueto spread ofinfectionintolveracross umbilical vein 


Fig. 17.4: Umbilical infection causing abdominal wall abscess. 


Umbilical black eye is Cullen's sign in acute pancreatitis and ruptured ectopic pregnancy. 
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@ UMBILICAL GRANULOMA 


# It is due to chronic infection of the umbilical cicatrix, 
causing the granulation tissue to pout, leading to the forma~ 
tion of umbilical granuloma. 

# Ioccurs in any age group, but common in infants and children, 
Presents as umbilical discharge with tender, red, swelling 
protruding from the umbilicus which bleeds on touch 

# It has to be differentiated from the anomalies of vitello- 
intestinal duct. It also mimics umbilical adenoma. 


f a: 


Figs 17.5A and B: Umbilical granuloma due to sepsis. 


Treatment 

Antibiotics, application of silver nitrate and dry dressings. 

Occasionally might require excision of granuloma or umbi- 
lectomy (rarely) 


ANOMALIES OF VITELLOINTESTINAL 
DUCT 


During development of fetus, midgut communicates with yolk 

sac through vitellointestinal or omphalomesenteric duct. This 

duct slowly narrows during the development of abdominal wall 

to lie within the cord, later this communication obliterates to 

free intestine from yolk sac. Any defect in obliteration causes 

different anomalies. 

Anomalies are: 

1. May remain completely patent, forming a intestinal fistula 

2. Only a small portion near the umbilicus may remain patent 
forming discharging umbilical sinus. Often the mucosa of 
this retained portion (epithelial lining) protrudes or evertes 
to form umbilical adenoma. 

3. Duct is closed on either side, but the intervening portion 
‘may remain as a intra-abdominal cyst. 

4, Vitellointestinal duct which is obliterated can retain as 

a band which may be a seat for intestinal obstruction, 

volvulus, internal hemiation. 

Intestinal end may remain patent forming Meckel’s diver- 

ticulum, which may be attached to umbilicus with a fibrous 

band. Meckel’s diverticulum itself can cause diverticulitis, 

obstruction, 


L | 
IN im | 


Figs 17.6A to E: Anomalies of vitellointestinal duct. (A) Intestinal 
fistula, (B) Umbilical sinus, (C) intra-abdominal cyst, (D) Band, 
(€) Meckel's diverticulum with band. 


Intestinal fistula 
Umbilical sinus 
Umbilical adenoma 
Intra-abdominal cyst 
Meckel's diverticulum, 
Intra-abdominal band. 


eoeeee 


Investigations 


# Fistulogram. 

# U/S abdomen. 

# Radioisotope study, 

# If obstruction is present, plain X-ray abdomen in erect 
posture is useful to visualise the multiple air-fuid levels. 


¥ 


Treatment 


Excision of vitellointestinal duct is done, along with resection 
of bowel segment containing Meckel’s diverticulum, 


UMBILICAL SINUS 
Causes 


4 Persistent v 


ointestinal tract partially towards umbilical 
side, 

# Persistent urachus. 

Tuberculosis 

% Umbilical infection. 

# Umbolith—desquamated epithelium of umbilicus gets 

collected and inspissated in the umbilical recess causing 

black/brown coloured stone (umbilical stone). It causes 

recurrent umbilical infection and sinus, 

Pilonidal sinus of the umbilicus. 

Malignancy in the urachus. 


oe 


Clinical Features 


Pain, swelling, discharge and tendemess in the umbilicus, 
¢ Features of the specifi 


Investigations 


# Study of the dischargeculture and sensitivity, cytology for 
‘malignant cells, AFB study. 

¢ Sinusogram, 

# UlS abdomen, CT abdomen. 

# Chest X-ray, ESR. 


Treatment 

# Treat the cause. 

# Antibiotics. 

% Antitubercular drugs in case of tuberculosis. 
# Umbilectomy. 


ll UMBILICAL ADENOMA (Raspberry Tumour) 
n 4 


Fig. 17.8: Umbilical adenoma (Raspberry tumour). 


# Itis commonly seen in infants. It is due to partially oblit- 
crated vitellointestinal duct towards umbilical end, causing 
prolapse of the mucosa giving rise to umbilical adenoma 
also called as Raspberry tumour 

# It protrudes out as a red swelling, which is moist with 

ed on touch, It often gets infected, 
discharging pus through the umbilicus, 

# Histologically, it consists of columnar epithelium rich in 
goblet cells. 


mucus and tends to bl 


Differential Diagnosis 


# Umbilical granuloma, 


Treatment 


# Ifthe tumour is pedunculated, a firm ligature is tied round 
it, so that tumour will fall off in few days. If it reappears, 
umbilectomy is done. 

# Sometimes there may be a patent vitellointestinal duct or a 
Meckel’s diverticulum, which may require resection along 
with the bowel segment, 


Note: 
Umbilical adenoma does not disappear after silver nitrate applica- 
tion, 


Tanyol's sign: Umbilicus is equidistant from xiphoid process and symphysis pubis. It is displaced downwards in 
ascites and upwards in pelvic masses, 
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UMBILICAL FISTULA 
Causes 


# Patent vitellointestinal duet. 
# Patent urachus. 

¢ Postsurgical 

# Tuberculosis. 


Clinical Features 


¢ Faecal discharge or urinary discharge, mucoid discharge. 
Recurrent infection. 
Pain, tenderness and excoriation in and around the umbil- 


Investigations 


¢ Fistulogram, CT fistulogram. 
¢ Discharge study. C/S, AFB and cytology 
# U/S abdomen 


Treatment 


 Fistulectomy, along with resection of bowel segment, patent 
vitellointestinal tract, and anastomosis of the bowel. 

¢ Fistulectomy and excision of vitelline duct up to the antimes- 
centric surface of the ileum. Opening in the ileum is closed 
transversely using vicryl or silk sutures. 


@ PATENT URACHUS 


Allantoic duct/stalk which is remnant of cranial part of ventral 
urogenital sinus forms urachus. It gets fibrosed and forms 
median umbilical ligament. 


When urachus is patent it can form: 

¢ Patent urachus (Urachal fistula) between umbilicus and 
dome of the urinary bladder (It is persistent median umbil- 
ical ligament). 

 Urachal sinus if only umbilical side of the urachus is patent. 

# Urachal cyst if only middle portion of the urachus is patent 
with lining and fluid content. 

 Urachal diverticulum when bladder side of the urachus is 


“<a 


Urachal fistula Urachal sinus 
(patent uractus) 


Ari 


Urachal eyst Urachal diverticula 


Fig. 17.9: Different types of urachal anomalies. 


Features 


Persistent discharge from the umbilicus often stained with 
fistula 

Recurrent infection and bleeding 

# Pain in the umbilicus and below. 

Recurrent urinary infection, 


Fig. 17.10: Tuberculosis of urachus which is excised. 


Investigations 

# Fistulogram to see the extent. 
# U/S abdomen. 

Discharge analysis and culture. 
Urine analysis, 


Treatment 


‘Surgical excision of the tract. 
Often umbilical excision may be required, 

Note: 

Malignancy (adenocarcinoma) or tuberculosis can occur in patent 
urachus. 


lm BURST ABDOMEN (Abdominal Dehiscence) 
(ACUTE WOUND FAILURE) 


# Itis disruption of a laparotomy wound, occurring usually 
‘between Sth and 8th postoperative day. 

© Usually sutures opposing the deep layers, ie. peritoneum 
‘and rectus sheath tear through, causing burst abdomen— 
Acute wound failure. 

© ‘There is postoperative separation of the abdominal muscu- 
loaponeurotic layers. 

# Itis 2% common. 

# Other than technical errors, deep wound infection causes 
localised separation of the wound which in addition to raised 
intra-abdominal pressure leads to wound dehiscence, 


Clinical Features (2%) 


# Assudden feeling of giving way from the wound—on Sth to Sth 
postoperative day often precipitated by bouts of'severe cough. 


Figs 17.11A and B: Burst abdomen wound exposing intestines 
‘outside. itis covered with a mesh later. 


PF 


Fig. 17.12: Abdominal faecal fistula. Note the tension sutures and 


faecal discharge. 


Fig. 17.13: Ulcer over the postoperative wound. 


& Choice of suture materials used 

& Method of closure;continuous closure is more likely to disrupt 
than interrupted sutures 

& Upper midline and vertical wounds are more likely to disrupt 
than transverse 

Surgical wounds of peritonitis, acute abdomen, major 
surgeries like pancreatic, hepatic, gastric, surgeries for mali 
nancies havea high incidence of disruption 

‘& Severe cough, vomiting and distension in postoperative period 

Poor general condition of the patient—anaemia, jaundice, 
hypoproteinaemia, obesity, uraemia and diabetes mellitus, 
old age, steroids, radiation, malignancy, chemotherapy. 


# Pinkish serosanguineous discharge (salmon coloured large 
‘quantity of fluid) from the wound. 

# Often omentum or coils of intestine are forced out of the wound. 

* Clinically burst abdomen can be diagnosed without fail. 

# Probing of the wound using gloved finger appreciates deiis- 
cence of musculoaponeurotic layer. 


Fig, 17.14: Incisional hernia which was repaired earlier has gaped 
‘exposing the mesh 


Truth is what is actually should be. Reality is what is happening. Every reality need not be truthfully right. 
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Fig. 17.15: Horizontal tension sutures. 


Treatment 


# Nasogastric aspiration, IV fluids. 
4 Emergency surgery, i.e. under anaesthesia, Wound is opened 
up properly 
> Coils of intestines are replaced into the abdominal cavity. 
‘Thorough wash is given, Wound is closed by all layer 
sutures, passing a nonabsorbable suture material through 
the red rubber or plastic collar—tension sutures (which 
is kept for 14 days). 
> Modified Smead-Jones closure mainly used to prevent 
burst abdomen—it is interrupted specialised suture used 
in the closure of abdomen as single layer excluding the 
skin. Linea alba is held with Allis’ forceps. Number one 
polyethylene or PDS suture material is used. First bite 
oon one side taken 3 cm awway (width) from the margin 
from outside to inside; it s then passed through the corre- 
sponding opposite edge with 3 em width from inside to 
outside; later again one small loop of S mm width from 
the edges of each side of the wound from first bite site 
to second bite site is taken; suture is knotted on the free 
edge of the first bite side, Full thickness bite holds the 
suture and maintains the tension in the wound. Smaller 
oop keeps the linea alba in apposed place. Large curved 
Ferguson needle is better to place these sutures. Each 
suture is placed at 2 cm interval. This is the type of 
suturing used at present in acute abdominal conditions 
instead of the retention sutures. Here also itis better to 
place all sutures under proper vision and knotting is done 
at the end, At least four knots should be placed, Excessive 
tension should be avoided. In upper abdomen peritoneum 
need not be included in the bite; but in lower abdomen 
4s linea alba is indistinct, peritoneum is included in this. 
¢ Antibiotics and IV fluids are continued. 
Wound usually heals well without much second dehiscence. 
Late problem, may be development of incisional hernia. 
¢ Biological dressings, wound vacuum systems are newer 
modalities used. 


Figs 17.16A and B: (A) Vertical tension sutures. (8) Shows tension 
sutures with multiple drains. 


Newer present methods of managing the burst abdomen 


# Ifthe fascial edges are necrotic, proper debridement of the 
wound edges is done. One should not attempt forcible wound 
closure as it wll increase intra-abdominal pressure further and 
re-dehiscence occurs (When fascia is strong and intact primary 
closure can be done). Wound and contents are covered with 
absorbable mesh or biological prosthesis like decellularised 
porcine submucosa and dermis or human cadaveric dermis, 
‘They prevent bowel desiccation, bacterial infection. 

# Wound vacuum system using—open cell foam, semiocclu- 
sive drape over the foam and suction apparatus. It provides 
immediate coverage, minimises heat loss, by negative pres- 
sure it clears interstitial fluid, reduces the bowel oedema and 
contamination, increases wound blood flow and promotes 
wound healing. Once wound granulates wound is closed 
with primary closure or with skin graft or flaps depending 
‘on the size of the wound, 


| ABDOMINAL WALL TUMOURS 


Podomipallellseconcaties 
iiemiceranamestemeah 


Fig. 17.17: Abdominal wall secondaries from carcinoma stomach. 


(Screg any losepniiolics orlesssinetasia55 
Tomcachsnastemech 


Fig. 17.18: Sister Mary Joseph (Nee Julia Dempsey, Mayo Clinic 
USA) metastatic umbilical nodule from carcinoma stomach. 


# They are not uncommon but often present late as thi 
usually asymptomatic: 

Common tumours are lipoma, fibroma, neurofibroma, and 
fibromatosis. 

Malignant tumours occasionally when occurs, are either 
from skin or soft tissues. They may be desmoid tumour, 
soft tissue sarcoma like fibrosarcoma, dermatofibrosar- 
coma, liposarcoma, umbilical secondaries (Sister Joseph 
Mary tumour), 

¢ Presents usually as painless progressive swelling. Often 
ulceration can occur. Attaining large size is also known, 
It is dull to percuss. On contracting the abdominal 
wall muscles, swelling becomes prominent and less 
mobile. 


Differential diagnoses are—abdominal wall abscess, haema- 
toma, intra-abdominal tumours (adherent to abdominal 
wall), 

# U/S abdomen, CT abdomen is diagnostic. Biopsy is essential 

® Treatment is wide excision with adequate clearance with 
removal of adjacent skin and musculoaponeurotic layer. 
Defect is covered with a large mesh. 


. 


Figs 17.194 and B: Abdominal wall proliferative ulcer (A) and large 
‘tumour (B). (8) May be fibromatosis of abdominal wall also, 


ll DESMOID TUMOUR 


(‘Desmo’ Means Band/Tendon in Greek) 

# Itis a tumour arising from the musculoaponeurotic layer of 
abdomen, below the level of the umbilicus. 

# Itis unencapsulated, hard, fibroma, presently classified 
under aggressive fibromatosis. 


Difficulties come not to obstruct, but fo instruct. 
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+ 80% of cases occur in women, commonly after deliveries. | EXOMPHALOS (Omphalocele) 
It is common over old abdominal operation scars (lower 
abdomen), may be due to old haematomas. Oral contracep- 
tive (OCP) use is more commonly associated with desmoid. 

# Itis often associated with the familial polyposis colon 
(FAP), osteomas, odontomes epidermal eysts—Gardner 
syndrome. Desmoid tumour is 1000 times more common 


# tis the failure of all or a part of the gut to return to the 
coelomic cavity during early foetal life, as coelomic cavity 
has not developed properly 


in FAP. 

¢ Itisa slow growing tumour involving musele and soft tissue . 
of the abdominal wall, locally spreading, often undergoes -, 
myxomatous changes. ‘ 


¢ Unlike fibromas, it never tums into sarcoma. 
 Itis often classified as superficial and deep. It is also clas- 
sified as abdominal (common in females); extra-abdominal 
(common in males, common in back, head, scars, chest 


wall, neck). é 
ly it contains multinucleated plasmodial giant 
J 
—., 
Gardner's syndrome J 4 
+ Familial polyposis colon 
4 Osteatnas yr —, 
+ Odontomes Fig. 1721: Exomphalos. 


+ Epidermal cyst—20%6 


Management 


# The possible association of Gardner's syndrome is looked 
for and Barium enema, X-ray, U/S abdomen are done. MAY 
is useful. Biopsy is done often to confirm the diagnos 

# Wide excision of the tumour with a margin of 2.5 em is done 
along with placement of a mesh to the abdominal detect. 


# Itis moderately radiosensitive. 
Drugs like sulindac and tamoxifen are also used. 
Chemotherapeutic agents like doxorubicin, actinomycin D, 


dacarbazine, carboplatin are used but with significant 
toxicity 
Recurrence rate is high—20-40%, 


7 Fig. 17.22: Exomphalos major. Note the liver, small and large bowel 


E # Sac covering the content is very thin, consists of three 
layers—outer amniotic membrane, middle Wharton’s jelly 
and inner peritoneal layer. Sac may get ruptured during birth 

# Omphalocele is often associated with congenital anomalies 
of cardiac and genitourinary system—70%. 

. ® Vitellointestinal anomaly, diaphragmatic hernia, malrotation 

y a | can co-exist, exomphalos, macroglossia, gigantism (EMG) 

Fig. 17.20: Recurrent abdominal wall tumour. It may be can co-exist in 2/3 of such babies—is called as Beckwith- 
fibromatasis or recurrent dermatofibroma Weidman syndrome. 


# Chromosomal trisomies—13, 15, 18 and 21, bladder 
extrophy, imperforate anus, sacral vertebral anomaly, 
meningomyelocele. 

Abdominal wall defect can be confirmed in utero by U/S. 
Amniocentesis and chromosomal analysis can be done. 
This will allow deciding the possible need for termina 
tion of pregnancy, or management plan immediately after 
delivery 

Abdominal wall muscle is normally developed but peritoneal 
layer is hypoplastic. 


Types 
‘Two types: 
Differences between exomphalos minor and 
exomphalos major 
Exomphalos minor Exomphalos major 
‘Small sac Large sac 
Defect < 5 om Defect > 5 em 


Content is small bowel only 
Primary closure is possible 
Good prognosis 


Liver, small and large bowel 
Primary closure is not possible 
Poor prognosis 


Exomphalos minor: 

Here the sac is small and umbilical cord is attached to the 
summit, with small bowel as the content. Treatment for 
E, minor is relatively easier. The sac has to be twisted so 
8s to reduce the content to the peritoneal cavity through the 
umbilical defect and the abdomen is strapped. Later the 
defect is closed (Defect is <5 em), 


Exomphalos major: 

A large defect (> 5 em) is present with contents lying 
completely outside. Umbilical cord is attached to the infe- 
rior aspect of the sac. Contents being small bowel, large 
bowel and liver: 

# Often the sac ruptures during delivery, which in turn leads to 
severe infection and high mortality. Here immediate surgery 
(within hours) is the only hope to save the child 


Liver 


Cord 


Intestine- 
E Sac— 


major 


F minor 


117.23: Diagram showing differences between exomphalos 
‘minor and exomphalos major. 


¢ Asthere is hardly any properly developed abdominal cavity, 
it is not possible to reduce the contents to the peritoneal 
cavity. So initially, relaxing incisions are placed over the 
lateral abdominal wall and also the subcutaneous layer has 
to be undermined so as to accommodate whatever possible 


contents in the cavity. The contents are not to be forced into 
the cavity, which in turn may cause intestinal obstruction, 
respiratory distress, venous engorgement. 

# Often a sterile polythene bag (Silastic silo) can be wrapped 
‘over the content carefully. Gradual twisting of the bag over 
the summit at regular intervals over two to three weeks 
will stimulate the peritoneal cavity to increase in capacity 
and eventually the contents get reduced, Later the defect is 
closed properly. 

4 Antibiotics, 1V fluids, nutritional support are required during 
this period. 

# Mortality is higher in spite of all these—due to sepsis, 
dehydration, hypothermia and respiratory failure, 

* Late ventral hernia should be corrected at later period. 


‘Management of exomphalos 

‘& Vitamin K injection,TPN. 

4 Sepsis control with antibiotics 

4 Evaluation for other anomalies 

4 In E-major when sac is intact application of 0.5% mercu- 
rochrome with 65% alcohol to promote granulation tissue 
formation 

‘® Prevention of aspiration 

‘& Prevention of hypothermia 

4 Wrapping the content with sterile bag/wrapper 

° 

° 


Correction of dehydration 
Definitive surgical procedures like release incisions and 
closure 


ll GASTROSCHISIS (Belly Cleft) 


# It isa defect of the anterior abdominal wall just lateral to the 
umbilicus. It is common in premature babies, 

# Itis associated with defect in the involution of 2nd umbilical 
vein, Itis common in mothers younger than 20 years, those 
who take, aspirin, ibuprofen, pseudoephedrine during Ist 
trimester and who regularly smoke and take alcohol 


’ aoa 


. an 


Fig. 17.200, 


‘A deaf husband and a blind wife are always a happy couple. 
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Therefore, q-Teleportation cannot teleport animate or inanimate matter (or energy) in its physical entirety. 
However, some experts argue that because a particle’s or a photon’s quantum state is its defining 
characteristic, teleporting its quantum state is completely equivalent to teleporting the particle/photon 
even though the original particle’s/photon’s quantum state (and defining characteristic) was completely 
destroyed in the process (more on this in Section 3.3). Therefore, no quantum cloning is possible and we 
are left with a (near-perfect) copy of the now-destroyed original after teleportation (Wootters and Zurek, 
1982; Barnum et al., 1996). And finally, classical information itself cannot be teleported faster than the 
speed of light via the non-causal EPR channel; however, quantum information can (more on this 
Section 3.2.3). 


3.2.2 Decoherence Fundamentally Limits q-Teleportation 


Finally, the reader must understand that the q-Teleportation scenario described in the previous section 
‘was simplified because we unrealistically assumed that Alice and Bob shared an EPR entangled pair that 
was fiee of noise or decoherence. Decoherence is the process, whereby an object's quantum states 
degrade when information leaks to or from the environment (i.¢., environmental noise) through stray 
interactions with the object. In reality, Alice and Bob have quantum systems that interact directly or 
through another mediating quantum system like two ions in an ion trap that interact through phonon 
modes of the trap, or Rydberg atoms in a laser cavity that interact via photons (Sackett, 2001; Raimond et 
al., 2001). Decoherence degrades the fidelity of the quantum link (ie., the set of pure EPR entangled 
pairs) between two quantum systems, thus introducing a certain level of error in the exchange of quantum 
information between the systems 

In a real-world example of an application of q-Teleportation to quantum computation (discussed 
the next section), we can devise an array of interconnected ion traps with each trap holding a small 
number of ions that are coupled by ions that are moved between the traps or by traveling photons 
(Wineland et al., 2002). The quantum link (or EPR interaction) between a pair of systems is subject to 
noise or decoherence through photon loss or heating of the phonons. At present, decoherence imposes a 
fundamental limit on our ability to perform quantum information processing. Research is continuing on 
whether decoherence can be reduced, circumvented, or otherwise be (partially or totally) eliminated. Diir 
and Briegel (2003) have taken the first step towards this goal at rudimentary level by showing that fault- 
tolerant quantum computation can be achieved in the presence of very high noise levels occurring in the 
interaction link between small quantum systems, if one assumes that local quantum processing on each 
end is nearly error free. They showed that the interaction link can have an error rate of two-thirds. 


3. 


.3 Recent Developments in Entanglement and q-Teleportation Physics 


Quantum teleportation physics is still in its infancy. Both theoretical and experimental developments 
are advancing in many different directions, but are far from maturity at this point in time because the field 
still evolving at present. Technical applications of entanglement and q-Teleportation are just becoming 
conceptualized for the first time, while a small number of basic physics breakthroughs and their related 
applications are in experimental progress at present. The research community is still in the process of 
discovering the full nature of entanglement and q-Teleportation, its rules, and what roadblocks nature has 
in store for its applications and further progression. The literature cited in this study is by no means 
complete, and only represents a subset of the entire field, because the research is still evolving. 

An important application of quantum entanglement and q-Teleportation was the discovery made by 
Shor (1994, 1997) that computation with quantum states instead of classical bits can result in large 
savings in computation time. For example, the best algorithms take exponentially more resources to 
factor ever-larger numbers on a classical computer. A 500-digit number needs 10° times as many 
computational steps to factor as a 250-digit number. The latter classically requires = 5x10" 
computational steps, or about 150,000 years computing time at terahertz speed, to factor. Shor found a 
polynomial-time quantum algorithm that solves the problem of finding prime factors of a large integer. 
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ig, 17.288 


Figs 17.24A and B: 


astroschisis. 


© Umbiticus is normal. The defect is almost always to the right 
of an intact umbilical cord, Evisceration of the bowel occurs 
through the defect during intrauterine life. There sno peritoneal 
sac and the iritating effect of amniotic fluid causes chemical 
peritonitis with formation ofa thick, oedematous membrane. 

 Nonrotation and intestinal atresia are common associations 
(5%). Cardiac anomaly is not common as in omphalocele, 

¢ After delivery, these infants are more prone for fluid loss, 
hypothermia, hypovolaemia, sepsis, metabolic acidosis. 

¢ Necrotising enterocolitis is also common in such infants 
(20%). They are also more prone for paralytic ileus. 


Treatment 


General: 

Fluid management 

© TPN, 

© Antibiotics 

© R-Taspiration, 

Calorie supplement. 

Specific: 

¢ Later under G/A, intestines ate pushed into the abdomen 
through the defect and defect is closed with interrupted 
nonabsorbable sutures. Often when bowel is not accom- 
‘modating in the abdominal cavity, bowel is initially placed 
in sterile silastic silo bag. In later period, it is pushed into 
the abdomen gradually. Often a part of the bowel may not 
be viable, then resection and anastomosis has to be done. 

© With proper surgery, nutrition, resuscitation, survival rate 
is 90% which is better than omphalocele. 

¢ Prolonged postoperative ileus is the common problem in 
these patients. 


‘Exomphalos Gastroschisis 
1, Defect through umbilicus 1. Defect lateral to umbilicus 
2. Covered by sac which has 2. No peritoneal sac 

three layers 
3. Associated with anomalies 3. Not associated (except 


‘malrotation) 


@ RECTUS SHEATH HAEMATOMA 


 Rectus abdominis muscle is supplied by superior and inferior 
epigastric arteries. Injury to one of these vessels will cause 
bleeding and haematoma in rectus sheath 

% Commonly it is due to bleeding from inferior epigastric 
artery in the lower abdomen, 


Causes 


Trauma, 
Surgery. 

Spontaneous haematoma, typhoid fever. 

Blood dyscrasias, haemophila, anticoagulant therapy. 
Severe straining and exercises, 

‘Tetanus and other convulsions. 

Patients on anticoagulants. 

Puerperium, 


eeececee 


Features 


© Common in females. 

Sudden onset of swelling in lower abdomen, which is tender, 
‘warm, firm on one side of the abdomen. Swelling does not 
‘ross the midline. 

 Bluish discoloration over the swelling 

 UIS and aspiration confirms the diagnosis, 

© ‘Should be differentiated from other masses and parietal hemias. 

© Coagulation profile is a must 

CT scan abdomen is often needed 


Treatment 


Usually conservative with analgesics and antibiotics 

# Angiographic embolisation of inferior epigastric artery. 

Occasionally requires drainage of haematoma and ligation 
of inferior epigastric artery. 


ll ABDOMINAL WALL ABSCESS 


the abscess. 
# Blood spread from. 


I ] : 


Causes > = | 
| 

# Infected haematoma. 

Umbilical sepsis spreading into the abdominal layers causing 


fant focus. 


a 


™ MELENEY’S PROGRESSIVE SYNERGISTIC 
BACTERIAL GANGRENE OF ABDOMINAL 


Fig. 17.28: Postoperative abdominal wall abscess. 


- 


WALL 
j # Itis due to infection by microaerophilic streptococci, staphy- 
lococei and other anaerobes of the postoperative abdominal 
‘or thoracie wounds. 
* Itis common in HIV, diabetic and immunosuppressed 
people. 


Fig. 17.26: Abdominal wall infection with a wound. 


Features 


¢ Tender, soft/firm swelling which is well-localised, adherent 4 7 
to skin and abdominal muscles underneath and not mobile, 

# Aspiration will show pus. 

Should be ruled out from intra-abdominal mass, cold | Jf 
abscess, parietal hernia. . 

# U/S and needle aspiration is confirmative. 


Treatment 


It is antibiotics and drainage under general anaesthesia. 


/ ; 


' 
| Fig, 17.28: Severe abdominal wall sepsis in a postoperative patient. 
# Sudden pain, redness, blackening and gangrene of the skin 
of the abdomen with abdominal wall necrosis. 
Fig, 17.27: Abdominal wall abscess. ¢ Toxicity, septicaemia, renal failure can occur. 


‘Success is peace of mind, which is a direct result of self-satisfaction. 
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Treatment 


Antibiotics like penicillins and metronidazole. 
Excision of necrotic and gangrenous tissue until it bleeds. 
¢ Blood transfusion, nutrition supplement, 

Maintaining adequate urine output 
Management of toxaemia, hyperbaric oxygen and critical care. 
¢ Skin grafting and coverage, when it granulates well. 


| DIVERICATION OF RECTI (DIASTASIS RECT) 


¢ Itis thinning of linea alba in midline in epigastrium, 

Abdominal wall protrudes in midline with prominent divari- 
cated edges of both recti 

 ‘Transversalis fascia remains intact and hence hernia will not 
be present; so impulse on coughing will be absent. 

 Diastasis will become prominent on lifting the head from 
the bed. 

¢ Itdoes not require any treatment, 


Fig. 17.30: Diverication of the recti with visible 
‘mass in epigastrium, 


Chapter 18 HiGinie) 


CHAPTER OUTLINE 


Hernia Infantile Hernia 
™ Aetiology »» Femoral Hernia 
w Parts of Hernia Ventral Hernia 

\ Classification of Hernia  Incisional Hernia 
Inguinal Hernia » Umbilical Hernia 


— Surgical Anatomy of Inguinal Canal 
— Classification of Inguinal Hernia 

— Indirect (Oblique) inguinal Hernia 
— Newer Classification of Hernia 

~ Direct Hernia 

— Recurrent Hernia 


\ Paraumbilical Hernia 
 Epigastric Hernia 
 Spigelian Hernia 
% Obturator Hernia 
 Richter’s Hernia 


— Hemioplasty Lumbar Hernia 
— Malgaigne Bulging Phantom Hernia 
— Incarcerated Hernia Sciatic Hernia 
w Strangulated Hernia «Complications of Hernia Surgery 
Sliding Hernia w» Parastomal Hernia 
\ Pantaloon Hernia w Different Types of Hernia 
lm HERNIA 
Hernia means—"To bud’ or ‘to protrude’, ‘off shoot’ (Greek) | bo iZ 
“rupture” (Latin) 7 ia] 
A hernia is defined as an asea of weakness or disruption of 
the fibromuscular tissues of the body wall, Ofien hernia is 2 
also defined as an actual anatomical weakness or defect 
75-85% of abdominal wall hemias are groin hernias. 15% ee 
of males and 5% of females will develop groin hernia. 2 
Presently all hernias in groin are grouped as groin hernias. 
But in this chapter discussion of the indirect/direetfemoral 
hernias are given, in detail as itis still practiced and followed 
inmost of the centers and still itis important when surgical 
technical aspects are considered Gonna flat Geral 
¢ Hernia is defined as an abnormal protrusion of a viscous or 4 Inguinal 6, Obiurator 
part of a viscous through an opening, artificial or natural 2 Incisional 7. Spigelian 
Suh aaa caper 3, Femoral 8. Lumbar 
* 4.Epigastic 9. Giuteal 


# Inguinal hernia is the most common hernia (73%) because 5. Umbiical 
the muscular anatomy in the inguinal region is weak and 
also due to the presence of natural weakness like deep ring 
and cord structures. 

Femoral is 17%; umbilical is 8.5%; others are 1.5% jj AETIOLOGY 
(Excluding incisional hernia) 

# In general, incisional hernia is next to inguinal hernia in Straining. 

# Lifting of heavy weight. 


Fig. 18.1: Common and rare sites of hernias. 


occurrence, 


In order to achieve a radical cure of inguinal hemia it is absolutely essential to restore those conditions in the area 
of hemial orifice which exist under normal circumstances. —Edoardo Bassini 
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Chronic cough (tuberculosis, chronic bronchitis, bronchial 
asthma, emphysema). 
# Chronic constipation (habitual, rectal stricture). 
¢ Urinary causes 
» Old age—BPH, carcinoma prostate. 
» Young age—stricture urethra 
» Very young age—phimosis, meatal stenosis. 
# Obesity. 
Pregnancy and pelvic anatomy (especially in femoral hernia 
in females). 
# Smoking. 
Ascites. 
Appendicectomy through MeBurney’s incision may injure the 
ilioinguinal nerve causing right sided direct inguinal hernia 


ac cammeaae CU 


oe 


[Dject!nern a) 


Fig.18.2: Old appendicectomy scar with direct inguinal hernia. ttis 
‘due to injury to ilioinguinal nerve during appendicectomy. 


Fig. 18.3: Inguinal hernia in a patient who is having benign prostatic 
hyperplasia (BPH) with Foley's urinary catheter. He is having 
paraphimosis probably for not replacing back the retracted prepuce 
after catheterisation. 


# An indirect inguinal hernia occurs in a congenital, preformed 
sac, i. the remains of processus vaginalis, Chances of pres- 
ence of bilateral preformed sac is 60%. 

+ Familial collagen disorder—Prune Belly syndrome. 

# Acquired herniation is also probably due to collagen defi- 
ciency called as metastatic emphysema of Read. 


@ PARTS OF HERNIA 


Hernia comprises of; 
# Covering. 

+ Sac 

# Content. 

‘Sac is a diverticulum of peritoneum with mouth, neck, 
body and fundus. Neck is narrow in indirect sac but wide 
in direct sac. Body of the sac is thin in infants, children 
and in indirect sac but is thick in direct and long-standing 
hernia, 
> Hernia without neck: Those hernias with larger mouth. 

lack neck, e.g. direct hemia, incisional hernia, 
» Hernia without sae: Epigastric her is protrusion 
of extraperitoneal pad of fat 
Coverings of the sac are the layers of the abdominal wall 
through which the sac passes. 


Contents of Sac 


> Omentum—Omentocele (Epiplocele). Difficult to 
reduce the sac later, initially it can be reduced easily. 

> Intestine—Enterocele— commonly small bowel, but 
sometimes even large bowel. 

> Difficult to reduce the sac initially 

» Richter’s hernia: A portion of circumference of bowel 
is the content 

> Urinary bladder may be the content or part of the poste- 
rior wall of the sac—eystocele. 

> Ovary, often with fallopian tube. 

> Meckel’s diverticulum—Litire’s hernia, 


Fig. 18.4: Littre’s hernia with Meckel's diverticulum as content. 


» Fluid: Fluid is secteted from congested bowel or 
‘omentum. It may be an infected fluid or ascitic fluid or 
blood from the strangulated sac. 


2. Inreducible Hernia 
| Here contents cannot be returned to the abdomen due to 


narrow neck, adhesions, overcrowding, lrreducibility predis- 
{ poses to strangulation, 


\ 3. Obstructed Hernia 
nist Itisan irreducible hemia with obstruction, but blood supply to 


artery the bowel isnot interfered. Iteventually leads to strangulation, 


— 


Fig. 18.5: Parts of hernia. Note the fundus, body and neck. 
of the hernia 


ll CLASSIFICATION OF HERNIA 


Classification | (Clinical) 
1. Reducible Hernia 


Metin ze 


Hernia gets reduced on its own or by the patient or by the q 

on iciegtiae reducer spit aati va is aiiveutt Fig. 18.8: Inguinal bara presenting with features of intestinal 
to reduce the first portion, Omentum is doughy, and it is 
difficult to reduce the last portion. Expansile impulse on 
coughing present. 


Garrey’s stricture: Constriction that occurs due to ischaemic 
narrowing of small bowel which has reduced from an 
obstructed hernia, 


Fig. 18.6: Diagram showing the differences between indirect and 
direct sacs 


Fig. 18.9: Garrey's stricture on table. Due to ischaemia, a stricture is 
formed in the bowel at the constriction ring after reduction. 


4. Inflamed Hernia 


It is due to inflammation of the contents of the sac, e.g 
Inferior epigastric artery on table. It is very important appendicitis, salpingitis. Here hema is tender but not tense; 
landmark during surgery whether open or laparoscopic approach. overlying skin is red and oedematous. 


Anything the mind of man can conceive and believe, it can achieve. 


IH 
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5. Strangulated Hernia 


It is an irreversible hernia with obstruction to blood flow: 
‘The swelling is tense, tender, with no impulse on coughing 
and with features of intestinal obstruction. 

Features of intestinal obstruction may be absent in case 
of omentocele, Richter’s hernia, Littre’s hernia, 


Classification II 
Congenital—Common 


It occurs in a preformed sacidefect, Clinically may present 
ata later period due to any of the precipitating causes like in 
indirect inguinal hernia. 


Acquired 


It is secondary to any causes which raise the intra-abdominal 
pressure leading into weakening of the area like in direct 
inguinal hernia. 


Classification III: According to the Contents 


 Omentocele—omentum. 
 Enterocele—intestine. 
 Cystocele—urinary bladder. 
© Littre’s hernia—Meckel’s diverticulum. 
Note: Littre described Meckel’s diverticulum in a hernial 
sac 81 years belore Meckel was born, 

Mayal’s hernia, 

Sliding hernia. 

 Richter’s hernia—part of the bowel wall. 


oe 


Classification IV: Based on Sites 


% Inguinal hemia—occurring in inguinal canal. 
Femoral hemia—occurring in femoral canal 
Obturator hernia. 

Diaphragmatic hernia, 

Lumbar hernia, 

Spigelian hernia. 

Umbilical hernia, 

Epigastric hemia. 


socceee 


: Inguinal hernia on right side in a child. It eeds only 
herniatamy. 


Herniography (By Gullmo) 

Injection of contrast material into the peritoneal cavity 
and taking films in supine and prone positions to diagnose 
small protrusions of peritoneal sac is called as herniog- 
raphy. 

4 It was earlier also used for diagnosing undescended testis, 


lm INGUINAL HERNIA 
SURGICAL ANATOMY OF INGUINAL CANAL 


Superficial inguinal ring is a triangular opening in the 
external oblique aponeurosis and is 1.25 em above the pubic 
tubercle. The ring is bounded by a superomedial and infero- 
lateral crus. Normally the ring does not admit the tip of little 
finger. 

Deep inguinal ring is a U-shaped condensation of the transver- 
salis fascia, lies 1.25 em above the inguinal ligament midway 
between the symphysis pubis and the anterosuperior iliac spine 


Inguinal (Poupart’s) ligament: It is formed by the lower 
border of the extemal oblique aponeurosis which is thickened 
and folded backwards on itself, extending from anterosuperior 
iliae spine to pubic tubercle. 


Inguinal canal: 1t is an oblique passage in lower part of 
abdominal wall, 4 cm long, situated above the medial % of 
inguinal ligament, extending from deep inguinal ring to super- 
ficial inguinal ring, 

In infants both superficial and deep rings are superimposed 
without any obliquity of the inguinal canal, 


Inguinal canal in female is called as ‘canal of Nuck.” 


Contents ofinguinal canal 
4 Spermatic cord in males 

Round ligament in females 

& Ilioinguinal nerve 


‘® Vas deferens 
Artery tovas 
‘Testicular and cremasteric artery 
‘Genital branch of genitofemoral nerve 

‘& Pampiniform plexus of veins 

+ Remains of processus vaginalis 

‘ ‘Sympathetic plexus around the artery to vas 


Higinguinal nerve 
Pampiniform plexus ‘i 
‘of veins 
Internal spermatic 
Artery to oremast pos 
Cramasteric 
fascia with muscle 


Testicular artery: 


Genital branch. 
of genitofemoral nerve 
Lymph vessels 


Vas deferens Artery of ductus 


deferens 


Fig. 18.11: Structures related to cord in the inguinal canal. 


Coverings of Spermatic Cord 


¢ Intemal spermatic fascia from fascia transversalis 
© Cremasterie fascia 
¢ External spermatic fascia from external oblique aponeurosis 


is seen below the external ring in the scrotum, 


Conjoined tendon 


Asis, 


Deep inguinal: 
‘ing 


‘Superficial inguinal ring 


Pubic tubercle 


Fig, 18.12: Surgical anatomy of inguinal canal 


Boundaries 

In front: External oblique aponeurosis and conjoined muscle 
laterally. 

Behind: Inferior epigastric artery, fascia transversalis and 
conjoined tendon medially. 

Above: Conjoined muscle (Arched fibres of intemal oblique’). 
Below: Inguinal ligament. 


4 Arching of conjoint tendon 

‘® ‘Shutter mechanism of internal oblique 

 ‘Ballvalvemechanism’ due to contraction of cremaster muscle 
‘which plugs to superficial ring 

@ When external oblique muscle contracts, intercrural fibres of 
‘superficial ring appose causing ‘slit valve mechanism’ 

Hormones 


Intemal oblique 
muscle 
Anterosuperior 


tionypogastic 
iliac sping 


nerve 


Aoinguinal 


Inferior epigastric. pov 


Inguinal 
ligament 


Genital branch 
of GF nerve 


Fig. 18.138 


igs 18.138 and C 


Figs 18.13 to C: Nerves ninguinal cana: liohypogastric nerve Ty Ly) 
runs between transversus abdominis and internal oblique divides into 
lateral and anterior branches; anterior branch pierces internal oblique 
2.cm medial to anterosuperir lia spine and later pierces the external 
oblique 3 cm above the superficial inguinal ring to supply abdominal skin 
above the pubis. lioinguinal nerve.) pierces the transversus abdominis 
rear anterosuperior iliac spine, pierces the internal oblique just above 
the intemalring, and enters the inguinal canal within cremasteric fascia 
outside the cord supplies medial thigh, base of penis and proximal 
scrotum. Genital branch of genitofemoral nerve (Ly la) enters the cord 
‘through internal ring supplying the cremaster and scrotum. 


Fruchaud's Myopectineal Orifice 


{tis an osseo-myo-aponeurotic tunnel, / is through this tunnel 
all groin hernias occur: 


It is bounded: 

# Medially by lateral border of rectus sheath, 

Above by the arched fibres of internal oblique and trans- 
versus abdominis muscle. 

% Laterally by the iliopsoas muscle. 

Below by the pectin pubis and fascia covering it 


When spermatic cord is rolled transversely beneath the gentle pressure of index finger. Thickening of the cord 


denotes presence of a hernia. 


—William E Ladd 
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Rectus muscle 


Internal ring 
(cord) 


Femoral 
vessels 


Myopectineal orifice 
(MPOMFruchaud's) 


Fig. 18.14: Fruchaud's myopectineal orifice is bound—by lateral 
‘border of rectus, iiopsoas, conjoint tendon, pectin pubis 
CLASSIFICATION OF INGUINAL HERNIA 
(EARLIER) 


Classification | 
Anatomical Classification (in Inguinal Hernia) 


Indirect hernia 
It comes out through internal ring along with the cord, It is 
lateral to the inferior epigastric artery 


Direct hernia 
It occurs through the posterior wall of the inguinal canal 
through “Hesselbach’s triangle’ (bounded medially by lateral 
border of rectus muscle, laterally by inferior epigastric artery, 
below by inguinal ligament), Sac is medial to the inferior 
epigastric artery. 


Direct 
Inguinal 
Antero- fone 
‘superior 
liae spine | indirect 
inguinal 
Inguinal hemia 
ligament Flew 
Femoral tubercle 
hemia 
Fig. 18.15: Location of direct and indirect inguinal hernia and 


femoral hernia. 


Classification II 
According to the Extent 
4 Incomplete: 
> Bubonocele: Here sac is confined to the inguinal canal. 
» Funicular: Here sac crosses the superficial inguinal 
ring, but does not reach the bottom of the scrotum, 
© Complete: Here sac descends to the bottom of the scrotum. 
Saddle-bag or pantaloon hemnial sac has got both medial 
and lateral component. 
Note: 
Inguinal hernia is above and medial to the pubic tubercle, Femoral 
hernia is below and lateral to pubic tubercle. 


Fig. 18.27: Irreducible left side inguinal hernia. It's above the upper 
part of the testis (funicular). Taxis is the method used to reduce it. 


. 


Bilateral complete inguinal hernia, Here hernia 
descends up to the bottom of the scrotum. 


NEWER CLASSIFICATION OF HERNIA 


|. Gilbert Classification 


Type I: Hernia has got snug internal ring through which a 
peritoneal sac passes out as indirect sac 

Type II: Hernia has a moderately enlarged internal ring which 
admits one finger but lesser than two finger breadth. Once 
reduced it protrude during coughing or straining 

Type II: Hernia has got large internal ring with defect more 
than two finger breadth. Hernia descends into the scrotum or 
with sliding hernia. Once reduced it immediately protrudes out 
without any straining, 

Type IV: It is direct hernia with large full blow out of the 
posterior wall of the inguinal canal. The internal ring is intact. 
Type V- Itisa direct hernia protruding out through punched out 
hhole/defect in the transversalis fascia. The internal ring i intact. 
Type VI: Pantaloon/double hernia 

Type VIE: Femoral hernia. 

Type VI and VII are Robbin’s modifications. 


Il. NYHUS Classification 


Type 1: Indirect hernia with normal deep ring, 
Type I: Indirect hernia with dilated deep ring. 
Type III: Posterior wall defect. 

a. Direct 

b. Pantaloon hernia, 

©. Femoral hernia 
Type IV: Recurrent hemia, 


Ill BENDAVID Classification [Type, Staging, 
Diameter (TSD) Classification} 


Type 1: Anterolateral detect (indirect). 
Type I: Anteromedial (direct). 

Type IT: Posteromedial (femoral). 

Type IV: Posterior prevascular hernia. 

Type V: Anteroposterior defect: Inguino-femoral hernia. 


V. Classification—Casten’s Staging 


Stage 1: An indirect hemia with a normal internal ring, 
Stage 2: An indirect hernia with enlarged internal ring. 
Stage 3: All direct or femoral hernias, 


V. Halverson and McVay Classification 


Class 1: Small indirect hernia, 
Class 2: Medium indirect sac. 

Class 3: Large indirect hernia or direct hernia. 
Class 4: Femoral hernia, 


VI. Ponka's Classification 


1, Indirect inguinal hernia: 
> Uncomplicated indirect hernia. 


> Sliding indirect hernia, 


2, Direct hemia: 
» Small defect on the medial aspect of the Hesselbach’s 
triangle. 
> Diverticular hernia in the posterior wall with an other- 
‘wise intact inguinal floor. 
» A large diffuse direct inguinal hernia of the entire floor 
of Hesselbach’s triangle. 


INDIRECT (OBLIQUE) INGUINAL HERNIA 


# This is the most common type of hernia (65%). 
# Itis more common in younger age group as compared to 
direct inguinal hernia which is more common in elderly. 
# Itis more common on right side in Ist decade but in 2nd 
decade the incidence is equal on both sides. 

Hernia is bilateral in 30% of eases. 

Sac is thin in indirect type. Neck is narrow and lies lateral 
to inferior epigastric vessels. 


Byus9| 


Fig. 18.19: Complete indirect hernia. 


Figs 18.20A and B: Giant inguinal hernias in different sides. 
(A) Right side and (B) Left side. 


Great minds have purposes, others have wishes. 


He showed that his algorithm rises only polynomially so that a 500-digit number takes only eight times as 
many computational steps to factor as a 250-digit number. And by using the quantum factoring 
algorithm, a 250-digit number requires only = 5x10" steps or < 1 second to factor at terahertz speed, so 
that a 500-digit number will take < 1 second to factor. No classical polynomial-time algorithm for this 
problem exists at present. This breakthrough generated a cottage industry of research into quantum 
computing and quantum information theory. 

IBM (2001) constructed a prototype quantum computer that uses the nuclear spins of seven atoms that 
are part of a large molecule with the iron-based chemical composition HsC\,02FsFe. The computer uses 
entangled nuclear spins for storage and has a capacity of seven qubits (qubits are defined in the bulleted 
list in the next two paragraphs below). All of the Fluorine atoms in the large molecule are Fluorine 
isotope 19 and two of the Carbon atoms are Carbon isotope 13. All the other non-hydrogen atoms have 
even isotope numbers and no nuclear spins. The objective of the prototype quantum computer was to 
factor the number 15 into its two prime factors 3 and 5 by using Shor’s quantum factoring algorithm, The 
quantum computation required that a sample of = 10" of the large molecules be placed in a magnetic field 
and manipulated by nuclear magnetic resonance (NMR) techniques. This mechanism allows the spins to 
function as qubits, whereby Schor’s algorithm can be performed via manipulation of the NMR fields. 
NMR was used to implement quantum computing in this prototype, because the nuclear spins are well 
isolated from decoherence as a result of the very long decoherence time (the time after which quantum 
coherence is lost due to environmental noise) in the system, 

To factor larger numbers will require a system that uses more than seven qubits. It is estimated that a 
quantum computer using = 36 qubits could very quickly perform computations that would require a 
conventional computer ~ 13 billion years to perform. And such a computer could solve one of the 
technical problems of human teleportation discussed in Section 3.1. However, a scale-up in the number 
of qubits is difficult because the IBM prototype has reached the technology limit of NMR_ quantum 
computing. The prototype’s operation requires that all of the qubits must be in the same molecule. And 
molecules with more than seven spins that can be used as qubits are not feasible at present. However, 
there are alternative technologies for quantum computing that show promise for scaling up the number of 
qubits. The technologies of nuclear spin orientation of single atom impurities in semiconductors, electron 
spin orientation in quantum dots, and the manipulation of magnetic flux quanta in superconductors all 
show promise of providing a basis for scalable quantum computers. Finally, the primary technical 
problem in quantum computing at the present time is decoherence, and this must be eliminated or 
otherwise mitigated before new quantum technology can become competitive with conventional computer 
technology. 

‘A byproduct of the recent quantum computing and information research is that a modem theory of 
entanglement has emerged. Researchers now treat entanglement as a quantifiable physical resource that 
enables quantum information processing and computation. Entanglement is no longer treated as a 
paradox of quantum theory. It has been recently discovered that (Nielsen and Chuang, 2000; Nielsen, 
2003; Terhal et al., 2003): 


‘* various kinds of pure and mixed entangled states may be prepared in addition to the simple pure- 
state superpositions that was described in the previous section 


‘* the members of an entangled group of objects do not have their own individual quantum states, 
only the group as a whole has a well-defined state (i.e., “the whole is greater than the sum of its 
parts”) 


‘* entangled objects behave as if they were physically connected together no matter how far apart 
they actually are, distance does not attenuate entanglement in the slightest — it has been 
demonstrated that information can be teleported over 40 km using existing technology (EH. 
Everitt, Army Research Office, 2000) 


Approved for public release; distribution unlimited. 
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‘Coverings of indirect hernia (from inside out) 


Extraperitoneal tissue 
Internal spermatic fascia 
Cremasteric fascia 
External spermatic fascia 
Skin 


eeoeee 


Precipitating causes for inguinal hernia 

‘Smoking 

Obesity 

Respiratory causeslike branchial asthma, tuberculosis bronchitis 

Ascites 

Previous surgery like appendicectomy which can cause direct 

inguinal hernia 

® Chronic constipation due to anorectal strictures.Rectal stric- 
ture may be due to chronic proctitis (amoebic), tuberculosis 
of anorectum, previous anorectal surgery, rectal carcinoma 
stricture due to lymphogranuloma venereum 

+ Urinary problems like benign prostatic hyperplasia (BPH), 
urethral stricture 

 Straining 

& Multiple pregnancies, 


eeeee 


Types 


‘Three types 
1, Bubonocele: Where the hernia is limited to inguinal canal 


1 
Deep guna ong 


Inguinal igament 

Superficia 
inguinal 
ring 


Fig, 18.21: Surgical anatomy of indirect hernia, 


2, Funicular: Processus vaginalis is closed just above the 
epididymis. Contents of the sac can be felt separately from 
testis, which lies below the hernia, 

3. Complete (Scrotal): Testis appears to lie within the lower part 
ofhemia, Itcan occur in any age group. It occurs in a congen- 
ital preformed sac (processus vaginalis). More commonly 
contents descend into the pre-existing sac, only when there 
are precipitating causes which force the content down. 


‘Expansile impulse on coughing 


Hernia 
Laryngocele 

Meningacele 

Empyema necessitans 

Swellings with intracavitary communications like thorax, 
‘cranium, and abdomen like dermoid 


eeeee 


ER 


io} 


Funicular \Gosnplete 


(scrotal) 
‘T—testis,IR—internal ring, ER—extemal ring 


Bubonocel 


Fig. 18.22: Types of indirect inguinal hernia 


inical Features 


Prevalence of inguinal hernia is 25% in males; 2% in 
females. 

It is more common in males (20 : 1 :: Male : Female). 
Patient presents with dragging pain and swelling in the groin 
which is better seen while coughing and standing; and felt 
together with an expansile impulse. 

In complete type, the content descends down to the scrotum, 
completely. 

Contents are either small bowel, large bowel, omentum or 
combination of all these. In females, sometimes ovary and 
tubes may be the content. In infants, swelling appears when 
the child cries and is often translucent 

It is usually reducible, but can go for irreducibility, inflam- 
mation, obstruction, strangulation. 

Internal ring occlusion test: Internal ring is located half 
inch above the mid-inguinal point (center point between 
anterosuperior iliac spine and pubic symphysis). After 
reducing the contents, in lying down position, internal ring 
is occluded using the thumb. Patient is asked to cough. If 
4a swelling appears medial to the thumb, then it is a direct 
hemia, If swelling does not appear and on releasing the 
thumb swelling appears during coughing, then it is an indi- 
rect hernia confirmed in standing position. 

Ring invagination test: After reduction of hernia, the little 
finger/index finger of the examiner is invaginated from the 
bottom of the scrotum, gradually pushed up and rotated to 
center the superficial inguinal ring, The impulse on coughing 
is felt atthe tip of the invaginated finger. This test is done 
only in males, 

Zieman’s test (Fig. 18.23): The examiner places his index 
finger on the deep inguinal ring and middle finger on the 
superficial inguinal ring, ring finger over saphenous opening, 
‘The patient is asked to cough or to hold the nose and blow. 
Ifthe impulse is felt on the index finger, itis indirect hernia 
Head or leg rising test (Fig. 18.24) is done to look for 
abdominal wall muscle tone and Malgaigne bulgings. 
Valsalva manoeuver is also used to check the tone of 


abdominal wall muscles. 
Abdominal, respiratory, urological examination is done to 
look for any precipitating factors like chronic bronchitis, 
ascites, stricture urethra, BPH. 

Per rectal examination is a must. 

Inguinal hernia in females: Increased thickness of labium 
majuls on palpation, when compared to contralateral side. 


At 


Fig. 18.23: Zieman's test. Index finger on deep ring; middle finger on 
superficial ring and ring finger over saphenous opening—are placed 
after reducing the content. Patient is asked to cough and impulse is 
felt in finger corresponding ta the existing hernia. 


Fig. 18.24: Head or leg rising or Valsalva manoeuvre is important to 
elicit abdominal muscle tone. 


© Silk glove sign: Index finger is invaginated across scrotum 
towards the external ring. When patient coughs, ingui 
hernia is felt asa slit like sensation. 

# Palpation of bulbar urethra for stricture (thickening/crescent 
like feeV/button like depression), 


25: Left side inguinal hernia in a female. 


805 


& Thumb—for deep ring occlusion test 
+ Index, middle and ring fingers for Zieman's test 
+ Little Finger for superficial ring inva 


Never forget to examine opposite side 
Never forget to do per rectal examination 
Never forget to examine urethra 

Never forget to check abdominal muscle tone: 


eeee 


* 


Hydrocele—infantile/encysted/large vaginal/bilocular 
Undescended testis 

Femoral hernia 

Lipoma of the cord 

Hydrocele of the canal of nuck (in females) 

Inguinal lymph node enlargement 

Groin abscess 
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Differential diagnosis for 
froin swellings: 

4 Inguinal hers 

2. Femoral hernia 

5. Inguinal iymphadenitis 
4 nantile nyarocele 

5, Saphena varie 

6, Lipoma of cord 
7 
8 


Groin abscess 
Funicuits 


Fig. 18.26: Differential diagnosis for groin swellings. 


Indirect inguinal hernia___Direct inguinal herni 


Can occur in any age from — Common in elderly 


‘childhood to adult 
‘Ocours in a pre-existing sac Always acquired 
Protrusion through the deep Herniation through posterior 


ring; herniation accurs later 
Pyriform/oval in shape; 
descends obliquely and 
downwards 


‘wall of the inguinal canal 
Globular/round in shape; 
descends directly forward 
bulge 


‘Hydrocele of canal of Nuck is the most common differential diagnosis for inguinal hernia in females. 


SRB's Manual of Surgery 


Can become complete by Descent down into the 
descending down into the scrotum is rare 


‘scrotum 
Neck of the sac is narrow Neck of the sac is wide and 
and lateral to inferior medial to inferior epigastric: 
epigastric artery artery 


‘Sacis anterolateral tothe cord Sac is posterior to the cord 
Ring occlusion test does not Test shows impulse even 


show any impulse after alter occluding the deep ring 
‘occluding the deep ring 

Invagination test shows —_Impulse is felt over the pulp 

impulse on the tip of the litle ofthe litle finger 

finger 

Zieman’s test shows impulse Test shows impulse on the 

fon the index finger middle finger 

IGorniculy Ursiskeral bat oan (Comma lateral Figs 18.27A and B: Indirect inguinal hernial sac on table and 
be bilateral ‘opening the sac over fundus. 


Obstruction/strangulation Rare but can occur 
are common 


‘Sac should be opened Sac is not necessarily 

during surgery ‘opened unless obstruction is 
present 

Inenterocele In omentocele 
(epiploecele) 


First partis dificult to reduce First partis easier to reduce 
but last partis easier. There but last partis difficult. Has 
will be gurgling sound'on a doughy feeling 


reduction 
Resonant on percussion Dull on percussion 
Peristalsis is seen No peristalsis seen 


Bowel sounds may be heard Bowel sounds not heard 


Fig. 18.28: On table direct sac which is medial to inferior epigastric 
artery. Direct sac is usually not opened. Inverting sutures may be 
placed if needed, 


Investigations 

# Chest X-ray to rule out chronic bronchitis, 
* Ultrasound of abdomen 

# Tests relevant for precipitating causes. 


Treatment 


This method reconstructs the inguinal canal as itis physiologically, 
with two rings, one abdominal, the other subcutaneous; and with 
‘two walls, one posterior and the other anterior between which the 
spermatic card passes obliquely. 

Edoardo Bassini, 1887 


Always Surgery 


In infants 
# Whether it is hernia or hydrocele, only herniotomy is done 
Fig. Sa7A through inguinal approach (Michaelis plank operation). 


Fig. 18 


3: Inguinal hernia in 4-year-old child. Here just herniotomy 
is required. Repair is not done. 

In adults 

¢ It includes herniotomy, i.e. excision of hernial sac and 
herniorrhaphy or hernioplasty (ideal (strengthening of the 
posterior wall of inguinal canal either by repair or mesh). 
Precipitating causes should be treated first, like TURP for 
BPH, dilatation of stricture urethra, treatment of chronic 
bronchitis. Patient is advised to avoid smoking. 

¢ Hemioplasty is the present choice (ideal) forall inguinal and 
groin hernias, Mesh is placed either onlay/underlay (over 


conjoint tendon to inguinal ligament) or inlay (in preperi 


toneal space). Polypropylene mesh is used. Herniotomy is 
done prior to mesh placement. TEP (Totally extraperitoneal 
laparoscopic preperitoneal mesh repair) is preferred method, 
(For detail refer hernioplasty in later part of this chapter). 


Repair may be: 

‘® Pure tissue repair:Shouldice, MacVay (Stil very useful repairs) 
‘and Modified Bassini (not very useful—high recurrence rate 
asitis repair with tension and nonphysiological) 

‘& Prostheticrepair Lichtenstein, Rives Gilbert, toppa, TEP,TAPP 


Repait also can be: 
Anterior repair: Through anterior inguinal approach— 
Bassini’, Shouldice, MacVay, darning, Andrew's, Wilkinson, 
Copper's, Lichtenstein mesh repair, PHS repair, Rives prep- 
ceritoneal repair 
Posterior repair: Through suprainguinal preperitoneal 
‘approach—Nyhus repair, Stoppas, TEP TAPP, Kugel’ repairs 


e 


Herniotomy 


Anaesthesia: Spinal or G/A ot local anaesthesia 
Procedure: After cleaning and draping, skin is incised—1.25 em 
above and parallel to the medial two/third of inguinal ligament 
‘Two layers of superficial fascia (outer Camper’s fascia and 
inner Scarpa’s fascia) are incised. External oblique aponeu- 
rosis is incised. Upper leaf is reflected above and lower leaf is 
reflected downwards to visualise and expose the inguinal liga- 
ment, Hioinguinal nerve is safeguarded. Cremasteric muscle 
is opened. Cord structures are dissected. Sac which is anterior 
and lateral to cord is identified and is pearly white in colout. 


Dissection is usually started from the fundus and extended 
towards the neck which is identified by extraperitoneal fat. The 


neck is narrow and is lateral to inferior epigastric artery. 
opened at the fundus. Finger is passed to release any adhesions. 
Sac is twisted so as to prevent the content from coming back. It 
is transfixed using absorbable suture material (chromic catgut 
2-0 oF vieryl) and is excised distally. 


raga 


Fig. 18.30: Large hernia with Foley's catheter. Patient had retention 
of urine due to benign prostatic hyperplasia. He underwent 
‘Transurethral resection of prostate [TURP] frst and later hernioplasty. 


Fig. 18.31: Incision for inguinal hernia. It is 1.25 em above and. 
parallel to medial third of inguinal ligament. 


5 


0, 
C 


9: Opened indirect sac in herniotomy. 


Usually saphena varix feels softer than a femoral hemia.— Robert Milnes Walker 
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Fig, 18.34: Sac should be twisted before transfiing to prevent, 
contents getting in. 


Modified Bassini's Herniorrhaphy 


‘ 


Conjoint tendon and inguinal ligament are approximated 
using interrupted nonabsorbable monofilament sutures 
{polypropylene (prolene, blue in colour)}. Medial most 
stitch is taken from the periosteum of pubic tubercle (called 
as key or Bassin’ stitch). External oblique is closed and 
other layers are also closed. 

It is strengthening of the posterior wall of the inguinal 
canal by approximation of the conjoint tendon to inguinal 
ligament using monofilament nonabsorbable suture mate- 
rial, Absorbable suture material like catgut should not be 
used as 50% of its tensile strength will be lost in 7 days, 


It takes 6 months to achieve more than 80% of tensile 
strength in repaired hernial wound; and so nonabsorb- 
able suture material has to be used here to maintain the 
same adequate tensile strength in this period. Multifila- 
ment suture material like silk may precipitate infection 
because of the crevices in the suture material and tensile 
strength is not as good as monofilament suture material. 
Commonly used suture material is either polypropylene 
[prolene (blue in colour)] or polyethylene [ethylon (black 
in colour)}. Continuous sutures compromises the blood 
supply and interferes with proper healing; and strength 
will not be as adequate as interrupted sutures. So always 
interrupted sutures are used. Earlier, most common 
surgery done for groin inguinal hernia was modified 
Bassini’s repair, But now hernioplasty is the commonly 
done procedure for both direct and indirect sac. In direct 
hernia, sac is usually not opened but in indirect hernia, 
sac is always opened. 


Anaesthesia Used for Inguinal Hernia Repair 


General/spinal/epidural or local anaesthesia can be used to do 
inguinal hemia repair. Local anaesthesia is becoming popular for 
open approach. General anaesthesia is needed in children and 
for TAPP and TEP procedures. 


Technique of Local Anaesthesia 


Around 50-60 ml of xylocaine 0.5% is used. Plain xylocaine 0.5% 
or xylocaine 0.5% with adrenaline can be used, Plain xylocaine— 
dose is 2 mg/kg body weight. Xylocaine with adrenaline—dose 
is 7 mg/kg body weight. 
‘Two methods are used: 
1. Nerve block method (point block) 
> 10ml of xylocaine is infiltrated 2 cm above and medial 
to anterosuperioriliac spine to block the iliohypogastric 
nerve 
> Midinguinal point is infiltrated with 10 ml xylocaine 
> Pubic tubercle point is infiltrated with 10 ml xylocaine. 
> 10 ml of xylocaine is infiltrated just below the inguinal 
ligament Lateral to femoral artery to block the genital 
branch of genitofemoral artery. 
> Line of skin incision is infiltrated with 10 ml of xylo- 
» Later neck of the hernial sac is infiltrated with 10 ml 
of xylocaine. 


2. Field block method (Shouldice method) 

» Skin of around 4 em wide area is infiltrated into the 
subcutaneous plane as first layer from anterosuperior 
iliac spine to pubic symphysis. Skin, subcutaneous and 
two layers of superficial fascia (Camper and Scarpa’s) 
are incised 

» Area deep to extemal oblique aponeurosis is infiltrated. 
with 10 ml of xylocaine. External oblique aponcurosis 
is incised 


» Exposed inguinal canal and hernial sac is infiltrated 


with 10 ml of xylocaine to continue with the dissec- 
tion 


eeeeee 
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Figs 18.35A and B: Inguinal hernia with mesh placement. Prolene 
‘mesh is white in colour, Its sutured to conjoint tendon and inguinal 
ligament by interrupted sutures using nonabsorbable monofilament 


suture material 
BS > cont 
» 


y) 


Internal ring 


Inguinal ligament 


Conjoint terdon — Se Te 
a \ eax 
xtemal oblique 7444 \ 
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Fig. 18.36: Modified Bossn's repair. is approximation of inguinal 
ligament to conjoined tendon using interrupted nonabsorbable 
‘monofilament sutures 


‘Sutures (interrupted) 


18.37: On table inguinal hernia surgery with cord holding forceps. 


Complications of herniorrhaphy 
Haemorrhage 
Haematoma,seroma 
Infection—1-59% 
Haematocele 
Post-herniorthaphy hydrocele, lymphocele 
Hyperaesthesia over the medial side of inguinal canal dueto 
Injury to iliohypogastric nerve—neuralgia (159) 
Recurrence—10-15% 
Osteitis pubis, 
Injury to urinary bladder/bowel 
Testicular atrophy, penile oedema rarely can occur 


Left side inguinal hernia wound infected. Right side 
hernia wound is clean, 


In exomphalos, the protruding abdominal contents being covered only by a diphanous membrane, through which 


viscera are exposed to view, as if exhibited in a show case. 


—William E Ladd 
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Fig. 18.39: Hernioplasty, mesh is infected. It needs removal of 
mesh 


Lytle’s Repair 


Often intemal ring is narrowed by placing interrupted sutures 
over the medial side of the ring to the transversalis fascia 
using either thread or silk (To narrow the ring and push the 
cord laterally). 


.. - 


Internal ring 
External oblique 
Testes 
Fig. 18.40: Lytl’s repair. tts narrowing of the widened internal ring. 


Shouldice Repair 


Even though transversalis fascia is thin, it is a tough layer and 
so double breasting of this fascia using continuous sutures 
(with nonabsorbable material) strengthens the posterior wall 
of the inguinal wall, 

It is a multilayered repair. It was originated at Shouldice 
hernia clinic in Toronto where it was usually done under 
local anaesthesia. After doing herniotomy as in any other 
inguinal hernia, transversalis fascia is incised along the line 
of the wound from deep ring to pubic tubercle. Lower flap 
Of fascia is sutured to posterior part of the upper flap. Upper 
flap is sutured to the inguinal ligament. It causes double- 
breasting of the transversalis fascia. Then conjoint tendon and 
inguinal ligament is further approximated by two layers of 
continuous sutures. External oblique aponcurosis is sutured 
in two layers (double-breasting) in front of the cord, Hence 
the original Shouldice repair is 6 layered procedure. First 
two layers of transversalis fascia, next two layers of conjoint 
tendon and last two layers of external oblique aponeurosis. 
Suture material used here is fine steel wire of 34 gauge (in 
original Shouldice repair) or polypropylene or polyethylene. 
Recurrence rate is 1%. 

Berliner modified Shouldice repair—t involves double~ 
breasting of the transversalis fascia like in Shouldice repair 
and single layer closure of the external oblique aponeurosis 


without any additional two-layered repair of conjoint tendon 
to inguinal ligament. 

Note: 

Cremaster is excised in Shouldice repair along with external sper- 
matic fasciato achieve good success rate. Astestisloses its support, 
itcauses hanging/clapper in bell testis. It also injures genital branch 
of genitofemoral nerve. 


Tanner Slide Operation 


‘To reduce the tension in the repair area, relaxing incision is 
placed over the lower rectus sheath so that conjoined tendon 
is allowed to slide downward. 


\ < Tanner's = } 
slide 
Conjoint 
tendon 
External oblique’ 
Cord Bassin's repair 


Fig. 18.41: Tanner slide operation—relaxing incision placed over the 
lower medial rectus sheath to reduce the tension after modified 
Bassini's repair. 


Daring (Abrahamson Nylon Darning) 


Continuous intervening network of nonabsorbable sutures are 
placed between conjoint tendon and inguinal ligament to give 
good support to posterior wall of inguinal hernia. 


Peers oar 4 


Internal ring 
Extemal oblique 


Conjoint teridon en 


Fig. 18.42: Darning between inguinal ligament and conjoined ten- 
don to act as @ support to posterior wall ofthe inguinal canal. 


Koontz Operation (New York, 1963) 
In old people after taking consent, orchidectomy is done along 


with removal of entire cord, testis and total closure of posterior 
inguinal wall by repair so as to reduce the recurrence. 


Removal of Cord at Inguinal Region 
(Hamilton-Bailey Operation) 
Cord is removed from the inguinal canal by ligating both at 


external and internal ring, But testis is retained (for psycho- 
logical reason) and closure of inguinal canal by repair is done. 


Andrew's Operation 


It involves overlapping of the external oblique apo-neurosis, 


McVay Operation—1940 (Cooper's Ligament 
Repair) 


It is repair by placing interrupted sutures between transversalis, 
fascia to Copper’s ligament (superior pubic ligament) starting 
from pubic tubercle medially towards femoral sheath and later 
continued as suture repair between transversalis fascia and 

liopubic tract laterally up to the entrance of cord is reached. It 
isa pure tissue repair. It requires relaxing vertical incision at the 
lateral border of the anterior rectus sheath, from pubic tubercle 
point extending superiorly for 4 em. It covers all three groin 
defects—indirect, direct and femoral. 


Nyhus (Original) lliopubic Repair 


Here with a transverse incision and suprainguinal approach, 
lateral part of lower end of the rectus is retracted medially 
after opening anterior rectus sheath. Posterior rectus sheath 
is opened. Sac is dissected proximally and often ligated. 
‘Transaponeurotic arch (transverse abdominis muscle and 
transversalis fascia) is sutured below to Copper’s ligament 
and iliopubic tract, 


Wilkinson Method 


‘Transversus abdominis and internal oblique are sutured to 
inguinal ligament with continuous monofilament sutures— 
Ist layer: lower free edge of the external oblique is passed 
above, behind the cord and is sutured to internal oblique 
surface—2nd layer; upper free edge of the external oblique 
is brought down in front of the cord and is sutured to lower 
visible surface of the external oblique—3rd layer. It has less 
recurrence rate 


Hemioplasty 


¢ Prosthetic mesh repair is used to strengthen the posterior 
wall of the inguinal canal 

# Onlay like Lichtenstein repair, underlay, PHS repair 
(Gilbert’s), Stoppas, totally extraperitoneal preperitoneal 
(TEP), transabdominal preperitoneal (TAPP) mesh repair 
are different prosthetic repairs used. Usually polypropylene 
mesh is used. 

Recurrence rate has teduced significantly by prosthetic mesh 
repair. But incidence of mesh inguinodynia has increased 
due to entrapment of ilioinguinal or iliohypogastric nerves 
in the mesh. 

# Even though it is commonly done procedure at present for 
inguinal hernia, in adolescents whether it should be used 
ornot is a debate, In children itis not used. In strangulated 
hernia or in presence of sepsis it is not used, only tissue 
repair is done (Different procedures are discussed at a later 
part of this chapter) 


Mesh 


Internal ring 

Extemal oblique 

Conjoint tendon Testes 

Fig, 18.43: Hernioplasty: Mesh repair—Lichtenstein’s method 
(done under local anaesthesia) 


5 Conservativetreatment = 
4 Taxis: Patients placed in supine position with hip and knee 
flexed and hip intemally rotated. Contents are pushed with 
cone hand directing with other hand 
‘Use of Truss: Rat-tailed sprung truss is used. Measurement 
is taken from the tip of greater trochanter to third piece of 
sacrum circumferentially 
~ Complications are discomfort, ulceration, strangulation, 
inflammation, testicular atrophy, ilioinguinal neurit 
femoral neuritis 
—Itmay be used in elderly people, who are not fit for anaes- 
thesia and surgery 
— Conservative treatment should be avoided in hernia as 
much as possible 
~ Truss s absolutely contraindicated in femoral andsliding 
hernia 
— Truss increases the surgical bleeding, postoperative 
‘edema, testicular pain 


DIRECT HERNIA 


10-15% of the hernias are direct. 
10% of direct hernias occur bilateral, 


It is uncommon in females and children. 
It is always acquired, due to weakening of posterior wall 
of inguinal canal 

# Hernia is medial to the inferior epigastric artery with wide 
neck, Sac is thick and often the medial wall or content may 
be bladder. 

# Direct hernia occurs through Hesselbach triangle which is 
bounded by inferior epigastric artery laterally, lateral border 
of rectus medially, inguinal ligament below. It is divided 
into medial and lateral halves by obliterated umbilical 
artery (medial umbilical ligament), So direct hernia is clas- 
sified as medial or lateral depending on which part of the 
Hesselbach triangle, itis arising from. 


. 
* 
# 35% of inguinal hernias are direct. 
. 
+ 


Language is the dress of thought. 
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Figs 18.44 and B: Hernia truss. Its used only when patient is not 
fit for surgery It may precipitate strangulation. Before placing truss, 
contents of the hernia should be reduced completely. 
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Fig, 18.45: Surgical anatomy of direct inguinal hernia. 


Inguinal ligament 


Medial umbilical igament 


Fig. 18.46: Surgical anatomy of Hesselbac’s triangle. 


‘Coverings of direct hernia (from inside out) 


Extraperitoneal tissue 
Fascia transversalis. 
Conjoined tendon 
External spermatic fascia 
Skin 


eeeee 


Predisposing factors 
Chronic cough, smoking 
Straining 
Constipation 
Heavy work 
Previous appendicectomy 


eeeee 


; 
E 


Fig. 18.47; Bilateral direct inguinal hernia. 


% Malgaigne bulgings are often seen in these patients on 
examination, more often than in indirect hernia. They are 
protrusion of abdominal wall muscle during leg raising 
test as weak, soft, supple, swellings which signifies poor 


abdominal muscle tone. 


# Direct hemia rarely descends into the scrotum and strangu- 
lation is not as common as in indirect hernia, But in long- 
standing cases, it can descend down to the scrotum and 


strangulation can occur. 


| 


Large bilateral direct hernia. Occasionally direct hernia 


descends down and becomes complete and then may cause 


obstruction, Descent is not as common as indirect hernia. 


Treatment 


Surgery: 

© Usually direct sac is not opened. 

Care should be taken at the medial aspect due to the pres- 
ence of bladder (bladder should be emptied before surgery). 

¢ Ideally hernioplasty (mesh repair) is done. in case of bilat- 
eral hernia, mesh repair can be done on both sides together. 
Laparoscopic approach (TEP) or suprapubic approach may 
be better in bilateral cases. 


Fig. 18.49: Bilateral direct hernia. Note the medial location of the 
direct hernias. 


Funicular Direct Hernia (Prevesical Hernia) 


# Itis also called as Ogilvie s hernia. 

¢ Itisatype of direct hernia which is prone for strangulation, 

# Itis a narrow necked hemia with prevesical fat and a portion 
of bladder, and or intestine that herniates through a small 
defect in the medial part of the conjoined tendon just above 
the pubic tubercle. 

[occurs in elderly males. 


Giant Inguinal Hernia 


‘Hemia reaches below the mid-level of thigh when patient stands. 


RECURRENT HERNIA (Inguinal) 


# Incidence is 10%. 
% [recurrence is within 3 years it is called as early; if after 
3 years itis late. 


Predisposing Factors 
Preoperative 


© Smoking 
Chronic cough, 
Constipation. 
Old age. 
 Anaemi 
 Hypoproteinaemia. 
 Straining. 


+ Increased intra-abdominal pressure of any cause (BPH, 
carcinoma prostate, stricture urethra), 
Ascites: 


Operative 


Tension in the sutures. 
@ Weak anterior abdominal wall. 


Postoperative 


% Infection (50%), 
 Haematoma formation during earlier surgery. 
Retained sac in pantaloon hernia. 
 Straining, 


Recurrence Rate 


© Bassini’s repair—10%. 
 Shouldice repair—1%. 

 Hernioplasty—t to 3%. 

Other methods— to 5%, 

‘True or false recurrences are the types of recurrence. If hernia 
occurs in inguinal region after inguinal hernia repair it is called 
as true recurrence. If other groin hernia occurs after inguinal 
‘hemia repair like femoral hemia or obturator or other rare types, 
itis called as false recurrence. But presently hemia is classified 
grossly as groin hemias and so all recurrences are tae recurrences, 


Clinical Features 


Same as for inguinal hernia, Defect is usually narrow and. 
so more likely to go in for strangulation. 

 Itcan be medial recurrence ot lateral recurrence depending 
(on the location of the sac. Medial recurrence is common 
as tension in suture line is greatest near the pubic tubercle. 


Treatment 


% Alter thorough investigations, the cause of recurrence has 
to be treated and later hernioplasty is done. 

Laparoscopic (TEP/TAPP) approach is better for recurrent 
hernia, In open repair, preperitoneal mesh repair is ideal 
In elderly people Koontz orchidectomy ot cord excision 
at inguinal canal may be added after proper prior consent. 


Fig. 18.50: Recurrent inguinal hernia is 10% common. Its com- 
‘manly medial recurrence. It is treated by mesh repair. 


CT) 


‘* iff something is entangled with other objects, then a measurement of it simultaneously provides 
information about its partners 


‘+ some quantum systems can have a little entanglement while others will have a lot 

‘* the more entanglement available, the better suited a system is to quantum information processing 

‘* decoherence degrades the fidelity of the quantum link (ie. the set of pure EPR entangled pairs) 
between two quantum systems, thus introducing a certain level of error in the exchange of 
quantum information between the systems; thus limiting our ability to perform quantum 


information processing (see more on this issue in the next paragraph below) 


‘+ mixed entangled states may be measured, distilled, concentrated, diluted, and manipulated 


‘© the basic resource of classical information is the bit (ic., the two values 0 and 1), while quantum 
information comes in quantum bits (i.e., qubits) that are described by their quantum state; qubits 
can exist in superpositions that simultaneously involve 0 and 1, thus giving them an infinite range 
of values; groups of qubits can be entangled; qubits must be insulated against decoherence, so 
that the coherent state of the quantum system in a quantum computer is preserved for a time that 
is long enough to set up a calculation, perform it, and read out the results, 


‘* quantum computers processing qubits or entangled qubits can outperform classical computers; 
functional requirements of quantum compute 


‘they must have the ability to initialize any qubit in a specified state, and to measure the 
state of a specific qubit 

“they must have universal quantum gates, which are logical elements capable of arranging 
any desired logical relationship between the states of qubits 

4 they must also have a processor capable of interlinking quantum gates to establish rules 
and boundary conditions for their inter-relationships — in a quantum computation, the 
arrangement of quantum gates connects the qubits in a logical pattern, according to a 
program or algorithm, and after an interval the qubits assigned to the result are read out 


‘* quantum error correction codes exist, whereby qubits are passed through a circuit (the quantum 
analogue of logic gates) that will successfully fix an error in any one of the qubits without 
actually reading what all the individual qubit states are; no qubit cloning is required 


‘© a completely secure quantum key can be generated and distributed (for communication and 
decoding of encrypted messages) using entangled photons has been demonstrated (Tittel et al., 
2000; Jennewein et al., 2000; Naik et al., 2000); any eavesdropper’s attempt to intercept the 
quantum key will alter the contents in a detectable way, enabling users to discard the 
compromised parts of the data 


© in an experiment which verified that EPR entanglement obeys Special Relativity (Seife, 2000; 
Scarani et al., 2000; Gisin et al., 2000; Zbinden et al., 2000a, b), and involving a photon detector 
moving at relativistic speeds (for example, Bob moves away from Alice at close to the speed of 
light), investigators determined that quantum information via EPR photon pair entanglement must 
travel > 10’ times light speed (the photon detectors were 10.6 km apart) 
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Rerecurrent Hernia 


1% common, 


Causes 

Infection, earlier mesh extrusion, failure of treating the precipi- 
tating causes. 

Treatment 


# The cause is treated and mesh repair is done. 
© GPRVS (Giant prosthesis reinforcement of the visceral sac) 
or TEP through laparoscopy is ideal 


HERNIOPLASTY 


Itis strengthening of posterior inguinal wall in case of indirect 
hernia or in any large hernia with weak abdominal wall using a 
supportive material. This allows and supports good fibroblast 
proliferation which in tum strengthens the weak posterior wall 
of inguinal canal or abdominal wall 


Material Used 


# Synthetic: Prolene mesh (white in colour) Dacron mesh, 
Morlex mesh, Mersilene sheath. 

* Biological: Tensor fascia lata, temporal fascia and skin, 
(presently biological materials are not well-accepted as 
infection is common and its efficacy is not proved), 
Prolene mesh is commonly used at present. Nonabsorbable 

interspersed absorbed mesh (Vipro/Ultrapro) are also used 

nowadays. 


Indications 


Direct hernia, 
Recurrent hernia. 

Re-recurrent hernia, 

Incisional hernia. 

Old age. 

Hernia with weak abdominal muscle tone. 
Sliding hernia, 


eeceeee 


Complications 


Infection 
Mesh extrusion. 

Foreign body reaction. 

Mesh inguinodynia causing hyperaesthesia and pain along 
the distribution of ilioinguinal or iliohypogastric nerves. 

# Mesh erosion into bladder, bowel or vessels can occur 
oceasionally (rare), 


sees 


Principle 
Size of the mesh should be bigger than the size of the defect. 
Mesh should be fixed above and below to the conjoint tendon 


and inguinal ligament or abdominal wall using interrupted, 
nonabsorbable sutures. 


Absolute haemostasis and control (prevention) of infection 
is important. 


& Onlay repair 

‘@ Lichtenstein mesh repair—a type of onlay 

Inlay repair—mesh placed at myopectineal level—bridging 
repair 

® Underlay repair—mesh placed at deeper plane usually in 
preperitoneal space 

Gilbert patch and plug repair/Gilbert’s PHS repair (onlay + 
sublay) 

‘® Nyhus preperitoneal mesh repair 

& Kugel groin hernia mesh repair 

& Modified Rives preperitoneal mesh repair through inguinal 
approach 

‘® Stoppa GPRVS repair 

‘@ TEP mesh repair 

& TAPP mesh repair 


Hernioplasty is becoming the prime treatment for inguinal 
hernia. 


Types 


Different types are: 

% Onlay mesh repair by placing mesh in front. It is sutured 
above to conjoint tendon and below to inguinal ligament 
using monofilament non absorbable suture material 

# Lichtenstein tension free onlay mesh repair (1993) where 
the cord is encircled with mesh which is often done under 
local anaesthesia. Suturing of mesh is done similar to onlay 
mesh repair. It has got less recurrence rate. 

Nyhus preperitoneal mesh repair: Itis done through suprain- 
guinalhorizontal incision above the pubic symphysis and 
intemal ring, Preperitoneum is approached through lateral 
border of the lower part of rectus muscle by making an 
‘opening in the posterior rectus sheath. Mesh is placed in 
the preperitoneal space deep to the cord, conjoint tendon, 
and transversalis fascia. Below, it is folded deep to the 
iliopectineal ligament of Cooper and sutured to it using two or 
three interrupted nonabsorbable sutures. I is sutured to trans 
verse abdominis above and transversalis fascia from deep. 

% Modified Rives preperitoneal mesh repair (Read-Rives) is 
preperitoneal mesh repair through transinguinal approach 
Direct sac is inverted with sutures. For indirect sac a high 
ligation is done. Here mesh is placed in preperitoneal space, 
folded and sutured below to iliopectineal ligament, above to 
the transverse abdominis in deeper plane. Often transversalis 
fascia opened earlier is sutured back using nonabsorbable 
suture material in front of the placed mesh, 

# Stoppa's giant prosthesis reinforcement of visceral sac 
(GPRS): Iv is done in large hernias, hernias in elderly, 
bilateral hernias, recurrent and rerecurrent hernias, hernia 
with very lax abdomen, and hernia with collagen diseases 
like Marfan’s syndrome. Horizontal length (size) of the 
mesh is 2 em less than distance between two anterosupetior 
iliac spines and vertical length (size) is distance between 
the umbilicus and pubic symphysis. Large mesh is placed 


between peritoneum and lateral, inferior, anterior abdominal 
wall which stretches in the lower abdomen and pelvis. It is 
done through lower midline or Pfannensteil incision. Usually 
such large mesh is placed without any anchorage. 

© Gilbert mesh repair (patch and plug): Attet herniotomy, 
internal ring is plugged by cone-shaped (umbrella plug) 
piece of prolene mesh. Later onlay/inlay mesh repair of 
posterior wall of the inguinal canal is done, 

¢ Gilbert's PHS (Prolene Hernia System) repair (onlay and. 
sublay—sandwich technique): Iv is an open transinguinal 
approach to place a specially devised mesh in both preperito- 
neal as inlay and in front as onlay mesh repair. This mesh has 
got a rounded deeper part which is placed in preperitoneal 
space and a modified quadrangular part which is placed as 
onlay. Both parts are connected through a connecting stiff 
rounded part in between which steadies the mesh in place 
preventing its displacement. 


Fig. 18.51: Gibert's PHS mesh, 


¢ Transabdominal preperitoneal laparoscopic mesh repair 
(TAPP repair): It is mainly used in irreducible and large 
hemias. 

¢ Totally extraperitoneal laparoscopic mesh repair (TEP)— 
becoming popular. 


Transabdominal Preperitoneal Mesh Repair 
(TAPP) Using Laparoscope 


This is used in large indirect hernia or irreducible inguinal 
hernia, 10 mm umbilical port is used for laparoscope. 5 mm. 
ports are placed one on each side on pararectal point at the or 
above the level of umbilicus so as to achieve adequate trian- 
gulation. Contents of the hernia are reduced. Hernial sac is 


dissected in preperitoneal plane after making horizontal inci- 
sion at the upper part of the sac opening. Vas, gonadal vessels, 
pubic bone, inferior epigastric vessels are identified. Once sac 
is dissected and excised, a prolene/vipro/ultrapro mesh of 15 
% 10 cm sized or smaller is placed in preperitoneal space. It 
is fixed to pubic bone using tacks. Peritoneum is closed with 
continuous prolene sutures, 


Fig. 18. 


‘Mesh placement in TAPP procedure. 


Extraperitoneal Repair (TEP Repair) 
Using Laparoscope 


This technique is gaining more popularity than TAPP. 
‘Through subumbilical incision (10 mm) extraperitoneal 
space is reached. After CO insufflation, another S mm port 
is inserted 4 cm below the first port in the midline. Third 
'5'mm port is inserted in the same line 4 cm below or in the 
right iliae fossa. Dissection is carried out downwards care- 
fully, then medially up to the pubic tubercle, iliopectineal 
ligament, laterally to iliac vessels, and inferior epigastric 
vessels. Once adequate space is dissected 15 * 15 cm mesh 
is placed and spread. Care should be taken not to have any 
folding in the mesh. Mesh may be sutured to iliopectineal 
ligament. Displacement of mesh is not common, Other side 
also can be done together. 


Anatomical Considerations 


# Preperitoneal space is a potential space in front of the peri- 
toneum, behind the transversalis fascia and anterior rectus, 
‘muscle. Below in front of the urinary bladder it is called as 
space of Retzius (medially), laterally it is called as space 
of Bogros. Median umbilical fold is formed by urachus in 
the midline, Medial umbilical ligament is formed by oblit- 
erated umbilical arteries, lateral umbilical fold by inferior 
epigastric vessels, Three fossae are lying in relation to these 
folds—supravesical and medial fossae are medial to lateral 
umbilical fold which are sites of direct hernia whereas 


‘Spigelian line: Runs along the lateral border of rectus sheath and extends from the pubic tubercle to the tip of the 


9th costal cartilage. 


‘Spigelian fascia: Is the fascia between the aponeurosis of extemal and internal oblique, transversus abdominis 


and recuts sheath. 


CE) 


81 


SRB's Manual of Surgery 


lateral fossa is lateral to lateral umbilical fold and is site of 

indirect hernia. ¥ 
#111956 Fruchauddeseribed his mapectinealorfcebounded jf 

medially by the lateral border of rectus abdominis, laterally 

by iliopsoas, superiorly by conjoint tendon and inferiorly by 

pectin pubis. This area isthe site of groin hemia which should 

be covered by mesh of adequate size to strengthen the defect 

and to prevent the recurrence. Hiopubic tract is analogue of 

the inguinal ligament, extends from Cooper's ligament to A 

anterosuperior iliac spine which divides endoscopic view Scan weiingy grat 

of preperitoneal space into superior compartment (contains 

inferior epigastric artery, Hesselbach’s triangle, cord strue- 

tures and is site of inguinal hernia) and inferior compartment Sram warts 

(contains femoral canal, iliac vessels, iliopsoas muscle, u 

genitofemoral nerve, lateral femoral cutaneous nerve). 


| tomer pan 


External iliac vessels lie in a triangle formed by gonadal Fig. 18.55: Port incisions in TEP. 
vessels laterally, vas deferens medially and peritoneal reflec- - 
tion inferiorly (triangle of doom) 
IEA, 
Gx) 
(TAPP) 
«fur gon 5 (TAPP) 
sm (TAPP) 110 mm (TEP) 2 = 
Fig. 18.56: TEP after dissection prior to placement of mesh. Direct 
1-5 mm (TEP) defect, inferior epigastric artery, pubic symphysis and Cooper's 
ligament are clearly seen, 
1-5 mm (TEP) n . 


. 


: Ports used for TEP and for TAPP. ’ 
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‘Normal anatomy of abdominal wall Intestines TEP after dissection showing indirect sac, inferior 
‘epigastric vessels, Cooper's ligament. 
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‘Tansabdominal preperitoneal approach (TAPP) 


EP mesh placement in preperitoneal space. 


Fig. 18.54: Diagrammatic representations of TEP and TAPP. Fig. 18. 


# Aberrant obturator artery is an occasional branch of inferior 
epigastric artery replacing its pubic branch travels across 
Cooper's ligament, which during fixation of mesh can cause 
torrential haemorrhage—circle of death. Triangle of pain is 
formed by gonadal vessels medially iliopubic tract laterally 
and peritoneal reflection below. Genitofemoral nerve and 
lateral cutaneous nerve of thigh traverse this triangle. Injury to 
these nerves either by dissection or by tacks cause postopera~ 
tive pain, Tacks/staplers should not be placed in this triangle, 


Indications for TEP Contraindications for TEP 


+ Recurrent hernia + Obstructed/strangulated 
* Bilateral hernia inguinal hernias 
+ Indirectidirectfemoral + Ascites 

hernia + Bleeding disorders 


Landmarks to be 
identified in TEP 

+ Pubic bone midline 
Inferior epigastric artery 
Copper's ligament 


Principles in TEP 


+ Head-down supine position 
+ Surgeon standing on 
opposite side of hernia 


Hliopubie tract + Camera person placed on 
Cord and vas deferens opposite side of hernia 

+ Psoas muscle and + Monitor at foot end 
nerves in relation 5 


Catheterise/empty the blad- 

der properly prior to TEP 

*+ Adequate wide space cre- 
ation 

*+ Careful dissection of cord 
and sac 

+ Ligate indirect sac 

‘+ Mesh should not be fixed 
laterally 

+ Size of mesh is 15 * 15cm 

+ Two point fixation—one at 
pubic bone other at Coo~ 

per's ligament by tacks/ 

staplers 


Difficulties and complications in TEP repair 

+ Difficulty in dissecting indirect sac. Cord/vas injury 

Inadvertent opening of the sac/peritoneum and creation of 
pneumoperitoneum. 

+ Injuries to major structures lke i 

‘Displacement of mesh or erosion into structures like urinary 

bladder—rarely may occur 

Nerve injury 

Formation of seroma/haematoma 


3c vessels—0.5-1,03 


Infection 
Recurrence 


‘Advantages of TEP repair 
& Approach is totally extraperitoneal 
& Small incision 
Proper placement of mesh in ight space that is preperitoneal 


space 
‘Peritoneal cavity is intact and not opened 


MALGAIGNE BULGING 


# Iti protrusion of abdominal wall muscles during leg rising 
test as weak, soft, supple, swelling, which signifies poor 
‘abdominal muscle tone. It also concludes that particular hema 
requires mesh repair (hernioplasty) as surgical treatment. 

# Itis common in old age, obese patient. 
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INCARCERATED HERNIA 


# Here the lumen of the portion of colon occupying a hemnial 
sac is blocked with faeces. Here scybalous content of the 
bowel should be capable of being indented with the finger, 
like putty. 

# In incarcerated hernia, sac and contents are densely adherent 

ch other (contents are fixed to sac). It is always ireduc- 

ible; often obstructed but may not be strangulated. 


lm STRANGULATED HERNIA 
Pathology 
It occurs when blood supply of the contents of hernia is seri- 
ously impaired leading to formation of gangrene. 
‘Common bacteria in strangulated hernia 


® Eooll 
‘® Anaerobic streptococci 
® Anaerobic bacteria 


 Hebsilla = 
3 
Obstruction 7 
1 
Initially venous return is impaired 
t 


Congestion of the bowel 
\ 
Further dilatation of the bowel which becomes purple 
coloured 
4 
Fluid collects in the sac 
| 


Eventually arterial blood supply is impaired 
4 


Bowel becomes dark, brownish black coloured with flabby 
and friable wall 
\ 
Bacteria migrate transerosally and multiply in fluid of the sac 
| 


Perforation occurs at the site of constriction ring 
4 


Peritonitis occurs. 


© Strangulation commonly occurs in the small bowel and also 
in large bowel. Occasionally strangulated omentoc 
can occur without any intestinal obstruction, 


Iso 


Smile is the curve which puts everything straight. 
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 Strangulation can occur in inguinal, femoral, obturator, 
umbilical or any hernias 

Indirect inguinal hemia is more prone for strangulation than 
direct inguinal hernia. It is due to narrow neck, adhesions, 
narrow external ring in children, 


i Gangrenout 
the coment owe 
Tone ic 
Inguinal canal 
Inguinal igement 
Sac ofhamis 


Fig. 18.59: Picture showing strangulated hernia with toxic fluid and 
site of constriction. 


Strangulated inguinal hernia will be tender and 
irreducible without impulse on coughing, 


Fig. 18.61: Hernia with gangrenous omentum. Note the colour of 
‘the gangrenous omentum 


Part of circumference of the bowel when strangulated, is 
called as Richter’ hernia wherein the patient presents with 
diarrhoea, toxicity mimicking gastroenteritis. Richter’s 
hemia is more common with femoral, obturator hernias. 


@ Narrow neck 
& Adhesions 

 rreducibility 

4 Long-time, large hemia with adhesions 


Mayadl’s hernia (Hernia-in-W): Here a loop of bowel in the 
form of “W’ lies in the hernial sac and the centre portion of 
the “W’ loop is strangulated and lies within the abdominal 
cavity. Thus local tendemess over the hernia is not marked 
and hernia gets reduced with the strangulated loop in the 
centre of the “W”. Strangulation in this case is often missed 
during surgery and may lead to peritonitis due to retained 
gangrenous loop. 


Strangulated segment 


Content 


Toxic fuid 


Fig. 18.62: Maydl’s hernia (Hernia-in-W}, 


Clinical Features of Strangulated Hernia 


# Sudden severe pain, initially over a pre-existing hernia 
which later becomes generalised over the abdomen, 

# Persistent vomiting, constipation and distension of the 
abdomen, 

© Hernia is tense, severely tender, irreducible and without 
any expansile impulse on coughing. Rebound tenderness 
is diagnostic. 

% Features of toxicity and dehydration. 

# Electrolyte imbalance. 

% Abdominal distension with guarding and rigidity. 

+ 

’ 


Oliguria. 
3% in incidence. 


Tense, tender ireducible 
‘& Noimpulse on coughing 

+ ‘Shock toxicity 

‘& Features of obstruction when there is enterocele 
Abdominal distension, vomiting 

“@ Rebound tenderness 


Incidence is 4%.Female to male ratio is. 
In female infants, the content may be ovary with or without 
fallopian tube 


Taxis 


¢ Often in irreducible hemia, reduction of hernia is tried by 
elevation, sedation and taxis (ic. with flexion and medial 
rotation of the hip, reduction of hernia is tried) 

¢ In obstructed hernia, taxis may be dangerous as during 
taxis, contusion and rupture of the intestinal wall can occur. 
Reduction-en-masse may mask the gangrenous bowel 
existing in the sac. Inner gangrenous loop of Maydl’s hernia 
may be missed, Rupture of the sac extraperitoneally is also 
a possibility. 

¢ Taxis has no role in femoral hernia and strangulated hernia. 
If tried, contusion, reduction-en-masse and rupture of the 
sae ean occur. 


aan es 
‘& Used in irreducible or partially reducible hernia 
Tal reduction by flexing and medially rotating the hip 
+ Itis dangerous in: 
~ Obstructed hemia 
— Mayall hernia 
(As rupture can occur leading to peritonitis) 
 Norole in femoral and strangulated hernia 


reine 


Sac Ring Sac 


Gangrenous: 
bowel 


3: In an obstructed hernia, if reduction is forced it may get 
reduced with the sac and ring with the obstructed/strangulated 
bowel—Reduction-en-masse 


¢ In strangulated omentum features of obstruction are not 
present (i.e. vomiting, constipation). Omentum becomes 
congested, oedematous and black in colour which secretes 
toxic fluid with secondary bacterial infection. But here, 
initially the sepsis is slower than that of strangulated intes- 
tinal obstruction. 

¢ Eventually the infection spreads causing diffuse peritonitis 
Downward spread of infection can cause scrotal abscess. 


Investigations 


Plain X-ray abdomen in erect posture shows multiple air-fluid 
levels. 

# Serum electrolytes 

% Blood urea and serum creatinine. 

# Total count is increased. 

# U/S abdomen, 


Richter’ herni 
‘ Omentocele 


Treatment of Strangulated Hernia 


# The patient is admitted 

# Ryle’s tube aspiration. 

# Intravenous fluids to correct dehydration and electrolyte 
imbalance. 

# Antibiotics. 

% Catheterisation to maintain adequate urine output. 

# Emergency surgery: 


Hemia sac. 
Content 


Fig. 18.64: Incision for strangulated hernia is obliquely placed 
extending to the scrotum, 


Groin incision is made with incision extending into the most 
prominent area of the swelling. 
L 


Sac is exposed. 
Constriction ring and superficial ring is released (cut). 


Sac is opened carefully without allowing the spillage of fluid 
(Usually spillage occurs extraperitoneally) 
4 


Fluid is sucked with a suction apparatus. 
4 


‘The bowel is held with fingers so as to prevent it from 
geting reduced 


‘The viability of the bowel is checked by colour; peristalsis, 
pulsation, bleeding: 


When gangrenous, resection and anastomosis is done and 
drain is placed. 


The most important thing that you wear is the expression on your face. 
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Figs 18.656 and F 


Figs 18.654 to F: Strangulated hernia—eft side. It is tense, tender, 
without any impulse on coughing. Note the incision, discoloured sac, 
content (gangrenous bowel) and proximal viable bowel 


Bassini’s repair is done by placing interrupted non- 
absorbable sutures. Antibiotics, IV fluids are continued. Drain 
is removed in 4-S days. Once the bowel movement begins, oral 


diet is started (in 5 days) 
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Postoperative Problems 


Infection, leak with fistula, septicaemia, 
Note: 

During surgery for strangulated hernia mesh is usually not used, only 
repairs done. Biological mesh can be used during the surgery for 
strangulated hernia, 


@@ SLIDING HERNIA (HERNIA-EN-GLISSADE) 


# Here posterior wall of the sac is not only formed by the 
parietal peritoneum, but also by sigmoid colon with its 
mesentery on left side; caecum on right side and often with 
portion of the bladder (Both sides) (1:2000). 

# Rarely small bowel sliding hernia or sacless sliding hernia 
‘ean occur (1:8000). 

# Content of the sac is usually small bowel or omentum. 

# Sliding hernia occurs exclusively in males. Mainly on the 
left side (85% 

# Itcommonly occurs in indirect sac even though femoral and 
direct sliding hernias are known to occur. 

 Bilaterality is extremely rare. 

# Itis seen commonly in adults and elderly. 

# Huge hemia can occur which extends into the scrotum and 


Figs 18.65A to do not get reduced totally 


is replaced into the peritoneal cavity. Posterior wall of the 
sac should not be separated from large bowel or bladder. If 
tried it may lead into faecal or urinary fistulas. Often sac 
can be excised partially: this partially excised sac can be 
pushed into peritoneal cavity. Right sided sliding hernia 
will have caecum and appendix in its posterior wall; caecum 
should not be separated from posterior wall of the sac which 
‘may otherwise create faecal fistula, Appendix should not 
bbe removed as it may precipitate sepsis. Appendices epip- 
loieae from sigmoid colon should not be removed as there 
are chances that they may contain small colonic diverticula 
which may get opened to contaminate the field. Bladder will 
bbe present on medial side of the sac and sac should not be 
separated; if bladder injury occurs it should be sutured in 
two layers with vieryl. Inside out purse string suture on the 
‘opened sac is applied and the sac with its posterior wall is 
pushed into the abdominal cavity. Urinary catheterisation 
is a must. 

\guinal region descending into * Truss should not be used in sliding hernia. 


Fig. 1 


liding hernia with urinary bladder as posterior wall of 
the sac 
Clinical Features (2%) 


Large globular swelling in the 
the scrotum, often irreducible. 


ll PANTALOON HERNIA (DOUBLE HERNIA, 
SADDLE HERNIA, ROMBERG HERNIA) 


\ Here both direct and indirect inguinal sacs are present and. 
4 clinically present ax direct hernia. 
© During surgery, indirect sac may be missed and so leads to 
recurrent hernia through retained (or unidentified) indirect 
sac. 
Here both medial and lateral sacs straddle the inferior 
epigastric artery. 


Posterior 
wall of sae # is one of the causes for recurrent hernia. 
Sac 
Content 
rior epigastric "| 
“atiery A 
rect sac 
Fig. 18.67: Sliding hernia (Hernio-en-Glissode). 
Small bowel as the content of sliding hernia can lead to 
strangulation, 
Indirect 


Treatment: Always Surgery 
Fig. 18.68: Saddle/Pantaloon hernia. itis on either side ofthe infe- 
# Posterior wall ofthe sac should not be separated from large rir epigastric artery having both direct and indirect sacs 
howel or bladder. If tried, injury may result to these organs 
leading to faecal or urinary fistulas 


 Partidlly Gceibed snc is’ pushed into thé peritoneal exvity Ml UNFANTILE HERNIA, 


‘with posterior wall and repair is done usually using profene # Clinically difficult to diagnose. 
‘mesh (Hernioplasty). Often it is diagnosed on table, 

4% In LaRogue repair deep ring is incised above and below; — ¢ Processus vaginalis is closed at internal ring and hernial sac 
reefing of the sigmoid colon mesentery is done which forms _cither invaginates processus vaginalis as “inverted umbrella’ 


the posterior wall of the inguinal canal so thatentire sigmoid or comes behind processus vaginalis 


It takes 26 muscles to smile, and 62 muscles to frown. 
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ll FEMORAL HERNIA 


Surgical Anatomy of Femoral Canal 


It is the medial, most compartment of the femoral sheath, 
which extends from femoral ring above to saphenous opening, 
below. It contains fat, lymphatics, lymph node of Cloquet. Itis 
1.25 em long and 1.25 em wide at the base. Below it is closed 
by eribriform fascia. 

Femoral ring is bounded anteriorly by inguinal ligament; 
posteriorly by iliopectineal ligament of Cooper, pubic bone 
and fascia covering the pectineus muscle; medially by concave, 
sharp lacunar (Gimbernat’s) ligament; laterally by a thin septum 
separating from femoral vein 


AS! 


Femoral hernia 


Fig. 18.69: Surgical anatomy of femoral hernia, 


Lateral cutaneous. 
herve of thigh 


Profunda femoris 
artery 


Sartorius 


Fig. 18.70: Femoral triangle. 


Inguina 
herria 


Femoral 
hernia q] 


Fig. 18.71: Hernia; inguinal hernia is above and medial to tubercle, 
and femoral hernia is below and lateral 


Aetiology 


Wide femoral canal. 
© Multiple pregnancies, 


Pathology in Femoral Hernia 


‘Through femoral canal, hemnial sac descends down vertically 
up to saphenous opening and then escapes out into the loose 
areolar tissue to expand out like a retort, Because ofits irregular 
pathway and narrow neck, it is more prone for obstruction and 
strangulation. During surgery, precaution should be taken about 
the femoral vein and pubic branch of obturatorartery (or acces- 
sory obturator artery) which often may get injured leading to 
torrential haemorrhage. 


Clinical Features 


# Common in females (2:1 ratio), common in multipara. 

# Rare before puberty. 20% occurs bilateral, however, more 
‘common on right side. 

# Presents as a swelling in the groin below and lateral to the 
pubic tubercle (Inguinal hemia is above and medial to the 
pubic tubercle), 

# Swelling, impulse on coughing, reducibility, gurgling sound 
during reduction, dragging pain, are the usual features. 

# When obstruction and strangulation occurs which is more 
‘common, presents with features of intestinal obstruction— 

inful, tender, inflamed, irreducible swelling without any 
impulse, They also present with abdominal distension, 
vomiting and features of toxicity 

# Often femoral hernia can be associated with inguinal hernia 
also. 

# 40% of femoral hernias present as emergency hernia with 
obstruction/strangulation, 


Gaur’s sign: In femoral hernia, distension of superficial epigas- 
tric and/or circumflex iliac veins occurs due to the pressure by 
the hernial sac. 


& Inguinal hernia 

@ Anenlarged Cloquet lymph node of any cause 

® Psoas abscess—psoas spasm with flexed hip but difficulty 
inextension 


Lipoma 
Femoral aneurysm 

Distended psoas bursa (Disappears on hip flexion) 

‘Saphena varix—itis enlarged terminal portion of long saphe- 
nous vein. Its soft, disappears on lying down, fluid thrill, 
impulse on coughing and venous hum on auscultation are 
present. There is associated varicose veins on leg 

‘ Haematoma in the region 


Hydrocele of femoral hernia occurs when adherent omentum 
which is the content secretes fluid into the sac. 

Herniation through a gap in the lacunar ligament (medial) is 
always strangulated and is called as Langier's femoral hernia 
(L for L. 

In congenital dislocation of hip, femoral hernia occurs 
behind the femoral vessels—Narath & femoral hernia. 

If sac lies under the pectineal fascia, is called as Cloguet’s 
hernia 


Strangulation and Richter’s hemia are common in femoral 
hemia. 

Often on medial side, a portion of bladder forms the wall of 
the femoral hernial sa 


—sliding—femoral hernia. 


& Femoral hemnia—occurs mé 


to femoral vein 
+ Narath’shemnia—occurs behind femora artery, congenital 
dislocation offi 
Hesselbach's hemia—occurs lateral to femoral artery 
Serofini's hemnia—occurs behind femoral vessels 
Laugier's hernia—through lacunar ligament 
Teale'shernia—in front femoral vessels 
Callson-Cloquet hernia—through pectineal fascia 
Cooper's hernia—femoral hernia with two sacs 


eeeose 


| 


Fig. 18.72: Femoral hernia on right side. Note the location below 
‘the inguinal ligament. Femoral hernia is common on right side, It is 
‘common in females, 


ae 


j 


Fig. 18.73: Right side femoral hernia in a male patient. Patient 
is also having bilateral inguinal hernia, Femoral hernia is rare in 
males, 
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Fig. 18.74: Right side femoral hernia in a female patient. Femoral 
hernia is common in females. In females the most common hernia 
is inguinal hernia, 


Treatment 
Approaches 
\ 
| McEvedy-nigh 
Lotheisen 
Pee: ining 
Lockwood z 
“iow / 3 
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41. Femoral hernia 
3. Femoral artery 
5. Lacunar ligament 


2, Femoral vein 
4, Femoral nerve 
6. Cooper's igamen' 


Fig. 18.75: Different surgical approaches for femoral hernia, 


Lacunar ligament, 


\ Inguinal ligament 


KX 
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‘Cooper's ligament > 


Fig. 18.76: Femoral hernia repair Inguinal ligaments approximated to 
Cooper's (liopectineal line) ligament. In Lotheissen’s repair conjoined 
tendon is sutured to iliopectineal ine, 


Love means sharing the sanie road, wherever it leads. 


* investigators are still developing quantitative laws of entanglement to provide a set of principles 
for understanding the behavior of entanglement and how it is used to do information processing 


nvestigators are working to develop an understanding of the general principles that govern 
complex quantum systems such as quantum computers 


Other developments are equally as interesting or compelling. For example, the quantum state of the 
object we wish to teleport does not have to describe single microscopic systems like photons, ions, atoms 
or electrons. Quantum states can describe large collections of atoms like chemical compounds, humans, 
planets, stars, and galaxies. Hartle and Hawking (1983) even derived the quantum wavefunction of the 
Universe in closed form, although, it was extremely simplified and excluded the presence of quantum 
matter-energy. So it has become possible to consider teleporting large quantum systems. We summarize 
the more recent spectacular developments in the following: 


© Generation of entanglement and teleportation by Parametric Down-Conversion (Bouwmeester et 
al., 1997: Zeilinger, 2003): EPR entangled photon pairs are created when a laser beam passes 
through a nonlinear B-barium borate or BBO crystal. Inside the crystal (BBO, for example) an 
ultraviolet photon (A = 490 nm) may spontaneously split into two lower energy infrared photons 
(A= 780 nm), which is called parametric down-conversion. The two “down-conversion” photons 
emerge as independent beams with orthogonal polarizations (horizontal or vertical). (The 
orthogonal polarization states represent a classic example of the discrete quantum state variables 
that can be teleported. Other examples of discrete quantum variables that have been teleported 
using other schemes include the nuclear magnetic spin of a hydrogen atom, electronic excitations 
of an effective two-level atom, elementary particle spins, etc.) In the two beams along the 
intersections of their emission cones, we observe a polarization-entangled two-photon state. For 
the experimental realization of quantum teleportation, it is necessary to use pulsed down- 
conversion. Only if the pulse width of the UV light, and thus the time of generating photon pairs 
is shorter than the coherence time of the down-converted photons, then interferometric Bell-state 
analysis can be performed. In this type of experiment, the pulses from a mode-locked Ti:Saphire 
laser have been frequency doubled to give pulses of = 200 fs duration (1 fs = 10°" second). The 
interfering light is observed after passage through IR filters of 4 nm bandwidth giving a 
coherence time of = 520 f8. After retroflection during its second passage through the crystal, the 
UV pulse creates another pair of photons. One of these will be the teleported photon, which can 
be prepared to have any polarization, Beam splitters and photon detectors are used to perform the 
Bell-state analysis during the standard teleportation process that ensues. See Figure 8 for a 
schematic showing the layout of a standard parametric down-conversion entanglement- 
teleportation experiment. 


*  Teleportation of squeezed states of light and continuous quantum state variables (Furusawa et al 
1998: Sorensen, 1998; Braunstein and Kimble, 1998; Opatrny et al., 2000; Braunstein et al. 
2001; Zhang et al., 2002; Bowen et al., 2002; Bowen et al., 2003; Zeilinger, 2003): Squeezed 
light (see Section A.2 in Appendix A) is used to generate the EPR entangled beams, which are 
sent to Alice and Bob. A third beam, the input, is a coherent state of unknown complex 
amplitude. This state is teleported to Bob with a high fidelity only achievable via the use of 
quantum entanglement. Entangled EPR beams are generated by combining two beams of 
squeezed light at a 50/50 beam splitter. EPR beam I propagates to Alice’s sending station, where 
it is combined at a 50/50 beam splitter with the unknown input state, in this case a coherent state 
of unknown complex amplitude. Alice uses two sets of balanced homodyne detectors to make a 
Bell-state measurement on the amplitudes of the combined state. Because of the entanglement 
between the EPR beams, Alice’s detection collapses Bob’s field (EPR beam 2) into a state 


Approved for public release; distribution unlimited. 
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1, Lockwood-low operation: Here sac is approached below the 
inguinal ligament through groin crease incision (or over the 
swelling) so that fundus of sac is dissected by direct vision 
and repair is done from below. 

Here inguinal ligament is sutured to Cooper's ligament. 
standard and ideal (Cooper's ligament repair). 

2, Me’Evedy-high operation: A incision is made over the 
femoral canal extending vertically above the inguinal liga- 
ment, Sac is dissected from below, neck from above and 
repair is done from above. It gives a very good exposure of 
both neck, fundus of sac and repair is also easier. It is done 
in strangulated femoral hernia. 

3, Lotheissen’s operation: \t is through inguinal canal 
approach (like for inguinal hernia), Transversalis fascia is 
opened and neck of the sac is identified in the femoral ring, 
Suc is dissected from above, neck is ligated and repair is 
done. 

Lotheissen’s repair: After hemniotomy, conjoined tendon is 
sutured to iliopectineal line (ligament) by interrupted sutures 
(2 or 3), using nonabsorbable monofilament sutures. Care 
should be taken to avoid injury to femoral vein, pubie branch 
of obturator artery, bladder. It is not as strong as Cooper's 
tigament repair. 

Complications: Bleeding haematoma, abscess formation. 

4, AK Henry’s approach: Repair of bilateral femoral hernia 
through lower abdominal incision 

5. Polypropylene mesh can be buttressed over the femoral canal 
to close the defect. 

6, Laparoscopic mesh repair—TEP/TAPP. 


@ VENTRAL HERNIA 


Any protrusion through abdominal wall with the exception 
of hernia through the inguinofemoral region is defined as 
ventral hernia, incisional hernia (80%) and primary defects in 
‘abdominal fascia which can cause umbilical hernia, epigastric 
hernia, paraumbilical hernia or Spigelian hernia are grouped 
under ventral hernia, 


Ventral hernia can be: 
 Reducible. 

 Inreducible. 

© Obstructed. 

¢ Strangulated. 

# Single. 

© Multiple small defects (Swiss cheese hernia). 


Fig. 18.778 


Figs 18.774 and B: Large ventral hernias. It needs proper 
‘mesh repait 


Fig. 18.78: CT scan showing ventral hernia which is irreducible. 


Causes 
Congenital defect, 

# Obesity. 

# Smoking 

© Chronic cough. 

Preoperative preparation 

# Proper skin hygiene, 

Respiratory care. 

% Control of obesity. 

# Antibiotics. 

‘Management 

# Relevant investigations 

© Open mesh repair—inlay; onlay; sublay—retrorectus; underlay. 


# Laparoscopic mesh placement—underlay (directly in front 
of the contents) using dual mesh or four layered mesh. 


Muhiple 


Ventral hernias with Swiss cheese multiple defects. 


Palmer point (camera port) 
40.mm or 5 mm 


Working ports—5 mm, 
10mm. 


Ventral hernia 


Fig. 18.80: Port placement for laparoscopic ventral hernia repair. 
Left subcostal point is Palmer point. 


Fig. 18.81: Laparoscopic view of ventral hernia with omentum as 
irreducible content. Content is released and duval or four-layered 
‘mesh is fixed with tackers or sutures. 


@ INCISIONAL HERNIA 


# It is herniation through a weak abdominal scar (scar of 
previous surgery). 

# Itis common in old age and obese individuals. 

# Ioccurs in 10% of abdominal surgeries 
Sy 


70% occurs in first 


8; 30% occurs in 5-10 years. 


Fig. 18.82: Incisional hernia adherent to skin. Note the ulceration 
over the summit. Patient underwent resection and anastomosis with 
removal of the ulcerated skin with mesh placement. 


Additional History to be Collected in 
Incisional Hernia 


# Details of surgery that patient has undergone earlier. Duration 
after how long incisional hernia has occurred is important. 

# History of wound infection, wound dehiscence, whether 
surgery done was an emergency or elective, and tension 
sutures placed or not. 

# History of pain, irreducibility and details of precipitating 
factors to be asked. 

# Other precipitating factors are similar to inguinal hemia like 
smoking, urinary/respiratory/abdominal symptoms. 


Predisposing Factors 


# Vertical sear, midline sear, lower abdominal sear—may 
injure the nerves of the abdominal muscles. 

# Scar of major surgeries (biliary, pancreatic). 

# Scar of emergency surgeries (peritonitis, acute abdomen), 

# Faulty technique of closure 

% Poor nutritional status of the patient. 

# Presence of cough, tuberculosis, jaundice, anaemia, hypo- 
proteinaemia 

% Malignancy, immunosuppression. 

# Smoking in postoperative period. 

# Causes which increases the intra-abdominal pressure (BPH, 
straining, stricture urethra or rectum, ascites) 


Factors responsible for development of incisional hernia 

 Verticalincision has got higher chances of incisional hemiathan 
horizontal incision, 

4 Layered closure of the abdomen has got higher chance than 
single layer 


A friend is your second identity. 
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‘® Continuous closure has got higher chances than interrupted 
closure 

‘@ Using absorbable suture material has got higher chances of 
hemia than nonabsorbable sutures 

+ Emergency surgical wound has higher chances than elective 
surgical wound 

+ Laparotomy for peritonitis, acute abdomen, and trauma can 
‘commonly cause incisional hemia 

‘@ Drainage through the main laparotomy wound may precipitate 
formation of incisional hernia 

‘® Chronic cough smoking obstructive uropathy, constipation can 
precipitate incisional hemia 

+ Diabetes, old age,malnutrition malignancy, anaemia, hypopro- 
‘teinaemia jaundice ascites liver disease,uraemia steroid therapy, 
immunosuppressive diseases are other precipitating factors 


Clinical Features 

Swelling in the scar region. 

© Pain, 

Impulse on coughing, 

© Gurgling sound, 

¢ Often bowel peristalsis may be visible under the skin. 

# Eventually features of irreducibility, obstruction, strangula- 
tion is seen 


Figs 18.83 and B 


Fig. 18.83 


Figs 18.83A to C: Incisional hernia in a patient during straining and 
during relaxing 


18.84: Incisional hernia whichis irreducible with visible bowel 
beneath, 


Defects felt and assessed during head rising, by placing fingers 
over the scar horizontally 
Size of the defect is very important 


# Hernia is common in lower abdomen. 

# Imay be small or large; huge or massive (diffuse) 

# Scar, its extent and location, whether healed primarily or 
secondarily, skin over the scar and swelling is noted. Details, 
of the swelling with expansile impulse on coughing and 
examination both in lying down and standing are done. 

© Gap cannot be assessed in an irreducible hernia. 


© Type of defectsinincsional hernia. " 
Small defect <2cm 

{Large and wide defect > 2.em 

2 Very large defect 

& Massive 

* Mulile defects—Swis cheese pattern 


Note: 

+ Size of the defect is important to decide the type of surgical 
Closure in incisional hernia, 

+ Midline hernia expelsthe content more outwards due to contrac- 
tion of rectus muscles on both sides 

Investigations: Always the precipitating factors must be looked 

for: 

© Chest X-ray. 

¢ UIS abdomen. 

© Tests relevant for causes. 


‘Complications of incisional hernia: lreducibilty, bbstruction, 
strangulation, incarceration 


Fig, 18.85: CT scan abdomen showing incisional hernia, 


Preoperative Preparations for Incisional 
Hernia Surgery 


# Reduction in weight and control of obesity. 

# Nutrition, control of anaemia, 

# Treatment for diabetes, hypertension, cardiac diseases, 

respiratory problems. 

‘Treating the precipitating causes. 

Chest X-ray, U/ $ abdomen to be done. 

# Massive incisional hernia after reduction might cause IVC 
compression, paralytic ileus and diaphragmatic elevation 
with respiratory embarrassment (abdominal compartment 
syndrome). It is prevented by prior increasing the capacity 
of peritoneal cavity by creating pneumoperitoneum using 
CO; so as to increase the peritoneal pressure by 12-15 
em of HO, daily for 3-6 weeks. Later definitive surgery 


oe 


is done. 


Treatment Strategy for Incisional Hernia 


% Mesh repair of the incisional hernia defect is always better 
and ideal with less chances of recurrence. 

» Adequate sized mesh is placed either outer fo peritoneum. 
(sublay), or outer to musculoaponeurotic abdominal 
layer (onlay/overlay), ot occasionally combined sublay 
and onlay mesh placement, both deep and outer to 
musculoaponeurotic layer, 

> Rive’ Stoppa’s mesh placement for incisional hernia 
is placing mesh between posterior rectus sheath and 
rectus muscle—retrorectus mesh placement is easier 
for dissection and mesh placement 

» Commonly polypropylene mesh is used. Other materials 
used are Dacron, polytetrafluoroethylene (PTFE) mesh, 
polyglycolic mesh (vieryl mesh) or combined polypro- 
pylene and polyglycolic acid mesh (vipro mesh). Drain 
(suction drain) must be placed after surgery. 

» Mesh repair is ideal approach for incisional hernia. 
Prevention of infection/haemostasis and drainage are 
important. 


# Laparoscopic mesh repair is done for incisional hernia by 
placing a mesh under the defect laparoscopically in intraperi- 
toneal plane. The only problem of this underlay placement 

is chances of adhesion and Gi fistula formation, but still itis 
found to be safer. Laparoscopic preperitoneal mesh place~ 
ment is also done for smaller defects. Now dual mesh (PTFE) 
‘or four layered mesh are available. Here mesh is placed under 
the peritoneum deep to the defect after reducing the contents, 
Mesh is fixed with sutures and tacks. In four-layered mesh, 
deepest Ist layer is absorbable cellulose which allows new 
peritoneum to creep underneath, 2nd layer is PDS/PTFE 
mesh 3rd layer is polypropylene mesh and the last 4th layer 
is again PDS/PTFE mesh. It is ideal but costly. 

% Cattell’s operation: When the defect is less than 3 em, 
and if the patient is having adequate abdominal muscle 
tone, layer by layer anatomical repair is done using mono- 
filament nonabsorbable suture material like polypropylene! 
polyethylene, ideally with interrupted sutures. Sac should be 
dissected, ligated and excised prior to repair. Peritoneum and 
posterior rectus sheath is apposed as first layer and anterior 
rectus sheath as second layer. 

% Double breasting of the rectus sheath using interrupted 
nonabsorbable sutures using monofilament suture material. 
It is overlapping the rectus sheath in two layers with two 
rows of sutures, 

# Keel operation is done in large defect. Scar is excised 
and is dissected beyond the margin of the defect. Sac is 
never opened unless there is obstruction of the content. Sac 
in inverted using continuous/interrupted inverting non- 
absorbable sutures, layer by layer until the defect margins 
are apposed together which is then again sutured with inter- 
rupted sutures. Keel is inverted beam of the ship. 


Luck is when opportunity knocks and you answer. 
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Figs 18.86 and B: On table incisional hernia defect also showing 
‘mesh placement in retrorectus plane 


% Nuttall’s operation is done for lower midline incisional 
hemia, Rect attachments are detached from the pubic bones 
and are crossed over to fix to opposite pubic bones so as 
to create a firm abdominal wall support by crossed recti 
muscles. 


Figs 18.878 and B: (A) Keel operation and (B) Nuttal’s operation. 


Different Types of Mesh Repair for 
Incisional Hernia 


% Outer to peritoneum is ideal method (sublay): Large sized 
mesh is placed in preperitoneum. It need not be fixed 
as abdominal pressure keeps it in position (according to 
Pascal’s law), 

% Under the peritoneum, directly over the content (underlay) 
Now itis accepted but there are chances of adhesions/fistula 
formation. Its used in laparoscopic repair. Dual mesh/four- 
layered mesh is used. 

% Overlay mesh placed outer to musculoaponeurotic layer. 
Here mesh is placed under subcutaneous tissue; it carries 
high recurrence rate (30%). So it is not recommended. 

% Combined inlay and overlay with two layers of mesh 

# Rives Stoppas method of placing mesh between posterior 
rectus sheath and rectus muscle widely. Dissection is done 
at least 10 em beyond the defect under rectus muscl 
front of the posterior rectus sheath; mesh should cover 
5 cm beyond the defect all around. Recurrence rate with 
this is less than 10%. 

% Components separation technique is better method 
in large defects. Here skin and subcutaneous fat are 
dissected of the anterior rectus sheath — external oblique 
is incised 2 cm lateral to rectus abdominis — external 
oblique is separated from internal oblique until poste- 
rior axillary line —> additional relaxing incisions are 
made over rectus sheath, internal oblique, transverse 
abdominis > it is repeated on opposite side —> 20 em 
mobilisation is achieved — also reinforced with a large 
mesh, Component separation technique causes often 
lateral bulges on both sides. If it is done without mesh 
support recurrence rate is high. Advantage is defect up to 
20 em can be easily brought together, Technique is also 
called as Autologenous repair by vascularised innervated 
‘muscle flaps) (Ramirez, 1990). 


* Bridging at myoaponeurotic level outer to peritoneum 
(inlay): Adequate sized mesh is placed in the defect level 
bridging the gap to cover preperitoneum. It is better by 
principle but still shows high recurrence. 


‘® Mesh repair—commonly done and ideal 
' Component separation technique 

@ Layer by layer closure—Cattell’s operation 

@ Double breasting of the rectus sheath 

Keel operation—not commonly used now 
Nuttall operation—not commonly used now 


Postoperative Care 


¢ Antibiotics 

Analgesics. 

# Nasogastric aspiration, 

Abdominal binder for support 

¢ Prevention of paralytic ileus, 

# Control of obesity and other precipitating factors. 

¢ Stop smoking and treat other associated causes. 

¢ Early ambulation 

# Fluid management, catheterisation, 

¢ Drain should be kept until drainage becomes minimal. 

Abdominal binder is used to support abdominal wall during 
recovery period. 

Complications of incisional hernia surgery are: 

'& Wound infection, seroma formation. 

+ Paralytic ileus, abdominal compartment syndrome in large 

hernias 


Wound sinus, enterocutaneous fistula 
+ Infection of the mesh, recurrence 


Additional Problems i 


Large Incisional Hernia 


© While reducing the bulky contents like bowel and omentum, 
inadequate intra-abdominal capacity leads to inereased intra~ 
abdominal pressure causing IVC compression, mesenteric 
oedema followed by stasis of splanchnic bed, paralytic ileus, 
diaphragmatic elevation and respiratory distress (abdominal 
compartment syndrome), urinary and bowel disturbances. 
Abdominal capacity can be raised by creating regular pneu- 
‘moperitoneum over the period of 3-6 weeks. 

# Lordosis and back pain may be presenting feature. 

Sac and contents may get adherent to the thin skin over the 
summit ofthe hernia leading to skin ulceration and occasion- 
ally fistula formation 

¢ Often might need resection of the adherent bowel segment. 

Large mesh placement is required. 


Note: 

+ Itisnow universally accepted that prosthetic repairis gold standard 
for allincisional hemia, Prostheses used are polypropylene mesh, 
€ PTFE, Dacron, dual intraperitoneal mesh, biologic grafts. 

+ Nonprostheticrepairhas got only historical value as recurrence 
rate is very high (as high as 55%). 


I UMBILICAL HERNIA 
Anatomy of Umbilical Region 


Umbilical ring is a complex structure which is related to 
linea alba, faleiform ligament, obliterated urachus (median 
umbilical ligament) and umbilical fascia (Richet’s fascia) 
It is located at the level of Ly and Ls vertebral disc. It is at 
lower position in infants. It is water shed area for venous and 
lymphatic drainage—above umbilicus it drains to axillary 
vein or lymphatics; below to inguinal area. Umbilical skin is 
supplied by Tp spinal cord. It is the meeting point of four folds 
of embryonic plate and three systems—GI (vitellointestinal), 
urinary (urachus), and vascular (umbilical vessels). Umbilical 
hernia develops due to either absence of umbilical fascia or 
incomplete closure of umbilical defect. Weakest part in the 
umbilical cicatrix is upper part where hernia begins. 

% Umbilical hernia can be eongenital in newborn and infants 
(common in males) or aequired in adults (common in 
females). Congenital umbilical hernia is common in Africa 
or in African origin people (8 times). Acquired is like any 
ventral hernia, 

# Itis herniation through a weak umbilical scar (cicatrix). 

# Itis common in infants and children, occurs commonly due 
to neonatal sepsis. 

# Male : female :: 2:1 

# Itis seen in 20% of newbom infants. 

% Umbilical hernia is common in Down’s syndrome, Beck- 
with-Weidman syndrome. 


Clinical Features 


Presents with a swelling in the umbilical region within first 
few months after birth, the size increases during crying. It 
is hemispherical in shape. 

# Defect can be felt with finger during crying. 

% Occasionally it can go for irreducibility and obstruction 
which presents with pain, distension, vomiting, 


Fig. 18.88: Umbilical hernia, 


Those who can't hear the music think the dancer's mad. 
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Figs 18.898 and B: Umbilical hernia, Often it can attain large size. 


Treatment 


Initially conservative. In 93 to 95% of cases, it disappear 
spontaneously in few months after birth (masterly inactivity). 
It can be hastened by adhesive strapping across the abdomen. 


Umbitcal hemia -| as 


‘Subumbilical inciston- 


Fig. 18.90: Incision for umbilical hernia. 


Indications for Surgery 

¢ Ifpersists even after the age of two years 

¢ Ifthe defect is more than 2 em in size. 

# Acquired/adult umbilical hernia. 

Different surgeries are: 

Primary closure of the defect. 

An infraumbilical incision is made encircling its lower hal. 


Sac is dissected circumterentially and is released off from the 
umbilicus and subcutaneous tissue. Sac is opened; contents are 


reduced; excess part is excised up to the umbilical ring. Defect 
is closed with interrupted nonabsorbable polypropylene sutures. 
‘Mayo's operation: 

Here horizontally opened rectus sheath is approximated as 
double breasting with upper flap overlapping lower flap in 
front. It is rarely done today. 

Sublay mesh repair 

In a large umbilical hernia (> 3 em size defect) with a degen- 
erated skin on its surface it is often difficult to retain the 
umbilicus. When umbilicus is tried to be saved, infraumbilical 
incision should extend laterally about 2 cmon each side at 3 and 
9 o°clock positions. Sac is dissected similarly. Sac is excised 
after excision of redundant sac. Presently itis standard to use 
polypropylene mesh as sublay or in retrorectus position and 
then rectus sheath is closed. 

Umbilectomy: 

Unhealthy thin skin over the large umbilical hernia is a real 
problem. Its better to do umbilectomy in these patients (exci- 
sion of umbilical cicatrix), It is done only in adult with large 
umbilical hernia with thinning of umbilical skin, Prior consent 
and eventual creation of umbilicus is needed. 

Open dual PTFE and polypropylene mesh placement. 
Umbilical hemia is dissected similarly through subumbilical 
incision. Redundant sac is excised. Peritoneum is not closed. 
A special composite mesh containing wider PTFE on the inner 
side with litle smaller polypropylene mesh on the outer aspect 
is used. It has also got two additional straps of the mesh attached 
to the outer part of the main composite mesh which are used 
to hold and later to fix into the defect anteriorly. This has got 
excellent results with low recurrence rate. 


Laparoscopic umbilical hernia repair: 
Itis similar like any ventral hernia repair through laparoscopy 
which is done under general anaesthesia. It is useful only in 
large umbilical hernia. 


A cee tee 


Fig, 18.91: Umbilical hernia. it needs surgical intervention. 
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Fig. 18.92: Umbilical hernia dual mesh to place both intraperito- 
neally and retrorectus plane with straps to fix. 


ll PARAUMBILICAL HERNIA (Supra- and 
Infraumbilical Hernia) 


¢ {occurs commonly in adults. It is a protrusion or hemnia- 
tion through linea alba, just above or below the umbilicus. 
 Ienlanges ovally, often attains a lage size and sags downwards. 


Figs 18.93A and B: Large ventral hernia front and side views. It 
‘needs preperitoneal mesh repair. 


4 Neck of the sac is relatively narrow. Contents are usually 
omentum, small bowel, sometimes large bowel. 
© Ithas got tendency to go for adhesion, irreduci 

obstruction, 


— Predlisposingfactors 
+ Obesity 

Multiple pregnancies 

‘Flabby abdominal wall 


ty and 


Clinical Features 


Common in females (5:1 ratio). 

¢ Itpresents as a swelling which has smooth surface, distinct 
edges, soft, resonant with dragging pain and impulse on 
coughing, Large hernias can present with intestinal colic due 
to subacute intestinal obstruction, Eventually strangulation 
can occur. 


Treatment 


Is always surgery 

Dissection of hemial sac and placement of mesh in retro- 
rectus plane and under the umbilicus is the ideal treatment. 

Often umbilectomy is required and also mesh placement is 
heneficial (when defect is > 4 em in size) 


# If there is strangulation, resection of bowel segment and 
‘anastomosis is done followed by repair of the hernia. 

% Mayo’s operation: Through a transverse elliptical incision, 
sac is identified and dissected, Herniotomy is done, Double 
breasting of the defect in the rectus is done by interrupted 
nonabsorbable sutures. 

Additional lipectomy (panniculectomy) may be done in case 
of pendulous abdomen. 

Postoperative weight reduction, use of abdominal binder is 
required for these patients, 


 Itis done for umbilical and paraumbilical hernia 

Once lowerfiap or umbilicusis raised above, sacisidentified, 
dissected and opened. 

4 After reducing the contents sacis transfixed using viery! 

+ Rectus sheath is repaired with double breasting using non- 
absorbable sutures between superior and inferior fascial 
‘margins as‘vest on pant’imbrications 


+ Skin flap is closed with a drain. Infection, recurrences (30%) 
‘are known complications 
% Itisnot commonly used now 


ll EPIGASTRIC HERNIA (Fatty Hernia of 
Linea Alba) 


# Itis 10% common; common in males. 

# 20% of epigastric hemias are multiple—Swiss cheese like. 

% [occurs usually through a defect in the decussation of the 
fibres of linea alba, any where between xiphoid process 
and umbilicus. 

 Extraperitoneal fat protrudes through the defect as fatty 
hernia of the linea alba presenting like a swelling in the 
upper midline with an impulse on coughing, 

# Itis sacless hernia. Later protrusion enlarges and drags a 
pouch of peritoneum, presenting as a true epigastric hernia. 

Ifthe defect is less than 1.5 em, lateral margin of the defect 
is formed by only anterior and posterior lamina of the rectus 
sheath; if the defect is > 1.5 em, then lateral margin is also 
formed by rectus muscle. 

© Content of true epigastric hernia is usually omentum, some- 
times it may be small bowel 

% Common in muscular men; manual labourers. 


Fig. 18.94: Epigastric hernia 


We do not remember days, we remember moments. 
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Fig. 18.95: Epigastric hernia with Swiss cheese defects 
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Fig. 18.96: Epigastric hernia. Note the location of epigastric hernia 
above the umbilicus. initially it is sacless but later sac with content 
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Fig, 18.97: Epigastric hernia showing features of strangulation. 


Clinical Features 


% Often asymptomatic: 

Swelling in the epigastric region which is tender. 

# Pain in epigastric region. It is often associated with peptic 
ulcer and so pain may be due to peptic ulcer. So gastroscopy 
is done to rule out acid peptic disease 

# Impulse on coughing; defect in the epigastric region are 
also found. 

# Inreducibility, obstruction, strangulation as seen in any other 
hernia can also occur in epigastric hernia, 


Treatment 


# Through a vertical incision, sac is dealt with. Defect is closed 
with nonabsorbable interrupted sutures. 

% Large defect is supported with preperitoneal mesh, 

% Complete reconstruction of linea alba is needed from xiphi- 
sternum to umbilicus especially in Swiss cheese type using 
different methods like—interrupted primary closure using 
polypropylene sutures; modified shoelace technique is used 
after removing strip of medial margins of the linea alba; 
double breasting of the linea alba. 
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Figs 18.988 andB 
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Figs 18.98Cand D 
pigastric hernia—incision, sac and defect. 


Figs 18.98A to D: 


"Interparietal hernias/interstitial hernias 


Herniation through parietal peritoneum into various layers, 
‘of the abdominal wall 

‘Common in Down's syndrome, Prune Belly syndrome 

Often it can attain large size 

‘May mimic abdominal wall lipoma; haematoma 

‘As neck of the sacis often narrow, can present with ireduc- 
ibllty or obstruction, 

‘Commonly itis deep to external oblique aponeurosis 

Types: 


yneal—between peritoneum and transversus 

is muscle—20% 

~Interparietal/intermuscular—between external oblique 
‘and internal oblique; most common—60%. tis commonly 
associated with inguinal hernia 

~ Extraparietal (inguinosuperficial)—herniates through 
extemal oblique aponeurosisinto subcutaneous plane— 
20% 

U/S;Xray abdomen; often CT confirms the diagnosis 

Through a transverse incision, surgical ligation of sac, repair 

‘ormesh placements the treatment 


@ SPIGELIAN HERNIA 


# Itis_a type of interparietal hernia occurring at the level of 
‘arcuate line through spigelian point. Hemial sac lies either 
deep to the intemal oblique or between external and internal 
oblique muscles, 

# Itis lateral ventral hemia through Spigelian fascia at any 
point along its line. Semiunar line of Spigel isa line from 
pubic tubercle to tip of 9th costal cartilage. It marks the 
lateral margin of the rectus sheath. Semicircular arcuate 
line (fold) of Douglas is lower end of posterior lamina of 
rectus sheath below the umbilicus and above the pubis, 
Spigelian fascia is area between lateral border of the rectus 
muscle and extemal and internal oblique and transversus 
abdominis muscle 

# Spigetian hernia can occur above (10%) or below (90%) the 
umbilicus. Below the umbilicus it occurs at the junetion of 
linea semilunaris and linea semicircular (wider and weaker 
point). In Spigelian hernia, defect is formed by internal 
oblique and transversus abdominis muscle, External oblique 


{is outer to the hernial sac. 


Clinical Features 


# Presents as. soft, reducible mass lateral to the rectus muscle 
and below the umbilicus, with impulse on coughing. Stran- 
gulation is common in spigelian hernia, 

# Presence of precipitating factors like obesity, chronic cough, 
‘old age, multiple pregnancies 

% Common in females after 50 years of age. 


Differential Diagnosis 


% Abdominal wall lipoma. 
# Soft tissue sarcoma, 
# Abdominal wall haematoma, 


Spigelian hernia 


Linea semiunaris 
umbilicus 


Linea semicireuaris 
(Douglas) 


Fig. 18.99: Spigelian hernia, 


Investigation 


# Ultrasound abdomen, 


The wind of anger blows out the lamp of intelligence. 
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conditioned on Alice’s measurement outcome. After receiving the classical result from Alice, 
Bob is able to construct the teleported state via a simple phase-space displacement of the EPR 
field 2. Quantum teleportation in this scheme is theoretically perfect, yielding an output state 
which equals the input with a fidelity F = 1. In practice, fidelities less than one are realized due 
to imperfections in the EPR pair, Alice’s Bell measurement, and Bob’s unitary transformation. 
By contrast, a sender and receiver who share only a classical communication channel cannot hope 
to transfer an arbitrary quantum state with a fidelity of one. For coherent states, the classical 
teleportation limit is F = 0.5, while for light polarization states it is F = 0.67. The quantum nature 
of the teleportation achieved in this case is demonstrated by the experimentally determined 
fidelity of F = 0.58, greater than the classical limit of 0.5 for coherent states. The fidelity is an 
average over all input states and so measures the ability to transfer an arbitrary, unknown 
superposition from Alice to Bob. This technique achieves the teleportation of continuous 
quantum state variables, as opposed to the discrete quantum state variables used in the Bennett et 
al. (1993) teleportation protocol and its variants. The teleportation of a squeezed state of light 
from one beam of light to another demonstrates the teleportation of a continuous feature (of light) 
that comes from the superpositions of an infinite number of basic states of the electromagnetic 
field, such as those found in squeezed states. This line of research also involves the experimental 
demonstration of the mapping of quantum states from photonic to atomic media via entanglement 
and teleportation. Hald et al, (1999) reported on the experimental observation of a spin-squeezed 
macroscopic ensemble of 10’ cold atoms, whereby the ensemble is generated via quantum state 
entanglement/teleportation from non-classical light to atoms 
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Treatment 


‘Through a lengthy transverse incision herniotomy and later 
closure of the defect layer by layer using nonabsorbable 
interrupted sutures, 

But ideally mesh is required to cover the defect properly. 

Laparoscopic dual mesh placement is also usefit 


Figs 18.1004 and B: Spigelian hernia. On table finding and 
‘placement of mesh in same patient. 


™@ OBTURATOR HERNIA 


¢ Itis hernia occurring through obturator canal between 
superior ramus of pubis and obturator membrane. Iisa rare 
entity, seen in elderly females (6::1 ratio female to male). 


Clinical Features 


Usually presents with features of intestinal obstruction 
(85%) and more often confirmed only on laparotomy. 


# Rarely seen as a swelling in Scarpa’s triangle (20%) deep 
to the pectineus muscle, with limb in flexed and abducted 
position, Movement of limb is painful. 

# Referred pain in knee joint through geniculate branch of 
“obturator nerve signifies not only obturator hernia but also 
strangulation—Howship-Romberg sign (50%). 

On per vaginal examination, tender swelling is felt over the 
‘obturator foramen. 

# Here strangulation is usually of Richter’s type, 


Treatment 


+ Laparotomy is done and the sac is identified. Itis dissected 
and ligated. If strangulation is present (common), resection 
and anastomosis is done. Broad ligament is stitched over 
the opening to prevent recurrence. 

# Mesh placement is the ideal way of repairing the obturator 
defect. 

In nonobstructive type, if diagnosed clinically and by CT 
scan imaging, either TEP (laparoscopic) or lower abdominal 
‘midline extraperitoneal approach may be the method to 
‘manage the obturator hernia, 

+ In strangulated hernia, rarely additional exposure in thigh 
often may be required to reduce the content through a 
vertical medial pectineus muscle split incision. 


Inguinal ligament Lacunar ligament 
Conjoint tendon 


Inguinal hernia 


Cooper's ligament 


Fig. 18.101: Obturator hernia through obturator canal in obturator 
foramen. Note also the locations of inguinal and femoral hernias. 


@ RICHTER’S HERNIA 


It is a hernia in which the sac contains only a portion of the 
circumference of the intestine (small bowel). tis usually seen 
in femoral and obturator hernia 


Clinical Features 


I mimics gastroenteritis with pain abdomen, diarrhoea, 
toxicity, vomiting, 

There are no features of intestinal obstruction. 

© Constipation does not occur in Richter’s hernia, 

% Gangrene (strangulation) of a part of bowel occurs, eventu- 
ally leading to peritonitis 


Fig. 18.102: Strangulated femoral hernia, Richter's type with 
perforation. Patient underwent resection and anastomosis. 


Fig. 18.103: Richter’s hernia, 


Treatment 


¢ Resection and anastomosis is done. 
‘The type of hemia is treated, 
Mortality increases with delay in surgical intervention. 


LUMBAR HERNIA 


# It is herniation either through superior or inferior Lumbar 
triangle. 

¢ Superior lumbar triangle (Grynfelts/Lesgaft’ triangle) is 
bounded by sacrospinalis, 12th rib and posterior border of 
internal oblique. 

¢ Inferior lumbar triangle is bounded by latissimus dorsi, 
external oblique and iliac crest (triangle of Petit), 

¢ Lumbar hemia is more common through superior lumbar 
triangle. 

 Itcan be: 
> Primary. 
» Secondary, which is due to previous renal surgery, 

‘more common. 


» Upper lumbar 
triangle 

Lower lumbar : 

tangle (common site; 


Sites of lumbar hernia 


Fig. 18.10. 


imbar triangles. 


Differential Diagnosis 


© Lipoma. 
# Cold abscess. 
# Lumbar phantom he 


Treatment 


Repair using fascial flaps or mesh, 


™@ PHANTOM HERNIA 


¢ Iisa muscular bulge as a result of local muscular paralysis 
due to interference with nerve supply of the affected 
‘muscles, like poliomyelitis. It is common in lumbar region, 
Itis often seen in lower abdomen. 


Phantom heriais muscular bulge due muscle paralysisin lumbar 
region 

Phantom limb feeling of pain in amputated toe or imb 
Phantom tumour is tumour lke lesion in lung lke interlobar 
pleural effusion 


Fig. 18.105: Lumbar incisional hernia—large. Previous lumbar 
incision scar is visible, 
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@ SCIATIC HERNIA 


# It isa rare hernia 
¢ Itis the protrusion of the peritoneal sac through the greater 
or lesser sciatic foramen. 


Types 


Classified based on their relationship to the pyriformis muscle 
and ischial spine. 
1, Suprapyriformis, 
2, Infrapyriformis. 
3, Subpyriformis. 

Sac lies deep to gluteus maximus, Large hemias protrude 
below the buttock crease 


Diagnosis 


Usually on laparotomy for intestinal obstruction. 


Treatment 
Defect is covered by fascia mobilised from pyriformis muscle 


after reducing the sac contents. 


lm COMPLICATIONS OF HERNIA SURGERY 


Proper idea of complications of hernia surgery are important as 
‘often complications may become more problematic than hernia 
itself. 20 years back where tissue repair was popular recurrence 
\was the most worried complication. Now since recurrence rates 
have come down due to standard usage of mesh, mesh related 
complications have become more common than recurrence. 
Inguinodynia, mesh extrusion, mesh infection, mesh erosion 
are the worried problems. 


[Fresnpicatons clopenhenia aagey 5 Eaty 1 
* Complications of TEPTAPP + Delayed 
+ Complications ofotherhernia > Late 


surgery—ventralffemoral + Life-threatening 

Complications of open Complications of TEP 

hernia surgery TAPP 

+ Infection + SC emphysema 

+ Groin pain; ostetitis pubis + Pneumothorax, 

+ Ischaemic orchitis—due hypercarbia 
thrombosis of pampiniform + Vascular 
venous plexus (0.5%) + Neural 

+ Injury to vas + Visceral 

+ Injury to viscera * Infection, fleus 

+ Recurrence + Conversion 

+ Hydrocele formation + Recurrence 

+ Seroma, haematoma 

+ Inguinodynia—neural 


+ Dysejaculation—painful, 
buming sensation just 
before/during/after 
ejaculation due to 
cremaster dysfunction or 
vas stricture (0.25%) 
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Inguinodynia 


# Itis chronic inguinal pain seen in post-hernia surgery 
patients (30%)—whether tissue or mesh repair. 

# Causes are—traction, cautery, transection, entrapment, Even 
though it can occur in both tissue and mesh repair, itis more 
‘observed in mesh repair especially in onlay mesh repair. It is 
due to entrapment of nerve in the suture or in the mesh itself 
‘ornerve gets adherent to the mesh during fibrosis (perineural 
fibrosis) (Mesh inguinodynia), 

# Itmay be transient or persistent 

# Nerves involved are—iliohypogastri, ilioinguinal, genital 
branch of genitofemoral nerve, paravasal nerves. 

% Features are—distressing pain in the groin which often 
radiates to thigh, scrotum and loin, Arch and twist mobility 
of pelvis reproduce the pain. Bupivacaine injection 
relieves the pain. Imaging/nerve conduction studies are 
of no use 

% Open method has higher (32-38%) incidence of inguino- 
dynia than TAPP/TEP. In open hernia surgery inguinodynia 
has replaced recurrence as a primary complication. It is, 
distressing discomfort to both patient and surgeon, Incidence 
is less in posterior or laparoscopic approach. 

4 Itis treated with analgesies/nerve block (Injection of steroid, 
local anaesthetic agents, phenol, and alcohol)/transcuta- 
neous stimulation/cryotherapy/radiofrequency therapy/ 
neurectomy. 

# Neurectomy is done via groin or suprainguinal or laparo- 
scopic or laparotomy approach, Commonly groin approach 
is used. Ilioinguinal, iliohypogastric and genitofemoral 
nerves are carefully dissected. Nerve which is causing the 
problem is transected at a point where it comes out of the 
internal oblique muscle and proximal end should be ligated, 
otherwise end neuroma may form to cause recurrence of the 
pain, This ligated stump is buried in the internal oblique 
muscle. Just neurolysis may be sufficient but chances of 
re-adhesion are higher with recurrence of symptoms. In 
difficult cases nerve may be transected through laparotomy! 
laparoscopy approach. 


ll PARASTOMAL HERNIA 


# Itis herniation of intestine on the side of bowel stoma— 
ileostomy/colostomy/other stomas, 

# Incidence is 8%, 

# Classification (Devlin's): (1) Subcutancous—intestine 
herniates along the side of stoma to reach subcutaneous 
plane—most common, (2) Interstitial—along the side of 
stoma intestine heriates into intermuscular plane. (3) Intras- 


tomal—bowel hemiates between emerging and everted parts 

of the stoma, (4) Perstomal—hemiation occurs between the 

layers of the prolapsed stoma. 

Features: Pain, features of obstruction, stomal malfunction, 

swelling which is tender, toxicity 

Diagnosis: X ray; CT abdomen. 

Treatment: Surgery is indicated in recurrent obstruction, 

narrow neck, strangulation, interference with stoma, 

> Stoma is dissected, hernia content is reduced and defect 
is repaired. But it shows high recurrence. 

» Subcutaneous mesh repair as onlay placement after 
reduction of hernia, 

> Extraperitoneal mesh repair around the stoma, 

» Intraperitoneal mesh repair deep to peritoneum 
surrounding the stoma and defect. 


@ DIFFERENT TYPES OF HERNIA 


1, Gibbon’s hernia—tt is hernia with hydrocoele. 
2. Berger's hernia—Hernia in pouch of Douglas 
3. Romberg hemia—Saddle hernia. 
Obturator hernia—Hernia through obturator foramen 
(canal) 

Grynfelt’s hernia—Upper lumbar triangle hernia, 

Petit’s hemnia—Lower lumbar triangle hema 

Femoral hernia—Hemia medial to femoral vein. 
Cloquet’s hernia —Hernia through pectineal fascia, 


24, 


25 


Narath’s hernia—Behind femoral artery, in congenital 
dislocation of hip. 

Hesselbach’s hernia—Lateral to femoral artery 

Serofini’s hernia—Behind femoral vessels, 

Laugier’s hernia—Through lacunar ligament. 

‘Teale’s hernia—In front of femoral vessels 

Richter’s hernia—Part of circumference of bowel wall is, 
gangrenous. 

Littre’s hetnia—Hemnia with Meckel’s diverticulum as the 
content. 

Sliding hernia—Posterior wall of the sac is formed by 
colon or bladder. 

Mayédl’s hernia—'W" hernia, 

Phantom hernia—Localised muscle bulge following 
muscular paralysis 

Spigelian hernia—Hernia through spigelian fascia, 
Mery’s hemia—Perineal hernia. 

Sciatic hernia—Hernia through greater or lesser sciatic 
foramen, 

Little's hemnia—Appendix in hernial sae. 

Beclatd’s hernia—Femoral hernia through the saphenous 
opening. 

Barth’s hernia—Hernia between abdominal wall and 
persistent vitellointestinal duct. 

Holthouse’s hernia—Inguinal hernia that has turned 
outwards into the groin. 


Keep your face to the sunshine and you cannot see the shadows. 
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HEC) Oesophagus 


CHAPTER OUTLINE 


» Anatomy 
» Lower Oesophageal Sphincter 

* Dysphagia 

~ Contrast Study of Oesophagus 

* Oesophagoscopy 

Oesophageal Endosonography 

© Gastro-oesophageal Reflux Disease 
~ Hiatus Hernia 

* Rolling Hernia 

Reflux Oesophagitis 

~ Barrett's Oesophagus 

© Barrett's Ulcer 

© Oesophageal Motility Disorders 


™ ANATOMY 


Ocsophagus is a hollow muscular tube which begins at the 
lower edge of the cricoid cartilage (C, vertebra) and ends at 
‘oesophagogastric junction (T)» vertebra). It is 25 em in length. 
Upper end is closed by cricopharyngeus muscle which is 
18.cm from upper incisors. Lower end is 40 em from the upper 
incisors (Upper jaw is fixed and so is used as the landmark to 
measure, but not the lower jaw which is mobile). 

It lies anterior to vertebral column and posterior to the 
trachea. It lacks serosal layer but is surrounded by a layer of 
loose fibroareolar adventitia, 


Anatomical specialities 

Lacks serosa (other structure without serosa is rectum). 

+ Contains 2 different types of muscles (strated and smooth 
at proximal 1/3 and distal 2/3 respectively) 

+ Contains2 different types of epithelium, 

+ Segmental blood supply. 

Only part of GIT which shows very thinly scattered Meissner's 
plexus, 

+ Longitudinal arrangement of veins and lymphatics, 


It is lined by squamous epithelium throughout the length 
except the last 3 em (OG junction) which is lined by columnar 
epithetium. Submucosa of the oesophagus is thick and strongest 
part 


Parts 


1, Cervical oesophagus: It extends from cticopharyngeus 
which is the horizontal part of inferior constrictor muscle, 


» Achalasia Cardia 
= Plummer-Vinson Syndrome 

~ Corrosive Stricture of Oesophagus 
~ Schatzki’s Rings 

~ Boerhaave's Syndrome 
 Mallory-Weiss Syndrome 

~ Tracheo-oesophageal Fistula 

= Oesophageal Diverticulum 

~ Carcinoma Oesophagus 

Benign Tumours of the Oesophagus 
Oesophageal Perforation 

~ Foreign Body Oesophagus 


Upper oblique part is called as thyropharyngeus. Gap 
between the two is called as Killian s dehiscence which is a 
site of occurrence of pharyngeal pouch. Cervical oesophagus 
is related to trachea and recurrent laryngeal nerve. 

2. Thoracic oesophagus: Lies initially towards the right side 
In lower third it deviates towards the left and continues as 
abdominal oesophagus. Its related to azygos vein, thoracic 
duct (Which crosses the oesophagus posteriorly from right 
to lef), aorta, pleura and pericardium, 

3. Abdominal oesophagus is 2.5 cm long and grooves bebind 
the left lobe of the liver, 


‘& Cervical constriction—occurs at the level of cricopharyngeal 
sphincter—narrowest point of GIT—15 cm from upper 
incisor—site of F/B impaction 

‘ Bronchoaortic constriction—located at the level of Ts 
25 cm from upper incisor—site of endoscopic perforation 

& Diaphragmatic constriction—occurs where oesophagus 
‘traverses the diaphragm (Level of T,.)—40 cm from upper 
incisor 


Arterial supply of oesophagus 
By inferior thyroid artery, oesophageal branches of the aorta, 
gastric arteries and inferior phrenic arteries. 

Venous drainage of oesophagus 

By inferior thyroid vein, brachiocephalic vein, left hemiazygos 
vein, azygos vein, coronary vein, splenic vein and inferior 
phrenic vein. Veins are longitudinal and they lie in submucosal 
plane in lower third and in muscular plane above. 


esophagus 
Trachea 
‘Thoracic duct 


Right pulmonary. 
artery 


Right bronchus: 


Pulmonary trunk 


Heart border 


Diaphragir 


Fig, 19.1: Anatomical relations of the oesophagus. 


Lymphatic drainage 

Lymphatic arrangement in oesophagus is longitudinal and 

so spread of carcinoma to distant lymph nodes occurs early. 

Longitudinal lymphatics are 6 times more than transverse one 

‘There are more lymph vessels in submucosa than blood vessels. 

Lymph nodes are: 

* Paraoesophageal groups located in the wall of the oeso- 
phagus and are cervical, thoracic, paraoesophageal and 
paracardial nodes. 

* Perivesophageal groups located immediately adjacent to 
oesophageal wall. They are deep cervical, scalene, para- 
tracheal, mediastinal, diaphragmatic, gastric and coeliac 
lymph nodes. 

% Lateral oesophageal groups receive lymph from para and 
perioesophageal lymph nodes. 


Descending artery 
= = Clavicle 
svc 
Azigos 
ven 
Horizontal esophageal 


vverious plexus 


artery 
Left gastro, 
vein 
Portal 
“Ascending 
a artery a 
Figs 19.28 and B: (A) Arterial supply and (8) Venous drainage of 


‘oesophagus. 


Upper oesophagus drains into supraclavicular nodes. 
Thoracic oesophagus drains into paraoesophageal and 
tracheobronchial nodes in thorax. 

Abdominal oesophagus drains into coeliac nodes. 
However due to longitudinal arrangement of lymphatic 
plexus in the wall of oesophagus, any group of (neck/ 
thorax/cocliae) lymph nodes can get involved in diseases 
at any level 


Cervical group 

Lateral cervical group 
Deep cervical group 
Upper thoracic group 
Paratracheal group 
‘Subcarinal group 

Hilar group 

‘Midale thoracic group 
Lower thoracie group 
Posterior mediastinal 
(para-aortic) group 

11. Diphragmatic group 

412. Paracardial group 

13. Lesser curvature group 
14. Coeliac let gastric group 
18. Common hepatic group 
16. Greater curvature group 
17. Suprapyloric group 


Fig. 19.3: Lymphatic drainage of the oesophagus. 


Nerve Supply 


# Ocsophagus is innervated by vagus. 

# Ithas got both sympathetic and parasympathetic innerv: 

# Ithas got mainly Auerbach $ plexus between longitudinal 
and circular muscle layers. 

Leugart’s pouch is prolapse of the wall of the oesophagus like 

a diverticulum over a band (Leugart’s band) between the left 

bronchus and adjacent vertebra. 


Physiology 

‘Three types of contractions in the oesophagus: 

1. Primary: Progressive, triggered by swallowing. 

2. Secondary: Progressive, generated by distension or irrita- 
tion, 

3. Tertiary: Nonprogressive. 

Preshyoesophagus is less efficient oesophageal peristalsis, 


ll LOWER OESOPHAGEAL SPHINCTER (LOS) 

# Itisa high physiological pressure zone located in the lower 
end of the oesophagus in terminal 4 cm, with a resting pres- 
sure of 10-25 mmHg. 

* LOS prevents reflux of gastric and duodenal contents. 

* Itis influenced by food, gastric distension, gastric pathology, 
smoking, Gl hormones, alcohol 


Don't go through life, but grow through life. 
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© Normally there is a transient relavation period wherein 
reflux (physiological) occurs but then immediately gets 
cleared by oesophageal clearance mechanism. 

% Sopathological reflux or GORD can occur due to decreased 
LOS tone, altered relaxation time, reduced oesophageal 
clearance mechanism, or other altered mechanical factors. 

% Oesophageal clearance mechanism is due to primary 
‘oesophageal peristalsis which carries saliva with high bicar- 
bonate content which neutralizes and clears the transient 
physiological reflux. Manometry with special microtrans- 
ducers are used to measure the LOS pressure. 


DYSPHAGIA 


* Dysphagia is difficulty in swallowing, Painful swallowing 
is odynophagia. 

# Itcan be acute—due to foreign body impaction or acute 
infection or chronic due to causes like stricture or carci- 
noma, ete. 

{Associated hoarseness of voice may be present in advanced 
pharyngeal or post cricoid carcinomas. At late stage laryn- 
geal carcinoma also can cause dysphagia along with hoarse- 
ness of voice. 

+ Dysphagia can be oropharyngeal or oesophageal depending 
on the cause. 

Dysphagia may be due to pathology in voluntary/pharyn- 
geal phase of the swallowing wherein patient also develops 
cough while swallowing. Dysphagia due to problem in 
oesophageal involuntary phase of swallowing is specified by 
food getting stuck in the pathway. But site of ‘food getting 
stuck” feeling is not relevant. 

Dysphagia can be progressive or intermittent. 


Causes of Dysphagia 


Common causes: 

% Gastro oesophageal reflux diseases (GORD/GERD/Hiatus 
hernia) 

% Carcinoma oesophagus: Here dysphagia is of short dura- 
tion and progressive. 2/3 of the lumen should be blocked 
by tumour to develop dysphagia 


* Foreign body in oesophagus: It may be coin/bone piece! 
denture. It is common in children. It causes acute dysphagia, 
It may be often life threatening, 

% Carcinoma of pharynx or posterior 1/3rd of the tongue. 

% Corrosive strictures: It is usually alkali stricture, Squamous 
mucosa is resistant to acid effect to certain extent. 

% Oesophageal candidial infection: It is becoming common 
due to immunosuppression in association with HIV infec- 
tion; steroid therapy; cancer chemotherapy: post-transplant 
period, etc. Presentation is dysphagia and odynophagia. Oral 
candidiasis (thrush) is obvious. Endoscopy shows whitish 
curd-like plaques in the oesophageal mucosa which cannot 
be moved (whereas food particles can be moved). Barium 
swallow shows mucosal ulceration and irregular areas 
Biopsy confirms the diagnosis, Treatment is oral antifungal 
as well as topical antifungal therapy. 


Figs 19.44 and B: Endoscopic view of oesophageal candidiasis, 
Infection. Note the whitish curd-like plaques. 


¢ Plummer-Vinson syndrome, 

* Mediastinal swellings—primary tumours/nodal mass either 
lymphoma or secondaries or tuberculosis. 

Rare causes: 

% Diffuse oesophageal spasm: They are incoordinated contrac- 
tions of oesophagus causing chest pain or dysphagia. It is 
common in distal 2/3rd of the oesophagus. Hypertrophy of 
circular muscle fibres with very high persistent pressure of 
400-500 mmHg is specific. Treatment is calcium channel 


Causes of dysphagia 


Extraluminal causes 


+ Mediastinal nodes— + Carcinoma oesophagus 
secondaries/iymphoma/ + Corrosivertuberculous/inflammatory/congenital 
tuberculosis stricture oesophagus 


GERD 
Achalasia cardia 
Plummer-Vinson syndrome 
esophageal diverticulum 
Carcinoma posterior 1/Srd of 
Diffuse oesophageal spasm 
Congenital anomalies 


* Aortic aneurysm 

+ Rolling hiatus hernia 

+ Thyroid enlargement— 
malignant 

+ Dysphagia lusoria 

+ Congenital anomalies 

+ Mediastinitis/mass 3 


Causes in the wall of oesophagus or other area Causes in the lumen 


+ Foreign body in the oesophagus— 
coin/denturesifish or meat bone 

Other causes 

Cranial causes (neurological): 

+ Bulbar palsy/infarction/hemiplegia 

+ Vertebro basilar insufficiency 


f tongue/pharynx 


+ Retropharyngeal abscess/peritonsillar abscess: 
(Quinsy)/acute tonsilitis/pharyngitis 


blockers, vasodilators, endoscopic dilatation and extended 
esophageal surgical myotomy up to the aortic arch (very 
useful especially for dysphagia; not much for chest pain). 

% Oesophageal diverticula, Chaga’s disease. 

+ Dysphagia lusoria (Lusoria means in Latin “sport of 


nature”): Itis a congenital vascular anomaly of aortic root. 
Aortic arch anomalies are—double arch (40%), right arch 
and left ligamentum arteriosum (25%), anomalous innomi 
nate or common carotid artery or aberrant right subclavian 
artery (10%). It is due to disappearance of proximal right 
4th aortic arch instead of distal portion. All patients having 
this anomaly (dysphagia lusoria) have got an aberrant 
right subclavian artery in a transposed position arising 
from descending aorta that courses posterior to oesophagus. 
Often there will be a complete vascular ring around trachea 
and oesophagus. It is categorised based on their specific 
subclavian anomaly—depends on presence of aneurysm, 
occlusive disease and compression. Commonly they are 
asymptomatic, Presentations may be dysphagia, chest pain, 
stridor, wheeze, recurrent respiratory infection (usually 
presents after the age of 40), 

Investigations: CT chest, MRI, chest X-ray, barium swallow 
(T4 level diagonal impression) and endoscopy (Shows 
pulsating extraluminal compressive mass). 

‘Treatment is reconstruction or ligation of aberrant right 
subclavian artery by sternotomy/by neck approach 

% Thyroid swelling: Itis uncommon to develop dysphagia in 
a thyroid swelling. There will be always dyspnoea when 
dysphasia develops. Large malignant thyroid or anaplastic 
thyroid can cause dysphagia with dyspnoea or stridor. 

% Boerhaave s syndrome: It is vertical fall thickness teat of 
lower oesophagus due to vomiting with closed glottis. It is 
often life threatening and emergency. 

Neurological causes like stroke, bulbar palsy, motor neuron 


disease, Parkinson’s disease, ete 

© Congenital anomalies of oesophagus. 

% Drug induced dysphagia: Drugs like KCI, quinine, NSAID 
can cause dysphagia, 

© Mediastinal fibrosis. 


Evaluation of a Patient with Dysphagia 


# Proper history. 

 Haematocrit 

* Chest X-ray often shows mediastinal mass lesion/ foreign 
body. 

% Ocsophagoscopy: Once lesion is detected, it is treated 
accordingly. Biopsy from lesions, endotherapy if needed 
should be carried out (Like F/B removal; stricture dilatation; 
sclerotherapy), 

* Barium swallow may show irregular filling defect or 
extrinsic compression. 

% CT scan chest is very useful method to ide 
ical location of the cause (nodes/tumour/aorta/cardiac cause! 
congenital). Extent, spread, nodal status, size and operability 
of tumour also well-assessed. 

* Oesophageal manometry in achalasia cardia/GERD. 


* 24 hours pH monitoring is ideal and most accurate for 
GERD, Small pH probe (transnasal catheter) is passed into 
the distal oesophagus 5 cm proximal to upper margin of 
LOS under manometry guidance. Probe is connected to a 
digital recorder worn by the patient for 24 hours. Record is 
analysed using a computer. A pH less than 4 for more than 
4% of total 24 hours period (more than near to one hour in 
toto in 24 hours) is pathological reflux. It is often assessed 
by scoring system. Radio-telemetry pH probes are used 
‘now without any nasal tube. It is passed and placed on the 
‘oesophageal wall using endoscope. 

¢ Endosonography is very useful in many conditions causing 
dysphagia. It can assess site, layers of the oesophagus, 
nodes, spread, etc. properly. Different layers are seen as 
alternating hyperechoic and hypoechoic bands 

* Ultrasound abdomen to see abdominal nodesiliver/ascites, 

* MRI study. 


Treatment for Dysphagia 


Depends on cause—modified Heller’s myotomy; oesophageal 
resection; dilatation; F/B removal, etc. 


ll CONTRAST STUDY OF OESOPHAGUS 
Types 


1. Barium swallow using barium sulphate (thick paste), 
2. Using water soluble contrast like ‘Gastrografin’ 


Figs 19.58 and B: Barium swallow X-rays showing narrowing and. 
irregularity in carcinoma oesophagus. 


Indications 
1. Barium swallow 
> Dysphagia due to motility disorder like achalasia cardia, 
diffuse oesophageal spasm. 
» Dysphagia due to mechanical causes like carcinoma, 
benign strictures and neoplasms, external compression. 
> Pharyngeal pouch and other diverticula 
» GORD. 


Instrumentation is the most common cause of oesophageal rupture. 


snfeydosag 


84; 


SRB's Manual of Surgery 


2, Water soluble contrast radiograph 
> In suspected oesophageal perforation. 
> Leaking oesophageal anastomosis. 


Important Findings in Barium Swallow 


* Achalasia cardia—Bird beak’ appearance, as the oesoph- 
agus is grossly dilated above an apparent narrowing at the 
cardia. In long standing cases—'sigmoid oesophagus’ 

+ Diffuse oesophageal spasm—Corkscrew appearance. 

¢ GORD—shows reflux when done in Trendelenburg’s posi- 
tion. 

+ Oesophageal carcinoma—irregular stenosing lesion with 
shouldering (‘Rat fail’is a fluoroscopic finding). 

* Pharyngeal pouch—demonstration of the pouch 

* External compression—indentation of barium column by 
superior or posterior mediastinal mass, enlarged left atria 
as in mitral stenosis 


ll OESOPHAGOSCOPY 


Indications 
Diagnostic 
+ To identity the lesion and to take biopsy in carcinoma 


‘oesophagus. 
@ Fordiagnosing other oesophageal conditions. 


Therapeutic 
# Toremove foreign body 

 Todilate stricture 

4 To place endostents for inoperable carcinoma oesophagus 
To inject sclerosants for varices 


esophageal candidiasis—note the multiple curd-like 
lesions, 


Types 


1. Rigid oesophagoscope (Negus type) 
> Itis done under general anaesthesia, Head is extended 
and head end of the table is tilted upwards, scope is 


passed behind the epiglottis and cricoid through the 
cricopharyngeal opening. This is the most difficult part 
in oesophagoscopy. After that, negotiating through the 
‘oesophagus is easier. The lesion is identified and biopsy 
is taken if required, 
> Complications are perforation (most common site of 
perforation is at the level of cricopharyngeus), bleeding 
2. Fibreoptic flexible oesophagoscope 
> Iteanbe done under local anaesthesia. Reflux and hiatus 
‘are well identified. Stomach also can be visualised. Easy 
to pass and perforation is unlikely. 
> But tissue taken for biopsy is smaller and removal of 
foreign body is also difficult. 


ll OESOPHAGEAL ENDOSONOGRAPHY 


# Itis useful method of finding and assessing involvement 
or pathology of different layers of oesophagus especially 
in carcinoma oesophagus. It shows all layers clearly and 
distinctly and so invasion can be better made out and oper- 
ability can be decided. 

% Endoscopic oesophageal staining using labelled iodine 
is used to identify early carcinoma in oesophagus. Normal 
mucosal cells contain glycogen which takes up iodine and 
so stains brown, whereas carcinoma cells will not take up 
iodine and so mucosa appears pale (not stained), 


ll GASTRO-OESOPHAGEAL REFLUX 
DISEASE (GORD/GERD) 


# Itis a pathological reflux from the stomach into the lower 
‘oesophagus. 

# It accounts for 75% of oesophageal pathology (most 
common). 

# Symptoms may be due to peptic oesophagitis, LOS dysfunc- 
tion, aspiration due to reflux, due to late effects like stricture 
and obstruction, 

# Itis due to varied anatomical and physiological factors. 


Anatomical Factors 


# Obesity. 

% Altered length of intra-abdominal oesophagus. Level of 
acid exposure is inversely related to length of the intraab- 
dominal oesophagus. More the length more the need of 
intraabdominal pressure to cause the reflux and so less the 
reflux with more length, 

# Alteration of phreno-oesophageal ligament. 

Altered obliquity of 0-G junction (alteration in angle of His’) 

* Reduced pinching action (Pinch-Cock effect) of right crus 
of diaphragm. 

% Alteration in normal mucosal rosette at O-G junction. 

# Alteration in sling mechanism of gastric musculature. 


Physiological Factors 


# Reduced LOS pressure. Normal resting LOS pressure 
is 10-25 mmHg. During swallowing pressure drops to 
1-3 mmHg for few seconds (10 seconds). Resting pressure 
is increased by gastrin, cholinergic, adrenergic, prokinetic 


drugs; decreased by secretin, cholecystokinin, glucagon, 
calcium channel blockers, deriphylline, coffee, fatty meal 

% Altered transient relaxation period in LOS. 

% Reduced oesophageal clearance mechanism, Change in 
oesophageal clearance is due to altered oesophageal body 
pump (primary peristalsis with 30-80 mmHg amplitude 
propagative downwards waves; secondary by food bolus), 
altered salivary bicarbonate neutralizing mechanism of 
reflux acid, altered mucosal defense mechanism (mucous 
and surface active phospholipid). 

* Delayed gastric emptying due to diabetes, neuromuscular 
block, gastroparesis, medications, 

% Increased gastric distension and gastric acid hyper- 
secretion. 


Other Factors 


% Alcohol, smoking, stress, lifestyle. 
Iris seen in infants and children and also in pregnant women. 


Pathogenesis 


GERD begins from distended fundus due to variety of causes 
and other anatomical and physiological factors, repetitively 
unfolding the sphincter to the gastric juice leading to all prob- 
lems, There is reduced and low LES resistance causing loss of 
barrier to reflux. Itis probably due to gastric distension, delayed 
gastric emptying, and raised intragastric or intraabdominal pres- 
sure. Gastric distension may be due to overeating or aerophagia. 
Fundic distension — stretching of fundus + LOS squamous 
epithelium exposed to acid gastric juice + oesophagitis + 
increased stimulus to swallow sativa to neutralise oesophagitis 
= further fundal distension — cycle repeats — sphincter is 
taken into stretched fundus — effects like erosion, ulceration, 
fibrosis, mucosal metaplasia 


Types 


Classification 1 

* Symptomatic uncomplicated GORD (NERD—Nonerosive 
Reflux Disease), 

% Symptomatic, complicated GORD. 

Classification II 

% Primary: Incompetent LOS. 

% Secondary: Due to surgeryidisease. 

Classification I 

© GORD with sliding hernia 

© GORD without sliding hernia. 


Clinical Features 


» Fatty dyspepsia 

© Chest pain and heart-burn (pyrosis)—80 
symptom. Pain is more in lying down position and at night. 
It may mimic cardiac pain/angina. It often begins in the 
epigastrium and becomes substernal 

# Odynophagia (painful swallowing) 


¢ Appearance of symptoms within seconds of ingestion of 

food is typical. 

Regurgitation—S0%. It is return of oesophageal content 

Laryngeal symptoms, 

Dysphagia will occur once complications begin. 

Symptoms are more with change of position. 

Chronic cough, shortness of breath and hoarseness— 

Nocturnal reflux—reflux is retum of gastric content. 

Haematemesis. 

* Postprandial fullness, choking, wheezing, recurrent pneu- 
monia are other features. 


Triad 
Heart burn 
+ Epigastric pain with dysphagia 
4 Regurgitation 


Typical Symptoms 


Heart burn, regurgitation, dysphagia mainly; odynophagia, 
haematemesis often. 


Atypical Symptoms 


Cough, hoarseness, wheezing, sore throat, noncardiac chest 
pain and palatal/dental erosions. It will eventually lead into 
recurrent pneumonia and pulmonary fibrosis. If pH of the 
cervical oesophagus is below 4, for less than 1% of time, then 
respiratory symptoms are due to GERD. 


De Meester’s scoring system 


Grade Features 

Heart burn 

0 None 

1 Minimal—occasional episodes 

2 ‘Moderate—medical therapy visits 

3 ‘Severe—interferes dally activities 
Regurgitation 

0 None 

1 Minimal—occasional episodes 

2 ‘Moderate—on position and straining 

3 ‘Severe—features of aspiration 
Dysphagia 

0 None 

1 Minimal—occasional episodes 

2 Needs fluid to clear 

3 Causes food impaction 


Complications 


# Reflux oesophagitis. 
Sliding hiatus hernia. 


Reflux is precipitated by flexion of the trunk—Boot lacing sign. 
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Figure 8. Quantum Teleportation (From www.aip.org) 
At the sending station of the quantum teleporter, Alice encodes a “messenger” photon (M) with a specific 
state: 45 degrees polarization. This travels towards a beam splitter. Meanwhile, two additional entangled 
photons (A and B) are created. The polarization of each photon is in a fuzzy, undetermined state, yet the 
two photons have a precisely defined interrelationship. Specifically, they must have complementary 
polarizations. For example, if photon A is later measured to have horizontal (0) degrees) polarization, then 
the other photon must collapse into the complementary state of vertical (90 degrees) polarization. 
Entangled photon A arrives at the beam splitter at the same time as the message photon M. The beam 
splitter causes each photon to either continue toward detector I or change course and travel to detector 2. 
In 25% of all cases, in which the two photons go off into different detectors, Alice does not know which 
photon went to which detector. This inability for Alice to distinguish between the two photons causes 
quantum weirdness to kick in. Just by the very fact that the two photons are now indistinguishable, the M 
photon loses its original identity and becomes entangled with A. The polarization value for each photon 
is now indeterminate, but since they travel toward different detectors Alice knows that the two photons 
must have complementary polarizations. Since message photon M must have complementary 
polarization to photon A, then the other entangled photon (B) must now attain the same polarization value 
as M. Therefore, teleportation is successful. Indeed, Bob sees that the polarization value of photon B is 
45 degrees: the initial value of the message photon, 
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Stricture lower end oesophagus. 
% Oesophageal shortening 

% Barrett's oesophagus. 

% Carcinoma (adeno) oesophagus (10% of GERD). 


[Oesonnagear Bee) 
© Oesophagitis + Laryngitis: 
+ Stidure o Reser 


+ Barrett's oesophagus 
+ Oesophageal shortening 
+ Carcinoma (adeno) 


+ Progressive pulmonary 
fibrosis 


Investigations 


Barium study in head down position. 
% Endoscopy to exclude other disease and to assess any 
‘mucosal injury—red inflamed mucosa often with ulceration, 
Sliding hernia can be identified through endoscopy. When 
patient retches, gastric mucosa will enter the OG junction 
and ascends upwards to variable distance. 
“Mucosal biopsy to confirm metaplastic transformation. 
Oesophageal manometry to assess the function of LES. 
Length and pressure of LOS is important, Transient relaxa~ 
tion period which is increased is most important. 
24 hours oesophageal pH monitoring—gold standard. PPL 
should be stopped for 3 weeks prior to pH monitoring 


a 


Figs 19.7A to D: Gastro-oesophageal reflux disease (GORD) 
‘endoscopic views. 


% Bernstein test: Instillation of 1:10 HCI into stomach of 
patient with reflux will reproduce the symptoms; and pH 
in the lower end of the oesophagus decreases. Later pain 
disappears with saline infusion, 

4% Dual probe pH monitoring (one in distal oesophagus and 
one in proximal oesophagus/trachea) is used to confirm the 
respiratory complications of GORD. 


+ DeMeester scoring system is used to assess the severity of 
the GORD. 

% 99Te sulphur colloid mixed with saline scan to study OG 
reflux and 99Te HIDA scan to study and detect duodeno- 
gastric reflux are used. 


Differential Diagnosis 


‘Achalasia cardia, 
Carcinoma oesophagus. 
Peptic ulcer. 
Gallstones. 
Pancreatic dis 
Gastritis 
Cardiac angina. 


Treatment of Uncomplicated GORD 


A. General measure—Life-style changes 
> Control of obesity 

> Stop smoking and alcohol 

> Avoid tea, coffee and chocolate. 

> Propped up position. 

> Small frequent meals, 

B. Drugs 
H, antagonists; antacids. 

Proton pump inhibitors (PPIs)—very effective 

— Omeprazole 20 mg—BD for 3-6 months, 

~ Lansoprazole 30 mg. 

— Pantoprazole 40 mg. 

— Esomeprazole 20 mg, 

— Rabeprazole 20 mg. 

> Prokinetic drugs 
— Metoclopramide, Domperidone 30 mg, 
~ Cisapride, Mosapride. 
~ Htopride 50 mg—does not cause cardiac arthythmias, 
~ Defoaming semethicone, alginic acid along with 

antacids 
~ Anticholinergie drugs—pirenzipine. 
~ Mucosal protector drugs—sucralfate, colloid 
bismuth. 
C. Endoluminal therapies for GORD 

> Endoluminal suturing (Wilson-Cook) 

» Plexiglass microspheres (PMMA). Microsphere 
suspended in gelatin is injected through endoscopic 
needle. Gelatin gets absorbed and spheres cause a tissue 
bulking 

> Gatekeeper reflux repair system, Endoscopic delivery of 
preformed radiopaque hydrogel into submucosa 

> Stretta catheter. Flexible, soft, 6 mm sized, 65 em length 
tube with balloon/basket and $.5 mm NITI electrode, 
irrigation and suction 

> Enteryx injection technique (estrinyl vinyl alcohol) 

> Endocinch technique 

» Endoscopic full thickness plication. 


D. Surgery 
» Indications for surgical treatment 
— Failure of drug treatment 
~ Sliding hernia 
~ Barrett's ulcer 
— Severe pain 
~ Presence of complications like bl 
shortening, respiratory problems 


cding/stricture 


Surgeries 


I Principles of antireflux surgeries J 

Operation should restore the LES pressure twice the resting 
gastric pressure 

@ The adequate length of the intraabdominal oesophagus 
should be maintained 

® Apposition of diaphragmatic crurae, reduction of hiatus 
hernia when present 

Repaired 0G junction should relax during swallowing 
adequately 

4 Tension free fundoplication should be done 


» Fundoplication should prevent sphincter shortening/ 
unfolding during gastric distension, should preserve 
normal swallowing ability, allow proper belching and 
allow vomiting whenever needed. 

> Bougie; on table and postoperative manometry to assess 
the pressure of new LOS; on table and postoperative 
gastroscopy—are commonly used in fundoplication. 

> Mortality of procedure is very less; other parts of the 
abdomen can be assessed and addressed like gallstones. 

> Complications are—gas bloat syndrome (inability to 
belch); dysphagia; inability to vomit; stippage, proximal 
migration: paraoesophageal hernia, splenic injury. 
Floppy Nissen’s fundoplication reduces the incidence 
of gas bloat syndrome. 

> Laparoscopic Nissen i fundoplication is ideal and equally 
successful 

> Transthoracic approach is used for Nissen’s fundoplica- 
tion in patients who had hiatus hernia repair earlier: who 
has short oesophagus; in patients who is having sliding 
hiatal hemia that does not reduce below the diaphragm, 
associated pulmonary disease, in obese, in patients who 
are haying narrow subcostal angle or barrel shaped chest. 


* Toupet’s partial 180° posterior fundoplication: Its similar 
to Nissen’s posterior fundoplication; it controls reflux alike 
Nissen’s but gas bloat is very less. It is commonly done 
procedure now. Short gastric vessels are divided completely 
or partially. 

% Rosetti Hell anterior fundoplication: Here anterior part of 


Antireflux surgery is the only effective long-term beneficial 
therapy ideally available and considered now. Laparoscopic 
fundoplication (most popular), Collis-Nissen vertical gastro- 
plasty and fundoplication, resection of OG junction when 
metaplasia is present, Belsey Mark 4 operation (technically 
difficult) are the procedures used now. 


Fundoplication 


* Nissen's posterior total fundoplication: Here after narrowing 
the crus of diaphragm, mobilised posterior part of the fundus 
of the stomach is wrapped totally 360° around the area of 
0G junction. 
> Rudolph Nissen (1959) first did total fundoplication 
> Opening the peritoneum over the oesophagus to mobilise 
the lower end of oesophagus. 

> Dissection of the diaphragmatic crura of the oesophagus. 

> Mobilisation of entire fundus by ligating short gastric 
vessels. 

> Vagi are preserved, 

> InNissen’s, 60 French bougie wrap is ideal; after complete 
mobilisation, only posterior part of the fundus is wrapped 
around after crural repair (otherwise fundoplication may 
displace into thorax causing paraoesophageal hernia); 
intraabdominal length of 2. cm oesophagus is created (not 


with oesophageal sphincter so only fundus should be used 
to buttress the sphincter; wrapping should be done only 
around sphincter oesophagus not around body of stomach; 
fundoplication should be kept in abdomen without under 
tension and without displacing into thorax. Nonabsorb- 
able polypropylene sutures are used. 

> Crural repair is done using interrupted polypropylene 
sutures, 


fundus of stomach is used, Superomedial part of the fundus 
is brought around oesophagus to suture into anterior part of 
fundus. Here short gastric vessels are not ligated and much 
less fundus need to be mobilised. 

Dor anterior fundoplication: Here tight margin of the fundus 
is sutured to left margin of the oesophagus; front part of 
fundus is sutured to right margin of the oesophagus; 2nd 
row is also sutured to right crus, 

Watson's anterolateral fundoplication: 5 em intraabdominal 
‘oesophagus is created with blunt transhiatal dissection, 120° 
anterolateral fundoplication augments the LOS funetion 
during stomach distension. Bougie insertion, division of 
short gastric vessels are not needed here. 

Lind both anterior and posterior fundoplication of 300° 
with 60° anteriorly uncovered area is not routinely prac~ 
ticed now. 

Partial fundoplication with mesh wrap around is also used. 
But complications of mesh like erosion, stricture and adhe 
sions are problems, 


Fundoplications 
+ Nissen's—total 360° posterior fundoplication 
© Toupet’s—partial 180° posterior fundal/posterolateral 
® Rosetti Hell—total anterior fundal 
 Dor—anterior partial 
+ Watson’s—anterolateral 120° partial 
4 Lind—posterior and anterior 


Attitude determines altitude. 
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Other Procedures 


* Hill's operation: Intraabdominal fixation of OG junction 
(cardia) into median arcuate ligament to augment the effect 
of LOS, to enable the effective oesophageal peristalsis. 
Procedure is done by transabdominal approach which is 
assessed by intraoperative manometry, But itis technically 
difficult, may damage celiac plexus. 

* Belsey Mark IV operation (1967): Itis plication of oesoph- 
agus to the diaphragm through many interrupted mattress 
sutures so as to push the oesophagus downwards to make 
it intraabdominal with adequate length. It is done through 
left transthoracic approach. 240° fundoplication, creation 
of intraabdominal oesophagus, crural sling repair are the 
techniques. It corrects GERD and also maintains normal 
eructation and physiological reflux. But long hospital stay 
and respiratory complications are distressing problems. 

% Placement of Angelchik prosthesis: Annular silicone gel 
filled angelchik prosthesis with a tape on either end. After 
insertion around OG junction ends are tied around. 

% Collis'vertical gastroplasty is done using fundus of stomach. 
A vertical cut along the line of oesophagus is made on the 
fundus which is sutured to create extra length of oesophagus, 
and new lesser curvature. It is done whenever oesophagus 
cannot be mobilised due to oesophageal shortening by a 
stricture developed as a complication of GORD. Partial 
fundoplication is added to this usually. 

% Thal’s patch procedure: 11 is done for localised nondilat- 
able stricture oesophagus. Stricture is incised full thickness 
longitudinally. Mobilised fundus of stomach is placed and 
sutured as a serosal patch technique over the defect. 

% Narbona’s ligamentum teres cardiopexy (commonly done 
in Spain): Ligamentum teres is mobilised from falciform 
ligament with its blood supply from left lobe of liver; it is 
detached from umbilicus and brought around the mobilised 
lower oesophagus with traction until LOS pressure becomes 
15-20 mmHg with manometry; flap end is sutured left of 
OG junction and anterior wall of stomach. It is more physi 
ological and division of short gastric vessels is not required. 

% Boerema operation: It is fixing OG junction in front into 
anterior abdominal wall. It is not practiced now: 

* Ocsophagogastrectomy is required whenever there is failure 
of antireflux procedutelmetaplasia is present / nondilatable 
siricture is present. Lower end of oesophagus and proximal 
stomach is resected with oesophagogastric anastomosis is 
done through thoracoabdominal approach, 

% Transhiatal oesophagectomy with anastomosis between 
cervical oesophagus and stomach in the neck is an alternate 
procedure which can be used in severe extensive disease 
and stricture. 

Not 

Stricture oesophagus due to GERD which is dilatable can be treated 

by regular oesophageal dilatation and long term PPI therapy. 


‘esophagus 


Fig. 19, 


issen's fundoplication. 


Diaphragm 


Crus of 


ception Partial 


plication 


Fundus 
wrapped 


Fig. 19.9: Toupet's partial fundoplication. 


Gastroplasty 
incision 


Fig. 19.10: Vertical gastroplasty is done to lengthen the intra- 
abdominal oesophagus. 


# Pneumothorax/pyothorax, 
# Vagus nerve injury. 
* Cardiac arrhythmias, 
# Sepsis — mediastinitis or septicaemia. 
* Disruption/failure of fundoplication. 


= = 
Ly > : ) > 
It is the most common type of diaphragmatic hernia, 


* Gas bloat syndrome. 
HIATUS HERNIA 


Fig 1934: To patch done or csapoge sire ta 
rin corps © ypesornitusherieasination 


Dor anterior fundoplicaton “© Typelhiatus hernia: Its the cephalad displacement of the 
‘gastroesophageal junction through the hiatus into the 
‘mediastinum itis usually small,asympto-maticand reducible. 
itis commonest type 

+ Type hiatus hemia:I is superior migration ofthe fundus of 
‘the stomach along side the GE junction and oesophagus into 
‘the mediastinum with GE junction in normal intraabdorninal 
location. Its rolling hernia 

@ Typeilll hiatus hernia: It is combination of type | and type I 

+ TypelV hiatus hernia: It is the hernia containing other 
abdominal viscera as content like transverse colon and 

Fig. 19.12: Dor anterior fundoplication, Right margin ofthe fundusis _ grmenturm 

sutured to left margin ofthe oesophagus. Front aspect of the fundus 

is sutured to right margin of the oesophagus. Second row is also 

sutured to right crus. Types 


First row 
behind 


# Sliding hemia (85%), 
# Rolling hema (10-12%). 
Sutures to 
restore the ei) Pombinet 
angle 


esophagus: 


Diaphragm 
‘Stomach 
Plication of O 
Anterior ‘Ringion 
2/8rd of fundal 
wrap 
eames) Figs 19.14A and B: Endoscopic view of oesophageal hiatus hernia, 
Stomach 
‘Sliding hernia is commonly associated with GORD (Should. 
be discussed like GORD). 
Fig. 19.13: Belsey mark 4 operation for sliding hiatushernia.tisdone tere the cardia migrates back and forth between the poste- 


‘through thoracic approach. Here angle of oesophagus's restored with 
sutures and partial anterior fundal wrap is done, Then oesophagus is 
pushed down by oesophago-diaphragmatic plication sutures. 


rior mediastinum and peritoneal cavity. 


Complications of Surgery 


& Hiatus hemia 
# Ocsophageal/gastric perforation. 4 Diverticulosis 
 Hacmorrhage. * Gallstones 


Kindness is a language which the dumb can speak, the deaf can understand 
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‘Ocsophagus- 


esophagus: 
Fundus: Fundus: 
Diaphraat 
Stomach, 
Sliding hernia Raling hernia 


Fig. 19.15: Types of hiatus hernia, 


l@ ROLLING HERNIA (PARAOESOPHAGEAL 
HERNIA) 


It is herniation of stomach fundus or rarely other abdominal 
contents colon/spleen through hiatus, usually towards left 
side. 


Clinical Features 


‘Common in elderly. 
Abdominal pain and chest pain. 

Hiccough, early satiety. 

Regurgitation, postprandial bloating, 

Cardiac abnormality (arrhythmia). 

Dysphagia dyspnoca, 

40% presents as acute features with perforation/gangrene/ 
bleeding 


Complications 

© Gangrene of stomach, 

» Perforation into the mediastinum. 

Perforation into the peritoneum. 

© Gastric volvulus. 

Ischaemic longitudinal ulcer in the herniated stomach in 
rolling hernia is called as Cameron ulcer, 


Investigations 


Plain X-ray—t 
air-fluid level. 

% Barium meal study very useful 

6 ECG. 

# 3D CT scan is useful 


eral and PA erect view showing retrocardiac 


Siiding Rolling Combined 


Fig. 19.16: Different types of hiatus hernia, 
Treatment 


Treatment is always surgical. 
> Excision of sac and repair of the defect. 
> Iritis gangrenous, gastrectomy is required. 


» Either abdominal or thoracic or laparoscopic approach 
can be used in treating rolling hernia surgically. 

> Mesh reinforcement to hiatus to close the defect may 
be needed. 


ll REFLUX OESOPHAGITIS 

Types 

1, Acute: Following burns, trauma, infection, peptic ulcer. 

2. Chronie: Reflux of acid in sliding hernia, after gastric 
surgery. 
Reflux is quite common in pregnancy. 
Site is always in lower oesophagus, 


Pathology 


‘There is bleeding granulation tissue in lower oesophageal 
mucosa with spasm of longitudinal muscle which pulls the 
adjacent gastric area upwards into the oesophagus causing 
sliding hernia. 


1, Mucosal erythema 

2, Mucosal erythema + superficial ulceration 

3, Mucosal erythema + superficial ulceration + submucosal 
fibrosis 

4, Mucosal erythema-+ extensive ulceration + paramural fibrosis 


1. Single orisolated erosive lesion(s),oval or linear but affecting 
only one longitudinal folds 

2. Multiple erosive lesions, noncircurnferential affecting more 
‘than one longitudinal fold with or without confluence 

imferential erosive lesions 

Chronic lesion: Ulcers, strictures and or short oesophagus 

alone or in association with grade 1-3 lesions 

Columnar epithelium in continuity with the Z 

circular star shaped or circumferential alone or in association 

with grade 1-4 lesions 


4, 


‘A. One or more mucosal break no longer than § mm that does 
not extend between the tops of two mucosal folds 

8, One or more mucosal break more than 5 mm long that does 
not extend between the tops of two mucosal folds 

. One ormore mucosal break that continues between the tops 
‘oftwo or more mucosal folds but which invalves ess than 75% 
of the circumference 


D. One or more mucosal break, which involves at least 75% of 
the oesophageal circumference 


Clinical Features 


# Itisa part of GORD, 

* Pain and burning sensation in retrosternal area often referred 
to shoulder, neck, arm. 

% Heart burn is common. 


© Dysphagia, 
* Anaemia, 


Diagnosis 
* Barium meal X-ray. 
* Gastroscopy and biopsy. 
Barrett’s uleer is an ulcer with gastric (columnar) meta~ 
plasia in lower oesophagus. 


Treatment 


% Antacids 

# Hy blockers: Ranitidine, famotidine. 

Proton pump inhibitors—Main method and more effective. 
> Omeprazole 20 mg BD one hour betore food (Morning) 

for 6 months, 

Lansoprazole 30 mg. 

Pantoprazole 40 mg 

Esomeprazole 20 mg 

Rabeprazole 20 mg (can be given with food), 

* Prokinetic drugs like metochlopramide, domperidone, 
cisapride, mosapride. 

% Treating GORD and associated causes. By fundoplication 
and other surgeries. 

% Resection in severe cases. 


Note: 
Erythromycin is a prokinetic drug (motilin agonist), which acts by 
binding with motiin receptor on Gl smooth muscle cells 


lm BARRETT’S OESOPHAGUS 
(Norman Barrett, British, 1950) 


 Itis the metaplastic changes in the mucosa of the oesophagus 
as the result of GORD. 

Squamous epithelium of lower end of the oesophagus 
is replaced by diseased columnar epithelium (columnar 
metaplasia). 

% There is macroscopic visible length of columnar mucosa 
with microscopic features of intestinal metaplasia, 

# It affects lower oesophagus commonly often middle 
oesophagus also. 


Types (Based on Length) 


a. Ifthe length of metaplasia is more than 3 em, it 
Jong segment Barrett oesophagus—classic Barrett type. 

b, Ifthe length is less than 3 cm, itis called as short segment 
Barrett oesophagus. 


Histological Types 
a. Gastric type: Contains chief and parietal cells, 
b, Intestinal type: Contains goblet cells. 
¢. Junetional type: Contains mucous glands alike of gastric 
cardia. 
Cardia metaplasia is metaplasia at OG junction without any 
macroscopic change in gastroscopy 


‘This diseased columnar epithelium is more prone for malig- 
nant transformation, i.e. when there is intestinal metaplasia, 
risk of malignant transformation increases. More the amount 
of dysplasia more is the risk of malignant transformation. 
Dysplasia may be indefinite; low grade or high grade. 


Clinical Features 


% Features of GORD. 
© Haematemesis. 
* Common in men; common in whites. 


% Ulcerations and stricture 
‘® Dysphagia 

© Bleeding 

© Perforation 

& Adeno carcinoma of O-G junction (25 times more common) 


Management 


# Regular endoscopi 
dysplasia. 
Ablation of Barrett’s oesophagus by laser. 

Photodynamic therapy—through endoscopy. 

‘Argon beam coagulation, 

Proton pump inhibitors—high dose for 3-6 months. 
Antireflux treatment by surgery. 

Resection—Ahvays better choice—for high grade dysplasia 
‘Transhiatal oesophagectomy is preferred. 

# Endoscopic mucosal resection, 


biopsy and surveillance for low grade 


™@ BARRETT’S ULCER 


{tis an ulcer in columnar epithelium lined Barrett’s oesophagus 
at or just above the squamocolumnar junction, 
It is more prone for 
# Bleeding. 
* Perforation. 
# Adenocarcinoma of oesophagus 
‘Treatment for Barrett’s ulcer is endoscopic biopsy and 
resection. 


ll OESOPHAGEAL MOTILITY DISORDERS 

Primary 

# Achatasia, vigorous achalasia. 

© Diffuse and segmental oesophageal spasm: It is 5 times 
less common than achalasia, mainly primary spasm of the 
‘oesophagal body, predominantly presenting only as chest 
pain and less severe dysphagia. There is hypertrophy of 
‘oesophageal wall muscle with degeneration of vagal fibers; 
Simultaneous multipeak waveforms of high amplitude and 
long duration with 20 or more simultaneous waveforms out 
of 10 wet swallows is diagnostic. Often it can be segmental 
or involve distal 2/3rd of oesophagus. LES resting pres- 
sure is normal with normal deglutition relaxation time. 


Never forget that only dead fish swims with the stream. 
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Barium swallow shows corkscrew pattern. Treated with 
nitrates, calcium channel blockers, bougie dilatation, long 
‘oesophageal myotomy either video assisted or thoracotomy 
approach. 

+ Nutcracker oesophagus (supersqueeze oesophagus): 
Common hypermotility disorder with high amplitude 
peristalsis, equal in both sexes,. Severe chest pain 
(noncardiac), dysphagia without regurgitation, odynophagia 
are the features. Waves of hypertensive amplitude pressure 
> 180 mmHg often can become very high > 400 mmHg; long 
duration contraction waves > 6 seconds with normal LES 
pressure and LES relaxation. It is treated with nifedipine, 
nitrates, antispasmodics, occasionally long myotomy. 

Hypertensive LES: LES pressure is above normal (> 26 mm 
Hg). LES relaxation, amplitude pressure, contraction waves, 
‘oesophageal body peristalsis are normal, Botulinum, balloon 
dilatation, modified Heller’s myotomy are the treatment. 

+ Ineffective oesophageal motility disorders: Its irreversible 
contraction abnormality of distal oesophagus in associa~ 
tion with GORD. Its often due to secondary inflammation 
of oesophageal body following more exposure to gastric 
contents and poor oesophageal acid clearance, Reflux, 
dysphagia, heartburn, chest pain, are the features. Manom- 
etry shows—sum of total number of low amplitude contrac~ 
tions of less than 30 mmHg and nontransmitted contractions 
exceeds 30% of wet swallows. 

» Nonspecific oesophageal motility disorders: It shows slow 
trai 
LES pressure, LES shows incomplete relaxation, decreased 
amplitude pressure < 35 mmHg, > 20% nontransmitted, 
prolonged waves of > 6 secs with abnormal peristalsis 


it incomplete emptying, with normal or hypertensive 


Dysphagia, chest pain reflux and regurgitations are the 
features 


Secondary 


+ Neurological—stroke, bulbar palsy, motor neuron disease, 
multiple sclerosis, Parkinson’s disease, poliomyelitis 

¢ Muscular—myasthenia gravis, muscular dystrophy, 
dermatomyositis. 

$ Autoimmune disotders—systemic sclerosis, polymyositis, 
SLE, CREST syndrome, sclreoderma, 

¢ Eosinophilic allergic oesophagitis, alcoholic neuropathy. 

% Endocrine and metastatic diseases. 


| ACHALASIA CARDIA (Cardiospasm) 


The symptom—complex in cardiospasm (the term by which 
oesophageal achalasia was formerly known) is asa rule almost 
pathognomonic. It may be divided into the three stages—first, 
cardiospasm without food regurgitation; second, cardiospasm 
with immediate food regurgitation; third, cardiospasm with dilated 
esophagus, the retention of food in the dilated portion and its 
‘regurgitation at irregular intervals after taking 

—Henry Stanley Plummer, 1908 


Itis failure of relaxation of cardia (oesophagogastric junction) 
due to disorganised oesophageal peristalsis, asa result of failure 


of integration of parasympathetic impulses causing functional 
obstruction (Achalasia means failure to relax—Greek). It is 
first identified by Thomas Willis in 1672, 


Aetiology 
# There is absence or less numbered ganglions in myenteric 
plexus. 
> Stress 
> Vit B, deficieney: 
> Chaga’s disease. It is caused by Trypanosoma eruzi, 


which is common in South America called as sleeping 

sickness, 

use oesophageal spasm (Corkscrew oesophagus) 
> Most commonly it is idiopathic. There is degeneration 

of Auerbach’s myenteric plexus along the entire length 
of oesophagus more so in LOS, 

* There is pencil shaped narrowing of cardia (O-G junction) 
with enormous dilatation of proximal oesophagus, which 
contains foul smelling fluid and is more prone for aspira- 
tion pneumonia. 

# Achalasia cardia is a precancerous condition—seven times 
chances of getting squamous cell carcinoma (8%, after 15 
years) 


Pathology 


© Thickening of circular muscle fibres in distal oesophagus. 

* Myenteric inflammation; depletion of ganglion cells; neural 
fibrosis, reduced nitric oxide and VIP (mediators of LES 
relaxation). 

* Absence of peristalsis; Raised LES pressure; failure of 
relaxation with functional obstruction of OG junction. 

* Dilatation of proximal oesophagus with atony 


Clinical Features 


‘Common in females between 20 and 40 years age group, 

Incidence is 6 per 1, 00,000 population. 

Chest pain occurs in early stage. 

Achalasia with diffuse oesophageal spasm is called as 

“vigorous achalasia’ 

# Presents with progressive dysphagia, which is more for 
liquid than to solid food, 

* Regurgitation and recurrent pneumonia are common 
(10%). 

* Walking while cating, chin thrusting, neck and shoulder 

extension, Valsalva manoeuvre facilitates emptying of food 

from the oesophagus. 


¢ Heartburn (50%) is common. 

* Malnutrition and general ill health 

© Lung abscess formation, 

% Odynophagia and weight loss. 
Triad 

& Dysphagi 

® Regurgitation 

& Weight loss 


Staging 
I: Proximal dilatation < 4cm 
I: Dilatation between 4-6 cm 
Ii: Dilatation > 6 cm 
IV:Sigmoid dilatation 


Investigations 


Barium swallow is diagnostic—shows. 


Fig. 19.17: Barium swallow X-ray showing features of 
achalasia cardia. 


Pencil like smooth narrowing of lower oesophagus—Bird 
beak appearance 

Dilatation of proximal oesophagus 

‘Absence of fundic gas bubble 

Sigmoid oesophagus ar megaoesophagus 


eee 


Chest X-ray shows patches of pneumonia. Double medi- 
astinal strip of dilated oesophagus is typical with air fluid 
level in posterior mediastinum on lateral view 

* Oesophageal manometry shows unrelaxed lower oesopha- 
geal sphincter with high resting pressure—very useful and 
gold standard. It shows failure of LES to relax completely 
during swallowing and complete absence of peristalsis, LE’ 
pressure is> 35 mmHg. Base line oesophageal pressure will 


be high without progressive oesophageal peristalsis with 
low amplitude muscular tone. Intraoesophageal pressure in 
relation to intragastric pressure is elevated, 
esophagoscopy is done to confirm the diagnosis and to rule 
out carcinoma oesophagus. It shows totally closed LES with 
atonic, dilated proximal oesophagus. Biopsy of mucosa at 
LES should be done. 


Fig. 19.18: Endoscopic view of achalasia 


AL 4 


Fig. 19.19: Sigmoid oesophagus in achalasia cardia—Barium X-ray 
and endoscopic view, 


Self-respect — that a corner stone of all virtue. 
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Differential Diagnosis 
* Carcinoma oesophagus, 
% Stricture oesophagus. 

# Scleroderma 


Normal | 


Fig. 19.20: Diagrammatic representation of achalasia cardia 


Fig. 19.22: X-ray picture of achalasia cardia, 


Treatment 


‘Treatment for achalasia 

+ Forcible dilatation: 

~ Plummer's pneumatic dilatation 

— Negus hydrostatic balloon dilatation 
'& Modified Heller cardiomyotamy 
& Drugs 

~ Botulinum toxin A 

~ Nitroglycernie, nifedipine 


Surgery 
¢ Modified Heller's operation (Heller—German, 1913): 
esophagocardiomyotomy. Success rate is 85%, 


MUeeealbulge 


Fig. 19.22: Heller's cardiomyotomy—on table look with partial 
fundoplication (Courstesy: Dr Yogishkumar, Professor of Surgery, 
KMC, Mangalore}. 


> Either through thoracic or through abdominal approach, 
thickened circular muscle fibres are cut longitudinally for 
about 8-10 cm, 2 em proximal to the thickened muscle to 
1 em distal to OG junction, Care should be taken not to 
‘open the mucosa (Anterior myotomy is done now. Orig 
inal Heller’s is both anterior and posterior myotomies). 


Fig. 19.23: Heller's cardiomyotomy for achalasia cardia. Only circular 


muscle layer is cut longitudinally in OG junction until mucosa 
protrudes out without perforating the mucosa. 


> Nissen or Toupet’s fundoplication is done along with 

the above procedure to prevent reflux. 

* Forcible dilatation stretches spasmodic segment. Gradual 
repeated dilatations are requited. Dilatation up to 54 French 
bougie can be done, Two types of dilatations are used— 
pneumatic and hydrostatic 
> Plummer’s pneumatic dilatation is done using balloons 

‘of 30-40 mm diameters. It is inserted over a guidewire 
Risk of perforation (1%), need for repeated dilatations 
are the problems, 
> Negus hydrostatic dilatation is done to dilate O-G junc 
well accepted method as chances of 


tion, It is not v 


perforation is high. Success rate is 65%. 30mm diameter 
balloon is inflated for 3 minutes, 
% Laparoscopicithoracoscopic cardiomyotomy—ideal 
Resection is done when failure of myotomy occurs or when 
megaoesophagus or metaplasia is present. Transhiatal total 
oesophagectomy with gastric pull up and oesophagogastric 
anastomosis in the neck is a good option in such patients. 


Figs 19.24A and B: Laparoscopic port positions and view of Helller’s 
cardiomyotomy for achalasia cardia (Courtesy: Dr Roshan, MS DNB, 
Laparoscopic Surgeon, City Hospital, Mangalore). 


Drugs 


a. Endoscopic injection of botulinum toxin to sphincter—high 
recurrence rate. 
b. Calcium channel blocker, nitroglycerin sublingually. 


esophagus. | 
Negus tube 


Balloon dilator fl] 
Achalasia | 
segment | 
oo 
} | 
| 
Stomach / 


Fig. 19.25: Negus hydrostatic dilator used for achalasia cardia. It 


hhas got only 65% success rate. 


Note: 


Pseudoachalasia shows features like of achalasia cardia with 
dysphagia and weight loss, seen in an elderly due to carcinoma, 
Amylnitrate inhalation causes sphincter relaxation in Achalasia 
cardia but not in pseudoachalasia, 

Botulinum toxin is neurotoxic protein derived from Clostridium 
botulinum is highly toxic poisonous substance. Very small dase 
is used for therapeutic purpose. Seven types of toxins are found. 
‘A(A1/A2/A3) type is used for therapy. It blocks the cholinergic 
nerve ends reducing the cholinergic acetylcholine release causing 
flaccid paralysis of muscles. Itis used in cosmetic facial line, stra- 
bismus, focal dystonia, tremor, tics, muscle spasms, achalasia, 
smooth muscle hyperactivity, Frey syndrome, and hyperhidrosis, 


ll PLUMMER-VINSON SYNDROME 


(Paterson-Kelly Syndrome) 


NS y | 


Fig, 19.26: Oesophageal web, endoscopic view. 


Hope sees the invisible, feels the intangible and achieves the impossible. 
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‘+ Entanglement of Atoms (Hagley et al., 1997; Sackett et al,, 2000): EPR entanglement at the level 
of atoms has been experimentally demonstrated using rubidium atoms prepared in circular 
Rydberg states (ice., the outer electrons of the atom have been excited to very high energy states 
and are far from the nucleus in circular orbits). ‘The experimental apparatus produces two 
entangled atoms, one atom in a ground state and the other atom in an excited state, physically 
separated so that the entanglement is non-local. And when a measurement is made on one atom, 
let us say the atom in a ground state, then the other atom instantaneously presents itself in the 
excited state — the result of the second atom wave function collapse, thus determined by the result 
of the first atom wave function collapse. This work is now evolving towards the demonstration 
of entanglement for molecules and larger entities followed by teleportation of their states. Bose 
and Home (2002) have improved on this concept by proposing a single, simple generic method by 
which any atoms, ions and macroscopic objects can be entangled and teleported 


*  Teleportation of an Atomic State via Cavity Decay (Bose et al., 1999: Sackett et al., 2000): It has 
been shown how the state of an atom trapped in a cavity can be teleported to a second atom 
trapped in a distant cavity simply by detecting photon decays from the cavities 


* Biological Quantum Teleportation (Mavromatos et al., 2002): There are several obstacles to 
teleporting large complicated objects, especially biological entities. Decoherence is the primary 
obstacle. That is because observable quantum effects in biological matter is thought to be 
strongly suppressed due to the macroscopic nature of most biological entities and the fact that 
such systems live at near room temperature, and there is always contact between biological 
entities and the environment (the source of decoherence). These conditions result in very fast 
collapse of pertinent quantum wavefunctions to one of the allowed classical states of the 
biological entity. Mavromatos et al. (2002) propose a daring model that predicts dissipationless 
energy transfer along shielded macromolecules at near room temperatures as well as quantum 
teleportation of states across microtubules and perhaps neurons. It is proposed that under certain 
circumstances it is in principle possible to obtain the necessary isolation against environmental 
decoherence, so that meso/macroscopic quantum coherence, and entanglement extending over 
scales that are larger than the atomic scale, may be achieved and maintained for times comparable 
to the characteristic times for biological and cellular processes. Microtubules are comprised of 
tubulin that is a common polar protein found in the cytoskeleton of eukariotic cells, which is 
especially enriched in brain tissue. The model treats microtubules as quantum mechanically 
isolated high-Q QED cavities, exhibiting properties analogous to those of electromagnetic 
cavities routinely used in quantum optics. The model builds a microtubule network that achieves 
quantum teleportation of coherent quantum states, leading to decoherence-resistant bulk quantum 
information processing and computing within the biological matter. It is speculated that the 
model can explain how consciousness works, and how the brain processes and computes 
information. 


*  Teleportation of a laser beam with embedded radio signal (Bowen et al,, 2003): The teleportation 
of a laser beam from one part of a lab to another has been demonstrated. Investigators embedded 
a radio signal into a laser beam, then disintegrated the beam and reassembled it a meter away, 
virtually instantaneously. The laser beam was destroyed in the teleportation process, but the radio 
signal survived. The laser light at one end of an optical communications system was 
disassembled and its replica was recreated elsewhere in the lab, Even though the laser beam did 
not survive teleportation, its encoded message did. This system could be used to transport secure 
data, such that it could become possible to construct a perfect cryptography system. When two 
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Here oesophageal webs are seen in uppermost portion of the 
‘esophagus with spasm of circular muscle fibres. 
© Common in patients with long standing iron deficiency 


Common in females. 

Superficial glossitis, cheilitis, koilonychia commonly seen. 

Splenomegaly may be present. 

In oesophageal webs, mucosa is hyperkeratotic, friable, 

desquamated 

¢ Iis a premalignant condition and presents with severe 
dysphagia. 

* Oesophagoscopy and biopsy is required to rule out malig- 
nancy. 


Treatment 


% Oral iron—terrous sulphate 300 mg TDS with vitamins 

% Blood transfusion is given when there is severe anaemia 
(Transfusion of packed cells) 

IV or IM iron therapy. 

% Once anaemia comes under control, webs will clear and 
patient can swallow. 
Follow-up endoscopy is a must. 

% Dilatation of web may be required. 


@ CORROSIVE STRICTURE OF OESOPHAGUS 


Features of oesophageal corrosive lesion 


 Acute/immediate 

Severe pain, hock, laryngeal edema 

— Mediastintis, septicaemia, haemorrhage, perforation 
+ Late/chronic 

— Dysphagia 

— Stricture—50% 

~ Severe malnutrition 

— Recurrent respiratory infection 

~ Oesophageal shortening 

— Malignant changes 

~ Tracheo-oesophageal fistula formation 
Corrosive strictures can be multiple. Damage is morein lower 1/3rd 
‘of oesophagus 


% Corrosives are commonest cause of oesophageal stricture, 

% Mainly due to ingestion of alkali (Lye stricture—Lye 
is strong alkali sodium hydroxide) sodium hydroxide, 
occasionally due to acid (sulphuric acid, nitric acid). Acid 
commonly damages the stomach. 

 Icauses extensive inflammation of the mucosa with perioe- 
sophagitis which, if not treated leads to multiple strictures 
in oesophagus 

Sometimes it causes severe life-threatening nk 


rotising 
lesion which requires immediate surgical intervention. 

% Acute phase lasts for 3 weeks. 

# Damage is more in lower 1/3rd of oesophagus, 

% Alkali is odourless and tasteless and so large volume is 
ingested, Alkali causes liquefaction, saponification and 
thrombosis of vessels and later leading to fibrosis and 
stricture. Acid causes intense pylorospasm, antral pooling 
of acid, coagulation necrosis and eschar formation. 


# Severity depends on type of agent, its concentration and 
volume. 


Phases of tissue injury In_ Degrees of burns after 

corrosive ingestion corrosive oesophageal and 
gastric burns 

Phase 1: Acute 1st degree: Mucasal 


necrosis—1-4 days hyperaemia and oedema 


Phase 2: Ulceration— 2nd degree: Small 
granulation—4-12 days _bleeding, exudates, ulcers, 
pseudomembrane 


Phase 3: Cicatrisation 
‘and scarring—3 weeks-6 
months 


‘rd degree: Mucosal slough, 
deep ulcers, massive bleed, 
complete obstruction, 
charting, perforation 


r 


Figs 19.27A and B: Endoscopic view of corrosive injury. Endoscopy 
should be done very gently in corrosive injury. 


Treatment 


# Acute phase management: 
> Neutralisation with vinegar or citrus food if it is alkali 
ingestion (If pH of the solution is less than 11.5 then 
damage is less); itis with antacids, milk, egg whites if 
itis acid ingestion. Early endoscopy is needed to assess 

the severity and extent. 

> Emetics and NaHCOs are avoided as they may precipitate 
perforation 

» In Istdegree burns: 48 hours observation; oral feeds are 
started once patient swallows saliva painlessly. Regular 
follow-up endoscopy at Ist, 2nd and 8th months. Stric- 
ture if formed can be identified by this time. 

» Ind and 3rd degree burns: They are treated with fuid 
therapy, antibiotics, nutrition, resuscitation, PPIs, acro- 
solised steroids, fiberoptic guided airway intubation if 
needed / tracheostomy; endoscopic oesophageal stenting, 
feeding jejunostomy, laparoscopy for evaluation. 
Unstable patients have high mortality. Laparotomy is 
done in such patients. If oesophagus and stomach shows 
full thickness necrosis, resection of these parts is done 
and end cervical oesophagostomy with jejunostomy is 
done. When in doubt re-exploration for second look is 
done after 36-48 hours to assess the stomach 

% Careful early gentle repeated endoscopy is mandatory. 
* Though advocated often for 2-3 weeks, use of steroids is 
controversial and under debate 


Antibiotics if there are chances of aspiration or perfora- 
tion 

Regular oesophageal dilatation is done for stricture. Stric~ 
ture is dilated endoscopically using guidewire. Dilators are 
solid type with gradual increase in diameters. Often radio- 
logic C-ARM guidance is needed to pass the guide wire 
into the stomach, Dilatation should be done up to minimum 
16 mm diameter. Pneumatic or balloon dilatation is also 
practiced. Gum elastic dilators, mercury weighted dilators, 
Edet-Puestow dilators, Savary-Gilliard dilators, balloon 
dilators are other dilators used. Earlier, blind dilatation 
using oesophageal bougies of increased diameters was the 
practice, which is followed even now in many places, but 
chances of perforation is more. 

Oesophageal resection in corrosive strictures is technically 
difficult and may be hazardous. Oesophageal bypass is 
better and easier, and following later by regular endoscopic 
Colon is 


surveillance for malignant transformation (: 
used as replacing conduit as stomach itself may be diseased 
in corrosive pathology. 

In multiple strictures oesophageal resection and colonic 
transposition may be advocated if risk of malignancy is 


considered. 


Note: 


‘Malignancy can develop in corrosive strictures—5%. Its 1000 fold 
‘greater than general population. 


Causes of stricture oesophagus 
‘Peptic stricture (oesophagitis induced) 
+ Corrosives—most common cause 
+ Foreign body 
+ Postsurgical, radiotherapy 
+ Congenital 
+ Infection like tuberculosis 
+ Drugs like tetracycline vitamin € 


» 


Fig. 19.28: Endoscopic view of oesophageal stricture. 


» 4 


Fig. 19.29: Oesophageal dilatation is being done endoscopically 


Fig. 19.30: Barium swallow showing stricture at lower oesophagus. 
It may be due to oesophagitis, congenital, tuberculosis, malignancy, 
drug induced, etc. 


7 [> 


Sa 


Fig, 19.31: Patient underwent total oesophagectamy with colonic 
transposition. Colon placed in subcutaneous plane. 


All are equal in their ignorance. 
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@ SCHATZKI'S RINGS 


‘They are semicircular protrusion of lower oesophageal mucosa 

located at or just above the oesophagogastric junction (squamo- 

columnar junction). Its under-surface is lined by columnar 

gastric epithelium, 

% They involve only the mucosa and submucosa of the 
oesophagus, not the muscle. 

* They present with dysphagia and reflux. 

% Episodic aphagia can occur causing, food bolus or meat 
bone to get impacted which requires emergency rigid 

% oral 


oesophagoscopy to remove the food. 5 ml of 2.5 
papain every 30 minutes to digest food protein along with 
'50 mg meperidine IV to dislodge the impacted food bolus 
can be tried initially. 


Fig. 19.32: Barium swallow X-ray showing Schatzki ring, also shows 
features of hiatus hernia, 


Fig. 19.33: Schatzki’sring—endoscopic view. 


Treatment 
# Intermittent oesophageal bougienage. 
© Antireflux drugs 


Note: 
Ring should not be excised. 
ll BOERHAAVE’S SYNDROME 


It is a tear in the lower third of the oesophagus which occurs 
when a person vomits against a clased glottis, causing leak into 
the mediastinum, pleural cavity and peritoneum. 


Site 
2-10 em of posterolateral part of lower oesophagus, 


Investigations 


# Chest X-ray—shows pneumomediastinum (“V”" sign of 

Naclerio). 
* MRICT dl 
# Total count. 


Treatment 


* Nil by mouth, 

% Antibiotics, IV fluids, TPN 

# Feeding by jejunostomy. 

% Most often surgery with resection may be required (thora- 
cotomy and repair). 

* When severe mediastinitis occurs, condition has high 
mortality: 


Supericial tear Deep tear with 
with bleed in | ® perforation 
Stomach near 

0-6 junction 


‘esophagus 
lower 1/3rd 


Mallory-Weiss syndrome Boerhaave's syndrome 


Fig. 19.34: Diagrams showing Mallory-Weiss syndrome and 
Boerhaave's syndrome, 


™@ MALLORY-WEISS SYNDROME 


It is seen in adults with severe prolonged vomiting, causing 
longitudinal tear in the mucosa of stomach at and just below 
the cardia, leading to severe haematemesis. 

* Violent vomiting often may be due to migraine or vertigo 
or following a bout of alcohol 

# Presents with severe vomiting and later haematemesis, with 
features of shock 

# Itis common in one o’clock position. 

% Only 10% of cases involve lower oesophageal mucosa. 


I Features of Boerhaave's syndrome 1 


Presentations Differential diagnosis Complications 
‘Sudden onset of symptoms Myocardial infarction Mediastinitis 
Severe chest pain Pancreatitis Septicaemia 
Pain abdomen Peritonitis 
‘Subcutaneous emphysema Emphysema 
Shock 


"Crunching effect in the chest’is called as Hamman's sign. 


‘Macklor’s triad: 1) vomiting, (2) chest pain, (3) subcutaneous emphysema. 


Investigations 


* Gastroscopy, Hb%, PCV, blood grouping, 
During gastroscopy, if stomach is not inflated properly, 50% 
cases may be missed, 


Differential diagnosis 
® Bleeding peptic ulcer 
® Oesophageal varices 
Erosive gastritis 
+ Carcinama stomach 


Treatment 

Conservative, as itis only a mucosal tear 
Blood transfusion, 

1V fluids. 

Sedation. 

Hacmostatic agents like vasopressin. 


Endoscopic injection therapy is used if required, 
Surgery is rarely required 


I TRACHEO-OESOPHAGEAL FISTULA 
Types 
In 85% cases, it isa blind upper end with lower end commu- 


nicating with trachea 
# Itmay be associated with VACTER anomalies 


V — Vertebral defects 
A — Analatresia 

© — Cardiac defect (PDA/VSD) 

TE — Tracheo-cesophageal fistula 

R_ — Radial hypoplasia and renal agenesis 


Clinical Features 


TOF should be recognised within 24 hours of birth, 

* Newborn baby regurgitates all feeds and there is continuous 
pouring of saliva from the mouth which isa diagnostic feature. 

% Cough and cyanosis. 

# Itis commonly associated with matemal hydramnios (50%). 


‘ealed while passing nasogastric tube. 

% Contrast study will reveal fistula and obstruction (Dionosil 
I mb). 

Other anomali 

% Chest X-ray. 

* Echocardiography. 


ire looked for. 


Treatment 

Surgery 

% Child requires feeding gastrostomy commonly, 

# Often the procedure is staged one. 

* ‘Through right sided thoracotomy (opposite to the side of 
aortic arch), fistula is identified and resected. Lower segment 
is anastomosed to the blind upper segment. Occasionally if 
the length is inadequate or the atretic segment is long one 
then, colonic or gastric transposition is required, 


Figs 19.35A to D: Types of tracheo-oesophageal fistula. (A) H type, 
(8) Lower end blind, upper end connected to trachea, (C} Both ends 
blind, (0) Upper end blind, lower end connected to trachea (85%, 


Complications of surgery. 
Pneumonia 
‘@ Leak from the anastomotic site 
® Reflux 
® Dysphagia 


@ OESOPHAGEAL DIVERTICULUM 


V. 


IN 


Fig, 19.36: Endoscopic view of oesophageal diverticulum 


All things must change to something new and strange. 
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Types 


1, Pulsion diverticulum: 
Pulsion diverticula are false type containing mucosa and 
submucosa only; is due to high abnormal intraluminal oesopha- 
geal pressure developed due to various motility disorders. 
a. Pharyngeal pouch through Zenker’s or Killian’s dehis- 
cence (Refer chapter NECK), 
b. Epiphrenie pulsion diverticulum occurs in lower oesoph- 
agus, usually towards right side, due to obstruction in the 
distal oesophagus or due to incoordinated LOS relaxa~ 
tion 
~ Site is within 10 em of OG junction. It is false type. 
— Itis associated with nonspecific oesophageal motility 
disorders and often with achalasia and diffuse 
‘oesophageal spasm. Ehler Danlos syndrome and 
trauma are other causes, 

~ Ibis common on right side with wide mouth. 

~ Features are of motility disorders like dysphagia, 
regurgitation, cough, weight loss, chest pain. 

~ Barium study, CT chest are diagnostic; endoscopic 
evaluation with EUS, manometry is a must. 

~ Treatment: Diverticulopexy/diverticulectomy (exci 
sion) + oesophageal myotomy (Heller’s) + repair of 
associated hiatus hernia/antireflux procedure. 

2, Traction diverticulum: 

Occurs in mid-oesophagus or in parabronchial region, is due 

to mediastinal granulomatous disease like tuberculosis. 

» ‘Traction diverticulum is a frue type containing all layers, 
in its wall and is due to traction by the healing fibrosing 
mediastinal lymph nodes. 

> Itis seen commonly towards right side. It has got wide 
mouth and it rests on the spine. 

> Presentation is dysphagia, chest pain and regurgitation. 

» CT scan (chest), barium study, manometry, endoscopy 
to assess mucosa with EUS, blood test for tuberculosis, 
(ESR, peripheral smear) are the investigations 

> Treatment: Treating the cause like tuberculosis, histo- 
plasmosis. Diverticulum less than 2 em is observed; 
progressive symptoms, size > 2 cm needs surgery. 
Surgeries are—diverticulopexy, long oesophageal 
myotomy. 


ll CARCINOMA OESOPHAGUS 


Carcinoma oesophagus is common in China, South Africa 
and Asian countries. 

 Itis 6th most common cancer in the world. 

% Itis less than 1% of all cancers. It is 7% of all GI malig- 
nancies. 

 Itis less common in America and European countries, 

% In India, it is common in Karnataka and Orissa, 

© When patient presents with dysphagia, often it is fairly 
advanced and inoperable and only palliation is the possi- 
bility. But then surgery is the treatment of choice in early 
growths 


Aetiology 


Diet deficiencies (vit.A,C,Riboflavin) 5% common 
Mycotoxin Common after 45 years 
Alcohol and tobacco Common in men 
Fungal contamination of food Common in China — 
Henan province 


‘Achalasia cardia In India, common in 
Oesophageal webs Orissa and Karnataka 
Barrett's oesophagus 


Plummer -Vinson’s syndrome 
Corrosive strictures 

Tylosis* 

‘Nitrosamines 

+ Tyloss is an inherited disease with thickening of skin of palm 
and sole 


‘Tylosis 

‘ Autosomal dominant condition seen from childhood 

+ Soles and palms are involved called as palmoplantar kera- 
toderma 

‘& Waxy yellow lesions, which does not itch 

'& 60% of members of families develop carcinoma oesophagus 
after the age of 60 

+ ‘Systemic retinoids are the drugs used for tylosis 


Pathology 

* Common in: 
> Middle third—s0%, 
> Lower third—33%, 
> Upper third—17%, 
Lower 3 em of oesophagus is lined by columnar epithelium, 
and so adenocarcinoma is common here. Barrett's columnar 
metaplasia which occurs in lower third of oesophagus is also 
‘more prone for adenocarcinoma 
Squamous cell carcinoma is commonest type in India and 
‘Asian countries, 


Figs 19.37A and 
pathology specimen, gross and cut section, 


arcinoma oesophagus middle third— 


Note: 
+ In India 90% are squamous cell carcinomas. 

+ _Inwestern countries, adenocarcinoma is becoming more common. 
Adenocarcinoma arises from submucosal oesophageal glands/ 
heterotrophic columnar epithelium/Barrett’s oesophagus. 


Gross Types 


Annular (15%). 

Ulcerative (20%). 
Fungating—cauliflower like (60%). 
Polypoid 

‘Varicoid—diffuse submucosal type. 


Figs 19.38A to D: Gross outer look and cut section of proliferative 
‘and indurated lesions of carcinoma oesophagus. 


Spread 


# Direct 
> Lack of serosal layer in oesophagus favours local exten- 
sion. In upper third it spreads through muscular layer 


and get adherent to left main bronchus, trachea, and left 
recurrent laryngeal nerve (causes hoarseness), aorta or 
its branches (causes fatal haemorrhage, but rare), 
> Itmay perforate and cause mediastinitis, 
> Itmay get adherent to pleura also. 
¢ Lymphatic spread 
> It spreads both by lymphatic permeation and lymphatic 
cembolisation, 
> It can cause satellite nodules elsewhere in the oeso- 
phagus, away from the main tumour. 
> Above in the neck, it spreads to supraclavicular lymph 
nodes. 
> In thorax, it spreads to paraoesophageal, tracheobron- 
chial lymph nodes to subdiaphragmatic lymph nodes. 
> Inabdomen, it spreads to coeliac lymph nodes 
¢ Blood spread occurs to liver, lungs, brain and bones. 


Clinical Features 


# Recent onset of dysphagia is the commonest feature. For 

the dysphagia to develop, two-third of the lumen should be 

occluded. 

Regurgitation, 

Anorexia and loss of weight (severe), cachexia, 

Pain-substemal or in the abdomen, 

Liver secondaries, ascites. 

Bronchopneumonia, melaena 

Features of broncho-oesophageal fistula in carcinoma of 

upper third oesophagus (30%) 

* Left supraclavicular lymph nodes may be palpable. 

# Hoarseness of voice due to involvement of recurrent laryn- 
geal nerve, 

# Hiccough, due to phrenic nerve involvement. 

* Back pain—due to nodal spread (paraoesophageal/cocliac 
nodes). 

% Male to female ratio is 3:1. In adenocarcinoma it is 15:1 


Investigations 


* Barium swallow: Shouldering sign and irregular filling 
defect. 

% Ocsophagoscopy—to see the lesion, extent and type. 

% Biopsy—or histological type and confirmation. 

¢ Chest X-ray—to look for aspiration pneumonia, to see vocal 
cord palsy, to identify fistula. 

¢ Bronchoscopy—to see invasion in upper third growth. 

% Oesophageal endosonography—to look for the involve- 
‘ment of layers of oesophagus, nodes, cardia and left lobe 
of the liver. Nodes smaller than 5 mm can be very well 
visualised by EUS which may be missed in CT scan, EUS 
‘guided transmucosal nodal needle aspiration cytology can 
also be done. 

% CT-scan (95% accuracy}—to look for local extension, nodal 
status, perioesophageal/diaphragmatic/pericardial (1%)/ 
vascular infiltration, obliteration of mediastinal fat and 
status of tracheobronchial tree in case of upper third growth, 


Tolerance is another word for indifference. 
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% U/S abdomen—to look for liver and lymph nodes status in 
abdomen, 

# Endoscopic oesophageal staining with labelled iodine 
results in normal mucosa being stained brown, but remains 
pale in carcinoma (as mucosa in carcinoma will not take 
up iodine). 

% Blood tests: Haematocrit; ESR; Liver function tests 

* Laparoscopy: It is useful to see peritoneal spread, liver 
spread and nodal spread. It is the only reliable method to 
detect peritoneal seedlings. Biopsy from different places 
can also be taken. It will prevent unnecessary laparotomy 
for anticipated surgical resection. 

* PET scan using 18 F-fluorodeoxyglucose (FDG): 18 FDG 
is given to the patient. FDG enters highly active cells and 
gets phosphorylated to FDG 6 phosphate. It stays in the cell 
as end product and get polarised there. PET with CT scan is 
used to see response for therapy. 

# Video assisted thoracoscopic approach—to stage oesopha~ 
geal carcinoma 

* Endoscopic mucosal resection (EMR) is done using double 
channeled endoscope with tip having a soft plastic cap. Cap 
is firmly placed over the lesion and suction is created; a 


snare is brought over the lesion; biopsy specimen is snared 
off 1.5 em in size containing mucosa and submucosa, It is 
basically a diagnostic biopsy tool; but can be therapeutic 
in early and premalignant lesion, Endoscopic submucosal 
dissection (ESD, Japan) is now devised using hook cautery 
and scissors to remove the lesion up to muscularis propria, 


Treatment 


Gastrostomy should not be done as a palliative procedure, 


Principles 


# Only 20% of oesophageal cancers present early and becomes 
curable, In such early growths confirmed with absence 
of nodal spread, curative surgery is the main approach— 
radical oesophagectomy. Proximal extent of resection 
should be 10 em above the macroscopic tumour and distal 
extent of resection is 5 em from macroscopic distal end of 
tumour. Proximal stomach has to be removed commonly 
especially in lower 1/3rd of tumour, Sufficient removal of 
contiguous structures may be needed in curative resection 

# [nodes are present, then multimodal approach should be 
used like 
therapy. Outcome of surgery depends on location of tumour; 
number, location and size of nodes; tumour grading. 


curative resection; radiotherapy and chemo- 


Neoadjuvant therapy by chemotherapy and/or radiotherapy 
prior to surgery may improve the survival. 

# Aggressive chemoradiation also may be used as curative 
therapy in some patients especially upper 1/3rd growths and 
in patients who are unfit for surgery. 

# In remaining patients (80%) palliation is the main modality 


of treatment, Palliation therapy is done if patient is not fit 
for major surgery; ifthere is blood spread; if there is spread 
to adjacent organ; 


Pthere is peritoneal/liver spread. It is to 


relieve pain and dysphagia and also to prevent aspiration 
and bleeding 


Indications for Curative Treatment 


1. Early growth when patient is fit 
2. When there is no involvement of adjacent perioesophageal 
structures, bronchus, liver or distant organs, 


rr 
be | 


Fig. 19.39: Carcinoma in upper oesophagus (Endoscopic view). 


Indications for palliative therapy 


Relieve pain 
Relieve dyspahgia 
Prevent bleeding 
Prevent aspiration 


Fig. 19.40: Carcinoma oesophagus (Endoscopic view), 


TNM staging 


T-Tumour: 


T,- Tumour cannot be assessed 
To—No tumour 

Tis — High grade dysplasia 

T,— Tumour invades lamina propria, muscularis mucosa or 
submucosa without breaching submucosa 

Te — Tumour invades into muscularis propria but not beyond. 
T;— Tumour invades paracesophageal tissues without adjacent 
structure invasion 

T,— Tumour invades adjacent structures 

N— Nodal spread: 

N,— Regional nodes cannot be assessed 

No— No regional nade spread 

Nj ~ Regional node spread present 

M — Distant metastases: 


M,— Distant spread cannot be assessed 
My ~No distant spread 

M,_ Upper oesophageal tumour spreads to cervical nodes; 
middle oesophageal tumour spreads to mediastinal nodes; 
lower oesophageal tumour spreads to celiac nodes. 

Myo ~ Upper oesophageal tumour spreads to mediastinal or 
celiac nodes; middle oesophageal tumour spreads to cervical or 
celiac nodes; lower oesophageal tumour spreads to cervical or 
upper mediastinal nodes. 

Staging TNM: 

Stage 0 —Tis,No.My 

Stage |—T;,NoMy 

Stage WA—Ts.NoMa; Ts\No.Mo 

‘Stage IIB — T;,Ny,Mo; Ta.N3,Ma 

Stage Ill — T.Nj,Mp; T,,anyN,My 

Stage IVA AnyTAnYN.M; 

Stage IVB —AnyT,AnyN.Mip 


Variables considered for management: 
Histology of tumour—SCC / adeno 

Location of tumour—cervical, mid thoracic, lower 

Extension of tumour in depth 

Staging of tumour 

Distant spread 

Nutritional stalus of the patient—good/fair serum albumin more 
or less than 3.4 mg% 

Pulmonary function, cardiac reserve 

Weight loss less or more than 10% 

Dysphagia present/absent 


WNM staging (Wall penetration, Node, Metastases) 


‘Wall penetration: 
WO ~ Intramucosal mucosa penetration 
W1 — Intramural mucosa penetration 
W2.—Transmural mucosa penetration 
N= regional nods 
Nx Regional nodes cannot be assessed 
NO — No regional nodes 

N1 ~ 1-4 regional nodal spread 

N2- More than 4 nodal spread 

M— Distant metastases: 


Mx — Distant spread cannot be assessed 
M1 —No distant spread 

M2 — Distant spread present 

Staging WNM: 

Stage 0 — Wo,No.My 

Stage 1 —Wa,Ns.Maj Wi.No.Ma 

Stage II W,Nj,Ma; WesNo.Ma 

Stage Ill — We .Ni.M; W,.No/Mg; Wo.Na.Mp 
Stage IV —AnyWAnyN.M, 


Japanese added to TI of TNM system following: 
T, —Mucosal epithelial—no node chance 

T; Lamina propria—5% nodes chance 
T,~Muscularis mucosa—18% nodes chance 

T, ~ Superficial submucosal—50% node chance 
T; Middle submucosal 

T; — Deep submucosal—55% node chance 


Hope sees the invisible, feels the intangible and achieves the impossible. 
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Fig. 19.42: Endoscopic view of carcinoma oesophagus 


Fig. 19.41: Endoscopic views of oesophageal carcinomas—at different levels and different grass types. 


i 


Fig, 19.43: Barium swallow showing irregular filing defect and, 
shouldering sign in middle third oesophagus. 


in lower third. 


Figs 19.444 to C: Barium swallow X-rays showing irregular filing 
defect at different levels—feature of carcinoma of oesophagus. 


Approaches for Different Level Tumours 


Post cricoid tumour (Squamous cell carcinoma): 

% Treated mainly by radiotherapy. Radical radio- 
therapy—S000-6000 rads 

% Often pharyngolaryngectomy is done along with gastric or 
colonic transposition. But complications are more in this 
procedure. Free jejunal transfer is the other option 

Upper third growth (Squamous cell carcinoma): 

# Treated mainly by radiotherapy. 

* Commonly itis advanced with left recurrent laryngeal nerve 
palsy and bronchial invasion, 

# If it is early and operable, McKeown three phased 
oesophagectomy and anastomosis is done in the neck 
Initially laparotomy is done to mobilise the stomach. Then 
thoracotomy through right Sth space is done and oesophagus 
is mobilised. Through right side neck approach, oesophagus 
with growth is removed. Anastomosis between pharynx and 
stomach is done in the neck 

+ Split sternum approach oesophagectomy is also practiced. 


Middle third growth (Squamous cell carcinoma): 


Ivor Lewis operation (Lewis-Tanner two-phased oesopha- 
gectomy): After laparotomy stomach is mobilised. Pyloroplasty 
is done. Through right Sth space thoracotomy is done and 
growth with tumour is mobilised. Partial oesophagectomy and 
oesophagogastric anastomosis is done in the thorax. Intercostal 
tube drainage is placed during closure, Right gastroepiploic 
vessels should be retained safely (essential). Azygos vein 
should be ligated securely. Mediastinal nodes should be 
dissected. Thoracic duct should be ligated if needed. Feeding 
Jjejunostomy is better to maintain nutrition 

Ifthe growth is inoperable, palliative radiotherapy is given. 


Lower third growth (Squamous cell 
carcinoma + adenocarcinom 


# Here through left thoracoabdominal approach, partial 
oesophagogastrectomy is done with oesophagogastric 
anastomosis, 

Often jejunal Roux-en-Y loop anastomosis is done. 

% Orringer approach, i.. transhiatal blind total oesophagec- 
‘omy with anastomosis in the left side of the neck. Through 
laparotomy, stomach and lower part of the oesophagus are 
mobilised. Through left sided neck approach, upper part of 
the oesophagus is mobilised using finger. Blind dissection 
is completed by meeting both fingers above and below in 
the thorax. Later oesophagus is pulled up out above through 
the neck wound and removed. Continuity is maintained in 
the neck. It is a palliative surgery. 


Fig. 19.45: Transhiatal blind cesophagectomy—on table surgical 
specimen. 


Other Approaches 


+ Thoracoscopic—laparoscopic oesophagectomy and 
lymphadenectomy is becoming popular, safer and effective. 
* Radical oesophagectomy with 3-field clearance of abdom- 
inal/thoracie and cervical nodes is also practiced in many 
centres. 3-Field clearance (coeliac, thoracic and neck) is 
done for mainly squamous cell carcinoma as spread in SCC 


Truth, like surgery, may hurt, but it cures. 
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parties want to communicate with one another, one can enable the secrecy of the communication 
to be absolutely perfect 


© Entanglement and Teleportation of a Macroscopic Ensemble of Atoms (Julsgaard et al., 2001): 
Expanding upon the earlier work of Hald et al. (1999) and Sackett et al. (2000), investigators 
experimentally demonstrated the entanglement of two macroscopic objects, each consisting of a 
cesium gas sample containing = 10" atoms. Entanglement is generated via interaction of the 
samples with a pulse of light, which performs a non-local Bell measurement on the collective 
spins of the samples. The entangled spin-state can be maintained for 0.5 milliseconds. The 
teleportation of macro-ensemble atom quantum states is expected to follow this experiment. This 
work is evolving towards the experimental demonstration of the Bose and Home (2002) proposal, 
which proved that there is a single generic process that can entangle and teleport any atoms, ions 
and macroscopic objects 


‘+ Entanglement/teleportation of internal state and external motion information of atoms (Opatné 
and Kurizki, 2001): Investigators propose an experiment for transmitting an atom’s full 
information, including its “external” states, such as its energy of motion. This procedure 
replicates the quantum features of the external motion of a particle. For example, if particle-to- 
be-teleported C yielded a diffraction pattern after passing through two slits, then the same pattern 
would be produced by particle B, which receives the teleported information. The researchers 
propose the following idea: Dissociate a very cold molecule with a laser pulse into two atoms 
(called A and B). Then manipulate the two atoms so that they become entangled: each one is ina 
fuzzy state individually, but has a precisely defined relationship with its partner. Then let one of 
the entangled particles (such as A) collide with particle C, whose unknown state should be 
teleported. After their collision, the momentum values of the collision partners A and C are 
measured. With that information, the researchers know how to “kick” and deflect atom B, so that, 
the motion of B precisely emulates that of particle C. The investigators say that state-of-the-art 
equipment for studying atomic collisions and quantum effects makes this experiment difficult, but 
feasible, to do. If this proposal proves to be correct, then the implication is that it will become 
possible to experimentally expand this concept to the teleportation of a large ensemble of atoms, 
such that the entire physical motion and quantum states of the ensemble can be teleported. This 
could lead to the future development of a teleportation process similar to what was discussed in 
Section 3.1 


‘© Laser-like Amplification of Entangled Particles and Entangled-Photon Lasers (Lamas-Linares et 
al., 2001); Entangled particles are notoriously difficult to create in bulk. To create entangled 
photons, for example, researchers use the parametric down-conversion technique to send laser 
light through a barium borate crystal. Passing through the crystal, a photon sometimes splits into 
two entangled photons (each with half the energy of the initial photon). However, this only 
occurs for one in every ten billion incoming photons. To increase the yield, researchers added a 
step: they put mirrors beyond the crystal so that the laser pulse and entangled pair could reflect, 
and have the chance to interact. The entangled pair and reflected laser pulse interfere 
constructively to generate fourfold more two-photon pairs or interfere destructively to create zero 
pairs. Following these steps, the researchers increased production of two-photon entangled pairs, 
and also of more rare states such as four-photon entangled quartets. This achievement could 
represent a step towards an entangled-photon laser, which would repeatedly amplify entangled 
particles to create greater yields than previously possible, and also towards the creation of new 
and more complex kinds of entangled states. 


This list is by no means complete as new developments in this field continue to arise. 


Approved for public release; distribution unlimited. 
45 


SRB's Manual of Surgery 


is upwards. In adenocarcinoma 2-ficld clearance is sufficient 
(abdominal—coeliae and thoracic) as spread is downwards. 
Note: 
When oesophagusis removed totally orsubtotally an interposition is 
required between cervical oesophagus/pharynxand distal stomach. 
Different parts of Glis used for the same. 
Oesophageal substitutes: 

> Stomach: Its preferred one and is based on right gastric 
and right gastroepiploic arteries. It needs only one 
anastomosis and take up is well due to good vascularity 
But it can cause postprandial fullness with bile or acid 
regurgitation (> 50%). It also needs a pyloroplasty for 
gastric drainage as vagotomy is done. Entire stomach 
or tubed part or reverse tubed part can be transposed. 

» Colon: Itis better as there is less postprandial problems. 
But technique is more with the need of three anasto- 
moses. Right colon is used with middle colic artery based 
as isoperistaltic loop. Left colon is used with ascending 
branch of left colic artery as antiperistaltic loop. Compli- 
cations are leak, fistula formation, 

> Jejunum: Isolated required length of pedicled jejunum 
is transposed. Jejunal free transfer is also tried: vessels 
are sutured to internal mammary vessels or to the vessels 
available the neck. Pedicled jejunum is also super- 
charged with microvasculat anastomoses with intemal 
mammary vessels. It is used as a last option only. 

‘Transposition is done through posterior mediastinum (shortest 
route), right pleural space (transpleural), retrostemal or subcu- 


taneous route. 
* Skinner en bloc resection used to be of practice in olden days 
in which tumour with oesophagus is resected along with 
thoracic duct, azygos vein, intercostal vessels crossing the 
vertebral bodies, pericardium and mediastinal pleura. There 
is no survival benefit with this procedure. 
Vagal sparing oesophagectomy with HSV is tried to preserve 
pylorus functioning with avoiding pyloroplasty to reduce the 
chances of postprandial fullness. But itis technically tedious. 
¢ Lymphadenectomy in carcinoma oesophagus: 
> Standard: Nodes removed are—paratracheal, parabron- 
chial, carinal, paraoesophageal, posterior mediastinal, 
paracardial, left gastric, along lesser curve of stomach, 

> Extended/three field'ultraradical:As like standard above, 
with bilateral cervical lymphadenectomy, removal of 
upper mediastinal, coeliac, retroperitoneal, subhepatic 
nodes. 


+ IvorLewis 2-phase oesophagectomy 

‘& McKeown 3-phase oesophagectomy 

+ Left abdominothoracic approach for lower oesophagus— 
‘Sweet approach 

+ Thoracoscopic—laparoscopic 

 Transhiatal blind approach—Orringer's 


Postoperative Management 


Fluid and electrolyte management 
Antibiotics and proper analgesia, 
# Respiratory care; ICT care; physiotherapy. 


‘ 


Prevention of DVT—elevation, exercises, heparin. 
Monitoring for bleeding, sepsis, leak, oxygen saturation. 
‘TPN only during initial postoperative period and early 


_jejunostomy feeding for nutrition, 


Palliative Treatment 


80% of patients with carcinoma oesophagus, when present 
first, have fairly advanced tumour and so they are amenable for 
only palliative treatment. Its to relieve pain, dysphagia and to 


prevent aspiration and bleeding. Pal 


‘ 


ion therapy is done — 
Ifpatient is not fit for major surgery. 

Ifthere is blood spread, 

If there is adjacent organ spread, 

Ifthere is peritoneal/liver spread. 


Different methods are 


’ 


‘ 


r 


’ 


Palliative external radiotherapy 

> 3000 Rads. Severe mucositis, stricture and fistula forma- 
tion are the complications, 

Intraluminal RT 

> Brachytherapy (radiation intraluminally). Loading cath- 
eter is placed using endoscope and applicator is fixed to 
‘mouth to give 1500 ¢Gy radiation with least systemic 
effects. 


ricture oesophagus after radiotherapy given for 
carcinoma oesophagus 

Chemotherapy 

> Cisplatin; methotrexate; 5 FU; paleifaxel, etoposide, 
bleomycin. Platinum based chemotherapy is beneficial 
especially in advanced adenocarcinoma of oesophagus 

Intubation 

Intubation was described by Symmonds in 1887. It is, 

commonly used method. Guidewire is passes across the 

growth under X-ray screening or C-arm guidance; flexible 

introducer and prosthetic tube is pushed across the tumour 

along the guidewire. It carries 90% success rate. Problems 

‘are—tube intolerance, poor drainage, airway compression, 


reflux, aspiration, displacement, food blockage, tumour 

overgrowth beyond the prosthesis causing its failure 
Intubation is used for tracheo-oesophageal fistula or 

external compression, Prosthesis with a sponge filled 

balloon is used for fistula closure. Standard tube wrapped 

with multilayered polyvinyl sponge is other option, tis less 

expensive, single time, rapid acting, 
‘They can be traction or pulsion tubes. Perforation chance 

is 10% 

Different tubes used are: 

> Atkinson tube. 

> Celestin tube (armoured rubber tube with a long tail) — 
ideal, commonly used tube. It is wider proximally. Itcan 
be passed through endoscopy or laparotomy. 

> Souttar tube (coiled German silver wire)—block is first 
dilated with bougies; tube is passed over small sized 
bbougie and pushed ascross the block. It is mainly useful 
for lower oesophagus. 

> Mousseau-Barbin tube—cheaper but needs laparotomy. 
After laparotomy, anterior wall of the stomach is opened. 
MB tube is passed from mouth with the help of anes- 
thetist by stitching its tip to nasogastric tube and pulled 
down into the stomach, Tip is cut neat the cone part. It 
is sutured to anterior wall of the stomach. Gastrotomy 
is closed. 

* Endoscopic therapy: 


v 


Fig. 19. 


‘esophageal stent in situ—a look endoscopically. 


> Self-expanding metal stents (SEMS) are passed 
through endoscope under C-arm guidance. Its the ideal 
‘method of palliation. Stent is collapsed during insertion 
and released once it is placed in proper position. There 
is no need to dilate oesophagus more than 8 mm to pass 


this expanding stent and so chances of perforation is 

minimal, 

Uncovered SEMS—here tissues project through the mesh 

to have a better grip with less chances of migration, But 

stent occlusion is more, 

Plastic covered SEMS—it shows less stent occlusion and 

less friction, Stent migration is more. 

EMS may be—stainless wall stent; knitted nitinol Strecker 
stent; stainless steel covered Gianturco-Rosch stent. 
Problems of stents are—aspiration, displacement, 
erosion, bleeding, tumour growth actoss or beyond 
mesh, food bolus obstruction, retrosternal pain, need for 
reinsertion (40%). Mortality is 1-2%. 

» Endoscopic laser is used to core a channel through 
the tumour to improve dysphagia (Nd YAG laser; 

ide laser). It causes thermal destruction of tumour. It 

improves dysphagia but needs repeated laser ablation. It 
‘may be used more effectively to remove tumour block 
in previously placed stents, 
Exophytic tumour less than 6 em is suitable for laser. 
Noncontact high power Nd:YAG 50-100 W taser from 
distal to proximal end facilitates visualisation of lumen 
and also reduces the chances of perforation. 
Contact low power Nd:YAG 10-20 W laser is used for 
fully occluded tumour with less smoke formation and 
less perforation chance, 
Success rate of palliation is 85%. 
Problems are—fever, chest pain, 3% mortality, perfora- 
tion (2%) and fistula formation—%, costly, takes one 
week to relieve dysphagia 

> Endoscopic bipolar diathermy using a olive tip; argon 
‘beam plasma coagulation; endoscopic alcohol injection 
into the tumour. 

> Endoscopic photodynamic therapy (PDT) is used to 
destruct tumor and to relieve dysphagia. It is often used 
‘asa therapy in early cancer. Photosensitive haematopor- 
phyrin agent is injected intravenously 48 hours before 
‘endoscopy. Itis activated over tumour using laser. Visible 
infrared light also can be passed to tumour endoscopi- 
cally to create tumour necrosis by released cytotoxic 
singlet oxygen through photosensitiser. Sunburn, fever, 
perforation, pleural effusions are complications. It is 
effective only to superficial cancers; effects will be seen 
only after 1 week; need to avoid direct sunlight exposure 
bby the patient for one month is the drawback. 
* Surgery 
> Transhiatal Orringer’s blind oesophagectomy is a pallia- 
tive surgical procedure. 

> Kirschner palliative gastric bypass done in advanced 
carcinoma oesophagus wherein mobilised stomach is 
brought to neck via retrostemnal or subcutaneous route 
‘and anastomosed to divided cervical oesophagus. Lower 
cut end of oesophagus is anastomosed to a jejunal loop. 
Here oesophagus is not addressed (left alone). 


‘One joy scatters a hundred grieves. 


65 


snfeydosag 


SRB's Manual of Surgery 


“Traction tubes lke Celestin or MB tubes through open surgery 

® Pulsion tubes like self-expandable metal stents through 
‘endoscopes using C-arm 

@ Endoscopic laser 

@ Chemotherapy 

@ Transhiatal oesophagectomy—Orringer. 


esophagt 


Tube in pi 


a) 


Stomach 


Fig. 19.48: Mousseau-Barbin tube placed as a palliative method for 
‘carcinoma oesophagus. 


Fig. 19.49: Mousseau-Barbin tube, 


eaza 
510% mortality, 

Haemorthage 

Respiratory infection, often severe 

Septicaemia 

CChylothorax injury to thoracic duct 

‘Anastomotic leak—thoracic leak is most dangerous (5-10%) 
Hoarseness due to recurrent laryngeal nerve palsy 
Stricture formation (40%) 

Gastro-oesophageal reflux in gastric transfer 

Conduit necrosis due to ischaemia either stomach or colon 
Colonic dysmotility causing partial obstruction in colon 
transfer 


ee eesersoes 


Terminal Events in Carcinoma Oesophagus 


Cancer cachexia, 
Sepsis, mediastinitis. 

Immunosuppression. 

‘Malignant tracheo-oesophageal fistula (causes severe respit- 
atory infection and death. Here expansile (self-expandable) 
endoluminal stents are used at the site of fistula to have 
temporary benefit). 

‘Erosion into major blood vessel—bleeding, 


Prognosis 


% Not good because of early spread, longitudinal lymphatics, 
aggressiveness, difficult approach, late presentation. 

4 Nodal involvement carries bad progno: 

4 S-year survival rate is only 10%. 


ll BENIGN TUMOURS OF THE OESOPHAGUS 


% Benign tumours of the oesophagus are rare (0.5-1% of all 
‘oesophageal tumours). 
+ Itgrows slowly like a balloon by expansion, compressing 
surrounding structures. It never infiltrates or spreads. 
% Itcan be solid, cystic, polypoid. 
 Itis usually in submucosal plane. 
# Itean cause obstruction/regurgitation/aspiration/ mediastinal 
compression. 
% It can be squamous papilloma/polyp/inflammatory pseudo 
tumour/leiomyoma (commonest benign tumour of oesoph- 
‘agus—65%)/neurolibroma/thabdomyoma/ lipoma, True 
adenoma in oesophagus is very rare. 
4 Features may be asymptomatic (85%—identified inciden- 
tally during contrast X-ray/endoscopy); dysphagia/airway 
obstruction/pneumonia/spluttering during swallowing; 
stridor/regurgitation. 
© Leiomyoma (commonest—65%) is smooth, sessile, lobu- 
lated, firm, with grey-white whorled appearance. 
> Only when leiomyoma reaches 5 cm in size it causes 
obstruction, 

> Multiple localised leiomyomas can occur which can be 
‘enucleated independently. 

> True diffuse leiomyomas can occur occasionally in 
females (4%) in lower oesophagus, as diffuse hyper- 
plasia and thickening of both muscular layers; often as 
part of the Alport’s syndrome which needs total oeso- 
phagectomy with gastric pull up, even though benign, 

> Benign leiomyoma of oesophagus rarely turns into 
leiomyosarcoma. 

> 90% of oesophageal leiomyomas occur in lower third 
of the oesophagus. 

> Leiomyomas are common in men in Sth decade. 

> Leiomyoma which expresses the c-kit oncogene (CD17) 
is considered as GIST. 

4% Investigations—batium swallow X-ray (smooth circular 
‘outline/eccentric filling defect) /oesophagoscopy/endosonog- 
raphy/CT sean, 

% Treatment—if tumour is more than 5 em/symptomatic 
tumour/intraluminal tumour/when diagnosis is doubtful 


sungical enucleation is indicated. Enucleation isthe therapy 
of choice. Ideally it should be done through right-sided 
thoracotomy. Occasionally oesophageal resection is needed 
if tumour is very large/tumour with mucosal ulceration/if 
tumour is near OG junction, Thoracoscopic resection can be 
done, Leak, empyema, sepsis and stricture are the occasional 
complications. 
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Figs 19.50A and B: Oesophageal submucosal tumaur—endoscopic 
View-—leiamyoma, 


Note: 
Unlike in the stomach and intestine (gastric leiomyoma more than 
6 cm/intestinal letomyoma more than 4 cm are potentially malig- 
nant) increased size of the oesophageal leiomyoma does not 
predispose the malignant transformation. 


% Oesophageal eysts 

> Iris 2nd commonest benign tumour of oesophagus. 

> It can be congenital or acquired. Congenital is derived 
from foregut. It contains mucous. It is lined by ciliated 
columnar epithelium, In infants it is common in upper 
third of oesophagus; often with a fistula into airway. It 
can cause obstruction. 

> Acquired cyst is from obstruction of the excretory ducts, 
of oesophageal glands. 

> Treatment: Enucleation or resection. If fistula is present 
it should be ligated and divided. 


lm OESOPHAGEAL PERFORATION 


Causes 


# Instrumental injuries—commonest cause, 75% commonest 
site is just above the level of cricopharyngeus. 

Foreign bodies. 

Alkali injuries. 

Carcinoma oesophagus 1%. 

Boethaave’s syndrome 15%. 

‘Trauma 9%, 

Surgical trauma (Vagotomy, thyroidectomy, Heller’s opera~ 
tion, pneumonectomy, spine surgery) 


Clinical Features 


Chest pain, vomiting, shock, subcutaneous emphysema. 


Investigations 
% Chest X-ray—shows pneumomediastinum. 
# CT sean 

Complications 

+ Mediastnits, 

# Septicaemia, 

+ Empyema, ARDS, 

Treatment 


% Conservative treatment: I 


advocated in small perfo- 
rations due to instrument where there is minimal air 
leak and contamination of mediastinum with less septic 
load, Crepitus should be absent; pleura should be clear 
and without any obstruction. Treatment is—antibiotics, 
nutrition (TPN/enteral through tube), fluid management, 
proper observation and monitoring the patient by repeated 
blood counts, and imaging, Biodegradable removable 
self expanding stents also can be used. It may also act as 
a bridge therapy for eventual major surgical exploration, 
Stents which are used for carcinomas cannot be used as 
they cannot be removed. 

* Thoracotomy, proper saline wash to pleura, mediastinum and 
repair with buttressing the area using pedicled intercostal 
‘musculopleural flap is done. Nasogastric tube for long 
uration, jejunostomy tube for feeding, ICT for drainage is 
essential, Often in late cases decortication of lung is needed 
to achieve full expansion of the lung. 

# Repair over T tube so as to create a controlled fistula along 
with feeding jejunostomy and ICT on both sides. 

 Intraluminal stents/mediastinal irrigation and drainage. 

* Resection of oesophagus with gastric pull up. As condition is 
‘an emergency situation and with sepsis itcarries high mortality 

# Oesophageal exclusion with cervical oesophagostomy above 
and feeding jejunostomy below. 

* Diversion stirgeries using colon/stomach/jejunum, 


ll FOREIGN BODY OESOPHAGUS 
Common Foreign Bodies 

Coins, metals, plastics 

Dentures 

Pins, toothpicks, batteries. 


Fish or meat bones—dangerous—40%, 
Food (meat—common/vegetables) impaction —45%, 


Sites of Impaction in Oesophagus 
* Cervical constriction—C6, 

* Broncho-aortic constriction—T4. 

# Diaphragmatic constrietion—T10. 

¢ Pre-existing malignancy or inflammatory stricture site. 


You can become strongest in your weakest place. 
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Management 


# X-ray shows site and level of the F/B. 
# Endoscopic removal can be tried. 

% Impacted large F/B should be removed by thoracotomy. 
% Antibiotics, jejunostomy, TPN, ICT are also required. 


—_ 


Fig. 19.51: Foreign body in the oesophagus. 


Features 
* Sudden dysphagia with chest pain and breathlessness. Fig. 19.52: Foreign body (COIN) in the lower oesophagus. Usually it 
+ Later features of shock, sepsis, mediastinitis, empyema. can be removed by endoscope. 


real Stomach 


CHAPTER OUTLINE 


» Anatomy » Haematemesis 
Blood Supply of Stomach = Complications of Gastric Surgery 
Nerve Supply of Stomach ~ Duodenal Blow Out 
Histology Recurrent Ulcer 
Lymphatic Drainage of Stomach Dumping Syndrome 
~ Duodenum ~ Roux Stasis Syndrome 
* Gastric Physiology Gastrojejunocolic Fistula 
~ Gastric Function Tests * Trichobezoar 
» Gastrin * Chronic Duodenal ileus 
~ Barium Meal Study » Durban's Syndrome 


 Gastroscopy * Acute Gastric Dilatation 


» Helicobacter Pylori “Gastric Volvulus 
Congenital Hypertrophic Pyloric Stenosis » Gastric Polyp 
ca scab a + Menetrier's Disease 


~ Duodenal Diverticula 
* Carcinoma Stomach 
» Gastric Lymphoma 
Primary Gastric Lymphoma 

~ Secondary Gastric Lymphoma 
~ Gastric Sarcomas 
Gastrointestinal Stromal Tumours 
« Pyloroplasty 
~ Gastrostomy 


© Acute Peptic Ulcer 
© Gastric Ulcer 
» Duodenal Ulcer 
 Pyloric Stenosis due to Chronic Duodenal Ulcer 
» Perforated Peptic Ulcer 
~ Perforated Duodenal Ulcer 
Perforated Gastric Ulcer 
Perforated Stomal Ulcer 


Dry Perforation * Gastrectomy 
Bleeding Peptic Ulcer © Gastrojejunostomy 
Bleeding Duodenal Ulcer Retrograde Jejunogastric Intussusception 
Bleeding Gastric Ulcer * Vagotomy 
lm ANATOMY ‘The duodenum is 20-30 cm in length, Itextends from pyloric 


sphincter to ligament of Treitz. It is divided into four parts 


The stomach contains four anatomic regions: 90% of duodenal ulcer occurs in the Ist part of duodenum 


1. Fundus. 


(duodenal bulb/eap). 
2. Cardia. CBD and pancreatic duct merges to form ampulla of Vater 
3. Body. and enter the 2nd part of duodenum. The 3rd part of duodenum 
4, Antrum. is wedged between aorta and superior mesenteric artery. 


Goals and actions must meet. 
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Antrum 


Duodenum 


Fig. 20.1: Parts of stomach, 


BLOOD SUPPLY OF STOMACH 


Arterial Supply 


Left gastric artery, a branch of coeliac artery (Smallest 
branch of coeliac axis). 

Right gastric artery, a branch of hepatic artery. 
Gastroduodenal artery, a (largest) branch of hepatic artery. 
Right gastroepiploic artery, a branch of gastroduodenal 
artery. 

Left gastroepiploic artery, a branch of splenic artery. 
Short gastric arteries, branches of splenic artery. 


Lett gastric artery 


Splenic artery 
Left gastraepiploic artary 


Right gastroepiploic artery 


Fig. 20.2: Blood supply of the stomach. 


Venous Drainage 


Right and left gastric veins drain into portal vein. 
Right gastroepiploic vein drains into superior mesenteric 
vein 

Left gastroepiploic vein and short gastric veins drain into 
splenic vein, 

Prepyloric vein of Mayo distinguishes pyloric canal from 
the first part of duodenum. 


NERVE SUPPLY OF STOMACH 


Intrinsic innervation occurs through myenteric plexus of 
Auerbach and submucous plexus of Meissner. 
Right vagus is posterior and left vagus is anterior. 


# Posterior vagus gives criminal nerves of Grassi, which 

ipply lower oesophagus and fundus of stomach, which, 

not cut properly during vagotomy, may lead to recur- 
rent ulcer. 

# Vagus also gives splanchnic branches (hepatic and coeliac 
branches), ends as nerve of Latarjet which supplies the 
antrum and maintains the antral pump. 

% Parietal branches help in HCI secretion, which is an impor- 
tant concept in vagotomy that is done as a treatment in 
duodenal uleer. 

4% Truncal vagotomy with posterior gastrojejunostomy is done 
for chronic duodenal ulcer with pyloric stenosis. 


Right vagus. 


Fig. 20.3: Anatomy of nerve supply of stomach, 


# Highly selective vagotomy (HSV) is done in case of uncom- 
plicated chronic duodenal ulcer which is not responding 
to available medical line of treatment. In HSV, nerve of 
Latarjet is retained so as to retain antral pump and no 
drainage is required. Here only the fibres entering the 
stomach are ligated close to the lesser curve to reduce the 
acid secretion. 

# Inselective vagotomy splanchnic branches are retained but 

is presently not done. 

% Gastroduodenal pain is sensed via sympathetic fibres 
(Ts-T0), 


HISTOLOGY 


‘The fundus and body contains parietal and chief cells 
Parietal cells secrete acid and intrinsic factor. 

Chief cells produce pepsinogen. There are two types of 
pepsinogen secreted by chief cells—I and Il. Pepsinogen | 
is produced only in stomach, In gastric atrophy pepsinogen 
Tis decreased. 

% In the antrum, endocrine cells produce gastrin (G cells) 
and somatostatin (D cells). 

% 12% of epithelial cells of stomach are parietal (oxyntic) 
cells; 45% chief (zymogenic cells); 40% mucous cells; 3% 
endocrine cells. 

* Pylorie sphincter is a thick circumferential layer of smooth 
muscle. 


© Submucosa is strongest, collagen rich layer of gastric 
mucosa. 

% Gastric mucus is a mucosal barrier containing muco- 
polysaccharides which maintains the integrity of gastric 
mucosa. 


LYMPHATIC DRAINAGE OF STOMACH 


* Lymphatics of proximal half of stomach drain into left 
gastric, splenic, and superior pancreatic lymph nodes. From 
antrum, it drains into right gastric, right gastroepiploic, and 
subpyloric lymph nodes. From pylorus, it drains into right 
gastric and subpyloric lymph nodes. 

% Efferent lymphatics from suprapyloric region drain into 
para-aortic lymph nodes and so into left supraclavicular 
lymph nodes. Efferent lymphatics from subpyloric lymph 
nodes drain into superior mesenteric lymph nodes. 
Lymphaties near oesophagogastric (OG) junction commu- 
nicate with oesophageal lymphatics 

% Incarcinoma stomach if upper lymphatics are blocked, 
retrograde spread through lower lymphatics can occur. 


1, Coeliac group 
2, Splenic group 
3, Gastroepiploic group 
4, Subpyloric group. 
5, Omental group 

6, Gastric group 


Fig. 20.4: lymphatic drainage of stomach 

% Presently in carcinoma stomach different resections are 
classified as RO, R1, R2, R3, or D1, D2 (dissection) based 
on levels of lymph nodes in the abdomen in relation to 
the stomach. RO is no residual disease; R1 is microscopic 
residual disease; R2 is macroscopic residual disease; R3 
is inoperable. 


DUODENUM 
Arterial Supply 


It is mainly supplied by superior and inferior pancreaticoduo- 
denal arteries. First part also gets supply from right gastric 
artery, supraduodenal artery, a branch of hepatic artery. 


Fig. 20.5: After passing the Ryle's tube to the stomach, air from the 
syringe should be infused through the tube. When auscultated gush 
of air into the stomach can be heard which confirms that tube tip is 
inthe stomach, 


Venous Drainage 
Ee 


into the splenic, superior mesenteric and portal veins. 


Nerve Supply 


¢ Sympathetic from spinal segments Ts and To, 
* Parasympathetic from vagus. 


Lymphatic Drainage 


Drains mainly to pancreaticoduodenal nodes present along the 
inside of the curve of duodenum. 


™ GASTRIC PHYSIOLOGY 


% Gastric function is regulated by hormonal and neural 
methods. Hormonal mediators control function through 
‘endocrine (through release into blood), paracrine (diffusion 
across interstitial space) and neurocrine (diffusion across 
synopsed target cell and receptor binding). 

* Gastric acid secretion is regulated by acetylcholine, hista- 
‘mine and gastrin, Acetylcholine is the principal mediator of 
acid release through vagal parasympathetic ganglion cells. 
‘Vagus innervates parietal, G and enterochromaffin-like (ECL) 
cells, Basal acid secretion is 10% of maximal acid output, 
(1-5 mmol/hour). It is reduced by 90% after vagotomy or 
Hy receptor blockage. Phases of acid secretion are—{1) 

‘ephalic phase—through central meditation (smell/sight/ 

taste + vagus — acetylcholine — muscarinic receptors. (2) 

Gastric phase—food enters the stomach — antral G cells 

acid release though gastrin (gastric distension causes direct, 

acid release). Gastric phase lasts until stomach is empty and. 
releases 70% of total acid release. (3) Intestinal phase—it is 

10% of acid release and is mediated by chyme entering the 

small bowel—nongastrin related, 


Excellence is rarely found, more rarely valued. 
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Receptors of acid secretions are—(1) Gastrin—CCK 
receptors: Two types are present in parietal cell; Gi 
CCK type A receptor has high affinity for CCK but I 
gastrin; Gastrin CCK type B receptor has got high affinity 
for both CCK and gastrin, (2) Muscarinic receptor (pari 
tal cell)—its M3 type is mediator for acetylcholine. (3) 
Histamine receptor (parietal cell)—Hy subtype binds to 
histamine to cause effect. (4) Somatostatin receptor—these 
are 5 subtypes. Its inhibitory action is through parietal cell 
subtype. (5) Second messengers involved are intracellular 
cAMP and calcium. 

Luminal gastric pH is 2. The pH at surface epithelial cells 
is 7. These cells secrete bicarbonate continuously into the 
lining mucus gel to keep the pH of surface mucus at 5. 
Bicarbonate in mucus barrier reduces once luminal pH 
reduces below 1.4 

Functions of gastric acid: Conversion of pepsinogen to 
pepsin which in turn hydrolyses proteins into polypeptides; 
promotes release of duodenal secretin; prevents bacterial 
colonisation of upper GIT; formation of food chyme which 
contains food particles of 1 mm size or le 
Gastric juice contains HCl, mucus, swallowed saliva, reflux 
content from duodenum. Parietal cells secrete electrolytes 
of 160 mmol/L. They also secrete intrinsic factor, a muco- 
protein which is essential for absorption of vitamin By» in 
ileum; its secretion is independent of acid secretion from 
parietal cell and is not influenced by PPIs. Pepsinogen is a 
proteolytic proenzyme (42,000 mol wt). Type I is secreted 
from chief cells and mucus neck cells of only acid secreting 
part of the stomach (acid secreting mucosa). Type Il is 
secreted from surface epithelial cells of entire stomach 
and proximal duodenum, Mucus is secreted by surface 
‘mucus cells and mucus neck cells from acid secreting area 
of stomach and antrum. Gel like viscous mucus contains 
glycoproteins. It contains bicarbonate 
secreted from surface epithelial cells, Mucus is strong 
gastric barrier. Mucus secretion is inhibited by anticholiner- 
ics and NSAIDs. H. pylori break the mucin and so barrier. 
Gastric motility begins from pacemaker cell of Cajal 
located at proximal stomach, Special myoelectric migrating 
complex slow waves with electric spikes maintain gastric 
‘motility in three phases. Immediately after food intake 
testing tone of fundus and proximal stomach decrease 
causing receptive relaxation and gastric accommodation 
‘mediated by vagus. Vagotomy eliminates this causing early 
fullness, early satiety and rapid gastric emptying. Delayed 
gastric motility occurs in diabetes, #7. pylori infection and 
after vagotomy. Many factors like stress, hormones increase 
the gastric motility. Prokinetics, erythromycin helps in 
gastroparesis, 

‘Mucosal defense factors are—mucus production, mucosal 
HCOs, mucosal blood flow, growth factors, cell renewal, 
endogenous prostaglandins, epithelial barrier (hydrophobic 
phospholipids, restitution, NO, epidermal growth factor and 
microcirculation). Aggressive factors are—H. pylori, HCL 
secretion, pepsin, smoking, alcohol, duodenal bile reflux, 
ischaemia, NSAIDs, 


85% water and 15% 


@ GASTRIC FUNCTION TESTS 


“Gastric function tests, 
Pentagastrin test/Kay’s augmented histamine test 
Hollander‘s insulin test 
Radioisotope labelled gastric emptying study 
24 hours intragastric pH monitoring 
Gastrin level estimation 


ee ees 


Peak Acid Output Test (Pentagastrin/ 
Augmented Histamine Test) 


Initially stomach is emptied completely. Basal acid level 
of aspirated stomach content (aspiration is done for | hour 
on empty stomach) is analysed. Pentagastrin—6 ygm/kg or 
histamine 2 gm/kg is injected IV/SC/IM and 15 minutes 
samples for subsequent hours (usually 1 hour) are collected and 
analysed. Peak acid output level is calculated. Testis useful in 
Zollinger-Ellison (Z-E) syndrome, duodenal ulcer and gastric 
ulcer, Basal acid output (BAO) is 2-3 mEq/hour. Peak acid 
output (PAO) is highest rate of secretion obtained in any of 
the 15 minutes samples following stimulation, Maximal acid 
output (MAO) is obtained by averaging the output of two final 
15 minutes samples. In duodenal ulcer and Z-E syndrome basal 
and stimulated acid is increased; in pernicious anaemia, gastric 
atrophy and gastric cancer both are decreased. 


Basal ‘Peak 
Normal 5 mmols 25-27 
Gastric uloer 2 15 
Duodenal ulcer 6 35-38 
ZE-syndrome Very high > than 60 


Achlorhydria is defined as a condition in which stomach 
cannot produce secretions with a pH of less than 7.0 even after 
maximal stimulation. It is seen in 20% of carcinoma stomach, 


Note: 
Achylia means—no pepsin in the gastric juice. 


Insulin Test (Hollander) 


% This testis useful postoperatively to confirm the complete- 
ness of vagotomy. 0.2 units/kg body weight of insulin is 
injected intravenously to a fasting patient so as to create 
hypoglycaemia of below 35 mg%, which in tur stimulates 
the parietal cells through hypothalamus and through vagus 
to cause increased acid secretion. Patient who had under- 
gone complete vagotomy does not show increase in acid 
secretion. 

* Early response signifies incomplete vagotomy wherein 
there is increase in acid concentration in first hour of > 20 


mmols/L. 

% Delayed response signifies an increase in acid concentration 
in between first and second hours, and is probably due to 
vagal gastrin release 


GASTRIN 


* Gastrin is secreted by the G-cells from gastric antrum. 
¢ Types of gastrin are—Big gastrin (G 33); little gastrin 
(G ,2)}—most common 90%; mini gastrin (G 44). Penta- 
peptic 
is identical to CCK. Luminal peptides and amino acids are 
‘most potent stimulator of gastrin release. Luminal acid is 


the C terminal end of G 47 is active part which 


the most potent inhibitor of gastrin rel 


% Gastrin promotes the release of acid and also regulates it. 
It also maintains mucosal defense, has trophic effects on 
parietal and ECL cells (enterochromaffin like cells). 

¢ Number of G-cells are increased in duodenal ulcer, G-cell 
hyperplasia, but not in gastric ulcer. Normal plasma value 
is 50 ng/L of plasma (fasting). It is analysed by radioim- 


It increases to many 1000’s in gastrinomas, 

Hypergastrinaemia can occur in ulcerogenic conditions 
tik 
Z-E syndrome, short gut syndrome, gastric outlet obstruc- 
tion; nonulcerogenic conditions are—PPIs, pernicious 
back), vagotomy, atrophic gastritis 

(hypochlorhydria), H. pylori, chronic renal failure. 

© Gastrin is raised very high in gastrinomas. 


antral G cell hyperplasia, retained excluded antrum, 


anaemia (ve 


Gastrichormones 

© Gastrin 

 Somatostatin—2 types, 14 and 28. In stomach, type 14 
is common; from D cells of gastric mucosa of fundus 
and antrum. Antral acidification is the main stimulus; 
vagal acetylcholine inhibits its release. It has paracrine 
effect inhibiting acid secretion from parietal cel, gastrin 
release from G cell and histamine release from ECL cell. 
Hpylori decrease antral D cells and so somatostatin, leading 
into increased gastrin release 

+ Gastrn releasing polypeptide (GRP, Bombesin)—it stimulates 
‘gastrin and somatostatin release by binding to receptorson G 
and D cells. tis released from sympathetic nerve terminals of 
the gastric mucosa ofbodyand antrum alflifeis 1¥ minutes 

+ Histamine s stored in ECLand mast cells.ts release is stimu- 
lated by gastrin acetylcholine and epinephrine 

+ Gherln (28 amino acids) is mainly secreted from endocrine 
calls of gastric mucosa. It has mainly got growth hormone 
releasing action;prolactin, ACTH, cortisol aldosterone release 
is also promoted, Its action on islet cells reduces insulin 
release. Gherlin stimulates appetite. Gastric bypass, gastrec- 
tomy reduces the appetite, 


Investigations for gastroduodenal diseases 


‘® Gastroduodenascopy is ideal and mast common investiga- 
tion used to visualise mucosa, Lesions if any biopsy is taken 
for H.pylori and carcinoma, Also often used for endotherapy 

@ Endosonography (EUS) is very sensitive method to assess 
‘tumours, visualise stomach layers (90% accuracy), lymph 
nodes (80%6), and to detect early liver metastasis which may 
not be identified by CT especially from left lobe 


& CTscanis goodimaging method to detect the stage, spread, 
nodal status, iver secondaries, and status of lungs 

‘® CT.and PET scan (together) using FOG is better to assess 
early spread 

+ Laparoscopy i very good investigating tool to identify per 
‘oneal secondaries,and to stage the disease. Laparoscopic US 
is very sensitive to detect the liver secondaries 

+ Barium meal studies are used to detect hiatus hernia 

‘ Celiac angiography is useful in bleeding ulcers, both for 
diagnostic and therapeutic purpose (therapeutic emboli- 
sation) 


BARIUM MEAL STUDY 


Indications 


1. Gastric uleer—shows a niche which is the uleer crater, 
a notch which is due to spasm of circular muscle on the 
greater curvature 

2. Chronic duodenal ulcer—shows absence or deformed 
duodenal cap (due to spasm of Ist part of duodenum, 
barium will not stay and so cap will not be formed). 

3. Gastric outlet obstruction—the cause may be chronic 
duodenal ulcer with pyloric stenosis or carcinoma pylorus. 


tures are: 
Enormous dilatation of stomach, 

Greater curvature below the level of iliac crest. 
Absence of duodenal cap. 

No filling of dye in 2nd part of duodenum, 

Mottled appearance of stomach because of retained 
food particles. 

» Evidence of gastritis 


4, Carcinoma stomach—irregular filling defect 


as 


The stomach you can hear, the stomach you can see, the stomach you can feel—Sir James Walton 
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3.3 Conclusion and Recommendations 


Given the incredible advancements that have been made in the entanglement and teleportation of 
macroscopic objects the size of 10’? atoms, we are still very far away from being able to entangle and 
teleport human beings (and even simpler biological entities such as cells, etc.) and bulk inanimate objects 
(tools, technical equipment, pencils and pens, weapons platforms, communications devices, personal 
hygiene supplies, etc.). There still remain four essential problems: 


> One needs an entangled pair of such bulk objects. 


> The bulk objects to be entangled and teleported must be in a pure quantum state (as in a 
Bose-Einstein condensate, for example). And pure quantum states are very fragile. 


> 


The bulk objects to be entangled and teleported must be extremely isolated from the 
environment to prevent the onset of decoherence. 


The Bell-state measurement of animate or _—_ inanimate _—_objects_during 
entanglementiteleportation will require extracting an amount of information (in bits) that 
equals or exceeds the number of atoms contained within the object. This infers that the 
computer storage and processing requirements to entangle and teleport a complete bulk object 
will be astronomically huge (recall the discussion in Section 3.1). 


It is difficult to imagine how we can achieve an extreme level of environmental isolation for an 
object, let alone a living being that breathes air and radiates heat. Experiments with atoms and larger 
objects must be done in a high vacuum to avoid collisions with molecules. ‘Thermal radiation from the 
walls of a teleportation apparatus would easily disturb a tiny amount of matter. At present, decoherence 
imposes a fundamental limit on quantum entanglement and teleportation. Decoherence is the primary 
reason why we do not routinely see any quantum effects in our everyday world. Research is continuing 
on whether decoherence can be reduced, circumvented, or otherwise be eliminated. And some minor 
progress has been made in that direction 

In q-Teleportation it is the quantum states of the objects that are destroyed and recreated, and not the 
objects themselves. Therefore, q-Teleportation cannot teleport animate or inanimate matter (or energy) in 
s physical entirety. However, some experts argue that because an object’s quantum state is its defining 
characteristic, teleporting its quantum state is completely equivalent to teleporting the object, even though 
the original object’s quantum state (and defining characteristic) was completely destroyed in the process 
This goes to the heart of what is meant by identity. When an object has all the right properties and 
features, it will be the same object that one observes whether it was observed now or 24 hours ago. 
Quantum physics reinforces the point that objects of the same type in the same quantum state are 
indistinguishable from each other. One should, according to this quantum principle, be able to swap all 
the atoms in a particular object with the same atoms from a mound of raw materials, and reproduce the 
original object’s quantum states exactly with the end result that the new object is identical to the original 
Last, we do not know how to put a human being into a pure quantum state or what doing so would mean 
for biological functioning (including brain function), but we do know how to put < 10"? gas atoms/ions 
and a beam of photons into a pure state in practice. Further research will be required to ascertain whether 
microbiological and higher-level biological systems, in addition to bulk inanimate matter, can be put into 
pure quantum states and entanglediteleported 

To perform a Bell-state measurement on (bulk) animate or inanimate objects, during the 
entanglementiteleportation process, to extract and encode its information will require extracting an 
amount of information (in bits) that equals or exceeds the number of atoms contained within the object. 
An object containing a few grams of matter will require the extraction of > 10° bits of data. A simple 
virus of = 10’ atoms would require the extraction of > 10° bits of information during the 


Approved for public release; distribution unlimited. 
46 


874 


SRB's Manual of Surgery 


a 
Fig. 20.68 
Figs 20.6A and B: Barium meal X-rays showing normal picture in 
cone and dilated stomach with features of gastric outlet abstruction 
in another. 


5. Pseudocyst of pancreas—widened vertebrogastric 
angle. 

6. Stomal ulcer in previous gastrojejunostomy. 

In chronic duodenal ileus (Wilkie s syndrome)—shows 

dilatation of stomach, Ist and 2nd part of duodenum, 

proximal portion of 3rd part of duodenum. 

8. Others—gastric volvulus, duodenal diverticula, trichob- 


ezoar, gastric fistulas, diaphragmatic hemias when stomac! 
is the content 

9.C 
periampullary carcinoma—reverse 
Frostherg's reverse ‘3’ sign (inverted *3” sign). 


‘cinoma of head of pancreas shows “pad sign” in 


Rose thorn duodenum in catcinoma head of pancreas. 
10. Hiatus hernia, 


Procedure 


Barium sulphate solution is used [Barium is neurotoxic, but 
in sulphate media it will not get absorbed and so barium 
sulphate is used (Barium phosphate is not used)]. 

# About 300 ml solution is given to the patient to drink and 
its flow down to the stomach is observed under fluoroscopic 
guidance, Films are taken as required. Commonly oblique 
Views are taken. 

¢  Microcrystalised barium sulphate (Microbar solution) is 
better as it does not get precipitated. 


Complication 


It may precipitate intestinal obstruction, 


lm GASTROSCOPY 


It is visualisation of interior of stomach, 
agus. It can be done as OP procedure. 


duodenum, oesoph- 


Fig. 20.7: Technique of doing gastroscopy using videoendoscope. 


Uses 


1. For diagnosing any pathology, ex 
> Gastric ulcer. 
» Duodenal ulcer. 
> Gastritis 
> Stomal ulcer. 
» Carcinoma stomach, 
» Ocsophagitis. 

» 

» 


Varices, 


Biopsies from the suspected cases of malignancy or for 
Helicobacter pylori can be taken. 
Endosonography can be done to assess the staging, 
operability of carcinoma stomach or oesophagus. 
Presently fibreoptic, flexible, or video gastroduodeno- 
scopy is used. 
2. Therapeutic 
> Videoendoscopy is used not only for diagnosis but also 
mainly for therapeutic procedures, 
» Both end viewing and side viewing gastroscopes are 
available 
» For therapeutic procedures and ERCP, side viewing 
gastroscope is required. 


‘Therapeutic procedures done 


Variceal injection or ligation or glueing or banding 
Stenting of pseudocyst of pancreas through gastrascopy 
Polyp removal 

Submucosal resection, 

For ERCP diagnostic and therapeutic procedures 
Percutaneous gastrostomy (PEG) 


eoeeee 


Procedure 


Gastroscopy is done following eight hours of fasting. After 
lignocaine spray into the oral cavity, gastroscope is passed 
gently down the oesophagus when the patient does the swal- 
lowing action, Once the scope is inside the stomach, air is 


Bye sigan 


@ 


Fig. 20.8: Gastroscopic views of different parts—vocal cards; pyrform fossa; oesophagus; a2sophagogastrc (0G) junction; body, fundus and pylorus 
‘of stomach, duodenum with clearly visible duodenal papilla (Courtesy: Dr Tantry and Dr Sandeep Gopal, Gastroenterologists, KM, Mangalore). 


inflated and different parts of the stomach is visualised. Fundus, 
is visualised by retropulsion. Scope is passed through the 
pylorus to see the Ist and 2nd parts of duodenum and looked 
for any pathology. If required biopsy is taken. 

Often sedation with midazolam is beneficial to have an 
easy passage. 
% Buscopan is used to relax stomach wall. 
&  Zeline signifies squamocolumnar junction. 
% Multi-byte biopsy forceps is used. 


—— 
Fig. 20.9: Endosonography of stomach showing diferent layers 
with echogenicity. 


Complications 


* Perforation (rarely). Perforation occurs mainly in thera- 
peutic procedures like oesophageal dilatation, endoscopic 


mucosal resection (EMR). It is common in proximal 
and middle oesophagus but can occur anywhere. Patient 
presents with hypotension, tachycardia, sudden severe pain 
in chest, abdomen, neck and surgical emphysema. 


@ HELICOBACTER PYLORI 


#  Itis gram —ve spiral like flagellated organism, first studied 
by Warren and Marshall (both got Nobel prize), which is 
‘commonly present in stomach. It is involved in pathogen- 
esis of duodenal ulcer, gastric ulcer, gastritis (type B) and, 
gastric cancer. 


— Hpyloré =f 
& Duodenal ulcer—95% 
& Gastric ulcer—70% 
+ Gastrtis—70-90% 
Gastric cancer—No. I carcinogen 
& Gastric MALTOMA (mucosa associated lymph 
lymphoma) 


Pathogenesis 


# Ibis the most common bacterial infection in the world, 
Rhesus monkey is the only natural reservoir, Its incidence 
increases with age 

# Itreleases enzymes like urease that hydrolyses urea so 
as to release ammonia which through negative feedback 
mechanism increases the gastrin release from G-cells. 

* Infection occurs in stomach, i.e. body, fundus, antrum, 
disrupts the mucosal barrier, causes chroni 
response leading to gastritis, gastric ulcer. 

* Other than urease it also secretes dehydrogenase (converts 
alcohol to aldehyde which is toxic to mucosa), endopepti- 
dase (disrupts mucosal barrier). Urease creates alkaline 
environment around it in mucus layer of gastric epithelium. 


lammatory 


Pleasure in the job puts perfection in the work. 
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Control of H. pylori Infection 


itis treated with antibiotics and other drugs with different combinations 


Clarithromycin 500 mg BD 


Metronidazole 400 mg BD 


Omeprazole 20 mg BD 


OR OR oR 
‘Amoxycillin 500-750 mg BD Tinidazole 600 mg BD Lansoprazole 30 mg BD 
OR OR 


Tetracyclines, or Bismuth. 


Pantoprazole 40 mg BD 


‘The above regime is given for 7-14 days and then only proton pump inhibitors are continued. 


It can survive only in gastric epithelium or gastric meta- 
plasia in duodenum or Barrett’s oesophagus or in hetero- 
topic gastric mucosa in Meckel’s diverticulum or rectum. 
Itis because receptors for organisms to adhere into mucosa 
are available only in gastric mucosa. 

* HL pylori impair mucosal healing, cause degranulation of | 
cosinophils. It releases various protease and lipases that 
break mucus and so strong protective mucus barrier, 

# Italso secretes eytotexins (cagA and vacA) which may 
also be involved in inflammatory reaction or malignancy 

Even though normal duodenum cannot harbour the Helico- 
‘acter, duodenum with gastric metaplasia can very well get 
infected by Helicobacter which explains why Helicobacter 
is involved in duodenal uleer. 

* Helicobacter is normally not found in saliva. 

% Infection is transmitted through faeco-oral route, with a 
infection rate of 80-90% in a population (common and 
high). 

%  Itis more common in lower socioeconomic group. 

% Itis considered to be a carcinogen for stomach. It is not 
linked with carcinoma of OG junction. 


[Enzymes and toxins released by H. pylori 
Urease 

Dehydrogenase 

Endopeptidase 

Vacualisng cytotoxin 

Haemolysin 

cagA and vac 


eeeeee 


Itis identified by: 
a, Rapid urease test (cod liver oil test/CLO test) 
b.C13-C14 breath tests (labelled urea breath test) 
¢. Biopsy from the different parts of the stomach and 
staining to identify the organism. 
For H. pylori three biopsies are taken one each from antrum, 
body and fundus. 


Tests for H. pylori 
+ Rapid urease test—90% sensitivity, 98% specificity 
+ C13/C14 breath tests—95% sensitivity and specifcity—'gold 
standard! 
= C13 requires spectrometry and costly 
= Cl4uses radioactivity, 


{gG antibody—ELISA test with 90% 
sensitivity and specificity 

Biopsy and culture—very costly 

'& Warthin's starry siver stain, acridine orange are special stains 
used 

'& Newermethods - special luorescent technique, PCR products 
of H.pylori—urease gene, 165 rRNA identified using special- 
ised probes when organisms are in less number 


ll CONGENITAL HYPERTROPHIC 
PYLORIC STENOSIS 


It is hypertrophy of musculature of pyloric antrum, especially 
the circular muscle fibres, causing primary failure of pylorus 
to relax. Duodenum is normal 


Clinical Features 


‘Common in first born males (4:1). 
Incidence is 4 in 1000 births. 

It is familial 

Itis seen between 3rd and 6th weeks of age of an infant, the 
time taken by the hypertrophied muscle to cause complete 
obstruction, 

Vomiting—forcible, projectile and non-bilious. 

Visible gastric peristalsis (VGP), 


Fig. 20.10: Visible gastric peristalsis. 


% Palpable lump of hypertrophied pylorus which is better 
folt from left side, as a mobile, smooth, firm mass, with 
all borders well made out, moves with respiration, with 
impaired resonance on percussion, It is the most important 
clinical feature (95%) 

Constipation. 
Dehydration and loss of weight. 
Electrolyte imbalance—hypokalaemic metabolic alkalosis. 


| Glinical features of congenital pyloricstenosis 
+ Vomiting 

© VGP 

“+ Palpable mass 

+ Constipation and dehydration 


In premature infants: 
¢  VGP and mass is better seen and felt. 
Vomiting is regurgitant, 

# Anorexia is common. 
Diagnosis is established by: 
% Clinical examination. 


* U/S abdomen (very usefull Doughnut sign. 
> Pyloric muscle 4 mm or more in thickness. 


» Length of pyloric canal > 1.8 em. 
* Barium meal shows obstruction, 


Differential Diagnosis 
% Duodenal atresia (Bilious vomiting is present), 

* High intestinal obstruction (c.g. volvulus neonatorum). 
% Intracranial haemorrhage. 


Treatment 


1, Correction of dehydration and electrolyte imbalance, 

2, Surgery: Ramstedts operation—After laparotomy, hyper- 
trophied muscle is cut along the whole length adequately 
until the mucosa bulges out. Mucosa should not be opened 
(pyloromyotomy). If mucosa is injured, itshould be sutured 
horizontally using interrupted vieryl or silk sutures. 


Muscular 
layer-cut 


Mucosal layer exposed (not cu 


Fig. 20.11: Ramstedt operation for congenital hypertrophic pyloric 
stenosis, Note that here muscular layer is cut but nat mucosal layer. 


Complications ofsurgery 
Postoperative pyrexia (Hyperthermia). 

& Gastroenteritis 

Electrolyte imbalance 


3. Medical treatment: Not advisable as cure is not guaranteed. 
Atropine methyl nitrate orally is tried to relax the pylorus 
muscle. 


Figs 20.12A to C: Romstedt pyloramyotomy for congenital 
hypertrophic pyloric stenosis. Only muscular layer is cut to allow 
‘mucosa to bulge out. 


lm GASTRITIS. 
Types 


1. Type A gastritis 

2. Type B gastritis, 

3. Reflux gastritis 

4, Erosive gastritis 

5. Others: Stress gastritis, lymphocytic gastritis, granuloma- 
tous gastritis, phlegmonous gastritis. 


Troubles waste the stomach like rust waste iron —Croatian proverb 
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Type A Gastritis 


© Autoimmune disease. 

There is formation of antiparietal cell antibodies. 

% Parietal cell dysfunction occurs causing achlorhydria and 
vitamin By deficiency. 

© Antrum is not affected. 

% ‘G" cell hyperplasia occurs with raised serum gastrin level 

* Theres formation of microadenoma of enterochromaffin like 
cells (ECL cells) with predisposition to gastric carcinoma. 


Type B Gastritis 


Occurs due to Helicobacter pylori infection. 
Antrum is affected 

Peptic ulcer is common. 

Helicobacter related pangastrtis commonly occurs which 
‘may turn into gastri 


Reflux Gastritis 


% Usually occurs after gastric surgeries, 
* Prokinetic drugs are useful—metochlopramide, domperi- 
done, cisapride, mozapride. 


Erosive Gastritis 


© Occurs due to disturbed gastric mucosal barrier. 

% Induced by NSAIDs/alcohol 

* Due to inhibition of cyclo-oxygenase type 1 (COX-1) 
receptor enzyme, resulting in decreased prostaglandin 
production (Prostaglandin is cytoprotective). 

* COX-2 mediated NSAIDs will not cause erosive gastritis. 


Fig. 20.13: Endoscopic view of erosive gastritis. 


Stress Gastritis 


‘Treatment: 
IV ranitidine 50 mg 8th hourly. 
% IV omeprazole/pantoprazole, 

4% Sucralfate orally. 


Lymphocytic Gastritis 
It is associated with 1. pylori infection. 


Granulomatous Gastritis 
Itis seen in Crohn’s disease and tuberculosis, 


Phlegmonous Gastritis 
It is due to severe bacterial 
dangerous. 


‘& Symptom complex with pain and discomfort in the upper 
abdomen 

% It is intermittent upper abdomen pain in the absence of 
peptic ulceration 

 Itoccursin 25% of population—large number 

& Anatomical orbiochemical abnormalities are not discovered 
inthis condition 

‘& H.pyloriis not associated with this condition 

Often it lasts for long time decreasing the quality of life 

+ Differential diagnosis ~GERD acid peptic diseases/gallstones/ 
pancreatitis/carcinoma 

‘& Hpylorieradicationisnot required and thereisno surgical role 


l™ ACUTE PEPTIC ULCER (DUODENAL OR 
GASTRIC ULCER) 


‘They are usually multiple ero: 
mucosal barrier. 


ins due to disruption of the 


Causes 


Stress, drugs like analgesics, steroids, surgeries, 


Clinical Features 


Sudden onset of acute pain and tendemess in epigastric region, 
© Vomiting with or without haematemesis, 
% Often acute peptic ulcers can lead to perforations. 
» Acute ulcers after cerebral trauma or neurosurgeries are 
called as Cushing § ulcers. 
> Acute ulcers after major bums are called as Curling’ ulcers. 
Diagnosis is by gastroscopy. 


Treatment 


% Intravenous ranitidine 50 mg, 8th hourly. 
* IV fluids. IV pantoprazole'rabeprazole/omeprazole. 
% Blood transfusions if there is bleeding. 

Most of the time surgery is not required for acute ulcers 
During follow-up patients are advised to take antiulcer drugs 
for 4-6 weeks—ranitidine, omeprazole or lansoprazole. 


Curling’s Ulcers 


‘They are acute ulcers which develop after major burns, 
presenting as pain in epigastric region, vomiting or haematem- 
esis, Treatment is conservative—IV ranitidine. IV pantoprazole 
80 mg in 100 ml DNS—slow, later 40 mg IV maintenance. 


Note: 
Curling’s ulcer accurs when burn injury is more than 35% It is 
‘observed in the body and fundus not in antrum and duodenum. 


Cushing's Ulcers 
‘They are acute ulcers which develop after cerebral trauma oF 
after neurosurgical operations. It is commonly single, deeper 


ulcer more frequently perforates. It can occur in oesophagus 
and duodenum also, Treatment is conservative by IV ranitidine. 


lm GASTRIC ULCER 
Aetiology 


It occurs due to imbalance between protective and damaging, 
factors of gastrie mucosa. 

© Atrophic gastritis, duodenogastric bile reflux, gastric stasis, 
abnormalities in acid and pepsin secretion, Acid becomes 
ulcerogenic even to normal gastric mucosa. 

‘Smoking, alcohol, NSAIDs, steroids, 

Helicobacter pylori infection (70%). 

‘There is either normochlorhydria or hypochlorhydria, 
Altered mucosal barrier mechanism. 

Lower socioeconomic group. 


Factors Involved in Gastric Ulcer Formation 


© Duodenogastric reflux—reflux containing bile salts and 
lysolecithin break the mucosal barrier making it more 
vulnerable for injury, action of drugs and pepsin injury. 
Gastric stasis. 

* Ischaemia of the gastric mucosa, 

* Type Il and III gastric ulcers show acid hypersecretion. 


Pathology 


Fig. 20.14: Specimen of stamach (identified by the mucosal pattern 
and rugae) showing deep ulcer near lesser curvature. Margin of 
the ulcer is clear, not everted with gastric mucosal folds converging 
towards the base of the ulcer. 95% of benign gastric ulcer occurs 
towards lesser curve. Benign gastric ulcer is more common in lesser 
‘curvature, ast takes more burden of passage of food and so more of. 
‘wear and tear. Benign gastric ulcer israre in greater curvature, fundus 
and cardia. Histologically it shows destruction of epithelial lining; 
proliferation of margin; destruction of the part of the muscle laye 

{granulation tissue in the floor; infiltration with chronic inflammatory 
cells; endartertis and fibrosis in the base. 


Gastric ulcer is large in size, usually lies in the lesser curva- 
ture, its floor being formed by the muscular layer. 
Posteriorly it may penetrate into the pancreas; it may cause 
torrential bleeding by eroding left gastric (commonly) 
vessles or splenic vessels or vessels inthe gastric ulcer wall. 
Anteriorly it may perforate or penetrate into the liver. It 
may lead into hour glass contracture, or tea-pot deformity. 
Microscopically, it shows ulcer crater with chronic inflam- 
‘matory cells and granulation tissue, endarteritis obliterans 
and epithelial proliferation. 

(Uleer to the right of the incisura is malignant unless proved 
otherwise). 

Gastric ulcer > 3 cm is called as giant gastric ulcer. It has 
got 6-23% chances to turn into malignancy. 

Grossly, margin of the benign gastric ulcer is clear; deep; 
near lesser curve; edge is not everted with gastric mucosal 
folds converging towatds the base of the ulcer. 

95% of benign gastric ulcer occurs towards lesser curve, as 
ittakes more burden of passage of food and so more of wear 
and tear. Benign gastric ulcer is rare in greater curvature, 
fundus and cardia. 

Acute leer: It is confined to mucosa and submucosa. It is 
commonly due to NSAIDs. 

Chronie uleer: It penetrates muscularis layer of stomach. 


inical Features 


Equal in both sexes. It is becoming more common in 
females. 

‘Common after the age of 40 years 

Pain in epigastric region alter taking food, lasting up to 
two hours, Pain is uncommon during night. It is relieved 
by vomiting or by inducing vomiting 


»y 
° 

Type ti Type lv 

° 


Fig. 20.15: Types of gastric ulcer (Daintree Johnson). 


Periodicity: Symptom free interval may be 2-6 months. 
‘Often with seasonal variation. 

Vomiting relieves pain and often it is induced by the patient 
for relief of pain. 
Haematemesis and melaena: 
‘common. 

Appetite is good but hesitant to eat, because eating induces 
pain and that results in loss of weight, But once complica- 


matemesis is more 


Itis consequences which are more important than rewards or punishments. 
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Types of gastric ulcer (Daintree Johnson) 


Type Location Incidence Acid level 
Type | Inthe antrum, nearthe lesser curve 55% Normal 
Type Il Combined gastric uloer (in the body) 25% High 

with duodenal ulcer 
Type tll Prepyloric ulcer 15% High 
Type lV Gastric ulcer in the proximal stomach 5% Normal 

or cardia 


tions occur, appetite decreases. Aversion to spicy, fried Investigations 
foods occurs. 
% On deep palpation, tenderness is felt in epigastric region, 


Note: 
Often in lesser curve, saddle shaped ulcer can occur, 


Differential Diagnosis 


® Hiatus hernia, 
% Cholecystitis. 

® Chronic pancreatitis 
® Chronic gastritis 

* Dyspepsia 

® Carcinoma stomach. 


Fig. 20.17: Benign gastric ulcer endoscopic view. Biopsy is a must. 
Ideally 10 biopsies should be taken from the edge. 


© Barium meal X-ray to see niche and notch. 


Barium meal X-ray features of benign gastric ulcer 


* 


Nicheon the lesser curve with notch on the greater curvature 
Ulcer crater projects beyond the lumen of the ulcer 
Regular/tound margin of the ulcer crater—stomach spoke 
wheel pattern 

COverhanging mucosa at the margins of a benign gastric 


ae 


e 


tlcer—projects inwards towards the ulce-—Hamptom's line 
Converging mucosal folds towards the base of the ulcer 
Symmetrical normal gastric mucosal folds 


ae 


% Gastroscopy is done to see the location, type of uleer and 
also to take biopsy (10 biopsies). 
5: Barium meal showing Niche in the lessercurveas * US abdomen mainly to rule out other diseases and to 
benign gastric ulcer. confirm associated diseases. 


Fig. 20. 
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Fig, 20.21: Gastric ulcer in the body of the stomach, 
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Fig, 20.22: Barium meal study showing 
niche ond notch—gastric ulcer. 


Treatment 


Drugs like H, blockers, proton pump inhibitors, carbenex- 

20.19: Multiple ulcers visualised on gastroscopy. lone (Biogastrone, Sucralfate, prostaglandins which coats 
the ulcer and so creates a mucosal barrier) helps in reducing 
‘or eliminating the symptoms, 

* But asymptomatic ulcer may exist silently and may turn 
into malignancy. 

%  Sosurgery isthe preferred line of treatment. Partial gastree- 
tomy and Billroth I gastroduodenal anastomosis is done. 

% Type IV proximal gastric ulcer is difficult to manage. It is 
treated by subtotal gastrectomy. Often distal gastrectomy 
with selective sleeve like extension cut along the lesser 
curve to remove the ulcer is done—Pauchet’s procedure. 

¢ Other surgical procedures 
1, de Miguel's antrectomy: Distal antrectomy, pylorectomy 

with excision of ulcer along with gastroduodenal anas- 
tomosis is done. It preserves gastric reservoir function, 


shows less recurrence rate and less operative morbidity. 
Mak’s pylorus preserving gastrectomy: Hemigastrectomy 
with excision of pyloric ulcer but retaining 2 em pre~ 
pyloric stomach. It is only used in type I gastric ulcer. 
Even though ithas got fewer incidences of postoperative 
Fig. 20.20: Multiple gastric ulcers on endoscopy. diarrhoea and dumping, it has got high recurrence rate. 


Every man is the master of his own fortune. 
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HSV with excision of ulcer. 
4, Kelling Madlener procedure: Itis antrectomy and exci- 
sion of proximal gastric ulcer Type IV. 

Cyendes procedure: It is subtotal gastrectomy with 
sleeve extended resection along the lesser curve for 
type LV proximal gastric ulcer. 


Complications of Gastric Ulcer 


1, Hour glass contracture: \t occurs exclusively in 
‘women, is due to cicatricial contracture of lesser curve ulcer, 
> Here stomach is divided into two compartments, 


Fig. 20.23: Hour glass contracture. 


» Clinical features 
— Loss of periodicity. 
~ Persistent pain. 
~ Vomiting, 
— Loss of appetite and w 
> Diagnosis 
~ Barium meal: It shows filling only in the proximal 
stomach ot double pouched stomach, 
~ Gastroscopy. 
» Treatment 
Partial gastrectomy wherein gastric ulcer with lower 
compartment of the stomach is removed and Billroth 1 
anastomosis is done. 
2, Teacpot deformity (Hand-bag stomach): It is due to cica- 
trisation and shortening of the lesser curvature. 
» They present with features of pyloric stenosis. 
> Treatment is partial gastrectomy with Billroth I anas- 
tomosis. 


Fig. 20.24: Tea-pot deformity. 


3, Perforation—most frequent 

4, Bleeding by erosion into the left gastric and rarely splenic 
vessels or to vessels in the wall of ulcer—35%. It is 
common in type Il and III gastric ulcers 

5. Penetration posteriorly into pancreas, anteriorly into liver. 


6. Malignant transformation usually into adenocarcinoma 
‘of stomach (2-5%). 


ll DUODENAL ULCER 
Aetiology 


‘Common in people with blood group O +ve 
Stress, anxiety—“hurry, worry, curry’. 

Helicobacter pylori intection is an important aetiology for 
duodenal ulcer (90%), 

* NSAIDs, steroids. 


CChroine duodenal ulcer 


Fig. 20.25: Anatomical location of chronic duodenal ulcer. 


% Endocrine causes: Zollinger-Ellison syndrome, MEN 
syndrome, hyperparathyroidism, 
Other causes: Alcohol, smoking, vita 
Dragstedt dictum: “No acid —No ulcer”. 


deficiency. 


Pathology 


% Ulcer occurs in the first part of duodenum, usually with in 
the first inch,involving the muscular layer. 
Sites: 
aa. In the bulb (bulbar) —95%. 
bb, Post-bulbar (5%), 

* Eventually it shows cicatrisation causing pyloric stenosis, 
Serosa overlying the site of duodenal ulcer shows petechial 
haemorrhages with speckled red dots, appearing like sprin- 
led cayenne pepper. 


Fig. 20.26: Serosal surface in a chronic duodenal ulcer. 
It appears like cayenne pepper. 


‘Benign gastric ulcer Malignant gastric ulcer 


‘Mucosal folds Converging mucosal folds upto the margin Effacing mucosal folds 

Site 95% lesser curve Greater curvature 

Margin Regular margin Irregular margin 

Floor Granulation tissue in floor Necrotic slough in floor 

Edge Not everted; punched or sloping Everted edge 

‘Surrounding area ‘Surrounding area and rugae are normal. ‘Surrounding area shows nodules, ulcers and 
irregularities 


Size and extent ‘Small, deep up to part of muscle layer 


Large and deep 


* Microscopically, ulcer with chronic inflammation with 
granulation tissue, gastric metaplasia of duodenal mucosa, 
cendarteritis obliterans are visualised 

* Sometimes two opposing ulcers, i.e. over anterior and 
posterior surfaces of duodenum are present and are called 
as kissing ulcers 

* An anterior ulcer perforates commonly, posterior ulcer 
bleeds or penetrates commonly. 


Clinical Features 


* In India, ratio of duodenal ulcer to gastric ulcer is 30 : 1.A 
very high incidence. 

% tis common in all socioeconomic group, more with 
stressed professionals (Type A personality). 

Pain is more before food, in early morning and decreases 
afier taking food. It is classically called as hunger pain 
as it is relieved by taking food. Night pains are common. 

© Common in males. 

% Periodicity is more common than in chronic gastric ulcer 
with s 

% Water-brash, heart burn, vomiting may be present. 

% Melaena is more common, haematemesis also can occur. 

* Appetite is good and there is gain in weight. It decreases 
once stenosis develops. 

Eats more frequently without any restriction. 

* Chronic duodenal ulcer can be uncomplicated or complicated. 


onal variation, 


Differences between clinical features of gastric 
ulcer and duodenal ulcer 


Duodenal ulcer 
Pain before food intake 
Periodicity more common 
Malaena more common. 


Gastric ulcer 
Pain after food intake 
Periodicity less common. 


Haematemesis more 
‘common 


Weight loss occurs 
Equal in both sexes 


Weight gain occurs 
‘Common in males 


Complications of Duodenal Ulcer 


1, Pyloric stenosis: Due to scarring and cicatrisation of first 
part of the duodenum, 
2, Bleeding (10%). 


3. Perforation (5%). Both acute and chronic ulcers can perfo- 
rate, Anterior ulcers perforate 

4. Residual abscess, 

5. Penetration to pancreas, 

Note: 

+ Chronic duodenal ulcer will not turn into malignancy. 
Ulcer which is more than 2 cm s called as giant duodenal ulcer 


Investigations 


© Barium meal X-ray shows deformed or absence of 


duodenal cap (because of spasm). Appearance of ‘trifoliate 
duodenum is due to secondary duodenal diverticula which 
‘cours as a result of scarring of ulcer, 


20.27: Absence of duodenal cap—chronic duodenal ulcer. 


+ Gastroscopy reveals the type, location of ulcer, narrowing 
if any. Biopsy also can be taken to look for the presence 
of Helicobacter pylori. Usually biopsies are taken from 
duodenum, pylorus, antrum, body, fundus, and confirmed 
by rapid urease test or C13 or C14 breath tests. 

¢ Estimation of serum gastrin level, serum calcium level 


Differential diagnosis, 
Carcinoma stomach (pylorus) 
& Dyspepsia due to other causes, 
Hiatus hernia 
‘esophagitis 
Cholecystitis 
Chronic pancreatitis, 


Patients with peptic ulcer were regularly “milked” for acid, which was used for patients suffering from hypochlorhydria. 


— Albert E Coates 
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entanglement/teleportation process, whereas the extraction of a minimum of 10° kilobytes will be 
required to encode and store an entire human being. This is beyond the capability of present digital 
electronic computer technology to store and process. It is difficult to see how far computer technology 
will advance towards meeting this requirement. 

It is difficult to fathom what will be in store for the teleportation of human beings given some 
possible future technology. What about the effects of the q-Teleportation process on the human 
consciousness, memories and dreams, and the spirit or soul? We know from quantum physics that “the 
whole is greater than the sum of its parts.” So what happens to the fundamental characteristics of a 
human being when he/she steps into the teleporter-transmitter, where their quantum states (i.e., their 
complete identity) are destroyed during the quantum entanglement/teleportation process, and then their 
copy is created at the teleporter-receiver an instant later? What will things be like during the 
entanglement process? Will a teleported individual’s consciousness, memories and dreams, and 
spirit/soul be successfully and accurately teleported or not? This is a major ethical and technical question 
that will have to be addressed by future research. 


‘*Recommendations: 

> Broad-spectrum Quantum Computing Technology Development Program: At present, the 
‘Quantum Information Science Program (QISP) is coordinated by the U.S. Army Research Office 
with funding and support from the Army, the National Security Agency, DARPA, and the Office 
of the Deputy Director of Defense for Research and Engineering. The Naval Research Lab and 
the CIA are both involved in their own programs. The CIA vets new commercial development of 
computer technology and computer information processing via its In-Q-Tel company (reference 
44). This includes R&D on quantum entanglement and teleportation for computer, information 
processing and secure communications. QISP was funded for $19 million in 1999. The program 
involves 34 projects by researchers at 21 universities, three government laboratories and two 
corporate laboratories. QUSP goals include building a quantum computer, developing quantum 
information processing, and further advances in quantum teleportation, The AFRL should join 
QISP and provide partnership funding on the order of $1 million per year. An alternative to this 
would be for AFRL to collaborate with In-Q-Tel and participate in its technology R&D venture 
capital programs. This R&D investment would allow the Air Force to acquire very advanced 
quantum physics and related technological applications that can support its mission. The R&D 
investment benefits would include the development and implementation of quantum 
computing/information processing and secured quantum communications technology, which can 
significantly enhance the performance and security of Air Force computing and communication 
systems infrastructure, and aerospace weapons systems, 


> Quantum Cryptography: A dedicated research program should be implemented to develop a 
mature quantum cryptography technology. Theoretical and experimental work is in progress 
among a small number of select groups (QUSP, In-Q-Tel, universities, etc.), but this field is not 
advancing fast enough for practical applications to become available to meet increasing 
adversarial threats against secured military and intelligence communications. The goal of 
proposed quantum cryptography research is to bring the theoretical and experimental foundation 
of quantum cryptography and secure quantum information processing to maturity, and to fully 
develop and implement quantum entanglement/teleportation-based cryptography technology. 
Recent experimental work has demonstrated that a completely secure quantum key can be 
generated and distributed for the communication and decoding of encrypted messages using 
entangled photons. Any eavesdropper’s attempt to intercept the quantum key will alter the 
contents in a detectable way, enabling users to discard the compromised parts of the data, There 
is much more work that needs to be done in this area. I recommend that the AFRL implement a 
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Fig. 20.28: Endoscopic view of duodenal ulcer, 


Fig. 20.29: Chronic duodenal ulcer, gastroscopic view, 


Treatment 
Aim of therapy 
‘To relieve symptoms; to heal ulcer; to prevent recurre 
1. General measures 

» Avoid alcohol, NSAIDs, smoking, spicy foods. Have 

more frequent food. 

IL, Specifie measures: 

> Intragastric pH should be maintained above 5. 


Drugs 


1. Hz Blockers 
> Promotes ulcer healing in 4-8 weeks, by reducing acid 
secretion. 


— Tab cimetidine. 
‘Tab ranitidine (300 mg HS or 150 mg BID), (IV 
preparation is available). 

— Tab famotidine (IV is available) Most potent H 
blocker. Dose is 20-40 mg/day. 

— Tab roxatidine. 

~ Tab nizatidine 


2. Proton pump inhibitors: 

> Inhibit parietal cell H', K* ATPase enzyme responsible 
for acid secretion, They are used for 6-12 weeks. They 
stop acid secretion completely. 

Omeprazole 20 mg OD I hour before food—IV 
preparation is available. 
— Esomeprazole 40 mg, 
Lansoprazole 30 mg 
Pantoprazole 40 mg—IV preparation available. 
Rabeprazole 20 mg—IV preparation available 
3. Antacids 

> Neutralises the HCI to form water and salt and also 
inhibits peptic activity 

> Aluminium hydroxide and magnesium trisilicate are 
commonly used. 

» Dose is 2 gram 2 hours after food. 

» Aluminium hydroxide causes constipation, magnesium 
trisilicate causes diarrhoea. Osteomalacia, milk alkali 
syndrome, rebound ulcer due to gastrin release are other 
complications. 

4. Sucralfate 

> It is an aluminium salt of sulfated sucrose which 
provides a protective coat to ulcer crater thereby 
promotes healing. It inhibits peptic activity 

» It binds to ulcer bed and stays for 12 hours; prevents 

back diffusion of hydrogen ion; raises endogenous 
prostaglandin level in tissues; binds bile acid and pepsin; 
prevents colonisation of gastric mucosa by bacteria 
Dose is 1 g qid for 6 weeks (Before food). It is an effec 
tive drug 

5. Anti-Helicobacter pylori regime: 

> Itis very useful, given for 7-14 days—tater the proton 
pump inhibitors are continued 

» Triple or quadruple (tetracycline, bismuth, tinidazole, 
pantoprazole) regimes are used. 

6. Colloid bismuth sulphate is a good drug for ulcer, but it 
stains the oral cavity and mucosa 

7. Misoprostol (200 mg tid) is the only prostaglandin agonist 
accepted. 

» PGE! (mesoprosol) and E? increase mucus and bicar 
bonate secretion, improves mucosal blood flow, but 
reduces acid secretion. 

Follow-up gastroscopy is a must, to confirm that ulcer has healed. 


Note: 
Antacids and H, blockers should not be used along with PPlas these 
drugs will reduce the action of PPIs by creating alkaline media, 


Surgery for Uncomplicated DU 


Indications for surgical intervention for chronic DU (Uncom- 
plicated DU}: 
1. Uncomplicated DU, not responding to drug therapy of 812 
‘weeks— intractable duodenal ulcer 
2. Repeated recurrences 
Presently most of the uncomplicated DU does not require 
surgery 
# Highly selective vagotomy (HSV) 
» In HSV, only fibres supplying the parietal cells are 
ligated. Nerve of Latarjet which supplies the antrum 


‘Anti-Helicobacter regime (Triple regime) 


Clarithromycin 500 mg BD Metronidazole 400 mg BD ‘Omeprazole 20 mg BD 
oR oR oR 
‘Amoxycilin 500-750 mg BD Tinidazole 600 mg BD Lansoprazole 30 mg BD 


OR 
Telracyclines, or Bismuth, etc. 


oR 
Pantoprazole 40 mg BD 


pump is retained and so no drainage procedure is 
required in HSV. HSV is also called as parietal cell 
vagotomy or superselective vagotomy. Here nerve fibres 
in last 6 cm of stomach, just proximal to pylorus are 
preserved (Crow's foot). Vagotomy reduces acid seere- 
tion, hence ulcer heals. No acid, No ulcer 

» HSV was first described by Amdrup and Johnston in 
1969. 

> Distal 6 cm oesophageal nerve fiber clearance is essen- 
tial. Fibers up to 6 em proximal to pylorus in stomach are 
cleared: nerve of Latarjet is preserved; adequate distal 
greater curve clearance is essential 

» Intraoperative test for completion of vagotomy should 
bbe done—Grassi test or insulin test. 

> Ithas got distinct advantages—low operative mortality 
(0.2%) and postoperative morbidity (0.5%); post- 
vagotomy diarthoea and dumping syndrome is very low; 
chances of developing anaemia, weight loss, osteopo- 
rosis, tuberculosis, and carcinoma are very less 

» Problems—lesser curve necrosis due to ischaemia; 

in 10 years, 

% Selective vagotomy with pyloroplasty (SN + P). 

* Truncal vagotomy with gastrojejunostomy (TV + GD). 

* Posterior truncal vagotomy with anterior seromyotomy— 
Taylor's operation. It can be done through laparoscopy 

* Vagotomy with antrectomy: Gastrin producing antrum, 
vagal cholinergic pathway from ulcer bearing area is 
removed with gastroduodenal anastomosis. Uleer recur- 
rence is very low but has got morbidity. 

* Posterior truncal vagotomy with HSV without drainage 
procedure (Kim’s) often through laparoscopy is also done. 

* Linear gastrectomy with posterior truncal vagotomy 
through laparoscopy. 

© Most of these procedures presently can be done through 
laparoscope. 


recurrent uleer 10-15% 


Note: 
Presently, there is no role of gastrectomy or gastrojejunostomy (Just 
G)) for uncomplicated DU. 


ll PYLORIC STENOSIS DUE TO CHRONIC 
DUODENAL ULCER 


Pathology 


Chronic DU after many years undergoes scarring and cica~ 
trisation causing total obstruction of the pylorus, leading to 
enormous dilatation of stomach. 


inical Features 


persistent, in epigastric region, and also with 
feeling of fullness. 

% Vorniting—large quantity, foul smelling and frothy, vomitus 
contains food consumed on previous day (partially digested 
‘or undigested food), 

Loss of periodicity. 
Loss of appetite and weight. 

* Visible gastric peristalsis (VGP)—may be elicited by 
asking the patient to drink a cup of water. 

* Positive succussion splash which is done with 4 hours 
empty stomach, by placing a stethoscope over the epigastric 
region and shaking the patient adequately. 

¢ Auscultopercussion test shows dilated stomach. 

Test is done by placing a stethoscope over the epigastric 
region, Skin is scratched from left side downwards, at 
several points away from the epigastrium (towards left 
side) using finger and these points are joined. Normally 
greater curvature of stomach is above the level of umbilicus 
(midway between the umbilicus and epigastrium). In 
gastric outlet obstruction it lies below the level of the 
umbilicus (Stomach we see; stomach we feel; stomach we 
hear). 

* Confused status because of alkalosis and electrolyte 
changes. 

% Electrolyte changes: Because of vomiting, hypochlo- 
raemic, hyponatraemic, hypokalaemic, hypocalcaemic 
Iypomagnesaemic alkalosis oceurs. It causes paradoxical 


aciduria. 

Mass is never palpable. 

* Goldstein saline load test—half an hour after installation 
of 750 ml of saline, if volume remained and if more than 
250 ml, suggest obstruction 


Investigations 


1. Barium meal study 
> Absence of duodenal cap, 
» Dilated stomach where greater curvature is below the 
level of iliac crest. 
> Mottled stomach. 
» Barium will not pass into duodenum, 
2. Gastroscopy to rule out carcinoma stomach and to visualise 
the stenosed area. 
Arolyte study for correction of electrolyte imbalance. 
§ to check for hypokalaemia, 


An inn has one entrance and three exist—to hospital, to asylum and to prison. —Croatian Proverb 
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Mottled 
appearance 


a Narrow 
pyloric 
end 


Fig, 20.30: Pyloric stenosis with gastric dilatation, 


Figs 20.314 and B: Barium meal pictures showing 
gastric outlet obstruction. 


Differential Diagnosis 


Carcinoma pylorus 


eee 


there mass may be palpable. 


Pyloric stenosis—causes 
Congenital 

Chronic DU—fibrosed/cicat 
Carcinoma pylorus 
‘Adult pyloric stenosis 
pyloramyotomy) 
Pyloric mucosal diaphragm—it should be excised surgically 
‘or endoscopically 


it is treated by pyloroplasty (not by 


Treatment 


Correction of dehydration and electrolytes by IV fluids — 

normal saline or double strength saline, calcium, potassium, 

‘magnesium. 

Blood transfusion is given if there is anaemia, 

‘TPN support. 

Stomach wash to clean the stomach contents (using normal 

saline) is given using stomach tube like Eswald’s, It also 

reduces the oedema of stomach wall and improves gastric 

emptying time by increasing the gastric muscle tone. 

Surgery 

> HSV with gastrojejunostomyis present recommendation 
even though itis technically difficult, HSV is better than 
‘TV as it maintains the nerve supply of the chronically 
obstructed antrum and so may eventually reduce the 
chronic emptying problems. 


> Truncal vagotomy along with gastrojejunostomy of Mayo 
(posterior, vertical/oblique, short loop, retrocolie, ixoper- 
istalsis) is done—ideal, commonly advocated procedure. 

> Vagotomy, antrectomy (acid secreting area) with Billorth | 
anastomosis along with feeding jejunostomy for nutri- 
tion is the other option, 


Fig, 20.32: Gostric outlet obstruction showing 
dilated stomach on table. 


Note: 


Often gastric emptying may be delayed for 2-4 weeks after 
surgery in pyloric stenosis, It usually recovers in 7 days. 

After recovery eradication of H. pylor infection is routinely done 
even though infection may not be evident in many of patients 
with outlet obstruction. 

No role of pyloroplasty or HSV in a scarred duodenum—as it can 
‘cause disruption and bile leak. 

Gastrectomy and other procedures are usually not necessary in 
pyloric stenosis. 

Endoscopic balloon dilatation of the stenosed area benefits only 
temporarily with high recurrence rate. 


Right vagus (cut) Left vagus (cut) 


Fig. 20.33: Truncal vagotomy and gastrojejunostomy. Its posterior, 


vertical, shart loop, retrocolic, isoperistatic Gl of Mayo. 


sodium and so bicarbonate is secreted along with hydrogen ion. 87 
So urine becomes acidic. Itis called as paradoxical aciduria, 


inical Features 


Irritability, confused status, dehydr 
Often convulsions can occur, 
Features of alkalosis like rapid breathing —Cheyne-Stokes 
breathing and tetany, 


mn, 


Investigations 


* Serum electrolytes. 
# Arterial blood gas analysis, 
% Serum calcium level estimation. 


Treatment 


Double strength normal saline, 
IV potassium given slowly under ECG monitoring 
The cause is treated. 

© IV magnesium, 


20.34: Gastrojeunostomy stoma view on endoscopy 
" Note: 
Right and let vagi Metabolic changes are not severe in carcinoma pylorus as itis seen 
in pyloric stenosis due to chronic duodenal ulcer because in carc- 
noma stomach often there is hypochlorohydria or achlorohyria, 


Antrectomy lm PERFORATED PEPTIC ULCER 
(hemigastrectomy} 


# Itisthe terminology used for perforation of duodenal ulcer 

Part retained or gastric ulcer or stomal ulcer. Otherwise all clinical 
features and management are similar. 

* Perforation is common in duodenal ulcer (75% of perfo- 
rated peptic ulcers). Mortality is more in gastric ulcer 
perforation and perforation in elderly. 
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Part removed 


Fig. 20.35: Vagotomy and antrectomy. It is occasionally used for PERFORATED DUODENAL ULCER 


intractable resistant duodenal ulcer or chronic duodenal ulcer with 
‘obstruction. HSV is commonly usedinintractablecases.GJwithvagotomy It is common in males (8:1) between 35-45 years of age 
iscommonly used in pyloric stenosis due to chronic duodenal ulcer. ‘gronp; but em occur fn any. age group. 


% Anterior ulcer perforates, commonly 

ELECTROLYTE CHANGES IN PYLORIC > In 80% of cases, there is a history of chronic DU, 

STENOSIS > In 20% cases, iti silent perforation. 

Perforation can occur in acute ulcers or in acute presentation 
of a pre-existing chronic ulcer. 

# Perforation may be precipitated by steroids, analgesics 
(NSAIDs), alcohol, antimalarials, 

© Overall incidence is 5%. 

* Active ulcers perforate commonly. 


Hyponatraemia, 

Hypokalaeinia, 

Hypomagnesaemia, 

Hypochloraemia 

Metabolic alkalosis 

Paradoxical aciduria 

Because of severe vomiting which contains acid as well ' 
as undigested retained food, sodium, chloride, potassium, St@geS of Perforation 
magnesium levels drop, causing metabolic alkalosis. Alka- 4 Stage of chemical peritonitis: 


losis can lead to hypocalcaemia causing tetany. It is calledas > Once perforation occurs, stomach contents escape into 
‘gastric tetany’. the peritoneal cavity. The acid from the stomach causes 

‘To control alkalosis, kidney secretes excess bicarbonate (In chemical peritonitis leading to severe pain in epigastric 
alkalosis without hyponatraemia, bicarbonate is secreted along region, vomiting, tendemess, guarding, rigidity, tachy- 
with sodium). Here, due to hyponatraemia, body conserves cardia, sweating 


Things tur out best for people who make best of the way things tum out. 
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% Stage of reaction (Stage of illusion): 
» Peritoneum secretes lot of fluid to neutralise the 
escaped content and so temporarily the pain reduces, 
and the patient feels better. This phase lasts for about 
6 hours. 
% Stage of diffuse bacterial peritonitis: 
» After about six hours, bacteria from GIT (escape) 
migrate from the site of perforation causing diffuse 
peritonitis 


Clinical Features 


% Presents with severe persistent pain in the epigastrium 
initially, later in the right side abdomen (as the inflamma- 
tory fluid spills along the right paracolic gutter) and finally 
becomes generalised. Pain is of sudden in onset, is due to 
contact of expelled gastric contents with the parietal per 
toncum. Pain often radiates to right scapular region. Pain 
becomes more on movements. 

* Tendemess and rebound tendemess is seen (Blumberg sign) 
all over the abdomen. 

Fever, vomiting, dehydration, oliguria occurs. 
Patient is toxic, with tachycardia, hypotension, tachyp- 

# Abdominal distension occurs. 

* Guarding and rigidity, initially in the epigastrium but later 
all over the abdomen. 

Duliness over the flank because of fluid 
Obliteration of liver dullness—as a result of collection of 
escaped gas under the diaphragm. 

# Silent abdomen with absence of bowel sounds. 

* Tenderness felt on per rectal examination. 

* Sometimes fluid from supracolic region slowly trickles 
down along the right paracolic gutter and collects in right 
iliae region causing pain and tenderness in RIF mimicking 
appendicitis 

% Often slow, small perforation presents with suba- 
cute features, but diffuse peritonitis eventually sets in 
24-48 hours 


Fig. 20.36: Spread in DU perforation. 


‘Terminal stage: 
Patient may have oliguria, septicaemia, shock, Hippocratic 
{facies (sunken eyes, cold periphery and shallow rapid breathing, 
ill look), with MODS (Multiorgan dysfunction syndrome), 


Investigations 


* Plain X-ray abdomen (erect posture): Shows gas under 
diaphragm in 70% of eases. In 30% of eases, there is no 
gas under diaphragm. It may be due to, either the gas leak 
is less than 1 ml or due to previous surgery causing adhe- 
sions between liver and diaphragm, or sealed peptic ulcer. 


sn 
Fig. 20.37: Note the site of the DU perforation, on table. 
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Fig. 20.38: Plain X-ray abdomen in erect position with graund-glass 
‘appearance and gas under diaphragm—perforation. 


(it. 


Fig. 20.39: Lateral decubitus X-ray showing air under diaphragm. 
Thisis done when patient is critically illand cannot make the patient 
stand in erect posture, 


Midiine 


19 mm (camera) 


Fig. 20.40: Approaches to manage duodenal ulcer perforation can 
be either open (upper midline incision) laparotomy incision or 


laparoscopic. 
bu Omental 
perforation patch 


T 


sutures-ff 


Fig. 20.41: Duodenal ulcer perforation closed horizontally using 
Interrupted stk/viery! sutures with omental patch over it. 


(Chitaiditi’s syndrome is the interpos 
in front and above the liver. It is common in children and 
elderly. It may be mistaken for gas under diaphragm in plain 
X-ray abdomen), 

U/S abdomen shows free fluid and often gas. 

Blood urea, serum creatinine, total count, electrolytes, are 
helpful 

CT scan abdomen is very sensitive investigation whenever 
there is absence of gas under diaphragm. It rules out other 
conditions like pancreatitis. Gastrograffin upper GI study 
also confirms the perforation. 


mn of the colon 


—ifferentialdiagnosis 
+ Acute appendicitis 

+ Acute pancreatitis 

% Acute cholecystitis 

+ Ruptured orticaneurysm 

+ Myocardial infarction 

+ Mesenteric ischaemia 

+ Pneumonia 


reatment 
Patient is advised admission. 
IV fluids—Ringer lactate, normal saline, dextrose saline, 
Antibioties—Cefotaxime, metronidazole, amikacin. 
Catheterisation, 
Ryle’s tube aspiration, 


Figs 20.42A and B: Duodenal ulcer perforation and 
its closure using omental patch. 


Surgery: 


> 


Emergency laparotomy through upper midline incision 
is done, 

All infected fluid is sucked out 

Perforation is identified and closed with interrupted, 
horizontal sutures using either silk or vieryl. Omental 
patch is placed before suturing—it is called as Resoe- 
Graham Operation. Because of its adhesion property 
it seals perforation; good vascularity and lymphatics 
promote the healing effectively. 

Peritoneal wash (toilet) using 5-10 litres of saline is given. 
Drain is placed and abdomen is closed, often if required 
with fension sutures. Drain is removed in 3-5 days. 
During discharge, patient is advised to avoid alcohol 
and to take Hy blockers or proton pump inhibitors for 
6-12 weeks, 

After 12 weeks follow-up gastroscopy must be done. 


65% of haematemesis is due to bleeding peptic ulcer. Among peptic ulcer, 
duodenal ulcer (35%) is the most common cause. 
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Note: 


Very rarely, in elderly people or in cases of subacute perforation 
which gets sealed on its own, conservative treatmentis ried with 
careful observation, ie. by giving IV fluids, antibiotics, Ryle'stube 
aspiration, maintenance of urine output and electrolytes. It is 
called as Hermen-Taylor regime. But it should not be a standard 
treatment. 

Laparoscopy is beneficial for both diagnoses, as well as for 
therapy for perforation closure using omental patch. It is 
proposed and widely used for early duodenal perforation. It 
can be useful for most of the duodenal ulcer perforations. IFitis 
problematic, conversion options should always be kept in mind, 
Once perforation is closed, either by open or laparoscopic 
method, after recovery patient should be advised, anti-Helico- 
bbacter pylori therapy (triple regime for 14 days) with PPI for 3 
months. It reduces rate of reperforation and ulcer recurrence 
in duodenal ulcer. 

In patients with severe peritonitis and critically il, after perfora- 
tion closure it is better to insert a nasojejunal tube or feeding 
jejunostomy for nutrition in postoperative recovery period, Even 
if patient develops a temporary duodenal leak, this supports 
nutrition well until the leak stops. 

Occasional large perforated duodenal ulcer with oedema 
which cannot be closed is managed by serosal patch/duodenal 
drainage and pyloric exclusion/gastrostomy, duodenostomy 
and jejunostomy/Roux-en-Y jejunal patch over the perforation, 
‘Manheim peritonitis index or APACHE I scoring system is used to 
assess the patient properly 

Doing concomitant acid reducing surgical procedure like HSV is 
under debate and not used routinely (not advised) even though 
some centers advocate, HSV may be done if there is not much 
contamination of the peritoneal cavity or in early perforation of 
a chronic duodenal uleer. 


B. PERFORATED GASTRIC ULCER 


Fig. 20.43: Malignant gastric ulcer showing perforation. 


% Commonly ulcer in the lesser curve near the antrum perfo- 
rates. Amount of gas escaped is more than the perforated 
DU. Malignaney should always be suspected and so biopsy 
from the edge is a must. 

% Mortality in gastric ulcer perforation is high (20%). 

* Commonly they are prepyloric in position. 

* Primary closure with an edge biopsy is commonly used. 
Distal gastrectomy including ulcer area is better option if 
patient’s general condition is favourable. 

* Posterior gastric ulcer perforation is often difficult to diag- 
nose both clinically and radiologically. 


Fig. 20.44: Gastric ulcer perforation on table finding. 


C. PERFORATED STOMAL ULCER 


In perforation of stomal ulcer, often undoing of GJ or partial 
gastrectomy may be required. 


D. DRY PERFORATION 
(Perforated Duodenal Ulcer Sealed by Omentum) 


® Patient is ambulatory. 
* Vomiting is absent. 
* Rigidity confined to epigastrium and right hypochondrium. 


© Cupola sign—crescent shaped radiolucency under the 
diaphragm 

 Riglers sign—visualisation of both aspects of the bowel wall 
being outlined by gas on either side 

‘® Inverted Vsign—gas on either sides of the falciform ligament 

‘& Football sign—collection of gasin the center of the abdomen 
like a foot ball 

‘Triangle sign—gas between bowel loops 


Conditions which mimic pneumoperitoneum— 
pseudopneumoperitoneum 
 Subpulmonary pneumothorax. 
+ Chilladiti syndrome 
 Subphrenic abscess due to infections by gas forming 
org Clostridium welchit 
® Subdiaphramatic fat or omental fat under the diaphragm 
may rarely mimic gas under the diaphragm 


l™@ BLEEDING PEPTIC ULCER 


*  Itis bleeding either from duodenal ulcer, or gastric uleer 
or stomal ulcer. 

% In bleeding from stomal ulcer, partial gastrectomy is 
required (Fig. 20.45) 

* Mortality in bleeding peptic ulcer is high (20-30%). Elderly 
age, associated systemic diseases increase the mortality 

* NSAID’sand H. pylori infection, coagulopathy, and antico- 
agulant drugs are common precipitating factors. Concomi- 
tant use of NSAID and steroids increase risk by 10 fold. 

* Need of more than 5 units of blood transfusion during 
hospital stay is called as massive haemorrhage. 


Lett gastric artery 


Coeliac 
artery, 


Right gastric artery, 


Splenic artery 
Lett gastroepiploic artery 
Right gastroepiplcic artery 

Fig. 20.45: Sites of gastric ulcer and duodenal ulcer bleeding. Note 
GU can erode into the left gastric artery. DU can erode into the 
gastroduodenal artery 


A. BLEEDING DUODENAL ULCER 


+ 10% common 
i Endoscope —— 


Noninflaed stomach Palade 


Fig. 20.46: In bleeding ulcer during endoscopy stomach should be 
inflated with air adequately so that bleeding ulcer is visualised well. 


# Risk of bleeding in chronic duodenal ulcer increases to 35% 
if patient has not taken specific anti-Helicohacter pylori 
therapy and PPI. 

* Bleeding from DU is either from the small vessels in the 
wall of ulcer crater or due to erosion into the gastroduo- 
denal artery 
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Precipitating causes 
Alcohol 
4 NSAIDs, steroids 
& Excessive fibrosis, 
® Atherosclerotic disease 


Forrest classification of bleeding or bled ulcer 


la. Spurting and bleeding 

lb Nonspurting but active bleeding 

lia Visible vessel with red or blue protrusion or pulsatile pseu- 
doaneurysm 

lib Nonbleeding ulcer with clot overlying 

lc Ulcer with haematin base 

Ml Clean ulcer—no clot, no vessel 


* Usually posterior duodenal ulcer bleeds. 
Bleeding from small vessels in the wall of ulcer is due to 
sloughing of the ulcer. It is less severe, gradual and most 
often well-controlled by conservative treatment, 

* Bleeding from erosion of gastroduodenal artery is severe, 
torrential and almost always needs early surgical inte 
tion, 
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inical Features 


4 Haematemesis and melaena, 


q 


Fig. 20.47: Melaena—typical back, tarry coloured foul smelling stool 
It signifies upper GI bleed. At least 50 ml bleeding should be there 
to cause melaena 


Choice, not chance, determines destiny. 
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Features of shock: Pallor, tachycardia, sweating, hypoten- 
sion, tachypnoea, dry tongue, cold periphery. 

% Past history of chronic DU may be present, But it is not 
always necessary in every patient, as some may have a silent 
ulcer which may present as bleeding and haematemesis to 
begin with. 

History of pain and tendemess in epigastric region which 
hhas increased in intensity recently 


—iifferentialdiagnosis 
4 Erosive gastri 
4 esophageal varices 
4 Carcinoma stomach 

4 Bleeding gastric ulcer 
& Mallory-Weiss syndrome 
‘& Gastric polyps 

Bleeding disorders 


Investigations 


Spurter 
Clot 

Visible vessel 

‘Aneurysmal dilatation of the arteriole in the wall of ulcer 
Onze 
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Fig. 20.48: Bleeding duodenal ulcer endoscopic view. 


© Gastroscopy is confirmative—it is a must. It identifies 
ulcer bleed in 90% of cases clearly. Possibility of rebleed 
is also assessed by endoscopy. A flat clear based ulcer is 
less likely to rebleed. Active ulcer!fresh clot/visible vessel/ 
pseudoancurysm/large ulcer are more likely to rebleed. 
Rockall scoring system is used to predict rebleed, 
Coeliac angiogram to identify the bleeder may be helpful 

 Hb% and PCV—should be repeated at regular intervals 
(once in 2-3 hours), 


* Blood group and cross-matching. 
* Estimation of serum electrolytes, blood urea, serum creati- 
ine, platelet count. 


Treatment 


Seventy percent of bleeding duodenal ulcers are treated conser- 

vatively. 

% The shock is corrected initially by: 

» Foot end elevation, 

» IV fluids, plasma expanders (haemaccel, dextran, erys- 
talloids). CVP line is better in these patients, 

» Sedation. 

> Catheterisation—to assess urine output, 

» Blood transfusion to replace the lost blood, 

# Stomach wash is given—I : 2,00,000 adrenaline in saline 
wash is given to the stomach through Ryle’s tube. 

% IV ranitidine 50 mg 6th or 8th hourly. IV famotidine. 

* IV pantoprazole 80 mg in 100 ml dextrose saline is given 
slow IV as starting dose and later 40 mg in dextrose saline IV 
ODIBD. Slow continuous infusion of pantoprazole 40 mg 
in dextrose saline, 500 ml IV can also be given. 

Endoscopic cauterisation of small vessel with either 
gastroscopic bipolar cautery or through Laser or through 
heater probe or through haemoclips can be tried to stop 
the bleeding, 

% Sclerotherapy—ethanolamine oleate, distilled water. 
Epinephrine injection is also used commonly. Other agents 
used are absolute alcohol, polidocanol. 

% Observation 
> Patients with bleeding from small vessels in the wall of 

DU will commonly respond to conservative treatment, 

Angiographic embolisation of gastroduodenal artery. 


Endoscopic 
Inject 


Vasoconstriction 
“Tamponade 
“Sclerosis 


needle 


Visible 


Fig. 20.49: Sclerosants like ethanolamine oleate or distilled water 
are used through endoscopy to control bleeding ulcer. It causes 
‘tamponade, vasoconstriction, sclerosis. itis the best method to 
control the bleeding 


Indications for surgical treatment 

‘ In spite of conservative treatment condition of patient 
deteriorates 

‘ Bleeding from gastroduodenal artery 

Recurrent bleeding 

+ Elderly patient 

lf more than 4 units of blood required immediately 


© Surgery 

» After laparotomy, pyloric channel and first part of the 
duodenum (gastroduodenum) is opened longitudinally 
bleeder is identified. Underruning of the bleeding area 
with vie 

> Ifthe bleed is from gastroduodenal artery, then it has to 
be ligated to stop the bleeding. Opened gastroduodenum 
is closed by Finney’s pyloroplasty. 

> Truncal vagotomy may be done together, ifthe general 
condition of the patient is good. 


is done. 


Coaliac artery 
Right gastric artery 
Gastroduodenal 


Left gastic artery 


‘Underrunning 


Fig. 20.50: Gastroduodenal artery ligation is equired in case of 
‘severe massive upper GI duodenal ulcer bleed. 


Gastroduadenal artery 
Suture tigation 


Stomach 


Fig. 20.51: Underrunning of the bleeding duodenal ulcer at ulcer bed 
is done to control haemorrhage. After that duodenum is closed with 
Finney's pyloroplasty. 


© Further treatment 
» During discharge, patient is advised to take anti-Helico- 
acter pylori (triple) therapy, proton pump inhibitors for 
6-12 weeks (Omeprazole, or Lanzoprazole), 
> Healing of ulcer can be confirmed by doing a gastros- 
copy after 6-12 weeks 


Treatment schedule for bleeding duodenal ulcer 

‘Treatment of shock 

Blood transfusion 

Stomach wash with—1 -2,00,000 adrenaline saline 

IVranitidine, famotidine, pantoprazole, omeprazole 

Endoscopic sclerotherapy using ethanolamine oleate or 

distilled water 

‘Endoscopic bipolar cauterisation, laser therapy heater probe, 
haemoclips 

'& Angiographic embolisation of gastroduodenal artery 

'& Open surgery and underrunning of the bleeding ulcer bed 

+ Ligation of gastroduodenal artery and then Finney’s pylo- 
roplasty 

‘ Proton pump inhibitors during discharge 

+ Follow-up gastroscopy after 3 months 

Sclerotherapy is the most popular endoscopic method used at 

present 
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B. BLEEDING GASTRIC ULCER 


* Itissimilar to bleeding DU. Bleeding may be either from the 
ulcer bed or from the erosion of gastric vessels commonly 
but occasionally splenic vessels. They commonly present 
with severe haematemesis and shock. 

* Bleeding is much more severe than bleeding DU. 

% Surgery is the main treatment: 

‘After initial resuscitation, blood transfusion and a trial of 
conservative management, laparotomy is done, 


On laparotomy one of the following procedures is done. 


ye 


Underrunning of OR ligation of splenic vessels 
the ulcer bed. with splenectomy with or 
without partial gastrectomy 
and gastroduodenostomy. 
Postoperative management and follow-up is same like 
bleeding DU. 


Z ‘Treatment for bleeding gastric ulcer 
‘@ Underrunning of the ulcer bed 
‘® Partial gastrectomy with Billroth |anastomosis 
® Vagotomy with antrectomy 
& Occasionally splenic vessel ligation with splenectomy may 
be required 


ll HAEMATEMESIS 
Cause 
* Chronic peptic ulcer (duodenal + gastric) (65%). 
Acute peptic ulcer. 
Acute erosive gastritis (Steroids, NSAIDs). 
Oesophageal varices. 
Mallory-Weiss syndrome (5- 
Carcinoma stomach (5%) 
Gastric polyps, lymphomas, leiomyomas. 
Portal gastropathy. 


Dream things that never were and make it true. 
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$1 million/year program for five years in order to advance the state-of-art in quantum 
cryptography technology. 


> Quantum Decoherence: Decoherence is the primary reason why we do not routinely see any 
quantum effects in our everyday world. And it imposes a fundamental limit on quantum 
entanglement and teleportation via the interaction between entangled/teleported quantum systems 
and their local environment, In order to advance quantum entanglement/teleportation physics and 
develop applied technologies, it is necessary that a research program be implemented by the 
AFRL to explore whether decoherence can be significantly reduced, circumvented, or otherwise 
be eliminated. An insufficient number of small university groups have slowly made minor 
progress in this direction. I recommend that a $500,000 - 750,000 per year R&D program be 
conducted for five years to overcome this technical challenge. 


> 


Pure Quantum States: In order to entangle and teleport quantum particles and bulk objects, they 
both must be prepared in a pure quantum state. And pure quantum states are very fragile to 
decoherence. A technical challenge for entanglement/teleportation physics is whether the 
requirement for pure quantum states can be relaxed and how much decoherence will play a role in 
this situation, what technical challenges will arise when increasing the size of 
entangled/teleported matter to larger macroscopic scale (>> 10" atoms), and whether matter of 
mixed composition (such as a gas or Bose-Einstein condensate of mixed atomic elements) can be 
entangled/teleported in both pure and mixed quantum states. I recommend that a $250,000 — 
500,000 per year research program be conducted for five years to study this problem. 


Entangling Bulk Matter and Bell-State Measurement to Extract Information: Recent experiments 
demonstrated the entanglement of two macroscopic objects, each consisting of a cesium gas 
sample containing = 10"? atoms. Entanglement was generated via interaction of the samples with 
a pulse of light, which performs a non-local Bell measurement on the collective spins of the 
samples. In order to push the envelope on this development and take it to higher practical levels, 
it will be necessary to ascertain the limit on the size and composition of bulk matter entanglement 
(given the decoherence and pure-state constraints); and to determine what other quantum states 
can be used for entanglement, what other Bell-state measurement techniques can be used, and 
whether multiple quantum states can be entangled. The chief technical challenge is the computer 
technology that will be required to facilitate the huge amount of data that must be extracted, 
processed and stored from bulk matter quantum states during the Bell-state measurement process. 
I recommend that a $500,000 — 1 million per year research program be implemented for five 
years in order to explore these questions and ascertain what solutions may be technically 
available, and to develop such solutions, 


Biological Quantum Teleportation: The Mavromatos et al. (2002) theoretical model for biological 
entanglement and teleportation is a remarkable concept that could result in the development of a 
workable physics theory of consciousness. The model has potential applications to advanced 
quantum computing/information processing physics and the physics of psi phenomena (see 
Chapter 5). A research program should be implemented to continue the Mavromatos et al. (2002) 
work and bring their model to theoretical maturity. It is recommended that this program be 
funded at $500,000 — 800,000 per year for five years. A parallel or follow-up program should be 
implemented to experimentally test this model and ascertain any useful technological 
applications. One application that should be explored in the proposed research program is 
advanced, ultra-fast, ultra-high-capacity quantum computing and information processing using 
natural and/or artificial biological systems. The parallel or follow-up experimental research 
program should be funded at $800,000 — 1.5 million per year for five years, 
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Fig. 20.52: Gastroscopy showing carcinoma stomach which is 
bleeding. Note the slough and everted edge. 


Chronic DU 
Gastric ulcer 
esophageal varices 
Erosive gastritis 
Mallory-Weiss 
Carcinoma stomach 
Gastric poly 
Carcinoma oesophagus 
Leiomyoma/GisT 
Gastric lymphoma 
Dieulafoy's 

Stomal ulcer 


Fig. 20.53: Various causes of haematemesis. 


Bleeding disorders, 

Pernicious anaemia, 

‘Thrombocytopenia. 

Gastrie antral vascular eetasia 

> Itis a rare endoscopically confirmed condition which 
shows segmented dilated vessel meshes in the antral 
mucosa (water-melon/tiger stripe stomach. 

> Itis often associated with achlorhydria and hypergas- 
trinaemia, 

> Itis common in middle aged females; common in liver 
diseases (25%) and autoimmune connective tissue 
disorders. 

> Pathologically it shows mucosal fibromuscular hyper- 
plasia and hyatinisation, 

» After confirmation with gastroscopy, often antrectomy 
is needed. 

Osler-Weber Rendu syndrome, aortoduodenal fistula, Crest 

syndrome are rare causes. 

Dieulafoy's disease 

> A gastric arteriovenous malformation which is covered 
by apparently normal mucosa. 


> Itoccurs in proximal stomach near OG junction (within 

6 cm) along lesser curve (80% of cases). 

Bleeding often may be severe and torrential 

‘Vasculitis or atheroma are absent in the vessel 

It is 5% of nonvariceal upper Gi bleed. 

A large 1-3 mm tortuous abnormal submucosal artery 

(AVM) is the cause, which due to its pulsation erodes 

the mucosa to expose itself to acid which further erodes 

the artery causing bleeding, 

» Endoscopy and endoscopic therapy or excision of the 
lesion is required. 

» Angiography can be done to confirm the disease and to 
do therapeutic embolisation using gel foam. 

‘lure of endoscopic or angiographic therapy needs 

gastrotomy and excision of the entire lesion—gastric 

edge resection. It can be done by openi/laparoscopic 

approach. Prior endoscopic tattooing is mandatory to 

identify the lesion during resection. 


Management of Haematemesis 


Evaluation of patient by measuring BP, pulse, respiration, 
looking for features of shock, oxygen saturation, investi- 
gating for Hb%, blood grouping, blood urea, serum creati- 
ine, LFT, prothrombin time, platelet count, arterial blood 
‘gas analysis, gastroscopy. 

Initial treatment is central line insertion, fluid and blood. 
replacement; catheterisation; IV PPI; nasogastric tube 
placement (controversial but now universally accepted), 
FFP, platelet transfusion if needed; gastroscopic sclero- 
therapy, banding, laser, haemoclip application; SB tube for 
varices; pharmacotherapy. 

Further treatment—critical care (ICU); antibioties; treat- 
ment of complications like sepsis, DIC, ARDS. 

Specific treatment—open surgery for uncontrolled bleeding, 
ligation of gastroduodenal artery and underrunning of ulcer 
bed with pyloroplasty, gastrectomy, ligation of varices with. 
devascularisation 

Definitive surgery for underlying cause—shunt surgery; 
vagotomy and Gi; gastrectomy; TIPSS; splenectomy, etc. 


COMPLICATIONS OF GASTRIC SURGERY 


Haemorthage 

Stomal obstruction. 

Biliary fistula, 

Injury to CBD. 

Duodenal blow out—on 4th postoperative day. 
Pancreatitis 

Recurrent ulcer/stomal ulcer. 

Gastrojejunocolic fistula 

Dumping syndrome (Posteibal syndrome), 
Nutritional disturbances, diarrhoea. 

Pulmonary tuberculosis, 

Carcinoma in gastric remnant (after 10-15 years). 
Gallstone formation. 

Alkaline gastrit 
Afferent and efferent loop syndrome. 
Afferent loop obstruction—common. 
Efferent loop obstruction. 


Complications may be classified as: 
Intraoperative—bleeding, injury to spleen, pancreas, CBD. 
Early postoperative—bleeding either intraluminal (from 
stomal site) or extraluminal; leak along anastomotic line; 
delayed opening of stoma; gastroparesis; duodenal stump blow 
‘out; lesser curve necrosis; fistula formation—gastric/duodenal 
jejunal; omental infarction. 

Late postoperative—reflux gastritis, recurrence of ulcer; 
dumping syndrome; malnutrition; gastrojejunocolic fistula; 
motility disorders; small stomach syndrome; afferent or efferent 
loop obstruction; retrograde jejunogastric intussusception; 
remnant carcinoma; gallstones; pulmonary or GIT tuberculosis; 


bezoar formation. 


‘Stomal obstruction after gastric surgeries is due to: 
‘Mucosal oedema—usually subsides eventually 
Retrograde jejunogastric intussusception 
Hypertrophied stomal mucosa causing ball-valve mechanism 
Efferent loop obstruction 

Gastricatony eventhough theres wide patentstoma causing 
apparent stomal obstruction 
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‘Nutritional deficiencies following gastrectomy 


@ Iron deficiency anaemia 40% 
‘@ Megaloblastic anaemia (after 5 years) 25% 
(100 pig Biz is given IM weekly, later monthly) 

Vitamin B deficiency 10% 
 Galcium deficiency 40% 
Calcium deficiency with bone changes (after 5 years) 5% 


A. DUODENAL BLOW OUT 


% Itisa very serious complication of Billroth Il gastrectomy, 
cours usually on 4-Sth day after surgery. 


Duodenal stump leak 


Fig. 20.54: Duodenal blow out after Billrath I! anastomosis usually 
occurs 4 days after the surgery. Itis often life-threatening condition. 


% Here contents in the afferent loop are not having free flow 
which in turn increases the pressure in the duodenal “C” 
loop leading to giving way of the closed duodenal stump. 

# Itisdue to improper closure of duodenal stump, oedematous 
inflamed duodenum, afferent loop block, distal obstruction, 
ischaemia of least vascular duodenum and sepsis, 


Features 


% Sudden, severe pain abdomen postoperatively with features 
of shock. 

Forming a duodenal fistula through the drain placed, 
May cause peritonitis 

Severe electrolyte imbalance. 

Features of biliary peritonitis, septicaemia. 

Skin excoriation and its problems, 


Treatment 


% Conservative therapy with nasogastric aspiration, 1V 
fluids, TPN, antibiotics. Usually, patient will recover in 
40-60 days 

% Surgery is indicated when there is peritonitis, fistula not 
responding, when there is distal obstruction. 

* Surgeries are—afterent and efferent loop connection, 
relieving the obstruction distally, serosal patch over the 
duodenal stump after excision of the fistula, creating a 
controlled fistula after placing a tube into the duodenum. 


‘Duodenal fistula 
Causes 
& Dueto duodenal blow out—Ischaemia,afferent loop obstruc- 
tion, sepsis 


'& After closure of perforated DU 

+ Injury to duodenum by trauma, surgeries like hemicolectomy, 
renal surgeries,pancreatic surgeries,ete 

Types 

‘& High > 500 ml/24 hours 

+ Low < 500ml 

Features 

+ Pain abdomen 

+ Bile leak through the drain site or fistula track 

+ Skin excoriation 

+ Electrolyte imbalance 

& Malnutrition, anaemia 

+ Recurrent infection 

Investigations 

+ Electrolyte estimation, haematocrit 

& CTfistulogram 

Treatment 

+ TPN, feeding through jejunostomy 

'& Management of anaemia, electrolytes 

Blood transfusion 

‘& Antibiotics whenever sepsis is suspected 


What we need is cup of understanding, barrel of love and an ocean of patience. 
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@ Care of skin—zincoxide cream application, controlled fistula 
by placing a Foley's catheter into the fistula track 

@ Usually responds well by conservative therapy in 
B-12weeks 

+ If not improved then surgery is needed—anastomosis 
between afferent and efferent loops (jejuno-jejunostomy); 
serosal patch techniques; surgical closure of fistula, Roux-en-Y 
patch over fistula 


B. RECURRENT ULCER 


It is a wide terminology which includes stomal ulcers, recur- 
rence of ulcer in the original ulcer site or different parts of 
stomach/duodenum or jejunum after a therapeutic surgical 
procedure. 

Stomal ulcer can occur in gastrojejunostomy stoma or in 
gastroduodenostomy stoma, GJ stomal ulcer per se can occur 
afler only gastrojejunostomy or after partial gastrectomy with 
Billroth I anastomosis. Recurrent ulcer at the original site is 
commonly referred to ulcer recurrence (aftet HSV commonly). 
Recurrent ulcer is 3-7%. It may be after 
* Gastrojejunostomy. 

% Billroth | or Billroth If anastomosis. 


Itmay be: 
@ Gastrojejunostomy stomal ulcer 
@ Gastroduadenostomy stomal ulcer 
 Jejunal ulcer 

& Gastriculcer 

Ulcer recurrence—10% 


Causes 


Incomplete vagotomy. 
Zollinger-Ellison syndrome, gastrinomas. 
Alcohol, smoking. 


© Hyperparathyroidism, 


Right vagus Left vagus 


Stomal ulcer 


Duodenum 


Jejunum 


Fig. 20.55: Stomal ulcer after G) may be due to incomplete 
vagotomy, Zollinger-Elison syndrome, 


Gastrojejunostomy when done without vagotomy—40%, 
After HSV—10%, 


inical Features 


* Pain in the umbilical and left hypochondrium (severe, 
persistent) 

* Back pain 

*  Haematemesis. 

# Anaemia, loss of weight. 

% Features of obstruction—10%, 

Note: 

Stomal ulcer may complicate to gastrojejunocolic fistula, perfora- 

tion, bleeding, obstruction, penetration, 


Investigations 


Barium meal 
Gastroscopy. 

Hollander’s insulin test. 

Pentagastrin test. 

Gastrin level estimation, 

Serum calcium to rule hyperparathyroidism, 

Visick grading is used to assess the response to therapy to 
various procedures (Grade 1, 2,3, 4 and 5). 


Treatment 


* Complete the vagotomy. 
% Undoing of Gi 

% Conversion into another procedure, Roux-en-Y procedure. 
Treat hypergastrinaemia, hyperparathyroidism, 

* Eradication of A. pylori infection using triple regime for 
‘2 weeks and then continuation of therapy using PPI for 3 months. 
Subtotal gastrectomy in resistant recurrent ulcer cases. 


‘Stomal ulcer 


 Itis the ulcerin anastomoticsite of G/GD 

'& Overall incidence is 10% in 10 years after surgery 

‘ Itiscommon on jejunal side but can occuron gastric side or 
both sides or at junction 

Causes 

& After only gastrojejunostomy procedure—40% 

+ After vagotomy and GI—5-7% 

 Aterpartial gastrectomy and gastroduodenostomy—Billoth 
3% 

‘After partial gastrectomy and GJ—Billroth 39% 

'& Other causes lke gastrinomas,hyperparathyroidism incom- 
plete vagotomy, smoking, alcohol 

Features 

+ Pain and haematemesis/melaena is the main presentations 

+ Pain is persistent, severe over left upper abdomen often 
radiating to back 

‘& Pain may be in the chest fits antecolic anastomosis 

‘& Weight loss and features of obstruction can occur 

Investigations 

Acid tests (Hollander’s), gastroscopy, tests specific for the 

‘Serum gastrn/calcium assay 


Complications 
Bleeding stomal obstruction 

Perforation 

'® Gastrojejunocolic fistula 

Nutritional deficiency 

Treatment 

‘& Completion vagotomy 

@ Subtotal gastrectomy/revision gastrectomy 
4 Roux-en-Y anastomosis 

+ Treat the cause 


C. DUMPING SYNDROME 
(Post-cibal Syndrome) 


It is common in females, seen after Billroth II surgery. 


‘Types 


1, EARLY DUMPING SYNDROME: 

+ Itis common and more severe type 

+ Incidence is 10% 

‘ Vasomaotor symptoms appear immediately ater food, lasts 
for 30-40 minutes, aggravated by bulky food. Its eieved by 
lying down, aggravated by more food 

Clinical features: 

+ ‘Sweating tachycardia, colicky pain and diarrhoea 

+ Hypotension and features of hypovolaemi 

2 primary disorder of carbohydrate metabo- 

3 transient hyperglycaemia prevents further 

absorption of glucose, which in turn draws fluid from the bowel 

‘wall by high osmolarity resulting in increased intestinal activity, 

resulting in diarchoea and fallin blood volume 

Treatment: Small, dry, more frequent food, with avoidance of 

carbohydrates, Octreotide 100 ug given subcutaneously before 

meals is found to be beneficial 

Surgical treatment: 

Conversion of Bilroth Ito Bilrath 

+ Interposition of reversed jejunal loop Henley’ loop) 

Early dumping syndrome can last for long time (many years) 

2. LATEDUMPING SYNDROME: 

& tis ofless severe type 

+ Incidence is 5% 

+ Itusually occurs 2 hours after meal 

+ Its relieved by glucose and aggravated by exercise 

Pathogenesis: Due initial hyperglycaemia insulin sec. 

stimulated which in turn leads to hypoglycaemia 


Features of hypoglycaemia 
Treatment: Symptoms are less severe and so treated conserva~ 
tively, by giving glucose and food 


D. ROUX STASIS SYNDROME 


% tis occurrence of gastric atony after subtotal or partial 


gastrectomy if Roux-en gastrojejunostomy is done. 


% They present with fullness, vomiting, loss of appetite and 
weight, early satiety. 
Itocours in 25% of Roux-en-Y Gi. It is common in females. 
Itis common in Roux-en-Y limb if more than 40 em. It is 
late complication seen in months or year. 

% There may be dysfunction of both gastric remnant and Roux 
limb. It is due to ectopic pacemaker in Roux limb which 
delays the gastric emptying, 


Treatment 


> Completion total gastrectomy is the choice. 

» Isolated jejunal loop interposition of 40 em length— 
Henley’s loop. 

> Intestinal pacing, OR usage of ‘uncut Roux’ limb. 


E. GASTROJEJUNOCOLIC FISTULA 


It is a complication of gastrojejunal ulcer (stomal ulcer), 
wherein ulcer penetrates and erodes into the transverse colon 
leading to gastrojejunocolic fistula, a dreaded complication. 


Clinical Features 


# Sudden onset of severe diarrhoea after every meal with past 
history of GJ done and past history of gastrojejunal ulcer. 
Foul gas eructation. 

Dehydration. 

Rapid loss of weight, anaemia, cachexia, hypoproteinaemia 
(bacteria from colon enters the jejunum disrupting the 
absorptive mechanism) 

Steatorthoea, 

faecal vomiting. 


Fig. 20.56: Gastrojejunocolic fistula 


Investigation 
Barium enema (not barium meal). CT scan, endoscopy (upper 
and lower). 

Treatment 


* IV fluids 
¢ Total parenteral nutrition (TPN), 


Carcinoma stomach is the commonest cause of Krukenberg's tumour. 
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Blood transfusions. 


Antibiotics. 
Rehydration, electrolyte management, 
Surgery: Resection of involved stomach, jejunum, colon ¢ 
hhas to be done and continuity has to be maintained (Triple 
resection). Surgery is the only treatment. 
Ithas got high mortality. 


Fig. 20.57: Resection of the gastrojejunocolic fistula (removal of 
involved parts of the stomach, jejunum and colon—triple resection) 
‘with maintaining the continuity 


lm TRICHOBEZOAR (Rapunzel Syndrome) 


% Itisa hair-ball commonly seen in stomach of females with 
psychiatric illness, who swallow hair regularly. 
* It forms a ball like mass occupying the full stomach, 


20,58: Trichobezoar—CT and hair ball mass 
(Courtesy: Dr (Proffessor) BM Nayak, KMC, Mangalore) 


Clinical Features 
Epigastric pain, early satiety 
Hacmatemesis. 

Features of gastritis 

Loss of appetite. 

Perforation. 

Epigastric mass, 


Investigation 
¢ Barium meal and endoscopy is confirmative. 
© CT scan is very useful 

Treatment 


© Gastrotomy and removal of hair ball, Duodenum and small 
bowel should be examined on table for additional bezoars 
in these sites, 


Psychiatrie counselling, 
Enzymatic digestion and endoscopic breaking of the 
bezoars is also tried. 

It ean also be removed by laparoscopy. 

Phytobezoar 

> It is due to solid ball formation in the stomach 
comprising plant fibres and seeds. 

» Phytobezoar is common in gastric remnant after 
partial gastrectomy and in diabetics with autonomic 
neuropathy. 

» Enzymatic digestion can be tried using papain (found in 
Adolph’s meat Tenderizer, as one tsp in 300 ml of water 
taken orally many times a day to fragment bezoar), 
cellulase substance, If fails, removal by gastrostomy. 


l™ CHRONIC DUODENAL ILEUS 


(WILKIE’S SYNDROME) 


Figs 20.59A and B: Superior mesenteric artery—SMA (Wilkies') 
syndrome showing site of obstruction and dilated proximal 
gastroduodenum. 


Itisalso called as superior mesenteric artery (SMA) syndrome 
Itis due to obstruction of the 3rd part of the duodenum due 
to decreased angle between SMA and aorta 

I can be congenital or duc to low insertion of SMA or high 


insertion of duodenal end or due to traumatic aneurysm 
of SMA. 

¢ It can be aggravated by plaster casts, lordosis, panei 
tumour, enlarged lymph node in the 3rd part of duodenum 
(Cast syndrome). 


Clinical Features 


Bilious vomiting, 
Upper abdominal fullness. 

* Visible peristalsis, 
Dehydration. 


Superior 
‘mesenteric 
artery 


(Cuodenumy 
| 2nd part 


Dilated duedenum ) 


Duodeno- 
jajunostomy 


Fig. 20.61: Duodenojejunostomy, in case of chronic duodenal ileus. 


Differential Diagnosis 


Pyloric stenosis with gastric outlet obstruction. 
Annular pancreas. 


Investigation 


¢ Barium meal is diagnostic. 
CT scan abdomen, 


Treatment 


Duodenojejunostomy. 
Note: 
Gastrojejunostomy—not done. 


DURBAN’S SYNDROME 


* There is a connecting band between right and left crura 
which causes compression of celiac artery and SMA. 

It may cause foregut ischaemia due to inadequate collat- 
erals, or midgut ischaemia due to diversion of blood to 
foregut 

% Presentation—ehronic abdominal pain, murmur in epigas- 
trie region. 

* Itis often difficult to diagnosis. CT scan, CT angiogram 
may show poor perfusion, MRI may be usefit 
Treatment—cutting/excising the fibrous band through 
laparotomy or laparoscopy 

% Condition is also called as median arcuate ligament 
syndrome or coeliac artery syndrome ot coeliac band 


syndrome. 


Fig. 20.62: CT scan showing coeliac artery syndrome. 


Many very skilful operators are not good surgeons.— William J Mayo 
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ACUTE GASTRIC DILATATION 


%  Itis an enormous acute dilatation of stomach with atonic 
gastric wall without peristalsis. 

% Stomach distends enormously occupying most of the 
abdomen and pelvis causing sequestration of lot of fluid 
resulting in hypovolaemia, 


Causes 


After major surgery (abdomen, neurosurgery) 
‘Trauma, burns. 

Retroperitoneal haematoma. 

Electrolyte imbalance. 

Other eauses: Anorexia nervosa, bulimia, polyphagia, drug 
abuse, diabetes, anaesthesia, debilitating diseases, spinal 
cord diseases, muscle dystrophy. 


Clinical Features 


© Features of hypovolaemia and shock. 


Fig, 20.63: Acute gastric dilatation showing dilated stomach 
‘occupying entire abdomen and also pelvis. 


© Vomiting, hiccough. Vomits large quantity of brownish 
black fluid like “the storm water ofa peat-laden stream.” 
Vomitus when placed in a test tube and held in strong light, 
‘myriads of small particles may be suspended in the fluid. 
Dilated stomach confirmed by ausculto percussion test. 
Positive succussion splash. 

% Electrolyte imbalance is seen. 


Investigations 


Plain X-ray abdomen, serum electrolytes, U/S abdomen, 


Treatment 


© Conservative treatment is given initially. 
> Large amount of intravenous fluids 
> Ryle’s tube aspiration, 
» Electrolyte management, blood transfusion, 
% The cause is treated. 


¢ Rarely surgical decompression is required. 
Condition has got high mortality. 


Complications 

# Aspiration pneumonia (Mendelson syndrome). 

# Severe hypovolemia and electrolyte imbalance. 

ed intragastric pressure causes venous congestion, 
venous infarction, necrosis and perforation, 


™@ GASTRIC VOLVULUS 


It is twist in the axis of the stomach. 

¢ Rotation occurs around the axis made by two fixed points — 
cardia and pylorus. 

# It can be idiopathic or secondary to—hiatus hemia, left 
sided eventration, adhesions ot pyloric obstruction with. 
long-standing gastric dilatat 

‘Twist may be: 

% Organo-axiat: Common in elderly—horizontal 

% Mesenterico-axial: Common in children—vertical 


Moved up colon") 


65% 35% 
Organo-axial ——-Mesenterico-axial 


Fig. 20.64: Types of gastric volvulus, 


Pathology 

% Here stomach twists upwards between oesophagogastric 
junction and pyloroduodenal junction, Colon along with 
‘omentum also moves upwards initially. 

* Itis often associated with rolling hiatus hernia or diaphrag- 
‘matic eventration. 


Clinical Features 


— Borchardt’striad 
& Acute epigastric pain 

‘ Violent ineffective vomiting 

Inability to pass a nasogastric tube 


Types 
+ Acute 

Chronic recurrent. Its common type. 
Complications 


# Perforation. 
% Gangrene of the stomach. 
* Bleeding. 


Investigations 


* Plain X-ray abdomen in erect posture. 
© Barium meal X-ray, 
© CT scan abdomen, 


Treatment 


© Untwisting of the volvulus and gastropexy by fixing the 
anterior wall of the stomach to anterior abdominal wall 
Gastrojejunal fixation (gastrojejunostomy without a stoma). 
Gastrectomy when stomach is gangrenous, 

‘Treating hiatus hemia or eventration. 

Displacing colon downwards by dividing gastrocolic 
‘omentum—Tanner’'s operation. 


lm GASTRIC POLYP 


Gastric polyps are observed in 3% of total gastroscopies. 45% 
Of them are found in fundus which does not show any malig- 
nant potential, These polyps are often associated with FAP 
ot Gardenet’s syndrome and colorectal neoplasms; but these 
gastric polyps perse are non-neoplastic. 


Fig. 20.65: Gastric polyp in prepyloric region 


Fig. 20.66: Polyp in the duodenum first part. 


Types 


1. Hyperplastic polyp —75% common, minimal risk of malig- 
nancy (2%). 

2. Adenomatous polyp (10%)—neoplastic in origin. Size 

em is potentially malignant (25% chance). 


Features 


* Hyperplastic polyp is randomly distributed throughout the 
stomach. They are usually less than 2 em in size, often 
multiple, Spontaneous regression can occur. Often it is 
associated with 1 pylori infection. 

% Adenomatous polyp is usually single. It is common in 
antrum, It can be sessile (common) or pedunculated. It is 
usually 2 em or more (80%). Ithas got hyperchromatie nuclei 
arranged in a picker fence pattern. Size more than 2 em 
has got high malignant potential 

% Inflammatory, hamartomatous and heterotrophic are other 
gastric polyps of negligible malignant potential. 

1% are asymptomatic. 

¢ Fundal polyps are associated with PPI therapy and familial 
polyposis. 

% Gastric carcinoids arise from enterochromaffin like cells 
(ECL), They usually present as small polyps with perni- 
cious anaemia, 

% Itmay present with pain, haematemesis and gastric outlet 
obstruction. Gastroscopy is diagnostic 

% Endoscopy and resection is needed. If not possible open 
resection is done. 


* Small polyp can be under regular surveillance by endos- 
copy. 


ll MENETRIER’S DISEASE 


* Ibis a condition with giant gastric mucosal folds (hyper- 

trophic gastropathy) in the fundus and body of the stomach- 
‘cobblestone appearance 

% Histologically, it shows hyperplasia, mucosal thickening 
and gastric gland atrophy. 

* Hypoalbuminaemia, anaemia and hypochlorhydria is 
common. 

% Antrum is not involved. 

% There is over expression of transforming growth factor 
alpha (TGF) peptide which binds to epidermal growth 
factor (EGF), 

% There is foveolar surface mucus cell hyperplasia with 
absence of parietal cells causing excessive mucus produc- 
tion, protein loss and achlor/hypochlorhy dria. 

# Itis associated with CMY infection in children and 
LH. pylori infection in adult 


inical Features 


*  Epigastric pain, anaemia and weight loss. 


Charm strikes the sight, but merit wins the soul. 
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Investigations 


# Serum total proteins, albumin 
© Gastric function tests. 
% Barium meal studies, gastroscopy. 


 Menetriersdisease 
+ Giant folds in fundus and body 

Gastric gland atrophy 

+ Hypochlorhydria 

+ Hypoalbuminaemia 

# Itmay turn into malignancy 

+ Antral sparing 


Treatment 


% Total gastrectomy is the treatment if there is massive protein 
loss or dysplasia or carcinoma. 
Menetrier’s disease may turn into malignancy. 


ll DUODENAL DIVERTICULA 

Types 

Primary: 

© Occurs in the 2nd or 3rd part of duodenum. 
Are congenital in origin, with all the three layers of 
duodenum. 
‘Are usually asymptomatic. 

% Diagnosed by endoscopy. 

% Treated if required—excision by endoscope ot open 
‘method. 

2. Secondary: 

© Most common type. 

% Always of acquired type. 

% Occurs in the Ist part of duodenum. 

% Due to cicatrised chronic duodenal ulcer. 


Barium meal X-ray shows “trifoliate duodenum 
‘Treatment of chronic duodenal ulcer with pyloric stenosis — 
truncal vagotomy with posterior Gi. 


Duodenal ulcer 


— 
— 


Primary diverticulum 
2nd part 


Secondary diverticulum 
‘st part (tioliate) 


Fig. 20.67: Primary and secondary diverticula of the duodenum, 


a = 


Figs 20.68A and B: Barium meal picture showing trifoliate 
duodenum as secondary diverticulum due to chronic duodenal ulcer. 


| CARCINOMA STOMACH 


‘My kinsman, Antonio Bruno, retained the food he had eaten 
for too short a time, and then threw it up undigested.... His 
body wasted away through lack of nourishment till little more 
than skin and bone remained. At last he was brought to his 
death. The body was cut open for reasons of public welfare. 
Itwas found that the opening of his stomach had closed up andit 
had hardened...with the result that nothing could pass through to 
the organs beyond, and death inevitably followed. 

—Antonio 


nivieni, 1507 


“It is the captain of men of death’. 
It is more common in Japan—70 per 1,00,000 population, 
is more common in males 2:1 

Decrease incidence in western world (Western Europe and 
US)—last four decades. But this decrease is confined to 
tal gastric cancers. Incidence of proximal gastric cancer 
is increasing. Carcinoma proximal stomach is not associ- 
ated with 1. pylori infection unlike cancers of body and, 
distal stomach: 


Risk Factors (Aetiology) 


4% Familial—10%._Napolean and many members of his family 
died of carcinoma stomach. Familial gastric cancer in 
associated with mutation of e-cadherin gene (90% risk). It 
causes hereditary diffuse gastric cancer. Relatives of such. 
family show mutation of this gene. Whether prophylactic 
total gastrectomy is needed or not in these high-risk indi- 
viduals is a debate. 

% Inactivation of p53, over expression of growth factors, bel-2 
gene mutations are other genetic causes. 

HNPCC, Li-Fraumen syndrome. 

Gastric mucosa of people with blood group ‘A’ is more 
susceptible for carcinogens—diffuse type. It is due to 
different mucopolysaccharide secretion in stomach of blood. 
‘group A patients who are more susceptible for carcinogens. 
Gastric polyps, adenomatous polyp > 2 em. 

Pernicious anaemia—high-risk 6 times, 

Gastric remnant—15 years after gastrectomy and GJ 


Fig, 20.69: Gastrectomy specimen showing ulcerative gastric 
Diet—high salt diet, food with more nitrosamines increases 
the risk. Smoked salmon fish increases the risk. They 
release polycyclic hydrocarbons. Ingested nitrates and 
nitrites from preserved food are converted to nitrosamines 
by Gi bact 
Fruits and vegetables rich in vitamin °C” protect from 
carcinoma stomach. 

Chronic gastritis (atrophic, autoimmune), intestinal meta- 
plasia, Type A causes proximal gastric cancer. Type B 
causes distal gastric cancer. 

Gastric dysplasia: Chronic gastritis — gastric atrophy 
intestinal metaplasia + dysplasia —> carcinoma in situ + 
carcinoma—this cycle occurs in body and distal stomach 
and is often called as Correa eyele. 

‘Smoking, alcohol. 

Helicobacter pylori infection—high-risk (Cag A strain) 
6 fold increase in incidence. It causes intestinal type of 
gastric cancer. 

‘Agammaglobulinaemia—high-tisk (2-5%). 

Chronic benign gastric ulcer. Carcinoma arising from 
benign gastric ulcer is called as ulcer cancer of stomach. 
Giant hyperplasia of gastric mucosal folds (Menetrier's 
disease). 

Carcinoma in proximal stomach is common in young and 
upper socioeconomic group, 

Carcinoma in distal stomach is common in old and lower 
socioeconomic groups 

In western countries, carcinoma stomach is more common in 
proximal, near OG junction, Obesity, young individual, white 
people, smoking, alcohol intake, gastro-oesophageal reflux, 
higher social status, high calorie diet and probably genetic 


factors are the causes for proximal gastric cancers. ILis more 
aggressive, spreads early due to thin muscularis mucosa. Itis 
often diagnosed late, Signet ring type is common. It carries, 
poor prognosis. It needs oesophageal resection. 

In Asian countries, itis still common in distal stomach, 

In India, it is common in south India (4 times than North 
Indi) 

Epstein-Barr virus, radiation exposure. 
‘Occupational—Rubber workers, coal workers. 

Zinc, lead, tale, asbestos all can cause carcinoma stomach. 


Precursor Lesions of Carcinoma Stomach 


* Chronic atrophic gastritis: It is the most common 
precursor lesion mainly intestinal subtype. In Japan 95% 
of atrophic gastritis develop early gastric cancer. Incidence 

higher in elderly and in those associated with 1. pylori 
infection. 

Adenomatous gastric polyps. 

Intestinal metaplasia: Risk of carcinoma depends on extent 

‘of metaplasia in mucosa. 1 pylori eradication is important 

here. 

Based on histological and biochemical nature, two types 

are found: 

» Complete: Glands are completely lined with goblet 
cells and intestinal absorptive cells indistinguishable 
histologically and biochemically from their small bowel 
counterparts. 

» Incomplete: It contains columnar cells, goblet cells but 
‘without intestinal absorptive cells 

Italso can be: 

» Type /—Mature; goblet cells secret sialomucin. 

» Type 11—Cells in different levels of dedifferentiation. 
Cells secrete sialomucin and an abnormal sialomucin 
(sulphomucin)—a small quantity. 

> Type I1/—Marked dedifferentiation of cells, secreting 
‘mainly sulphomucin, 

# Menetrier’s disease. 

* Benign gastric ulcer: Here risk is 2-5%, But it is related 
to the size, extent and duration of the benign gastric ulcer. 
Giant gastric ulcer has got as high as 6-23% risk. Cancer 
developing in a pre-existing benign gastric ulcer is called. 
as ulcer cancer. 

% Stomach remnant (stump carcinoma): \t can occur after 
Billroth II gastrojejunostomy (common) or vagotomy Gi. It 
takes around 15 years or more to develop cancer. Common 
site is close to the stoma, Atrophic gastritis —metaplasia— 
dysplasia and carcinoma develops. Altered acid level, 
duodenogastric bile refluxes are the pathogenesis which 
increases the peptic activity causing mucosal metaplasia 
and dysplasia. Earlier history of gastric surgery, recent 
history of loss of appetite and decreased weight with often 
palpable mass are the features. Liver secondaries, ascites 
may develop in late cases. Gastroscopy with biopsy and. 
CT scan confirms the diagnosis, Treatment is gastrectomy 
with nodal clearance. 


Hasty judgements are generally faulty ones. 
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* ETL Communication; Experiments verifying that EPR entanglement obeys Special Relativity 
(Seife, 2000; Scarani et al., 2000; Gisin et al., 2000; Zbinden et al., 2000a, b) determined that 
quantum information via EPR photon pair entanglement must travel > 10’ times light speed. Can 
this mechanism be exploited to achieve FTL communication? If so, then the potential military 
and commercial applications will be revolutionary, and the science and industry of 
communications will be forever transformed. A comprehensive theoretical and experimental 
research program should be implemented to answer this question. It is recommended that this 
program be funded at $700,000 — 1 million per year for five years. A modest experiment 
definition study should be funded at $80,000 for one year to delineate the most promising 
experimental approaches to be used for the larger research program. [There is much controversy 
and debate over FTL (a.k.a. superluminal) signals/communication, and the reader should see the 
selected superluminal references in the Teleportation References section of this study.] 


> New Entanglement/Teleportation Breakthroughs: The most exciting developments in quantum. 
teleportation physics has included the teleportation of a laser beam with an embedded radio 
signal, the teleportation of squeezed states of light (and hence, continuous quantum state 
variables), the teleportation of photon states to atoms/ions (from light to matter!), the 
entanglement of two similar/dissimilar quantum particles that are created by two (independently) 
different particle sources, the laser-like amplification of entangled particle/photon pairs, 
parametric down-conversion entanglement and teleportation (of discrete quantum state variables), 
quantum cryptography with unbreakable keys, the teleportation of quantum information at speeds 
> 10” times light speed, the entanglement and teleportation of macroscopic (10'? atoms) matter 
quantum states, etc. There is also the yet-untested proposal to entangle/teleport the external 
physical motion and internal quantum state information of atoms. This shows that quantum 
physics sets no apparent limit on what it is that can be teleported/entangled and how it is to be 
teleported/entangled, or where it is to be teleported/entangled. At present teleportation 
technology requires fiber optic and coaxial cables to teleport quantum state information from one 
location to another. Can we avoid the use of cables and teleport through free space? [Note: 
Before this report went to press, Aspelmeyer et al. (2003) reported their outdoor experiment that 
demonstrated the distribution of quantum entanglement (of laser photons) via optical free-space 
links to independent receivers separated by 600 m across the Danube River (during inclement 
nighttime weather), with no line of sight between them. This experiment is revolutionary and 
begins the step toward conducting satellite-based distributed quantum entanglement.) We have 
not discovered all the possibilities that nature has in store for us. The present breakthrough 
discoveries will likely introduce novel military and intelligence technology applications in the 
near and far future. But further R&D must be conducted in order to discover new applications for 
these recent breakthroughs, to make additional breakthroughs and discoveries, and to advance the 
state-of-art in quantum teleportation physics to meet future challenges to the Air Force mission. 
recommend that a two-track R&D program be implemented over five years. The first track 
should be funded at $250,000 — 750,000 per year for the purpose of developing new 
entanglement/teleportation breakthroughs in quantum teleportation physics. The second track 
should be funded at $750,000 — 1.5 million per year for the purpose of developing applications 
for any new breakthroughs with the proviso that such applications benefit the Air Force mission 
and have commercial dual-use capability to leverage advance technology in the private sector 


Approved for public release; distribution unlimited. 
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[ ‘Aetiology for gastric cancer 


Environmental/ 

‘occupational/diethabits 

+ Smoking/aleahol 
obesity diffuse cancers 

+ Low vegetables, diet + Mutation in APC gene 
with low vitamin Aand for B-catenin in intestinal 
c cancers—50% 

+ Consuming red meat, + Inactivation tumour 
smoked salmon fish, 
cabbage, diet rich in 


Genetic and familial 


cases 


nitrosamines, lead Loss of heterozygosity in the 


+ Viral infections like EB BCL2 gene, an inhibitor of 


Virus apoptosis (intestinal type) 
+ Occupational—rubber/ + Ampliiation/over expression 
coal workers of different growth factor 
+ Lower social status— receptors. 
distal cancers + HNPCC—carries 5-10% risk 


+ Higher social stalus— of gastric cancer 
proximal cancers + LiFraumen syndrome 
Precancerous lesions: * Blood group A 


+ H.pyloriinfection, * First degree relative carries 


3.6 folds increased risk of 
gastric cancer. 


chronic gastritis 
+ Pemicious anaemia 


+ Intestinal metaplasia * Monozygotic twins carry more 


+ Adenomatous polyps _risk than dizygotic 
‘more than 2.cm + When both parents have 

+ Agammaglobulinaemia gastric cancer, the siblings 

+ Benign gastric ulcer 

+ Previous gastric gastric cancer 
surgery + FAP—10 folds more risk of 

+ Menetrier's disease gastric cancer 


+ Mutation of H-ras oncogene 
and over expression of c-erb 


B2 gene 


Pathology 


Fig. 20.70: Endoscopic view of carcinoma of stomach. 
L. Gross types: 
Cauliflower type 


Ulcerative type 
Leather-bottle (Lintis plastica) 


+ E-cadherin gene mutation in 


Suppressor gene p53 in 30% 


are at risk of diffuse proximal 


IL. Lauren's classification (DIO classification): 


b, 


Intestinal type (53%) 

— Has got favourable prognosis. 

— Polypoid and superficial types are intestinal varie 
ties—common in H, pylori induced. Gland formation 
and definite cellular architecture are the features. 

—  Synchronous/polypoid/superficial types are common. 

~ Gastric mucosa is replaced with epithelium that 
resembles small bowel mucosa. 

— Itis common in men and aged individuals, probably 
has environmental factors, commonly shows haema- 
togenous spread, microsatellite instability, APC gene 
mutations, p53, p16 inactivation 

Diffuse type (33%): 

— Ithas got poor prognosis. Common in blood group 
A, familial type, young people and females. 

— Itis usually poorly differentiated/signet type with 
carly gastric wall penetration and both submucosal 
and subserosal lymphatic spread. 

~ Linitis plastica, ulcerative growth without glandular 
formation is common in this type. 

— It shows decreased E-cadherin with p53, p16 inac- 
tivation. 

Others —Unclassified (14%. 


IIL Depending on the depth of invasion: 


Early gastric cancer is defined as involvement of 

mucosa and/or submucosa only with or without 

involvement of lymph nodes ~ TI + any N. 

Itis being classified as: 

(Wapanese’s classification) 

1. Protruded, 

2. Superficial—elevated (a), flat (b), depressed (c). 

3. Excavated. 

Itis: 

~ More common in Japan—S0% of gastric cancers 
treated are early gastric cancers. In USA— 

~ 10% of early gastric cancers will have nodal 
metastases. 3% in only mucosal lesions. 20% in 
submucosal lesions. 

~ Nodal spread in early gastric cancer depends on 
tumour size (> 2 em) and differentiation. 

— About 70% are well-differentiated, 

— Endoscopic mucosal resection (EMR) is possible in 
cancer of only mucosal lesions 

— Overall cure rate with adequate gastric resection and 
lymphadenectomy—95%, 

Advanced gastric cancer is defined as involvement of 

‘muscularis and/or serasa with or without involvement 

of lymph nodes. 

Itis classified as: 

(Borrmann’s classificatio 

I. Single, polypoid carcinoma. 

IL. Uleerated carcinoma with clear cut margin 

IIL, Ulcerated carcinoma without clear cut margin, 

1V. Diffuse carcinoma—linitis plastica, 

V. Unclassified (See Fig. 20.71). 


IV. Ming's classification: 


» 
» 


Expanding—favourable prognosis, 
Infiltrative—unfavourable, poor prognosis, 


oo = ae 


Polypoid Uloer-clear Uleer without Diffuse type 
‘margin clear margin 


Fig, 20.71: Borrmann's classification of the advanced gastric cancer. 


— » Funnel type—nnucosa involvement is more compared to 


muscle with a ratio of <0.15. It carries better prognosis. 


Type otro > Colummar type—equal involvement in ratio of0.75-1.25, 
> Mountain type—mauscle invasion is more with ratio 
125 
VILL. Morson and Dawson classification: 
=>—__ > Nodular 
Type tla Supartcia 


elevated > Uleerated, 
» Fungating 
> Linitis plastica. 
IX: Kajitani classification: 


DT suvertcia » Localised. 


Type tb fat » Intermediate. 
> Infiltrating 
= 
te Steric 
pe depressec 


Fig. 20.72: Japanese's classification for early gastric cancer. 


V. WHO histological classification of gastric cancer (micro- 
scopic) 
> Adenocarcinoma—most common. 

~ Papillary adenocarcinoma, 
~ Tubular adenocarcinoma, 
~ Mucinous adenocarcinoma. 
~ Signet-ring carcinoma 
> Adenosquamous carcinoma. 
» Squamous cell carcinoma—rare, when occurs it is 
common near OG junction. 
> Undifferentiated carcinoma. 
> Others—unclassified carcinoma. 

VL. Proximal gastric adenocarcinoma (Siewert classification) 
‘Type I: Carcinoma in Barret’s oesophagus/true oesophageal 
carcinoma extending to GE junction, Here total oesophagec~ 
tomy with gastric pull through to neck is needed. 

Type 2: Tumour within 2 em of squamocolumnar junction. 
Here total gastrectomy with Roux-en-Y oesophagojeju- 
nostomy is needed, 

‘Type 3: Tumour in subcardial region. Here total gastrectomy 
‘with Roux-en-Y oesophagojejunal anastomosis is done, 


VIL. Morphovolumetrie classification: Figs 20.73A and B: Specimen of stomach shawing thickening of wall 
Itis based on ratio of invasion into muscle to mucosa in of part ofthe stomach with loss of rugosity. Omentum, proximal parts 
advanced carcinoma as: are alsa seen. Thickening is extending into serosa. 


Fire proves gold, adversity proves men. 
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Fig. 20.74; Outer look of carcinoma stomach extensively involving 


including serosa 


Fig. 20.75: Specimen of stomach showing large ulcerative deep lesion 
in the stomach with raised and everted edge. Loss of rugosity also 
observed, 


‘mast common site. 


20.76: Specimen of stomach showing thickening of pylorus— 
feature of carcinoma stomach. In Asian countries, pylorus is the 
‘mast common site. In Western countries proximal stomach is the 


Common Site of Occurrence 


* Prepyloric and pyloric region (65%) (most common site) 
# Body (25%) 
* Fundus, OG junetion, 

But now the incidence of growth in the upper part, near 
oesophagogastric (OG) junction is increasing 


Note: 

+ Synchronous gastric cancer (Moertel) is histologically proved 
‘malignant conditions separated by narmal stamach wall. Local 
extension and secondaries should be ruled out. 

+ Distal gastric cancers are diet related, environmental, epidemic, 
intestinal type, have better prognosis, with 30% respectability, 
treated with distal subtotal gastrectomy. 

+ Proximal gastric cancers are not diet related, not environmental, 
endemic, diffuse type, caries poor prognosis, wth less than 20% 
respectability, treated with total gastrectomy. 


Fig. 20.77: Ulcerative lesion with everted edge inthe gastrojejunostomy 
stoma, Itusually occurs only after 15 years of gastrojejunostomy surgery. 


Spread (Biological Behaviour) 


% Direct spread: 
» Horizontal submucosal spread along stomach wall. 
> Fertical spread by invasion actoss to adjacent structures 
like—panereas, colon, mesocolon, liver. 


0% 


25% 


1) @ 
Figs 20.78A to C: Common sites of carcinoma stomach, 
(A) Pylorus, (8) Body, (C) Fundus 
* Lymphatic spread: 
>” Spread occurs by permeation and embolisation through 
lymphatics to subpyloric, gastric, pancreaticoduodenal, 


splenic, coeliac, aortic, and later to left supraclavicular 

lymph nodes (Virchow’s lymph node—Troisier's sign) 
» Retrograde spread to mesenteric nodes of small and 

large bowel can occur which signifies poor prognosis, 

Zones of lymphatic drainage in stomach: Four zones, 

Zone 1 lies in gastrocolic omentum along the right gastro- 

epiploic vessels, draining pyloric portion of the greater curve 

to pylotic, coetiac and aortic lymph nodes. 


Zone 2 lies in gastrocolic and gastrosplenic omentum along the 
left gastroepiploic vessels draining from upper half of greater 
curve to pancreaticosplenic and aortic lymph nodes. 

Zone 3 is drainage from proximal two thirds of the stomach 
and the upper lesser curve along the left gastric artery. Zone 3, 
rains into perioesophageal lymph nodes. 

Zone 4 is from distal portion of lesser curve and pylorus along 
hepatic artery into para-aortic nodes. 


Lymph node groups” 
Group |: Perigastric nodes 
Group Along the root of major vessels, 
® Group: At the root of superior mesenteric artery and hepa- 
toduadenal ligament 
@ GrouplV: Distant lymph nodes 


even early gastric cancer can cause Krukenberg ’s 
tumour. In Japan, 17% of ovarian tumours is Kruken- 
berg’s secondaries from carcinoma of stomach. Ocea- 
sionally Krukenberg’s tumour can arise from carcinoma 
breast (lobular), other abdominal organs also. 

» Rectal secondaries (Blumer shelf, Sister Mary Joseph 
umbilical secondaries are through transperitoneal 
spread. 

> Transperitoneal spread is best identified through lapa- 
roscopy and confirmed by laparoscopic biopsy. 
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% Blood spread 
> Ttoccurs to liver (most common) causing multiple liver 
secondaries presenting as multiple, hard, nodules with 
umbilications due to central necrosis, 


Fig. 20.80: Krukenberg's tumour involving both ovaries from carcinoma 
of stomach. Its due to transcoelomic spread or through peritoneal 
lymphatics or blood spread. It usually occurs during ovulation period, 


‘TNM Staging of Carcinoma Stomach 
‘TNM Staging, 7th edition, 2010 


Tumour-T 
‘Tx—tumour cannot be assessed 
To—no evidence of tumour 
Tis—carcinoma in situ, intraepithelial tumour without invasion 
‘Tla—invades lamina propria or muscularis mucosa 
Tib—invades submucosa 
‘T2—invades muscularis propria 
‘T3—invades subserosal connective tissue without invasion of 
‘Uneies visceral peritoneum or adjacent structures. 
‘versecondary | Ta invades serosa/visceral peritoneum 
‘Téb—invades adjacent structures 
Nodes-N 
Nx—cannot be assessed 
No—no nodal spread 
NI—1-2 regional nodes 
N2—3-6 regional nodes 
N3a—7-15 regional nodes 


Fig, 20.79: Carcinoma stomach showing umbilicated 
secondaries in liver. 


> Later lungs and bones can get involved, 
© Transperitoneal spread 
» It can cause peritoneal seedlings (leading to ascites) 
and also can cause Krukenberg’ tumours in ovary in 


: N3b—16 ormore nodes 
menstruating age group (Commonly seen in colloid 
carcinoma of stomach), Metastases -M 

> Krukenberg’s tumour can often occur without ascites, MO-no distant spread 


This is explained by possible retrograde lymphatic 
spread from stomach to ovary. This is favoured by 
absence of ascites, no denudation/implantation/adhe- 
sions on the ovarian surface. Through lymphatic spread, 


His heart cannot be pure whose tongue is not clean. 
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IB—Ty No Mo/T2 No Mp 

WAT, No MojT3 Ny MT No Mo 

BT; Ns Ma:T2 No Mo:T3 Ny MoT No Ma 
MAT Na MaiT No Mor Taa Ny Mo 
IMIB—Ts N3 Mo:Taa No Moi Tas Nos Ma 
MCT Na MosT, Naa Mo 

IV—AnyT Any NM, 

Stage | I{| locoregional disease 

Stage IV-—systemic disease 


Japanese classification of gastric carcinoma (JCGC)_ 
Itincludes following principles: 
 Basicrules or clinical surgical, patholagical,and final features 
+ Specificrules for histology 
'® Gastric biopsy specimen group classification 
@ Chemo RT response 
Nodal spread as per JCGC: 
N,—nodes unknown/cannot be assessed 
N,—no nodal spreads 
N;—Group | nodes only involved 
N;—Group Il nodes are involved but not group Ill 
Nj—Group Ill nodes are involved 


z Birmingham staging 
1—Confined to mucosa/muscularis propria 
2—Muscularis/serosal involvement 
3—Nodal spread 
4a—Residual disease; 4b—metastatic disease 


Leather-Bottle Stomach (Linitis Plastica) (7-10%) 


% Itis an aggressive diffuse type of carcinoma stomach 
wherein there is enormous proliferation of fibrous tissue 
involving submucosa of stomach which is thickened, 
(Mother of pearl appearance) but mucosa looks and feels 
normal 

4% Itis type IV gastric carcinoma, 

tis poorly differentiated type lacking glandular formation, 
showing clusters of small uniform cells often with signet 
ring cells 


Fig. 20. 


Linitis plastica, 


Fig. 20.82: Specimen showing features of linits plastica—a diffuse 
type of carcinoma stomach mainly involving submucosa and deeper 
layer (mother of pearl appearance}. It carries poor prognosis. It is 
type IV gastric carcinoma. It may be generalised or localised. Itis also 
called as leather-bottie stomach, 


© Itspreads submucosally without much inflammatory cells, 
 Transmural, lymphatic, intraperitoneal spread and early 
metastasis is common, 
* Common in young, females, blood group A and is familial, 
Clinical features: 
> Loss of appetite and weight. Later mass may be palpable 
from the body of the stomach. 
# Imvestigation 
> Small sized stomach in barium meal study. 
» Endosonography is also diagnostic 
¢ Treatment: 
> Total gastrectomy with oesophagojejunal anastomosis. 
> Prognosis is poor. 
> Itmay be occasionally localised linitis plastica in pyloric 
antrum which is better operable 


Colloid carcinoma of stomach 
‘& Itis6% common among all gastric cancers, wherein tumour 
cells contain calloid which is histologically typical 
 Italso signifies poorer prognosis 
Common in women 


Presentations of Carcinoma Stomach 


¢ Asymptomatic in early gastric cancer or often in cancer of 
body of stomach. 

% Nonspecific symptoms—indigestion/vague epigastric 
discomfort, constant nonradiating pain which is not related. 
to food intake. 

% Specific symptoms depend on the site of tumour—obstruc- 
tion, dysphagia, mass, etc. 

# Metastatic disease—iver secondaries, ascites, secondaries 
in ovary, rectovesieal pouch, umbilicus, supraclavicular 
nodes, lung and bone secondaries. 

% Unusual presentations—acanthosis nigricans, Irish nodes 
in the axil 


Clinical Features 


Recent onset of loss of appetite and weight, early sati 
fatigue. Microeytic, hypochromic anaemia (iron deficiency) 
is common (40%), 

Upper abdominal pain 

Vomiting with features of gastric outlet obstruction, ic. 
[VGP +ve, +ve ausculto-percussion test, +ve succussion 
splash (to be checked with 4-6 hours empty stomach)]. 
‘Mass abdomen: Mass in pylorus lies above the umbilicus, 
nodular, hard, with impaired resonance, mobile, moves with 
respiration, all border well made out, 

Dysphagia with mass in upper epigastrium, 

When it arises from the body of stomach, it may present as 
only mass abdomen, 

‘Along with jaundice, liver may be palpable with second- 
aries which are hard, nodular (50%) with umbilication, 
Ascites. 

+e Troisier’s sign. 

+e rectovesical secondaries. (Blumer shelf) on per rectal 
examination. 

++ve Trousseau sign—migrating thrombophlebitis, also seen 
in carcinoma pancreas, 

Anaemia, cachexia, 

Haematemesis (15%), melaena, 

Occasionally carcinoma stomach can present as perforation 
to begin with (4%). 

Rarely as secondaries in the liver with silent primary in 
stomach, 

Secondaries in umbilicus, as Sister Joseph’s nodules (spread 
through ligamentum teres). 

Cutaneous secondaries. 

Krukenberg tumours, 


Fig. 20.83: Barium meal showing irregular filing defect in the body 
of the stomach suggestive of carcinoma stomach, 


Fig. 20.84: Barium meal showing irregular filing defect in the 
pylorus suggestive of carcinoma pylorus. 


Fig. 20.85: Barium meal showing irregular filing defect in the body 
‘of the stomach due to carcinama 


Differential Diagnosis 


Acid peptic disease; pyloric stenosis with gastric outlet 
obstruction 

Gastritis 

Pancreatic mass—carcinoma, 

‘Transverse colon mass—carcinoma 

Advanced fixed stomach mass may mimic retroperitoneal 
‘or nodal mass. 


Without human being this world would have been heaven. Production of noble 
human being was the Perfect Tragedy to this world !! 
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Figs 20.86A and B: Polypoid carcinoma stomach seen in barium 
meal picture and also through endoscopy. 


ow 


Fig. 20.87: Ulceroproliferative growth in the 
antrum—an endoscopic view. 


Investigations 


#  Hb%, haematocrit 

% Barium meal (Irregular filling defect) 

% Single contrast barium studies—sensitivity is 75%. 

% Double contrast barium studies—sensitivity is 90-9 
in the detection of gastric cancer, comparable to endos- 
copy. 


‘Barium meal findings in carcinoma stomach 


+ Irregular filing defect 

& Loss of rugasity 

® Delayed emptying 

‘Dilatation of stamach in carcinoma pylorus 

4 Decreased stomach capacity in lnitis plastica 

& Margin of the lesion projects outward from the ulcer/lesion 
into the gastric lumen—Carmanns meniscus sign 


% Gastroscopy with biopsy—10 targeted biopsies. 

* Endosonography: EUS is useful to detect the involvement 
of layers of the stomach, nodal status and to define whether 
tumour is early or advanced. All 5 layers are visualised as 
alternate hypo- and hyperechogenic areas. It gives 90% 
accuracy for T staging and 80% of nodal staging 


Fig. 20.88: Endoscopic view of the growth in the pylorus. 


Fig. 20.89: Carcinoma stomach endoscopic view 
showing irregular tumour. 


Fig. 20.90: Carcinoma stomach as seen through gastroscopy. 


US abdomen to see liver secondaries, ascites, nodes, 


ovaties. It is not as sensitive as EUS and CT scan. 


Liver function tests and prothrombin time. Secondaries in 
liver can cause hepatic dysfunction and liver cell failure. 
Enla 
obstructive jaundice also, 

Often FNAC from left supraclavicular lymph node when 
itis significantly palpable 

Laparoscopy to stage disease. Laparoscopy will pick up 
peritoneal secondaries; detect occult metastases, organ 


sd hepatic nodes can compress CBD and cause 


invasion, Guided biopsy of peritoneum and nodes, perito- 
neal lavage for eytology and laparoscopic US can be done. 
Itwill avoid unnecessary laparotomy. Signs of inoperability 
will be better identified like—peritoneal deposits (CT may 
miss), fixity, liver secondaries, fixed coeliac nodes, para- 
aortic nodes, ascitic fluid positivity on analysis. It is more 


accurate than CT 
CT scan abdomen and CT thorax in proximal tumours to 
see size, extent, infiltration, LN status, secondaries and 
operability 


Fig. 20.91: CT scan showing carcinoma pylorus with luminal 
obstruction. 


Secondary 


Fig. 20.92: CT scan showing primary tumour in the stomach with 
secondaries inthe right lobe of the liver. Secondaries are commonly 
‘multiple; only occasionally it will be solitary. 


Secondanes 
liver 


Fig. 20.93: CT scan showing multiple secondaries 
in iver with primary in the stomach, 


Tetracycline fluorescence test—gastric cancer cells take up 
tetracycline given orally which becomes yellow in colour. 
Under UV light it shows yellow fluorescence. 

* CA72-4:s important tumour marker to evaluate the relapse. 
CEA, CA 19-9, CA 12-5 are other markers, 

Combined PET—CT scan is useful. It is to evaluate meta- 
bolic, physiologic and functional activity. Its mainly useful 
to identify recurrent gastric cancer. 

Sentinel node biopsy—99miTe colloid peritumoral injection 

during gastrectomy. It has got sensitivity—80%, speci- 

ficity—100% but not widely used. 


Treatment 


Surgery is the treatment of choice for carcinoma stomach. 


‘Most intelligent animal is human being, but he happened to be the most cruel animal also. 


911 
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Preoperative preparation 

Correction of anaemia, nutrition, fluid and electrolyte 
Cardiac respiratory and renal status assessment 

Stomach wash using normal saline 

Prophylactic antibiotic as achlorhydriain gasriclumen allows 
colonisation of Streptococcus faecalis, E.coli, Bacteroides, 
Staphylococcus ablus 

Blood/FFP may be needed preoperatively and for surgery 


eeee 


e 


1, Ifitis an early growth, as in case of pylorus, lower radical 
gastrectomy with proximal 5 em clearance is (Subtotal 
‘gastrectomy’, along with temoval of greater omentum, 
lesser omentum, all lymph nodes, spleen (to clear splenic 
lymph nodes), tail of pancreas (when required); and later 
Billroth I! anastomosis, 

In case of growth in the OG junction or upper part of the 
stomach, upper radical gastrectomy is done along with 
removal of spleen, both omentum, lymph nodes; and later 
cesophagogastric anastomosis, Total gastrectomy is ideal 


here. 
3. In case of growth in the body or linitis plastica, total 
gastrectomy (radical) with oesophagojejunal anastomosis, 


is done. 
Figs 20.94A to C: Gastrectomies for carcinoma stomach: (A) Lower 


€ 
radical gastrectomy; (B) Upper radical gastrectomy; (C) Total radical 


gastrectomy. 


| 


| 


| 


Note: 

+ Intumours of antrum or body of the stomach, subtotal gastrec- 
tomy is ideal. Total gastrectomy is not dane. 

+ Total gastrectomy with reconstruction is better option for 
proximal growth, aggressive growth from body or lnitis plastica, 
It reduces heartbum, dumping, improves appetite better with 
better functional outcome, Roux-en-Y oesophagojejunostomy 
isthe reconstruction done. 

+ Distal clearance towards duodenum is 1 cm from tumour end; 
proximal clearance is 5 cm. 

+ Di gastrectomyisclearance of perigastric nodes; D2 gastrectomy 
is dlearance of nodes along major vessel trunks—along coeliac 
and splenic arteries. D2 is always better than DI. 


+ D2gastrectomy and adjuvant chemoradiation isideal present 
concept therapy in operable carcinoma stomach. D2 gastrec- 
tomy includes—removalof stomach with growth, omental bursa, 
‘greater and lesser omentum, anterior layer of mesocolon, ante- 
rior pancreatic capsule, 02 lymphadenectomy. 

+ Prophylactic splenectomy once practiced is no longer found 
Useful. It is done only if the tumour is adherent to spleen or its 
vessels. 

+ Ineariy well circumscribed lesion, clearance of 2.0 is adequate 
but infiltrating tumours need 5 cm clearance. 

+ D2 dissection is better than D1 dissection of lymph nodes. 

+ Omentectomy (both greater and lesser) and bursectomy removal 
of outer leaf of transverse colon baring colic vessels) should be 
added, 

+ Absolute curative resection is done—when there is absence of 
serosal, peritoneal, hepatic spread; with free adequate resection 
‘margin, with adequate nodal clearance (D dissection exceeds 
‘one level more the N nodal involvement) 

+ In operable cases, neoadjuvant chemotherapy improves the 
survival. 

+ Ideal reconstruction is either directly into the duodenum or in 
total gastrectomy using jejunal interposition with creation of 
reservoir In distal gastrectomy Polya reconstruction is used, 

+ When the tumourislocated upper or middle posterior wall ofthe 
stomach with serosal involvement without distant metastases 
left upper abdominal evisceration can be done. This extended 
combined resection includes—total gastrectomy, pancreaticos- 
plenectomy, transverse colectomy always, occasionally may 
include left hepatectomy, left nephrectomy, and left adrenalec- 
‘tomy with resection of part ofthe left diaphragm. Its significance 
is doubtful 

+ Extended resection means total gastrectomy with distal pancrea- 
tectomy with splenectomy. 

+ Para-aortic dissection is removal of fatty tissue and nodes from 
aortic hiatus to origin of inferior mesenteric artery often with left 
adrenalectomy to clear area adjacent to left renal artery. 
Presently newer staging for dissection is practiced in 

Japan—DI, D2, D3, D4 depending on levels of lymph nodes 

cleared (‘D’ for dissection). D1 or D2 dissections are commonly 

done. 

% D1 is done when nodes are No. I 
along the lesser and greater curves and pylorus (Group L 
stations 3-6). 

# D2isdone when nodes are Nj. Here nodes like left gastric! 
common hepatic/splenic/retropancreatic are removed. 
Splenic nodes can be cleared with or without splenectomy 
along with removal of tail of pancreas, Here node stations 
1-11 are removed. Stations 12-18 are not removed. Average 
27 nodes are removed. 

% DB is done when nodes are Nz. Nodes removed for clear- 
ance are hepatoduodenal, nodes along mesentery, middle 
colic (1-16 stations). Average 43 nodes are removed, 

% D4 is not commonly advocated. It is removal of stations 
1-18. 


removal of nodes 


D1—involvement of group | lymph nodes 
D2— involvement of group land Il lymph nodes 
D3—involvement of group |! and ill lymph nodes 
D4—involvement of group |, llland para-aortic nodes 


Note: 
Alllymph nodes are numbered differently as ‘stations’ or'echelons, 


Lymph node stations in gastric carcinoma Uapan)—18 
stations are there 

Right cardiac 

Left cardiac 

Nodes along the lesser curvature 

Nodes along the greater curvature 

a. Along short gastric vessels—4sa 

bs. Along left gastroepiploic vessels —asb 

¢. Along right gastroepiploic vessels —asd 

5. Suprapyloric nodes 

6. Subpyloric nodes 

7. Along left gastric artery 

8 Along common hepatic artery 

9. Along celiac a 

10, Atsplenic hilum 

11, Along splenic artery 

12, Athepatoduadenal ligament 

13, Retroduodenal lymph nodes 

14, Atroot of mesentery 

15, Around middle colic artery 

16, Para-aortic nodes 

17, Around lower oesophagus 

18, Supradiaphragmatic 

First tier nodes: Nodes within 3 em from primary tumour 

(stations 1-6)—N, (old TNM) 

Second tier nodes: Nodes in main and intermediate arterial 

trunk (stations 7-11)—N, (old TNM) 

Third tier nodes: Nodes at stations 12-18 (para-aortic and 

above}—N; (old TNM) 


Note:15 lymph nodes must be removed for adequate staging of nades 
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4, Endoscopic mucosal resection (EMR) 

> Its practiced in Japan in early gastric cancer. Tumour 
less than 2 cm, elevated, well-differentiated tumours 
without nodal disease is the ideal selection for EMR. 
Proper regular endoscopic surveillance is essential in 
these patients after EMR, 

» Lesion is elevated by injecting normal saline submu- 
cosally and elevated lesion with adjacent mucosa is 
resected using cautery up to muscularis propria; later 
with clips defect is apposed. 

> Itis done in protruded early gastric cancer or ulcer-free 
depressed cancer which is well-demarcated. 


5. Photodynamic therapy 

> Intravenous injection of haematoporphyrin derivative 

photosensitiser is given initially; 48 hours later laser 

light is delivered to tumour through an endoscope to 

create interaction between two, releasing highly reactive 
singlet O2 which causes tumour necrosis, 


Adjuvant Therapy 
Chemotherapy 


# Mitomycin 10 mg IV single dose in monthly cycles. 
% S-fluorouracil, 250 t0 500 mg IV in 5% dextrose daily for 
5 days 


% Cisplatin and epirubicin, adriamycin, oxaliplatin, eapecit- 

we other drugs used at present. 

1 regime is $-fluorouracil, adriamycin, mitomycin C), 

* Chemotherapy is also used as palliation in inoperable cases! 
metastatic cases whether surgical palliation (if obstruction 
‘or bleeding is present) is needed or not. 

# Neoadjuvant chemotherapy to downstage the tumour is also 
used to make it operable later. ECF (Epirubicin, cisplatin, 
5 FU), EAP (Epirubicin, adriamycin, cisplatin), FDT 
(% FU, doxorubicin, triazinate) are used, 
Bevacizumab (anti-VEGF) is currently under trial 
Instillation of mitomycin C impregnated charcoal intra- 
peritoneally is done to control lymphatic disease (Japan). 
It specifically kills the malignant cells in lymphatics and 
lymph nodes in the abdomen. 


Chemoradiotherapy 


* Postoperative radiotherapy (RT) with chemotherapy using 
5 FU and leucovorin. Chemoradiation has become the 
standard adjuvant treatment. 

% Some benefits are shown but controversial. It is said to be 
better than adjuvant chemotherapy alone. 

Note: 

Very ess role for radiotherapy at present. Many radiosensitive struc- 

tures in the gastric bed prevents tumour to have effective RT. RTs 

used as palliative method for painful bone secondaries 


Immunochemotherapy as an Adjuvant 


# Itis given in stage HI carcinoma after radical gastrectomy, 
It starts from Sth postoperative day to the end of 2 years. 

# Itis based on the fact that preoperative T cell counts, 
percentage, are reduced which can be improved/modulated. 
by this therapy. 

# Residual cancer cells or micrometastases can be eradi 
by this therapy. 

* Regime contains—initially immunotherapy using weekly 
intramuscular injections of Picibanil (Streptococcus 
pyogenes derived) immune agent 1.0 clinical unit is given 
‘on Sth postoperative day. Later from 10th postoperative day 
“onwards, chemotherapy regime consisting of mitomycin C 
and 5 FU is used as follows—mitomycin C 4 mg/50 kg IV 
twice weekly for 2 weeks, then weekly for 6 weeks; 5 FU 
as 500 mg/30 kg IV twice weekly for 2 weeks, then weekly 
for 6 weeks, then 600 mg/S0 kg orally daily for 2 years 


ted 


Signs of inoperability 
‘& Adherent to pancreas or colon or mesocolon 
& Ascites 
+& Para-aortc lymph nodes 
‘& Secondaries in lver 
‘& Palpable massis incurable but can be resectable surgically 
® Blumer shelf 
+ Left supraclavicular nodes 
‘Sister Mary Joseph nodule 
+ Irish node (Left axillary lymph node secondaries) 


Goodness is the permanent investment. 
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4.0 e-TELEPORTATION 


4.1 Extra Space Dimensions and Parallel Universes/Spaces 


A literature search for proposed e-Teleportation concepts based on the conveyance of objects through 
extra space dimensions and/or parallel universes/spaces has yielded only one result (see Section 4.2). The 
present state-of-art in research on parallel universes/spaces and extra space dimensions has been strictly 
limited to the work on developing a grand unified quantum field theory and a quantum theory of gravity, 
whereby the former necessarily includes the latter. Quantum gravity/unified field theory research has 
been evolving since the 1920s when Kaluza and Klein published the first papers to describe a model for 
the unification of gravity with electrodynamics. Many of the more prominent theories today invoke extra 
spatial dimensions, the existence of parallel universes/spaces, or both in order to quantise gravity and/or 
ravity with the other forces of nature. It is beyond the scope of this study to provide an in-depth 
review of all of the research that has been done in this area, so we list below a select few of the 
historically prominent models that have largely gained a secure foothold in present-day research: 


» Kaluza-Klein Electromagnetic-Gravity Unification Theory/Modern_Kaluza-Klein Gravity 
Theories (Kaluza, 1921; Klein, 1926; de Sabbata and Schmutzer, 1983; Lee, 1984; Appelquist et 
al., 1987; Kaku, 1993, 1994; Overduin and Wesson, 1998): It was originally suggested that 
Maxwellian electrodynamics and Einstein gravitation could be unified in a theory of five- 
dimensional Riemannian geometry, where the gravitational and electromagnetic potentials 
together would determine the structure of spacetime. The fifth space dimension is curled up into 
a ball of space with a radius slightly larger than 10~** m, and it was originally regarded as having 
no physical significance because it was simply a mathematical tool used to catalyze unification. 
At present, the generic name of Kaluza-Klein stands for a wide variety of approaches to 
quantising and unifying gravitation with other quantum fields using any number of dimensions 
‘greater than four. 


> Superstring Theories (Green, 1985; Kaku, 1988, 1993, 1994): These theories come in a wide 
variety of interrelated concepts, and they are a highly evolved form of Kaluza-Klein theories. 
They are based on the dynamics of string-like fundamental quanta, whereby the observed 
fundamental particles are manifested by the vibrational ground or excitation states of a quantum 
string (open or closed loop). The superstrings are = 10° m (i.e. the Planck length) in size. 
There are different versions of these theories that require ten, eleven or twenty-six extra space 
dimensions to unify and quantise gravity, whereby the extra dimensions are curled up (i.e., 
compactified) into balls of space with a radius < 10’ m. These theories later evolved into 
versions that are now called F- and M-theory. The mathematics behind this class of theories is 
very ugly, and it is difficult for even the best superstring theorists to make simple or sophisticated 
calculations and predictions. And so far, this class of quantum gravity theories has escaped 
experimental verification. 


D-Brane_and_3-Brane_Theories/Parallel_Spaces (Rubakov and Shaposhnikov, 1983a, b; 
Polchinski, 1995; Antoniadis et al., 1998; Randall and Sundrum, 1999a, b; Weiss, 2000; Pease, 
2001; Arkani-Hamed et al., 1998, 2000, 2002): D-brane theory is a recent incarnation of the 
original superstring theories in which open strings, corresponding to the fundamental particles of 
the standard model (quarks, leptons, gauge bosons), have their free ends stuck on a (hypersurface) 
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Fig. 20.95: Carcinoma stamach resected specimen. 


Early growth in pylorus: Lower radical gastrectomy 
removal of tumour, proximal 5 cm clearance, nodal clearance, 
‘greater and lesser omentum, distal pancreas and spleen 
(now not regularly removed; itis removed to clear splenic 
‘nodes—one of the node stations) and Bilroth Il anastomosis 
‘or Rouxen-¥ anastomosisis done. Postoperatively adjuvant 
‘chemotherapy should be given—5-fluorouraci, mitomycin, 
epirubicin, cisplatin, oxalilatin, capecitabine 

‘D1 orD2nodal dissection should be done for adequate clear- 
ance in curative surgery 

Growth in body, proximal growth, diffuse carcinoma and 
generalised linits plastica are the indications for total radical 
{gastrectomy with oesophagojejunal anastomosis. 
Neoadjuvant chemotherapy in advanced gastric cancer prior 
to surgery and later gastrectomy. 

Instillation of mitomycin C impregnated charcoal intraperi- 
toneally to control lymphatic disease (Japan) 

Palliative procedures like palliative partial gastrectomy, ante- 
rior gastrojejunostomy, Devine exclusion procedure, luminal 
stenting in proximal inoperable growths, chemotherapy are 
used in inoperable cases 

In early carcinoma proper lymph nodal clearanceisimportant 


Palliative Treatment 


° 
e 
Ps 
° 
+ 


To palate pai 
To paliate vomiting 

When there is bleeding 

Toimprove appetite 

Portal gastrectomy (palliative) is the best method 


Palliative Procedures 


* Palliative anterior gastrojejunostomy with jejuno-jejunos- 
tomy. 

% Devine exclusion procedure wherein instead of removal 
‘of tumour, it is excluded with Billroth II anastomosis. 

* For unresectable growth in upper part of the stomach, 
palliation can be attained by inserting tubes through the 
‘oesophagus to the stomach like Mousseau-Barbin tube, 
Celestin tube (like in carcinoma oesophagus). Endoscopic 
stenting can also be tried. 

* Palliative chemotherapy is used in advanced stage. 

% Rand analgesia like morphine is used to relieve pain. 

% Surgery / endotherapy is used to relieve obstruction, Pallia- 
tive partial gastrectomy (limited local resection), anterior 
GB, laser, stenting are different options. 

% Surgery (partial gastrectomy) or endotherapy is required 
in bleeding 

% Palliation for ascites is difficult even though repeated 
tapping and chemotherapy is done. 


‘® Palliative partial gastrectomy is the best palliation 

+ Palliative anterior gastrojejunostomy with jejuno-jejuno- 
stomy 

‘ Devine’ exclusion procedure 

‘® M-B tube/Celestin tube insertion for proximal stomach 
‘growths 

+ Endoscopic stenting/dilatation 

‘Laser recanalisation 

+ Palliative chemotherapy—FAM regime 


Tumour inoperable 


Fig. 20.96: Anterior gastrojejunastomy is one of the palliative 
procedures used in case of inoperable carcinoma stomach. It is 
anterior, antecolic Gi 


Pyloric growt 
(advances) 


Gi stoma 


Duodenum 


Fig. 20.97: Devine’s exclusion procedure. Here inoperable pyloric 
‘tumour is left and excluded, Proximal stomach is transected and used 
{or Billroth I ike gastrojejunostomy. 


Prognosis 

+  Inarly gastric cancer which has undergone good surgical 
resection, 5-year survival rate is 70-90% in Japan. In India, 
5-year survival rate is 20%, 

* Inadvanced gastric cancer it reduces to 20- 


% in Japan. 

In other countries itis still worser. 

* Overall prognosis is worse in carcinoma stomach. 

* When serosa is not involved 5-year survival is 50%. When 
serosa is involved it is 20%, 

* Nodal spread is a bad prognostic factor. 

* Involvement of more than 4 nodes carry poor prognosis 

% In Japan, prognosis is better due to early 
better technical and staging approach. 

+ Early gastric cancer has got better prognosis, 

Intestinal type has better prognosis than diffuse type. 
Size of the tumour (2 em); tumour depth; and histological 
type and grading. 


and 


 Prognosticfactors, 
Early or advanced 
Histological grading 
Staging 
Gross types 
Lymph node status 
Liver secondaries 
Serosal involvement—an important factor 
I type—got better prognosis than diffuse type 


eeecseose @ 


Response to treatment 


Note: 

+ Recurrence rate is very high in first 3 years after therapy. 

+f primary tumourcan be removed surgically its called as resect- 
able tumour. Resectability can be for palliation or along with 
radical surgery for cure. 


+ Operable tumour means radical gastrectomy with (amenable 
fot) nodal clearance. 

+ Inoperable tumour means not amenable for radical surgery. 

+ Inoperable tumour can be resectable for palliation. 

+ Ryis resection with complete clearance—no residual disease. Ry 
is resection but with microscopic residual tumour. Raisresection 
‘with macroscopic residual tumour, Ry is unresectable. 

+ Dl and D2 dissections are different for proximal and distal 
tumours. 

+ Inearly gastric cancers, laparoscopic endoluminal transgastric 
mucosal resection of the lesion is under trial now. 

+ Adjuvant chemoradiation (RT with 5-FU as radiosensitiser) is 
also under trial for proximal tumour, undifferentiated high 
grade tumour. 

+ Antrectomyisalso called as hemigastrectomy. Removal of 60-75% 
stomach is called as partial gastrectomy. Removal of more than 
180% of stomach is called as subtatal gastrectomy. 

+ Perforation in gastric cancer has got high mortality. 

+ Most common site of recurrence is stomach bed, then lymph 
node and anastomotic site. 

+ Will Roger's stage migration phenomenon is thorough staging 
with stage for stage to improve the outcome. 


i GASTRIC LYMPHOMA 


There are two types of gastric lymphor 
# Primary. 
* Secondary. 


Note: 


+ Gut lymphomas are 10% of all lymphomas. It is common in 
males (2:1). Coeliac disease, alpha chain disease, ulcerative 
colitis, HIV, transplantation—are the aetiology in general for gut 
lymphomas. H. pyloris relevant for gastric lymphoma 

+ Itoccurs in stomach (55%, small bowel (30%), colon (10%), 
ileocaecal region (5%) 


A. PRIMARY GASTRIC LYMPHOMA 


% Primary gastric lymphoma is most common one among GI 
primary lymphomas. 

% Itis second common malignant neoplasm of the stomach 
(5% of gastric malignancies). 

* Itis common in elderly men and common in the antrum 
of the stomach, 

Itcan be infiltrative, ulcerative, nodular, polypoid or combined. 
Gastric lymphomas are commonly of non-Hodgkin’s type 
(NHL—B cell type 98%). 

#  Itisarising from B cells—derived from mucosal associated 
lymphoid tissue (MALT). So often called as MALTOMA 

* Diffuse mucosal thickening which eventually ulcerates—is 
the pathology 

# Disease remains in the stomach for long time and later 
spreads to liver and other lymph nodes, 

* Association of primary gastric lymphoma with H. pylori is 
well-established. Normal gastric mucosa does not contain 
lymphocytes but mucosa with 1. pylori infection contains 
lymphocytes. 

% Usually disease is localised to stomach without any other 
lymph nodes in the abdomen or mediastinum with normal 
liver, spleen, bone marrow and total count, 


‘Success is the better way of dealing with failures. 
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tis basically a localised disease of stomach to begin with 
but later to have systemic spread. 

© Main presentation is mass abdomen, pain, vomiting and 
loss of weight. Perforation, bleeding, obstruction, gastro- 
colic fistula ate also not uncommon, 

Dawson’ criteria for primary GI lymphoma (NHL): No 
palpable superficial lymph nodes; no thoracic lymph nodes 
in CT sean; normal WBC count and bone marrow; predomi- 
nant bowel pathology; liver, spleen are normal, 

Ann Arbor staging: Stage 1 —confined to GIT; IE—GIT + 
regional nodes; IILE — GIT + nodes away from and beyond 
regional; IVE ~ GIT + other intra-abdominal organs or 
cextra-abdominal. 

© I-can be—B cell, T cell, low grade, high grade, pure 
centroblastic, unclassified. 


Clinical Features 


Pain abdomen, melaena and mass abdomen whi 
and firm, 
Loss of weight, loss of appetite 


“+ Wiskott Aldrich syndrome 
+ Klinfelter syndrome 

& HIV,H. pylori (75%) 

® Ataxia telangiectasia 

& SLE 

@ Chronic gastritis 

> MALT 


Complications 

% Obstruction. 

+ Perforation. 

% Bleeding, 

Spread to other lymph nodes and liver—only late event, 


Fig. 20.98: Gastric lymphoma, endoscopic view. it can be primary or 
secondary. Secondary is common, Primary occurs first in stomach 
‘and later other lymphatic system are involved. Gastrectomy is the 
treatment with chemotherapy. 


Investigations 


4% Gastroscopy and biopsy. 
% Endosonography. 

® Peripheral smear, bone marrow aspiration. 

* CTabdomen and CT chest and mediastinum. 


Treatment 


* Radical subtotal gastrectomy is done in primary gastric 
lymphoma at antrum, Radical total gastrectomy is done in 
primary lymphoma of proximal stomach. 

* Anti-Helicobacter pylori therapy. Early primary gastric 
lymphoma may regress by triple regime. 

% Chemotherapy as adjuvant, Drugs are same as used for 
NHL. RT is also useful, 


B. SECONDARY GASTRIC LYMPHOMA 


% Ibis the most common type of lymphoma occurring in 
stomach. It differs from primary in many aspects. 

Here mainly systemic lymph nodes are involved first and. 
the disease begins in lymph nodes at different regions, later 
to occur in stomach, 

% Peripheral smear shows lymphocytosis; bone marrow 
shows changes; CT abdomen and chest shows multiple 
nodal enlargement, 

% tis basically a systemic disease extending to stomach 

% Perforation and bleeding are the complications. 

© Treatment is mainly chemotherapy—CHOP/ABVD/ 
MOPP/BACOP and other regimes. 

© Surgery is not done unless any local complications ocour, 


 GIST—CD 117;CD 34;smooth muscle actin 
4 Smooth muscle tumours —CD 34;smooth muscle actin;Desmin 
- Neural tumours—S-100;CD 34 


ll GASTRIC SARCOMAS 


Stomach is the most common site of GI sarcoma, 
Leiomyosarcoma is the most common type of gastric 
sarcoma. Other type is malignant leiomyoblastoma. 

# Leiomyosarcoma is common in proximal stomach. 

%  Itattains enormous size with rubbery consistency. 

* Mainly spreads through the blood to the liver. 


Clinical Features 
* Pain, vomiting, anorexia 
Mass in upper abdomen. 


Complication 
© Glbleeding, 


Investigations 


# U/S abdomen and CT sean. 
* Gastroscopy is useful in less than 50% of cases. 


Treatment 


* Subtotal gastrectomy. 
© Chemotherapy. 

Leiomyosarcoma has got better prognosis compared to 
adenocarcinoma and lymphoma of stomach 


Fig, 20.99: Gastric sarcomas. 


ll GASTROINTESTINAL STROMAL 
TUMOURS (GIST) 


It is a rare tumour of GI tract—0.2% of all GI tumours. 

But it is the most common nonepithe! 

gastrointestinal tract. Stomach is the mast common site of 

all GISTS—S0%; 25% of all GISTS are from small bowel; 
rectum—15%; colon—10%. 

¢ Equal in both sexes and common in 50-70 years age group. 

# GIST arises from interstitial cell of Cajal (pacemaker cell 
Which intercalates between smooth muscle cells and intra- 
‘mural neurons). Mutation of tyrosine kinase and platelet 
derived growth factor alpha (PDGF@) are the newer patho- 
genetic theories. 

# GISTis classified as very low-risk (2 em); low-risk (2-5 em); 
intermediate risk (5-10 cm) and high-risk (> 10 em) based 
on tumour size and mitotic activity of cells. 

# 95% of GISTS express c-kit CDI17 mutations —a specific 
‘molecular marker, 

% Kit protein (CD117, stem cell factor receptor) is a trans- 
‘membrane tyrosine kinase receptor which is detected by 
immunobistochemistry. It distinguishes from true smooth 
‘muscle neoplasms. 80% of GISTs are positive for CD34— 
haematopoietic progenitor cell antigen. 

* Abdominal pain; weight loss; GI bleed (most common 
presentation) and large mass abdomen are typical. Mass 
is extraluminal as it is of submucosal origin but expands 
and compresses the mucosa. 50% of GIST can present as 
‘metastatic disease to liver and peritoneum (ascites) 

# GIST’s almost never metastasise to regional lymph nodes, 

* Itcan be spindle shaped (70%); epithelioid (25%); combi- 
nation. 

* Carney’s triad—extra-adrenal paraganglioma; pulmonary 

chondroma; gastric GIST. 


I tumour of the 


Figs 20.100A and B: Barium meal X-ray showing gastric teratoma 
presenting as a large mass lesion compressing gastric lumen. Inset 
shows CT picture also. Operated specimen is also shown, 


Fig. 20.1 


astriclelomyosarcoma near the fundus—endoscopic 
View. It is now classified under GIST. 


Investigation: 

* Mainly CT sean. 

% Tumour/molecular marker to differentiate it from sarcomas 
(immunohistochemistry), 

% Endosonography guided biopsy/guided FNAC are impor- 
tant to get histological confirmation. 

#18 FDG PET scan is very useful adjunct to CT but reserved 
for difficult/equivocal cases. 

Treatment: 

* Surgical resection of the tumour with part of the adjacent 
bowel. 

% Imatinib mesylate—a specific oral drug (yeat 2000) that 
inactivates tyrosine kinase kit and so prevents phosphoryla- 
tion of the receptor and proliferation of tumouris very much 


The remedy for injuries is not to remember them. 
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beneficial in advanced cases. Now itis also used if tumour 
size is more than 10 em; in intraperitoneal rupture/spillage; 
haemorrhage in GIST; multifocal occurrence. Duration of 
imatinib is usually one year. 

# Newer drug—SU/1248 inhibits tyrosine kinase receptor as 
well as blocks PDGFRA. Another newer derivative—suni- 
tinib and dasatinib is used in imatinib refractory cases. 

* Doxorubicin + ifostamide is tried in metastatic disease but 
with only 5% response rate. 

Prognostic factors: 

* Size of GIST more than 5 em, male sex. 

High mitotic activity (> 15 mitoses per 30 high power field), 
mixed pathology (spindle + epithelioid). 

# Liver spread. 

¢ KIT exon 9 mutation which is more aggressive than KIT. 
exon I mutations—earries poor prognosis. 


ast | 

4 GISTs the most controversial topic. 

+ Primary nonepithelial tumours are classified as: Group |— 
smooth muscle type expressing smooth muscle actin and 
<desmin;Group ll —gastrointestinal autonomic nervetumours 
(GANs/myenteric plexus tumour/plexosarcomas) express 
neuron specific enolase and s-100 and are aggressive;Group 
Iildual differentiation; Group !V—uncommitted type. 

4 GIST can be benign, intermediate/borderline, or malignant. 
Size and mitotic activity are main factors of malignancy; 
others are—necrosis, haemorthage, hypercellularty. 

@ GISTis common in fundus of stomach. It can be submucosal 
(60%), subserosal (30%) intramural. Fundal GIST carries better 
prognosis than small bowel GIST. 

Small bowel GIST is common in jejunum (40%), ileum and 
duodenum, It can be submucosal or subserosal. It presents 
with Gl bleed, abdominal pain, intestinal obstruction, mass 
abdomen, intussusception, perforation and cachexia. It often 
produces HCG causing hyperemesis. 

@ GISS—is gastrointestinal stromal sarcoma. It is common in 
stomach (50%), small bowel. GISS accounts for 2% of soft 
tissue sarcomas. 70% of them are symptomaticat early stage. 
Surgical resection is the treatment. 


ll PYLOROPLASTY 
Indications 


% Bleeding duodenal ulcer. 

# Asa drainage procedure after vagotomy in uncomplicated- 
DU which is not responding to medical line of treatment. 

Asa part of procedure like Ivor-Lewis operation and 
Siguira-Futagawa operation. 


Contraindications 


# Duodenal ulcer with cicatrisation and scarring 


Types 


&  Finney’s pytoroptasty. 


© Heineke-Mikulicz pyloroplasty. 


Complications 


% Duodenal leak—very dangerous one. 
© Later reflux. 


V9I2 


Figs 20.102A and B: Types of pyloroplasty. (A) Finney’s 
pyloroplasty, (B) Heineke-Mikulicz pyloroplasty. 
lm GASTROSTOMY 


* Itis the procedure wherein a tube is passed into the stomach 
per abdominally for the purpose of enteral feeding 
#  Itcan be temporary or permanent. 


Types 


A. Serous lined—for temporary gastrostomy. 
B. Mucosa lined—for permanent one. 


Cay 
DY 


‘Abdominal 
wall 


Figs 20.103A and B: Types of gastrostomy. (A) Temporary 
gastrostomy, and (B) Permanent gastrostomy. 


After minilaparotomy, gastrotomy is done. Foley's or 
Malecot’s catheter is placed in the stomach. It is fixed to 
parietal peritoncum through two circular purse string sutures. 


Other Types 


Stamm’s temporary gastrostomy, 
Kader-senn temporary gastrostomy. 

Janeway’s permanent gastrostomy, 

Endoscopic percutaneous gastrostomy—becoming popular 
(PEG), 


Indications 


Oesophageal strictures. 
Any conditions where tube feeding is required for more 
than 4 weeks (e.g, burns, severe sepsis) 

% Major neck surgeries. 


Contraindications 


# Previous gastrectomy 
* Gastric diseases with impaired gastric emptying 
* Intestinal obstruction. 


Ic 


Figs 20.1048 to C: Percutaneous endoscopic gastrostomy (PEG). It 
Is easier and acceptable method and less invasive. 


Complications 


Infection, 
‘Trauma to other organ, e.g. colon. 
Leak from gastrostomy site. 
Aspiration pneumonia. 

Blockage. 


ll GASTRECTOMY 
Types 


1. Billroth Lis done for benign condition, Here along with 
partial gastrectomy, gastroduodenostomy is done. 

2. Billroth 11 is done for carcinoma stomach. After partial 
gastrectomy, gastrojejunostomy is done and duodenal 
stump is closed. 

3. Lower radical gastrectomy is done in early carcinoma 
pylorus. Here along with the growth and proximal 5 em 
of stomach, omentum, lymph nodes, spleen with tail of 
pancreas are removed and Billroth II anastomosis is done. 

4. In growth of upper part or OG junetion, upper radical 
gastrectomy is done along with oesophagogastric anasto- 

5. In some cases like linitis plastica, fotal gastrectomy along 
with oesophagojejunal anastomosis is done. 


= 


Figs 20.105A and B: Types of gastrectomy. (A) Billroth | 
‘anastomosis and (8) Billoth Il anastomosis 


Indications 


Chronic benign gastric ulcer. 
Benign tumours of stomach (Leiomyoma). 
Careinoma stomach, 

Stomal ulcer. 

Bleeding ulcer. 

Leimyosarcoma, gastric lymphoma, 
Menetrier’s disease. 


Complications 
Bleeding. 

Bile leak, 
Duodenal blow out. 
Gastric fistula, 
Dumping syndrome, 
‘Anaemia. 


‘Pleasure in the job puts perfection in the work. 
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Subtotal Partial 
gastrectomy gastrectomy 
(60% or above (65-75% 
removed) removed) 


Anirectomy 
(hemigasirectomy) 


Fig. 20.106: Different types of gastrectomy. Subtotal—more than 
‘80% of stomach is removed; partial—60-75% removed. 


lm GASTROJEJUNOSTOMY (GJ) 
Types 


1, Anterior GJ. 
2. Posterior Gi. 

Anterior gastrojejunostomy is done as.a palliative procedure 
in case of advanced inoperable (adherent posteriorly) carci 
‘noma pylorus to palliate vomiting. It is anastomosis between 
jejunum and anterior surface of stomach, in front of transverse 
colon (antecolic). 

Posterior GJ is done along with truncal vagotomy, in pyloric 
stenosis due to chronic duodenal ulcer. /tis posterior, vertical, 
retrocolic, short loop, isoperistaltic (of Mayo). 

GJ is also done as part of the Billroth I! gastrectomy. 


Fig. 20.107: Gastrojejunostomy stoma view on endoscopy. 


Problems with GJ 


Stomal obstruction. 
Afferent or efferent loop obstruction, 

Dumping syndrome. 

Duodenal blow out. 

Retrograde intussusception. 

Reflux gastritis. 

It is a rare entity ocours alter gastrojejunostomy. 
It can occur immediately, in weeks or in months. 


m RETROGRADE JEJUNOGASTRIC 
INTUSSUSCEPTION 


Fig, 20.108: Retrograde jejunogastric intussusception with 
gangrene—resected specimen. 


Presents with pain above and left of the umbilicus, aema- 
temesis, firm, tender mass above and towards the left side. 
Patient becomes better in erect posture. 

© Condition causes stomal obstruction. 

Barium meal shows coiled spring look within the stomach, 
remnant. Gastroscopy is diagnostic. 

tis treated by open reduction of the intussusception with, 
anchoring stitch to the bowel or enteroanastomosis. When 
‘gangrenous, resection and Roux-en-Y anastomosis is done. 


™ VAGOTOMY 


{nan inquiry which | had formerly instituted, respecting the func- 
tions of the stomach, | divided these nerves the vagi) in the neck 
Cf a dog, forthe purpose of ascertaining the influence which they 
possess on the secretion of the gastric juice... We may conclude 
that the suppression ofthe secretions...suffiiently demonstrate, 
that the secretions of the stomach and intestines are very much 
under the contro ofthe nervous system. 


—Benjamin Collins Brodie, 1814 


Types 
1. Truncal vagotomy along with GJ as drainage procedure, is 
done in case of pyloric stenosis due to chronic DU. 


"Nerve of Latatjt (spared) 


929 


Figs 20.109A to C: Types of vagotomy. (A) Highly selective vagotomy, 
(B) Selective vagotomy with pyloroplasty (C) Truncal vagotomy with 
gastrojejunostomy. 


In uncomplicated DU, with failure of medical treatment 
and when HSV cannot be done, then truncal vagotomy with 
pyloroplasty is done. 


Fig. 20.110: Foreign body in the stomach. It usually does not harm 
‘and commonly passes down. 


2. HSV (Highly selective vagotomy) or Parietal cell vagotomy 
or Super selective vagotomy is done in case of uncompli- 
cated DU where medical treatment fails. Here only fibres 
centering the stomach is divided both anteriorly as well as 
posteriorly. Nerve of Latarjet is retained to supply antrum 
and so no drainage procedure is required (Amdrup). It has 
got 10% recurrence rate. 


3 


Selective vagotomy is at present not done often. Here along 
With a drainage procedure, either GJ orpyloroplasty,vagotomy 
is done with retaining of coeliac and hepatic branches, It has 
got 10% recurrence rate. 


Complications of vagotomy 


Intraoperative Late complications 


Injury to spleen! 
cesophaguslliver! 
pancreasithoracie 
duct stomach 
Bleeding from phrenic 
veins/gastric vessels) 
perioesophageal 


+ Vagotomy diarthoea—20% 
Most common complication 
of vagotomy 
Gastric stasis 
Hypoacidity with fermen- 
tation with bacterial over- 
growth causing enteritis, 
Alteration in intestinal vill 


vessels 
frig iribtherae and enzyme content, altered 
‘Duatbaionase small bowel motility due 
denervation 
disconnection 
Altered biliary and pancreatic 
Ea posperstis exocrine function 
Co Cholestyramine 4 gram tid/ 
Lesser curve necrosis, reverse felunl oop the 
inHsv 


treatment for intractable case 

+ Reflux oesophagitis 

+ Oesophageal stricture 

+ Gallstones—due to bile stasis 
and gastric atony—15% 


Transient dysphagia 


The days that make us happy make us wise. 
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CHAPTER OUTLINE 


» Anatomy 
© Meckel’s Diverticulum 

© Regional Enteritis 

* Surgical Complications of Typhoid 

» Surgical Complications of Roundworm, 
» Pneumatosis Cystoides intestinalis 

~ Mesenteric Vessel Ischaemia 

~ Necrotising Enterocolitis 

» Small Bowel Tumours 


lm ANATOMY 


‘The small intestine is 6 m in length, This includes upper fixed 
(duodenum, 25 em), lower mobile part (proximal 2/5th is 
jejunum and distal 3/5th is ileum), 


Differences Between the Features of Jejunum 
and lleum 


Jejunum Teum 


1. Long and few vasa rectae Short and numerous vasa 


rectae 
2. Long plicae ‘Small plicae 
3. Thick wall Thin wall 


‘Mesentery transparent 
5. Peyer's patches are scanty 


‘Mesentery contains fat 
Peyer's patches are 
abundant, located in the 
antimesenteric border 


6. Vill, leaf like and more Vili, finger like and less 


abundant abundant. 
7. Proximal 40% of small Distal 60% 
bowel 


Mesentery attaches the small intestine to the posterior 
abdominal wall, contains blood vessels, lymphatics, fat. 


Nerve Supply 


Sympathetic supply is from Ty-T, and parasympathetic supply 
is from vagus. Both pass through coeliac and superior mesen- 
teric plexus. 

Bowel wall contains the myenteric plexus of Auerbach 
which lies between the circular and longitudinal muscle coats; 
and submucous plexus of Meissner. 


* Benign Tumours of Small Bowel 
* Malignant Tumours of Small Bowel 
= Carcinoid Tumour 

~ Short Bowel Syndrome 

= Massive Bowel Resection 

= Small Bowel Enema 

= Capsule Endoscopy 

‘= Small Bowel Enteroscopy 

~ Enteric/Gastrointestinal Fistula 


Sympathetic nerves are motor to sphincter, inhibitory to 
peristalsis; parasympathetic nerves are inhibitory to sphincter 
and stimulates peristalsis. 


EY Jejunum 


Figs 21.1 and B: Vascular pattern in (A) jejunum, (B) ileum 


‘Appendicular‘artery Superior mesenteric artery 


Fig. 21.2: Blood supply of the small bowel. 


Normal GIT secretions 
Saliva 1000 ml 
Gastric 1500 ml 
Intestinal 4000 ml 
Bile 1000 ml 
Pancreas 1500 ml 
Cell type Function 
Goblet cells Mucous: 
Paneth cells Lysozyme, tumour necrosis factor, 

cryptidins 

Enteracytes ‘Absorption 


Enteroendacrine cells _ Different hormones 


Investigations for small bowel diseases 

‘ Barium meal follow through 

‘& Small bowel enema (Enteroclysis) 

Plain X-ray abdomen to see intestinal obstruction 

‘ Selective splanchnic angiography to see vascular bleed or 
‘malformation (DSA) 

+ Isotope scintigraphy to see Meckels diverticulum 

+ Estimation offaecalfatin 24 hours—normalislessthan 7 gram 

+ Schilling test to find out the absorption of vitamin By, from 
terminal ileum 

‘& SeHCAT bile acid absorption test (selenium labelled) to find 
‘out the absorption of bile acids from the terminal leur 

'& Many different breath tests are used to find out malabsorp- 
tion, bacterial overgrowth and transit ime 

+ Jejunal biopsy 

(CT scans to see fistula, tumour,and spread 

+ Capsule endoscopy is very useful 


* 


™@ MECKEL'S DIVERTICULUM 


Itappears ata specific site in the ileum and the wall contains each 
of the several layers of the intestinal tract.... The proof that the 
diverticulum is a residuum of the communication between the 
intestinal canaland the umbilical stalk rests in the findings which | 
have observed in three stillborn, full-term fetuses. 

Johann Friedrich Meckel, 1809 


It is a congenital diverticulum arising from the terminal 

ileum and is part of the unobliterated proximal portion of the 

vitello intestinal duct 

Itis: 

* 2% common. 

2 feet from the ileocaecal valve. 

2 inch in length. 

2% of Meckel’s diverticulum only will be symptomatic: 

530% of symptomatic are below 2 years of ag 

2:1 female preponderance is seen. 

{tis congenital, results from incomplete closure of vitello- 

intestinal duet. 

 Itisthe most common congenital anomaly of small intestine. 

* Arises from the antimesenteric border of the ileum, 
containing all three layers of the bowel with independent 
blood supply. 


In 20% of cases mucosa contains heterotopic epithelium 
like gastric (commonest—50%), colonic and pancreatic 
tissues (5%), 

% Itmay be connected to or communicated with the umbilicus 
through a band or fistula 

 Itmay be associated with oesophageal atresia, exomphalos, 
and anorectal malformations, 


Ly) 


Stomach: 


Mecker's 


Fig. 21.3: Anatomy of Mecke'’s diverticulum, 


Presentations in Meckel’s Diverticulum 


% Asymptomatic—in majority cases, 

4% Severe haemorrhage most common, seen in children aged 

2 years or younger (Maroon coloured blood). 

Intestinal obstruction due to bands‘adhesions/ intussusception 

Perforation. 

Intussusception, volvulus of small bowel 

Peptic ulceration. 

Diverticulitis (20%)—features mimic acute appendicitis. 

Littre's hernia—it is presence of Meckel’s diverticulum in 

hemial sac as content, It is observed in inguinal/femoral 

hernia 

% Silent Meckel’s diverticulum found during laparotomy or 
laparoscopy or by radioisotope study. 

4 Carcinoid or GIST can occur in Meckel’s diverticulum. 


Meckel's diverticulum, 


One cannot love what he cannot respect, whether it be himself or another. 


‘aunsaquy jews 


membrane called a D-brane (D = Dirichlet boundary conditions). But the graviton, which 
corresponds to a closed loop of string, can propagate in all the dimensions. It provides both 
unification and quantization of gravity by assuming that there are n new spatial dimensions in 
addition to the three infinite spatial dimensions we know about, And the extra space dimensions 
are = 10-5 m in extent. A very recent alternative version of this model is called “3-brane” theory. 
In this theory, each of the n extra space dimensions is of finite extent R = 2x10°"""” centimeters. 
The space spanned by the new dimensions is called “the bulk.” In this theory, the particles of the 
standard model live within our familiar realm of three spatial dimensions, which forms a three- 
dimensional (hypersurface) membrane or “3-brane” within the bulk. The propagation of 
electroweak and strong nuclear forces is then confined to our 3-brane. However, at distances (r) 
less than R, gravity (via gravitons) propagates in the full (3 + n)-dimensional space, whereby its 
with increasing separation . When r > R, the gravitational force reverts to 
its normal Newtonian 1 falloff because there is no longer any extra-dimensional space for it to 
spread into. If n = 1, then the size of the extra-dimension would have to be R = 2x10" cm (or 
2x10'° km = 133.3 AU; 1 AU = 1.5x10* km is the mean Earth-Sun distance) in order to account 
for the weakness of gravity, but an extra space dimension this large would have already made 
itself obvious in the observed dynamics of the solar system. For this reason, investigators have 
discounted the possibility that n = I. If n = 2, then the size of both extra space dimensions would 
have to be R = 0.2 cm (or 2 mm). In any case, inconspicuous neighboring 3-branes may be 
separated from the 3-brane we live on by only a fraction of a millimeter, or even much smaller 
distances, across the higher-dimensional bulk. Such neighboring 3-branes may be distant folds of 
our own 3-brane, with the same physics, but able to influence us across shortcuts through the 
bulk. Or they may be completely separate 3-branes possessing their own fundamental laws and 
parameters of nature that are completely different from our own, Several tabletop Cavendish- 
type experiments are now looking for sub-millimeter deviations from Newtonian gravitation as a 
first step towards verifying 3-brane theory, and other experiments are now being planned or are 
already underway (Pease, 2001). At present the preliminary experimental results have been 
negative for the existence of extra space dimensions, and the experimental data suggests that two 
extra space dimensions are now constrained to length scales << 0.2 — 0.3 millimeters while seven 
extra space dimensions can be no larger than 2 femtometers (Pease, 2001). 


Ne: 


Parallel Universes/Parallel Spaces (Everett, 1957; Wheeler, 1957, 1962; DeWitt, 1970; DeWitt 
and Graham, 1973; Jammer, 1974; Davies, 1980; Wolf, 1988; Kaku, 1994; Visser, 1995 and 
Section 2.1): There are only two other research tracts that are concerned with parallel universes 
besides 3-brane theory. The first tract is the traversable wormhole research that was discussed 
Section 2.1. Traversable wormholes can connect many different universes in the “multiverse” 
(ie., a conglomeration of many universes), and these are called inter-universe wormholes. 
However, traversable wormhole physics (a.k.a. Einstein’s General Relativity Theory) does not 
provide a physical prescription for the existence and nature (i.e., fundamental parameters and 
physical laws) of other putative universes. The difference between inter-universe and intra- 
universe (ie., two distant regions of one universe are connected with each other) wormholes 
arises only at the level of global geometry and global topology. Local physics near the throat of a 
traversable wormhole is insensitive to issues of intra-universal or inter-universal travel. An 
observer in the vicinity of the throat, while making local measurements, would not be able to tell 
whether he was traveling to another universe or to a remote part of our own universe. And one 
cannot rely on the topological (as opposed to geometrical) information to determine which is the 
case, because topological information is not enough to uniquely characterize an inter-universe 
connection. And General Relativity Theory does not fix the topology of spacetime, so we cannot 
ascertain the existence of other universes. [Note: Traversable wormholes are also geometrically 
possible for higher dimensional spaces.] The second tract is the “Many Worlds” interpretation of 
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Diagnosis 


’ 


Technetium (Te”’) radioisotope scan is very useful 
(90-95% accuracy). Ninety per cent of heterotrophic gastric 
mucosa can be identified in Meckel’s diverticulum by 
radioisotope study. It can detect Meckel’s diverticulum with 
minimal bleeding also (0.1 ml/minute). So itis very useful 
investigation in children presenting with bleeding. 
X-ray abdomen to see complications like obstrus 
perforation. 


¢ Laparoscopy is very useful. 


Enteroclysis/small bowel enema under fluoroscopy may 
show the Meckel’s diverticulum. It is probably the most 
accurate investigation, 


Fig. 21.5: Laparoscopic view of Meckel's diverticulum. Patient 
presented with features of acute appendicitis. On laparascopy, 
Meckel's diverticulum which was adherent to umbilicus by a cord 
‘was found. Appendix was identified separately. Appendicectomy and 
Mecklian diverticulectomy was done. 


Treatment 


’ 


Asymptomatic Meckel’s diverticulum can be left alone when 
identified during laparotomy. 

Resection of a short segment of ileum containing Meckel’s 
diverticulum and end-to-end anastomosis is done. 
‘Meckelian diverticulectomy with closute of enterotomy also 
can be done, but chances of retaining heterotopic tissues and 
stenosis are higher, 


Indications for Surgery 


’ 


Surgery is done whenever the base is narrow, and in lengthy 
diverticulum. 

Presence of adhesions or band which may precipitate 
obstruction, intussusception or volvulus. 


Symptomatic patients or presence of complications. 


If itis found in children below 2 years. 


Colon, ideo: 
fleum 


diverticulum 


Mecker's 


xX 


Resected Meckel's 


Meckel's 


ein anaiomess “"drleuum 
AQ we ae 


| note 
Meckolan divereuectomy chai Wier ei 
tinea stperean be used Srna ani be anon Shue 
Senet tte toemeton ee 

Fig. 21.6: Meck’ dverticulum—surgical treatment. Meckelian 
diverticalectomy is done by obliquely clamping beyond the base 
of the Meckel's diverticulum. Care shoud be taken not to retin 
heterotopic gastric (or other) epithelium which can be fel ke 
indurated area, Enough precaution shouldbe taken so that stricture 
wl not form later, When heterotopic tissues extend beyond the 
Meckel's diverticulum into the ileum, then resection of leu with 
Mecke's and anastomosis done. Clamping cistal to the base 
of the Mecksdliverticulum ke appendicectomy should not be 
done, re wil eause stricture, leak or retaining heterotope zsues 
inthe par. 


Note: 
*Meckel's diverticulum frequently suspected; often sought; seldom 
found"—Charles Mayo. 


'& Duodenal diverticulum is the most common acquired diver- 
ticulum of small bowel, 

‘& Meckel’sis the most common true congenital diverticulum 
of small bowel. 

% Duodenal diverticulum: 
Itis common in females; 65% occur within 2m of ampulla. 
Commonly they are asymptomatic; < 5% need surgery. It 
can be congenital/acquired; true/false; intra or extralu- 
‘minal. Biliary obstruction, pancreatitis cholangitis, haemor- 
thage are complications, Diverticulectomy;duodenotomy 
and invagination of diverticulum when itis very close to 
ampulla embedded in pancreas; sphincteroplasty are the 
treatment. Perforated diverticulum is treated with serosal 
jejunal patch/duodenal diversion/duodeno or gastrojeju- 
ostomy. Trfoliate diverticulais an acquired one, occursin 
chronic duodenal ulcer. 

& Jejunoileal diverticula: 
It is rare (0.19%). It is false type, common in elderly. They 
afe common in jejunum, often multiple, protrudes from 
mesenteric border. Chronic pseudo-obstruction, vague 
pain, malabsorption, haemorrhage, perforation can occur 
occasionally. Diverticulitis leads into perforation and peri- 
tonitis or abscess. Bile salt deconjugation with steatorthoea, 
megaloblastic anaemia (vitamin B,, deficiency) can occur. 
Treatment—enterotomy with removal of enterolith or resec- 
tion and anastomosi 


Fig. 21.7: Jejunal diverticula are rare. Often can cause obstruction, 
haemorrhage. It needs surgical resection. 


Figs 21.84 and B: Jejunal diverticula—multiple. 


@ REGIONAL ENTERITIS (Crohn's Disease) 


We propose to describe, in its pathologic and clinical details, 0 
disease of the terminal ileum, affecting mainly young adults, 
characterised by a subcutate or chronic necrotising and icatrising 
inflammation. The ulceration of the mucosa is accomplished by 
a disproportionate connective tissue reaction...a process which 
frequently leads to stenosis ofthe lumen of the intestine associated 
with the formation of multiple fistulas 
ll Bernard Crohn, Leon Ginzburg, 
Gordon D Oppenheimer, 1932 


# Itisa granulomatous, noncaseating inflammatory condition 
of the ileum commonly and of the colon often 

# Itis independent of age, sex, socioeconomic status and 
geographic areas. 


Aetiology 


* Unknown, but a familial and infective nature is thought of. 

# Increased autoantibodies. 

# Diet and food allergy. 

# Itis slightly more common in females. 

* DNA of Mycobacterium paratuberculosis was found in 
intestines of 60% of patient’s with Crohn's disease but 
antituberculous drug therapy has not helped them. 

% Focal ischaemia as a vasculitis may be the cause. 

% 10% of first degree relatives; 50% of monozygotic twins 
develop Crohn's in chromo- 
some 16q12 has got strong association with Crohn's disease. 
CARDIS is expressed in Paneth cells of the ileum. 

# Smoking is related to Crohn's disease as aetiology, as for 
relapse and for exacerbations, 


Causes for Crohn's 


‘ Infectious Mycobacterium paratuberculosis and atypical 
mycobacteria 

& Immunologic 

‘& Genetic—chromosome 16q—I8DI with CARD}s/NOD; gene 
(40 fold risk) 

‘& Environmental 

& Jewsare more prone 

‘& Smoking, diet, OCPs (controversial), psychosocial factors 


Fig. 21.9: Multiple ulcers in the jejunum—Crohn's or tuberculosis. 


The successful man is the average man, but focused. 
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Pathology 


‘Transmural inflammation 


4 
Granuloma formation with linear snake like ulcers 
4 
Cicatrisation 
4 
‘Thickening of the bowel wall (Hose pipe pattern) 
4 
Adhesions 
4 


Fistula formation 


% There is increased mucous membrane permeability + 
antigen induced cell mediated inflammatory response — 
release of cytokines like TNF, interleukin 2 — defect in 
suppressor T cell + granuloma and other pathology. 
Fibrosis, stricture formation, deep ulcers, oedema of 
mucosa between ulcer areas which looks like ‘cobble 
stone’, skipped normal areas in between, serosal 
opacity, mesenteric fat stranding, enlarged mesenteric 
lymph nodes, abscesses in the mesentery, fistula are the 
pathology, Small mucosal aphthous ulcers are earliest 
gross feature 
% Disease may be inflammatory, stricturing or perforating 
pes. 
 Noncaseating giant cell granuloma with chronic inflamma- 
tion of all layers; focal arterial blocks in muscularis propria 
are the microscopic features. 
Extensive fat wrapping around bowel which is been thick- 
ened, firm, rubbery, incompressible, segmental is typical. 


Main features of Crohn’sdisease 
4 lleum—most common site of occurrence—60% 
“Rectal sparing is usual and common 

© Skip lesion 

+ Hose-pipe pattern 

+ Linear ulcers and cobble stone appearance of mucosa 
> Transmural 


 Mesentery is thickened, oedematous, with enlarged lymph 
glands which will neither break nor calcify. 

¢ Rarely jejunum, stomach and other parts of GIT like oral 
cavity, oesophagus are involved. 

| In colon (30%), it is commonly observed in caecum and 

| ascending colon, 

% Toxic megacolon with acute colitis even though rare, can 
occur in Crohn's disease 


Note: 
‘Anal fissure is most common anal problemin Crohn's disease. It may 
lead into perianal abscess and fistula, 


© Agein years: 
= Ays< 40; A312 40 
© Behaviour: 
~ 8):Nonstructuring nonpenetrating 


— Lylleocolon 
— Lg Upper GIT 


Fig. 21.10: Crohn’s disease in small bowel. It is transmural full 
‘thickness disease. In 30% cases colon is involved. Skip lesion, stricture, 
fistula are common. It can involve any part of GIT occasionally 


Clinical Features 


 Itis common in young age group. 

Abdominal pain and diarthoea is the initial slow i 
ious presentation. There is also asymptomatic period in 
between. 

# Diarrhoea is usually less severe without blood, pus or 
‘mucous. 

Mild fever, weight loss, lethargy. 

Crohn's disease may present as tender, firm, resonant mass, 
in right iliac fossa 

% Obstruction, fistula formation, often perforation. 

* Bleeding which is usually chronic but occasionally massive 
can occur. 


 Perianal disease with fissure, fistula, and abscess can occur 

% of patients with small bowel Crohn's. It can be the 
only presentation of Crohn’s in 5% of cases, 50% of colonic 
Crobn’s will have perianal disease, 

* Extraintestinal manifestations occur in 30% of Crohn's 
disease, 


in 


Presentations 


a. Aeute presentations (5%) 
It mimics acute appendicitis with severe diarrhoea. Often 
there will be localised or diffuse peritonitis. 

b, Chronie Crohn’ 

First stage—Mild diarrhoea, colicky pain, fever, anaemia, mass 

in right iliac fossa which is tender, firm, nonmobile along with 

irrent perianal abscess 

Second stage is either acute or chronic intestinal obstruction 

ue to cicatrisation with narrowing 

Third stage—Fistula formation—enterocolic, enteroenteric, 

enterovesieal, enterocutaneous, ete. 


Its precancerous condition but not ax much as ulcerative 
colitis. 


_Extraintestinal manifestations of Crohn's disease 


‘Skin: Erythema nodosum, pyoderma gangtenosum—most 


e 


Joints: Arthritis, ankylosing spondylitis 
Sclerasing cholangitis, 

Nephrotic syndrome 

Pancreatitis 

Amyloidosis 

Blood: Anaemia, thrombocytosis, DVT, arterial thrombos 


ee eeeee 


Investigations 

% Plain X-ray abdomen, ultrasound abdomen, 

¢ Barium meal follow through or small bowel enema shows— 
> Straightening of valvulae conniventes 

Multiple defects (cobblestone appearanc 

Cicatrisation of ileum (siring sign of Kantor). 

Rase thorn appearance of the bowel wall. 

Radiologically Crohn’s disease is classified as non- 

stenosing type or stenosing type 


* CT scan and CT fistulogram is useful method. 

% Colonoscopy usually shows normal rectum; with colon 
showing aphthoid like ulcers and reddened mucosal 
margin. Deep ulcers, stricture and fistula will be evident 
in late cases. Colonoscopy also shows segmental, deep, 
cobblestone look. 

* Blood tests for anaemia, protein loss, mineral and trace 
element loss like magnesium, zinc, and selenium, There 
will be raised C reactive protein and orosomucoid in active 
disease. 


% Capsule endoscopy is useful investigation 
© MRI to diagnose anal disease. 


% Serum markers: 90% of patients with Crohn's disease show 
ASCA (anti saccharomyces cerviside antibody) positive and 
PANCA (perineural antineutrophil cytoplasmic antibody) 
negative, whereas in 98% of patients with ulcerative colitis, 
ASCA is negative but pANCA positive. 


z ‘Complications of Crohn's 
‘® Intestinal obstruction 

‘Stricture 

Bleeding 


4 Fistula formation 
Carcinoma small and large bowel 
® Perianal abscess 

® Peritonitis 

‘® Pericolic abscess 


Differential Diagnosis 
Radiation enteritis and Yersinia enteritis 

Ulcerative colitis. 

Intestinal tuberculosis, Salmonella, Shigella, CMV 
Carcinoma ileum or caecum, 

Differential diagnosis for mass in the right iliac fossa (carci- 
noma caecum, actinomycosis, appendicular mass, ileocaecal 
‘TB, ectopic kidney, mesenteric lymphadenitis) 


Treatment 
Medical 


% Cessation of smoking 

* Bed rest, protein and vitamin supplementations. Often 
nasogastric tube nutrition or TPN is required 

% Steroids are mainly used to induce remission of the disease in 
initial phase. Ibis less useful for maintenance. Dose is 20-40 
mg/day of perdnisolone (0.5 mg/kg/day) for 3-6 weeks. 
Methylprednisolone infusion IV 60 mg/day for 5-7 days ean 
be given initially. Budesonide, a newer steroid shows high 
first phase metabolism in liver and so in high dose achieves 
targeted delivery into the intestine. Itis often combined with 


‘mesalamine or used as an alternate first line therapy. 

Azathioprine is used for maintenance therapy. It inhibits the 
cell mediated immunity. 6-mercaptopurine and cyclosporine 
are also used. Tacrolimus (FK-506) inhibits production of 
IL, and is effective in improving fistul. 

% Salazopyrines are mainly used in acute ileitis and colitis. t 
is not useful in inducing remission, S-aminosalicylic acid 
(S-ASA) and sulfasalazine are also used. 5-ASA inhibits 
leokotriene, TNF, interleukin production. It acts mainly on 
colonic and partly on small bowel mucosa. Mesalamine 
which causes slow release of SASA is better with a dosage 
of 4 gram/day. It is released throughout its passage along 
the small and large bowel. Mesalamine remains the first line 
therapy for Crobn’s disease. 

% Metronidazole is useful in reducing the anal and colonic 
pathology by suppressing the cell mediated immunity and also 
as antibacterial. Its not beneficial for small bowel disease. 


When you get to the end of your rope, tie a knot and hang on. 
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% Monoclonal antibody like infliximab is used in severe refrac- 
tory cases which act against tumour necrosis factor alpha 
(TNFa). Single dose is used for induction. Later given after 
2nd week, 6th week and then once in 8 weeks at a dose of 
5 mg/kg. Itis also useful in promoting closure of fistula in 60 - 
80% cases. But its long term side effects are not confirmed, 

% Anti IL, anti IL}>, anti ILys, anti interferon y antibodies 
are tried. Natalizumab is recombinant human monoclonal 
antibodies against a integrin. 

% Antibiotics are useful in controlling sepsis in fistula, colitis. 


Medical therapy 
‘To induce remission—sterolds 
‘@ For maintenance—immunomodulating drugs like azathio- 
prine 
+ Antibiotics, metronidazole (as immunomodulator) 
Monoclonal antibody—infliximabs 


° 


Patients with Crohn's disease should avoid NSAIDs 


Surgery 

Indications 

* Failure of medical treatment. 

% If patient cannot be weaned off systemic steroid after 6 
months, 

Intestinal obstruction—most common indication. 

Fistula formation, bleeding, malignant change. 
Perforation, fulminant colitis. 

Perianal problems. 

% Crohn’s disease children with growth retardati 
Note: 

Surgery isnot to cure the disease, butto correct complications. Recur- 
rence of complications and relapse of disease can occur even after 
surgery. Patient should be on postoperative azathioprine/6 MP/SASA. 


Surgeries 

% Meocaecal resection (common procedure done because 
commonly ileocaccal region is involved). 

# Segmental resection—conservative resection is better. 

Total colectomy and ileorectal anastomosis. It is only done 

in extensive colonic Crohn's. Ileoanal anastomosis with 

pouch is not done after total proctocolectomy or continent 

ileal pouch is not done as disease may later recur in the 

pouch itsel. 

Stricturoplasty. 

‘Temporary ileostomy. 

Right hemicolectomy is done occasionally. 

Emergency colectomy may be needed in 8% of patients with 

extensive severe colitis but with rectal sparing, 

% Laparoscopic resection is good altemative. 

* Occasionally if rectum is diseased or anal disease is severe 
then total proctocolectomy with ileostomy is done. 

% Corrective surgery for anal diseases like fissure, abscess 
and fistula, 

% Definitive procedures for internal fistulas like ileovesical, 
ileocolic with faecal and urinary diversions. 

* Bypass and exclusion procedures are not commonly used 
at present. 


# In free perforation and peritonitis ileostomy is needed. But 
later, itis difficult to decide the timing of closure of ileos- 
tomy as disease is extensive; itis wiser to do right ileoc 
resection or right hemicolectomy in these patients. 

# Enterocutancous fistula is treated with excision of fistula 
with resection and anastomosis of that particular segment, 
Organ fistulas are also treated with resection of adherent 
bowel and closure of organ like urinary bladder wall 

% Small bowel Crohn’s causes chronic bleeding; colonic 
Crohn’s often may cause massive bleed. In massive bleed 
angiographic control or colonoscopy is needed. 


Stricture 


Stricturoplasty 


Fig. 21.11: Stricturoplasty can be done in Crohn's disease in case of 
‘short strictures in the absence of active inflammation, 

Note: 

Appendicectomy should natbe donein acute phase of appendicitis, 

asit may lead to external faecal fistula; if there isno acute inflamma- 

tion, elective appendicectomy can be/should be done as it eliminates 

appendix as a source of future abdominal pain. 


lm SURGICAL COMPLICATIONS OF TYPHOID 

# ‘Typhoid (Enteric fever) is caused by organism—Salmonella 
typhi. 

# Mode of transmission is faecooral route. 

Presents initially with fever, chills, abdominal pain. 


‘Typhoid 

‘& Styphi Sparatyphi A,B and C 

© Gram-negative flagellated bacili 

'® Faecooral route is commonest mode of spread 

‘& Asymptomatic human carriers are mostimportantreservol 
(Typhoid Mary) 

+ Peyer'spatchesymesentericlymph nodes gallbladder spleen, 
liver and bone marrow are commonly involved 


‘Complications of typhoid 
‘& Paralytc ileus s the most common complication 
‘Intestinal haemorthage—as the Peyer's patches in terminal 
ileum are enlarged and ulcerated —20% Usually blood transfu- 
sion and antityphoid therapy is sufficient to control bleeding. 
Rarely in massive bleed resection anastomasisis needed 


+ Perforation 
+ Cholecystitis and carrier stage 
Venous thrombosis particularly of common i 
known 
Typhoid cystitis bacilluria,epididymo-orchitis 
Arthritis 
Typhoid osteomyelitis (granular sequestrum) 
Typhoid perichondritis and laryngitis leading to airway 
‘obstruction 
+ Typhoid abscess in iver spleen, brain and parotid 
& Myositis, myocarditis, meningitis 


Typhoid (Enteric) Perforation 


Perforation usually occurs in 3rd week of the infection: 

% Ulcets are multiple, arranged in parallel and in antimesen- 
terie border of the ileum. 

* One or more ulcers might perforate and many ulcers may 
be on impending perforation. 

Patient is toxic, presents with: 


 Severediarrhoea 

® Relative bradycardia 

@ Soft abdomen 

® Obliterated liver dullness 

® Abdomen without guarding and rigidity (because of Zenker's 
degeneration) 

Initial history of fever for few days then pain abdomen and 
tendemess, which is progressive 


Associated features 
 Splenomegaly 

+ Fever headache 

& Rose spotsiin the skin 


Investigations 

* Possibility of missing typhoid perforation is very high. 

X-ray in erect posture shows gas under diaphragm, 

% Widal testis positive. 

# Neutropenia is seen in blood. 

% Blood culture (90% + ve) and stool cultures are often 
required. Marrow culture is useful 

# Identification of specific and sensitive markers (to detect Ig 
GilgM). These tests are positive even when blood culture 
is negative. 

* PCR assay for typhoid infection is also useful 

Note: 

+ Incidence of typhoid perforation is 2% of total cases. 

+ 75-80% of perforations are single which needs simple closure 
after taking biopsy from the edge of ulcer. 

+ 20-25% of perforations are multiple which requires either resec- 
tion or exteriorisation as ileostomy. 

+ In paratyphoid B fever colon perforation can occur. 

+ CT canabdomen is ideal investigation to detect early pneumo- 
peritoneum and fluid collection. 

Treatment 

* Antityphoid drugs (Quinolones, chloramphenicol, ceftri- 
axone sodium) are started. 


Later laparotomy is done to close the perforation, 

* Ulcers which are on impending perforation should be 
sutured with serosa. 

# Presently, resection and anastomosis is also accepted as 
treatment when multiple perforated ulcers are present. 

* ZIP technique (laparostomy) to reopen the abdomen when- 
ever required is also beneficial. 

* Exteriorisation of ileum is ideal in a critically ill patient. 

‘Once patient recovers properly after 6-12 weeks closure 

and continuity is maintained. 


Fig. 21.12: Enteric perforation is often severe causing faecal 

peritonitis, Resection/exteriorisation may be needed in severe cases. 

% Closure of perforation with ileotransverse anastomosis is 
the other option. 

4 ICU care, TPN/enteral feeding/monitoring/blood transfusion/ 
fluid and electrolyte managemenl/ prevention or management 
of other complications like DVT/DIC/ARDS/septicaemia. 


™ SURGICAL COMPLICATIONS OF 
ROUNDWORM (Ascaris Lumbricoides) 


Life Cycle 
Eggs > faecooral route —+ larvae —+ portal circulation liver > 
hepatic veins IVC, heart, pulmonary artery —> lungs + matura- 
tion oflarvae (8 weeks) — alveoli, rachebronchial tree —> coughed 
out or swallowed to intestine —+ adult roundworms — male + 
female worms union —+ release of eggs — stool —+ reinfection. 


Fig. 21.13: Roundworm removed from peritoneal cavity. Note the 


faecal contamination. 


Courage is grace under pressure. 


‘aunsaqu j1ews 
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Fig, 21.14: Specimen of ileum showing roundworm bolus. Bolus 
causes intestinal obstruction, commonly near terminal ileum. 


a 


Figs 21.15A and B: Gastroduodenoscopy view of roundworm. It was, 
removed through endoscopy. Roundworm in proximal bowel can cause 
pancreatitis, cholangitis. Vomiting of roundworms signifies intestinal 
abstruction. Itneed not be due to roundworm obstruction. Because of 
the obstruction and proximal bowel ritation, worms move proximally 
into stomach and come out through the mouth. (Courtesy: Dr Tantry 
and Dr Sandeep Gopal, Gastroenterologists, KMC, Mangalore). 


Features 


Worm colic. 
‘Toxicity—fever, tachycardia 

Subacute intestinal obstruction, 

Acute intestinal obstruction with palpable roundworm bolus 
pet abdomen, 

Perforation—common in the ileum. 


Note: 
Perforation usually occursat the site of pre-existing disease lke nonspe- 
Gificileat ulcer, amoebic ulcer, typhoid ulcer, and suture line. 
Intraperitoneal abscess. 
Dyspepsia, malabsorption, iron deficiency anaemia. 
Due to migration of worm into the CBD/pancreatic duct 
causes ascending cholangitis with fever, jaundice and upper 
abdominal pain or features of pancreatitis 


Fig. 21.16: Plain Xray abdomen in a child showing features of 

intestinal obstruction due to roundworms in the bowel. 
Loeffler's syndrome is due to larvae in the alveoli causing 
fever, dry cough, chest pain, dyspnoea 


: Roundworm obstruction. Worms removed through an 
‘enterotomy, 


Investigations 


Small bowel enema/barium meal follow through may show 
roundworms in the ileum, 
US can demonstrate the worms/worm bolus/worm in CBD 
‘or pancreatic duct. 
Blood may show eosinophilia, anaemia, hypoalbuminaemia. 
LFT for worm in CBD. 

* Chest X-ray may show bronchitis. 
Sputum or bronchial wash may show larvae or Charcot- 
Leyden crystals. 
Stool examination may show ova. 
CT/MRI will show worms/obstruction/worm in CBD or 
pancreatic duct. 


Treatment 


% Antihelminthic drugs like piperazine citrate 60 ml is given 
immediately if there are features of obstruction, otherwise 
at night time, Albendazole, mebendazole are other drugs 
used, Proper nutrition is important 

 ‘Nasogastric aspiration; IV fluids; observation is sufficient 

in most of the situations. In 48 hours, obstruction will be 

relieved and child passes worm bolus per anally. 

Occasionally laparotomy and milking of the worm bolus into 

the caecum without enterotomy is needed. Once worms are 

in the colon, hypertonic saline wash per anum makes them 
to disperse and pass outside 

* Removal of worms by enterotomy is rarely done. Enter- 


otomy should be securely sutured using silk otherwise 
reperforation from sutured site can occur by worm toxins 
or by worm activity and migration, 

If there is perforation (common site is ileum) or gangrene 
with peritonitis, peritoneal worms should be essentially 
removed. I 


ally ileum should be exteriorised to prevent 
suture line breakdown after closure due to worms. Once 
patient recovers bowel ends are sutured to maintain the 
continuity and abdomen is closed. Even though it is ideal 
‘method, itis not commonly performed. 

ERCP, worm extraction and stenting is done for worm in 
CBDYpancreatic duct. 


‘Treatment of roundworm obstruction 

 Drugs—piperazine citrate, mebendazole, albendazole 

& Most often by conservative treatment, worms get dispersed 
and passed per anally. But patient requires nasogastric aspira~ 
tion, IV fluids, antibiotics, and observation 

 {fpatient is not responding then laparotomy is done. Worm 
bbolus in the distal ileum is milked into the caecum. Often 
enterotomy and removal of worms is required 

Perforation due to worm requires immediate laparotomy, 
removal of worms and closure of perforation 

& Only rarely, resection and exteriorisation is required 


™ PNEUMATOSIS CYSTOIDES INTESTINALIS 


 Itis transient, thin cysts containing nitrogen in submucosa 
and subserosa of ileum, 

# It is due to increased intraluminal pressure, which forces 
Np through the layers of the bowel due to hyperperistalsis 

 Itis associated with chronic duodenal ulcer, chronic pulmo- 
nary disease, bowel obstruction. 

% Innconates it is associated with necrotising enteritis. 

% Itis common in subserosal and submucosal planes. Cysts 
contain nitrogen and hydrogen. 

% They can occur anywhere in GIT but commonly seen in 
jejunum, Later in ileocaecal and colon region. 

* Mesentery and peritoneum may also be involved. 

 Itis equal in both sexes. 

‘These gas filled cysts in small bowel may rupture into peri- 


toneal cavity to cause sterile pneumoperitoneum., Peritonitis 
is unusual, 


% Abdominal pain, distension, bowel disturbances, vomiting 
are the presentations, 

# Intestinal obstruction, haemorrhage, perforations are 
complications. 


Treatment 


% Oxygen therapy by 70% oxygen for 5 days or hyperbaric 
‘oxygen 2.5 atmospheres for 2 hours daily for 3 days. 

* Metronidazole therapy. 

# Treating the caus 


e; resection only in refractory cases 


Fig. 21. 


: Pheumatosis cystoides intestinalis 


‘Small bowel strictures, 

Causes 

4 Tuberculosis ofleum/jejunum, 

@ Crohn's disease 

Radiation enteritis 

% Ischaemic strictures—after bowel ischaemia, necrotising 

enterocolitis 

Nonspecific causes 

Garrey’s stricture following lang standing irreducible hernia 

‘occurs after reduction and surgery (due to constriction band, 

causing ischaemia at the site) 

Management 

4 Small bowel enema/capsule endoscopy/CT scan— investigations 

Treatment: Treating the cause; resection anastomosis, and 
stricturoplasty 


ee 


ll MESENTERIC VESSEL ISCHAEMIA 


Superior mesenteric artery is commonly involved than inferior 
mesenteric artery. Often superior mesenteric vein can also get 
involved 


Causes 


% Embolisin (50%)—Sources 
» From left auricle, as seen in atrial fibrillation, 


‘A man who does nothing never has time to do any thing. 
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> A mural infarct 

> Atheroma from aorta or aneurysm. 

> Endocarditis vegetations 

> Left atrial myxoma, 

% Thrombosis 

> Itmay block the origin of the superior mesenteric artery 
and can cause ischaemia of full length of small bowel 
It is life-threatening. 

> Itmay be due to atherosclerosis or occasionally TAO. 

» Often all main splanchnic vessels—coeliac, superior 
and inferior mesenteric arteries may be involved by 
atherosclerosis 


932 


* Nonocelusive 
> Itis due to hypotension/hypoperfusion, 
» It is due to vasospasm due to shock—nonocelusive 
mesemteric ischaemia (NOM). 
% Superior mesenteric vein thrombosis, occurs in patients 
with portal hypertension, portal pyaemia, sickle cell disease, 
‘women with contraceptive pills (OCP), 


Figs 21.208 and ¢ 


Figs 21.200 to C: Acute extensive mesenteric ischaemia causing 
small bowel gangrene. Patient will develop short gut syndrome. 
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> Pathology 


% Bowel and mesentery will be oedematous, friable, discol- 
‘ured, and collected with fluid and blood. 

% Once gangrene sets in, perforation can occur leading to 
peritonitis. 


Figs 21.19A and B: Ischaemic bowel necrosis. it will lead to 
perforation and peritonitis. So always requires surgical resection. 


Fig. 21.21: Gangrene of small bowel due to mesenteric 
vascular ischaemia, 


Clinical features 

In acute 

{¢ Abdominal pain that is out of proportion in elation to tendet- 
ness; pain is around umbilicus to begin with later diffuse 

* Persistent vomiting, bloody diarrhoea; later shock and 
toxicity. 

Initially abdomen will be soft but later develops tenderness, 
rebound tenderness, distension, guarding and rigidity. 

% Rectal examination shows bloody stool 

In chronic 


* Post-prandial abdominal pain is the most important 
symptom with aversion to food and weight loss. 

¢ Abdominal angina—recurrent colicky pain, diffuse in nature 
occurs with or without food intake. 

% Bloody diarrhoea—itis a feature of both acute and chronic 
and is confirmed by rectal examination, 

+ Later, once severe infarction of bowel occurs; it may present 
with acute features. 


Types 
It can be: 
Acute type, sloughing of intestinal mucosa occurs in 3 hours; 
infarction of entire thickness of bowel occurs in 6 hours. 
* Chronic type, itis slow and gradual process. 
It can also be: 
‘tensive involving large segment of bowel, small or large. 
+ Loca 
» Colonic localised ischaemia at splenic flexure — 
commonest. 
> Focal segmental ischaemia often with necrosis in small 
bowel. 
> Chronic mucosal infarction. 


Specific Features of Mesenteric Ischaemia 


# Itis often considered as intestinal failure. 

$ Itcan be thrombotic: embolic; and nonocclusive (low flow 
status—is due to reduced SMA perfusion by underlying 
causes like cardiogenic shock, mesenteric vasoconstriction 
or part of systemic disease. There is no documented throm- 
bosis or embolus), 

# Itis rapidly progressive causing early mortality 

© Clostridium, anaerobic and streptococci infections are 
evident. 

* Gas bubble in the mesenteric vein is pathognomonic sign 
of irreversible mesenteric ischaemia, 

© CT/CT angiogram is very useful. An occlusion atthe ostium 
of SMA signifies thrombosis. Embolic occlusion is smooth 
filling defect, usually distal to origin of middle colic artery 
sparing proximal small bowel, right side colon and trans~ 
verse colon. Emboli can be fragments causing multiple 
patchy necrosis of bowel at different sites. 

% Decreased blood volume; poor tissue perfusion; metabolic 
acidosis; myocardial depression by depressant factor; endo- 
toxaemia; ARDS; renal failure; septicaemia and MODS are 
the pathological events, 


% On laparotomy—musty smell and dusky look of extensive 
gangrenous bowel is typical. When in doubt, ischaemia should 
be confirmed by oxygen support; warming; on table Doppler. 


Investigations 


# Plain X-ray in erect posture and US of abdomen. 

% CT scan is the investigation of choice. 

* Angiogram or CT angiogram is the most reliable inves- 
tigation especially in NOMI. It is also ideal for chronic 
ischaemia, 

* Angiogram—on-table angiogram 

* Doppler study—on table. 

% Blood tests: Total count is raised with drop in haemoglobin, 
Raise in blood urea and serum creatinine is common. Serum 
phosphate level is increased very early in 4 hours as small 
bowel is rich in phosphate. Arterial blood gas analysis is, 
often essential, Blood culture may be needed. 


Treatment 


¢ Emergency laparotomy is done, With the help of Doppler 
the block is identified and the vessel is opened. The block 
is removed and the bowel is reperfused. 

# If patient has presented after 24-48 hours, gangrene might 
have already occurred, then resection and anastomosis is done 

+ If patient presents within 6 hours, itis possible to prevent 
gangrene and to salvage the bowel. Emergency SMA 
angiography is done. Papaverine is injected for vasodilata- 
tion (by many studies its benefit is not confirmed). Often 
heparin (20,000 units loading dose and then maintenance 
dose of 5000-10000 units 6th hourly) or thrombolyties are 
injected. Immediate laparotomy is done, SMA is opened 
{arteriotomy) over the obstruction and thrombus/embolus 
is removed using Fogarty catheter. Perfusion is maintained. 
Close monitoring is essential for possibility of formation of 
bowel gangrene and if tis so relaparotomy should be done 
for bowel resection. 

# Inacute condition, thrombolysis using streptokinase, uroki- 
nase and recombinant tissue plasminogen activator can be 
tried. It should be done within 8 hours of onset of pain. 

* NOMLis often treated with selective infusion of vasodilator 
Papaverine into SMA. Its also used in all types of mesen- 
teric ischaemia. Catheter is placed into SMA under guid- 
ance; 45 mg of papaverine given as a bolus initially, later 30 
mg/hour continuous infusion with 1 mg/ml concentration. 
Catheter is usually kept for 2 weeks and repositioning with 
regular angiographic confirmation is needed. Papaverine 
being a vasodilator increases the bowel perfusion through 
end arteries as well as collaterals 

* Chronic mesenteric arterial ischaemia is treated with 
surgical revascularisation using aortomesenteric bypass 
graft and mesenteric endarterectomy. It also can be treated 
with PTA with or without stenting. PTA should not be done 
if there is bowel infarction. It is done through transfemoral 
or transaxillary route; balloon should be longer than the 
lesion and 10% wider than the arterial diameter. 


A fault once denied is twice committed. 
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quantum theory. This version of quantum theory requires the simultaneous existence of an 
infinite number of equally real worlds, all of which are more-or-less causally disjoint, in order to 
interpret consistently the relationship between observed phenomena and observers. The theory 
was proposed in an attempt to overcome a number of deep paradoxes inherent in the 
interpretation of the theory of measurement and quantum theory. The Many Worlds theory 
argues that quantum theory requires the existence of a “superspace” of worlds spanning the range 
of all possible quantum observations (or quantum measurements). Through our acts of 
measurement we are imagined to trace a path through the mesh of possible outcomes. All the 
“worlds” are causally disjoint, and the uncertainty of quantum observation can be interpreted as 
an artifact of our access to such a limited portion of the superspace of possible worlds. The 
evolution in the superspace as a whole is entirely deterministic 


At present, none of the theoretical concepts outlined above have been brought to a level of technical 
maturity, where it becomes meaningful to ascertain whether any form of e-Teleportation is theoretically 
possible between extra space dimensions and different or parallel universes/spaces. However, as 
mentioned in the item on parallel universes/parallel spaces, there is the exception that traversable 
wormholes (three- and higher-dimensional) provide a solid physics principle for the implementation of 
teleportation between parallel universes/spaces. And traversable wormholes can be devised to connect 3- 
branes together. See Section 2.1 for the discussion on teleportation via traversable wormholes. Also, 
Kaluza-Klein theories, superstring theories and D-brane theory all have the common feature that their 
extra space dimensions are < 10° m in extent, which makes it impossible for any useful form of 
macroscopic-level teleportation to occur between space dimensions. Last, it is not yet possible to do 
theoretical calculations or even experimentally verify most of these theories. Three-brane theory is the 
best parallel space theory there is, with the possibility that macroscopic-level teleportation is possible 
between space dimensions (only if the extra space dimension(s) has length scale(s) >> millimeters). But 
this theory is still in the stage of maturing theoretically and achieving experimental verification (or 
falsification). Therefore, we can go no further in this section 


4.2 Vacuum Hole Teleportation 


An unusual teleportation concept has been proposed by Leshan (1999, 2002), which describes the 
teleportation of objects throughout our universe by using the geometrical properties of spacetime. The 
proposal posits that there is a “zero-space” that exists outside the boundary of our universe, whereby this 
zero-space is a “point form” space, where the distance between any two points is always equal to zero 
Leshan also calls this space a “hole.” Further requirements and assumptions of the model are: 


time does not exist as a property in zero-space 
the cosmological principle (i.e. there are no privileged frames relative to another place or point in 
the universe) requires that the boundary or border of the universe must pass through every point 


of space 


virtual holes (or zero-space) in spacetime must exist at every point of the universe, which are also 
called “vacuum holes” 


a vacuum holes exist as virtual particles 
The last item is interesting because it implicitly says that vacuum holes (a.k.a. zero-space) must also be 


virtual particles, and in Section 2.2 we showed that virtual particles are a representation of the vacuum 
ZPF. Therefore, this infers that vacuum holes can be considered to be vacuum zero-point fluctuations in 
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% Chronic mesenteric vein thrombosis is treated with antico- 
agulation or propranolol or oesophageal variceal banding 
or portocayal shunt 

Eventually patient requires oral anticoagulant therapy using 
warfarin for 12 months, 

Repeated post-therapy angiography is needed in all patients. 

% Steroids are given to reduce lysosomal membrane destruc- 
tion and effects of endotoxins; to maintain arterial resistance 
and complement activity. High dose hydrocortisone is used, 

Higher generation antibiotics; critical care; ventilator, fluid, 
electrolytes and nutritional support (TPN) are essential, 


Note: 

+ Minimum bowel length required to be retained is 1.2 meters, 
otherwise the patient will have high mortality (due to short 
bowel syndrome), 

+ Small bowel transplantation is under trial for the same. 

+ Mesenteric bowel ischaemia has got very high mortality. 

+ Development of septicaemia, ARDS, DIC, postoperative leakare 


@ NECROTISING ENTEROCOLITIS 


% Necrotising enterocolitis is an acquired inflammatory 
disease commonly seen in infants and newborn but occasion- 
ally can occur in children and adults. It is more commonly 
seen in premature babies. It is more common in formula 
fed babies than breastfed babies. Reduced gut flora make 
virulent pathogens to act and cause sepsis. 

© Common site is terminal ileum, caecum and ascending 
colon. Often it can involve entire small bowel. 

Gas in the bowel wall and often in portal vein is typical 


Incidence 

* Often associated with low birth weight babies. 
Preterm babies 90%, 

+ Term babies 10%, 
Pathogenesis 

Hypoxia Umbilical artery cannulation 
Hypothermia Exchange transfusion 
Hypotension Hyperosmolar feeds 
Hyperviscosity Packed cell transfusion 
Acidosis Over dosage with calcium 


antagonists 


NZ 


Mesenteric ischaemia, 


4 
Bacterial invasion of mucosa and bowel wall 
4 
Necrosis—skip lesions are common, 
4 


Necrotising enterocolitis. 


Sites 


© Common in small bowel. 
‘Terminal ileum and caecum, 


: Necrotising enteritis. Note the segmental involvement 
of the disease, 


Clinical Features 


Most babies pre 
Bilious vomiting. 

Abdominal distension, guarding and rigidity. 

Bradycardia 

Apnoea, lethargy. 

Gross or occult blood in stool (75%) 

Erythema and oedema of anterior abdominal wall—late 
feature 

DIC. 

% Mortality is 20%, 


Figs 21.23A and B: Necrotising enterocolitis. Skin necrotic lesions 
are typical. It is common in infants and children but can be seen in 
adolescents occasionally (Courtesy: Dr Rupen, MS, KMC, Mangalore), 


Investigations 

a. Plain X-ray abdomen 
» Linear gas shadow in bowel wall 
> Free intraperitoneal air implies perforation 

b. Blood examination—leukocytosis, anaemia, hyperkalemia, 
‘metabolic acidosis, 


Complications 


# Stricture—small bowel 

 Perforation—peritonitis 

* Colonic stricture can develop lately after healing of 
ischaemic area. It is seen in 10% of cases. 


Management 


1. Medical therapy 
> Nasogastric aspiration. 
» Broad spectrum IV antibioties. 


» TPN for 10-14 days. 

» Oxygen supplement is required, 
IL Surgery 

Indications 

1. Pneumoperitoneum. 

2. An abdominal mass. 

3. Dilated intestinal loops. 
Procedures done 


ion with stoma, 


% Bowel necrosis and perforation— 
* Localised disease—resection and primary anastomosis. 
Complication: Extensive bowel resection—short bowel 
syndrome. 


™ SMALL BOWEL TUMOURS 


% They are rare neoplasms—3% of all GI tumours (Even 
though 80% total length and 90% of mucosal surface area 
of the GIT is small bowel). 

¢ Common in elderly men, 

% Common in New Zealand and Hawaii 

# It can be benign or malignant 
Early diagnosis is difficult. 

Presentations are vague initially. 


Fig. 21.24: Jejunal haemangioma. Surgical resection 
cured the condition. 


Fig. 21.25: ejunal tumour, 


Reasons why malignancy is uncommon in the small bowel 

(even though it comprises 75% of length and 90% of GI 

mucosa): 

% Rapid transit time, 30 minute to 2 hours. So exposure of 
mucosa to toxins and metabolites is less. 

* Alkaline mucus rich luminal content is protective. 

% Cells of small bowel produce the enzyme benzopyrene 
hydroxylase which detoxifies the carcinogen—benzopyrone. 

# High levels luminal IgA provides immunity. 

% Plenty of lymphoid tissue in the wall provides immunity. 

% Healthy small bowel has got less bacterial load and so their 
toxic metabolites (as compared to colon). 


Risk factors implicated are: 

Bile acids and their metabolites. 

# Post-cholecystectomy status 

* Familial adenomatous polyposis (FAP) especially with 
duodenal adenomas has got very high chance of developing 
adenocarcinoma, 

* Crohn's disease has got 100 times increase in incidence of 
adenocarcinoma, 

# Celiac disease increases the risk of lymphoma, 

# Peutz-Jegher’s syndrome has got increased risk of small 
bowel adenocarcinoma. 

* Patients with chronic immunosuppression have very 
high-risk of developing NHL (PTLD—post-transplant 
lymphoproliferative disorder, HIV) or sarcoma. 

# Patient with von Recklinghausen’s disease of neurofibroma- 
tosis is prone to develop GI neurofibroma or neurofibro- 
sarcoma, 

% Smoking, red meat, alcohol, salt food. 


Figs 21.26A and B: Jejunal tumour coming out of serosa. 


‘Man is a creation of desire; not a creation of need to this world. 
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Presentations 


# Asymptomatic initially 
Features of obstruction/intussusception/bleeding. 
% Vague abdominal discomfort 


Investigations 


¢ Often itis very difficult to assess small bowel. It may be on 
table finding during surgery, while presenting as complica- 
tion like obstruction. 

Small bowel enteroclysis. 

% CT abdomen is better investigation to assess bowel/ nodes; 
organs. CT enteroclysis shows 90% accuracy. 

4% Video capsule endoscopy enables to visualise small bowel 
‘mucosa properly. 

¢ CT angiography is useful in identifying vascular tumours. 

% Enteroscopes (push type or Sonde pull enteroscopes) are 
technically difficult, 

# Intraoperative enteroscopes are useful 


™ BENIGN TUMOURS OF SMALL BOWEL 


* Benign tumors of small bowel are 50% of primary small 
bowel tumors. 
Adenoma can be potentially malignant 


Types 
Leiomyoma or GIST 


¢ Itis the most common symptomatic benign tumour of small 
bowel 

 Iarises from interstitial cell of Cajal. It can be spindle cell 
type (70%) or epithelioid type. 

¢ Commonly they are benign in small bowel. 

% GIST express CD17 (90%), the c kit proto oncogene protein 
membrane receptor for stem cell growth factor and CDs, 
(80%), a human progenitor cell antigen, 


Fig. 21.27: Letomyoma of jejunum, 


Adenomas 


% Itis 15% of all benign small bowel tumours. 
50% are in ileum; 30% in jejunum; 20% in duodenum, 

© Commonly single but can be multiple when familial or 
associated with FAP. 

Commonly presents as bleeding and obstruction. 


Adenomas can be: 


’ 


Brunner gland adenoma 

» It occurs as benign hyperplastic tumour in proximal 
duodenal submucosa which secretes alkaline bicatbo- 
nate rich fh 

» Bleeding is the usual problem. 

» Its treated by endoscopic resection, 

> It never turns into malignancy. 


Villous adenoma 

» It can occur anywhere in small bowel presenting as 
intestinal obstruction or haemorrhage 

» But commonly scen in periampullary region presenting 
as obstructive jaundice, upper abdominal pain. 

» Size more than 3 cm can lead into adenocarcinoma with 
aan adenoma—careinoma sequence. 

» EUS is ideal tool to assess size and depth. 

» ERCP is done to relieve obstruction, to biopsy and to 
remove if it is small in size. 

» Malignant potentiality is very high—50%. 

» Transduodenal excision/pancreaticoduodenectomy are 
the surgical options. Small bowel adenomas are treated. 
by reception. 


True adenomas 

> It can be tubular of tubulovillous. 

> Its usually single, 

» Endoscopic excision is the treatment; resection/pancrea- 
ticoduodenectomy is done if there is invasive lesion 

Familial adenomas 

> Itis associated with FAP with 5% risk for adenocarci- 
‘noma in duodenum, 

» Its diffuse throughout the duodenum, 

> Spigelman classification is used for assessment of FAP 
related duodenal adenomas. Villous adenomas larger 
than 3 em or suspicious lesions identified on endoscopy 
are biopsied, 

» Screening endoscopy to be done every year. 

» Endoscopic or open polypectomy; argon beam or photo- 
dynamic therapy is tried in benign lesions. 

» Pancreaticoduodenectomy is done in high grade, carci- 
noma in situ, Spigelman IV classification, 


Spigelman classification of duodenal adenomatosis 


Parameter about Point 1 Point 2 Point 3 
polyps 

‘Number 14 5-20 ‘More than 20 
Size 14mm 510mm More than 10 
Histology Tubular Tubulovillous villous 
Dysplasia Mild Moderate Severe 
Stage 

0 

1 

2 

3 

4 


Lipoma 


# It mainly causes intussusception. 
% Itis common in elderiy men. 

% Itis usually single intramural submucosal lesion. 
* Lipoma does not have malignant potential. 


Peutz-Jegher's Syndrome 


* Autosomal dominant condition with melanotic pigment 
patches and GI polyps. 

% Brown black pigments of 1-2 mm diameter in circumoral 
face, cheek, forearms, palms, soles, digits, perianal region. 

‘¢ Hamartomas are located in entire jejunum and ileum; 50% 
of colorectum; 25% of stomach. 

# Intussusception, bleeding, anaemia—presentations. 

% Cancer of small intestine, stomach, pancreas, ovary, lung, 
uterus and breast can occur, 

* Cure is not possible. Segment which is causing complica- 
tion is resected. 


Haemangioma 


# Itis 4% of all small bowel benign tumours. 

% They are multiple in 60% of patients 

© They are usually submucosal abnormal proliferative vessels, 

% Jejunum is the commonest site, 

They are often seen in association with Osler Weber Rendu 

disease, Turner's syndrome. 

It presents as small bowel bleed. 

It can be diagnosed by angiography, "%'m;, RBC scanning 
or capsule endoscopy. 

Treatment: Endoscopic sclerotherapy or angiographic embo- 
lisation or resection of bowel segment. 


General Features 


# They cause haemorthage, colicky pain, and intussusception, 

 Diagnosisis by suspicion, Small bowel enema, capsule endos- 
copy, radioisotope study, CT scan or MRI may help in iden- 
tilying the disease. Laparoscopy and proceed may be useful 

© Commonly itis on table finding during exploration for acute 
presentations. 

# Adenomas are potentially malignant depending on the size 
(3m), 


Treatment 

# Itdepends on type, number, nature, size of the tumour. 

% Resection and anastomosis cures the condition. 

% Surgery is not done for Peutz-Jegher’s syndrome unless it 
presents with complications, 


ll MALIGNANT TUMOURS OF 
SMALL BOWEL 
1, Adenocarcinoma 
# Its incidence is 40% of small bowel tumours. 
 Itis most common primary malignant small bowel tumour. 


pe | 


S : 


Fig. 21.28: Resected small bowel specimen showing small bowel 
adenocarcinoma, 


4 In 80% cases it is in the duodenum and jejunum. 

FAP, adenoma, Crohn’s, coeliac diseases are the causes, 

# Adenocarcinoma in Crohn's disease occurs in younger age 
‘group and commonly in ileum (70%). 

* Nonspecific features, anorexia, crampy pain abdomen, 

bleeding and diarthoea, obstruction or features of metas- 

tases (liver). 

CT scan, capsule endoscopy are the investigations. 

‘TNM system is used for staging 

Nodal spread is the important prognostic factor. 

Surgical resection is the choice of therapy. Pancreaticoduo- 

denectomy is done for duodenal tumour, for ilealjejunal site 

tumours radical resection with 10 cm margin with adjacent 

ic clearance is done. Adenocarcinoma of terminal 

right hemicolectomy. 

¢ RT and chemotherapy are less beneficial. 

4 It carries a poor prognosis. 


Append 


Fig. 21.29: Carcinoma ileum near ileocaecal junction. It (adenacarci- 
‘noma of ileum) carries poor prognosis. ts often on table diagnosis. 


Love means making the other happy, even from a distance. 
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Fever when pre: 
% CT scan with CT guided biopsy or laparoscopic biopsy is 


Fig. 21.30: Jejunal adenocarcinoma presenting as stricture with 
features of proximal small bowel obstruction. 


‘Non-Hodgkin's lymphoma (NHL)—25% 


Fig, 21.31: Gross look of small bowel lymphoma. 


Gl is the commonest extranodal site of NHL (20%), with 
small bowel (primary intestinal NHL) as second common 
site (30%) for extranodal site of NHL (First common site 
is stomach—60%). 

Lymphadenopathy/mediastinal lymph node enlargement 
are absent, Normal spleen, liver, blood peripheral smear 
are observed. 

B cell typeis the commonest type 75%. It is common in ileum, 
T cell type (25%) carries poor prognosis, 

Presentations are malabsorption, obstruction, perforation, 
haemorthage or palpable mass, 

In children lymphomas are the most common intestinal 
neoplasm 

25% of patients develop perforation. 

ent suggests systemic spread. 


needed. 
Surgical resection and chemotherapy are the treatment, 
Prognosis is poor. 


3. Carcinoid tumour—30%, 

4, GIST (gastrointestinal stromal tumour) 

# Itis rare but most common nonepithelial small bowel 
tumours 

# 25% of GIST occurs in small bowel (stomach—S0 to 60%) 
Itis 0.2% of all Gi tumours, 

# Itis equal in both sexes. 

# Itarises from interstitial cell of Cajal 

# More than 95% show c-kit (transmembrane receptor tyrosine 
kinase) mutation. 

# Many mesenchymal tumours of small bowel are now classified 
as GIST, GIST attains massive size when presenting clinically, 

* Palpable mass, compression, haemorshage are the features; 
has less affinity for lymphatics. 

* CT is diagnostic. Histochemistry and tumour markers are 
needed. 

* GIST can be low risk or high risk group based on tumour 
size and mitotic index. 


# Surgical wide resection is the treatment. 
# Imatinib mesylate a KIT kinase inhibitor is used success- 
fully. SU11248 with similar effect is also used 


Fig. 21.32: GIST of small bowel (Courtesy: Dr Chinivalar, MS, Surgeon), 


Liposarcoma and myxoliposareoma. 
6, Secondaries in small bowel 


They are very rare—if it is present, primary 
melanoma, 


ing commonly 


‘Malignant tumours of small bowel 
Adenocarcinoma is commonest—40%, Order of occur- 
rence—duodenum, jejunum and ileum 

GIST is new entity comprising smooth muscle tumours also 
Carcinoid and lymphoma has got better prognosis 
‘Adenocarcinoma and GIST has got poor prognosis 
Presentationsare pain diarthoea, weightloss anaemia,melaena, 
palpable mass intestinal obstruction and metastatic features 
‘® Bleeding and perforation are common in lymphoma and 


* 


eoee 


+ Enteroclysis/capsule endoscopy/CT scan/histochemistry are 
needed to diagnose 


+ Imatinib is used in GIST with favourable results 


™@ CARCINOID TUMOUR 


* The term ‘Karzinoids’ was coined by Obemdarger in 1907. 

* They arise from the enterochromaffin cells (Kulchitsky cells) 
found in the erypts of Lieberkuhn, 

# These cells are capable of APUD (Amine precursor 
uptake and Decarboxylation) and can secrete vasoactive 
peptides 

# It commonly occurs in appendix (45%), ileum (25%) and 
rectum (15%). Other (15%) sites are—other parts of GIT 
(including pancreas and biliary tract), bronchus and testis, 
In the ileum it is almost always in the terminal 2 feet. 

# Metastasis occurs in 3% of appendiceal carcinoid; 35% of 
‘ileum, 

+ 75% of carcinoids are less than 1 em and 2% of them will 
spread; carcinoid of 1-2 em shows 50% chances of spread; 
more than 2 em shows 85% chances to spread. 

# 75% of carcinoids are asymptomatic and found inciden- 


1es (S HT, 5 HIAA, 5 HTP—85%, histamine, 
and dopamine), tachykinins (kallikrein, substance P, neuro- 
peptide k), peptides (chromogranins—100%, pancreatic 
polypeptide—40%, neurotensin, HCG a, HCG B, motilin), 
prostaglandins. 

# 10% of cases are associated with MEN syndrome type I. 

% Pathologically it is smooth, firm, yellowish submucosal 
nodule seen in antimesenteric border of bowel with mesen- 
teric nodal mass having desmoplastic reaction. 

 Carvinoid in appendix is usually single. But commonly it 
causes luminal obstruction and so presents with features of 
appendicitis. Common site is at tip/distal 2/3rd. 

{Small bowel carcinoids are multiple in 40% cases. In 50% 
of cases other primary malignancy is observed like of breast 
and colon. 

Small bowel carcinoids (jejunoileal) < 1 em incidence, of 
nodal and liver spread is 20-30%. If it is 1-2 em, nodal 
spread is 60-80% and spread to liver is 20%. If it is 
> 2 em, nodal spread is more than 80% and spread to 
liver is 50%. 


Types of Small Bowel Carcinoids 


1, Foregut carcinoids (Bronchial, thymic, gastroduodenal, 
pancreatic): Produce low levels of serotonin, but may secrete 
5 HPT (5 hydroxy tryptophan) and ACTH. 

2, Midgut carcinoids (Jejunal, ileal, appendiceal, right colic): 
Secretes high levels of serotonin, 

3, Hindgut carcinoids (Distal colon, rectum): Rarely produce 
serotonin, but produce somatostatin and peptide YY. They 
present as submucosal nodules without ulcer. Hormonally 
inactive. 


Foregut carcinoids—argyrophilic (cells can be stained 
‘metallic silver only in the presence of reducing agent) 
‘Midgut carcinoids —argentaffin (stained with metallic silver 
‘without a reducing agent) and argyrophillic both 

Hindgut carcinoids—do not stain with silver 


Fig. 21.33: Carcinoid of ileum. itoften presents when liver secondaries 
develop as carcinoid syndrome. Resection and anastomosis is the 
‘treatment. 


Features of Small Bowel Carcinoids 


Primary tumour is usually small <1 em, 
‘Age: Seen in 50-60 years. 

May be multicentric in small bowel—40%. 

May coexist with synchronous adenocarcinoma of small or 
large bowel (10%) 

# Highest propensity to metastasise to liver to produce carci- 
noid syndrome. 


Clinical Features 


Most often asymptomatic—an incidental finding, 

% May present with abdominal pain, features of intestinal 
obstruction, diarrhoea, 

# Hindgut carcinoids present with constipation, bleeding per 
rectum, rectal tenesmus, 

% Once secondaries develop in the liver (which is yellowish) 
Carcinoid syndrome develops (10%), which is due to 
telease of 5-HT, kinins, prostaglandins, histamine and 
indoles causing flushing, diarrhoea, cyanosis, asthmatic 
attacks, hepatomegaly, cardiac lesion on right side. 

# Attacks can be induced by alcohol. 


Investigations 


* Urine shows increased 5-hydroxyindoleacetic acid (SHIAA) 

levels. (Normal value—2-8 mg/24 hours). 

‘11 octreotide scintigraphy to detect the tumour, 

(CT scan is very useful for evaluation, 

1,1 MIBG sean is also done. 

Plasma level of chromogranin A will be elevated in 80% 

of patients. 

# Provocative tests using pentagastrin, calcium or epinephrine 
may be used. 

* PET scan using 1C 5 HTP and 18 F L.DOPA isotopes when 
fused with CT scan will give the best image; with urine 5 
HIAA and serum chromogranin A, diagnosis will be accurate. 


‘Our senses don't deceive us; our judgement does. 


‘aunsaqu jews 


940 


SRB's Manual of Surgery 


Treatment 


Ifitis in the tip of the appendix (tip is common), appendicec 
tomy and regular follow up with urine SHLAA is sufficient. 
If it is in the base of appendix or appendicular lesion 
> 2 em size or terminal ileum, right hemicolectomy is 
required 

In small bowel, if the primary tumour is <1 em, with no 
lymph nodes, then segmental intestinal 
tomosis is sufficient. Radical resection of bowel is necessary 
in case of large, multiple carcinoids, with involvement of 
lymph nodes. 

In liver secondaries, along with surgical debulking hepatic 
resection, hepatic artery ligation or embolisation is tried 


‘Surgical treatment 


ssection and anas- 


e 


Appendix 
~ “Tpylesion less than 2 cm butnot involving base—appen- 
dicectomy 
Lesion more than 2 em/involving base—right hemi- 
colectomy 
% Gastroduodenum 
© Less than 1 em—endoscopic resection 
~ Morethan 1 cm—subtotal gastrectomy/pancreaticoduo- 
denectomy 
+ Small bowel lesion 
Less than 1 em—segmental resection 
More than 1 cm—radical resection with adjacent mesen- 
tery 
— Terminal ileum—right hemicolectomy 
+ Rectallesion 
~ Less than 1 em—endoscopic resection 
~ 1m invasive—wide excision 
More than 1 cm—anterior resection 


Medical treatment 


Mainly symptomatic 

Long acting somatostatin analogue—octreotide can be 

‘given—90% symptom palliation is achieved 

+ Slow release formulation of octreotide (Sandostatin LAR) is 
also used 

+ Pasiteotide is 2nd generation octreotide which has got wide 
‘somatostatin receptor inhibition action (40 fold than actreo- 
tide) is said to be very effective 

‘& Ketanserin to control diarthoea),cyproheptadine,ondanse- 
tron are also effective 

‘& Bevacizumab (antiangiogenesis factor), sunitinib (Tyrosine 
kinase inhibitor), everolimus (m TOR inhibitor) are other 
agents tried 

Others: Serotonin antago 
dopa, 5luorouracil 

+ Bromocryptine, streptozocin, doxorubicin, dacarbazine, 5 
FU, methylsergide, diphenoxylate hydrochloride, interferon 

‘ Radiolabelled somatostatin analogue 

Indium 111 labelled pentetreotide is also effective 


ee 


antihistamines, alpha methyl 


Note: 


Methysergide causes retroperitoneal fibrosis and so not used 


+ Anaesthesia may precipitate carcinoid syndrome during surgical 
treatment; IV octreotide infusion 50 yg/hour with steroid and 
antihistamines are needed in such patients. 


Carcinoid Syndrome 


# Itoccurs in 10% of carcinoid tumours. 

# Itis common in small bowel carcinoid, but can occur in other 
sites also—bronchus, pancreas, testis, ovary. 

It is the (first pass metabolism site) liver secondaries which 
cause the carcinoid syndrome. Carcinoids of ovary, testis and 
retroperitoneum bypass the first pass metabolism in liver 
and so causes syndrome without liver secondaries. Rarely 
carcinoid syndrome develops in noncarcinoid malignant 
tumour and dermatomyositis. 

* Syndrome is due to release of $ HT, 5 HTP, histamine, 
dopamine, bradykinin, prostaglandin, kallikrein and 
substance P. 

© Presentations 
> Vasomotor: Flushing (80%) is the commonest manifesta- 

tions which may be short lived, diffuse, erythematous 
involving face, neck and upper chest; longer, often 
permanent cyanotic violaceous flush with watery eyes; 
prolonged flush for 3 days affecting entire body with 
‘oedema face and hypotension; red patchy flush seen in 
carcinoid stomach. 

» GIT: Diarrhoea (75%) is next common which is episodic, 
‘watery, explosive occurs after meals and is due to raised. 
serotonin level, Hepatomegaly (70%) is common. 

» Cardiac: Pulmonary stenosis (90%), tricuspid insuf- 
ficiency (45%), tricuspid stenosis (40%) are features of 
right valvular fibrosis—due to serotonin. Bronchospasm 
(asthma—25%) is due to serotonin and bradykinin. 

> Diversion of dietary tryptophan causes malabsorption 
and pellagra. 

* Symptoms are precipitated by intake of alcohol, cheese, 
chocolate and red wine. 

# Severe bronchospasm, circulatory collapse, when not diag- 
nosed can lead into ‘carcinoid crisis’. 


¢ Treatment 

» Assessment by 5 HIAA, and other methods mentioned, 
above, 

> IV octreotide infusion, management of circulatory 
failure effectively using critical care 

» Treatment of hepatic secondaries—embolisation, 
chemotherapy, TACE (transarterial chemoembolisation), 
hepatic artery ligation, radiofrequency ablation. 


Prognosis 


# Prognosis is very good for carcinoid of appendix. 5-year 
survival is 90% and commonly appendiceal carcinoid is 
identified incidentally: they are commonly in the tip or distal 
2/3rd of the appendix; nodal spread and liver spread is rare; 
75% are less than 1 cm. Two histological types of carcinoid 
appendix are goblet cell and classical type. Goblet cell type 
carries poor prognosis. 


{Small bowel carcinoid has got poorer prognosis compared 
to carcinoid of appendix. Prognosis depends on size of 
primary tumour; nodal spread; multicentricity; hepatic 
spread. Carcinoid has better prognosis than adenocarcinoma 
of small bowel 


ll SHORT BOWEL SYNDROME (Short Gut 
Syndrome) 


# It is the symptom complex after massive small bowel resec- 
tion, i. resection more than 70% of the bowel. Minimum 
bowel required is 1.2 meters. 

* Proximal jejunal resection is better tolerated than distal 
ileal resection. 

 Ieum is more adaptive and has got capacity to increase the 
absorption capacity more efficiently. So in massive resec~ 
tions, patients with retained ileum will do better. Adaptation 
is better if ileum and caecum is preserved. 


Causes 


% Massive small bowel rese 
artery ischaemia, 

Multiple sequential resections. 

Recurrent Crohn’s disease—common cause. 
Necrotising enterocolitis in neonates and children. 
Intestinal atresia, 

Midgut volvulus, 

Radiation enteritis, 


nas in superior mesenteric 


— — — 
 Villous hypertrophy and hyperplasia 

Increased absorptive surface 

‘@ Increased capacity of small bowel 

@ Lower transit time of bowel content 


Factors Deciding the Outcome in 
Short Gut Syndrome 


 Age—infants tolerate massive resection better. 

* Retaining ileocaecal valve shows better outcome. lleocaecal 
resection interrupts the enterohepatic circulation of bile 
salts which in colon get metabolised into secondary bile 
salts. Secondary bile salts block the absorption of water 
and electrolytes. 

Delayed clearance of gastrin causes hyperacidity and peptic 
ulcer. 

* Adaptability of the small bowel. Adaptation is better if ileum 
and caecum are preserved. 

# Additional colectomy increases the morbidity. In such occa~ 
sion retained jejunum will function as either of two ways. 
“Net absorbers’ have adequate absorption of water and 
sodium and usually will have more than 100 em of retained 
jejunum. ‘Net secretors” have less than 100 em of jejunum 
‘and lot of sodium and water are secreted into the lumen from 


plasma. These patients should avoid hypotonic solutions 
like water! tea; instead should take hypertonic saline with 


glucose containing 90 mmol sodium/L. WHO cholera fluid 
is ideal (contains 90 mmol sodium/L) 


Diarrhoea 
Fluid and electrolyte deficiency 
Severe malnutrition 

Recurrent bacterial enteritis 


eeoe 


Outcome of Short Bowel Syndrome 

Severe malabsorption 

Severe dehydration. 

Gallstone formation due to altered bile metabolism. 
Urinary calculi due to increased oxalate level 
Water and electrolyte imbalance, 
Diarrhoea is common. 

Recurrent bacterial enteritis 
Fulminant hepatic failure often can oc 
Osteomalacia, tetany, hypomagnesaemia, 
Bleeding diathesis, peripheral neuropathy. 


ll MASSIVE BOWEL RESECTION 


% Resection of more than 200 cm of small bowel is called as 


massive resection. 

% Metabolic sequelae in massive resection depend on — extent 
and anatomical site of resection; functional capacity and 
adaptation of the small or large bowel; cause for the resec- 
tion, It causes gastrin hypersecretion, increased parietal cell 
mass in stomach, peptic ulceration; increased endocrine 
pancreatic secretion; hypoalbuminaemia, oedema. 

% Resection of more than 100 cm of distal ileum causes diat- 
thoea and steatorthoea (steatorrhoea is faecal fat > 6 gram/ 
day); increases bile lithogenicity; causes deficiency of 
vitamins A, D, E, K; colonic bacteria converts unabsorbed 
fatty acids and conjugated bile salts into hydroxy fatty acids 
and deconjugated bile salts 

# Heum maintains enterohepatic circulation of bile salts, 
absorption of vitamin By» and vitamin D. Resection of 
‘middle part of small bowel is better tolerated. 

# Removal of ileocaecal valve reduces the intestinal transit 
time; reduces absorption of vitamin Bj», calcium, magne- 
sium, zine; increases diarthoea and contamination of short 
‘ened small bowel by bacteria. 

# In massive resection, colonic bacteria degrade fatty acids 

into lactate and short chain fatty acids; lactate reduces 
colonic pH which inhibits bacteroides; due to this acid 
resistant anaerobes will increase in colon which produces 
large amount of D lactate which is absorbed causing D lactic 
acidosis presenting with confusion, ataxia and nystagmus, 

* TPN was introduced by Dudrick, It is very useful in short 

gut syndrome, 


Treatment 


Early phase 
* Total parenteral nutrition. 


Aman who does nothing never has time to do any thing. 
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¢ Fat and fibre free but protein rich liquid diet with essential 
fatty acids, 

% Diarrhoea is controlled by loperamide/codei 

% Oral cholestyramine to bind bile salts is n 
resection which includes ileum. 

Parenteral vitamin B,» injection regularly 

Hy antagonists/PPls/somatostatin (to reduce s 
stomach, liver and pancreas). 

% Octreotide reduces the secretion and reduces Gl motility 

Fluid and electrolyte management 

* Control of diarrhoea, 

Late phase 

Enteral nutrition to stimulate intestinal adaptation. 

¢ TPN supplement—ofien permanently required. 
Home parenteral nutrition is universally used method in 
‘western countries, But in Asian countries itis yet not prac~ 


e phosphate. 
led in massive 


cretions from 


ticable. 
¢ Hormones and glutamine administration are under trial 
Surgical techniques to delay the intestinal transit time or small 
bowel transplantation are under trial but with less success 
> Reversal of 10 em intestinal segment to delay transit time. 
> Intestinal lengthening to delay transit time and increase 
the absorption surface. 
> Small bowel transplantation, ideal but graft rejection 
and failure is the problem, 
> Antiperistaltic colonic interposition into the small bowel 
segment, 
> Regeneration of intestinal mucosa over denuded serosa. 


» Longitudinal splitting of the intestine and closing of 


these as separate tubes which are anastomosed to each 
other to achieve lengthening —Binachi's surgery. 

> Mucosal sfemt cell transplantation using enterocytes 
without lymphoid tissue. 

» Seeded mucosal autografts in a prosthetic tubes. 


ll SMALL BOWEL ENEMA (Enteroclysis) 

Itis the contrast study of the small bowel by infusing contrast 
agent either high density microbar solution with methyl cellu- 
lose or water soluble iodine dye through Nolan intestinal tube. 


Fig. 21.34: Enteroclysis X-ray film showing entire small bowel. It is 
still commonly used investigation to assess small bowel pathology. 


Indications 


% Small bowel tumours, 
® Stricture small bowel 
% Congenital anomalies 
+ Crohn’s disease, intestinal tuberculosis 


Findings to look for: 
# Narrowing. 

Filling defects, irregular or regular. 
# Mass lesions. 


Problems 


+ Poor patient acceptance. 
* Technically difficul. 


ll CAPSULE ENDOSCOPY 


Radiofrequency tag with polyimide coating 


4 grams 


Lactose body with 10% barium 


21.35: Capsule endoscopy—diagrammatic look. 


# Itisa type of endoscopy wherein highly sensitive minia- 
ture video-camera which after activation is swallowed 
by the patient. It is 26 mm x 11 mm in size. It weighs 
4 grams. 

# It contains single use video-camera, with 6 light emitting 
diodes, a lens, a colour camera chip, two batteries, radiofre- 
‘quency transmitter with an antenna, Capsule takes 2 pictures 
per second which is transmitted to a worm recording device 
through radiofrequency. From the recording device data is 
downloaded to special computer. 

* Itis swallowed with 12 hours fasting, 

# After activation it functions for 8 hours. It is mainly used 
to study small bowel diseases like vascular malformations, 
narrowing, tuberculoses, ulcers and tumours. 

* This capsule camera sends signals and endopictures at 
regular intervals to the receiver (digital recorder) tied over 
the patient’s waist. 

# This receiver is later attached to specialised computer soft- 
ware to get different level pictures for study. 

% Capsule gets deactivated in 8 hours and is passed out in 
the stool. 


# Itis available only at few centers and is costly. 

% Capsule retention is the complication in 5Y 

# Imay not give proper evaluation in obstructive pathology 
and motility disorders of small bowel. 


ses. 


ll SMALL BOWEL ENTEROSCOPY 


It is a difficult technique done to visualise the small bowel. 


Indications 


4% Occult or obscure GI bleed. 5% of GI bleed is not diagnosed 
by any methods like gastroduodenoscopy, colonoscopy, 
contrast imaging. Angiodysplasia and ectasias are common 
causes for such type. 

Small bowel tumours. 

Crohn's disease. 

Celiac disease 

Refractory sprue. 

HIV related small bowel diseases, 

Intraoperative enteroscopes to assess lumen on table. 


Technique 

Push Enteroscopy 

4 Itis easier and faster. It reaches 60 cm beyond the ligament 
of Treitz 

Flexible enteroscopes or paediatric colonoscopes are used. 

¢ Simethicone is given prior to enteroscopy. 

© BT, CT, LFT and prothrombin time should be checked. 
Aspirin should be stopped 5 days prior if patient is taking it. 

% Oesophageal overtube is used to pass the entero-scopes 
through upper Gl. 

% Enteroscopes is passed through overtube into stomach, 
duodenum, and jejunum. Proper evaluation of the mucosa 
is done during withdrawal. If there is a bleeder point, it is 
fulgurated 


Sonde Enteroscopy 


¢ Itisa5 mm diameter, 275 em enteroscope passed through 
nose by a piggyback technique with a paediatric colono- 
scope. Its two internal channels are for air inflation and 
for balloon inflation. Biopsy or working channel is not 
there. 

% Scope is passed through pylorus and further it is moved 
with subsequent inflation of balloon and distal progres- 
sion by peristalsis. Distal position is confirmed by fluor- 
oscopy. It takes 6 hours to pass through the entire small 
bowel. 

Once the terminal part of the small bowel, small 
bowel is inflated with air and mucosa is inspected. 


Intraoperative enteroscopy 

4 Abdomen is opened. By a small enterotomy scope is passed 
into the lumen. It is guided manually by compression and 
release to visualise entire mucosa of small bowel. 


Complications and Problems 

% Epistaxis due to nasal irritation 

% Perforation, 

Pancreatitis. 

Failure to pass enteroscopes as needed. 

¢ Time consuming and not acceptable by the patient. 


@ ENTERIC/GASTROINTESTINAL FISTULA 


Enteric fistula is challenging problem due to its high mortality 
of 30%, management of electrolyte imbalance, malnutrition, 
and sepsis. 


Classifications 


Anatomical 
+ External: They are enterocutaneous fistulas which are 
discussed in detail here. 
= 75% of enteocutaneous fistulas are of postoperative 
cause due to disruption of the anastomotic site. 
= 25% are spontaneous due to malignancy, radio- 
therapy, inflammatory bowel disease (most common 
in spontaneous cause), diverticular disease and bowel 
ischaemia, 
= 70% of external fistula will close spontaneously. 
© Internal 
= Most of the internal fistula need surgical correction, 
if they are symptomatic or causing complications. 
Actiological 
‘© Anastomotic disruption in postperative period, 
‘+ Trauma to normal bowel—inadvertent enterotomy/injury. 
+ Disease of the bowel extending into the adjacent structures. 
‘Disease outside the bowel extending into the normal bowel. 


Figs 21.36A and B: Enterocutaneous fistula in two different patients, 


When love and skill work together, expect a masterpiece. 
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Leshan’s model. Thus, a teleportation mechanism can arise in this model because distances between 
zero-space and any other point in the universe are zero, so that the vacuum holes can potentially exist at 
every point in the universe simultaneously. Therefore, if an object is sent “out of the universe” and into a 
vacuum hole (a.k.a. zero-space), then the object can appear at random at any spacetime point in the 
universe. 

The mechani 


sm for teleportation in this model is: 


> to send an object outside of the universe by creating a closed surface (i.e., “hole sphere”), which 
consists of vacuum holes, around the object; 


ye 


while inside the hole sphere, the object then ceases to exist because objects cannot really exist 
outside of the universe; 


v 


however, the object simultaneously exists at any other remote location in the universe (via the 
cosmological principle) at the instant it became enclosed by the hole sphere; 


> therefore, it has been teleported to some remote location in the universe 


Leshan points out that the teleportation device must curve spacetime so that the starting and destination 
points in the universe coincide, and the curved geometry must be similar to that of a black hole for an 
instant, so that a channel between the two points can be formed. (This sounds suspiciously like creating a 
traversable wormhole via an Einstein-Rosen bridge, which can be made traversable by perturbing the 
Schwarzschild spacetime metric an infinitesimal amount.) There is no space to traverse, so therefore 
there will be no passage of time during teleportation. ‘The only expenditure of energy in this teleportation 
scheme is the energy that will be needed to curve spacetime, 

This teleportation concept is very convoluted. Leshan does not offer any further explanations that 
are useful nor does he offer any precise technical description for the vacuum holes, and how they are to be 
produced and manipulated. There is also no mathematical physics derivation published by Leshan to 
support this concept. I am totally unable to evaluate this concept in the absence of a rigorous theoretical 
framework. This concept is too sketchy and full of technical “holes” to seriously consider it any further 
for this study. ‘The reader should note that it has already been demonstrated that traversable wormholes 
are the best physical principle available to implement teleportation between universes and extra space 
dimensions 


4.3 Conclusion and Recommendations 


At present, none of the theoretical concepts explored in this chapter have been brought to a level of 
technical maturity, where it becomes meaningful to ascertain whether any form of e-Teleportation is 
theoretically possible between extra space dimensions and different or parallel universes/spaces 
However, there is the exception that traversable wormholes (three- and higher-dimensional) provide a 
solid physics principle for the implementation of teleportation between parallel universes/spaces. And 
traversable wormholes can be devised to connect 3-branes together. Kaluza-Klein, superstring and D- 
brane theories do not allow for any useful form of macroscopic-level teleportation to occur between space 
dimensions, because these theories require that the extra space dimensions be < 10’ m in extent. Last, it 
is not yet possible to do theoretical calculations to make predictions or even to experimentally verify most 
of these theories. ‘Three-brane theory is the best parallel space theory there is with the possibility that 
macroscopic-level teleportation is possible between space dimensions. But this theory is still in the stage 
of maturing theoretically and getting experimental verification, 
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Depending on the site rare, occurs in diverticulitis, malignancy, ulcerative colitis, 
radiation and pancreatitis, 


Oropharyngeal 
Oesopharyngeal 
Gastric: Commonest cause is the site of gastrostomy 
tube, either with tube in situ or after tube removal. Other 
‘causes are—post-gastrectomy and anastomotic leak after 
surgery for carcinoma stomach, surgeries for benign gastric 
diseases, reflux diseases, and obesity. 

* Duodenal: It occurs after surgery for pancreas, biliary 
system, duodenal stump leak, gastroduodenal anasto- 
‘mosis, renal, aortic, colonic surgeries. Spontaneous fistula 
‘oceurs in Crohn’, ulcers, malignancy and trauma. It can 
be duodenal stump fistula which often closes spontane- 
‘ously; lateral duodenal fistula which less commonly closes 
spontaneously. 

* Small bowel: It is the commonest site of GI fistula, More 
than 75% are postoperative. Crohn’s disease is the most 
‘common cause of spontaneous small bowel fistula in which 
50% each are internal and extemal. 

* Colonie: It can be due to postappendicectomy, postcolonic 
surgeries. It is common after emergency surgeries, and 
surgeries in unprepared bowel. Appendiceetomy in acute 
phase of Crohn's may cause fistula due to adhesion of 
inflamed terminal ileum to abdominal wall wound, not gig, 74.37: Fistula at gastrostomy site. This is becoming the 
from appendicular stump, Spontaneous fistula even though common case 


Fistula may be due Physiological—based on quantity of daily Fistula 


output: 
+ Complete disruption of anastomotic + High oufput—> 500 milday—usually small Favourable. 
site bowel; 50% mortality; less chance of Site—oropharyngeal, 
+ Partial disruption spontaneous closure. ‘oesophsgeal, duodenal stump, 
+ Lateral fistula with distal obstruction = Moderate oufput—200-500 mi/day— pancreaticobilary, jejunal, colonic. 
+ Fistula in stricture bowel colonic and small bowel mixed. + Cause—postoperalve, 
* Low output—< 200 milday—colonic; appendicitis, diverticulis. 
mortality is 15%; more chance of + Low output, absence of sepsis, 
spontaneous closure. transferrin level more than 200 
gil. 
Fistula may be: Fistula stoma categories: i 
+ End fistula Category 1: A single orifice fistula through oe 
+ Lateral fistula an intact abdominal wall or healed scar with i 


normal skin adjacent Seton 


Fistula may be: sng * Fistula track more than 2 em; 
Cae Category 2 Single or multiple fistulas passing.” Fistula rack more than 2 em 
ce through abdominal wall close to bony part or ,cewe) mans 
umbilicus or surgical sear : 
Fanierrerne! Category 3: Fistula through a small eer See cen 
ial dehiscence through the main wound coke cnaliguench menses 
+ Complicated—if multiple ey ane ae wees a Bee ‘baiiel: feted a at) 
Sous Wa ea cee jehiscence through main wound or SiH ne rae ere 
‘communication to more sites or __ dehiscence at the bottom of wound (eae ae 
more than one viscus. + Diseased adjacent bowel, 
Note: presence of distal obstruction, 
Fistula of duration of more than 3 large abscess, complete bowel 
‘months is called as chronic fistula disruption, radiation. 


+ Track < 1 om; bowel wall defect 
> 1 cmt. Track epitheialisation, 
presence of foreign body. 


Fig, 21.41: End fistula tis seen in duodenal stump leak. 


Fig. 21.38: Complete disruption of the anastomotic site causes 
fistula which is unlikely to close spontaneously. 


Partial disruption also is equally problematic. 


Fig. 21.42: Lateral fistula is seen in anastomotic leak from suture 
line. 


Fig. 21.40: Distal obstruction precipitates fistula formation and also Fig. 21.43: Epithelialisation of the fistula track prevents 
prevents its closure. spontaneous closure. 
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Figs 21.444 to C: Multiple enterocutaneous fistulas can occur 
from same site or from different sites 


Factors Precipitating the Fistula Formation 


* Patient factors: Anaemia, malnutrition, sepsis, hypoten- 
sion, hypothermia, poor oxygen saturation, associated 
respiratory diseases/failure, emergency surgeries, specific 
diseases like malignancy, Crohn’s, tuberculosis, adhe- 
sions. 


Fig. 21.45: Fistula can have multiple tracks even though itis 
‘opening at one point in the skin. 


Technical factors: To teduce the chances of fistula forma- 
tion technical care is essential like—proper mobilisation, 
meticulous dissection, tension free anastomosis, proper 
secure anastomosis, most important is proper blood supply 
at the bowel cut edges, care to avoid cautery injury as 
bowel is very sensitive to heat/cautery injury, proper prior 
preparation of patient and bowel. 


Factors which prevents 
‘spontaneous closure of 
fistula 


‘Skin excoriation + Distal obstruction 
Electrolyte imbalance + Foreign body in the track 
‘Severe malnutrition + Abscess in the track, 
Recurrent sepsis— infection 
locally and systemic ike + Definitve disease ike 
pneumonia, candida, carcinoma, Crohn's, 
varicella tuberculosis 
+ Pellagra, osteomalacia, + Epithelilisation of the track 
zine deficiency + Anaemia, 
hypoalbuminaemia (2.5 
gia!) 
+ Complete disruption of 
‘anastomotic site 


Management of Fistula 


Phase 1 

% Resuscitation and restoration of volume with crystalloids 
and colloids, blood transfusion to achieve haematocrit 
of 30%, maintenance of albumin level at 3.0 gm/dl with 
albumin infusion. 

% Sepsis control with antibiotics, percutaneous drainage of 
abscess under guidance or open drainage. 

* Skin care to prevent excoriation using Karya powder, zine 
‘oxide cream/powder, ion exchange resins, stoma adhesive 
and controlled fistula drainage using sump constructed 
suction catheter drain system or vacuum assisted closure 
(VAC) system or silicone barrier or created inverted cone 
system, 


% Reduction of output of fistula—proton pump inhibitors, 
histamine antagonists, sucralfate, octreotide, infliximab (in 
fistula in Crohn’s patients), Long term nasogastric ay 
should be avoided. 

+ Nutrition: Nutritional status should be assessed by clinical 
(weight, anthropometry), biochemical methods. 30 Kealo- 
ries/kg/day; 1.5 grams/kg/day of protein is the basic need, 
Initially TPN is used. Once patient tolerates oral, enteral 
feeding should be started ideally. Enteral feeding (oral 
gastrostomy/jejunostomy) is contraindicated in presence 
of distal obstruction. Enteral feeding reduces the sepsis, 
improves the bowel activity, caliber, thickness and ability 
to hold sutures. It also avoids TPN related problems. 

Phase 2 

Investigations are done to assess fistula and its causes. It is 
done in 7-10 days of fistula formation. 

+ Fistulogram using water soluble contrast, CT fstulogram to 
see the pathological anatomy of fistula—site, number, length, 
status of bowel, distal obstruction, presence of abscess cavity. 

* Biochemical analysis (electrolytes, haematocrit and 
albumin) and renal, hepatic, respiratory, cardiac status 
should be assessed carefully. 

Phase 3 

Decision by observation and assessment, whether fistula will 
close spontaneously or not, Favorable fistulas are likely to 
close spontaneously but not unfavorable. 

% Definitive procedure is done for fistula only after 6 weeks. 
Mortality and recurrence is higher if operated prior to 6 
weeks due to obliterative peritonitis. 
> Definitive surgical procedure is lengthy, complex and 

team work. Optimum nutrition, proper planning, prophy- 
lactic antibiotics are needed, 


> Reopening should be done through a new distant often 
transverse incision, 

» Bowel refimctionalisation by freeing entire bowel from 
ligament of Treitz to rectum should be done to clear 
adhesions and obstructions and all areas of sepsis and. 
abscesses. Sharp dissection using scissor should be 
done to clear adhesions. As much as possible bowel 
injury should be avoided; if occurs it should be closed 
transversely using interrupted 3 zero silk sutures. 

> Resection of the bowel adjacent to fistula with track 
is the ideal procedure with end to end meticulous two 
layered closure using interrupted 3 zero silk sutures. 

> When it is not possible, fistula area bypass, Roux-en-Y 
drainage, serosal patch technique is used. Duodenal 
fistula is better managed by bypass using gastroje- 
junostomy and vagotomy without intervening the 
fistula. 

» Proper irrigation of abdominal cavity with saline and. 
antibiotics during procedure, omental flap around the 
anastomosis, various solutions to prevent repeat adhe- 


sions are also often done. Supportive jejunostomy may 
be added for enteral feeding, 

» Abdominal wall closure is important by primary closure 
orby using myocutaneous flap, Mesh should not be used. 
for closure as recurrent fistula may occur. 

Phase 4 

# Treatment during recovery and healing time also should be 
adequate and optimum. 

* Supplementing of nutrition, protein, vitamins and essential 
clement are important 

+ Physical, psychological therapy is needed, 


Happiest people are nat only happy in themselves; they are the cause of happiness to others. 
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Diverticular Disease of the Colon 

Ulcerative Colitis 
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lm ANATOMY 


‘The colon (large intestine) is 135 em long, and is divided 
into caecum, ascending colon, transverse colon, descending 
colon and sigmoid colon. 

‘The wall of the colon is composed of mucosa, submucosa, 
innetcircular muscle layer and outer longitudinal muscle 
layer which, in turn, is concentrated into 3 separate longi- 
tudinal strips—taeniae coli 

Small pockets of fat filled peritoneum—appendices epip- 
Joicae is scattered all over the colon except appendix, 
caecum and rectum. 

# Haustra are sacculations between the taeniae. 

% Allthe 3 above are important features of colon. 

% Heocecal valve serves as a sphincter to prevent the back 
reflux to terminal ileum, 


Middle colic artery 


Intermediate LN 
Right colic artery 


Neocolle artery 


Inferior mesenteric artery| 


= Adenoma of Colon 
— Familial Adenomatous Polyp 

~ Gardner's Syndrome 

Carcinoma Colon 

Angiodysplasia of Colon 

Ogilvie's Syndrome 

Colostomy 

Stoma Care 

Stoma Appliances 

Faecal Fistula 

Preparation of Large Bowel for Surgery 
Surgical Pouches 

Barium Enema 


Blood Supply 


# Hiocolic, right colic, and middle colic arteries which are 
branches of superior mesenteric artery supply the colon 
from caecum to splenic flexure, 

Left colic, sigmoid, superior rectal arteries which are 
branches of inferior mesenteric artery supply the descending 
and sigmoid colon. 

The anastamotic arcade formed between the branches of 
superior and inferior mesenteric arteries is called ‘are of 


Riolan’ 
Venous drainage occurs into superior mesenteric vein (which 
joins the splenic vein to form the portal vein) and inferior 
‘mesenteric vein (drains into the splenic vein). 


Marginal artery of 
Drummonds (Sudeck’s; 


Arc of Riclan 


Principal LN 
Epicalic LN 


Paracolic LN 


‘Sudeck’s eritical point 


Superior rectal artery 


Fig, 22.1: Arterial supply and lymphatic drainage of colon, 


Lymphatic Drainage 


* Mucosa contains no lymph channels, so mucosal cancers 
rarely metastasize. 

% Nodes are epicolic (located in the colonic wall), paracolic 
(located along the inner margin), intermediate (located near 

snteric vessels), principal (located near main mes 

vessles) 


Nerve Supply 

# Colonie motility is under control of autonomic nervous 
system; parasympathetic via vagi and pelvic nerves, sympa- 
thetic via superior and inferior mesenteric ganglia. 

# The effect of meal on colonic activity is termed as gasiro- 
colic reflex 


lm HIRSCHSPRUNG’S DISEASE 
(CONGENITAL MEGACOLON) 


‘My first specimen is a colon, but a colon of such a size that it will 
no doubt surprise you to learn that it comes from a child only 11 
manths old when it died... Only (the) rectum was not dilated, nor 
indeed subject to any obstruction 

Harald Hirschsprung, 1888 


# Itis a congenital, familial condition, occurring in newborn 
due to the absence of ganglion cells—Auerbach sand Meiss- 
rner’'s plexus in anorectum, which may extend proximally 
either a part or full length of the colon 

# Italways involves the anus, internal sphincter and rectum 
(partly or entirely) 

* There is narrow, spasmodic, non relaxing pathological 
segment 

‘Transitional zone proximal to it contains only few ganglion 
cells with formation of cone. 

Still proximal to it, colon is dilated enormously with hyper 
‘aemia, multiple ulcers and hypertrophied circular muscle fibres. 

# Itis one of the causes of neonatal intestinal obstruction. 

# Severe enterocolitis can occur which may be fatal. Perfora~ 
tion, peritonitis and septicaemia can occur, 

% Often there will be a chronic course of the disease with 
‘malnutrition, abdominal distension. 


Types 


1, Ultrashort segment HD—only anal canal and terminal 
rectum is aganglionie: 


/rasnort segment — 


Short segment— 
{congenital megacolon 


‘congenital megacolor 


Fig. 22.2: Types of Hirschsprung’s disease 


2. Short-segment HD—anal canal and tectum is completely 
involved (80%). 

3. Long-segment HD—anal canal, rectum and part ofthe colon 
is involved (10%). 

4. Total colonic HD—anal canal, rectum and full length of the 

colon is involved - 10%, 


2. Dilated segment 
(Normal ganglionic area) 

b. Cone 

. Spasmodic seament 

Fig, 22.3: Zones in Hirschsprung’s disease. 


IM Dilated proximal colon—normal ganglia 


Tl Gone~seanty ganglic 


1 Spasm segment— 

no nerve ganglia 
Fig. 22.4: Congenital megacolon showing spasmodic aganglionic 
segment, coning (transitional zone), and proximal dilated normal 
ganglionic segment. 


Fig. 22. 


lewborn with Hirschsprung’s disease with intestinal 
obstruction (Courtesy: Dr Vivek Prabhu, MCh, Mangalore). 


Once you learn to quit, it becomes a habit. 


949 


auljsajuy afse7 


950 


SRB's Manual of Surgery 


Fig. 22.6: Barium enema X-ray showing parts of congenital 
megacolon—spasmodic area, cone, proximal dilated segment. 
Ithas got three zones, 
I. Distal immobile spastic segment, i.e. aganglionic zone. 
I. Proximal, middle transitional zone of about !-5 cm length 
with less, sparse number of ganglions (cone) 
IIL A still more proximal, hypertrophied dilated segment is 
actually the normal ganglionic area 


Clinical Features 


Fig. 22.7: Child suffering from Hirschpurung’s disease undergone 
initial sigmoid colostomy. 


Presentations: Acute, recurrent, chronic. 

# Itis common in males (80%). 

# Its incidence is 1 in 5000 live births. 

# Itis common in infants and children, occasionally it occurs 
in adults also, 

# Often it is associated with Down’s syndrome (10%). 
(Commonest association). 

# In 90% of cases, symptoms appear in early neonatal period, 
i.e within three days of birth. The child fails to pass meco- 
nium. After introducing finger into the rectum, child passes 
toothpaste like stool, with evidence of straining. Distension 


of the abdomen with features of intestinal obstruction is 

# In children, there is passage of goar pellet like stools, 
malnutrition, abdominal distention—chronic type. Consti- 
pation, with history of passing stools once in 3-4 days 
with straining is seen throughout the childhood and also 
in adolescent period. Occasionally, condition can cause 
intestinal obstruction 

# 10% familial 

* Gene mutation can occur in chromosome no. 10 commonly: 
‘occasionally in chromosome no. 13. 

# Rectal examination shows tight sphincter with empty 
rectum, Child passes lot of gas and meconium, 


Diagnosis 

* History of failure of passing meconium. 

# Plain X-ray abdomen—shows intestinal obstruction, Usefial 
in case of perforation. 

* Biopsy from all three zones to study the ganglions and 
Iypertrophic nerve terminals in spasmodic segment, Starting 

from 2 cm above the dentate line, a full thickness rectal 

biopsy is ideal 

Barium enema is done to look for the extent of disease and 


three zones, Foley s catheter should not be used while doing 
barium enema in case of Hirschsprung disease. 

% Anorectal manometry—shows the absence of rectoanal 
reflex in Hirschsprung’s disease, which is diagnostic 

# Acetylcholine esterase staining shows hypertrophied nerve 
bundles. 


Fig. 22.8: Barium enema X-ray showing features of Hirschsprung’s 
disease ina newborn, 


Complications 


+ Colitis (Intramucosal gas in plain X-ray). Enterocolitis may 
be fulminant and fatal 

# Intestinal obstruction 

% Growth retardation, 

* Constipation, 

# Perforation 

© Peritonitis. 

# Septicaemia 


Differential Diagnosis 


Cunt Cees 
fe Acre igs slan= actu loaded wisi 
@ Anorectal malformations (ARM) 

& Hypothyro 
{ Meconium plug syndrome 


Treatment 

Initially, colostomy is done either transverse or transitional, 
so to have normal bowel function. 

% Nutritional supplementation 

% Once the child attains 10 kg of weight, definitive procedure 
is done, ie 
a, Excision of aganglionic segment (spasmodic segment). 
b. Maintenance of continuity by doing coloanal anasto- 

mosis. 
©. Closure of colostomy later. 
Common procedures done ate: 

* Modified Duhamel Operation—resection of upper part of 
the rectum and a part of colon; anastomosis of colon to 
posterior part of the lower rectum and crushing the spurs 
to create the rectal pouch. It is technically easier and a 
retro-rectal pull through. New pouch is created by anterior 
part of the aganglionic rectum and by ganglionic proximal 
pulled down colon. Biopsy should be taken from proximal 
pulled down colon to look for evidence of ganglions. Pulled 
down proximal colon is sutured to full thickness posterior 
anal canal just above the dentate line. Spur between these 
two segments is crushed by Kocher’s forceps or specialized 
instrument to create a single pouch. 

* Soave’s mucosectomy and pull through operation. 

% Coloanal anastomosis after proctocolectomy. 

Total proctocolectomy with ileo-anal anastomosis in ease 
of total colonic HD. 

Swenson’ operation—through abdomino-anal approach, agan- 
alionic segment is resected and colo-anal anastomosis is done. 

# Anorectal myectomyis found to be very useful for ultrashort 
segment and short-segment Hirschspring’s disease. Mucosa 
in incised horizontally 1 em proximal to mucocutaneous 
junction. A strip of muscularis with part of internal sphincter 
is excised with both muscle layers of the rectum for about 
6-10 em length. Mucosa is sutured back, Complications are 
abscess formation and failure. 


Proximal colon 


Prox con 
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‘Spur crushed. 
Fig. 22.9: Modified Duhamel operation. Normal colon is brought 
behind the aganglionic rectum and anastomosed just above the 
dentate line 


Severe colitis 
Faecal fistula 
Stenosis 
Stunted growth 


piekene) 


No contracted segment in rectum 
Seen in children with faulty toilet training 

Rectum and sigmoid colon ate dilated 

Normal ganglions in all levels 

Improper bowel habit causing chronic bowel dilatation 
Repeated enemas manual evacuation,toilet training educating 
the parents are required 

Should be differentiated from Hirschsprung's disease 
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ll DIVERTICULAR DISEASE OF THE COLON 


* They are acquired herniations of colonic mucosa through 
circular muscles at the points where blood vessels penetrate 
(points of least resistance). 

# Itis more commonly localised to sigmoid colon (90%) but 
‘occasionally seen in full length of the colon. 

Rectum is not affected. 


© Diverticulitis 
& Hiatus hernia 
Gallstones 


Iti rare in Asian and African countries because of the high 
fibre diet. It is common in western countries. 

Colonic diverticulosis is usually of false type with only 
‘mucosal herniation, 


Diverticull 


= — 
Fig. 22.10: Diverticular disease of colon. 


‘Much wisdom often goes with fewer words. 
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Aetiology 


. iis the main factor, Low fibre diet increases the stool 

time, reduces the stool weight, reduces the bulki- 
ness of stool which increases the intraluminal pressure and 
muscle hypertrophy. High fibre diet prevents this. 

% Disease is more common in females. It is more common 
in aged, 

¢ Itis more common in nonvegetarian than in vegetarian. 

NSAID intake by inhibiting prostaglandin synthesis may 
cause diverticular disease. Itis more common in individuals 
with steroid therapy or immunocompromised people 

% Smoking and alcohol 

Long standing constipation increases the stool transit time 
and causes diverticulosis, 


oe 
exams 
sas 


o Rare 


22.11: Diagram showing the formation of diverticula. Note the 
difference between congenital and acquired diverticula, 


Types 


% Diverticulosis is the initial primary stage of the disease, 
wherein there is hypertrophy, muscular incoordination 
leading to increased segmentation and increased intralu- 
minal pressure. At this stage they are asymptomatic, but 
often get severe spasmodic pain due to colonic segmentation 
called as painful diverticular disease. 

Diverticulitis isthe second stage due to inflammation of one 
or more diverticula with peticolitis.It presents with persistent 
pain in left iliac fossa, fever, loose stool, recurrent constipa- 
tion, tendemess in left iliac fossa, palpable and thickened 
sigmoid colon, P/R may reveal a tender mass. 


Diverticulitis ean be: 

Uncomplicated diverticulitis presenting with pain and spasm 
over left iliac fossa, fever. Recurrent attacks need sigmoid 
colectomy. It can be done electively through laparoscopy. 

% Complicated diverticulitis presents with haemorrhage, 
abscess, fistula formation, perforation, peritonitis and 
obstruction due to stenosis, Vesicocolic fistula presents with 
‘pneumaturia, 

% Diverticula associated colitis (DAC) presents with 
tenesmus, diarrhoea, haematochezia. DAC is a distinct 

with segmental colitis. 


clinical enti 


Pathology 


‘There is hypertrophy and thickening of the muscle layer with 
progressive colonic narrowing and segmentation with raised 
intraluminal pressure causing pulsion diverticula of only 
mucosa adjacent to taenia in antimesentric region. Pathology 
is common in sigmoid colon. 


Features of Diverticular Disease 


# In western countries, 50% risk to develop diverticular 
disease for an individual is at the age of 60 years. Only 15% 
of patients with diverticulosis develop diverticulitis. 75% of 
patients with diverticulitis have uncomplicated course with 
features of only diverticulitis. 25% of patients with diver- 
ticulitis develop complications like abscess, perforation, 
stenosis and fistula. Abscess can be commonly pericolic and 
pelvic, rarely in buttock and ischiorectal fossa. 

+ Features of diverticulosis—fullness of abdomen, bloating, 
flatulence, vague discomfort. 

* Features of diverticulitis—pain in left iliac fossa which 
is constant radiates to back and groin, tendemess, bloody 
stool, often massive haemorrhage, fever, rigidity and mass 
in left iliac fossa. Mass is usually tender, firm, resonant, 
‘nonmobile 

+ Features of fistula—colovesical is the commonest type of 
fistula, It causes passage of gas in the urine (pnewmaturia) 
‘commonly and occasionally Feces. 


Perforation and pericolic abscess or peritonitis 
stenosis and intestinal obstruction 


Progress 
Profuse colonic haemorrhage (17-20%) 
Fistula formation (554) —vesicocolic, vaginocoli 
colocutaneous 


eeee 


enteracolic, 


‘Sigmoid colon 


Divertcul 


Pericalic abscess 
= ba 


Fig. 22.12: Sigmoid diverticula causing pericolic abscess as a known 
‘complication. 


» CT scan shows thickening of muscle layer, abscess, perfora- 
tion, fistula, involvement of organs like urinary bladder and, 
associated pathology. CT scan is the ideal investigation. 

# Cystoscopy and colonoscopy in case of fistula. Ureteric 
stenting is needed to make eventual surgery easier, 


Colon: 


Differential Diagnosis 


* Carcinoma sigmoid colon, 
# Amoebic colitis, ulcerative colitis, ischaemic colitis and 
Crohn's disease. 
# Tuberculosis. 
Coexistence of carcinoma and diverticulitis ean occur in 
12% of cases. 


Urinary bladder piverticula 


Vesico-colic 
fistula 


Urethra: Treatment 


Fig. 22.13: Divericlar disease causing colovesicalstula. Patient will S55 aaien avanti ll 


have urine stained with faecal matter and severe urinary infection. 


Contrast dye study, CT scan is required. initial colostomy and High fibre diet 
ureterostomy as diversion is required before definitive procedure. Antibiotics 
Note: © Bulk purgatives 
Diverticulitis is nota precancerous condition. SRS a . 
Regular follow-up of the progress of disease and onset of 
Itmay coexist with malignancy, irritable bowel syndrome,” complications 
Ceci Glgeares ‘Abscess can be drained by CT guided aspiration or percuta- 


neous drainage tube 


Stage l:Pericolc or mesenteric abscess 
4 Stage I Walled off pelvic abscess 
“Stage il: Generalised purulent peritonitis 
+ Stage: Generalised faecal peritonitis 


# In acute stages, conservative treatment like bowel rest, 
antispasmodics, antibiotics are advised. 

% Guided aspiration of the abscess is sulficient if abscess is 
small. Proper antibiotics are needed. 

% Later, surgery is required. Resection of sigmoid colon and 
anastomosis (colorectal) is done. 


+ Barium enema (best method to diagnose) shows ‘saw.  MANNANNieations torsuigery 


teeth’ appearance. Champagne glass sign—partial filling ® Recurrent diverticulitis 
of diverticula by barium with stercolith inside—seen in Diverticulitis with complications 
sigmoid diverticula, 

* Sigmoidoscopy is useful but should not be done in acute 
stage. Once acute stage subsides, barium enema, sigmo 
doscopy, colonoscopy can be done (To rule out associated 
malignancy). 

% CT scan in acute phase to see pericolic abscess. 


| Resection anc 
primary 
anastomosis 
Part resected 
Fig. 22.15: Resection and primary anastomosis can be done in 


Fig. 22.14: Colonoscopic view of sigmoid diverticula. sigmoid diverticula after proper bowel preparation electively. 
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Investigations 


‘The eyes see only what the mind is prepared to comprehend. 


Recommendations: 


> The recommendations outlined in Section 2.3 are relevant to the investigation of the possibili 
for e-Teleportation. 


Approved for public release; distribution unlimited. 
sa 


% [colon is loaded wth faecal matter, initially a transverse 
colostomy is done. Then resection and anastomosis; later 
colostomy closure is done as a staged procedure. 


Diversion loop: 
‘colostomy 


Resection 


Primary 
anastomosis 


From 


Fig. 22.16: Resection of sigmoid colon for sigmoid diverticula with 
primary anastomosis and defunctioning diversion colostomy. 


# Incase of perforation, proximal colostomy and exteriorisa- 
tion of the affected bowel with later resection and anasto- 
mosis is done as it has high mortality. 


Resection 


End colostomy 
Mucus fistula, 
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Fig. 22.17: Resection and formation of end colastomy and mucus 
fistula for acute sigmoid diverticulitis. 


Sigmoidectomy 
‘end colostomy 
Closure of rectal 
stump 


Fig. 22.18: Hartmanns operation for acute diverticulitis with sepsis/ 
perforation/peritonitis. Hereafter resection proximal colon is 
‘exteriorised as end colostomy. Distal rectal stump is closed. 


% Occasionally, Hartmann’s procedure (combination of 
sigmoidectomy, end colostomy and closure of rectal stump) 
is better and life saving, 

# Fistulas are treated by resection of the diseased bowel and 
closure of the fistula along with diversion procedures like 
colostomy, cystostomy, ureterostomy. 

# In certain cases of diverticulosis, a longitudinal incision 
through the taenia and muscular layer without opening the 
mucosa is sufficient (like Heller’s/Ramstedt’s myotomy)— 
Reilly + sigmoid myotomy 


Note: 

+ It is basically a benign condition, therefore the prognosis is 
good. High fibre diet is advised, 

+ Complications like perforations, fistulas are dangerous and life 
threatening, 

+ Right sided diverticulum in the caecum and ascending colon is 
usually solitary and congenital. 


‘ Heller's myotomy—achalasia cardia 
‘& Ramstedt's myotomy—congenital pyloric stenosis 
+ Reilly myotomy—diverticulosis 


™ ULCERATIVE COLITIS 


# Itis an inflammatory condition of rectum and colon of 
unknown aetiology perhaps related to stress, westernized 
al tendency, allergic 


diet, autoimmune factor, 
factor. 

* Disease commonly starts in the rectum, spreads proximally 
to the colon and often into the ileum as back wash ileitis 
(5%). 


Aetiological Factors 


# Westernized diet, red meat; less common in vegetarians. 

* Defective mucin production in the colonic mucosa and 
mucosal immunological reaction, 

% Autoimmune factors—eytotoxic T lymphocytes agai 
colonic epithelial cells and presence of anticolon antibodies. 
Association with HLA DR2 is observed in ulcerative colitis, 
DR 1501 is associated with less severe type” DR 1502 is 
associated with more severe form. 

* Appendicectomy and smoking protects ulcerative colitis 

especially trom extraintestinal features and from postopera- 

tive complications. 

Familial in nature. 

Allergy to milk (cow milk) and other dietary factors, 

Excess reactive oxidative metabolism in ulcerative colitis. 

Psychological aspects, stress, life style, personality disor- 

ders 


st 


Pathology 


‘To begin with, multiple minute ulcers 
(im point ulcers) occur with proctitis and colitis 


These ulcers extend int the deeper layer 


Spasm of the bowel 


L 


Stricture of the colon 
Permanently contracted colon (pe stem colon 


In between ulcers, epithelial thickening occurs which appears 
like pols 


Pseudopolyposis. 


Fig. 22.19: Operated specimen showing colon with features of, 
ulcerative colitis. 


# It isa disease confined to mucosa and submucosa. 

There is no bowel wall thickening and no granuloma forma- 
tion, 

* There are no skip lesions. Rectum is always involved, Distal 
bowel is involved to begin with, then spreads proximally. 
Distal involvement is more severe, Entire colon including 
caecum and appendix may be involved. 

% Only rectum involvement, as proctitis occurs in 25% cases. 
Such patients will have 5% risk of developing rectal cancer. 
In 15% cases, it is left sided ulcerative colitis presenting 
with severe recurrent diarrhoea, In 25% patients, total proc~ 
tocolitis is the presentation. Bloody diarrhoea, matnutrition, 
complications like foxic megacolon, perforation (steroid 
may mask the features) and carcinoma are common here 

% Pseudopolyps are of inflammatory in nature. Absence of 
normal mucosa between these pseudopolyps is important 
to differentiate it from neoplastic polyps. 

% Intense inflammati 
typical feature lik 
> Multiple crypt abscesses 

Sparing of the deeper layers of the colonic wall 

Inflammatory pseudopolyps 

Multiple pin point ulcers 

Increase in substance p containing nerve fibres 

Lymphoid hyperplasia in mucosa and submucosa (25%) 

Presence of anti neutrophil cytoplasmic antibodies with 

a perinuclear staining pattem (86%) 

» Decreased goblet cell mucin 


the mucosa and submucosa with 


% Only in toxie megacolon (1.5-2.5%) there is acute inflam- 
‘mation extending to entire thickness of the colonic wall 
including the serosa. It is not the colon that is toxic but it is 
the patient who is toxic, hence the name. It is precipitated by 
‘non specific causes, during barium enema study, due to drugs 
like opiates, antidiarrhocal drugs and anticholinergies. T: 
‘megacolon commonly affects the transverse colon which 
will be more than 6 em in diameter. Left colon or entire 
colon also may be involved. Caecum when rarely involved; 
becomes more than 10 cm in diameter. Colon will be like 
wet blotting paper. It is prone for perforation, peritonitis, 
which carries high mortality (25-50%). C-reactive protein 
will be increased. It needs emergency laparotomy with total 
colectomy/proctocolectomy with ileostomy. Occasionally 
toxic megacolon can occur in pseudomembranous colitis, 
amoebic colitis or typhoid colitis, 

Carcinoma in ulcerative colitis is more prevalent than in 
Crohn's disease. 


Factors involved are: 

» Extent of involvement (more in total colonic). 

> Duration of the disease; continuous active disease than 
intermittent disease. 

» Incidence is 5% when duration is 15 years; 25% in 25 
‘years; 35% in 30 years; 45% in 35 years; 65% in 40 years. 

» Incidence of developing cancer in left sided colitis is 10 
years later than universal ulcerative colitis, 

» Incidence of carcinoma developing in ulcerative colitis, 
is equal in both sexes 

> Carcinoma in ulcerative colitis is commonly aggressive 
and poorly differentiated, multicentric, synchronous, 
infilirative and scirrhous; half the patients will have 
colloid carcinoma (signet ring), more advanced at the 
time of presentation, dysplasia developing into cancer 
is common. 

» Ulcerative colitis with primary sclerosing cholangitis 
hhas still increased risk of developing cancer. 

> Inulcerative colitis, dysplasia is very important factor to 
transform into carcinoma. It may be mild, moderate or 
marked. Itis often called as displasia associated lesion 
or mass (DALM). 


Fig. 22.20: Multiple pseudopolyposis involving entire colon in 
Ulcerative colitis. Disease involves only mucosa and submucosa. 


The best doctors in the world are—Doctor Diet, Doctor Quiet and Doctor Merryman.—Jonathan Swift 
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Clinical Features 


Disease usually begins in rectum as proetitis later becomes left 

sided colitis and eventually causes severe total proctocolitis. 

© More common in females (2:1), begins in 3rd decade. 

Watery diarthoea, mucus ot blood stained discharge per 
rectum, 

% Colicky pain, spasms, 

% Decreased appetite and loss of weight. 

 Relapses and remissions at regular intervals, 


Clinical grading of ulcerative colitis 
Mild Moderate Severe 
Stool frequency <4 46 >6 
Pulse <90 90-100 >100 
Haematocrit Normal 3040 < 30 
Weight loss in% None 110% > 10% 
Temperature Normal 99-100 > 100 
ESR <20 20-30 >30 
Albumin Normal 3-35 <35 


‘Two types of presentations 
a. Fulminant type, 3% common: 
> It is a severe form, with continuous diarrhoea with 
passage of blood, mucus and pus. 
> Patient is ill and dehydrated 
> Mimics fulminant amoebic colitis; severe typhoid and 
dysentery. 
» Fever, hypokalaemia, acidosis, dehydration and shock. 
> Abdominal distension occurs, 
> Acute toxic dilatation (1.5%) of transverse colon may 
occur where the diameter of transverse colon > 6 em. It 
has high mortality and requires emergency surgery, ie. 
either colostomy or resection with ileostomy and later 


ileo-anal anastomosis, Here colon is like wet blotting 


paper. 
b, Chronic type (95%): 
» Lasts for months to years with diarrhoea, blood loss, 
anaemia, invalidism, abdominal discomfort and pain. 
» Severe malnutrition and hypoproteinaemia, 


Note: 

+ Prevalence is 40-100/1,00,000. 

+ tis common before 30 years. 

+ Smoking increases Crohn's but protects ulcerative colts. 

+ Incidence of colonic stricture is 10% in ulcerative colitisandisdue 
tomuscular hypertrophy. Strictures ae usually benign. But 60% 
stricture appear after 20 years; 80% of stricture occur proximal 
to splenic flexure; stricture causing obstruction are likely to be 
malignant. 

+ Perinuclear staining antinuclear cytoplasmic antibodies (pANCA) 
are seen in 85% of patients with ulcerative colitis and is diag- 
nostic test to differentiate from Crohn’. 

+ Arthritis (20%), ankylosing spondylitis (5%), erythema nodosum 
(1596), pyoderma gangrenosum are extraintestinal features which 
resolve after total colectomy. 

+ Primary sclerosing cholangitis (PSC, 5%) is common in ulcera- 
tive colitis before 40 years of age; common in males; related 
to HLA By and HLA DR; (10 times). Malignant transformation in 


colonis 5 times more in these patients compared with ulcera- 
tive colitis without PSC. It causes pain abdomen, obstructive 
jaundice, later liver cirthosis and failure. Total colectomy will 
rot resolve PSC. 

+ Surveillance colonoscopy to identify transformation to carcinoma 
in ulcerative colitis is done as follows ~ Every year from 8 years 
after the onset of pancolitis and 15 years after the onset of 
left sided colitis. 10-30 random biopsies should be done, No 
dysplasia (less chance of carcinoma)/low grade dysplasia (10% 
chance)/high grade dysplasia (40% chance)/DALM (50% chance). 
All dysplasia types need proctocolectomy. Flow cytometry af 
biopsy specimens to study DNA aneuploidy or polyploidy is 
needed for further confirmation. 30% of high grade dysplasias 
show invasive carcinomas. 


Investigations 


% Barium enema—shows loss of haustrations, narrow 
contracted colon (hose pipe colon), mucosal changes, 
pseudo-polyps. It is avoided in fulminant cases. 

% Sigmoidoscopy and biopsy. 

# Colonoscopy is also required. 


Figs 22.21 and B: Colonoscopic view of ulcerative colitis and 
multiple ulcers. 


Due to very high incidence of malignant transformation 
in ulcerative colitis (10-20%), multiple biopsies should be 
taken from suspected areas of the colon. Risk increases with 
age of the patient and duration of the disease (20%). 


‘Sigmoidoscopic grading of ulcerative colitis 
0—Normal mucosa 
1—Loss of vascular pattern 
2—Granular,non-friable mucosa 
3--Friabilty on rubbing 
‘4—Spontaneous bleeding, ulcerations 


* Plain X-ray abdomen is useful in obstruction, toxic mega- 
colon, perforation 
% C reactive protein will be very high in acute phase. 


Differential diagnosis 


Ischaemic colitis 
Irritable bowel syndrome 

Amoebic colitis 

Bacillary dysentery 

Carcinoma colon 

Collageous colitis in females 

Infectious colitis by Clostridium difficile, Campylobacter jejuni 


Ulcerative colitis 
+ Itaffects rectum and colon 
from distal to proximal 


+ Itaffects ileum and often 
colon but can involve 
any part of GIT—rectal 
sparing is common. 

+ Full thickness— : 
transmural disease 


+ Skip lesions are typical + 


Itaffects mucosa and 
‘submucosa—not deeper 
Skip lesions are not 
observed 


+ Granulomatous lesion on + Not a granulomatous 


histology—deep ulcers; —_lesion—superficial ulcers, 
pseudopolyps are not pseudopolyps are present 
found 

* Stricture and fistula are + Narrowing can occur but 
‘common not very common 


* Anal fissure and perianal + 
abscess are more: 
‘common 


Fissure and perianal 

disease can occur but not 

‘as common as in Crohn's 

disease 

+ May mimic appendicitis + Will not mimic appendicitis, 

+ Bleeding isnot common + Bleeding is common 

+ Fever is common, + Fever is uncommon’ 

+ Mass in RIF is common + Mass is not a common 

feature 

+ Anal pathology very + Anal pathology is rare 
‘common 

+ Discontinuous segmental. + 
asymmetrical colitis 


Continuous mucosal dis- 
ease—colitis 


+ Toxic megacolon is raré + Toxic megacolon is 
‘common 


+ Normal vascular pattern + Distorted vascular pattern 
+ Fistula is very common + Fistula is uncommon 


+ Recurrence is common + Total proctocolectomy 
afler resection cures the disease 


‘Complications 


or 
& Pseudopolyposis 

‘Turning into malignancy 

Stricture formation, commonly in recto sigmoid and anal 
canal—10% 

Toxic megacolon in transverse colon’ 

Massive haemorrhage—19% 

Fistula in ano—20% 

Perforation—10-20% 

Extraintestinal 

@ Severe malnutrition 

Liver cirthosis (50%) 

‘® Skin lesions—pyoderma, erythema nodosum 

+ Arthritis irtis, ankylosing spondylitis—comman 

4 Sclerosing cholangitis, carcinoma of bile duct 


ee 


+ 
+ 
+ 
+ 


Treatment 

General 

% Correction of anaemia, 

* Fluid and electrotyte supplimentation, 

* Nutrition (high protein, carbohydra 
dict), TPN. 

# Sedatives and tranquillisers 

* Psychological counselling, 


Drugs 

In active disease, drugs are used to induce remission. Later 

drugs also should be given for maintenance of remission and 

to prevent relapses. 

% Salazopyrine/sulfasalazine splits into S amino-salicylic acid 
and sulphapyridine in colon. It is used as first line therapy 
Its dose is 2-4 gm/day. It is mainly used to induce remission 
It suppresses P \d PG E2 to reduce the inflammation, 
inhibits proteolytic enzymes and also causes immunosup- 
pression. SASA is the most active ingredient. Side effects are 
skin rashes, bone marrow suppression, fotic acid deficiency, 
haemolysis in glucose 6 phosphate dehydrogenase det 
patients, temporary fertility problems in men, 

# SASA (Mesalamine) is also used in active disease as first line 
therapy. Its used with an azo bond to prevent its absorp- 
tion in small bowel. Its induction of remission is same as 
sulfasalazine. Idiosyncrasy and temporary infertility 
present in mesalamine. Its oral dose is 2-4 gm/day. Itis also 
used as retention enema which is better than steroid enema in 
left sided ulcerative colitis/proctitis. But mesalamine enema 
(4 gm in 100 ml saline) is costly. Enema is combined with 
‘oral mesalamine or oral steroid in acute cases. Mesalamine 
500 mg suppository is also used in BID doses. Daily oral (1.6, 


Hard work doesn't guarentee success, but improves its chances. 
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gm) and topical 4 gm enema, twice weekly is often used for 
‘maintenance therapy. Headache, dyspepsia and myocarditis 
are the complications. 

# Steroids are used in cases where salazopyrine fail to induce 
remission, It is a drug for refractory cases. Oral prediiso- 
one 60 mg/day tapering in 4 weeks is the dose. Intravenous 
hydrocortisone 100 mg &th hourly is used in acute cases. 
100 mg hydrocortisone enema/40 mg methylprednisolone 
enema (steroid retention enema) are used for 2 weeks in 
acute active diseases. Most patients with moderate to severe 
disease need steroid therapy. Budesonide is a newer steroid 
hydrocortisone analogue is also equally effective with lesser 
side effects and less adrenal suppression. 

Immunomodulators are used often to induce remission and for 

cathioprine and 6-mercaptopurine are used. 
‘They act at DNA level (purine ribonucleotide) and inhibit 
lymphocyte function (of T cells). But this action is slow. 

% Cyelosporin is used in refractory, fulminant severe ulcerative 
colitis as a reserve drug. Dose is 4 mg/kg/day IV. 

* Mebeverine HCI and Tegaserod (6 mg) are the other drugs 
used in ulcerative colitis. Other measures are using sucral- 
fate, short chain fatty acids, probiotics, antidiarrhoeal drugs 
(diphenoxylate, loperamide, codeine), avoiding milk prod- 
ucts, fibre, fruits 

 Antitumour necrosis factor alpha—Infliximab is also used 
selectively (in some studies). Itis given intravenously at interval 
of 6 weeks. It shows 70% remission in ulcerative colitis. 

* Newer drugs with a targeted delivery into the colon is 
used nowadays, ¢.g. Olsalazine (azobond); Balsalazine (4 
aminobenzoyl cartier), 


maintenance. 


“Management of severe ulcerative colitis 

+ Itismore than 6 stools per day, with cramping pain toxicity, 
fever raised ESR, anaemia,tachycardia,morethan 10% weight 
loss, hypoalbuminaemia less than 3.5 gm 

+ Italways needs hospitalisation 

+ Worticosteroids [hydrocortisone] 300 mg/day/oral pred 
solone/5 ASA orally oras enema 

IV cyclosporine with azathioprine or 6 mercaptopurine 

Fluid and electrolyte management 

TPNienteral nutrition 

Proper monitoring of the patient for complications 

Surgery 
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Indications for Surgery—30% Cases 


Intractabilty—commonest indication 
Toxic dilatation 

Perforation 

Haemorrhage 

Risk of malignant transformation, dysplasia (DALM) 
‘Onset at early age 

Chronic invalidism 

Progressive disease with stricture, abscess fistulae 
Steroid dependency, persistent active disease 
Malignancy 

Severe extraintestinal manifestations 

Growth retardation in children 


sees seeoooe 


‘Toxic megacolon 


* nce 

& Common in transverse colon 

'& Colonis more than 6 cm in diameter 

+ Colonis ike wet blotting paper 

‘& Commonly seen in ulcerative colitis 

Can occur in bacterial colitis, pseudomembranous colitis, 
fulminant amoebic colitis 

'& May be precipitated by antidiarchoeal drugs 

+ IV fluids, blood transfusion, antibiotics, steroids are also 
needed 

‘& Cane life threatening 

+ Plain Xray is very useful 

‘& Emergency surgery, colectomy, colostomy/ileostomy may 
be required 

In olden days blow hole procedure was advocated for toxic 
megacolon, may be still useful in severe cases. Skin level 
transverse colostomy, sigmoid colostomy and a loop ileos- 
tomy is done to decompress entire small and large bowel. 
‘After many months (6-8 months) once patient recovers from 
acute illness, total proctocolectomy with ileal pouch anal 


Surgeries 


* Total proctocolectomy with ileo-anal anastomosis with 
pouches as reservoir ("J°, 8’, ot “W" pouches). Itis called 
1s restorative proctocolectomy with ileal pouch anal anas- 
tomosis (IPAA). Ibis ideal curative procedure for ulcerative 
colitis. Anal sphincter complex is preserved. 30 em ileal 
pouch is created either hand sewn or with stapler. Created 
ileal pouch reservoir is anastomosed just above the anal 
canal using end to end stapler. Diameter of the pouch should 
be twice the diameter of the ileum. Obstruction (25%), 
diarrhoea, pouchitis (25%), leak, sepsis, incontinence are 
the complications. 


Fig. 22.22: Different pouches are used after restorative proctocolectomy 
and during leoanal anastomosis. Pouch acts as reservoir and reduces 
the frequency of stool. I avoids ileostomy with natural stool passage 
with continence. Pouchitis can occur with diarrhoea, blood in stool, 
perianal pain. Occasionally, redoing or conversion may be required. 1 
type is commonly used. 


* Total proctocolectomy with ileostomy (permanent, conti- 
nent Kock’s ileostomy, with one way valve is done). It is 
used at present only in revision surgery when needed after 
restorative proctocolectomy. 

* Total proctocolectomy with end non continent ileostomy 
‘was the earliest operation done for ulcerative colitis. It is 
now reserved only for ulcerative colitis complicated with 


carcinoma of rectum. Heostomy site should be marked in 
standing and sitting position. Stoma should be within the 
right rectus abdominis muscle at the summit of infraum- 
bilical fat, away from midline incision, bony prominences 
and umbilicus, 

* Total colectomy with ileorectal anastomosis. Proper 
follow-up at regular intervals by regular sigmoidoscopy 
evaluation should be done as r 
vulnerable for complications. Itis not commonly practi 


tum is also diseased and 


ed 


Total colectomy with rectal mucosectomy and anastomosis 
above the dentate line on posterior aspect is also occasion- 
ally used. 


Meostomy 

isusually end ileostomy. But often loop ileostomy isalso done 

Indications: 

+ Aftertotal practocolectomy fr ulcerative colitis total clonic 
Hirschsprung’s diseases, Crohn's disease (occasionally), and 
total colectomy for carcinomas 

+ Loop ileostomy is done in crtcallyill patient with acute ileal 
conditions like multiple ileal perforations, ileal gangrene or 
distal fistulas or sepsis Its temporary ileostomy 

+ lleostomy is placed in right lia fossa through the right rectus 
muscle 

+ lleostomy may be temporary (loop) or permanent (end) 

+ Brooke's classicend non continent ileostomy or Koch's cont 
nent ileostomy (with continent intra-abdominal pouch) are 
used 

+ lleum should projectas a spout at least 4 cm above the skin 
surface, which facilitates the effluent to pass directly into 
thebag 

+ tleostomy usualy acts in 48 hours 

+ lleostomy bag, ileostomy care, nutrition and electrolyte 
management are important 

+ Complications like prolapse, sten 
tion can occur 


haemorrhage, retrac- 


Complications of Surgery for Ulcerative Colitis 


* Pouchitis (20%) with pain, diarrhoea, fever, bleeding, toxicity, 
pouch—vaginal fistula, foccal incontinence (5%). Pouchitis 
disease activity scoring index is at present used which is 
based on clinical, endoscopic and histological inflammatory 
features. 

% Stenosis, pelvic abscess formation, 


* Problems with ileostomy—psychological trauma, skin 
excoriation, retraction, stenosis (25%), prolapse, bleeding, 
enteritis, ileal necrosis, ileal volvulus, paraileostomy hernia, 
paraileostomy abscess. 

Sexual dysfunction following proctocolectomy by nerve 
injury. 

+ Persistent perineal sinus after total proctocolectomy. 

Risk of cancer persists if only total colectomy is done. 


@ ISCHAEMIC COLITIS 


It occurs in splenie flexure where blood supply is precarious. 

Splenic flexure is the water shed area of colon, receiving 

blood supply from terminal branches of superior and inferior 

mesenteric arteries, 

# Ischaemic colitis is common in females; common in aged, 

# tis related to atherosclerosis, emboli, vasculitis, diabetes, 
chronic renal failure, autoimmune diseases, polycythaemia, 
haemodialysis, ete 

¢ Water shed point—Gritfith’s point in artery of Riolan gets 
poor perfusion by arterial disease/low perfusion pressure! 
altered viscosity causing ischaemic colitis 


Types (Marston's Classification) 

1. Gangrenous type—ischaemia of full thickness colon causing 
peritonitis, 

2, Stricture type— ischaemia of muscularis ayer causing scarring. 

3. Transient type—most vulnerable layer, mucosal involve- 
ment usually recovers completely 


inical Features 


Pain in left iliae fossa and left hypochondrium. 
Vomiting, diarrhoea. 
Passing blood in the stool. 
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Differential Diagnosis 


* Carcinoma colon, 
% Ulcerative colitis. 
% Crohn’s disease. 


Tuberculosis. 


Fig, 22.23: Ischaemic colitis in splenic flexure. 


Investigation 


# Plain X-ray reveals ‘thumb printing sign’ due to mucosal 
‘oedema and submucosal haemorrhage. Perforation is also 
diagnosed. 

% CT scan shows colonic wall thickening with posterior fat 
shadowing. Angiography is not helpful 

# Inacute stage, barium enema or contrast study or sigmoidos- 
copy or colonoscopy is avoided due to risk of perforation, 

* Inchronic stage, colonoscopy and contrast study is a must, 


God gives every bird its food, but he does not throw it into the nest. 
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Treatment 


+ 80% of patients will recover from conservative treatment— 
bowel rest, fluids, antibioties, adequate perfi 

© Surgery is indicated in gangrene and peritonitis, stricture 
(15%), segmental ischaemia (20%), 

% Laparotomy, resection and anastomosis (splenic flexure) 


is done. 
% Inacute phase with peritonitis (covering), diversion colos- 
tomy is needed 


+ Colon isthe commonest site of intestinal ischaemia 

'& Most of colonic ischaemia results from small vessel occlusion 
‘orlow flow ischaemia. 

+ Vascular diseases, vasculitis, diabetes, hypotension, aortic 
surgery with ligation of inferior mesenteric artery, aortic 
atherosclerosis blocking opening of IMA, OCP intake, cocaine 
abuse, coagulopathies, CMV, E.coli infections, long distance 
running—are the causes 

‘& ‘Splenicflexureis he most common site;but any segmentli 
sigmoid colon can be involved 

+ Rectum is spared due to rich collaterals 


ll PSEUDOMEMBRANOUS COLITIS 


% Iis an acute diarrhoea due to toxins produced by the 
overgrowth of Clostridium difficile after antibiotic therapy 
(usually after clindamycin) 

% Clostridium difficile is 4 Gram positive, anaerobic, spore 
forming bacillus. It produces toxin A (enterotoxin) and toxin, 
B (cytotoxin, more potent) 

# Itis also often seen in immunocompromised patients and 
patients who are on cancer chemotherapy. 

% Incidence is 2%, Mortality is 30%. 

% Stool cytotoxin assay is highly sensitive and specific. ELISA. 
test for toxins is also useful 

% Colonoscopy is ideal as right si 
common. 

% Itcan occur up to 6 weeks after stopping the drug. 

% Diarrhoea, toxaemia, perforation, haemorrhage also can 
occur, 


le involvement is more 


Treatment 


¢ IV vancomycin 500 mg 8th hourly. 
¢ IV metronidazole 8th hourly. 


ll SURGICAL COMPLICATIONS OF 
INTESTINAL AMOEBIASIS 


‘Trophozoites of Entamoeba histolytica by digesting mucosa, 
submucosa of rectosigmoid (75%) region commonly or ileo- 
caecal region of the colon, causes retort shaped amoebic ulcers 


which exudes blood, pus and necrotic material 


Cyst s the infective agent. It enters through faeco oral route. 

It forms trophozoite which multiplies and causes inflamma- 

tion and flask shaped ulcers in the rectosigmoid, caecal and 

often in the terminal ileal region. 

# It causes blood with mucus diarrhoea, toxaemia, 
secondary bacterial infection, fulminant colitis, perfora- 
tion and peritonitis, rarely toxic megacolon, extraintes- 

ial amoebiasis 


% Amoebic liver abscess is the commonest form of extra- 
intestinal amoebiasis. Others are cutaneous amoebiasis, 
amoebic empyema, and very rarely amoebic brain abscess, 
amoebic pericarditis, 

¢ Chronic amoebiasis causes vague abdominal pain, decreased 
‘appetite, intestinal colic and psychological trauma to the 
patient 


Bahr point 


‘Amoeboma Flask (retort) shaped ulcer 


Fig. 22.24: Amoebic ulcer is common in left side (sigmoid colon), 
Amoeboma can accur in caecal region where it forms granuloma 
in pericolic area presenting as mass abdomen. Amoebic ulcers are 
classically flask/retort shaped, 


Presentations 


1, Amoebic dysentery with diarrhoea, colicky pain, tendemess 
in left iliac fossa (in Sir Philip Manson-Bahr amoebic 
point’) 

2. Amoebie typhlitis (inflammation of caecum) presentation 
with pain and tenderness in right iliac fossa and often also as 
‘amass in the right iliac fossa mimicking carcinoma caecum 
called as amoeboma (amoebic granuloma) (1.5%). 


‘Appendicular mass 
lleocaecal tuberculosis 
Carcinoma colon 
Retroperitoneal tumour 
Lymph node mass 
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3. Acute fulminant amoebic colitis is a severe type with 
sloughing of colonic and rectal mucosa causing torrential 
bleeding, toxicity which can be life-threatening. 


Investigations for intestinal amoebiasis 

Saline wet mount of fresh stoo!—trophozoites in 90% cases 
Serology—indirect haemagglutination test 

PCR 

P/R and proctoscopy 
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Complications of amoebic colitis 


' Amoeboma—right side common 
Perforation in rectasigmoid/caecal region bleeding, peri- 
tonitis 

Stricture rectum and colon 

Intestinal obstruction 

Pericolic, paracolic ischiorectal abscess and fistula formation 
‘Amoebic typhlitis,amoebic liver abscess 


e 
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Treatment 


# In acute cases, hospitalization and proper rehydration is 
done. 

% Antispasmodies to alleviate pain is given. 

* Metronidazole IV or metronidazole retention enema is 
given. It is very effective in both intestinal and extraintes- 
tinal amoebiasis, 

# In less severe disease, tab metronidazole (400-800 mg) 
3 times daily is given for 10 days or tab tinidazole 2 gm 
daily for 3 days. 

* Diloxanide furoate is very effective in chronic amoebiasis 
and cyst passers. Dose is 500 mg, 3 times daily for 10 days. 

% Other drugs used are—paromomycin, iodoquinol 


lm TUMOURS OF COLON 
BENIGN TUMOURS/POLYP OF THE COLON 


% Polyp is a tumour/swelling arising from mucosal surface 
with a pedicle/stalk. *Poly’ means many; ‘pous’ means 
foot in Greek, 

 Polyp is a mass projecting into the bowel lumen beyond the 
surface epithelium. 


Classification 
Inflammatory 


4% Ulcerative colitis. 
* Segmental colitis, 
® Crohn’s disease. 


Diverticulitis. 


Dysenterie colitis 


Hyperplastic (Metaplastic) 


# Also called as metaplastic mucosal polyps. 


Hamartomatous 

# Peutz-Jegher’s syndrome 

# Juvenile polyp. 

* Cronkhite—Canada syndrome. 


Neoplastic 


% Tubular—pedunculated. 

# Villous—sessile. 

# Tubulo—villous. 

¢ FAP—familial adenomatous polyposis 


Others 


© Lipoma, haemangioma, leiomyoma, 


JUVENILE POLYPS 


¢ Commonest polyp of colorectum in infants and children. 

* Can cause intussusception, prolapse through rectum, 
bleeding. 

% Colonoscopie polypectomy is done. 

* Not a premalignant condition. 


METAPLASTIC/HYPERPLASTIC POLYP 
% Metaplastie—indicates a difference in appearance from 


normal mucosa. 
¢ Very minute in size—1-2 mm, Multiple 


Polyps 


Inflammatory Hyperplastic 


Ulcerative colitis (Metaplastic) 
Segmental colitis 

Dysenteric colitis 

Crohn's disease 


Diverticulitis 


Hamartomatous Neoplastic 

Peutz-Jegher syndrome Adenomatous 

Juvenile polyp ~ Tubular 

Cronkhite-Canada syndrome - Tubulovillous 
= Villous 


‘Malignant (Carcinomatous) 


Children, like animals use all their senses to discover the world. 
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¢ Common in rectum. Also occurs in other parts of colon, It 
is most common colonic polyp. 

¢ Contains columnar epithelium, cystic dilatation, goblet cells, 
and lymphocytes. 

Nota pre-malignant entity. 


PEUTZ-JEGHER'S POLYP 


 Itis common in small intestine (jejunum) but can also occur 
in large intestine, 

¢ Features are multiple, familial, hamartomatous intestinal 
polyps. 

% Associated with melanosis of the oral mucosa, lips (lower 
lip) and occasionally digits (not in tongue), 

jcroscopically it contains tree like branching filaments of 
mucosa with smooth muscle wall 

# Itcan occasionally tum into malignancy. 

% Itis autosomal dominant disease with germline defect in 
suppressor serine threonine kinase 11 (STK11). 


Complications 


Bleeding or intussusception, when occurs requires surgery 
er resection—anastomosis or colonoscopic removal. 


ADENOMA OF COLON 


% Mean be tubular, villous, tubulovillous (Histologically), 
‘Tubular is the commonest—70%, 25% tubulovillous; 5% 
villous 

# Italso can be solitary or multiple, sessile or pedunculated. 

Tubular is commonly 1-2 mm sized and sessile is 3-4 mm 
sized, 


Fig. 22.25: Colonoscopic view of colonic polyp. 


¢ Ihas malignant potential 

Potentiality increase with: 

> Size, isan important factor in causing carcinoma, Ifsize 
of adenoma is > 2. cm—30-50% chances of developing 
carcinoma; 1-2 ¢m —10% chances of carcinoma; <1 
em —1-5% chances of carcinoma, 

> Sessile nature 

> Villous architecture, 

> Dysplasia 


Minimal hyperplasia, no cellular atypia 
 IkMild hyperplasia, cellular atypia 

4 llModerate hyperplasia, cellular atypia 
‘ IN:Severe hyperplasia cellular atypia 
 VsCarcinoma in situ 


Features of Adenoma 


Can be asymptomatic. 
Bleeding per anum is usually chronic but rarely ean be acute. 
Ana 
Prolapse—common in tubular type. 

Diarrhoea common in villous type; mucus discharge 
‘Tenesmus, colicky abdominal pain, 

Spurious diarrhoea. 

Poor general health, 

Electrolyte imbalance— hypokalaemia. 

Per-rectal examination should be done to feel the adenoma! 
polyp. 

¢ Carcinomatous changes. 


Investigations 


# Serum electrolytes. 
* Barium enema study—shows filling defect—usually 
multiple. 
¢ Colonoscopy—biopsy is a must. 
» Size should be noted, 
» Texture—harder tumour more likely to be malignant. 
» Colour of the lesion—pale is benign, pink, red and, 
active—could be carcinoma. 
> Ulceration on the surface if it has tured into malignancy. 


Treatment 


+ Colonoscopic polypectomy using snare. Any adenoma more 
than $ mm in size should be removed colonoscopically. 

* Diathermy excision/coagulation with sigmoidoscope. 

* Per-anal polypectomy. 

# Per-anal excision with clear margin of the rectal sessile 
adenoma, 

# Open-abdominal colotomy and polypectomy 
huge adenoma. 

% Segmental resection of the colon if polyps/adenomas are 
limited to one segment of the colon confirmed by colon- 
‘scopy. 


case of 


Total colectomy/proctocolectomy if multiple polyps present 
all over colorectum and if associated with FAP. 

+ Blood transfusions, correction of electrolytes, protein supple- 
ments, 


Problemsin therapeutic colonoscopy 
Perforation due to necrosis 
 Haemorrhage—secondary 
 Intracolonic explosions 
Sepsis 


FAMILIAL ADENOMATOUS POLYP (FAP) 


It is inherited as an autosomal dominant neoplastic condition 
(chromosome no. 5421). 

 Itpresents in younger age group—I5-20 years. 

% Incidence is equal in both sex, involving commonly the 
large intestine but can also occur in stomach, duodenum 
and small intestine. 

 Itis familial with a high potential for malignant transforma- 
tion. If there is no adenoma at the age of 30 years, then it 
is not FAP of colon. 

 Itcan be associated with duodenal or ampullary carcinomas, 
Gardner's syndrome (Desmoid tumour in the abdomen, 
osteomas (75%) and epidermoid cysts] and also Tireot’’s 
syndrome [FAP + brain tumour (medulloblastoma or 
sgliomas)] or sarcoma of bone. 

¢ Usually multiple (over 100). 

Presents with lower abdominal pain, loose stools with blood 
and mucus, weight loss. 


Investigations 


% Double contrast barium enema. 
% Colonoscopic biopsy. 


Fig. 22.268 


= | 


Ve: 


Figs 22.268 and c 


Figs 22.26A to C: Multiple polyps extensively invalving the colon. 
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Figs 22.27A and B: Colonoscopic view of polyp colon in two 


different patients. 


Self-respect — that a comer stone of all virtue. 


5.0 p-TELEPORTATION 


5.1 PK Phenomenon 


P-Teleportation is a form of psychokinesis (or PK) similar to telekinesis but generally used to 
designate the movement of objects (called apports) through other physical objects or over great distances. 
Telekinesis is a form of PK, which describes the movement of stationary objects without the use of any 
known physical force. And PK is essentially the direct influence of mind on matter without any known 
intermediate physical energy or instrumentation, Rigorously controlled modem scientific laboratory PK, 
and related psychic (a.k.a. “psi”, “paranormal” or parapsychology), research has been performed and/or 
documented by Rhine (1970), Schmidt (1974), Mitchell (1974, b, see also the references cited therein), 
Swann (1974), Puthoff and Targ (1974, 1975), Hasted et al. (1975), Targ and Puthoff (1977), Nash (1978, 
see also the references cited therein), Shigemi et al. (1978), Hasted (1979), Houck (1984a), Wolman et al 
(1986, see also the references cited therein), Schmidt (1987), Alexander et al. (1990), Giroldini (1991), 
Gissurarson (1992), Radin (1997, see also the references cited therein), Tart et al. (2002), Shoup (2002), 
and Alexander (2003). 

A well-known theoretical/experimental/operational program directed by H. E. Puthoff, R. Targ, E. 
May and I, Swann was conducted at SRI International and the NSA, and sponsored at various times by 
the Central Intelligence Agency (CIA), the Defense Intelligence Agency (DIA), and the Army 
Intelligence and Security Command (INSCOM) over more than two decades; and the program was later 
carried on by E. May at SAIC (Alexander, 1980; Puthoff, 1996; Targ, 1996; Schnabel, 1997; Tart et al., 
2002). This was called the Remote Viewing program, and it was a compartmentalized special access 
program possessing a variety of codenames during its 22 years of operation. Remote viewing involves 
precognition and clairvoyance, and it allows a practitioner to acquire information irrespective of 
intervening distance or time. The Remote Viewing program ended in 1994 and President W. J. Clinton 
officially declassified it in 1995. The reader should note that the very first U. S. military-intelligence 
R&D programs on psi, PK and mind control were conducted by H. K. (Andrija) Puharich, M.D., L.L.D 
during his military service at the Army Chemical and Biological Warfare Center at Fort Detrick, 
Maryland in the 1940s-50s. Puharich had an interest in clairvoyance and PK, and dabbled in theories for 
electronically and pharmaceutically enhancing and synthesizing psychic abilities. While in the Army, 
Puharich took part in a variety of parapsychology experiments, and he lectured Army, Air Force and 
Navy groups on possibilities for mind warfare. He was a recognized expert in hypnotism and 
microelectronics. 

PK phenomenon was also explored in the Remote Viewing program. Col. J. B. Alexander (USA ret.) 
credits professional aerospace engineer Jack Houck for “capturing PK phenomenon and transitioning it 
into an observable form” (Houck, 1982, 1984a, b; Alexander et al., 1990; Alexander, 2003). During the 
past three decades, Houck (along with Alexander) held a number of PK sessions, whereby attendees are 
taught the PK induction process, and initiate their own PK events using various metal specimens (forks, 
spoons, etc.). Individuals were able to completely bend or contort their metal specimens with no physical 
force being applied whatsoever. Numerous government science advisors and senior military officials 
took part in and/or witnessed these events, which took place at the Pentagon, at officers’ or scientists’ 
homes, and at one quarterly INSCOM retreat attended by the commanding general and a group of 
colonels and generals commanding INSCOM units around the globe. Spontaneous deformation of the 
‘metal specimens was observed at the PK session conducted during the INSCOM retreat, causing a great 
deal of excitement among those present. Other notable trained observers were also present at this session, 
and they critically reviewed the events. Psychic Uri Geller (1975) is the original model for demonstrating 
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% Screening of all the members of the family is a must. 
Pigment spots in retina (Congenital hypertrophy of 
the retinal pigmented epithelium of the iris, CHRPE 
CHIRPES) and DNA tests for FAP are good screening 
methods, but cost and availability limits its use, 
Patients with FAP will develop colorectal cancer almost 
100% in the absence of surgical intervention. 


Treatment 


1, Proctacolectomy with ileoanal anastomosis with ileal pouch 
is commonly done. 

2, Alternatively a conservative total colectomy with ileo rectal 
anastamosis can be done, but with a regular follow-up with 
sigmoidoscopy for any rectal polyps. If present snaring of 
‘polyps should be done. 

Sulindac (NSAID) 300 mg BD/aspirin 325 mg OD is given 
to these patients, causes disappearance of polyps in the rectum. 


GARDNER'S SYNDROME 


% Itis commonly associated with FAP—10%. 

* Presents with bone, skin, soft tissue and dental abnormali- 
ties. Jaw osteomas ate very common. Other features are 
epidermoid cysts (50%), exostoses, fibromas, lipomas, 

* Associated with desmoid tumours seen in the scar, abdomen, 
intraabdominal region and mesenteric fibromatosis, 

© Congenital hypertrophy of pigment layer of retina (seen as 
pigment spots)—commonly seen. 

% Often associated with MEN IIb syndrome. 


Turcot's syndrome 
Autosomal recessive disorder 
Colonic polyps + brain tumours like 
medulloblastoma or gliomas 
Often associated with FAP 


eoee 


Cronkite-Canada syndrome 


‘® Polyps in stomach, duodenum and colorectum.No polyps in 
‘esophagus, small intestine 

+ Intractable diarrhoea, pigmentation, cachexia, alopecia, 
‘onychodystrophy 

@ Infemales 

15% will have malignancy 

Cowden syndrome 

(multiple hamartoma—neopl: 

‘Autosomal dominant 

Penetrance at age 20 with PTEN suppressor gene mutation 

Benign ectodermal tumour—tricholemmoma—B0% 

‘Macrocephaly—40% 

Glpolyposis—35% and no risk of GI malignancy 

10% tisk of thyroid cancer 

30-50% risk of breast cancer 


ia syndrome) 


eeeoose 


Bannayan-Riley-Ruvalacaba syndrome 
(Ruvalacaba Myhre Smith) 


& Autosomal dominant 
Gl hamartomatous polyp 
Macracephaly, mental retardation 
Delayed psychomotor development 
Lipid storage myopathy 
Hashimoto's thyroiditis 
Hyperpigmentation af penile skin 
No risk for Gl or extra GI malignancy 


ooesees 


ll CARCINOMA COLON 


# [tis commonly adenocarcinoma, 
% Very rarely adenosquamous, squamous carcinoma can occur. 


Adenocarcinoma 


# Sigmoid colon (21%) is the most common site of malig- 
nancy after rectum (38%). 
# In caecum it is 12% common, 


Aetiology 


+ Diet: 
> Red meat and saturated fat increases the incidence of 
colonic cancer. 

» Cholesterol increases the bile acid concentration in the 
intestinal lumen which acts as cocarcinogen. 

» High fibre diet protects the colon against cancer. 

» Calcium in diet prevents colonic cancer by combining 
with bile salts and reducing bile salt concentration in 
the colon. It directly acts on the colonic mucosal cells 
to reduce their proliferative potential 

» Diet with lack of fibre increases the risk. Diet with high 

es the risk. 
> Dietary vitamins A, 


E and zine reduces the risk. 


© Genetic: 

» Carcinoma colon is more common in individuals with 
adenoma colon or with familial adenomatous polyposis 
(FAP), Gardner's syndrome, Turcot’s syndrome. 

> Relatives of colonic cancer patient have got 2-4 times 
increased risk of developing carcinoma of colon. 

* Long standing ulcerative colitis, Crohm’s disease has high 
risk of colonic cancer. Crohn's disease is a premalignant 
condition but not as much as ulcerative colitis 

¢ Alcohol and cigarette smoking increases the risk 

* Hereditary nonpolyposis colonic cancer (HNCC) has 
got high incidence (25%) of synchronous and metachronous 
growth, so total colectomy is needed. 

# After cholecystectomy and ileal resection there is increased 
bile salts and so more prone for carcinoma colon, 

+ Radiation increases the risk (mucinous type). 


 Ureterosigmoidostomy increases the risk by 100-500 times. 
# Acromegaly may increase the risk. 


Not 
Aspirin, calcium and other NSAIDs protect against colonic cancer. 


Pathogenesis 


# Adenoma—earcinoma sequence 

> Most of the colonic carcinoma develops from polyp) 
adenoma pathway. 

» Normal epithelium —vinitiation by Sq loss APC gene + 

dysplasia (hyperproliferative) + DNA methylation 

early adenoma — 12p activation K ras + intermediate 


adenoma +18q loss DCC — late adenoma — action by 
17p loss p53 carcinoma — spread 

$ 80% of colorectal cancer arises from loss of heterozygosity 
(LOH) pathway. LOH pathway is due to APC gene defects 
(in FAP), K ras mutation altering the cell eycle [K ras binds 
to GTP (guanosine triphosphate) hydrolyse to GDP which 
inactivates G protein normally; K ras mutation blocks GIP 
hydrolyse leading into permanently active form of G protein 
causing carcinoma}; loss of DCC tumour suppressor gene 
mutation of tumour suppressor gene p53. LOH pathway 
is microsatellite stable (MSS) and carries poor prognosis 
compared with MSI 

* 20% of colorectal cancer develops from mutation from RER 
(Replication Error Repair) pathway wherein repair mecha- 
nism of DNA teplication error is lost. It causes microsatel- 
lite regions of genome to have repeated sequences leading 
into error and is called as microsatellite instability (MSI). 
{In colon, it is seen in right side growths and is associated 
with better prognosis 


Colonic cancer may be: 

Nonhereditary colon cancer 

# It can be sporadic colon cancer—60%. 

% Itcan be familial colon cancer—30%, Common in Ashke- 
nazi — Jewish population, 


Hereditary colon cancer 


+ FAP, 
* HCC. 

# Peutz Jeghers syndrome—2-3% risk of cancer colon. 

¢ Cronkite—Canada syndrome. 

¢ Juvenile polyposis syndrome—it differs from isolated juve- 
nile polyps discussed earlier. It is an autosomal dominant 
condition, oceurs in children and adolescent. Germ line 
mutation of SMAD-4 gene is observed. It increases the risk 


of colonic cancer. 


HINCC (hereditary nonpolyposis colonic cancer) 


& No polyps. Autosomal dominant 

‘& Three members of the family have colonic cancers 

‘& Two first degree relatives will have same cancer 

‘& Two consecutive generations observed 

‘® One relative with less than 50 years age will have colonic 

Lynch syndrome | is site specific—commonly right sided, 
‘accurs in early age group, 40% are metachronous 

‘& Lynch syndrome It has other malignancy in, stomach, breast, 
ovary, endometrium and urinary bladder. Its cancer family 
syndrome 

4 Microsatellite instability (MSI) at DNA level occurs in HNC 

+ Accounts for 3-5% of colonic cancers 

4 Amsterdam criteria | (1990);Amsterdam criteria (1999) and 
revised Bethesda guidelines (2002) are used to diagnose 
HINCC 


Types 


Patient can have de novo multiple primary carcinomas in 
different parts of the colon at the same time, ic. synchronous 
(S-10%), or can present with growth in different parts of the 
colon in different periods, i.e. metachronous (10-20%). 
Gross types: Annular, tubular, ulcerative, cauliflower like. 


‘Amsterdam criteria Bethesda criteria 


+ Atleast 3 relatives of common cancer 


+ One affected person is 1st degree relative of other two 
affected persons 


+ ‘Two successive generations affected 


+ Atleast one case of colon cancer diagnosed before the 
age of 50 years 


+ FAP excluded 


Modified Amsterdam criteria 


Same as Amsterdam except cancer must be associated with 
HNPCC (colon, endometrium, small intestine, renal pelvis and 
ureter) instead of specifically colon cancer 


Amsterdam criteria or one of the following: 


+ 2 cases of HNPCC associated cancer in one patient 
including synchronous or metachronous cancer 


+ Colon cancer and 1st degree relative with HNPCC 
‘associated cancer and or colonic adenoma 


+ Colon or endometrial cancer diagnosed before the age of 
45 


+ Right sided colon cancer that has an undifferentiated 
pattern or signet cell type before the age of 45 
+ Adenoma diagnosed before 45 


Read fully; understand exactly; write precisely; speak essentially. 
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Cauliftower ike 
(prolierative) 


Annular Tubular Uleerative 
Fig. 22.28: Gross types of carcinoma colon. Annular and tubular types 
are common in left side, ulcerative and proliferative are comman in 


right side. 


Anmular (stenosing) type: 

% Itis more common on left side, 

# Here the growth spreads round the internal wall and so it 
often presents with intestinal obstruction. 

Uleerative type: 

# Itis common on right side. 

Proliferative type: 

© Common in right side. It is fleshy, bulky and polypoid. It 
is less malignant 


ae 
Figs 22.294 and B: (A) Carcinoma caecum showing proliferative 
lesion. (B) Thickening of the wall is seen. 


Fig. 22.30: Carcinoma ascending colon. Note the growth, 
‘caecum and ileum. Its proliferative type. 


Fig. 22.31: Carcinoma transverse colon. 
Itis ulceroproliferative lesion 


Histology (WHO) 


% Adenocarcinoma—90%, 


% Mucinous adenocarcinoma—s-10%, 
© Signet ring cell carcinoma, 


# Small cell/oat cell carcinoma—rare—extremely poor 


prognosis. 
# Squamous cell carcinoma, 

* Undifferentiated carcinoma, 

Duke's histological grading of carcinoma colon (Now modified 
Morson-Dawson) 

* Grade I—low grade, 

* Grade Il—average grade 

* Grade Ill high grade. 

* Grade IV—anaplastic. 

Carcinoma confined to muscularis mucosa does not metas- 
tasize. 


Fig. 22.32: Carcinoma descending colon. Note the proliferative 
tumour. Commonly its stricture type/annular type on left side. 


Figs 22.33A and B: Annular type of growth abserved in left sided/ 
sigmoid colon. 


Haggitt’s Invasion of Malignant Polyp 

In pedunculated polyp 

Level 0—noninvasive carcinoma over the summit. 
Level 1—invasion to head of the pedunculated polyp. 
Level 2—invasion to neck of the pedunculated polyp. 
Level 3—invasion to stalk of the pedunculated polyp. 
Level 4—invasion to base of the pedunculated polyp, 
In sessile polyp—all lesions are level 4 


Fig. 22.34: Ulceroproliferative lesion in the colon, 
Note the everted edge. 


Left sided 
stenosing 


Fig. 22.35: Carcinoma colon—types. 


Sessile Malignant Polyp Invasion 
‘Sm 1: Submucosal invasion into upper 1/3rd (superficial/ inner) 
Sm 2: Submucosal invasion into middle 1/3ed (inner 2/3rd) 
Sm 3: Submucosal invasion lower 1/3rd (deep). 


Staging of carcinemacolon 

Duke's 

‘A. Confined to bowel wall, mucosa and submucosa 

B, Extends across the bowel wall tothe muscularis propria with 
no lymph nodes involved 

. Lymph nodes are involved 

Modified Duke's 

‘A. Growth limited to rectal wall 

8, Growth extending into extrarectal tissues but no lymph node 
spread 
B1:Invading muscularis mucosa 
2: Invading into or through the serosa 

. Lymph node secondaries 

D. Distant spread to liver lungs,bone, brain 

Astler-Coller’s grading of colorectal/rectal cancer 

A. Intramucosal 

81 Involvement up to muscularis propria 

82 Spread through the wall in to peritoneum 

11 + involvement of lymph nodes 

2B2 + involvement of lymph nodes 

D Distant spread 


Let us not look back in anger or forward in fear but look around for awareness. 
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Spread 


Direct spreai 

% Locally it can invade the bladder, obstruct ureter and so 
cause hydronephrosis. 

* Can perforate and cause peritonitis/pericolic abscess/faecal 
fistula 

% Growth may get adherent to psoas muscle posteriorly 

* Carcinoma sigmoid colon can infiltrate and cause coloves- 
ical or colovaginal fistula. It can infiltrate ureter, ovary. 
uterus etc. It can cause pericolic abscess or abscess in lateral 
abdominal wall 

Lymphatic spread: 

% Growth through lymphatics spreads to pericolic, epicolic, 
intermediate and principal group of lymph nodes. 


Groups of lymph nodes draining colon 


NI: Nodes immediately adjacent to bowel wall 

 N2: Nodes along ileocolic/right colic/midale colic! left colic 
sigmoid arteries. 

NB: Nodes near the origin of SMA and IMA. 

Nodal spread in carcinoma colon is sequential from N1—> 
N2 > N3. 

Blood sprea 

40% of carcinoma colon spreads to liver via portal veins 

* Secondaries may be either solitary or multiple, present as 
liver with hard, umbilicated nodules. 

# Rarely it spreads to bone, lung, skin. 


Cunderson-Sosin staging 
‘A~Lesion limited to mucosa 

8, ~ Through mucosa stil within bowel wall 

8, ~Through entire bowel wall 

8, ~ Adherent to or invading adjacent organs 

C,~ Limited to bowel wall But nade +ve 

Through entire bowel wall,node +e 

~ Adherent, invasion to adjacent organs with node +ve 
Distant spread / locally unresectable tumour 


‘TNM staging of colorectal cancer 
Tumour—T 
‘T,— Primary tumour cannot be assessed 
‘Ty- No evidence of tumour 
Tis ~ Carcinoma in situ—intraepithelial/invasi 
propria 
7) - Invasion into submucosa 
T,- Invasion into muscularis propria 
7; Invasion into pericolorectal tissues/fat 
Tax Invasion into surface of the visceral peritoneum 
Tus Direct Invasion or adherent to adjacent structures/organs 
Regional nodes—N. 


N,- Nodes cannot be assessed 
No-No nodal spread 
Ns ~ Regional nodes 1-3 involved 
— Nie Tregional node 
~ Niy~2to 3 regional nodes 
~ Nie ~ Tumour deposits in serosa/mesentery/nonperito- 
realised pericolic or perirectal tissues without regional 
nodes 


Nz~ Regional nodes 4 or more involved 
— Nos~ 4-6 regional nodes 
— Nay ~7 or more regional nodes 
Distant metastases—M 


Mo—No distant spread 
M, ~ Distant spread present 
— Mig Spread confined to one organ or site—liver/lung/ 
ovary/nonregional nodes; 
~ Mp~Spread tomore than one organ or site/peritoneum. 
Histological grade—G 
G,~ Grade cannot be assessed 
G) —Well differentiated 
G, ~Moderately differentiated 
G, — Poorly differentiated 
G, Undifferentiated 
Residual tumour—R. 
Ry—No residual tumour after resection 
, ~ Microscopic residual tumour after resection 
R, ~ Macroscopic residual tumour after resection 
Stage Group 
O~Tis No Mp 
1~Ty No Mo:T2 No Mo 
WA-T,Ng Mo 
UB Ty, No Mo 
MCT, No My 
MA ~Tya)NioMoiT) Nos Ma 
WB —Ta- Ny-1cMoiTa2 Nox MosT).2Nab Mo 
MC ~Ta Nas MaiT3-42Nap MaiTa Ni2 Mo 
IVA-AnyT Any NMyy 
IVB-AnyT Any N My, 
Vq~ No venous invasion; V,—Presence of venous invasion 
Ly No lymphatic vessel invasion; L,—Presence of lymphatic 
vessel invasion 


Clinical Features 

% Occurs usually after $0 years. Familial type can present in 
‘younger age group. Common in males (M : F =: 3 : 2) 

* Commonly present with loss of appetite and weight, 
‘anaemia, abdominal discomfort and mass per abdomen 

# 20% of cases present as an acute intestinal obstruction. 


# 20% of colonic/colorectal cancer has stage IV disease at the 
time of first presentation, 

© Right sided growth commonly presents with anaemia, 
palpable mass in the right iliac fossa, which is not moving 
with respiration, mobile, nontender, hard, well-localised 
with impaired resonant note. 


Differential diagnosis for mass in the rightiliacfossa 
+ Ileocaecal tuberculosis 
® Appendicular mass 

+ Actinomycosis 

® Ectopickidney 
Mesenteric lymph nodes 
& Ovarian tumourin females 
® Retroperitoneal tumour 
 Amaeboma 


noma caecum occasionally presents like acute appen- 
dicitis or intussusception with intestinal obstruction, 


Multiple liver nodules (Secondaries) - Loss of appetite 
~Decreased weight 

= Jaundice 

~ Left supractavicular 


LN (Troisier sign) 


Pleural effusion —} 


Perforation 
peritonitis 


Ascites 


Enlarged nodes 
Left sided tumour 


Right sided 
tumour {— obstructive symptoms 
-Anaemia ~~” }—Pericalic abscess 
= Mass RIF“ ~Tenesmus 
= Like appendicitis = Diarthosa 
intussusception = Mucus 
ericalc abscess “Mass LIF 
“Altered bowel habits ~ Back pain 
Bleeding per anum 


- Urinary symptoms 
- Fistula into bladder/vagina 
= Hydronephirosis by ureter infitration 
+ Blumer shetf(rectovesical secondaries) 
Fig. 22.36: Clinical features of carcinoma of calon—diagrammatic 
representation, 


Left sided growth presents with colicky pain, altered bowel 
habits (alternating constipation and diarrhoea), palpable 
lump, distension of abdomen due to subacute/chronic 
obstruction. Latet may present like complete colonic 
obstruction. Tenesmus, with passage of blood and mucus, 
with alternate constipation and diarrhoea, is common, 
Bladder symptoms may wam colovesical fistula. 

Features of pericolic abscess/obstruction (15%)/perforation! 
peritonitis may be the first presentation 

% Closed loop obstruction can occur in transverse colon 
growth (stricture type causing block) with competent 
ileocaecal valve. Enormously dilated right sided colon is 
prone for stercoral ulcer, perforation and faecal peritonitis, 

Enlarged liver with multiple umbilicated hard secondaries, 
ascites, rectovesical secondaries, palpable left supraclav- 
icular lymph nodes are other presentations 

Faecal strength of Streptococcus bovis bacteria increases 
many fold in patients with colonic cancer compared to 
individuals without colonic cancer. 


Abdominal wal 


Prialicsbsonss 


Fig. 22.37: Carcinoma with pericolic abscess right sided. Mass here 
willbe tender and localised. Patient may be having fever, tachycardia 
Associated obstruction may be there occasionally 


Fig. 22.38: Dilated colon in colonic growth with obstruction 


Vs 
) 


colon and caecum 


(closed loop | eum 
‘obstruction) 
[— Competent iteo- 
caecal valve 


Stercoral ulcerin the caecum 1 and 2 are sites of parforatior 
Fig. 22.39: Carcinoma transverse colon or near hepatic flexure 
can cause complete block, leading into the enormous dilatation of 
caecum. Ifileocaecal valve is competent, then there will be closed 
Joop obstruction of right-sided colon causing stercoral ulcer due to 
pressure ischaemia over the summit of the caecum. Perforation 
can occur in stercoral ulcer or in growth site itself. It is treated by 
emergency surgery with resection and temporary ileostomy. 


Fig. 22.40: Closed loop obstruction specimen showing in a operated 
patient with growth in mid-transverse colon, Extended right 
hemicolectomy was done. 


Little discipline multiplies rewards. 
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» Its normally produced by colonic epithelium. 


Local complications of carcinoma colon > Its serum % life is up to 10 days and is cleared by 

Intestinal obstruction. liver through Kupffer cells. So its ¥ life prolongs in 
& Closed loop obstruction cholestasis and hepatocellular dysfunction, 
‘Perforation and peritonitis » Normal level is < 2.5 ng/ml, Level > S ng/ml is signifi- 
+ Vesicocolic fistula cant. 

+ Invasion of ureter » Even though it is a widely used tumour marker, it has 
% Pericolicabscesss got low sensitivity, 
Investigations 


‘Screening and surveillance for colon cancer 


+ Faecal occult blood test (FOBT)—it is nonspecific test for 
peroxidase contained in haemoglobin. tis simple but with 
low specificity 

+ Flexible sigmoidoscopy—once in 5 years to identity the 
adenoma;itis often combined with FOBT 

4 Colonoscopyis the most accurate and most complete method 
for evaluating the entire colon It allows identification of 
small polyps (<1 cm), allows biopsy, polypectomy,control of 
bleeding stricture dilatation if needed Problem asa screening 
method is—prior need for mechanical bowel preparation 

* Aircontrast barium enema (ACBE) detects polyps greaterthan gigs 22.42A and: Carcinoma colon. (A) Barium enema study, 
1 em. tts accuracy is more in proximal colon than in sigmoid is) Acuuhien soni 
colon as one may misinterpret a polyp for diverticulsis 

CT colonography (Virtual colonoscopy)—it is helical CT 3 ~ 
dimensional intraluminal colon imaging, it needs bowel 
preparation, airinsufiation, CT imaging 


% Barium enema: Shows irregular filling defect and ‘apple 
core lesion (in left sided carcinoma). It also helps in finding 
colonic polyps (Air-contrast barium enema). 


% Colonoscopy and biopsy confirms the diagnosis. 
* Virtual colonoscopy (CT colonography) is also useful to 
visualize entire colon, 


Figs 22.434 and B: X-rays with barium enema showing narrowing 
in sigmoid region (A) and irregularity (8). 


> CEAis primarily associated with colorectal cancers, but 
it can also increase significantly in pancreatic, gastric, 
lung, breast carcinomas. Often its level also increases 
in nonmalignant conditions like pancreatitis, hepatitis, 
obstructive jaundice, BPH. 

» Uses in colorectal cancers are’ 

a, Preoperative levels >7.5 ng/ml signifies poor prog- 
nosis. 

b. If postoperative level does not fall, it indicates 
cither incomplete resection, or occult metastasis 
elsewhere. 

€. Increase CEA during follow-up indicates recurrence 


Fig. 22.41: Carcinoma colon—colonascopic view, 


% UIS, to see secondaries in liver, peritoneum, lymph node 
status, rectovesical secondaries. 
© CEA (Carcinoembryonic antigen): 
> Itisa cell surface glycoprotein discovered by Gold and 
Freedman, or secondaries. 


Fig. 22.46: Colonoscopic view of carcinoma colon. 


e 


A Treatment 


Fig. 22.44: Barium enema X-ray showing irregular filing defect in a 
‘caecum—feature of carcinoma colon. f 


> Aslow rise indicates loco regional disease. 

> Arapid rise signifies metastasis 

> Itisnot useful in assessing follow-up in poorly diffe 
tiated adenocarcinoma as such tumour will not produce 


CEA. 
* Left supraclavicular lymph node if palpable, its FNAC Area of resection inetisiied ge 
Glinchitehitlogkal Gagnon eaNaed gowns © ERS rowm 
sterit, ESR Growth in colon 


¢ Hb%, PCY, haematocrit, ESR. Look for occult blood in stool 
is the initial test for anaemia. 

CT scan abdomen and pelvis—to see local spread, invasion, 
size and extent, stage, nodal status and liver secondaries. 

* LFT—mainly enzyme studies like alkaline phosphatase, 
SGPT. 


Line of 
resection 


Fig. 22.47: Levels of resection ngrowthsin different portions ofthe colon, 


Growth in transverse colon 


“Terminal 6 om 
ofileum 


Fig. 22.48: Diagram showing extended right hemicolectomy. 


Fig. 22.45: CT scan picture showing growth in the right side colon. 


Artis long, life short, judgement difficult, opportunity transient. 
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llootransverse bypass Golocolic bypass 
anastomosis in inoperable’ \_ anastomosis in inoperable 
right side growth left side growth 


Fig. 22.49: lleotransverse anastomosis in case of inoperable hepatic 
fiexure growth. Colosigmoid bypass in case of inoperable growth in 
splenic flexure. 


Mainly Surgical 


% Right sided early growth: 

> Right radical hemicolectomy with ileo transverse anas- 

tomosis is done. Structures removed are terminal 6 em 

of ileum, caccum and appendix, ascending colon, 1/3 

of transverse colon, lymph nodes (epicolic, paracolic, 
intermediate). 


Fig. 22.50: Specimen of hemicolectomy done for carcinama caecum. 
Note the different parts—terminal ileum, ascending colon, hepatic 
flexure and omentum, 


> In inoperable right sided growth, ileotransverse anas- 
tomosis is done as a by-pass procedure. 


% Transverse colon growth 


» An extended right hemicolectomy is the procedure done 
for transverse colon growth which includes division of 
right colic, middle colic arteries at their origin, with 
removal of terminal 6 em ileum, ascending and trans- 
verse colon; anastomosing terminal ileum and proximal 
part of the descending colon—ileocolic. 

» Alternatively, in mid-transverse colon growth, transverse 
colon with both flexures can be removed: anastomosing 
cut ends of ascending and descending colon—colocolic. 


Left sided early growth: 


> Left radical hemicolectomy is done, where in left % of 
transverse colon and descending colon is removed along 
with lymph nodes. 


> Leff sided stenosing type of growth can present with, 
acute intestinal obstruction, in which case initially colos- 
tomy is done, Later, afler 3-6 weeks, following proper 
preparation, required formal procedure is done, followed. 
by colostomy closure after 8 weeks (3 stage operation). 

» Often growth in the transverse or left sided colon, which, 
is stenosing or obstructive type, can cause closed loop 
obstruction because of the competent ileocaecal valve. 
Asa result, pressure increases in the caecum eventually 
leading to its perforation. Perforation can also occur 
‘occasionally atthe site of tumour. They need emergency 
intervention—caecostomy or colostomy, or ileostomy 
‘with resection and anastomosis. If severe peritonitis sets 
in, it may be life-threatening 

» Left sided colon growth with obstruction can be treated, 
With resection of tumour, saline lavage and cleaning 
the rest of the colon by passing a catheter through the 
appendix into the caecum followed by primary anasto- 
‘mosis thus avoiding colostomy. 

> Inseverely obstructed sigmoid growths are often alterna- 
tively treated as tumour resection with removal of entire 
proximal colon and continuity is maintained with ileo 
sigmoid/ileorectal anastomosis. It also avoids diversion, 

» During exploration, presence of any synchronous 
growths has to be looked for. Now it is found that 
carcinoma colon can be associated with tuberculosis or 
Iymphoma of colon. So this association is also looked for. 

> Inacute left sided growths, trans anal self-expanding metal 
stents can be used instead of defunctioning colostomy. 

» Turnball’s ‘No touch technique’: Here the vessels are 
ligated at its origin, at the beginning, in order to prevent 
the tumour spread—due to tumour handling, 

‘Multiple synchronous primaries in the colon. 

> Total abdominal colectomy with ileorectal anastomosis, 
is done if there are multiple primary tumours or in 
HINPCC. Significant chronic diarrhoea is the problem 
due to defective water absorption, 

Surgical treatment of liver secondaries. 

> Insolitary liver secondary, segmental hepatic resection, 
is useful. 

» Incase of multiple secondaries confined to one lobe of 
the liver, hemihepatectomy can be tried, 

> Metastasectomy—it is done in one secondary/one lobe 
secondaries/less than 3 metastases in both lobes/without 
any extrahepatic spread. 

“A second look operation’ is most often helpful in carcinoma 

of colon, to resect the residual or recurrent tumours (Owen 

Wangensteen's Second look surgery). 

If there are synchronous growths or growth with other area 

having multiple potential polyps, then total colectomy with 
colorectal anastomosis is done. 

Recurrent tumour should be treated by re-exploration and 
resection with adjuvant chemotherapy of different regime, 

Laparoscopic evaluation and resection is becoming popular, 

Laparoscopic assisted colonic resection is also done [Hand 

assisted laparoscopic surgery (HALS)} 


Note: 

+ Caecum and ascending colon—tight radical hemicolectomy 
(terminal ileum to mid transverse colon); hepatic flexure and 
transverse colon—extended right radical hemicolectomy 
(terminal ileum to proximal descending colon); splenic lexure- 
extended left radical hemicolectomy (hepatic flexure to rectosig- 
moid); descending colon and sigmoid—left radical hemicolec- 
tomy ( splenic flexure to rectosigmoid). 

+ Minimurn 5 cm margin clearance at colonic side/sides isneeded; 6 
cmterminalileum clearance is suffcientin case ofrightsided growth. 

+ Duodenum, ureter IVC, superior mesenteric vein should be taken 
care of during dissection in right hemicolectomy; spleen, stomach, 
tail ofthe pancreas should be taken care ofn let hemicolectomy. 

+ It is ideal to mobilize both flexures adequately in all colonic 
surgeries to reduce the anastomotic tension, 

+ Bleeding at anastomotic site edges should be adequate; in emer- 
gency obstructive situation, better to do temporary covering 
colostomy or ileostomy to prevent anastomotic leak 

+ On table and postoperative hypoxia and hypotension should be 
prevented to minimize anastomotic leak. 

+ Preoperative mechanical bowel preparation is important in elec- 
tive colonic resection using polyethylene glycol / mannitol, oral 
bowel antiseptics like neomycin and metronidazole. 

+ Infiltration into adjacent local structures isnot acontraindication 
for surgical resection. 

+ Atleast I2nodes should beexamined during histology after resection. 

+ Blood transfusion before or during surgery for colonic cancer may 
alter the immunological aspect of the colonic cancer and may 
increase the recurrence rate and so may alter the prognosis. It is 
presently not very well-proved. Reason thoughtis—blood transfu- 
sion raises the suppressor T cells leading into immunosuppression. 
So autologous blood transfusion is better when in case of need, 

+ Proper preoperative bowel preparation by mannitol/polyethylene 
<glycol/hypertonic saline/bowel wash/ bowel antiseptics neomycin 
‘oF gentamycin or streptomycin and metronidazole orally). 

+ Antibiotic prophylaxis; DVT prophylaxis by crepe bandage or 
stockings bandage, heparin or low molecular weight heparin. 

+ Pulmonary function tests and pulmonary exercise preoperatively 
as well as postoperatively. 

+ Urinary catheterisation, nasogastric tube placement. 

+ Postoperative proper care with fluid, electrolyte, drain care, early 
mobilisation, monitoring. 

+ Complications of surgery are leak (fecal fistula), bleeding, infec- 
tion like intraperitoneal/pelvic abscess, respiratory problems, 
DVT, wound infection, burst abdomen, 


Adjuvant Therapy 


‘Chemotherapy 
Indications for chemotherapy 
Positive nodes. 

TA lesions, 

‘Venous (microscopic) spread, 

Signet cell type. 

Poorly differentiated tumour/aneup! 

Changes in CEA level. 

Postoperative chemotherapy is used commonly. Occasionally 

also given preoperatively. 

Regimes are: 

* 5 fluorouracil (5 FU) with folinie acid (Leucoverin/ LV) is 
the most commonly used regime for 6 months as monthly 
cycles. Folinic acid potentiates the action of 5 FU 

 Levamisole 150 mg/day for 3 days given once in 15 days 
for one year with intravenous 5 FU monthly for one year. 


# Irinotecan/S FU/LV—IFL regime is also used. 
* Folinic acid (LV)/S FU/oxaliplatin—FOLFOX regime is 
also used. It is becoming treatment of eh 

# Irinotecan/oxaliplatin—IROX regime is used in previously 
untreated metastatic colonic cancer. 

% Capecitabine (xeloda) an oral drug which generates 5 FU 
at tumour tissue, shows significantly greater response than 
5 FUILV regime. 

# Phase II trials are going on for capecitabine/oxaliplatin and 
capecitabine/irinotecan combination regimes. 

‘5 FU infusions into the portal vein during and immediately 
afler surgery have shown benefits in terms of outcome and 
recurrence. 

EGFR and VEGE blockers (EGFR is epithelial growth factor 

receptor; VEGF is vascular endothelial growth factor) 

# They ate used as single agent and also in combination with 
chemotherapy drugs in phase Il and II trial 

¢ Drugs are monoclonal antibody, cetuximab which blocks 
EGER, bevacizumab which binds VEGF. 


© Dose of 5 FU is 400 mg/m?/day IV x5 days once in 3-4 weeks 
for 6-12 months 

® Dose of leucoverin is 20 mg/m*/day x 5 days once in 3-4 
‘weeks for 6 months 

+ Dose of levamisole is 150 mg/day x 3 days once in 2 weeks 
for one year 

+ Capecitabine is given orally 1250 mg/m? twice dally 


Radiotherapy 

% Usually there is no role for RT as tumour is radioresistant 

* Itis offen used in locally advanced tumour, infiltrating the 
psoas major muscle or lateral abdominal wall, left sided 
colonic growth. 

# Itis also used in inoperable recurrent tumour, 


Follow-up of Carcinoma Colon 


# For 3 years at regular intervals, once in 3-6 months, 


Fig. 22.51: Patient has undergone left hemicolectomy earlier for 
sigmoid growth with a colostomy; now presenting as recurrence at 
colostomy site. It could be recurrence of original disease or could be 
new metachronaus disease in the mucosa of the colastomy site, CT 
scan/CEA/PET scan will help to differentiate. Re-excision can be done 
if itis metachronous local growth, 


The most vital test of a man’s character is not how he behaves after success, but how he sustains defeat. 
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PK metal bending. During a talk that he gave at the U.S. Capitol building, Uri caused a spoon to curve 
upward with no force applied, and then the spoon continued to bend after he put it back down and 
continued with his talk (Alexander, 1996). Jack Houck continues doing extensive experimental work and 
data collection on micro- and macro-PK phenomena. Scientifically controlled PK. experiments at the 
Princeton University Engineering Anomalies Research Laboratory were conducted by Robert Jahn (Dean 
Emeritus of the School of Engineering), who reported that repeatedly consistent results in mentally 
affecting material substances has been demonstrated in the lab (Jahn and Dunne, 1987). In the 1980s, 
Jahn attended a meeting on the PK topic at the Naval Research Laboratory, and warned that foreign 
adversaries could exploit micro- or macro-PK to induce U.S. military fighter pilots to lose control of their 
aircraft and crash 

Very early investigations of, and experiments on, p-Teleportation occurred during the 19" and early 
20" centuries. Many cases that were studied, and the experiments that were performed, were undoubtedly 
due to fraud, and few experiments have occured under controlled conditions during that period, 
However, most of the credible, scientific reports of p-Teleportation phenomenon and related (controlled) 
experiments occurred in the late 20" century (see for example, Alexander et al., 1990; Radin, 1997). 
Some of that scientific work involved the investigation of Uri Geller and a variety of other recurrent 
spontaneous PK phenomena (Hasted et al., 1975; Puthoff and Targ, 1975; Targ and Puthoff, 1977; Nash, 
1978; Wolman et al., 1986). Psychics Uri Geller (1975) and Ray Stanford (1974) claimed to have been 
teleported on several occasions. Most claimed instances of human teleportation of the body from one 
place to another have been unwitnessed. There are also a small number of credible reports of individuals 
who reported being teleported to/from UFOs during a UFO close encounter, which were scientifically 
investigated (Vallee, 1988, 1990, 1997). But there are a larger number of such reports that are anecdotal, 
whereby the witness data tends to be unreliable, However, we will confine our discussion to the 
controlled laboratory experiments that have been performed and reported, 

One of the more interesting examples of controlled experiments with Uri Geller was one in which he 
was able to cause a part of a vanadium carbide crystal to vanish (Hasted et al., 1975). The crystal was 
encapsulated so it could not be touched, and it was placed in such a way that it could not be switched with 
another crystal by sleight of hand, A more spectacular series of rigorously controlled (and repeatable!) 
laboratory experiments occurred in the Peoples Republic of China (PRC). In September 1981, an 
extraordinary paper was published in the PRC in the journal Ziran Zazhi (transl.: Nature Journal), and this 
paper was entitled, “Some Experiments on the Transfer of Objects Performed by Unusual Abilities of the 
Human Body” (Shuhuang et al., 1981). The paper reported that gifted children were able to cause the 
apparent teleportation of small objects (radio micro-transmitters, photosensitive paper, mechanical 
watches, horseflies, other insects, etc.) from one location to another (that was meters away) without them 
ever touching the objects beforehand. The experiments were operated under exceptionally well- 
controlled conditions (both blind and double-blind). The researchers involved included not only 
observers from various PRC colleges and medical research institutes, but also representatives from the 
PRC National Defense Science Commission. Because of the involvement of the latter, it was deemed 
necessary that an unclassified Intelligence Information Report be prepared by the DIA (see Shuhuang et 
al., 1981), which included a detailed English translation of the article. 

Additional research carried out by the Aerospace Medicine Engineering Institute in Beijing was 
reported in the July 1990 issue of the Chinese Journal of Somatic Science (Kongzhi et al., 1990; Jinggen 
et al., 1990; Banghui, 1990), which was also translated into English by the DIA. Reported in several 
articles are experiments involving the videotaping and high-speed photography of the transfer of test 
specimens (nuts, bundles of matches, pills, nails, thread, photosensitive paper, chemically treated paper, 
sponges dipped in FeCl, etc.) through the walls of sealed paper envelopes, double layered KCNS type 
paper bags, sealed glass bottles and tubes with sealed caps, and sealed plastic film canisters without the 
walls of any of these containers being breached. All of the Chinese experiments reported using gifted 
children and young adults, who possessed well-known extraordinary PK ability, to cause the teleportation 
of the various test specimens. In all the experimental cases that were reported, the test specimens that 
were teleported were completely unaltered or unchanged from their initial state, even the insects were 
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‘@ Regular CEA analysis 

@ Ultrasound abdomen. 

@ Barium enema X-ray 

+ Colonoscopy 
Rise in CEA isa definite indicator of recurrence or secondaries 
In patients with raised CEA, radioisotope antibody study will 
show the site of recurrence or secondaries, 

‘@ Serum alkaline phosphatase 


Note: 

+ Local recurrence: Incidence of local recurrence after radical 
resection is 15%, 85% of recurrence is detected in 2 years. It 
is more in colocolic and colorectal anastomosis than ileocolic. 
Recurrence may be—local/locoregional/regional/metastatic. 
Recurrence may be—true recurrence at anastomotic site, prob- 
ably mucosal; adjacent and close to anastomotic site, at the 
original primary tumour bed; peritoneal recurrence; recurrence 
inagjacent organ. tis due ta implantation of spilled tumour cells 
during easier surgery, incomplete resection, metachronous new 
lesion, retrograde lymphatic spread. It is identified by CEA, CT 
scan, radioisotope/radioimmuno assay, colonoscopy. Itis treated 
by curative surgery with clearance, chemotherapy, RT. 

+ Colonoscopy after 1 year to see anastomotic site, new / missed 
polyp/metachronous growth. 

+ Later colonoscopy is done once in 3-5 years unless there is a 
family history (here yearly colonoscopy is needed). 

+ CEAestimation once in 3 months for 2years. fthere isa raise any 
time, further screening is done for recurrent/metastatic disease 
by CT/MRY/PET scan, 


Prognosis 
Depends on: 


* Site—left sided tumours has got better prognosis as they 
present early 

% Type—colloid carcinoma has got poorer prognosis 

Size of the tumour. 

Lymph nodes status: Number of lymph nodes involved 

decides the prognosis 

Liver secondaries has poor prognosis. 

Age of the patient. 

Associated diseases like HV. 

Stage of the tumour. 

Presence of complications, perforation, peritonitis. 

On the whole, itis a curable malignancy with proper surgery 

and adjuvant therapy. 

5 year survival is: 

Stage 1-90" 

Stage Il - 75% 

Stage Ill — 50%, 

Stage IV — less than 5% 


lm ANGIODYSPLASIA OF COLON 


# Itis a vascular ectasia seen commonly in right side colon, 

% Itis uncommon in healthy individual. 

% Itis commonly seen in elderly of 70 years age. Itis acquired 
malformation of aging 

# Itis not common in left side colon. It is often associated 
with calcified aortic stenosis; and ectasia bleeding if present, 
stops once aortic stenosis is corrected. 


% Common cause of rectal bleed in adults and elderly. 

* An acquired condition seen in caecum and ascending colon 
due to degeneration of the mucosal and submucosal vessels 
of the colon. 

# Diagnosis is by mesenteric angiography. Angiographic 
criteria in angiodysplasia—early and prolonged filling of 
draining veins; cluster of small arteries; visualisation of 
vascular tuft 

% Colonoscopie filguration or resection is the treatment. 

Therapeutic embolisation is useful in 85% of cases. 


@ OGILVIE’S SYNDROME 


# Described by Sir William Heneage Ogilvie in 1948. 

# Also called as colonic pseudo-obstruction. 

# Severe colonic ileus occurs without any mechanical obstruc- 
tion, 

* ‘Bmpanic, nontender, distended abdomen and bowel sounds 

will be normally present—are the clinical features. Features 

of causative etiology may be present. 

Occurs in critically ill patients. 

Due to sacral parasympathetic nerve dysfunction, 

‘Commonly seen in right and transverse colon. 

Duc to sacral parasympathetic malfunctioning, there is atony 

‘of descending colon causing functional obstruction. Spleni 

flexure will be the junction of dilated and collapsed parts 

of the colon wherein parasympathetic supply of vagus ends 

and of sacral parasympathetic begins, Increased sympathetic 

activity causes colonic dilatation. 


# tis seen in: 
» Scleroderma, SLE, dermatomyositis 
> Chaga’s disease. 
» Myotonic dystrophy, multiple sclerosis. 
> Neuropathies 
> Myopathies. 
» Hypothyroidism, diabetes mellitus. 
> CRE, renal transplantation. 
> Poisoning, sepsis, hypoxia. 
» Radiotherapy, orthopedic procedures. 
> Psychiatric disorders, drug abuse. 
» Retroperitoneal irritation by blood, urine, pancreatic 
enzymes. 
» Lumbar spine and pelvic trauma, shock, stroke 
> Septicaemia, burns, ML 
» Can be idiopathic also. 
+ Investigations: 
> Plain X-ray abdomen shows dilatation of colon. 
» Barium enema will be normal 
» Careful gentle colonoscopy is useful as therapeutic also. 
» CT abdomen to rule out mechanical obstruction of large 
bowel. 


Treatment 


* Mainly conservative 

% Motility enhancing drugs like neostigmine and erythromycin 
are used, Neostigmine is given 2.5 mg IV for 3 minutes, 
showing response in 10 minutes in 90% of patients. But 
bradycardia should be watched for and atropine should be 
kept ready. 


% Prokinetic drugs like cisapride/mosapride are used. 

% Ceruletide decapeptide 0.3 g/kg IM is used to stimulate 
intestinal motility 

# Ryle’s tube aspiration, 

* Flatus tube insertion. It is not very useful as disease is 
common in proximal colon. 

¢ Epidural anaesthesia causes sympathetic blockade relieving 
pseudo-obstruction, 

% Colonoscopic decompression is also useful 

* Correction of electrolyte imbalance. 

* Sodium enema, 
Caecal diameter more than 12 em (critical) on X-ray indi- 

cates surgical exploration. 

# Tube caecostomy; resection and exteriorisation. 


™@ COLOSTOMY 


Itis an artificial opening made in the colon to the exterior (skin) 
to divert faeces and flatus. 


Types 
1, Temporary: Is done in conditions wherein diversion is 
required to facilitate healing distally in the rectum or distal 
colon. And this is closed once the purpose is over. 
Site of temporary colostomy is usually right hypochon- 
drium and left iliae fossa 
Itcan be loop colostomy or Devine s double-barrel colos- 
tomy (wherein there is a gap between the two openings of 
colostomy which prevents spillage into the distal loop), 
2, Permanent colostomy is always end colostomy placed in left 
iliac fossa, 6 cm above and medial to the anterior superior 
iliae spine. 


Indications 


Temporary Permanent 
Congenital megacolon AP-Resection. 

‘Anorectal malformations Carcinoma anal canal. 
Sigmoid volvulus ‘After Hartman's operation 
Perforation of left sided colon 

Left sided colonic growth 

High anal fistula 

Trauma to left sided growth 


Colostomy ean be: 

% Loop, end, double barrel 

Itcan be: 

% Diversion colostomy: It is done when there is breach 
in bowel wall, trauma, destruction, sphincter injuries, 
Crohn’s, carcinoma rectosigmoid. It is usually brought 
out as an end colostomy with a mucus fistula or with a 
Hartmann’s resection, It can be at sigmoid, descending 
and transverse colon. 


racy 


ICC 


Figs 22.52A to D: Types of colastomy. (A) Temporary colostomy, 
(B) Loop colostomy, (C) Devine’s double barrel colostomy, 
(0) Permanent colostomy. 
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stoma 
Fig. 22.53: Different types of stomas used in colostomy. 


Terminal stome 


% Decompression colostomy: It is done for obstructive lesions 
in rectosigmoid, toxic megacolon. Types—(1) Blow hole 
procedure is done asa single or multiple small stomas onto the 
skin to decompress colon in acutely ill patients with massively 
dilated or impending perforation of colon, Problems are— 
remaining possible ischaemic parts of the colon is not iden- 
tified still risking perforation; peristomal skin complications 
and mucosal prolapse is common. (2) Tube caecostomy—It 
is technically easier without much complications; but tube 
getting blocked limits its use regularly. (3) Loop transverse 
colostomy—It serves as decompressing and diverting long 
stoma without getting blocked. Itis done only in mobile colon, 

* Irrigation colostomy: It avoids need for appliance wear; 
reduces the passage of uncontrolled gas with less leak 
of stools. But itis time consuming with chance of wat 
intoxication due to excess water absorption during irig 


Fig. 22.508 


Better alone than in bad company. 
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Fig. 22.548 


iagram of colostomy in a patient with 
colostomy bag. 


+ Prolapse of mucosa (prolapse of distal loop mucosa is 
‘common)—commonest complication 
Retraction 


Enteritis 
‘Skin excoriation 
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Educating the patient regarding the proper usage of 
colostomy bags and proper care of the colostomy is very 
essential, 


Colostomy Care 


> Similar to stoma care, 

> Initially stoma bag should be transparent as content is 
liquid stool but later it can be opaque. 

> Regular consultation with stoma therapist. 

> Care of the skin. 

» Training for managing colostomy, its care to prevent 
leak, odour, and discomfort 


Closure of Colostomy 


Criteria for temporary colostomy closure 

Integrity of distal colon should be normal and adequate. 

% Anorectal sphincter should be normal. 

% Cause for construction of colostomy is cured completely 
Without any suspicious of recurrence of same disease 
distally. 


* When temporary colostomy is done, it is closed usually 
after 3 months. 

# Two types of closure are present—extrapetitoneal and 
intraperitoneal type. Now intraperitoneal closure is done. 
Earlier extraperitoneal closure was done in loop colostomy 
by placing a spur in between and closing the antimesentric 
part of the colon. It prevents the peritoneal contamination, 
But inadequate closure, leak, adhesions are the problems, 
Intraperitoneal closure—commonly advocated technique 
now, is done by placing a circumferential incision over the 
‘margin with skin edge. Incision is deepened to enter the 
peritoneum and pull out the colostomy stoma. Part adjacent 
to the skin is resected and anastomosed using silk/vieryl 
‘Sutured bowel is placed into the peritoneal cavity. Drain is 
placed into the peritoneal cavity. Abdomen is closed in layers, 

# Closure of colostomy is done after proper bowel preparation, 
under general or spinal anaesthesia. 

# Proper postoperative care is important. 

# Patient should perform anal sphincter exercises to prevent 
sphincter atrophy and to maintain sphincter tone. 


Fig. 22.55: Patient with colostomy bag. He has undergone 
abdominoperineal resection (APR) for carcinoma rectum. 


Fig. 22.568 
‘olapse of colostomy isa common complication. 


Figs 22.56A and 


Caecostomy tu 
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Caecum 
Fig. 22.57: Caecostomy is often done in acute colonic conditions as, 
diversion procedure after surgery distally ike perforation closure 
and resection. But itis not as popular as colostomy because it may 
not function adequately, may get displaced or blocked. But it is 
technically easier and usually done by doing appendicectomy and 
passing Malecot's tube through appendicular stump. Removal is 
‘easier without any surgical intervention. 


lm STOMA CARE 


Definition of Stoma 


‘Stoma is an artificial opening or ‘mouth like" to the exterior, 
the abdominal wall so as to drain the content from the tubular 
structures inside, like bowel or ureter. It is done for diversion 


of urine or faecal matter in case of malignancy, trauma, and 
sepsis or after surgery. 


Types 


4 Heostomy—terminal 5 em ileum is projected out, on to the 
skin of abdominal wall to drain semi-liquid, faecal matter. 

% Colostomy—colon at different levels, can be brought out 
to the skin as required as colostomy, to divert faecal matter. 

% Cutaneous ureterostomy—cut ends of one or both ureters 
are apposed to the skin of abdominal wall, 

* Heal urinary conduit—segment of isolated ileum can be 
used to drain urine from the ureter as urinary ileal conduit, 
LUteters are anastomosed to a closed ileal conduit. Heal stoma 
is brought out as stoma. Different types of continent ileos- 
tomies are in use to prevent leak, soakage and discomfort. 

% Vesicostomy—it is done in children, Here anterior wall of 
bladder is brought out and bladder mucosa is sutured to the 
skin of abdominal wall 

Stoma created may be round (commonly) or square in shape, 


Preparation and Counselling of the Patient 
for Stoma 


To certain extent stoma of any type causes psychological 
and physical trauma to the patient, as it is nonphysiological, 
distressing and socially not acceptable. 
# Patient should be explained about the procedure and should 
bbe convinced and consoled about the stoma 
* Detailed meaning, explanation and after care of the stoma 
should be discussed. 
Indication for the stoma and consent for the same should 
be taken. 
+ Reassurance about the stoma, its care, and its position should 
be diagrammatically explained to the patient and his close 
relative. 
# In case of obstructive disease, stoma is done as an inevi- 
table procedure to relieve the obstruction, often it may be 
temporary. 
% Proper bowel preparation by bowel wash, gut itrigation is 
required before surgery. 
# The surgeon selects the site of the stoma. 
> Stoma is usually sited midway between anterior superior 
iliac spine and umbilicus. 

» It should be away from the belt line. 

> It should be away from the scar, creases, and bony 
points. 

> Patient should be assessed for proper size, adequacy for 
stoma in lying down, sitting, and standing positions, 

> Properstoma appliances should be decided after thorough, 
check-up and discussion with patient and patient’ relative. 

> Stoma site should be marked properly before surgery. 

> Heostomy is usually sited in the right iliac fossa, colos- 
tomy in left iliac fossa, 

» Allergy forthe particular appliances should be checked for. 

» The patient should consult stoma therapist. 


Liberty means responsibility; that is why most men dread it. 
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Postoperative Care for the Stoma 


# Stitches are removed in 6-10 days. 

Dressing should be done first over the stoma and after place- 
‘ment of appliance, laparotomy wound is dressed otherwise 
stoma appliance will not sit properly. 

Patient should be observed for any complications. 

% Once wound has healed patient can take bath by removing 
the appliances. After bath skin is dried up and stoma appli- 
ances can be fit again, 

{Patient should be taught about the stoma care and its appli- 


ances. 

% Care and prevention of skin excoriation due to leak is also 
looked into, 

+ Psychotherapy is given for the patient. 

% Skin should be absolutely dry prior to placing the stoma 
appliances. 


22.58: Right sided temporary loop colostomy. Note the tube 
kept in between 


Complications of Stoma 


Skin excoriation. 
Mucosal prolapse—common complication. 


Fig. 22.59: Colostomy prolapse is the common complication. 


Stenosis and block. 
Infection either bacterial or candidial. 

Diarrhoea due to irritation. 

Leak due to improper fitting of the appliances, scar, irregu- 
larity of stoma, prolapse. 

Bleeding from the stoma edge. 

‘Herniation of the abdominal contents adjacent to stoma. 


Skin Excoriation 


1 is a major problem in stoma patients. It is basically due to 
leak adjacent to appliances. 


Causes for Excoriation 


Leak due to improper appliances. 
Wet skin before placing the appliance. 

Inadequate stoma hole. 

Improper and inadequate adhesive sheet usage. 

Allergy. 

Infection like of bacteria and candida. 

Altered weight of the patient, 

Stoma bag is overfilled or kinked or air in the stoma bag. 


Treatment of Excoriation 


Control of infection by antibiotics and control of 
‘moniliasis. 

Allergy has to be confirmed, and if itis the cause, the agent 
is found out and treated as required, 

% Zine oxide cream application. 

Change of the type of appliance. 

4% Refashioning of the stoma, 


ll STOMA APPLIANCES 


Stoma appliances are devices, which are used to collect and 
dispose the effluent materials which come out of the stoma, 


—— Idealstomaapplianceiss 
& Leak proof 

‘ Should not damage the stoma and surrounding skin 

‘& Should prevent odour 

& Should be available 

 Easierto use 


‘Types of Appliances 


It can be: 

% Closed type is discarded when full and is used in patients 
with well-formed stool 

% Drainable type is used in patients with loose liquid stool. 
It can be emptied and retained and reused. Immediately 
afier colostomy, drainable appliance is used. Later, it can 
be changed over to closed type. 

It can also be: 

© One-piece stoma appliance as a bag with adhesive system 
attached which adheres to skin around the stoma, 


% Two-piece stoma appliance has got a flange with adhesive 
system and a bag overit, which can be removed and replaced 
with a new one without disturbing the flange underneath. 

Bag can be: 

% Transparent, in which fluid can be visualised, It is used in 
initial period of the stoma. 

% Opaque, in which fluid cannot be visualised. It is used 
eventually later. 


General Care and Advice to 
Patients with Stoma 


% Patient can have normal diet. Diet, which regulates the 
bowel action, is better. Plenty of water is advisable, 

Patient can go for normal work, exercise like sports, swim- 
ming, tennis. Stoma appliances suitable for these works 
are available. 

% Antidepressants, anticholinergies might cause constipation. 
So these drugs should be taken carefully. 

¢ Using irritant solutions near stoma should be avoided, It 
may lead to dangerous complications 

Patient can have normal sexual activity. 

Patient should have additional stoma bags in hand so as to 
use if required urgently. 

Patient should be aware of different appliances available and 
should be well-versed with its use. He can take the help of 
the stoma societies. 


™@ FAECAL FISTULA 


% This is a dangerous entity. 

% It commonly occurs after appendicectomy (gangrenous), 
ileal resection, colonic surgery, malignancy, ileocaecal TB, 
actinomycosis and Crohn's disease. 

% Itmay be from the ileum or the colon. 

4% Itmay be single or multiple openings. 

© More proximal the fistula, more is the severity in fuid and 
electrolyte imbalance. 

* Itmay be from the main incision wound or from the drain 
wound. 

% [there is no distal obstruction, the fistula will heal sponta- 
neously, but may take a longer time. 

4 Fistulogram often delineates the track. 

© CT fistulogram with CT scan abdomen is essential, 

% Often gastrograffin study is also useful to study the fistulous 
track in detail 


High output > 500 mi/24 he 
Distal bowel obstruction 

Sepsis, inflammatory bowel disease 
Tuberculosis 

Cancer 

Radiation enteritis 

Foreign body in fistula tract 
Epithelialisation of tract 


beeeoree 


Fig. 22.60: Multiple faecal istulous openings in the abdominal 
wall. Patient has undergone laparotomy for acute peritonitis. 


+ Fistulogram using gastrograffin 
® CT scan and CT fistulogram 
Barium enema study 


Fig. 22.618 


An essential aspect of creativity is not being afraid to fail. 
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Fig. 22.618, 
Figs 22.61A and B: Gastrointestinal faecal fistula after an emergency 
‘surgery for ileal perforation with severe peritonitis. Patient recovered 
after long-term stay in the hospital 


Treatment 


¢ TPN and blood transfusion may be required to improve the 
nutritional status of the patient. 

4 Sepsis is controlled with proper antibiotics. 

Management of fluid and electrolyte loss, 

Skin is protected from excoriation by using zine oxide 
cream. 

© [Fit persists, later exploration and resection is done, 

% ‘The cause is treated. 

* Bypass may be required. (Most of the time, the decision is, 
taken on table during surgery), 


ll PREPARATION OF LARGE 
BOWEL FOR SURGERY 


Principle Behind Bowel Preparation 


Colon contains large amount of bacteria up to 10°/ mil of faeces. 
‘Most common anaerobe is bacteroides; commonest aetobe is 
Escherichia coli: Pseudomonas, Enterococcus, Proteus, Kleb- 
sella, Streptococcus are other organisms. Bowel preparation 
is done to clear this bacterial load to reduce postoperative 
complications. 


Methods Used 


1, Mechanieal bowel preparation 
» Polyethylene glycol (PEG) is a non absorbed sodium 
sulphate solution, 2-3 litres of which is asked to drink by 
the patient along with plenty of additional fluids orally. 
It cleans the bowel by passing loose stool for 10-15 
times in 12 hours. It acts by its hygroscopic action. Side 
effects are—nausea, vomiting, and abdominal cramps. 
Antiemetics are often needed. Its ideal in renal failure, 
ascites, cirthosis, CCF. 
> Sodium phosphate is an alternative to PEG as smaller 
volume is sufficient to take, But it causes electrolyte 
imbalance. Its efficacy is similar to PEG. But patient 


compliance is better with sodium phosphate. It can 
cause hyponatraemia, hypocalaemia, hypocalcaemia 
and hypophosphataemia in case of renal dysfunction. 
In such patients itis contraindicated, 

» Other methods—(1) Total gut irrigation daily using 
200 ml of oral mannitol or through nasogastric tube 
for 3 days prior to surgery. (2) Bowel wash daily for 
3 days prior to surgery using 2 litres of normal saline 
(not water as it will cause water intoxication); it cleans 
entire large bowel. (3) Senna, castor oil, bisacodyl. (4) 
Repeated enemas. PEG or sodium phosphate has taken 
over all this methods. 


Contraindications for mechanical bowel preparat 
‘Complete bowel obstruction and perforation, 
2. Antibioties—parenteral and as bowel antisepties 
» Oral neomycin (gentamycin, streptomycin were used. 
in olden days) 1 gram, erythromycin 1 gram, is used 3 
days prior to surgery. Alternatively ciprofloxacillin and 
metronidazole are used. IV fluids should be given in 
addition o these patients to maintain adequate hydration. 
» I antibiotics 4 hours before making incision, reduces 
the incidence of sepsis. Usually cephalosporins are 
given 


Controver 


* There is doubt about the advantages of preoperative 
‘mechanical bowel preparation even though it is practiced 
universally. 

* Oral antibiotics to reduce the bacterial load in the colon is 
also controversial. However, preoperative single dose paren- 
teral antibiotic improves the result and reduces the sepsis. 


Indications for Large Bowel Preparation 


Carcinoma colon (especially left sided). 
Anorectal malformations. 

Megacolon. 

Carcinoma rectum 

Surgery for ulcerative colitis 

FAP. 

Diverticulitis. 

High pelvirectal fistulas, 

Before colonoscopy. 


ll SURGICAL POUCHES 


Pouches are created as reservoir whenever needed as a replace 
ment for the existing reservoir like stomach, rectum, and urinary 
bladder. 


Types 


¢ Jejunal pouches: It is used for stomach. Hunt Lawrence 
pouch, omega loop, Roux en loop are the examples. It is 
commonly used afler total gastrectomy. Hunt Lawrence 
pouch is 15 cm in length 

4 Heal pouch: Itis used as rectal reservoir, urinary reservoir, 
ileostomy reservoir. Examples are—J, S, W, H pouches 


Pathological pouches 


+ Zenker's diverticulum causing pharyngeal 
pouch 

+ Physiok’s pouch in the rectal wall in 
between rectal valves 

+ Hartmann’s pouch is protruded 
pathological gallbladder infundibulum 


physiology 


Experimental physiological pouches 


+ Heidenhein pouch: To study gastric 
physiology done in stomach 

+ Pavlov pouch: Gastric pouch created 
with retaining vagil to study gastric 


Natural pouches 


+ Rathke’s pouch in pituitary 
+ Seessel’s pouch in pharynx 

+ Morrison's hepatorenal pouch 

+ Rectouterine pouch of Douglas 


after proctocolectomy with ileo anal anastomosis; Koch's 
pouch for ileostomy; Heal pouch for bladder replacement 
or cutaneous ureterostomy. 

Colonie: Sigmoid 
often used to replace urinary bladder. 


voir or caecal/ileocaccal reservoir is 


Principles 


Blood supply should be preserved. 
Mesentery should extend adequately. 

Bowel is opened on the antimesenteric border and sutured 
using vieryl posterior and anteriorly 

Created pouch is anastomosed to the required area from its 
summit of from open end. 


Complications 


Obstruction (25%) is the common complication. It may 
be due to stomal stricture, internal hernia, volvulus and 
adhesions. 

Pouch disruption and leak e: 
conservativ 


occur which is usually treated 


Pelvic abscess formation in ileoanal pouch is confirmed by 
clinical features of fever, back pain, raised total count, CT 
scan, It is treated with antibiotics, drainage per abdomen or 
reservoir excision and ileostomy. 

Pouchitis: It is the common problem (20%). Tenesmus, 
bloody diarrhoea, spasm, back pain, fever, cramps, dehydra- 
tion are the presentations. It is treated conservatively with 
antibiotics, hydration, probiotics. 

Vaginal fistula formation 

‘Anal canal stricture formation, 

Faecal incontinence. 

In urinary conduits, seps 
stone formation, urine leak are the complications. 


acidosis, electrolyte imbalanee, 


Note: 
Pouch is contraindicated in Crohn's disease. 


BARIUM ENEMA 


Itis the contrast X-ray done to visualise large bowel. 
Therapeutic barium enema is done in intussusception in 


children, 


Barium enema 


Indications Finding 


Carcinoma colon Immegular filing defect 


Hleocaecal tuberculosis Pulled up caecum, obtuse 


ileocaecal angle 


Filling defect. incompetent 
ileocaecal valve 

Ulcerative colitis Loss of haustrations, lead pipe 

appearance 

Colonic polyps Smooth, regular filling defect 

Narrow zone, zone of cone. 

dilated proximal segment 


Congenital mega colon 


Colonic shadow in the left 
thoracic cavity 


Diaphragmatic hernia 


Gastrojejunocolic fistula Leak into the stomach from colon 


Fig. 22.62: Barium enema showing normal peristaltic movement. 


Arrogance is the obstruction of wisdom. 
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Procedure 
Laxative is given previous evening. Enema is given on same day 
before doing the procedure. About one litre of barium sulphate 
solution is infused into the colorectum pet anally through enema 
tube. In children 12F Foley’s catheter is used. Once complete 
filling occurs, X-ray is taken. Patient is asked to evacuate the 


barium and postevacuation film is taken. Afer that, airis inflated 
into the colon which gives a better contrast to visualise thin 
mucosa of the colon (air-contrast barium enema). 


Contraindications 


Acute colonic conditions, 


Figs 22.634 to C: Barium enema X-ray in different indications should be taken with complete filling, postevacuation and after air-contrast. 


Intestinal Obstruction 


CHAPTER OUTLINE 


» Intestinal Obstruction » Intussusception 
Dynamic Obstruction * Volvulus 
~ Duodenal Atresia ~ Sigmoid Volvulus 
~ Small intestine Atresia ~ Paralytic leus 
» Malrotation * Adhesions and Bands 
» Meconium lleus * Internal Hernias 
l@ INTESTINAL OBSTRUCTION: TYPES Classification II: Depending on Type of 


Obstruction 


Classification |: Depending on Aetiopathology 
1. Acute: Common in small bowel. 


A. Dynamic. 2. Chronic. 
B. Adynamic. 3. Acute on chronic: Common in large bowel. 
4. Closed loop obstruction 
Dynamic ‘Adynamic 
Outside the wall In the wall In the lumen 
Hemia—25% Tuberculous stricture Gallstones Cessation of peristalsis 
Adhesions—40% Crohn's disease Roundworm Postoperative period 
Volvutus Malignancy Inspissated faeces Electrolyte imbalance 
Intussusception Meconium ileus Spinal injuries 


Uraemia 
Diabetes mellitus 
Retroperitoneal—haematomas and surgeries 
Renal surgeries 

Mesenteric ischaemia 

Pseudo-obstruction 


Classification III: Depending on Site of Obstruction 


Proximal small bowel Distal small bowel Large bowel 
Site of obstruction Duodenum and jejunum ileum Any where in large intestine 
Causes: Congenital Tuberculosis strictures, Malignancy 
Lipomas Malignancy Tuberculosis stricture 
Leiomyomas Crohn's ‘Anorectal malformation 
‘Malignancy Gallstones Volvulus 
Bands and adhesions Hemias—common cause Congenital megacolon 
Roundworm Bands 
Congenital 
Clinical features: Severe vomiting, Central distension, vomiting. Constipation, distension— 
dehydration, no or less dehydration early: 
distension, colicky pain central abdominal pain Late vomiting less pain 


Special features: 


Plain X-ray Valvulae conniventes Characterless Dilatation and haustration 
Central fluid level 


Today's friction is tomorrow's destruction. 


unaffected by being teleported. The experiments were well controlled, scientifically recorded, and the 
‘experimental results were always repeatable. 

The Chinese papers are all extremely interesting and very well written, and they show photographs 
and schematic diagrams of the various experimental setups. The experimental protocols were explained 
in lengthy detail, and thorough data and statistical analysis were presented in the results. The combined 
results from the several Chinese experiments showed that: 


> 


v 
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different research groups designed different experimental protocols, used different gifted 
psychics, used different sealed containers, and used different test specimens (live insects, bulk 
inanimate objects, and even radio micro-transmitters were used to track the location of the 
specimens) that were to be teleported; 


the time required for the teleportation of test specimens through various barriers was anywhere 
from a fraction of a second to several minutes, and this was not dependent on the test specimen 
that was used, the sealed container that was used (or its barrier thickness), which experimental 
protocol was used, or which psychic was being used 


the high-speed photography/videotaping recorded in one series of experiments that test specimens 
would physically “meld” or blend with the walls of sealed containers; and recorded in a different 
series of experiments that test specimens would simply disappear from inside the container only 
to reappear at another location (after seconds to several minutes of time transpired), such that the 
test specimen did not actually undergo total material disintegration/reintegration during 
teleportation — this data is important, because without the aid of electronic monitoring 
instruments, the average person’s sensory organs and usual methods of detection are temporarily 
unable to perceive the test specimen’s (ambiguous) existence during the teleportation proces: 


the radio micro-transmitter used as a test specimen in one series of experiments (Shuhuang et al., 
1981) transmitted a radio signal to several stationary electronic instruments/receivers, so that the 
specimen could be tracked and monitored (via signal amplitude and frequency measurements) 
during the teleportation process; the experimenters discovered that there was large fluctuations 
the intensity (in both amplitude and frequency) of the monitored signal to the effect that it would 
either completely disappear or become extremely weak (to the extent that the monitoring 
instruments could scarcely detect it) — it was discovered that there was a definite correlation 
between the change in strength (i.e., radical frequency shifts were observed) of the monitored 
radio signal and the teleportation of the test specimen, such that the weak or absent signal 
indicated that the specimen was “nonexistent” (or in an altered physical state) during teleportation 
(note: the monitored signal amplitude and frequency of the micro-transmitter specimen were 
stable before and after teleportation); 


before and after “passing through the container wall/barrier”, the test specimen and the 
container’s wall/barrier are both complete solid objects; 


the gifted psychics were never allowed to see (they were blindfolded in many experiments) or 
touch each of the test specimens or the sealed containers before and after experiments were 
conducted, and only the experimenters touched the specimens and containers (using both blind 
and double-blind protocols); 


the experimental results were all repeatable 


Approved for public release; distribution unlimited. 
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Classification IV 
A. Congenital. 


B. Acquired, 
‘Congenital ‘Acquired 
‘Anorectal malformations Hernia (commonest) 
Congenital megacolon Postoperative 
Adhesions Intussusception 
Duodenal atresia Roundworm 
Intestinal atresia (ileal) Gallstones 
Bands and adhesions Tuberculosis 
‘Malrotation ‘Malignancy 


Volvulus neonatorum Internal hernias 


Bolus obstruction 
Worms 
Gallstones 
Trichobezoars 
Phytobezoars 
‘Meconium pellets 
Foreign body 
Food bolus 
Stercoliths 


ee eeeoee 


Intestinal obstruction still isa challenging, commonly acute 
condition in surgical practice. Adhesions are becoming the more 
common cause of intestinal obstruction than hemia nowadays. 
Common causes for adhesions are gynaecologic surgeries, 
appendicectomy, colonic and pelvic surgeries. 20% cases of 
intestinal obstruction are due to malignancy or its peritoneal 
carcinomatosis spread. More than 50% of intestinal obstruc- 
tion in western countries are due to adhesions; 20% due to 
‘malignancies; 10-15% due to hemias. Crohn’s disease is also 
becoming a common cause of obstruction, 

Note: 
Adhesions and hernias are most common causes of intestinal 
obstruction. 


™ DYNAMIC OBSTRUCTION 


 Itis mechanical blockage of normal propulsion and passage 
of intestinal contents, 

* Obstruction may be extemal/internal; partial (incomplete 
or subacute)/complete; acute/acute on chronic/or chronic; 
simple/closed loop/strangulation; congenital/acquited; 
proximal/distal. 

¢ Earlier, hernia was the commonest cause of intestinal 
obstruction, Now adhesions (40%) are the commonest cause 
especially in developed countries and hernia being 15-25% 
common, In developing countries both adhesions and hernia 
are the common causes of intestinal obstruction. 


# Adhesions commonly cause small bowel obstruction than 
large bowel. 

* Eighty per cent of intestinal obstruction occurs in small 
bowel; 20% in colon. 70% of colonic obstruction is due to 
malignancy. Other 30% is due to volvulus; diverticulitis, 
inflammatory cause like tuberculosis, etc. 

% Mortality is 3% in obstruction without strangulation; 30% 
in obstruction with strangulation. 

% Recurrent obstruction is more common in adhesions, 


Pathology and Pathogenesis 


% Changes proximal to the bowel obstruction: 
Intestinal obstruction 
4 
Increased peristalsis 
4 


Becomes vigorous 


Obstruction not relieved 
4 
Peristalsis ceases, 
+ 
Flaccid, paralysed, dilated bowel 
> Fluid collects just proximal to the obstruction which 
is derived from saliva, stomach, pancreas and intes- 
tine. Because of oedema and inflammation absorption 
decreases, sequestration of fluid from the circulation 
into the Iumen occurs and bacteria (E. coli, Klebsiella, 
anaerobes, bacteroides and other organisms) multiply, 
toxins are released—foxaemia occurs. This leads to 
severe dehydration, electrolyte imbalance, 


Fig. 23.1: Intestinal obstruction due to band. Note the ischaemic 
bowel under the band, 


23.2: Postoperative internal hernia with obstruction. 


» Proximal to the collected fluid, air accumulates (derived 
from swallowed air (70%), diffusion from blood into the 
lumen (20%), from digested product and bacterial action 
(10%)), in which, main component is nitrogen (90%) and 
also hydrogen sulphide. During vigorous peristalsis air 
enters the distal fluid, results in churning, is the reason 
to cause multiple air-fluid levels in plain X-ray abdomen. 

> Defective absorption, decteased fui 
fluid by vomiting, sequestration of fluid into the bowel 
jumen—leads into severe dehydration, fluid and elec- 
trolyte imbalance. 

> Inflammatory response in the bowel wall (intramural 
inflammation) causes accumulation of activated neutro- 
phils and macrophages in the muscle wall which release 
reactive enzymes and cytokines. These substances 
damage secretory and motor process of muscle leading 
into dilatation of the bowel. Increased release of nitric 
vide in muscle wall and production of intrarmural reactive 
oxygen metabolites alter gut motility and permeability. 

> Intestinal wall hypoxia is also the cause for dilatation. 

> In first 12 hours of obstruction, there is only decreased 
absorption which causes accumulation of fluid and 
electrolytes in the lumen. 

> After 12 hours, there is also increased intestinal secre- 
tion causing further accumulation of the fluid. 

> Accumulation of bacterial toxins, bile salts, prostaglan- 
dins, and mucosa derived free radicals, VIP—all increases 
the luminal secretion of fluid in obstructed bowel 

> Dilatation of bowel wall increases intraluminal pres- 
sure which exceeds the bowel wall venous pressure 
causing ischaemia which causes further dilatation and 
ischaemic injury. This leads into eventual blockage of 
arterial perfusion causing bowel wall necrosis! gangrene. 

» Increased bacterial colony in the bowel (Normal flora 
is less than 10° colonies/ml in jejunum and 10* colo- 
nies /ml in the ileum) due to altered luminal content 
and environment — multiplication —> toxins — further 
mucosa damage — distupted mucosal defense! barrier 
integrity + translocation of bacteria across mucosa into 
submucosa and also absorption of bacterial and other 
toxins into the circulation — bacteraemia/toxaemia/ 
septicaemia/SIRS/MODS, 


Factors causing systemic problems in intestinal obstruction 


+ Dilatation of the bowel 
‘& Decreased absorption across mucosa 

‘& Increased secretion into the lumen 

‘Intramural inflammation and hypoxia 

+ Increased intraluminal pressure 

+ Venous congestion and increased venous pressure 
+ Distupted mucosal barrier ~» bacterial translocation 


% Changes at the site of the obstruction: 
Initially venous return is impaired, 


Congestion, oedema of bowel wall occurs which turns 
purple. 
+ 
Later this jeopardizes the arterial supply. 

| 

Loss of shineness, blackish discolouration, loss of peristalsis. 
4 

Gangrene. 
4 
Perforation occurs, 
| 
Bacteria and toxins migrate into the peritoneum. 


4 


Peritonitis. 


A 


Fig, 23.3: Intestinal obstruction showing dilated bowel loops. 


Obstructed gangrenous bowel 


Distal collapsed 


Proximal 
bowet 


dilated bowel 


Fig. 23.4: Gangrenous bowel with proximal dilated and distal 
collapsed bowel segments. 


The coexistence of intestinal colic and barborygmi, establishes the diagnosis of obstruction of the small intestine 


in more than 9 out of 10 cases. 


—Clarence Dennis 
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Note: 


Causes for strangulation are—external like hemia (by constric- 
tion ring ofthe sac), adhesions, bands; compression in the wall 
causing mechanical block and compromised blood supply ike 
involvulus, intussusception; increased intraluminal pressure like 
closed loop obstruction; mesenteric ischaemia, 

Morbidity, poor outcome and mortality are more common in 
intraperitoneal strangulation than in strangulation of hernia as 
itis localised with less fluid loss. 

Outcome also depends on age of the patient, extent of the 
disease and time at which patient reaches for therapy. 

Massive 3rd space fluid loss, dehydration, hypovolaemia, hypo- 
tension, hypochloraemia, hypokalaemia, metabolic alkalosis, 
oliguria, azotemia, haemoconcentration (after fluid therapy 
haematocrit falls indicating the need for blood transfusion). 
Translocation of bacteria across oedematous small bowel wall 
causes septicaemia. 

* Closed loop obstruction: 

> When there is obstruction in the large bowel, with 
ileocaccal valve competence (40%), pressure increases 
in the caecum. 
L 
Stercoral ulcer in the caecum, 
L 
Gangrene. 
L 
Perforation. 
L 
Peritonitis (Faecal). 
» Perforation also can occur at the site of obstruction due 
to the malignant growth, 


(Closed loon! 
Dilated loop 


Proximal bowel 
oop 


Distal bowel 
oop 

Constriction ring 
Fig. 23.5: Closed loop obstruction. Here loop of the bowel is 
‘obstructed at its point of entry and exit creating closed loop, 


Growth 


‘Competent 


Sterooral ulcer lieocaecal valve 


Fig. 23. 


» Closed loop obstruction also can occur when bowel 
get obstructed at both proximal and distal parts of the 
loop of the bowel. It can occur in external or internal 
hemias, volvulus, ete, Necrosis and perforation are both 
common at obstructed site and over the convex summit 
of the bowel content 

% Bowel distal to the obstruction is inactive and collapsed. 


Clinical Features 


Fig. 23.7: Step ladder peristalsis seen in small bowel obstruction. 
Note the previous laparotomy scar signifies obstruction is due to 
adhesions. Laparoscopy and proceed—is the needed management. 


¢ Abdominal pain: 
> Initially colicky and intermittent: later continuous and, 
severe. 

» Pain is the first symptom to develop which is sudden 
and severe. Initial colicky pain suggests obstruction and, 
eventual diffuse persistent pain suggests strangulation. 
Pain begins usually around umbilicus in small bowel 
obstruction, 

» In small bowel obstruction, it is crampy, recurrent 
paroxysms occurring as short crescendo/decrescendo 
episodes (of 30 seconds). 

» In large bowel obstruction, it is of longer episodes of 
‘minutes (In paralytic/adynamic ileus, pain is diffuse 
and mild). 

© Vomiting: 

> Injejunal obstruction, itis early and persistent. 

> In ileal obstruction, it is recurrent occurring at an 
interval; initially bilious later faeculent. 

» In large bowel obstruction, vomiting is a late feature. 

* Distension: 

> Its absent or minimal in case of jejunal obstruction 

» Obvious with visible intestinal peristalsis (VIP) and. 
borborygmi sounds in case of ileal obstruction—Step 
ladder peristalsis. 

» It is enormous in case of Jange bowel obstruction, 

© Constipation: 
> Its absolute, ic, neither faeces nor flatus is passed. 


‘Exceptions 
+ Richters hemia obstruction 
+ Gallstone obstruction 
& Mesenteric vascular occlusion 
Intestinal obstruction with a pelvicabscess 


Dehydration: 
» Leads to oliguria — renal failure. 
Features of toxaemia and septicaemia: 
» Tachycardia, tachypnoea, fever, sunken eyes, cold 
periphery. 
Abdominal tenderness: 
> Its initially localised but later becomes diffiuse—is a 
feature of intestinal obstruction. Rebound tenderness 
and guarding will not be present in simple obstructions 
hich are features of strangulation. 
Features of strangulation: 
» Continuous severe pain, shock, tenderness, rebound 
tendemess (Blumberg's sign) 
> Guarding and rigidity, absence of bowel sounds. 
> In case of strangulated hernia, a swelling which is 
tense, tender, rigid, irreducible, no expansile impulse on 
coughing and history of recent increase in size is seen. 
Temperatur 
» Fever signifies inflammation in the bowel wall 
ischaemia/perforation, 
> Hypothermia can occur when septicoemia develops due 
to lack of pyrogenic response. It suggests poor prognosis. 
Bowel sounds: 
They are increased—high pitched metallic (rushes and 


groans) sounds followed by metallic tinkling sounds of 


dilated bowel. Eventually once fatigue occurs or gangrene 

develops, bowel sounds are not heard—silent abdomen 

of peritonitis develops (In paralytic ileus, there are only 

continuous metallic sounds of dilated bowel). 

Per-rectal examination: 

» Shows empty, dilated rectum, often with tenderness. 
If rectal growth is the cause for obstruction, it may be 
palpable. 


Investigations 


Fig. 23.8: Plain X-ray abdomen in erect posture showing dilated 
bowel and colon—a feature of intestinal abstruction. 


Fig. 23.9: Multiple ar fluid levels in intestinal obstruction. 


Fig. 23.10: Plain X-ray abdomen showing multiple air fluid levels 
due to bowel abstruction, 


Plain 
is taken; later if needed 
perforation is suspected). 
> Multiple air-fluid levels 

» Proximal the obstruction —> Lesser the air fluid level. 
» Distal the obstruction —> More the air fluid level. 


X-ray abdomen: (initially supine abdominal X-ray 
-ray in erect posture is taken if 


Normally, three fluid levels can be seen in plain 
film—at fundus of stomach, at duodenum and often at caecum. 

> Jejunum shows concertina effect due to valvulae 
conniventes (Herring bone pattern)—by the valves of 
Kerckring. 

» eum is smooth and characterless (by Wangensteen), 

» Large bowel shows haustration 

> Pneumobilia (gas in biliary tree) may be due to gall- 
stone ileus. 


Fire proves gold, adversity proves men. 
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> Distended caecum is shown as round gas shadow in the 
right iliac fossa, Dilated caecum signifies large bowel 
obstruction, 

» Small bowel > 3 cm diameter; proximal large bowel 
> 9 cm; transverse colon > 5.5 em; sigmoid colon 
> 5 cm are suggestive of intestinal dilatation. But this 
increased diameter need not suggest intestinal obstruc- 
tion everytime. 


‘Triad of small bowel obstruction in plain X-ray 
1. Dilated small bowel loops > 3 em 
2. Multiple air fluid levels in erect X-ray 
3. Paucity of airin the colon 


¢ Barium (micro bar solution) enema or gastrografin contrast 
enema X-ray is useful in intussusception. [Barium meal 
is usually contraindicated in acute intestinal obstruction. 
However dilute (micro bar) barium meal/gastrografin meal 
follow through X-ray may be done with caution in suspected 
subacute/partial intestinal obstruction under fluoroscopy, 
otherwise it may precipitate complete obstruction or may 
cause perforation and barium peritonitis which is very 
dangerous} 

¢ Haematocrit, blood urea and serum creatinine; arterial blood 

gas analysis (acidosis is common), LFT, platelet count (In 

severe sepsis there will be altered LFT with thrombocyto- 
penia). 

Serum electrolytes estimation, Hypokalaemia is common. 

Total count is increased. But can be significantly low in 

severe stage of sepsis. 

Estimation of serum D lactate, CPK — BB isoenzyme, intes- 
tinal fatty acid binding protein are different investigations 
may be useful to predict bowel ischaemia/gangrene. 

US abdomen is useful to see dilated bowel and fluid in the 
peritoneal cavity, It is better than X-ray but not as good as 
CT scan, It has got 95% sensitivity; 80% specificity; 80% 
accuracy. Doppler US is useful in detecting strangulation. 

% CT scan is very reliable investigation for intestinal obstruc- 
tion. It has got 93% sensitivity; 94% accuracy and 100% 
specificity, In CT scan small bowel loop > 2.5 em suggests 
dilatation, It can show dilated loop, transition zone and 
collapsed part which are definitive features of intestinal 
obstruction. It can also give idea of changes in the bowel 
wall, ischaemia, strangulation, mesenteric oedema and 
thickening, It also shows bowel wall gas, portal venous gas 
and mass lesion. 

Basic electrical rhythm of small bowel will be changed in 
ischaemia. It can be determined by noninvasive method 
using superconducting quantum interference device 
(SQUID). 


Complications of intestinal obstruction 
& Peritonitis 
 Hypovolaemic and septic shock 
Renal failure 
& ARDS 
¢ Intra-abdominal abscess formation 
@ Moribund status 


Differential diagnosis 
® Paralytic obstruction 
‘® Pseudo obstruction 
@ Ascites 


Treatment 


% Nasogastric aspiration: To reduce toxic effects, to reduce 
bowel distension which indirectly improves pulmonary 
ventilation and to reduce possibility of aspiration pneu- 
monia. 

Replacement of fluid and electrolytes. 

Antibiotics: Ampicillin, gentamycin, metronidazole, cepha- 
losporins, 

Blood transfusion: FFP or platelet transfusions are often 
needed in critical patient. 

ICU critical care: Systemic management of complications 
like ARDS, DIC, SIRS are important. If there is hypotension, 
dopamine/dobutamine are also needed. 

CUP for fluid and monitoring: PCWP (pulmonary capillary 
wedge pressure) monitoring are often needed in haemody- 
‘namically unstable patient. 

# Surgery: 

» Immediate laparotomy is done and the site (by finding 
the junction of dilated proximal and collapsed distal 
bowel) and cause of the obstruction is identified. The 
obstruction is relieved. 

‘To check for viability of bowel, look for 

 Peristalsis 
 Pulsations 
4 Bleeding in mesentery and bowel wall 
 Friability—friable, flabby muscle is seen in ischaemia 
Colour (black/pink)—dull and lusterless serosa is seen in 

ischaemia 
& Serosal shining 


Occlusion clamp .Gangrenous bowe 
Proximal dilated Ppp Cushing clam: 
bowel | 


Distal collapsec 


bowel! 
Mesentery 
Cheatle’s cut 
Resection 


Lengthy mialine 
incision 


Anastomosis 
Fig. 23.11: Bowel resection and anastomosis for gangrene in case of 
intestinal obstruction. Cheatle'scuton the antimesenteric margin ofthe 
collapsed distal segments often needed to avoid discrepancy in luminal 
width. Single layer interrupted (sik/vicry) or two layered continuous 
sutures can be used. Single layer is better in acute conditions. 


» Warm saline soaked mop is placed over the doubtful area Types 
with 100% oxygen inhalation for 20 minutes; if colour 
becomes normal with peristalsis then bowel is viable. 

» On table Doppler study may be useful. 

» Fluorescein fluorescence study may be helpful on table 


to check the viability. Proxima diated 
uodenum 


> Ifbowel is not viable resection and anastomosis is done. 
A good peritoneal wash is given and the abdominal 


cavity is drained, Collapsed 
en is closed in layers using n le sutures part 
Yiannis pada aves ite Hea nt ae ere Complete atresia Fibrous cord 
(polyethylene, polypropylene, nylon). Often tension vail’ seperation "areeie 


sutures are required. 

» Small bowel can be decompressed using Savage's 
decompressor. 

> In case of right-sided colonic obstruction, right hemi- 
colectomy with ileocolie anastomosis is done. 

> Incase of left-sided colonic obstruction, left hemicolec- 
tomy (resection) and colo-colic anastomosis is done with 
aadefiunctioning colostomy (right-sided transverse) which 


Windsock 
is closed after 6 weeks, Die deformity 

> Obstruction due to rectosigmoid geowth with patient aero 
being severely ill—Hartmann’s operation can be done Fig. 23.12: Types of duodenal atresia—complete; fibrous cord; 
to save the life of the patient wherein distal stump after duodenal stenosis and windsock deformity 


removal of the growth is closed, proximal colon is 
brought out as end colostomy. 
> Second look operation may be needed in doubtful cases * Type 1: Duodenal complete atresia: Itis the commonest type 
‘or multiple segment obstructions in 24-48 hours to (50%). Its usually complete separation with intact wall. In 
confirm viability 25% cases complete separation with wall also occurs. 
‘Type 2: Fibrous cord. 


» Laparoscopic approach may be useful in partial 


‘obstruction, proximal obstruction, obstruction due to Type 3: Incomplete or partial obstruction. It can be stenosis 

band. Conversion when needed should be done without or web with an aperture. 

hesitation. % Duodenal diaphragm/web can present as complete; incom 
» Acute postoperative obstruction is difficult to identify _ plete with a fenestra; incomplete diaphragm with central 

‘and manage. CT is very useful, Initially it is treated aperture which causes “windsock’ deformity due to proximal 

conservatively (90%), but suspected ischaemic cases or _tilatation. Here actual diaphragm will be proximal to the 


persistent obstruction becomes an indication for surgery. _site of obstruction. 
Resection with exteriorfention may be the choice, Duodenal atresia may be preampullary (nonbilious 

vomiting) or postampullary (bilious vomiting). Postampul- 
Postsurgery Complications lary is common (80-90%) 
» Pelvie abscess. Associations 
# Subphrenic abscess. 
4 Biliary or faccal fistula. 4 Duodenal stenosis is often associated with annular pancreas. 
© Burst abdomen, * It can be isolated duodenal atresia or in association with 
+ Tiakls peal aaioelans, Down's syndrome (30%)/incomplete rotation of gut (20%) 
congenital heart diseases (30%)/trisomy (30%)/anorectal 
malformations (10%), ete 

# Itis commonly associated with matemal polyhydramnios 
Mm PHODENSE ATRESIA (50%). Antenatal US can confirm it, 50% infants are prema- 
¢ is the commonest site of intestinal atresia, ture 
¢ It is usually a complete stenosis of the second part of 
duodenum at the level of ampulla of Vater. Features 

# Itis defective fusion of foregut and midgut with failure of 


recanalisation, # Jaundice. 
# Incidence is one in 10,000 live births. * Bilious/nonbilious vomiting immediately after birth. 


* Incisional hernias, 


‘An unspoken word never does harm. 
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Features of gastric outlet obstruction. 

% Dehydration. Electrolyte changes are common, 

% Growth retardation of newborn due to deprived nutrition 
(by swallowed amniotic fluid in fetus). 


Investigations 


Plain X-ray shows classic double-bubble sign with absence 
of air in the distal part. 


Fig. 23. 


}ouble-bubble sign in duodenal atresia, 


{© Inpartil obstruction, air may be present in distal loop and so 
contrast study has to be done. Risk of aspiration in newborn 
infant should be remembered. 

 U/S will show distended stomach and proximal duodenum, 
rail road track duodenum and features of associated anoma- 
fies. Maternal and fetal ultrasound in pregnancy may identify 
the pathology and also maternal polyhydramnios, 


Treatment 


Proper preoperative preparation like correction of fluid and 
electrolytes; gastric decompression; TPN; injection vitamin 
K; evaluation for associated anomalies, 

% Duodenoduodenostomy is done. Associated malrotation 
should be corrected in these patients (Ladd’s operation), 
Side-side duodenoduodenostomy may cause dilated 
duodenum (megaduodenum—30%); anastomotic dysfuunc~ 
tion; and delayed transit of the content. 

* Kimura's diamond shaped anastomosis between transversely 
opened proximal pouch and longitudinally opened distal 
pouch reduces the problems of anastomosis. Presence of bile 
in the duodenum and proximal and distal patency should be 
confirmed by saline irrigation. 

% Transanastomotic nasojejunal or gastrostomy tube for 
feeding purpose is needed as prolonged postoperative ileus, 
is the usual problem. 


LL. 


Incision Suturing 


Kimura's anastomosis 
Fig. 23.14: Duodenoduodenostomy is ideal in duodenal atresia, 


Kimura's modification has got lesser chance of developing side effects 
like gastroparesis 


 Duodenojejunostomy may cause blind loop problems. 
Gastrojejunostomy should not be done due to high incidence 
‘of marginal ulceration and bleeding. 


™@ SMALL INTESTINE ATRESIA 
(INTESTINAL ATRESIA) 


# tis jejunoileal atres 

# It is due to intrauterine mesenteric vascular accidents 
(occlusion) of the segments affected. V-shaped mesentery; 
presence of bile pigments in the distal segments suggesting 
carlier period of patency—are supportive for the above 
theory. 

# Itis often associated with malrotation, gastroschisis, 
volvulus—20%, 

* Common site is proximal jejunum; next common is distal 
ileum, 

% Maternal polyhydramnios occurs in 35% of jejunal atresia, 

* Proximal bowel wall is dilated with hypertrophy but villi 
are normal, Distal bowel is collapsed but with hypertrophied 
villi. Narrow collapsed large intestine (microcolon) is seen 
in proximal atresia, 


Fig. 23.15: Typical intestinal atresia 


Griesfield Modification of Martin's 
Classification of Intestinal Atresia 


# ‘Type I: Membranous/mucosal with normal mesentery— 
20%, 

¢ Type Il 
proximal and distal parts of the segment involved (only one 
atretic segment) but mesentery is normal—40%, 
Type Ill (a): Atresia with complete separation of proximal 
and distal ends and V-shaped defect of mesentery—35%. 

¢ Type IIL (b): Atresia with christmas tree-shaped defect 
in mesentery with distal bowel being supplied by single 
artery—right colic/ileocolic/superior mesenteric—apple 
peel atresia. 

# ‘Type IV: Multiple atresias—5%, 


The lumen is atretic—fibrous cord between 


Type I: Mucosal 
atresia 


| } 


Type I: Fibrous 


alresia 
Oo 


Type ila: Complete single 
aivesia—V shaped mesentery Type ib: Complete jejunal 
atresia with called teum— 
thistmas tree deformity 


Type IV: Multiple 
alresias 


Fig. 23.16: Types of intestinal atresia 


Clinical Features 


® Equal in both sexes, 

© Commonly infant is of low birth weight. 

© Bilious vomiting with features of intestinal obstruction like 
distension, 
Features of associated anomalies, 

% Respiratory distress, 

* Jaundice. 


Investigations 


# Plain X-ray abdomen shows—iiple-bubble appearance in 
jejunal atresia; multiple air fluid levels in ileal atresia 

¢ Barium enema may show narrow microcolon, Calcification 
suggests antenatal fetal bowel perforation. 

# US abdomen to confirm associated anomalies 


Differential Diagnosis 


4% Other causes of neonatal intestinal obstruction like duodenal 


atresia, malrotation, volvulus of midgut 


Fig. 23.17: X-ray abdomen of a patient with intestinal obstruction 
ina newborn as neonatal intestinal obstruction, 


Treatment 


# Resection and anastomosis is the choice of therapy. 

# Treatment of associated anomalies 

% Tapering proximal jejunoplasty is done if extensive length 
of jejunum is involved, 

% Prognosis depends on length of atretic bowel; multiple 
atresias; associated anomalies. 


ll MALROTATION 


Iis interference in the process of normal rotation of midgut in 


fetus and its mesenteric fixation, 


Stages of Normal Rotation of Midgut 


% Stage 1: In 4th-8th week of intrauterine period, midgut 
supplied by superior mesenteric artery (SMA) grows rapidly. 
As coelomic cavity cannot accommodate growing midgut 
during that period, it protrudes into the umbilical cord as 
physiological hernia. 


Ifthe hand is kept flat upon the abdomen the underlying coil may be felt to harden and soften alterately much like 


ina pregnant uterus, in a case of intestinal obstruction. 


— Arthur H Burgess 
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% Stage 2: In 10th-12th week, midgut migrates into coelomic 
cavity. First, small bowel returns towards the left side of 
the abdomen. Then caecocolic loop returns to left lower 
abdomen, Itrapidly rotates 270° counterclockwise to reach 
right iliac fossa. Then duodenojejunal segment rotates 
270° counterclockwise to reach left of SMA and behind 
the colon. 

% Stage 3: Fusion of different parts of mesentery and posterior 
peritoneum, 


Different Errors of Rotation 


* Stage 1: Exomphalos major/minor or gastroschisis 
% Stage 2: Errors of rotation in this stage is important and is 
usually considered under matrotation 

> Nonrotation: Causing small bowel in right side; colon 
in left side; caecum in midline as suspension. 

» Incomplete rotation: It is the most common type of 
malrotation. Caecum is located in subhepatic right 
hypochondrium. Ladd's peritoneal hand connects from 
caecocolic loop to posterior abdominal wall compressing 
the 2nd part of the duodenum, Entire midgut is hanging 
down along with SMA with a narrow based mesentery 
causing midgut volvulus. 


Colon 


Fig. 23.18: Diagram showing incomplete gut rotation and small 
bowel volvulus 
> Reverse rotation: Final 180? rotation occur clockwise 
bringing colon posterior to duodenum and SMA. 
> Hyperrotation: Rotation up to 360° or 450° causing 
caecum on left side of the abdomen. 
> Encapsulated small bowel occurs while fetal midgut 
returns into coelomic cavity. 
4 Stoge 3: Final defect in fixation causes mobile caecum and 
ascending colon leading into caecal volvulus. 


Associated Anomalies (20%) 


¢ Congenital diaphragmatic hernia of Bochdalek. 
% Prune belly syndrome. 

Duodenal atresia, 

% Oesophageal atresia. 


Presentations 


% Acute/recurrent/subacute intestinal obstruction, 
idgut volvulus (30%) (usually clockwise rotation) with 
features of strangulation, perforation, peritonitis. 


% Shock, septicaemia, passage of dark blood per rectum, 
‘oedema and erythema of anterior abdominal wall 

# In children—failure to thrive, recurrent abdominal pain, 
cyclical vomiting, constipation and diarrhoea. 


Investigations 


# Plain X-ray abdomen shows air fluid levels, 

Barium meal (dilute/microbarium) and follow through X-ray 
is the investigation of choice 

¢ US abdomen/CT abdomen, if needed. 

# Hacmatocrit, serum electrolytes estimation. 


Treatment 


# Resuscitation, antibiotics, fluid and electrolytes, blood 
transfusion. 


Ladd's 
aaband 


Released 
band 


Colon Colon 
‘Appendi- 
‘cectomy 
Straightened 
‘duodenum 


Incomplete rotation Lada's operation 


Fig. 23.19: Ladd’s operation for incomplete gut rotation. Ladd’s band 
is released. Duodenum is straightened. Appendicectomy is done, 


% Laparotomy through horizontal incision is done. Clock- 
wise rotated midgut which is congested and cyanotic is 
identified. Untwisting of the midgut in counterclockwise 
direction is done, Viability of bowel is confirmed (colour, 
vessels in mesentery, peristalsis, on table Doppler). Ladd’s 
band is divided large bowel is repositioned in left side. The 
entire duodenum is Kocherised and the ligament of Treitz 
is divided so that duodenum becomes straight towards right 
iliac fossa. This achieves wide root of the mesentery and 
places the small bowel in the right side of the abdomen thus 
preventing further volvulus. A complementary appendicec- 
tomy is done—Ladd’s operation. 

# After laparotomy, if bowel is gangrenous, itis resected and 
remaining parts of the bowel are exteriorised as enterosto- 
mies. A second look operation is done to look for viability 
of remaining bowel and also to maintain the continuity, 
Often it will be extensive bowel resection leading into poor 
prognosis, 


™ MECONIUM ILEUS 


# It is neonatal manifestation of fibrocystic disease of the 
pancreas wherein thick meconium, which is viscid and 
paste like, gets collected in the terminal ileum. Because of 
inspissation it forms a firm bolus leading to obstruction of 
the ileum, 

# Neonates present with features of ileal obstruction as well 
1s respiratory dysfunction, exocrine pancreatic insu 


ciency, and high salt in the sweat (Na* and CI” more than 
90 mmol/L). 

% Meconium ileus occurs in 15% of patients with cystic 
fibrosis. Cystic fibrosis is an autosomal recessive disease 
involving bronchioles, exocrine pancreas and sweat glands. 
Condition is common in Caucasians. Exocrine pancreatic 
insufficiency and malabsorption is seen in 90% of patients 
with cystic fibrosis 

‘There is hypertrophy and dilatation of the proximal ileum 
containing thick, viscid, tenacious dark green meconium, 
Distal ileum and colon are narrow and contracted having 
grayish meconium pellets. Meconium gets calcified very 
rapidly. Gangrene, perforation, volvulus can occur in 50% 
of cases. 


Intrauterine perforation causes fetal meconium peritonitis 
‘which leads to dense adhesions and calcification in perito- 
neum, Fetal meconium peritonitis is sterile. 


Viscid 
inecontn {+ Proxima ciated 
tour 
Terminal ia 
eum Narrow colansec 
Meconiam 
ales 


Fig. 23.20: Pathology of meconium ileus. Note the meconium pellets 
inthe distal ileum and colon; thick viscid meconium in proximal ileum. 


+ Plain X-ray shows calcified meconium pellets with multiple air 
fluid levels which appear as ‘soap-bubbles’ (Newhauser sign), 

* Vomitus of the patient which does not contain trypsin, 
‘when poured on the exposed X-ray film will not digest the 
gelatin of the film whereas the vomitus of individual with 
normal pancreas will digest the gelatin of X-ray film—very 
useful test 

% Pilocarpine, a cholinergic drug is injected into skin to 
stimulate the sweating and collected sweat (100 jig sweat) 
is analysed for sodium and chloride 

Elevated albumin level in meconium, sodium level assay in 
nail clipping, serum immune active trypsin assay are other 
investigations. 


_ _ Meconium ileus =e 
‘Commonly associated with cystic disease of pancreas but 
not necessarily always 

Respiratory dysfunction 

Exocrine pancreatic insufficiency 

High salt in the sweat > 90 mmol/L 

Heal obstruction 

Soap-bubble appearance in X-ray 

Gelatin in X-ray film will not get digested by patient's vomitus 
Bishop Koop operation ileostomy, dissolving ileal meconium 
pellets are required 


e 


ee eeece 


a ‘Complications of meconium ileus: i 
‘ Intestinal bolus obstruction 

4 Perforation and peritonitis 

& Gangrene, volvulus formation 


Treatment 


Nonoperative measures 

* Dissolution through enema can be tried using gastro- 
grafin which is hyperosmolar and contains Tween 80 as 
dissolving agent. Gastrografin is diatrizoate meglamine 
with Tween 80 (polysorbate 80) as dissolving agent 
Acetyl choline (2-4%) also can be used for irrigation 
per-anally, 

# Acetyl choline wash through nasogastric tube also can be 
uused—S-10 ml 6th hourly. 

# Treatment for cystic fibrosis 


Operative measures 

% When patient’s condition is critical with obstruction, 
Bishop-Koop operation is done. Proximal dilated segment 
is resected and resected end is anastomosed to side of the 
distal collapsed ileum, End of the distal ileum is brought 
‘out as ileostomy. Through the ileostomy gastrografin or 
acetyl cystine wash is given regularly to dissolve meco- 
nium pellets. This ileostomy can be kept for long time. 
Continuity is maintained at later period. 

* Santulli operation is done where proximal ileum is 
brought as ileostomy for irrigation using a fine tube and 
distal ileum is sutured to proximal ileum as end to side 
anastomosis. 

* Resection and anastomosis is ideal if patient is fit and if 
proximal bowel is suitable for anastomosis. 


HNeostomy 


Proximal ileum 


Fig, 23.21: Bishop-Koop operatian. Here distal ileum is brought as 
ileostomy and proximal part sutured to distal bowel 


The remedy for injuries is not to remember them. 
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> the conditions for fraud and sleight of hand were totally eliminated, and multiple independent 
outside witnesses (technical and military-intelligence experts) were present at all times to ensure 
total fidelity of the experiments 


The experimental radio micro-transmitter and high-speed photography/videotaping data offer an 
important clue on what the teleportation mechanism is, and this will be discussed further in Section 5.1.1 
The Chinese were unable to offer any significant physics hypothesis that could explain their results 
Some researchers stated that it is necessary to invoke a new physics, which somehow unifies the human 
consciousness (i.e., physics of consciousness) with quantum and spacetime physics, in order to 
understand p-Teleportation and related PK phenomena. The researchers were amazed by their repeated 
results, and were barely able to fathom the altered “state of being” that test specimens underwent during 
teleportation. 

It is also important to point out that during the Cold War the DIA produced three (now declassified) 
reports on the parapsychology research of the Soviet Union and its Warsaw Pack allies (LaMothe, 1972; 
Maire and LaMothe, 1975; DIA Report, 1978; other related studies were reported by Groller, 1986, 
1987), ‘The purpose of the reports was to collate and summarize collected intelligence, describe in great 
detail, and assess the Soviet Union and Warsaw Pact R&D on parapsychology and paraphysics. The 
reports outlined the history of pre-revolutionary (Czarist) Russian, and WWII and post-WWII era Soviet 
R&D on psychotronics, human mind/behavior control, and the entire spectrum of parapsychology. The 
Soviet information also mentions the psychotronic/parapsychology R&D materials that Soviet militar 
forces took from various Nazi research centers in and around Germany at the end of WWII. The entire 
spectrum of parapsychology phenomena was explored by the Soviets, which resulted in the generation of 
a wealth of experimental data and related scientific research literature. One DIA report noted that there 
was an East versus West science debate in the Soviet literature over whether paranormal phenomenon and 
related experimental data was real or even scientifically sound in comparison to western scientific 
practice and philosophy. Another DIA report lists the names and affiliations of all the researchers, as well 
as the names of the various Soviet and Warsaw Pact research centers, that were involved. Also, Pratt 
(1986) reviews and summarizes the history of Soviet psychotronics research. 

The U.S. military-intelligence establishment was concerned with the possibility that the Soviets and 
their Warsaw Pact allies were conducting psychotronics and mind control R&D in order to discover how 
to exploit and control powerful phenomena that could be used against the U.S. and its allies. LaMothe 
(1972) chronicled how the Soviets had been researching methods of influencing human behavior for over 
sixty years. The Soviets and their allies extensively explored an influence technology that they called 
“controlled offensive behavior”, which is defined as “research on human vulnerability as it applies to 
methods of influencing or altering human behavior” (LaMothe, 1972). Also, LaMothe (1972) describes 
the revolutionary techniques the Soviets studied to influence human behavior, which included: sound, 
light, color, odors, sensory deprivation, sleep, electromagnetic fields, biochemicals, autosuggestion, 
hypnosis, and parapsychology phenomena (such as psychokinesis, telekinesis, extrasensory perception- 
ESP, astral projection, clairvoyance, precognition, and dream state, etc.).. The LaMothe (1972) report 
became an aid in the development of countermeasures for the protection of U.S. and/or allied personnel 

Psychotronics is the general term that was used in the former Soviet Union/Warsaw Pact countries to 
categorize many psychic phenomena undergoing scientific research. The conclusions that were reached 
in the DIA reports are that within the category of psychotronics, the Soviets identified two discrete skills 
(LaMothe, 1972): 


> ioenergetics: those phenomena associated with the production of objectively detectable effects 
such as psychokinesis, telekinesis, levitation effects, transformations of energy, ie. the altering or 
affecting of matter 


> bioinformation: those phenomena associated with the obtaining of information through means 


other than the normal sensory channels (ie., ESP), such as telepathy, precognition, and 
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(Management of meconium ileus 1 
‘= Nonoperative wash perrectaly using acetyl cysteine or gastro- 
grafin through Foley's catheter passed per anally. Acetyl 
cysteine can also be passed for irigation per orally through 
‘a Ryle's tube as 10 ml 6th hourly. 
 Bishop-Koop and Santulli operations done in very sick 
neonates. 
+ Resection and anastomosisis ideal when child isadequately fit. 


Heostomy 


Proximal ileum 


Fig. 23.22: Santulli operation done for meconium ileus wherein 
proximal ileum is brought out as ileostomy. Distal ileum is sutured 
to proximal 


‘Causes neonatal intestinal obstruction 
“& Hirschsprung’s disease 
“& Duodenal atresia 
Intestinal atresia 
& Malrotation 
‘ Midgut volvulus/volvulus neonatorum 
& Meconium ileus 
“& Anorectal malformation 


l™ INTUSSUSCEPTION (ISS) 
Definition 


It is telescoping or invagination of one portion (segment) of 
bowel into the adjacent segment. 


Types 

1, Antegrade: Most common. 

2. Retrograde: Rare (jejunogastric in gastrojejunostomy 
stoma). 


Inelderly intussusception: 
4 Colocolicis most common type 
4 Apexis formed usually by growth 
& Norole of hydrostatic reduction 


# Itcan be single or multiple (rare). 

# It can be ileo-colic (most common type, 75%), colocolic, 
ileoileocolic, colocolic. 

# Itis common in weaning petiod of a child (common in male), 
between the period of 6-9 months. 

# Itis the commonest cause of intestinal obstruction in chil- 
dren of 6-18 months age. 


Aetiology 

% Idiopathic ISS is common in children, occurs in te 
50 em of ileum. 

* During weaning, change in diet causes inflammation and 
‘oedema of Peyer's patches—may stimulate ISS. 

% Upper respiratory tract viral infection which causes oedema 
of Peyer’s patches is also thought as an aetiology for intus- 
susception in children. 

% Other causes in adolescents and adults are submucous lipoma, 
leiomyoma, polyps in jejunum (Peutz-Jegher syndrome), 
‘other polyps and carcinomas with papillary projections. 


Causes: 


al 


Change in diet during weaning 
4 Upper respiratory tract viral infection 
Intestinal polyps 


- Lelomyoma of intestine 
& Meckel’s diverticulum 

© Carcinoma 

& Purpuric submucosal haemorrhages 


Figs 23.238 and 8 


Fig. 23.23 


Figs 23.23A to C: Intussusception in different patients. Different 
parts and apex point is also clearly seen. 


Pathology 

# Apex is the one which advances, 

* Intussuscipiens is the one which receives (outer sheath); 

¢ Intussusceptum are the tubes which advances (middle and 
inner sheath), 

» Apex and inner tubes will have compromised blood 
supply which lead to gangrene. 

» Because of ischaemia, apex sloughs off and bleeds, 
which mixes with the mucous to produce the classic 
red-currant jelly that is passed per anum, 

» Gangrene which sets in leads to perforation and peri 
tonitis. 

> Red currant jelly is not commonly observed in ISS in 
adult, but it can occur. 


Intussuscipiens 


Apex Intussusceptum 


Fig. 23.24: Parts of intussusception, 


Clinical Features 

* Common in males (3:2). 

% Common in 6-9 months. But can also occur at later age 
grouped children 

* Common in spring and winter, coinciding with the gastro- 
enteritis and respiratory infections in respective periods. 

¢ Commonest cause of intestinal obstruction in infaney. 


# Initial colicky abdominal pain (75%) which eventually 
becomes severe and persistent. 

% Sudden onset of pain in a male child, with progressive 
distension of the abdomen, vomiting, with passage of “red- 
currant-jelly” stool. tis usually not found in adult ISS 

% Often ISS is recurrent, when it gets reduced, child auto- 
matically becomes asymptomatic (Mother often complains 
“Bachha rotha he, Bachha sotha he”. It means child cries 
during an episode and sleeps peacefully once it gets 
reduced). 


‘Sausage-shaped 
mass 
e 


Fig. 23.25: Sausage-shaped mass of intussusception. 


% On examination, a mass is felt either on the left or right 
of the umbilicus which is sausage shaped with concavity 
towards umbilicus, smooth, firm, resonant, not moving with 
respiration, mobile, contracts under the palpating fingers. 
‘Often mass appears and disappears. 

# Right iliac fossa is empty (Sign of Dance). 

# After 24-48 hours, abdominal distension appears and 
increases progressively with features of intestinal obstruc~ 
tion, 

* Features of intestinal obstruction with step-ladder peri- 
stalsis. 

% Blood stained stool is often obvious on digital examination 
of the rectum, Occasionally ISS can be seen per anally and 
felt with a long mesentery. 

© Eventually, gangrene and perforation occurs with features 
of the peritonitis, 


‘Abdominal palpatory findings in ISS. 

+ Palpable mass (859%) 

~ Sausage shaped smooth, frm mass 

— Mass does not move with respiration 

~ Mobile in all directions 

~ Resonant 

~ Mass contracts under the palpating fingers 

— Mass appears and disappears 
+ Empty rightiiac fossa 
+ Features of intestinal obstruction/peritonitis—Iater 


In the field of observation, chance favours only the prepared mind. 
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Ait or contrast enters the proximal bowel freely. Palpable 
abdominal mass disappears. Rare complication is perfora- 
tion of colon. It is done in early stage within 24 hours of 
presentation. 70% cases of ISS will respond to nonopera- 


tive method, It is contraindicated in complete obstruction; 
perforation and peritonitis 


Fig. 23.26: A rare condition where colonic intussusception has 
occurred through rectum, coming out per anally. Part is already 
gangrenous. 


‘Complications 
Intestinal obstruction 


Differential Diagnosis 


In children: Acute gastroenteritis. Fig. 23.27: Barium enema showing the typical ‘Claw sign’ of 
Purpura with intestinal symptoms, intussusception. 
In adults: Carcinoma colon, 


Mesenteric mass. 


Investigations 


# Barium enema shows typical claw sign or coiled spring 
sign (Pincer end). 

* Ultrasound shows target sign or pseudokidney sign or bull 
exe sign, which is diagnostic 

* Doppler may show mass with doughmut sign and is useful 
to check blood supply of bowel. 

Plain X-ray abdomen shows multiple air fluid levels. 


Treatment 


Initial management 
”s tube aspiration. 


% Antibiotics 

% Catheterisation, 

Later management 

Nonoperative management 

Reduction by hydrostatic pressure using either warm saline 
or microbarium sulphate solution or air (popular in China). 
Barium or saline is infused into the rectum through a cath- 
eter (Foley’s catheter), Under fluoroscopy, reduction can be 
observed. Child will pass large quantity of air and faeces; Fig. 23.28: Barium enema X-ray showing claw sign in 
distension reduces; child shows recovery and stops crying, intussusception. 


pooetnaiestinsreraungeryinisemmmmmmnny * Yo!vlus of small intestine (midgut, volvulus neonatorum, 
gastric volvulus are other volvulus which can occur, 

 ISSmore than 48 hours 

+ Features of perforation, strangulation, peritonitis 

Recurrent ISS 

+ Inadult commonly resection is required 


l& SIGMOID VOLVULUS (Volvulus of 
Pelvic Colon) 


* Itis common in Asia, common in India (7% of intestinal 
Surgery shat) and especially South India because of high 
% Cope’s method: If reduction does not accur, laparotomy is ¢ {1 is very common cause of large bowel obstruction in Peru 
done under G/A. By gently milking out the intussusception _and Bolivia due to high altitude 
with warm packs, itis reduced. After reduction, viability More common in males and old age. 
of the bowel is checked carefully, If manual reduction is 4 {1 js common in patients with chronic constipation with 
not possible, it is understood that the bowel is likely to be laxative abuse. 
gangrenous which requires resection and anastomosis, In 
case of viable bowel, often terminal ileum is anchored to the 
ascending colon and Jackson veil band is cut. Patient also 
requires nasogastric tube aspiration, IV fluids, antibiotics. 
% Laparoscopic approach may be used to reduce the intus- 
susception. 
[intussusception persists for more than 48 hours or intus- 
susception in adult requires resection, 
> Meacolie resection is sulficient. 


Iris common in: 
+ Ogilvie’ syndrome 

+ Mentally retarded individuals 
+ Chagas disease 

+ Hypothyroidism 

+ Anticholinergic drugs 

4 Multiple sclerosis 

@ Scleroderma 


Recurrence Rate Parkinson's disease 


+ In hydrostatic reduction —10% 


# In open manual reduction—2%, oe 
% Inresection—very less < 1% isi 
sigmoid 
™ VOLVULUS ion 
Definition 
It is the hvist (rotation) in the axis of the loop of the bowel 
either clockwise or anticlockwise. Long 
15% of large bowel obstruction is due to volvulus. eee 
 Sigmoid colon is the commonest site (anticlockwise) 65%. 
* Caecal volvulus 
> Caecum is the second common site (clockwise) (C for 
C)-30%, Narrow root 


> Itiscommon in females, present as intestinal obstruction. 

> Caecal bascule is the presence of constricting band 
across the ascending colon (Bascule—French—see-saw 
and balance) 

» Caecum will be markedly distended and found in the 


Fig. 23.29: Causes of sigmoid valvulus. 


‘Adhesions 


* 

centre of the abdomen. © Peridiverticultis 

» It is due to lack of fixation of the caccum—mobile  Qyerloaded redundant pelvic colon 
caecum. Long pelvic mesocolon 

» Occasionally itis associated with malrotation. ‘@ Narrow attachment of sigmoid mesocolon 

> Caccal volvulus is the commonest cause of large bowel 


obstruction in pregnancy. 


Always rotation is anticlockwise. 


uononaysqo jeunseyuy 


ray shows round gas shadow in right iliac region. 
CT scan is very useful. Barium enema is also helpful 

> Resection and anastomosis (surgery) is the only treat- 
ment. 


Itrequires one and half turn of rotation to cause vascular 
obstruction and gangrene which eventually leads into 
perforation either at the root or at the summit of the 
sigmoid loop, 


\Nine-tenths of wisdom consist of being wise in time. 
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{¢ Enormous distension of the colon occurs. Sometimes ileum 
comes to the root of the sigmoid volvulus and encircles it 
causing compound volvulus in which case knotted small 
bowel also becomes gangrenous—ileosigmoid knotting. 


Fig, 23.30: Sigmoid volvulus. Note the dilated sigmoid colon, 


Types 


1, Acute. 
2. Recurrent. 


Clinical Features 


Pain in the abdomen—initially left sided, eventually all over. 
% Absolute constipation (obstipation—no faeces, no flatus). 
% Enormous distension of abdomen, starting from left iliac 
fossa extending to the whole of the abdomen (Tympanic 
abdomen), 

Late vomiting and eventually dehydration. 

Features of peritonitis. 

Hiccough and retching can occur. 

‘pre like feel of the abdomen is diagnostic. 


Fig. 23.31: Dilated sigmoid in early volvulus, 


Differential Diagnosis 


% Oxgilvies’s syndrome: Ibis acute colonic pseudo obstruction, 
It is due to malfunctioning sacral parasympathetic nerves. 
Splenic flexure is the junction of collapsed and dilated large 
bowel, Descending colon is atonic causing acute functional 
obstruction. It may be due to trauma, retroperitoneal irti- 
tation, antidepressants, uraemia, diabetes, myxoedema, 
hypokalaemia, etc. Prokinetic drugs, colonoscopic decom- 
pression, tube caecostomy are the treatment. 

# Faecal impaction. 

# Carcinoma rectosigmoid region, 

% Idiopathic megacolon 


Investigations 


1. Plain X-ray-(diagnostic in 70-80%) 
> Qsign (omega sign)—single, grossly distended loop of 
colon arising out of the pelvis and extending towards 
the diaphragm. 
> Coffee-bean sign ot Bent-inner tube sign. 
2. Contrast enema: (dilute barium/water soluble contrast 
media is used): 
Birds beak sign (ace of spades appearance)—Upper end of 
barium column tapers into the spirally twisted distal sigmoid 
colon. 
3. CT sean (or difficult cases) 
Shows characteristic whit! pattern. 
4, Blood—Haematocrit, renal function tests, serum electrolytes. 


Treatment 


* RT aspiration 

# IV fluids, 

# Catheterisation, 

* Antibiotics. 

# Aflatus tube or Sigmoidoscope is passed in operation theatre 
(proper care is taken otherwise it leads to perforation). If it 
derotates, patient will pass flatus and faeces; and distension 
reduces. 

# If derotation does not occur, laparotomy through midline 
incision should be done. Dilated sigmoid colon is derotated 
manually and checked for viability. If viable, itcan be fixed 
to the lateral wall of abdomen or pelvis—sigmoidopexy. 

# [sigmoid colon is gangrenous, it is resected and proximal 
cut end is brought out as colostomy and distal end is brought 
‘out as mucous fistula, from the rectum (Paul-Mikulicz 
Operation). Later after 6 weeks, continuity is maintained 
afer proper preparation, 

# Resection of the gangrenous sigmoid done; proximal cut 
is brought out as end colostomy: distal end closed—Hart- 
‘man's operation. Later in 6-12 weeks colorectal anasto- 
mosis is maintained. 

* Primary resection and anastomosis is not advisable because 
of the contamination and anastomotic leak 
Mortality in sigmoid volvulus is due to perforation, peri- 

tonitis and septicaemia, 


Figs 23.32A to F: Sigmoid volvulus—note distended tympanic abdomen; X-ray showing typical sigmoid volvulus; on table gangrenous 
sigmoid volvulus; underwent resection with colostomy and mucaus fistula (exteriorisation). 


Allitie may save a deal of friction. 
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Fig. 23.33: Paul-Mikulicz operation, 


lm PARALYTIC ILEUS 
(Adynamic Intestinal Obstruction) 


# Misa 
to failure of neuromuscular mechanism, i.e. Auerbach’s and 
Meissner’ plexus. 

# Itmay be localised or generalised. 


tate in which intestines fail to transmit peristalsis due 


Causes: 


& Postoperative 
+ Infective—pus, blood, bile, toxins, enteritis 
+ Uraemia 

& Hypokalaemia 

Spinal injury 

@ Retroperitoneal haemorrhage 

Spinal surgery 

+ Plasterjacket 


Clinical Features 
% No passage of flatus. 
% No bowel sounds, 

* Marked abdominal distension 

© Vomiting of large volume of fluid. 

% Tachycardia. 

+ Respiratory distress due to pressure over the diaphragm. 
High pitched tinkling note “Tike bells at evening pealing 
% Dull abdominal pain (not colicky). 

+ Features of fluid/protein/electrolyte imbalance. 


Investigations 


Serum electrolyte estimation: Especially serum potassium, 
ECG. 


% Ultrasound abdomen to find out the possible cause of ileus, 
e.g, sepsis. 


Treatment 
# Nasogastric aspiration, 

The primary cause is treated 

# IV Buids. 

# Electrolyte management 

 Catheterisation and urine output measurement. 


¢ Do not stimulate the peristalsis (“Don ifloga tired horse”). 
> Measurement of abdominal girth is necessary to see 
whether patient is recovering or not. 

» Decompression of the large bowel can be tried by 
inserting a flatus tube per anally into the rectum and 
keeping in place for few hours, 

> Most often, patient recovers in 3-6 days by conservative 
treatment. 

> Inprolonged, life threatening paralytic ileus, laparotomy 
is done and bowel is decompressed with Savage + 
decompressor and closed with tension sutures. 

% Catchpole regime: Adrenergic blocking agent along with 
cholinergic stimulant (neostigmine) is used rarely only in 
resistant cases as medical therapy. 


™@ ADHESIONS AND BANDS 

Adhesions and bands are the most common causes of intestinal 
obstruction in Western countries. In India, hernia and then 
adhesions are the two common causes of intestinal obstruction, 


1 ed 


Figs 23.35A and B: Congenital band causing intestinal obstruction. 
These bands are often vascular. 


Causes 

% Infection due to peritonitis, appendicitis, postlaparotomy, 
and other acute infective abdominal conditions. 

Materials used during surgery can cause dense inflammatory 
reactions—suture materials like silk, thread, and foreign 
body, mop, and gauze, tale powder, drugs like sulphona- 
mides and penicillins 

 Ischaemnia of bowel due to poor blood supply, sepsis. 

% Gynaecological conditions, bowel injury, radiation-induced 


enteritis, Crohn's disease, other inflammatory bowel 
diseases, 
% Specific conditions like tuberculosis, malignancy. 


Note: 

+ Itis often called as adhesive small bowel obstruction (ASBO}. 80% 
cases showed earlier laparatomies; 35% multiple laparotomy. 75% 
of surgeries in such patients are emergency one. 

+ Causes may be classified as—Congenital adhesions; Ischaemic: 
Reduced blood supply of the bowel, Traumatic—Patients have 
undergone laparotamies forintraabdominal injuries; tants —Tale 
powder used for gloves, starch, antibiotics, nonabsorbable suture 
‘materials, gauze and cotton filaments, barium, inflammatory: Appen- 
dicts, cholecystitis, pelvic infection, Crohns disease, tuberculosis; 
(Others —Serasal denudation during surgery precipitates adhesions. 

+ Initial cause ischaemia/injury -» inflammatory exudates —>fibrinous 
adhesions -> fibrous adhesion -+ fibrinolysis. Fbrinaus adhesion is 
avascular. Often thick vascular adhesions develop. Adhesions can 
bee localized or extensive, 


Types 
Type IFibrinous adhesions occur during 5-10th post-surgical 
period. It usually gets resolved completely. It is avascular and 
flimsy. 
Type Fibrous adhesions. Due to lack/poor blood supply. 
bowel gets attached to part of peritoneum or omentum or other 
parts of the bowel with dense vascular adhesions to maintain 
blood supply. It will persist and precipitate intestinal obstruc- 
tion, often-subacute and recurrent type. 

Adhesions due to tuberculosis are severe, dense and difficult 
to separate. 


Clinical feat 
Pain abdomen—colicky type and recurrent and episodic 
Distension, vomiting 
Constipation 
Reduced bowel sounds on auscultation 
Previous surgical sears commonly observed 
Dehydration, tachycardia, hypotension 
Commonest symptom in adhesions is pain which is sharp, 
sudden, recurrent, episodic and colicky. Colicky pain is more 
‘common in midlevel obstruction. Gilroy Bevan triad of adhesive 
pain is—(1) Pain may get aggravated or relieved on change of 
posture. (2) Pain in the region of old abdominal scar. (3) Tender- 
ress is elicited by pressure over the scar 
‘® Loweradhesions will havemore distension compared to proximal 

adhesion 

& Presents with features of obstruction initially, later features 


eeeesos 


of strangulation (toxicity fever, tachycardia, guarding, igi 
rebound tenderness) 

& Adhesions may be asymptomatic for many years but later 
become symptomatic 


Investigations 


Fig. 23.36: X-ray showing intestinal obstruction with dilated colon— 
colonic obstruction 


Figs 23.37A and B: X-ray showing small bowel obstruction with 
‘multiple air fluid levels, 


# Plain X-ray abdomen shows dilated bowel loops. 
¢ Oral contrast with CT scan is very usefl 
¢ In partial obstruction only enteroclysis with water-soluble 
iodine dyes can be done. 
Level of obstruction should be assessed probably by X- 
and CT sean. 
* CT may show radiological features of strangulation - 
> Intramesenterie fluid, 
> Mesenteric oedema, congestion. 
» Bowel wall thickening more than 2 mm. 


Itis never too late to give up your prejudices. 
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» Reduced mural enhancement in strangulated bowel 
compared to adjacent bowel. 
> Small bowel loop may go for volvulus showing Whirl 
ssign in CT scan with whirlpool mesentery of that part 
of the bowel, 
Electrolyte estimation, total count, serum creatinine, blood 
grouping 


Treatment 


Initial Treatment 


+ IV fluids. 
4% Nasogastric aspiration. 

% Antibiotics 

% Often per anal flatus tube insertion, 

Commonly patient responds in 4-5 days of therapy. 


Later Treatment 


¢ Open surgical adhesiolysis using fingers gently. 
¢ Laparoscopic adhesiolysis is becoming popular, safer, ideal 
with less recurrent adhesion rate and gives good results. 


Fig. 23.38: Laparoscopic view of dense adhesions—postoperative 


‘Small bowel 


Fig. 23.39: Methods used to prevent recurrent adhesions and so 
to reduce the chances of intestinal obstruction. Nobles plication is 
plication of intestines. 


‘Small bowel 


Fig. 23.40: Childs-Phillips operation done to prevent adhesive 
‘obstruction by plicating mesentery. 


* Noble's plication of intestines—wherein adjacent coils 
of small bowel are sutured to prevent in going for further 
recurrent adhesions, 

* Childs-Phillips mesenteric plication is similar way of plica- 
tion of intestinal mesentery, which will prevent crumpling 
of bowel and adhesion formation. 

* Passing long stiff tube from exterior through an opening 
in the proximal bowel up to the entry into the lange bowel, 
which acts as intraluminal splinting, 

> Intestinal intubation is technically difficult with chances 
of perforation and fistula formation, 

» Baker's tube insertion through jejunostomy site; Stew- 
ardson insertion of Baker tube through nasogastric route; 
In Nelson and Nyhus method, 2nd balloon to Baker tube 
25 cm proximal to the first to facilitate easier insertion 
of the tube—are different tubes and techniques used, 


Jejunostomy (Witzel, 


Intestinal tube 
(Bake's tube) 


Caccum 


Fig. 23.41: Intestinal intubation via a jejunostomy tube used for 
adhesions. 


Expandable PTFE membrane barriers or hyaluronic acid 
and carboxymethyl cellulose membrane barriers are also 
used. 


Prevention of adhesions 


4 Instling drugs ike hyaluronidase, steroids dextrans, dextrins, 
polyvinylssilicane,fibrinolysins,chondroitins,streptomycins 

@ Gentle handling of the bowel 

+ Prevention of spillage of contents like bile, faeces 

+ Ideal peritoneal wash using 8-1Oliters of saline before closing 
theabdamen 

Careful placing of the drains 

® Laparoscopic procedures has got lesser chance of getting adhe- 
sions than open method 


Figs 23.42A and 5 
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Fig. 23.02¢ 
Figs 23.42A to C: Postoperative adhesions have become commonest 
cause of intestinal obstruction, Note the abdominal distension in a 
previous laparotomy patient and on table adhesions. 


Obstruction due to Bands 


# These are dense fibrous strings attached from one portion of 
the abdomen to another area or bowel causing entrapment 
of intestines leading into obstruction and often dangerous 
strangulation 

* Common causes are vitellointestinal duct, Ladd’s band, 
‘omental band, postsurgical fibrous band, tuberculous band, 

% Clinical features are like of intestinal obstruction. 

% Management is release of the band either through laparos- 
copy or through laparotomy. 


™@ INTERNAL HERNIAS 


# Itis rare entity 

* A portion of small bowel gets entrapped in one of the 
retroperitoneal fossae or congenital internal defects (e.g 
mesenteric defect), 


Sites 


% Mesenteric defect; defect in transverse mesocolon 

* Foramen Winslow. 

% Diaphragmatic hernia 

¢ Hernia through duodenal/caecal/appendiceal/ intersigmoid 
retroperiton 

¢ Hernia through broad ligament 

Mesocolic/paraduodenal hernias: They are rare congenital 

small bowel herniation behind the mesocolon due to midgut 

malrotation, It can be right or left types. In right type small 


I fossae 


The greatest truths are the simplest; and so are the greatest men. 
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clairvoyance, i.c., using the mind to tap into the thoughts of others or to acquire present or future 
formation about objective events in the world 


These phenomena involve using the mind and/or some “field” of the body to affect other minds and 
inanimate objects irrespective of intervening distance or elapsed time, and without engaging any 
conventional tools. Bioenergetics and bioinformation are two classifications that form a single branch of 
science the Soviets preferred to call biocommunications. Soviet biocommunications research is primarily 
concemed with exploring the existence of a definite group of natural phenomena controlled by laws that 
are not based on any known (energetic) influence. The types of biocommunication (a.k.a. psychotronics) 
phenomena includes special sensory biophysical activities, brain and mind control, telepathic 
communications or bioinformation transceiving, bioluminescent and bioenergetic emissions, and the 
effects of altered states of consciousness on the human psyche. Psychotronics and remote viewing 
provide capabilities that have obvious intelligence applications. The Soviets and their Warsaw Pact allies 
invested millions of dollars in psychotronics R&D because they understood this, and saw the potential 
payoff for military and intelligence applications. 

The U.S. response to Soviet psychotronics R&D programs was the Remote Viewing program. In 
addition, the U.S. Army began the JEDI Project in 1983, which sought to increase human potential using 
teachable models of behavioral/physical excellent by unconventional means (Alexander et al., 1990). The 
JEDI Project was essentially a human-performance modeling experiment based on neuro-linguistic 
programming (NLP) skills, whereby advanced influence technologies to model excellence in human 
performance was used. The program ran under the auspices of the Army INSCOM and the 
Organizational Effectiveness School, and was sponsored by a U.S. government interagency task force. 
Finally, it should be pointed out that the program had successfully trained several hundred people, 
including members of Congress (such as Al Gore, Jr. and Tom Downey), before being terminated. 

There is a wealth of factual scientific research data from around the world attesting to the physical 
reality of p-Teleportation and related anomalous psi phenomena (Mitchell, 1974b; Targ and Puthoff, 
1977; Nash, 1978; Radin, 1997; Tart et al., 2002). The skeptical reader should not be so quick to dismiss 
the subject matter in this chapter, because one must remain open-minded about this subject and consider 
p-Teleportation as worthy of further scientific exploration. The psychotronics topic is controversial 
within the western scientific community. The debate among scientists and scientific philosophers is 
highly charged at times, and becomes acrimonious to the point where reputable skeptical scientists cease 
being impartial by refusing to examine the experimental data or theories, and they prefer to bypass 
rational discourse by engaging in ad hominem attacks and irrational “armchair” arguments, 

P-Teleportation and related phenomena are truly anomalous, and they challenge accepted modern 
scientific paradigm. Lightman and Gingerich (1991) wrote, “Scientists are reluctant to change paradigms 
for the purely psychological reasons that the familiar is often more comfortable than the unfamiliar and 
that inconsistencies in belief are uncomfortable.” And theories change over time when anomalies enter 
the picture. Anomalies are particularly helpful for they point to the inadequacies of an old model and 
point the way to a new one. Anomalous scientific facts are unexpected and difficult to explain within an 
existing conceptual framework. Kuhn (1970) describes scientific discovery as a complex process, in 
which an anomalous fact of nature is recognized, and then followed by a change in conceptual framework 
(ie., paradigm) that makes the new fact no longer an anomaly. Kuhn stated that, “Discovery commences 
with the awareness of anomaly, that is, with the recognition that nature has somehow violated the pre- 
induced expectations that govern normal science.” This statement neatly describes exactly what 
transpired during the historical revolution that took place in physics between the classical 
mechanics/electrodynamics age in the 19" century and the quantum/atomic/nuclear/relativistic age in the 
20" century. And this isn’t the only time in human history that scientific paradigms have dramatically 
changed. The discovery of p-Teleportation already commenced in the 20" century, so let us continue the 
discovery and create a new physies paradigm for the 21* century. 
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bowel is right of the superior mesenteric artery (SMA is 
medial to neck of the sac) behind right side colonic mesentery 
with ileocolic, right colic, middle colic vessels in front in the 
sac, Left type is commonest (75%) with herniation of small 
bowel between inferior mesenteric vessels and attachment of 
descending mesocolon, Presentation is acute intestinal obstruc- 
tion. Contrast CT is diagnostic. Often condition is diagnosed 
on table during surgery. Incising peritoneum sac adjacent to 
vessels carefully and adequately is the needed surgical treat- 
ment, Malrotation should be surgically corrected. 

Mesenteric defect hernias (small bowel mesentery/ meso- 
colon) even though can occur anywhere, are common near 
ileocotic junction 

Acquired internal hernias occur through defects developed 
after surgeries like gastrojejunostomy (Stammer's hernia) 
colostomy; ileostomy; surgeries for morbid obesity 


Features 


# Herniation occurs in these sites whenever there are adhe 
sions. 

% Features of intestinal obstruction—acute/subacute/recur- 
rent 

# Diagnosis is usually on table, But enteroclysis, contrast CT 
scan are usefl 


Treatment 


# Release of adhesion, reduction of hemia, if bowel not viable 
resection and anastomosis, 

* Often major vessels may be present adjacent to the constric- 
tion ring which may get injured while releasing causing 
torrential haemorrhage. Decompression is first done prior 
to reduction. 


Henares Appendix 


_ CHAPTER OUTLINE 
» Surgical Anatomy 
© Duplication of Appendix 
» Acute Appendicitis 
% Incidental Appendicectomy 
* Appendicular Mass 


lm SURGICAL ANATOMY 


It is located at the terminal end of the caecum where three 
taeniae join, about 2 em below the ileocaecal orifice. Usually, 
around 5-10 em in size but can be varible. Size of its lumen is 
that of matchstick. Diameter of appendix is 3-8 mm; 
of lumen is 1-3 mm (matchstick). 

“Mesoappendix is extension of the mesentery contains appen- 
dicular artery, a branch of ileocolic artery. Often an accessory 
appendicular artery (of Seshachalam) may be present. Throm- 
bosis of these vessels leads to gangrenous appendicitis 


Fig. 24.1:On table demonstration of mescappenclx with appendicular 
artery. Note the appendix (A); mesoappendi (8); caecum (C); ileum 
(0); tacnia(). 


Appendicular Abscess 
= Faecal Fistula after Appendicectomy 
= Mucocele of Appendix 

= Neoplasms of the Appendix 
Laparoscopic Appendicectomy 


a Retrocaeca 
b- Preieal 
e-Postileal 
Pelvic 
e-Subcaecal 


f -Paracaecal 


Fig. 24.2: Different anatomical positions of the appendix. 


ll DUPLICATION OF APPENDIX 
(Wallbridge Classification) (Fig. 24.3) 


‘Type A: Partial duplication in a single caecum. 

Type B: Two separate appendices in a single caecum, 

Type C: Double caecum with each one having one appendix. 

# Most common position is retrocaecal (75%). Next common 
is pelvic (21%). 


Charm strikes the sight, but merit wins the soul. 
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Other sites are: 
+ Preileal—rarest (1%) 
 Postileal 

@ Paracaecal 
 Subcaecal 

‘® Subhepatic 


( 


Type Type 8 


Bird-beak 


appendix Single caecum 


double appendix 


a] 


Double cascum 
double appendix 


plication of appendix. 


Fig. 24.4: Laparoscopic view of subhepatic appendix. 


Aetiology 


* Ibis common in young males. 

# Ibis common in white races, 

* Fibre rich diet prevents appendicitis. Less fibre diet 
increases chance of appendicitis. 

¢ Itis common in May and August—seasonal variation— 
often called as epidemic appendicitis. 

* Viral infection may cause mucosal oedema and inflam- 
mation which later gets infected by bacteria causing 
appendicitis. 

* Family history may be relevant in 30% of appendicitis in 
children with appendicitis occurring in first degree relatives. 
Obstruction of the lumen of appendix causing obstructive 
appendicitis, 

» Blockage occurs due to—faecoliths, stricture, foreign 
body, round worm or threadworm. 

» Adhesions and kinking—careinoma caecum near the 
base, ileocaecal Crohn’s disease. 


Distal colonic obstruction 
Abuse of purgatives. 
Faecolith is the most common cause. 


Organisms: 
E. coli (85%), enterococci, (30%), streptococci, Anaerobic 
streptococci, Cl. welchii, bacteroides, 

Pseudoappendicitis is appendicitis due to acute ileitis 
following Yersinia infection. It is often due to Crohn’s disease. 


moved appendix with its mesoappendix. 


* Often it may be in subserosal plane leading to difficult 
dissection during appendicectomy. 

4% Insitus inversus appendix is on the left side. 

# Mucosa of appendix is lined by columnar cells with crypts. 

* Submucosa contains numerous lymphatic aggregations 
(follicles) (‘abdominal Tonsil’) 

* Opening of the appendix into caecum is guarded by ‘valve 


of Geralch’. 
ll ACUTE APPENDICITIS 


The partial inflammation of the peritoneum, in the liac fossa is 
sometimes setup by diseasein the Appendix caei...heappendix 
having been perforated by ulcerations, occasioned by the lodge- 
‘mentofthe faecalconcrtionsinitscovity extravasation takesplace, 
and inflammation ofa more severe and serious kindis originated... 
Nature sometimes succeeds in limiting the inflammation toa part 
of the right side; bt itis at other times difused over the whole 
abdomen ...and quickly proves fatal. 

—Thomas Hodgkin, 1836 


Fig. 24.6: Severely infected appendix with faecolith inside. 
Faecolith is ane of the causes of abstructive appendicitis. 


Pathogenesis 


% Acute inflammation of the mucus membrane with secondary 
ction without obstruction causes acute nonobstructive 
appendicitis. It may lead into resolution, fibrosis, recurrent 
appendicitis or eventual obstructive appendicitis. 


Luminal obstruction by faccolith, lymphoid hyperplasia, 
pinworm (oxyuris vermicularis) other worms, foreign body, 
ccarcinoma/Crohn's disease —> mucus and inflammatory fluid 


collects inside the lumen —> increases intraluminal pressure 
— leads to blockage of lymphatic and venous drainage 
‘esulting in increased oedema of mucosa and wall > causes 
crial translocation 


‘mucosal ulceration and ischaemia > ba 
— bacterial spread through submucosa and muscularis 
propria —> acute obstructive appendicitis > thrombosis of 
appendicular artery —> ischaemic necrosis of full thickness 
of the wall of the appendix —> gangrene of the appendix — 
perforation at the tip or at the base —> peritonitis 


Fig. 24.7: Laparotomy showing perforated appendix with 
peritonitis. 


Fig. 24.8: Appendicolith with appendicitis. 


(er omentum and 


‘After perforation — localisation by gr 
dilated ileum occurs —> with suppuration and pus inside 
forming appendicular abscess 

In severe acute appendicitis —> localisation can occur by 
‘omentum and dilated ileum without pus inside —> forming 
appendicular mas 
Acute appendicitis with blockage at the opening of the 
lumen —> inflammation rarely subsides —> mucus collects 
inside the lumen of the appendix resulting in its enlargement 
> Mucocele of the appendix 


Types 


1. Aeute nonobstructive appendicitis (catarrhal): 
Inflammation of mucous membrane occurs with redness, 
oedema and haemorrhages which may go for following 
courses: 
> Resolution 
» Ulceration. 
> Fibrosis. 
> Suppuration 
> Recurrent appendicitis, 
» Gangrene—rare initially in nonobstructive type but 
later can occur. 


> Peritonitis, 


a\ 


ig | 


Figs 24.98 and B: Gangrenous obstructive appendicitis—on table. 


Appendices epiploicae are absent in rectum, appendix and caecum. 
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2, Acute obstructive appendicitis: Here pus collects in the 
blocked lumen of appendix which is blackish, gangrenous, 
‘oedematous and rapidly progresses leading to perforation 
either atthe tip or at the base of appendix. This leads to peri- 
tonitis, formation of appendicular abscess or pelvic abscess. 
“Most often, there will be thrombosis of the appendicular artery. 

3, Recurrent appendicitis: Repeated attacks of nonobstructive 
appendicitis leads to fibrosis, adhesions causing recurrent 
appendicitis 

4. Subacute appendicitis is milder form of acute appendicitis. 

‘Stump appendicitis is retained long stump of appendix after 

commonly laparoscopic appendicitomy. 


Clinical Features 


Umbitcus 


Spine-umblical line 
McBurney’s point 


Anterosuperor iliac ——} 
spine 


MeBumey’s incision 
(Gridiron/McArtnur) 
Fig. 24.10: McBurney’s point is junction of lateral 1/3rd and medial 
2/3rd of spinoumbilical line. McBurney’s/Gridiron's/McArthur's 
incision is perpendicular to this line in this point. 


% Itis rare before the age of two, common in children and 
other age groups. 

* Pain: Wis the earliest symptom, Visceral pain starts around 
the umbilicus due to distension of appendix, later after 
few hours, somatic pain occurs in right iliac fossa due to 
invitation of parietal peritoneum due to inflamed appendix. 
Pain eventually becomes severe and diffuse which signi- 

spread of infection into the general peritoneal cavity 

* Vomiting: Due to reflex pylorospasm. 


| Murphy's triad a 
+ Pain 
+ Vomiting 
+ Temperature 
Constipation is the usual feature but diarrhoea can occur 
if appendix is in postileal or pelvie positions. 
* Fever, tachycardia, foetor oris are other features. 
% Urinary frequency: Inflamed appendix may come in contact 
with bladder and can cause bladder irritation. 
* Tenderness and rebound tenderness at McBurney point in 
right iliac fossa (release sign—Blumberg s sign) are typical 
* Rovsing’s sign: On pressing left iliac fossa, pain occurs in 
tight iliac fossa which is due to shift of bowel loops which 
irritates the parietal peritoneum. 


* Hyperextension (in case of retrocaccal appendix—Cope + 
‘psoas test) or internal rotation (in case of pelvic appendix— 
obturator test) of right hip causes pain in right iliac fossa 
due to irritation of psoas muscle and obturator internus 
muscle respectively. 

% Baldwing’s testis positive in retrocaecal appendix—when 

legs are lifted off the bed with knee extended, the patient 
‘complains of pain while pressing over the flanks. 
P/R examination shows tenderness in right side of the rectum. 
Hyperaesthesia in ‘Sherren's triangle’. This triangle is 
formed by anterosuperior iliac spine, umbilicus, pubic 
symphysis, 


§P Umbilicus 
Sheren's 
‘wrangle 
Antero. — 
superior SS 
Hae spine 


Publ sms 
Fig. 24.11: Sherren’s triangle. itis area of hyperaesthesia found in 
acute appendicitis between anterosuperior iliac spine; umbilicus 
and pubic symphysis. 


Often infection gets localised by omentum, dilated ileum 
and parietal peritoneum leading to appendicular mass. Often 
suppuration occurs in the localised area resulting in appen- 
dicular abscess. 


‘Ginical signs in appendicitis i 
® Rovsing’s sign 
+ Blumberg’ sign (Release sign) 
& Cope’ psoas test 
& Obturator test 
‘& Baldwing’s test 
& Bastede sign 
'® Dumphy’ cough tendemess sign 
(Refer fascinating signs for detail) 
'® Bapat bed shaking test 
& Heel Drop test 
¢ Acute appendicitis in infane 
> Eventhough it is rare, when it occurs, it has got 80% 
chances of perforation with high mortality (50%) 
¢ Acute appendicitis in children: 
> Here localisation isnot present, and so peritonitis occurs 
carly, 
» It requires early surgery. Dehydration, septicaemia are 


* Imelderty: 
> Gangrene and perforation are common, Because of lax 
abdominal wall, localisation is poor and so peritonitis 
sets in early. 


* Inpregnancy: 

> Incidence is \ in 2,000 pregnancies, It is more common 
in Ist and 2nd trimesters. 

» Appendix shifts to upper abdomen. So pain is higher 

and mote lateral 

Rebound tenderness and guarding may not be evident, 

‘TC will be very high with neutrophilia, 

Risk of premature labour is 15%. 

Foetal death in early appendicitis is 5% but becomes 

29% once appendix perforates in pregnancy. 

> Afler6 months, maternal mortality increases by 10 times 
than usual and also leads to premature labour. 

» Appendicitis is the most common non-gynaecologic 
surgical emergency during pregnancy. 

» Incidence of perforation is highest in 3rd trimester. 

> Surgery is the treatment. 


Differential Diagnosis for Acute Appendicitis 


Many conditions mimic acute appendicitis. It differs in children, 

adult, elderly and females, 

% Perforated duodenal ulcer: in duodenal ulcer perfora- 
tion, fluid trickles down along right paracolic gutter 
and mimics appendicitis. Upper abdominal pain, 
obliterated liver dullness, gas under diaphragm in 
‘X-ray and CT scan differentiate it from acute appendicitis. 

# Acute cholecystitis: Pain in right upper abdomen, fever, 
jaundice, upper abdominal guarding are the features of 
acute cholecystitis, US; HIDA scan, LFT will differentiate 
it from acute appendicitis. 

% Acute pancreatitis: Pain in epigastrium, radiating to back, 
raised serum amylase and lipase, CT abdomen with a 
history of alcohol intake often are diagnostic 

% Right ureteric colic: Pain is colicky in nature which often 
telers to genitalia, Haematuria, urinary symptoms are 
common. It mimics retrocaecal/pelvic acute appendicitis. 
Often in ureteric stone, abdomen is soft and nontender. CT 
is the important way to differentiate. 

¢ Acute typhlitis: Inflammation of caecum is called as 
typhlitis. Often it is difficult to differentiate it from acute 
appendicitis. Intravenous/oral metronidazole completely 
controls the disease, 

% Acute bacterial enterocolitis: It presents with pain 
abdomen, diarthoea, toxaemia, dehydration. Often it is 
difficult to differentiate from acute appendicitis 

% Acute mesenteric lymphadenitis is difficult to differentiate 
from acute appendicitis. Its treated conservatively. CT may 
be helpful to identify it, Laparoscopic evaluation is ideal 

% Right sided acute pyelonephritis: Here there will be pain 
and tendemess in loin. Urine analysis, US are diagnostic. 
Often DTPA scan may be needed. 

% Crohn's disease presenting with acute symptoms will have 
similar features of acute appendicitis 

* Pelvic inflammatory disease like salpingo-oophoritis 
‘mimics acute appendicitis. Twisted/haemorrhagic/ruptured 
ovarian cyst/ruptured ectopic gestation/endometriosis/tubo- 
ovarian abscess mimics acute appendicitis. US, laparoscopy 


So eeeeeeeeeesees 


helps to differentiate it from others, Mittelschmerz is lower 
abdominal pain due to rupture of follicular cyst during 
mideycle. It subsides on its own. There are no systemic 
features, 

Meckel's diverticulitis presents clinically like acute 
appendicitis. It is not possible to differentiate between two 
clinically. 

Intussusception mimics acute appendicitis in children. ISS 
is common before the age of 2 years. Acute appendicitis is 
rare before the age of 2 years. Palpable mass, features of 
intestinal obstruction, barium enema X-ray, US are useful 


methods to differentiate 
Worm infestation (round worm bolus/ball): It often presents 
as pain in right iliac fossa, Features of intestinal obstruction 
are common hete. 

Right-sided lobar pneumonia and pleurisy are often not easy 
to differentiate from acute appendicitis, Pleural rub, change 
in breath sounds, chest X-ray can identify pneumonia, 
Testicular torsion/acute severe orchitis often look like acute 
appendicitis. Referred pain in iliac fossa, and if scrotum is 
not palpated clinically these conditions are mistaken for 
‘acute appendicitis. These problems are much more obvious 
if testis is undescended one. 

Sigmoid diverticulitis in elderly with loop lying towards 
right side may present as pain in the right iliac fossa. 
Carcinoma caecum may present with features of acute 
appendicitis without any earlier typical features. 
Ruptured aortic aneurysm, acute intestinal obstruction, 
‘mesenteric ischaemia may present like acute appendicitis. 
Rare conditions like preherpetic pain of the right 10th and 
{1th dorsal nerves may mimic acute appendicitis. Guarding 
and rigidity will not be present. There will be significant 
hyperaesthesia. 

Tabetic crisis, tuberculosis of spine, secondaries in spine, 
multiple myeloma, osteoporotic pain often can mimic acute 
appendicitis, 

Acute crisis of porphyria and diabetes mellitus mimic acute 
appendicitis with severe abdominal pain, 


Differential diagnosis e 
Perforated peptic ulcer 
Ruptured or twisted ovarian cyst 
‘Acute cholecystitis 
Right ureteric colic 
Enterocolitis 
Right acute pyelonephritis 
Mesenteric lymphadenitis 
Lobar pneumonia 
Crohn's disease 
‘Acute pancreati 
Meckel’s diverticulitis, 
‘Acute crisis of porphyria 
Salpingitis 
Diabetic abdomen 
Ectopic gestation—ruptured 
‘Typhiitis 


Perforated appendix rarely causes pneumoperitoneum. 
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Differential diagnosis in children 


Meckel’s diverticulitis, 
Acute colitis 

‘Acute iliac lymphadenitis 
Intussusception 
Roundworm colic 

Lobar pneumonia 


Differential diagnosis in females 
Ruptured ectopic gestation 
Mittelschmerz rupture of ovarian follicle during mid- 
menstrual period 
‘Ovarian cyst torsion 
Salpingo-oophoritis 


Differential diagnosis in elderly 
Acute diverticulitis 
Carcinoma caecum —acute features 
Mesenteric ischaemia 
Intestinal obstruction 
‘Aortic aneurysm leak 
Crohn's disease 


‘Sequelae of acute appendicitis 


Resorption 
Relapse and recurrent appen 
‘Appendicular mass 
‘Appendicular abscess 
Perforation—has got 209% mortality 
Peritontis, septicaemia 

Portal pyaemia 

Intestinal obstruction due to obstructive ileus, inflamma- 
tory adhesion, formation of band between appendix and 
‘omentum or between appendix and small bowel 


Investigations 


- 


Fig. 24.12: Radio-opaque appendix ina plain X-ray. It could be 
calcified or have calcified content. 


Total leucocyte count is increased. 
Ultrasound is done to rule out other conditions like ureteric 
stone, pancreatitis, ovarian cyst, eclopic pregnancy and also 
to confirm appendicular mass or abscess. 

Laparoscopy is the most useful method. 


Sonographic criterias for appendicitis (85% Specificity) 


% Noncompressible appendix of size > 6 mm AP diameter, 
hyperechoic thickened appendix wall> 2 mm—target sign. 
Appendicolith. 

Interruption of submucosal continuity. 
Periappendicular fluid. 


Figs 24.13A and B: US showing dilated noncompressible appendix 
in two different patients. 


% Contrast CT scan is very much useful when diagnosis 
is difficult especially in old people. Dilated appendix; 
dilated lumen; thickened wall; nonfilling of the lumen 
by contrast or air; periappendicular fluid collection; 
presence of mass/abscess/associated pathology like 
carcinoma can be identified. It has 95% sensitivity 
and specificity with 95% accuracy. Dirty fat thickened 
mesoappendix, appendicular phlegmon, appendicular 
faecolith and thickened caecum funneling contrast into 
the orifice of the appendix as arrowhead sign—are all 
relevant features in CT scan. 


% C-reactive protein, even though nonspecific increases in 
acute phase. 99mTe HMPAO labeled leukocyte imaging 
may give guidance in deciding the management. 


Plain X-ray may show lumbar scoliosis towards right due 
to psoas spasm which is not uncommon; faecolith on the 
tight side; obliteration of preperitoneal fat line due to retro- 
caecal appendicitis; segmental ileus in caecum and terminal 
ileum; speckled extraluminal gas in right iliac fossa, gas 
in appendix, pneumoperitoncum (very rare); intestinal 
obstruction (occasionally only); soft tissue mass in mass 
or abscess of appendix—all these features are very much 
nonspecific. X-ray is useful to rule out DU perforation, 
intestinal obstruction, ureteric stone. 


Different Scoring Systems Used 


6. Fowler-Weir approach by cutting muscle medially over 
the rectus, 


Griciron 


[irate scoring fr appendilie 13867 ar] 
Migrating pain 1 
‘Anorexia i) 
Nausea and vomiting 1 
‘Tenderness in ight iliac fossa 2 
Rebound tenderness ) 
Elevated temperature 1 
Leucocytasis with count more than 10,000 2 
Shit ( let with neutrophilia in peripheral smear 1 


Total score 10 
‘Score less than 5: Not sure, 

‘Score between 5-6: Compatible. 

‘Score between 6.9: Probable. 

‘Score more than 9: Confirmed. 


% Kalam modified Alvarado scoring system (1994) where 
shift to left is removed, 

% Tzanakis scoring system 2005—lower abdominal tender- 
ness—4; rebound tenderness—3; total count > 12,000/ 
cm—2; USG features—6. 

RIPASA scoring system (2010)—with 15 parameters, 

# Anderson scoring system—8 parameters 


Treatment 
Surgery-Appendicectomy: 


Approaches 


1. Gridiron incision: Incision is placed perpendicular to the 
right spinoumbilical line at the McBumey’s point (ic. at 
the junction of lateral one-third and medial two-third of 
spinoumbilical line). (Gridiron is a frame of cross beams 
to support a ship during repairs. This incision was first 
described by McArthur’. 

2. Rutherford Morison’s muscle cutting incision (Muscles 
are cut upwards and laterally). 

3. Lanz crease incision centering at MeBurney’s point— 
cosmetically better. 

4, Right lower paramedian incision/lower midline incision — 
‘when in doubt or when there is diffuse peritonitis. 

5. Laparoscopic approach: Becoming popular and better. 


| }-Right 
paramedian 


Fig. 24.15: Appendix, on table during appendicectomy. 


Procedure 


% Under general anaesthesia, skin is incised, Two layers of 
superficial fascia are cut. External oblique aponeurosis is 
‘opened in the line of incision. Internal oblique and trans- 
verse muscles are split in the line of fibres, Peritoneum 
is opened in the line of incision. Caecum is identified by 
taeniae, and ileocaecal junction. Omentum when adherent is 
separated. Appendix is held with Babcock’s forceps. Meso- 
appendix with appendicular artery is ligated. Using thread. 
or silk, a purse—string suture is placed around the base of 
the appendix. Base of the appendix is crushed with artery 
forceps and transfixed using vicryl (absorbable). Appendix 
is cut distal to the suture ligature and removed. Stump is 
cleaned with antiseptics. Purse string suture is tightened so 
18 to bury the stump, 


Poverty knows how extremely expensive it is to be poor. 
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In difficult cases—Retrograde appendicectomy can be 
done. In presence of pus or burst appendix, the peritoneal 
cavity is drained 

Postoperatively, IV fluids, antibiotics are 
sounds are heard, oral diet is started. 
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Complications after appendicectomy 
Paralyticileus 
2 Reactionary haemorrhage due to slipping of ligature ofthe 

appendicular artery 

Residual abscess (pelvic, paracolic local subdiaphragmatic) 
Pylephlebits (Portal pyaemia) 
Adhesions, kinking and intestinal obstruction 
Rightinguinal era diec)—due to injury to oinguinal nerve 
Wound sepsis 10% 
Faecal fistula 
Respiratory problems and DVT 


—r 


eeeee 


ee 


SRB's Manual of Surgery 


: ba Sass 


Figs 24.16A and B: Burst appendicitis showing pus. Tip of appendix Fig, 24,18: Gangrenous appendix. itis genty ligated at the base using 
is burst causing collection of pus adjacent. Usually proximal site of 2 zero vieryl. It is not buried as stump will be friable (Burying is not 
appendix just distal to the site obstruction will Burst. necessary to any appendicectomy). 


Mescappenaix [oe 


Fig. 24.17: Steps in open appendicectomy. Note the base of appendix, mesoappendix; its ligation; transfixation ofthe base using 2 zero vicryl; 
cutting of appendix and closure of the wound. Burying is not essential; itis optional. Burying i done using silk/vicry| using purse string suture, 


Fig, 24.19: Transfixation of the base of appendix using 2 zero vieryl 
isan important step after secured ligation of appendicular artery, 


"Portal pyaeriia) = 
+ Itisrare nowadays 
tis septic portal system thrombosis 
+ Commonly seen in immunosuppressed individuals 
‘Infection spreads to liver through portal vein causing rapid 
multiplication of virulent organisms leading into septicaemia. 
(toxaemia with hypotension, tachycardia), jaundice tender 
palpable liver Patient willbe drowsy 
+ Trestment-—antibotics like cefoperazone, amikacin, metro- 
nidazole, meropenem luid management ventilator support 
+ caries poor prognosis 


Fig. 24.20: Faecal fistula after appendicectomy. Most of the time 
faecal fistula subsides by conservative treatment unless there i distal 
obstruction or specific causes like Crohn's, tuberculosis or malignancy. 


Fig, 24.21: Wound infection after appendicectomy 
in patient with burst appendicitis. 


Troubles in Appendicectomy 


During surgery if appendix is found normal, other cause 
for symptoms should always be looked for like Meckel 
diverticulum, Crohn's disease, ovarian/pelvie causes in 
females, malignancy, etc 

Appendicular tumour may be found. If itis inthe tip, appen- 
dicectomy is sufficient, It could be carcinoid tumour. If it 
is in the base right hemicolectomy is done. 

of appendix—a rare occasion can occur. Caecum 
eniae should be traced properly before finalising it. 
Appendicular abscess/pelvic abscess formation. 
Malignancy in the caecum is identified on table—right 
lectomy should be done. 

If Crohn's disease is identified during surgery, appendi- 
cectomy can be done with care, if base of the appendix is 
normal, But in rare occasion where appendix is involved 
by Crohn's disease, appendicectomy should not be done 
but treated only with antibiotics and steroids, otherwise 
fistula can develop, 


INCIDENTAL APPENDICECTOMY 


Here removal of normal appendix is done at laparotomy 
for other conditions, e.g. hysterectomy 

Itis done in vague lower abdominal pain of doubtful severity. 
It is a useful procedure to tackle ‘Munchausen syndrome, 
i.e. the patient is always worried of pain abdomen and gets 
relieved after the procedure (psychological benefit). 

It is done along with Ladd’s procedure for malrotation. 

It is also done during on table colonic lavage (Doodleys 
lavage). 

Itisnot done in Crohn's disease (during acute phase of appen- 
icitis), postradiation, immunosuppression, aortoiliac grafts 


Those who can’t hear the music think the dancer's mad. 
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5.1.1 Hypothesis Based on Mathematical Geometry 


The Chinese researchers reported in their teleportation experiments that _ high-speed 
photography/videotaping recorded test specimens physically “melding” or blending with the walls of 
sealed containers, and in a different series of experiments the test specimens would simply disappear from 
inside the container only to reappear at another location (after seconds to several minutes of time 
transpired). They also reported in the series of radio micro-transmitter experiments that there were large 
fluctuations in the intensity (in both amplitude and frequency) of the monitored signal to the effect that it 
would either completely disappear or become extremely weak (to the extent that the monitoring 
instruments could scarcely detect it); and they discovered that there was a definite correlation between the 
change in strength (i.e., radical frequency shifis were observed) of the monitored radio signal and the 
teleportation of the radio micro-transmitter, such that the weak or absent signal indicated that the 
specimen was “nonexistent” (or in an altered physical state) during teleportation. This data is important 
because without the aid of electronic monitoring instruments, the average person’s sensory organs and 
usual methods of detection are temporarily unable to perceive the test specimen’s (ambiguous) existence 
during the teleportation process. This data offers an important clue on what the teleportation mechanism 
is. 


It is beyond the scope of this study to propose a complete self-consistent physics theory of 
consciousness/mind, which explains how the mind can activate p-Teleportation and related psychotronics 
phenomena. This topic has been under study in recent decades by a legion of medical science, bio- and 
neuro-physiology, psychology, mathematics, philosophy, and physics experts. Many different theories 
with varying degree of theoretical maturity and self-consistency have been proposed over the years, and 
most of them have not yet been experimentally tested for various reasons. However, some first-order 
experimental work has been done (Mitchell, 1974b; Targ and Puthoff, 1977; Wolman et al., 1986; Radin, 
1997; Tart et al., 2002). Ironically, quantum mechanics theory, and the related physics of quantum 
entanglement and teleportation, has become the primary focus of all of the physics theories of 
consciousness/psychotronics that have been recently proposed (see for example, Shan, 2003). Wolman et 
al, (1986) and Radin (1997) provide a review and discussion on recent theories and experiments that are 
based on quantum physics theory (see also, Walker, 1974; Targ and Puthoff, 1977; Mitchell, 1999, and 
the references cited therein; Tart et al., 2002). It appears that the physics of q-Teleportation (Chapter 3) 
has tremendous relevance to the physics of p-Teleportation and psychotronics. 

In the following I propose a parsimonious first-order hypothesis that can explain the gross features of 
both the Chinese p-Teleportation data and the other reported p-Teleportation phenomena. But I will 
refrain from including any role that might be played by quantum phenomena since the scientific 
community has not yet settled that particular issue. (However, it is apparent that quantum theory and 
quantum phenomena will likely play a key role in a formal physics theory of PK and psychotronics.) 


First-Order Hypothesis 


@ Fact I: The mature discipline of mathematical geometry developed the properties of higher 
dimensional spaces (Reichenbach, 1957; Manning, 1977; Rucker, 1977). An example of one 
such property that is of relevance to the hypothesis: One can visualize a four-dimensional world 
by using color as the 4" dimension. We can think of a three-dimensional world, whereby objects 
pass through one another if their colors (i.e., four-dimensional locations) are different 
(Reichenbach, 1957). For example, color can be used as a 4" dimension to see how a knot in 
three-dimensions can be untied in a 4" spatial dimension without moving the ends of the cord. 
‘That is because a cord cannot stay knotted in four-dimensional space, because the extra degree of 
freedom will cause any knot to slip through itself. Two other interesting and relevant examples 
are that the links of a chain may be separated unbroken in the 4" dimension, and a flexible sphere 
may be turned inside out without tearing in the 4" dimension (Manning, 1977; Rucker, 1977). 


Approved for public release; distribution unlimited. 
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Remember 


‘Appendicitis is common in white races, young males and in 
those who are on westernised diet 

it most commonly affects individuals of age group 10-20 
-years,2/3rd will develop perforation dueto rapid progression 
and poor localisation 

‘Gangrene, perforation and peritonitis are rarein nonobstruc- 
tive type; but recurrent appendicitis ofnonobstructive origin 
«an cause perforation 

Pneumoperitoneum is net common in appendicular perfo- 
ration 

Appendicular artery which is an end artery can undergo 
infective thrombosis and can cause gangrene and perforation 
In retrocaecal appendicitis rigidity is not common; psoas 
spasm is known to occur 

Pelvic and post-ileal appendicitis can cause diarrhoea, Post 
ileal appendicitis is difficult to diagnose 

itis dificult to remove subhepatic appendix through McBur- 
neysincision 

Pain will be above and lateral in appendicitis in pregnant 
women. Appendicitis is the most common acute abdominal 
condition in pregnancy (1:1500 pregnancies). Incidence of 
foetal loss is 59% without perforation and it becomes 20% if 
there is perforation. It is better to do laparatomy to remove 
the appendix in pregnancy 

In elderly atypical features are more common and so diag 
nosisis often missed.Gangreneand perforation are common 
in elderly. Often it mimics subacute obstruction 

In obese patients diagnosis is often difficult 

‘Appendicitis is rare before 2 years. But when it occurs perfo- 
ration and peritonitis are common carrying poor prognosis 
‘Negative appendicectomy-—incidence is 30% 

Reginald FitzofBoston coined the term appendicitis McBumey 
described clinical features; Claudius Amyand (1736) di first 
appendicectomy 

‘Appendix is found on the left side in situs inversus patient. 
Situs inversus may be both thoracic and abdominal or only 
‘abdominal 

‘Acute pancreatitis (straw/haemorthagic chicken broth uid), 
DU perforation (bile ui), perforated Meckel’s diverticulum, 
twisted ovarian cyst/ectopic pregnancy (bloody fluid) are 
important life-threatening conditions which may be missed for 
appendicitis and patient might undergo appendicectomy as 
‘awrong procedure in these patients 

‘Simple appendicitis is one where the symptoms are of less 
than 48 hours duration with imaging studies showing appen- 
dicitis without abscess or phlegmon 

Chronic appendicitis’ earlier this term was not used, but is 
presently accepted terminology; few attacks of recurrent 
appendicitis will lead into chronic appendicitis. It presents 
with episodic often vague discomfort with colicky pain in 
A, anorexia,malaise, pain with movement andisoften called 
as grumbling appendicitis.TC, US, CT scan may be normal in 
these patients 

Perforation rate in appendicitis is 25% in general;in children 
and eldery it becomes 45-50%, High fever more than 102, 
TC> 18,000/- are suspected features of rupture 


'& Mortality rate of appendicectomy's less than 198, Morbidity 
and complications are more after surgery for perforated 
appendicitis 

'& Surgical ste infection is 5% in uncomplicated appendicitis; 
2086 in perforated appendix after surgery 

'% Small bowel obstruction postoperatively is 1% with simple 
appendicitis; 35% in perforated appendicitis after surgery 
More than 50% of obstruction occurs in first year of postop- 
erative period 

+ In children with appendicitis, there is poor localisation and 
50 peritonitis is common. So conservative therapy should be 
avoided. Surgery isthe only choice of treatment otherwise 
early peritonitis isthe danger 

'® Appendicular mass is initially treated with Ochsner Sherren 
regime. After 6 weeks interval apendicectomy is done. 

Children old age, faecolit, laxative abuse, diabetes mellitus, 
immunesuppression and pelvicappendixare high-rskfactors 
for perforation in appendicitis 

‘ In pelvic and retrocaecal appendicitis, adjacent ureteral 
inflammation can occur in which urine on analysis shows 
blood cells and pus cells 

+ Incidence of removal of normal appendix is 30% 

'® Stump appendicitis is inflammation and infection in the 
emaining portion ofthe appendixin the stump after appen- 
dicectomy.ttisa rare entity 

+ Ontable during surgery,normal appendix found it iscalled 
a Lily white appendie. Then other pathology like Meckel', 
ileal/mesenteric lymph node/ovarian disease has to be 
looked for 


@ APPENDICULAR MASS 


(Periappendicular Phlegmon) 


#  Itis the localisation of infection occurring 3 to 5 days after 
an attack of acute appendicitis. 


a 
Fig. 24.22: Appendicular mass—a well localised one. 


%  Inflamed appendix, greater omentum, oedematous caecum, 
parietal peritoneum and dilated ileum (Ileus) forms a mass 
in the right iliac fossa 

% This mass is tender, smooth, firm, well localised, not 
moving with respiration, not mobile, all borders well made 


‘out (well localised) and resonant on percussion, Patient may 
have fever and features of toxicity 


Greater omentum —} 


Appendicular mass 


Inflamed appendix 


Dilated eum 


Fig. 24.23: Appendicular mass is formed by dilated ileum; greater 
omentum; inflamed appendix and caecum. It is resonant, smooth, 
firm, and tender with well defined borders which does not move with 
respiration and does not have mobility 


aE 


% Carcinoma caecum ¢ Actinomycosis 
+ Crohnsdisease ‘& Mesenteric lymphadenitis 
+ Ovarian disease & Ruptured ectopic pregnancy 
+ Twisted ovarian cyst lleacaecal tuberculosis 

Investigations 
* TC increased. 


* UIS confirms the mass. 


Treatment 


Conservative (Ochsner-Sherren Regimen), as nature has 
already localised the infection, if now disturbed will cause 
faccal fistula 

Includes observation: 

* Temp, BP, pulse chart. 

Marking the mass to identify the progression/regression. 

% Antibiotics (Ampicillin, metronidazole, gentamicin, or 


other drugs given depending on severity and requirement). 
IV fluids 
Analgesics, 
* Initial nasogastric aspiration. 
> Patient usually shows response by 48 to 72 hours and 
mass reduces in size, temperature and pulse becomes 
normal. Appetite is regained. 90% of patients respond 
to conservative therapy. 
> Patient is discharged and advised to come for interval 
appendicectomy afier 6 weeks 


Contraindications for Ochsner-Sherren regimen 


1, When diagnosis is in doubt. 
2, In acute appendicitis in children and elderly. 


3. In burst, gangrenous appendicitis. 
4. In patients in whom diffuse peritonitis sets in 


Criteria to discontinue Ochsner-Sherren regimen 

+ Patient becomes more toxic (tachycardia, high fever) 

Persistent vomiting 

‘& Increase or spread of pain abdomen (means onset of diffuse 
peritonitis) 

‘& Increased size of the mass 

'& Suppuration (abscess formation) in the mass 

Inthese patients the regimens discontinued, The patientistaken 

for immediate surgery, either through laparotomy or through 

classic approaches 


ll APPENDICULAR ABSCESS 


% It occurs due to suppuration in an acute appendicitis or 
suppuration in an already formed appendicular mass, 

% Abscess commonly occurs in retrocaecal region but often 
‘can occur in subeaecal, preileal lumbar or postileal regions. 

* Pelvic abscess is also common after an attack of acute 
appendicitis 


Fig. 24.24: Appendicular abscess. Swelling wit ill-defined lower 
border, 


inical Features 


% High fever, features of toxicity, tender, smooth, dull (to 
percuss), soft swelling in right iliac fossa which lies towards 
right lateral and lower side with clear upper margin but 
indistinct lower margin. 

% U/S confirms the diagnosis 


Treatment 


% Antibiotics are started. 

* Under G/A, incision is made in the lower lateral aspect of 
the swelling above the inguinal ligament, Skin, external 
‘oblique muscle is cut. Abscess cavity is opened and pus 
is drained extraperitoneally, which is sent for culture and 
sensitivity. Wound is closed. A drain is placed through a 
separate incision. Antibiotics are continued. 


An essential aspect of creativity is not being afraid to fail. 
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Portal pyaemia —f 


‘Subphrenic abscess —} 


Lumbar abscess. 


Preileal abscess —} 
Retrocaecal abscess —4 
Pelvic abscess 


Fig. 24.25: Different sites where abscess can accur after appendicitis 
retrocaecal, appendicular; pelvic; subphrenic; preileal and lumbar. 
Portal pyaemia can occur with multiple pyaemic abscesses in the liver. 


% Interval appendicectomy is done after 3 months. 
Pelvic abscess is drained per-rectally or through posterior 
colpotomy (in females). 


ll FAECAL FISTULA AFTER 
APPENDICECTOMY 


Causes 


*  Itcan occur when appendicectomy is done in gangrenous/ 
perforated/friable base appendix. 

* Itcan occur after drainage of appendicular abscess, 

* Itcan occur if appendicectomy is done/attempted in appen- 
dicular mass, 

% I there is underlying additional pathology like Crohn's 
disease/carcinoma/ileocaecal tuberculosis/actinomycosis 
during appendicectomy, fistula can occur. 


Features 


© Facculent, foul smelling discharge from either main wound 
or drain site 
Features of infection, 

% Skin excoriation. 

Features suggestive of cause. 


Fig. 24.26: After appendicectomy fistula can occur. 
Note the faecal discharge. 


Investigations 


© CT fistulogram to delineate the track. 
% CT scan abdomen to find out the other pathology. 
% Other relevant investigations, Hb%, albumin level, etc. 


Treatment 


% Conservative—antibioties, IV fluids, dressing, zine oxide 
‘cream over the skin, observation. 

% Most of the time fistula subsides provided there is no distal 
obstruction by adhesions or kinking or specific causes like 
carcinoma or tuberculosis. 

% If persists even after 6 weeks, resection of ileocaecal 
segment and anastomosis is done. 


ll MUCOCELE OF APPENDIX 


It can be neoplastic or non-neoplastic. 
It occurs when proximal end of the lumen of appendix 
gets slowly and completely occluded, usually by a fibrous 
stricture causing collection of sterile fluid (mucus) in the 
lumen. It is a retention cyst 

* Appendix is grossly enlarged with features of sub-acute 
appendicitis, 

4% Mucocele can get infected leading to empyema of appendix. 

* Rupture of mucocele can lead to pseudomyxoma peritonei 
Neoplastic type causes generalised pseudomyxoma peri- 
tone; non-neoplastic type causes localised pseudomyxoma 
peritonei 
(Other cause for pseudomyxoma peritonei is ruptured. 
‘mucinous carcinoma of ovary). 

* Often mucocele of appendix is also caused by a mucus 
secreting adenocarcinoma and if itis so right hemicolec- 
tomy is done. 


Clinical Features 


Colicky pain in right iliac fossa. 
‘Tenderness in the right iliac fossa, 


Investigations 
4 U/S abdomen, 


+ Jelly like mucoid yellowish-brown substance accumulates in 
peritoneal cavity 

‘& Due to ruptured adenocarcinoma appendix/mucocele or 
mucinous carcinoma of ovary 

‘& Common in females 

‘ Painless progressive distension of abdomen with intestinal 
‘obstruction occurs eventually 

Shifting duliness is absent 

Surgical debulking, oophorectomy, appendicectomy,omen- 
tectomy are often done 

'& Chemotherapy is useful—cisplatin 

‘& Carries poor prognosis 


Treatment 
% Appendicectomy, 


Note: 
Pseudomyxoma peritonel is presently considered to be due to 
neoplasticadenacarcinoma of appendix with gelatinous fluid collec- 
tion in the peritoneal cavity. Itis also seen in cystadenocarcinoma 
of ovary. Treatment is surgery and chemotherapy. 


NEOPLASMS OF THE APPENDIX 


+ This rare 

*  Itis often postappendicectomy histological diagnosis. 

*  Qstic neoplasms of appendix: Simple cyst (non-neoplastic 
mucocele); mucinous cystadenoma; mucinous cystad- 
enocarcinoma (most common form of cystic neoplasms); 
pseudomyxoma peritonei. Simple cyst is non-neoplastic 
obstruction of the lumen and is less than 2 em in size 
which contains mucin, Mu 


jous eystadenoma attai 
progressively large size of up to 8 em with CT showing 
calcification of the wall. Laparoscopic appendicectomy is 
not used in mucinous cystadenoma, Hemicolectomy is done 
in mucinous cystadenocarcinoma and cystadenoma of large 
size and if base is involved. 

% Carcinoid tumour is the most common type. It is less 
aggressive, It is often incidentally found. It is arising 
from Kulchitsky cells in crypts of Lieberkubn (argentaffin 
tissue). It is ten times more common than other types (One 
in 400 appendices). Commonly its location is in the tip. 
75% are less than I em; 15% are 1-2 em; 10% are > 2 em 
in size. It stains chromograninB immunohistochemically. 
Distant and nodal spread occurs if tumour is more than 
2.em. Carcinoid of appendix may be goblet cell type or 
classical type histologically, Goblet cell has got more 
‘mortality than classic type. Treatment is appendicec-tomy. 

ight hemicolectomy is done if base is involved or size 
is more than 2 cm or nodes are involved. 5-year survival 
is 90%. 

* Primary adenocarcinoma of the appendix is rare 
It can be mucinous (common) or colonic (less common) 
type. Acute presentation as appendicitis is common in 
colonic type, It is staged as Duke’s staging A, B, C and D. 
S-year survival rate for each is 100%; 65%; 50% and 5% 
respectively. Mucinous type has got better prognosis. 5-year 
survival for mucinous type is 70% and colonic type is 40%. 
‘Mucinous type can rupture into the peritoneal cavity and 
can cause pseudomyxoma peritonei 


slang ra appem 7. 
4 Carcinoid tumour—most common site is appendix 

Primary adenocarcinoma of appendix 

‘® Mucocele of appendix leading into pseudomyxoma peritonel 


Figs 24.27A and B: Carcinoid tumourin twa diferent patients. fitisin 
‘the tip or away from the base, then appendicectomy is sufficient. If 
Isinthe base or extending into the caecum then right hemicolectomy 
is needed 


ll LAPAROSCOPIC APPENDICECTOMY 


‘This is newer, popular and ideal method of appendic. 
has become gold standard method of treatment. 


tomy. It 


Advantages 

Diagnosis is confirmed, 

Other parts of the abdomen are visualised, 

In females pelvic structures are assessed properly. 
‘Trauma of access is less. 

Faster recovery. 

Laparoscopic appendicectomy is definitely better when- 
ever there is vague abdominal pain; atypical pain; situs 
versus; in women; subhepatic appendix and as interval 
appendicectomy. 


Artis long, life short, judgement difficult, opportunity transient. 
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Disadvantages 


% Technical difficulties especially in burst appendix. 
% Cost factor and availability 

Note: 

Consent for conversion should be taken, 


Technique 


% Procedure is done under general anaesthesia, Head down 
position with right tilt is needed. Surgeon and camera 
‘man stands on the left side. Serub nurse on the right side. 
‘Monitor is Kept on the foot end right side. 

* 10 mm camera port is placed at the umbilicus. Working 
ports are two $ mm, one on each side of lower abdomen or 
‘one on left side and another on the lower midline, One of the 


‘working ports can be 10 mm in difficult appendectomies 


Pneumoperitoneum is created using CO>. 
Appendix is held with grasper or Babcock s forceps. 
Mesoappendix is cauterised by bipolar or unipolar 
cautery. 

Appendix is dissected up to the base of the appendix. 
Base of the appendix is ligated with loop ligature. Intracor- 
poreal ligature also can be placed using vieryl 2 zero suture 
‘material, Appendix is removed through 10 mm working 
port along with reducer. Often retrieval bag can be used to 
remove the appendix. 

Umbilical port is closed in two layers. Other ports are closed 
by skin sutures. If gangrenous or burst appendix drain can 
bbe placed through one of the ports, 

% Oral food is started in 12 hours. 


Laparoscopic assisted appendicectomy can be done if caecum 
is mobile without much adhesions and mobilised appendix 
can be delivered through the 10 mm umbilical port, As in 
regular laparoscopic procedure, appendix is identified and 
mobilised. Appendix which is not friable and not turgid 
can be delivered through umbilical port gently, During this 
procedure gas flow should be stopped so that all gas in the 
cavity will be empty. Mesoappendix is ligated. Appendix 
is transfixed like in open method and removed. Stump is 
pushed back into the place. Telescope is passed again to 
confirm the position and security of the stump. Advantage 
is that it is faster. 


ICuting appendix 
tine: 


Figs 24.29A and B: Laparoscopic appendicectomy. Note the mesoappendix is being cauterised, Ligation of the appendix is done using 
vieryl (Courtesy: Dr Keshava Prasad, MS, KMC, Mangalore}. 


Fig. 24.30: Laparoscopic assisted appendicectomy. 


Complications 


Injury to bowel, vessels while passing the ports. 

© Complications of pneumoperitoneum. 

© Accidental cautery injury to bowel, vessels and other vital 
structures. 


% Bleeding, 
© Bowel perforation, peritonitis. 
 Ligature slipping, leak, peritonitis, fistula formation, 
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m ANATOMY 
Rectum 


* Itis the distal portion of the large gut, placed between the 
sigmoid colon above and anal canal below; in front of last 
three pieces of sacrum and coceyx (From $3). 

* The three cardinal features of large intestine (sacculation, 
appendices epiploicae and taeniae) are absent 

% The upper third of rectum is covered by peritoneum on 
front and sides, mid third only on the front, lower third is 
infraperitoneal 

% The rectum is pulled forward by the puborectalis muscle 
forming the anorectal sling which is primarily responsible 
for rectal continence, 

 Ithas got three lateral flexions left, right and left from below 
upwards (Valves of Houston). 


Rectosigmoid Junction 


 Implies a segment of bowel comprising the last seven centi- 
‘metre of sigmoid colon and upper five centimetre of rectum. 


© Anorectal Strictures 
= Condyloma Acuminata 
‘= Anal intraepithelial Neoplasia 
* Malignant Tumours of Anal Area 
‘= Anal Margin Tumours 
= Sactococcygeal Teratoma 
= Anal Incontinence 
Descending Perineal Syndrome 
= Proctitis, 
 Proctalgia Fugax 
 Hidradenitis Suppurativa of Anal Region 
© Pruritus Ani 
© Gastrointestinal Haemorthage 
Upper GI Bleed 
Lower GI Bleed 
Obscure Gl Bleed 


% On sigmoidoscopic examination it is taken as a point 15 
em from the anal verge. 


Supports of Rectum 


# Pelvic floor. 
* Fascia of Waldeyer: It is the condensation of pelvic 
fascia behind rectum, contains superior rectal vessels and 
lymphatics 
* Lateral ligaments of rectum: ILis the condensation of pelvic 
fascia, attaches rectum to the posterolateral wall of lesser 
pelvis. 
4% Denonvillier’'s fascia: Wtis the fascial condensation which 
separates rectum from prostate in males and vagina in 
females. 
> Rectum is supplied by rich network of vessels that 
originates from superior and middle rectal arteries and, 
‘median sacral artery. 

> Lymphatic drainage from upper half of rectum is to 
inferior mesenteric nodes; from lower half to internal 
iliac nodes. 


‘Anorectal junction External sphincter: Surrounds the internal and continuous with 
the levator muscle. 
Upper part—15 mm Blood supply is from inferior rectal artery. 


Venous drainage: Internal rectal venous plexus lies in the 
submucosa of the anal canal. It drains mainly into the superior 
rectal vein but communicates freely with external plexus. Its 
Pectinate line al. important site of portasystemic communication. They are 

situated in anal column at 3,7,11 o’clock. Their saccular dilata- 
Middle part—15 mm ton forms ‘primary internal piles’. 


‘Anal valve 


Pectin— 


White line of Hilton 
Inferior mesenteric artery 
Lower par—8 mm Seis 
Fig, 25.1: Interior of the anal canal 


Puborectalis 
Circular muscle: Superior rectal artery 


Longitudinal muscle Inferior iliac artery 


Middle rectal artery 
ternal sphincter Inferior rectal artery 


Fibroslastic septa 


Fig, 25.3: Blood supply of rectum. 
i ie ply of rect 


™ PER-RECTAL EXAMINATION 


Fig. 25.2: Sphincters of anal canal : ae 
(Digital Examination of the Rectum) 


It is innervated by autonomic nervous system; sympathetic 
(L,, L, is motor to sphincter and inhibitory to musculature; 
parasympathetic (S.,,) is motor to musculature and inhibitory 


to sphincter. Sensation of distension is carried through para- 
sympathetic; pain sensation is carried by both. 


We had almostcome to the conclusion that the case (of vasovesicu- 
litis) was one of acute appendicitis, but decided to make a rectal 
examination for the sake of completeness. 


—Ulysses Grant Dailey, WS Grant, 1924 


No abdominal examination is complete without a per rectal 
Anal Canal extinination, 
a. Itis done to palpate 


% tis 4-em long, extends from levator ani muscle to anal 
1, Cateinoma rectum. 


verge, 


% The dentate line represents the former site of the embryonic ae nest, 
anal membrane. We 


* The lining of the canal above this line is columnar epithe- 
lium and below is skin 

© ‘Themucosa above this line has an autonomic nerve supply, 
below is by pudendal nerve. 

# ‘The venous drainage above this line is by inferior mesen- 4, 
teric and portal circulation, whereas below to systemic 

‘venous circulation, 

Internal haemorthoids develop above this line. 


BPH and carcinoma prostate. 

Secondaries in the rectovesical pouch (Blumer shelt). 

Sphincter tone. 

Pelvic abscess (is felt as boggy swelling), 

To feel the internal opening of anal fistulas. 

c. In bimanual palpation of the bladder or pelvie tumours, 

d. In acute abdominal conditions—it reveals dilated empty 
rectum with tenderness. 


Sphincters of Anal Canal 


ns for Per-rectal Examination 


Internal sphincter: Downward extension of circular muscle of —¢ Right lateral position. 
rectum, under control of autonomic nervous system. © Left lateral po 


jon. 


inthe case of acute abdomen, itis more important to insert the finger into the lower end than (o put the thermometer 
into the upper end of the alimentary tract. — sit zachary cope 
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Dorsal position in ill-patients. 
Lithotomy position. 
Knee-elbow position 
Picker position: Patient in standing position leans forward 
by grasping a chair or stool. This method is used to palpate 
seminal vesicles which is involved by tuberculous seminal 
vesicultis (as craggy feeling) or in trichomonas vaginalis 
infestation of seminal vesicle. 

Per-rectal examination is contraindicated in acute fissure- 

in-ano. 


ll PROCTOSCOPY (KELLY’S) 
Indications 


a. Diagnostic—piles, fissure in ano, polyps, stricture, ete, 

b, Therapeutic—injection therapy for partial prolapse or piles, 
cryotherapy for piles, polypectomy, biopsy for carcinoma, 
rectum or anorectum, 


Figs 25.4A and B: Types of proctoscopes: 
(A) Non-illuminating, (8) Iluminating 


Types 
a. Illuminating, 
b, Nonilluminating. 


Parts (10 cm) 


Proctoscope is conical shape, with proximal diameter more 
than the distal, so as to illuminate the light at the required site 
properly. Obfurator is the inner part which allows the easy 
insertion of the proctoscope. 


Positions for Proctoscopy 


% Left lateral position (common). 
© Right lateral 

% Lithotomy. 

4 Knee-elbow position, 


Technique of Proctoscopy 


After doing digital examination, proctoscope 
introduced inside, through the anal canal in the direction 
towards the umbilicus. The obturator is removed. Proctoscope is 
«withdrawn and during the course of withdrawal, any pathology 
hhas to be looked for. 

Acute anal fissure is contraindication for proctoscopy. 


™@ SIGMOIDOSCOPY 


“Annual sigmoidoscopy for all, after their fortieth birthday: some- 
thing to look forward ta, 


—Henry George Miller, 1968 


Fig. 25.5: Rigid sigmaidoscope with inflation 
balloon and biopsy forceps. 


4 Itis used to visualize rectum and sigmoid colon, take biop- 
sies from suspected lesions and do therapeutic procedures 
(polypectomy, control of bleeding, ete). 

© There are two types: 

1. Rigid—25 em long, wi 
2. Flexible—60 em long, 

In lateral position as in P/R examination or proctoscopy, 
sigmoidoscope with obturator is passed into the rectum, 
and obturator is removed, Rectosigmoid is inflated with air 
and scope is negotiated into the sigmoid through Alpha (a) 
‘manoeuvre. Looked for any disease, biopsies are taken and, 
also any required procedure is done. 

Precaution: Care should be taken in acutely inflamed sigmoid 

colon, because chance of perforation is high. 


llumination, 


lm COLONOSCOPY 


tis 160 cm long, flexible 
% Technique is same as sigmoidoscopy, but is passed up to 
the caecum, 


Technique 


Itis often done under GA using propofol or with laryngeal mask 
airway (LMA). It can be also done under high sedation. But 
patient finds difficult to tolerate pain and distension. Passage 
by elongation; looping with a manoeuvre; dither-torquing 
(clockwise-anticlockwise rotations) methods are used. Diffi- 
culty is encountered while passing through sigmoid colon, 


splenic flexure, and hepatic flexures. Continuous air inflation 
is important. tis better to visualise the lumen and then pass the 
colonoscope. Often it can also be negotiated into the terminal 
ileum. Changing position, abdominal pressure is requir 
better negotiation of the colonoscope. Technique diff 
patients after haemicolectomy or through colostomy. 
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Indication 


% Bleeding per rectum, resistant anaemia, 

To take biopsies from different parts of the bowel. 

To identify synchronous growths, ulcerative colitis 

‘To remove polyps. 

When barium enema shows irregularity 

For therapy—colonoscopic polypectomy, dilatation of 
stricture colon, fulgaration, 


Contraindication 
Fig. 25.6: Polyps of colon. It is important 


Acute ulcerative colitis premalignant condition for colorectal cancers. 


Advantage 
Ithelps to visualise full length of the colon. GA is not used, 
except in children. 
2 
‘ 2 
Disadvantage 3 
2 
Takes a long time and requires expertise to do the same, 3 
s 
Hazards a 
3S 
* Perforation of bowel, splenic flexure is the commonest site. a 
Trauma to anoreetum 5 
+ Sepsis g 
i acctnatirs Fig. 25.7: Large rectal polyp which has come out, 2 


Problems of incomplete therapeutic procedures, of the anal canal. Its potentially malignant, 


CARCINOMA RECTUM 


Bubo is an apostem breeding within the anus in the rectum with 
‘great hardness but little aching. This | say, before it ulcerates, is 
nothing else than a hidden cancer... Out of bubo (cancer) goes 
‘hard excretions and sometime they may not pass, because ofthe 
constriction caused by the bubo, and they are retained firmly within 
the rectum... never saw nor heard of any man that was cured. 
but have known many that died ofthe foresaid sickness. 


—John of Arderne, 1414 


It is common in females, 
Usually originates from a pre- 
loma (tubular polyp). 

% In 3% of cases, it occurs in multiple sites (synchronous). 


existing adenoma or papil- 


Aetiology 

¢ Red meat and saturated fatty acids increase the risk. 

* High fibre diet reduces the risk. 3: Pathological specimens of anal canal, rectum and sigmoid 
% Alcohol and smoking increases the risk colon atter abdominoperineal resection for low rectal carcinoma and 
¢ FAP and adenomas are more prone to carcinomas, midrectal carcinoma, 


‘Never insult the vagina by examining the rectum first. —An old axiom 


a Proposition 1 and Fact 2: It has been proposed that our space actually possesses a slight four- 
dimensional hyperthickness, so that the ultimate components of our nervous system are actually 
higher dimensional, thus enabling the human mind/brain to imagine four-dimensional space 
(Hinton, 1888, 1904; Rucker, 1977). If this is the case, then the three-dimensional nets of 
neurons that code thoughts in our brain may form four-dimensional patterns to achieve four- 
dimensional thought. The “bulk” space in 3-brane theory (see Section 4.1), and experimental 
data from the Remote Viewing program (see Section 5.1), provide support for this concept. Can 
‘we see into the 4" dimension and have four-dimensional thoughts? Yes, we can. Proof (see, 
Rucker, 1977, 1984): If you look at a Necker cube for a while, it spontaneously turns into its 
mirror image and back again. If you wateh it do this often enough, the twinkling sort of motion 
from one state to the other begins to seem like a continuous motion. But this motion can only be 
continuous if it is a rotation in four-dimensional space. The mathematician August F. Mobius 
discovered in 1827 that it is in fact possible to turn a three-dimensional solid object into its mirror 
image by an appropriate rotation through four-dimensional space (a.k.a. hyperspace rotation). 
Thus, it is actually possible for our minds to perform such a rotation, Therefore, we can actually 
produce four-dimensional phenomenon in our minds, so our consciousness is four-dimensional 
Rucker (1984) shows another dramatic example of being able to see into the 4" dimension via a 
“Neck-A-Cube.” 


a Fact 3: Another property of higher dimensional geometry (Reichenbach, 1957; Rucker, 1977, 
1984) is that one can move through solid three-dimensional obstacles without penetrating them 
by passing in the direction of the 4 (spatial) dimension. The 4" dimension is perpendicular to all 
of our normal three-dimensional space directions, and so our three-dimensional enclosures have 
no walls against this direction. 


@ Conclusion and Hypothesis: Therefore, the results of the Chinese p-Teleportation experiments 
can simply be explained as a human consciousness phenomenon that somehow acts to move or 
rotate test specimens through a 4" spatial dimension, so that the specimens are able to penetrate 
the solid walls/barriers of their containers without physically breaching them. No real 
<dematerialization/rematerialization of the specimens takes place. The intensity fluctuations of the 
radio micro-transmitter specimen’s electromagnetic signal, and the apparent blending of the other 
specimens with the walls of their containers, represent the passage of the specimens through a 4" 
spatial dimension. During teleportation the radio signals emitted by the micro-transmitter became 
weak/non-existent and fluctuated, because they were spreading out into the 4" dimension and 
became undetectable in our three-dimensional space. The weak signals that were (“barely”) 
detected represent the leakage of a portion of the radio signal back into our three-dimensional 
space from the 4" dimension during teleportation. The observed blending of the other specimens 
with the walls of their containers is how the movement/rotation of the specimens through the 4 
dimension was visually interpreted by the mind (along the lines of the Necker cube or Neck-A- 
Cube examples). 


5.2 Conclusion and Recommendations 


need a physics theory of consciousness and psychotronics, along with more experimental 
data, in order to test the hypothesis in Section 5.1.1 and discover the physical mechanisms that lay behind 
the psychotronic manipulation of matter. P-Teleportation, if verified, would represent a phenomenon that 
could offer potential high-payoff military, intelligence and commercial applications. This phenomenon 
could generate a dramatic revolution in technology, which would result from a dramatic paradigm shift 
science. Anomalies are the key to all paradigm shifts! 
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* Villous adenoma has 40% chance of turning malignancy, 
size more than 2 cm is at high-risk. 

% Ulverative colitis; Crohn's diseas 
incidence of carcinoma of rectum, 

+ Family history of rectal cancer—any first degree relative of | 
person with rectal cancer will show two times increased 


HNPCC carries higher 


risk of carcinoma rectum, 

* Risk of developing other cancers like of endometrium 
(40%); stomach (20%); biliary tree (20%); ovary (10%) in 
the same patient also increases. 

¢ ‘Adenoma—carcinoma sequence’ like in carcinoma of 
colon is known common method of occurrence. 

Gross: It can be: 

¢ Ulcerative 

Papilliferous. 

Infiltratve. 

Annular: Itis common in rectosigmoid junction, 

Diffuse type: Often observed in patients with ulcerative 

colitis which carries poor prognosis, 


Histologically: It is adenocarcinoma which may be: 
© Well-differentiated—10% 

* Moderately differentiated —65% 

% Undifferentiated—25% 


Spread 


* Local spread: Initially, it spreads, locally circumferentially 
(takes 12-18 months to complete the circumference of the 
bowel). Later spreads out to the muscular coat and peri- 
rectal tissue. Then to prostate, bladder, seminal vesicles in 
‘males, and uterus and vagina in females. Posteriorly into 
the sacrum and sacral plexus, laterally into the ureters. 


‘Haggitt’s invasion of malignant polyp 
(Similar to carcinoma colon) 

Inpedunculated polyp 
Level 0—noninvasive carcinoma over the summit 
Level 1—invasion to head of pedunculated polyp 
Level 2—invasion to neck of the pedunculated polyp 
Level 3—invasion to stalk of the pedunculated polyp 
Level 4—invasion to base of pedunculated polyp 
In sessile polyp—all lesions are level 4 


Duke's staging of carcinoma rectum 

Confined to bowel wal, mucosa and submucosa 
Extendsacross the bowel wallto the muscularis propria with 
no lymph nodes involved 
€. Lymph nodes are involved 

‘Modified Duke's staging 
Growth limited to rectal wal (15%) 
Growth extending into extra rectal tissues but no lymph 
node spread (35%) 
BI:Invading muscularis mucosa 
82:Invading in to or through the serosa 
C. Lymph node secondaries (50%) 
D._ Distant spread to liver lungs,bone, brain 


m> 


p> 


Note: 
Astler-Coller's grading (Refer Page No. 967, Chapter 22) 


Colloid carcinoma of the rectum 
It is 129 common in young people 
Types 
‘® Primary and secondary 
‘& Secondary colloid carcinoma is common type and is due to 
‘mucoid degeneration of adenocarcinoma itself. 
Primary is mucus within the cell wth displaced nucleus (signet 
ting) 
Primary type has got poorer pragnosis compared to secondary 


“TNM staging of rectal cancers 


Tx—Primary not assessed 

T,—No primary tumour 

Tis—Carcinoma in situ 

T,—Invasion to submucosa 

T,—Invasion to muscularis propria 

T,—Invasion of subserosa or non-peritonealized perirectal 
tissues 

T,—Involvement of visceral peritoneum, other organs or struc- 
tures 

N,—Ne nodal spread 

N|—1-3 nodal spread 

N\—4 or more nodal spread 

M,—No distant spread 

M\—Distant spread present 


* Lymphatic spread: Above the peritoneal reflection, spread 
‘occurs upwards along the colonic lymph nodes. In mid- 
rectum, into the para rectal and mid-rectal lymph nodes. 
Downward spread is rare oceurs when growth is close to the 
anal canal into the inguinal lymph nodes. Obturator nodes 
may be involved in 8% of lower rectal growths, 

* Venous spread occurs tothe liver 35%, lungs 20%, adrenals 
10% and other areas. 

¢  Perineural spread carties poor prognosis, 


Clinical Features 


% Bleeding per rectum/anum (may mimic haemorthoids)— 
carliest symptom. 

% Spurious diarrhoea: It occurs in early morning due to 

overnight mucus accumulation in the rectum causing 

urgency for defecation, but results in spurious diarrhoea 

with incomplete evacuation. 

‘Tenesmus:Itis painful incomplete defecation with bleeding, 

Bloody slime: Mucus with blood in stool. 

Sense of incomplete evacuation, constipation. 

Presenting as piles due to proximal venous congestion 

by tumour or as fistula in perianal region (which itself is 

tumour extension into the anal canal) 

Anaemia, malnutrition, loss of appetite and weight. 

Altered bowel habits, 

Urinary symptoms are duc to infiltration of bladder or prostate 

Back pain, due to invasion of sacral plexus. 

Ascites, liver secondaries, urinary symptoms. 

90% of rectal growths can be felt by per-rectal examination. 

Depth of tumour penetration can be assessed through digital 

examination as superficial tumours are mobile: deep penetrating 

tumours are not mobile. 


Investigations * Biopsy using Yeoman’ forceps. 

Pisses ¢ Barium enema in case of FAP and synchronous growths. 
ances * Colonoscopy is ideal to rule out presence of any synchro- 

# Sinmshlosony nous growths proximally (5%) or polyps. 

# Even though colonoscopy is done rigid proctosigmoides 


copy’is a must to identify the precise location of the tumour 
and to measure the tumour distance from anal sphincter 
accurately 

* U/S abdomen—to look for secondaries in liver, ascites, 

# CT sean to s 


¢ operability, local extension, size, nodal 
status, ureteral involvement, presence of perforation or 
fistula. CT is very useful to assess nodal status. Local 
extension is better assessed by TRUS. Any mesorectal 
node detected in CT is considered as malignant spread. 
Liver secondaries are well-identified in CT. Ureteral 
involvement in CT scan signifies requirement of stenting 
prior to surgery. Chest CT is essential to look for second- 


% Endorectal ultrasonography—very useful to assess the 
local extent of the tumour. Transrectal ultrasound (TRUS), 
endorectal ultrasound gives more accurate picture of 

-s and nodes. TRUS, 

incers. Is accuracy is 95% 
compared to MRI (85%); and CT (75%). Endorectal US 
based T staging and N staging used now depends on layers 
involved and presence of nodes. TRUS detects nodes more 
‘or equial to S mm size 

% Endorectal coil MRI (EC MRI) is very useful as it gives 
larger field of view compared to TRUS; extent, adjacent 
‘organ spread are better assessed by MRI, Recurrent tumour 
is better assessed by MRI. 


primary tumour, layers, perirectal tss 


Fig. 25.8: Ai-contrast CT of colon and rectum showing significant 
rarrving in rectosigmoid uncon is superior in T staging of rectal 


Fig. 25.10: CT picture of carcinoma rectum. CTs useful in 
evaluating the extent, nodal status and operability. 


Figs 25.12A and B: MRI showing carcinoma of rectum and adjacent 
structures. MRIs good method to evaluate the spread and staging. 


+ Fluorine—18 fluorodeoxyflucose PET scan is useful to 
detect recurrent local tumours; metastatic disease; to detect 
pathologic response in preoperative chemoradiation. PET 
is not accurate for nodal spread. 

* Blood tests like haematocrit; CEA; blood urea and serum 
creatinin: 


serum electrolytes and proteins for management 
purpose. CEA estimation 
Fig, 25.11: CT scan showing carcinoma of rectum, Itis important during follow-up after treatment, 


itis raised in metastatic disease. 


Diseases of the soul are more dangerous than those of the body. 
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= Differential diagnosis a 


@ Inflammatory stricture 
 Amoebic granuloma 
& Tuberculosis 

+ Carcinoid 
Solitary ulcer syndrome 


Treatment 


Surgery 

Principles 

© Surgery is the main method of treatment, Preoperative 
chemoradiotherapy is often used if growth is invading 
into adjacent tissues (14). Adjuvant chemotherapy and 
radiotherapy is a must. 

* Genetic, morphologic, biologic features of rectal cancers 
are similar to colonic cancers. 

% But anatomical factors make it more complex than colonic 
cancers, like its location deep in the pelvis, relation to 
important structures like ureters, bladder, genital, auto- 
nomic nerves and anal sphincters. So surgical approach is 
very difficult 

% Avascular endoplelvic fascial plane is important during 
dissection to avoid injury laterally to autonomic nerves 
(will cause impotence in men and bladder dysfunction in 
both sexes); more medial dissection leads into incomplete 
clearance and high local recurrence. 

¢ Abdomino perineal resection (APR) is the gold standard, 
But if tumour is well-differentiated and if there is adequate 
‘margin above the anal canal, a sphincter saving anterior 
resection (AR) can be done. Low anterior resection (LAR) 
is possible if EEA stapler is used for anastomosis. But 
anterior resection should not be done by compromising the 
adequacy of tumour clearance. Tumour clearance is still the 
priority in rectal cancer as it decides the eventual outcome. 

% Total mesorectal excision (TME) should be the goal in all 
procedures as mesorectum contains nodes and lymphatics, 
clearance of which gives better result. 
> Itis.a sharp dissection (not blunt) in avascular areolar 

eroach the 


plane between fascia of rectum which e 
mesorectum and parietal pelvic wall fascia, 

> Mesorectum should not be breached. 

> Absolute haemostasis, preservation of autonomic nerves 
and dissection under vision are the essential principles. 

» Both layers of membranous anterior Denonvillier’s facia 
should be dissected off the prostate and seminal vesicles 
in male to have proper clearance. 

> InTME for middle and lower rectum, entire mesorectum 
should be removed. 

> Forupper rectal tumors, TME is done 5-6 em below the 
lower margin of the tumour. 

> TME improves the quality of life in relation to impo- 
tence, retrograde ejaculation and urinary incontinence. 
‘These complications are around 50% or more in APR 
‘whereas in TME it is less than 20%. 

© Recommended distal rectal margin clearance is 5 em, 
however 2.cm distal margin is an acceptable clearance. 


Circumferential resected margin—CRM (radial margin, 

> 2mm) is more important than proximal and distal margin, 

AS om clearance of mesorectum from the primary tumour 

is essential as tumour implants can occur only for up to 4 

em from primary tumour margin. 

Principles to be followed—adequate lymphatic and vascular 

clearance; en bloc resection of primary tumour; no / less 

touch technique; avoiding spillage; adequate radical 
surgery. 

Ultra low anterior resection or intersphincterie resection 

can be considered in low rectal tumours. 

After resection (on table) irrigation of rectal bed with, 

cetrimide or hypertonic solution like distilled water is often 

practiced as they are tumoricidal. 

Selection of the procedure AR or APR is decided by proper 

staging using TRUS and MRI. 

Neoadjuvant chemotherapy or neoadjuvant chemoradio- 

therapy is often used in 13 lesions which also may avoid 

APR; and AR may be sufficient. 

Local wide excision approaches are often used when 

tumour is < 4 em; < 40% circumference involved; T1 NO/ 

T2 NO tumour: 

> Transanal approach is used in small tumours that is 
3-5 cm above the dentate line but within 10 em from 
the anal verge: 

» Transcoceygeal Kraske’s approach for posterior wall 
rectal tumours (dangerous posterior faecal fistula can 
occur); 

» Transanal endoscopic microsurgery (Buess) using 
operating microscope and videoscope can also be done. 
This endosurgical device is 4 em in diameter, specialized 
sealed proctoscope with ports for CO, insulation, water 
irrigation, and suction and for monitoring intrarectal 

pressure. CO, insufflation distends the rectum and local 

excision is done with proper positioning of the device. 

In females, partial vaginectomy with or without hyster- 

‘ectomy and bilateral oophorectomy may be needed in T4 

lesions to achieve surgical resection, Removal of uterus 

and ovaries prevents patient from developing possible 
associated cancers of these organs. Carcinoma rectum also 
spreads to ovaries commonly which can be prevented by 

‘oophorectomy. 

Often resection of liver secondaries can be undertaken 

in selected patients when one lobe is involved or solitary 

secondaries are present 

Laparoscopic APR/AR is becoming popular. 

Features are: 

» Dissection will be more meticulous. 

» Less blood loss, less postoperative pain, 

» Early bowel function, 

» Clearance is same as open method in relation to primary 
tumour and nodes. 

> Short hospital stay, mortality and morbidity are similar 
to open method, 

» Port site recurrence chances are 0.5-2% (Earlier it was 
higher; now it has reduced due to proper technique, 
careful handling of the specimen, specimen isolation 
prior to extraction, trocar site irrigation with cytotoxic 
agents and povidone iodine) 


* For carcinoma rectum presenting with obstruction, an initial 
proximal colostomy is done. Neoadjuvant chemoradiation 
is given, Patient is reassessed for operability, Then APR is 
done with permanent colostomy. 

# Incidence of local recurrent rectal cancer is 30%. 
> 80% of local recurrence occurs within 2 years of sungery. 
» Common site of recurrence is in the pelvic wall. It also 

tal anastomotic margin. 

» Intractable pelvic pain, urinary symptoms, sepsis, 
bleeding, perineal sinus, swelling and induration, bowel 
disturbances are the features, 

> Itis evaluated by CEA, biop: 
pelvis and PET scan. 

> Itis often difficult to manage, 

» Incidence of recurrence will come down to 5% in proper 
‘TME, 

» Palliative chemoradiation, end colostomy, ureteral 
stenting are the palliation. RT controls pain and bleeding. 

» Extensive radical surgery like removal of tumour with 
pelvic structures can be undertaken with diversions but 
with a high mortality rate and failure rate 

* Proper preoperative bowel preparation is a must in all 
rectal cancers which reduces the postoperative problems 
like sepsis, leak and increases the early chance of recovery. 
» Bowel preparation by polyethylene glycol; electrolytes 

orally; bowel wash per anally; bowel antiseptics like 
neomycin 1 gm tid previous day/erythromycin | gm tid/ 
metronidazole tid orally 

* Systemic antibioties like cefazolin, metronidazole, genta- 
mycin. 

* Prophylactic heparin or low molecular weight heparin, 

* Foley's catheterisation and nasogastric tube should be 
passed. 

+ Preoperative adequate hydration using IV fluids. 

* Blood grouping and crossmatching and required bottles 
of blood should be reserved if needed to transfuse during 
the procedure. 

Different surgeries for carcinoma rectum are: 

1, Abdominoperineal resection (A-P resection) (APR) 
wherein sigmoid, descending colon and upper rectum is 


can occur at 


;, CT abdomen, MRI of 


‘mobilised per abdominally, Anal canal with perianal and 
perirectal tissues are dissected per anally. Retained colon 
is brought out as end colostomy in left iliac fossa. 


 Miles—abdomen frst, perineum later 
 Gabriel—perineum first, abdomen later 
® Ligyd-Davis—synchronised (together), (combined) 


* APR is done through lower midline incision in lithotomy 
position. Left-sided colon and entire rectum is mobilised 
from above. Rectum is mobilised posteriorly in avascular 
plane in front of nerve plane (hypogastric nerve) between 
‘mesorectum and sacrum. Inferior mesenteric artery 
ligated high proximal (as lymphovascular ligation) at its 


‘origin or just beyond its first branch, Colon is transected and, 
proximai cut end is fashioned for end colostomy in left iliac 
fossa, Through perineum, a purse string suture is placed 
‘around anal margin, Circumferential incision is placed. 
‘around the anus, Dissection is deepened using scissor and, 
cautery into the perineal body, coceyx, ischial tuberosity, 
ischiorectal fossa, First posterior and lateral dissections are 
undertaken until it reaches above. Lastly, anterior dissection 
is done to reach above and specimen is removed through 
perineal wound. Perineal wound is closed in layers often 
with a drain. Abdomen drain is placed. Colostomy is created 
by suturing skin to mucosa using silk. 


Fig. 25.13: Laparoscopic view of mobilised rectum in APR. 


ha 


Figs 25.14A and B: Colostomy done in left 
1c fossa after APR. Colostomy care is important, 


© Complications of APR are: 
» Bleeding. 
> Infection of perineal wound, 
» Complications of colostomy like prolapse, stenosis, 
and infection, 
> Injury to urinary system, ureter, impotence, urinary 
incontinence. 
> Operative mortality is less than 2%, 
APR is the treatment of choice when mesorectum is involved 
or when it is poorly differentiated tumour or when nodes are 
involved. It gives adequate clearance. 


‘Knowledge’ is proud that she knows so much, ‘wisdom’ is humble that she knows no more. 
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* Sphincter saving APR with coloanal anastomosis: It is 
done in operable distal rectal tumour in young individual 
wherein within oncological principle anal sphincter need 
not be sacrificed but adequate oncological tumour clearance 
can be achieved. Here a permanent colostomy stoma is 
avoided. Approach is both abdominal and perineal. Initial 
dissection of rectal mobilisation is done from above; dissec 
tion of rectal mucosa from the anal sphincter at the level 
of dentate line and complete dissection of distal rectum is 
done through anal canal. Entire rectosigmoid is removed 
retaining only the anal sphincter. Colonic J pouch or colo- 
plasty reservoir is created in the mobilised descending 
colon; coloanal anastomosis is done per anally using hand 
sutures under direct visualisation. 

APR with neo sphincter reconstruction is also occasion- 
ally sought; but technically difficult with complications. 
Perineal colostomy is done with gracilis muscle wrap which 
is made to produce sphincter like muscle twitch using an 
implanted pacemaker. 

2. Anterior resection (Abdominal radical restorative opera- 
tion) is done in growths located in the mid and upper part 
of the rectum, which is well-differentiated, small-sized and 
with a clear adequate length for anastomosis after resection. 

% Anterior resection is also called as anterior proctosig- 
‘moidectomy through abdominal approach wherein rectum 
above the peritoneal reflection is resected with colorectal 
anastomosis, 

¢ Low anterior resection (LAR) is resection of rectum below 
the peritoneal reflection along with the sigmoid colon 
(as sigmoid should be removed due its precarious blood 
supply after dissection), with total mesorectal excision 
(TME) through abdominal approach (laparotomy) and 
colorectal anastomosis using circular stapler device (EEA 
stapler). Stoma should be inspected using proctoscope 
for integrity and when in doubt a covering temporary 
proximal colostomy should be done, LAR often leads into 
frequent small bowel movements causing more frequent 
stools called as low anterior resection syndrome (LAR 
syndrome)/elustering. Wt can be avoided by creating reser- 
voir either by doing colonic J pouch or by doing coloplasty 
6 cm from proximal divided end of colon (longitudinal 
colostomy between taeniae of 10 cm which is sutured 
horizontally). 


Upper and middle third rectal growth 

‘Above peritoneal reflection 
Well-differentiated tumour 

<4cmsize tumour 

In fernales, growth 7 cm above the anal verge 
TI NO/T2NO tumour 

‘Tumour without lymphatic or venous spread 
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Advantages: 
> Avoids permanent colostomy 
> Sphincter is retained, 
> Patient’s acceptance. 


‘Anal canal 


Fig. 25.15: Anterior resection for carcinoma 
Upper rectum using stapler device. 


Disadvantages: 
> Uncertainity of clearance which is very important in 
cancer surgeries and so chances of loeal recurrence 
is high. 
> Anastomotic leak, infection; stenosis, 
Hartmann’s operation is an excellent palliative pro 
dure—done in elderly people who are not fit for major 
surgery like AP resection and also in locally advanced 
tumours. Here rectal growth is resected and upper end of 
the rectum is closed completely. Proximal colon is brought 
‘out as end colostomy 
Pelvic evisceration (Brunschwig’s operation): It is 
removal of rectum with the tumour, all the lymph nodes, 
urinary bladder, fat, fascia, uterus, vagina, with colos- 
tomy and urinary diversion, It is neither favourable nor 
popular. 
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ES carcinoma recium (lower) After A-P resection 
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121 Carcinoma upper rectum—santerior resection 
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( pdvanced carcinoma rectum—Hartmaan's resection 


Figs 25.16A to C: Surgeries for Ca rectum (A) A-P resection, 
(8) Anterior resection, (C) Hartmann’s resection, 


Palliative colostomy is done in advanced unresectable 
growth which presents with intestinal obstruction. 


Radiotherapy 


It is beneficial in carcinoma rectum showing increased 
survival rate. It is useful when growth is below the level 
of petitoneal reflection. 


‘Radiotherapy in carcinoma rectum 

‘@ Only rectal adenocarcinoma in GIT responds well for RT 

‘® Preoperative RT can be given to down stage the tumour 
0 as to make it amenable for APR or make it for anterior 
resection 

4 Postoperative RT is commonly used 

+ Insmall well-differentiated growths papillon's intracavitary 
curative RT can be tried with proper follow-up 

+ Palliative RT 

ORT (Intraoperative RT) is used in pelvic wall disease. It can 
cause peripheral neuropathy and ureteral stenosis 

‘Asa component of chemoradiation 

Short course 25 Gy in 5 fractions in 5 days 

Long course 5040 Gy in 28 fractions in 6 weeks 

RT sterilises field; causes down staging of tumour, preserves 

sphincter 
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Chemotherapy 
Ithas been tried using endoxan, 5 FU, semustine also with 
leucoverin (Folinic acid) or levamisole. 
> Capecitabine, oxaliplatin are newer drugs used (refer 
chapter large intestine for detail). Indications are posi- 
tive nodes; T2 stage; blood spread; for chemoradiation; 
recurrent tumour; advanced) metastatic disease. 
> Biologic agents. 
Bevacizumab VEGF receptor antagonist. 
Cetuximab EGER antagonist. 


Other Methods 


> Electrocoagulation and decoring of the tumour, as a 
palliative procedure; stenting, 

» Laser photocoagulation, cryotherapy. 

» Portal vein infusion; hepatic artery infusion for metas- 
tases, 

» Tumour vaccines: Tumour antigen does not elicit 
immune response in situ; but vaccines are injected 
to evoke immune response. (1) BCG with irradiated 
tumour cells (2) Monoclonal antibodies 17-1 [Murine 
Ig G2A] (3) CEA vaccines, 


Chemoradiation in Carcinoma Rectum 


tis very useful adjuvant therapy: 

# To prevent recurrence after anterior resection. 

* Neoadjuvant (preoperative) chemoradiation can be used 
in tumour like T3 to downstage the disease and make it 
possible for AR. 

* Postoperative chemoradiation. 

% Palliative chemoradiation in locally advanced disease ot 
metastatic disease also, 


% Recurrent local carcinoma of rectum, 


 Incarcinoma of rectum presenting with obstruction, chemo- 
radiation is given after loop colostomy. 


Prognosis in carcinoma rectum 


S-year survival is Prognostic Follow-up 
factors are 
+ Stage 190% + Size ofthe + Regular 
+ Stage 175% tumour colonoscopy 
+ Stage 140% + Differentiation + CEA 
+ Stage|V5% + Mesorectal assessment 
involvement + PET scan 
+ Stage ofthe > CT/MRI 
disease + Colostomy 
+ Nodal status, care in APR 
perineural 
spread 


+ Distant spread 

+ Circumferential 
resected 
margin 

+ Adjuvant 
therapy used 


lm SOLITARY ULCER SYNDROME 


* Its mainly thickening and disorganisation of muscularis 
mucosa with superficial ulceration, 


¢ Its usually 4-12 em from the anal verge in the anterior 
wall of the rectum, But often can occur in sigmoid colon. 

* Attempt to defaecate in the closed pelvic floor causes 
funneling of the rectum and descent of the anterior rectal 
wall. Raised intrarectal pressure and hidden intussus- 
ception is the cause. It is often seen in sexual abused. 
individuals. Often typical crater like ulcer is seen/felt on 
the anterior rectum. Chronic ischaemia at that point may 
be the cause. 

In 30% cases, there are multiple ulcers. 
Often there will be inflammation and induration of the area, 
without an ulcer. 

% Presentations are—common in young females, constipa- 
tion, bleeding, mucosal prolapse, chronic pain in the anal 
canal, incontinence. But sphincter tone on rectal examina- 
tion is usually normal 

Investigations: Defaecography shows nonrelaxing persis- 
tent puborectalis impression waves. EMG shows decreased 

rical activity. Colonoscopy should be done to rule out 

other conditions like neoplasm, ulcerative colitis. Colonic 


transit time shows rapid filling of the rectum but delayed 
clearance of 7 days from the rectum, 

% Condition is commonly associated with rectal prolapse. 

© Differential diagnosis are carcinoma, tuberculosis, ulcera- 
tive colitis. 

* ‘Treatmen 
> High fibre diet. 
» Treatment for rectal prolapse 


» Avoid surgical excision in solitary ulcer syndrome as 
much as possible. 


The place to improve this world is first in one’s own heart, head and hands. 
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ll RECTAL PROLAPSE 


’ 


It is circumferential descent of recetum (bowel) through 

the anal canal. 

Itis commonly seen in infants, children and elderly individual. 

Itis common in females (6 : 1) 

Faecal incontinence is very common feature; urinary 

incontinence occurs in 35% of patients; 15% of patients 

are associated with vaginal vault prolapse. 

Rectal prolapse can be: 

» Partial 

> Complete. 

> Hidden/concealed—itis internal intussusception of the 
sigmoid into the rectum or part of the rectum distally; 
they do not come out of the anal orifice, Here only 
‘mucosa and submucosa separates from muscularis layer 
and descends. 


Fig. 25.17: Rectal prolapse. 


Aetiology 


ry 


Alexis Moschowitz put his theory of ‘rectal prolapse is due 
to sliding herniation of the pouch of Douglas through pelvic 
floor fascia into the anterior aspect of the rectum’. 

Broden and Snellman proposed that ‘procidentia is a full 
thickness rectal intussusception starting approximately 7.5 
em above the dentate line which is extending beyond the 
anal verge’ 

Decreased sacral curvature and decreased anal canal tone 
are the probable causes in infants. 

Chronic constipation with straining is the common cause. 
Diarthoea, cough, malnutrition are the additional factors 
in children. 

It may be due to reduced ischiorectal fossa fat, neurological 
causes, fibrocystic disease of pancreas or poorly developed 
pelvis. 

‘There is diastasis of the levator ani, abnormally deep cul 
de sac, redundant sigmoid colon, patulous sphincter, loss 
of rectal sacral support, lax and atonic pelvic floor muscu- 
lature 

Pudendal nerve damage is said to be the cause for pelvic 
floor and anal sphincter weakness. It may be due to obstetric 
injury, diabetes, sacral nerve damage 

Inadults, it is common in females, common in multipara— 
tepeated birth injuries to perineum results in damage to the 
perineal nerve supply. 

Additional factors are due to increased intra-abdominal 
pressure due to any cause like chronic cough, stricture 
urethra, 


Types 
Partial Rectal Prolapse 


Here only mucosa and submucosa of the rectum descends, not 
more than 3.75 em. There is no descent of the muscular layer. 
I is the commonest type of rectal prolapse. 


Fig. 25. 


artial rectal prolapse is less than 
3.75 em and only mucosal. 


inical Features of Partial Rectal Prolapse 


% History of mass per anum, which can be observed when 
child is allowed to strain in squatting position 

% Itis pink in colour and circumferential. 
It differs from piles (differential diagnosis), the piles are 
not circumferential and are plum or blue coloured (not 
pink). 


Treatment for Partial Prolapse 

1. The nutrition of the child is improved and digital reposi- 
tioning is tried. Correction of constipation is important. 

2, Submucosal injections of 10 ml of 5% phenol in almond oil 
orethanolamine oleate is given into the apex of the prolapse 
under. G/A so as to ereate an aseptic inflammation leading 
to tethering of mucosa to the underlying muscular coat. 
Injection can also be given at the base or both at the apex 
and base. 

» Altematively 30 ml of tetracycline or oxytetracyeline 
or hypertonic saline injection can also be used. Initial 
injection is supported by Thiersch wiring using (tempo- 
rary) chromic catgut until adhesion occurs between the 
‘mucosa and muscular layer (in 3 weeks). 

> Inadulls, injection therapy is tried for partial prolapse, 
results are not as good as in children, 

3. Thiersch wiring alone is tried with good success rate in 
children, 

4, Goodsall’s operation is excision of the prolapsed mucosa 
at its base, usually in three positions. 


Stapled transanal rectal resection surgery (STARR) is also 
often used, 


Ligature 


Partial prolapse 
Fig. 25.19: Goodsall’s ligature for partial prolapse. Prolapsed mucosa 
is ligated at different positions using nonabsorbable suture material 
often with double needled. Usually itis done for one side in three 
portions. 


Complete Rectal Prolapse 
+ Also called as procidentia, is less common than partial 
prolapse. i 
# It is common in females (6 : 1 = female : male) a ral : sanserteeaed 
# It is due to weakened levator ani and supporting pelvic Fi#525-24A and B: Complete rectal prolapse. It should be confirme 
oy peerene ee by observing the patient during straining in squatting postion. 


* The descent is always more than 3.75 em, contains all 
layers of the rectum (i.e. including muscular layer), Often 
descends down up to 10-15 em. 

* Itis often associated with the uterine descent (uterine 
prolapse). 

* Itis also thought to be as an intussusception of the 
rectum, 

* Once complete prolapse is more than 5 cm, anteriorly it 
drags peritoneum as pouch which often contains small 
intestine. On digital pushing it reduces with gurgling, 

% Patulous anal sphincter is typical with mucus discharge and 
théedl inoastinence, Fig. 25.22: Female patient presented with both complete uterine 

and rectal prolapse (Procidentia). 


% Mucosa of the chronic rectal prolapse is thickened, ulcerated, 
bleeds, and often incarcerated below the level of anal verge. 


etiological factors 
4 Weak anus, external sphincter and pelvic muscle 

& Lax,mobile rectum 

 Obliterated ano-rectal angle 
Abnormally mobile rectum with descent 


Clinical Features of Complete Rectal Prolapse 


% Complete descent of rectum as mass per amum circumleren- 
tially which is red in colour. Mass is usually reducible and 
painless. Incarcerated or infected rectal prolapse is painful 

# Rectal prolapse may be associated with the uterine prolapse 

Fig. 25.20: Complete rectal prolapse (uterine procidentia) in females. 


‘He who is angry is seldom at ease. 
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Faccal incontinence (75%) is very common, It is due 
to disruption of the anal sphincter and prolapsed rectal 
‘mucosal discharge. 
* Bleeding can occur because of the congestion. 

Sepsis, discharge, fever, anaemia are other features. 
PIR examination shows lax sphincter, Anteriorly, peritoneal 
sc comes down as a pouch which may contain small bowel. 


Figs 25.23A to C: Complete rectal prolapse. It is more than 3.75 em, 
prolapse of mucosa with muscular layer. 


Differential Diagnosis 


Rectosigmoid intussusception, third degree piles, large rectal 
polyp. 

Folds in rectal prolapse are concentric and redin colout; in piles 
there are radial nonconcentric invaginations of haemorrhoidal 
cushions which are plum coloured with a cutancous component 


Complications of rectal prolapse 
Ulceration, bleeding, anaemia 

4 Proctitis sepsis 

 lnreducibilty, gangrene 

& Rupture with evisceration 


Investigations 


% Defecography reveals increased mobility of the rectum 
from sacral fixation point with redundant mesorectum and 
funnel formation, It is fluoroscopic and spot filming in lateral 
projection after instilling radio-opaque material into the 
rectum done in sitting posture over a radiolucent commode. 
» Cinedefecography, triple contrast cinedefecography, 

dynamic MRI defecography, colpocystodefecography 
are helpful to delineate complex pelvie floor problems. 

» Defecography detected abnormalities—megarectum, 
incontinence, nonrelaxing puborectalis, abnormal 
perineal descent (2.5 cm), mucosal prolapse, solitary 
ulcer rectocoele, enterocele. 

» Preprolapse (in detecography): Rectum is funnel 
shaped, lack of fixation to sacrum, excessive rectosig- 
‘moid mobility, ring pocket formation, intussusception 

» Rectal prolapse (in defecography): Redundant sigmoid. 
colon, wide deep pouch of Douglas. 


N--normal rectal fixation and sphincter relaxation and rectal 
emptying 

1—nonrelaxed puborectalis, 

2m intussusception 

3 moderate intussusception 

4—severe intussusception 

5—prolapse 

R—rectocele 


% Sigmoidoscopy: It is to detect the tumour in the intus- 
suscepted prolapsed rectum which is an occasional cause. 

% Anal manometry: Resting (40 mmlg of internal sphincter) 
and squeeze (80 mmHg, exteranal sphincter) pressures at 
various points in anal canal is measured by placing water 
filled balloons attached to catheters and transducers placed 
in the anal canal, 

¢ Pudendal nerve lateney study: Specialized transducer 
attached to a glove like device is to be worn on the finger 
through which digital rectal examination is done. Electrode 

the finger is directed over the right and left levator ani 
‘complex to measure pudendal nerve terminal motor latency 
(PNTML) which is normally 1.8-2.2 msec. Itis prolonged 
in pudendal nerve damage. 

% Electromyography study of the puborectalis muscle tone 
is also very useful 


Treatment for Complete Prolapse 

Aim of Treatment 

% To control the prolapse; to restore continence; to prevent 
constipation 

* In young males, abdominal repair should be avoided as 
it injures pelvic nerves leading to sexual impotency. So 
perineal approach is better, 

* Rectopexy is fixing the rectum to sacrum by sutures or mesh 
after complete mobilisation of the rectum, Laparoscopic 
rectopexy using polypropylene mesh and sutures gives 
‘good result and has become very popular. 

% Delorme’s operation is better option in young individual 
with complete prolapse. 

* Inelderly perineal proctectomy with anterior and posterior 
reefing of the sphincter muscle is accepted method now. Itis 
similar to Altemeier technique (It is perineal rectosigmoidec- 
tomy). Here entire prolapsed rectum and redundant sigmoid 
is resected through perineum prior to reefing of the sphincter. 

* Anal encircling surgeries using synthetic wires/mesh/suture 
‘materials are limited to extremely ill patients and elderly 
‘who will not withstand perineal proctectomy. 

* Choice of procedure depends on age, sex, operative risk, 
pelvic floor defect, degree of incontinence, history of 
constipation, 


Surgery—Types 

Abdominal Procedures 

Laparoscopic rectopexy 

Its ideal and good approach to fix the rectum to sacrum. 

* Laparoscopic posterior mesh rectopexy (LPMR) is the 
procedure done. Prior bowel preparation is needed. Head 
down, low lithotomy position is needed. Ports are placed 
as shown in diagram, Sigmoid colon is held with left sided 
port, Surgeon does dissection from right side. Peritoneum 
oon the right of the rectum is opened from sacral promon- 
tory downwards to reach presacral avascular plane. Care 
should be taken to avoid injury to autonomic nerves, ureters. 

issection is extended down as posterior mobilisation 
into the pelvis with adequate mobilisation of the rectum, 
Lateral ligaments are either divided or left alone. Anterior 
‘mobilisation is also important. Anterior mobilisation along 
the Denonvillier’s fascia is done 5 em below the peritoneal 
reflection. 15 * 10 em polypropylene mesh is placed in the 
presacral space deep to rectum which is fixed to presacral 
fascia along the sacrum and sacral promontory. Mesh is 
sutured to rectal wall also on both sides using interrupted 
polypropylene sutures. Only partial wrapping of mesh is 
done, Peritoneum is closed using vieryl 

© Many advocate laparoscopic mobilisation and fixation of 
‘mobilised rectum to sacral promontory using polypropylene 
sutures without mesh, 

Laparoscopic sigmoid resection and rectopexy (Laparo- 
scopic resection rectopexy, LRR) is done when there is 
rectal prolapse with constipation, with excess redundant 
sigmoid colon with kinking. 


10mm camera part 


10mm 
working port 


‘5mm working port S mm colon holding port 
Fig. 25.24: Laparoscopic rectal prolapse—ports 


Well’s operation 

% Polyvinyl alcohol sponge is wrapped around the mobilised 
rectum and is fixed to sacrum, Infection, fistula formation 
is high. 

* Polypropylene mesh is used as a modification now instead 
of polyvinyl sponge; wrapping is only partially done to 
reduce the incidence of constipation 


Ripstein operation 
After mobilisation of the rectum, S em width Teflon mesh sling 
is passed around the rectum to fix it behind to fascia S em below 
and in front of the sacral promontory. Sling is also fixed in front 
and laterally to rectum. 


Goligher’s operation 
Rectum is entirely mobilised up to anorectal ring and its poste 
rior muscular layer is fixed to presacral fascia using interrupted 
polypropylene sutures. 


Devadhar rectal plication 
‘Through abdominal approach, junction between thicker lower 
part and thinner upper part of the intussusception is identified 
A purse string suture using silk is placed in front and laterally; 
further 3-4 interrupted submucosal Lambert sutures are placed 
to create reverse intussusception. 


Lahaut’s operation 

Rectosigmoid is mobilised fully; mobilised loop of rectosig- 

moid is passed in front through posterior rectus sheath behind 

the rectus muscle; extraperitonealisation is done to pull the 

rectus forward to prevent descent. 

Rosoe Graham operation 

4% After mobilisation of the rectum, levator muscles are exposed 
and sutured in front of the rectum along with removal of 
pouch of Douglas, 


Patience is the companion of the wisdom. 


1033 


Jeueg jeuy pue wnjsay 


Recommendations 

> There are numerous supporters within the U.S. military establishment who comprehend the 
significance of remote viewing and PK phenomenon, and believe that they could have strategic 
implications. Bremseth (2001), a U.S. Navy SEAL, attended the Marine War College and studied 
the Remote Viewing program, and interviewed many of the former program participants. 
Bremseth then wrote his thesis on the topic, and concluded that the evidence supported continued 
research and applications of remote viewing. A research program improving on and expanding, 
or implementing novel variations of, the Chinese and Uri Geller-type experiments should be 
conducted in order to generate p-Teleportation phenomenon in the lab. The performances and 
characteristics of p-Teleportation need to be delineated in order to develop a refined hypothesis. 
Such a program should be designed so that an operational model for p-Teleportation can be 
developed and implemented as a prototype. An experimental program similar in fashion to the 
Remote Viewing program should be funded at $900,000 — 1,000,000 per year in parallel with a 
theoretical program funded at $500,000 per year for an initial five-year duration. The role of 
quantum physies theory and related quantum phenomena (i.e., entanglement and teleportation) in 
p-Teleportation and psychotronics should be explored in this program (see for example, the 
Biological Quantum Teleportation recommendation in Section 3.3). An experiment definition 
study should be conducted first to identify and propose the best experiments for this program, 
which should be funded at $80,000 for one year. 
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* In Dumphy operation itis done through combined abdomi 
noperineal approach with perineal rectosigmoidectomy. 
Both procedures control prolapse well but not inconti- 


Muir low anterior resection 
Ina redundant rectosigmoid with prolapse, rectosigmoid resee- 
tion is done; excision of redundant pouch of Douglas is done; 
rectum is fixed to sacrum behind. 


Perineal Procedures 

Delorme’s operation (Mucosal sleeve resection and plication) 
After prior bowel preparation, under spinal anaesthesia, in 
lithotomy position, completely prolapsed rectum is held 
with Babcock’s forceps. 1 in 2,00,000 adrenaline solution 
is injected into the submucosal plane of the rectum to cause 
haemostasis. By making longitudinal incision, with sharp 
scissor and cautery dissection, mucosa is stripped off from 
the deeper muscular layer from 1 em below the anal margin 
to the apex of the prolapsed rectum. Muscular layer of 
rectum is plicated using absorbable vieryl 2 zero interrupted 
sutures all around; approximately 12-15 plication stitches are 
needed. These sutures are tied after finishing the passage of 
all sutures. Cut end of the mucosa of the apex is sutured to 
anal margin using interrupted vieryl sutures. It is technically 
casiet. But incontinence may persist and recurrence chance 
is high 


Perineal posterior fixation of the rectum of Lockhardt- 
Mummery 

Retrorectal space is dissected through perineal approach and 
posterior rectal wall is sutured to sacrum and coceyx, addition- 
ally placing a retrorectal gauze pack to stimulate adhesions. 


Wyatt operation 
‘Through perineal post anal approach dissected retrorectal space 
is placed with a Marlex/mersilene mesh which is sutured high 
to the sacral promontory and rectal wall laterally. 


Mickulicz Miles perineal transanal rectosigmoidectomy/ 
amputation of prolapse 

Prolapsed rectum is excised and sigmoid is sutured to the anal 
margin 


Altemeir’s rectosigmoidectomy 
After rectosigmoidectomy, colonic anastomosis and pelvic 
floor is supported by suturing puborectalis muscle in front of 
the rectum using nonabsorbable sutures, 


Anal encircling 
% In 1891, Thiersch did anal encircling using silver wire 
to provoke inflammatory fibrosis as well as to give 
‘mechanical support to the anal orifice—Thiersch wiring. 
It is done under local anaesthesia, Two small incisions 
are made at lateral parts of the anal canal. Silver wire 
is passed around deeper to these incisions and tied after 
placing the index finger into the anal canal. Wire can be 
removed after 12 months. Polypropylene, nylon are the 
other materials that can be used. Complications: Pain due 


to wire erosion, infection, faecal impaction, incarcera- 

tion, high recurrence of $0% or more. In children with 

| prolapse, temporary wiring along with Goodsall’s 
ligature or injection sclerotherapy using thick catgut are 
often advocated. 

% Supralevator high encirclement of anal orifice (of Notaras) 
is done above the level pf levator muscles by placing Teflon 
‘ornylon ribbons through anterior and posterior incisions. It 
gives better support and will not cut through. Thoralsksen 
modified this by placing plastic/mersilene tape around the 
bowel high up. 


Procedures for repair of rectal prolapse 


Perineal operations Abdominal operations: 
Open/Laparoscopic 
+ Mucosal sleeve resection + Suture rectopexy— 


(Delorme) Goligher, Lahaut, 
Devadhar, Rosoe Graham 
+ Perineal + Prosthetic or mesh 
rectosigmoidectomy rectopexy—anterior/ 
(Altemeier) posterior—Well's, Ripstein 


+ Posterior fixation of the + Resection rectopexy— 
rectum of Lockhardt- Muir's 
Mummery 

+ Wyatt operation + Anterior resection 

+ Mickulicz Miles + Lahaut’s operation 
perineal transanal 
tectosigmoidectomy/ 
amputation of prolapse 

+ Anal encircing (Theitsch) 


Complications of Surgery 
% Injury to hypogastric nerve causing impotence. 
* Bladder dysfunction. 

% Bleeding from sacral venous plexus. 

% Injury to rectum and colon causing faceal fistula, 

* Constipation after rectopexy is a known complication, 
# Recurrence of prolapse. 

% Improper correction of continence occurs in 50% cases. 
# Infection—proctitis/pelvic abscess, ete 


ll ANORECTAL MALFORMATIONS (ARM) 
% It is due to imperfect fusion of the post-allantoic gut with 


the proctodacum. 
# Incidence is one in 4500 newborns. 


1A) 1} 


Figs 25.25A and B: Anorectal malformation with fistula in 
(A) Females and, (B) Males. 


Wingspread classification of anorectal malformations 
(‘Wingspread’—name of the place where the conference was held) 


Low Intermediate High 

It is below the level of pelvic floor, Itoccurs at the level of puborectalis, It can be with or without a fistula into 
(Puborectalis). Easy to diagnose and with or without fistula the bladder urethra, uterus, vagina It 
{reat with good outcome. It may be— may be: 

~ Covered anus Anorectal agenesis 
—Anovestibular fistula — Rectal atresia 

Anal stenosis —Cloaca (only in females, with 


confluence of rectum, vagina, bladder 
and urogenital sinus) 


Anal membrane. 
Clinical Features # Itcan be associated with—cardiac anomaly, tracheo- 

‘ ‘oesophageal fistula, renal anomalies, spinal anomalies, 
* Now born presents with inability to pass meconium, VaTER/VACTERL anomaly. 


abdominal distension, features of intestinal obstruction, 4 yfost common ARM in boys is rectobulbar fistula with 
improper anal dimple, sometimes with complaints of fistula beginning distal to puborectalis from distal rectum, 
passing meconium per urethra, to bulbar urethra 


% Most common ARM in females is rectovestibular fistula, 


Investigations 


1. Wangenstein’s invertogram: Usually done 6-12 hours after 
birth, so as to allow air to reach the rectal pouch. A metal 
coin (marker) is strapped at the presumed site of anus and, 
X-ray is taken, Length between the rectal pouch and anal 
dimple marker is more than 2.5 om in high anal fistula. 
a. In ow fistula, rectal pouch is distal to the Stephen s line 
(Pubococeygeal line). 

b, In intermediate, pouch is at the level of ischial spine 
(Kelly's point) 

¢. In high fistula, rectal pouch is proximal to the Stephen’s 
line, 

2, Murugassu technique: Through visible anal dimple, meco- 
rium is aspirated by passing a needle into the rectal pouch, 

itting propped up position. Watersoluble iodine dye is 

injected. Lateral X-ray is taken to study the level through 

Stephen line and Kelly's point. 

U/S abdomen, 

Evaluation of cardiac function is also important, 

MRI spine. 


Pubococoygeal 
(Stephen's) line 


Fig. 25.27: Anorectal malformation, Cloaca type. Fig. 25. 


We make a living by what we get; we make a life by what we give. 


itephen’s line. 
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Treatment 


1, In ow fistula, single stage reconstruction is done under G/A. 
with very good results. 
i, Anoplasty 
ii, Anovestibuloplasty. 
fii, Anal dilatation. 
iv. Incision of anal membrane 
In high fistula, initial colostomy is done. Later definitive 
procedure, i.e. Pull through operation through puborectalis 
and anastomosis of rectal pouch to create the anal canal is 
done. Closure of colostomy is done later. 
» Posterior sagittal anorectoplasty is commonly done 
procedure 
Note: 
Level of rectal pouch and normal/abnormal sacrum are the deciding 
factors for good results 


‘Complications 
Infection 
Faecal fistula 
Stenosis 
Colitis 
‘Malnuttition 
Faecal incontinence 


eeeese 


lm PILONIDAL SINUS/DISEASE 
(Jeep Bottom; Driver’s Bottom) 


Pilus—hair; Nidus—nest 

% Itis of infective origin and occurs in sacral region between 
the buttocks, umbilicus, axilla 

* Itis epithelium lined tract, situated short distance behind 
the anus, containing hairs and unhealthy diseased granula- 
tion tissue. It is due to penetration of hairs through the skin 
into subcutaneous tissue. It forms granuloma/unhealthy 
granulation tissue in the deeper plane. 

¢ Types of hair (H), force of hair insertion into subcutaneous 
tissue (F), vulnerability of the skin (V) are the three factors 
that cause pilonidal sinus. Number of hairs collected, acute- 
ness of root end of hairs, type of hair—toughisilky, shape 
of hair—straight/curled, scaliness of hair are the deciding 
features of hair, Cut hairs from above descend into cleft 


and stay there to get buried deep into pilonidal sinus. 
Depth, narrowness, friction movements in the natal cleft; 


o—/ secondary sinus 


$——— Primary sinus 


Anal canal 


3: Site and types of pilonidal sinus. 


soft/macerated skin with erosions, splits, wide skin pores, 
wounds, presence of moisture and sweat are other factors. 
% Itis common in hair dressers (seen in interdigital clefts), 
jeep drivers. 
# tis common in 20-30 years of age, It is common in males 


and mostly affects hairy men. 


-_é 
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Fig. 25.30: Typical site of pilonidal sinus in the sacral region. Note 
the primary and secondary sinuses. 


Fig. 25.31: Recurrent pilonidal sinus. 25-40% of pilonidal sinuses 


Commonest site: Interbuttock sacral region 


Pathology 


Fig. 25.32: Specimen of typical excised pilonidal sinus. Note the tuft of hai. 
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Multiple discharging sinus 
Primary simus occurs in the midline. 
Secondary sinus oceurs laterally (paramedian). 
Note: 
Theories like Preen gland, medullary canal vestige, traction 
dermoid, inclusion dermoid are no longer accepted. Now it is 
considered as acquired condition. 


Remember about pilonidal sinus 

+ Congenital theory isno longer consideredtisan acquiredentty 

+ Hairfollicleshave never been demonstratedin the wallofthe 
sinus (only hairs have found) 

‘& Number;sharpness nature shape ofhairs;depth and narrowness 
ofthe natal left fiction mavernents;nature ofthe skin, moisture 
‘and sweating are the factors predisposing pilonidal sinus 

+ Hairneed not be local, tract always traverses cephalad 

‘& Male preponderance—74%, male sex hormone effect, hairy 
body, more sweat and maceration 

% Occurs in young—20-28 years, who are having active pilose- 

baceous glands 

Dark haired—stiff hairs rare in Negroes 

‘Obese and overweight—deep natal cleft 

Prolonged sitting, 

‘Many procedures for treatment are available with each one 

having their own advantages and disadvantages 
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Fig. 25.33; Pilonidal sinus—primary and secondary sinuses are clearly seen, 


Clinical Features 


Discharge—either sero sanguinous or purulent. 
Pain—throbbing and persistent type. 
A tender swelling seen just above the coceyx in the 
‘midline (primary sinus); and on either sides of the midline 
(secondary sinus). 
‘Taft of hairs may be seen in the opening of the sinus. 
Presentation may be as an acute exacerbation (abscess), 
‘or as a chronic one. 

# It causes recurrent infection, abscess formation which 
bursts open forming recurrent sinus with pain, discharge 
and discomfort. 


Complications 


* Chronic pilonidal sinus can cause occasionally sacral 
osteomyelitis, necrotising fasciitis and rarely meningitis, 

* It is nota life threatening condition but often it can be a 
‘morbid disease because of high recurrence rate. 


Treatment 


In acute phase initially—drainage of the abscess and antibi- 
otics; later definitive treatment is undertaken. 


i 


| 


Figs 25.344 and B: Pilonidal sinus—operative jack knife position, 


Definitive treatment: 

% In prone position (jack knife position, i.e, prone with 
buttocks elevated) excision and primary closure is done 
under general anaesthesia or local anaesthesia. All sinus 
tracks, unhealthy granulation tissues with hairs are removed 
completely. Methylene blue is injected to demonstrate the 
‘multiple tracks properly. 


Trust your hopes, not your fear. 
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Figs 25.35A to G: Rhomboid:- Limberg fap for pilonidal sinus. It gives good result. 


Excision and skin grafting —has got high recurrence rate. 
Excision with Z plasty—good result, 

Excision with multiple Z plasty. 

Karydakis excision through a semilateral incision and 
lateralised suturing of the wound away from the midline 
gives good result. 

Excision with closure using Limberg (Rhomboid) buttock 
fap (single or double rhomboid flaps)—good result 

V-Y gluteal advancement flap. 

Bascom technique of excision through lateral approach is 
good method. Through small lateral incision or multiple 
small lateral incisions 2-4 mm sized sinus is approached 
and pus is drained; hairs are removed with only minimal 
excision of sinus done, Cavity walls are not excised. Lateral 
small wounds are either sutured or left open for spontaneous 
healing, 

Lahey and Cattell’s relaxing skin incisions on one buttock 
to relieve tension on main wound sutures with later closure 
of secondary wounds by sutures or advancement 

Davies and Starr buttock skin flap rotation into the defect 
and secondary detect is closed at a later period. 

After excision of entire sinus completely, wound is left 
open to granulate and heal by epithelialisation with regular 
dressings. 

Buie's marsupialisation of the sinus track—aliet making 
incision on the sinus track, edge of the laid opened area is 
sutured to the skin edge all round using silk or vieryl. This 
reduces healing time and promotes healing. 

Lord and Millar's limited excision of primary track for 0.5 
em depth with removal of tuft of hairs, debris and unhealthy 
‘granulation tissue using tiny brush and nylon bristle. 
Injection of phenol to the track destroys the epithelium 
after removal of the tufted hairs. Phenol is allowed to be 
in contact with epithelium for 3 minutes to create a blanch 
in the track orifice. 


Defect T plasty 
Fig, 25.36: 7’ plasty is done for pilonidal sinus. It gives good result 
“Multiple Z pasties are also used. 


Nonoperative treatment/prevention of recurrence after surgery 

* Regular shaving of natal cleft to have meticulous hair 
control. Laser, depilatory cream, electrolysis are other 
‘methods used, 

% Proper perineal hygiene. 


Causes for high recurrence rate 
‘& Improper removal 
& Overlooking of existing diverticulum 
& Entry of new tuft of hairs 
& Breakage of scar 
‘Note:Condition has got high recurrence rate (20%) 


ll PILES/HAEMORRHOIDS 


Inbiteorphlegmbe determined tothe veinsin therectum itheatsthe 
blood in the veins:and these veins becoming heated attract blood 
from the nearest veins, and being gorged the inside of the gut swells 
outwardly, and the heads ofthe veins are raised up, and being ot 
the same time bruised by the faeces passing out, and injured by the 
blood collected in them, they squirt blood, most frequently along 
with the faeces, but sometimes without faeces, 


Hippocrates, (460-375 BQ) 


Piles = a ball or mass, Haemorrhoids = blood to ooze, Figs 

=a fruit (Anjoora). 

© The word ‘Haemorrhoids’ is derived from Greek word 
Haima (bleed) + Rhoos (flowering), means bleeding, The 
pile is derived from the Latin word ‘Pila’ means Ball 

© Itis downward sliding of anal cushions abnormally due to 
straining or other causes. 

# Anal cushions (Thomson, 1975) are aggregation of blood 
vessels (arterioles, venules), smooth muscles and elastic 
connective tissue in the submucosa that normally reside 
in left lateral, right posterolateral and right anterolateral 
anal canal 

* Piles can be mucosal or vascular (Graham Stewart, 1963), 
Vascular type is seen in young; mucosal is seen in old. 

Present concept is weakening of Park’s ligament which is 
the lower end of the extemal sphincter. 


Types 


Internal—above the dentate line, covered with mucous 
membrane, 

External—below the dentate line, covered with skin, 
Interno-external—together occurs. 


Fig. 25.37: Anatomical locations of 
internal and external piles. 


Fig. 25.38: Parts of piles—plum coloured internal part and black 
‘cutaneous external component. 


Classification | 


Primary haemorrhoids: Located at 3, 7, 11 o'clock positions, 
related tothe branches of the superior haemorthoidal vessel which 
divides on the right side into two; left side it continues as one. 


1 
Right anterior 


3 Left lateral 


7 
Right posterior 


Fig, 25.39: Positions af haemorrhoids. 


Secondary haemorrhoids: One which occurs between the 
primary sites. 


First degree haemorthoids 
Piles within that may bleed but does not come out 

‘Second degree hemorrhoids 

Piles that prolapse during defecation, but returns back spon- 
taneously 

Third degree haemorrhoids 

Piles prolapsed during defecation, can be replaced back only 
by manual help 

Fourth degree haemorrhoids 

Piles that are permanently prolapsed 


Piles begin as pedicle and it is located at the origin of the 
internal pile, i.e. at the level of anorectum, 


v8 


Fig. 25.40: Degrees of haemorrhoids. 


Aetiology 


* Hereditary. 

% Morphological—weight of the blood column without valves 
‘causes high pressure, Veins in the lower rectum are in loose 
submucosal plane, but the veins above enter the muscular 
layer, which on contraction increases the venous conges- 
tion below (more prevalent in patients with constipation) 
Superior rectal veins have no valves (as they are tributaries 
‘of portal vein) and so more congestion. 

% Other causes are straining, diarrhoea, constipation, hard 
stool, low fibre diet, overpurgation, carcinoma rectum, 
pregnancy, portal hypertension (rare cause). During preg- 
nancy factors causing haemorthoids—raised progesterone 
relaxes the venous wall and reduces its tone, enlarged uterus 
compresses the pelvic vein, and constipation is common 
problem. 


To different minds, the same world is a hell, and a heaven. 
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Figs 25.414 to F: Different types of prolapsed piles. 


% Bulging of haemorrhoidal plexus (anal corpus cavernosum, 
by Stelzner) occurs due to raised luminal pressure and 
transmission of arterial pressure; pressure in rectal ampul- 
ary pump (Wannas) during straining raises the portal as 
well as systemic pressure causing obstruction to venous 
outflow causing haemorthoids. Disruption of suspensory 
tissues which hold plexus in position (sliding lining theory); 


raised basal anal pressure; unsupported superior haemor- 
rhoidal vein in the loose submucosal connective tissue in 
the anorectum when passes through the muscular coat gets 
constricting effect leading into congestion of haemorthoidal 
plexus—are the other theories of haemorrhoid formation. 
Idiopathic cause: \tis very difficult to pinpoint the cause 
for production of piles. 


J * On inspection, prolapsed piles will be visualized 041 
* On P/R examination, only thrombosed piles can be felt. 


‘ ‘Through proctoscopy, exact position can be made out as a 
> ‘bulge into the proctoscope. 
& * Points to be noted during proctoscopy: 
» The numbers, degrees and size 
» The surface and appearance of piles 
» Features chronicity of the prolapse 


Fig. 25.42: Thrombosed prolapsed ple. Note the colour of the 

thrombosed pile. itis very painful and tender. 

An arterial pile is hacmangiomatous condition of superior 
al artery entering the pedicle of internal haemorrhoid which 

bleed profusely. 


Fig. 25.43: Proctoscopic view of the internal pile (grooved 


roctoscope 2 
Clinical Features prostorpel g 
The prevalence rate of piles is 4.4% in the world, in about Causes for bleeding per anum = 
10 million people. Piles Carcinama rectum 2 
* Itmay occur at any age but mostly seen in the age between Fisgure-in-ano Se 2 
30 1065 years 3 
# Incidence is equal in both the sexes. ESS DNS Fl 
& Bleeding—Ist symptom—Splash inthe pan’—'bright red__Uleerative colitis Intussusception = 
and fresh’"—oceurs during defecation, Amosbic colitis Vascular anomaly of the s 
@ Mass per anum. colorectum = 
* Discharge—a mucoid discharge. Fistula-in-ano_ Mesenteric ischaemia 
% Pruritus 
* Pain—may be due to prolapse, infection or spasm. > One should look for other rectal lesion such as external 
# Anacmia—secondary 


tags, anal papillae and fissure, proctitis 
\ : 


XY 


Figs 25.44A to C: Different positions of piles and parts 


We do not see things as they are, we see them as we are. 
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> Any gynaecological, genitourinary or abdominal condi- 
tions like—carcinoma of rectum, polyps, tumours, 
features of ulcerative colitis should be identified. 
> Presence of other discharge like blood, pus, mucous. 
% Sigmoidoscopy or colonoscopy or barium enema should 
be done if there is any suspicion of associated malignancy. 


Differential Diagnosis 


Carcinoma 
% Rectal prolapse 
© Perianal warts, 


Investigations 


¢ Hacmatocrit. 
% Colonoscopy to evaluate proximally for any cause. 
© Barium enema X-ray 


Complications 


Profuse haemorrhage which may require blood transfusion. 

%  Strangulation—piles is being gripped by anal sphincter. 

% Thrombosis—piles appear dark purple/black, feels solid 
and tender. 


Stenosis, 
‘Suppuration, leads to perianal or submucosal abscess. 
Pylephlebitis (Portal pyacmia) is rare, but can occur in 3rd 
degree piles after surgery. 


Treatment 


Preventive Therapeutic/curative 


Diet—more  Medical—tocal applications; sitz bath, 
fibrefliquid diet, laxatives, drugs—analgesics 
Laxatives Parasurgical 
+ Sclerotherapy 
Banding 
Cryotherapy 
Infrared coagulation (IRC) 
Laser therapy 
+ Doppler guided haemorthoidal artery 
ligation (DGHAL) 
‘Surgical 
+ Open haemorrhoidectomy 
+ Closed haemorthoidectomy 
+ Stapled haemorrhoidopexy 
+ Anal stretching—Recamier, Lord's 


1, Nonoperative: 
% Sits bath—means the patient has to sit in warm water 
the anal region dipped in water for 20 minutes, 2-3 
times a day. This reduces the oedema, pain and promotes 
healing 


Fig. 25.45: Prolapsed, strangulated piles. 


Local applications to reduce pain, itching and oedema can 
be used. 

Antibiotics, laxatives, anti-inflammatory drugs are benefi- 
cial 

Fibre diet 35 gram/day, plenty of water. Fibre alterna- 
fives (bulk-forming agents e.g. ispaghula husk, sterculia, 
methylcellulose) can be used to supplement a high-fibre 
diet; squatting position may reduce the incidence of piles, 
plenty of liquid intake. 

Laxatives such as lactulose solution which soften bowel 
motions and relieve the constipation, Bulk laxatives such 
as psyllium mucilloid, Konsyl or polycarbophil may be 
necessary. 

In case of inflamed, permanently prolapsed, oedematous 
piles, initially, manual stretching of the anal canal sphincter 
is tried. This prevents congestion of anal cushions and 
relaxes the anal sphincter, as a result of which the prolapsed 
piles gets reduced—Lord dilatation (8 fingers). Once 
‘oedema subsides, in 1-2 weeks, formal procedure is done. 


"Complications of anal dilatation (3-4 fingers dilatation) 
 Incontinence—rectal—usually temporary 

Infection 

4 Haemorthage/haematoma 

@ Prolapse rectum 


3. Injection-Sclerosant therapy’ 


It is done in Ist degree and early 2nd degree piles 
{internal)—outpatient procedure. 

Using proctoscope and Gabriel syringe, 3-5 ml of 5% 
phenol in almond oil is injected into the submucosal plane 
just above the anorectal ring to the pedicle. All three piles 
can be injected separately —3-S ml to each site in single 
sitting. Technique can be repeated after 6 weeks. This 
technique is not done in the presence of sepsis or prolapse. 
‘The drug causes fibrosis in the submucosal region (sclerosis 
leading to mucosal fixation on to deeper planes and occlu- 
sion of lakes) and thereby fixation of the anal cushions 
which do not prolapse, causes strengthening of the vessel 
‘wall and obliteration of the vessel lumen, 

It is quick and painless; gives 95% cure rate in Ist degree 
piles; done on OP basis, 


* Contraindications are—thrombosed/prolapsed piles, 
presence of proctitis/fissure/fistula-in-ano, pregnancy and 
diabetes mellitus. 

* Sclerotherapy has not gained popularity, oily solution is 
difficult to handle and inject. 

© Complications—recurrence (15%), hypochondriae pain due 
to entry of drug into the portal system, tenesmus, mucosal 
sloughing/ulceration, submucosal abscess, anal canal pain, 
anal stricture, 

* Inadvertent deep injection can precipitate pelvic abscess, 
prostatitis, impotence, rectovaginal fistula. 


i p>=—$_<_—~ 


Fig. 25.46: Gabriel syringe—It is used for injection sclerotherapy for 
internal ples using 5% phenol in almond/alive il (almond/vegetable 
cil acts as a vehicle which holds phenol for long period of action). Itisa 
stainless stee! syringe with two metallic finger brims near the proximal 
‘end. One mare metallic finger brim is present on the proximal end of 
the piston to place thumb while injecting, 


Fig. 25.48: Cryosurgery instrument set up for ryohaemarshoidectorny. 


4. Barron's banding: 

* Itis done for Ind degree piles. It causes ischaemic necrosis 
and piles fall off 

% Atone time only two piles can be banded. Repeat banding 
can be done only after 3 weeks. 

Band should be placed 2 em above the dentate line. 

© Usually 2 bands are used for pile mass to take care of 
breakage. Tissue sloughs off in 1-2 weeks leaving an ulcer 
which heals by scarring 

Equipment is inexpensive, simple to perform; done without 
anaesthesia on OP basis; results are consistent, stops 
bleeding and tackles the prolapsing anal cushion. 


CRYO SURGICAL 
SYSTEM 


Fig. 25.50: Cryosurgery for piles. Note the probe, grooved 
proctoscope, freezing the internal pile mass. 


is contraindicated in fissure/fistula/proctitis, 
* Complications: if applied low into skin it causes severe 
pain; discomfort; secondary haemorrhage, ulceration. 


Note: 
Suction banding is used presently, Suction is used to suck the intemal 
pile into the banding gun. 


5. Cryosurge 
% Using nitrous oxide (-98%) or liquid nitrogen (-196°), 
extreme cold temperature is used to coagulate and cause 
necrosis of piles which gets separated and falls off subse- 
quently. 
Itis relatively painless and ean be done on OP basis, 
‘All masses can be tackled at one sitting 
‘This is carried out with the help of a cryoprobe. Nitrous 
oxide is preferred since it produces adequate freezing. 
Nitrous oxide delivery system/cryoprobe does not 
require special rewarming circuit. Liquid nitrogen 
produces quick destruction and damage of sphincter 
muscle; also needs special rewarming circuit for its 
release and is costlier, 

% The patient is put in lithotomy position; eryoprobe is 
applied in the longitudinal axis of internal pile above the 
dentate line; the pressure must be maintained above 700 
Ib continuously; the rapid adhesion with freezing (white 
area formation on piles) occurs; traction and slight rota- 
tion in both directions is done to draw entire pile mass 


Life is ten percent, to make it and ninety percent, how you take it. 


1043 
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to come in contact with the probe; when entire tissue 
is frozen in 20-30 seconds, the probe is detached after 
warming (defrosting/thawing). Procedure is repeated on 
other pile masses. 

Advantages: \tis reasonably painless, simple, safe, can be 
done on OP basis, with less bleeding, 

Disadvantages: It causes profiese watery discharge, itching, 
pain if skin is frozen; marked oedema of adjacent skin, 
incontinence occasionally. 

Infrared coagulation: 

Here heat is used to burn the piles so as to allow it to 
fall off. 

Pulses of infrared radiation are applied through a handheld 
applicator. The specific infrared wavelengths produce 
chemical changes that cause blood coagulation within the 
haemorthoid itself, which causes the haemorrhoid to seal, 
shrivel, shrink or slough off. Source of infrared rays of 14 
Volt Wolfram halogen lamp with a gold plated reflector rays 
are transmitted from fiber optic cable which terminates in 
a probe or pistol for coagulation, 

In left lateral position, the probe is applied at the base of 
pedicle above the dentate line and bursts are given in clover 
leaf fashion. Timer is set at 2 secs giving a depth of 2 mm; 
total time taken 2-5 minutes. It is done in Ist, 2nd, and 3rd 
degree piles 

It produces a discrete area of necrosis (coagulates tissue 
proteins and evaporates water from the cells) which heals 
to form a scar; reduces or eliminates blood flow through 
the haemorrhoid thereby shrinking it and mucosa becomes 
fixed to the underlying tissue. 

Often 3 or4 sittings are needed at 1 month intervals. 

It does not cause noncontact coagulation; does not cause 
interference with electromagnetic devices such as pace- 
makers. It is contraindicated in external pile, proctitis. 

Long-term results are not good. Equipment is expensive: 

‘multiple sessions are needed. 

Laser therapy for piles—for 3rd degree piles. 

Nd-YAG , diode and carbon dioxide lasers can be used but 
are expensive and tedious. 

‘The intense beam of light interacts with tissue and can 
be used to cut, coagulate or ablate the tissue, sealing off 
nerves and tiny blood vessels can be done by laser beam. 

By sealing superficial nerve endings patients have minimum 
postoperative discomfort. Laser is used for dissecting and 
excising pile masses, 

Itis done for internal haemorthoids. 

Advantages—less operative time; less intraoperative and 
postoperative bleed and pain; rapid healing; quick recovery 

done under LA/SA; less complications; minimal pain, 
constipation and urinary retention 

Disadvantages—needs skill; sphincter should be taken care 
of; non contact burning can occur; secondary haemorrhage 
can occur due to heat tissue destruction; and also injury to 
sphincter can occur. 


Figs 25.51A to C: Laser surgery for piles—CO; laser and 
diode laser. 


8. Doppler guided haemorrhoidal artery ligation (DGHAL) 

© DGHAL is an advanced instrument that works under 
Doppler guided ultrasound. It is painless, 20-minute 
procedure that cures all degrees of haemorthoids. It causes 
choking and blocking of the blood supply of piles. Itis done 
using proctoscope with an incorporated Doppler probe. 

This proctoscope is inserted and used to locate the haemor- 
rhoidal arteries by an audible signal. Once located, a needle 
holder is inserted into the lumen of the proctoscope and the 
artery ligated with a figure of eight’ absorbable suture into 
the submucosa. The procedure is repeated until no more 
Doppler signals are identified. 

Advantages: Anaesthesia is not needed; blood loss, pain, 

residual problems are minimal; done as day care surgery; 

carly return for work; may be safe in diabetic, cardiac, old 
age patients, and in pregnancy. 

Itis under trial and too early to confirm the efficacy. 

‘Stapled haemorrhoidopexy (Antonio Longo) 

4 Itis circumferential excision of the mucosa and sub-mucosa 
4 om above the dentate line using circular haemorrhoidal 
stapler passed per anally (MIPH—minimally invasive 
procedure for haemorrhoids) 

4% Advantages are—it is less painful; less blood loss; faster 

recovery; short hospital stay and equally efficacious. 

tis done only for prolapsed piles. 


Figs 25.52A and B: Stapler haemorrhoidopexy.Itis minimally invasive 
procedure for haemorrhoids. Its high mucosal rim excision including 
vascular pedicles using circular (single use) staplers. It is done for 
prolapsed piles. 


» This procedure avoids wound in the sensitive peri of 
anal skin thereby reducing the postoperative pain. Using 
stapling gun, a unique circular stapler which reduces the 
degree of prolapsed piles by excising a circumferential 
strip of mucosa from the proximal anal canal. The strip 
of mucosa and sub mucosa is excised circumferentially 
above the dentate line, The veins leading to the haemor- 
thoids are thus incorporated in this excision. Activation 
of the gun also simultaneously recovers the cut mucosa 
and sub mucosa by stapling the edges together, 

» Disadvantages—need for experience in advanced 
surgical skill; costlier; may cause a full-thickness exci- 
sion of the rectal wall; may injure the anal sphincter. 
Improper purse string can cause incomplete doughnut 
leading to severe haemorrhage. 

» Contraindication: Associated anorectal disease like 
fissure, fistula in ano, 

Note: 
Doughnut should be sent for histology for muscular layer; 
proper doughnut should not contain muscular layer. 

10. Open operative methods: Still gold standard. 


== Indications 


& 3rd degree piles 
‘® Failure of nonoperative methods 
 Fibrosed piles 


Haemorrhoidectomy is the best treatment for haemorthoids 
‘The haemorrhoidectomy is performed using an open or closed 
technique. The open technique is commonly used in U.K. and 
is known as Milligan- Morgan operation. The closed technique 
(Hill Ferguson) is more popular in U.S.A. Both involve ligation 
and excision of the haemorrhoid, but in the open technique the 
anal mucosa and skin are left open to heal by second intention, 
and in the close technique the wound is sutured. Efficacy of 
surgery is 95% with 2-5% recurrence rate. 

Methods are: 

Ligation and excision of piles—commonly done procedures 

(Milligan-Morgan) (Open method). 

» Under anaesthesia, in lithotomy position, initially the 
sphincter should be dilated to reduce the postoperative 
pain. Later skin is held with Allis forceps, internal pile 
is held with artery forceps. Skin is cut in “V" shaped 
‘manner and intemal sphincter is separated and pushed up. 
Pedicle is transfixed with vieryl or catgut and distal part is 
excised. All the three piles can be dealt in a single sitting, 

> Postoperatively, sits bath, antibiotics, laxatives, analge- 
sics, local applications are given. Often few finger dila- 
tation of the anal canal is required to prevent stenosis 

% Submucosal haemorrhoidectomy of ‘Parks'—approach is 
above the skin through submucosal plane. 

 Hill-Ferguson closed method: Here patient in prone posi- 
tion, under GA/caudal anaesthesia, retraction is done 
using Hill-Ferguson retractor. Incision is made around pile 

‘mass, pedicle is dissected to its proximal base; itis ligated 

with transfixation using 2 zero vieryl or silk; mucosa and, 

‘anal skin is sutured using 3 zero viery\/dexon after proper | 

‘haemostasis using cautery. 
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Fig. 25.53: During haemorshoidectomy, skin part is held with Allis Fig. 25.54: Typical external pile. it causes 
forceps; internal pedicle is held with artery forceps. A'V' cutis placed haematoma, abscess, pain, itching 
‘over the outer skin up to mucocutaneous junction. Dissection is 
‘deepened to visualise the internal sphincter. Once pedicleis dissected, 
itis transfixed using very suture material. Distal tssue is excise, PYOblems 
Technique is repeated on other sites also © Pruritus ani. 

Perianal haematoma, 


Postoperativecomplications 9) = *Perianal abscess formation, 


4 Pain—due to spasm, nerve iritation, muscle injury 


Retention of urine—commonest—50% | ANAL FISSURE (FISSURE-IN-ANO) 
Seer ase teny eee oe #  Itisan ulcer in the longitudinal axis of the lower anal canal 
regan * Commonly it occurs in the midline, posteriorly (more 
Recurrence common in males), but can also occur in the midline ante- 
& Anal discharge for sometime riorly (more common in females). 

Incontinence for faeces or gas # 95% of anal fissures in men are posterior; 5% are anterior. 
+ Ectropion (Whitehead deformity) 80% of anal fissures in females are posterior; 20% are 


anterior. Anterior anal fissure is common in females, 
*  Itis superficial, small but distressing lesion 
¢ Fissure ends above at the dentate line. 


11, Management of strangulated/thrombosed/gangrenous 
piles: Here initially conservative treatment is done using 
‘warm water sitz bath; antibiotics; elevation; bed rest; saline 
compression dressing; analgesics. This reduces the oedema 
and ples shrink. Later in 4-5 days haemorthoidectomy is done. 
Doing haemorhoidectomy immediately may precipitate portal 
pyaemia and also increases risk of developing anal stricture. 

12, Newer methods: Using ultrasound or controlled electric 
energy (Harmonie scalpel or ligasure), haemorshoidectomy 
can be done with less postoperative pain, But tissue charring 
‘may precipitate secondary haemorrhage. 


EXTERNAL PILES 
Causes 

+ Asa part of internal piles. 

* Sentinel pile associated with anal fissure. Fissuresin-ano 

* Anal skin tags. Fig. 25.55: Anatomy of anal canal with fissure-in-ano. 


Itis commonly posterior. 
Treatment 
Internal Sphincter 
The internal sphincter is formed from a thickening of the 
smooth muscle of citcular coat of upper end of anal canal. 


© The cause is treated. 
© Sit bath, 
© Excision, 


ircular muscle is the continuation of the inner coat of the 
rectum. This involuntary muscle commences where the 
rectum passes through the pelvie diaphragm and ends just 
within the anal orifice, where its lower border can be felt. 

* The internal anal sphincter is 2.5 em long and 2 to 4 mm 
thick. The internal sphincter is closed by a sheath of striped 
muscle. 

®  Spasm and contracture of this muscle play a major part in 
fissure and several other anal infections. 


External Sphincter 


It can be divided into three parts—deep, superficial and subeu- 

taneous portion. It is considered to be one muscle. 

* Deep part encircles the upper end of anal canal and has no 
bony attachment, 

* Superficial part is attached posteriorly to the coceyx, ante- 
riorly inserted into the mid-perineal point in the male, in 
fomale it fuses with the sphincter vagina. 

* Subcutaneous part encircles the lower end of the anal canal 
and has no bony attachment. 


Causes 


* Because of the curvature of the sacrum and rectum, hard 
faecal matter while passing down causes a tear in the anal 
valve leading to posterior anal fissure. 

* Anterior anal fissure is common in females due to lack of 
support to pelvic floor. 

% Hard stool; diarrhoea; increased sphincter tone; local 
ischaemia; trauma; sexually transmitted diseases. 

% Other causes—haemorrhoidectomy, Crohn’s disease, vene- 
teal disease, ulcerative colitis, tuberculosis. 


Types 


© Anal fissure can be acute or chronic. 


Acute Anal Fissure 


Its a deep tear in the lower anal skin with severe sphincter 
spasm without oedema or inflammation. 
# Itpresents with severe pain and constipation. 


Chronic Anal Fissure 


* Ithas got inflamed, indurated margin with sear tissue. 
Ulcer at its inferior margin is having a skin tag. which is 
oedematous, acts like a guard—sentinel pile 

* Proximally hypertrophied anal papilla is observed. 

% Itcan cause repeated infection—fibrosis—abscess forma- 
tion—fistula formation, 

* Chronic fissure is less painful than acute one, 

‘Multiple fissures are seen in inflammatory bowel disease, 
homosexuals and venereal diseases. 

* Chronic fissure can cause complications like—abscess, 
fistula formation, 


Fig. 25.56: Chronic fissure-in-ano with ulcer and sentinel 
(pile) skin tag, 


Hypertrophied 
‘anal papilla 
chronic fisssure 


Sentine! pile 


Fig. 25.57: Parts of chronic fissure-in-ano. Ulcer in the lower anal 
‘anal; sentinel pile below and hypertrophied papilla above. 


Fissure-in-ano with sentinel ple. 


‘Success is never final and failure is never fatal. 
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Clinical Features 


© Common in middle aged women, not in elderly. 

Pain is severe in nature in acute type, whereas less severe 
in chronic. 

% Constipation, bleeding and discharge 

% PIR examination and proctoscopy is not possible in acute 
fissure-in-ano, General anaesthesia is required for exami 
nation. 

% In-chronie fissure, uleer is felt with button like depression, 
induration and often sentinel pile. 


Differential Diagnosis 


Carcinoma anal canal 
Inflammatory bowel disease. 
Venereal diseases. 

‘Anal chanere (painful) 
‘Tuberculous ulcer. 
Proctalgia fugax. 


Treatment 


& Adequate fluid intake (6-8 glasses of liquids) 
4 Fiber rich diet (vegetables, fruits brown rice) 
Bulk forming agents (psyllium husk, bran) 

& ‘Stool softeners (lactulose) 

+ Local anaesthetic agents (lignocaine 5%) 
 Sitz bath 

4 Avoid constipation 

4 Once recovers, regular anal 


Inan acute ease 
% Lord's dilatation is done under G/A to relax the sphincter. 
Itis the manual dilatation (Lord, 1969) of the anus under 


general anaesthesia with relaxation using four fingers of 


each hand (8 fingers) to cause vigorous stretching of the 
anal canal to break the circular constricting band in the wall 
of the anorectum, 


* Later, use of laxatives, xylocaine surface anaesthetic appli- 
cation, and anal dilatation with finger can be carried out for 
certain period. 

* Bed rest; 2% nifedepine ointment. 

* Stretching of the anal sphincter (Recamier, 1829) using 
‘two fingers of each hand (4 fingers) under anaesthesia is 
also an alternative one. Iti better than Lord’s dilatation as 
complications are less 


For chronic fissure 

% Dorsal fissurectomy with sphincterotomy is done under 
anaesthesia. Specimen should be sent for biopsy to rule 
‘out carcinoma, tuberculosis, etc, Here transverse fibres 
of internal sphincter is divided in the floor of the fissure. 

% Lateral anal sphincterotomy 

» Here internal sphincter is divided partially away from 
the fissure either in right or left lateral positions (also 
gives a good result) 

» Here closed or open methods (Notaras) are used. 
‘Sphincterotomy is done below the dentate line. In closed 
‘method no 11 blade is inserted into the intersphincteric 
groove to pass upwards. Blade is moved medially to 
cut lower 1/3 or 1/2 of the intemal sphineter. In open 
‘method skin is incised laterally, external to anal verge. 
Hypertrophied band of lower part of internal sphincter 
is dissected and divided. Wound is left open. 

> Haematoma, perianal abscess, bruising, fistula, inconti- 
rence are the complications of lateral sphincterotomy. 

Topical nitroglycerine 0.2% is also used to relax the 

sphincter. It causes severe headache. 

Botulinum toxin 25 units injected into the internal sphincter, 

It causes temporary denervation of the internal sphincter; 

reducing its tone, improving the blood supply and control of 

ischaemia, It causes temporary incontinence for flatus (10%) 

iazem (2%), L arginine are the other agents used. 

Regular anal dilatation is also often important to prevent 

recurrence. 


SENTINEL PILE 

(‘sentinel’ means guard) 

* Ibis commonly associated with Fissure-in-ano of chronic 
type wherein, in the lower part of fissure, skin enlarges and 
appears like guarding the fissure. 


Fig. 25.60: Perianal haematoma—it should be drained to remove clot. 
‘Small haematoma may resolve on its own. Larger one if not drained 
will form an abscess. 


Fig. 25.61: Lithotomy position used for all perineal surgeries like for 


It can cause perianal haematoma, abscess formation, ¢ Other causes: 


discomfort, > Injury to anorectum, 
‘The chronic fissure is treated along with excision of the > Cutaneous infection (c.g. Boil). 
sentinel pile. » Blood born infections, 
‘There may be low grade infection and lymphatic oedema. > Many anorectal abscesses are associated with anal 
Haematoma/abscess can develop in it fistulas, 

> Fissure-in-ano, 

> Perianal haematoma 

> Post anorectal surgery. 

> Crohn's disease. 

» Tuberculosis. 


Differential diagnosis of anorectal abscess 
“® Periurethral abscess 

-® Bartholin abscess 

“® Tuberculous abscess 


Investigations 


MRLs the investigation of choice for anorectal abscess 
Perineal and anal US is also very useful 

Investigations relevant to specific cause may be done. 
Proctosigmoidoscopy is needed to identify secondary cause 
in anorectum, 


fissure, piles fistula, and APR, 


Classification 


Perianal, 
Ischiorectal. 

Submucous. 

Pelvirectal. 

Fissure abscess (in relation to fissure-in-ano). 


pawue 


Perianal Abscess (60%) 


* This usually results due to suppuration of anal gland or 


Fig. 25.62: Site bath isused after perineal surgeries like for piles, fissure, suppurration of thrombosed extemal pile or any infected 

‘and fistula. Patient sits in warm water bath with perineum dippedinthe perianal condition. 

‘water. Often small quantity of antiseptics or KMINO, is added. * It lies in the region of subcutaneous portion of external 
sphincter. 


ll ANORECTAL ABSCESS 


. 


Most common causative organism is £. coli (60%). Others 
ate Staphylococcus, Bacteroides, Streptococcus, B. proteus. 

‘Commonly occurs due to infection of anal gland in perianal 
region. 95% of anorectal abscesses are due to infection of 
anal glands in relation to crypts—eryptoglandular disease. 

‘Common in diabetics and immunosuppressed. 


: Anatomy of anorectal abscess, 


Fig. 25.¢ 
“Oui senses don't deceive Us; our judgement does. 


: Perianal abscess. Nate the swelling and inflammation. 
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Clinical Features 


4% Severe pain in perianal region with difficulty to sit, 
% Tender, smooth, soft swelling in the region. 


4. Pelvirectal abscess 
2. Ischiorectal abscess 
3. Submucosal abscess 
4 Paranal aherase 


Fig. 25.65: Sites of anorectal abscess. 


Treatment 


% Sitz bath, antibiotics, analgesies, local application of anaes- 
thetic agents and laxatives. 
% Drainage under G/A. 


Fig. 25.66: Perianal abscess showing pus oozing out. 


Ischiorectal Abscess (30%) 
Surgical Anatomy 


Ischiorectal fossa (pyramidal shape 5 em depth and 2 em 

width) lies between anal skin and levator ani. Right and left 

‘communicates with each other. Laterally, itis related to fascia 

covering obturator internus; medially to levator ani and external 

sphincter; posteriorly sacrotubercous ligament and gluteus 

‘maximus; anteriorly urogenital diaphragm; below, the floor by 

skin, Above it is related to lunate fascia and pudendal neuro- 

vascular bundle in pudendal canal (Alcock’s canal) 

© Commonly it is due to extension of low intermuscular anal 
abscess, laterally through external sphincter. 

% But often it can be blood or Lymphatic born. 

in the fossa is more prone for infection because it is 

least vascularised. 


Obturator intemue 


Fig. 25.67: Anatomy of ischiorectal fossa. Note the boundaries and 
Aleack’s canal 


Fossa communicates with that of opposite side through post- 
sphineteric space and so horse-shoe like abscess can occur, 

 Itpresents with tender, indurated, brawny swelling in the 
skin over the ischiorectal fossa with high fever. 

% Swelling is not well-localised and fluctuation is absent in 
ischiorectal abscess. 


Treatment 


Under G/A in lithotomy position, through a cruciate incision a 
portion of skin is excised (de roofing) and pus is drained. Pus 
is sent for C/S and presence of any internal opening to rectum 
should be looked for (for possibility of an existing fistula). 


Cruciate incision 


Rehinnaetal hermes 


Fig. 25.68: Cruciate incision is used for drainage of ischiorectal 
abscess. 


Submucous Abscess (5%) 


% Itoceurs above the dentate line, which can be drained with 
sinus forceps, through a proctoscope. 

* Aching pain in the anorectum with significant perineal 
discomfort 

% On digital examination (P/R), tender, soft, smooth swelling 
in the lower rectum and anal canal. 

© Itmay be missed clinically as there is no obvious swelling 
externally. 

Treatment is proper antibiotics; incision and drainage under 
general anaesthesia, 


Pelvirectal Abscess 


% Itis situated between the upper surface of levator ani 
and pelvic peritoneum. It is almost like a pelvic abscess, 


Figs 25.69A to C:Ischiorectal abscess drainage done under general anaesthesia, 
Note the cruciate incision placed and pus gushing out. 


cours secondary to appendicitis, salpingitis, diverticulitis, 
Crohn's, 

* U/S abdomen is done to rule out the above factors 

% Treated accordingly, after thorough investigations for 
diabetes, Crohn’s and other conditions. 


© Problemswith anorectal abscess 
fe Recurrent abscess formation 
is Betula formation 


ll FISTULA-IN-ANO 

% tis a track lined by granulation tissue which connects 
perianal skin superficially to anal canal; anorectum or 
rectum deeply. 

 Itusually occurs in a pre-existing anorectal abscess which 
burst spontaneously. 


Fistula-in-ano ean be: 
© Cryptoglandular—90%, 
* Non cryptoglandular (other causes) —10%, 


Cryptogiandular Hypothesis 


* The intersphincteric space is the surgical plane between the 
internal and extemal sphincters and is found between the 
longitudinal muscle and external sphincter, where it exists 
as a sheet of fat containing loose areolar tissue. The fat- 
filled ischioanal fossa lies lateral to the sphincter complex 
and is traversed by a network of fibroclastic connective 
tissue. Proximal half of the anal canal is characterized by 
longitudinal mucosal folds, the anal columns of Morgagni 
‘The distal aspect of each column is linked to its neigh- 
bour by a small semilunar fold (the anal valves), which 
in tum forms small pockets (the anal sinuses, or crypts of 
‘Morgagni). The distal undulating limit of these valves is the 
dentate (pectinate) line, which also marks the most distal 
aspect of the anal transitional zone, a histologic junction 
between anal squamous and rectal columnar epithelium. 
‘The dentate line lies 2 cm proximal to the anal verge and 
is important landmark in fistula-in-ano because the anal 
‘glands empty into the crypts that lie proximal to the valves. 
‘These glands secrete mucus to lubricate anus, and are the 
source of infection. These glands present in the subepithe- 


lium, internal sphincter, and two-thirds of these glands are 
located within the intersphincteric space. It is the infection 
of these intersphincteric glands that initiates the fistula in 
ano, known as the “eryptoglandular hypothesis”. 

% These glandular infection leads into an intersphincteric 
abscess due to blockage of the draining duct by infected 
debris. This abscess may resolve by spontaneous drainage 
into the anal canal or may progress to an acute anorectal 
abscess. Treatment of this abscess is incision and drainage; 
bbut source of infection in the intersphincteric space persists, 
leading into development ofa fistula in ano, Acute anorectal 
abscess and fistula in ano are believed to be acute and, 
chronic manifestations, respectively of the same disease. 

% While most fistulas start as a simple single primary tract, 
recurrent infection eventulally causes formation of exten- 
sions (secondary tracts). Extensions may be intersphine- 
tetic, ischioanal, or supralevator (pararectal). The ischioanal 
fossa is the commonest site for an extension, Extensions 
also occur in the horizontal plane known as “horseshoe” if 
there is ramification on each side of the internal opening, 

Rectum 


Longitudinal 
muscle 


‘Anal columns 


Intersphincteric 
space 


Levator ani 
Puborectalis 


Internal anal 
sphincter 


Anal gland 


Extemal anal 


sphincter 
Fig. 25.70: Anatomy of anal glands (Cryptoglands of Morgagni) 


Dantate line 


Other causes are (Non-cryptoglandular) 
% Tuberculosis 

+ Carcinoma 

+ Crohns disease 

+ Ulcerative colitis 

+ Lymphagranuloma venereum 

‘& Hydradenitissuppurativa 

& Traumatic 


‘Two types of mankind are there; Hosts and Guests; on either way you are in trouble. 


rim } 
IC a 
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Plenty of lymphoid aggregates surround the anal glands, 
which explain the high incidence of anal fistula in Crohns 
disease. 


Fig. 25.71: Anatomy of fistula-in-ano. 


Classifications 
‘Standard (Milligan Park's classification (1976) 
Morgan, 1934; 
Goligher 1975) 
+ Suboutaneous + Intersphincteric — commonest 
‘commonest 70% 
+ Low anal—common + Transphincteric 25% 
+ Submucous + Supralevator/ 
+ High anal -suprasphincteric 4% 
+ Pelvi rectal + Extrasphincteric 19% 
It can be: 


. Low level fistulas—these open into the anal canal below 
the internal ring. 
2, High level fistulas—these open into the anal canal at or 
above the internal ring. 


4, Pelvi-rectal fistula 
2. Submucosal fistula 
— 3. Subculaneous fistula 
4, High-anal fistula 
5. Low-anal fistula 


Fig. 25.72: Classification of fistula-in-ano (Standard classification). 


Extrasphincterc fistula 
Figs 25.738 toD 


Figs 25.73A to D: Park’s classification of fistula-in-ano— 
(A) Intersphincteric fistula. (8) Transphincteric fistula. (C) Supralevator 
fistula. (D) Extrasphincterc fistula, 


It can be: 


Intersphincterc fistula % Simple fistula without extensions. 
Fig. 25.738 * Complex fistula with extensions. 


It can be with: 

Single external opening. 

Multiple external openings which are often seen in tubercu- 
losis, ulcerative colitis, Crohn’s disease, LGV, hidradenitis 
suppurativa, actinomycosis 


LOW-LEVEL FISTULAS 
Clinical Features 


%  Ithas a prevalence of 0.01% and is common in young adult 
‘males (2:1, male to female). 

4% Itpresents with seropurulent discharge (65%), along with 
skin irritation and one or more external opening may be 
present with induration of the surrounding skin. 

© Often it may heal superficially but pus may collect beneath 
forming an abscess which again discharges through same 
or new opening. 

4 Ischiorectal fossa on each side, most often communicates 
with each other behind the anus causing horseshoe fistula. 


Fig. 25.70 


Figs 25.74A to C:Fistulain-ano (simple type)— 
typical look and ste. 
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Fig. 25.75: Complex fistula-in-ano. 


Goodsall’s (1900) Rule 


Fistulas with an external opening in relation to the anterior 
half of the anus is of direct type. 

Fistulas with external openings in relation to posterior 
half of the anus, has a curved track may be of horse-shoe 
type, opens in the midline posteriorly and may present 
with multiple external opening all connected to a single 
internal opening. 

% P/R examination shows indurated internal opening usually 
in the midline posteriorly. 

% Most of the fistulas are on posterior half of anus. 

% Probing in the ward and fistulogram in the ward before 

Figs 25.748 and B surgery using Lipiodol is not advisable as it may cause 


I ‘You never get the second chance to make the first impression. 
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Posterior 
Fig, 25.76: Goodsoll’s rule. Anterior fistulas are having straight track. 


Posterior fistulas are having curved track with internal opening in 
the posterior midline. 


recrudescence of inflammation. It can be done with 
adequate precaution. Probing is done under general anaes- 
thesia gently with care without creating extensions, 


Fig. 25.77: Anterior fistula-in-ano with probe in place. Anterior low 
fistula has got straight track. Both internal and external openings 


Investigations 


Chest X-ray, ESR and barium enema X-ray. 

If required fistulogram is done only under anaesthesia. 

MRI/MRI fistulogeam ideal. 

Endorectal L/S (US perineum) is useful to assess deeper 

plane, 

* Discharge study, methylene blue dye study, biopsy. 

% Colonoscopy often when ulcerative colitis/Crohn’s is 
suspected. 

* Specific blood test 

Tuberculous fistulas do not have induration, will have pale Multiple fistulassin-ano. it may be Crohn's disease; 

granulation tissue with watery discharge and they are most carcinoma or HIV. Biopsy should be done prior to formal therapy. 

‘often multiple. Here, the infection occurs in lymphoid tissue MRI of perineum is of great help in such patients to anatomically 

over the lower part of anal canal, around anal gland opening. evaluate the fistula-in-ano. 


Differential diagnosis for fistula-in-ano 


@ Urethral fistula in male 
@ Chronically infected Bartholin’ gland 
 Pilonidal sinus 

@ Hidradenitis suppurativa 

+ Carcinoma 

Crohn's tuberculosis ulcerative colitis 


Fig, 25.81: Probing of the fistula track during 
surgery to find out its inner opening. 


Treatment 

Principles in Procedures 

‘management 

+ Identify the cause— + Laying open the fistula— 
cryptoglandular or —_fistulotomy with curetting 
other + Fistulectomy 

+ Delineate exactly + Gluing offistula—not much 
the fistula anatomy useful 
—MRVEUS + Mucosal flap procedure 

+ Identify relation + Fistulectomy with primary repair 
offistula to anal Fistulectomy with primary repair 
sphincter with episiorectopexy 


+ Drain all sites of + Fistulectomy with secondary 


infection repair 
+ Eradicate track + Anal fistula plug repair (AFP) 
and secondary + LIFT Technique (Ligation of. 
extensions intersphincteric fistula track) 
+ Preserve anal + Seton technique (Latin— 
incontinence sela—a bristle) 
function + Colostory—tay open, 
fistulectomy, later closure of 
The primary objectives _colostomy—for high type 
are to eradicate + VAAFT procedure (Video 
the tract and drain assisted anal fistula track 
all associated sites ligation) 


of infection while 
simultaneously 
preserving anal 
continence 


* Fistulectomy 
> Under G/A or spinal anaesthesia, probe is passed through 
external opening up to the internal opening which is felt 

1s an induration. Fistula is opened along the probe using 


a knife. Fibrous track along with unhealthy granulation 
tissue and additional external openings are excised. 
Specimen is always sent for histopathology. 


Fig. 25. 


: Methylene blue injection to delineate track on table in 
fistula-in-ano, 

> Postoperatively—sitz bath, antibiotics, analgesics, laxa- 
tives are given. 

» Fistulectomy for low level fistulas do not cause rectal 
incontinence. 

> Proper curetting of the infected anal gland area is 
essential 

* Fistulotomy 
It is done in low anal fistula, It is technically easier. After 
passing the probe through the entire fistulous track, incision 
ismade over the probe to cut and lay open the fistulous track. 
It is allowed to granulate and heal from the floor/surface. 
‘Technique is safer, easier and can be done on outpatient basis 

# Advancement flaps are used occasionally to get better 
result—mucosal flap procedure. 

% Gluing of the fistula track is tried but success rate is not 
good. Fibrin glue is a multicomponent system containing 
mainly human plasma fibrinogen and thrombin, Once 
prepared its injected into the fistula track which hardens in 
few minutes and fills the entire track. Success rate is 70%, 

* Anal fistula plug (AFP) repair: Surgisis anal fistula plug 
(porcine small intestine submucosa, SIS) is used with 85% 
success rate in simple fistula, It contains naturally derived 
extracellular matrix which acts as scaffolding, ingrowth of 
tissue, remodeling, 

* LIFT technique (Ligation of intersphincteric fistula track): 
Under anaesthesia in lithotomy position, intersphincteric 
space is reached through a transverse incision, Fistula running 
‘across is identified and ligated using vieryl on either side. Part 
is excised; outer part is curetted through external opening, 

¢ VAAFT procedure (Video assisted anal fistula track liga- 
tion): Fine specialized endoscope is passed through the 
‘outer opening into the fistula track; with continuous irri- 
gation fistula track is cleaned and wall is cauterized, Inner 
‘opening is ligated through vieryl from luminal side. 


His heart cannot be pure whose tongue is not clean. 
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HIGH-LEVEL FISTULAS # Seton can be kept for 3 months. It can be regularly replaced 
by new silk or any material by rail road technique without 


anaesthesia. 
* Two types of setons are present. 

» Loose setons are used mainly to drain for long period 
in recurrent/postoperative fistulas and due to specific 
causes like Crohn's. There is no tension in seton. 

> Cutting setons are used when enclosed muscle is needed, 
to cut (cheese wiring through ice effect). It is placed 


Its upper opening is at or above the anorectal ring, It is 
difficult to treat, 


@ Crohn's disease 
Ulcerative colitis 
> Trauma 
Carcinomas tight, 
'@ Foreign body 


% Incontinence may follow after lay opening of these fistulas. 


‘Common causes are; 


ll ANORECTAL STRICTURES 


Investigations © Congenital “© LGV {in females) 

+ Barium enema X-ray, colonoscopy, chest X-ray, biopsy. @ Fibroticanalfisure @ Ulcerative clits 
Irradiation “© Crohn's disease 

Tisetmant Senility 4 Carcinomas 


‘& Postoperative (surgery for piles,coloanal anastomosis) 
+ Requires staged procedure—initial colostomy is done 
followed by definitive procedure. This prevents sepsis and 
promotes faster healing, Clinical Features 


+ Later closure of colostomy is done a Brpgresitve cndetpalton 


* On P/R examination, stricture can be felt as a tight ring. 
Seton Technique © Features relevant of specific cause. 


4% Assilk or linen ligature is passed across the fistula and left 
in place with a tie 

% Striated muscle superticial to fistula track is encircled with 
Seton material and tied securely and left in situ to create 
ischaemic necrosis, dividing the muscle slowly without 
allowing it to spring apart avoiding gutter deformity. 
Even though internal sphincter is divided in this, causing 
adequate laying open of entire fistula track, it will well- 
preserve the sphincter function and pressure. 

¢ Thisallows the fistula to granulate and heal from above and 
to close completely. Usually takes longer duration to heal 

% tis done for intermediate and intersphincteric fistula. It 
is used prior to definitive procedures like fistulectomy or 
advancement flap. 


‘Selon material 
Fig. 25.83: Seton technique for intersphincteric fistula-in-ano. tt is 
kept for 3 months. it can be tight or loose seton depending on the Figs 25.84A and B: Anal dilator. Many proctology surgeries require 
indications. It promates formation of granulation tissue, healing by regular anal dilatation postoperatively. Note how to hold the dilator 
fibrosis and track recedes downwards. ‘to pass into the anus after applying lubricant. 


Investigations 
* Barium enema X-ray, biopsy, colonoscopy, 


Treatment 


© The cause is treated. 
% Dilatation of the anal canal under general anaesthesia 
# Resection in severe recurrent cases. 


™ CONDYLOMA ACUMINATA 


¢ It is most common sexually transmitted anal disease, It is 
common in homosexual men. 

Penile warts or female genital warts may be present. 

It is caused by Human Papilloma Virus (HPV). 

Pruritus, discharge, pain and bleeding are the features. 
Pinkish white warts in anal canal, often attaining lange size 
causing Buschke Lowenstein tumour. 

Large wart may block the anal canal orifice. 

Whitening occurs on applying acetic acid on it 

sy confirms the diagnosis. 

Treatment is local application of 25% podophyllin cream; 
surgical excision of the wart; intralesional injection of 
interferon «2b. 

* Malignancy should be ruled out by histology. 


ll ANAL INTRAEPITHELIAL NEOPLASIA (AIN) 
+ 
+ 


It is dysplasia of anal or perianal epidermis. 
Itis seen in individuals with HIV infection; HPV infection 
(16, 18); individual who do anorectal intercourse. 
Classification: 
AIN I—absence of keratocyte maturation and cellular atypia 
observed in outer 1/3rd of epithelium—low grade. 
AIN Il—cellular atypia observed in middle 1/3rd—low grade 
‘squamous intraepithelial neoplasia. 
AIN Ill—cellular atypia full thickness—high grade squamous 
intraepithelial neoplasia, 
% 30% of anal warts will show AIN. 
Itis raised scaly white/pigmented/cracked lesion. 
psy confirms the disease. 
Treatment: Excision; topical imiquimod, 80% tricholoro- 
acetic acid and oral retinoids. 


ll MALIGNANT TUMOURS OF ANAL AREA 


Anal malignant tumours are <2% of large bowel tumours. It 
can be below the dentate line (SCC, 80% of anal tumours); 
above the dentate line (Basaloid/transitional/cloacogenic). 

© Causes may be HPV infection; HIV infection; AIN (Anal 
intraepithelial neoplasia); organ transplant recipients; 
immunosuppression. 


Itcan bi 

Benign 

+ Malignant 

Italso can be: 

Tumour of the anal canal (proximal to dentate line) —SCC, 
‘adenocarcinoma,melanoma 

‘ Anal margin tumour (distal to dentate line) —ANI, Bowen's 
disease, Paget's disease, BCC, anal margin SCC 


+ 
+ 
+ 


Figs 25.85A to C: Anal canal carcinoma. Squamous cell carcinoma 


is commonest type—80%. 


Types 


Squamous cell carcinoma is the commonest type. 
Predisposing causes: Papilloma, irradiation, dermatitis, long 
standing fistula-in-ano. 

Basaloid carcinoma—it is rare, non-keratinising squamous 
cell carcinoma. Highly malignant, 

Muco-epidermoid carcinoma—arises near squamo— 
columnar junction, 

Basal cell carcinoma, 

Melanoma—blue/black in colour mistaken for thrombosed 
pile—poor prognosis (5 years—10%). 

Adenocarcinoma from the anal glands in a pre-existing 
fistula-in-ano, 


God gives every bird its food, but he does not throw it into the nest. 
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Features Investigations 
+ Ulceration + Biopsy from anal region 
+ Bleeding + FNAC of inguinal node 
+ Pain, pruritus and discharge + U/S abdomen 
+ Iegular indurated mass + -MRI perineum is very 
Useful 
+ Anovaginal fistula in + P/Ris a must to assess 
females upper extent of the 
growth 
+ Faecal incontinence in late AJC staging 
cases Tis—carcinoma in situ 
+ Inguinal node—hard, Ti—tumour <2 em 
ontender T2—tumor 2-5 om 
+ Iliac nodes T3 —tumor > 5 om 
‘T4—invasion into adjacent 
+ Later—tate constipation— organs like vagina/urethra 
obstruction 


Ni—perirectal nodes + 
N2—unilateral internal 
iliac/inguinal nodes 
N3—perirectal + inguinal’ 
iliac or bilateral nodes 
M.0—no distant spread 
Mt—distant spread 
present 


© Squamous cell carcinoma of anal canat, usually present as 

a fungating or ulcerative growth, which spreads to inguinal 

lymph nodes. 

» Biopsy and FNAC of lymph nodes are the essential 
investigations. 

» Treatment: Wide excision of the lesion with 3 to 5 em 
clearance and ilioinguinal block dissection for lymph 
nodes are done. Follow-up radiotherapy is also often 
given. 

» Nigro regime 


Nigro Regime 


Nigro Regime for Anal Carcinoma 

(Norman Nigro, et al.1974) 

+ Initial radiotherapy for 3 weeks 3000 rads (30 Gy total) to 
perineum and pelvis 

‘& Then chemotherapy—S FU, for 4-5 days:is a radiosensitizer, 
started on Ist day of RT-as 1000 mg/m? continuous infusion. 
Mitomycin Cis 15 mg/m*as single dose on 1st day of RT 

+ Later after'3 weeks abdominoperineal resection (APR) 


> Chemoradiation is becoming popular for carcinoma 
of anal canal. 
» Drugs used for chemotherapy are 5 FU, bleomycin, 
vincristine, adriamycin, 
> Inadvanced growths radiotherapy is the only treatment. 
All other tumours: Abdominoperineal resection with 
permanent colostomy is done. 


4 Paget's disease of anal margin—of apocrine glands 
‘® Paget's disease of penis 

@ Paget'stest 

‘& Paget's disease of bone 


ANAL MARGIN TUMOURS 


I is the tumour below the level of dentate line 


Bowen’s disease, 
Paget's disease. 

Basal cell carcinoma, 

Squamous cell carcinoma. 

Vernucous carcinoma (Giant condyloma acuminatum or 
Buschke-Lowenstein tumour) 

Epidermoid carcinoma (SCC; cloacogenic/transi 
basaloid carcinoma) 


nal/ 


SACROCOCCYGEAL TERATOMA 


Itis an uncommon tumour, but most common of the large 
tumours in first 3 months of life 

More common in females. 
Retention of large amount of primitive toti-potential cell in 
this region may be the reason for this tumour. 

Itoccurs between coceyx and rectum. 

Itis attached to coecyx, extends commonly downwards as 
‘a huge mass, occasionally upwards into the pelvis. 


Figs 25.868 and B: Sacrococcygeal teratoma, typical site 
(Courtesy: Professer Suresh Kamath, MS, Mangalore). 


¢ Its a congenital condition arising from totipotent cells. 
¢ X-ray and CT scan are must 
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Fig. 25.87: X-ray of a patient with sacrococcygeal tumour 
(Courtesy: Professor Suresh Kamath, MS, Mangalore). 


25.88: Recurrent chordoma of sacrum. 
Treatment 
* Excision soon after birth. 


ll ANAL INCONTINENCE 


Continence of anal ea 


al is maintained by two factors: 
* Normal rectal and colonic pressure and activity. 
* Normal pelvic floor function. 


Types 


Unge incontinence—here rectal and colonic pressure and 
activity is increased but normal pelvic floor. 


% True incontinence—here rectal and colonic pressure and 
activity is normal but defective pelvic floor function 
% Full incontinence—here rectal and colonic pressure and 
activity is reduced and also defective pelvic floor function. 
4% Temporary—treated by reassurance. Often seen after Lord’s 
dilatation 
% Permanent—needs definitive therapy. 
Causes 
‘Causes of anal incontinence 
‘& Denervation—spinal injury, spina bifida 
& Damage—childbirth, wounds, surgeries 
‘& Descent—rectal prolapse, perineal descent 
& Debility—old age, diseases 
‘ Destruction—RT, malignancy 
& Dementia—senility, psychosis 
 Deficiency—congenital anom: 
* Irritable bowel syndrome, severe diarrhoea. 
%  Prolapsed piles, rectal prolapse. 
% Old age, malnutrition, debilitating illness. 
* Congenital anomalies. 
% Trauma, surgeries, injury during childbirth in females, 
* Spina bifida, spinal tumours, spinal injuries and surgeries, 
* Malignancy, postirradiation, 
# Psychological causes. 
Evaluation of the patient 
@ Forspecific causes 
& Anorectal manometry 
‘ Per-rectal examination 
& Sigmoidoscopy 
& Electromyography 
 Defaecography 
+ Perineometerto assess level and angle of anorectal junction 
Treatment 
Suturing of the tom sphincter. 
Repair of puborectalis muscle and plication of external 
sphincter. 
* Encircling operations around anal canal to give support 


using gracilis sling or mersiline sutures 

Electrical stimulation of the puborectalis. 

Secca therapy: Temperature controlled radiofrequency 
energy in the anal canal and distal rectum to create scar- 
ring and fibrosis of intemal sphincter and adjacent tissues. 


DESCENDING PERINEAL SYNDROME 


When a healthy petson increases the intra-abdominal pres- 
sure and relaxes the pelvic floor muscles, there will not be 
any changes in the concavity of the perineum 


Diseases of the soul are more dangerous than those of the body. 
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% In chronic ill-patients, malnourished, and people with 
preprolapse, perineal descent can occur with obliteration 
of the normal concavity of the perineum. It is called as 
descending perineal syndrome. 

 Levators got injured directly or indirectly causing weak- 
ening of pelvic floor, 

Anal canal is situated many centimeters below the pubo 
coccygeal line. Usually 3-4 em low during straining, 

% Defecography is ideal to evaluate such patients. Perineom- 
eter is also used. 

* Presentations are tenesmus; incomplete evacuation; ineon- 


tinence, 

¢  Treatmentis diet, laxatives, avoiding straining, and supposi- 
tories. 

Restoration of pelvie floor by various surgical methods 
may be needed often with rectal resection and suspension. 

% Total pelvic marlex mesh repair; transcoccygeal posterior 
hitching of the rectum (Kraske); correction of cystocele, 
rectocele and enterocele. 

# Results are not very good as recurrence or residual problems 
‘may persist. 


™ PROCTITIS 


Itis inflammation of rectal mucosa often with the inflammation 
of colon and anal canal. 


Types 


Acute, 
Chronic. 

Nonspecific—common. 

Ulcerative proctocolitis as part of ulcerative colitis. 
Specific 

Bacillary dysentery. 

Amebic proctitis—common. 

Combined amoebic and bacillary. 

Gonococeal proctitis 

Lymphogranuloma inguinale (LGV). 

‘Tuberculous proctitis 

Bilharzial proctitis due to schistosoma haematobium, 
Enema induced proctitis especially of herbal enemas. 


Pain per rectum and anum 
+ Tenesmus 
+ Passage of mucus and blood 
+ Frequent urge to pass stool 
+ Fever loss of appetite 
@ Pain and tenderness in left lower abdomen 
@ P/Ris tender 
Investigations 


%  Sigmoidoscopy is more relevant than just proctoscopy. 
Stool study, stool culture 

‘Mucosal biopsy 

Serological tests. 

Relevant investigations like ESR, blood smear, and chest 
Xray. 


Treatment 


Antibiotics, antiamoebic drugs like metronidazole. 
In severe cases, retention enema using metronidazole, 
prednisolone, saluzopyrin, 

* IV fluids, IV antibiotics and IV metronidazole are often 
required, 

% Treating the specific causes like tuberculosis, gonococeal 


1 PROCTALGIA FUGAX 


#  Itis sudden severe recurring pain in the rectum of unknown 
‘cause with segmental pubococeygeal spasm, 


Features 


* It is common in young people may be due to stress, 
straining 

* Common at night, starts suddenly, lasts for few minutes 
and then subsides spontaneously 
Pain is unbearable and severe with often constipation, 
Gradually subsides on its own. 
Occasionally, only cutting of puborectalis muscle is 
required but with danger of developing incontinence. 


@ HIDRADENITIS SUPPURATIVA OF 
ANAL REGION 


* Itis.a chronic suppurativa condition of apocrine glands 
of the skin in axilla/perineum/mons pubis/thighs/scrotum 
ete, 

* Apocrine gland duct obstruction —> bacterial infection 
—+ multiple glands involvement —> secondary infection 
(Staphylococcus aureus, streptococci) — skin oedema, 
multiple raised pustules -> multiple communicating fistulae 
formation. 

+ Di 
sphincter. 

% Itis common in young obese females. 

inus; scarred areas; discharge; skin changes; pain and 
tendemess; foul smelling fluid are the presentations. 

Differential diagnosis are—Crobn's disease; fistula 
pilonidal sinus; tuberculosis; actinomycosis; LGV. 

¢ Treatment: 

Weight reduction; proper hygiene. 

Antibiotics; analgesics, 

Incision and drainage of abscess. 

Laying open of all communicating tracks and regular 

dressing. 

> Radical local excision of entire apocrine bearing perineal 
skin with reconstruction using flap. 

» Recurrence is known to occur, 


ease does not extend above dentate line or into 


ano; 


ll PRURITUS ANI 


¢  Itis intractable itching in and around anal canal, 
Skin is reddened, hyperkeratotic, cracked and moist, 


Causes 


Poor hygiene 
Anal discharge due to fissure/fistula/piles/warts! polyp. 
‘Trichomonas vaginalis infection of vagina in females. 
Parasites. 

Epidermophytosis, 

Allergic cause. 

Dermatitis/psoriasis 

Intertrigo/erythrasma (Corynebacterium minutissimum). 
Diabetes mellitus; psychological cause. 


Treatment 
Proper cause should be assessed and treated. Good hygiene; 


local steroid application; topical xylocaine; strapping of the 
buttocks are needed. 


ll GASTROINTESTINAL HAEMORRHAGE 
(GI BLEED) 

Gi bleed is classified as upper GI and lower GI bleed. 

% Upper GI bleed is bleeding above the level of ligament 
of Treitz 

* Lower GI bleed is bleeding below the level of ligament 
of Treitz 
Ligament of Treitz is a fibromuscular band, which extends 
from right crus of diaphragm to duodenojejunal flexure 
‘with upper part made up of striped muscle fibres, lower part 
smooth muscle fibres and middle part with elastic fibres. 


Fig. 25.89: Anatomy of ligament of Treitz 


UPPER GI BLEED 


It is considered as: 
® Variceal. 
© Nonvariceal. 


Causes 


+ Peptic ulcer 55%, Ulcer bleeding is precipitated by NSAIDs, 
steroids, alcohol. Uleer bleeding is overall common in men. 


But NSAID induced ulcer bleeding is common in females. 
Duodenal ulcer (35%) more commonly bleeds than gastric 
ulcer (20%) 

% Gastroduodenal erosions. 

% Oesophageal varices, 

% Oesophagitis and erosions. 

% Carcinoma stomach—5% 

# Mallory-Weiss syndrome—S-15%. 

% Vascular anomalies —Dieulafoy’s syndrome (A-V malfor- 
‘mation in the fundus of the stomach), Osler-Weber-Rendau. 
syndrome, Ehlers-Danlos syndrome. 

% Aortoduodenal fistula. 

* Bleeding disorders. 

* HO drug intake—anticoagulants, clopidogrel, ecospirin 


‘& Gastric acid which inhibits the platelet aggregation 

‘Pepsin, by its proteolytic action causes erosion of the ulcer 
into the vessel. It also digests the clot, so as to aggravate the 
bleeding 

‘% Mucosal blood supply patter 

Gastric motility 

& Alcohol, drugs 
‘Majorhaemorrhage occurs when erosion of gastroduodenal 
artery or left gastric artery or splenic artery occurs or when 
bleeding occurs from varices 


Clinical Features 
Acute Bleed 


* Features of shock, 
% Hacmatemesis, 
© Melaena, 


Chronic Bleed 


% Hypochromic microcytic anaemia, glossitis, koilonychia, 
congestive cardiac failure, 
% Mortality in upper GI bleed is 10%. 


Investigations 

*  Gastroscopy to see the spurting vessel, oozing, clot in the 
ulcer, collected blood in the lumen of the stomach, 

* CTangiography of coeliac trunk and SMA. 

Hb%, packed cell volume, CVP measurement, blood 
‘grouping and crossmatching. U/S abdomen. 

¢ LET; prothrombin time; platelet count; blood urea and 
serum creatinine; serum electrolytes. 

% Modified Forrest classification (refer Chapter 20— 
Stomach) and Rockall scoring system (better) is used. In 
Rockall scoring system parameters used are—age (60 [0], 
60-79 [1], > 79 [2] Yeats); shock (none [0], pluse > 100 
[1},) pluse > 100 with hypotension [2)); comorbidity (none 
[0}, IHD (2), renal/liver failure/advanced maligancy (3]); 
condition diagnosed (Mallory Weiss [0}, all but mailiganey 
[1]. upper GI maliganey [2)); endoscopic finding (none (0), 
dark spot, blood/clov/visible vessel [2}). Score: <3 low-risk; 
3-8 moderate; > 8 high, 


Happiness lies in the jay of achievement and the thrill of creative effort. 
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Treatment 


Treatment ofupperGlbleed = 

4 General 

4 Medical—PPV/tranexamic acid/octreotide 

“Endoscopic 

'& CTangiography guided embolisation 

& Surgical 

© General: IV fluids, catheterisation, Ryle’s tube aspiration, 
blood transfusion 

Injection ranitidine IV S0 mg 8th hourly, or famotidine IV, 
‘omeprazole LV, pantoprazole LV, 


a 


Figs 25.90 and B: Bleeding peptic ulcer (duodenal ulcer) is the 

‘commonest cause of upper Gl bleed. Oesophageal varix causes 

dangerous severe life-threatening bleed. 

%  Antifibrinolytics like tranexamic acid, EACA. 

% Somatostatin or octreotide, PY infusion. 

% Endoscopic therapy (tamponade, laser, haemoclip, banding, 
sclerotherapy, etc.) is the first line of therapy in all upper 
Gl bleed. CT angiography guided transcatheter embolisa- 
tion of artery (gastroduodenal) is very useful in bleeding 


duodenal ulcer ifendoscopic therapy fails. Persistent recur- 
rent bleeding needs surgical intervention. 

For varices, vasopressin, propranolol, isosorbide dinitrate, 
Sengstaken tube tamponade, sclerotherapy, Boerema- 
crile operation, Hasaab operation (devascularisation with 
splenectomy), oesophageal transection, Siguira-Futagawa 
‘operation or TIPSS. 

* For peptic ulcer, saline wash with | = 2,00,000 adrenaline, 
Nd:YAG laser therapy, cautery coagulation, thrombin 
injection, Finney’s pyloroplasty, partial gastrectomy, liga- 
tion of gastroduodenal or left gastriartery, cytoprotectant 
‘mesoprostil injection. 

* The cause is treated, once acute episode is under control. 


Prognosis 


% Varices and gastric ulcer bleed has higher mortality 
* Bleeding duodenal ulcer has got better prognosis. 


LOWER GI BLEED 


* Bleeding in the GIT below the level of the ligament of 
Treitz, 

% Normal faecal blood loss is 1.2 ml/day. A loss more than 
10 mU/day is significant. 


Small 
Dowel tumour 
Carcinama colon — 
Intussusception —| 


Causes 


© Angiodysplasia. 
* Diverticular disease—commonest cause in Westem coun- 
tries, 

‘Tumours of colon or small bowel. 

Anorectal diseases—haemorshoids, fissure-in-ano, 
Ulcerative colitis, Crohn’s disease. 

Colorectal polyps; rectal carcinomas. 

Intussusception. 

‘Tumours, either benign or malignant of colon or small 
bowel. 

Meckel’s diverticulum, 

Ischaemic colitis. 

Stercoral ulcer. 

Infectious colitis. 

Mesenteric artery occlusion, 


Lower GI bleed can be: 


+ Occult bleed: > 10 mi/day but not revealed 
Overt bleed: Bleeding which is revealed 
— Overt acute 
~ Overt acute massive (bleed > 15 litre/day) 
— Overt chronic 


Common causes 


+ Internal piles 
+ Diverticular disease 

@ Neoplasia 

Inflammatory bowel diseases 
@ Angiodysplasia 


Classification 


1. Bleeding may be: 


‘Small bowel bleed: Polyp’ , Meckel's diverticulum, mesenteric 
ischaemia, intussusception; small bowel tumor, 


Large bowel bleed: Angiodysplasia, carcinoma, colitis, diver- 
ticulitis, carcinoma. 


Anorectal diseases: Piles, fissure-in-ano, carcinomas. 


HL, Bleeding may be: 

Congenital: Polyp’s, Meckel’s diverticulum. 

Inflammatory: Uleetative colitis, infective, amoebic, Crohn’s 

disease, 

Neoplastic: Adenomas, carcinomas, polyps. 

Vaseuta 

Others: 
Angiodysplasia is common in caecum and ascending colon, 
Bleeding more than 1.5 litres per day is called as acute 

‘massive GI bleed, 


: Angiodysplasia, mesenteric artery ischaemia, colitis, 


Piles, fissure-in-ano. 


‘Acute bleed occurs in: 
Mesenteric ischaemia 
‘Angiodysplasia 
Ischaemic colitis 
‘Meckel’s diverticulum 
Intussusception 
‘Acute episodes of ulcerative colitis 
£803 of acute bleed regress spontaneously 
2096 will become either massive or recurrent 


eeeeee 


Presentations 


% Acute bleeding presents with features of shock. 

* Chronic blood loss occurs in piles, fissures, colitis, Presents 
with hypochromic, microcytic anaemia, 

 Tenesmus, subacute obstruction, loss of appetite, decreased 

tt, bloody diarrhoea is seen in carcinoma distal, large 
bowel 

% Per-rectal examination is a must which may reveal polyp, 
growth, ulcerations. 


* Haematochezia 
* Mass palpable per abdomen in left or right iliac fossa or 
mass of intussusception, 


Blood with mucus—colitis, carcinoma 
Fresh blood as splashes in the pan—piles 
‘Maroon coloured stool—Meeckel's diverticulum 
‘Red currant jelly in stoo!—intussusception 
Bright red blood in stool—polyps 


eeeee 


Investigations 


Hb, packed cell volume, ESR. 

Bleeding time; clotting time; prothrombi 

count; blood urea and serum electrolytes. 

Occult blood in the stool—positive faecal blood test using 

Guaiac reagent 

Barium enema. 

Proctoscopy for piles and sigmoidoscopy for rectosigmoid 
cases. 

Colonoscopy for colitis, carcinomas, polyps. 

Small bowel enema (enteroclysis). 


time; platelet 


Figs 25.92A and B: Sigmoid diverticula on colonoscopy. Itis the 
cammon cause of lower GI bleed in Western countries. 


‘Use your imagination not fo Scare yourself to death, but fo inspire yourself to life. 
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© US abdomen. 

* Mesenteric angiogram is very usefill investigation in acute 
bleed, especially in angiodysplasia 

 Technetium scan for Meckel’s diverticulum, 

* Capsule endoscopy. 


Treatment 


* Endoscopic fulguration or therapeutic embolisation or right 
hemicolectomy (for angiodysplasia) 

% Endoscopic polypectomy for polyps. 

* Treatment for ulcerative colitis with mesacol enema or 
drugs or total proctocolectomy with ileo-anal anastomosis. 


Surgical resection of colonic carcinoma. 

# Massive resection of small bowel in mesenteric ischaemia, 

# Sigmoid colectomy in sigmoid diverticula. 

© Cause is treated. 

* Proper exploration through a lengthy midline incision is 
essential. 

OBSCURE GI BLEED 


* It is intermittent GI bleed for which no source has been 
found endoscopically/radiologically. 

# Itis 5% common. 

* Commonly, it is due to either missed common cause or 
angiodysplasia. 

* If itis angiodysplasia, angiography, nuclear scintigraphy 
capsule endoscopy; then angiographic embolisation or 
resection of the part of the bowel is done. 

* Enteroscopy, upper and lower Gl scopies are needed in 
other conditions, 

% All other conditions are treated accordingly. 


Investigations for Gi bleed 
Blood 
+ Hematocrit LT, blood urea, serum creatinine 
+ Serum ferritin, iron, binding capacit 
+ Coagulation profile—platelet count, BT, TPT, APT 
Occult stool blood test (1-2 ml/day) 
+ Benzidine test 


@ Gualactest 


4 Haemoccult—guaiac impregnated electrophoresis paper 

 Fecaltest 

Immunological test 

Endoscopy 

4 Gastroduodenoscopy 

 Proctosigmoidoscopy 

 Colonoscopy—often diffcultinacute bleed forclaityvsuali- 
sation bleeding pointis seen itcan becontroled by cautery, 
laser, haemoclps, injection sclerotherapy, heater probe etc. 
But still t becomes the test of choice once bleeding has 
controlled/stopped temporarily 

4 Small bowel endoscopy—push type (160.cm);Sonde entero- 
scope (275 em, 5 mm diameter with balloon tip) are used. 
Entire small intestine is visualised while withdrawing but 
therapy or biopsy is not possible 

Angiography 

‘ Itidentifis when bleeding rate is 05 ml minjusefulin active 
bleedin therapeutic embolization injection vasopressin can 
be done.Embolisation of small bowel vessel may cause bowel 
infarction which s dangerous and resectionisneededin such 
situation, Visualisation in angiography can be improved by 
selective infusion of vasodilators lke tolazoline and prosta- 
alandins, using magnification films, using vasoconstrictor 
drugs 

4 Angiogragraphic criteria in angiodysplasia are—early and 
prolonged filing of draining veins; cluster of small arteries; 
visualisation of vascular tuft 

‘Nuclear scintigraphy 

4 Identifies 0.1 ml/min of bleed ;Tesulphurcolloid scan i very 
sensitive ands completed in 1 hour but increased uptake in 
spleen and ver obscures bleeding point and needs repeated 
administration due to rapid clearance; Tc labeled RBC rciru- 
lates and so effective for 1 day with better localisation 

Advantages ore—high-sensitvty even with active continued 
bleed; screening test prior to angiography 

+ Problems are—no spectfcity; therapy is not possible 

Other methods 

® CTangiography; MR-angiography 

© Aartography for aortoenteric fistula 

© Intraoperative localisation —on table enteroscopy; on table 
Dopplerjon table bowel lavage and colonoscopy 


Chapter 26 UO) 0t 


A. Kidney 


It is no exaggeration to say that the composition of the blood is determined not by what the mouth ingests but 
by what the kidneys keep; they are the master chemists of our intemal environment, which, so to speak, they 


synthesize in reverse. 


CHAPTER OUTLINE 


~ Anatomy of Kidney and Ureter 
» Plain X-ray—Kidney, Ureter and Bladder 
© Intravenous Urogram 
» Retrograde Pyelography 
» Renal Angiogram 
% Micturating Cystourethrography 
» Ascending Urethrogram 
» Isotope Renography 
* Cystoscopy 
© Catheters 
— Foley's Catheter 
— Malecot's Catheter 
— Red Rubber Catheter 
» Nephrostomy 
© Suprapubic Cystostomy 
~ Haematuria 
» Horseshoe Kidney 


@ ANATOMY OF KIDNEY AND URETER 
KIDNEY—ANATOMY 


# They area pair of excretory organs situated retroperitoneally, 
‘on the posterior abdominal wall; one on each side of verte- 
bral column, 

* Vertically it extends from the upper border of T,2 vertebra 
to the centre of the body of L vertebra. The right kidney is, 
slightly lower than the left, left kidney is slightly nearer to 
the median plane. 


—Homer William Smith, 1939 


Cystic Diseases of the Kidney 
— Polycystic Kidney Disease 

= Solitary Renal Cyst 

Duplication of Renal Pelvis and Ureter 
Retrocaval Ureter 

Uretrocele 

Injuries to Kindney 

Renal Tuberculosis 

Hydronephrosis 

Pyonephrosis 

Carbuncle of Kidney 

Perinephric Abscess 

Renal Calculus 

Ureteric Calculi 

Staghom Calculus 

Benign Tumours of Kidney 

Wilm’s Tumour 

Renal Cell Carcinoma 

Approaches to Kidney 


Each kidney is about 11 em long, 6 em broad, 3 em thick 
Lateral border is convex. Medial border is concave with a 
hilum. Structures seen in the hilum are (from anterior to 
posterior)—(1) renal vein, (2) renal artery, (3) renal pelvis, 
Upper pole is related to suprarenal gland; lower pole lies 
1 inch above the iliac crest. 


% Capacity of renal pelvis is 10 ml 
% The angle between the 12th rib and the outer border of the 


sactospinalis is the kidney angle. Kidney pain is usually 
referred here and pressure over this point elicit pain in 
kidney lesions. 
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{¢ Hepatorenal pouch is a peritoneum lined deep recess, related 
to the upper pole of kidney. Itis the lowest site when the 
body is in horizontal position, excluding the pelvis. Collec- 
tion of extravasated fluid is likely to occur in this pouch 
following surgeries to liver and biliary tract, 


Capsules of Kidney 


1, Proper capsule—fibrous membrane which can easily be 
stripped off from the organ 

Perirenal fat is in the space of Gerota, 

Renal fascia of Gerota—has got anterior layer (Fascia of 
Toldt) and posterior layer (Fascia of Zuckerkandl) 

4, Pararenal body of fat. 


Structure of Kidney 
Gross 


Coronal section shows outer brownish cortex, inner pale 
medulla, renal sinus. 

Renal sinus is a space that extends into the kidney from 
hilus. It contains (1) branches of renal artery, (2) branches of 
renal vein, (3) renal pelvis. 

‘The pelvis divides into 2-3 major ealyces which in turn 
divides into 7-13 minor calyces. 


Histology 


Each kidney is composed of 1-3 millions of uriniferous tubules; 
each of which has a collecting part (collecting tubules) and 
secretory part (nephron). 


Blood Supply 


It is from renal artery, which arises from the aorta at right 
angles, at the level of intervertebral dises between Ly and La 
vertebrae. About 95% of abdominal aortic aneurysm arises 
below the level of origin of renal artery. 


Upper 


Fig. 26.1: Segments of kidney. 


‘The kidney is divided into anatomic segments based on 
blood supply. In the hilum, the main artery, divides into ante- 
rior and posterior divisions. The anterior division supplies the 
cal, upper, middle and lower segments; posterior segment 
is supplied by the posterior division. The knowledge of this 
important in the operation of anatrophic nephrolithotomy, 
where a functionally avascular plane (Brodel) between the 
posterior segment and the upper and middle segments exist on 
the posterior half of the kidney, about two-thirds of the way 
from the hilum to the lateral margin of the kidney. 


Nerve Supply 


Tyo.raz through the lesser and lower splanchnic nerves. 


Lymphatics 


‘They are drained into para-aortic nodes. Perinephric fat is 
removed during nephrectomy (for malignancies), as intra 
renal lymphatics freely communicates with the plexus in the 
perinephric fat. 


URETER—ANATOMY 


4 Bach ureter is 25-30 em long, It begins within the renal sinus 
asa funnel shaped dilatation called renal pelvis. 

# Itenters the bladder wall obliquely to open at the lateral 
angle of the trigone, 

It lies in the retroperitoneal space not attached to any fixed 
structures, so can be displaced or obstructed by retroperito- 
neal masses like tumours or aneurysms, 

% Abdominal portion of ureter lies on the medial portion of 
‘psoas major muscle near the tips of transverse processes of 
lumbar vertebra (which is very well seen in IVP), 

* The ureter enters the pelvis crossing the end of common 
iliac or beginning of external iliac artery. 

# In females, uterine artery crosses the ureter from lateral to 
medial side, about 2 cm lateral to the cervix (this has to be 
remembered while ligating the uterine arteries in hyster- 
ectomy), 


Normal sites of constrictions: (1) PU (2) At the brim of lesser 
pelvis, (3) Along its passage through the bladder wall 


% Arterial supply: Upper segment of ureter receives blood 
supply from branches of renal and adrenal arteries; the 
middle portion from the branches of arteries of posterior 
abdominal wall; the pelvic portion from the branches of 
intemal iliac arteries, 

» Vessels reach the abdominal portion of ureter on the 
medial side; whereas the pelvic portion receives on 
the lateral side (This has to be remembered while 
mobilising the ureter). The vessels form an anas- 
tomotic plexus in the adventitia of the ureter, which is 
found to be deficient in 10-15% of individuals leading 
to necrosis of cut ends of ureter following extensive 
mobilisation, 


lm PLAIN X-RAY—KIDNEY, URETER AND 
BLADDER (KUB) 


¢ Preparation of the patient: Enema/bowel wash/laxative is 
zgziven on the previous day and the patient is asked to fast in 

‘order to reduce the bowel gas shadows in X-ray. 

¢ High penetration X-ray is taken in supine position which 
covers pubic symphysis and lower two ribs 
# Interpreting the film: 

4. First bony parts are looked for, ic. the hip, pelvis, lumbar 
vertebrae for fractures, scoliosis, spina bifida, secondaries 
in the spine. 

b. Kidney shadow: Kidney shadows are visualised in plain 
X-ray KUB due to difference in the density between 
kidney (high vascularity) and perinephiric fat (low vascu- 


larity). Findings noted are size, location, calcification 
and stones. In children, perinephric fat is absent and so 
kidney shadows are not visualised. 
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Psoas shadow: It is visualised well in normal KUB. 


Psoas shadow is obliterated in: 


Inenlarged kidney 
In scoliosis due to inflammatory or infiltrative causes 
Inmalignancy 

Tuberculous spine with cold abscess (psoas abscess) 
Splenic injury—in left sided shadow 
Retroperitoneal tumours 


eeeese 


4. Ureteric line: It is looked for any radio-opaque shadow 
(ureteric stone). It runs along the tips of the transverse 
processes of the lumbar vertebrae, crosses the sacroiliac 
joints and reaches up to a point medial to the ischial spine. 

€. Bladder, prostate and urethral areas are visualised for any 


lesion. x f 
al P.) 

Fig. 26.3¢ 
Figs 26.3A to C:IVU showing hydronephrosis with clubbing of calyces 
and dilatation. Delayed post lasix fm often shouldbe taken whenever 
there is poor secretion in initial fims. Film can be taken as late as 72 


hours. This delayed film shows dilatation (Courtesy: Dr Navinchandra 
Shetty, MD, HOD of Radiology, KMC, Mangalore}, 


Procedure 


Renal funetion must be normal a 
‘Ovemight fasting for 8 hours is advised, Laxatives are given. | 
to reduce bowel shadow and get a good quality film. 

First, a plain X-ray KUB is taken (IVU should not be read 
without doing KUB). 
Then 1 ml test dose of sodium diatrizoate (Urograffin) 


INTRAVENOUS UROGRAM (IVU) or meglumine fothalamate is injected IV and waited for 


Fig. 26.2: Plain X-ray KUB AP-view. Note the psoas shadow. 


Figs 26.38 and 8 Fig. 26.4: IVU showing hydronephrosis. 


The remedy for injuries is not to remember them. 
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IVU (Intravenous Urogram) 


Indications Findings 
Hydronephrosis Clubbing of calyces. 
2, Congenital anomalies 
a, Horseshoe kidney Flower vase appearance 
, Duplex kidney and double ureter 
©. Ureterocele ‘Adder (cobra) head appearance 
4d. Polycystic kidney disease Spider leg appearance 
e. Retrocaval ureter Reverse ‘J' sign with hydronephrosis. 
3. Renal cell carcinoma Irregular filing defect; spider leg appearance 
4, To see the function of the kidneys in bilateral diseases Bilateral stones, obstructive uropathy 
5. Alter surgery for urinary diseases To see the function of kidneys and outcome of the surgery 
6, Renal injury To see the function of other kidney (a very specific investigation) 
Contraindications 
4. lodine sensiivity—may go for anaphylaxis. Hence, all precautions must be taken and essential drugs should be available 
while doing VU. 
2. Multiple myeloma and hypergammaglobulinaemias (Acute renal failure may be precipitated due to dehydration) 
3. Toxic thyroid 
5-10 minutes for any reaction. If'no adverse reaction occurs, ¢ Lower abdominal compression is done for 10 minutes to 


then full dose 1 ml/kg body weight, IV urograffin is given 
(40-50 mb) 

X-ray is taken in 1-5 minutes, which shows the nephro- 
graphic and secretory function of the kidneys. 

Later 15 minutes and then 20-30 minutes films are taken. 
Further films are taken depending on the need. 

Film can be taken as late as 72 hours, Late films show 
bladder pathology as well as residual urine. 

In case of renal failure with high blood urea, dose of dye is, 
increased to 2 ml/kg body weight to get a better film—Infu- 
sion IVU. Often diuretics are used in these patients to have 
better secretion 


Fig. 26.5: IVU showing hydronephrosis on right side; normal 
secretion on left side; with bladder filling 


have better definition of ealyces, but not done in children 
and patients with abdominal aortic aneurysm. 

% Minute IVU: tn case of renal artery stenosis, within first 
‘minute many films are taken to see nephrographic shadow 
(wvhere a small, concentrated kidney is seen). 

alization of kidney: No contrast is seen in the film 

12 hours, 


© Nonvis 


even 
ll RETROGRADE PYELOGRAPHY (RGP) 


Indications 


‘ Failure of showing any secretions in an IVU as late as 72 
hours film 

® Urinary tuberculosis, 

‘& Urothelial tumours from the renal pelvis 


Procedure 


% Under G/A, eystoscope is passed, Ureteri orifice is visualised, 

% Ureteric catheter is passed. Dye, sodium diatrizoate is 
injected 

# Patient is put in 15° head down position to allow the dye to 
reach upper urinary system. 

# X-ray is taken. 


Advantages 


a. Prior to dye injection selective urine sample can be taken 
from each ureter, 

b. Brush biopsy from suspected urothelial tumours of upper 
urinary tract ean be taken 

. Better-delineation of anatomy (due to more concentration 
of dye). 


a SEs 


Fig. 26.6: Left RGP—normal study. 


Disadvantage 


Anaesthesia is required and is laborious. 
ll RENAL ANGIOGRAM 


Indications 


Renal artery stenosis 
Renal artery atheroma 

‘@ Renal artery aneurysm 

& Occasionally renal cell carcinoma 
Arterial anomalies 


Procedure 


Retrograde Seldinger technique: 
Through femoral artery, using Seldinger’s needle selec- 
tive angiogram is done to visualise tumour vascularity, 
narrowing, anomalies. Dye used is Hypaque. Dose: 6-7 ml 

¢ Therapeutic embolisation, transluminal balloon angioplasty 
for renal artery stenosis can also be done by this approach. 

¢ Translumbar approach for angiogram (through aortogram) 
is also used. Hypaque used is 30 ml 


Complications 
® Paraplegia 

‘& Embolism 

® Dissecting aneurysm 

Bleeding 

Renal tubular necrosis 


Renal pharmacoangiogram 
¢ Noradrenaline is injected along with the dye. Normal 
‘vessels will constrict in response to noradrenaline. But since 


tumour is autonomous, vessels in renal cell carcinoma do 
not respond to noradrenaline and so tumour blush is seen. 


MICTURATING CYSTOURETHROGRAPHY 
(cu) 
Indications 


a Vi 
b. Posterior urethral valve. 


jicoureteric reflux. 


Procedure 


Catheter is passed into the bladder. Dilute iodine dye is infused. 
X-ray is taken during micturition, Free reflux is looked for. 
Applying pressure over the suprapubic region, X-ray is taken. 
Pressure reflux is studied. 


Vesicoureteric reflux is graded depending on the severity of 
the reflux—as: 

I-Ureters seen 

l-Ureters and pelvis are seen 
il—Ureters, pelvis calyces are seen 
IV—With grossly distended calyces 

\V—Tortuous elongated serpentine ureters 

Itcan be unilateral or bilateral, Often it is associated with poste- 
rior urethral valve. tis often complicated by infection, pyone- 
phrosis and renal failure 

Investigations: MCU, IVU, L/S, blood urea and serum creatinine 
Treatment: Tailoring of ureter with reimplantation 


— < 
Fig. 26.7: Micturating cystourethrogram showing concomitant 
existence of posterior urethral valve (causing dilatation of proximal 
urethra) and vesicoureteric reflux (left side) 


a ASCENDING URETHROGRAM 


© Ibis the investigation of choice for stricture urethra. 
¢ Red rubber catheter is passed into the external meatus. 


If someone is greedy, bribe him, if someone is foolish, advise him; if someone is wise, listen to him. 
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# Water soluble iodine dye is injected through the catheter. 

* Oblique X-ray films are taken to visualise the urethra, 

% Site, size, extent of stricture and extravasation can be found 
out in urethrogram, 


Figs 26.8A and B: Ascending urethrogram showing stricture 
urethra, 


lm ISOTOPE RENOGRAPHY 


¢ Ameasure of individual kidney funetion is obtained by this 
method using a gamma camera. 

% Radiolabelled Technetium 99m DMSA (Dimercapto- 

or DTPA (Diethylenetriamine-penta acetic 
acid) is given intravenously. 

DIPA—renal function, 

DMSA—renal parenchymal changes. 

It shows’ 

a. Early vascular phase. 

b. Then secretory phase. 

©. Later excretory phase, 

% This allows the assessment of renal plasma flow to each 
kidney and the efficiency and effectiveness of pelvicalyceal 
excretion also. 

% Secretion < 20% is precarious. 


‘Summed function image 


0-2 4 6 & 1012 14 16 18 20 22 24 26 28 3c 
Minutes 


Figs 26.94 and B: Isotope renogram showing reduced secretion on 


right side. 


Problems 


1, Positioning of counters. 
2. Often difficult to differentiate from muscle mass. It is only 
a supportive investigation, 


Figs 26.104 to C: Renography showing (A) Normal study, (B) 
Hydronephrosis and (C) Renal failure. 


lm CYSTOSCOPY 


Uses 


® Toexamine urethra bladder ureteric orfice for any pathology 
(tumour, infection) 
@ To visualise any bladder fistulas 
+ Totreat 
~ Urethrotomy (in stricture urethra) 
~ TURP for BPH and carcinoma prostate 
~ Bladder tumour resection 
~ Bladderstone removal (cystolithotripsy,cystolitholapaxy) 
— Ureteric catheterisation 
Fulguration of posterior urethral valve 
Contraindication: Acute cystitis and prostatitis 


nn 


BAR 


Fig. 26.11: Isotope renogram showing kidney function. 


Types 


© Rigid. 
© Flesible. 


Procedure 


% Patient is placed in lithotomy position 

* Under G/A orspinal anaesthesia after cleaning and draping, 

through urethra, cystoscope is passed using continuous 

glycine irrigation (to avoid TURP syndrome). 

The parts of the urethra are visualised while passing the 

eystoscope. 

# Once bladder is reached, itis looked for diverticula, hyper- 
trophy and other pathologies. 

# Ureteric orifices are visualised. 


Light source Conater: 


gfechannel 


es 
ol 


iigation 
drainage 


Telescope 


Fig. 26.12: Cystoscope. 


Complications 


% Urethral injury. 
# Bleeding 
# Water intoxication. 


Fig. 26.13: Cystoscopy is being done for different procedures like 
TURP; diagnostic, etc. (Courtesy: Dr Ashok Pandit, MCh, Urologist, 
Mangalore) 


CATHETERS 


‘They are hollow tubes used to relieve urinary retention, obtain 
urine for analysis, irrigate bladder and to instill drugs into 
bladder. 


The skilful doctors know what is wrong by observing alone, the middling doctor by listening and the inferior doctor 


by feeling the pulse. 


—Chang Chung-Ching 
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Fig. 26.14: Photo showing red rubber catheter; Malecot's catheter 


and Foley's catheters. 


Types 

a, Nonself-retaining catheter: Simple red rubber catheter, 

b. Self-retaining eatheter: Foley’s catheter, Malecot’s cath- 
eter, Gibbon’s catheter, De-Pezzer catheter, 


Types of Catheterisation 


a, Indwelling catheterisation: When a catheter is left behind 
in bladder and remains so itis called an indwelling catheter. 


Itis achieved by: 
» Ballon tip of catheter—Foley’s catheter. 


Catheter in male 


Gibbon’s catheter with strap 


Catheter in female 


Figs 26.15A to C: Gibbon’s catheter: Note the look and method of 
fixing in male and female. It isa self-retaining catheter made up of 
plastic with a stillete in it which makes its passage easier through 
Urethra, Sizes differ for males and females because of the difference 
in length of the urethra in male and female. Catheter has two ribbons 
attached which can be used to fixto the genitalia by adhesive plaster, 
Gibbon's catheter is least irritant to urethra, 


> Flower tip of catheter—Malecot’s catheter, De- Pezzers. 
> Straping catheter externally —Gibbon’s catheter. 

b. Intermittent catheterisation: A sterile catheter is introduced 
intermittently by the patient or by others. 


FOLEY’S CATHETER (Fredrick Eugene Basil 
Foley—American Urologist) 


I is a self-retaining urinary catheter made of latex. Ithas got a 
balloon near the tip into which distilled water is infused to make 
it self-retainable. Usually, Foley's catheter is kept for 7 days. 
Sterilized by y-radiation. 
Size: Adults—16 F. 

Children—8 F or 10 F. 
(French unit, Charriere unit, where each unit equals 0.33 
mm). 16 F means circumference of the catheter is 16 mm, 
Diameter is one-third of circumference). 


igs 26.16A and B: Foley's catheter. Two way/three way Foley's 
catheters are available, 


Uses 


1. To pass pet urethrally in retention of urine of any cause 
(BPH, stricture, trauma), 


‘To measure the urine output in renal failure, postoperative 
patients, terminally ill patients 

Percutaneous cystostomy. 

Cholecystostomy. 

To drain fistulas 


Types 

1, Two-way Foley's. 

2, Three-way Foley’s—to give bladder irrigation, e.g 
following TURP. 

3, Silicon coated Foley’s—to reduce reaction and so as to keep 
for longer period (3 months) 


Procedure 


After cleaning under strict asepsis, lignocaine gel is lubri- 
cated onto the urethral meatus. Catheter is passed into the 
urethra. 

Sometimes Maryfield introducer is used to pass Foley's 
catheter. 

% Once catheter is in the bladder, urine flows out. It is now 
connected to a urosac bag. 

* Balloon is inflated with 20-30 ml (amount is written on the 
catheter) of distilled water to make it self-retainable, 

During removal of the catheter same amount of water should 
be removed from the balloon before pulling out the catheter. 


Complications 
Infection 

Encrustation 

Bleeding 

Stone formation 

Blockage 

Stricture 

Difficulty in removal of the catheter due to blockage of the 
ballaon channel, Here bulb of Foley's can be punctured either 
from above under U/S guidance or injecting ether into the 
balloon so as to burst it but may cause chemical cystitis or 
passing astilete into the channel 


eeeeece 


MALECOT'S CATHETER 

@ Self-retaining urinary catheter with an umbrella or flower 
at the tip. It is made of red rubber, contains sulphur and so 
itis radio-opaque. 

# It is never introduced per urethraly. 

© Itis stetilised by boiling, 


Fig. 26.17: Malecot's catheter—photo. 


Fig. 26.18: Malecot's catheter—diagram. 


Uses. 

‘ Suprapubic cystostomy (SPC) 
~ Incase of urinary retention when Foley's catheterisation 
falls (after two trials) 

~ For diversion of urine following bladder, prostate or 
urethral surgeries 

Perinephric abscess 

Pyonephrosis 

Cabot's nephrostomy 

Subphrenic abscess 

Cholecystostomy 

Infected pseudocyst of the pancreas 

Amoebic liver abscess 

Gastrostomy 


eeeeeeee 


Advantages 


% Malecot’s catheter can be kept for a longer duration 
G months) 

# Idrains fluid adequately. 

% Less infection rat. 


Removal is easier, 


Disadvantage 


# Surgery (open method) is required to insert the catheter. 


RED RUBBER CATHETER 


# Itisa non self-retaining urinary catheter. 
© Its tip is blunt. It has got only side opening, 


Uses 


1. Used to drain urine from the bladder temporarily. 
2. To find out residual urine, After passing urine, catheter is 
introduced into the bladder. The amount of retained urine is, 
‘measured. Ifit is more than 30-50 ml it signifies obstruction, 
Itoften increases up to 200-300 ml in conditions like BPH. 


When the patient dies the kidneys may go to the pathologist, but while he lives the urine is ours. It can provide us 


a serial story of the major events going on within the kidney. 


—Thomas Addis 
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3. Other uses 


> To administer nasal oxygen. 


= Only opening in the side wall near the tc 
jo opening at the tip 
= Nonself-retaining 
= Rounded tip 
Fig. 26.19: Simple red rubber catheter. It has got only side opening. 
No opening in the tip (Flatus tube has got opening on both sides as 
well as at the tp) 


> For throat suction, 
» Asa tourniquet for venesection and surgeries of fingers 
and toes. 


lm NEPHROSTOMY 


Nephrostomy is diversion of urine by passing a tube through 
the kidney into the calyces. 


@ Pyonephrosis 
‘@ Severe hydronephrosis 
 Postoperative—following renal surgeries 
@ Obstruction in ureters 


Figs 26.20A to C: Nephrastomy types: (A) Cabot’s nephrostomy, 
{8) Tresidder’s nephrostomy and (C) Percutaneous nephrostomy. 


Types 

1. Cabot’s nephrostomy: Malecot’s catheter is placed into the 
calyees. 

2. Tresidder's through and through loop nephrostomy: Loop 
tube is placed with central part in the kidney and ends 
‘outside percutancously to drain urine. This achieves double 
drainage, New tube can be placed using rail road technique. 

3. Percutaneous nephrostomy: Done under U/S guidance 
using guide wire and dilators 


Complications of nephrostomy 
+ Bleeding 

© Sepsis 

“© Blockage 


ll SUPRAPUBIC CYSTOSTOMY (SPC) 


 Itis placing of Malecot’s catheter into the bladder above the 
pubis by open method, or percutancously under the guidance 
using Foley's catheter. 

# Itis.a temporary opening through the abdominal wall into 
the bladder. 


Prerequisite 
Bladder must be full and is confirmed by dullness below the 
umbilicus or by U/S. 


Indication 


Retention of urine, when urethral eatheterisation fails 


Urethra 


Rectum 


Fig. 26.21: Suprapubic cystostomy (SPC). Malecot's or Foley's 
catheter can be used. 


Procedure 


* Under local anaesthesia (Xylocaine 2% above the pubis, 
in the midline) or G/A, a vertical midline incision of 3 
em in length is placed through linea alba, Skin, fascia, 
anterior rectus sheath are incised. Reeti are retracted, 
In extrapetitoneal space, peritoneum with pad of fat is 
reflected upward, 

* Bladder is identified by the pattern of detrusor muscle and 
vesical venous plexus and is also confirmed by aspirating 
urine through a syringe. 


= 
i. 


Fig. 26.22: X-ray showing radio-opaque Malecot’s catheter. 


‘The bladder is opened near the fundus. Urine is aspirated. 
Bladder wall is inspected for any pathology. 

 Malecot’s catheter is straightened using artery forceps 
and placed in the bladder. Sutures are placed around the 
Malecot’s catheter. Wound is closed in layers. 

% In percutaneous SPC, Foley’s catheter is passed into the 
bladder using trocar and cannula, 


Complications 


% Injury to bowel, peritoneum. 
% Infection 


Fig. 26.23: Ectopic kidney right sided IVU picture. Its un-ascended 
kidney. It often presents as mass in the right iliac fossa, CT scan 
Is diagnostic. Differential diagnoses for masses in right iliac fossa 
are nodal mass; carcinoma caecum; tuberculosis; psoas abscess; 
retroperitoneal tumour. Sepsis; stones; tumour; can occur in ectopic 
kidney. Management of whatever problems arise is done through open 
‘method. Bilateral ectopic kidney may lead into eventual renal failure. 
Isotope scan is diagnostic, 


lm HAEMATURIA 
Types 


a. Gross (visible to unaided eye). 
b. Microscopic (> 5 RBC’s/HPF), 


+ Early itil) haematuria: Urethral origin, distal to external 
sphincter 

‘& Terminalhaematuria: Bladder neck or prostate origin 

+ Diffuse (total) haematuria: Source is in the bladder or upper 
urinary tract 


False haematuria: Discolouration of urine from pigments such 
as food colouring and myoglobin. 

Silent haematuria is due to tumours of kidney or bladder 
unless proved otherwise. 


Causes, 
Renal injury 
Urinary stones, 
Wilm’s tumour 
Tuberculosis 
Renal cell carcinoma 
Gystits 
Bladder tumour 
Urinary bilharziasis 
BPH, carcinoma prostate 
Renal infarct, 
Glomerulonephritis 
Blood dyscrasias 


Ho eeeeeeeees 


Benign Malignant 


Glomerulonephritis 
Infarct Renal tumour 


Renal stone Ppitsry 


Tuberculosis. carcinoma 


Trauma —~ 
Uretede stone 


Bleeding disorders 


Cystitis 
Tuberculosis 
der stone 
Endemic haematuria 
Benign prostatic: 
hyperplasia 


Bladder tumours 


Carcinoma prostate 


Urethral tumours 


Urethral injury 


Fig. 26.24: Causes of haematuria, 


Good health is a serious business: like life itself, it has to be worked at and it takes on added meaning with effort. 


—Normour Cousins 
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Investigations 


* Urine culture and sensitivity (urine test for haematuria— 
Benzidine test. 

Ultrasound to look for the stone, tumour in the urinary tract. 
Cystourethroscopy to look for bladder or urethral pathology 
IVU look for function of the kidneys. 

Urinary cytology for diagnosing urothelial malignancy 

* Bleeding time: clotting time; prothrombin time; platelet count, 
# CT abdomen. 

# Renal function tests—blood urea, serum c1 


Management 


# Cause should be identified and treated. 

* Blood transfusion 

* Antibiotics. 

# Nephroureterectomy for RCC; removal of stone from 
kidney, ureter, urinary bladder. 

+ Treatment of bladder tumour by eystoscopic res 
vesical chemotherapy using BCG; radiotherapy: systemic 
chemotherapy 

¢ Treatment of medical causes like glomerulonephitis, 

* Correction of BPH 

dit 


tion; intra- 


* Correction of bl 


ll HORSESHOE KIDNEY 

# Itis a developmental anomaly where there is failure of 
complete ascent of kidneys with the fusion of lower or upper 
poles, Itis due to fusion of subdivisions of mesonephric duct, 
when the embryo is as early as 30-40 days old 

* This condition is common in males. 

¢ Fusion of lower pole is common (rarely upper poles). 


Figs 26.25A and B: (A) Horseshoe kidney and (B) Plain X-ray KUS 
showing horseshoe kidney with renal stones. 


* Most common site is in front of 4th lumbar vertebrae. The 
part in front of the vertebra is called as isthmus. It has blood 
supply which freely communicates one kidney to other. 
Isthmus usually lies in front of aorta, 


Clinical Features 


% Presents as a fixed, nonmobile, firm mass in the midline 


at the level of 4th lumbar vertebra which is resonant on 
percussion. 

# It is more prone for infection, stone formation, hydrone- 
phrosis, tuberculosis, 


Diagnosis 
© IVU—medialisation of lower calyces and curving of ureter 
like a lower vase’. 


fd & 
Fi. 25 28:11 showing flower vaxtanpearancn of hintchoe 
vie. 
$US abdomen, 
supportive invenioations 
¢ CT abdomen 


Treatment 


% Whatever the complication occurs in horseshoe kidney, it 
is treated accordingly 


* Per se separation of isthmus is not indicated, unless to 
approach aorta for aortic diseases. 


ll CYSTIC DISEASES OF THE KIDNEY 
Types 


a. Genetic 

» Adult polycystic kidney disease (Autosomal dominant). 

» Infantile polycystic kidney disease (Autosomal reces- 
sive)—fatal 


b. Nongenetic: Simple cyst, multicystic kidney, medullary 
sponge kidney. 

©. Acquired renal cystic disease may develop in patient on 
long-term dialysis 


POLYCYSTIC KIDNEY DISEASE (PCKD) 


Adult PCKD is inherited as autosomal dominant disease. It 
is common in females. 

¢ Is bilateral and presents in third decade. One side presents 
little earlier than other side. 

+ Associations 
> Polycystic diseases of liver (18%), pancreas and lungs. 
> Berry aneurysm in the circle of Willis 

Cyst formation occurs at the junction of the distal tubule 
and the collecting duct 

% Grossly it contains multiple cysts with a clear or brownish 
fluid (due to haemorrhage). 


oysts: 
S 
</ Lon kidney. 


/— Right kidney 


Figs 26.27A and B: Polycystic kidney disease, picture and CT scan, 
Itis bilateral, multiple. 


Clinical features 
Bilateral palpable renal mass 
+ Loin pain 
 Haematuria 
+ Infection 
Hypertension 
@ Uraemia 


# Renal mass, which is lobular, firm, mobile, moves with respira- 
tion, ballotable, with dull renal angle and resonant band in front, 

* Pain, which is due to stretch of renal capsule or haemor- 
rhage into a cyst 

4% Haematuria (25%), due to overdistended cyst rupturing into 
the renal pelvis, 

# Infection is due to stasis 

# Hypertension (75%). 

* Uraemia occurs in late stage due to renal failure 


Differential diagnosis 
‘® Renal cell carcinoma 

& Hydronephrosis, 

© Solitary renal cyst 


Investigations 


+ U/S confirms the presence of cysts 

¢ IVU—Spider leg pattern with an elongated compressed 
renal pelvis, narrowed and stretched calyces. 

* Blood urea and serum creatinine. 

Urine shows tow sp 


Treatment 


% Wait and watch policy. 

# Ifone of the cysts overdistends causing pain, haemorrhage, 

tion, then surgical intervention is required. 

* Rovsing operation: The kidney is exposed. The cyst is 
‘opened. The fluid is evacuated. The cut edge is marsupialised. 

# Presently U/S guided aspiration is done as a simpler 
approach, 

¢ Laparoscopic/retroperitoncoscopic aspiration/de-roofing of 
the renal cyst 

% Once renal failure sets in, then initial haemodialysis 
followed by bilateral nephrectomy, is done and later renal 
transplantation should be planned for. 


SOLITARY RENAL CYST 


* Solitary renal cyst is never congenital 

* It is due to an earlier trauma or infection resulting in 
blockage of tubule, leading to cyst formation, 

* Itis usually unilateral, presents as a renal mass which is 
smooth, often tender if infected or haemorrhagic. 


Differential Diagnosis 


# Renal neoplasm, 
¢ Hydronephrosis 
# Polycystic disease. 
+ Hydatid cyst 


Investigation 


# U/S and IVU confirms the diagnosis 
# CT scan 


The value of experience is not in seeing much but in seeing wisely—William Osler 
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Solitary cyst 


Fig. 26.29: Left side renal cyst—CT picture. It could be solitary 
renal cyst. It can be aspirated or de-roofed by laparascopy/retrope- 
ritoneascapy. 


Treatment 


+ Kidney is exposed. The cyst is aspirated and a portion of 
the cyst wall is removed (Kirwin’s operation) and cavity is 
filled with perinephrie fat. 

* Occasionally if the cyst is in one of the pole, partial nephrec- 
tomy is done. 

+ Laparoscopic approach, 


ll DUPLICATION OF RENAL PELVIS 
AND URETER 


# tis most common congenital anomaly of the upper urinary 
tract (4%), 

© Usually unitateral, Common on the left side 

# In 3% of cases it is associated with duplication of ureter. 

* Upper renal pelvis is small, drains the upper calyces. 
Lower renal pelvis is larger, drains the middle and lower 
calyces. 

* Double ureter when associated, may be partial where two 
ureters join in lower third or complete where upper ureter 
opens into the bladder ata lower level and lower ureter opens 
into the bladder at the upper, normal ureteric orifice. This is 
called as “Weigert Meyer Law”. 


% Inpartial duplex, there is reno-renal reflux resulting in infcc- 
tion, stone formation and hydronephrosis. 


Investigations 


# IVU—diagnostic. 

# UIS to look for complications. 

+ Cystoscopy shows double ureterie orifices on the same 
side. 

# DTPA scan to see the function, 


> 


Figs 26.30A and B: (A) Duplex renal system and (8) X-ray showing 


bilateral duplex system. 


Treatment 


© Ure 
orifice. 
% The co-existing complications a 


c meatotomy is done if there is narrowing of the 


¢ treated, 


1B} 

: Fig. 26.328 

ele Figs 26.32A and B: Retrocaval ureter—IVU picture showing reverse 
sign. On table finding of retracaval ureter. tis treated by Anderson's 

Hynes operation. it causes hydronephrosis. It is due to anomalous 

development of IVC. 


Fig. 26.31: IVU showing bilateral duplex kidney. 


¢ Often heminephrectomy including removal ofcarresponding, 4 is aye to developmental defect of 1VC, as aresult of which 


ureter may be essential as treatment. meeaie ee z 
+ Infemales with complete duplication, lower ureteric orifice _Ti8ht ureter passes behind the IVC, causing right sided 
is ectopic, causing urinary incontinence which needs partial -hYdronephrasis with upper third bydroureter 
# IVU shows hydronephrosis with ‘reverse J sign 
nephrectomy or ureteric reimplantation, 
% Treatment:Anderson Hynes* operation. 


mi RETROCAVAL URETER 
Keney Ive 


: Retrocaval ureter, It is due ta developmental 
problem of IVC. 


Fig. 26. 


Fig. 26.528 


Always make a total effort even when the odds are against you. 
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ll URETEROCELE 


# Itisa cystic enlargement of the intramural portion of ureter 
due to congenital atresia of the ureteric orifice. Its wall 
contains mucous membrane only. 

# Itis common in females, often bilateral (10%), 


‘Complications 
@ Stone formation 

@ Recurrent.infection 

& Hydronephrosis 


Stephen classification: 
Stenotic, sphincteric, sphincterostenotic. 


Fig. 26.34: IVU reveals left sided ureteracele with duplex kidney. 
Note the characteristic Cobra (Adder) head pattern of left ureter: 
ocele. 


Investigations 

 IVU—shows Adder head appearance or cobra head appeat- 

+ Cystoscopy—shows translucent cyst which is thin walled 
surrounding the ureteric orifice 


Treatment 

# Ghstoscopic ureteric meatotomy with the removal of cyst wall, 

* In addition to that co-existing complications should be 
treated 

* Often ureteric reimplantation is needed, 


Fig, 26.35: U/S picture of ureteracele—Adder head appearance. 


@ INJURIES TO KIDNEY 


* Commonly it is due to a blunt injury. 

% Oten it is associated with other abdominal injuries—of 
liver, spleen, bowel, mesentery, ete 

& Per se renal injury is extraperitoneal, 


Fig. 26.36: Renal trauma causing extensive laceration. Patient 
underwent nephrectomy (Courtesy: Dr Ashfaque Mohammed, 
DNB; KMC, Mangalore). 


Types 


1, Small subcapsular. 
2. Large subcapsular. 

3. Cortical laceration. 

Laceration with perinephric haematoma, 

Medullary laceration with bleeding into the renal pelvis. 
Corticomedullary complete rupture: 

Hilar injury (most dangerous). 


Grading of renal injury 


1. Subcapsular nonexpanding haematoma without paren- 
cchymal laceration 

2, Cortical laceration < 1 cm of parenchymal depth, no extravasa~ 
tion; perirenal haematoma 

3, Cortical laceration > 1 cm depth;no urine extravasation 


Parenchymal laceration extending through cortex and 
‘medulla with collecting system; with extravasation of urine 
5, Renal pedicle avulsion; shattered kidney 


Clinical Features 

# Features of shock 

¢ Haematuria—may be mild to profuse depending on the 
type of injury. 

% Sudden delayed profuse haemorrhage causing haematuria 
can occur between 3rd day to 3rd week after trauma, 


% Clot colic. 
* Bruising, swelling and tenderness in the loin. 
% Paralytic ileus with abdominal distension occurs due 


to retroperitoneal haematoma implicating splanchnic 


¢ IVU (high dose): \t is the investigation of choice, Here 
function of not only the injured kidney but also of the 
contralateral kidney can be seen, It is observed that often 
opposite renal artery undergoes a reflex spasm, temporarily 
ceasing the function of the contralateral kidney. 

© U/S abdomen: Done to see the type of injury, amount of 
haematoma and other associated injuries in the abdomen, 
U/S is repeated at regular intervals to see the progress (at 
12-24 hourly), 

% Blood urea and serum creatinine should be repeated at 

regular intervals 

Blood grouping and cross-matching for blood transfusion. 

Emergency CT scan is very useful 


G& G 
GF | 


( 


Figs 26.37A to G: (A) Small subcapsular, (B) Large subcapsular, (C) 
Cortical laceration, (D) Laceration with perinephric haematoma, 
(€) Medullary laceration with bleeding into the renal pelvis, (F) 
Corticomedullary complete rupture, (6) Hilar injury (most dangerous). 


Treatment 


L. Initially always conservative 
> Catheterise and watch the urine colour and output 
» Blood transfusion, 
» Strict observation with regular monitoring of the pulse, 
BP, temperature, L/S follow-up daily 


» Sedation, analgesic and antibiotics. 

> 75% of patients respond to conservative management 

» While treating conservatively, regular monitoring of 
blood urea and serum creatinine is a must, 


» If the patient goes in for renal failure, haemodialysis 
should be done for 6-8 weeks. Meanwhile, other kidney 
starts functioning again and patient recovers without any 
further problem, 

IL Indications for surgical intervention. 

> When there are signs of progressive blood loss with the 
condition of the patient deteriorating, 

» Formation of progressive perinephric haematoma. 

> When there are associated other injuries. 

> Hilar injury. 


Surgery (Only in 10-20% of Patients) 


Options: 

% Gentle suturing of the laceration. Often kidney is friable, 
this is not possible. 

# Then nephrostomy (Cabot’s) is done 

# When the injury is in the poles partial nephrectomy is done. 

¢ In hilar injury and severe laceration, nephrectomy is the 
only: choice. 


fo Te 1 
( [ony prassroontiaior comanatve 
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ssyster/renal substance 


‘Complications: 
4 Clot retention in the bladder and may go for renal failure 
+ Pararenal pseudohydranephrasis 
+ Infection 
 Perinephric abscess 
& Aneurysm of the renal artery 
® Renal failure 
‘Hypertension occurs 3 months later 


™ RENAL TUBERCULOSIS 


* Commonly it is secondary. Primary may be in the lung. 

% Tuberculous bacilluria occurs with an early lesion in the 
renal cortex, and the disease spreads along the ureter causing 
tuberculous ureteritis and stricture ureter. 

idney results in any of the following patho- 


* Tuberculous 
logical types. 
Pathological Types 


‘Through blood, bacteria reach the glomeruli causing caseating 
granuloma with Langhan’s type of giant cells and epithelioid 


Variability is the law of life, and so no two faces are the same, so no two bodies are alike, and no two individuals 


react alike and behave alike under the abnormal conditions which we know as disease. 


—William Osler 
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cells. These granulomas coalesce to form a papillary ulcer and 
other consecutive different forms. 


% Tuberculous papillary ulcer. 

* Cavernous form. 

# Hydronephrosis. 

% Pyonephrosis [due to (secondary) superadded infection by 
E.coli, Klebsiella) 


Figs 26.38A to C: Specimen of kidney showing dilatation and 
‘easeous material as content. Its tuberculous pyonephrosis. Ureter 
is visualised in the specimen. Often there may be ureteric stricture 
‘due to tuberculosis, 


Tuberculous perinephric abscess. 

Calcified tuberculous area (mimics calculi, hence called as 

pseudocalcuti). 

Caseous kidney—ohten called as putty kidney or cement 

kidney (it goes for autonephrectomy), 

Miliary tuberculosis. 

Tuberculous bacilluria occurs from an early stage of the 

disease which causes tuberculous ureteritis and stricture 

ureter. Most common site is ureterovesical junction; second 

common site is pelviuretric junction, 

> Tuberculous cystitis eventually results in gol/hole ureter 
and thimble bladder (cystoscopic findings). This is 
due to fibrosis causing rigid withdrawn dilated ureteric 
orifice looking like go/fhole, Entire urinary bladder gets 
fibrosed, stiff and unable to dilate and accommodate 
urine causing thimble systolic bladder 

» Tuberculous prostatitis, seminal vesiculitis (P/R— 
palpable seminal vesicle), tuberculous epididymitis and, 
funiculitis are other associations. Thickened epididymis 
with ulcer on the posterior aspect of the scrotum may 
be often found, Tuberculous funiculitis with beaded, 


thickened vas deferens. 


Tuberculous focus 


Golf hole ureter 


Bladder 


Seminal vesicle 


Fig, 26.39: Mode of spread in urinary tuberculosis. 


Clinical Features 


* Common in males 
% Common on right side. 

# Frequency—both day and night, 
* Polyuria 


Sterile pyuria: Urine is pale and opalescent with presence 
of pus cells without organisms in an acid urine—abacterial 
aciduria (Other causes: Interstitial cystitis, chlamydia. 

% Painful micturition with often haematuria. Hacmatutia 
may be overt or microscopic (50%). 

Renal pain and suprapubic pain. Suprapubic pain is more 
common due to cystitis 

* Tuberculous kidney is rarely palpable unless there is hydro- 
nephrosis or perinephiric abscess. 

% Enlarged prostate and seminal vesicle, thickened beaded 
vas, thickened epididymis, impotence, infertility are other 
features. 

Presentation like acute pyelonephritis 

¢ Features of urinary stones; recurrent urinary tract infection; 
renal failure if both kidneys are diseased; hypertension 

 Haemospermia; pelvic pain. 

* Dyspareunia; menstrual dysfunction; vaginal discharge; 
infertility in females, 

Fever and weight loss. 

* Often cough with expectoration and haemoptysis may be 
present 


Investigations 


¢ LHb%. 

¢ TESR. Mantoux skin test is usually positive. 

% Chest X-ray. 

# U/S abdomen, 

Three consecutive early morning samples of urine (EMSU) 
are collected and sent for microscopy (Ziehl-Neelsen 
staining), culture (L-J media) or guinea pig inoculation 

* Plain X-ray KUB—shows calcification. 

+ CT scan of abdomen and pelvis to see hydronephrosis, 
shrunken kidney, stricture, necrosis, 

* IVU—hydrocalyx, narrowing of calyx, stricture ureter 
which are often multiple with dilatations in betwee 

* Often RGP is very useful, as better definition of ure 
pelvis, calyces and selective sampling of urine are possible. 


GAG 


Tuberculous Tuberculous 
hydronephrosis —_perinephric abscess 


a 


Calcitications Caseous kidney Miliary tuberculosis 


Cavernous form 


Fig. 26.40: Renal tuberculosis types, 


Fig, 26.41: Stricture of left ureter lower part—IVU picture, 
Common cause is tuberculosis of ureter. 


# Cystoscopy reveals multiple tubercles, bladder spasm, 
‘oedema of ureteric orifice eventually forming “golf hole 
ureter”, scarring, ulceration, bleeding, stone formation. 

* Polymerase chain reaction (PCR) for tuberculosis. Radio- 
isometric culture. 

# Voiding cystourethrography (MCU) to see ureteric stricture 
and reflux, 


Treatment 


* Antitubercular therapy is started. INH, rifampicin, 
ethambutol and pyrazinamide. Duration of treatment is 

# After 6-12 weeks of drug therapy, surgical treatment is 
planned, Kidney is exposed. Pyocalyx is drained, Cut edge 
of the capsule is sutured—Hanley's renal cavernostomy 

¢ Hydronephrosis—Anderson Hynes operation or nephros- 
tomy or stenting (“J” stent) of ureter is done. 

* Renal tuberculous abscess not resolving for 2 weeks should 
be drained, 

4 Ureteral stricture—stenting/reimplantation of the ureter into 
the bladder/psoas hitch/Boari’s flap/ileal conduit (Koch's 
ileal conduit). 

* Thimble bladder—hydraulic dilatation/ileocystoplasty/ 
caecocystoplasty/sigmoid colocystoplasty is done. 

# In unilateral lesion, with gross impairment of renal func- 
tion—nephroureterectomy is done. 


Indications for nephroureterectomy 
‘® Nonfunctioning kidney 
Disease extensively involving the kidney 
4 Disease causing hypertension and severe abstru 
4 Tuberculous pyonephrosis 
& Coexisting renal cell carcinoma 


Difficulties are like mirror on the wall, that show a person what they are in reality. 
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ll HYDRONEPHROSIS (HN) 


Itis an aseptic dilatation of pelvicalyceal system due to partial 
or intermittent obstruction to the outflow of urine. 


Aetiology 


It can be unilateral or bilateral 


Unilateral 


A. Extramural: 
1. Aberrant renal vessels (vein or artery). It is common on 
left side. 
Compression by growth (carcinoma cervix, carcinoma 
rectum), 
3. Retroperitoneal fibrosis 
4, Retrocaval ureter. 
B. Intramural: 
1. Congenital PUJ obstruction, 


2. Ureterocele. 

3. Neoplasm of ureter. 

4. Narrow ureteric orifice. 

5, Stricture ureter following removal of stone, pelvic 
surgeries or tuberculosis of ureter. 

C.Intraluminal: 
1. Stone in the renal pelvis or ureter. 
2. Sloughed papilla in papillary necrosis 


Bilateral 


A. Congenital: 
> Congenital stricture of external urethral meatus, pin- 
hole meatus. 
» Congenital posterior urethral valve. 
B. Acquired: 
> BPH 
Carcinoma prostate 
Postoperative bladder neck scarring, 
Inflammatory/traumatic urethral stricture, 
Phimosis, 
Carcinoma cervix. 
Bladder carcinoma, 


% Congenital PUI is the most common cause of HN. 

% Often it is bilateral and presentation on one side is earlier 
than the other side, 

¢ Aberrant renal artery or vein in the lower pole of kidney can 
compress the PUJ causing HN. Renal angiogram confirms 
the diagnosis, 

Treatment of aberrant renal vessels 

If it is a vein it can be ligated safely. But if it is an artery, 

it exclusively supplies the lower pole of the kidney and so 

cannot be ligated. So kidney is mobilised; upper and lower 

poles are approximated together so that artery is made to 

slip away from the site of compression—Hamilton Stewart 

operation. 

In pregnancy dilatation of ureters and both pelvis occur 
due to atony of ureteric musculature by progesterone. It 
starts as early as in the first few weeks of pregnancy and 


lasts until few weeks after delivery. Involution occurs 2-12 
weeks after delivery. 


—SAverrant rena) 
vessels 


Kidney 


Fig. 26.42: Aberrant renal vessels are one of the known causes of 
hydronephrosis. 


itenay 


Figs 26.43A and B: Aberrant renal vessels causing obstruction 
and hydronephrosis. As this often supplies lower pole of kidney 
exclusively, t need to be retained. 


Classification | 

& Unilateral HN. 

4 Bilateral HN without renal failure 

4 Bilateral HN with renal failure 

Classification it 

4 Intermittent HN: Obstruction occurs swelling and pain appearin 
the loin. After sometime patient passes large amount of urine 
following which swelling and pain disappear—Diet! crisis 

‘® Persistent HN:Itis due to persistent partial obstruction 


Classification il 

@ HNonly 

@ HNwith hydroureter 

Classification 1V 

 Extrarenal pelvic HN (80%) 

+ Intrarenal pelvic HN (20%). Destruction of kidney is earlierand 
severe here, as compared to extrarenal pelvic HN 


Pathology 

Initially pressure burden is taken up by the pelvis; later 
calyces and renal parenchyma. Gradually, parenchyma thins 
out due to destruction and it dilates, Eventually leading to 
compromised secretory function. Parenchymal thickness 
of less than 2 mm is unlikely to function. In bilateral cases 
such patients will go for renal failure 


‘Hydronephrosis| 
of kidney Fig. 26.458 


Dilated pelvis Figs 26.45A and B: Specimens showing hydronephrosis. 


cup Flat club Broadenec 
Fig. 26.46: Stages of HN. 


faupry 


Obstructed congenital 
pelviureteric junction 


Fig, 26.44: Hydronephrosis due to congenital PUI obstruction. Iti. 
‘the common cause of hydronephrosis. 
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2 


Fig. 26.058 Figs 26.47A and B: Types of renal pelvis (A) Intrarenal and 
(6) Extrarenal 


Roots of education are bitter, but the fruit is sweet. 
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Clinical Features 


A. In unilateral cases 
» Congenital PUJ obstruction and calculus are the most 
> M:F::2:1 

Right side kidney is affected more commonly. 
Dull aching loin pain with dragging sensation or 
heaviness. 
Mass in the loin which is smooth, mobile, ballotable, 
moves with respiration with dullness in renal angle 
and a band of colonic resonance in front. 
Attacks of acute renal colic. 
Often patient may be having Diett's erisis—after an 
acute attack of renal colic, swelling in the loin is s 
which disapp 
of large volume of urine. 
Dysuria, haematuria, if infected fever and tenderness 
in renal angle. 
Occasionally hypertension, 

B. In bilateral cases: 

» From lower urinary tract obstruction 


us afler sometime following pass: 


© Loinpain 

‘& Features of bladder outlet obstruction—frequency hesitancy, 
poor stream 

+ Kidneysare often not palpable ifrenal failure develops early 


Fig. 26.48: VU showing bilateral hydronephrosis and hydroureter. 
» From bilateral upper urinary tract obstruction. 


‘& Loin pain, mass in the loin, attacks of renal colic 
% In bilateral cases, when it is severe, features of renal failure 
like oliguria, oedema, hiccough may be present 


Complications 


1. Pyonephrosis, 
2. Perinephric abscess 
3. Renal failure in bilateral cases. 


Figs 26.484 to C: CT scan showing hydronephorosis of left kidney 
with extrarenal pelvis. Patient underwent laparoscopic pyeloplasty 
(Courtesy: Ashok Padit, MCh, Urologist, Mangala Hospital, Mangalore) 


Investigations 


Blood urea and serum creatinine, 
Urine for microscopy. 
U/S abdomen: Investigation of choice, 


Fig. 26.50: Hydronephrosis as seen in CT scan. 


Type of pelvis, thickness of parenchyma, site of obstruction, 
and cause of obstruction, e.g, stones, can be made out (Refer 
Fig. 26.54), 
IU: To find out the function of diseased as well as opposite 
kidney. Normal calyx is cup shaped. It gets flattened and 
later club shaped which eventually becomes broadened in 
hydronephrosis (Refer Fig. 26.47) 
Whitaker test: A fine needle is passed into the renal pelvis, 
through loin. Pelvis is perfused with saline at a rate of 


10 ml/minute. Normally, initially the pressure increases and 
later it will remain constant, Persistent increase in pressure 
suggests HN. 

CT sean is diagnostic 

Isotope renography is also useful to study the function of 
the kidney before and after the surgical treatment and also 
flicacy of surgery as far as function is consid- 
|_DIPA scan. 


Fig, 26.51: Retroperitoneal tumour causing ureteral obstruction 
with hydronephrosis, 


Fig. 26.52: CT scan showing bilateral hydronephrosis. One side 
large (left side); another side early hydronephrosis, 


Fig. 26.53: IVP showing right hydronephrosis. Note the dilated 
right renal pelvis and delay in the excretion of the dye from the 
affected kidney. 
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Fig. 26.54: L/S picture of hydronephrosis showing dilated pelvis, 


In the case of perinephric abscess bending the trunk away from the side of the abscess may produce pain, 


whereas the patient can bend his body towards the lesion without much discomfort. 


—George S 
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Treatment 


Always conservative surgeries which are aimed at con- 
serving the kidneys are done. Nephrectomy is not done 
unless indicated, 


ght Backarolne 


Fig. 26.55: Isotope scan showing hydronephrosis on the left side. 


1, The cause is treated: Stone, congenital anomaly, aberrant 
renal vessels, stricture urethra (dilatation, urethrotomy, 
urethroplasty); phimosis (circumcision); BPH (TURP); 
posterior urethral valve (cystoscopic fulguration of valve). 

2, Anderson-Hyne’s operation (Dismembered pyeloplasty) 
In congenital PUJ obstruction, the spasmodic segment and 
redundant pelvis are excised. A new pelvis is created and 
the cut end of pelvis is anastomosed to the ureter in the 
dependent position. 
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Fig. 26.56: Anderson-Hyne’s operation. 


3, Davis Ftube ureterostomy: Placement of T tube in the ureter 
by making longitudinal incision, 

4, Non-dismembered pyeloplasties: Here PUJ is not transected. 
Reconstruction is done without PUJ transection by different 
methods, ¢.g. Foley’s ¥-V plasty. 

5, Inbilateral HN, without renal failure, kidney which is fune~ 
tioning better should be operated first. Three months later, 
otherside kidney is dealt with. 

6, Inbilateral HN with renal failure, bilateral nephrostomy and 
haemodialysis support is required initially. After 3-6 weeks 
IVU is done and the functions of both kidneys are looked 
for. If they function, then treated accordingly by Anderson- 
Hyne’s operation. 


Af kidneys are still not functioning (renal function < 20% 
‘on isotope study) then nephrectomy and renal transplanta- 
tion is the only option left. 

7. Laparoscopic ot retroperitoneoscopic pyeloplasty is 
becoming popular but is expensive and time consuming, It 
gives good result as well, 

8. Endoscopic pyelolysis, even though technically easier results 
are not assured. 


ll PYONEPHROSIS 


It is collection of pus in pelvicalyceal system, which is 

converted into a multiloculated sac. Occurs due to: 

a. Infection of pre-existing hydronephrosis. 

b. Following acute pyelonephritis 

©. Asa complication of renal calculus—either stone in the renal 
pelvis or staghorn calculus 


Clinical Features 


© Usually unilateral 


——_—SSE Sess 
+ Anaemia 

Fever 

+ Loin swelling 


# ‘Tender mass in the loin which is smooth, soft, not mobile, 
‘not moving with respiration 

4 Patient may also have cystitis, pyuria, buming micturition. 

# Features of toxicity such as fever with chills and rigors. 


Investigations 


* Plain X-ray, KUB, may show renal calculus, 

# IVU shows HN poor secretion, 

% Cystoscopy reveals cystitis with efflux of purulent pus 
through the ureteric orifice. 

* U/S shows dilatation, 

* DTPA scan later. 


Treatment 


* After starting antibiotics, pus is immediately drained from 
the kidney through a loin incision and nephrostomy tube 
(Cabot's nephrostomy) (Malecot’s catheter) is placed. 

# Ifkidney is totally destroyed, subcapsular nephrectomy is 
done. This also prevents other kidney from getting infected 
through petirenal lymphatic connections, 

# In bilateral pyonephrosis, bilateral nephrostomy is the 
only choice. “J'stenting is done often to keep the ureters 
patent 


ll CARBUNCLE OF KIDNEY (RENAL 
CARBUNCLE) 


¢ A localised inflammatory necrotic mass of tissue involving 
renal parenchyma, caused by Staphylococcus aureus and 


coliform organisms, source of which is cutaneous infections 
like boil and carbunele. 


Fig. 26.57: Cut section of specimen of kidney showing pus, necrotic 
area, and multiple infected abscesses—renal carbuncle with multiple 
abscesses, Condition is comman in diabetics. 


# It presents as ill-defined tender swelling in the loin, with 
pyrexia and leucocytosis, 

Staphylococci can be isolated from the urine. 

IVU shows obliteration of group of calyces, mimics renal 
cell carcinoma. 

‘Treatment: Antibiotics, drainage of carbunele, with place- 
ment of Malecot’s catheter. 

Often, in severe type nephrectomy may be needed. 

Severe septicaemia may occur in renal carbunele. 


Renal abscess/renal carbuncle 


& A localised inflammatory necrotic mass of tissue involving 
renal parenchyma, caused by Staphylococcus aureus and 
coliform organisms, source of which is cutaneous infections 

like boil and carbuncle. Eventually infection may spread to 
entire kidney causing multiple abscesses 

It presents as ill defined tender swelling in the loin, with 
pyrexia and leucocytosis 

+ Staphylococci can be isolated from the urine 

‘& IMU shows obliteration of group of calyces, mimics renal cell 
carcinoma 

‘ Treatment: Antibiotics, drainage of carbuncle with Malecot 
catheter placement 

+ Often,nephrectomy may be needed in severe type 

+ Life-threatening septicaemia can occur which often needs 
not only nephrectomy but also higher antibiotics like mere- 
ponem, linezolid,and intensive critical care, ventilator support 


@ PERINEPHRIC ABSCESS 
Causes 


© Infecti 


1 of a perinephric haematoma, 
* Perforation through renal capsule from pyonephrosis or 
renal carbunele. 


‘Tuberculous perinephric abscess 
Extension of cortical abscess. 
Haematogenous spread. 

Extension of appendicular abscess, 
Periureteral lymphatic spread. 


Fig. 26.58: Perinephric abscess. 


Clinical features: 
@ High fever 
 Fullnessin the 
‘® Tenderness and rigidity 
‘© Scoliosis with concavity towards the side of abscess 


Investigations 


% Total count is increased. 

# Plain X-ray KUB—obliteration of psoas shadow, scoliosis, 
elevation of hemidiaphragm. 

* IVU—two films taken one in lying down position and 
another in erect posture. 

Normally in erect posture, downward displacement of the 
kidney is seen, Downward displacement is not seen in case 
of perinephric abscess—Mathe's sign 

# U/S abdomen. 
* CT scan is diagnostic. 


Treatment 


1. Antibiotics are started, 

2. Under G/A through loin approach (lumbar incision), pus is 
drained adequately. Pus is sent for culture and sensitivity. 
Collection in the cortex of the kidney should also be drained, 
A Malecot’s catheter is kept in place. 


™@ RENAL CALCULUS 


The Times whereat you often in a day have the Urinary Excretion 
performed with Ease,aretimes which invite you very frequently to 
lifeup your Hearts unto God with such an Acknowledgment as This; 
“Q.Mymostmercful God, bless thee, thatthe grinding Torments of 
the Stone,are not now grinding of me’ 

—Cotton Mather, 1724 


Efficiency is, doing better what is already done. 
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Itis more common in males; 90% are radio-opaque (gallstones 
are more common in females; 90% are radioluscent). 


Fig. 26.59: Large staghorn calculus—both surfaces of the stone 
were shown, 


Aetiology 


* Diet: Vitamin A deficieney—it causes desquamation of 
epithelium which acts as a nidus for stone formation. 

% Climate: In hot climate urinary solutes will increase with 
decrease in colloids, which leads to chelation of solute with 
calcium forming a nidus for stone. 

* Citrate level in urine (300-900 mg/24 hours) maintains the 
calcium phosphate and carbonate in soluble state and any 
decrease in citrate level in urine causes stone formation. 

Infection in kidney: Urea splitting organisms commonly 


cause stone formation, i.e. E. coli, Staphylococcus, Strep- 
tococeus, Proteus. 


+ Prolonged immobilisation causes decalcification of bones 
and so hypercalciuria leading to stone formation, 

¢ Hyperparathyroidism causes hypercalciuria causing multiple 

bilateral stones or often bilateral nephrocaleinosis (5%). 

Hyperoxaluria, as a result of altered glycine metabolism. 

Cystinuria (Autosomal recessive). 

Stasis due to obstruction to urine flow. 

‘Medullary sponge kidney. 

Randall s plague theory is erosion and deposition of urinary 

salts as Randall’s plaque at the apex of renal papillae. 

% Carr's postulates states that minute concretions called as 
microliths normally develop in the subendothelial part of 
the tubule which will be carried away as particles by renal 
lymphatic network vessels. Ifthese lymphatics are blocked, 
microliths enlarge and act as nidus for stone formation. 


* Others: Sarcoidosis, myelomatosis, gout, idiopathic hyper- 
calciuria, hypervitaminosis D, neoplasms on treatment, 


hypomagnesuria (Mg** in urine acts as a complexing agent 
and prevents nucleation normally). 

* Renal tubular acidosis: Commonly causes calcium phos- 
phate stone (10%). 


Stages of stone formation 


I. Supersaturation 
Il. Nucleus formation. 
Ii Crystallisation 

IV. Aggregation 

V. Matrix formation 
VI. Stone 


Epitaxy: Growth of one type of stone on another type. 


26.60: Plain X-ray KUB showing bilateral large renal stones and 
right ureteral stone. 


Types 


1. Ovalate stones (75%): Also called as mulherry stone as 

it is brown in colour, with sharp projections. It is invari- 

ably calcium oxalate stone, shows envelope crystals in 

Phosphate stones (10-15%): Its either calcium phosphate 

‘orealcium, magnesium, ammonium phosphate stone usually 

occurring in an infected urine. It is smooth and white in 

colour. In an alkaline urine it enlarges rapidly, filling renal 
calyces taking their shape called as staghorn calculus. It is 
radio-opaque and attains a large size. 

3. Uric acid stones (5%) are smooth, hard, yellowish, multiple 
and radioluscent. They are seen in gout, hyperuricosuria, 
altered purine metabolism, 

4, Urate stones. 

5. Cystine stones (22%) occur in cystinuria where ther 
tive absorption of cystine from the renal tubules (autosomal 
recessive condition). 


is defec- 


Itis seen in young girls, occurs only in acidic urine. It is 
multiple, soft, yellow in colour and the colour changes to 
greenish hue on exposure. It attains large size. It is radio- 
‘opaque because it contains sulphur. 

6, Xanthine stones are very rate, smooth, brick red in colour, 
due to altered xanthine metabolism, 

Here there is deficiency in xanthine oxidase enzyme. 
7. Indigo stones: Very rare. Blue in colour. 
8. Sinmvite stone: tis compound of magnesium, ammoniumphos- 


phate mixed with carbonate. It occurs in presence of ammonia 
and urea splitting organisms in urine, e.g. Proteus; Klebsiella 


Shapes of Stone Crystals in Urine 


Type of crystal ‘Shape of the crystal 


‘a. Calcium oxalate monohydrate Dumbell shaped 
b. Calcium oxalate dihydrate Envelope shaped 


fc. Uric acid Yellowish of varying. 
size and shape 
d. Cystine Hexagonal, very soft 


stones 


e. Triple stone Coffin lid shaped 


Clinical Features 


 Pain—renal pain is located over re 


angle, hypochondrium 
and lumbar region. Often severe radiating to groin and testis 


with vomiting due to pylorospasm. Pain worsens 

on movements. 

 Haematuria is common, 

* Pyuria 

# Fever. 

* Tendemess in renal angle, with often a mass in the loin 
due to hydronephrosis which moves with respiration and is 
bimanually palpable, ballotable, smooth, soft 

% Asurinary tract infection 

* Incidental finding. 

% Often hypertension. 

Note: 

Food rich in oxalates are, spinach, tea, cola, alcohol, citrus fruits 


Investigations 


% Blood: ESR, serum calcium, phosphate, creatinine, blood 
urea, uric acid, PTH level. 

% Urine: Calcium, urate, cystine if suspected only, pH, specifi 
gravity. 

% Plain X-ray, KUB: To see kidney shadow, stones (90% — 
radio-opague), 

# IVU to sce renal functions and HN. 

* RGP if required 

* U/S abdomen—can detect even radioluscent stones and 
gives information about the changes in renal parenchyma, 


Urine analysis and C/S to i 


entify bacteria 
% CT scan will identify the small missed stones in ureter. 
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Fig. 26.61: Plain X-ray, KUB, showing multiple stones in the right 
kidney. 


Treatment 
1. PCNL (Percutaneous Nephrolithotomy). 


Indications 
Stones more than 2.5 cm in size 
Multiple stones 

@ Stones not responding for ESWL 


Procedure: Initially cystoscopy is done and ureteric stent 
catheter is placed and renal pelvicalyceal system is identified 
under C-Arm guidance. Under the guidance of C-Arm or U/S, 
needle puncture is made in the loin percutancously. Through 
kidney, calyx and pelvis are approached. Guidewire is passed. 
Graduated dilators are passed and so track is widened. Then 
through that, a nephroscope is passed. After fragmentation, 
stone is removed using different methods [Laser (Holmium), 
pneumatic, ultrasonic or electrohydraulic], 


Fig. 26.62: Plain X-ray KUB showing phosphate stone in the kidney 
‘and oxalate stone in urinary bladder. 


Enthusiasm is the greatest asset in the world, It beats money, power and influence. 
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Figs 26.63A to C: Stages in PCNL. 


Complications of PCNL 

‘@ Haemorrhage 

+ Perforation of collecting duct ca 
tion fluid 

+ Injury to colon or pleura while cre 
scope 


1g extravasation of rriga- 


initial track fornephro- 


ESWL (Extracorporeal Shock Wave Lithotripsy): 


Figs 26.64A and B: ESWL table and machine used for renal stones. 
It needs C-Arm to guide the exact point of stone to be fragmented, 


* Piezo-Ceramic or Electromagnetic shock waves are passed 
to the stone through water bath or water cushion which acts 
‘asa media, Shocks are produced at 2/see. 1000-4000 shocks 
are required for each stone. 

* Dornier Lithotripter is used for fragmenting stones. 

# Stone is located and observed through fluoroscope (C-Arm) 
orultrasound. Shock waves are triggered to create compres- 
sive waves over the stone, to fragment it. These fragments, 
are flushed out later 


Advantages 
 Noanaesthesia is req) 
 Canbe done as an OP procedure 
Less than 2.5 cm sized stones are well fragmented. 

4 Hard stones, oxalate stones are better eliminated by ESWL 
‘& ESWLcan be done repeatedly in different sittings 
+ Ifitis not successful one can switch over to PCNL 


zn Complications — = 


@ Renal haematoma 


Severe haematuria 
Injury to adjacent structures 
& Fragmented stone retains in the ureter 


2 -Contraindications 

® Pregnancy 

% Bleeding disorders 

‘& Patients with abdominal aneurysms. 

‘& Sepsisand renal allure (Serum creatinine more than 3 mg) 


3. Conservative treatmen 
» Flush therapy—mainly used for lower ureteric stones 
» IV fluids. 
> Inj frusemide 60-80 mg IV. 
> Anti-inflammatory and antispasmodic agents are given 

to relieve the pain. 

4. Surgery for renal stones: Presently most of the renal stones 
can be removed without open surgery (PCNL, ESWL, URS), 
But limiting factors are cost and availability, 


Surgeries 


1, Pyelolithotomy. 

» Suitable for stones in extrarenal pelvis, 

» By loin (posterior subcostal) incision, kidney is 
approached. 

» Renal pelvis is opened, the stone is removed and the 
pelvis is closed. A drain is placed and wound is closed. 

Extended pyelolithotomy (Gil-Vernet): In case of intra- 

renal pelvis, incision is done on the hilum between the 

pelvis and kidney over the renal sinus, dissection is 

carried out so as to remove the stones from pelvis as well 

as calyees. 

3. Nephrolithotomy: By placing incision just bebind the most 
convex surface (Brodel’s line), stone is removed. 

4. Nephropyelolithotomy: By making incisions both over the 
kidney and pelvis, stone/stones are removed. It is often done 
in staghorn calculus. 


Fig. 26.65: Plain X-ray showing right-sided renal stone with ‘! stent Figs 26.66A to F: Surgeries for renal stones. (A) Pyelolithotomy, 
on left side, (B) Extended pyelolithotomy, (C) Nephropyelolithotomy, (D) Neph: 
rolithotomy, (E) Partial nephrectomy, (F) Coagulum pyelolithotomy. 
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Figs 26.674 toD 


You may be disappointed if you fail, but you are doomed if you don't try. 
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Figs 26.67 to 


Figs 26.67A to G: Very large renal pelvic stone of more than 8 cm in size weighing 610 grams. It is one of the largest renal stone extracted 
(Courtesy: Dr Ashok Padit, MCh, Urologist, Mangala Hospital, Mangalore) 


5. Partial nephrectomy: Done when there are multiple stones 
occupying a pole, usually lower pole of the kidney or when 
there is damage to the calyx, if not removed may encourage 
further stone formation, 

6, Bench surgery: Kidney is removed out temporarily, cooled 
by ice packs or inosine or liquid nitrogen. Stones are 
searched and removed completely. Later kidney is replaced 
in right iliac fossa. 

7. Coagulum pyelolithotomy: Coagulum solution which 
contains fibrinogen is poured into the renal pelvis. Itis acti- 
vated so that it solidifies, meanwhile entangling the stones 
in renal pelvis. This entangled mass is removed en masse. 

8. Anatrophic pyelolithotomy: After exposing the kidney, itis 
cooled with ice packs for 20 minutes and posterior branch 
of the renal artery is clamped temporarily using bull-dog 
clamp. The most avascular plane behind the Brodel’s line is 
thus visualised properly. Kidney is opened through this tine 


and stone/stones are removed (anatrophic means “to prevent 
atrophy”). 


ll URETERIC CALCULI 


# Always of renal origin. 
% Nature of stones are same as that of renal stones. 

* They are commonly of elongated shape. 

* They can get impacted at various narrow junctions. 


* PUL 
# Where ureter crosses the iliac vessels 

% Where ureter crosses vas deferens/broad ligament. 

# Where ureter penetrates outer layer of bladder musele. 

# Inthe intramural portion of ureter near the ureteric orifice 
Stones less than 5-8 mm size may pass spontaneously. 


Pus 


Crossing of 
ilac artery 


Ureteric meatus 


Bladder“ 
musculature 


Fig. 26.68: Sites of ureteric narrowing. 


Problems with ureteric stones 
Obstruction 
& Hydronephrosis 
Infection 
@ Impaction 
@ Ureteral stricture 


Clinical Features 


1, Pain 


of colicky type and radiates from loin to groin 
often to the tip of the genitalia, testis in males, labia majora 
in female (referred along the genitofemoral nerve). 
Itis severe in intensity, increases with exercise. 
It mimies appendicitis, cholecystitis, ovarian or tubal 
pathology 
2, Nausea, vomiting, 
pasm, 
3, Haematuria, dysuria, frequency, strangury. 
4, ‘Tenderness in iliac fossa and renal angle (nio rebound tender- 


sweating due to pain and reflex pyloros- 


ness). 


microscopy, CIS. 

Plain X-ray, KUB—radio-opaque stones are visible in 90% 
of cases—in the line of ureter (near the tips of transverse 
processes of lumbar vertebrae, sacroiliac joint and medial 
to ischial spine). 

Lateral or oblique films are required to differentiate from 

other opacities which mimic stone, 

 IVU shows hydronephrosis and hydroureter. Function may 
be accurately assessed by isotope renogram 

% Blood urea, serum creatinine, serum calcium, uric acid 
level. 

* U/S is useful 

% CT scan is diagnostic 


Fig. 26.69: A plain X-ray, KUB, showing left ureteric calcul. 


Differential diagnosis 
Appendicitis 

Cholecystitis 

Ovarian cyst 

Tubo-ovarian disease 

Mesenteric adenitis 

Ruptured ectopic gestation 


eoesees 


Urinary 
bladdae 


Fig, 26.70: USG showing vesicoureteric junction (VUJ) stane which 
needs cystoscopic meatotomy and extraction. 


Faith is like electricity, you can't see it, but you can see the light. 
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Treatment 


Plenty of water orally. 

Diuretic—oral frusemide to flush the stone. 

Suitable antibiotics to control sepsis; antispasmodies to 

relieve pain 

4, 1V fluids—fast infusion of about 1.5 to 2 litres and injection 
frusemide 60 to 80 mg. Usually given for 3 to 5 days. 

5. Surgical intervention for ureteric stones 


Indications 
Size of the stone more than 5 to 8 mm 

‘@ IMUshowing deterioration of function 

@ Co-existing infection 

¢ [fstone is impacted in the ureter with persistent symptoms 


stent right side—used after URS (ureterorenoscopy) 
in ureteric stone extraction. 


= 


N i} 


Fig. 26.73: Dormia basket is used to remove the stone in the lower 
treter. Single stone less than 1 cm can be removed. 


Opened 


‘basket 
with 
@ |store 


Indications for Dormia basketing 
‘& Stone in lower third ureter 

‘& ‘Stone below pelvic brim 

‘& Stone less than 10 mm size 

% Single stone 


Fig. 26.71: Ureteric stone, 


Procedures 


Upper third stone: 
 ESWL for stone in upper third ureter. Basket is passed into the proximal ureter beyond the stone and 
# The stone is pushed into the renal pelvis and then PCNL opened. The stone is then pulled out 

is done. 
¢ URS—Ureterorenascopie stone removal: ‘Complications of Dormia basket 

> Through ureteroscope, stone is visualised and often frag- 


‘Stone dislodgement 
‘mented using pneumatic bombarder. It is then extracted 


Urethral injury 
by ureteroscope.  Avulsion of ureter 

> Complications are perforation of ureter and extraperito- @ Stricture ureter 
neal leakage of urine, bleeding 


* Open ureterolithotomy through loin incision. + Open ureterolithotomy. 


Stone in middle third ureter # Using eystoscope under general anaesthesia, ureteric 
© URS. ‘meatotomy is done for stones impacted at the ureteric orifice 
% Open ureterolithotomy. Itis released by cutting the orifice at upper and lateral aspects, 
Stone in lower third ureter ee 

URS. ‘Ml ureteric stones can be removed through laparoscopy or retro- 


© Dormia basketing: peritoneoscopy. 
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Fig. 26.74: Approaches for removal of ureteric stones. 


RECURRENCE OF STONES 


‘Types of recurrence: 

a, False recurrence—during intervention, tiny fragments may 
be left behind, 

b, True recurrence—recurred again once all stones are cleared 
by intervention, 


‘Causes for recurrence: 


Existing causes like hyperparathyroidism, hypercaleiuria, 
hyperuricaemia, gout, cystinuria, 


Prevention and advice 

Hydration is the main method of prevention. Per day 3 to 4 
litres of fluid should be taken, 

» Diet: 

» Avoid diets rich in calcium oxalate, sodium (natriuresis 
causes hypercalciuria) and vitamin C (gets converted 
into oxalate), 

> Increased intake of dietary fibre—binds with intestinal 
calcium and decreases the calcium absorption. Sodium 
cellulose phosphate is used for the same. 

 Allopurinol reduces the uric acid level and so uric acid stone. 
Italso reduces the oxalate level. 

% Diet rich in magnesium makes calcium oxalate less soluble. 

{Aluminium gel ot ammonium chloride prevents the excessive 
alkalinity and so prevents the recurrence of phosphate stones. 

* Penicillamine or alpha-mercaptopropinyl-glyeine may 
reduce the recurrence rate of cystine stones. 

* In idiopathic hypercalciuria, strict low calcium diet along 
with 5 mg bendrofluzide which reduces loss of calcium in 


urine or indomethacin 25 mg tds which reduces the calcium 
secretion or sodium phytate can be given. 

# Acetohydroximic acid due to structural similarity to urea 
is a potent inhibitor of urease and so reduces the bacterial 
originated stone. 


lm STAGHORN CALCULUS 


# Itis the stone occupying the renal pelvis and calyces. 

 Itis usually phosphate or ammonium, magnesium phosphate 
(Triple phosphate) stone. 

# Itis white in colour, soft, smooth, occurs in pre-existing 
infection (commonly E. coli). 

 Itean be unilateral or bilateral, Patient with bilateral stones 
‘may go in for renal failure. 


Fig. 26.75: Staghorn calculus. 


Fig. 26.76: Staghorn calculus (diagrammatic representation). 


Presentation 
Pain in loin 
Fever 
Burning micturition 
Haematuria 
In bilateral cases, symptoms are bilateral and often with 
features of renal failure (hiccough, oedema feet, oliguria, 
anaemia) 


eeeee 


‘Fire proves gold, adversity proves men. 
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Fig. 26.77: Bilateral staghorn calculi 


Investigations 
© U/S, abdomen, 

* Plain X-ray, KUB. 

* IVU to see the renal function. 
Blood urea and serum ereatinine 
® Urine microscopy and urine CIS. 
# Isotope renogram—DTPA, 


Fig. 26.78: A plain X-ray, KUB, revealing staghorn calculus 
on right side. 


Treatment 


Antibiotic is started, 
1, Unilateral stone is removed by nephropyelolithotomy. 
“Multiple incisions are made over the Brodel’s line (avascular 
plane) and assisted by pelvic incision. Stone is removed, 
Blood transfusion may be necessary as bleeding can occur. 
‘Afier that, nephrotomy and pyelotomy incisions are 
sutured with chromic catgut or vieryl 
2. In bilateral cases IVU is very essential. The kidney which 
is functioning better should be treated first. After 3 months, 
the other side kidney should be operated upon. 
3, I there are bilateral staghorn calculi with pyonephrosis, 
then initially bilateral nephrostomy is done using Malecot’s 


catheter (Cabot s nephrostomy). IVU is done later to see the 
renal function. If function is present, then both kidneys are 
‘operated one after the other in a gap of 3 months, They often 
need haemodialysis. 
4, Sometimes in case of severe infection nephrectomy is required, 
Presently, PCNL is becoming a popular procedure for 
unilateral or bilateral staghorn calculi. 
But when required, conversion to open nephropyelolithotomy 
should be considered. 


Nephrotomy 


‘Staghom 
calculus 


Pyelotomy 


Fig. 26.79: Nephropyelolithotomy. Note the incisions placed. 


‘Complications of staghorn calculus 
 Pyelonephritis 
@ Pyonephrosis 
® Perinephric abscess 
‘@ Renal failure 


Differential diagnosis for radio-opaque shadow which 
‘mimics renal stone 
+ Calcified lumbar or mesentericlymph node 
& Gallstone (10% are radio-opaque) 
‘® Concretion in appendix 
‘® Phleboliths 
% Ossified tip of 12th nib 
+ Chip fracture of transverse process of vertebra 
 Calcified renal tuberculosis 
 Calcified suprarenal gland 
‘& Drugs or foreign body in the alimentary canal 


lm BENIGN TUMOURS OF KIDNEY 
They are rare. 


Types 


* Renal papillary adenoma: Small dise 
from tubular epithelium, <5 mm in size, cortical, 
circumscribed tumour. It is potentially malignant, may turn 
into papillary type of RCC, especially if size > 3 om, 

# Angiomyolipoma: It contains fat, vessels and smooth 
muscles. It is commonly associated with tuberous sclerosis, 
(50%). Tumour is susceptible for spontaneous haemor- 
rhage. 

% Oncocytoma: Itis an epithelial tumour arising from interca~ 
lated cells of collecting ducts. Its cells show large nucleoli 
‘These large eosinophilic cells contain numerous mitochon- 


dria, Tumour is homogenous well encapsulated tan coloured, 
It can attain large size and can be multicentric 


@ WILM’S TUMOUR (NEPHROBLASTOMA) 


The patient was a 3-year-old girl with a kidney tumour which had 
grown to immense proportions in a short time. The child, anemic and 
emaciated, was admitted with an enormous massin theright abdomen 
and with definite ascites, After nephrectomy, the litle child recovered 
tuneventfully.A few months later however recurring abdominal mass 
was again palpable and shortly afterward the child died. 

—Max Wilms, 1899 


 Itarises from embryonic connective tissue containing epithe- 
tial and connective tissue elements 
# Itis located in one of the poles of the kidney. 


© Ibis bilateral in 5% cases. It is common in first 4 years of life. 
Pathology 
Gross 


It is smooth, soft, leshy, pinkish white in colour, 
haemorrhagic areas. 


Microscopically 


Malignant primitive glomeruli and primitive tubules, with 
epithelial and connective tissue cells exist side by side, one of 
the types is usually prominent. 


‘Types 
‘A. Favourable histology (FH)—Wilms'—means without anaplastic 
features 
8, Unfavourable histology (Un FH) —Wilms'—means ith anaplastic 
features 


Histological Types 


© Cystic nephroma, 
% Mesoblastic nephroma, 
® Nephroblastoma. 


Spread 


Mainly through blood into the lungs, liver and rarely to bones. 


Clinical Features 


# Incidence is equal in both sexes. 


Triad 
Mass, fever,haematuria 


Mass abdomen is commonest presentation. Mass is smooth, 
mobile, firm or hard, lobular, located in the loin, moves with 
respiration, bimanually palpable, ballotable, with dullness in 
renal angle and with resonant band in front. It does not cross 
the midline (Differential diagnosis is adrenal neuroblastoma 
‘which is knobby and nodular, does not move with respiration 
and crosses the midline). 


Fig. 26.80: X-ray showing mass lesion in right abdomen. It could be 
Wilms tumour. 


Fig. 26.81: Renal tumour. 


# Fever—may be due to tumour necrosis, 

¢ Hacmaturia isa grave sign as it signifies rupture of tumour 
into the renal pelvis, 

# Hypertension—in 25% cases. 

# 12% of cases are associated with congenital anomalies and 
syndromes (Glaucoma, aniridia, Beckwith syndrome), 


Staging of Wilm’s 
|. Disease confined to kidney and completely resectable 
I, Tumour extends beyond kidney, but can be excised 
completely 
ll, Residual disease after resection with positive lymph nodes 
and massive spillage 
IV, Blood born metastasis 


\. Bilateral disease 


Investigations 
* U/S abdomen, CT scan abdomen. 
+ 1vu 

+ Renal angiography. 


Imagination is the highest kite one can fly. 
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* X-ray, abdomen—egg shell peripheral calcification is 
diagnostic. 
* MRL 


Adrenal tumour 
Retroperitoneal tumour 
+ Renal cyst 

+ Polycystic kidney disease 


Treatment 


+ Nephrectomy and postoperative radiotherapy in case of 
unilateral tumours. 

% In bilateral cases, either bilateral partial nephrectomy or 
nephrectomy on one side with partial nephrectomy on the 
other side is done (Nephron sparing surgery). 


Fig, 26.82: Partial nephrectomy. 


% Chemotherapy: Actinomycin D, vincristine, doxorubicin, 
% Preoperative RT in locally inoperable cases—Iater surgery 
and then chemotherapy is given, 


Prognosis 

Five years survival rate is 80% under the age of one year. 
Recurrence rate is high within one year. 

Prognostic Factors 


Age, bilaterality, size of the tumour, presence of haematuria, 
spread of tumour, histology type. 


l@ RENAL CELL CARCINOMA (RCC) 


Also known as Hypernephroma—{it is a misnomer), Grawitz 

tumour, clear cell carcinoma, Internist tumour: 

% Itis an adenocarcinoma arising from renal tubular cells, 
‘most common site is proximal renal tubule, More common 
in males; more common in Sth-6th decade of life. 

% Itis 3% of all adult malignancies. 

© RCC types 
> Clear cell (75%)}—nonpapillary, associated with loss of 

sequence in short arm of chromosome no. It can be 
sporadic (common, 95%) or familial 


» Papillary (15%)—multifocal commonly, with papillary 
pattem, 

» Chromophobe RCC (5%)—arising from intercalated 
cells of collecting duct; shows halo around the nucleus, 
carries excellent prognosis. 

» Collecting duct of Bellini carcinoma (1%)—atises from 
collecting duct of medulla; tumour with fibrous stroma 
typically in medullary location 


associated with von Hippel-Lindau disease (cerebellar 
haemangioblastoma, retinal angiomatosis, tumour or cysts 
‘of pancreas). Here RCC is commonly bilateral 

in animal fat 

Environmental factors like asbestos, lead, cadmium and 
tobacco 

Cigarette smoking 

‘Chromosomal aberration, tuberous sclerosis 

‘Acquired cystic kidney disease after long-term dialysis 

Birt Hogg-Dube' syndrome with hereditary chromophobe RCC 
‘and oncocytoma 

Cortical renal adenoma could be RCC by itself 

Analgesic nephropathy 


Pathology 
Gross 


It attains a large size. Commonly located in upper pole, 
sometimes in lower pole but rare in the middle. Cut section is 
yellowish due to lipoid content with areas of haemorrhage and 
necrosis. This noncapsulated tumour is very vascular. 


Microscopy 


Malignant cells which are cubical or polyhedral containing 
lipid, cholesterol and glycogen. 


Histological types—clear (75%), granular, spindle, sarcomatoid, 
papillary (1556) 


Spread 


1. Local: Into the perinephric pad of fat, calyces and renal 
pelvis. 

2. Blood spread: RCC enters the renal vein as proliferating 
‘tumour thrombus, which extends into the IVC and later 
gets detached causing “cannon ball secondaries” in the 
lung, which are often calcified. Once primary tumour is 
removed, secondaries may regtess due to tumour immunity. 
Occasionally, secondaries occur in bone, liver and brain. 
Left testicular vein which drains into left renal vein may 
gets blocked by proliferating tumour thrombus resulting 
in irreducible left sided varicocele. More than 50% spread 
to lungs; 30% to bones; then liver, adrenal and brain. 

3. Lymphatic spread: To hilar lymph nodes, para-aortic lymph 
nodes, 


AJC (American Joint Committee on Cancer) Staging:TNM 
Staging 


Te: Primary tumour cannot be assessed 

TO: Noprimary tumour: 

Ti: Tumour less than 7.0 cm size, limited to kidney 

Tiais tumour 4 cm or less;T1b is tumour 4-7 cm in size 

12: Tumour more than 7.0 cm size, limited to kidney 

13: Tumourextends into major veins, adrenals, perinephric fat 
but nat into the Gerata's fascia 
3a: Into adrenal or perinephric tissue 
3b: Into renal vein or IVC below diaphragm 
3c: Tumour extends into IVC above the diaphragm 

T4; Tumour invades Gerota’s fascia and extends beyond 

NO: Nolymph nodes 

NI: Spread to single regional lymph nodes 

N2:_ Spread to more than one regional lymph nodes 

‘Mo: No blood spread 

Mi: Distant spread to—lungs (75%4);soft tissues (25%); ones 
(20%); iver (1594); CNS (89%); skin (896) 


‘Robson-Flocks and Kadesky staging 
Stage 1 Tumour confined to renal parenchyma 
Stage 2 Tumourinvasion to perinephric fat but confined within 
Geratas fascia 
Stage 3_a.Tumour invasion to renal vein or IVC 
bilnvasion to regional lymph nodes 
cBotha+b 
Stage 4 Invasion to adjacent organs other than adrenal 
Distant metastasis 


Note: 
45% present as early disease; 25% as locally advanced disease; 30% 
as metastatic disease. 


4 Fig, 26.84: CT scan showing RCC—left sided 


A Clinical Features 


Figs 26.83A to C: Renal cell carcinoma in upper pole of kidney— MF 2:1 


resected specimen. Itis from two different patients, # Haematuria—30%, 


The men who make history have no time to write it. 
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Clot colic 


* Dragging discomfort in the loin 

* Mass in the loin which moves with respiration, mobile, 
nodular, hard, with dull renal angle and resonant band in 
front 


sided varicocele which is irreducible in left-sided 


Triad of RCC 
+ Pain 
 Haematuria 
‘ Palpable renal mass 


Atypical presentations: 25% 
# Due to secondaries: 

1. Pathological fractures. 

2. Persistent cough and haemopty 

+ Persistent pyrexia with no evidence of infection (Pyrexia 
of Unknown Origin) —20 

% Constitutional symptoms: Malaise, lethargy and severe 
anaemia. 

+ Polycythemia: 4%%—due to increased secretion of erythro- 
poictin. 

* Hypercalcaemia, hypertension. Hypercalcaemia due 
to PTH like hormone secretion, hypertension is due to 
increased secretion of renin from kidney tissue adjacent 
to tumour. 


‘Surgical renal conditions associated with hypertension 
+ Polycystic kidney disease: 
‘@ Renal cell carcinoma 
@ Renal artery stenosis, 


% Nephrotic syndrome: Very rare. 

% Stauffer’s 
dysfunction which gets corrected after nephrectomy. It is 
7% common. It carries poor prognosis. 

% Cushing’s syndrome. 

* Leukaemoid reaction due to bone marrow stimulation. 

# Secondary amyloidosis 5%. 


ndrome: Nonmetastatic reversible liver 


Investigations 


* Urine microscopy for RBCs. 

# IVU—shows mass lesion and irregular filling defect. 

* U/S, abdomen—to know the size, extension, lymph node 
involvement, spread to the liver, status of renal vein and 
Ive 

* CT scan: It is confirmatory and also helps to know the 
status of renal vein and IVC, Multi-detector CT and CECT 
(contrast enhancement CT) are very useful in detecting 
carly lesion/function/spread/venous status. Lymph node 
status, tumour extension are well made out with CT 
Contrast enhancement CT scan helps to find out function 
of opposite kidney and tumour thrombus in renal vein 
or IVC. 


Figs 26.85A and B: CT scan showing features of renal cell 


* Renal angiogram through Seldinger technique via trans- 


femoral route, to see the vascularity. Pharmacoangiogram 
(Inject noradrenaline along with dye while doing angio- 
gram). As tumour vessels are autonomous they will not 
constrict whereas adjacent normal vessels will constrict, so 
‘tumour blush is visualised. Through angiogram therapeutic 
embolisation of tumour can be done to reduce the vascularity 
of tumour, 

Chest X-ray shows cannon ball secondaries. Often it is 
calcified. 

CT chest is ideal and more reliable. 

Bone scan to see bone secondaries, 

Peripheral smear, serum calcium, haematocrit and ESR. 
Inferior venacavagram to assess the tumour extension 
through renal vein into IVC and extension in the IVC infra 
‘or supradiaphragmatic. 

MRI is diagnostic to assess the tumour thrombus in IVC. 
MRUMR angiogram is unique in identilying the spread into 
IVC especially in the thorax. In such occasion oesophageal 
cendosonography is also useful to visualise thoracic extension 
of the tumour thrombus. 


Differential diagnosis 
Polycystic kidney disease 

Solitary cyst of kidney 

‘Adrenal tumour 

Retroperitoneal tumour 

Carcinoma colon 


eeoeee 


Fig. 26.86: CT scan of carcinoma right kidney. 


Treatment 


Surgery is the treatment of choice. 
% Radical nephrectomy 


‘Structures removed are: 
& Entire kidney along with tumour 
‘@ Perinephric tissue 
Ipsilateral adrenal gland 
Proximal 2/3rd ureter/as low as possible 
‘® Lymph nodes from crus of diaphragm to aorta bifurcation 
with renal hilar nodes 


> Transperitoneal approach is often used. Retroperitoneal! 
‘Nagamatsu (resection of 11th ribs) approachithoracoab- 
dominal approach’posterior vertical are other approaches 
used. Patient will be in lateral position. After laparotomy, 
colon is mobilised medially. Vessels are identified and 
dissected and ligated securely (transfixation and three 
ligatures proximally using nonabsorbable silk/polypro- 
pylene sutures), 

» Preoperative renal artery embolisation can be done to 


decrease vascularity and to facilitate the removal of 


entire tumour. 
> Always renal vein i ligated early so as to prevent tumour 
dislodgement (But carly ligation of renal vein may 
cause congestion and torrential bleeding and so renal 
artery is ligated first commonly in practice). But usually 
renal artery which is posterior is dissected and clamped 
or ligated in continuity; then renal vein is ligated and 


divided; later ligated renal artery is divided. In case of 
IVC extension, after applying an oblique vascular clamp, 
IVC is opened, tumour thrombus is removed and IVC 
is sutured. In supradiaphragmatic vena caval extension 
of thrombus, cardiopulmonary bypass is necessary 

First renal vessels (artery and vein) should be ligated to 
prevent tumour dissemination and bleeding 


Fig. 26.87: Renal cell carcinoma, on table after nephrectomy. Note 
the vascular pedicles. 


# Even in large fixed tumour, palliative nephrectomy or 
debulking is advised as it may cause regression of second- 
aries. 

* Nephron sparing surgeries is done in bilateral RCC (Bilat- 
eral partial nephrectomy). Renal artery is temporarily 
‘occluded using vascular clamps and kidney is cooled to have 
proper control of bleeding and adequate visualisation of the 
line of resection. Partially resected specimen is assessed by 
frozen section biopsy. Retained partial capsule is sutured 
after haemostasis. Renal arterial clamp is released. 

* No role for radiotherapy 

¢ Chemotherapy: Vinblastine and progesterone can be tried, 
RCC is aremarkably reffactory solid tumour—chemoresistant, 

# Interferons and interleukins have shown beneficial effects 

Preoperative renal artery embolisation can be done to decrease 
the vascularity of the tumour (Using clot, gelfoam, spheres). 

Antiangiogenic drugs like endostatin and angiostatin are under 
trial. RCC is highly vascular and there is highly angiogenic 
‘environment to give possible benefit by anti-angiogenesis. 

% Patient with solitary lung metastasis may get benefited by 
wide resection of the secondary. 

¢ Humanised monoclonal antibodies like bevacizumab which 
neutralises VEFG are under trial 


Note: 

+ Laparoscopic approach is becoming popular. Here renal artery 
is ligated first. 

+ Sisitinab, a multitargeted tyrosine kinase inhibitor prevents 
angiogenesis and tumour proliferation is said to be useful. 
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Prognosis 


¢ Five-year survival rate is 40%. 

% In carly localised disease, it is 70-90%. In advanced and 
metastatic disease it is 10-15% 

¢ S-year survival is 65% for stage I and Il; 40% for stage II; 
10% for stage IV 


+ Tumour size more than 4 cm carries poor prognosis 
“Extension into the renal vein 

“Presence of secondaries 

+ Differentiation 

Local extension 

‘@ Hypercalcaemia and Stauffers syndrome carry poor prognosis 


Note: 

+ Most common type of renal pelvis and ureteric tumours is tran- 
sitional cell carcinoma (90%). 

+ Renal pelvic tumours account for 5% of renal tumours. It is 
common in Taiwan, 

+ Itismore aggressive. 

+ Treatment is radical nephroureterectomy with removal of cuff 
of bladder adjacent to ureteric orifice. 


ll APPROACHES TO KIDNEY (SURGICAL) 


Posterior subcostal (oblique lumbar incision) 
Laparotomy approach (anterior approach). 
‘Thoracoabdominal approach. 

Nagamatsu approach (approach following excision of 11th 
trib in ease of upper pole tumour). 

* Posterior vertical lumbotomy approach ( 
approach), 

Laparoscopic approach. 

Retroperitoneoscopic approach. 


‘ 
ry 


B. Urinary Bladder 


‘Anatomy 
Ectopia Vesicae 

Urachal Anomalies 

Vesical Calculus 

cystitis 

Recurrent Cystitis 
Interstitial Cystitis 
Schistosoma Haematobium 
Thimble or Systolic Bladder 
Bladder Tumours 


™ ANATOMY 


% I is a muscular reservoir of urine situated in the pelvis, 
postetior to the pubic bone from which it is separated by 
the retropubic space. 

The size, shape, position of bladder depends on the amount 
of urine it contains. 

4% In females, the peritoneum is reflected from the superior 
surface of the bladder onto the anterior wall of the uterus 
close to the junction of the body of the uterus and cervix. 

% In males, the peritoncum is reflected from the superior 
surface of the bladder over the superior surface of the ductus 
deferens and seminal vesicles. 

‘The neck of the bladder is the most fixed part, lies 3-4 em 
behind the pubic symphysis. In males it lies on the prostate 
and in females it rests on the anterior vaginal wall which is 
also supported by the levator ani muscle 


Fig. 26.89: Anatomy of urinary bladder—posterior aspect. 


Transitional Cell Carcinoma 
Ureterasigmoidostomy 
Rupture Bladder 

Residual Urine 
Malakoplakia 

Neurogenic Bladder 
Vesicoureteric Reflux 
Bladder Diverticula 
Urinary Diversion 

Urinary Fistulas 


Structure of the Bladder 


© The bladder wall consists of interlacing fibres of smooth 
‘muscle. The urothelium consists of transitional epithelium 
which is loosely attached and easily separated from the 
bladder wall except over the irigone. 

4 Trigone is a triangular area over the lower part of the base 
of the bladder. The ureters opens into the posterolateral 
angles of the trigone. The internal urethral orifice opens at 
the inferior angle of trigone. 


Sphincters 


4 Internal sphincter: Smooth muscle, situated at the neck of 
the bladder, micturition follows its relaxation. It is inner- 
vated by autonomic nervous system 

External sphincter: It consists of striated muscle, innervated 
by the perineal branch of pudendal nerve (Sx,$3).. 


Fig. 26.90: Urinary bladder—inner anatomy. 
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Blood Supply 


* Superior vesical artery, a branch of internal iliac artery. 
Inferior vesical artery 

» Venous drainage is by the vesical plexus of veins, which 

drains into the internal iliac veins. These veins connect 

directly to veins of hip bones, the heads of femoral and 

vertebral bodies. This accounts forthe site of occurrence of 

bony metastasis in carcinoma of the bladder and prostate. 


Lymphatic Drainage 


Lymphaties drain into internal iliac and extemal iliae nodes. 


lm ECTOPIA VESICAE (Extrophy of the 
Bladder) 


* Itis incomplete development of the infraumbilical part of 
the anterior abdominal wall and anterior wall of the bladder. 
Its of embryological origin. 

# Itis often associated with the spina bifida and other congen- 
ital anomalies. 

© Itis more common in males (4 : 1) 

* Red mucus membrane of posterior bladder wall protrudes 
out with visible urine efflux from ureteric orifice 

© Umbilicus is absent. 

There is separation of pubic bones. 

% Inmales, epispadias is commonly present with rudimentary 
prostate and seminal vesicle. 


Fig. 26.91: Child showing extrophy bladder. 


# Testes are normal. 
Bilateral inguinal hernias are common, 
# In females defective external genital 


is common, 


Repeated soakage 
Ulceration 

Pain 

Recurrent pyelonephritis 

Renal failure 

‘Metaplasticchangesin mucosa can lead into adenocarcinoma 
'50% of patients die of renal failure 


eeeeees 


Treatment 


Staged procedure 
Initial diversion of urine to colon/rectum. 

Hac osteotomy and closure of the abdominal wall, 
Correction of epispadias. 

Sometimes cystectomy and permanent ureterosigmoid 
diversion is required. 

* Condition has got high mortality due to infection and renal 
failure. 


ll URACHAL ANOMALIES 


¢ Patent urachus with urine leak: Wt signifies obstruction distal 
to bladder. 

# Urachal sinus with discharge. 

% Urachal eyst: Present as immobile, fluctuant swelling in 
the abdominal wall 
Sepsis, tuberculosis, adenocarcinoma, can occur in patent 

urachus 


™ VESICAL CALCULUS 


Thesigns of astonein the bladder are, great and frequent rritations 
to make water a stoppage in the middle of making it, anda pain 
with heat just afters made; tenesmus, pain in the extremity of 
the urethra, incontinence or suppression of urine, together with a 
quiet pulse, and the heaithin no bad state. 

—William Heberden, 1802 


Figs 26.924 and 


Ectopia vesicae In a man of 25 years old 


Types 
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Fig, 26.93: Bladder stones—oxalate and phosphate. Phasphate Large bladder stone removed by open suprapubic 
stone has accurred in an indwelling J ureteric stent. extraperitoneal cystolithotomy. 


% Primary vesical caleutus: Occurs in sterile urine. 
> Ustilly comes down from kidney through ureter into the 
bladder and it gets enlarged here. It is 
stone (Jack stone), 
> Oxalate stone is usually single, primary stone, brownish 
black in colour (due to deposited blood pigment over the 
surface), hard and with spikes over the surface which 
irritates bladder mucosa causing haematuria (mullberry 
stone). 
% Secondary vesical calculus: Occurs inthe presence of inlec- 


sually oxalate 


tion. Most common bladder stone. 

> Itis usually phosphate stone, occurs in bladder only. 

> Phosphate stone is smooth, soft, ivory-white in colour. 
It is either calcium phosphate or ammonium, calcium 
and magnesium phosphate (Triple phosphate stone) 

> E,coliis the common organism, 
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© Uric acid and urate stones are single or rnultiple, primary, 
nonradi 


opaque, smooth, pale yellow in colour. 
& Cystine calculus: Ocours in cystinuria and is radio-opaque 
due to high sulphur content. 


Fig, 26.95: Plain Xray KUB showing large bladder stone. 
Aetiology 

+ Infection = 
eiiieacinaoten cure Clinical Features 
+ Hyperoxaluria # Common in males. Often occurs in children. 
 Qstinuria ji ¢ Frequency is more during day than night, because during 
+ Bed ridden and paraplegic patients day, due to ambulation stone comes in contact with the 
poh Sori t en ober Hepa neaemnlc easier) trigone of the bladder and irritates, whereas during night, 
O BARREL stone slips towards the fundus, away from the trigone and 
Obstruction to urine flow by BPH, urethral stricture, bladder 


so less frequency and pain. 


ae ena * Pain: More during day which is referred to the tip of penis or 
ss a aes a te labia, Also increases during jolting movements, Suprapubie 


pain and tendemess may be present 


1 Fotelan bos in biases * Hacmaturia: Often terminal 


It is better to have an idea than to have thousand opinion. 


4108 | * Interruption of urinary stream and often acute urinary 
retention. 
Features of cystitis: Burning micturition, fever, pain, 
PIR or P/V: Large stone may be palpable. 
Stone may be identified incidentally in plain 
or U/S, abdomen 


ray, KUB 


fe 


Figs 26.97A and B: A plain X-ray pelvis showing (A) Phosphate stone. 
Note the laminations. (B) Oxalate stone. Note the spiculated margins. 


SRB's Manual of Surgery 


Fig. 26.96: Pain Xray showing dermoid cyst of ovary with 
calcification, It is teratoma of ovary. 


Investigations 
Urine microscopy 
> Envelope crystals in oxalate stone, 
» Hexagonal type in cystine stone. 
Urine C/S. 
Blood urea, serum creatinine, serum calcium, inorganic 
phosphate, uric acid. 
Plain X-ray, KUB shows radio-opaque stones—90% are 
radio-opaque. 
Radiological D/Ds for vesical calculi in females: 
+ Calcified fibroid uterus 


& Dermoid cyst ovary 


IVU to see function of the kidney: 
U/S abdomen is diagnostic. 
Cystoscopy to see radiouscent stone. Fig, 26.99: Dermoid cyst ovary. Note the radio-opaque teeth. 


Figs 26.100A and B: X-ray showing vesical calculus. Note the 
laminated appearance. 


Treatment 


1. Cystoscopie litholapaxy 
Under GA, cystoscope is passed and the stone is visualised. It 
is fragmented by pneumatic, laser, electromagnetic waves or 
‘mechanohydraulic lithotripsy. The bladder is flushed using an 
irrigator (Freyer’s evacuator or irigator or Ellik’s evacuaton). 


Contraindications 
Too large stone 
‘Too small stone. Too soft stone. Too many stones 
‘Stone in bladder diverticula 
Bladder tumour 
Contracted bladder 
Patient's age below 10 years 
When patients general condition is poor, as the procedure 
takes a longer duration itis avoided and open removal is 
advised 


eeeeeee 


2. Suprapubie open cystolithotomy 
‘Through pfannenstic! incision, bladder is approached extra~ 
peritoneally. Bladder is identified by its detrusor muscle 


Figs 26.101A and B: Two types of bladder stones—one with 
‘surface projections, other with smooth surface 


pattern, which is criss-cross and also its venous pattern 
Bladder is opened near the fundus and stone is removed. 
Bladder is closed often with SPC using Malecot's catheter 
and Foley’s catheter is passed per urethera. Wound is closed 
in layers with a drain. 


3. Suprapubic percutaneous litholapaxy 


This procedure is becoming popular. When cystoscope 
cannot be passed per urethra, bladder is approached 
suprapubically. Through a needle, guidewire and dilators, 
a track is ereated through which a nephroscope is passed to 
remove the stone after fragmenting. 

‘The cause is treated. 


Red rubber bulb 


Nozzle 


Fig. 26.102: Asepto syringe used for bladder wash in patients with 
urinary catheter which has been blocked; or when haematuria is 
noticed in the catheter. Its also used to fill the bladder with saline 


Men take only their needs into consideration, never their abilities. 
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@ CYSTITIS 


Inflammation of the bladder mucosa due to different causes, 


& Acute bacterial cysti 
Chronic cystitis due to tuberculosis syphilis 
Interstitial cystiti 
@ Radiation cystitis 

& Cystitis due to schistosomiasis 

'® Postmenopausal atrophic cystitis 


Predisposing Factors 


% Congenital urinary tract anomalies 

* Short urethra in females may cause ascending infection 
and cystitis. 

% Initial period of sexual contact in females can cause 

cystitis Honeymoon cystitis. 

Catheters, instrumentation. 

Bladder stone. 

BPH, carcinoma prostate. 

Cystocele, bladder diverticulum. 

Stricture urethra, bladder neck obstruction, 

Bladder tumours. 

Pregnancy. 

CNS diseases, spinal injury. 


Organisms 


% Eccoli, Klebsiella, Pseudomonas, Staph. aureus, Staph. 
albus, Proteus. 
% Candida albicans, fungal infection. 


Features 


% Painful urination, frequency, strangury, incomplete 
emptying, with often retention. 

% Occasionally haematuria can occur. 

% Burning urine, discoloured foul smelling urine. 

% Fever, chills, rigors, suprapubic pain and tenderness and 
often loin pain. 

4 Septicaemia can develop in severe cystitis. 


Investigations 


4% Total count will be raised. 

¢ Urine will show pus cells and culture will reveal the organ- 
isms. 

¢ X-ray may show a stone. IVU, cystogram are also helpful, 

% U/S abdomen will show thickening of bladder mucosa, 
stone, tumour. 

4% Cystoscopy reveals bladder inflammation, mucosal changes. 


Treatment 


% Appropriate antibiotics like quinolones, aminoglycosides, 
cephalosporins. 

% Plenty of water intake to flush the bactetia from the bladder. 

* Often admission and parenteral antibiotics may be needed, 


* Evaluation and therapy for cause should be done. 

® Strict aseptic precaution is used while catheterisation, 
cystoscopy. 

* Often long-term antibiotics are needed to prevent recurrent 
infection. 


@ RECURRENT CYSTITIS 
Causes 


4 Failure of early treatment for acute cystitis 
% Reinfection by same or different organisms. 


Types 


* Chronic eystitis, 

# Phosphate deposition in the ulcerated mucosa causing 
‘encrusted cystitis 

* Proliferation of mucosa and submucosa causing prolifera- 
tive cystitis. It may be cystitis follicularis, cystitis polyposa, 
cystitis glandularis, cystitis eystica 

% Gas filed cysts in the submucosa causing eystitis emphy- 
sematosa 

# Necrosis of bladder wall can occur leading to gangrenous 
cystitis. 


Management 

* Urine microscopy and culture. 

* Antibiotic and urinary antiseptics like hippuric acid, 
mandelic acid 

# Proper hygiene, 

# Plenty of oral fluid intake and fi 
urine. 


i INTERSTITIAL CYSTITIS 
(Hunner's Ulcer, Elusive Ulcer) 


quent emptying of the 


 Itiscommon in females 
Common in western countries 
Common in psychic females 


Pathology 


‘There is pancystitis with fibrosis of vesical musculature along 
with linear ulcers in the bladder mucosa. Microscopically, 
severe inflammation of all layers of bladder with fibrosis is 
observed, Bladder eventually becomes thimble (systolic) 
bladder with decreased bladder capacity up to 30-60 ml (less 
than 100 mb) 


Clinical Features 

Pain 

Decreased bladder capacity. 

Pain increases with bladder distension, 
Frequency and often haematuria, 


Investigation 


'ystography and cystoscopy are diagnostic. 


Treatment 


# Hydrostatic dilatation. 

 Instillation of dimethyl sulphoxide (Rimso 50). 

% Ranitidine instillation. 

# Heocystoplasty or caecocystoplasty, to increase the bladder 
capacity. 

% Urinary diversion, 


Differential Diagnosis 


Other causes for thimble bladder. 


ll SCHISTOSOMA HAEMATOBIUM (Endemic 
Haematuria, Urinary Bilharziasis) 
(Swimmer's Itch) 


Life Cycle 


Fresh water snail—(Intermediate host) 
L 


Bifid tailed embryos (cercariae) in infected water 


Penetrate the skin 
L 
‘Through circulation enters the liver 
L 
Male and female worms formed 
L 
‘Sexual fusion and maturity occurs 
L 
Flows through the portal vein in retrograde direction along 
the inferior mesenteric vein 


L 
Vesical venous plexus 
L 
Bladder wall and submucosa 

L 

Ova are released 
L 

Enters the bladder through the mucosa 
L 
(Ova are released into ie urine and to water 
Ciliated miracidium 

L 

Fresh water snail 
L 


Death of snail releases thousands of cercariae. 


Pathology in the Bladder 


 Bilharzial pseudotubercles—earliest sign, 

# Nodules. 

# Sandy patches—calcified dead ova with degeneration of 
overlying epithelium, 


Granulomas, 
Ulceration and papilloma. 

Fibrosis and thimble bladder formation. 

In due course of time, development of squamous cell 
* Other pathologies: Ureteral and urethral stricture, recurrent 
UTI, bladder calculi, urinary fistula 


Clinical Features 


Initially cutaneous lesions like utricaria develops lasting 
for few days. 

# Then after a period of 4-8 weeks, fever, along with features 
of eosinophilia develops. 

* Eventually, after many months it causes intermittent, pain- 
less, terminal haematuria, 


Investigations 

# Cystoscopy and biopsy. 

+ WU. 

# Cystography. 

* Urine microscopy: Last few ml of early morning urine 
sample is collected to see for ova and RBCs 


Tuberculosis 
@ Recurrent cystitis 
& Malignancy 


Treatment 


# Long-term Praziquantel or metrifonate. 

* Surgery for thimble bladder—ileo-or caecocystoplasty. 

* Cystoscopic diathermy fulgaration of papillomas. 

# Radical cystectomy, if itis squamous cell carcinoma of the 
bladder. 


™@ THIMBLE OR SYSTOLIC BLADDER 


{is inabitity of the bladder to relax and distend and so inability 
to retain the urine as required. 


Tuberculous cystitis 
4 Schistosoma haematobium 
Interstitial cystitis 

® Radiotherapy 

& Malignancy 

4 Previous bladder surgery 


% Bladder is fibrotic and contracted, wit 
and accommodating urine as needed, 
% Bladder capacity is less than 100 ml (60 mb). 


difficulty in dilating 


Time won't stand with us; we have to stand with time. 
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Clinical Features 


@ Features of decreased bladder capacity 
@ Frequency of urine 
@ Features of recurrent cystitis 


Investigations 


# Cystoscopy. 
% Cystography. 

* Ivu. 

% Urine CIs. 

© Specific diagnostic tests. 


Treatment 


% The cause is treated. 

Hydrostatic dilatation. 

* Augmentation of bladder by doing ileocystoplasty or caeco- 
eystoplasty ot sigmoidocystoplasty. 

% Steroids are also tried. 


ll BLADDER TUMOURS 


‘They are urothelial tumours. They are commonly malignant. 
Benign tumours are rare. Transitional cell carcinoma (TCC) is 
the most common, 


1. Primary 
a. Epithelial 
» Transitional cell carcinoma (90%). 
» Adenocarcinoma, arising from urachal remnant or in 
exstrophy bladder or from glandular metaplasia (2%). 
> Squamous cell carcinoma originates from bilharzial 
infection (5%) or calculus. 
b, Connective tissue tumour: 
> Myoma, angioma, fibromas, sarcomas, 
> Extra-adrenal phacochromocytoma, 


2. Secondary 


From adjacent organs like sigmoid colon, rectum, uterus, ovary, 
prostate. 


™ TRANSITIONAL CELL CARCINOMA (TCC) 


% Itis the most common type of bladder tumour. 
 Itis the 4th most common nondermatological cancer in man, 


Aetiology 


3C's 
» Chemical carcinogens 
» Cigarette smoking, 

» Cyclophosphamide. 

* Chemical carcinogens are the main factor. 
2-Naphthylamine, aminobiphenyl, benzidine, chloro-O- 
toluidine, chloro-aniline, other dyes. 

* Occupation wise it is common in textile, dye, cable, tyre, 


petrol, leather workers, painters, chemical workers, sewage 
workers, 

% Abnormal tryptophan metabolism can cause bladder 
cancer. 

# Schistosoma haematobium; chronic irritation, ete 


Classification | 


1, Nonmusele invasive tumour without involving lamina 
propria: Has got excellent prognosis (70%). 
2. Nonmuscle invasive tumour with involvement of lamina 
propria. 
3, Musele invasive type (25%): Carries poor prognosis, 
4, Carcinoma in situ (lat noninvasive—S%) 
» Contains irregularly arranged cells with large nuclei, 
with high mitotic index, replacing normal urothelium. 
» This may occur alone—Primary carcinoma in situ 
» It may occur in association with a new tumour— 
Concomitant careinoma in situ. 
» It can occur in a patient who had a previous tumour— 
Secondary carcinoma in situ. 
> Ithas got high malignant potential with 50% mortality 
rate 
> It was called earlier as “malignant cystitis’ as it causes 
severe dysuria, suprapubic pain and frequency (termi- 
nology not used presently), 


Fig. 26.103: Pathology specimen of bladder (tumour) showing 
‘multiple papillary tumours projecting into the lumen, 


Classification II 
a. Superficial bladder tumour. 

» It may be papillary, pedunculated with narrow stalk, 
which is often multiple. 

» It may be sessile with a wide base, can be single or 
multiple, and has got tendeney to invade the muscle 
earlier. 

» Mucosa in and around the tumour is oedematous, red, 
with dilated vessels, often with encrustations. It is 70% 
common. Less than 5% of superficial TCC develop 
metastatic carcinoma. 


Ee tea anal (Staging Refer Fig. 26.104) 


Almost always they are solid, sessile, with a broad base 


and with irregular ulcerated surface. Jewett-Strong-Marshall staging 
| Tumour confined to subepithelial connective tissue 
filtration superficially 


tl Musck 
IIL Full thickness muscle and perivesical tissue infiltrated, but 
mobile 
i 4 tu we IV Fixed to adjacent organs 
IVa (prostate) 
Mb (pelvic wall) 
Va Staging is done by bimanual palpation under G/A. 


Fig. 26.104: Staging of bladder tumour TNM staging (ACC) 
Tis Carcinoma in situ 
lymph nodes Ta Noninvasive papillary tumour 


Itmay spread through lymphaties to pelvi 


or through blood to the lung, liver and bones. 1 Invading only lamina propria 
> Ithas got poor prognosis. ‘12 ~Tumorinvades muscularis propria 
©. Carcinoma in situ: ~ pT2a-Invading the inner half of the muscle 
> Bladder tumor can be papillary or villous type. It can be ~ pT2b-Invading the outer half of the muscle 
low grade or high grade, T3 ~ Invading the perivesical tissues 


—  pT3a~ Microscopic invasion 
— _pT3b~Macroscopic invasion 


oe T4— Invasion into prostate/uterus/vagina/pelvic wall/abdominal 
Lateral wall—most common (35%). wall 
% Trigone—next common (32%). ~ T4a~ Into prostate/uterus/vagi 


—_T4b ~Into pelvic/abdominal wall 
NO -No nodes 

N1-Single regional nodal spread up to 2cm in size 

N2 ~ Spread to single node 2-5 cm in size or multiple nodes 
less than 5 cm 

Mo -No distant spread 

M1 - Distant spread present 


Clinical Features 


® Painless haematuria anaemia. 

* Features of cystitis, with suprapubic pain, frequency, 
dysuria 

# Hydronephrosis can occur when tumour obstructs the 
ureteric orifice. 

# Pain in gr 
pelvic wall 

¢ Common in males—3:1 


back, perineum, when tumour invades the 


Investigations 


* Urine microscopy: For RBC’s and malignant cells. 
% Blood: Hb%, blood urea, serum creatinine, 

IVU: Shows filling defect with distortion and often hydro 
nephrosis. 

Gistoscopy and biopsy/resection. 

Bimanual examination under G/A—to stage the tumour, 
U/S abdomen to see bladder wall, pelvis, iver, lymph nodes 
CT scan to evaluate the extension. 

MRI to see invasion and pelvie wall status. 


Figs 26.105A and B: CT scan showing bladder tumour, 


‘Many receive advice, only wise profit from it. 
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Figs 26.106A to C: CT scan picture showing irregularity in bladder 
‘mucosa—carcinoma urinary bladder, 


Bladder 


Rectum Tumour 


Fig. 26.107: Bimanual palpation is done for bladder tumour under 
general anaesthesia to evaluate the tumour. 


Fig. 26.108: Carcinoma urinary bladder—U/S picture. 


Treatment 


a. Noninvasive tumour: 
» Endoscopic resection of tumour. 
> Intravesical chemotherapy using BCG (Dose: 120 mg 
in 150 ml of normal saline weekly for six weeks), mito- 
mycin C, epirubicin, adriamycin, thiotepa, methotrexate 
can be given especially for carcinoma in situ 
BCG is very useful. Very rarely BCG provocation can 
occur Fever, joint pain, granulomatous prostatitis, sinus 
formation, disseminated tuberculosis are the features. 
Dysuria, frequency and urinary irritation can occur. 
BCG is live attenuated vaccine; its advertent IV entry 
can be life threatening and so if there is haematuria 
its infusion should be postponed. 
Mitomycin C causes skin desquamation and rash. 


> Systemic chemotherapy: Using cisplatin, 5 FU, adria- 
mycin, mitomycin, 

> Helmstein balloon degeneration for large papillary 
tumour. Balloon is passed into the bladder and inflated 
So as to cause pressure necrosis of the summit of the 
tumour, Later remaining part of the tumour can be 
resected easily through cystoscopy. 

b. Invasive bladder tumour: 

» Curative interstitial radiotherapy using implantation 
of radioactive gold grains (Au 198) (half life is two and 
half days), or radioactive tantalum wires (Ta 182) (half 
life is 4 months), 

» Radical deep external beam radiotherapy (45 Gy) 
using cobalt 60 is useful, as bladder is retained and so 
normal act of micturition and potency can be maintained. 
Complication is that it may eventually lead to formation 
of thimble bladder. 

> Surgery: 


Indications for surgery 


Multiple bladder tumours 
Sessile tumours 

Recurrent tumours 

Poorly differentiated tumours 
Insitu carcinomas 

Squamous cell carcinoma 
‘Adenocarcinomas 


ee seocee 


Partial cystectomy done when tumour is confined to 
fundus of the bladder and is single, with a margin of 
clearance of 2.5 em. External beam RT and chemo- 
therapy should be given. 


~ Radical cystectomy: CT scan is a must before doing 
radical cystectomy to see the pelvis and lymph node 
status. Here urinary bladder, urethra, paravesical 
tissues, lymph nodes (pelvic) are removed. In females 
hysterectomy with removal of part of the vagina is 
done. After surgery urinary diversion is done either 
by doing continent ileal conduit, or ureterosigmoi- 
dostomy or by creating rectal urinary pouch. 

» Intravesical chemotherapy by BCG, mitomycin C, 
adriamycin and interferons, 

» Systemic chemotherapy by cisplatin, adriamycin, mito- 
mycin, vinblastine—adjuvant therapy. Neoadjuvant 
cisplatin based chemotherapy is beneficial improving 
survival by 7%. MVAC regime is methotrexate; vinblas- 
tine; adriamycin and cisplatin. 


Prognosis 

Depends on type, differentiation, location, stage, invasion, 
number, lymph node status, pelvis involvement and response 
to treatment. 

 TCCalone—85%; TCC with SCC or adenocarcinoma—6%:; 
SCC/adenocarcinoma alone—3%:; spindle cell carci- 
noma—2%, 


lm URETEROSIGMOIDOSTOMY 


% Iisa procedure done for urinary diversion after radical 
cystectomy or as a permanent diversion for many other 
causes, e.g, bladder dystrophy. 

% Left ureter is implanted to the sigmoid colon, right one to 
the upper rectum or rectosigmoid junction. 


Complications 


{Because the pressure in sigmoid colon is more, it causes pyelo- 
nephritis and recurrent upper urinary tract infection, 

% Because of diarrhoea it causes hypokalaemia. 

% Because of reabsorption of chloride, hyperchloraemic 
acidosis ocours. 


Treatment 
¢ IV sodium bicarbonate (8.4%) with slow IV potassium, 


Sigmoid colon 


Left ureter 


Fig. 26.109: Ureterosigmoidastomy, 


# IVantibioties 

Patient is advised to take potassium citrate and sodium 
bicarbonate and to avoid salt. 

# Inmany cases conversion to ileal conduit may be required. 


m RUPTURE BLADDER (BLADDER INJURY) 
8 


+ Blow, kick or fll 
“Road trafic accidents 
“® Stabs gunshot injuries 


“ Endoscopic trauma 
 Diathermy 
 Instrumentations. 


Fig. 26.110: Rupture urinary bladder causing extravasation and lower 
abdominal swelling. needed surgical intervention, repair of bladder; 
‘suprapubic cystostomy. 


Types 

1. Intraperitoneal rupture—20% common. 
Occurs in fully distended bladder due to blow, kick, or fall, 

IL. Extraperitoneal rupture—80% common. 
Due to road traffic accidents, golf playing, fall over the 
manhole. 
Its features and management are same as rupture of poste- 
rior (membranous) urethra. 


Peritonoum Urinary bladder Peritoneum Urinary bladder 


&> 


Figs 26.1114 and B: (A) Intraperitoneal rupture, 
(B) Extraperitoneal rupture. 


Conduct has the loudest tongue. 
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|. Intraperitoneal Rupture 


# Itis 20% common, 
occurs in full bladder. 


Clinical features 


Sudden pain in suprapubic region. 

Shock and syncope. 

* Diffuse abdominal pain, 

* Urine leaks into the abdominal cavity causing distension 
of abdomen. 

# Later it causes features of peritonitis, with guarding, rigidity, 
tenderness and rebound tendemess, dull lank 

% Patient does not have the desire to micturate. 


Investigations 


% Plain X-ray shows ground glass appearance. 

* Peritoneal tap is done to confirm urine 

* Cystogram: After passing a small catheter gently per urethra, 
water soluble iodine dye is passed to visualise the tear in the 
bladder and entry of the dye into the free peritoneal cavity. 
This can be done now through C-Arm image intensifier 
casily 

* U/S abdomen to look for other injuries in the abdomen, 

* CT scan abdomen, 


‘Treatment 
¢ Surgery is the only treatment for intraperitoneal rupture of 
the bladder. Emergency laparotomy is done. 

Bladder tear is sutured in two layers using vieryl. Peritoneal 
wash is given. 

+ Malecot’s catheter is placed from above as SPC. 
 Prevesical space and peritoneal cavity are drained separately. 


Foley's catheter from below is also passed. 

Adequate specific antibiotics are given to prevent sepsis. 
‘Complications of rupture bladder 

‘& Cystitis and pyelonephritis 

+ Peritonitis 

+ Pelvic abscess 

+ Fistula formation (vesicovaginal or rectovesical) 

 Paralyticileus 


‘@ Haemorrhage 
Without surgery mortality is 100% 


Wl. Extraperitoneal Rupture of the Bladder 


% Itis 80% common, 
® Occurs in road traffic accidents, in a nondistended bladder. 


Clinical features 

* There is collection of urine and blood in the extraperitoneal 
space in front, with fullness, diffuse pain and tenderness in 
lower abdomen. 

# Swelling in the scrotum or labia, and abdominal wall 

% Strangury and inability to pass urine. 

* Often blood in the external meatus is noted, 


* Features of shock and of other associated injuries may be 
noted 


Investigations 


* Plain X-ray pelvis shows fracture pelvis. 
# Cystogram shows leak from the bladder. 


z During cystoscopy. 
‘® Bladder cannot be distended 

+ Endoscopy light may be shining through the abdominal wall 
+ Irtigating fluid cannat be retrieved back 

Associated urethral injury is looked for 


‘Treatment 
* The bladder is exposed extraperitoneally, the tear is identi- 
fied and sutured. The extraperitoneal space is irrigated with 
saline, Bladder is closed with a SPC using Malecot’s catheter 
and a drain is placed in prevesical space (cave of Retzius). 
* Ifthere is urethral injury it should be treated accordingly. 


ote: 
+ Bladder injury can also occur during hystrectomy (both 

abdominal and vaginal), surgery of colon or rectum, repair of 
direct inguinal or femoral hernias, 


@ RESIDUAL URINE 


Itis the amount of urine retained in the bladder after voiding 
{at the end of completion of the act of micturition), 

Normal value is 30 ml 

Amount more than 50 ml is significant. It signifies obstruc- 
tion in the urethra like BPH. 

Residual urine more than 200 ml in BPH indicates the need 
for surgical intervention. 

High residual urine is also seen in different types of neuro- 
‘genic bladder. 

* Residual urine precipitates infection because of stasis 


Residual urine is assessed by the following methods: 

# The patient is asked to pass urine and then a red rubber 
catheter is passed to empty the retained urine which is 
measured to quantify. 

* Ultrasound for evaluation of the bladder after voiding urine, 

# Intravenous urogram (IVU)—postmicturition film, 


lm MALAKOPLAKIA 


* Itis usually associated with chronic eystitis of unknown aeti- 
‘ology causing greyish raised patches in the bladder mucosa, 

% Microscopically it shows infiltration of submucosa with 
lymphocytes, plasma cells and large multinucleated mala- 
koplakia giant cells with concretions, called as Michaelis 
Gutmann bodies present both inside the giant cell as well 
as outside. 

# Itdoes not turn into malignancy. 

# Itpresents as cystitis. 

# Management is urine analysis; culture; antibiotics; urinary 
ntiseptics like pyridium; cystoscopic evaluation and biopsy 
to rule out other causes, 


ll NEUROGENIC BLADDER 


Itis the altered bladder function due to defects anywhere in the 
pathway of micturition reflex. 


Causes 
Spinal cord trauma & Tabes dorsalis 
@ Disc prolapse & Diabetes mellitus 
@ Spina bifida & Cerebral diseases 
@ Spinalcord,raotlesions Poliomyelitis 


Types 
Uninhibited Neurogenic Bladder 


% Ioceuts in CNS diseases due to block in the corticospinal 
tract 

There is increased frequency, urgency and incontinence, 
There is early desire to micturate with inability to hold urine. 
Bladder capacity is decreased. 

Awareness of filling and distension, and voiding pressure 
is normal. 


* No residual urine, 


Reflex Neurogenic Bladder (Automatic Bladder) 


% Lesion here is above the level of micturition centre 
and S, 

There is no desire to micturate. 

No awareness of filling or distension. 

Bladder capacity is normal or increased. 

Voiding pressure varies. 

Residual urine present. 

Infection is common, 


Autonomous Bladder 


+ Here micturition centre is destroyed: 
and motor parts are destroyed. 

# There is no awareness of filling, 

* Bladder is incapable of contraction and so bladder capacity 
is increased. 

* No voiding pressure. 

* High residual urine and in 

Stress incontinence is present. 

Patient empties the urine by manual pressure, 


). Both sensory 


ction, 


Sensory Paralytic Bladder 


* Here sensation from the bladder to micturition centre is 
selectively affected. 

It is common in tabes dorsalis and pernicious anaemia, 
There is complete loss of awareness of filling. 

‘Varying voiding pressure. 

Increased bladder capacity and residual urine. 

Infection is common, 


Motor Paralytic Bladder 


# Itis due to selective destruction of motor pathway from the 
micturition centre to the bladder. 

. ‘n commonly in potio, 

© There is normal awareness of filling and painful distension, 

# Noiding pressure is zero, It is atonic bladder. 

# There is residual urine with normal bladder capacity 


Investigations 

© Spine X-ray. 

* Micturating cystogram, 

% Urodynamic studies. 

* U/S abdomen to find out residual urine 
® Urine culture and microscopy. 


Treatment 


# The cause is treated. 
* Condom drainage. 

# Intermittent catheterisation 
# Drugs like carbachol, distigmine can be given. 
# Alpha adrenergic agents, 

# Physiotherapy and pelvic exercises. 

% Electrical stimulation of perineal muscles. 

# Treating the stress incontinence surgically. 

% Antibiotics whenever there is infection 


m VESICOURETERIC REFLUX 


* Normal flow of urine is always from ureter to bladder 
ic orifice. It is called as efflux, 


through uret 
* Iurine enters the ureter from the bladder through ureteric 
orifice, itis called as reflux. I is always pathological. 


Fig, 26.112: Micturating cystourethragram (MCU) showing gross 
vesicoureteric reflux on both sides. 


Aging is “immobility, incontinence, instability and intellectual deterioration. 


117 


dappeyg Aeuup, 


11 


SRB's Manual of Surgery 


Causes 


% Congenital: It is commonly associated with posterior 
urethral valve. 
¢ Acquired: Trauma, after surgery or intervention. 
» Reflux has got § grades depending on the amount of 
reflux (for grades refer back—MCU), 
» Reflux can be unilateral or bilateral 


Clinical Features 


Features of recurrent urinary tract infection. 
% Renal failure in bilateral cases, 
© Palpable kidney mass in the Loin, 


Investigations 


% Urine microscopy and C/S. 
% Blood urea and serum creatinine, 
vu 

% Micturating cystourethrogram (MCU). 


Treatment 


Tailoring of the ureter with ureteric re-implantation. 

% Antibiotics 

% In severe cases nephrectomy, renal transplantation are 
required. 


™ BLADDER DIVERTICULA 


Normal intravesical pressure is 30-50 em of water. Pressure 
reaches as high as 150 cm of water in obstruction. This causes 
hypertrophy of bladder mucosa —> saccule formation —> diver- 
ticulum. 


® Acquired—common 
~ Pulsion diverticulum occurs due to 
pressure 
~ Traction diverticula occurs due to traction into a hernial 
sac in the groin—often as a sliding hernia 
& Congenital—due to remnant urachus in midline 


reased intravesical 


Ureter 
Urinary 
bladder 


‘Acquired diverticula 
{only mucosa) 


Fig. 26.1138, 


Congenital diverticula 
(mucosa with muscle) 


ED Ureteric orifice. 


Fig. 26.1138 


Figs 26.113A and B: Diverticula bladder. In acquired type only mucosal 
protrusion is seen in paraureteric orifice region. In congenital type it 
is full thickness protrusion, commonly over the dome of the bladder. 


1. Congenital diverticula: 
> Itoccurs over the dome of the bladder, 
» Its due to unobliterated end of the urachus. 
» Ast contains muscle in the wall and it contracts during 
micturition 
> Rare type. 
2, Acquired diverticula: 


Fig. 26.114: X-ray showing bladder diverticula. It can be pulsion or 
traction diverticula. Itcan be congenital or acquired. Acquired occurs 
in paraureteric region. Congenital occurs in midline over the dome 
of the urinary bladder. 


* They are more common, 

# occurs as. result of chronic urinary obstruction like BPH. 

# It occurs adjacent to ureteric orifice and contains only 
‘mucosa (above and outer to ureteric orifice). 

# Itis prone for stasis, sepsis, stone formation, metaplasia 
and malignancy. 

Common in males (95%). Common in adults of $0 years. 

% Hacmaturia (30%); fever; pyelonephritis. 

* Micturition twice in rapid succession to empty the diver- 
ticular urine—is often typical, 


Complications of bladder diverticula 
@ Recurrentiinfection 

‘& Bladder stone formation 

Obstructive uropathy 

Malignant transformation —less than 59% 


Investigation 


4 Urine C/S, cystoscopy, cystogram, IVU, U/S abdomen, 
% CT scan abdomen, 


Treatment 


Removal of the diverticula through open surgery. 

% Approach is combined intravesical and extravesical, 
‘Through cystoscopy, ureteric stent is placed. Suprapubic 
transverse extraperitoneal open approach is used. Anterior 
wall of bladder is vertically opened in midline. Diverticulum 
is packed with gauze. Junction between urinary bladder 
and, diverticulum is dissected from outside; transected and 
diverticulum is excised. Bladder surface is closed with vieryl 
2 zero single layer sutures. Midline vesicotomy is closed 
with a Malecot’s catheter. Retropubic space is drained. 
Indwelling urinary catheter is kept in situ for 7-10 days. 


ll URINARY DIVERSION 


 Itis diversion of urine temporatily or permanently, proximal 
to the site of obstruction 
» Temporary type is done in benign conditions and distal 
obstructions, to promote healing, 
» Permanent type is done in advanced malignancies which 
block the urine flow distally, after radical cystectomy, 
after radiotherapy with frozen pelvis, ete. 


Ss 


Fig. 26.115: Perineal urethrostomy after total amputation of penis 


Ureter 


Skin Vesicostomy 


Urethra 


Nephrostomy 


Pyelostomy Ring cutaneous ureterastomy 


Fig, 26.116: Types of urinary diversions. 


Fig. 26.117: lleal conduit as urinary diversion, 


Temporary Diversions 


4 ‘Suprapubic cystostomy (SPC). 

% Vesicostomy in children in ectopiae vesicae, epispadias, 
urethral anomalies. 

% Ureteric J stent—pigtail stents kept for 3 months. 

 Urethrostomies, 
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* Nephrostomies in pyonephrosis and high obstructive 
uropathies 
# Pyelostomy. 


Permanent Diversions 
External Diversions 


% Noncontinent ileal conduit 
Here 20 em of vascularised distal ileum (30 m from IC 
valve) is prepared. Ureters are re-implanted over the ileum, 
Other end of ileum is brought out as a 3 em stoma in right 
iliac fossa, Patient has to wear a bag over it. 


© Continent ileal conduit is similar conduit with creation of 


specialised valve (Koch's continent) within, using ileal 
mucosa or appendix. Patient has to empty the conduit by 
passing self catheters once in 6 hours 

Cutaneous ureterostomy/cutaneous ring ureterostomy 


Internal Diversions 


Ureterosigmoidostomy (Leadhetter-Palitano), 
Rectal bladder creation. 

Heocystoplasty. 

Caecocystoplasty/sigmoidocystoplasty. 

Creation of neobladder using ileum/caecum/sigmoid colon 
‘which is sutured to urethra 


Nephrostomy 
Pyelostomy 

Cutaneous ureterostomy 
Cutaneous ring ureterostomy 
Suprapubic cystastomy 
Vesicostomy in children 
Urethrostomy 
Ureterosigmoidostomy 

Rectal bladder 

Urinary ileal conduit (Koch’s conduit) 


eeeeroceee 


Complications of Diversions 


* Urine leak, faecal leak, intestinal obstruction, sepsis 
* Hyperchloraemic hypokalaemic metabolic acidosis 
 Pyelonephritis. 

% Osteomalacia, growth retardation, 
% Calculi formation—4%, 


Continent failure, blockage of diversion stoma (stenosis). 
Reflux of urine 

Vitamin B,, and folate deficiency due to absence of ileum, 
Complications of stoma, 

Renal failure 


% Metaplasia and adenocarcinoma especially at uretero 
sigmoidostomy junction. 


ll URINARY FISTULAS 


Itis the leak of urine at abnormal sites. 


Causes 


Congenital 


® Patent urachus. 

% Ectopiae vesicae. 

% In association with anorectal malformation—rectovesical 
fistula, 


Acquired 


* Trauma to perineum, 

# Pelvic surgery. 

¢ Fesicovaginal fistula—due to obstructed labour; after hyster- 
ectomy, bladder may get injured while pushing it down; 
anterior colporthaphy in elderly after vaginal hysterectomy; 
radiation induced; infiltrating carcinoma cervix. Usually 
it takes one week to cause necrosis and present as fistula 
Features are—passage of urine per vagina, dribbling of urine 
in vagina on per speculum examination, swab fest is positive 
(Methylene blue is injected through urethra after placing 
a swab in the vagina. Swab turns blue if there is fistula) 
‘Treatment is difficult. Surgical exploration—transvaginal 
repair in low fistula, Suprapubie repair if fistula is high. 
Often urinary diversion is needed, 

% Specific causes like tuberculosis. 

# Staghor calculi can cause fistula after nephrostomy. 

* Fistula can develop after surgery of renal pelvis, ureter, 
bladder. It will persist if there is distal obstruction like 
stricture urethra, otherwise it will subside spontaneously. 

# Renal pelvis involved by Crohn's disease. 


Investigations 


# Discharge study for creatinine level. 
% Urine C/S; leaking fluid for C/S. 


U/S abdomen; CT scan. 
MR fistulogram. 


Treatment 


Correction of cause, 
Urinary diversion in initial period. 

Excision of fistula track and repair. 

Fistula can recur based on cause, nutrition, local blood 
supply, specifi 


C. Prostate 


CHAPTER OUTLINE 


» Anatomy 
“© Acid Phosphatase 

Prostate Specific Antigen 

© Benign Prostatic Hyperplasia 


ml ANATOMY 


It is an accessory gland of male reproductive system. It is 
composed of glandular tissue embedded in 
stroma, It surrounds the first 3 em of the urethra 


romuseular 


Lobes 


% Itis composed of 5 lobes—anterior, posterior, 2 lateral, 1 
middle/median lobe. 

Primary carcinoma is said to begin in posterior lobe. Middle 
lobe produces an elevation in the lower part of the trigone 
of bladder (ivula vesicae). Adenoma is more common here 
due to more amount of glandular tissue. 


Capsules 


1. True capsule: Formed by the condensation of the peripheral 
part of the gland; continues with the stroma of the gland, 

2. False capsule: Derived from the pelvic fascia, On each side 
prostatic venous plexus are embedded in it, 


McNeal Divided Prostate into Three Zones 


Peripheral zone—prone for carcinoma. 
¢ Periurethral transition zone where BPH arises. 

# Central zone. 

Note: 

+ Prostate carcinoma develops in prostatic gland proper. 
+ BPH develops in submucosal glands. 


@ ACID PHOSPHATASE 


# Itis the enzyme that splits organic phosphates. 

 Itis found in many human tissues, but more concentrated 
in prostate. 

# Itis active at pH 5. 

* Acid phosphatase secreted by prostate drains into the urethra 
through prostatic ducts and so blood levels of this enzyme 
remain low. 

* Serum acid phosphatase estimation should be done on 
empty stomach because heavy meals alter the level of the 
acid phosphatase. 

# Normal value is 0-5 King Armstrong units per 100 ml of 


Prostatitis 
Bladder Outlet Obstruction 
= Carcinoma Prostate 


Median lobe Ejaculatory duct 
Anterior lobe /p}\ >yLateratobe 
(H) 
WPA Prostate ducts 
Q 15] 
Prostatic urethra 
Urethral gland 
Prostatic Prostatic urethra 
sland proper 


‘Submucosal glands 


Figs 26.118A to D: Parts of prostste, 


# tis raised significantly in carcinoma prostate with metas- 
tases, 

# Itdoes not increase in BPH. 

Slight increase in acid phosphatase level occurs in acute 
prostatitis, Paget's disease of bone and hepatic cirrhosis. 

* Prostatic fraction of acid phosphatase is more relevant in 
carcinoma prostate 


lm PROSTATE SPECIFIC ANTIGEN (PSA) 


* Itis a protease, produced from the prostatic epithelium 
secreted in the semen to cleave and liquefy the seminal 
‘coagulum formed after ejaculation. 

# PSA is organ specific. Normal value is 4 ng/ml of plasma, 
More than 10 ng/ml is significant. 

# PSA elevation occurs not only in carcinoma but also in 
prostatic hyperplasia and prostatitis 

* But the increase is much more in carcinoma than in benign 
conditions, 

% PSAisintwo forms: Major; bound form and minor, free form, 

% Major, bound form increases in carcinoma. Minor, free form 
is increased in benign conditions, 

* PSA density, ic. PSA level per gram of prostate tissue is 
more relevant. 

# Serial estimation of PSA is very useful to suspect spread 
and recurrence after treatment 


The formula to be complete happy is to be very busy. 
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{25% of men with PSA 4-10 ng/ml show prostate carcinoma. 

20% of men with normal PSA (1-4 ng/ml) will show prostate 
carcinoma, 

¢ PSA more than 10 ng/m! is suggestive of carcinoma prostate. 

* PSA more than 35 ng/ml is almost diagnostic of advanced 
carcinoma of prostate, 

% Decrease in PSA after therapy suggests adequate ablation, 

© Men aged > 50 years with PSA > 3 ng/ml should undergo 
prostatic biopsy. 

Prostatic caleuli 

It is the calcification of corpora amylaceae which contains 

calcium phosphate, protein and fat. 


ll BENIGN PROSTATIC HYPERPLASIA (BPH) 


‘He was very often, both in the Day and the Night, forced to make 
Water seldom in any Quantity, because he could not retain it ong 
enough. 

—Edward Hyde (first Earl of Clarendon), 1759 


Itis benign enlargement of prostate which occurs after 50 years, 
usually between 60 and 70 years. 


Aetiology 


Theories 

© Itis involuntary hyperplasia due to disturbance of the ratio 
and quantity of circulating androgens and estrogens. 

* BPH isa benign neoplasm, also called as fibromyoadenoma, 

Hypothalamus —> pulsatile release of LHRH — release of 
luteinising hormone (LH) from anterior pituitary — stimu- 
lates Leydig cells of testes — releases testosterone (TS) 
reaches prostate — releases Sct reductase type Il of prostate 
— converts TS to DHT (dihydrotestosterone) for its effects. 
DHT is five times more potent than TS. 90% TS is from 
testes. Remaining 10% TS is from adrenal cortex. 

With age TS level drops slowly. But fall of oestrogen level is 
not equal. So prostate enlarges through intermediate peptide 
growth factor. 

BPH arises from submucosal glands of periurethral transitional 
zone with stromal proliferation and adenosis. It eventually 
compresses the peripheral zone and enlarges as lateral lobe. 

© BPH arising from subcervieal glands of central zone 
enlarges as middle lobe projecting up into the bladder. 


Pathology 


BPH usually involves median and lateral lobes or one of them. 

# It involves adenomatous zone of prostate, i.e, submucosal 
glands 

© Median lobe enlarges into the bladder. 

4 Lateral lobes narrow the urethra causing obstruction. 

% Urethra above the verumontanum gets elongated and 
narrowed. 

Bladder initially takes the pressure burden causing trabecu- 
lations, sacculations and later diverticula formation, 

Enlarged prostate compresses the prostatic venous plexus 
causing congestion, called as vesical piles leading to 
haematuria. 


Fig. 26.119: Prostate anatomy. 


# Inctimination of BPH as the source of haematuria before 
excluding other causes is termed as “Decoy prostate”. 

+ Kidney and ureter: Backpressure causes hydroureter and 
hydronephrosis. 

# Secondary ascending infection can cause acute or chronic 
pyelonephritis. 

% Often severe obstruction can lead to obstructive uropathy 
with renal failure, 

* BPH causes impotence. 


Clinical Features 


# Frequency occurs due to introversion of sensitive urethral 
mucosa into the bladder or due to cystitis and urethritis 


Post-prostatc pouet 
with residual urine 


Fig. 26.120: Retention of urine in bladder due to BPH. 


Urgency, hesitancy, nocturia, 

Overflow and terminal dribbling. 

Difficulty in micturition with weak stream and dribble. 

Pain in suprapubic region and in loin due to cystitis and 

hydronephrosis respectively. 

Acute retention of urine. 

Retention with overflow. High pressure chronic retention 

with functional obstruction, 

# Impaired bladder emptying with its problems like eysttis, 
urethritis, stone formation and residual urine. 

4 Haematuria 

# Renal failure, 

* Prostatism is a combination of symptoms like frequency 

both at day and night, poor stream, delay in starting and 

difficulty in micturition, 


# Tenderness in suprapubic region, with palpable enlarged 
bladder due to chronic retention. Hydronephrotic kidney 
may be palpable. 

+ Per rectal examination shows enlarged prostate. It 
should be done when bladder is empty. 

» Features of urinary infection like fever, chills, burning 
micturition. 

# Intemational prostate symptom score is available now. 


Lower urinary tract symptoms (LUTS) 


‘Symptoms of voiding ‘Symptoms of storage 
+ Hesitanoy + Frequency 
+ Poor flow not improving by + ‘Nocturia 

straining + Urgency 


+ Dribbting even after micturition + Urge incontinence 

* Intermittent stream—stops and + Noctumal inconti- 
starts nence 

+ Poor bladder emptying 

+ Episodes of near retention 


Differential Diagnosis 


® Stricture urethra. 

* Bladder tumour, carcinoma prostate 

Neurological causes of retention of urine like diabetes, tabes, 
disseminated sclerosis, Parkinson’s disease. 

# Idiopathic detrusor activity. 

% Bladder neck stenosis; bladder neck hypertrophy. 


Investigations 


Fig. 26.121: IVU showing bladder with enlarged median lobe of 
prostate, 


Urine for microscopy and C/S. 
Blood urea and serum creatinine, 
U/S abdomen—look for presence of residual urine. 


Urodynamies, 
» Urine flow rate > 15 ml/sec is normal, 10-15 ml is 


equivocal; < 10 mis low 


> Voiding pressure < 60 em of water is normal; 60-80 is 
equivocal; > 80 is high. 
# Cystoscopy. 
# Transrectal US (TRUS) is useful to find out nodules/possi- 
bility of carcinoma prostate. It is not done routinely. 
# Acid phosphatase. 
# Prostate specific antigen (PSA). 


IVU—to see kidney function 
Serum electrolytes 


Note: 
Normal peak urine flow rate is 20 m/sec. In obstruction it is less 
than 10 mi/sec. 


Management 


* Patient with acute retention of urine requires urethral 
catheterisation. 

* [urethral catheterisation fails, then suprapubic eystostomy 
(SPC) is done. 

# Ifpatient presents with wraemia, then urethral catheterisa~ 
tion is a must. That allows the kidney to function adequately 
and further obstructive damage is prevented. 

# Serum electrolytes should be corrected properly in these 
patients, 


Indications for Surgery 


* Prostatism (frequency, dyst 

# Acute retention of urine. 

Chronic retention of urine with residual urine more than 200 ml, 

¢ Complications like hydroureter, hydronephrosis, stone 
formation, recurrent infection, bladder changes. 

% Haematuria 


urgency) 


Surgeries 


1. Transurethral resection of prostate (TURP) 


Fig. 26.1228, 


In cases of complete intrapelvic rupture of the urethra, the tip of the catheter can be felt per rectum protruding from 


the urethral tear as a longitudinal cord lying beneath the anal canal. 


—Wallace 
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Fig. 26.1228 
Figs 26.122A and B: Endotherapy for BPH—TURP is the most common 
procedure; laser (holmium), stenting—are different procedures. TURP 
set is shown on the table with evaculator to remove fragmented 
prostate tissue. 


» Using cystoscope with fluid like glycine irrigating 
continuously, enlarged prostate is identified and 
resected using a loop with a hand control, Resection 
is done using high frequency diathermy current, above 
the level of verumontanum, 

» After surgery, continuous bladder irrigation using 
normal saline is done using three way Foley's cath- 
eter. Antibiotics should be given. Catheter is removed 
within 72 hours. 


Postoperative complications are: 
Water intoxication with congestive cardiac failure—TURP 
syndrome 

Hyponatraemia 

Haemorrhage 

Infection 

Incontinence 

Perforation of the bladder or prostatic capsule 

Stricture urethra 

Retrograde ejaculation and impotence 

Recurrence 


e 


ee eeeeee 


TURP, 
No suprapubic incision 

‘Most common and popular method 

Done using resectoscope 

Recurrence may occur in large prostate 

TTURP syndrome can develop 

Continuous postoperative irigation using glycine solution 
isneeded for 72 hours 

Faster recovery and early discharge is possible 


eeeeee 


* 


Freyer's suprapubic transvesical prostatectomy. 


Before TURP, it was a popular and was the procedure of 


choice for enlarged prostate. 
‘Complications are haemorrhage, infection, stricture 
urethra, incontinence, impotence, bladder neck contracture. 
3. Millin's retropubic prostatectomy 
Itis done without opening the bladder. (Itis not commonly 
practiced) 


4. Young's perineal prostatectomy through perineal approach, 
5, Microwave hyperthermia treatment with temperature of 
45-50 degree 
6. Laser treatment is becoming popular, using holmium laser. 
7. High energy electromagnetic treatment, 
8. Placement of intraurethral stents at prostatic urethra, 
9, Placement of extrauretheral stents which are inert 

10, Transurethral balloon dilatation of the prostate. 

1. If patient presents with acute retention of urine, initial 
urethral catheterization is done. If not possible then 
suprapubic trocal cystostomy ideally or formal open SPC 
is done. Once patient’s obstructive uropathy is under 
control, TURP is done after 7-14 days after evaluation. 


Specific Problems after Surgical 
Intervention of Prostate 


Retrograde ejaculation —65%. 
Erectile dysfunction—5%. 

Failure, recurrence of symptoms and enlargement—10%. 
Need for re TURP/surgery in 10 years—15%. 

Severe sepsis—6% 

Recurrent late urinary infection —20% 

Postoperative haematuria—3% needs transfusion. 
Mortality in TURP is 0.5%. 


‘Other methods used for BPH 

‘ Transurethral incision of prostate—TUIP 

 Laserablation 

Transurethral microwave therapy—TUMT. 

‘& Transurethral needle ablation using high frequency radio- 
‘waves—TUNA 

‘& High intensity US energy 

‘& Water induced thermotherapy—through a balloon placed 
in prostatic urethra 

‘Prosthetic stents 

+ Balloon dilatation 


Drugs Used for BPH 


% Alpha 1 adrenergic blocking agents—which inhibit smooth, 
muscle contraction of prostate. They reduce the bladder neck 
resistance so as to improve the urine flow. 

» Short acting drugs are prazosin and indoramin. 

» Long acting drugs are ferazocin and doxazosin. 

» Selective alpha, —adrenoceptor blocking agent: 
Tamsulosin 0.2 to 0.4 mg OD for 12 weeks. 

% S-alpha reductase inhibitor inhibits conversion of testos- 

terone to dihydrotestosterone, 

» Its effective in palpably enlarged prostate 

» Drug used is finasteride S mg daily. Duration of treat- 
‘ment is about 6-8 months. 

> It is contraindicated in obstructive uropathy or carci- 
‘noma prostate. 


ll PROSTATITIS. 
Types 


‘Acute or chronic, 


Acute Prostatitis 


Causes: 
% Due to instrumentation, 

% Ascending infection from below. 
 Haematogenous. 

* Descending infection from above. 


Bacteria involved: 
+ E.coli, Klebsiella, Proteus. 
¢ Staphylococcus. 

* Streptococcus faecalis. 

* Gonococeus. 


Clinical features: 

® Pain, frequency, fever with chills and rigors. 

* Retention of urine. 

* Perineal heaviness, pain on defaecation. 

* Tender prostate on per rectal examination. 

Initial fraction of urine is turbid which is sent for culture 
and sensitivity 


Investigations: 
© Urine C'S. 
¢ UIS abdomen, 


Treatment: 
* Prolonged rigorous antibiotics —for 2 months. 
# Avoidance of alcohol and sexual intercourse for 6 weeks. 


'® Formation of single or multiple abscess. It is common in 
diabetics 

‘© Chronic prostatitis 

Retention of urine 

Prostatic abscess has to be drained—through perineal approach 

under U/S guidance 


Chronic Prostatitis 


Caused by E. coli, Staphylococcus, Streptococcus, Tricho- 
‘monas, Chlamydia. 

* There is always associated posterior urethritis, 
Epididymitis 

Pain in the perineum, rectum, low back pain, leg pain. 
Fever. 

Sexual dysfunction. 

Per rectal examination shows tender prostate, 

Prostatic fluid obtained by prostatic massage shows 15 or 
more pus cells/HPF, 


# In three glass urine test—first glass contains prostatic 
threads, 

‘Treatment: Antibiotics—Co-trimethoxazole, trimethoprim, 

doxyeyeline, 


Prostatic Abscess 


 Itis infection, suppuration and pus formation in the prostate 
gland, 

# Presentation is fever, rigors, perineal pain, urinary distur- 

‘bances, and tender soft luctuant swelling in the prostate on 

rectal examination, 

Often presentation may be retention of urine. 

Total count will be increased. 

Urine will show pus cells. 

US is diagnostic. US is often done over perineum also. 

‘Treatment is antibiotics; US guided aspiration transperineally 

in lithotomy position or transperineal incision and drainage 

Suprapubic cystostomy is better in case of retention of urine 

After drainage antibiotics are needed for longer period of 

6 weeks to prevent recurrent infection 


ll BLADDER OUTLET OBSTRUCTION (BOO) 


It is low urinary flow rate with the presence of high voiding 
pressure. It is an urodynamically confirmed entity. 

It is diagnosed by urodynamic pressure flow study. 

Flow rate will be les than 10 ml/second with voiding pres- 
sure more than 80 cm of water. 

Eventually detrusor inet 
residual urine. 

Causes of BOO—BPH; bladder neck hypertrophy or 
stenosis; carcinoma of prostate; urethral stricture; functional 
bladder neck obstruction. 

Effects of BOO—acute retention of urine; chronic retention 
of urine; impaired bladder emptying; uraemia; infec 
stone formation, haematuria, 


US; renal function tests; IVU; PSA are the investigations 
Management is by treating the cause by cystoscopic bladder 
neck incision, urethrotomy; TURP, ete. 


4 Urine analysis and culture 

& Hemoglobin, total count, ESR, blood urea and serum creatinine 

tal examination of rectum (P/R) 

@ CNS examination 

4 PSA,acid phosphatase 

4 Uroflowmetry, flow rate assessment, residual urine analysis, 

4 US abdomen, IVU to see upper urinary tract, CT abdomen in 
selected patients only 

® Cystoscopy, transrectal US (TRUS) 

4 Prostatic abscess aspiration/drainage through perineal 
approach under guidance 


Do all the good you can, by all the means you can, in all the ways you can, in all the places you can, at all the 
times you can, to all the people you can, as long as ever you can— 


125 


aqe\sold 


1121 


SRB's Manual of Surgery 


ll CARCINOMA PROSTATE 


During the last six months, (.8,) had suffered ...excruciating 
ain in the region of the kidnies and bladder, attended with 
almost constant desire to void urine, which was effected with 
the greatest dificuty....An examination per rectum proved that 
there existed an enlarged...prostate gland, and slight pressure 
occasioned great pain....The bladder was found (at autopsy) to 
contain a tumouras big as a large orange... discovered to derive 
its origin from the prostate gland.... The fungus ...plugged up 
both ureters.... In the liver there were several tumours (and) 
several... the lungs. 

George Langstaff, 1817 


# It is the most common malignant tumour in men over 65 

* Carcinoma prostate occurs in peripheral zone in prostatic 
gland proper, i.e. commonly in posterior lobe. So prostatec- 
tomy for BPH does not confer protection against develop- 
ment of carcinoma prostate. 

# Incidence of prostate cancer in men over 80 years is 70%. 


‘Types of carcinoma prostate 

& Microscopically latent 

& Tumours incidentally found either by TURP or by PSA e: 
mation 

@ Early localised carcinoma 

@ Advanced local prostatic carcinoma 

® Metastatic carcinoma either into the bone commonly or 
other organs 


Histology: It is an adenocarcinoma, wherein there is loss of 
myoepithelial cell layer which normally surrounds the prostatic 
lands (Gleason). Glands here appear in confluence. Grading 
of carcinoma is based on dedifferentiation as proposed by 


‘Staging of carcinoma prostate 
Occult—Diagnosed after investigation due to suspicion 
Stage I—Tumour confined to prostate/local nodule 
Stage ll—Tumour involving capsule or diffuse type 
Stage lll Tumour involving seminal vesicle 
Stage IV—Extension into adjacent tissue 


Figs 26.123A to E: Staging of Ca prostate (A) Occult, (8) Stage |, 
(C) Stage I, (D) Stage Il (E) Stage Iv 


‘TNM staging of carcinoma prostate: 

TI = Incidentally confirmed carcinoma after prostatectomy 

@ Tla~Tumour occupying less than 5% of specimen 

 Tib—Tumour occupying more than 5% of specimen 

& Tic~Tumour impalpable but suspected by high PSA 

T2—Tumour nodule palpable on rectal examination 

 T2a~ Single nodule palpable on digital examination within 
prostate capsule 

 T2b-Nodule invalving bath lobes 

13 ~Tumour extends through the capsule 

 T3a~Extension through capsule one or both 

4 T3b Extension to seminal vesicles 

 T4—Tumour which is fixed or spread to adjacent structures 
like pelvic wall and rectum other than seminal vesicles 


Note: 
ForTla progress rate is slow—15-20% in 8 years 
ForT1b and T2itis 35% 

For T3/T4 MO itis 50% in 5 years with bone spread 
For M1 average survival is 3 years 


Note: 
Gleason score mare than 7 carries poor prognosis. 


Spread 


Local spread: 
+ Upward into seminal vesicles, bladder neck, trigone, later into 
both ureters causing anuria, Downward into distal sphincter. 
Blood spread: 
# Into the bones commonly—pelvie bones, lumbar vertebra, 
femoral head, ribs, skull—in that order. 
» Pathological fractures can occur in long bones and. 
vertebrae. 
> Paraplegia may occur if spine is involved. 
> Rarely spread to liver and lung can occur. 


Lymphatic spread: 
» Into the obturator lymph nodes, then to internal iliac 

lymph nodes, 

‘Through seminal vesicles, into external iliac and retro- 

peritoneal lymph nodes, 

Eventually mediastinal, left supraclavicular lymph nodes 

get involved. 


Fig. 26.124: A plain X-ray AP view of lumbar spine ina patient with 
carcinoma prostate. Note the typical osteoscleratic secondaries, 


Clinical features 


Commonly asymptomatic 
¢ Bladder outlet obstruction and so retention of urine 
 Haematuria, frequency 


Pelvic pain, back pain, arthritic pain in sacroiliac joint— 
features of secondaries 

On per rectal examination, prostate feels hard, nodular, 
Irregular often with loss of median groove 

Incidental carcinoma after TURP or after PSA analysis. 

Features of renal failure 

‘@ Anaemia secondary to extensive bone marrow invasion and 
also due to renal failure 


e 


Differential Diagnosis 


ration of urine and other causes of 


% Are other causes of ret 
back pain. 


Investigations 


¢ Hb%, peripheral smear, In metastatic disease, there may 
be leukoerythroblastic reaction with bone marrow invasion 

thrombocytopenia, DIC and increased 
fibrinogen degradation products (FDP). Anaemia may also 
be due to renal failure 

Prostate specific antigen (PSA): More than 10 nmol/ml is 
suggestive. 

Prostatic fraction of acid phosphatase is increased. 

% Blood urea, serum creatinine, liver function tests. 

 ‘Transrectal ultrasound (TRUS) is very useful 


‘Transrectal prostatic biopsy. 10 biopsy cores are taken. 
Plain X-ray, KUB, may show dense coarse sclerotic second~ 
aries. Osteolytic or combination of lytic and sclerotic lesions 
ate also often seen. 

% Technetium radi 


ope bone scan to see secondaries 


Fig, 26.13 


5: Carcinoma prostate showing skeletal 
‘secondaries in bone scan. 


* U/S, abdomen, to see the tumour extension into the bladder 
and to see kidneys for hydronephrosis. 


% MRUCT scan is better for staging the disease, MRI is ideal 
Itcan be combined with TRUS to have an accurate staging 


Note: 
Osteoblastic secondaries occasionally can be seen in carcinoma 
breast. 


Figs 26.126A and B: Osteoblastic secondaries in pelvic bones and 
lumbar spine. 


Treatment 


In prostatic cancer with marked elevation of acid phosphatase, 
castration or injection oflarge amounts ofestrogen caused a sharp 
‘reduction ofthis enzyme to or towards the normal range....In 3 
patients with prostatic cancer androgen injections caused a sharp 
‘ise of serum acid phosphatase. 

—Charles Brenton Huggins, Clarence Vernard Hodges, 1941 


% Radical prostatectomy is done in early growth with removal 
of prostate, seminal vesicle, distal sphincter along with 
reconstruction of the urethra. 


Look at happiness and misery the same; Look at success and failure the same. —True way of life itis called as. 
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Radical radiotherapy for early carcinoma prostate can be 

given using both interstitial and external radiation 

Pelvic lymph node dissection with I'** radiation seeds 

implantation, 

Bilateral subcapsular orchidectomy is done to reduce the 

testosterone level. Very useful method. First started by 

Charles Huggins—Urologist (Nobel Prize winner). (Other 

condition where orchidectomy is done is carcinoma of male 

breast.) 

TURP + Bilateral orchidectomy + External radiotherapy 

for bone secondaries + Flutamide or Honvan—commonly 

advocated method. 

Extemal radiotherapy for spine and pelvis. 

Strontium isotope radiotherapy. 

Drugs. 

> Phosphorylated diethylstilbestrol (Honvan)—initially 

given intravenously and later orally. It is very effective. 
Complications are cardiac congestion, DVT, gynaceo- 
mastia 


+ Initially IV 100 mg/dly later orally 100 mg/daily 
+ Can cause cardiac congestion, DVT, gynaecomastia 

+ Prior to breasts to prevent gynaecomastia often advocated 
+ Response starts appearing in 48 hours 


» LHRH agonists (Medical castration) —Leupro! 
Goserelin. 
» Androgen receptor blocking agents like flutamide, 
bicalutamide. 
> Cyproterone acetate (also has got progestogenic efect). 
# In elderly people with early carcinoma prostate inactivity 
with wait and watch policy is practised. 
% Sometimes permanent suprapubic cystostomy (SPC) is 
required in these patients 


Prognosis is good 


'& Wait and watch policy is ideal in elderly patient with early 
carcinoma (P/R; PSA) above 70 years 

TURP if there is obstruction with bilateral subcapsular 
orchidectomy; LHRH agonists; androgen blockage 

+ Radical prostatectomy/radical RT in young T1aorTib—early 
disease. The criteria for radical prostatectomy—life-expec- 
‘ancy should be more than 10 years;PSA < 20 mmol/ml;bone 
scan should be negative 

‘& Brachytherapy using guided Rl seeds of 5 and palladium 

& Orchidectomy; LHRH agonists (Leuprolide); androgen 
receptor blockade (flutamide, bicalutamide); TURP if 
needed—commanly done procedure 

+ External RT/IV radiopharmaceutical Strontium 89 (bone 
seeking isotope) for bone secondaries—used 


D. Urethra 


CHAPTER OUTLINE 


» Anatomy 
© Urethral Injury 
» Stricture Urethra 
» Hypospadias 

© Epispadias 


lm ANATOMY 


Posterior urethra: 
» Prostatic urethra, 
> Membranous urethra, 
Anterior urethra: 
> Bulbar urethra, 
> Penile urethra, 


Prostate 
‘Verumontanurr 


Bulbar urethra 


Fig. 26.127: Anatomy of urethra, 


@ URETHRAL INJURY 
Classification 


1. Depending on site of rupture 
1. Rupture of the membranous urethra. 
2. Rupture of the bulbous urethra, 


a. Penile urethra 
. Bulbar urethre 


& Membranous 
urethra 


Fig. 26.128: Common sites of urethral injuries. 


Posterior Urethral Valve 
Urethral Calculi 

© Urethritis 
 Extravasation of Urine 
= Retention of Urine 


IL. Depending on circumference of the urethral wall involved: 
1, Complete. 
2, Incomplete. 
IML Depending on the thickness of the urethra involved: 
1, Total 
2. Partial 


RUPTURE OF MEMBRANOUS URETHRA 
AND/OR PROSTATIC URETHRA (POSTERIOR 
URETHRA) 


+ tis usually associated with pelvic fracture, commonly due to 
road traffic accidents 

4 Injury can also occur during instrumentation 

4 Calculus passage and catheterisation 

‘ In prolonged labour, due to long-standing pressure on the 
urethra by foetal head 


# Prostate is attached to pubis by puboprostatic ligament and 
disruption of puboprostatic ligament with complete rupture 
of urethra can lead to lating prostate—Vermooten s sign 

Injury can lead to incomplete rupture of urethra or may be 
associated with extraperitoneal rupture of bladder. 


Based on ascending urethrogram, posterior urethral injury is 
classified as (McCallum-Colapinto classification). 
‘Type Elongation of posterior urethra, but intact, 


Type ll: Prostate “plucked off” membranous urethra 
extravasation of urine above sphincter only—Floating pros- 
tate—Vermooten'ssign 

‘ype IllTotal disruption of urethra with extravasation of urine 
both above and below the sphincter 


Clinical Features 

* Blood in external meatus. Failure or difficulty in passing 
urine. 

¢ Extravasation of urine to scrotum, perineum and abdominal 
wall. 

# Shock with pallor, tachycardia, hypotension. 


‘Silence is not only the absence of sound but also stillness of the mind. 
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¢ Features of associated injuries like head injury, thorax and 
or abdominal organs which take priority in initial phases of 
‘management 

4 On P/R examination, prostate may be felt high or may not 
be palpable at all, Signifies floating prostate. 


Investigations 


¢ X-ray pelvis to see for fracture, 

% U/S abdomen to see pelvis and other injuries. 

% Urethrogram is done to see the site and type of tear (often 
reserved to do at later stage) 


Treatment 


‘The shock and associated injuries are treated, 
% In floating prostate: 

> As rupture is complete, bladder is opened from above. A 
‘metal bougie is passed from above through the bladder 
and one more metal bougie is passed from below through 
urethra and both are manipulated so as to meet each other. 

» Lower bougie is negotiated along the upper one and so 
into the bladder. Red rubber catheter is tied to the tip of 
the lower (urethral) bougie which has already entered 
into the bladder. When lower bougie is pulled out per 
urethrally, catheter tied to it will pass through urethra 
from above, to which Foley’s catheter is tied and pulled 
up, $0 as to keep it in position. 

> Bladderiis closed with a SPC using Malecot’s catheter— 
Railroad technique 

In incomplete rupture: Two approaches: 
First approach proposed by Mitchell: 

» Do not pass catheter from below as it may further 
damage the urethra and also may damage sphincter 
mechanism and so may cause incontinence later. Here 
SPC is done using Malecot’s catheter. 

» After three to six weeks, an urethrogram is done. Using 
endoscope or along with open method Foley's catheter 
is passed, often after dilatation. 

% Second approach advocated by Blandy 

> Single attempt to pass a small soft catheter per urethrally 
gently may lead into the bladder, which will be kept in 
sifu, to maintain the continuity. 

> If this fails SPC is done, On second day, in operation 
theatre (OT), bladder is opened from above and flexible 
eystoscope is passed from below and using this, catheter 
is passed from below. 

> Bladder is closed with a SPC 

% [patient with incomplete rupture presents later, then it is 
managed once a stricture forms, accordingly as stricture 
urethra, afer 3 months. Until then patient may require SPC. 

¢ Other measures: Antibiotics, blood, fluid replacement, treat- 
ment of other injuries 


incontinence 
& Impotence 
Stricture urethra 

+ Infection 


Fig. 26.129: Penetrating injury in the perineum causing rectal and 
Urethral injury which is communicating, Note the catheter passed 
per urethra has gone into the rectum and come out through the anal 
canal. It needed colostomy and suprapubic cystostomy diversions. 
(Courtesy: Dr Ashfaque Mohammad, DNB, KMC, Mangalore) 


RUPTURE OF BULBOUS URETHRA 
(Anterior Urethra) 


% Usually, due to a fall astride a projecting object, like in 
sailing ships, cycling, over loose manhole cover, gymna- 
sium 


Clinical features: Triad 
+ Blood in external meatus (Urethral haemorrhage) 

+ Perineal haematoma 

Retention of urine 


% Rupture may be complete or incomplete 
¢ Total or partial. 


Investigations 


X-ray pelvis, and U/S abdomen, Condition is diagnosed clini- 
cally, 


Treatment 

* Patient should be told not to try to pass urine, if passed, 
then extravasation of urine occurs. 

# Inoperation theatre, one attempt of urethral catheterisation 
is tried gently. If able to pass a catheter, then it is left in 
place. 

* Often perineal haematoma which occurs, has to be drained, 

% Antibiotics should be given to prevent sepsis. 

¢ I catheter fails to pass, then under general anaesthesia, in 
lithotomy position, SPC is done. Bulbous urethra is exposed 
through perineal midline incision and tear is sutured with 
an indwelling Foley’s catheter. Drain is then placed 
the perineum, 


# If suturing is not possible (sometimes), then perineal 
urethrostomy is done and at later stages continuity is main- 
tained (usually after 3 months). 


Complications 
Infection 

@ Extravasation of urine 

Stricture urethra 


™@ STRICTURE URETHRA 


Classification L: Aetiologically 
1, Congenital. 
2, Inflammatory: 

8, Post-gonococcal is most common (70%). 
Gonococeal stricture occurs one year 
Retention develops only 10-15 years lat 
‘Common in the bulb of urethra especially in the roof 
Here multiple strictures are common, proximal stric- 
ture is the narrowest. 

b. Tuberculous. 

©. Other infection (urethritis). 

3, Traumatic: Bulbous, membranous. 
4, Postinstrumentation: Catheter, dilator, cystoscope 
Postoperative: Prostate surgery (4%), urethrostomy. 


ier infection. 


Classification II 

1, Proximal: Common in bulbous urethra (70%). 

2, Distal: Congenital (in the external meatus), Often traumatic 
in children 


(Classification 


1, Permeable: Permits urine to pass. 
2, Impermeable 

Classification IV: 

1, Passable: Allows catheter to pass. 
2, Impassable. 
Classification V: 


Classification VI: According to the part involved. 
In the roof (most common) or in the floor, 


jt can be single or multiple. 


Clinical features 


+ Poor urinary stream, 
+ Forking and spraying ofthe stream. 

Incomplete emptying 

Frequency, dysuria 

Retention and often with overflow 

Pain, burning micturition, suprapubic tendemess 
Thickening and button-ike feeling in bulbar urethra (Bulbous 
Urethra Is felt clinically by lifting the scrotum in midline in 
the perineum) 


eeee 


Investigations 

% Urine microscopy and culture 

Blood urea and serum creatinine, 

# IVU to see hydronephrosis and function of kidney. 


* UIS abdomen 

# X-ray of pelvis to see old fracture with history of trauma, 

# Ascending urethrogram is an essential investigation to see 
the site, typ 


extent and false passage. 


Fig. 26.130: Ascending urethrogram showing failure of dye to pass 
due to stricture urethra, 


Fig. 26.132: Cystoscopic view of urethral stricture. 


Even though you can't change realise it is time for you to change. 
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Fig. 26.133: Ascending urethrogram showing multiple urethral 
stricture. 


* The dye is injected through suprapubic needle puncture into 
the bladder and visualisation is done using C-Arm image 
intensifier 

* Urodynamic studies, 

# Urethroscopy. 


Treatment 


1, Intermittent ditatation: 
Gradual dilatation, initially with thin dilators, later with 
thicker dilators of increasing size. Dilatation should be done 
in OT under aseptic precaution, 

Should avoid forcible dilatation or over dilatation, 
Dilatation is done “Once a week for one month, once 
@ month for one year, and later once a year (on his 
birthday)”. 
Dilators used: 
a, Lister's dilator [has got olive tip (blister)] 
bb. Clutton’s dilator 
©. Filiform bougies. 


‘Stricture urethra 


Frliform bougies 
Fig. 26.134: Fliform bougies are used to dilate narrow stricture 


Urethra. One of the bougies will be passed into the urethra. 


‘Complications of dilatation: 


‘ Infection and bleeding due to trauma 
@ False passage 
Fistula formation 


2. Visual internal eystoscopic urethrotomy or stricturotomy: 
> Here using eystoscope, stricture is visualised and is cut 
at 12 o'clock position, until it bleeds (fibrous tissue is 
cut completely) 
> After that Foley’s catheter is passed and kept in position 
for 48 hours, 
3. External urethrotomy by open method. Presently not 
commonly done as cystoscopic urethrotomy is more popular. 
It is presently done as an initial stage surgery for urethro- 
plasty (Wheelhouse s operation) 
4. Urethroplasty: Stricture is excised and urethra is recon- 
structed using prepuceal skin or scrotal skin (Johanson's 
urethroplasty. 


‘Problems in urethroplasty 
4 Staged procedure and so prolonged hospi 
© Infection 
@ Necrosis of skin flap 
4 Leak and fistula formation 
+ Restenosis 


‘Complications of stricture urethra 
Retention of urine 
Urethral fistula 
 Infection—urethritis, cystitis pyelonephritis 
Urethral diverticula 
 Periurethral abscess 
‘ Bilateral hydronephrosis 
‘& Stone formation 
& Renal failure 
Due to straining—hernia, haemorrhoids rectal prolapse 


™ HYPOSPADIAS 


Fig. 26.135: Hypospadias, 


It is the most common congenital malformation of urethra 
wherein external meatus is situated provimal than normal, over 
the ventral (under) aspect of the penis. 


Features 

% Absence of urethra and corpus spongiosum distal to 
abnormal urethral orifice. 

© Bowing or bending of penis distal to abnormal urethral 
opening (chordee), with poorly developed prepuce over 
inferior aspect. 

Urine soakage over the scrotum with dermatitis and infection, 

Associated congenital anomalies are known to exist 


Treatment: Staged Procedure 
1. Atthe age of one and half years, surgical correction of the 
chordee is done. 

IL At the age of 5-7 years, reconstruction of urethra is done 
using prepucial skin (ideal) or scrotal skin if the patient 
has been circumcised. Best is prepucial skin. 

¢ Perineal urethrostomy is done for diversion. 

* Perineal urethrostomy should be there until reconstruction 
of urethra takes up well (Denis-Browne procedure) 

% Magpi repair: Meatal advancement glandular repair—for 
glandular hypospadias. 
In hypospadias, circumcision is contraindicated as prepu- 

‘cial skin is required for future urethroplasty. 


Figs 26.136A and B: Hypospadias in coronal region of glans penis 
with typical chordee. 


™@ EPISPADIAS 


¢ Here the urethra opens on the dorsum of the penis, proximal 
to the glans, 

% Most common site is at the abdominopenile junction, 

# Itis associated with a dorsal chordee, ectopia vesicae, 

Fig. 26.137: Penoscrotal hypospadias. urinary incontinence, separated pubic bones. 

 Itis uncommon in females. 


Classification 


+ Glandular: Meatal opening in glans. It is the most common 
type. 

Coronal 

Penile 

Penoserotal 

Perineal with split scrotum. This 

undescended testes. 


ladder extrophy. X-ray pelvis showing 
separation of pubic bones. Epispadias is the common association. 


Treatment 


% Correction of incontinence of urethra. 
% Urinary diversion, 


ll POSTERIOR URETHRAL VALVE 


* They are congenital symmetrical valves in the posterior 


1. Glandular 
2 Conall 
3. Penile 

4 Penoscrlal —_ urethra, just below the verumontanum, 
5:Pernoal It allows the passage of catheter without obstructing its 


Fig, 26.138: Types of hypospadias. ingress. But it obstructs the outflow of urine, 


The greatest service is to share with others the joys of living. 
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* Proximal urethra is enormously dilated with obstructive 
pathology in the bladder (sacculations and diverticula 
formation) 

* Bladder wall is thickened and hypertrophied so much so 
that it is palpable in suprapubic region as a firm swelling 
(cricket-ball bladder). 

¢ There is poor urinary stream, with hydronephrosis, often 
with infection. 

% Child finds difficult to pass urine. 

% Often itis associated with vesicoureteral reflux. 

% Renal failure and atrophy of kidney occurs due to back 
pressure. 


Investigations 


¢ Micturating cystourethrography (MCU) is diagnostic. It 
shows dilated proximal urethra. 

U/S abdomen. 

Blood urea and serum creatinine. 

tu 

Antenatal US shows fetal urinary tract dilatation, 


Differential Diagnosis 


$ Marion’s disease: Bladder neck obstruction due to bypertro- 
phied interureteric bar. MCU differentiates it from posterior 


urethral valve, Treatment is Y-V plasty (Bonin’s ¥-V Plasty). 
% Neurogenic bladder. 


Treatment 


Initial SPC and later cystoscopic resection of the posterior 


valves is done usually after several weeks. 


ll URETHRAL CALCULI 


Stone from the bladder is commonly passed out through urethra 
can get impacted due to a stricture 


if it is small, but the ston 
or urethral diverticulum. 


Sites ofimpaction = 
@ Prostatic urethra 
 Bulbous urethra 
@ Fossa navicularis 
External meatus 


Clinical Features 


Painful urination with thin stream and forking of urine, 
% Retention of urine 
¢ Lower urinary tract 
 Haematuria. 

Pain in the penis and perineum. 

Stone may be palpable when itis in the bulbar or penile urethra 


fection. 


Investigations 

Plain X-ray, KUBU (kidney, ureter, bladder urethra), 
¢ U/S abdomen. 

¢ Urine examination, 


Fig. 26.140: Stone at urethral meatus (external meatus) 
which is extracted, 


Fig, 26.141: X-ray showing urethral stone, 


Treatment 


+ Ifitis impacted in the external meatus or fossa navicularis, 
meatotomy and extraction of the stone is done (Meatotomy 
is cutting and widening of external meatus so as to have an 
easy stone extraction) 

© Ifitis impacted in other parts of the urethra, urethroscopy 
and removal of stone from urethra is done or through a cysto- 
scope the stone is pushed into the bladder and then extracted. 

# Incase of retention of urine, initial suprapubic cystostomy 
is required before removal of the stone. 

* Diverticulum and stricture urethra should be treated accord- 
ingly. 


Fig. 26.142: Plain X-ray KUB showing stone in the bladder; stone In 
the terminal end of ureter; stone in the prostatic urethra, 


Complications 


Bleeding, stricture urethra and infection. 


@ URETHRITIS 


Causes 
% Gonococeal urethritis, 
% Nongonococcal urethritis: 

> Trichomonal urethritis. 
Lymphogranuloma venereum (LGV). 
Mycoplasma, 
Ureoplasma ureolyticum, 
Candida, 
Trauma, catheters, cystoscopes, stones, 
Chemical urethritis. 
Reiter's disease: Arthritis, conjunctivitis, urethritis, 
Allergy. 


Reiter's syndrome 
‘& Nongonococcal urethritis 
& Conjunctivitis 
& Arthritis 


Clinical Features 


% Urethral discharge, dysuria, burning micturition, haematuria 
and increased frequency. 

* Perineal pain, tendemess over the site 

 Suprapubic pain and tenderness, 


Investigations 


# Urine microscopy and culture 
# UIS abdomen. 


Treatment 


+ Antibiotics given according to culture and sensitivity. 
# The cause is treated. 


Fig. 26.143: Periurethral abscess. 


ll EXTRAVASATION OF URINE 

Urine extravasates from the bladder or urethra and collects in 
the layers of the perineum or in the prevesical space (cave of 
Retzius) 


Fig. 26.144: Extravasation of urine showing the collection of urine 
inthe scrotum and perineum after trauma 


Causes 


# Trauma to bladder or urethra. 
# Instrumentation like dilatation, catheterisation, eystoscopy. 
# Infection like gonococeus (water can perineum). 


True victory means complete control over sense-organs. 
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Types 


It may be superficial or deep. 
1. Superficial: I is due to either bulbar urethral injury or due 
to bursting of periurethral abscess after urethral stricture. 
Once urine extravasates due to full thickness disruption of 
the urethra anteriorly it collects in superficial perineal space. 
‘This space is a closed cavity all round except anteriorly 
where it communicates with scrotal subcutaneous tissue 
deep to fascia Colles, penis between superficial fascia and 
deeper Buck’s fascia, in the anterior abdominal wall deep to 
‘Scarpa’a fascia, It does not spread to thigh and ischiorectal 
space as Scarpa’a fascia is attached firmly to fascia lata of 
thigh. Superficial perineal space is closed above by inferior 
fascia of perineal membrane; below by fascia of Colles; 
laterally by ischiopubic rami. Itis open and communicating 
only anteriorly. Entire scrotum, penis and often lower 
abdominal wall are swollen containing urine. It is painful; 
patient cannot pass urine through urethra; severe pain and 
shock due to pelvic injury. Often sepsis occurs and skin 
sloughs of leading into urinary fistulas 

Deep: Urine spreads upwards into the extraperitoneal space 
ofthe pelvis around the bladder and prostate into the anterior 
abdominal wall causing deep extravasation of the urine. Here 
rupture of urethra is at membranous part ofthe urethra much 
‘more proximal than superficial type. 


Clinical Features 

Pain, swelling in the perineum. 

* Retention of urine. 

% Suprapubie pain, tendemess and fullness, 


Treatment 


# The cause is treated: 
> Antibiotics. 
> Suprapubic eystostomy. 
Often multiple incisions may be placed in the perineum to 
evacuate the extravasated urine, 


Complications 


Abscess formation, sinus/fistula formation. 


@ RETENTION OF URINE 


# It is accumulation of urine in the urinary bladder. Kidneys 
excrete urine in normal quantity. But patient passes only 
small amount of urine or does not pass urine at all causing 
distended bladder. In anuria due to renal failure, patient 
does not pass urine as kidney does not secrete any urine and 
bladder is not distended, 

* Retention can be acute: chronic; retention with overflow 
Retention differs in male, female and in infants and children, 

Chronic retention is due to BPH, bladder neck contracture, 
urethral stricture, etc. and is painless with suprapubic dull- 

 Itis one of the common conditions seen in surgical casualty, 


Causes 


Prostatic hyperplasia (8PH) 
Carcinoma prostate 
Bladder tumour near bladder neck 


Urethral injury 
Stricture urethra 
Stone in the urethra 


Phimosis with meatal Bladder neck hypertrophy 
stenosis 
Posterior urethral valve Prostatitis or urethritis 


Neurogenic causes like head and spinal injuries 

Postoperative period following pelvic and perineal 
surgeries 

Drug induced retention of urine: Anticholinergi 
histamine drugs,antidepressants 


anti- 


In males 

* BPH in old 

Stricture urethra in young, 

¢ Trauma—urethral/pelvic. 

* Postsurgical—perineal surgeries like haemorrhoidectomy; 
fistulectomy; fissurectomy; pelvic surgeries; surgeries for 
fracture hip/tracture pelvie bone. 

* Bladder outlet obstruction. 

# Carcinoma of prostate. 

In females 

# Uterine prolapse. 

© Urethral stricture. 

# Uterine/Ovarian surgeries. 

In infants and children 

* Posterior urethral valve. 

# Meatal stenosis 


Clinical Features 


% Pain and swelling (fullness) in the suprapubic region. 
# Inability to pass urine 
% Smooth, soft, tender swelling in hypogastric region which 
is dull on percussion 
+ Features relevant of specific causes. 
» Per rectal examination to see prostate and other causes. 
In full bladder often prostate cannot be assessed prop- 
erly. 


‘Types 


& Acute 
& Chronic 
& Retention with overfiow 


Acute retention: Itis rare. Iis sudden inability to pass urine, It 
is painful distension of the bladder. It is seen in urethral trauma, 
due to anaesthesia, or surgery (perineal/abdominal). There is, 
increased desire to pass urine. 


Chronic retention is gradual collection of urine in the bladder 
due to ineffective emptying of the bladder completely. Bladder 
is distended and is painless. Itis common in elderly. Frequency, 
difficulty in urination, overflow incontinence is common. Infec~ 
tion in such chronic retention makes it painful 


Acute on chronic retention: Patient is having chronic obstructive 
condition like BPH; due to infection and acute inflammation 
and oedema of mucosa of urethra sudden total blockage sets 
in causing acute on chronic retention of urine 


Investigations 


© U/S abdomen, 
* Blood urea, serum creatinine, 
% Urine microscopy. 


Treatment 


* Urinary catheterisation using Foley’s catheter. 

{IF it fails then suprapubic cystostomy (SPC) using Malecot’s 
catheter is done. 

# The cause is treated. 

% Intermittent catheterisation in case of neurogenic bladder, 


eee 


| and sonolagical assessment of kidney, ureter and 
bladder 

Evaluation for cause 

Evaluation for obstructive uropathy and renal function 
Urinary catheterisation by Foley's catheter/red rubber cath- 
eter/metallic catheterSPC with Malecot catheter by open 
‘method or using Foley's catheter by trocal puncture method 
Intermittent catheterisation 

Vesicostomy in children 

‘Treating the couse 

Postoperative retention is a common cause Its treated by 
reassurance, placing hot water bag over suprapubic region, 
change of position or standing, only occasionally by cath- 
eterisation 


The quality of our thoughts determines our own personal degree of happiness. 
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E. Penis 


The functioning role of the penis is as well established as that of any other organ in the body. Ironically, there 
is no organ about which more misinformation has been perpetrated. The penis constantly has been viewed but 
rarely seen. The organ has been venerated, reviled, and misrepresented with intent in art, literature, and legend 


through the centuries. 


—William H Masters, Virginia E Johnson, 1966 


UAE 
© Phimosis 

© Paraphimosis 

Circumcision 

% Balanoposthitis 

© Chordee 


= Priapism 

Peyronie's Disease 

Ram's Horn Penis 

= Carcinoma Penis 

= Buschke-Lowenstein Tumour 


‘Superficial dorsal vein of penis 


Deep dorsal vein of penis 
Dorsal artery of penis 


Albuginea 
Corpus cavernosum 
Deep artery of penis 


‘Corpus spongiosum 
Urethra 


Fig. 26.145: Anatomy of penis. 


Fig. 26.146: Degloving injury of penis which needed skin grafting 
later. 


@ PHIMOSIS 


It is inability to retract the prepuce over the glans. 


Causes 


1. Congenital—in which case the child has pinhole meatus and, 
ballooning of prepuce occurs when the child urinates. 


Figs 26.147A and B: Pinhole meatus with phimosis. itis an indication 
for circumcision. Often clinically there will be ballooning of the 
prepuce during urination, 


2. Balanitis (inflammation of glans) and balanoposthitis 
(inflammation of glans, prepuce and sac). Common in 
diabetes. 


‘ prepuceal skin. 
# Asaresult the glans will be swollen, oedematous with severe 

pain and tenderness. 
* Often glans will undergo necrosis or becomes gangrenous. 


| # Itcauses ring like constriction proximal to the corona and | 443g 


Fig. 26.148: Posthitis and balanoposthitis are common causes of 
phimosisin adult. t may be common in diabetics. Carcinoma should also 
be ruled out. Specimen should be sent for histology after circumcision. 


Patients with phimosis are more prone for recurrent infc~ 
tion, smegma collection and carcinoma penis. 
Treatment 


Circumcision. 


id 


Figs 26.1514 and B: Paraphimosis showing constricted ring with 
infection in the groove. 


Fig. 26.149: Phimosi. tis inability to retract prepuce over glans. 


‘Problems due to phimosis) rs 
Recurrent balanoposthitis 
Paraphimosis 
Ballooning of prepuceal skin 
Retention of urine 
Prepucea calcul formation due to smegma collection in 


eeeee 


prepuceal sac 
Carcinoma of penis later 


e 


ll PARAPHIMOSIS 


% Inability to place back (cover) the retracted prepucial skin 
over the glans is called as paraphimosis, Fig. 26.152 


Ifyou want to advance in life, make sure that your WANTS don't advance. 


Constrition ring. 
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Paraphimosis: 
Figs 26.1528 and 

Figs 26.152A to C: Paraphimosis is inabily to place back the 
retracted prepuce, 


Paraphimosis is precipitated after sexual intercourse or 
iatrogenically after urethral catheterisation. 


ana 


Fig. 26.153: Paraphimosis developed after catheterisation due to 
failure of replacing back of the prepuce. 


Treatment 


# Manual reduction of prepuceal skin is to be tried. 

% If not possible, initial dorsal slit is made to relieve the 
oedema and compression. Antibiotics and analgesics are 
given. Circumcision is done after 3 weeks. 

Sedation and hyaluronidase injection in 10 ml saline into 
the constriction ring or multiple needle punctures over the 


‘oedematous part, reduces the oedema and makes the para- 
phimosis to get reduced. Later circumcision should be done. 


™ CIRCUMCISION 


‘And God said to Abraham, ‘As for you, you shal keep my covenant, 
‘you and your descendants ater you throughout their generations. 
Thisismy covenant....Every male among you shallbe circumcised. 
You shall be circumcisedin the lesh of yourforeskns anditshallbe 
4 sign of the covenant between me and you. He that is eight days 
old among you shal be circumcised."—The Bible, date unknown 


Andcations 


+ Religious 

+ Phimosis 

 Paraphimosis after doing intial dorsal sit 

‘ Balanitisand balanoposthitis (common in diabetics) 

+ Early carcinoma of prepuce or glans penis—both diagnostic 
‘aswell as therapeutic purpose 

& Certain sexually transmitted diseases,e.g.herpes infection 


Procedure (Refer Fig. 26.154) 


4% Incchildren, itis done under G/A. In adults, itis done under 
local anaesthesia. 

# After cleaning and draping, LA [1% lignocaine (plain) 
injected circumferentially near the root of the penis] is, 
given (ring block). 

Dorsal skin is cut up to the corona and later circumferentally 
and ventrally, 

# The skin is cut with inner layer. 

Care is taken to see that optimum (less) skin is cut ventrally 
to prevent the occurrence of chordee. 

¢ Frenular artery is transfixed and ligated ventrally using 
chromic catgut (2-0 of 3-0). Small bleeders are also ligated. 

+ Skin is apposed to the cut edge of corona using interrupted. 
chromic catgut sutures. 

% Postoperatively, antibiotics and analgesies are given 


Complications 

+ Reactionary haemorrhage due to slipping of ligature from 
frenular artery and dorsal vein 

Infection 

4 ‘Stricture urethra near the external meatus in children 

@ Chordee due to removal of excess skin on the ventral aspect 

‘& Rarely priapism can occur 


% Hollister Bell cap technique (Plastibel device): This 
specially devised plastic cap can be fitted over the glans 


Fig. 26.154: Operative steps of the circumcision. 


penis and prepuce is rolled over it. A tight ligature is tied 
over it near base of the prepuce. In 7 days skin and prepuce 
sloughs off and sheds with the cap. Bleeding will not occur 
due to thrombosis of prepuceal vessels. Technique can be 
used for religious circumcision/balanoposthitis without 
phimosis. It is contraindicated in phimosis and paraph 
mosis 

Note: 

+ Circumcision by guillotine is a method done by pulling and 
stretching the prepuceal skin beyond the glans and cutting the 
prepuce. it should be condemned and not be done as injury to 
glans is common. Its practiced in religious circumcision. 

+ Monopolar cautery should not be used in circumcision. 


ll BALANOPOSTHITIS 
It is inflammation of glans and prepuce—(Inflammation of 
prepuce is posthitis; of the glans is balanitis). 


Causes 


% Diabetes mellitus 

% Candidiasis. 

# Veneral diseases like syphilis, herpes. 
It can cause phimosis, carcinoma penis. 


Clinical Features 
Pain, swelling, discharg 


Treatment 


* Antibiotics 
Circumcision. 
© The diabetes is controlled. 


ll CHORDEE (CORDEE) 


Itis fixed bending of glans penis, more obvious during erec- 
tion, 


Fig. 26.155: Chordee. 


Types 


a. Ventral 
b. Dorsal 


Causes 


* Hypospadias, where urethra opens more proximally than 
normal (ventral cordee). 

# After circumcision, if more skin is cut over the ventral aspect 
(ventral cordee), 

# Inepispadias dorsal cordee occurs. 


Treatment 


% Chotdee due to hypospadias i 
procedure, 

# In chordee following circumcision, initially stilbestrol 6 mg 
daily is given. Later chordee is corrected surgically by 
excising fibrous tissue and later doing skin grafting. More 
often they require surgical intervention. 


corrected during staged 


™@ PRIAPISM 


# Iti persistent, painful erection of penis, 

® Corpora cavernosa are filled with blood due to defective 
venous drainage. Glans and corpus spongiosum are not 
involved. 


sluad 


Idiopathic thrombosis of corpora cavernosa 
Idiopathic thrombosis of prostatic venous plexus 
Sickle cell disease 

Leukaemia 

Secondary deposits in corpora cavernosa 

Spinal injury or diseases 


Coo as 


Investigations 


Relevant for specific causes, 


Treatment 


# Anastomosis between corpora cavernosa and saphenous 
vein, 

# Anastomosis between corpora cavernosa and corpus spon- 
giosum, 


ll PEYRONIE'S DISEASE 
(Induratio-penis Plastica) 


# Itis development of fibrous tissue plaque on the covering 
of corpus cavernosum and later involving its full extent 
resulting in induration of corpus. 

# It is a slowly progressive disease of uncertain aeti- 
ology, may be due to old trauma, often associated with 
Dupuytren’s contracture, retroperitoneal fibrosis and 
plantar fasciitis. 


When you burn with the fire of anger, smoke gets in your eyes. 
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4 Initial active phase has painful erection with changing 
deformity of penis. 

Later quiescent phase has disappearance of painful erection 
with development of deformity which is painless. 

% Later erectile dysfunction; penile shortening occurs. 

% Indurated plaque is noticed in the penis, 


Treatment 


4% Some cases resolve spontaneously. 
© Drugs 
> Steroids. 
Vitamin E. 
Potassium amino benzoate 12 mg/day. 
‘Tamoxifen 20 mg daily. 
‘Terfenadine and fexafenadine. - 
Colchicine therapy. Fig. 26.157: Carcinoma penis earlier operated by total amputation of 
Intralesional injection of verapamil 10 mg once in 2 _Penishasnow developed secondaries in inguinal lymph nodes which 
weeks 12 injections has already fungated. Note the perineal urethrostomy done. 
Surgery is needed in many cases 
» Excision and plication to opposite side—Fitzpatric 
‘operation. 
> Multiple incisions over the fibrous plaque and temporal 
fascia bridging—Gethard's operation 
> Excision of fibrous plaque and corporotomy is covered 
with overlay flap like tunica vaginalis flap (Lockhart’)/ 
dermal flap (Devine and Horton's). 
> Intracorporeal penile prosthesis placement, 


@ RAM'S HORN PENIS 


Filarial involvement of penis where it becomes thick, dis 
and resembles horn of a ram. 


™@ CARCINOMA PENIS 


% Itis commonly squamous cell carcinoma, but melanoma, 
adenocarcinoma from ‘Tyson's gland, basal cell carcinoma 
and secondaries may also occur, 


Figs 26.158A and B: Carcinoma penis in two different patients. 


Aetiology 


Chronic balanoposthitis, phimosis. 

Sexually transmitted diseases. 

Leukoplakia of glans. 

Long-standing genital warts 

oS - 7 . Paget's disease of penis (Erythroplasia of Querat is persis- 
Fig, 26.156: Carcinoma of penis involving glans extensively tent rawness of glans penis) 


> Circumcision during infancy confers total immunity 
against carcinoma penis. 
> Itis common in Asia and Africa 


Pathology 


* Infiltrating type occurs in a preexisting leukoplakia. It often 
presents as indurated area. 


Fig. 26.159: Carcinoma penis—circumferential proliferative 
exophytic lesion 


Figs 26.162A and B: Erythroplasia of glans penis. It isa 
premalignant condition 


Fig. 26.163: Carcinoma of penis causing destruction of entire 
penis 
% Papilliferous type eventually attains a large size forming a 


fungating foul smelling lesion which often gets infected. 


* Ulcerative type. 
> Glans penis is the most common site (coronal sulcus for 


basal cell carcinoma). 


Fig. 26.161: Genital warts—in glans penis. Itis a premalignant 
condition. Biopsy, excision and podophyllin application is needed, > 80% are of low grade tumours, 


(Our senses don't deceive us; our judgement does. 
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APPENDIX A — A Few Words About Negative Energy 


A.1 A General Relat 


tic Defi 


ion of Negative or Exotic Energy 


We saw in equations (2.10a-c) that the surface energy and stress-tension densities of the material 
required to create and thread a traversable wormhole must be “negative.” For surface stress-energy, and 
volume stress-energy in general, this is “negative” in the sense that the material we must deploy to 
generate and thread the traversable wormhole must have an energy density (pc”, p = mass density) that is 
less than the stress-energy density (t), or we can write this condition as: mass-energy Pc? < stress-energy 
1. On the basis of this condition, we call this material property “exotic.” Therefore, the term “negative 
is just a misnomer in this context. The condition for ordinary, non-exotic forms of matter that we are all 
familiar with is mass-energy pc? > stress-energy t. This condition represents one version of what is 
variously called the weak (WEC), null (NEC), average (AEC), dominant (DEC), strong (SEC) or 
“standard” energy conditions (that are mere hypotheses!), which allegedly forbid negative mass-energy 
density and gravitational repulsion (antigravity) between material objects to occur in nature. Hawking 
and Ellis (1973) formulated these energy conditions in order to establish a series of mathematical proofs 
in their study of the application of general relativity theory to cosmology and black hole physics. 

However, there are general theorems of differential geometry that guarantee that there must be NEC 
violations (meaning exotic matter-energy is present) at a wormhole throat (Visser, 1997). In view of this, 
it is known that static radial electric or magnetic fields are borderline exotic when threading a wormhole, 
if their tension were infinitesimally larger, for a given energy density (Herrmann, 1989; Hawking and 
Ellis, 1973). Other exotic (energy condition violating) matter-energy fields are known to be squeezed 
quantum states of the electromagnetic field and other squeezed quantum fields (see Section A.2 for the 
discussion on squeezed quantum states), gravitationally squeezed vacuum electromagnetic zero-point 
energy (see Section 2.3 for the discussion on Gravitationally Squeezed Vacuum Energy), Casimir 
(electromagnetic zero-point) energy and other quantum fields/states/effects. These examples represent 
forms of matter-energy that possess negative energy density. Since the vacuum is defined to have 
vanishing energy density, anything possessing less energy density than the vacuum must have a negative 
energy density. With respect to creating wormholes, these have the unfortunate reputation of alarming 
physicists. This is unfounded since all the energy condition hypotheses have been experimentally tested 

n the laboratory and experimentally shown to be false - 25 years before their formulation (Visser, 1990 
and references cited therein). Further investigation into this technical issue showed that violations of the 
energy conditions are widespread for all forms of both classical and quantum matter-energy such as 
planets, stars, black holes, neutron stars, people, space dust clouds, etc. (Davis, 1999b; Barcelo and 
Visser, 2002). In addition, Visser (1995) showed that all (generic) spacetime geometries violate all the 
energy conditions. Violating the energy conditions commits no offense against nature. 


A.2 Squeezed Quantum States and Negative Energy 


In quantum mechanics the energy (£) and frequency (v) of a quantum oscillator system, such as 
electromagnetic radiation (or light), are interchangeable via the Planck relation E = hv (h = 2h). And 
from the Heisenberg quantum uncertainty principle, we know that the conjugate variable to the frequency 
is the oscillator phase (9), such that AvAg 2 fi is obeyed. Phase is difficult to measure and is ignored in 
characterizing complex quantum systems. 

Recent theoretical and experimental work has shown that in many quantum systems the to 
‘measurement precision imposed by the quantum vacuum zero-point fluctuations (ZPF) can be breached 
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Fig. 26.164: Carcinoma penis with proliferative lesion. 


Spread 


Through lymphatics, it spreads to the horizontal group of 
inguinal lymph nodes which become nodular and hard, 
Lymph nodes on both sides can get involved. Later, external 
iliac group are involved (above and on medial aspect of the 
inguinal ligament) 

* Once inguinal lymph nodes are fixed, it causes severe excru- 
ciating pain and lymphoedema. Fixed /ymph node status 
indicates the advancement of the disease. It may erode into 
the femoral vessels causing torrential haemorrhage and 
death, Fungation can occur. 

* From glans, it also spreads to Cloquet lymph node which is 
located in femoral canal. 

% Carcinoma from shaft of penis can spread directly to the 
external iliac lymph nodes. 

# It spreads proximally to the body of penis causing indura- 
tion, 

* Urethral meatus may get involved causing alteration in 
urinary stream. /t is a locoregional malignant disease. 

% Blood spread is rare. 


Clinical Features 


% Inan adult, recent onset of phimosis should raise the suspi- 
cion of carcinoma penis, 


Fig. 26.1650, 


ie 


Fig. 26.1658 
Figs 26.165A and B: 


ferrucous carcinoma of penis. 


# Lesion is painless initially but later becomes painful due to 
secondary infection, often accompanied by discharge which 
is foul smelling, purulent and irritating, 

# Altered urinary stream, 

¢ Fungation and induration, everted edge, often extending 
into the body of penis, 

* Palpable hard, nodular inguinal lymph nodes on both sides 
‘may be present. Extemal iliac lymph nodes may be palpable. 

* Pain, oedema, tendemess, redness develops once infection 
occurs. 


Investigations 


1. Edge biopsy from the lesion shows squamous cell carcinoma 
with epithelial pearls 


5 ‘Broder’s grading 
+ Very well differentiated (75% epithelial pears) 
‘& Well iferentiated (50-75%) 

‘® Moderately differentiated (25-50%) 

‘® Undifferentiated (< 25%) 


ENAC of lymph nodes (No open biopsy for lymph nodes). 
U/S abdomen, to look for involvement of external iliac 
lymph nodes. 

4, SLNB—Cabana sentinel node is located above and medial 
to the junction of saphenous and femoral vein. Itis the first 
node to get involved in carcinoma penis, So this Sentinel 
Lymph Node Biopsy (SLNB) after isosulphan blue dye 
injection in to the primary is done to decide for the neces- 
sity for ilioinguinal block dissection. 


Fig. 26.166: Carcinoma of pens. 
Staging of Carcinoma of Penis 


Jackson's staging of carcinoma penis 


Stage!—Tumourinvolving only 90% five-year 
glans/prepuce/both survival 
Stage ll—Tumourextending into 70% 

body of penis 

Stage lllTumourhaving mobile 50% 
inguinal nodes 

StageIV—Tumourspreadingto 5% 
adjacent structures/fixed nodes 

TNM staging 


To~ No primary tumour 
Tis Carcinoma in situ 

T)~ Tumour < 2cm without deep invasion 

‘Tz~ Tumour between 2-5 cm with minimal deep invasion 
Ts~ Tumour > 5 cm with deep invasion/urethral spread 
T,~ Tumour spread to adjacent tissues 

No~ No nodal spread 

Ni ~ Mobile regional nodes—unilateral 

N2~ Mobile regional nodes—bilateral 

N3~ Fixed regional nodes 

My~ No distant spread 

M,~ Distant spread present 


Treatment 


# If growth involves the glans without extending into the 
proximal part of shaft of the penis, then partial amputation 
of the penis is done. A length of 2.5 om stump is retained, 
Clearance of 2 em from the proximal extended part of the 
tumor is needed. Advantage is proper streaming of the urine 


* Partial amputation of penis with bilateral ilioinguinal lymph 
node block dissection is called as Young's operation. 


Fig. 26.167: In situ carcinoma penis over the glans. 


* If tumour involves the proximal part of the body of penis 
or if it is anaplastic/poorly differentiated tumour fotal 
amputation of penis is done with perineal urethrostomy 
Problems with perineal urethrostomy are scrotal ammoniacal 
dermatitis and stricture at urethrostomy site. Dermatitis is 
prevented by asking the patient to urinate in sitting position 
lifting the scrotum upwards. Stricture needs dilatation, 


we 
Fig. 26.168: Partial amputation of penis with catheter in situ. 


* Total scrotectomy with orchidectomy is done along with 
total amputation of the penis—Sir Piersey Gold operation. 
It prevents frequent dermatitis of the scrotal skin because of 
the perineal urethrostomy and also reduces the sexual desire 

# Incase of carcinoma in situ, T, lesion of glans penis or well 
differentiated tumour in young individual, circumcision and 
curative radiotherapy to the penis can be given using radio- 
active tantalum wire implantation (6000 cGy in 7 days) or by 
‘wearing radium penile mould continuously or intermittently 
(6000 eGy in 7 days) or by linear accelerator external beam 
radiotherapy (6000 cGy in $ weeks). Involve-ment of nodes 
in these patients is less than 10%. 


Violence at home can lead to blood in the streets. 
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Fig. 26.169: Specimen of total amputation of penis done for 
carcinoma of penis. 


# When lymph nodes are involved and are mobile, bilateral 
ilioinguinal nodal dissection is done. 
> Primary inguinal blockis doing block dissection within 
4 weeks of surgery for primary tumour 
» Secondary inguinal block is doing block dissection 
after 4 weeks of surgery for primary disease. Only 50% 
of palpable inguinal nodes are involved by metastatic 
spread. So often a course of antibiotic is given and 
waited for 4-6 weeks. Complications of ilioinguinal 
block dissection are flap necrosis, lymphoedema of 
lower limb, femoral blow out, infection, lymphorthoea 
and haemorrhage. 
> Ifprimary tumour is poorly differentiated, and if tumour 
is T, or above, chances of inguinal nodal spread is more 
than 50% and so a prophylactic inguinal nodal disse: 
tion is done. 
> Often, involvement of inguinal nodes may be due to 
infection, So a trial of antibiotic therapy is given for 4-6 
‘weeks to reduce the size of the inguinal node. 
> Removal of iliac nodes does not alter the outcome. It is 
done to confirm the spread, so that further therapy ean 
be planned and prognosis can be predicted 
% Postoperative radiotherapy to inguinal region is often given. 
% Inadvanced fixed inguinal nodes palliative external radio- 
therapy is given. Its to palliate pain, fungation and antic 
pated erosion into femoral vessels. 
% Topical 5 FU cream or Nd:YAG laser photoirradiation is 
useful in carcinoma in situ. 
% Chemotherapy: 
5 FU; methotrexate, bleomucin, cisplatin and vincristine. 
MBP/VBM combinations are used. 
Bleomycin is a radiosensitiser and so beneficial if RT is 
planned later, 
Note: 
+ Dresslers quadrangle—upper border is formed by line joining 


anterosuperior iliac spine and pubic tubercle; laterally line 
joining anterosuperior iliac spine and a point 20 cm below 
it; medially pubic tubercle and a point 15 cm below it. Nodal 


block dissection for carcinoma penis should cover this area 
adequately. 

Elective prophylactic inguinal block is done in high-risk group— 
invasive carcinoma; T; and Ts tumours; with vascular invasion, 
Therapeuticinguinal blockis done whenever FNAC of nade shows 
positive tumour. 

‘Superficial lymph node blockis dissection superficial to fascia lata 
in No disease. It should undergo frozen section biopsy. Ifnodes 
are positive, then formal block dissection should be done. 
‘Standardinguinal lymphadenectomy is classical block dissection, 
‘Modified inguinal block dissection (Catalona)—small incision, 
limited dissection, preservation of saphenous vein, 


Fig. 26.170: S shaped incicion for ilioinguinal block dissection, 
Many modification incisions are also used. 


Carcinoma in stu 
Small lesion less than 2cm 


Lesion confined to glans 


in young individual 
‘Advanced inoperable disease 
Palliation to inoperable inguinal nodes in groin 


° 
° 
° 
© Small esi 
° 
° 
® Postoperative RT 


Fig. 26.1718 


Urosac bag. 


Figs 26.1718 and 


Figs 26.171A to C: Perineal urethrostomy is done for urethral injury, 
urethral surgeries like urethroplasties as diversion and after total 
amputation of penis in carcinoma penis 


Complications of inguinal block dissection 
= Haemorthage 

+ Lymphorthoes 

+ Lymphoedema 

+ Infection 

4 Flap necrosis—comman 


Carcinoma — Incision 


Retained stump 


Fig. 26.172: Partial amputation of penis is done in penile carcinoma 
in the glans not extending into the body of the penis. 


Fig. 26.173: Total penectomy for carcinoma penis. Note the drain 
placed; sutures; urethrostomy site. 


lm BUSCHKE-LOWENSTEIN’S TUMOUR 


I is verrucous carcinoma of penis (5-15% common), 

¢ Itisa curable malignancy. 
Itis locally destructive, locally invasive. 

Itis often large, exophytic, dry, verrucae-like growth. 

Neither spreads through lymphatics nor blood. 

After biopsy and confirmation, surgical excision or partial 

‘amputation is the treatment of choice. 

Radiotherapy should not be given. 

* Virus aetiology is proposed —HPV—6 and 11 

* Systemic interferon or therapy and Nd:YAG laser therapy 
is successful, 


ry 
ry 
ry 
‘ 


To every disadvantage, there is a corresponding advantage 
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F. Scrotum 


“= Anatomy 
= Fournier's Gangrene 
s Hydrocele 
— Primary Vaginal Hydrocele 
— Secondary Hydroscele 


™ ANATOMY 


It is a cutaneous bag containing the right and left testis, 
epididymis and lower part of spermatic cord. 


1. Skin 
2. Dartos muscle 

3. External spermatic fascia 
4, Cremasteric fascia 

‘5. Internal spermatic fascia 


Blood Supply 


From extemal pudendal, deep external pudendal and internal 
pudendal arteries. 


Nerve Supply 


% Anterior 1/3rd portion by ilioinguinal nerve and genital 
branch of genitofemoral nerve, 

% Posterior 2/3rd portion by posterior scrotal branch of 
pudendal nerve and perineal branch of posterior cutaneous 
nerve of thigh. 

 Dartos is supplied by sympathetic nerve. 


26.174: Carcinoma of scrotum with inguinal node secondaries. 


Haematocele 
Pyocele 

Cyst of Epididymis 
Spermatocele 
Vaticocele 


™ FOURNIER'S GANGRENE 


% Itis also called as idiopathic gangrene of the scrotum. 

% Itis a vascular gangrene of infective origin, caused by 
haemolytic streptococci, microaerophilic streptococci, 
staphylococci, E. coli, CLwelchii, Bacteroides fragilis. 

‘There will be fulminant inflammation of the scrotal skin and, 
subcutaneous tissues resulting in obliterative arteritis of the 
arterioles of the scrotal skin leading into cutaneous gangrene, 

[tis common in diabetics, old age, malnourished, immuno- 
suppressed individuals. 


Clinical Features 


Condition is common in old age. 

Sudden pain in the scrotum, fever, severe toxicity. 

+ Very fast spreading cellulitis of scrotal skin, extending to 
the groin and often to anterior abdominal wall, 

Extensive skin sloughing occurs /eaving normal testis 
exposed. 

Sometimes toxicity is so severe that they may go for renal 
failure and other complications. 

Sometimes the condition may worsen rapidly leading to 
death (25% mortality), 


Fig. 26.1754, 
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Fig. 26.1758 Fig. 26.176: Bilateral hydrocele. 
Figs 26.175A and B: Fournier’s gangrene. Testes are normal. itis an 
infective gangrene of scrotum, rapidly spreading. 


Treatment 


# Treated as an in-patient always, 

# IV fluids and catheterisation—for maintenance of urine 
output. 

Antibiotics, blood transfusion. 

Nutritional support (TPN, enteral). 

Liberal excision of all slough. 


wnjo19g 


Once patient recovers and wound granulates well, skin 
grafting is done. 

% Orchidectomy is not necessary as testis is normal and viable. 
* Testis can be placed in the pouch in medial aspect of the 
thigh. 


mm HYDROCELE 


It is the collection of fluid between the two layers of tunica 
vaginalis of testis 


Types: — 7] 


+ Congenital 
+ Acquired 
= Primary 
= Secondary \ 
Aetiology 
+ Defective absorption of fluid by the tunica vaginalis, probably 
due to damage to the endothelial wall by low-grade infection, 
+ Excessive production of fluid as in secondary hydro is 
# Interference with drainage of fluid by lymphatic vessels of 
the cord Figs 26.177A and B: Massive hydrocele wherein penis is buried 
* Communication with the peritoneal cavity. completely within the hydracele area. 


The smallest good deed is better than the grandest intention. 
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Hydrocele fluid is amber-coloured with specific gravity of 
1,022 to 1.024. It contains water, salts, albumin, fibrinogen. 
Per se, hydrocele fluid does not clot, but if it comes in contact 
with the blood, fibrinogen gets activated and clots firmly. Often 
fluid contains cholesterol and tyrosine crystals 


" R 
ER ER 
Vaginal 
inal Congenital 
hydrocele hysrocele 
IR 
eR 
ER 
Infantio 
hydrocele Encysted 
hydrocele 
f NG 
ER - 
Bical remeao 
hycrocele 


Fig. 26.178: Types of hydrocele. 


ls Cysts which contain cholesterol crystals s] 
Vaginal hydrocele 

 Branchial cysts 

@ Dentigerous cyst 


PRIMARY VAGINAL HYDROCELE 


# Occurs in middle-aged, common in tropical countries. 
* Testis is not palpable as it usually attains a large size (unlike 
secondary hydroceles which are small, except in filarial 
hydrocele). 

Fluctuant (elicited by, fixing the hydrocele with hand and 
feeling for the fluid movement using fingers placed in vo 
perpendicular directions) 


Note: 
A relaxed muscle can demonstrate fluctuation in one direction 
even though there is no fluid init. 


Initially transilluminant (elicited in front of the swelling, 
side to side), but long-standing hydrocele is nontransillu- 
‘inant (due to thickened dartos, thickened spermatic fascia, 
thickened hydrocele sac, infected content, chylous fluid, 
often filarial hydrocele, haematocele), 

% Can get above the swelling (you can feel only cord struc- 
tures and nothing else at the root of the scrotum, unlike in 
hernia). 


transmitting the pressure sensation through the fluid. 


‘Testicular sensation can be elicited in vaginal hydrocele by 


Fig, 26.179: Hydracele which is brilliantly transilluminant. 


Fig. 26.180: Get above the swelling is possible in case of hydrocele. 


| Swellings which are brilliantly transilluminant 
‘® Vaginal hydracele 

& Epididymal cyst 

® Cystic hygroma 

® Ranula 

4% Meningocele 


Fig. 26.181: Hydrocele is transilluminant. It may be negative in long 
standing hydrocele, thick sac, thick dartos, thick skin and infected 
fluid or chylocele. 


Figs 26.182A and B: Hydrocele in two different patients. One is 
average sized; another is large and penis is buried into the hydrocele 
swelling 


Infant 


Hydrocele 


Here tunica and processus vaginalis (hydrocele) are distended 
up to internal ring, but sac has no connection with the general 
peritoneal cavity. 


Congenital Hydrocele 


% Processus vaginalis communicates with the peritoneal 
cavity. 

As this communicating orifice is too small, bowel does 
not descend and so hernia usually will not develop. While 
lying down, fluid disappears gradually and while standing 
fluid recollects, 

 Hydrocele cannot be emptied by digital pressure as it causes 
“inverted ink bottle” effect. Ascites, tuberculous peritonitis 
are the aetiologies for the same. 


Encysted Hydrocele of the Cord 


# Itis the fluid collection in a portion of patent funicular 
process part of the tunica vaginalis; but closed above and 
below; located in inguinalinguinoscrotal/scrotal part which 
is fluctuant and transilluminant. 

* On gentle traction to the testis, the swelling becomes less 
mobile (traction test) 

* Differential diagnosis: Epididymal cyst, inguinal hernia, 
lipoma of cord, varicocele 

# Treatment is excision under local anaesthesia, 


Hydrocele-en-bisac (Bilocular Hydrocele) 


Hydrocele has got two intercommunicating sacs, one above and 
one below the neck of the scrotum. Upper one lies superficial 
or in the inguinal canal or may insinuate itself between the 
muscle layers—cross-fluctuant 


Other conditions where cross-fluctuation is elicited: 
Plunging ranula 

& Compound palmar ganglion 

 Psoasabscess 


Hydrocele of the Canal of the Nuck 

It occurs in females, in relation to the round ligament, always 
in the inguinal canal. 

Hydrocele of the Hernial Sac 


It is due to adhesions of the content of hernial sac. Fluid 
secreted collects in the hernial sac and forms hydrocele of the 
hernial sac. 


SECONDARY HYDROCELE 
Causes 
Infection: Filariasis 
‘Tuberculosis of epididymis—30% cases 
have secondary hydrocele 


Syphi 
Injury: ‘Trauma, postherniorthaphy hydrocele 
Tumour Malignancy 


Secondary hydrocele rarely attains large size 


It is usually small, lax and testis is usually palpable (unlike 
primary hydrocele). Exception is, secondary hydrocele due to 
filariasis. Wt can be very large. 


Postherniorrhaphy Hydrocele 


It is a secondary hydrocele occurring after the surgery for 
inguinal hema. It is due to the damage to lymphatic vessels 
of the tunica vaginalis and is 0.2% common. It is treated like 
any hydrocele but usually after about 6 months, 


Aclear conscience can bear any trouble. 
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4152 | Filarial Hydrocele and Chylocele Procedure 


* Under G/A or spinal or L/A, after cleaning and draping, 
vertical incision of about 6-8 em in length is made over the 
scrotum, anteriorly 1 cm lateral to the median raphe. 

* Skin, dartos, external spermatic fascia, intemal spermatic 
fascia are incised. 

Bluish hydrocele sac is identified, ie. parietal layer of the 
tunica vaginalis of testis 
Fluid is evacuated using trocar and cannula, Sac is opened. 


Fig. 26.183: Chylocele 


Occurs commonly in coastal region, and in and around the 
equator. 


+ Usually occurs after repeated attacks of filarial epididymitis. 

$ Hydrocal is usually of large ze andthe ea thickened, '#-24283 Pov nod cannula used to recat the hyena 

* Fluid contains fat, rich in cholesterol, and is derived from 
ruptured lymph varix into the tunica 

% Itis often difficult to differentiate from primary hydrocele. 


Fig, 26.186: Tracar and cannula used for hydrocele surgery. 


Fig. 26.184: Hernia of hydrocele is a rare complication of 
hhydrocele. Herniation occurs through dartos. 
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‘Complications of hydrocele 
Infection 
Pyacele 
Haematocele 
‘Atrophy of testis, hernia of hydrocele (rare) 
Infertility 
Hernia of hydrocele sac (rare) 


Differential diagnosis 
Inguinal hernia 
Epididymal cyst 
Spermatocele 
Testicular tumour 
Scrotal oedema 


eeeee 


Treatment for Hydrocele 


‘Surgery 
Sub-total excision 
n and eversion Jabouley's operation) 
and eversion 
Lords plication, 


eeoe 


Figs 26.187A and 8 


Figs 26.187C to E 


Figs 26.187 to E: Bluish hydrocele sac and hydrocele 
fluid in the sac. 


Ifthe sac is small, thin and contains clear fluid, either Lord's 
plication, i. tunica is bunched into a “ruff” by placing series 
‘of multiple interrupted chromic catgut sutures so as to make 
the sac to form fibrous tissue (It is relatively avascular and 
so haematoma will not occur). 


Or evacuation and eversion of the sac behind the testis 
cd sac is sutured with chromic catgut 
is done. 


(after eversion, ev 
by continuous suture 
I the sacs thick, in large hydrocele and chylocele, subtotal 
excision of the sac is done (as tunica vaginalis is reflected 
on to the cord structures and epididymis posteriorly, total 
excision leads to orchidectomy with division of cord). 
Often the sac is excised partially and then eversion is done, 
which is called as Jabouley’s operation. 
After evacuation, the sac with the tests is placed in a newly 
created pocket between the fascial layers of the scrotum 
(Sharma and Jhawer’s technique). 
Aspiration must be avoided as much as possible as its only 
4 temporary measure (recurrence occurs very early) and 
chances of haematocele, infection are higher. 
A drain is placed near the root of the scrotum on the lateral 
aspect because it becomes the most dependent portion, when 
scrotal support is given, Scrotal support is given to reduc 
the scrotal oedema 
Wound is closed in layers. 

¢ Drain is removed in 48 hours. 


—— 


Fig. 26.188: Transilumination of hydrocele sac during surgery just 
prior to placing the trocar for evacuation after exposing the sac. 


Surgeries for hydrocele 
Subtotal excision of the sac 
Jabouley’s operation 
Evacuation and eversion 
Lord's plication 
Sharma and Jhawer's technique 


eeees 


Complications of surgery 
Reactionary haemorrhage 
Infection 


% Pyocele 


4% Sinus formation 
@ Recurrent hydrocele 


In early testicular tuberculosis there is often a loss of cutaneous elasticity as shown by smoothening out of rugae 


consequent upon wasting of the cellular tissue beneath the dermis. 


—A Clifford Morson 
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by decreasing the frequency noise at the expense of increasing the phase noise (thus maintaining AVAg > 
1), while at the same time the variations in frequency, and therefore the energy, are reduced below the 
ZPF such that the energy becomes “negative.” “Squeezing” is thus the control of quantum fluctuations 
and corresponding uncertainties, whereby one can squeeze the variance of one (physically important) 
observable quantity provided the variance in the (physically unimportant) conjugate variable is 
stretched/increased. The squeezed quantity possesses an unusually low variance, meaning less variance 
than would be expected on the basis of the equipartition theorem, We can exploit quantum squeezing to 
extract energy from one place in the ordinary vacuum at the expense of piling up excess energy elsewhere 
(Morris and Thorne, 1988). 
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Conditions which cause loss of testicular sensation 


i, Testicular tumour 
Lepra orchitis 
Syphiltic orchitis 


Conditions where orchidectomy is done in hydrocele 


+ Pyocele with testicular destruction 
& Clotted haematocele with testicular destruction 


ll HAEMATOCELE 


Types 
a. Recent Haematocele 


 Itis due to rupture of one of the vessels in the tunica causing 
bleeding into the sac. 

* Often it may occur following aspiration of a hydrocele. 

 Itmay be precipitated by trauma also. 

Clinical features: 

% Sudden onset of pain and swelling after an history of trauma. 

© Itis tender, warm, fluctuant, but nontransilluminant. 

* Occasionally aggressive testicular tumour mimics the pres- 
entation of acute, recent haematocele 
> U/S of scrotum is done in such suspected cases to rule 

out neoplasm and also to find out the viability of testis. 


Figs 26.191A to C: Haematocele in different patients. Orchidectomy 
is often required in these patients if testis is not viable. 


‘Complications 
& Chronic (old clotted) haematocele 
Infection 

+ Pyocele 


Treatment: The scrotum is explored under general anaesthesia. 
The clot is evacuated and the wound is closed with a drain. 


b. Chronic or Old Clotted Haematocele 


® It is usually due to slow, spontaneous haemorrhage into 
the tunica vaginalis, without any proper history of trauma, 

# Itis painless, hard, nontender, nonfluctuant, often calcified 
swelling, with loss of testicular sensation. 

% Because of the constant pressure, testicular funetion and 
so testicular sensation is lost. It mimics testicular tumour 
in many aspect. 

# U/S of the scrotum is done. 

# Treatment is orchidectomy, as tests is functionless 
(Low orchidectomy through scrotal approach), 


Site of ligation in ow orchidectomy 


Fig. 26.192: Low orchidectomy is done in case of haematocele, 
pyacele. Here incision isin the scrotum. Cord is doubly ligated using 
thick chromic catgut. 


lm PYOCELE 


% Itis collection of pus in the layers of tunica vaginalis. 
¢ Itcan occur in a previously normal tunica or in a pre-existing 
haematocele or hydrocele (which gets infected), 


Fig. 26.193: Pyocele—clnical look. US confirms the diagnosis. TC 


will be raised. 


Features 


Fever, toxicity, tender swelling in the scrotum, with scrotal 
wall oedema. 

Often in young individuals, it may be difficult to differentiate 
this from the torsion testis 

Pus under tension eventually causes infective thrombosis of 
testicular vessels, leading to nonviability of the underlying 
testis or testicular gangrene. 


Fig. 26.194: Pyocele of scrotum. It is pus collection in the tunica 
vaginalis testis. It needs immediate exploration; drainage; often 
orchidectomy, 


Treatment 


% Antibiotics are started, 

Scrotum is explored immediately and pus is evacuated. 

Viability of the tests is checked. 

If Viable, pus is evacuated and sent for C/S, wound is closed 

with a drain. 

4 Ifthe testis is not viable, then orchidectomy is done (after 
taking consent). 

¢ When in doubt, always testis is left in place and observed. 
Often, testis will show signs of viability. If not, then 
orchidectomy is done at a later stage. 


™@ CYST OF EPIDIDYMIS 


It is due to the cystic degeneration of: 


‘& Paradidymis (organ of Geraldes)—is the most common cause 
& Appendix of the epididymis 

& Appendix of the testis 

‘& The vas aberrans of Haller 


+ Even though it is of congenital origin, it occurs in middle 
age. 

 Itis tensely cystic, contains clear fluid. 

Often bilateral 

They are aggregation of number of small cysts and so 
‘multiloculated. 

% They feel like ‘hunch of tiny grapes’ situated behind the 
body of the testis. 

 Itis situated behind the body of testis 
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% Because of numerous septae they are finely tessellated 
and so are brilliantly transilluminant, appear like ‘chinese 
lantern pattern’. 


Epididymal eyst Septa 
Fig. 26.195: Epididymal cyst showing multiloculated ‘Chinese 
lantern’ pattern. Its location is behind the body of tests. 


Fig. 26.196: Epididymal cyst. 


Differential Diagnosis 


% Spermatocele. 
4 Eneysted hydrocele of the cord. 


Treatment 


Avoid excision as much as possible as it results in infertility 
due to blockage. 
 Inold age, excision can be done. 


ll SPERMATOCELE 


Itisa unilocular, acquired retention cyst derived from blockage 

‘of some portion of the sperm conducting mechanism of the 

epididymis. 

© Itis situated in the head of the epididymis, above and behind 
the body of the testis. 

4% Swelling contains barley water like fluid, which contains 
spermatozoa. 

 Itis soft, cystic and transilluminant. It is often considered 
by the patient as having an additional testis. 

Aspiration cytology confirms the diagnosis. 

Treatment: \t can be left alone. If it is large, excision is done. 


Fig. 26.197: Spermatocele occurs behind and above the tests. Itis 
tunilocular containing ‘barley’ lke fluid. 


Fig. 26.198: Spermatocele. It was earlier mistakenly 
called as 3rd testis. 


Differential Diagnosis 


Epididymal cyst. 


@ Hydrocele, 
Epididymal cyst ‘Spermatocele 
Congenital ‘Acquired retention cyst 
Behind the body of the testis. Behind and above the testis 
Mattiocular Unilocular 
Bunch of grapes appearance Looks like 3rd testis 
Clear fuid as content Barley water fuid contains 
Brilliantly transilluminant sperms 
Excision should be avoided —_Transilluminant_ 
inyoung Can be excised 


ll VARICOCELE 457 


% Itis dilatation and tortuosity of the pampiniform plexus 
of veins and so also the testicular veins. Normally, there 
will be numerous plexus of veins (pampiniform) in the 
serotum, which all join together to form about 4-8 veins in 
the inguinal canal. Above, in the abdominal cavity, in the 
posterior abdominal wall all join to form a single testicular 
vein, On left side, it drains the left renal vein; on the right 
side it drains the inferior vena cava 

% Varicocele is common in fall, thin young men. 

% More common on the left side, but often can be bilateral. 


Fig. 26.201: Scrotal L/S showing varicocele. 


* Commonly, it is idiopathic in origin, may be due to absence 
or incompetent valve at the junction of left testicular vein 
and left renal vein causing inefficient drainage of blood, 
Other reason is, due to perpendicular (right angle) entry of 
the left testicular vein into the left renal vein. 

# In left sided renal cell carcinoma, tumour proliferates into 
the left renal vein and blocks the entry of left testicular vein 
causing varicocele on left side which is irreducible. 


# Varicocele causes increased temperature in the scrotum 
which depresses the spermatogenesis and so causes infer- 
tility (correctable infertility). 


wnjo19g 


Fig. 26.199: Clinical photo of left sided varicocele—‘bag of worrns’ 
look. 


i— Kidney 


Loft testicular 
Right vein 
testicular 


Fig. 26.200: Anatomy of testicular veins. Left testicular vein joins into 
left renal vein in perpendicular fashion. Right vein joins IVC directly. Fig. 26.202: Varicocele itis common on left side 


When the scrotal skin of the affected side is less rugose than the normal side, it is probable that, that half of the 
scrotum never contained a testis. W —Kenneth I Macrosson 
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Figs 26.203A and B: Varicocele—on table look of tortuous 
pampiniform plexus of veins. 


Types of Varicocele 


Primarylidiopathic—95%: No cause is found, There is 
incompetence of valves of the testicular vein. Its common 
on left side because left testicular vein joins left renal vein 
perpendicularly and left side vein is longer and liable to get 
compressed by loaded sigmoid colon, Left renal vein is often 
compressed between aorta and SMA. 

Secondary—due to specific cause like left-sided renal cell 
carcinoma with a tumour thrombus in left renal vein causing 
obstruction to venous flow of left testicular vein, 
Subfertility/infertility are observed even in unilateral vari- 
cocele. It is a debate whether it really causes subfertlity 
Possible causes are 

Altered heat exchange mechanism of the scrotum due to 
varicocele > hyperthermia — inhibition of spermatogen- 
esis, 

Increased blood flow —> increased temperature in the testes 
— increases the metabolic activity using glycogen storage 
— depletion of glycogen — injury of parenchyma of testes 
— oligospermia, 

Hypoxia of testes. 


# Same cause leads into Leydig cell dysfunction, decreasing 
testosterone levels 
Final effect is maturation arrest —> poor spermatogenesis. 


Clinical features: 
+ Swelling in the root of the scrotum 
+ Dragging pain in the groin and scrotum 
+ "Bag of worms" feeling 
‘® Impulse on coughing 
4 Onlying downit gets reduced (exceptin renal cell carcinoma) 


Bow sign: After holding the varicocele between thumb and 
fingers, patient is asked to bow. Varicocele gets reduced in 
size. Bowing reduces the blood flow of testicular vein and 
pampiniform plexus causing reduction in size 


yaRanGRA - 
1, Small 

ll, Moderate 

I, Large 

IV, Severely tortuous 


Differential Diagnosis 


# Hydrocele 
# Inguinal hernia, 

# Lymph vatix. 

© Lipoma of the cord, 


Investigations 


% Venous Doppler of the scrotum and groin, 
# U/S abdomen to look for kidney tumour, 
# Semen analysis 


Treatment 


Fig. 26.204: On table varicocele finding. 


Patomo’s operation: Suprainguinal extraperitoncal ligation 
of the testicular vein, 

Inguinal approach (Inavissevich approach): Easier and sate 
Subinguinal approach (Mare-Goldstein): tis subinguinal 
approach at superficial inguinal ring outside the external 
oblique aponeurosis without opening the external oblique 
aponcurosis, Here cord is easily identified through a small 
incision 

Scrotal approach: In case of grade IV, veins have to be 
excised through this approach. 

Laparoscopic approach:Presently accepted, good 
approach. 


+ Pain 
+ Oligospermia—usually in 6-12 weeks oligospermia improves 
very well and also the conception rate 


Haemorrhage and scrotal haematoma 
Infection, pyocele 

Injury to testicular artery 

Injury to ilioinguinal nerve and pain 
Recurrence —5-10% 


eeeee 


Everything has its beauty but not everyone sees it. 
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CHAPTER OUTLINE 


» Head Injuries 
» Extradural Haematoma 

~ Subdural Haematoma 

* Subarachnoid Haemorthage 
» Depressed Skull Fracture 

» Hydrocephalus 

Intracranial Abscess 
Intracranial Aneurysms 
Intracranial Tumours 


lm HEAD INJURIES 


Now as soon as thou findest that smash which isin his skull lke 
those corrugations which form on molten copper, (and) something 
therein throbbing and fluttering under thy fingers like the weak 
place of an infant’ crown before it knits together-when it has 
happened there i no throbbing and fluttering under thy fingers, 
Until the brain of his (the patient's) skull is rent open-(and) he 
discharges blood from both his nostrils and both his ears,(and) he 
suffers stiffness in his neck 

(Anonymous), circa 2500 BC 


Mechanism 


1, Distortion of the brain: Brain is a soft structure, therefore 
has a ‘mobility’ and readily distorts. This distortion and 
‘mobility is accentuated by CSF and vascular components. 
Any impact creates shearing forces in the brain causing 
damage to neurons, supporting tissues and blood vessels. 
This leads to loss of consciousness, focal neurological 
deficits. Such distortive damage may be temporary or 
permanent. 

2, Mobility of the brain in relation to the skull and membranes 
causes cerebral damage and bleeding in dural spaces from 
torn vessels in the dura, commonly the veins. In old age, 
the brain shrinks, as a result of which ‘mobility’ of brain 
increases favouring rupture of veins which cross the 
subdural space. 

3. Configuration of interior of skull- Damage is less severe 
over the smooth area but is more severe over the rough 
and sharp areas. So the damage is severe over the anterior 
cranial fossa, over the falx, and over the tentorium, 


© Pituitary Tumours 
© Craniopharyngiomas 

= Spinal Dysraphism 

= Meningocele 

© Spina Bifida 

Intervertebral Disc Prolapse 
= Tuberculosis of Spine 
Spinal Tumours 


Fig. 27.1: Exposed skull after trauma with sepsis. It needs multiple 
burr holes to allow granulation tissue formation from depth. Later 
skin grafting can be done. Otherwise local rotation flap is needed, 


4, Deceleration and acceleration injuries: Deceleration injuries 
‘occur when moving head strikes an immovable object (like 

road traffic accidents). deceleration injuries occur when 
stationary skull i struck by a moving object (like in assault) 

5. Cerebral concussion is slight distortion causing tempo- 
rary physiological changes leading to transient loss of 
consciousness with complete recovery. 

6. Cerebral contusion is more severe degree of damage with 
bruising and cerebral oedema leading to diffuse or localized, 
changes, 


7. Cerebral laceration is tearing of brain surface with collec- 
tion of blood in different spaces and with displacement of 
ural parts. 


Effects of Brain Injuries 
1. Brain oedema is accumulation of fluid, both intracellular 
and extracellular. It is due to congestion and dilatation of 
blood vessels. It may be diffuse or localized. 
2. Brain necrosis is of severe variety with destruction and is 
due to haemorrhagic infarction, 
3. Extradural haematoma occurs usually in temporoparietal 


This leads to: 

a. Deterioration in the level of consciousness. 

b, Dilatation of pupil on the side of compressing mass 
(haematoma). 

¢. Hemiparesis on the same side of the mass lesion 
(haematoma) due to compression of the contralateral 
corticospinal tract. This effect is called as “Kerno- 
han’s notch”. 
Herniation of infratentorial contents through the 
foramen magnum causes obstruction of cerebral 
aqueduct which further damages the brain function 


region. It is commonly due to tear in middle meningeal 10. Respiratory failure altering PO, and PCO, levels. 
‘eins and often middle meningeal artery. It causes intrac- 11. Raised intracranial pressure causing bradycardia, hyper- 
ranial hypertension, displacement, Kemohan's effect and tension, vomiting. Raised intracranial pressure may 
often death. precipitate coning and thus aggravates brain ischaemia, 
4, Subdural haematoma is due to tear of veins between 12. Fluid and electrolyte imbalance. 
cerebrum and dura due to shearing forces. Itis diffuse and 13. Hyperpprexia. 
commonly associated with cerebral injury. 14. Convulsions due to irritation of grey matter. 
5. Intracerebral haematoma can occur in different parts of 15. CSF rhinorrhoea or CSF otorrhoea. 


cerebrum may be in frontal lobe, temporal lobe. 

6. Intraventricular haemorrhage is very severe type of taem- 
orthage. 

7. Brain ischaemia is due to increased pressure. This in tum. 
leads to alteration in the perfusion of brain which itself 
aggravates the ischaemia and this forms a vicious cycle, 
causing progressive diffuse ischaemia of brain, 

8. Coup injury occurs on the side of the blow to the head. 
Contre-coup injury occurs on the side opposite to the blow 
on the head. 

9. Coning: It is due to raise in intracranial pressure causing, 

er: 
i, Hemiation of contents of supratentorial compartment 
through the fentorial hiatus or 
ii, Hemiation of the contents of infratentorial compart- 
‘ment through the foramen magnum 
{In supratentorial hemiation, there is compression of ipsilateral 
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third cranial nerve and midbrain, Midbrain is displaced away 
‘rom the mass (haematoma) and midbrain is pressed by the sharp 
edge of tentorium cerebelli of opposite side leading to dysfunc~ 
tion of corticospinal fibres (which after decussation supplies the 
opposite side of the body, ic. same side of the injury) 


Fig. 27.2: Coning with Kernohan’s notch. 


Figs 27.38 and B: Balck eye in two different patients. 


___ For the resolute and determined, there is time and opportunity. 
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Pathology of Head Injury 


Primary lesions Secondary lesions 
+ Diffuse neuronal damage Brain swelling 
+ Shearing lesions + Oedema, venous con- 
+ Contusions gestion, hypoxia 
+ Lacerations Intracranial haemorrhage 
+ Extradural 
+ Subdural 
+ Intracerebral 
Infections 
+ Open head injury 
Generalised meningitis 


‘Subdural empyema 
+ Closed head injury 


Pott’s puffy tumour 
Cerebral concussion Cause of death in head injury 
+ Temporary physiological + Brain hypoxia 

paralysis ofnervous + Coning 

system + Diffuse severe irrever- 


Loss of consciousness sible neuronal injury 
Post-raumatic amnesia + Death may be due to other 
Fullrecovery is expected injuries ike abdo-minall 


Residual complications thoracic 
may develop + Metabolic changes 
* Aspiration in unconscious 
patient 
Other features 


CSF leak or bleeding from nose 
Blood collection in the orbit 

Black eye 

‘& Battle's sign—ecchymosis over the mastoid 
‘= Haematoma of scalp 

+ Panda sign—bilateral black eye 


Clinical Approach of a Patient with Head Injury 


1, Detail history of injury has to be taken and also the process 
of deterioration—rapid or gradual 

2, History of alcohol intake: Alcohol intake mimics head 
injury and alcoholism itself may mask the features of head 
injury. 

3, Neurological assessment: By 


Level of consciousness 
Glasgow coma scale 

Pupillary reaction to light and size 

Pulse 

Temperature 

Blood pressure 

Respiratory rate 

Reflexes 

Limb movements—normal/mildweakness/ severe weakness/ 
spastic lexion/extension/no response 


eeeeeeoee 


4. Status and protection of airway. 

5. General assessment and other injuries like fractures, 
abdominal organ injuries, thoracic injuries are looked 
for. 

6. Presence of any scalp haematoma, fractures of skull bone 
which may be depressed has to be looked for. 

7. Any blood from nose or ear, CSF rhinorrhoea or CSF otor- 
thoea has to be looked for. 


Indications for Hospitalisation 


@ Anyaltered level of consciousness 

4 Skull fracture 

Focal neurological features 

‘® Persistent headache, vomiting, systolic hypertension, brady- 
cardia 

® Alcohol intoxication 

‘& Bleeding from ear or nose 

Associated injuries 


Fig. 27.4: Degloving injury scalp. Note all layers ofthe scalp stripped off 


Fig. 27.5: Patient with head injury having black eye. 


Glasgow coma scale 1175 


Eye opening Verbal response Motor response 
‘Spontaneous 4 Oriented =8  Obeys commands 6 
To speech -3 Confused 4 Localises pain 5 
To pain =2 Inappropriate words =3 Flexion to pain 4 
None =1 __Incomprehensible words 2 Abnormal flexion = 
None 1 Extension to pain 2 
None =a 

Total score-15, 


Mild head injury: score 13-15 
Moderate head injury: 9-12 
‘Severe head injury: less than 8 (3-8) 


‘Adelaide coma scale 

Itis used in children. 
Scores for eye opening and mator responses are same as 
Glasgow coma scale 

But verbal response scare differs—Orlented-5. Wards-4, Vocal 
ssounds-3, Cries-2. Nil 

Orientation cannot be evaluated below 5 years, Far first 6 
‘months, the best verbal response is CRY 


Investigations 


% X-ray skull: To look for fracture, relative position of the 


calcified pineal gland, presence of intracranial air. z= 
# Serum electrolyte measurement. 2 
# Blood grouping and cross matching. 8 
% CT scan: Plain (not contrast) to look for cerebral oedema, é 
haematomas, midline shift, fractures, ventricles, brainstem ‘® 
injury. < 
Carotid arteriography, Fig. 27:7: CT scan head showing intracerebral haematoma 


Investigations for other injuries like ultrasound of abdomen, 
% Monitoring of intracranial pressure 


Treatment 


General 


% Protection of airway using mouth gag, endotracheal intuba- 
tion or tracheostomy, whenever required. 

% Throat suction, bladder and bowel care and good nursing 
are very essential 

* Nasal oxygen, or often ventilator support. 

* IV fluids initially, later Ryle’s tube feeding has to be done. 

% Electrolyte maintenance. 


Drugs 


% Sedation is avoided. 

% Analgesics and anticonvulsants like phenytoin or pheno- 
barbitone is started. 

* Diuretics are given to reduce cerebral oedema—either 
mannitol 20%, 200 ml IV 8th hourly or frusemide 40 mg 

Fig. 27.6: CT scan head showing scalp haematoma IV 8th hourly. It should not be given in case of intracranial 
‘on both sides. There is no internal injury. haematoma. 


In great attempts, itis glorious even to fail. 


Appendix B — THe Methodology 


In the formalism of the THe}! methodology, the functions T'and H are introduced by requiring that the 
Lagrangian for the motion of particles (with charge e, and mass mo, for the a particle), under the joint 
action of gravity and the electromagnetic field 4q ( = spacetime vector components), be expressed in the 
canonical form 


L= LJ (-m rH eye,” lt +(82)'f(ee+u'B*)d'xd BD; 


where the arbitrary functions 7, H, €, and jt are functions of the metric (a.k.a. gravitation field), v," is the 
a particle four-vector velocity, and Ag is the electromagnetic field four-vector potential, E and B are the 
electric and magnetic field strengths, and (B.1) is in geometrodynamic natural units (4 = co &o = bo 
). The Lagrangian characterizes the motion of charged particles in an external gravitational field by 
the two functions T and H, and characterizes the response of the electromagnetic fields to the external 
gravitational field by the two functions € and 41. For all standard (metric) theories of gravity, the four 


functions are related by 
exu= (B2); 
=u= | ; 


and every metric theory of gravity satisfies this relation, such that the Einstein Equivalence Principle is 
satisfied. 


Approved for public release; distribution unlimited. 
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Figs 27.88 and B: CT scan head showing sharp head injury causing 
through and through cut across skull and brain, Patient survived and 
‘went home. 


Antibiotics like penicillins, ampicillins are given to prevent 
the onset of meningitis 

* Corticosteroids, either dexamethasone or betamethasone is 
used commonly, but its beneficial effect is not confirmed. 
Indications for surgery 
» Acute extradural haematoma, 
» Acute subdural haematoma. 
> Depressed skull fracture 


Procedure 


Craniotomy is done and cranial flap is raised. Clot is evacuated 
followed by applying hitch stitches between dural layer and 
scalp, Postoperative antibiotics, analgesics, anticonvulsants 
are given, 


Complications of Head Injuries 
Early 


% Brainstem injury—due to coning. 

* Compression over cerebellum and medulla. 

% CSF rhinorrhoea: Due to communication between intracta- 
nial cavity and the nose. There isa tear in the dura following 
the fracture involving the sinuses—frontal, ethmoid, sphe- 
noid sinuses. Meningitis is the common complication of 
CSF rhinorrhea, 

Treatment: Initial management is only conservative, for 10 
days—by antibiotics and observations, 


J RCRA SEI GEA RTOS : 
& Fracture of middle third face 

‘& CSF rhinorthoea persisting for more than 10 days 

@ Fracture of sinuses 

@ Anaerocoele 

@ Anattack of meningitis 


Surgeries: 
i, Reduction of fracture of middle third face. 
ii, Exploration of anterior cranial fossa 

* Meningitis—common. 

% Pituitary damage and endocrine failure—requires high dose 
of hydrocortisone 200 mg, 6th hourly. 

+ Aerocoele. 

© CSF otorrhoea. 

% Depressed fractures, often causes injury to dural venous 
sinuses and may lead to torrential haemorrhage, which 
may be life threatening, So such depressed fractures should 
never be elevated. 


Fig. 27.9: Multiple burr holes done to promote formation of granulation 
tissue from vascular diploe of the skull. Once granulation tissue covers 
the entire defect, skin grafting can be placed, 


Late 


* Chronic subdural haematoma. 
* Early post-traumatic epilepsy—they need anticonvulsants 
for 3 years. 


* Late post-traumatic epilepsy is due to scarring and gliosis 
of cerebrum, 
Post-traumatic amnesia 

* Post-traumatic hydrocephalus. 

* Post-traumatic headache, 


ll EXTRADURAL HAEMATOMA 


* Its collection of blood in the extradural space between 
the dura and skull 

% Most common site is temporoparietal region. It can be 
unilateral or bilateral 


Vessels commonly involved 
‘& Middle meningeal veins 

‘& Anterior branch of middle meningeal artery 

‘Posterior branch of middle meningeal artery 


Usually it is associated with fracture of temporoparietal 
region. 


Pathology 


Direct blow, like from cricket ball or road traffic accidents or 
fall and impact or coup and contre-coup injuries 


Fracture of thin temporal bone 
+ 


Tear of vessels 


Bleeding initially outward towards the scalp and under 
temporalis muscle 


Formation of haematoma 
+ 
Gradual stripping of dura from skull and collection of blood 
oceurs 
+ 
In 6-12 hours extradural haematoma oceurs which raises the 
intracranial pressure 
+ 
Coning of supratentorial content (uncus of temporal lobe) 
through tentorial hiatus 
+ 
Shift of midbrain towards opposite side which gets injured 
by sharp edge of the tentorial cerebelli 
+ 


Corticospinal tract before decussation on opposite side gets 
injured 
+ 
iparesis, and pupillary changes occur on the same 
side of bees 


This effect is called as Kernohan’s notch effect. 


So het 


Immediately afier injury, there is transient loss of conscious- 
ness and the patient soon becomes normal. Later after 6-12 


hours, he again falls ill and the condition deteriorates. 
This is the time taken to develop raised intracranial pres- 
sure, coning and its effects, This crucial time gap which is, 
unnoticed and often missed is called as “lucid interval”. 


Clinical Features 


% History of transient loss of consciousness following a H/o 
blow or fal 

* Patient soon regains consciousness and again after 6-12 hr 
starts deteriorating (Lucid interval. 

* Later the patient presents with confusion, irritability, 
drowsiness, hemiparesis on same side of the injury. Initially 
pupillary constriction and later pupillary dilatation occurs 
‘on the same side, finally becomes totally unconscious — 
Hutchinsonian pupils. 

# Death can oceur i 
done. 

Features of raised intracranial pressure like high blood. 
pressure, bradycardia, vomiting is also seen, Occasionally 
convulsions may be present. 

% Wound and haematoma in the temporal region of scalp 
may be seen. 


mediate surgical intervention is not 


Investigations 


X-ray skull may show fracture of temporal bone, 
Electrolyte estimation. 

CT scan head is diagnostic. Extradural haematoma shows 
biconver lesion. 


Fig. 27.10: Extradural haematoma. Note the biconvex configuration 
of the haematoma. 


Treatment 


Immediate surgical intervention is a must to save the life of 
the patient. 


Fourth nerve when paralysed causes diplopia when going downstairs (that is on looking downwards). 


—Sir Benjamin W Ryeroft 
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Figs 27.11 and B: CT scan head showing extradural haematoma 
with biconves lesion, 


* Craniotomy is done and cranial flaps are raised, The dura is 
‘opened and the clot is evacuated. The dura is fixed to galea 
using interrupted sutures—Hitch stitches 

¢ Antibiotics and anticonvulsants are given postoperatively. 

% Recovery is good after surgery. 


‘Treatment of extradural haematoma 


+ Earliest surgery and evacuation isthe need 
‘ Scmvertical incision in parietal region above the zygoma 
4 Galeais incised, Skulls opened using perforator and burr 
& Meninges are kept aside 

® Black currant jelly clots evacuated 

@ Bleeding vessels are cauterized—bipolar cautery 


Dural hitch stitches are placed 
Opposite side if needed should be evacuated 
Antibiotics; anticonvulsants 

Analgesics 

General measures—catheter; fluid therapy 
Prevention post-traumatic complications 


eeeeee 


Complications 
Psy 


+ Post-traumatic epil 
© Meningitis 
‘® Post-traumatic amnesia 


lm SUBDURAL HAEMATOMA 
Types 


@ Acute 
& Chronic 


Acute Subdural Haematoma 


* Iisa collection of blood between the brain and dura. It is 
due to injury to the cortical veins and often due to laceration 
of cortex of brain which bleeds and blood gets collected in 
the subdural space forming a haematoma 

# Here haematoma is extensive and diffuse. There is no lucid 
interval. There is severe primary brain damage. 
Haematoma may be of coup and contre-coup type. 

Loss of consciousness occurs immediately after trauma 
and is progressive. 

Convulsion is common. 

Features of raised intracranial pressure is obviously seen— 
high BP, bradycardia, vomiting, 

Focal neurological deficits or hemiparesis can occur. 

CT scan shows concavo-convex lesion. 


Treatment 


* Antibiotics, anticonvulsants. 
% Surgical decompression is done by craniotomy 


Chronic Subdural Haematoma 


# Its due to the rupture of veins between dura and brain 
(cerebral hemispheres), causing gradual collection of blood, 
in subdural space. 

* Itis commonly seen in elderly people following any minor 
trauma like fall, slipping (which might have gone unnoticed) 

%  Inelderly people, brain atrophies and even minor injuries 
‘can cause shearing and bleeding from these veins. 

* Blood collects gradually over 2-6 weeks. Plasma and 
cellular components get separated. Eventually cellular part 
gets absorbed leaving only fluid component, It is called as 
chronic subdural hygroma, 

% Usual haematoma collection is 60 
of cases, itis bilateral 


20 mi, Often in 50% 


Clinical Features Treatment 479 


Common in old age, with history of minor trauma, * Craniotomy and evacuation of clot is done when required 
% Patient presents with confusion, disorientation, gradually on both sides. 
With altered level of consciousness and drowsiness, % Antibiotics: 


* Later convulsions, features of intracranial hypertension, ¢ Anticonvulsants for 3 years. 
features of coning develops. 
Extensor plantar response and pupillary changes develop 


eventually. & Epilepsy 
& Meningitis 
Investigations + Coning 


+ Neurological deficits 
# CT scan (shows concavo-conver lesion). 
* Scrum electrolytes. , 
% Blood grouping and cross matching, Chronle'Subdurallempyema 
# Itmay be primary infection of subdural space from sinusitis 

Differential Diagnosis focus causing suppuration and pus formation 
Itcan be complication of the chronic subdural haematoma, 


Itis due to secondary bacterial infection of collected clot! 
Intracranial space occupying lesion, fluid 


Electrolyte imbalance. 


% Infection is from sinusitis scalp (common)/through earlier 
trauma wound/Haematogenous. 

% Commonly Gram positive organisms cause empyema like 
streptococci (viridans/milleri) but other virulent organisms 
like Gram negative bacteria occasionally can cause. 

% There is cortical venous thrombophlebitis and co 
infarction, 

% Headache, fever, meningism and convulsions are the 
features, 

MRI is ideal than CT to diagnose. 
Treatment: Amtibioties, craniotomy and drainage; anticon- 
vulsants, ICU eare, proper monitoring, regular follow up 

% Condition has got 10% mortality. 


™ SUBARACHNOID HAEMORRHAGE (SAH) 
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Fig, 27.12: Subdural haematoma. Note the concavo-convex 

configuration of the lesion. The Abbotby chance wished to decide with him the fateof the serv- 
ants, found (him) prostrate upon the ground, insensible to shouts, 
to shaking and pinching of the body... senseless... saw him livid 
from pallor, deprived of all sensation and animate motion.... The 
first hour after midday of the same day he ceased to lve.... By 
the indulgence of the Most Reverend Lord Abbot... !opened the 
head... Much blood flowed from the space....The (blood) covered 
(the brain) allover....The ventricles laid open found them all filed 

up with blood, 
Johann Jakob Wepfer, 1658 


Iisa type of intracranial haemorrhage into the subarachnoid 
space usually from basal cisterns. 
It may be spontaneous or following trauma, 


‘Causes: i 
‘Intracranial aneurysms—commonest cause (50%) 
Hypertension 
‘ AV malformations 
& Blood dyscrasias 
* 
+ 


Anticoagulant drugs 


Fig. 27.13: CT scan head showing subdural haematoma with SL Aanaee acer 


Two black eyes following one injury indicate fracture of the base of skull Sir Earnest Finch 
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Clinical Features 


# Sudden onset of severe headache with vomiting. 

Features of raised intracranial pressure 

% Photophobia 

# Neck stiffness. 

% Focal neurological deficits: hemiplegia, dysphasia, 

% Eye changes: ptosis, dilated pupil, changes in the 
movements, 

% Sudden loss of consciousness 

Features of brain oedema and cerebral ischaemia. 


In 40% of recovered patients, rebleeding occurs in 6-8 weeks 
which is commonly fatal 


Hunt and Hess grading for subarachnoid haemorrhage 
Grade 1: Asymptomatic 
Grade 2; Severe headache and necksstif ness 
Grade 3: Drowsy, confused or mild focal deficit 
Grade 4: Stupor, hemiparesis 
Grade 5: Decerebrate rigidity, coma 


Fischer grading of SAH 
[minimal <8 mm size 
—-maderate 8-15 mm size 
severe > 15 mmsize 


Differential Diagnosis 


© Meningitis 
© Coning due to any cause. 


Investigations 


* Lumbar puncture should be done to differentiate from 
‘meningitis. 
Ithas to be done carefully as it may precipitate coning. 
In subarachnoid haemorrhage, blood stained CSF is 
collected 


Fig. 27.14: CT scan showing intracerebral brain haemorthage. 


# CT scan, 
* Carotid and vertebral angiogram. 


Treatment 


* Clipping, or wrapping the aneurysm, 

% Craniotomy and proceed. 

% Ligation of common carotid artery—there is risk of hemi- 
plegia 

% Therapeutic embolisation 

* Excision of vascular malformations. 

* Coiling of aneurysm with instruments, 


ll DEPRESSED SKULL FRACTURE 


* Itis a common neurosurgical problem among the head 
injuries: 

#  Itmeans fracture depression is more than the depth of inner 
table of the skull 


Problems in depressed fracture 

‘® Tear in the dura beneath 

‘ Haematoma in the deeper plane 

Injury to the cerebrum 

Injury to the venous sinuses—may cause life-threatening 
haemorrhage. Fracture should nat be elevated in such acca- 
sion,asititself can precipitate bleeding 

® Convulsions 

© Meningitis 


Investigations 


© CT scan, 


Fig. 27.15: Depressed skull fracture. 


Treatment 


% Antibiotics, anticonvulsants. 
% Elevation of the depressed fracture: Burr holes ate made 
in the adjacent normal skull. Fracture is elevated. Bony 


fragments and necrotic materials are removed, Dural tear 
is closed with interrupted sutures 


ll HYDROCEPHALUS 


The heads of children sometimes grow enormously large, the sutures 
give way, and the membranes ofthe brain are pushed up with the 
water within, and make a soft tumourrising above the edges ofthe 
sutures... They daily become more and more stupid, with a pulse 
‘not above seventy-two, 

—William Heberden, 1802 


It is dilatation of ventricles due to blockage of cerebrospinal 
fluid flow (CSF) or due to increased secretion or due to defec- 
tive absorption of CSF, 


Classification | 


© Communicating type: Ventricles communicate freely into 
the subarachnoid space. 
Here there is defective absorption of CSF following any 
inflammation, subarachnoid haemorrhage or trauma, 
* Noncommunicating type: Obstruction is in the ventricle 
or ts exit, due to any tumours or any inflammatory process. 


Clinical Features 


Bulging of anterior fontanelle, engorged scalp veins, sepa- 
ration of suture lines, sun-setting sign (decreased upward 
gaze), increasing head circumference, papilloedema, lethargy, 
ataxia. 


Investigations 
CT-scan, ventriculography, air encephalography, MRI. 


Treatment 


Tapping of lateral ventricles. 

* Ventriculocysternostomy using polythene catheters— 
Torkildsen operation. 

% Ventriculostrial (VA) shunt 

# Ventriculoperitoneal (VP) shunt. 


Classification II 


Figs 27.16A and B: Hydrocephalus child, CT scan 
‘head picture in hydrocephalus, 


[eongenitar ‘Acquired 
Associated with spina-bifida and myelomeningocele. It May be unilateral or bilateral (midline obstruction), 
is due to: dus to: 
+ Failure of formation of CSF pathways * Chronic meningitis 
+ Amold-Chiari malformation + Trauma 
+ Congenital stenosis of aqueduct of Sylvius + Subarachnoid haemorrhage 
+ Presents with widening of sutures, tense fontanelles + Brain tumours—{(pineal/cerebellar/craniopharyngiomas) 
and decreased cortical thickness: + Colloid cyst of 3rd ventricle 


+ Enlargement of head occurs, either prenatal (can 


cause obstructed labour) or postnatal * Arachnoid cysts 


The blessing of health is realised on the sick bed.—Mr Tut-Tut 
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ll INTRACRANIAL ABSCESS 
Types 


* Extradural abscess: Caused by: 
» Osteomyelitis of skull 
> Middle ear infection 
> Frontal sinusitis, 

Potts puffy tumour is subperiosteal swelling with infec: 
tion and inflammation of the scalp. There is acute localized 
headache and tenderness in the skull, localized pitting 
‘oedema of the scalp usually in the frontal region. 

% Subdurat abscess: is caused by septic thrombophlebitis 
from the frontal sinusitis or other infections. Its often very 
severe with extension into the venous sinuses. 


* Intracerebral abscess: is caused by 
> Extension from middle ear or sinuses, 
> Blood-born infection. 

» After intracranial injuries. 


srebellum, frontal lobe, 


Common sites: Temporal lobe, 


Itean be: 

a. Acute—There's acute septic encephalitis without pus forma- 
tion. It may cause ventriculits or localized abscess formation 

b, Subacute—Occurs in 3 weeks, by the formation of a glial 
walle. thickness is more near the cortex and less towards 
ventricle 

& Chronic—Occursin6 weeks with thick wall which may persist 
‘ormay get enlarged behaving like a space occupying lesion 

d, Metastatic—Abscess in brain occurs eitherin cerebrum (pari- 
«tal or temporal lobes) or in ventricles (Ventriculitis is more 
dangerous and often fatal) 


Clinical Features 


* Evidence of focus of infections are seen, i.e. middle ear 
(CSOM), sinusitis. 
© Focal neurological features are seen, depending on the 


tures of 


location of abscess. In temporal lobe abscess f 


dysphasia, contralateral hemiparesis are seen; in cerebellar 
abscess, all cerebellar symptoms are seen, 

* Epilepsy. 

% Features of raised intracranial pressure: (a) slow pulse, 
(b) rising BP, (c) headache and vomiting, (d) papilloedema, 
(c) deterioration in level of consciousness, ({) visual distur- 
bances. 


Differential Diagnosis 


© Intracranial tumour. 
% Tuberculoma. 
© Meningitis, 


Investigations 
# CT sean 
* MRI. 


® Carotid angiogram. 


*  Ventriculography. 
© BEG. 
% Isotope brain sean. 
* Total count, ESR 
* Investigation specific for focus of infection. 

Lumbar puncture should be avoided in acute abscess as 


coning can occur. 


Fig. 27.17: Intracranial abscess. It needs drainage. It could be 
tuberculosis. It is a space occupying intracranial lesion, mimics 
‘malignancy often. 


Treatment 


% Antibiotics —high dose penicillins, benzyl penicillins are 
given 

* Burr hole exploration is done and Dandy’s brain cannula is 
placed. Pus is aspirated and sent for culture and cytology. 

# Incase of chronic abscess, exploration of cranial cavity and 
excision of brain abscess is done. 


‘Complications 
Intracranial hypertension 
% Coning 
@ Neurological deficits 


l@ INTRACRANIAL ANEURYSMS 
Types 


% Subelinoid type ocours in the intemal carotid artery within 
the cavernous sinus. It causes ptosis, defective external 
‘ocular movements, Sth nerve palsy, It can cause carotid- 
cavernous fistula. 

% Supractinoid type is commonest type 
» Berry aneurysms: A congenital type occurs in circle 


of Willis in relation to internal carotid artery [40% 


(most commonly at the origin of posterior communi- 
cating artery)], anterior communicating artery, middle 
cerebral artery, vertebrobasilar artery. It occurs due to 
weakness in the media of major arteries. 

> Acquired aneurysms due to atheromas, hypertension. 

> Mycotic aneurysms occurs due to infection in the wall of 
cerebral vessels, as a result of any bacteraemia, 

Common sites are peripheral branches of middle cerebral 

antery. 


Presentations 
Subarachnoid haemorrhage 
© Pressure effects 
@ Convulsions 
‘@ Eyeand pupillary signs 


Investigations 


© CT scan. 
© Carotid and vertebral angiogram, 


Treatment 


* Clipping or wrapping of aneurysms. 
% Therapeutic embolisation. 
* Open neurosurgical approaches. 


m INTRACRANIAL TUMOURS 


Therewas discovered on {the corpus callosum) ofthe brain a remark- 
able round feshy tumour like an acorn.itwas hard and fullofholes 
and was as large as a medium-sized apple. It was covered with its 
‘own membrane and was entwined with veins... We perceived that 
this ballby compressing the brain andits ducts wth ts mass and by 
flooding ther, had been the accasion ofthe lethargy andlistlessness 
and finally of death, 

—Felix Platter, 1614 


Secondaries are the commonest malignant tumour in the 
brain. Metastasis occurs usually from lung (commonest), 


nasopharynx or from any other organ in the body 


‘Secondariesin brain 


‘@ Commonest malignant brain tumour 

& Primary are—lungs (408), breast (30%), melanoma (15%), 
others (15%) 

+ Usually multiple 

Headache, focal lesions, convulsions, hypertension, altered 
level of consciousness are the features 

‘@ CT scan, CT chest or evaluation of primary—needed 

® Radiotherapy and chemotherapy of particular primary Is 
treatment 

Solitary metastasis can be removed surgically 

4 Steroids reduce the cerebral oedema and so symptoms 


Fig. 27.18: Orbital secondaries from adrenal neuroblastoma. 


Fig. 27.19: CT scan head showing brain secondaries. 


Primary Brain Tumours 


1. Gliomas (43%). 
1. Astrocytomas are the commonest type. They are usually 
malignant. They can occur anywhere in the cerebral 


hemispheres, medulla, brainstem. Peak incidence is in 
4th decade. 

They can be diffuse, solid or cystic. They contain star- 
shaped cells resembling adult neuroglial cells. Astrocytic 


Disease is no absolute physical entity but a complete intellectual construction, an amalgam of biological state and 


‘social definitions. 


—Charles E Rosenberg 
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gliomas are graded as Grades J, I, Ill, V based on the 
quantity of adult and primitive cells 

Grade I - Cystic 

Grade Il — Diffuse 

Grade III -Anaplastic 

Grade IV ~ Glioblastoma multiforme — It is high grade 


aggressive type of astrocytoma. It is treated by surgical 
removal / debulking; high dose radiotherapy, chemotherapy 
with carmustine inserted into the surgical cavity and oral 
temozolomide. Median survival is 12 months; 2-year 
survival rate is 25% or less 


Fig. 27.20: CT scan showing astrocytoma — aggressive variety— 
rade IV—gliobalstoma multiforme. 


b, Oligadendrogliomas. 

© Spongioblastoma polare arises from the primitive spon- 
gioblasts, affects optic chiasma, third ventricle, hypo- 
thalamus. They are irremovable but are radiosensitive. 

4. Medulloblastoma occurs in children, affecting vermis 
of the cerebellum which grows rapidly with seedling 
elsewhere in the brain. 

€ Ependymomas: Cells here resemble ependymal cells. It 
can occur through out the cerebral hemespheres, 

2. Meningiomas (18%): They are usually globular, arising 
from the arachnoids. Tumour gets attached to the dura. It 
gets blood supply from dural arteries and veins, from emis- 
sary veins and veins of diploe and scalp. Along these veins 
tumour cells invade the bone, causing bone destruction and 
reactive hyperostosis 

Meningiomas are classified as fibroblastic, endothelial 
and angioblastic. 


Sites 
Parasagittal 
Frontobasal 
Posterior fossa 
Charoid plexus 


Microscopie: It contains whorls of spindle cells, with 
central hyaline material, with psammoma bodies. 
Meningioma 


@ 18% common 
‘@ Avising from arachnids 


© Gets blood supply from dural vessels 
‘ Invades the skull bone through emissary and diploe veins, 
Destruction and reactive hyperastasis of bone is common 
‘& Psammoma bodies are often seen histologically 

4 CT/MRI diagnostic 

4 Surgery is the choice therapy 

 Ithas got good prognosis 


3. Schwannoma (8%) 

as acoustic neuroma, 
Occurs in the internal auditory meatus which projects 

into the cerebellopontine angle (C-P angle), compressing 5, 
6, 7, Sth nerves. It presents with compressive features like 
unilateral deafness, trigeminal neuralgia, squint, cerebellar 
compression syndrome. 

A, Pituitary tumours (12%). 

5. Craniopharyngiomas (5%) 

6. Blood vessel tumours (2%) 


“ommon in auditory nerve, also called 


Clinical Features 


% Initial period of silent growth. 

# Focal syndromes with epilepsy. 

* Raised intracranial pressure with headache, vomiting, 
deterioration of level of consciousness, altered vision, slow 
pulse, high BP, papilloedema 

* Brain displacement and stage of coning, 


Note: 
First sign in acoustic neuroma is loss of corneal reflex. 


Specific Features 


% Frontal lobe tumours: Personality and emotional changes, 
epilepsy of generalised type, contralateral facial weak- 
ness. 

# Parietal lobe tumours: Jacksonian epilepsy, progressive 
hemiparesis, astereognosis, acalculia. 

% Occipital lobe tumours: Aura of flashing of light in contralat- 
cral field, homonymous hemianopia 

% Temporal lobe tumours: Progressive aphasia, visual, audi- 
tory, smell and taste hallucinations, hemiparesis, superior 
‘quandrantic hemianopia. 

Midline tumours: Produces bilateral hydrocephalus. 
‘Tumours of the third ventricle (colloid eyst is common): 
Causes bilateral hydrocephalus, progressive cerebral 
atrophy, dementia, sexual precocity, endocrine distur- 
bances. 

Pineal tumours: Causes precocious puberty 

ellar vermis tumours: Usually medulloblastomas, 
‘occur in young children, presents with progressive hydro- 
cephalus and features of herniation of cerebellar tonsils 
through foramen magnum, 

% Cerebellar hemisphere tumours: Commonly are astrocy- 
tomas, produce cerebellar syndromes, nystagmus. 


Fig. 27.21: CT scan head showing large 
‘meningioma frontal region. 


Figs 27.22A and B: MAl brain showing glioma brain. 
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Fig. 27.23: MRI brain showing glioblastoma multiforme. 
Its very aggressive malignant tumour. 
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Fig. 27.24: Skull Xray showing mass calcified lesion. It could be 


meningioma, dermoid extending intracranially 


Investigations 


X-ray skull 

» Cale 
giomas. 

> Separation of sutures. 

> A beaten silver appearance 

» Lateral displacement of pineal body. 

> Hyperostosis, expansion, destruction in skull bones, 

Isotope sean. 

CT sean, 

MRL 


rations like in meningiomas, craniopharyn- 


A very bold surgeon is the one who realise that, his patient takes all the risks. 
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Positron Emission Tomography (PET) 

Carotid angiogram (Introduced by Egas Moniz), 
#  Ventriculography. 

EEG. 


Figs 27.25A and B: 


raniopharyngioma from sellar region. 


Treatment 


¢ Relief of raised intracranial pressure 
a, Ventricular tap and drainage thro 
burr hole 
b. Tapping of eystic tumours and abscesses. 
c. Administration of mannitol 
decompression by partial removal of tumour. 
¢. Steroid therapy—dexamethasone. 


a posterior parietal 


Establishment of pathological diagnosis: 
a. Burr-hole and biopsy 
b. Craniotomy and biopsy using brain cannula. 
«. Frozen section biopsy. 
4. CT guided stereotactic biopsy 

* Removal of benign tumours—by different craniotomy 
approaches. 

* Decompressive surgeries for malignant tumours. 

% Shunt surgeries to drain CSF —ventriculoperitoneal shunt 
or ventriculoatrial shunt 
Radiotherapy—extemal radiotherapy is used as primary 
treatment or as an adjuvant therapy afler surgery 

¢ Chemotherapy is occasionally used. 


Prognosis 


‘Tumour which is benign and surgically accessible has better 
prognosis. 


d PITUITARY TUMOURS 


Ayoung student... suddenly (sleepy and lethargic) died in convul- 
sions within two weeks, n his brain the ventricles were found 
‘swollen with blood... which had gone down to the base of the 
skull... The olfactory bulbs were not swollen at all. The pituitary 
gland...was completely blocked by a...viscous and gelatinous 
‘mass about the size ofa small bean... Hencea dropsy of the brain 
ensued, 

Richard Lower, 1672 


Classifications | 


1, Eosinophil (Acidophil) adenomas: Tumour is usually 
small. Rarely it causes compressive features. 
It secretes excess growth hormone causing acromegaly 


in adults and gigantism in children. 

2. Chromophobe adenomas are common in females and in 
the age group—20-50 y 
Initially it is intrasellar and after sometime becomes 


suprasellar. Later, it extends intracranially often massively 


causing features of intracranial space occupying lesion. 
It presents with myxoedema, 
headache, visual disturbances, bitemporal hemianopia, 
blindness, intracranial hypertension, epilepsy 
Differential diagnosis: Meningiomas, 
CT scan, angiogram, X-ray skull are diagnostic. 
Treatment is surgical decompression by craniotomy through 
subfrontal approach or transsphenoidal approach. Deep 
external radiotherapy and steroids are also used. 

3. Basophil adenomas are usually small. ‘They secrete ACTH 
and presents as Cushing’s disease with all its features. 

4. Prolactin-secreting adenomas causes infertility, amenor- 
rhoea and galactorrhoea 


menorthoea, infertility, 


sncurysms. 


Figs 27.26A and B: Acromegaly due to pituitary 
tumours. Note the operated scar in the frontal region. 


Classification II 
‘& Hypersecreting 
+ Hyposecreting by compression and atrophy 
Classification III 
+ Micronodular-Tumour size less than 10 mm 
+ MacronodularsTumour size more than 10 mm 
Stages 
+ Stage of intrasellar development 


@ Stage of suprasellar extension 
Stage of massive intracranial exten: 


Investigations 


* X-ray skull—shows calcifications, destruction of sella 
turcica, mass lesion, enlarged pituitary fossa. 

© CT scan, 
MRL 
Hormone assay—like serum prolactin, growth hormone, 
ACTH, steroids, sex hormones, ete. 


Treatment 


Surgery: By subfrontal craniotomy approach or transphe- 
noidal approach. 

Care should be taken not to injure optic chiasma, arteries, 
cavernous sinus, 
* Extemal radiotherapy. 


lm CRANIOPHARYNGIOMAS 


They are large masses with cystic cavities, lined by ciliated 
epithelium containing cholesterol crystals. Areas of calcifica 
tions may be present and coral-like masses may be formed. 
They are adherent to the basal arteries and adjacent nerves. 
They are irremovable. They are tumours of sellar region. 


Clinical Features 


* Intrasellar craniopharyngiomas inhibits sexual maturation 
causing obese, impotent dwarf with bitemporal hemia- 
nopia (due to compression of optic chiasma) —Fralich's 

syndrome. 

* Suprasellar craniopharyngiomas produces Frolich’s 
syndrome; pressure on hypothalamus which controls sleep 
‘and water metabolism (causes somnolence and diabetes 
insipidus). 

% Massive intracranial extension causes intracranial hyper- 
tension and also hydrocephalus by obstructing CSF flow. 


Investigations 


¢ Skull X-ray shows caleification, 
# CT scan is diagnostic. 


Treatment 


% Through craniotomy or through transsphenoidal approach 
cystic tumours are evacuated, 

* Ventriculoatrial shunt has to be done to drain CSF in case 
of hydrocephalus. 

#  Ventriculocistemostomy—Torkildsen s operation is done in 
cases oflarge masses blocking the 3rd ventricle obstructing 
the CSF outflow 

* Radiotherapy 


@ SPINAL DYSRAPHISM 


It is posterior midline congenital deformity of spine due to 
fusion of ectodermal, mesodermal or neuroecto- 
jements either singly or in combination. It is due to 
arrest of closure of neural tube. 


Truth always exists; only lies are invented. 
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Types 
Myelocele 


‘There is failure of closure of neural as well as vertebral arch. 
‘There is raw oval defect uncovered over central canal which 
is incompatible with life and newborn infant dies soon, Loss 
of lower limb power, incontinence of urine, talipes, CSF 
discharge, and meningitis is common, Very occasional infant 
who survives develop a skin coverage from periphery but 
neurological problems are irreversible. It is common but least 
survival chance. 


Syringomyelocele 


It is rarest type. Central canal of spinal cord is dilated with 
bulging out of the canal under the skin of the dilated centrtal 
canal as thin cystic sac containing cord with meninges and 
nerve roots. Gross paralysis is common. It is identified on 
table as it is difficult to differentiate from myelomeningocele 
clinically, 


Myelomeningocele 


It occurs 2 in 1000 live births. Here part of the cord or cauda 
‘equina or both present as median eystic swelling at back. It is 
not transilluminant. It is common in lumbosacral region. Adhe- 
sion of spinal cord or cauuda equina to sac causes neurological 
deficit, Kinking, compromised blood supply causes neuro- 
logical deficit (30%). Monoplegia, paraparesis, paraplegia, 
talipes and incontinence are the features. It is almost always: 
associated with Arnold Chiari syndrome or Dandy Walker 
syndrome (atresia of foramina Lushka and Magendie), 


Meningocele 


Protrusion of spinal meninges through a congenital defect in 


the spinal laminar defect. 


Spina Bifida 


Neural arches failure to unite over a limited area and externally 
there is no protrusion but there is obvious defect. 


ll MENINGOCELE 


Itis the herniation of meninges through a weak point of spine 
where bony fusion has not taken place effectively. 

Swelling is covered with pia mater and arachnoid mater 
without dural covering and contains CSF. 


Clinical Features 


Present since birth. 
Soft, cystic, fluctuant with transillumination, 

Signs of compressibility 

Expansile impulse when asked to cough or when child 
cries, 


Location 
# Lumbosacral—commones. 

% Occipitocervical—2nd most common, 
Investigations 

* CT scan head to look for hydrocephalus 
* MRI spine. 

Treatment 


Excision as early as possible. Transverse elliptical incision. 
Closure of detect by plication. Approximation of muscles, 
Early closure prevents infection, 


Complications 


Ulceration, 
Haemorthage 

Closure may cause hydrocephalus which needs shunting 
of CSF 


Meningocele Meningomyelocele 


+ Membranes content + Membranes with nerve 

+ Soft, cystic roots 

+ Brilliantly transilluminant + Soft to firm 

+ Longitudinal furrow + Nontransilluminant 
absent + Longitudinal furrow is 


+ No neurological defect seen due to adherence of 
* Good prognosis after nerve roots 
repair + Trophic ulcer, bowel/ 
Urine incontinence, motor 
problems 
+ Neurological deficit 
present 
+ Not good results 


™@ SPINA BIFIDA 


Itis also classified under spinal dysraphism. 
Itis failure of enfolding of nerve elements within the spinal 
canal during developmental period. 

%  Iis usually seen in lumbosacral region. There is failure of| 
fusion of one or more posterior vertebral arches, 

# Itis often associated with other anomalies. 


Sites 


Lumbosacral 
& Thoracolumbar 


Types 


Spina bifida occulta—commonest type 
>» There is dimpling of skin with dermoids, lipomas in the 
site, Impulse on coughing can be seen. 


b. Spina bifida aperta 


& Motor paralysis 

4 Sensory paralysis 

+ Visceral paralysis with incontinence of urine and faeces 

‘& Swelling in the spine at the site of the lesion, may be lipoma 
‘or dermoid, with impulse on coughing 

© Bony defect at the site 

@ Hydrocephalus 


Initially there is no neurological deficit but later due to 
tethering, traction on dura, infection, can lead neuro- 


logical deficits 


Here neurological deficit is present. It may be myelomenin- 
-gocele wherein spinal cord and nerve roots are in the sac. 
Itmay be meningocele wherein sac consists of meninges 
and fluid only. 

Meningocoele is brilliantly transilluminant, Myelomenin- 
gocoele is not transilluminant. 


Clinical features 


Fig. 27.288, 


Figs 27.28A and B: Spina bifida with protruding 
‘dermoid through the defect. 


Investigations 


¢ Plain X-ray of the spine. 


4 © CT scan/MRI of spine and head. 
Treatment 


* Correction of deformity. 

* Maintaining the visceral function. 

% Development of limb function. 

% Ventriculoperitoneal shunt or ventriculoatrial shunt surgery 
for hydrocephalus. 


nF AL 


atl aes 


Fig. 27.27: Spina bifida acculta, Note the dimple and tuft of hair. 


_ 


Fig. 27.29: Infant with encephalocele. It is non-transilluminant 
whereas meningocele is brilliantly transilluminant. 


@ INTERVERTEBRAL DISC PROLAPSE (IVDP) 


¢ Herniation of part of the gelatinous nucleus pulposus 
— £ _ | through a eatin the ennulus Sbrosus, commonly at postero- 


ig. 27.28, lateral part which is a weak point 


The first sign of Pott’s disease is deepened midline spinal sulcus at about T10 level due to increased muscular 
tonicity of sacrospinalis muscle. It is a NATURE'S PLASTER CAST. —Francis E Jardine 
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In cervical spine discs between C, and C,;C, and C, are 
‘commonly affected impinging 6th and 7th nerves respectively. 

% Inlumbosacrat region, discs between L., and S,; L, and L, 
are commonly affected impinging first sacral nerve and Sth 
lumbar nerve respectively. 

Initially protrusion bulges through the pain sensitive poste- 
rior longitudinal ligament causing back pain, 

* Later it hemiates through the posterior ligament compressing 
the nerve causing typical root pain. 


Types 


# Posterolateral is common, 

© Central-posterior is not common, It is due to trauma, It is 
severe type, even though rare. 

Secondary changes: Osteoarthritis of joints. 


Imervertebral dise 
prolapse 


Fig, 27.30: Intervertebral dise prolapse. 


Vertebra with nucleus pulposus 
‘and annulus fibrosis 


Clinical Features 


Pain in the distribution of the root which gets aggravated 
by straining, coughing, twisting, stooping. 

% Pain radiates along the distribution of the nerve with 
tingling and numbness, 

* Lumbar scoliosis is significant. 
Restricted forward flexion but free lateral flexion 
Positive straight leg raising on the affected side with posi 
tive Lasegue’s manoeuvre. 

© Wasting in the muscles with blunting of sensation, with 
absence knee and ankle jerks, 

* Loss of bladder sensibility and retention of urine. 


Spinal cord 


Disc Wop 
Fig. 27.31: Intervertebral disc prolapse. 


Differential Diagnosis 


Spinal cord tumours. 
‘Tuberculosis of the spine 
Osteoarthritis 

Ankylosing spondylitis, 
Spondylolisthesis. 

Vascular problems, 

Retroperitoneal and pelvic tumours, 


Investigations 


X-ray spine both AP and lateral. It is not useful in acute 
prolapse. 
Myelography or Radiculography. 
CT scan, 
MRI is very useful method 


Treatment 

# Rest in bed. 

# Spinal jacket 

% Continuous or intermittent traction. 

# Analgesics and relaxants, 

% Intradiscal injection of the chymopapain enzyme which 


dissolves the fibrocartilaginous tissue and nucleus pulposus. 
# Surgical treatment: 
Indications: 
» Persistent pain for 12 weeks which is not relieved by 
drugs 
> Severe neurological disturbances like involvement of 
bladder, bowel or sexual functions, 


Surgery: Discectomy, 


“ompression fracture spine—traumatic, pathological 


Fig. 27.3 
™m TUBERCULOSIS OF SPINE 
(CARIES SPINE) 


# Ibis commonly of secondary type. 
* Primary focus is in the lungs or lymph nodes. 


© Commonly involved vertebra is dorsilumbar vertebra T,,.. B, Tuberculosis of Thoracolumbar Vertebra 
Mode of infection: Mainly haematogenous, (Pott's Disease, Caries Dorsilumbar Spine) 


Commonest site is dorsilumbar region —T, 


 Itis the junction of fixed (thoracic) and mobile (lumbar) 
segments of spine 

+ Itbears the maximum stress 

“® Ithas got large amount of cancellous bone 

+ Bulky nucleus pulposus 

* 

* 


Relative avascularty ofthe body of dorsilumbar vertebra 
‘Close proximity tothe thoracic duct through which infection 
‘ean occur 

‘& Adjacent prevertebral veins 


Fig. 27.33: Tuberculosis of spine, 


A. Tuberculosis of Cervical Vertebra 


Commer 


C, and C, vertebra, 
: Types 

Clinical Features % Tuberculosis of the body of vertebra 

» Tuberculous metaphysitis—Here contiguous surfaces of 


* Pain in the neck, often referred to occipital region through the vertebra ane involved, Itis the moat coenmon type 


suboccipital or posterior auricular nerves. 


in children. 
Pain, when referred through anterior cervical primary rami Fyhereulous osteomyelitis (central type—through central 

causes brachial neuralgia. artery of the vertebra)—It occurs in the centre of the 
Rigidity in the neck. body of vertebra 


* Patient supports the chin on the palm of his hand (Rusty Tuberculous periostits (peripheral or periosteal) — Its 


sign). ein seen in adults. It is situated deep to the anterior longi- 
© Tenderness and paraspinal spasm with rigidity of the skull tudinal Higement 


muscles. 

* Allpassive and active movements of spine are painful and 
restricted. 

* Cold abscess may be present in the neck, posterior to 
sternomastoid muscle or in the retropharyngeal region or 
in the axilla 

* Chronic tuberculous retropharyngeal abscess in midline, 
situated behind the prevertebral fascia. It is painless, soft, 
often causing dysphagia and dyspnoea. 


—iifferentiatdiagnosis 
+ Cervical spondylosis 

& Congenital tortcolis 

& Secondaries 

Spinal cord tumours 


Investigations 
© X-ray cervical spine, chest X-ray. 
© MRI is ideal. 

Treatment 


© Antitubercular drugs. 
* Anterolateral decompression of vertebra, 
% Drainage of cold abscess. Fig. 27.34: Tuberculosis of spine. Note the area of involvement. 


Great minds must be ready not only to take opportunities, but also to make them. 
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Tuberculosis of the appendages 
> Spinous process. 
» Pedicle. 
> Transverse process. 
> Lamina, 


Features 


% Contiguous surfaces of paired vertebra are involved. 

* Lower half of one vertebra and upper half of adjacent 
vertebra below, with intervertebral joints are involved as 
they share a common blood supply. 

Destruction of the vertebra and intervertebral dise; collec- 
tion of caseous material bebind the anterior longitudinal 
ligament 


Pathology 


Tuberculous endarteritis 
& Decreased blood supply 

Formation of tubercles with caseation 

@ Destruction of bone 

‘@ failure of subperiosteal new bone formation 


Effects 


1, Deformity—Kyphosis (Gibbus) is excessive posterior 

curvature of the spine. It is due to complete anterior collapse 

of the vertebra. 

Cold abscess formation 

a. Close to the midline, when caseating material passes 
through the medial dorsal cutaneous nerves. 

bb, Away from the midline, when caseating material passes 
through the lateral cutaneous nerve. 

€. Cold abscess may form in relation to psoas muscle (in 
dorsilumbar or lumbar). 

It passes through psoas sheath. It causes psoas spasm 
causing flexion of hip with inability to extend, If abscess 
extends below the inguinal ligament, then it is cross- 
fluctuant. 

3, Spinal cord involvement—causes paraplegia (10%). This 
is common in thoracic spine, as the spine is narrow. 
a. Early paraplegia (‘Paraplegia in flexion’, ‘paraplegia 
with active disease’) 

I is due to: 

— Pressure by caseating material, granulation tissue 
and sequestrum. 

~ ‘Tuberculous meningitis 

— Spinal cord oedema, 

~ Endarteritis of segmental spinal artery. 

— Pressure from distended disc. 


b.Late paraplegia (‘Paraplegia with a healed disease’, 
‘paraplegia with extension }. 
It is due to: 
— “Gibbus’ causing stretching of the spinal cord. 
— Longitudinal shrinkage of the spinal cord due to 
gliosis. 


Clinical Features 


* Pain in the back, often with tingling sensation along the 
distribution of nerve roots. 

% In upper thoracic tuberculosis, typical ‘military attitude 
with raised shoulder which is drawn backwards is seen. 

# Kyphosis (gibbus) is the commonest deformity. It can be 

angular but also can be rounded. 

‘Tenderness in the spine with paraspinal spasm, 

All active and passive movements of spine are restricted. 

‘Coin test —inability to pick up a coin is positive. 

Weakness and decreased power in the limb muscles, with 

altered sensation. 


Investigations 


* X-ray spine shows: 
» Narrowing of the dise space. 
> Wedging of the vertebra. 
> Rarefaction of the adjacent vertebra. 
» Soff tissue shadow of cold abscess. 


Chest X-ray PA view. 
ESR. 

Radioisotope bone sean, 
CT scan or MRI of spine. 


Figs 27.35A and B; Typical tuberculosis of spine involving L4 and LS 


spine X-ray features. 


Differential Diagnosis 
Secondaries in the spine. 

Spinal tumours. 

Scheuermann’s disease (osteochondritis). 
Old compression fracture of the vertebra. 
Ankylosing spondylitis. 


& Kyphosis 
& Cold abscess 
Paraplegia 

% Sinus formation 
Dissemination 


Treatment 


#  Antituberculous drugs for one year 
Rest with plaster jacket (SPICA), 

Patient gains weight, X-ray shows te-caleification and 
healing, ESR becomes normal. Pain and spasm disappears 


Indication for surgery 
' When the disease is progressive 
When there is neurological manifestation 
+ Cold abscess formation 


Surgeries 

Note: 

No posterior approach, no laminectomy for TB spine. 

% Anterolateral approach and costotransversectomy with 
removal of all easeating material with bone grafting, 

* Drainage of cold abscess. 

Posterior spinal fusion using bone graft. Bone graft is taken 
from the iliac crest 


lm SPINAL TUMOURS 


Classification 


A. Extradural tumours 
> Commonest is secondari 
‘They lie between the dura, bone and ligamentum 

flavum, 


27.36: MRI spinal cord showing spinal cord tumour—ependymama, 


Primary sites are bronchus, breast, prostate, kidney. 
Rare extradural tumours are sarcomas, osteoclastoma, 
chondroma, lipoma, 

B. Intradural tumours 

1, Extramedullary (75% of intradural) 
— Neurofibromas are the commonest, more common 


in males. 
- Arises from the posterior nerve root. It can be 
‘dumb-bell’ tumours. 
~ Spinal meningiomas are seen exclusively in females. 
2.Intramedullary (25% of intradural) 
— Commonest is diffuse gliomas (50%).Others are 
ependymomas, vascular malformations, 
— Common in cervical cord. 


2 


inical Features 


Weakness of limbs, often with paraplegia 
‘Tingling and numbness, 

Disturbance in micturition. 

‘Changes in tendon reflexes. 

Pain in the back. 

Spinal cord or cauda equina compression is a surgical 
emergency 


Investigations 


* X-ray shows widening of space and destruction, 

* Myclography 

% Lumbar puncture per se has no role, as it is dangerous, 

* CSF below the block may be yellow and proteinaceous and 
is called as ‘Frolin’s syndrome 


* Protein levels in lumbar CSF is usually raised in the 
presence of lumbar tumours, commonly *Schwannomas 

© CT scan, 

* MRL 


Surgery 


% Surgery is the main treatment—Decompression of spinal 
cord and removal of tumour by doing laminectomy. 

# Adjuvant therapy: Radiotherapy and chemotherapy. 

Intrathecal methotrexate is also beneficial 


No head injury is so slight that it should be neglected, or so severe that life should be despaired of 


—Hippocrates, Father of Medicine 
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CHAPTER OUTLINE 


» Chest injuries 
Fracture Ribs 

© Flail Chest and Stove in Chest 
~ Pneumothorax 

» Tension Pheumothorax 

» Haemothorax 

* Pleural Tap 

* Bronchoscopy 

» Empyema Thoracis 

~ Empyema Necessitans 

» Lung Abscess 

» Intercostal Tube Drainage 

» Shock Lung 

* Pulmonary Embolism 

© Surgical Emphysema 


ll CHEST INJURIES 


Types 

Crush injuries involving lung, pleura, ribs 

% Single rib fracture 

# Two or more rib fractures. 

% Steering wheel injury—causes multiple rib fractures, 


bilaterally often with flail chest, with fracture dislocation 
of upper end of sternum. 

Stove in chest or flail chest. 

‘Traumatic pneumothorax, 

Haemothorax, haemopneumothorax, with fracture ribs, 
‘Tension pneumothorax. 

Pericardial, cardiac injuries and rupture of bronchus. 
Associated injuries in liver, spleen, diaphragm, major 
vessels. 


Causes 


Road traffic accidents, 
Industrial accidents. 
Blast inj 
Crush injuries, 
Stab injuries. 


~ Lung Cysts 
* Mediastinal Tumours 
© Thymomas 

= Pancoast Tumours 
= Chest Wall Tumours 


Chronic Constrictive Pericarditis 
* Pericardial Tap 
~ Cardiac Tamponade 
~ Diaphragmatic Hernia 
Pulmonary Complications during Postoperative 

Period 

Surgical Management of Pulmonary Tuberculosis 
= Video Assisted Thoracoscopic Surgery 


> Inchildren, ribs are malleable and so fracture ribs are rare. 

> Inelderly because of rigid ribs fracture is common. 

> First and second ribs are protected by clavicle and so 
their fracture is uncommon. 

> 11th and 12th ribs are floating ribs and so their fracture 
is rare. 


Classification of Chest Injuries 


As pet the American College of Surgeons Commitee on Trauma 
chest injuries are classified as: 

1. Immediately life-threatening injuries. 

2. Potentially life-threatening injuries. 


Immediately life-threatening Potentially life- 


injuries threatening injuries 
+ Airway obstruction + Tracheobronchial 
disruption 

+ Tension pneumothorax + Aortic disruption 

+ Open pneumothorax. ‘+ Diaphragmatic disruption 
+ Massive pneumothorax + Esophageal disruption 
+ Cardiac tamponade + Cardiac contusion. 

+ Filial chest + Pulmonary contusion 


Pathological Effects of Chest Injuries 


Immediate Late 

Hypoxia Empyema, fibrothorax 
Hypercarbia Lung abscess 
Acidosis Mediastinitis 
Hypovolemic shock Cardiac arrhythmias 
Bronchospasm 


Clinical Features of Thoracic Injuries 


* History of trauma, painful breathing, cough, haemoptysis, 
pain in the chest wall, sometimes extemal wound may be 
present (in communicating wounds), 

* Features of shock when major vessels are involved, ic. 
tachycardia, hypotension, cold periphery. 

% Respiratory distress—tachypnoea, cyanosis, respiratory 

difficulties. 

‘Tendemess over the fracture sit 

Dullness on percussion with decreased breath sounds signi- 

fies haemothorax. Resonant with decreased breath sound 

confirms pneumothorax, 

Surgical emphysema with palpable crepitus may be present. 


Investigations 


Chest X-ray shows haemothorax, pneumothorax, fracture 
ribs. 

HbY%, PCV to assess blood los. 

Blood grouping and cross matching. 

Blood gas analysis, i.e. PO, and PCO, 

U/S abdomen to look for associated abdominal injuries. 
FAST (Focused abdominal sonar trauma). 

¢ CT chest and CT abdomen. 


Treatment 
Initial First Aid 


¢ Airway: Prevention of aspiration, plastic airway, intubation, 

tracheostomy, 

Breathing: ICT placement, supportive measures, 

Circulation: Fluid therapy, CVP line, blood transfusion. 

Look for disability 

Expose the patient properly for proper breathing and 

assisting 

‘Assess the patient properly. 

Examine the patient thoroughly. 

* Evaluate the patient for associated injuries like of head, 
abdomen, fracture limbs, spine. 


Further Treatment 


Fracture rib without complication is treated with analgesics 
and rest 

* Haemothorax, pneumothorax should be treated with inter- 
costal tube drainage (\CT) with underwater seal. 


Flail segment should be treated accordingly, 
Blood transfusion is done whenever required. 
Antibiotics like penicillin, cefotaxime, ete. to prevent 
infection. 

Nasal oxygen, throat suction. 
Ventilator support with [PPV (Intermittent positive pressure 
ventilation), with regular monitoring of blood gas. 

*  Tracheostomy/endotracheal intubation is done whenever 
required, 

# Antibiotics, bronchodilators, often steroids are other 
supportive measures required. 


Indications for thoracotomy. 
4 Haemothorax more than 1500 ml found when ICT is placed 
cr hourly collection in ICT is 200-300 mt 
ICT placed shows ps 
Diaphragmatic injury 
‘When associated with liver and spleen injuries 
Bronchus and major vessel injuries 
Haemopericardium 
Oesophageal and thoracic duct injuries 


eoeeee 


Principles of Management of Chest Injuries 


Pulmonary physiotherapy. 
Aspiration of secretions—trachea, nasotracheal, oral, 
pharyngeal 

% Pain relief —oral narcoties, intercostal nerve block, epidural 
anaesthesia. 

* Respiratory supports—encourage coughing, chest percus- 

sion, deep inspiration efforts, humidification, mobilisation, 

ICT placement for haemo/pneumothorax. 

Management of shock. 

Focused abdominal sonography on trauma (FAST). 

Surgery when indicated—thoracotomy and proceed. 

Management of complications—DVT and embolism, 

tracheostomy problems, ICT problems, sepsis, ARDS, 

‘empyema treatment, bronchopleural fistula, bronchial 

stenosis, chylothorax, clotted haemothorax, atelectasis, 


Complications 

* Infections—empyema, lung abscess, pneumonia, septi- 
ccaemia. 

Respiratory f 

‘Traumatic asphyxia. 

‘Traumatic shock lung, 

Disseminated intravascular coagulation (DIC). 

ARDS (Adult respiratory distress syndrome), 


lm FRACTURE RIBS 


¢ Rib fractures are rare in children as ribs are malleable. 
* Fracture ribs are common in elderly as ribs are rigid and 
nonmalleable, 
stand 2nd ribsare covered by clavicle and so rarely fractures, 
Floating 11th and 12th ribs rarely get fractured 


There are no disease of aged but diseases among the aged—Leonard Larson 
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Causes for Fracture Ribs 


* Road accidents, chest injuries. 
© Direct trauma, 
© Blast injuries, 


Features of Rib Fracture 


Difficulty and pain during breathing 
Tenderness over fracture site 

Spring testis positive. 

Propped up position is more comfortable than lying down, 
Features of haemothorax, lung injuries. 

Features of abdominal injuries like of liver and spleen 
injuries. 


Problems in Fracture Ribs 
Surgical emphysema. 

Haemothorax, pneumothorax, 

Cardiac and or major vessel injury. 
Diaphragmatic injury. 

Flail chest. 

Asphyxia, cyanosis, respiratory failure. 
Pneumonia. 


Investigations 


© Chest X-ray is diagnostic. 
© CT chest or abdomen to check deep or solid organ injury. 
# Arterial blood gas analysis. 


Treatment 

Control of pain. 

Prevention of infection, 

Respiratory physiotherapy. 

‘Treatment for definitive conditions like flail chest, ICT 
placing for haemo/pneumothorax. 


Siamese 
Stress fracture 

Metastatic fracture 

Metabolic cause like hyperparathyroi 
Osteogenesis imperfecta 

Child abuse 

Old age—osteoporasis 


eeeeeoe 


™ FLAIL CHEST AND STOVE IN CHEST 


% Itis fracture of hwo or more consecutive ribs, with each rib 
having two or more fracture sites. Such segment is called 
as flail segment. 

% Stove in chest is depression of a portion of chest wall due 
to severe chest injury, otherwise features and management 
are like flail chest. 


Pathophysiology 


Flail segment moves independent of the adjacent thoracic 
cage. During inspiration flail segment moves inwards (unlike 


normal thoracic cage which moves outward), and during 
expiration the segment moves outwards (unlike normal cage 
which moves inward) causing pathophysiological derange- 


ments, 

* This paradoxical respiration causes reduction in ventilatory 
lung surface and so respiratory dysfunction. 

* Mediastinal flutter: Movement of mediastinum during 
different phases of respiration occurs, often causing kinking 
of great vessels and sudden cardiac arrest 

* Pendular movement of air from one lung to other occurs, 
and thus preventing atmospheric air to get into both 
injured and otherside normal lung leading to respiratory 
failure. 

# All these derangements gets aggravated by haemothorax, 
pneumothorax and other associated injuries. 

* There is hypoventilation: carbon dioxide retention and 
respiratory failure. 


Flail chest 


Derangements Types Problems 
+ Paradoxical + Anterior—near + Cardiac arrest 
respiration costochondral + ‘Respiratory 

+ Mediastinal junction failure 
flutter + Lateral—in rib + Haemothorax 
+ Pendular shafts + Infection 
movement + Posterior—safer, + ARDS 
of air due to support of 
+ Pulmonary scapula 
contusion 
First Aid 


The paradoxical movement of flail segment is prevented by 
applying pressure over it using hand or clothes (It is often life 
saving.) It makes other lung function adequately 


Investigations 


* Chest X-ray—to identify the fracture segment. 
* Blood grouping. 
* Arterial PO, and PCO, and serum electrolytes. 


Treatment 


# Intercostal tube drainage. 
% Applying clips to fracture ribs and fixing above and below 
to normal ribs, 

Antibiotics like penicillins, cefotaxime. 

Blood transfusion, IV fluids 

Bronchodilators, steroids. 

Ventilator support with PPV—IPPV is treatment of choice. 
Assisted ventilation is required for several days until the 
chest wall stabilises. If ventilator support is required for 
more than 10 days, then tracheostomy is done to prevent 
laryngeal stenosis which can occur due to prolonged 
endotracheal intubation, 

% Thoracotomy—when required only. 


ll PNEUMOTHORAX Clinical Features 


‘The means we possess ofreducing (a diseased lung) to astate of —_Hyperresonant, absence of breath sounds, tracheal deviation. 
collapse, or of divesting it fora time ofits peculiar functions, are 
‘equally simple and safe. those casesin which thediseaseisplaced Chest Xorayreveals 
in one of the lungs only, the remedy (ie. induced pneumothorax) es 5 
would appear tobe simple safe, and complete pes aes Me see se 

ames Carson 1829 Collapsed lung margin 


Itis the presence of air between the layers of pleura. 


Treatment 
Classification | 

In tension pneumothorax, emergency needle aspiration is 
a. Pneumothorax, done followed by ICT placement, 
b, Hydropneumothorax. * ICT placement. 
c. Pyopneumothorax. # The cause is treated. 
d, Hacmopneumothorax. * Often thoracotomy is required, if there is persistent 
©. Artificial pneumothorax. broncho-pleural fistula or ruptured cyst or bullae, 
{Tension pneumothorax. 


lm TENSION PNEUMOTHORAX 


% During inspiration, air is pumped into the pleural cavity 
through a valvular opening in the visceral pleura and 
underlying injured lung, 


Classification II 


a. Open pneumothorax 
b, Closed pneumothorax. 


» Simple + Lung collapses first, and as air continuously collects in 
el the pleural cavity, mediastinum shifts towards the opposite 
side, further decreasing the volume of the functioning 
Causes ite 
© Traumatic + Further increase in the pleural pressure, reduces the venous 
# Spontaneous. retum, atrial filling, and ventricular filling and so eardiae 
1. Tuberculous. ‘output and eardiae funetion, 
2. Non-tuberculous: 
4. Rupture of emphysematous bullae 
b. Rupture of solitary lung eyst. 
¢. Honeycomb or cystic lung, 
4. Idiopathic. dene 
Spontaneous pneumothorax can be acute, chronic, recurrent. mmi-clavioular 
tne n 2nd 
intercostal 
space 
Collapsed 
tng 
Pleura 


28.2: Emergency decompression 
‘through 2nd intercostal space. 


It causes sudden death and hence emergency treatment is 
required. 


‘Tachypnoea and tachycardia 
Decreased/absent breath sounds 

Resonant on percussion with severe mediastinal/tracheal shift 
Cyanosis and hypotension 

Chest pain 


Fig. 28.1: Plain X-ray chest PA-view showing air-fluid level and 
collapsed lung margin (Hydropneumothorax) 


eeeoe 


Experience teaches slowly at the cost of mistake. 
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Management 


% Once clinically diagnosed, a wide bore needle is imme- 
diately placed in the second intercostal space in midcla- 
vicular line, and a sterile glove is kept on the hub (blunt) 
end of the needle to create a valve so as to prevent inward 
sucking of air from outside. 

Nasal oxygen is used. 

Once patient is better, chest X-ray is done. 

Later an intercostal tube is passed. 

Antibiotic, analgesics are given. 

In severe cases ventilator support with IPPV is required. 


lm HAEMOTHORAX 


Its blood in pleural cavity. It causes pain, shock, as it is very 
irritant to pleural cavity, 

It is a good culture media for bacteria and so infection is 
quite common. 


Causes 


¢ Trauma. 
% Postoperative: pulmonary, cardiac, oesophageal surgeries, 
cervical sympathectomy, leak from CVP monitor line. 
‘Tumours of lung, mediastinum, pleura. 
Leaking aneurysms. 
Spontaneous, 
‘There may be rib fractures in traumatic haemothorax. 


Clinical features 
+ Pain in the chest tenderness 
+ Difficulty in breathing, duliness on percusion diminished 


breath sounds 
& Features of shock 


Investigations 


© Chest X-ray. 
* Aspiration (pleural tap) 
© Chest CT scan. 


Treatment 


1. 1CT placement in the mid-axillary line in the 6th intercostal 
space. 

2. Antibiotics, bronchodilators 

3. Thoracotomy: 


Indications of thoracotomy. 


Initial chest tube output of 1500 ml of blood or persistent 
drainage of 200-300 mi/he. 

 Clotted haemothorax is difficult to manage. It req 
thoracotomy, evacuation and decortication of lung. Initially 
liquefaction of the clot is tried by infusing of streptokinase 
and trypsin into the pleural cavity 


Complications 


Infection and empyema. 
© ARDS: respiratory failure. 


@ PLEURAL TAP 


Indications 


Pleural effusion—both for diagnostic as well as therapeutic 
purpose. The fluid is sent for culture, cytology, microscopy, 
specific gravity, biochemical analysis of proteins for diag- 
nosis of tuberculosis, malignancy. 

% Inempyema thoracis, for diagnostic purpose before placing 
an ICT, 


’ 


x x 


In sitting position, leaning forward over a wooden support 


Site 
Tip of scapula at 7th intercostal space (posteriorly). 


Under local anaesthesia wide bore needle (Abraham needle) is 
passed to tap the fluid, 


‘Complications 
Infection 
Dry tap or bloody tap 
Sudden vagal shock 
Pain and respiratory distress 


Go0g 


Fig. 28.4: Position for pleural tap is sitting and leaning forward over 
a support. Site Is below the scapula, posteriorly through the seventh 
intercostal space. 


ll BRONCHOSCOPY 
Indications 


Diagnostic: To take biopsy in conditions like carcinoma lung, 
lung abscess, pulmonary tuberculosis. 

Therapeutic: To remove foreign body, to suck out the bronchial 
secretions. 


Fig. 28.5: Foreign body in trachea. This can be removed using a 
bronchoscope. Patient may develop collapse of lung, pneumonia, 
respiratory failure and ARDS, 


Fig. 28.6: Bronchoscope. 


Types 


% Rigid bronchoscopy—it is used for removal of foreign 
body and bronchial wash. It reaches up to third generation 
bronchioles. It is used to take biopsy from carcinoma of 
proximal divisions but not from carcinoma of peripheral 
lung. Rigid scope has got multiple holes to allow ventilation 
during the procedure (Oesophagoscope does not have side 
holes). It is done under general anaesthesia 

* Flexible bronchoscopy—it reaches up to Sth generation 
bronchioles. It can be done under local anaesthesia, It is 
‘mainly used for diagnosis and biopsy 


Bleeding 
Infection 
Perforation 
Bronchospasm 


eeee 


ll EMPYEMA THORACIS 


The pleurisie isan inflammation of the membrane, investing the 
ribs, caused by subtile and cholerick blood... Ifittend to suppura- 
tion, it commonly infers a pricking pain, a fever and difficulty of 
breathing....lfnature being too weak...the disease is turned into 
{an empyema, wherefore the Chirurgeon must then be called, who... 
‘may makea vent between the third and fourth true and legitimate 
ribs.... The pus or matter must be evacuated by litle and little 
at several times; and the capacity of the chest cleansed from the 
purulent matter. 

—Ambroi 


aré, 1575 
Itis collection of pus in pleural cavity. 


Osteomyelitis of rt 


Bronchiectasis: 


Lung abscess 


Subdiaphragmatic abscess 


Pneumonia 


Fig, 28.7: Causes of empyema 


Causes 


An empyema is never primary. 
Secondary causes are: 
* From chest wall: Wounds, osteomyelitis of ribs. 
* From lung: Pneumonia, abscess, bronchiectasis, tubercu- 
losis, growth. 
Postoperative: After thoracotomy. 
From oesophagus: Perforations, carcinoma. 
From below diaphragm: Subphrenic abscess. 
‘Tuberculosis and pneumonia are common causes in devel- 
oping countries. 


Pathology 
Stages of 
+ Acute empyema 


® Subacute empyema 
® Chronic empyema 


Initially serous fluid collects, which eventually becomes 


purulent. Intrapleural clotting of pus occurs with thickening of 


For all the happiness mankind can gain, is not in pleasure but in rest from pain—Dryden 
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pleura and later fibrinous adhesion forms resulting in matured 
‘empyema. 

Chest is withdrawn inwards and is immobile, mediastinum 
is drawn inwards, diaphragm gets elevated 

It leads to rigid contracted immobile chest with functionless 
lung undetneath—frozen chest. Often pus perforates through 
intercostal space and forms empyema necessitans. 
Organisms: Initially staphylococci, streptococei, pneumococci, 
and later Entamoeba coli, Pseudomonas, drug-resistant staphy- 
locoeei, 


‘Acute empyema 
‘Acute fulminant toxic empyema 
Subacute empyema 

Chronic empyema 

Latent empyema 

Persistent empyema, 

Empyema necessitans 

Chronic empyema with sinus 
Interlobar empyema 


eeeeeeeos 


¢ Exudative 
+ Fibrinopurulent 
Organising 


‘& Mediastinal 
 Interlobar 

@ Diaphragmatic 
Lateral 


Clinical Features 


Pain in the chest, tendemess, fever. 

Difficulty in breathing, 

Features of toxicity in acute type of empyema, 
Dullness on percussion, absence of breath sounds, 
Decreased chest wall movement. 


Frozen chest (functiontess lung) 
Empyema necessitans 
Osteomyelitis/chondrits of ribs or vertebra 
Pericarditis 

‘Mediastinitis 

Bronchopleural fistula 

Dissemination of infection 


ee eeece 


Investigations 
Chest X-ray, ESR. 
Peripheral smear. 
Diagnostic a 
Pus C/S, AEB. 

Bronchoscopy. 

CT scan and MRI for carcinoma bronchus. 


tion, 


Treatment 

Stage 1 

% Antibiotics: 

Repeated aspirations 

# Intercostal tube drainage. 

% Antituberculous drugs. 

Stage 2 

* ICT drainage. 

# Rib resection (Eloiser's method). 

# Antibiotics, antituberculous drugs. 

¢ Respiratory physiotherapy 

Stage 3 

* Decortication is very useful and favourable method. Here, 
thickened pleural sac is stripped off from the lung through 
thoracotomy approach. 

% Often lobectomy may be required, rarely pneumonectomy 
is done. 

© Physiotherapy, antibiotics, ATD’S are also essential 


ll EMPYEMA NECESSITANS 


Empyema: 


tan 
necessilans a 


laura 


Fig. 28 


mpyera necessitans, 


I is a complication of empyema thoracis, wherein empyema 
hich is not drained perforates through the chest wall presenting 
as subcutaneous collection of pus communicating directly or 
often with a tortuous route with the pleural cavity. 


Causes 


© Neglected empyema cither of tuberculous or nontuberculous 
aetiology. 

* Following incomplete aspiration of pus of empyema 
through a thin needle—needle track itself allows pus to 
form a track and leads to empyema necessitans. 


cl 


A diffuse, tender, smooth, soft, fluctuant, swelling in the inter- 
costal space having impulse on coughing. 


4 Bulge in the intercostal space 
4 Restricted movement of chest wall 
Tenderness 

& Dullness on percussion without breath sounds 
‘® Impulse on coughing 


inical Features 


Investigations 


* Chest X-ray. 
© Total count is increased. 
© ESR. 


Treatment 


% Antibioties. 

*  Empyema is drained by placing an ICT, Pus is sent for C/S 
and AFB. 

% Ifitis tuberculous, antitubercular drugs are started. 

* Empyema necessitans subsides on its own when empyema 
is treated. 

But often may require separate incision and drainage when 
track is tortuous. 


m LUNG ABSCESS 


Its localised suppuration in the lung with tissue necrosis. 
# Iti end-stage of suppurative pneumonitis with thrombosis 
of associated artery 


Aetiology 


* Pheumonias due to Streptococcus, Pneumococeus, Haemo- 
philus, Staphylococcus, anaerobic and other bacteria, 

* Bronchial obstruction due to tumours or foreign body. 

* Chronic upper respiratory infection due to sinusitis, tonsil- 
litis and dental infection (anaerobic infection) 


es inside the abscess 


As pus accumulates, tension inci 
cavity causing spread into other areas ofthe lung or may rupture 
into the bronchus. 

Note: 

Lung abscess secondary to aspiration is commonly seen in apical 
lower lobe. 


Clinical features 


@ Acute onset of fever, but often it is recurrent in nature 
@ Cough with expectoration 

¢ Haemoptysis with foul smelling sputum. 

Chronic iliness with debiltation 

+ Pleuritic pain 


Complications 


* Spread into other areas of the lung. 
* Metastatic cerebral abscess—Lung abscess is the 
commonest focus for metastatic cerebral abscess. Occurs 
a result of pyaemic emboli through paravertebral veins. 
* Haemorrage, may be torrential due to erosion of the vessel 


in the abscess wall, 
* Empyema thoracis. 


Differential Diagnosis 


* Pulmonary tuberculosis. 
* Carcinoma lung 

Fungal infections like aspergillosis, 
*  Pneumoconiosis. 

# Lung cysts. 


Investigations 


% Chest X-ray shows localised opacity with smooth margin 
and fluid level. 
* Bronchoscopy and biopsy is done to rule out carcinoma. 
Sputum for culture, AFB and cytology 
CT sean, 


Fig. 28.9: CT scan of lung showing right-sided 
lung abscess with fluid level 


Treatment 
Medical 


1. Appropriate high dose antibiotics are started depending on 
sputum culture like penicillins, third generation cephalo- 
sporins like cefoperazone, 
Postural drainage for 2- 
Periodic culture of sputum is done to study the response of 
treatment 


ceftriaxone for 3-6 weeks 
hours, 3 times daily. 


80-90% of acute abscesses resolve by medical therapy. 


Surgical 


1. External surgical drainage with rib resection is done in 
severe acute lung abscess only. Not commonly used proce- 
dure 

2. Lohectomy is done when medical treatment fails. 


Clubbing is frequently present in those with a chronic discharging empyema sinus. 


—Hippocrates, Father of Medicine 
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Indications 
+ Haemothorax 
+ Pneumothorax 
‘+ Haemopneumothorax 
+ Empyema thoracis 
 Traumaticlung contusion 
+ Alter thoracotomy, to drain pleural cavity 


Procedure 

# Sites: An ICT is placed in 6th intercostal space in midax- 
line for haemothorax and pyothorax; in 3rd or 4th 
space in midaxillary line for pneumothorax. 


Lun 


Pleural 
cavity 


Collecting 
battle 


Fig. 28.11: intercostal tube drainage underwater seal 


Si 


Figs 28.108 and B: Lung abscess X-ray 
picture and CT of the same patient. 


ll INTERCOSTAL TUBE DRAINAGE 


Itis the method of draining fluid collected in the pleural cavity 
safely, so as to allow the underlying lung to expand. Fig, 28.12: intercostal tube drainage showing haemothorax. 


* Under local anaesthesia, a small incision is made in midax- 
illary line (as the muscle bulk is less here and so passage 
of ICT is easier), parallel to intercostal space (above the 
rib, Le. in lower part of intercostal space so to avoid injury 
to neurovascular bundle which are located in the groove in 
the lower part of rib). Tube with side openings is pushed 
into the pleural cavity. 

* Other end is connected to under water seal. Air-water 
column moving with respiration can be observed. Tube is 
fixed with skin sutures, 

* Usually for pneumothorax, ICT is kept for 2-3 days (till 
lung expands—confirmed by—repeat chest X-ray). For 
haemothorax and pyothorax it is kept for 4-6 days or until 
it stops draining and lung expansion is confirmed by repeat 
chest X-ray 

% Tohave proper expansion of lungs, patient is asked to blow 
football bladder (balloon) and do breathing exercise. If there 
is bronchopleural fistula, ICT should be placed fora longer 
time, until the fistula heals, 


Complications 


Infection. 
Displacement and inadequate functioning, 
Injury to intercostal vessels and bleeding. 
Pain at the site of ICT placement. 


ll SHOCK LUNG 
(Stiff lung) 


Causes 


Major chest trauma, 
Septicaemia. 

Massive blood transfusions. 
DIC. 


Pathogenesis 


Development of microthromboembolism in small lung vessels 
following extensive intravascular coagulation, leading to 
pulmonary consolidation, which reduces the lung compliance 
markedly, causing severe depression of gas exchange in the 
lung—a stiff lung. 

It has got high mortality as lung cannot expand at all 
Outcome is fatal if emergency treatment is not given 


Treatment 


Endotracheal intubation 
Ventilator support with IPPV. 

Antibiotics. 

High dose of steroids. 

‘Monitoring the patient with PCWP and cardiac monitor. 
Bronchodilators 

‘The cause is treated. 


ll PULMONARY EMBOLISM (PE) 


From my Stanford days... ! had known that excessive bed rest 
gave rise to thromboembolic complications....The death rate from 
thromboembolism was always much less atthe County Hospital 
than it was at Stanford Hospital... When (the County Hospital 
patients) got up to go to the bathroom, (they) dislodged only tiny 
lots from ther veins and these did not harm them when they got 
to the lungs and were dissolved, while the wealthier patients (at 
Stanford) who remained in bed and formed large cots in their legs 
{and pelvises suffered the major consequences of large pulmonary 
emboli 

—William Dock, 1984 


# Ibis due to deep venous thrombosis (DVT) which gets 
detached to cause pulmonary embolism. 

% Itmay be from femoropopliteal or ileo-femoral region. 
The thrombi most commonly develop in the leg veins due 

to stasis and hypercoagulable state. They subsequently enlarge 

and propagate proximally, dislodge to form emboli 


Types 


% Small emboli: Causes pulmonary hypertension of features 
of bronchopneumonia. 

% Medium emboli lodges in branches of pulmonary artery 
causing chest pain, haemoptysis, dyspnoea. 

% Large (massive) emboli causes block at bifurcation of 
pulmonary artery trunk or right/left pulmonary artery 
leading to sudden chest pain, severe dyspnoea, shock, raised 
venous pressure and sudden death, 


Effects of pulmonary embolism : 
+ Decreased cardiac output 
+ Pulmonary vasospasm and pulmonary hypertention 
+ Bronchospasm 
+ Defective oxygenation of blood 


Risk Factors 


Postoperative and trauma patients who are bed ridden. 
Pregnant women. 

Old age 

Obesity and heart disease 

Varicose veins, 

All actiologies which cause DVT 

Carcinoma, 


Clinical features. 
4 Dyspnoea, chest pain and haemoptys 
Tachycardia, tachypnoea and cyanosis 
‘® Pleural rub and cardiac gallop 


The patient dyspnoeic due to pulmonary embolism prefers to lie flat—Ronald Gibson 
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28.13: Chest X-ray showing wedge 
shaped pulmonary infarct. 


Investigations 


# Chest X-ray PA view—hyperlucency in an area of 


oligaemia—Westermark sign. 
* CT scan and MRI—can detect PE, 

Pulmonary angiography: It is diagnostic (100%. 

‘Arterial blood gas analysis. 

Isotope radionuclide ventilation—perfusion (V/Q) lung 
scanning: While normal scan rules out PE, evidence of V/Q 
mismatch is highly suggestive of pulmonary embolism. 

© Doppler study and venogaphy—To rule out DVT. 


Management 


+ Thrombolytics: Streptokinase, 6 lakhs units to begin with 
and later one lakh units hourly. 

* Pulmonary embolectomy with or without bypass by imme- 
diate thoracotomy. 

% Venous thrombectomy ws 

* Ventilator support. 

* To prevent further embolisation of embolus into the lungs, 
IVC filters can be placed 

¢ Treatment of DVT. 

Note: 

Heparin should not be combined with thrombolytics. 


1g Fogarty catheter 


™@ SURGICAL EMPHYSEMA 


Its collection of gas/air in the subcutaneous or and fascial 
planes. 


Causes 


Lung injury. 
‘Tracheal injury. 

Chest wall injury. 

After laparoscopic procedure 


vu' 


Fig, 28.14: Chest X-ray PA and lateral 
views showing surgical emphysema, 


Types 


4% Localised—observed at the site of trauma, 


Generalised—extensive in the neck, face, eyelids, chest 
wall, etc—in the injury of bronchus, oesophagus and 
mediastitum, 

Features 


* Pain, diffuse swelling of the subcutaneous region. 
# Palpable crepitus is diagnostic. 
# X-ray chest and neck is confirmatory. 


Fig. 28.15: Surgical emphysema. Note the demonstration 
of crepitus. 
Treatment 


* Conservative treatment—treat the cause 
# Insevere cases—ICT one side or both sides placement, 


m LUNG CYSTS 
‘Types 


Epithelial cyst 
& Emphysematous cyst 

Parasitic cyst (Hydatid cyst) 

& Pseudocyst ofthe lung 

Pseudocyst of the lung: Iwoceurs in a cavity due to tuberculosis, 
lung abscess or Staphylococcus pneumonia. 


Epithelial Cyst 


Its of developmental origin. 

It can be large single cyst or small, multiple cy 

Itis lined by respiratory epithelium 

Itis often associated with cervical rib or cardiac anomalies. 

Itis common in infants and children 

» Usual clinical features are dyspnoea and chest pain. 
‘When infected, presents with fever, cough and haemo- 
ptysis 

» Treatment is excision of the cyst. Antibioti 
when infected. 


ss. 


are given 


> Here spontaneous pneumothorax is uncommon, Infec- 
tion and haemorrhage are common. 


Emphysematous Cyst 


% Iris a progressive disease of lung with rupture of alveolar 
wall and distension with air 
It is an acquired condition. 
Cyst does not have epithelial lining. 
* Compression of adjacent lung tissue with poor gaseous 
exchange is common, 
Usual clinical features are dyspnoea and severe, persistent 
cough. 


‘Complications 


¢ Spontaneous pneumothorax. 
Severe chronic bronchitis 


Figs 28.16A and B: (A) Hydatid cyst in lung 
(8) Ruptured hydatid cyst with waterily sign, 


‘Treatment 
% Localised cyst is excised. 
* Generalised cysts are treated conservatively. 
# Pleurodesis is often required. 

Here spontaneous pneumothorax is very common. Infection 
and haemorrhage are uncommon. 


Hydatid Cyst of the Lung 


+ Itis caused by the parasite, Echinococcus gramulosus 
* Itis offen associated with hydatid cysts of the liver. 

% Incidence is 15%. 

*  Itis usually single. But multiple hydatids can occur. 


Presentations 
Dyspnoea, chest pain and haemoptysis 
Rupture into bronchial tree causes anaphylaxis, 
Rupture also causes expectoration of fluid and grape skins 
(vesicles). 

* Fever, cough and expectoration due to secondary infec- 
tion 

* Asymptomatic hydatid, identified during chest X-ray. 


Investigations 

* Chest X-ray: 

1. Dense homogenous opacity. 

2. Collapsed laminated membrane produces an irregular 
projections in a fluid level due to rupture of th 
Water-lily appearance. 

3. Crescentic cap of air, when it communicates into bton- 
chial tree. 

Positive Casoni’s test. 

Blood shows eosinophilia, 

‘Complement fixation test. 

Indirect haemagglutination test 

CT scan—diagnostic. 


Complications: 
Rupture ofthe cyst 
‘Anaphylaxis 
Secondary infection 
Collapse of ung 
Pleural effusion 
Secondary pleural hydatid formation 
Hepatobronchial fistula formation (produces bilious 
sputum) 


eoeeees 


Differential diagnosis 
& Lung abscess 
+ Epithelial lung cysts 
+ Aspergillosis 


‘Treatment 

* Thoracotomy and enucleation of the cyst: It is achieved 
by taking a good anaesthetist’s help by creating positive 
pressure ventilation. Cyst extrudes intact. It should not be 
held with forceps to avoid rupture. 

* Lobectomy is done in cases with difficulty and compli- 
cations. 
Drugs like praziquantel or albendazole is given for a long 
period 


@ MEDIASTINAL TUMOURS 


# Ioccurs at any age group, in both sexes: 
% Itis often identified on a routine chest X-ray, as about 50% 
are symptomless. 


Endurance is not just the ability to bear hard things but to turn it into glory. 
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Fig. 28.17: Superior mediastinal tumour— 
could be thymoma, nodal mass. 


Presentations 


Chest pain and back pain. 
Respiratory distress, 

Venous congestion (SVC syndrome). 

Hoarseness of voice (due to compression over recurrent 
laryngeal nerve), 

* Dysphagia, due to oesophageal compression. 

© Home 
chain, 
Scabbard trachea. 

Later diaphragmatic paralysis may occur. 

Pleural effusion 

Hacmorthage, due to erosion of major vessels by malignant 
tumour, 


syndrome, due to compression over sympathetic 


|. Retrostemal goltre 


2. Neural tumours (neurofbroma) 
meningocele, meningomyelocele 


y)), 3: Lymphoma, foregut, 
| © supiication 


|< srtoma throne 
enone 


7 ©. Pewopercarca cyt 


Fig. 28.18: Sites of mediastinal tumours. 


Classification 


Superior mediastinal tumour: Retrosternal goitre 

Anterior mediastinal tumours 

© Retrosternal goitre, aortic arch aneurysm lymph node 
enlargement. 

* Thymic tumours—thymomas are commonly associated 
with myasthenia gravis. 


% Teratomas and dermoids. 

* Pleuro-pericardial cyst (spring water cyst). 

Midmediastinal tumours 

¢ Lymphadenopathies ofall causes—secondaries, lymphomas, 
tuberculosis—common, 

% Foregut duplication cysts. 

* Lipomas 


ac 


Figs 28.194 and B: Chest X-ray showing mediastinal tumour. 


Posterior mediastinal tumours 
+ Neurofibromas—commonest, 75% 
* Ganglioneuromas 

# Ancurysm of descending aorta. 

# Lymph node mass 


Investigations 

‘Chest X-ray, both PA view and lateral view. 
CT sean. 

MRI 

Mediastinoscopy and biopsy. 


Treatment 


* Thoracotomy and removal of tumour. 


* [fmalignant, adjuvant therapy like radiotherapy and chemo- 
therapy are given. 


Fig. 28.208 


ml THYMOMAS 
4% Thymomas are the most common tumours of the anterosu- 
perior mediastinum in the adult. 
% They are most common in the fifth and sixth decades of 
life. Both sexes are equally affected 
Histological types 
. -_ ‘ Epithelial cell—has poor prognosis 
‘& Lymphocytic 
& Mixed 
 Spindle—has better prognosis 
50% of thymomas are malignant 


Fig. 28.208 Staping| 
Figs 28.20 and B: CT scan showing mediastinal tumour, ee cues ne ca a 
ll —Tumour spread to periglandular fat 


% Sternotomy for superior and anterior mediastinal tumours, Tumour spread to adjacent tissue 


© Thoracoscopic and mediastinoscopic approaches. 
Clinical Features 


ve # Asymptomatie—S0 
ey P + 30-40% of thymomas have associated myasthenia gravis, 
# Chest pain 
# Dysphagia and dyspnoea, 
* Superior vena caval obstruction. 
Investigations 
y 4% Tensilan diagnostic test: By injecting 10 mg IV to symp- 
tomatic myasthenia will be relieved in one minute tempo- 
sarily 
1A] © Chest X-ray, lateral view shows opacity in the me 


Figs 28.21 and B: Plain X-ray chest showing astinum, 
posterior mediastinal mass. © CT scan, 


Treatment 


* For myasthenia—tab. neostigmine bromide 15 mg tds, 
daily. 
4% Thymectomy is very useful 
» When the disease is less than 5 years. 
> Myasthenia gravis without thymoma, 
» In young, females. 
Features of myasthenia gravis, 
> An autoimmune disease 
» Presence of antibodies to acetylcholine receptors in NMJ 
resulting in reduced muscular contraction 
Weakness of muscle on exertion 
Ptosis, diplopia, dysarthria, dysphagia 
Drooping of jaw 
Paralysis of respiratory muscle 
Periodic remission 


Fig. 28.22: Malignant effusion—right sided, 


Comedy is the Tragedy that happens to other people. 


207 


xeIOUL 


12 


SRB's Manual of Surgery 


Fig. 28.23: Bronchogenic carcinoma—Xray picture. 


lm PANCOAST TUMOURS 


(Superior sulcus tumour) 


When the tumour extends its feet from allsides ofits body into the 
veins the sickness produces the picture ofa crab. 
Galen, (130-200) 


It is a type of peripheral lung carcinoma arising from the 
apex of the lung (5% of lung cancers) 


Features 


It invades brachial plexus, sympathetic chain, upper ribs 
and vertebrae. 


Fig. 28.24: X-ray showing right sided Pancoast’s tumour 


Presentations 


‘Pancoast's syndrome i 
+ Lower brachial plexus palsy 
‘& Homer's syndrome 
© Rib erosion 
Apical shadow 
Horner's syndrome. 
& Miosis 
‘& Enophthalmos 
& Anhydrosis 
© Ptosis 
& Loss of spino-cilary reflex 


% Intractable pain in upper chest, arm and also weakness in 
the arm, 


Investigations 

Chest X-ray. 

CT sean. 

Bronchoscopy and biopsy. 

CT guided biopsy. 

MBI is better than CT in Pancoast tumour as brachial plexus 
and sympathetic chain is involved which better visualised 
in MRI. 


Treatment 


* Lobectomy/pneumonectomy. 
+ Radiotherapy—extemal tele cobalt. 
* Chemotherapy—methotrexate. 


Prognosis: Poor. 


ll CHEST WALL TUMOURS 


* Tumours arising from the chest wall components like 
muscles or ribs. They can be benign or malignant, 
* Commonest benign tumour is chondroma arising from ribs, 


Fig. 28.25: Chest wall tumour Benign 
tumours are usually chondromas, 


© Malignant tumours are secondaries (commonest), chon- 

drosarcoma arising from ribs (common among primary 
nant tumours), rhabdomyosarcoma from muscles, 
fibrosarcoma from ribs/muscles/other soft tissues, Ewing’s 
sarcoma and invasion from other tumours like from pleura 
or lungs or breast. 


Fig. 28.26: Fungating tumour invading chest wall 


Benign Tumours 


% They are slow growing, nonmobile, painless and usually 
_from the rib cartilage, near costochondral junction. 

* X-ray is diagnostic, shows rib expansion with intact 
cortex. 

One or mote ribs can be involved. Treatment is rib resec- 
tion 


Primary Malignant Tumour 


% Ithas got all features of sarcoma—progressive rapid 
enlargement, attaining large size, warm, vascular, nonmo- 
bile, often extends into the thoracic cavity or with skin 
ulceration. 

Secondaries in lung/brain/liver can occur. 

© Chest X-ray, CT chest, US abdomen should be done to see 
secondaries. 

* CT scan can also give idea about the tumour extension and 
operability 

% Open incision/trucut biopsy is essential for histological 
confirmation. 

Treatment is wide excision with chest wall reconstruction 
using different osteomyocutaneous flaps, rib grafts, mesh 
or acrylic plates. 

% Postoperative adjuvant chemotherapy is always needed to 
prevent relapse. In advanced cases radiotherapy to chest 
wall is advised. 


Fig. 


Multiple cannon ball secondaries in lung. Primary sites 
‘are—breast, kidney, sarcomas, testis, prostate, thyroid, 


ll PERICARDITIS 


Water contained in the sac ofthe heart, likewise if the sac contain 
within either a fluid putrid and smelling badly, or stones, it causes 
throbbing... Adhesions ofthe pericardium to the body ofthe heart 
itself...was observed in two dropsical patients. 

Guillaume de Baillou (Ballonius), 1735 


Types 
1. Acute peticardit 
2. Chronic pericanditis, 
3. Chronic constrictive pericarditis 


ACUTE PERICARDITIS 


Usually by bacteria like Staph. aureus, H. influenzae, Strepto- 
cocci, Neisseria. Itis uncommon at present, because of avail- 
ability of good antibiotics, 


& Malignancy 
® Connective tissue disorders 


¢ Here pus collects in the pericardial space causing decreased 
cardiac function and toxicity. 


Treatment 


# Antibiotics 
© Pericardial aspiration 
# Drainage of purulent fluid by open pericardiotomy. 


Don't let the skin stand between you and the diagnosis. 
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CHRONIC CONSTRICTIVE PERICARDITIS 
(Pick’s Disease) 
* Here pericardium is thickened, fibrosed and calcified. Heart 


is encased in a rigid cavity which decreases the cardiac 
function as well as the venous return, 


Causes 


Tuberculous pericarditis is the commonest cause 
Trauma. 

Viral pericarditis. 

After cardiac surgery. 


Clinical Features 


% Decreased cardiac output and tachycardia, 
% Dyspnoea on exertion, easy fatigabilit 
% Raised jugular veins, hepatomegaly, ascites and oedema feet. 


Investigations 
ECG, 
Echocardiography. 
Chest X-ray, 

CT scan. 


Treatment 


% Pericardiotomy with biopsy. 
* Pericardiectomy, 
% Antitubercular drugs is started when tuberculosis is the cause. 


@ PERICARDIAL TAP 
Indications 
‘@ Pericardial effusion due to any cause—viral, tubercular 


‘& Haemopericardium 
® Purulent pericardium 


Procedure 

A 16 or 18-gauge needle is passed into the pericardium just 
below the Xiphoid process, directing upwards and backwards, 
towards left side with an angle of 45° to the surface. 


Pericardia 
border 


Pericardial fuid 


Aspirating syringe 


-xiphoic 
wih needle 


process 


Fig. 28. 


3: Pericardial tap for pericardial effusion/tamponade. 


4 Most dependent aspiration 
4 Unlikely to traumatise heart 

‘® Pleurais not punctured 

& Coronary vessels are not interfered 


Presently U/S guided aspiration is commonly done. 


Complications 


# Injury to heart 
# Infection. 


lm CARDIAC TAMPONADE 


Rapid accumulation of fluid or blood in the pericardial space 
causing increase in the intrapericardial pressure is called as 
cardiac tamponade, 

This results in compression of cardiac chambers. 


+ venous retum 
+ 


+ cardiac output 


Trauma 

® Progressive pericardial effusion due to tuberculosis, viral, 
bacterial infections 

4 Often, uraemia can cause significant pericardial effusion 


Clinical Features 


Hypotension 
Widened cardiac dullness. 

Mutfiled or decreased heart sounds, 

Increased venous pressure with raised jugular veins. 
Pulsus paradoxus (pulse becomes weaker on inspiration 
than expiration). 

# In severe cases, heart is unable to expand causing shock 
and often sudden death, 


‘Hypotension 
 Muffied heart sounds 
‘® Raised jugular venous pressure 


Investigation 
(Chest X-ray and U/S confirms the diagnosis. 


Treatment 


Pericardial tap, xs early as possible to allow heart to expand, 
adequately. 
% Occasionally, open pericardiotomy is required. 


ll DIAPHRAGMATIC HERNIA 
[tis herniation of abdominal content through diaphragm into the chest. 


ee 


Congenital Acquired 


Traumatic esophageal hiatus 
(Commonest type of 


diaphragmatic hernia) 


May be associated with malrotation with Ladd’s band 


fee SS 


Eventration  Hemia Hernia Congenital oesophageal 
through through hernia (rare) 
foramen foramen 
Bochdalek — Morgagni 


© Genetic 

+ Decreased lung fluid pressure 

+ Failure ofthe closure of pleuroperitoneal canal foramen of 
Bochdalek) 

+ Early return of bowel into peritoneal cavity from physiological 
hernia 


Eventration 

* Ibis weakening of diaphragm due to atrophy and loss of 
muscle of a part or all of one leaf of the diaphragm, with 
thin fibrous tissue formation, covered with pleura and 
peritoneum on either side. 


Fig. 28.298 


Fig. 28.298 


Figs 28.29A and B: Eventration of diaphragm on table look (Courtesy: 
Dr Sadashiva Rao, MCh, Paediatric Surgeon, KMC, Mangalore) 


* Diaphragm is attenuated and inactive. 
¢ Classification of eventration: 

1. Congenital—marked decrease in the muscle fibres in the 
diaphragm, clinically it may mimic CDH with sac. 

2, Acquired ot secondary—(a) Phrenic nerve palsy due to 
trauma (with Erb’s palsy); viral—usually in adults (Polio, 
Herpes zoster, Influenza, Diphtheria). (b) Neoplasia. (c) 
Autoimmune neuropathy involving diaphragm or phrenic 
nerve, (d) Iatrogenic, 

Most of them present in the infaney and childhood. A few 
of them escape to adulthood. 

% This thin diaphragm is raised higher and immobile. It 
is actually not a true herniation. But features mimic 


hernia. 

* Presentation: Asymptomatic, wheezing, recurrent LRTI, 

lolerance, extreme respiratory distress. 

% Symptomatic patients have functional deficit in ventilation 
perfusion (V/P) ratio because lung growth is affected. 

% Larger the defect more the hypoplasia. More the hypoplasia 
lesser the perfusion and severe the symptoms 

% Paradoxical movement compromises the gas exchange. 

% Sniff test—fluoroscopic evaluation for paradoxical move- 
ment. 

% Chest X-ray (CT sean/MRI) shows the abnormality 

% Differential diagnosis are diaphragmatic hernia through 
foramen Bochdalek, 


* Condition causes respiratory embarrassment. 


Words that enlighten are more precious than jewels. 
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Fig. 28.30: Chest X-ray showing left sided diaphragmatic hernia, 
Note the bowel shadows in the left side thorax. 


Anatomy of diaphragm showing 
different sites where hernia can occur. 


‘Abdomen 


Fig. 28.32: Diaphragmatic hernia, 


‘Treatment is plication of diaphragm through laparotomy. 


‘& Symptomatic patients 
‘& Decreased ventilation perfusion ratio 

4 Prolonged (> 3 to 6 months) exertional dyspnoea 
4 Impairing daily activity in idiopathic / viral 
Phrenic nerve palsy 


Hernia Through Foramen Bochdalek (Through 
Pleuroperitoneal Canal) (95% Left Sided, 
Only 5% Right Sided) 


Ibis commonest congenital diaphragmatic hernia, 
This isa developmental defective condition, due to failure of 
fusion of pleuroperitoneal canal leaving a direct communica- 
tion between pleura and peritoneum on left side. This allows 
herniation of contents of abdomen into the left side thorax. 

% Common content is colon. Occasionally small bowel, 
stomach are the contents. 

% 80% cases do not have hemial sac. Only 20% cases has 
got sac. 


Fig. 28.33: Postmortem look of a newborn baby with classical 
diaphragmatic hernia (Courtesy: Dr Subramanya Bhat K, Sonologist 
Kanhangad). Note the entire bowel occupying the left side thorax. 


Pathogenesis 
Pulmonary hypoplasia —+ Acidosis -+ Pulmonary vascular bed spasm. 


Persistent pulmonary hypertension 
[2 


Persistent fetal circulation 


Hypoplasia not only on left side, it may be bilateral 
Generations of bronchial branches decreased. 

Extension of tunica media beyond respiratory bronchioles. 
Decreased total lung mass 

Incidence: | in 3000 live births, M:F—2:1 

90% present in newborn period. 

90% of CDH are Bochdalek hernias 

Left—80%, right 15%, bilateral—%, 

Defects are large in babies and small in adults. 

Associated anomalies—10 to 50%, commonest—nonfixa- 
tion/midgut malrotation. Other anomalies —CNS, cardiac 
are known to occurand commoner with large/bilateral CDH. 


# Very small percentage of patients 
adulthood. Incidence—0.17% to 6' 

% Incidental detection while evaluating for some other 
problem. So usually they are asymptomatic. 


escape and pass on to 


Poor prognostic criterias in Bochdalek hernia 
Early antenatal detection (before Sth month) 
Small left ventricle 
Large diaphragmatic defect /hemiagenesis 
Stomach in chest 
Polyhydramnios 


eeeee 


Clinical features 
Respiratory embarrassment 
Scaphoid abdomen 
Bowel sounds in left side of chest 
Mediastinal shift towards right side 
‘Occasionally features of intestinal obstruction 


eeeoee 


Investigations: Chest X-ray, barium enema (common) or 
barium meal, arterial blood gas analysis (ABG) 


‘Treatment 

Laparotomy and dissection of the sac (when present) and 
closure of the defect in the diaphragm (using nonabsorbable 
suture material) 

Note: 

Persistent fetal circulation is the major problemin these newborns. 

Itaggravates the postsurgical mortality. 


Management 
‘Antenatal Postnatal ] 
+ Fetal interventions + Stabilise the neonate 
+ Discontinue the + Do not resuscitate with 

pregnancy (poor ‘Ambu bag 

prognosis) + Tracheal intubation and 
+ Continue pregnancy and ventilation 

observation + Pass nasogastric tube 
* Shiftthe mother to higher Surgical correction of CDH 

centre after stabilisation 
+ Mode of delivery LSCS/ 

normal 


‘Triad of congenital diaphragmatic hernia (CDH) 
& Respiratory distress 
‘@ Scaphoid abdomen 
@ Mediastinal shift (Pseudodextrocardia) 


‘Association of CDH 
& Pulmonary hypoplasia with persistent fetal circulation—is 
the actual cause for hernia 
& Respiratory acidosis 


Hernia Through Foramen of Morgagni 
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% The defect lies between the sternal and costal attachments 
of diaphragm and is situated in front, towards right. Colon 
is commonest content. Usually, itis symptom free. 


Oesophageal Hiatus Hernia 


% Oesophageal hiatus hernia can be congenital or acquired 
(common) 


Traumatic Diaphragmatic Hernia 


¢ Bither on right or left side, resulting from road traffic acci- 
dents, crush injuries, penetrating injuries, or blunt injuries. 

* Patient is under shock. 

* On right side along with the liver, the intestines may also 
get herniated, 

* Patient is pale, presents with respiratory distress, guarding 
and rigidity over the abdomen, 


Investigations 


¢ X-ray chest and abdomen. 
* U/S abdomen. 


% Often CT scan of abdomen and chest is done. 


xesOUL 


Figs 28.344 and B: (A) Plain X-ray chest, (B) Barium enema, showing 
bowel laops within thoracic cavity on the right side (diaphragmatic 
hernia). 


Treatment 

% Immediate laparotomy and exploration is done, Tear in the 
diaphragm is sutured. 

% Associated injuries in liver or spleen or bowel are treated 
accordingly. 
Adequate blood transfusion and antibioties is required. 

% Ventilator support is often necessary. 


lm PULMONARY COMPLICATIONS DURING 
POSTOPERATIVE PERIOD 


Pre 


g Factors 


% Age: Common in infants and elderly. 
# Sex: Common in males. 
% Common in smokers 


An error gracefully acknowledged is a victory. 
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Common in people with chronic bronchitis, asthma, tuber- 
culosis or COPD. 


Postoperative pain, 


% Deep venous thrombosis and pulmonary embolism. 

% Type of surgery: Common in thoracic or upper abdomen 
surgeries. 

© Septicaemia, 

% Paralytic ileus. 

% Anaesthetic complications 

% Aspiration and its problems. 

© Obesity 


Complications 


 Bronchopneumonia. 
© Lung collapse. 

% Bronchitis, 
© Lung abscess. 

% Adult respiratory distress syndrome (ARDS). 
% Respiratory failure 

4% Alkalosis 

© Pleural eff 


mn or empyema. 


Investigations 


© Chest X-ray. 
Arterial blood gas analysis. 


Management 


Suction—aspiration of tracheobronchial tree. 
Respiratory physiotherapy. 

Analgesics to control pain. 

Ventilator support with endotracheal intubation, 
‘Tracheostomy. 

Control of sepsis by proper antibiotics. 


lm SURGICAL MANAGEMENT OF 
PULMONARY TUBERCULOSIS, 


Indications for Surgery 


Failure of medical therapy. 
‘Tuberculoma, 

‘Tuberculous bronchiectasis, 

Destruction of lobe. 

Persistent foci, persistent cavity. 
Empyema thoracis, 

Presence of neoplasm with tuberculosis. 


Surgeries Done 


Pleural tap. 
Intercostal tube drainage for empyema. 

Rib resection and Eloisier’s drainage. 

Lung resection is undertaken when medical treatment 
fails or when there is tuberculoma. It is commonly used 
method. 

Lobectomy or pneumonectomy. 

Decortication. 

‘Thoracoplasty collapse therapy—it causes elastic relaxa- 
tion of lung around the lesion leading to closure of cavity. 
Creation of artificial pneumothorax (nitrogen is used). 
‘Temporary phrenic nerve palsy 

Extrapleural pneumothorax. 

Plombage: \t is extrapleural pneumolysis using lucite 
spheres, 


lm VIDEO ASSISTED THORACOSCOPIC 
SURGERY (VATS) 


It is visualisation and doing surgical procedures through video 

thoracoscopy. 

Mt can be: 

* Diagnostic—tung cyst, pleural pathology, malignancy, 
tuberculosis, lung abscess, emphysematous bull: 

* Therapeutic—cervical sympathectomy, oesophageal 
mobilisation for carcinoma of oesophagus, lung resection, 
excision of lung cysts, etc. 


Requirements 


Expert skilled personal 
Double lumen endotracheal tube for one lung anaes- 
thesia, 

% Instruments, 


Advantages 


% Open thoracotomy and its complications are avoided. 
% Less painful, fast recovery. 
* Magnification and precise dissection. 


Disadvantages 


4 Injury to major structures. 
# Longer duration of surgery. 
* Leaming curve. 


Cardiac Surgery 


CHAPTER OUTLINE 


» Anatomy 

Preoperative Assessment and Preparation of the 
Cardiac Patient 

» Cardiopulmonary Bypass 

“= Congenital Heart Diseases 

© Patent Ductus Arteriosus 

» Coarctation of Aorta 

» Atrial Septal Defect 

© Ventricular Septal Defect 

“= Pulmonary Stenosis 


lm ANATOMY 


Heart consists of right and left atrium, right and left ventricle 
with mitral ( bicuspid) valve between left atrium and left 
ventricle and tricuspid valve between right atrium and right 
ventricle, Aorta begins from the left ventricle to have systemic 
circulation. Superior vena cava (SVC) and inferior vena cava 
(IVC) enters the right atrium to return venous blood. From 
right ventricle pulmonary artery begins which transport the 
unoxygenated venous blood into the lungs. From lungs four 
pulmonary veins collect the oxygenated blood to reach right 
atrium and to complete the cycle 

Pressure in the right ventricle is low. Pressure in the left 
ventricle is high 

Chordae tendinae act as guy ropes which connect valves 
(mitral and tricuspid) to heart through papillary muscles. 

Aortic and pulmonary valves are semilunar valves. 


Fig. 28.35: Normal heart anatomy. 


\ Transposition of Great Vessels 
= Tetralogy of Fallot 

= Acquired Heart Disease 

© Mitral Regurgitation 

Aortic Stenosis 

= Aortic Regurgitation 

Valve Replacement Surgery 
Ischaemic Heart Disease 

= Cardiac Pacemakers 

= Postoperative Care 


First heart sound is produced by closure of atrio ventricular 
valves. Second heart sound is produced by closure of semilunar 
valves. Valvular heart disease may be congenital or acquired 
Rheumatic heart disease is the commonest acquired cause for 
valvular disease. Mitral stenosis is the commonest type. 

Right and left ventricles are separated by interventricular 
septum. Right ventricle is thinner than left ventricle. SVC and 
IVC opens into right atrium, 

Heart derives its blood supply from two coronary arteries — 
right and left. Left coronary artery once origins at ostium runs 
for 2 om, divides into anterior descending and circumflex 
artery. Anterior descending artery runs in the anterior inter- 
ventricular groove to reach apex and ascends short distance in 
posterior interventricular groove. The circumflex artery runs 
around the base of left ventricle. Right coronary artery through 
atrioventricular groove reaches the posterior interventricular 
groove and runs along it. 

Right coronary artery supplies right atrium, entire right 


ventricle except anterior part, posterior part of the interven- 
tricular septum, conducting system except left branch. 

Left coronary artery supplies left atrium, entire left ventricle 
except posterior part, anterior part of the interventricular 
septum. 

‘There are collaterals within the heart and extracardiac but 
is not sufficient enough to maintain the adequate perfusion 
in case of coronary block to the dynamic heart leading into 
myocardial infarction. 

Venous drainage of heart is through superficial and deep 
veins. Superficial veins (great cardiac, middle cardiac, small 
cardiac, oblique and posterior veins) form coronary sinus 
ending at right atrium, Deep veins directly enter the heart called 
as Thebesian veir 

First blood passes to the elastic vessels then resistant vessels, 
and capillaries later to veins and then back to heart. In capil- 
lary because of great cross-sectional area, rapid transfer of 
substances across tissues occur. 


Have a heart that never hardens and a temper that never tires and a touch that never hurts. 
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Time Travel: Time Dilation 


Danie! Buzzo 
University of the West of England 
Department of Computer Science and Creative Technology, 
Coldharbour Lane, 
Bristol, UK 
daniel buzzo@uwe.ac.uk 


In this paper I discuss the theory and actuality of the effects of Time Dilation, as predicted by 
Einstein's Special Relativity. Alongside this the research investigates the visible, experiential 
effects of most personal form of Time Travel from a personal, phenomenological perspective, 
illustrated through digital media. 


The body of work, this paper and an accompanying book of modified digital images, recalls the 
Hafele-Keating experiment of October 1971 and parallels the Quantified Self experiments of diary 
photography and personal analytics in a holistic, interconnected way. 


‘The work tracks 12 months of air travel and illustrates with practical data the physics and 
mathematics behind the theory and actuality of Time Dilation. The research combines the 
interdisciplinary worlds of Computer Arts with Data and Scientific Visualisation to create a tangible 
collision between the visualisation of the personal and illustration of theory 


‘The observations are documented in ethnographic, photo essay illustrations as an investigation 
into the mathematics and physics of personal and interpersonal time. Using situated imaging 
presented as a practice-based body of work to communicate the abstract world of very small time 
periods and the direct relevance of Einstein's work on the personal and perceptual world we 
inhabit. Contrasting Newtonian mechanics and Einsteinian space-time the work seeks to illustrate 
the personal nature of how the reality of time travel influences every aspect of the interpersonal 


Time dilation. Time travel. General relativity. Special relativity. Visual thinking. Photography. Visualisation. 


Practice-based research. Art 


1. INTRODUCTION 


In 1974 two American researchers, J.C. Hafele and 
R.E. Keating, conducted an experiment. 


They placed two caesium atomic clocks on 
passenger airplanes and flew them in opposite 
directions around the globe to test a hypothesis first 
posited in Einstein's theory of special relativity 


Their aim was to measure the effects of relativity on 
these highly accurate devices - the predictions 
indicated that the eastward flying clock would lose 
40ns and the westward gain 275ns. A nanosecond 
is equal to one billionth of a second (10° or 
"'h,000,000,000 S). To compare, one nanosecond is to 
one second as one second is to 31.7 years. 


During October, 1971, four cesium atomic beam 
clocks were flown on regularly scheduled 
commercial jet flights around the world twice, 
once eastward and once westward, to test 
Einstein's theory of relativity with macroscopic 
clocks. From the actual flight paths of each trip, 
the theory predicted that the flying clocks, 


im 


compared with reference clocks at the U.S. 
Naval Observatory, should have lost 40+/-23 
nanoseconds during the eastward trip and 
should have gained 275+/-21 nanoseconds 
during the westward trip ... Relative to the atomic 
lime scale of the U.S. Naval Observatory, the 
flying clocks lost 59+/-10 nanoseconds during 
the eastward trip and gained 273+/-7 
nanosecond during the westward trip, where the 
errors are the corresponding standard 
deviations. These results provide an 
Unambiguous empirical resolution of the famous 
clock ‘paradox’ with macroscopic clocks. (Hafele 
& Kealing 1972) 


The results showed that compared to stationary 
clocks in the laboratory the eastward clock lost 
59ns and the westward gained 273ns. Whilst there 
has been discussion of the accuracy and therefore 
reliability of the measurements the experiment is 
commonly held up as one of the first to give 
practical evidence of the physical effects of time 
dilation 
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Flow of blood from left side heart through aorta and its 
branches to capillaries and return to right heart is called as 
systemic circulation. 

Blood from right heart through pulmonary artery to lungs 
and from lungs through pulmonary veins to left heart is called 
as pulmonary circulation. 

Conduction system of heart consists of SA node (Sinu 
atrial node) which is pacemaker of the heart, AV node (Atrio 
ventricular node) located in lower part of the attial septum, AV 
bundle (Atrio ventricular bundle) with right and left branches 
and terminal Purkinje fibres in subendocardial region. 


Purkine 


Buns branes Pon 


Fig, 28.36: Conduction system of heart. 


Surface marking of the heart: Upper border is between 2nd 
and 3rd costal cartilage at the level of sternum. Lower border 
‘om 2 cm to the right of sternal margin at 6th costal carti- 
lage to the apex of heart at Sth intercostal space 9 em from 
the midline. 


lm PREOPERATIVE ASSESSMENT AND 
PREPARATION OF THE CARDIAC PATIENT 


Fig. 28.37: Surface marking of the heart. 


Since cardiac surgery is a major surgery, proper evalua- 
tion is essential. Consent, explanation, discussion in initial 
phases is absolute need. 

Patient will be anxious. He needs proper consolation, moral 
support. 

Proper history related to smoking, alcohol intake, diabetes, 
previous cardiac surgery, drug intake is essential. 

ECG, chest X-ray, haemoglobin, haematocrit, blood urea, 
serum creatinine, blood sugar, lipid profile, blood grouping 
are essential basic investigations 

Echocardiography is ultrasound examination of heart. 
Heart chambers, pericardium, pumping capacity, valves 
‘and their structure, ejection fraction are found through this. 
Usually cardiologists do this test and give opinion about it. 
‘Treadmill stress test fo find out the response of heart to work, 
Coronary angiogram is done to find out the amount of 
coronary function or its block. Special coronary artery 
catheter is passed through the brachial or femoral artery like 
in seldinger angiogram. This catheter is negotiated into the 
coronary arteries both right and left. Radio-opaque water 
soluble dye is injected into the catheter and coronaries. 
X-ray film will confirm the status of the coronaries. Proce- 
dure is done under guidance using C-arm, Amount of block 
is assessed and categorised, 

Cardiography is the procedure wherein dye is injected into 
the heart chambers using specialised catheters and size, 
shape, presence of clot in the chambers, valvular incom- 
petence are studied. 

Cardiac catheterisation is done to get cardiac oximetry 
‘and pressures in different chambers of the heart. Cardiac 
catheter is flexible 100 em long tube passed to the heart 
under guidance. Right and left sides are assessed separately. 
Catheter is infused with heparinised solution to prevent 
intravascular clotting during procedure. 

Catheter to the right side of the heart is passed through the 
cubital vein, subclavian vein, SVC. Pressures at systole and, 
diastole are studied in right atrium, right ventricle, pulmo- 
nary artery. Blood samples are collected from these three 
levels to study oxygen saturation (oximetry). 

Left side of the heart is approached by two approaches — 
‘one is through the right atrium penetrating the arial septum, 
catheter reaches the left atrium, and so to left ventricle and, 
‘aorta, Pressure is recorded in each chambers. Blood samples 
are collected for oxygen saturation. 

Pressure will alter in valvular diseases like stenosis or 
regurgitation 

Oxygen saturation is altered in shunts between right and 
left sided. Shunt occurs between systemic and pulmonary 
circulation. 

Cardiac isotope scanning. 


‘& Pressure in atrium is low 0-10 mmHg. Right atrium is little 
lower than left 

‘& Pressure in the right ventricle is 15-30 mmHg systolic and 
OB diastolic 

+ Pressure in pulmonary artery is 15-30 mmHg systolic and 
3-12 diastol 

+ Pressure in left ventricle is 100-140 systolic and 3-12 mmHg 
diastolic 

+ Pressurein aortais 100-140 systolicand 10-80 mmHg diastolic 


* Pulmonary function study is done by chest X-ray, spirom- 
etry, blood gas analysis. 

Focus of infection should be looked for like dental infec- 
tion, throat infection, skin infection. 


lm CARDIOPULMONARY BYPASS 


Here functions of the heart and lungs are temporarily replaced 
by heart—lung machine which acts as a pump and oxygenator 
to the body. 

Heart is exposed through a midline sternotomy incision, 

‘Venous blood from the SVC and IVC is diverted to the heart 
Jung machine by placing tubes to them. 

From the heart lung machine oxygenated blood is pumped 
through a tube which is passed to the ascending aorta so as 
to bypass the heart and lungs with retaining the function so 
tissues will have adequate required perfusion. Blood should 
be heparinised to prevent clotting, Often venous tube is placed 
in the right atrium, 

‘Temperature is lowered over the heart by poring cold saline. 
Ventilation is discontinued, 

Once procedure in the heart is over, arin the chambers of the 
heart is cleared. Coronary artery perfusion is restored and heart 
is made to beat spontaneously or using DC shock. Acidosis and 
hypocalaemia is corrected. Patient is warmed. 

Heart is allowed to fill gradually and slowly heart lung 


the veins (SVC and IVC) and also from the aorta. Protamine 
sulphate is given to reverse the effect of heparin. 


Infusion of solution with 20 mmol/litre of potassium into 
the coronaries 


'% Cooling cardioplegic infusate to 6°C 
+ Surface of the hearts sprayed with 4°C Hartman's solution 
+ Body temperature is reduced to 20-27°C 

Heart can be kept arrested for 2 hours. 


ll CONGENITAL HEART DISEASES 


Leftto right shunt —it leads into overloading of the pulmonary 
circulation. Usually it is acyanotic. 

PDA—patent ductus arteriosus 

ASD—atrial septal defect. 

VSD—ventricular septal detect. 

Right t0 left shunt—Blood from the systemic veins enter the 
systemic arteries bypassing the lungs allowing severe hypoxic 
blood to enter the systemic circulation, It will eause cyanosis. 
Examples are tetralogy of Fallot and transposition of great 
vessels. 


Conditions without shunts—coarctation of aorta, aortic 
stenosis, pulmonary stenosis 
Also classified as eyanotic and acyanotic heart diseases. 


ll PATENT DUCTUS ARTERIOSUS (PDA)—10% 


Ductus arteriosus is essential in fetal life wherein blood from 
pulmonary artery reaches the aorta through this ductus arte- 
riosus by passing the lung. Once child is born, this ductus closes 
because of the beginning of the lung function, Prostaglandin 
prevents closure. Indomethacin promotes closure. Ifit persists 
in child itis called as PDA. 

In PDA, part of the blood from aorta flows back to pulmo- 
nary artery because of high pressure in aorta ( left to right 
shunt). This causes pulmonary hypertension, 

Occasionally pressure is so severe that flow may reverse 
and deoxygenated blood from pulmonary artery may flow 
towards aorta causing reversal of left to right shunt converting 
cyanotic shunt to a cyanotic one, Its called as Eisenmenger's 
syndrome. \t can occur in other left to right shunt also (ASD, 
VSD). 

Child presents with dyspnoea, chest pain, machinery 
murmur. 

Aortogram and echocardiography are diagnostic. 


Fig. 28.39: Patent ductus arteriosus. 


You never get the second chance to make the first impression. 
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Treatment—closure of the PDA either through interventional 
cardiology or more conveniently through open surgery. 
Complications of PDA—congestive cardiac failure, bacterial 
endocarditis 


lm COARCTATION OF AORTA—5% 


Narrowing of the aorta just distal to the origin of left subclavian 
artery. It is often associated with PDA, VSD. 


Ugamentum 
aretiosus 


Fig. 28.40: Coarctation of aorta. 


‘There is increased perfusion of upper limb, cranium, face. 
But less blood supply occurs to lower limb, kidneys. 
Types 
4% Itcan be preductal or postductal depending on relation to 
the ligamentum/ductus arteriosus. 
Features 


% It causes left ventricular hypertrophy, differential blood 
pressure (pressure upper limb is higher but pressure in 
lower limb is lower). Often there is differential cyanosis. 


Colaterals 


CCoaretation 


Fig. 28.41: Collaterals development in intercostal vessels in 
‘coarctation of aorta, 


* Visible dilated intercostal vessels through collateral perfu- 
sion is more obvious when patient leans forwards. 

% X-ray will show dilated proximal aorta, notching of ribs 
due to erosion of the intercostals vessels. 

% Aortogram is diagnostic. 


‘Treatment is widening of the narrowed segment of aorta with 
Dacron patch graft, or removal of stenosed segment and arte- 
rial graft. 


Complications 


% Congestive cardiac failure, bacterial endocarditis, aortic 
rupture, 


@ ATRIAL SEPTAL DEFECT (ASD)—7% 


* An ASD is the hole in the atrial septum thus causing 
communication between left and right atrium. 


‘ Secundum types the commonest one. Its elliptical, in the 
middle of the atrial septum and is due to defect in the site 
of foramen ovale 

+ Primum type is lower partis rare 

‘& Sinus venosus type is near SVC opening 


Features 


% There is shunting of blood from left atrium to right atrium, 
It causes left ventricular hypertrophy, pulmonary hyperten- 
sion, eventually occasionally reversal of shunt as right to 
left leading into cyanosis. 

* Dyspnoea, fixed split of second heart sound, systolic 
murmur due to increased blood flow through the pulmonary 
valve are the clinical features 

It is diagnosed by echocardiography, cardiac catheterisation 
and angiocardiogram, 


Fig. 28.42: Atrial septal defect. 


Treatment 


* Closure of the defect by direct suturing or using patch either 
pericardium or Dacron. 


ll VENTRICULAR SEPTAL DEFECT 
(VSD)—15% 

VSD is defect in the ventricular septum causing left to 
right shunt. There is pulmonary hypertension, ventricular 
hypertrophy. 


Types 

* Four types of VSD are present depending on location of 
the defect. Defect can be small or large. 
It may be associated with tetralogy of Fallot 

* Severe cases of shunt become reversal causing Eisen- 
menger's syndrome. 


Clinical Features 


* Pansystolic murmur, palpable thrill, split second sound with 
pulmonary accentuation, recurrent respiratory infections. 


Fig. 21 


Ventricular septal defect: 


% 40-50% of defects especially when they are small, will 
close spontaneously. Spontaneous closure will not occur 
afier the age of 6 


Investigations 
Echocardiography, cardiac catheterisation. 


Treatment 

Closure of the defect using pericardial patch or Dacron. While 
suturing care should be taken not to inure atrioventricular 
conduction system, 


Complications of VSD 


Recurrent respiratory infection, pulmonary hypertension, 
cardiac fsilure. 


ll PULMONARY STENOSIS 


I is narrowing of the pulmonary valves due to fusion of cusps. 
Narrowing may be as less as 2-4 mm, Patient develops right 
ventricular hypertrophy and later right ventricular failure 
Pressure in the right ventricle is higher, in pulmonary artery is 
lower. Treatment is pulmonary valvotomy. 


ll TRANSPOSITION OF GREAT VESSELS 


Here aorta begins from right ventricle and pulmonary artery 
begins from left ventricle. So venous blood enters the aorta and 
causes hypoxia and cyanosis. It is usually not compatible with 
life but often through bronchial collaterals communication may 
develops and become compatible. When it is often associated 
with ASD or VSD or PDA mixing occurs and is compatible, 

It is eyanotic heart disease. 

It is diagnosed by an emergency echocardiography and 
aortocardiogram, 


Fig. 28.44: Transposition of great vessels. 


Treatment 


% Immediate palliative method is Rashkind balloon septo- 
stomy. A balloon is passed into the right atrium and 
through the septum into the left atrium. Balloon is inflated 
and rapidly pulled out through the atrial septum causing 
widening of the defect in the septum. It allows flow of 
oxygenated blood from pulmonary veins through the 
septum and so to the right ventricle and aorta 

¢ Albert-Mustard atrial redirection of flow of blood: Atrial 
septum is excised and using either pericardial or Dacron 


He who believes, is strong; he who doubts, is weak. 
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patch left atrial blood is directed to the right ventricle and 
right atrial blood is directed to the left ventricle. 

Later definitive correction is done either at atrial level or 
at great arterial level 


ll TETRALOGY OF FALLOT 


It is cyanotic congenital heart disease. 


Components 

& Ventricular septal defect 

‘ Infundibularand pulmonary stenosis causing right ventricular 
outflow obstruction 

‘ Right ventricular hypertrophy 

+ Dextroposition of aorta 


Because of right ventricular outflow obstruction venous 
blood gets diverted through the existing VSD into the left 
‘ventricle and so to the aorta. So systemic circulation is provided 
with unoxygenated venous blood causing cyanosis 


Features 


* Cyanosis with dyspnoea, Ejection systolic murmur which 
diminishes during eyanotie attack. 


{nfuncibular 
stenosis 


Fig, 28.45: Tetralogy of Fallot. 


Echocardiography, cardiac catheterisation are the essential 
investigations. 


Treatment 


%  Blatock-Taussig operation—it is done as initial treatment 
in newbom baby with Fallot's tetralogy. Left subclavian 
artery and pulmonary artery is connected using a graft 
which allows the pulmonary arterial perfusion. 

% Second stage definitive correction by relieving the right 
ventricular outflow obstruction completely and closure of 
VSD using Dacron path. 


lm ACQUIRED HEART DISEASE 
Mitral Stenosis 


Commonest acquired heart disease, Valve here cannot open 
completely during left atrial contraction. 

It is scarring and thickening of the mitral valves due to 
inflammation of valves with valve area less than 2.5 em? 
(normal is 4-6 em). It will later lead into fusion of chordae 
tendinae, calcification of the valve cusps. It is commonly due 
to rheumatic fever with streptococcal pharyngitis 


Features 


Mitral stenosis 
| 


Hypertrophy of the left atrium 
+ 


Sluggish blood flow, left atrial hypertrophy 
+ 

Atrial fibrillation — atrial thrombus — emboli 
| 


Pressure in pulmonary vein increases 
Lung congestion, oedema 
Pulmonary artery hypertension 
f 


Right ventricular failure and tricuspid regurgitation (CCF). 


Dyspnoea,orthopnoea 
‘Cough, haemoptysis 

Mid-diastolic murmur, with loud heart sound, 

Features of atrial fibrillation 

Chest X-ray shows straightening ofthe eft border ofthe heart 
ECG and echocardiography will demonstrate mitral stenosis, 
lot 


eeeeee 
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Cardiac catheterisation shows increased right atrial pressure 
Pulmonary capillary wedge pressure (PCWP) showsincreased 
left atrial pressure 


e 


Severe stenosis 
Calcification of cusps 
Clot in the left atrium 
Right ventricular hypertrophy 


eeee 


Surgeries for mitral stenosis 

* Closed mitral valvotomy—through left thoracotomy inci- 
sion, heart is exposed. Left atrium is opened with purse 
string suture so as to allow the finger to pass inside. Left 
ventricular tip is incised with a purse string suture and 
‘Tubb's valve dilator is passed. Under finger guidance 
through left atrial purse string wound, valve and cusps are 
separated using Tubbs dilator. 


Purse sting suture 


* Open mitral commissurotomy—it is done with cardio- 
pulmonary bypass, left atrium is opened, valve and commis 
sures are separated, valve is dilated using finger, clot 
left atrium is removed, 

© Open valvuloplasty by doing repait of the valve. 

% Percutaneous balloon valvotomy. 

# Valve replacement surgery. 


ll MITRAL REGURGITATION 


Mitral valve here cannot close completely during left 
ventricular contraction. It can be associated with mitral 


stenosis also. 


Causes 


© Rheumatic heart disease causing fibrosis, rigis 
shortening of chordae tendinae leading to inabi 
the mitral valve. 

‘Myxomatous degeneration of the valve. 
Marfan's syndrome. 

Connective tissue disease 

Sarcoidosis, 


ity and 
toclose 


Mitral regurgitation 
+ 
Left ventricular hypertrophy but reduced cardiac output 
+ 
Left atrial enlargement with increased pressure 
+ 


Pulmonary venous pressure increases 


Lung congestion, oedema (CCF) 


Features 


‘Cough, haemoptysis, chest pain, dyspnoea 
Pansystolic murmur 

Features of failure 

Often associated features of mitral stenosis, 

Features of associated diseases 
Echocardiography cardiac catheterization and PCWP are the 
investigations 
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Treatment 


Valve replacement surgery. 


lm AORTIC STENOSIS 


Narrowing of the aperture of aorta is due to rheumatic heart 
disease, bicuspid stenosis, calcification. Valve is thickened, 
fibrosed, calcified and narrowed. 


Features 


* There is left ventricular hypertrophy with reduced left 
ventricular capacity, 

% Because of the narrowing of the valve, cardiac output 
decreases. 
Systolic murmur is better heard over aortic area, 
Later may lead into failure, 
Echocardiography is diagnostic. 


Treatment 


Valve replacement surgery. 


ll AORTIC REGURGITATION 


‘There is incompetence of aortic valve. 


Causes 


Rheumatic disease, 
Connective tissue disorder. 
Marfan's syndrome, 
‘Tertiary syphilis. 
Endocarditis. 

Aortic dissection. 


Features 


‘Thereis left ventricular hypertrophy,and cardiac failure later 
Early diastolic murmurs characteristic 

Collapsing pulse 

Dyspnoea, chest pain 

Echocardiography is diagnostic 

Itmay be associated with ischaemic heart disease 
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Perfection is the best excuse. 
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Treatment 


Valve replacement surgery. 


ll VALVE REPLACEMENT SURGERY 
—_—_—_—_—SS ESS 


Severe valvular disease with fixity stenosis 
4 Valve disease with thrombosis lke in mitral stenosis 
& Multivalvular disease 


Types 
1, Biological valves—Capentier’s glutaraldehyde preserved 
porcine valve with a sewing ring and frame is used. It is 
not thrombogenic. So, its used in child bearing age and in 
‘whom warfarin is contraindicated. But its life span is less. 
So itis useful in elderly. 
2, Mechanical valves 
> StarrEdwards ball—valve prosthesis 
> Bjork-Shiley tilting dise—valve prosthesis, 
Mechanical valves are long lasting but they are thrombo- 
genic. Embolic phenomenon can occur. Patient requires oral 
anticoagulant to keep prothrombin time twice normal. Ifantico- 
agulants cannot be used, then aspirin, dipyridamole can be used. 


& Thrombogenic 

+ Require warfarin anticoagulant therapy 

+ Prone for severe epistaxis, intracranial haemorthage while 
‘on warfarin therapy 

+ Prone for infections by bacteria, fungi yeasts 

“& Mechanical haemolysis and anaemia 

“Valve malfunction may occur 
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Ball valve Parcine valve Disc valve 
Fig. 28.47: Different types of valve prosthesis. 


3, Free homograft valve. 


@ ISCHAEMIC HEART DISEASE (IHD) 


Main major arteries of the heart ate right coronary, left coro- 
nary and circumflex artery. Blockage can occur in one or two 
‘or all three vessels. Involvement of all three vessels is called 
as triple vessel disease. 

IHD presents as asymptomatic with sudden massive cardiac 
ischaemia with sudden death. 

Or symptomatic angina, is progressive if not treated and 
‘eventually may lead in to severe ML 

Atherosclerosis is the commonest cause. 


Risk factorsares 
‘& Hypercholesterolaemia 

& Cigarette 

Diabetes mellitus 

‘& Hypertension 

Family history and age 


Atheroma plaques deposits in the coronary artery and 
narrows it. Block above 70% is called as critical block. Angina 
is initially treated with calcium antagonists, beta blockers, 
nitrates, 


Investigations 
ECG, 

Coronary angiography is diagnostic. 
Echocardiography. 

Lipid profile (done on empty stomach). 


Fig. 28.48: Coronary artery: Anatomy and sites of CABG. 


Treatment 


1. Coronary balloon angioplasty is done in case of angina, 
‘only one or two vessels are involved. It is done by inter- 
ventional radiologists in presence of cardiologists. Balloon 
tip catheter is passed through femoral or radial artery to 
reach proximal aorta and entered into the coronary artery 
‘opening. Coronary angiogram is done after injecting the 
dye, Balloon tip of the catheter is passed across the site of 
the block. Balloon is inflated to crush the atheroma, 


& Restenosi 
® May precipitate block 


2. Coronary artery stenting after balloon angioplasty. 
3. Coronary artery bypass graft (CABG). 


= Andications 
+ Triple vessel stenosis 

+ Left main stem stenosis 

+ Chronic stable angina 

+ Angina with persistent chest pain 

+ Block more than 70% 


Grafts Used 


Patient's own long saphenous vein—commonly used graft 
* Patient's own internal mammary artery—choice graft as it 
is reliable, less occlusion, long-term patency. 
Usually 3-4 grafis are used. 


Technique—tt is done under cardiopulmonary bypass. Aortic 
cross clamps are used to help proper graft anastomosis 


Complications of CABG 
Graft thrombosis 

Narrowing 

‘& Atherosclerosis in the graft 

‘Respiratory infection 


ll CARDIAC PACEMAKERS 

Cardiac rate is made regular using specialised device which 
stimulates the heart and acts as pacemaker. 

Temporary Pacing 

It is done in myocardial infarction, arrhythmias, and cardiac 
surgery, 

Permanent Pacing 


It is done in congenital and acquired atrioventricular block, 
sick sinus syndrome (SA node dysfunction), atrial fibrillation, 
certain tachycardia. 


Routes of Pacing 


Transvenous route is commonly used. A needle is passed 
into the subclavian vein and guide wire is passed through the 
needle into SVC. Dilators are passed through the guide wire. 
‘Then sheath is passed. Electrode is passed into the atrium or 
ventricle. It is endocardial pacing, 

Transthoracic pacing—it is not commonly used. It requires 
‘open thoracotomy. One lead is placed to the atrium and two 
other to ventricle. 


Pacemaker may be external usually used as temporary. 

Internal pacemaker is placed in the upper chest wall below 
the middle of the clavicle in subfacial plane under local anaes- 
thesia (pacemaker pocket) 


ll POSTOPERATIVE CARE 


Proper monitoring and ICU care is essential 
ECG, temperature, BP, CVP, cardiac monitor, urine output 
has to be assessed regular intervals. 

% Serum electrolytes, blood gas analysis, assessment of 

soenzymes, haematocrit, blood urea, creatinine. 

% Acidosis and hypercalcaemia to be corrected early 


Complications of pacing 
% Arhythmias 

Infection 

‘ Phlebitis, haematoma, thrombosis, bleeding 

+ Failure of battery electrode 

‘& Electrode displacement 


‘& Fixed rate—ventricular pace—no sensing 
‘& Demand release—ventrcular pace—sensing triggered mode 
+ Inhibited rate—ventricular pace—sensing-inhibited mode 


% Pacemakers are sensitive to electromagnetic interference. 

* Drains from pericardium, mediastinum should be assessed 
carefully. 

* Hypovolaemia, cardiac tamponade, myocardial infarction, 
hypoxia, acid-base imbalance has to be corrected, 

% Dopamine, dobutamine, isoproterenol are the drugs used 
when there is low cardiac output 

igoxin, pacing, cadioversion may be required if there is, 
cardiac arrhythmias. 

% Management of respiratory system—when the patient is 
alert and having adequate cough reflux, endotracheal tube 

removed. Breathing exercises, physiotherapy, observation 
for respiratory distress, prevention of pneumonia to set in 
are important care required. 

% Care of the endotracheal tube, suctioning, checking the param 
eters in intermittent positive pressure ventilation (IPPV) 

* Neurological system should be observed—alertness, 
speech, level of consciousness, any deficits are looked for. 

# Strict asepsis is undertaken in cardiac postoperative period 
bby avoiding unnecessary visitors, separate dress in postop- 
erative ward, wearing gloves, cap, masks while attending 
the patient. 


Strong convictions precede great actions. 
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RADIOTHERAPY 


The effect of radiations on living cells isthe more intense: (1) the 
‘greater their reproductive activity, (2) the longer their mitotic 
pphase lasts, and (3) the less their morphology and function are 

differentiated. 
—Jean Alban Bergonié, Louis Mathieu Frédéric Adrien 
‘Tribondeau, 1906 


¢ Itisuse of ionizing radiation as therapy, mainly in malig- 
nant conditions 

¢ Megavoltage X-rays or gamma rays which generates energy 
greater than 1 * 10°V are used. 


Principles and Factors in Radiotherapy 


% Penetration of the beam into the deep seated tumour. 

* Building of the radiation dose under the skin over the 
‘tumour tissue so as to minimize the skin reactions 

Precise targeting of radiation towards the tumour. 

# Radiosensitivity, tumour volume and tumour size are the 
factors which determine the radiation efficacy, 


Physicochemical Effects of the Radiation 


# Direct action on the target tissues. 

Indirect action, by releasing free radicals which cause cell 
destruction. 

* Itacts on the different phases of cell cycle to destroy the 
cell. 


Changes in the Tumour Cells after Irradiation 


1, Repair of the damaged but retained cells. 
2, Repopulation is by proliferation and reproduction of the 
retained cells. 


ee Ceras) Adjuvant Therapy 


= Immunosuppression 
= Immunotherapy 

= Hybridoma 

= Gene Therapy 


3. Redistribution of the cells. Cells in the *S’ phase of the 
cell cycle (where DNA is being synthesised) are radiore- 
sistant. These cells after radiotherapy will go to *G.' or 
“M’ phase. 

4, Reoxygenation of the cells which were hypoxic at th 
of radiotherapy. Hypoxic tumour cells are radioresistant. 
About 10% of tumour cells are in hypoxic state. 

‘Thus fractionation of the radiotherapy allow retained cells 
to go foractive and sensitised phase making radiotherapy more 
effective 


ime 


Oxygen is a good radiosensitiser. So hyperbaric oxygen is used 
many times as radiosensitiser. 
Radiation Unit 


I is called as grey unit, It is defined as the absorption of 1 J of 
radiation energy by 1 ky of tissue, 


‘Types of Radiotherapy (Therapeutic) 


1. Curative (radical) radiotherapy: \tis given in early malig- 
nancies as a curative or primary method to tumours which 
are radiosensitive. 

2. Palliative radiotherapy: It's used to alleviate the symptoms 
when the tumour is beyond cure. 

Symptoms are: 

+ Pain in secondaries in the bone 
> Myeloma. 

» Carcinoma breast. 
» Advanced lymph node metastasis. 

* Bleeding 
» Carcinoma oral cavity, cervix. 

» Carcinoma bladder, rectum, 
» Advanced secondaries in the lymph nodes, 


‘Seminoma testis 
Hodgkin's lymphoma 

Squamous cell carcinoma 

Ewing's sarcoma 

Carcinoma lung 

Gliomas 

Bladder tumours 

Carcinoma cervix, vagina, nasopharynx, 
head and neck, oesophagus 

Basal cll carcinoma 


ee eeeeeooos 


Dose is 60 Gy in 30 fractions over 6 weeks. 


‘ungation 
> Breast carcinoma 


> Rectal carcinoma, 
* Obstruction 
> Bronchogenic carcinoma obstructing inferior vena cava 
» Carcinoma cervix causing obstruction to the ureter. 
* Pathological fracture due to secondaries. 
* Spinal cord compression due to secondaries 
Dose is 10-25 Gy in 1 to 5 fractions, 


Principle 


Radiation is used to kill actively proliferating malignant cells, 
at their mitotic level. 


@ Squamous cell carcinoma 
@ Basal cell carcinoma 
Bladder tumours 
Carcinoma cervix 
 Seminoma testis 

@ Hodgkin's lymphoma 


Other areas where radiotherapy is used commonly: 

¢ In carcinoma breast during postoperative period, for 
secondaries in bone, sometimes as preoperative radio- 
therapy, as part of QUART Regime. 

¢ In follicular carcinoma of thyroid: For secondaries radio 

active I?'5 m curies is given orally. External radiotherapy 

is also given for bone secondaries along with internal fixa- 

tion if there is pathological fracture. 

Malignant brain tumours like astrocytomas, 

Many sarcomas. 

Carcinoma prostate. 

Carcinoma oesophagus. 

Carcinoma lung, 

Fixed secondaries in neck as palliation to palliate pain, 

fungation and erosion into major vessels, 

© Multiple myelomas, 


Radioresistant Tumours Include 
 AlLGI malignancies. 

Melanoma. 

© Medullary carcinoma of the thyroid, 


Source of Radiotherapy 


Cobalt 60 machine—most commonly used. 
Kilovoltage machines, 

Linear accelerator, 

Betatron/microton 

Radioactive materials like Cesium 137 (pellets), Iridium 
192 (wire), Gold 198 (seeds), lodine 125 (seeds). 


Measurement of lonising Radiation 


Roentgen unit is a measure of ionisations produced per unit 
volume of air by X-rays and gamma rays but it is not used for 
photon energies above 3MeV. SI unit for exposure is Coulomb 
per kg. 


Radiation Absorbed Dose (RAD) 


Absorbed dose is De/dm, It is mean energy imparted by the 
ionizing radiation to material of mass dm. 

Old unit is rad which is equivalent to 100 ergs of energy 
per gram. 


Newer International Unit is Presently Used 


One Grey (Gy) is one joule of energy deposited per kilogram of 
material. One Gy = 100 rads = 100 eGy. 1 cGy = I rad. 


Radiotherapy Plan 


‘Type and doses of radiotherapy is decided by following factors: 
© Site of tumour. 

© Lymphatic field. 

¢ Tumour size and extent 

% Histological type and grading, 


Typescofradiotherapy (Technica) 
‘& Superficial Xray therapy (100 KV) 

‘& Orthovoltage X-ray therapy (200/300 KV) 

‘& Caesium (""Cs) or cobalt Co) teletherapy 

‘ Intracavitary or intralesional radiotherapy (Brachytherapy) 
‘& Radioactive!" therapy for follicular carcinoma thyroid 


Brachytherapy 


It is radiation given with source close to the tumour, 
Itis given using iridium" caesium". 

Itis curative radiotherapy. 

It is used in carcinoma oral cavity, penis, breast, 
and bladder. 

¢ Radiation material placed in the cavity is called intracavi- 
tory RT. 

Radiation material is inserted into the tissues —interstiial RT. 
Implants can be kept permanently or temporarily. 
Radioactive material is placed into the cavity/tissue through 
applicators under general anaesthesia, 

Intraoperative radiotherapy is also becoming popular. 
Ithas only localised effect with adjacent tissue being spared. 
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“Cancer” word itself is lethal many times than cancer. 
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Adesayy queanipy 


Time travel: time dilation 
Danie! Buzzo 


2. SPECIAL RELATIVITY AND TIME DILATION 


In special relativity Einstein States that the duration 
of time will pass at different rates when comparing 
an object at rest versus an object in motion. The 
greater the velocity of the object in motion, the 
closer to the speed of light, c, the greater the effect 
of what is known as ‘time dilation’ 


The effect of this phenomenon is significant at 
speeds close to the constant of light speed but 
becomes exponentially less as the object in 
question approaches rest. 


Figure 1: The mathematical relationship of time, velocity 
and the speed of light describing Time Dilation 


Unless our velocity is a substantial fraction of the 
constant speed of light the dilation effect (y) is 
approximately 1. This, combined with our extremely 
limited lifespan is why we don't immediately notice 
time dilation at ordinary speeds. The fastest speed 
most humans will achieve, an aitplane travelling 
near the speed of sound, gives a time dilation 
where y = 1.0000000000005. 


In other words, 1 second for a passenger on the 
plane would pass as 1.0000000000005 seconds for 
a stationary observer. 


Time effectively passes more slowly for the 
traveller relative to the observer. 


3. THE REALITY OF THE EFFECT 


Whilst there is discussion of the validity of the 
results of the 1971 Hafele & Keating experiment, 
particularly around the ‘corrections’ made to their 
data at publication, their initial observations are 
clearly aligned with the predicted results to be 
expected from the mathematics for time dilation. 


As Reinhardt et al (2007) note: 


Time dilation is one of the most fascinating 
aspects of special relativity as it abolishes the 
rotion of absolute time 


In their 2007 paper they investigate the effects of 
time dilation with even more accurate atomic 
clocks, adding more experimental evidence 
consistent with special relativity. There are also 
numerous other experiments, such as those into 
muon decay, that provide additional practical 
evidence that the effect described is real and 
measurable, 
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Figure 2: Over Dorset: Duration 55 minutes 


4, IMPLICATIONS FOR EVERYDAY LIFE 


The practical implications for everyday life at first 
appear intangible when one considers the 
seemingly miniscule time periods being discussed. 
Even taking some of the most extreme examples 
one can imagine being feasible, such as that of a 
cosmonaut living in a fast low earth orbit, 
circumnavigating the earth every 90 minutes gives, 
of approximately 1.0000000003, 


fone considers our astronaut in orbit for two years, 
the Time Dilation due to special relativity would 
give an increase in lifespan of approximately 20 
milliseconds, A millisecond is a thousandth (10° or 
"I, g00) of a second. 


This gap of 20 milliseconds, or two hundredths of a 
second, are suddenly well within human scale 
perception and understanding. This is a common 
measured gap in motor racing and fast sports like 
downhill skiing. Even the record for the 100m sprint 
is now is 9.58 seconds, run by Usain Bolt at the 
World Athletics championships in Berlin in 2009. 


Scales in milliseconds are spaces and durations 
that even humans with our modest lifespans can 
perceive and understand. 


As Ed Lu, Science Officer on the Intemational 
Space Station writes, from orbit, in his blog post on 
experiments in ‘Relativity’ 


After our 6 months in space, we will have 
‘actually aged slightly less than everyone else on 
the ground because of an effect called time 
dilation, It isn't by much (about 0.007 seconds), 
but itis one side benefit of flying in space! 


Though the effects of time dilation at human scale 
speeds are often imperceptibly small they are 
nonetheless real. Seeing the implications of this 
reflected in everyday life reveals the truly personal 
nature of the time travel that we undertake in 
everything we do. 


The realisation that time dilation is a tangible and 
observable phenomena that affects ourselves and 
everything around us was given heightened 
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+ X-rays, electrons-from high energy 
Xray machine, e. Linear accelerator 

+ Gamma and beta rays from 
radioactive isotopes like Cobalt-60, 
Caesium 137, Iridium 197 

+ Protons, neutrons and heavy ion 
nucle! from cyclotrons, 


Preoperative radiotherapy 

Advantages 

+ Down-stage the tumour and reduces 
the tumour bulk 

+ No change in oxygenation of tissues 

+ Blockage of lymphatics by RT 
prevents tumour spread during 
surgical dissection 

+ Reduces the chances of microscopic 
spread 

Disadvantages 

* Delayed healing due to reduced 
vascularity 

+ Flap necrosis, fistula formation 

+ Carotid blow-out 


Classification 


+ Low LET (Low Energy Transfer) 
radiation—X-rays, gamma rays, 
electron 

+ High ET radiation—Neutrons, 
protons, alpha particles and negative 
fons. Ithhas heavier mass with dense 
localisation and hence biologically 
more effective 


Postoperative radiotherapy 


+ More effective and extent of RTs 
well defined 

+ Flap necrosis, fistula complications 
are less 

Indications 

+ When resected margin is positive for 
tumour 

+ When bone/cartlage are involved 

+ Extracapsular nodal spread 

+ Multiple neck nodes/node more than 
3.cm in case of neck disease 

+ Poorly differentiated tumour 


Eicacy depends oni | 


+ Cell cycle phase 

+ Oxygen content of cells 

Methods of delivery 

+ Extemal beam radiation (Teletherapy) 

+ Brachytherapy 

+ Systemic irradiation using 
radioisotopes like I* 


Radiotherapy and chemotherapy 
combined 


+ Commonly used before or during RT 

+ Chemotherapy after RT is not 
commonly followed 

+ Chemotherapy before RT is called 
as induction chemotherapy which 
reduces the bulk of tumour without 
altering the vascularity 

+ Chemotherapy with RT is called as 
concomitant RT which improves 
the effect of RT. Methotrexate and 
bleomycin are radio sensitisers 


External beam radiation: 


Advantages—Deep penetration, skin sparing, better dose 


distribution. 


en using cobalt 60 teletherapy or X-ray source. 


* Effecting lens, eyelashes and lacrymal glands causing 


dryness, 


and diarrhoea, 


taract. 
Mucosa in GIT is very sensitive causing naus 


. vomiting 


Internal radiation: 


Used for diagnostic and therapeutic purpose, ¢ in carcinoma 
thyroid for treatment of secondaries, 


Complications of Radiotherapy 


% Oral mucosal oedema, ulceration, dysphagia, dyspnoea, 
loss of taste, oral thrush, 

Bone marrow suppression. 

% Oophoritis in women and oligospermia in men. 


Radiation dermatitis, pigmentation in skin. 
Radiation myélitis of the spinal cord—causing hemiplegia, 
paraplegia, 

Radiation pneumonitis and pulmonary fibrosis 

Radiation nephritis and renal failure 

Radiation osteomyelitis, 

Radiation-induced malignancies, 

Radiation-induced thimble bladder. 

Radiation-induced frozen pelvis. 

Infection—bacterial, viral, candidial (oral thrush) 


Brachytherapy 


Type 

+ Intracavitery like in uterus, urinary 
bladder, maxillary antrum, bronchial 
or oesophageal tree 

+ Interstitial wherein radioactive 
needles/wires/ribbons/seeds are 
Inserted into the tumour area lke in 
bladder or oral cavity 

+ Surface brachytherapy using moulds 
like in tumours of skin/eye/breast 

+ Radionuclides used are Caesium 137 
(Cs), Iridium 192 (Irs), Gold 198 
(Au) and lodine 125 (15) 

+ Brachytherapy is often combined with 
extemal beam radiotherapy 


Advantages 

+ High, localised, single continuous 
dose of RT 

+ Deeper and adjacent tissues are 
spared 

+ High dose rate with short time 

+ Less side effects 

+ Curative and effective in early 
cancers 

+ After loading devices are available 
which reduces personal exposure 

‘Surgery is avoided and partis 

retained 


Disadvantages 

+ Technically difficult 

+ Avallablty ofthe facility 

+ Local complications like 
displacementlerosion 


ll CHEMOTHERAPY 


Chemotherapy, today is an important modalit 
in managing a case of cancer, 

tis the main modality of treatment in most of the advanced 
‘malignancies, 

Its used preoperatively to downstage the tumour so as to 
increase the possibilities of surgical resection. 

+ When used postoperatively it reduces the rate of recurrence. 

tis the primary treatment for NHL, leukaemia. 

% These drugs mainly act by blocking the mitotic activity in 
the nucleus in different phases of the cell cycle, 

tis given either oral, intravenous (systemic), intra-arterial, 
intrathecal and intravesical (regional) or as isolated limb 
perfusion. 

 Intra-arterial chemotherapy is used in head and neck cancers 
and hepatic cancers, 

¢  bsolated limb perfusion is used in melanoma, 


of treatment 


™@ CELL CYCLE 


‘The cell cycle is composed of: 
,’ —testing phase or nonproliferative phase. 
2, Presynthetic phase (G,)—resting cells that are not preparing 
for cell division are said to be in this subphase G. 
3, *S’ phase DNA synthesis takes place during this phase. 
4, ‘M’ phase—formation of mitotic spindle, ie. period of 
mitosis 
5. Postsynthetic phase (G.)—premitotic interval, which 
follows the termination of DNA synthesis 
Most potent cytotoxic agents act by damaging DNA. Theit 
toxicity is high during the DNA. synthetic phase, ‘S’ phase of 
the cell. Some agents block the formation of mitotic spindle 
in M phase (vinka alkaloids and taxanes). So the agents have 
activity only against cells that are in the process of division 
Hence, tumour with high fraction of actively dividing cells are 
more susceptible to chemotherapeutic agents, 


Fig. 29.2: Cell cycle. 


The miserable have no other medicine but only hope —William Shakespheare 


‘When chemotherapy is given with interferons and interleukins, 
itis called as biochemotherapy. 


@ ANTIMALIGNANCY DRUGS 
1. Classification 


1. Alkylating agents: 

a. Nitrogen mustards: Mechlorethamine (mustine hydro- 
chloride), cyclophosphamide, chlorambucil, melphalan. 

b. Ethylenimines. 

c. Alkylsulfonates 

Antimetabolites: 

a. Folic acid antagonists—methotrexate. 

b. Purine antagonists—azathioprine, 6-mercaptopurine. 

c. Pyrimidine antagonists—S-fluorouracil, 

3. Antibiotics: Actinomycin-D, mitomycin, doxorubicin, 
bleomycin. 

4. Vinca alkaloids: Vincristine, vinblastin. 

5. Miscellaneous: Cisplatin, procarbazine. 


—busulfan, 


IL. Classification of antimalignaney drugs based on the 
action on cell cycle 

‘phase specific agents: Cytosine arabinoside, hydroxyurea, 
6-mereaptopurine, 


M-phase specific agents: Vincristine, vinblastine, palcitaxel, 


Phase nonspecific agents: Alkylating agents, nitrosoureas, 
antitumour drugs, procarbazine, cisplatin, dacarbazine. 


Mode of Action 


‘These drugs damage the active cells by affecting the process 
of cell division, Hence, they also affect haemopoiesis, cellular 
activity, epithelial tissues and gonads. They also suppress the 
immune system. 


Adverse Effects in General 

Bone marrow suppression, alopecia, hepatotoxicity, nephrotox- 
icity, damage to gonads, damage to GI mucosa and ulceration, 
ll HORMONE THERAPY IN CANCER 

Ablative Procedures 


% Oophorectomy and adrenalectomy in carcinoma breast. 
* Orchidectomy in carcinoma prostate. 


Added Hormone 


4 Prednisolone, progestogens, estrogens and androgens. 


Hormone Antagonists 

% Tamoxifen is estrogen receptor antagonist. Estrogen 
receptor level is assayed, If it is more than 10 units/gm of 
tissue, it is called as ER positive and if less than 10 units, 
itis called as ER negative, 

% Cyproterone acetate, competes with testosterone for binding 
receptors, 
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Drugs 
1. Mustine hydrochloride 
2, Cyclophosphamide: 
Dose: 3 mgikg IV dally for 5 days 
in dextrose, as monthly cycle for 6 
months 
rally as 50 mg tablets. 
3. Melphalan 
Dase:10 mg deily x 3 weeks. 
Avallable as 2 mg tablets 
4. Busulfan: 
40 mg for 3 weeks 
5. Chiorambueil: 
410 mg for 3 weeks 
6. Methotrexate: 
2.5-5 mg/d oraly;10 mg 
intrathecelly 1-2 times a week 
7. 6-Mercaptopurine 
Dose: 2.5 mg/kg/d orally 
8 5-Fluorouracil 
Dose:16 mg/kg/d IV 
§. Vinca Alkaloids. 
Vincristine: Dose:1.5 mg/sq.m 
Vinblastine: Dose: 0.1 mg/kg body 
weight 
40, Rubidomycin: 
Dose: 40 mg/m/ day IV 
41. Adriamyci: 
60 maim? IV 


12, 0p DDD(Mitotane): 
Dose: 10 gm orally for 8 weeks 


13. Bleomycin: 
20 units 1V or IM 


14. Gytosine arabinoside 
Dose: 4 mg/kg IV 

45. Lomustine (GCNU) and Carmustine 
(BCNU) 

46. Procarbazine 


17. Cisplatin: 
Dose: 20 mg/m*id 
18, Etoposide: 


Dose: 100 mg/sq.m 
19. Hydroxyureas 


© LHRH analogue—Goserelin (Zoladex) acts as an antagonist 


to carcinoma breast. 


Used in 
Hodgkin's lymphoma 


‘Ovarian carcinoma, lymphomas, 
colonic and bronchogenic carcinoma 


Multiple myeloma and melanoma 


Chronic myeloid leukaemia 
Chronic lymphatic leukaemia 


Choriocarcinoma, ALL, soft tissue 
sarcoma, breast cancer 


Leukaemias and choriocarcinoma 


Adenocarcinomas of GIT, breast 
‘cancers and cancer cervix 


Leukaemia 
Hodgkin's lymphoma 


Acute myeloblastic leukaemia 


NHL, hepatoma, medullary carcinoma 
thyroid, osteosarcoma and soft-tissue 
sarcomas 


Carcinoma adrenal cortex 


Squamous cell carcinoma of skin and 
other regions and lymphomas 


Leukaemias and lymphomas 
Brain tumours and lymphomas 


Hodgkin's lymphoma and Oat cell 
carcinoma lung 


Testicular and ovarian tumours 


Testicular tumour, bladder tumour, 
lymphomas 


Myeloma, leukaemias 


Adverse effects 


Alopecia, bone marrow suppression 


Alopecia, bone marrow suppression, 
haemorrhagic cystitis, 


Pulmonary fibrosis 


Oral and GIT ulceration, bone 
marrow suppression, hepatic damage 


Hyperuricaemia 
Neurotoxicity, stomatitis, bone 
marrow suppression. 


Neurotoxic 
Bone marrow toxicity 


Myocardial depressant 


Cardiotoxic 


Pulmonary fibrosis 


Leukopenia and thrombocytopenia 


Bone marrow and CNS depression 


Nephrotoxicity 


* Papillary carcinoma of thyroid is (TSH) hormone 


% Phosphorylated diethylstilbestrol (Honavan) is used in 
carcinoma prostate. 

Drugs that Interfere with Hormone Synthesis 

or Release 

¢ Aminoglutethimide is an adrenal inhibitor. It is also an 
aromatase inhibitor inhibiting the peripheral conversion of 
androstenedione to estrogen. 


dependent. TSH can be very well-suppressed by giving 
L-thyroxine, suppressive dose, daily 0.3 mg for life 
long. 


Steroids (corticosteroids) are used as component of chemo- 
therapy regime. They also improve the anorexia and also 
control hypercalcaemia seen in patients with malignancies on 
treatment, They reduce cerebral oedema in intracranial malig 
nant neoplasms. 


tm IMMUNOSUPPRESSION 


+ It is mainly used in transplantation to prevent graft reje 
tion, e.g. in transplantation of kidney, liver, heart, small 
bowel, pancreas. 

Drugs used are: 

¢ Azathioprine (Imuran, Purine analogue}—Inhibits purine 
synthesis, 

% Grelosporine: Itisa very good immunosuppressant, derived 
from fungus. It causes inhibition of lymphocytic activity, 
delayed hypersensitivity, interleukins, memory cells, etc 
It binds to cyclophilin, decreases IL-2 and other cytokine 
release from T cells. It is initially given intravenously and 
later given orally. Its given usually for long duration, for 
12-24 months. It is nephrotoxic as well as hone marrow 
suppressant, So, constant monitoring by blood urea, 
serum creatinine, blood count, Hb% at regular intervals 
is required, Dose should be adjusted depending on these 
parameters. Cyclosporine is very effective immunosuppres- 
sant in transplantation. 

% Antilymphocytic globulin—Antibodies against T-cell 
receptors (CD,, CD;, CD,, CD,), B-cells and macrophages. 

# Steroids (methylprednisolone)—Alters transcription and 
translation, affects T-cells and macrophages. 

% Cytosine arabinoside—Anti-inflammatory and immunosup- 
pressive effect. 

Tacrolimus (FK506)—Bind to FK binding proteins, effects 
are similar to cyclosporine, 

¢ OKT3—Acts against CD3 and T-cells, 

Mycophenolate mofeti!—Inhibits inosine monosphosphate, 
affects lymphocytes. 


Types of Immunosuppression 


1. Induction regimens—Mainly aims to avoid rejection and 
to establish a good graft function during the immediate 
post-transplant weeks (2 weeks), Antilymphocytic sera, 
along with either cyclosporine or azathioprine or steroids 
are used here. 

Antirejection regimens—It aims at reversing the acute rej 
tions, High dose steroids and antilymphocytic sera are used 
here 

3, Maintenance therapy—Using cyclosporine ot FKS06 along 

with steroids and azathioprine. 


‘@ Infection—commonest 

@ Malignancy—squamous cell carcinoma, lymphoma, Kaposi's 
sarcoma 

@ Nephrotoxicity 

@ Bone marrow toxicity 

@ GIT toxicity 

@ Neurotoxicity 


IMMUNOTHERAPY 


It is enhancing the host response of patient whenever required, 
commonly against malignant cells. Often itis used in other 
conditions also, where there is severe immunosuppression 


due to any reason like bone marrow suppression or in speci 
conditions like severe hepatitis, 


Immunotherapy canbe; 
& Active 

& Passive 

Restorative 

% Adaptive 


Immunotherapy agents 
% Monoclonal antibodies. 

¢ Bone marrow transplantation, 
# Cell transfer. 

¢ Lymphokines 

* Thymic hormones. 

#  Levamisole and BCG (as immunomodulators), 
’ 


Prostaglandins, 
Interferons, interleukins, 
Immunoglobulins. 


Antibody derived specific to certain tumour like melanoma. 


Melanoma 
Bladder tumour 

Carcinoma colon 

® Renal cell carcinoma 

4 Inmany tumours it is under trial 


Disadvantages 
© Very costly, 
 Nonavailability. 
+ Effect is not 100%. 


™@ HYBRIDOMA 
ry 


Itisa biotechnological process wherein multiplication prop- 
erty of Myeloma cells is combined with synthetic property 
of some other required cells, to achieve rapid and large 
‘quantity manufacturing of required chemical 

¢ Myeloma cells with only retained multiplication activity is 
fused with human cells or lymphocytes or other cells (of 
nature to produce the required product) by hybridisation. 
The resulting cell has got the capacity to multiply rapidly 
and to produce required product in large quantity. Its called, 
as hybridoma. 

* Ibis used to generate monoclonal antibodies, insulin and 
many other antibodi 


. immunoglobulins, ete 


Life so short, the craft so long to learn.—Hippocrates 
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‘Monoclonal antibodies are used for 
& Immunodiagnosis—for radioimmunoassay radionuclide scan 
Antibody for detection of tumour antigen 

@ Forcancer therapy 

 Forserotherapy 

As conjugates (with drugs, toxins, isotopes) 

For production of other chemicals and asa research tool 


ll GENE THERAPY 


‘The ability to alter specific genes of interest is, nowadays. an 
exciting and powerful tool in the potential management of a 
wide range of diseases. Instead of giving a patient a drug to 
treat or contro! the symptoms of the genetic disorder, physicians, 
may be capable of treating the basic problem by altering the 
genetic makeup of the patient’s cell 
‘Typically two methods have be 
and somatic cell gene therapy. 
Germ cell therapy involves insertion ofa gene into fertilised 
egg for the correction of a genetic disease. Because these 
genes are dispersed throughout the tissues of the egg, they 
end up in the germ cells of the foetus, and hence are passed 
on to the future generations. 
4% Somatic cell therapy involves the insertion of genes or 
otherwise manipulating the gene machinery of a cell to 
treat a disease. In this case the cells are restricted to the 


en considered: Germ line 


population that has been treated and any genetic change 
remains restricted to these cells and is not passed onto the 
germ cell line. 
The goals of human somatic therapy are usually one of the 
following: 
To repair or compensate for a defective gene. 
# To enhance the immune response directed at a tumour or 
pathogen. 
To protect vulnerable cell populations against treatments 
such as chemotherapy. 
 Tokill tumour cells directly 
Several single gene disorders are candidates for gene 
therapy and in addition, current thinking has expanded to 
include treatment of AIDS and atherosclersis using gene 
therapy techniques. 
Vectors used for gene therapy fall into two main elasses— 
Viral and nomviral, 


Viral: Initially retroviruses were used as vectors. Other 
potential vectors include Adenovirus, Herpes virus and, 
Vaccinia virus 

© Non-viral systems 
» Liposome mediated DNA transfer. 

» DNA protein conjugates 

However exciting and appealing the prospects of gene 
therapy may appear, this technique is still in the experimental 
stages. 


Hence) Anaesthesia 


Ithas long been an important problem in medical science to devise some method of mitigating the pain of surgical 
‘operations. An efficient agent for this purpose has at length been discovered. A patient has been rendered 
completely insensible during an amputation of the thigh, regaining consciousness after a short interval. 


"CHAPTER OUTLINE 


~ Preoperative Assessment 
~ General Anaesthesia 
— Anaesthetic Agents 
~ Oxygen 
— Muscle Relaxants 
— Reversal Agents 
— Instruments in Anaesthesia 
— Complications of General Anaesthesia 
— Postoperative Care 
— Monitoring the Postoperative Patient 


ll PREOPERATIVE ASSESSMENT 
History 


1. Chronic cough, smoking, alcohol, drug intake, drug allergy. 

2. Any previous diseases like hypertension, diabetes mellitus, 
epilepsy, bronchial asthma, tuberculosis, hepatitis, cardiac 
diseases. 

3. Drug therapy: Steroids, antihypertensives, sedatives, anti 
bioties, antiepileptics. 


Examination 


General: Posture, teeth, mouth opening, dilated veins, neck 
movements, tremor, airway. 

‘Anaemia, oedema, jaundice, cyanosis 
Respiratory system: To look for asthma, tuberculosis, emphy- 
sema, COPD. 

Airway: Mouth opening, Mallampati scoring, thyromental 
distance, temporomandibular joint assessment 
‘Thyromental distance: It is the distance between mentum 
and thyroid cartilage, measured externally. If it is more than 
6.5 em (i.e, more than 4 fingers breadth) intubation is easier 
it is less than 6,5 em intubation is difficult 


—Henry Jacob Bigelow, 1846 


= Regional Anaesthesia 
— Topical Anaesthesia 
Infiltration Block 
Field Block 
Nerve Black 
Intravenous Regional Anaesthesia 
= Spinal Anaesthesia 
— Saddle Block 
= Epidural Anaesthesia 
— Caudal Anaesthesia 


Cardiovascular system: Hypertension, ischaemic heart 
disease, arrhythmias, cardiac failure, valvular diseases. 

Spine: Curvature, intervertebral space, skin over the area for 
any infection, 

Other systems: Abdomen, skeletal system, 


Mallampati scoring: 


Class! — Faucial pillar soft palate, uvula are seen 
Classil_ — Faucial pillar,soft palate are seen 
Class ll — Only soft palate is seen 


Samsons Young modification: 
Class iV — Only hard palate seen 


Class |i Easy intubation 
Class lV: Difficult intubation 


Preoperative Investigations 


Hacmatocrit, blood sugar, blood urea, serum creatinine, elec~ 
trolytes, chest-X ray, ECG, blood grouping, blood-gas analysis, 
cardiac assessment. 


When giving mouth-to-mouth resuscitation, the important thing to remember is to remove your denture first. 


—WU McClenahan 


4 A5% CO: mixture in oxygen is called as carbogen. 


Preoperative Treatment 
¢ Oxygen is available in black and white coloured cylinder. 


Control of respiratory and cardiae diseases, 
Improvement of Hb% status, if anaemia is present, 
Preoperative antibiotics are given. 

Blood should be kept ready for major cases, 

Starvation for 4 hours for liquids and six hours for solids. 
Bladder and bowel should be emptied to prevent soiling 
on the operation table, Urinary catheter may be passed and 
enema may be given, 


MUSCLE RELAXANTS 


Depolarising Muscle Relaxants 


‘They act at the level of acetylcholine receptors which widens 
the refractory period after depolarisation causing paralysis. It 
is short acting muscle relaxant. 

% Dentures, contact lenses, jewellery must be removed. a, Suxamethonium chloride (scoline): 


% Surgical area should be cleaned and properly prepared. > It lasts for 2-4 minutes. 
> It causes muscle twitching—fasciculations—paralysis. 


RAL ANAE: » It is metabolised by plasma pseudocholinesterase. 
miGENE! gAiszsee Atypical or deficiency of this enzyme prolongs the action 
Itmeans abolition ofall sensations, ic. touch, pain, posture and. of the scoline. 

temperature with a state of reversible loss of consciousness » Side effects are hyperkalaemia, myotonia, apnoea and, 


cardiac arrest. 
b. Suxthonium bromide. 


thas got three components: 
(J) Analgesia, (2) Hypnosis. (3) Muscle relaxation. 


ANAESTHETIC AGENTS 
¢ Volatile anaesthetics: ‘They vaporise in room air, 
> Agents used are: Ether, trichloroethylene, halothane, jong acting relaxants, 


cnflurane, isoflurane, sevoflurane. 1, Tubocurarine: It lasts for 45 minutes, 30 mg is the dose. 
» Ether which is irritant, unpleasant, flammable, is 2 


Non-Depolarising Muscle Relaxants 


‘They block the channels of entry of acetylcholine, They are 


2. Gallamine. (Flaxedil): Dose is 1-2 mg/kg. It is cheaper. It 
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commonly used agent in developing countries. 
> Enflurane and isoflurane are non-inflammable, non- 
explosive, non-irritant and stable. Here anaesthesia is 
With faster recovery. 
% Gaseous anaesthetic 
> Nitrous axide: Its non-inflammable, non-irritant, good 
analgesic but weak anaesthetic agent. It is given along 
with 30-50% oxygen for balanced anaesthesia (blue 
coloured eylinder in India) 
> Cyclopropane is highly flammable, 
4% Intravenous anaesthetics: 
> Thiopentone: It is ultrashort acting barbiturate which 
causes hypnosis during induction of anaesthesia. It does 
not have analgesic effect. It causes hypotension, respira- 
tory depression, laryngeal and bronchospasm, Recovery 
is rapid. Extravasation of drug can cause skin ulceration. 
Intra-arterial injection causes vasospasm and gangrene. 
Dose: 4-7 mg/kg. 
Methohexitone sodium, 
Propanidid. 4-7 mg/kg. It can cause anaphylaxis, 
> Ketamine? Dose: 2 mg/kg IV. It is a good analgesic. It 
causes dissociative anaesthesia Itcan lead to hypertension, 
apnoea, laryngospasm. In children it can be given IM-5 
mg/kg. Itdoes not require intubation for small procedures. 
» Propofol: itis widely used induction agent which has 
got predictable onset and recovery. It has got least side 
effects on CVS and respiratory system. It is also used 
for total IV anaesthesia. Dose: 1-2.5 mg/kg. 
> Fentanyl is neuroleptanalgesic, It causes sedation, eata- 
tonia, dissociation, hypotension and preferred in asthmatics. 


OXYGEN 

4% Oxygen is given through Boyles apparatus (33.3%) 

Oxygen in high concentration is respiratory depressant and 
also affects eyes 


3 


is contraindicated in renal diseases. 
Pancuronium bromide (Pavulon): It is, 
‘muscle relaxant, I's action lasts for 45 
0,08-0.1 mg/kg. 

Vecuronium bromide: It is a steroid muscle relaxant, given 
ata dose of 0,05-0.1 mg/kg. 

Rocuronium is short acting steroid muscle relaxant, It starts 
its action in one minute. 

Atracurium: It lasts for 20-30 minutes. Dose is 0.6 mg/kg. 
Mivacurium: Dose is 0.15-0.25 mg/kg. 


thetic steroid 
inutes, Dose is 


REVERSAL AGENTS 


‘They are anticholinesterase drugs which increase the acetyl- 
choline and thus act as antagonising agents for non-depolar- 
ising muscle relaxants, They cause bradycardia 


‘Neostigmine (2.5 mg) is used commonly along with atropine 


(1.2 mg), 


Edrophonium (short acting) and pyridostigmine (long 


acting) are other drugs. 


INSTRUMENTS IN ANAESTHESIA 


o 


Fig. 30.1: Different sized airways have different colours. 


ip 


Fig, 30.2: Different sized masks used during anaesthesia 


Fig, 30.3: Boyle's apparatus used for anaesthesia, 


ie 


“o 
Fig. 30.4: Direct laryngoscope with endotracheal tube and tongue 
depressor. 


1. Boyle's apparatus: 
It consists of 
a, Cylinders for NO and Op, 
b, Pressure gauuze—to know the amount of gas remaining 
. Pressure regulator—to regulate the pressure of gas used. 
d, Rotameter—to know the flow of gas. 
© Vaporiser. 


Note: 
Pin index code: It is safety mechanism to fix gas cylinder onto the 
Boyle's machine, Different gases have different pin index cades, so 
that interchanging of cylinders does not take place. 

Pin index code for Ns0 is 3,5. 

Pin index code for O2 is 2, 5. 

Pin index code for airis 1, 5. 


2. Endotracheal tube: These are tubes inserted into the 
trachea and is used to conduct gases and vapours to and 
from the lungs. Depending on the diameter, it is available 
in various sizes. It has a cuff at one end which, when 
inflated stabilises the tube in position and also prevents 
regurgitation. Non-cuffed tubes are also available. The 
other end near the mouth is connected to the breathing 
circuit through which anaesthetic gases are delivered. The 
tube is inserted using a direct laryngoscope. The proper 
placement in the airway is confirmed by auscultating 
for the breath sounds over the chest when the gases are 
delivered. 


+ Postoperative sore throat 
4 Hoarseness after intubation 
& Upperairway oedema 


3. Magill’s forceps. 
4, Mouth gag. 


Fig 30.5: Magi’ forceps 
5. Laryngoscope. 

6. Connectors. 

7. Laryngeal mask airway (LMA): 

» Laryngeal mask consists of a wide bore tube whose 
proximal end connects to breathing circuit and distal 
end is attached to an elliptical cuff which can be 
inflated. 

» These come in various sizes for various age groups. It 
is made up of silicone rubber. 

» The deflated cuff is lubricated and inserted into the 
hypopharynx, so that once inflated, the cuff forms a low 
pressure seal around the entrance into the larynx, 


The future belongs to those who believe in the beauty of their dreams. 
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& Does not require laryngoscope for insertion. 
& Does not cause irritation of airway 

@ Less incidence of laryngospasm 

Incase of inability to intubate can save the life of the patient 


‘© Pharyngeal pathology 
‘ Fullstomach asit can cause aspi 
+ Bronchospasm 


 Premedication 
Induction 
@ Maintenance 
@ Recovery 


Premedication 


Itis given one hour before surgery’ 
¢ For sedation and relief of anxiety, Pethidine 50 mg/ 
morphine 10 mg/diazepam 10 mg, midazolam 1-2,5 mg. 

¢ To suppress vagal activity. Atropine 0.6 mg IM. 

¢ To reduce vomiting. Promethazine (phenargan) 12.5 mg, 
Induction: Patient is preoxygenated with 100% oxygen for 3 
minutes then induced with IV thiopentone, given 4-5 mg/kg. 
Patient loses consciousness. Induction is maintained by 67% 
nitrous oxide and 33% oxygen 

Scoline is given IV to relax muscles so as to facilitate 
endotracheal intubation. 

Once intubated, ventilation can be either controlled using 
muscle relaxants or spontaneous using a volatile anaesthetic 
agent. 

Reversal is done using neostigmine and atropine or glyco- 
pyrrolate. 


COMPLICATIONS OF GENERAL 
ANAESTHESIA 


Intra-arterial injection of the drug. 
Myocardial depression and cardiac arrest, 

Hypertension 

Laryngeal and bronchial spasm, 

Cardiac arrhythmias, 

Respiratory failure, 

ARDS. 

Mendelson’s syndrome: \t is due to regurgitation of the 
id from the stomach causing aspiration of acid leading 
into bronchospasm, pulmonary oedema and circulatory 
failure. This is treated with oxygen, suction, hydrocorti 
sone, aminophylline, antibiotics, Ryle’s tube aspiration and 
ventilator support 

Hypoxia. 

Pneumothorax. 

Anaphylaxis, 

Malignant hyperthermia: \t is an inherited myopathic 
disorder occurs under anaesthesia due to drugs like halo- 
thane, scoline. There is marked increase in metabolic 


rate, with rise of temperature, There is high levels of CPK 

enzyme, Condition will cause metabolic acidosis and 

hyperkalaemia, It has got high mortality. Treatment is 1V 

dantrolene, cooling, oxygen and cold IV fluids. 
Hypothermia. 


POSTOPERATIVE CARE 


Immediate postoperative period is important and critical, 

because patient may not be fully conscious. Patient should be 

kept in recovery room until he/she recovers from anaesthesia 

1. Care of respiratory system: Adequate breathing is important, 
otherwise hypoxia sets in, which gradually leads to cardiac 
arrest. 


‘& Laryngeal spasm 
+ Falling of tongue backwards blocking the 
& Aspiration 

© Bronchospasm 

& ARDS 

+ Respiratory fllure 


Oxygen supplement through mask, observation, proper 
positioning are the treatment. 
2. Hyperearbia 
3. Circulatory problems 


‘& Hypotension 
& Arhythmias 
& Hypertension 
+ Cardiacarrest 
4. GIT: 
+ Vomiting 
& Regurgitation 
& Mendelson’s syndrome 
5. Renal problems: Oliguria, ic urine output is less than 30 ml/ 
hour. It may be due hypovolaemia, hypotension, acidosis, 
sepsis, transfusion reaction, toxins, 
‘The ratio of urine/plasma osmolality of 2:1 signifies pre 
renal failure. Ratio of 1.7:1 indi 
‘Blood urea and serum creatinine is done at regular intervals 
Fluid and electrolyte imbalance, if any is corrected. 
100 ml 20 % mannitol or frusemide 40-80 mg are often 
required. 
6. Other problems 
Restlessness, shivering, pain. 


tes renal failure. 


MONITORING THE POSTOPERATIVE 
PATIENT 


Pulse, temperature, BP chart 
Breathing type. 

Level of consciousness, 

Urine output. 

‘Oxygen saturation and heart rate using pulse oximeter, 
Checking and encouraging limb movements. 

Skin colour, tongue colour for adequacy of oxygenation. 
‘Tongue for hydration 


+ Cardiac monitor. 
+ Blood gas analysis in case of patient on ventilator. 
Serum electrolytes assessment 


ll REGIONAL ANAESTHESIA 


Carl Koller, an ophthalmologist introduced cocaine as local 
anaesthetic in ophthalmic practice. 

‘Mode of action: It causes temporary conduction block of the 
nerve, thus preventing the propagation of nerve impulse. 
Advantages of local anaesthetic agent 

% Technically simpler. 

# General anaesthesia is avoided. 

# Consciousness is retained, 

Patient can have food earlier after surgery. 

Drugs used: 


hocaine—amino esters, 


# Cocaine, procain 

% Lignocaine, prilocaine, bupivacaine, ropivacaine—amino 
amides. 

Lignocainefidocaine/xylocaine: \t is the commonest local 

anaesthetic agent used. It is available as 0.25-5% concentra- 

tions, 

It is metabolised in the liver and excreted in the kidney as 
xylidines, It is also an antiarrhythmic drug and so commonly 
used in cardiology and cardiac surgery. 

Side effects: Giddiness, headache, postural hypotension, 
tinnitus, circumoral anaesthesia. 
Dose: 4 mg/kg effect lasts for 90 minutes 


Uses 
Topical-4%, 
Infiltration block: 0.25%. 
Field block 0.5%. 
Nerve block 1.0%, 
Epidural 1.5, 2.0%, 
Spinal 5%, 
It can be used with or without adrenaline. 
Xylocaine with adrenaline has got longer duration of action 
It creates relatively bloodless field 

But it should not be used in places where end arteries are 
present like glans penis, ear lobule, tip of the nose, lip, fingers 
and toes. 
Bupivacaine (Mareaine): \t has got prolonged action. It is a 
vasodilator also, 

Dose: 3 mg/kg 

Epidural block: 0.5% 

Spinal 0.5% 3 ml 


TOPICAL ANAESTHESIA 


$ Itis used for minor surgeries of 
choscopy, cystoscopy, gastroscopy. 

# Itis available as instillation, spray, viscous, ointment 
EMLA (Eutectic mixture of local anaesthetic) 


laryngoscopy, bron- 


INFILTRATION BLOCK 


Direct injection of local anaesthetic under the skin for small 
procedures. 


FIELD BLOCK 


It is achieved by blocking the entire field of excision where 
lesion is located 


NERVE BLOCK 


# Block of inferior dental nerve and lingual nerves in the 
region of the mental foramen for extraction of teeth 
+ Finger block of digital nerves. Here plain xylocaine is used 
(without adrenaline), 
Intercostal block. 
Ankle block, 
Median and ulnar nerve block. 
Brachial plexus block (Winnie block) 
It can be given through: 
» Interscalene, 
> Axillary, 
> Supraclavicular approaches, 
Supraclavicular approach is commonly used. 1 cm above 
the mid-point of the clavicle, needle is passed downwards, 
backwards and medially towards first rib. Once needle hits the 
first rib, 15-20 ml of 1.5% xylocaine is injected (with walking 
or stepping over the first rib). Complications are pneumothorax 
and injury to the great vessels. 
Other blocks 
Cervical plexus block, 
Sciatic nerve block. 


Femoral nerve block, 


INTRAVENOUS REGIONAL ANAESTHESIA 
(BIER'S BLOCK) 


Limb is exsanguinated and occluded with tourniquet. Pressure in 
the tourniquet must be 30 mmHg more than the systolic pressure 
of the patient. Needle is placed in the selected vein. 40 ml of 
0.5% xylocaine for upper limb and 80 ml of 0.25% of xylocaine 
{or lower limb is injected into the vein. Xvlocaine with adrena- 
line should not be used. It gives very good analgesia for 2 hours. 

Side effects: Sudden release of drug into the circulation can 
cause hypotension, convulsions and often death. 

Bupivacaine should not be used. 


Indications 

For upper and lower limb surgeries, it ean be used without 
GIAor SIA. 

SPINAL ANAESTHESIA 


It is the injection of local anaesthetic into the subarachnoi 
space causing loss of sympathetic tone, sensation and motor 


Greater the obstacle more the glory in overcoming it. 
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Time travel: time dilation 
Danie! Buzzo 


poignancy by spending large amounts of time flying 
at altitude and high speed. Observing the curvature 
of our planet and seeing the dark sky at the edge of 
space overhead, watching the mountains and 
deserts as they slid effortlessly under the wings of 
successive aeroplanes. Being able to observe the 
size of the individual against the backdrop of a 
macro-cosmic scale all the while reflecting on the 
fact that to a subatomic particle travelling near the 
speed of light, the universe is about four weeks old 
and it can be crossed in a matter of months. 


Nature can produce even larger particle 
energies. Some particles striking the Earth's 
upper atmosphere have energies that exceed 
2°1020 eV. If such particles are protons (with 
mass of about 1 GeV), their speeds would be 
0.999 999 999 999 999 999 999 995 c, For 


them, y is 1011. Now the age of the universe is 
about 13 billion years for us, but for such 
particles, the age of the universe would be about 
(13 billion years/1011), ie about a month. Such 
@ particle could cross the visible universe in a 
matter of months (their time). 


This twist of perspective, the deliberate ‘making 
strange’ that Shlovsky (1917) describes occurs 
‘when translating the abstract of the macrocosmic to 
the intimacy of the personal. The act of comparing 
and contrasting 


macro-scale physics and 
mathematics with recordings of human scale 
observations evidence reveals useful and 
potentially significant insights into the nature of the 
world we actually inhabit. 


Figure 3: Sunset over Northem China. Duration: 10 hours $0 minutes 


5. THE PICTORIAL AS PRACTICE-BASED 
RESEARCH 


As Blevis (2011) so eloquently puts it, as an 
introduction to the extensive list of uses of digital 
imagery in design thinking. 


Visual thinking is the use of imagery and other 
visual forms to make sense of the world and to 
create meaningful content. Digital imagery is @ 
special form of visual thinking, one that is 
particularly salient for HCI and interaction design 
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Alongside the descriptions of digital imagery as a 
‘form of information’ and a ‘shared and externalised 
‘memory and cognition’ (Blevis 2012) | would argue 
that practice-based research, when used as an 
investigative tool, can assist in revealing and 
documenting subtle but important non-verbal 
evidence and also provide compelling and 
persuasive arguments within presentation of 
research findings and conclusions. The research 
approach taken in this area is explicitly practice 
based, rooted within contemporary lens based 
digital media and video art. The investigative 
material presented as the counterpart to this 
research paper was collated from hundreds of 
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function. The sympathetic block is 3 segments higher than 
sensory block, motor block is 3 segments lower than sensory 
block, 
Position: Lateral decubitus position with head, hips and knees 
being fully flexed so as to open the inter-laminar spaces. 
Highest point of iliac crest corresponds to 4th lumbar vertebra. 
Drugs used: 

Lignocaine 5% in 6% dextrose, 2 mi 

Bupivacaine 0.5% in 5% dextrose, 3 ml. 

Cinchocaine 0.5% in 6% dextrose, 2 ml. 
Technique: 24-26 gauge needle with stillete is used. Needle is 
passed through the interspinous space and ligamentum flavum 
to reach the subarachnoid space to get clear fluid (0.5 ml/ sec). 
Needle is rotated 360 degrees and drug is injected slowly. 
Patient is repositioned to supine, Drug takes 15 minutes to act. 


Types 


1. Caudal (up to Ls) 
2. Low spinal up tol) 
3. Mid-spinal (up to Tio) 
4, High spinal (up toT.) 
5. Unilateral spinal 


Advantages 


‘@ Economical 
@ Hypotension reduces the bleeding, 
@ Adequate relaxation is achieved 

Respiratory complications are less 


Fig. 30.6: Spinal anaesthesia being given. Note the position 
of the patient. 


Disadvantages and Complications 


¢ CSF leak and aseptic inflammation of meninges causing 
headache. 

 Meningism. 

% Infection 

¢ Paraplegia. Itis very rare. 


Occasionally it can become total spinal which requires 
intubation and ventilator support, 


Cardiac patient 
Allergy 

Increased intracranial pressure. tt may precipitate coning 
Sepsis 

Spinal tumours 

Back pain and spinal diseases 

Neurological conditions like syringomyelia 

kyphosis, scoliosis 


eeeeeees 


SADDLE BLOCK 


¢ Itis used for surgeries in perineal and anorectal region. 
¢ Itis spinal anaesthesia using xylocaine or bupivacaine given 
in sitting position, 


EPIDURAL ANAESTHESIA 


# It is a potential space between dura anteriorly and liga- 
‘mentum flavum posteriorly which has got negative pres- 
sure inside. It extends from foramen magnum to sacral 
hiatus. 

* Touky needle is used for epidural anaesthesia. Once the 

the space there will be sudden indrawing of air 
oor saline drop. 

An epidural catheter is placed in the space and fixed. 
xylocaine with adrenaline or 0.5% bupivacaine is injected 
into the space to achieve anaesthesia up to the desired level. 


needle 


Fig, 30.7: Epidural anaesthesia with epidural catheter placed. 


Advantages 


 Itcan be used for continuous repeated prolonged anaes- 
thesia, 

# Itcan be used for postoperative analgesia, 

# Itcan be kept for several days. 


CAUDAL ANAESTHESIA 


Caudal space is the sacral component of epidural space and 
access is through the sacral hiatus. 


Indications 


| Haemorrhoidal surgery 
Circumcision 
“Small procedures in the perineum like cystoscopy 


Procedure 
‘tis given in lateral position. Needle is inserted through the 
sacral hiatus to enter the caudal epidural space. Drug is then 
injected into the space. 

Complications 


| Trauma to anal canal 
+ Intravascular injection 
' Failure of caudal block 


eisayjsaeuy 


Advanced Imaging Methods 


What would it be like in a radiologist’s shoes? To spend most of my day dealing with images of people: plain 
black-and-white X-ray images, or speckled images caused by sound waves bouncing off organs, or images 
caused by dyes outlining arteries and veins, or contrast medium filling loops of bowel, or images reconstructed 


by computers into cross sections of the body-all without speaking to a patient. 


CHAPTER OUTLINE 
@ Ultrasound 


* Doppler 
» CTScan 


™ ULTRASOUND 


Ultrasound contains waves with a frequency of more than 

20,000 cycles/second which the human ears cannot hear. 

In medical sonography, frequencies used are commonly 2-10 
MHz, The transducer or the probe works as both transmitter of 
sound waves and receiver of echoes. The piezoelectric crystal 
is the producer of ultrasound waves. Received signals from 
the patient are fed into the computer which forms the image. 

‘There are three types of ultrasound image display. 

1, A-mode: Only one dimensional static display as spikes are 
obtained, It is used only in eye sean. 

2. Bemode: Two dimensional real time images in the form of 
‘grains. It is most widely used type. Using this mode Trans- 
verse, Longitudinal or Oblique sections can be taken, 

3. M-mode: Here images are recorded as dots. It is mainly 
used in moving parts like echocardiography. M-mode is, 
also called as TM mode, ic. Time Motion Mode. 


Uses 


|. Used in all abdominal and pelvic conditions, often in 

thoracic conditions, 

Ultrasound of thyroid is very useful method to differen- 

tiate between solid and cystic lesions. 

3. Ultrasound is used in testicular tumours, epididymoorchitis, 
trauma to testis, erectile dysfunction, ete 

4, Ultrasound breast is used to differentiate solid from cystic 
tumours 


—Abraham Verghese, 1994 


= MRI 
= Radionuclide Imaging 
= PETScan 


5. Soft tissue and musculoskeletal ultrasound. 
6. Ocular ultrasound is ideal method to image ey 
ular structures. 


and intraoe- 


No radiation 

Noninvasive 

Effective with efficiency 

Painless 

Low cost 

‘Available even as portable machines 

‘Stones are wel visualised with acoustic shadow 


eeeeees 


‘® Interpretation can be inadequate 

‘& Bowel shadow may prevent proper visualisation 

‘& In obese patient image will be inadequate 

+ Interpretation is based on echogenicity ether hyperecho- 
{genic or hypoechogenic 


'& Endosonography (EUS) is used in visualisation of walls of 
‘oesophagus or stomach through gastroscopy 

‘& Transvaginal ultrasound 

‘ Transrectal ultrasound to see prostate 

+ Doppler ultrasound to study arterial and venous di 
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Fig. 31.3: US showing liver mass. Fig. 31.4: Cranial sonography is done to see intracranial problems 
through suture fines—usually done in infants and children, 


Figs 31.5A and B: US thyroid showing thyroid both labes in one; solid and cystic components in another. 


It’s your imagination that can take you anywhere. 
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Fig. 31.6: US picture of a pelvic mass. 


— Ultrasounds therapeuticuse 

‘To guide aspiration af amoebic liver abscess, pericardial tap 

+ Ontable ultrasound can be done to assess the operability of 
tumour. (During laparotomy to assess the extent of tumour, 
lymph node status,etc) 


™ DOPPLER 


Doppler effect is a change in the perceived frequency of sound 
emitted by a moving source. So it measures blood flow. Spec~ 
tral Doppler wave form and ultrasound image are combined in 
Duplex seanning. 


Types 


1, Continuous waves. 
2, Pulsed waves 

Doppler will provide both audio and video signals. 
Colour Doppler imaging displays owing blood as red 
when direction of flow is towards the transducer. Image will 
be blue if low is away from transducer, 


Uses 


To study cardiovascular system, 
To study vascularity of tumours, 

To study blood flow and velocity in arterial diseases so as to 
stenosis (its extent, cause, et.) like in atherosclerosis, 


TAO, cervical rib, aneurysm, A-V fistulas 
To find out deep venous thrombosis (DVT), varicose veins, 
perforator incompetence. 

To study grade of varicocele in mates, 


Advantages 


 Ithas replaced venogram and angiogram in many places as 
8 diagnostic tool 
# Itis reliable and non-invasive. 


™ CT SCAN 


Computerised tomography scan was invented by Godfrey 
Hounsfield in 1963. He was a physicist. He received Nobel 
prize (1972) for the same, The first CAT sean is in the London 

Narrow X-ray beams are passed from rotating X-ray gener- 
ator through the gantry where patient is placed. When X-rays 
pass through the tissues, some of the X-rays get absorbed 
and some pass through, depending on the tissue density. The 
different grades of absorption in different tissues are detected 
through sensitive detectors which are translated to a Gray scale 
image by a computer. 


Density of tissues is numbered as Hounsfield Number (HN) 
© Water—Zero HN 

& Air—Minus 1,000 

 Bone—Plus 1,000 

The density of ather tissues come in between airand bone with 
different HNs 


Presently spiral CT sean has become popular. They are 
faster and in a single breath holding time, whole CT sean can 
be taken, 

Both plain and contrast CTs are done whenever required 


Contrast Agents 


# Tonic: Water soluble iodide dyes like 
‘Meglumine iothalamate (Conray, Urograffin, Angiograffin). 
They are cheaper but often toxic and cause anaphylaxis, 

* Non-ionie are safer but expensive, like Johexol (Omni- 
pague), lopamiro. 

In abdominal CT, contrast agents can be given orally to 
delineate bowel properly. 


sodium diatrizoate, 


Fig, 31.7: CTscan picture showing liver secondaries. 


Indications 


% ‘Trauma like head injury, chest injury, abdomen trauma. In 
trauma only plain CT scan is taken. 

# Neoplasms: To sce the exact location, size, vascularity, 
extent and operability 
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For example, brain, abdominal, retroperitoneal, thoracic and 
spinal tumours, 

Inflammatory conditions, in various sites 
For example, psoas abscess, pseudocyst of pancreas, 


Fig. 31.11: CT scan showing brain secondaries. Secondaries are the 
commonest malignant tumours of brain, Breast is the comman site 
of primary. 


‘Advantages of CT scan 
& One to 2mm sized sections are possible 
Fig. 31.8: CT scan showing ascites (gros). 4 Amount of exposure to radiation is less 
More accurate, sensitive,and specific 


‘& Small lesions are also detected 
+ CT guided biopsies are done at present, safely 
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Fig. 31.12: CT picture showing astrocytoma, 


Disadvantages 


‘® Interpretation by an experienced radiologist is important 
& Artefacts can be present 
& Cost factor and availability 


Findings 


© Extradural haematoma—Biconver lesion. 
# Subdural haematoma—Concavoconver lesion 


Fig. 31.10: CT scan showing retroperitoneal tumour, 


Ultrasound and CT scan are conveyors of morphological information. 
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‘Smooth margin in benign condition. 
Irregular margin in malignant condition, 


E _ Advantages of spiralCTscan 

'® Reduced scan time, Usefulin children and critically ill-patients 

+ Imaging in both arterial and venous phases is possible 

'@ Improved lesion detection. Missing a lesion is uncommon 

& Multiplanar and 3-dimensional analysis like CT angiography, 
complex joint imaging, facial bone imaging is possible 


High resolution CT (HRCT) is a CTT technique used in chest 
scan where thin sections are taken to have better quality images. 


ll MAGNETIC RESONANCE IMAGING (MRI) 


Earlier, named as Nuclear magnetic imaging, the term is not 
used now. 

It can be Plain MRI or Contrast MRI. Contrast agent is, 
Gadolinium, given intravenously. 


Principle 


When patient is placed in an external high magnetic field, 
protons of hydrogen atoms rotate in phase with each other 
and gradually return to their original position releasing small 
amounts of energy which is detected by sensitive coils. Proton 
density and relaxation time are assessed by radiofrequeney pulse 
and the computer generates a Gray s from this data. 

TI relaxation time is the time taken to return to original 


le im 


axis. 77 images are used to find out normal anatomical details. 
It has got high soft tissue discrimination, Here fluid (CSF) 
looks black. 

‘T2 relaxation time is the time taken by the proton to 
diphase. It is used to assess pathological processes. In T2 
images fid looks white. 

In proton density images fluid looks in between black 
and white. 


Fig, 31.13: MRI showing spine tuberculosis. Note the lesion and 
vertebral collapse. 


Fig. 31.14: MRI showing AV malformation, 
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Fig. 31.15: MRI picture, which shows extradural schwannoma, 


Uses of MRI 


It is very usefal in intracranial, spinal and musculoskeletal 
lesions including joint pathologies 

It gives direct anatomical sections of the area, with lesions 
ata high resolution, 

MR angiogram is done without injecting IV contrast agents 
Cardiae MRI is very useful 

Breast MRI is used in multifocal recurrent cancers. 
Magnetic resonance cholangiopanereatography (MRCP) 
is a very useful noncontrast diagnostic too! which may 
replace diagnostic ERCP, 

MR spectroscopy is chemical analysis of elements in a 
tissue to differentiate between tumour, inflammation, and 
degeneration 


Advantages 


+ Antef 
More sensitive and specific than CT scan. 


— Contraindications 
Patients with prosthesis in the body, metallic foreign bodies, 
pacemakers, cochlear implants, cranial aneurysm clips should 


never undergo MRI 


Before entering the MRI room, the patient and other personnel 
should remove all magnetically attractive materials 


tS are not common. 


Disadvantages 

Availability and cost factor. 

Itis time consuming, 

Patient compliance is poor. 

Itisnot feasible in patients suffering trom Claustrophobia. 
Its not ideal in emergencies and critically ill patients. 

Itis not useful in lung pathology and subarachnoid haemor- 
rhage. 


ll RADIONUCLIDE IMAGING 
¢ It represents function of an organ than morphology. 


Rays: 

# a-particles are emitted by the natural radionuclides like 
radium, which are no longer used in medicine. 

% B-particles are useful for therapy but not for diagnosis. 

# yPrays pass out of the body and so used for the diagnostic 
purpose. 

© Mapping is done using sophisti 


ted gamma camera 


Technetium 99 


# It is commonest radionuclide used (99- is mass number; 
m- metastable.) 

tis administered IV. 

Pure y-rays emitter 

Short half life 

Widely used gamma ray detectors are specified to Te99" 


c99" labelled serum albumin is used to detect pulmonary 
emboli 

Tc99" labelled phosphate is used to image bone 

99" _ labelled sulphur colloid is used to detect the functions 
of liver spleen, bone marrow 

c99" labelled HIDA (Hippuric immuno diacetic acid) or 
PIPIDA is used to study the functions of hepatocytes 
and biliary tract 

Tc29" labelled DMSA (Dimercapto succinic acid) which is 


taken up by the renal cortical cells, is used in renal 
function tests 


Tc99" labelled DTPA (Diphenyl triamine penta acetic acid) 
measures GER 
Tc99" labelled HMPAO (Hydroxy methyl propylamine oxime) 


is used in Alzheimer’s disease and schizophrenia as it 
crosses the blood brain barrier 


Other radionuclides used: 
¢ Thallium 201 chloride for cardiac imaging 

Gallium 67 nitrate to detect tumours and inflammation 
Per) 


Availability 
Cost factor 
Not specific 
Fast halflife 


l™ POSITRON-EMISSION TOMOGRAPHY 
(PET Scan) 


Itisa non-invasive diagnostic method to assess the biochemical 
and physiological status of a tissue. 
It is used in complimentary with CT sean and MRL. 
‘Two protons are used, they are positive electrons (positrons). 
Most clinically used positron emitting radionuclides is 
fluoro-deoxyglucose (FDG), others are *Rb,!$0,"N. 
Detectors used are Bismuth germanate (BGO) crystals or 


sodium iodide crystals 


Principle of electronic collimation is used to produce images 
from the radiation emitted from positron emitting travers. 


Uses 


* To assess myocardial perfusion (Rb) and viability (FDG) 
study, 


# Epilepsy—To localise temporal lobe epilepsy (FDG) 
# Cancer imaging —Lung cancer (detection and staging) 
# Colorectal cancer. 

# Melanoma. 

¢ Head and neck cancer and breast cancer. 

# Musculoskeletal tumours. 

Thyroid cancer (1'*'). 

Advantage 

Very spe 

Disadvantage 


Very expensive and limited availability. 


Note: 
Most ofthe L/S pictures, CT and MRI pictures in this book are from 
Balmatta Scan Center, Mangalore, | am thankful to consultants 
Dr Raghavendra Bhat and Dr Ravichandra there, 


Radioisotope studies are indicators of physiological processes 
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Operative Surgery 


A. Asepsis and Sterilisation 


Bearing in mind that itis from the vitality of the atmospheric particles that all the mischief arises, it appears that 
all that is requisite is to dress the wound with some material capable of killing these septic germs, provided that 
any substance can be found reliable for this purpose, yet not too potent as a caustic. 


CHAPTER OUTLINE 


© Sterilisation 
» Disinfection 
© Antisepsis 


™@ STERILISATION 


 Itis freeing an article by removing or killing all bacteria, 
spores, fungi and viruses, 


DISINFECTION 


 Itis killing ofall bacteria, fungi and viruses but not spores. 


@ ANTISEPSIS 


» Itis inhibition of growth of microorganisms, 


@ ASEPSIS 


* Asepsis means—organisms are prevented to access the 
patient ot individual 


@ DIFFERENT METHODS OF DISINFECTION/ 
STERILISATION 


Physical Agents 


¢ Burning or incineration is used to disinfect contaminated 
articles like dressings. 

* Hot-air oven: Here temperature used is 160 to 180 degree 
for one hour. 


—Joseph Lister, 1867 


 Asepsis 
© Different Methods of Disinfection/Sterilisation 


% Boiling: Itkills bacteria but not spores and viruses. Tempera- 
ture is between 90 to 99 degree. Iis used to disinfect syringes, 
utensils. tis not useful for gloves, rubber materials 

# Autoctave: Its steam under pressure. Temperature attained 
is between 120-135 degree. It is sterilised for 20 minutes 
with 15 pounds/sq. inch pressure. It kills all organisms 
including spores. Completeness of sterilisation is confirmed 
by using specific gelatin protein which precipitates only in 
steam underpressure for 20 minutes. Green coloured strip 
tums to black if autoclave is complete (signaloc). Surgical 
gloves, linen, cotton, dressings, surgical instruments are 
sterilised by this method. Sharp and plastic instruments 
cannot be sterilised by this method, Bacillus thermophilus 
spores are used to assess the completeness ofthe sterilisation 
in mass scale. Double autoclaving is done for instruments 
of orthopaedic or ophthalmic surgeries. 

% The Bowie-Dick method is also used to check the complete- 
ness of sterilisation. 


* Radiation: lonising type of radiation: Atomic gamma 


radiation is used as commercial! method to sterilise suture 
materials, disposable materials in packets. It is viable, safe 
and cheaper, 


* Non-ionizing radiation either infrared radiation or ultra- 


let radiation is used to reduce the bacteria in air, water. 
Bacteria and virus are vulnerable to ultraviolet rays below 
3000A. Exposure to eyes and skin can cause burn injury. 


Materials ‘Method of steril 245 
All theatre appliances Autoclave 
‘Sharp instruments (scissors, needles, blades) _Glutaraldehyde 2%, lysol 


plastic materials 


Endoscopes Giutaraldehyde 
Rubber equipments Glutaraldehyde 
Syringes ‘Autoclave, hot air oven, gamma radiation 
Heartung machine Ethylene oxide 
Disposable articles ‘Gamma radiation 
Operation theatre and rooms Ideally by U-V radiation or by formaldehyde 
‘Sera and biological materials Filtration 
Lab glassware Hot-air oven 
Ward, sick room, furniture Formaldehyde, iodophor spray, glutaraldehyde 
Clothes, bed sheets especially for burns patients  Autoclaving 
Soiled dressings, materials, animal carcasses _Incineration, lysol, iodophors 
Exereta Lysol, iodophors 
Cleaning of skin before surgery lodophors 2%, savion, spirit 
For cleaning infected wounds lodophors, acrifavine, savion, H,0, 
‘To remove slough from the wounds EUSOL, H.02 
Before injection Spirit is used to clean the skin > 
Cleaning the ward Phenol, eresol, lysol 8 
Hand wash Chloroxylenol, savion, spirit, iadophors a 
Bladder wash 0.1% potassium permanganate solution (Condy'slotion), solution of S 
acetic acid and silver nitrate 2 
Water Chlorination, potassium permanganate 2 
Fruits, vegetables Potassium permanganate gs 
= 
% Chlorhexidine (hibitane) is useful antiseptic. 8 
© Hexachlorophane: \t is not used in infants and children s 


because it can get absorbed through inta 
‘group causing severe neurotoxicity. 

% Dettot (chloroxylenol) 5% solution is used. 

© Cetrimide is cationic surfactant (cetavlon) 2% solution is 
used. 

% Savion is combination of cetrimide and hibitane. It is very 
‘commonly used antiseptic in operation theatres, wards. 


1 skin in this age 


Halogens 


* Bleaching powder. 

% Sodium hypochlorite 

* EUSOL: Edinburg Universit 
hypochlorite, boric acid and calcium hydroxide. 
EUSOL bath is dipping the ulcer bearing part in dilute 
EUSOL solution for 30 minutes 2-3 times a day. 


Solution contains sodium 


Fig. 32.1: Autoclave machine for sterilisation. 


Chemical Agents + Iodine 
% Phenol: It is used as standard to compare the efficacy of —¢ Jodophors: These are antiseptics and also sporicidals. They 

other agents. are non-irritant and do not stain skin, Povidone-iodine is a 
# Cresol is more powerful and nontoxic. 5% solution is used. good example which is commonly used. 


Lysol is emulsified cresol with soap. 2% solution is effective. ¢ Alcohols: Ethyl ot isopropyl alcohols are used. 


‘Treat the patient as a whole, “Half a sheep is mutton”. 


Time travel: time dilation 
Danie! Buzzo 


minutes of digital video and several hundreds of 
digital still images taken while airborne on 
‘commercial passenger aircraft during January - 
December 2013. Taken over the course of 44 
flights, totalling over 80 hours airborne the visual 
material is published as a 42 page visual essay, 
also containing text elements and descriptions 
taken from this academic paper. 


Figure 4: Sunset over London, Duration: 55 minutes 


6. REALISATION OF EFFECT ON THE 
PERSONAL 


Having recorded the number of flights, durations 
and distances the calculations based upon the 
mathematics of special relativity, as discussed 
earlier show that. 


Given 44 flights totalling 85 hours and 20 minutes 
or approximately 5120 minutes flying time. gives 
307,200 seconds of travel per year. 


If y = 1.0000000000005 when travelling at or near 
the speed of sound, gives a dilation of 
0.0000001536 seconds. 


To slip one second from base reference, such as 
the clock sat on my kitchen table | need to travel at 
my present annual rate for 6,510,416 Years. 


Or to put it a different way, travel for a little over 
260,000 years to slip one frame out of sync on a 
standard rate video camera. 


7. CONSIDERING PHOTOGRAPHY IN 
EVIDENCE 


When collating the increasing amounts of video 
and photographic material recorded whilst airborne, 
travelling at or near the speed of sound, the 
‘overwhelming sensation of velocity, of speed, of 
travel is ever-present. Viewed at a macro scale the 
visual material illustrates this distancing, sliding 
nature of objects moving in a larger framework. It 
supports the realisation that the terra firma so often 
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taken as a baseline for observation is in itself only a 
small part of a larger perspective. The perspective 
that the proprioceptive nature of our observations 
of time, informed by the physicality of the form we 
have evolved and the life span perspective we 
consider as a norm and useful context are 
challenged by the linking of these measurable 
effects. The effects of the micro-scale variations in 
seen in contrast to the macro-scale movement 
around the curve of the earth. 


(ORD 
eT 


Figure 5: An airplane travelling near the speed of sound 
gives a time dilation where y = 1.0000000000005 


The visual material, when presented as an adjunct 
to the evidence of the universal but intimately 
personal nature of the effects of time dilation help 
communicate the simple fact that we are all time 
travelling. Pursuing our own clearly delineated 
paths and durations relative to each other. Rather 
than there being one universal time that exists 
everywhere, for everyone, all at the same moment 
the personal implication that there is real evidence 
to prove that this is an illusion is both moving and 
compelling. 


Sitting in an airline seat riding at the edge of space, 
looking down on the oceans, seas, cities, forests 
and deserts, seeing terra firma for the illusion that it 
is. Not a constant underlying grid of space and time 
- the universal yard stick and the universal clock, 
such as Newtonian physics promised as it replaced 
the Aristotelian events-make-time view of the world 
that had reigned before in popular consciousness. 


Realising that the H&K caesium clock from 1971 
could be sat beside me, ticking away in its own little 
timetrack, ticking to a completely separate rhythm. 
than its counterpart clock sat on my kitchen table at 
home. Realising that the slipping and sliding of our 
lives against each other is our own intimate version 
of time travel, we all move forward as future 
becomes present becomes past but the durations 
we experience, and that actually occur, and when 
now happens is subtly different for everyone. The 
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+ Formaldehyde: \t is useful to disinfect the rooms like 
operation theatre, It is effective at a high temperature and 
humidity of 80-90%. It is commonly used to fumigate the 
room, 500 ml of formalin with one litre of water is boiled 
to get formaldehyde vapour. Formaldehyde vapour can be 
created by adding potassium permanganate to the same 
solution. Room is kept closed for 12 hours. 

* Glutaraldehyde (cidex 2%): It is used to sterilise sharp 
instruments. Instrument should be dipped for 10 hours 


to achieve complete sterilisation. It is potent bactericide, 
sporicide, fungicide and viricide 

Hydrogen peroxide (H;0;): It is used as topical oxygen 
therapy. Because of its effervescence and release of nascent 
‘oxygen it removes the tissue debris. Its used to clean wounds, 
cavities, uleers, as mouth wash and as ear drops to clear earwax. 
Acriflavine and proflavine are orange-red coloured dyes 
used as antiseptics. It is effective against gram-positive and 
few gram-negative organisms, Itretains its activity in pus and 
body fluids 


Figs 32.2A and B: Operation theatre mop rack to keep ‘used mops’ during surgery after use. 


B. Instruments 


CHAPTER OUTLINE 


» Cheatle'’s Forceps 

“© Sponge Holding Forceps 

= Mayo's Towel Clip 

= Artery Forceps 

» Right Angle Forceps 

= Kocher’s Forceps 

‘Allis Tissue Holding Forceps 
» Babcock’s Forceps 

© Lane's Tissue Holding Forceps 
“= Morant-Baker’s Appendix Holding Forceps 
» Volkmann's Retractor 

» Langenbeck’s Retractor 

© Czerny’s Retractor 

“= Mortis Retractor 

» Deaver's Retractor 

» Doyen's Retractor 
 Self-retaining Retractor 

© Single Hook Retractor 

» Plain Non-toothed Dissecting Forceps 
% Toothed Dissecting Forceps 
© Surgical Needles 


ll CHEATLE’S FORCEPS 


# It is used to pick sterilised articles like instruments and 
drapes so that touching of the instruments is avoided while 
transferring them. It is kept dipped in antiseptic solutions. 
It does not have lock. 


Fig. 32.3: Cheatle's forceps. 


ll SPONGE HOLDING FORCEPS (RAMPLEY'S) 


# Ithas got fenestrated, serrated, flat distal end. It is used to 
clean the operative field, to swab the cavities, to mop the 
oozing area, to hold gallbladder and cervix during surgeries, 
for blunt dissections, as ovum forceps. 
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= Needle Holder 
‘Joli’ Thyroid Retractor 

= Moynihan’s Occlusion Clamp 

= Payr’s Crushing Clamp. 

= Desjardin’s Choledacholithotomy Forceps 
= Bake’s Dilator 

Sinus Forceps 

© Scissors 

= Volkmann's Scoop 

Tracheostomy Tube 

Drains 

Foley's Catheter 

= Malecot's Catheter 

= Simple Red Rubber Catheter 

w= Lister's Urethral Dilator 

 Ryles Tube 

= Infant Feeding Tube 

= Kehr's'T’Tube 

= Proctoscope 

 Flatus Tube 
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Fig. 32.4: Sponge holding forceps. 


ll MAYO’S TOWEL CLIP (FIG. 32.5) 


# It is used to fix drapes in operative field, 

# It is used to fix suction tubes, diathermy wires, laparoscopic 
cables in operative table 

# Itis used to fix ribs in flail chest. 


lm ARTERY FORCEPS (HAEMOSTAT) 
Types 


Based on size: 
a, Small or mosquito artery forceps. 
b. Medium sized artery forceps. 


Anger is a short madness which often creates life-long tragedy. 
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cc. Large artery forceps. 
Based on shape: 

a. Straight artery forceps. 
b, Curved artery forceps 


Fig, 32.5: Mayo's towel clip, 


Cn 


Figs 32.6 to C: Artery forceps: (A) Straight, (B) Curved, (C) Mosquito, 


Features of Artery Forceps 


Distal blades have transverse serrations which are well-apposed. 
Lock in the proximal part, 


 Tocatch bleeding points 
‘& Toopen the fascial planes in different surgeries 
+ Topassaligature 

4 Tohold fascia, peritoneum, aponeurosis 
4 Tohold sutures 

4 Todrain an abscess like a sinus forceps 
4 Tohold gauze as peanut 


ll RIGHT ANGLE FORCEPS 
# It is used to dissect pedicles and to pass ligatures. 


ll KOCHER’S FORCEPS 


# Ithas got serrations in the distal blades and apposing tooth 
in the tip. 

# tis used to hold pedicles, tough structures, cut ends of the 
muscles 

# Itis used to hold gauze for blunt dissection, to hold resected 
bowel, to hold ribs during rib resection. 


ANT 


Fig. 32.7: Kocher’s forceps. 


l@ ALLIS’ TISSUE HOLDING FORCEPS 

# Here distal blades are not apposing each other. 

¢ Tip has got teeth in each blade which are apposing, 

4% Ithas got a lock on the proximal part. 

* Itis used to hold skin flaps, fasciae, aponeurosis, bladder 
wall 


Fig. 32. 


Allis’ tissue holding forceps. 


lm BABCOCK’S FORCEPS 


# Its distal part of distal blades are curved with a triangular 
fenestra in it which allow soft tissues to bulge out. Tip is 
non-traumatic with transverse serrations on it. It has got a 


lock in the proximal part 


4 Itis used to hold any part of the bowel, fallopian tubes, 
‘appendix, ureter, cord, ete, 


Fig, 32.9: Babcock’s forceps. 


ll LANE’S TISSUE HOLDING FORCEPS 

# Ithhas got thick, stout distal blades with oval fenestra in TErEEEE 
each blade. 

 Ithas got apposing tooth in the ti 

# Ithas got a lock in the proximal part, 


Fig. 32.13: Langenbeck’s retractor 


ll CZERNY’S RETRACTOR (HERNIA 
RETRACTOR) 


* This retractor has got thick, small blade on one side and 
biflanged hook on the otherside in opposite directions. It is used 
Fig. 32.10: Lane's tissue holding forceps. in surgeries like hernia, laparotomy especially during closure 
 Itis used to hold bulky and tough structures, to hold lymph. 
nodes. 
# Itis also used as towel clip, as sponge holding forceps. 


ll MORANT-BAKER'S APPENDIX 


HOLDING FORCEPS ————— 


% Iis like Lane’s forceps but with apposing serrations 
proximal to the tooth. These serrations give a good grip in 
mesoappendix while holding appendix in appendicectomy. 
Its use is replaced by Babcock’s forceps. 


Fig. 32.14: Czerny’s retractor. 


lm MORRIS’ RETRACTOR 


# Itmay be single blade type or double blade type. 
# Itis used to retract abdominal wall 


Fig. 32.11: Morant-Baker’s appendix holding forceps. 


ll VOLKMANN’S RETRACTOR 
# It is used to retract fasciae in soles and palms. 


Fig. 32.15: Moris retractor. 
5——— nD tm DEAVER'S RETRACTOR 


Fig, 32.12: Volkmann's retractor. 


@ Superficial retractors 
@ Deep retractors 
® Selfretaining retractors 


™ LANGENBECK’S RETRACTOR 


 Ithas got a long handle and a small solid blade. It is used Fig 22,46: Deaver'sretvartor, 
in hernia surgery or any superficial surgeries to retract skin, ¢ It is retractor with a broad, gently curved blade. 
fasciae and aponeurosis, et. + Iti used to retract liver, spleen and other abdominal viscera. 


‘Surgery is easy to watch, difficult to do. 
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+ Itis atraumatic and gives adequate exposure of the surgical ll] TOOTHED DISSECTING FORCEPS 
oe # ILis used to hold skin and tough structures. 
ll DOYEN'S RETRACTOR 


# Itis used in pelvic surgeries. 


e em 
Figs 32.208 to €: Dissecting forceps (A) Non-toothed, 
Fi. 32.17 Doyen retractor i Disecting Forces: (A] Nona 
I SELF-RETAINING RETRACTOR mm SURGICAL NEEDLES 


# Ithas got different adjustable blades sos toretractabdominal TYPES 


Teagan enaD eames nr  Basedontheedge 
+: Rosndivody onedie 

+ cittngneadle 

fe Revere citing ecle 

Borie cated 

fe sci tesie tafe Hagecron recte 


Straight needle 
© Curved needle. Half circle; 5/8 circle, etc. 


Based on Existence of the Eye 


¢ Atraumatic needle is eycless. Here suture material is 
attached to the needle by swaging. Size of the suture mate- 
rial and that of needle is same and so tissue trauma is less, 
Needle once used is disposed of (not reusable). 

¢ Traumatic needle: \tis eyed needle, Needle in the eye area 
is wider than the body of the needle and so tissue trauma is, 
‘more. These needles are reusable. 


Fig. 32.18: Sel retaining retractor. 
A Avaumatic neodie 


@ SINGLE HOOK RETRACTOR “Traumatic cutting type needle 
© Itis used to retract skin, 
v 


Ce — Reverse cutting needle with eye 


Fig. 32.19: Single hook retractor. 


ll PLAIN NON-TOOTHED DISSECTING @ pence 


FORCEPS 


 Itis used to hold delicate structures like peritoneum, vessels, 
bowel, nerves, tendons (Fig. 32.20). Fig. 32.21: Needles. 


Round-badied needle 


* Round body needles are used in soft structures like perito- 
neum, muscle, vessel, nerves, tendons, bowel, soft tissues. 

% Cutting needles ate used to suture skin, aponeurosis and 
tough structures 

# Reverse cutting needle is used to suture mucoperiosteum. 


@ NEEDLE HOLDER 


© Smaller distal blades with criss-cross serrations often with 
a groove in the middle are the features of a needle holder. 


Fig. 32.22: Needle holder. 

% I may be straight or curved. It may be available with 
different sizes. While holding a needle in a needle holder one 
should get a good control and good grip. This is achieved 
by placing the needle at the junction of proximal 2/3rd and 
distal 1/3rd. Needle holder should be held between thumb 
and ring finger. 


@ JOLL’S THYROID RETRACTOR 


# It is a self-retaining retractor specifically used for thyroid 
surgeries. 


Fig. 32.23: Jol’s thyroid retractor. 


ll MOYNIHAN'S OCCLUSION CLAMP 


thas got long distal blades with longitudinal serrations. 

It may be straight or curved 

It is non-traumatic, non-crushing type. 

It occludes lumen of the bowel/stomach and so prevents 
spillage of the content of the bowel. 


# Italso occludes the vessels in the wall of the bowel and so 
prevents bleeding during surgery 

# Itis used during anastomosis of the stomach and other parts 
of the bowel. 


Fig, 32.24: Moynihan’s occlusion clamp. 


lm PAYR'S CRUSHING CLAMP (GASTRIC) 
 Itis stout and heavy instrument with double lever inthe handle, 


Fig. 32.25: Payr’s crushing clamp, 


+ Iterushes the bowel once applied. So before applying it, ine 
of resection of stomach/bowel should be assessed properly. 
It is applied to the part which is removed. Viability of the 
bowel is lost once it is applied. 

# Itis used in gastrectomy and resection and anastomosis of 
the bowel. 


lm DESJARDIN’S CHOLEDOCHOLITHOTOMY 
FORCEPS 


# Ithas got long distal blades with smooth serrations and fenestra 
in the tip. It does not have lock and so accidental damage of 
CBD mucosa or crushing of the CBD stone are avoided. 


Sor 


Fig. 32.26: Desjardin’s choledocholithotomy forceps, 
# Itis used for choledocholithotomy (removal of CBD stones), 
ll BAKE’S DILATOR 


# Itis long malleable metallic instrument with club at the 
terminal end. 


‘Surgery is always second best; if you can do something else, its’ better—John Kirklin 
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# Itis used to assess the CBD, duodenal papilla for patency 
or block. 


> 


Fig. 32.27: Bake's dilator 


ll SINUS FORCEPS (LISTER’s) 


 Ihas got straight, long blades with serrations in the tip, It 
does not have a lock. 

4% Itis used to drain pus from abscess cavity (Hilton’s method). 
It is called as sinus forceps because it was initially originated 
to pack the sinus cavities. It is less traumatic: 

Sinus forceps has no lock: no serrations; broad tip; blunt. 


Fig. 32. 


3 Lister's sinus forceps. 


™ SCISSORS 


a 
og 


Straight scissors 


——=5 


Fig. 32.29: Scissors. 


——-* 
(> aa 


Curved scissor 


™ VOLKMANN'S SCOOP 


‘To scoop cavities, ulcer bed, granulation tissues, 
On either side different sized scoops are present. 


=. =~ 


b 


ll TRACHEOSTOMY TUBE 


% Fuller's bivalved tracheostomy tube: It has got outer tube 
and inner tube. Outer tube is biflanged and so insertion is 
easier. Inner tube is longer with an opening on its posterior 
aspect. Inner tube can be removed and reinserted easily 
whenever required, 


Fig. 32.30: Volkmann's scoop. 


% Jackson's tracheostomy tube: It has got outer tube, inner 
tube and an obturator. 
# Red-rubber tracheostomy tube. 
* PVC tracheostomy tube 
Modern tracheostomy tubes are made of plastic. They are 
soft, least irritant and disposable. They have inflatable cuff 
which makes it easier to give assisted ventilation, Cuff should 
be deflated at regular intervals to prevent tracheal pressure 
necrosis (For assisted ventilation, endotracheal, tube can be 
kept for 7 days. Beyond that period, patient needs tracheostomy 
for further ventilation) 


FOP 
(i 


Figs 32.31A and B: Tracheostomy tube: (A) Fuller's, (8) Jackson's 
tracheostomy tube, 


& Inhead, neck and facial injuries 

Tetanus 

 Tracheomalacia after thyroidectomy 

4 Laryngeal oedema/spasm 

& Major head and neck surgeries like commando’s operation, 
block dissection, etc. 


a 


™@ DRAINS 


A drain is a created channel which allows any fluid collected, 
to come out after closure of the main wound. 


Types 
% Corrugated rubber drain: \t drains by capillary action and 
gravity. It is cheaper and technically easier. But it allows 
soakage of dressings and causes discomfort to the patient. 
¢ Tube drains 
> Malecot catheter can be used as a tube drain, 
» Penrose soft latex rubber tube 
> Multiple perforated tubes. 


Figs 32.32A to C: Drains: (A) Corrugated rubber drains, (8) Multiple 
‘perforated drains, (C) Tube drain. 


‘Advantages of tube drains 

© Quantity of fluid like bile, pus can be measured. 

+ Itcan be kept for longer time 

4 Skin excoriation will not occur 

+ Patient remains more comfortable 

+ Infection rateis less 

@ Removals easier 

@ Dye can be injected and cavity or communication can be 
assessed using’C-ARM’ 


% Closed suction tube drain system. 

% Glove drain 

% ‘Wick drain is a gauze drain to drain pus, discharge, ete. 

¢ Sump drain: This is a type of drain where parallel air vent 
prevents the adjacent soft tissues from being sucked into the 
drain when negative pressure is applied, 


Advantages of sump drain 
@ No drain blockade 
‘@ Resists collapse of the structure when suction is applied, 


Uses of sump drain 
Collection of iritant discharges (enteracutaneous fistula) 
® Collection of secretions having activated enzymes (high small 
bowel, pancreatic fistula) 
Draining proximal stump in TEF with esophageal atresia to 


prevent aspiration 


Ti 


| ae 


Fig. 32.33: Suction drain used in thyroid surgery. 


Fig, 32.34: Romovacsuction drain, Here suction is created by pressing 
the suction corrugation. There is a sharp metallic introducer to pass 
the tube into the required area after puncturing the skin. tis used 
for thyroidectomy, mastectomy, radical dissection, wide excisions, 
flap surgeries, etc 


Classification of Drain Systems 


% Open (static) drain: For example, corrugated drain, penrose 
drain, Infection rate is higher. 

* Closed siphon drain: Here drain is connected to a sterile 
bag with or without one-way valve, It reduces the infection. 

% Closed suction drain: Here negative pressure of —100 to 500 
mmHg is used to create vacuum to drain the secretions, 

Sump suction drain: Here negative suction with a parallel 
air-vent is used to prevent the adjacent soft tissues being 
sucked into the lumen of the drain 


© Under water seat drain to drain pleural space. 


Indications for drains 

In drainage of an abscess 

 Inbleeding surgical concltionslike trauma peroperative bleed 

+ Inhaemo, pyo or pneumothorax 

+ Inacuteabdominaconditionsike peritonitishaemopertoneum 

+ In major abdominal surgeries lke of pancreas, biliary tree, 
stomach, etc. 

& In thyroid surgery 

& Inhydrocele surgery 


Problems in D1 


IS 


* Infection can occur through the drain. 
# Displacement 
# Itmay not drain adequately and can give a false information 
# Imay interfere with healing process inside. 

Presently keeping a drain itself is a questioned debate and 
controversy all over 

Older dictum was ‘when in doubt keep a drain and the 
surgeon can sleep happily’—is questioned at present. 
DRAINS IF NOT USED PROPERLY MAY BE COUNTER- 
PRODUCTIVE. 


The postoperative treatment is as essential as the operation and the surgeon is as much responsible for the 


postoperative treatment as for the operation. 


— Roscoe C Giles 
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@ FOLEY'S CATHETER 


Refer Urology 


Fig. 32.35: Foley's catheter 


™ MALECOT’S CATHETER 


Refer Urology 


™@ SIMPLE RED RUBBER CATHETER 


Refer Urology 


® 


Ai 


J 


y 
4 


Sen” 


. 32.37: Red rubber catheter. 


@ LISTER’S URETHRAL DILATOR 


Ithas got olive tip and it is used to dilate stricture urethra. 
Other dilators are Clution’s dilator and filiform bougies, 


———— 


Fig. 32.38: Lister's urethral dilator. 


@ RYLE'S TUBE 


It is one meter long and is made of red rubber or plastic. 
It has got three lead shots in the tip which makes it radio- 

paque. It also facilitates easy passage of the tube through the 

oesophagus. 
Ithas got markings at different levels: 

+ At40 cm distance, at the level of gastro-oesophageal junc- 
tion. 

ALSO cm distance, at the level of body of the stomach, 

# At 60 cm distance, at the level of the pylorus. 

# At65 cm distance, at the level of the duodenum, 


Fig. 32.39: Ryle’s tube, 


Indications 


For gastric function tests—to assess free acid and total acid 
Hollander test for completion of vagotomy 

To diagnose tracheo-oesophageal fistula 

Baid test for pseudocyst of the pancreas 

Therapeutic: 

Inacute abdominal conditions like peritonitis/ obstruction 
Inabdominal trauma 

‘Afterabdominal surgeries 

Inpyloric stenosis 

Inupper GIT bleeding 

In paralytic ileus 
For feeding purpos 
faciomanillaty injur 


Ho eeeeeeeeoes 


conditions like comatose patients, 
majorhead and neck surgeries 


ll INFANT FEEDING TUBE (postoperative “T” tube cholangiogram). Itis done in 14 days | 4955 
which is the time required to develop fibrous track. Once 

there is free flow, tube is removed and track gets closed on 

its own. 


# There are no lead shots and markings on the tube. 
 Itisused for feeding purpose in infants who is under coma, 
with faciomaxillary injuries and anorexia 


lm PROCTOSCOPE 
(Refer Rectum and Anal Canal) 


Fig. 32.40: Infant feeding tube. 
ll KEHR'S ‘T’ TUBE = 
Fig. 32.42: Proctoscope, 4 
* Itis used after opening CBD (choledochotomy). CBD is a 
closed with *T” tube placed in the CBD. 2 
$ Iis made up of latex or red rubber. lm FLATUS TUBE S 
2 
= 
a 
a 
= 
= 
Fig. 32.41: Kehr's T' tube. 
* “T’tube has got horizontal part which is placed in the CBD Fig, 32.43: Flatus tube 
and vertical part which is allowed to come out, o drain bile, 
Amount of bile draining daily is measured. It is made up of India rubber, 45 em in length. There is one 


Before removal of the “T” tube, patency of CBD should pening in the tip and another on the side proximal to the tip. 
esate a (Urinary catheter like red rubber catheter has no opening in the 
It is done by following methods. tip, only side opening is present). It is used in sigmoid volvulus 


* The vertical limb is clamped (done in 12-14 days) and 
the patient is observed for development of pain, fever and ‘decompress and derotate; in paralytic ileus; in subacute intes- 
jaundice in 24 hours. If normal, then one can presume that tinal obstruction. It is passed per anal into the recto-sigm 
there is no obstruction in the CBD. area. Proximal end is connected to water container to observe 

Water soluble iodine dye is injected through the tube to the quantity of air bubble which signifies the amount of gas 


visualize biliary tree and free flow of dye into the duodenum. getting deflated, 


‘Surgery is an art of learning not only when to cut but also when not to cut. 


Time travel: time dilation 
Danie! Buzzo 


time we each experience actually does expand and 
contract as we move in space. 


Figure 6: Frost aver Mongolia. Duration: 10 hours 55 
minutes 


The illusion of the Newtonian ideal of a universal 
timescale, the idea of a ‘universal now’ is 
disappearing and being replaced by the ideas of 
general relativity. Of a universe full of individual 
“‘nows’ all unique and all moving independently. 
This change is akin to seeing the universe of 
unique, individual ‘nows’ at a human, personal 
scale and seeing a life travelling, sliding, back and 
forth in time against the ‘nows’ of those around 
one. 


The important element this body of work seeks to 
describe is not physics or even a discussion of 
physics but an explanation of physics and the 
revelatory moment of seeing it in ‘real’ experienced 
life. This work seeks to relate that revelatory 
moment and articulate it with the artefacts, the 
book and the paper, telling the story of seeing how 
each and every one of us is travelling in time, 
independently, uniquely, every day. 


To see a World in a Grain of Sand 
And a Heaven in a Wild Flower, 
Hold Infinity in the palm of your hand 


And Eternity in an hour. (William Blake) 
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C. Suture Mate: 


CHAPTER OUTLINE 


% Classification | 
® Classification It 
© Classification i 


‘Features of ideal suture material 
‘& Adequate tensile strength 
+ Good knot holding property 
+ Should be least reactive 
+ Easy handling property 
+ Should have less memory 
+ Should be easily available and cost effective 


CLASSIFICATION I 


Absorbable Suture Materials 


Plain catgut is detived from submucosa of jejunum of 

sheep. 

> Itis yellowish white in colour, 

> Itis absorbed by inflammatory reaction and phagocy- 
tosis—absorption time is 7 days. 

> Itis used for subcutaneous tissue, muscle, circumeision 
in children. 

Chromic catgut is catgut with chromic acid salt. 

> Itis brown in colour, 

» Its absorption time is 21 days. 

> Itis used for suturing muscle, fascia, external oblique 
aponeurosis, ligating pedicles, etc. 

Vieryl (Polyglactic acid) 

It is synthetic absorbable suture material, 

It gets absorbed in 90 days, 

Absorption is by hydrolysis, 

It is violet in colour (braided). 

{tis multifilament and braided. 

Itis very good suture material for bowel anastomosis, 

suturing muscles, closure of peritoneum. 

Dexon (Polyglycolic acid) is synthetic absorbable suture 

‘material like vicryl. It is creamy yellow in colour (braided), 

Maxon (Polyglyconate) monofilament, 

PDS (Poly Dioxanone Suture material) is absorbable suture 

material. It is creamy in colour with properties like vicryl 

Its costly but better suture material than vieryL 


© Monoeryl (Polyglecaprone) monofilament. 
% Biosyn (Glycomer) monofilament 


* Classification IV 
Classification V 


‘Uses of absorbable suture materials. 


4 In bowel anastomosis like gastrojejunostomy resection and 
anastomosis. Vicrylis used 

% In cholecystojejunostomy (CCJ), choledocho-jejunostomy 
(CDJ), pancreaticojejunostomy, Vicryl is used 

In suturing muscle, fascia, peritoneum, subcutaneous tissue, 

4 Inligating pedicles, -2er0 chromic catgut or vicrylare used, 
eg ligation of pedicles during hysterectomy 

4 Incircumcision usually 3-ero plain or chromiccatgutare used 


Absorbable suture materials should not be used for suturing 
tendon, nerves, vessels (vascular anastomosis) 


Nonabsorbable Suture Materials 


* Silk is natural, multifilament, braided, non-absorbable 
suture material derived from cocoon of silkworm larva. 
It is black in colour. It is coated suture material to reduce 
capillary action, 

Polypropylene (Prolene) is synthetic, monofilament suture 
material. It is blue in colour. It has got high memory. 
(Memory of suture material is recoiling tendency after 
removal from the packet. Ideally suture material should 
have low memory.) (Prolene mesh used for hemnioplasty is, 
white in colour) 

Polyethylene (Ethylene) is synthetic monofilament nonab- 
sorbable suture material. It is black in colour. 


% Cotton's twisted multifilament natural nonabsorbable suture 
material. It is white in colour. 


Linen is derived from bark of cotton tree. 
Steel, polyester, polyamide, nylon are other nonabsorbable 
suture materials. 


Uses of nonabsorbable suture materials 
‘& In herniorrhaphy for repair 
+ Forclosure of abdomen after laparotomy 
+ For vascular anastomosis (6-zero), nerve suturing, tendon 
suturing 
‘& Fortension suturing in the abdomen 
 Forsuturing the skin 


CLASSIFICATION II 
Natural 


© Catgut. 
© Silk, 

% Cotton, 
% Linen, 


Synthetic 


% Vioryl, dexon, PDS, maxon. 
+ Polypropylene, polyethylene, polyester, polyamide, 


ll CLASSIFICATION III 


% Braided: Polyester, polyamide, vieryl, dexon, silk, 
% Twisted: Cotton, linen, 


CLASSIFICATION IV 


% Monofilament: Polypropylene, polyethylene, PDS, catgut, 
steel 

 Multifilament: Polyester, polyamide, vieryl, dexon, silk, 
cotton. 


™ CLASSIFICATION V 


© Coated. 
© Uncoated, 


Numbering of Suture Material 

a 

1k 

O-zero. 

-zero, 

2-zero. For bowel suturing. 

3-rer0. 

4-rer0. 

S-zero. For vascular anastomosis, 

6-zer0. 

T-r0r0. 

8-zero. 

9-zero. For ophthalmic surgety. Requires operating 
microscope. 


For pedicle ligation 


Fig. 32.44: Photo showing different types of 
‘suture materials (with pack). 


‘Saciness is a trom of fatigue. 


Continuous suturing 
-® Interrupted simple suturing 
4 Interrupted mattress suturing 
- Subcuticular suturing 

& Horizontal tension suturing 
“Vertical tension suturing 


sf Ole LF) 
QQ | = 
Qo 
Fi. 22.45:Tyesof tung 
Reefknct 
® Granny knot 


4 Surgeon's knot 


B85 


Fig, 32.46: Types of knots. 
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D. Diathermy (Electrocautery) 


Itis the method to control bleeding or to cut the tissues during, 
surgery. 


Mi TYPES 


Based on type of current used: 

% Unipolar cautery. 

Bipolar cautery. I is safer because its effect is seen only in 
between electrode points. Adjacent tissues will never get 
damaged. 

Based on type of action: 

% Coagulation cautery which causes haemostasis by tissue 
coagulation. Here temperature is 100 degree (blue switch), 

% Cutting cautery: Here temperature is 1,000 degree which 
disintegrate the tissues. It isnot haemostatic (yellow switch), 

% Blended current is combination of both coagulation and 
cutting, 


Differences Between Unipolar and 
Bipolar Cautery 


Unipolar cautery Bipolar cautery 


+ Can be used for both + Only for coagulation 
coagulation and cutting 


+ Conducting plate should be + No need 
kept 
+ Cannot be used inpatient + Can be used 


with artificial valves 


+ Should be careful about 
adjacent tissues 


+ Adjacent tissues will 
never get damaged 


Uses 


% For coagulation of bleeders during surgery to achieve 
haemostasis. 

% To cut muscles, fascia, etc. 

 Itis essential for laparoscopic surgical procedures, Bipolar 
is commonly used, 

% It is used to remove small cutaneous lesions, to control 
bleeding duodenal ulcer. 


Disadvantages 


Infection, 
Cauterisation of normal tissues. 

Problem of explosion, 

Diathermy burn to the patient at the site where diathermy 
plate is kept. 

* Bum injury or electrical shock to surgeon and assisting 
personnel, 


Precautions 


* Proper earthing. 
# Avoid loose contact of electrodes. 
# Itshould be kept off when not in use during procedure, 


Fig, 32.47; Diathermy machine with plate, foot switch for use. 


E. Operative Procedure 


CHAPTER OUTLINE 


® Abdominal incisions 
© Vasectomy 

© Circumcision 

» Hydrocele 

® Inguinal Hernia 

“© Appendicectomy 
% Thyroidectomy 


™ ABDOMINAL INCISIONS 


Principles 


Incision should be long enough for a good exposure. 


© Splitting the muscle is better than cutting, except rectus 


muscle. 

Avoid cutting nerves and vessels in the abdominal wall 
Retract muscle, abdominal organs towards the neuro- 
vascular supply. 

Insert a drainage tube through a separate incision, 
‘Transverse incisions are better than vertical incisions, 
Close the wound layer by layer, 


& Accessi 


ity 


‘@ Extensibility 
® Security 


* 


Cc 


ee eeoooes 


‘ype of surgery (acute abdomen, surgery for mal 
major surgery) 
Obesity 

Pregnancy 
Straining 

Cough 

Ascites 

Nutrition 

Diabetes 
Immunosuppression 
‘ype of incision 


omplications of Abdominal Incision 


‘Wound infection. 

Burst abdomen, 

Fistula formation 

Wound pain 

Incisional hemia. 

Adhesion and its complication, 


‘ 


Tracheostomy 
Cryosurgery 

Lasers in Surgery 
Staplers in Surgery 
Nasojejunal Tube Feeding 
Gossypiboma 


3 4. Rt subcostal incision 
2, Lt subcostal incision 
Is 3. Upper midline 
4. Rt upper paramedian 
2. 5. Subumbilical 
“6 6. Ltlower paramedian 
p 


7. Lower midline 


fe / 
8. Lt thoracoabdominal 
9. Rooftop-(Chevron) incision 
10. Upper horizontal 


70 11. Lthumbar sympathectomy 
DT | 12. Lower horizontat 


13. Lang incision 


4. — 14. McBurney’s incision 
a 13 y 18. Pfannenstie! incision 
16. Incision for inguinal hernia 
eS 
Fig. 32.48: Different incisions in the abdomen, 


Different abdominal incisions are: 
Upper midline. 

Upper right paramedian. 

Upper left paramedian. 

Kogher's incision (right subcostal) 
Left subcostal. 

Bucket handle. 

Upper horizontal 
‘Thoracoabdominal 

Subumbilical 

Incision for lumbar sympathectomy. 
Lower midline. 

Lower right or left paramedian, 
Incisions for appendicectomy—McBurney’s 
Morrison’s, Lanz, laparoscopic. 


‘Surgery is an ireversible repair but often it can be irreversible damage also !!! 


Rutherfold 


(259 


uonesials pue sisdasy 


1260 


SRB's Manual of Surgery 


+ Pfannenstiel incision, 
# Lower horizontal 
> Upper incisions are always better. 
> Horizontal incisions are better. 
> Paramedian is better than midline. 


™@ VASECTOMY 


Indications 


¢ Family planning (parents should have two healthy children, 
consent should be obtained) 

* After prostatectomy, vasectomy is done to prevent retro- 
grade infection of testes. 


Procedure 


After cleaning and draping, 2 ml of 1% 
(local anaesthetic) is injected to the root of the scrotum on the 
antero-lateral aspect. 

‘Skin, external and intemal spermatic fasciae are incised, 
cord is held with Allis forceps. Thick, firm, vas is dissected, two 
artery forceps are applied. A small piece of vas is excised and 
ccut ends are ligated with silk or thread (nonabsorbable). Skin 
is sutured, Procedure is repeated on the other side 


injection xylocaine 


Advice 


‘To avoid sexual contact or to use contraception for 3 months. 


‘Complications: 
¢ Haematoma 
& Haematocele 
Infection 
@ Pyocele 
@ Sperm granuloma 
‘@ Recanalisation occurs rarely but dangerous 


# When there is hernia or hydrocele, vasectomy is done along 
with specific procedures for hernia or hydrocele. 

% No scalpel vasectomy, using specialised instruments is 
becoming popular. Procedure does not require any suturing, 


™ CIRCUMCISION 


Indications 
% Religious, 

# Phimosis. 

* Paraphimosis after doing initial dorsal slit. 

 Balanitis and balanoposthitis (common in diabetics). 

* Early carcinoma of prepuce or glans penis—both diagnostic 


as well as therapeutic purpose. 
% Certain sexually transmitted diseases, e.g. herpes infect 


Procedure 


In children, it is done under G/A. In adults, it is done under 
local anaesthesia. 

After cleaning and draping, LA (1% lignocaine (plain) is 
injected circumferentially near the root of the penis) is given 


Figs 32.49A and B: No scalpel vasectomy instruments and technique. 


(ring block). Dorsal skin is cut up to the corona and later 
circumferentially and ventrally. The skin is cut with inner layer. 
Care is taken to see that optimum (less) skin is cut ventrally to 
prevent the occurrence of chordee. Frenular artery as well as 
dorsal vein is transfixed and ligated ventrally using chromic 
catgut (2-0 or 3-0). Small bleeders are also ligated. Skin is 
apposed to the cut edge of corona using interrupted chromic 
catgut sutures. 
Postoperatively, antibiotics and analgesies are given. 


Complications 


* Reactionary haemorrhage due to slipping of ligature from 
frenular artery and dorsal vein 

# Infection, 

Stricture urethra near the external meatus in children 

# Chordee due to removal of excess skin on the ventral aspect. 

* Rarely priapism can occur. 


ll HYDROCELE 


Types of Surgery 

# Subtotal excision, 

Partial excision and eversion (Jabouley’s operation), 
* Evacuation and eversion. 

# Lord's 

Sharma and Jhawers technique. 


Procedure 


% Under GIA or spinal or L/A, after cleaning and draping, 
vertical incision of about 6-8 em in length is made over the 
scrotum, anteriorly 1 cm lateral to the median raphe, 

Skin, dartos, external spermatic fascia, intemal spermatic fascia 
are incised. 

Bluish hydrocele sac is identified, ic. parietal layer of the 
tunica vaginalis of test 
Fluid is evacuated using trocar and cannula, Sac is opened. 

# Ifthe sac is small, thin and contains clear fluid, either Lord's 
plication, i.e. tunica is bunched into a “ruff” by placing 
series of multiple interrupted chromic catgut sutures so as 
to make the sac form a fibrous tissue which is relatively 
avasular and so haematoma will not occur, or evacuation 
and eversion of the sac behind the testis (after eversion, 
everted sac is sutured with chromic catgut by continuous 
sutures) is done. 

# If the sac is thick, in large hydrocele and chylocele, 
subtotal excision of the sac is done (as tunica vagin: 
reflected on to the cord structures and epididymis posteri 
orly, total excision of the sac leads to orchidectomy with 
division of cord). 

Often the sac is excised partially and eversion is done, which 
is called as Jahouley’s operation, 


Fig. 32.50: Trocar and cannula used for tapping hydrocele. It 
prevents spillage of fluid. 


* After evacuation, the sac with the tests is placed in a newly 
created pocket between the fascial layers of the scrotum 
(Sharma and Jhawer's technique). 

# Aspiration must be avoided as much as possible as itis only 
a temporary measure (recurrence occurs very early) and 
chances of haematocele, infection are higher, 

# A drain is placed near the root of the scrotum on the lateral 
aspect because, it becomes the most dependent portion once 
scrotal support is given. Scrotal support is given to reduce 
the scrotal oedema, 

# Wound is closed in layers. 

# Drain is removed in 48 hours. 


‘® Subtotal excision of the sac 

@ Jabouley’ operation 

‘® Evacuation and eversion 

Lord's plication 

4 Sharma and Jhawer's technique 


4 Reactionary haemorthage 
© Infection 

® Pyocele 

Sinus formation 

‘® Recurrent hydrocele 


4 Pyocele with testicular destruction 
4 Clotted haematocele with testicular destruction 


lm INGUINAL HERNIA 


Surgery is the treatment of choice for inguinal hernia 
In infants, whether itis hernia or hydrocele, only herniofomy 
is done through inguinal approach (Michaelis plank operation), 
In adults: It includes herniotomy, ie. excision of hernial 
sac and herniorrhaphy (strengthening of the posterior wall of 
inguinal canal either by repair or mesh). 


1. Herniotomy 
Anaesthesia: Spinal or GIA 


Procedure: After cleaning and draping, skin is incised 1.25 
em above and parallel to the medial two-thitd of inguinal 
ligament. Two layers of superficial fascia (outer Camper's 
fascia and inner Scarpa’ fascia) are incised. External oblique 
aponeurosis is incised. Upper leaf is reflected above and lower 
leaf is reflected downwards to visualise and expose the inguinal 
Jigament. Ilioinguinal nerve is safeguarded. Cremasteric muscle 
is opened. Cord structures are dissected. Sac which is anterior 
and lateral to cord is identified and is pearly white in colour. 
Dissection is usually started from the fundus and extended 
towards the neck which is identified by extraperitoneal fat, The 
neck is narrow and is lateral to inferior epigastric artery. Sac is 
opened at the fundus. Finger is passed to release any adhesions 


A surgeon should have a heart of lion, eyes of a hawk and hands of a woman—John Halle 
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Sac is twisted so as to prevent the contents from coming back. 
Itis transfixed using absorbable suture material (chromic catgut 
2-0) and is excised distally 


2. Modified Bassi 


's Herniorrhaphy 


Conjoined tendon and inguinal ligament are approximated 
using interrupted nonabsorbable monofilament sutures [poly- 
propylene (prolene, blue in colour) }; medial most stitch is taken. 
from the periosteum of pubic tubercle (called as key or Bassini 
stitch); external oblique is closed and other layers are closed. 
L ‘Complications of herniorrhaphy J 
+ Haemorhage 
Haematoma 
Infection 
Haematacele 
Postherniorrhaphy hydrocele 
Hyperaesthesia over the medial side of inguinal canal due to 
injury tilioinguinal nerve 
+ Recurrence 
+ Ostetis pubis 


eeeee 


Hernioplasty 


Prolene mesh is used for hemioplasty (white in colour). Other 
materials which can be used are Dacron, tensor fascia lata, 
skin, 


Relation of sac to the cord: 1 
Indirect inguinal hernia—anterolateral 
Direct inguinal hernia—posteromedial 


ll APPENDICECTOMY 


Approaches 

© Grid-iron incision (McBurney's incision): Incision 
is placed perpendicular to the right spino-umbilical line at 
the McBumey’s point, ic. atthe junction of lateral one-third 
and medial two-third of spino-umbilical line. 

» Rutherford Morison muscle cutting incision (Cut upwards 
and laterally). 

% Lanz crease incision centering at MeBurney’s point- 
cosmetically better. 

* Right lower paramedian incision—when in doubt or when 
there is diffuse peritonitis. 

Laparoscopic approach: 

* Fowler-Weir approac! 


Jecoming popular. 
Medial muscle cutting incision, 


Procedure 


Under general anaesthesia, skin is incised, Two layers of super- 
ficial fascia are cut. External oblique aponeurosis is opened in 
the line of incision, Internal oblique and transverse muscles 
are split in the line of fibres. Peritoneum is opened in the line 
of incision. Caecum is identified by taeniae, and ileo-caecal 
junction. Omentum when adherent is separated. Appendix is 
held with Babcock’s forceps. Mesoappendix with appendicular 
artery is ligated. Using thread or silk, a purse-string suture is 


placed around the base of the appendix. Base of the appendix 
is crushed with artery forceps and transfixed using vieryl 
(absorbable). Appendix is cut distal to the suture ligature and 
removed. Stump is cleaned with antiseptics. Purse-string suture 
is tightened so as to bury the stump. 

In difficult cases Retrograde appendicectomy can be done. 
In presence of pus or burst appendix, the peritoneal cavity is 
drained. 

Postoperatively, IV fluids, antibiotics are given. Once bowel 
sounds are heard, oral diet is started. 


Complications after Appendicectomy 


# Paralytic ileus 
* Reactionary haemorrhage due to slipping of ligature of the 
appendicular artery. 

Residual abscess (pelvic, paracolic, local, subdiaphragmatic). 
Pylephlebitis (Portal pyaemia. 

Adhesions, kinking and intestinal obstruction. 

Right inguinal hemia (direct) due to injury to ilio inguinal 
Wound sepsis. 

* Faecal fistula. 


ll THYROIDECTOMY 
Types 


% Hemithyroidectomy: Along with removal of one lobe, 
centire isthmus is removed, It is done in benign diseases of 
only one lobe. 

% Subtotal thyroidectomy: Commonly done in toxic thyroid 
cither primary or secondary and also often for nontoxic 
multinodular goitre. Here about 8 grams ora tissue, size of 
pulp of the finger is retained at the lower pole, one or both 
sides and rest of the thyroid gland is removed. 

© Partial thyroidectomy is removal of the gland in front of 
trachea after mobilisation. It is commonly done in nontoxic 
multinodular goitre. 

* Near total thyroidectomy: Here both lobes, except the 
lower pole which is very close to recurrent laryngeal nerve 
and parathyroid is removed. It is done in case of papillary 
carcinoma of thyroid. 

% Total thyroidectomy: Entire gland is removed. It is done in 
case of follicular carcinoma of thyroid, medullary carcinoma 
of thyroid 


Procedure 


Position: Under general anaesthesia patient is put in supine 
position, with neck hyperextended by placing a sand bag under 
shoulder—with table tlt of 15 degree head up to reduce venous 
congestion. 

Incision: Horizontal crease incision is done, two finger breadth 
above the stemal notch, extending from sternomastoid of one 
side to the other, 

Skin and platysma are incised—upper flap raised up to 
thyroid cartilage, lower flap up to sternoclavicular joint. Deep 
fascia is opened vertically in the midline. Strap muscles are 
retracted or cut in between two Kocher’s forceps. Pretracheal 


fascia is opened to mobilise the thyroid. First, short stout middle 
thyroid vein is ligated, then superior thyroid pedicle is ligated 
close to the gland so as to avoid injury to external laryngeal 
nerve, Inferior thyroid artery is ligated away from the gland 
So as to avoid injury to recurrent laryngeal nerve. Mobilised 
gland is removed. Bed is sutured with catgut so as to prevent 
bleeding. Drain is placed. The wound is close in layers. 
‘Thyroid steal: Patient with thyrotoxicosis is taken to operation 
theatre daily for few days before doing surgery so as to reduce 
the anxiety of the patient. 


Complications of Thyroidectomy 


1, Haemorrhage: May be due to slipping of ligatures, either 
of superior thyroid artery or other pedicles. It causes tachy- 
cardia, hypotension, breathlessness and compression over 
the trachea which inturn may cause severe stridor, respira~ 
tory obstruction. As. fitst aid, immediate release of sutures 
including that of deep fascia has to be done and pressure over 
the trachea is released. Then patient is shifted to operation 
theatre and under general anaesthesia exploration is done 
and bleeders are ligated. Blood transfusion may be required, 

2. Respiratory obstruction: It may be due to haematoma (if it 
is so, the haematoma has to be evacuated), of due to laryn~ 
geal oedema. For laryngeal oedema, immediate emergency 
endotracheal intubation is done along with steroid injec- 
tions. Often emergency tracheostomy may be required as a 
life-saving procedure. 

3, Recurrent laryngeal nerve palsy: It can be transient or 
permanent, Transient is 3% common. They usually recover 
in 3 weeks to 3 months. Often they require steroid supple- 
ment and speech therapy. Permanent paralysis is rare. 

4, Hypoparathyroidism is rate (0.5%). Mostly itis temporary 
due to vascular spasm of parathyroid glands, occurs in 
2nd-Sth postoperative day. Presents with weakness, +ve 
Chyostek’s sign, carpopedal spasm, convulsions. Serum 
calcium estimation is done and then 10 ml of 10% calcium 
gluconate—is given IV 8th hourly, Later supplemented by 
oral calcium 500 mg 8th hourly. After 3-6 weeks, patient 
is admitted, drug is stopped and serum calcium level is 
repeated. 

5, Thyrotoxic erisis (Thyroid storm): Occurs in a thyrotoxic 

patient inadequately prepared for thyroidectomy and rarely a 
thyrotoxic patient presents in a crisis following an unrelated 
operation or stress. They present in 12-24 hours with severe 
dehydration, circulatory collapse, hypotension, hyperpyrexia 
and often cardiac failure. 
Treatments injection hydrocortisone, oral antithyroid drugs, 
tepid sponging of whole body, beta blocker injection, oral 
iodides, lange amount of IV fluids for rehydration, digitoxin, 
Cardiac monitor, often ventilator support with close obser- 
vation is necessary. It has got high rate of mortality with 
critical period of 72 hours. Correction of fluid and electrolyte 
imbalance and cardiac monitoring are the important aspects 
of management. 

6, Injury to external laryngeal nerve causes weakness of 
cricothyroid muscle leading to alteration in pitch of voice. 


7. Hypothyroidism: Revealed clinically after 6 months, 
8. Wound infection, stitch granuloma formation. 
9. Keloid formation, 


lm TRACHEOSTOMY 
Types 


¢ Emergency tracheostomy. 
# Elective tracheostomy. 


Tracheostomy Tube 


% Faller’s bivalved tracheostomy tube: It has got outer tube 
and inner tube. Outer tube is biflanged and so insertion is 
easier. Inner tube is longer with an opening on its posterior 
aspect. Inner tube can be removed and re-inserted easily 
whenever required. 

% Jackson's tracheostomy tube: It has got outer tube, inner 
tube and an obturator, 

# Red rubber tracheostomy tube. 

© PVC tracheostomy tube. 

Modern tracheostomy tubes are made of plastic. They are 
soft, least irritant and disposable. They have inflatable cuff 
which makes it easier to give assisted ventilation, Cuff should 
be deflated at regular intervals to prevent tracheal pressure 
necrosis, (For assisted ventilation endotracheal tube can be kept 
{for 7 days. Beyond that period patient needs tracheostomy for 
further ventilation.) 


 Imhead, neck and facial injuries 

Tetanus 

“4 Tracheomalacia after thyroidectomy 

- Laryngeal oedema/spasm/surgeries 

+ Major head and neck surgeries like commando’s operation, 
block dissection, etc. 

‘ ICU ventilation after 7 days 


Fig. 32,51: Tracheostomy tube with inflation part and syringe 
(inflated with aie) 
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esophagus 


‘Tracheostomy 


Air inflating tubs 


balloon 
Trachea 


Fig. 32,52: Figure showing the position of tracheostomy tube. 


‘Thyroid cartilage 


Steromastoid 
muscle 


Vertical midline 


LK 
— 


Incision 


aA 
ens 


Yi 


Clavicle sternum 


Fig. 32.53: Vertical midline or transverse incisions are used for 
tracheostomy. Vertical midline extends from cricoid cartilage to 
sternal notch. Itis used both in emergency and elective tracheostomy 
and commonly used incision. It gives rapid access with less dissection 
but leads into poor scar. Transverse incision can be used in elective 
tracheostomy. It is placed two finger breadths above the sternal 
notch with a length of about 5 cm transversely. It has got a better 
cosmetic scar, 


Technique of Tracheostomy 


Neck of the patient is hyperextended by placing sand bags under 
the shoulder. Vertical (midline) or horizontal incision is made. 
Deep fascia is opened. Strap muscles are retracted laterally. 
Isthmus is divided or retracted below. 2nd and 3rd tracheal 
rings are opened and circular opening is made. Tracheostomy 
tube is placed. It is tied around the neck, 


Note: 
Endotracheal tube can be kept in situ only for 7 days 


Fig, 32.54: Advanced secondaries in neck with tracheostomy tube 
to control respiratory stridor. 


Tracheostomy Care 


* Regular suctioning of the tube. 
% Cleaning of tracheostomy tube. 
¢ Humidification of the inspired air. 


@ Tracheal stenosis 
Bleeding 

Aspiration 

 Pneumothorax 

‘ Surgical emphysema in the neck 
‘ Mediastinal emphysema 

‘® Tracheostomy dependency 


ml CRYOSURGERY 


© Itis the destruction of tissues by controlled cooling. 
* System contains an automatic defrosting device with 
cryoprobe. 


Gases used are: 
* Nitrous oxide—minus 98°C temperature. 
# COs—minus 60°C 
# Liquid N-—minus 180°C. 
¢ Freon—minus 190°C. 

‘Commonly nitrous oxide is used as it is easily available, 
cheaper and achieves optimum temperature required for 
different procedures. 


Mode of Action 


# It produces intracellular crystallisation, dehydration and 
denaturation of proteins and cell death 

I causes the obliteration of microcirculation and so cell 
death, 


Indications 


# To remove warts and lesions in the skin, 
* Cryotherapy for piles. 
% For chronic cervicitis. 


Advantages 


Relatively bloodless and painless 
% Adequate control of extent and depth in freezing 
+ Equally effective. 


Disadvantages 


# Infection, 
# Discharge from the site. 


ll LASERS IN SURGERY 
(Light Amplification Stimulated Emission of 
Radiation) 


Molecules are placed in a compact area and power is passed 

through this so as to activate the molecules. Molecules get act 

‘vated at different periods and move in different directions, which 

they hit to each other releasing energy. This energy is allowed 

to act through optical system to the area wherever required, 
tis named depending on the molecules used as: 

# Argon Laser. 

% Neodymium Yttrium Aluminum Garnet Laser (Nd: YAG 

Laser) 

CO, Laser 

Neon Laser. 

Holmium Laser. 

Erbium Laser. 


Uses of Laser 


# In cranial surgery in children. 
# In ENTitis used to treat vocal cord lesions, laryngeal lesions, 
% In ophthalmology, itis very useful in retinal surgery: 
Detachment. 
Iridotomy. 
Dacryocystitis. 
Capsulotomy. 
To liquely human lens. 
Glaucomas. 
# In general surgery 
» In bleeding duodenal ulcer. 
» For palliative decoring of tumours in carcinoma oesoph- 
agus. 


In Ca rectum. 

In treatment of hacmorthoides (Ist and 2nd degree). 
In resection of bladder tumour. 

In cervical cancer. 

eve bloodless field. 

Often in making incisions in abdomen and other places. 


— AdvantagesofLaser 
Bloodless field 

Faster 

‘& Small lesions can be removed easily and completely 


To acl 


Precautions 


# Allreflecting instruments should be avoided otherwise laser 
gets reflected and injure normal issues or the working team 
in the OT, 

# All should wear prot 


tive spk 


icles to their eyes. 


Disadvantage 


Availability and cost factors. 


l™ STAPLERS IN SURGERY 


Staplers are used for apposition of tissues, Used in skin, bowel, 
lungs, etc 


Types 


% Cutaneous staplers give clean apposition, It is faster and 
technically easier. Problem is removal requires specific 
instrument and costlier than sutures. 

* Linear staplers are used to close the bowel either completely 
‘or partially. 

* Cireular staplers also called as EEA stapler—End to End 
Anastomosis. Itis commonly used for colorectal anastomosis 
in anterior resection for carcinoma rectum, oesophagogas- 
tric anastomosis after oesophagogastric resection in case of 
carcinoma at O-G junetion 


Fig. 32.55: Circular stapler for colorectal anastomosis. 


‘Remember, the most important person in an operation theatre is the patient. 


—Berkehy George Andrew Moynihan 
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«2 Patent Application Publication (0) Pub. No.: US 2003/0230675 AL 
St. Clair 43) Pub. Date: Dec. 18, 2003 


(54) ROTOR INDUCTANCE PROPULSION 
SYSTEM 


cl. 244/172 


6) ABSTRACT 


(76) Inventor: John Quiney St. Clair, San Juan, PR . 
Ae The invention is a spaceeraft having a circular, domed hull 


around which dual electrically-charged rotors one above the 


Correspondence Address: ‘other are counter-rotating on the edge of the hull. Embedded 


(22) Filed: Jun. 12, 2002 ‘grooves of decreasing height along the radius of the rotor, a 
negative surface inductance is generated, This negative 
on Classification inductance gradient times the negative spacetime compres: 
sion time the rotor current density squared times the rotor 

(51) Int. cL” BAG 1/40; BOAG 1/42 area squared is a positive lit force on the spacecraft 
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Parts: Stapler gun, and cartridge with two rows of stapler 
pins for apposition. Loaded cartridge is detachable. Cut ends 
of bowel are placed over gun and cartridge. Once gun is 
shot, cartridge moves to the gun and creates anastomosis. 

% GIA stapler (Gastrointestinal anastomosis stapler) for 
sside 10 side anastomosis, like small bowel or ileo-colic 
anastomosis. 

% Stapler for lung apposition. 

 Endostaplers: These are used during laparoscopic surgeries. 
Itis commonly used for bowel anostomosis. Endovascular 
staplers are used to ligate vascular pedicles like renal pedi- 
cles during laparoscopic nephrectomy. 

4% Stapled haemorthoidopexy—costly. 

Disposable staplers are available but are costly 

Advantages: Technically easier and faster. 

Disadvantages: Cost factor, availability 

Problems with staplers 

¢ Itisnot completely haemostatic and so bleeding can occur. 

% Leak from anastomosis, improper apposition. 

% Intestinal obstruction, 


ll NASOJEJUNAL TUBE FEEDING 

# Itis one of the methods of enteral nutrition. Itis commonly 
used in acute pancreatitis. It is also useful in other enteral 
nutrition needs. 


Fig. 32.56: X-ray showing nasojejunal tube for enteral nutrition 
purpose. It is useful and effective method of enteral nutrition. Its 
passage needs expertise, C-ARM guidance. Itcan be kept for long time 
for 3 months. Its position often to be confirmed by X-ray. 


# Itis passed under C-ARM guidance per nasally. Itis passed 
up to the first loop of the jejunum across the duodenal C 
loop. It should be fixed properly to the nostril. ts position 
should be confirmed by X-ray. One should take care not to 
displace the tube. 

¢ Advantages are—it is safer, easier and can be kept for 3 
months. Complications of long-term TPN are not there 

4 Disadvantages—irritation by tube, displacement, aspira- 
tion 


lm GOSSYPIBOMA 
(Gossypium—Cotton Based in Latin) 


# By definition, itis the presence of cotton based foreign body 
that is in place of concealment following surgery. 

* Forgotten foreign bodies (mop, gauze, etc.) intraoperatively 
especially in abdominal cavity (can occur in any cavities 
(thorax, pelvis) cause adhesions, provoke sepsis, often get 
encapsulated. 

# Itmay cause an inflammatory mass, bowel erosion/perfora- 
tion/peritonits, intra-abdominal abscess, septicaemia, fistula 
formation. 

* Presentations may be as—asymptomatic, pseudotumour, 
abscess, septicaemia, fistula 

* Often foreign body erodes and enters the bowel lumen and 
with peristalsis reaches ileocaecal valve causing intestinal 
obstruction. There are incidences patient has passed the 
foreign body like mop per anally few months after surgery 
{in 6% gossipyboms), 

* Ultrasound, CT scan and MRI identifies the foreign body 
(gossipyboma). Plain X-ray is of less value. 

# Incidende of gossipyboma is 1 in 3,000 surgeries. Migration 
commonly occurs into intestine either small or large but can 
‘occur into urinary bladder or stomach. 

% 70% of retained foreign bodies are sponges/mops; 30% 
are instruments. 

% Commonest site is abdominal cavity 55%, vagina (20%), 
thorax (10%) and rest on other cavities. 

¢ Commonly gossipyboma present 3- 
present as later as 5-7 years 

# Itis more commonly observed in emergency surgery, truma, 
and surgery for malignancies. 

% Treatment: Surgical exploration and extirpation of the 
foreign body, antibioties. 

¢ Legal problem: Gossypiboma amounts for criminal negli- 
‘gence, Surgeon or team or hospital can be sewed for negli- 

er in consumer court or ctiminal court 


2 weeks; rarely it can 


F. Laparoscopic Surgery 


CHAPTER OUTLINE 


“© Advantages of Laparoscopic Surgery 
© Laparoscopic Cholecystectomy 

» Laparoscopic Appendicectomy 

» Advanced Laparoscopic Surgeries 


History 


First laparoscopic cholecyst 
Germany in 1985 and by Mouret in Lyon in 1987. 

MeKeran and Saye performed the first laparoscopic chol- 
ecystectomy in USA in 1988, 

First laparoscopic appendicectomy was done by Semm as 
prophylaxis. 

First laparoscopic appendicectomy for acute appendicitis 
was done by Schreiber in 1987. 

Semm changed 75% open gynaecological surgeries into 
laparoscopic surgeries. 

Prof TE Udwadia, Mumbs 
tectomy in India, 


id first laparoscopic cholecys- 


ll ADVANTAGES OF LAPAROSCOPIC 
SURGERY 


* Relatively less painfull compared to open surgery. Trauma 
of access is very less. 

* Shorter hospital stay and early return to work. 

+ Faster postoperative recovery, 

Better visualisation of the anatomy, ic. better approach for 
dissection and visualisation of other parts of abdomen for 
any other pathology. 

Instrumental access to different abdominal locations is many 
times better compared to open method. 

* Minimal scar on the abdomen. 


Instruments Used 


Zero degree laparoscope is commonly used. Side viewing 
scopes are also used to have better visualisation 30°, 

% Cold light source either halogen lamp or xenon lamp is used. 
Halogen lamp is used commonly and is cheaper. Xenon lamp 
gives high visualisation, 

© Camera: 3 chip camera is commonly used with high resolu- 
tion. 

 Video-monitor to display images. 

% COs insuftlator. 

% Long fine dissectors like in open surgi 


techniques. 


tomy was done by Muhe of 


Diagnostic Laparoscopy 
= Retroperitoneoscopy 
Natural Orifice Transluminal Endoscopic Surgery 


Figs 32.57A and. 


sparoscopic set showing trolley telescope and 
‘monitor instruments 


# Hooks and spatulas are used along with cautery for dissec- 
tion 

Clip applicators 

Needle holders. 

Endostaplers. 

Veress needle. 

Suction-irrigation apparatus, 

‘Trocars of different sizes—10 mm, $ mm. 

Reducers to negotiate smaller instruments through larger 
ports 


Preparation 


Always general anaesthesia, Other preparations are same as 
for open method 


Technique 


Pressure bandages are applied to both legs to improve the 
venous return and to decrease the stasis, 

Head end of the table is lowered to have easier insertion of 
veress needle and scope, 


Everyone should be quick to listen and slow to speak. 
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Ryle’s tube and Foley’s catheter are essential before inser- 
tion of the trocars. 

Pneumoperitoneum is created using veress needle through 
umbilical incision. Access can be achieved by open method 
through an umbilical incision, 


 Itis readily available 
& Itis cheaper 

+ Itsuppresses the combustion 

+ tis easily absorbed by tissues 

+ Ithas ahigh diffusion coefficient 
+ Itis quickly released via respiration 


Other gases used are: Air, nitrous oxide, helium, argon, 

Pneumoperitoncum is created upto a pressure of 15 mmHg 
‘which distends the abdominal cavity adequately to have proper 
Visualisation of the abdominal contents 

Laparoscope is inserted through the umbilical port (10 mm), 
Abdomen is evaluated for any pathology. Liver, gallbladder, 
pelvic organs are visualised 

Additional ports (3-4) through trocars are placed depending 
oon the procedure to be done. It may be either $ mm port or 10 
‘mm port, These ports are placed in such a way to have a proper 
triangulation of instruments for dissection. 

‘To use clip applicator 10 mm port is required. 


Physiologic Changes due to 
Pneumoperitoneum 


+ CO, causes hypercarbia, acidosis and hypoxia, 

 Pneumoperitoneum exerts pressure on the IVC, decreases 
the venous return and so the cardiac output. 

% Iincreases the arterial pressure also. 

% It compromises the respiratory function by compressing 
over the diaphragm impairing the pulmonary compliance. 


Complications 


CO; narcosis and hypoxia 
Sepsis—subphrenic abscess, pelvic abscess, septicaemia 
IVC compression. 

Bleeding. 

Leak from the site, e.g. bile leak. 

Organ injury during insertion of ports, e.g. major vessels, 
bowel, mesentery, liver. 

Subcutaneous emphysema and pneumomediastinum, 

Gas emboli, though is rare but fatal 

Postoperative shoulder pain due to irritation of diaphragm, 
Cardiac dysfunction due to decreased venous return, 
Injury to the abdominal wall vessels and nerves. 

Cautery bur to abdominal structures 

Abdominal wall hernias. 

‘Wound infection. 

Mortality—0.5%. 


Relative Contraindications 


Patients with compromised cardiae status. 
% Peritonitis. 


* Previous abdominal surgeries 
* Bleeding disorders. 

# Morbid obesity. 

* Third trimester pregnancy. 

* Portal hypertension. 


Basic Laparosco, 


Surgeries 


+ Laparoscopic cholecystectomy. 
¢ Laparoscopic appendicectomy. 


ll LAPAROSCOPIC CHOLECYSTECTOMY 


It is becoming popular method of treatment 


 Gallstones—symptomatic 
+ Cholecystitis 
* Biliary colic 


Fig. 32.58: Portals for laparoscopic cholecystectomy. 


Relative Contraindications 


# End stage citthosis, ascites or portal hypertension, 

* Cholangitis: Cholecystectomy should be done after the 
control of cholangitis 

* CBD stones: Here, initially ERCP and stone extraction is 
done from CBD, then laparoscopic cholecystectomy is done. 


Technique 


After pneumoperitoneum, patient is placed in head up and 
slight left tlt position so as to make bowels to fall below and 
towards the left side. One 10 mm trocar is placed at umbilicus 
and through this umbilical port, laparoscope is passed. One 10 
‘mm port in the epigastric region and two S mm ports in the right 
subeostal line are placed for grasping the gallbladder and for 
dissection. Initially, through the working channel gallbladder 
is held and Calot's triangle is dissected. Cystic duct and eystic 
artery are clipped. 

‘An intraoperative cholangiogram is done with C-arm, 
‘Through the epigastric port, clips or ligatures are applied to the 
cystic duct and cystic artery, close tothe gallbladder. Care should 
be taken to avoid bleeding and not to injure or clip the CBD or 
hepatic ducts. Gallbladder is separated from its bed using cautery 


and spatula and removed through the epigastric port. Abdomen Indications 269 
‘may be drained. Patient is discharged after 48-72 hours. 


Acute appendicitis. Here main advantage is confirmation of 
the diagnosis. Other parts of the abdomen are also visualised. 


Relative Contraindications 


Appendicular mass and abscess. 
‘Teehnique: Laparoscope is passed through the umbilical port. 
‘Two additional ports are placed, one in lower midline (S mm), 
another at right lumbar region. Mesoappendix is clipped or 
cauterized, using bipolar cautery. Appendix base is clipped or 
ligated using Roeder knot and ligature 


Complications 


# Appendicular stump leak 
# Pelvic abscess 
‘ 


Bleeding 
Fig. 32.59: Laparoscopic cholecystectomy. Applying clip to cystic Tajury to caer, feu 
duct is shown. 


ll ADVANCED LAPAROSCOPIC SURGERIES 
complications Ty Presently most of the abdominal surgeries ean be done 


+ CBD injury through laparoscopy. 
+ Bile leak  Itrequires advanced technology and skill. Surgeon should og 
& Haemorthage be expert in doing intracorporeal and extracorporeal knot- 
fol Postoneralive jaundice ting. a 
 Subphrenic and other intra-abdominal abscess a 
ORSEISS Procedures 2 
When problem arises, one should be ready to convert into Laparoscopic hernia repair. 2 
‘open cholecystectomy: Conversion rate to open cholecystectomy Laparoscopic splenectomy. g 
is 2-10%. I is indicated when there is uncontrolled bleeding, Laparoscopic fitndoplication. = 
dense adhesions, suspected CBD injury, when anatomy is Laparoscopic vagotomy and gastrojejunostomy. SB 
indistinct. # Laparoscopic Nissen’s fundoplication, s 
‘When required one should not be hesitant to da conversion. ¢ Laparoscopic colectomy. 
* Laparoscopic hysterectomy. It is becoming very popular. 
ll LAPAROSCOPIC APPENDICECTOMY * Laparoscopic urologic surgeries. 
# Laparoscopic paediatric surgeries. 


Laparoscopic Inguinal Hernia Repair 


It is becoming popular method, lately. It is a 
scopic surgery. 


illed laparo- 


1. Transabdominal preperitoneal repair (TAPP repair) 
‘Through abdomen, using laparoscope Hesselbach’s triangle 
is exposed and mesh is placed in the preperitoneal space. 


Peritoneum is sutured back or stapled. 

®@ 2. Totally extraperitoneal repair (TEP repair): Through sub- 

40mm umbilical incision, preperitoneal space is ereated with the 

i re help of a balloon, Laparoscope is passed to this space. 
5mm Simm 


Inguinal canal is dissected and mesh is placed. 
Triangle of ‘Doom tis bounded by ductus deference medially, 
testicular vessels laterally, with apex at internal ring. This is 
dangerous area in laparoscopic hernia repair as dissection may 
Fig. 32.60: Ports for laparoscopic appendicectomy. injure iliac vessels and cause torrential haemorrhage. 


When light pressure is exerted over area of surgical emphysema, a sensation similar to that of likewise pulpating 
a horse hair mattress is experienced. —Denis Dooley 
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Complications 


Subcutaneous emphysema 
% Abdominal wall haematoma, 
+ Injury to major vessels. 

# Recurrence 


ll DIAGNOSTIC LAPAROSCOPY 


Indications 


Acute pelvie conditions 
‘Tubal pregnancy, 

Ovarian diseases. 

Infertility 

Staging of the malignancy. 

Biopsy from the tumours. 

In chronic pain abdomen where ultrasound, endoscopies, 


barium studies are negative, then diagnostic laparoscopy 
is useful 


Figs 32.614 and B: Diagnostic laparoscopy showing ectopic pregnancy 
in right fallopian tube. It is removed by salpingectomy through 
laparoscopy. 


Needle laparoscopy of 2 mm sized becoming popular (espe- 
cially for diagnostic purpose). 


Advantages 


* Laparotomy is avoided 
% Once diagnosis is made, therapeutic procedure also can be 
carried out in the same sitting 


lm RETROPERITONEOSCOPY 


# Itis becoming popular in urology to assess kidney, ureter, 
adrenals for various urologic procedures. 

# Through a small loin approach, retroperitoneum is expanded 
by inflating balloon in the space. Once space is created, 
different ports are placed to do dissections, 


Procedures done through retroperitoneoscopy are: 


& Nephrectomy 
& Pyeloplasty 

% Adrenalectomy 

 Pyelolithotomy 

 Uretero-tithotomy 

4 Retroperitoneal lymph node dissection (RPLND) 


Fig, 32,62: Port positions for retroperitoneoscopy. 


Complications 
# Injury to vessels 

* Paralytic ileus 

* Bowel (colon) injury. 


Advantage 


¢ Complications of pneumoperitoneum is not present and so 
respiratory reserve is well-maintained. 


ll NATURAL ORIFICE TRANSLUMINAL 
ENDOSCOPIC SURGERY (NOTES) 


Its an experimental surgical technique whereby “scar less” 
abdominal operations can be performed with an endoscope 
passed through a natural orifice (mouth, urethra, anus, etc.) 
then through an internal incision in the stomach, vagina, 
bladder or colorectum, thus avoiding any external incisions 


This technique has been used for diagnostic and thera- 
peutic procedures in animal models, including transgastric 
(through the stomach) organ removal. The transvesical and 
the transcolonic approaches are also used. Transgastric and 
transvesical combined approach is also used to increase 
the feasibility of moderately complex procedures such as 
cholecystectomy. 

NOTES was originally described in animals by researchers 
at Johns Hopkins University (Dr Anthony Kalloo, etl.) and 
was recently used for transgastric appendectomy in humans 
in India (by Drs GV Rao and N Reddy). 

On June 25 2007 Swanstrom and colleagues reported the 
first human transgastric cholecystectomy. In late 2008 
surgeons from Johns Hopkins School of Medicine removed 
a healthy kidney from a woman donor using NOTES. The 
surgery was called transvaginal donor kidney extraction. 
‘The transvaginal access to NOTES seems to be the safest 
and feasible. In 2007, the NOTES Research Group in Rio 
de Janeiro, Brazil, ead by Dr Ricardo Zorron, performed the 
first series of transvaginal NOTES cholecystectomy in four 
patients. With fewer potential complications, the procedure 
has a disadvantage of being possible only in women. 
Proponents and researchers in this field recognize the 
potential ofthis technique to revolutionize the field of mini- 


mally invasive surgery by eliminating abdominal incisions 
NOTES could be the next major paradigm shift in surgery, 
just as laparoscopy was the major paradigm shift during the 
1980s and 1990s. 

Advantages are—lower anaesthesia requirements; faster 
recovery and shorter hospital stays; avoidance of the poten- 
tial complications of transabdominal wound infections (e.g 
hernias); less immunosuppression; better postoperative 
pulmonary and diaphragmatic function; and the potential 
for “scar less” abdominal surgery. 

Disadvantages are—itis single port surgery and difficulty 
in visualisation of the area in need from all directions which 
is essential for proper surgical dissection, Poor manoeu- 
verability is the problem. Sepsis through this potentially 
infected area into sterile petitoneal cavity is a teal risk. 
After procedure non closure of the port site opening in 
these approach sites or if closing their inadequacy are the 
real risk in NOTES. 

‘The general impression is that NOTES will be accepted 
as the newest frontier in minimally invasive surgery. 
As of today non-Bariatric minimally invasive surgery 
fellowships offer the best opportunity to train in this new 
approach, 


Duty makes us do things well, but love makes us do them beautifully. 
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CHAPTER OUTLINE 


© Dressings 


ll DRESSINGS 


support and to encourage healing, 


Advantages 


G. Dressings and Bandages 


Bandages 


‘They are the materials used to cover wounds, uleets to provide To reduce the swelling 


 Tokeep dressings in postion 
 Tosupport splints 
+ Tostop bleeding/oczing 


# It covers the wound and so prevents further contamination. 


4 Itgives comfort to the patient 


‘Types of Bandages 
a. Roller bandages 


ein lymphoedema 


Disadvantages 


# Itmay get soaked, 
% Itmay delay the epithelial layer formation, 


Types 


% Dry dressings: Itis used in clean, sutured operated wound. 


{tis not changed at regular intervals, 


4% Wet dressings: It is used in ulcers and wounds. Dressings 


are made wet by using jelly or sofra tulle sheets. 


Components of Dressing 


4% Inner contact layer: It is non-absorbent and only allows 
secretion to pass into the absorbent layer. It does not allow 
penetration of granulation tissue. It is usually kept wet. 


Either mesh gauze or sofra tulle is used, 


% Intermediate absorbent layer made up of cotton which 


absorbs the secretions. 
* Outer layer as supportive is made up of gauze. 


Bandages 
+ Plasters 

& Dynoplast 

© Crepe bandages. 


Depending on the condition and amount of discharge from 
the wound/uleer it is changed as required—twice a day/once a 


day/once in two days 
‘Small dressings are done without anaesthesia, 


Large areas like burn wounds or dressing in children require 


‘general anaesthesia 


ll BANDAGES 
‘Technique of bandaging is called as Dysmergia. 


> Itisa continuous roll of material, which is rolled over 
the part to cover the area 

> Itis used in limbs. 

> Itis available in different lengths and widths—1 inch, 
2 inches, 4 inches or 6 inches. 

> Itis used in different ways. 

— Circular turns: Continuous rolls placed over the same 
place. 

— Spiral turns: After the initial turn of the bandage, it 
ascends proximally overlapping the distal 2/3 of the 
previous tur, 

— Reverse spiral turn: Hete each spiral turn is reversed 
in opposite direction so as to attain uniform pressure. 
It is used in limbs and areas which end as cones, 

— Figure eight turn: Itis used in knee, elbow, wrist, 
ankle and for clavicle. 

~ Recurrent turn: Its used in head, amputation stump. 
Here initially circular rolls are made and over that, 
half turns are made to cover other parts of the area 
required 

~ Spica bandage: Whas got ascending and descending 
tums, with each turn overlap and cross each other. It 
is used in hip, groin, shoulder, breast or thumb. Spica 
‘means eye of a bean. 

‘T’ bandages: It is used in perineum and groin 

Tailed bandages: \t may be four tailed bandages or many 
tailed bandages, It is used to support dressings on a wide 
area like in bums dressing, over abdomen or chest wall 
‘Tubular bandages: These are stockings which are unrolled 
‘over the limb to give pressure effects, It is used in lymphoe- 
dema, varicose veins and in the postoperative period 
following surgeries of the limb (Tubifix, Tubipress). 
Triangular bandage: These are used for supporting the 
elbow or forearm. Here a wide gauze is used to cover the 
arm, forearm and elbow, which again winds around the 
neck. 


£. Cravat bandages: Its a folded type of triangular bandage, After completing the procedure, the knot should not lie over | 4973, 
which is used as sling around the neck, when elbow requires _the area or over the bony points or over the back. 
tw be rested. + Itshould not cause venous or arterial compression, 
* Digits should be left open and circulation in the digits should 
Principles of Bandaging be observed for: 


Bandage is applied to the part from distal to proximal end. [Anatomical place Types ofbandage | 
+ 


Proper positioning of the limb is a must before bandaging, Fingeritoe ‘One inch 
% After initial few circular tums, the required type of band- Arm. 


‘Two and half inches 
aging is then done. Leg Four inches 
Bandage is unrolled outwards. Thigh Six inches 
* During bandaging, latter turn should overlap 2/3rd of earlier punk Seclee 
turn, Head Four inches 


+ Firm, adequate pressure should be used during bandaging, 
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H. Day Care Surgery 


CHAPTER OUTLINE 


» Day Care Surgery 
* Surgical Audit 


ll DAY CARE SURGERY 


% Day care surgery is discharge within 23 hours (USA); 
surgery done without night stay (UK), 

* Day care surgery means patient is fit to return home in 
23 hours usually with overnight stay. Ambulatory surgery 
‘means patient recovers after surgery and retums home on 
the same evening. Office surgery means patient recovers 
from surgery and returns home in few hours. Outpatient 
surgery is different from day care surgery in that, patient 
is not previously fully assessed in outpatient surgery, Only 
minor procedures are done in this, Patient is not admitted 
in outpatient surgery. In day care and ambulatory surgery 
patient is admitted in the hospital 

4 Day care surgery has been defined by the Royal College of 
Surgeons as when the surgical day case patient is admitted 
for investigation or operation on a planned non-resident 
basis and who nonetheless requires facilities for recovery. 
‘This definition excludes upper and lower GI endoscopies, 
outpatient procedures such as flexible cystoscopy, and minor 
superficial surgery under local anaesthetic, none of which 
require full day case facilities for recovery. 

* Day care surgery is an upcoming field in surgical practice. 
{tis an unique method wherein general practitioner, nurse 
at day care ward and theatre, surgeon, anaesthetist work in 
hhand so that hospital stay and so the cost is reduced. 

{ Patient comes to hospital at morning for surgery and leaves 
the hospital on same day evening, 


‘Procedures done in day care surgery 
+ Excision of cysts lipomas, bursae, neurofibromas. 
+ Lymph node biopsy, haemorshoid surgery, endoscopies, 
‘circumcision, hydrocele 
‘ Wound suturing, toe amputation 


‘Advantages 
Minimal hospital stay 
Becomes cheaper 
+ Patient acceptance 


* Contraindications for day care surgery are—age > 70 years; 
high risk cardiac and respiratory patients; patients with 
bleeding disorders, 


Basie Requirements are: 


% In house anaesthesiologist; recovery room; theatre and 
recovery room/ward nurse; all essential surgical set up 
including monitor, ventilator. 


Surgeon and Law 


# Alertness; ambulation; analgesia and alimentation—basis 
for day care of surgery. 


Assessment Done Prior to Surgery are by: 


% Pre anesthetic clinics with system evaluations; health 
questionnaire by surgeon and physician; telephonic 
interviews. 

+ Patient selection, patient information, patient acceptance are 
important parts in day care surgery. 


Selection Criteria are 


American Society for Anaesthesiologist (ASA) category Land 
II patients can be taken up for day care surgery. ASA IIVor 
beyond are contraindicated for day care surgery. 


‘ASA (American Association of Anesthesiologists) grading 
of the patient for surgery 

+ Normal individual 

+ ‘Mild-maderate systemic disease—diabetes and hypertension 
under control 

+ ‘Severe systemic disease—uncontrolled diabetes and hyper- 
tension 

+ Incpacitating systemic disease 

& Moribund status 

Class E—emergency surgery 


Exclusion criteria for day care surgery are: 

ASA grade beyond Iilor more 

Obesity (BMT > 35). Hypertension—not controlled 

Surgery requiring more than one hour 

Surgery with anticipation of major fluid/blood loss orneeds 

post operative critical care 

‘® Preterm babies and infants less than 3 month’s age 

+ Patientliving in farand nat easily reachable or able transport 
easily 

& Unstable psychiatric iiness 

+ fproper caregiver is not available 

4 Uncontrolled diabetes, alcohol abuse, COPD, severe asthma, 
epilepsy 

® Pregnancy 


eee 


Problems 


Postoperative nausea and vomiting (50%); postoperative pain 
and postoperative drowsiness / dizziness (50%) are the common 
complications in day care anaesthesia. 


Precautions 


+ Patient should be assessed properly before sending to day 
care surgery. 

* ‘The nurse should give proper instruction to the patient as 
patient stays in the hospital for a short period. 

% Patient should be warned about possible problems like 
bleeding, vomiting, pain, discomfort, and sedation. 

* Before discharging, patient should be seen by the doctor 
for the fitness. 

* All records should be carefully documented. 

* Patient should be advised to rush to hospital ifany problems 
arise or to communicate immediately. 

+ Now hernia; small gynaecology procedures; ENT, cataract 
surgeries are done as day care procedures, 
Nurses hold an important role in day care surgery. 


™ SURGICAL AUDIT 


‘Clinical audit’ is a process used by clinicians who intend 
to improve the patient care. The process involves comparing 
various aspects of patient care that includes structure, process 
and outcome against explicit criteria. 


Aspects of Patient Care 


 Structure—includes what is there in that place—the people 
in place, their training and knowledge, the equipments and 
facilities provided, the organization, management and their 
payment, ete. 

* Process—includes what procedure is followed in that place 
in managing referred patients, what antibiotics used, what 
diagnostic tests done, use of ICU facilities, use of postopera~ 
tive rehabilitation care, what procedure used for discharge 
of patients, etc. 

 Outcome—includes the overall results that include the 
morbidity, mortality, readmission, improvement /deteriora~ 
tion of the patient's condition. 


Explicit Criteria 


Proposal for changes can be made in the care of the patient if 
it falls short of the criteria chosen which can be undertaken 
at one or more levels: 

# Individual level—more training can be given to the doctors. 
% Infrastructure—upgtading of the newer diagnostic tools. 


Surgical Au 


* Team level—nurses getting more trained in handling the 
procedures along with the doctors. 

 Institution—change in the treatment strategy, or antibiotic 
policy, 

* Regional level—providing a good referral centre with all 
facilities and trained personnel 

* National level— introduction of screening programmes and 
health campaigns 

Surgical audit is a systematic, critical analysis of the quality 
of surgical care that is reviewed by peers against explicit criteria 
or recognised standards, and then used to further inform and 
improve surgical practice with the ultimate goal of improving 
the quality of care for patients. 

In surgical practice, there will be definitely variations in 
the results of the surgery done by a trainee or an experienced 
surgeon, variations in outcome of the operation done in periph- 
eral setup and in referral institutions, usage of modem equip- 
ments and technique used, 

Step 1 

Determine scope 

It should be clearly defined, otherwise results in ineffect 
inappropriate data collection. 

It should also be relevant, easily measurable. 

‘Common areas in scope of an audit include—duration of 
hospital stay/unplanned admissions/readmissions/operative 
tions/30 days mortality /morbidity/investiga- 
tions done/management strategy/patient satisfaction, 

Step 2 

Select standards 

Standards for the selected topic/practice area is decided based 

on relevant information obtained from: 

# Evidence based research and guidelines, 

# Local guidelines for local relevance. 

* New guidelines developed based on references from a 
library. 

‘The standard which was already existing or developed must 
be clearly described, measurable, specific, and realistic 
Step 3 
Collect data 


{is important aspect of the audit which has to be informative 
for the audit to be successful. The best quality data collected 
depends on by whom it is being collected; when—retrospec~ 
tive/prospective collected; how—on form/PDA/computer; at! 


Cycle 


Re-audit 


‘Step 1 Determine scope 


‘Step 5 Introduce changes and 
‘monitor progress 


Stop 2 Select standards 


Step 4 Present and interpret result 
with peer review 


— 


Step 3 Collect data 


So long as enthusiasm lasts, so long is life still with us. 
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fier the time of surgery; follow-up data when collected; patient 
identification in a prospective/retrospective study. 

Collected data must be relevant to the objectives of the 
surgical audit. Sometimes, the standards may need to be 
‘expanded or reduced/or the data collection methods may need 
to be modified. 

Step 4 
Present and interpret result with peer review 
Audit aims in cor 


uous improvement by experience and by 
making changes which is ultimately rewarding, 

‘The outcome of the audit should be presented and discussed 
in a clinical meeting. It should undergo peer review. It involves 
viewing and analyzing one’s outcome by one’s own peers who 
are none other than other experienced trained surgeons. It 
should be conducted in an atmosphere of confidentiality, trust 
and teamwork, should not be an opportunity to blame or brag, 
but exchange of frank, non-confrontational discussions between 
the colleagues. Mortality/morbidity meetings, grand rounds are 
‘one form of peer review. 

Step 5 

Introduce changes and monitor progress 

Based on the conclusion of the audit and meetings certain 
changes to be made in respect to the patient care are decided 
and all the personnel involved in the process are informed or 
‘educated. The outcome due to changes made are monitored by 
follow-ups either by reauditing the whole process! or only the 
part that has been changed. 


ll SURGEON AND LAW 


 Itisimportant to a surgeon to know legal aspects in relation 
to his profession, Consumer Protection Act and criminal 
negligence are the two things surgeons are regularly worried 
about and face often problems. 

# It is better to have a fair idea about Consumer Protection 
Act in relation to patient treatment. 

Surgeon should keep all documents regarding the patient 
with him or in the hospital. 

% Case sheet should be written in detail. Daily follow-up 
should be written with date and time of visit with progress 
about the patient. 


Itis better to take detailed consent after proper explanation 
‘about the disease and treatment protocol to patient and his 
close attender/relative, It is better to get signature about 
discussion given from them with date and time. In many 
centers, it is practiced to record the explanation part to keep 
itas document. 

Surgical method, its problems, risks due to anaesthesia, 
high-risk if any, risk of bleeding, complications, duration 
of hospital stay should be discussed. 

‘One should make sure that anaesthetist will do preanaes- 
thetic check up prior to surgery; he should also write his, 
preoperative/operative/postoperative anaesthetic notes, 
Daily information sheet should be used wherein patient or 
party should be informed about the condition of the patient. 
‘Timing of this and signature of surgeon and party should 
be taken. 

After surgery detailed surgical procedure technique should 
be written in case sheet and should be informed to patient. 
Specimens should be shown to patient party and should be 
sent for histology. 

Approximate cost of the procedure and entire bill in the 
hospital should be informed. One should also inform that it 
may change depends on complications, number of days in 
ICU, critical care, need for higher antibiotics, ete 
Negligence about retaining mops/instruments are legally 
not acceptable; it is better to take care of enough precau- 
tions about that 

Surgeon has got vicarious liability about the mistakes done by 
ward boys, nurses, theatre nurses, ete. So it is better to train 
them for proper care in OT, postoperative wards and ICU. 

It is ideal to show all reports to patient party and discuss! 
brief with them about the condition especially when patient 
is in ICU 

Ifpatient or party become arrogant or aggressive itis better 
to make a note of it in case sheet and inform police people 
about the same. 

Itisbetter to make a professional indemnity insurance policy 
always to cover these problems in case if needed. 

Itis again ideal to have an advocate to discuss these matters, 
whenever needed 

It is care which surgeon gives not cure always, 


Miscellaneous 


A. Fascinating Signs in Surgery 


“If itis a question of doubt in diagnosis, you may often observe that one man solves the doubt when the others 
could not, and the way in which one man happened to solve it is this: he applied to the diagnosis of the case some 
method of examination which others had not applied.” 

—Charles Barrett Lockwood, 1856-1914 


SIGN: Sign is an indication of existence of an objective evidence of a disease, ic. such evidence as is perceptible to the exam- 
ing physician, as opposed to the subjective sensation (symptoms) of the patient 

PATHOGNOMONIC SIGN (patho= dit 
tive or characteristic sign of a 


ase, gnoma~ signature, pathognomonic = signature of the disease): Specially distine~ 
ease or pathological condition on which a diagnosis can be made. 

ACCESSORY SIGN (Assident sign): Any nonpathognomonic sign of disease, which adds on to the surety of the diagnosis 
when present, 


ANTECEDENT SIGN: Any precursory indication of an attack of disease. These signs are to be identified at the earliest. 

1. Aaron’s sign: A sensation of pain and/or distress in the epigastric or precordial region on pressure over McBumey’s point 
in appendicitis. 

2. Abadie's sign: 

Charles Abadie—Spasm of levator palpebrae superioris muscle—A sign of Graves’ disease. 
Jean Abadie—Insensibility of Achilles tendon to pressure, seen in tabes dorsal 

3. Air cushion sign (Syn: Klemm’s sign): In the radiograph of chronic appendicitis 
in the right lower quadrant. 

4, Alder’s sign of shifting tenderness: This sign is useful to diagnose acute appendicitis in pregnancy. 

Locate the most tender spot and mark it on the skin. Now request the patient to turn on the left side and wait for a full 
minute. If the tendemess is of uterine origin it will shift with the uterus while the position remain constant in case of 
appendicular origin 

5. Angel’s sign: Helpful in diagnosing “Torsion testis” due to developmental anomaly —The presence of mesentery between 
the testis and the epididymis is invariably bilateral 

‘The sign is usually obscured on the affected side and can be made out by examining the patient in the standing position 
wherein the opposite testis will be found to lie horizontally instead of in the normal vertical position, 

6. Anghelescus’ sign: Seen in Pott’s disease of spine (TTB spine) wherein the victim is unable to bend the spine while lying 
on the back so as to rest on the head and heel alone. 

7. Argyll Robertson pupil sign: Typically described for neurosyphilis wherein light reflex is lost while accommodation reflex 
is retained, Such an eye responds poorly to mydriatic. This is due to destruction of fibres between pretectal nucleus and, 
Edinger-Westphal nucleus, Other conditions where this sign may be seen—encephalitis, vascular and traumatic lesions, 
cerebral tumours, diabetes mellitus and chronic alcoholism. 

8. Auenbrugger’s sign: Bulging of the epigastrium due to massive pericardial effusion. This sign highlights the importance 
of examining thorax in patients with abdominal symptoms, 

9. Babinski’s sign (Not syn with Babinski’s reflex) 

a Loss or weakening of the Achilles tendon reflex in sciatica, This sign helps distinguish true sciatica from hysterical 
sciatica. 

b. In hemiplegia the contraction of platysma muscle in the healthy side is more pronounced than on the affected side. It 
can be elicited by asking the patient to open the mouth, whistling, blowing, etc, 


there is often an indication of tympanitis 


Everything is funny as long as it is happening to somebody else. 
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arms crossed upon the chest and makes an effort to sit up, the thigh on the 
I lifted from the floor while limb on the healthier side does not 


©. When a hemiplegic patient is lying wit 
paralyzed side is flexed upon the pelvis and the h 
move. 

4. When the paralyzed forearm is placed in supination it turns over to pronation, Itiss 
called *Pronation si 

Baid sign: Described for pseudocyst of pancreas and is well appreciated in thin individuals. When Ryle’s tube is passed. 

into the stomach, it may be palpated over the swelling because the stomach is displaced anteriorly by the pseudocyst 

pane 

Ballances’ sign: Seen in about 25% of ruptured spleen. There is a dull note in both the flanks due to haemoperitoneum. 

‘The dullness on the right side can be made to shifi, but that on the left side remains constant/fixed because the blood in 

the vicinity of the ruptured spleen gets coagulated soon, 

Ballet’s sign: This sign is helpful in Graves’ disease and hysteria wherein there will be persistence of involuntary pupil- 

lary and reflex eye movements with loss of all voluntary eye movements (external ophthalmoplegia). 

Bamberger’s sign: A sign described in pericardial effusion—Presence of signs of consolidation at the angle of seapula 

which disappears when the patient leans forwards. 

Banana sign: An ultrasonographic sign described for Arnold-Chiari deformity—a cause for congenital hydrocephalus. 

Sonography of the fetal skull reveals flattened and curved (banana like) shape of the cerebellar hemisphere. 

Bastede’s sign: A sign described in a case of appendicitis—Mentioned to be condemned—when colon is inflated with air 

through a rectal tube, pain and tenderness can be elicited in the right iliac fossa in a suspected case of appendicitis, Such 

manoeuvre carries risk of perforation and hence should not be entertained. 

Battle’s sign: It is relevant in middle cranial fossa fracture—bruising/ecchymosis over the mastoid process in the line of 

posterior auricular artery is a tell-tale sign of underlying middle cranial fossa fracture (temporal bone fracture). 

Bergman’s sign: A urologic radiographic sign’ 

a. The ureter is dilated immediately below an obstructing neoplasm rather than collapsed as seen in cases of obstructing 
stones. 

b. The ureteral catheter passed in such cases tends to coil in this dilated portion of the ureter. 

Berry's sign: Indicated by the absence of carotid artery pulsation in a patient presenting with goitrous swelling, is an 

ominous sign of thyroid malignancy (due to carotid sheath infiltration by the malignant tissue). 

Bezold’s sign: Described in a case of mastoiditis—An inflammatory swelling seen below the apex of the mastoid process. 

Biederman’s sign: A dark colour instead of normal pink colour of the anterior pillar of the throat is seen in some patients 

with syphilis 

ird’s sign: Described for hydatid disease of lung wherein a definite zone of dullness with absence of the respiratory 

sounds may be appreciated. 

nacki’s sign: Analgesia of ulnar nerve in general paresis and tabes dorsalis. 

Blatin’s sign (Syn: Hydatid thrill): A sign elicited in cases of hydatid cystic disease. It is due to displacement of daughter 

cysts in the fluid of the mother cyst. 

Boas sign: An area of hyperaesthesia, posteriorly extending 2.5 cm lateral to the spinous process of vertebrae to the poste- 

rior axillary line and vertically from the level of the 11th dorsal to the Ist lumbar spine—A definitive sign of the presence 

of cholecystitis, 

Blumberg sign (Syn: Rebound tenderness; Release sign): Its a sign of peritonitis due to presence of an inflamed organ 

underneath it 

Bonnet’s sign: Pain on thigh adduction in sciatica. 

Boston’s sign (Syn: von Graefe’s sign): It constitutes the lid lag elicited in cases of thyrotoxicosis. 

Bowler’s hat sign (Syn: Double ring sign): A radiological sign which describes the appearance of a gastric polyp seen on 

end-on position in a double contrast barium meal study. There will be a central lucency with two rims of barium around. 

May also be seen in cases of sessile intestinal polyp or a diverticulum 

Boyce’s sign: A gurgling sound heard on pressure by the hand on the side of neck, in cases of oesophageal diverticulum. 

Bozzolo’s sign: A visible pulsation of the arteries in the nostrils. A sign believed to indicate the presence of aneurysm of 

the thoracic aorta 

Branham sign (Syn: Nicoladoni sign): This sign is elicited when arteriovenous fistula is suspected. A pressure on the 

artery proximal to the fistula will cause: 

a. Reduction in size of the swelling, 

b. Disappearance of bruit. 

c. Fall in pulse rate. 

d. Pulse pressure returns to normal 

Brodie’s sign: A black spot on the glans penis—a sign of gangrene duc to urinary extravasation into the corpus spongiosum. 

Bald fundus sign: A radiological sign described for atrophic gastritis. The fundus of the stomach looks like a small dome 

with absence of mucosal pattern indicated by a very thin smooth appearing gastric wall. 


n in organic paralysis and is also 


34. Bent inner tube sign: A radiological sign described for sigmoid volvulus—an important diagnostic sign. A plain X-ray 
abdomen taken in the supine position reveals a massively distended ahaustral sigmoid colon arising from the pelvic loop. 

of prey sign: A radiological (Barium enema) sign which helps in confirming the diagnosis in doubtful cases of 
sigmoid volvulus. Barium enema reveals a smooth tapered narrowing at the point of torsion of the colon, Mucosal folds 
show a screw pattern around the point of twist. 

36. Border sign: Describes the appearance of ventral hernia in barium study follow through done in suspected cases, in the 
postoperative period. Lateral and inferior border of the hernia are sharply outlined while the medial and upper border 
blends with the abdominal shadows. 

37. Cardarelli’s sign: Transverse pulsations in the laryngottache: 
aortic arch. 

38. Chvostek’s sign (Syn: Chvostek Weiss sign; Schultze’s sign): A clinical sign typically described for hypocalcaemic tetany. 
‘The sign is elicited by tapping over the muscles and/or superficial nerves to induce the muscle spasm. It may be: 

a, Facial sign: A light tap over the facial nerve branches in front of the ear lobe causes muscular twitching over the whole 
of that side of the face. 
b. Peroneal sign: Tapping the peroneal nerve near th 

39. Cobra head sign (Adder head appearance): A radiological sign seen in cases of ureterocele—congenital dilation of lower 
end of ureter. Urography done in suspected cases produces a characteristic appearance which resembles a cobra head and, 
hence the name. 

40. Crescent sign: A radiological sign described in relation to two different conditions affecting the lungs and the kidneys 
a In plain chest X-ray taken in a patient suspected of hydatid disease or aspergilloma (fungus ball) of the lung reveals a 

crescent of air in the shadow of partially ruptured hydatid eyst or in the cavity containing fungus ball, 
b. On IVP, the nephrogram reveals a crescent sign in cases of congenital hydronephrosis. 

41. Cullen’s sign (Syn: Cullen Hofstatter sign): A clinical sign which was typically and initially described for ruptured ectopic 
pregnancy wherein thete is discolouration (ecchymosis) of the umbilicus and the surrounding skin (aptly referred to as 
umbilical black eye). It is due to haemoperitoncum and may be seen in conditions like ruptured ectopic pregnancy (a 
bluish tinge), acute haemorrhagic pancreatitis (a yellowish tinge). 

42. Carman’s sign (Syn : Carman-Kirklin meniscus sign): A radiographic sign helpful in the analysis of gastric ulcers in barium 
meal study. It is a reliable indicator of malignancy. Nonprojecting ulcers lying intraluminal in all projections surrounded 
by an elevated rim of tumour produces  curval interface resembling a meniscus and is called Carman’s meniscus sign. 
Whether the meniscus is convex or concave towards the lumen is mainly dependent upon the site of ulcer in relation to 
incisura angularis. Meniscus is concave towards the lumen in cases of ulcer being proximal to the incisura while it is 
convex when the ulcer is distal to the incisura, 

43. Carnett’s sign: A clinical sign which helps differentiate the plane of abdominal swelling. The abdominal wall muscle is 
made tense by asking the patient to raise both the legs with knee extended. If the lump is intraperitoneal it disappears or 
becomes less prominent, while it becomes prominent or persists when the lump arises from the abdominal wall 

44. Chilaiditi’s sign (Syn: Chilaiditi’s syndrome; Hepatoptosis): A radiological sign seen in plain X-ray abdomen which is 
helpful in the diagnosis of this syndrome wherein there is interposition of colon between liver and diaphragm. It needs to 
be differentiated from the conditions causing gas under the diaphragm. The presence of haustrations in the gas shadow in 
aplain X-ray abdomen tilts the favour in the diagnosis of Chilaiditi’s syndrome. 

45. Coiled spring sign: A radiological sign (Barium enema) classically described for intussusception. The passage of barium 
beyond the apex of the intussusception into the intussuscipien gives a coiled spring appearance. The sign may also be seen 
in cases of: 


fibular neck will cause dorsiflexion and abduction of the foot. 


a. Post-traumatic haematoma of duodenum, 
b. Acute appendicitis. 
©. Mucocele of appendix. 

d. Endometriosis of appendix. 
e. Intestinal carcinomas. 

46. Coles’ sign: A radiological sign. Barium meal follow through study reveals deformity of the duodenal contour in the 
presence of duodenal ulcer. 

47. Colon cut off sign: A radiographic sign of appendicular perforation or colonic spasm. Absence of gas and feces in the 
right lower quadrant, reflex dilatation of transverse colon and sharp cut-off of gas at the hepatic flexure. This sign is also 
seen in acute pancreatitis 

48. Coopernail’s sign: Ecchymosis on the perineum and scrotum/labia. A sign of fracture pelvis. 

49. Cope’s sign (Syn: Psoas sign): Clinical signs which are relevant in cases of acute appendicitis. This has two tests: 

a. Cope’s psoas test: In acute appendicitis there is psoas muscle spasm secondary to the inflamed organ and hence the 
patient keeps the thigh in a flexed position. This pain can be aggravated by passively hyper-extending the hip joint 
which stretches the psoas muscle 


Many look but only few see —Maxwell M Wintrobe 
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b. Cope’s obturator test: Principles are same as above except the muscle involved is obturator internus which is passively 
stretched by intemally rotating the right leg which is flexed at the hip and knee, 

Cupola sign: A radiological sign helpful in the diagnosis of pneumoperitoneum. A plain X-ray abdomen (erect position) 

reveals gas under the diaphragm when there is relatively lange amount of air in the peritoneal cavity—Cupola sign. 

Crow foot sign (Syn: Mercedes Benz sign; Seagull’s sign): A radiological sign described in relation to cholelithiasis 

(Gallstones). Nearly 80-90% of the gallstones are radiolucent with only 10-20% being radio-opaque. However rarely a 

non-opaque gallstone can be diagnosed in plain radiography by the presence of gas containing crevices within the stone. 

These radiolucent crevices give the appearance of the crow foot; Hence the name crow foot sign, Mercedes Benz sign or 

the Seagull’s sign. 

Courvoisier’s sign (Syn; Courvoiser’s law): In a patient with obstructive jaundice, if the gallbladder is palpable it is not 

due to gallstones. 

Cowen’s sign: A clinical sign elicited in cases of Graves’ disease. In response to a light shone on one eye there is jerky 

constriction of the contralateral pupil. 

Crowe's sign: Refers to axillary freckling seen in neurofibromatosis. 

Cruveithier’s sign of the saphena varix: A clinical sign elicited in cases of varicose viens (Saphena varix), A thrill is elt 

over the saphena varix when the patient is asked to perform a Valsalva manoeuvre/cough in an erect position and is due 

to a jet of blood entering and filling the pouch. 

Coleman’s sign: Helps in the clinical evaluation of fracture mandible. There is obvious swelling and bruising over the 

bony injury and a haematoma in the floor of the mouth if the body of the mandible is fractured, 

(Meniscus) Claw sign: A radiological sign (Barium study) diagnostic of ileo-colic intussusception, The barium in the 

intussuscipien is seen as a claw around the negative shadow of the intussusceptum. 

Coffee bud sign: It is a radiological sign seen in volvulus of sigmoid colon. 

Dalrymple’s sign: It is one of the manifestations of Graves’ ophthalmopathy. It consists of retraction of the upper eyelid 

so that the palpebral opening is abnormally wide and upper sclera is visible 

Delbet’s sign: A prognostic indicator in cases of aneurysm of the main artery of the limb. If the nutrition of the part distal 

to the aneurysm is maintained then the collateral circulation is said to be sufficient even though the distal pulse is not felt. 

de Musset’s sign: Rhythmical jerking movement of the head with each heart beat and is seen in cases of aortic insuf 

ency and aortic aneurysm. 

Dance sign (Syn: Signe de Dance): A feeling of emptiness in the right iliac fossa—A sign of intussusception. 

Demarouay’s sign: Fixation or lowering of larynx during phonation and deglutition. A sign of syphilis of trachea, 

Dew’s sign: A clinical sign described in relation to the diaphragmatic hydatid abscess beneath the right cupola of the 

diaphragm. The area of resonance moves caudally with the patient in knee-elbow position. 

Dixon Mann’s sign (Syn: Mann’s sign): In ease of Graves’ orbitopathy the two eyes appear not to be on the same level. 

Dorendorf’s sign: The sign identifies the fullness in the supraclavicular groove on one side in aneurysm of aortic arch. 

Double bubble sign: A radiological sign described in cases of duodenal obstruction. A plain X-ray abdomen reveals two 

foci of gas, one in the stomach and the other in the duodenum—a sign of duodenal atresia. A similar feature is observed 

in the foetus in ultrasonography done in the antenatal period. 

Drummond’s sign: A whiff sound heard over the open mouth during respiration in cases of aortic aneurysm. 

DTP sign (Syn: Distal tingling on percussion; Tinel’s sign; Formication sign): A prognostic indicator which is helpful in 

the evaluation of nerve recovery following nerve injury. If percussion over the site of nerve injury causes tingling sensa- 

tion in the distal end of the limb it suggests that the nerve injury was a partial one or it heralds the recovery from the nerve 

injury—a good prognostic sign. 

shortness of the little finger in congenital syphilis 

Duchenne’s sign: This clinical sign identifies the sinking of the epigastrium during inspiration (a paradox). It is classically 

seen in cases of paralysis of the diaphragm and in certain cases of hydropericardium (Pericardial effusion), 

Dupuytren’s sign: Itis described in two conditions: 

a A crackling sensation on pressure over a sarcomatous bone. 

b. In congenital hip dislocation, it refers to free up and down movement of the head of the femur, 

Dott’s sign: Its helpful in differentiating pain due to acute appendicitis and basal pneumonia with pleuritis. Compression 

of lower thorax from side to side elicits obvious distress when the lesion is above the diaphragm whereas in appendicitis 

ithas no effec 

Dock sign: A radiological sign described in relation to coarctation of aorta. A chest X-ray PA view reveals rib notching 

on the inferior margins of 3rd-9th ribs while sparing the first two ribs and is indicative of collateral circulation developed. 

in coarctation of aorta. 

De Weese sign: A clinical sign helpful in cases presenting with history suggestive of intermittent claudications with 

palpable peripheral pulses. The patient is asked to exercise by walking or running sulficiently to bring on the pain. If prompt 

re-examination reveals absence of peripheral pulses it suggests that the pain was truly due to intermittent claudication, 

Echo sign: A percussion sound resembling an echo which is heard over a hydatid cyst. 

Elliot’s sign: Refers to presence of indurated edge of a syphilitic skin lesion 
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Enroth’s sign: Identifies the abnormal fullness of the eyelids—a manifestation of Graves’ orbitopathy. 
Escherich’s sign (Syn: Escherich’s reflex): Described in relation to tetany, where percussion of the inner surface of the 
lips or tongue produces contraction of lips, tongue and masseter muscles. 

Ewart'’s sign: It is said to be positive in cases of pericardial effusion if there is bronchial breathing and dullness on 
percussion at the lower angle of the left scapula and is due to pressure and collapse of the lingular lobe due to enlarged 
pericardial sac. 

E- sign (Syn: Reverse 3 sign): A radiological sign seen on barium swallow radiograph in patient suspected of coarctation 
of aorta and is due to indentation produced on the barium filled oesophagus by the aorta 

Figure of three sign: A radiological sign seen in the plain chest X-ray PA view in patient with coarctation of aorta. A pair 
of bulges is seen in the wall of the aortic arch one above and one below the aortic knuckle and is due to pre- and post- 
stenotic dilatation of the aorta 

Frostberg’s sign: A radiological sign seen in barium study in carcinoma of the head of pancreas involving the duodenum. 
In carcinoma of the head of the pancreas, there is widening of the ‘C” loop of the duodenum and with the involvement of 
the ampulla of Vater, the expanded loop assumes a reversed 3 configuration—Frostberg’s sign. Once the carcinoma of the 
head affects the duodenum the surgical cure is remote. 

Fox sign: Discolouration near the inguinal ligament—seen in few cases of haemorrhagic pancreatitis, 

Fuchsig’s sign (Syn: Crossed leg test): This sign is more relevant when popliteal artery is not clinically palpable along 
with absent distal pulses. The patient is made to sit with his legs crossed. Normally, oscillatory movements of the foot 
occur synchronously with the pulse if the popliteal artery is patent while a negative result is more suggestive of popliteal 
artery block in a patient with absent distal pulses. 

Federici’s sign: An interesting sign described in relation to pneumoperitoneum (due to intestinal perforation) wherein on 
auscultation of the abdomen, the cardiac sounds can be heard. 

Flush tank sign: A clinical sign described in relation to hydronephrosis. The patients classically present with features 
suggestive of Dietle’s crisis, ic. passage ofa large amount of urine with consequent disappearance of a lumbar swelling — 
Flush tank sign, 

Flare sign: The precursor of varicose ulcer is a splay of fine venules that courses from the medial (sometime the lateral) 
malleolus, and spreads out to be lost beneath the thick skin of the heel and is known as the “Flare sign”. 

Gifford’s sign: A clinical sign which helps in differentiating unilateral exophthalmos and proptosis due to intraorbital 
tumours. If the upper eyelids cannot be easily everted on the affected side, the exophthalmos is more likely to be due to 
thyrotoxicosis, whereas if the lid is easily everted it is more likely due to an intraorbital mass. 

Grey Turner sign: Skin discolouration (bruising) inthe left lank (Left costovertebal angle) in cases of acute haemorthagic 
pancreatitis. 

jert’s sign: Opsiuria indicative of hepatic cirrhosis (opsiuria means exeretion of urine more rapidly during fasting 
than afier a meal) 

Glasgow's sign: A clinical sign—presence of systolic murmur over the brachial artery is found in latent aortic aneurysm. 
Griffith sign: It is one of the clinical signs of Graves’ orbitopathy wherein there is lower lid lag on upward gaze. 
Guyon’s sign: Ballottement and palpation of a floating kidney. 

Gaur sign: A clinical sign seen in femoral hernia. Distension of superficial epigastric and/or circumflex iliac veins on the 
affected side due to pressure on these vessels by the hernial sac. 

Guerin’s sign: Haematoma at greater palatine foramen seen in maxillary fracture. 

Homan’s sign: Pain on sudden dorsiflexion of the foot—a sign of deep vein thrombosis of calf veins, 

Hamilton Bailey sign: A clinical sign described for intussusception. A sausage shaped mass with concavity towards the 
umbilicus which is felt to harden as a wave of peristalsis commences. 

Hall’s sign: This sign identifies a tracheal diastolic shock felt in the ancurysm of aorta, 

Hatcheock’s sign: Refers to the tenderness towards the angle of the jaw in mumps. 

Haudek’s sign (Haudek’s niche): A radiological sign identified in barium meal X-ray done in patient suffering from 
gastric ulcer. It describes a projecting shadow (niche) in radiographs due to settlement of barium in pathological niches 
of stomach wall 

Hitzelberger’s sign: A clinical sign described in case of acoustic neuroma wherein there is anaesthesia of medial, posterior 
or superior areas of the external auditory canal because of the tumour tissue compressing on the facial nerve. 

Hook sign: This clinical sign identifies flexion of fingers in a case of acute suppurative tenosynovitis, 

Horn’s sign: This sign identifies the pain produced by traction on the right spermatic cord in acute appendicitis. 
Howship Romberg sign: A sign described in the patients suffering from obturator hernia. The patient complains of pain 
passing down the inner side of the knee due to pressure on the obturator nerve by the hemnial sac. 

Harvey’s sign: Two index fingers are placed by the side on a vein. The fingers are now pressed firmly and the finger near 
the heart is moved proximally keeping the steady pressure on the vein so as to empty the short length of vein between 


Leam to see, learn to hear, learn to feel, learn to smell—that is clinical method. 


281 


Auafing ut subig Guneussey 


12 


SRB's Manual of Surgery 


107. 


108, 


109, 


128, 


129, 


130, 


the two fingers, The distal finger is now released. This will allow venous refilling to be observed which will be poor in 
ischemic limb and increased in arteriovenous fistula, 

Hamman’s sign (Syn: Hamman’s mediastinal crunch or murmur): A clinical sign—precordial crunching, © 
knocking sound synchronous with each heart-beat heard on auscultation in conditions such as: 

> Acute mediastinitis 


> Pneumomediastinitis, 
> Pneumothorax. 

Inflammatory signs (Syn: Cardinal signs in inflammation): 

Rubor—Redness 

Calor—Temperature 

Dolor—Pain 

‘Tumour—Oedema/swelling 

> Functio lesa—Loss of function 

Jendrassik’s sign: Paralysis of extraocular museles—A manifestation of Graves" orbitopathy. 

Jugular sign (Syn: Quekenstedt’s sign; Tobey Ayer test): On spinal canal block (e.g. spinal tumour) when pressure is 
applied over jugular veins, in the manometer connected to LP needle, either pressure will not raise or if raises falls slowly. 
Joffroy’s sign: Absence of wrinkling of the forehead when the head is bent down and the patient is asked to look upwards— 
A sign of Graves’ ophthalmopathy. 

Kernig’s sign: A sign which is positive in meningitis. With the hip flexed, the knee is extended, normally it can be done 
upto 175°, In meningitis itis restricted due to spasm of the hamstrings. 

Kaposi : Failure to pick up or to pinch a fold of skin at the base of the second toe. It is characteristic of 
lymph oedema. 

Kocher sign (Syn: Mean’s sign): A sign of Graves’ orbitopathy. The examiner places one hand on a level with the patient's 
eye and then lifts it higher. The upper eyelid springs up more quickly than the eyeball 

Kanavel sign: This sign is useful in the diagnosis of ulnar bursitis. In case of ulnar bursitis the site of maximum tender- 
ness is over that part of the ulnar bursa lying between the transverse palmar creases. 

Kantor’s sign (String sign of Kantor): A radiological sign described in barium enema follow through in patients suffering 
from Crohn’s disease. A string like configuration of contrast material through a filling defect is seen in the radiography. 
Kehr sign: This sign identifies the pain elicited in the left shoulder in patients with suspected splenic rupture. The pain 
(referred pain) experienced by the patient is due to blood in the peritoneal cavity irritating the diaphragm, 

Klemm?’s sign: It is the radiological sign found in chronic appendicitis where there is often an indication of tympanitis in 
the right lower quadrant. 

Knie’s sign: Unequal dilatation of the pupils—a sign of Graves’ orbitopathy. 

Krisowski’s sign: Cicatricial lines radiating from the mouth in congenital syphilis. 

Kenawy’s sign: A clinical sign usually associated with bilharzial fibrosis of liver (Egyptian splenomegaly) but may be 
present in any type of portal hypertension, Auscultation over the xiphoid process reveals a venous hum (splenic vein 
engorgement) which becomes prominent on inspiration, 

Klein’s sign (of shifting tenderness): A clinical sign useful in acute nonspecific mesenteric lymphadenitis, When patient 
is shifled to left lateral position, point of maximum tendemess also gets shifted to the left side in contrast to acute appen- 
dicitis. It may also be positive in Meckel’s diverticulitis. 

Lemon sign: A radiological sign of Amold-Chiari deformity. There is scalloping of the frontal bones giving the skull a 
Jemon shaped configuration in sonography of the fetal skull during second trimester of pregnancy. 

Lennhoff’s sign: A furrow appearing on deep inspiration below the lower rib and above an echinococcal eyst of liver. 
Sign of Leser Trelat: Sudden appearance and rapid increase in size and number of seborrhocic keratoses, a sign of internal 
malignancy of the GIT. 

Lioyd’s sign: A clinical sign elicited in a patient with renal calculus. Pain elicited in the loin on deep percussion over the 
kidney even when there is no pain on applying deep pressure. 

London’s sign: It is useful in ruptured intestine suspected in an accident case. The presence of pattem of bruising of 
the skin (ie. an imprint of the clothing is noted on the skin) indicates that a crushing force has been applied sufficient to 
rupture the bowel against the vertebral column. This sign is a strong indication to carry a laparotomy. 

Mallet Guy's sign: A clinical sign identified in chronic relapsing pancreatitis. It is elicited by placing the patient in the 
right lateral position with the patient’s hip and knee flexed and deeply palpating the abdomen in the epigastric and the left 
subcostal region. This will evoke tenderness in chronic relapsing pancreatitis. 

MeBurney’s sign: Finger tip pressure is made over the McBurney point elicits severe tenderness in patients with appen- 
dicitis. 

Murphy’s sign (Moynihan’s method): This clinical sign is classically described in patients suffering from cholecystitis. 
It is elicited by asking the patient to breath deeply while exerting moderate pressure with the left hand such that thumb 
lies over the fundus of the gallbladder. The patient catches his breath as the inflamed gallbladder which is pushed down 
by the diaphragm gets imposed against the thumb, 
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McEwen’s sign: A clinical sign elicited in children with hydrocephalus. On percussion of skull behind the junction of 
frontal, parietal and temporal bones and auscultation over opposite mastoid bone there is a more resonant note than normal, 
seen in internal hydrocephalus and cerebral abscess in children (syn: cracked pot sign, cranial cracked pot sound). 
Meniscus sign: Refer No. 57. 

Moebius sign: Inability to keep the eyeballs converged due to insufficiency of medial rectus muscle—A clinical sign of 
Graves’ ophthalmopathy 

Milian’s ear sign: A clinical sign which is useful to differentiate facial erysipelas from cellulitis. Erysipelas being a cuticular 
lymphangitis spreads from the face to the pinna while the cellulitis which is spreading inflammation of the subcutaneous 
tissue stops short of pinna because of close adherence of the skin to cartilage. 

Mahler’s sign: A steady increase of pulse rate without corresponding increase of temperature seen in thrombosis 
‘Mann’s sign (Syn: Dixon Mann’s sign): In Graves” disease the two eye appears not to be on the same level. 

Marie’s sign: Tremors of body extremities in Graves’ disease and other types of hyperthyroidism. 

Mean’s sign (Syn: Kocher’s sign): Refer No. 114 

Medusa Lock sign: A radiological sign described in patients with intestinal obstruction due to roundworm infestation, A 
plain X-ray erect film of the abdomen reveals trapped intestinal gas within the worm mass giving a characteristic appear- 
ance of coiled locks of hair—Medusa Lock sign. 

Meitzer’s sign: Loss of normal second heart sound on auscultation of the heart after swallowing, Seen in occlusion or 
contraction of lower part of oesophagus. 

Mercedes Benz sign (Syn: Crow foot sign): Refer No. 51 

Mexican hat sign: A radiological sign described in barium enema (filling defect) done in patients with pedunculated polyp 
of the inferior wall of the colon 

Maulage sign: Waxy cast appearance of bowel segments—A radiographic sign of coeliac disease. 

Mose’s sign: A clinical sign suggestive of deep vein thrombosis. Itis elicited by squeezing the relaxed calf muscles from 
side to side which is painful in case of deep vein thrombosis, 

Niche sign (Syn: Haudek’s sign): Refer No. 101 

Nicoladoni’s sign (Syn: Branham’s sign): Refer No 31 

Oliver’s sign (Syn: Porter's sign; Tracheal tug): Tracheal tug is seen in: 

» Aneurysm of the aorta, 

» Neoplasm which fixes bronchus to aorta 

‘Omega sign: A radiological sign observed in patient suspected of sigmoid volvulus on the X-ray. A plain X-ray abdomen 
taken in the supine position shows a massively distended sigmoid colon with haustrations arising from the pelvis resem- 
bling Greek letter ‘omega’ (0. 

Payr’s sign: Pressure over the sole of the foot elicits severe pain in cases of thrombophlebitis. 

Peroneal sign: Tapping the peroneal nerve near the fibular neck causes dorsiflexion and abduction of foot in hypocaleaemi 
tetany. 

Perez's sign: A friction sound heard over the sternum when the patient raises and drops his arms. A sign of mediastinal 
tumour or aneurysm of arch of aorta. 

Parrot’s sign (Syn: Parrot’s nodes, hot cross bun skull, Natiform skull): Bony nodes on the outer table of the skull of 
infants with congenital syphilis, so that it has a hot cross bun or buttock shape. 

Pfubl sign: A clinical sign which helps in differentiating between subphrenic abscess and pyopneumothorax. Inspiration 
increases the force of flow in paracentesis in subphrenic abscess, but lessens in case of pyopneumothorax. This distinction 
is however lost in cases where diaphragm is paralyzed, 

Pitre’s sign: Hypoaesthesia of scrotum and testes in tabes dorsalis. 

Plummer’s sign (Syn: Quadriceps sign): Inability to step up onto the chair or to walk up steps seen in Graves” disease 
and other forms of hyperthyroidism. 

Pool Schlesinger’s sign: In tetany if patients leg is held at the knee joint and flexed strongly at the hip joint, within a short 
time there will be an extensor spasm at the knee joint with extreme supination of foot. 

Porter’s sign: Tracheal tugging in aneurysm of aortic arch and neoplasms which fix the left bronchus to aorta. 

Potain’s sign: Extension of percussion dullness over the arch of the aorta from the manubrium to the third costal cartilage 
on the right side—seen in cases of dilatation of the aorta. 

Prehn’s sign: Elevation and support of the scrotum will relieve the pain in epididymo-orchitis but not in torsion testi 
Psoas sign (Syn: Cope’s test): Refer No. 49. 

Puddle sign: Describes a clinical method to detect small amount of ascites (150-500 ml). Patient lies prone for S minutes 
and then goes for knee-elbow position. In this position dullness is elicited in the umbilicus in case of minimal ascites. 
Pemberton’s sign: This sign refers to symptoms of faintness with evidence of facial congestion and extemal jugular vein 
distension when the arms are raised above the head touching the ears. This manoeuvre reduces the thoracic inlet thereby 
hampering venous drainage of the face in the presence of retrosternal thyroid, 


Absolute diagnosis are unsafe and are made at the expense of the conscience —William Osler 
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Pointing sign: Ask the patient to point to the site of maximum pain, If this proves to be the site of localized tendemess it 
is also certainly the site of diseased organ, e.g, appendicitis. 

Patel’s sign: It is important in paralytic ileus. Apply the stethoscope firmly to the skin just below and right of the umbilicus 
for full 3 minutes. In paralytic ileus there will be omnious silence, broken by patient’s own heart sounds believed to be 
transmitted via the over distended coils of the intestine with added succussion splashes if the patient moves and very 
occasionally by faint tinkles. 

Pad sign: A radiological sign identified in patients with carcinoma of the head of pancreas wherein the °C’ loop of barium 
filled duodenum may be widened. 

Panda sign (Raccoon sign, Spectacle haematoma, Black eye): Haemorrhages in soft tissues around the eye and in the 
eyelids is known as Panda sign as it resembles panda eyes. It is caused by’ 

1. Direct trauma, such as punch to the eye, 

2. Blunt impact to the forehead, the blood gravitating downwards over the supraorbital ridge. 

3. Fracture of the floor of the anterior fossa of the skull 

Queckenstedt’s sign (Jugular sign; Tobey Ayer test): Refer No. 110. 

Quenu Muret sign: A prognostic indicator. In aneurysm, when the main artery of the limb is compressed and a puncture 
is made at the periphery, if the blood flows, then the collateral circulation is probably established, 

Rat-tail sign: A radiological sign described in relation to oesophageal carcinoma, 

Ridge sign: A clinical sign of dehydration, In considerable dehydration if the skin is picked up in between the thumb and, 
fingers and then released, instead of it springing back with normal elasticity, a ridge is formed that subsides slowly. 
Rovsing sign: In acute appendicitis, when left iliac fossa is pressed; pain is felt in right iliac fossa 

Release sign (Syn: Rebound tenderness; Blumberg’s sign): Refer No. 25 

Reversed 3-sign: Refer No. 81 

Reisman sign (Syn: Snellen’s sign): The bruit heard over the closed eye in Graves’ disease. 

Rocher’s sign: A clinical sign which helps in the differentiation of epididymitis from torsion of the testes. In torsion testes, 
the epididymis cannot be distinguished from the body the testes, whereas in epididymitis the body of the testes can be felt 
in the enlarged crescent of epididymis, 

Rommelaere’s sign: An abnormally small proportion of normal phosphates and of sodium chloride in urine in cancerous 
cachexia 
Roteh sign: A. 
costal space. 
Rovighi’s sign: A fremitus felt on percussion and palpation of the superficial hepatic hydatid cyst 

Racoon sign (Syn: Panda sign, Spectacle Haematoma, Black Eye): Refer No. 166. 

Sign of splashing (Syn: Succussion splash): Seen in gastric outlet obstruction, 

Saegesser’s sign: A clinical sign identified in patients with splenic rupture, An excruciating tenderness is elicited in the 
Saegesser’s point or splenic point (seen in the lower part of the posterior triangle of the neck between the left stemomastoid, 
and sealenus medius muscle above the clavicle). 

Sternomastoid sign (Syn: Trail’s sign): The stemal head of the sternomastoid muscle will become more prominent on 
the side to which trachea is deviated 

Saenger’s sign: Refers to the light reflex of the pupil that has ceased, returns after a short stay in the dark, Observed in 
cerebral syphilis but not in tabes dorsalis. 

Sansom’s sign: Described in two separate context 

> Marked increase in the area of dullness in the second and third intercostal space ~ Due to pericandial effusion. 

» A shythmical murmur heard with a stethoscope applied to the lips in aneurysms of the thoracic aorta, 

Sehlesinger’s sign (Syn: Pool’s phenomenon): Refer No. 156. 

Schultze sign (Syn: Schultze Chvostek sign): Refer No. 38. 

Silev’s sign: Furrows radiating from the mouth in congenital syphilis. 

Sisto’s sign: Constant crying in infancy—a sign of congenital syphilis. 

Setting sun sign: A clinical sign described in patients suffering from raised intracranial tension. There is downwards 
deviation of the eyes so that each iris appears to set beneath the lower eyelid with white sclera exposed between itand the 
upper lid. This sign is observed in cases: 

» Hydrocephalus 

> Intracranial haemorthage 

> Brain tumours 

Snellen’s sign (Syn: Reisman sign): Refer No. 174, 

Sumner’s sign: This sign is said to be positive when there is increase in the tone of the abdominal muscle on gentle 
palpation of the right iliac fossa. It may indicate: 

» Appendicitis 

» Right ureteric or renal stones 

» Torsion ovarian cyst 


ical sign identified in case of pericardial effusion. Dullness is felt on percussion on the right Sth inter- 
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Simon’s sign: Identifies absence of usual co-relation between the movements of diaphragm and thorax, seen in early cases 
of meningitis, 
Stierlin’s sign: A radiological sign observed in barium enema study of the colon where thete is absence of normal shadow 
due to an indurating or ulcerative process such as tuberculosis of caecum or colon. 
String sign (Syn: Kantor’s sign): Refer No. 116. 
Suker’s sign: Deficient complementary fixation in lateral eye rotation—a manifestation of Graves’ orbitopathy. 
String of beads sign: A series of round shadows resembling a string of beads or pearls, seen on a radiograph of small 
intestine, indicating of trapped gas surrounded by the fluid of obstructed and distended bowel. 
Stellwag’s sign: Identifies the widening of palpebral fissures (staring look) due to retraction of upper eyelids, an early 
sign of Graves disease. 
Stemmer sign (Kaposi Stemmer sign): Refer No. 113. 
Slip sign: A clinical sign which helps in differentiating a solid swelling, e.g. lipoma, from a eystic swelling. Here, when 
the edge of the swelling is palpated, the margin of the solid swelling does not yield but slips away from it unlike a cystic 
swelling which yields to the pressure of the palpating finger and does not slip away. 
Solius sign: A radiological finding observed in a chest X-ray lateral view in patient’s with enlarged thymus. An enlarged 
thymus being a firm swelling does not get flattened against sternum by the pressure of heart and great vessels. 
Shrinkage sign: A radiological sign of thymus enlargement. In a chest X-ray there is a paradoxical alteration of the shape 
of the chest with respiration (Decrease in transverse diameter with deep inspiratory film than the expiratory film), 
Seagull sign: Refer No. 51 
Suzmann’s sign: A clinical sign described in patient with coarctation of aorta. The collaterals which develop display 
visible and palpable pulsations together with thrills and murmurs which are most obvious in the inter-seapular and infra- 
scapular regions of the back. The Dock sign is the radiological counterpart of this sign. 
‘Trail’s sign (Syn: Sternomastoid sign): Refer No. 182. 

Tap sign (Syn: The percussion sign; Chevrier’s sign): If the valves are incompetent an impulse will be felt by the fingers 
overlying the long saphenous vein when the varicosities are percussed below. 
‘Thornton’s sign: Refers to the severe pain complained by the patient in the region of the flanks in nephrolithiasis. 
Tinel’s sign (Syn: DTP sign; Formication sign): Refer No. 69. 
‘Tresilian sign: This sign identifies reddish appearance (congestion) in opening of Stensen’s duct in cases of mumps. 
‘Trimadeau’s sign: A radiological sign identified in barium swallow X-ray done in patient’s with dysphagia. Ifthe dilata- 
tion above an oesophageal stricture is conical, the stricture is fibrous; while it is cup shaped (shouldering) itis likely to 
be malignant 

[anyol’s sign: In ascites umbilicus shifts downwards and in mass arising from pelvis it shifts upwards, 


> Catestes 

» Ca bronchus 

> Malignancy of any other abdominal organ. 

‘Trousseau’s sign: This sign is described under two different context 

» The blood pressure cutis applied to the arm and inflated to pressure above systolic pressure for 3-5 minutes. This will 
elicit typical carpopedal spasm (obstetrician’s hand) in cases of bypoparathyroidism and other conditions associated 
with hypocaleaemi 

> Migrating superficial thrombophlebitis—a sign of visceral carcinomas especially of pancreas or the stomach 

‘Tracheal fluctuation sign: A unique sign elicited in patients suffering from achalasia cardia 

von Graefe’s sign (Syn: Graefe’s sign): Persistent lagging of upper lid behind the comeoscleral limbus when patient is 

asked to follow the finger moved up and down several times. Seen in Graves’ disease. 

Vermooten’s sign: A clinical sign helpful in the intrapelvic rupture of urethra. On per rectal examination, the prostate 

cannot be felt but in its position a doughy swelling (blood and urine) is felt. If prostate is fel, itis displaced upwards. 

‘Vas sign: This sign is helpful in differentiating testicular neoplasm and an inflammatory lesion of the testes. Inflammatory 

lesions causes vas deferens to become considerably thickened which remains normal in cases of neoplasm. 

‘Vein sign: A bluish cord along the mid-axillary line formed by the swollen junction of the thoracic and superficial epigastric 

vein, Seen in: 

> Tuberculosis involving the bronchial glands, 

> Superior vena cava obstruction. 

Wegner’s sign: A postmortem finding—A broadened discoloured appearance of the epiphyseal line in infants who have 

died from congenital syphilis, 

Wilder’s sign: An carly clinical sign of Graves’ disease consisting of slight twitch of the eyeball when it changes its 

movement from adduction to abduction or vice versa 


Observe, record, tabulate, communicate. Use your five senses —William Osler 
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Wimberger’s sign: Symmetrical erosions of the proximal tibia seen radiographically in infants with congenital syphilis. 
Water lily sign (Syn: Lily pad sign): A radiological sign identified in cases of hydatid cyst of the lung, When the hydatid 
cyst ruptures, the daughter cyst floating within the cavity appear like a water lily hence the name water lly sign. 
Smith’s sign: Murmur heard in cases of enlarged bronchial lymph nodes on auscultation over the manubrium with the 
patients head thrown backwards 

+H’ Bomb sign: A radiological sign seen in cases of atrophic gastritis. The gastric folds within fundus and the body of 
stomach are very thin and the thin walled fundus becomes distended with air (in erect posture) or with barium contrast 
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B. Triads in Surgery 


Saint's triad: 
Diverticulosis of colon 
Gallstones 
Hiatus hernia, 
Whipples’ triad: Seen in insulinoma, 
Features of hypoglycaemia 
Blood sugar less than 45 mg% 
Symptoms are relieved by glucose. 
Chareot’s triad: Seen in ascending cholangitis 
Intermittent fever 
Intermittent pain 
Intermittent jaundice. 
Virehow’s triad: 
Change in the vessel wall 
Diminished rate of blood flow 
Increased blood coagulability. 
Murphy’s triad: Seen in acute appendicitis 
Pain in right iliac fossa 
Vomiting 
‘Temperature, 
Hutchinson’s triad: Seen in late congenital syphilis, 
Interstitial keratitis 
Sth nerve deafness 
Hutchinson’s teeth, 
‘Trotter’s triad: Seen in nasopharyngeal carcinoma, 
Conductive deafness 
Elevation and immobility of same side soft palate 
Pain in the side of the head, 
Tillaux’s triad: Seen in mesenteric cyst 
Soft fluctuant swelling in the umbili 
Freely mobile in the direction perper 
Zone of resonance all around, 
‘Triad of portal hypertension: 
Varices 
Splenomegaly 
Ascites. 
Cushing's triad: In intracranial hypertension. 
Increased blood pressure 
Decreased pulse rate 
Decreased respiratory rate. 
‘Triad of renal cell carcinoma: 
Anaemia 
Haematuria 
Mass in the loin. 


region 
cular to mesentery 


2. Borchardt’s triad: Seen in gastric volvulus 


Acute epigastric pain 
Violent vomiting 
Inability to pass nasogastric tube. 
Beck’s triad: Seen in cardiac tamponade. 
Muffled heart sounds 
Distended neck veins 
Hypotension, 


287 


14, Paneoast’s triad: Seen in Pancoast tumour. 
Excruciating pain in the arm 
Horner's syndrome 
Erosion of ribs 

15, Prune-Belly triad: 
Cryptorchidism 
Abdominal wall defects 
Genitourinary defects 

16, Mackler’s triad: Seen in Boerhaave’s syndrome. 
Vomiting 
Chest pain 
‘Subcutaneous emphysema. 

17. Triad of Sandblom: Seen in haemobilia 
Jaundice 
Pain 
Melaena, 

18. Galezia tria 
Dupuytren’s contracture 
Retroperitoneal fibrosis 
Peyronie's disease of penis, 

19. Dieulafoy's triad: Seen in appendicitis 
Hypersensitiveness of 
Reflex muscular contraction 
Mac Burey's tenderness. 

20. ‘Triad of congenital diaphragmatic hernia 
Respiratory distress 
Apparent dextrocardia 
Scaphoid abdomen. 

21. Carney’s triad 
Functioning adrenal para ganglioma—nonfamitial 
Gastric leiomyosarcoma—GIST 
Pulmonary chondroma, 

22. ‘Triad of Ohashi in IPMN in ERCP 
A bulging ampulla of Vater 
Mucin secretion 
Dilated main pancreatic duct. 

23. Haimoviei triad of revaseularisation of an acutely 

ischaemic limb 
Muscle infarction 
Myoglobinuria 
Acute renal failure 

24. ‘Triad of small bowel obstruction in plain X-ray 
Dilated small bowel loops > 3 em 
Multiple air fluid levels in erect X-ray 
Paucity of air in the colon. 

25. Gilroy Bevan triad of adhesive pain is 
Pain may get aggravated or relieved on change of 
posture 
Pain in the region of old abdominal sear 
‘Tenderness is elicited by pressure over the scar. 


en in Prune-Belly syndrome. 
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C. Misnomers in Surgery 


White bile: is neither white nor bile. It is opalescent, It contains mucous. It signifies severe obstructive jaundice due to 
which secretion of bile from liver is stopped. Mucous is derived from biliary tree lining 

Mycotic aneurysm: It is not due to fungal infection, It is due to bacterial infection, 

Lateral aberrant thyroid: \t is not an aberrant thyroid. It is secondaries in neck lymph node from occult primary in the 
thyroid, ie. papillary carcinoma thyroid. 

Adenolymphoma of parotid gland: It's not lymphoma. It is a benign tumour of the parotid. It never turns into malignancy. 
Pretibial myxoedema: It is not seen in myxoedema. It is seen in thyrotoxicosis, 

Sternomastoid tumour: isnot a tumour, Its due to birth trauma which causes organised haematoma in stemomastoid muscle 
Dissecting aneurysm: Iti aortic dissection, not dissecting aneurysm, 

Malignant hydatid: itis not malignant. It is due to Echinococcus alveolaris. It behaves like a malignant condition, 
Malignant exophthalmos: tis due to primary thyrotoxicosis. It is not a malignant condition, 

Spina ventosa: \tis tuberculous dactylitis. It is not related to spine 

Mycosis fungoides: It is cutaneous “T” cell lymphoma. It is not due to fungal infection, 

Hypernephroma: \tis renal cell carcinoma. It is not above the kidney. 


Hepatoma: Is hepatocellular carcinoma, It is not benign tumout. 
‘Melanoma: It is melanocarcinoma. It is not benign. 

Surgical ganglion: Iti arising from the synovial sheath, It is not from nerve ganglion. 

Brain fungus: It's not a fungal infection. Itis seen in cranial injury wherein due to injury brain protrudes out of the wound 
as fungus. 

Cocks peculiar tumour: It is not a tumour. It is ulcerated sebaceous cyst. It mimics SCC of skin 

Potts puffy tumour: It is not a tumour. It is osteomyelitis of the frontal bone with cellulitis of the frontal region of the 
scalp. It may spread intracranially through emissary veins which endangers the life of the patient 

Tumour alba It is tuberculosis of synovial sheath of knee joint. 

Umbilical adenoma: It is not a tumour. It is prolapse of mucosa of cutaneous end of vitello-intestinal duct 

‘Madelung 3 deformity: It is not associated with any of the conditions in the lung. It is a congenital subluxation or disloca- 
tion of the lower end of the ulna, from malformation of the bones. 

Ray fungus: Actinomycoses, a bacteria infection. 

Malignant pustule: Anthrax infection. 

Malignant oedema: Gas gangrene. 

Juvenile melanoma: \tis not a melanoma. It is benign SPITZ naevus. 


Hydrocele of the neck: Wis cystic hygroma 
Kuttner tumour: Itis chronic sclerosing sialadenitis of submandibular salivary gland, 

Aneurysmal bone cyst: Itis not related to artery. It is expanding lesion in the bone containing blood mixed fluid of unknown 
aetiology. 

Hairy leukoplakia: Itis hairy leukoplakia with white confluent patches of fluffy / hairy hyperkeratotic thickening almost always 
situated in the lateral border of the tongue. It is not hair in tongue; not related hair diseases; not structurally hair component. 


10, 


D. Triangles in Surgery 


Hesselbach triangle: The medial border of the triangle is formed by the rectus sheath, superolateral border by the inferior 
epigastric artery, inferior border by the inguinal ligament. 
Importance: Helps in differentiating direct from indirect hernias. 


Bryants triangle: Patient lies in supine position, three lines are drawn, one from the anterior superior iliac spine vertically 
down to the bed; another from the tip of the greater tronchanter to join the first line atthe right angles; third line from anterior 
superior iliac spine to the tip of the greater tronchanter—this forms a triangle. 

Importance: Diminution in the length of the second line indicates upward displacement of the greater trochanter. Third. 
(oblique) helps determine the anteroposterior displacement of the greater tronchanter. 


Triangle of Doom: Bounded by the ductus deferens medially, spermatic vessels laterally in the male and the apex of the 
triangle is at the level of internal inguinal ring. 

Importance: External iliac artery and vein, femoral nerve are located in the triangle and so stapling is avoided in this triangle 
while doing laparoscopic preperitoneal repair for hemia. 

Calot’ triangle: Formed medially by the common hepatic artery, laterally by the cystic duct and the apex is formed by the 
junction of the cystic and the hepatic ducts, Base is formed by the cystic artery. 

Importance: Cystic lymph node of ‘Lund’ is present in the fork created by the junction of the cystic and common hepatic artery. 
Anal triangle and urogenital triangle: A transverse line joining the anterior parts of the ischial tuberosities and passing 
immediately anterior to the anus divides the perineum into two triangles, anal and urogenital triangle. Anal triangle contains 
the termination of the anal canal in the median plane and an ischiorectal fossa on each side. 

Importance: Both the perineal and ischiorectal spaces in the anal triangle are common sites of abscess. 

Femoral triangle: \tis triangular depression on the front of the upper one-third of the thigh below the inguinal ligament, 
bounded medially by the medial border of adductor longus, laterally by the medial border of sartorius, apex is formed by 
the meeting point of the medial and lateral boundaries, 

Importance: Femoral vein in this site is most suitable for intravenous injection in th 
an important aid for clinicians (in diagnosing peripheral vascular disease), 


femoral artery pulsations are 


Lumbar triangle: 

Inferior lumbar triangle of Petit—bounded by the crest of ilium below, external oblique laterally and medially by the 
latissimus dorsi 
Importance: Most primary lumbar hernia occur through this triangle. 

b. Superior lumbar triangle of Grynfelt—bounded by the 12th rib above, medially by the sacrospinalis and laterally by the 
posterior border of the inferior oblique. 


Importance: Grynfelt hernia appears through superior lumbar triangle. 
Triangle of auscultation: This is a small triangular interval bounded medially by the lateral border of the trapezius, laterally 
by the medial border of the scapula and inferiorly by the upper border of latissimus dorsi, Floor of the triangle is formed 
by the 7th rib, 6th and 7th intercostal spaces and rhomboids minor 

Importance: This is the only part of the back which is not covered with muscles. Respiratory sounds are better heard with 
a stethoscope here than that heard elsewhere in the back, 

On the left side, the cardiac end of the stomach lies deep to this triangle and in days before X-rays were discovered, sounds 
of swallowed liquids were auscultated over this triangle. 

Simon's triangle: Bounded anteriorly by the recurrent laryngeal nerve, posteriorly by the common carotid artery and base 
is formed by the inferior thyroid artery. 

Importance: Aids in identification of the recurrent laryngeal nerve. 

Lumbosacral triangle of Marcille: It isa triangular interval on each side of the body of the Sth lumbar vertebra, bounded 
medially by the body of the Sth lumbar vertebra, laterally by the medial border of the psoas muscle, apex by the junction 
of the psoas major muscle and the body of the Sth lumbar vertebra. Base is formed by the upper surface of the ala of the 
sacrum and floor by the transverse process of the Sth lumbar vertebra and the iliolumbar ligament. 

Importance: Ureter erosses the common iliac vessels at the lateral angle of the triangle. 


Dead men are always good men !! 
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11. Retromolar trigone: Base overlies the ascending ramus of the mandible from the last molar, apex terminates at the maxillary 
tuberosity, laterally continuous with the buccal mucosa and medially blends with the anterior tonsillar pillar. 
Importance: Common site for oral malignancy, 

12. Sherren's triangle: Bounded by the umbilicus, symphysis pubis and the anterior superior iliae spine. 
Importance: indicates the area of hyperaesthesia in an acute episode of appendicitis 

13, Sealene triangle: Bounded by scalenus anticus anteriorly, scalenus medius posteriorly and first rib inferiorly. 
Importance: Subclavian artery and trunks of the brachial plexus pass through the scalene triangle where they may be 
compressed causing thoracic outlet syndrome. 


E. Drugs at a Glance 


Remember how much you do not know. Do not pour strange medicines into your patients. 
—William Oster, 1903 


ll ANTIBACTERIALS 


It seems likely that in the next few years a combination of antibiotics with different antibacterial spectra will furnish 
a “cribrum therapeuticum” from which fewer and fewer infecting bacteria will escape. 
—Alexander Fleming, 1946 


mi SULFONAMIDES 


They act by inhibiting folic acid synthetase which converts PABA to folic acid, 
Side effects: Intolerance, crystalluria, agranulocytosis, goitre, neuritis, jaundice. 


Drugs 
Sulfadiazine: 1 gm 6th hourly. 
Sulfamethizole: 200 mg 6th hourly. 
Sulfadimidine: 1 gm 6th hourly. 
Sulphamethoxazole: 
Sulfaguanidine: 3 gm 6th hourly. 
Sulfamethoxale: 1 gm 6th hourly. 
Used in meningitis, UTI, chancroid, trachoma, ulcerative colitis, toxoplasma, Bacillary dysentery. 
Silver sulphadiazine cream 1% for burs. 
Sulphacetamide as ophthalmic solution. 


Cotrimoxazole: Combination of trimethoprim and sulfamethoxazole in a ratio of | : $ in different strengths 
‘Trimethoprim inhibits dihydrofolate reductase enzyme which converts dihydrofolate into tetrahydrofolate. It has got syner- 
istic action with sulphamethoxazole. 
Itis used as BID dose in typhoid, plague, UTI, prostatitis. 
Side effects: Severe skin reactions, megaloblastic anaemia, 


QUINOLONES 


‘They act by interfering with the synthesis of DNA. 

They are useful against gram-negative organisms, enteric fever, respiratory infections, gastroenteritis, urinary infections, 
tuberculosis 

Side effects: Allergic reactions, CNS manifestations, hallucinations, nephritis, arrhythmias 


Drugs 
Nalidixie acid 1 gm 6th hourly. 
Norfloxacin 400 mg BD for 10 days. 
Ciprofloxacin 500 mg BD for 10-14 days, 
Pefloxacin 400 mg BD, 
Ofloxacin 200 mg OD or BD for 10-14 days, 
Lomefloxacin 400 mg OD. 
Sparfloxacin 200 mg BD. 
Levofloxacin 500 mg OD for 7-14 days. 
Gatifloxacin 200 mg OD. 


He is the best physician who knows the worthlessness of many medicines. Benjamin Frunklin, 
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1292 | Mi PENICILLIN 


tacts by interfering with the cell wall synthesis of bacteria. 

Used in Streptococcus, Pneumococcus, Meningococcus and gonococcal infections, syphilis, tetanus, gas gangrene, actino- 
mycosis, plague. Its also used as prophylaxis in rheumatic fever. It is used in pelvic infections, lymphoedema 

Side-effects: Anaphylaxis, setum sickness, Jerisch-Herxheimer reaction 


Drugs 
Benzyl penicillin, 4-10 lakhs 4th or 6th hourly intravenously after test dose. 
Procaine-penicillin 4-10 lakhs IM after test dose OD for 7-14 days. 

Benzathine penicillin 12-24 lakhs deep IM into the buttocks after test dose once in 3 weeks. 


ll AMPICILLIN/AMOXYCILLIN/TALAMPICILLIN/PIVAMPICILLIN 


Used in respiratory infections, meningitis, endocarditis, cutaneous infections 
It is not usefial in penicillin-resistant staphylococci in 
Dose: 500 mg 6th hourly. 


i METHICILLIN 


Itis a penicillin group of antibiotic which is used in penicillin resistant staphylococcal infections 
Dose: 1-2 gm. IM 6th hourly. 


1 gm in 5-10 ml normal saline can be used as intrapleural or intra-articular therapy. 
ll CLOXACILLIN/DICLOXACILLIN/FLUCLOXACILLIN 
‘These drugs are used in penicillin resistant staphylococcal infections. 
Dose: S00 mg 6th hourly. 
lm CARBENICILLIN/TICARCILLIN 


It is used in septicaemias, urinary tract i 
Dose: | gm 6th hourly LV, 


fections mainly due to Pseudomonas and Proteus infections. 


ll PIPERACILLIN/AZOCILLIN/MEZLOCILLIN 


Itis active against Pseudomonas. 
Dose: 2 gm 4th-6th hourly. 
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mi CLAVULANIC ACID 


It is a beta lactamase inhibitor used against beta lactamase producing bacteria 
Its used along with amoxycillin/ticarcillin/ampicillin, 


™ SULBACTUM 


It is a beta lactamase inhibitor, 
tis combined with ampicillin, 


ll TAZOBACTUM 


Its a beta lactamase inhibitor combined with piperacillin. 


ll CARBAPENEM/IMIPENEM/MEROPENEM 


‘These are bactericidal beta lactam antibiotic. 
‘They are used in septicaemia, Pseudomonas, Klebsiella and Proteus infections. 


ll LINCOMYCIN/CLINDAMYCIN 


‘They act on bacterial ribosomal RNA. 
Side effect: Pseudomembranous colitis. 
Dose; S00 mg tds. 


ll VANCOMYCIN/TEICOPLANIN 


It inhibits cell wall synthesis 
Side effects: Nephritis, ototoxicity. 
Used in pseudomembranous colitis. 
Dose; S00 mg 6th hourly IV. 


lm CEPHALOSPORINS 


‘They are bactericidal. They inhibit bacterial cell wall synthesis. 
Useful in most of the bacterial infections. 
Side effects: Anaphylaxis, Hepatotoxicity, Nephrotoxicity. 


Ist Generation Und Generation 


Cephalexin 500 mg TDS oral “efuroxime 500 mg BD oral. 


Cephadroxyl 500 mg BD oral. Cefaclor 500 mg 8th hourly 
Cephadrine 250 mg QID oral. Cefamandone 2 gm 6th hourly. 
Cephazolin | gm BD IV. Cefoxitin 2 gm 8th hourly. 
Cephalothin 2 gm 6th hourly. Cefonicid 2 gm 6th hourly. 
Cepharin 2 gm 6th hourly. Ceforanide 2 gm 12th hourly. 
Mind Generation Ith Generation 

Cefetoxime 1 gm 6th or 8th hourly. Cefepime 200 mg BD orally 
Ceftriaxone 1 gm 12th hourly, Cefpodoxime 200 mg BD orally. 
Ceftizoxime 2 gm 8th hourly. 

Ceftazidime 2 gm 8th hourly. 


Cefaperazone 2 gm 12th houtly. 
Cefixime 200 mg BD orally. 


lm MACROLIDES 


‘They act by inhibiting protein synthesis and also by blocking ribosomal activity. 
Side effects: Allergic reactions, gastric irritation, cholestasis, 
tions, 


Uses: Respiratory infections, skin infe 


500 mg QID. 
Roxithromyein: 150 mg BD. 

Azhithromyein 500 mg OD before food for 3 days. 

Clarithromycin 500 mg BD. It is also used as anti-Flelicobacter pylori in treating duodenal ulcer, 
Spiramycin 1-5 millions BD. 


lm AMINOGLYCOSIDES 


‘They block the RNA-ribosome combination and also inhibits the enzymes involved in Krebs’ cycle. 
Side effects: Ototoxicity (vestibular), nephrotoxicity. 
Aminoglycoside will not get absorbed through the GIT because of 
antiseptic they can be given orally 
Drugs: 
1. Streptomycin; 0.75 gm IM OD for 3 months. Used in tuberculosis, plague, chancroid, granuloma inguinale, brucellosis, 
respiratory infections, gut sterilisation during large bowel preparation 
2. Kanamycin: 1.5 gmiday. It is more cochlear toxic. 
3. Gentamicin; 80 mg BD IM or IV. 1 mg/kg body weight, Antipseudomonal drug, 
4, Tobramycin 5 mg/kg body weight, More effective against Pseudomonas than gentamicin, 


igh pH. So they are given either IM or IV. As bowel 


5, Amikacin 250 mg BD IM/IV. 15 mg/kg body weight 
6. Netilmycin: 3-6 mg/kg body weight. 


Abilities not used are abilities wasted. 
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4294 | 7. Neomycin I gm 6th hourly. Mainly used in hepatic failure and in gut sterilisation 
8. Framycetin as 0.5% ointment. 
9, Paromomycin: 2 gm QUD. Used in amoebic dysentery. 


lm TETRACYCLINES 


‘They are bacteriostatic, 
‘They act by inhibiting enzyme system, protein synthesis and ribosomal activity. 
Side effects: Hepatic dysfunction, gastric irritation, permanent yellow staining of teeth, suppresses the bone growth. 
Uses: Plague, cholera, sexually transmitted diseases like syphilis, gonorrhoea, chancroid, actinomycosis, 
Itis also used to identify malignant cells as brilliant yellow fluorescence under UV light after giving tetracycline for 5 days. 
Dose: 500 mg QUD. 
Doxycycline: 100 mg OD/BD for 10-14 days. 


ll CHLORAMPHENICOL/THIAMPHENICOL 


It interferes with protein synthesis. 
Side effects: Bone marrow suppression, 
Uses: Typhoid fever, meningitis, plague. 
Dose: 2 gnvday. 


baby syndrome, liver damage. 


l™ DRUGS FOR TUBERCULOSIS 


RIFAMPICIN: 
It inhibits DNA-dependent RNA polymerase. It is bacterici 
Side effects: Hepatotoxicity, orange-red coloured urine, fu 
Uses: Tuberculo: 
Other uses: Leprosy, Meningococcal carrier, brucellosis, mycetoma, Q-fever, Legionella, Chlamydia. 
Dose: 450-600 mg/day (OD) before food. 

RIFABUTIN: 150 mg/day. 

ISONICOTINIC ACID HYDRAZINE (INH): 

It inhibits the synthesis of phospholipid synthesis of cell wall of bacteria. It is bactericidal 
Side effects: Intolerance, Neuritis, Hepatitis 
It crosses the blood-brain barrier and placenta, 
Dose: 300 mg orally OD. 
ETHAMBUTOL: It is bacteriostatic. 
Side effects: Gastric intolerance, retrobulbar neuritis (green colour vision is defective). 
It crosses the blood-brain barrier and concentrates in CSF. 
Dose: 25 mg/kg body weight. 800 mg OD after food. 

PYRAZINAMIDE: It is bactericidal 
It acts on dormant bacteria, bacteria inside the macrophages and caseating material. 

Side effects: Hepatotoxicity, hyperuricaemia, photosensitivity. 
Dose: 1.5 gm OD after food or 750 mg BD after food for 2 months. 

MORPHAZINAMIDE: 3 gnvday. 

STREPTOMYCIN. 

CYCLOSERINE: 2 gm daily, It is a reserve drug, 

VIOMYCIN: | gm twice a week. IM. It is used in multi-drug-resistant tuberculosis, 

AMIKACIN/KANAMYCIN. 

CAPREOMYCIN. 

PAS: Para-amino salicylic acid: It interferes with PABA metabolism of the bacteria 

Side effects: GIT intolerance, hepatotoxicity, blood abnormalities 

ETHIONAMIDE and PROTHIONAMIDE. 

CLARITHROMYCIN. 

AZHITHROMYCI 
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ll ANTIAMOEBIC DRUGS 


DEHYDROEMETINE: 

Itacts on the trophozoite, But not on the cyst 

Its used for extra-intestinal amoebiasis. 

Side effects: Myocarditis, myalgia. 

Dose: 60 mg deep IM OD for 10 days given under monitor. 
DIIDOHYDROXYQUINOLINE: 2 gm/day. It is more useful against trophozoites. 
IDOCHLOROHYDROXYQUINOLINE: 0.75 g/day. It is more useful in eyst passers 
CHLOROQUINE: Used for only extra-intestinal amoebiasis 

500 mg BD for 2 days. 

250 mg BD up to 3 weeks. 

METRONIDAZOLE: 

400-800 mg tds for 10 days. Or 500 mg (1 mg/ml) tid LV, 

Itis used for intestinal and extra-intestinal amoebiasis 
‘TINIDAZOLE: 

300-600 mg tid for 3-5 days, 

SECNIDAZOL 

2 gm single dose after food for intestinal amoebiasis. 

2 gm OD for 5 days. 

ORNIDAZOLE: 
DILOXANIDE FUROATE: 

500 mg tid for 10 days, 

Used in cyst passers and chronic carriers, 
‘TETRACYCLINES 

2 gin/day for 10 days, 

Itis used only as an adjuvant drug 


mi IMPORTANT ANTIHELMINTHICS 


PIPERAZINE CITRATE: 
Dose; § gm single dose, 1 ml = 
Used for Ascariasis. 

Side effects: Cerebellar ataxia, vertigo, convulsion. 
TETRAMISOLE: 150 mg for adult, 50 mg for children. Used in ascariasis and ankylostomiasis, 
BENDAZOLE: 100 mg BD for 3 days. 600 mg tid for 21 days, 

Used in Ascariasis, Ankylostomiasis, Trichuris trichura, hydatid cyst. 

ALBENDAZOLE: 400 mg single dose. 

PRAZIQUANTEL: 500 mg tid for 15 days. 

‘THIABENDAZOLE: 25 mg/kg for 3 days. 

PYRANTEL PALMOATE: 1] mg/kg, 15 mi (1 ml = 50 mg). 

LUCANTHONE 1 gm tid for 3 days. HYCANTHONE 4 mg/kg orally for 4 days. 

Used in S, haematobium, S, mansoni 

METRIFONATE: 7.5 mg/kg for 3 days. 

NIRIDAZOLE: 25 mg/kg. Used in schistosomiasis. 

ANTIMONY COMPOUNDS: Given intramuscularly. 

Used in S, haematobium and leishmaniasis, 
DIETHYL CARBAMAZINE CITRATE (DEC): 100 mg tid for 21 days. 
Used in Filariasis, tropical eosinophilia, larva migrans, 

LEVAMISOLE: 150 mg OD. 

Used in ascariasis, hookworms, strongyloidosis, as immunomodulator in cancer. 


50 mg, 


It seems likely that in the next few years a combination of antibiotics with different antibacterial spectra will fernish 
a “cribrum therapeuticum” from which fewer and fewer infecting bacteria will escape. —Alexander Fleming 
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lm ANTICOAGULANTS 


HEPARIN: 10,000 units IV and later 5,000 subcutaneously 8th hourly 
Uses: DVT, pulmonary embolism, DVT prophylaxis. 
Heparin therapy should be monitored by partial thromboplastin time (PTT), 
Side effects: Haemorthage, alopecia. 
Protamine sulphate neutralizes the action of heparin, 1tis given IV slowly, Dose should not exce: 
LOW MOLECULAR WEIGHT HEPARINS: 
Ithas got longer duration of action. Monitoring is not required. Given as once a day regime. 
Dalteparin 2500-10, 000 IV- SC/LV. 
Enoxaparin: 40 mg SC, 
Parnaparin 
Fraxiparin 
WARFARIN SODIUM: 
Itis an oral anticoagulant, It is monitored using prothrombin time, 
Available as 5 mg tablets 
Dose: 10 mg OD. 
It causes haemorrhage and drug interactions, 


mi OTHER DRUGS 


¢ VITAMIN K: 10 mg OD IM for 3-S days. Itis used in bleeding disorders, Vitamin K deficiencies in children, liver disorders, 
¢ ERYTHROPOIETIN: 500 IU/kg thrice a week. It is used in chronic renal failure. 
¢ BROMOCRIPTINE: Dose: 20 mg/day. 
Its used to suppress lactation, galactorthoea, hyperprolactinaemia, parkinsonism, acromegaly. 
¢ CLOMIPHENE CITRATE: Used in infertility 
Dose; 50 mg for $ days from Sth day of menstruation 
¢ OCTREOTIDE: 0.1 mg BD. Used after pancreatic surgeries in haematemesis, gut endocrine tumours. 
¢ VASOPRESSIN: 20 IU IV/SC. Used in bleeding oesophageal varices, 
DESMOPRESSIN 4 microgram/day-SC-IV-NASAL SPRAY. 
‘TERLIPRESSIN: 2 mg IV, 
¢ L-THYROXINE: 25, 50, 100, 200 microgram tablets 
Uses: Myxoedema, cretinism for maintenance therapy after total thyroidectomy, as suppressive therapy in papillary carcinoma 
thyroid (300 jwem) in physiological goitre, in dyshormonogenesis, 
¢ ANTITHYROID DRUGS: Side effects: Agranulocytosis and alopecia, 
CARBIMAZOLE: 5-20 mg daily exactly 8th hourly. 
METHIMAZOLE: 5-20 mg daily. 
PROPYLTHIOURACIL: 600 mg tid, Used in pregnancy and children. 
¢ DANAZOL: It is used in fibrocystic disease of breast, gynaecomastia, mastalgia, infertility, precocious puberty. 
Dose: 800 mg OD, 
ANTACIDS: Aluminium hydroxide, magnesium trisilicate, sodium bicarbonate 
Dose is variable. 
¢ CARBENOXOLONE: 100 mg tid. It is used in peptic ulcer. 
and sodium retention, hypokalaemia, 
¢ Hy RECEPTOR BLOCKERS: Used in peptic ulcer. 
Cimetidine 1000 mg/day. 
Ranitidine 150 mg BD or 300 mg at bed time, Injection ranitidine 50 mg LV 6th-8th hourly. 
Famotidine: 40 mg OD. 
Roxatidine 75 mg OD. 
Nizatidine, 
¢ PROTON PUMP INHIBITORS: Used in peptic ulcer 
Omeprazole: 20 mg OD/BD 1 hour before food. 
Lanzoprazole: 30 mg OD before food. 
Esomeprazole 40 mg OD. 
Pantoprazole 40 mg OD before food. 
¢ PIRENZEPINE: 50 mg BD. Used in peptic ulcer. 


It causes wa 


BISMUTH COLLOIDS: Used in peptic ulcer. I is also anti-Helicobacter pylori 
Itstains the oral mucosa. 

SUCRALFATE: Used in peptic ulcer. 

Dose: | gm tid. 

ONDANSETRON: § mg BD. Orally or IV. It is used to prevent vomiting before starting chemotherapy. 
LAXATIVES: 

Castor oil: 16 ml HS. 

Phenolphthalein 300 mg HS. 

Bisacodyl 5 mg orally. HS or 100 mg as rectal suppositories. 

Isabgol as bulk laxative, 15 mg HS. 

Liquid paraffin: 30 ml HS. 

ANTIDIARRHOEAL: 

Bismuth kaolin, 

Diphenoxylate, atropine. 

Loperamide 2-4 mg 8th hourly or as required up to maximum of 16 mg/day dose, 

PROKINETIC DRUGS: 

Metoclopramide: Used in vomiting, dyspepsia, hiccough. It causes extra-pyramidal reactions. 
Domperidone: Dose: 10 mg tid before food. It does not cause extra-pyramidal reaction as it does not eross the blood-brain 
barrier. 

Cisapride: 10-40 mg/day before food. It can cause cardiac arrhythmias 

Mosapride. 

POTASSIUM: It should be given only in LV drip slowly, IV Bolus should not be given. 2 mEq/ml. 
Dose: 20-40 m equivalents. IV should be given under ECG monitoring, 

SODIUM BICARBONATE: 7.5% w/v in correction of acidosis. 
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Appendix 
Important Laboratory Values 


URINE 


Specific gravity: 

Normal: 1.010 to 1.025, Low: less than 1.010. High: more than 1.025. 
Fixed: 1.010 to 1.014, 

Reaction: Acidic with a pH of 6.0. 

Colour: Clear and amber coloured. 


Parameter Values 
Aldosterone 2-10 pgiday 

Nitrogen 04-10 gmiday 

Amylase 30-250 Somogyi units/hour 
Calcium <3.8 mmol/day 
Catecholamines < 100 Uday 

Copper <25 pgiday 

Creatinine 1.0-1.6 gmiday 

Creatinine clearance 140-150 ml/min in males 


105-130 ml/min in females 


Estrogens 4-25 g/day in males 
17-hydroxy corticosteroids -10 mg/day 
S-HIAA 2-9 mg/day 
17-ketosteroids 7-25 mg/day in men 
4-15 mg/day in women 
Magnesium 6.0-8.5 mEq/24 hours, 
Metanephrines 13 mg/day 
Urine osmolarity 38-1400 mOsmvkg water 
Phosphorus 0.9-1.3/day 
Porphyrins 
Coprophyrin 50-250 g/day 
Uroporphyrin 10-30 pgiday 
Potassium 25-100 mmol/day 
Protein < 150 mg/day 
Sodium 100-250 mEq/day 
Urobilinogen 1.3.5 mglday 
VMA <8 mg/day 
lm BLOOD 
Acetoacetie acid <0.3 mmol/litre 
Acid phosphatase 1.0-5.0 King-Armstrong units 
Alkaline phosphatase 20-90 1Ulitre 


Humor is hazardous to your illness; but not for you. 
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Amino nitrogen 
Amylase 
Ascorbic acid 
Bicarbonate 
Bilirubin 


Calcium 
Ionised 

CO? in plasma 

COp tension in artery 
Ceruloplasmin 

Chlorides 

Cholesterol—total 

Copper 

Cortisol 

Creatine phosphokinase (CPK). 
Creatinine 

Free fatty acids 

Gastrin 

Glucose 

17-OH corticosteroids 


Lipase 
Magnesium 


cotidase 
Osmolality 
Oxygen. 


Oxygen saturation 
pH of blood 
Phosphorus, inorganic 
Potassium 
Protein—total 
Albumin 

Globulin 

Sodium 

Sulphate inorganic 
Testosterone 

TSH 

‘Thyroxine (14) 
‘Triiodo thyronine (T3) 
SGOT/AST 
SGPT/ALT 

Uri acid 


Urea nitrogen (BUN) 


3.5-5.$ mg/dl 

60-180 Somogyi units 

0.4-1.0 mgidl 

23-29 mmol/ltre 

Total 0.3-1.0 mg/dl. Direct 0.1-0.3 mg/dl 
Indirect 0.2-0.7 mg/dl 

9-11 mg/dl 

4.5-5.6 mgidl 

20-30 mmol/L. (50-70 volume %) 

35-45 mmHg 

27-37 mgidl 

98-106 mmol/L. 

150-250 mg% 

115 + or—15 pgidl 

5-20 ugidl 

25-90 units/ml in males. 10 m-70 units/ml in females 

< 1S mg/dl 

0.7 mmol/itre 

40-200 mgiall 

70-110 mg/dl 

2-10 mg/day 

800-1500 mg/dl 

40-150 mgiall 

90-320 mgidl 

6-26 U/ml 

7-25 mgiday in males, 4-15 mg/day in females 

15 units 

0.8-1.3 mmol/itre 

0.3-2.6 Bodansky units/dl 

280-300 mOsm/kg of water 

17-21 volume % in arterial blood 

10-16 volume % in venous blood 

97% in arterial blood, 60-85% in venous blood 

736-744 

1-14 mmolilitre 

3.5-5.0 mmol/litre 

5.5-8.0 gmidl 

3.5-5.5 gmidl 

2.0-3.5 emidl 

136-145 mmol/litre 

0.8-1.2 mgilitre 

< 100 ng/dl in females. 300-1000 ng/dl in males 

0-5 [U/ml plasma 

5-12 ugidl 

80-200 ngidl 

6-18 units/litre 

3-26 units/litre 

8.0 mg/dl in males 

6.9 mg/dl in females 

10-20 mg/dl 


RBC count 


Reticulocyte count 
WBC count 
Platelet count 


4.6-6.2 millions/mm? in males 
4 millions/mm' in females 
4.5-5.1 millions/mm' in children 
25,000-75,000/mm? 
4,300-10,000/mm* 
1,50,000-4,40,000/eu mm 

1-4 minutes 


Hacmatocrit 
Clotting time 
Clot retraction time 


Plasma fibrinogen 
Partial thromboplastin time 


Prothrombin time 
Haemoglobin 


Fetal haemoglobin 
HaemoglobinA2 
Osmotic fragility 
Sedimentation rate (ESR) 


40-54 ml/100 ml 
2-15 minutes 

Apparent in 60 minutes, complete in 24 hours 

Usually <6 hours 

160-400 mg/dl 

68-82 seconds 

Activated is 32-46 seconds 

11-15 seconds 

14-18 gnvvdl mates 

12-16 gmvidl females, 

11-16 gin/dl children 

16-19 mg/dl newborn 

<2% 

153.5% 

Begins in 0.45-0.39% NaCl and completes in 0.33-0.30% 
<10 mm in one hour in males 

<20 mm in one hour in females 


STOOL EXAMINATION 


Bulk, 
Water 
Osmolarity 
Colour 


Stercobilinogen 
Urobilinogen 
Nitrogen 
Calcium 


Trypsin 


100-200 gm 
75% 

250 mOsm/L 
Brown 

10-75 

<7 amiday 

50-280 mg/day 
30-200 mg/100 gm 
<2.5 gmiday 

0.6 gm/24 hours 
20-90 units/gram 


01 


xipuaddy 


Further Reading 


Bailey and Love's Short Practice of Surgery, 25th edition. 

Oxford Textbook of Surgery, 2nd edition. 

Maingot’s Abdominal Operations, 11th edition. 

Fischer’s Mastery of Surgery, 6th edition, 

Sabiston Textbook of Surgery, 19th edition, 

‘The Washington Manual of Surgery, Sth edition. 

Farquharson’s Textbook of Operative General Surgery, 9th edition. 
Surgery of Anus, Rectum and Colon by John Goligher, Sth edition. 


Life ends always as “Incomplete”. 
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Ampulla of Vater 670 
“Amputation of penis, partial 


1002 


1002 


84,326,791 
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Amputation of penis,total 1145 
‘Amputation stump, conical bearing 331 
Amputation, "Peg-leg’ 335 
Amputation, above-knee 213,335, 
Amputation, below-knee 213,334 
Amputation, Boyd's 333, 
‘Amputation, Buerger’s 213, 
Amputation, Burgess 334 
Amputation, Chopart's 333 
Amputation, complications 337 
Amputation, forequarter 336 
Amputation, Griti-Stokes 335 
Amputation, Guillotine 336 
Amputation, hind quarter 335 
‘Amputation, ideal stump 330 
Amputation, incisions 331 
Amputation, interscapulothoracic 336 
Amputation, Krukenberg 336 
Amputation, Lisfranc’s 332 
Amputation, modified Symes 333 
Amputation, patient evaluation 331 
Amputation, Pirogof’s 334 
Amputation, principles 331 
Amputation, prosthesis 339 
Amputation, Ray's 332 
Amputation, Sir-Gordon Taylor's 335 
Amputation, Symes 333 
Amputation, transmetatarsal 

(Gillies) 332 
Amputation,Wagner’s 333 
Amputations 330 
Amputations,types 330 
Amsterdam criteria 965 
Amsterdam criteria, modified 965 
‘Amylase creatinine clearance ratio 730 
Anaemia,Cooleys 718 
‘Anaemia, erythroblastic target cell 718 
‘Anaemia, mediterranean 718 
Anaesthesia,caudal 1237 
Anaesthesia, epidural 1236 
Anaesthesia, general 1232 
Anaesthesia, instruments 1101 
‘Anaesthesia intravenous regional 1235 
Anaesthesia, postoperative care 1234 
Anaesthesia, preoperative 

assessment 1231 
Anaesthesia, regional 1235 
Anaesthesia, spinal 1235 
‘Anaesthesia,topical 1235 
Anaestheticagents 1232 
‘Anaesthetic, gaseous 1232 
Anaesthetics, intravenous 1232 
Anaesthetics, volatile 1232 
‘Anal canal, anatomy 1021 
Anal canal, malignant tumours 1057 
Anal canal, malignant tumours, AJCC. 

staging 1058 
Anal canal sphincters 1021 
Anal carcinoma,NIGRO regime 1058 
Analcircling 1034 
Anal cushions 1039 
Anal dilatation 1042 
Anal fissure,acute 1047 
Analfissure,chronic 1047 


‘Anal fissure, chronic, dorsal 
fissurectomy 1048 

‘Anal fissure, chronic, lateral anal 
sphincterotomy 1048 

Anal fistula plug repair 1055 

Anal incontinence 1059 

‘Anal incontinence, secca therapy 1059 

‘Anal intraepithelial neoplasia (AIN) 1057 

Anal manometry 1032 

‘Anal margin tumours 1057, 1058 

‘Anal sphincter external 1021, 1047 

‘Anal sphincter internal 1021, 1046 

‘Anaplasia 282 

‘Anastomosis, Kimura's diamond 
shaped 990 

Anchovy sauce 631,632 

‘Anchovy sauce pus 33 

‘Andy gump deformity 399 

Anel’s procedure 203, 

‘Aneurysm 44 

‘Aneurysm, Berry 1182 

‘Aneurysm, carotid artery 209 

Aneurysm,cirsoid 225 

‘Aneurysm,dissecting 209 

Aneurysm, intracranial 1182 

‘Aneurysm, mycotic 1183 

‘Aneurysm, popliteal 208 

‘Aneurysm, ruptured aortic 207 

‘Aneurysm, splenic artery 722 

‘Aneurysms 202 

‘Aneurysms,abdominal 203 

‘Aneurysms, abdominal, aortic 204,205, 

‘Aneurysms,berry 202 

‘Aneurysms dissecting 202 

‘Aneurysms endoluminal stent 207 

‘Aneurysms false 202 

‘Aneurysms,mycatic 203 

‘Aneurysms peripheral 208 

‘Aneurysms true 202 

Angelchik prosthesis 846 

Angiodysplasia,colon 974 

Angiogram,aortic 180 

Angiogram, coronary 1216 

Angiogram, renal 1069, 

Angiogram,transbrachial 187 

Angiography 180 

Angiography, digital substraction, 
DSA 180 

Angiography,indication 180 

Angiography, retrograde transfemoral 
Seldinger 180 

Angiolipoma 72 

Angiomyolipama 1098 

Angiomyoneuroma 82 

Angioplasty, balloon 216 

Angioplasty, coronary balloon 1222 

‘Angioplasty, percutaneous transluminal 
balloon 190 

Angioscope 192 

‘Angioscopy 216 

Angle of His’ 842 

Anion gap 100 

Anarchism 1161 


‘Anorectal malformation,"Wingspread 
classification 1035 
Anorectal malformation treatment 1036, 
Anorectal malformations 1034 
‘Anorectal myectomy 951 
Anorectal strictures 1056 
Antacids 884 
Anterior resection 1028 
Anthrax 61 
Antibioma 42,556,558 
Anticoagulants 252 
Anticoagulants, in vitro 253 
Anticoagulants, oral 253 
Anti-Helicobacterregime 884 
Anti-HIV antibody 63 
Antilymphocytic globulin 355,129 
Antimalignancy drugs 1227,1228 
Antiplatelet antibodies 718 
Antiplatelet drugs 253 
Antirabies serum 60 
‘Antirabies vaccines, indication 59 
Antireflux surgeries 845, 
Antisepsis 1244 
‘Antitetanus globulin 51 
Antitetanus serum 51 
Antithyroid drugs 506 
Antitubercular drugs 474 
Antrectomy,de Miguel's 881 
Antylus procedure 203, 
Aortic aneurysm 778 
Aortic clamping 152 
Aortic regurgitation 1221 
Aortic stenosis 1221 
Aortocaval fistula 205 
Aortoenteric fistula 205 
Aortofemoral bypass graft 184 
Aortoiliac endarterectomy 183 
Aortoiliac occlusive disease 183 
Aortoiliac occlusive disease, types 183 
APACHE IIscoring system 890 
‘Apethumb deformity 276 
‘Appendicectomy 1011, 1262 
‘Appendicectomy, complications 1012 
‘Appendicectomy, Fowler-Weir 
approach 1011 
‘Appendicectomy, Fowler Weir 
incision 1262 
Appendicectomy,grid-ironincision 1262 
‘Appendicectomy incidental 1013 
Appendicectomy, interval 1014, 1015, 
‘Appendicectomy, Lanz crease 
incision 1262 
Appendicectomy, laparoscopic 1017 
Appendicectomy, laparoscopic 
assisted 1018 
‘Appendicectomy negative 1014 
‘Appendicectomy retrograde 1012, 1262 
‘Appendicectomy, Rutherford Morison 
incision 1262 
‘Appendicectomy, troubles in 1013 
‘Appendicitis sequelae 1010 
‘Appendicitis acute nonobstructive 
1007 


1006, 


‘acute obstructive 1007, 


‘Alvarado scoring 1011 
‘Alvarado scoring, Kalam, 
modified 1011 
Appendicitis children 1008 
Appendicitis,chronic 1014 
CTscan 1010 
differential diagnosis 1009 
elderly 1008 
epidemic 1006 
‘grumbling 1014 
infancy 1008 
‘pregnancy 1009 
recurrent 1008 
simple 1014 
sonographic criterias 1010 
stump 1008, 1014 
Appendicitis, subacute 1008 
Appendicular abscess 1007, 1015 
Appendicular mass 781,107, 1014 
Appendix,carcinoid tumour 1017 
‘Appendix cystic neoplasms 1017 
‘Appendix, duplication (Wallbridge 
dlassification) 1005 
‘Appendix, duplication 1005 
Appendix, mucocele 1007, 1016 
Appendix,neoplasms 1017 
‘Appendix, primary 
adenocarcinoma 1017 
‘Appendix, surgical anatomy 1005 
Applejelly nodule 26 
‘Apudomas 536,755 
ArcofRiolan 948 
Arimidex 585 
‘Arm-foot venous pressure 242 
Arterial diseases 175 
Arterial diseases treatment 190 
Arterial graft 192 
Arterial occlusion, acute 196 
Arterial occlusion, traumatic 197 
Arterial pile 1041 
Arterial substitutes 220 
Arteries,lowerlimb 175 
Arteries, upper limb 175 
Arteriovenous fistula 225 
Arteriovenous fistula,acquired 227 
Arteriovenous fistula, congenital 225 
Artery,inferior thyroid 485,523, 
Artery superior thyroid 485, 
Artifical blood 127 
ASCA 927 
Ascending urethrogram 1069 
Ascites 661 
Ascites in portal hypertension 663 
Ascites,encysted 622 
Ascitic tap 662,663 
Ascolisthermaprecipitation test 61 
Asepsis 1244 
sepsis, wound scoring 36 
Asepta syringe 1109 
‘Askanazy cells 519 


Astrocytomas 1183, 
Astrup formula 100 
Atherectomy 191 
Atherosclerosis 182 
‘Atherosclerosis, management 183 
Atherosclerosis, pathogenesis 182 
Athlete's foot 172 
Athyreosis 486 
‘Atkinson tube 865 
Atresia, apple peel 991 
Atresia,duodenal 989 
Atresia, intestinal (small intestine) 990 
Atresia, intestinal, Griesfield modification 
‘of Martin’ classification 991 
Atrial septal defect, primum type 1218 
Atrial septal defect, secundum type 1218 
Atrial septal defect, sinus venosus 
type 1218 
Atrophic blanche 238 
‘Audit,clinical 1275 
‘Audit surgical 1275 
‘Auerbach’ plexus 839,870 
‘Autoclave 1244 
Autograft 340 
AVnode 1216 
‘Axillary nerve sampling 547 
Axillary nodes management 589 
Axillary nodes, Berg’ levels 547 
Axillary tailof Spence 545 
Axonotmesis 273 
‘Azathioprine 356,927,129 


Bacillus anthracis 61 
Back wash ileitis 954 

Bactec MGIT brath culture 619 
Bacteraemia 45 

Baker'stube 1002 
Balanoposthitis 1141 

Ball valve mechanism 801 
Bandage,spica 1272 
Bandages 1272 
Bandages,cravet 1273, 
Bandages,roller 1272 
Bandages,'T’ 1272 

Bandages, tailed 1272 
Bandages, triangular 1272 
Bandages,tubular 1272 
Bandaging, principles 1273 
Bands 1003 

Bariatric surgery 107 

Barium enema 981 

Barium enema,aircontrast 982 
Barium meal study 873, 
Barium swallow 841 

Barnard's aphorism 610 
Barrett'sulcer 849 

Basal celladenoma 445 

Basal cell carcinoma, treatment 306 
Basal cell naevus syndrome 303 
Basal cell papilloma 298 
Bascom technique 1038 
Base ball finger 170 


Bassini repair 820 

Bassinisstitch 808 

Batrabies 58 

Bazin'sdisease 27 

Beck'striad 1210 

Bednar's tumour 296 

Bedsore 21,214 

Beger’s procedure 744 

Beger'slavage 732 

Belatacept 356 

Belly cleft 793 

Bench surgery 1094 

Benign prostatic hyperplasia 1122 

Benign prostatic hyperplasia, drugs 
in 1124 

Benign prostatic hyperplasia, surgical 
management 1123 

Benzidine test 1076 

Berry picking 512 

Berry'sligament 484,492,520 

Bethesda criteria 965 

Bevacizumab 585, 

Bile 670 

Bile duct carcinoma 702 

Bile duct injuries 708 

Bile duct injuries, Hannover 
classification 709 

Bile duct injuries, Stewart Way 
classification 709 

Bile duct injuries, Strasberg 
classification 708 

Bilhemia 705 

Biliary atresia 677, 

Biliary colic 683 

Biliary dyskinesia 710 

Biliary fistulas 703 

Biliary obstruction, Benjamin's 
classification 696 

Biliary papilloma, benign 699 

Biliary sphincter dyskinesia 710 

Biliary strictures 697 

Biligram 671 

Biliopancreatic diversion 110 

Billing gate hump 86 

Billrath | gastroduodenal 
‘anastomosis 887, 886 

Biloma 709 

Binachi's surgery 942 

Biobrane 136 

Biochemotherapy 1227 

Biological valves 1222 

Biopsy 286 

Biopsy,excision 289 

Biopsy frozen section 290 

Biopsy incision 288 

Biopsy,trucut 289 

Biosyn 1256 

Bisgaard method 250 

Bite,bee 363 

Bite, black widow spider 362 

Bite, brown spider 363, 

Bite, mammalian 363, 

Bite,snake 362 

Bite,spider 362 
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Bladder carcinoma, transitional cell 
Bladder carcinoma,treatment 1114 
Bladderdiverticula 1118 

Bladder diverticula,acquired 1118 
Bladder diverticula,congenital 1118 
Bladder mass 781 
Bladder outlet obstruction 
Bladder systolic 1082 
Bladder tumour, carcinoma in situ 1113, 
Bladder tumour, Helmstein balloon 


m2 


1125 


degeneration 1114 
Bladder tumour, intravesical 
chemotherapy 1114 


Bladder tumour, muscle invasive 1113 

Bladder tumour, radiotherapy 1114 

Bladder tumour, superficial 1112 

Bladder tumours 1112 

Bladder tumours, Jewett-Strong-Marshall 
staging 1113 

Bladder tumours, TNM staging 
wie) 1113 

Bladder, autonomous 1117 

Bladder, cricket ball 1134 

Bladder, extraperitoneal rupture 
1116 

Bladder, intraperitoneal rupture 
1116 

Bladder, motor paralytic 1117 

Bladder, neurogenic 1117 

Bladder, reflux neurogenic 1117 

Bladder, sensory paralytic 1117 

Bladder, systolic 1110,1111 

Bladder, thimble | 1082,1110,1111 

Bladder, uninhibited neurogenic 1117 

Blairs incision 438 

Bleeding duodenal ulcer,endoscopy 892 

Bleeding duodenal ulcer, 
sclerotherapy 892 

Bleeding gastriculcer 893 

Bleomycin 482 

Block dissection, complication 481 

Block,Bier’s 1235 

Block,field 1235 

Block, infiltration 1235, 

Block,nerve 1235 

Block,saddle 1236 

Block,Winnie’s 1235 

Blood coagulation, mechanism 129 

Blood fractions 124 

Blood loss,measurement 122 

Blood substitutes 126 

Blood transfusion 124 

Blood transfusion, autologus 127 

Blood transfusion, blood collection 124 

Blood transfusion, complication 125,126 

Blood transfusion, donorcriteria 124 

Blood transfusion, massive 126 

Blood vessels palpation 179 

‘Blow-out fracture, orbit 376 

Blue toe syndrome 207 

Bluedome cyst of Bloodgood 551 

Blumer's shelf 749,907,909 

Blunt abdominal trauma 150 

BM Achauer classification of burns 
contracture 137 


m5, 


5, 


Body massindex 106 
Boil 46 
Boiling 1244 
Bolus obstruction 984 
Bonin’ Y-V plasty 1134 
Borchardt'striad 900 
Bottlenose 297 
Botulinum toxin 853 
Bouin's fluid 1163, 
Bournevilles disease 295 
Bowensdisease 298 
Boyle's apparatus 1233 
Brachytherapy 1225 
Brachytherapy, interstitial 
Brachytherapy, intracavitary 
Brachytherapy, surface 1226 
Bradley's repeated laparotomy 732 
Brain tumours, primary 1183 
Brain death, criteria 353, 
Brain ischaemia 1173 
Brain necrosis 1173 
Brain oedema 1173 
Brain, secondaries 1183 
Branchia fistula,acquired 461 
Branchia fistula,congenital 460, 
Branchial cyst 459 
Branchial cyst,treatment 460 
Brasdor‘ ligation 203 
Breast cancer, Foote Stewart 
classification 565 
Breast carcinoma 563 
Breast carcinoma, tumour receptors 577 
Breast carcinoma advanced 590 
Breast carcinoma, axillary clearance 589 
Breast carcinoma, axillary sampling 579, 
589 
Breast carcinoma,bilateral 573 
Breast carcinoma, biological 
behaviour 569 
Breast carcinama, bone secondaries 592 
Breast carcinoma, BRCA genes 563 
Breast carcinoma,chemotherapy 585 
Breast carcinoma, chemotherapy 
regimes 586 
Breast carcinoma, classification 565 
Breast carcinoma, Columbia 
classification 575 
Breast carcinoma, conservative 
surgeries 582 
Breast carcinoma,core biopsy 576 
Breast carcinoma, cutaneous 
‘manifestation 569 
Breast carcinoma, discharge study 577 
Breast carcinoma, ductal endoscopy 579 
Breast carcinoma ductography 579 
Breast carcinoma, early, 
management 586 
Breast carcinoma edge biopsy 577 
Breast carcinoma, Elstor-llis modified 
Bloom-Richardsan grading 569 
Breast carcinoma,excision biopsy 576 
Breast carcinoma, Fischer concept of. 
spread 564 
Breast carcinoma,FNAC 575 


1225, 1226 
1225, 1226 


Breast carcinoma, FNAC scoring 576 
Breast carcinoma, grading of the 
tumour 568 
Breast carcinoma, haematogenous 
spread 571 
Breast carcinoma, Halsted concept of 
spread 564 
Breast carcinoma,hormone therapy $84, 
585 
Breast carcinoma,image guided 
biopsy 576 
Breast carcinoma locally advanced $90 
Breast carcinoma, lymphatic spread 570 
Breast carcinoma,male 593 
Breast carcinoma, Manchester 
staging 573 
Breast carcinoma,metastatic 591 
Breast carcinoma, metastatic, 
chemotherapy 591 
Breast carcinoma, metastatic,hormone 
therapy 591 
Breast carcinoma, metastatic, 
radiotherapy 591 
Breast carcinoma, metastatic 
treatment 591 
Breast carcinoma, modified Gail rsk 
assessment model 564 
Breast carcinoma,MRI breast 577 
Breast carcinoma,neoadjuvant 
chemotherapy 586 
Breast carcinoma, newer investigation 
modalities 579 
Breast carcinoma, oestrogen receptor 
study 576 
Breast carcinoma Paget's cells 567 
Breast carcinoma, pleura effusion 592 
Breast carcinoma, pregnancy 594 
Breast carcinoma, progesterone receptor 
status 577 
Breast carcinoma, prognostic factors $92 
Breast carcinoma, radiotherapy 583 
Breast carcinoma, sentinel node 
biopsy 578,589 
Breast carcinoma,thermography 579 
Breast carcinoma, TNM staging 573 
Breast carcinoma, triple assessment 579 
Breast carcinoma, trucut biopsy 576 
Breast carcinoma ultrasound 575 
Breast carcinoma, wide local 
excision $82,587 
Breast conservative surgery 587 
Breast cyst 559 
Breastimplants 596 
Breast reconstruction 594 
Breast self-examination 573 
Breast,anatomy 544 
Breast,ANDI 548,551 
Breast atrophic scihous 567 
Breast blood supply 546 
Breast cysticswelling 560 
Breast, ductal carcinoma 564 
Breast, ductal carcinoma in stu 
Breast fibrocystic disease 551 


564,565 
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Breast frozen section biopsy 576 
Breast, hard swellings 597 
Breast inflammatory carcinoma 
Breast lactating carcinoma 566 
Breast lactational abscess 556 
Breast lobular carcinoma 564 
Breast, lobular carcinoma in situ 
Breast lymphatic drainage 546 
Breast, massive enlargement 597 
Breast, medullary carcinoma 566 
Breast, milk secretion 546 
Breast nerve supply 546 
Breast,nerves-related 546 
Breast nipple discharge 597 
Breast nipple inversion $97 
Breast nipple retraction 597 
Breast,nonlactational abscess 557 
Breast scirrhous carcinoma 566 
Breast secretory apparatus 544 
Breast,topography 544 

Breast transcoelomic spread 572 
Breast tuberculosis 559 
Brittlediabetes 744 

Bronchial cast 147 


566,591 


564,567 


Bronchoscopy 1199 
Bronchoscopy,flexible 1199 
Bronchoscopy,rigid 1199 


Brown's vasomotor index 181 

Brunnerglandadenoma 936 

Bubo 28 

Buerger’s angle of vascular 
insufficiency 179 

Buerger'sdisease 184 

Buerger'sexercise 188 

Buerger’s position 188, 

Buffalo hump 260 

Bunion 86,173 

Bupivacaine 1235 

Burhenne technique 693, 

Burn contracture classification, BM 
‘Achauer 137 

Burn contracture classification, 
Hfeanyichukwu 137 

Burns 130 

Burns contracture 137 

Burns contracture,classification 137 

Burns contracture,complication 137 

Burns contracture,treatment 137 

Burns,acid 141 

Burns,alkali 141 

Burns,assessment 132 

Burns, assessment of airway injury 133 

Burns, biologic dressings 136 

Burns,chemical 141 

Burns, classification 130 

Burns,effects 134 

Burns,first aid 134 

Burns,frst degree 130 

Burns fluid resuscitation 135 

Burns,fourth degree 131 

Burns fullthickness 132 

Burns inhalation 141 

Burns,local management 135 

Burns,management 134 


Burns,Marjolin ulcer 137 

Burns,medicolegal aspects 142 

Burns,metabolic changes 133, 

Burns,partial thickness 132 

Bums, pathophysiology 132 

Burns,second degree 131 

Burns,sepsis 133 

Burns,third degree 131 

Burns,topical agents 136 

Burns,toxic shock syndrome 134 

Burns,types 130 

Burns, wound coverage 136 

Bursa anserina 86 

Bursa bicipito-radial 85 

Bursa adventitious 86 

Bursa,anatomical 85 

Bursa, Brodie’s 86 

Bursa,complication 85 

Bursa, infrapatellar 85 

Bursa,olecranon 85 

Bursa, porter’s 86 

Bursa, prepatellar 85 

Bursa, psoas 85 

Bursaradial 164 

Bursa, retrocalcaneum 86 

Bursa,semimembranosus 86 

Bursa,subacromial 85 

Bursa subhyoid 85 

Bursa, tailors 86 

Bursajulnar 164 

Bursa, Weaver's 86 

Bursae 85 

Bursae,types 85 

Bursitis 85 

Bursitis,retro-Achilis 86 

Bursitis subcalcaneal 86 

Burstabdomen 788 

Burst abdomen, modified Jones 
closure 790 


Buschke Lowenstein tumour 1057 


gc 


Cadaver donor 353 
Caecal bascule 997 

Café-aurlait spats 91,92 

Calcifying epithelioma of Malherbe 295 
Calcinosis cutis 89 

Calcitonin 518,519 

Calcitonin gene related peptide 1161 
Calcium 531 


Calculus, staghorn 1090, 1097 
Calculus,urethral 1134 
Calculus,vesical 1106 
Calculus,uerteric 1094 


Calf musculovenous pump 231 
Callosity 170 

Calot’striangle 670 
Campbell de Morgan spots 229 
anal of Nuck 800 
Canalicularadenoma 445 
Cancer, Chimney sweep 299 
Cancer,Kang 299 
Cancer.Khangti 299 


Cancer,management strategy 291 

Cancer,tear 303 

Canceren-cuirasse 569 

Cancrum oris 391 

Cantlie’s line 666 

Capitonnage 641 

Capsule endoscopy 942 

Carbimazole 506 

Carbuncle 47 

Carbuncle,renal 48 

Carcinoembryonic antigen 970 

Carcinogens,chemical 284 

Carcinogens, microbial 284 

Carcinogens,radiation 284 

Carcinoid crisis 940 

Carcinoid syndrome 939,940 

Carcinoid tumour 939 

Carcinoma 282 

Carcinoma alveolus 423 

Carcinoma cheek 396 

Carcinoma cheek,advanced 401 

Carcinoma cheek,approaches 406 

Carcinoma cheek, biological 
behaviour 398 

Carcinoma cheek, Broder's 
classification 401 

Carcinoma cheek,chemotherapy 407 

Carcinoma cheek, clinical features 399 

Carcinoma cheek halitosis 399 

Carcinoma cheek, premalignant 
lesions 396 

Carcinoma cheek radiotherapy 407 

Carcinoma cheek, reconstruction after 
surgery 405 

Carcinoma cheek staging 399 

Carcinoma cheek,TNM staging 399 

Carcinoma cheek treatment 401 

Carcinoma cheek,verrucous 398 

Carcinoma colon,adjuvant therapy 973 

Carcinoma colon, air contrast barium 
enema 970 

Carcinoma colon, Aster-Coller's 
staging 967 

Carcinoma colon, barium enema 970 

Carcinoma colon,chematherapy 973 

Carcinoma colon, colonoscopy 970 

Carcinoma colon, Cunderson-Sosin 
staging 968 

Carcinoma colon, Duke's histological 
grading 966 

Carcinoma colon, Duke's staging 967 

Carcinoma colon, local 
complications 970 

Carcinoma colon, local recurrence 974 

Carcinoma colon, modified Duke's 
staging 967 

Carcinoma colon, Owen Wangensteen's 
second look operation 972 

Carcinoma colon,radiatherapy 973 

Carcinoma colon,screening 970 

Carcinoma colon,TNM staging 968 

Carcinoma colon, treatment 971 

Carcinoma floor ofthe mouth 423 
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Carcinoma gallbladder 699 
Carcinoma gallbladder Nevins 
staging 700 
Carcinoma gallbladder, TNM staging 700 
Carcinoma gallbladder treatment 701 
Carcinoma hard palate 427 
Carcinoma in situ 284 
Carcinoma lip 410 
Carcinoma lip,treatment 412 
Carcinoma oesophagus 840,858 
Carcinoma oesophagus, endoscopic 
mucosal resection 860 
Carcinoma oesophagus, palliative 
treatment 864 
Carcinoma oesophagus, TNM 
staging 861 
Carcinoma oesophagus, treatment 860 
Carcinoma oesophagus,types 859 
Carcinoma of gingivobuccal 
complex 395 
Carcinoma of penis, Broder's 
grading 1144 
Carcinoma pancreas 747 
Carcinoma pancreas, barium meal 
Xray 752 
Carcinoma pancreas, biopsy 751 
Carcinoma pancreas,CA19-9. 751 
Carcinoma pancreas, 
endosonography 751,752 
Carcinoma pancreas,ERCP 751,752 
Carcinoma pancreas laparoscopic 
us 751 
Carcinoma pancreas, periampullary 748 
Carcinoma pancreas, preoperative 
preparation 752 
Carcinoma pancreas,PTC 751 
Carcinoma parathyroid 532 


Carcinoma penis 1142 
Carcinoma penis,Jackson’s staging 1145 
Carcinoma penis,radiotherapy 1146 
Carcinoma penis,TNM staging 1145 
Carcinoma penis,treatment 1145 
Carcinoma peritonei 614 
Carcinoma prostate 1126 
Carcinoma prostate, Gleason 

grading 1126 
Carcinoma prostate, TNM staging 1126 
Carcinoma rectum 1023 
Carcinoma rectum, tumour vaccine 1029 
Carcinoma rectum, chemoradiation 1029 
Carcinoma rectum, chemotherapy 1029 
Carcinoma rectum,CT scan 1025 
Carcinoma rectum, Duke's staging 1024 


Carcinoma rectum, endorectal 
ultrasonography 1025, 
Carcinoma rectum, Haggitt’s invasion of 
malignant polyp 1024 
Carcinoma rectum, local recurrence 
Carcinoma rectum, lower anterior 
resection 1026, 1028 
Carcinoma rectum, modified Duke's 
staging 1024 
Carcinoma rectum, radiotherapy 


1027 


1029 


Carcinoma rectun,TNM staging 1024 

Carcinoma rectum, total mesorectal 
excision 1026 

Carcinoma stomach 902 

Carcinoma stomach adjuvant 
therapy 913 

Carcinoma stomach aetiology 902 

Carcinoma stomach, barium meal 
study 910 

Carcinoma stomach, biological 
behaviour 906 

Carcinoma stomach, Birmingham 
staging 908 

Carcinoma stomach, Borrmann's 
classification 904 

Carcinoma stomach, 
chemoradiatherapy 913, 

Carcinoma stomach,chematherapy 913 

Carcinoma stomach, colloid 908 

Carcinoma stomach, endamucosal 
resection 913 

Carcinoma stomach, 
endosonagraphy 910 

Carcinoma stomach, 
immunochemotherapy 913 

Carcinoma stomach, Japanese 
classification 904 

Carcinoma stomach, laparoscopy 911 

Carcinoma stomach, Lauren's 
classification 904 

Carcinoma stomach, lymph node station 
(apan) 913 

Carcinoma stomach, lymphatic 
spread 906 

Carcinoma stomach, Ming’ 
classification 904 

Carcinoma stomach, palliative 
treatment 914 

Carcinoma stomach, precancerous 
lesion 904 

Carcinoma stomach, precursor 
lesions 903, 

Carcinoma stomach presentations 908 

Carcinoma stomach, sentinel node 
biopsy 911 

Carcinoma stomach, Siewert 
classification 905 

Carcinoma stomach,TNM staging 907 

Carcinoma stomach, transperitoneal 
spread 907 

Carcinoma stomach, WHO histological 
classification 905 

Carcinoma tongue 417 

Carcinoma tongue,chemotherapy 422 

Carcinoma tongue, clinical features 418 

Carcinoma tongue, Commando 
operation 421 

Carcinoma tongue, posterior one-third/ 
base 422 

Carcinoma tongue, Price-Hill 
regimen 422 

Carcinoma tongue radiotherapy 422 

Carcinoma tongue, spread 420 

Carcinoma tongue, terminal events 422 


Carcinoma tongue,treatment 421 
Carcinoma, basal cell 303 
Carcinoma, basisquamous 303 
Carcinoma, branchiagenic 476,478 
Carcinoma,caecum 781 
Carcinoma, cuniculatum 302 
Carcinoma,cylindromatous 446 
Carcinoma, Merkel cell 295 
Carcinoma nasopharyngeal 423 
Carcinoma, squamous cell 24 
Carcinoma, verrucous 24,300,301 
Cardtest 458 
Cardiacarrest. 118 
Cardiac catheterisation 1216 
Cardiac massage, external 
compression 119 
Cardiac massage, internal open 119 
Cardiac pacing, postoperative 
management 1223 
Cardiac pacemakers 1223 
Cardiac patient, preoperative 
assessment 1216 
Cardiac tamponade 1210 
Cardiography 1216 
Cardiopulmonary bypass 
Cardiospasm 850 
Caries spine 1190 
Camey'triad 917 
Carotid blow out 482 
Carotid body 468 
Carotid body tumour, Shamblin’s 
classification 468, 
Carotid body syncope 468 
Carpopedal spasm 538 
Carr's postulates 1090 
Gatchpole regime 1000 
Catgut,chromic 1256 
Catgut plain 1256 
Catheter, Fogarty 198 
Catheter Foleys 1072 
Catheter, Malecot's 1073, 
Catheter red rubber 1073, 
Catheterisation, indwelling 
Catheterisation, intermittent 
Catheters. 1071 
Causalgia_ 275 
Cautery, bipolar 
Cautery blended 
autery, coagulation 
Cautery,cutting 1258 
Cautery,unipolar 1258 
Cavernous sinus thrombosis 37 
CBD stones, primary, treatment 693 
CBD stones, retained/residual, 
management 693 
CBD strictures 697 
CBD strictures, Bismuth’s 
classification 697 
Celestintube 865, 
Celiacangiography 645 
Celicycle 1227 
Cellulitis 37 
Central node compartment neck 
dissection 515 
Central venous pressure 116 


1217 


1072 
1072 


1258 
1258 
1258 


Cerebral concussion 1172 
Cerebral contusion 1172 
Cerebral laceration 1173 
Cervical rip 457 
Cervical rib,treatment 459 
Cetrimide 1245 
CFTR 739 
Chancroid 28 
Charcot’s triad 691 
Charles Huggins 1128 
Chassaigne tubercle 179 
Cheek,anatamy 396 
Chelltis 408 
Cheilitis, actinic 409 
Chellosis 391 
Chemodectoma 468 
Chemotherapy 1227 
Chemotherapy,head and neck 
cancers 482 
Chernobyl nuclear disaster 509 
Cherry angiomas 229, 
Cherubism 388 
Chest injuries,classification 1194 
Chest injuries, management 1195 
‘Chest injuries, thoracotomy 
indications 1195 
Chest wall tumours, benign 1209 
Chest wall tumours, primary 
malignant 1209 
Chiba needle 672 
Chick embryo cell culture vaccine 59 
Chiefcell 870 
Child turcote pugh (CTP) scoring 
system 357 
Child's grading 659 
Child's grading, Pugh’s modification 659 
Chiropady 188 
Chlorhexidine 1245 
Cholangiocarcinoma 702 
Cholangiocarcinoma, perihilar, Bismuth, 
classification 702 
Cholangiocarcinoma, risk factors 702 
Cholangiocarcinoma,TNM staging 702 
Cholangiogram IV 671 
Cholangiogram, peroperative 673, 
Cholangiagram, postoperative 
Tube 673 
Cholangitis sclerosing 699 
Cholangitis sclerosing, primary 699 
Cholangitis sclerosing, secondary 699 
Cholecystectomy 705 
Cholecystectomy, complications 706 
Cholecystectomy,extended 701 
Cholecystectomy, laparoscopic 705,706 
Cholecystectomy, laparoscopic, single 
incision 708 
Cholecystectomy,open 705 
Cholecystectomy, prophylactic 705 
Cholecystitis acute, complications 684 
Cholecystitis acute, treatment 686 
Cholecystitis glandulatis proliferans 689 
Cholecystitis, acute 684 
Cholecystitis, acute acalculous 
694 


684, 686, 


Cholecysttis,chronic 688 
Cholecystitis,emphysematous 685 
Cholecystitis Salmonella 694 
Cholecysttis,xanthogranulomatous 694 
Cholecystolithiasis 110 
Cholecystoses 689 
Cholecystastomy 686,752 
Choledochal cyst 675 
Choledochal cyst,Todani modification of 
Alonso-Lej classification 676 
Choledochal cyst treatment 678 
Choledachoduodenostomy 693, 
Choledochojejunostomy 693,745, 
Choledacholithiasis 690 
Choledocholithiasis, complications 691 
Choledocholithiasis, primary stones 690 
Choledocholithiasis, recurrent 
stones 691 
Choledocholithiasis,retained stones 691 
Choledacholithiasis, secondary 
stones 691 
Choledochotomy 692,693 
Cholesterol crystals 460 
Cholesterol polyposis 689 
Cholesterosis 689 
Chondrasarcoma 327 
Chordee 1133 
Chordee 1140,1141 
Chordee,dorsal_ 1141 
Chordee, ventral 1141 
Chordoma 93 
Choudary Mills criteria 574 
Christmas disease 129 
Chronic duodenal ileus 898 
Chronic venous insufficiency 237 
Chylocele 1152 
Chylothorax 271 
Chylous ascites 271 
Chyluria 271 
Cidex 1246 
Cilostazol 218 
Circle ofdeath 817 
Circulatory failure 122 


Circumcision 1139, 1140 
Circumcision 1260 
Cisplatin 482 


Cisterna chyli 255 
Clamp, Moynihan's occlusion 1251 
Clamp,Payr’s crushing 1251 
Classification,deBakey's 210 
Classification, Stanford 210 
Claudication, arterial 176 
Claudication, neurogenic 176 
Claudication, venous 176 
Clawhand 278 

Clawhand,median 279 

Claw hand,ulnar 278 

Cleft disorder, LAHS classification 368 
Cleft disorder, problems 368 
Cleftlip 368 

Cleft lip, Millard criteria 369 

Cleft palate 368,370 

Cleft palate,treatment 372 

Cleft surgery, Delaire timing 370 


Clergyman’sknee 85 

Climaticbubo 29 

Closed loop obstruction 969,986,972 

Clostridium difficile 960 

Clostridium tetani 49 

Clostridium tetani, exotoxin 50,53 

Clostridium welchii 52 

(Clostridium welchiiexotoxins 53, 

Clotting factors 129 

Clutton’sjoint 28 

Clutton’sjoint 28 

Coagulation cascade system 129 

Coagulation extrinsic 129 

Coagulation, intrinsic 129 

Coarctation of aorta 1218 

Coffin comer 395 

Coin test 1192 

Cold abscess 474,1192 

Cold abscess,sequele 475 

Cold recovery time 189 

Colitis ischaemic 959 

Colitis, pseudomembranous 960 

Colitis ulcerative 954 

Collecting duct of Bellini carcinoma 1100 

Collis vertical gastroplasty 846 

Colloid bismuth sulphate 884 

Colloid carcinoma rectum 1024 

Colocalisation hypothesis 729 

Colon, benign tumours/polyp 961 

Colon, diverticular disease 951 

Colon,hamartomatous polyp 961 

Colon, juvenile polyps 961 

Colon, metaplastic/hyperplastic 
polyp 961 

Colonic ischaemia 960 

Colonic mass 777 

Colonic mass, eft side 778 

Colonoscopy 1022 

Colostomy 975 

Colostomy,care 976 

Colostomy, closure 976 

Colostomy, complications 976 

Colostomy, decompresseion 975 

Colostomy, Devine'sdouble-barrel 975 

Colostomy, diversion 975 

Colostomy, irrigation 975 

Colostomy, loop transverse 975 

Colostomy, permanent 975 

Colostomy, temporary 975 

Combined recurrent/superior laryngeal 
nerve palsy 529 

Compartment excision 94 

Compartment syndrome 8 

Compartment syndrome,prablems 9 

Complete rupture urethra, treatment, 
railroad technique 1130 

Compound palmar ganglion 165 

Compression bandages, grading 251 

Condyloma acuminata 1057 

Condylomalata 28 

Congenital heart diseases 1217 

Congenital hypertrophy of the retinal 
pigmented epithelium of iris 
(CHIRPES) 964 
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‘Congenital PU) obstruction 

Coning 1173,1177 

Conley’s point 452 

Contracture, Dupuytren's 168 

Contracture, hour-glass 882 

Contracture, treatment 137 

Contracture, Volkmann's ischaemic 168 

Contre-coup injury 1173 

Cooper's ligament repair 811 

Com 171 

Corona phlebectatica 235 

Coronary arteries 1215 

Coronary balloon angioplasty 1222 

Coronary sinus 1215 

Correacycle 903 

Costaclavicular compression 
manoeuvre 458 

Couinaud segments 666 

Countryman'slip 411 

(Coup injury1173, 

Courvoisier's aw 694,749 

Craniopharyngiomas 1187 

resol 1245 

Griles operation 480 

Criminal nerve of Grassi 870 

Crohn'sdisease 925 

Crohn's disease, barium meal follow 
through 927 

Crohn's disease, Vienna classification 926 

Crossedleg test 178 

Crurum puellarum frigidum 211 

Crush syndrome 10 

Crush syndrome,effects 10 

Crush syndrome,treatment 10 

Crutch palsy 280 

Cryoprecipitate 125 

Cryosurgery 1264 

Cryptorchidism 1161,1166 

Gsendes procedure 882 

SF rhinarthoea 1176 

CTscan 1240 


1084, 1086 


(CTscan contrast agents 1240 
‘CTscan, high resolution 1242 
Clscan,spiral 1240, 1242 
Culling 712 


Cultured skin 136 
Cushing's syndrome 539 
Cutaneous neurofibromatosis 91 
Cutaneous ureterostomy 977 
cP 16 

Cyclical mastalgia 551 
Cyclophosphamide 482 
Cyclosporine 1229 
GclosporineA 356 
Gystiacquired 74 
Gystiapoplectic 74 
Gyst,chylolymphatic 611 

Gyst classification 74 

Gyst clinical features 74 
Gyst.congenital 74 
Gystidegenerative 74 

Gyst dental 385 
Gyst,dentigerous 384 
Gyst.distention 74 


Gysteffects 75 
Gyst.enterogenous 611 
ystiepidermaid 79 

Gyst epididymis 1155 

Gystifalse 74 

ystilymph 88 

ystimesenteric 780 
Cyst,Morrant Baker's 87 
Gystomental 614,780 
Gyst,parasitic 74 

Cyst, periapical 385 

Cyst, pseudopseudopancreatic 737 
Gyst,radicular 385 

Gyst,retention 74 

Cyst, retroperitoneal 780 

Gyst sebaceous 79 

Gyst solitary renal 1077 

Gyst, splenic, nonparasitic 724 
Cyst. splenic, parasitic 724 
Gyst,splenic, pseudo 724 

Cyst spring water 1206 
Gyst.thyroglossal 487 
Gyst‘traumatic 74 

Gystitrue 74 

Cystectomy, partial 1114 
Cystectomy, radical 1115 

Gystic fibrosis 758 
Gystichygroma 89,464 
Gysticlesion,abdamen 780 
Cystic swelling,neck 469 

Gystitis 1110 
Gstitis interstitial 
Gstitis, recurrent 
Gystocele 800 
Gystogastrostomy 736 
ystogram 1116 
Cystosarcoma phylloides 552 
ystoscopiclithalapaxy 1109 
ystoscopy 1071 

Gsts. 74 

ysts,lung 1204 
Gysts,mesenteric 611 


m0 
m0 


mD 


Dacron patch graft 

Danaparoid 252 

Danazol 552 

Dandy's brain cannula 1182 

Darning, Abrahamson nylon 810 

Davies and Starr buttock skin flap 
rotation 1038 

Davis T-tube ureterostomy 1088, 

Day caresurgery 1274 

Day care surgery, ASA grading of 
patient 1274 

Day care surgery, exclusion criteria 

Das 565 

DCIS,management 566 

DCIS, Nottingham prognosticindex 566 

DCIS,Van Nuy’s prognosticindex 566 

D-dimertest 233, 

Deceleration injuries 

Decoy prostate 1122 


1218 


1274 


72 


Deep veins 230 

Defaecagraphy 1029, 1032 

Defibrillation 120 

Degloving injuries 10 

Delayed capillary filing 178 

Delayed venous refilling 178 

Delphian nodes 485 

Demodex folliculorum 79 

Denis-Browne procedure 1133 

Denonvillers fascia 1020 

Dentateline 1021 

Dermal flares 235 

Dermal histiocytoma 296 

Dermatofibroma 296 

Dermatofibrosarcoma 326 

Dermatofibrosarcoma protuberans 296 

Dermoid,extemal angular 75 

Dermoid, implantation 78 

Dermoid internal angular 75 

Dermoid, sublingual 390 

Dermoid, teratomatous 78 

Dermoid, tubulo 78 

Dermoids,sequestration 75 

Dermoids, sequestration, 
complication 77 

Dermoids,submental 78 

Dermoids,types 75 

Desmoidtumour 84 

Dettol 1245 

Devine and Horton's dermal lap 1142 

Devine’s exclusion procedure 914 

Dexon 1256 

Dextrans 126 

Diabeticfoot 213 

Diagnostic peritoneal lavage (OPL) 149, 
151 

Diagnostic peritoneal lavage 714 

Dialysis 359 

Dialysis, peritoneal 360 

Diaphragmatic defence 600 

Diaphragmatic hernia, congenital 1211 

Diaphragmatic hernia, traumatic 1213 

Diastasisrecti 796 

Diathermy,types 1258 

Diethylstlbesterol 585 

Diet!'scrisis 1084, 1086 

Dieulafoy’sdisease 894 

Dilator,Bake's 1251 

Dilator,Clutton’s 1132, 

Dilator, filiform 1132 

Dilator Lister 1132 

Dilator Lister's urethral 1254 

Dionosil 857 

Diosmin 242 

Disease,Basedow’s 499 

Disease,Caissons 202 

Disease, Carol's 676,677 

Disease,decompression 202 

Disease, Dercums 71 

Disease, Goetsch’s 499 

Disease,Grave's 490,499 

Disease, hide porter's 61 

Disease, Marion's 1134 

Disease, Menetrier’s 901,903 


Disease,Mondor's 546 
Disease, Nonne-Milray’s 257 
Disease,Ormond’s 764 
Disease,Parry-Romberg 229 
Disease, Peyronie's 1141 
Disease, Pick’s 1210 
Disease, Plummer’s 490,499 
Disease,Reclus 568 
Disease,Reiter's 1135 
Disease, Schimmelbusch’s 551 
Disease,Sipple 518 
Disease, Sipple’s 536 
Disease, on Ricklinghausen 532 
Disease Wool sorter’s 61 
Disinfection 1244 
Disinfection, methods 1244 
Dislocation, mandible 380 
Disobliteration 191 
Disseminated intravascular 
coagulation 128 
Distal run off 180, 186 
Diverication of recti 796 
Diverticular disease,colon 951 
Diverticulitis 952 
Diverticulitis, Hinchey’s classification 953, 
Diverticulosis 952 
Dilacticacidasis 941 
DMSA 1070 
Dohiman's operation 463 
Donor organ retrieval 353 
Doodleys lavage 1013 
Doppler 179,1240 
Dopplertest 240 
Dormia basket 692,693 
Drain system, classification 1253, 
Drain, closed siphon 1253, 
Drain, closed suction 1253, 
Drain, corrugated rubber 1252 
Drain, indications 1253 
Drain,sump 1253 
Drain, sump suction 1253 
Drain,tube 1252 
Drain, under water seal 1253 
Drain, wick 1253 
Drains 1252 
Drains, problems 1253, 
Dressings 1272 
Dressings,components 1272 
Dressings, dry 1272 
Dressings wet 1272 
Dresslers quadrangle 1146 
Driver's bottom 1036 
Dry perforation 890 
DSA 180 
DTPA 1070 
Ductectasia 558 
Duct of Luschka 673, 
Duct papilloma 562 
Duct,Bartholin 434 
Duct, Santorini 725,759 
Duct,Stensens 431 
DuctWharton's 433, 
DuctWirsung 725,759 


Duodenal adenomatosis, Spigelmn 
classification 936 

Duodenal atersia, Wind sock’ 
deformity 989 

Duodenal blow out 895 

Duodenal diverticula 902 

Duodenal diverticulum 924 

Duodenal injury grading 153 

Duodenal ulcer, barium meal X-ray 883 

Duodenal ulcer, bleeding 891 

Duodenal ulcer, bleeding, Forrest 
classification 891 

Duodenal ulcer, bleeding,treatment 892, 
893, 

Duodenal ulcer,complications 883 

Duodenal ulcer, perforated 887 

Duodenal ulcer, surgeries 884 

Duodenal ulcer, treatment 884 

Duadenaduodenostomy 990 

Duodenum,anatomy 871 

Duoderm 136 

Duplex scan 179,233,241 

Duplex scanning 1240 

Duval procedure 745 

DVT.prevention 235 

Dynamic obstruction 983 

Dysejaculation 836 

Dyskeratosis 392 

Dysmergia 1272 

Dysphagia 840 

Dysphagia lusoria 841 

Dysphagia,causes 840 

Dysplasia 283 


EAST. 179 
Eadheringene 904 

ECFexcess 96 

ECFloss 96 

Echinococcus granulosus 637 
Echinococcus granulosus, lifecycle 637 
Echocardiography 1216 
Echosclerotherapy 243 

Ectopia vesicae 1106 

EGFR and VEGF blockers 973 
Electricburns 139 

Electric burns, complications 140 
Electric burns,types 140 
Electron microscopy 290 
Elephant boot 333,339 
Elephantiasis endemic 260 
Elephantiatic neurofibromatosis 91 
Eloiser's method 1200 
Embolectomy 198,200 

Emboli lodging sites 197 

Emboli, paradoxical 197 
Embolisation, therapeutic 201 
Embolism 197 

Embolism, air 201 
Embolism,arterial 197 
Embolism,fat 201 

Embolism, features 198 
Embolism, investigations 198 


Embolism, pulmonary 254, 1203 
Embolus saddle 200 
Emil Theodor Kocher 526 
Emphysema, surgical 1204 
Emphysematous cyst,lung 1205 
Emprosthotonus 51 
Empyera necessitans 1200 
Empyema thoracis 1199 
Empyema thoracis,decortication 1200 
Empyema thoracis types 1200 
Empyema,chronic subdural | 1179 
EMSU (early morning samples of 
urine) 1083 
Endarterectomy 191 
Endoscopic mucosal resection 860 
Endoscopic necrosectomy 732 
Endoscopic oesophageal staining 842, 
860 
Endoscopic pyelolysis 1088 
Endoscopic retrograde 
cholangiapancreatography 
(eRcP) 671 
Endoscopic surgery natural orifice 
transluminal 1270 
Endoscopic ultrasound 696 
Endotracheal tube 1233, 
Endovascular aneurysm repair 
(EVAR) 206 
Endovascular stapler 1266 
Enlarged-spleen 778 
Entamoeba histolytica 960 
Entamoeba histolytica, life cycle 631 
Enteral feeding 102 
Enteral feeding advantages 103 
Enteral feeding, complication 102 
Enteral feeding, contraindication 103 
Enteric perforation 929 
Enteritis regional 925 
Enterocele 800,806 
Enteroclysis 942 
Enteroscopy,push 943 
Enteroscopy,Sonde 943, 
Enucleation 94 
Ependymomas 1184 
Epididymitis 171 
Epididymitis tuberculous 1171 
Epididymo-orchitis acute 1165 
Epignathus 93 
Epineurorthaphy 274 
Epi-perineurorthaphy 274 


Epiplacele 806 
Episodic aphagia 856 
Epispadias 1106, 1133 
Epitaxy 1090 


Epithelioid cells 473 
Epithelioma 24,299 
Epstein pearls 367 
Epstien-Barr virus 270 
Epulis 382 
Epulis,carcinamatous 383 
Epulis,congenital 382 
Epulis fibrous 382 
Epulis,giant cell 383 
Epulis,granulomatous 383 
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Epulis myelomatous 382 

Epulis, pregnancy 382 

ERCP, therapeutic 692 

Erysipelas 38 

Erysipeloid disease 39 

Erythema induratum 27 

Erythrocyanosis rigida 27 

Erythromelalgia/erythralgia 210 

Erythroplakia 393, 

Erythropoietin 127 

Eschar 131,136 

Eschar circumferential 137 

Escharotomy 136 

Eschmannblade 340 

Eskimoma 441 

Essen regimen 60 

Esthiomene 29 

Ether 1232 

Ethrombosis 232 

Ethylene 1256 

Ettapanslavage 604 

Euro-Collins solution 354 

Eusol 1245 

EUSOL 251 

Eusolbath 1245 

Evan'sformula 135 

EVAR 206 

Eve'sdisease 383 

Eventration 1211 

Exocrine pancreatic disease 763 

Exomphalos 792 

Examphalos, major 793 

Exomphalos,minor 793 

Exophthaimometer 503 

Exophthalmos 503 

Exophthalmos,grading 504 

Exophthalmos, malignant 503 

Exophthalmos, pulsating 505 

Exophthalmos,severe 503 

Exophthalmos,treatment 503 

Expansile impulse on coughing 804 

External laryngeal nerve 527 

External laryngeal nerve, injury 

External piles 1046 

Extracorporeal shock wave lithotripsy 
(eswt) 1092 

Extrahepatic biliary tree 670 


1263 


uF 


Facialnerve 432 
Facial nerve injury 453 
Facial nerve palsy,surgeries 454 
Facial nerve, identification 452 
Faciomaxillary diseases 367 
Faciovenous plane of Patey 432 
FactorViand IX concentrate 125 
Faecal fistula after appendicectomy 
Familial adenoma 936 
Familial adenomatosis polyp 963 
Familial hypocalciuric 
hypercalcaemia 533 
Fascia ofWaldeyer 1020 
Fasciotomy 7,9, 199 


1016 


Fatty hemia oflinea alba 831 
Felon 161 
Femoral canalanatomy 822 
Femoral canl,pathology 822 
Femoral hernia 822 
Femoral hernia, AKHenry'sapproach 824 
Femoral hernia,hydrocele 822 
Femoral hernia,Lauglers 822 
Femoral hernia Lotheissen's repair 824 
Femoral hernia, Narath’s 822 
Femoral hernia, sliding 823 
Femoropopliteal bypass graft 184 
FFP 124 
Fibrin cufftheory 236 
Fibrinogen 125 
Fibrinolysins 199,234 
Fibroadenoma 548 
fibroadenoma,complex 549 
Fibroadenoma,giant 548 
Fibroadenoma,juveline 549 
Fibrocystadenosis 548,551 
Fibroepithelial polyp 416 
Fibrolipoma 71 
Fibroma 84 
Fibroma,classification 84 
Fibroma,hard 84 
Fibroma,soft 84 
Fibromyoadenoma 
Fibrosarcoma 336 
Fibrous dysplasia of bone/jaw 386 
Filariasis 259 
Filariass,extrinsic incubation period 259 
Filarisis,biological incubation period 259 
Finasteride 1124 
Fine needle aspiration cytology 
{FNAC) 239 
Fine needle non-aspirating cytology 
(FNNAC) 290 
First heart sound 1215 
Fish handlers disease 39 
Fissurein-ano 1046 
Fistula 30 
Fistula,aortoenteric 205 
Fistula, aortocaval 205 
Fistula,cimino 227,360 
Fistula, duodenal 895 
Fistula ECK 659 
Fistula, enteric/gastrointestinal 943 
Fistula,external 30 
Fistula faecal 979 
Fistula, gastrojejunocolic 897 
Fistulainternal 30 
Fistula, parotid 438 
Fistula rectobulbar 1035 
Fistula rectovestibular 1035 
Fistula thyroglossal 488 
Fistula,tracheo-cesophageal 857 
Fistula types 30 
Fistula, umbilical 788 
Fistula,urinary 1120 


1122 


Fistula, vesicovaginal 1120 

Fistula-in-ano 1051 

Fistula-in-ano, cryptoglandular 
hypothesis 10ST 


Fistula-in-ano, gluing 1055 
Fistula-in-ano, high level 1052, 1055 
Fistula-in-ano, ow level 1052, 1053 


Fistula-in-ano, Parks classification 

Fistula-in-ano, standard 
classification 1052 

Fistulectomy 1055 

Fistulogram 33 

Fistulotomy 1055 

Sfluorouracil 482 

Flap, Abbe 412 

Flap,Bakamjian 348 

Flap,crossleg 350 

Flap cutaneous 345 

Flap,deltopectoral 348 

Flap, Estlander’s rotating 412 

Flap,fasciocutaneous 345 

Flap,forehead 348 

Flap,free 347 

Flap, Fries modified Bernard 412, 

Flap, gastrocnemius muscle 350 

Flap, Gillies fan 412 

Flap,groin 349 

Flap,island 347 

Flap,Karapandzic 412 

Flap, latissimuss dorsi muscle/ 
‘myocutaneous 349) 

Flap,LD 594,596 

Flap, Limberg 350 

Flap,local rotation 346 

Flap,muscle 346 

Flap, myocutaneous 346 

Flap, Narayanan’s 348 

Flap, nasolabial 412 

Flap, osteomyocutaneous 346 

Flap, pectoralis major myocutaneous 349 

Flap, radial forearm 350 

Flap,Ruben's 595 

Flap,saltatory 347 

Flap, TRAM 594,596 

Flap, transposition 346 

Flap, transverse rectus abdominis muscle 
(TRAM flap) 350 

Flaps 344 

Flaps, axial pattern 345 

Flaps random pattern 344 

Flariasis clinical incubation period 259, 

Flatulent dyspepsia 683 

Flexor retinaculum 156 

Fal chest 1196 

Flialsegment 1196 

Fluid therapy 100 

Fluids,colloids 101 

Fluids, crystalloid 101 

Fluorine-18 fluoradeoxyflucose PET 
scan 1025 

Fluosoleda 127 

Fluoxymestrone 585 

Flutamide 1128 

Foaming liver 53 

Focused abdominal sonar trauma 


1052 


(FAST) 151 
Fogarty catheter 198,693 
FoleysY-Vplasty 1088 


Follicular odontome 384 

Foot drop 280 

Foramen of Langer 545,546 

Forceps, Alls'tissueholding 1248 

Forceps artery 1247 

Forceps,Babcock’s 1248, 

Forceps,Cheatle’s 1247 

Forceps, Desjardins 
choledocholithatomy 1251 

Forceps,Kocher's 1248 

Forceps, Lane's tissue holding 1249 

Forceps,Lister'ssinus 1252 

Forceps, Morant-Baker’s appendix 
holding 1249 

Forceps,non-toothed dissecting 1250 

Forceps,Rampley's 1247 

Forceps right angle 1248 

Forceps, sinus (Listers) 1252 

Forceps,sponge holding 1247 

Forceps toothed dissecting 1250 

Fordyce's disease 81 

Formaldehyde 1246 

Fracture middle third area 375 

Fracturenose 373 

Fracture ribs 1195 

Fracture ribs,non-traumatic 1196 

Fracture, depressed skull 1180 

Fracture,Guardsman 378 

Fracture,Guerin 374 

Fracture, mandible 378 

Fracture, pyramidal 375 

Fracture, zygomatic bone andarch 376 

Fracture, zygomatic complex. 376 

Fractures,Le Fort 374 

Fragility test 716 

Freckle 308 

French disease 56 

Frequency 1107 

Frey procedure 743,744 

Froghand 162 

Frostbite 23,215 

Frozen chest 1200 

Frozen tongue 418 

Fruchaud's myopectineal orifice 801 

Fuezalida vaccine 59 

Functional neck nade dissection 513 

Fundoplication, Dor anterior 845 

Fundoplication, laparoscopic 845 

Fundoplication, Lind anterior and 
posterior 845 

Fundoplication,Nissen’s 845,852 

Fundoplication, partial with mesh 
wrap 845 

Fundoplication, Rosetti Hell anterior 845 

Fundoplication,Toupet's 852 

Fundoplication,Toupet's partial 180° 
posterior 845 

Fundoplication Watson's 
anterolateral 845, 

Fundoplications 845 

Furuncle 46 


HG 


Gabriel syringe 1043 

Gaiters zone 28,249 

Galactocele 554 

Galactorrhoea 560 

Galactorrhoes, primary 560 

Galactorthoea secondary 560 

Galeziatriad 168 

Gallbladder dyskinesia 710 

Gallbladder polyp 699 

Gallbladder, congenital anomalies 673 

Gallbladder diverticulosis 689 

Gallbladder, double/triple 673 

Gallbladder,empyema 687 

Gallbladder, hydrops 688 

Gallbladder, mobile/foating 673 

Gallbladder, mucocele 688 

Gallbladder, palpable mass 775 

Gallbladder, polyp 689 

Gallbladder, porcelain 694 

Gallbladder, Strawberry 689 

Gallbladder surgical anatomy 669 

Gallstone colic 683 

Gallstoneileus 703 

Gallstones 679 

Gallstones, asymptomatic 694 

Gallstones, dissolution therapy 690 

Gallstones,effects 682 

Gallstones management 684 

Gallstones,mixed 679 

Gallstones,pigment 679 

Gallstones,stones 679 

Galveston regime 135 

Ganglion 93 

Ganglioneurama 89 

Gangrene 177,211 

Gangrene, diabetic 213 

Gangrene,dry 177,212 

Gangrene,Fournier’s 1148 

Gangrene,wet 177,212 

Garrey'sstricture 799,931 

Garrod’s pads 168 

Gas gangrene 52 

Gas gangrene,complications 53, 

Gas gangrene,organism 52 

Gas gangrene, polyvalent antiserum 54 

Gas gangrene,prevention 54 

Gas gangrene,treatment 54 

Gas gangrene,types 53 

GasticpH 872 

Gastrectomy 919 

Gastrectomy, illroth | 919 

Gastrectomy, illroth 919 

Gastrectomy,D1 912, 

Gastrectomy,D2 912 

Gastrectomy linear 885, 

Gastrectomy, lower radical 

Gastrectomy, Mak’s pylorus 
preserving 881 

Gastrectomy, nutritional deficiency 895 

Gastrectomy partial 881 

Gastrectomy,total 912 

Gastrectomy upper radical 912,919 


912,919 


Gastric acid, secretion 871 

Gastric acid, function 872 

Gastric adenocarcinoma, proximal, Siewart 
classification 905 

Gastric antral vascular ectasia 894 

Gastric cancer advanced 904 

Gastric cancer distal 906 

Gastric cancer early 904 

Gastric cancer familial 902 

Gastric cancer, Kajtani classification 905 

Gastric cancer, morphovolumetric 
classification 905 

Gastric cancer, Morson and Dawson, 
classification 905 

Gastric cancer, proximal 906 

Gastric cancer, synchronous 906 

Gastric cancer, WHO histological 
classification 905, 

Gastric carcinoma 776 

Gastric carcinoma, Japanese 
classification 908, 

Gastric dilatation, acute 900 

Gastric dysplasia 903 

Gastric function test 872 

Gastric hormones 873, 

Gastric lymphoma 915 

Gastric lymphoma, Ann Arbor 
staging 916 

Gastric lymphoma, Dawson's criteria 916 

Gastric lymphoma, primary 915 

Gastric lymphoma, secondary 916 

Gastric motility 872 

Gastric physiology 871 

Gastric polyp 901 

Gastric sarcomas 916 

Gastric surgery, complications 894 

Gastric tetany 887 

Gastric ulcer 879 

Gastric ulcer,bleeding 893 

Gastric ulcer,complications 882 

Gastric ulcer,pathology 879 

Gastric ulcer,perforated 890 

Gastric ulcer, types (Daintree 
Johnson) 880 

Gastric varices 654 

Gastrin 873 

Gastrin releasing polypeptide 873 

Gasttin-CCK receptors 872 

Gastrinoma triangle 757 

Gastrinoma, gastrin assay 757 

Gastrinomas 757 

Gastritis 877 

Gastritis chronic atrophic 903 

Gasttitis erosive 878 

Gastritis, granulomatous 878 

Gastritis lymphocytic 878 

Gastritis, phlegmonous 878 

Gastritis reflux 878 

Gastitis, stress 878 

Gastritis type 878 

Gastritis typeB 878 

Gastrocolic reflux 949 

Gastroduodenal diseases, 
investigation 873 
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Gastrograffin wash 993 

Gastrointestinal mesenchymal 
tumours 916 

Gastrointestinal stromal tumours 917 

Gastrointestinal stromal sarcoma 918 

Gastrojejunostomy of Mayo 886,920 

Gastro-oesophageal reflux disease (GORD/ 
GERD) 840,842 

Gastro-oesophageal reflux disease, 
‘endoluminal therapies 844 

Gastroschisis 793 

Gastroscopy 874 

Gastroscopy, therapeutic procedures 874 

Gastrostomy 103,918 

Gastrostomy,Janeway’s 104 

Gastrostomy,KaderSenn 104 

Gastrostomy, percutaneous 
endoscopic 104 

Gastrostomy, Stamm temporary 104 

Gate control theory 364 

Gelatin 126 

Gene therapy 1230 

General anaesthesia, complications 1234 

General anaesthesia, 
premedication 1234 

Geographictongue 417 

Germ cell therapy 1230 

Gherlin 873 

Gibleed 1061, 1064 

Glbleed, angiography 1064 

Glbleed,endoscopy 1064 

Glbleed, modified Forrest 
classification 1061 

Glbleed,nuclearscintigraphy 1064 

Glbleed, occult 1063 

Glbleed, Rockall scoring system 1061 

Giant cell arteritis 190 

Giant cell reparative granuloma 384 

Gianturce-Rosch stent 865, 

Gibbus 1192 

Gieger Muller's gamma ray counter 508 

Gimbemat’ ligament 822 

GIST 917,918 

Glands of Blandin 389 

Glasgow coma scale 1175 

Glioblastoma multiforme 1184 

Gliomas 1183 

Glisson’s capsule 627 

Glomangioma 82 

Glossitis 416 

Glossitis,chronic superficial 417 

Glossitis, Hunter's 417 

Glossitis, median rhomboid 416 

Glossitis, migrans 417, 

Glossitis,pellagra 417, 

Glucagonoma 758 

Glutaraldehyde 1246 

Glypressin 656 

Godwin's tumour 441 

Goiter,colloid 491 

Goiter diffuse hyperplastic 490,491 

Goiter, Hokkaido 499 

Goiter, multinodular 490,491 

Goiter,plunging 497 


Goiter,retrosternal 497 

Goitre classification 490 

Goitre, WHO grading 491 

Goodsalls operation 1030 

Goodsalls rule 1053, 

Goose's foot 86 

GORD, De Meester’ scoring system 843 

GORD, endoluminal therapy 844 

GORD, treatment 844 

Goserelin 1128 

Gossypiboma 1266 

Grading of duodenal injury 153 

Graduated elastic compression 
garments 262 

Graft 340 

Graft contracture 343 

Graft intake,stages 342 

Graft rejection 359 

Graft,endovascular 216 

Graft full thickness 344 

Graft partial thickness 340 

Graftskin 340 

Graft split thickness 340 

Graft Thiersch 340 

Graft Wolfe 344 

Grafts,arterial 192 

Granular cell myoblastoma 416 

Granulation tissue 17 

Granulation tissue, exuberant 19 

Granulation tissue, healthy 18 

Granulation tissue,unhealthy 19 

Granuloma pyogenicum 49 

Grawitztumour 1100 

Gray 1225 

Great pox 56 

Green IVCfilter 254 

Grynfelts triangle 835 

Gummatousuler 28 

GunthurTulip filter 254 

Gustatory sweating 452 

Guyon’s canal 278 

Gynaecomastia 560 

Gynaecomastia,neonatal 561 

Gynaecomastia, pubertal 561 

Gymaecomastia, senescent 561 

Gynaecomastia, Simon's 
classification 561 

Gynaecomastia, treatment 561 


BH 


H, blockers 881,884 
Haemaccel 126 

Haemangioma 221,937 
Haemangioma,capillary 222 
Haemangioma,cavernous 223 
Haemangioma, strawberry 222 
Haemangiosarcoma 328 
Haematemesis,causes 893 
Haematemesis, management 894 
Haematacele 1154 
Haematoma acute subdural 1178 
Haematoma, chronic subdural 1178 
Haematoma extradural 173,117 


Haematoma, extradural, treatment 1178 
Haematoma,rectus sheath 794 
Haematoma subdural 1173, 1178 
Haematuria 1075 
Haematuria,diffuse 1075, 
Haematuria,early 1075 
Haematuria,endemic 1111 
Haematuria,false 1075, 
Haematuria, microscopic 1075 
Haematuria,silent 1075 
Haematuria, terminal 1075,1111 
Haemobilia 631 
Haemodialysis 360 
Haemolyticanaemiaalloimmune 717 
Haemolytic anaemia,autoimmune 718 
Haemolytic anaemia, drug-induced 
immune 717 
Haemolyticanaemia,immune 717 
Haemophilia 129 
Haemophilia,8 129 
Haemophili,classic 129 
Haemorthage 121 
Haemorthage,acute 121 
Haemorthage, acute on chronic 122 
Haemorthage,arterial 121 
Haemorthage, capillary 121 
Haemorthage,chronic 121 
Haemorthage, classification 121 
Haemorthage,concealed 121 
Haemorthage, gastrointestinal 1061 
Haemorthage,nonsurgical 122 
Haemorthage, pathophysiology 122 
Haemorthage, primary 121 
Haemorthage,reactionary 121 
Haemorthage,revealed 121 
Haemorthage, secondary 121 
Haemorthage, subarachnoid 1179 
Haemorthage, subarachnoid, Fischer 
grading 1180 
Haemorrhage, subarachnoid, Hunt and 
Hess grading 1180 
Haemorthage, surgical 122 
Haemorthage, treatment 123 
Haemorthage,venous 121 
Haemorthagic shock, classification 122 
Haemorthoidectomy 1045 
Haemorthoidectomy,Hill-Ferguson 
method 1045 
Haemorthoidectomy, submucosal 
(Parks) 1045 
Haemorthoids 1038 
Haemorthoids, Barron's banding, 1043 
Haemorthoids, classification 1039 
Haemorrhoids,cryo surgery, 1043, 
Haemorthoids, Doppler guided artery 
ligation 1045, 
Haemorthoids infrared coagulation 1044 
Haemorthoids laser therapy 1044 
Haemorthoids,primary 1039 
Haemorthoids, sclerosant therapy 1042, 
Haemorthoids secondary 1039 
Haemorthoids,treatment 1042 
Haemostasis 129 
Haemostat 1247 


Haemothorax 1198 

Haemathorax, thoracotomy 
indications 1198 

Haggit’ invasion of malignant polyp 
(Colon) 967 

Haimovicitriad 199 

Hairy tongue 417 

Halitosis 420 

Halluxvalgus 173 

Halogens 1245 

Halsted nodes 547 

Hamartoms 229 

Hamartomata 229 

Hand-bag stomach 882 

Hand infections 157, 

Hand infections,complications 160 

Hand infections, general features 157 

Hand infections,management 159 

Hand infections,types 157 

Hand, blood supply 156 

Hand, modified Verdan zones 156 

Hand, muscles 156 

Hand,nerve supply 156 

Hand, surgical anatomy 156 

Hard chancre 28 

Hard com 171 

Hare lip 368 

Harris Benedict equation 104 

Hartmann's pouch 669 

Hashitoxicosis 500 

Hashitoxicosis 519 

Hassab procedure 658 

Heart,anatomy 1215) 

Heart,conducting system 1216 

Heart, surface marking 1216 

Heberdon’s nodes 170 

Heinz bodies 712 

Helicobacter pylori 874,875 

Helicobacter pylori enzymes and 
toxins 876 

Helicobacter pylori tests 876 

Hemicolectomy,leftsided 972,973 

Hemicolectomy, right 972,973 

Hemihepatectomy 645,649,666 

Hemipelvectomy 336 

Hemobilia 704 

Henderson equation 99 

Henderson-Hasselbalch equation 99 

Heparlobatum 28,649 

Heparin 252 

Heparin low molecular weight 252 

Hepatectomy, total 645 

Hepatic adenoma 642 

Hepatic cystadenocarcinoma 651 

Hepaticencephalopathy 65 

Hepatic encephalopathy, grading 665 

Hepaticfailure 64 

Hepatic failure,fulminant 664 

Hepaticresection 665 

Hepatic resection, techniques 666 

Hepatobiliary cystadenoma 650 

Hepatoblastoma 643, 

Hepatocellularcarcinoma 643 

Hepatoma 643,774 


Hepatoma Okuda staging system 644 
Hepatoma,AICC staging 644 
Hepatoma,CLIP scoring 644 
Hepatoma,CUPI scoring 644 
Hepatoma,fibrolamellar varient 644 
Hepatoma, intra-arterial 
chemotherapy 646 
Hepatoma neoadjuvant therapy 646 
Hepatoma,Okuda classification 644 
Hepatoma, palliative treatment 646 
Hepatoma, percutaneous ethanol 
injection 646 
Hepatoma, radiofrequency ablation 646, 
649 
Hepatoma spread 644 
Hepatoma,treatment 645 
Hepatorenal syndrome 665 
Her2/Neu receptor 577 
Hereditary elliptocytosis 717 
Hereditary nonpolyposis colonic cancer 
(HINCC) 964 
Hereditary spherocytosis 716 
Hermen-Taylorregime 890 
Hernia 798 
Hernia examination rules 805 
Hernia surgery,complications 836 
Hernia through foramen Bachdalek 1212 
Hernia through foramen of. 
Morgagni 1213, 
Hernia, acquired 800 
Hernia,Callison-Cloquet 823 
Hernia, classification 799 
Hernia,Cloquet’s 622 
Hernia,congenital 800 
Hernia, contents 798 
Hernia,Cooper’s 823 
Hernia,coverings 798 
Hernia, diaphragmatic 1211 
Hernia, different types 837 
Hernia,double 821 
Hernia,epigastric 831 
Hernia,funicular direct 813 
Hernia, giant inguinal 813, 
Hernia, Hesselbach’s 823 
Hernia,hiatus 847 
Hernia, hiatus, classification 847 
Hernia,incarcerated 817 
Hernia, incisional 825, 
Hernia, infantile 821 
Hernia,inflamed 799 
Hernia,inguinal 800 
Hernia,irreducible 799 
Hernia Littre’s 800,923 
Hernia,lumbar a35 
Hernia, Maydl’s 818 
Hernia,mesentericdefect 1004 
Hernia, mesh repair, material used 814 
Hernia, mesh repair,types 814 
Hernia, mesocolic | 1003 
Hernia, obstructed 799 
Hernia, obturator 834 
Hernia, pantaloon 821 
Hernia, paraduodenal 1003 
Hernia, paraoesophageal 848 


Hernia, parastomal 836 
Hernia, parastomal, Deviin’s 
classification 836 
Hernia, paraumbilical 831 
Hernia, parts 798 
Hernia, prevesical 813, 
Hernia,recurrent 813 
Hernia, reducible 799, 
Hernia,re-recurrent 814 
Hernia,Richter’s 800,818,834 
Hernia, rolling 848 
Hernia, Romberg 821 
Hernia,sac 798 
Hernia,saddle 821 
Hernia,sclatic 836 
Hernia, Serofin’s 823 
Hernia,sliding 820,847 
Hernia, Spigelian 833 
Hernia, strangulated 800,817 
Hernia,strangulated omentum 819 
Hernia, strangulated, in infancy 819 
Hernia, strangulated, treatment 819 
Hernia, Swiss cheese 824,831,832 
Hernia,Teale's 823 
Hernia, truss 812 
Hernia, umbilical 829 
Hernia, umbilical laparoscopic repair 830 
Hernia, umbilical, open dual PTFE and 
polypropylene mesh placement 830 
Hernia, umbilical,sublay mesh repair 830 
Hernia, ventral 824 
Herniaaetiology 797 
Hernia-en-glissade 820 
Hernia-in-W 818 
Hernias interparietal/intersttial 833 
Herniography 800 
Hernioplasty 811,814,126 
Herniorthaphy, complications 809 
Herniorthaphy, modified Bassini’s 807, 
808, 1262 
Herniotomy 807,1261 
Herpes labialis 409 
Hesselbach’ triangle 802,811 
Hexachlorophane 1245 
Hiatus hernia, oesophageal 1213 
Hibernoma 71 
Hibitane 1245 
HIDA scan 673, 
Hidradenitis suppurativa 46 
Hidradenitis suppurativa, anal 
region 1060 
Hilarinjury,spleen 713 
Hip disarticulation 335 
Hippocrates facies 605, 
Hippocratic facies 888 
Hirschsprung's disease 949 
Histamine 873 
Histamine receptors 872 
Hitch stitches 1176 
HIV infection, clinical classification 63 
HIV,CD4 count 63 
HIV,GIT problems 64 
HIV hospital and surgeon 65 
HIV, modes of transmission 63 
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HIV,neurological problems 64 

HIV,pulmonary problems 64 

Hivjtests 63 

Hivjtreatment 64 

HIVjtumours 64 

HIV universal precautions 65 

HNPCC 902 

HOS triangle 423 

Hogarth Pringles's manoeuvre 697 

Hollister bell cap technique 1140 

Home parenteral nutrition 942 

Honey comb liver 57 

Honvan 1128 

Hormone antagonist 1227 

Hormone therapy, cancer 1227 

Horse antirabies serum 60 

Hose pipecolon 956 

Hot-airoven 1244 

Hounsfield number 1240 

Housemaid’sknee 85 

Howell-olly bodies 712 

Human albumin 45% 126 

Human diploid cell vaccine 59 

Human leucocyteantigen 353 

Human rabies immunoglobulin 60 

Humburg classification 221 

Humby's knife 340 

Hunger pain 883 

Hunter's ligation 203, 

Hunterian chancre 28,56 

Hutchinson's contagious condyloma 392 

Hutchinson's freckle 307 

Hutchinson's melanotic freckle 311 

Hutchinson's teeth 56 

Hutchinson's triad 56 

Hutchinsonian pupil 1177 

S-hydroxyindoleacetic acid (SHIAA) 939 

Hybridoma 1229 

Hydatid cyst, complication 

Hydatid cyst liver 637 

Hydatid cyst, liver, Hassen Gharbi’s 
Ultrasound based classification 638 

Hydatid cyst liver treatment 639 

Hydatid cyst, liver, WHO classification 638 

Hydatid cystlung 1205 

Hydatid cyst, Watery appearance 

Hydatid disease, malignant 641 

Hydatid fluid 638, 

Hydatid thrill 638 

Hydradenoma 306 

Hydrocele 1149 

Hydrocele fluid 1150 

Hydrocele of the neck 464 

Hydrocele, bilocular 1151 

Hydrocele,canal of Nuck 1151 

Hydrocele,complications 1152 

Hydrocele,congenital 1151 

Hydroceleyencysted 1151 

Hydrocele,filarial 1152 

Hydrocele,hernia sac 1151 

Hydrocele, infantile 1151 

Hydrocele,postherniorthaphy 1151 

Hydrocele, primary vaginal 1150 

Hydrocele,secondary 1151 


1205 


1205 


Hydrocele, surgeries 1153 
Hydrocele,tapping 1261 
Hydrocele, treatment 1152 


Hydrocele, types of surgery 1261 
Hydrocele-er-bisac 1151 


Hydrocephalus 1181 


Hydrocephalus, classification 1181 
Hydrogen peroxide 1246 
Hydrohepatosis 695,702,749,773 
Hydronephrosis 1083 
Hydronephrosis intermittent 1084 
Hydronephrosis persistent 1084 
Hydrophobia 58 

Hydrotherapy 147 
Hydroxyethystarch 126 
Hygroma,chronic subdural 1178 


Hypaque 434, 1069 
Hypen veins 235 
Hyperabduction manoeuvre 458 
Hyperbaricoxygen 118 
Hyperkalemia 98 
Hypermagnesaemia 98 
Hypematraemia 97 
Hyperatraemia,types 97 
Hypemephroma 1100 
Hyperparathyroidism 532 
Hyperparathyroidism, acute 532 
Hyperparathyroidism, acute, 
treatment 533, 
Hyperparathyroldism, primary 532,534 
Hyperparathyroidism, secondary 532 
Hyperparathyroidism, tertiary 532 
Hyperparathyroidism, X-ray 533 
Hypersplenism 723 
Hyperthyroidism 499, 
Hyperthyroidism, apathetic 500 
Hyperthyroidism, postpartum 500 
Hyperthyroidism, signs 502 
Hyperthyroidism, subclinical 500 
Hypertrophic scar 12 
Hypocalcemia, spurious 537 
Hypocalcemia,temporary 537 
Hypokalaemia 97 
Hypokalaemic alkalosis 98 
Hypomagnesaemia 98 
Hyponatraemia 96 
Hyponatraemia, hypervolemic 96 
Hyponatraemia, normovolemic 96 
Hypoparathyroidism 535,537, 1263 
Hypoparathyroidism,permanent 537 
Hypoparathyroidism, temporary 537 
Hypospadias 1132 
Hypothyroidism 526 
Hypovolaemia types 113 


1 508 

508 

Idiopathic gangrene of the scrotum 

Heanyichukwu classification of burns 
contracture 137 

lieal conduit 1120 

lleal interposition with sleeve 
gastrectomy 110 
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lleal urinary conduit 97 

lleastomy 959,977 

lizarov method 188 

Imatinib mesylate 917 

Immunohistochemistry 290 

Immunosuppression 1229 

Immunosuppression, risks related 356 

Immunosuppression, types 1229 

Immunosuppressive agents 355 

Immunotherapy 755, 1229 

Immunotherapy, tumours used in 

Impetigo 49 

Insitu hybridisation, fluorescence 
(FISH) 290 

Insitu hybridisation 290 

Incineration 1244 

Incision, Galliard Thomas $50,552 

Incision, Grid-iron 1011, 1262 

Incision, Lanzcrease 1011 

Incision, McBurney 1014, 1262 

Incision, Rutherford-Morrison 1011 

Incision, Webster's 550 

Incisional hernia, laparoscopic mesh 
repair 827 

Incisional hernia, mesh repair 827 

Incisional hernia, mesh repair, 
overlay 827 

Incisional hernia, mesh repair, sublay 827, 

Incisional hernia, mesh repair, 
underlay 827 

Incisional hernia, mesh replacement, Rive's 
Stoppas 827,828 

Incomplete rupture urethra, treatment, 
Blandy approach 1130 

Incomplete rupture urethra, treatment, 
Mitchell approach 1130 

Index, ankle-brachial pressure 180 

Index, pack year 185 

Index,smoking 185 

Induratio-penis plastica 1141 

Infection apical subungual 161 

Infection, deep palmar space 162 

Infection, HIV. 62 

Infection, hospital acquired 61 

Infection, nosocomial 61 

Infection, opportunistic 61,62 

Infection, terminal pulp space 161 

Infection, web space 162 

Infliximal 928,958 

Infrainguinal arterial occlusive 
disease 184 

Infusion VU 1068, 

Ingrowing toe nail 172 

Inguinal block dissection, bilateral 

Inguinal block dissection, modified 
(Catalona) 1146 

Inguinal block dissection, 
prophylactic 1146 

Inguinal block dissection, 
superficial 1146 

Inguinal block dissection, 
therapeutic 1146 

Inguinal canal,anatomy 800 

Inguinal canal,contents 800 
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Inguinal canal,defence mechanism 801 
Inguinal hernia repair anaesthesia 808 
Inguinal hernia repair, local 
anaesthesia 808 
Inguinal hemia, Bendavid 
classification 803 
Inguinal hernia, classification 802 
Inguinal hernia, direct 803,805,811 
Inguinal hernia, direct, coverings 812 
Inguinal hernia, Gilbert classification 803, 
Inguinal hemi Gilbert classification, 
Robbins modification 803 
Inguinal hernia indirect 802,803,805 
Inguinal hernia, indirect, 
bubonacele 802,804 
Inguinal hernia, indirect, Casten’s 
staging 803 
Inguinal hernia,indirect,complete 802, 
804 
Inguinal hernia, indirect,coverings 804 
Inguinal hernia, indirect, funicular 802, 
804 
Inguinal hernia, indirect, Halverson and 
MeVay classification 803 
Inguinal hernia, indirect, Ponka's 
classification 803 
Inguinal hernia, indirect, scrotal 804 
Inguinal hernia, NYHUS classification 803 
Inguinal hernia, precipitating factors 804 
Inguinal ligament 800 
Inguinal ring,deep 800 
Inguinal ring, superficial 800 
Inguinodynia 811,814,836 
Injuries blast 147 
Injuries, bullet 146 
Injuries, chest 1194 
Injuries,hand 166 
Injuries,hand, classification 166 
Injuries,hand,treatment 166 
Injuries,head 1172 
Injuries kidney 1080 
Injuries, kidney, grading 
Injuries, maxillary 374 
Injuries, maxillofacial 372 
Injuries,neck 146 
Injuries,penetrating 148 
Injury.axillary nerve 281 
Injury. bladder 1115 
Injury, brachial plexus 275 
Injury.colon 154 
Injury,common peroneal nerve 280 
Injury,duodenal 152 
Injury, duodenal, grading 153 
Injury.lacrimal apparatus 373 
Injuryiliver 154 
Injury.long thoracicnerve 281 
Injury, medial poplitial nerve 281 
Injury, median nerve 276 
Injury,pancreatic 153 
Injury, parotid duct 373 
Injury.radialnerve 279 
Injury.renal 154 
Injury, reperfusion 199 
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Injury,seatbelt 155 
Injury,small bowel 153 
Injury,spinal 145 
Injury,splenic 154,712 
Injury,steering wheel 1194 
Injury,ulnar nerve 278 
Injury.urethral 1129 
Injury. urinary bladder 154 
Insulinomas 755,756 
Insulinomas,radioimmunoassay 756 
Insulinomas, treatment 757 
‘Intransit nodules’ 284,312 
Intercostal tube drainage 1202 
Interleukin 2receptor 356 
Intermittent claudication 175 
Intermittent claudication, Baya’ 
classification 176 
Internal hernias 1003 
Internal mammary nodes 547 
Internal piles, primary 1021 
Internist tumour 1100 
Intervertebral disc prolapse 1189, 
Intestinal amoebiasis, surgical 
complications 960 
Intestinal atresia, plain X-ray 991 
Intestinal metaplasia 903, 
Intestinal obstruction,adynamic 1000 
Intestinal obstruction, barium enema 
(microbar solution) 988 
Intestinal obstruction, complications 988 
Intestinal obstruction, CT scan 988 
Intestinal obstruction, gastrograffin 
contrast enema 988 
Intestinal obstruction neonatal 994 
Intestinal obstruction, pathogenesis 984 
Intestinal obstruction, plain X-ray 
abdomen 985,987 
Intestinal obstruction, treatment 988 
Intestinal obstruction types 983, 
Intestinal obstruction ultrasound 988 
Intestinal tuberculosis, primary 615 
Intestinal tuberculosis, secondary 616 
intra-abdominal pressure grading 
(Busch) 155 
Intracranial abscess acute 1182 
Intracranial abscess, chronic 1182 
Intracranial abscess, metastatic 1182 
Intracranial abscess, subacute 1182 
Intraductal ultrasound 696 
Intravenous uragram 1067 
Intrinsic factor 872 
Intrinsic minus deformity 228 
Intrinsic plus deformity 228 
Intussusception 780,994 
Intussusception Cope’s method 997 
Intussusception, retrograde 
jejunogastric 920 
Intussusceptum 995 
Intussuscipiens 995 
‘Inverted ink bottle'effect 1151 
lodophors 1245 
Iohexol 1240 
lopamiro 1240 
lopancic acid 670 


Ischaemia, features 178 
Ischaemia, upperlimb 216 
Ischaemia, upper limb, bypass 

surgeries 218 
Ischaemia, upper limb, investigations 217 
Ischaemia, upper limb, management 217, 
Ischaemic colitis, Marston's 

classification 959 
Ischaemic heart disease 
Isograft 340 
Isotope lymphoscintigraphy 257 
Isotope renagraphy 1070, 1087 
NC filter 254 
IVU, Adder head appearance 
IVU, flower vase appearance 
IWU,horseshoe kidney 1076 
IU, hydronephrosis 1087 
IU, spider leg appearance 
WWU,ureterocele 1080, 
WWU-high dose 1081 
IWU-polycystic kidney 
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1068 
1068 


1068 
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Jackstone 1107 
Jackknife position 1037 

Jaffe’s tumour 384 
Jarisch-Herxhelmer reaction 56 
Jaundice 749 

Jaundice, intermittent 749 

Jaundice obstructive 695,749,752 
Jaundice, obstructive, classification 696 
Jaundice obstructive, pruritus 697 
Jaundice, surgical 695 

Jeep bottom 1036 

Jejuncileal bypass 108 

Jejunoileal diverticula 924 
Jejunostomy 104 
Jejunostomy,needle 104 
Jejunostomy,Witzel 104 
Johansen’stepladder' procedure 412 


aK 


Krasgene 748 
Kaposis's sarcoma 328 


‘ssarcoma,Europian 328 

‘sarcoma, transplant 
associated 328 

Kasai porto enterostomy 678 

Keetly-Torrek procedure 1163 

Keller's operation 173, 

Kelling Madlener procedure 882 

Kelly's point 1035 

Keloid 11 

Keratin pearls 300,401 

Keratoacanthoma 296 

Keratoconjunctivitissicca 439 

Kernahan'snotch 1173 

Kernahan’s notch effect 

Ketamine 1232 
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Khainichewers 410 
Kidney shadow 1066, 
Kidney,anatomy 1065 

Kidney, approaches 1104 

Kidney, avascular plane (Brodel) 1066 
Kidney, benign tumours 1098 
Kidney,capsule 1065, 

kidney, caseous/putty 1082 
Kidney, cysticdiseases 1076 
Kidney, horseshoe 1076 

Kidney, palpable mass 779 

Kidney, polycystic disease 1077 
Kidney, structure 1066 
Killian'sdehiscence 462,838 
Kirschner palliative gastric bypass 865 
Kiss cancer 284 

Kistner’ valvuloplasty 250 
Kitprotein 917 

Klatskin tumour 702 

Koch’ ileal conduit 1083 

Kocher's vein 485 

Koontz orchidectomy 813 

Kous Netzoff aluminium needle 631 
Krukenberg secondaries 572 
Krukenberg's tumour 285,907 
Kuntznerve 194 

Kussmaul’ breathing 100 

Kuttner tumour 436 

Kyphosis 1192 


mL 


Ladd’sband 992,121 
Ladd’s operation 990,992 
Ladd and Gross procedure 1163 
Lahey and Cattell relaxing skin 
incision 1038 
Langethan's cell 293 
Laparoscopic adjustable gastric 
banding 108 
Laparoscopic APR 1026 
Laparoscopic cholecystectomy 1268 
Laparoscopic posterior mesh rectopexy 
(LemR) 1033 
Laparoscopic sigmoid resection and 
resctopexy 1033 
Laparoscopic surgery,advantages 1267 
Laparoscopic surgery, 
complications 1268 
Laparoscopic surgery history 1267 
Laparoscopic surgery, instruments 1267 
Laparoscopic surgery, 
pneumoperitoneum 1268 
Laparoscopic TAPP repair 1269 
Laparoscopic, advanced surgeries 1269, 
Laparoscopic, appendicectomy 1269 
Laparoscopic, TEP repair 1269 
Laparoscopy,diagnostic 1270 
Laparostomy 604 
Large bowel, preparation for surgery 980 
Large intestine, anatomy 948 
Large intestine, lymphatic drainage 949 
Laryngeal tumours, glottic 428 


Laryngeal tumours subglottic 428 

Laryngeal tumours supraglottic 428 

Laryngeal cancer radiotherapy 428,429 

Laryngeal mask airway 1233 

Laryngeal nerve,recurrent 485,523,528 

Laryngeal nerve,superior 485 

Laryngeal surgery,conservative 430 

Laryngacele 463 

Laryngacele,external 464 

Laryngacele, internal 464 

Larynx,muscles 528 

Lasersin surgery 1265 

Latent period of Bandet 713 

Leflunomide 356 

Left to right shunt 1217 

Leiomyosarcoma 327 

Leprosy 55 

Leprosy, multibacillary 55 

Leprosy, paucibacillary 55 

Leprosy surgical complications 55 

Leprosy types 55 

Lesgaft’ triangle 835 

Letrozole 585 

Leugart’sband 839 

Leugart’s pouch 839 

Leukoplakia 392 

Leukoplakia,hairy 392 

Leuprolide 1128 

Lidlag 502,503,504 

Lid retraction 502,503,504 

Lid spasm 503 

Ligament of Cooper 546 

Ligament of Treitz 1061 

Ligation and excision of piles (Milligan- 
Morgan) 1045 

Ligation of intersphincteric fistula track 
(LIFT) 1085 

Ligation, Hunter's 229 

Ligation, quadruple 228,227 

Lignocaine 1235 

Lily white appendix 1014 

Limb ischaemia 176 

Limb ischaemia, critical 

Limb ischaemia, Fontaine 
classification 176 

Limb ischaemia, functional 177 

Limb ischaemia, Rutherford 
classification 176 

Limb ischemia, acute, classification 198 

Limey gallbladder 681 

Line of demarcation 177,178 

Lingual colic 436 

Linitis plastica 908 

Lintons tube 657 

Lip,mucous cyst 408 

Lip, verrucous carcinoma 410 

Lipiodol 33,434 

Lipodermatosclerosis, 

Lipoedema 260 

lipoma 71 

Lipoma arborigens 71 

Liposarcoma 74,325,766 

Lithogenic bile 680,694 

Littoral cell angioma | 724 


17,185 


236,238,250 


Livedo reticularis 210 

Liver 627 

Liver abscess, pyogenic 636 

Liver abscess, pyogenic, apen 
drainage 637 

Liver abscess, pyogenic, percutaneous 
drainage 637 

Liver biopsy 629,645 

Liver cyst 649 

Liver cyst congenital 649 

Liver cyst,neoplastic 650 

Liver cyst, simple 649 

Liver cyst traumatic 651 

Liverfunction tests 628 

Liver injury 629 

Liver injury,CT grading 630 

Liver injury, management 630 

Liver transplantation,orthotopic 645, 
661 

Livertumours 642 

Livertumours,benign 642 

Liver,actinomycosis 642 

Liver,amoebic abscess 631 

Liver,blood supply 627 

Liver focal nodular hyperplasia 643 

Liver functions 628 

Liver haemangioma 642 

Liver,honeycomb 642 

Liver, massive enlargement 649 

Liver, palpable left lobe 776 

Liver palpable mass 773, 

Liver, primary malignant tumours 643, 

Liver,secondaries 647 

Liver, secondaries, classification 647 

Liver, secondaries treatment 649 

Liver;segmental anatomy 628 

Liver, space occupying lesions 668 

Liver, surgical anatomy 627 

Local haemostaticagents 123 

Local recurrent rectal cancer 1027 

Lockhart’s tunica vaginalis flap 1142 

Lords anal dilatation 1042, 1048 

Lord's plication 1153 

Lowenstein-Jensen media 474,619,626 

LowerGlbleed 1061 

Lower Gl bleed, classification 1063 

Lower oesophageal sphincter 839 

Lucid interval 1177 

Ludwig's angina 38,465 

Lugol’siodine 506 

Lungeyst 1204 

Lung cyst,epithelial 1205 

Lupus vulgaris 26 

Lyestricture 854 

Lympedim 262 

Lymph node of'Lund’ 670 

Lymph node, microanatomy 256 

Lymph nodes, deep cervical 455 

Lymph nodes, facial 455, 

Lymph nodes, submandibular 455 

Lymph nodes,submental 455 

Lymph nodes, superficial cervical 455 

Lymphangiography 257 

Lymphangioma 88 


Lymphangiomaabigne 464 
Lymphangioma circumscripta 464 
Lymphangioma diffusum 88,464 
Lymphangioma,capillary 88 
Lymphangioma cavernous 89, 464 
Lymphangioma,circumscriptum 88 
Lymphangiosarcoma 262,328,583 
Lymphangitis 39 

Lymphatic watersheds of skin 255 
Lymphatics 255 

Lymphatics of head and neck, 

‘anatomy 455 
Lymphatics,function 256 
Lymphoedema ab igne 88 
Lymphoedema, Browse classification 257 
Lymphoedema,Brunner’s grading 260 
Lymphoedema, complex decongestive 

therapy 262 
Lymphoedema, lymphangiographic 

classification 257 
Lymphoedema 257 
Lymphoedema,filariat 259 
Lymphoedema, kinmonth 

classification 257 
Lymphoedema, pathophysiology 258 
Lymphoedema,primary 257 
Lymphoedema,secondary 257,259 
Lymphoma, Ann-Arbor staging 267 
Lymphoma, Burkitt's 270 
Lymphoma, cutaneous T cell 270 
Lymphoma,Hodgkin's 265, 
Lymphoma,Hodgkin’, treatment 268 
Lymphoma, malignant of Africa 270 
Lymphoma, MALT 270 
Lymphoma,non-Hodgkin's 269 
Lymphoma, non-Hodgkin’, Rappaport 

classification 269 
Lymphoma, non-Hodgkin's, 

‘treatment 269 
Lymphama,non-Hodgkin’s, working 

classification 269 
Lymphoma, REAL classification 265 
Lymphoma, Rye’ classification 265, 
Lymphoma, staging laparotomy 267 
Lymphomas 264 
Lysol 1245 
Lytle’s repair 810 


aM 


MACIS scaring system 512 

Macklers triad 857 

Macroamylasaemia 726 

Macrachelia 408 

Macroglossia 416 

Madura foot 57 

Madura hand 58 

Madurellamycetomi 57 

Mafenide acetate 136 

Magnetic resonance cholangiopancreato- 
graphy (MRCP) 673,727, 1242 

Magneticresonance imaging 1242 

Magpi repair 1133 

Major histocompatibilty complex 353, 


‘Major papilla of Vater 759 
Malabsorptive bariatric surgery 107 
Malaena 891 
Malakoplakia 1116 
Malgaigne bulging 812,817 
Malignant fibrous histiocytoma 326 
Malignanthistiocytoma 326 
Malignanthyperthermia 1234 
Malignantlaryngeal tumours 427 
Malignant laryngeal tumours,staging 428 
Malignant mesothelioma 613 
Malignant oedema 52 
Malignant peripheral nerve sheath 
tumour 328 
Malignant pustule 61 
Mallampati scoring 1231 
Mallet finger 170 
Malratation 991 
MALTOMA 915 
Mammary dysplasia 551 
‘Mammary fistula of Atkins 563 
Mammography 547,574 
Mammography, bilateral 590 
Mammography, diagnostic 548 
‘Mammography,screening 548 
Mandibularresections 406 
Mandibulectomy,marginal 406 
‘Mannheim peritonitis index 606,890 
‘Manoeuvre, costoclavicular 
compression 179 
Manoeuvre, hyperadduction 179 
Manoeuvre, scalene 179) 
Marjolin’s ulcer 300,302 
Maryfield introducer 1073, 
‘Mass abdomen, differential 
diagnosis 771 
‘Mass abdomen, investigations 782 
‘Mass,epigastrium 775 
‘Mass, hypogastrium 781 
‘Mass;left hypachondrium 778 
‘Mass; leftiliac fossa 781 
‘Mass,lumbar region 778 
‘Mass right hypochondrium 773 
‘Mass, rightiliac fossa 780 
‘Mass, umbilical region 780 
Massive bowel resection 941 
MAST 116 
Mastalgia 553, 
Mastalgia,cyclical 551,553 
Mastalgia,noncyclical 553 
‘Mastectomy, Auchincloss modified 
radical 581 
Mastectomy, complications 583 
‘Mastectomy, extended radical 583, 
Mastectomy, Halsted radical 582 
Mastectomy, prophylactic 593 
Mastectomy,simple 480 
Mastectomy, skin sparing 583,588 
Mastectomy, subcutaneous 552 
Mastectomy,tollet 583 
Mastectomy, total 580 
‘Mastectomy, total with axillary 
clearance 580 
Mastitis 555 


Mastitis carcinomatosis 566 
Mastitisintramammary 556 
Mastitis,periductal 558 
Mastitis plasma cell 558 
Mastitis,retromammary 557 
Mastitis subareolar 555 
Matas endoaneurysmorthaphy 203 
Maxillary tumours 424 
Maxillary tumours behaviour 424 
Maxillary tumours, Lederman's 
classification 425, 
Maxillary tumours, Ohngren's 
classification 424 
Maxillary tumours,TNM staging 425 
‘Maxillofacial injuries classification 372 
‘Maxillofacial injuries, Le Fort’s 
classification 374 
‘Maxillofacial injuries, primary care 374 
Maxon 1256 
Mayo's procedure 173 
McFarlane staging 539 
McBurney's point 1008 
McBride procedure 173 
‘MeCune-Albright syndrome 92 
MCR foot wear 212 
Mebeverine HCl 958 
Mechanical valves 1222 
Meckel’sdiverticulectomy 924 
Meckel's diverticulum 786,923 
Meconium ileus 992 
‘Meconium ileus,complication 993 
Median nerve palsy 276 
Mediastinal flutter 1196 
‘Mediastinal tumours 1205 
Medusahead 61 
‘Megacolon,acquired 951 
‘Megacolon, congenital 949 
Megalaglossia 416 
Meggitt’ classification 213 
Meglumine ioglycamate 671 
Meglumine othalamate 1067, 1240 
‘Meissner’ plexus 870 
Melanoblast 308, 
Melanacyte 308 
Melanoma 308 
Melanoma,acral lentiginous 312 
‘Melanoma, AJCC classification 309 
Melanoma,amelanotic 312 
‘Melanoma,biochemotherapy 316 
‘Melanoma, reslow's classification 309 
‘Melanoma,Clark’sconcept 312 
Melanoma,ClarkS level 309,310 
Melanoma,clinical types 310 
Melanama,desmoplastic 312 
‘Melanoma,endolymphatic therapy 316 
Melanoma, Glasgow criteria 312 
Melanoma,immunotherapy 316 
‘Melanoma, isolated limb infusion 316 
‘Melanoma, isolated limb perfusion 316 
‘Melanama,lentigo maligna 311 
‘Melanoma,newerTNM staging 313 
Melanoma,nodular 310 
Melanoma,occult 313 
Melanoma,acular 312 
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Melanoma, risk factors 309 
Melanoma,satellitenodules 312 
Melanoma, sentinal lymph node 
biopsy 315 
Melanoma,staging 313 
Melanoma,subungual 312 
Melanoma, superficial spreading 310 
Melanoma, treatment 314 
Melanoma,tumour markers 313, 
Melanophages 308 
Melanophores 308 
Melanosis 962 
Melanuria 313 
MELD score 357 
Meleney's infection 65 
Melon seed bodies 165 
Melphalan 316 
MEN syndrome 536 
MEN syndrome type 71,91 
Menghinineedle 629 
Meningiomas 1184 
Meningacoele 1188,1189 
Meningamyelocoele 1188,1189 
Meralgia paraesthetica 281 
Mercurochrome 343 
Mesalamine 957 
Mesenteric desmoid tumour 612 
Mesenteric lymphoma 612 
Mesenteric malignancy 612 
Mesenterictear 152 
Mesenterictrauma 613 
Mesenteric vessel ischaemia 931 
Mesenteric vessel ischaemia, 
treatment 933, 
Mesh repair,Gilbert 815 
Mesh repair Gilbert's PHS repair 815 


Mesh repair inlay 814 
Mesh repair Lichtenstein tension 
free 814 


Mesh repair, modified Rives 
preperitoneal 814 

Mesh repair,Nyhus preperitoneal 814 

Mesh repairjonlay 814 

Mesh repair totally extraperitoneal 
laparoscopic (TEP) 815,817 

Mesh repair transabdominal preperitoneal 
laparoscopic (TAPP) 813,815 

Mesher 343 

Metastaticemphysema of Read 798 

Methimazole 506 

Methotrexate 482 

Michaelis Gutmann bodies 1116 

Mickulice Miles perineal transanal 
rectosigmoidectomy 1034 

Microbar solution 874 

Microdochectomy 562 

Microflaria 259 

Micturating cystourethragraphy 
1134 

Mikulicz disease 440 

Military antishock trouser 116 


1089, 


Military attitude 1192 

Milker'nodes 166 

Miller procedure 264 

Mill-Wheel murmur 201 

Milnes-Walker thoracic oesophageal 
transection 658 

Milwaukee's classification 710 

Miner'sbeat knee 85 

Miner'selbow 85 

Minimal incision aortic surgery 
(MIAS) 206 

Minnesota tube 657 

Minute VU 1068 

Mitotane 586 

Mitral commissurotomy, open 1221 

Mitral regurgitation 1221 

Mitral stenosis 1220 

Mitral volvotomy,closed 1220 

Modified Brooke formula 135 

Modified radical neck dissection 512 

MODS 45,46,112, 114,117, 132,888 

MOHS 306 

‘Mole hairy 307 

‘Molenonhairy 307 

Molluscum sebaceum 296 

Mongolian’ spot 308 

Monilialthrush 397 

‘Monks localising zones 153 

‘Monoclonal antibodies 1230 

Monoclonal antibody 356 

Monocryl 1256 

Montgomery tubercles 545 

Morison’ aphorism 37 

Moth eaten alopecia 28 

Mount Vernon boxframe 376 

Mousseau-Barbin tube 865 

Moynihan’ aphorism 680,694 

Moynihan’s caterpillar hump 673 

‘Mucocele of frontal sinus 75 

‘Mucus glands ofNuhn 389 

Muir and Burclay regime 135, 

‘Muir low anterior resection 1034 

Mulberry stone 1107 

Muller's muscle 502 

Multiple cylindroma 306 

Murphy'striad 876 

‘Murugassu’s technique 1035 

Muscarinic receptors 872 

‘Muscle relaxant, depolarising 1232 

‘Muscle relaxant,nondepolarising 1232 

Myasthenia gravis 1207 

Mycetoma pedis 57 

Mycobacterium tuberculosis 54 

‘Mycophenolate mofetil 356,1229 

Mycotic aneurysm 203 

Myelinicneuroma 89 

Myelocele 1188 

Myotomy 954 

‘Myotomy,cricopharyngeal 463, 

Myotomy,Heller’s 954 

Myotomy,Ramstedt’s 954 

Myotomy,Reilly’s 954 

Myxoedemacoma 527 

‘Myxoedema, pretibial 504 


ON 


Naevi 306 

Naevolipoma 71 

Naevusflammeus 222 

Naevus of Ota 307 

Naevus sebaceous of Jadassohn 294 

Naevus spilus 307 

Naevus,blue 307 

Naevus,compound 307 

Naevus, dysplastic 307 

Naewus giant 308, 

Naevus,halo 307 

Naewus, intradermal 307 

Naevus,lto 307 

Naevus, junctional 307 

Naewus, juvenile 307 

Naevus spindle cell 307 

Naevus Spitz 307 

Naglerreaction 54 

Nail,floating 160 

Nailhang 160 

Napkin ring stricture 617 

Narbona’ ligamentum teres 
cardiopexy 846 

Narcotic analgesics 366 

Nasojejunal feeding 1266 

Nasopharyngeal carcinoma 423 

Nasopharyngeal carcinoma, 
treatment 423, 

Neck dissection, bilateral 481 

Neck dissection classic radical 480 

Neck dissection, extended radical 481 

Neck dissection, modified radical 480 

Neck dissection, supraomohyoid 
block 481 

Neck dissection types 480,482 

Neck lymph nades, memorial Sloan- 
Kettering cancer centrelevels 475 

Neck lymph nodes, secondaries 475 

Neck lymph nodes, secondaries with 
‘occult primary 477,479 

Neck lymph nades, secondaries, lind 
biopsy 477 

Neck lymph nodes, secondaries, 
features 476 

Neck lymph nodes, secondaries, 
FAC 478 

Neck lymph nodes, secondaries, 
staging 478 

Neck lymph nodes, secondaries, 
treatment 479 

Neck lymph nodes, secondaries, 
types 477 

Necrosis 177 

Necratising enterocolitis 934 

Necratising fasciitis 65,67 

Needle holder 1251 

NeedleHagedorn 1250 

Needles,atraumatic 1250 

Needles,cutting 1251 

Needles,round body | 1251 

Needles, surgical 1250 

Needles, traumatic 1250 


Negri bodies 58 

Neoadjuvant chemoradiotherapy 755 

Neoplasia, etiological factors 284 

Neoplasm 282 

Neoplasm,benign 282 

Neoplasm,malignant 282 

Neoplasm, malignant, locally 282 

Neoplasm, malignant, locoregionally 282 

Neoplasm,malignant,systemic 282 

Neostigmine 1232 

Nephrectomy 1100 

Nephrectomy partial 1094 

Nephrectomy radical 1103, 

Nephrectomy subcapsular 1088 

Nephroblastoma 1099 

Nephrolithotomy 1092 

Nephron sparing surgery 1103 

Nephropyelolithatamy 1092, 1098 

Nephrostomy 1074 

Nephrostomy,bilateral 1088 

Nephrostomy,Cabot’s 1074, 1088, 1098 

Nephrostomy percutaneous 1074 

Nephrostomy, Tresidder’s loop 1074 

Nephroureterectomy 1076, 1083 

Nerve of atarjet 870 

Nerve suturing 274 

Neurilemmoma 92 

Neuroblastoma 89,540 

Neuroblastoma,Hutchinson's type 540 

Neuroblastoma, Pepper type 540 

Neuroblastoma, Shimada histological 
classification 541 

Neurablastoma,staging 541 

Neurofibroma 90 

Neurofibroma, complications 92 

Neurofibroma,nodular 91 

Neurofibroma, plexiform 91,92 

Neurofibrama, vagus nerve 468 

Neurolipoma 71 

Neuroma 274 

Neuromajend 89 

Neuroma,false 89 

Neuroma, lateral 89 

Neuroma,true 89 

Neuroma,types 89 

Neuropraxia 273 

Neuratmesis 273, 

Niche 873,880 

Nitrous oxide 1232 

NNIS system 68 

‘'Nore-flow' phenomenon 199 

No scalpel vasectomy 1260 

Nocardiaasteroids 57 

Nocardia madurae 37 

Noma 391 

No-manland 157 

Nonchromaffin paraganglioma 468 

Non-heart beating donors 354 

Non-narcotic drugs 366 

Non-nucleoside reverse transcriptase 
inhibitor (NRT) 64 

Nonacclusive mesenteric ischaemia 
(NOMI) 932 

Nonulcer dyspepsia 878 


Normal rotation of midgut, errors 992 

Normal rotation of midgut, stages 991 

Notch 873,880 

Nucleoside reverse transcriptase inhibitor 
(NRT) 64 

Nutrition 101 

Nutritional support 102, 

Nyhusliopubic repair 811 


HO 


Obesity 106 

Obesity, causes 106 

Obesity, medical management 107 

Obesity, morbid 106 

Obesity, morbid, problems 106 

Obstipation 998 

Obstruction, proximal small bowel 983 

Obturator 1022 

Ochsner-Sherren regimen 1015 

Ochsner-Sherren regimen, 
contraindication 1015 

Ochsner-Sherren regimen, criteria 1015 

Octreotide 656,731 

Odontomes 382 

Odynophagia 840 

esophageal carcinoma, endoscopic 
bipolar diathermy 865 

Oesophageal carcinoma, endoscopic 
laser 865 

Oesophageal carcinoma, endoscopic 
photodynamictherapy 865 

esophageal carcinoma, endoscopic 
therapy 865 

Oesophageal clearance mechanism 840 

Oesophageal cyst 867 

esophageal dilatation 855 

Oesophageal diverticulum 857 

esophageal diverticulum, pulsion 
type 858 

esophageal diverticulum, traction 
type 858 

Oesophageal endosonography 842,859 

Oesophageal manometry 844 

Oesophageal motility disorders 849 

Oesophageal perforation 867 

esophageal substitutes 864 

Oesophageal varices 654 

esophageal varices, balloon 
tamponade 657 

esophageal varices, definitive 
‘management 659 

esophageal varices,emergency 
‘management 656 

esophageal varices, endoscopic 
gluing 657 

esophageal varices, endoscopic 
therapy 656 

esophageal varices, endoscopic variceal 
banding 657 

esophageal varices, endoscopic variceal 
sclerotherapy 657 

esophageal varices, endoscopic variceal 
thrombin injection 657 


esophageal varices, grading 654 
Oesophageal varices, 
pharmacotherapy 656 
esophageal varices treatment 654 
Cesophagectomy, complications 866 
Cesophagectomy, McKeown three 
phased 863 
esophagectomy, Orringer 
approach 863 
Oesophagectomy,radical 860,863 
Cesophagectomy, vagal sparing 864 
Cesophagogastrectomy 846 
Oesophagoscope,fibreoptic flexible 842 
Oesophagoscope,rigid 842 
Oesophagoscopy 841,842 
Oesophagusbird beak’ appearance 842 
esophagus corkscrew’ appearance 842 
Oesophagus,abdominal 838 
Cesophagus,anatomical narrowing 838 
esophagus, anatomical specialities 838 
Oesophagus,anatomy 838 
Cesophagus,arterial supply 838 
esophagus,Barrett’s 849 
esophagus, benign tumours 866 
Oesophagus,candidiasis 840 
esophagus cervical 838 
esophagus, contrast study 841 
Oesophagus,corkscrew 850 
esophagus, corrosive stricture 854 
esophagus, corrosive stricture, degree of 
burns 854 
esophagus, corrosive stricture, 
treatment 854 
esophagus, diffuse spasm 840,849 
Cesophagus,foreign body 840,867 
Cesophagus,leiomyoma 866 
esophagus lymphatic drainage 839 
Oesophagus,nutcracker 850 
esophagus,sigmoid 842 
esophagus,thoracic 838 
esophagus, venous drainage 838 
Oil of evening primrose 552 
0K 432.465 
(Okuda classification 774 
Okuda needle 672 
Omentaltorsion 614 
Omental tumour 614 
Omentocele 800,806 
Omentoplasty 188,195 
Omentoplasty, complications 196 
Omphalitis 784 
Omphalacele 792 
Oncocytoma 445,1098 
Onghren'sline 303 
Onychocryptosis 172 
Onychogryphosis 172 
Onychomycosis 172 
Operation Koontz’ 810, 
Operation, Anderson- Hyne's 1088 
Operation, Andrew's 811 
Operation, Belsey Mark IV 846 
Operation, Bishop-Koop 759,993 
Operation, Blalock-Taussig 1220 
Operation,BOCCA 480 
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Operation, Boerema 846 
Operation, Boerema-Crile_ 658 


Operation, Brunschwigs 1028 
Operation, Cattell 827 
Operation, Charles 263,264 


Operation, child's 743, 
Operation,Commando 481 
Operation, Delores 1033,1034 
Operation Fitzpatric 1142 
Operation, Fowler's 172,279 
Operation, Gelhard’s 1142 
Operation, Goligher’s 1033 
Operation,Hadfield-Adair 558 
Operation, Hamilton-Bailey 810 
Operation, Hamilton-Stewart 1084 
Operation, Hartley-Dunhill 493,521 
Operation, Hartmann’s 989, 998, 1028 
Operation, Hills 846 

Operation, Homans 263 
Operation, in Dumphy 1034 
Operation, Ivor Lewis 863 
Operation, Jabouley'’s1153,1261 
Operation, Jurasz 736 
Operation,Keel 827 

Operation, Kirwin's 1078 
Operation, Kondolean's 264 
Operation,Ladd's 991 

Operation, Lahaut's 1033, 
Operation Lily's 677 

Operation, Lockwood low 824 
Operation, Lotheissen’s 824 
Operation, Macey's 264 
Operation, Max-Page 169 
Operation, May-Husni 234 
Operation, Mayo’ 830,831 
Operation, McEvedy-high 824 
Operation, McVay 811 

Operation, Michaelis plank 806 
Operation, modified Duhamel 951 
Operation, modified Heller's 852 
Operation, Newman-Seabrock’s 439 
Operation, Nielubowitz 263 
Operation, Nuttalls 828 
Operation, O'Brien's 263 
Operation, Ombredanne’s 
Operation, Palma 234 
Operation, Palomo's 1159 
Operation, Partington-Rachelle 743,744 
Operation,Pateys 581 

Operation, Paul Brand's 279 
Operation, Paul-Mickulice 998 
Operation, Puestow’s 743 
Operation, Ramstedt’s 877 
Operation, Riordan 279 

Operation, Ripstein 1033, 
Operation, Rose Graham 1033 
Operation, Roscoe-Graham 889 
Operation, Rovsing 1077 

Operation, Santulli 993, 

Operation, Scanion’s 581 

Operation, Sever’s 275 

Operation Sir Piersey Gold 1145 
Operation, Sistrunk 263,488,489 
Operation, Smith 736 


1163 


Operation, Stye-Bunnells 279 
Operation, Sugiura-Futagawa 658 
Operation, Tanner slide 810 
Operation,Tanner's 901 
Operation, Taylor's 885 
Operation, Thompson's 263 
Operation, Torkildsen 1181, 1187 
Operation, Trendelenburg 244 
Operation, Wardill-Kilner push back 
Operation, Wells 1033, 
Operation, Wheelhouse's 
Operation, Wyatt 1034 
Operation, Youngs 1145 
Operation, Zadik’s 172 


1132 


Operative surgery 1244 
Opisthotonus 51 
ops! 722 


OPS|,prevention 722 

PSI, treatment 722 

Opsite 136 

Opsomyoclonus 541 

Optease filter 254 

Oral and upper aerodigestive 
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Pancreatitis, chronic, classification 739 
Pancreatitis, chronic, conservative 
treatment 742 
Pancreatitis,chronic,CT abdomen 741 
Pancreatitis, chronic, endocrine 
dysfunction 740 
Pancreatitis, chronic, endoscopic 
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Paralyticileus 1000 
Paraneoplasticsyndromes 286 
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Positron-emission tomography 1243 
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Prolene 1256 

Propofol 1232 
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Reed-Sternberg cells 265 

Refeeding syndrome 102, 106 

Reflux oesophagitis, Los Angeles 
classification 848 
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Retroperitoneal sarcoma 769 
Retroperitoneal sarcoma, Dutch/memorial 
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Rituximab 356 
Riverstruma 519 
Robertson's cooked meat media 53 
Rockall scoring system 892 
Roentgen unit 1225, 
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Salivary tumour open biopsy 443 
Salivary tumour parotid, surgery 448 
Salivary tumour radiotherapy 449 
Salivary tumour, squamous cell 
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Sentinal lymph node biopsy 566,144 

Sentinel node biopsy 317 

Sentinel node,Cabana 1144 

Sentinel pile 1047 

SEPS 247 

Septal defect,atrial 1218 

Septal defect, ventricular 1219 

Septicaemia 45 

Septicaemia, complications 45 

Septicaemia,stages 45 
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Figure 16 


Septicaemia,types 45 

Sequestrum 34,177 

Serocystic disease of Brodie 552 

Serum amylase 726 

Serum ascites albumin gradiant 662 

Serum|actescence 730 

Serum lipase 730 

Seton technique 1056 

Sharma and Jhawer's technique 1153, 
1261 

Shepherd crook deformity 387 

Sherren' triangle 1008 

Shianoyas criteria 185 

Shock 111 

Shockindex 115 

Shock lung 1203, 

Shock anaphylactic 111,115 

Shock, cardiac compression 114 

Shock cardiogenic 113 

Shock, cardiogenic, management 113 

Shock,causes 111 

Shock clinical features 115 

Shock distributive 117 

Shock,effects 112 

Shock, hypovolaemic 111 

Shock neuragenic 111,113 

Shock, pathophysiology 112 

Shock, septic 114 

Shock septic, pathophysiology 114 

Shock septic;stages. 114 

Shock,septic,treatment 114 

Shock,stages. 112 

Shock,treatment 115 

Shock,types 112,113 

Shock, vasovagal 113 

Shouldice repair 810 

Shouldice repair, Berliner modified 810 

Shunt, Denver 664 

Shunt, distal splenorenal 659 

Shunt, Inokuchi 659 

Shunt,LeVeen 664 

Shunt,Linton’s 659 

Shunt, porta-caval 659 

Shunt, proximal splenorenal 659 

Shunt,Warren's 659 

Shunts, nonselective 659 

Shunts,selective 659 

Shutter mechanism 801 

Slaladenectomy 437 

Slaladenitis 435 

Sialadenitis,acute 435 

Sialadenitis,chronic 435 

Sialectasis 437 

Sialography 434 

Sialolithiasis 436 

Sialorrhoea 433, 

Slalosis 437 

Sick cell syndrome 113,122 

Sickle celldisease 718 

Sideropenia 394 

Sideropenic dysphagia 394 

Sigmoidopexy 998 

Sigmoidoscopy 1022 

Sign'V’ 162 


Sign of Viof Naclerio 856 
Sign of Dance 995 

Sign ofvas 1168 
Sign,'C'loop-pad 750 
Sign, Angells 1165 
Sign,Ballance’s 713 

Sign, Battles 1174 
Sign,bent-innertube 998 
Sign,Berry’s 512,513,516,517,520 
Sign,bird’sbeak 998 

Sign, Blumberg's 602,888, 987, 1008 
Sign,Boas's 685 

Sign,Bow 1158 
Sign,Branham’s 228 

Sign, bulls eye 996 

Sign, Camellatte 638 

Sign, Champagne bottle 238,249 
Sign, Champagne glass 953, 
Sign, Chvostek’ssign 538 
Sign, claw 996 
Sign,coffee-bean 998 

Sign, coiled spring 996 
Sign, Coleman's 378 

Sign, colon cutoff 730 
Sign,Cowen’s 503 
Sign,Cullens 728 

Sign, Cupola 890 

Sign, Curtain 442 

Sign, Dalrymples 502 
Sign,Demings 1165 

Sign, double duct 752 
Sign, double-bubble 990 
Sign, Doughnut 877,996 
Sign, Enroth 503 
Sign,fatring 612 
Sign,Fleischner 618 

Sign, football 890 
Sign,Fox 728 
Sign,Froment’s 278,458 
Sign, Frostbergs reverse'3’ 874 
Sign,Gaur's 822 
Sign,Giffrod’s 503 

Sign, Grey Turners 728 
Sign,Guerins 375 

Sign, Hamman 857 

Sign, Harvey's 178 
Sign,Homan’s 233 
Sign,Hood 488 

Sign,Hook 164,778 
Sign,Hoover’s 610 

Sign, Howship-Romberg 834 
Sign,Hutchinson 312 

Sign, inverted beer bottle 249 
Sign, inverted umbrella 618 
Sign,invertedV 890 
Sign,Jellinek’s $03, 
Sign,Joffroy's 502 

Sign, Kanavel 164 

Sign, Kehr's 713 

Sign, Knie's 503 
Sign,Kocher's $03, 

Sign, Loewi's 503 
Sign,Londons 153 
Sign,Lyre 468 


Sign,Mallet-Guys 740 

Sign,Mathes 1089 p29 

Sign, Mercedes Benz 680,694 

Sign, Milian’sear 39 

Sign, Moebius 502 

Sign,Moses 233 

Sign, Moynihan’s 689 

Sign, Murphy's 689 

Sign, Nafziger’s 503 

Sign, Neuhauser’s 993 

Sign,Neuhof's 233 

Sign,Nicoladonis 228 

Sign,Omega 998 

Sign,pad 874 

Sign, Panda 373,376,174 

Sign,Pembertan's 266,497 

Sign,Prehns 1165 

Sign, pseudokidney 996 

Sign, puddle 662 

Sign,Racoon'seye 541 

Sign,reverse'3' 750 

Sign,reverse'’ 1068 

Sign,Riglers 890 

Sign,Rosenbach’s 503 

Sign,Rovsing’s 1008 

Sign,Rust’s 474,1191 

Sign, Seagull 680,694 

Sign, Silk glove 805 

Sign, slip 72 

Sign, Srinivasan costal 782 

Sign,Stellwag’s $02 

Sign, Stemmer’s 260 

Sign,Stierlien's 618 

Sign,string 618 

Sign,sun-setting 1181 

Sign,Tanyol 662 

Sign,target 996 

Sign, thumb printing 959 

Sign,Tinel's 275 

Sign,trial 495 

Sign,triangle 890 

Sign, Troisier's 907,909 

Sign,Trousseau’s 99,252, 538,749,909 

Sign, Vermooten’s 1129 

Sign,Von Graefes 502 

Sign, Westmark 1204 

Sign, Whirl 1002 

Silastic silo 793 

Silk 1256 

‘Simmond’s procedure 173 

Single photon emission computerised 
tomography (SPECT) 533, 

Sinus 30 

Sinus forceps 43 

Sinus discharge 33 

Sinus, median mental 33 

Sinus, pilonidal 1036 

Sinus, pilonidal, Buie's 
‘marsupialisation 1038 

Sinus, pilonidal, Lord and Millar's 
excision 1038 

Sinus, pilonidal,treatment 1037 

Sinus, preauricular 35,380 
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Sinusogram 33 

Sir Philip Manson-Bahr amoebic 
point 960 

Sirolimus 356 

SIRS 112,117, 132 

Sister Josephs nodules 

Sister Mary Joseph nodules 

Sisterlosephnodule 294 

Sitzbath 1042 

Siver suphadiazine 136 

‘Skin adnexal tumours 284 

‘Skin cancer,TNM staging 300 

Skin tag 84 

‘Skin tumours, classification 293,294 

Skin,anatomy 293 

Skin eccrine gland tumours 294 

‘Skin, hairtumour 294 

‘Skin, melanotic cancer 294 

‘Skin, non-melanotic cancer 294 

‘Skin, premalignant conditions 298 

‘Skin, squamous cell carcinoma 298 

‘skin, squamous cell carcinoma, prognostic 
factors 301 

‘Skin, squamous cell carcinoma, 
‘treatment 301 

Skinner en bloc resection 864 

Slitvalve mechanism 801 

Sloan Kettering scoring 510 

Slough 177 

‘Small bowel carcinoid 939 

‘Small bowel enema 942 

‘Small bowel enteroscopy 943 

Small bowelstrictures 931,934 

Small bowel wellings 780 

‘Small bowel tumours 935, 

‘Small bowel,adenocarcinoma 937 

‘Small bowel,adenoma 936 

Small bowel, benign tumours 936 

‘Small bowel, carcinoid tumour 938,939 

‘Small bowel,GIST 938 

‘Small bowel,leiomyoma 936 

Small bowel lipoma 937 

Small bowel, malignant tumours 937, 
938 

‘Small bowel, malignant tumours, 
treatment 940 

‘Small bowel, non-Hodgkin's 
lymphoma 938 

‘Small intestine, anatomy 922 

‘Small intestine, diseases 
investigation 923 

Smoking index 185 

Snail track ulcer 392 

Socia parotidis 431 

Sodium diatrizoate 1067, 1240 

Sodium tetradecyl sulphate 396 
(stos) 242 

Sodium trizoate 434 

Soft chancre 28 

Softcomn 171 

Softsore 28 

Soft issue sarcoma 318 

Soft tissue sarcoma,features 320 


784,791 
907,909 


Soft tissue sarcomas,amputation in 322, 
328 

Soft tissue sarcomas, compartment 
resection 324 

Soft tissue sarcomas, grading 322 

Soft tissue sarcomas,GTNM staging 322 

Solar keratosis 298 

Solitary ulcer syndrome 1029 

Somatic cell therapy 1230 

Somatostatin 656,873 

Somatostatin receptors 872 

Somatostatinoma 758 

Somatostatinoma,triad 758 

Southampton wound grading system 36 

Souttartube 865 

Space of Bogros 815 

Space of Retzius 815 

Space,midpalmar 162, 

Space, of parona,infection 164 

Space,thenar 162,163 

Spermatic cord,contents 800 

Spermatic cord, coverings 801 

Spermatacele 1156 

Sphincter of Oddi 670 

Sphincter of Oddi dysfunction 710 

Sphincterotomy 692,693 

Sphincterotomy, complications 692 

Spider veins 235 

Spigelian fascia 833, 


Spinabifida 1188 
Spina bifida aperta 1189 
Spina bifida occulta 1188 


Spina ventosa 170 
Spinal dysraphism 1187 

SPINK] 739 

Splashin the pan 1041 
Spleen,accessory 712 

Spleen, blood supply 711 

Spleen function 711 

Spleen, ligaments 711 

Spleen,red pulp 711 
Spleen,rupture 712 

Spleen, salutary effect 715 
Spleen surgical anatomy 711 
Spleen,wandering 724 

Spleen, white pulp 711 
Splenectomy 659,720 
Splenectomy, complication 154,715,721 
Splenectomy,emergency 715 
Splenectomy, indications in !TP 719 
Splenectomy, laparoscopic 721 
Splenectomy partial 715 
Splenectomy portal hypertension 659 
Splenicartery 711 
Splenic organ injury scale 714 
Splenic rupture,signs 713 
Splenic vein 711 

Splenic vein cavernoma 659 
Splenomegaly 716 
Splenoportography 653 
Splenorthaphy 715 

Splenosis 713 

Spongioblastoma polare 1184 
Spread of malignant tumours 284 


Spurious diarrhoea 1024 

Squamous cell carcinoma, Broder's 
classification 300 

Squamous cell carcinoma, Broder's 
grading 285 

SQUID 988 

SSiriskindex 68 

Stafne bone cyst 434 

Staghorn calculus 1097,1107 

Stapler haemorthoidectomy 1045 

Staplers in surgery 1265 

Staples, circular (EEA) 1265 

Staplers cutaneous 1265 

Staplers,endo 1266 

Staplers,GIA 1266 

Staplers,linear 1265 

Stenting, intravascular 216 

Step ladder paristalsis 986,995 

Stephenisline 1035 

Stephen-Fowler’ technique 1163 

Stercoral ulcer 969 

Sterile pyuria 1083 

Sterilsaion, methods 1245 

Sterlsation 1244 

Stiflung 1203 

Stingsand bites 362 

Stoma appliances 978 

Stoma care 977 

Stama,complications 978 

Stoma, general care and advice 979 

Stoma, patient counselling 977 

Stoma, postoperative care 978 

Stoma skin,excoriation 978 

Stoma,types 977 

Stomach anatomy 869 

‘Stomach, blood supply 870 

Stomach, leather-bottle 908 

Stomach, lymphatic drainage 871 

Stomach, lymphatic drainage zones 907 

Stomach nerve supply 870 

Stomach palpable mass 776 

Stomach,tigerstripe 894 

Stomach watermelon 894 

Stomal obstruction 895 

Stomal ulcer,perforated 890 

Stomatitis 390 

Stomatitis aphthous 391 

Stomatitis, Candida 391 

Stomatitis nutritional 391 

Stomatitis traumatic 391 

Stomatitis Vincent’ ulcerative 391 

Stool occult blood test 1064 

Stoppa’s giant prosthesis reinforcement of 
visceral sac 814 

Storkbite 222 

Stove in chest 1196 

Strawberry scrotum 82 

Streptokinase 199 

Stretta catheter 844 

Stricture urethra 1131 

Stricture urethra classification 1131 

Stricture urethra, complications 1132 

Stricture urethra, intermittent 
dittation 1132 


Stridor 497 
String sign of Kantor 927 
Stripper, Codman's 244 
Stripper, Myer’s 244 
Stripper Oesch pin 246 
Stripping, complications 244 
Struma lymphomatosa 519 
Struma ovarii 500 
Student’ elbow 85 
Stump carcinoma 903 
Stump neuroma 338 
‘Subepithelial benign nodular 
fibrosis 296 
Subhyoid bursitis 467 
Submandibular salivary gland, 
anatomy 432 
Subphrenic abscess, pathology 609 
Subphrenic abscess treatment 610 
Subphrenic spaces 608 
Succussion splash 885 
Sucquet-Hoyercanal 82 
Sucralfate 884 
Sulfamylon 136 
Superior mesenteric vein thrombosis 932 
Superobesity 106 
Supralevator encirclement of anal orifice 
ofNotaras 1034 
‘Suprapubic cystostomy 1074 
‘Suprapubic open cystolithatomy 1109 
‘Suprapubic percutaneous 
litholapaxy 1109 
Surgeon and law 1276 
Surgeryendovascular 215 
Surgical complications, pulmonary 
tuberculosis 1214 
‘Surgical complications, roundworm 929 
Surgical complications,typhoid 928 
Surgical infection 36 
Surgical site infection (SSI) _67 
Surgical site infection, classification 68,69 
‘Surgical site infection, management 70 
Surgical site infection, prevention 69 
Suture aterial, ideal 1256 
Suture knots 1257 
Suture materials,absorbable 1256 
Suture materials,classification 1256 
Suture materials, memory 1256 
Suture materials, nonabsorbable 1256 
Suture materials, numbering 1257 
Suturing types 1257 
Suturing,delayed primary 7,8 
Suturing, primary 7,8 
Suturing secondary | 7,8 
Suxamethonium chloride 1232 
Swelling,cross-fluctuant 94 
‘Swellings, brilliantly transilluminant 1150 
‘Swellings,cross luctuant 770 
‘Swellings,cross-fluctuation 1151 
‘Swenson's operation 951 
‘Swimmers itch 1111 
Sylvaticrabies 58 
‘Sympathectomy,cervical 190,194 
‘Sympathectomy, cervicothoracic 
preganglionic 193 


Sympathectomy,chemical 188,195 
Sympathectomy,lumbar 188,194 
Sympathectomy, thoracoscopic 194 
Syndactyly 169 
Syndrome Cronkite-Canada 964 
Syndrome,abdominal compartment 
(acs) 155 
Syndrome, adrenogenital 540 
Syndrome, auroculotemporal 452 
Syndrome, Bannayan-Riley-Ruvalacaba 
(Ruvalacaba Myhre Smith) 964 
Syndrome, Beckwith-Weidman 792,829 
Syndrome, BirtHogg-Dube 1100 
Syndrome, blue toe 207 
Syndrome, Boerhaave 841,856 
Syndrome,Bouveret's 704 
Syndrome, Brown-Sequard 146 
Syndrome, Budd-Chiari 664 
Syndrome,carpal tunnel 276 
Syndrome,cast 899 
Syndrome, central cord 146 
Syndrome, cervical ib 457 
Syndrome, Chilaiditis 889 
Syndrome,coeliac artery 899 
Syndrome,coeliac band 899 
Syndrome, cold agglutinin 718 
Syndrome, compartment 196,197,199 
Syndrome,Conn's 540 
Syndrome, Costello 765 
Syndrome, Cowden (multiple hamartoma- 
neoplasia syndrome) 964 
Syndrome, Cowden's 509,563 
Syndrome, CREST 189 
Syndrome, Cruvielhier-Baumgarten 654 
Syndrome, Curtis-Fitz-Hugh 607 
Syndrome, dancing eye 541 
Syndrome, descending perineal 1059 
Syndrome, diGeorge’s 538 
Syndrome, disappearing pulse 178 
Syndrome, dumping 897 
Syndrome, Durban's 899, 
Syndrome,Eisenmenger's 1217, 1219 
Syndrome, familial paraganglioma 542 
Syndrome,Felty’s 720 
Syndrome, Ferguson-Smith 300 
Syndrome,Freys 452 
Syndrome,Frey's treatment 453 
Syndrome,Frolich’s 1187 
Syndrome,Frolins 1193 
Syndrome, Gardner's 792,963 
Syndrome, Gorlin 303 
Syndrome,Heerfordt's 454 
Syndrome,Homer's 193,476,477, 1208 
Syndrome, Hungry bone 526,535 
Syndrome, juvenile polyposis 965 
Syndrome,Kasabach-Merritt 223,642 
Syndrome,Klinefelter’s 1166 
Syndrome, Klippel-Trenauny 252 
Syndrome, Klippel-Trenauny-Weber 223 
Syndrome,Koenigs 615 
Syndrome,Leriches 175,178,200 
Syndrome, LetessierMeige’s 257 
Syndrome, LiFraumen's 563,902 


‘Syndrome,Loeffler’s 930 
Syndrome,Lynch! 965, 
Syndrome,Lynch ll 965 
Syndrome,Maffucci 223 
Syndrome, Mallory-Weiss 856 
Syndrome, McCune Albright’ 387 
Syndrome,MEA 536 
‘Syndrome, median arcuate ligament 899 
Syndrome,MEN 71,536 
Syndrome, MEN II 518 
Syndrome,MEN lb 964 
‘Syndrome, Mendelson's 
Syndrome, Mirizzi 683 
Syndrome, Munchausen 1013, 
Syndrome,nurses’ 612,626 
Syndrome Ogilviess 998, 
Syndrome, Osler-Rendu-Weber 223,894 
Syndrome,PagetSchroetter 232,457 
Syndrome, pancoast 1208 
Syndrome, Parkes-Weber 223 
Syndrome, Paterson-Kelly 853 
Syndrome, pectoralis minor 458 
Syndrome,Pendred’s 489 
Syndrome,Pierre-Robin 368,388 
Syndrome,Plummer-Vinson 853 
Syndrome,Polands 546 
‘Syndrome, post-cholecystectomy 709 
‘Syndrome, post-ibal 897 
Syndrome, primary extraglandular 
sicca 440 
Syndrome, Proteus 223 
Syndrome,Prune Belly 798, 1161 
Syndrome,Rapunzel 898 
Syndrome,Reiter’s 1135 
‘Syndrome,Roux stasis 897 
Syndrome,scalene 457 
Syndrome,Sezzary 270 
Syndrome,short bowel 941 
‘Syndrome, short gut 941 
Syndrome,Shprintzen's 368 
Syndrome, Sjogren's 439 
Syndrome, Sjogren’, primary 440 
Syndrome, Sjogren's secondary 440 
Syndrome, Stauffer's 1102 
Syndrome, Stewart-Treves 
583 
Syndrome, Stickler’s 368 
Syndrome, Sturge-Weber 223 
‘Syndrome, subclavian steals 196 
Syndrome,sump 694 
Syndrome, superior mesenteric 
artery 899 
Syndrome, thoracic inlet 457 
Syndrome,thoracic outlet 174,456 
Syndrome, thoracic outlet,causes 174 
Syndrome,Tietze's 554 
Syndrame,Torre-Muir 294 
Syndrome,Treacher-Collins 381 
Syndrome,Turcot’s 963,964 
Syndrome,Turner’s 937 
Syndrome,Verner-Morrison 758 
Syndrome,virilising 540 
Syndrome, von Hippel Lindau 542,747, 
763,765 


900, 1234 


262,320,328, 


331 
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‘Syndrame,Waltman-Walters 607 
Syndrame,weaktea 758 
Syndrame,Werer's 536 
Syndrome,Wilkie's 874,898 
Syndrame,Zollinger-Elison 758 
Synovial sarcoma 328 
Syphilis 56 

‘Syphilis, congenital, 56 
Syphilis.late 56 

Syphilis latent 28,56 

Syphilis, primary 28,56 
Syphilis secondary 28,56 
Syphilis tertiary 28,56 
Syphilis types 56 

Syphiltic chronic glossitis 392 
Syrigomylocele 1188 
‘Systemiccirculation 1216 
‘Szilagyi classification 221 


aT 


13 489 

T3toxicosis 500,505,508 

14 489 

Tabes mesenterica 625 

Tacrolimus 356,927, 1229 

Taeniae coli 948 

Takayasuis arteritis 188 

Tamoxifen 552,584 

Tamsulosin 1124 

Tangential excision 135 

Tanner's resection 658 

TAO 184 

‘TAQ,classifcation 185 

TAO, pathogenesis 185 

Tapeworm,dog 637 

Taste sensation 454 

Taxis 811,819 

Te scan 495 

Tc sestamibiscan 515 

Tea-pot deformity 879,882 

Technetium 99 pertechnetate 508 

Technetium 99m 1243 

Technetium 99m labeled sestamibi 
scan 533 

Tegaserod 958 

Telepaque 670 

Teletherapy 1226 

Temporal arteritis 190 

Tendon 351 

Tendon graft 352 

Tendon healing 351 

Tendon healing,stages 351 

Tendon repair 351 

Tendon suturing 351 

Tendon suturing, Goldner method 351 

Tendon suturing, Kessler method 351 

Tendon transfer 352 

Tenesmus 1024 

Teratoma testis 1166 

Tessari technique 243 

Test, Adson's 179,458 

Test, Allen's 179,458 

Test, augmented histamine 872 


Test,auscultopercussion 885 

Test,Baid 735,777 

Test, Baldwing’s 1008, 

Test, Bernstein 844 

Test,Blaxland ruler 662,781 

Test, BrodieTrendelenburg 238 

Test, Buerger's postural 179 

Test,C13/C14 breath 876 

Test,card 278 

Test,Camett’s 781 

Test,Casonis 638 

Test, Cope's psoas 1008 

Test, EAST-Elevated Arm Stress 458 

Test,Ehrlichs 696 

Test, Falconer 179 

Test,Fegan’s 239 

Test,Fouchet's 696 

Test,Fuchsigs 178 

Test, Goldstein saline load 885 

Test,Graham cole 670 

Test,Halstead 216,458 

Test,Hay's 696 

Test,head rising 805 

Test,Hess 719 

Test,Hollander 872 

Testjlan-Arid 239 

Test, insulin (Hollander) 872 

Test, intemal ring occlusion 804 

Test,Javid 196 

Test, Kocker’s 492,526 

Test,leg rising 804 

Test,Linton’s 233 

Test,Lundh 763 

Test, Mantouxskin 54 

Test, military attitude 458 

Test, modified Adson’s 458 

Test, modified Perthes’ 239 

Test, modified Roos 179 

Test, Morrissey's cough impulse 239 

Test, obturator 1008 

Test,Orr chair 1164 

Test, pancreolauryl 740,742 

Test, peakacid output 872 

Test,pen 276 

Test, pentagastrin 872 

Test,Perthes’ 239 

Test, Phalen’s 277 

Test,Pratt’s 239 

Test rapid urease 876 

Test,ring invagination 804 

Test,Roos 458 

Test, Schwartz 239, 

Test, secretin cholecystokinin 741 

Test, secretin cholecystokinin 
stimulation 763, 

Test, secretin stimulation 757 

Test, Simian thumb 276 

Test sniff 1211 

Test, Starch iodine 453 

Test,tensilan diagnostic 1207 

Test, three fingers 638,773 

Test, three tourniquet 239 

Test,traction 1151 

Test,Trialin breath 763 


Test, Whitaker 1087 
Test, Zieman’s 804 
Testicular descent, embryology 1161 
Testicular sensation,loss 1154 
Testicular tumours | 1165 
Testicular tumours, chemotherapy 1169, 
1170 
Testicular tumours classification 1166 
Testicular tumours, germ cell 1166 
Testicular tumours, histological 
classification 1166 
Testicular tumours hurricane type 1168 
Testicular tumours, interstitial cell 1167 
Testicular tumours, Leydig cell 1167 
Testicular tumours, nongermcell 1166 
Testicular tumours, Sertoli cell 1167 
Testicular tumours, sex cord 
stromal 1166 
Testicular tumours staging 1168 
Testicular tumours,TNM staging 1168 
Testicular tumours, treatment 1169 
Testicular tumours, tumour markers 1168, 
Testis clapper in bell'1164 
Testis,anatomy 1160 
Testis, appendage, torsion 1165 
Testis,billiard 1170 
Testis,ectopic 1163 
Testis, ectopic, Lockwood theory 1163 
Testis, gumma 1170 
Testishanging/clapper in bell 810 
Testis,maldescended 1161 
Testis retractile 1164 
Testis,torsion 1164 
Testis torsion, treatment 1165 
Testis, undescended 1161 
Testis, undescended, complications 1162 
Testis, undescended, hormone 
therapy 1163 
Testis, undescended, laparoscopic 
approach 1163 
Testis, vanishing 1161, 1162 
Tetanus 49 
Tetanus,ascending 50 
Tetanus, bulbar 51 
Tetanus, cephalic 50 
Tetanus,complications 51 
Tetanus,descending 50 
Tetanus,early 50 
Tetanus, incubation period 50 
Tetanus,late 50 
Tetanus,latent 50 
Tetanus localised 50 
Tetanus,neonatorum 51 
Tetanus, organism 50 
Tetanus,pathogenesis 50 
Tetanus, postoperative 51 
Tetanus,posturesin 51 
Tetanus, predisposing factors 49 
Tetanus, prophylaxis 52 
Tetanus staging 51 
Tetanus,toxoid 52 
Tetanus,treatment 51 
Tetanus,types 50 
Tetanus,urban 51 


Tetany 99,537 

Tetracycline fluorescence test 911 

Tetralogy of Fallot 1219 

Thal’s patch procedure 846 

Thalassaemia 718 

Thebesian veins 1215 

Theirsch wiring 1030, 1034 

Thiopentone 1232 

Thoracic outlet, surgical anatomy 174 

Thread veins 235 

Throid,incidentaloma 520 

Thrombectomy 191 

‘Thrombectomy,venous 234 

Thrombin inhibitors 253 

Thromboangiitis obliterans,TAO 184 

Thrombolysis 199 

Thrombolyticagents 253, 

‘Thrombophlebitis 251 

‘Thrombophlebitis migrans 252 

Thrombosis axillary vein 232 

Thrombosis, deep vein 231 

‘Thrombosis, spontaneous 232 

Thrombosis traveller's 231 

Thrombus,fixed 233 

Thrombus,free 234 

Thymectomy 1207 

Thymomas 1207 

‘Thymomas,histological types 1207 

Thymomas,staging 1207 

Thyracardiac 508 

Thyroglobin estimation 514 

Thyraglossal cyst, tugging sensation 488 

Thyraglossal duct 484 

Thyroid acropachy 504 

Thyroid antibodies 489 

Thyroid cancer, Degroot's staging 519 

Thyroid carcinoma, anaplastic, stage 
grouping 517 

‘Thyroid carcinoma, blood spread 517 

Thyroid carcinoma, differentiated 509 

Thyroid carcinoma, differentiated, 
‘American thyroid association 510 

Thyroid carcinoma, differentiated, 
postoperative AIC staging 510 

Thyroid carcinoma, differentiated, TNM 
staging 510 

Thyroid carcinoma, features of 
infiltration 517 

Thyroid carcinoma, lymph node 
spread 517 

Thyroid carcinoma, medullary, stage 
grouping 517 

Thyroid carcinoma, papillary/ollicular, 
stage grouping 517 

Thyroid constipation 506 

Thyroid cyst 497 

Thyroid dermopathy 504 
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ROTOR INDUCTANCE PROPULSION SYSTEM. 
BRIEF SUMMARY OF THE INVENTION, 


[0001] The invention, which is the object of my present 
application, is a spacceraft with a circular, domed bull 
around which ate located dual electrically-charged counter 
rotating rotors. The lop surface of the upper rotor is etched 
‘ith circular metallic grooves which give the rotor a surface 
inductance. The groove height decreases from the inside 
radius to the outside radius of the rotor giving it a radial 
inductance. gradient. The surface charge density times the 
angular velocity produces a current density. The counter- 
rotating rotors produce & negative spacetime curvature over 
the rotors. The negative surface inductance gradient times 
the negative spiking spacetime curvature times the current 
density squared times the area squared is the positive lift 
force on the rotor 
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[0003] Traveling-Wave Tubes, The Bell System ‘Tee 
nical Journal, Vol. XXIX, Jamuary 1950, No. 1, J. R. 
Pierce. 


[0004] The Magnetron as a Generator of Centimeter 
Waves, The Bell System Technical Journal, Vol. XXV, 
April 1946, No. 2, J. B. Fisk, H. D. Hagstrum, PL. 
Hartman 


[0005] Lectures on Physics, Richard Feyaman 


[0006] Geometry of Electromagnetism, Paul Hammond 


BACKGROUND OF THE INVENTION 


[0007] 1 was reading several articles about the develop- 
‘ment of the magnetron during World War I in the Bell 
System Technical Journal, I was trying to understand why 
the device resonates because it must contain a spring con- 
‘tant which would arise from an inductance and capacitance 
‘due (0 the geometry of the cavity, AS given by Feynman, 
inductance of a solenoid is the permeability of space times 
the turns per length squared times the volume of the sole- 
roid. Referring to FIG. 1, the magnetron cavity (A) has a 
circular region connected 10 a planar region. The electrical 
‘current flows on the sides of the cavity shown by the arrows. 
(B). In this case, there is only one turn per height of the 
‘cavity times the volume of the cavity times the permeability 
which produces the inductance. The two planar regions 
produce a capacitance across the ends which creates the 
resonant frequency. 

[0008] From my previous patent application Dual Rotor 
Propulsion System I know that the tWo rotors produce a 
‘curtent deasity in the angular digection along the rotor. If 1 
spread out the magnetron cavity into a circular groove 
around 2 rotor, then the current would flow on the side walls 
‘enclosing the’ groove volume. The rotors also produce a 
‘spacetime curvature profile as shown in FIG. 2. Curve (A) 
is a positive spacetime curvature tension over the dome. 
Curve (B) is a negative spiking spacetime curvature over the 
rotors. The curvatuce is measured in inverse meter squared, 
So the surface inductance times the negative curvature times 
the current density squared times the rotor area squared is 
magnetic energy. The differential of the magnetic energy 
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‘would be a force. So there has to be a gradient of the surface 
inductance. The volume element of a groove is equal to the 
circumferential length times the height times the width of 
the groove. The easiest is to vary the height with radius. 
Since the curvature is negative, the gradient 

negative as well in order to get a positive lift force. 
height goes from large to small from the inside to the outside 
radius. 


SUMMARY OF THE INVENTION 


[0009] The invention relates to a spacecraft with a domed, 
circular hull of elliptical cross-section having dual electri= 
cally-charged counter-rotating rotors located one above the 
other on the edge of the hull. The upper rotor is positively 
charged and rotates clockwise with a negative angular 
velocity per the right-hand rule, The lower rotor is nega- 
lively changed and rotates with a positive angular velocity. 
‘The current density is the surface charge density times the 
velocity of the rotor. This particular combination of velocity 
and charge produces an angular momentum which creates a 
negative spiking spacetime curvature over the rotors. 


[0010] ‘The top surface of the rotor is etched or machined 
with circular grooves around the rotor. This creates a surface 
inductance which is equal to the permeability of space times 
the turns per length squared times the volume of the groove. 
In this case, there is only one turn per height ofthe groove. 
If the height of the groove decreases from one groove to the 
next, then there is a negative surface inductance gradient in 
the radial direction. So the lift force on the rotors would be 
the negative surface inductance gradient times the negative 
spacetime curvature times the current density squared times 
the rotor area squared 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT. 


[0011} Not Applicable 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[o012) 


[0013] 
rotor. 


(0014) 
rotors. 


[o015) 
(0016) 
0017) 


[0018] FIG. 7. 3D graph of vector potential using three 
solenoids 


FIG. 1, Perspective of magnetron cavity. 
FIG. 2. Spacetime curvature G,, over hull and 


FIG. 3. Perspective view of spaceeraft with dual 


FIG. 4. Wie frame view of three solenoids. 


FIG. 8. Vector potential equation for solenoid 


FIG. 6. Units of veetor pote 


[0019] FIG. 8. Perspective of vector potential along 
rotors, 


[0020] FIG. 9. Rotor mechanics diagram using exponen 
tial representation, 


[0021] FIG. 10. Angular momentum equation due to vee- 
{or potential and rotating charged rotors. 


[0022] FIG. 11. Units of angular momentum. 


[0023] FIG. 12. Exponential equation for twice imaginary 
sine of the angle. 
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[0024] FIG. 13, Angular momentum equation for g metric 
tensor. 


[0025] FIG. 14, Angular momentum term for elemental 
Tine length ds” 


[0026] FIG. 18. The g metric tensor containing the angu- 
8 ig the ang 
Jar momentum. 


[0027] FIG. 16. The spacetime curvature tension G,, 
versus radius due to angular momentum. 


[0028] FIG. 17. Magnetic energy equation. 
[0029] FIG. 18. Units of magnetic eneray. 

[0030] FIG. 19. Cross-section of rotor showing groove 
height gradient 


[0031] FIG. 20. Equation for the height h of the rotor 
groove as a function of radius. 


[0032] FIG. 21. Equation for the groove inductance gra- 
dient 


[0033] FIG. 22. Plot of the groove induct 
a function of radius showing that itis nega 
[0034] FIG. 23. Lift foree on rotors due fo inductance 


gradient, compression curvature, rotor current density and 
area, 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0035] 1. Referring to FIG. 3, the spacecraft has a 
‘circular, domed hull of elliptical eros-section with dual 
clectricaly-charged counter rotating rotors one above 
the other on the edge of the hull 


[0036] 2. Referring to FIG. 4, embedded within the bull 
are three solenoids or current loops carrying a constant 
electrical current in the positive sense per the right- 
hand rule 


[0037] 3. Referring to FIG. 5, Feynman has shown that 
the vector potential {A} of a solenoid is equal to the 
number of tums per length {n} times the current {I} 
times the radius of the solenoid {a} squared divided by 
half the permittivity of space {ep} times the speed of 
light {c} squared times the radius {r} prime from the 
‘center of the coil to some location in space such as the 
rotors. It has been found by physicists Bohm and 
‘Abaranov that the vector potential field is not confined 
to an infinitely long solenoid as isthe magnetic B field 
‘The vector potential has units of kilogram-meter per 
second-coulomb as seen in FIG. 6. 


[0038] 4. Referring to FIG. 7, the three solenoids of 
‘varying radius and area produce a positive vector 
potential at the centerline of the rotors as seen in the 
‘graph. 


[0039] 5. This graph is then rotated ninety degrees s0 

it can be located in relation to the rotors as seen in 
FIG. 8. The vector potential (D), which is ereated by 
solenoids (A,B,O), passes through rotors (B) and (UH). 
Rotor (E), which has a positive charge (G), is rotating 
clockwise (F), and rotor (H), which has a negative 
charge (K), is rotating counter-clockwise (J). 
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[0040] 6, Referring to FIG. 9, rotor mechanics uses the 
exponential funetion for the harmonic motion of the 
rofor. The radius is {r e""} which when differentiated 

respect to time becomes a velocity {i w re} 
where the imaginary {i} is a 90° phase lead which 
makes the velocity tangential to the rotor. 

[0041] 7. The rotor surface charge {or sigma} is rotating 
around at some radius {e}. For the upper rotor the 
surface charge density is positive (47) but the rotor has 
a negative angular velocity {0}. For the lower rotor, 
the surface charge density is negative {-o} but the 
rotor has a positive angular velocity {+0}. So the 
combined surface charge rotation is (0 1 &™4o ¢ 
™}. This charge rotation times the positive vector 
potential duc to the solenoids times the rotor surface 
area is equal to angular momentum $ as shown in FIG. 
10. The units are given in FIG. 1, The angular 
momentum is equal to the negative ofthe difference of 
the exponentials times a constant. I then recalled that 
this difference is equal to twiee imaginary sine of the 
angle as shown in FIG. 12 

[0042] 8. Referring o FIG. 13, the angular momentum 
is equal to minus two times the imaginary number 
times a constant times the sine of the rotational angle. 
In most of my spacceralt designs, the electromagnetic 
fields determine the flow rate of angular momentum. 
‘When the flow rate is integrated wit respect to time, 
the angular momentum becomes imaginary. In this 
invention, the angular momentum is imaginary due 
directly 10 the rotors. ‘The importance of being imagi- 
nary is that the radius resonates with the angular 
momentum, In some spacetime curvature equations, 
the denominator has a term equal to the radius to the 
fourth power plus twice the square of the angular 
momentum. In spacetime units, angular momentum is 
viewed as meter squared. So the square of imaginary 
angular momentum is negative angular momentum 
equal to negative meters to the fourth power. So at 
some radi, these fwo terms are equal, the denomina- 
tor goes to zero, and the spacetime curvature becomes 
infintely-large, ereating a huge spike. 

[0043] 9. This next section calculates the spacetime 
curvature from the equation forthe angular momentum. 

[0044] 10. Referring to FIG, 14, the elemental length 
ds is curved by the presence of the angular momentum 
‘which is one ofthe energies, such as mass, charge, and 
electromagnetic fields, that Einstein showed ean curve 
spacetime. Because the angular momentum is pointing 
in the vertical z-direction, due to the direction of the 
Unit normal veetor to the Surface of the rotor, it rotates 
around in the angular direction {dtd} as’ found in 
cylindrical coordinates {1.0.2} 

[0045] 11. In gravitational physics there is a g metric 
tensor which is a measure of length in spacetime 
coordinates Iisa 4 by 4 matrix with rows and columns 
equal tothe cylindrical coondinates. Referring to FIG. 
15, the diagonal of the matrix is (1,141) where the 
minus one corresponds to time which is Einstein's 
convention. Half the angular momentum goes in the 
{10} slot of the g metric tensor, and the other half goes 
in the {61} slot. 

[0046] 12. From this g metric tensor, Einstein's G 
‘curvature tensor can be calculated inthe various direc- 
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tions. In Einstein's General Theory of Relativity 
‘equation is Ge8xT where G is the spacetime curvature 
measured in inverse meter squared, and the TT tensor is, 
the stress-energy-momentum matrix containing all the 
‘electromagnetic pressures, mass and momentum com- 
ponents that curve spacetime. The spacetime curvature 
tension G,, in the vertical direction, as a function of 
radius, is shown in FIG, 16, A positive curvature 
indicates that there isa spacetime tension over the bull 
which produces lift. The curvature has a large positive 
spike over the dome of the hull (A) which means that 
there is a large lilt force over the center of the hull. The 
‘curvature then falls off and spikes with a negative 
spacetime curvature compression over the rotors (B), 
This curvature also oscillates back and forth a short 
distance due to the sinusoidal term. The problem is to 
‘convert this compression into a lift force which this 
invention solves. 


[0047] 13. This next section shows how the spacetime 
‘compression over the rotors generates lilt. 


[0048] 14. As I mentioned, I have been reading some of 
the World War Il magnetron scientific papers ofthe Bell 
‘System Technical Journal It turns out that induetance 
‘ofa solenoid is equal to the permeability of space times 
the number of wire tums per length squared times the 
volume of the solenoid. Imagine having a copper strip, 
in the shape of the magnetron cavity in FIG. 1. The 
‘electrical curtent (B) flows around the height of the 
strip (A), so there is only one turn per the height, Then 
that is multiplied by the volume of the cavity and 
permeability t0 get the inductance. ‘The inductor is 
storing magnetic enerey equal to half the induetance 
times the current squared. In this invention, current 
density J in amp per meter is used rather than current 
So taking a hint trom this information, the magnetic 
‘energy would have to be related tothe induetance times 
the square of the current density times the area squared 
‘of the rotor and times the negative spacetime curvature. 
‘The curvature is measured in inverse meter squared. 
‘That product produces a negative magnetic energy 
‘when in fact I want a positive force. This means that 
there has 1o be an inductance gradient in the equation 
instead of pure inductance and, furthermore, the gra- 
dient has to be negative in order to cancel out the 
negative siga of the compression curvature, 


[0049] 15. The equation for the magnetic energy in 
terms of the inductance {.£}, curvature {K}, current 
density (1) and area {A} i shown io FIG. 17 with the 
units in FIG. 18. The inductance in the equation is 
proportional to the volume of the circular groove in the 
top surface of the rotor. That volume is equal to (27 r 
hw) where {h] isthe height of groove (depth) and {w} 
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is the width located at some radius fr}. In terms of 
machining, it would be more diffieult to machine a 
variable width groove rather than a deeper groove of a 
constant width, So I am going to say the gradient is in 
the radial dircetion with the height of the groove 
decreasing going from the inside radius to the outside 
radius as depicted in FIG. 19. 


[0050] 16. FIG. 20 gives the equation for the height of 
the groove along the radius of the rotor. 


[00S1] 17. FIG. 21 gives the inductance gradient by 

differentiating the inductance with respect to the radius. 
‘The initial groove height ho is not very lange, and the 
inductance gradient becomes negative at the rotor as 
seen in the graph of FIG. 22, 


[0052] 18. Referring to FIG. 23, the lift foree on the 
rotor is now positive due to the combined negative 
inductance gradient times the negative spacetime com- 
pression. The square of the negative current density is 
positive also. This means that that the top surface of the 
lower rotor can also have a surface inductance gradient 
which would double the lift force. 


1. A spacecraft having a circular, domed hull with dual 
electrically-charged counter-rotating rotors one above the 
other located on the edge of bull. 

2. Said bull having embedded within it three or more 
solenoids which generate a positive vector potential at the 
rotors. 

3. Said upper rotor having a positive surface charge 
density, and rotating clockwise in the negative direction per 
the right-hand rule 

4. Said lower rotor having a negative surface charge 
density, and rotating counterclockwise in the positive diree- 
tion per the right-hand rule 

5, Said rotor surface charge density and velocity creating 
‘a negative curtent density on both rotors 

6. Said vector potential and rotating surface charge den- 
iy om rotors generating an angular momentum in the 
vertical direction, 

7. Said angular momentum, generating a spacetime cur- 
vature tension over the dome of the hull, and a negative 
oscillating spacetime curvature compression over the rotors. 

'&, Said rotors having circumfereatial grooves of decreas- 
ing beight machined into the top surface of the rotors in 
order to create a negative surface inductance gradient. 

9. Said negative surface inductance gradient times the 
negative spacetime curvature compression times the rotor 
‘curtent density squared times the rotor area squared gener- 
ating a positive lift force on the spacecraft. 


Arterial Cannulation (Radial 


and Femoral) 


Jeffrey Kile, Katrina John, and Amish Aghera 


Arterial cannulation is frequently performed in the care of 
critically ill patients for purposes of both serial arterial blood 
gas sampling and continuous intra-arterial blood pressure 
‘monitoring. It also provides arterial access for less common 
procedures, including thrombolysis, embolization, angiogra- 
phy, and infusion of vasoactive drugs. This chapter discusses 
cannulation of the radial and femoral arteries—the two most 
common sites for indwelling arterial catheter placement. 


1.1 Indications 


+ Continuous monitoring of blood pressure 
(or major surgery 

+ Serial sampling of arterial blood during resuscitation 

+ Inability to use noninvasive blood pressure monitoring 
(e.g., burns, morbid obesity) 

+ Continuous infusion of vasoactive inotropes (e.g., phen- 
tolumine for reversal of local anesthesia) 

+ Angiography 

+ Embolization 


acul 


1.2 Contraindications 

+ Absolute 
— Circulatory compromise in the extremity 
— Third-degree burns of the extremity 
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— Raynaud’s syndrome 
— Thromboangiitis obliterans (Buerger’s disease) 
+ Relative 
— Recent surgery in the extremity 
— Local skin infection 
— Abnormal coagulation 
— Insufficient collateral circulation 
— First- or second-degree bums of the extremity 
— Arteriosclerosis 


1.3 Materials and Medications 
+ Radial artery cannulation: standard over-the-needle cath- 
eter assembly (Fig. 1.1) 
— Antimicrobial solution and swabs 
— Sterile gloves 
— Local anesthetic 
epinephrine) 
— Blunt needle 
— 25- or 27-gauge needle 
— Two 5 mL syringes 
— 4x4" gauze sponges 
— Standard over-the-needle catheter assembly 
+ Additional materials required for radial artery cannula 
tion: over-the-needle catheter assembly with integrated 
guide wire 
= Over-the-needle catheter assembly with integrated 
guide wire 
+ Additional materials required for femoral artery cannula 
tion: The Seldinger Technique 
— Introducer needle 
— Guide wire 
~ Scalpel 
— Dilator 
— Arterial catheter 


(1-2 % lidocaine without 
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13.1 


Procedure: Radial Artery 
Cannulation—Standard Over-the-Needle 
Catheter Assembly 


Ensure adequate collateral low in the sel 
using the Allen test (see details below). 
Immobilize the extremity by dorsiflexing the wrist to 
approximately 60° over a small towel roll and taping the 
base of the fingers to an arm board or other flat, fixed 
surface (Fig. 1.2). 

+ Rotation of the wrist may shift the artery from its nor- 
‘mal anatomical position, complicating cannulation. 
Locate vessel by palpation of arterial pulse using the 
second and third fingers of the gloved nondominant 

hand, 

Sterilize overlying skin with antimicrobial solution. 
Inject local anesthetic to raise a small (0,5 cm) wheal 
using 25- or 27-gauge needle, and direct needle through 
wheal to infiltrate skin superficial to the artery with 
additional local anesthet 


ected extremity 


+ Infiltration of the subcutaneous tissue with local 
anesthetic may also reduce vessel spasm during arte- 
rial puncture. 

+ Injection of local anesthetic into the vessel may pre~ 
cipitate arthythmia, so draw back on the plunger 
prior to infiltration to ensure the tip of the needle is 
not inside the vessel. 

+ Injection of excessive anesthetic when raising a 
‘wheal may obscure palpation of the pulse. 

Ensure proper function of needle-cannula assembly by 

checking that cannula advances smoothly over needle. 

Connect a 5 mL. syringe with the plunger removed to the 

over-the-needle catheter assembly. 

+ Attachment of syringe improves control during 
cannulation. 

Hold syringe connected to needle-cannula assembly like 
pen with needle bevel facing upward. 
Directing the needle at a 30° angle to the skin, puncture 
the skin through the anesthetic wheal immediately over- 
lying the palpated artery, and advance needle slowly 
until tip enters arterial lumen, which is confirmed by vis~ 
ible arterial blood flow (“flashback”) into the needle hub 
and syringe. 

+ Avoid self-puncture by maintaining adequate dis- 
tance between needle tip and index finger (Fig. 1.3). 


10, Reduce the angle between needle and skin (by lowering 
the needle) and advance an additi 

itheter tip (which sits approximately 2 mm behind the 
needle tip) has entered the lumen. 

+ Advancing the needle too far (or failing to reduce 
angle between needle and skin) once initial flashback 
is visualized may result in piercing the back side (or 
“double puncture”) of the artery wall, in which case 
visible blood flow will cease; if this occurs, slowly 
withdraw needle several millimeters until pulsati 
blood flow reappears. 

11. Stabilize position of introducer needle and advance 

itheter alone into artery over needle until hub of cath- 
eter is in contact with the skin; blood flow from catheter 
hub at this point indicates successful cannulation of the 
artery. 

+ If difficulty is encountered at this step, catheter hub 
may be rotated slightly to facilitate advancement. 

12. Remove the needle without dislodging catheter from 
artery. 

13. Manually apply pressure to proximal aspect of artery to 
occlude blood flow from the catheter. 

14, Attach desired extension tubing, injection cap, and stop- 
cock to the catheter hub, 

15. Secure the catheter hub to the skin using silk (2.0) or 

nylon (4.0) sutures as follows. Take a 0.5 em bite of skin 

under the catheter hub with the suture needle, tie several 

knots in the suture without pinching the skin, then tie 

-cond set of knots around the hub of the catheter firmly. 

If the catheter assembly contains an integrated suture 

wing for fixation, take a 0.5 cm bite of skin under suture 

wing with the suture needle, thread suture through wing 
perforation, and secure wing against the skin with 
several knots. If suture wing has two perforations, repeat 

this process to secure other half of wing to skin (Fig. 1.4), 

16. Cover the catheter with an appropriate self-adhesive 
sterile dressing 

+ A small bead of antibiotic ointment applied to the 
puncture site prior to dressing reduces the likelihood 
‘of cutaneous wound infection. 

17. Secure the tubing connected to the catheter with gauze 
and adhesive tape or other sterile dressing, 

18. Ensure all connections extending from catheter are tight 
and well secured, as accidental disconnection may result 
in rapid exsanguination 


al 2 mm to ensure 
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Fig. 1.2. Correct position of wrist prior to cannulation 


Fig. 1.3. Puncture of radial artery with standard overth 
sembly 


Fig. 1.4 Radial arterial catheter secured to wrist 


1.3.2 Procedure: Radial Artery 
Cannulation—Over-the-Needle 
Catheter Assembly with Integrated 
Guide Wire (Arrow and Other Brands) 


Perform steps 1-6 from the “Radial Artery Cannulation: 
Standard Over-the-Needle Catheter Assembl 
then proceed with the steps below 


above, and 


1. Remove protective cap from needle-cannula assembly 
and ensure proper function by sliding actuation lever 
along extension tubing to advance and retract guide wire 
through needle. 

Retract guide wire as far back as possible using actuation 
lever to maximize visibility arterial blood flow (“flash- 
back”) within introducer hub. 


Perform steps 8-10 from the “Radial Artery Cannulation: 
Standard Over-the-Needle Catheter Assembly; 
then proceed with the steps below (Fig. 1.5) 


1. Hold needle stationery and slowly slide actuating lever 
forward to feed guide wire as far as possible into artery 
+ resistance is met while feeding the guide wire, 


continue sliding actuating lever and withdraw entire 
unit from artery to prevent damage to guide wire or 
vessel wall 


Advance entire assembly 1-2 mm further into vessel to 
ensure catheter tip (which sits approximately 2. mm 
behind the needle tip) has entered the lumen, 

3. Stabilize clear introducer hub in position and advance 
catheter forward into artery over guide wire until hub of 
catheter is in contact with the skin, 

+ If difficulty is encountered at this step, catheter hub 
may be rotated slightly to facilitate advancement. 

4, Stabilize catheter in position and withdraw introducer 

needle, guide wire, and feed tube as a single unit; blood 

flow from catheter hub at this point indicates successful 
cannulation of the artery. 


Perform steps 13-18 from the “Radial Artery Cannulation: 
Standard Over-the-Needle Catheter Assembly,” above. 


1 Arterial Cannulation (Radial and Femoral) 


Fig. 1.5 Puncture of radial artery using overthe-needle catheter 
assembly with integrated guide wire 


1.3.3 Procedure: Radial Artery 


Cannulation—The Allen Test 


. Occlude both radial and ulnar arteries of one extremity 
with digital pressure at wrist 

. Instruct patient to repeatedly clench the fist tightly to 
exsanguinate the hand while occlusion of the arteries is, 
‘maintained. 

. Without releasing digital pressure on arteries, instruct 
patient to extend fingers and observe palmar surface to 
confirm blanching of skin. 

Release pressure on ulnar artery only and observe palmar 

surface for reperfusion (Fig. 1.6). 

+ Ifreperfusion of the hand does not occur within 5-10 s, 
ulnar arterial blood flow may be compromised and 
radial artery cannulation should not be attempted. If 
reperfusion is brisk, repeat the test releasing pressure on 
radial artery only and observing palmar surface for 
reperfusion. If the retum of rubor takes longer than 
5-10 s, radial artery puncture should not be performed, 
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Fig. 1.6 The Allen Test 


1. Arterial Cannulation (Radial and Femoral) 
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1.3.4 Procedure: Femoral Artery 
Cannulation—The Seldinger Technique 


1, Place the patient in the supine position with the inguinal 
region adequately exposed. 

Palpate the femoral pulse, located at midpoint between 
pubic symphysis and anterior superior iliac spine, using the 
second and third fingers of the gloved nondominant hand. 


Perform steps4and 5 from the “Radial Artery Cannulation: 
Standard Over-the-Needle Catheter Assembly.” above, and 
then proceed with the steps below (Fig. 1.7): 


1, Attach 5 mL syringe to an introducing needle of bore suf- 

ficient to accommodate guide wire. 

Hold syringe connected to introducing needle like a pen 

with needle bevel facing upward. 

3, Directing the needle at a 45° angle to the skin in a cephalic 
direction, puncture the skin through the anesthetic wheal 
immediately overlying the palpated artery just distal to 
the inguinal ligament and advance needle slowly toward 
palpated artery until tip enters arterial lumen, which is 
conlirmed by visible arterial blood flow (“flashback”) into 
the needle hub and syringe. 

+ Avoid self-puncture by maintai 
between needle tip and index finger. 

+ Care must be taken to avoid trauma to the femoral 
nerve and vein bordering the femoral artery. 

4, Hold needle stationery and remove syringe, taking care 

not to displace the intraluminal position of the needle tip. 

+ Advancing the needle too far once initial flashback is 
visualized may result in piercing the back side (or 
“double puncture") of the artery wall, in which case 
visible blood flow will cease; if this occurs, slowly 
withdraw needle several millimeters until pulsatile 
blood flow reappears. 

Occlude needle hub temporarily with gloved finger to pre~ 

vent unnecessary blood loss and air embolism. 

6, Thread blunt end of flexible guide wire smoothly into 
needle and gently into artery until at least one-quarter of 
guide wire is intravascular (Fig. 1.8). 

+ Ifresistance is met while threading guide wire, remove 
wire from needle, reattach syringe, and aspirate blood 
to confirm continued intraluminal needle tip place~ 
ment; if resistance is met while removing guide wire 
from needle, remove guide wire and needle from artery 
as a single unit to prevent shearing the guide wire off 
inside the vessel 


adequate distance 


10, 


Holding the wire securely in place, remove the introduc- 

ing needle. 

Using a scalpel, make a small incision (approximately 

the width of the catheter to be used) through the dermis 

at the insertion site of the guide wire, 

+ Avoid severing the guide wire by facing the sharp 
edge of the scalpel away from the guide wire 

While stabilizing the guide wire at its insertion site, 

thread the dilator over the free end of the guide wire 

until it is approximately one inch from the skin. 

Grasp the free end of the guide wire protruding from the 

tail end of the dilator. 

+ Ifit does not protrude from the tail end of the dilator, 
the guide wire must be removed sufficiently from the 
artery to be securely grasped; it must protrude visi- 
bly from the tail end of the dilator throughout the 
subsequent process of threading the dilator into the 
artery, 

Holding the dilator firmly near its tip, thread the dilator 

over the wire into the skin with a back-and-forth twist- 

ing motion until it reaches the artery. 

+ Only the skin tract should be dilated; dilation of the 
artery may result in excessive arterial injury and/or 
hemorrhage. 

Holding the wire securely in place, remove the dilator, 

While stabilizing the guide wire at its insertion site, 

thread the catheter over the free end of the guide wire 

until it nears the skin, 

Grasping the guide wire where it protrudes from the tail 

end of the catheter, thread the catheter into the skin to its 

appropriate insertion length. 

While stabilizing the catheter at its insertion site, slowly 

remove the guide wire. 

+ If resistance is met while removing guide wire, 
remove guide wire and catheter from artery as a sin- 
gle unit to prevent shearing the guide wire off inside 
the vessel. 

Secure the catheter to the skin using silk (2.0) or nylon 
(4.0) sutures. Take a 0.5 om bite of skin with the suture 
needle. If the catheter assembly contains integrated 
“wings” for fixation, thread suture through the perfe 
rated wings and secure catheter against the skin with 
several knots, If no fixation device is included, tie se 
eral knots in the suture without pinching the skin, lea 
ing both ends of the suture long. Using the loose ends 
of the suture, tie a second set of knots around the hub 
of the catheter, firmly, but without constricting its 
lumen, 
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1.4 Complications 


+ Hemorrhage 
+ Hematoma (at puncture site) 

+ Infection (at insertion site or systemic) 

+ Thrombosis 

+ Arteriovenous fistula 

+ Pseudoaneurysm formation 

+ Exsanguination (secondary to dislodgement of catheter) 
* Cerebrovascular accident (CVA; secondary to air embolism) 


1.5 Pearls and Pitfalls 


Fig.1.7 Anesthetic injection over the femoral artery + The shorter and stiffer the plastic tubing connected to the 
arterial cannula for blood pressure monitoring, the higher 
its frequency response and the accuracy of measurements, 

+ Use of an ultrasound probe can facilitate artery location 
and vessel cannulation, 

+ Puncture of the femoral artery proximal to the inguinal 
ligament, or distal to its bifurcation into superficial femo- 
ral and deep femoral arteries, may cause massive hemor- 
rhage due to poor vessel compressibility in these regions; 
the artery should therefore be cannulated just distal to the 
inguinal ligament, where it is easily compressible against 
the femoral head if necessary. 

If difficulty is encountered when advancing an over-the- 

needle catheter into the artery, attach a 10 mL. syringe 

containing 5 mL. of sterile normal saline to the catheter 
hhub, aspirate 1 or 2 mL of blood to confirm catheter tip 

Fig.1.8 Insertion of guide wire into femoral artery placement within the vessel lumen, and then advance the 

catheter while gently injecting the saline-blood mixture; 
the jet of fluid momentarily dilates the lumen, aiding 
advancement of the catheter. 

+ An alternative approach to the over-the-needle catheter 
that will not fully advance is the use of a guide wire. After 
intraluminal placement of the cannula tip is confirmed by 
blood return, a guide wire is gently inserted through the 
catheter into the artery. ‘The cannula is then passed along 
the guide wire until fully advanced. The guide wire 
employed must have a blunt, flexible tip to minimize the 
possibility of vessel wall trauma. 

+ ‘Two potential consequences of arterial cannulation are 
vessel obstruction secondary to intravascular thrombosis 
and hemorrhage (the latter being the most common com- 
plication). Choice of puncture site is therefore essential 
‘Due in part to their generous collateral blood flow, as well 
as ease of compressibility, the radial and femoral are the 
two most commonly cannulated arteries. 

+ Repeated puncture following unsuccessful cannulation 
increases the risk of arterial obstruction secondary to ves- 
sel wall damage and thrombosis. 


1 Arterial Cannulation (Radial and Femoral) 


+ Double puncture of the cannulated artery by inadvertent over- 
insertion of the needle has not been shown to increase com- 
plications despite the additional trauma to the vessel walls 
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Ultrasound-Guided Peripheral 2 
Intravenous Access 


Coben Thorn and L. Connor Nickels 


2.1 Indications 2.3 Materials and Medications 


+ Difficulty placing peripheral intravenous (PIV) using tra- + Ultrasound machine 


ditional methods of direct visualization and palpation + High-frequency (5-8 MHZ) linear probe (Fig. 2.1) 
+ To reduce needle sticks in a hypercoagulable patient + Ultrasound gel 
+ Minimum 1,5-in, needle length 
+ IV setup 
2.2 Contraindications + Skilled operator 


+ Patient needs emergent central venous access 
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2.4 Procedure 


1, Scan the selected area to identify a target vessel for PIV 
cannulation, 
+ Basilic (runs on the medial side of upper arm) (Fig. 2.2) 
and cephalic (runs on the lateral side of the upper arm) 


veins are good superficial veins that are generally not 
seen without ultrasound. The deep brachial vein is also 
aan option; however, this is a deep vein that runs with 
the brachial artery, and there is higher chance for com: 
plications (Fig. 2.3), 

2. Now the site should be prepared for IV insertion. It should 
be cleaned. An appropriate gau: .edle should be 
selected, and IV setup should be conveniently located for 
when access is obtained, 

3. The ultrasound probe should be placed in the transverse 


¢ lon: 


plane (Fig. 2.4) to best visualize surrounding structures and 
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vein, Alternatively, the probe can be placed longitudinally 
(Fig. 2.5) for better visualization of needle depth and slope. 
‘+ Most practitioners seem to prefer the transverse approach, 
‘The concept of the Pythagorean Theorem is used for accu- 
racy. The needle should be inserted at a 45° angle to the 
skin and at an equal distance back from the probe as the 
approximate depth of the vessel vertically. The depth is 
given on the screen, usually at the bottom in centimeters, 
‘As soon as the needle has penetrated the skin the needle tip 
should be located by fanning the probe toward the net 
until it is identified. The needle should then be advanced 
slowly always keeping the needle tip in view. Once directly 
(on top of the vein, it should tent with pressure and then the 


le 


needle should be inserted into the vein. Follow the needle 
in the vein as far as possible while keeping the tip of the 
needle in the center of the vein to make sure the catheter is 


n and does not infiltrate. 


securely in the v 


Fig.2.2 Busilic vein (BV) located medially when scanning proximally 
from the antecubital Foss 


Fig. 2.3. Brachial utery (BrA) and vein (BrV). The ess round, slightly 
‘compressed, anechoie structure on the left isthe vein, The very circular 
‘not compressed, anechoic structure othe right is the artery 


Fig. 2.4 Needle tip in vein seen in a transverse orientation 


Fig. 2.5. Needle tip in vein seen in longitudinal orientation 
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2.5 Complications 


Inadvertent puncture of artery. Veins should be thin walled, 
compressible, and have no pulsations 


2.6 Pearls and Pitfalls 


+ Mistaking the midshaft of the needle for the needle tip. If 
this occurs, the needle tip is actually deeper than expected. 
‘The ultrasound machine will plot a hyperechoic “dot” on 
the screen for the needle tip, as long as it crosses the 
ultrasound beam at any point. This same “dot” will 
whether the tip is directly centered under the 
segment of the needle shaft is intersecting the beam. This 
can be visually deceiving and makes this procedure diffi- 
cult to grasp. 

+ Very slow movements of the needle and the probe are 
important for keeping the needle tip in view. Once the 


needle tip is identified, the probe should be fanned 
forward (away from operator) just slightly and then the 
needle advanced until the needle tip comes into view 
again. This is repeated until the needle is securely moved 
further into the vein. 
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Central Venous Line Placement: 
Internal Jugular Vein, Subclavian Vein, 
and Femoral Vein 


Kevin D. Ergle, Zachary B. Kramer, Jason Jones, 


and Rohit Pravin Patel 


3.1 Indications 

+ Volume replacement 

+ Emergent venous access 

+ Administration of caustic medications: vasopressors, cal- 
cium chloride, hypertonic saline, high dose of potassium 

+ Dialysis catheter placement (hemodialysis) 

+ Nutritional support (total parenteral nutrition) 

+ Long-term antibiotics 

+ Chemotherapy 

+ Plasmapheresis 

+ Frequent or persistent blood draws or intravenous therapy 
‘when unable to establish peripheral access due to edema 
or other causes 

+ Jugular and subclavian: Central venous pressure monitor- 
ing, transvenous pacing wire introduction, pulmonary 
artery catheterization 


3.2 Contraindications 


+ Absolute 
— Infection at site of insertion 

storted anatomy/landmarks (prior surgery, 

‘or history of thrombus in the specified vein) 
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— Subelavian only: Trauma to the ipsilateral clavicle, 
anterior proximal rib, subclavian or superior vena cava 
vessels 

+ Relative 

~ Morbid ob 
— corp 
— Children less than 2 years (higher complication rates) 
+ Coagulopathy (although ultrasound-guided internal 
jugular can be done in this situation) 
— Agitated or moving patient 
— Jugular only: Trauma to the ipsilateral clavicle, ante- 
rior proximal rib, subclavian or superior vena cava 
vessels 
— Jugular and subclavian: Inability to tolerate potential 
pneumothorax of the ipsilateral thoracic cage 
+ Pneumothorax or hemothorax of the contralateral 
thorax 
+ Patients receiving ventilatory support with high- 
end expiratory pressures (temporarily reduce the 
pressures) 
— Femoral only 
hemorrhage 


ty 


Intra-abdominal (or retroperitoneal) 


3.3. Materials and Medications 

+ Central venous catheter tray or bundle: single/double/tri- 
ple/quadruple lumen, dialysis catheter, large-bore intro- 
ducer (for transvenous pacing or pulmonary artery 
catheter kit) 

+ Sterile gloves 

+ Sterile drapes or towels 

+ Sterile gown 

+ Hav/hair cap and mask with eye protection 

+ Antiseptic solution with skin swabs (e.g., chlorhexidine) 

+ Sterile saline flushes (one 30 mL. syringe or three 10 mL. 
sytinges) 

+ Lidocaine 1 % 
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+ Sterile gauze 

+ No. 11 blade scalpel 

+ Dressing (sterile waterproof transparent dressi 
ile 4x4 gauze with tape) 

+ Sterile biopatch 

+ Suture material with needle driver if needed 

+ Transducing line (optional) 

+ Sterile probe cover (if using ultrasound guidance) 


3.4 Procedures 


3.4.1 _ Internal Jugular Vein Access Procedure 

1. Obtain informed consent if not emergently indicated 

procedure. 

‘Obtain supplies and prepare the room, ensuring that all 

supplies are within operator reach prior to placing gown 

and commencing the procedure. Include a sterile ultra- 
sound sheath on the sterile field if ultrasound is being 
used. 

3. Raise bed to a comfortable height for the operator. 

4. Place patient with head facing away from side of central 
line site (if using ultrasound, other positions may be pre~ 
ferred). Place patient in 15-20° Trendelenburg position 
to help fill the upper central veins and reduce the risk of 
sir embolism, 

5, Identify the anatomy, Palpate triangle made by the clav- 
icle and sternal and clavicular heads of the sternocleido- 
mastoid (SCM) muscle to identily the location of the 
internal jugular vein (Fig. 3.1). [fusing ultrasound guid- 
ance, identify optimal anatomical arrangement, 

6. Wash your hands and wear sterile attire using aseptic 
technique, including cap, mask, gown, and sterile gloves. 

7. Prepare the site from the clavicle to the ear and across 
the trachea with antiseptic solution. Allow the antiseptic 
(chlorhexidine or iodine) to fully dry. 

8, Drape the site and patient with sterile towels and drapes 
included in most CVL bundles. Make sure to cover the 
whole area and bed. 

9. Cover the ultrasound probe with a sterile sheath. This 
can be done solo or by holding the sterile ultrasound 
sheath and having an unsterile assistant hold the probe 
so that the probe can be covered by the sheath. 

10, Prepare the kit by checking the guide wire and flushing 
the tubing and lines with saline included in the kit. 

11, With a 25-gauge needle, use 1 % lidocaine to anesthe- 
tize the skin at the apex of the triangle made by the 
SCM and clavicle, Aspirate to make sure the operator is 
not in a vessel and make a superficial wheel for the 
insertion site. 

12, Preferred method is with ultrasound guidance (see steps 
13-17 and Sect, 3.6 for description of ultrasound 


M4, 


guidance). If performing without ultrasound, palpate 
the carotid artery and insert needle lateral to the artery 
at the apex of the triangle formed by the SCM, aiming 
toward the ipsilateral nipple at an angle 30-45° above 
the horizontal plane (Fig. 3.1). Once blood returned, go 
to step 18. 
Place sterile ultrasound gel over the insertion site. Use 
the ultrasound to identify vessel anatomy including 
internal jugular vein and carotid artery, Use the ultra- 
sound probe to compress the vein, which is compress- 
ible as opposed to the carotid artery, which is not 
compressible (Fig. 3.2) 
Prepare the insertion needle and syringe (if long and 
short needles are available, a short needle may be used 
to reduce posterior vein perforation) and prime the 
syringe by pulling back on the plunger prior to making 
the puncture. 
Use the ultrasound probe to re-identify the patient’s 
anatomy. 
Ultrasound can be used in short axis or long axis 
(Fig, 3.3). Short axis is easier for novice operators due to 
increased ability to see the artery and vein but has 
higher risk of posterior perforation if the needle tip is not 
visualized well. Once short axis of the vein is found, 
turning the probe 90° clockwise allows the operator to 
see the vein in long axis. The needle is better visualized 
in this view but technically more difficult and has less 
chance to penetrate the posterior wall. In patients with 
short necks, it may be difficult to obtain long-axis view 
and needle insertion in the limited space. 

Insert the needle using the ultrasound guidance with 

dynamic approach preferred (see Sect. 3.6 for specifics) 

Make sure to aspirate while inserting the needle to iden- 

tify when the venous access is obtained, The needle tip 

should be visualized through the whole process. 

+ Ifusing the static approach (see Sect. 3.6), insert nee- 
dle lateral to carotid pulsation as this is where the 
Vein anatomically is located. Standard method is to 
insert the needle as far back as the depth the vessel is, 
visualized (e.g., if the vein is visualized 2 em below 
skin surface, the needle should be inserted 2 em 
behind the probe at a 45° angle), 

+ Ifinserting the needle ~3 em does not achieve acces 
gently withdraw the needle toward the surface of the 
skin while aspirating. Avoid withdrawing the needle 
completely from the skin, If needed, redirect the nee- 
dle and advance until blood is aspirated. Cannulation 
of the vein often takes place while withdrawing the 
needle. 

Hold the needle steady with your nondominant hand and 

remove the syringe, careful not to advance or withdraw 

the needle. You can place the base of your hand on the 
patient's chest to make your hand more stable during 
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this part of the procedure, Occlude the hub of the needle 
to prevent air embolus. 

19, You may verify that you are in the vein by transducing 
pressure with a fluid column, The fluid should flow eas- 
ily into the vein. 

+ If the aspirated blood is pulsatile and moves up the 
column, withdraw the needle completely and apply 
pressure for 10-20 min while taking the patient out of 
‘Trendelenburg position (if nonemergent procedure). 

20. Once itis verified that you are in the vein, insert the J-tip 

‘of the guide wire into the needle hub and advance into the 

vein. The J-tip can be straightened with a pinching motion 

(Fig, 3.4). Always keep one hand on the guide wire until 

is removed from the patient, Monitor for arrhythmias as 
the guide wire is advanced toward the right atrium. 

+ Ifthe guide wire does not flow easily, remove the guide 
‘wire and reattach the syringe, checking for blood flow. 

+ Iarshythmia occurs, slowly withdraw the guide wire 
until the patient's native rhythm returns. 

+ Alternatively, the catheter/syringe found in most kits 
can be used as a bridge to guide wire placement. For 
the author, this has improved success when there is 
difficulty in wire placement, Use the same steps 
above with the catheter (Fig, 3.5) and when you have 
return of blood, advance the angiocath into the vein 
followed by insertion of the guide wire through the 
angiocath. This is especially useful in moving/agi- 
tated patients, patients who have collapsible veins 
due to hypovolemia, and patients who have abnormal 
anatomy and may have veins that take an abnormal 
angle shortly past the needle tip. 

21. Remove the needle over the guide wire, making sure to 
allways keep control of the guide wire. 


Fig. 3.1. Internal jugular blind approach; this would be the same loca- 
tion For probe placement if doing ultrasound guided 


22. Make an incision contiguous with the guide wire using a 
straight (No. 11) blade with the scalpel blade facing 
upward (away from the wire). 

23. Advance the dilator over the guide wire in « twisting 
motion, keeping control of the guide wire. 

+ The dilator only needs to go slightly beyond the 
“anticipated depth of the patient’s jugular vein. Do not, 
advance the entire length of the dilator. 

24. Withdraw the dilator and hold pressure over the wound 
site. 

25, Advance the catheter over the guide wire while keeping 
control of the guide wire. 

26. With the catheter inserted 10-12 in. from the skin inser- 
tion site, retract the guide wire until it comes out of the 
distal port, Maintain control of the guide wire and 
advance the catheter to the appropriate length. Usually 
catheters are inserted 15-16 cm from the right side and 
18-20 em from the left side (Fig. 3.6). 

27. Flush each port of the catheter and check aspiration, If 
difficulty with aspiration or flushing, concer is raised 
for catheter malposition, ‘The operator can change the 
depth slightly or twist the catheter and recheck. 

28. At this time, an antibiotic ointment or biopatch may be 
applied to skin around the intersection with the lumen of 
the catheter. This step is based on local institutional 
guidelines. 

29, Suture the line in place, 

30. Enclose CVL site with sterile waterproof transparent 
dressing, 

31. Confirm placement using chest X-ray (CXR). The tip of 
the catheter should be in the lower third of the superior 
vena cava (SVC) at the insertion of the SVC into the 
right atrium, 
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Not compressed 


Fig.3.3. Long: and short-axis views ofthe iternal jugular vein 
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(a,b) tip straightening using pinchfstretch method Fig. 3.6 Length: marking seen on typical central venous catheters; 
pecenes eae number indicates distance in centimeters from distal tip 


Fig. 3.5 Angiocath that can be used in dificult 19 cannulate/wire 
palients 
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3.4.2. Subclavian Vein Access Procedure 


10. 


Obtain informed consent if not emergently indicated. 

Raise bed to comfortable height for the operator. 

Place patient in supine position and position so patient's 

head is at the top of the bed. 

Place patient in 15-20" Trendelenburg position (if toler- 

ated) to reduce risk of air embolism, Studies show this 

will also increase the size of the subclavian vein. Do 

NOT place towel between shoulder blades (arch shoul- 

der back) as this has been shown to decrease vein diam- 

eter and affect reliability of accessibility. Keep shoulders 

at anatomical location (forward), 

Prep area chosen from the anterior neck, clavicle, and 

upper chest (above nipple line) with chlorhexidine prep 

or iodine 

‘Open kit and place close to operator's dominant hand to 

allow for easy a 

based on clinical situation: 

+ Introducer of large bore if requiring large volumes of 
resuscitation 

+ Triple lumen catheters for vasopressors 

+ Introducers if anticipating pulmonary artery catheter 
or venous pacer 

Operator should prepare with all aseptic techniques 

(c.g., hand washing) and maximal barrier precautions 

(cg., sterile gowns, sterile gloves, caps, masks covering 

both mouth and nose, eye protection, and full-body 

patient drapes). 

‘Once sterile and able to touch the inside of the CVL kit, 

the operator may want to retract the curved J-tip wire 

into the plastic loop sheath for easy directing into the 

introducer needle. The operator should also uncap all 

distal lumens and flush all ports with 3-5 cc of the ster- 

ile NS syringes to ensure no defects in the lumen of the 

catheter. Close all ports except the distal tip port 

(usually marked with words “distal tip”) with the slide 

clamp. 

Prep area chosen (right or left side) from the anterior 

neck, clavicle, and upper chest (above nipple line) with 

sterile chlorhexidine prep (this is the second cleaning), 

Place full-body drape over patient with opening over 

selected side where needle will be inserted 

Needle insertion site options (Fig. 3.7): 

+ One centimeter inferior to the junction of the middle 
and medial third of the clavicle 

+ Just lateral to the midclavicular line, with the needle 
perpendicular along the inferior lateral clavicle 

+ One fingerbreadth lateral to the angle of the clavicle 

Anesthetize needle insertion site with S10 mL of 1 % 

lidocaine superficially (make sure to pull back on needle 

syringe to ensure operator is not in the vein or artery). 

+ Never place equipment on a patient. 


ss, Diameter of catheter/kit used 


Prepare the needle and syringe by placing the long nee- 
dle on the syringe. Make sure to break seal of syringe by 
pulling back on the plunger of the syringe prior to mak- 
ing incision with needle, 
‘Tum patient's head to opposite of CVL placement and 
retract ipsilateral shoulder down to improve clavicle- 
tionship. The retraction of the arm can be done 
a fow steps earlier and can be held in position using a 
person or tape/restraints, 
Direct the insertion needle toward sternal notch in the 
coronal plane at an angle no greater than 10-15° whil 
gently withdrawing the plunger of the syringe. Keep 
bevel of the needle facing up and in line with the num- 
bers on the syringe until operator enters skin, then face 
bevel caudally to facilitate smooth progression of the 
guide wire down the vein toward the right atrium, 
Ithelps to place nondominant hand (not holding the nee- 
dle) on the sternal notch so operator can feel where ster- 
nal notch is and direct needle in that direction (Fig. 3.7) 
NEVER increase the angle of the needle greater than 
15° as pneumothorax may ensue, 
Advance the needle under and along the inferior border 
of the clavicle, making sure the needle is virtually hori- 
zontal to the chest wall. Aim medially in the direction of 
the suprastemal notch, attempting to first aim for the 
clavicle then “walk” the needle below the clavicle. 
Once under the clavicle, continue to advance the needle 
in a plane almost parallel to the skin approximately 
em until venous blood is freely aspirated into the 
syringe. 
When venous blood is freely aspirated, disconnect the 
syringe from the needle, and immediately occlude the 
Jumen to prevent air embolism and insert the guide wire. 
If the vein is difficult to locate, remove the introducer 
needle, flush it clean of clots, and try again. Change 
insertion sites after three unsuccessful passes with the 
introducer needle. 
At this point, the hand holding the needle should be “set 
in stone.” Use the patient's chest wall as a base to keep 
needle completely still as to not inadvertently advance 
or retract needle out of the vein. 
Insert the guide wire through the needle into the vein 
with the J-tip directed caudally to improve successful 
placement into the subclavian vein. 
+ Beware a return of red pulsatile blood. If this occurs, 
the wire is in an artery. 

+ Beware aspirating air bubbles through the probing 
introducer needle. This indicates a pneumothorax. 
Advance the wire until it is mostly in the vein or until 
arrythmia is seen on the cardiac monitor. Then, retract 

the wire 3-4 em, 
If the wire does not pass easily, remove the wire, reat- 
tach the syringe, and confirm that the needle is still in the 
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lumen of the vein before reattempting. The J-tip can be 
straightened with a pinching motion (Fig. 3.4). 

+ Alternatively, the catheter/syringe found in most kits 
can be used as a bridge to guide wire placement. For 
the author, this has improved success when there is 
difficulty in wire placement. Use the same steps 
above with the catheter (Fig. 3.5) and when you have 
return of blood, advance the angiocath into the vein 
followed by insertion of the guide wire through the 
angiocath, This is especially useful in moving/agi- 
tated patients, patients who have collapsible veins 
due to hypovolemia, and patients who have abnormal 
anatomy and may have veins that take an abnormal 
angle shortly past the needle tip. 

25. Use the tip of the scalpel to make a small incision just 
‘against the needle to enlarge the catheter entry site for 
the dilator and catheter. 

26. Holding the wire in place, withdraw the introducer nee- 
dle and place in needle holder. 

27. ‘Thread the dilator over the wire and into the vein with a 
firm and gentle twisting motion while maintaining constant 
control of the wire. Ifa large-bore introducer is placed, the 
dlilator/introducer goes in one step, after the introducer is 
inserted, hold the wire in place and remove the dilator. 

28. If operator is having difficulty threading the dilator, the 
skin incision with the scalpel may have been too super- 
ficial or small, It may help to enlarge this incision to 
avoid having the dilator get caught on superficial skin or 
connective tissue. 


Fig.3.7. Subelavian vein approach: wrong (a) and correct (b) angles to 
take when making skin puncture 


29, tis helpful to have sterile gauze handy to apply pressure 
with the hand not holding the wire as the vein will now 
bleed profusely from around the wire secondary to 
dilation, 

30, ‘Thread the catheter until itis close to the skin insertion 
site. Then pull back on the guide wire until it shows out- 
side of the distal port, Grasp the wire outside of the distal 
port and thread the catheter while holding onto the guide 
‘wire, Usually catheters are inserted 15-16 cm from the 
right side and 18-20 cm from the left side (Fig. 3.6) 

31, Hold the catheter in place and remove the wire, After the 
wire is removed, occlude the open lumen, 

32. Attach sterile saline syringe to the hub and aspirate 
blood. Take needed samples and then flush the line with 
saline and recap. Repeat this step with all lumens. 

33. Place biopatch on skin around the intersection with the 
Jumen of the catheter. 

34. Suture the line in place, 

35. Enclose CVL site with sterile waterproof transparent 
dressing, 

36. Confirm placement using CXR. Tip of catheter should 
be in the lower third of the SVC at the insertion of SVC 
into right atrium (tip at right bronchiotracheal angle or 
up to 2.5 cm below bronchiotracheal angle). 

+ Alternatively, ultrasound can be used for subclavian 
line access but only a few limited studies have con- 
firmed this as to date so will not deserie in detail 
(see below for typical ultrasound technique used). 
See references for more information. 
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3.4.2.1 Subclavian Vein Pearls and Pitfalls 


+ Inadequate landmark identification: operator should 
always palpate for landmarks and check anatomy prior to 
starting the procedure, 
+ Improper insertion position. 
+ Insertion of needle through periosteum. 
~ Operator should NOT increase angle of needle to avoid 
the clavicle bone (this can cause a pneumothorax). 

~ Operator should press on needle with downward pres- 
sure on chest wall to allow needle to maneuver under 
the clavicle without changing the angle of insertions of 
the needle. 

+ Taking too shallow a trajectory with needle. 

+ Aiming the needle too cephalad (aim for stemoclavicular 
junction) 

+ Failure to keep needle in place for wire passage: hand 
holding the needle should be planted on patient's chest for 
stabilization, 


3.4.3 Femoral Vein Access Procedure 


1. Palpate the patient's femoral artery below the inguinal 
ligament, This is usually found halfway between the 
anterior superior iliac spine (ASIS) and the midline of 
the symphysis pubis. 

‘Trim overlying hair as necessary 

3. If ultrasound-guided approach is desired, use the linear 
probe (same as internal jugular) to detect the femoral 
vein at this location. The femoral vein will be easily 
compressible, while the femoral artery will be less com- 
pressible and pulsatile (Fig. 3.2), 

4, Wash hands and use sterile technique to apply iodine or 

chlorhexidine solution (various forms available). 

‘Open your femoral CVL kit and don cap, mask, sterile 

gown, and sterile gloves. Nonsterile assistants should 

wear a cap, mask, sterile gown, and sterile gloves, Flush 
all ports of your CVL kit with saline flushes and check 
for leaks or malfunction of catheter. 

6. Under sterile technique, apply the drape over the area of 
insertion, and have an assistant extend the drape the 
length of the bed. Reapply sterile iodine or chlorhexi- 
dine at the site. 

7. Anesthetize the skin overlying the femoral vein with 
lidocaine 

8. If ultrasound-guided approach is desired, hav 
tant hold up the vascular ultrasound probe. Place your 
gloved hand through a sterile ultrasound sleeve and 
grasp the top of the ultrasound probe. Without breaking 
sterile technique, pull and invert the sterile ultrasound 
sleeve over the probe and cable. See Sect. 3.6 for detailed 
ultrasound-guided cannulation technique. 
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Insert the needle at a 45° angle, bevel down, directed 

superiorly, 1 em medial to the palpable femoral artery 

pulse. Once the needle has broken the skin, aspirate by 
applying a small amount of continuous traction on the 
plunger of the attached syringe. 

Advance smoothly and slowly until blood appears in the 

syringe. Stop once blood is aspirated. If femoral vein is 

not cannulated, withdraw your needle until just beneath 
the skin and redirect 

Hold the hub of the needle with thumb and forefinger to 

immobilize in place. Remove the syringe carefully. If 

blood appears arterial or pulsatile, remove the needle 
and hold pressure for $~10 min. 

+ Use the palm of your hand on the thigh to stabilize 
your hand. Not having your hand stable is a common 
mistake leading to needle movement out of the vein. 

If blood appears venous (dark color, emerges as a con- 

tinuous trickle, or transduced), cannulate the needle with 

the guide wire. Maintain a two-finger grip on the guide 
wire at all times, Advance the guide wire until approxi- 
mately 15 em remains. 

+ Must keep handle of guide wire at ALL times and can 
bbe done through proper technique. 

If guide wire does not advance easily, remove guide wire 

and reposition needle until blood aspirates easily. The 

JAtip can be straightened using a pinching motion if 

needed (Fig. 3.4) 

+ Alternatively, the catheter/syringe found in most kits 
can be used as a bridge to guide wire placement. For 
the author, this has improved success when there is 
difficulty in wire placement. Use the same steps 
‘above with the catheter (Fig. 3.5) and when you have 
return of blood, advance the angiocath into the vein 
followed by insertion of the guide wire through the 
angiocath. This is especially useful in moving/agi- 
tated patients, patients who have collapsible veins 
due to hypovolemia, and patients who have abnormal 
‘anatomy and may have veins that take an abnormal 
angle shortly past the needle tip, 

Using your scalpel, make a single 1/2 em stab incision at 

the site of needle insertion to assist with dilator 

placement 

+ You can do the stab incision with or without the nee- 
dle in place, but from experience, most novices have 


difficulty locating the correct stab location due to 
small amount of blood accumulation when the needle 
is taken out. 
Remove your needle, carefully leaving guide wire in 
place. Apply dilator over guide wire and advance into 
the body with gentle pressure and a twisting motion in 
the same plane that you used to direct the needle. 


Holding pressure at the insertion site with sterile gauze 
4x4 pads, remove the dilator from the guide wire, 


Patent Application Publication Jan. 19,2006 Sheet 1 of 20 US 2006/0014125 Al 


Figure 1 


3 Central Venous Line Placement: Internal Jugular Vein, Subclavian Vein, and Femoral Vein 25 


leaving the guide wire in place. Insert the central venous 
catheter over the guide wire until it fits snugly against 
the skin. Use the markings on the catheter to determine 
proper length placed (usually with femoral site you can 
“hub” the catheter) (Fig. 3.6). 

17. Using a sterile saline flush, ensure that each lumen of the 
CVL draws blood easily and flushes easily. Carefully 
note any that do not and consider repositioning as 
needed. You can attempt moving catheter in or out a few 
centimeters or rotating the catheter and recheck. Apply 
caps to each open lumen of the CVL. 

+ Remember to cover the introducer port if not using 
immediately. If you do not, it poses an infection and 
air embolism risk to the patient 

18, Suture the line in place. 

19, Place an antibiotic biopatch or similar antimicrobial 
dressing. 

20. Enclose CVL site with sterile waterproof transparent 
dressing. 


3.4.3.1 Femoral Vein Pearls and Pitfalls 

+ Femoral central venous lines cannot accurately transduce 
central venous pressure 

+ Asking the patient to perform # Valsalva maneuver has 
been shown to increase the width of the femoral vein 
by 13. 

+ The mnemonic NAVEL (Nerve Artery Vein Empty space 
Lymphatics) assists in remembering the order of femoral 
structures from lateral to medial. 

+ Traditionally, femoral venous lines were thought to have 
higher rates of infection than subclavian or internal jugu- 
lar lines, but more recent analyses are challenging this 
beliet. 
~ Obesity is a more important risk fuctor for infection in 

femoral sites. 


3.5 Complications 


3.5.1. Jugular and Subclavian Complications 
+ Pneumothroax/Hemothorax 
— Prevention: Remove patient from ventilator before 
advancing the needle, choose the right side rather than 
lefi, and avoid multiple attempts when possible 
— Management: Check postprocedure x-ray; if pneumo- 
thorax, arrange for thoracostomy depending on the 
size of the hemo-/pneumothorax. 
+ Catheter embolization 
~ Prevention: Never withdraw a catheter past a needle 
bevel as this might shear off the catheter. 
— Management: X-ray the patient and contact specialist 
who can remove the embolized catheter. 


+ Arterial puncture: Hold compression if this occurs. 

+ Hematoma: Usually requires monitoring only 

+ Thrombosis: This complication may lead to pulmonary 
embolism. 

+ Local site or systemic infection: Using maximal sterile 
precautions has been shown to greatly decrease rate of 
infection. 


+ Airembolism 

— May be caused by negative intrathoracic pressure 

when inspiration by the patient drawing air into an 
open line hubs 

— Prevention: Be sure the line hubs are always occluded; 
placing the patient in the Trendelenburg position low- 
ers the risk. 

— Management: The patient should be placed in 
‘Trendelenburg position with a left lateral decubitus tit, 
Which may prevent the movement of air into the right 
ventricle and onward into the left side of the heart. One 
hundred percent oxygen should be administered to 
speed the resorption of the air. If a catheter is located 
in the heart, aspiration of the air should be attempted. 

+ Dysthythmias: Due to cardiac irritation by the wire or 
catheter tip. This can usually be terminated by simply 
Withdrawing the line into the superior vena cava. One 
should always place a central venous catheter with car- 
diac monitoring 

+ Lost guide wire: Ifthe operator is not careful about main- 
taining control of the guide wire, it may be lost into the 
vein. This requires retrieval by interventional radiology or 
surgery and is an emergency. 

+ Catheter tip too deep: Check the postprocedure chest 
radiograph and pull the line back if the tip disappears into 
the cardiac sithouette. 

+ Catheter in the wrong vessel: Check the postprocedure 
chest radiograph for this complication; remove catheter 
and try again, 

+ Arterial puncture (subclavian only): The subclavian artery 
cannot be compressed; so, the subclavian approach should 
be avoided in anticoagulated patients. 


3.5.2 Femoral Complications 


+ Arterial puncture: The femoral artery site can be com- 
pressed, so if punctured hold pressure. 

+ Hematoma: Usually requires monitoring only, 

+ Thrombosis: This complication may lead to pulmonary 
embolism 


+ Catheter embolization. 
— Prevention: Never withdraw a catheter past a needle 
bevel which might shear off the catheter. 
— Management: X-ray the patient and contact specialist, 
1e embolized catheter. 


who can remove 
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+ Lost guide wire: Ifthe operator is not careful about main- 
taining control of the guide wire, it may be lost into the 
vein. This requires retrieval by interventional radiology or 
surgery and is an emergency. 

+ Local site or systemic infection: Using maximal sterile 
precautions has been shown to greatly decrease rate of 
infection. 


3.6 Ultrasound Guided Cannulation: 


for Each Approach 


+ Venous anatomy is best visualized using high-frequency 
(5-10 MHz) linear probe. Higher frequencies generate 
less penetration but better resolution. 

+ You can use the ultrasound to identify the location of the 
vessel prior to the procedure and utilize external land- 
marks during the procedure itself (static technique), or 
You can use the ultrasound to visualize cannulation of the 
vessel during the procedure (dynamic technique), 

+ Static view is advantageous in that the ultrasound trans- 
ducer is not needed during the sterile portion of the proce~ 
dure, but it does not allow for direct visualization of 
cannulation and guidance during the procedure. 

+ Dynamic view (preferred) allows for direct visualization 
during the procedure but requires more technique and 
requires use of transducer during the sterile portion of the 
procedure 

+ The dynamic technique can be used in either a short-axis 
view, where a cross-sectional view of the vessel and nee~ 
dleis used, or a long-axis view, where a longitudinal view 
of vessel and needle is used (Fig. 3.3). 

+ The long-axis view allows for full visualization of the 
needle throughout the procedure and allows for better 
visualization and adjustment of needle depth. It is more 
difficult for lateral changes in positioning and tends to be 
‘more difficult technically. 

— Key in this view is that once a good section of vein is 
obtained, do not move probe to visualize the needle: 
move the needle into the ultrasound view by slightly 
adjusting trajectory. 

+The short-axis view allows for lateral changes in position 
but is not as good at visualizing depth throughout the pro- 
cedure, as visualization of the needle is in cross-sectional 
imaging. Perforation of the posterior wall is more com- 
mon in this view 

+ When using the short-axis view, remember to position the 
ultrasound probe such that the field of the ultrasound 
intersects the vessel (internal jugular, subclavian, femo- 
ral) at the anticipated site of insertion of the needle into 
the vein, Remember that the needle is only visualized as it 
intersects the plane of the ultrasound. 


+ When using the long-axis view, make sure to visualize the 
vessel with the ultrasound such that you can see the great 
est diameter of the vessel along the entire length of the 
ultrasound probe. Keep the ultrasound steady during the 
procedure, and insert the needle at an angle at the lateral 
edge of the ultrasound probe. Using this technique, one 
can visualize the entire length of the needle. 


3.7 Removing a Central Line 

1. Place patient in supine or Trendelenburg position (for 
femoral removal can help decrease bleeding), 
Remove suturing and dressing. 

. Jugular and subclavian: Have pa 
line during the exhalation 
+ Exhalation increases intrathoraci 


‘nt exhale and pull the 


pressure as com- 
pared to atmospheric pressure, thereby reducing the 
risk of air thromboembolism. 

Hold pressure for approximately 1 min to stop bleeding. 

5. Dress with a sterile dressing. 

6. Ifcentral line-related infection is suspected, cut off the tip 
with sterile scissors and send for culture. 
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Pulmonary Artery Catheter 
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4.1 Indications 

+ Prevention or treatment of multiorgan failure in high-risk 
patients 

+ Preoperative and postoperative management in high-risk 
patients with cardiac, pulmonary, or renal dysfunction 

+ Patients with anticipated large fluid shifts (sepsis, bleed- 
ing, burns, citrhosis) 

+ Oliguria or hypotension not relieved by fluids 

+ Suspected cardiac event leading to shock 

+ For continuous SVO2 (central venous oxygenation) mon- 
itoring in shock 

+ To differentiate shock states, 

+ For monitoring cardiac output in patients requiring high- 
positive end-expiratory pressure (>14 em H20) 

+ Monitoring and management of complicated myocardial 
dysfunction or cardiogenic shock 

+ Congestive heart failure with poor response to afterload 
reduction and diuretic therapy 

+ Suspected tamponade or contusion from blunt chest 
injury 

+ Pulmonary hypertension with myocardial dysfunction 

+ Diagnosis of primary pulmonary hypertension 

+ Aspiration of air emboli 

+ Direct pulmonary artery administration of thrombolytic 
therapy 


4.2 Contraindications 

+ Tricuspid or pulmonary valve mechanical prosthesis 
+ Right heart mass (thrombus or tumor) 

+ Tricuspid or pulmonary valve endocarditis 
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+ Recurrent sepsis (catheter cou 

+ Hypercoagulopathy (catheter could serve as 
thrombus formation) 

+ Patient known sensitivity to heparin (catheters with hepa- 
rin coating) 

+ Blectrocardiographic (ECG) monitoring encouraged in con- 
ditions of complete left bundle branch block (risk of complete 
heart block increased), Wolfe-Parkinson-White syndrome, 
‘and Ebstein's malformation (risk of tachyarrhythmias) 
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4.3 Materials 

+ Pulmonary artery or Swan-Ganz catheter 

+ Percutaneous sheath introducer and contamination shield 

+ Compatible cardiac output computer for measuring car- 
diac output by the bolus thermodilution method 

+ Injectate temperature sensing probe (bolus thermodilu- 
tion method) 

+ Connecting cables 

+ Sterile flush system and pressure transducers 

+ Bedside ECG and pressure monitor system 

+ Appropriate ECG “slave” cables 


4.3.1 Catheter Preparation 

+ Avoid forceful wiping or stretching of catheter to avoid 
injury to the thermistor wire circuitry; wiping the heparin 
coat may cause removal of the coating. 

+ In vivo calibration is required if in vitro calibration is not 
done; refer to the monitor operator's manual for detailed 
calibration instructions, 

+ Connect catheter’s injectate and_pressure-monitoring 
lumens to the flush system and pressure transducers; 
ensure all lines are free of air. 


+ Connect the thermistor to the monitor and confirm no 
fault messages appear. 
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4.4 Procedure 

1, Maintain sterile precautions including sterile cap, mask, 

gown, gloves. 

Place a central venous line introducer and verify place- 

‘ment of introducer with chest radiograph; it is also 

acceptable to obtain the chest radiograph after the inser- 

tion of the pulmonary artery catheter if no complication 
was suspected with the central venous line introducer. 

3. Cleanse the skin and introducer thoroughly with 
chlorhexidine. 

4, Have assistant open pulmonary artery catheter kit in 
sterile fashion. 

5, Remove pulmonary artery catheter from kit and have 
assistant hook up all the ports to the transducers and 
‘make sure readings are accurate as the catheter is being 
manipulated, 

6. Gently lift the distal portion of the catheter up from the 
silicone gripper; do not pull the balloon through the 
gripper to avoid damage. 

7. Have assistant check the proximal and distal ports for 
patency by flushing with sterile saline. Also have the 
assistant check the patency of the balloon with the syringe 
provided in the kit (Fig. 4.1), Check for major asymmetry 
sand for leaks (optional) by submerging in sterile saline or 
Water. Deflate balloon prior to insertion, Carefully wave 
the distal catheter segment up and down to confirm elec- 
trical continuity by observing a pressure tracing on moni- 
tor. Ensure proper readings, no information is sometimes 
better than wrong information, Make sure each port trans- 
duces appropriately prior to insertion. 

8, Familiarize yourself with the catheter line markings. 
Each thin line indicates 10 cm from the tip and thick line 
indicates 50 cm from the tip. These are used in combina- 
tion to indicate length from tip (Fig. 4.2). 

9, Place the sterile plastic sleeve (lock side toward patient, 
Fig. 4.3) over the catheter after flushing all ports to fur- 
ther protect the catheter during manipulation. 


Fig. 4.1. Balloon inflation prior 
{w insertion for evaluation of 
patency of leaks 


10, The distal end of the catheter is inserted into the intro- 
ducer hub of the central venous line and threaded to the 
superior vena cava. The catheter must be placed at least 
30 em into the introducer for the balloon to clear the 
distal end of the introducer prior to inflation. At no point 
should the catheter be withdrawn with the balloon 
inflated; ensure the assistant has deflated the balloon 
prior to withdrawal. The balloon assists in directing the 
catheter through the vascular system using the direc- 
tional blood flow. 

11, At 20 cm, the balloon should be inflated and catheter 
advanced through right atrium, past the tricuspid valve 
into the right ventricle, then past the pulmonary valve to 
the pulmonary artery. The waveform and pressure read- 
ings can guide you through the various locations 
(Fig. 4.4). 

12. Once in the pulmonary artery, the catheter should be 
carefully and slowly advanced to wedge position. The 
balloon can be deflated and pulmonary artery tracings 
should reappear. If a wedge is obtained with less than 
the maximum recommended volume, the catheter 
should be withdrawn to a position where full inflation 
volume produces a wedge tracing. Avoid prolonged 
times when obtaining wedge pressure (2 respiratory 
cycles or 10-15 s), especially in patients with pulmo- 
nary hypertension. 

13, General guidelines for distance necessary at various 
points include: right atrium 20-25 cm, right ventri- 
cle 30-35 em, and pulmonary artery 40-45 em; cath- 
eter usually wedges at 50-55 cm. These are 
dependent on the starting location you are using to 
advance the catheter (subclavian, internal jugular, 
femoral), 

14, Once the catheter is in correct position, it should be 
locked into place with the plastic sleeve tip onto the hub 
of the introducer. 

15. Correct placement is confirmed with chest radiograph 
(Fig. 45). 
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Fig.4.3. Lock postion on catheter for stabilization of catheter 
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Fig. 4.5 Chest radiograph demonstrating correct (a) and incorrect (b) with permission from Wolters Kluwer: Jain SN. A pictorial essay: radi- 
positioning of pulmonary artery catheter (arrows) (a Reproduced with ology of lines and tubes in the intensive care unit. Indian J Radiol 
permission from McGraw-Hill: Stead LG, et al. First Aid for the Imaging. 2011:21(3):182-190) 

Radiology Clerkship. New York: McGraw-Hill; 2009; b Reproduced 
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4.5 Complications 

+ Arrhythmias: most are premature ventricular contractions 
that are self-limiting and resolve with advancement into 
pulmonary artery or withdrawal into atrium, 

+ Right bundle branch block: usually transient after posi 
tioning catheter into the pulmonary artery; if has already 
left bundle branch block may lead to complete heart 
block; should have temporary pacing equipment on 
standby. 

+ Knotting in the right ventricle (RV): risk increased 
in those with dilated cardiac chambers; a persistent 
RV tracing (15 em beyond the point where initial 
RV tracing was observed) should alert you to this 
possibility 

+ Pulmonary artery rupture: age >60 year, anticoagulation 
therapy, and presence of pulmonary hypertension increase 
risk of rupture: hemoptysis shortly after placement is 
indicative and management includes lateral decubitus 
positioning (bleeding side down), intubation with double 
lumen tube, and increasing positive end-expiratory pres- 
sure (PEEP), 

+ Infection. 

+ Pulmonary infarction: due to unintentional migration of 
distal tip. 


4.6 Pearls and Pitfalls 

+ [the catheter requires stiffening during insertion, slowly 
perfuse the catheter with 5-10 mL of cold sterile solution 
as the catheter is advanced through a peripheral vessel 

+ The incidence of complications increases significantly 
with periods of use longer than 72 h, so assess the need 
for the catheter on daily basis 

+ Anticipate spontaneous catheter tip migration toward 
periphery of pulmonary bed; if a wedge tracing is 
observed when balloon is deflated, pull the eatheter back. 
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Cardiac output monitoring is indicated when trying to deter- 
‘mine fluid responsiveness in patients. It ass 
assessing results of resuscitative efforts to ensure appropriate 


Indications 
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tissue perfusion, Although most catheters are systemically 
invasive, tools like the Vigileo (Edwards Lifesciences; Irvine, 


CA) are excellent noninvasive devices for determining values 
‘sin directing and such as the stroke volume, stroke volume variation, stroke vol- 
ume index, cardiac output, and cardiac index (Fig. 5.1). 
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Power 


BBh Estwards Lifesciences’ 


Trend Screen 


Print 


Move across end screen up to 24 
hours 


Help 


‘Alarm 


Enter and Scrat knob, You can 
tum his knob and press it 10 
‘anima function you want 
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Fig. 5.1 Typical monitoring devices and connecting devices from on one end and the pressure bag/monitors on the other; monitor connee- 
‘monitor to patient: (a) FloTrac monitor (b) FloTrae red port connects ions are color coded, (d) the green port connects to the green port from 
to the heart monitor, (e) the FloTrac system connects to the arterial Tine the FloTrae 
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5.2 Contraindications 


‘There are no contraindications to noninvasive monitoring of 
the heart, although most systems will need to be connected to 
an arterial line catheter, therefore contraindications to arte- 
rial line placement must be determined. Current literature 
supports the use of noninvasive monitoring to those who are 
100 % supported ventilation with tidal volumes >8 mL/kg. 
‘There is no support for use in those with spontaneous breaths 
or arshythmia, Patients with significant variation in respira- 
tory pattern may have results that are unreliable. 


5.3 Definitions and Values (Table 5.1) 


TableS.1 Cardiac output monitoring definitions 


Term 


Reference range 


[Definition 


‘Cardiae output 


48 Limin 


Volume of blood being 
purped by the heart 
Lia 


‘Cardiae index 


254 Liminln® 


‘Compares the amount of 
fluid being pumped by 
the beart with an 
individual's body 
surface area 


‘Stoke volume 


40-80 mil Tbeat 


Volume of blood being 
pumped by the ventricle 
pet beat 


‘Swoke volume 


10-15% 


Represents percentage 
‘of change between 
inimurn and maximum 
stroke volumes and 
predictor of fuid 
responsiveness 


‘Stoke volume 
index 


33-47 mL /meybeat 


‘Quantity of blood 
jected from the heart 
per beat 


‘Mixed venous 
saturation (S¥O.) 


60-80% 


Percentage of oxygen 
bound to hemoglobin in 
blood returning o the 
right side of the heart; 
represents oxygen 
delivery and 
‘consumption atthe 
tissue level. Usually 
‘obained from 
pulmonary artery 
ceatheter 


‘Central venous 
‘oxygen saturation 
{Scv0,) 


70% 


Surrogate marker for 
v0, usually obtained 
from internal jugular or 
subclavian catheters 
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5.4 Materials 

+ FloTrac (Edwards Lifesciences, Irvine, CA, USA) 
+ Vigileo monitor 

+ Pressure bag 


5.5 Procedure 


1, Connect FloTrac to arterial line and distal FloTrac port to 
pressure bag. Inflate bag to 300 mmHg. 

2. Connect green FloTrac cord to green Vigileo cord and red 
FloTrac cord to arterial line port on heart monitor. 

3. Turn the port on the FloTrac off to the patient and zero on 
‘your heart monitor as you would with an arterial line. At 
the same time, you should have pressed the “Enter” knob 
‘on the Vigileo system, scrolled it to “zero arterial pres- 
sure,” and pressed the knob again for that function. 

4, You should now have an arterial waveform on your heart 
monitor and your cardiac values on the Vigileo system. 


5.6 Pearls and 


falls 


+ Some components of the values obtained are not reliable 
on spontaneously breathing patients and it is critical to 
check the ventilator waveforms for these breaths. 


+ Patients without adequate tidal volumes (at least 8 mL/ 
kg) will also have unreliable values. 

+ Stroke volume variation usually is more reliable when 
greater than 13 % and indicates fluid responsiveness 
rather than when it is less than 13 % (similar to a low 
central venous pressure (CVP) being more informative 
than normal or high CVP levels). 
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Peripheral Venous Cutdown 


Jeffrey Kile, Katrina John, and Amish Aghera 


6.1 Indications 


+ Distorted anatomy of peripheral venous access sites 
+ Unavailability of cannulable veins (e.g., in hypovolemia, 
burn victim, traumatic anatomy, sclerosed veins, etc.) 

+ Emergency venous access for infusion/transfusion 
+ Unavailability of central venous access or less invasive 
‘means peripherally 


6.2 Contraindications 


+ Absolute 
— Availability of less invasive or less time-consuming 
means of vascular access, 
— Overlying infection, traumatic tissue, burn, etc., at cut- 
down site 
— Traumatic injury proximal to cutdown site 
+ Relative 
— Coagulation disorders 
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6.3 Materials and Medications (Fig. 6.1) 


+ Sterile gloves 
+ Antimicrobial solution and swabs 

+ 4"°x4"" gauze sponges 

*+ Local anesthetic (1% lidocaine 5 mL) 
+ S-mL syringe 

+ Blunt needle 

+ 25- or 27-gauge needle 

+ Scalpel 

+ Vein dilatorilifier 

+ Peripheral intravenous catheter 

+ Curved hemostat 

+ 0-0 silk sutures or 4.0 nylon sutures 

+ Iris scissors 

+ Intravenous infusion tubing 

+ Adhesive tape 
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6 Peripheral Venous Cutdown 
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6.4 Choice of Vessel for Cutdown 

+ Greater saphenous vein: this vessel is the longest vein in 
the body, is predominantly subcutaneous, and is exposed 
with minimal blunt dissection just anterior to the medial 
‘malleolus at the ankle. 

+ Basilic vein: this vessel is reliably located 1-2 em lateral 
to the medial epicondyle on the anterior aspect of the 
humeral region, typically catheterized just superior to the 
antecubital fossa approximately, and its diameter permits 
its localization relatively easily even in the hypotensive 
patient. 

+ Cephalic vein: this vessel runs anteromedially from the 
radial aspeet of the wrist to the antecubital fossa, is super- 
ficial and large in diameter, and is most easily cannulated 
at the distal flexor crease in the antecubital fossa. 


6.5 Procedure 


6.5.1 Standard Venous Cutdown Technique 

1. Apply antimicrobial solution liberally to the skin sur- 
rounding the incisional area 

2. Establish a sterile field by placing drapes around the 
incisional area 

3. Apply a tourniquet proximal to the planned cutdown site 
to maximize visualization of vein to be cannulated. 

4, Inject local anesthetic to raise a small (0.5 cm) 
wheal using 25- or 27-gauge needle and then insert 
the tip of the needle through wheal to infiltrate skin 
superficial to the artery with approximately 4 mL of 
anesthetic. 

+ Injection of local anesthetic into the vessel may pre~ 
cipitate arthythmia, so draw back on the plunger 
prior to infiltration to ensure the tip of the needle is 
not inside the vessel 

5, Incise the skin with scalpel perpendicular to the course 
of the vein through all cutaneous layers until subcutane- 
‘ous fat is visualized (Fig. 6.2). 

+ Some practitioners prefer using a longitudinal inci- 
sion to reduce the risk of transecting neurovascular 
structures, but this may not produce sufficient expo- 
sure of vein. 


Using a curved hemostat or gloved finger, bluntly dis- 
sect the subcutaneous tissue to isolate and mobilize 
proximately 2-3 cm of the vein (Fig. 6.3) 

+ A small self-retaining retractor or tissue spreader can 
bbe used in this step to improve visualization of vein if 
desired 

Pass suture under the vein distal to the planned venous 

puncture site using hemostat to stabilize the vein and tie 

the suture over the vein (Fig. 6.4). 

Pass a second suture under the vein proximal to the 

planned venous puncture site using hemostat (Fig. 6.5). 

+ This step enables increased visualization, vessel con- 
trol, and hemostasis during incision. 

+ Leave the ends of both sutures long to facilitate 
maneuvering the vein. 

Incise one-half to one-third of the diameter of the vein 

using a scalpel or iris scissors held at a 45° angle to the 

vessel (Fig. 6.6). 

Grasping the proximal edge of the incision with a 

hemostat to apply counter traction (in a distal direc- 

tion), insert the tip of the catheter into the venous inc: 

ion (Fig. 6.7). 

+ Donot force the catheter ifit does not easily advance. 

+ Catheter can be introduced directly through the skin 
incision or via skin puncture adjacent to the skin 
incision, 

+ Ifthe catheter lacks « tapered tip, cut the distal end of 
the cannula at a 45° angle to fashion a beveled tip. 

‘Thread catheter into vein (Fig. 6.8) 

Aspirate any air which may have entered the cannula 

during insertion, 

Connect hub of catheter to intravenous tubing, 

‘Tie the proximal suture around the vein just proximal to 

the venous incision, encircling both the vein and the 

intraluminal cannula with the suture. 

Remove tourniquet. 

Secure the catheter hub to the skin using nylon (4.0) 

tures as follows. Take a 0.5 em bite of skin under the 

catheter hub with the suture needle, tie several knots in 
the suture without pinching the skin, then tie a second 
set of knots around the hub of the catheter firmly, 

Close the incision using nylon (4.0) sutures, 

Dress the wound with appropriate self-adhesive sterile 

dressing or sterile gauze pads and adhesive tape. 
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Ege tenet ee Fig. 6.5 Distal and proximal ligatures in place 


Fig.6.6 Incision of vein 
Fig.6.3 Mobilization of vein 


Fig.6.4 Distal ligature tied around vein Fig.6.7 Catheterization of vein 
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Fig.6.8 Catheter threaded into vein 


6.5.2. “Mini-Cutdown" Technique 


(Perform steps 1-6 from the “Standard Venous Cutdown 
“Technique,” above, and then proceed with the steps below.) 


1, Puncture the vein using a standard over-the-needle venous, 
catheter, 

+ Catheter can be introduced directly through the skin 
incision or via skin puncture adjacent to the skin 
incision. 

. Thread catheter into the vein over the needle, 

. Remove and discard the needle 

J. Aspirate any air which may have entered the catheter dur- 
ing insertion, 

. Connect catheter to intravenous tubing, 


Be 


(Continue with steps 15-18 from the “Standard Venous 
‘Cutdown Technique,” above.) 


6.5.3 Modified/Guide Wire Technique 


(Perform steps 1-6 from the “Standard Venous Cutdown 
“Technique,” above, and then proceed with the steps below.) 


1. Insert the blunt end of the guide wire into the incised vein. 

2, While stabilizing the guide wire at its insertion site, 
thread the dilator and sheath assembly over the free end 
of the guide wire until itis approximately one inch from 
the skin. 

3. Grasp the free end of the guide wire protruding from the 
tail end of the assembly. 

+ Ifit does not protrude from the tail end of the assem- 
bly, the guide wire must be removed sufficiently from 
the artery to be securely grasped. It must protrude vis- 
ibly from the tail end of the dilator throughout the sub- 
‘sequent process of threading the dilator into the vein. 

+ Never let go of the guide wire during this step, as 
insertion of the dilator and sheath assembly can oth- 
cerwise push the guide wire completely into the vein. 

4, Holding it firmly near its tip, thread the assembly over 
the wire into vessel with a gentle back-and-forth twist- 
ing motion, 

5. Holding the sheath securely in the vein, remove and dis- 
card the dilator and guide wire, 

6, Aspirate any air which may have entered the sheath dur- 

ing insertion, 

. Connect sheath to intravenous tubing, 

. Remove tourniquet. 

). Secure the sheath to the skin. 

). Close the incision using nylon (4.0) sutures, 

. Dress the wound with appropriate self-adhesive sterile 

dressing or sterile gauze pads and adhesive tape. 
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6.6 Complications 
+ Hematoma 

+ Infection 

+ Sepsis 

+ Phiebitis 

+ Embolization 

+ Wound dehiscence 


6.7 Pearls and Pitfalls 


+ Fluids are infused most quickly via short, large-bore 
catheters. 

+ If the line is inserted for slow infusion of intravenous 
drugs, catheter lumen size is relatively insignificant. 

+ In larger children and adults, intravenous plastic tubing, 
small-bore pediatric feeding tubes, and Silastic catheters 
may be used as infusion catheters, 

+ Threading a 10-gauge intravenous catheter or intravenous 
tubing directly into the incised vein achieves excellent 
flow rates. 

+ If difficulty is encountered while threading the catheter 
into the incised vein, ensure an appropriately sized 


catheter has been used and that the vessel lumen has been 

correctly identified and that no false passage has been cre- 

ated in the adventi 

AS compared to the standard venous cutdown technique, 

the mini-cutdown technique is easier and also preserves 
the vein, permitting repeated catheterization if necessary. 

+ As compared to the standard venous cutdown technique, 
the modified/guide wire technique reduces procedure 
time and increases the likelihood of vein salvage in the 
event of vessel transection. 
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Airway and Vascular Procedures 


Bag-Valve-Mask Ventilation 


Braden Hexom and Tatiana Havryliuk 


7.1 Indications 

+ Hypoxia 

+ Hypoventilation/apnea 

+ Rescue maneuver if failed intubation 


7.2 Contraindications 
+ Absolute 
— Inability to ventilate due to lack of seal (thick beard, 
deforming facial trauma) 
~ Inability to ventilate secondary to complete upper air- 
way obstruction 
— Active, adequate spontaneous ventilation 


1B. Hexom, MD (=) 
Department of Emergency Medicine, Mount Sinai Hospital, 
New York, NY, USA 

e-mail: braden hexom@mssmedu 


T Havryliuk, MD 
Department of Emergency Medicine, University of Colorado 
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+ Relative 
~ Full stomach (aspiration risk) 
— After induction and paralysis during rapid sequence 
intubation (aspiration risk) 


7.3 Materials (Fig.7.1) 

+ Bag valve mask (BVM) with reservoir 

+ Oxygen connector tubing 

+ Nasal pharyngeal airway/oral pharyngeal airway 
+ Lubricant jelly 


Fig.7.1_ BVM supplies: bag, mask, oral airways, nasopharyngeal ait- 
ways, lubeicant 
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7.4 Procedure 


1, Position patient in “sniffing” position, 

2, Open the airway with chin-lifvhead-tilt or jaw thrust 
maneuvers. 

3, Place airway adjuncts to maintain airway patency. Use 
oral airway (Fig. 7.2) in unconscious patients. Use nasal 
airway (Fig. 7.3) in semiresponsive patients. 

4, Attach oxygen tubing to high-flow oxygen (15 L/min). 

5, Place appropriately sized mask on patient's face covering 
the nose and mouth. 

+ For one-handed technique (Fig. 7.4), use nondominant 
hand to make a “C” with index finger and thumb on 
top of the mask and form an “E” with the rest of the 
fingers using them to pull up on the mandible (E-C 
technique). Use the dominant hand to provide bag 
ventilations. 

+ For two-handed (Fig. 7.5), two-person technique (pre- 
ferred), make two semicircles with index fingers and 
thumbs of both hands on top of the mask and use the 
rest of the fingers to pull up on the mandible. 

6. Consider the Sellick maneuver (cricoid pressure) to com- 
press the esophagus against the cervical vertebrae, pre- 
venting gastric insufflation, 

7. Ventilate patient providing reduced tidal volume breaths 
(500 mL) at a rate of 10-12 breaths per minute. 

8. Give each breath gently over I-1.5 s to avoid high peak 
pressures, avoiding gastric insufflation, 

9, Prepare for definitive airway as dictated by the clinical 
scenario, 


Fig.7.2 (a-e) Oral airway insertion 
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Fig. 7.3. (a, b) Nasal airway insertion 


Fig.7.4 (ae) One-handed seal technique 


B. Hexom and. Havryliuk 


Fig. 7.5 Two-handed seal technique: (a) two semicircles, (b)alterna- 
tive thumbs method 


7.5 Complications 

+ Stomach inflation may lead to vomiting and aspiration, 

+ Increased positive thoracic pressure may cause decreased 
preload, worsening cardiac output, and/or hypotension. 

+ Hypoventilation (inadequate O, tidal volume, airway 
patency, or mask seal) 


7.6 Pearls and Pitfalls 
+ Pearls 

— Use jaw thrust to open mouth for patients with p 
cervical spine injury. 

— Use airway adjuncts whenever available, especially if 
prolonged BVM ventilation is anticipated. 

— Use lubricant jelly to insert nasal airway; do not insert 
in patients with severe facial trauma 

— Mask should be placed on patient's face prior to attach- 
ing to bag. 

— Apply pressure to the bony part of the mandible only 
to avoid soft-tissue injury. 

— Provide just enough tidal volume to see a chest rise and 
deliver cach breath gently over I-15 s to prevent 
gastric insufflation, 

— Ensure good sea: 

+ Select appropriate mask size. 

+ Choose two-handed technique over one-handed, 
possible. 

+ Keep well-fiting dentures in place if present (and 
remove before intubation) 

+ Lift the mandible toward the mask (as opposed to 
pushing the mask onto the face), 

+ Rock the mask on face until no leak is present. 

+ Apply K-Y jelly to beard to improve the seal 

+ Pitfalls 

— Overcompression during the Sellick maneuver can 
compress the cricoid ring, preventing ventilation, 

— Cricoid pressure (Sellick maneuver) is not recom- 
mended during cardiac arrest resuscitation, 

~ Difficult BVM ventilation: MOANS 
+ Mask seal 
+ Obesity/obstruction 
+ Age 
+ No teeth 
+ Stitt 
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Awake Orotracheal Intubation 


Benjamin M. Mahon, Justin Bennett, and Lars K. Beattie 


8.1 Indications 
+ Urgent but not emergent endotracheal intubation is 
required in a patient who: 
— Isawake 
— Is currently protecting his airway 
— Isnot a candidate for a supraglottic airway (LMA) 
— The patient 
+ Is predicted to have a difficult airway 
+ Has structural abnormalities of the airway 
+ Will not tolerate a period of apnea 
+ May lose his airway (anaphylaxis, angioedema, 
traumatic airway) 
+ Patients requiring urgent but not emergent intubation in 
‘whom paralytics are contraindicated (i.., allergies, myas- 
thenic crisis) 


8.2 Contraindications 
+ Absolute 
— Surgical airway indicated 
— Emergent crash airway needed 
— Obtunded patient 
~ Allergies to 
glycopyrrolate) 


medications ne 


led (lidocaine, 
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+ Relative 
— Inability to maintain airway or tolerate secretions 


8.3 Materials and Medications 

+ Suctioning equipment 

+ Intravenous access equipment, cardiac monitor, pulse 
oximetry, blood pressure cul 

+ 4% lidocaine solution 

lidocaine jelly 


+ Mucosal atomization device 
+ 4x4 gauze 

+ Tongue depressor 

+ Glycopyrrolate/atropine 

+ Sedation: ketamine, propofol, Versed, and/or fentanyl 
+ Intubation equipment 

+ Backup emergency airway adjuncts 

+ Bag valve mask 

+ Laryngoscope, fiber optics, oral airway, etc. 


8.4 Procedure 


1, Preparation 

(a) Establish IV access 

(b) Place the patient on a cardiac monitor with continu- 
‘ous pulse oximetry. 

(©) Keep backup RSI emergency airway medication and 
equipment at the bedside. 

Administer 0.2-0.4 mg of intravenous glycopyrrolate (or 

a small dose (0.5-1 mg) of atropine to decrease secre~ 

tions) 15 min prior to procedure. 

3. Nebulize 2 mL. of 4 % lidocaine with oxygen at 5 102 per 

‘minute to anesthetize the pharynx (Fig. 8.1). 
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4, Use Yankauer suction (with the patient’s assistance) to 
dry out the mouth as much as possible. Dabbing the 
tongue with gauze can assist in this step. 

5, Continue preoxygenation. 


6, Immediately after the nebulized solution is applied, give 

the patient a “lidocaine lollipop” (Fig. 8.2). 

(a) A 2 ml dollop of 2 % viscous lidocaine is to be placed 
on the end of a tongue depressor and is given to the 
patient to place in his mouth (like a lollipop). 

(b) Have the patient copiously gargle, then swallow the 


cous lidocaine. 
7. Using a mucosal atomizer, spray 2 ml of 4 % lidocaine in 
the posterior oropharynx and as far down toward the glot- 
tis as possible (Figs. 8.3, 8.4, and 8.5) 
8, Sedation 
(a) Itis feasible to proceed with the awake intubation in 
edated, wide awake but cooperative patient. 
(b) Sedation can be initiated using institutional prefer- 
, but some options 


include: 


Fig. 8.2 Lidocaine lollipop 


Midazolam 2 mg IV 
Ketamine 1 mg/kg IV 
Propofol 1 mg/kg IV 
Ketofol (ketamine and propofol both at concen- 
trations of 10 mg/ml, 5 ml of each mixed in a 
10 ce syringe) titrated at 1-3 ml aliquots 
(©) More atomized lidocaine can be provided prior to 
endotracheal tube (ETT) passage, but one must be 
aware of the upper lidocaine dose for your patient. 
(d) Adequate anesthesia is confirmed by the absence of a 
‘gag reflex upon direct palpation (Fig. 8.6). 
9. Intubation, induction, and gentle direct laryngoscopy can 
be performed at this point to place the ETT (Fig. 8.7). 
(a) Induction (if no prior sedation) and paralytic agents 
should be available to immediately administer after 
ETT placement. 
(b) Thorough discussions on intubation techniques can 
be found in other chapters in the atlas. 


Fig. 8.4 Pushing syringe plunger atomizes lidocaine 
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Fig. 8.5 Atomized lidocaine being administered to the posterior 
pharynx 


7 (a) Final lidocaine atomization of deep structures and trachea, 
subation using a lighted stylet 


Fig. 8.6 (a, b) Adequately anesthetized awake patient with laryngo- 
scopic view of epiglotis 
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Pearls and Pitfalls 


Pearls 

Steps 3-7 should be done successively and as quickly 

as possible, to capitalize on the short half-life of 

lidocaine 

Simultaneous preoxygenation and anesthetization can 

be achieved by nebulizing the 4 % lidocaine through a 

face mask 

If the patient has been sedated, soft restraints may help 

prevent the patient from inadvertently grabbing the 

tube or your intubating equipment. 

‘A nasotracheal intubation can be performed by simply 

anesthetizing the nares through which the ETT will be 

placed using lidocaine jelly and/or atomized lidocaine. 

Pitfalls 

— Failure to prepare all equipment beforehand may 
extend the procedure beyond the lidocaine half-life. 


‘The dosages listed are intended for a 70 kg patient and 
yields a total dose of 280 mg (4 mg/kg). This dose may 
need to be decreased in smaller individuals. 
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Rapid-Sequence Intubation 


Ram A. Parekh 


9.1 Indications 

+ Failure to oxygenate 

+ Failure to ventilate 

+ Unable to protect airway patency or reflexes 
+ Projected clinical course deterioration 


9.2 Contraindications 
+ Absolute 
— Complete upper airway obstruction 
— Significant facial and airway trauma with loss of land- 
marks for orotracheal intubation 
+ Relative 
~ Anticipated difficult intubation 
+ Not an absolute contraindication 
+ Patient scenario requires a careful preintubation 
assessment and plan. 
+ Consider an “awake” intubation, 
+ Consider alternative airway adjuncts (e.g., extra 
glottic devices, video laryngoscopy, laryngeal mask 
airway [LMA)). 
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— Induction or paralytic agent-speci 
given clinical circumstances 
+ Caution: induction agents that lower blood pressure 
in hypotensive patients 
+ Caution: succinylcholine in potentially hyperkale- 
mic patients 
— Crash airway 
+ Apneie, arrest, and periarrest situation 


contraindications 


9.3 Materials and Medications 

+ Laryngoscope with appropriate blade (choice based on 
proceduralist’s preference and patient anatomy) (Fig. 9.1) 

+ Intubating stylet 

+ Endotracheal tubes (ETTs) 

+ Syringe, 10 mL (to inflate ETT cuft) 

+ Surgilube 

+ Suction catheter 

+ Oral and nasal airways (Fig. 9.2) 

+ Ambu bag and mask attached to oxygen source 

+ Induction, pretreatment, and paralytic agents 

+ ETT confirmation device—EZ capnometry, quantitative 
end-tidal carbon dioxide concentration (EtCO;) detection 
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Figure 4 
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Oropherynges airway 


Fig. 9.2. Oral and nasal airways 
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9.4 Procedure Pretreatment 
+ Administer pharmacological agents to mitigate 
1. Preparation adverse physiological effects of intubation, induction, 
+ Thoroughly assess patient for difficulty of intubation and paralysis, which may be undesirable in certain 
(Fig. 9.3). clinical circumstances (Table 9.1). 
+ Develop fallback plans for failed intubation attempt, Induction and paralysis 
‘+ Establish at least one, but preferably two, secure intra- + Administera rapidly acting induction agent to produce 
venous (IV) ines rapid loss of consciousness via IV push (Table 9.2), 
+ Place on cardiac monitor with pulse oximetry, blood + Immediately follow induction agent with a 
pressure monitoring, and continuous capnography. neuromuscular-blocking agent via IV push (Table 9.3) 
+ Yankauer suction device attached to suction, suction on, 5. Positioning 
+ Pharmacological agents, drawn and labeled + Ifo cervical spine injury suspected, place the patient 
+ Laryngoscope and blades tested to ensure proper func~ in the “snift” position (Fig. 9.6): 
tioning of light source ~ Flex neck 
+ Desired ETT size, prepared for intubation: — Extend head 
— Intubating stylet in position (tip at eye of ETT) + Ideally, the patient's pinna will be at the level of the 
= 10-mL. syringe attached to ETT sternum, 
— ETT configured per proceduralist’s. prefe Direct laryngoscopy (see Chap. 10) 
(e.g., hockey stick, curved) Proof of placement 
— Cuff tested for air teak + Visualize ETT passing vocal cords 
2 + Confirm tube placement via EtCOs: 


Preoxygenation 
+ Administer high-flow oxygen for 3-5 min (Fig. 9.4) 
— Nitrogen is exchanged for Os in the functional 
residual capacity of the lungs. 
— Establishes oxygen reservoir within lungs (primarily), 
blood, and body tissue. 
— Also known as nitrogen “washout.” 
+ This can be done using: 
= Non-rebreather masks—delivers 65-70 % 
+ Difficult intubation not anticipated 
= Well-fiting bag-valve-masks (without  positive- 
pressure ventilation)—delivers greater than 90 % 
oxygen (Fig. 9.5) 
= Noninvasive positive-pressure ver 
(NIPPV)—delivers 100 % oxygen 
+ Consider NIPPV in high-risk patients with mod- 
erate to severe shunt physiology. 


‘lation 


— Qualitative detection device—EZ Cap 
~ Quantitative continuous EtCO, waveform on moni- 
tor (preferred) (Fig. 9.7) 
+ Auscultation of breath sounds 
— Lung fields bilaterally 
— Epigastric region (ensuring no breath sounds in the 
stomach) 
Postintubation management 
+ Secure ETT (Fig. 9.8) 
+ Initiate mechanical ventilation, 
+ Postintubation sedation and analgesia. 
+ Postintubation chest x-ray. 


9. Rapid-Sequence intubation a 


Difficulty of intubation based on mallampati classification 
Class It Class tl 


Fig. 9.3 Assess patient for difficulty of intubation 


100 


‘Mean time to recovery 

‘of tutch height rom 

‘1 mgikg succinyicholine iv. 

10% % loo % 

it =i \ | 

o 4 2 @ 4 § 6 «87 @ a5 8 10W2 
‘Time of Ve = 0, minutes 


Fig.9.4.F02 faction concen- — Obese 127 kg act —-— Modraaty 170 nga 
tration of alveolar oxygen, Sa02 banaineael sar Aahtec pial 


arterial oxygen saturation, Ve Normal 10 kg child = == Normal 70 kg adutt 
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Fig.9.5. Preoxygenation materials 


Table 9.1 Pretreatment: pharmacological agents used to mitigate 
adverse physiological effects of intubation, induction, and paralysis 


Table 9.3 Paralysis: neuromuscular-blocking agents administered 
immediately after induetion agent 


‘gent [Due GV) [action ‘eeat Dow ¥) [Ont sD ni 
Taeine 5 mpg [Use night ban oatemte TCP “Suscnlcalin [1.5 mpl [a8 6-10 
Rapid push | increase from laryngoscopy/ Rocuronium | LO mg/kg 60-75 [40-60 
inion ae in ngs d 
‘esuonium —]O01 pine, [75.90 ]o0-75 
bint brachnpast sponse pam 
Fenampl [IS meg Use gt ran. ght rad 
Siow push [ight voucl to Muntele 
sgmpabete rnp to 
Teygcicony 


ICP inteacranial pressure 


Table 9.2 Induction: eapidly acting induction agents used to produce 


rapid Loss of consciousness 

‘Agent Dose (IV) (mg/kg) [Onset (ee) | Duration (nin) 
Midazolam —_|0.2-0.3 60-90 | 15-30 
Etomidate [03 145 [312 
Thiopental [3 <0 S10 
Ketamine [15-20 45-60 | 10-20 
Propofol LS 1x5 [5-10 


9. Rapid-Sequence Intubation 


Fig. 9.6 Paiem inthe “si” 
position, OA oral axis, ZA 
laryngeal axis, PA pharyngeal 
axis 
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Fig.9.7 FICO. end-tidal 
carbon dioxide concentration: 
Qualitative detection 
device—EZ Cap. b 
{quantitative continuous EXCO; 
‘waveform on monitor 


‘@NELLCOR 


‘Normal capnogram Normal EtCO, : 35-45 mmHg 


GO, (mmHg) Trend 
50 


Fig.9.8 Equipment used to 
secure ETT 
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9.5 Complications 

‘+ Esophageal intubation 

+ Right mainstem intubation 

+ Pneumothorax from laryngeal trauma 

+ Aspiration 

+ Dental trauma 

+ Vocal cord injury 

+ Hypotension 
~ Induction agent 
~ Decreased venous return from positive pressure 
~ Pneumothorax 

+ Hyperkalemia (succinylcholine used in mildly hyperk: 
mic patient) 

+ Iatrogenically obstructed airway 

+ Failure to intubate 


9.6 Pearls and Pitfalls 

+ Utilization of oral and nasal airways will greatly increase 
the ease of preoxygenation and reoxygenation. 

+ Inadequate preoxygenation will cause premature desatu- 
ration, decreasing time for intubation. 

+ Suboptimal patient positioning can prevent vocal cord 
visualization during direct laryngoscopy. 

+ Consider alternative airway devices before intubation to 
have a plan in place if a difficult airway is encountered. 


+ Underdosing induction or paralytic agent will prevent 
adequate time to perform procedure or create patient 
discomfort 

+ Inappropriately sized McIntosh laryngoscopic blades. 

— Too small—more difficulty in moving tongue and epi- 
glottis out of way for vocal cord visualization 

~ Too large—easier to overshoot and go past vocal cords 
into the esophagus 

+ Excessive cricoid pressure (Sellick maneuver) may lead 
to disrupted laryngoscopic view and difficulty passing the 
ETT. 

— Disrupted view: readjust larynx using dominant hand 
to allow cord visualization, 

~ Difficulty passing ETT: ask for release of some cricoid 
pressure to allow for ETT passage. 

+ Inadequate postintubation sedation and analgesi 
cially when long-acting paralytics are used. 

ualitative cap- 

cal 


pe 


+ Acidic gastric contents can cause C 


nometry to change to yellow, falsely indicating tr 
placement of the ETT. 


Selected Reading 


Walls R, Murphy M. Manual of emergency airway management 
Philadelphia: Lippincott Williams & Wilkins; 2008 

Weingart SD. Preoxygenation, reoxygenation, and delayed sequence 
intubation. J Emerg Med. 2011:40:661-7. 
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10.1 Indications — Presumed difficult airway 
+ Anatomical limitations 
+ Orotracheal intubation — Small oral opening (less than three of the 
— Maintenance of oxygenation/ventilation patient's fingers) 
— Airway protection — Small mandible (hyomental distance less than 
+ Visualization of laryngeal anatomy three fingers) 
+ Foreign body retrieval —  Hyoid-thyroid distance (less than two fingers) 


+ Clinical limitations 
— Patient with unstable cervical spine 


10.2 Contraindications — Patient with multiple facial or neck trauma 
~ Patient with history of tracheal stenosis, irradi 
+ Absolute tion, o history of tracheal mass or surgery 
— None 
+ Relative 
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10.3 Materials and Medications (Fig. 10.1) + Endotracheal tube (ETT) 
+ 10-mL syringe 
+ Laryngoscope handle + Yankauer suction 
+ Laryngoscope blade with light + End-tidal CO, (EtCO,) monitor (colorimetric or 
— Macintosh blade ("Mac” or “curved blade”) quantitative) 
= Miller blade (“straight blade) + McGill forceps (for foreign body retrieval) 
+ Bag valve mask attached to 100 % O, source + Postintubation chest radiograph 


Fig. 10.1. Basic laryngoscopy supplies. Clockwise from top lef: Yankauer suction, Miller Blades, endotracheal tube, 10-m. syringe, laryngoscope 
hhandle, Macintosh blades, and MeGill forceps 
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10.4 Procedure 


1 


Check the laryngoscope handle and blades to ensure that 

the light is functioning, 

Choose the appropriate blade based on patient size. 

(a) The Macintosh or Miller 3 size is appropriate for the 
majority of adults, and a 4 can be used for a larger 
body habitus. 

(b) The Macintosh blade is generally preferred in adults 
owing to increased space for ETT passage [1] 

(©) The Miller blade may be preferable in cases in which 
the patient has limited mouth opening (owing to its 
smaller vertical height), or in which the airway is par- 
ticularly floppy (such as in infants and children) [1] 

Position the patient (Fig. 10.2), 

(a) Raise the bed so that the patient's oral opening is 
at the level of the xiphoid process of the 
laryngoscopist. 

(b) The optimal laryngeal view is obtained in the neck 

flexion/head extension or “sniffing” position. ‘To 

achieve this, place towels under the patient’s occiput 

to raise it approximately 6-9 em [2]. 

If patient is in cervical spine precautions, then an 

assistant must hold the cervical spine in midline 

immobilization throughout the laryngoscopy; eleva- 
tion of the occiput is therefore contraindicated. 

Provide 100 % Oy via face mask to preoxygenate the 

patient before laryngoscopy. 

After ensuring adequate anesthesia and neuromuscular 

blockade (if performing laryngoscopy for intubation), 

perform the scissor technique to open the patient’s mouth 
and to lift the tongue base from the glottic opening, 

Macintosh blade insertion (Fig. 10.3) 

(a) Insert the laryngoscope into the patient's mouth, starting 

from the right side, and stowly advance into the oro- 

pharynx, using the blade’s vertical lange t 

tongue to the left and away from the glottic opening. 

Advance the blade along the tongue toward the 

tongue base, until the epiglottis and posterior aryte- 

noids are viewed. 

In order to expose the cords, insert the Macintosh 

blade into the vallecula, which is the potential space 

anterior to the epiglottis and posterior to the tongue 
base. This will act asa fulcrum and raise the epiglot- 
tis, exposing the vocal cords. 

(d) To further expose the cords and/or expose the val- 
lecula, exert force outward at a 45° angle to the 
patient, Do not “rock” the laryngoscope because 
this may cause injury to the teeth. 

Miller blade insertion (Fig. 10.4), 

(a) Insert the blade into the right side of the mouth and 
slowly advance along tongue toward the tongue 
base. The Miller blade does not have a flange for 


() 


(b) 


«© 


isolating the tongue, and thus the Macintosh may be 

preferable in patients with large tongues. 

‘Advance the blade along the right side of the tongue 

ntl the epiglottis and posterior arytenoids are visible, 

{In contrast to the Macintosh blade, the Miller blade 

is used to directly isolate the epiglottis and expose 

the vocal cords. Using the tip of the Miller, move the 
epiglottis anteriorly to expose the vocal cords. 

AS with the Macintosh, exert force outwand at a 45° 

angle to the patient to increase the view of vocal 

cords. Do not “rock” the laryngoscope because this 
may cause injury to the teeth. 

Assessing the glottic view (Fig. 10.5). 

(a) With the epiglottis either directly or indirectly lifted 
from the glottic opening, assess the Cormack- 
Lehane laryngeal view grade. 

(i) Grade view of entire laryngeal opening, 
including cords 
(ii), Grade LI—view of posterior laryngeal cartilages 

Grade IIl—visualization of epiglottis only 
(iy) Grade IV—no structures visualized 

(b) A lower grade (higher quality, better) view is pre 
tive of intubation success [3] 

(©) Inthe event of a higher grade view, the operator may 
request airway adjuncts, such as a bougie 

Improving the glottic view [4] 

(a) With the laryngoscope in the desired position, it is 

possible to improve the glottic view by exerting 

backward pressure on the thyroid cartilage either 

With the operator’s right hand (bimanual laryngos- 

copy) or with an assistant applying BURP 

(backward-upward-rightward pressure) (Fig. 10. 

Backward pressure increases the vertical distance 

between the epiglottis and the posterior cartilages, 

thereby increasing the likelihood of vocal cond 
visualization. 

Passing the ETT (Fig. 10.6). 

(a) With the optimal view of the cords obtained, pass 
the ETT from the right corner of the mouth through 
the vocal cords, to a depth of 21 em at the incisors in 
females and 23 em in males. 

(b) Inflate the ETT cuff with approximately 5 ce of air 
until the pilot balloon is firm to touch. 

Alter completing intubation or after completion of 

laryngoscopy, slowly remove the blade from the mouth, 

taking care to avoid dental or lip trauma. 

Attach the capnography device to the ETT tube to ensure 

E1CO, return 

(a) Colorimetric devices will tum from purple to yellow 
in the presence of EtCO:, 

(b) Quantitative devices will return a CO, waveform, 

Attach the ETT to ventilator or bag-valye-mask con- 

nected to an oxygen source. 
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14, Auscultate breath sounds in both lung fields and ensure 15. Obtain a postintubation chest x-ray to ensure no right 
absence of breath sounds over the epigastrium (which __mainstem intubation or pneumothorax, 
could signify esophageal intubation), 


Fig. 10.2 Visualization axis, 
and sniffing position: (a) The 
pient’s occiput isnot 
elevated and the neck is notin 
flexion, thereby creating a 
steep visual ais, (B) the 
‘occiput is correctly elevated, 
6-9 em, placing the patient in 
sniffing position and allowing 
‘the visual wis to align with | 
the airway axis, 


Incorrect 


Correct, 
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Fig. 10.3 Macintosh blade 
insertion, The blade is inserted 
into the vallecula, which raises 
the epiglotis and exposes. the 
lotic opening 


Fig. 10.4 Miller blade 
insertion, The blade is used to 
clevate the epiglotis directly 
exposing the glottie opening 


Straight blade 
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Fig. 10.5 (a) Bimanual taryn- 
oseopy. The force on the neck is 
opposite the dieetion of lift by 
the laryngoscope, (b) laryngos- 
copy view, (6) Cormack and 
Lehane 


Glossoepighottic 
folds (median 
and lateral) 


Vocal chords 
(true chords) 


Ventricular fold 
(false chords) 
Aryepighottic told 
Piriform fossa 


Posterior cartilages 


Laryngoscopy view: cormack and lehane 
Grade tl 


Grade 
Grade ll Grade 1V 
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Fig. 10.6 (a) Insert the laryngoscope into the mouth, (b) sweep the 
tongue to the left, (€) advance the laryngoscope until the epiglotis is 
Visible, and insert the blade into yallecula to expose the cords. When 
using the Miller blade, insert the blade until the epiglottis is seen, Slide 
the blade under the epiglottis an lift to expose the cords 


10.5 Complications [3,5] 


+ Common (1-4 %) 
— Esophageal intubation—can be fatal if unrecognized 
— Mainstem bronchus intubation 
— Tachycardia 
— Aspiration 
— Hypotension 
+ Uncommon (<1 %) 
— Dentalforal trauma 
— Oropharyngeal edema or bleeding 
— Laryngospasm 
— Dysthythmia 
— Pheumothorax 
— Cardiac arrest 


10.6 Pearls and Pitfalls 


+ Pearls 

— Positioning is of key importance—all patients with a 

stable cervical spine should be placed in the “sniffing” 
position to maximize view. 

— Consider the “ramping” position in obese patients with 
stable cervical spines—elevation of the head and 
shoulders allows redundant tissue to fall and gives an 
improved glottic view. 

— Always have suction readily available to remove blood, 
vomitus, or edema. 

— Ifstructures are not readily visible, withdraw the blade 
gradually because it is common to insert the blade too 


— “Rocking” the laryngoscope instead of lifting outward 
— Failure to recognize esophageal intubation 
— Failure to evaluate postintubation chest x-ray 
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11.1 Indications 11.2 Contraindications 
+ Rescue device in a failed intubation + Absolute 
+ Initial device in a predictably difficult airway — Inadequate mouth opening 
+ ‘Temporizing airway prior to definitive endotracheal + Relative 
intubation or surgical airway — Neck trauma/injury/radiation 


~ High risk of aspiration 
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11.3 Types (Fig.11.1) 


Fig. 11.1 Types of laryngeal mask airway: (a) LMA Unigue, (b) LMA Classic Excel, (e) LMA Fastrach, 
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11.4 Materials and Medications 


+ Appropriately sized laryngeal mask airway (LMA; LMA 
Unique/LMA Classic ExceVLMA Fastrach) and corre- 
sponding syringe (Table 11.1) 

+ Surgilube 

+ Bag valve mask 

+ Continuous end-tidal CO, (E1CO,) or colorimetric EtCO, 
detector 

+ .mm or smaller endotracheal tube (ETT) (for Fastrach 
intubating LMA only) 


Table 11.1 Laryngeal mask airway sizing 


Maximum cuff 
Patient inflation 
Size _| weight (kg) [volume mi) [LMA product avaiabilcy 
is 4 Unique 
[st [7 Unique 
[1020/10 Unique 
20-304 Unique 
30-50 /20 Unique, Cassie Excel 
Fastrach 
+ [5070/30 Unique, Cassie Exel 
Frstrach 
3 baad 30 Unique, Cassie Excl, 
Fastrach 
@ [p00 [50 Unigue 


[LMA laryngeal mask aieway 


11.5 Procedure 
11.5.1 LMA Unique or Classic Excel 


1. Ifusing a reusable LMA Classic Excel, ensure that itis 
sterile and inspect it for any damage or wear. 
‘Tightly deflate the cuff using a syringe such that it forms 

spoon shape (Fig, 11.2), 

3. Lubricate the posterior surface of the LMA with steri 

lubricating jelly 
4, Stand behind the patient at the head of the bed as in 
direct laryngoscopy. 
Place the patient’s head in the sniffing position and 
ensure proper induction and paralysis. 

6. Hold the LMA with the index finger of the dominant 
hand positioned at the juncture of the tube and cuff 
(Fig. 113). 

7. Widely open the mouth with the nondominant hand and 
insert the LMA with the flattened tip flush with the 
palate 
+ Ensure that the tip of the device does not fold over 

during insertion. 

8. Using the index finger, push the LMA along the curva- 
ture of the hard and soft palate (Fig, 11.4), 

9. Continue to insert the LMA into the hypopharynx until 
resistance is felt, (At this point the tip of the LMA is in 
the esophagus.) 

10. Stabilize the tube with the nondominant hand and remove 
index finger of the dominant hand from the LMA. 
11, Inflate the cuff of the LMA to at least half of the maxi- 

‘mum value using a syringe. 

+ The LMA might move slightly outward during cuff 
inflation as the LMA positions itself in the 
hypopharynx. 

12. Confirm placement and adequate gas exchange with 
continuous EtCO, capnography or colorimetry. 
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Fig. 11.2 Deflate the luryngeal 
‘mask airway (LMA) cuff using a 
syringe 


1.11.3 Hold the LMA with the index finger positioned at the junc- Fig. 11.4 Use the index finger to guide the LMA along the hard and 
8 a i 7 
ture ofthe tube and the cuff sot palate 
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11.5.2 LMA Fastrach 


1. Ifusing a reusable LMA Fastrach, ensure that it is sterile 

and inspect it for any damage or wear. 

‘Tightly deflate the cuff using a syringe such that it forms 

a spoon shape 

3. Lubricate the posterior surface of the LMA with sterile 
lubricating jelly. 

4, The LMA Fastrach may be inserted from any position 

with respect to the patient's head. 

Position the patient's head in the neutral position, Do not 

extend the head 

6. Widely open the mouth with the nondominant hand. 

7, Holding the handle of the LMA Fastrach, insert the 


device into the mouth, placing the deflated cuff flush 

with the superior palate 

+ Distribute the lubricant over the superior palate using 
a side-to-side motion to allow for easier insertion 


Fig.11.5 Using the handle, insert the LMA Fastrach such that the pos- 
terior surface isin contact with the superior palate 


+ Ensure that the tip of the device does not fold over 
during insertion. 

8. Using the handle, gently advance the LMA Fastrach 
directly into the oropharynx until the curved portion of 
tube comes into the contact with the patient’s chin 
(Fig. 115). 

9. At this point use the handle to rotationally advance the 
device further into the oropharynx following the natu- 
ral curvature of the palate and posterior pharynx 
(Fig. 11.6). 

+ Do not initiate any rotation until the tube is in contact 
with the patient's chin. 

10. Once resistance is felt, inflate the cuff of the device to at 

st half of the maximum value using a syringe. 

+ Note that the tube is directed slightly caudally when 
properly inserted. 

+ Confirm placement and adequate gas exchange with 
E1CO, capnography or colorimetry. 


Fig. 11.6 Once the tube isin contact with the chin, use the handle to 
rotationally advance the device further into the oropharynx 
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11.5.3 Endotracheal Intubation 
through the LMA Fastrach 


Ensure that the ETT will pass freely in the LMA. 
Lubricate the culf of the ETT. 

Firmly hold the handle of the LMA Fastrach with the 
nondominant hand and insert the ETT to a depth of 15 em 
(Fig. 11.7), which places the ETT tip at the point of emer 
gency from LMA Fastrach. 

‘+ Ensure that the tube does not pass beyond 15 em at this 


> 
[RE C 
ETT depth marker 4 {. 


Fig. 11.7 While holding the handle of the LMA, insert the endotra- 
heal tube (ETT) to the 15-cm mark 


| draw the device 


4, Using the handle of the LMA Fastrak 
outward in order to displace the larynx slightly to accom- 
‘modate insertion of the ETT (Fig. 11.8). 

+ Use a lifting rather than a levering motion. 

5. Carefully advance the ETT slightly further. If no resis- 
tance is felt, continue with insertion of the ETT 
(Fig. 11.9). 

6. Confirm placement and adequate gas exchange with 
E1CO; capnography or colorimetry. 

7. Once suc 
deflate th 


ful confirmation of intubation is established, 
culf pressure on the LMA Fastrach. 


Fig.11.8 Lift the handle outward to open the plots forthe ETT 
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Fig.11.9 If no resistance is felt during further insertion ofthe ETT, the 
ETT may be fully advanced 


11.5.4 Removing the LMA Fastrach 
after Successful Intubation 


1. The LMA Fastrach need not be removed immediately, but 
if this is desired, first adequately oxygenate the patient 
and then disconnect the patient from the circuit. 

Remove the airway connector from the proximal end of 

the ETT, 

3. Ensure that the cuff of the LMA Fastrach is entirely 
deflated. 

4, Stabilize the ETT with the nondominant hand, and using 
the dominant hand, gently ease the LMA Fastrach out by 
rotating the handle caudally (Fig. 11.10). 

5. Once the tube of the LMA Fastrach reaches the proximal 
end of the ETT, use the stabilizer rod to maintain the posi- 
tion of the ETT while continuing to remove the LMA 
Fastrach using the handle (Fig. 11.11). 

6. After the cuff of the LMA Fastrach has been fully removed 
from the oral cavity, release the stabilizer rod and ensure 
stability of the ETT by grasping it distally at the mouth 
with the nondominant hand (Fig. 11.12) 

7. Continue to ease the LMA Fastrach out from around the 
ETT, ensuring that the pilot balloon and inflation line of 
the ETT cuff pass through the device (Fig. 11.13). 

+ Take care not to rupture the pilot balloon or tear the 
inflation line of the ETT. 

8. Replace the airway connector on the proximal end of the 
ETT and reconnect the patient to the circuit. 


by 
Li. 


Fig.11.10. Rotate the handle caudally to gently ease the LMA Fastrach 
‘out ofthe pharyns, 
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Fig. 11.11 Use the stabilizer od to allow for further removal of the 


EMA Fastrach Fig. 11.13 Carefully pass the pilot balloon and inflation line of the 


ETT culf through the tube of LMA Fastrach as itis removed 


& 


Fig. 11.12. Once the cuff of the LMA Fastrach is out of the mouth, 
‘grasp the ETT distally and remove the LMA entirely 


11 Laryngeal Mask Airway 


8 


11.6 Complications 


+ Aspiration with resulting pneumonitis 
+ Ineffective seal resulting in insufficient ventilation 
+ Coughing, bucking, or breath holding 

— Ensure that the patient is adequately sedated. 


11.7. Pearls and Pitfalls 


+ Cricoid pressure can push the tip of the LMA out of the 
esophagus and prevent optimal placement. 
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12.1 Indications 12.3 Materials 


+ Need for ventilation and oxygenation in an unconscious, * Combitube sized based upon height (Fig. 12.1) 
unresponsive, or paralyzed patient — >5 ft—size 41 French (culf inflation 15 and 100 mL) 
+ Rescue airway needed after failed intubation — >4 fi to<5.5 fi—size 37 French (cuff inflation 12 and 
85 mL) 


12.2 Contraindications 


+ Absolute - 
— Awake, responsive patient . 
— Intact gag reflex 
— Known esophageal disease pea thas 
— Ingestion of caustic substances 
— Child (no Combitubes are made for children) 
+ Relative 
— D50 or naloxone about to be given 
— Facial trauma 


& 
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Fig. 12.1 (a, b) Combitube equipment 
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12.4 Procedure 


1, Test both balloons and cuffs for leaks as one would an 
endotracheal tube (ETT) 

2, Open up the airway, 

(a) Use a laryngoscope to move the tongue and open the 
oropharynx. 
OR 
(b) Use the left hand to elevate the chin, elevating the 
tongue and pharyngeal tissue. 

3, Insert Combitube blindly into the oropharynx until the 
teeth lie between the two black bands on the proximal 
Combitube (Fig. 12.2) 

4, Inflate the proximal blue cuff until air pressure is produced 
or the manufacturer-recommended pressure is reached. 
(a) 85 mL for 37 French Combitube 
(b) 100 mL for 41 French Combitube 

5, Identify placement and attach to oxygen, 

(a) Ventilate through tube #1 (blue). 
(b) Auscultate the stomach and lungs. 
(i) If breath sounds are heard, the Combitube is in 
its more common esophageal location. 
(Gi), Attach tube #1 to bag valve mask and Os 


(c) ONLY IF gurgling is present over the stomach when 
tube #1 is ventilated: 
(i) Ventilate through tube #2. 
(Gi) If breath sounds are heard, the Combitube is in 
the less common tracheal location, 
(iii) Attach tube #2 to bag valve mask and Os 
6, If no breath sounds are heard in either location: 

(a) Consider obstruction—Combitube may be obstruct- 
ing the glottis or collapsing the trachea owing to deep 
proximal cuff inflation, 

(i) Deflate the cults, 
(Gi) Withdraw 3 em. 
(iii) Reinflate and start from step 4. 

(b) Consider equipment failure. 

(i) Check that balloons are maintaining pressure 
and intact 

(c) Consider reinsertion 

7. Confirm placement with capnogram and pulse 
oximetry. 
8. Secure the Combitube in position (Fig. 12.3). 


Fig. 12.2 (a) Insertion of Combitube. (b) Teeth should lie between the two black bands on the proximal Combitube 
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Fig. 12.3 Secure the Combitube in postion 


12.5 Pearls and Pitfalls 


+ Pearls 
— In an esophageal intubation situation, a suction tube 
may be threaded down using tube #2 to decompress 

the stomach. 

— The Combitube comes with an L-shaped piece that 
may also be attached to the end of tube #2 to deflect, 
gastric contents away from practitioners, 

+ Pitfalls 

— After Combitube placement, a definitive airway should 
be placed when possible 
+ Gastric contents may aspirate despite placement of 

the Combitube. 
+ Combitube should be considered a bridging airway 
devi 

— Combitubes are associated with a more pronounced 
hemodynamic stress response than ETTs or laryngeal 
mask airways (LMAS) 

— Balloon overinflation can lead to esophageal rupture 
(albeit rare), 

— Combitubes are associated with an increased incidence 
of sore throat, dysphagia, and upper airway hemato- 
‘mas than ETTs and LMAs 

~ Piriform sinus perforation, 
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13.1 Indications 


+ Should be performed on all patients that require airway 
‘management, conditions permitting 

+ Respiratory distress 

+ Airway protection 


13.2 Materials and Medications 


+ None required 


13.3 Procedure 


1, Anticipating a difficult airway in emergency department 
‘tients is the first step to avoiding an unexpected surgical 
airway. 

‘Two mnemonics can be applied quickly and easily to aid 
in an airway assessment: MOANS and LEMON. 


13.3.1 Predicting Bag-Valve-Mask Difficulty 


1, Use the mnemonic MOANS to assess for possible bag- 
valve-mask (BVM) difficulty 
‘M—mask seal, Will you be able to get a good seal on the 
face’ Predictors of difficulty include facial hair such as 
a beard, elderly, or emaciated owing to loss of muscle 
tone in the face. 
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(O—obesity. Body mass index (BMI) >30, 

A-age (55 years). Loss of facial muscle tone can make 
bagging difficult. 

N—no teeth. Although being edentulous makes for an 
easier intubation, it makes bagging more difficult, 

‘S—stilf lungs. Acute or chronic lung disease can make a 
person difficult to bag. In the setting of Trauma, pul- 
monary contusion(s) and/or other direct lung injuries 
may increase BVM difficulty. 


13.3.2 Predicting Difficult Laryngoscopy 


1. Attempts should be made, if at all possible, to assess fora 
potentially difficult sirway. This does not mean you can- 
not perform direct laryngoscopy if you are anticipating a 
difficult airway. It does, however, force you to consider 
all options and to have a solid backup plan in place with 
backup equipment readily available in the room. 

2. Use the mnemonic LEMON to predict difficult direct 
laryngoscopy. 

L—look. A quick look at the patient will tell you a lot 
Are there facial injuries; facial anomalies; obesity; 
short, thick neck; and small mouth or mandible? 

E—evaluate. Use the 3-3-2 rule to quickly assess for the 
strongest predictors of difficult laryngoscopy. 

+ 3: Open the patient's mouth and three vertically 
aligned fingers should fit between the incisors, 

+ 3: Three finger widths should fit along the length of 
the mandible from the mentum to the hyoid bone. 
Shorter or longer distances may make for a difficult 
intubation 

+ 2: Thyromental distance should ideally be two fin- 
gers. Measure this from the hyoid to the thyroid 
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‘M—Mallampati classification (Fig. 13.1). If patient's 
condition and situation allow, have the patient open the 
‘mouth wide, stick out the tongue, and say “Ahh.” 
Evaluate for visible structures 
+ Class: Tonsillar pillars and the entire uvula are 

Visible. 

+ Class Il: More than the base of the uvula is visible 
but no pillars are visible. 

+ Class IH: Only the base of the uvula is visible. 

+ Class IV: No uvula or soft palate is visible. Only the 
hard palate is visible. 

+ These classifications correlate with the Cormack- 
Lehane grading system for luryngoscopic views. A 
Mallampati class 1 will corelate with a grade 1 
View about 99 % of the time, whereas a Mallampati 
IV will be a grade 3 or 4 view all of the time and a 
rescue plan with backup equipment immediately 
available should always be in place [1, 2} 

obstruction. Observe for anything that can get in the 
way (e.g., the tongue, dentures, blood, vomit, foreign 
body, edema, redundant tissue). 

‘N—neck mobility. Ifpatient’s condition and situation allow, 
hhave the patient flex and extend the neck to evaluate 
‘mobility. Many patients in the emergency department 
have limited neck mobility. Examples include the trauma 
patient who arrives in cervical collar immobilization or a 
patient with degenerative or rheumatoid arthritis, 


3. The “6-D” method is another assessment tool that can be 
used to predict difficult laryngoscopy and intubation. 

method can be remembered by the fact that the word 

‘difficult” begins with the letter 

Disproportion 

+ Increased tongue size in relation to pharyngeal size 

+ Ainway swelling or trauma 

Distortion 

+ Neck mass, hematoma, abscess, previous surgical air- 
‘way, arthritic neck changes 

Decreased thyromental distance 

+ Anterior larynx and decreased mandibular space 

+ Look for a receding chin or greater than three finger- 
breadths from the mentum to the hyoid bone. 

Decreased inter-incisor gap 

+ Reduced mouth opening. 

+ Look for less than two to three fingerbreadths placed 
vertically in the patient’s open mouth, 

Decreased range of motion in any joints of the airway 

+ Limited head extension 

+ Previous neck radiation and/or surgery 

+ Neck contractures 

Dental overbite 

Oversized, angled teeth disrupt the alignment of air- 

way axes, 

+ Can decrease the interincisor gap. 
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Class 1 Class 2 Class 3 


Grade 1 


Class 4 


Grade 4 


Fig. 13.1. Mallampati classification 
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13.3.3 Optimizing Laryngoscopy 
in the Obese Patient 


+ It is essential that emergency medicine physicians are 
able to successfully intubate the obese patient, 

+ Proper assessment and positioning will increase the suc- 
cess rate: 

— The goal is to ensure alignment of the oropharyngeal- 
pharyngeal-laryngeal (OA-PA-LA) airways by placing 
the patient in the head-elevated laryngoscopy position 
(Fig. 13.22) 

— Align the external auditory meatus with the sternal 
notch along a horizontal line by positioning the patient 
ona “ramp.” 

— The ramp can be created by stacking blankets/towels 
under the lower back ramping up to the neck and head 
(Fig. 13.2b). 

+ While the patient is in position on the ramp, the support is 
adjusted to minimize head flexion and allow for position- 
ing in the sniffing position. 

— Because of the increased height, a step stool may be 
required to adequately visualize the airway from the 
hhead of the bed. 


Fig. 13.2 (a, b) Ramping the obese patient will align the axes of the 
airway and allow easier direct laryngoscopy when viewed from the 
hhead of bed. (LA laryngeal airway. OA oropharyngeal airway, PA pha- 
syngeal airway) 


13.4 Pearls and Pitfalls 


+ Owing to time-sensitive patient care situations, emer- 
‘gency physicians are often not able to perform a thorough 
airway evaluation on every patient 

+ With every airway that you manage and before pushing 

any drugs, always ask yourself: 

— Will Ibe able to ventilate this patient? 

~ Will [be able to intubate this patient? 

— What is my difficult airway plan if I encounter trouble? 

— Will Ibe able to perform a surgical airway, if necessary? 

Be sure you have a solid backup plan A, B, and C before 

pushing any drugs, 
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14.1 Indications 


+ Initial device in a predictably difficult airway 
+ Rescue device in a failed intubation 


14.2. Contraindications 


+ Absolute 
— Inadequate mouth opening 
+ Relative 
~ Blood, vomit, or other secretions that can coat and 
‘obstruct the camera lens 
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14.3 Materials and Medications 


+ GlideScope video monitor with video cable (GlideSeope 
Video Laryngoscope [GVL| system) (Fig. 14.1) or 
apptopriate-size video baton (Cobalt System) (Fig. 14.2) 

+ Appropriate-size reusable video laryngoscope (GVL) or 
single-use laryngoscope blade (GVL Stat) (Table 14.1). 

+ Endotracheal tube (ETT) 

+ Malleable stylet or GlideRite rigid stylet 

+ 10 mL syringe 

+ End-tidal CO; (E1CO,) capnography or colorimetry 
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Fig. 14.1 GilideScope GVL system (With kind permission from 
Springer Seience+ Business Media: Noppens RR, Wemer C, Piepho 
T Indirekie Laryngoskopie. Der Anaesthesist. 2010:59(2):149-61) 


Fig. 14.2 GlideScope Cobalt system (With kind permission from 
Springer Science + Business Media: Jones PM, Turkstea TP, Armstrong 
KP, etal, Comparison of a single-use GlideScope® Cobalt videolaryn- 
goscope with a conventional GlideScope® for orotracheal intubation 
Can J Anesthe!Journal canadien d'anesthésie, 2010571) 


Table 14.1 GlideScope sizing 
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14.4 Procedure 


1. Insert the video cable (GVL system) or the video baton 
(Cobalt system) into the GlideScope video monitor 
(Fig. 14.3). 
If using the GVL system, insert the distal end of the 
ideo cable into the port on the handle of the reusable 
ideo laryngoscope (GVL) (Fig. 14.4). 
3. If using the Cobalt system, insert the video baton into 
the GVL Stat (Fig. 14.5). 
(a) Align the logo on the side of the video baton with 
the logo on the side of the single-use laryngoscope 
blade (GVL stat) 


Fig. 14.3 Cuable insertion into the video monitor 


Fig. 14.4 Connect the distal end of the video cuble the port on the 
handle of the GVL (GVL System) 


(b) The video baton should stide smoothly and ctick 
into the place. 

4, Turn on the GlideScope at for at least 30-120 s before 
use to fully activate the antifog mechanism. 

5, Insert a stylet into the ETT. If using a malleable stylet, 
shape the curvature of the distal end of the tube to con- 
form to the 60° curvature of the laryngoscope blade. 

6, Firmly hold the laryngoscope handle in the left hand and 
ensure that an image can be clearly seen on the video 
monitor. 

7. Alter ensuring adequate sedation and paralysis, open the 
mouth wide and insert the laryngoscope blade in the 
midline underneath the tongue (Fig. 14.6). 


ee ‘Video Baton 


Fig. 14.6 Insert the laryngoscope blade in the midline beneath the 
tongue (with kind permission from Springer Science + Business Media: 
Osborn IP. Kleinberger AJ, Gurudutt VV. Chapter 8: Airway emergen- 

jes and the difficult airway. In: Levine AI, Govindaraj S, DeMaria S, 
editors. Anesthesiology and otolaryngology. 2013) 
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8, Looking at the video monitor, advance the laryngoscope 
blade further into the oropharynx in order to obtain a 
view of the epiglotis. 

(a) Do not look directly into the oropharynx. 
(b) Movements and adjustments should be guided by 
the image on the video monitor. 

9, Place the laryngoscope blade in the vallecula (analogous 
to.a Macintosh blade) and apply a gentle backward tlt to 
expose the glottis. 

10. In the event that a satisfactory glottic view cannot be 
‘obtained, the laryngoscope blade may be advanced and 
used like a Miller blade to lift the epiglottis out of the way. 

11. Directing attention back toward the patient, insert the 
ETT into the mouth adjacent to the laryngoscope blade. 

12, Guide the ETT toward the tip of the laryngoscope such 
that the end of the ETT emerges on the video monitor. 

13, Looking at the video monitor, advance the ETT toward 
the glottis, and maneuver the tip of the tube between the 
vocal cords by rotating and altering the angle of the ETT. 
(a) If the ETT tip is posterior to the arytenoids: 

(i) Pull the ETT superiorly, rotate it over the left 
arytenoid, and gently twist the tube over the 
epiglottic aperture, 

(ii) Apply external laryngeal manipulation 

(ii) Withdraw the blade to reduce tilting of the 
laryngeal axis and lessen the angle of 
introduction, 

(b) Ifthe ETT abuts the false vocal cords, turn the ETT. 
in the clockwise direction while withdrawing the 

stylet (Fig. 14.7), 

14, Using the thumb, partially withdraw the stylet a few cen- 
timeters from the ETT. 

(a) The distal end of the tube should be free of the stylet, 
(b) An assistant can perform this task to allow for 
greater control and stability of the ETT, 

15, Insert the ETT to the desired depth. 

16, Fully remove the stylet, inflate the cuff of the ETT using 
syringe, and conlirm placement with EtCO;, capnogra- 
phy, or colorimetry. 


+ Dental injury 
+ Airway trauma 


14.6 Pearls and Pitfalls 


+ Unlike conventional laryngoscopy, there is no need to dis- 
place the tongue. 

+ The greatest challenge when intubating with the 
GlideScope is maneuvering the ETT into the glottis aper- 
ture, Alternatives to the conventional technique are: 


Fig. 14.7. Partially withdraw the stylet from the ETT to allow for pas- 
sage through the vocal cords 


— Make a 90° bend in the ETT just proximal to the cuff 
and insert it in the horizontal direction with the tip 
toward the right cheek. Once the tube is advanced past, 
the flange of the laryngoscope, rotate it counterclock- 
‘wise, at which point it should be pointed at the glottis. 
‘The tube can then be gently rotated into the glottis. 

— Consider inserting the laryngoscope slightly to the left 
of the midline upon initial insertion to allow greater 
space for advancement and maneuvering of the ETT. 

+ Do not overly lever the laryngoscope or use excessive lift- 
ing force afier insertion into the vallecula, An adequate 
view of the glottis is generally easily obtained with mini- 
‘mal effort 

+ Display settings can be adjusted using the menu button on 
the video monitor, 
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15.1 Indications 

+ During orotracheal intubation, when only epiglottic visu- 
alization or partial glottic view is obtained during 
laryngoscopy. 

+ Particularly useful when neck mobility is limited, leading 
to inadequate visualization of the glottis (as in the case 
‘with cervical spine immobilization), 

+ When the glottic opening is narrowed either from patho- 
logical causes (burns, trauma, tumor, or other anatomical 
variation). 

+ When the direct view of the airway is very narrow, as with 
limited mouth opening or large tongue. In these scenarios, 
the endotracheal tube (ETT) can obstruct one’s view of 
the cords during placement. 


15.2  Contraindications 


+ When a failed airway occurs (three unsuccessful attempts 
at endotracheal intubation and inability to adequately 
oxygenate) 


J. Rabinovieh, MD 
Department of Emergency Medicine, 

‘Mount Sinai School of Medicine, 

Elmhurst Hospital Center, Elmhurst, NY, USA 
e-mail: joerab@ gmail.com 


(© Springer Science+Business Media New York 2016 


15 


+ When surgical airway is indicated (ie, upper airway 
obstruction that prevents passage of the ETT via the 
orotracheal route) 


15.3. Materials and Medications 


+ ETT introducer (bougie) (Fig. 15.1) 

+ Water-based lubricant 

+ Lubricated ETT 6 mm or larger without stylet (pediatric 
bougies are available that accommodate smaller ETTS) 

+ Standard orotracheal direct laryngoscopy (Miller or 
“Macintosh blade) or video laryngoscopy setup 

+ Assistant 


Fig. 15.1. Endotracheal tbe introducer (bougie) 
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15.4 Procedure 


1. The operator first optimizes airway visualization 
(Fig. 15.2), (Bougie use should not be a substitute for 
poor technique.) 

Without losing sight of the airway, the operator asks the 
assistant to hand him or her the bougie with the coudé 
tip facing up. 

3. ‘The operator directs the bougie tip underneath the epi- 

glottis (Fig. 15.3), 

4. Confirmation of placement can be done visually or by 
tactile sensation: 

(a) A ratchet-like sensation may be felt as the bougie tip 
is advanced into the airway and slides over the tra- 
ccheal rings. 

(b) As the bougie is further advanced, the operator may 
feel the bougie rotate as it enters the bronchus and/or 
will get a“hold up.” the most retiable sign that the bou- 
gic is in the trachea [1]. (The “hold-up” sign occurs 
‘when the Bougie encounters a terminal bronchus [typi- 
cally at around 35 em] and stops advancing.) [2] 


Fig. 15.2 (a) Assistant hands operator bougie with coudé tip directed 
‘upward, while operator maintains his focus on the target. (b) Bougie 
being placed, parallel with line of sight, underneath epiglotis 


Once placement is confirmed, the bougie needs to be 

partially withdrawn to about 25 cm at the lip line. 

(a) Some brands will have a thick black indicator line. 

(b) A sufficient amount of the bougie needs to extend 
out beyond the proximal end of the ETT, 

6. While the operator holds the bougie in place, the assis- 
tant threads the ETT over the bougie (Fig. 15.4), 

7. ‘The operator now grasps the ETT in her or his right hand 
and advances it over the bougie. 

8. Simultaneously, the assistant holds and stabilizes the 
proximal end of the bougie. 

9. The ETT should be advanced to approximately 23 em 
in males and 21 cm in females. The assistant removes 

the bougie as the operator holds the ETT in place 

155). 

10. As the operator holds the ETT firmly in position, the 

sistant inflates the ETT balloon and withdraws the 
bousie. 

11. Confirmation of proper ETT placement is achieved 

through traditional means (end-tidal CO, detection, aus- 

cultation of breath sounds), 


Fig. 15.3 Bougie can be placed into the glotis using direct laryngos- 
copy or video assistance 


15. Endotracheal Tube Introducer (Bougie) 
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Fig. 15.4 (a) Assistant places ETT over hougie and operator with- 
draws bougie until it protrudes out the top of the ETT, (b) while asis- 
lant stabilizes the protruding portion of the bougie, the operator 
railroads the ETT into the airway, The operator continues to suppose the 
soft tissues with the laryngoscope blade to facilitate placement 


Fig. 15.5 The assistant removes the hougie while the operator stabi- 
lizes the endotracheal ube 


15.5 Complications 


+ Trauma to the esophagus, larynx, trachea, or bronchus, 
including perforation [3, 4] 


+ In general, complications are rare. 


15.6 Pearls and Pitfalls 


+ The line of sight should be as parallel as possible to the 
axis of the bougie as it is being passed, allowing better 
eye-hand coordination, This augments more accurate 
placement of the bougie tip. 

+ Maintain the view of the airway as the assistant hands the 
operator the bougie 

+ Keep the laryngoscope in place to support the soft tissues, 
as the endotracheal tube is slid over the bougie, to facili 
tate placement. 

+ If resistance is met during passage, withdraw the ETT 
slightly (-2 cm) and rotate the ETT counterclockwise 
‘one-quarter turn (90°) and reattempt passage 
— This changes the position of the leading edge of the 

ETT, which may catch on the posterior laryngeal 
inlet [2] 

— By rotating the ETT, the leading edge now is anterior 
facing and is less likely to catch on the arytenoid carti- 
lage along with other laryngeal inlet structures, 

+ If encountering resistance to ETT placement, consider 
releasing cricoid pressure (if used). 

+ Measurement markings on the bougie are aligned with the 
coudé tip. If not sure of orientation and the loose site of 
the tip, use the markings to properly orient the tip. 
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When lighted stylet intubation is done correctly, the proce- 
dure can be very safe, with very little difference in outcome 
from that of primary laryngoscopy. (Note: several lighted 
stylet devices, such as the TrachlightTM and Light WandTM, 
are no longer being manufactured, but these devices are still 
in use.) 


16.1 Indications 


+ Difficulvimpossible direct laryngoscopy (1, 2] 
~ Congenital abnormalities of airway 
— High Mallampati grade [3] 
— Dental appliances 

+ Failed direct laryngoscopy 


16.2 Contraindications 


+ Absolute 
~ Morbid obesity 
— Ainway foreign body 
— Expanding neck mass 
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+ Relative 
— Abnormal airway anatomy 
— Airway lesions (¢.g., abscess, mass, epiglotttis) that 
change oropharyngeal anatomy 
— Acute care where concomitant resuse 
well-lit room 
— Lack of familiarity or experience with procedure 
Can’t oxygenate, can’t ventilate” situation 


tion requires a 


16.3 Materials and Medications 


+ Intravenous (IV) access, O:, and monitor 

+ Ambu bag with supplemental oxygen 

+ Suction (Yankauer and tubing) 

+ Lighted stylet (LS) 

+ Endotracheal tube (ETT) 2.5-mm larger than LS. with 
10-ce syringe 

+ Surgilube 

+ Intubation medications (this procedure may be performed 
as an awake or a rapid-sequence intubation) 
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Figure 8 
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16.4 Procedure 


1. Preoxygenate 
2. Positioning, 
(a) Sniffing position, pinna at the level of the sternal 
notch (Fig. 16.1). 
(b) Skip sniffing position if cervical spine injury is 
suspected. 


3. LS-ETT unit preparation. 

(a) Insert the wire stylet into the device. 

(b) Cheek the LS light, 

(©) Lubricate the LS with K-Y Jelly. 

(d) Position the LS just distal to the Murphy eye. 

(©) Curve the LS to user preference at the line labeled 

“Bend Here: 

Administer intubation medications, 

Have an assistant to apply cricoid pressure. 

Grasp and elevate the patient's jaw near the corner of the 

mouth with the operator's thumb, index, and middle fin- 

gers, elevating the tongue and epiglottis along with it 

7. Using the free hand, insert the LS-ETT unit into the 
oropharynx and advance (Fig. 16.2) 


Fig. 16.1. Sniffing position, pinna atthe level ofthe sternal notch 


8. Use the midline glow in the neck to guide insertion of 
the LS-ETT (Fig. 163). 

9, Bright light below the thyroid prominence indicates cor- 
rect placement of the ETT tip. 

10. Dim or blurred light or light at the thyroid prominence 
suggests incorrect positioning (Fig. 16.4) 

11. If the transilluminated fight is dim, off center, or not 
seen, esophageal positioning must be considered. 
(a) Withdraw the LS-ETT unit approximately 

2-5 em, 

(b) Reposition the patient’s head and neck, 
(c) Reattempt according to steps 5-8 

12. Placement of the ETT (Fig. 16.5). 
(a) Hold the LS-ETT unit steady with one hand. 
(b) Check the depth of the ETT and adjust accordingly. 
(©) Release the LS latch that holds the ETT to the LS. 
(d) While holding the ETT in position, gently slide the 

LS out from the ETT. 

(c) Inflate the ETT balloon, 

13, Confirm ETT placement (continuous end-tidal COs 
{EtCO,, colorimetric capnometry). 

14, Secure the ETT, 


Fig. 16.2. Grasp and 
mouth with the operator's thumb, index, and middle fingers, elevating 
the tongue and epiglottis along with it, Using the free hand, insert the 
LS-ETT unit into the oropharynx and advance 


el 


eva the patient’ jaw near the comer of the 
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Fig. 16.3 (ac) Use the midline glow in the neck 1 guide insertion ofthe LS-ETT. (A) Bright light below the thyroid prominence indicates conect 
placement of the ETT tip 


Cum 7 


Fig. 16.4. Dim or blurred light oF light atthe thyroid prominence sug- 
gests incorrect positioning 
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16.5 (a) Hold the LS-ETT unit steady with one hand. (b) Check the depth of the ETT and adjust accondingly.(e) Release the LS late that 
holds the ETT to the LS. (d) While holding the ETT in position, gently slide the LS out from the ETT 
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16.5 Pearlsand 


Pearls 
— LS-ETT complex—typically the classic “hockey- 
stick” shape with the 90° curve just proximal to the 

cuff is recommended [2]. 

~ Dimming the 
transillumination, 

— Pulling the wire stylet out from the LS-ETT unit will 
make it more pliable and may facilitate its placement 
in the trachea and removal of the LS. 

~ Some LS devices start to blink after 30 s to prevent 
bulb overheating. 

~ The LS may be used with nasotracheal intubation, 

through a laryngeal mask airway 

(LMA), or conventional laryngoscopy to enhance 

success, 

Pitfalls 

— LS intubation should not be used as an emergency air- 
way altemative by a proceduralist unfamiliar with the 
technique: 

+ Itis technically complicated and more challenging 
than many other airway adjunets in the standard di 
ficult airway algorithm, 

+ One study compared the use of four rescue airway 
devices in the difficult airway algorithm. A success 
rate of only 20 % was achieved with the Trachlight™ 
on the first attempt when in the hands of the novice 
phys 
ficult airway algorithm [4]. 


room lights will enhance 


intubation 


cian when used as a rescue device in their dif- 


— In very thin patients, transillumination may be visual- 
ized quite well even when the LS-ETT unit is in the 
esophagus: 

+ When the unit is in the esophagus, typically the 
light it will be more diffuse. 

+ When the unit is in the trachea, the transilluminated 
area will be well circumscribed. 

— In obese patients or patients with significant neck 
sue, the transilluminated light from the LS-ETT unit 
may be dim despite correct positioning in the trachea. 
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17.1 Indications 

+ For use in routine and predicted difficult oral 
intubation. 

+ Similar to a flexible fiber-optic scope with the specifi 
advantages of: 

— Less setup time 

~ Less time to perform the procedure 

— Appropriate for routine intubations (and easier to 
accumulate experience) 

~ Rigid enough to lift up the epiglottis 

— Easier to navigate through tissue 

— Less susceptible to being obscured by blood and 
secretions 

— More durable, more portable, easier to clean, and less 
expensive 

+ Particularly useful when neck mobility or mouth opening 
is restricted. 

+ Advantageous in awake intubations because it can mini- 
mize 
patient’s airway and better tolerance. 

+ Certain stylets can be used to intubate through supra- 
glottic airways such as laryngeal mask airways 
(LMAS). 


sue contact, resulting in less stimulation to the 
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17.2. Contraindications 


upper airway obstruction where surgical airway 

ed 

+ Ofal pharyngeal swelling requiring a nasotracheal or sur- 
szical approach 

+ Failed airway and unable to adequately maintain oxygenation 


17.3 Relative Contraindications 


+ Large amounts of blood and secretions may obscure visu- 
alization of the airway and cords. 

+ Very distorted airways. Compared with flexible endos- 
copy, this device is less maneuverable. 


17.4 Materials and Medications 


+ Endotracheal tube (ETT) 5.5 mm or greater (Fig. 17.1) 
(Pediatric stylets are also available.) 

+ Water-soluble lubricant 

+ Defogging agent 

+ Optional: Swivel adaptor and meconium aspirator 
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Fig. 17.1. (a) Bonfils rigid fiber-optic stylet, Karl Storz endoscopy. (b) 
Levitan FPS malleable fiber-optic stylet 


17.5 Procedure 


1. Use standard preparation for rapid sequence intubation 
(RSD) oF for awake intubation. 
2, Place the ETT over the stylet. 
(a) The ETT should extend slightly beyond the stylet tip. 
(b) fusing the malleable stylet: 
i) Without a laryngoscope: Bend tip to about 70° [1] 
(Gi) With a laryngoscope: Bend tip to 35° [1]. 
(©) Lubricate the tip of the ETT. 
3. Depending on specific scope capability, connect oxygen 
tubing to the port on the scope. 
(a) This keeps secretions away from the tip while provid- 
ing an oxygen source. 
(b) Keep flow less than 6 L/min [2 
4, Lens fogging prevention. 
(a) Warm the tip of the scope with the hand or immerse 
the tip in warm saline 
(b) Apply the defogging agent. 
(c) Alternatively, chlorhexidine is an effective defogger. 
. Scope insertion. 
(a) Use the nondominant hand to pull the jaw forward 
while holding the tongue. 

(®) Inan awake patient, have the patient protrude the 
tongue and the operator grasps it with 4x4 
gauze, (Alternatively, a Macintosh laryngoscope 
blade ean be used.) 

(Gi) ‘The goal is to move the base of the tongue off the 
posterior pharyngeal wall 

(b) Initially position the scope horizontally and to the 
right of the patient’s mouth, 
(©) Once the tip is in the oropharynx, reposition the scope 

vertically (Fig. 17.2). 

(d) The scope tip should be in the midline or in the retro- 

‘molar position (per scope design), 

(©) Position the scope and the tip of the ETT in front of 
the uvula. 
(D) Refer to the eyepiece or video screen to see if there is 

a clear image of the uvula (Fig. 17.26). 

(g) Advance the scope very slowly to maintain a view of 

landmarks, avoiding tissue contact (Fig, 17.3), 

6. Once the epiglottis is visualized: 

(a) Continue to advance slowly. 
(b) To get underneath the epiglottis, the tip of the scope 
may need to be moved posteriorly (by tilting the 

operator's hand slightly forward) (Fig. 17.4). 
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underneath the epiglottis, tit the scope back, to 

to the more anterior directed airway. 

(a) Make sure the glottic opening is well centered on the 
sereen to facilitate placement (Fig, 17.5), 

(b) resistance is felt, operator may need to rotate the scope 
clockwise, or tip scope stightly forward, to prevent the 
ETT from abutting the anterior aspect of the trachea 


Fig. 17.2 (a) Initial placement of seope, under direct visualization: 
(b) tip is positioned in from the uvula 


(©) The ETT may need to be advanced off the rigid stylet 

to allow further advancement, 
8. To remove scope: 

(a) Twist the proximal end of the ETT clockwise. 

(b) Stabilize the tube with the nondominant hand 

(©) Use the dominant hand to pull the scope forward, fol- 
lowing the curvature of the stylet (Fig. 17.6). 

(d) An assistant may be of use during this step. 


Fig. 17.3. (a) Using the video monitor, or through an eyepiece, the 
operator advances to the next landmark, (b) the epiglotis 


J. Rabinovich 


Fig. 17.5. (u) Operator is advancing the scope, (b) through the glottic 
‘opening keeping the image cent 


Fig. 17.4 (a) Operator tips scope Forward to get underneath the epi- 
slots while advancing: (b) once under the epiglotis, the seope may 
‘need 10 be tipped back to advance 1o the glottic opening: (e) operator 
should try to Keep the glottic opening inthe center of the scree 


‘operator must pul it forward while stai- 
izing the endotracheal tub 
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17.6 Pearls and Pitfalls 


+ Pearls 
~ When the operator loses perspective or a clear view, 
withdraw the scope back to the point where identifi- 
able structures are visualized and proceed. 
— The operator can suction through the scope by attach- 
ing a swivel adaptor and a meconium aspirator 
(Fig. 17.7) [3]. 
+ Pitfalls 
— If the scope is advanced too quickly, orientation can be 
lost. 
— Structures that are too close to the scope will become 
blurred and unidentifiable. 
— If the scope tip abuts pharyngeal tissue, visualization 
can become blurred. 
— Flow greater than 6 L/min connected to the oxygen 
port may result in subcutaneous emphysema (single 
cease report) (2). 


Fig. 17.7. By placing the stylet through the rubber valve of a swivel 
adaptor, which is then connected to suction via a neonatal meconium 
aspirator, the operator can now suction through the endotracheal tbe 
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18.1 Indications 

+ Orotracheal intubation for both routine and predicted dif- 
ficult airways. 

+ Teaching traditional direct laryngoscopy to novice 
intubators, 

+ Ideal for unanticipated 
intubating indirectly 
unobtainable. 

+ An excellent tool when cervical spine precautions need to 
be taken: Because the video view of the airway is gener- 
ated by a camera at the tip of laryngoscope blade, less 
‘manipulation is required for optimal glottic views. 


ficult airway with the option of 
an adequate direct view is 
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18.2 Contraindications 


+ Absolute 
— When orotracheal intubation is contraindicated, e.g, for 
massive facial trauma, complete upper airway obstruc- 
tion precluding orotracheal access to the airway 
— Ina failed airway (three unsuccessful attempts with 
inability to maintain adequate oxygenation) 
+ Relative 
— Blood or copious secretions may prevent indi 
viewing of the airway but does not always preclude the 
use of this device. 
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18.3 Materials and Medications (Fig. 18.1) 


+ Standard materials and medi 
bation. Operator should have a backup laryngoscope in 
case of equipment failure, 

+ Endotracheal tube (ETT) with or without stylet 

+ Water-based lubricant. 

+ Antifogging agent (not required for C-Mac). 


jons for endotracheal intu- 


Fig. 18.1 (a) Store video laryngoscope (older version), (b) Storz 
(C-Mac (newer version) 


18.4 Procedure 


1, Standard preparation for orotracheal intubation, If there 
are no cervical spine precautions, then align the external 
auditory meatus with the sternal noteh (1), 

Apply antifogging drops to lens at tip of the blade, and/ 

or hold the hand over the blade tip to warm it up to body 

temperature (older V-Mac model) (Fig. 18,22) 

3. Because blade geometry is the same as in standard 
laryngoscopes, the insertion technique is identical to 
that of standard laryngoscopy with a Macintosh blade 
(Fig. 18.2b). 

4, Obtain the best direct view possible. 

Consider the addition of the backward-upward-rightward 

pressure (BURP) maneuver [2] 

6. Airway maneuvers may be performed by the operator oF 
by the assistant using the video screen as a guide along 
with operator feedback (Fig. 18.3), 

7. The operator has the option of intubating directly with 
adequate view or indirectly if visualization is improved, 

8. Consider using an ETT introducer (bougie—see Chap. 
15) if the view is inadequate. 

9, Place the ET, with or without a stylet, into the airway 
under direct or indirect visualization, If using a stylet, 
bend the distal end of the tube to approximately 35° as 
{for a standard intubation (Fig. 18.4) [3] 

10, Remove the stylet, inflate the cuff of the ETT using a 
syringe, and confirm placement with end-tidal COs, cap- 
nography, or colorimetry. 
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Fig. 18.2 (a) Operator warming the blade to prevent fogging, (b) Fig. 184 (a) Operator initially places the endotracheal tube (ETT) 

laryngoscope blade insertion using the standard direct technique. — into the oropharynx using direct visualization to avoid injury; (b) the tip 

‘Operator visually places the blade aad optimizes the glottic view of the ETT passing through the cords can be confirmed by direct visu- 
alization or by watching the video image 


Fig. 18.3 Operator has the choice of using direct visualization (pre- 


erred ven a nov 


eintubator is learning laryngoscopy) or the indirect 
video view of the glottis 
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18.5 Complications (As with any Direct 
Laryngoscopy) 


+ Dental trauma 
+ Oropharyngeal trauma 
+ Vocal cord injury 


18.6 Pearls and Pitfalls 


+ The initial placement of the laryngoscope blade and ETT 
should be done under direct visualization to avoid trauma 
to the oropharyngeal structures, 

+ As with direct laryngoscopy, the ETT should not be 
placed blindly, and the ETT must be seen to pass through 
the vocal cords to avoid placement in the esophagus, 

+ View can be obscured by secretions or fogging. If this 
‘occurs, the operator may need to remove the blade, wipe 
it down, and reinsert. The newer model, the C-Mae, is less 
likely to fog owing to design improvements, 

+ Observing the ETT pass through the vocal cords can 
sometimes be easier using the video image because the 

angled to provide the most optimal view. 

+ Placement of the blade into the oropharynx can be awk- 
ward because the handle of laryngoscope is bulkier than a 
standard laryngoscope. Its handle is larger and has cables 

tached to its base. In patients with large anteroposter 
diameter chests, the operator may need to rotate the laryn- 
goscope handle toward the right comer of the mouth in 


camera 


order to introduce the blade into the oral cavity and then 
rotate it back to the proper position. 

+ These devices are ideal for teaching laryngoscopy. With 
same blade geometry, the technique is the same as with 
standard laryngoscopy. As the operator attempts intuba 
tion directly, the instructor can observe on the video screen 
and guide the student. The instructor will also be able to 
visually confirm that the ETTT is entering the trachea. 
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Up to seven intubation attempts in 1000 end up in a “can’t 
intubate/can’t ventilate” situation in the emergency depart- 
‘ment. These are considered failed airways that may require a 
surgical airway to maintain ventilation and oxygenation. 


19.1 Indications 


+ Endotracheal tube (ETT) placement attempts unsuccessful 

+ Failed bag valve mask, laryngeal mask airway, or 
Combitube ventilation 

+ Severe facial trauma affecting the upper airway 

+ Severe oropharyngeal hemorrhage or profound emesis 

+ Obstruction (foreign body, mass, mass effect) 


19.2 Contraindications 


+ Airway protection achievable 
strategy 


ing a less invasive 
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+ Tracheal transaction 
+ Pediatric patients younger than 8 years, 
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19.3. Techniques 

+ Scalpel-bougie ~ minimalist 
+ Scalpel-Trousseau ~ standard 
19.3.1 Scalpel-Bougie 


19.3.1.1 Materials and Medi 


+ Betadine or chlorhexidine 
+ Scalpel #11 blade 

+ ETT (26 em) 

+ Bougie 

+ Surgilube 

+ Bag valve mask 
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Fig. 19.1. Right 10 left, top 10 bottom: ETT (26 cm): bag valve mask: trauma shears; sealpel #11 blade; bougie 


19. Cricothyroidotomy m1 

19.3.1.2 Procedure 8. Tum the scalpel 90° and make a 1.5-cm horizontal inci- 

1. Apply topical antiseptic, sion through the lower half of the cricothyroid mem- 

2, Remove the 15-mm ETT ventilator connector from the brane (Fi ). 
ETT end. 9, With the scalpel still in the incision, turn it 90°, and 

3. Place copious Surgilube on the bougie and railroad over insert the bougie into the incision, using the blade as a 
the end of the bougie. guide (Fig. 19.36). 

4, Palpate the thyroid notch, cricothyroid membrane, and 10. Advance the bougie caudally 5-6 em, Stop if resistance 
hyoid bone for orientation (Fig. 19.22). is encountered. 

5, Stabilize the thyroid cartilage between the thumb and 11. Slide the ETT over the bougie into the incision 
the middle finger of the nondominant hand, (Fig. 19.48), 

6. Make a vertical skin incision (2-3 em) over the cricothy- 12. Inflate the ETT cuff and ventilate the patient (Fig. 19.4b). 


Fig. 19.2 (a) Palpate and stabilize the thyroid cartiag 


roid membrane (Fig. 19.26). B 
Use the index finger to palpate the cricothyroid 
membrane. 


(b) make a vertical 


Verify the position of the ETT via auscultation, end-tidal 
CO, (E{CO,), and chest radiograph. 
Secure the ETT. 


em incision over the cricothyroid membrane 
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Fig. 19.3 (a) Make a 
horizontal incision into the 
cricothyroid membrane, 

(b) insert the bougie ino the 
incision made in the 
cricothyroid membrane 


Fig. 19.4 (a) Slide the endotracheal tube (ETT) over the bougie into the trachea, (b) ventilate the patient 


19. Gricothyroidotomy 


19.3.2 Scalpel-Trousseau + Trousseau dilator 
+ Cuffed tracheostomy tube (TT) (6.5 or 7.0) or ETT 
(5.0, 5.5, oF 6.0) 
+ Antiseptic preparation 


+ Tracheal hook 


Fig. 19.5 Top 10 bottom, right ro left: Sealpel with #11 blade: tracheal hook; Trousseau dilator; cuffed tracheostomy tube (TT) (6.5 o¢ 7.0) or ETT 
(5.0, 5.5, or 6.0); antiseptic preparation 
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19.3.2.2 Procedure 


1 
2 


Apply topical antiseptic. 
Palpate the thyroid notch, cricothyroid membrane, and 
hyoid bone for orientation, 

Stabilize the thyroid between the thumb and the middle 
finger of the nondominant hand (Fig, 19.64). 

‘Make a vertical skin incision (2-3 em) over the erieothy- 
roid membrane (Fig. 19.66). 

Palpate with the index finger to verify the cricothyroid 
membrane location, 

Use stabilization of the thyroid and palpation to main- 
tain orientation of the anatomy. 

Make a 1.5-cm horizontal incision through the lower 
half of the membrane (Fig. 19.7). 

Insert a tracheal hook into the incision, then rotate such 
that hook faces superiorly (Fig, 19.7b). 


10. 


ul 


Withdraw at a 45° angle in a cephalad direction, apply- 
ing gentle traction to the thyroid cartilage. 
Place the Trousseau dilator into the incision transver 


ly 
and open the membrane incision vertically (Fig. 19.84), 
Insert a cuffed ETT (5.0-6.0) or TT (6.5-7.0) into the 
incision between the prongs of the dilator in the horizon- 
tal access (Fig. 19.8b). 

Rotate both the dilator and the ETT toward the head of 
the patient and then direct the tube downward into the 
trachea while removing the dilator. 

Inflate the ETT cuff and ventilate the patient. 

Verify the position of the ETT via auscultation, EtCO;, 
and chest x-ray. 

Once placement of the tube has been verified, the tra- 
cheal hook can be removed. 

Secure the ETT. 


Fig. 19.6 (a) Stabilize the thyroid cartilage between the thumb and the middle Anger of the nondominant hand: (b) make a vertical incision over 
the ericothyroid membrane 


Fig. 19.7 (a) Mab 


cal 


superiorly at a 45° angle 


ra 


«horizontal incision in the lower half of the cricothyroid membrane. (b) Insert a tracheal hook and apply gentle action 
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Fig. 19.8 (a) Insert the Trousseau dilator into the incision, and open the path for placement of the tracheostomy tube (TT) or the ETT. (b) Insert 
the TT or the ETT into the expanded incision between the Trousseau dilator prongs 
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Figure 10 
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19.4 Complications 


+ Bleeding 

+ ETT misplacement (false passage, through the thyrohyoid 
‘membrane, unintentional tracheostomy) 

+ Hoarseness, dysphonia, or vocal cord paralysis 

+ Subglottic or laryngeal sten 

+ Damage to thyroid cartilage, cricoid cartilage, or tracheal 
rings 

+ Perforated esophagus 

+ Infection 

+ Aspiration 


19.5 Pearls 


+ Predictors of difficult cricothyrotomy: “SHORT” [1] 
~ Prior Surgery of Sear tissue 
— Hematoma 
~ Obese 
~ Prior Radiation 
— Tumorlabscess 

+ The incision should cut through the skin and subcutaneous 
tissue down to the cricothyroid membrane and cartilages. 

+ Vertical incisions allow for extension in either direction if 
the cricothyroid membrane is above or below initial 

+ Blood in the field may hinder visualization of the mem- 
brane, but the airway should be established before 
attempts to control any bleeding, 

+ Cricothyroid arteries are located cephalad to the cricothy- 
roid membrane 


+ Either a'TT or an ETT can be used for the procedure. 
— ETTsare more ubiquitous, 
— TTsare easier to secure. 

+ Ian ETT is used, a stylet can help direct placement 

+ Cricothyroidotomy is preferred in the emergency setting 
over tracheostomy owing to the increased risks of bleed- 
ing, the mobility of the trachea, and the risk of lacerating 
the underlying thyroid gland [2] 

+ Ultrasound can be used to visualize landmarks in patients, 
in whom landmarks are difficult to identi. 
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‘Tracheostomy tube (TT) malfunction is the source of airway 
compromise in patients requiring these airway devices. TT 
‘malfunction may create an airway emergency, and the timely 
replacement of TTs is a challenging procedure in the most 
experienced hands. 


20.1 Indications 


+ Cuff rupture 
— Can lead to dislodgment 
+ Distodgment 
— Most 
complication 
— Can lead to air passage obstruction 
+ Obstruction 
— Caused by blood or thick, dry secretions (formed in the 
absence of nasopharyngeal air humidification). 
— Dried secretions or blood can act as a one-way valve, 
allowing air in but restricting outward flow. 


common emergency department TT 


20.2 Materials and Medications 


+ Airway suetion catheter 
+ Oxygen humidifier 
+ Bougie/nasogastric (NG) tube (12 French) 
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+ Saline 
+ N-Acetyl-eysteine (NAC) 
+ Appropriately sized endotracheal tube (ETT) or TT 


20.3 Procedure 


1. Supply high-flow humidified oxygen through a bag valve 
mask (BVM), or a non-rebreather face mask 
2. Assess clinical indicators to determine TT problem. 

(a) Indicators of cuff rupture: Air leak with BVM and 
loose TT. 

(b) Indicators of dislodged TT (if TT is still in the stomal 
opening): Subcutaneous emphysema, crepitus, and 
diminished or absent breath sounds. 

(©) Indicators of an obstructed TT: ‘stridor and dimin- 
ished or absent breath sounds. 

(d) If time allows, chest radiograph, continuous capnog- 
raphy, and oxygen saturation can be helpful 

3. Obstruction 

(a) Remove the inner cannula and inspect for obstrue- 
tion—clean if necessary 

(b) If this fails, S10 mL of saline or NAC can be squirted 
directly down the TT to loosen secretions. 

(©) Suction thoroughly with a suction catheter (Fig. 20.1). 

(d) In refractory cases, the TT will need replacement. 

4, Replacement 

(a) Ideally, the replacement tube should be of the same 
type and size as the original TT. 

(b) A smaller size TT or ETT can be helpful in settings of 
airway compromise. 

(©) A 6-7.5-cm ETT tube may be used if TT is 
unavailable. 

(d) Remove the existing TT. 

(c) Hyperextend the patient’s head and neck to maximize 
Visualization of the stoma, 
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(© Note: Careful inspection of the area is paramount 
because the thyroid isthmus may obscure visualiza 
tion of the tracheal stoma. 

(g) Techniques 


(i Di 
1 


Gi) Bougie or N 


1 


insertion 
‘As soon as possible, insert the new TT or 
ETT into the stoma to prevent stomal nar- 
rowing (Fig, 20.2) 

Inflate the new TT/ETT eutt 

tube 

Lubricate the TT or ETT tube 


7. [resistance is noted: 
(a) Either the operator has reached a termi- 
nal bronchiole or is in a false passage 
(b) Do not force bougie/NG tube farther at 
this point, 
(©) Use clinical judgment (bougie/ETT depth, 
palpation) to determine likely placement 
8. Advance TT or NG tube over bougie or NG 
tube is in trachea (Fig. 20.36). 
9. After the TT is in place, remove the bougie/ 
NG tube 


2. Lubricate a bougie or 12-French NG (iii) ‘The fingertip technique 

tube. 1. Insert a gloved forefinger into tracheal stoma 
3. Insert the lubricated bougie or NG tube into (Fig. 20.43), 

the TT or ETT. 2. Formulate a mental plan as to the direction 
4, Insert the bougie or NG tube into stoma and and path of the stoma. 

advance into the trachea (Fig. 20.3a), 3. Then place a TT or an ETT into the stoma as 
5, Direct the NG tube or bougie caudad toward the finger is withdrawn (Fig, 20.4). 

the lower tracheobronchial tree. 5. If placement of a TT or ETT is not possible through the 
6, Do not advance more than 7 em. stoma, consider endotracheal intubation, 


Fig. 20.1. (a) Insert the suction catheter to the appropriate depth, Keeping the suetion port open. (b) Slowly withdraw the eathete in a circular 
‘motion, keeping the suetion port closed 
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Fig. 20.2 Insertion of the endotracheal tube (ETT) directly into the 


Fig. 20,3 (al, a2) Insert the racheostomy tube (TT) over the nasogastric (NG) tube or bougie, which is first inserted into the trachew. (Bb, b2) 
Advance the TT over the NG tube or bougie, which serves asa guidewire 


130 .Bengiamin and B. Chakravarthy 


Fig. 20.4 (a) Insert a gloved finger into the stoma. (b) Insert the TT along the path while withdrasving the gloved finger. (e) TT in place 
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20.4 Pearls and Pitfalls 


+ Stomal closing 
= Stomal constriction begins as soon as the TT is 
removed or displaced. 

~ Forceful attempts to replace a large TT may result in 
false passages and trauma. 

+ Tracheal stenosis 

— Constant TT cuff pressure may cause necrosis, ulcer 
ation, and granulation tissue formation, leading to tra 
cheal narrowing. 

— Complicates TT replacement in the setting of distodg- 
‘ment or obstruction, 

— Bougie use can be helpful to place a small(er) ETT 
until surgical dilation and/or resection canbe 
achieved. 

+ Creation of a false lumen during recannulation 

— Subcutaneous emphysema will be an early indicator of 
this. 

— Early confirmation of correct placement of TT by 
confirming: 

+ Continuous end-tidal CO; monitoring 
+ Equal chest rise 
+ Bilateral breath sounds 


Left common 
carotid artery 


Fight common 
carotid artery 


Fight subclavian 


artery 


Aortic arch 


Unrecognized trachea-innominate artery fistula (Fig. 20.5) 
— Usually occurs within 3-4 weeks of placement 
— Presentation: Bleeding around the tracheostomy tube 
(10 mL) or massive hemoptysis 
— Requires 
+ ETT culf overinflation to compress the fistula 
+ Digital pressure on stoma may be helpful to tam- 
ponade the bleeding. 
+ Place stomal ETT deep to bleeding fistula to protect, 
airway. 
+ Definitive surgical intervention in operating room, 
— Associated with high mortality 
Unrecognized tracheoesophageal fistula 
— Usually iatrogenic injury from TT placement or NG 
tube erosion 
— Presentation: Dyspnea, copious TT secretions, recur- 
rent food aspiration, and gastric distention 
— Requires 
+ Bronchoscopy or swallowing studies to confirm 
diagnosis 
+ Surgical repair or stenting 


/— Lett subclavian 


Innominate 
artery 


Aortic arch 


Fig. 20.5 Anatomical relationship between the trachea and the innominate artery. TIF wachea-innominate artery fistula 
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21.1 Indications 

+ Failure to control the airway by other means 

+ As a temporary measure while preparing for definitive 
airway control 

+ Securing the airway in crash airways in infants and small 
children 


21.2 Contraindications 


+ Absolute 
— Transection of the trachea below the cricothyroid 
membrane 
+ Relative 
— Inability to identify the cricothyroid landmarks 
— Anatomical distortion to the cricothyroid membrane 
— Supraglottic obstruction (preventing gas exhalation) 
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21.3 Materials and Medications (Fig. 21.1) 

+ Betadine, chlorhexidine, or similar skin sterilization 
solution 

+ 12-to 16-gauge angiocatheter or transtracheal jet ventila- 
tion (TTIV) purpose-specific catheter 

+ 10-mL syringe filled with 4 mL of normal saline, 2 % 
lidocaine, or viscous lidocaine 

+ Hand-operated regulator valve 

+ Attach oxygen supply. 
— Connect kit tubing to wall oxygen OR. 
— Connect 7-0 endotracheal connector to bag valve 

mask (BVM) attached to oxygen. 
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Fig.21.1 (a) Tubing and regulator valve, (b) commercially available catheter, (€)3-miL. or 10-mL. syringe 
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21.4 Procedure 


1. Attach the tubing and the hand-operated regulator valve 
to wall oxygen (Fig. 21.24), and place the distal end of 


the thing near the patient in preparation for 
ventilation. 

2, Adjust regulator to maximum pressure, 50 psi if possible 
(Fig. 21.26). 


3. Palpate the cricothyroid membrane just distal to the thy- 
roid prominence (Fig. 21.3). 
(a) Sterilize the area with a suitable cleansing agent, 
(b) Use the thumb and index finger of the nondomi- 

nant hand to the trachea for the 
procedure. 

4, Attach the TTIV catheter (or angiocatheter) to the 

syringe (Fig. 21.4) 

Advance the catheter through the cricothyroid mem- 

brane at a 30-45° caudal direction while aspirating with 

the syringe (Fig. 21,5), 


stabilize 


6, Return of air confirms entry into the trachea. 


If lidocaine is utilized, it can then be inje 

spasm during the procedure. 

Fully advance the angiocatheter and secure it while the 

needle and syringe are withdrawn, 

Remove the needle, secure it to the skin, and connect it 

to the regulator hose 

Secure the distal end of the oxygen tubing (distal to the 

hand-operated valve) to the catheter (Fig. 21.6). 

If a BVM is used as the oxygen source: 

(a) Attach a 3-mL syringe to the angiocatheter, 

(b) Attach the BVM with the 7-0 endotracheal tube 
(ETT) connector to the end of the plungerless 3-mL. 
syringe (Fig. 21.7), 

Operate the valve 12-20 times a minute with long 

periods to allow gas exhalation and exchange 

(Fig. 21.8). 

Preparations should be made for 

soon as possible—preferably within 15 min. 


fed to prevent 


definitive airway as 


Fig. 21.2 (a) Attach tubing and the hand-operated regulator valve to wall oxygen, and (b) adjust regulator to maximum pressure (50 psi if 
possible) 
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‘Superior thyroid 
artery 


Fig.21.3. Airway anatomy 
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Fig. 21.4 Auach the TTIV catheter 10 the syringe 


Fig.21.6 Secure the distal end of the oxygen tubing to the catheter 


Fig. 21.5 (a) Advance the catheter through the ericothyroid membrane 
ata 30-45° caudal direction (b) while aspirating with the syringe 
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membrane 


Fig. 21.7. Aach the BVM with the 7-0 endotracheal tube (ETT) con- 
nnector lo the end of the plungerless 3-ml. syringe 


Fig.21.8 Operate the valve 12-20 times a minute with long periods to 
allow gas exhalation and exchange 
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21.5 Complications 


+ Pneumothorax 
+ Pneumomediastinum 
+ Subcutaneous emphysema 
+ Catheter kink or misplacement 
+ Hypercarbia and respiratory acidosis 
— Use of TTIV for prolonged periods of time without 
adequate ventilation will elevate CO, 
+ Barotrauma 
+ Coughing in conscious patients 
+ Aspiration 
+ Persistent stoma 


21.6 Pearls and Pitfalls 


+ Ifthe wall connector does not have a pressure regulator, it 
can still be used although the risk of barotrauma is greater. 
Use the endpoint of chest rise to determine the end of 

ich ventilation burst in this case. 


+ Higher pressures and lack of supraglottic air exchange are 
risk factors for pneumothorax. If the supraglottic area is 
obstructed, a Y catheter can be attached to allow gas to 
escape before the next insufflation, 

+ TTIV may or may not allow sufficient gas exchange to 
prevent hypercarbia. Preparations should be made to 
obtain a definitive airway as soon as possible. 

+ Endotracheal intubation may be facilitated by the high pres- 
sures insufflated in the trachea, and a repeat attempt may be 
performed after the transtracheal ventilation is achieved. 
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22.1 Indications 

Needle decompression thoracostomy is a procedure used in 
the emergent treatment of a tension pneumothorax. ‘Tension 
pneumothorax is a clinical diagnosis. Decompression treat- 
‘ment should not be delayed in order to obtain radiographic 
confirmation. The following scenarios illustrate some of the 
clinical signs that may be present in such patients: 


+ Awake patient with suspected or confirmed tension 
pneumothorax 
~ Chest pain 
— Respiratory distress, 
— Decreased breath sounds with hyperresonance and/or 
subcutaneous emphysema 


— Trachea deviated away from the side of the 
pneumothorax 

~ Tachycardia 

— Falling pulse oximetry (SpO:) 

~ Shock 


+ Ventilated patient with suspected or confirmed pneumo- 
thorax (often insidious) 
— Increased resistance to ventilation 
~ Hypotension 
~ Elevated central venous pressure 
~ Tachycardia 
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— Decreased breath sounds with hyperresonance and/or 
subcutaneous emphysema 

— Trachea deviated away 
pneumothorax 

~ Falling SpO. 

— Shock 

+ Injured patient (especially with penetrating chest trauma) 

with suspected or confirmed tension pneumothorax 

= Inarrest 

— Unexplained hypotension 

— Apnea 

— Decreased breath sounds with hyperresonance and/or 
subcutaneous emphysema 


from the side of the 


22.1.1 Absolute Indications 


+ Patient in acute respiratory distress with rapid decompen- 
sation secondary to suspected or confirmed tension 
pneumothorax 

+ Injured patient in extremis with apnea, unexplained hypo- 
tension, or arrest 


22.2 Contraindications 


+ No absolute contraindications, 


22.3 Materials 


+ Large-bore needle/angiocatheter (minimum of 16 gauge) 
+ 10-mL. syringe (optional) 

+ One-way valve (optional) 

+ Betadine (povidone-iodine) swablehlorhexidine scrub 

+ Tape 
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22.4 Procedure 


1. Expose the anterior chest atthe level of the second intercos- 
tal space on the affected side (Fig, 22.1), Altematively, 
expose the chest wall atthe level of the anterior axillary line 
in the fourth or fifth intercostal space on the affected si 

2. Cleanse the area with a Betadine swab or chlorhexidine 
serub (Fig, 22.2) 

3, Using a gloved hand, locate the second intercostal space 
at the midclavicular line. 

(a) The first rib is normally not fet. 

(b) The second rib is felt just below the clavicle. 

(©) The second intercostal space is the area between the 
second and the third ribs. 

Note: Alternatively, this procedure may also be performed 


oon the midaxillary line in the fourth intercostal space of 
the affected side, The same general steps listed later are 
employed in this approach and care is taken to avoid the 
neurovascular bundles inferior to the fourth rib. 

4, Insert the needle/angiocatheter perpendicular to the chest 
‘all into the second intercostal space just above the supe~ 
rior edge of the third rib to avoid the intercostal neurovas- 
cular bundle (Fig. 22.3), 

(2) This step may be done with or without a syringe attached. 


(b) Local anesthesia is usually unnecessary but may be 
used if the patient is not in extremis, 


Fig. 22.1. The preferred site for needle thoracostomy is the second 
intercostal space inthe midelavicular line 


Carefully walk the needle over the third rib and advance 

until the pleural space is entered, 

(a) Entry into the pleural space is accompanied by a 
“popping” sound or a sensation of “giving way. 

6. Ifyou are able to withdraw air with the syringe or hear a 

“hiss” of air escaping through the angiocatheter during 


expiration and inspiration, then placement is considered 
successful 

7. After removing the needle, secure the angiocatheter in 
place with tape (Fig. 22.4), 
Caution: Do not reinsert needle into the angiocatheter 


owing to the danger of sheering the angiocatheter. 
8. Assess the patient and evaluate the effectiveness of the 
procedure 
(a) The patient should exhibit immediate and obvious 
respiratory including 
improved lung sounds and vital signs. 
(b) The procedure may be repeated if the patient is not 
improving, 
(©) Excess pleural air may be aspirated through the 
angiocatheter with a syringe. 
9. Obtain a chest radiograph to confirm suc 
(a) Repeat in 6 h. 
10. Because needle decompression is only a temporizing 


improvement in status 


measure, tube thoracostomy (see Chap, 23) must be per- 
formed for definitive management of the pneumothorax. 


Fig.22.2 Prepare the skin with povidone-iodine or chlorhexidine 
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catheter 


Neurovascular Pleural Lung 
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Fig. 22.3 (a) Insert the needle into the second intercostal space just above the superior edge ofthe third rib and (b) avoid the neurovascular bundle 
by approaching the skin withthe needle perpendicular tothe chest wall just above the superior edge of the third rib 
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Fig. 224 After removing the 
with tape 


le, secure the angiocatheter in place 


22. Needle Thoracostomy 
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22.5 Complications 


+ Failure to resolve the tension pneumothorax. 
~ Obese or muscular patients may require a longer nee~ 
dle and catheter to reach the pleural space or, alterna- 
tively, may require proceeding immediately to tube 
thoracostomy. 
+ Iatrogenic pneumothorax. 
+ Laceration of intercostal artery or nerve. 
+ Rapid re-expansion may result in the development of pul- 
‘monary edema 
+ Infection 


22.6 Pearls and Pitfalls 


+ Use the sternum as a landmark to more easily locate the 
second and third ribs. 

+ The same procedure may also be done on the midaxillary 
line in the fourth intercostal space, which is usually land~ 
marked with the nipple. 


+ Primary pneumothorax is unusual in those older than 
40 years. Consider the presence of underlying disease in 
this population. 
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23.1 Indications 


+ Spontaneous pneumothorax (large and/or symptom: 
+ Tension pneumothorax (or suspected) 

+ Iatrogenic pneumothorax 

+ Penetrating chest injuries 

+ Hemopneumothorax in acute trauma 

+ Patient in extremis with evidence of thoracic trauma 
+ Complicated parapneumonic effusions (empyema) 

+ Chylothorax/hemothorax 

+ Post-thoracie surgery 

+ Bronchopleural fistula 


23.2 Contraindications 


+ Absolute 
— Emerg 
+ Relative 
— Coagulopathy 
~ Pulmonary bullae 
~ Pulmonary, pleural, or thoracic adhesions 
~ Loculated pleural effusion or empyema 
~ Skin infection over the chest tube insertion s 


ent thoracotomy 
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23.3 Materials and Medications 


+ Tube thoracostomy tray 
— #10 scalpel; 18-, 22-, and 25-gauge needles; 10-mL. 
syringes; forceps; clamps; scissors; drape; abdominal 
pads; 0 or 1-0 sik suture; needle driver; curved clamp 
(Fig. 23.18) 
+ Betadine (povidone-iodine) or other skin antiseptic pre 
aration solution 
+ Lidocaine (1 % or 2 % with epinephrine) 
+ Appropriate chest tube size (approximate) 
— Adult male: 28-36 French 
— Adult female: 28 French 
~ Child: 12-24 French 
— Infant: 12-16 French 
— Neonate: 10-12 French 


Vaseline 


ze 
Chest drainage system ( 


ig. 23.1b) 
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Fig. 23.1 (a) Tube thoracostomy tray, (b) chest drainage system 
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23.4 Procedure (Fig. 23.2) 


1. Sterile skin preparation with sterile drape. 

Anesthetize the appropriate area subcutaneously up to 

and including the rib periosteum with 5 mL. of 1 % lido- 

caine with epinephrine (Fig. 23.2a), 

3. Using a #10 or #11 blade, make an approximately 4-cm 
skin incision over the desired intercostal level of entry 
(most often the fourth or fifth intercostal space in the 
midaxillary line) (Fig, 23.2b, ¢). 

If the incision is placed below the fifth intercostal 
space, the risk of subdiaphragmatic placement into the 
abdominal space is increased. 

4, Bluntly dissect with a hemostat or Kelly clamp through 

the subcutaneous tissue to the level of the intercostal 

muscles with intermittent opening of the dissection 

instrument during advancement (Fig. 23.24, e) 

Digitally palpate the selected intercostal space and the 

superior margin of the inferior rib (pay careful attention 

to avoid the neurovascular bundle lying. inferiorly) 

(Fig. 23.20), 

+ Iftime permits, additional analgesia is recommended 
at this point of the procedure. 

6. Guiding the closed Kelly clamp over the upper margin 
of the rib, enter the chest wall into the pleural cavity. 
(This will require some controlled force and a twisting 
motion.) Once the pleural space is entered, a rush of air 
or fluid should occur (Fig. 23.2). 

Uncontrolled force and a lunging motion can result in 
penetration to the lung, heart, liver, or spleen 

7. Open the Kelly clamp while still inside the pleural space 
and then withdraw while the clamp is still open to 


enlarge the dissected tract of entry and allow easier pas- 
sage of the thoracostomy tube (TT), 

Explore the dissected tract with a sterile finger to appre- 
ciate lung tissue and possible adhesions, 

‘To estimate the length the TT is to be inserted, measure 
the distance between the skin incision and the apex of 
the lung. If preferred, place a clamp over the tube at the 
estimated length (Fig. 23.2h) 

Grasp the proximal end of the TT with the large Kelly 
clamp and pass the tube through the thoracic cavity 
along the previously dissected tract. 

Release the Kelly clamp and continue to advance the 
tube posteriorly and superiorly. 

Make sure all of the fenestrated holes of the TT are 
Within the thoracic cavity to prevent unnecessary manip- 
ulation and/or replacement of the TT. 

Once the TT is in the desired position, connect the tube 
to the drainage device (Fig. 42.16). Once connected, 
release the cross clamp on the distal end of the TT. 
Secure the TT to the skin with 0 or 1-0 silk or nylon 
suture. A simple, interrupted suture above and below the 
‘TT with each stitch wrapped tightly around the TT is 
recommended. 

Incomplete security of the TT leads to dislodging of 
the tube with routine patient movements. 

Apply petrolatum gauze over the skin closure surround- 
ing the TT and then apply a support dressing with 4x4 
gauze and adhesive tape (4 in.) 

Obtain a chest radiograph to confirm placement of the 
Tr. 
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23.5 Complications 


+ Improper placement for pneumothorax 
~ Reposition if: 
+ Horizontal (over diaphragm) 
+ Subcutaneous 


+ Placed too far into the chest (against apical pleura) 
~ Remove if: 
+ Placed into the abdominal space 


+ Bleeding (local vs. hemothorax) 
‘+ Hemoperitoneum (liver or spleen injury) 
+ Tube dislodgment 
+ Empyema (TT introduces bacteria into the pleural space) 
+ Retained pneumothorax (may require second TT) 

+ Re-expansion pulmonary edema 

+ Subcutaneous emphysema 


23.6 Pearls and Pitfalls 


+ Water seal a 


as a one-way valve; if the system bubbles, 
there is an air leak. 

® systems, there is an orange floater 
which, when static, means the desired suction pressure 
(usually 20 cmH,O) has been reached. 


+ In the Pleures 


+ The negative pressure in the chest cavity equals the 
amount of water in water seal plus amount of suction, 

+ A.chest tube can be removed when there is no air loss or 
blood for 24 h 

+ When removing the tube, have the patient exhale and 
remove as quickly as possible. 

we petrolatum gauze in place for 48 h before changing 

lows wound to heal better). 
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24.1 Indications 


+ Therapeutic thoracentesis is performed to relieve dys- 
pnea, hypoxia, or otherwise compromised respiratory 
function due to a large pleural effusion, 

+ Diagnostic thoracentesis is pertormed to aid in the diag- 
nosis and workup of: 

— Pleural effusions of unknown cause 

~ Unilateral pleural effusions 

— Pleural effusions originally determined to be due to 
hheart failure but persisting after 3 days of diuresis 


24.2 Contraindications 


+ Absolute 
— None 

+ Relative: 
~ Coagulopathy, thrombocytopenia, 
— Small or loculated pleural effusion. These will increase 

the tisk of missing the effusion and causing lung injury. 

~ Positive-pressure ventilation, 
~ Skin infection over the needle insertion site 
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24.3 Materials and Medications 


‘Thoracentesis tray (commercially available kits generally 
include the items in the following list) (Fig. 24.1) 

— (1) Fenestrated drape 

— (1) 25-gaugex |-in, needle 

— (1) 21-gaugex 1.5-in, needle 

— (1) 8 French catheter over 18-gauge needle 

— (1) Small plastic syringe, 5 mL 

— (1) Small plastic syringe, 10 mL. 

— (1) Large plastic syringe, 50-60 mL. 

— (1) Three-way stopcock 

— Specimen vials and caps 

— (1) Collection bag, 1500 mL, or vacuum container 

— (1) Tubing set 

— (1) Hemostat 

— Betadine (povidone-iodine) or other skin antiseptic 
preparing solution 

10-mL lidocaine 1 % without epinephrine 


Fig.24.1. Typical commercial thoracentesis tray 
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24.4 Procedure 


1. Place patient in seated position with arms at rest on a 
bedside table (Fig. 24.2). 

2. The location and height of the pleural effusion are con- 
firmed by physical examination. Auscultation of 

sent breath sounds, dullness to percussion, 
and decreased tactile fremitus are physical findings to 

confirm the location and height of the effusion (Fig. 24.3. 

3. Determine and mark the site of needle insertion. This will 
te at the midscapular line one or two intercostal spaces 
below the maximum height of the effusion as determined 
by & combination of imaging and physical examination 
(Fig. 24.4), 

+ Do not attempt thoracentesis inferior to the eighth 
intercostal space because respiratory cycle and ana- 
tomical variation place the diaphragm and intra- 
abdominal organs at risk. 

4, Prepare the skin with the sterile skin preparation and 
sterile drape. 

5, Anesthetize the appropriate area subcutaneously using @ 
25-gauge needle on a 10-mL syringe. Create a wheal in 
the skin and then infiltrate up to and including the peri- 
‘osteum of the rib inferior to the landmarked space with 
SmL of I % lidocaine 
+ Remember that the neurovascular bundle is found at 

the inferior border of each rib, Keep this in mind as 
{you approach the rib and throughout the rest of the 
procedure to avoid injury to these structures (Fig. 24.5). 

6. Using a 22-gauge needle, slowly walk the needle up and 
‘over the superior border of the rib. Continue to advance 
the needle along the superior border of the rib with the 
syringe withdrawn and infiltrating lidocaine intermit 
tently along the way. 

7. Pleural fluid will be aspirated once the pleural space is 
reached. Do not advance the needle further. Deposit 
1-2 mL more lidocaine. A hemostat can be placed on 
the needle at the level of the skin to mark the depth of the 
pleural space and the needle can be removed. 


decreased 0 


8. Some commercial kits may come with an adjustable 
depth guard to be positioned at the determined depth. On 
an 18-gauge catheter-over-needle device, position the 
depth guard to the appropriate depth determined from 
the prior step. If a depth guard is not available, use the 
index finger and thumb on the catheter at the appropriate 
depth. With the S-mL. syringe attached, advance the 
device over the superior border of the rib while aspirat 
ing, expecting pleural fluid to return again at the deter- 
mined depth (Fig. 24.6) 

9, When the pleural space is reached, do not advance the 
needle further. Advance the catheter over the needle 
until the hub reaches the skin. Remove the needle during 
expiration and immediately cover the open hub with a 
gloved finger to prevent development of pneumothorax. 
Some kits provide catheters with one-way valves to pre- 
vent air entry 

10. Attach the 50-60-mL, syringe to the catheter via the three 
‘way stopcock. Pleural luid can be drained and transferred 
to appropriate collection vials for diagnostic thoracentesis. 
A collection bag may be attached with tubing to the third 
port ofa three-way stopcock for larger volume evacuation 
in the case of a therapeutic thoracentesis. Employ a syringe 
pump method to drain 50-60 mL. of fluid at a time to the 
collection bag, Fill the syringe by withdrawing the plunger 
while the stopcock is closed to the bag. Then, close the 
stopcock to the patient and pump the contents of the 
syringe to the bag. Next, close the syringe closed to the 
bag, and repeat the cycle until the desired volume is 
drained, A vacuum container is an alternative that simply 
attaches via tubing to the stopcock (Fig. 24.7). 

+ fusing a three-way stopcock and a device that does 
not have @ one-way valve on the catheter, be sure to 
always keep the stopcock closed to the patient unless 
withdrawing fluid in order to decrease the risk of 
pneumothorax. 

11. When the desired amount of pleural fluid is obtained, 
remove the catheter during expiration and apply an 
occlusive dressing. 


Fig.24.2 Patient in upright, seated position 


Fig.24.3 Determining the location and height of the pleural effusion 
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Fig. 24.4 Marked ste for ned insertion 


Interest atory 

Inemost intercostal muscle 
Intalintercostal muscle 
Enter intercostal muscle 


Fig.24.7 Pleural fluid collection via syringe pump method 


Fig.24.5. ‘The intercostal neurovascular bundle 


Fig. 24.6 Needle and catheter insertion, thumb and index Ginger at 
desired depth 
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24.5 Complications 


+ Pneumothorax 
+ Re-expansion pulmonary edema 
+ Hemothorax, hematoma 

+ Intra-abdominal organ injury 

+ Air embolism 

+ Empyema 


24.6 Considerations 


+ If available, the use of bedside ultrasound is highly rec- 
‘ommended because ultrasound guidance has been shown 
to substantially reduce the risk of pneumothorax. Before 
the procedure, the height, width, and depth of the effusion 
can be appreciated by scanning the chest and viewing the 
effusion through the intercostal spaces. The use of ultra~ 
sound aids in selecting the needle insertion site by: 

— Visualizing the distance the needle must pass to reach 
the parietal pleura 
— Confirming the thickness of the effusion in the site 


selected is at least a minimum of 1.5 em 


surrounding structures through the complete re 
tory eyele 
With these items in mind, the needle insertion s 
selected with confidence and marked before beginning 
the proc 

+ Inaddition, the use of bedside ultrasound in real time will 
allow the clinician to visualize the needle as it passes 
toward and enters the pleural space. This use requires 
sterile probe covers. 

+ Re-expansion pulmonary edema is a rare but feared com- 
plication of thoracentesis. The cause is not fully under- 
stood. Historically it was thought that re-expansion 
pulmonary edema was caused by removing too large a 
volume of fluid from the pleural space (>I-1.5 L) 
Another theory is that re-expansion pulmonary edema is 

ed when great negative intrapleural pressures 

(<20 cmH,O) are generated during the procedure. The 

low incidence of this complication has yielded inconelu- 

sive evidence. 

— In light of this, it is prudent to continue to limit the 
volume of pleural fluid removed to no more than 
1-1.5L. Pleural manometry is not widely available for 
use in the emergency department, but should also be 


nbe 


considered if available to maintain intrapleural pres- 
sures from reaching more negative values. 


24.7 Pearls and Pitfalls 


+ Bedside ultrasound reduces the risk of complications. 

+ Never attempt thoracentesis below the eighth intercostal 
space. 

+ Thoracentesis should not be performed on pleural effu- 
sions demonstrated to be less than I-1.5 em thick by 
ultrasound or on a lateral decubitus film. 


+ Positive jon mandates extreme care 
while performing thoracentesis because the lungs can be 
punctured during inflation. In addition, ventilated patients 
will not be able to sit upright and will need to have the 
procedure performed in lateral decubitus position with 
the effusion side down and the posterior axillary line as 
the needle insertion site. Alternatively, the patient can be 
placed supine with the head of the bed elevated to 45° and 
the midaxillary line as the needle insertion site 
— Routine post-procedure radiographs are not necessary 
to exclude pneumothorax. Indications for post- 
procedure imaging include onset of chest pain during 
the procedure, persisting cough or chest discomfort 
after the procedure, air aspiration along any step of the 
procedure, or positive 

— Pneumothorax rates are higher for inexperienced pro- 
viders. Although an effusion compromising respira- 
tory function is considered a clear indication for 
therapeutic thoracentesis, the performance of nonur- 
gent diagnostic thoracentesis might best be delayed for 
those more practiced in the procedure. 


ressure venti 


sssure ventilation, 
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25.1 Background 


‘Thoracic injuries are commonly associated with penetrating 
and blunt abdominal trauma and are implicated in 50-70 % 
of trauma deaths (1]. Cardiac tamponade, tension pneumo- 
thorax, massive hemothorax, airway obstruction, flail chest, 
and open pneumothorax represent the six immediately life- 
threatening injuries attributed to chest trauma (2) 
Accordingly, they must be accurately identified and dealt 
with urgently, 

Open pneumothorax (“sucking” chest wound) is seen in 
penetrating chest injuries. If the associated chest wound is 
greater than 2/3 the diameter of the trachea (generally any- 
thing greater than 1.5-2 em), air can preferentially enter the 
intrapleural space, via the trachea, with each inspiration [3] 
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(Fig. 25.1). This allows equilibration of pressure between the 
pleural space and the atmosphere, causing the lung t0 col- 
lapse and leading to profound hypoventilation and hypoxia. 
Flail chest results from high-energy blunt, crushing chest, 
trauma causing two or more fractures in two or more con- 
tiguous ribs. Classically, the fractures are lateral or sternal, 
Posterior rib fractures rarely cause flail physiology 
(Fig. 25.2), Flail chest has been reported to have mortality as 
igh as 16 % [4]. This injury pattern is associated with a high 
incidence of underlying pneumothorax, hemothorax, pulmo- 
nary contusion, and chest wall instability. Mortality from 
flail chest is thought to be correlated with the degree of 
underlying pulmonary contusion and attendant hypoxia [2] 
Both open pneumothorax and flail chest are immediately 
life threatening and require early appropriate management. 
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Wound 


Fig. 25.1. Air preferentially will enter the chest via the wound, collapsing the lung on the affected side 


Lateral fail 


ternal fal 


Fig. 25.2 Fail chest: two or more rib fractures in two or more 
seginents. Lateral Mal (most common) and sternal fal segments 
represented below 
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25.2 _ Initial Evaluation of Thoracic Trauma 

+ To the best extent possible, obtain good patient handover 
from the prehospital caregivers, 

+ Initial physical evaluation. 

— Appropriate attention should be given to the ABCs 
(airway, breathing, circulation) of ATLS (Advanced 
‘Trauma Life Support) management. 

— Evaluation and resuscitation are to be concurrent with 
diagnostic procedur 

— Maintain a high degree of suspicion for open chest 
wound in impalement injury and destructive penetrat- 
ing trauma (blast injury or shotgun). 

~ Maintain a high degree of suspicion for flail chest in 
high-energy direct impact trauma (motor vehicle crash, 
fall, crush injury), 

+ Administer high-flow Os with a non: 

— If patient is in respiratory distress, is unstable, or has 
‘an obvious chest wall defect, consider early intubation 
to secure the airway. 

— Inspect the chest wall for occlusive dressings. 

+ Decompress the chest if tension physiology is present or 
suspected. 

— Immediate decompression of a suspected tension 
pneumothorax can be readily accomplished by remov- 
ing any existing occlusive dressings or 

— Place a large-bore cannula over the rib, second inter- 
costal space, or midclavicular line. 

+ Specific immediate management appropriate to open 
chest wound and flail chest (see later) 

+ Monitor continuous pulse oximetry and electrocardiogram. 

+ Initiate crystalloid resuscitation via large-bore intrave- 
nous (IV) access, 

— Early mobilization of blood products if ongoing hem- 
orthage or expectation of excessive blood loss. 

— Placement of resuscitative lines concurrent with man- 
‘agement of respiratory parameters. 

+ Early surgical consultation for management of intratho- 
racic injuries and management of chest wall defect. 


and immediate interventions. 


ebreather mask. 


Collapsed tung 


25.3 Open Pneumothorax ("Sucking Chest 
Wound”) 


+ Immediate management requires attention to airway and 


— Ifin respiratory distress, intubate. 

+ Close the chest wall defect with an occlusive three-sided 
dressing, 

— This includes a valve mechanism that allows trapped 
air to escape, preventing tension (Fig, 25.3), 

— An IV bag cut to fit the wound and then taped on three 
sides can be useful in an emergent situation, 

— Commercial products are available and appropriate for 
smaller wounds, including the Asherman Chest Seal 
and HyFin Vent. 

+ A completely occlusive dressing may quickly convert an 
open chest Wound into a tension pneumothorax [2, 3, 5] 
and therefore should never be done. 

— The patient and dressing must be serially checked to 
ensure that trapped air is allowed to escape. 

— Ifthere is any doubt, immediately remove the dressing 
and replace it with an appropriate dressing 

+ These maneuvers are a bridge to definitive care. 

+ When the timing is appropriate (ic., time and resources 
are available), perform a formal tube thoracostomy and 
convert to a completely occlusive dressing over the 
wound. 

— Avoid placing the tube through the open wound. 

+ Once tube thoracostomy, placement of occlusive dress- 
ing, and the airway are secured, the pathophysiology of 
the open pneumothorax becomes inconsequential 

+ Immediate consultation with surgery for definitive care of 
associated intrathoracic injuries is required. 

— The patient may need urgent thoracotomy to treat asso- 
ciated injuries. 

— Irrigation and debridement should take place in the 
operating room. 

— Depending on injury severity, the patient may need 
chest wall reconstruction. 


Fig. 25.3 Three-sided dressing. allowing a valve to decompress tension inthe chest 
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25.4 Flail Chest 


+ Diagnosis is made from mechanism and examination, not 
radiographically 

— With inspiration, the affected chest will move inward 
with negative pressure. 

~ With expiration, the 
outward, 

— Patients who are intubated on positive pressure (and 
not spontaneously breathing) will often not show this 
paradoxical chest movement. 

+ Attention must be paid to presumed underlying blunt lung 
injury and contusion, 

— The degree of underlying contusion (not the flail seg- 
ment itself) is directly related to the degree of hypoxia 
and associated morbidity and mortality (2, 3) 

— There should be a low threshold for intubation to man- 
age respiratory distress, hypoxemia, or hemodynamic 
instability. 

— The patient is at high risk for hemothorax and pneumo- 
thorax requiring tube thoracostomy. 

+ Abdominal injuries may be present in up to 15 % of 

patients [2] 

+ Alter initial stabilization, treatment is supportive 

— Intensive care unit admission for management of 

underlying pulmonary contusion. 


affected chest will move 


— Pain control in the form of epidural or regional block 
{for excellent pain control 


to pulmonary 


~ Close 
re-expansion, 

— Patients require observation and treatment in a moni- 
tored setting until ensured that respiratory parameters 
and oxygenation are improving, 

+ Surgical stabilization of the chest 
performed, 

— Early surgical consultation for chest wall fixation in 
questionable cases is warranted 


attention toilet and Jung 


wall is rarely 
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26.1 Indications 


+ Penetrating chest trauma with recent or immanent loss of 
vital signs 

+ Consider in blunt trauma with pericardial tamponade or 
exsanguination where aortic occlusion may provide prox- 
imal control 


26.2 Contraindications 


Absolute 
+ Prolonged cessation of vital signs 
+ Injury profile obviously incompatible with life 
+ Absence of surgical services to whom care can be 
transferred 
Relative 
+ None 
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26.3 Materials and Medications (Fig. 26.1) 


+ Betadine (povidone-iodine) for rapid skin preparation 


#10 Scalpel 
‘Mayo or long Metzenbaum scissors 

Finochietto retractor (rib spreader) 

Long DeBakey or other tissue forceps (2) 

Satinsky vascular clamp and/or straight vascular clamp 
Long needle holders (2) 

Lebsche knife or sternal osteotome with hammer 

Lap sponges or gauze pads 
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clamp 


tinsky 
clamp 


Finochietto retractor 


Fig. 26.1 Basic components of an emergency thoracotomy tay: vascular clamps (a Satinsky clamp and a DeBukey aortic occlusion 
Lebsche knife and mallet for crossing serum (bone-cutting forceps or clamp), long-handled needle driver, tissue forceps, and Metzenbaum 
sternal osteotome would also suffice), Finochieto retractor, atraumatic scissors. No illustrated Scalpel with #10 or #20 blade, Mayo seissors 
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26.4 Procedure 


26.4.1 Resuscitative Thoracotomy and Open 
Cardiac Massage 


1, Rapidly prepare the entire anterior and bilateral chest 
with Betadine 

2, Using a scalpel, incise the skin and subcutaneous tisse 
from just right of the sternum to the anterior margin of the 
left latissimus dorsi, following the curvature of the infra- 
‘mammary crease o the fourth or fifth intercostal space 
(Fig. 26.2). 

+ This incision is often made too low on the patient's 
cchest. It should extend across the sternum, not at the 
level of the xiphoid. Upward retraction of the breast 
may help provide access to the fourth or fifth intercos- 
tal space, where the incision should be located. 

3, Bluntly enter the right pleural space through the fourth or 
fifth intercostal space. 

4, Using scissors, cut the intercostal muscles, dividing 
between the fourth and the fifth ribs from the sternum to 
the posterior axillary line 

5, If better exposure to the heart is desired, some practitio- 
ners advocate extending the incision across the sternum 
using a Lebsche knife, sternal osteotome, or bone-cutting 
forceps at this time (Fig. 26.3). 

+ If the thoracotomy incision extends to or through the 
sternum, tie off the internal mammary arteries before 
closing the chest should the patient be successfully 
resuscitated, because these will have been divided 
with the incision, 

6, Insert a Finochietto retractor and retract the ribs in order 
to gain access to the left chest and expose the pericardium 
(Figs, 26.4 and 26.5), 

+ Insert a Finochietto retractor with the rack and pinion 
‘bar down and lateral, asin Fig, 26.4, so as not to inter- 
fore with extension of the thoracotomy across the ster- 
num into a clamshell maneuver if needed. 


7, If massive left pleural hemorrhage is encountered, inves- 
tigate and control the source at this time 

8. Using tissue forceps, raise a portion of the pericardium 
anterior to the phrenic nerve, and enter the pericardium 
using scissors (Fig. 26.6). 

9, Widely open the pericardium with scissors, cutting in a 
cranial-caudal direction anterior to the phrenic nerve 
and deliver the heart (Fig. 26.7). 

10. If hemopericardium is encountered, investigate for and 
initiate appropriate repair of identified cardiac injuries. 

11. Initiate open cardiac massage by cupping the heart 
between the flattened palmar aspect of the fingers of 
both hands and rhythmically compressing the heart from 
apex to base, relaxing completely between compres- 
sions to allow filling (Fig. 26.8) 


26.4.2 Aortic Occlusion 


1. Expose the posterior aspect of the left mediastinum by 
having an assistant retract the left lung superomedially, 
dividing the inferior pulmonary ligament if necessary 
(Fig, 26.9). 

2. Bluntly dissect the pleura separating the pleural and 
‘mediastinal space just anterior to the vertebral bodies, 
exposing the aorta (Fig, 26.9), 

3. Completely encircle the aorta with the finger of the non- 
dominant hand (Fig. 26.10), 

+ Differentiating the aorta from the esophagus when the 
patient is in a state of profound shock is very difficult. 
Having an assistant pass an orogastric tube may help 
distinguish the two. The aorta should be the most pos- 
terior structure, lying immediately on the anterior 
aspect of the vertebral bodies, 

4. With the aorta completely encircled, place a vascular 
clamp across the aorta and verify by sight and feel that 
the complete vessel is occluded within the clamp 
(Fig. 26.11). 
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above the head. Make an incision along 
the left fourth intercostal space, just below the nipple in a male o at the 
inframamillary crease in a female 


Fig. 26.4 Finochietto retractor placed through the fourth intercostal 
anterolateral incision, Note the rack and pinion bar placed posterolater- 
ally, where it will not impede access to the midline 


26.3. Use a Lebsche knife to extend the incision across the ster 
‘num to improve exposure tothe heart 


= 


Fig. 26.5 Finochieto retractor extended, exposing the left pleural 
space and the pericardium. In this case the sternum has been divided as 
above, and the resultant window into the right pleural space is seen 
anterior to the pericurdium. The lu 

picture but would be far more an obstacle in the actively ventilated 
plient The clamp seen in the upper portion ofthe picture is reapproxi- 
‘mating the pericardium, which has previously been divided, forthe sake 
of illustration 


is deflated in this postmortem 
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Fig. 26,6 The pericanlium is lifted with tissue forceps and opened 
‘with « nick using scissors. The phrenic nerve is easily visualized run- 
‘hing eranial-caudal just below the scissors i this picture 
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Fig. 26.9 The heart and lung are retracted superomedially, allowing 
Visualization of the left posterior mediastinal pleura; the aorta lies just 
anterior to the vertebral bodies and has been previously isolated through 
the pleural interruptions seen here, The heart and lung are assertively 
reacted here for the benefit of illustration of the posterior mediasti- 
‘num, Such retraction would completely occlude venous return 


Fig.26.10 After bluntly dissecting the mediastinal pleura, the aorta is 
looped using a finger of the nondominant hand 


Fig. 26.11 (a) A vascular clamp (a Satinsky clamp is used here, 

ny large atrsumatic vascular clamp can be used) is applied 
across the descending aorta, (b) followed by visual and tactile coniir- 
‘mation thatthe aorta is completely occluded 
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26.5 Complications 


+ Injury to care providers, by means of scalpel, needlestick, 
or sharp foreign body, is the principal concern. 

+ Post-emergency department thoracotomy infections are 
rare, even given the less than optimal sterile conditions. 

+ Damage to lung parenchyma during the initial incision is 
common and often leads to air leak in survivors. 

+ Neglect of the mammary arteries, often divided during 
emergent thoracotomy and not briskly bleeding in the shock 

state, will result in intrathoracic hemorrhage if not tied off. 
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27.1 Indications 

+ Evaluation of respiratory failure and insufficiency due to 
pneumothorax, pleural effusion, pulmonary edema, acute 
respiratory distress syndrome (ARDS), and alveolar con- 
solidation (atelectasis, pneumonia, aspiration) 

+ Monitoring progress of diseases such as pulmonary 
edema and pneumothorax 

+ Procedural guidance during pleural luid removal or pneu- 
mothorax treatment 

+ Procedural guidance for chest tube placement for com- 
plex pleural effusions, hemothorax, pneumothorax, and 
other pleural diseases, 


27.2 Contraindications 


+ None 


27.3. Materials 


+ Ultrasound equipment/machine, ultrasonography gel 

+ Microconvex or phased-array cardiac probe for sufficient 
evaluation of lung artifact (use abdominal preset). Linear- 
array probes, or vascular probes, can be used for more 
detailed evaluation of the pleura, although this is insuffi- 
cient for penetration to deeper structures, 

+ Sterile materials and equipment where appropriate 


AL. Dabaja, DO 
Division of Critical Care, Department of Anesthesia, University of 
Florida Health, Gainesville, FL, USA 

e-mail: ali dabaja@ gmail.com 

LC. Nickels, MD, RDMS (=) + RP. Patel, MD 

Department of Emergency Medicine, University of Florida Health 
Shands Hospital, Gainesville, FL, USA 

e-mil:cnickels@ufledu; rohitpatel@ufledu 


(© Springer Science+Business Media New York 2016 


27.4 Preparations 


+ Clean ultrasound equipment and use sterile operating 
procedures and ultrasound conductive gel whenever 
adequate. 

+ Ultrasound positioning. Place ultrasound device where 
is easily accessible and in adequate view. 

+ Proper environment, Minimize light interference. Close 
shades and lights where appropriate. 

+ Position the patient. This helps optimize and expedite the 
examination. Supine position should be adequate for riti- 
cally ill patients. Upright positioning is best for all others, 
‘with arms abducted above the head or spaced away from 
the chest to allow space for the probe. Patients should be 
‘moved to the edge of the bed. Uncover appropriate areas, 
including anterior and lateral chest walls. 

+ Equipment use. Turn on equipment, enter patient data, 
and select proper probe (cardiac probe or abdominal 
probe with abdomen presets). Depth and gain should be 
adjusted accordingly, where depths in the range of 
4-10 cm give proper evaluation of more superficial and 
deeper structures, respectively. 
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27.5 Procedure 


1 


Probe position (Fig, 27.1), Start examination at the mid- 
clavicular level at the space between the second and the 
third ribs. Probe positioning should be perpendicular to 
the ribs (longitudinal positioning) with the ultrasound 
marker pointed cephalad. This should place the most 
superficial structures at the top, with deeper structures at 
the bottom of the monitor. Upon completion, probe posi- 
tioning can be mapped to evaluate three or four addi 
tional areas, typically between the anterior and the 
posterior axillary lines, Lateral views with the probe 
should be most posterior, typically along the posterior 
axillary line, tracking caudad toward the diaphragm 
PLAPS (posterolateral alveolar and/or pleural syn- 
drome) pointed posteriorly should also be evaluated, 
specifically in supine patients, PLAPS is lateral to the 
scapula and typically requires that the patient be lifted 
off the bed from one side. 

Identity the “bat sign” (Fig, 27.2). ‘The initial view 
observed should be a window of lung flanked by two rib 
shadows. This view, termed the “bat sign,” should now 
allow evaluation of the parietal and visceral pleura, seen 
most superficial as echogenic line (approximately 
0.5 em below start of rib shadows), subsequent lung 
sliding, and other findings such as “A” and “B” lines, as 
well as abnormal lung tissue. 

Identify “A lines” (Fig. 27.3). A lines indicate air, These 
are multiple echogenic lines appearing horizontally in 
sequence deep to the pleural line, ‘This artifact repre~ 
sents reverberations of the pleura and can be found in 
aerated lungs, which can be normal or abnormal (¢.g., 
pulmonary embolism, chronic obstructive pulmonary 
disease [COPD]}). The first true A line, denoted “AI,” is 
found equidistant from the chest wall to the pleural line 
Many other A lines might be seen and are denoted “A” 
lines. Subsequent equidistant A lines are “A2,” “A3, 
and so on 

Identity “B lines” (Fig. 27.4). ‘These artifacts appear in 
well-aerated lung and are vertical echogenic lines (ray, 
flashlight, lung rockets) transmitted from the pleura to 
the deeper parts of the lung on the ultrasound monitor 
field, They are due to thickened interlobular septa and 
represent alveolar fluid surrounded by air. True B lines 
arise from the pleural line and shoot all the way down to 
the far lung fields, whereas “comet tails” are 
close to the pleural and are sometimes referred to as 
“shimmering” or “glimmering” during movement of the 
pleural line, When multiple B lines are seen in a patient, 
it is sometimes referred to as “lung rockets” or “flash- 
lights” because many rays are shooting from the pleura, 


n only 


Even though most of the time B lines represent pulmo- 

nary edema, they can be seen in other conditions such as 

aspiration, pulmonary fibrosis, acute respiratory distress 
syndrome (ARDS), and pneumonia. 

Identify lung stiding (Fig. 27.5). Lung sliding identifies 

movement of a normal parietal-visceral interface. Patient 

‘rhythmic movement of parietal against 

the visceral pleura appearing as movement of the hyper- 

echoic line. M-mode can be used to show a timed clip of 
this through a still image and should only be used as 
method of reporting or saving for documentation pur- 
poses. A “lung point” is an area adjacent to lung sliding 

(parietal pleura) that is devoid of movement. This is 

highly specific for pneumothorax. If one suspects a pneu- 

‘mothorax, quantification of the size can be made by eval- 

uation at the anterior lung points and movement toward 

the lateral wall of the chest. ‘The more rib spaces found to 
hhave absent lung siding, the larger the pneumothorax. 

Lung sliding (Fig. 27.5) can be evaluated with M-mode, 

which can help identify a normal parietal-visceral inter- 

face at that level. Obtain an adequate two-dimensional 
view ("bat sign”) and press the “M-mode” option on the 
equipment, A normal interface appears as multiple hyper- 
echoic lines, the pleura (termed “seashore”; Fig. 27.5a), 
followed by a sandlike pattern, the lung tissue. This pat- 
tem together is termed a “seashore sign.” Air that disrupts 
the parietal-visceral interface, as found within a pneumo- 
thorax, is identified as horizontal repeating echogenic 
lines, similar to a barcode (Fig. 27.5), and is termed 

“stratosphere sign.” M-mode can be discontinued. 

+ Lung sliding can be absent in conditions other than 
pneumothorax: apnea, right or left bronchial intuba- 
tion, lung collapse (blebs), pneumonia, and pulmo- 
nary fibrosis. 

Identify lung pulse. This appears as a shimmering of the 
pleural line due to cardiac activity. This is most apparent 
on the left side of the chest, closest to the heart. This 
helps to exclude pneumothorax as well 
Move posteriorly. Move the ultrasound probe laterally 
and posteriorly to the PLAPS point. The transducer can 
be directed toward the center of the patient’s body in 
supine patients, Pleural effusions and consolidations are 
found in the dependent areas of the lung. 
Move caudally. With the marker still pointing cephalad, 
move along the posterior axillary line in two or three 
additional rib spaces. Identification of pleural disease 
and other pathology requires multiple views and will aid 
in evaluating the extent of the disease. This will also 
allow for identification of boundaries of the lung, such 
as the diaphragm. Identification of the diaphragm is 
most critical to determine location of uid, 
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9, Identify the diaphragm and liver and/or spleen 
(Fig. 27.6). Along the posterior axillary line, or the pos- 
terior chest wall, move the probe caudad to identify the 
diaphragm, This appears as an echogenic curvilinear 
structure, with the liver or spleen being subdiaphrag- 
matic and typically of different echogenicity than the 
lung, Many times the diaphragm is very high in the 
supine critically ill patient, Massive edema and obesity 
may also degrade image quality in this location. 

+ Always identify the diaphragm. Hypoechoic fluid sur- 
rounding the liver or spleen can appear as a pleural 
effusion and must not be mistaken as such. In addi- 
tion, lung tissue may mimic hepatic tissue in certain 
diseases such as dense consolidations termed “hepati- 
zation” of the lung. Proper probe positioning, clear 
identification of the diaphragm, subdiaphragmatic 
structures, and lung are crucial, This is a common 
error in novice operators owing to the confusion of the 
hepatorenal or splenorenal recess for the diaphragm. 

+ Identifying the diaphragm can be technically difficult 
depending on patient position, size, and clinical con- 
dition. It maybe useful to start below the diaphragm, 
first identilying the hepatorenal recess (liver and kid- 
ney view interface) and then moving cephalad until 
the lung and diaphragm are visualized. In addition as 
ribs change their orientation anatomically, the probe 
‘may need to be adjusted while still in the longitudinal 
axis. Moving the probe clockwise and counterclock- 
‘wise may be of benefit to bring into view the lung, the 
diaphragm, and the subdiaphragmatic structures. 

10, Identify pleural effusions (Fig. 27.6). Confirming the 
presence of pleural effusions requires identifying 
anechoic material between the pleura and the lung, This 
can be seen as lung movement in an undulating pattern, 
which typically is facilitated by cardiac activity and res- 
pirations. This is termed “jellyfish sign,” where the lung 
flaps as it freely floats in the effusion. Floating debris 
can also confirm effusion, termed “plankton sign.” Itis 
also important to identify the depth of the chest wall to 
the pleural fluid in order to determine the best location 
depth of needle insertion when attempting thoracentesis 
‘or chest tube insertion, ‘The challenge is to find a safe 
path for needle insertion. The key when using ultrasound 
as guidance is that the angle of the needle/syringe 
assembly must duplicate the angle of the probe. The 
time between scan and needle insertion must also be 
minimized. Real-time guidance is not required. In 
patients who are obese or edematous, skin indentation 
during probe pl 


sement can result in underestimation of 
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depth of needle insertion required and must be taken into 

account. Safety margin of thoracentesis is thought to be 

10 mm of visceral-parietal distance. Dry taps may be 

due to loculations the blocking needle, needle plugs, 

patient movement from scan to tap, and poor angle 
selection. 

+ Exudates, empyemas, and hemothoraces may appear 
more echogenic, unlike, for example, a transudative 
effusion that could be anechoic. Complex effusions 
can also appear as heterogeneous and echogenic. The 

effusion can make identification 

‘¢ this can limit tung, 
motion. Sometimes the operator may think there is no 
effusion when there is an echo-dense effusion 

Identify consolidations (Fig. 27.7). Compressed lung 

appears with alveolar consolidation pattern (tissue-ike 

sign). Alveolar consolidations are devoid typically of air 
and appear as tissue density; these can be atelectasis, 
pneumonia, aspiration, or other diseased lung, 

“Hepatization” of the lung is typical, where the images 

mimic liver tissue, Images may also have hyperechoic 

foci representing air bronchograms, which would indi- 
cate pneumonia, Probe location should be correlated 
with an anatomical lobular or segmental area. 

+ Lung may slide into the effusion during the respira- 
tory eyele and can be problematic during needle 
insertion, causing pneumothorax or abnormal wire 
placement during the performance of pigtail chest 
tube catheters. This is called a “curtain sign.” 

Sinusoid sign (Fig, 27.8). M-mode is placed in the cen- 

ter of the visible lung when a large amount of pleural 

fluid is seen. A sinusoid sign strengthens the operator's 
determination that pleural Muid is present and that the 
pleural fluid is not necessarily compromising lung 
dynamics. If the sinusoid sign is absent, it may indicate 

a “trapped” lung dynamic, 

Assessment and clinical decision making. Upon com- 

pletion of ultrasonography of bilateral lung fields, 

clinical decision-making tools may be of benefit, espe- 
cially in undifferentiated respiratory failure. A proto- 

col has been developed to organize the exam of a 

respiratory failure patient (on noninvasive or invasive 

ventilation only), The BLUE protocol assesses patients 
based on findings (¢.g., A lines, B lines, lung sliding) 
of both lungs and incorporates them into an algorithm, 

With acceptable sensitivities and specificities, practi- 

tioners can diagnose pulmonary edema, pneumonia, 

pneumothorax, and COPD/asthma with the BLUE 
protocol 
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Fig.27.1. Black circles indicate possible ultrasound view points, These 
are just guides, and one may view a few interspaces lelvright and cepla- 


alad/caudad from each point to obtain better views 


Fig. 27.2 ‘Typical bat sign with rib shadows (arrowhead) that surround 
the pleura (black arrow) and lung tissue. Incidentally, A lines (white 


Fig. 27.5 (a) M-mode identifies the seashore sign, with the pleura 
(arrows) and the lu 


parenchyma (arrowhead) together producing an 


e oF bar- 
triangle 
rent. Artfact from movement can 


image similar to a seashore, (b) M-mode shows the stratosphes 


code sign. White arrows indicate the pleura, and the larg. 
shows an area of artifact from mayer 


be distinguished by a similar patter change above and below the pleu- 
ral line. On ether side of the bracket isa continued horizontal line pat- 


tem typical of absent lung sliding 


Fig.27.3 Rib shadows can be seen, with multiple A lines (arr) 
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Fig. 27.6 Diaphragm (white arrow), liver (white arrowhead), lung 
(black arrov), and anechoie fui, ikely a 

Tacidentally, Byperechoie foci int 
bbronchograms, can be seen 


27.8 In M-mode, identification of pleural effusion becomes evi- 
fusion (open arrowhead). deni with the sinusoidal sign (arrowhead) and ideattication of pleural 
ung tissue, likely representing ait uid (arrow) 


Fig. 27.7. Lung here appears as issue density, likely representing the 
alveolar consolidation pattern seen in pneumonia, and is termed “hepa- 


tization” and “tissue-like sign” 
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Part IV 


Cardiac Procedures 


Repair of Cardiac Injuries 


Ronald Tesoriero 


‘Whether performed by an emergency physician or a surgeon, 
the majority of cardiac repairs performed at emergency 
department thoracotomy will be temporary in nature and 
require further revision in the operating room. This chapter's 
‘main focus is the temporary control of cardiac injuri 


28.1 Indications 
+ Wounds to the heart in patients presenting with pulseless 
electrical activity (PEA) or asystole with evidence of car- 
diac tamponade 
~ Penetrating wounds: <15 min of prehospital cardiopul- 
monary resuscitation (CPR) 
— Blunt wounds: <10 min of prehospital cardiopulmo- 
nary resuscitation (CPR) 


28.2 Contraindications 


+ Absolute 
— Presenting rhythm of asystole and no evidence of peri- 
cardial tamponade on Focused Assessment with 
Sonography for Trauma (FAST) 
+ Relative 
— None 
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28.3 Materials and Medications 


+ Diagnostic ultrasound 
+ Emergency department thoracotomy tray (Fig, 28.1) 

— Sterile drapes, #10 scalpel, curved Mayo scissors, 
Finochietto retractor, Lebsche sternal knife and mallet, 
forceps, curved Metzenbaum scissors, surgical skin 
stapler, Foley catheter, clamps, needle driver, 2-0 and 
3-0) polypropylene suture on MH or SH (noncutting) 
needle, Satinsky vascular clamps 

+ Betadine (povidone-iodine) or other skin antiseptic pre~ 
paring solution 

+ Defibrillator and internal cardiac panels 

+ Epinephrine 
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Fig. 28.1. Emergency 
Aepartment thoracotomy tay. 
Lefr1o right: Scalpel, curved 
‘Mayo scissors, Finochietto rib 
spreader, DeBakey forceps. 
‘Metzenbaum scissors, needle 
driver, Lebsche knife and mallet, 
Satinsky vaseular clamp, aortic 
clamp, bone eutter 
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28.4 Procedure 


1, Identify the pericardium anterior to the phrenic nerve, 

pinch it between the fingers, and enter it by making a nick 

with the Metzenbaum scissors. ‘Then open the pericar- 
dium longitudinally anterior to the phrenic nerve. 

If the heart is not contracting effectively (PEA, asystole, 

fibrillation), immediately begin internal cardiac massage. 

+ Unless the injury is so large that it cannot be con- 
trolled, taking time out at this point to repair the injury 
‘may lead to significant acidosis and inability to rees- 
tablish a perfusing rhythm, 

nntinuing internal cardiac massage, identify the 

jury and attempt to control it with manual pres- 
sure; if a larger wound, use a Foley catheter to prevent 
continued bleeding. 

4, necessary owing to the location of injury, extend the inci- 
sion toa bilateral anterolateral thoracotomy and transect the 
stemum with a Lebsche knife and mallet or heavy shears, 

5, If, after several minutes of internal massage and appropri- 
ate red blood cell and plasma transfusion, the patient 
remains in PEA or asystole, irrigate the heart with warmed 
saline and administer intravenous (IV) or intracardiac 
epinephrine. 

6, If the heart enters ventricular fibrillation or ventricular 
tachycardia, cardiovert with internal paddles applied 
directly to the heart with an energy between 10 and 30 J. 

7, Once a perfusing rhythm is reestablished, or if on initial 
evaluation the wound is so large that it cannot be con- 
trolled and will require immediate repair before internal 
massage can be effective, proceed to cardiac repair. 


8. Choose the simplest method that will allow control of the 
injury until definitive repair can be performed in the oper- 
ating room. 

(a) Injuries to the atrium: The pliable nature of the atria 
will often allow placement of a Satinsky clamp for 
control followed by repair with a running 3-0 poly- 
propylene suture (Fig. 28.2) 

‘Small injuries to the ventricles: Control the injury 

with direct manual pressure and close with either 

interrupted 3-0 polypropylene suture or a surgical 

skin stapler (Figs, 28.3 and 28.4) 

(©) Medium to large injuries to the ventricle: Attempt to 

control the wound by placing a Foley catheter through 

it, then blow up the balloon and apply gentle traction. 

Either staple or suture the wound closed before de! 

ing the balloon and removing the catheter ( 

+ Place an occluding clamp on the open end of the eath- 
ter or blood loss will continue through the catheter 

+ Avoid excessive traction on the Foley because it will 
pull through the ventricle and make the hole larger 

Extensive or inaccessible injury: Perform temporary 
inflow occlusion to the heart by manually compress- 
ing the right atrium against the heart so that it cannot 
fill, The heart will likely immediately enter PEA, 
fibrillation, or asystole giving the physician a couple 
of minutes to gain control of the injury before the 
patient becomes unrecoverable. 

Injuries in proximity to coronary vessels: To avoid 

compression of the vessel, perform a horizontal mat- 

tress suture that passes beneath the artery. ‘Teflon 

pledgets may assist in the repair (Fig, 28.6). 


(b) 


@ 
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Fig.28.2 Position the Finochietto retractor with the closed end toward 
the axilla. A Foley catheter may be used for intial eonteol of large ear 
diae lacerations 


Fig. 28.3. Awial injuries may be quickly controlled with a Satinsky 
‘clamp followed by repair with a 3-0 polypropylene suture 
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Fig. 28.4 Injuries may be controlled with direct manual pressure nd Fig, 28.6 Lacerations in close proximity to coronary vessels can be 
closed with inerupted 3-0 polypropylene suture controlled with horizontal matress sutures passed beneath the artery to 
void coronary arterial compression 


Fig. 28.5 A surgical skin stapler is a quick way to gain initial control 
of simple cardiac lacerations With minimal risk to the provider 
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28.5 Complications 


1ry laceration during entry into the 


+ Bleeding 

+ Delayed hemorrhage (failure to control internal mam- 
mary artery, disruption of sutures or staples) 

+ Infections: empyema and sternal infection 

+ Missed intracardiac valvular or septal injury (echocar- 
diography should be performed after repair is complete) 

+ Airembolus 


28.6 Pearlsand 


falls: 


+ Pearls 
— There may be more than one wound to the heart (espe~ 
cially with gunshot wounds). Look for them, However, 

if the wound is posterior and not bleeding with the 
heart in its natural position, it will be more prudent to 
leave the injury alone until the patient can be trans- 
ported to the operating room. Elevating the heart can 


cause both inflow and outflow obstruction, leading to 
dysthythmia that may be difficult to recover from. 

— To avoid sutures pulling through in patients with thin, 
edematous, or friable myocardium, consider horizon- 
tal mattress rather than simple sutures. These may be 
buttressed with Teflon pledgets for added security. 

+ Pitfalls 

— The myocardium tears easily. When tying sutures, take 

care to not tighten them too forcefully. 
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‘Tachycardia is defined as >100 beats per minute 


29.1 Indications 

‘+ Non-sinus-rhythm tachycardias with a pulse including: 

Atrial fibrillation 

Atrial flutter 

Monomorphic ventricular tachycardia (VT) 

Refractory or unstable supraventricular tachycardia 

(SVT) 

+ Unstable signs and symptoms including acute coronary 
syndrome, decteased level of consciousness, chest pain, 
dyspnea, pulmonary edema, and hypotension 


29.2 Contraindications 


+ Absolute 
— Ventricular fibrillation and pulseless or polymorphic 
(irregular) VT require unsynchronized electrical car- 
dioversion (defibrillation), not synchronized 
cardioversion. 
— Known atrial thrombus. 
— Sinus tachycardia. 
+ Relative 
igitalis toxicity-related tachycardia 
~ Atrial fibrillation of greater than 48 h duration without 
anticoagulation 
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— Multifocal atrial tachycardia 

~ Electrolyte abnormalities 

— Left atrial diameter greater than 4.5 em 

— Patients with low probability of maintaining sinus 
rhythm and readily return to atrial fibrillation 

— Patients with sick sinus syndrome or sinoatrial block- 
age who will require a pacemaker for maintenance of 
stable rhythm 


29.3 Materials and Medications 


+ Airway management equipment (Laryngoscopes, endotra- 
ccheal tubes) 

+ Canliac monitoring, pulse oximetry, end-tidal CO, 
‘monitoring 

+ Candioverter/defibrillator 


+ Sedation and analgesic medications 


29.4 Procedure 


1. Obtain a 12-lead electrocardiogram (ECG) and intrave- 

nous (LV) access 

If possible, correct underlying electrolyte abnormali- 

ties that may cause or contribute to the patient's 

arrhythmia, 

3. Discuss risks, benefits, and alternatives (including phar- 
macological cardioversion) with the patient and obtain 
consent. 

4, Prepare airway equipment and Advanced Cardiac Life 
Support (ACLS) code drugs. 

5. Consider IV sedation (e.g., propofol, midazolam). 

6, Provide IV analgesia (¢.g., fentanyl, morphine). 

7. Place defibrillator adhesive pads (8- to 12-cm diameter 
in adults) or paddles on the patient. Pediatric-sized 
pads/paddles should be used if the patient is less than 
10 kg. 
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8. ‘The first paddle/pad is placed to the right of the sternum 
a the second/third intercostal space. The second paddle/ 
pad can be placed in one of two equally efficacious 
positions: 

(a) Anterolateral position—left fourth/fifth intercostal 
space in the midaxillary line (Fig. 29.1) 

(b) Anteroposterior position—between the spine and 
the edge of the left scapula (Fig. 29.2) 

9, Tur the defibrillator/cardioverter into synchronized 
mode—marker above R-waves will be present 
(Fig. 29.3), 

10, Select the energy level to be delivered based on the 
underlying rhythm, 

(a) Regular VT (with pulses)—Adults: 100 J 
(monophasic or biphasic), 200 J for subsequent 
shocks 


ite 
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(b) Atrial fibrillation—120-200 J (biphasic), 200 J 
(monophasic), 360 J for subsequent shocks 

(©) Atrial flutter and paroxysmal SVT—S0-100 J 
(biphasic), 100 J for subsequent shocks 

(d) Pediatric dosage (regular and pulsed VT or SVT)— 
O.S-1 kg, up to 2 J/kg for subsequent shocks 
(Fig, 29.4) 

Announce that you are going to deliver the shock on the 

count of three, and ensure that everyone is clear of the 

patient, 

Deliver the shock by pressing button marked “SHOCK.” 

+ If-using paddles, apply firm pressure and keep pad- 

les in place until shock is delivered, 

Reassess the patient’s pulse and cardiac rhythm, 

Repeat with escalating energy in a stepwise fashion if 

cardioversion is unsuccessful. 


Fig.29.1. Anterolateral pad placement 


Fig.29.2 Anteroposterior pad placement 
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Fig.29.3. Synchronized cardioversion—mark on R wave 


Fig. 29.4. Pediatric pad placement 


188 


J.Jones et al 


29.5 Complications 


+ Superficial burns if there is inadequate gel. 
+ Induced arrhythmias (bradycardia in patients with prev 
ous inferior myocardial infarction, atrioventricular block, 
VT, ventricular fibrillation, asystole), 
+ Improperly synched cardioversion may rarely induce ven- 
tricular fibrillation. 
— Eetopy of the 
cardioversion 
— Atrial clot embolization in patients without adequate 
anticoagulation 
+ Apnea, hypoxia, hypercarbia, or hypotension may occur 
from sedation/analgesia 
+ Medical professionals who incidentally touch the patient 
during shock delivery may be shocked or burned. 
+ Rarely, fire has occurred as a consequence of poor pad 
placement and a hyperoxygenated environment. 


iia or ventricle in first 30 min after 


29.6 Pearls and Pitfalls 

+ Hirsute males should be shaved at the pad/paddle place- 
‘ment sites. 

+ Placing the cardioverter in “synchronized” mode avoids 
delivering a shock during the relative refractory segment, 
which could induce ventricular fibrillation 


*+ Cardioversion of pregnant patients is performed as in the 
«general adult population 


+ Keep pacemakers and implantable cardioverter 
defibrillators at least 10 em away from contact with 
paddles 


+ Ifpatient has implanted pacemaker, posi 
they are not directly over the device. 


jon pads so that 
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Unsynchronized Cardioversion 


(Defibrillation) 


30 


Matthew R. Tice, Zachary B. Kramer, 


and Marie-Carmelle Elie 


Unsynchronized cardioversion or defibrillation is the delivery 
of a high-energy shock as soon as the button is pushed on 
defibrillator. This means it can be delivered anywhere in the 
cardiac cycle. By contrast, synchronized cardioversion 
(see Chap. 29) delivers a low-energy shock at the peak of the 
wave in the cardiac (QRS) cycle. 


30.1 Indications 

+ Ventricular fibrillation (VF) 

+ Pulseless ventricular tachycardia (VT) 

+ Cardiac arrest due to or resulting from VE 


30.2 Contraindications 


+ Absolute 

— Conscious patient 

~ Presence of a pulse 

~ Pulseless electrical activity (PEA) 

~ Asystole 

— Multifocal atrial tachycardia 

— Defibrillation without knowing the rhythm 

— A second defibrillation before 2 min (or five cycles) of CPR 

~ Advanced Directive, Physician Order for Life-Sustaining 
‘Treatment (POLST) indicating no cardiopulmonary 
resuscitation (CPR) or do not resuscitate (DNR) 
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+ Relative 

— Potential electrical catastrophe (explosive environ- 
‘ment [i.e., operating rooms}) 

— Dysthythmias due to enhanced automaticity such as in 
digitalis toxicity and catecholamine-induced arrhyth- 
mia (because mechanism of tachycardia remains after 
the shock) 

*+ Factors that are not contraindications 
— Pregnancy. 
Chest trauma. 
— Automatic implantable cardiac defibrillators (AICDs). 
— The patient is on a wet or moist surface. 
— Piercings on the chest. 


30.3 Materials and Medications 


+ Electrocardiogram (ECG) monitor/defibrillator, 

+ Self-adhesive defibrillation pads or defibrillation paddles 
(paddles may be more successful than self-adhesive pads, 
but they have more complications and pose more danger 
to operators). 

+ Conductive gel for defibrillation paddles (not ultra 
sound gel). 

+ ECG electrodes, 

+ Supplemental oxygen. 

+ Intubation equipment as needed. 
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30.4 Procedure 


Defibrillation is an emergent maneuver and, when necessary, 
should be promptly performed in conjunction with or before 
administration of induction or sedative agents to facilitate 
intubation. 


1. Assess the ABCs (airway, breathing, circulation). 
+ Open the airway with a head tilt/chin lift (or jaw 
thrust in a suspected traumatic patient). If the patient 
is apneic, provide breaths with a bag-valve-mask 

(BVM) and observe chest rise. 

+ Check for pulses. If absent, start CPR. 

+ CPR should be initiated before any shock while get- 
ting all equipment ready for at least 2 min to provide 
adequate circulation to the brain and heart. 

Wipe off the patient’s chest if' moist or wet. 

3. Remove transdermal patches, jewelry, and piercings if 
possible. 

4, Attach ECG electrodes to the patient. 

+ The self-adhesive defibrillation pads or defibrillation 
paddles can be used as ECG electrodes to access the 
shythm. 

5. Paddles: With conductive gel applied to the metal 
surface, place one paddle on the patient’s right 
chest, just below the clavicle, near the sternal bor- 
der, The other should be on the left chest, midaxil- 
lary line above the fifth or sixth intercostal spac 
(Fig. 30.1) 

+ The long axis of the paddles should be perpendicular 
to the ribs to allow for better transduction of current 
through the chest. 

+ Pads: Same placement as paddles except that pads 
can be placed in any orientation as long as they are in 
full contact with the chest 


13, 


+ Ifa lot of breast tissue is present, push the tissue to 
one side or lift it away and place the paddles or pads 
‘underneath. 

+ An error in pad or paddle placement can distort the 
rhythm into looking like a rhythm that does not 
require defibrillation. 

Place the ECG monitordefibrillator into a mode to 

acquire a rhythm from the pads or paddles, 

+ Steps 1-3 can he done simultaneously. 

Stop CPR and assess the rhythm and pulse for no longer 

than 10 s, 

If VF or pulseless VT is observed, then switch the defi- 

brillator to charge mode. 

Charge to 200 J 

+ Continue CPR while the defibrillator is being charged. 

‘When the defibrillator indicates that itis charged, clearly 

order that everyone stop touching the patient and observe 

that there is no physical contact before defibrillating the 
patient. 

+ If using the paddles, apply extra force to the chest 
through the paddles to deflate the lungs to allow for 
better detibrillation. 

+ The operator should observe a muscle twitch during 
defibrillation 

Restart CPR for 2 min or five cycles. 

+ Another operator may charge (but not fire) the det 
brillator while CPR is being performed to expedite 
the time between pulse/rhythm check and the initi 
tion of a shock. 

Alter 2 min or five eycles of CPR, assess the rhythm and 

pulse and repeat steps 6-8 and give appropriate 

Advanced Cardiac Life Support (ACLS) medications. 

If successful return of spontaneous circulation (ROSC) 

occurs, initiate the hypothermia protocol per hospital 

guidelines. 


30 Unsynchronized Cardioversion (Defibrillation) 


Fig.30.1. Proper placement 
of defibrillation paddles 


192 


MR.Ticeetal. 


30.5 Complications 


+ Skin burns (most common and likely due to improper 
technique). 

+ Injury to c 
burn). 
— ST segment elevation that lasts longer than 2 min usu- 

ally indicates myocardial injury unrelated to the shock. 

+ Abnormal heart rhythms (usually benign like atrial, ven- 

tricular, and junctional premature beats). 


ac tissue (myocardial necrosis secondary to 


30.6 Pearls and Pitfalls 


+ Pearls 
~ Postdefibrillation cardiac dysthythmia 
mon following prolonged VF and higher-energy-level 
countershocks. Early defibrillation at the recommended 
energy levels minimizes this complication. Follow 
ACLS protocols to manage the resulting dysrhythmias. 
— The presence of liquid (body fluids, medications, or intra~ 
venous fluids) may cause electrical arcing thermal burns 
to the skin and soft tissue and produce ineffective defibril- 
lation by allowing the current to pass across the trunk 
rather than transthoracically. To minimize this potential 
complication, ensure that any body fluids or liquids are 
wiped away from the skin before defibrillation attempts, 
+ Pitfalls 
— Myocardial and epicardial injury (not direct thermal 
injury) may result from the electrical current applied in 


‘are more com- 


defibrillation. Use the minimal recommended energy 
levels to minimize injury. 

— Electrical injuries to health-care providers can result if 
participants remain in contact with the patient during 
delivery of a countershock because they 
ground for the current discharged, 

+ This can be minimized by wearing gloves and using 
biphasic machines and electrode pads. 

— Fires that can result from sparks in the presence of 
nitroglycerin patches or ointment, flammable ga: 
an oxygen-rich environment can also be a source of 
injury to the patient or health-care providers. Ensure 
“all clear” from the patient before delivery of shock to 
avoid these complications. 


serve as a 
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31.1 Indications 

+ Hemodynamically unstable (i.e., hypotension, pulmonary 
edema, chest pain, shortness of breath, or evidence of 
decreased cerebral perfusion) bradyarrhythmias refrac~ 
tory to medical therapies 

+ Asa bridge to a transvenous or permanent pacemaker 

+ Asan overdrive pacer in tachyarrhythmias 

+ Controversially, within the first 10 min of a witnessed 
systolic cardiac arrest 

+ Inchildren only with bradycardia associated with a known 
congenital cardiac defect or after cardiac surgery 


31.2 Contraindications 


+ Absolute 
— None 

+ Relative 

Bradyarthythmia associated with hypothermia 

(ventricles are more prone to defibrillation-resistant 

fibrillation) 

~ Prolonged cardiac arrest (>20 min) 

~ Bradyarhythmia in children (usually secondary to 
hypoxia or a respiratory issue) 

— Patient is unable to tolerate the procedure despite s 
tion and analgesia 
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31.3 Materials and Medications 


+ Pacemaker device (modern units offer combined pacer 

and defibrillator functions) (Fig. 31.1) 

+ One set of standard electrocardiogram (ECG) electrodes 

+ One set of pacer pads 

+ Code cart and airway equipment (prophylactically) 

+ Sedation and analgesia (typically a short-acting benzodi- 
azepine and an opioid) 

— Midazolam: 0.2-0.10 mg/kg intravenous (IV) push 
and may repeat with 25 % of initial dose after 3-5 min. 
Do not exceed 2.5 mg/dose or a cumulative dose of 
5 mg. 

— Fentanyl; 1-2 meg/kg IV slow push over 1-2 min, 
may repeat dose in 30 min, (Fentanyl is the opioid of 
choice because it is less likely to exacerbate any 
hypotension.) 


Fig.31.1. Pacemaker device 
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31.4 Procedure 


1, Time permitting, clean and dry the skin, and shave any 
excess hair off the chest. 

2, Administer any appropriate sedation and analgesia. 

3. Attach the ECG electrodes to both the input port of the 
pacemaker unit and the patient, On the patient, the white 
lead is placed just above the right clavicle, the black lead 
is just above the left clavicle, and the red lead is around 
the left midaxillary line. 

4, Attach the pacer pads either in the anteroposterior or 
anterolateral positions as pictured (avoid placement over 
«an implanted pacemaker or defibrillator; Fig. 31.2). 

5, Turn the machine on and switch it to synchronous (or 
on-demand) mode. 

+ Asynchronous (or fixed) mode fires impulses with no 
regard to the intrinsic cardiac cycle, increasing the 
likelihood of an R on T phenomenon, which could 
result in ventricular tachycandia or fibrillation, 

+ Synchronous (or on-demand) mode will not fire an 
electrical impulse when a QRS complex is sensed; 
this isthe preferred mode for transcutaneous pacing. 

6, Set the desired heart rate: typically 60-80 beats/min to 
achieve adequate perfusion. 

7. Select a lead on the pacemaker unit and then press Start 


8. Slowly increase the output current until electrical cap- 
ture is denoted by a visible pacemaker spike, which will 
precede every QRS complex on the ECG monitor 
(Fig. 31.3). 

+ Electrical capture is usually achieved between 50 and 
100 mA. 

+ If a patient is unconscious or truly deteriorating 
quickly or in cardiac arrest, it may be prudent to 
set the initial currents at maximum to ensure rapid 
capture and then decrease the current to just above 
that at which electrical capture was achieved, 

9, After electrical capture is appreciated on the monitor, 
assess for mechanical capture by palpation of a pulse at 
a rate that corresponds to that which the machine is set 
at. An improved blood pressure or resolution of chest 
pain, shortness of breath, or altered mental status also 
suggests that the heart rate has improved and perfusion 
has been restored, 

10. When pacing in overdrive for tachyarthythmias, the 
pacer rate is set 20-60 beats/min faster than the detected 
tachycardic rate. 

+ Bear in mind that rhythm acceleration or the indue- 
tion of ventricular fibrillation is a possibility with 
pacing, hence the recommendation of having a code 
cart and airway equipment in the room at all times 


Fig.31.2 Pacer pads attached in the anterolateral (a) oF anteroposterior positions (b) 
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Fig. 31.3 A visible pacemaker spike will precede every QRS 
‘complex on the ECG monitor 


Lead! Heart Rate 41 


A 


Pacing above threshold (60mA), with capture (QRS 
complex broad and ventricular, T wave opposite QRS) 
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31.5 Pearls and Pitfalls 


+ Pearls 


Pacer pads can be prophylactically placed on brady- 
cardic but stable patients in preparation for potential 
decompensation. 

It may be prudent to discuss with a stable but brady- 
cardic patient the option of trying the pacemaker not 
only to ensure that the machine and pads are working 


‘but also to gauge an idea of the output current that will 
be needed to electrically 


iplure for quicker, more effi- 
ving pacing that may prove 


pulse may be easier because carotid palpation may 
prove difficult with muscular contractions induced by 
the pacer impulses. 

If impulses are not capturing, try slightly readjusting 
the pacer pads, making sure the leads are still on, the 
settings were not changed, the machine's battery did 


not die, or that the machine is plugged in. 
If electrical capture is achieved but mechanical is not, 
increase the rate until adequate pulses are palpated. 

Be careful to not miss an underlying ventricular fibril- 
lation if the monitor is not blanked or dampened by an 
ECG sereen. 

Cardiopulmonary resuscitation (CPR) can be contin- 
ued even while transcutaneous pacing is taking place 


because the pacer pads are insulated and the power 
delivered in each impulse is minimal, making the risk 
of injury to health-care workers very low. 
+ Pitfalls 
= Certain factors including a large body habitus, the 
presence of large pericardial effusions, scarring sec: 
‘ondary to intrathoracic surgeries, or large amounts of 
intrathoracic air associated with obstructive pulmo- 
nary diseases may not only increase the threshold for 
capture but also may even cause a failure to capture 


which case transvenous pacing should immediately be 
considered. 
~ Be aware that long-term pacing and pacing in children 


increases the likelihood for cutaneous and soft tissue 
damage. 
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32.1 Indications 


Hemodynamic compromise in the presence of 


+ Sinus node dysfunction 
+ Second- and third-degree heart block 

+ Atrial fibrillation with slow ventricular response 
+ New left bundle branch block (LBBB) 

+ Right bundle branch block (RBBB) 

+ Bifascicular block 

+ Alternating bundle branch block (BBB) 

+ Implanted pacemaker malfunction 
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32.2 Contraindications 


Absolute 
— Prosthetic tricuspid valve 

Relative 

— Bradycardia in the presence of severe hypothermia 
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32.3 Materials and Medications (Fig. 32.1) 


+ Sterile gloves 
+ Sterile gown and drapes 

+ Face mask and surgical cap 

+ Two 10-mL syringes 

+ One 3-mL syringe 

+ Local anesthetic (1 or 2 % lidocaine without epinephrine) 
2-gaurge needle 

+ Povidone-iodine or chlorhexidine/isopropyl alcohol 

+ Several 44-in. gauze sponges 

+ Sterile dressing pack 

+ 4-0 nylon or sitk sutures 


Fig. 32.1. Materials and 
‘medications 


Scalpel (#11 blade) 

Needle holder 

Scissors 

Introducer needle 

Guidewire 

Dilator 

Introducer sheath 

Collapsed sterile extension sheath 
Balloon-tipped pac 

Pacing generator with working battery 
Insula 


ig catheter 


ed cable with alligator clamps or other suitable 
connectors 
Electrocardiogram (ECG)/cardiae monitor 
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32.4 Procedure 
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Select appropriate catheterization site 
+ Four sites provide superior access to right atrium: 
brachial, femoral, internal jugular, and subclavian 
veins. The right internal jugular and left subclavian 
veins, respectively, are the most direct routes and, 
thus, the most commonly used in the emergency 
department setting, 
If clinical situation permits, expt 
to the patient and obtain consent. 
Sterilize the skin and apply sterile drapes. 
Anesthetize the intended insertion site with lidocaine. 
Prepare the pacing wire by inflating and deflating the 
balloon with 1-1.5 mL of air using a 3-mL syringe, and 
confirm that locking lever functions correctly to main- 
tain balloon inflation (Fig. 32.2) 


the procedure fully 


. Using ultrasound guidance by means of a probe covered in 


4 sterile sheath, insert the introducer needle into the vein 
while applying negative pressure to the attached 10-mL. 
syringe (as with standard central line placement) (Fig. 32.3), 
When flashback of blood is visualized in the syringe, 
remove the syringe, stabilizing the introducer needle 
firmly in place. 
Pass the guidewi 
10-15 em. 
Holding the guidewire securely in place, remove the 
introducing needle, 
Using a scalpel, make a small incision (approximately 
the width of the catheter to be used) through the dermis 
at the insertion site of the guidewire. 
+ Avoid severing the guidewire by facing the sharp 
edge of the scalpel anvay from the guidewire. 
Pass a dilator over the guidewire to make a tract in the 
skin and then remove the dilator. 
ass the introducer catheter over the guidewire until the 
hub is in contact with the skin and then remove the 
guidewire (Fig. 32.4). 
Attach the collapsible sterile sheath to the hub of the 
introducer catheter. 
Atuch the positive and negative connectors of the pac- 
ing wire to their respective terminals on the cable(s) 
‘connected to the generator. 
Set generator rate at 80 beats/min, output to 5 mA, and 
sensitivity to 3 mV. 


© through the needle to a depth of 


16, Insert the free end of the pacing wire into introducer 
catheter with the balloon deflated and slowly advance 
the wire 

17. When the tip of the wire is within the superior vena cava, 

inflate the balloon, lock the valve to ensure thatthe balloon 
remains inflated, and continue to advance the pacing wire 

18. Closely watch the cardiac monitor for signs of capture 

(ic., a wide QRS preceded by a pacing spike) 

+ Markings on the pacing wire indicate its depth of 
insertion. At 20 em, the wire should be in the right 
ventricle. If there is no capture observed by 25 em, 
then the wire should be slowly withdrawn and 
advanced again. 

Once capture is achieved, deflate the balloon 

‘Advance the wire a further 1-2 em, 

21. Coil the wire that remains outside the extended sterile 

sheath and suture it loosely but securely to the skin, 

Suture the introducer hub to the skin 

Reduce generator output to zero and then increase it 

slowly to determine the minimum pacing threshold (i.e., 

the minimum voltage at which capture is achieved) and 

then set the output to twice this value. 

Set the generator rate, 


25. Stabilize the generator near the catheterization site. 
+ For example, the generator can be attached to an 
intravenous (IV) fluid stand to the right of the 
patient's head if the pacing wire has been placed via 

the patient’s right internal jugular vein, 

26. Obtain a chest x-ray to confirm pacing wire position and 
absence of potential complications (e.g., pneumothorax) 
(Fig. 325). 

27. Obtain a 12-ead ECG (Fig. 32.6). 


Fig. 32.2. Pacing wire balloon locking lever 
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Fig. 32.3 Insertion of intro- 
ducer needle into internal jugular 
vein with ultrssound guidance 


Fig.32.4 Placement of 
introducer e 
‘guidewire 
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Fig. 32.5. X-ray displaying correct position of pacing wire in the right 
ventricle 


Fig. 32.6 Cardiac monitor 
displaying wide-corplex QRS 
an pacing spike 
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32.5 Complications 


+ Arterial puncture 

+ Venous thrombosis 

+ Thrombophlebitis, 

+ Pulmonary embolus 

+ Pneumothorax 

+ Fracture of guidewire with embolization 

+ Hemothorax 

+ Thoracic duet 

+ Indwelling line infection (local or systemic) 

+ Dysthythmias/premature ventricular contractions (PVCs) 

+ Insertion of pacing wire into coronary sinus/pulmonary artery 

+ Left (rather than right) ventricular pacing through atrial 
septal defect/ventricular septal defect (ASD/VSD) 

+ Septal perforation 

+ Ventricular perforation 

+ Entrapmenvtwisting of prees 
wires by the temporary pa 

+ Balloon rupture 

+ Chordae tendineae rupture 

+ Pacing wire fractures 

+ Loss of capture owing to wire displacement or fracture 

+ Generator failure 


iceration 


ing permanent pacing 
‘ing wire 


32.6 Pearls and Pitfalls 


+ Confirm all necessary equipment is present and functional 
before beginning the procedure. If a dedicated transvenous 
pacing set is unavailable, individual components required 
(eg., pacing catheter, connector cables, introducer catheter, 
guidewire) may need to be “cannibalized” from several dif 
ferent procedure kits in an emergency department. 

+ Become familiar with the locking valve for the pacing 
wire balloon before beginning the procedure. This small 


partis essential for inflating and deflating the balloon but, 
is frequently difficult to adjust owing to stiffness (and all 
the more so if covered in blood). 

+ The ideal position for the pacing wire tip is against the 
diaphragmatic aspect of the right ventric! 
midpoint and its apex. This position is confirmed by 
development of an LBBB pattern with left axis deviation 
onthe cardiac monitor. If difficulty is encountered achiev- 
ing this position, the tip of the pacing wire can be moved 
to the right ventricular outflow tract, where the wire is less 
stable, but adequate pacing can still be achieved. In this 
latter position, the threshold will need to be kept relatively 
high and the monitor should display an LBBB pattern 
with an inferior axis 

+ The use of balloon-tipped catheters enables the catheter 
tip to be directed with blood flow and its position (and 
successful capture) to be confirmed with a cardi 
tor. Nonballoon-tipped catheters, however, have typically 
required insertion with guidance of either constant ECG 
‘monitoring or fluoroscopy. 


between its 
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and Rohit Pravin Patel 


33.1 Indications 


‘Treatment of hemodynamic compromise from car 
tamponade 

To diagnose the cause or presence of a pericardial 
effusion 


33.2 Contraindications 
+ Absolute 
— Aortic dissection 

— Need for immediate surgery for trauma patients 
Relative 

— Coagulopathy 

— Anticoagulant therapy 

— Thrombocytopenia 


33.3 Materials and Medications 


Antiseptic (¢.g., Chloraprep) 
1 % lidocaine 

25-gauge needle, 5/8-in, long 

18-gauge catheter-type needle, 1¥-nch long, 

Syringes (10, 20, and 60 mL) 

Ultrasound (US) machine and cardiac/phased array probe 
Sterile US probe cover 

Cardiac monitor 
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3.4 Procedure 


1, Identity the point of maximal effusion with US. Evaluate 


for hypoechoic or anechoic (dark) effusion around the 
heart, between the pericardial sac and the myocardium. A 
patient with hemodynamic compromise from a pericar- 
dial effusion or tamponade will have right ventricular col- 
lapse, septal bulging, and dilation of the inferior vena 
cava. Diastolic collapse of the right ventricular free wall 
can be absent in elevated right ventricular pressure and 
right ventricular hypertrophy or in right ventricular 
infarction. 

Measure the distance from the skin surface to the effusion 

border to assess the expected needle depth. 

. Choose the needle trajectory based on the point of maxi 
‘mal effusion in the path with the fewest intervening stru 
tures, The most commonly used approaches are left 
parasternal, apical, and subxiphoid. For complex tocu- 
lated posterior pericardial effusions, optional techniques 
such as transatrial and transbronchial may be performed 
by specialists. These types of loculated effusions can 
‘occur in autoimmune diseases, infective pericarditis, alter 
cardiac surgery, and after radiotherapy. 

Sterile preparation: prepare the skin of the entire lower 
xiphoid and epigastric area with antiseptic. Prepare the 
US transducer with a sterile sleeve. 

Local anesthetic: if the patient is awake, anesthetize the 
skin and planned route of the needle. 

Pericardial needle insertion: depends on approach used. 
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33.4.1 Subxiphoid Approach (Fig. 33.1) 33.4.2 Apical Approach (Fig. 33.2) 
The US transducer is placed just inferior to the xiphoid + 


‘The US transducer is placed at the patient’s point of maxi- 
process and left costal ma 


mal impulse and aimed at the patient's right shoulder for 
a four-chamber view of the heart 

Insert the needle in the fifth intercostal space 1 cm lateral 
to and below the apical beat, within the area of cardiac 
dullness. 

+ Aim for the right shoulder, 

A Mayo Clinic review showed, in 80 % of total effusions, 
that the distance to the effusion was least and the size was 
maximal in the apical approach [1]. 


Insert the needle between the xiphoid process and the left 
costal margin at a 30-45 
+ Aim for the left shoulder, 


® angle to the skin . 


Path to fluid 


Path to fluid 


Fig. 33.1. Subcostal approach (a) and corresponding ultrasound imag 


(b). Redline theough liver to obtain fluid (no Duid present on ultrasound 


Fig. 33.2 Apical approach (a) and corresponding ultrasound image 
(by Red line with minimal distance to fluid if present (no uid present 
‘on ultrasound image) 
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33.4.3 Parasternal Long-Axis Approach 


+ The US transducer is placed obliquely on the left sternal 
border between the fourth and fifth ribs with the trans- 
ducer indicator aimed at the right shoulder. 

+ Insert the needle perpendicular to the skin in the fifth 
intercostal space medial to the border of cardiac 
dullnes 
~ Visualize and feel a giving way as the needle pene~ 

trates the pericardium. Removal of fluid confirms suc~ 
cessful entry. Remove fluid with the goal of restoring 
hemodynamic stability. Aspiration of fluid should 
result in improvement in blood pressure and cardiac 
output, 
~ Removi 


the catheter and apply a dressing. Optional: 
Place a pigtail catheter using the Seldinger technique 
for continued drainage 


33.5 Complications 


+ Blind techniques are associated with 20 % morbidity and 
6 % mortality. The complication rate with US-guided 
approaches is less than 5 % [2] 

+ Any vital structure within reach of the pericardial nee- 
dle has the potential for injury: pneumothorax; hemo- 
thorax; coronary vessel laceration; hemopericardium; 
heart chamber lacerations; intercostal vessel injury; 
dysrhythmias; ventricular tachycardia; puncture of the 
liver, diaphragm, or gastrointestinal tract; bacteremia; 
purulent pericarditis; air embolisms; and pleuroperi- 
cardial fistulas 


33.6 Pearls and Pitfalls 


+ Pearls 
— A scoring index is available that can be obtained at 
initial presentation in patients without hemodynamic 
compromise that identifies those who require pericar- 


dial effusion drainage later in the course of treatment, 


‘The scoring index uses echocardiographic findings, 
etiological information, and the size of the effusion at 
end-diastole [3] 

— Take care to avoid the left internal mammary artery, 
\which travels ina cephalad-to-caudad direction 3-5 em 
lateral to the left sternal border [4] 

+ Pitfalls 

— Tamponade should always be considered in the differ- 
ential diagnosis of shock or cardiac arrest owing to 
pulseless electrical activity (PEA). Complications of 
acute coronary syndrome, aortic dissection, and 
decompensations in chronic advanced constriction 
may also need treatment [5]. 

— When cardiac compensation 
exhausted, small increases in pericardial volume can 
lead to an increase in ventricular diastolic pressure, 
systemic and pulmonary congestion, and decrease pre- 
load and cardiac output 

— Use US-guidance rather than a blind or an electrocar- 
diogram (ECG)-alone-guided approach for pericardio- 
centesis to significantly decrease the risk of injury to 
vital structures [4] 

— Do not delay patient transport to the operating room to 
perform pericardiocentesis on a traumatically induced 
effusion unless the patient is hemodynamically unsta- 
ble and on the verge of cardiac arrest, 


mechanisms are 
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34.1 Indications 


‘+ Undifferentiated respiratory distress 
+ Unexplained hypotension 
‘+ Evaluation for cardiac tamponade, pericardial effusion 


34.2 Contraindications 


+ Relative 
~ Morbidly obese patients 
~ Patients with chest wall deformities 
~ Patient with 
pneumopericardium 
~ Combative or altered patients 


subcutaneous emphysema 


34.3 Materials and Medications 


+ Portable ultrasound machine with appropriate probes 
(phased array) 

+ Ultrasonic gel for the probe 

‘+ Drapes for the patient (if the condition allows) 


34.4 Procedure 


1, Begin with the parasternal long-axis view. If possible 
have the patient turn to the left decubitus side (that helps 
“move” the heart closer the chest wall), 
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Find the phased array probe, select the “cardiac examina- 
tion 


on the machine, and make sure the orientation 
marker is pointed toward the right shoulder of the patient 
Place the probe along the left side of the sternum over 
the fourth to sixth intercostal space. This should produce 
the image shown in Fig. 34.1 

Measure the diameter of the ventricle during the 


ind of 
diastole (normal values, 21 mm=1 mm; any measure- 


ment >25~30 mm is abnormal) 


Using the aorta as a landmark, evaluate the structures 
starting with the pericardium (bright white line around 
the heart), making sure there is no fluid around it. (Fluid 
above the aorta indicates a pericardial effusion, Fluid 
below the aorta indicates a pleural effusion.) If a 
hypoechoic or anechoic stripe appears in the anterior 
side of the heart, it is most likely a fat pad. Fluid seen 
‘all around” categorizes it as an effusion, 

While keeping the probe in the same place, rotate the 
probe marker 90° clockwise toward the left shoulder to 
obtain the parasternal short-axis view (Fig. 34.2), 


341 Parasternal long-axis view (PSLA). right ventricle, 2 left 
ventricle, 3 left atrium, 4 aortic outflow track; circle descending aorta 
(ight atrium is not visualized in the PSLA) 
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Fig. 34.2 Parastemal short-axis view (PSSA). J right ventscle, 2 left 
ventiile 


Fig. 34.3 Four-chamber view (4C). J left ventricle, 2 left atrium, 


3 right ventricle, 4 right aeium 


7. The parasternal short-axis view will give information on 
the contractility of the heart. The right ventricle should 
be anterior and to the left and the left ventricle to the 
right. The normal position of the septum bows slightly 


toward the right ventricle. 


8. Obtain a four-chamber view. Place the orientation 


marker to the patient's left 

9, Palpate for the point of maximum impulse (PMI) and 
place the transducer. All four chambers should appear in 
one view (Fig. 34.3). 

10. Compare the sizes of the ventricles and note any differ: 

cence, Notice also the interventricular septum. The nor 


mal right-to-left ventricular ratio is less than 0.5. (In an 
unstable patient, this is probably the most useful because 
both ventricles can be quickly visualized and the ratio 
compared.) 

11. A subxiphoid approach is also possible. Make sure the 
orientation marker is toward the right side of the patient 


(Fig. 34.4) 


Fig. 


344 Subcostalsubsiphoid view, RV right ventricle, RA right 


sasium, LV left ventricle, LA left atrium 


34.5. Inferior vena cava, Liver, 2 inferior yen cava, H heart 


Use the liver for orientation. The right side of the heart 
will be nearest to the liver (think that the liver is on the 


right of the body); again note for any differences in the 


size ratio, 
Next take a look at the inferior vena cava (IVC) by plac- 
ing the curved array transducer just inferior to the xiphoid 
in a longitudinal fashion. (Switch from the subxiphoid 
view to the IVC by rotating the probe counterclockwise 
until the IVC is seen.) Evaluate the IVC. During normal 
physiological inspiration, the drop in intrathoracic pres- 
ulls” blood into the heart, thus decreasing the rela- 
tive IVC size. If something is preventing venous return, 
such as a massive PE, collapse will not be as evident and 
the suspicion for PE increases (uid overload and 
increased central venous pressure [CVP] will also account 
for this finding). Normal IVC diameter is 1.2-2.3 em, and 
total collapse and greater than 50 % collapse are normally 
visualized. An increase in IVC size and less than 50 % or 
no change has been correlated with inereased right atrial 
pressures (11 to >20 em Hg) (Fig. 34.5). 


34 Ultrasound Evaluation of Pulmonary Embolism and Heart Strain 


34.5 


indings 


A right heart that is “strained” or pumping against a higher 
resistance owing 10 a PE will show some or all of these 
changes: 


Right ventricular dilation (Fig. 34.6). 
Right ventricular hypokinesis (especially of the middle 
segment), McConnell’s sign but normal motion of the apex. 
‘Tricuspid regurgitation, 

Abnormal septal motion: deviated toward the left ventri 
cle (normally it relaxes during diastole toward the right 
ventricle); as pressure increases, the right ventricle will 
not empty properly and septal flattening can be seen, 
Dilated IVC with little or complete loss of changes in 
diameter with respiration (variability); the IVC collapses 
less than 50 % during inspiration. 


Fig. 34.6 Four-chamber view that shows right ventricular dilatation 

due to pulmonary embolism. Normally, the LV is greater than the RV 

during diastole, but in the case of increased pressure, the RV will be 
RV right ventricle, LV le 


ventricle 


cenlarg 
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34.6 Complications 


+ Ultrasound per se has been shown to cause no direct com- 
plications with proper use unless it is interfering with 


advanced airway or life-saving procedures, 


34.7 Pearls and Pitfalls 


+ Pearls 
~ Proper interpretation of the images is necessary 
because some normal anatomy could be confused with 
a positive finding. Make sure to properly identify the 
structures because a common mistake is to identify the 
aorta thinking it is the IVC, 
~ Depth: increase to be sure to visualize all structures. 
+ Pitfalls 
— Ultrasound is user dependent, and the acquisition of 
images will vary with each user, creating the possibil- 
ity of false-negatives if images not properly acquired. 
the 
misplacement could “reverse” the anatomy and allow 


— Reversal of the orientation owing to transducer 
mistakenly identification of structures, 

~ An enlarged right ventricular wall (>5 mm) is consid- 
ered hypertrophied and would indicate a more chronic 
etiology of a right ventricular dilation, 

~ Gain problems: adjust so the heart chambers are 
anechoic and the walls are echogenic. 
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35.1 Pacemaker Function 

‘There are approximately 500,000 implanted cardiac pace- 
‘makers in the USA and another 100,000 are implanted each 
year [1]. In the emergency department, a physician may be 
faced with a pacemaker that is not functioning appropriately. 
‘To understand the ways in which a pacemaker can malfunc- 
tion or lead to medical complications, first it is important 
to understand how pacemakers work when they do so 
appropriately. 

‘A common pacemaker system is composed of a pulse 
generator and insulated wire leads that originate in the pulse 
generator and end within the myocardium, The pulse genera- 
{or is implanted in the pectoral region. It contains circuitry 
and the battery and creates the electrical impulses that depo- 
larize the myocardium. ‘The leads leave the pulse generator 
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and are directed to the heart by following the venous system, 
Leads may terminate in the right atrium, the interventricular 
septum of the right ventricle, or biventricular pacing; a third 
lead navigates the coronary sinus to the left ventricular wall 
(Figs, 35.1 and 35.2). 

Early pacemakers produced impulses only at a set rate. 
‘Today, however, virtually all pacemakers have sensing leads 
that detect intrinsic activity and react with electrical 
impulses when the intrinsic intervals fall outside of a set 
time threshold, Some pacemakers are programmed to allow 
for rate changes based on physical activity. To simplify the 
classification of different pacemaker types, the North 
American Society of Pacing and Electrophysiology and 
British Pacing and Electrophysiology Group (NASPE/ 
BPEG) developed a five-letter code to describe each 
pacemaker (Table 35.1) [2]. 
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Fight ventricular lead 


Fig. 35.1. Common pacemaker lead insertion sites Fig.35.2. Common generator location and path of pacemaker leads 


Table 35.1 NASPE/BPEG five-leter pacemaker vode 


Paced chamber ‘Sensed chamber Response to sensing [Rate modulation ‘Multisite pacing 
‘Azatium ‘ASatr Teriggered Rerate modulation ‘Acatium 

‘Ve ventricle ‘V=veniricle T=inhibited (O=none ‘V= ventricle 
Dedual D=dual Dedual D=dual 
‘O=none (O=none (O=none ‘O=none 


[Reproduced with permission from Bernstein etal. [2] 
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35.2 Common Pacemaker Codes [3] 


+ VVE ventricular paced and sensed, inhibited by normal 
intrinsic pacing; used for patients with a need for pacing 
if bradycardia occurs 

+ VVIR: ventricular paced and sensed, inhibited by normal 
intrinsic pacing: adaptive to changes in intrinsic rate for 
physically active patients 

+ DDD: dual-chamber paced and sensed, inhibited by nor- 
‘mal intrinsic atrial and ventricular electrical activity; used 
in third-degree atrioventricular (AV) block to allow for 
more physiological conduction 

+ DDDR: dual-chamber paced and sensed, inhibited by 
normal intrinsic atrial and ventricular electrical activity 
adaptive to changes in intrinsic rate; used primarily in 
sinoatrial (SA) node dysfunction to closely mimic nor- 
mal, adaptable heart conduction 


35.3 Pacemaker Malfunction 


Malfunctioning pacemakers can have complicated program- 
‘ming that is best altered after thorough “interrogation” by a 
trained electrophysiologist. This type of evaluation is beyond 
the scope of this chapter and, in many clinical settings, sub- 
specialty support is not readily available, In the emergenc 
department, it is vital to stabilize the patient and identify 
common pacemaker system issues. Pacemaker system mal- 
functions can be identified as a failure to sense, failure to 
pace, failure to capture, or pacing at an inappropriate rate [4]. 
Another common abnormality associated with pacing is the 
“pacemaker syndrome” [3] 


+ Failure to sense: 

~ Oversensing: The sensor interprets external stimuli 

‘as a normal ventricular rate leading to inappropriate 

inhibition. This may be due to lead fracture, fibrosis 

of the lead tip, or lead dislodgment, Cross talk is 

present when the atrial stimulus is sensed on 

the ventricular lead causing inappropriate inhibi- 

tion, Oversensing is rarely due to failure of the 
generator, 

— Undersensing: Present when there is constant pacing 
despite cardiac activity that has not exceeded thresh- 
old, This can be due to low-amplitude intrinsic cardiac 
activity, lead dislodgment, battery depletion, or meta- 
bolic abnormalities. 


Failure to pace: 

— Lack of pacing despite appropriate sensing of the 
intrinsic electrical activity or activity below the thresh- 
old rate. 

— ‘Typically caused by lead fracture, battery depletion, oF 
fibrosis of the lead tip, 

— Ibis rare for any specific part of the device to fail, but 
suspicion should be high if the patient had recent radi- 
ation therapy, electrocautery, defibrillation, electro- 

imaging (MRD, 


tion (TENS) treatments. 

— Rarely due to battery depletion. 

Failure to capture: 

— A lack of cardiac response despite appropriate sensing 
and subsequent pacer stimuli 

— Commonly due to lead dislodgement, but can be due to 
myocardial perforation, lead fracture, fibrosis of the 
lead tip, poor lead placement, battery depletion, and 
antiarrhythmic medications 

— Functional failure to capture occurs when pacer stimuli fall 

within the refractory period of previous depolarization. 

cing at an inappropriate rate: 

— Likely due to an endless-loop reentry tachycardia 
known as pacemaker-mediated tachycardia 
+ More common in DDD pacemakers, 

+ Initiated by a premature ventricular stimulus, which 
is carried retrograde through the intrinsic conduc- 
tion system to the atrioventricular node (AVN) and 
then the atria, This conduction is sensed by the 
atrial lead and causes triggering of pacing back in 
the ventricle, The ventricular depolarization is then 
sensed again in the atria, forming a loop. The intrin- 
sic conduction system acts as a retrograde limb and 
the pacer circuit acts as the anterograde limb of a 
reentry tachycardia, 

‘The “pacemaker syndrome”: 

— Constellation of symptoms found in 20 % of patients 
with pacemakers 

— Symptoms include syncope, near-syncope, dizziness, 
fatigue, weakness, pain, shortness of breath, and 
cough. 

— Ventricular rates are poorly timed with atrial activity 
such that atrial contraction occurs against closed mitral 
and tricuspid valves. 

— Ventricles lose the benefit of the atrial kick, the atria 
enlarge, and signs and symptoms similar to congestive 
heart failure ensue. 
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35.4 Initial Evaluation of the Patient 
with a Pacemaker [4] 
+ History 


— Symptoms of syncope, near-syncope, chest pain, pal- 
pitations, and irritation at the generator pocket 

~ Brand and NASPE/BPEG code 

~ Date of implantation 

— Location of generator pocket and any previous 
locations 

— Most recent electrophysiological interrogation 

— Medications that interfere with function, such as fle~ 
cainide or lidocaine 

— Recent procedures, 
defibrillation 

+ Physical examination: 
~ Check vital signs, listen for heart sounds (paradoxi- 
cally split $2 is normal) 

— Inspect generator pocket; turning of the leads is associ- 
ated with Twiddler’s syndrome, in which a patient 
compulsively touches the skin around the device. 

— Look for jugular venous distension. 

+ Laboratory studies and electrocardiogram (ECG): 

— Obtain a chest x-ray to determine effusions, infil- 

trates, generator placement, and lead placement or 


such as MRI, lithotripsy, or 


fracture, 

~ Electrolyte imbalances must be detected and 
corrected. 

— ECG: The following are examples of appropriate ECG 


patterns in patients based on type of pacing [3] 

+ YOO (asynchronous pacing): Regular pacer spikes 

lead to immediate QRS waveforms. Left bundle 

branch block (LBBB) is a normal finding in a right 
ventricular lead location. 

+ VVI: Pacer spikes and an LBBB waveform should 
be seen if the intrinsic rate is below the threshold 
rate 

+ DDD: Various patterns are possible. Ifthe intrinsic 
rhythm and intervals are normal, then no pacer 
spikes will be seen. If the atrial rate is slow and AV 
delay is normal, then an atrial spike will cause a P 
wave and a normal QRS. If AV delay is prolonged, 
then two spikes may be observed: a P wave and a 
QRS with an LBBB waveform. 

+ If malfunction is suspected: 

— Obtain intravenous (IV) access, place the patient on a 
heart monitor, and, if possible, consult cardiology for 
interrogation and reprogramming. 

— Obtain a ring magnet: 

+ Positioning over the generator causes the pacing 
stimuli to revert to an asynchronous ventricular 
pacing mode at a set rate [5]. 


35.5 Interpreting the Type of Malfunction 


Based on ECG 


‘The first step in evaluating the ECG of a malfunctioning 
pacemaker is to determine the presence of pacing spikes [6]: 


+ [pacing spikes are noted on the 
capture is present by ensuring that an appropriate wave- 
form follows each pacer spike and that there is an associ- 
ated pulse. 

— If capture is present, check the rate: 

+ If the rate is appropriate, the pacer is functioning 
normally. 
— I the rate is slow, suspect oversensing. 
~ If the rate is rapid, suspect undersensing or 
pacemaker-mediated tachycardia 

— If capture is not present, consider metabolic effects or 
component failure 

+ If pacing spikes are not noted on the ECG, determine 
‘whether the patient is in an intrinsic rhythm: 

— If the patient is in an intrinsic rhythm and the rate is 
appropriate, application of a ring magnet will cause 
pacer spikes to show up at a set rate. This is normal 
functioning, 

+ If application of the magnet does not cause pacing, 
suspect mechanical faiture. 

— Ifthe patient is not in an intrinsic rhythm, place a mag- 
net over the generator. 

+ If magnet application causes pacing, consider 
oversensing. 
+ Ifit does not, consider mechanical failure 

jent is hemodynamically unstable and application of 

‘a magnet leads to stability, keep the magnet in place until 

the patient is able to have the pacemaker interrogated 


, determine whether 


35.6 Management of Pacemaker-Mediated 
Tachycardia 


+ After ensuring adequate IV access, placing a heart moni- 
tor, and interpreting a baseline ECG, put a ring magnet 
over the generator [5]. 

— [fa normal rhythm results, keep the magnet on the chest. 
— Ifitdoes not change the rate, attempt isometric pecto- 
ral exercises by having the patient press the left hand 
against the right shoulder. 
+ This is an attempt to overstimulate the pacemaker 
sensor and precipitate inhibition of pacer output. 
+ If this is unsuccessful, consider transcutaneous 
pacing. 
+ If transcutaneous pacing is unsuccessful, then the 
leads may require surgical adjustment or removal, 
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Part V 


Spine Evaluation 


Cervical Collar Placement 
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‘The cervical spine (C-spine) accounts for the majority of all 
spinal injuries. In the US prehospital setting, patients are 
often transported using cervical collars (C-collars) and rigid 
backboards in trauma and when spinal cord injuries are sus- 
pected, After airway, breathing, and circulation, every effort 
ust be made to secure the C-spine. 

‘There are two main subcategories of C-collars: the one- 
piece and the two-piece. One-piece C-collars include the 
Stiffneck and the Ambu Perfit, Two-piece C-collars have pos- 
terior and anterior pieces, with the anterior piece usually the 
larger of the two. Examples of two-piece collars include the 
Aspen collar, the Philadelphia collar, and the Miami J collar 
‘The basic features of a C-collar include: 


+ Adjustable circumference with fasteners (usually Velcro 
straps) 

+ Adjustable height with a locking device of different sizes, 

+ Hooks for a nasal cannula 

+ Exposure of the anterior neck for pulse checks and 
advanced airway procedures 

+ Posterior access for cervical palpation 

+ Padding to protect the soft tissues of the neck 
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36.1 Indications 
+ Prehospital suspicion for spine trauma 
— Emergency department patients or trauma patients 
who fail clinical rule-out criteria such as NEXUS 
(National Emergency X-Radiography Utilization 
Study) and Canadian C-spine rules (see Chap. 37) 


36.2 Contraindications 


+ Absolute: 
— Cervical dislocation with fixed angulation 
— Impaled foreign obj 
— Massive soft tissue swelling in the neck 

+ Relative: 
— Unsecured airway 
— Surgical airway 
— Vomiting 
— Mandible or soft tissue injuries with potential for 

airway compromise 

— Preexisting anatomical abnormalities 


‘Lin the neck 


36.3 Materials and Medications 


+ Properly fitting C-collar 
+ Consider: 
— Head blocks, if needed for lateral stabilization 
— Towels or backboard pads for custom support 
+ Under shoulders — pediatric patients 
+ Under occiput — adults with poor C-spine mobility 
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36.4 Procedure (Aspen Collar) 


1, Adare 

taining i 

Gather personne: 

(a) One person is needed to apply the collar to an awake 
patient 

(b) Two or more people may be required when a patient 


fon while main- 


airway, breathing, and circul 


Jine immobilization, before placing a C-collat. 


has an altered level of consciousness: 
Jine immobilization in the 


(i) One to maintain is 
neutral position 
(ii) One to place the C-collar 
3, While the C-spine is being held in neutral position, assess 
the airway before placing the C-collar: 

(a) Anticipate and prepare for airway compromise early 
to avoid a crash intubation, 

(b) Place airway if necessary 

4, Palpate and inspect the 
evidence of trauma before placing the 

5, While maintaining the neutral position of the C-spin 
place the C-collar: 

(a) Remove loose clothing, jewelry, and earrings that 
may cause soft tissue pressure wounds. 

(b) Begin with the piece of 
occiput (Fig. 36.1). 

() Fold the Velero straps behind the C-collar 

(4) Gently hold back the hair (Fig. 36.2). 

(c) Slide the occipital section or piece of the C-collar 
behind the occiput (Fig. 36.3), (Use in-line C-spine 
stabilization in patients with an altered level of 
consciousness.) 

(©) Wrap (one-piece) or place (two-piece) the anterior 
section of the C-collar around the circumference of 
the patient’s neck and snugly under the chin 
(Fig. 36.4). 


-collar that fits under the 


Fig. 36.1. Fold Velero strap of C-collar posteriorly 


(g) Once the Velero fasteners are in place, ensure that the 
height is properly adjusted on the C-collar to mini- 
mize C-spine mobility. 

(i) Most C-collars have height adjustments that ut 
lize a locking device that requires releasing a 


locking mechanism by pulling out. 


Fig. 36.2 Slide occipital section of collar behind occiput fat against 
stretcher 


Fig.36.3 (a) Use of hand to guide C-collar behind occiput; (b) unfold 
\elero strap and position collar behind cervical spine 


36 Cervical Collar Placement 


Fig. 36.4 (a) Correct orientation of anterior portion of C-collar 
(by incorrect orientation of anterior portion of C-collar may cause injury 


(ii) The Aspen collar is adjusted with a combination 
of pulling out while twisting a round knob at the 
steal notch (Fig. 36.5) 
Pull out (away from patient) and twist for he! 
adjustment of the Aspen two-piece collar. 
Adjust the height of the Ambu Perfit on 
collar by simultaneously pulling (away from the 
patient) the two locking pins out and adjusting 
the height of the collar before pushing the pins 
back in (toward the patient) to lock the collar at 
the desired height Fig. 36.6) 
6. Special cases: 

(a) Depending on the age of the patient, it may be neces 
sary to place towels under the shoulder blades to keep 
the neck in a neutral position. 

(b) Children: 

(i) Head-to-body ratios are relatively larger than 
that of adults. 


ii) 


cht 


(iv) 


(ii) Placement on a backboard may cause significant 
neck flexion because the occiput rests on a fat 
board 

(iii) Towels can be placed under a child’s shoulders 
to minimize flexion 


ll 


Fig. 36.5 Aspen collar is adjusted with a combination of (a) pulling 
‘out while (b) twisting a round knob atthe sternal notch 


Fig. 36.6 Adjustment the height of the Ambu Perfit one-piece collar 
by simultaneously pulling (away from the patient) the two locking pins 
‘out and adjusting the height of the collar before pushing the pins back 
in (1ovard the patient) to lock the collar at the desired height 
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(6) Adults with excess soft tissue or degenerative changes 
that prevent C-spine straightening: 
(i) A towel or pad is placed behind the occiput to 
prevent hyperextension. 


36.5 Pearlsand 


falls: 


+ Pearls 

— Ainway, breathing, and circulation should be assessed 
before placement of the C-collar. 

— A high index of suspicion of C-spine injury is 
needed in intoxicated or comatose patients and the 
elderly. 

— Always remember to adjust the height and circumfer- 
ence of a C-collar for a snug fit. 

+ Pitfalls 

— Spinal immobilization increases the risk of 
in vomiting patients. 

— Failure to palpate and inspect the C-spine, head, and 
shoulders before C-collar placement may delay rec- 
ognition of an impending airway emergency and 

igns of critical injury needing rapid 
ment and care. 


piration 


— Lateral C-spine motion is unsecured unless tape, rub- 
ber blocks, or towels are used for support. 

— Overlooking C-spine stabilization during C-collar 
placement leaves the C-spine at risk of further injury in 
patients with an altered level of consciousness, 

— C-collars that are too tight may decrease venous return 
from the head and may increase intracranial pressure. 
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37.1 Indications + The presence of any one of the above findings is consid- 
ered to be clinical evidence that a patient is at increased 
+ Assessmentof the need for radiological imagingin trauma risk for C-spine injury and requires radiographic 
evaluation, 
+ CCR 
37.2. Contraindications For alert (Glasgow Coma Seale [GCS] 15) and stable 
trauma patients 
+ Known unstable cervical spine (C-spine) fracture 1. Any high-risk factor that mandates radiography? 
+ Known unstable ligamentous injury YES + Radiography 
+ Intoxication/altered mental status + Age older than 65 years 
+ Presence of distracting injury + Dangerous mechanism (Table 37.1) 
+ Paresthesias in extremities 
1No 
37.3 National Emergency X-Radiography 2. Any low-risk factor that allows safe assessment of 
Utilization Study (NEXUS) range of motion” NO + Radiography 
and Canadian C-Spine Rules (CCR) + Simple rear-end motor vehicle erash (MVC) 
to Assess the Need for Imaging + Sitting position in emergency department 
+ Ambulatory at any time 
+ The NEXUS clinical criteria + Delayed onset of neck pain 
1. Tenderness at the posterior midline of the C-spine + Absence of midline C-spine tenderness 
2. Focal neurological deficit IES 
3. Decreased level of alertness 3. Able to actively rotate neck? NO— Radiography 
4. Evidence of intoxication + 45° left and right 
5. Clinically apparent pain that might distract the patient JABLE 
from the pain of a C-spine injury No radiography 
+ CCR found to have higher sensitivity (99.4 % vs. 
90.7 %) and specificity (45.1 % vs. 36.8 %) and a lower 
rate of imaging (55.9 % vs. 66.6 %) than NEXUS crite- 
ria for C-spine clearance of low-risk alert trauma 
patients 
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37.4 Type of Imaging 37.5 Mate 
+ Bones + Cervical collar (C-collar) (Fig, 37.1) 
~ C-spine computed tomography (CT)—the new gold 
standard. 


~ Plain X-rays—less sensitive than CT; in one study 
‘X-rays missed 45 % of injuries that were picked up by 
crf] 
+ Ligaments 
— C-spine magnetic resonance imaging (MRI)—consider 
for possible ligamentous injuries and for further evalu- 
ation of obtunded patients. 
~ Flexion-extension X-rays—less sensitive than MRI for 
detection of ligamentous injuries in the acute phase. 
Delayed flexion-extension films are more sensitive for 
ligamentous injury than those done the day of injury. 
bbut less sensitive than MRI 


Fig. 37.1. Assembly of C-collar: Select appropriate size (a). Invert 
chinstrap and snap into place (b). Assembled C-collar(e) 
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37.6 Procedure (Fig. 37.2) 


1, Apply C-collar to stabilize spine. Select appropriate size. 

2, Perform a brief neurological examination and assess the 
patient's mental status; proceed only if both are normal 

3, Loosen the collar to palpate the midline while the patient 
hholds his or her head still. If spinal tenderness exists 
replace the C-collar and proceed to imaging (Fig. 37.3). 

4, Instruct the patient to rotate the neck 45° to each side and 
flex the neck. Ifthe patient is pain free and with no neuro- 
logical comprise, the C-collar may be removed and no 
imaging of the C-spine is required (Fig. 37.4). 


Fig.37.2 Proper placement of C-collar: Slide C-collar under the neck 
While Keeping neck immobilized (a). Secure the collar (b). Correct 
Collar placement (e) 
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Fig. 37.3 Assessment of C spine tendemess: Loosen C-collar while . 
‘keeping neck immobilized (a. Palpate midline of C spine (b) 
Fig. 37.4. C-spine clearance: Instruct patient w rotate neck 45° each 


‘way (a). Instruct patient flex neck (b) 
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Figure 19 
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37.7 Complications 


+ Missing clinically important C-spine injury 
+ Pressure ulcer from prolonged use of C-collar 


37.8 Pearlsand 


falls: 


propriate size of C-collar. 
— Ensure adequate mental status because further imag- 
ing might be required in obtunded/intoxicated patients, 
+ Pisfalls 
— Avoid prolonged use of 
toa pressure ulcer. 


collar because this can lead 
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38.1 Indications 

+ Any patient arriving on a rigid backboard in the emer- 
gency department 

+ Assessment of posterior traumatic injuries 

+ Performed as early as possible after arrival to prevent skin 
breakdown from pressure ulcers 


38.2 Contraindications 


+ Improperly fitted cervical collar (C-collar) or unsecured 
cervical spine (C-spine) before log roll 

+ Unsecured endotracheal tube before log-rolling intubated 
patients 


38.3 Materials and Medications 


+ Personnel: three or four people 
~ One to stabilize the C-spine 
— One or two to roll the patient 
— One to palpate the length of the spine 

+ Properly fitting hard C-collar 

+ Trauma shears for removing transport straps 
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38.4 Procedure 


1. Ensure that the airway, breathing, and circulation 
(ABCs) are established before attempting to remove the 
patient from the backboard, 

2. Gather personnel, at least three, but preferably four peo- 
ple. Larger patients will often require additional 
assistance, 

3. For intubated patients an additional person will be 
needed to secure the endotracheal tube during the log 
roll. 

4, Ensure the height is properly adjusted on the C-collar to 
minimize C-spine mobility (Fig. 38.1), 

5. Position the stretcher at an ergonomic lifting position for 
the person responsible for stabilizing the C-spine. 

6. Clothing and transport straps should be removed before 
the log roll to improve visualization of injuries, 

7. The patient is asked to cross his or her hands over the 
chest. 

8. C-spine stabilization (at head of bed) 

+ Grasp the patient's trapezoids at the midclavicular 
line. 

+ Secure the sides of the patient’s head between the 
‘operator's forearms, 

+ Stabilize the patient’s head in neutral anatomical 
position relative to the body using the operator's fore- 
arms (Fig, 38.2). 
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9, ‘Thoracic and lumbar spine stabilization 
+ One or two (preferably two) people should stand next to 
the patient on the side to which the patient will be rolled. 
— One person: Place hands over the patient’s shoul- 
der and hip. 
— Two people 
+ First person places hands on the patient's 
shoulder and hip. 
+ Second person places hands on the patient's 
hip and knees. 
+ The decision to roll to the 


eft or right side is deter- 


‘mined by injury sites, o minimize injury exacerba- 
tion and pain, and to minimize risk of endotracheal 
tube dislodgment. 


Fig. 38.1. (a) The height ofthe Ambu Perit one-piece collar is adjusted 
by simultaneously pulling the wo locking pins out (away from the 
patient) and adjusting the height ofthe collar, (b) then pushing the pins 
‘back in (toward the patient) to lock the collar at the desired he 


Fig. 38.2 (u) Incorrect: Single-point stabilization does not keep head 
and C-spine in fine with torso (b, €). Correct: The two-point stabiliza- 
tion technique keeps the head and C-spine in line with the torso during 
the log roll 
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10, ‘The person at the head of the bed signals the initiation of 
a synchronized log roll when everyone is in position. 

11, Attention should be directed at maintaining a neutral 
axis along the anatomical line of symmetry during the 
roll (Fig. 38.3), 

12, While the patient is on her or his side, the rigid back- 
board should be removed and secured to prevent injury 
of caretakers 

13, The patient's entire posterior should be exposed and 
examined, taking care to note lacerations and obvious 
deformities. 

14, The entire length of the spine is examined by inspection 
and then by palpation to assessed for tenderness, step- 
offs, and deformities (Fig. 38.4), 

15, Before returning the patient back onto the stretcher, 


censure that any debris, glass, lumps of clothing, or blan- 
kets are removed. 


Fig. 38.3. (a) The interlocking hands of operators performing lateral 
log roll help maintain spine immobilization and minimize wisting. (b) 
‘Two-point cervical spine stabilization is maintained in neutral axis rela- 
tive to the anatomical line of symmetry during the roll. Appropriate bed 
height adjustment will increase the ease of the procedure 


Fig.38.4 (a-c) After backboard has been removed. the entire length of 
the of the spine can be appropriately palpated and assessed for injury to 
the thoracie and lumbar spine 
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38.5 Pearls and Pitfalls 


+ Pearls 
~ The log roll should be performed in unison to avoid 
segmental rotation, 

~ The ABCs should be established before initiating the 
log roll, which is part of the secondary survey in the 
trauma evaluation, 

— A proper log roll begins with stabilization of the 
C-spine because it is the most freely mobile part of the 
spine and, therefore, most frequently injured. 

— Take the patient off the backboard as soon as possible 
to prevent formation of pressure sores. 

+ Pitfalls 

— Failure to establish a two-point stabilization between 
the patient's body and the head leaves the 
risk of further injury during the log roll. 

~ Patients should not be left on the backboard for spinal 
precautions. 

— Failure to ensure that the ABCs are established before 
attempting a log roll 
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Part VI 


Neurologic and Neurosurgical Procedures 


Burr Hole Cra 
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39.1 Indications 39.3 Materials and Medications 


+ Extradural hematoma (EDH) or subdural hematoma + Razor to shave area 
(SDH) with Glasgow Coma Scale (GCS) <8 and unavail- + 2 % lidocaine with epinephrine to numb scalp 
ability of timely neurosurgical intervention in the face of + 10 % povidone-iodine or chlorhexidine prep 


increased intracranial pressure + Light, suction, cautery, dressing tray 
+ Signs of increased intracranial pressure [1] + Gelfoam 

— Deteriorating level of consciousness + Penrose drain 

— Slowing of the pulse + 3.0ssilk 

~ Dilating pupils + #10 scalpel blade and #3 handle 

~ Focal seizures + Small self-retractors or rakes 

~ Hemiparesis + Drill and drill bits: can be manual (Fig. 39.1) or automatic 


— Extensor posturing of the limbs stopping variety (Fig. 39 

+ Bone wax or electric cautery apparatus 

+ Suction apparatus 

39.2 Contraindications + Saline irrigation (IV tubing connected to a saline bag with 
clamp set so flow is low, or a saline syringe flush) 


+ Absolute 
~ GCS >8 
— Immediate availability of neurosurgeon 
+ Relative 
— Lack of imaging (in this case, decision is guided by 
neurologic findings and signs of increased intracranial 
pressure or impending herniation) 


LL Gant, MD, MS, MBA 
Professor of Emergency Medicine, University of Central Florida, 
Orlando, FL, USA 
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Fig.39.2. Automatic stopping craniotonsy drill set 


39.4 Procedure 
Preparation 


1. Patient should be supine, intubated, with appropriate 
-spine precautions 
‘+ Hypertonic saline and/or mannitol can be considered 
for medical management of inereased ICP iffas 
directed by neurosurgery 
2. Determine location and depth for burr hole placement 
(Figs. 39.3 and 39.4): 
+ Have CT images immediately available for viewing 


+ Most common location for EDH or SDH is temporal 
= Temporal burr hole placement: 2 fingerbreadths 
above the ear, ?fingerbreadths forward (Fig. 39.5) 


Parietal burr hole placement: 2 fingerbreadths above 
the ear, 3 fingerbreadths backward (behind the ear) 
— Frontal burr hole placement: 3 fingerbreadths 
from midline, 3 fingerbreadths above hairline 
+ Estimate depth of hematoma by counting the number 
of slices the hematoma is as seen on CTT scan and 
multiplying by the slice thickness (2] 
Shave hair around area of hematoma. 
Prep skin with betadine and chlorhexidine. 
Anesthetize scalp skin with lidocaine and epinephrine 
Accessing hematoma 
6. Make a vertical incision approximately 4 em long down 


to bone.s 

7. Use periosteal elevator or end of scalpel blade to serape 
‘muscle and periosteum away from bone. 

8. Place self-retaining retractors (or rakes) to keep field 
open (Fig. 39.6). 

9, Using a drill with a clutch mechanism [2], drill through 
outer table (resistance), diploic space (no resistance), 
then inner table. 

+ Burr hole needs to be placed over the center of the 
hematoma (Fig. 39-7). 

10. Control bone bleeding with bone wax; control bleeding 
from veins and/or muscle with gelfoam sponge or cau- 
tery (diathermy). 

+ Wound edges may also be cauterized or tamponaded 
with manual pressure +/— epinephrine gauze. 

11. Once in the inner table, separate dura from bone 

12. Enlarge opening by switching to a conical or cylindrical 
burr or use a rongeur 

Evacuating hematoma 

13. EDH blood will be visible at this point and should be 
gently suctioned out 

14. SDH blood will be seen as a tenting of the dura and may 
be clotted: lift the dura with a hook or make an incision 
with a fresh scalpel through it to expose the clot and drain. 
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15, Irrigate with saline (this can be via a hand syringe or via 18. Place Penrose drain (Fig. 39.8) and close the dura first 


1V tubing connected to a saline bag at low sped flow). with a 3-0 absorbable suture, ensuring there is no dural 
16. Repeat gentle suction. ‘leak (will lead to infection if present). 
Closure + A watertight seal ofthe duraplasty is essential to min- 
17, For temporal burr holes, ligate middle meningeal artery imize cerebrospinal fluid leakage. 
(if visible) or cauterize. 19, Loosely suture scalp using 3-0 silk. 


Fig.39.3. Positions of burr hole 
placement 


‘chediag Frontal burr hole 


hole 


‘Temporal butr hole 


Middle meningeal 
artery 
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Fig. 39.4 (a,b) Anatomy for temporal burr hole placement (most common location) 
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Fig. 39.7. Use penetrator drill © get through outer table. Follow up 
ith a burr to get through the rest of the layers, Cam also use an auto- 
‘matic stop eraniotomy deill, 


Fig.39.5 Landmark for temporal burr hole above 2ygoma, make 5 em 


\\ 


Fig. 39.6 After incision is made, use retractors (preferably self 
relaining) to visualize field Fig.39.8 Suture in Penrose drain and close the wound 
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39.5 Complications 


+ Brain laceration/perforation 

+ Temporal artery laceration 

+ Wrong location (minimized when viewing images during 
procedure) 

+ Facial artery laceration 

+ Meningitis 

+ Brain abscess 


39.6 Pearlsand 


falls 


+ Pearls 
— If brain herniates through the burr hole, there is likely 
‘a hematoma at another location. 
— Remember this is only a lifesaving procedure that 
to be done when timely neurosurgical intervention is 
not possible. Do not delay transfer of the patient 


+ Pitfalls 
— Bone in temporal area is quite thin; if not using an 
automatic stop drill, be very careful not to go too far 

and perforate the brain, 
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External Ventricular Drain Placement 


Latha Ganti 


‘An external ventricular drain (EVD; also known as a ven- 
triculostomy tube) is placed via a burr hole in one of the 
ventricles of the brain (Fig. 40.1) to drain excess cerebrospi- 
nal fuid (CSF) that causes elevated intracranial pressure. 


40.1 Indications 

+ Emergent need for intracranial pressure (ICP) monitoring 
and or management 

+ Enlarged ventricles on neuroimaging with Glasgow coma 
scale <12 

+ Subarachnoid hemorrhage with Hunt-Hess grade >3 
(Table 40.1) 

+ Coma 

+ Obstructive hydrocephalus 

+ Intraventricular hemorrhage 

+ Signs of increased intracranial pressure 


40.2 Contraindications 


+ Absolute 
— Immediate availability of « neurosurgeon who can do 
the procedure 
+ Relative 
~ Coagulopathy 
~ Scalp inte 
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40.3 Materials and Medications 


+ Intubation equipment and medications for sedation as 
needed 

+ Sterile gloves, gown, mask 

+ Ruler 

+ Surgical marking pen 

+ 1-2% lidocaine with epinephrine to numb scalp 

+ 5.ce syringe and needles to give anesthetic 

+ 10% povidone-iodine solution and swabs 

+ Razor to shave area 

+ Fenestrated clear drape 

+ Scalpel #11 blade (for scalp) and #15 blade (for perios- 
teum) with #3 handle (Fig. 40,24) 

+ 4x4 sterile gauze 

+ Adson forceps 

+ Mosquito forceps 

+ Self-retsining eyebrow retractor (Fig, 40.2b) 

+ 3-0 nylon suture and needle holder and/or skin stapler 

+ Scissors 

+ A hand dill with variable chuck 

+ One or more drill bits with depth guards in 5/32" 
(3.97 mm), 13/64" (5.31 mm), and 1/4” (6.35 mm) sizes 

+ A thex wrench for depth guard adjustment 

+ Ventricular catheter 

+ Primed ventricular drainage collection system 


40.4 Procedure 
Patient preparation 


1. Patient is intubated and placed supine in neutral position 
with head of the bed elevated 30-45°, 

2. Administer one dose of intravenous antibiotics that cov- 
ers skin flora 

3. Make precise measurement of where the hole and inci- 
sion will be made. Most commonly, EVDs are placed in 
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Fig. 40.1. Veniticles ofthe brain that contain CSF 


Table 40.1. Hunt und Hess scale for subarachnoid hemorshage [1] 


Grade Signs and symptoms 

r ‘Alert and oriented, mi headache, sight or no nuchal rigility 

2 ‘Alert and oriented, moderate o severe headache, nuchal rigidity, no neurologic defi 
3 Drowsiness, confusion, mill focal neurologic deficit 
4 

3 


Stupor, moderate-severe hemiparesis 
Coma, decerebrate posturing 


the right frontal scalp, as this is the nondominant hemi- 14, Put on a new pair of sterile gloves (prior to handling 


sphere in >95 % of the population. ventriculostomy catheter), 

4, Using a sterile skin/surgical marker, draw a line [1 em 15, Remove ventricular tubing from sterile package. It has 
‘back from nasion and then a point 3 cm to the right of markings on it that are em apart. 
that, which corresponds to the mid-pupillary line. This is 16. Insert ventriculostomy catheter perpendicular to the 
called Kocher’s point (Fig. 40.3), skull at the point of insertion. Catheter is aimed at the 

5. Once Kocher’s point is marked, shave skin and remove ipsilateral medial canthus of the eye (anteroposterior 
loose hairs so field is wide enough for subcutaneous _ plane) and tragus of ear (lateral plane). 
catheter placement and tunneling. 17, Advance ventriculostomy tube 5~6 em with stylet from 

6. Prep area with povidone-iodine. outer skull table so it sits in the anterior horn of the 

7. Place sterile clear drape over field, lateral ventricle (Fig. 40.7) 

8, Prep area of incision once more. 18. Ensure ventriculostomy catheter is draining CSF. 

9 Infiltrate scalp with 1-2 % lidocaine with epinephrine 19. Attach metal trocar to tip of ventriculostomy catheter 
(the epinephrine acts as a hemostatic agent, keeping sur- and tunnel the trocar and catheter under the galea 
gical field clean) (Fig. 40.4). approximately 3-5 cm to the right of the original 

10, Make a 2 cm linear stab incision and extend incision to _ incision. Bring trocar out through separate stab incision 
skull (Fig, 40,5), in scalp. 

11. Use eyebrow self-retaining retractors to hold skin edges 20. Remove trocar, make sure ventriculostomy catheter is 
back, still draining CSE. 

12, Drill burr hole with hand drill (Fig. 40.6). 21. Place temporary cap on ventriculostomy catheter to pre~ 


13, Irrigate burr hole with sterile saline, vent overdrainage of CSF, 
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22. Close the original incision with either sutures or 
staples. 
23. Secure catheter to the scalp using staples, 


#11 scalpel blade: elongated 
‘wiangular blade, sharpened 
along the hypotenuse edge, 
with a strang pointed tip 
‘making it ideal for stab incisions 


4418 scalpel blade: small curved 
cutting edge with flat back, used 
for making short and precise 


Fig. 40.2 (a) Surgical scalpel blades. (b) Self-retaining eyebrow 
reractors 


(Adults) 11-12 em 
behind nasion 


em att midline 


Fig.40.3.Kocher's point for 
froatal EVD placement 


24, 


27. 


28. 


29. 
30. 


32. 


Cover incision with sterile transparent dressing. 
Suture stopcock to ventricular catheter to ensure it does 
not come off (Lake care not to make suture too tight or it 
will occlude ventriculostomy catheter) 


. Remove blind end of stopcock, attach ventricular eathe- 


ter to ventricular drain system once itis primed. 

Priming, setup, and maintenance of ventricular 
drainage system 
Prepare drainage system by priming system with sterile, 
preservative-free saline. 
Place zero point of drainage system at midbrain (level of 
patient's ear tragus) or above midbrain at 15-20 cm of 
H,O (target ICP set by neurointensivist and will change 
depending on patient’s situation) (Fig, 40.8), 

Attach drainage tubing, 

Patients who require an EVD should be closely moni- 
tored by nurses trained and competent in assessment and 
management of the drain and in recognizing signs of 
increased ICP in the patient. 


. Assessment of the drainage system should be done a 


minimum of every 4 h, which includes inspecting the 
EVD from the insertion site along the entire drainage 
system, checking for cracks in the system or fluid 
leaking from the insertion site [2] 

Post-procedure 
Obtain CT scan of brain to verify placement (Fig. 40.9), 


Mid:pupillary tine 


‘Aim catheter 

toward ipsilateral 
‘medial canthus 

and ipsilateral ragus 


‘10m anterior 
{0 coronal suture 


LGantt 


Fig. 40.4. Anesthetize skin 


Fig. 40.5 Make stab incision 


Fig.40.7. Advance ventriculostomy catheter with stylet 


40.5 Complications 


Hemorrhage 
Infection; meningitis, ventriculitis 
‘Tract hematoma 

fication 


40.6 Pearls and Pitfalls 


+ Pearls 
— EVD needs to be re-leveled every time the patient 
‘moves. Family and all visitors must be informed that 

any patient movement or change in elevation of head 
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Fig. 40.8. Zero point of drainage 

system placed at midbrain (level CCllectlon system 
‘of patient's ear tragus) 


Zero-tine ig — 
placed at 
‘the level 

ofthe ear 


Black arrow on chamber 
Indcates pressure level 
set by surgeon 


I Callection 
Ventricies of rain bag 
tha brain 


of bed will require re-leveling of EVD in order to 
ensure itis a the appropriate level for CSF drainage. 

— CSF collection chamber should remain upright to pre- 
vent reflux/leakage. 

— EVD placement in the parieto-occipital scalp or fron- 
totemporal or trans-sylvian locations is generally not 
done at the bedside due to higher rate of complica- 
tions. This is performed in the operating room. 

+ Pitfalls 

— Ifthe drain is leveled too low: CSF will drain too eas- 
ily, which can lead to re-rupture of an unrepaired rup- 
tured cerebral aneurysm or cause a subdural hematoma 
due to shearing of bridging veins. 

— If the drain is leveled too high, CSF will not drain or 
will not drain at desired rate, leading to hydrocephalus. 
‘The ICP will need to be higher in order for the CSF to 
drain. 
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Kevin Tench, L. Connor Nickels, and Rohit Pravin Patel 


41.1 Indications 
+ Diagnostic 
— Evaluation for the possibility of a central nervous sys~ 
tem (CNS) infection: viral, bacterial, and fungal men- 
ingitis and encephalitis, 
— Evaluation for inflammatory processes: multiple scle~ 
tosis, Guillain-Barré syndrome 
— Evaluation for spontaneous subarachnoid hemorrhage 
(SAH) 
— Suspicion of CNS diseases: oncological and metabolic 
processes 
+ Therapeutic 
— Therapeutic reduction of cerebrospinal fluid (CSF) 


pressure 

— Procedures requiring tower body analgesia or 
anesthesia 

— Intrathecal antibiotic administration for some types of 
meningitis, 


— Chemotherapy and methotrexate for some forms of 
leukemia and lymphomas 


41.2 Contraindications 


+ Presence of infection in tissues at or around puncture site 
+ Increased intracranial pressure (ICP) from a space- 
occupying lesion; patients with signs of cerebral hernia- 
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tion or with potential of increased ICP and focal 
neurological signs. 

+ Bleeding diathesis (thrombocytopenia, anticoagulant 
therapy, hemophilia); may increase risk of spinal hema- 
toma, but level of coagulopathy that increases risk is 
unclear. 

+ Patients with cardiorespiratory compromise may worsen 
owing to position. 


Patients with prior history of lumbar surgery, osteourthri- 
tis, ankylosing spondylitis, kyphoscoliosis, or degenerative 
disk disease might have more success if lumbar puncture is, 
performed by an interventional radiologist using imaging 
techniques and should be considered, 


41.3 Materials and Medications 
(See Fig. 123.1) 


+ Spinal needle(s) with stylet 

— Adults: 3.5-in, 20-gauge needle; obese may require 
5.0-in. 22- to 24-gauge needle 

~ Children: 2.5-in. 22-gauge needle 

— Infants: 1.5-in, 22-gauge needle 

+ Three-way stopcock (optional: drainage catheter) 

+ Manometer (optional: extension tube for higher opening, 
pressures) 

+ Specimen tubes (# may vary, but in general labeled 1-4, 
important to obtain from I, 2, 3, 4 owing to cell count 
obtained from tubes 1 and 3) 

+ Local anesthetic (lidocaine 1 or2.%), 5- to 10-mL syringe 
and needle (25-gauge) for local anesthesia 

+ Sterile drapes and gauze 

+ Mask, sterile gown, sterile gloves 

+ Antiseptic solution for skin preparation (Chloroprep or 
iodine) 
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41.4 Procedure 


Positioning 
+ Determined by practitioner preference or patient 
capability. 

+ Options: lateral recumbent position, upright sitting 
position (Fig. 41.1). 

‘+ Lateral recumbent position is preferred to obtain accu- 
rate opening pressure and to reduce the risk of post- 
puncture headache. 

+ Both positions require the patient to arch the lower 
back toward the practitioner in order to open up the 


intervertebral spaces (obtain the “fetal position” or 
arch “like a cat"). 

‘+ Shoulders and hips should remain aligned during 
process. 

Landmarks 


+ Determined by palpation, 

‘+ Draw a visual line between the superior aspects of the 
iliac crests that intersects the midline at the L4 inter- 
space, The L3-4 and L4-S spaces are preferred 
because these points are below the termination of the 
spinal cord. 

+ Palpate the posterosuperior iliac crests with the mid- 
point of a visual line that connects the two crests rep- 
resenting the L4 spinous process, 

+ Palpate the space between the L3- or the L4-S spi- 
nous processes and mark where the needle will be 
placed. 

Ultrasound guidance (optional) 

+ Helpful in obese patients, patients with previous surg 
cal scarring, or anyone in whom palpation of the spi- 
nous processes is not easily done 

+ Sonographic measurement of the dura mater 
strongly correlates with needle depth needed to 
obtain CSE. 

‘+ Identify the spinal process in the short and long axis to 
determine the midline and the interspinous space. 

‘+ Identify the interspinous ligament for estimation of the 
depth of needle insertion, 

Commonly only the spinous processes are well 
Visualized, and the interspinous ligament, ligamentum 
flavum, and subarachnoid space are less clearly seen. 

‘+ High-frequency (5-10 MHz) linear probe to best eval- 
uate anatomy, 

+A marking pen can be used to create a cross 
figure (Fig. 41.1), 

+ After placing the patient as described, locate the mid- 
line at the lumbar spine in transverse and longitudinal 
orientations. 

+ Bright echogenic structures with shadowing posteri 
orly identify the spinous processes 


air-type 


+ Transverse probe positioning to identify midline 
(Fig. 41.2), and then longitudinal probe positioning to 
identify interspinous space (Fig. 41.3). 

Sterile preparation 

+ After positioning and palpating the appropriate tand- 
marks, the practitioner should then dress in the appro- 
priate protective gear: mask, gown, and sterile gloves. 

+ Alter dressing, the practitioner can then sterilely pre~ 
pare the patient. 

— Make sure the patient's back is completely exposed. 

— Clean the patient’s back with an antiseptic solution 
(Chloroprep should be scrubbed in an up/down and 
side/side fashion; iodine in a circular motion starting 
from the center of the anticipated insertion point) 

— Apply sterile drapes with the puncture site exposed. 

‘This is an optimal time to make sure all equipment in 
a standard lumbar puncture tray connects properly and 
that the stopcock for opening pressure measurement is 
assembled. Make sure the stopcock is closed away from 
the patient so that CSF can flow from the patient to the 
‘manometer. Ifthe assembly is done, it will decrease the 
amount of CSF lost after the puncture 

Local anesthesia 

1 % Lidocaine or anesthetic cream topically before 

preparing skin 

— For injection, form a skin wheal over the insertion sit. 

— Inject into the deep tissues below the wheal in all 
directions while only breaking the skin once. 

— Systemic sedatives and analgesics may also be used 

Needle insertion 

+ Needle should be inserted in the midline between the 
L3-4 or the L4-5 spinous process, and the stylet 
should be firmly in place. 

+ Initially parallel to the bed, but once into the subeuta- 
neous tissue, the needle should be angled toward the 
umbilicus (slightly cephalad, 15°) with the bevel fac~ 
ing upward (Fig. 41.4). This sagittal plane orientation 
spreads rather than cuts the fibers of the dural sac, 
which run parallel to the spinal axis. 

+ Ifproperty positioned, the needle passes through the skin; 
subcutaneous tissue; supraspinous ligament; interspinous 
ligament between the spinous processes; ligamentum fla- 
‘yum; epidural space including the intemal vertebral 
venous plexus, dura, and arachnoid; into the subarachnoid 
space and between the nerve roots of the cauda equina. 

+ In most cases, a “pop” will be felt when the needle pen- 
etrates the ligamentum flavum, entering into the sub- 
arachnoid space; then intermittent withdrawal should 
be done in 2-mm intervals to assess for CSF flow 

+ If bone is encountered during insertion, the needle 
should be withdrawn partially without exiting the skin 
and readjusted to a different angle more cephalad. 
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Fig. 41.1. Sitting position () lft lateral decubitus position, (b) with general areas of insertion of needle 


Fig, 41.2 Transverse view, white arrow indicates spinous process. 
Place in middle of ultrasound view to locate appropriate midline access 
point 


+ If the tap is traumatic, CSF may be blood tinged but 
should clear as more is collected. If it does not clear, it 
may indicate intracranial hemorrhage or subarachnoid 
blood. Also in traumatic patients, clotting will be seen 
in the tubes; clotting does not occur in SAH owing to 
defibrinated blood being present in the CSF, Blood: 
linged CSF can also be seen in herpes simplex virus 
(HSV) encephalitis. 

+ A dry tap is usually due to incorrect positioning and 
misdirection of needle, often due to a superior direc: 
lion of the needle with obstruction by the lamina or 


Fig 
cate Vertebral shadows; thin white arrow indicates supeaspinous liga 
ment, Red arvow indicates trajectory of needle 


41.3 Longitudinal view of lumbar spine. Thick white arrows indi- 


spinous process of the superior or inferior vertebra. If 


the n 
lar process may be hit. 
If flow slows down, rotate the needle 90° because a 
nerve root may be obstructing the opening. 
6. Opening pressure me 
‘+ Must be performed in the lateral recumbent position. 


dle is too lateral, an inferior or superior articu- 


\surement 


Although there are some conversion formulas from 
the sitting position, these are not standard of care. 
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WALKING THROUGH WALLS TRAINING 
SYSTEM 


BRIEF SUMMARY OF THE INVENTION, 


[0001] ‘This invention is a training system that enables a 
human being to acquire sufficient hyperspace energy in order 
to pull the body out of dimension so that the person can walk 
through solid objects such as wooden doors. 


BACKGROUND OF THE INVENTION 


[0002] A human being is « hyperspace energy being living 
in a physical container or body that is comprised of 67% 
‘water. This high percentage of water makes this invention 
possible. Referring to FIG. 1, the hyperspace energy being 
receives energy from our dimension through seven vortices 
that run the length of the body. Each vortex connects 10 a 
separate hyperspace dimension having its own particular 
frequency. This arrangement allows for the development of 
‘seven modular energy components corresponding t0 the 
‘mind, spiritual eye, voice, body, abdomen, plasma energy 
ball (battery), and ground connection, 


[0003] Vortex (A), known as the top vortex, supplies 
‘energy 10 the mind and provides a channel of communica- 
tion to other entities in the universe. This channel has been 
{ested up to 100,000 light years which is the diameter of the 
galaxy, 


[0004] Vortex (B), known as the spiritual eye, has a hollow 
ccone-like appearance surrounded by white, misty, Iow- 
‘density hyperspace energy. Because the eye is modular, the 
‘mind can project it to vast distances, a process knowa as 
remote viewing, 


[0003] Vortex (C), known as the voice and hearing mod- 
lle, can also be projected to enormous distances in order to 
‘communicate verbally with other entities. Using the proper 
remote viewing instruments, itis possible to project both the 
‘eye anc! verbal modules to see and talk at the same time. 


[0006] Vortex (D), known as the heart vortex, provides 
protective energy t0 the upper internal organs, arms and 
hands. 


[0007] Vortex (E) provides protective energy for the lower 
‘organs such as the intestines, liver and kidneys, 


[0008] Vortex (F), known as the battery of the body, 
‘consists of an orange-colored plasma energy ball about one 
to two inches in diameter. The body becomes paralyzed if 
this ball is removed from the body. When the hyperspace 
‘energy being leaves the body, the vortices close and the 
battery takes over in order to keep the body functioning, This 
vortex also plays a role in the creation of the astral energy 
baby that attaches to the fertilized egg, 


[0009] Vortex (G) isthe ground vortex which rotates in the 
‘counter-clockwise direction in order to provide an enersy 
ground for the electrical circuit. All the other vortices rotate 
in the clockwise direction as seen from the front such that 
‘energy flows into the vortex according to the right-hand rule 
of physics. 

[0010] | Vortex (1) is the hand vortex which rotates coun- 
terclockwise on the right hand and clockwise on the left 
hand as seen looking at the palm. Thus there is a rotating 
flow of hyperspace energy between the two hands when the 
palms are facing each other, 
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[0011} Referring to FIG. 2, each vortex feeds energy into 
its own hyperspace module Shown by the lettered box. In 
terms of quantum mechanics, each box is actually a potential 
energy well in which each module develops separately. At 
the time of death of the body, these modules are joined 
together asa single energy being, The process is powered by 
the plasma energy ball battery which also contains the 
logical instructions for assembly. 

[0012] Different people, as tested by the pendulum on the 
hand vortex, have different vortex sizes. Three people were 
tested. The first person had almost no rotational movement 
showing very litle energy. The second person had a vortex. 
radius of one inch. Another had a vortex radius of four 
ches which covered his entire hand. The latte also has the 
ability to lift another human being, Iving prone on a table, off 
the table by flowing low-density hyperspace energy into the 
person through the hand vortices. He has also experienced 
walking through a solid wooden door with a dog at his side. 
‘What this means is that there is @ way, as described in t 
invention, of creating lane energy vortices. which will 
enable @ person to acquire sufficient energy 10 walk out of 
dimension through solid objects such as wooden doors. 


[0013] Researching the historical records, referring to the 
Statue in FIG. 3, a humble black Catholic Dominican friar 
of the Santo Rosario Convent, by the name of San Martin de 
Portes, living in Peru in the 1500's, also developed this, 
ability to walk through doors, For his beatification, many 
witnesses came forward to recount his extraordinary abili- 
ties. For example, a witness, who worked in the Convent, 
‘went {0 the cell of San Martin to ask for something to eat. 
‘When he reached the cell, he saw San Martin leaving with 
some medications apparently to heal someone sick. The 
‘witness waited by the open door of the cell for his return. 
‘Afler having waited awhile without being distracted by 
‘anything else, he saw said venerable brother fray Martin 
‘come out from his cell from the inside and call him by name. 
‘The witness was terrified, not understanding how this was 
possible 

[0014] ‘The woman who gave me the statue told me that he 
‘would walk miles and miles each day to visit the poor. The 
task of walking means that there is a velocity involved. 
Because the body has mass, then there is a mass times a 
velocity, of momentum, involved in this ability. Notice also 
thatthe statue shows him walking with his right arm crossed 
cover his left arm in the form of an X. 


[0015] What this walking momentum means in terms of 
physics is given in the following analysis, The human body 
consists of 67% water. A water molecule consists of two 
hydrogen atoms and one oxygen atom having the atomic 
formula HO. The atomic weight of one atom of hydrogen 
is 1.008 awu, The atomic weight of one atom of oxygen is 
16,000 awu. The molecular weight of one atom of walter is 
therefore 


‘Weigh of wo atoms of hysrogen 2* L008 au = 2016 www 
‘Weigh of one wom of omygen 1 16000 wu = 16.00 a 
18016 aw 


‘The formula weight is just the atomic weight expressed in 
‘grams. Thus the formula weight of water would be 18.016 
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Fig. 41.4. Angle of insertion of needle, cephalad with bevel up 


+ Once the needle is in the subarachnoid space and CSF 
is flowing from the needle, the three-way stopcock 
should be attached to the needle and the manometer 
should be attached to the stopcock to take a measure~ 
‘ment, Use the flexible tube to connect the manometer 
to the hub of the needle, 

+ Note the height of fluid in the manometer after it stops 
rising (normal opening pressure, <20 cm Hg); it may 
be possible to see pulsations from cardiac or respira- 
tory motion. 

— Elevated CSF pressure is seen with meningeal 
inflammation, hydrocephalus, pseudotumor cere- 
bri, SAH, and CHE. 

~ Decreased CSF pressure is seen in leakage of CSF 
and severe dehydration, 

7, Collecting CSF fuid 

+ Collect at least 1-2 mL of CSF fluid in each tube, 
going from 1 to 4 and never aspirate because this can 
cause hemorrhage. 

+ After collecting the fluid, replace the stylet and remove 
the needle, clean the skin, and place a bandage over the 
puncture site 

+ General recommendations 
~ Tube I: glucose, protein, protein electrophoresis 
~ Tube 2: Gram stain, bacterial and viral cultures 
~ Tube 3: cell count and differential 

‘+ When ruling out SAH, cell count should be performed 
in tubes I and 3 or I and 4 to differentiate between 
SAH and traumatic tap, 
~ Tube 4: Any special tests: myelin basic proteins, 

lactate, pyruvate, and smear on cell concentrates all 
depend on suspicion. 


41.5 Complications 


+ Implantation of epidermoid tumors: from introducing, 
skin plug into the subarachnoid space and can be avoided 
by using stylet when advancing, 

+ Postlumbar puncture headache: most common, occurring, 
in 36,5 % of patients within 48 h 

+ CSF leak: causes headache when CSF leak through pune 
ture site exceeds rate of production 

*+ Bleeding: most common in patients with bleeding diathe- 
sis; may result in spinal cord compression 

+ Epidural hematoma 

+ Infection: local cellulitis, abscess (local or epidural), or 
‘meningitis 

+ Hemiation syndromes: high risk can be identified by 
computed tomography but may not completely identify 
all patients with increased ICP 

+ Backache: local or referred pain 

+ Cantiorespiratory compromise 


41.6 Pearls and Pitfalls 


+ Pearls 
— Positioning the patient is key to a successful procedure. 
— In adults the spinal cord may terminate higher than 
previously thought and it may be okay to go one inter- 
space higher than recommended; but in infants owing 
to the differential in longitudinal growth of the spinal 
canal and cord, the spinal cord usually ends in L3. So 
in children the tap must go L4-5 or L5-S1 
— Always keep the stylet in place until after the skin bar- 
ier is penetrated because this will avoid introduction 
of epidermoid tissue 
+ Pitfalls 
— Postspinal headaches can be avoided with smaller nee- 
dles and intravenous (IV) fluids 
+ Having the patient lie on the back for Ih after the 
procedure has no change in incidence of headache, 
+ Treatment consists of IV fluids initially, then caf- 
ic, and, ultimately, if the headache persists, a 
blood patch. 
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Reflex Eye Movements (Doll’s Eyes 
and Caloric Testing) 
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Thomas T. Nguyen, Tina Dulani, and Saadia Akhtar 


42.1 Doll's Eyes (Oculocephalic 


Reflex Testing) 
42.1.1 Indications: Doll's Eyes 


+ To assess brain stem function of a comatose patient 
+ To assess cerebral function in a comatose patient if brain- 
stem function is intact 


42.1.2 Contraindications: Doll's Eyes 


+ Absolute 
~ Occult cervical spine injury; rule out radiographically 
and clinically 
— Basilar skull fracture 
+ Relative 
— Rheumatoid arthritis; increased risk of atlantoaxial 
subluxation resulting in spinal cord compression 
~ Osteoporosis: increased risk of cervical spine injury 
— Cervical spine ankylosis; increased risk of cervical 
spine injury 


42.1.3 Procedure: Doll’s Eyes (Fig. 42.1) 


1. Stand at the head of bed and grasp the patient’s head with 
both hands, 
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Use the thumbs of both of hands to open the patient’s 

eyelids, 

3. Rapidly move the patient's head to one side and hold. 

4, Simultaneously observe for the presence or absence of 
horizontal movements, 

(a) Head movement to one side should result in conju- 
gale eye movement to the opposite side and then in 
spontaneous return of the eyes to the midline (normal 
test 

(b) Normal oculocephalic reflex is the observation of 
conjugate eye movements to the opposite side of head 
turning, This indicates a functionally intact brainstem 
in a comatose patient. 

(©) Abnormal oculocephalic reflex: incomplete or absent 
horizontal eye movements. The eyes remain in the 
midline, This indicates impairment of the brainstem; 
caloric testing should be done if not contraindicated 

(d) A partially abnormal oculocephalie reflex: conjugate 
eye movement opposite to head turning but does not 
return to the midline means the brainstem is intact but, 
cerebrum function is not 

5. Repeat by rotating the head to the opposite side. 

6. Vertical oculocephalic response can be tested by moving, 
the patient’s head up and down. A compensatory vertical 
eye movement should be observed. 

(a) This testis useful only if the horizontal oculocephalic 
reflex is negative. An intact vertical oculocephalic 
reflex with a negative horizontal oculocephalic reflex 
suggests a pontine lesion. 

7, Document the observations. 


42.1.4 Pearls and Pitfalls: Doll's Eyes 


+ Oculocephalic reflex may not be present in the first 10 
days of life and is unreliable until 2 years of age. 

+ Do not attempt the doll’s eye maneuver in patients with 
cervical spinal injuries, 
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Fig. 42.1. The oculocephalic (doll’s eyes) reflex in a patient with an 
intact brainstem. (a) Start with the head facing upright and grasp as 
depicted using both thumbs to keep the eyes open. (b) Rotate the head 
90° to the right and the eyes deviate to the left (opposite side). (e) The 


‘eyes will spontaneously return to the midline. () Then rotate the head 
180° to the left and the eyes should deviate tothe right (opposite sid), 
(¢) The eyes will spontaneously retuen to the midline 
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+ The doll’s eye reflex can be absent or partial in patients 
with ocular muscle nerve palsy (e.g., cranial nerve [CN] 6). 

+ Make sure the patient does not have a neuromuscular 
blockade agent or other toxins present. 

+ A conscious person can suppress the doll’s eye or oculo- 
cephalic reflex. 


42.2 Caloric Reflex Testing 
(Vestibuloocular Reflex) 


42.2.1 Indications: Caloric Reflex Testing 


+ In any comatose patient with abnormal doll’s eye or if it 

annot be performed 

+ To assess brainstem function of a comatose patient 

+ Toassess asymmetrical function in the peripheral vestibu- 
lar system 


42.2.2 Contraindications: Caloric Reflex 
Testing 


+ Absolute 
Perforated tympanic membrane 

— Presence of tympanostomy tubes 

— Basilar skull fracture, petrous bone fracture 

~ Suspicion of cerebrospinal fluid (CSF) otorrhea 


42.2.3 Materials and Medications: Caloric 
Reflex Testing 


+ Otoscope 
+ 60-mL syringe 

+ 16- to 18-gauge angiocatheter 
+ Thermometer 

+ Ice-cold water (30-33 °C) 

+ Warm water (44 °C) 

‘+ Emesis basin (to collect water) 
+ Towels or Chux. 


42.2.4 Procedu 
(Fig. 42.2) 


‘aloric Reflex Testing 


1, Place the patient supine and elevate the head to 30° to 
bring the lateral semicircular canal into the upright 


position, 
(a) Careful otoscopic examination should be done before 
caloric testing to make sure there are no 


contraindications. 


(b) Remove any cerumen from the external auditory 
canal (EAC); the irrigation fluid should be able to 
reach the tympanic membrane. 

Get  60-mL syringe with an 18-gauge angiocatheter. 

Remove the plastic angiocatheter from the needle and dis- 

card the needle 

3. Place the angiocatheter on the 60-mlL. syringe and fill it 
with ice water (30 °C), 

4, Place the angiocatheter in the EAC and squirt the water in 

period of 30-40 s. The water should freely enter 

and exit the auditory canal. 

(a) The stimulus depends upon the temperature of the 
water and not on water pressure. 

(b) Reflex horizontal movements may be delayed for up 
to 1 min after irrigation of the EAC. 

5. Observe: Have an assistant hold the eyelids open with the 

head still and facing forward, 

(a) Normal test: Cold water induces slight deviation of 
the eyes to the side being irrigated followed by a 
latent period of approximately 20 s and then nystag- 
‘mus to the opposite side (direction of the fast phase) 

(b) Abnormal test: Eyes do not deviate; this implies 
brainstem problems. 

(c) The quick phase may return in patients in a persistent 
vegetative state, Search for the slow, full eye devi 
tion in response to caloric stimulation and not nystag- 
‘mus when assessing a comatose patient. 

6. Pause at least 5 min so the auditory canal can warm up. 

(a) The same EAC can be irrigated with warm water if 
the contralateral side cannot be tested for any reason. 

7. Repeat steps 3-5 in the opposite ear 
(a) Warm water testing can be used if there is no response 

to cold water testing, Use warm water (44 °C) and 
repeat testing, starting with one ear and then, after 
5 min, with the other ear. 

(b) Warm water induces nystagmus to the same side 
(direction of the fast phase). 

(©) COWS: Cold opposite, warm same (referring to the 
compensatory fast phase of eye movement, the 
nystagmus). 

8. Dry the patient off and reexamine the tympanic mem- 

branes to assess for testing related injury. 


42.2.5 Complications: Caloric Reflex Testing 


+ If contraindications are excluded, no significant compli- 
cations are expected. 

+ ‘Tympanic membrane injury or EAC injury can occur 
from the angiocatheter, forceful irrigation, or injury dur- 
ing cerumen removal. 

+ Potential complications from caloric testing include men- 
ingitis, otitis media, and vomiting. 
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Fig. 42.2. Depiction of the Unilateral cold water irigation 
vestibuloocular reflexes with 
unilateral cold-water irigation Calorie response Right Left ear 


Normal, awake pationt 
(Fast phase nystagmus 
— 
(Slow phase nystagmus 
——_ 


Conjugate deviation 


Disconjugate deviation 


Unresponsive 


as Toes Dat Tet) 
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42.2.6 Pearls and Pitfalls: Caloric Reflex 
Testing 


+ A positive response to caloric testing indicates intact 
brainstem function, 

+ In an awake patient, excessive reflex vagal activity may 
occur (i.e., nausea, vomiting, dizziness) 

+ Absence of horizontal eye movement means comatose 
brainstem injury. 

+ Disconjugate or impaired reflex horizontal eye move- 
‘ments indicate impaired brainstem function at or below 
the level of the oculomotor nucleus. 

+ A comatose patient with intact full-reflex horizontal eye 
‘movements indicates that the lesion causing coma is in 
the cerebral hemisphere, 
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Dix-Hallpike Maneuver 
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‘The Dix-Hallpike maneuver, also termed the “head-hanging 
positioning maneuver.” is helpful in confirming the clinical 
suspicion of benign paroxysmal positional vertigo (BPPV), 
This maneuver provokes abnormal nystagmus, which is a 
characteristic feature of BPPV. 


43.1 Indications 

+ BPPV is one of the most common types of vertigo. 

— The pathophysiology of BPPY, in brief, is believed to 
be due to free-moving densities (canaliths/otoliths) in 
the posterior semicircular canal; with head movement, 
the particles would alter the flow of the endolymph and 
cause the stimulation of the ampulla. The particles in 
the canal cause slow or even reversal of the movement 
of the cupula and create signals that do not correlate 
with the actual head movements, therefore causing the 
sensation of nystagmus. 

— This maneuver locates the cause of vertigo as either 
the inner ear or the brain; if the problem is in the ear, 
this maneuver helps localize which ear is affected, 

+ This maneuver is indicated for patients presenting with 
vertigo, which is evoked by a change in position and has 
no symptoms at rest 

+ This maneuver is inexpensive, easily done, and part of the 
physical examination when a patient presents with the 
complaint of dizziness or vertigo. 
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43.2 Contraindications 


+ Severe cervical spine disease. 

+ Unstable spinal injury. 

+ High-grade carotid stenosis, 

+ Unstable heart disease 

+ Elderly patients may not tolerate this maneuver. 

+ There is no need to perform this test in the presence of 
nystagmus at rest 


43.3 Materials 


+ Examination table 

+ Flat cushion 

+ Frenzel goggles: These high-powered (+20 diopters) 
‘magnifying glasses can be placed on a patient during the 
performance of the maneuver and have shown to increase 
the sensitivity of the Dix-Hallpike maneuver by prevent- 
ing the patient from visually fixating on an object, thereby 
preventing suppression of nystagmus. They are not 
required to perform the maneuver: they usually are used 
by specialists. 


43.4 Procedure (Fig. 43.1) 


1, Have the patient sit at the edge of a bed. The patient is 
instructed to maintain eye contact with the physician 
throughout the maneuver. 

. With the patient seated, the examiner will extend the 
neck, approximately 20°, and turn the head to one side, 
approximately 30-45°. 

3. ‘The examiner then assists the patient by lowering the 
patient quickly into a supine position, so that the head 
hangs over the edge of the bed or table, with the neck in a 
hyperextended position, A flat cushion can be placed 
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Fig. 43.1. (a) With the patient seated, the doctor will extend the neck, 
approximately 20°, and tum the head to one side, approximately 
30-45". (b) The physician then assists the patient by lowering the 
patient quickly into a supine position, so thatthe head hangs over the 
edge of the bed or table, with the neck ina hyperextended position 


beneath the person's back in the shoulder blade area to 
assist with obtaining head extension, 
4, ‘This position is held, and the examiner observes for nys- 
tagmus for up to 60s. 
(a) Nystagmus is a rapid, rhythmic movement of the eyes 
‘and usually appears after a brief period and lasts less 
than 30 s. 
(b) The direction of the nystagmus is usually up and 
twisted; therefore, the eyes will beat toward the 
ground. 


(c) If the patient becomes dizzy or the doctor sees nys- 
tagmus, the test is positive for the ear that is pointed 
to the floor. 

5. ‘The patient is then returned to the upright position and is, 

again observed for nystagmus for 30 s 

6. If nystagmus is not provoked, the maneuver is repeated 
with the head turned to the opposite direction. 
7. If nystagmus is provoked, the patient should have the 

‘maneuver repeated to the same side. 

(a) With each repetition, the intensity and duration of 
nystagmus should decrease. 


43.5 Complications 


+ Vertigo 
+ Nausea 


43.6 Pearls and Pitfalls 


+ The maneuver can be uncomfortable to the patient 
because it can cause vertigo and nausea 
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Epley Maneuver for Vertigo (Particle 
Repositioning or Canalith Repositioning 


Procedure) 


44 


Rui Domingues and Muhammad Waseem 


During the Dix-Hallpike test (see Chap. 43), the particles 
‘move in the canal and trigger a burst of upbeat-torsional nys- 
tagmus, The Epley maneuver causes resolution of positional 
nystagmus. This maneuver is effective in about 80 % of 
patients with benign paroxysmal positional vertigo (BPPV). 


44.1 Indications 


+ Performed to alleviate the symptoms of posterior canal 
BPPV 


44.2 Contraindications 


+ Back or spine injuries or other problems 
+ Presence of detached retina 


44.3 Materials 


+ Pillow or pad 
+ Padded table or bed 


44.4 Procedure (Fig. 44.1) 


1, The patient is positioned on the bed with the head slightly 
extended and turned 45° to the affected side; hold this 
position for 60s, 
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+ The patient may hold the physician’s arm for support. 
‘The patient is then assisted by the physician to a supine 
position, with the head in extension, with a pillow or pad 
placed at the shoulder level allowing for extension; this, 
position is held for a 60 s. This position will likely pro- 
voke transient dizziness and vertigo. 

‘The head is then turned 90° to the opposite side; this posi- 
tion is held for 60 s. This position will likely provoke 
transient dizziness and vertigo. 

‘The head is then turned through a further 90° while the 
patient rolls onto the unaffected side; this position is held 
for 60s 


. ‘The patient then sits up slowly, by rolling up from lying 


on the unaffected side: this position is held for 60 s. 
‘The patient should wait for 10-15 min before discharge. 
Discharge instructions are then provided. Home 
instructions 

+ Instruct the patient to sleep in a semi-recumbent pos: 
tion for the next two nights; the patient should sleep 
at a 45° angle, which is most easily done by sleeping 
in a recliner or with several pillows arranged on a 
couch. 

+ Sleep on the nonaffected side. 

+ During the day, try to keep the head in a vertical posi- 
tion; no sudden head movements to the right, left, up, 
or down, 

+ When men shave under their chins, they should bend 
their bodies forward in order to keep their heads 
vertical 

+ Do not go to the hairdresser or dentist because these 
require head movements. 

+ Care should be taken when putting in eye drops 
because it requires head extension. 

+ No vacuuming or mopping the floor. 

+ Try not to wear clothing that needs to be pulled over 
the head. Try to avoid bending down to tie shoes. 
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Fig. 44.1 (a) Patient seated nthe table. (b) Patient in supine position, 
‘ith the head turned 45° tothe affected side. (e) Head then turned to the 
‘unaffected side (45°). (A) Head turned additional 90° on the unaffected 
Side, D direction of view of labyrinth 


44.5 Complications 


When performing the previous maneuver, caution is advised 
should neurological symptoms occur. Occasionally such 
symptoms are caused by compression of the vertebral arter- 
ies; if it persists for a long period of time, a stroke can 
occur, 


44.6 Pearls and Pitfalls 


+ Pearls 
— This maneuver should initially be performed by a 
trained therapist or medical physician. 
— Ibis best to perform the Epley maneuver before going 
to bed at night 
+ Pitlalls 
— The patient should not drive herself or himself home 
after the procedure. 
— Avoid rapid changes in head position that might pro- 
voke BPPV. 
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grams or 0.018016 kilograms. According to Avogadro’s law, 
the formula weight contains N=6.02x10°° molecules. Thus 
the mass of one water molecule is the formula weight 
divided by the number of molecules: 


is 


= 2909069103: 10° 
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[0016] According to Einstein’s Special Theory of Relat 
ity, energy is equal to the mass times the speed of light 
‘squared. The energy of @ photon is equal to Planck’s 
‘constant h times the frequency f of the photon. Equating 
these two energies shows that 
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‘which says that the natural logarithm of the mass plus the 
natural logarithm of the wavelength is equal to the natural 
Jogarithm of Planek’s constant divided by the speed of light 
¢, known as the base constant in the tetrahedron diagram. 
This diagram plots the mass versus wavelength in natural 
logarithms. Notice that the left hand side of the equation is 
the sum of mass and wavelength, so the right hand side must 
also be the same, 


OA) +e2eA) 


here QA, known as the Planck mass, isthe linear mass 
Of the universe times the bottom dimensional limit of the 
universe A, and 2:4 is the bottom dimensional wavelength, 
known as the Planck wavelength. That is, our dimension is 
bounded by the Planck box having sides Planck mass and 
Planck wavelength. These boundaries have values: 
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[0017] Referring t FIG. 4, these two lines are plotted on 
the tetrahedron diagram, The Planck mass line (A) reflects 
off the sphere (C) and returns as the Planck wavelength (B) 
‘which shows the dual nature of quantum physics. ‘This 
‘reales the Planck box (,b.¢<) which isthe boundary of our 
‘dimension. 


[0018] Referring to FIG. 5, the mass of the water mol- 
‘ccule is plotted as horizontal line (D) on the diagram. The 
‘energy of the water molecule is the mass times the speed of 
light squared. 
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[0019] Referring to FIG. 6, a circle (E), having a radius 
«equal tothe speed of light squared, centered on the mass of 
the water molecule atthe vertical axis, generates a circle (F), 
centered at the origin, that intersects (@) the mass of the 
water molecule at the Planck wavelength. That is, this 
intersection point sits right on the Planck box boundary 
between space and hyperspace. The radius of circle (F) is 
actually the mass of the water molecule divided by the speed 
of light squared. 


Taking the positive square root, the speed of light is one 
meter per second at the Planck boundary. The experiments, 
‘with brain hemisphere resonance show that the resonant 
frequency of the human energy feld is between 1 Hz to 5 Hz 
‘which is well below the hearing threshold of 20 Hz, Because 
the traveling wave has a wavelength of 0.3048 m and the 
speed of light is unity at the boundary, the frequency should 
be 
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which is within the middle of the experimental male range. 
ALthis resonant frequency, the human energy being pops out 
of the body, This represents only a first stage in the devel- 
‘opment of the energy being. But what is really wanted is to 
have both the physical body and the energy field move out 
of dimension together as San Martin did, 


[0020] Referring to FIG. 7, the 45° base line (G) is added 
to the diagram. Notice that the Planck mass intersects (b.d) 
the Planck wavelength on this line because they sum to the 
base constant. The mass of the water molecule erosses this 
line at point (). circle, centered (f), with a radius equal to 
the speed of light, is tangent to the Planck wavelength (h) 
and the Planck mass (g). Since mass times velocity is 
momentum, the diagram says that the momentum of the 
water molecule is tangent to the boundaries of the Planck 
box which separates space from hyperspace. In order to get 
to point (e) from the momentum of the water molecule, a 
second circle is added to the momentum 


[0021] Referring to FIG, 8, a circle (1), centered on the 
‘water molecule massa the speed of light circle (is made 
tangent to the Planck wavelength at point (e). The momen 
‘um M of space is equal tothe Planck mass times the Plank. 
‘scale times the speed of light. At point (e), the speed of light 
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45.1 Indications 


+ Deep coma without any identifiable reversible causes, 
+ Suspected brain death in a mechanically ventilated patient 


45.2 Contraindications 


+ Metabolic derangements 
+ Acid-base disorders, 

+ Electrolyte abnormalities sufficient to cause the coma 
+ Profound hypotension 

+ Hypothermia (core body temperature <36°C) 

+ Drug overdose or toxic exposure 

+ Locked-in syndrome 
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45.3. Materials and Medications 


+A bright light 

+ Intravenous (IV) catheter 

+ 30-mL syringe 

+ 50-mL of ice water 

+ Endotracheal suction catheter 
+ Long swab or tongue depressor 
+ Gauze 4x4 or saline eye drops 


45.4 Procedure 


1, Evaluate the motor response to pain. 

+ Apply pressure to the supraorbital nerve and nail beds 
No motor response is consistent with brain death 
(Figs, 45.1 and 45.2). 

‘Test for the absence of brainstem function. 

+ Check pupillary response to bright light. 

+ Check the oculocephalic reflex. With the eyelids held 
open, quickly turn the head to the side. The normal 
response is for the eyes to move in the opposite direc~ 
tion, maintaining the focus forward, Failure of the eyes 
to deviate during head rotation is consistent with brain 
death (Fig. 45.3) 

+ Check the oculovestibular reflex with cold caloric test- 
ing. Elevate the head of the bed to 30°. Attach an IV 
catheter to the tip of a 30-mL syringe. Inject 50 mL. of 
cold water into the external ear canal. Observe the 
pupils for 1 min for deviation toward the ear with the 
cold stimulus. Wait 5 min before testing the other side. 
No deviation of the pupils is consistent with brain 
death (Figs. 45.4 and 45.5). 

+ Check for bulbar paralysis 
— Check for a cough response to bronchial suctioning, 
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— Stimulate the posterior pharynx with a long swab or 


tongue depressor and observe for a gag. 


= Check the comeal reflex by lightly touching the 


cornea with a cotton swab, comer of gauze, or drops 
of sterile saline and observe for blinking of the eye- 
lids (Fig. 45.6). 


3, Check for respiratory effort by performing an apnea test, 
Before starting the apnea test, the following conditions 
must be met: 

(a) The patient must not be hypothermic. The core tem- 


perature must be greater than 36°C. 


(b) The patient must be hemodynamically stable with a 


systolic blood pressure greater than 90 mmHg. 


(c) The arterial blood gas (ABG) must demonstrate a 


normal arterial partial pressure of carbon dioxide 

(PaCO:). The arterial partial pressure of oxygen 

(PaO:) may be elevated with preoxy genation to mi 

mize the risk of hypoxemia prematurely ending the 

‘examination, 

+ Monitor the patient with a pulse oximeter. 

+ Disconnect the ventilator and deliver oxygen at 
6 L/min by cannula into the endotracheal tube. 

+ Alternately the patient can remain connected to 
the ventilator with no applied support, which 
allows for an in-line negative pressure monitor to 
be attached to the circuit, Note: Most ventilators 
are too sensitive to be used as the sole method of 
sensing respiratory effort as they can produce 
false-negative results, 

+ Watch the chest and abdomen for respiratory 
‘motion, or monitor for negative inspiratory force 
fon the pressure gauge. Check an ABG every 
10 min and when the test ends, 

+ Ifthe PaCO inereases by 20 mmHg or the PaCOs 
is greater than 60 mmHg and there was no respira- 
tory effort, the testis consistent with brain death. 


+ The test must be aborted and the patient recon- 
nected to mechanical ventilation if the patient 
becomes hypotensive, desaturates, or develops 
cardiac arrhythmias. 


+ If there is respiratory effort, the patient must be 
reconnected to mechanical ventilation (Figs, 45.7 
and 45.8), 


Supaotital ge 


‘Norma positon of 
fears against head 


“Temporomancular 
ree 


Fig. 45.1 Motor response 10 pain 1. Temporomandibular joint and 
supraorbital ridge test supruorbital nerve function 
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Fig. 45.2. Motor response 10 
2: Firm pressure can be 

applied to the nail beds with a 

penlight or similar instrument 
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‘a Normal action: Eyes move side to side when head is tumed, 


Abnormal reaction: Eyes remain in fixed poston in skull when head is turned 


Fig. 45.3 (a, b) Oculocephalic reflex or “Doll's eyes.” Movement ofthe eyes away ffom the direction of head tuming (Le, o keep the gaze for- 
ward) indicates intact funetioning 
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Fig. 45.4 Preparation of cold saline for esting of the oculovestibular 
reflex or “cold calories” 


Normal caloric: Eyes Abnormal calore: 
doviato to side of ce eyes do not deviato 
water application 


Fig. 45.5. (a,b) Oculovestibular reflex. Intact functioning is demonstrated by deviation ofthe gaze toward the side being tested 
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Fig. 45.6 Use ofa cotton ball or unwound tip of acotton swab fortest- Fig. 45.8 Ventilator waveform in a patient without spontaneous respi- 
ing of the corneal reflex. A piece of sterile gauze (“4x4”) is also com- rations during the apnea test 
‘monly used 


Fig. 45.7. Ventilator waveform before apnea test 
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45.5 Pearls and Pitfalls 
+ Pearls 

~ The clinical examination should be performed by 
someone with experience or training in brain death 
examinations. Local regulations as well as hospital 
policies should be reviewed in order to determine the 
requirements for brain death. Some locales require a 
repeat examination by a different practitioner. 

— A patient with a cervical spine injury causing quadri 
plegia may not feel nail bed pressure and may be unable 
to respond to pain with more than facial movements. 

+ Pitfalls 

~ Pupillary constriction less than 3 mm is not consistent 
with brain death. 

~ Do not test oculocephalic reflex (doll’s ¢ 


s) on 
patients who may have a cervical spinal cord injury 
from trauma, 

~ Do not test the oculovestibular reflex with cold calorie 
testing in patients with a ruptured tympanic membrane. 

— A large number of patients may demonstrate spinal 
reflex movements during brain death. These reflexes 
may be triggered by touch, noxious stimuli, or removal 
of the ventilator. These movements can include plantar 
flexion, upper extremity posturing, eye opening, and 
the “Lazarus sign (the arms raise off the bed and 
cross). Although these movements can be disconcert 
ing to the health care team and family, they do not pre: 
clude a diagnosis of brain death. 


45.6 Controversies 


+ Repeat examinations 

~ The American Academy of Neurology guidelines ree 

‘ommend repeating the brain death examination at 6 bh. 

‘The guidelines acknowledge that this is an arbitrary 

Recent evidence suggests that the second 
examination may be unnecessary. 


interval 
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+ Confirmatory Testing 
~ Confirmatory testing is an option if specific elements 
of the clinical examination cannot be performed. For 
example, a trauma patient with suspected cervical spi- 
nal cord injuries precluding the oculocephalic reflex 
test would be a candidate for confirmatory testing. 
~ Conventional cerebral angiography will demonstrate 
no filling beyond the carotid bifurcation or within the 
circle of Willis. Electroencephalography demonstrates 
no electrical activity. Transcranial Doppler ultrasonog- 
raphy will demonstrate vascular resistance associated 
with elevated intracranial pressure, Technetium-99m 
hhexamethylpropylene-amine oxime brain scans dem- 
onstrate the “hollow skull” sign or no uptake of isotope 
in the brain (Fig. 45.9) 
~ Newer modalities of confirmatory testing include com- 
puted tomography (CT) angiography and magnetic reso- 
nance imaging/magnetic resonance angiography (MRU 
MRA). These tests are being used in some hospitals 
however, the recent review by the American Academy of 
Neurology finds evidence insufficient to recommend 
using these newer modalities to confirm brain death. 


Fig. 45,9. “Empty skull sign” on nuclear medicine flow study confirms 
brain death 
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Part VII 


Ophthalmic Procedures 


Slit Lamp Examination 


Bobby K. Desai 


46.1 Indications 


+ A slit lamp magnifies structures of the eye (Fig. 46.1). 

+ Gives the operator a three-dimensional view of the area 
visualized, 

+ Used to delineate abnormalities that cannot be visualized 
by other means. 

+ Helpful in foreign body removal. 


BK. Desai, MD 
Department of Emergency Medicine, University of Florida Health 
Shands Hospital, Gainesville, FL, USA 

e-mail: bdesui@ ul. ed 
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is unity, so that the momentum is just the Planck mass in 
‘momentum units: 


ea 10 ag 


Cirete (D) has a radius equal to 
raion" *229336017700 


‘Therefore the walking momentum in order to get to point (e) 
is the momentum of space M times this ratio, 


ex ots sms te 


“The stride length L per second that a person of mass W has 
to walk is the walking momentum divided by the mass W 
times a period T of one second 


For a person with a mass W of 99.79 kg (220 pounds), then 
the stride length L is 2008 inches or one foot and eight 
inches. The person has to walk this length in one second on 
‘each foot. 


[0022] Looking at the statue of San Martin, his arms are 
‘crossed over each other. The vortex of the right hand points 
backward, and the left hand vortex points forward due to the 
reversed rotation. Referring to PIG. 9, this ereates a rota- 
tional energy channel (D) around his body (A). The stride 
Tength (C) is calculated according to the body mass, and then 
a banner printout is made showing where the footprints (B) 
are to be placed each second. The question is: “What 
happens when one walks the walk?” 


[0023] On the very frst experiment, refering to FIG. 10, 
‘what happens is that, after taking only six strides on the 
banner printout (A), a huge spinning vortex (C) develops 
‘over the top of the head and the vertex locks onto the heart 
vortex in the center of the chest (B). In everyday life, this 
vortex is not created because normal walking is much faster 
and the hands are held at the side of the body. The energy 
rash through the pineal gland is so intense that one feels, 
immediately sleepy and starts yawning excessively due 10 
the increased flow of melatonin, 


[0024] After practicing with the banner printout, long 
walks were made through the park. In this ease, a vertical 
white line rotated around a vertical axis located about six 
feet perpendicular to the path on the right side of the body. 
‘When the walking speed was correct, this white line would 
Jock onto the centerline of the body. Speeding up or down 
‘caused the white line to lose synchronization and rotate 
away, This white line is related to the ability to levitate the 
body. San Martin had so much energy that, according 10 
‘witness testimony, he could float horizontally in the air with 
his head resting against the bowed head of Christ on a carved 
‘wooden cross. Thus San Martin's energy sources were 
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‘channeling energy from Christ, collective broom energy as 
described in a separate patent application, and the walking 
momentum vortex energy. 


[0025] During the early part of the 20th century, a man’s. 
parenis were lying in bed dying of tuberculosis, With their 
permission, he placed a weighing scale under each of their 
beds. When they passed away, he found that cach scale 
registered a loss in weight of 2.5 ounces. This is equivalent 
10 0.071 kg, which is the mass of the human energy being. 


[0026] After conducting a number of experiments with 
‘water vortices draining from a cylindrical tank, it can be 
stated from Bernoulli's theorem that the potential energy 
plus the kinetic energy is a constant 


a 
act So? w const 


‘The shape of the inner surface of the water circulation has 
‘a velocity proportional to the inverse of the radius, so the 
shape of the surface is 


‘ 
G-wed 


‘which says thatthe height ofthe vortex is proportional to the 
iaverse of the squate of the radius. 


[0027] The hand vortex area ratio between the second test 
Subject and the third test subject is equal to the square of 


Because the speed of light at the boundary was determined 
to be one meter per second, the energy of the third test 
subject is 


(8) Lf eas. jo 


Ie) =—s.417¢68104 


[0028] Referring to FIG. 11, a ciecle (K), having this 
radius, is added to the energy of the water molecule (E), to 
produce augmented energy circle (J). Tis circle (J) inter- 
sects the mass ofthe water molecule outside the Planck box 
at point). This means that the increased hyperspace eneray 
moves the water molecule, and hence the body, out of 
dimension. Furthermore, circle () i tangent tothe walking 
momentum ratio circle () which keeps the geometry locked 
together. 


SUMMARY OF THE INVENTION 


[0029] _ILis the object of this invention to ereate a training 
system that allows a person to develop the ability to walk 
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46.2 Contraindications 


+ Not to be used in patients who cannot tolerate an upright 
posture (c.g, trauma patients). 
— In these cases if a slit lamp examination is required, a 
portable slit lamp may be beneficial (Fig. 46.2) 


Fig. 46.1. A basic slit lamp 


Fig. 46.2. A portable slit amp 


46 Slit Lamp Examination 


m3 


46.3 Materials 


+ The fit lamp is an eye-specific binocular stereascope spe- 

cally designed to examine the eye and its structures 
and gives the practitioner a three-dimensional assessment 
of the eye. 

+ The operator has full movement of the microscope in all 
directions and the apparatus can be locked in place if 
required. 

+ Its light source can be manipulated to change the chara 
teristics of the beam from its intensity to the angle at 
which it projects (Fig. 46.3), 

— A low-power setting is typically used for normal 
examination. 

— A higher-intensity beam is used when evaluating the 
anterior chamber with a narrow slit beam. 

+ Ithas colored filters typically built within the slit lamp. 

— Cobalt blue: Used with fluorescein dye to evaluate for 
comeal abrasions (Fig. 46.4) and avulsions; the dye 
will collect where the corneal epithelium is absent. It 
results in a yellow glow or hue visible through the 
microscope. 

— Green filter: Used to incr 
‘They appear black and the filter is useful for the assess- 
ment of hemorrhage. 

+ The operator is able to adjust the magnifi 
microscopic typically through dial controls. 
— Low magnifications are most helpful for general 

examination. 

— Higher magnifications are used for examination of 
particular area in fine detail 


ise contrast of blood vessels, 


tion of the 


Fig. 46.3 


“The slit lamp beam and the refletion ofthe beam 


Fig. 46.4 Example of a comeal abrasion seen with a cobalt blue iter 
(With kind permission from Springer Science + Business Media: Das S, 
‘Chohan A, Snibson GR, Taylor HR. Capsicum spray injury ofthe eye 
Intemational Ophthalmology. 2005:26(4-5):171-3) 
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46.4 Procedure 


1. As part of a complete eye examination, informed con- 

sent is not generally required, 

‘An explanation of the procedure and reassurance are 

helpful. 

3. Lock the slit lamp before positioning the patient because 
unintended movement may inadvertently damage the 
‘equipment or cause injury to the operator or patient. 

4, ‘The apparatus has a chin and a head rest. Ask the patient 
to place the chin and forehead in the respective areas 
(Fig. 465). 

5, Adjust the height of the apparatus and the patient's chair 
for optimum comfort (Figs. 46.6 and 46,7), It may be nec~ 
essary for children to stand during the examination, 

6. The patient may place his or her hands on the sides of 
the table that the Lamp is mounted on; this ensures stabil- 
ity of both the lamp and the patient, 


Fig. 46.5 Appropriate 
positioning for a sit lamp 


10. 


ul 


Adjust the eyepieces of the microscope to fit the 
operator. 

‘Turn on the slit lamp at its lowest setting to avoid a sud- 
den power surge that could potentially damage the bulb. 


. Move the stage forward and narrow the beam and angle 


it at 45° to the patient. Aim the beam laterally so as not 

to cause the patient discomfort 

Focus the beam by manipulating the joystick to move 

the apparatus forward and backward so that the beam is 

clearly visible and its fines are sharp. 

For each area of the eye to be examined, inspect the area 

thoroughly using the joystick to slowly manipulate the 

slitlamp across the eye in all directions, using the height 

adjustment of the joystick to slightly raise and lower the 

slit lamp as needed. 

+ The operator may find that the slit lamp may move 
too freely: in that case she or he may find slightly 
tightening the locking nut of the C-arm may provide 


Fig. 46.7 The sit lamp is too 
low 
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46.5 Complications 


There are no complications following routine slit lamp 
examination, 


46.6 falls 


+ Ensure a working bulb, 

+ Appropriately set the microscope’s oculars for the opera- 
tor’s pupillary distance. 

+ Ensure all dials and knobs are 

+ Inadequate focusing 

+ Patient noncompliance 


irmly set 


46.7 Fluoresc 


Testing 
46.7.1 Indications and Uses 


+ Examination of the comes under a cobalt blue filter on 
slit lamp or Wood’s lamp: The chemical fluoresces under 
blue light and appears green under these circumstances. 

+ Useful for detecting comeal abrasions, comeal foreign 
bodies, and infections of the eye. 


46.7.2 Procedure 


+ Fluorescein is typically used after installation of a topical 
anesthetic, which provides patient comfort especially for 
those with significant pathology. 

+ The fluorescein strip comes packaged in single-use wrap- 
pers (Fig. 46,8). 

+ Hold the strip by the white end and wet the orange end 
lightly because heavily moistening the strip may cause a 
significant amount of dye to be present, obscuring the 
examination, 

— A dry strip may be used, but it may irritate the patient's 
eye especially if already sensitive, 

+ If this occurs, the clinician may use tissue paper to gently 
blot the excess solution away. 

— The exception to this is the performance of the Seidel 
test, which is used to assess the eye for potential perfo- 
ration (Fig. 46.9). 

— The clinician will instill a large amount of dye into the 
eye by wetting the orange strip copiously, 

— The clinician will next examine the eye for a stream of 
fluid leaking from the ruptured globe. 


— This stream will fluoresce green or blue in distinction 

to the rest of the globe, which appears orange. 

+ The choice of solution to wet fluorescein strip is up to the 
clinician because saline, tap water, or the recently used 
anesthetic solution may be used safely 

+ Place the now-wet orange end on the lower lid of the 
patient’s eye. 

+ Ask the patient to blink several times to allow the solution 
to spread evenly. 

+ The clinician may use a Wood’s lamp, penlight, or the 
cobalt blue filter on the slit lamp to examine the now- 
stained eye 
— The slit lamp is preferable owing to the pote 

missing small abrasions, 


Fig. 46.8 A typical fluorescein strip package 


Fig. 46.9 A positive Seidel test (Reproduced with permission from: 
Lingam V, Panday M, George R, Shantha B. Management of complica 
tions in glaucoma surgery. Indian J Ophthalmol. 2011:59(Suppll) 
131-40) 
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46.7.3 Complications 


+ There is a theoretical risk of the development of superfi- 

al punctate keratitis from instillation of topical anesthetic 
before fluorescein testing 

+ Discoloration of soft contact lenses. 

+ Potential for infection using premixed fluorescein 
solution. 


46.7.4 Pitfalls 


+ Contact lens wearers should remove their lenses because 
the fluorescein will permanently stain the lens. 


— The wearer should not put the contacts back in for sev- 
eral hours, 
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Eye Irrigation 47 


Bobby K. Desai 
47.1 Indications 47.3. Materials and Medications 
+ Chemical burns to the eye + Irrigating deviee—the Morgan lens (Fig. 47.1) 
+ Removal of superticial foreign bodies + Saline solution or lactated Ringer's (preferably warmed) 
+ Topical anesthetic drops (Fig. 47.2) 
+ Basin to secure the extruded solution 
47.2. Contraindications + Intravenous (IV) tubing to attach the IV bag to the Morgan 


lens 
+ For suspected globe perforation, extreme care must be * pH paper (Fig. 47.3) 
taken to not exacerbate the injury. 
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‘Near aor nits. 
FW fT G14 


ie c= 


Fig.47.2 Examples of topical anesthetics 


Fig. 473 (a, b) Examples of pH paper 
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47.4 Procedure 


1, Informed consent is generally not required, although a 
thorough explanation to the patient is warranted, 

2, Obtain pH of the eye before instilling anesthetic drops. 

3, Anesthetize the eye(s) with topical anesthetic of choice 
boy instilling drops within the lower lid and then asking 
the patient to blink several times in order to evenly 
tribute the solution, 

4, Ensure there are no foreign bodies on the inside of the 
upper lids by inverting the upper lid. 

+ Particulate foreign bodies may be removed with moist- 
ened cotton tip applicators. 

5, After adequate anesthesia is ensured, place one end of the 
Morgan lens within the fornix of the upper lid (Fig. 47.4). 


Fig. 47.4 Inserting the Morgan lens under the upper lid 


Fig.475 Inserting the Morgan lens under lower lid 


6. Next, gently retracting the lower lid will ensure smooth 
placement of the remaining portion of the Morgan lens 
(Fig. 47.5). 

7. Using the end of the Morgan lens, screw in the prepared 
IV tubing (Fig, 47.6), 

8. Attach the end of the IV tubing to the saline bag and place 
at height to allow for gravity to ensure a smooth flow of 
solution 
* Continue to irrigate the eye until desired pH is 

obtained. 

9, To remove the Morgan lens, use the opposite technique 
for insertion. 


Fig. 47.6 The Moryan lens in place, ready to be attached to TV tubis 
for saline irrigation 
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47.5 Complications 


+ Corneal abrasions may be caused by the Morgan lens and 
are treated in the usual fashion. 

+ Deep corneal injury may occur with 
irrigation. 


inadequate 


47.6 Pearls and Pitfalls 


+ Note that alkali burns will require significant irrigation 
and more topical anesthesia may be required. 


+ Ophthalmological consultation may be required, espe~ 
cially for alkaline and hydrofluoric acid burns. 


Selected Reading 
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arounc! out of dimension, passing through solid objects, This 
invention is based on one of the most remarkable relation- 
‘Ships between the water molecule and the boundary between 
‘space and hyperspace. The mass of the water molecule is 
‘equal to the energy of the water molecule at this boundary 
Because the body is composed of 67% water, the body si 
‘on the boundary such that any additional increase in energy 
‘would move the body out of dimension into hyperspace. 
Because human beings are actually hyperspace energy 
beings living in physical bodies, the additional energy 
required to move the body out of dimension comes from 

1ereasing the energy of the hyperspace being. One source of 
this energy comes from walking cross-handed at the proper 
velocity in order to generate a large hyperspace enerey 
vortex that flows energy into the potential wells of the 
hyperspace being. This increased hyperspace energy will 
then allow the person to walk around out of dimension 
through solid wooden doors. Because the door and the 
person are in two slightly different dimensions at the same 
‘moment, it appears that the person is walking through the 
‘door. After passing through the closed door, the person then 
returns to our dimension and emerges in the interior of the 
<losed-door room, 


[0030] ‘This technique can be used in reverse to heal an 
infected hand instantaneously. A salve made from the 
StMary’s herb is applied to the skin of the infected tand, 
‘The hyperspace energy then flows through the right-hand 
vortex such that the infected hand and the salve are taken 
slightly out of dimension, What happens is similar to when 
a short piece of straw is embedded in a bard wooden 
telephone pole as a tornado passes over the pole. The straw 
and pole are taken out of dimension such that they briefly 
rmenge together. As the tomado moves on, both objects come 
back to dimension merged together. Thus the salve (straw) 
is merged with the bacteria (pole) in hyperspace such that 
the bacteria is killed instantly, Removing the hand vortex 
brings the infected hand back into dimension cured. 


[0031] Based on this information and the results of many 
experiments, this invention creates a large vortex by walking, 
ata certain velocity with the hands crossed over the chest. 
‘The proper walling momentum is created by a computer 
program that inputs the person’s weight, shoe length, and the 
umber of sides tobe taken, The program thes prints out 
2 banner shoving the footprits where tbe person tas to step 
‘ach second, When a person oblans sullen energy from 
these melbods, the person is then tuned to the subspace 
gcomety ofthe universes willbe shown sing the tts 
hedron physics diagram, 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] FIG. 1. Eneruy vortices of the human body 
[0033] FIG. 2. Seven potent 
vortices of the body. 

[0034] FIG. 3. Carved woolen statue of San Martin de 
Porres who could walk through solid wooden doors 
[0035] FIG. 4. Tetrahedron diagram showing boundaries 
‘of the Planck box of dimension, 

[0036] FIG. . Tetrahedron diagram showing mass of 
water molecule. 


[0037] FIG. 6, Tetrabedcon diagram showing water mol- 
‘cule energy and mass are equal atthe Planck box boundary. 


L wells fed by the enersy 
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[0038] FIG. 7. Tetrahedron diagram showing that water 
molecule momentum is tangent to the boundaries of the 
Planck box. 

[0039] FIG. 8. Tetrahedron diageam showing the momen- 
‘um ratio required to reach the Planck wavelength boundary 
from the water momentum. 

[0040] _ FIG. 9. Perspective view of erossed-hand momen- 
tum walking using banner printout 

[0041] FIG. 10. Perspective view of vortex generated by 
momentum walking 

[0042] FIG. 11, Tetrahedron diagram showing how addi- 
tional hyperspace energy supplied to the potential wells of 
the hyperspace energy being enables the human body to be 
pulled out of dimension 

[0043] FIG. 12. Tetrahedron diagram showing the 
inverted tetrahedrons whose crossing represents the merging 
‘of two worlds between space and hyperspace. 

[0044] FIG. 13. Tetrahedron diagram showing that the 
proton wavelength is determined by the Planck mass tangent 
to the inverted tetrahedron 

[0045] FIG. 14, Tetrahedron diggram showing that the 
mass of the universe determines the electron and proton 
elementary particles. 

[0046] FIG. 18. ‘Tetrahedron diagram showing that 
momentum walking together with the increased energy of 
the hyperspace energy being is tangent to the mass of the 
[0047] FIG. 16. Computer program block diagram for 
printing banner footprints, 


[0048] FIG. 17. Computer program input dialog window. 


[0049] FIG. 18, Computer program calculation of stride 
length per second 

[0050] FIG. 19. Six-strde sereen banner printout for 220 
Ib, person. 


[0051] FIG. 20. Project tree showing help information by 
double clicking on node. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0082] 1. Referring to FIG. 12, a tetrahedron (A, path abe) 
is addled to the diagram. The tip of the tetrahedron (e) falls 
fon the base constant which is equal to Planck's constant 
divided by the speed of light. A second tetrahedron (B, path 
del) is inverted around horizontal line (D) which has a 
geometrical relationship to the base constant. The line is 
located at 


cenelne = 


Notice that the intersection of the two inverted tetrahedroas 
(g) occurs at the Planck wavelength which is the boundary 
between space and hyperspace. Line (D) is referred to as the 
merging of two worlds or the connecting of two worlds, a 
phrase obtained by means of remote viewing, That is 


Corneal Foreign Body Removal 48 


Bobby K. Desai 


48.1 Indications 48.2 Contraindications 


+ Presence of a corneal foreign body (Fig. 48.1) + An uncooperative patient may require ophthalmological 
consultation as well as sedation. 

+ Suspected foreign bodies from high-velocity injuries 
‘must be referred to an ophthalmologist subsequent to ini- 
tial evaluation. 

+ Any signs of globe penetration (e.g., hyphema) require 
emergent ophthalmological consultation. 

+ Overt globe rupture, 

+ Evidence of an inflammatory process such as itis 
requires emergent ophthalmological consultation. 

+ Foreign bodies associated with comeal burns secondary 
to chemical exposure such as alkaline corneal burns will 
require emergent ophthalmological consultation, 


Fig. 48.1. Corneal foreign body (With kind permission from Spring 
Science +Business Media: Zuberbubler B, Tuft S, Gartry D, Spokes 
D. Ocular Surface and Reconstructive Surgery. In: Corneal Surgery 
2013, 29-48) 
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48.3 Materials and Medications 


+ Eye chart for visual assessment 

+ Cotton tip applicator 

+ Slit lamp or other source of magnification 

+ 27-Gauge needle or ophthalmic foreign body needle 
(Fig. 48.2) 

+ Topical ophthalmic anesthetic 

+ Ophthalmic burr (Fig, 48.3) 


Fig. 48.2. Foreign body needle 


Fig. 48.3 Ophhalimic burr dell 
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48.4 Procedure 


10. 


Informed consent may be required, 
Visual acuity and a formal assessment of the eye should 
bbe done and documented. 

Consider intraocular foreign body. 

+ Computed tomography (CT) scan may be used to 
assess for the presence of an intraocular foreign 
body. 

Eversion of the upper lid should be performed to evalu- 

ate for retained foreign body under the lid. 

+ These usually can be removed by 
— A moistened cotton tip applicator 
~ Irrigation 

Magnification is preferable, but some foreign bodies 

may be large enough to see with the naked eye 

Anesthetize the eye with topical anesthetic 

For multiple loose foreign bodies, removal may be 

attempted with irrigation after appropriate anesthesia. 

Removal of the foreign body may be attempted with a 

moistened cotton swab. 

+ Metallic foreign bodies recently embedded within the 
cornea may be difficult to remove in this fashion. 

+ However, during the healing proc 
foreign bodies may be pushed closer to the surface 
during reepithelialization of the comea. These poten- 
tially can be removed with this technique. 

— Care must be taken to avoid leaving a rust ring that 
could permanently stain the comea. 

A 27-gauge needle bent at a 90° angle may be used to 

remove foreign bodies by gently prying it out. 

+ Anadvantage of using a needle is that any rust ring as 
well as any metallic foreign body can potentially be 
removed. 

‘Technique: A slit lamp may be used to magnify the area. 

+ See slit lamp chapter (Chap. 46) for detai 

‘+ The patient should be informed about the procedure: 
formal informed consent may not be required 


, some metal 


+ Proper positioning is critical for success. 

+ The patient’s head should be fully forward and firmly 
placed against the head rest. 

+ The patient’s hands may be placed on the sides of the 
slit lamp stage for stabilization. 

+ Apply topical anesthesia to the comea. 

11, Using the patient’s cheek as a bolster potentially avoids 
significant movement of the needle if the patient unex- 
pectedly moves. 

+ Other modalities for stabilization include supporting 
the elbow by placing on a box or using towels. 

12. Have the patient gaze at one point in the far distance. 

+ Using the needle or burr as a scoop, gently manipu- 
late the foreign body out. 
= Using a burr can allow for the total removal of any 
rust ring, 

13. Once the foreign body is removed, patching is not required, 

14, Consider application of topical antibiotics. 

15. Tetanus prophylaxis should be given as for open other 
wounds. 

16. Arrange follow-up with a primary care physician or 
preferably an ophthalmologist. 


48.5 Complications 


+ Forceful 


tempts to dislodge a foreign body may result in 
comeal perforation 
+ Incomplete removal of a foreign body. 


Selected Reading 


Lang GK. Ophthalmology: a short textbook. Stuttgart: Thieme; 2000. 

Rhee DJ, Pyfer MF, Rhee DM, editors. The Wills eye manual: office 
‘and emergency room diagnosis and treatment of eye disease. 3rd ed, 
Philadelphia: Lippincott Williams & Wilkins; 1999, 

‘Thomas SH, White BA. Foreign bodies. In; Marx J, Hockberger R, 
Walls R, editors. Rosen’s emergency medicine: concepts and clin 
cal practice, 7h ed, Philadelphia: Mosby: 2010. p. 715-32. 


Ultrasound Evaluation of Retinal 


Detachment 


49 


Shalu S. Patel, L. Connor Nickels, and Rohit Pravin Patel 


49.1 Indications 


+ To aid in the evaluation of vision loss or change in vision 


49.2 Contraindications 


+ Relative: Suspicion of increased intraocular pressure 
+ Relative: Suspicion of globe rupture (see Chap. 50) 


49.3 Materials and Medications 


+ Bedside ultrasound machine with high-frequency (7.5- to 
10-MHz) linear transducer 

‘+ Transparent adhesive such as Tegaderm (optional) 

+ Sterile ultrasound gel 

+ Sterile gauze 


49.4 Procedure 


1. Position the patient supine with his or her eyes closed. 
‘The eyelid may be taped closed with a transparent adhe- 
sive if desired (Fig. 49.1). 

Place a liberal amount of ultrasound gel over the eyelid, 
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10. 


Place the ultrasound probe over the eye in a transverse 
position. 

‘Adjust the depth of the ultrasound so that the whole eye 
{ills the screen. 

Scan through the eye fully in the transverse and sagittal 
planes. 

‘When viewing the ultrasound image, the normal eye is a 
circular hypoechoic structure (Fig. 49.2), The structures 
should be evaluated from anterior to posterior. 

Identify the comea. This is the first thin hypoechoic line 
in the anterior eye. 

Continuing posteriorly, identify the anterior chamber, 
which is an anechoic area bordered by the cornea, iris, 
and lens. The iris is an echogenic linear structure, and 
the normal lens is anechoic. 

Identify the vitreous chamber, the large anechoie region 
posterior to the lens. 

Carefully evaluate the posterior globe. The normal ret- 
ina cannot be distinguished from the other choroidal lay- 
ers on ultrasound. 

A detached retina will appear as a hyperechoic linear float- 
ing membrane in the posterior vitreous chamber (Fig. 49.3) 
In the retrobulbar region, the optic nerve can be identi- 
fied as a hypoechoic linear structure perpendicular to the 
globe (Fig. 49.3). 
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F 
applied to orbit: (a) sagital view, (b) axial 


49.1. Probe positioning with Tegadermn 


nb _— Fig. 49.3. Retinal detachment appears asa hyperechoic Hinear uote 


Comea <a > (White arrow), White bracket shows the optic nerve sheath shadow (see 
z ed Chap, 50 for more information) 
Ciliary body <— chamber 


Extraocular 


muscle a 


ital fat « 


Fig. 49.2. Ocular ultrasound with normal anatomy findings ((a) with 
fut labels (b) with anatomy labeled) 
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49.5 Complications 


+ Conjunctival infection 
+ Increased intraocular pressure (if too much pressure is 
applied) 


49.6 Pearls and Pitfalls 


+ Pearls 
— Use a transparent adh \s Tegaderm to 
decrease the risk of conjunctival infection. 
— Use a liberal amount of gel to obtain the best images. 
— Use minimal pressure to obtain the best images. 
— False positives on ocular ultrasound may occur with 
disk edema or vitreous hemorrhage. 


ive such 


+ Pitfalls 
— Subacute retinal detachments may be miss 
ultrasound. 


Selected Reading 


Blaivas M, Bedside emergency department ultrasonography inthe eval- 
uation of ocular pathology. Acad Emerg Med. 2000:7:947-50, 

Blaivas M, Theodoro D, Sierzenski PR. Elevated intracranial pressure 
detected by bedside emergency ultrasonography of the optic nerve 
sheath, Acad Emerg Med. 2003:4:376-81 

Shinar Z, Chan L, Orlinksy M. Use of ocular ultrasound forthe evalua- 
tion of retinal detachment. J Emerg Med, 2011:4:53-7. 

Whitcomb MB, How to diagnose ocular abnormalities with ultesound. 
[AAEP Proc. 2002;48:272-5, 


Ultrasonography in the Evaluation 
of Intraocular Pathology 


50 


Benjamin M. Mahon, Marie-Carmelle Elie, 
L. Connor Nickels, and Rohit Pravin Patel 


50.1 Indications 

+ Eye trauma 

+ Loss of vision o decreased vision 
+ Head injury 

+ Ocular pain 

+ Suspected foreign body 


50.2 Contraindications 


+ None 


50.3 Materials 


+ Linear probe (7.5-10 MHz) 
+ Tegaderm or other protective eye covering 
+ Copious amounts of water-soluble transmission gel 


50.4 Procedure 


1, Begin by asking the patient to close her or his eye, and 
then apply the Tegaderm or other suitable eye cover over 
both eyes 

2. Apply a copious amount of transmission jelly over both 
eyes. 

3. Gently apply the ultrasound probe to the outer eyelid. If 
the operator has used a sufficient enough amount of jelly, 
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the probe itself should not need to be in actual contact 
with the eyelid. This becomes of critical importance in 
suspected globe trauma or intraocular foreign body, when 
excess manipulation of the intraocular contents could pre~ 
cipitate further damage or worsening of present damage. 
Ensure the pressure is gentle enough to prevent this, but 
sufficient to obtain good imaging (see Chap. 49), 

4, Image the normal eye first, to become familiar with the 
patient's anatomy (See Chap. 49), before proceeding to 
the suspected abnormal eye. 

5. Start with low gain. 

6. Ask the patient to move the eye slowly from the left to the 
right. This is called kinetic echography and will provide 
information elaborated upon later. Have the patient keep 
her or his eye straight ahead, as the operator phases up 
and down and side to side, between the transverse and the 
sagittal planes 

7. Increase gain slowly while the patient is moving the eye. 
Shifting from low gain to higher gain during the examina 
tion will help to prevent overlooking certain disease pro- 
cesses. AS a fluid-filled structure, the eye provides its own. 
acoustic window, and imaging is generally easy. 


50.5 Complications 


+ Through excessive pressure applied to the eye, as 
described previously, further disruption of the intraocular 
contents and worsening of preexisting injury can occur. 


50.6 Pearls and Pitfalls 


+ Pitlalls 
— Applying too much pressure to the globe and disrupt- 
ing already damaged intraocular contents 
— Failing to image with full spectrum of gain 
i amount of gel 
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50.7 Specific Disease Processes/ 


Pathology [1] 
50.7.1 Vitreous Hemorrhage (Fig. 50.1) 


+ Best seen in high gain 
+ Clinical: Very common pathology. Seen as “floaters” on 
the visual field. Can cause blindness if larg 
+ Ultrasound: Appearance may vary. Early on in the evolu: 
tion of a hemorrhage, these can be seen as small dots or 
mobile linear opacities that float freely in the back of the 
Has been 
As hemorrhage 


posterior chamber with eye movement 
described as a “snow-storm appearance. 
wes, the blood organizes and membranes form, some 


times layering inferiorly owing to gravity 


mobil 


Fig. 50.1. Vitreous hemor 


BM. Mahon etal 
50.7.2 Vitreous Detachment 


+ Best seen with higher gain. 

+ Clinical: Common in older patients, Presents as “flash- 
ers.” Vitreous gel loses its attachment from the internal 
membrane lining. 

+ Ulwasound: Seen as “swaying seaweed.” There are layer 
ing opacifications. Also seen as “snow-globe appear- 
ance.” Concurrent vitreous hemorrhage is also common. 

+ Note: A small percentage of pati 
tear, So ophthalmology follow-up is necessary. 


is also have a retinal 


50.7.3 Retinal Detachment (Figs.50.2 and 50.3) 


+ Best seen with lower gain. 

+ Clinical: Acute loss of vision, usually painless, often pre- 
ceded by “flashers” and/or “floaters” as the neurosensory 
component of the retina pulls away from the retinal pig- 
ment epithelium. An ophthalmological emergency. Can 
be caused by ocular trauma or no known precipitant at all 

+ Uluasound: Seen as a taut, hyperechoic, linear opacity 
that moves with the eye, attached to the optic dise, in the 
posterior region of the globe. 


Fig. $0.2. Retinal detachment ultrasound image 
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Fig. 50.3 Retinal detachment graphical representation 


294 


50.7.4 Intraocular Foreign Body (Fig. 50.4) 


Fig. 50.4 


Clinical: Usually a preceding episode of trauma, often 
from metalworking or landscaping. 

Ultrasound: Fores as hyperechoic sub- 
stances in the eye often with distal shadowing. Certain 
shadow patterns distal to the foreign body, as well as 
comet tails, can help to differentiate the type of foreign 
body material 


n bodies are se 


Foreign bodies 
reverberation art 


Foreign bodies 
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50.7.5 Globe Rupture (Fig. 50.5) 


Clinical: Usually the result of trauma, Frequently, the 
mechanism causing the injury has subsequently made the 
eye examination itself impossible, if edema, blepharo- 
spasm, hyphema, or distorted anatomy makes visualiza- 
tion of the posterior chamber too difficult. In these 
circumstances ultrasound can be immeasurably helpful. 

Ultrasound: Findings include decreased size of the ante- 
rior chamber, posterior chamber, or both, often with buck- 
led sclera. Globe rupture should be suspected when the 
injury mechanism is present and any major distortion of 


the ocular anatomy is appreciated. 


Increased intraocular 
pressure leads to 
deformed globe 


Fig. 50.5. Globe rupture 
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the dividing line between space and byperspace. This is the 
reason that the two boundaries intersect at this point 


[0083] Referring to FIG. 13, the proton wavelength (E) is 
added to the diagram. The proton wavelength has a value of 
the electron wavelength divided by 1836.1527 


3426005901 


Aine (hd), from the base constant atthe proton wavelength 
(Q), to the corner of the inverted tetrabedcon (d), intersects 
the merging of two worlds line at point (I). A circle, with a 
radius equal to the Planck mass (G), centered (i), is tangent 
to the inverted tetrahedrons. Thus the proton is defined by 

1¢ base constant and the geometry of subspace. The reason 
that the proton is tangent to both tetrahedroas is because the 
‘electron and proton follow one single path between space 
and hyperspace. Thus there is only one single particle in 
nature. Because the particle enters our space at wo different 
locations, we see the one particle as two distinct elementary 
particles. This relationship can be seen in Library of Con 
gress tetrahedron diagram tet0565, 


[0054] Referring to FIG. 14, the mass of the universe MU 
{is equal tothe linear mass Q of the universe times the radius 
R of the universe which is 10°" meters 


a(t aagnyn122.3847509 


as shown on the diagram as line (A). The electron wave- 
length (B) reflects off the circumseribing sphere (H) and 
returns as the clectron mass (C). The distance between 
reflection points isthe hyperspace charge which is equal to 
the charge of space less ihe electron charge. So the electron 
oes from wavelength fo electric charge to mass. The proton 
wavelength (D) reflects off the sphere and returns as the 
proton mass (E) which intersects the horizontal axis at point 
{(©)-A line (abe) from the mass of the universe atthe vertical 
axis (a) to the proton atthe horizontal axis () intersects the 
‘electron (b) which determines the electron’s mass and 
‘wavelength since this point ison the 45® base line. What this, 
means is that cosmology determines the values of the 
‘lementary particles. 


[0053] Referring to FIG. 15, the mass of the water mol- 
‘cule (C) intersects the 45° base line at point (a). Acircle (F), 
‘with a radius equal to the Planck mass is centered on point 
(©) at the Planck wavelength boundary (B) where the mass 
‘of the water molecule numerically equals the energy of the 
water molecule and where the speed of ight is unity. The 
Planck mass is tangent 10 the base constant which is the 
vertical centerline (I) of the diagram. The large citcle (H), 
‘centered (a) on the water molecule, is tangent to the mass of 
the universe (b) and tangent to the inverted tetrahedron (E) 
‘The difference between this circle (H) and the base constant 
(Dis the energy the hyperspace being has to acquire in order 
to be tuned t0 the mass and geometry of subspace. This 
difference, shown as circle (G), has & mass 


ge. 200- kg 


‘Thus the hand vortex radius ratio has to be the square root 
‘of the mass of the hyperspace energy being divided by this 
tangent mass, or 


Jan. 19, 2006 


DH ke 
raf Ce 3 ince 


which is a vortex radius that is three times larger than that 
‘of a normal person, but one inch smaller than the third test 
subject who had a hand vortex radius of 4 inches. Ths isthe 
reason thatthe third test subject was able to walk through 
walls and teleport to other locations because his energy was 
sufficiently large enough to cross over the inverted tetrahe= 
ron into a co-dimension of hyperspace. Notice also that 
dotted circle (J) with a radius equal to the mass of the water 
molecule, centered (c) on the boundary, is tangent to the 
tetrahedron (K). This makes the combined geomeiry tangent 
to the inverted tetrahedrons and the mass of the universe 


[0056] 2. Referring to FIG. 16, a computer program 
‘generates a banner printout with footprints spaced for walk 
ing according to the weight, shoe size and length of banner 
desired. Some banners could fit in a small room, or be placed 
fon the floor of a long corridor. As shown in the block 
diagram the program inputs these three variables with error 
checking. Then the program calculates the stride length [. 
per second from the equation 


[0087] 3. In the above equation, the value of the momen- 
tum M, as determined by the tetrahedron diagram, is pref- 
erably 50,9095736 kg m/s. The weight of the person 
converted to mass W in kilograms. The stride period 
preferably 1 second, Referring to FIG. 17, the data is 
centered in the dialog input window. 


[0088] 4. Once the stride length has been calculated, the 
program displays the stride length and the required umber 
‘of banner sheets in the message window, as seen in FIG. 18. 


[0059] 5. The print banner menu is selected and the foot 
prints are printed on continuous banner paper. A six-stride 
scaled screen version ofthe banner is shown in FIG. 19. The 
banner paper is then placed on the floor, and a one-second 
beeping timer is activated from the toolbar or menu. The 
person then walks beside the printed foot prints, taking one 
siride per beep, which produees the correct walking momen- 
tum to generate the hyperspace vortex. The vortex, which 
forms in only six strides, brings acditional byperspace 
energy into the quantum potential wells of the hyperspace 
energy being. 


[0060] 6. A help system consists of a project tree which 
explains the various steps in using the program. Double 
mouse clicking on a project tree node displays the help 
instructions in a dialog window as shown in FIG. 20, 


[0061] 7. In summary, the purpose of the traning system 
isto substantially increase the energy of a human being who 
will then have the capability of walking through walls, body 
levitation, instantaneous healing of infections, full-body 
teleportation to another location, remote viewing at vast 
distances in terms of light-years, and looking into hyper- 
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50.7.6 Increased ICP 


Clinical: 
pathological processes, such as closed head injury from 
altered mental status, pseudotumor cerebri 
space-occupying lesion, or any other process causing 
intracranial injury. Physical examination may be sugges: 
tive of an intracranial process, but often key 
findings such as papilledema are not appreciated, owing 
to both limitations from the patient and their mental sta 


Increased ICP is encountered in a number of 


trauma, 


‘examination 


tus, as well as limitations in the skill of the ED doctor, or 
the ability to dilate the eyes sufficiently, to appreciate the 
finding. 

Ultrasound: The size of the optic nerve sheath diameter is, 
an indirect measurement of ICP. It is visualized as a 
hypoechoic linear strip radiating posteriorly from the 
edge of the back of the globe. A normal diameter is 
5.0 mm or less. This measurement is taken at 3 mm back 
from the posterior edge of the globe (Fig. 50.6). Take 
measurements bilaterally to compare. Two or more mea: 
surements should be taken and then averaged on each 


‘greater than 5.0 mm, at 3,0 mm distal from the 
posterior globe border, is strongly sug: 
ICP and warrants further evaluation and imaging [2] 


estive of increased 


Opti¢ nerv 
sheath diameter 
Intra 


. 50.6. Optic nerve sheath measurement 
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Tonometry 


Bobby K. Desai 


51.1 Indications 


+ To measure intraocular pressure (IOP) 


51.2 Contraindications 


+ A relative contraindication is the presence of an active or 
indolent infection about the comea or conjunctiva, unless 
a one-time-use device is used (e.g., a Tono-Pen XL). 

+ Recent trauma to the eye. 

+ Uncooperative patients because improper technique may 
cause damage to the eye. 


51.3 Overview 


+ Tonometry is the measurement of IOP obtained by evalu- 
ating the resistance of the eye to indentation by a force 
applied to it 
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51 


Can be obtained by several methods. 
‘Two methods are routinely used in an emergency depart- 
‘ment setting: 
— Impression tonometry: measures the indentation made 
by a plunger carrying a known amount of weight. 
— More weight can be added to the apparatus. 
— ‘The more weight needed to indent the comea results in 
a higher IOP reading, 
+ The Schigtz tonometer is the most commonly used 
apparatus to utilize this method (Fig. 51.1), 
Electronic indentation tonometry: does not exert pressure 
on the eye (Fig. 51.2). 
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Jewel mounted 
plunger 


Foot plate 


Fig. 51.1 Schiptz tonometer 


Fig.51.2.Tooo-Pen 
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51.4 Schiotz Tonometry 
51.4.1 Procedure: Schiotz Tonometry (Fig. 51.3) 


1, Carefully clean the apparatus between each patient. 

+ Rubbing alcohol may be used. 

+ Because itis metal, it can be autoclaved. 

Calibrate the Schiptz tonometer with the metal test block 

provided. 

+ Test by placing the apparatus directly on the metal 
block 

+ The needle should be at “0” at the far end of the scale. 

If not, loosen the screw at the base of the needle to 
rezero it, 

Ensure that the needle is completely straight 
because any bend will produce an erroneous 
reading. 

3. An explanation of the procedure is helpful because 
patient cooperation is critical for accurate results 

4, Anesthetize the eye with topical ophthalmic anesthetic 
of choice. 

5. The patient should be in a recumbent position. 

+ Have the patient focus on an area of the ceiling. 

6. Hold the instrument with the aid of the curved arms at 
the side of the tonometer. 


+ The operator can rest her o his hand on the patient's 
cheek or forehead to maintain stability 
7. Gently rest the tonometer on the patient’s eye such that 
the instrument is centered on the eye and the instrument 
is completely vertical; no pressure should be exerted on 
the eye. 
8. Note the scale reading. 
9, Lift the Schiotz directly off the cornea to avoid injury. 
10. Using the table provided with the Schiotz, the operator 
may convert the scale reading into the IOP. 
+ The scale is inversely proportional to the actual 
Ior. 
+ If the scale is low (ie., high IOP), the additional 
weights provided with the instrument may be used 
and the patient retested. 


51.4.2 Pitfal 


+ Ensure the plunger is clean because it can transmit 
infection. 

+ False readings 
calibration. 

+ Placing pressure on the instrument will cause false 
readings. 


may be obtained without proper 


Fig.51.3 Corect use of Schiotz tonometer 
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51.5  Tono-Pen Tonometry 
51.5.1 Overview 


+ Electronically measures IOP 

— Combines applanation and indentation tonometry 
Uses pressure-semsitive electronics to average four suc~ 
cessive readings and displays the reading and a reliability 
factor digitally 


51.5.2 Calibration of the Tono-Pen 


+ Should be performed once daily 
‘+ Hold the instrument with the tip down (Fig, 51.4). 


+ Press the black button twice. 
— The letters “CAL” will appear in the display. 
+ Press the black button again. 
— After a few seconds the word “UP” will appear. 
+ Rotate the instrument so that the tip points upward. 
— If “GOOD” appears, the Tono-Pen is ready for use. 
— If “BAD” appears, repeat the process until “GOOD” 
appears. 
+ If “GOOD” does not appear, the device cannot be 
used. 


FA 
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Fig.51.4 Tono-Pen calibration position 
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51.5.3 Procedure: Tono-Pen Tonometry 


‘An explanation of the procedure is helpful because 
patient cooperation is critical for accurate results, 
Anesthetize the eye with the topical ophthalmic anes- 
thetic of choice. 

Place a probe cover on the unit 

‘The patient should be in a comfortable position because 

the unit can be used in any position. 

+ Have the patient focus on a specific area. 

‘The best way to hold the instrument is similar to that of 

apen. 

+ Ensure that the digital readout is visible, 

‘The operator can rest his or her hand on the patient's 

cheek or forehead to maintain stability. 

Hold the unit perpendicular to the patient's comea. 

Press the black button only once. 

+ IfMICALL’ is seen, followed immediately by a single 
row of dashes [~~ indicates that the Tono-Pen 
requires calibration before it will measure. 

is heard, the unit is ready. 


+ Proceed with measurement, 


9, Gently touch the Tono-Pen to the cornea and withdraw 
(Fig. 51.5). Repeat several times, 

+ Indentation is not required. 

10. ‘The unit will “chirp” and a digital reading will be di 
played if a valid reading is obtained. 

1. After four valid readings are obtained, the average of 
these measurements as well as single bar that signifies 
statistical reliability will appear on the readout, 

+ After the final beep if the liquid crystal display (LCD) 
readout shows “----," not enough valid readings were 
obtained. 

+ In this case, the measurement must be repeated. 


51! 


4 Pitfal 


+ Unsuccessful calibration mandates @ repeat attempt at 
calibration. 

+ Loosen the Ocu-Film tip cover and repeat for multiple 
failed attempts. 

+ Press the reset button and reattempt calibration. 

+ Replace the battery if necessary. 

Ill else fails, use another device or Schiptz tonometer. 
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51.6 Complications Selected Reading 
+ Unusual if proper technique is used. Lang GK. Ophthalmology: a short textbook. Stuttgart: Thieme: 
* ch force is appli orneal abrasion 2000, 
If too much force is applied, a comeal abrasion may pce Dy, Pyter MF, Rhee DM, editors. The Wills eye manual: office 
result God eer getiy roca fagonel atid teateient of eye daease Sd. 
‘+ Infection when using an improperly sterilized Schigtz Philadelphia: Lippincott Williams & Wilkins: 1999. 
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52.1 Indications — Shine a light into both eyes; a normal response is 


Absolute indications: In the presence of presumed or con- 

firmed retrobulbar hemorrhage 

— Acute visual loss 

— Intraocular pressure (IOP) greater than 40 mmHg (nor- 
‘mal 1OP is 10-20 mmHg) 

— Proptosis not amenable to retropulsion 

Relative indications: In the context of presumed or con- 

firmed retrobulbar hemorrhage (Fig. 52,1) 

— Ophthatmoplegia 

— Cherry red macula 

~ Profound eye pain 

~ Afferent pupillary defect (Marcus Gunn pupil) 
+ This defect is seen with the swinging flashlight test. 


‘equal constriction of both pupils. 
— In those patients with an afferent papillary 
defect, when light is swung from an unaffected 
pupil to an affected pupil, the pupil will seem to 
paradoxically dilate, rather than constrict. The 
pupil on the nonaffected side will similarly dilate 
as light is shown into the affected eye. This 
results from injury to the afferent fibers of cra- 
nial nerve (CN) II on the affected side, while the 
efferent fibers, innervated by CN II, remain 
intact. 
— This procedure is most effective if performed as soon 
as possible because irreversible vision loss can occur 
secondary to ischemia in as little as 90 min, 


Fig. 52.1. Retrobular hemorrhage 
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52.2 Contraindications 


+ Absolute 
~ Globe rupture 
+ Relative 
— Suspected globe rupture: Heralded by a number of 
signs including hyphema, irregularly shaped pupil, 
exposed uveal tissue, or profound restriction of extra- 
‘ocular movement 


52.3 Materials and Medications 


+ Straight hemostat 

+ Suture or iris scissors 

+ Forceps 

+ 1-2 % lidocaine with epinephrine 

+ Sterile gloves 

+ Sterile towels/drapes 

+ 4x4 gauze 

+ Face shield/mask 

+ Large-bore needle to withdraw anesthetic, 25-gauge nee- 
dle to infiltrate 

+ l0-ce syringe 

+ Normal saline 


52.4 Procedure 


1. Position the patient 
+ While waiting for the procedure to begin, the patient 
should initially be upright to produce any decrease in 

IOP that can be provided, 

+ Atthe start of the procedure, lay the patient supine. 

+ A cooperative patient is absolutely necessary because 

fen slight movements can cause devastating iatro- 

genic injury. 

+ Ifthe patient is anxious or conscious, 
required, 

+ In extreme cases of altered mental status or combative 
trauma patients, endotracheal intubation and mechani 
cal ventilation may be required. 

2. Gently irrigate the affected eye to remove any debris. 

3. Inject approximately 1-2 mL. of 1-2 % lidocaine with 
epinephrine into the lateral canthus of the affected eye 
(Fig. 52.2). 

4, Using a curved hemostat, gently crimp the skin over the 
lateral corner of the patient’s eye down to the orbital rim 
for 3 min to establish hemostasis and set the boundaries 
for the incision. 

+ Using forceps, use the hemostats to pick up the skin 
just crushed, 

+ Raise the skin with forceps and then use scissors to 
make a I- to 


.edation may be 


-em incision from the lateral corner of 
the eye extending laterally outward (Fig. 52.3). 

— This incision can often sufficiently decrease 1OP. 

— Itis feasible to remeasure the IOP at this point, and 
if itis still greater than 40 mmHg, proceed to the 
next step. 

+ Visualize the lateral canthal tendon by retracting the 
inferior orbital lid inferiorly, 

+ Direct the scissors along the lateral side of the orbital 
rim away from the globe, and cut the lateral canthal 
tendon inferiorly (Fig. 52.4). 

+ Atthis point, again measure IOP, and if greater than 
40 mmHg, proceed to the next step. 

+ Direct the scissors along the lateral side of the orbital 
rim away from the globe, this time directed superi- 
orly, and cut the superior crux of the lateral canthal 
tendon. 
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‘space co-dimensions. The third test subject and I have been 
able 0 experience all the above phenomena. He did it 
through augmenting his energy, and I have done it through 
the application of electromagnetic fields, by spinning on my 
vortex accelerator machine and using this invention, 


Tclaim: 
1. A training method comprising the steps of 


‘generating a banner having a plurality of Footprints spaced 
at regular intervals wherein the banner is placed on the 
‘ground; 

‘generating a periodic audible signal, whereby the audible 
‘signal repeats ata regular interval of time equal to the 
period; and 


‘walking on the banner by tracing the footprints spaced at 
regular intervals, wherein one step is made with each 
audible signal. 

2. The method of claim 1, wherein the step of generating 

the banner further comprises: 

providing a person's actual mass in kilograms; and 

determining the stride length based upon the following 
‘equation: 
Leaowyr 

‘where L is the stride length in meters, M is a constant of 
approximately 50.91, W is the mass of the person in 
kilograms, and Tis the period of the audible signal in 
seconds, and 
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‘wherein the footprints on the banner are spaced at the 
stride length. 
3. The method of claim 2, wherein the audible signal is a 
beep and the period of the audible signal is one second, 
4. Atraining method fora person comprising the steps of 


‘generating an audible signal having a fixed period; 


‘generating a banner having regularly spaced indicia for 
identifying preferred step locations, wherein the dis- 
tance between adjacent indicia is determined by the 
following formula: 


Lequnyer 

here the distance between adjacent indicia in meters is 
La constant of 50.9095736 is equal to M, the person's 
mass in kilograms is W, and the fixed period in seconds 
is T; and 


‘walking on the marked path by stepping upon each of the 
regularly spaced indicia wherein one step is made with 
cach period of the audible sigoal 

5. The training method of claim 4 wherein the fixed period 
is one second. 

6. The training method of claim 5, wherein the regularly 
spaced indicia are footprints 
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Lateral eanthal tenon 


Oicuars ocull muscle 


52.2 Lateral canthal tendon 
aga a ai eae eee Fig. 52.4 Further cut to reduce intraocular pressure 


Fig. 52.3. Initial cut 
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52.5 Complications 


+ Ifone is making a superior incision, caution must be taken 
during this procedure to avoid injury to the lacrimal gland 
or artery. 

+ An additional complication of the procedure is ptosis due 
to iatrogenic injury to the levator aponeurosis, either par- 

ly or completely. 

+ The most obvious complication involves direct injury to 
the globe itself due to either operator error or poor patient 
control and immobility. 

+ Hemorrhage from inadequate hemostasis. 

+ Infection. 


52.6 Pearls and Pitfalls 


+ Abrupt decrease in pain, decrease in IOP, and resolution 
of afferent pupillary defect will herald a successful proce~ 


dure, assuming it was performed within an early enough 
time frame 


assistant present is beneficial, 
the role of the assistant 


to provide lateral 
retraction of the tissues to decrease likelihood of globe 


rupture. 


+ After cantholysis of the inferior component of the lateral 
canthal tendon, the lower lid will become lax as its attach- 
‘ment to the lateral wall is separated. This signifies a suc- 
cessful incision. 

+ Incisions made during this procedure generally heal with- 
out the need for suturing 

+ Emergent ophthalmological consultation should ideally 
be sought before beginning this procedure. 

+ Emergent ophthalmological consultation is mandatory 
subsequent to the procedure. 
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53.1 Etiology 


+ Anterior source: approximately 90 % of nosebleeds, usu- 
ally Kiesselbach’s plexus (Fig. 53.1) 
— Nose picking (“epistaxis digitorum”) 
~ Trauma 
~ Infection 
— Nasal foreign body 
~ Dry air 
— Atmospheric pressure alterations (e.g., increased alti- 
tude, lower arterial partial pressure of oxygen [PaO.]) 
— Allergies 
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— Blood dyscrasias 
— Malignancy (e.g., leukemia, lymphoma) 
Posterior source: approximately 10 % of nosebleeds, usu- 
ally sphenopalatine artery (Fig, 53.2) 
— latrogenic coagulopathy (e.g., warfarin, heparin, high- 
dose aspirin) 
— Blood dyscrasia 
~ Liver failure 
— Renal failure 
— Malignancy 
~ Older age 


am 
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Fig.53.1. Vascular supply tthe 
‘nasal septum 


Fig. 53.2. Vascular supply of the 
lateral wall of the nose 


Descending palatine 
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53.2 Indications 


+ Acute/recurrent epistaxis 


53.3 Contraindications 


+ Resolution of epistaxis episode before arrival 
+ Massive facial trauma 


53.4 Materials and Medications 


+ Headlight with focused beam 

+ Gown 

+ Gloves 

+ Mask with visor 

+ Full-body drape or sterile towels 

+ Nasal packing material (any or all of the following, as 
needed [see later]): several cotton pledgets, 3-5 feet of 
Yeinch ribbon gauze (preferably enriched with petroleum 
jelly and bacitracin), anterior epistaxis balloon nasal pack 

+ Topical vasoconstrictor (e.g., 1 % pseudoephedrine ot 
1:1000 epinephrine) 

+ Topical anesthetic (¢.g., 4 % lidocaine solution or 2 % 
tetracaine) 

+ Nasal speculum 

+ Bayonet forceps 

+ Anterior epistaxis balloon (¢.g., Rhino Rocket) 

+ Any of the following commercial products, as needed 
(see later): Gelfoam, Surgicel, Crosseal, and FloSeal 

+ Foley catheter 


53.5 Procedure: Anterior Epistaxis 


+ Initial preparation 

1. Assemble necessary equipment at the bedside. 

2. Have the patient seated upright, with head and neck in 
the sniffing position, 

3. Universal precautions are mandatory: gown, glove, 
and mask 

4. Drape the patient with towels or a large body drape. 

5. [Finitial evaluation using the headlamp and nasal spec~ 
ulum with gentle spreading in a vertical fashion or 3 
simple visual examination reveals the source (anterior 
vs posterior), proceed with the appropriate manage- 
‘ment pathway as determined later. 

— If clot obstructs visualization, it is recommended 
{or the patient to gently blow her or his nose once 
to remove any easily friable clots, and then proceed 


with immediate inspection, If anterior nose bleeds, 
{20 to the next step, 

+ Management of anterior epistaxis: 

1. Initial step in the management of anterior nosebleeds 
involves pinching the patient's nostrils firmly for at 
Teast 10-15 min, 

— This can be done by the patient. 

— Simple pressure is very often enough to provide 
“appropriate hemostasis in anterior nosebleeds. If it 
fails, proceed to the next step, 

A topical vasoconstrictor of choice (e.g. cocaine, oxy- 

metuzoline, 1 % pseudoephedrine) can be applied to 

the septum and lateral walls of the nose either topically 
th colton-tipped applicators or by using soaked 
pledgets. 

3. Continue to apply firm pressure to the nares for 
10-15 min, and recheck the nose for evidence of 
bleeding. 

4, If the bleeding site can be easily visualized, chemical 
cautery may be attempted with silver nitrate (Fig, 53.3). 
~ This can be accomplished with the help of a nasal 

speculum and a headlight. 

~ It is advised to cauterize both the site itself and 

0.5 cm around the site, by holding the silver nitrate 
stick to the site for at least 20 s until the bleeding 
stops. 

~ Ifbleeding then stops, cover the site with an absorb- 

able gelatin foam or an oxidized cellulose such as 
Gelfoam or Surgicel or simply apply topical antibi- 
otic to the 

5. If there is continued bleeding, the clinician may apply 
either two elongated cotton pledgets or a commercially 
available substitute (e.g., a Rhino Rocket or similar 
device [Fig. 53.4]) presoaked in a few milliliters ora 1:1 
mixture of a topical vasoconstrictor and an anesthetic. 
Combinations can include the previously cited two 
agents, plus 2 % tetracaine or 4 % lidocaine. 

6. Universal instructions for the insertion of a commer- 
cially available anterior nasal pack include (Fig. 53.5) 
+ Soak the fabric via the manufacturer's recom- 

mended solution if required. 

+ Insert antibiotic ointment in the nares to facilitate 


insertion. 

+ Insert the entire length of the balloon along the 
inferior surface of the nasal cavity. 

+ The fluid within the nasal cavity should cause it to 
expand spontaneously while in the nares, after 
which the remaining exposed string can be taped to 
the cheek. 

+ For those devices that require air instillation, read 
the manufacturer’s instructions on how much air to 
instill within the device. 
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Another option is to provide an anterior nasal pack- 

ing using a few feet of Yeinch ribbon gauze 

(Fig. 53.6). 

It is preferable if this gauze is impregnated with 

petroleum jelly and is enriched with bacitracin 

ointment. 

— If it is not, bacitracin can be applied to the strip 
before its insertion into the nasal cavity 

To facilitate the insertion, bayonet forceps can be 

used to gently lay each successive strip on top of the 

one before it 

Begin inferiorly, laying each strip on top of the other, 

about three or four layers at a time, with the end 

points protruding from the opening of the nasal 

cavity. 

Pack the strands firmly. 

It may take several feet to pack the entire nasal 

cavity, 

‘This may be both uncomfortable for the patient and 

time consuming for the provider, so ensure adequate 

time and copious topical anesthetic. 

Parenteral analgesic or anxiolytics may be required 

for any of these techniques. 

If none of these resour 

nique requires the use of two cotton pledgets gently 

inserted into the nostrils after vasoconstrictor/anes- 

thetic topical solution has been sprayed into the nose 

either manually or with the addition of bayonet for- 

ceps, where they will remain for 20 min, supple- 

mented by firm pressure to the nares as described 

previously. 

— If the bleeding has then stopped, they can be 
removed at this time. If it does not, itis advised to 

at the previous step a second time, this time 
with a longer period of pressure, before proceed- 
ing to the next step. 

If all of these techniques fail to control bleeding, the 

clinician may apply a sealant spray or foam enriched 

With thrombin to enhance clotting 

— Commercially available options include Crosseal 
or FloSeal. 

Finally, if none of these techniques manage to halt 

‘what one is sure is only an anterior, albeit persistent, 

nosebleed, consult the otolaryngologist for further 

uidancs 

— Another consideration at this point may be that 
the uncontrollable anterior nosebleed is really 
a posterior nosebleed from an undetermined 
location. 

— It may be prudent to proceed to the algorithm for 
treatment of posterior epistaxis, even if a posterior 
bleed is not specifically confirmed 


available, another tech- 


re 


53.5.1 Complications 


Using an inadequate amount of packing when inserting 
the ribbon gauze, the entire product may serve as a plug 
with potential aspiration risk, rather than as a tool for 
hemostasis 

Otitis, sinusitis, and toxic shock syndrome. 


53.5.2 Pearls and Pitfalls 


Pearls 

— Be sure to perform a reevaluation of both the posterior 
oropharynx and the posterior nasopharynx alter inser- 
tion of any of the previously discussed devices, and 
inspect for continued bleeding/oozing to ensure hemo- 
stasis has been accomplished, 

— For those patients with nasal packs in place, consider 
the use of oral antibiotics to avoid subsequent sinusitis, 
otitis, or toxic shock syndrome, 

+ Appropriate antibiotic choices include cephalexin, 
clindamycin, or amoxicillin-clavulanic acid, 

+ The use of antibiotics for short-term packing has 
not been proven. 

— Consider admission for elderly patients or for those 
patients with potential airway complications such as 
those patients with chronic obstructive pulmonary d 
ease (COPD) and for those at risk for aspiration, 

— Have the patient follow up with otolaryngology within 
2-3 days for reevaluation and packing removal. 

— Provide adequate discharge instructions warning the 
patient against nose blowing, sneezing with the mouth 
closed, or any movements or actions that cause a 
‘Valsalva maneuver. 

— The patient should try to keep his or her head elevated 
for the next 24-48 h even while sleeping to prevent 
potential aspiration. 

Pitfalls 

— Discharging a patient without an adequate period of 
observation. 

— Failing to ensure appropriate follow-up, 

— Providing inadequate discharge instructions. 

— Mistaking an anterior nosebleed for a posterior 
nosebleed 

— Leaving silver nitrite on exposed nasal mucosa can 
lead to iatrogenic nasal septal perforation, 

— Not informing the patient that minimal oozing of blood 
from the nose can be expected. 
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Fig. 53.3. Example of silver nitrate stick and packaging 


Fig.53.5 Proper ting of a commercial anterior nasal pack 


Fig. 53.4. Example of commercial nasal pack 
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Fig. 53.6 Gauze method 


53 Epistaxis Control 


317 


53.6 Procedure: Posterior Epistaxis 


+ Preliminary Steps 
1. Owing to the possibility of extreme exsanguination 
from a posterior source of epistaxis or airway obstruc~ 
tion from a large clot dislodgment or large volume of 
blood aspiration, the stability of the patient’s airway, 
breathing, and circulation must be ensured first 

— Appropriate interventions entirely depend on the 
presentation of the patient and therefore are not 
described in this chapter. 

— Patients with posterior epistaxis can lose a large 
volume of blood quickly, so this needs to be 
tial consideration. 

Consider establishing intravenous access and placing 

the patient on a cardiac monitor. 

3. Because patients with posterior epistaxis tend to be 
either older, on various blood thinners, or to potentially 
have some type of coagulopathy, consider obtaining a 
complete blood count, prothrombin time, and partial 
thromboplastin time as part of the preliminary workup. 
4. Consider a blood type and screen. 

‘+ Management of posterior epistaxis: 

1. Inspect the nares as described in the previous section 
on anterior nosebleeds. 

Several of the techniques discussed may be attempted 

bbut may not be successful 

Assemble necessary equipment at the bedside. 

4. Have the patient seated upright, with the head and 
neck in the sniffing position, 

5. Universal precautions includin; 
‘mask should be employed. 

6. Drape the patient with towels or a large body drape. 

7. Apply a combination of a topical vasoconstrictor and 
anesthetic to the nose. 

— An appropriate choice (e.g., 1 % pseudoephedrine 
or 1:1000 epinephrine in a 1:1 ratio with 4 % lido- 
caine or 2 % tetracaine) 


4 gown, glove, and 


— Be aware, however, that there are situations in 
which the bleeding may be too brisk, and this step 
may need to be avoided owing to time constraints 
and the volume of bleeding, So it is not unheard of 
to be required to intervene in posterior epistaxis 
Without this initial step, 

8. Otolaryngology should be consulted as early as possi- 
ble in the workup of this condition, both for admission 
and in case the following techniques fal 

9, An advised initial step for the treatment of posterior 
epistaxis is to proceed directly to insertion of a unilat- 
eral or, preferably, bilateral posterior nasal pack or 
balloon. 


— An example of these is the elongated version of 

the Rhino Rocket as described previously. 

= Insertion and securing of the product proceed 
essentially the same way, except that itis inserted 
deeper into the posterior oropharynx. 

10. Consider the use of a dedicated posterior balloon, 
such as a Nasostat or Epistat (Fig. $3.7). 

— These devices are double-balloon systems that are 
lubricated preferably with bacitracin (sterile jelly 
is also appropriate) and inserted into the posterior 
nasopharynx. 

= The posterior balloon is then inflated with the 
product-specific quantity of air 

— The product is then withdrawn slightly to ensure 
that the posterior balloon is situated firmly in its 
desired location of the posterior nasal cavity. 

= The anterior balloon is then inflated with the 
device-specific quantity of normal saline, and the 
device is secured. 

+ If the previously discussed resources are not available, a 
clinician can insert an adult-caliber Foley catheter into the 
posterior nasopharynx, with inflation of the balloon, and 
gentle traction anteriorly to ensure the bulb is situated 
similarly to the Nasostat or Epistat, firmly in the posterior 
nasal cavity to tamponade off the bleeding (Fig. 53.8). 

+ [fall of these techniques still fail to control bleeding, an 
otolaryngologist will likely need to intervene, performing 
techniques outside the scope of practice of the emergency 
physician, including electrocautery, submucosal lido- 
caine/epinephrine injections, or other surgical 
interventions. 

+ The final step in the management of this patient includes 


admission to a monitored bed. 


53.6.1 Pearls and Pitfalls 


+ Pearls 

— Consult otolaryngology early in the workup as soon as 
a posterior bleed is identified 

— Patients receiving packing will still need to be placed 
con antibiotics, such as a first-generation cephalospo- 
rin, clindamycin, or amoxicillin-clavulanic acid. 

— Perform a good physical examination concomitantly 
With the management of the bleed specifically geared 
toward assessing the patient’s volume status (ortho- 
statics, capillary refill, heart rate), because the patient 
may have significant volume loss depending on the 
duration and quantity of the bleed. 

— Take a good history including prior bleed, prior admis- 
sion requirements owing to epistaxis, any anticoagu- 
lant use, blood dyserasias, and so on. 
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+ Pitfalls 

— Misidentitying a posterior bleed as an anterior bleed. 
‘This can be catastrophic if the patient is discharged. 
Reference the “Etiology” section earlier, 

— Discharging the patient, 

— Consulting otolaryngology too late. 

~ Underestimating the volume of blood loss. It may be 
helpful to think of these patients as trauma patients in 
their initial management and to proceed down the stan- 
dard primary survey/intervention/secondary survey/ 


Fig. 53.7. Example of posterior balloon 


intervention approach, ensuring that the volume needs 
are identified early, 

Infection. 

Pressure necrosis of the septum. 

Hypoxia. 

Aspiration. 

Arrhythmias, 

Dysphagia. 

Dislodgment of the pack 


Fig.53.8 Foley catheter inthe posterior nasopharyax 
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54.1 Indications 


+ Septal hematomas occur after force applied to the nasal 
cartilage results in leakage of blood from the perichon- 
drium (Figs. 54.1 and 54.2). They may be unilateral or 
bilateral, 

~ Untreated, this hematoma can expand and mechanically 
obstruct the blood vessels that supply the nasal cartilage. 
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Fig. 54.1. Example of a septal hematoma 


Fracture o Septal hematoma 
nasal septum 
‘Nasa septum 
Fig. $4.2 Diagram ofa septal hematoma, 
32 
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54.2 Contraindications 


+ In the setting of massive facial trauma, airway protection 
and consultation with otolaryngology or oral surgery may 
be required, 


54.3 Materials and Medications 


+ S.ce syringe 
+ 20-gauge needle (may use larger-gauge needle, but 
smaller ones may not allow for adequate suctioning). 

+ Topical antiseptic 
+ Sterile drapes, gown, eye protection, and gloves 
+ Light source—preferably a head lamp 


+ If using procedural sedation, specific medications of 
choice are needed as well as monitoring and resuscitation 
equipment 


+ Nasal speculum 

+ 4% liquid cocaine or 4 % liquid lidocaine for anesthesia 

+ ‘Topical vasoconstrictor of choice (oxymetazoline ot 
phenylephrine) 

+ Scalpel (#15 blade) 

+ Suction setup 

+ Saline for irrigation 

+ Sterile gauze 

+ lodoform packing or sterile rubber band 

+ Anterior nasal pack (Rhino Rocket) 

+ Intravenous antibiotics to cover Staphylococcus aureus, 
group A p-hemolytic streptococci, Sireptococeus pneu 
‘monia, and Haemophilus influencae 


54.4 Procedure 


+ Preprocedure 
— Explain the procedure to the patient. 
— Informed consent may be required. 

+ Procedure—unilateral (Fig. 54.3) 

1, Place the patient in a seated position if the procedui 
be done without procedural sedation. 

+ If performing the procedure under procedural seda- 
tion, the patient may be placed in the supine position 
with appropriate monitoring and resuscitation equip- 
‘ment on standby. 


isto 


2. Provide local anesthesia by applying the topical 
anesthetic of choice to cotton pledgets, wringing out the 
excess before insertion. 


+ Remove afier 10 min. 
+ If-using lidocaine, a topical vasoconstrictor may be 
required that may be mixed with the lidocaine or 
applied directly on the nasal mucosa before the 
procedure. 

3. Using a nasal speculum, open the affected nares vert 
cally as wide as possible, Horizontal use may obscure 
the hematoma. 

4, Using a #15 blade, make a vertical incision at the hema- 
toma extending the incision posteriorly at its base. 

+ Take care not to make too deep an incision because 
septal perforation may occur. 

5. Suction and gauze should be at the ready to remove as 
much blood as possible. 

6 Pack the incision site with iodoform gauze or a sterile 
rubber band in order to keep the incision open to prevent 

imulation of blood, 

7. This packing can be held in place with an anterior nasal 
pack, 
+ The pack should be placed in both nares to prevent 

deformity of the nasal septum, 

8. Consider administration of a dose of intravenous 
antibiotics. 

9, Send the patient home with a prescription for oral 
antibiotics. 

10, Arrange follow-up for 24 h. 

+ Procedure—bilateral (Fig. 54.4): 

1. If bilateral hematomas are present, otolaryngology con- 
sultation should be sought. 

2. One method involves the incision of one side only through 
the nasal septum so that both may drain through one side. 
+ Care must be taken NOT to penetrate the overlying 

‘mucosa of the other side. 

3. ‘The second option is to repeat the unilateral drainage pro- 
cedure on the contralateral side. 

4, Care must be taken to not have the incision exactly in the 
same location as the contralateral side owing to the risk of 
permanent septal perforation. 
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Fig. $4.3 (a-d) Technique for drainage ofa unilateral septal hematoma, 


Fig. 54.4 Technique for drainage ofa bilateral septal hematoma 
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54.5 


itfalls and Complications 


+ Bleeding 
+ Infection: toxic shock syndrome 
+ Deformity of the nose 

+ Permanent septal perforation 

+ Inadequate drainage 

+ Reaccumulation of blood 

+ Development of septal abscess 


Selected Reading 


Ginsburg CG. Consultation with the specialist: nasal septal hematoma. 
Pediate Rev. 1998;19:142-3, 

Savage RR, Valvich C. Hematoma of the nasal septum. Pediatr Rev. 
2006:27.478-9, 


Nasal Foreign Body Removal 


Bobby K. Desai 


55.1 Indications 


+ Visualized foreign body (FB) on inspection 
+ Continued unilateral nasal discharge of unknown etiology 
+ Recurrent epistaxis 


55.2 Contraindications: Need Urgent 
Referral 


+ Those cases in which the emergency physician is not con- 
fident of success. 
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Combative patients who are not candidates for conscious 
sedation. 

Embedded FBs. 

Penetrating injuries with an FB. 

Button batteries that cannot be removed. 

Patients with bleeding diathesis 

Respiratory distress. 

FBs superior and medial to the middle turbinate owing to 
risk of puncture to the cribriform plate. 

Chronic FBs may be difficult to visualize and these should 
be referred, 
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55.3 Materials and Medications 


+ 1% lidocaine without epinephrine (solution) for anesthesia 
+ 2% lidocaine jelly 

+ 0.5 % phenylephrine to vasoconstrict vessels 

+ Nasal speculum (Fig. 55.1) 

+ Headlamp or other direct lighting instrument 


Fig.55.1 (a-c) Example of 
‘nasal speculum 


Ambu bag (Fig. 55.2) 
Alligator forceps (Fig. 55.3) 

Curved hook (Fig. 55.4) 

Foley catheter 

Suction: schuknecht catheter (Fig. 55.5) 

Eye and biohazard protection for the clinician 
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Fig.55.4. Example of a curved hook 
Fig. $5.2. Example of Ambu bags 


| Fig.55.5 Example of « schuknecht suction ube 


Fig. $5.3. Example of alligator forceps 


328 


BK. Desai 


55.4 Procedures (Based on the Method 
Chosen) 


55.4.1 Alligator Forceps 


+ Perhaps the easiest method to use for easily visualized FBs, 

+ Care must be taken for those FBs that are easily broken apart 
(cg., peas) to ensure that all of the matter has been removed. 

+ Using a nasal speculum, spread the nares as much as pos- 
sible to maximize visualization. 


+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient, 

+ Attempt to grasp the FB with the forceps. 

+ After removal, ensure the complete removal of the object 
and ensure that no other FBs are present. 


55.4.1.1 Pitfalls and Complications 

+ Pushing the object deeper into the nares. 

+ Inability to totally remove the FB. 

+ Attempted removal of an embedded FB may cause 
significant bleeding, 


55.4.2 Curved Hook 


+ Used for nongraspable objects especially inthe anterior nares 
+ Using a nasal speculum, spread the nares as much as pos- 
sible to maximize visualization, 


+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient. 

+ Pass the hook behind the object, or if the object has hole 
the hook may be placed inside the hole to facilitate removal. 

+ Slowly withdraw the hook, thereby removing the FB. 

+ After removal, ensure the complete removal of the object 
and ensure that no other FBs are present. 


55.4.2.1 Pitfalls and Complications 

+ This technique cannot be used if the object cannot be 
directly visualized because significant trauma may arise 
owing to the misplacement of the hook. 

+ Attempted removal of an embedded FB may 
nificant bleeding, 


55.4.3 Foley Catheter Removal 


+ Use a5 or 6 French catheter. 
+ Anesthetize the nares with lidoca 


ine with or without epi 
nephrine and vasoconstrict the nasal vessels with 
phenylephrine. 
+ Ensure that the Foley balloon has no leaks 
+ Place the patient in a supine position. 
~ Consider procedural sedation for children and/or a 
papoose board. 
+ Lubricate the Foley tip and balloon with lidocaine jelly. 
+ Advance the tip past the object. 
+ Blow up the balloon with 2-3 mL of air and gently with- 
draw the catheter. 
~ The amount of air may need to be adjusted depending 
‘on the size of the object to be withdrawn. 
~ Pulling too quickly may cause a soft FB to break 
apart. 


55.4.3.1 Pitfalls and Complications 

+ This technique may be used if the FB is not visible. 

+ In order for this technique to work, the catheter must be 
able to slide posterior to the object in order for the balloon 
to pull out the object. 


55.4.4 Suction 


+ A small metal suction catheter—the schuknecht cathe- 
ter—may be used, 

+ The suction is placed against the FB and slowly 
withdrawn. 

+ This technique works best for round smooth objects visu- 
alized in the anterior nares. 


55.4.4.1 Pitfalls and Complications 
‘+ May not work for posteriorly displaced FBs 
+ May not work for object 
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55.4.5 Nasal Positive Pressure 


+ This technique works best for round FBs occluding the nares, 
+ Place the patient in a supine position. 
— Consider a papoose board to secure the patient. 
+ Apply pressure to the contralateral nares to occlude it 
+ Connect an Ambu bag to high-flow oxygen. 
— Use a facemask that covers only the mouth. 
+ Place the mask on the patient’s mouth and allow it to 
expand by covering the thumbhole. 
+ If this pressure is insufficient to expel the object, the Ambu 
bag may be compressed to add pressure to the attempt 
+ This may allow the object to be seen and grasped in the 
terior nares, 


55.4.5.1 Pitfalls and Complications 


+ Too much pressure could theoreti 
panic membranes. 


ly rupture the (ym- 


Selected Reading 


Backlin SA. Positive-pressure technique for nasal foreign body removal 
children, Ann Emerg Med. 1995;25:554-5, 
Chan TC, Ufberg J, Harrigan RA, et al. Nasal foreign body removal 
‘J Emerg Med. 2004;26:441-5. 
Kadish H. Ear and nose foreign bodies: i is all about the tools. Clin 
Pediat. 2005:44:665-0. 


Cerumen Removal 


Bobby K. Desai 


56.1 Indications 


+ Hearing loss 
+ Profound dizziness 
+ Pain 


56.2 Contraindications 


+ Uncooperative patient 
+ Potential for foreign bodies 

+ Prior surgery to ear or mastoid 

+ History of middle or outer ear disease 


56.3 Materials and Medications 


+ Ear speculum (Fig. 56.1). 
+ Eye and biohazard protection for the clinician 
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Headlamp or other direct lighting instrument 

Cerumen-softening solutions 

— Carbamide peroxide 

— Mineral oil or other oil-based agents including almond 
or olive oil 

— Liquid docusate sodium 

— Acetic acid 

— Sodium bicarbonate 

Alligator forceps (Fig. 56.2) 

Curved hook or cerumen spoon (Figs. 56.3 and 56.4) 

‘Suction—Schuknecht catheter 

Irrigation setup 

— Ear syringe (Figs. 56.5 and 56.6) 

20- to 60-mL syringe with an 18-gauge angiocath 

attached 

— Commercial ear irrigation setup 

Water (tap water may be used) 

Basin or other collection device 

Towels 
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Fig. 56.1. Example of an ear speculum 


( | Fig. 56.3 Examples of eerumen spoons 


Fig. 56.2 Example of alligator forceps 


Fig. 56.5 Example of atypical bulb syringe used in irrigation 


‘TriStream tip 


Fig. 56.6 Example of a specialized ear syringe 
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56.4 Procedure 


1. Explain the procedure to the patient to facilitate 
cooperation 
+ Some discomfort may be involved, including a sen- 

sation of pressure and the cold, wet feeling from the 
water used. 

vomiting, or a sensation of vertigo may also 

be experienced. 
— Consider pretreatment of vertigo with agent of 
choice. 

2. The patient may be seated or supine with the head 
slightly turned to the affected side to facilitate the col- 
lection of fluid. 

3. Stabilize the head with the nondominant hand, or for 
children, consider a papoose board to secure the patient, 

4, Pull the ear up and out to straighten the ear canal 

5. Before irrigation, if the cerumen is hard, alligator for- 

‘or a cerumen spoon may be used under direct visu- 

ization {o remove as much cerumen as possible. 

6. Use a cerumen-softening agent before irrigation by instill- 
ing and leaving in for 30 min to maximize softening. 

7, Place a collection device next to the patient’s ear, or 
alternatively, have the patient hold a basin near the ear to 
collect any liquid. 

8, Attach an angiocath to a 20- or 60-mL syringe, place the 
tip of the catheter within the ear canal, and aim toward 
the tympanic membrane. 

9. Slowly inject the solution into the ear canal 
+ Care must be taken to limit the force used owing to 

the potential for tympanic membrane rupture. 
+ The fluid can be injected in short bursts or all at once. 

10. Direct the stream as much as possible toward the rear of 
the cerumen to be removed. 


+ Naus 


1. Continually reassess the ear canal to ensure that all ceru- 
‘men has been removed. 
+ If one large piece remains, use a cerumen hook to 
facilitate removal 
12. If the patient complains of severe sharp pain, stop the 
procedure and assess the tympanic membrane for 
rupture. 
+ Consider referral or otolaryngological consultation at 
this point. 
13. After successful removal, dry the ear c: 
tipped applicators to prevent otitis externa. 


ial with cotton- 


56.5 Pitfalls and Complications 


+ Owing to instillation of room temperature water, a caloric 
response may occur including vertigo, nausea, and 
vomiting, 

+ Rupture of the tympanic membrane. 

+ Unsuccessful irrigation secondary to inadequate time 
given to softening agents before attempting removal 

+ Bleeding of the external auditory canal, 

+ Otitis externa, 

+ Hearing loss. 


Selected Reading 


Blake P, Matthews R, Hornibrook J. When not to syringe an ear. N Z 
‘Med J. 1998;111:422. 
McCarter D, Courtney AU, Pollart SM. Cerumen impaction. Am Fam 
Physician. 2007:75:1523-8. 
Roland PS, Smith TL, Schwartz SR, et al. Clinical practice guideline: 
‘impaction, Otolaryngol Head Neck Surg. 


Ear Foreign Body Removal 


Bobby K. Desai 


57.1 Indications 

+ Visualized foreign body (FB) on inspection. 

+ Continued unilateral otorthea of unknown etiology man- 
dates a search, 

+ Recurrent bleeding 

+ History of FB placement by patient, 


57.2 Contraindications: Need Urgent 
Referral 


+ ‘Those cases in which the emergency physician is not con- 
fident of success. 

+ Combative patients are not candidates for conscious 
sedation, 

+ Embedded FBs, 

+ Penetrating injuries with an FB. 

‘+ FBs close to the tympanic membrane. 

+ Consider referral of spherical FBs because these may be 
difficult to grasp. 
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+ Chronic FBs may be difficult to visualize; these should be 
referred. 

+ Consider referral for those patients who have attempts 
‘made at other institutions. 


57.3 Materials and Medications 


+ Ear speculum (Fig, 56.1) 
+ Eye and biohazard protection for the clinician 
+ Headlamp or other direct lighting instrument 
+ Alligator forceps (Fig. 56,2) 
+ Curved hook (Fig. 57.1) or cerumen spoon (Fig, 56.3) 
+ Suction—Schuknecht catheter (Fig. 57,2) 
+ Irrigation setup 
— Ear syringe (Fig. 57.3) 
— 20- to 60-mL. syringe with an 18-gauge angiocath 
attached 
— Water (tap water may be used) 
~ Basin or other collection device 
— Towels 
+ Cyanoacrylate (Fig. 57.4) 
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Fig. 57.1. Example of a curved hook 


Fig.57.3 Example of atypical syringe used in irrigation 


57.4. Example of cyanoacrylate 
ple of eyanoaery 


Fig. 57.2 (a) Example of a Schuknecht suction tube, (b) example of 
car irrigation setup using a Watespik system. 


57 EarForeign Body Removal 


337 


57.4 Procedures (Based on the Method 
Chosen) 


57.4.1 Alligator Forceps 


+ Ideal for easily visualized FBs, especially graspable FBs 
in the lateral third of the ear canal 
— May have limited success with rounded objects. 

+ Care must be taken for those FBs that are easily broken 
apart (¢.g., peas) to ensure that all of the matter has been 
removed 
— May need irrigation subsequent to the attempt. 

+ Explain the procedure to the pa 
cooperation, 

+ Pull the ear up and out to straighten the ear canal 

+ Consider using a specialized otoscope with magnification 
(an operating otoscope) to maximize visualization. 

+ The patient may be seated or supine with the unaffected 
side turned to the gurney or examining chair. 

+ Stabilize the head with the nondominant hand, or for chil 

papoose board to secure the patient, 

+ Attempt to grasp the FB with the forceps. 

— Ifusing an ear speculum, attempt to bring the object as 
close as possible to the speculum in order to stabilize it 
and slowly remove both. 

+ After removal, ensure the complete removal of the object 
and ensure that no other FBs are present. 


dren, consider 


57.4.1.1 Pitfalls and Complications 

+ Pushing the object deeper into the auditory canal, 

+ Inability to totally remove the FB. 

+ Attempted removal of an embedded FB may cause 
nificant bleeding, 


57.4.2 Curved Hook 


+ Ideal for spherical objects in the lateral third of the audi- 
tory canal. 

+ Can be used for non-graspable objects especially in the 
lateral third of the auditory canal. 

+ Direct visualization is necessary to avoid trauma to the 
car canal 

+ Consider using a specialized otoscope with magnification 
(an operating otoscope) to maximize visualization. 

+ Explain the procedure to the patient to facilitate 
cooperation 

+ The patient may be seated or supine with the unaffected 
side turned to the gurney or examining chair. 


+ Stabilize the head with the nondominant hand, or for 
children, consider a papoose board to secure the 
patient. 

+ Pull the ear up and out to straighten the ear canal 

+ Pass the hook behind the object, or if the object has holes, 
place the hook inside the hole to facilitate removal 
— In order for this technique to succeed, there must be 

sufficient area near the object to facilitate the hook 
going behind it 

+ Slowly withdraw the hook, thereby removing the FB. 

+ After removal, ensure the complete removal of the object 
and ensure that no other FBs are present. 


57.4.2.1 Pitfalls and Complications 

+ Pushing the object deeper into the auditory canal 

+ This technique cannot be used if the object cannot be 
directly visualized be 
owing to the mispl 

+ Attempted removal of an embedded FB may cause sig 
nificant bleeding, 

+ Do not use this, 


thnique if the object is close to the tym- 
panic membrane owing to risk of rupture. 


57.4.3 Suction 


+ A small metal suction catheter—the Schuknecht cathe 
ter—may be used. 

+ Ideal for hard rounded objects in the lateral third of the 
car canal. 

— Does not work as well for those objects closer to the 
tympanic membrane owing to lack of suction and the 
narrow ear canal 

+ Direct visualization of the object is mandatory. 

— The catheter must be placed directly on the object for 
this technique to sueceed. 

+ Explain the procedure to the patient to facilitate 
cooperation. 

+ The patient may be seated or supine with the unaffected 
side turned to the gumey or examining chair. 

+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient. 

+ Pull the ear up and out to straighten the ear canal, 

+ Place the suction against the FB and slowly withdraw. 


57.4.3.1 Pitfalls and Complications 

+ Pushing the object deeper into the auditory canal 

+ May not work for objects too tightly entrenched in th 
canal 
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57.4.4 Irrigation 


+ Useful for small particulate matter unable to be grasped 
by forceps or too small for a hook to pull out 
~ Cannot be used for button batteries or vegetable 
matter. 
+ Inrigation may cause an alkaline necrosis with the 
button battery. 
+ Vegetable matter may expand, increasing the diffi- 
culty of removal 
+ Explain the procedure to the pa 
cooperation 
— Some discomfort may be involved, including a 
tion of pressure and a feeling cold wetness from the 
water used. 
+ The patient may be seated or supine with the head slightly 
tumed to the affected side to facilitate collection of fuid. 


ent 10 facilitate 


+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient. 

+ Pull the ear up and out to straighten the ear canal 

+ Place a collection device next to the patient's ear, or alter- 
natively, have the patient hold a basin. 

+ Attach an angiocath to a 20- or 60-mL syringe and place 
the tip of the catheter within the ear canal, or use a 
Waterpik s 

+ Slowly inject the solution into the ear canal 
~ Care must be taken to limit the force used owing to the 

potential for tympanic membrane rupture. 

+ Direct the stream as much as possible toward the rear of 
the object(s) to be removed. 

+ Continually assess the ear canal to ensure that all foreign 
‘matter has been removed. 

+ Ifthe patient complains of severe sharp pain, stop the pro- 
cedure and assess the tympanic membrane for rupture. 

— Consider referral or otolaryngological consultation at 
this point. 


57.4.4.1 Pitfalls and Complications 

+ Owing to instillation of room temperature 
response may occur including vertigo, nausea, and 
vomiting 

‘+ Rupture of the tympanic membrane. 


57.4.5 Cyanoacrylate 


+ Useful for objects that can be directly visualized 

+ Ideal for hard rounded objects in the lateral third of the 
ear canal 
— Does not work as well for those objects closer to the 

tympanic membrane owing to lack of visualization 

+ Direct visualization of the object is mandatory. 

— The stick with the cyanoacrylate must be placed 
directly on the object for this technique to succeed. 

+ Consider using a specialized otoscope with magnification 
(an operating otoscope) to maximize visualization 

+ Explain the procedure to the patient to facili 
cooperation. 

+ The patient may be seated or supine with the unaffected 
side turned to the gumey or examining chair. 

+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient. 

+ Pull the ear up and out to straighten the ear canal 

+ Place a small amount of cyanoacrylate on the end of a 
cerumen spoon or wooden end of a cotton-tipped 
swab. 

+ Using direct visualization, place the stick in the ear canal 
and touch the FB. 

+ Leave the stick on the object for approximately 30-60 s to 
facilitate drying of the glue. 

.B. 


+ Remove the stick and the 


57.4.5.1 Pitfalls and Complications 

+ This technique cannot be used if the object cannot be 

+ The object must be relatively smooth to facilitate place~ 
‘ment of the glue. 


Selected Reading 


Hanson RM, Stephens M. Cyanoacrylate-asisted foreign body removal 
from the ear and nose in children, J Paediatr Child Health 
1994:30:77-8. 

Kadish H. Ear and nose foreign bodies: it is all about the tools. Clin 
Pediat. 2005:44:665-70, 


Treatment of Auricular Hematoma 


Bobby K. Desai 


58.1 Indications 


+ Presence of auricular hematoma 
— These occur after significant force is applied to the ear. 
~ This type of hematoma will separate the perichon- 

drium from the cartilage, 

+ Untreated, this hematoma prevents the develop- 
‘ment of new cartilage, subsequently deforming the 
auricle, causing cauliflower ear (Figs. 58.1 and 
58.2), 


Fig.58.1. Example ofa cauliflower ear 
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Fig. 58.2. Schematic of auricular hematoma 


Perichoncliur 


Hematoma 


58.2 Contraindications 


+ Uncooperative patient. 

+ Evidence of infection mandates plastic surgery or otolar- 
yngology consultation. 

+ Significant trauma to area around the ear. 


58.3 Materials and Medications 


+ S-ce syringe 
+ 20-gauge needle (may use larger-gauge needle, but 
smaller ones may not allow for adequate suctioning) 

+ Topical antiseptic 
+ Sterile drapes, gown, eye protection, und gloves 
+ 1% lidocaine for anesthesia 
+ Scalpel (#11 or #15 blade) 
+ Suction setup 
+ Saline for irrigation 
+ Hemostat and forceps 
+ Penrose drain or plain gauze packing 
+ Xeroform gauze 
+ Laceration tray setup 
— Needle driver 
~ 4-0 Nonabsorbable suture 
+ Antibiotic ointment 
+ Gauze bandages 


58.4 Procedure (Needle As} 


Explain the procedure to the patient. 

Informed consent may be required. 

‘The patient may be seated or supine with the unaffected 

side turned to the gurney or examining chair. 

4, Stabilize the head with the nondominant hand, or for 

children, consider a papoose board to secure the patient. 

+ Consider procedural sedation for children. 

Carefully clean the area with an antiseptic solution of 

choice (povidone-iodine [Betadine] or chlorhexidine 

solution) and allow to dry, 

6, Anesthetize the area where the hematoma is of greatest 
diameter with 1 ‘% lidocaine. 

7. Inject the hematoma itself to promote increased 
anesthesia. 

8. The clinician should prepare for the procedure by prac- 
ticing universal precautions. 

9, Drape the patient's eat. 

10, Attach a 20-gauge needle to a syringe. 
+ A 5-ce syringe should be sufficient. 

11. Attempt to aspirate the hematoma contents with the pre- 

pared syringe (Fig. 58.3). 
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12, “Milking” the hematoma may be required to fully 
remove the clot. 

+ If the hematoma has been present for sufficient time 
for the blood to completely clot, needle aspiration wil 
fail, and an alternative technique, described later, may 
be necessary to completely evacuate the hematoma. 

13, Place antibiotic ointment around the injection site 

14, Loosely dress the area. 

15, Refer to an otolaryngologist or a plastic surgeon for fol- 
low-up care. 


If needle aspiration fails, a larger incision may be required 
using the following procedure: 


1. Perform the previously discussed steps. 
2. Consider local field block of the greater auricular nerve. 
3. Make an incision over the hematoma, following the 
anatomy of the helix (Fig. 58.4). 
+ The incision should be 5-6 mm in length and curvi- 
linear, following the concavity of the helix. 
+ More than one incision may be required. 
4, Remove the hematoma with hemostats or forceps. 
+ Suctioning may be used as well. 
5. Copiously irrigate the cavity with saline to make certain 
‘of complete removal of the hematoma. 
6, Insert the Penrose drain or plain packing into the incision, 


/ 


Fig.58.3 Aspiration of a hematoma 


10. 
ul 


jon site, 


Antibiotic ointment may be applied to the i 

Place the Xeroform gauze over the incision site. 

Apply a compression dressing to the ear (Fig. 58.5). 

+ Place dry cotton into the ear canal to protect from 
possible drainage and subsequent inf 
(Fig. 58.6). 

+ Mold Xeroform gauze in and around the contours of 
the helix (Fig. 58.7). 

+ With the aid of an assistant, place gauze behind the 
pinna and over the Xeroform gauze already molded 
to the anterior portion of the ear (Fig. 58.8). 

+ Place more flulfed gauze over the ear (Fig. 58.9). 

+ While the assistant holds the anterior and posterior 
‘gauze in place, use a web roll (Kerlix) around the 
hhead to keep the gauze in place. Then wrap the head 
with an ACE wrap or stretchy bandage (Figs. $8.10 
and 58.11), 

+ These steps are critical to maintain equal compres- 
sion of the ear, which will help prevent future 
deformity. 

+ Alternatively, dental rolls can be secured with suture 
to the anterior and posterior site of the drained hema- 
toma (Fig, 58.12), 

Place the patient on prophylactic antibiotis. 

Refer to an otolaryngologist or a plastic surgeon for fol- 

low-up care. 
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Fig. 58.4 Incision of an auricular hematoma, (a) Incision: (b) remoyal of clot with forceps; (c) aspiration of blood with syringe 
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Fig. 58.5. Materials needed for 
‘compression dressing 


Fig. 58.6. Place cotton in the ear to prevent drainage ino eur 


Fig. 58.7 (a, b) Mold Xeroform gauze around ear helix 
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Fig. $8.8 (a, b) Mold sterile gauze on top of Xeroform gauze around 
car helix 


Fig.58.10 (a-c) Wrap head with Kerlix (sterile gauze rll) 


Fig.58.9 Pad oulside of ear with 434 gauze pads 


Fig. 58.11. (a-d) Wrap head with elastic bandage 
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Fig. 58.12 Denial rolls secured to the ear 


58.5 Pitfalls and Complications 


+ Bleeding 

+ Infection—perichondritis 

Deformity of the auricle 

+ Inadequate clot removal 

+ Hematomas present for several days warrant a plastic sur- 
gery or an otolaryngology consultation 


Acknowledgement The authors would like to thank Thor Shiva Stead 
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59.1 


Indications 


59.2 Contraindications 


+ Absolute 
~ Malignancy 
— Vascular malformations 
+ Relative 
~ Pediatric patient 
~ Severe trismus 
— Uncooperative patient 


59.3 Materials and Medications 


+ #LL or #15 scalpel 

+ 27-gauge 1.5-inch needle, 18- to 20-gauge 1 
longer needle 

+ S-mL syringe, 10- to 20-mL syringe 

+ Tape 

+ Trauma shears 


+ Viscous lidocaine 

+ Lidocaine 1 % with epinephrine 

+ Laryngoscope with MAC 3 or 4 or tongue blade(s) and 
headlamp or other light source 

+ Suction setup with Frazier or tonsil suetion tip 
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59.4 Procedure: Aspiration 


Informed consent may be required. 
Raise head of bed to at least 60° and place a pillow or 
other support behind the patient’s head. 

3. Prepare an 18- to 20-gauge 15-inch needle on a 10- to 
20-mL syringe with a needle guard. 

+ This can be accomplished by using trauma shears to 
cut 1-1,5 cm off the distal plastic needle cover and 
replacing the cover over the needle. 

+ This now creates a guard to prevent deep penetration 

into vascular structures (Fig. 59.1), 

4, Topically anesthetize area with viscous lidocaine (alterna- 
tively, can use Cetacaine [benzocaine, tetracaine hydro- 
chloride, and butamben] spray) 

5, Using lidocaine 1 % with epinephrine and a 27-gauge 
15-inch needle on a S-mL. syringe, infiltrate 1-2 mL 
into the area. Blanching should be apparent. 

6, Palpate the oropharynx with the gloved finger to evalu- 
ate for fluctuance 

7. Assemble a MAC 3 or 4 intubation blade on a laryngo- 
scope handle and open into the light-on position, Insert 
the blade into the patient’s mouth, and advance the blade 
as far posteriorly as possible without inducing gagging, 
Have the patient hold the laryngoscope handle. 
Alternatively, use a tongue blade and head lamp or other 
light source, but the laryngoscope technique allows for 
aan unobstructed view of the area and the weight of the 
handle helps hold the patient’s mouth open. 

8. Using the previously prepared needle guard on the long 

18- to 20-gauge needle on a 12-mL. syringe, insert the 

needle into the most fluctuant area (as determined from 

the previous examination), aspirating as the needle 
advances (Fig. 59.2). The most fluctuant area will usu- 
ally be located in the superior pole of the tonsil. 

It is very important to be careful not to angle the needle 

laterally toward the carotid artery. Also remember, this is 

4a peritonsillar abscess so do not aspirate the tonsil itsel. 
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9, After aspiration, if there is a pus return, remove as much 
purulent drainage as possible. ‘Typical drainage is 
between 2 and 6 mL. Ifa large amount of pus is obtained 
(56 mL), incision and drainage (L&D) may be indicated. 
(See later for details on 18D.) 

10. If the aspirate did not return pus, attempt aspiration 
‘again by moving the insertion site 1 cm inferiorly to the 
middle pole of the peritonsillar space. If there is still no 


Fig. 59.1. Guard wo prevent deep penetration of vascular structures 


te 


12. 


us aspirated, make a final attempt by moving again 
1 em inferiorly to the lower pole of the peritonsillar 
space. 

Suction should be set up, readily available, and turned 
oon, Use suction to prevent the patient from aspirating or 
swallowing any purulent drainage. 

Expect a small amount of bleeding when the procedure 
is complete and the needle is removed. 


Fig.59.2 Aspiration ofa peritonsillar abscess: (a) Aspirate superior pole first. I'n0 pus aspirated, move 1 em inferior to the middle pole Istill 
‘no pus, make final atempt by moving 1 more cm inferiorly to the inferior pole. (b) Demonstrates use of needle guard 
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59.5 Procedui 


: Incision and Drainage 


1, Raise the head of the bed and anesthetize the area as 
described previously, 

2. Have suction set up with a Fraser or tonsil tip, available, 
and tured on. 

3, Have the patient hold the laryngoscope handle after the 
blade has been inserted orally as described previously. 

4, Fashion a blade guard on a #11 or #15 blade scalpel by 
taping over the blade with only 0.5 cm of the blade 


exposed at the tip. Incise the area that was previously 
aspirated with a small stab incision. Suction the area, 

5. Insert a curved Kelly clamp into the incision and open 
gently to enter the abscess cavity and break up loculations 
(Fig, 59.3). Suction as necessary. 

6. Have the patient gargle with a saline solution and 
expectorate. 

7, Do not pack the abscess cavity. 

8. Observe for 2-4 h for bleeding. 
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Fig. 59.3 Incision and drainage of peritonillar abscess (a) Gain access 
‘with appropriate lighting. (b) Fashion a blade guard on a #1 or #15 blade 
sealpel by taping over the blade with only 0.5 em of the blade exposed at 


the tip. Incise the area that was previously aspirated with a small stab 
incision. (e) Insert a curved Kelly lamp into the incision and open gently 
tw enter the abscess cavity and break up loculations. Do not pack! 


US 2003/0209636 Al 


BOBBIN ELECTROMAGNETIC FIELD. 
PROPULSION VEHICLE 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention, which is the subject of my present 
application, is comprised of a toroidal core around which are 
wound a plurality of electromagnetic bobbins. The bobbins 
are pulsed electricaly to create an amplified magnetic wave 
that travels around the core. At the same time, a circular 
clectrical conductor carrying direct current creates & mag- 
netic field around its area which results in the formation of 
a magnetic moment, This magnetic moment, together with 
the spacetime curvature distortion created by the traveling 
magnetic wave, produces a lift force on the vehicle 


REFERENCE PAPERS 
[0002] Levitron, Hones, U.S. Pat. No, 5,404,062, 


[0003] Geometry of Electromagnetic Systems, Paul 
Hammond, page 179. 


BACKGROUND OF THE INVENTION 


[0004] ‘The idea for this invention comes from expe 
‘ments I have done using thin transformer laminations wound 
in intervals with bobbins of wire connected to a frequency 
generator. Pulsing the bobbins electrically ereates a slow 
traveling magnetic wave along the surface of the lamination. 
‘The velocity of the wave, as shown by Hammond in the 
reference paper, is the square root of the frequency divided 
by the conductivity and permeability of the material. From 
Einstein's General Theory of Relativity, this type of wave 
arouncl the circumference creates a spacetime curvature 
distortion in the vertical direction that looks like a tilted 
plate. The magnetic field traveling around the circumference 
hhas to follow this curvature. This ereates a magnetic gradient 
in the z-direction which together with the magnetic moment 
developed by a solenoid produces lift on the vehicle. 


SUMMARY OF THE INVENTION 


[0003] tis the object of this invention to create a magnetic 
field gradient and magnetic moment in order to produce a it 
force on the hull of a vehicle. The magnetic field gradient is 
produced by a traveling magnetic wave which produces a 
tilting-plate spacetime curvature around the hull. The mag. 
netic moment is created by a simple circular wire carrying 
direct current around its area 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 


[0006] Not Applicable. 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0007] FIG. 1. The lift force on the vebicle is equal to a 
‘magnetic moment times the magnetic field gradicot. 


[0008] FIG. 2. Magnetic moment 4« created by direct 
‘current I flowing counterclockwise around the wire coil 
Cylindrical coordinates are shown to the right, 


[0009] FIG. 3. The wire coil solenoid creates a magnetic 
field in the z-direction equal to the permeability of space 
times the number of turns per Iength of the solenoid times 
the current in the windings. 
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[0010] FIG. 4. Perspective view of bobbin spacecraft 
[0011] FIG. S. Magnetic wave velocity along core. 


[0012] FIG. 6, The g metric tensor in cylindrical coordi- 
nates with the sinusoidal wave function in the {19} slots. 


[0013] FIG.7. The spacetime curvature G,, in the vertical 
direction created by the magnetic wave traveling around the 


[0014] FIG. 8, Tilted plate spacetime curvature showing 
magnetic gradient 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0015] 1. Referring o the equation in FIG. 1, the ff force 
fon the bobbin spacecraft is equal to its magnetie moment 
times its magnetic field gradient. The magnetic moment has 
units of electrical current, measured in amps, times the area 
enclosed by the curcent. Thus the units of the magnetic 
moment are amp-m*. The magnetic moment can be created 
by a large, circular coil of wire carrying direet current I as 
shown in FIG. 2. The spacetime cylindrical coordinates {t, 
1.07} are shown tthe right ofthe drawing where tis time, 
the radius, the horizontal angle 0, and the vertical height 2 


[0016] 2. The wire coil solenoid also produces a magnetic 
field in the vertical z-direction equal to the permeability of 
space 4 times the number of turns per unit length of the 
solenoid n, times the current I in the winding, The equation 
is shown in FIG. 3 which can be developed from Ampere's 
Taw that the magnetic field around a loop is equal fo the 
current passing through the loop. 


[0017] 3. Referring t0 FIG. 4, the bobbin spaceeralt 
consists of a large, horizontal, highpermeability toroidal 
core (D) wrapped at intervals with electrical bobbins (B) 
‘which can be pulsed electrically to create a traveling mag- 
netic wave around the core, Interior to this core is a lange 
direct current solenoid (C) which produces said magnetic 
field in the Z-direction. These devices are enclosed in a 
circular hull (A) containing the coils on the outer rin and a 
cabin area in the center, 


[0018] 4. Referring to FIG.5, the velocity of the magnetic 
‘wave on the surface of the core is equal to the square root 
of the wave frequency « divided by the conductivity a times 
the permeability sof the core material. When the first bobbin 
is pulsed, a wave starts to propagate along the surface of the 
core. As the wave passes the second bobbin in sequence, 
another electrical pulse is generated to amplify the wave. 
‘Afler many cycles, the wave traveling around the core 
becomes larger and larger in amplitude 


[0019] 5. A traveling wave has a wave funetion equal to a 
Sinusoidal function with an argument of the angle 6 around 
the periphery less the time t, or Sin{~c]. 


[0020] 6. 1n gravitational physics, there isa g metric tensor 
Which is a measure of length in spacetime coordinates 
When mass or electromagnetic fields are involved ina 
certain region of space, a curvature of space is ereated. The 
curvature of space can then be calculated directly from this 
metric tensor. The result is Einstein's G curvature tensor 
which shows the spacetime distortion, The g metric tensor is, 
4 by 4 matrix having rows and columns equal to time t, 
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59.6 Complications 


59.7 Pearls and Pitfalls 


+ Pearls 

= Airway protection should always be considered. 
Intubation may be necessary for very large abscesses 
with airway compromise 

— Bedsides ultrasound is a valuable tool in confirming 
the diagnosis of peritonsillar abscess. Perform using 
the intracavitary probe covered with a sterile glove or 
other appropriate probe cover and insert into the oro- 
pharynx. The abscess will appear as any other abscess: 
‘an encapsulated, hypoechoic structure. Doppler flow 
can also be used to locate the carotid artery relative to 
the absces 

— Empirical oral antibiotics after aspiration or 1&D are 
considered usual care and should cover for group A. 
streptococcus and oral anaerobes. 
+ Amoxicillin/clavulanate or 

commonly used. 

— A single dose of high-dose steroids may be helpful in 

relieving symptoms. 


indamycin is the most 


— Patients who cannot tolerate oral fluids, cannot take 
oral antibiotics, or who appear to have a toxic response 
should be admitted. Others may be discharged with 
24-h follow-up. 

+ Pitfalls 

— The carotid artery is located approximately 2.5 em 
posterolaterally to the tonsils. Take care that the needle 
is not inserted too far laterally or the risk of aspirating 
the carotid artery is increased. 

= Incision into the tonsil itself may cause excessive 
bleeding. Aspiration or incision into the tonsil will 
likely miss the abscess altogether and may result in 
misdiagnosis 

— There is a 1-15 % failure and recurrence rate. 
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Incision and Drainage 
of Sublingual Abscess 60 
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60.1 Indications 


+ Sublingual abscess (Fig. 60.1) 


Nyonyold 
muscle 


Fig. 60.1. Sublingual abscess 
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60.2 Contraindications 


+ Relative 

~ Pediatrie patient 

— Severe trismus—may need sedation or drainage in the 
‘operating room 

— Uncooperative patient—may need sedation or drain- 
age in the operating room 

— Coagulopathy, patients taking anticoagulants, or 
patients with a known bleeding disorder 


Fig. 60.2. Materials needed: #11 
scalpel. hemostas, Penrose drain, 
40 silk suture, 25-27 gauge 

1 Sanh needle fr injecting 
anesthetic, 18-10 20-zauge 
needle for drawing up anesthetic, 
5-to l0-ml. syringe or contol 
syringe, viscous lidocaine (or 
other topical anesthetic), 
lidocaine 1% with epinephrine, 
light source, sution setup with 
tonsil suction tp, culture swab 
(optional) 


60.3 Materials and Medications (Fig. 60.2) 


+ #11 scalpel 

+ Hemostats 

+ Penrose drain 

+ 4-0 silk suture: 

+ 25- to 27-gauge 1.5-inch needle for injecting anesthetic 
+ 18- to 20-gauge needle for drawing up anesthetic 
+ 5-to 10-mL syringe or control syringe 

+ Viscous lidocaine (or other topical anesthetic) 

+ Lidocaine 1 % with epinephrine 

+ Light source 

+ Suction setup with tonsil suction tip 

+ Culture swab 


{60 Incision and Drainage of Sublingual Abscess 
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60.4 Procedure: Incision and Drainage 


|. After explaining the procedure, risks, and benefits to the 
patient, put the head of the bed in the most comfortable 
working position for the clinician and the patient. 
Alternatively, the clinician may also elect to position the 
patient in an upright procedure chair that has multiple 
positions, 

. Apply viscous lidocaine topically with a cotton-tipped 
‘swab to the area to be injected with anesthetic, Leave in 
place for a minute or 2. Alternatively, spray the area with 
‘a topical anesthetic spray. 

3. Have suction set up with a tonsil tip, available, and 

turned on, 

4. Draw up the appropriate amount of lidocaine with epineph- 
rine into a S-mL. syringe (control syringe if available). 

5. Direct light source to area to be worked on, Adequate 
lighting is essential, Options include a headlamp or an 
overhead adjustable light. 

6. Change needle to the 27-gauge needle and inject 1-2 mL. 
of lidocaine with epinephrine using an inferior alveolar 
block, Alternatively, anesthetize the floor of the mouth 
around the most fluctuant area. Avoid injecting through 
infected tissue to avoid possible spread into deeper 
spaces. 

7. Using the scalpel, make an intraoral stab incision super- 
ficially at the lowest point of the pus accumulation 
(Fig. 60.3). This will facilitate evacuation of pus under 
‘gravity. Have the suction catheter in the mouth and allow 
the purulent material to drain into the suction. 

8, Obtain a specimen of the purulent fluid for culture and 

sensitivity 


10. 


. Insert a hemostat into the incision to facilitate drainage, 


but do not open it up to avoid injury to neurovascular 
structures. Gently massage the soft tissue surrounding 
the abscess to assist drainage. Suction as necessary to 
avoid swallowing or aspirating the pus. 

Once adequate drainage has been achieved, place a 
small Penrose drain (or other rubber-type drain) into the 
cavity, and stabilize on one side with a silk suture that 
goes through the drain and the mucosa (Fig. 60.4) 

Have the patient rinse and spit with a half-strength per- 
oxide solution followed by either water or saline. 

Watch for signs of bleeding or upper airway symptoms, 
Ensure that the patient can tolerate oral Muids before 
discharge. 


Fig.60.3.Incise lowest portion of abscess 


Fig.60.4 (a) Using hemostats, place small Penrose drain ito the abscess cavity (b) Suture Penrose in place with a silk suture that goes through, 


the drain and the mucosa, 


354 


MW. Fernandez and BK. Desai 


60.5 Complications (Generally Minimal) 


+ Excessive bleeding (apply pressure—to avoid potential 
nerve injury, do not cauterize or ligate unless absolutely 
necessary) 

+ Aspiration of purulent material (have the patient sit 
upright and use suction as the abscess is incised) 

+ Pain 


60.6 Pearls and Pitfalls 


+ Pearls 

— Airway protection is paramount. Infections in this 

space can quickly spread to the submandibular region 

and can compromise the airway owing to swelling 
(Ludwig's angina), 

s for elevation of the floor of the mouth and 


ss 
tongue, ability to lie supine, drooling, stridor, and 


mns are present, emergent surgical airway 
will be necessary before incision and drainage 
(I&D). 
~ The sublingual space is bounded superiorly by the oral 
mucosa and inferiorly by the mylohyoid muscle. 


molars drain into this, 


= Infected premolars and fi 
space because the apices of their roots are located 
superior to the mylohyoid muscle. 

— The source molar should be extracted as soon as pos- 
sible after L&D. 

— Empirical oral antibiotics after 1&D should cover for 
group A streptococcus and oral anaerobes. Penicillin 
remains the drug of choice, but clindamycin or amoxi 
cillin-clavulanic acid can be substituted 

+ Pitfalls 

— The lingual artery, v 
posterolateral area of the floor of the mouth, and the 
hypoglossal nerve is nearby. These must be avoided 
when performing 1&D for sublingual abs 


in, and nerve are contained in the 
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61.1 Indications 


+ Parotid duct abscess 


61.2 Contraindications 


+ Absolute 
— None 
+ Relative 
~ Pediatric patient 
— Severe trismus—may need sedation or drainage in the 
‘operating room 
~ Uncooperative patient—may need sedation or drain- 
age in the operating room 
~ Coagulopathy, patients taking anticoagulants, or 
patients with a known bleeding disorder 
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61.3 Materials and Medications (Fig. 61.1) 


+ #11 scalpel 
+ 4x4 gauze 

+ Hemostat 

+ Penrose drain or ¥é-inch packing gauze 

+ Light source (headlamp or overhead light) 

+ Culture swab 

+ 4-0 silk suture 

+ 25- to 27-gauge needle, 1.5-2 inches long 

+ 18-gauge needle to withdraw anesthetic from vial 
+ S-mL syringe 

+ Viscous lidocaine or other topical anesthetic 

+ Lidocaine with epinephrine 

+ Suction setup with Frazier or tonsil suction tip 
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Fig.61.1 Materials needed: #11 scalpel, hemostats, Penrose drain, 4-0 or control syringe, viscous lidocaine (or other topical anesthetic), lido- 
silk suture, 25- to 27-gauge 15-inch needle for injecting anesthetic, caine 1 % with epinephrine, light source, suetion setup with tonsil sue- 
18. to 20-gauge needle for drawing up anesthetic, 5-10 10-mL. syringe tion tip, culture swab (optional) 
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61.4 Procedure (Figs. 61.2 and 61.3) 


1, After explaining the procedure, risks, and benetits to the 
patient, put the head of the bed in the most comfortable 
Working position for the operator and the patient. 
Alternatively, position the patient in an upright proce- 
dure chair that has multiple positions. 

2. Find the most fluctuant area. Apply viscous lidocaine 
topically with a cotton-tipped swab to the area to be 
injected with anesthetic. Leave in place for a minute 
or 2, Alternatively, spray the area with & topical 
anesthetic spray. 

3, Have suction setup with a tonsil tip, available, and turned 
on. 

4, Draw up the appropriate amount of lidocaine with epi 
nephrine into a S-mL syringe (control syringe if 
available) 

5, Direct light source to area to be worked on. Adequate 
lighting is essential, Options include a headlamp or an 
‘overhead adjustable light. 

6. Change needle to a 25- or 27-gauge needle. Inject 
1-2 mL of lidocaine with epinephrine just beneath the 
mucosal surface. Avoid injecting through infected tissue 
to avoid possible spread into deeper spaces. 


Fig.61.2. Anatomy of the salivary glands 


7. Using the scalpel, make an intraoral stab incision 
superficially into the area of greatest fluctuance 
(Fig. 61.4). Have the suction catheter in the patient's 
‘mouth and allow the purulent material to drain into the 
suction, 

8. Obtain a specimen of the purulent fluid for culture and 
sensitivity. 

9, Insert a hemostat into the incision to facilitate drainage, 
but do not open it up in order to avoid injury to neuro- 
vascular structures. Gently massage the soft tissue sur- 
rounding the abscess to assist drainage, Suction as 
necessary to avoid swallowing or aspirating the pus. 

10. Have the patient rinse and spit with a half-strength per- 
oxide solution, 

11. Place a small Penrose drain (or other rubber-type drain) 
into the cavity, and stabilize on one side with a silk 
suture that goes through the drain and the mucosa 
Alternatively, cut a strip of 4- inch packing gauze and 
insert into the abscess cavity. 

12, Have the patient rinse and spit with a half-strength per- 
oxide solution followed by either water or saline. 

13, Watch for signs of bleeding or upper airway symptoms. 

14, Ensure that the patient can tolerate oral fluids before 
discharge, 


Duct of 
parotid gland 
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Parotid papilla 
with opening 
of parotid duct 


Fig. 61.3. Parotid papilla: opening of the parotid gland located adja- 
‘cent to third upper molar 


Fig. 61.4 Parotid abscess; make a superficial tab into most Nuetuant 


61.5 Complications 


+ Complications are generally minimal but may include: 
— Excessive bleeding (apply pressure; to avoid potential 
nerve injury, do not cauterize or ligate unless abso- 
lutely necessary) 
— Aspiration of purulent material (have the patient sit 
upright and use suction as the abscess is incised) 
~ Pain 


61.6 Pearls and Pitfalls 


+ Airway protection should always be considered, 

+ Empirical oral antibiotics after incision and drainage are 
considered usual care and should cover for group A strep- 
tococeal and oral anaerobes, Penicillin remains the drug 
of choice, but clindamycin or amoxicillin-clavulanic acid 
can be substituted. 

+ Patients who cannot tolerate oral medications, cannot take 
oral antibiotics, or who appear to have a toxic response 
should be admitted. Pediatric patients should be admitted. 
Others may be discharged with 24-h follow-up. 
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radi, angle theta, and vertical height z."The diagonal from 
{op left to bottom right has a signature equal to (=1, 1,2, 1} 


[0021] 7. Because the magnetic wave traveling around the 
‘core is varying wit time tin the theta direction, the wave 
function has to go into the {1,0} and {0,1} slots ofthe metric 
tensor, as shown in FIG. 6. 


[0022] 8. From this metric tensor, Einstein’s G curvature 
tensor is calculated using a general relativity software pro- 
ram. The spacetime curvature in the vertical -direction is 
‘contained in the G,, component. A 3D plot of this curvature 
‘with respect to radius and theta is shown in FIG. 7. The axis 
‘on the right side is the angle around the periphery, and the 
axis on the left isthe radius which goes from 0 to 20 meters 
‘The vertical axis ofthe graph is the spacetime curvature in 
the vertical zlitection. The center of the vertical axis is 
zero. At a small radi, there isa sinusoidal curvature which 
is positive from 0 to = and which is negative from x 10 2x 
What this looks like isa tilted plate as depicted in FIG. 8. 


[0023] 9. In flat spacetime with no electromagnetic fields 
‘or mass, the curvature would be the horizontal plate as seen 
FIG. 8. Duc to the traveling magnetic wave, the spacetime 
‘curvature looks like the tilted plate. The flat-space magnetic 
ficld was pointing up in the vertical direction, having n0 
divergence and no gradient. In curved spacetime, however, 
the magnetic field becomes tilted just like the plate and a 
magnetic gradient dB,/dz is created. This spacetime curva 
ture gradient of the ‘magnetic field times the magnetic 
‘moment of the second coil produces a lift force on the bull 
which is anchored to these coils 


What I claim as my invention is: 

L.A spacecraft that generates a magnetic moment and a 
‘magnetic field gradient in the vertical direction in order to 
‘create a lift force on the bull 


Nov. 13, 2003 


2. A toroidal core wrapped with electrical bobbins at 
intervals around the core whose purpose is to ereate and 
‘amplify a magnetic wave that travels along the surface of the 
cone. 

3. A circular, direct-current carrying solenoid, located 
radially inside the toroidal core, to create the magnetic 
moment 

4, Said magnetic surface wave creates a spacetime cur- 
ature, similar to a tilted plate, which produces a magnetic 
field gradient in the vertical direction. 

5. A circular hull, with interior cabin, electrical power 
supply to drive the coils, and a computer to caleulate and 
sequence the activation of the electrical bobbins, 

6. Magnetic sensors, in the form of small cols, located on 
the toroidal core which can detect the velocity and position 
of the traveling magnetic wave as feedback to the computer 
‘control system, 

7. A magnetic vortex generator, either rotating magoet oF 
dual coil, to produce a wormhole through which low linear 
‘mass and low speed of light hyperspace energy can enter the 
hull in order to create highly relativistic electromagnetic 
fields 

8. A variable current generator to modulate the direct 
‘current in the coil so as 10 produce a variable magnetic 
moment that can control lift, hover and descent 

9. An electrical power supply using mechanical flywheel 
stored energy together witha large area capacitor, resupplied 
‘with energy by solar cells located on the outer surface of the 
hull 


Techniques of Mandibular Anesthesia 62 


Susana Perry, Joshua Perry, and Rosalia Rey 


62.1 _ Inferior Alveolar Nerve Block 62.1.2 Areas Anesthetized (Fig. 62.1) 


62.1.1 Nerves Anesthetized + Mandibular teeth to midline 
+ Body of the mandible 


+ Inferior alveolar, branch of the posterior division of the + Buccal mucoperiosteum, mucous membrane anterior to 


‘mandibular nerve (V3, branch of the trigeminal nerve) the mandibular first molar 
+ Incisive + Anterior two thirds of the tongue and floor of the mouth 
+ Mental (via the lingual nerve) 

+ Lingual (usually) + Lingual soft tissues and periosteum (via the lingual nerve) 
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Fig. 62.1. Areas anesthetized 
‘ith inferior mandibular nerve 
block 


Lingual soft issue 
and bone 


Alveolar mucous 
‘membrane 


Extraoral soft tissue 


62.1.3 Indications 


+ When buccal soft tissue anesthesia is necessary 

+ When lingual soft tissue anesthesia is needed 

+ When performing procedures on multiple mandibular 
teeth in one quadrant 


62.1.4 Contraindications 


+ Infection or acute inflammation in the area of injection 
+ Patients who might bite thei lip or tongue (e.z., very young 

child or physically or mentally handicapped adult or child) 
+ In relation to local anesthetic use 


Absolute 
+ Local anesthetic allergy 
— Avoid all local anesthetics in the same chemical class 
(eg., esters) 


Tengue 


+ Bisullite allergy 
— Avoid vasoconstrictor-containing local anesthetics. 


Relative 

+ Atypical plasma cholinesterase 

+ Methemoglobinemia (idiopathic or congenital) 

+ Significant liver dysfunction (American Society of 

Anesthesiologists [ASA] IlI-IV) 

+ Significant kidney dysfunction (ASA III-IV) 
+ Significant cardiovascular disease (ASA III-IV) 

— Avoid high concentrations of vasoconstrictors. 

— Use local anesthetics with epinephrine concentrations 
Of 1:200,000 or 1:100,000 or 3 % mepivacaine or 4 % 
prilocaine. 

+ Clinical hyperthyroidism (ASA II-IV) 

— Avoid high concentrations of vasoconstrictors. 

— Use local anesthetics with epinephrine concentrations 
Of 1:200,000 oF 1:100,000 or 3 % mepi 
prilocaine. 
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62.1.5 Materials and Medications 


+ Local anesthetic carpule (1.7—1.8 mL) 
‘Mepivacaine 3 % (+epinephrine 1:100,000) 

Articaine HCI 4 % (epinephrine 1:100,000 or 
1:200,000) 

Lidocaine HCI 2 % (+ epinephrine 1:50,000 or 
1:100,000) (Fig. 62.2) 

Bupivacaine HCI 0.5 %-+epinephrine 1:200,000 

+ Aspirating syringe (Fig. 62.3) 


Plunger indented Drug-identitying 
‘rom rim of glass color-coded band 


Silicon rubber 
plunger 


Fig. 62.2 Local anesthetic earpule (1.7-1.8 mL) 


Fig. 62.3 Aspirating syringe 


+ Needle (Fig, 62.4) 
— Gauge refers to the lumen of the needle: The smaller 
the number, the greater the diameter of the lumen. 
— Needles are color coded by gauge: red=25 gauge, yel- 
low=27 gauge, and blue=30 gauge. 
— Recommendations: For inferior alveolar nerve (IAN) 
block, itis best to use a 25-gauge long needle. 


* Mouth props 
> Retrctne 
i ap 
sees 
San sik Hub Synge Sate: 
pos 
Sloper Perel 


Fig.62.4 Needle 
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62.1.6 Procedure + Withdraw it slightly from the tissues and 
bring the syringe barrel anteriorly toward the 


1, Target area: LAN as it passes downward toward the man- lateral incisor or canine; reinsert to the proper 
dibular foramen. depth 
2, Landmarks (iv) If the bone is not contacted, the needle tip is usu- 
(a) Coronoid notch ally located too far posterior (medial). To comect: 
(b) Pterygomandibular raphe + Withdraw it slightly in tissue (leaving 
(c) Occlusal plane of mandibular posterior teeth approximately one fourth its length in tissue), 
3, Procedure. and reposition the syringe barrel more poste- 
(a) Correct position for operator, riorly (over the mandibular molars) 
(i) For a right IAN block, a right-handed adminis- + Continue the insertion until contact with the 
trator should sit at the 8 o'clock position facing bone is made at an appropriate depth 
the patient (20-25 mm). 
(ii) For a left IAN block, a right-handed administra- (1) Aspirate. If negative, slowly deposit 1.5 mL. of anes- 
tor should sit at the 10 o'clock position facing in thesia over 60 s. 
the same direction as the patient. (g) Wait 3-5 min before commencing the dental 
(b) Recommended to position the patient supine and with procedure. 
the mouth wide open. 4, Precaution: Do not deposit anesthesia if the bone is not 
(©) Place thumb on the coronoid notch and index finger contacted. The needle tip may be resting within the 
extraorally on the posterior border of the ramus in parotid gland near the facial nerve (cranial nerve VI), 
onder to estimate the distance between these two and a transient paralysis of the facial never may occur if 
points (Fig. 62.5), solution is deposited. 


(i) The needle insertion should be three fourths of 
the anteroposterior distance from the coronoid 
notch to the deepest part of the pterygomandibu- 
lar raphe. 

(d) Place the barrel of the syringe in the comer of the 
mouth on the contralateral side, usually correspond- 
ing to the premolars. 

(c) Slowly advance the needle until bony resistance is 
met, 

(i) For anxious or sensitive patients, a small volume 
of anesthetic may be deposited as the soft tissue 
is penetrated. 

(ii) Average depth of penetration to bony contact 
will be 20-25 mm, approximately two thirds to 
three fourths the length of a long needle. 

(iii) Ifthe bone is contacted too soon (less than half 
the length of a long needle), the needle tip is 
usually located too far anteriorly (laterally) on 
the ramus. To correct: 


Fig. 62.5. Needle orientation for inferior alveolar nerve block 
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62.2 Buccal Nerve Block 62.2.2 Area Anesthetized (Fig. 62.6) 
62.2.1 Nerve Anesthetized + Soft tissues and periosteum buccal to the mandibular 
molars 
+ Buceal nerve, a branch of the anterior division of the man- 
dibular nerve 
Lingual sot tissue 
and bone 
Tongue 
Alveolar mucous 
Mental foramen, membrane 


Extraoral sof tissue 


Fig. 62.6 Areas anesthetized with buccal nerve block 
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62.2.3 Procedure 


1, A 25-gauge long needle is recommended. 
2, Landmarks: mandibular molars and mucobuccal fold, 
3, Orient the bevel of the needle toward the bone during 
injection. 
4, Correct positioning 
(a) Fora right buccal nerve block, a right-handed admin- 
trator should sit at the 8 o'clock position directly 
facing the patient. 

(b) For a left buccal nerve block, a right-handed adminis 
trator should sit at the 10 o’clock facing in the same 
direction as the patient. 

5, Procedure. 

(a) With the index finger, pull the buccal soft tissues in 
the area of injection laterally to allow for better 
visualization. 

(b) Align the syringe parallel to the occlusal plane of the 
teeth. 

(c) Penetrate the mucous membrane at the injection site, 
distal and buccal to the last molar (Fig. 62.7), 

6, If tissue at the injection site becomes swollen, stop depos- 
iting solution. 


\ 


Fig. 62.7 Needle orientation for buccal nerve block 


62.3 Mental Nerve Block 
62.3.1 Nerve Anesthetized 


+ Mental nerve, a terminal branch of the inferior alveolar 
nerve 
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62.3.2 Area Anesthetized (Fig. 62.8) 


+ Buccal mucous membranes anterior to the foramen 
(around the second premolar) to the midline and skin of 
the lower lip 


Lingual soft issue 


‘and bone 


Tongue 


Alveotar mucous 


Mental foramen mambiens 


Extraoral soft tissue 


Fig. 62.8 Areas anesthetized with mental nerve block 
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62.3.3 Indications 


+ For buccal soft tissue anesthesia in procedures such as: 
~ Soft tissue biopsie: 
~ Suturing of 


62.3.4 Procedure 


1. Area of insertion: mucobuccal fold at or just anterior to 
the mental foramen. 

2. Orientation of bevel should be toward the bone during 
injection 

3. Operator should sit in front of the patient so that the 
syringe is below the patient's line of sight. 

4, Locate the me 


foramen, 

Place the index finger in the mucobuccal fold and 

press against the body of the mandible in the area of 

the first molar. 

(b) Move the finger anteriorly until the bone beneath the 
finger feels somewhat cor 


(©) Mental foramen is usually found around the apex of 
the second premolar. 

(d) Orient the needle with the bevel directed toward the 
bone, 

(e) Penetrate the mucous membrane and advance needle 
slowly; penetration depth is usually 5-6 mm, 

(O) If aspiration is negative, deposit approximately one 
third of the cartridge over 20 s. 
(@ U the 

thetic and remove the syringe. 


te balloons, stop the deposition of anes- 
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Reduction of Dislocated 
Temporomandibular Joint 


63 


Christopher J. Spencer and Geraldine Weinstein 


63.1 Indications 

+ Open lock: associated with yawning, vomiting, ot open- 
ing the mouth wide 

+ Open lock: associated with a dental procedure 

+ Open lock: associated with endoscopy 

+ Open lock: associated with oral intubation 

+ Time duration: acute to 3 weeks or less duration 


63.2 _Contraindications for Closed 
Reduction 


+ Absolute 
~ Head trauma with fracture of the skull, maxilla, 
mandible, or mandibular 
Condyles 


CJ. Spencer, DDS + G. Weinstein, DDS (=) 
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+ Relative 

— Dislocation of 30 days or longer (will likely be unable 

to accomplish reduction without general anesthesia 
and/or open surgical approach) 


63.3 Materials and Medications 


+ Local anesthetic syringe. 

+ Lidocaine 2 % 1-2 mL, 

+ 25- to 27-gauge needle (long or approximately 2 inches, 
tong). 

+ Betadine (povidone-iodine) or other skin antiseptic 
preparation. 

+ Gauze padding for thumbs. 

+ Consider a muscle relaxant 

+ Consider conscious sedation 
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63.4 Procedure 


63.4.1 Manual Closed Reduction without Local 
Anesthesia (Figs. 63.1) 


1, Position the patient in an upright posture with the mandi- 
ble at the physician’s flexed elbow height (physician's 
comfortable position) 


Place the thumbs on the mandibular molars with wrap- 
ping around the thumbs to protect from possible biting 
force once the mandible reduces, 

Apply bilateral firm force in an inferior direction. 

‘The mandible will move rapidly in an inferior and then a 
posterior direction as the condyles slide back over the 
hei 


tof their respective articular eminences, 


Fig. 63.1. Reduction in progress: (a) In x mandibular dislocation, the 
condyle will be anterior and superior to the articular eminence 
(b) Position the thumbs on mandibular molars, and apply frm pressure 


{nan inferior direction to distract the TM joint condyles so that they ean 


reposition themselves into the glenoid fossa so thatthe TM joint ean be 
reduced. (¢) Lateral view of the distaction foree with direetion in an 


or direction to distract the condyle of the TM joint 
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63.4.2 Manual Closed Reduction with Local 
Anesthesia 


+ If the mandible will not respond to closed reduction with 
just thumb pressure, likely the masticatory muscles are 
contracting with sufficient force to prohibit the condyles 
from being sufficiently distracted owing to pain. 

1. Reduction of pain in the temporomandibular joint 

(TMJ) with local anesthesia, 

2. Auriculotemporal block of V3: 

+ The auriculotemporal nerve that innervates. the 
TMJ may be anesthetized inferior to the TMJ cap- 
sule, It can be accessed through the skin just ante~ 
rior to the tragus, 

+ With the patient’s mouth wide open (it already is, 
in this case), a triangular-shaped hollow will be 
evident inferior and posterior to the mandibular 
condyle. Insert the needle at a 20-degree ante 
inclination, in the horizontal plane, at the level of 
the inferior border of the tragus of the ear 
(Fig. 63.2). The bevel of the needle should be 
anterior. 

+ The needle should be inserted behind the (poste~ 
rior) ramus and approximately 2 em deep (aiming 
for the medial aspect of the posterior border of the Fig.63.2 Infiltration of cranial nerve V, the auriculotemporal branch 
ramus). If the posterior border of the ramus is con (V3) 


twoted, the needle will need to be directed in a more 
posterior direction. Then deposit 1-2 mL. of lido- 
caine 2 %. 

3. Then, as before, place the thumbs in a bilateral posi- 
tion on the patient's mandibular molars, and deps 
the mandible to distract the condyles in an inferior 
direction. 

4. Conscious sedation may be utilized ifthe reduction pro- 
cedure has been arduous and stressful for the patient. 
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63.5 Complications 


+ Inability to reduce the condyles manually which may lead 
to more invasive procedures. 

+ If the condition is acute (<24 h) and not associated with 
trauma, there are few if any significant complications or 
risks for this procedure. 


63.6 Pearls 


+ ‘The manual pressure required on the mandibular molars 
needs to be sustained and very firm, 

+ If both condyles are dislocated, it is likely beneficial to 
attempt one side at a time. 

+ The clinician needs to protect the thumbs from the impact 
of the patient’s molars during the sudden successful 


reduction because the biting forces are significant in the 
molar region. 
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Dry Socket (Alveolar Ostei 
rinolytic Osteitis) 64 


Michael A. Abraham, Amir Azati, Jennifer Westcott, 
and Franci Stavropoulos 


64.1 Indications (Fig. 64.1) 


+ Definition: severe pain occurring 2-3 days after tooth 
extraction 

+ Recent tooth extraction, especially of a mandibular tooth 
or an impacted third molar 

+ Partially or completely visible bone socket 

+ Intense radiating pain (often to the car) 

+ Fetid odor without suppuration 

+ Absence of swelling, lymphadenitis, or bacteremia 

+ Foreign bodies present in the extraction socket, 


Fig.64.1. Clinical photograph suggestive of dry socket. Clinical cor- 
relation is necessary 
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64.2 Contraindications 


+ Absolute 
~ Osteomyelitis 
— Jaw fracture 
+ Relative 
~ Retained roots 
~ Infection 


64.3 Materials and Medications 


+ Warm saline or 0.12 % aqueous chlorhexidine solution 
+ 12-mL syringe with curved tip (Monoject® syringe) 
+ 25-gauge needle, syringe 
+ Local anesthetic, 2 % lidocaine 1:100,000 epinephrine 
+ Suction with small tip or gauze 
+ Socket dressing 
— Gelfoam or small gauze strips 
+ Socket medicament 
— Sultan dry socket paste® (guaiacol, balsam of Peru, 
ceugenol, 1.6 % chlorobutanol), iodoform, or eugenol” 
(zine oxide eugenol dental cement) 
+ Curved forceps 


64.4 Procedure 

1. Administer local anesthesia as necessary. 

2. Remove any sutures closing the extraction site. 

3. Imrigate the wound gently with warm saline or 0.12 % 
aqueous chlorhexidine, 

4, Carefully suction or gently dry any excess saline; the 
socket area should be isolated from saliva by using gauze 
or cotton rolls 

5. Gently place iodoform-soaked gauze, Gelfoam soaked in 
eugenol, or Sultan dry socket paste in the extraction 
socket with forceps/Monoject syringe. 

6. Rinse with saline and replace the dressing as needed for 
the first 2-3 days and every 2-3 days thereafter. 

7. Remove the dressing, if it does not dissolve, without 
replacement once the pain has resolved. 


8. Pain medication (nonsteroidal anti-inflammatory drugs 
[NSAIDS] or narcotics) should be prescribed if necessary. 
9. Follow-up with dentist 


64.5 Complications 


+ Delayed healing 
+ Wound det 


64.6 Pearls and Pitfalls 


+ Pearls 
— Wound irrigation may be so painful atthe first visit that 

administration of a local anesthetic without a vasocon- 

strictor should be considered. 

‘The patient should experience profound pain reli 

‘minutes of placement of the soaked medicated dressing, 

If a medicated dressing is necessary for more than 2 

weeks, reevaluate for development of osteomyelitis. 

— “Dry socket” is not a progressive disease but may per- 

sist for 10-14 days whether treated or not; therapy is 

palliative. 

Instruct the patient to avoid the following, which can 

cause changes of pressure in the mouth 

+ Smoking 


‘within 


+ Using a straw 
+ Spitting 
+ Drinking carbonated beverages (e.g., soda, seltzer 
water, beer) 
+ Pitfalls 
— Avoid over manipulating the socket because this will 
increase the amount of exposed bone and pain. 
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Postextraction Hemorrhage 
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Michael A. Abraham, Amir Azari, Jennifer Westcott, 


and Franci Stavropoulos 


65.1 Indications 

+ Recent tooth extraction site, presenting with more than 
slight oozing of blood 

+ Full evaluation indicating amount of blood loss, present 
physical condition, and reason for hemorrhage including 
coagulopathy or medication use 


65.2 Contraindications 


+ Absolute 
~ None 
+ Relative 
~ None 


65.3 Materials and Medications 


+ 2x2 gauze pad 

+ Saline 

+ 25-gauge needle, syringe 

+ Local anesthetic without vasoconstrictor—2 % lidocaine 
plain 
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+ Gelfoam® (absorbable gelatin-compressed sponge) or 
oxidized cellulose 

+ Topical thrombin 

+ Suture kit with 3-0 chromic gut suture or 3-0 Vieryl® 
suture (synthetic absorbable sterile surgical suture com- 
posed of a copolymer made from 90 % glycolide and 
10 Get-lactide) 

+ Hemostat 


65.4 Procedure 


1. Use suction and saline irrigation to gently rinse the 
affected area. If a “liver” clot is present, irrigate and 
remove it with suction, 

2. Determine the source of hemorrhage without local anes- 
thesia, if possible, because the use of local anesthetic 
with an added vasoconstrictor may obscure bleeding 
sites 

3. Moisten a folded 2x2 gauze pad with saline and plat 
directly onto the extraction site. 

4, Instruct the patient to apply firm biting pressure, and 

observe for I h, changing gauze as necessary. 

If bleeding persists, an intraoral nerve block should be 

performed, 

+ Blocks are preferred to infiltrations; anesths 
epinephrine infiltrated near the bleeding site 
duce only temporary local hemostasis 
vasoconstriction, 

6. Gently curette the tooth extraction socket and remove 
areas of old blood clot or granulation tissue. 

7. Check soft tissue for associated arterial bleeding 
+ Ifhemorrhage is localized to soft tissue, use pressure 

or tie off vessels, 

8. Fold Gelfoam® into a small cylinder to fit into the extrac- 
tion socket. 

9, Place Gelfoam" with topical thrombin or Surgicel® 
(absorbable hemostat) into the socket and hold in 


it 
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position with a figure-of-eight stitch using 3-0 chromic 
‘gut suture or 3-0 Vieryl suture (Figs. 65.1 and 65.2), 

10, Fold 2x2 gauze, moisten it with saline, and place it over 
the suture, 

11. Instruct the patient to bite down with firm pressure for 
30 min; repeat as necessary. 

12, Follow-up with dentist. 


ight sure placed over an extraction 


Fig. 65.2 Gelfoam® (absorbable gelatin-compressed sponge) being 
placed into the extraction socket (Photograph courtesy of Dr. Michael 
Abraham) 


65.5 Complications 


+ Continued bleeding due to lack of patient compliance. 

+ Continued bleeding due to coagulopathy or medication 
use. 

+ If bleeding persists and coagulopathy is identified, the 
administration of intravenous blood replacement products 
‘may be necessary. 


65.6 Pearls and Pitfalls 


+ Pearls 

— Minor bleeding concems may be addressed at home 

by instructing the patient to bite on the affected area 

with a tea bag for 30 min (tannic acid in tea is a 
vasoconstrictor), 

— It is normal for an extraction socket to ooze slight 
amounts of blood for 12-24 h; it is normal for patients 
to see some blood on their pillow after waking. 

— The patient should be instructed to avoid the follow- 
ing, which can cause changes of pressure in the mouth: 
+ Smoking 
+ Using a straw 
+ Spitting 
+ Drinking carbonated beverages (e.z., soda, seltzer 

water, beer) 
+ Pitfalls 

— Small amounts of blood mixed with saliva may decep- 

tively appear as large amounts of blood, 
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Fractured Tooth 66 


Geraldine Weinstein 


66.1 Indications (Fig. 66.1) 66.2 Methods of Sustaining Dental 
Fracture 
+ Temporary repair of an acute dental fracture until follow- 
up by a dentist can be secured, + Traumatic injury to the head/facial area 
+ Falling down 
+ Extensive tooth decay that has undermined the integrity 
of the tooth structure 
+ Biting down on something hard 


Fig. 66.1. Examples of fractured teeth 
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66.3 Four Types of Fractured Tooth temperature changes and chewing, Depending on the 
(Fig. 66.2) severity, treatment may include a root canal and a restora- 
tion by a dentist. 
+ Type 1: contained to the enamel of the tooth, asymptom- + Type 3: involves the pulp of the tooth and will require 
atic, and can be treated easily with a composite filling by endodontic treatment by a dentist. 


a dentist. + Type 4: a root fracture in the tooth that makes it nonrestor- 
+ Type 2: involves a fracture through the dentin layer of the able and requiring extraction. It is diagnosed by means of 
tooth, The patient may experience some sensitivity to. a periapical radiograph taken in a dental office. 


Enamel 


Grown | 


Pulp (contains nerves 
‘and biaod vessels) 


‘Gums 
Neck | 


Dentin 


Roots -| ‘Cementum 


Periodontal ligaments 


Fig. 66.2 Anatomy of a tooth 
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66.4 Contraindications 


+ Relative 
— Patients at high risk of aspiration owing to intoxication 
and altered mental status, 


66.5 Materials and Medications 


+ Warm saline or 0.12 % aqueous chlorhexidine solution 
{or irrigation of tissues and tooth 

+ Inrigating syringe 

+ Suction with a small tip 

+ Gauze to control hemorrhage 

+ Resorbable sutures and local anesthetic as needed for soft 
tissue lacerations 


+ Temporary tooth restoration material like intermediate 
restorative material (IRM) and glass ionomer (like 
Fuji) 


66.6 Procedure 


1. Have the patient rinse the mouth out with warm water to 
clean out any debris. Apply an ice pack to the affected 
cheek to reduce swelling, 

2. Anesthetize the area, either locally at the tooth apex or 
with a nerve block (mental or inferior alveolar) 

3, Inrigate the area; assess the fracture intraorally and check 
for soft tissue lacerations. Use the gauze with finger pre: 
sure to control bleeding in the soft tissue or the tooth. 

4, Check if the tooth or bony segment is mobile. If so, a 
referral to a dentist or oral surgeon is necessary as soon as 
possible for proper assessment. 

5. ‘Type Il fractures (fracture limited to dentin layer): cover 
the exposed surface with a temporary dental cement. In a 
pinch, 2-octyl cyanoacrylate (Dermabond) is an accept 
able secondary alternative (Fig. 66.3). 

6. ‘Type Ill (pulp involved) 

+ Provide immediate dental follow-up and analgesics. 
+ Initiate antibiotic coverage with penicillin or 
clindamycin, 


—_ — 


Repair 


Lost Fillings & Loose Caps 


Denrelg 


Dentist 
Recommended 


Instant Pan Rei 
Easy To Apply 


One step 


fe 


Fig. 66.3 Example of temporary dental cement (Reproduced with per- 
mission from DenTek Oral Care, Inc.) 
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66.7 Complications 


+ Loss of a tooth 
+ Infection or abscess 
+ Aspira segment or a whole tooth 
+ Cosmetic deformity 


66.8 Pearls 


+ Be certain to perform a thorough intraoral examination, 
looking for tooth fragments or lacerations that may be 
hiding fragments, 

+ Dental blocks are very useful for pain control 

+ Iatooth is not mobile and the pulp is exposed, immedi- 
ate referral (within a few hours) to a dentist is necessary 


for extraction or endodontic (root canal) treatment of 
the tooth. Placement of a temporary-type restoration on 
this tooth is not recommended at this time because it 
‘may exacerbate symptoms. Prescribe pain medication 
and possibly antibiotics when the tooth’s pulp is 
exposed and the patient is unable to see the dentist, 
within 24 h. 

If the tooth is not mobile and the pulp is not exposed, 
temporary restoration can be placed on the tooth and the 
patient referred to a dentist for treatment. The fractured 
part of the tooth should be saved in the event that it can be 
used. If temporary tooth re 
emergency department, advise the patient that it is readily 
available at local pharmacies. 

ALL DENTAL FRACTURES, EXCEPT TYPE I, 
REQUIRE DENTAL FOLLOW-UP WITHIN 24 h 


oration is unavailable in the 
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Dental Avulsion Management 


Laura Tucker and Abimbola O. Adewumi 


67.1 Indications 


+ The tooth is completely displaced our of its socket, lead- 
ing to severance of the neurovascular pulp supply and 
separation of the periodontal ligament (Fig. 67.1). 

+ Diagnosis 
— Clinically, the socket is found empty or filled with 

coagulum. 
— Imaging (occlusal, periapical, and lateral views of the 
affected tooth and surrounding area) (Fig. 67.2): 

+ Confirm vacuous socket. 

+ Ensure that the missing tooth is not intruded. 

+ Diagnose root fracture or alveolar fracture, 


67 


Fig. 67.1 (a, b) Empty socket following traumatic dental avulsion 
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Fig. 67.2 Lower occlusal radiograph shows a complete avulsion of the 
‘mandibular tight and let central incisors 


67.2 Contraindications 


+ Absolute 
— Avulsed tooth is a primary tooth, 

+ DONOTREPLANT OR REPOSITION AVULSED 
PRIMARY TEETH, 

+ Replantation of primary teeth increases the poten- 
tial for damage to the developing permanent tooth 
owing to the increased frequency of pulpal 
necrosis. 

+ Relative 
— Fractured root (further intervention required before 
replantation) 
— Alveolar fracture (further intervention required before 
replantation) 
~ Prolonged extraoral dry time and out of compatible 

solution (>I h) 

— Immunocompromised host or congenital heart disease 

— Severe seizure disorder that may put tooth at risk for 
coming out while the airway is compromised 

— Patient with potential to lose airway reflexes 


67.3 Materials and Medications 


+ Hank's Balanced Salt (Save-A-Tooth) solution or milk in 
Which to preserve tooth until it can be replanted, 
— Normal saline if neither of those is available 
+ Normal saline rinse 
+ 20- or 18-gauge cannula for gentle irrigation of the socket 
+ Absorbable suture for gingival lacerations, if present 
+ Flexible splint materials, 
— Round dental wire 
— A flat pliable metal long enough to cover the affected 
tooth and the two teeth on other side (e.g., the metal 
nasal bridge from a respirator mask) 
+ Fixative 
— Dental adhesive 
— Dermabond or some other brand of cyanoacrylate for 
adhesive skin closures 
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67.4 Procedure 


1. Be certain the tooth is a permanent one and not a primary 
tooth, 

2, If not done by the patient, gently wash the tooth under 
water for approximately 10 s. 

+ Be certain to hold the tooth by the crown, not the root 
(Fig. 67.3) 

3, If the tooth cannot be replanted immediately, place the 
tooth in Hank’s solution or mitk. 

4, If no such media is available, instruct the patient to hold 
the tooth inside his or her mouth between the cheek and 
the gums. 

5. Gently replant the tooth, using digital pressure only into 
4as anatomical a position as possible (Fig. 67.4). 

+ Assess clinically for alignment, 
+ Radiograph for confirmation 
6, Suture any gingival lacerations if present. 


Fig. 67.3. Proper way to hold an avulsed tooth 


Fig. 67.4 Gentle replantation using digital pressure 


7, Apply a flexible splint, securing the affected tooth to the 
teeth on either side. 

+ Consider using skin adhesive both to secure the tooth 
to its neighbors and, perhaps, to apply a makeshift 
splint until the patient can be seen by her or his 
dentist. 

— Towel dry the teeth as best as possible. 

— Apply skin adhesive (using the standard applicator) 
to the lateral edges of the avulsed tooth where it will 
make contact with its adjacent teeth, 

— If dental wire is available, apply adhesive to the 
buccal surfaces of the three teeth (the avulsed tooth 
central to the other two) and apply length of metal 
to the Fixodent (Fig. 67.5). 

8, Systemic antibiotics with anaerobic 
empirical. 

9, Ascertain tetanus status for the patient; update if 
uncertain. 


coverage is 


Fig. 67.5 (a, b) Splint stabilization 
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67.5 Complications 67.6 Pearls and Pitfalls 
+ Primary teeth + Pearls 
~ Dilaceration (bend) in the permanent tooth crown — At the initial examination, make sure that all avulsed 
~ Enamel defect of the lower permanent incisors as a teeth are accounted for. 
result of avulsion of the preceding primary tooth + If not, a radiographic examination is necessary to 
+ Permanent teeth, ensure that the missing tooth is not completely 
~ Discoloration as a result of loss of vitality of the intruded (pushed into the gum) or has sustained a 
avulsed tooth. root fracture with loss of the coronal fragment. 
— Ankylosis of the alveolar ridge, leading to functional — In children, always consider the likelihood of nonac- 
and aesthetic changes. cidental trauma (abuse). 
Replacement resorption occurs when the replanted — Short-term and long-term dental follow-up cannot be 
tooth is slowly replaced with bone. emphasized enough, 
— External inflammatory resorption is a progressive loss + Pitfalls 
of tooth associated with destruction of adjacent alveo- _— If the avulsed tooth cannot be accounted for, aspiration 
lar bone. is a possibility 
~ Infection + Prognosis 
~ Aspiration of an inadequately secured replanted — —~ Depends on extraoral dry time (length of time the tooth 
tooth. has been out of the mouth and not stored in an appro- 


priate medium): 
+ Ideally, tooth should be implanted within 5 min, 
+ Extraoral dry time greater than 60 min has a poor 
prognosis for periodontal healing. 
~ Depends on stage of root development of the avulsed 
tooth (Fig. 67.6) 
+ ‘The more advanced the root development, the lower the 
probability of pulp healing and survival 


Fig. 67.6 The various stages of root development, from theless advanced (open apex, lef) to the more advanced (closed apes, right) 
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68.1 Indications 

+ Acute pain within 72 h of thrombosis onset 

+ The thrombosis will be visible as a bluish-purplish pain- 
ful mass in perianal area (Fig. 68.1). 


Fig. 68.1 Bluish-purplish appearance of an external thrombosed hern- 
‘orthoid. The ellipse denotes the area ofthe elliptical incision wo be made 
(Reproduced with permission from: Fargo and Latimer [3]) 
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68.2 Contraindications 


+ Absolute 
— Severe coagulopathy 


— Concurrent internal hemorrhoid with rectal prolapse 
— Painless rectal mass (external hemorrhoids are almost, 
always painful, so a painless mass is not a thrombosed 
external hemorrhoid; also, the whole point of doing 
this procedure is to provide pain relief). 
+ Relative 
— Allergy to local anesthetics 
— Perianal infection 
— Inflammatory bowel disease 
— Serious systemic illness or comorbidity that could 
increase risk of procedure 


68.3 Materials and Medications 


+ Sterile gloves and drape 
+ Alcohol swabs or pads 

+ 10 % povidone-iodine or chlorhexidine prep 

+ 2% lidocaine with epinephrine 

+ 5 ml syringe with 25 or 27 gauge and 18 gauge needles 
+ #11 or #15 scalpel blade and handle 

+ Direct light source 

+ Forceps 

+ Iris scissors 

+ 4x4 gauze pads 

+ Adhesive tape 

+ 3-0 absorbable suture 

+ 1/4 inch iodotorm packing 

+ Silver nitrate sticks 

+ Sterile dressing 
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68.4 Procedure 


1. Patient should be in either prone, left lateral decubitus, 
or jackknife position (Fig. 68.2). 

2. Place 2 vertically oriented pieces of tape down each but- 
tock from lower back to upper thigh. Next, place a per- 
pendicular (horizontal) strip spreading buttocks to either 
side, securing gurney (Fig, 68.3). 

3. Place sterile drape over field and center direct lighting 
over field (Fig. 68.4). 

4. Wipe area with alcohol. 

5, Inject 1-2 cc of anesthetic into base of hemorrhoid, 

6. Clean area with povidone-iodine or chlorhexidine prep. 

7, Make an elliptical incision in the roof of the hemorrhoid, 
being careful to avoid anal sphincter muscle. 

8, Remove blood clot(s); multiple clots are often present. 

9, If profuse bleeding is a problem, consider cauterization 

with silver nitrate sticks. 

‘Wound can be closed with figure-of-8 absorbable suture 

OR can be loosely packed with1/4 inch iodoform gauze 


10. 


ul 


if not suturing (do not suture wound closed with packing 
inside). 

Cover wound with 4x4 gauze folded in half and taped 
into place (Fig. 68.5). 


Discharge medicines: 

— Antibiotics generally not necessary 

— Prescribe ibuprofen and/or acetaminophen for analge- 
sia. Avoid opiates, which are constipating, 

— Prescribe stool softeners, to be taken two to three times 
daily. 

Discharge instructions to patient: 

— Sitz baths 3-4 times daily, for 20 min, warm not hot 
water, 

— Packing should fall out spontaneously in 2 days. 

— Keep well hydrated. 

— Use gauze to protect underclothing from soilage/blood 
stains. 

— Return to ED if pain persists beyond 48 h. 


Fig. 68.2 Jackknife position 
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Fig.68.5 Dress wound with sterile gauze 


Fig. 68.3 Taping of butiocks to maximize visualization of 
hhemorthoid 


Fig. 68.4. Direct lighting over field 
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68.5 Complications 


+ Common 
~ Bleeding: usually self-limited, Can apply cautery or 
figure-of-8 suture if not previously done 


~ Pain: usually controlled with ibuprofen or 
acetaminophen 
— Perianal skin tag: benign 
+ Rare 


— Infection rate is 5 % [1] 

— Recurrence rate is 5-19 %, vs. 30 % for simple 
lancing [2] 

~ Stricture and/or incontinence: prevented by avoiding 
underlying external anal sphincter muscle 


68.6 Pearls and Pitfalls 


+ Pearls 
— Elliptical excision of the hemorrhoid results in much 
lower recurrence rate than simple Lancing 
— Risk factors for thrombosed external hemorrhoids 
include constipation, 2nd or 3rd trimester pregnancy 
‘and traumatic vaginal delivery. 


+ Pitfalls 
— Excision of multiple hemorrhoids in circumferential 
fashion on all sides of the anal canal can cause anal 
stenosis, 
— Excision of a painless mass: if itis painless, itis nor a 
thrombosed external hemorrhoid. 


References 


|. Lorher BW. Thrombosed extemal hemorrhoid excision, Medscape. 
com, www.emedicine medscape.comfarticle/81039. Accessed 27 
July 2014, 

2. Rivadeneita DE, Outpatient and surgical procedures for hemorthoids. 
UpToDate.com. _hup:/www-uptodate com/contents/outpatient-and- 
surgical-procedures-for-hemorthoids. Accessed 27 July 2014, 

3. Fargo MY, Latimer KM. Evaluation and management of common 
anorectal conditions. Am Fam Physician. 2012:85(6):624-30, 


Selected Reading 


Fargo MV, Latimer KM, Evaluation and management of common ano- 
rectal Conditions. Am Fam Physician. 2012:85(6):624-30. 

Jongen J, Bach S, Stubinger SH, Bock JU. Excision of thrombosed 
external hemorthoid under local anesthesia: a retrospective evalua- 
tion of 340 patients. Dis Colon Rectum. 2003;46(9):1226-31 


Patent Application Publication Aug. 26, 2004 Sheet 2 of 15 US 2004/0164824 Al 


COC} 


ise 
v1 


Figure 2 


Diagnostic Peritoneal Lavage 
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69.1 Indications (Table 69.1) 


+ Inabitity to perform FAST exam due to lack of equipment 
or operator 

+ Hemodynamically unstable patient in whom FAST exam 
is negative or equivocal 


Table 69.1. Comparison parameters for DPL, FAST, and CT [1] 
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DPL FAST eT 
‘Speed 10-15 main Fastest: min Variable 
Repeatable ‘Yes, but rarely done ‘Yes, and frequently done ‘Yes, but not done often 
Cost s 38 385 
Tavasive ‘Yer No No 
Mobile Yes Yes No 
‘Advantages ‘Most sensitive for mesenieric and | Highest specificity iighly accurate but can be hampered 
hollow viseus injuries by patient movement 
Disadvantages | Misses retroperitoneal and Hampered by subcutaneous or ‘Misses diaphragm, small bowel, and 
diaphragm injuries intra-abdominal air, obesity, and pelvie | pancreatic injuries 
ractures ‘Small but significant risk of radiation 
‘Significant false-negative rate associated malignancy 
‘Cannot be done at bedside 
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69.2 Contraindications 


+ Absolute 
~ Indication for laparotomy already exists. 
+ Relative 
— 2nd or 3rd trimester pregnancy 
~ Previous lower abdominal surgery 
Inexperienced operator 
— Abdominal wall infection 
Coagulopathy 
Cirthosis 
Morbid obesity 


69.3 Materials and Medications 


10 % povidone iodine prep 
1 % lidocaine with epinephrine 

Fenestrated drape 

4#10 scalpel blade and scalpel holder 

Skin retractors 

Hemostats 

Diagnostic peritoneal lavage (DPL) catheter (standard 
peritoneal dialysis catheter) 

+ 1ce syringe 

+ Warmed lactated Ringer's of normal saline solution 

+ Skin stapler 

+ Simple suture tray with suture material 


69.4 Procedure 
69.4.1 Patient Preparation 


+ Place patient in supine position. 

+ Ensure nasogastric and urethral catheter (Foley) are in 
place. 

+ Prep and drape the area from the umbilicus to the sym- 
physis pubis. 

+ Anesthetize the skin using 1 % lidocaine with epinephrine 
in the midline where incision will be made (Fig, 69.1). 


Fig.69.1. Anesthetize skin where incision will be made (supraunbili- 
cal incision shown here, ean also make infraumbilical incision) 
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69.4.2 Three DPL Techniques 


+ Semiopen (Seldinger) technique 


2. 


cs 


4. 


12. 


Using a #10 scalpel blade, make a 2 em incision 
either superior or inferior to the umbilicus, 

Dissect subcutaneous fat until linea alba is exposed. 
Hold incision open with skin retractors (Fig. 69.2). 
Grasp fascia with hemostats on either side of 
midline. 


. Insert 18 gauge needle at 45° angle toward pelvis 


(Fig. 69.3). 

First “pop” will be heard once fascia is penetrated. 
Second “pop” will be heard once peritoneum is 
traversed, 

Pass guidewire through needle into pelvis (should 
pass easily without resistance). 

Remove needle while keeping wire stable. 

Pass dilator over the wire through fascia, and remove 
(Fig. 69.4). 

Slip DPL. catheter over guidewire siming toward 
pelvis. 

Aspirate peritoneal contents with syringe; aspiration 
of blood is a positive DPL and means immediate lap- 
arotomy (can stop DPL procedure here). 


13, If no blood is immediately obvious, then connect the 
DPL catheter to a liter of warmed lactated Ringer's 
(LR) or normal saline (NS) solution for lavage 
(ensure setup has no one-way valves as solution and 
peritoneal fluid need to be able to freely mix). 

14, Place LR or NS bag on floor once itis almost empty 
(minimum 300-350 mi for adults or 10-15 mi/kg for 
children) and allow intra-abdominal fluid to return 
(Fig. 695). 

15. Send fluid for analysis (Table 69.2) 

16, Irrigate wound, and close skin only with staples or 
sutures. 

Open technique 

1. Make a 5 cm incision inferior to the umbilicus over 

linea alba and directly visualize peritoneal cavity. 

2. Both fascia (absorbable suture) and skin (nonabsorb- 

able suture) need to be closed. 

Closed technique 

1. Access peritoneal cavity via percutaneous needle 

access. 

2. No surgical closure required. 


Fig. 69.2. Hold incision open with skin retractors 


Fig. 69.3 Insert 18 gauge needle at 45° angle towand the pelvis 


396 


LGantt 


Fig. 69.4. Pass dilator aver the wire through fascia and remove 


See 


1s 


Table 69.2 Diagnostic peritoneal lavage red blood cell criteria 


(per mm’) [21 

Positive Tndeterminate 
Immediate gross retum ‘Any amount 
of blood via catheter 
Tmmediate return of food ‘Any amount 
particles/intestinal contents 
Aspiration of blood Wee 
RBC in blunt ama 100,000 20,000-100,000 
RBC in penetrating wauma 10,000 5000-10000 
RBC in gunshot wound ‘5000 000-5000 
“Amylase level (U/L) 2175 
“Alkaline phosphatase level 3 
qui. 
WACS (per mm’) 3500, 250-300 
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69.5 Complications 


+ Wound infection or dehiscence 
+ Intraperitoneal injury to organs or vessels (iatrogenic 
hemoperitoneum) 
+ Unnecessary laparotomy due to false-positive result from 
bleeding within rectus sheath or from site of incision 
+ Potential failure to recover lavage fluid due to: 
— Inadvertent placement of the catheter into the preperi- 
toneal space 
— Compartmentalization of fluid by adhesions 
~ Obstruction of fluid outflow (e.g., by omentum) 
~ Fluid pooling in the intrathoracic cavity due to dia- 
phragmatic injury 
sional hernia 


— Prophylactic antibiotics are generally not indicated, 
+ Pitfalls 
= Inadequate decompression of stomach and urinary 
bladder increases the chance of injury to these organs; 
thus, nasogastric and Foley decompression is an 
{important step in patient preparation. 
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69.6 Pearls and Pitfalls 


+ Pearls 
— When properly done, complication rate for DPL is low. 
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Manual Reduction of Abdominal Hernia 


Latha Ganti 


An abdominal wall hernia is a protrusion of the intestine 
through an opening or area of weakness in the abdominal 
wall, See Table 70.1 for types of abdominal hernias and 
Fig. 70.1 for locations along the abdominal anatomy. 


Table 70.1. Types of abdonsinal hernias 
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Dre Defect ‘Most commonly seen in Notes 

Inguinal Intestine or bladder protrudes through ‘Men because of a natural weakness in |96 % of all groin hernias are 
abdominal wall or into inguinal canal in the | this area inguinal; 4 % are femoral 
groin 

Femoral Intestine enters eanal earying femoral ‘Women, especially those who are 
artery into the upper thigh pregnant or obese 

Tcisional Intestine pushes through abdominal wall at | Elderly or overweight people who are 
the site of previous abdominal surgery inactive after abdominal surgery 

Ubilical Par ofthe smal intestine passes through | Newboms and obese women or those | In children, not repaired until 
abdominal wall nea the navel ‘who have had many children ‘age five because often resolve 

fn their own 
Tatil Tipper Stomach squeezes through hiaws, a 


‘opening in the diaphragm through which the 
esophigus passes 
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Fig.70.1. ‘Types of abdominal 
wall hernias 


70 Manual Reduction of Abdominal Hernia 
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70.1 Indications 


+ Incarcerated hernia 


70.2 Contraindications 


+ Absolute 
— Strangulated hernia (could result in placing dead bowel 
into abdominal cavity) 
+ Relative 
— Inability to get patient relaxed enough 
— Previous unsuccessful attempts 


70.3 Materials and Medications 


+ Ice or cold compress 

+ Stretcher or gumey that can tlt to provide Trendelenburg 
position 

+ Moderate sedation drugs if providing moderate sedation 

+ Truss for post-procedure 


70.4 Procedure 


1, Patient positioning: 
+ For abdominal hernia: place patient supine, 


Fig.70.2. Frog leg positon in child 


2 


oe 


+ Forgroin herniain adult: placein 20 of Trendelenburg. 

+ For groin hernias in children: place in unilateral frog 
leg position (Fig. 70.2). 

Apply ice or cold compress directly over hernia site to 

reduce swelling. 


. Administer opiate analgesia or moderate/procedural 


sedation. 


. Wait up to 30 min as hernia may reduce spontaneously 


after swelling has gone down and patient is relaxed. 


. Gently apply steady pressure distally on the tissue at the 


neck of the hernia with one hand and with other hand, 
guide hernia proximally through fascial defect, Too much 
pressure distally can cause hernia to balloon further, mak- 
ing manual reduction difficult. Takes up to 15-20 min, Do 
not rush procedure. 


. Once hernia is reduced, pain will improve. 
. An extemal support garment or truss (Fig. 70.3) can be 


helpful to hold reduced hernia in place and serve as a tem- 
porizing measure until surgical repair can be done. 


. Advise patient to schedule elective surgical repair. 
. If unable to reduce the hernia, obtain surgical consulta- 


tion. Do not force repeated attempts. 


Fig.70.3 An example ofa wuss, or external support that can be useful 
as a temporizing measure until definitive hernia repair can be done 
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70.5 Complications 


+ Pain, 

+ Inability to achieve manual reduction, leading to strangu- 
lation of the hernia, 

+ Strangulation can result in peritonitis and sepsis. 

+ Recurrence. 

+ Hydrocele. 


70.6 Pearls and Pitfalls 


+ Pearls 

— Definitive treatment for a hernia is surgery (hernior- 
thaphy). Without surgery, hernias grow larger over 

i: they do not disappear. Small hernias are easier to 
fix and result in fewer complications 

— The only hernia that can resolve on its own is an 
umbilical hernia in a child 

— Trusses, bandages, and tape may provide some com- 
fort but do not reduce risk of incarceration or 
strangulation. 


— Note that if a truss is worn, it should be in place after 
reduction of the hernia, Also, it can be impractical in 
hot climates, 

+ Pittalls 

— When the constricting neck and the protrusion are both 
reduced into the abdomen together (known as a reduc- 
tion en masse), without actually reducing the hernia 
itself, strangulation ensues even though it appears one 
hhas reduced the hernia. 

— If there is still considerable pain after the reduction, it 
is likely the reduction was not successful or that dead 
bowel has been reduced into the abdominal cavity. 

— Not recognizing strangulation leads to gangrenous 
bowel, peritonitis, and sepsis. 
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71.1 Indications 71.3. Materials and Medications 

+ Blunt abdominal or chest trauma + Ultrasound machine 

+ Penetrating abdominal or chest trauma + Probe(s): phased array probe (5 to 1 MHz) or curved array 

+ Undifferentiated hypotension probe (5 to 2 MHz) 

+ The “E” in EFAST refers to the “extended” ability to — Phased array has a smaller footprint, allowing easier 
detect lung pathology such as @ pneumothorax or hemo- access between intercostal spaces (Fig. 71.1); how- 


thorax during the otherwise standard trauma FAST exam ever, curved array provides better resolution of images 
using the same equipment with or without an additional 
transducer probe. 

+ Specific findings that can be detected on extended focused 
assessment with sonography for trauma (EFAST): 
~ Pericardial fluid 
~ Pleural fluid 
— Free intraperitoneal fuid 
~ Pneumothorax 


+ Free fluid appears as anechoie or black. ( 


71.2 Contraindications 


+ Need for immediate operative intervention 


©. Thorn, MD. 
Department of Emergency Medicine, Bon Sevours St. Francis 
‘Health System, Greenville, SC, USA 
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(Fig. 71.2). ‘The linear array transducer (L38, 
10-5 MHz) is good for lung images. 
+ Gel 
+ Skilled ultrasound operator 
+ # Laboratory work, cardiac monitor, and two large-bore 
intravenous (IV) needles 
— All trauma alerts and unstable patients must have all of 
these. 


Fig.71.2 Curved array transducer (C60) with a larger footpeint and 
better resolution for deeper imaging that can be used for FAST examni- 
nation as well as lung examination 


71.4 Procedure 


1. Ultrasound machine in the abdominal preset. 

2. Patient in the supine position. 

3. Phased array or curved array probe for focused assess 
‘ment with sonography for trauma (FAST) and linear array 
for lung. 

4, Begin scanning the patient in a systematic fashion. 

+ All the views should be scanned by thoroughly sweep- 
ing through the area in question in order to maximize 
the information obtained. 

+ All views should be obtained in the same order every 
time, 

+ Obtain all four views, five views if pneumothorax is, 
included. 


71 Extended Focused Assessment with Sonography for Trauma 


71.4.1 Subxiphoid Four-Chamber View 
(Fig. 71.3) 


1, Examine for free pericardial uid. 

+ Anechoic (black) stripe seen between the myocardium, 
and the pericardium 

Probe is placed in the subxiphoid area. 

Indicator is to the patient's right 

Probe is directed toward the patient’s left shoulder. 

Use a shallow angle in the head to feet direction, 

Should adequately visualize the following: 


+ Liver edge superficially 
+ Right ventricle 
+ Left ventricle 
+ Right atrium 
+ Left atrium 
7. [unable to obtain this view, proceed to parasternal long. 
+ Probe is placed perpendicular at the left parasternal 
border. 
+ Third to fourth intercostal space, 
+ Indicator is to the patient’s right shoulder. 
+ Coronal section through the heart's long axis should 
adequately visualize the following: 
= Right ventricle most superficially 
~ Left ventricle 
~ Mitral valve 
= Left atrium 
— Aortic valve 
~ Aortic outflow tract 
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Fig.71.3. (a) Image shows how to obtain the subsiphoid four-chamber 

view of the heart using the curved array transducer (C60) (Photograph 

coustesy of F Eike Flach, MD).(b) Ultrasound image of four-chamber 

view of the heart (Used with permission from First aid for the emer- 
racy medicine clerkship 3rd Ed, MeGraw Hill, 201.) RV 

trie, LV left ventricle, RA right atrium, ZA Teft atrium 
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71.4.2 Right Upper Quadrant View (Fig. 71.4) 


1, Examine for free fluid in all of the following areas: 
+ Right intrathoracic space 
~ Anechoic area above the diaphragm 
+ Morison’s pouch: hepatorenal space 
=  Anechoic stripe between the liver and the kidney 
+ Right paracolic gutter 
Anechoie collection surrounding the inferior tip of 
the kidney 
Probe is placed in the midaxillary line on the right 
Indicator is directed toward the patient’s head. 
Probe is in the coronal plane, angle can be aimed obliquely 
while scanning anterior to posterior. 


C.Thorn and LC. Nickels 


Fig. 71.4 (a) Image shows how to obtain the right upper quadrant 
view of the FAST exam using the curved array transducer (C60). The 


probe is aimed slightly obliquely in the coronal plane to get a better 
view between the ribs (Photograph courtesy of F.Eike Flach, MD). (b) 
Ultrasonographic view of the liver. (e) Ultrasonographic view of the 
liver-kidney interface (Morrison's pouch). L liver, K kidney 


71 Extended Facused Assessment with Sonagraphy for Trauma 
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71.4.3 Left Upper Quadrant View (Fig. 71.5) 


1B 
Left intrathoracic space 


mine for free fuid in all of the following areas: 


— Anechoie area above the diaphragm 


Subphrenic space 
= Anechoie stripe below the 
spleen 


fiaphragm and above the 


Splenorenal space 

= Anechoie stripe between the spleen and kidney 

Lett paracolic gutter 

= Anechoic collection surrounding the inferior tip of 
the kidney 

Probe is placed in the midaxillary line on the left 

Indicator is directed toward the patient's head. 

Probe in the coronal plane, angle can be aimed obliquely 

while scanning anterior to posterior. 


Fig.71.5 (a) Image shows how to obtain the le upper quadrant view 


of the FAST examination using the curved array transducer (C60). 
Again, the probe is aimed slightly obliquely and is placed more superi- 
orly in the midaxillary line (Photograph courtesy of F. ike Flach, MD). 
(b) Ultrasonographic view of spleen-kidney interface. $ spleen, K 
Kidney 


71.4.4 Pelvic View (Figs. 71.6 and 71.7) 


1. Examine for intraperitoneal free fuid in the pelvis: 
+ Anterior pelvis, above the bladder 
~ Anechoic fluid above the bladder 
+ Posterior cul-de-sac (pouch of Douglas) 
— Anechoic fluid posterior to the bladder or uterus 
2. Probe is placed above the pubic symphysis over the 
bladder. 
3. Scan through in both planes: 
plane (Fig. 71.6) 
— Indicator isto the patient's right 
— Scan through the bladder in the head to feet 
+ Sagittal plane (Fig, 71.7) 
— Indicator is aimed to the patient's head, 
— Scan through the bladder in a right to left 
direction. 


+ Transvers 


Fig.71.6 Transverse pelvic view of the FAST examination using the 
phased array transducer (P17). With gentle force, the probe is pressed 
downward in order to look back behind the pubic symphysis and view 
the bladder (Photograph courtesy of F Eike Flach, MD) 
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71.4.5 EFAST with Lung Views 
(Figs. 71.8 and 71.9) 


1, Examine for pneumothorax: 
+ Lung sliding 
— Absence: pneumothorax 
— Presence: normal lung 
+ Mmode tracing 
~ Stratospher 
— Seashore sign: normal lun, 


¢ sign: pneumothorax 


Probe is placed on the anterior chest in the midaxillary 

line. 

3. Level of the second to fourth intercostal spaces. 

ittal position. 

5. Center the probe over the pleural line between the 
‘+ Find the rib and then slide the probe toward the head or 

feet to center the pleural line. 

6. Observe for lung sliding, 

7. Press M mode and move the line over the pleural line and 

press M mode again to get the tracing. 


8. Examine multiple other areas anteriorly, moving distally, 
and in midaxillary line laterally, moving from superior to 
inferior. 


Fig. 71.7 (a) Sagittal pelvic view of the FAST exam using the eurved 
array transducer (C60), With gentle force, the probe is pressed dow 
Ward in order to look back behind the pubic symphysis and view the 
bladder (Photograph courtesy of F. Eike Flach, MD). () 
Ultessonographic view of the bladder, B bladder 
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Fig. 71.8 Right lung view of the extended focused assessment with 
sonography for tama (EFAST) examination using the linear array 
transducer (L38). The probe is placed inthe sagita plane on the ante 
rior chest in the midaxllar line approxinsately at the seeond intercostal 


space andl centered over the pleural line Photograph courtesy of F Eike 
Flach, MD) 


71 Extended Focused Assessment with Sonography for Trauma 
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Fig. 71.9. Left lung view of the EFAST examination using the linear 
array transducer (L38) (Photograph courtesy of F Eike Flach, MD) 


71.5 Complications 


+ Overreliance on ultrasound to rule out abdominal injury: 
— FAST examinations do not detect retroperitoneal 
bleeding, solid organ injury, contained subcapsular 
hematomas, and bowel injuries, 
+ Not scanning through the object in question could lead to 
false-negative results. 


71.6 Pearls and Pitfalls 


+ Always follow the ABCs (airway, breathing, circulation) 
first in any unstable patient, 
+ Always make sure the depth is set adequately. 

— Recommend starting deeper to make sure positive 
findings are not missed and then adjustments can be 
‘made from there, 

+ The curved array probe may be used throughout the entire 

EFAST for convenience if necessary. 


71.6.1 Subxiphoid Four-Chamber View 


+ For larger body habitus, need to parallel the probe with 
the body in the subxiphoid area and use firm pressure to 
press the entire probe downward so as to look up under 
the xiphoid process at the heart 

+ Moving the entire probe more to the patient's right in the 
subxiphoid area while still looking toward the left shoul- 
der may improve visualization by using the liver as a 
window. 

+ Fat pad: 

— May be mistaken for pericardial fluid 
— Contains echoes and, therefore, is hypoechoic rather 
than anechoic 
— Should only be present anteriorly 
+ Fluid should be gravity dependent, completely 
‘encircling the heart, and seen in multiple views. 


71.6.2 Right Upper Quadrant View 


+ Normal artifacts of mirroring and loss of the spine are 
obscured when pleural fluid is present and, instead, the 
anechoic fluid is seen and there is loss of mirroring and 
continuation of the spine. 
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71.6.3 Left Upper Quadrant View 


+ Same as right upper quadrant view 
+ May be more difficult view to find than in right upper 
quadrant view for all of the following: 
— Spleen and kidney are more posterior and superior 
than in right upper quadrant view. 
— Spleen is smaller and less of a window for viewing. 


71.6.4 Pelvic View 


versa, but 
holding the probe still and observing can sometimes help 
distinguish the two. 

— Peristalsis will occur with bowel 

— Internal echoes may be present in bowel. 


+ Bowel can be mistaken for free fluid or vi 


71.6.5 Lung Views 


+ Ultrasound is more sensitive than a supine portable chest 
xray, 
— Apex anteriorly in midaxillary line 
+ Rib 
— Hyperechoie horizontal line with a dense shadow 
posteriorly 
— Evenly spaced along the chest 


+ Pleural line 

— First hyperechoic line deep to the rib. 

— Actually includes the visceral and parietal pleura, but 
appears as one line. 

— Lung sliding is present in normal lung. 

— Comet tail artifact, 

— M mode tracing will be the same in normal lung and 
pneumothorax above the pleural line and. di 
below the pleural line 
+ Seashore sign (Fig. 27.5a) 

— Appears as waves washing up on the shore 

— Granular appearance represents movement 
+ Stratosphere sign (Fig. 27.5b): 

— Appears as straight lines 

~ Bar code appearance 
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Nasogastric Tube Placement 
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72.1 Indications 

+ Evaluation of upper gastrointestinal (Gl) bleeding (his- 
tory of melena, bright red blood per rectum, or coffee~ 
ground emesis) 

~ Only in the cases in which frank blood is obtained, the 
sensitivity/specificity in detecting upper GI bleeding is 
poor, 

— It should not be used for diagnostic purposes. It is used 
to remove blood that is irritating the stomach and to 
determine whether bleeding is still occurring (lavage 
does not clear), 

+ Commonly used in decompression of the GI tract (partial/ 
complete small bowel obstruction) 

+ Prevents aspiration and gastric dilation in intubated 
patients 

+ Used during gastric lavage and/or removal of toxins (acti- 
vated charcoal) for acute overdose or poisonings 
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72.2 Contraindications 


+ Absolute 
— Facial trauma with possible cribriform plate fracture 
+ Relative 
— Severe coagulopathy 
placement) 
— Esophageal strictures and alkali ingestions (p 
esophageal perforation) 
— Esophageal varices (studies show that it is actually 
safe) 


(consider orogastric tube 


le 


72.3 Materials and Medications 


+ For awake patients, consider pretreatment: lidocaine gel 
(2 % viscous)/nebulized lidocaine (4 or 10 %), vasocon- 
strictors (¢.g., phenylephrine 0.5 %), and antiemetic (e.g., 
ondansetron 4 mg), 

+ 16- or 18-French sump tube lubricating jelly 

+ 50- or 60-mL. syringe stethoscope 


an 
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72.4 Procedure 


+ Preparation 

1. Awake patients, should receive antiemetics 15. min 
before procedure. 

Anesthetize both nares at least 5 min before placement. 

— Spray vasoconstrictor into both nares. 

~ Inject about 5 ml. of lidocaine gel along the floor of 
the nose. 

— Nebulized lidocaine via facemask also reduces both 
nasal and pharyngeal discomfort. 

3. Elevate the head of the bed to an upright position 

(when possible). 

4, Estimate tube insertion distance by measuring the tube 
from the xiphoid to the earlobe and then to the tip of 
the nose. Add 6 in, to this estimate and note the total 
distance. This helps with placement in the stomach and 
prevents esophageal placement or coiling in stomach, 
“Mark the tube with markers or tape atthe desired length. 

5. Lubricate the nasogastric (NG) tube. 

+ Insertion (Fig. 72.1) 

1. Always insert the tube gently into the nares along the 
floor of the nose under direct visualization. Always 
point inferiorly (do not point upward). 

If resistance is encountered, try to apply a small 

amount of pressure. STOP if unable to advance, Try 

the other side. It is necessary to prevent bleeding or 

dissecting the tissues. 

3. Have the patient flex his or her head forward when the 
tube is in the nasopharynx. This helps direct the tube 


Earlobe to 
xyphoid 


process 


Pyloric 
sphincter 


Fig. 72.1. NG tube placement 


toward the correct placement in the esophagus and not 
the trachea, Have the awake and cooperative patient 
sip water from a straw and swallow as the tube enters 
the oropharynx. 

4, Making the tube more rigid by placing it in cold water 
will help advance it because the “warmer” tube will 
tend to coil 

5, Once the tube is in the esophagus, rapidly advance the 
tube into the stomach, taking into consideration the 
previously marked depth. 

Confirmation of tube placement 

1. Insuflate air into the end of the NG tube, via a 50- or 
60-mL syringe, while auscultating for a rush of air 
(borborygmi) over the stomach, 

2. Aspiration of gastric contents (pH<4, there is >90 % 
gastric placement), 

3. The awake and cooperative patient should be able to 
talk, and if coughing or severe discomfort occurs, con- 
sider that esophageal or bronchial placement might 
have occurred. 

4, Radiographic evaluation: 
~ “Gold standard” is to evaluate simple radiograph 

for position. 
~ Consider in comatose patients. 

Secure the tube 

1. Tape the NG tube in place by taping both the tube and 
the nose, A butterfly bandage is typically used. Some 
‘companies produce a specilic fixation for the tube. 

2, Secure the tube to where it does not press on the medial 
of lateral nostril (can lead to bleeding/necrosis). 


Earlobe to 
nose tin _-4 
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72. Nasogastric Tube Placement 
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72.5 Complications 


+ Inability to pass the tube 
+ Bleeding 

+ Curling of the NG tube in the patient’s mouth 
+ Pulmonary placement 

sal necrosis 


72.6 Pearls 


+ Pearls 

— NG tube placement was ranked #1 as the most painful 

procedure in the emergency department so itis impera- 

tive to maintain patient’s comfort by using anesthetics 

and even maybe intravenous anxiolytics 

— Estimate the proper length of the tube before passage 

to avoid placing the tip of the tube in the esophagus or 
excessively coiling it in the stomach. 


— If leaving the tube for a prolonged period of time, 
‘make sure that the suction is set “intermittent” or “off” 
to prevent irritation to the gastric mucosa owing to 
direct pressure. 


Selected Reading 


Chun DH, Kim NY, Shin YS, Kim SH. A randomized, clinical tral of 
frozen versus slandard nasogastric tube placement, World J Surg. 
2009;33:1789-92, 

Goif JS. Gastroesophageal varices: pathogenesis and therapy of acute 
bleeding. Gastroenterol Clin North Am, 1993;22:779. 

Henneman PL. Gastrointestinal bleeding. In: Marx J, Hockberger R, 
Walls R, editors. Rosen’s emergency medicine: concepts and clini 
cal practice. 7h ed. Philadelphia: Mosby; 2010. 

‘Tho PC, Monlifi S, Ang E, Chen H. Implementation of the evidence 
review on best practice for confirming correct placement of naso- 
‘gastric tube in patients in an acute care hospital. Int J Evid Based 
ealthe. 2011;9:51-60. 


Patent Application Publication Aug. 26, 2004 Sheet 4 of 15 US 2004/0164824 Al 


Figure 4 


Esophageal Foreign Body Removal 
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73.1 Indications 

+ Patient presenting with any one or combination of the 
following: 

— Foreign body sensation in throat, neck, substernal 
chest, or epigastric area 

~ Clear history of ingestion 

~ Dysphagia 

— Airway compromise 

~ Drooling 

~ Inability to tolerate fluids 

~ Inability to tolerate solids 

— Evidence of perforation 

— Active bleeding 

+ All unstable patients should have immediate airway man- 
agement and urgent endoscopy. 

+ FBs lodged superior to the epiglottis may be retrieved by 
emergency physicians in an emergent situation, but gen- 
erally, a consultant should be present, whether ear, nose, 
and throat, gastroenterology, or general surgery. 


73.2. Contraindications 


+ Absolute 
— None 
+ Relative 
— Performing rapid sequence intubation (RSI) in a 
patient with an FB that could compromise the airway. 
— Generally, ifthe patient is breathing on their own, col 
laborate with a consultant on the best method to secure 
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the airway (emergency department, intensive care unit, 
operating room), 

— Treating with glucagon repeatedly if it is inducing 
vomiting and/or not working, 

~ Conservatively managing a patient who should other- 
wise undergo a procedure for removal. 


73.3 Materials 


+ Esophagoscopy/endoscopy is the definitive diagnostic 
and therapeutic procedure for impacted esophageal FBs. 

— Generally, should not be performed by an emengency 
physician, 

— Devices used include forceps, baskets, polypectomy 
snares, and nets, 

— Endoscopic techniques include push into stomach, 
push plus fragmentation, pull with retrieval forceps, 
and pull with various items (basket, snare, nets) 

+ Foley catheter removal 

— Widely used technique for recently ingested single, 
smooth, blunt, and radiopaque objects 

— #12 to #16 French Foley catheter 

Forceps (bayonet and Magill) of various sizes 

— Often done under fluoroscopic guidance 

+ Bougienage 

— A single, smooth object, such as a coin, lodged less 
than 24 h in a patient with no respiratory distress or 
esophageal disease can be advanced successfully into 
the stomach by using bougienage. 

— Dilator size is selected based on age: 

+ 1-2 years: 28 French 
years: 32 French 
+ 3.4 years: 36 French 
+ 4-5 years: 38 French 
+ Longer than 5 years: 40 French 
+ Relaxation of the lower esophageal sphincter (LES) 

— Some FBs lodged at the LES can be medically man- 

aged by relaxation of the LES. 


as 
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— Most ingested FBs and impacted food boluses eventu- 
ally pass spontaneously. 
+ 1-2 mg of glucagon intravenously 
+ 0.4-0.8 mg of nitroglycerin sublingually 
+ 5-10 mg of nifedipine sublingually 
+ Carbonated beverage 


73.4 Procedure 


+ Push technique and push with fragmentation technique 
(generally performed by specialists) 
1. First accepted endoscopic method. 
2. Gentle pressure is applied with the tip of the endoscope 
on the esophageal food bolus after air insufflation, 
3. If pressure does not disimpact the bolus, fragmer 
tion can be attempted but is generally avoided owing 
to unknown pathology behind the food bolus, 
+ Foley catheter removal 
1. Moderate sedation and nasopharyngeal topical anes- 
thesia may be used. 
2. Place the patient in a head-down ‘Trendelenburg 
position. 
3. Check for symmetrical balloon inflation of the Foley 
catheter. 
4. Under fluoroscopy, visually pass the catheter distal to 
the FB. 
5. Fill the balloon slowly with 3-5 mL of saline or con- 
trast agent 
6. Using steady, gentle traction, withdraw the catheter 
with the balloon inflated distal to the FB. 
7. Grasp the object with fingers, forceps, or clamp once it 
is visualized in the oropharynx. 
+ Bougienage 
1. Topical anesthesi 
2. Blind esophageal bougienage resembles placement of 
an orogastric tube. 
Place the patient in a sitting position. 
4, Pass a well-lubricated, appropriately sized bougie poste- 
riorly along the roof of the mouth, following the natural 
oft palate caudally to the hypopharynx. 
5. Encourage the patient to swallow (to help pass the 
dilator through the cricopharyngeus muscle), 
6. Ask the patient to phonate to help exclude accidental 
laryngeal intubation. 
7. Once past the cricopharyngeus muscle, extend the head 
to aid the bougie in passing distally to the stomach. 
8. Post-procedure radiograph is used to confirm passage 
into the stomach. 
+ Relaxation of the LES 
1. Premedicate with an antiemetic, such as ondansetron. 


s recommended. 


curve of the 


2, Administer 1-2 mg of glucagon intravenously (0.02 
(0.03 mg/kg in children, not to exceed 0.5 mg) with the 
patient in a sitting position over 1-2 min, 

3. Carbonated beverages given after glucagon ingestion 
have shown to have higher suc 

4, An alternative is to use either sublingual nitroglycerin 
(1-2 0.4 mg tabs) or 5-10 mg of nifedipine to relieve 
LES tone. 

5. This procedure does not work in patients with struc- 
tural abnormalities, 


ss rales, 


73.5 Complications 


+ Esophageal FBs may cause esophageal pressure leading 
to edema, 
perforation. 

+ Be cognizant of time (risk of complications is higher the 
longer the FB is left in place) and treatment side effects 
(i.e., do not continue to give patient water or glucagon if 
these induce vomiting). 

+ Aspiration and perforation during procedures listed 
previously. 

+ Late complications: esophageal stricture, abscess, medi 
astinitis, tracheoesophageal fistula, vascular injurie 
pneumothorax, pericarditis, aspiration pneumonia, and 
vocal cord paralysis. 


necrosis, infection, laceration, and/or 


73.6 Pearls 


+ Esophageal foreign bodies can be lodged in the upper 
(proximal), middle, or lower (distal) one third: 
— Proximal: cervical web, Zenker’s diverticulum 
— Middle: eosinophilic esophagitis, cancer, radiation 
structure, spastic dysmotility 
— Distal: peptic stricture, eosinophilic esophagitis, can- 
achalasia, esophageal spastic 


cer, diverticula, 
dysmotility 

+ Because food bolus impactions are generally associated 
with pathology, follow-up evaluation for these abnormali- 
ties should be considered 

+ Esophagus foreign bodies should not be allowed to remain 
in the esophagus beyond 24 h from presentation. 

+ Button/dise batteries in esophagus (emergent removal) 
— Considered an emergency, because liquefaction necro- 

sis and perforation can occur rapidly. 

Most common ingestions are hearing aid batt 

id patient is a symptomati 


If in stomach, 
upto 24h, 
arp objects (emergent removal) 


73. Esophageal Foreign Body Removal 
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Fig. 73.1. (a) Anteroposterior (AP) and (b) lateral views demonstra 
ing a coin in the esophagus, A coin in the aches would present in the 
‘opposite manner—the coin would be seen om edge in the AP view an 


~ Cause the majority of complications (~35 %) with 
esophageal FBs. 

~ Direct visualization with endoscopy is the only appro- 
priate removal technique. 

+ Magnets (urgent removal) 

— Can cause necrosis and fistula formation due to the 

way they adhere to the mucosa 
+ Esophageal coins (remove within 24 h) (Fig. 73.1) 

— Up to 80 % of coins at the LES will pass spontane~ 
ously within 24 h without interventions. The watchful 
waiting approach is used only in patients with single 
coins and who are asymptomatic. 

~ Common complications of these procedures include 
mild bleeding, lip laceration, bradycardia with Foley 
catheter insertion, and teeth injuries. 

— Some protocols include RSI as part of the management 
process and should be considered if lifesaving. 


flat on the lateral view (Reproduced with permission from MeGraw- 
Hill: Stead LG, etal, First Aid forthe Pediatrics Clerkship. New York: 
McGraw-Hill, 2010) 
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74.1 Indications 
+ Single-dose activated charcoal (AC) (Fig. 74.1) 

— Does not meet criteria for gastric emptying 

~ Gastric emptying may be too harmful. 

— Ingestion of toxic xenobiotic is known to be adsorbed 
by AC. 

— Ingestion occurred with time frame amenable to 
adsorption by AC, or clinical factors are present that 
suggest that not all of the xenobiotic had already been 
systemically absorbed. 

— Ingestion of extended- or 
formulations. 

+ Multiple-dose activated charcoal therapy (MDAC) 
~ Life-threatening ingestion of: 
+ Carbamazepine 
+ Phenobarbital 
+ Quinine 
‘Theophylline 
+ Dapsone 


sustained-release 


D.LN. Smida, MD 
Department of Emergency Medicine, University of Pittsburgh 
‘Medical Center, Saint Margaret Hospital, Piusburgh, PA, USA 
e-mail: Deylin.negron@ gmail.com 

LK. Lueas, MD (=) 

Department of Emergency Medicine, 

University of Florida Health Shands Hospital, 

Gainesville, FL, USA 

e-mail: judithklucas@ ufledu 


(© Springer Science+Business Media New York 2016 


— Life-threatening ingestion of another xenobiotic that 
undergoes enterohepatic recirculation and is adsorbed 
tw AC 

— Ingestion of a significant amount of a slowly released 
xenobiotic 

— Ingestion of a xenobiotic known to form concretions or 
bezoars, such as aspirin 


Actidose-Aque- 


Fig.74.1. Activated charcoal (AC) 
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74.2 Contraindications 


+ Absolute 

— Gastric perforation 

— Gastrointestinal ileus, obstruction, or diminished 
peristalsis 

— Nonintubated patients with the potential of losing pro- 
tective airway reflexes 

— Intestinal obstruction 

— Ingestion of 
+ Corrosives 
+ Petroleum distillates, 

+ Relative 

— Altered of decreased level of consciousness unless 
intubated. 

~ Vomiting, 

— Xenobiotic has limited toxicity at almost any dose. 

~ Dose ingested is less than the dose expected to produce 
significant illness, 

— Presentation many hours after ingestion, 

— Minimal signs or symptoms of poisoning. 

— Ingested xenobiotic has a highly efficient antidote. 

— Administration of charcoal may increase the risk of 
aspiration (i.e., hydrocarbons). 


74.3 Materials and Medications 


+ Nasogastric (NG) tube/orogastric (OG) tube (Fig. 74.2) 

+ Baby bottle with split nipple (designed for drinking of 
slurry solutions, such as thickened formulas) or sippy cup 
‘without the valve 

+ Absorbent pad 

+ Basin 

+ Water-soluble lubricant 

+ Tubing connected to suction device 

+ Flavored syrup 


Fig.74.2_ Drinking AC (by cup, sippy cup, or bottle) is effective, but it 
may also be infused via nasogastric or orogastric tube 


74 Aetivated Charcoal 


an 


74.4 Procedure 


+ Single-dose administration 
~ Adult 

+ Can be taken via a cup and straw (drunk) if the 
patient is cooperative 

‘+ The optimal dose of AC is unknown. 

+ 50-100 g/dose (1 g/kg), administered at a rate no 
less than 12.5 gh or its equivalent. 

+ If vomiting is anticipated, an intravenous antiemetic 
is recommended, 

~ Children 

+ 1 g/kg or 10:1 ratio of AC to drug ingested. 

+ After massive ingestion, give 2 g/kg. 

+ Many children will drink the suspension from a 
bottle or sippy cup, especially if it is mixed with 
juice or flavored syrup (eg., chocolate or 
strawberry). 

+ MDAC 
— Adults: 0.5-1 g/kg every 2-4 h for 24-48 h 
~ Children (<12 y old): 0.25-0.5 g/kg every 2-4 h or rate 
of 0.2 g/kg/h for 24-48 h 


74.6 Pearls and Pitfalls 


+ Pearls 
— If.an OG or NG tube is used, time should be allowed 
for the last dose to pass through the stomach before the 
tube is removed, Suctioning the tube before removal 

‘may prevent subsequent AC aspiration. 

— With children, the colder and sweeter the solution and 
if the color is camouflaged (cup with a lid or a sippy 
cup), there will be increased success at oral adminis 
tration (vs NG/OG), 

+ Pitfalls 

— No evidence-based literature supports the assertion 
that AC changes clinical outcome. 

— Xenobiotics and AC adsorption (Table 74.1). 

— Incorrect application (¢.g., into the lungs) results in 
pulmonary aspiration, which can be fatal if 
unrecognized, 

+ Incorrect placement of NG/OG tube into trachea. 
+ Administration of AC to a patient with an ileus 
(cg, in anticholinergic overdoses). 
No specific contraindication for AC in pregnant 


+ Mixtures Women; however, diarrhea or hypernatremia in the 
~ Ready to drink ‘mother may adversely affect the fetus. 
~ Powder form 

+ Add eight parts water to the selected powdered 
et Table 74.1. Absorption of xenobiotics by AC 
+ Gatorade or juices can also be used to help hide the Good absorption Poor absorption 
flavor and texture. ‘Acetaminophen Alkali 
+ In children, the AC can be mixed with cold choco- Bupropion Chlorproparmide 
late or some other flavored syrup, which also hides Caffeine Dosepin 
the flavor. Carbamazepine Ethanol or othe alcobols 
~ Shake liquid suspension well for 1 min, Chlordecone [Ethylene glycol 
— If the patient vomits, the dose should be repeated. _Dapsone [Fluoride 
Smaller, more frequent, dosing may be better toler- _Digitoxin [Heavy metals 
ated, and an antiemetic may be needed. ‘Nadolol [Inupramine 
Phenobarbital [Inorganic salts 
Phenylhutzone [row 
74.5 Complications Pheaytoin {Lithium 
Salicylate [ Methoexate 

+ Aspiration pneumonitis, Theophy ine [aioe aie 

+ Transient constipation [Poceaies 

+ Intestinal bezoars [Tobramyein 

+ Bowel obstruction faze 


+ Diarhea, dehydration, hypermagnesemia, and hyperna- 
tremia with coadministered cathartics or MDAC 

+ Vomiting 

+ Corneal abrasion if spilled in the eyes 
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75.1 Indications 

+ Recent ingestion (<30-60 min), 

+ Life-threatening exposure where there is a high suspicion 
that a xenobiotic is still present in the stomach and evacu- 
ation is expected to contribute to an improved outcome 
(cg, iron, tricyclic antidepressants). 

+ Ingested agent is not absorbed with activated charcoal (e.g, pes- 
ticides, hydrocarbons, iton, alcohols, lithium, and solvents) 

+ Activated charcoal is unavailable. 

+ Ingestion exceeds adsorptive capacity of initial activated 
charcoal dosing (e.g., >100 mg/kg of pills) 

+ Ingestion of an agent likely to form a durable mass or 
bezoars after overdose. 


75.2 Contraindications 


+ Vomiting 

+ Unintubated patients with potential to lose airway protec- 
tive reflexes 

+ Ingestion of a xenobiotic with aspiration potential (e.g., 
hydrocarbon) without intubation 

+ Ingestion of caustic substances (alkali or acidic) 

+ Ingestion of sharp metals 

+ Ingestion of a foreign body (e.g., drug packet) 

+ Risk for hemorrhagic gastrointestinal perforation 

+ Ingestion of xenobiotic in a form known to be too large to 
fit into the lumen of the orogastric tube 

+ Nontoxic ingestions 
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75.3 Materials and Medications 


+ Orogastric tube (Ewald tube or the Tum-E-Vac) (Fig. 75.1) 
— Adults and adolescents: 36-40 French 
= Children: 22-28 French 

+ Pen or tape to mark the length of the tube 

+ Water-soluble lubricant 

+ Suction 

+ Emesis basin 

+ Absorbent pad 

+ Catheter-tip syringe with 2 mL, water/saline to check 
position of the tube 

+ Room temperature irrigation fluid 

+ Bite block or oral airway to prevent patients from biting 
down on the tube 


§ eee! 


Fig. 75.1 Materials needed for gastric lavage include a large-bore 
nasogastric tbe, a 60-cc non-Luer-Lok syringe, and a solution, typi- 
cally normal saline, for lavage 
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75.4 Procedure 


1. If there is potential airway compromise, endotracheal or 
nasotracheal intubation should precede orogastric 
lavage. 

2. Place an oral airway or a bite block to prevent biting of 
the endotracheal tube if the patient recovers conscious 
ness or has convulsions during the procedure. 

3, Ensure suction apparatus is available and functioning, 

4, Place the patient in an upright-seated position if awake 
and alert. 

5, Place patient in the left lateral decubitus position if 
obtunded. 

6. Before insertion, the proper length of tubing to be passed 
should be measured from the mouth, back to the ear, and 
down anterior to the chest and abdomen, beyond the 
point where any side ports on the tube would be beyond 
the level of the estimated lower esophageal sphincter 
(Figs. 75.2 and 75.3) 

7. If the patient is still awake, insert the gastric tube to the 

level of the glottis, and encourage the patient to swallow. 

8, Pass the tube to the stomach, 

(a) Coughing, airflow, or fog from the tube raises the 
concern for inadvertent tracheal positioning. 

9, After the tube is inserted, it is essential to confirm that 
the distal end of the tube is in the stomach, by “popping” 
5-10 mL of air into the tube while someone is listening 
with a stethoscope over the stomach, 


Pharynx 


Earlobe 10 
xyphoid 
process 


Pyioric 
sphincter 


Fig.75.2 Diagram illustrates 
appropriate placement of the lavage 
tube 


Fig. 75.3 Measuring correct placement of the ube. Place the distal tip 
‘over the stomach and wrap the tube up behind the ear (usually the right 
‘ear because the tubes generally pass easier through the right nares) and 
around the nates. The black line or centimeter mark atthe level of the 
‘nates isthe point of insertion when passage stops 


Earlobe to 
nose tp 


Nasogastric tube 


esophagus 


Cardiac 
sphincter 


‘Stomach 
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10, In adults, 250-mL aliquots of a room temperature saline 
lavage solution are instilled via a funnel or lavage 
syringe. In children, aliquots should be 10-15 mL/kg to 
4 maximum of 250 mL and suctioned back out of the 
tube attached to low to moderate continuous wall suc~ 
tion, Instillation of lavage solution and suction is 
repeated (Fig. 75.4). 

11. Orogastric lavage should continue for at least several 
liters in an adult and/or at least 0.5-1 L in a child if the 
return is free of debris or until no particulate matter 
returns and the effluent lavage solution is cleat. 

12, Those caring for the patient must remain protected at all 
times, using goggles, mask, gown, and gloves. If the 
ingested poison is toxic via pulmonary or skin absorp- 
tion, isolate the ingestant immediately in a self-contained 
wall suction unit 

13, Any material stil in the stomach should be withdrawn, 
and immediate instillation of the activated charcoal 
should be considered for large ingestions of xenobiotics 
‘known to be adsorbed by activated charcoal, 


75.5 Complications 


+ Vomiting 

+ Esophageal tears or perforation alter orogastric tube insertion 
+ Inadvertent tracheal intubation and/or airway trauma 

+ Aspiration pneumonitis 


75.6 Pearls and Pitfalls 


+ Pearls 
— You must use a lange-bore orogastric tube for maximal 
efficacy. 
— The left lateral decubitus position is recommended 
because the pylorus points upward in this orientation. 
‘This position theoretically helps prevent the xenobiotic 
from passing through the pylorus during the procedure. 
+ Pitfalls 
— Large drug packets, adherent masses of pills, and plant 
and mushroom fragments will not pass through @ 
40-French lavage tube. 


Fig. 75.4 Lavage in progress 
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76.1 Indications 
+ Whole-bowel irrigation (WB1) should not be used rou- 
tinely in the management of the poisoned patient (because 
there is no clinical proof it will change clinical outcome). 
+ Ingestion of significant amount of medications. 
— Not adsorbed by activated charcoal 
+ Lead, lithium, arsenic, and zine 
+ Substantial amounts of iron (high morbidity and no 
other effective method to gastrointestinal 
decontamination) 
~ Sustained-release medications or enteric-coated drugs 
~ Disk batteries distal to the pylorus 
— Whole transdermal patches (fentanyl, 
nicotine) 
— Drug concretions 
— Ingested packets of illicit drugs 


clonidine, 


76.2 Contraindications 


+ Absolute 
— Bowel obstruction 
— Bowel perforation 
— Meus 
— Hemodynamic instability 
— Compromised or unprotected airway 
— Intractable vomiting 
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+ Relative 
— Concurrent or recent administration of activated charcoal 
(may decrease the effectiveness of activated charcoal) 


76.3 Materials and Medications 


+ Topical anesthesia, although not mandatory, will reduce 
the pain of nasogastric (NG) tube placement, 
— 10% lidocaine spray 
— Lidocaine gel 
+ Small-bore (12-French) NG tube (Fig. 76.1). 
+ Tape for securing the NG tube. 
+ Reservoir or feeding bag used for NG tube feedings 
(Fig. 76.2). 
+ Intravenous pole, 
+ Bedside commode or toilet (Fig. 76.3). 
+ Polyethylene glycol-electrolyte 
(Fig. 76.4). 
+ Antiemetic. 
— No absolute indication for prophylactic use 
— May be helpful if vomiting ensues during infusion 
+ Metoclopramide 
~ Antiemetic 
~ Increases gastric motility 


solution (PEG-ES) 
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Fig. 76.1 Nasogastric (NG) tbe. Typically, the infusion ofthe lavage 
solution is too rapid to be taken orally, so an NG tube can be placed. 
Since the irrigation solution is of low viscosity, a smuall-hore NG tube Fig-76.2. Bag from which the lavage solution will drain: iis similar to 
should be used for comfort the bags used for gastrostomy tube feeding 


> 


Fig. 76.3. Almost always, the patient will need to be seated on or very 
‘cara portable commode, as once the irrigation solution starts to move 
through the bowels, defecation will occur rapidly 


76 Whole-Bowelirigation 


29 


Fig. 76.4. Example brands of intestinal irigation electrolyte solutions 


76.4 Procedure 


1, An NG tube is required because most patients will not 
drink the PEG-ES at the necessary rate. 
Place a small-bore (12-French) NG tube to a sufficient 
distance that the tip lies in the central portion of the 
stomach, 
3. Confirm NG placement with a radiograph, 
4, Attach the tube to the reservoir bag of PEG-ES and hang 
from an elevated site (an extended intravenous pole), 
5. ‘The patient should be seated in an upright position. 
+ Promotes settling of the intoxicant in the distal portion 
of the stomach 
+ Decreases the likelihood of vomiting 
6. Dosing: 
+ Children 9 months to 6 years: 500 mL/h 
+ Children 6-12 years: 1,000 mL/h 
+ Adolescents/adults: 1,500-2,000 mL/h 
7. Collect effluent 
8. Continue infusion. 
+ Until the rectal effluent is the same color as the influ- 
cent (ie., clear), usually between 4 and 6 h. 
+ You may continue beyond clear effluent if clinical evi- 
dence indicates ongoing effectiveness: 
— Continued pill fragments or drug packets are pres- 
cent in the effluent. 
— Radiographic evidence that pills, pharmacobezoars, 
or packets are still present. 


76.5 Complications 


+ Nausea, vomiting, and bloating 
+ Misplacement of the NG tube 

+ Esophageal perforation owing to NG tube placement 
+ Aspiration pneumonitis in the unprotected airway 


76.6 Pearls 


+ Overall, WBI is probably more effective than gastric 
lavage, but probably less effective than activated charcoal 
in preventing poison absorption (when the intoxicant can 
be adsorbed to charcoal) 

+ Vomiting, 

— Usually secondary to the ingestant (ie. emetogenic 
toxins, such as iron) 

— May be due to rate of infusion 
+ Slow rate by 50 % for 30-60 min. 
+ Then return to original rate 

+ If resistance is encountered during NG tube placement, 
do not force passage, Remove and redirect, 
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77.1 Indications 

+ Life-threatening esophageal variceal bleed refractory to 
endoscopy and medical therapy 

+ Life-threatening esophageal variceal bleed refractory to 
‘medical therapy in the absence of possible endoscopy 


77.2. Contraindications 


+ Absolute 
— Known esophageal rupture 
— Unable to intubate or maintain airway 
+ Relative 
story of prior esophageal trauma or strictures 
— Recent surgery of the gastroesophageal junction 
— Resolved or resolving variceal bleeding 
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77.3. Materials and Medications 


+ Sengstaken-Blakemore (SB) tube (Fig. 77.1) 

+ 60-mL. syringe with catheter tip (Fig. 77.2) 

+ Sphygmomanometer (Fig. 77.3) or cuffalator (Fig. 77.4) 

+ ¥-Tube connector (Fig. 77.5) or 3-way stop-valve con- 
nector (Fig. 77.6) 

+ Vacuum suction device and tubing (Fig. 77.7) 

+ Tube clamps (4) (Fig. 77.8) 

*+ Lubricant (water soluble) 

+ Lidocaine (Xylocaine) spray or gel 

+ Anchoring device such as a football helmet or catcher’s 
mask (Fig, 77.9) 

+ Cup of water and straw if the patient is awake 

+ Scissors (Fig. 77.10) 

+ Intubation equipment 

+ Sterile water 
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Fig.77.1. Sengstaken-Blakemore (SB) tube 


Fig.77.2. Syringe 


Fig.77.4 Culfalator 
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Fig.77.9 Helmet traction setup 


Fig.77.10. Scissors 


77.4 Procedure 


u 


4, 


Sedate and/or intubate the patient for adequate control 

of the patient during the procedure. 

Ensure that the SB tube balloons are functional by inf 

ing and deflating the balloons to ensure the absence of 

leaks. 

Perform gastric lavage and irrigate the stomach with 

copious amount of sterile water. 

Coat the distal and proximal portions of the SB tube 

with a thin layer of lubricating jelly or lidocaine gel 

Spray the nasal passage with lidocaine spray. 

Pass the SB tube via the nasogastric (NG) or the orogas- 

tric route (in intubated patients) to the 50-cm line. You 

may confirm placement with x-ray. 

Inflate the gastric balloon to 200 mL. of air and clamp the 

tube. 

Apply gentle traction of 1-2 th (0.4-2 kg) of force until 

it is felt that the gastric balloon has lodged at the gastro- 
ssophageal junction (Fig. 77.11). 

Secure the tube to an anchor (e.g., football helmet or 

catcher’s mask) placed on the patient's head. 

Aspirate and lavage the gastric aspiration port. If it is 

clear of blood, do not inflate the esophageal balloon. 

fit is not clear of blood, connect the esophageal tube of 

the SB tube to the sphygmomanometer/cuffalator using 

the 3-way stop-valve device (Fig. 77.12). You may use 

the Y-Tube connector instead. 

Inflate the esophageal balloon to the lowest pressure 

determined to stop bleeding, typically 20-45 mmHg, 

Clamp the balloon, 

Place an NG tube until itis felt overlying the top of the 

esophageal balloon of the SB tube, Check for further 

proximal esophageal bleed through aspiration and gen- 

tle lavage. Attach this NG tube to intermittent section to 

aid in the clearance of secretions. 

Obtain a portable radiograph to confirm the position of 

the SB tube. 

‘The esophageal ube should be at the lowest pressure 

that prevents bleeding and kept inflated for 24 h or until 

other definitive treatment is obtained. 
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Fig.77.11. Proper placement 
of the balloons 


oO Esophagus balloon 


Gastric aspiration 
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Esophageal balloon 


Gastric balloon 
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Fig. TIA2 Connection 
of the — sphygmomanometer 


to the esophagus balloon port 
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77.5 Complications 


+ Esophageal rupture occurs owing to esophageal erosion 
and necrosis owing to a balloon tamponade effect on tis- 
sue perfusion or overzealous balloon inflation, 

+ Ainway obstruction owing to gastric tube deflation or fail- 
ure, allowing esophageal tube to move up and occlude 
airway. Keep scissors near the patient to cut the SB tube 
lumens and remove the tube as necessary. 

+ Regurgitation and aspiration pneumonia from failure to 
adequately suction oropharyngeal secretions, 


77.6 Pearls and 


falls 


+ Pearls 

— The esophageal balloon should not be inflated if the 
gastric balloon alone stops the bleeding, 

— Never inflate the esophageal balloon without the inflat- 
ing the gastric balloon first. This will prevent it from 
slipping proximally into the oropharynx and obstruct- 
ing the airway. 

— Nausea, vomiting, or aspiration is highly likely to 
‘occur, Use antiemetics and lavage the stomach before 
the procedure. 


— Intubate if there is airway compromise ot risk of aspi 
ration into the lungs, 
— Inflate the esophageal balloon only to the minimum 
pressure necessary to stop the variceal bleeding. 
— Using a catcher’s mask may be more practical and 
comfortable for the recumbent patient. 
+ Pitfalls 
— The SB tube may induce hiccups. 
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Gastrostomy Tube Placement 7 8 


Nathaniel Lisenbee and Latha Ganti 


‘There are several types of gastrostomy tubes and related + ‘Tube types: 


procedure variations: — PEG tube (Fig. 78.1) 
— Malecot tube (Fig. 78.2) 
+ Procedure variations: — Balloon G tube (Fig, 78.3) 
— Open gastrostomy tube (G tube) — Low-profile G tube (nonobturated, button) (Fig. 
— Percutaneous endoscopic gastrostomy (PEG) tube 78.4) 
~ Laparoscopic G tube — Low-profile G tube (obturated, button) (Fig. 78.5) 
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Fig. 78.1. Percutaneous Internal retention 
endoscopic gastrostomy (PEG) dise 
tube 
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Fig. 78.2, Malecot tube 
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Fig. 78.3. Balloon gastrostomy 
ube 
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Fig.78.4. Low-profile 
gastrostomy tube (nonobturated, 
button) 
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Fig. 78.5. Low-profile gastrostomy Spacer 
tube (obturated, button) 


‘Overnight feeding 
an sat 


Obturator 


Bolus feeding Entristar® 
‘extension set button 


78 Gastrostomy Tube Placement 


443 


78.1 Indications 


+ Inability to swallow 
— Neurological deficit, 
~ Head trauma 
— Facial buns 
— Decreased mental status 
+ Need for gastric decompression 
~ Gastric outflow obstruction 
~ Small bowel obstruction (SB), ileus, or volvulus 
— Intra-abdominal malignancy 


78.2 Contraindications 


+ Absolute 
~ Peritonitis 
= Ascites 
+ Relative 
— Hemodynamic instability 
~ Coagulopathy 
— Abdominal wall infection at surgi 
— History of gastric resection 
— Portal hypertension 
— Gastric varices 


78.3 Mater 


is and Medications 


+ Materials 
— Gloves 
~ Lubricant 
— G tube (commercial kit) or Foley catheter 
~ Sterile saline 
— External bolster 
— Multiple syringes 
— Suture material 
— Needle driver 
sors 
Stethoscope 
+ Medications 
— PEG tube placement 
+ Moderate sedation (e.g., propofol, midazolam, 
fentanyl) 
+ Local anesthesia (e.g., lidocaine, bupivacaine) 
Open or laparoscopic G tube placement (not an emer- 
gency department procedure) 
+ General anesthesia 
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78.4 Procedure (PEG Tube Replacement) 


1. Ifthe G tube is only partially removed upon patient pre~ 
sentation, the tube must first be removed. 

2, Remove the G tube by deflating the balloon and pull 
gently on the tube while applying pressure to the abdom- 
inal wall at the surgical site 

3. ‘The G tube should slide out easily with gentle traction, 
and the procedure should be discontinued if it does 
not, 

4, Initially, it is important to assess the tract to determine 
the size and potential need for dilation. 

5. If necessary for tube passage, the tract can be dilated 
with a cotton-tipped applicator or hemostat; however, be 
sure to dilate gently because it is possible to create a 
false tract. 

6. Once the tract has been assessed, obtain the appropriate 
tube for replacement, 

7. Initially, attempt replacement of the patient's G tube 
with an identical tube. 


Fig.78.6 Placement of low-profile gastrostomy tube 


10. 


u 


12. 


1B. 


4. 


If an identical tube is not available, attempt placing a 
small Foley catheter in the tract to ensure that it stays 
open. 


. To initiate placement, place lubricant on the tube and 


carefully advance the tube into the tract. 
Once the tube is in place, secure an air-filled syringe to 
the tip of the tube and insulate a small amount of air 
into the stomach while auscultating to confirm passage 
of air into the stomach. 

Secondary procedural confirmation can be performed by 
aspirating gastric contents from the tube. 

Once placement is verified, do not forget to inflate the 
balloon with saline and then pull the tube backward until 
it abuts the inside of the stomach wall (Fig. 78.6). 
Finally, itis very important to secure the external portion 
Of the tube to prevent the tube from being lost into the 
stomach, 

Commercial G tubes are accompanied by a bolster made 
specifically for the specific type of G tube in order to 
provide security of tube placement. 


78_Gasvosany Tbe Pacenet “s 
15. Ua Fey eter ised iin et pat, 0 
external bolster must be created using the following 
es 
+ Trim a 2- to 3-in, portion from the tip of the 
catheter, 
+ Catto sl oes just above each tern thet 
3-in, trimmed catheter portion. 
+ Slide the external portion of the Foley catheter 
Shrough bo hos of he ole: 
+ Slide the bolster down the Foley eater to the 
abdominal wall. 
* Secure the two ends of the bolster to the skin in order 
to maintain pata of te Foley ete 
+ An interventional radiologist may also be contacted Gastrostomy tube 
to advance the tube over a wire under fluoroscopic 
guldmoe a. i) 
16. Radiographic confirmation. por 


+ Typically, G tube placement is confirmed by injecting 
approximately 20 mL. of Gastrografin® (diatrizoate 
‘meglumine, diatrizoate sodium) water-soluble con- 
trast into the G tube, followed shortly by an abdomi- 
nal x-ray. 

+ Proper placement will result in an abdominal radio- 
graph showing contrast outlining the stomach 
(Fig. 78.7). 


al? 


Fig. 78.7 An anteroposterior abviominal radiograph after PEG tube 
placement and injection of 25 mL of gustrografin. The tube can be seen 
projecting up the left side ofthe abdomen, and contrast mediums appears 
to enter the stomach lumen. The balloon isnot visualized in the stom- 
ach (Reproduced with permission from: Burke DT, El Shami A, Heinle 
E, and Pina BD. Comparison of gastrostomy tube replacement Verifica- 

‘ir insufflation versus gastrografin, Archives of physical 
‘medicine and rehabilitation. 2006:87(11): 1530-3.) 
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— Even if a patient’s G tube is only partially removed 
upon presentation to the emergency department, the 
tube likely needs complete removal and replacement. 

— Most G tubes are easily removed at the bedside; how- 
ever, some are not able to be safely removed in the 
emergency department setting. Thus, if the tube does 
not withdraw easily, attempt to contact the procedural- 
ist who placed the tube in order to inquire about the 
‘best method for removal. 

+ Pitfalls 

— Never use barium contrast when confirming G tube 
placement radiographically because barium can cause 
significant intra-abdominal damage if accidentally 
injected in the intraperitoneal cavity. 


78.6 Complications 


+ Aspiration 
+ Surgical site infection 

+ Bleeding 

+ Pneumoperitoneum 

+ Accidental perforation of the colon or small bowel 
+ Tube dislodgment 

+ Peritonitis 


Selected Reading 
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Springer, 2012, p. 113-22. 
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Je CM, Beauchamp RD, Evers BM, Mattox KL, editors. Sabiston 
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79.1 Indications 

+ Diagnosis of infection in ascites 

+ Diagnosis of malignant ascites 

+ Diagnosis of hemoperitoneum in traumas 

+ Relief of abdominal pressure/pain or respiratory compro- 
mise secondary to ascites 


79.2 Contraindications 


+ Severe coagulopathy 
— Prothrombin time (PT)>21 s 
— International normalized ratio (INR)>1.6 
— Platelets<50,000/mm? 

+ Skin infection over the needle insertion site 

+ Acute abdomen that requires surgery 

+ Pregnancy 

+ Distended bowel 

+ Intra-abdominal adhesions 


79.3 Materials and Medications 


+ 18 to 22-gauge 1.S- to 3.5-in, needle or angiocatheter, 
25-gauge needle 

+ Lidocaine 1 or 2 % (10 mL) 

+ Syringes 
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= 10 mL (1), 50 mL (2) 

1-L vacuum bottle (4) (if therapeutic tp) 
‘Thoracentesis kit tubing or any high-pressure connection 
tubing (if therapeutic tap) 

Sterile gloves 

Surgical pen (recommended) 

Povidone-iodine (Betadine) or other skin antiseptic 
Sterile drape 

Sterile gauze (4x4) 

Band-Aid 

Bedside ultrasound (recommended) 


79.4 Procedure (Fig. 79.1) 


Be 


Position the patient supine. If possible, adjust the head of 
the bed to make a 45° angle to help the fluid accumulate in 
the pocket, Sometimes, it may also be beneficial to have 
the patient lie recumbent toward the site of drainage 


. Scan the abdomen with an ultrasound to determine 


whether there is a pocket of fluid that can be drained. This 
also allows the physician to see how far the needle needs 
to be inserted and how deep it can be placed without risk- 
ing injury to the bowel (Fig. 79.2). 


. Mark the optimal needle insertion site with a surgical pen. 


Prepare the skin and drape in a sterile fashion. 

Using lidocaine, anesthetize the appropriate area subeuta- 
neously and then continue to insert the needle, and inject, 
anesthetic through the deeper tissues until ascitic fluid can 
be drawn back. 

Withdraw the needle. 

‘When ready for the paracentesis, stretch the skin caudad 
and insert the needle or angiocatheter (connected to a 
syringe) while aspirating, ‘Then, release the skin and con- 
tinue to insert the needle or angiocatheter through the 
peritoneal wall until fluid is retrieved. This will create a 
“Z-track” that will decrease leakage of peritoneal fluid 
through the skin. 
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Fig.79.1.Paracentesis procedure 


8, Once fluid is retrieved, push in the catheter and remove 
the needle portion (if used) or hold the needle steady. 
9, Aspirate from the catheter to ensure that it is in the 
“appropriate location. 
10, If fluid easily is aspirated, unscrew the syringe and con- 
‘ect a 50-mL syringe to the needle or catheter and fil it 
with fuid. This may be done twice. Alternatively, if the 


ite 


‘Withdraw ascitic fuid for analysis. 
Cranial 


N 


Noodle tract, 


asc is 
q 
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procedure is done for therapeutic purposes, attach the 
tubing that is already connected to the vacuum bottle to 
the catheter and allow the vacuum to withdraw fluid into 
the collection bottles. 

If fluid cannot be aspirated easily, the catheter can be 
repositioned further in the pocket or turned by 45° 
sequentially as needed. 


79. Paracentesis 


Fig.79.2 Ultrasound to determine whether there is @ pocket of Mud 
that can be drained 


12. Once the fluid is aspirated, pull out the needle or an 
catheter and hold pressure with gauze. Bleeding should 
be minimal 


13, Place a Band-Aid or other dressing over the site 

14, Send the fluid to the laboratory. Generally, laboratory 
analyses include protein, albumin, specific gravity, glu- 
cose, bilirubin, amylase, lipase, triglyceride, lactate 
dehydrogenase (LDH), cell count and differential, cul- 
ture and sensitivity (C&S), Gram stain, acid-fast baci 
lus (AFB), fungal culture, cytology, and pH. 


79.5 Complications 


‘+ Persistent leakage from the needle insertion 


+ Abdominal wall hematoma 
+ Bowel perforation 

+ Introduction of infection 
+ Hypotension (after a Lar 
+ Dilutional hyponatremia 
+ Hepatorenal syndrome 


folume paracentesis) 
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+ Bleeding 
+ Postparacentesis circulatory dysfunction 


79.6 Pearls and Pitfalls 


+ Pearls 

— The preferred site of entry is in the midline of the 
abdomen, below the umbilicus. 

- The es albumin gradient (SAG) can be 
used to identify the cause of the ascites. Itis calculated 
by subtracting the albumin concentration in the ascites 
from the albumin concentration in the serum. A high 
gradient (1.1 g/dL) suggests portal hypertension, 

ests other 


~ Postparacentesis 


circulatory dysfunction 
occurs secondary to hypovolemia after large-volume 
paracentesis (>4 L) in cirrhotic patients. It is assoc 

ated with worsening hyponatremia, renal dysfunction, 
shorter time to ascites recurrence, and increased mor- 
tality. Prevention of PCD has been demonstrated with 


(PCD) 


the administration of 6-8 g of albumin per liter of asc 
tes removed. 
+ Pitfalls 
~ Polymorphonuclear lymphocyte (PMN) count greater 
than 250/mm’ is diagnostic of spontaneous bacterial 
peritonitis 
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Giuliano De Portu 


80.1 Indications 


+ An anal fissure is a small ulcer of the mucosa at the anal 
verge (Fig. 80.1). 

+ It is the most common cause of intense sudden rectal 
bleeding 

+ Posterior midline anal fissures are the most common type 
(0.%). 
— Mostly found in young adults (30-50 y) but can occur 

at any age. 
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— Usually associated with constipation (firm, large- 
caliber, painful bowel movements) or chronic 
diarrhea, 

— Most uncomplicated fissures resolve in 3-4 weeks. 

Can be extremely painful, during and after defecation. 

Classified as acute of chronic. 

‘Now believed to be caused by reduced anal blood flow in 

the posterior midline, anal sphincter hypertonia, and thus 

‘mucosal ischemia. 
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Anal fissure Anal fissure 


Fig.80.1 (a,b) Anal fissures 
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80.2 Contraindications 


+ Digital rectal examination should be avoided unless the 
diagnosis is in doubt. 

+ Surgical procedures are generally reserved for when medi- 
cal management has failed after 1-3 months of treatment 


80.3 Materials and Medications 


+ Standard precautions barrier protection for the provider. 
+ Good light sourc 
+ Optional emergency de 
— Topical anesthetic/preparation (Anusol [pramoxine 
hydrochloride; zine oxide] with cortisone) 
— Nitroglycerin (0.2 %) or nifedipine gel (2 %) is second- 
line therapy (relaxes muscles and promotes blood flow). 


wrtment treatments: 


80.4 Procedure 


1. Ina private, calm environment, gently spread the buttocks 
for complete visual inspection 
+ This may cause an increase in the patient’s pain and 
spasming 
+ Ifa fissure is clearly identified, stop here. 
2. Apply topical anesthetic/preparation for symptomatic 
relief (optional, as the physician may want to just start 


with the treatments that follow). 
3. Discharge the patient with conservative therapy 
management. 


4, In acute anal fissures (onset of 3-6 weeks), medi 
agement is indicated along with dietary modifications 
(WASH regimen [warm baths, analgesia, stool softeners, 
high-fiber diet): 

+ Warm sitz baths, 
— Usually 20 min soaking each time 
= Recommended after every bowel movement 
— At least twice per day if not having regular bowel 
‘movements 
+ High-fiber diet with fiber supplements, 
+ Increase fluid intake. 
+ May add stool softeners, if needed. 
+ If chronic or the previous regimen has been exhausted, 
one of the following may be considered: 
= 0.2-0.4 % nitroglycerin cream applied to anal area 
+ May cause headache 
+ Recommend wearing a glove to prevent absorp- 
tion through digital skin 


— Calcium channel blockers: 
+ Topical nite 
+ 2% diltiazem c 
~ Botulinum toxin A injection: 
+ Controversial; may have poorer success rates 
than surgery 
5. Provide surgical referral for nonhealing wounds, 
+ Lateral internal sphincterotomy is the surgical proce~ 
dure of choice. 


80.5 Complications 


+ Ink 
+ Abscess 
+ Bleeding 
+ Chronic 
+ Postsurgical fecal incontinence 


tion 


issure formation 


80.6 Pearls and Pitfalls 


+ Pearls 
— Multiple or recurrent fissures are associated with 
Crohn’s disease, tuberculosis, syphilis, human immu- 
nodeficiency virus (HIV), and malignancy. 
+ Pitfalls 
— Suspect child abuse if an anal 
child. 


sure is found in 
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Part XI 


Genitourinary Procedures 


Bladder Catheterization 


81 


Maritza A. Plaza-Verduin and Judith K. Lucas 


81.1 Indications 

+ Obtaining a sterile urine specimen 

+ Preventing or relieving urinary retention 

+ Close monitoring of urine output for luid balance with an 
indwelling urinary catheter 

+ Ungent cystourethrography 

+ Child with contusion or burns to the peri 
for meatal swelling and obstruction to urine outflow 

+ Temporary measure to relieve lower urinary tract 
obstruction 

+ Neurogenic bladder 

+ Anesthesia-induced and/or surgery-induced urinary reten- 
tion has occurred. 


cum and at risk 


81.2 Contraindications 


+ Absolute 
~ Potential urethral injury from trauma 
+ Pelvic fractures 
+ Known trauma to the urethra 
+ Blood at the meatus 
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+ Relative 
~ Recent genitourinary surgery (consult with a urologist 
before placing a catheter) 


81.3 Materials and Medications 


+ Bladder catheterization kit: 
— Sterile gloves 
— Sterile drapes 
~ Povidone-iodine (Betadine) solution 
— Cotton sponges or applicators for sterli 
— Lubricant 
~ Specimen collection cup 
~ Catheter 
+ 5-French feeding tube for neonates 
+ 8-French catheters for Infants 
+ 10- to 12-French catheters in older children 
+ Local anesthetic (if desired—2 % lidocaine hydrochlo- 
ride jelly) 
+ Absorbent pad 
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81.4 Procedure 


1, Inspect the urinary catheterization tray for all the appro- 
priate materials 

2. Place the patient supine with an absorbent pad under the 
buttocks. 

(a) Girls should be placed i 
(Fig. 81.1). 

3, Before sterilizing the field, locate the urethral opening. 

4, Remove any powder, ointments, or medicated creams the 
child might have on the perineum, 

5, If needed, apply anesthetic to the area. 

(a) Soak a cotton ball with anesthetic (2 % lidocaine 
hydrochloride jelly) and hold over the urethra open- 
ing for 2 min, 

(b) 0.5-2.0 mL of anesthetic can also be injected into the 
urethra, 

6, Sterilize the area and place drapes appropriately, expos- 
ing the genitalia, 
7, Catheterization of males 

(a) I uncircumcised, gently retract foreskin, if possible, 
for cleaning and visualization of the meatus. 

(b) Hold the penis using the nondominant hand at a 90° 
angle from the body (Fig. 81.2) 

(c) Lubricate the catheter tip. 

(4) Insert the lubricated catheter into the meatal opening 
and advance it while applying gentle traction to the 
penis from the base of the penis. 

(e) Ifresistance is met, maintain gentle pressure with the 
catheter. 

+ Do not attempt to force the catheter that could 
create a false tract or traumatic fistula. 

(f) Advance the catheter until urine is obtained, approxi- 
mately inserting the catheter to just beyond the penile 
length. 

(g) Once completed, gently withdraw the catheter. 

(h) Clean the area, wiping away the Betadine solution. 

(i) I uncircumcised, pull the foreskin over the glans to 
avoid paraphimosis 

8, Catheterization of females 

(a) Sterilization of the area should occur from anterior to 
posterior. 

(b) Have an assistant hold the labia majora apart, 

(i) If no assistant is available, use the nondominant 
hand to hold the labia apart. 
+ Holding the labia majora with a gentle out- 
ward, lateral, and upward traction will help 
visualize the meatus (Fig, 81.3). 


the frog-leg_position 


Fig. 81.1 Infant held in the frog-leg position for catheterization 
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Fig.81.2 Bladder 
catheterization of a male: penis 
should be held perpendicular to 
the body 


Gentle latoral and 
‘outward traction 
of labia majara 


Fig. 81.3. Positioning of labia for better visualization of the meatus 
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+ Downward displacement of the cephalad — (d) Insert the lubricated catheter into the meatal 


aspect of the vaginal introital fold with a cot- opening. Advance slowly until urine is obtained 
ton-tipped applicator can help visualize the (Fig. 81.5), 
urethral meatus (Fig. 81.4). (©) Once completed, gently withdraw the catheter. 

(c) Lubricate the catheter tip. (1) Clean area, wiping away the Betadine solution. 


Fig. 81.4 Better visualization of the 
‘meatus is achieved with downward 
displacement of the inroital mucosa, 


Urethral meatus 
Introital mucosa 
retracted downward 


Fig. 81.5 Bladder catheterization ofa female 
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81.5 Complications 


+ Urethral or bladder injury 

+ Infection if sterile field not maintained 

+ Paraphimosis owing to failure to restore a retracted fore- 
skin to its normal position 


81.6 Pearls and Pitfalls 


+ Pearls 
~ Itis not necessary to fully retract a foreskin. This only 
causes trauma and increases the likelihood of paraphi 
mosis. As the infanUboy ages, the foreskin will loosen 
and the naturally occurring adhesions will spontane 

ously release, 

— The urethral meatus in an infant female is usually 
tucked just above the redundant hymen (as opposed to 
the more anteriorly located meatus in the adult woman) 
and often looks like a dimple or small blind pouch. 

~ Using viscous lidocaine in lieu of, or blended with, 
lubri 
catheter passes. 

— Have the specimen cup at the ready because, at times, 
‘once the (usually cold) Betadine or antiseptic solution 
is applied, the infant often releases the urine and it can 
be caught, literally, midstream. 

— In the uncircumcised male, be certain to return the 
foreskin over the glans to avoid paraphimoses. 

+ Pitfalls 

— If catheterizing a child in search of infection, 
urine culture regardless of the urinaly 
because the younger infants can have false-negative 


int anesthetizes the meatus and urethra as the 


results 
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Pelvic Examination and Wet 
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82 


Nauman W. Rashid, Elaine B. Josephson, 


and Muhammad Waseem 


82.1 Indications 

+ Lower abdominal ot pelvic pain 

+ Vaginal bleeding or discharge 

+ Cancer screening 

+ Pregnancy 

+ Exposure to sexually transmitted disease 
+ Sexual assault 


82.2 Contraindications 


+ Physical or mental disability 

+ Recent gynecological surgery 

+ Third-trimester pregnancy with bl 

+ Premenstrual females (may not be indicated in adoles- 
cents, who are not sexually active, unless there is dis- 
charge, bleeding, suspicion for abuse, or a foreign body) 

+ Ifa speculum examination is necessary, examination 
under general anesthesia should be considered. 
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e-mail: elaine Josephson @nychbe.org 
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e-mail: waseemm2001 @hotmail.com 


(© Springer Science+Business Media New York 2016 


82.3 Materials and Medications 


+ Examination table with stirrups (Fig. 82.1) 

+ Reliable light source 

+ Appropriately sized speculum (Fig. 82,2) 

+ Endocervical brush or spatula 

+ Culture swab for gonorthea and chlamydia 

+ Large cotton swabs for vaginal discharge or bleeding 
(Fig. 82.2) 

+ pH paper 

+ Saline and potassium hydroxide dropper bottles for wet 
preparations 

+ Lubricating get 

+ Disposable gloves (Fig. 82.2) 

+ Small stool or chair for examiner 


82.4 Procedure 


1. Obtain permission from patient before beginning 
examination, 

Chaperone should be present (medical staff member), 

Make sure the examination table is clean and appropri- 

ately draped, 

4, Have the patient in a loose-fiting gown, 

5. Place the patient on the examination table in the lithot- 
omy position with both feet in the stirrups and have the 
patient’s pelvis as close to the edge of the table as 
possible 

6, Turn on the light source and adjust for optimum illumi- 

ation. Put on the disposable gloves. 

7. Communicate the procedure well to the patient. 

8. Begin the examination with inspection and palpation of 
the abdomen, 

9, Examine the external genitalia, Evaluate the skin, labia 
minora and majora, clitoris, urethral meatus, vaginal 
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Fig. 82.1 Examination able 
with surrups 


Fig.82.2 Gloves, speculum, and 
swabs 


10. 


canal, and Bartholin glands (Fig. $2.3). Look for skin 
abnormalities, lesions, masses, rashes, excoriation, 


Lubricate the appropriate-size speculum (mostly 
‘medium size). Insert the speculum through the vaginal 
‘opening with gentle downward pressure. The speculum 
should advance without any resistance until the cervical 
os is visualized. 


1. 


12, 


I/S0/2011 2124; 


Inspect the vaginal walls for any lesions or masses 
(Fig, 82.4). The cervical os is inspected to see if it is open 
or closed, Cervical cultures for gonorrhea and chlamydia 
are obtained with a cotton swab and sent for microbiology. 
‘A sample of the discharge or bleeding is taken with a 
large cotton swab. The color, odor, and amount should 
be noted. The pH of the vaginal discharge can be 
evaluated, Normal pH is less than 4.5. An elevated pH 
indicates an infection (Table 82.1). 
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Fig. 82.3. Female external genitalia 


citaris Mons veners 
Extemal uretial Latium mous 
“— Labium minue 
Mcaalecensg ‘Vaginal introitus 
Fossa navielaris ne 
Peringum nae 
Pertonaum 


Broad ligament 


‘Obturator internus 
muscle 


Cardinal igament 


Levator ani muscle 


Ischiorectal fossa 


vagina 
Fig. 82.4. Female intemal 
genitalia 


Table 82.1. Wet preparation interpretation 


‘Appearance of 

Organisen Preparation pH Microscope Cervix discharge 

Bacterial vaginosis Saline oS (Clue cells Redness ‘Thin, milky, fishy 
‘odor 

‘Trichomoniasis Saline SS ‘Mote Magella Stawbeny red ‘Yellow-green, 
foamy 

‘Yeast Potassium 3845 | Budding yeast ‘Normal White, cotage 

hydroxide ppseudohyphae cheese 


13, Next, a bimanual examination should be performed 14. The cervix is palpated to elicit any cervical motion ten- 


(Fig. 82.5). Lubricating gel is applied to the nondomi- eres. The uterus is palpated and the size, position, 
‘nant gloved hand and the index and middle finger are and mobility are noted, The adnexa are examined for 
inserted into the vagina until the cervix is felt. The other _masses and tendemess. If a mass is palpated, the size, 
hand is placed on the abdomen to palpate the uterus and mobility, consistency, and tenderness are noted. 


ovaries, Pressure is applied to the abdomen while the 15. ‘The final part of the pelvic examination is the rectovagi- 
vaginal hand is elevated upward. nal examination. Lubricate the index and middle fingers 
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of the left hand, Place the index finger in the vagina and 
the middle finger in the rectum. Palpate for any fistulas 
‘or masses. With the finger, also palpate the uterosacral 
ligaments, the broad ligaments, and the pelvic side 
‘walls. The finger is then gently removed and any feces 
are inspected for mucous or occult blood, 

16, A wet preparation is made by obtaining a sample of the 


microscopic slide and examined under high magnifica- 
tion for the presence of clue cells (Fig, 82.6) diagnostic 
for bacterial vaginosis and trichomonads (Fig. $2.7) 
diagnostic for trichomoniasis. For yeast, two drops of 
the solution is mixed with two drops of potassium 
hydroxide, Presence of hyphae is diagnostic of candida 
(yeast) species (Fig. 82.8) 


vaginal discharge and placing it in a vial mixed with 
saline solution, A drop of the solution is placed on a 


82.5 Complications 


+ Urinary tract infection 
+ Vaginal bleeding 
+ Cramping 


82.6 Pearls and 


+ Pearls 
— Good communication is essential to ensure the patient 
is comfortable and not anxious. 
— The chaperone should be a medical staff member. 
— Do not skip the pelvic examination if the patient is 
menstruating. 
+ Pitfalls 
— Do not forget to perform a complete abdominal exam 
along with the pelvic exam to rule out any GI 
etiology. 
= In older females (>50), perform the DRE for a stool 
occult sample as a possible source of bleeding. 


Fig. 82.5. Bimanual pelvic examination 


Fig. 82.6 Photomicrograph of a 
‘vaginal smear specimen 
depicting two eptheial cells, 
normal cell, and an epithelial cell 
With its exterior covered by 
bacteria giving the cel a 
roughened, stippled appearance 
Known as a ele cell” From the 
CDC Public Health Image 
Hibeary) 
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Fig. 82.7 Photomicrograph of 
‘wichomonads in wet mount 
prepared witwh physiological 
saline (Prom the CDC Public 
‘Health Image library) 


Fig. 82.8 Candida albicans 
from vaginal wet prep (From the 
CDC Public Health Image 
libvaty) 
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Bartholin Gland Abscess/Cysts Drainage 
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83.1 Indications 


+ Bartholin gland cysts larger than 1 em or painful 
+ Bartholin gland abscess 


83.2 Contraindications 


+ Absolute 
— None 
+ Relative 
— Recurrenticomplex abscess requiring general anesthe- 
sia in operating room 
~ Coagulopathy 
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83.3 Procedure Types 


Incision and drainage (1&D) 
Jodoform packing 

Word catheter 

Jacobi ring catheter 

Silver nitrate stick ablation (after L&D) 
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83.4 Materials 


+ Sterile gloves 

+ Sterile skin preparatory solution/swabs and drapes 

+ Lidocaine 1 % (local anesthesia); may give oral or intra- 

venous sedatives or analgesics 

Needles 25 or 27 gauge with 3-mL. syringe fo 

injection 

+ Scalpel #11 for incision 

+ Culture swab 

+ Hemostat or suture kit 

+ Word catheter (if choosing that method) (Fig. 83.1) 

+ Jacobi ring catheter (if choosing that method) (Fig. 83.2) 

+ 3+mL syringe with saline for inflation of Word catheter 
balloon 

+ Silver nitrate stick (if choosing that method) 

+ Gauze pads for bleeding and effluents 

+ lodoform packing 


Fig. 83.1. Word catheter (inflated/deflated) 


Fig. 83.2 Jacobi sing catheter 


83.5 Procedures 
83.5.1 Incision and Drainage 


1. Obtain informed consent from the patient. 

2. Place the patient in the lithotomy position, 

3. Prepare the cystabscess and the surrounding area 
with sterilizing fluid/swabs and drape the area, leaving 
the cystabscess accessible for the procedure (Fig. 83.3) 

4, May need to hold traction to the labia to fully expose the 
eystlabscess (Fig. 83.4). 

5. Inject 1-4 mL of lidocaine at the planned site of incision 
(Fig. 83.5). 

6. Hold one side of the cysVabscess with forceps or 
hhemostat to maintain traction while incising, 

7. With a #11 scalpel, make an incision approximately 
(05-1 cm and 1.5 em deep in the introitus or behind the 
hymnal ring to prevent vulvar scarring. The incision 
should be made through the fluctuant area of the abscess 
on the mucosal surface. The incision should be linear 
and large enough to fit the Word catheter (if using that 
method), 

8. Drain the cyst/abscess completely, using the hemostat to 
break up the loculations. 

9, Culture the abscess with a swab and send to 
microbiology. 

10. All previous steps should be done regardless of the pro- 
cedure type to follow. 


Fig. 83.3 Cyst/abscess aecessible forthe procedure 
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Fig. 83.4 May need to hold (Oval incision in 
traction tothe labia o fully expose vulvar mucosa 
the eystabscess| 


Fig. 83.5 Inject |-4 mi. of lidocaine atthe planned site of incision 
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83.6 lodoform Packing 

1. Pack with iodoform packing, grasping the end of the 
packing material with a hemostat and inserting deeply 
within the cavity. 

2. The cavity should be filled with the packing material and 
‘a small piece left exposed (for ease of retrieval during 
follow-up). 

3. Clean the site and cover with gauze. 


83.6.1 Word Catheter 


+ After culturing the abscess 

1. Place the Word catheter into the incision site as deep as 
possible (if the incision is too large, the catheter will 
slip out) (Fig. 83.6). 

2. Inflate the balloon of the Word catheter with 2-3 mL. 
of saline or water injected into the hub with a needle 
and syringe (Fig, 83.7). 

3. Tuck the end of the Word catheter into the vagina for 
comfort purposes. 

4. The catheter should remain in place for 4 weeks to 
allow for epithelialization of the tract, 


Fig. 83.6 Place the Word catheter into the incision site as deep as 
possible 


Fig. 83.7 Inflate the balloon of the Word eatheter with 2-3 mL of 
saline or water injected into the hub With a needle and syringe 
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83.6.2 Jacobi Ring Catheter 


1, Grasp one end of the Jacobi ring with a hemostat and pass 
it through the initial incision sit. 

2, At this time, use a hemostat to break loculations and cul- 
ture the material for microbiology. 

3, Pull the Jacobi ring through the abscess cavity (be careful 
‘not to pull the suture out of the catheter) and make a sec~ 
‘ond incision to pull the catheter out through it, 

4, The two ends of the catheter are then tied, forming a ring, 


83.6.3 Nitrate Stick 


+ After sending the culture 

1. Take the silver nitrate stick and place it deep within the 
cyst/abscess cavity (Fig. 83.8). 

2. ‘The patient is instructed to return in 48 b for removal 
of the remaining nitrate material and necrotic tissue 
and wound cleaning, 

3. ‘The patient should be warned of side effects including 
pain, chemical bums of nearby tissue, edema, dis- 
charge, and scarring, 


83.8 Silver nitrate sticks 
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83.7 Aftercare 


+ Follow-up these 
procedures, 

+ A high-risk patient (e.g., diabetic) may need to be covered 
with broad-spectrum antibiotics. 

+ Pregnant women are also considered high risk and should 
be given antibiotics and followed closely. 

+ The patient should be instructed to remain on pelvic rest 
(nothing in vagina) while the catheter is in place, wear a 
pad owing to discharge, use sitz baths and analgesics for 
pain control, and follow up 1-2 days after the procedure. 


care is required after 


Although a few other methods are available for draining 
Bartholin cystabscess including marsupialization, carbon 
dioxide laser vaporization, and excision, these methods are 
typically done by gynecologists and rarely, if ever, performed 
by an emergency department physician 
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Sexual Assault Forensic Examination 84 


Rajnish Jaiswal, Mary T. Ryan, and Muhammad Waseem 


When the survivor of a sexual assault seeks medical care, in 
addition to addressing their medical needs, their forensic 
needs must also be addressed. This is best achieved by a spe- 
cialist examiner, who is trained to conduct a Sexual Assault 
Forensic Examination (SAFE). When the examiner is a 
nurse, she or he is referred to as a Sexual Assault Nurse 
Examiner (SANE). In designated centers, the forensic exam- 
iner and the nurse, physician, law enforcement officials, 
social workers, and patient advocates work together as a 
Sexual Assault Response Team (SART). 

‘The process of caring for survivors of sexual assault con- 
tinues to evolve and reflects the advances in forensic science, 
judicial reform and our understanding of assault survivor 
psychology. 

‘However, when an emergency medical condition exists, it 
should be addressed by the designated medical team, The 
role of the SAFE examiner becomes secondary in these situ- 
ations. Life- or limb-threatening injuries always take priority 
over forensic evidence collection, although emergency medi 
cal care can often be rendered without compromising exist- 
ing evidence 


84.1 Indications 


+ Survivors of sexual assault who seek and consent to 
forensic examination. 

+ The upper limit of time for evidence collection varies 
from state to state (e.g., 96 h in New York State [1]). 
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84.2 Contraindications 


+ Absolute 
— Ifthe survivor does not consent to evidence collection. 
+ Relative 
— If the upper time limit has been exceeded 


84.3 Materials and Medications 


+ Ideally, a designated SAFE room should be available. 

+ Standardized sexual assault evidence collection kits. 

+ Gloves 

+ Camera. 

+ Portable light source, 

+ Swab dryer. 

+ Wood's lamp. 

+ Anoscope. 

+ Colposcope, ideally with a camera 

+ Support material for survivors: information pamphlets, 
clothing, 

+ Prophylactic medications: antibiotics, antiretrovirals, 
contraceptives. 
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84.4 Procedure:“Prepare the Patient, 
Prepare the Room” 


1, Informed Consent 

+ A separate consent is required for the SAFE, Obtaining 
consent has important psychosocial implications for 
the survivor and returns “control” and “choice” to him 
oor her at this critical time [2]. If the survivor chooses 
not to undergo a SAFE, the examiner must respect his 
or her decision. Consent is not an “all-or-none” phe- 
nomenon and survivors can chose to consent to some 
steps and decline others. The examiner should be 
respectful of their decision 

+ Consent for the SAFE should include consent for ev 
dence collection, forensic photography, release of evi 
dence to law enforcement, and permission to discuss 
the findings of the SAFE, 

Law Enforcement Involvement 

+ State laws vary in terms of reporting requirements for 
sexual assault, The examiner should be familiar with 
the requirements in the state in which she or he prac~ 
tices. All survivors should he offered law enforcement 
involvement and the benefits of doing so should be 
‘outlined to them 


with investigators, 


Evidence Collection 

+ Sexual assault evidence collection kits are specialized 
preassembled kits containing essential materials for 
collecting and preserving evidence (Fig. 84.1). The kit 
contains written instructions, swabs, envelopes, body 
diagrams, and an integrity seal for the examin 

4, Forensic Interview and History Taking 

+ The forensic interview is the first step in the SAFE 
process. It is a therapeutic as well as a forensi 
cise, designed to establish rapport with the survivor, 
offer support, and gather information to help guide the 
medical care and direct evidence collection. Acquiring 
information is a continuous process that ends only 
when the survivor-SAFE interaction ends, 

+The survivor's exact words with quotation marks should 
bbe recorded. A simple factual account of events should 
tbe documented. Avoid biased or prejudicial language, 
such as 


Suse, 


legedly” or “claims.” Relevant information 
includes the time of the assault, the type of contact 
involved (offender-survivor and survivor-offender), the 
number of people involved, and the survivor's activities 
since the assault. A basic medical and obstetrical-gyne~ 
ological history is also relevant. The SAFE interview is 
not an investigative interview. Investigation of the sex- 
tual assault is the role of law enforcement. 
5, General Physical Examination 
+ The patient should be asked to undress over @ paper 
sheet to allow any trace evidence to fall and be col- 
lected. She or he should be given a gown to wear. A 


systematic head-to-toe examination should be under- 
taken, Identify any injuri 
Document them in writing, on a body diagram 
(Fig. 84.2), and, when possible, with photography. Pay 
attention to areas that can be easily overlooked: in the 
‘mouth, behind the ears, under the chin, and the soles of 
the feet, for example. Take time to palpate the scalp for 
areas of tenderness. 
6. Injury Documentation 
+ Always take time during documentation. Describe 
the type of injury—abrasion, contusion, laceration, 
‘orbite mark. Document the size and site of the injury, 
ideally include a measuring device in the photograph. 
A commonly used scale is the one provided by the 
American Board of Forensic Odontology (ABFO) 
(Fig. 84,3). If an injury appears to have a shape or 
pattern (¢.g., linear, circular, curvilinear, petechial), 
describe it without drawing speci 
7. Bite Marks 
+ Bite marks require additional evaluation because they 
may have salivary trace evidence associated with 
them. In addition to being described and. photo- 
‘graphed, they should be swabbed and the dried swabs 
included in the evidence collection kit. 


no matter how minor. 


onclusions. 


8. Forensic Pelvic Examination 
+ The purpose of the genital examination (external and 
speculum) is to identify injury and collect forensic 
evidence. 
9, Inspection 
+ Visually examine the external genitalia, Separate the 
labia and look in skin folds and at the posterior four 
chette for injury, The TEARS mnemonic (T=tear, 
E=ecchymosis, A=abrasions, R=redness, S=swell- 
ing) is a useful tool while inspecting and document- 
ing. External genital injury findings 
photographed using a standard camera (digital or 
conventional 35 mm) or a colposcope camera for 
additional magnification. 
10. Speculum Examination 
+ Insert a moistened speculum under a good light 
source and inspect the vault and cervix for any inju- 
ries or possible trace evidence for collection (pooled 
secretions, hair, retained condom, debris). A colpo- 
scope (Fig. 84.4) is a useful adjunct and allows for 
magnification and assists in injury identification and 
photodocumentation, 
+ Bimanual pelvic examination may be a part of some 
protocols but is not mandatory. 
LL. Rectal Examination 
+ Inspect the area looking for fissures, bleeding, or 
secretions. Anoscopy, if indicated by this history and 
permitted by the survivor, should be performed and 
the findings documented and photographed 


can be 
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12, Evidence Collection 


+ The evidence collection kit should be opened and the 
contents laid out in a systematic way. Once the eviden 
collection kit has been opened, it cannot be left unat- 
tended at any time, Each envelope should be labeled with 
the survivor's name and the time and date of collection. 
‘The required swabs and slides are included in the kit. 


13, Collection of Biological Material 


+ Evidence collection will include oral, anal, and vagi 
nal swabs, Swabs should be allowed to air dry before 
being placed back in the envelopes. Trace evidence 
should be collected and may include nail scrapings, 
dried secretions, loose hair collection, and possible 
foreign bodies (e.g., soil, condom). A Wood's lamp 
‘may help the examiner to identify dried secretions on 
skin or clothing. When each step is completed, the 
envelope will be closed, sealed, and signed by the 
examiner and returned to the box. 

+ When completed, the Sexual Assault Evidence 
Collection Kit (SAECK) is closed, the provided evi- 
dence seal placed on the box, and the seal signed and 
dated by the examiner. The evidence is then given to law 
enforcement (if the patient consents) or maintained in a 
predesignated, secure locked area if law enforcement is 
not yet involved in the case. Each time evidence is passed 
from person to person, the transfer must be documented 
in writing to ensure itis not compromised or tampered 
with in any way. This is the underlying principle of main- 

“Chain of Custody.” This chain must be main- 

ce to be admissible in court. 


14, Collection of Clothing 


+ Clothing may be considered “evidence” and col- 
lected in some cases. Depending on the case, this 
‘may include underwear and any feminine hygiene 
products. These may fit in the evidence collection kit 
itself. Larger items of clothing and/or shoes will need 
to be collected separately. They should be placed in 
‘an appropriately sized paper bag and labeled with the 
patient’s name, The bag should be sealed, signed, and 
dated by the examiner in the same Way as all other 
evidence. Any additional evidence should remain 
with the SAECK. The survivor should be provided 
with replacement clothes and underwear. 


15, Forensic Photography 


+ Although the examiner is not expected to be a special- 
ized forensic photographer, photodocument 
injuries is an important part of the SAFE. A separate 
consent is required, Either a conventional 35-mm cam- 
era or a high-resolution digital camera is acceptable. 

+ Atleast one image should include the survivor's fac 
or some form of identilying marks, Near and far 
images should be taken. The camera should be held 
at 90° to the surface to avoid distortion of the image 


‘A tape measure should be included when an injury is 
being photographed. An identifier, like medical 
record number or case number, should be visible in 
the image if possible. The examiner should document 
in the records that photographs were taken, 

Investigations 

+ Baseline complete blood count (CBC), chemistry 
panel, and liver function tests are generally drawn 
before initiation of human immunodeficiency virus 
(HIV) prophylaxis. Serologic tests for syphilis, hepa- 
titis B virus (HBV), hepatitis C virus, and HIV should 
bbe obtained. Urine should be sent for analysis and 
pregnancy testing, Urine for toxicology may be use- 
ful in selected cases. Testing for gonorrhea and chla- 
mydia before starting prophylactic antibiotics may be 
undertaken, but this remains controversial 


17. Prophylaxis 


+ Survivors should be offered prophylaxis against 
pregnancy, common sexually transmitted infections, 
HBV, and HIV. The current Centers for Disease 
Control and Prevention (CDC) guidelines recom- 
mend the following: 
(a) HBV vaccination should be offered to sexual 
assault victims at the time of the initial examina- 
tion if they have not been previously vaccinated. 
Postexposure HBV vaccination, without hepatitis 
B immunoglobulin (HBIG), should adequately 
protect against HBV infection. Follow-up doses 
¢ should be administered 1-2 and 4-6 
‘months after the first dose. 
(b) An empirical antimicrobial regimen for chlamydia, 
gonorrhea, and trichomonas should be offered. 
+ Recommended regimens 
~ Ceftriaxone 125 mg intramuscularly in a 
single dose 

~ PLUS 

~ Metronidazole 2 g orally in a si 

- PLUS 

~ Azithromycin | g orally in a single dose 

- OR 

~ Doxycycline 100 mg orally twice a day for7 
days 

(c) Emergency contraception protocols are state and 
institution specific, A negative pregnancy test 
should be documented before evidence collec- 
tion. Commonly prescribed regimens are “Plan 
By’ “Ovral;” and the recently approved “Ella.” 

(d) Update tetanus profile if indicated 

(e) HIV postexposure prophylaxis, 

+ All patients with significant exposure should 
receive pretest counseling and postexposure 
prophylaxis as per CDC guidelines [3]. The 
regimens are complex (Table 84.1). 
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Fig. 84.1 Sexual assault evidence collection kit 
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Fig. 84.4 Colposcope (Courtesy Bronx SART Program) 


Fig, 84.3 American Board of Forensic Odontology (ABFO) scale 
(Courtesy Bronx SART Program) 


Table 84.1. Postexposure prophylaxis as per Centers for Disease Control and Prevention (CDC) guidelines [3] 


Regimen Dosage 
Zidovudine (Retiovir, ZDV, AZT) +lamivudine (Epivw®, 310), | ZDV: 300 mig twice daily oF 200 mg three mes daily, with Tood; total: 
‘available as Combivie™ (600 mg daily 


STC: 300 mg once daily or 150 mg twice daily 
Combivir: ane tablet wice daily 


Zidovudine (Retrovi, ZDV, AZT) +emiscitabine (Emtsiva, FTC) 


300 mig twice daily or 200 mg three times daily, with food: tot: 
600 mg/day, in 2 or 3 divided doses: FTC: 200 mg (one capsule) once 
daily 


‘Tenofovir DF (Viread, TDF) +lamivudine (Epivir, 3TC) 


'300 mg once daily; STC: 300 mg once daily or 150 mg wive daily 


‘Tenofovir DF (Viread, TDF) +emiicitabine (Emuriva, FTC) 


TDF: 300 mg once daily; FTC: 200 mg once daily 
Truvada: one tablet daily 


AZT widothymidine. FTC, 


feitabine, 37C lamivudine, TDF tenofovir disoproxil fumarate, ZDV zidovudine 
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84.5 Pearls and Pitfalls 


+ Pearls 
~ Survivors will need to have both medical and psycho- 
social follow-up. Medical referrals should include 
gynecology and primary care for follow-up of their 
‘baseline serology, testing and completion of HBV vac- 
ination regimen, and so on. 

— Referrals for counseling and information with 24-h 
hotlines should be provided. Recovery from a sexual 
assault is @ process and is best achieved by a long-term 
‘support network [4]. 

+ Pitfalls 

— It is estimated that survivors are men in fewer than 
10% of cases, although sexual assault in males appears 
to be greatly underreported. The same principles for 
evidence and prophylaxis apply for the SAFE, 
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85.1 Indications 


+ Ischemic (“low-flow”) pri 


pism 


85.2 Contraindications 


+ To cavernosal aspirationvirrigation 
— Nonischemic (“high-flow”) priapism 
~ Overlying cellulitis 
— Uncontrolled bleeding disorder 
— Skin infection at the site of injection 
+ To. intracavernosal injection of vasoactive 
(a-adrenergic sympathomimetics) 
~ Severe hypertension 
— Dysthythmias 
— Monoamine oxidase inhi 


agents 
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85.3 Materials and Medications (Fig. 85.1) 


Sterile gloves 

‘Antimicrobial solution and swabs 

4x4 gauze sponges 

Local anesthetic (1 % lidocaine 5 mL. and 0.5 % bupiva- 
caine 5 mL, without epinephrine) 

10-mL. syringe 

20-mL syringe 

19- or 21-gauge butterfly or straight needles (2) 
Blunt needle 

27-gauge needle 

Normal saline, 1000 mL. 

Phenylephrine 1 % solution (10 mg/mL), 1 mL. 
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85.4 Noninvasive Therapy Preprocedure 


1 


Administer analgesia 
benzodiazepines). 
Administer subcutaneous terbutaline as soon as the diag- 
nosis is suspected (0.25-0.5 mg subcutaneous in quadri- 
ceps, deltoid, or gluteus maximus) and repeat after 20 min 
iff necessary 

+ Ifresolution of priapism does not occur with subcuta- 

neous terbutaline, proceed to cavemosal aspiration, 


(eg. parenteral opiates, 


85.5 Procedures 
85.5.1 Dorsal Penile Nerve Block Procedure 


1. Position the patient in the supine position. 

2. Apply povidone-iodine solution liberally to the penis 
and scrotum using a 4x4 gauze pad. 

3. Clean the glans and shaft of the penis in a circular 
motion, 

4, Establish a sterile field by placing drapes between the 
scrotum and the shaft, above the shaft, and on either side 
(Fig. 85.2). 

5. Draw up 5 mL. 0.5 % bupivacaine and 5 mL. 1 % ligno- 
caine (both without epinephrine) into a single syringe. 

6. Using a 27-gauge needle, inject local anesthetic superfi- 
cially to raise skin wheals at the (dorsal) 2 and 10 o’clock 
positions as proximal to the base of the penis as 
possible 

7. Insert the needle through the wheal atthe 2 o'clock posi- 
tion at the base of the penis until it contacts the pubic 
symphysi 

8. Withdraw the needle slightly and walk the needle in 
caudal fashion down the pubis until the needle passes 
immediately below the symphysis and advance to 
depth of 5 mm deeper than the depth of the pubic sym- 
physis (Fig. 85.3). 

+ A transmitted “pop” may be felt as the needle pene- 
trates the superficial penile fascia beneath the 
symphysis. 

9, Aspirate to conlirm the tip of the needle is not within the 
lumen of a vessel. 

10. Inject 4 mL. of solution. 

11. Repeat the injection of local anesthetic as outlined at the 
10 o'clock position of the penile base to anesthetize the 
right dorsal penile nerve (Fig. 85.4). 
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Fig. 85.2 Priapism in sterile 
field 


Fig. 85.3 Schematic anatomy of dorsal penile nerve block 
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Fig. 85.4 Injection of local 
anesthetic 
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85.5.2 Cavernosal Aspiration Procedure 


1, Attach a 19- or 21-gauge needle to a syringe. 

2, Puncture the corpus cavernosa at the 2 o'clock or 10 
‘o'clock position (—+60° or ~60° from the midline) on the 
suprapubic aspect of the penis approximately 3 em from 
the penile base, directing the needle straight toward the 
center of the ipsilateral cavernosum. 

+ Never use the glans as a puncture site during this 
procedure. 

3, Advance the needle slowly while drawing back on the 
plunger until blood is visible in the syringe (blood is usu- 
ally easily aspirated), 

4, Once blood is obtained, do not advance further, stabilize 
the needle, and use one hand to aspirate 20-30 mL. of blood. 
while milking the corpus with the free hand (Fig. 85.5). 

+ The needle should not be advanced further once blood 
is visible in the syringe to minimize the risk of injury 
to the cavernosal artery. 

+ Avoid excessive negative pressure on the plunger 
because this often halts aspiration, 

+ If detumescence is not achieved using the above steps, 
proceed with the following steps. 


Fig. 85.5 Aspiration of 
‘cavernosa blood 


|. Wrap the detumescent peni 


Insert an irrigation needle by puncturing the corpus caver- 
nosum on the same side of the penis punctured with the 
aspiration needle, approximately | em from the penile 
base. 
Irrigate the oxygen-depleted blood in the cavernosa by 
injecting 20-30 mL. of 0.9 % normal saline via the prox- 
imal needle in exchange for the blood aspirated 
(Fig. 85.6), 
Repeat the cycle of aspiration of 20- to 30-mL volumes 
of blood from the distal needle followed by irrigation 
with an equal volume of 0.9 % normal saline via the 
proximal needle until flow into the syringe of dark red 
(oxygen-depleted) blood ceases and bright red (oxygen- 
rich) blood is aspirated or until detumescence is achieved 
(Fig. 85.7) 
+ When removing the needle after cavernosal aspiration, 
‘compress the puncture site for approximately 1 min to 
prevent hematoma formation, 


gauze or an elastic ban- 
dage to prevent return of priapism and to compress the 
puncture site(s) (Fig. 85.8). 
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Fig. 


6 Aspiration and 
‘eavernosal blood 


Fig. 85.7 Detumescence 
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Fig. 85.8 Detumescent penis 
‘wrapped in compression dressing 
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85.5.3 Intracorporeal Injection Procedure 

1. Prepare a diluted concentration of 100 jig/ml. 
(1 mg/10 mL) phenylephrine solution by aspirating 
0.1 mL of standard 1 % (10 mg/mL.) phenylephri 
tion into a 10-mL syringe and then adding normal saline 
to a total volume of 10 mL. 

2. Attach a 25- or 27-gauge needle to the syringe. 

3. Puncture the corpus cavernosum at the 2 o°clock or 10 
‘o'clock position (—+60° or ~60° from the midline) on the 
suprapubic aspect of the penis approximately 1 cm from 
the penile base 
+ Puncture only one side of the penis, 

4. Confirm the position of the needle by drawing back on the 
plunger to aspirate blood from the corpus cavernosa. 

5, Inject 1 mL of phenylephrine solution every 3-5 min 
‘+ Repeat injections of phenylephrine (up to the maxi- 

‘mum dose of 1000 jig) should be continued until the 
erection resolves; only thereafter should this proc 
dure be abandoned in favor of the more inva 
approach of surgical shunt. 

6. Wrap the detumescent peri 
dage to prevent the return of priapism and to compress the 
puncture site(s). 


solu- 


in gauze or an elastic ban- 


85.6 Complications 


+ Of cavernosal aspiration/rrigation 
— Hematoma (at puncture site) 
— Infection (at insertion site or systemic) 
— Thrombosis 
— Arteriovenous fistula 
— Pseudoaneurysm formation 
— Traumatic puncture of dorsal penile or urethra 
— Exsanguination (secondary to dislodgement of 


catheter) 
— Cerebrovascular accident (secondary to air embolism) 
+ OF intracavernosal injection of vasoactive agents 


(a-adrenergic sympathomimetic 

— Fibrosis of the corpora, pain, penile necrosis, urinary 
retention 

~ Phenylephrine toxicity 

— Acute hypertension, headache, reflex. bradycardia, 
tachycardia, palpitations, cardiac arrhythmia 


85.7 Pearls and Pitfalls 


+ Pearls 

— In ischemic priapism, the penis and corpora cavernosa 
are rigid and tender to palpation. 

— Ischemic priapism commonly results from an underly- 
ing hypercoagulable state, tumor, infection, neurologi- 
cal impairment (“spinal shock”), or vasoactive drug 

— During intracorporeal injection, the pa 
monitored for known side effects of sympathomimet 
including hypertension, headache, reflex. bradycardi 
tachycardia, palpitations, and cardiac amhythmia, In 
addition, in patients with elevated cardiovascular risk 
profiles, blood pressure and electrocardiographic moni- 
toring should be performed, 

ck a urological consult as soon as possible for any 
patient presenting with priapism, 
— Resolution of priapism can be verified by measure- 


rt should be 
s, 


ment of cavernous blood gases or measurement of 
blood flow by color duplex ultrasonography. 

— Phenylephrine is the sympathomimetic agent of choice 
for intracavernosal injection because it is has a lower 
likelihood of causing adverse cardiovascular side 


effects than other agents. If this is unavailable, alterna- 

's include epinephrine, norepinephrine, ephedrine, 
‘metaraminol, and etilephrine. 

— Intracavernous aspiration/irrigation/injection therapy 
is unlikely to resolve ischemic priapism lasting for 


tiv 


48 h or longer. In such cases, immediate surgical 
shunting is first-line treatment. 
= Once detumes 


is achieved, any unmetabotized 
drugs in the corpus cavernosa enter the venous 
circulation, and thus, dosages of any vasoactive drugs 
injected must be monitored carefully. 
+ Pitfalls 
— The most common complication of ischemic priapism 
is complete erectile dysfunction, 


492 


J.Kile etal 


85.8 Considerations 
85.8.1 Blood Gas Analysis 


This inv 


tigation provides a rapid distinction between 


ischemic and nonischemic priapism, Blood aspirated from 


the corpus cavernosum in ischemic priapism 


Table 85.1 Summary of ewvemosal blood gas findings 


dark in 


color with partial pressure of oxygen (PO:) less than 
30 mmHg, partial pressure of carbon dioxide (PCO:) 
greater than 60 mmHg, and pH less than 7.25. In nonisch- 
emic priapism, respective values will be PO, greater than 
90 mmHg, PCO, less than 40 mmHg, and pH of 7.4 
(Table 85.1). 


pH PO; (mm Hy) PCO, (mm Hy) 
Ischemic priapisn <I.25 <0 360) 

Arterial blood 740 390 <40 

‘Mixed venous blood 735 40 50 


‘PCO; partial pressure of carbon dioxide, PO2 partial pressure of oxygen 
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85.8.2 Sickle Cell Testing 


The sickle-solubility test detects any 
(therefore, it is positive in patients with either sickle cell 
train or sickle disease). Hemoglobin electrophoresis with 
10 % or greater HbS suggests sickle cell disease. Anemia 
and increased reticulocyte count may also be present in 
sickle cell disease. 


ickle hemoglobin 


85.8.3 Hemoglobin Electrophoresis 


Confirmatory test for sickle status after a positive sickle- 


solubility test 


85.8.4 Complete Blood Count 


1 infection or 


White blood cell (WBC) count may sugg 
blood dyscrasia. Hemoglobin (Hb) and reticulocyte counts 
‘may suggest sickle cell disease. 


85.8.5 Color Duplex Ultrasonography 
Blood flow in cavernosal arteri 


ischemic priapism, whereas flow velocity is normal to high 
in nonischemic priapism. 


is absent or minimal in 


85.8.6 Urine Toxicology and Psychoactive 
Drug Screen 


‘The following drugs have been associated with priapism: anti- 
hypertensives, anticoagulants, antidepress 
Jjuana, cocaine, and other illegal substances. Intracavernous 
injection therapy using drugs such as alprostadil, papaverin 
prostaglandin El, phentolamine, and others may precipitate 
priapism. 


ts, alcohol, mari- 
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Phimosis occurs when the distal aspect of the prepuce cannot 
be retracted over the glans. 

Paraphimosis is a true urological emergency: it occurs 
when retracted paraphimotic foreskin cannot be replaced to 
its normal position past the coronal sulcus, resulting in 
venous and lymphatic congestion leading to arterial ocelu- 
sion, ischemia, and necrosis of the glans 

Both conditions commonly result from chronic infection 
from poor local hygiene in uncircumcised males; it can also 
be due to redundant skin. 


86.1 Indications 

+ Phimosis: signs of acute urinary retention 

+ Paraphimosis: signs of present or impending arterial 
occlusion 


86.2 Contraindications 


+ Absolute 

— Failure to rule out penile swelling and pain due 
(cg. posthitis/balanoposthitis, 
|. insect bite, constricting band) 


her- 


native conditions 


angioedema 
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86.3 Materials and Medications 


Latex-free gloves (sterile) 

Local anesthetic 

— 2% lidocaine without epinephrine (preferred) 

— 2% lidocaine gel or eutectic mixture of local anesthet- 
ics (EMLA) cream (2.5 % prilocaine and 2.5 % 
lidocaine) 

25- to 27-gauge 1.5-in, needles (2) 

‘Small plastic syringe, 10 mL (1) 

Bag of ice (1) 

2.inch elastic presstre dressing (1) 

Sterile gauze (1) 
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86.4 Procedure: 


6. 


Manual Reduction 
for Paraphimosis, 


Grasp the swollen foreskin of the penis and apply gentle 

compression for a few minutes, 

Grasp the swollen foreskin and elevate upward, 

Push the glans into the foreskin. 

Place the patient in the supine position and carefully 

inspect the penis for constricting bands or foreign bodies 

(ca. piercings), 

Usage of penile block to provide analgesia to the shaft 

and glans penis depends on urgency, patient age, and 

cooperativeness (Fig. 86.1). 

(a) Use a 25- to 27-gauge needle to inject lidocaine into 
the base of the penis, at the junction between the 
penis and the suprapubic skin, away from the midline 
to avoid the superficial dorsal vein, 

(b) Inject lidocaine just deep to Buck’s fascia (3-S mm. 
beneath the skin) to form wheals, where a slight 
“pop” is felt as the needle penetrates the fascial layer. 

(©) Between I and 5 mL of local anesthetic should be 
used, depending on the age of the patient, which can 
be delivered as follows: 

+ Half the volume should be injected at the 10 
o’clock position and the remainder at the 2 o'clock 
position or 

+ Full volume of local anesthetic is injected midline 
through Buck’s fascia, directed toward each direc- 
tion, ensuring negative aspiration of blood, 

Altematively, use gauze soaked in topical local anesthetic to 

‘cover the penis (2 % lidocaine gel or EMLA cream (2.5 % 

prilocaine and 2.5 % lidocaine), which has slower onset. 


7. For phimosis 


(a) IF acute urinary retention occurs, dilate the foreskin 
under procedural sedation or penile block to allow 
Foley catheterization. 


8. For paraphimosis 


(a) Once penile analgesia is achieved (typically in 5 min 
With penile block), relieve tissue edema before 
attempting reduction by using 
+ Bag of ice (3 min at a time), or 
+ Granulated sugar (contraindicated in emergent 
situations owing to time required), or 

+ Manual compression (squeezing the glans for 
5S min), or 

+ Pressure dressing (2-in, elastic bandage over the 
gland for 5 min) 

(b) Place both thumbs over the glans, with both index 
fingers and long fingers surrounding the trapped fore~ 
skin proximal from the paraphimotic tissue. 

(©) Use the thumbs to push the glans back into the fore- 
skin while pulling the trapped foreskin distally, which 
‘may require a few minutes of constant pressure 
(Fig. 86.2). 

(a) Can also attempt using Babcock (once in each quad- 
rant) or Adson (3 and 9 o'clock positions) forceps to 
grasp the paraphimotic tissue (Fig. 86.3) 

(c) If ineffective owing to extreme tissue edema, seek 
emergent urological consultation. 

(1) Follow-up with urologist is always recommended; 
circumcision may be performed once infection and/ 
or edema have resolved to prevent recurrence 

ig. 86.4), 
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Fig. 86.1. Penile block to 
provide analgesia to the shaft and 
sans penis 


Fig. 86.2 Use the thumbs to push the glans back into the foreskin 
‘hile pulling the trapped foreskin distally, 


as 4J.Chen and M Waseem 


Fig. 86.4 Circumcision may be performed once infection and/or 
‘edema have resolved to prevent recurrence 


1 


Fig. 86.3 (a) Babcock forceps. (b) Adson forceps 
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86.5 Complications 


+ Bleeding/infection of injection site(s) 

+ Phimosis and scarring due to foreskin manipulation. 

+ Usage of Adson or Babcock forceps may result in minor 
bruising and abrasion to the foreskin and glans penis, 


86.6 Pearls and Pitfalls 


+ Pearls 
— Phimosis is a normal occurrence in young males 
(<5-6 years) and should be treated only in the presence 
of acute urinary retention. 
— If arterial compromise is imminent in paraphimosis, 
the emergency physician should attempt reduction if 
urological consult is unavailable. 


+ Pitfalls 
— Reduction of phimotic tissue over the coronal sulcus 
‘may lead to emergent paraphimosis. 
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87.1 Indications 
+ Testicular torsion is clinical diagnosis (Fig. 87.1). 

— Although no single clinical finding has 100 % sensitiv- 
ity for the presence of testicular torsion, patients will 
have one or more of these signs and symptoms: nausea 
‘or vomiting, pain for less than 24 h, high position of 
the testis, and/or abnormal cremasterie reflex [1]. 

— If the diagnosis is in question, radionuclide sean or 
ultrasonography of the testicles may be helpful to 
assess blood flow and to differentiate torsion from 
other conditions (Fig. 87.2). 
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‘Normal testicle 


‘Spormatic cord 


Epicidymis 


Urethra 


Testicle 


‘Testicular torsion 


“Twisted spermatic cord 


Epididymis 


Testicle 


Fig.87.1. Schematic of normal testicle and testicular torsion 
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Fig. 87.2 Doppler ultrasound of bilateral testes shows swollen right left testis which has normal dow (right panel) (Reproduced with per 
testis with hypoechoic areas within and reduced arterial signal suggest- mission from: Bhagra et al. [4]) 
ing testicular torsion with necrosis (left panel). This is compared tothe 
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87.2 Contraindications 


+ Do not attempt if the length of symptoms is greater than 
24h 

+ Manual detorsion should not delay scrotal exploration 
and bilateral orchiopexy in the operating room [2] 


87.3 Materials and Medications 


+ Standard precautions barrier protection for the provider 

+ Local anesthetic (optional to anesthetize the spermatic 
cord near the external ring) 

+ Intravenous sedation (optional) 


87.4 Procedure 


+ The physician stands at the patient’s feet and rotates the 
affected testicle away from the midline (as if opening a 
book) (Fig. 87.3). 

— For detorsion of the left testicle: the physician will 
place his or her right thumb and index finger on the 
affected testicle and rotate the testicle 180° from 
medial to lateral (2) 

— For detorsion of the right testicle: the physician will 
place his or her left thumb and index finger on the 
affected testicle and rotate the testicle 180° from 
‘medial to lateral 


Fig. 87.3 (a) As if opening a book, rotate the testicle away from the 
line. (b) Affected testicle should be rotated 180° from medial to 
lateral 
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87.5 Pearls and Pitfalls 


+ Pearls 

— The most common misdiagnosis is epididymitis. 

— Because torsion of greater than 360° degrees is possi- 
bble, more than one rotation may be needed to fully 
detorse the affected testis (Fig. 87.4). 

— Only surgical exploration can provide a definitive res- 
lution if testicular torsion is present [2] 

+ Pitfalls 

— The most common causes of testicular loss after tor- 
sion are delay in seeking medical attention (58 %), 
incorrect initial diagnosis (29 %), and delay in treat- 
‘ment at the referral hospital (13 %) [3] 


87.4 Because torsion of greater than 360° degrees is possible, 
es grees is ps 

‘more than one rotation may be needed to fully detorse the affected 

testis 
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Skin and Soft Tissue Procedures 


Local Anesthesia 
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88.1 Indications 


+ Laceration repair 
+ Abscess incision and drainage 
+ Wound exploration 

+ Vascular access procedures 
+ Foreign body removal 

+ Lumbar puncture 


88.2 Contraindications 


+ History of allergy (usually to the ester class [e.g., pro- 
caine, tetracaine)), amide class (eg., lidocaine 
[Xylocaine}, bupivacaine, mepivacaine) may be safely 
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substituted if true allergy to esters and vice versa, One 
percent diphenhydramine (4 mL normal saline: 1 mL. 5 % 
intravenous [IV] diphenhydramine [Benadryl] mixture) 
can be used in patients with true allergy. 

Topical preparations on mucous membranes, burns, 
abraded/denuded skin, or eyes owing to potential toxicity 
from increased absorption and corneal injury. 

Common teaching is to avoid epinephrine-containing 
anesthetic solutions in nose, penis, and digits for concern 
of ischemia owing to end-artery constriction, Recent 
studies including prospective trials and comprehensive 
literature reviews, however, do not validate this concern 
[1,21 
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88.3. Materials and Medications (Fig. 88.1) + 18.,25-, or 27-gauge needles, syringes up to 10 mL. 
+ Sterile and nonsterile gloves, face shield 
+ 1 % Xylocaine with or without 1:200,000 epinephrine, + Alcohol pads and povidone-iodine swabs 
0.25 % bupivacaine solution. 8.4 % (I mL/mL) sodium 
bicarbonate (optional) 


Fig. 88.1. Local anesthesia 
materials 


88 Local Anesthesia 
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88.4 Procedure 


1. Position the patient in a comfortable position (supine, sit- 
ting, anticipating vasovagal response). 

2, Draw the anesthetic with an 18-gauge needle into a 
syringe. Be aware of the maximum dose for the particular 
local anesthetic to avoid systemic toxicity. 

3, Take steps to minimize the pain of infiltration (Table 88.1). 

4, Prepare the area with povidone-iodine solution; cover 
surrounding areas with sterile drapes. 

5, Inject subcutaneously by direct infiltration with a 25- to 
27-gauge needle noting wheal and blanching. If a clean 


Table 88.1 Common anestheties and their characteristics 


‘wound, may inject into wound edges. Usually no aspira~ 
tion is needed because the infiltration is superficial to 
major blood vessels. 


.. For contaminated wounds or abscess incision and drain- 


age, perform field block by inserting the needle into clean 
intact skin adjacent to the wound and continuing in a cir- 
cular manner around the wound, injecting into the previ- 
ously anesthetized area (Fig. 88.2) 

Wait several minutes for the local anesthetic to provide 
the maximum effect. 


8. ‘Test the area for sharp sensation with a needle tip or other 


sharp object. 


‘Maximum dose with 
Medication ‘Time to onset (min) | Length of action ‘Maximum dose (mg/kg) _| epinephrine (mg/kg) 
‘Marcaine (bupivacaine) 510 53h, upto 9 with 25 25-35 
epinephrine 
‘Xylocaine (idocuine) 2 30-75 min (longer with 3 Ss 
epinephrine) 


Fig. 88.2. Local infiltration should be performed in a circular fashion 
‘ith each injection performed over the prior anesthetized area 
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88.5 Complications 


+ Systemic toxicity 

+ Allergic reaction 

+ Infection 

+ Digital artery vasospasm from accidental injection of 
epinephrine (can be reversed with topical nitroglycerine 
or subcutaneous phentolamine) 

+ Vasovagal response 


88.6 Pearls 


+ Minimize or reduce the pain of infiltration by use of the 

following: 

— Warm Xylocaine before infiltration (blanket warmer or 
water bath) [3]. 

~ Buffer Xylocaine with I mL. 8.4 % sodium bicarbonate 
for every 10 mL of Xylocaine, Butler bupivacaine with 
0.05-0.10 ml. sodium bicarbonate for every 10 mL of 
bupivacaine (greater chance of precipitation), 


~ Use a small-gauge needle (e.g., 27 gauge) and inject 
slowly. 

— Use a small syringe (1-3 mL) to reduce the pressure of 
injection 

— Withdraw the needle and, just before exiting the skin, 
redirect and inject. 


— Inject in a circular manner around the wound with each 

subsequent injection entering a previously anesthetized 
‘area, such that the patient feels only one needle stick 
(Fig. 88.2), 

— Inject into the subcutaneous plane as opposed to the 
intradermal plane. 

~ Consider using a topical anesthetic before infiltration, 
especially in pediatrics (lidocaine, epinephrine, tetra- 
caine [LET]), 

+ Beware of toxicity by not exceeding the maximum dose, 
especially in lange or multiple lacerations. Even at standard 
doses, toxicity can occur with inadvertent vascular injection, 
injection into highly vascular areas, or onto mucous mem- 
branes [4,5]. 


— Convert % mg/mL. into mg/kg by moving the decimal 
one place to the right (e.g., 1% Xylocaine becomes 
10 mg/mL. and 0.25 % bupivacaine becomes 2.5 mg/ 
mL). 

— Xylocaine can be safely injected up to 3.5 mg/kg every 
30 min, up to 300 mg/dose. If the mixture contains epi 


— Bupivacaine can be injected at 2.5 mg/kg and 3.5 mg/ 
kg with epinephrine and can be injected every 3 h with 
daily maximum of 400 mg [5] 

+ When treating a wound, itis important to first anesthetize 
so debridement, cleansing, and irrigation can adequately 
be performed, 

+ Choose appropriate anesthetics. Xylocaine lasts approxi- 
‘mately 75 min, and bupivacaine lasts several hours. 
Adding epinephrine to either increases vascular constric- 
tion, thereby decreasing systemic absorption and signif 
cantly increasing the duration of effect. 

+ Topical anesthetics have a role in pediatric populations 
and in conjunction with or as an alternate to local infiltra- 
tive anesthesia. TAC is a mixture of 0.5 % tetracaine, 
0.05 % epinephrine, and 11.8 % cocaine. LET is 4% lido- 
caine, 0.1 % epinephrine, and 0,5 % tetracaine. LET has 
been found to be safer and more cost-effective [6] 
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89.1 Indications 

+ Repair of wounds where preserving anatomical land- + 
marks or having precise anatomical alignment is impor- + 
tant (e.g., vermillion border of lip) + 

+ Pain control in dislocation or fracture reductions 

+ Incision and drainage of abscesses 

+ Burn and wound care 

+ Extensive or multiple lacerations (reduces total amount of 
local anesthetic needed) 

+ Foreign body removal 
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89.2 Contraindications 


Allergic to local anesthetic (see Chap. 88) 
History of coagulopathy or bleeding disorder 
Injection through infected tissue 


su 


L. Ganti (ed), Atlas of Emergency Medicine Procedures, DOI 10,1007/978-1-8939-2507-0_89 


52 D. Ailes and M. Waseem 


89.3. Materials and Medications (Fig. 89.1) + 18-gauge, 
+ 22-10 24-gauge spinal needles 
yringes up to 60 mL. 


0- to 30-gauge needles 2 in, in length 


+ Povidone-iodine, alcohol swabs 

+ Sterile gloves and drapes 

‘+ Local anesthetic solution (e.g., lidocaine, Mareaine with 
cr without epinephrine) 


Fig. 89.1. Materials 
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89.4 Procedure: General Block 


1. Obtain consent after explaining the risks of procedure 

including temporary paresthesias and expected duration 

of block. Perform neurological examination before proce~ 

dure, documenting any preexisting deficits. 

Position the patient comfortably, preferably supine, antic- 

ipating vasovagal response. 

3, Identify landmarks for the block. Clean area, prepare with 
povidone-iodine, and surround with sterile drapes. 

4, A small skin wheal of local anesthetic may be placed at 
the site of needle entry before block, 

5, Insert the needle into the site while aspirating to ensure it 
is not in a vessel. 

6, If paresthesia is elicited, withdraw the needle slightly 
allowing paresthesia to improve and inject. 

7, Wait 5-15 min for the block to reach full effect. 

8. Test for sharp sensation in the anesthetized area and 
document. 


89.5 Complications 


+ Infection 

+ Hemorrhage 

+ Hematoma 

+ Allergic reaction 

+ Systemic toxicity (exceeded maximum dose or inadver- 
tent injection into vasculature) 

+ Paresthesias, pain 


+ Intrancural injection causing ischemia 
+ Intra-arterial injection of epinephrine causing vasospasm 
and tissue ischemia 


89.6 Pearls and Pitfalls 


+ Pearls 

— Itis important to aspirate before injecting anesthesia 
when performing regional anesthesia because, unlike 
local techniques, the needle is deeper and in proximity 
to larger vessels. 

— Shooting pain and/or paresthesias occurs when the 
needle contacts the nerve, When this happens, with- 
draw the needle 1 mm and wait for the paresthesia to 
resolve before injecting, 

— Injury can occur to a limb or digit if the patient manip- 
ulates it before the anesthesia wears off. The patient 
should be cautioned not to use the affected area until 
‘motor and sensation return, If an extensive block was 
done, monitor the patient in the emergency department 
until return of baseline neurological function, 

+ Pitfalls 

— Itis traditionally taught to avoid epinephrine-containing 
solutions in blocks in end-artery blocks (e.g., digital 
blocks). However, evidence for any vascular insufl 
ciency and necrosis as a result is lacking in standard 
commercially available lidocaine with epinephrine 
preparations. They should, however, be avoided in 
patients with peripheral artery disease [1,2] 
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89.7 Selected Specific Blocks 


+ Contraindications and materials are the same as general 


block. 


89.7.1 Facial Blocks: Trigeminal Nerve 


(Fig. 89.2) (2, 3] 


Fig. 89.2 Vertical plane through the 
‘midposition ofthe pupil shows the 
position ofthe supraorbital foramen, 
infraorbital foremen, and mental 
Toramen | 


Supraorbital 
Opthaimic 


Supratrochiear 
Maxillary 


Infracrbtal 


Mandibular 


Mental 
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89.7.1.1 Supraorbital (Fig. 89.3) 
and Supratrochlear Nerve Block 
+ Indications 
— To anesthetize the forehead from the orbital ridge to 
the Vertex of the scalp. The supraorbital nerve emerges 
from the supraorbital foramen/notch and is a branch of 
the ophthalmic division of the trigeminal nerve. The 
supratrochlear nerve also is a branch of the ophthalmic 
division of the trigeminal nerve and exits through the 
superior medial aspect of the orbit 
+ Procedure 
1. Inject local anesthetic solution over the midline of the 
forehead at eyebrow level. 
Inject a 25- or 27-gauge needle through skin wheal 
aimed laterally while injecting 3-5 mL. local anesthetic 
subcutaneously. Stop infiltrating when the needle 
reaches the midline of the orbit, 


(9.89.3. Supraotbital nerve block 


89.7.1.2_ Infraorbital Nerve Block 
+ Indications 

— To anesthetize the medial cheek, upper lip, philtrum, 
skin between the lips and the nose, and nasal ala. The 
infraorbital nerve emerges from the infraorbital fora- 
men and is a branch of the maxillary division of the 
trigeminal nerve, Anesthesia to the infraorbital nerve 
will also provide anesthesia to its terminus, the supe- 
rior alveolar nerves. 

+ Procedure: Extraoral Approach (Fig. 89.4) 

1. Palpate the inferior orbital foramen in its midline posi- 
tion. The infraorbital nerve is often tender on palpation 
as it exits the foramen. 

2. Inject a 25- or 27-gauge needle just above the infraor- 
bital foramen injecting 1-2 mL of local anesthetic. 

3, Take care not to inject into the foramen because there 

sed risk of intraneural injection. 

4, Hold a finger on the inferior orbital rim to avoid 
ballooning of the lower 

5, Intraoral approach is possible and pre 
is less painful 


Fig. 89.4 Extruoral approach to the infraorbital nerve block 
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Procedure: Intraoral Approach (Fig, 89.5) [3] 


1 


Apply topical benzocaine or lidocaine gel to the point 
of insertion, which is the height of the mucobuccal fold 
over the first premolar, which is the site of insertion, 
Wipe off 
Palpate with the finger of the noninjecting hand over 
the inferior border of the inferior orbital rim. Retract 
the lip with the noninjecting hand. 

Using a long 25- to 27-gauge needle, with the bevel 
toward the bone, advance the needle at the insertion 
site toward the infraorbital foramen. Once the target 


1-3 min, 


is reached, aspirate and inject 1 mL of local 
anesthetic, 
Exert pressure on the foramen for I min after injection 


to force the anesthetic through the infraorbital foramen. 
If the needle is difficult to advance and the patient 
experie 

ally and advance. 

If analgesia is attained forthe lip but not the eyelid, the 
analgesia was placed inferior to foramen, and if anal- 


s pain on insertion, redireet the needle later- 


gesia is attained for the eyelid but not the lip, place- 
ment was superior to the foramen, 


Fig. 89.5. Intraoral approach tothe infuorbital nerye block 
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89,7.1.3 Mental Nerve Block 


+ Indications 
— To anesthetize the lower lip and chin and is especially 
useful in laceration repair at those 
nerve emerges from the mental foramen and is a branch 
of the mandibular division of the trigeminal nerve. 
Mental foramen lies in the vertical plane with the mid- 
point of the pupil and sits in the middle of the body of the 
mandible. 
+ Procedure: Extraoral Approach (Fig. 89.6) 
1. Inject local anesthetic solution over the identified 
location of the mental foramen, creating a skin 
wheal 


ites. The mental 


2. Advance a 25- or 27-gauge needle through the skin 
wheel until the mandible is contacted, injecting 
1-2 mL of local anesthetic 

3. Intraoral approach is possible and preferred because it 

is less painful 
+ Procedure: Intraoral Approach (Fig, 89.7) (3] 

1. Apply topical benzocaine or lidocaine gel to the point 
of insertion, which is the mucobuccal fold between the 
apices of the first and the second premolars. Wipe off 
after 1-3 min 

2. Insert a 25- to 27-gauge needle, with the bevel toward 
the mandible, aimed toward the mental foramen, 

third the depth of the mandible and 
contacting the mandible, inject 1-2 mL of local 
anesthetic. 

4, By pressing firmly on the mental foramen for 2-3 min 
after the mental foramen has been blocked, an incisive 


3. Alier advancing o1 


nerve block is also created. This is useful if anesthesia 
lo the lower anterior teeth is also desired. 


Fig. 89.6. Extraoral approach to the mental nerve block 


Fig. 89.7 Intraoral approach to the mental nerve block 
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89.7.2 External Ear Block (Fig. 89.8) [4] 


+ Indications 
— To anesthetize the entire external ear, excluding the 

external auditory canal and the concha 

— Especially useful in large lacerations of the ear and 

surrounding skin, hematoma evacuations, or incision 
and drainage of abscess, 

+ Procedure: Auricular Ring Block (Fig. 89.9) [4] 

1. Using a 25- to 27-gauge needle, insert the needle just 
inferior to the earlobe directing it toward the tragus, 
Aspirate and advance the needle superiorly subcutane- 
‘ously injecting 3-4 mL. of local anesthetic (Fig. 89.9, #1) 
3. Withdraw the needle without fully removing it and 

redirect it posterosuperiorly along the inferior poste- 

rior auricular sulcus, aspirating and injecting as before 

(Fig. 89.9, #2), 

4, Remove the needle and insert it just superior to the 

point of helix insertion into the scalp. 

Advance the needle and aspirate and inject in the dire. 

tion of the tragus. Inject into the subcutaneous tissue 

while avoiding the ear cartilage (Fig. 89.9, #3). 

6, Withdraw and redirect the needle posteriorly and infe- 
riorly toward the skin behind the ear, injecting as 
before (Fig. 89.944), 

7. Beware of inadvertent cannulation of the superficial 
temporal artery, which crosses the zygomatic arch 
and crosses medial to the ear. If the artery is vio~ 
lated, it requires 20-30 min application of firm 
pressure. 


Fig. 89.8 Auricular block anesthetizes four nerves that innervate the 
auricle. 1 Great auricular nerve, 2 lesser occipital nerve, 3 auricular 
branch of vagus nerve, 4 auriculotemporal nerve 


Fig. 89.9. Auricular ring block technique 


89 Regional Anesthesia (Nerve Blocks) 
89.7.3 Wrist Block (Fig. 89.10) [3, 5, 6] 


+ Indications 
nnesthetize the hand in preparation for laceration 
repair, fracture or dislocation reduction, or pain 
relief 


Fig. 89.10 Nerve distribution in the band 
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89.7.3.1 


Pp 
1 


Wrist Block: Median Nerve (Fig. 89.11) 


racedure 
Position the patient supine with the palmar surface of 
the hand face up. 
Have the patient make a fist and slightly flex the wrist 
so that the palmaris longus and flexor carpi radialis 
tendons become prominent. 
Create a skin wheal of local anesthetic between the 
two tendons between the proximal skin crease and the 
distal skin crease at the wrist. Alternatively, anesthetic 
can be injected in line with the ulnar styloid process at 
the proximal skin crease. 
‘The palmaris longus tendon is absent normally in 
10-20 % of the population, In this case, inject over the 
midpoint of the proximal skin crease at the level of the 
styloid process, 


89.11 Median nerve block at the wrist: J proximal and distal 
creases radial artery, 2 flexor carpi radilis tendon, 3 palmacis 


Tongus tendon, 4 ulnar artery, 5 styloid process 
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89.7.3.2 Wrist Block: Radial Nerve (Figs. 89.12 
and 89.13) [3, 7] 
+ Procedure 
1, To block the radial nerve, block multiple peripheral 
branches on the dorsal and the radial aspects of the 
lateral wrist 
2. A field block in and around the anatomical snuffbox 
may be performed, requiring roughly 5-6 mL. of local 
anesthetic. This anesthetizes the terminal branches of 
the radius arising from the forearm. 


3. Position the patient’s palm face up and inject « skin 
wheal to the area 1 mm lateral to the radial pulse and 
in line with the proximal wrist crease. Inject 2 mL of 
local anesthesia with a 25- to 27-gauge needle. This 
anesthetizes the terminal trunk of the radial nerve. 


Fig. 89.12 Radial nerve block atthe wrist: J radial artery, 2 anatomsi- 
cal seutTbox. 


Fig. 89.13 Radial nerve block at the wrist: J radial artery, 2 lexor 
sagpi radials tendon, 3 palmaris longus tendon, ulnar artery, 5 proxi 
sal and distal wrist creases 
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89.7.3.3 Wrist Block: Ulnar Nerve (Fig. 89.14) 89.7.4 Digital Nerve Blocks: Ring, 
+ Procedure Web Space, and Tendon Sheath 
1. Position the patient with the hand face up. (Fig. 89.15) [3, 8, 9] 
2. Palpate the styloid process of the ulna and pisiform 
and find the ulnar artery pulse + Indications 
3. Create a skin wheal of local anesthetic between lateral — To anesthetize the digits in preparation for laceration 
to the ulnar artery and medial to the flexor carpi ulnaris repair, nail bed repair, joint reduction, or pain relief 


tendon just proximal to the styloid process. This is at 
the level of the proximal wrist crease. 


Fig. 69.14 Ulnar neve block at the wrist: / proximal and distal wrist 
creases, flexor carpi radials tendon, 3 palmaris longus tendon, 4 ulnar 
artery, 5styloid process, 6 flexor carpi ulnaris 
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Fig. 89.15 Cross section of Supericais Protundus 
finger tendon Palmar surface tendon 
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89.7.4.1 


Ring Block (Fig. 89.16) [3] 


+ Procedure 


Insert a 25-gauge needle on the dorsal surface of the 
proximal phalanx of the digit to be anesthetized. Inject 
1 mL along the dorsal surface and withdraw the 
needle. 

Reinsert the needle again perpendicular to the last 
injection and running on the lateral surface of the pha- 
lanx. Inject 1-1.5 mL of local anesthetic to just past 
the phalanx base. 

Repeat the injection in the same fashion on the medial 
aspect of the phalanx. 

Do not inject more than 5 mL into a digit. 

‘Toe blocks are similar to finger ring blocks, except that 
the great toe requires plantar surface injection as well, 
owing to its unique nerve supply, 


-_ 


Fig. 


16 Dorsal surface injection of digital nerve ring block, Digital 


nerve block is performed by injecting onto the (a) dorsal, (b) lateral 
and (¢) medial surfaces ofthe proximal phalans, 
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89.7.4.2 Web Space 
+ Procedure 
1, Have the patient abduct the fingers, 
2. Palpate the metacarpophalangeal joint and then insert 
a 25- to 27-gauge ne 
subcutaneously, directing it dorsally. Aspirate then 
1 mL of local anesthetic 
3. Withdraw the needle but before the exiting skin, redi- 
rect toward the palmar aspect until the tip is next to the 
metacarpophalangeal joint, and inject 1 mL. of local 
anesthetic. 
4, Repeat the procedure on the medial web space of the 
dig 
lateral and the medial web spaces. 


Block (Fig. 89.17) [9] 


le into the lateral web space 


Each digit blocked requires injection on both the 


Fig. 89.17 Web space approach to the digital block, requiring injec 
tion on the medial and lateral web spaces for a blocked digit 
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89.7.4.3 Intrathecal Digital Block: Flexor 
Tendon Sheath (Fig. 89.18) [8] 
+ Procedure 
1. Inject anesthetic directly into the flexor tendon sheath 
Palpate on the palmar surface over and proximal to the 
metacarpophalangeal joint. Gentle flexion of digit may 
better reveal the sheath. Have the patient abduet the 


fin, 


Insert a 2: 


auge needle at a 45° angle to the skin and 
along the long axis of the digit directly into the flexor 
tendon sheath at the level of the distal skin crease. 

3. Inject 2 mL of local anesthetic. The anesthetic should 
flow freely if itis in the sheath. If it does not, itis likely 
in the tendon and should be withdrawn slightly, 

4, Contraindications to intrathecal block are local infec 

tion and pree 

Risk of tenosynovitis; sterilize the skin before intro: 


sting flexor tendon injury. 


ducing the needle, 
6. If laceration has involved the tendon, anesthetic may 
leak from the wound, 


Fig, 89.18 Inieathecal/tendon sheath approach to the digital block 
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Wound Management and Hemostasis 
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90.1 Indications for Primary Wound Repair 

+ Wounds that have been sustained less than & h before pre- 
sentation may be closed primarily. 

+ If there is suspicion of broken glass or the presence of a 
foreign body, the patient should receive an x-ray before 
primary wound repair, OF note, x-ray has poor sex 
for radiolucent foreign bodies such as wood and plastic. 

+ Wounds that are free of foreign bodies or show no gross 
evidence of infection or dead tissue may be closed 
primarily 


vity 


90.2 Contraindications for Primary Wound 
Repair 


+ History must address the factors that predispose a wound 
to greater risks of infection and not implement primary 
‘wound closure in such wounds that have had a duration 
greater than 8-12 h or contamination with saliva, stool, or 
foreign matter and a wound that has been sustained by 
blunt or crush mechanism. 

+ When wounds are highly contaminated with debris or if 
devitalized tissue is present, the wound should be left 
open for 3-4 days and then reevaluated, 

+ After a proper physical examination has been performed 
that assesses distal pulse and sensory and motor function of 
the surrounding region and distal extremity, if any of these 
are compromised, appropriate orthopedic and/or vascular 
consultation should be sought before wound closure, espe~ 
cially in the setting of a suspicion for open fracture. 
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+ Consider delayed closure in wounds over joints 
+ Wounds that have a significant loss of skin should be left 
to heal by secondary intention. 


90.3 Procedure for Wound Closure 
and Hemostasis 


1, Wound should be thoroughly prepared with Betadine 
(10 % povidone with 1 % iodine), which has a rapid 
onset with greatest antimicrobial effect. 

2. Skin surrounding the wound should be covered with 
sterile drapes (Fig. 90.1) so as to reduce additional con- 
tamination within the open wound. 

3. The most important determinant for preventing wound 
infection is adequate high-pressure irrigation, 

4, Normal saline is the best solution for irrigation, Use 

pressures above 7 psi and an 18-gauge needle with 

syringe of 30 mL. or more; this gauge needle will achieve 
pressure greater than 7 psi 

It has been suggested that tap water irrigation may be 

just as effective. Because this approach will reduce 

costs, it can be considered. 

6. Sharp debridement should be performed when foreign 
matter is found in an open wound that does not easily 
rinse out with saline. In this circumstance, consider 
wound closure by secondary intention or delayed 
primary closure. 

7. At this point, wounds that do not meet criteria for pri- 
mary closure must be left open, covered with a sterile 
dressing, and reevaluated in 3-4 days for consideration 
of delayed primary closure versus healing by secondary 
intention. 

8. Wounds that do meet criteria as previously discussed for 
primary closure should be closed with either sutures or 
staples. 

9, Staples are the preferred method of closure of scalp 
‘wounds and can be used under low wound tension. 
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10, The angle of the stapler is critical and must be positioned 
perpendicular to the intended area of delivery. A two- 
person approach can be utilized for optimal placement 
Of the staple, using forceps to approximate the edges of 
the tissue. 

11. Synthetic or monofilament sutures have a lower rate of 
infection than braided sutures (for closure techniques 
with sutures, see Chap. 92), 

12, Dermabond should be utilized only for the most superfi- 
ial linear lacerations and confers the benefit of efficiency 
Of time and less discomfort to the patient. However, it 
should be mentioned that Dermabond does not offer any 
statistically significant difference in cosmesis when com- 
pared with suturing or other adhesives (see Chap. 93). 

13, When a wound presents with deep underlying tissue 
involvement and direct bleeding is evident, direct pres- 
sure may be used to achieve hemostas 
Surgicel may also be applied with pressure to achieve 
control of small capillary and venous oozing (Fig. 90. 

14, When a persistent bleed is visible within a wound that 
does not respond to direct pressure, a figure-of-eight 
suture (Fig, 90.3) may be used. 

15, Ifa bleeding vessel is visible within a wound, an alter- 
hate method of hemostasis may be achieved by utilizing 
‘ahemostat to clamp the vessel and then tying an absorb- 
able suture (Fig. 90.4). 


within a wound, 


Fig. 90.1. (a) High-pressure irrigation using an 18-gauge needle (b) 


Fig. 90.2 Direct pressure with or without Surgicel may be used to 
achieve hemostasis within a wound and also to achieve control of small 
capillary and venous oozing 


Patent Application Publication Aug. 26, 2004 Sheet 14 of 15 US 2004/0164824 AL 


Figure 14 
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Fig. 90.3 (a) The location of the bleeding vessel in the subcutaneous 
tissue is identified and an absorbable suture is threaded through the 
region. (b) In a diagonal direction, a second suture is placed, which 
When tied will form the shape of an eight. (¢) Once tied, the suture 
‘orms a figure eight in the tissue and hemostasis is achieved 


Fig.90.4 (a) The culprit vessel is identified and clamped with a hemo- 
Stal. (b) An absorbable suture is wrapped around the vessel inferior to 
the hemosta. (€) Once the frst tie is placed being driven down with 
index finger, the hemostat may be removed and the knot can be com- 
pleted for a total of three or four passes 
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90.4 Complications 


+ Hematoma formation 
+ Infection 
+ Scar formation 


90.5 Pearls and Pitfalls 


+ Pearls 

— Antibiotic coverage should be employed judiciously 
depending on the wound and location. 

— Wounds to the face that are not heavily contaminated 
generally do not require antibiotics because the face 
and scalp have a significant vascular supply. 

— Patients with diabetes have higher incidences of wound 
infection, and the physician should consider prophy- 
lactic antibiotics in such individuals. 

— Wounds that are clean-contaminated and sutured in the 
‘emergency department should have a nonadherent dres. 
ing applied for 48 h until epitheliatization has occurred. 
‘After that, the dressing may be removed, and soap and 
water gentle washing should commence to keep area 
clean. Only small amounts of bacitracin should be applied 
to wound inthe interim period before sutures are removed. 

+ Pitfalls 

— Wounds located on the extremities have greater inc 

ences of infection than those on the trunk or head/ 
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Burns result from exposure to heat, caustic chemicals, elec- 
tricity, or radiation. Damage to the natural barrier provided 
by skin results in rapid fluid losses and risk of infection. 
Permanent scarring is a common long-term complication. 
‘They may also be complicated by sensory deficits due to loss 
of nerve connections and timb loss due to circulatory 
compromise. 
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91.1 Burn Description (Fig. 91.1) 

+ First degree or superticial: burn that remains confined to 
the epidermis (e.g., sunburn) 

+ Second degree or partial thickness: burn that extends into 
the dermis (e-g., blistering scald burns) 

+ Third degree or full thickness: burn involving the entire 
depth of the dermis and epidermal appendages 


Fig. 91.1. Tea scald over the chest and shoulder of a ehild showing 
heterogeneity of burn depth. D deep (second or third degree), interme 
diate (second degree). § superficial (Hist degree) (Reproduced from: 
Enoch S. Roshan A, Shah M. Emergency and early management of 


bums and sealds. BMJ. 2009:338:b1037, with permission from BMI 
Publishing Group Lid.) 
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91.2 Indications 


+ Superficial, deep second degree, and third degre: 
‘+ First-degree bums generally need only supportive care, 


91.3 Materials and Medications 


+ Appropriate analgesia 

+ Antibiotic ointment 

+ Silver sulfadiazine (avoid on face) 

+ Sulfamylon for ears 

+ Alternative agents include bacitracin or polymyxin B 
ointments 

+ Cleansing solution such as chlorhexidine prep and water 

+ Basin 

+ Petroleum gauze 

+ Several 44 gauze pads 

+ Rolled gauze 

+ Tape 

+ Gloves 


Airway, breathing, and circulation and cervical spine 
should be immediately assessed before any burn wound 
‘management, It is important to remember that any patient 
suspected of an inhalation injury or carbon monoxide poi 
soning should receive 100 % humidified oxygen until car- 
boxyhemoglobin returns to normal. Inhalation injuries may 
not present themselves until after uid resuscitation has 
already been started, so early intubation is recommended in 
these cases. 


91.4 Sizing 


‘Total body surface area (TBSA) of body parts is estimated by 
multiples of 9 (Rule of Nines) 


+ Adults 
— Head and neck: 9 
— Arms: 9 each 

Legs: 18 each 

‘Trunk: 18 front and 18 back 
— Perineum and palms: 1 

+ Infantschildren 
— Head and neck: 18 
— Arms: 9 each 

Legs: 14 each 

‘Trunk: 18 front and 18 back 


A second way to estimate TBSA in smaller bums is by 
using the palm surface area: using the patient’s palm as a 
guide, each palmar surface equals 1%. 

‘A third way to estimate TBSA is via the use of the Lund 
and Browder chart (Fig. 91.2). 
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91.5 Fluid Resuscitation 


Because fluid resuscitation is absolutely essential in the early 
aspects of burn care, the Parkland formula has been used to 
estimate fluid requirements in burn patients. The patient’s 
‘weight in kilograms is multiplied by the percent body sur- 
face area (BSA) involved; this number is multiplied by 4 mL. 
of lactated Ringer’s solution. Half of this amount is given 
during the first 8 h and the remaining amount is given over 
the next 16 h of resuscitation. The goal is to keep urine out- 
put approximately 0.5~1.0 mL/kg/h 

In pediatric cases, the Galveston formula may be used 
instead: 5000 mL/m? BSA burned plus 2000 mL/m®. TBSA 
of 5 % dextrose in lactated Ringer’s solution intravenously 
over the first 24 h, half in the first 8 h, and the other half over 
the next 16 


91.6 Procedure 


1. Provide appropriate analge 

2. Clean the wound with antiseptic solution and water (if it 
is a dry chemical burn, make sure to brush off as much 
chemical before using copious amounts of water to clean 
the wound), 

3. Debride any loose skin or foreign debris using a dry 4x4 
or rolled gauze. 

4. Apply antibiotic ointment or cream to the burn 

5. Apply petroleum gauze in a single layer just over the 
affected skin. 

6. Use loose 4x4 gauzes and “fluff” them to make a thick 
layer of padding to place over the petroleum gauze. 

7. Bither wrap the entire area with a rolled gauze or tape a small, 
layer of 4x4 gauze over the “fluffed” layer of 4x4 gauze. 


A good rule of thumb is 
ial thickness burn 
irst-degree burns are not included in burn size estima 


tions for fluid resuscitation calculation. 
fluid requirements and transfer 


fit blanches and/or hurts, it isa 


— Burn size determing 
decision, 

— Bum of greater than 20 % TBSA should receive intra- 
venous fluids, 

— Patients who have inhalation injury, greater than 10 % 
TBSA, high-voltage electrical injury, or chemical 
burns should be referred to burn unit. 

— Fluid resuscitation should be adjusted according to 
physiological response such as urine output (30- 
50 mLJh in adults and 1 mL/kg/h in children). 

— Assure tetanus is up to date 

+ Pitfalls 

— Keep the patient warm in the first few hours. There is 
no need to apply ice. 

— All jewelry and rings should be removed. 

— Prophylactic antibiotic 

Iver sulfadiazine should be avoided in facial burns 
because of the risk of staining of the skin. 


re not recommended, 


ister care is a very controversial topic. Current research 
sts that it may be beneficial to keep the blister intact 
it appears to be tense or over a joint. Most blisters will 
rupture in 2-4 days. Ruptured blisters should be debrided 
with all the extra skin removed. Most bur units will scrub 
everything off once they receive a patient. 

‘Wounds should be kept clean to prevent an environment 
that will increase the chances of infection. Wrap in saline 
soaked sterile gauze prior to transfer. 

Dressing changes should be done daily with all previ- 
ously applied antibiotic ointment removed before a reappl 
cation of new ointment. It is important to provide analgesic 
30 min before a dressing change. 


+ Nonhealing wound requiring skin graft (deep second- 
degree and third-degree burns) 

+ Compartment syndrome (circumferential burns may 
require escharotomy) 

+ Rhabdomyolysis 


91.8 Pearls and Pitfalls 


+ Pearls 
— Determination of the depth of burns on initial presenta- 
tion is difficult (especially when covered with petroleum). 


91.9 Admission Criteria 
+ Partial-thickness burns of noncritical areas not including 

the eyes, ears, face, hands, feet, or perineum that total a 

BSA of 10-20 % in adults, 

+ Partial-thickness bums of noncritical areas. involving 

5-10 % of BSA in children younger than 10 years 

+ Suspicious of non-accidental trauma 

+ Patients unable to care for wounds in outpatient settings 

+ Prompt referral to a burn specialist is required in the fol- 
lowing cases: 

— Partial-thickness and full-thickness burns greater than 
10 % of the TBSA in patients younger than 10 years or 
older than 50 years of age. 

— Partial-thickness and full-thickness burns greater than 
20 % of the TBSA in other age groups. 
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Partial-thickness and full-thickness burns involving 
the face, eyes, ears, hands, feet, genitalia, or perineum 
or the skin overlying major joints, 

Full-thickness burns greater than 5 % TBSA in any age 
group. 

Electrical burns, including lightning injury: significant 
volumes of tissue beneath the surface may be injured and 
result in acute renal failure and other complications. 


— Significant chemical burns, 
— Inhalation injury, 
— Burn injury in patients with preexisting illness that 


could complicate management, prolong recovery, or 


affect mortality 


— Any burn patient in whom concomitant trauma poses 


fan increased risk of morbidity or mortality may be 
treated initially in a trauma center until stable before 
transfer to a bur center. 


— Children with burns seen in hospitals without qualified 
ersonnel or equipment for their care should be trans- 
red to a burn center with these capabilities. 

— Burn injury in patients who will require special social 
and emotional or long-term rehabilitative support, 
including cases involving suspected child abuse and 
neglect. 
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92.1 Indications 


+ Open wound of skin or mucosal tissues 
+ Purpose 
~ Preserve function 
Control bleeding 
Promote heating 
— Cosmesis 


92.2 Contraindications 


+ Wounds caused by animal or human bites 
+ Contaminated, infected, or puncture wounds 
+ Complex wounds (may require operating room) 


92.3 Methods 


+ Suture placement 
+ Tissue adhesives 
+ Adhesive tapes 
+ Staples 


(OM. Berrett, MD + K. Hosford, MD + M. Waseem, MD (= 
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92.4 Preparation 


Obtain a complete history of injury 
Mechanism 

— Time since injury 

— Tetanus status 

— Comorbidities 

amine the extent of the wound, remove any contami- 
nants, debride devitalized tissue, inspect for foreign bod- 
ies. Obtain a radiograph if foreign body is suspected. 
Copious irrigation with normal saline, 

Clean around the wound with a povidone-iodine 
solution. 

Drape the area in sterile manner, 

Inject the anesthetic agent into the wound edges using a 
25- or 27-gauge needle, The most common agent is lido- 
caine 2 % with or without epinephrine 1 % (maximum 
dose is 3 mg/kg without epinephrine and 5 mg/kg with 
epinephrine) 

Close the wound using the appropriate technique (see 
later. 

Dress the wound. 

Update tetanus and diphtheria vaccination if needed, 
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92.5 Suture Repair 
92.5.1 Materials and Medications 


+ Commercial kits commonly contain all the following 
except the suture material (Fig. 92.1) 
~ Povidone-iodine solution 
— Normal saline for irrigation 


Fig. 92.1. Suture kit 


5-to 12-mL syringe with a 
Anesthetic agent 

Needle holder 

Pickups 

Suture scissors 


gauge needle 


Suturing material 
Sterile drape or sheet, gloves, gauze 
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92.5.2 General Guidelines 


+ Local anesthetic lidocaine 1% or lidocaine 1% with 
epinephrine 

+ Minimize direct use of instruments on the 

+ Wound edges should be everted to maximize healing and 
cosmetic effect. This is achieved by inserting the needle at 
90° to the skin. 

+ Sutures should be evenly spact 

ind 2. mm from the wound edge. 

+ Optimal tension is achieved by tying the sutures so the 
edges lightly approximate. 


|, placed 1-3 mm apart 


92.5.3 Suture Material 


+ Nonabsorbable 
~ Silk: for specialty use, reactive and weak 

— Nylon (Ethilon), polypropylene (Prolene): good 

strength, good overall material for cutaneous wounds 


~ Polypropylene: good strength, difficult to use 
— Require removal at a spe 


+ Absorbable 

— Undergo rapid degradation in tissues, losing their te 
sile strength within 60 days 

= Indication: buried suture to reduce wound edge 
tension 

— Vicryl: subcutaneous placement, mucous membranes 

— Chromic: use for intraoral lacerations 

— Removal not required. 


92.5.4 Suture Size 


+ 0.0-2.0: thick material for large wounds, trunk 
+ 0304: 
scalp 
+ 05-0.6: fine sutures, used on facial wounds 


used on medium-sized wounds, extremitie: 


Patent Application Publi 


tion Aug. 26,2004 Sheet 15 of 15 US 2004/0164824 Al 


ure 15 
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92.5.5 Suture Techniques 


Simple interrupted sutures (Fig. 92.2) 

— Most common method 

— Position needle 2 mm from the wound edge ata 90° angle. 
Enter the needle into the skin and arc through the wound 
‘edge and into the opposing edge at the same level, exiting 
the skin on the opposing side 2 mm from wound edge, tie. 

Deep dermal suture (Fig. 92.3) 

— Also known as buried sutures, used to minimize ten- 
sion in a wound. 

~ Use absorbable suture material 

— The needle is placed at the base of the wound wall and 
arched upward, exiting the ipsilateral wall more superti- 
cially. The needle is then directed across to the opposing 
‘wound wall atthe same level and directed downward, exit- 
ing deep, tie. Note: The knot will be deep in the wound. 

Simple running suture (Fig. 92.4) 

— This method provides rapid closure of long and rela- 
tively linear lacerations. 

— Place the initial suture in the same manner as a simple 
suture, tie, cut the free strand, and leave the needle 
attached. Reintroduce the needle into the skin on the 
‘opposite side so the suture crosses the wound superti- 
cially at a 65° angle. The needle is then inserted perpen- 
dicular to the skin, emerging on the opposite side about 
3mm from the wound edge. Repeat without tying until 
closure is complete, maintaining appropriate tension. 
‘When the last stitch is placed, leave a loose loop of 
suture on one side so that both ends can be tied together. 

Vertical mattress suture (Fig. 92.5) 

— Provides the benefits of both simple and deep tech- 
niques. For use on deeper, gaping wounds and wounds 
‘over high-tension areas such as joints. 

~ Position the needle 1 cm from skin edge, at 90° angle, 
drive a deep are perpendicular through the wound, 
exiting the skin on the opposing side the same distance 
from the wound edge. Next, reinsert the needle on the 
ipsilateral side 2 mm from the edge, emerging on the 
‘opposing side and approximate, ti. 

Horizontal mattress suture (Fig. 92.6) 

~ For large wounds with tension, 

— Place the initial suture in the same manner as a simple 
suture, only do not tie. Reposition the needle on the 
ipsilateral side, horizontally 5 mm to the side of the 


exit at the same distance from the wound edge and 
drive through to the other side, tie. Note: The tie lies 
parallel to the wound. 

+ Half-buried horizontal mattress suture (Fig, 92.7) 

— Used on wounds with skin flap. 

— On one side, drive the needle percutancously, and then 
pass horizontally through the dermal tissue of the tip of 
fap, finally passing into the dermis of the opposing 
edge and exiting the skin, tie. 


92.5.6 Recommendations 
+ Face 

— 5.0-6.0 nylon. 

— Remove after 3-5 days. 
+ Scalp 

— 2.0-3.0 nylon or staple. 

— Remove at 8-10 days. 


Fig. 92.2. Simple suture 
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+ Hand 
— 4.0-5.0 nylon, consider vertical or horizontal 
mattress, 
— 5.0-6.0 Monoeryl for nail bed. 
— Remove at 10-14 days, use for a longer time if 
over the joint, 
+ Extremity 
— Nonmobile skin: 3.0-4.0 nylon, remove at 8-10 days 
— Over joint: 3.0-4.0 nylon, remove at 10-14 days 
+ Trunk 
— Anterior trunk: 3.0-4.0 nylon, remove at 8-10 days, 
— Posterior trunk: 2.0-3.0 nylon, remove at 10-14 days. 
— Consider staples. 
+ Oral mucosa 
— Thin mucosa: 4.0 Vicryl will absorb; duration, 
5-7 days 
— Tongue: 3.0 Vieryl will absorb; duration, 57 days 


lly 


Fig. 92.3 Deep suture 


Fig.92.4 Running suture 
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Fig. 92.7 Half-buried horizontal mattress suture 


92.6 Alternative Methods of Wound 
Closure 


92.6.1 Cyanoacrylate Tissue Adhesives 
See Chap. 93. 


92.6.2 Adhesive Tape 


+ Advantages 
~ Rapid and painless application 
— Inexpensive 
= Good cosmetic result 
+ Disadvantages 
~ Minimal strength 
+ Contraindications 
Allergy to product 
+ Precautions 
— For use with wounds under little tension 
+ Procedure 


— Thoroughly clean the wound as described previously. 


— Approximate the wound edges. 


— Apply adhesive tape directly over the wound with 


2-3 mm of space between strips. 


~ An adjunct adhesive, such as benzoin, may be used to 


improve durability. 
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92.6.3 Staple Closure (Fig. 92.8) 


Advantages 
~ Rapid 

= Inexpensive 

Disadvantages 

— Minimal strength 

— Contraindications 

— Wounds on face, hands, or feet 


~ Procedure 
— Thoroughly clean the wound as described previously. 
— Anesthetize the wound edges. 
— Approximate the wound edges (may require an addi- 
tional set of hands). 
~ Apply staples. 


Fig. 92.8 Staple 


92.7 Pearls and Pitfalls 


+ Pearls 
— Sutures should not remain in place longer than the rec- 
ommended period. If the wound is not completely 
healed, sutures should be removed and an adhesive 
tape may be used for edge approximation 
— Remember to verify tetanus status. 
— Antibiotics should be used judiciously. 
+ Pitfalls 
Wound infection. 
Incomplete healing may lead to wound separation. 
‘Tissue reaction to suture or adhesive materials. 
Allergy to anesthetic agent. 
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93.1 Indications 


+ Small superficial skin incisions or laceration repairs 
‘which require 5.0 or smaller-diameter sutures. 


93.2 Contraindications 


+ Absolute 
— Large irregular/stellate lacerations 
— Infected/contaminated wounds 
— Animal/human bites 
~ Puncture wounds 
— Crush wounds 
— Skin ulcers 
— Mucous membranes and mucocutaneous junctions 
— Axillae and perineum (owing to high moisture) 
+ Relative 
— Wounds on extremities (unless kept dry) 
~ Joints (unless kept immobilized with a splint) 
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93.3 Materials and Medications 


+ Dermabond (2-oetyl cyanoacrylate) 
+ Betadine (povidone-iodine) solution 
+ 0.9 % normal saline solution 

+ 20-mL sterile syringe 

+ Sterile gloves 

+ Dry 4xd gauze 


93.4 Optional Materials 


+ Topical anesthesia 
+ 1:1000 epinephrine solution 

+ Forceps 

+ Bacitracin ointment or sterile petroleum jelly ointment 
+ Gown and protective eyeglasses 

+ Splint 


543 


L. Ganti (ed), Atlas of Emergency Medicine Procedures, DOI 10,1007/978-1-939-2507-0_93 


5aq 


93.5 Procedure 


1, Have the patient rest comfortably on a chair or bed. 


Use universal precaution measures: sterile gloves (gown 
and eye-sereen, if necessary for wound irrigation) 

3. Wash the wound with 0.9 % normal saline irrigation 

4, Use a topical anesthetic such as LET (lidocaine, epi: 
nephrine, tetracaine) or EMLA (eutectic mixture of 
local anesthetics) cream (lidocaine and prilocaine), or a 
1:1000 epinephri 
used to achieve hemostasis in a bleeding wound 
Approximate the edg 
‘Toothed forceps or other skin approximation devices 
may be used as an adjunct. Apply bacitracin ointment or 
Vaseline to the tips of the forceps and wipe off the excess 
to prevent sticking of Dermabond glue to the forceps. 

6. Crush Dermabond vial between the thumb and the finger 
while in the inverted position until the adhesive is seen 
at the applicator tip (Fig. 93.1). 


solution soaked into gauze can be 


's of the wound with fingers 


PS, Patel and L. Gant 


Squeeze gently until a drop of adhesive forms at the 
applicator tip. 

Gently brush the adhesive at the applicator tip over the 
approximated wound edges (Fig. 93.2). (Do not force or 
press the applicator tip over the wound.) 

Cover the entire wound with single coat of adhesive. 
Hold the wound edges for 30 s to I min until it dries 
Apply two or three more coats of adhesive over and 
around the wound in a circular or oval movement to pro- 
vide extra strength. 

Wipe off extra adhesive in the surrounding skin with 
gauze if needed. 

Apply a splint (optional) to provide wound stability over 
the joints, 

Recommend the patient to keep the wound dry for 
4-5 days. Patients may shower but should be instructed 
to pal dry instead of rubbing a towel over the skin. 

‘No topical antibiotic ointment is required hetore or after 
application of Dermabond. 


Fig. 93.1. (a) Before the tip has been crushed. (b) The purple Dermabond isin the tip 
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93.6 Complications 


+ Wound dehiscence 
+ Wound infection 


93.7 Pearls and Pitfall 


+ Pearls 
— Advantages of tissue adhesives for wound repair com- 
pared with sutures include faster repair time, better 
acceptance by patients (especially children), water- 
resistant covering, and no need for a second visit to 
remove sutures (sloughs off in 5-10 days). 
+ Pitfalls 
— Dermabond is a super adhes 
have the glove, finger, drape, gauze, or instrument 
inadvertently stuck to the wound or the patient by 
having a bacitracin or petroleum jelly coating around 
the wound, on gloved fingers, and on forceps as 
needed. 


ive. Take care not to 


Selected Reading 


Bruns TB, Worthington IM. Using tissue adhesive for wound repair: a 
practical guide to Dermabond. Am Fam Physician 
2000:61:1383-8. 

Farion K, Osmond MH, Harting L, et al. Tissue adhesives for traumatic 
lacerations in children and adults, Cochrane Database Syst Rev, 
2002; 3):CDO03326, 


Fig. 93.2 Closing the wound: use tip of Dermabond pen to “paint” 
‘over the laceration 


Fishhook Removal 


Judith K. Lucas 


94 


94.1 Indications 


+ Removal of a fishhook from nonvital structures (Fig. 94.1) 


Eye 
Gap 
‘Shank — Point 
Barb 


Bend 


Fig. 94.1. Anatomy of a fishhook 
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94.2 Contraindications 


+ Removal of hooks located near/in eyes or eyelids, embed- 
ded near or within neurovascular structures, or embedded 
Within vital structures such as peritoneum, testicle, or 
urethra. 

— Fishhooks in 
consultation, 


these areas require specialist 


94.3 Materials and Medications 


+ Antiseptic cleansing solutions 
— Betadine (povidone-iodine) 
— Chloraprep 
+ Local anesthetic 
— 1 % lidocaine, with or without epinephrine 
+ Needle drivers or pliers 
+ 18- or 20-gauge needle 
+ 3-0 silk suture or umbilical tape 
+ Wire cutters 
+ Protective eyewear 
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94.4 Procedures 


Retrograde technique (Fig, 94.2): simplest, least trau- 

matic, but least successful; good for small to medium 

hooks, superficially embedded hooks, and hooks with no 
barbs or a single barb. 

1. Detach extra hooks, line, or foreign materials (e.g., 

worms, fish, debris) 

Cleanse the puncture 

antiseptic solution. 

3. Infiltrate the entry site and surrounding area with local 
anesthetic. 

4. Apply downward pressure on the shank or shaft of the 
hook, near the eye, thus disengaging the barb from the 
tissue, 

5. Back the hook out of the skin along the path of entry. 

String and yank technique (Fig. 94.3): Good for small to 

medium hooks. Often requires no anesthesia. Good for 

areas of deep soft tissue penetration. Cannot be used on 
parts of the body that are not fixed, such as earlobes, 

1. Detach extra hooks, line, or foreign materials (e.g., 

‘worms, fish, debris). 

Cleanse the penetration site and surrounding area with 

antiseptic wash. 

3. Consider infiltrating the entry site with local anesthetic 

4. Wrap 3-0 silk suture, fishing line, or umbilical pe 
several times around the bend of the hook (at the point 
of greatest curvature), 

5. The loose ends of the string need be held tightly. 
Sometimes the loose ends can be more firmly held if 
‘wrapped around a pencil or tongue depressor. 

6. The skin around the entry site should be well stabi- 
lized, while simultaneously depressing the shank, 
close to the eye of the hook. 

7. While stabilizing the skin and applying downward 
pressure on the shaft, quickly and firmly yank the 
string, in a parallel line to the shaft. Be certain down- 
‘ward pressure is applied along the shank. 

8. ‘The hook will “ly” out quickly. Be certain to wear eye 
protection. 

Needle cover technique (Fig. 94.4): good method to 

remove large hooks with a single barb, especially if super- 

ficially embedded 


le and surrounding tissue with 


1, Detach extra hooks, line, or foreign materials (e.g., 

worms, fish, debris). 

Cleanse the penetration site and surrounding area with 

antiseptic wash, 

3. Infiltrate the entry site and surrounding area with local 
anesthetic. 

4, Advance an 18-gauge needle along the entrance 

wound of the hook. Pass the needle parallel to the 

shank, The bevel should be pointed downward, toward 

the barb and point 

‘The needle is advanced until it disengages the barb, 

entrapping it within the needle lumen. 

6. The hook and needle are advanced just enough to di 
engage the barb. 

7. The hook and needle are withdrawn along the track of 
the wound, 

‘Advance and cut technique (Fig, 94.5), Almost always 

successful but does cause additional tissue trauma, 

1. Detach extra hooks, line, or foreign materials (e.g., 
worms, fish, debris). 

2, Cleanse the penetration site and surrounding area with 
antiseptic wash. 

3. Infiltrate the entry site and surrounding area with local 
anesthetic. 

4, If the hook has a single barb: 

+ Grip the hook on the shank, near the bend, with 
either a needle driver or pliers, 

+ Push the hook through along its natural trajectory, 
until the point and barb pass completely through 
the skin, 

+ Clip the point proximal to the barb. Be certain to 
‘wear eye protection because the point can fly off in 
an unpredictable direction, 

+ Withdraw the hook out back along its entry path. 

5, If the hook has multiple barbs (Fig. 94.6) 

+ Grip the hook on the shank, near the hook’s bend 
with either a needle driver or pliers. 

+ Push the hook through along its natural trajectory, 
until the point and bar’ pass completely through 
the skin. 

+ Clip the eye of the hook with wire cutters. 

+ Grasp the point and withdraw the hook through the 
skin forward along its natural course, 
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HYPERSPACE ENERGY GENERATOR, 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention is a braided gold wire coaxial cable 
‘of micron size which generates hyperspace energy. 


BACKGROUND OF THE INVENTION 


[0002] Electrical experiments with micron-sized braided 
gold wire coaxial cable show that it is capable of generating 
‘substantial amounts of hyperspace energy. Referring to the 
<lectron microscope photograph shown in FIG. 1, the white 
mist emanating from the cable is low-density hyperspace 
‘energy that is flowing in from a co-timension of our 
universe. The dimensions of the cable are of such a particu- 
lar size a8 t0 couple the cable to the tetrahedral geometry of 
‘subspace, the dimension of space, the Planck mass and the 
linear inductance of the universe. 


[0003] According to physicist Dr. Edward Witten of Pri 
cccton University, space has twenty-four dimensions, of 
‘which ten dimensions are non-rechindant. Imagine taking a 
path around the Pythagorean triangle, as known as the planar 
tetrahedron, with sides equal to (VT, ¥2, %3} as shown in 
FIG. 2. There are three squares denoied the one-square (A), 
the two-square (B) and te three-square (C). Each square has 
four sides, The edge of each square can be traversed in two 
<irections. Thus the total umber of dimensions is 
gy bebed Os 
[0004] Referring to FIG. 3, there isa path starting at the 
‘comer of the triangle, along the one-square (I), around the 
two-square (2,3,4,5), back along the one-square (6), around 
1 three-square (7,8,9,10) and back to the comer of the 
iangle. The numbering ofthe edges shows that there are ten 
‘edges. Because the path is traversed in only one direction, 
the number of reduced dimensions is 


in aece HIO30 
[0003] Referring to FIG. 4, the planar tetrahedron (B) 
forms one edge of the three-dimensional tetrahedron (A). 
Rotating the planar tetrahedron 2120° produces the other 
two edges. The tetrahedron has four faces which are equi- 
lateral triangles. The ten dimensional path starts and ends at 
(Othe comer of the tetrahedron known as the ze70 point. 


10006] Referring to FIG. §, the projection of the 3D 
rahedron (A) onto a plane is called the tetrahedron dia- 
gram (B) which is the main diagram of the new geometrical 
physics known as Aphysics. All the constants of physics can 
be derived geometrically from the tetrahedron diagram and 
its associated planar tetrahedron. An example of this is 
shown in FIG. 6 where the edges are given specific con- 
stants related to tetrabedral geometry, dimension, curvature, 
and the mass and wavelength of the elementary particles 
‘such as the electron and proton, The ten dimensional path 
includes the following constants 


[0007] 
[0008] b. proton wavelength 


[0009] ¢. 47x The solid angle of the sphere. The 
tetrahedron is circumscribed by a sphere 


a. electron wavelength 


[0010] | 4. 1n(2x)'The natural log of the curvature, The 
subspace geometry is a logarithmic manifold. The 
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tetrahedron diagram plots the logarithm of mass 
versus the logarithm of wavelength, 


[011] e. 0.599547652 A constant related to fractal 
‘dimension and the speed of light factor 2,99792458. 


[0012] f. v2 The edge of the two-square. 


[0013] _g. *T0/10 The square root of ten dimensions 
per 10 dimensions, 


[0014] h. In(S2Ac)=1 The natural log of the momen- 
tum of space less one. 


[oo1s) i. 


aly 


[0016] ‘The curvature of space per 10 dimensions. 
(0017) j. °2 ‘The edge of the two-square 


[0018] ‘The length of each edge is multiplied by the 
constant assigned to that edge. The ten edges have the order 
of (VT, 3, 9%, 9, VF, v3, v3, 3, 93}. What subspace 
geometry does is to multiply the edge length, such as ¥T, 
times the square rot of two ¥. Then it takes the square root 
of that number and multiplies it by the next edge, which is 
2, times the curvature per 10 dimensions, 


or 


1 


[0019] It then takes the square root of that number and so 
‘oa. In equation form, this looks like the following calcula- 
tion 


en. 108995 


[0020] where the letters correspond to those ia the list of 
Constants. The square root sum total is equal to the Planck 
scale Awhich is the bottom dimensional limit of the uni- 
verse. The sum of the ten constants per a speed of light 
citcumference is equal to unity 


[0021] where the log of the speed of light is 
Ingto209752888)x19.51860099 


[0022] and multiplying by 2x is the circumference of @ 
circle with a radius equal to the speed of light 
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3-0 Silk tie wrapped 
‘several times around 
bend of hook, 


Fig. 94.3. String and yank technique 


Fig. 94.2 Retrograde technique. / Push down along whole shank and 
slightly forward to release the barb, 2 Pull back and out along hooks 
entry path, applying steady downward pressure 


Pass 18-G needle through 
hhook’s entry 


™~ 


Follow hook’s bend, 
keeping neadle’s 
bevel downward 
along ine of bend 


Capture barb in bevel, 
‘then gently pull neediayhook 
Fig. 94.4 Needle technique Unit out of skin along path, 
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Single barb 
Muti-bart 


‘= fais 


Clip here 


Fig. 94.5 Advance and cut technique Fig. 94.6 Advance and cut a hook with multiple barbs present 
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94.5 Postremoval Wound Care 


+ Immune competent, without peripheral vascular disease: 
1. Explore the wound for possible foreign bodies. 
2. Intigate or scrub the wound copiously with soapy 
solution. 
3. Apply antibiotic ointment and sterile dressing 
4, ‘Tdap (or Dtap) should be given to anyone in whom the 
last tetanus booster has been longer than 5 years. 
5. Wound check in 2448 h with care provider. 
+ Immunocompromised or a patient with peripheral vascu- 
lar disease: 
1. As previously. 
2. Give strong consideration to treating prophylactically 
with antibiotics, choosing a fluoroquinolone, third- 
generation cephalosporin, or aminoglycoside. 


94.6 Complications 


+ Infection 

+ Retained foreign body 

+ Injury to neurovascular structures, if method of removal is 
not carefully selected 

+ Injury to provider if: 


lequate (eye) protection not used 


94.7 Pearls and Pitfalls 


+ Pearls 
~ Begin with either the retrograde method or the string- 
‘yank method, because these result in les tissue damage 


and are the easiest to perform, although they have the 
lowest rate of success, 

— Eye protection is imperative, especially if utilizing the 
string-yank method or clipping any portion of the hook 
(eye o point) because the retraction of the hook, or its 
parts, is generally at a high velocity and travels an 
unpredictable path. 

— When trying the advance and cut technique, stop 
immediately if, when advancing the hook, impasse, oF 
resistance is met because this may indicate bone or 
neurovascular structures are blocking the natural path 
of the hook. 

— Fishhooks that embed into or near the eye or lids 
should be covered with a metal patch or cup and the 
patient should be sent (immediately) for ophthalmo- 
logic consultation 

— Close follow-up is imperative to watch for signs of 
infection. 

+ Pitfalls 

— When utilizing the advance and cut technique, do not 
cut anything until certain there is another portion of the 
hook on which to grasp. 
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Tick Removal 
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95.1 Indications 


‘+ Tick attachment to the skin 


95.2 Contraindications 


+ None 


95.3 Materials and Medications 


+ Gloves 

+ Skin disinfectant (commercially available product, 
such as Chloraprep, isopropyl alcohol, or Betadine 
[povidone-iodine]) 

+ Fine-toothed forceps 


95.4 Procedure 


1, Comfortably position the patient with the tick site 

exposed, 

Grasp the tick as close to the skin surface as possible 

(e.g., grasp the mouth parts). 

3, Gently pull upward with steady, nontwisting, even trac- 
tion (Figs. 95.1 and 95.2), 

4, After removal, clean the bite area and apply antibiotic 
ointment, 
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Fig.95.1. Place the forceps as close to the mouth of the tick as possi- 
ble, hold firmly, and pull straight up with steady gentle traction 


t 


Fig.95.2 Steady upward traction 
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95.5 Complications 


+ Multiple diseases including: 
— Lyme disease 
— Human granulocytic and monocytic ehrlichiosis, 
~ Babesiosis 
~ Relapsing fever 
— Rocky Mountain spotted fever 
~ Colorado tick fever 
~ Tularemia 
~ Qfever 
~ Tick paralysis 
+ Secondary infection (methicillin-resistant Staphylococcus 
aureus [MRSA] and group A streptococcus). 
+ Scratching can lead to lichenification. 
+ Rare cases of alopecia when tick located in the scalp. 


95.6 Pearls and Pitfalls 


+ Pearls 

— Do not twist or jerk the tick out (may cause breakage 
of mouth parts; they may remain in the skin). 

— Do not squeeze the body of the tick. 

— Do not use a hot match, gasoline, or other noxious 
stimulus for removal (causes irritation of tick and 
release of internal contents). 

— Lyme disease transmission increases significantly after 
24-48 h of attachment, so early removal is the key. 

— Patients should be monitored for up to 30 days for signs 
of tick-borne diseases, including erythema migrans 
(bull’s-eye rash) indicating Lyme disease (Fig. 95.3). 

~ Prophylactic antibiotic treatment, a single dose of doxy- 
cycline, is used only in patients with an identified fxodes 

scapularis tick that has been attached for longer than 36 h 

and if treatment can start within 72 h of tick removal, 

— Serological testing for Lyme disease is not indicated 
for a reported tick bite. 

+ Pittalls 

— Use of lidocaine subcutaneously can irritate the tick 
and cause it to regurgitate its stomach contents, 
increasing the risk of disease transfer. 


Fig. 95.3. Erythema migrans (the bull’s-eye rash), the rash typically 
associated with Lyme disease. Often the rash is so pale as to go 
unnoticed 
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Subungal Hematoma Drainage 96 


Pratik S. Patel and Latha Ganti 


96.1 Causes 96.4 Materials and Medications 
+ Crushing injury to the finger or toe + 18-gauge needle 
+ Il-fited shoes/inadequate space for toes + Betadine (povidone-iodine) solution 

+ Gloves 


+ Topical antibiotic 


96.2 Indications 
+ Pain that is not tolerable with nail edges intact 96.4.1 Optional materials 


+ Electrocautery tool 


96.3 Contraindications + Paper clip or sewing needle and sterilizing flame 
+ Finger splint 
+ Relative + Lidocaine (1 or 2 % with epinephrine) 


Disrupted nail edges 
‘Tolerable pain that can be managed conservatively 
Skin infections around toe/tinger 

Bleeding disorder 
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96.5 Procedure 


1, Have the patient rest the affected finger comfortably on 

a flat surface. 

Use universal precaution measures: gloves, gown, and 

eye sereen. 

3. Sterile skin preparation with Betadine. 

4. Optional (for complicated subungal hematoma): use 1 ot 
2% lidocaine with epinephrine for providing local di 
tal block. 

5. Using the thumb and index finger gently twist the 
18-gauge needle with light pressure over the base of 
the nailbed or in the center of the hematoma until no 
resistance is felt, Do not apply any further pressure in 
order to avoid nailbed damage. Nail penetration is 


bt index finger 


Fig. 96.1. Subungal hematoma o 


confirmed by return of dark blood from the hole. This 
procedure is known as trephination (Figs. 96.1 and 
96.2). 

6. Apply light pressure around the tip of the finger and 
hematoma to facilitate drainage. In case of continuous 
bleeding elevate the digit and apply firm and continuous 
pressure over the nail with a gauze piece. 

7. Apply topical antibiotic ointment (e.g., bacitracin) over 
the puncture hole 

8. Apply a gauze dressing or a bandage over the wound 
site/fingernail 

9. Apply a finger splint (optional) to provide additional 
comfort. 

10. Recommend the patient to keep the finger or toe dry 
(avoid soaking) and elevated for 1-2 days. 


2 


Fig. 96.2 Positioning of needle wo perform subungal hematoma 
drainage 
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96.6 Complications (Rare) 


+ Infection 

+ Injury to nail bed or underlying bone if too much pressure 
is applied with puncture 

+ Onycholysis when there is incomplete drainage in rare 


96.7 Pearls and Pitfalls 


+ Pearls 

— Multiple holes may be necessary for appropriate drain- 
age of the hematoma. 

— When using electrocautery for hole puncture, execute 
high caution with acrylic nails because they are 
flammable. 

— When using a paper clip or regular needle, 
to sterilize the tip over a flame. 


~ Take a radiograph of the finger whenever necessary to 
rule out phalangeal fracture. 

— Check for avulsion of the extensor tendon. 

~ Inform the patient that the existing nail may fall off 

e in few months if the nailbed is 


and will regenera 


intact 
— Systemic or oral antibiotics are not recommended. 
+ Pitfalls 
~ Development of a dark color change over the nailbed 
without any history of trauma should raise suspicion of 
‘a tumor and should be evaluated accordingly. 
= Do not remove the nail to evaluate injury to nailbed. 
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Incision and Drainage of Abscess 
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and Muhammad Waseem 


97.1 Indications 


+ Abscess greater than 5 mm in diameter and in accessible 
areas (e.g., axilla, extremities, trunk) 


97.2 Contraindications 


+ Absolute 
— Absence of fluctuation 
— Large, deep, and complicated (multi 
abscesses 
~ Location 
+ Perianal 
+ Mastoid 
+ Relative 
~ Location 
+ Face (e.g., nose, nasolabial fold) 
+ Palms 
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— Coagulopathy 

— Recurrent pilonidal cysts (may mandate operative 
excision) 

— Area of cosmetic importance where aspiration may be 
preferred 


97.3 Materials and Medications 


Incision and drainage tray (Fig. 97.1) 

— Drape 

— Betadine (povidone-iodine) swabs 

— 1% lidocaine 

— 18- and 27-gauge needles 

— 12-mL syringes, gauze pads 

— #11 scalpel, mosquito clamps (hemostat) 
— lodoform packing of appropriate size 
Ultrasound machine (Fig. 97.2) 
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[0023] | Referring to FIG. 7, the tetrahedron diagram plots 
the natural logarithm of mass on the vertical axis (C) versus 
the natural logarithm of wavelength on the horizontal axis 
(A). The reason for this is thatthe mass of the electron times 
its wavelength is equal to the mass of the proton times 
‘wavelength which in turn is equal to Planck’s constant 
divided by the speed of light, known as the base constant 
(B). If two numbers multiply, they sum in logarithms. In 
subspace geometry, the sum of the logarithm of the mass of 
the electoon plus the logarithm of the wavelength is equal 10 
the logarithm of the base constant which has a value of 
9591546344 


sens +o) =U(8)= sas 


[0024] What this means is thatthe mass and! wavelength 
slide on a 45° base line (D) which has end points on the 
vertical and horizontal axes equal t0 the base constant 


[0025] Referring to FIG. 8, a line (af) drawa from the 
‘origin at tbe tetrahedral angle of 19.47122063, equal to the 
asin(), creates a tetrahecron (F) along path (afg). ‘This 
tetrahedron is circumseribed by a sphere (G) with sphere 
diameter (K). 


[0026] ‘The Planck scale path calculation showed that the 
‘electron mass and the proton wavelength were the last two 
‘edges. The electron mass has a value of 

Ini -e0.17085217 
[0027] and the electron wavelength has a value of 

Ing 26. 1463127 
[0028] Referring to FIG. 9, the electron wavelength (A) is 
plotted as a vertical line on the tetrahedron diagram. The 
‘wavelength reflects off the circumscribing sphere (G), and 
returns as the electron mass (B). So the diagram incorporates. 
the concepts of both classical physics (point mass particles) 
and quantum mechanics (wave particles). 


[0029] ‘The proton wavelength has a value of 
Ia(gleS4.26008001 
[0030] |The proton wavelength (C) is plotted as a horizon- 


tl ‘order to get the intersection (b) with the electron 


[0031] Referring to FIG. 10, a circle (D) with 4 radius 
‘equal to the Planck scale is drawa centered (b) on the 
intersection of the electeon mass with the proton wave- 
length, which are the last two edges of the Planck scale 
caleulation. line (ac) from the origin o the intersection of 
the base constant with the rotated tetrahedron creates the 
vertical tetrahedron (acd). As can be seen, the Planck scale 
is tangent tothe tetrahedron onside (ed). This tetrahedron is 
the projection of the 3D tetrahedron shown before in FIG. 
5. What this means is that the tetrahedral geometry of 
subspace determines the bottom limit of our universe. And 


itself the mass and wavelength of the elementary particles, 
‘curvature, dimension and planar tetrahedral geometry. Tet 
raheclron diagram tet0565 shows that the electron and proton 
are one and the same particle because the electron path 
rotates counterclockwise around the curvature and then 
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returns clockwise as the proton path. This path occurs 
moving through space and hyperspace. Because the single 
particle enters our universe from hyperspace at two different 
positions, we see it as two distinct particles. Thus the 
tetrahedron diagram shows that hyperspace exist. 


[0032] The speed of light is equal 10 the inverse of the 
square root of the permeability « of space times the permit- 
livity € of space 


ey 


[0033] The permeability is linear inductance or intuctance 
per length which you would find in a solenoid for example. 
‘The permittivity is linear capacitance or capacitance per 
length which you find in a capacitor. In an electrical circuit, 
the inductance and capacitance form a resonant circuit. The 
resonance frequency can be changed by changing the induc 
torr capacitor. Ina similar manner, the speed of light is not 
constant, but can be lowered by inereasing the permittivity. 
Hyperspace enemy has a high permittivity and therefore @ 
low speed of light. This low speed of light gives hyperspace 
energy a luminescent quality which is seen as a white mist 
(FIG. D). 


[0034] From Einstein's General Theory of Relativity, the 
stress pressure T on spacetime is proportion to the square of 
the ratio of the electric field E to the speed of light 


[0035] Thus substantially lowering the speed of light 
{reates an enormous spacetime pressure which can be used 
to generate the lift force on electromagnetic field propulsion 
vehicles. Furthermore, the electric field is subject to the 
Lorentz transformation 


[0036] The electric field Ey moving in a frame velocity of 
¥, can quickly attain relativistic proportions because the 
speed of light could be 1 meter per second, rather than the 
enormous value in our universe of 299792458 meters per 
second. Thus one would like to permeate the hull of the 
electromagnetic field propulsion vehicle with this hyper- 
space energy in order to increase the electric field and hence 
the spacetime curvature around! the hull which produces the 
«enormous lift force on the vehicle, The method of bringing 
in this hyperspace energy isto use braided gold wire coaxial 
cable which is coupled to the geometry of subspace. The 
subspace geometry is contained in the physics tetrahedron 
diagram, 


[0037] Just as space has a linear inductance and linear 
capacitance, it also has a linear mass Q or mass per meter. 
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Fig.97.1. Supplies necessary for 
incision and drainage 


Fig.97.2 Bedside SonoSite ultrasound 


97. Incision and Drainage of Abscess 


97.4 Procedure 


1. Ultrasound (optional) may be helpful when abscess is 
suspected in the absence of fluctuation, Using the vaseu- 
lar probe (7 mlz), confirm the clinical suspicion of 
abscess and check the depth and width of the abscess 
(Fig. 97.3). 
Sterile skin preparation with Betadine swab and sterile 
drape. 
Anesthetize the appropriate area subcutaneously with 
5 mL of 1 % lidocaine by inserting the 27-gauge needle at 
an acute angle into the intradermal space (Fig. 97.4a, b). 
4, Using a #11 blade, make an approximately 1- to 2-cm 
skin incision over the desired area parallel to the Langer 
lines. The incision must approach into the abscess cavity 

(Fig. 97.40), 

+ Some physicians still advocate the technique of mak- 
ing a cruciate incision. This may leave a lary 
and should be discussed with patient before doing so 
because of cosmetic consequen 
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5, Allow for spontaneous drainage. After resolution of 
drainage, you may express more pus with gentle down- 
ward pressure 

6. Using the hemostat, enter the incision to break any sus- 
pected loculations. This should be done with the clamps 
closed and curved part down. The clamps should then be 
opened and removed slowly (Fig. 97.44), 

7. Alter clearing the remaining loculations, the wound 
should be packed. 
‘dence sugges 
does not prevent recurrence: however, this is still 


ts that packing the abscesses 


practiced. If packing the wound, follow the next 
step. 

8, Take the iodoform packing with the hemostat, and place 
the packing into the incision site until no further packing 
will fit 

9, Cut the packing leaving a tail out of the incision sit 
(Fig. 97.4¢), 

10. Apply dressing with 4x4 gauze and adhesive tape 
Qin). 


20039 1643 


Fig. 97.3. (a) Example of an abscess as viewed on bedside ultrasound, (b) A mubtloculated abscess 
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Fig.97.4 (a) Abscess with overlying erythema. (b) Lidocaine injection inthe superficial layer. (e) Linear incision with #11 blade. (A) Expression 
of purulent material and breaking of loculations with clamps. (e) Optional placement of packing 


97. Incision and Drainage of Abscess 
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97.5 Complications 


+ Recurrence of absce: 


lulitis 


97.6 Pearls 


Antibiotic coverage is a controversial topic. Methicillin- 
resistant Staphylococcus aureus (MRSA) is a concern not 
only in the immunocompromised and diabetic patients. S. 
aureus has been detected in up to 51% of patients. with 
abscesses. OF these isolates, approximately 75 % were 
MRSA. Bactrim (trimethoprim/sulfamethoxazole) should be 
utilized for all prophylactic measures. 
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Part XIII 


Orthopedic Procedures 


Splinting 
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Christopher H. Stahmer and Muhammad Waseem 


98.1 Indications 


+ Need for 
tissue injury 

+ Suspicion for occult injury of an extremity 

+ Immobilization for pain management 


imobilization for fracture, dislocation, or soft 


98.2 Contraindications 


+ Absolute 
~ Open fracture (requires operative intervention) 
+ Relative 
~ Infection 
~ Compartment syndrome 


98.3 Materials and Medications (Fig. 98.1) 


+ Plaster of Paris 
+ Fast drying: 5-8 min to set 
+ Extra fast drying: 2-4 min to set 
— Variety of widths depending upon splint of choice: 
— Splints may take up to 2 days to dry and achieve maxi- 
mum strength, 
+ Prefabricated splinting materials 
~ Plaster OCL® (Orthopedic Casting Laboratories) 
+ 10-20 sheets of plaster with padding and cover 
+ Faster setup time but less customizable 


CH, Stahmer, MD + M. Waseem, MD (©) 
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e-mail: stahmier@ gmail.com; waseemm2001 @hotmail.com 
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— Fiberglass splints 
+ Cure rapidly 
+ Less messy 
+ Less moldable 
+ Stronger and lighter 
Stockinette, 
— Protects the skin, 
— Variety of sizes available. 
Soft wrap (Webril!™ 
— Provides padding. 
— Five to six layers depending on anticipated swelling. 
+ ‘Too much padding reduces the stability of the 
splint. 
— Use extra padding over bony prominences. 
— Pad between digits for splinting of digits. 
— Avoid wrinkles, which generate pressure points, 
~ Do not wrap circumferential. 
+ Increased risk of ischemia 
‘Ace wraps. 
— Variety of sizes depending. 
+ Larger widths over legs 
+ Narrow widths around fingers and joints 
~ Avoid bunching by using narrow widths at joints. 
Water 
— Warm water and splint sets more quickly but 
the risk of burns, 
+ Splint drying is an exothermic or heat-releasing 
reaction 
— Hot water leaves less time to mold the splint, 


creases 
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Fig. 98.1. Posterior splint materials: plaster of Paris, Ace wraps, soft 
roll, Note there are 1Wo layers of soft wrap: the inner layer to face the 
ppaient (eight layers) and the outer layer to pad the exterior (two 
layers) 


98.4 Procedure 


1, Completely expose and examine the afflicted body part 
for tissue, vascular, or neurological injury. 
+ Address respective injuries before proceeding, 
2. Lay out all splinting materials before initiating procedure. 
+ Layer plaster of Pats. 
— Upper extremity: 8-10 layers. 
— Lower extremity: 12-15 layers. 
— Up to 20 for a large person. 
— More layers of plaster of Paris increase the risk of 
burn and the weight of the splint. 
3. Administer appropriate anesthesia 
+ Conscious sedation 
+ Hematoma block 
+ Intra-articular injection 
+ Intravenous pain medication 
+ Oral pain medication 
4, Hang fractures as indicated for improved success of 
reduction to relax muscles before reduction attempt, 
Reduce afflicted extremity. 
. While maintaining reduction, apply respective splint. 
. Apply in the following order for plaster of Paris splint. 
+ Stockinette (not necessary), 
+ Soft wrap. 
+ Select appropriate layers of plaster of Paris. 
+ Prepare plaster of Paris to create splint: 
— Layer plaster with no overlap. 
— Submerge completely into water. 
— Crumple into ball without letting go of the ends of 
the splint. 
— Release the lower end of the splint while holding 
the top tightly together. 
— Run fingers in a “squeegee” manner from top to 

bottom to smooth the splint (Fig. 98.2). 

+ This also removes excess water. 

+ Repeat until the splint is smooth and free of drip- 
ping water. 

— Apply soft wrap layers to the splint. 

+ Apply thicker layer to the patient's body. 

+ Apply two or three layers of soft wrap to the exte- 
rior of plaster of Paris for padding and to facilitate 
drying. 

— Apply Ace wrap to hold the splint and assist in con- 
touring the splint to the patient’s extremity 

(Fig. 98.3). 

+ Applying the Ace wrap too tightly may cause 
ischemia, Observe the patient after splinting for 
30 min for tingling, burning, pain, or 
discomfon., 

— Mold the splint without making indentations with 

the fingertips (Fig. 98.4), 

+ An indentation may cause a pressure point, 
which may result in an ulcer. 


now 


98 Splinting sn 


Fig. 98,2 Hold the top ofthe saturated plaster securely with one band Fig 
While removing excess water with the other hand the spl 


Apply Ace wrap to hold the splint und assist in contouring 
tothe patient's extemity 


98.4 Hold the splint ina 
‘neural anatomical position while 
taking care not to make 
indentations with the fingertips 
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— Allow the splint to cure while the practitioner main- 
tains the appropriate position. This will take approx 
mately 5 min depending upon water temperature and 
splint thickness. 


98.5 Complications 


+ Ischemia may result in compartment syndrome. 
— Advise the patient to unwrap the splint for the follow- 
ing indications. 
+ Increasing pain. 
+ Discoloration of fingers, toes, 
extremity. 
+ Loss of 
+ Burns 
— Plaster drying releases heat 
— Increased risk with limited layers of padding 
— If pain is troubling the patient, remove the splint and 
add more padding 


or the splinted 


ensation of splinted extremity 


+ Pressure sores 
— Apply ample padding. 
— Smooth all wrinkles. 
— Instruct the patient to return for inc 
+ Infection 
= Clean and débride all devitalized tissue before 
application. 
— Requires close follow-up to reevaluate wounds. 


wsed discomfort. 
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Ulnar Gutter Splint 


Jeffrey Kile, Katrina John, and Amish Aghera 


99 


99.1 Indications 99.3 Materials (Fig. 99.1) 


+ Fractures and soft tissue injuries of the ring or little + Splint roll (plaster of P: 


finger fiberglass) 
+ Fractures of the neck, shaft, or base of the fourth or fifth + Stockinette 


prefabricated foamcore, or 


‘metacarpal + Cotton padding, such as simple cotton sheet wadding or a 
newer alternative such as Webril (Curity), Specialist 


99.2 Contraindications + Elastic bandages, such as Ace (3M) or similar 
+ Shears 
+ Relative + Adhesive tape 


— Evidence of compartment syndrome or any neurovas- + Gloves 
cular compromise 
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Physicist Dr. John A. Wheeler of Princeton likes to invert 
this and call it “mom” for meter of mass. The Planck mass 
is equal to the Planck scale Atimes the linear mass 
InGmaa)"l{OQA)=-17.54290201 
[0038] | Planck's constant hi is equal to 27 times the Planck 
‘scale Squared times the linear mass © times the speed of 
light e. 
eda? Renta n(GAne 
[0039] which shows that Planck’s constant is actually the 
circumference of a circle of radius Planck scale times the 


Planck mass times the speed of light. The base constant is 
therefore 


2M apna) =-sssisiot 


[0040] which is an area, known as the Planck box, 
hounded by the Planck wavelength (2A) and the Planck 
mass, Everything outside the Planck box is hyperspace. 
Everything inside the Planck box is our universe, Thus the 
boundary between space and hyperspace is the Planck 
wavelength and the Planck mass. In logarithms, notice that 
the Planck mass and Planck wavelength, just like the elec- 
twon and proton, sum to the base constant. 


[0041] Referring to FIG. 11, the Planck mass (A) andl the 
Planck wavelength (B) are plotted on the diagram and 
reflected off the sphere. The Planck wavelength intersects 
the tetrahedron at (b) which is the boundary between space 
and hyperspace known as the centerline of the diagram. The 
‘centerline has a value equal to the base times the square root 
of %. 


[0042] Referring to FIG. 12, the centerline (C) is drawn 
‘on the diagram and the tetrahedron (E) is mirrored (F) across 
the centerline to indicate the co-dimensions of hyperspace. 


[0043] Referring to FIG. 13, a circle (H), centered at the 
base atthe base (c), tangent to the centerline (C), has a radius 
‘equal to base times the square root of 4/3 less one 


as 


[0044] ‘This is the length that has to traversed i order 10 
‘cross over the centerline from the base constant of our 
universe to the co-dimension of hyperspace. Furthermore, 
the Planck mass, which is the other boundary, has to be 
‘crossed in order to get to either axis as seen by the length 
between the vertical axis and line (A). It can be looked at 
also as the length needed to go from the Planck wavelength 
(B) to the tangent point of cizcle (H) in order to reach the 
‘center of the mirtor tetrahedrons. 


1493817383, 
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SUMMARY OF THE INVENTION 


[0045] This invention is a braided gold wire coaxial cable 
Of micron size that is coupled to the subspace geometry of 
the universe for the purpose of bringing in low-density 
hyperspace energy into our universe from the co-dimensions 
of hyperspace. The dimensions of the coaxial cable are of 
such particular size as to enable it to couple to the ten 
dimensions of space, the 3:1 geometcical ratio of the tetra- 
hedron, the coaxial wave function based on the logarithm of 
the ratio of the outer radius to the inner radius of the cable, 
the length between the base constant of our universe and the 
centerline between mirror tetrahedrons, and the geometeical 
relationship between the Planck mass and the linear indue- 
tance of the eable, 


[0046] Referring to FIG. 14, the coaxial guide has an 
outer braided eonduetor (A) and an inner braided conductor 
(B)in which the outer and inner conductors are at radi a and 
b respectively. The linear inductance L of the cable is equal 
to the natural logarithm of the ratio of the radi times the 
permeability 4 of space divided by the curvature 25 


ean be shown that the ratio of the area-to-volume 
trahedron to the area-to-volume ratio of its 
1g sphere is 3:1. IL is also the ratio ofthe area 
of the three-square to the area of the one-square on the 
planar tetrahedron. It is also the tetrahedral angle asin() 
equal to 19.47122063*. It is also a maximum work condition 
between the velocity ratio of a fluid stream and a moving 
vane such asin turbomachinery. So the first constant onthe 
radi is 


(0047) 


eof} +1) 23 


[0048] The second constraint is that the radius ¢ of the 
circle, equal to the difference between the base constant and 
the centerline, is related to ten dimensions. The value of the 
radius projected into our universe is 


[0049] and the dimensional constraint is 


faoren(2jf 20 
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Fig. 99.1. Materials and medications 
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Ulnar Gutter Splint 
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99.4 Procedure 


Select the appropriate diameter stockinette according to 

the size of the forearm. 

+ Generally, 3-in, diameter stockinette is used for the 
ulnar gutter splint 

Cut the stockinette to a length approximately 20 em lon- 

ger than the total length of the desired splint, 

Apply the stockinette to the injured limb so that the 

stockinette extends approximately 10 cm beyond the 

region to be splinted proximally and distally. 

Cut the distal aspect of the stockinette to free the thumb 

and also the index and middle finger (Fig. 99.2). 

Insert cotton padding cut to the appropriate size between 

the ring and the little fingers to prevent skin degradation 

(Fig, 993). 

‘Wrap cotton padding circumferentially around the entire 

region to be splinted, with each turn overlapping the pre- 

vious turn by approximately 25 % of its width. 

+ Generally, 3-in.-wide padding is used for the ulnar 
gutter splint. 

+ Apply padding to an approximate thickness of 1 em, 
with extra padding placed over the bony prominences 
of the wrist and carpometacarpal joints. 

+ Extend the padding at least an inch beyond the desired 
splint length so that it may later be folded back over 
the jagged ends of the plaster or fiberglass splint roll 
(Fig. 99.4) 

Unwrap and prepare an appropriate length splint. 

+ The width of splinting material used should be 
approximately one-half the circumference of the 
extremity measured at the wrist, such that it is wide 
enough to extend approximately halfway around the 
distal forearm once applied. 

+ Layer the splint eight sheets thick if using plaster roll 
and six sheets thick if using fiberglass roll 

+ Ibis best to begin with a generous length of splinting 
material because both plaster and fiberglass. splint 
rolls shrink slightly once moistened. If the wet splint 
tums out too long, the ends can be either folded back 
or cut with shears before hardening, 


18, 
19, 


Apply the dry splinting material to the ulnar aspect of 

the extremity from the midforearm to just beyond the 

distal interphalangeal joint of the little finger and cut the 
splint to approximately 20 cm longer than the desired 
length. 

‘Submerge the dry splint in water until bubbling stops. 

Remove the splint from water, place on a hard flat sur- 

face, and smooth out the excess water to ensure no wrin- 

les are present. 

Apply to the splint to the limb over the cotton padding 

+ Ifthe splint is too long at this stage, the ends may be 
folded back or cut with shears to the proper length. 

Once positioned properly, fold the side of the splint up 

around the ulnar aspect of the forearm and hand to form 

a gutter (Fig. 99.5), 

Fold the underlying cotton padding and stockinette back 

over the ends of the splint, which both protects the skin 

and holds the splint in place. 

Secure the loose end(s) of the elastic bandage with adhe- 

sive tape. 

+ Avoid using the metal clips often packaged with elas- 
tic bandages because these can become displaced and 
embed in the skin. 

Manipulate the forearm and hand into the “neutral” 

position: (1) the wrist in slight extension (10-20°), (2) 

the metacarpophalangeal joints in 50° of flexion, and 

(3) the proximal and distal interphalangeal joints of the 

ring and little finger in slight flexion (10-15°) 

(Fig. 99.6), 

+ When splinting a boxer’s (ie., metacarpal neck) frac- 
ture, the metacarpophalangeal joint should be flexed 
t0 90°. 

“Mold the splint to the contour of the extremity (Fig. 99.7) 

+ Use only the palms of the hands when molding 
because the fingertips may cause indentations, result- 

re skin pressure, 

Wrap the extremity with an elastic bandage in a distal-to- 

proximal direction to secure the splint in place (Fig. 99.8). 

Ensure the extremity is neurovascularly intact. 

Instruct the patient to loosen the elastic bandage if it fi 

too tight. 
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Fig. 99.2. Stockinette applied 
to the forearm and band 


Fig. 99.3 Cotton padding 
applied tothe ring and ie 
Tingers 
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Fig.99.4 Coston padding 
applied tothe forearm and band 


Fig. 99.5. Splint folded around 
the ulnar aspect of the forearm, 
and hand 


Fig. 99.6 Foreattn and band 
in the neural postion 
(without splint) 
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Fig. 99.7. Splint molded 
to maintain the forearm, 
and hand in the neuteal 
position 


Fig. 99.8 Splint secured in 
pce with an elastic bandage 
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99.5 Complications 


+ Neurovascular or other soft tissue compromise (if the 
splinVbandage is too tight) 

+ Soft tissue degradation (if the splint is left in place too 
long) 


99.6 Pearls and 


+ Pearls 
= Simple plaster of Paris splints are inexpensive and 


allow a thoroughly customizable fit but can be dam- 


aged by water and require more time to set and more 
clean up than prefabricated foamcore or fiberglass 
splint rolls. 

— Simple fiberglass splints set quickly, are not damaged 
bby water, are stronger and lighter than simple plaster 
and prefabricated splints, and offer a fully customized 
fit, but are not applied as quickly as prefabricated 
splints 

— Prefabricated fiberglass splints are quickly applied, 


require virtually no clean up, and are not damaged by 
water, but are relatively expensive and provide a some~ 
what less customizable fit than simple splint rolls. 

~ Stockinette protects the skin and, when folded back 
over the ends of the plaster or fiberglass splint roll, 
holds the wet splint in place before the elastic bandage 


is placed, and provides a padded rim with a profes 
sional appearance. 
+ Pitfalls 
— Avoid wrinkling the cotton padding applied between 
the stockinette and the splinting material because, 
once under the pressure of the elastic bandage, wrin- 
Kies can cause unnecessary skin pressure 
— Avoid using more or fewer layers of splinting material 
than recommended. Additional layers can result in 
excessive heat during the setting process and a splint 
that is too heavy, whereas insufficient layers can result, 
in a splint that is too weak. 
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Shoulder Dislocation Reduction 
Techniques 


100 


Katrina Skoog Nguyen, L. Connor Nickels, 


and Rohit Pravin Patel 


100.1 Indications 


+ Subjective history of new-onset dislocation or recurrent 
dislocations combined with clinical assessment consistent 
with shoulder dislocation 
— Anterior dislocations (96 %) 

+ Typical mechanism of injury being indirect, with 
combination of abduction, extension, and external 
rotation, Rarely, the etiology is a direct blow to the 
posterior shoulder. 

‘+ Prominent acromion with a palpable drop off below 
the acromion and subclavicular region fullness is 
consistent with anterior shoulder dislocation, 

— Posterior dislocations (4%) 

‘+ Mechanism of injury is indirect with a combination of 
internal rotation, adduction, and flexion, Precipitating 
events include seizure, electrical shock, and falls. 
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+ More subtle presentation. Patient will maintain arm 
locked in internal rotation and addu 
cannot externally rotate, Shoulder is 
riorly and rounded posteriorly 

+ Ultrasound can be used to prevent missed or delayed 
diagnosis (Figs. 100.1 and 100.2 show probe position- 
ing and a diagram of abnormal ultrasound anatomy). 

— Inferior dislocations (luxation erecta) 

II be held fixed in overhead position. 

+ Radiographs reveal shoulder dislocation 

+ Ultrasound can be used to identify the nature of the dislo- 

cation (anterior or posterior) and can be determined by 
the position of the humeral head relative to the transducer 
and glenoid. Although at this point, it should not replace 
radiographs owing to missed fractures. Advantages may 
include less radiation (decreased need for postreducation 
x-rays) and re-sedation if reduction is not complete. 


ion; he or she 
flattened ante- 


51 


L. Ganti (ed), Atlas of Emergency Medicine Procedures, DOI 10,1007/978-1-939-2507-0_100 


582 . Skoog Nguyen etal 


Humeral 
head 


Tissue! 
muscle 


Gienoia —"# 


Fig. 100.1. (a,b) Ultrasound image of normal shoulder anatomy. “Dot the side the marker is on the sereen, This ensures when doing proce- 
fits the Dot” means when looking atthe ultrasound machine from the dures, the direction of needle correction isthe samme as the orientation of 
sonographer's standpoint, the side of the probe marker corresponds tothe probe (Images courtesy of Dr. Robit Patel) 


Posterior 


Anterior 
dislocation 


Fig. 100.2 Anterior (a) and posterior (bh) dislocations (Images courtesy of De. Robt Patel) 
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100.2 Contraindications 


+ Associated fracture 
— This warrants orthopedic evaluation, 
+ Associated neurovascular deficit 
— May attempt reduction once but avoid multiple 
attempts. 


100.3 Materials and Medications 


+ 1 % lidocaine, with syringe and needle and povidone- 
iodine prep if administering local anesthesia 

+ Moderate sedation medications if administering moderate 
sedation 

+ Bed sheet for traction-countertraction method. 

+ Dangling weight for Stimson maneuver 


100.4 Procedure 


+ Physical examination 

— Compare affected with unaffected shoulder. 

— Perform a complete neurovascular examination: test 
axillary, radial, ulnar, and median nerves for sensory 
deficit and motor function, 

+ Radiographs 

— Always obtain before attempting reduction for assess- 
ment of possible fracture and type and position of 
dislocation 

— Obtain three views: anteroposterior, scapular Y, and 
axillary lateral views. 

— Anterior dislocations: humeral head appears anterior 
to the glenoid fossa on lateral or Y views. 


Fig. 100.3. Stimson maneuver 


— Posterior dislocations: on anteroposterior view 
(vacant glenoid sign, 6-mm sign, lightbulb sign; on 
lateral or Y view: humeral head appears posterior to 
glenoid fossa). 
in management and sedation 
— Decide whether to use intra-articular lidocaine versus 
procedural sedation and analgesia. 
— For intra-articular lidocaine 
+ Use 10-20 mL of 1 % lidocaine. 
+ Attach a 1.5-in., 20-gauge needle, 
+ Prepare the shoulder with povidone-iodine 
+ Insert the needle lateral to the acromion process and 
2 em inferiorly into the sulcus. 
+ Alter withdrawing to ensure that the needle is not in 
a vessel, inject 10-20 mL. lidocaine into the joint. 
+ Reduction techniques: it is important for the emergency 
department physician to be familiar with several different 
techniques. The following techniques are presented: 


100.41. Stimson Maneuver (Fig. 100.3) 

1. Patient is placed prone with 2.5-5 kg of weight hanging 
from the wrist. 

2. Reduction may be facilitated by traction and extemal 
rotation of the arm, 

3. A success rate of 96 % has been reported using the com- 
bined prone position, hanging weights, intravenous drug 
therapy, and scapular manipulation, 


+ Advantage: can be performed by one person only. 
+ Disadvantages: requires time to gather materials; the dan- 
ger involved in the patient falling off the stretcher, requir- 
ing stalf to monitor the pati 
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100.4.2 Scapular Manipulation Technique 
(Fig. 100.4) 


1, Place the patient in the prone position with the affected 
arm hanging downward. 

2, Apply traction down on the arm. 

3, Locate the inferior tip of the scapula. Simultaneously 
push the inferior tip of the scapula medially toward the 


Fig. 100.4 Scapular manipulation method 


spine and use the other hand push the superior scapula 
laterally. 


Advantages: high success rate, greater than 90 %; very 
safe to perform, 

Disadvantages: it requires the patient to assume the 
prone position; may require another person to perform 
traction, 
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[0050] The coaxial wave function constraint is 


tn? 


lato? 


[0051] ‘The linear inductance ofthe coaxial cable has to be 
‘such that it gets geometrically across the Planck mass which 
is the second boundary of our Planck box 


wfocnf-B- 


[0082] With these four subspace constraints, the outer 
radius a and inner radius b of the cable are 


[0083] 2=8.342461828 microns 
[0054] b=7.559058141 microns 
[0055] _so the cable has an outside diameter of roughly 16 
to 17 microns. 
STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 
[0056] Not Applicable 
A BRIEF DESCRIPTION OF THE DRAWINGS 


[0087] FIG. 1. Electron microscope photograph of the 
‘coaxial cable and hyperspace mist 


[0088] FIG. 2. The plana tetrahedron, 


[0059] _FIG.3. The ten dimensional path around the planar 
trahedron, 


[0060] FIG. 4. The relationship between the planar tetra- 
hedron and the 3D tetrahedron 


[0061] FIG. 5, Projection of the 3D tetrahedron onto a 
plane to create the tetrahedron diagram. 


[0062] FIG. 6, Dimension, geometry, curvature and 
‘elementary particles that make up the ten dimensional 
Planck scale path 

[0063] FIG. 7. Tetrahedron diagram showing base con- 
stant 

[0064] FIG. 8, Tetrahedron diagram showing rotated tet- 
raledron and circumscribing sphere with electron mass ancl 
‘wavelength reflecting off sphere. 

[0065] FIG. 9. Tetrahedron diagram showing intersection 
‘of electron mass with proton wavelength which are compo- 
nents of the Planck scale path. 

[0066] FIG. 10, Tetrahedron diagram showing Planck 
scale tangent to tetrahedron, 


[0067] FIG. 11. ‘Tevahedron diagram showing Planck 
‘mass and Planck wavelength intersecting tetrahedron, 


‘Aug. 26, 2004 


[0068] FIG. 12. Tetrahedron diagram showing mirror tet~ 
Tahedrons across centerline, the boundary between space 
and hyperspace. 

[0069] FIG. 13. Tetrahedron diagram showing distance 
between the base constant and the centerline used to ealeu- 
late the dimensions of the coaxial cable 


[0070] FIG. 14. End view of coaxial cable showing radii 
8 and b used in the subspace geometry constraints in order 
to couple to hyperspace. 

[0071] FIG. 15. Perspective view of braided gold wire 
‘coaxial cable 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0072] 1. Referring to FIG. 15, the coaxial cable has a 
braided gold wiee outer conductor (A) and a braided gold 
Wire inner conductor (B) separated by a dielectric (C). The 
‘open braiding promotes the conduction of the electromag- 
netic wave while allowing the hyperspace mist to seep out 
of the braid and permeate the surrounding material in which 
it is embedded 


[0073] 2. ‘The radius of the outer conductor a and the 
radius of the inner conductor b have the following values in 
order to couple the cable to the tetrahedral geometry of 
subspace 

[0074] 4=8.342461828 microns 

[0075] b=7.5590S8141-microns 
[0076] 3. Even though the wire size is very small, the cable 
can be made in limited lengths using the new nanotechnol- 
ogy and silicon micromotors 


I claim: 
1. A coaxial cable which has: 


a) a braided yold wire outer conductor of radius 8.34 
microns; 


b) a braided gold wire inner conductor of radius 7.56 


©) thin dielectric separator between the fo conductors; 
and 


<d) an open weave to allow the hyperspace mist to seep out 
Of the cable and permeate the surrounding material in 
which the cable is embedded; 
2. Aspecitic relationship between the physical dimensions, 
of the coaxial cable, given in items (La) and (1b), 10 the 
following tetrahedral subspace couplings: 


a) the rato of the area-to-volume ratio of the tetrahedron 
1 the area-to-volume rato of its circumscribing sphere, 
‘equal to 3:1, with a coupling to the natural logarithm of 
the ratio of the radii of the conductors; 


by) the ratio of the area of the three-square of the planar 
tetrahedron to the area of the one-square, equal to 3:1, 
with a coupling to the Planck mass and the Linear 
inductance of the cable; 


by the distance between the base constant and YF times 
the base constant, equal fo -14.83817383 in natural 
logarithms, with « coupling to the outer radius of the 
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100.43 External Rotation Method 
(Fig. 100.5) 


1, Place the patient in the supine position with the alfected 
arm adducted directly next to the patient's side with the 
elbow flexed to 90°. 

‘The operator uses one hand to direct downward traction 
fon the affected arm while maintaining it next to the 
patient's side. 


Fig. 100.5 (a-d) Kocher technique: external rotation method 


‘The operator uses the other hand to hold the patient's 
\wrist and guide the arm into slow external rotation 
Reduction usually takes place between 70° and 110° of 
external rotation 


Advantages: requires no strength by operator; well toler- 
ated by patients 

Disadvantage: patient may have persistent dislocation dur- 
ing procedure, requiring operator to make adjustments. 
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10.4.4 Milch Technique (Fig. 100.6) 


1, Technique looks as though one is reaching up to grab an 

apple from a tree 

Abduct the injured arm up to the overhead position. 

Once in the overhead position, apply gentle vertical 

traction with external rotation 

4, An adjustment may need to be made if the reduction does 
not occur easily; push the humeral head upward into the 
glenoid fossa. 


+ Advantages: lack of complications; patient tolerance 
+ Disadvantage: variable success rate reported: 70-90 % 


Fig. 100.6 (a, b) Milch technique 


100.45 Spaso Technique (Fig. 100.7) 


1. Place the patient in the supine position. 

2. Operator grasps the affected arm at the wrist and lifts the 
straight arm directly upward while applying longitudinal 
traction. 

3. Apply external rotation. 


+ Advantages: single operator, high level of success 
+ Disadvantage: may require more time to allow the shoul- 
der muscles to relax 


Fig. 100.7. (a-c) Spaso technique (Photographs courtesy of Dr. Pratik 
S. Patel 
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00.4.6 Traction-Countertraction Technique 
(Fig. 100.8) 


1, With the patient is sitting up, have an assistant wrap a 
sheet around the upper chest and under the axilla of the 
affected shoulder. Have the assistant wrap the sheet 
behind her or his back. Now have the patient lay supine. 
Wrap another sheet around the flexed elbow of the 
affected arm and behind the operator's back. 

Both the operator and the assistant lean back, applying 
gentle traction. 


Advantage: many older physicians are familiar with this 
method and, therefore, have a high degree of success, 
Disadvantages: requires two people; may cause skin tears 
on elderly patients 


Fig. 100.8 (a,b) Hippocrates method/traction-countertraction method 


100.4.7 Posterior Shoulder Dislocation 
Reduction 


1. Give adequate premedication, 

Place the patient supine and apply lateral traction on the 

proximal humerus, 

3. Have an assistant apply anterior pressure to the posteri- 
orly located humeral head, 


+ Advantage: logical methods for reduction 

+ Disadvantages: require sufficient premedication because 
often posterior dislocations present late; may require open 
reduction 


100. 


Postreduction 


+ Obtain postreduction x-rays. There is some literature on 
using ultrasound to confirm adequate reduction, which 
allows repetitive assessments throughout procedure, as 
well as reduce radiation (see Fig. 100.2 for ultrasound of 
anterior and posterior dislocations) 

+ Do a postreduction neurovascular examination, 

+ Sling and swath or shoulder immobilizer for 2-3 weeks. 

+ Orthopedic follow-up in 1 week. 
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100.5 Complications 


+ Fracture: 

+ Adhesive capsulitis, or frozen shoulder; especially a con- 
cem in the elderly with prolonged immobilization in sling 

+ Brachial plexus injury, especially of the axillary nerve 

+ Vascular laceration, most commonly of the axillary artery 

+ Rotator cuff tears, 


100.6 Pearls 


imperative to document the pre- and postreduction 
neurovascular status in the medical record. 


+ Ifunsure whether the reduction was successful, attempt to 
place the palm of the injured extremity on the contralateral 
shoulder. This is a good sign the reduction was successful 


Acknowledgment The authors would like to thank Karthik Stead for 
serving as the subject in many of the photographs in this chapt 
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101.1 Indications 101.2 Contre 


+ Any dislocation of the elbow joint. Direction of the dislo- + Relative 
cation (i¢., anterior, posterior, lateral and divergent — — Compound fracture dislocation 
radius, and ulnar dislocations) is determined by the posi- 
tion of the ulna relative to the joint space (Fig. 101.1). 


Fig. 101.1 Anatomical 
depiction 


_ 


Posterior dislocation Anterior dislocation 
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101.3 Materials and Medications 


+ Parenteral sedation and analgesia medications 
+ Local anesthetic for local and intra-articular anesthesia, 
+ Splinting material 

+ Stockinette 

+ Padding 

+ Elastic bandage 

+ Tape 

+ Sting 


101.4 Procedure for Posterior Dislocations 


1, Obtain a true lateral and anteroposterior radiographs of 

the affected elbow. 

Ensure adequate sedation and analge 

Consider intra-articular analgesia, 

Check the neurovascular status of affected extremity. 

Follow a selected method for reduction as detailed later. 

Following successful reduction gently flex the elbow to 

censure full range of motion. 

7, Place a long-arm posterior splint with the elbow in at least 
90° flexion and secure the arm in a regular sting. 

8, Check neurovascular status. 

9, Obtain a postreduction radiograph of the elbow. 


101.4.1_ Method A (Fig. 101.2) 

1. Position the patient on a stretcher in the supine position. 
Apply steady traction atthe supinated distal forearm keep- 
ing the elbow slightly flexed, while an assistant applies 
countertraction to the midhumerus with both hands. 


101.4.2 Method B (Fig. 101.3) 


. Position the patient on a stretcher in the supine position, 
Extend the affected extremity over the edge of the stretcher. 

. Apply traction to the supinated forearm slightly flexed at 
the elbow, while an assistant holds the distal humerus 
with both hands and uses thumbs to apply pressure to the 
olecranon as if pushing it away from the humerus. 
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Method C (Fig. 101.4) 


1, Position the patient on a stretcher in the prone position, 

2. Hang the affected extremity over the side of the stretcher 
toward the Moor. 

3. Apply downward traction to the pronated distal forearm 
and with the other hand just above the patient's antecubi- 
tal fossa lift the humerus toward you. 


Fig.101.2 Posterior method A 
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Fig. 101.3 Posterior method B 


Fig.101.4 Posterior method C 
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101.5 Procedure for Anterior Dislocations 3. With one hand, apply traction to the supinated distal fore~ 
(Fig. 101.5) arm with the elbow extended, while an assistant applies 
countertraction with both hands around the distal humerus, 
1. Follow pre- and postprocedure steps as documented for 4, With the other hand apply downward and backward pres- 
the posterior dislocation. sure over the proximal forearm just below the antecubital 

2. Position the patient on a stretcher in the supine position. fossa. 


Fig. 101.5 Anterior elbow 
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101.6 Procedure for Radial Head 
Subluxations (See Also Chap. 127) 


1. This procedure can normally be performed without any 

sedation or parenteral analgesia. 

Position the patient, most commonly a child aged 

1-3 years, facing forward on the caretaker’s lap. 

3, Hold the flexed elbow of the affected extremity placing 
‘your thumb firmly over the radial head. 

4, With the other hand, take the child’s hand and wrist, and 
in one continuous movement, hyperpronate and flex the 
forearm (Figs. 101.6 and 101.7). 


Fig. 101.6 Subluxation 
hhyperpronated 


Fig. 101.7 Subluxation 
hyperpronated and flexed 


5. Another method is to supina 


and flex the forearm instead 


of hyperpronating it (Fig. 101.8) 
Leave the room, encourage the caretaker to engage the 
child with distracting activities and reexamine the child 
in 10-20 min, at which stage, if reduction was suc 
ful, the child should be using the extremity normally 
again. 

No  postreduction radiograph or immobilization is 
required, 
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Fig. 101.8 Subluxation 
supinated 


US 2004/0164824 AL Aug. 26, 2004 


‘conductor, the ten dimensions of space, and the co radius of the outer conductor to the radius of the inner 
dimensions of hyperspace; and ‘conductor, and the curvature 27. 

©) the wave function of the coaxial guide given in terms 
‘of item (2c), the natural logarithm of the ratio of the vee 
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101.7 Complications 


+ Concomitant fractu 
+ Vascular injury, most commonly to the brachial artery 
+ Median nerve injury/entrapment 

+ Recurrent dislocation—rare 


101.8 Pearls and Pitfalls 


+ Pearls 
— A tne lateral radiograph is necessary to accurately 
detect and identify elbow fractures, dislocations, and 
soft tissue abnormalities (i.c., the fat pad sign). It is 
‘obtained with the patient’s elbow in 90° flexion, in neu- 
tral rotation with the thumb pointing up and the arm and 
forearm resting on the radiograph cassette and the beam 
nearly perpendicular to the cassette. On a true lateral, 
the “hourglass” or “figure-of-eight” formation at the 
distal humerus should be clearly visible, and the rings of 
the capitellum and trochlea should be concentric. 

— During nursemaid etbow reduction, provide age appro- 
priate distractions to divert the child’s attention and 
minimize resistance. 

+ Pitfalls 

— On the pre-and postreduction radiographs, search for 
commonly associated fractures of the distal humerus, 
radial head, and coronoid process. 


— Inability to range the elbow after apparent reduction 
indicates possible trapped fracture fragments and the 
need for operative intervention. 

— Vascular or open injuries are common with anterior 


locations, and early orthopedic consultation is advised. 

— Ninety percent of simple elbow dislocations are poste- 
rior, and this injury is rarely associated with vascular 
injury. However, it does occur, and vascular evaluation 
after every reduction is good clinical practice. 
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Justin Chen and Muhammad Waseem: 


Distal interphalangeal (DIP) joint dislocation is rare, It occurs 
‘when an axial force is applied to the distal phalanx (Fig. 102.1), 


Fig. 102.1. Distal interphalangeal joint dislocation 
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102.1 Indications 


+ DIP joint reduction is performed to alleviate functional 
and anatomical derangements resulting from DIP joint 
dislocation, commonly dorsal, from axial compression. 


102.2 Contraindications 


+ Absolute 
— Absence of radiographic confirmation (anteroposte- 
rior, true lateral, and oblique) of simple DIP joint 
location, especially in pediatric cases 
+ Relative 
= Open joint dislocation, 
entrapped volar plate 
~ Digital neurovascular compromise 


associated fracture, or 


102.3 Materials and Medications 


+ Latex-free gloves 

+ Local anesthetic: 2 % lidocaine without epinephrine, 
1.5 % mepivacaine, 0.5 % ropivacaine, or 0.5 % 
bupivacaine 

+ 25-gaugex.S-in. needle (can substitute with 27 or 30 
gauge) 

+ Small plastic syringe, 10 mL. 

+ Padded, malleable, aluminum digi 


splint 
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102.4 Procedure 


10, 


Place the patient in the seated position with the arms at 
rest on a bedside table or supported by an assistant. 
Pronate the patient’s hand, remove rings if present, and. 
rest on a flat surface. 

rauge needle at the dorsolateral aspect of the 
base of the finger to form a wheal to reduce patient 
discomfort 

Advance the needle and direct anteriorly toward the pha 
langeal base. 

Inject 0.5 
drawn 1-2 mm from the point of bone contact 

Inject an additional 1 mL of local anesthetic continu 
ously as the needle is withdrawn, 

‘The injection should never render the tissue tense nor be 


Insert a 2 


1 mL of local anesthetic as the needle is with: 


circumferential 
Hyperextend the DIP joint while applying longitudinal 
traction, followed by immediate joint flexion at the base 
of the distal phalans, 

Place finger(s) in an aluminum digital dorsal splint in 
slight flexion for 2 weeks (Fig. 102.2), 

Postreduction radiograph is 


recommended — for 


confirmation, 


J.Chen and M. Waseem 


Fig. 102.2 Padded aluminum splint applied to block the DIP joint in 
‘exion but allow further flexion, which encourages active Nexion of that 
joint when the PIP joint Mexes (Reproduced with permission from 
HandLab Clinical Pearls Feb 2011,No 12. www handlab.com) 
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102.5 Complications 


+ Inreducible dislocations 

+ Stifiness 

+ Recurrent dislocation 

+ Extensor lag in joints with residual subluxation 

+ Associated with dorsal joint prominences, swan-neck/ 
boutonnigre deformity, and degenerative arthritis, 


102.6 Pearls and Pitfalls 
+ Pearls 
~ Lidocaine without epinephrine is preferred owing to 


the risk of vasoconstriction of the digital vessels with 
epinephrine. 

~ Regardless of the mechanism of trauma, all joints 
(DIP, proximal interphalangeal, metacarpophalangeal) 
should be assessed for instability 


— Joint dislocations involving volar plate entrapment 
may require surgical repair (open reduction internal 
fixation) for successful reduction 

+ Pitfalls 

— Irreducible DIP joint dislocations may be due to 
entrapment of an avulsion fracture, the profundus ten- 
don, or the volar plate. 
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103.1 Indications 


Displacement of the femoral head in relation to the acetabu- 
lum without concomitant femoral neck, head, or acetabulum 
fractures: 


+ Posterior hip dislocations make up 80-90 % of cases. 

+ Anterior hip dislocations make up 10-15 % of cases, 
‘These are classified into obturator, pubic, iliac, central, or 
inferior types. Central dislocations are associated with 
comminuted acetabulum fractures, and inferior disloca~ 
tions are a rare occurrence normally occurring in children 
younger than 7 years of age. 

+ Prosthetic hip dislocations 


103.2 Contraindications 


+ Absolute 
— Femoral neck fracture: attempted reduction may 
increase the displacement of the fracture and increase 
the probability of avascular necrosis, 
+ Relative 
— Fractures in other parts of the affected lower extrem- 
ity: these may limit the pressure that can be applied 
necessary for traction during reduction, 
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103.3 Materials and Medications 


Parenteral sedation and analgesia medications 
Sheet or belt to fix the pelvis to the stretcher 
Knee immobilizer 

Abduction pillow 


103.4 Procedure 


. Check the neurovascular status of the affected extremity. 
. Obtain anteroposterior (AP) views of the pelvis and lat- 


eral views of the hip. 
Ensure adequate parenteral sedation and analgesia. 


. Decide upon a technique, as detailed later, and position 


the patient accordingly, 
Once the hip has been successfully reduced, test the joint 
for stability by moving it gently thought its range of 
motion, 

Place a knee immobilizer and an abduction pillow 
between the knees. 

Check the neurovascular status, 

Obtain repeat AP films of the pelvis 
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103.4.1 Stimson Maneuver 


1, Place the patient prone on the stretcher with the affected 
extremity hanging over the edge and the hip flexed to 90°. 

Flex the knee and the foot to 90: 

Apply downward pressure to the area just distal to the 

popliteal fossa with a hand (Fig. 103.1) or knee 


Fig. 103.1. Stimson maneuver with hand 


(Fig, 103.2) while using the opposi 
and extemally rotate the hip at the ankle. 

4. Have an assistant simultaneously manipulate the dis- 
placed femoral head into position with both hands, apply- 
ing downward pressure over the affected buttock 
(Fig. 103.3). 


e hand to internally 


Fig. 103.2. Stimson maneuver with knee 
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Fig. 103.3. Manipulation ofthe femoral head 


Fig. 103.4 Allis flexion 
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103.4.2 Allis Maneuver 


1. Position the patient supine on the stretcher, 

2. The operator should stand on the stretcher to achieve 
maximum leverage or have the patient on a backboard on 
the ground. 

3. Have an assistant apply downward pressure to both iliac 
crests, 

4. Apply constant, gentle upward traction in line with 
the deformity while maneuvering the hip to 90° flex~ 
ion and through internal and external rotation 
(Fig. 103.4). 

5. Have a second assistant provide lateral traction to the 
midthigh, 

6. Once the femoral head has cleared the outer lip of the 
acetabulum, continue traction while keeping the hip in 
external rotation and gently abducting and extending the 
hip (Fig. 103.5). 
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Fig. 103.5 Allis extension 
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103.4.3 Whistler Technique 


1, Position the patient supine on the stretcher with the knee 
and hip flexed to 45°, 

2, Have an assistant stabilize the pelvis with downward 
pressure on both iliac crests. 

3, Stand on the side of the affected extremity and place one 
‘arm under the knee, resting the hand on the flexed knee of 
the unaffected extremity. 

4, Secure the ankle of the affected extremity with the other 

hhand and elevate the shoulder of the opposite arm, provid- 

ing upward traction at the distal thigh and a strong ful- 

rum to reduce the dislocation (Fig. 103.6). 

Internal and external rotation can be achieved with the 

opposite hand at the ipsilateral ankle. 


Fig. 103.6 Whistler technique 


103.4.4 Captain Morgan Technique 


1. Position the patient supine on the stretcher with the knee 
and hip flexed to 90°, 

2. Stabilize and fix the pelvis with a sheet tied securely over 
the pelvis and under the stretcher, 

3. Standing on the side of the affected extremity, the opera 
tor’s foot should be resting perpendicular on the stretcher 
with the knee placed under the patient's knee. 

4. With the opposite hand, apply downward pressure to the 
ankle and provide a sustained upward force to the patient's 
thigh by elevation of the knee through plantar flexion of 
the toes and upward pressure of the other hand placed 
behind the patient’s knee. 

5, Internal and external rotation can be applied simultane- 
ously ifnecessary by gently twisting the ankle (Fig. 103.7) 


Fig. 103.7 Caplain Morgan technique 
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103.5 Complications 


+ Sciatic nerve injury 

+ Avascular necros 
\dequate reduction 

+ Inability to perform reduction due to occult fractures and 

fracture fragments, incarceration of the joint capsule, or 
wssociated tendons 


of the femoral head due to delay in 


+ Unstable or irreducible dislocations 
+ Traumatic arthritis and joint instability 


103.6 Pearls and Pitfalls 


+ Pearls 
— On AP radiograph, posterior dislocations can be more 
easily detected by the presence of a smaller 
head compared with the unaffected side and poor visu- 
alization of the lesser trochanter. 

— On AP radiographs, anterior disloca 
detected by a larger femoral head and a clear lesser 
trochanter seen in profile alongside the femoral shat. 

— Pay close attention to the femoral vessels and the sciatic 
nerve. Injury to the sciatic nerve most commonly affects 
the common peroneal branch, therefore causing weak- 
ness in great toe extension and foot dorsiflexion. S 
may also be reduced over the dorsum of the foot 

— Check the femoral head is intact and clearly in the acetab- 
tulum and for intact Shenton lines, symmetrical intra-artic- 
ular spaces, and clear outlines ofthe lesser trochanters, 

— For any of the techniques requiring stabilization of the 
pelvis, an alternative is to fix it to the stretcher using a 
sheet or bell. 

— To overcome the powerful muscles that oppose suc~ 
cessful reduction, it is important to provide adequate 
muscle relaxation and steady, prolonged traction. 

— An assistant should stand on the floor behind to sup- 
port the operator if standing on a stretcher. 


‘moral 


jons can be 


sation 


+ Pitfalls 
— Owing to the force necessary to dislocate a native hip, 
this injury should serve as a red flag to the physician to 
consider other potentially ife- or limb-threatening 
occult injuries. 

— Hip dislocation is a true orthopedic emergency and 
must be treated without delay. Delay in reduction, 
especially greater than 6h, results in increased inci 
dence of avascular necrosis of the femoral head and 

sciatic nerve injury. 

— Review imaging carefully because associated 
of the femoral head, neck, and acetabulum are often 
present 

— Itis recommended that anterior dislocations be reduced 
by orthopedic surgeons under general anesthetic in the 
operating room. These are often more complicated and 
difficult to reduce, and failure at closed reduetion in 
the operating room can be followed by an open 
procedure 

— Multiple attempts at reduction should not be pe 
formed in the emergency department because thes 
are unlikely to be successful and will only delay defi 
itive management and lead to an increased risk of 
complications 
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Knee Dislocation Reduction 
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Katrina John, Jeffrey Kile, and Amish Aghera 


104.1 Indications 


+ Dislocation of the knee/fibular head/patella 


104.2 Contraindications 


+ Absolute 
— None 

+ Relative 
— Immediate availability of orthopedic consultation 


104.3 Materials and Medications 


medications 


+ Parenteral sedation and analg 
+ Knee immobilizer or splinting materials 


104.4 Procedure 


104.4.1 Knee (Femur/Tibia) Dislocation 
Reduction 


Assess neurovascular function. 

.Pretreat the patient with sedation or analgesia as appropriate. 
Position the patient supine with the affected leg fully 
extended, 

4, Instruct an assistant to stand near the patient's hip and, 

facing the patient's affected knee, grasp the distal femur 

firmly with both hands to fix itin place. 
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5. Stand near the patient’s foot and, facing the patient's 
affected knee, grasp the distal tibia and apply straight 
traction in a distal direction. 

+ Longitudinal traction-countertraction alone, as 
described previously, will usually reduce the disloca- 
tion. If reduction does not occur, proceed with the 
following steps. 

6. While applying straight traction in a distal direction to 
the tibia with the dominant hand, with the nondominant 
hand: 

(a) Anterior dislocation: push the proximal tibia in a pos- 

terior direction (Fig. 104.1) 

(b) Posterior dislocation: lift the proximal tibia in an 

anterior direction (Fig. 104.2) 

(©) Lateral dislocation: push the proximal tibia in a 

‘medial direction (Fig. 104.3) 

(4) Medial dislocation: push the proximal tibia in a tat 

eral ditection (Fig. 104.4) 

(©) Rotary dislocation: rotate the proximal tibia into 

proper linear alignment with the femoral condyles 

(Fig. 104.5) 

+ Reduction may be facilitated by the use of two 
assistants rather than just one. The second assis 
tant grasps the distal tibia and applies straight trac- 
tion in a distal direction, freeing the operator to 
manipulate the proximal tibia as described previ- 
‘ously using both hands, 

7, After reduction, reassess neurovascular function and, if 
available, obtain angiography. 

8. Immobilize the knee in 15° of flexion in a knee immobi- 
lizer or long-leg posterior splint 
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Fig. 104.1 Anterior dislocation 
fof the kee: the prowimal tibia is 
pushed in a posterior direction, 
‘The armows indicate the direction 
in which force should be applied 
by the operator during reduction 
of dislocation 


Fig. 104.2 Posterior dislocation 
fof the knee: the proximal tibia is 
pushed in an anterior ditection 
‘The arrows indicate the direction 
in which force should be applied 
by the operator during reduction 
of dislocation 


Fig. 104.3 Lateral dislocation 
‘of the knee: the prowimal tibia is 
pushed in a medial direction. The 
‘arrows indicate the direction in 
Which force should be applied by 
the operator during reduction of 
dislocation 
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Fig.104.4 Medial dislocation 
‘of the knee: the prosimal tibia is 
pushed in a lateral direction, The 
‘arrows indicate the direction in 
‘which force should be applied by 
the operator during reduvetion of 
dislocation 


Fig. 104.5 Rotary dislocation of 
the knee: the proximal tibia is 
rated into proper alignment 
With the femoral condyles. The 
‘arrows indicate the direction in 
‘which force should be applied by 
the operator during reduction of 
dislocation 
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104.4.2 Fibular Head Dislocation Reduction 


1, Assess neurovascular function, 
2. Pretreat the patient with sedation or analgesia as 
appropriate. 

Position the patient supine. 

Flex the knee to 90° to relax the biceps femoris tendon, 
Instruct an assistant to stand near the patient’s hip and, 


facing the patient's affected knee, grasp the distal femur 
firmly with both hands to fix it in plac 
6, Stand near the patient's foot and, facing the patient’s 
affected knee, grasp the distal tibia and apply straight 
traction in a distal direction with the dominant hand and 
with the nondominant hand. 
(a) Anterior dislocation: push the fibular head in a poste- 
rior direction (Fig. 104.6) 
(b) Posterior dislocation: push the fibular head in an 
anterior direction (Fig. 104.7) 
+ Reduction may be facilitated by the use of two 
assistants rather than just one. Ifa second assistant 


Fig. 104.6 Anterior dislocation 
of the fibular head: the Gbular 
‘head is pushed in a poste 
direction. The arrow indicate the 
direction in which force should 
be applied by the operator during 
reduction of dislocation 


Fig.104.7 Posterior dislocation 
(of the fibular head: the Gbular 
‘head is pushed in an anterior 
direction. The arrow indicate the 
direction in which force should 
bbe applied by the operator during 
reduction of dislocation 


is available, instruct the second assistant to stand 
near the patient’s foot and, facing the patient’s 
affected knee, grasp the distal tibia and apply 
straight traction in a distal direction. This enables 
the operator to grasp and move the proximal fibula 
as described previously using both hands. 

+ Reduction is often signified by a palpable and 
audible click as the fibula snaps back into 
position. 

7. After reduction, reassess neurovascular function and, if 

lable, obtain angiography. 

+ After reduction, patients should receive orthopedic 
referral, avoid weight-bearing for the first 2 weeks, 
and then gradually increase weight-bearing over the 
next 6 weeks 

+ ‘Typically, immobilization is not required following 
reduction of an i,solated fibular head dislocation. 
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104.4.3 Lateral Patellar Dislocation Reduction 


1, Pretreat the patient with sedation or analgesia as 
appropriate. 

2. Stand at the side of the affected knee and, facing the knee, 
‘grasp the distal tibia and slowly extend the knee with one 
‘hand, and with the other hand simultaneously apply gen- 
te pressure to the patella in a medial direction, 


Fig. 104.8 Lateral dislocation 
of the patella: the patella is 
pushed in a medial direction. The 
‘arrow indicate the direction in 
‘which force should be applied by 
the operator during reduction of 
dislocation 


‘The lateral edge of the patella may be lifted slightly to 
facilitate its travel over the femoral condyle during 
reduction (Fig. 104.8). 

fier reduction, the knee should be immobilized in full 


extension in a knee immobilizer or long-lez poste 
splint, and the patient should receive orthopedic referral, 
avoid weight-bearing for the first 2 weeks, and then grad- 
ually increase weight-bearing over the next 6 weeks. 
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104.5 Complications 

104.5.1 Knee (Femur/Tibia) Dislocations 
+ Distal ischemia (even requiring amputation) 

+ Degenerative arthritis 

+ Joint instability due to ligamentous injury 
104.5.2 Fibular Head Dislocations 

+ Peroneal nerve injury 


+ Fibular head instability/subluxation 
erative arthritis 


104.5.3 Patellar Dislocations 


+ Failure of reduction 
+ De 
+ Recurrent dislocation/subluxation 


snerative arthritis, 


104.6 Pearls and Pitfalls 
104.6.1 Knee (Femur/Tibia) Dislocations 


+ Pearls 
Dislocations of the knee are described in terms of the 
tibia’s position in relation to the femur. 
All knee dislocations require orthopedic 
the earliest possible opportunity. 

~ Owing to the frequency of associated popliteal artery 
and peroneal nerve injury, a neurovascular examina- 
tion should be performed before and after any attempts 
at reduction or manipulation of the knee. 
Dislocations of the knee should be reduced 
possible, particularly if distal neurovascular compro- 
exists, 

Operative ligamentous repair is often required approx- 
imately 2 weeks postreduction (once acute swelling 
hhas resolved) to achieve the maximum functional 
recovery. 

+ Pitfalls 

If the knee hyperextends more than 30° when the 
horizontal leg is lifted by the foot, the knee is consid 
ered severely unstable. This is likely due to a previ- 
ous dislocation, and thus, the knee should be 
evaluated for the neurovascular complications of 
dislocation. 


aluation at 


iS soon as 


— Because the joint capsule is commonly disrupted dur- 
ing knee dislocation, synovial fluid may diffuse into 
the surrounding tissue, such that an effusion is not 
always present. 

— A posterolateral dislocation may be irreducible 
because the medial femoral condyle traps the medial 
capsule within the joint. 


104.6.2 Fibular Head Dislocations 


+ Pearls 

— Fibular head dislocations are usually anterolateral, 

but these do not result in neurovascular compromise. 

— A knee joint effusion is usually not seen in a fibular 

head dislocation because the tibiofibular ligaments are 
contained within a separate synovium. 

— Anterior dislocations typically result from a fall on the 

flexed, adducted leg, often combined with ankle 


— Flexion of the knee relaxes the fibular collateral 
ligament, reducing the stability of the tibiofibular 
joint. 

— Superior dislocation is accompanied by interos. 
membrane damage and proximal displacement of the 
lateral malleolus, 

+ Pitfalls 

— Posterior fibular head dislocations usually result from 
direct trauma to the flexed knee and may be accompa- 
nied by peroneal nerve injury. 


104.6.3 Patellar Dislocations 


+ Pearls 

— Patellar dislocation occurs most frequently among 
adolescents. 

— Patellar dislocation typically occurs in the setting of 
external rotation combined with a strong valgus force 
and quadriceps contraction. 

— Patellar dislocations are described in terms of the 
patellar relationship to the normal knee joint. 

— The most common patellar dislocations are lateral 

— If a spontaneous reduction has occurred, a knee effu- 
sion and tenderness along the medial aspect of the 
patella are likely to be pres ind the 
patellar apprehension test will be positive. 

— To perform the patellar apprehension test, lex the knee to 
30° and push the patella laterally. Ifthe patient s 
impending redislocation, the test is considered positive. 


‘nt on examination, 
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— Isolated lateral patellar dislocations do not usually 
require hospitalization, but orthopedic follow-up is 
recommended owing to the likelihood of persistent 
instability. 

— Intracondylar and superior dislocations require surgi- 
cal reduction, 

— Patients with an isolated patellar dislocation typically 
present with the knee in 20-30° of flexion and the 
patella displaced laterally 

+ Pitfalls 

— Dislocations tend to be recurrent, 
patients with patellofemoral 
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Katrina John, Jeffrey Kile, and Amish Aghera 


105.1 Indications 


+ Dislocation of the ankle joint, ‘This is defined by the artic- 
ulation of the talus with the mortise that is formed by the 
distal tibia and fibula. Dislocations can be posterior, ante~ 
rior, superior, or lateral and are classified by the position 
of the talus in relation to the tibial mortise. 


105.2 Contraindications 


+ Relative 
— Open dislocations where there is no evidence of acute 
neurovascular compromise are better managed defini- 
tively in the operating room to avoid further 
contamination. 


105.3 Materials and Medications 


+ Parenteral sedation and analgesia medications 
+ Local anesthetic for local and intra-articular anesthesia, 
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+ Stockinette 
+ Padding 

+ Elastic bandage 
+ Tape 

+ Sheet 


105.4 Procedure 


1, Check the neurovascular status of the affected foot and 
ankle. 

2. If there is no evidence of critical neurovascular compromise, 
obtain a lateral and an anteroposterior radiograph of the 
affected ankle 

3. Ensure adequate parenteral sedation and analgesia to 
‘maximize success and limit pain and suffering. 

4, Position the patient on a stretcher with the knee flexed at 
90° over a folded pillow or rolled-up sheet or with the 
lower leg and knee hanging over the edge of the stretcher. 
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105.4.1 Posterior Dislocations 


1, Hold the he 
traction, 

With the other hand, hold the top of the foot and gently 
plantarflex. it downward, 
countertraction at the back of the midcalf (Fig. 105.1), 
3. Continue longitudinal traction atthe h 


1 in one hand and pull with longitudinal 


while an assistant provides 


and countertraction 
at the calf 


.105.1 Plantarlexion with 
Tongitudinal heel traction 


Fig. 105.2 Dorsiflexion with 
Tongitudinal heel taetion 
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Dorsiflex the foot while another assistant applies down- 
ward pressure to the distal anterior leg (Fig, 105.2). 
Examine foot for restoration of normal anatomy and for 
any new lacerations or defects to the skin, 

Recheck neurovascular integrity 

Place the leg in a sugar-tong splint with the foot at 90°. 
Recheck neurovascular integrity 


105 Ankle Dislocation Reduction 
105.4.2 Anterior Dislocations 


1, Hold the he 
traction, 


1 in one hand and pull with longitudinal 


2. With the other hand, hold the top of the foot and dorsiflex, 
while an assistant provides countertraction at the back of 
the midcalf (Fig. 105.3). 

3. Continue lor 


iudinal traction at the heel and countertrac 


tion at the calf 


105.3 Dorsiflexion with 
Tongitudinal heel traction 


Fig. 105.4 Downward 
movement of Foot (toward the 


floor) with longitudinal heel 


67 


Keeping the foot at 90° to the leg, hold the foot firmly and 
push the foot downward toward the floor while another 
assistant applies upward pressure to the distal posterior 
leg (Fig. 105.4), 

Examine the foot for restoration of normal anatomy and 


for any new lacerations or defects to the skin. 
Recheck neurovascular integrity 
Place the leg in a sugar-tong splint with the foot at 90°. 
Recheck neurovascular integrity 
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105.5 Complications 


+ Compound fractures 
+ Neurovascular injury 

+ Skin and soft tissue damage 
+ Compartment syndrome 


105.6 Pearls and Pitfalls 
+ Pearls 
~ The ankle rarely dislocates without associated 
fractures, 
+ Pitfalls 


— Ankle dislocation is an orthopedic emergency, and 
reduction should not be delayed by imaging if there is 
evidence of neurovascular impairment. Complications 
that are exacerbated by delay in management include 
concomitant fractures, gross deformity of the ankle, 


severe stretching and tenting of the skin with resultant 
skin blisters, skin necrosis, and possible conversion to 
a compound fracture. 

— Be sure to check the radiograph carefully for com- 
monly associated fractures notably of the malleoli 
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106.1 Indications 


+ Diagnosis of septic joint 
+ Diagnosis of traumatic effusion 

+ Diagnosis of inflammatory effusion 

+ Diagnosis of crystal-induced arthritis 
+ ‘Therapeutic relief of pain from effusion 


106.2 Contraindications 


+ Severe coagulopathy 

+ Skin infection over the needle insertion site 

+ Joint prosthesis 

+ Patients with bacteremia or sepsis (except to diagnose a 
septic joint) 


106.3 Materials and Medications 


+ Betadine (povidone-iodine) or other skin antiseptic 
+ Sterile gloves 

+ Sterile towels 

+ Lidocaine 1 % or 2 % (5 mL.) or other anesthetic of choice 
+ 18- to 22-gauge needle, 25-gauge needle 

+ Syringes (5 mL., 5-50 mL) 

+ Sterile gauze (4x4) 

+ Band-aid 
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106.4 Procedure 


Informed consent may be required. 
Position the patient appropriately. The joint should be 
placed in slight flexion. 

Palpate the joint and identify anatomical landmarks. 

(a) For knee arthrocentesis, the needle should be 
inserted at the midpoint of either the medial or the 
lateral side of the patella (Fig, 106.1), 

(b) For acromioclavicular (AC) joint arthrocentesis, the 
needle should be inserted at the superior surface of 
the AC joint (Fig. 106.2). 

(©) For glenohumeral joint arthrocentesis, there are two 
approaches. 

() In the anterior approach, the needle is inserted 
into the groove Lateral to the coracoid process 
(Fig, 106.3). 

(Gi) In the posterior approach (preferred), the needle 
is inserted below the posterior border of the 

‘romion process and lateral to the border of 

the scapula (Fig. 106.4). 

Prepare the skin and drape in a sterile fashion. 

Using lidocaine (drawn up in 5-mL syringe), anesthetize 

the skin with the 25-gauge needle. 

Secure the 18- to 22-gauge needle on the 5- to 50-mL. 

syringe (depending on the size of the joint) and insert it 

into the skin. 

Advance the needle slowly into the joint space while 

irating until joint fluid can easily be withdrawn, 

While inserting the needle into the joint space, avoid 

scraping the needle against the bone. 
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8. If fluid cannot be aspirated easily, the catheter can be 10. Place a band-aid or other dressing over the site. 
repositioned further in the joint space or turned by 45° 11. Send the synovial fluid to the laboratory. Generally, lab- 


sequentially as needed. oratory analyses may include crystals, protein, glucose, 
9. Once the joint fuid is aspirated, pull out the needle and cell count and differential, culture and sensitivity, and 
hold pressure with gauze, Bleeding should be minimal. Gram stain, 


Clavicle 


‘Acromiociavicular 
faint 


Seapula 


Fig. 106.2 Acromioclavicular join arthrocentesis 


Fig. 106.1 Knee anthrocentesis 


Fig. 106.3. Glenohumeral joint athrocentesis: anterior approach 
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Fig. 106.4. Glenohumeral joint anhrocentesis: posterior approach 


106.5 Complications 


+ Introduction of infection 
+ Bleeding 


106.6 Pearls and Pitfalls 


+ The preferred site of entry is over the extensor surface of 
the joint, This will reduce the risk of damage to tendons, 
ligaments, and blood vessels. 

+ When assessing synovial fluid, the Rule of Twos may be 
used to differentiate among normal, inflammatory, and 
septic fluid. Normal synovial uid has less than 200 white 
blood cells (WBCs\/mm'. Noninflammatory synovial 
fluid has 200-2000 WBCs/mm’, Inflammatory synovial 
fluid has greater than 2000 WBCs'mm' (but <50,000 
WBCsimm*), Septic synovial fluid has greater than 
75,000 WBCsimm’, 

+ Only septic synovial fluid will have a positive Gram stain 
and culture. 
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Intra-articular Injection 
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107.1 Indications 107.3 Materials and Medications 


+ Aspiration of fluid (arthrocentesis) 
~ For diagnosis: to rule out infection 
— Torelieve pressure from large, painful joint effusion 
+ Injection of joints with inflammatory arthritis 
— Tendinitis 
~ Bursitis 
— Rheumatoid arthritis (RA) 
+ Injection of joints with osteoarthritis (OA) 
— Injection of large weight-bearing joints 
— Injection of small joints of hands 
+ Intra-articular anesthetic 
— Shoulder reduction 
— Ankle impingement syndrome 


107.2 Contraindications 


+ Cellulitis 
+ Bacteremia 
+ Fracture 
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Glucocorticoid 

— Duration of effect inversely proportional to solubility 
+ Less soluble + longer acting 

— Choice of steroid is the personal preference of the 
physician 

— Methylprednisone (Depo-Medrol) and triamcinolone 
acetonide (Kenalog) 
+ Less likely to induce postinjection flare 

— Kenalog and triamcinolone hexacetonide (Aristospan) 
+ Longest-acting agents 

Local anesthetic 

~ 1% Lidocaine 

Needle 

— 18: to 22-gauge used for knee, ankle, hip, elbow, and 
shoulder 

— 25-gauge or smaller used for smaller joints 
(interphalangeal) 

Syringe 
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107.4 Procedure 


1, Selecting an injection approach. 
+ Knee 
= Lateral approach: 1 em inferior to the patella later- 
ally (Fig. 107.1) 
— Medial approach: 1 em inferior to the patella medi- 
ally (Fig. 107.2) 
+ Ankle 
— Lateral approach: just inferior to the lateral malleo- 
lus (Fig. 107.3) 
= Medial approach 
+ Plantar flex the foot. 
+ Angle the needle cephalad to pass between the 
‘medial malleolus and the tibialis anterior tendon 
(Fig. 107.4). 
+ Shoulder 
— Posterior approach 
+ Insert the needle I em inferior and 1 em medial 
to the posterolateral corner of the actomion, 
+ Direct the needle anterior and medial toward the 
coracoid process (Fig. 107.5) 
2, Skin preparation, 
‘+ Make three separate concentric outward spirals with 
iodine disinfectant, 
+ Scrub with cyclohexidine preparation 
3, Mark the injection site by impressing the skin with a hard 
object. 
+ Sterile end of needle sheath 
+ Ball point pen with tip retracted 


Local anesthesia 

+ 1% Lidocaine injected into the skin and subcutaneous 
tissue 

+ Short burst of ethyl chloride spray before iodine 


preparation 
‘+ Mixing lidocaine with glucocorticoid preparation 
Always aspirate joint fluid before injecting the 


corticosteroids 

+ Use a 15-inch 18-gauge needle for aspiration. 

+ Confirm that the needle is in the joint space. 

+ Reduced effusion size before injection can improve 
outcomes. 

+ Compress the opposite side of the joint to aid in aspira- 
tion (Fig. 107.6). 


After aspirating, change the syringe. 


+ Use a sterile hemostat or hand to stabilize the needle 
within the joint space (Fig. 107.7), 

+ Avoid injecting corticosteroids if the aspirate appears 
purulent. 

Injection of medication, 

+ Can use the same needle used for aspiration. 

+ Insert needle 0.75-1.25 inch in depth for injection, 

Remove the needle, wipe the iodine solution clean, and 

apply the bandage. 

Postinjection care, 

+ First 48 h: bedrest versus minimize walking 

+ Next 2-3 weeks: crutches or cane 


107 Intra-articular Injection 


Fig.107.1 Knee anthrocentesis, 
lateral approach 


Rolaxed 
‘quadticeps 
tendon 
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Sie Fig. 107.3 Ankle arhrocentesis, lateral approach 


stabilizing 
patella 


Fig. 107.2. Knee anhrocentesis, medial approach 
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“Tbialis anterior 


tendon 


Talus 


Fig. 107.4 Ankle arthrocentesis, medial approach 


Fig.107.5 Shoulder arthrocentesis, posterior approach 


Fig. 107.6 Compress opposite side of joint to aid in aspiration 
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Fig. 107.7 Use hemostat or hand to stabilize needle within joint space 


107.5 Complications 


+ Local postinjection flare 
— Irritation of the synovium by steroid microcrystals 
— Can be confused for infection 
— Occurs and resolves within 48 h after injection 
‘Treat with ice and appropriate analgesi 
+ Iatrogenic joint infection 
— Suspect if it begins later than, or lasts longer than, flare 
— Increasing pattern of pain 
— Fever, malaise, redness, or drainage around injection 
site 
— Staphylococcus aureus most common 
+ Subcutaneous atrophy and depigmentation 
— Leakage of corticosteroids into soft tissues 
+ Aspiration of blood 
— Indicative of 
(hemophilia) 
+ Systemic absorption 
Water-soluble preparations 
Dose dependent 
— Injection into multiple joints 
‘Transient hyperglycemia in diabetic patients 
Avascular necrosis of the femoral head 


trauma or bleeding disorder 


107.6 Pearls 


+ Mixing lidocaine with glucocorticoids 
— Reduces pain caused by injection of steroids into joint 
space 
— Less likely to cause soft tissue atrophy and tendon 
rupture 
— Immediate relief from anesthetic indicates proper 
injection 
+ Limiting intra-articular glucocorticoid injections per joint 
— OA 
+ Four injections per lifetime of the joint 
+ Injections reduce the rate of accelerated degenera- 
tion in joints 
— RA 
+ Limit of one injection per month 
+ No evidence of glucocorticoid-induced cartilage 
loss 
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108.1 Indications 


+ Fractures to the wrist or forearm 
+ To prevent motion at the wrist and elbow 
+ To prevent supination and pronation 


108.2 Contraindications 


+ Relative 
~ Evidence of compartment syndrome or any neurovas~ 
cular compromise 
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108.3 Materials (Fig. 108.1) 


+ Stockinette 

+ Padding 

+ Splint material: liberglass/plaster of Paris or prefabricated 
splint rolls, 2, 3, 4 inches depending on age and body 
habitus 

+ Trauma shears/scissors 

+ Elastic bandage 

+ Tape 

+ Container with water 

+ Gloves, eyemask, sheet 

+ Sling 
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Fig. 108.1 Equipment 


108 Sugar-Tong Splint 


108.4 Procedure 


1, Ensure the skin of the affected extremity is clean, dry, 
and intact. 

Cover the patient with a sheet or gown to protect the 
patient’s clothing and the surrounding area. 

3. Position the patient’s arm abducted at 90° at the shout. 
Ibow flexed at 90° 


der and internally rotated with the 
(Fig. 108.2). 
4, Measure t 


splinting material by running a single layer 
from the metacarpal heads of the dorsum of the hand 
along the extensor surface of the forearm over the elbow 


and humeral condyles and back down the flexor surface 
of the forearm to the palmar aspect of the hand to the 
metacarpal heads. 

5. Ifusing non-prefabricated splint rolls, lay the measured 
piece of splinting material out on a flat surface and mul 
tiply the ta 
glass and 10-12 layers for plaster. 

6, Measure the stockinette from the finger tips to the mid. 
humerus and cut a hole for the thumb. 


8 to the same length, 6-8 layers for fiber: 


Fig.108.2 Arm positioning 
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7. Place the stockinette on the arm (Fig. 108.3). 

8, Use a 3- to 4-inch padding roll to apply several layers of 
circumferential padding extending from the metacarpal 
heads to the midhumerus below the level of the stocki- 
nette (Fig. 108.4). 

9. Wet the already prepared and measured splinting material 

and remove the excess water. 

10. Ensure the forearm is in the aforementioned position, 
and apply the splinting material from the metacarpal 
heads of the dorsum of the hand along the extensor sur 
face of the forearm over the elbow and humeral condyles, 
and back down the flexor surface of the forearm to the 
palmar aspect of the hand to the metacarpal heads 
(Fig. 108.5). 

1. Fold each end of the stockinette down over the padding 
and splinting material, 

12. An extra layer of padding can be added at this stage. 

13. Secure the 
‘wrap and apply tape to ensure the bandages 
(Fig. 108.6). 

14, Place the arm in a sling, 


entire splint with two elastic bandages/ace 
stay in place 


Zz 


Fig. 108.3. Fiberglass being measured and stockinette on patient 
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Fig. 108.5 (a) Application of splining material over padding (anteromedial view), (b) Application of splinting material over padding (anterolat 
eral view) 


108 Sugar-Tong Splint 
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Fig. 108.6 Application of elastic bandage over splinting material 


108.5 Complications 


+ Compartment syndrome 


108.6 Pearls and Pitfalls 


+ Pearls 

— This procedure is best done with an assistant to hold 

the extremity in the desired position and to prevent the 
splint slipping as itis secured. 

— Having the patient in the illustrated position enables 
the practitioner to use gravity to hold the splint in the 
correct position while securing it; especially helplul if 
aan assistant is not available. 

+ Pitfalls 

— Ifthe splint is too short, it fails to immobilize the wrist. 

— If the splint is too long, it will cause reduced motion 
and stiffness at the metacarpophalangeal joints and 
swelling of the fingers due to immobility. 
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109.1 Indications 


+ Fetal heart rate (FHR) monitoring is important because it 
provides basic patterns that can be correlated to the acid~ 
base status, circulatory volume, and oxygenation status of 
the fetus through brainstem detection and subsequent car- 
diac response. It has numerous indications during the 
antepartum and intrapartum stages [1] 

+ Antepartum indications include: 

— Nonstress test (consists of monitoring FHR in con- 

junction with fetal movement 

~ Contraction stress test (consists of monitoring FHR dur- 
ing contractions, which are induced pharmacologically) 

Biophysical profile (BPP; consists of a nonstress test 

with an additional ultrasound) 

‘+ Intrapartum indications include monitoring FHR during: 
— Uterine contractions 
— Pain medications/anesthetic administration to the 

mother during labor 
~ Procedures performed during labor 
~ Second stage of labor 
— High-risk pregnancies, which can be defined by a 
number of conditions including (2, 3]: 
+ Maternal diabetes, asthma, preeclampsia/eclampsia 
+ Multiple gestations 
+ Intrauterine growth restriction 
+ Premature rupture of membranes 
+ Lack of prenatal care 
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109.2 Contraindications 


+ Contraindications for internal FHR monitoring 
— Presence of placenta previa 
— Lack of ability to identify the portion of the fetal body 
where device application is being considered 
— Active herpes, active hepatitis, or human immunodeti- 
ciency virus (HIV) in the mother 
+ Contraindications for external FHR monitoring 
— None 


109.3 Methods 


+ Two methods for FHR monitoring: 
— Auscultation monitoring 
+ Defined as auscultating FHR ever 
first stage of labor and auscultating every 5 
the second stage 
+ Does not provide strips with information on FHR. 
variability or the shape of FHR accelerations and 
decelerations 
+ Electronic FHR monitoring 
— Allows for real-time continuous monitoring of FHR, 
activity 
— Provides strips with information on FHR variability or 
the shape of FHR accelerations and decelerations 
— Can be performed by Doppler ultrasound or internal 
{etal electrocardiography (ECG) 


When comparing the two methods for electronic FHR 
monitoring, both are equally as reliable in most settings. 
‘Thus, external monitoring is the preferred method because it 
is noninvasive. However, in instances in which external mon- 
itoring becomes difficult owing to poor quality or technical 
difficulties, invasive monitoring is indicated. 
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109.4 Equipment and Procedures 109.4.1 Doppler Ultrasound is a Noninvasive 
Method to Monitor FHR (Fig. 109.1) 
Multiple methods exist for electronic FHR monitoring [1]. 
‘The most commonly used are external monitoring by + Equipment 
Doppler ultrasound and internal monitoring by fetal ECG. ~ Electronic FHR monitor 
~ Contraction monitor sensor with belt 
— FHR sensor with belt (consists of ultrasound trans- 
ducer and ultrasound sensor) 
— Ultrasound coupling get 
+ Procedure 
1. Place the patient in a supine position. 
2. Palpate the fetal anatomy through the maternal abdo- 
‘men to find the approximate location of the fetal hear. 
3. Place ultrasound coupling gel on the maternal abdo- 
‘men at the sight of suspected fetal cardiac activity. 
4. Place the transducer probe on gel and locate the fetal 
heart tones. 
5. Once the fetal heart tones are located, secure the FHR 
sensor to the maternal abdomen with the attached belt 
6. Place the contraction monitor sensor near the fundus 
in order to monitor uterine contractions, 
7. Attach the FHR sensor and contraction monitor to the 
electronic FHR monitor to obtain printouts of FHR 
and uterine contractions, 


Contraction 
monitor sensor 


Fetal heart 
rate sensor 


Fig. 109.1. External fetal heart rate monitoring 


109 Fetal Heart Rate Monitoring 


eat 


109.4.2 Internal Fetal ECG is an Invasive 


Method to Monitor FHR and is Used 
Only in the Intrapartum Period 
(Fig. 109.2) 


+ Equipment 
— Fetal scalp monitoring electrode 
~ Leg plate electrode 
— Sterile vaginal lubricant 
— Electronic FHR monitor 

+ Procedure (Fig. 109.3) 


1 


2. 
3: 


Fig. 109.3 Internal fetal heart 


Place the patient in a dorsal lithotomy position, 
Sterilize the perineal area 

Perform a bimanual vaginal examination to identify 
the presenting fetal head. (Note: rupture of mem- 
branes must occur hefore scalp electrode placement.) 
Place the spiral electrode guide tube on the fetal scalp 
and advance the electrode until it contacts the seal. 
Rotate the drive tube clockwise approximately one 
rotation while maintaining pressure on the guide 
tube and drive tube. 

Release the electrode locking device by pressing 
together the arms on the drive tube grip. 

Carefully slide the drive and guide tubes off the elec~ 
trode wires while holding the locking device open. 
Attach the leg plate to the inner thigh of the mother 
a8 4 means to eliminate electrical interference, 
Attach the spiral electrode wires to the color-coded 
leg plate, which is then connected to the electronic 
fetal monitor, 


ale monitoring 


10. Do not forget to sterilize the area of electrode place- 
ment after delivery is completed and the scalp elec~ 
trode is removed. 


‘When comparing the two methods, both are equally reliable 
in most settings. Thus, extemal monitoring is the prefered 
method because it is ioninvasive. However, in instances in which 
extemal monitoring becomes difficult owing to poor quality or 
technical difficulties, invasive monitoring is indicated, 
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109.5 Complications 


+ Complications of external FHR monitoring 
— Confusing maternal aortic pulsations with FHR 
— Inability to locate FHR 
+ Complications of internal FHR monitoring 
~ Fetal or maternal hemorrhage, fetal infection (usually 
scalp abscess at the site of insertion) 
— Uterine perforation 
— Subsequent fetal infection due to the invasive nature of 
the procedure 
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Ultrasonography for Ectopic Pregnancy 1 1 0 


L. Connor Nickels 


An ectopic pregnancy is a pregnancy occurring outside of the 
uterine cavity (fundus) (Fig, 110.1). 


Interstitial Tubal (isthmus) Tubal (ampulla) 


{nfuncibular 
{ostial) 


‘Abdominal 
Fig.110.1 Ectopic pregnancy 
diagram: pregnancy occurring 


‘ulside of the uterine eavity 
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110.1 Indications 


‘+ Patient in the first trimester of pregnancy with any combi- 
nation of the following: 
— Vaginal bleeding, 
Acute pelvie pain. 
Hypotension or shock. 
Dizziness or syncope. 
Positive pregnancy test 
Adnexal mass. 
Cervical tenderness. 
Abnormal rise in the serum human chorionic gonado- 
tropin (hCG). 
No specific sign or symptom is absolute; therefore, the 
index of suspicion must be high 
+ Risk factors for ectopic pregnancy 
Pelvic inflammatory disease (PID) 
— Previous or current intrauterine device 
— Infertility tr 
Previous tubal surgery 
— Tubal ligation 
~ Advanced maternal a 
~ Previous ectopic pregnancy 
+ Usually a sonographic diagnosis 
+ Sonographic signs of an ectopic can include any of the 
following: 
— Gestational sac seen in one of the following: 
+ Adnexa with any of the following: 
— Yolk sac (Figs. 110.2 and 110.3) 
~ Fetal pole with or without cardiac activity 
— Both of these 

+ Low position in the cervix (cervical ectopic) 

+ Seemingly in the uterus, but off to one side and with 
‘minimal surrounding myometrium (interstitial 
ectopic) 

+ Within the peritoneal cavity, outside of the tubes 
(abdominal ectopic) 


ment 


— Pseudogestational sac seen in the uterus 
+ Uterine enlargement or decidual reaction (single 
outline only) in the endometrium without a gesta- 
tional sac 
— Other unidentifiable adnexa mass 
— Free fluid in the pelvis or other gravity-dependent area 
(i.e., Morison’s pouch in the right upper quadrant in a 
supine or reverse Trendelenburg patient) (Fig. 110.4) 
+ Small free fluid: tracks less than one third of the 
posterior cul-de-sac 

+ Moderate free fluid: tracks less than two third of the 
posterior cul-de-sac 

+ Large free fluid: tracks greater than two third of the 
posterior cul-de-sac 

+ Right upper quadrant free fluid: 100 % predictabil- 
ity for ectopic 

— Empty uterus with serum hCG >1000 mIU/mL. 

+ Patient in the first trimester of pregnancy with a serum 
hCG at or above the discriminatory zone (i.c., 1000 mlU/ 
mL) without a sonographically normal gestational sac 
Visualized within the uterus has an ectopic pregnancy 
until proven otherwise and should have an obstetrics con- 
sult in the emergency department. 

— Discriminatory zone may differ depending on the ref- 
erence, but typically serum hCG between 1000 and 
2000 mIU/mL. 

— For this chapter, we have used serum hCG greater than 
1000 mIU/mL. [1] 

+ Yolk sac should be first sign of definitive intrauterine 
pregnancy for emergency physicians because the decidual 
reaction and gestational sac are not 100 % accurate. 

+ May be treated surgically or medically depending on 
findings, 

— Decision to be made by obstetrics consultant 
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uterus 


Fig. 110.2. Transabdominal transverse image of the uterus shows an 

ectopie pregnancy in the left adnexa (red circle) withthe yolk sae pres- nal sagittal image of an empty uterus and large 

cent (Photo courtesy of L. Connor Nickels, MD, RDMS) fie Muid in the posterior cul-de-sac ina patient with a presumed ecto- 
mauney (Photo courtesy of L, Connor Nickels, MD, RDMS) 


Fig. 110.3 Transvaginal sagittal image of an empty uterus with an 
ectopic pregnancy (in red cirele) noted just posterior in the adnexs, 
adjacent to the ovary. The 

is Tree uid surrounding the ectopic, coneeraing for rupture (Photo 
‘courtesy of L. Connor Nickels, MD, RDMS). YS-yolk sac 


tational sac contains a yolk sac and there 
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110.2 Contraindications 


+ Treating ectopic pregnancy medically when there is @ 
fetal pole with fetal cardiac activity present 

+ Failing to consult obstetricv/gynecology when the patient 
has a serum hCG above the discriminatory zone and no 
sonographic findings to diagnose intrauterine pregnancy 


110.3 Materials and Medications 


+ Ultrasound machine 
+ Probes: transabdominal and transvaginal 
+ Gi 
+ Skilled ultrasound operator 
+ Endocavitary probe covers 
+ Pelvic setup (speculum and cultures) 
+ Cardiac monitor, two large-bore intravenous needles 
+ Laboratory work: serum quantitative hCG, hemoglobin, 
group and Rh, type and sereen 
~ May add additional laboratory tests depending on the 
stability and symptoms of the patient 


110.4 Procedure 


+ Ultrasound machine in obstetrics preset 
+ Transabdominal 

1. Place the patient in the supine position, 

2. Ideally, the bladder will be full for a good acoustic 
window. 

3. Using a curvilinear probe, 3.5-5.0 MHz. 

4, Begin scanning the patient in a sagittal position to 
identify the uterus as it lies in position with the blad- 
der. Scan through the uterus completely in this plane, 
looking for signs of intrauterine pregnancy. 

5. Imaging in the transverse plane should be done in the 
same fashion, 

6. Any signs of an intrauterine pregnancy should be 
clearly identified and measured. 

+ Gestational s 
+ Yolk sac diameter 
+ Fetal pole with crown rump diameter 
If present, fetal cardiac activity should be 
recorded by using M mode to obtain a tracing 
ind measure the fetal heart rate. 
limited transabdominally, an 
attempt to identify the adnexa should be performed in 
both planes bilaterally 
8. Any abnormalities identified should be noted. 

+ Free fluid surrounding the uterus (anterior or poste~ 

rior cul-de-sac) or ovaries, 


diameter 


7. Although sometime 


+ On pelvic imaging or FAST examination 

+ Intrauterine contents not consistent with an intra 
uterine pregnancy and/or not clearly, centrally visu- 
alized within the fundus of the uterus 

+ Masses or contained fluid collections outside the 
uterus 

+ Yolk sac or 


fetal pole with or without fetal cardiac 
activity seen outside the uterus 
9, Transvaginal scanning should be performed if a defini 
tive intrauterine pregnancy is not identified on transab- 
dominal imaging 

+ Transvaginal 
1. Place the patient in the lithotomy position. 

2. Bladder is preferably empty. 
3. Use a transvaginal probe, 57.5 MHz. 
4, Repeat steps as 

previously. 

+ The procedure is the same for all pelv 
including transabdominal and transvaginal imaging 
because this should be performed in a systematic fash- 
ion so as to not miss pertinent findings. Therefore, the 
findings may change, but the examination remains 
the same. 


same transabdominal imaging 


ultrasounds 


+ Yolk sac should be first sign of definitive intrauterine 
pregnancy for emergency physicians e the decidual 
reaction and gestational sac are not 100 % ace 


110.5 Complications 


+ Bleeding: internal and/or external 
+ Maternal death if ectopic ruptur 
— Nine percent of pregnancy-related death: 
— Leading cause of maternal death in the first trimester 
+ Sterility if ube(s) are damaged or surgically removed 


110.6 Pearls and Pitfalls 


+ Pearls 

— Following the algorithm despite the patient being 

asymptomatic can help avoid missed ectopic 
pregnancies. 

‘ervical ectopic pregnancy can be difficult to distin- 
guish from a spontaneous abortion. If the patient is 
aborting, the ultrasound findings should change 
quickly and the patient should have vaginal bleeding 

~ Double decidual reaction versus pseudogestational s 
can be a very subtle di 
by emergency physicians; hen 
earlier, requiring a yolk sac as the earliest definitive 
sign of an intrauterine pregnancy. 


inction and should not be made 


the statement made 
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— Fibroids, bicomuate uterus, and eccentrically located 
normal pregnancy can all appear similar to a cornual 
pregnancy, 

— The majority of times when the patient is pregnant, has 
‘an empty uterus on sonographic imaging, and has vag- 
inal bleeding, the final diagnosis is still unknown 
because it could still be an early normal pregnancy or 
an ectopic pregnancy. 

+ Pitfalls 
— Failing to obtain a pregnancy test in all reproductive~ 


‘age women who have not undergone a hysterectomy 
— Failing to identify subtle signs of ectopic pregnancies 
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Ultrasonography for Hydatidiform Mole 


L. Connor Nickels 


Definition: molar pregnancy =hydatidiform mole 
lous growth of trophoblastic tissue 
+ Complete: 46,XX or 46,.XY 
— Completely paternal in origin 
~ Contains no fetal tissue 
— Most recognizable by clinical symptoms 
+ Incomplete (partial mole): 69,XXX or 69,XXY 
— Maternal and paternal in origin 
~ Contains fetal tissue 
— More subtle clinical presentation 


‘anoma- 


111.1 Indications 


+ Clini 
following: 
— Vaginal bleeding 
~ With or without vomiting, persistent hyperemesis 
gravidarum 
~ High blood pressure 
— Uterine size lange for dates 
+ Serum human chorionic gonadotropin (hCG) very ele- 
vated (more than would be consistent for dates) 
— Usually greater than 100,000 mIU/mL. 


presentation of any combination of the 


111.2 Contraindications 


+ Conservative management 
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111.3 Materials and Medications 

+ Ultrasound machine 

+ Probes: curvilinear (abdominal) and  endocavitary 
(transvaginal) 

+ Gel 


+ Skilled ultrasound operator 
+ Endocavitary probe covers 
+ Pelvic setup (speculum and cultures) 
+ Lab work: serum quantitative hCG, hemoglobin, group 
and Rh 
— May add additional laboratory tests depending on the 
stability and symptoms of the patient 


111.4 Procedure 


+ Ultrasound machine in obstetrics preset 
+ Transabdominal imaging 

1. Place the patient in the supine position, 

2. Ideally the bladder will be full for a good acoustic 
window. 

3. Using a curvilinear probe, 3.5-5.0 MHz, begin sean- 
ning the patient in a sagittal position to identify the 
tuterus as it lies in position with the bladder. Scan 
through the uterus completely in this plane, looking 
{or signs of intrauterine pregnancy. 

4, Rotate the probe to a transverse position (counterclock- 
wise), with the probe indicator toward the patient's 
right, Scan through the uterus completely in this plane, 
looking for signs of intrauterine pregnancy. 

5. Any signs of an intrauterine pregnancy should be 
clearly identified and measured, 

6. Sonographic findings of a molar pregnancy include: 

+ Uterus filled with heterogeneous material 
— Echogenic material interspersed with anechoic 
areas known as the “snowstorm” is the most 
common appearance of a mole (Fig. 111.1). 
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— Can be confused with missed abortion or fibroid, 
underscoring the importance of the serum hCG 
because this will be markedly elevated, which 
‘would make the alternative diagnoses less likely. 

+ Theca lutein cysts are present in the adnexa, 

— Multiple eysts that occur with trophoblastic dis: 
case, multiple pregnancies (e.g., twins, triplets, 
quadruplets), and induced ovulation. 

7. Although sometimes limited transabdominally, an 
altempt to identify the adnexa should be performed in 
both planes bilaterally 

8. Any abnormalities should be noted. 

9, Transvaginal scanning should be performed if'a detini- 
live intrauterine pregnancy is not identified on transab- 
dominal imaging. 

+ Transvaginal imaging 

1. Place the patient in the lithotomy position, 

2. Bladder is preferably empty. 

3. Use an endocavitary probe, 5~7.5 MHz. 

Repeat the same steps as for transabdominal imaging 

previously discussed (#2), 

After scanning through the uterus in sagittal and trans: 

the adnexa should be scanned in the same 


verse planes 
format bilaterally, looking for any abnormalities, as 
mentioned previously. 
6. Again, any abnormalities should be noted: 
‘+ Free fluid surrounding the uterus (anterior or poste: 
rior cul-de-sac) and/or ovaries 
+ Masses or contained fluid collections outside the 


uterus 
+ Yolk sac or fetal pole with or without fetal cardiac 
activity seen outside the uterus 


LC. Nickels 


+ The procedure is the same for all pelvic ultrasounds, 
transabdominal and transvaginal imaging, because this 
should be performed in a systematic fashion so as to not 
miss pertinent findings. the findings may 
change, but the examination remains the same. 


Therefore, 


+ Yolk sac should be the first sign of definitive intrauterine 
pregnancy for emergency physicians because the decidual 


reaction and gestational sac are not 100 % accurate 


111.1. Uterus with “cluster of grapes” represents a molar preg 
nancy (With kind permission from Springer Science + Business Medi: 
Swisher E, Greer B, Montz FI, Stenchever M. Chapler 14, In: Atlas of 
Clinical Gynecology. Vol. 4, 2002) 
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111.5 Complications 


+ Multiple complications can occur and include the 
following: 
— Invasive mole: when a hydatidiform mole recurs after 
a dilation and curettage and, subsequently, invades the 
cle of the uterus. 
+ Molar ti 
an ultrasound with color flow to visualize any resid- 
ual invasive tissue. 


ue is extremely vascular and necessitates 


— Chorioearcinoma: 
aggressive malignaney, meta 
the body. 
= In this scenario, the tumor takes on a very cystic 
appearance with an echogenic rim. When this is 
seen, one should attempt to ¥i 
for heterogeneous appearance consistent with 
metastasis or consider other imaging tests (more 
comprehensive ultrasound, computed tomography, 
‘or magnetic resonance imaging) as indicated to fur- 
ther assess concerns for malignancy. 

— Extremely sensitive to chemotherapy, but most 
favorable results are seen when diagnosed and 
treated early. 


molar tissue develops into an 


ing early throughout 


ew the liver as well 


111.6 Pearls and Pitfalls 


+ Pearls 
~ An obstetrics consult must be obtained in the emer- 
gency department when this diagnosis is made. 
‘+ Patient must have a dilation and curettage to evacu- 
ale the mole, 


+ Serum hCG must be followed to less than detect- 
able levels because they have a high rate of recur- 
rence (invasive mole) and potential for malignancy 
(choriocarcinoma), 

— May occur with intrauterine or ectopic pregnancies or 

after spontaneous abortions or full-term pregnancies, 

~ Qualitative and quantitative B-hCG results may be 

falsely negative in the setting of a molar pregnancy 
secondary to the “high-dose hook effect” found in 
sandwich immunoassays in which there is an over- 
abundance of antigen. This error can be corrected by 
diluting the urine or serum sample and repeating the 


test 
+ Pitfalls 

— Many pitfalls with potentially life-threatening conse: 

quences surround this diagnosis. Meticulous observa- 


tionof the entire picture, including clinical presentation, 
laboratory results, and ultrasound findings, will help to 
avoid these outcomes. 
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Katrina Skoog Nguyen and L. Connor Nickels 


112.1 Indications + References differ in their measurements depending on the 
approach, transubdominal versus transvaginal, and the 
+ A blighted ovum or anembryonic gestation isa pregnancy frequency of the probe (c.g., 5 MHz vs. 6.5 MHz. or 


in which the embryo never develops in the 
(Fig. 112.1). 
+ Presents as first-trimester vaginal bleeding and/or pelvic 
pain or cramping 
+ Criteria for defining an anembryonic pregnancy 
~ Based, in part, on mean gestational diameter (MGD), 
which is an average of three orthogonal measurements 


greater). 


of the gestational sac 
+ MGD greater than or equal to 25mm with no 
embryo 
+ 5 MHz or less 
= MGD greater than or equal to 20 mm without a 
yolk sac 
— May have abnormally low sac position 


Fig. 112.1 Low-lying empty gestational sac consistent with blighted 
‘ovum (Photo courtesy of L. Connar Nickels, MD, RDMS) 
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112.2 Contraindications 


+ Misinterpreting images as blighted ovum when any of the 
following could potentially be present: 
~ Early intrauterine pregnancy 
— Pseudogestational sac 
~ Molar pregnancy 

+ Discussions with the patient should always involve an 
obstetrics consult or referral for definitive decisions and 
treatment. 


112.3 Materials and Medications 


+ Ultrasound machine 

+ Probes: transabdominal and transvaginal 

+ Ultrasound get 

+ Endocavitary probe covers 

+ Skilled ultrasound operator 

+ Laboratory tests: serum quantitative human chorionic 
gonadotropin (hCG), hemoglobin, group, and Rh 
~ May add additional laboratory tests depending on the 

stability and symptoms of the patient 


9, Transvaginal scanning should be performed if a defini- 
tive intrauterine pregnancy is not identi 
dominal imaging 

+ Transvaginal 
1. Place the patient in the lithotomy position. 

Bladder is preferably empty. 

Use a transvaginal probe, 5-7.5 MHz. 

Repeat the same steps as for transabdominal imaging 

previously discussed (#2). 

+ The procedure is the same for all pelvic ultrasounds 
including transabdominal and transvaginal imaging 
because this should be performed in a systematic fashion 
80 as to not miss pertinent findings. Therefore, the find- 
ings may change, but the examination remains the same. 

+ Yolk sac should be first sign of defini 

cause the decidual 


ive intrauterine 


pregnaney for emergency physicians 
reaction and gestational sac are not 100 % 


112.5 Complications 


+ Bleeding 
+ Retained products of conception 


112.4 Procedure 


+ Ultrasound machine in obstetrics preset 
+ Tra 

1. Place the patient in the supine position, 

2. Ideally the bladder will be full for a good acoustic 
window. 

3. Use a curvilinear probe, 3.5-5.0 MH. 

4. Begin scanning the patient in a sagittal position to 
identify the uterus as it lies in position with the blad- 
der. Scan through the uterus completely in this plane, 
looking for signs of intrauterine pregnancy. 

5. Imaging in the transverse plane should be done in the 
same fashion, 

6. Any signs of an intrauterine pregnancy should be 
clearly identified and measured. 

+ In this case, gestational sac and any other intrauter- 
ine contents 

7. Although sometimes limited transabdominally, an 
attempt to identify the adnexa should be performed in 
both planes bilaterally 

8. Any abnormalities should be noted. 

+ Free fluid surrounding the uterus (anterior or poste~ 
riot cul-de-sac) or ovaries, 
+ Masses or contained fluid collections outside the 


sdominal 


uterus 
+ Yolk sac or fetal pole with or without fetal cardiac 
activity seen outside the uterus 


112.6 Pearls and Pitfalls 


+ Pearls 
~ See “Contraindications.” If following an algorithm, a 
blighted ovum would fall into indeterminate category 
and obstetrics consult is recommended in the emer- 
gency department, 
+ Pitfalls 
— It is imperative to inform all pregnant patients that 
obstetrical ultrasonography performed by emergency 
physicians is limited and not used to detect fetal health 


and/or anatomy. 
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Ultrasonography for Threatened, 
Incomplete, or Compete Abortion 
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L. Connor Nickels and Giuliano De Portu 


Key Points 

‘Threatened abortion: closed os, no passage of products of 
conception (POC). 

Inevitable abortion: open os, no POC. 

Incomplete abortion: open os, passage of POC. 

‘Complete abortion: closed os, empty uterus (all POC passed), 

Missed abortion: fetus has died and the uterus has failed to 
enlarge any further. 


113.1 Indications 


+ Vaginal bleeding in the setting of early intrauterine 
pregnancy 


113.2 Contraindications 


+ ‘There are no contraindications to ultrasonography, 


113.3 Materials and Medications 


+ Ultrasound machine 

+ Probes: curvilinear (transabdominal) and endocavitary 
(transvaginal) 

+ Gel 

+ Endocavitary probe covers 

+ Towels 

+ Skilled ultrasound operator 

+ Pelvic setup (speculum and cultures) 

+ Cardiac monitor and intravenous acces: 
significant 

+ Laboratory tests: serum human chorionic gonadotropin 
(hCG), hemoglobin, group and Rh, type, and s 


if bleeding is 


een 
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113.4 Procedure 


‘The procedure is the same for all pelvic ultrasounds includ- 
ing transabdominal and transvaginal imaging because this, 
should be performed in a systematic fashion so as to not miss 
pertinent findings. Therefore, the findings may change, but 
the examination remains the same 


Place the patient in the supine position, 
Ultrasound machine in obstetrics preset with abdominal 
probe and gel 

3. Begin scanning the patient in a transahdominal sagittal 
plane to identily the uterus as it lies in position with the 
bladder. Scan through the uterus completely in this plane 
looking for signs of intrauterine pregnancy (gestational 
sac, yolk sac, fetal pole, fetal cardiac activity), 

+ For our purposes as emergency physicians, a yolk sa 
(atthe least) must be seen within the uterus to defini- 
tively report an intrauterine pregnancy (Fig. 113.1), 
‘The decidual reaction and/or presence of gestational 
sac is not 100 % accurate. 

4, Transabdominal imaging in the transverse plane should 
be done in the same fashion, 

5. If an intrauterine pregnancy is clearly identified on 
transabdominal scanning, appropriate measurements 
can be taken to estimate dates: 

+ Gestational sac diameter. 

+ Yolk sac diameter or crown rump length (CRL). 

+ If present, fetal cardiac activity should be recorded 
bby using M mode to obtain a tracing and measure the 
fotal heart rate (Fig. 113.2). 

6. For a complete examination, the adnexa should be 
scanned in an attempt to identify the ovaries bilaterally. 

7. Any abnormalities identified should be noted: 

+ Free fluid surrounding the uterus (anterior or poste- 
rior cul-de-sac) or ovaries 

— On pelvic imaging or focused assessment with 
sonography in trauma (FAST) examination 
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+ Intrauterine contents not consistent with an intrauter- 
ine pregnancy and/or not clearly, centrally visualized 
within the fundus of the uterus 

+ Any masses or contained fluid collections noted out 
side the uterus 

+ Yolk sac or fetal pole with or without fetal cardiac 


activity seen outside the uterus 

8. Transvaginal scanning with the endocavitary probe 
should be performed if a definitive intrauterine preg 
nancy is not identified on transabdominal imaging, 

9, Transvaginal imaging is performed in the sagittal and 
transverse planes to identify an intrauterine pregnancy, 
with bladder preferably empty. 


Fig. 113.1. Yolk sac present within the gestational sac with double 
ecidual reaction (With kind permission from — Springer 
Science+Business Media: Buja LM, Chandrasekhar C. Chapter 7; 
pathology ofthe breast and female genital tract. In: Keueger GRP, Buja 
LM, eds, Atlas of Anatomic Pathology with Imaging. 2013) 


7.1132 Fetal cardiac activity recorded using M mode to obtain & 
tracing and measure the fetal heart rate (With kind permission from 
Spi Hanprasertpong T. Phupon 
V. First trimester embryonic/fetal heat rate in normal pregnant women, 
Archives of Gynecology and Obstetrics. 2006:2745)) 


Science+Business Media: 


LC. Nickels and G. De Portu 


10, Measurements should be taken of any intrauterine 


findings. 


Same as #5. 
+ CRL>7 mm on transvaginal ultrasound should have 
fetal cardiac activity. 
11. Each adnexa should be scanned in the sagittal and trans- 
verse planes, 
12. Any abnormalities identified should be noted. 


+ Same as #7. 
13. The uterus will be empty in the case of a complete abor- 
tion (Figs. 


and 113.4). 


Fig. 113.3 Transvaginal sagittal image of an empty uterus (Photo 
courtesy of L, Connor Nickels, MD, RDMS) 


Fig. 113.4 Transvaginal transverse image of an emply uterus (Photo 
‘courtesy of L, Connor Nickels, MD, RDMS) 
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113.5 Complications 


+ Vaginal bleeding 
+ Miscarriage 
+ Rhisoimmunization 


113.6 Pearls and Pitfalls 
+ Pearls 
~ Threatened abortion: 


+ Threatened abortion is not visible sonographically. 
Itis the presumed diagnosis when a patient presents 
with vaginal bleeding in the first 20 weeks of preg- 
nancy, an intrauterine pregnancy is found with dates 
corresponding to the patient's dates, and the cervix 
is closed. 

+ Fetal cardiac activity suggests a better prognosis 
than those without. 

+ Fetal heart rate less than 120 bpm suggests impend- 
ing fetal death (only 6 % survival). 

— Completed abortion: 

+ There are only three scenarios in which this diagno- 
is can confidently be made in the emergency 
department: 
1. Intact gestation is passed and identified in the 
emergency room. 
2. Ultrasound shows an empty uterus in the setting 
of a prior known intrauterine pregnancy. 

‘+ Small internal echoes within the uterus may 
represent blood rather than retained products 
of conception, but this determination should 
be made in consultation with obstetrics, 


3. Negative pregnancy test result in the setting of 

prior known intrauterine pregnancy. 
+ In all other cases, the quantitative B-hCG must be 

followed until itis tess than 2 mIU/mL. 

+ Pitfalls 
— Treating threatened abortion as fetal demise or abor- 
tion ~ many of these pregnancies actually go on to 
completion with a normal fetus. 

— If there is any concer for alternative diagnoses in any 
of the abortion types (i.e, ectopic gestation), obstetrics 
consult should be obtained. 
Failing to order a quantitative 
other possibilities (e.g., molar pregnancy) and to 
ensure that it is trending downward (if others to 
compare). 

— Failing to establish follow-up for an incomplete abor- 
tion to ensure appropriate management. The patient 


srum hCG to rule out 


‘may eventually require a dilation and curettage if prod- 
ucts do not pass naturally. 
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Ultrasonography for Placenta Previa 1 1 4 


L. Connor Nickels and Giuliano De Portu 


Placenta previa is a condition in which the placenta covers * Marginal : Lower margin of placenta reaches the internal 
the internal cervical os. I is the leading cause of antepartum —_o but does not cover it (within 3 cm) 


hemorrhage. There are four grades of the condition: + Low lying: Lower margin of placenta is located in the 
+ Complete: Placenta completely covers the internal os. lower uterine segment but does not reach the internal os 
+ Partial; Placenta partially covers the internal os. (Fig. 114.1), 


Total 40% Partial 30% Marginal Low lying 


——— 7 


30% 


Fig. 114.1. Varying degrees of placenta previa 
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114.1 Indications 


+ A patient in the second half of pregnancy who presents to 
the emergency room with bright red, painless vaginal 
bleeding OR premature labor should be evaluated for this 
condition. 


114.2 Contraindications 


+ Absolute: 
— There are no absolute contraindications to transab- 
dominal ultrasonography. 
+ Relative: 
~ Transvaginal ultrasound should be carried out with 
caution, so as to avoid hemorrhage. 


114.3 Materials and Medications 


+ Ultrasound machine 

+ Probes: curvilinear or phased array, endocavitary 

+ Sterile gel 

+ Endocavitary probe covers 

+ Towels 

+ Sterile speculum (see previously) 

+ Cardiac monitor, two large-bore intravenous needles, lab- 
oratory tests 


114.4 Procedure 


U1. 


Place the patient in the supine position. 
Ultrasound machine with abdominal probe and gel 
Begin scanning the patient in a transahdominal sagittal 
position (Fig. 114.2) to determine the placental position 
and whether itis Lying in the lower uterine segment. 
‘The patient should then be scanned in a transverse fash- 
ion to further evaluate the exact position of the 
placenta, 

If the placenta appears to lie in the lower uterine segment, 

the patient should be scanned in the oblique plane as well. 

‘The bladder should initially be full for best visualiza- 

tion. However, if the placenta appears to reside low or lie 

over the internal os, the scanning should be repeated 
fier the patient has voided. 

+ An overdistended bladder may create the appearance 
of a placenta previa. The anterior wall of the uterus is 
compressed against the posterior wall by the di 
tended bladder, shortening the distance between the 
placenta and the intemal os (Fig. 114.3). 

The following ultrasonographic findi 

centa previa [1] 

+ Direct apposition of the presenting part of the fetus 
and the cervix without space for interposed tissue 

+ Presence of amniotic fluid between the presenting 
part of the fetus and the cervix, without the presence 
of placental tissue 

+ Distance of greater than 2 em between the inferior 
aspeet of the placenta 

+ Indirect visualization of the internal cervical os 

If placenta previa cannot be ruled out with transabdomi- 

nal ultrasound, the patient should then be scanned trans- 

vaginally with the endocavitary probe because this is 
more sensitive for diagnosing placenta previa. 

A sterile speculum examination should be performed 

before transvaginal scanning to assess the cervix and 

ensure there are no presenting parts or bulging mem- 
branes, Transvaginal imaging is contraindicated if the 
patient has ruptured or bulging membranes. 

‘The probes should be swapped out and a sterile cover 

placed on the endocavitary probe with gel inside the 

cover and sterile gel on the outside of the cover. 

‘The endocavitary probe should be inserted into the vaginal 

canal, ensuring that caution is taken to stay off the cervix 

and distal to it, Keeping the cervix in view on the screen. 

‘The patient should be scanned in both the sagittal and 

the transverse planes to assess the inferior margin of the 

placenta, 


exclude pla- 
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13. If the inferior margin appears to be located near the 
internal os, then the distance should be measured. 

+ Steps 8 through 13 should only be performed by the 
‘emergency physician if he or she feels confident in 
this ultrasound skill and there is no obstetrics avail- 
able. If obstetrics is available, these steps should be 
performed in conjunction with them or by them to 


‘ensure the best outcome for the patient. 


Fig.114.2 TrunsabuJominal ultrasound of placenta previa. Note loss of 
the decidual interface between the placenta and the myometrium on the 
lower part of the uterus and multiple intraplacental lacunae (arrows) 
(Reproduced with permission trom J Korean Med Sei. 2010; 
25(4):651-5) 


Fig. 1143 (a) Overdistended Bladder 
bladder creating the appearance — 


of placenta previa, (b) empty a (alm 


badder shoving the more 
accurate position of the placenta 


Placenta Placenta 
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114.5 Complications 


+ Bleeding 
— May range from self-limited to life-threatening 
hemorrhage 
+ Maternal and/or fetal distress or death 


114.6 Pearls and Pitfalls 


+ Pearls 
~ Risk factors include: 

+ Multiparity 
+ Multiple pregnancy 
+ Advanced maternal age 
+ Previous placenta prev 
+ Cigarette smoking 
+ Cocaine abuse 
+ Hyperte 
‘+ Previous cesarean delivery/uterine surgeries 

— Myometrium contraction: can mimic placenta previa 
by temporarily displacing the placenta in the lower 
uterine segment. 

— If ultrasound capabilities are not available, but the 
patient is in the second half of pregnancy and having 
vaginal bleeding, do not perform a digital cervical 
examination. 

+ Pitfalls 

— Digital examination should be avoided because this 
may precipitate life-threatening hemorrhage and/or 
death. 


— Always consult obstetrics as soon as possible if this is 
suspected or known and the patient is symptomatic. 
Not consulting obstetrics could be detrimental to the 
mother and fetus. 

— Gentle sterile speculum examination should be done 
only if'an obstetrician is not available. This is to ensure 
the bleeding is coming from the cervix. If placenta pre- 
via is suspected or known and obstetrics are available, 
then abdominal ultrasound evaluation alone should be 
sufficient for the examination of the patient. 
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Vaginal Delivery 1 1 5 


Umarfarook Javed Mirza, Christopher Shields, 
and Muhammad Waseem 


115.1 Indications 115.3 Materials and Medications (Fig. 115.1) 


+ Inevitable detivery of the fetus (cervix fully dilated at + 4 Crile clamps or Kelly clamps 
10 cm and fully effaced 1 mm with crowning of the head) + 1 Mayo scissor curved and 1 Mayo scissor straight 
+ 2 sponge forceps 
+ 2towel clamps 
115.2 Contraindications + 1 Mayo-Hegar needle holder 
+L mouse-tooth forceps 
+ Absolute: + Suction bulb 
— Indications for emergent cesarean section (C-section) + Betadine (povidone-iodine) 
~ Prolapsed cord + Umbilical cord clamp (Fig. 115.2) 
~ Prior C-section with classic vertical incision + Incubator warmer (Fig. 115.3) 
— Placenta previa —complete/partial + Most importantly, help, 
— Breech presentation — footling 
+ Relative: 
~ Placenta previa ~ marginal/low lying 
— Breech presentation — complete/incomplete/frank 
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Fig. 115.1 Equipment: delivery 


Fig. 115.2 Equipment 
‘umbilical clamp 
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Figure 5 
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115.4 Procedure 


1. Determine the fetal presentation (breech or cephalic) 

with Leopold’s maneuvers or bedside ultrasound, 

2. If breech, follow the breech pathway. 

3. Perform a vaginal examination. 

4. Check for cond prolapse. 

5. Check effacement, 

6. Check dilation. 

7. Prepare the site. 

8. Position the mother in the extreme lithotomy position 

9, Deliver the head in a controlled manner. 

10. Check to see if the cord is wrapped around the neck. If 

present, follow cord presentation pathway. 

11. Deliver the anterior shoulder with downward traction of 
the head. 

12, Check for shoulder dystocia. If present, follow the 
McRobert-Rubin maneuvers (see Chap. 116) 

13, Deliver the posterior shoulder by gently pulling the 
trunk upward 

14, Suction the airway. 

15, Clamp the cord 5 em from the umbilicus in two pl 
and cut, 

16, Obtain Apgar score of the baby. Initiate resuscitation if 
required 

17. Keep the baby warm in the incubator. 

18, Clamp the cord again closer to the vaginal opening. 

19. Use this clamp to help deliver the placenta, Use gentle 
controlled traction on the clamp with one hand whil 
placing the other hand suprapubically to push the uterus 
upward. 

20. If the placenta does not deliver easily, stop and wait a 
ew minutes to allow it to come away from the uterine 
wall naturally and then try again. 

21. Placenta must be fully intact. If not, check for retained 

intrauterine placental products, and manually remove 

them; retained placenta may cause postpartum 
hemorrhage. 

+ Massage the fundus externally to pre 

‘tony, but only after all products have been removed. 

Repair any vi 


Fig. 115.3 Equipment: incubator warmer 


nt uterine 


al or cervical lacerations. 
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115.5 Complications 


+ Postpartum hemorrhage due to uterine atony or retained 
products 

+ Uterine inversion 

+ Rectal or urethral injuries 

+ Shoulder dystoci 

+ Meconium aspiration 


115.6 Pearls and Pitfalls 


+ Pearls 
~ Postpartum hemorrhage has a high incidence during 
the first hour postpartum, 

— Be aware of possible second delivery. 

— Oxytocin or Methergine (methylergonovine maleate) 
may be used after delivery of the placenta; both help 
increase uterine contractions and decrease postpartum 
hemorrhage. 


+ Pitfalls 

— Rushing delivery of the head/shoulders can lead to 
trauma to the mother/baby. 

— Rushing delivery of the placenta, when the placenta is 
not ready to detach, may cause placent: 
ing or uterine inversion. Remember: it may take up to 
20 min for the placenta to detach from the uterus, 


or cord tear- 


Selected Reading 


Desai $, Henderson SO, Mallon WK. Labor and delivery and thei 


complications. In: Marx J, Hockberger R, Walls R, editors. Rosen’s 
emergency medicine: concepts and clinical practice. Tih ed. 
Philadelphia: Mosby; 2010, 

Liao JB, Bubimschi CS, Norwitz ER. Normal labor: mechanism and 


duration. Obstet Gynecol Clin North Am, 2005;32: 145-64 
Norwitz ER, Robinson JN, Repke JT. Labor and delivery. In: Gabbe 
SG, Niebyl JR, Simpson IL, editors. Obstetrics: normal and prob- 
lem pregnancies. 4th ed. Philadelphia: Saunders; 2001. p. 353-94 


Shoulder Dystocia Management 
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Irina Fox Brennan and Joseph A. Tyndall 


116.1 Indications 


+ Retracting fetal head (“turtle sign”) 

+ Failure of anterior shoulder delivery following gentle 
downward traction 

+ Difficult face-chin delivery 

+ Failure of shoulders to descend 


ctors that signal the need for cesarean section: 

— Complete/partial placenta previa 

— Cord prolapse 

— Brow/face presentation 

— Non-reassuring fetal heart rate 

— Extensive uterine surgery and previous classic uterine 
incision 


116.2 Contraindications 


+ Mother with diabetes and fetus larger than 4500 g 
+ Mother without diabetes and fetus langer than 5000 g 
+ History of shoulder dystocia with prior birth 


LLP. Brennan, MD + 1.4, Tyndall, MD, MPH. 
Department of Emergency Medicine, University of Florida Health, 
Gainesville, FL, USA 
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116.3 Materials and Medications 


+ No specialized materials/equipment required 
+ Team coordination is of utmost importance. 
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116.4 Procedure 


1. Accurate documentation: Designate a team member to 
document the progress of labor, the position and rotation 
of the infant’s head, the time of delivery for the head and 
body, the presence of episiotomy, anesthesia require- 
ments, the duration of shoulder dystocia, whether the 
shoulder is anterior or posterior at the time of delivery, 
the onset/duration/results of maneuver(s) performed, 
and Apgar scores. 
‘The HELPERR mnemonic is commonly employed: 

Help recruitment: Involve anesthesiology, pediatric 
resuscitation, and obstetric/gynecology colleagues 


either as part of advance preparations or via activation of 

protocol during labor. 

Episiotomy consideration: Not required but might be of 

benefit if more space is needed for rotation maneuvers. 

+ Episiotomy alone will not release the impacted 
shoulder. 

Legs positioned for the McRoberts maneuver: Position 

the woman’s thighs onto her abdomen by abducting 

and flexing her hips. Have two assistants help her, one 

on either side, This increases the functional size of 

the bony pelvis by rotating the pubic symphysis 

toward the mother’s head, hence aiding delivery 

(Fig, 116.1). 
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Fig. 116.1. McRoberts 
‘maneuver: hyperflexion of the 
‘materal thighs against the 
abdomen 
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5, Pressure suprapubically (Rubin 1 maneuver): While 
continuing downward traction, have a colleague place 
hhis or her hand suprapubically on the fetal anterior 
shoulder and apply pressure down and laterally on its 
posterior aspect in 30-second increments. This allows 
the fetal shoulders to enter the pelvis in an oblique fash- 
ion (pelvic inlet is widest in the transverse plane) 
(Fig. 116.2). 

6, Enter maneuver (internal rotation): Rotate the anterior 
shoulder into the oblique plane and under the maternal 
symphysis. 

+ It may be necessary to push the fetus slightly up into 
the pelvis in order to successfully perform this 
‘maneuver, 

(a) Rubin I maneuver: Insert one hand vaginally 
behind the fetal anterior shoulder and rotate the 
shoulder toward the chest. This will reduce the 
diameter of the fetal shoulder girdle and facilitate 
delivery (Fig. 116.3). 

(b) The Woods corkscrew maneuver: Place one hand 
al the front of posterior shoulder and push upward 
gently. This can be combined with the Rubin IL 
‘maneuver (Fig, 116.4). 


Fig. 116.2. Ruben I maneuver: suprapubic pressure is directed at the 
anterior shoulder 


(©) The reverse Woods corkscrew maneuver: Place 
‘one hand behind the fetal posterior shoulder and 
rotate in the direction opposite to that of the 
Woods corkscrew maneuver to adduct the 
shoulder. 

7. Remove the posterior arm: Flex the fetal elbow and 
deliver the forearm in a sweeping motion over the fetal 
anterior chest wall. This allows the fetus to drop into the 
sacral hollow, freeing the anterior shoulder impaction. 

+ Avoid grasping and pulling on the fetal arm directly 
because it may fracture the fetal humerus, 

8. Roll the patient (Gaskin maneuvery: Position the patient 
on all fours (this acts as an upside-down McRoberts 
maneuver). Continue gentle traction. The turning itself, 
as well as gravity, will often dislodge the impacted 
shoulder. 

Last-resort maneuvers: 

9, Deliberate fracture of the fetal clavicle: Apply direct 
pressure upward in the middle of the clavicle to reduce 
the shoulder-to-shoulder distance. 


Fig.116.3 Ruben II maneuver: pressure is applied to the most acces- 
sible past ofthe fetal shoulder and rotated toward the chest 
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applied tothe clavicle of the 
posterior arm, enabling rotation 
‘and dislodgement of the antriot 
shoulder 
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10, Zavanelli maneuver: Rotate the fetal head into the direct 
‘occiput anterior position, flex, and push back into the 
birth canal. Continue holding upward pressure until 
cesarean delivery. Ensure the operating and anesthesiol- 
ogy teams are present (Fig, 116.5). 

+ Do not perform this maneuver if the nuchal cord has 
been clamped or cut 

11, Symphysiotomy: Place the patient in the exaggerated 
lithotomy position, insert a transurethral catheter, displace 
the urethra laterally, and separate the cephalad portion of 
fibrous cartilage of the symphysis pubis under local anes- 
thesia with either a scalpel blade or Kelly clamp. 

+ This technique is associated with significant maternal 
‘morbidity, including bladder neck injury and infec- 
tion. It is truly the last resort and should be used only 
when all other methods have failed and cesarean 
delivery is unavailable. 


Fig. 116.5 Zavanelli maneuver: the fetal head is rotated into the direct 
‘occiput anterior postion, flexed, and pushed back into the birth canal. (a) 
Rotation of the head to the oceiput anterior positon, (b) Replace head 
\With constant firm pressure on occiput with palm of hand flexing head 
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116.5 Complications 


+ Maternal: 
~ Postpartum hemorrhage 

~ Fourth-degree laceration/soft tissue damage to cervix 
and vagina 

— Uterine rupture 

~ Bladder atony 

— Symphyseal separation with or without femoral neu- 
ropathy (transient) 

— Sacroiliac dislocation 

+ Fetal: 

— Brachial plexus palsies (Erb, Klumpke): most resolve 
within 6-12 months; permanent injury occurs in less 
than 10 % of patients 

— Clavicular and/or humeral fractures 

— Ischemia/hypoxia/asphyxia due to umbilical cord 
compression with or without neurological damage 

— Significant fetal acidosis, with pH drop of 0.04 U/min 
between delivery of the head and trunk 

~ Death 


116.6 Pearls and Pitfalls 


+ Pearls 
— Many cases of shoulder dystocia and birth trauma are 
encountered in the absence of risk factors and in non- 
macrosomic infants. Shoulder dystocia is largely ne 
ther predictable nor preventable. 

— Presence of risk factors for shoulder dystocia should 
prompt advance preparation in anticipation of a diffi- 
cult delivery. Risk factors include maternal diabetes, 
obesity, multiparity, advanced maternal age, prolonged 
pregnancy, macrosomia (fetal weight >4,500-5,000 g), 
male fetal gender, and prior birth complicated by 
shoulder dysto 


+ Pitfalls 

— Do not cut and clamp the nuchal cord if at all possible 

in order to avoid fetal hypoxia and hypotension should 
shoulder dystocia arise. 

— Labor induction or prophylactic cesarean delivery of 
macrosomic fetuses has not decreased rates of shoul- 
der dystocia, 

— Avoid fundal pressure in shoulder dystox 
has been shown to increase the risk of permanent neu- 
rological damage and uterine rupture. 


because it 
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Department 1 1 7 


Kristin Stegeman, Sapnalaxmi Amin, Anton A. Wray, 
and Joseph A. Tyndall 


Breech presentation; the buttocks enter the pelvis before the + Incomplete/complete (flexed): 


head (Fig. 117.1) — One or both hips and knees flexed, buttocks presenting 
+ Footling: 
+ Frank (extended): — One or both hips and knees extended, foot presenting 
— Hips flexed and knees extended, buttocks presenting ‘The emergent delivery of a breech baby is one of the most 
— Most common challenging situations for an emergency physician, 
Complete Incomplete Frank 
breech breech breech 


Fig. 117.1. Variations of the breech presentation 
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117.1 Indications 


+ Inevitable delivery of fetus with complete or frank breech 
presentation 
+ Absence of vertex presentation 


117.2 Contraindications 


+ Footling prese -ased risk of cord prolapse and 
entrapment of the after-coming head). 

+ There is adequate time to transfer the mother safely to 
labor and delivery in the knee/chest position (administer 
subcutaneous terbutaline before transfer). 


117.3 Materials and Medications 


+ Supplemental oxygen for mother 

+ Ultrasound machine 

+ Piper forceps 

+ Sterile towels/gloves 

+ Betadine (povidone-iodine) or another antiseptic prepar- 
ing solution 

+ Sterile lubricant (Surgilube) 

+ Instruments to cut the umbilical cord/perform episiotomy! 
resuscitate baby (Kelly clamps/scissors/#10 scalpel/bulb 
suction) 

+ Available emergency department staff 

+ Pediatric, obstetrics, and anesthesia practitioners 


117.4 Procedure 


1. Assess the health of the mother and the 
physical examination/history). 

2. Listen to the fetal heart with stethoscope or Doppler 
ultrasound. 

+ Should be 120-160 beats/min. 

3. Identify the type of presentation by bedside ultrasound 
or by digital exam, 

4, Perform a sterile digital examination to confirm the 
position of the baby and the stage of labor. 

+ Membranes should not be artificially ruptured. The 
amniotic sac will help to dilate the cervix, lubric 
the canal, and protect the umbilical cord from 
compression. 

5. If footling presentation: await OB/general surgery for 
emergency C-section. 

6. If frank/completelincomplete: instruct the patient to 
push when the cervix is completely dilated. 

7. When the breech has descended to the perineum, con- 
sider performing an episiotomy if more space is needed, 


y (vitals/ 


Cleanse the perineum with antiseptic and sterile lubri- 
cant beforehand. 

8. Allow the baby to extrude to the umbilicus with mater- 
nal efforts alone. Do not exert traction before this time. 

9, If frank: deliver the posterior leg by gently guiding the 
sacrum anteriorly, grasping the thigh and flexing the leg 
at the knee 

10. Deliver the anterior leg in a similar manner while guid- 
ing the sacrum posteriorly 

11. If incomplete: detiver the extended leg as #8 or #9 as 
appropriate, 

12, Delivery continues as it would for a complete 
presentation, 

13. Wrap the legs/buttocks in a clean towel to decrease 
trauma (create grip) 

14. Grasp the upper legs with the index fingers holding the 
anterior iliac crests. Place the thumbs on the scrum 
(Fig. 117.2). 

15. Apply gentle traction as the mother pushes until the 
scapulae and axillae are visible. 

16, If there is difficulty delivering the shoulders, deliver the 
posterior shoulder by rotating the trunk 90° and apply- 
ing gentle downward traction to rotate the shoulder 
anteriorly. 

17. Rotate the baby 180° so as to deliver the anterior arm in 
a similar manner. 

18, If the arms do not spontaneously deliver, a finger can be 
hooked over the shoulders to bring the arm down whil 
rotating the trunk as above (Fig, 117.3). 

19, Use the MeRoberts position to increase the diameter of 
the pelvis (Fig, 117.4) 
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Fig.117.4 The McRoberts maneuver in vertex (head-first) presentation 
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20. Maintain the baby in the same plane as the vagina (sup- 
pport the body with the forearm) and place the second and 
fourth fingers over the maxilla of the baby. Place the 
‘middle finger in the mouth or on the chin and the other 
‘hand on the upper back/occiput (Fig. 117.5) 

+ Avoid extreme elevation of the fetus to prevent hyper- 
extension and cervical spine injury. Piper forceps 
‘may also be used to promote flexion, 

21. Deliver the head in the flexed position. 

+ Ifthe baby descends with the neck and abdomen fac~ 
ing anteriorly: Grasp the shoulders posteriorly with 
two fingers of one hand while the other hand flexes 


Fig. 117.5. Delivery of bead in exed position 


the abdomen and the baby’s feet are brought upward 
(Fig. 117.6). 

+ Ifthe baby’s neck remains extended: Leave the baby 
hanging (weight=traction). When the hairline 
‘appears under the symphysis, grab the baby by the 
feet and elevate upward (Fig. 117.7). 

Clamp and cut the umbilical cord (collect arterial and 

‘venous samples for pH). 

Suction the baby’s mouth and nose, and resuscitate as 

indicated, 


Deliver the maternal placenta, 
Repair tears or episiotomy made during delivery. 


BE BOR 


Fig.117.6 Correct hand placement if abdomen facing anterior 
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Fig. 117.7 The Burns-Marshall maneuver, (a) Allow baby to bang until you can see the hair atthe nape of his neck; (b) swing the buby's head. 
lear of the birth canal; (e) left hand guards and slips the perineum over fetal mouth; suction baby’s air passage to clear mucus: () hold baby’s feet 
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117.5 Complications 


+ Umbilical cord prolapse 
‘+ Brachial plexus injury (from the nuchal arm) 

+ Fetal head entrapment 

+ Cervical spine injury (from hyperextension of the neck) 
+ Birth asphyxia 


117.6 Pearls and Pitfalls 


+ Pearls 
— Allow the uterine contractions to help deliver the baby. 
+ Pitfalls 
— Do not rush the delivery or use too much force. This 
‘can increase the risk of trauma to the baby and mother. 
— Beware of nuchal arm. To avoid brachial plexus injury: 
Rotate the face of baby toward the maternal symphysis 
pubis. This will reduce the tension keeping the arm 
‘around the back of the fetal head (Fig. 117.3). 
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Management of Primary Postpartum 


Hemorrhage 
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Megan Kwasniak, Anton A. Wray, and Joseph A. Tyndall 


Postpartum hemorrhage (PH) is defined as >500 ml blood 
loss within 24 h of vaginal delivery or 1000 ml loss within 
24 h of cesarean section, It is the leading cause of maternal 
‘mortality worldwide, 


118.1 Indications 


+ Excessive vaginal bleeding with or without pain and/or 
hemodynamic instability within 24 h of delivery 


118.2 Contraindications 


+ There are no absolute contraindications to the manage- 
‘ment of PPH. 


118.3 Materials and Medications 


+ Sterile technique 
+ Good lighting 
+ Sponge forceps 
+ Gauze 

+ Towels 
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+ IV fluids 
+ Type and screen/erossmatch of blood 
+ Absorbable suture with curved needle 
+ Needle holder 
+ Tooth forceps 


118.4 Procedure 


+ Standard resuscitation measures: Place IV, O», monitor. 

+ Assessment and treatment should occur simultaneously. 

+ All techniques should be performed under strict sterile 
conditions, 


118.4.1 Uterine Exam 


1, Assess by placing the hand on the uterine fundus and 
checking its size and firmness. 

2. High, soft, or boggy uterus implicates retained placenta 
or uterine atony. Start external fundal massage. 

3. Non-palpable uterus implicates uterine inversion. 


118.42 Vaginal Exam 


1, Keeping one hand on the abdomen, gently examine the 
‘vaginal canal using the other sterilely gloved hand. 

2. Gently scoop out any clots/retained placenta that are eas- 
ily removable. 

3. Look for traumatic sources of bleeding from the perineum, 
vaginal walls, and cervical lacerations, 

4, Gauze-wrapped ring forceps can be used to assist direct, 
visualization and clearing of clots. 
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118.4.3 If Uterine Atony Suspected 


Continue external fundal massage with the abdominal 
hand. Make a fist with the vaginal hand and start biman- 
tual massage. Raise the uterus from the pelvis and pivot it 
anteriorly, compressing it between the external hand and 
the internal fist. This maneuver will result in expression 
of any clots present and decrease uterine bleeding via 
direct compression (Fig. 118.1). 

Administer oxytocin (20-40 units in 1 L of normal saline 
or lactated Ringer’s solution intravenously [IV]; alterna- 
tively give 10 units intramyometrially with a spinal 
needle), 

‘Methylergonovine may also be used at this time if oxyto- 
cin fails to reduce uterine bleeding (100 or 125 meg 1V or 
intramyometrially; alternatively 200 or 250 meg may be 
given intramuscularly), 

Continue massage until bleeding slows and the uterus 
‘becomes more firm. This can take 15-30 mins. 


Fig.118.1 Intrauterine massage for uterine stony 


118.4.4 If Retained Placenta Suspected 


1, Manual removal of the placenta or any of its retained tis- 
sue should be facilitated with sedation or additional 
analgesia. 

2. Keeping the thumb and fingers together in a teardrop 
shape and using sterile technique as described previously, 
insert the hand through the vaginal canal and the cervix 
into the lower uterine segment. 

3. Keep the other hand on the lower abdomen to continue 
gentle yet firm upward pressure and massage. 

4, Find the placental edge within the uterus, grasp it gently, 
detach it from the uterine wall, and withdraw the hand 
from the patient. 

5, Repeat the maneuver as necessary; remove any additional 
clots from the uterus and continue bimanual massage 
until it becomes firm and bleeding decreases. 

6, Ifthe entire placenta has been removed this way, an assis- 
tant should be available to inspect it for completeness and 
any torn vessels. 

7. If the bleeding is particularly severe and placenta accreta 
is strongly suspected, pack the uterus with gauze and pre~ 
pare the patient for urgent surgical intervention, 


118. 


If Uterine Inversion Suspected 


1. Using sterile technique, insert a fist through the vaginal 
canal and push the inverted fundus back through the cer- 
vical canal with pressure directed toward the umbilicus, 

2. Ifthe uterus has contracted, tocolytics such as IV magne- 

sium sulfate or terbutaline can be used to aid myomet 
relaxation. Alternatively, provided the patient is not 
overly hypotensive, nitroglycerin 50-100 meg IV may be 
administered to relax the myometrium and facilitate 
return to normal uterine position. 

If manual replacement is ineffective, hydrostatic reduc- 

tion may be attempted. Warm fluids are run into the upper 
vagina under high pressure while occluding the introitus, 
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118.4.6 Trauma: Genital and Perineal 
Lacerations 


1, For significant cervical lacerations: use absorbable 
sutures with a continuous interlocking stitch technique to 
close (Fig. 118.2), 

2, For vaginal wound repair: place the initial and final stitch 
above the apices of the lacerations and grab a good 
amount of tissue with the needle, Small bites can lead to 
ongoing bleeding and hematoma formation. 

3, Observe the repaired lacerations for any additional bleed- 
ing alter the tom edges have been sutured. 

+ Apply additional pressure to any site that continues to 
ooze blood: gauze-wrapped ring forceps may be used 
for this purpose if necessary. 


If none of the above causes are apparent, consider under- 
lying coagulopathies and treat appropriately. This may 
require administration of fresh-frozen plasma, platelets, ot 
clotting factors as indicated. 


Fig. 118.2 Continuous interlocking stitch; perineal lacerations repair 


118.5 Complications 


+ Uterine perforation and scarring 
+ Urinary and genital tract trauma and injury 

+ Genitourinary and genitointestinal fistula 

+ Pelvic hematoma 

+ Genital vascular injury 

+ Infection and sepsis 

+ Disseminated intravascular coagulation (DIC) 
+ Maternal death 


118.6 Pearls and Pitfalls 


+ Pearls 

— Causes of PPH can be divided into the “5 Ts 
+ Tone: uterine atony, occurring within the first 4h 

after delivery. 

+ Tissue: retention of the placenta, especially pla- 
centa accreta and its fragments, more common at 
extreme preterm deliveries. 

+ Trauma: injury to the uterus, cervix, and perineal 
structures after delivery of a large fetus, use of for- 
ceps and/or vacuum, frequent vaginal manipulation 
during delivery, and episiotomy procedures. 

+ Thrombosis: intrinsic or acquired coagulation 
orders, including idiopathic thrombocytic purpura 
(ITP); hemolysis, elevated liver enzymes, and low 
platelets (HELLP) syndrome; and disseminated 
intravascular coagulation (DIC), as well as preex- 
isting conditions such as von Willebrand disease. 

+ Traction: inversion of the uterus during placental 
delivery secondary to excessive traction on the 
umbilical cord, The uterine fundus can be within 
the endometrial cavity, in the cervical canal, or out- 
side the external os and within the vaginal canal, 

— The administration of broad-spectrum antibiotics 
should be strongly considered following any manual 
removal, exploration, or instrumentation of the uterus 
and the genital tract. 

— Bedside ultrasonography can be very helpful for iden- 
tifying uterine abnormalities, retained placental tissue, 
free fluid in the pelvis, and/or intrauterine hematoma, 

— Risk factors for PPH include prolonged active phase of 
labor, previous PPH, multiple pregnancy, and history 
ofa bleeding disorder. 

+ Pitfalls 

— Failure to recognize and treat PPH early increases 
morbidity and mortality 

— Underestimating the potential blood loss of PPH. The 
gravid uterus at term has a blood flow of 600 ml/min 
(non-gravid: 60 ml/h), 
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Perimortem Cesarean Section 
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and Muhammad Waseem 


119.1 Indications 


+ Maternal arrest with a viable fetus (gestation >24 weeks) 


119.2 Contraindications 


+ Stable mother 
+ Fetus less than 24 weeks’ gestation 

+ Extreme fetal prematurity 

‘+ Maternal hypoxia longer than 15 min 


119.3 Materials and Medications 


+ Cesarean section instrument tray if available 

— #10 or #11 scalpel blade, scissors, bladder retractor, 2 

large retractors, gauze sponges, hemostats, suction, 
forceps, and straight and curved clamps 
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+ Skin antiseptic preparing solution, such as Betadine 
(povidone-iodine) 

+ Silk suture with needle driver or skin stapler 

+ Sterile drapes 

+ Sterile gloves 

+ Obstetrical pack (See Chap. 115) 
— Bulb syringe and umbilical cord clamp 

+ Clean blanket or towels for detivery 

+ Neonatal resuscitation equipment 


Owing to the rarity of this procedure in the emengeney 
department, itis unlikely to have a prepared cesarean section 
tray available. In this case, a thorocotomy or thorocostomy 
tray combined with an obstetrical pack would contain all the 
supplies needed. At a minimum, a scalpel and an obstetrical 
pack are necessary. 
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119.4 Procedure 


1. Prepare skin with antiseptic solution and a sterile drape. 

2. Insert a Foley catheter to empty the bladder. 

3. Continue cardiopulmonary resuscitation until delivery. 

4, Obtain emergent obstetrician and neonatologist consult 
if available, but do not delay procedure. 

5. Using a #10 of #11 blade, make a vertical midline inci- 
sion beginning 4-5 cm below the xiphoid process and 
extend the incision to the pubic symphysis (Fig. 119.1) 

6, Incise through the subcutaneous fat no further than the 
rectus sheath, 

7. Lift the rectus sheath with a toothed forceps and make 
an incision with scissors to expose the uterus (Fig, 119.2). 

8, With forceps and scissors, lift and incise the peritoneal 
‘membrane in the midline. 

9, Identify and lift the bowel and cover it with saline- 
soaked gauze, 

10, Retract the rectus sheath and bladder with a bladder 
retractor or, if not available, use saline-soaked gauze or 
atowel. 

11. Create a 2- to 4-em midline vertical opening in the 
uterus. 

12, Place a finger in the opening directed caudally to protect 
the fetus while making a superior incision through the 
‘uterine wall, Once complete, repeat this step in the infe- 
rior direction, 

13, Use a clamp to rupture the amniotic membranes. 
Immediately deliver the fetus and clamp the umbilical 
cord. 

14, Expulse the head by placing a hand between the pubic 
symphysis landmark and the fetal occiput, Then, gently 
flex the fetus while simultaneously moving the head 
superiorly and anteriorly until detivery (Fig. 119.3). 

15, Suction the mouth and nose with a bulb syringe 
immediately. 

16, Deliver the shoulders, followed by the torso and extrem- 
ities. Secure the umbilical cord with a hemostat or 
‘umbilical cord clamp 10 cm distal to the fetus and a sec- 
‘ond clamp 2.em distal to this clamp. With scissors, incise 
the umbilical cord between the two clamps. 


17, Immediately begin resuscitation ofthe infant (Fig. 119.4). 

18, If the patient is still alive or regains vital signs, prepare 
to deliver the placenta, Begin with an oxytocin infusion 
at 20 U in 1 L at 10 mL/h. Apply cautious traction to the 
umbitical cord until the placenta separates from the 
uterus (Fig, 119.5). 

19, Following delivery, the uterus should be closed using 
two layers with either 2-0 or 1-0 suture. In the case of 
maternal death, skin staples or a running stiteh is an 

ceptable method of skin closure. 
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Fig. 119.2 Exposing reetus sheath 


Rectus 
abdominis 


Fig. 119.3. Delivery ofthe fews Fig. 119.4. Suctioning newborn as part of resuscitation 
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Fig. 119.5. Delivery of the placenta 


119.5 Complications 


+ Maternal sepsi 
+ Maternal visceral injury 

+ Maternal hemorrhage 

+ Maternal death 

+ Fetal injuries and laceration 
+ Fetal sepsis 


119.6 Pearls and Pitfalls 


+ Pearls 

— Perimortem cesarean section, although rarely per- 

formed, should be considered in any maternal arrest 
‘when the fetus is greater than 24 weeks’ gestation. 

— In addition to saving the life of the fetus, this proce- 
dure may aid in resuscitation of the mother. Emptying 
of the uterus may improve thoracic compliance and, 
therefore, improve maternal ventilation, 

+ Pitfalls 

— The decision to perform an emergency cesarean sec 
tion must be made early. There is a higher chance of 
survival if performed no more than 5 min after the 
onset of maternal cardiac arrest. 


Selected Reading 


Doan-Wiggins L. Emergency childbirth. In: Roberts JR, Hedges JR, 
editors. Clinical procedures in emergency medicine. 4th ed. 
Philadelphia: Saunders: 2004, p. 1117-43. 

Flippin A, Hendricks 8, Primortem cesarean section, In: Reichman EF, 
‘Simon RS, editors, Emergency medicine procedures. New York: 
‘McGraw Hill Medieal: 2004. p. 1070-8. 

Gianopoulos JG, Emergency complications of labor and delivery. 
[Emerg Med Clin North Am, 1994;12:201-17 

Jeejeebhoy FM. Zelop CM, Windtim R, Carvalho JC, Dorian P, 
‘Morrison LI. Management of cardiac atest in pregnancy: system 
aie review. Resuscitation. 201 1;82:801-19. 

‘Whitten M, Irvine LM. Postmortem and perimortem caesarean section: 
‘what are the indications? J R Soe Med, 2000:93:6-9, 


Part XV 


Common Pediatric Procedures 


Peripheral Venous Catheterization 
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120.1. Indications (See Also Chap. 2) 


+ Fluid resuscitation 
+ Medication administration 
+ Blood draws 


120.2 Contraindications 


+ Relative 

— Avoid catheterizing areas of trauma in which extrava- 

sation of fluid is possible (¢.g., bums, open wounds, or 
severe edema in tissue). 

— Avoid catheterizing in an area of local infection for 
risk of inoculating the circulation with bacteria (e.g., 
cellulitis). 

+ Absolute 

— None 
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120.3 Materials and Medications 


+ Gloves 

+ Skin disinfectant (isopropyl alcohol, chlorhes 
Betadine [povidone iodine]) 

+ Appropriate-sized catheter (18- 
(Fig. 120.1) 
— Large child: 18 to 20 gauge 
— Infant or small child: 22 to 24 gauge 

+ Tourniquet 

+ Sterile 2x2 gauze 

+ Appropriate-sized Tegaderm transparent dressing, 

+ Adhesive tape 

+ IV bag with solution set (tubing flushed and ready) or 
saline lock 

+ Sharps container 


ine, oF 


to 2-gauge (IV) 
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] 


249 
angiocatheter 


189 
angiocatheter 


209 
angiocatheter 


Fig. 120.1 24-Gauge angiocatheter (vellow), 18-gauge angiocatheter 
20-gauge angiocatheter (blue) 


120.4 Procedure 


10. 


u 


13, 


M4. 


15, 
16. 


11, 


Comfortably position the patient with the site exposed. 
Assemble the equipment and don a pair of (nonlatex) 
examination gloves. 

Apply the tourniquet to the extremity above the site to be 
catheterized (Fig. 120.2) 
‘Visualize and palpate the vei 
Cleanse the site with a disinfectant swab using an 
expanding circular motion, 

Prepare and inspect the catheter and flush the tubing; be 
ertain that the stylet and catheter separate easily, then 
fit again into the notch, aligning the bevel with the hub. 
Stabitize the vein and apply countertension to the skin, 
being careful not to touch the cleansed area. 

Insert the stylet through the skin and then reduce the 
angle while advancing through the vein (Fig. 120.3) 
Observe for “flashback” as blood slowly fills the flash- 
back chamber. 

Advance the needle approximately 1-2 mm further into 
the vein, depending on the gauge and age of the patient, 
to ensure that the catheter is within the vein, 

Slowly advance the catheter into the vein while keeping 
tension on the vein and skin (Fig. 120.4), 

While advancing the catheter, be certain to hold the sty- 
let portion with the thumb and forefinger, so as to avoid 
advancing the needle portion into and through the oppo- 
site side of the vessel, thus “blowing” the vein 

When the catheter is advanced about halfway, slowly 
withdraw and remove the stylet while simultaneously 
continuing to advance the catheter to its hub. 

Attach a 3-mL, non-Luer-Lok syringe to the hub, 
Remove the tourniquet. 

Gently attempt to aspirate blood. The blood should be 
free flowing 

Secure the catheter by either placing a transparent occlu- 
sive dressing (e.g., Tegaderm) over the lower half of the 
catheter hub or taping over the catheter hub in a cruciate 
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fashion, taking care not to cover the LV tubing connec- 
tion (Fig. 120.5). 

18, Remove the cover from the end of the IV tubing and 
insert the IV tubing into the hub of the catheter (the tub- 
ing must have been flushed with IV solution before con- 
necting with the catheter hub: the unit from the solution 
‘bag/bottle through the catheter must be air free), 

19, Open up the IV roller clamp and observe for drips form- 
ing in the drip chamber, 


Cophatc vein Basic vein 


‘Accessory cephalic 
Median cubital 


Cephalic vein 


‘Median antebrachial 


Fig. 120.2 Anatomy of the 
Torearm 


volar surface antecubital fossa and 


2. 


23, 


Place a piece of tape over the catheter hub then make a 
small (kink-lree) loop in the IV tubing and place a sec- 
ond piece of tape over the first piece to secure the loop 
(Fig. 120.6). 


. Place a third piece of tape over the IV tubing above the 


site. 
Ensure that the IV is properly secured and infusing 
properly. 

Ensure that all “sharps” are placed in the sharps container. 
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Fig. 120.3. (a-d) After applying the tourniquet, palpate a vein, as straight as possible, and ideally without many “knots” (., valves) 


120 Peripheral Venous Catheterization 


Fig. 120.4 With the tourniquet “up.” and the vein distended, apply 
traction to the skin, pierce the skin, and pass the catheter tip (into the 
‘ein) until blood return is noted in the catheter hut 
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Fig. 120.5 (a-d) Securing the intravenous line utilizing the eruciate taping style 
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Figure 8 
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a 120.5 Pearls and Pitfalls 


+ Pearls 
— Start catheter attempts distal in the extremities and 
‘move proximally with each subsequent attempt. 
\ — The use of ultrasound or a light source in infants can 
aid in location of the vessel and placement of the line. 
— In an emergent situation, in which fluids or medica- 
tions are needed quickly, intraosseous access (see 
Chap, 122) can be obtained if venous catheterization 
fails. 
+ Pitfalls 
— The use of lidocaine subcutaneously can improve 
patient comfort, but it does disrupt anatomical 
Jandmarks. 
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Fig. 120.6 Commercially available hub stabilizer, minimizing the 
need for excessive tape 


Umbilical Venous Catheters (Insertion 


and Removal) 
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121.1 Indications 


+ Temporary vascular access for infants up to roughly 10 
days of life (between 7 and 14 days) with shock or cardio- 
pulmonary failure 

+ Emergency vascular access in this age group, when 
peripheral intravenous (IV) access cannot be rapidly 
obtained 

+ Preferred vascular access in infants less than 1000 g 


121.2 Contraindications 


+ Omphalitis 
+ Omphalocele 

+ Necrotizing enterocolitis, 
+ Peritonitis 
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121.3 Materials and Medications 


+ Anesthetic: not necessary; procedure is painless 

+ Soft ties to restrain infant’s extremities 

+ Sterile gloves/gowns 

+ Antiseptic solution 

+ Sterile towels/drapes 

+ 3.5. (infants <1500 g) or 5-French (>1500 g) umbilical 
Venous catheter 

+ 5-French feeding tube 

+ Three-way stopcock 

+ 10-mL syringe with heparinized saline flush (1 U/ml.) 

+ Umbilical tape or 3-0 silk on a cutting needle 

+ Non-toothed forceps 

+ Small hemostats (2) 

+ #11 scalpel and blade 

+ Scissors 

+ Graph depicting length of catheter insertion, if placing 
‘umbilical venous catheter (UVC) above the diaphragm in 
either very small infants or infants for whom measure- 
‘ment of central yenous pressure (CVP) is. indicated 
(Fig. 121.1) 
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121.4 Procedure (Insertion) 


Place the infant under a radiant warmer. 

Using soft ties, restrain the infant's extremities. 

3. Scrub the umbilicus and surrounding abdomen with 
antiseptic solution, 

|. Drape the umbilicus and area in sterile manner (leave 
the infant's head exposed), 

5. Tiea loose loop with the umbilical tape around the base 

of the cond OR run the 3-0 silk through the skin of the 


later to anchor the line after place- 
‘ment and to provide hemostasis should the line acci- 
dentally be pulled out and bleeding ensue. 

6. Using the scalpel blade, cut the umbilical cord horizon- 
tally approximately 2 cm above the junction between the 
ccord and the skin. 

7, Identify the umbilical vessels 
+ The vein is thinner walled, larger in diameter, and 

somewhat floppy appearing, relative to the umbilical 
arteries, and typically located at the 12 o'clock 
position. 

+ The arteries are smaller, thick walled, and paired 
(a single umbilical artery often signifies the presence 
of a congenital malformation/syndrome) and located 
at the 4 and 8 o'clock positions (Fig. 121.2). 


Umbilical veins 
+12 o'clock 


*Thin-walled 
* Large lumen 


Fig. 121.2 Anatomy of the 
‘umbilieal cord when cut 
transversely approximately 2 em 
from abdominal wall 


10. 
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Place the stopcock on the receiving end of the umbilical 

catheter or the 5-French feeding tube and flush with 

heparinized saline solution, and then close the 

stopcock. 

+ Ibis imperative that there is no air in the catheter. 

Introduce a closed smooth-surfuced forceps into the 

lumen of the umbilical vein and allow the forceps to 

separate, allowing the vein to dilate (Fig. 121.3) 

Insert the catheter (or feeding tube) into the lumen and 

gently advance, directing the catheter toward the right 

shoulder (Fig. 121.4). 

Advance the catheter only until good blood flow is noted 

and then another 1 to 2 em (this should be a total of only 

4-5 em in a term infant) 

+ Do not force the advancement. 

+ Atthis level the tip of the catheter should still be infe~ 
rior to the liver (Fig. 121.5). 

‘Tighten the umbilical tie or the purse-string suture. 

Secure the catheter with a tape bridge (Figs. 121.6, 

121.7, and 121.8), 

Although if placed only up to point of blood return, the 

catheter tip should be below the liver: it is best to get an 

abdominal x-ray to confirm; many solutions are caustic 

to the liver and can result in complications 


‘Umbilical stump. 


Umbilical arteries 
* Usually paired 
*Thick-walled 
+ Small lumen 
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Fig. 121.3 Sterilely draped umbilicus, with umbilical ape loosely tied Fl 
at base of umbilical cord. Ths tie will he cinched and secured ence the tinal 1-2 em, The catheter should stil be inferior tothe liv 
catheter is placed, but meanwhile, can assist with homeostasis should point 

the eatheter be inadvertently dislodged during placement. Gently dilate 

the umbilical vein witha smooth toothed forceps. Insert the distal most 

couple of mm of a closed forceps into umbilical vein and relax, so the 

Forceps tips smoothly separate 


121.5 Once there is easy blood return, pass the catheter an addi- 
at this 


i 


Fig. 121.4 Gently pass the umbilical venous catheter (or S F feeding Fig. 121.6 Creating an umbilical catheter tape bridge: the uprights 
tube) until there is easy blood renuin 
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Fig. 121.7. Umbilical ape catheter bridge: the “cross bar” secures the 
catheter without applying tape 10 the umbilical stump 


Fig. 121.8 Fold the catheter aver to ereate a “U2 Be eureful not 10 
‘ink the catheter, and secure with a second taped cross bar to lend add- 
tional security o the catheter and prevent displacement 


121.5 Procedure (Removal) 


1, The UVC should be removed as soon as adequate periph- 
eral Venous access is obtained (unless in an infant esti- 
mated to weigh <1000 g) 

2. Tum infusions off. 

3. Be certain the stopcock is closed to the infant. 

4, Itis imperative that there be no air in the catheter before 
Withdrawal (if air is present and infant takes inspiration, 
the negative pressure generated can pull significant 
amount of air into the central vasculature). 

5. Remove the securing tape from the infant. 

6. Withdraw the catheter gradually as a single maneuver, 


121.6 Complications 


+ Infection 

+ Bleeding due to disconnection of tubing (always use 
Luer-Lok connections) or perforation of vessels 

+ Arterial injury by accidental perforation 

+ Hepatic injury and necrosis if the catheter sits within a 
portal vein 

+ Thrombosis 

+ Airembolus 

+ Dysthythmia or pericardial tamponade or perforation if 
catheter is advanced too far 
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121.7 Pearls and Pitfalls 


+ Pearls 
— The umbilical vein is 2-3 em long before it widens 
into the umbilical recess, just before intersecting with 
the left portal vein and the ductus venosus. 
~ Be certain to include the length of the umbilical stump 
in any calculations for placement, 
— If using the calculating graph, measure from the right 
shoulder to the umbilicus (Fig. 121.9) 
~ If choosing the above-diaphragm site for placement, cork- 
serewing the catheter clockwise while passing the cathe~ 
ter will encourage it to pass through the ductus venosus. 
— A kidney, ureter, and bladder study is mandatory in 
high UVC placement. 
+ Pitfalls 


2 


" 


10 


UVC insertion distance (ams) 


8 10 12 14 16 18 
‘Shoulder to umbilicus (cms) 
Fig. 121.9 Graph for estimation of insertion distance ofthe cathete 


be certain to add the length (cm) of the umbilical stump tothe insert 
distance 


— When preparing with Betadine (povidone: 
certain to wipe away and remove any pooled Betadine 
along the infants side because this will cool the infant 
initially; as the Betadine is warmed, it becomes highly 


irvitating to newborn skin. 
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122.1 Indications 


+ During cardiac arrest: Failure to attain vascular access 
after three peripheral intravenous attempts or 90 s, which- 
ever comes first 

+ Inability to gain vascular access in pediatric patients pre- 
senting in shock due to hemorrhage (trauma), sepsis, pro- 
found dehydration, or cardiac failure 


122.2 Contraindications 


+ Absolute 
— Fracture of the long bone considered for intraosseous 
(10) access 
+ Relative 
— Previous 10 access attempt in the same long bone 
— Cellulitis over the insertion site 
~~ Inferior vena cava injury (circulatory access proximal 
to the injury site is preferred). 
— Osteogenesis imperfecta 
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122.3 Materials and Medications 


+ Preparation materials, such as an antiseptic solution and 
sterile drapes, IF the patient’s stability offers the time. 

+ Lidocaine without epinephrine: If it becomes necessary to 
place an 10 in a conscious patient, use lidocaine to anes- 
thetize the skin to the bony cortex; then once accessed, 
infiltrate 2-3 mL into the marrow to alleviate some of the 
pain of medications infusing through the marrow. 

+ 10 needle (a few examples shown) (Figs. 122.1, 122.2, 
and 122.3) 


Fig, 122.1 Jamshidi disposable sternalliae aspiration needle 
(Gamshidi, Cardinal Health Dublin, O11) 
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Fig. 122.2 Cook intraosseous needle (Cook Critical Care, 6, 
Bloomington, IN) 


10. 
ul 


Fig. 122.3, 7-10 (Vida-Care, Sun Anti, TX) 


122.4 Procedure 


+ Most common site: proximal tibia 


Patient should be supine, with the intended leg 
slightly extemally rotated and flexed at the hip, Flex 
the knee about 90°. 

Place a towel underneath the knee and the proximal 
lower leg. 

Palpate the tibial tuberosity. Then move fingers 2m 
distal to the tuberosity (1-2 fingerbreadths) and 2 cm. 
medial. This area is consistently flat and is distal to 
the growth plate (Figs. 122.4 and 122.5). 

If the patient is stable, create a sterile field focused on 
the insertion site, 
Insertion site should be cleaned with an antiseptic 
solution. 

Pass the needle through the skin and subcutaneous 
tissue to the cortex, 

‘Once bone is reached, stabilize the 1O with the thumb 
and first fingers adjacent to where the needle pene- 
trates the skin, 

Apply steady and firm pressure downward and with a 
twisting motion (back and forth) with the palm on the 
end of the device. Although inserting the needle per- 
pendicularly to the bone is totally acceptable, ideally 
angling the needle caudally slightly (~15°) will avoid 
the growth plate (Fig. 122.6). 

‘As the cortex is fully penetrated indicating entrance 
into the marrow space, one may feel an ease in resi 
tance. Do not advance the needle further. The needle 
should be able to stand up without support. 

Remove the inner trocar (Fig. 122.7) 

Attempt to aspirate marrow/blood. Not being able to 
do so DOES NOT mean inadequate or inaccurate 
placement. Instead, if marrow cannot be aspirated, 
affix a 10-mL syringe with normal saline and attempt, 
to infiltrate. Resistance to flow should be minimal, 
and one should not appreciate either extravasation 
‘around the insertion site, coolness, or tissue expan- 
ssion posterior to the site (indicating the fluid is pass- 
ing through the IO). 
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12. Once placement is confirmed, connect an intravenous. 
fine, using a three-way stop-cock. 
13. Secure the needle with tape and gauze (Fig. 122.8). 


+ Alternative sites 


~ Distal tibia 

+ The landmarks are the medial aspect of the tibia 
(the flat portion), 2 fingerbreadths proximal to the 
‘medial malleolus. 

+ Again, externally rotate and abduct the hips, with 
the knee flexed about 60° (as with the proximal 
tibia). 

+ Angle the needle toward the knee (cephalad) about 
10-15° to avoid the distal tibia growth plate. 

‘+ The remainder of the 10 insertion is identical to the 
procedure for proximal tibia placement. 

~ Distal femur 
+ Slightly flex and externally rotate the hip. 
+ Flex the knee enough that the quadriceps muscle 
group is relaxed, 
‘The landmarks for the distal femur are the anterior 
thigh, midline, about 3 fingerbreadths proximal to 
the medial and lateral condyles. 
‘The 10 is inserted perpendicular to the bone 
(because there is no growth plate in the distal femur 
other than the condyles). 
+ The remainder of the procedure is identical to the 
procedure for placement in the proximal tibia, 


Fig. 122.4 Step 1, Identify the bial tuberosity 


— Proximal humerus (Fig. 122.9) 


+ The patient should be supine, with the shoulder, 
Upper arm, and elbow as close to the body as pos- 
sible, yet still on the bed. The elbow should be 
flexed at 90°, with the forearm and palm resting on 
the patient’s abdomen. 

+ The provider slides his or her thumb up the anterior 
shaft of the humerus toward the shoulder until the 
greater humerus tubercle is palpated, which identi- 
fies the surgical neck of the humerus. 

+ The insertion site is perpendicular to the humerus, 
approximately 1-2 fingerbreadths proximal to the 
tubercle. 

+ The remainder of the insertion is identical to that, 
for the proximal tibia 


— Sternum (not usually recommended for small children), 


+ Requires a special 10 needle and system, 

+ Method of placement is specific to the insertion sys- 
tem chosen. 

+ Manubrium is the desired site (as opposed to the 
body of the sternum, which would interfere with 
cardiopulmonary resuscitation) 

+ Risks specific to stemal placement include pneu- 
mothorax, mediastinitis, and great vessel injury. 


Fig. 122.5 Step 2. One to 2 fingerbreadihs below the tuberosity and 
‘medially to the Mat aspect ofthe proximal bia 
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Fig. 122.6 Sicp 3. Angle the dovice slightly caudal to avoid growth Fig. 122.8 Step 5, Stbilize the intraosseous cannula 
plate 


Fig. 122.7 Step 4. Uncap the top ofthe device and remove the trocar 
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Fig. 122.9 10 insertion into proximal humerus site 
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122.5 Complications 


+ Extravasation of fluid. 
— Occurs as a result of # misplaced 10, either not com- 
pletely in the marrow space anteriorly or through the 
cortex posteriorly. 
— Tissue necrosis. 
+ Compartment syndrome 
recognized, 
+ Fracture and growth plate injury. 
+ Infection and osteomyelitis are rare comp! 
ile technique is used. 
+ Fat embolism, considered rare and only in adult patients. 


if extravasation is not 


cations if ster~ 


122.6 Pearls and Pitfalls 


+ Be certain to avoid placing a hand beneath the 10 site dur- 
ing placement in order to prevent possible 10 penetration 
into the provider's tissue. 

+ Do not rely on the sensation of a “pop” to determine 
appropriate penetration into the cortex, especially in 
infants, 


+ Likewise, one may not be able to aspirate bone marrow or 
blood, even with an appropriately placed 10. DO NOT. 
pull out the [0 if marrow cannot be aspirated. Rathe 
gently but firmly infiltrate 10 mL. normal saline. 

+ Blood gases, body chemistries, and blood typing can be 
obtained from IO samples, but the sample CANNOT be 
used for hematocrit determination. 


Selected Reading 


Bohn D. Intraosseous vascular access: from archives to the ABC. Crit 
Care Med. 1999.27:1053, 

DeCaen AR, Reis A, Bhutia A. Vascular access and drug therapy in 
pediatric resuscitation, Pediatr Clin North Am. 2008;55:909-27. 
Deitch K_Intraosseous infusion. In: Roberts JR, Hedges JR, editors 
Clinical procedures in emergeney medicine. Sth ed. Philadelphia: 

‘Saunders: 2009, Chap. 25. 

EMS World. Intraosseous infusion: not just for kids anymore. Posted 
Jan. 12, 2011. Updated from Mar 2008. EMSWorld.com. Cygaus 
Business Media Site. 

Halm B, Yamamoto LG. Comparing exse of intraosseous needle place 
‘ment: Jamshidi versus Cook. Am J Emeng Med. 1998;16:420. 


Lumbar Puncture in Pediatrics 


123 


Maritza A. Plaza-Verduin and Judith K. Lucas 


123.1 Indications 


+ Evaluation of cerebrospinal fluid (CSF) for infection ot 
malignancy 

+ Measurement of opening pressure 

+ Treatment of pseudotumor cerebri 

+ Diagnosis of central nervous system (CNS) metastases 

‘+ Instillation of intrathecal chemotherapy 

+ Injection of radiopaque dye for spinal cord imaging 


123.2 Contraindications 


+ Increased intracranial pressure 

+ Bleeding diathesis (platelet count <50,000) 

+ Overlying skin infection near the area of puncture site 

+ Spinal cord trauma or spinal cord compression 

+ Signs of progressive cerebral herniation 

+ Condition of the patient (¢.g., unstable airway, potentially 
dangerous breathing problem, severe circulatory instabil 
ity) that could cause an abrupt decompensation 

+ Known spinal cord deformity 
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123.3 Materials and Medications 


‘Lumbar puncture (LP) tray (Fig, 123.1) 
— Sterile drapes 
— Betadine (povidone-iodine) swabs or tray to pour 
Betadine 
— Sterile sponges for preparing the puncture site 
— Sterile 3-mL syringe with needle for lidocain 
— Sterile collecting tubes (4) 
— Sterile spinal needle with stylet (size depending on age 
of patient) 
+ Premature infant: 22 gauge or smaller, 1.5 inch 
+ Neonate to 2 years: 22 gauge, 1.5 inch 
+ 2-12 years: 22 gauge, 2.5 inch 
+ Older than 12 years: 20 or 22 gauge, 3.5 inch 
— Pressure manometer column with a three-way stopcock 
Betadine solution 
Sterile gloves 
Mask 
Lidocaine (1-2 % without epinephrine) 
4% Lidocaine cream (LMX~4) of lidocaine and prilocaine 
mixture (EMLA [eutectic mixture of local anesthetics}) 


m 
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Fig. 123.1 Lumbar puncture 
(LP) tray 
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123.4 Procedure 


1. Position the child (Figs. 123.2 and 123.3) 

(a) Can be positioned in either the sitting or the lateral 
recumbent position with the hips, knees, and neck 
flexed. 

(b) For small infants or any patient with any degree of 
cardiorespiratory compromise, keep close monitor 
ing of heart rate, respirations, and oxygen saturation 
‘while in the flexed position. 

Palpate the top of the iliac crest and draw an imaginary 

line connecting the two across the back, which should 

cross the midline just above the fourth lumbar spine 

(Fig. 123.4). 

3. Palpate L3-4 or L4-S space along this line. 

4, Place EMLA or LMX-4 on the area at this time and 
allow some time for anesthesia to occur (can take up to 
30 min to be effective). 

5, Prepare the skin in sterile fashion with Betadine solution 
using enlarging circles that begin at the puncture site. 

6. Drape the patient with sterile towels, exposing the punc- 
ture site 
(a) If an infant, do so conservatively to be able to moni- 

tor the infant during the procedure, 

7. Locate the intervertebral space (L3-4 or L4-S) once 
again. 

(a) Make a small mark on the chosen intervertebral 
space with a fingernail depression or the plastic cap 
of the spinal needle. 

8. Ifdesired, orif anesthetic cream was not previously used 
‘or more is needed, apply a small wheal of lidocaine at 
the desired puncture site using a 25-gauge needle. 

9, Insert the spinal needle in the intervertebral space. 

(a) Puncture the skin in the midline just caudal to the 
palpated spinous process. 

(b) Bevel should be positioned so that the dura mater is 
pierced parallel to its fibers (which will reduce the 
likelihood of CSF leakage), 

(j) If in the lateral recumbent position, the bevel of 
the needle should be positioned horizontally. 

If in the siting position, the bevel of the needle 

should be positioned vertically. 

‘Angle the needle slightly cephalad toward the 

umbilicus and parallel to the bed if the patient 

is in the lateral recumbent position or slightly 
ccatidal (perpendicular to the skin) if the patient 
is in the sitting position. 

the needle several millimeters at a time and 


(i) 


ii) 


10, Advan 
withdraw the stylet frequently to check for CSF flow. 
(a) Advance the needle until a loss of resistance is felt 
or approximately 1-2 em. 
(j) Inthe infants, whose dura are not so thick and a 
“pop” or give may be unnoticeable, after passing 


UL. 


between the spiny processes and approximately 

2 cm through the skin, remove the stylet fre~ 

quently to check for CSF return. This will allow 

you to avoid passing through the subarachnoid 
space. 

After the change in resistance occurs, if resis 

tance is met again, pull back gently on the ne 

dle to reposition in the subarachnoid space and 
remove the stylet to check for CSF fluid 

Once CSF is free flowing, attach a pressure manometer 

tothe needle hub via the three-way stopcock (Fig. 123.5), 

(a) Make sure to hold the spinal needle with one hand in 
place while attaching the manometer to prevent 
‘movement of the needle. 

(b) Measure the CSF pressure once the CSF reaches the 
highest level in the manometer column. 

(©) CSF pressures will be best obtained in the lateral 
recumbent position with the neck and legs extended. 

(d) Normal CSF pressure is 5-20-cm HO with the neck 
and legs extended, 10-28-cm H,O with the neck and 
legs flexed. 

(©) Have an assistant hold the top of the pressure 
‘manometer while the spinal needle is supported at 
the connection of the manometer and stopcock. 

Remove the manometer and collect the CSF into sterile 


ro 


tubes. 

(a) Make sure to keep the needle in place when remov- 
ing the manometer. 

(b) Continue to drain fluid into the collecting tubes, 
approximately 1 mL per tube. 

(©) The tubes should be labeled for specitic studies, 
depending on the order of collection. 

(i) First tube for gram stain and culture, 

(Gi) Second tube for quantitative glucose and protein 

Gii) Third or fourth tube for cell count and 
differential 

(iv) Leftover tube for any additional studies that 
may be needed. 

(v) When the LP is to assess for possible subaract 
noid blood, the first and fourth tubes are 
for cell count. 

Replace the stylet and remove the spinal needle. 
Cleanse the puncture area to avoid staining with the 
Betadine solution. 

Apply a sterile dressing to the puncture site. 

Patients 4 years and older should remain in the supine 
position, with the head elevated no more than the height 
of a pillow (for comfort), for at least an hour to avoid 
spinal tap headaches, 

Likewise, after the LP, giving a fluid bolus of normal 
saline (10-20 mL/kg in children; 1 Lin non-volume- 
sensitive adults) will also assist with avoidance of spinal 
tap headaches, 
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Fig. 123.2. Curling up for an LP 


Fig. 123.3 Having the LP 
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Love ot peta 123.5 Complications 
erests puncture ste + Minor 
LCs remanence: — Localized back pain 
— Transient paresthesia during procedure 
~ Post-LP headache 
+ Major 


— Severe back pain associated with neurological signs 
(may be subdural or epidural spinal hematoma) 

— LP-induced meningitis 

— Cerebral herniation 

— Acquired epidermoid tumor 

— Damage to adjacent structures (disk herniation, retro- 
peritoneal abscess, spinal cord hematoma) 


tyes 123.6 Pearls and Pitfalls 


Fig. 123.4 Anatomy of the lumbar spine showing the sites for dural * Pearls 

pneture — Success of the LP depends on the positioning of the 
patient 

* Goal of positioning is to stretch the ligamentum fla- 
‘yum and increase the interlaminar spaces. 

+ In the recumbent position, the shoulder and hips 
should be perpendicular to the bed, keeping the spi- 
nal cord straight, with no rotation. 

+ Sitting position is useful with older, cooperative 
patients or with very young infants who are unlikely 
to struggle and may have increased respiratory dis- 
tress in the lateral recumbent position. 

~ Administration of an anxiolytic (e.g, midazolam) can 
be used to facilitate the procedure in an older child. In 
some cases, procedural sedation may be required. 

— Placing the tip of the thumb on the spinous process just 
above the space being entered can ensure good align- 
ment of the needle. 

— In older patients a “pop” may often be felt as a change 
in resistance occurs once the dura is penetrated; how- 
ever, in infants and neonates, that “pop” may be 
exceedingly subtle or not palpable. 

— If-no CSF returns, attempt the following options: 

Fig. 123.5 Pressure manometer attached to the needle hub via the + Ensure the needle is in the appropriate position, 

three-way stopeock withdrawing the needle slowly if necessary. 

+ Rotate the needle 90°. 

+ Ian infant, have the assistant massage the anterior 
fontanel to help facilitate CSF flow. 

+ If the procedure continues without CSF, withdraw 
the needle to just under the skin and redirect it. 

+ If the procedure continues without CSF, withdraw 
the needle and insert a new needle with stylet at an 
alternate site, 
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+ If these steps do not yield CSF, the infant may be + Ultrasound can be used to visualize the area and 
dehydrated, not allowing for adequate CSF flow. determine the reason for failure or the likelihood of 
— Give the patient a bolus and reattempt later. success with future attempts. 
— Attempt putting the infant ina sitting position to 
increase flow. 
+ Pitfalls Selected Reading 
~ Traumatic LP 
+ Bloody CSF fluid, which usually clears as the CSF Coley BD, Shiels WE, Hogan MJ. Diagnostic and interventional ultra 


rains if the needle is in the correct space. 
+ Occurs with improper technique (inserting the nee- 
dle too far to one side into an epidural venous 
plexus or through the subarachnoid space into or 
adjacent to the vertebral body). 
+ Can occur with proper technique as well 
+ If fluid does not clear and clots form in the tubes, 
LP should be reattempted at a different site 
~ Failed LP attempts despite proper procedure and 
positioning 


sonography in neonatal and infant lumbar puncture, Pediatr Radial 
2001:31:399-402, 

(Cronan KM, Wiley JF. Lumbar puncture. In: King C, Henretig FM, edi- 
tors. Textbook of pediatric emergency procedures. 2nd ed. 
[New York: Lippincott Williams & Wilkins: 2008, 

ser F, Kosel C, Pietz J, Rating D. Headache and backache after 
lumbar puncture in chikdren and adolescents: a prospective study. 
Pediatrics. 2004:113:1588-92. 

Friedman AG, Mulhern RK, Fairclough D, etal. Midazolam premedi 
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124.1 Indications 


+ Collection of sterile urine for urinalysis and culture 
(avoiding urethral contamination) 

+ Collection of sterile urine in a child with gastroenteritis 
and frequent diartheal stools 

+ Female child with labial adhesions or male child with 
minimally retractable foreskin 

+ Urinary retention 


124.2 Contraindications 


+ Empty or nonpalpable bladder 
‘+ Urination within 1 h before the procedure 

+ Anatomical abnormalities of the gut or genitourinary tract 
+ Bleeding diathesis, 

+ Intestinal obstruction 
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+ Overlying cellulitis on abdominal wall 
+ Lower abdominal sears or wounds 


124.3 Materials and Medications 


+ Sterile gloves 
+ Lidocaine (1-2 %) with syringe and needle 

+ EMLA (eutectic mixture of local anesthetics) cream 
+ Betadine (povidone-iodine) solution 

+ Sterile syringe, 5-20 mL. 

+ Sterile needle 22 or 23 gauge, 1.5 inch 

+ Sterile specimen container 

+ Sterile towels 

+ Sterile gauze 

+ Sterile dressing 

+ Adhesive bandage 


n 
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124.4 Procedure 


1. Place the infant in the supine, frog-leg position 
(Fig. 124.1), 

2. Localize the bladder, 

3. Palpate the midline between the umbilicus and the pubis 
symphysis to feel for bladder fullness, 

+ Use a portable ultrasound device to localize the blad- 
der and allow for approximation of bladder size (see 
later). 

4. Localize the symphysis pubis and the imaginary line 
midline from the umbilicus to the pubic symphysis 
(Fig. 124.2). 

5, Sterilize the area from the umbilicus to the urethra. 

6. Drape the area with sterile towels, keeping the puncture 
site area exposed. 

7. Area of insertion should be midline 1-2 cm above the 
‘symphysis pubis on the abdominal wall, 

+ The suprapubic crease can usually be used as a guide~ 
fine to the puncture site. 

8, Place a small wheal of anesthetic at the intended punc- 
ture site or can apply EMLA cream. 

+ For use of EMLA cream, place before sterilization 
and allow some time for anesthesia to occur. 

9, Occlude the urethral opening to avoid spontaneous loss 
of urine specimen, 

+ In mates, apply gentle pressure to the base of the 
penis against the pubic symphys 

+ In females, directly apply pressure to the urethral 
meatus. 

10, Puncture the skin with the needle (attached to the 
syringe). 

+ Puncture at a 10-20° angle to the perpendicular, aim- 
ing slightly cephalad (Fig. 124.3). 

11, Apply negative pressure to the syringe as the needle is 
advanced until urine enters the syringe; do not advance 
‘more than 1 inch, 

+ unsuccessful, draw back the needle until it rests in 
the subcutaneous fat and redirect 10° in either 
direction. 

+ Do not attempt more than three times. 

12, Cleanse the area of antiseptic solution and apply an 
adhesive dressing. 


Fig. 124.1 Frog-leg position 
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Fig. 124.2 Landmarks 


Fig. 124.3. Insert the needle 10-20" perpendicular tothe skin 
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124.5 Complications 


+ Peritoneal perforation with or without bowel perforation 
+ Infection 

+ Hematuria 

+ Inability to aspirate urine 


124.6 Pearls and Pitfalls 


+ Ino fluid is obtained: 
— Hydrate the child and reattempt in 1 h. 
+ Ultrasound can be used to identify bladder size or for 
ultrasound-guided aspiration: 
— Use a portable ultrasound device with a standoff 7.5- 
MHz sector probe to allow for superficial scanning and 
measurement of the diameter of the bladder. 


~ Bladder diameter measurement 
1. Apply approximately 5 mL of ultrasound transmis- 
sion gel to the infant’s suprapubic region. 
2. Apply pressure to the ureteral meatus as previously 
described 
3. Gently apply the probe to the suprapubic region in 
the midline and scan the area in transverse plane, 
with the probe directed caudad or cephalad as 
needed to maximize bladder image. 
+ Bladder will appear anechoic below the brighter 
reflections of the rectus muscle and bladder wall, 
4, When maximum bladder size obtained, freeze the 


image. 

+ Measure the anteroposterior and transvi 
internal bladder diameters. 

+ Goal measurement is 2 em or more of each 
diameter. Ieither 
bladder is considered to be empty. 


— Ultrasound-guided bladder aspiration 

1. After preparing the sterile field, place a sterile 

sheath over the ultrasound probe and proximal 
cable. 

(a) Gel should be placed within the sheath to elimi- 
nate the air interface between the probe and the 
sheath, 

2. Apply gel to the abdomen above the symphysis 
pubis. 

3. Locate the bladder and measure the maximum 
diameter as described previously. 

4, Insert the needle midline at the location where the 
bladder wall is closest to the probe. 

5. Continue steps for aspiration as 
previously. 


described 
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125.1 Indications 


+ Consider the diagnosis when presented with an append- 
age that has a well-demarcated, circumferential, painful, 
edematous distal segment, adjacent to a nonedematous, 
nonerythematous proximal portion (Fig. 125.1). 

+ Removal is imperative in all eases of tourniquet syndrome 
and should be undertaken without delay. 

+ Method of removal is determined by degree of constriction, 

in situations with minimal or no edema 

lity to visualize the offending hair or thread. 
~ Blunt probe, cutting: mild to moderate edema 

— Incision: severe swelling or inability to visualize the 
constricting band; epithelialization 

~ Depilatory: for areas with mild to moderate edema, but 
without epithetialization 
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Fig. 125.1. Hair tourniquet 
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125.2 Contraindications 


+ Absolute 
— There are no absolute contraindications: the tourniquet 
must be removed. 
+ Relative 
— Based more on the specific approach (¢.g., avoid incis- 
ing the skin of a patient with hemophilia: avoid depi 
tory creams in a patient with known allergies to such) 


125.3 Materials and Medications 


+ Unraveling technique 
— Fine-tipped, non-rat-tooth forceps or small fine 
hemostats 
+ Blunt probe and tourniquet cutting 
Antiseptic solution of choi 
Lidocaine 1 % without epinephrine for local or regional 
anesthesia 
Scalpel blade #11 or Iris scissors 
Blunt probe or metal earwax curette 
+ Incision technique 
— Antiseptic solution of choice 
~ Lidocaine 1 % without epinephrine for local or regional 
anesthesia 
~ Scalpel blade #11 
— Fine-tipped, non-rat-tooth forceps or small, 
hemostats 
+ Depilatory technique 
— Commercial depilatory cream 


125.4 Procedures 


Unraveling method (Fig. 125.2) 

1. Place the appendage in an orientation that maximizes 
exposure. 

2. Apply skin traction such that as much of the tourniquet, 
and base of the constriction can be seen. 

3. Look closely to identify a free end of the hair or thread. 
Ifno free end is visible, identify an area of bunching or 
a knot, Break the knot from the strand and grasp the 
end with the forceps or hemostat. 

4, Slowly and gently pull and unwind the hair. 

5. This may take several attempts because the hair strand 
or thread may break repeatedly during removal 
Sometimes more than one hair strand may be involved. 

Blunt probe and cutting method (Figs. 125.3 and 125.4) 

1, Apply gentle traction to the skin to maximally expose 
the involved area and to make the base of the wedge 
caused by the tourniquet as shallow as possible, 

2. Gently impose a blunt probe or a metal ear curetie 
between the skin and the tourniquet, starting proxi- 
mally to the band and sliding distally beneath the 
constriction 

3. Cut the tourniquet by sliding the scalpel blade along 
the edge of the probe, placing the blunt edge of the 
scalpel against the skin and slicing the constricting 
material in a movement away from the skin, in order to 
avoid inadvertently cutting the skin, 

4, Once an end of the tourniquet has been created, the 
remainder of the offending strap can be removed via 
unraveling, 
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+ Incision technique for digits (Fig. 125.5) 

1. Perform a digital nerve block to anesthetize the 
extremity proximal to the constriction. 

2. Sterilize the involved area with antiseptic solution of 
choice and drape in typical protocol to allow as sterile 
a procedure as is possible outside a surgical suite. 

3. Incise the skin across the demarcation indicating the 
presence of the tourniquet at the 3 0° clock or 9 o’clock 
position or the midline dorsal area (12 0° clock), pass- 
ing the scalpel blade proximally to distally and down 
to the bone (Fig, 125.6). Incision at these locations 
will avoid the laterally located neurovascular bundles 
of the digits. 

+ Incision technique for severe penile tourniquet 

1. Begin with a dorsal nerve block (Fig. 125.7). 

2. Sterilize the involved area with antiseptic solution of 
choice and drape in typical protocol to allow as sterile 
a procedure as is possible outside a surgical suite. 

3. A longitudinal incision is made at either the 4 o°clock 
or the 8 o'clock position, in order to avoid the penile 
neurovascular structures located dorsally. 


Fig. 125.2 A good example for use of the unraveling technique. The 
‘edema is minimal and the har is easily identifiable 


4, The incision should be made perpendicular to the tour- 
niiquet, but shallowly, in order to avoid penetration 
through the deep fascia. It will be necessary to repeat 
the incision, staying within the original incision, gen- 
Uy but repeatedly in order to cut through the whole 
tourniquet. In this way the constriction is relieved, but 
the integrity of the corpus cavernosum and the corpus 
spongiosum is maintained (Fig. 125.8). 

5. Once the layers of the tourniquet have been interruptei 
grasp an end of the hair/thread and remove the remain- 
der of the tourniquet utilizing the unraveling method, 

latory method 

tories work only on hair and will not work on 
threads. 

2. Apply the depilatory cream directly to the hair tourni- 
‘quet with a saturated cotton swab, so as to avoid apply- 
ing this potential irritant to surrounding tissue, 

3, Wait the recommended amount of time, as dictated by 
whatever brand of depilatory is used. 

4, After the appropriate time has elapsed, wash off the 
‘cream thoroughly with soap and water. 
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Fig. 125.3. Blunt and cut method. Hair 

[Notice the cuting edge ofthe tourniquet 

scalpel blade is away from the skin 

asitis placed adjacent to the probe 

and slips beneath the tourniquet 

‘Blunt probe 

o'clock incision 
‘extended to bone 


Fig. 125.4 Blunt and cut method 


Fig. 125.5 Incision technique for digits 
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Fig. 125.6 Incision at 12 o'clock. 
prefered 


Dorsal alternate 
‘approach 


Fig. 125.7. Dorsal nerve block 


Deep dorsal vein, 
artery, and nerve 


Lateral superficial 
voin 


Corpus cavernosum 


Corpus spongiosum 


Fig. 125.8. Penile tourniquet 
schematic 
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125.5 Complications 


+ Necrosis of tissue distal to the tourniquet 

+ Neurovascular damage secondary to prolonged ischemia 

+ The incision technique can cut into the tendon insertions 
or neurovascular bundles of the digits or into the corpus 

llosum of the penis. Be certain to ascertain function 
after incision, 

+ Infection, especially after incision. 


125.6 Pearls and Pitfalls 


+ Pearls 

— All tourniquets must come off. 

— The easiest way to get to the bottom of the tourniquet, 
regardless of method used, is to identify the knot or 
‘bunched area if possible. 

— When using the incision technique, keep the incision 
in the longitudinal plane of the appendage and perpen- 
dicular to the tourniquet. 

— Do not use depilatories on open wounds 

24-h follow-up is mandatory, although if the tourni- 
‘quet has been present for an extended period of time, it 


may actually take several days for return of color and 
blood flow. 
— Be certain to document neurovascular 
and after tourniquet removal. 
— Consider surgical consult in cases of severe tissue 
edema or distorted anatomy. 
‘Tourniquets have been described in the child abuse lit- 
erature. Consider that possibility in the preverbal child. 
+ Pitfalls 
— The depilatories will 
tourniquets 


tus before 


not work on nonorganic 
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126.1 Indications 126.3 Materials 


+ To determine the equipment size and the medication + Broselow Pediatric Emergency Tape (Armstrong Medical 
doses during a pediatric resuscitation, without having to. Industries, Wilshire, IL) (Figs. 126.1 and 126.2) 
take the time to perform calculations 


126.2 Contraindications 


+ Premature infant or newborn whose heel, while the infant 
is fully extended, does not fall at least into the white area 
(corresponding to 3, 4, and 5 kg). 

+ The length of the child exceeds the distal end of the green 
area (36 kg). 


Ubi 


Ui 


Fig. 126.1. Broselow tape, proximal end (at patient's head) 


LK Lueas, MD 
Department of Emergency Medicine, 
University of Florida Health Shands Hospital, 


Gainesville, FL, USA Fig. 126.2 Broselow tape, distal end (the tape will accommodate 
e-mail: judithklucas@ uf edu 36-ky child, at most) 
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126.4 Procedure (Figs. 126.3, 126.4, 
and 126.5) 


+ Place the infant or child on the bed in the supine 
position. 

+ Extend the Broselow Pediatric Emergency Tape next to 
the patient, placing the red line at the top of the patient's 
head. 

+ With the patient fully extended, especially through the 
hips and knees, align the bottom of the heel, while the 
ankle is flexed and toes upward, with the color on the tape 
adjacent to the heel 


Fig. 126.3. Placement of the child on the wpe 


Fig. 126.4 Placement of the child on the ape 


+ The color on the tape corresponds to the patient’s weight, 

+ The side of the tape with weights noted along the bottom 
has medication doses for resuscitation, rapid-sequence 
intubation (RSI), and paralytics (Fig. 126.6). 

+ The top half of the other side of the tape has the appropri 
ate dosing for managing seizures, overdoses, elevating 
intracranial pressure, and fluids. The bottom half of this 
side has the appropriate equipment sizes, such as endotra- 
cheal tubes, nasogastric tubes, chest tubes, and other 
equipment, that correspond to the patient’s weight 
(Fig. 126.7). 


Fig. 126.5. Placement of the child on the tape 
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ne 


Fig. 126.6 Front of tape. Weight groupings are noted at the bottom. 
‘This isthe side with resuscitation and RSI medications 


Fig. 126.7. Reverse side of tape. This side has medications for eriical 
interventions aside from the primary survey, as well 3s equipment sizes 


126.5 Pearls and Pitfalls 


+ Pearls 
— Be certain that the top of the head is at the red line and, 
that the patient's body is fully extended. Infants tend to 

lay flexed at the hips and knees. 

— Determining the appropriate color code depends on 
noting the bottom of the heel while the ankle is flexed 
and the toes are pointing upward. 

+ Pitfalls 

— Beware of the child who is unusually heavy compared 

with other children of the same height. 
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127.1 Definition 


+ An injury commonly seen in children between 6 months 
and late preteens, although generally seen between 1 and 
3 years 

+ A subluxation of the radial head, usually resulting from 
sudden, longitudinal traction on an extended arm with the 
wrist pronated 

+ Often occurs when a parent/earegiver is holding the child 
by the hand while walking and suddenly pulls the child 
away from a dangerous situation (Fig. 127.1) 


Fig. 127.1 Note thatthe toddler prefers to hold her right arn pronated 
tnd somewhat flexed atthe elbow. When asked where it hurts, she may 
as often point to her wrist as to her elbow. There will be no soft issue 
swelling anywhere along the upper extremity 


UK. Lucas, MD) 
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Gainesville, FL, USA 

e-mail: judithklucas@ ufledu 


(© Springer Science+Business Media New York 2016 my 
L. Ganti (ed), Atlas of Emergency Medicine Procedures, DOI 10.1007/978-1-8939-2507-0_127 


732 


JK. Lucas 


127.2 Clinical Diagnosis 


+ History of pulling-type injury. 

+ Child presents with arm held slightly flexed at elbow and 
pronated. 

+ Patient may point to elbow or wrist as source of pain, but 
both areas are without any swelling and are nontender on 
palpation. 

+ Elbow can be flexed and extended, but the forearm cannot 
be supinated, 

+ Radiography is not helpful 


127.3 Indications 


+ Clinical presence of subluxed radial head 


127.4 Contraindications 


+ Absolute 
~ Radiographic evidence of elbow or forearm fracture 
~ Swelling or pain about the elbow, forearm, or wrist 

+ Relative 
~ Unknown history or witnessing of pulling-type injury 


127.5 Materials and Medications 


+ None 


127.6 Procedure 


127.6.1 Method A: Superpronation (preferred 
method) (Fig. 127.2) 


1. Explain to the caretaker that the reduction will cause the 

child very brief discomfort. 

Seat the child on the lap of a parenU/caregiver or an assis 

tant, facing the operator and holding the child in such a 

‘way as to hold the child’s humerus against her or his side. 

3. The person performing the procedure holds the elbow at 
approximately 90° and grasps the elbow, with the physi- 
cian’s thumb over the region of the radial head (this is, 
done in order to be able to palpate the reduction “clunk” 
or “click”. 

4. The physician then holds the patient’s wrist firmly and 
rapidly hyperpronates the forearm. A palpable or audible 

‘click” signifies successful reduction but may not be 
appreciable. 

5. ‘The child may ery for a few minutes after reduction; how- 
ever, the provider should leave the bedside for 5-10 min 
and instruct the parents to allow the child to simply play, 
without focusing on the affected arm. 

6. Alter approximately 10 min, return to the bedside and 
reevaluate the child, who should have full use of her or his, 
arm by then. 
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Fig. 127.2. Pronation: (a) The examiner’ left hand holds the patient's hyperpranates the patients fore 
radial head and medial condyle o better appreciate palpable reduction this maneuver, the examiner should feel or sense a “pop 
of the subluxation, (b) The examiner’s right hand gently, but firmly 


mn from the level of the wrist. Within 
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127.6.2 Method B: Supination followed by flexing the elbow, bringing the patient’s wrist 
(Fig. 127.3) up to the shoulder. 
3. Return to the fifth and sixth steps in Method A. 


1, Follow the first three steps in Method A. 
2, While holding the patient's wrist firmly, the operator 
steadily supinates the patient’s forearm completely, 


Fig. 127.3. Supination: (a) With the examiner’ lft hand i the same position a forthe pronation technique, (b) the examiner supinates the fore- 
arm, from the level of the wrist, and fully flexes atthe elbow. In either of these two maneuvers, the examiner should feel or sense a “pop” 
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127.7 Evaluation After Procedure 


+ If the child has complete use of the arm, no further inter- 
vention is required, 

+ If the child is still unable to supinate the forearm after 
20-30 min, consider a repeat attempt at reduction 

+ If there is still no return to full function after 30 min and/ 
or repeated attempts at reduction, X-rays should be 
considered 

+ Ina child who still refuses to use the arm and X-rays are 
negative, the child should be reevaluated in 24 h. 


127.8 Pearls and Pitfalls 


+ Pearls 
— Once reduced, there is rarely the need for analgesic 
medications. However, should the need arise, stay with 
ibuprofen because it is a proven anti-inflammatory. 
~ Ifnot seeing improvement within 15 min of reduction, 
consider this to be a fracture and obtain appropriate 
views of the elbow and forearm. 


+ Pitfalls 
— The longer the radial head has been subluxed, the lon- 
ger it will take the child to return to full use. 
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ELECTRIC DIPOLE MOMENT PROPULSION 
SYSTEM 


BRIEF SUMMARY OF THE INVENTION, 


[0001] The invention is a spacecraft utilizing wapezoidal 
electrostatically charged fat plate panels which form a 
pyramidal hull. A panel contains three holes each of which 
produces a potential enengy ellipsoidal bubble that creates an 
celectric dipole moment. The rotation of the hull generates a 
magnetic moment and a magnetic field gradient in the 
vertical direction that produces a lft force on the spacecraft 


BACKGROUND OF THE INVENTION 


[0002] _It is known from electrodynamics that a hole in a 
‘conducting plane forms a potential energy bubble. This 
bubble creates an electric dipole moment from which itis 
possible to develop a magnetie moment. A rotating tilted hull 
produces a velocity gradient that generates a magnetic field 
sradient in the vertical direction, This combination produces 
1 [ift force on the spacecraft. A very lange potential energy 
bubble is produced provided that the hole protrudes out of 
the plate in an ellipsoidal shape, Furthermore, a double 

‘which each layer around the hole has a different 
, confines the fieKd to the outside of the hull for 
‘even better results 


[0003] The planar potential energy is created by a grid of 
‘electrically charged wires or rods running the length of each 
panel. A circular potential energy from each rod very quickly 
sums to form a flat sheet of energy which emerges from the 
hole to form the potential energy bubble. 


SUMMARY OF THE INVENTION 


[0004] The invention relates to a spacecraft ut 
rotating octagon of trapezoidal electrically charged flat plate 
panels to form a hull in the shape of a pyramid. Each panel 
has three protruding ellipsoidal bubbles that produce an 
electric dipole moment from a planar potential energy field 
created by a group of charged rods parallel to the panel 
Because the panels are tilted and the hull is rotating, there is 
‘tangential velocity gradient in the vertical direction, This 
‘ereates the magnetic moment. Because the hull rotates, the 
radial electric field produces magnetic field gradient in the 
vertical direction. This combination of magnetic moment 
‘and magnetic field gradient produces a lift force on the bull 
of the spacecraft 


[0005] On the underside of each panel is a group of high 
voltage electrically charged rods which run parallel to the 
panel. These wires ot rods produce a planar electrical 
potential field undemeath the holes in the panel. This 
potential energy field then bubbles out of the holes in the 
panel to create a large ellipsoidal potential energy field 
‘above the hull, The potential energy bubble carries an 
electric dipole moment which when rotated with the bull 
enerates a magnetic moment in the vertical direction, 


ABRIEF DESCRIPTION OF THE DRAWINGS 
[0006] FIG. 1. Perspective view of electric dipole moment 
spacecraft 


[0007] FIG. 2. Perspective exploded view of one panel 
‘with the ellipsoidal domes, flat hull panel with three holes, 
the charged rod grid and the planar potential energy field 
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[0008] FIG. 3. Planar view of flat potential enemy field 
produced by electrically charge wire rods, 


{0009} FIG. 4 Perspective view of eylinical coordinates 
{9,2}. 


[0010] FIG. 5. Perspective view of ellipsoidal potential 
energy field emerging from bole in plate which produces an 
electric dipole moment. 


[0011] FIG. 6. Planar view of field lines of potential 
energy bubble emerging from plate hole. 


[0012] FIG. 7, Planar view of sloping hull profile needed 
to get a velocity gradient. 


[0013] FIG. 8. Perspective view of hull showing electric 
pole moment, the tangential velocity of the hull, and the 
‘magnetic moment, 


[0014] FIG. 9, Perspective view of the magnetic moment 
‘components in the radial and vertical direction whereby the 
lift force is generated by the dot product of the vertical 
‘magnetic moment with the magnetic field gradient 


[0015] FIG. 10. Perspective view of cross section of dome 
showing two layer cladding with different permittivities to 
enhance potential energy fel 


[0016] FIG. 1. Planar view of enhanced potential eneray 
field with two layer cladding. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0017] 1. Referring to FIG. 1, the spacecraft is a rotating 
‘octagon of trapezoidal electrostatically charged flat panels, 
‘which form a closed hull (A). Each panel has three 
ellipsoidal domes (B) of varying size centrally located 
along the major length of the panel. ‘The purpose of the 
dome is to create a large ellipsoidal potential enerzy 
bubble over the hull which develops an electrical dipole 
‘moment. Because the bul is rotating, a magnetic moment 
is created in the vertical direction. A magnetic field 
sradient created by the rotating electric fied on the bull in 
‘combination with the magnetic moment produces a lift 
force on the hull 


[0018] 2. Referring to FIG. 2, the trapezoidal hull panel 
(A) contains three ellipsoidal holes (E).A group of wires 
‘or rods (C) running parallel to and just undemeath the 
panel are electrically charged to a high voltage at the end 
terminals (B), The rods produce a planar potential enerzy 
field (D) just under the holes in the panel. The fiekd 
tementes from the holes in the shape of an ellipsoidal 
bubble and is amplified by an ellipsoidal dome (F) on the 
‘outside of the ill 


[0019] 3. Referring to FIG. 3, the group of parallel rods 
(A) are given a linear charge % in units of charge per 
meter. The electric field F developed by the rod is the 
linear charge divided by the circumference of a circle of 
radius r around the wire times the permittivity e of space. 
‘The analysis of this arrangement shows that within a few 
arid width spacings, the potential energy field due to the 
‘electric field F, has become planar (B) in the z-direction 
aiven by the equation 


be 
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Cardioversion 


synchronized electrical (see Synchronized electrical 


cardioversion) 
Uunsynchronized cardioversion 
‘complications, 192 
contraindications, 189 
high-energy shock, 189) 
indications, 189 
‘materials and medications, 189 
pearls and pitfalls, 192 
procedure, 190-191 
Catheterization 
bladder 
‘complications, 463 
contraindications, 459 
indications, 459 
materials and medications, 459) 
pearls and pitfalls, 463 
procedure, 460-462 
peripheral vein 


materials and medications, 693, 694 
pearls and pitfalls, 699 
procedure, 694-699 


‘umbilical vein (see Umbilical venous catheters (UVC) 


Cauliflower ear, 341 
Cayernosal aspiration procedure, 490-492 
CCR. See Canadian C-spine ules (CCR) 


Centers for Disease Control and Prevention (CDC) guidelines, 479, 482 


Central venous line 
contraindications, 17 
femoral vein access 

‘complications, 25-26 

pul and pitfalls, 25 

procedure, 19, 21, 24-25 
indications, 17 


ermal jugular vein access (see Internal jugular central venous line) 


‘materials and medications, 17-18 
moval of, 6 
subelavian vein access 
‘complications, 25-26 
pearls and pitfall, 24 
procedure, 22-24 
ultrasound guided cannulatic 
Cephalic vein, 1, 695 
Cerumen removal 
contraindications, 331 
indications, 331 
‘materials and medications 
alligator forceps, 331, 332 
bulb syringe, 331, 333 
ccerumen-softening solutions, 331 
ccerumen spoons, 331, 332 
car curettes, 331, 333 
car speculum, 331, 332 
eye and biohazard protection, 331 
hheadlamp/direct lighting instrument, 331 
irrigation setup, 331 
‘Schuknecht suction tube, 331 
specialized ear syringe, 331, 333, 
alls and complications, 334 
procedure, 334 
Cerumen spoons 
ceerumen removal, 331, 332 
ear foreign body removal, 335, 336 
Cervical collar (C-collar) 


Aspen collar, 219-222 


cervical spine clearance (see Cervical spine clearance) 


contraindications, 219, 
Teatutes of, 219 
indications, 219 
log roll, 229 
‘materials and medications, 219 
‘one-piece C-collars, 219 
pearls and pitfalls, 222 
‘wvo-piece C-collars, 219) 
Cervical ectopic pregnancy, 648 
Cervical spine clearance 
CCR, 223 
complications, 227 
computed tomography, 224 
contraindications, 223, 
flexion-extension X-rays, 224 
indications, 223, 
‘magnetic resonance imaging, 224 
NEXUS clinical criteria, 23 
pearls and pitfalls, 227 
plain X-rays, 224 
procedure, 355-358 
collar placement, 225 
C spine tendemess assessment, 225, 226 
‘Chemical bums, eye, 279 
‘Chest trauma, 159 
‘Chest tube thoracostomy. See Tube thoracostomy 
CChorigcarcinoma, 653 
‘Chronic anal fissures, 453, 455 
Clue cell, 458 
‘Cobalt blue, 273, 


Color-coded pediatric emergeney tape. See Broselow Pediatric 


Emergency Tape 
Color duplex ultrasonography, 495 
Colposcope, 478, 482 
‘Combitube 
contraindications, 85 
indications, 85 
materials, 85 
pearls and pitfalls, 87 
procedure, 86-87 
‘Complete abortion, 657-659 
Complete breech, 67 
‘Computed tomography (CT) 
brain death examination, 267 
choriocarcinoma, 653, 
C-spine, 224 
EVD, 243, 245, 
herniation syndromes, 250 
intraocular foreign body, 285 
‘Cook intraosseous needle, 707, 708 
‘Comeal foreign body removal 
‘complications, 285 
ccontraindications, 283, 
indications, 283, 
‘materials and medicatio 
procedure, 285 
Coton tip applicator, 281, 284, 285 
Cricothyroidoromy 
complications, 126 
contraindications, 119 
indications, 119 
peatls, 126 
sealpel-bougie techniques 
‘materials and medications, 119-120 
procedure, 121-1 
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Scalpel-Trousseau technique 
materials and medications, 123 
procedure, 124-125 

Cricothiyrotomy. See Cricothyroidotomy 

Cuffalator, 433, 434 

Curved array transducer (C60) 

FAST examination 
with larger footprint, 406 
left upper quadrant view of, 409) 
right upper quadrant view of, 408, 
heart, subxiphoid four-chamber view of, 407 
Curved hook 
cerumen removal, 331 
foreign body removal 
ear, 335, 336, 338 
nasal, 326-328, 
Cyanoacrylate, 335, 337, 339 


D 
Defibrillation, See Unsynchronized cardioversion 
Delivery 
breech birth (see Breech delivery) 
perimortem cesarean (see Perimortem cesarean section) 
shoulder dystocia (see Shoulder dystocia management) 
vaginal, 665-668 
ental avulsion 
complications, 386 
contraindications, 384 
indications, 383-384 
‘materials and medications, 384 
pearls and pitfalls, 386 
procedure, 385 
prognosis, 386 
root development, stages of, 386 
Dental fracture. See Fractured tooth 
Depilatory method, hair tourniquet, 725 
Dermabond, 546-547 
Diagnostic peritoneal age (DPL) 
complications, 399 
contraindications, 396 
Indications, 395 
‘materials and medications, 396 
pearls and pitfalls, 399 
procedure 
closed technique, 397 
‘open technique, 397 
plient preparation, 396 
semiopen (Seldinger) technique, 397-398 
Difficult airway 
awake orotracheal intubation, 53 
indications, 89 
‘materials and medications, 89 
pearls and pitfalls, 92 
procedure 
6-D method, 90 
LEMON, predict difficult direct laryngoscopy, 89-90, 
MOANS, BVM difficulty, 89 
‘obese patient, optimizing laryngoscopy in, 92 
Digital nerve blocks. 5 
intrathecal/tendon sheath approach, 525 
ring block, 524 
web space approach, 524 


IP joint reduction, See Distal interphalangeal (DIP) joint reduction 


Direct laryngoscopy, 118, 
complications, 74 
contraindications, 67 


indications, 67 
‘materials and medications, 68 
pearls and pitfalls, 74 
procedure, 6974 
ETT, 69,74 
lotic view, 69, 72-73 
Macintosh blade insertion, 69, 71 
Miller blade insertion, 69, 71 
patient positioning, 69, 70, 
Dislocation 
ankle 
anterior dislocations, 619 
complications, 620 
contraindications, 617 
indications, 617 
‘materials and medications, 617 
pearls and pitfalls, 620 
posterior dislocations, 618 
elbow 
anterior dislocations, $91, 594 
complications, 597 
contraindications, $91 
indications, 591 
‘materials and medication, $92 
pearls and pitfalls, 397 
posterior dislocations (see Posterior dislocation, elbow) 
radial head subluxations, 595-596 
‘finger joint (see Distal interphalangeal (DIP) join reduction) 
hip (see Hip dislocation reduction) 
knee (see Knee dislocation reduction) 
shoulder (see Shoulder, dislocation reduction) 
{emporomandibular joint (see Temporomandibular joint (TMB) 
dislocation) 
Distal interphalangeal (DIP) joint eduetion, 599 


indications, 599 
‘materials and medications, $99 


pearls and pitfalls, 601 
procedure, 600 
Dix-Hallpike maneuver 
‘complications, 258 
contraindications, 257 
indications, 257 
‘materials, 257 
pearls and pitfalls, 258 
procedure, 257, 258 
Doll's eyes 
brain death examination in adults, 261, 264 
contraindications, 251 
indications, 251 
pearls and pitfalls, 255 
procedure, 251, 252 
Doppler ultrasonography 
{etal heart rate monitoring, 642 
testicular torsion, S03, SO 
Dorsal penile nerve block, 487-489 
Double-lumen airway. See Combitube 
DPL. See Diagnostic peritoneal lavage (DPL) 
Dry socket 
‘complications, 376 
contraindications, 376 
indications, 375 
‘materials and medications, 976 
pearls and pitfalls, 376 
procedure, 376 
Durable mass, 425 


ma 
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E 
Ear canal impaction, See Cerumen removal 
Ear curetes, 331, 333, 
Ear foreign body removal 
alligator forceps, 335, 336, 338 
cerumen spoon, 335, 336 
contraindications, 35, 
eurved hook, 335, 336, 338 
eyanoacrylate, 335, 337, 339 
ear speculum, 335,336 
ear syringe, 335, 337 
eye and biohazard protection, 335 
beadlamp/direct lighting instrument, 335 
indications, 335, 
inrigation setup, 335, 337, 339 
Schuknecht catheter, 335, 337, 338 
Bar hematoma, See Auricular hematoma 
Early pregnancy failure. See Anembryonic gestation 
ar speculum 
cerumen removal, 331, 332 
foreign body removal, 335, 336 
Ear syringe, 335, 337 
[Ear wax removal. See Cerumen removal 
Ectopic pregnancy, 645 
complications, 648 
contraindications, 648, 
indications 
in first wimester, 646 
free fluid in pelvis, 646, 647 
gestational sa, 646, 647 
HCG level, 646 
ppseudogestational sac, 646 
risk factors, 646 
yolk sac, 648 
‘materials and medications, 648 
pearls and pitfalls, 648-649 
procedure 


1 648 
transvaginal, 648 
Edwards Vigileo Syste 


pearls and pitfalls, 38 
procedure, 38, 
FAST. See Extended focused assessment with sonography for trauma 


(EFAST) 
Elbow dislocation reduction 
anterior dislocations, $91, 594 
complications, 597 
contraindications, $1 
indications, 591 
‘materials and medication, 592 
pearls and pitfalls, 597 
posterior dislocations 
anatomical depiction, S91 
method A, 592 
method B, 592, $93 
method C, 592, 593, 
ial head subluxations 
subluxation hyperpronated, 
subluxation hyperpronated 
subluxation supinated, 95, 
Electrocardiography (ECG) 
complete left bundle branch block, 29 
fetal heart rate monitoring, 643, 
Electron fetal heatt rate monitoring 


vs auscultation method, 641 
external, 642 
internal, 643 

Electronic indentation tonomety. See Tono-Pen tonometry 
olism. See Pulmonary embolism 

ergent delivery. See Breech delivery 

ergent thoracotomy 

aortic occlusion, 165, 168 

169 


indications, 163, 
‘materials and medications, 163-164 
resuscitative thoracotomy and open cardiac massage, 165-167 

Finochietto retractor, 165, 166 

Lebsche knife, 165, 166 

pericardium, 165, 167 

skin and subcutaneous tissue incision, 165, 166 

Empty skull sign, 267 

Encephalitis, 247 

Endocardial pacing. See Transvenous cardive pacing 

Endotracheal ube (ETT) introducer, 116 
‘complications, 101 
contraindications, 99 
indications, 99 
‘materials and medications, 99 
pearls and pitfalls, 101 
procedure, 100-101 

airway visualization, 100, 
epiglotis, 100 
placement, 100, 101 
removal, 100, 101 

Endotracheal ube (ETT) intubation 

fiber-optic stylet intubation (see Fiber-optic stylet 
intubation) 

lighted stylet imubation (see Lighted stylet (LS) 
intubation) 

LMA Fastrach, 80-81 

Storz video laryngoscope (see Storz video laryngoscope) 

Episiotomy, 670, 678, 680, 685 

Epistat, 317, 318 

Epistaxis control 
anterior epistaxis (see Anterior epistaxis) 
contraindications, 313 
indications, 313, 

‘materials and medications, 313, 
nasal septum, vascular supply to, 311, 312 
‘nose, lateral wall of, 311,312 
posterior epistaxis 
‘management of, 317, 318 
pearls and pitfalls, 317-318 
preliminary steps, 317 

Epley maneuver for vertigo 
‘complications, 260 
contraindications, 259 
indications, 259 
‘materials, 259 
pearls and pitfalls, 260 
procedure, 259-260 

Erythema migrans, 356 

Esophageal foreign body removal 
‘complications, 418 
contraindications, 417, 
indications, 417 
materials 

bougienage, 417 
esophagoseopy/endoscopy, 417 
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Foley catheter removal, 417 
LES, relaxation of, 417-418 
pearls, 418-419 
procedure 
Dougienage, 418. 
Foley catheter removal, 418, 
LES, relaxation of, 418. 
push technique, 418 
‘push with fragmentation technique, 418 
Esophagoscopy, 417 
EVD, See External ventricular drain (EVD) 


Extended focused assessment with sonography for trauma (EFAST), 


410-411 
Extemal ear block 
auricular ring block, 520 
indications, 520 
[Extemal fetal heart rate monitoring, 642 
[Extermal rotation method, $87 
Extemal dhrombosed hemor 
hemorrhoid 
Extemal ventricular deain (EVD) 
complications, 244 
contraindications, 241 
CSF. 241 
indications, 241 
‘materials and medications, 241, 243, 
pearls and pitfalls, 244, 245) 
procedure, 241-245 
ulostomy catheter with stylet, 242, 244 
242, 244 
brain, CT sean of, 243, 245 
Kocher's point, 242, 243 
level of patient’ ear trapus, 243, 245 
make burr hole, 242, 244 
make stab incision, 242, 244 
[Extradural hematoma (EDH), 235 
[Extrauterine pregnancy. See Ectopic pregnancy 
Eye 
corneal foreign body removal (see Corneal foreign body 
removal) 
intraocular pathology (see Intraocular pathology) 
‘complications, 282 
contraindications, 
indications, 279 
materials and medications, 279-280 
pearls and pitfalls, 282 
procedure, 281 
lateral canthotomy (see Lateral eanthotomy) 
detachment) 


id. See Thrombosed external 
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‘complications, 276 


contraindications, 272 
ccomeal foreign body removal, 284 
AAyorescein testing (see Fluorescein testing) 
indications, 271, 272 
materials, 273 
pital, 276 
procedure, 274-275 

tonometry (see Tonometry) 


F 
Facial nerve block 
infraorbtal nerve block, 517-518 
mental nerve block, $19 


suborbital and supratrochlear nerve block, 517 
FAST examination, See Focused assessment with sonography for 
trauma (FAST) examination 
Feeding tube, 459, 701-704 
Femoral artery cannulation, See also Arterial cannulation 
‘materials and medications, 3 
pearls and pitfalls, 10-11 
Seldinger technique, 3, 9-10 
Femoral central venous line 
‘complications, 25-26 
pearls and pitfalls, 25 
procedure, 20, 21, 24-25 
Femoral neck fracture, 603 
Femur dislocation reduction. See also Hip dislocation reduction 
anterior dislocation, 609, 610 
‘complications, 614 
lateral dislocation, 608, 610 
‘medial dislocation, 609, 611 
pearls and pitfalls, 614-615 
posterior dislocation, 609, 610 
rotary dislocation, 609, 611 
Fetal heart rate (FHR) monitoring 


ys, auscultation method, 641 
external, 642 
internal, 643 
indications 
antepartum, 641 
intrapartum, 641 
Fiberoptic stylet intubation 
contraindications, 109, 
indications, 109 
‘materials and medications, 109-110 
pearls and pitfalls, 113, 
procedure 
advancing seope, 111, 112 
endotracheal tube placement, 110 
epiglottis visualization, 110, 112 
Tens fogging prevention, 110 
scope insertion, 110, 111 
scope removal, 111, 112 
Fibrinolytic osteitis. See Dry socket 
Fibular head dislocation reduction 
12 


anterior dislocat 
complications, 612 
pearls and pitfalls, 614 
posterior dislocation, 612 

Finger dislocation joint reduction. See Distal interphalangeal (DIP) 

joint reduction 
Finochietto rractor, 163-166, 179, 181 
Fishhook removal 


‘anatomy, 549 
‘complications, 583 
contraindications, 549 


‘materials and medications, $49 
{rom nonvital structures, $49 
pearls and pitfalls, 553, 
postremoval wound care, 553 
procedures 
advance and cut technique (see Advance and cut 
technique) 
needle cover technique, $50, $51 
retrograde technique, $50, 551 
slring and yank technique, 550, 5S1 
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Fissures. See Anal fissures 
Fla chest 
abdominal injuries, 162, 
blunt lung injury and contusion, 162 
chest wall, surgical stabilization of, 162 
diagnosis, 162 
mortality, 159 
posterior rib fractures, 159, 160 
Fluorescein testing 
complications, 277 
Indications and uses, 276 
pitfalls, 277 
procedure, 276 
Focused assessment with sonography for trauma (FAST) 
cexarination, 179 
abdominal/chest trauma, 405 
complications, 411 
contraindications, 405 
vx, DPL, 395 
free Muid, 405 
hypotension, 405 
materials and medications, 405-406 
pearls and pitfalls, 411-412, 
‘pneumothorax/hemothora 
procedure 
EFAST examination, right and let lung view of, 410, 411 
left upper quadrant view, 409 
right upper quadrant view, 408 
sagittal pelvie view of, 409, 410 
subxiphoid four-chamber view, 407 
Iansverse pelvic view of, 409 
Foley catheter, 417, 498, 688 
foreign body removal 
esophageal, 17, 418, 
nasal, 326, 328 
large cardiac lacerations, contol of, 181 
in posterior nasopharynx, 317, 318 
Forearm fracture. See Sugar-tong splint 
Foreign body (FB) removal 
‘corneal 
complications, 285 
contraindications, 283, 
indications, 283, 
materials and medications, 284 
procedure, 285 
ear (see Ear foreign body removal) 
esophageal (see Esophageal foreign body removal) 
nasal (see Nasal foreign body removal) 
Forensic examination, sexual assault. See Sexual Assault Forensic 
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Fracture 
acetabulum, 603 
basilar skull, 251 
concomitant, 997 
exibriform plate, facial trauma with, 
DIP joint dislocations, 601 
elbow, 597 
femoral neck, 603 
fetal clavicle, 672 
fetal humerus, 672 
jaw, 376 
Tong bone, 707 
pelvic, 459 
petrous bone, 253, 
posterior rib, flail chest, 159, 160 


splinting (see Splinting) 
Fractured tooth 
anatomy of tooth, 380 
‘complications, 382 
contraindications, 381 
indications, 379 
‘materials and medications, 381 
‘methods of, 379, 
peatls, 382 
procedure, 381 
types of, 380 
rank breech, 677 


G 
Galveston formula, 534 

Gaskin maneuver, 672 

Gastric aspiration. See Nasogastric tube (NT) placement 
Gastric decompression. See Nasogastric tube (NT) placement 
Gastric ierigation, See Gastic lavage 

Gastric lavage 


indications, 425, 
‘materials and medications, 425, 


pearls and pitfalls, 427 
procedure, 426-427 
Gastrogratin®, 447 
Gastrostomy tube placement 
balloon G tube, 441, 443, 
complications, 448 
ccontraindications, 445 
general anesthesia, 445, 
indications, 445 
laparoscopic G tube, 441 
low-profile G tube 
nonobturated, button, 441,443, 
jobturated, button, 441, 444 
placement of, 446 
Malecot tube, 441, 442 
‘materials, 445 
‘open gastrostomy tube, 441 
pearls and pitfalls, 448 
PEG tube, 441, 442 
local anesthesia, 445, 
moderate sedation, 445 
replacement procedure, 446-447 
377,378 
Genital and perineal lacerations, 685 
Glenohumeral joint arthrocentesis, 621, 6 
GlideScope 
complications, 96 
contraindications, 93 
indications, 93 
‘materials and medications, 93, 94 
pearls and pitfalls, 96 
procedure, 95-96 
cable insertion, video monitor, 95 
Cobalt system, 95 
distal end, video cable connection, 95 
ETT abuts, 96 
GlideScope Video Laryngoscope (GVL) system, 93, 94 
Globe rupture, 294 
Glucocomticoids, 625, 626, 630 
Guillain-Barré syndrome, 247 
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Hu 
Hair tourniquet 
complications, 728 
contraindications, 724 
ications, 723 
ateials and medications, 724 
pearls and pitfalls, 728, 
procedure 
Dlunt probe and cutting method, 724, 726 
Aepilatory method, 725, 
digits, incision technique for, 725, 726 
severe penile tourniguet, incision technique for, 725, 727 
unraveling method, 724.725 
‘Half-buried horizontal mattress suture, $40, 543 
Headache, 248, 250, 493 
Head-hanging positioning maneuver. See Dix-Hallpike 
Hart failure 
Edwards Vigileo System (see Edwards Vigileo System) 
pulmonary artery catheter, 29 
Heart strain. See Pulmonary embolism 
Hematomas 


‘auricular hematoma 
cauliflower ear, 341 
contraindications, 342 
procedure, 342-348 
materials and medications, 342 
needle aspiration, 342, 343, 
pitfalls and complications, 348 
schematic of, 442 
septal (see Septal hematomas) 
subungal hematoma (see Subungal hematoma) 
Hemoperitoneum, 153, 449 
Hemorrhage 
antepartum, 661 
postextraction (see Postextraction hemorrhage) 
postpartum (see Postpartum hemorrhage (PH) 
retrobulbar, 305 
subarachnoid, 241, 242 
vitreous, 292 
Hepatitis B virus (HBV), 479 
Hernia. See Abdominal hernias 
High-frequency (5-8 MHZ) linear probe, 13. 
High-risk pregnancy, 641 
Hip dislocation reduction 
Allis maneuver, 605-606 
Captain Morgan technique, 607 
complications, 608 
contraindications, 603, 
Indications, 603, 
‘materials and medications, 603, 
pearls and pitfalls, 608 
‘Stimson maneuver 
Femoral head man 
with hand, 604 
with knee, 604 
Whistle technique, 607 
Hippocrates method, 589 
Horizontal mattress suture, 540, $42 
immunodeficiency virus (HIV), 4 
\d Hess scale, 242 
Hydatidiform mole 
complications, 653, 
contraindications, 651 
Aefinition, 651 


ulation, 604, 605 


5, 479, 641 


indications, 651 
‘materials and medications, 651 
pearls and pitfalls, 653, 
procedure 
transabdominal imaging, 651-652 
transvaginal imaging, 652 
Hydrocephalus, 241, 245, 250, 
Hypotension 
Edwards Vigileo System (see Edwards Vigileo 
System) 
FAST examination, 405 
pulmonary artery catheter, 29 
Hypovolemia, 19,23, 24,39, 451 


1 
IAN. See Inferior alveolar nerve (LAN) block 
ICP. See Intracranial pressure (ICP) 


1 (1D), abscess 
Bartholin gland (see Bartholin gland abscess/cysts) 


external ear block, 520 
indications, 563, 
local anesthesia, 509 
‘materials and medications, S63-564 
parotid duct (see Parotid duct abscess) 
peatls, 567 
peritonslla (see Pertonsi 
procedure, 565-566 
sublingual (see Sublingual abscess) 
Incomplete abortion, 657-659 
Incomplete breech, 677 
Inevitable abortion, 657-659 
Infectious arthritis, See Arthrocentesis 
Inferior alveolar nerve (IAN) block 
anesthetized areas, 363-364 
anesthetized nerves, 363 
contraindications, 364 
indications, 364 
‘materials and medications 
aspirating syringe, 365 
local anesthetic earpule, 365 
‘mouth props and retractors, 365 
weedle, 365 
procedure, 366 
Inferior vena cava (VC), 208, 209 
Infraorbital nerve block 
contraindications, 513, 
extraoral approach, $17 
indications, 517 
intraoral approach, S18, 
‘materials and medications, S14 
Inhalation injuries, 532 
Internal fetal heart rate monitoring, 643 
Internal jugular central venous line 


abscess) 


‘complications, 25-26 
procedure, 18-21 
‘angiocath, 21,23 


informed conse 
Jip straightening, 19, 21 
Tong-and short-axis views, 18, 20 
smarking, 19, 21 

patient positioning, 18 
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Intra-aticular injection. See also Arthrocentesis ‘medial approach, 626, 628 
complications, 630 procedure, 621, 622 
contraindications, 625, Knee dislocation reduction 
indications, 625, complications, 614 
‘materials and medications, 625, contraindications, 609, 
pearls, 630 emurhibia 
procedure, 626-630 anterior dislocation, 609, 610 

ankle arthrocentesis, 626, 629 complications, 614 

joint uid aspiration, 626, 629 lateral dislocation, 609, 610 

‘knee arthrocentesis, 626-628 

shoulder arthrocentesis, 626, 629 pearls and pitfalls, 614 

using sterile hemostat, 626, 630 posterior dislocation, 609, 610 
Intracorporeal injection procedure, 493 rotary dislocation, 609, 611 
Intracranial pressure (ICP), 241, 243, 247, 295 ‘ibular head 


Intraocular pathology anterior dislocation, 612 
complications, 291 complications, 614 
foreign body, 294 pearls and pitfalls, 614 
lobe rupture, 294 posterior dislocation, 612 
increased ICP, 295 indications, 609 
indications, 291 lateral patellar 
materials, 91 complications, 614 
‘optic nerve sheath measurement, 295, pearls and pitfalls, 614-615 
pitfalls, 291 procedure, 613 
procedure, 291 ‘materials and medications, 609 
retinal detachment, 292-293 Kocher technique, 587 
vitreous detachment, 292 
vitreous hemorrhage, 292 
Intraocular pressure (JOP), 289 L 
lateral canthotomy, 305, 306, 308 Laparoscopic gastrostomy tube placement, 441, 445 
tonometry (see Tonometry) Laryngeal mask airways (LMAS), 109, 119 
Intraosseous (10) access 
complications, 712 
contraindications, 707 indications, 75 
indications, 707 LMA Classic Excel, 76-78 
‘materials and medications LMA Fastrach, 76 
‘Cook intraosseous needle, 707, 708 endotracheal intubation, 80-81 
EZ10, 107, 708 insertion, 79 
Jamshidi disposable sternalliae aspiration needle, 707 removal of, 81-$ 
pearls and pitfalls, 712 LMA Unique, 76-78. 
procedure pearls and pitfalls, 83 
lista femur, 708 sizing, 77 
distal tibia, 708 Laryngotomy. See Cricothyroidotomy 
proximal humerus, 709, 711 Lateral canthotomy 
‘proximal tibia, 113,708, 709 complications, 308 
sternum, 709 contraindications, 306, 
Intraosseous infusion. See Intraosseous access ‘materials and medications, 306, 
Intrathecal digital block, 525 pearls and pitfalls, 308 
Intrauterine pregnancy, 657-659 procedure, 306-307 
IOP. See Intraocular pressure (IOP) initial cu, 306, 307 
Ischemic priapisin. See Priapism Intraocular pressure, futher cut to reduce, 307 
sodes seapularis, 556 Jateral canthal tendon, 306, 307 


patient positioning, 306 
retrobulbar hemorrhage, 305 


J Lateral patellar dislocation reduction 
Sacobi sing catheter, 471, 472,475, complications, 614 
Jamshidi disposable sternalfliae aspiration needle, 707 pearls and pitfalls, 614-615 
Joint aspiration. See Arthrocentesis procedure, 613 
Toint effusion treatment. See Arthrocentesis LES. See Lower esophageal sphincter (LES) 
Joint pain treatment. See Arthrocentesis Levitan FPS malleable fiber-optic stylet, 110 
Joint stabilization, splinting. See Splining Lighted stylet (LS) intubation 
‘contraindications, 103, 
indications, 103, 
K ‘materials and medications, 103, 
Kiesselbach’s plexus, 311, 312 pearls and pitfalls, 107 
Knee arthrocentesis procedure, 104-106 


Tateral approach, 626, 627 dimyblurred Ii 


ht, LO4, 108 


Index 
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ETT placement, 104, 106 
LS-ETT unit insertion, 104 
LS-ETT unit preparation, 104 
midline glow, use of, 104, 105 
patient positioning, 104 
preoxygenate, 104 
Light Wand™, 103, 
LMAs. See Laryngeal mask airways (LMAs) 
Local anesthesia 
Bartholin gland abscessfeysts drainage, 472 
bladder catheterization, 459 
characteristics, SUL 
complications, 512 
contraindications, 09 
dorsal penile nerve block procedure, 487, 488 
Ary socket, 376 
fishhook removal, $49 
indications, 509 
inflleation, 511 
intra-atticul 


section, 626 
lumbar puncture in adults, 248 
‘materials and medications, $10 
needle thoracostomy, 144 
pearls, 512 
PEG tube placement, 445 
phimosis/paraphimosis, 497 
postextraction hemorrhage, 377 
procedure, S11 
septal hematomas, 322 
‘TMI dislocation reduction, 373 
Log roll 
contraindications, 229 
indications, 229 
‘materials and medications, 229 
pearls and pitfall, 232 
procedure, 229-231 
‘Ambu Perfit one-piece collar height, 229, 230 
‘anatomical Tine of symmetry, 231 
backboard removed, 231 
(C-spine stabilization, 229, 230 
thoracie and lumbar spine stabilization, 230 
Lower esophageal sphincter (LES), 417-418, 426 
Low-profile gastrostomy tube 
nonobturated, button, 441, 443, 
obturated, button, 441, 444 
placement of, 446 
Lumbar puncture (LP), in adults 
complications, 250 
contraindications, 247 
indications, 247 
‘materials and medications, 247 
pearls and pitfalls, 250 
procedure 
(CSF ftuid collection, 250 
landmarks, 248, 
local anesthesia, 248, 


joning, 248, 249 
pressure measurement, 249, 250 
sterile preparation, 248 

ultrasound guidance, 248, 249 
Lumbar puncture (LP), in pediatrics 
complications, 717 
contraindications, 713, 
indications, 713, 
‘materials and medications, 713-714 


pearls and pitfalls, 717-718, 

procedure 
attaching pressure manometer, 715, 717 
child, positioning of, 715, 716 
CSF freeflow, checking for, 715 
iliac erest top, palpation of, 715, 717 
locating intervertebral space, 715 
spinal needle insertion, 715 

Lund Browder chart, $32, 

Lung ulteasonography 
ccontraindications, 171 
indications, 171 
‘materials, [71 
preparations, 171 
procedure, 172-175 

‘A lines identification, 172, 174 
assessment and clinical decision making, 173 
bat sign identification, 172, 174 
B lines identification, 172, 174 
consolidations identification, 173, 175, 
diaphragm, liver and spleen identi 
lung pulse, 172 
lung sliding identification, 172, 174 
pleural effusions identification, 173, 175, 
probe position, 172, 174 
Sinusoid sign, 173, 175 

Lyme disease, 556 


M 

Malecot tube, 441, 442 

Malfunctioning pacemakers 
ECG evaluation, 214 
failure to capture, 213 
failure to pace, 213, 


inappropriate rate, 213, 
pacemaker-mediated tachycardia ms 
pacemaker syndrome, 213, 

Mallampati classification, 61, 90, 91 

Mandibular anesthesia 
‘buccal nerve block, 367-368 


jement, 214 


ation, 173, 175 


inferior alveolar nerve block (see Inferior alveolar nerve (LAN) block) 


‘mental nerve block, 368-369 
Manual testicular detorsion. See Testicular torsion 
McRoberts maneuver 

breech delivery, 678, 679 

shoulder dystocia management, 670, 671 
Mean gestational diameter (MGD), 655, 
Meningitis, 240, 244, 247 
Mental nerve block, 368-369 

contraindications, 513, 

extraoral approach, $17 

indications, 513 

intraoral approach, S18, 

‘materials and medications, S14 


Methicilli-resistant Staphylococcus aureus (MRSA), 567 


Miami J collar, 219 
Mileh technique, 588 
Miscarriage, 657-659 
Missed abortion, 657-659 
Molar pregnaney, 651-653, 
Moras lens, 279-281, 


Multiple-dose activated charcoal (MDAC) therapy, 421, 423 


Myocardial infarction, 29 
Myometrium contraction, 664 
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N 
[Nailbed injury. See Subungal hematoma 
[ail trauma, See Subungal hematoma 
[Nasal foreign body removal 

alligator forceps, 326-328 

Ambu bags, 326, 327 

contraindications, 325 

curved hook, 326-328 

eye and biohazard protection, 326 

Foley catheter, 326, 328 

hheadlamp/direct lighting instrum 

indications, 325, 

Tidocaine jelly, 326 

Tidocaine without epinephrine, 32 

nasal positive pressure, 329 

nasal speculum, 326 

phenylephrine, 326 

Schuknecht suetion tube, 326, 327 
Nasal tauma 


326 


epistaxis control, 311 
septal hematomas (see Septal hen 

[Nasogastic tube (NT) placement 
complications, 415 


indications, 413, 
‘materials and medications, 413, 
pearls, 415, 
procedure 
inset 
preparation, 414 
secure tube, 414 
tube placement, confirmation of, 414 


Nasopharyngeal airways, 47-49 
Nasostat, 317, 318 
[National Emergency X-Radiography Usilization Study 
(NEXUS), 223 
‘Needle cover technique, $50, 551 
Needle decompression thoracostomy 
complications, 147 
indications 
absolute, 143, 
‘awake patient, 143, 
injured patient, 143, 
ventilated patient, 143 
materials, 143 
pearls and pitfalls, 147 
procedure 
anterior chest, exposure of, 144 
second intercostal space, needle insertion, 144, 145 
secure angiocatheter, 144, 146 
skin preparation, 144 
Noninvasive cardiac monitoring. See Cardiac output monitoring 


[Nonischemie priapism. See Priapism 
North American Society of Pacing and Electrophysiology (NASPE), 
211,212 


Nosebleeds, 311 
‘Nuchal arm, See Breech delivery 
Nursemaid'’s elbow, 597 
clinical diagnosis, 734 
contraindications, 734 
efinition, 733 
evaluation, 737 
indications, 734 
pearls and pitfalls, 737 
superpronation method, 734-735 
supination method, 736 


° 
Obstetric complications. See Breech delivery 
Ocular pathology. See Intraocular pathology 
Oculocephalic eflex. See Dolls eyes, 
Oculovestibular flex, 261, 265, 267 
(One-handed seal technique, BVM ventilation, 48, 49 
Open chest wounds 

sucking chest wound, 159-161 
159, 161 
Open gastrostomy tube placement, 441, 445, 
Open pneumothorax, 159, 161 
Oplatalisie burr dill, 284 
Oral airways, 47,48 
Orogastrie (OG) tube 

activated charcoal, 422, 423 

gastric Lavage, 425 
Orotracheal intubation, 67. See also Awake orot 
Osteoarthritis (OA), 625, 630 


P 
Pacemaker evaluation 

electrocardiogram, 214 

impulses, 211 

insulated wire, 211, 212 

laboratory studies, 214 

‘malfunctioning (see Malfunctioning pacemakers) 

NASPEJBPEG code, 211, 212 

pacemaker codes, 213 

pacemaker lead insertion sites, 211, 212 

patient history, 214 

physical examination, 214 

prevalence, 211 

pulse generator, 211, 212 
Pacemaker-mediated tachycardia, 213, 214 
Pacemaker syndrome, 213 
Pacer pals, 194 


indications, 449 
‘materials and medications, 449, 
pearls and pitfalls, 451 
procedure, 449-451 
Paraphimosis 
‘complications, 501 
contraindications, 497 
indications, 497 
‘manual reduction, procedure for, 498-500 
Adson/Babcock forceps, 498, 500 
circumeision, 498, 500 
patient positioning, 498 
penile block, usage of, 498, 499 
‘materials and medications, 497 
pearls and pitfalls, SOL 
Parasternal long-axis view (PSLA), 207 
Parasternal short-axis view (PSSA), 207, 208 
Parkland formula, $34 
Parotid duet abscess 


‘materials and medications, 957-358 
pearls and pitfalls, 360 
procedure, 359-360 
Intraoral stab incision, 355, 
lighting, 355 
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parotid papilla, 359, 360 
patient positioning, 359 
salivary glands, anatomy of, 359 
Parotid papilla, 359, 360 
Particle repositioning, See Epley maneuver for vertigo 
Patella dislocation reduction 
complications, 614 
pearls and pitfalls, 614-615 
procedure, 613, 
PEG tube. See Percutaneous endoscopic gastrostomy 
(PEG) tube 
Pelvic examination and wet preparation 
complications, 468 
contraindication, 465, 
Indications, 465 
‘materials and medications, 465, 466 
pearls and pitfalls, 468, 
procedure, 465-468 
bimanual examination, 467, 468 
Candida albicans, 498, 469 
female extemal and intemal genitalia, 466, 467 
‘normal and clue cell, 458 
rectovaginal examination, 467 
‘tichomoniasis, 468, 469 
Wet preparation interpreta 
SAFE, 478 
Pelvic ultrasound, 657-658 
Percutaneous endoscopic gastrostomy (PEG) tube, 
441,442, 
local anesthesia, 445, 
moderate sedation, 445 
replacement procedure, 446-447 
Percutaneous TTIV. See Transtracheal jet 
ventilation (TTIV) 
Pericardial effusion, 203, 205, 
Pericardiocentesis, 
complications, 205 
contraindications, 203, 
indications, 203, 
‘materials and medications, 203, 
pearls, 205 
pitfalls, 205, 
procedure, 203, 
‘apical approach, 204 
parasternal long-axis approach, 205 
subxiphoid approach, 204 
Pericardium. See Pericatdiocentesis 
Perimortem cesarean section 
complications, 690 
contraindications, 687 
indications, 687 
‘materials and medications, 687 
pearls and pitfalls, 690 
procedure 
‘exposing rectus sheat, 688, 689 
fetus delivery, 688, 689 
placenta delivery, 688, 690, 
resuscitation of infant, 688, 689 
vertical incision, 688 
Peripheral intravenous (PIV) access, ultrasound-guided 
complications, 1S 
contraindications, 13 
Indications, 13 
‘materials and medications, 13 
pearls and pitfalls, 15 
procedure 


466, 467 


and cephalic veins, 14 
brachial artery and vein, 14 
needle insertion, preparation for, 4 
Pythagorean Theorem, concept of, 14 
‘wansverse and longitudinal orientation, 14 
Peripheral vascular disease, 553 
Peripheral venous catheterization 
contraindications, 693 
indications, 693 
‘materials and medications, 693, 694 
pearls and pitfalls, 699 
procedure, 694-699 
applying tourniquet, 694 
hub stabilizer placement, 695, 699 
passing catheter tip, 694, 697 
secure intravenous line, 695, 698 
vein, palpation of, 694, 696 
Peripheral venous cutdown, 
basilie vein, 41 
cephalic vein, 41 
complications, 44 
contraindications, 39 
indications, 39 
‘materials and medications, 39-40 
‘mini-cutdown technique, 43, 
moditied/guide wire technique, 43 
pearls and pitfalls, 44 
saphenous vein, 
standard venous cutdown technique, 41-43 
distal and proximal ligatures, 41, 42 
mobilization of vein, 41, 42 
skin incision, 41, 42 
venous catheter, 41-43 
venous incision, 41, 42 
Peritonsllar abscess 
aspiration of, 349-350 
‘complications, 382 
contraindications, 349 
incision and drainage of, 351 
indications, 349 
‘materials and medications, 349 
pearls and pitfalls, 352 
Phased array transducer (P17), 405 
Phenylephrine 
nasal foreign body removal, 326 
priapism, 493 
septal hematoma, 322 
Philadelphia collar, 219 
Phimoss. See also Paraphimosis 


indications, 497 
‘materials and medications, 497 
pearls and pitfalls, SOL 
procedure, 498-500 


pH paper, 279, 280 
Piles, See Thrombosed external hemorthoid 
Placenta previa 

complications, 664 

contraindications, 662 

grades, 661 

indications, 662 

‘materials and medications, 662 

pearls and pitfalls, 664 

procedure, 662-663 

varying degrees, 661 
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[0020] 4. Referring fo FIG. 4, the following analysis is 
done in eylindrical coordinates {1.0.2}. 


[0021] 5. Referring to FIG. 5, the ellipsoidal potential 
energy (B) emerges through the hole in the panel plate 
(A). In doing so it ereates an electrical dipole moment (C) 
shown by the arrow normal to the hole area 


[0022] 6. Referring to FIG. 6, the bubble (B) emerges 
through plate (A). 


[0023] 7. Because the bubble has the shape of an ellipse, 
the centroid y of the bubble would be four thirds the 
radius a divided by x as given by 


aoe = 


[0024] The electric dipole moment is then given as the 
charge q times the centroid y. The charge of the hole is 
equal 10 the permittivity E times the electric field E 
‘emerging from the hole times the area of the hole of radius 
a 


gna OO POON w cou m cha 


[0025] 8. The electric dipole moment p is the centroid y 
times the change q 


[0026] The electric dipole moment p times the hull 
velocity vis equal to a magnetic moments which is what 
creates the lift force on the bull 


smn? 

[0027] 9. The rotating hull creates the electric dipole 
‘moment velocity so that the entire hull develops a mag~ 
netic moment. In tensor notation, the magnetic moment jt 
is in the vertical z-direction because there is. a radial 
‘component of the electric dipole moment times the veloc 
ity. The velocity isthe radius rin the radial direction times 
the angular velocity « in the z-direction 


wept 


[0028] 10. The force F on the hull isthe gradient of the dot 
product of the magnetic moment jt with the magnetic B 
field 


FV) 


[0029] 11, By electrically charging the hull ofthe vehicle, 
radial eleciric field is produced. By rotating the hull, the 
radial electric field changes with time, Thus Maxwell's 
equations will involve the curl of the magnetic field in the 
radial direction because the radial electric field is varying 
with time 
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[0030] 12. Theeross produ 
the theta direction which 


involves the magnetic field in 


La, 9B _ 1 aE, 108 


[0031] Substituting the derivative of the electric field 
E 
Erba 
[0032] and integrating with respect to angle theta gives 


the vertical magnetic field B as the tangential velocity v 
times the radial electric field E divided by the speed of 
Tight ¢ squared 
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[0033] 13. The force on the hull is the gradient of the 
magnetic moment wt times the magnetic field B. In the 
‘equation for the magnetic fiek, the only available variable 
to work with in order to get a gradient of the magnetic 
field comes from the velocity. 


[0034] 14. Referring to FIG. 7, because the hull is in the 
shape of a pyramid, the velocity isa function of the height 
of the hull, Using eight at sides keeps the radial electric 
field pointing in the same direction in each panel. Each 
panel has three domes to produce the magnetic moment 
for a total of 24 magnetic moment generators. 


[0035] 15. Referring to FIG. 8, the electric dipole moment 
(A) points in the radial direction, the rotating hull pro- 
‘duces a tangential velocity (B), and the result is a mag- 
netic moment (C) along the panel 


[0036] 16. Referring 10 FIG. 9, because the magnetic 
moment is parallel to the panel, there are vertical and 
radial components of the magnetic moment. The vertical 
‘magnetic moment creates the dot product with the mag- 
netic field gradient, which is equal to the lift force, 


[0037] 17. FIG. 10 shows a cross-section of the dome (A) 
and the plate hole (B) with double cladding to enhance t 
field. The upper cladding (D) has a low relative perm 
tivity in the range of 2 to 40, and the lower layer has a 
relative permittivity in the range of 1200 to 4000, 


[0038] 18. Comparing FIG. 11 to FIG. 7, this dome and 
‘cladding configuration creates a much’ larger electric 
dipole moment compared to a hole inthe plate, ‘The wavy 
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Placenta removal, 684 
Pleural effusions, 173, 175 
Pneumonia, 172,173, 175 
Pheumothorax, 156, 158, 405 
Poisoning treatment. See Activated charcoal (AC) 
adsorption 
Polyethylene glycol-electrolyte solution, 429, 431 
olymorphonuclear lymphocyte (PMN), 451 
Posterior dislocation 
ankle, 618. 
elbow 
anatomical depiction, 591 
method A, 592 
method B, 593 
method C, 593 
femur, 609, 610 
‘hular head, 612 
shoulder, 583, 584 
Posterior epistaxis 
‘management of, 317 
pearls and pitfalls, 317-318 
preliminary steps, 317 
Postextraction hemorrhage 
complications, 378 
contraindications, 377, 
indications, 377 
‘materials and medications, 377 
pearls and pitfalls, 378, 
procedure, 377-378 
Postparacentesis circulatory dysfunction 
(PPCD), 451 
Postpartum hemorthage (PPH), 668 
complications, 685 
contraindications, 683, 
efinition, 683 
indications, 683, 
‘materials and medications, 683, 
pearls and pitfalls, 685, 
procedure 
continuous interlocking stitch technique, 685 
placenta removal, 684 
Uterine atony, intrauterine massage for, 684 
uterine examination, 683 
uterine inversion management, 684 
‘vaginal examination, 683, 
shoulder dystocia managem 
Pregnancy 
blighted ovum (see Anembryonic gestation) 
complications (see Placenta previa) 
fetuslembryo, removal of (see Abortion) 
tisk, 641 
hhydatidiform mole (see Hydatidiform mole) 
tubal (see Eetopic pregnancy) 
Priapism 
blood gas analysis, 494 
color Duplex ultsonography, 495 
complete blood count, 495 
complications, 493, 
contraindications, 485, 
hemoglobin electrophoresis, 495 
indications, 485 
‘materials and medications, 485-486 


1,675, 


pearls and pitfalls, 493, 


procedure 
‘eavernosal aspiration, 490-492, 
dorsal penile nerve block, 487-489 
intracorporeal injection, 493 
psychoactive drug sereen, 495, 
Sickle cell testing, 495 
+495 
Prophylaxis, 479, 482 
PSLA. See Parasteral long-axis view (PSLA) 
short-axis view (PSSA) 
maid's elbow 
Pulmonary artery catheter 
catheter preparation, 29, 
complications, 33, 
ications, 29 
indications, 29 
‘materials, 29 
pearls and pitfalls, 33 
procedure, 30-32 
balloon inflation, 30 
chest radiograph, correct placem 
sterile plastic sleeve, 30, 31 
thick and thin markings, 30, 31 
‘waveform and pressure readings, 30, 31 
Pulmonary embolism 
clinical findings, 209 
complications, 209 
contraindications, 207 
indications, 207 
‘materials and medications, 207 
pearls and pitfall, 209 
procedure, 207-208 
four-chamber view, 208 
inferior vena cava, 207-208 
PSLA, 207 
PSSA, 207, 208 
subxiphoid approach, 208 
Pulmonary hypertension, 29, 30, 33, 
Pulseless electrical activity (PEA), 179, 189, 205, 
Pulseless ventricular tachycardia, 189 


R 
Radial artery cannulation. See also Arterial 
‘cannulation 
Allen test, 7-8 


fover-the-neadle catheter assembly with integrated guide 


wire, 3.7 
pearls and pitfalls, 10-11 
standard over-the-needle catheter assembly 
‘materials and medications, 3,4 
procedure, 5-6 
Radial head subluxations. See also Nursemaid's elbow 


subluxation hyperpronated, 595 
subluxation hyperpronated and flexed, 595 
subluxation supinated, 595 


Radial nerve block, waist, 522 

Rapid sequence intubation (RSD), 110 
‘complications, 65 
contraindications, $7 
indications, 57 
‘materials and medicatios 
pearls and pitfalls, 65 
procedure 


57,59 
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direct laryngoscopy (see Direct laryngoscopy) 
induction, 60, 62 
paralysis, 60, 62 
positioning, 60, 62 
ppostintubation management, 60, 64 
‘reoxygenation, 60, 62 
preparation, 60, 61 
pretreatment, 60, 62, 
proof of placement, 60, 64 
Rectal bleeding, 453 
Rectal effluent, 431 
Rectal pain, 453, 
Recurrent epistaxis, 313, 325, 
Re-expansion pulmonary edema, 153, 158 
Regional nerve block 
complications, 515 
contraindications, $13, 
digital nerve blocks, 523 
intrathecal/tendon sheath approach, 525 
ting block, 524 
web space approach, 524 
external ear block 
auricular ring block, $20 
indications, 520 
facial blocks, trigeminal nerve 
infraorbital nerve block, 517-S18 
mental nerve block, 519) 
suborbital and supratrochlear nerve block, S19 
general block, procedure for, 515 
indications, 513, 
‘materials and medications, $14 
pearls and pitfalls, 515, 
‘wrist nerve block 
indications, S21 
median nerve block, 522 
nerve distribution in hand, $21 
radial nerve block, 522 
ulnar nerve block, 523, 
Respiratory failure, 171, 173 
Resuscitative thoracotomy, 165-168 


Finochietto retractor, 165, 166 
Lebsche knife, 165, 166 
‘open cardiac massage, 165, 167 


pericardium, 165, 167 
skin and subcutaneous tissue incision, 165, 167 
Retinal detachment 
complications, 289 
contraindications, 287 
graphical representation, 292, 203, 
indications, 287 
‘materials and medications, 287 
pearls and pitfalls, 289 
procedure, 287-288 
anatomy findings, 287, 288 
hyperechoic linear structure, 287, 288 
patient positioning, 287, 288 
ultrasound image, 292 
Retrobulbar hemorthage, 305 
Reverse Woods corkscrew maneuver, 672 
‘Rheumatoid arthritis (RA), 90, 625, 630 
RSI. See Rapid sequence intubation (RSD, 
Rubin If maneuver, 672 
Rubin I maneuver, 672 
Running suture, 540, 541 


s 
SAFE, See Sexual Assault Forensic Exam 
(SAFE) 
Salivary glands, anatomy of, 359 
Saphenous vein eutdown, 41 
SB tube. See Sengstaken-Blakemore (SB) tube 
Scalpel-hougie techn 
‘materials and medications, 119 
procedure, 121-122 


Scalpel-Trousseau technique. See also Cricothyroidotomy 


‘materials and medications, 123, 
procedure, 124-125 
Scapular manipulation method, $86 
Schigtz tonometer, 297 
‘complications, 303 
pitfalls, 299 
procedure, 299 
Schuknecht suetion tube 
cerumen removal, 331 
Toreign body removal 
ear, 336-338, 
nasal, 326-328 
Seidel test, 276 
Seldinger technique 
DPL, 397-398 
{femoral artery cannulation, 3, 9-10 
Sengstaken-Blakemore (SB) tube 
‘complications, 439 
contraindications, 433, 
‘materials and medications 
cuffalator, 433, 434 
hhelmet traction setup, 433, 436 
Intubation equipment, 433, 
Tidocaine, 433 
Iubricant (water soluble), 433 
scissors 433, 436 
sphygmomanometer, 433, 434 
sterile water, 433 
suetion device and tubing, 433, 435 
syringe with catheter tip, 433, 434 
3.way stop-valve tube connector, 433, 435 
tube clamps, 433, 435 
water and straw, 433 
‘¥-Tube connector, 433, 435 
pearls and pitfalls, 439 
procedure, 436-438 
balloons, placement of, 436, 437 
sphygmomanometer, connection of, 436, 438 
variceal GI bleed, 433 
Sepsis, 685 
Edwards Vigileo System (see Edwards Vigileo 
System) 
fetal, 690 
‘maternal, 690 
peripheral venous cutdown, 44 
Septal hematomas 
ccontraindications, 322 
indications, 321 
‘materials and medications, 322 
pitfalls and complications, 324 
procedure 
bilateral hematomas, drainage of, 322-323 
preprocedure, 322 
unilateral hematoma, drainage of, 322, 323, 


ues. See also Cricothyroidotomy 
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Serum-ascites albumin gradient (SAAG), 451 
Sexual Assault Forensic Examination (SAFE) 
contraindications, 477 
indications, 477 
lifefimb-threatening injures, 477 
‘materials and medications, 477 
pearls and pitfalls, 483, 


procedure 
biological material, collect 
bite marks, 478 


clothing, collection of, 479 
evidence collection kt, 478-480 


forensic interview and history aking, 478 
Forensic pelvic examination, 478 

Forensic photography, 479 

‘general physical examination, 478, 481 


informed consent, 478, 
injury documentation, 478, 481 
inspection, 478 
investigations, 479 
law enforcement involvement, 478 
prophylaxis, CDC guidelines, 479, 482 
rectal examination, 478 
speculum ex 

SANE, 477 
SART, 477 
survivors, 477 

Sexual Assault Nurse Examiner (SANE), 477 

Sexual Assault Response Team (SART), 477 

Shoulder arthocentesis, 626, 629 

Shoulder, dislocation reduction 

complications, 590 
contraindications, S85 
indications 
anterior dislocations, 583, 584 
inferior dislocations, 583 
posterior dislocations, 83, 584 
‘materials and medications, $85 
pearls, 590 
procedure 
‘external rotation method, S87 
Mileh technique, 588 
pain management and sedation, S85 
physical examination, $85 
posterior shoulder, 589) 
postreduction, 589) 
radiographs, S85 
scapular manipulation method, 586 
Spaso technique, 588 
‘Stimson maneuver, $85 
‘waction-countertaction method, 589 
Shoulder dystocia management 
complications, 675 
contraindications, 669 
Indications, 669 
‘materials and medications, 69 
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lines are the equi-potential energy lines from the dome (C) 
and the upper layer (B) and the lower level (A). 


I claim: 
1. A spacecraft propulsion system comprising: 


4 rotating octagon of trapezoidal electrostatically charged 
form a closed sloping hull inthe shape 


panels each having three holes covered by three ellipsoi- 
‘dal domes of varying size centrally located along the 
major length and axis of each panel; and 


4 grid of high voltage electrostatically charged rods 
located on the interior side of each panel such that a 
planar potential field is produced parallel to and under 
‘each panel hole. 

2. The domes, holes and rotating charged hull of method 

1 producing: 
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‘an ellipsoidal potential energy field emerging from the 
holes and generating an electric dipole moment on the 
‘outside of the hull; 

‘4 magnetic moment in the vertical direction due to the 
rotating electric dipole moment and 

‘9 rotating electric field in the radial direction which 
‘generates a corresponding magnetic field gradient in 
the vertical direction proportional to the velocity gra 
dent of the sloping panels of the hull. 

3. A lift force on the spacecraft hull generated by: 

the magnetic moment times the gradient of the magnetic 
field in the vertical direction; and 

1 dual surface layer hull cladding having different per- 
mittivities which enhance the electric dipole moment 
whereby the upper cladding has a low relative permi 
tivity in the range of 2 to 40, and the lower layer has a 
high relative permittivity in the range of 1200 to 4000. 
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PREFACE 


Immunology as a distinctive subject developed in the 
middle of the 20th century as researchers started to under- 
stand how the adaptive immune system aids in defence 
against pathogens. For many years, text books reflected 
this view of immunology with short opening sections on 
innate defences, before giving detailed descriptions of how 
lymphocytes protect the body against infection. In the last 
few years, the neglected but critical elements of the innate 
immune system have come back into sharp focus and have 
been the subject of much research. Phagocytes and the evo- 
lutionarily ancient mechanisms for recognising pathogen, 
have been retained in mammals and indeed have developed 
alongside the adaptive immune system; it is only as we 
have started to understand how innate immunity operates, 
that we have started to recognise the importance of these 
systems. In the seventh edition of Immunology, we have 
included a new chapter on innate immunity, but equally 
important is the assimilation of descriptions of innate 
defences into other parts of the book. This truly reflects 
the way the immune system operates with the integration 
of ancient and recently-evolved immune defences. 

‘The book is organised into five sections. The opening 
section describes the building blocks of the immune 
system, - cells, organs, complement and the major receptor 
molecules, including antibodies, T cell receptors and 
MHC molecules. The second section deals with the initia- 
tion of the immune response starting with innate defences, 
and leading on to antigen presentation, costimulation and 
cell activation pathways. The following three chapters dis- 
cuss the principal effector arms of the immune response, 
‘Tr responses with antibody production, Tit] responses 
and mononuclear phagocytes, and cytotoxicity, including 
cytotoxic T cells and NK cells. In this edition, material on 
individual cytokines has been incorporated into each of 
these chapters, rather than being treated as a separate 
subject. ‘The final chapters in this section look into the 
regulation of the immune response, and there is a new 
chapter on the distinctive types of immune response that 
develop in different tissues of the body. Although it has 
long been recognised that immune responses in tissues 
vary, the underlying reasons for the differences are only 
just being elucidated. 

Section three describes the immune responses that 
develop against different types of infection, and how 
immunodeficiency leads to increased susceptibility to 
particular infections. Indeed the diversity and complexity of 
the immune system can only be understood in relation to the 
diversity of the pathogens which it protects against. In recent 
years, the devious strategies employed by pathogens to evade 


immune responses, have provided some quite startling 
revelations, both on the adaptability ofthe pathogens and on 
the flexibility ofthe immune system. Ultimately the immune 
system can only be understood in relation to its principal 
function ~ defence against pathogens. 

Section four describes immune responses against 
tissues, and section five hypersensitivity. These areas are 
of great clinical importance. One aim of this book is to 
provide readers with a sound understanding of the 
immune responses which underlie clinically important areas 
including hypersensitivity states and allergy, immuno- 
pathology, tumour immunotherapy and transplantation. 
In these sections, we have maintained what we believe 
to be an important feature of the book, namely a clear 
description of the scientific principles of clinical immunol- 
ogy, integrated with histology, pathology, and clinical 
examples. In this edition, the two chapters on tolerance 
and autoimmunity have been linked and rewritten, to 
reflect how the ‘traditional system-based approach of 
clinical immunology and the cell-based approach of basic 
immunology are finally producing a coherent picture of 
how autoimmune disease develops. 

Previously, we have included a final chapter whi 
collates immunological techniques. In this edition the 
methods and techniques are distributed throughout the 
book, in methods boxes, in the most appropriate place. We 
hope that this will make it easier to locate relevant 
techniques if they are of interest, but allow the reader to 
pass over such material, fit is not. 

‘A new feature of the book is the inclusion of in-text 
questions. These are designed to check that the reader 
understands the implications of the preceeding paragraphs 
or can relate that material to information in earlier 
chapters, Although the answers follow on immediately 
below the questions, we would suggest that readers pause 
to formulate an answer, before reading on through. 
Another useful learning aid is the critical thinking sections 
at the end of each chapter. A set of solutions to the 
problems is included at the end of the book, although 
some of the questions are open ended and would form a 
good basis for class discussion or tutorials, Finally, we have 
put a lot of care into the chapter summaries, ensuring that 
they really do distil the key aspects of each chapter, into a 
manageable overview. ‘The summary boxes make an 
excellent revision guide for exams, in addition to setting 
the framework for each chapter. 

In conjuction with the book, the Immunology seventh 
edition website provides access to the full set of 
illustrations and text on-line. Other ancillaries include a 
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set of 16 animations, with a total of 90 minutes playing 
time, that were originally developed as one component of 
Immunology Interactive 3.0. The site also contains a 
question-bank and other ancillaries, to aid learning and 
enhance understanding of the subject. 

‘The contributors to this volume include many experts 
in different areas of immunology, but we are particularly 
pleased to welcome David Roth as a new editor. We hope 
that David's contribution has further broadened our 
appreciation of how immunology is taught in other 
countries, in addition to his scientific input. Also, we 
would like to thank Jane Loughlin and Lindy van den 
Berghe for their critical reading of the text, suggestions 
for changes and contribution to the in-text questions. We 
greatly appreciate the hard work of our Publishers and 
their colleagues, particularly, Inta Ozols, Jess Thompson 
and Louise Cook from Elsevier. 

Immunology bridges basic sciences and medicine and 


‘encompasses approaches from numerous fields, including 
biochemistry, genetics, cell biology, structural biology and. 
molecular biology. For the past century, immunology has 
fascinated and inspired some of the greatest scientific 
thinkers of our time and numerous Nobel prizes have 
been awarded for fundamental discoveries in immunology, 
from Paul Ehrlich’s work on antibodies (1908) to the 
studies of Zinkernagel and Doherty (1996) elucidating 
mechanisms of cell-mediated immunity. We wish our 
readers well in their study of immunology, a subject which 
continues to excite and surprise us, and which underpins 
‘many other areas of biology and biomedical sciences. 


David Male 
Jonathan Brostoff 
David B Roth 
Ivan Roite 
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Introduction to the 
Immune System 


SUMMARY 


‘+ The immune system has evolved to protect us from 
pathogens. Intracellular pathogens infect individual cells 
(eg. viruses), whereas extracellular pathogens divide 
extracellularly within tissues or the body cavities (e.g. many 
bacteria). 


‘+ Phagocytes and lymphocytes are key mediators of 
immunity. Phagacytes internalize pathogens and 
degrade them. Lymphocytes (B and T cells) bear receptors 
that recagize specific molecular components of 
pathogens and have specialized functions. B cells make 
antibodies, cytotoxic T lymphocytes (CTLs) kil virally 
Infected cells, and helper T cells coordinate the immune 
response by direct cell-cell interactions and the release of 
cytokines. 


‘+ Specificity and memory are two essential features of 
adaptive immune responses. As a result the immune 
“system mounts a more effective response on second and 
subsequent encounters with a particular antigen. Non- 
adaptive (innate) immune responses do nat alter on 
repeated exposure to an infectious agent. 


‘+ Antigens are molecules that are recognized by receptors 
on lymphocytes. 8 cells usualy recognize intact antigen 
‘molecules, whereas T cells recognize antigen fragments on 
the surface of other cells. 


‘+ An immune response occurs in two phases — antigen 
recognition and antigen eradication. In the first phase 
<lonal selection involves recognition of antigen by particular 
<lones of lymphocytes, leading to clonal expansion of 
specific clones of T and B cells and differentiation to 
‘effector and memory cells. In the effector phase, these 
lymphocytes coordinate an immune response, which 
liminates the source of the antigen. 


‘+ Vaccination depends on the specificity and memory of 
‘adaptive immunity. Vaccination is based on the key elements 
‘of adaptive immunity, namely specificity and memory. 
Memory cells allow the immune system to mount a much 
stronger response on a second encounter with antigen. 


Inflammation is a response to tissue damage. It allows 
antibodies, complement system molecules, and leukocytes 
to enter the tissue at the site of infection, resulting in 
[phagocytosis and destruction of the pathogens. 
Lymphocytes are alsa requited to recognize and destroy 
infected cells in the tissues. 


‘+ The immune system may fail (immunopathology). This 
‘an lead to immunodeficiency, hypersensitivity, or 
autoimmune diseases. 


Normal immune reactions can be inconvenient in 
modern medicine, for example blood transfusion reactions: 
and graft rejection. 


THE IMMUNE SYSTEM PROTECTS US 
FROM PATHOGENS 

A highly discriminatory immune system is fundamental 
to survival, How the immune system accomplishes this 
level of discrimination remains deeply enigmatic, but such 
questions are among the many that make immunology a 
fascinating discipline. 

‘The immune system has evolved a powerful collection 
of defense mechanisms to protect against potential 
invaders that would otherwise take advantage of the rich 
source of nutrients provided by the vertebrate host. At the 
same time it: 

+ must be sophisticated enough to differentiate between 
the individual's own cells and those of harmful invading 
organisms and not attack the commensal flora that 


inhabit the gut, skin, and many other tissues to great 
benefit; 

+ should avoid rejecting tissue that is demonstrably 
foreign, namely the fetus 

‘This chapter provides an overview of the complex network 

of processes that form the immune system of hi 

vertebrates. It: 

* illustrates how the components of the immune system 
fit together to allow students to rapidly grasp the ‘big 
picture’ before delving into the material in more depth 
in subsequent chapters; 

‘introduces the basic elements of the immune system and 
‘of immune responses, which are mediated principally 
by white blood cells or leukocytes (from the Greek for 
‘white cell’) and are detailed in Chapters 2-18. 


US 20060038081A 1 


(2) Patent Application Publication (1 Pub. No.: US 2006/0038081 AL 


cs) United States 
St. Clair 


(54) ELECTRIC DIPOLE SPACECRAFT 


(76) Inventor: John Quiney St, Clair, San Juan, PR 
(ws) 


21) Appl. Nox 10/912,621 


(22) Filed: Aug. 4, 2004 


43) Pub, Date: Feb. 23, 2006 


Publication Classification 


1) In. ch 
B64G 1/40 
(52) US. CL 


(2006.01) 
2441715 


a) ABSTRACT 


ft that produces an 
ical oot nes 


uniform sphe a 
nent inter ¢ gradient of a mag 
netic field that generates a lift force on the bull 


T_ INTRODUCTION TO THE IMMUNE SYSTEM 


A description of cells and molecules important in 
immunology is given in Figs 1.1-1.4. 

Over many millions of years, different types of immune 
defense, appropriate to the infecting pathogens, have 
evolved in different groups of organisms. In this book, 
wwe concentrate on the immune systems of mammals, espe~ 
cially humans, Because mammals are warm-blooded and 
long-lived, their immune systems have evolved partic- 
ularly sophisticated systems for recognizing and destroy- 
ing pathogens. 


@ Why do warm-blooded, long-lived animals require 
particularly complex immune defenses? 

‘A. Infectious agents such as bacteria can divide rapidly in 
warm-blooded creatures. Animals have to remain healthy 
during their repraductive years to raise offspring, 


Many of the immune defenses that have evolved in 
other vertebrates (e.g. reptiles, amphibians) and other 
phyla (e.g. sponges, worms, insects) are also present in 
some form in mammals and play crucial roles. 
Consequently the mammalian immune system consists of 
multi-layered, interlocking defense mechanisms that 
incorporate both primitive and recently evolved elements. 


THE CELLS AND SOLUBLE MEDIATORS OF 
THE IMMUNE SYSTEM 

Cells of the immune system 

Immune responses are mediated by: 

* a variety of cells; and 

* the soluble molecules that these cells secrete (Fig. 1.1).. 


Components of the immune system 


Although the leukocytes are central to all immune 
responses, other cells in the tissues also participate, by 
signaling ‘to the lymphocytes and responding to the 
cytokines released by T cells and macrophages. 


Phagocytes internalize antigens and pathogens 
and break them down 

‘The most important long-lived phagocytic cells belong to 
the mononuclear phagocyte lineage. These cells are all 
derived from bone marrow stem cells, and their function 
is to 

+ engulf particles, including infectious agents; 

+ internalize them; and 

+ destroy them. 

For this purpose mononuclear phagocytes are strategically 
placed where they will encounter such particles. For 
example, the Kupffer cells of the liver line the sinusoids 
along which blood flows, while the synovial A cells line the 
synovial cavity (Fig. 1.2). 


MONONUCLEAR PHAGOCYTES INCLUDE THE LONG- 
LIVED MONOCYTES AND MACROPHAGES ~ Leukocytes 
of the mononuclear phagocyte lineage are called mono- 
cytes. Monocytes migrate from the blood into the tissues, 
where they develop into tissue macrophages, which 
are very effective at presenting antigens to cells (see 
Chapter 2, p. 21). 


POLYMORPHONUCLEAR NEUTROPHILS ARE SHORT-LIVED 
PHAGOCYTES — Polymorphonuclear neutrophils (often 
just called neutrophils or PMINs) are another important 
‘group of phagocytes. Neutrophils constitute the majority 
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Fig. 1.1. The principal cells of the immune system and the 
‘mediators they produce are shown. Neutrophils, eosinophil, 
and basophils are collectively known as polymoxphonuclear 
aranulocytes (see Chapter 2). Cytotoxic cll include cytotoxic 
‘Tlymphocytes (CTLs), natural ker (NK) cells (large granular 


lymphocytes [LGLs), and eosinophils. Complement is made 
primarily by the liver, though there is some synthesis by 
‘mononuclear phagocytes. Note that each cell produces and 
secretes only a particular set of eytokines or inflammatory 
mediators. 


THE CELLS AND SOLUBLE MEDIATORS OF THE IMMUNE SYSTEM 


Cells of the mononuclear phagocyte lineage 
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Fig. 1.2 Many organs contain cells belonging to the 
‘mononuclear phagocyte lineage. These ces are derived from 
blood monocytes and ultimately from stem cells in the bone 
marrow. 


of the blood leukocytes and develop from the same early 
precursors as monocytes and macrophages. 

Like monocytes, neutrophils migrate into tissues, 
particularly atsites of inflammation, However, neutrophils 
are short-lived cells that phagocytose material, destroy it, 
and then die. 


B cells and T cells are responsible for the specific 
recognition of antigens 

Lymphocytes are wholly responsible for the specific 
immune recognition of pathogens, so they initiate adap- 
tive immune responses. All lymphocytes are derived from 
bone marrow stem cells, but T lymphocytes (cells) then 
develop in the thymus, while B lymphocytes (B cells) 
develop in the bone marrow (in adult mammals). 


B CELLS EXPRESS ANTIBODY ~ Each B cell is genetically 
programmed to express a surface receptor specific for a 
particular antigen. This antigen receptor molecule is 
called an antibody. If a B cell binds to its specific antigen, 
it will multiply and differentiate into plasma cells (see 
Fig. 1.13), which produce large amounts of the antibody, 
but in a secreted form. 

Secreted antibody molecules are large glycoproteins 
found in the blood and tissue fluids. Because secreted 


antibody molecules are a soluble version of the original 
receptor molecule (antibody), they bind to the same 
antigen that initially activated the B cells. 


T CELLS HAVE T CELL ANTIGEN RECEPTORS ~ ‘There are 
several different types of T cell, and they have a variety of 
functions: 

* one group interacts with mononuclear phagocytes and 
helps them destroy intracellular pathogens ~ these are 
called type 1 helper T cells or Tu cells; 

+ another group interacts with B cells and helps them to 
divide, differentiate, and make antibody ~ these are the 
type 2 helper T cells or TH2 cells; 

+ a third group of T cells is responsible for the destruc~ 
tion of host cells that have become infected by viruses 
or other intracellular pathogens ~ this kind of action is 
called cytotoxicity and these TT cells are therefore called 
cytotoxic T lymphocytes (CTLs or Te cells). 

In every case, the T cells recognize antigens present on 

the surface of other cells using a specific receptor ~ the T 

cell antigen receptor (TCR) ~ which is quite distinet 

from, but related in structure to, the antigen receptor 

(antibody) on B cells. 

‘T cells generate their effects either: 

+ by releasing soluble proteins, called eytokines, which 
signal to other cells; or 

+ by direct cell-cell interactions. 


Cytotoxic cells recognize and destroy other cells 
that have become infected 

Several cell types have the capacity to kill other cells 
should they become infected. Cytotoxic cells include 
CTLs, natural killer (NK) cells (large granular lympho- 
cytes), and eosinophils. OF these, the CTL is especially 
important, but other cell types may be active against 
particular types of infection. 

All of these cell types damage their different targets by 
releasing the contents of their intracellular granules close 
to them. Cytokines secreted by the cytotoxic cells, but not 
stored in granules, contribute to the damage. 


LARGE GRANULAR LYMPHOCYTES ARE ALSO KNOWN AS 
NK CELLS - Lymphocytes known as large granular 
Iymphoeytes (LGLs) have the capacity to recognize the 
surface changes that occur on a variety of tumor cells and 
virally infected cells. LGLs damage these target cells, but 
use a different recognition system to CTLs. This action is 
sometimes called NK cell activity, so these cells are also 
described as NK cells. 


EOSINOPHIL POLYMORPHS ENGAGE AND DAMAGE 
LARGE EXTRACELLULAR PARASITES — Eosinophils are a 
specialized group of leukocytes that have the ability to 
engage and damage large extracellular parasites, such as 
schistosomes. 


Auxiliary cells control inflammation 
‘The main purpose of inflammation is to attract leukocytes, 
and the soluble mediators of immunity towards a site of 
infection, Inflammation is mediated by a variety of other 
cells including basophils, mast cells, and platelets. 
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BASOPHILS AND MAST CELLS RELEASE MEDIATORS OF 
INFLAMMATION ~ Basophils and mast cells have granules 
that contain a variety of mediators, which: 

* induce inflammation in surrounding tissues; and 

+ are released when the cells are triggered. 

Basophils and mast cells can also synthesize and seerete a 
number of mediators that control the development of 
immune reactions. 

‘Mast cells lie close to blood vessels in all tissues, and 
some of their mediators act on cells in the vessel walls. 
Basophils are functionally similar to mast cells, but are 
mobile, circulating cells. 


PLATELETS RELEASE MEDIATORS OF INFLAMMATION ~ 
Platelets are essential in blood clotting, but can also be 
activated during immune responses to release mediators of 
inflammation, 


Soluble mediators of immunity 
A wide variety of molecules are involved in the devel- 
opment of immune responses, including: 

+ antibodies and cytokines, produced by lymphocytes; and 
* other molecules that are normally present in serum. 
‘The serum concentration of a number of these proteins 
increases rapidly during infection and they are therefore 
called acute phase proteins. 

One example of an acute phase protein is C reactive 
protein (CRP), so-called because of its ability to bind 
to the € protein of pneumococci. This promotes the 
uptake of pneumococci by phagocytes, a process known as 
opsonization. Molecules such as antibody and CRP that 
promote phagocytosis are said to act as opsonins. 

‘Another important group of molecules that can act as 
opsonins are components of the complement system. 


Complement proteins mediate phagocytosis, 
contro! inflammation, and interact with antibodies 
in immune defense 

‘The complement system is a group of about 20 serum 

proteins whose overall function is the control of inflam- 

mation (Fig. 13 and see Chapter 4). ‘The components 
interact with each other, and with other elements of the 
immune system. For example: 

+ anumber of microorganisms spontaneously activate the 
complement system, via the so-called ‘alternative 
pathway’, which is an innate immune defense ~ this 
results in the microorganism being opsonized (i. 
coated by complement molecules, leading to its uptake 
by phagocytes); 

+ the complement system can also be activated by 
antibodies or by mannose binding lectin bound to the 
pathogen surface via the ‘classical pathway’. 

Complement activation is a cascade reaction, where one 

component acts enzymatically on the next component 

in the caseade to generate an enzyme, which mediates 
the following step in the reaction sequence, and so on. 

(The blood clotting system also works as an enzyme 

cascade.) 

Activation of the complement system generates protein 
molecules or peptide fragments, which have the following 
effects: 
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Fig. 1.3 Components of the complement system can lyse 
‘many bacterial species (1). Complement fragments released 
Jin this reaction attract phagocytes to the site ofthe reaction 
(2). Complement components opsonize the bacteria for 
phagocytosis (3). In addition tothe responses shown here, 
activation ofthe complement system increases blood flow 
and vascular permeablity atthe site of activation. Activated 
Components can also induce the release of inflammatory 
‘mediators from mast cells. 


+ opsonization of microorganisms for uptake by phago- 
cytes and eventual intracellular killing; 
+ attraction of phagocytes to sites of infection (chemo- 


to the site of activation and 
of capillaries to plasma mole~ 


increased permeabilit 
cules; 

+ damage to plasma membranes on cells, Gram-negative 
bacteria, enveloped viruses, or other organisms that 
have induced the activation, which in turn can result in 
lysis of the cell or virus and so reduce the infection; 

+ release of inflammatory mediators from mast cells 


Cytokines signal between lymphocytes, phagocytes, 
and other cells of the body 

Cytokine is the general term for a large group of mole- 
cules involved in signaling between cells during immune 
responses. All cytokines are proteins or glycoproteins. 
‘The different cytokines fall into a number of categories, 
and the principal subgroups of cytokines are outlined 
below. 


INTERFERONS LIMIT THE SPREAD OF CERTAIN VIRAL 
INFECTIONS ~ Interferons (IFNs) are cytokines that are 
particularly important in limiting the spread of certain 
viral infections: 


IMMUNE RESPONSES ARE ADAPTED TO DIFFERENT TYPES OF PATHOGEN 


* one group of interferons (IFN and IFNB) is produced 
by cells that have become infected by a virus; 

* another type, IFNy, is released by activated THI cells, 

IENs induce a state of antiviral resistance in uninfected 

cells (Fig. 1.4). They are produced very early in infection 

and are important in delaying the spread of a virus until 

such time as the adaptive immune response has developed. 


INTERLEUKINS HAVE A VARIETY OF FUNCTIONS ~ The 
interleukins (ILs) are a large group of cytokines 
produced mainly by T cells, though some are also 
produced by mononuclear phagocytes or by tissue cells. 
‘They have a variety of functions. Many interleukins cause 
other cells to divide and differentiate. 


COLONY STIMULATING FACTORS DIRECT THE DIVISION 
AND DIFFERENTIATION OF LEUKOCYTE PRECURSORS ~ 
Colony stimulating factors (CSFs) are cytokines prima- 
rily involved in directing the division and differentiation 
of bone marrow stem cells, and the precursors of blood 
leukocytes. ‘The balance of different CSPs is partially 
responsible for the proportions of different immune cell 
types produced. Some CSFs also promote further differ- 
entiation of cells outside the bone marrow. For example, 
macrophage CSF (M-CSF) promotes the development of 
‘monocytes in bone marrow and macrophages in tissues. 


CHEMOKINES DIRECT THE MOVEMENT OF LEUKOCYTES 
AROUND THE BODY ~ Chemokines are a large group 
of chemotactic cytokines that direct the movement of 
leukocytes around the body, from the blood stream into 
the tissues and to the appropriate location within each 
tissue, Some chemokines also activate cells to carry out 
particular functions. 
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Fig. 1.4 Host cells that have been infected by virus secrete 
Interferon-e. (Na) and/or interferon-f (IENB). Ts cells 
‘secrete interteron-y (IFNy) after activation by antigen. IFNs 
_act on other host cells to induce resistance to viral infection. 
IFNy has many other effects as well. 


OTHER CYTOKINES INCLUDE TNFa AND TNFB, AND 
TGFB - Tumor necrosis factors TNFo and TNF, and 
transforming growth factor-f (TGFB), have a variety 
of functions, but are particularly important in mediating 
inflammation and cytotoxic reactions. 


EACH SET OF CELLS RELEASES A PARTICULAR BLEND OF 
CYTOKINES ~ Each set of cells releases a particular blend 
of cytokines, depending on the type of cell and whether, 
and how, it has been activated. For example: 

+ Til cells release one set of cytokines, which promote 

‘Tul cell interactions with mononuclear phagocytes; 

+ Tn2 cells release a different set of eytokines, which 
allow T12 cells to activate B cells. 

Some cytokines may be produced by all T cells, and some 

just by a specific subset. 

Equally important is the expression of cytokine 
receptors. Only a cell that has the appropriate receptors 
can respond to a particular cytokine. For example: 
© the receptors for interferons (see above) are present on 

all nucleated cells in the body; 

+ other receptors are much more restricted in their 
distribution, 

In general, cytokine receptors are specific for their own 

individual cytokine, but this is not always so. In particular, 

many chemokine receptors respond to several different 

chemokines. 


IMMUNE RESPONSES ARE ADAPTED TO 
DIFFERENT TYPES OF PATHOGEN 

‘The environment contains a great variety of infectious 
agents, including bacteria, viruses, fungi, Protoctista, and 
multicellular parasites, which can enter the body and cause 
disease and, if they multiply unchecked, death. 

The primary function of the immune system is to 
eliminate infectious agents and minimize the damage they 
cause, It ensures that most infections in normal individuals 
are short-lived and leave little permanent damage. 

Infectious agents that cause damage are referred to as 
pathogens. However, even normally harmless organisms 
can pose a lethal threat to an individual who has a defect 
in a critical component of their immune system (see 
Chapters 16 and 17). 

‘The immune system can fail to act or act inappro- 
priately in a variety of ways, leading to immunopatho- 
logical reactions. The paramount importance of immune 
defenses is underscored by the fact that individuals with 
genetic defects in various components of the immune 
system succumb to infections early in life (see Chapter 16). 


Immune system responses vary and depend 
on the pathogen 
Pathogens use many modes of transmission and repro- 
duction, so the immune system has evolved many ways of 
responding to them. 

‘The exterior defenses of the body (Fig. 1.5) present an 
effective barrier to most organisms. Very few infectious 
agents can penetrate intact skin. In contrast: 

‘= many infectious agents gain access to the body across 
the epithelia of the gastrointestinal or urogenital tracts; 
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Fig. 1.5 Most infectious agents are prevented from entering 
the body by physical and biochemical barriers. The body 
tolerates a number of commensal organisms, which compete 
effectively with many potential pathogens. 


* others, such as the virus responsible for the common 
cold, infect the respiratory epithelium of nasopharynx 
and lung; 

+ a small number of infectious agents infect the body 
only if they enter the blood directly (e.g. malaria and 
sleeping sickness). 

Once inside the body, the site of the infection and the 

nature of the pathogen largely determine which type of 

immune response will be induced — most importantly 

(Fig. 1.6) whether the pathogen is: 


Intracellular and extracellular pathogens 


Fig. 1.6 All infectious agents spread to infect new ces by 
passing through the body fluids or tissues. Many are 
Intracellular pathogens and must infect cells ofthe body to 
divide and reproduce (e.g. viruses such as influenza Viruses 
‘and malaria, which has two separate phases of division, either 
{in cells ofthe liver or in erythrocytes), The mycobacteria that 
‘cause tuberculosis can divide outside cells or within 
macrophages. Some bacteria (eg. streptococci, which 
produce sore throats and wound infections) generally divide 
‘outside cells and are therefore extracellular pathogens. 


+ an intracellular pathogen (j.c. invades the host cells to 
divide and reproduce); or 
+ an extracellular pathogen (ie. does not invade the 
host cells); 
‘Many bacteria and larger parasites live in tissues, body 
fluids, or other extracellular spaces, and are susceptible to 
the multitude of immune defenses, such as antibodies (see 
Chapter 3) and complement (see Chapter 4), that are 
present in these areas. Because these components are 
present in the tissue fluids of the body (the ‘humors’ of 
ancient medicine), they have been classically referred to as 
humoral immunity. 


Some pathogens evade ‘humoral immunity’ 
Many organisms (e.g. viruses, some bacteria, some para 
sites) evade these formidable defenses by being intra- 
cellular pathogens and replicating within host cells. To 
clear these infections, the immune system has developed 
ways to specifically recognize and destroy infected cells. 
‘This is largely the job of cell-mediated immunity. 
Intracellular pathogens cannot, however, wholly evade 
the extracellular defenses (see Fig. 1.6) because they must 
reach their host cells by moving through the blood and 
tissue fluids. As a result they are susceptible to humoral 
immunity during this portion of their life cycle. 
Any immune response involves: 
* first, recognition of the pathogen or other foreign 
‘material; and 
+ second, a reaction to eliminate it 


Innate immune responses are the same on 
each encounter with antigen 
Broadly speaking, immune responses fall into two 
categories ~ those that become more powerful following 
repeated encounters with the same antigen (adaptive 
immune responses) and those that do not become more 
powerful following repeated encounters with the same 
antigen (innate immune responses). 

Innate immune responses (see Chapter 6) can be 
thought of as simple though remarkably sophisticated 
systems present in all animals that are the first line of 
defense against pathogens and allow a rapid response to 

Innate immune response systems range from external 
harriers (skin, mucous membranes, cilia, secretions, and 
tissue fluids containing antimicrobial agents; see Fig. 1.5) 
to sophisticated receptors capable of recognizing broad 
classes of pathogenic organisms, for example: 

* innate immune receptors on certain leukocytes 
recognize pathogen-associated molecular patterns 
(PAMP5), which are common to many foreign invaders 
and are not normally present in the host (e.g. 
constituents of bacterial cell walls); 

+ components of the complement system (see Chapter 4), 
which are important soluble mediators of innate 
immunity, can be specifically activated by bacterial 
surface molecules. 

‘The innate defenses are closely interlinked with adaptive 

responses. 


PHAGOCYTES AND LYMPHOCYTES ARE KEY MEDIATORS OF IMMUNITY 


Phagocytes internalize and kill invading organisms 


PL Sa 
(ea squirt) that has endocytosed three bacteria (8). (N, 
nucleus) (Courtesy of Dr AF Rowiey) 


PHAGOCYTES AND LYMPHOCYTES ARE 
KEY MEDIATORS OF IMMUNITY 
Phagocytes are a first line of defense against 
infection 
Phagocytes are found in all animals and are cells that 
ingest foreign substances. They form an important part of 
the innate immune system and include monocytes, 
macrophages, and neutrophils. 

Phagocytes bind to invading organisms using a variety 
of receptors that recognize PAMPs and then internalize 
and kill the organism (Fig. 1.7). Phagocytosis describes 


Functions of different types of lymphocyte 


the internalization (endocytosis) of large particles or 
microbes. 

‘The primitive responses of phagocytes are highly 
effective, and people with genetic defects in certain 
phagocytic cells usually succumb to infections in infancy. 


Lymphocytes have specialized functions 

Adaptive immune responses are mediated by a specialized 

group of leukocytes, the lymphocytes, which includes 

T and B lymphocytes (T cells and B cells). These two 

classes of lymphocytes carry out very different protective 

functions: 

* B cells are responsible for the humoral arm of the 
adaptive immune system, and thus act against extra- 
cellular pathogens; 

+ T cells are responsible for the cell-mediated arm of 
the adaptive immune system, and are mainly concerned 
with cellular immune responses to intracellular 
pathogens, such as viruses, and also with regulation of 
B cell responses. 

B cells express their antigen receptor (immunoglobulin 

molecules) on their cell surface during their development 

and, when mature, secrete soluble immunoglobulin 
molecules (also known as antibodies) into the extracellular 
fluids 

Immunoglobulins are an essential component of 
humoral immunity, and, when bound to their cognate 
antigens, can activate the complement system and help 
phagocytes to take up antigens. 

T cells recognize antigen via cell surface receptors 
(F cell receptors) and have a wide range of biological 
functions (Fig. 1.8): 

+ some are involved in the control of B cell development 
and antibody production; 

+ another group of T cells interacts with phagocytic cells 
to help them destroy pathogens they have taken up; 

+ a third set of T cells recognizes cells infected by virus 
and destroys them. 
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Hig. 1.8 Macrophages present antigen to 
Tal cells, which then activate the 
‘macrophages to destroy phagocytosed 
pathogens. B cells present antigen to TH2 
els, which activate the B cells, causing 
them to dvide and differentiate. Cytotoxic 
Tiymphocytes (CTLs) and large granular 
lymphocytes (LGLs) recognize and destroy 
Virally infected cells. 
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SPECIFICITY AND MEMORY ARE KEY 
FEATURES OF THE ADAPTIVE IMMUNE 
RESPONSE 
In contrast to the innate immune response, which 
recognizes common molecular patterns such as PAMPs 
(see p. 140) in potential invaders, the adaptive immune 
system takes a highly discriminatory approach, with a 
very large repertoire of specific antigen receptors that 
can recognize virtually any component of a foreign 
invader (see Chapters 3 and 5). This use of highly specific 
antigen receptor molecules provides the following 
advantages: 

* pathogens that lack stereotypical patterns (which might 
avoid recognition by the innate immune system) can be 
recognized; 

+ responses can be highly specific for a given pathogen; 

* the specificity of the response allows the generation, 
of immunological memory ~ related to its use of highly 
individual antigen receptors, the adaptive immune 
system has the capacity to ‘remember’ a pathogen. 

‘These features underlie the phenomenon of specific 

immunity (e.g. diseases such as measles and diphtheria 

induce adaptive immune responses that generate life-long 
immunity following an infection). 

Specific immunity can, very often, be induced by arti- 
ficial means, allowing the development of vaccines (see 

Chapter 18). 


ANTIGENS ARE MOLECULES 

RECOGNIZED BY RECEPTORS ON 
LYMPHOCYTES 

Originally the term antigen was used for any molecule 
that induced B cells to produce a specific antibody 
(antibody generator). ‘This term is now more widely used 
to indicate molecules that are specifically recognized by 
antigen receptors of either B cells or T cells. 

Antigens, defined broadly, are molecules that initiate 
adaptive immune responses (e.g. components of patho 
genic organisms), though purists may prefer the term 
immunogen in this context. 

Antigens are not just components of foreign substances, 
such as pathogens. A large variety of ‘self? molecules 
can serve as antigens as well, provoking autoimmune 
responses that can be highly damaging, and even lethal 
(see Chapter 20). 


Antigens are the initiators and driving 
forces of all adaptive immune responses 

‘The immune system has evolved to recognize antigens, 
destroy them, and eliminate the source of their production 
(eg. bacteria, virally infected cells). When antigen is 
eliminated, immune responses switch off. 

Both T cell receptors and immunoglobulin molecules 
(antibody) bind to their cognate antigens with a high 
degree of specificity. These two types of receptor 
molecules have striking structural relationships and are 
closely related evolutionarily, but bind to very different 
types of antigens and carry out quite different biological 
functions. 
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Antibody specifically binds to antigen 
Soluble antibodies (also called immunoglobulins) are a 
group of serum molecules closely related to and derived 
from the antigen receptors on B cells. 

Al antibodies have the same basic Y-shaped structure, 
with two regions (variable regions) at the tips of the Y that 
bind to antigen. ‘The stem of the Y is referred to as the 
constant region and is not involved in antigen binding (see 
Chapter 3). 

‘The two variable regions contain identical antigen- 
binding sites that, in general, are specific for only one type 
of antigen. The amino acid sequences of the variable 
regions of different antibodies, however, are extremely 
variable. ‘The antibody molecules in the body therefore 
provide an extremely large repertoire of antigen-binding 
sites, ‘The way in which this great diversity of antibody 
variable regions is generated is explained in Chapter 3. 


Each antibody binds to a restricted part of the 
antigen called an epitope 

Pathogens typically have many different antigens on their 
surface, Each antibody binds to an epitope, which is a 
restricted part of the antigen, A particular antigen can 
have several different epitopes or repeated epitopes 
(Fig. 1.9). Antibodies are specific for the epitopes rather 
than the whole antigen molecule. 


Many evolutionarily related proteins have conserved 
amino acid sequences. What consequences might this have 
in terms of the antigenicity of these proteins? 

‘A. Related proteins (with a high degree of sequence similarity) 
may contain the same epitopes and therefore be recognized by 
the same antibodies. 


Fe regions of antibodies act as adapters to 
link phagocytes to pathogens 

‘The constant region of the antibody (the Fe region, see 
Chapter 3) can bind to Fe receptors on phagocytes, s0 
acting as an adapter between the phagocyte and the 


Antigens and epitopes 


Fig. 1.9 Antibodies recagnize molecular shapes (epitopes) on 
the surface of antigens. Each antigen (Al, Ag2, Ag3) may 
have several epitopes recognized by different antibodies 
Some antigens have repeated epitopes (Ag3). 
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Fig. 1.10 The antibody binds to a region of an antigen (an_ 
epitope) on the microbe surface, using one of its antigen 
binding sites. These sites are in the Fab regions of the 
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antibody. The stem of the antibody, the Fe region, can attach 
to receptors on the surface of the phagocytes. 


pathogen (Fig. 1.10). Consequently, if antibody hinds to a 
pathogen, it can link to a phagocyte and promote 
phagocytosis. : 

‘The process in which specific binding of an antibody 
activates an innate immune defense (phagocytosis) is an 
important example of collaboration between the innate 
and adaptive immune responses. 

Other molecules (such as activated complement 
proteins) can also enhance phagocytosis when bound 
to microbial surfaces. The general process is termed 
opsonization (from the Latin, opsono, ‘to prepare 
victuals for’) to “render microorganisms delectable so that 
the white blood corpuscles pitch into them with an 
appetite” (GB Shaw). 

Binding and phagocytosis are most effective when more 
than one type of adapter molecule (opsonin) is present 
(Fig. 1.11). Note that antibody can act as an adapter in 
many other circumstances, not just phagocytosis. 


Peptides from intracellular pathogens are 
displayed on the surface of infected cells 
Antibodies patrol only extracellular spaces and so only 
recognize and target for destruction extracellular 
pathogens. Intracellular pathogens (such as viruses) can 
escape antibody-mediated responses once they are safely 
ensconced within a host cell, The adaptive immune system 
has therefore evolved a specific method of displaying 
portions of virtually all cell proteins on the surface of 
each nucleated cell in the body so they can be recognized 
by T cells. 

For example, a cell infected with a virus will present 
fragments of viral proteins (peptides) on its surface that 
are recognizable by T’ cells. ‘The antigenic peptides are 
transported to the cell surface and presented to the T cells, 
by MHC molecules (see Chapter 5). T cells use their 


Fig. 1.11 Phagocytes have some intrinsic ability to bind to 
bacteria and other microorganisms (1). This is much enhanced 
if the bacteria have been opsonized by complement C3b (2) 
‘or antibody (3), each of which crosslink the bacteria to 
‘receptors on the phagocyte. Antibody can also activate 
complement, and if antibody and C3b bath opsonize the 
bacteria, binding is greatly enhanced (4). 


antigen-specific receptors (T' cell receptors ~ TCRs) to 
recognize the antigenic peptide-MHC molecule complex 
(Fig. 1.12). 


Q. Why is it necessary to have a mechanism that transports 
antigen fragments to the host cell surface for cytotoxic T 
cells to recognize infected cells? 

A. The T cell cannot ‘see’ what is going an inside an infected 
call. Its antigen receptor can only interact with and recognize 
what is present on the surface of cells. Therefore antigen 
fragments need to be transported to the cell surface for 
recognition, and this is the key function of MHC molecules. 


‘T cell responses require proper presentation of antigen 
by MHC molecules (antigen presentation). To activate 
T cell responses this must occur on the surface of 
specialized antigen-presenting cells (APCs), which 
internalize antigens by phagocytosis or endocytosis 
Several different types of leukocyte can act as APCs, 
including dendritic cells, macrophages, and B cells. 

‘APCs not only display antigenic peptide-MHC com- 
plexes on their surface, but also express co-stimulatory 
molecules that are essential for initiating immune 
responses (see Chapter 7). 

‘Co-stimulatory signals are upregulated by the presence 
of pathogens, which can be detected by the engagement of 
innate immune receptors that recognize PAMPS, 
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T cell recognition of antigen 
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Fig. 1.12 MHC molecules transport peptides to the surface of, 
an infected cell where they are presented to T cells, which 
may recognize the MHC-peptide combination. Ifa cell is 
Infected, MHC molecules present peptides derived from the 
pathogen, as well as the cell's own proteins. 


T cells comprise the cell-mediated arm of 
the adaptive immune system 
‘T cells recognize antigens only in the context of cell-cell 
interactions. AT cell must dock with an APC. that bears 
the correct antigenic peptide presented by an MHC mol- 
ecule. T cells therefore comprise the cell-mediated arm of 
the adaptive immune system. T cells function only in the 
context of intimate cell-cell contacts, which allow either: 
* helper functions, such as control of antibody responses, 
via contacts with APCs and B cells; or 
* cytolytic functions, that is the recognition and lysis of 
virally infected cells requiring cell-cell contact. 
‘These functions are carried out by different types of 
T cell, namely helper T’ cells (Tit) and eytotoxic T 
lymphocytes (CTLs or Te cells). 


ANTIGEN RECOGNITION AND ANTIGEN 

ERADICATION - THE TWO PHASES OF 

IMMUNE RESPONSES 

‘Most immune responses to infectious organisms are made 

up of a variety of innate and adaptive components: 

*' in the earliest stages of infection, innate responses 
predominate; 

+ later the lymphocytes start to generate adaptive 
immune responses, 

* after recovery, immunological memory remains within 
the population of lymphocytes, which can then mount 
a more effective and rapid response if there is a rein- 
fection with the same pathogen at a later date. 

‘The two major phases of any immune response are anti- 

gen recognition and a reaction to eradicate the antigen. 


Lymphocytes are responsible for antigen 
recognition 

In adaptive immune responses, lymphocytes are respon- 
sible for immune recognition, and this is achieved by 
clonal selection. 


Antigen selects and activates specific clones of 
lymphocyte 

Each lymphocyte is genetically programmed to be capable 
of recognizing just one particular antigen. However, the 
immune system as a whole can specifically recognize many 
thousands of antigens, so the lymphocytes that recognize 
any particular antigen are only a tiny proportion of the 
total. 

How then is an adequate immune response to an 
infectious agent generated? ‘The answer is that, when an 
antigen binds to the few lymphocytes that can recognize 
it, they are induced to proliferate rapidly. Within a few 
days there is a sufficient number to mount an adequate 
immune response. In other words, the antigen selects and 
activates the specific clones to which it binds (Fig. 1.13), a 
process called clonal selection. ‘This operates for both B 
cells and T cells. 
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Fig. 1.13 Each B cell expresses just one antibody (Le. with 
‘specificity for a single particular antigen), which it uses as its 
antigen receptor. Antigen binds only to those B cells with the 
specific antibody (number 2 in this example), driving these 
Cells to divide and! differentiate into plasma cells and memory 
cell, all having the same specificity as the original 8 cell, Thus 
_an antigen selects just the clones of B ces that can react 
against it. 


maturation 
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How can the immune system ‘know’ which specific 
antibodies will be needed during an individual’ lifetime? 
It does not know. The immune system generates anti- 
bodies (and T cell receptors) that can recognize an 
enormous range of antigens even before it encounters 
them. Many of these specificities, which are generated 
more or less at random (see Chapters 3 and 5), will never 
be called upon to protect the individual against infection, 


Q. What advantage could there be in having an immune 
system that generates billions of lymphocytes that do not 
recognize any known infectious agent? 

‘A. Many pathogens mutate their surface antigens. If the 
immune system could nat recagnize new variants of pathagens, 
it would not be able to make an effective response. By having a 
wide range of antigen receptors, at least same of the Iympha- 
cytes will be able to recognize any pathogen that enters the 
body. 


Lymphocytes that have been stimulated, by binding to 
their specific antigen, take the first steps towards cell 
division. They: 

© express new receptors that allow them to respond to 

cytokines from other cells, which signal proliferation; 

* may start to secrete cytokines themselves; 

* will usually go through a number of cycles of division 
before differentiating into mature cells, again under the 
influence of cytokines. 

For example, proliferating B cells eventually mature into 

antibody-producing plasma cells. 

Even when the infection has been overcome, some of 
the newly produced lymphocytes remain, available for 
restimulation if the antigen is ever encountered again. 
‘These cells are called memory cells, because they are 
generated by past encounters with particular antigens. 
Memory cells confer lasting immunity to a particular 
pathogen. 


Antigen eradication involves effector 
systems 

‘There are numerous ways in which the immune system 
can destroy pathogens, each being suited to a given type 
of infection at a particular stage of its life cycle. These 
defense mechanisms are often referred to as effector 
systems. 


ANTIBODY BINDING RESULTING IN NEUTRALIZATION — 
In one of the simplest effector systems, antibodies can 
combat certain pathogens just by binding to them. For 
example, antibody to the outer coat proteins of some 
thinoviruses (which cause colds) can prevent the viral 
particles from binding to and infecting host cells. 


PHAGOCYTOSIS IS PROMOTED BY COMPLEMENT AND 
OPSONINS - More often antibody activates complement 
Or acts as an opsonin to promote ingestion by phagocytes. 

Phagocytes that have bound to an opsonized microbe, 
engulf it by extending pseudopodia around it. These fuse 
and the microorganism is internalized (endocytosed) in 
a phagosome. Granules and lysosomes fuse with the 


phagosome, pouring enzymes into the resulting phagolyso- 

some, to digest the contents (Fig, 1.14). The mechanisms 

involved are described fully in Chapters 9 and 15. 
Phagocytes have several ways of dealing with inter- 

nalized opsonized microbes in phagosomes. For example: 

‘macrophages reduce molecular oxygen to form micro- 
bicidal reactive oxygen intermediates (ROIs), which are 
secreted into the phagosome; 

‘+ neutrophils contain lactoferrin, which chelates iron and 
prevents some bacteria from obtaining this vital 
nutrient. 


CYTOTOXIC REACTIONS ARE DIRECTED AGAINST WHOLE 
CELLS ~ Cytotoxic reactions are effector systems directed 
against whole cells that are in general too large for 
phagocytosis. 

‘The target cell may be recognized either by: 

‘specific antibody bound to the cell surface; or 

+ T cells using their specific TCRs. 

In cytotoxic reactions the attacking cells direct their 
granules towards the target cell (in contrast to phagocy- 
tosis where the contents are directed into the phagosome). 
As a result granules are discharged into the extracellular 
space close to the target cell, 

‘The granules of CTLs contain molecules called 
perforins, which can punch holes in the outer membrane 
of the target (see Fig. 10.12). (In a similar way, antibody 
bound to the surface of a target cell can direct comp- 
Jement to make holes in the cell’s plasma membrane.) 

Some cytotoxic cells can signal to the target cell to 
initiate programmed cell death - a process called 


apoptosis. 


Q What risks are associated with discharging granule 
contents into the extracellular space? 

A. Cells ather than the target cell may be damaged. This is 
minimized by close intercellular contact between the CTL and 
the target cel 
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Fig. 1.14 Phagocytes attach to microorganisms using cell 
surface receptors for microbial products or via antibody or 
‘complement C3b, Pseudopods extend around the 
‘microorganism and fuse to form a phagosome. Killing 
‘mechanisms are activated and lysosomes fuse with the 
phagosomes, releasing digestive enzymes that break down the 
‘microbe, Undigested microbial products may be released to 
the outside. 
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‘Termination of immune responses to avoid 
damaging host tissues 

Although it is important to initiate immune responses 
quickly, it is also critical to terminate them appropriately 
once the threat has ended. 

‘To clear the offending pathogen immune responses are 
often massive, with: 

+ millions of activated lymphocytes, 

* proliferation of large clones of specific T and B cells; 

* activation of huge numbers of inflammatory cells. 
“These responses, if left unchecked, can also damage host 
tissues. 

‘A number of mechanisms are employed to dampen or 
terminate immune responses. One is a passive process ~ 
that is, simple clearance of antigen should lead to a 
diminution of immune responses. 


Q. Why would removal of antigen lead to the decline in an 
immune response? 

A. Antigen is required to stimulate B cell proliferation and 
differentiation, with the consequent production of antibody. 
Antigen combined with antibody activates several effector 
systems (e.g. complement). Antigen is also required to stimulate 
T cells with consequent production of cytokines. Therefore 
removal of antigen takes away the primary stimulus for 
lymphacyte activation. 


Antigen elimination can be a slow process, however, 
so the immune system also employs a variety of active 
mechanisms to downregulate responses, as discussed in 
Chapter 11. 


The innate and adaptive arms of the 
immune system interact and collaborate 
Many examples of the intimate interconnections between 
the innate and adaptive arms of the immune defense 
network (some of which are outlined below) are explored 
in Chapters 3, 4, 6, and 9. 


A key regulatory control for initiating immune 

responses 

"The recognition of PAMPs by innate immune receptors 

provides a key regulatory control for initiating immune 

responses (see Chapter 6). The innate immune system: 

* senses ‘danger’ (e.g. by detecting the presence of 
bacterial cell wall material); and 

* upregulates co-stimulatory molecules on the surface of 
APG, allowing them to become potent activators of T 
cell (and, indirectly, B cell) responses. 

‘This is a good example of collaboration between the 

innate and adaptive arms of the immune system. 


Adaptive responses can augment innate immune 
defenses 

In the example of antigen presentation given above 
(ie. the presentation of bacterial antigens), the activated 
T cells release soluble signaling molecules (cytokines), 
which activate the phagocytes and cause them to destroy 
the pathogens they have internalized. ‘Thus, the collabo- 
ration between T cells and APCs can be viewed as a two- 
way system (see Chapter 7). 


Q. Can you think of another example where soluble factors 
from lymphocytes help in the destruction of pathogens? 

A. Opsanization of pathogens by antibodies is another classic 
‘example of collaboration between innate and adaptive immune 
defenses. 


Antibody can activate the complement system 
Antibodies bound to bacterial surfaces can also stimulate 
activation of the complement system — an innate defense 
mechanism that enhances phagocytosis and drills holes in 
the outer phospholipid membrane of some types of 
bacteria, leading to their lysis (see Chapter 4). 


pathogens differ 
In dealing with extracellular pathogens, the immune 
system aims to destroy the pathogen itself and neutralize 
its products. 

In dealing with intracellular pathogens, the immune 
system has two options: 

+ T-cells can destroy the infected cell (ie. cytotoxicity); or 
+ T cells can activate the infected cell to deal with the 
pathogen itself (e.g. helper T cells release cytokines, 
which activate macrophages to destroy the organisms 
they have internalized). 
Because many pathogens have both intracellular and 
extracellular phases of infection, different mechanisms are 
usually effective at different times. For example, the polio 
virus travels from the gut, through the blood stream to 
infect nerve cells in the spinal cord. Antibody is partic- 
ularly effective at blocking the early phase of infection 
while the virus is in the blood stream, but to clear an 
established infection CTLs must kill any cell that has 
become infected. 

Consequently, antibody is important in limiting the 
spread of infection and preventing reinfection with the 
same virus, while CTLs are essential to deal with infected 
cells (Pig. 1.15). These factors play an important part in 
the development of effective vaccines. 


VACCINATION DEPENDS ON THE 
SPECIFICITY AND MEMORY OF ADAPTIVE 
IMMUNITY 
‘The study of immunology has had its most successful 
application in vaccination (see Chapter 18), which is based 
‘on the key elements of adaptive immunity, namely 
specificity and memory. Memory cells allow the immune 
system to mount a much stronger response on a second 
encounter with antigen. Compared with the primary 
response, the secondary response is: 
* faster to appear; 
+ more effective. 
‘The aim in vaccine development is to alter a pathogen 
or its toxins in such a way that they become innocuous 
without losing antigenicity. This is possible because anti- 
bodies and T cells recognize particular parts of antigens 
(the epitopes), and not the whole organism or toxin. 
‘Take, for example, vaccination against tetanus. The 
tetanus bacterium produces a toxin that acts on receptors 


INFLAMMATION IS A RESPONSE TO TISSUE DAMAGE 
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Fig. 1.15 Different immunological systems are effective 
against different types of infection, here illustrated as a virus 
infection. Antibodies and complement can block the 
‘extracellular phase of the life cycle and promote phagocytosis 
‘of the virus. Interferons produced by infected cells signal to 
Uninfected cells to induce a state of antiviral resistance. Viruses 
‘can multiply only within living cells; cytotoxic T lymphocytes. 
(CT1s) recognize and destroy the infected cells. 


to cause tetanic contractions of muscle. ‘The toxin can 
be modified by formalin treatment so that it retains its 
epitopes, but loses its toxicity. The resulting molecule 
(known as a toxoid) is used as a vaccine (Fig. 1.16). 

Whole infectious agents, such as the poliovirus, ean be 
attenuated so they retain their antigenicity, but lose their 
pathogenicity. 


Principle of vaccination 


INFLAMMATION IS A RESPONSE TO 

TISSUE DAMAGE 

‘Tissue damage caused by physical agents (e.g. trauma oF 

radiation) or by pathogens results in the tissue response of 

inflammation (see p. 128), which has three principal 
components: 

+ ores Ved appt thetic any 

‘increased capillary permeability due to retraction of the 
endothelial cells lining the vessels, permitting larger 
‘molecules than usual to escape from the capillaries, 

+ migration of leukocytes out of the venules into the 
surrounding tissues ~ in the earliest stages of inflam- 
‘mation, neutrophils are particularly prevalent, but in 
later stages monocytes and lymphocytes also migrate 
towards the site of infection or damage. 


Q. What advantage could the inflammatory responses have 
In the defense against infection? 

A. The inflammatory responses allow leukocytes, antibodies, 
and complement system molecules (all of which are required for 
the phagocytosis and destruction of pathogens) to enter the 
tissues at the site of infection, Lymphocytes are also required for 
the recognition and destruction of infected cells in the tissues, 


Leukocytes enter inflamed tissue by crossing 
venular endothelium 

‘The process of leukocyte migration is controlled by 
chemokines (a particular class of cytokines) on the 
surface of venular endothelium in inflamed tissues. 
Chemokines activate the circulating leukocytes causing 
them to bind to the endothelium and initiate migration 
across the endothelium (Fig. 1.17). 

‘Once in the tissues, the leukocytes migrate towards 
the site of infection by a process of chemical attraction 
known as chemotaxis. For example, phagocytes will 
actively migrate up concentration gradients of certain 
(chemotactic) molecules. 


Fig. 1.16 Chemical modification of tetanus toxin produces a 
toxoid, which has lost its toxicity but retains many of its 
epitopes. A primary antibody response to these epitopes is 
produced following vaccination withthe toxoid fa natural 
infection occurs, the toxin restimulates memory B cells, which 
produce a faster and more intense secondary response aginst 
that epitope, so neutralizing the toxin, 
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Three phases in neutrophil migration across endothelium. 
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| 1.17 A neutrophil adheres to the endothelium in a Venule 
(1). ttextends its pseudopodium between the endothelial cells 
and migrates towards the basement membrane (2). Alter the 


‘A particularly active chemotactic molecule is C5a, 
which is a fragment of one of the complement compo- 
nents (Fig. 1-18) and attracts both neutrophils and 
monocytes. When purified C5a is applied to the base of a 
blister in vivo, neutrophils can be seen sticking to the 
endothelium of nearby venules shortly afterwards. ‘The 
cells then squeeze between the endothelial cells and move 
through the basement membrane of the microvessels to 


Chemotaxis 


\ phagocyte 


‘neutrophil has crossed into the tissue, the endathelium reseals 
behind (3). The entire process is referred to as diapedess. 
(Courtesy of Dr | jovis) 


reach the tissues. This process is described more fully in 
Chapter 6. 


THE IMMUNE SYSTEM MAY FAIL 
(IMMUNOPATHOLOGY) 

Strong evolutionary pressure from infectious microbes has 
led to the development of the immune system in its 


Fig. 1.18 Ata site of inflammation, tissue damage and 
complement activation cause the release af chemotactic peptides 
(eg. chemokines and C5a), which diffuse to the adjoining 

‘venules and signal to circulating phagocytes. Activated cells 
‘migrate across the vessel wall and move up a concentration 
‘gradient of chemotactic molecules towards the site of 
inflammation. 
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present form. Deficiencies in any part of the system leave 
the individual exposed to a greater risk of infection, but 
other parts of the system may partly compensate for such 
deficiencies. However, there are occasions when the 
immune system is itself a cause of disease or other 
undesirable consequences. 

In essence the immune system can fail in one of three 
ways (Fig. 1.19), resulting in autoimmunity, immuno- 
deficiency, or hypersensitivity. 


Inappropriate reaction to self antigens ~ 
autoimmunity 

Normally the immune system recognizes all foreign 
antigens and reacts against them, while recognizing the 
bbody’s own tissues as‘self” and making no reaction against 
them. ‘The mechanisms by which this discrimination 
between ‘self and ‘non-self’ is established are described in 
Chapter 19. 

‘When the immune system reacts against ‘self’ compo- 
nents, the result is an autoimmune disease (see Chapter 
20), for exampl 
* rheumatoid arthritis (see p. 377); 
* pernicious anemia (see p. 376). 


Ineffective immune response — 
immunodeficiency 

If any elements of the immune system are defective, the 
individual may not be able to fight infections adequately, 
resulting in immunodeficiency (see Chapters 16 and 17). 
Some immunodeficiency conditions: 

* are hereditary and start to manifest shortly after birth; 
* develop later in life, for example the acquired immune 

deficiency syndrome (AIDS). 


Fig. 1.19 The three principal ways in which the immune system 
can fal result in hypersensitivity (an overactive immune response 
to an antigen), immunodeficiency (an ineffective immune 
response to an infection), and autoimmunity (the immune 
system reacts against the body's own tissues). 


Overactive immune response - 
hypersensitivity 

Sometimes immune reactions are out of all proportion 
to the damage that may be caused by a pathogen. The 
immune system may also mount a reaction to a harmless 
antigen, such as a food molecule. Such immune reactions 
(hypersensitivity) may cause more damage than the 
pathogen or antigen (see Chapters 23-26). For example, 
molecules on the surface of pollen grains are recognized 
as antigens by particular individuals, leading to the 
symptoms of hay fever or asthma. 


NORMAL IMMUNE RESPONSES 
CAN BE INCONVENIENT IN MODERN 
MEDICINE 


@. Can you think of an instance where an individual is 
treated to suppress an immune reaction that does not fall 
Into one of the three categories of Immunopathology 
described above? 

‘A. Immunosuppressian to prevent graft rejection. 


‘The most important examples of normal immune reac- 
tions that are inconvenient in the context of modern 
medicine are: 

‘+ blood transfusion reactions (see Chapter 24); 

‘+ graft rejection (see Chapter 21). 

In these cases it is necessary to carefully match the 
donor and recipient tissues so that the immune system 
of the recipient does not attack the donated blood or 
graft tissue, 


T_ INTRODUCTION TO THE IMMUNE SYSTEM 


Critical thinking: Specificity and memory in vaccination (see p. 493 for 


explanations) 


‘The recommended schedules for vaccination against different 
diseases are strikingly different, Two examples are given in the 
table. For tetanus, the vaccine is a modified form of the toxin 
released by the tetanus bacterium. The vaccine for influenza is, 


Schedules for vaccination against tetanus and influenza A 


either an attenuated non-pathogenic variant of the virus, 
given intranasally, or a killed preparation of virus, given intra~ 
dermally. Bath vaccines induce antibodies that are specific for 
the inducing antigen. 


‘tetanus: ‘toxoid ‘everyone. ‘every 10 years 100 
influenza A attenuated virus. health workers and snnually ‘variable, 0-90 
older people 


1 Why is it necessary fo vaccinate against tetanus only every 
10 years, though antibodies against the toxoid disappear 
from the circulation within a year? 

2 Why is the vaccine against tetanus always effective, 
whereas the vaccine against influenza protects on some 
‘occasions but not others? 


3. Why is tetanus recommended for everyone and influenza 
for only a restricted group of ‘at-risk’ individuals, even 
‘though influenza is a much more common disease than 
tetanus? 


Cells, Tissues, and 
Organs of the Immune 


System 


SUMMARY 


‘+ Most cells of the immune system derive from 
hemapoietic stem cells 


‘+ Phagocytic cells are found in the circulation (monocytes 
and granulacytes) and reside in tissues (e.g. Kuper cells in 
the liver). 


‘+ Development and differentiation of different cell 
lineages depend on cell interactions and cytokines. 


“+ Each cell type expresses characteristic surface molecules 
(markers), which identity them. 


‘+ Eosinophils, basophils, mast cells, and platelets take part 
in the inflammatory response. 


‘+ NK cells recognize and kill virus-infected cells and 
certain tumor cells through apoptasis. 


‘+ Antigen-presenting cells link the innate and adaptive 
immune systems and are required by T cells to enable them 
to respond to antigens. 


‘+ Lymphocytes are heterogeneous phenotypically, 
functionally, and morphologically. 


“+ Band T cells express antigen receptors, which are 
required for the antigen recognition. 


‘+ There are two major subpopulations of T cells, which 
have helper and cytotoxic activities. 


“+ Cell surface immunoglobulin and signaling molecules 
form the 8 cell receptor’ complex. 


‘+B cells can differentiate into antibody-secreting plasma 
cells following activation. 


‘+ Lymphoid organs and tissues are either primary (central) 
‘or secondary (peripheral). 


‘+ Lymphoid stem cells develop and mature within the 
primary lymphoid organs the thymus and bone marrow 
= this process is called lymphopoiesis. 


‘+ Teells developing in the thymus are subject to positive 
and negative selection processes. 


+ The diverse antigen repertoires found in mature animals 
are generated during lymphopoiesis by recombination ot 
{gene segments encoding the T cell receptor (TCR) and 
immunoglobulin, 


‘+ Mammalian B cells develop mainly in the fetal iver and 
from birth onwards in the bone marrow. This process 
Continues throughout life. B cells also undergo a selection 
process at the site of B cell generation. 


‘+ Lymphocytes migrate to, and function in, the secondary 
lymphoid organs and tissues. 


‘+ Lymphoid organs and tissues protect different body 
sites — the spleen responds to blood-bome antigens; the 
Iymph nodes respond to lymph-borne antigens; and MALT 
protects the mucosal surface. 


‘= Systemic lymphoid organs include the spleen and lymph 
nodes, 


‘+ Mucosa-associated lymphoid tissue (MALT) includes all 
the lymphoid tissues associated with mucasae. Peyer's 
patches are a major site of lymphocyte priming to antigens 
‘rassing mucasal surfaces of the small intestine 


‘© Most lymphocytes recirculate around the body; there is 
‘continuous lymphocyte traffic from the blood stream into 
lymphoid tissues and back again into the blood via the 
thoracic duet and right lymphatic duct. 


MOST CELLS OF THE IMMUNE SYSTEM 
DERIVE FROM HEMATOPOIETIC STEM CELLS 
‘There is great heterogeneity in the cells of the immune 
system, most of which originate from hematopoietic stem 
cells in the fetal liver and in the postnatal bone marrow. 


Innate immune system cells are monocytes/ 
macrophages, polymorphonuclear 
granulocytes, NK cells, mast cells, and platelets 
Phagocytic cells of the innate immune system include: 

+ the monocytes/macrophages; 
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* the polymorphonuclear granulocytes (polymorpho- 
nuclear neutrophils [PMNs], basophils, and eosinophils), 
which are mainly involved in dealing with extracellular 
microbes; and 

+ natural killer (NK) cells, which are responsible for 
killing virus-infected cells. 

Other cells that function in innate immune protection 

include mast cells and platelets (Fig. 2.1). 

Cells of the innate system recognize microbes through 
their pathogen-associated molecular patterns (PAMP) 
receptors. PAMP receptors have broad specificity and a 
non-clonal distribution (see Chapter 6). 


APCs link the innate and adaptive immune 
systems 

A specialized group of cells termed antigen-presenting 
cells (APCs) link the innate and adaptive immune systems 
by producing molecules (cytokines), which: 

© enhance innate immune cell function; and 

+ contribute to lymphocyte function (Fig. 2.2). 


Origin of cells of the immune system 


The main adaptive immune system cells are 
lymphocytes 

Lymphocytes (I and B cells) recognize antigens 
through clonally expressed antigen receptors (see 
Chapters 3 and 3). cells are produced in the thymus (see 
Fig. 2.1) and require antigen to be processed and 
presented to them by specialized APCs. 

Whereas the cells of the innate immune system are 
found in the blood stream and in most organs of the 
body, lymphocytes are localized to specialized organs and 
tissues, 

‘The lymphoid organs where the lymphocytes differ- 
entiate and mature from stem cells are the primary 
lymphoid organs and include: 
© the thymus ~ the site of T cell development; 

* the fetal liver and postnatal bone marrow ~ the sites of 

B cell development. 

Cells of the T and B cell lineages migrate from the 
primary lymphoid organs to function in the secondary 
lymphoid organs ~ namely: 


Fig. 21 Allcells shown here arse from the hematopoietic stem 
cell Platelets produced by megakaryocytes are released into the 
Circulation. Pelymorphonuciear granulocytes and monocytes 
ass from the circulation into the tissues. Mast cells are 
‘dentiable in all tisues. cells mature inthe feta liver and 
bone marrow in mammals, whereas T cells mature in the 


‘thymus. The origin of the large granular Iymphocytes with 
‘natural kiler (NK) activity is probably the bone marrow. 
Lymphocytes recrculate through secondary lymphoid tissues, 
Interdigitating cells and dendritic cells act as antigen-presenting 
ells (APCS) in secondary lymphoid tissues. 


MOST CELLS OF THE IMMUNE SYSTEM DERIVE FROM HEMATOPOIETIC STEM CELLS 


Rapid Reference Box 2 


adhesion molecules cell surface molecules involved in the 
binding of cells to extracellular matrix or neighboring cells, 
Where the principal function is adhesion rather than cell 
activation (e.g. integrins and selectins) 

APCs (antigen-presenting cells) ~a variety of cell types 
that carry antigen in a form that can stimulate 
lymphocytes 

dendritic clls—a set of cells that can be derived from 
either the lymphoid or mononuclear phagocyte lineages, 
are present in tissues, capture antigens, and migrate 
to the lymph nodes and spleen, where they are 
particulatly active in presenting the processed antigen to 
Tels, 

‘YT eells~ the minor subset of T cells that express the ge 
form of the T cell receptor (TCR). 

Intercellular adhesion molecules (ICAMS) ~ cell surface 
molecules found on a variety of leukocytes and non- 
hematogenous cells that interact with integrins, 

Jnflammation ~ a series of reactions that bring cells and 
‘molecules ofthe immune system to sites of infection or 
ddamage — this appears as an increase in blood supply, 
increased vascular permeability, and increased 
twansendothelial migration of leukocytes. 


LEAAT (leukocyte functional antigen-1) — an integrin 
consisting of an e chain (CD11a) and a f chain (CO18) 
that acts as an intercellular adhesion molecule by binding to 
ICAM-1, ICAM.2, and ICAM-3. It has a role in leukocyte 
‘migration across vascular endothelium and in antigen 
presentation. 

MHC (major histocompatibility complex) ~ a genetic region 
found in all mammals, encoding more than 100 genes. Class 
| and class ll molecules are primarily responsible for 
transporting peptide antigens to the surface ofa cell for 
recognition by T cells, Recognition of MHC class I and It 
‘molecules also underies graft rejection. 


Selected CD markers mentioned in this chapter 

D3 — a component ofthe T cell receptor complex, 

D4 ~ a marker of helper T cel 

CDS ~ a marker of 8-1 ces and marginal zone B cel 

DB — a marker of cytotoxic T lymphocytes (CTLs, Te cells). 

€D11a/CD18 ~ an integrin (LFA-1) found on most leukocytes. 

€D11b/CO18 — an integrin (Mac-1) characteristic of 
‘mononuclear phagocytes. 

CD16 —a low-affinity receptor for IgG, found on NK cel 

CD79 — a component ofthe B cell receptor complex 


Antigen-presenting cells (APCs) in the immune system 


Tore oO 
( LY Ps 


=) 
phagocytes 


adaptive immunity 


antigen prosentation 
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Fig. 2.2 Specialized APCs are involved in both 
Innate and adaptive immunity to bacteria and 
Viruses by the production of cytokines and for 
presentation of antigens to T cells, 


© the spleen; 
+ lymph nodes; and 
+ mucosa-associated lymphoid tissues (MALT) 
In the secondary lymphoid organs and tissues, the effector 
Band T cells account for the two major cell types partic- 
ipating in adaptive immune responses of humoral and 
cellular immunity, respectively. 

As the cells of the immune system develop, they acquire 
molecules that are important for their function. These 


specific functional molecules are referred to as ‘lineage 
markers’ because they identify the cell lineage, for example: 
‘+ myeloid cells ~ polymorphs and monocytes; 

+ lymphoid cells ~ T and B cells. 

Other marker molecules include those involved in regu- 
lating cell proliferation and function and those involved 
in regulating the number of cells participating in the 
immune response. In both cases, these ‘death receptors’ 
mediate apoptosis of cells following their ligation. 
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2__CELLS, TISSUES, AND ORGANS OF THE IMMUNE SYSTEM 


PHAGOCYTIC CELLS ARE FOUND IN THE 
CIRCULATION AND IN THE TISSUES 
Mononuclear phagocytes and 
polymorphonuclear granulocytes are the 
‘two major phagocyte lineages 

Phagocytes belong to two major lineages: 

+ mononuclear phagocytes ~ monocytes/macrophages; 
and 

+  polymorphonuclear granulocytes. 

‘The mononuclear phagocytes consist of circulating cells 

(the monocytes) and macrophages, which reside in a 

variety of organs (e.g. spleen, liver, lungs) where they 

display distinctive morphological features and perform 
diverse functions. 

‘The other family of phagocytes, polymorphonuclear 
granulocytes, have a lobed, irregularly shaped (poly- 
morphic) nucleus. On the basis of how their cytoplasmic 
granules stain with acidic and basic dyes they are classified 
into neutrophils, basophils, and eosinophils and have 
distinct effector functions: 
© the neutrophils, also called polymorphonuclear neu- 

trophils (PMNs), are most numerous and constitute the 

majority of leukocytes (white blood cells) in the blood 
stream (around 60-70% in adults); 

* the primary actions of eosinophils and basophils, which 
can both function as phagocytes, involve granule 
exocytosis. 

‘The mononuclear phagocytes and polymorphonuclear 

granulocytes develop from a common precursor (see 

below, Fig. 2.6). 


Mononuclear phagocytes are widely 
distributed throughout the body 

Cells of the mononuclear phagocytic system are found in 
virtually all organs of the body where the local micro- 
environment determines their morphology and functional 
characteristics (e.g. in the lung as alveolar macrophages 
and in the liver as Kupffer cells; Fig. 2.3). 

‘The main role of the mononuclear phagocytes is to 
remove particulate matter of ‘foreign’ origin (e.g, 
microbes) or self origin (e.g. aged erythrocytes). 

‘Myeloid progenitors in the bone marrow differentiate 
into pro-monocytes and then into circulating monocytes, 
which migrate through the blood vessel walls into organs 
to become macrophages. 

‘The human blood monocyte 
* is large (10-18 um in diameter) relative to the 

lymphocyte; 

* has a horseshoe-shaped nucleus; 
* contains azurophilic granules; 
* possesses ruffled membranes, a well-developed Golgi 

complex, and many intracytoplasmic lysasomes (Fig. 24). 
‘The lysosomes contain peroxidase and several acid 
hydrolases, which are important for killing phagocytosed 
microorganisms. Monocytes/macrophages actively phago- 
eytose microorganisms or even tumor cells. 

‘Microbial adherence, followed by ingestion, occurs 
through specialized receptors. ‘These receptors (which 
include scavenger receptors, ‘Toll-like receptors, and 
mannose receptors) attach mainly to sugars or lipids 
known as PAMPs on the microbial surface (see Chapter 6).. 
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Fig. 2.3 Kupffer cells in the normal mouse liver stain strangly 
positive with antibody to F4/80 (arrow). Sinusoidal endothelial 
Ccolls and hepatocytes are F4/80-negative. (Courtesy of 
Professor § Gordan and Dr DA Hume) 


Fig. 2.4 Ultrastructure of a monocyte showing the horseshoe- 
shaped nucleus, pinocytotic vesicles (PV), lysosomal granules 
(G), mitochondria (M), and isolated rough endoplasmic 
reticulum cistemae (E). x 8000. (Courtesy of Dr B Nichols) 
Inset: Light microscope image of a monocyte from the blood, 
1200. 


Coating. microbes with complement components 
and/or antibodies (opsonization) enhances phagocytosis, 
by monocytes/macrophages and is mediated by specialized 
complement receptors and antibody receptors (see 
Chapters 3 and 4). 


Q. How do macrophages recognize microbes that have 
been coated with antibody? 

‘A. Macrophages have Fc receptors that recagnize the constant 
portion of the antibody molecule (see Figs 1.10 and 1.11). 


DIFFERENTIATION OF DIFFERENT CELL LINEAGES DEPENDS ON CELL INTERACTIONS AND CYTOKINES 


There are three different types of 
polymorphonuclear granulocyte 
Polymorphonuclear granulocytes (often referred to as 
polymorphs or granulocytes) consist mainly of 
neutrophils (PMNs). They: 

* are released from the bone marrow at a rate of around 

7 million per minute; 

* are short-lived (2-3 days) relative to monocytes/ 

macrophages, which may live for months or years. 
Like monocytes, PMNs adhere to endothelial cells lining 
the blood vessels (marginate) and extravasate by squeezing 
between the endothelial cells to leave the circulation (see 
Fig. 1.17). This process is known as diapedesis. Adhesion 
is mediated by receptors on the granulocytes and ligands 
fon the endothelial cells, and is promoted by chemo- 
attractants (chemokines) such as interleukin-8 (IL-8) 
(see Chaprer 4 and Appendix 3). 

Like monocytes/macrophages, granulocytes also have 
receptors for PAMPs, and PMNs play an important role 
in acute inflammation (usually synergizing with antibodies 
and complement) in providing protection against micro- 
organisms. Their predominant role is phagocytosis and 
destruction of pathogens. 

‘The importance of granulocytes is evident from the 
observation of individuals who have a reduced number of 
white cells or who have rare genetic defects that prevent 
polymorph extravasation in response to chemotactic 
stimuli (see Chapter 16). These individuals have a 
markedly increased suscepubility to infection. 


NEUTROPHILS COMPRISE OVER 95% OF THE CIRCU- 

LATING GRANULOCYTES ~ Neutrophils have a charac- 

teristic multilobed nucleus and are 10-20 um in diameter 

(Pig. 2.5). Chemotactic agents for neutrophils include: 

© protein fragments released when complement is 
activated (e.g. C5a); 

* factors derived from the fibrinolytic and kinin systems, 

* the products of other leukocytes and platelets; and 

* the products of certain bacteria (see Chapter 4). 

Chemotactic stimuli result in neutrophil margination and 

diapedesis (see Fig. 1.17). 

‘Neutrophils have a large arsenal of antibiotic proteins 
stored in two main types of granule: 

* the primary (azurophilic) granules are lysosomes 
containing acid hydrolases, myeloperoxidase, and 
muramidase (lysozyme); 

* the secondary granules (specific to neutrophils) contain, 
lactoferrin and lysozyme (see Fig. 

‘The primary granules also contain the antibiotic pro- 

teins ~ defensins, seprocidins, cathelicidins, and bacterial 

permeability inducing (BPI) protein. 

‘The lysosomes containing the antibiotic proteins fuse 
with vacuoles containing ingested microbes (termed 
phagosomes) to become phagolysosomes where the 
killing takes place. 

Neutrophils can also release granules and cytotoxic 
substances extracellularly when they are activated by 
immune complexes through their Fe receptors. ‘This 
may be an important pathogenetic mechanism in 
immune complex diseases (type III hypersensitivity, see 
Chapter 25), 


Morphology of the neutrophil 


Fig. 2.5 At the ultrastructural level, the azurophilic (primary) 
{granules are larger than the secondary (specific) granules with 
a strongly electron-dense matrix; the majority of granules are 
specific granules and contain a variety of toxic materials to kill 
microbes. A pseudopod (to the right) is devoid of granules, 
‘Arrows indicate nuclear pores. (Go, Golgi region) Inset: A 
‘mature neutrophil in a blood smear showing a multiobed 
‘nucleus. x 1500, (From Zucker-Franklin D, Grossi CE, eds. Atlas 
‘of blood cells: function and pathology, 3rd edn. Milan: Edi 
Ermes; 2003) 


DIFFERENTIATION OF DIFFERENT CELL 
LINEAGES DEPENDS ON CELL 
INTERACTIONS AND CYTOKINES 

Monocytes and neutrophils develop from a common 
precursor cell. Myelopoiesis (the development of 
myeloid cells) commences in the liver of the human fetus 
at about 6 weeks of gestation. 

Studies in which colonies have been grown in vitro 
from individual stem cells have shown that the first 
progenitor cell derived from the hematopoietic stem cell 
(HSC) is the colony-forming unit (CFU), which can give 
rise to granulocytes, erythrocytes, monocytes, and mega- 
karyocytes (CFU-GEMM). 

CFU-GEMMs mature under the influence of colony- 
stimulating factors (CSFs) and several interleukins, 
including IL-1, IL-3, IL-4, IL-5, IL-6, and IL-7 (Fig. 2.6). 
‘These factors, which are relevant for the positive 
regulation of hemopoiesis, are: 

* derived mainly from stromal cells (connective tissue 
cells) in the bone marrow; 

+ also. produced by mature forms of differentiated 
myeloid and lymphoid cells. 

Other cytokines, such as transforming growth factor-B 

(TGFB) may downregulate hemopoiesis. 

‘The CFU-granulocyte macrophage cells (CFU-GMs) 
are the precursors of both neutrophils and mononuclear 
phagocytes (see Fig. 2.6). 
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Development of granulocytes and monocytes 


Fig. 26 Pluripotent hematopoietic stem cells generate colony- 
forming units (CFUs) that can give rise to granulocytes, 
erythrocytes, monocytes, and megakaryocytes (CFU-GEMMS). 
CCFU.GEMIMS therefore have the potential to give rise to all 
blood ces except lymphocytes. IL-3 and granulocyte 
macrophage colony-simulating factor (GM-CSF) ae required 
to induce the CFUGEMM stem cell to enter one of five 
pathways (ie. to give rise to megakaryocytes, erythrocytes via 
burst-forming units, basophils, neutrophil, oF eosinophil). 
IL-3 and GM-CSF are also required during further 
ditferentiation ofthe granulocytes and monocytes. Eosinophil 
(€o) diferentiaton from CFU-E9 is promoted by IL-5, 
‘Neutrophils and monocytes are derived from the CFU-GM. 
through the effect of G-CSF and M-CSF, respectively. Both 
GM-CSF and M-CSF, and ather cytokines (neuding IL-1, IL-4, 
and IL-6), promote the differentiation of monocytes into 
‘macrophages. Thrombopoietin (TP) promotes the growth of 
megakaryocytes. (B, basophil; BFU-E, erythrocytic burst- 
forming unit; DC, dendrtic ce; Epo, erythropoietin; G, 
granulocyte; M, monocyte) 


EACH CELL TYPE EXPRESSES 
CHARACTERISTIC SURFACE MOLECULES 
Mon express CD14 and significant 
levels of MHC class Il molecules 

CFU-GMs taking the monocyte pathway give rise initially 
to proliferating monoblasts. Proliferating monoblasts 
differentiate into pro-monocytes and finally into mature 
circulating monocytes (see Fig. 2.4). Circulating mono- 


cytes are a replacement pool for the tissue-resident 
‘macrophages (e.g. lung macrophages). : 

(CD34, like other early maturation markers in this 
lineage, is lost in mature neutrophils and monocytes/ 
‘macrophages. Other markers may be lostas differentiation 
‘occurs along one pathway, but retained in the other. For 
‘ample, the common precursor of monocytes and neu- 
trophils, the CFU-GM cell, expresses major histocom- 
patibility complex (MHC) class II molecules, but only 
monocytes continue to express significant levels of this 
‘marker. 


'Q. What is the functional significance of the expression of. 
MHC molecules on monocytes? 

A. Monocytes can present antigens to helper T cells, but 
neutrophils generally cannot. 


Monocytes/macrophages and granulocytes have dif- 
ferent functional molecules (e.g. monocytes express CD14 
which is part of the receptor complex for the lipopolysac- 
charide of Gram-negative bacteria). In addition, mono- 
cytes acquire many of the same surface molecules as 
mature neutrophils (e.g. the adhesion molecules CDI1a 
and band antibody Fe receptors). Examples of the distinct 
and common functional molecules can be seen in the list 
‘of CD markers in Appendix 2. 


Neutrophils express adhesion molecules and 
receptors involved in phagocytosis 

CFU-GMs go through several stages to become neu- 
tophils. As the CFU-GM cell differentiates along the 
neutrophil pathway, several distinct morphological stages 
are distinguished, Myeloblasts develop into promyelocytes 
and myelocytes, which mature and are released into the 
circulation as neutrophils. 

‘The one-way differentiation of the CFU-GM into 
‘mature neutrophils isthe result of acquiring specific recep- 
tors for growth and differentiation factors at progressive 
stages of development, Surface differentiation markers 
disappear or are expressed on the cells as they develop into 
granulocytes. For example, MHC class II molecules are 
expressed on the CFU-GM, but not on mature neutrophils. 

Other surface molecules acquired during the differ- 
entiation process include: 

+ adhesion molecules (e.g. the leukocyte integrins CDL1a, 

b,c, and d associated with CD18 i; chains); and 
+ receptors involved in phagocytosis including comple- 

ment and antibody Fe receptors (see Appendix 4). 

It is difficult to assess the functional activity of different 
developmental stages of granulocytes, but it seems likely 
that the full functional potential is realized only when the 
cells are mature. 

"There is some evidence that neutrophil activity, as 
‘measured by phagocytosis or chemotaxis, is lower in fetal 
than in adult life, However, this may be due, in part, to the 
lower levels of opsonins in the fetal serum, rather than to 
a characteristic of the cells themselves. 

“To become active in the presence of opsonins, neu- 
trophils must interact directly with microorganisms and/ 
or with cytokines generated bya response to antigen. This 
limitation could reduce neutrophil activity in early life. 


EOSINOPHILS, BASOPHILS, MAST CELLS, AND PLATELETS TAKE PART IN THE INFLAMMATORY RESPONSE 


ytokines and chemokines 
migration into tissues (see 


Activation of neutrophils by 
is also a prerequisite for thei 
Chapter 9). 


EOSINOPHILS, BASOPHILS, MAST CELLS, 
AND PLATELETS TAKE PART IN THE 
INFLAMMATORY RESPONSE 

Eosinophils are thought to play a role in 
immunity to parasitic worms 

Eosinophils comprise 2-5% of blood leukocytes in healthy 
non-allergic individuals. Human blood eosinophils usually 
have a bilobed nucleus and many cytoplasmic granules, 
which stain with acidic dyes such as eosin (Fig. 2.7). 
Although not their primary function, eosinophils appear 
tobe capable of phagocytosing and killing ingested 
microorganisms. 

‘The granules in mature eosinophils are membrane- 
bound organelles with crystalloid cores that differ in 
electron density from the surrounding matrix (see 
Fig. 2.7). ‘The crystalloid core contains the major basic 
protein (MBP), which: 

* isa potent toxin for helminth worms; 

* induces histamine release from mast cells; 

* activates neutrophils and platelets; and 

* of relevance to allergy, provokes bronchospasm. 
Other proteins with similar effects are found in the 
granule matris, for example: 

* eosinophil cationic protein (ECP); and. 

* eosinophil-derived neurotoxin (EDN). 


Morphology of the eosinophil 


Fig. 2.7 The ultrastructure of a mature eosinophil shows 
‘granules (G) with central crystaloids. = 17 500. (ER, 
‘endoplasmic reticulum; Nu, nucleus; P, nuclear pores) Inset: A 
mature eosinophil in a blood smear is shawn with a bilabed 
nucleus and eosinophilic granules. x 1000. (Fram Zucker- 
Franklin D, Grossi CE, eds. Atlas of blood cells: function and 
patholagy, 3rd edn. Milan: Edi Ermes; 2003) 


Release of the granules on eosinophil activation is the 
only way in which eosinophils can kill large pathogens 
(e.g. schistosomula), which cannot be phagocytosed, 
Eosinophils are therefore thought to play a specialized 
role in immunity to parasitic worms using this mechanism, 
(see Fig. 15.15). 


Basophils and mast cells play a role in 

immunity against parasites 

Basophils are found in very small numbers in the circula- 

tion and account for less than 0.2% of leukocytes (Fig. 2.8) 
‘The mast cell (Fig. 2.9), which is not found in the 

circulation, is indistinguishable from the basophil in a 


‘Morphology of the basophil 


Fig. 28 Ultrastructural analysis shows a segmented nucleus 
() and the large cytoplasmic granules (G). Arrows indicate 
‘nuclear pores. % 11 000. (Adapted from Zucker-Franklin D, 
Grossi CE, eds. Atlas of blood cells function and pathology, 
3rdedn, Milan: Edi Ermes; 2003) inset: This blood smear 
shows a typical basophil with its deep violet-blue granules. 
1000, 


Histological appearance of human connective tissue 
mast cells 


Fig. 2.9 THs mictograph shows dank blue Gopi with 
purple granules. Alcian blue and safranin stain. x 600. 
(Courtesy of Dr TS Ort) 
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ics of basophils and mast cells 


Fig. 2.10 Some distinctive and common 
characteristics of basophils and mast cells. 


origin ‘bone marrow ‘bone marrow 
site of maturation ‘bone marrow ‘connective tissues 
presence inthe circulation | yos no 
proliferative capacity no yes 
Ite span days woeks to months 
surface expression of FesRt | yas yes 

granule content 

histamine yes yes 

heparin 2 yes 

eytokine production 

a yes yes 

13 yes yes 


number ofits characteristies, but displays some distinctive 
morphological features (Fig. 2.10). 

‘The stimulus for mast cell or basophil degranulation is 
often an allergen (ie. an antigen causing an allergic 
reaction). To be effective, an allergen must cross-link IgE 
molecules bound to the surface of the mast cell or basophil 
via its high-affinity Fe receptors for IgE (FeeRI) (see 
p. 77). Degranulation of a basophil or mast cell results in 
all contents of the granules being released very rapidly. 
This occurs by intracytoplasmic fusion of the granules, 
followed by discharge of their contents (Fig. 2.11) 

Mediators such as histamine, released by degranulation, 
cause the adverse symptoms of allergy, but, on the positive 
side, also play a role in immunity against parasites by 
enhancing acute inflammation. 


Electron micrograph study of rat mast cells 


Platelets have a role in clotting and 
inflammation 
Blood platelets (Fig. 2.12) are not cells, but cell fragments 
derived from megakaryocytes in the bone marrow. They 
contain granules, microtubules, and actin/myosin fila- 
ments, which are involved in clot contraction. Platelets 
are also involved in immune responses, especially in 
inflammation. 

‘The adult human produces 10" platelets each day 
About 30% of platelets are stored in the spleen, but may 
be released if required. 


Q What circumstance might require the release of 
additional platelets into the circulation? 
A. Severe blood loss, 


Fig. 2.11 Rat peritoneal mast cells show 
electron-dense granules (1). Vacuolation 
with exocytosis of the granule contents has 
‘occured after incubation with antl-lgE (2). 
® Transmission electron micrographs. 

% 2700. (Courtesy of Dr D Lawson) 


NK CELLS KILL VIRUS-INFECTED AND TUMOR CELLS 


Ultrastructure of a platelet 


Fig. 2.12 Cross-section of a platelet showing two types of 
‘granule (G) and bundles of microtubules (MT) at either end. » 
42 000. (Adapted from Zucker-Franklin D, Grossi CE, eds. Atlas 
6f bload cells function and patholagy, 3rdedn. Milan: Edi 
Ermes; 2003) 


Platelets express class I MHC products and receptors 
for IgG (CD32; FeyRID), which are important in platelet 
activation via IgG immune complexes. In addition, 
‘megakaryocytes and platelets carry 

* receptors for clotting factors (e.g. factor VII); and 

* other molecules important for their function, such as the 

Gpllb/IIla complex (CD41) responsible for binding to 

fibrinogen, fibronectin, vitronectin (tissue matrix), and 

von Willebrand factor (another clotting factor). 
Both receptors and adhesion molecules are important in 
the activation of platelets. 

Following injury to endothelial cells, platelets adhere to 
and aggregate at the damaged endothelial surface. Release 
of platelet granule contents, which include de-novo syn- 
thesized serotonin and endocytosed fibrinogen, results in 
* increased capillary permeability; 

* activation of complement (and hence attraction of 
leukocytes); and 
* clotting. 


NK CELLS KILL VIRUS-INFECTED AND 
TUMOR CELLS 

NK ells account for up to 15% of blood lymphocytes and 
express neither T cell nor B cell antigen receptors. They 
are derived from the bone marrow and morphologically 
have the appearance of large granular lymphocytes (see 
Fig. 2.19), 

Functional NK cells are found in the spleen, and cells 
found in lymph nodes that express CD56 but not CD16 
(see below) might represent immature NK cells. 

Most surface antigens detectable on NK cells by mono- 
clonal antibodies are shared with T cells or monocytes/ 
macrophages, 


CD16 and CD56 are important markers of 
NK cel 

Monoclonal antibodies to CD16 (FeyRIII) are commonly 
used to identify NK cells in purified lymphocyte popu: 
lations. CD16 is involved in one of the activation pathways 
of NK cells and is also expressed by neutrophils, some 
macrophages, and some T cells. 


On granulocytes, CD16 is linked to the surface mem- 
brane by a glycoinositol phospholipid (GPI) linkage, 
whereas NK cells, macrophages, and 6 T cells express the 
transmembrane form of the molecule. 

‘The CD56 molecule, a homophilic adhesion molecule 
of the immunoglobulin superfamily (NCAM), is another 
important marker of NK cells. 

‘The absence of CD3, but the presence of CD56 and 
CD16, are currently the most reliable markers for NK 
cells in humans, though both markers can also be found 
on a minority of T cells (mostly with CD3*/CD8* 
phenotype). 

Some markers of NK cells are given in Appendix 4. 
Resting NK cells also express the B chain of the IL-2 
receptor, which is an intermediate affinity receptor 
of 70 kDa, and the signal transducing common ¥ chain of, 
IL-2 and’ other cytokine receptors. ‘Therefore, 
stimulation with IL-2 activates NK cells 

‘The function of NK cells is to recognize and kill 
(Fig. 2.13) through apoptosis: 
s-infected cells; and 
+ certain tumor cells. 

‘The mechanism of recognition is not fully understood, 
but involves both activating and inhibitory receptors. 

Classical and non-classical MH class I molecules (see 
Fig. 5.16) are ligands for the inhibitory receptors and this 
explains why normal body cells (all of which normally 
express MHC class I molecules) are not targeted by NK 
cells 

Downre 
in virus-infected 
susceptible to NK 


direct 


lation or modification of MHC molecules 
‘ells and some tumors makes them 
cell-mediated killing. 


Q. What advantage is there for a virus in causing the loss of 
MHC class | molecules in the cell it has infected? 

A. The infected cell can no longer be recognized by cytotoxic 
T cells (see Fig. 1.12). 


An NK cell attached to a target cell 


zs VA 
Fig. 2.13 An NK cell (NK) attached to a target cel (TC). 
4500. (Courtesy of Dr G Aranca and W Malorni, Rome) 
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2. CELLS, TISSUES, AND ORGANS OF THE IMMUNE SYSTEM 


NK cells are also able to kill targets coated with IgG 
antibodies via their receptor for IgG (FeyRII, CD16). 
‘This property is referred to as antibody-dependent 
cellular cytotoxicity (ADCO). 

NK cells release interferon-y (IFNy) and other 
cytokines (e.g. IL-1 and GM-CSF) when activated, which 
might be important in the regulation of hemopoiesis and 
immune responses, 


APCs LINK THE INNATE AND ADAPTIVE 

IMMUNE SYSTEMS 

APCs are a heterogeneous population of leukocytes that 

are: 

* important in innate immunity (see Fig. 2.2); 

* playa pivotal role in the induction of functional activity 
of T helper (Ti) cells, 

In this regard, APCs are seen as the interface between the 

innate and adaptive immune systems. 

Functionally, APCs are divided into those that both 
process and present foreign protein antigens to T cells ~ 
dendritic cells (DCs) ~ and a separate type of APC. that 
passively presents foreign antigen in the form of immune 
complexes to B cells in lymphoid follicles ~ follicular 
dendritic cells (FDCs; Fig. 2.14). 

‘APCs are found primarily in the skin, lymph nodes, and 
spleen, and within or underneath most mucosal epithelia. 
‘They are also present in the thymus, where they present 
self antigens to developing cells (Fig. 2.15). 


Langerhans’ cells and IDCs are rich in class It 
MHC molecules 

Langerhans’ cells in the epidermis and in other squamous 
epithelia migrate as ‘veiled cells, via the afferent lym- 
phaties into the paracortex of the draining lymph nodes 
(see Fig. 2.15). Here, they interact with T cells and are 
termed interdigitating cells (IDCs; Fig. 2.16). These 
APCs are rich in class Il MHC molecules, which are 
important for presenting antigen to T1t cells. 


Q. What function could the migration of Langerhans’ cells 
to the lymph nodes from the mucosa or skin serve? 

A. The migration of Langerhans’ cells provides an efficient 
‘mechanism for carrying antigen from the skin and mucosa to 
the Ti cells in the lymph nodes, and are rich in class il MHC 
molecules, which are important for presenting antigen to TH 
calls, Lymph nodes provide the appropriate environment for 
lymphocyte proliferation 


APCs are also present within the germinal centers 
(GCs) of secondary lymphoid follicles (ie. they are the 
MHC class I molecule-positive germinal center DCs 
[GCDCs)). In contrast to FDCs, they are migrating cells, 
which on arrival in the GC interact with T cells and 
are probably involved in antibody class switching (see 
Chapter 8). 

‘Thymic APCs (also called IDCs) are especially abun- 
dant in the medulla (see Fig. 2.15). The thymus is of 
crucial importance in the development and maturation 
of T cells, and it appears that IDCs play a role in deleting 


Different kinds of antigen-presenting cells (APCs) 
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complexes 


Fig, 2.14 There are two main types of specialized APCS — 
dendritic cells (OCs) and folicular dendritic cells (FDCS). 

(1) Immature DCs are derived from bone marrow and interact 
mainly with T cells. They are highly phagocyti, take up 
microbes, process the foreign microbial antigens, and become 
mature APCs carrying the processed antigen on their surface 
with specialized MHC molecules. Specific T cells recognize the 
displayed antigen and, in the presence of cytokines produced 
by the mature DC, proliferate and also produce cytokines. 

(2) FDCs are not bone marrow derived and interact with B 
als. In the B cel folcies of lymphoid organs and tissues they 
bind smail immune complexes (IC, called iccasomes) Antigen 
‘contained within the IC is presented to speciic 8 cells in the 
lymphoid folcies. This protects the B cell rom cell death. 
‘The B cell then proliferates and with T cell help can leave the 
{olicle and become a plasma cell or memory cell (see 

Fig. 2.48) 


T cells that react against self antigen. This process is 
referred to as ‘negative selection’. 

Most APCs derive from one of two bone marrow 
precursors: 

* a myeloid progenitor (DCI) that gives rise to myeloid 

DCs; and 
+ a lymphoid progenitor (DC2) that develops into 

plasmacytoid DCs (Fig. 2.17) 

DCs are not the only APCs interacting with T cells 
because both macrophages and classical B cells are rich 
in membrane class II MHC molecules, especially after 
activation, and are thus able to process and present specific 
antigens to (activated) T cells (see Chapter 7). 

‘Somatic cells other than immune cells do not normally 
express class II MHC molecules, but cytokines such as 
IFNyand tumor necrosis factor-a (TNFa) can induce the 
expression of class II molecules on some cell types, and 
thus allow them to present antigen (e.g. epidermis and 
thyroid epithelium and endothelial cells). ‘This induction 
of ‘inappropriate’ class TI expression might contribute 
to the pathogenesis of autoimmune diseases and to 
prolonged inflammation (see Chapter 20). 


LYMPHOCYTES ARE HETEROGENEOUS 


Migration of antigen-presenting cells (APCs) into 
lymphoid tissues 


Ultrastructure of an interdigitating dendritic cell (IDC) 
in the T cell area of a rat lymph node 
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Fig. 2.15. Bone marrow-derived APCs are found especially in 
lymphoid tissues, in the skin, and in mucosa. APCs in the form 
‘of Langerhans’ cells are found in the epidermis and are 
characterized by special granules (the tennis racquet-shaped 
Birbeck granules; not shown here). Langerhans’ cells are rich 
Jim MHC class Il molecules, and carry processed antigens. They 
‘migrate Via the afferent lymphatics (where they appear as 
‘veiled’ cells) into the paracortex of the draining lymph nodes. 
Here they make contact with T cells. These ‘interdigitating 
dendritic cells (1DCs)', localized in the T cell areas of the 
lymph node, present antigen to T helper cells. Antigen is 
‘exposed to B cells on the follicular dendritic cells (FDCs) in the 
{germinal centers of B cell follicles. Some macrophages located 
Jn the outer cortex and marginal sinus may also act as APCs. 
In the thymus, APCs occur as IDCs in the medulla. (HEV, high 
‘endothelial verule) 


Pit: Bate 


Fig. 2.16 Intimate contacts are made with the membranes of 
the surrounding T cell. The cytoplasm contains a well- 
developed endosomal system and does not show the Birbeck 
‘granules characteristic of skin Langerhans’ cells. x 2000. (| 
IDC nucleus; Mb, IDC membrane; T, T cell nucleus) (Courtesy 
of Dr BH Balfour) 


FDCs lack class Il MHC molecules and are 
found in B cell areas 

Unlike the APCs that actively process and present protein 
antigens to T cells, FDCs have a passive role in presenting 
antigen in the form of immune complexes to B cells. 
‘They are therefore found in the primary and secondary 
follicles of the B cell areas of the lymph nodes, spleen, 
and MALT (see Fig. 2.15). They are a non-migratory 
population of cells and form a stable network (a kind of 
web) by establishing strong intercellular connections via 
desmosomes. 

FDCs lack class II MHC molecules, but bind antigen 
via complement receptors (CD21 and CD35), which 
attach to complement associated with immune complexes 
(iccosomes; Fig. 2.18). They also express Fe receptors. 
‘These FDCs are not bone marrow derived, but are of 
mesenchymal origin. 


LYMPHOCYTES ARE HETEROGENEOUS 
Lymphocytes are phenotypically and 
functionally heterogeneous 

Large numbers of lymphocytes are produced daily in the 
primary or central lymphoid organs (ie. thymus and 
postnatal bone marrow). Some migrate via the circulation 
into the secondary lymphoid tissues (i. spleen, lymph 
nodes, and MALT). 

‘The average human adult has about 2 » 10" lymphoid 
cells and lymphoid tissue as a whole represents about 2% 
of total body weight. Lymphoid cells account for about 
20% of the leukocytes in the adult circulation. 
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Myeloid and plasmacytoid dendritic cells 


origin of precursor | myeloid (DC1) 


Iymphaid (002) 


Tocalization diffuse — epidermis, mucosae, 


restricted to T cell areas of 
‘secondary Iymphoid organs 


secondary lymphoid organs. | and tissues 
and tissues 
‘myeloid markers | many none 


characteristic mainly IL-8, IL12 
cytokines chi 
produced viruses) 


‘mainly type | interferons (an 
lenge with enveloped 


Follicular dendritic cell 


Fig. 2.18 An isolated follicular dendritic cell (FDC) from the 
lymph node of an immunized mause 24 hours after injection 
of antigen. The FDC is of intermediate maturity with smooth 
flferm dendrites typical of young FDCs, and beaded 
dendrites, which participate in the formation of iccosomes 
(immune camplexes) in mature FDCs. The adjacent small 
White cells are lymphocytes, (Electron micrograph kindly 
provided by Dr Andras Szakal; reproduced by permission of 
the Journal of Immunology) 


Many mature lymphoid cells are long-lived, and persist 
as memory cells for many years. 


. Given that there are roughly 10° lymphocytes/litre of 
blood and 10 litres of blood in an individual, and that 
roughly 2 x 10” new cells are produced each day, what can 
you infer about the location and life span of lymphocytes 
within an individual? 
A. This implies that less than 196 of an individual's lymphocytes 
are in the circulation. This highly selective population of lym- 
phocytes is mastly en route between tissues, The data also imply 
that many lymphocytes must die each day to maintain the 
¢ lymphoid system, and that the average 
lite span of a lymphocyte will be months to years. The actual 
values are, however, enormously variable, depending on the 
lymphocyte. 


overall balance of 
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Lymphocytes are morphologically 

heterogeneous 

In a conventional blood smear, lymphocytes vary in both 

size (from 6 to 10 um in diameter) and morphology. 

Differences are seen in: 

+ nuclear to cytoplasmic (N:C) ratio; 

+ nuclear shape; and 

the presence or absence of azurophilic granules. 

‘Two distinct morphological types of lymphocyte are seen 

in the circulation as determined by light microscopy and a 

hematological stain such as Giemsa (Fig. 2.19) 

© the first type is relatively small, is typically agranular 
and has a high N:C ratio (Fig. 2.19[1). 

+ the second type is larger, has a lower N:C ratio, con- 
tains cytoplasmic azurophilic granules, and is known as 
the large granular Iymphoeyte (LGL). 

LGLs should not be confused with granulocytes, mono- 

cytes, or their precursors, which also contain azurophilic 

granules, 

‘Most T cells express the aT cell receptor (see below) 
and, when resting, can show either of the above mor~ 
phological pattern 

Most T helper (Txt) cells (approximately 95%) and a 
proportion (approximately 50%) of cytotoxic T cells (Te 
or CTL) have the morphology shown in Fig. 2.1%). 

The LGL morphological pattern displayed in Fig. 
2.19) is shown by less than 5% of Tit cells and by 
ahout 30-50% of Te cells. These cells display LGL mor- 
phology with primary lysosomes dispersed in the cyto- 
plasm and a well-developed Golgi apparatus, as shown 
in Fig. 2.193). 

‘Most B cells, when resting, have a morphology similar 
to that seen in Fig, 2.19(1) under light microscopy. 


B AND T CELLS EXPRESS ANTIGEN 
RECEPTORS 

Lymphocytes express characteristic surface 
markers 

Lymphocytes (and other leukocytes) express a large 
number of different functionally important molecules on 
their surfaces, which can be used to distinguish (‘mark’) 
cell subsets. Many of these cell markers can be identified 
by specific monoclonal antibodies (mAb) and can be used 
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Morphological heterogeneity of lymphocytes 


1 2 


Fig. 2.19 (1) The small lymphocyte has no granules, a round nucleus, and a high N:C ratio. (2) The large 
granular lymphocyte (LGL) has a lower N:C ratio, indented nucleus, and azurophilic granules in the 
cytoplasm. Giemsa stain. (Courtesy of Dr A Stevens and Professor | Lowe) (3) Ultrastructure of the LGL shows 
characteristic electron-dense peroxidase-negative granules (primary lysosomes, PL), scattered throughout the 
cytoplasm, with some close to the Golgi apparatus (GA) and many mitochondria (M). «10 000. (Adapted 
fram Zucker-Franklin D, Grassi CE, eds. Atlas of blood cells function and pathology, 3rd edn, Milan: Edi 


Ermes; 2003) 


Main distinguishing markers of T and B cells 


Fig 2.20 Main distinguishing markers of T 
and 6 cell, 


antigen receptor | TCR ~ (a8 or 36) immunoglobulin (Ig) 
cor = + 

cos + (part of the TCR complex) | — 

cos + (subset) - 

coe + (subset) = 

cor = 5 

e020 = + 

coza + (subset) + 

ep4o : 5 

co7aa = + (part of the BCR complex) 
co7ap - + (part of the BCR complex) 
BCR, 8 coll receptor; TCR, Teal receptor 


to distinguish T cells from B cells (Fig. 2.20 and see 
Appendix 2 for more CD markers). 

Human lymphocytes can be identified in tissues and 
their function can be measured as separated populations. 
Immunofluorescence techniques to identify leukocytes are 
shown in Method Box 2.1 

Lymphocytes express a variety of cell surface mole- 
cules that belong to different families, which have prob- 


ably evolved from a few ancestral genes. These families 
of molecules are shared with other leukocytes and are 
distinguished by their structure. ‘The major famili 
include: 

‘+ the immunoglobulin superfamily; 

‘the integrin family; 

+ selectins; 

‘+ proteoglycans. 


al 


2__CELLS, TISSUES, AND ORGANS OF THE IMMUNE SYSTEM 


METHOD BOX 2.1 
Identification of cell populations 


Molecules on or in cells can be identified using fluorescent 
antibodies as probes. The antibodies can be applied to tissue 
sections or used in flaw cytometry. 


Immunofluorescence 
Immunofluorescence detects antigen in situ, A section is cut 
‘on a cryostat from a deep-frozen tissue block. This ensures that 
labile antigens are not damaged by fixatives. 
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Fig. 1. Immunofluorescence. 


Direct immunottuorescence 
The test solution of fluoresceinated antibody, e.g. to CD3, is 
applied to the section in a drop, incubated, and washed off. Any 
bound antibody is then revealed under the microscope. 
Ultraviolet light is directed onto the section through the 
‘objective and as a result the field is dark and areas with bound 
fluorescent antibody on and in the T cells fluoresce. 


Indirect immunofluorescence 
Antibody applied to the section as a solution is visualized using 
fluoresceinated antiimmunoglabulin, to the mouse anti-human 
CD3 antibodies in this case. 


Indirect complement amplified - an elaboration of indirect 
immunofluorescence 

This san elaboration of the indirect immunofluorescence for the 
detection of complement-ixing antibody. In the second step 
fresh complement is added, which becomes fixed around the 
site of antibody binding. Due to the amplification steps in the 
‘classical complement pathway (see Chapter 4) one antibody 
molecule can cause many C3b molecules to bind to the section 
these are then visualized with fluoresceinated anti-c3, 


Flow cytometry and cell sorting 
Collate stained with specitic Muorescent reagents to detect 
surface molecules and are then introduced into the flow 
chamber of the flow cytometer. The cell stream passing out of 
the chamber is encased ina sheath of butter fluid. The stream is 
illuminated by laser light and each cell is measured for size 
(forward light scatter) and granularity (90° light seater, as well 
as for red and green flvarescence to detect two eiferent surface 
‘markers. Ina cell sorte the flow chamber vibrates the cell stream 
causing it to break into droplets, which are then charged and 
may be steered by deflection plates under computer control to 
collect diferent cell populations according to the parameters 
‘measured. Plot (2.1) shows peripheral blood mononuclear cells 
double stained with FITC-conjugated anti-CD3 antibody (x axis) 
and PE labeled anti-CDB antibody (y axis). Four populations can 
be seen, and the CDS cells appear in the ight upper quadrant. 
‘The CDB cells are then selected (gated) and the isolated CDB 
population is shown in plot (2.2). 
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Fig. 2 Fluorescence-activated cell sorter (FACS). 
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METHOD BOX 2.1 


ELISPOT assays 

Individual B cells producing specific antibody or individual T 
cells secreting particular cytokines may be detected by enzyme 
linked immuno SPOT (ELISPOT) assay. 


For detection of antibody-producing cells 
‘The lymphocytes are plated onto an antigen-sensitized plate. 
Secreted antibody binds antigen in the immediate vicinity of 
ells producing the specific antibody. The spots of bound 
antibody are then detected chromatagraphically using enzyme 
coupled to anti-immunoglobulin and a chromogen. 


Identification of cell populations (Continued) 


For detection of eytokine-producing cells 
‘The plates are coated with anti-cytokine and the captured 
cytokine is detected with enzyme-coupled antibody to a 
different epitope on the cytokine. 
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“Appearance of a developed ELISPOT plate 
Photograph courtesy of P. Hutchings and 
Blackwell Scientific. 
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Fig. 3 ELISPOT assays. 


‘The immunoglobulin superfamily comprises molecules 
with structural characteristics similar to those of the 
immunoglobulins and includes CD2, CD3, CD4, CD8, 
CD28, MHC class I and I molecules, and many more. 
‘The integrin family consists of heterodimeric mole- 
cules with c@ and B chains. There are several integrin 
subfamilies and all members of a particular subfamily 
share a common B chain, but each has a unique 0: chain: 
* one integrin subfamily (the By-integrins) uses CD18 
as the fi chain, which can be associated with CDIla, 
CD11b, CD Ie, or ad ~ these combinations make up 
the lymphocyte function antigens LFA-1, Mac-1 


(CR3), p150,95, and dB surface molecules respec~ 
tively ~ and are commonly found on leukocytes. 

+ a second subfamily (the B-integrins) has CD29 as the 
Bechain, which again is associated with various other pep- 
tides and includes the VLA (very late activation) markers. 

‘The selectins (CD62, F, L, and P) are expressed on 

leukocytes (L) or activated endothelial cells and platelets 

(E and P). They have lectin-like specificity for a variety 

of sugars expressed on heavily glycosylated membrane 

glycoproteins (e.g. CD43). 
‘The proteoglycans, typically CD44, have a number 
of glycosaminoglycan (GAG) binding sites (e.g. for 
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chondroitin sulfate), and bind to extracellular matrix 

components (typically, hyaluronic acid). 
Other families include: 

* the tumor necrosis factor (TNF) and nerve growth 
factor (NGF) receptor superfamily; 

* the C-type lectin superfamily; 

ceptors with seven transmembrane 

segments (tm7); and 

+ the tetraspanins, a superfamily with four membrane- 
spanning segments (tm4), for example CD20. 


‘Marker molecules allow lymphocytes to 
communicate with their environment 

The major function of the families of marker molecules 
described above is to allow lymphocytes to communicate 
with their environment. They are extremely important in 
cell trafficking, adhesion, and activation. 


in often be 
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Markers expressed by lymphocytes 
detected on cells of other lineages (e.g. Cl 
monly expressed by epithelial cells 


Marker molecules allow lymphocytes to be isolated 
from each other 

‘The presence of characteristic surface molecules expressed 
by cell populations allows them to be identified using 
fluorescent antibodies as probes. These can be applied to 
tissue sections to identify cell populations or be used in 
flow cytometry to enumerate and separate cells in suspen- 
sion on the basis of their size and fluorescent staining (see 
‘Method Box 2.1). These techniques together with the 
expression of surface molecules allowing the cell popula- 
tions to be isolated from each other using cell panning and. 
immunomagnetic beads (Method Box 2.2) have allowed a 
detailed dissection of lymphoid cell populations. 


METHOD BOX 2.2 
Isolating cell populations 


Density-gradient separation of lymphocytes on Ficoll 
Ieopaque 

Lymphocytes can be separated fram whole blood using a density, 
gradient. Whole blood is defibrinated by shaking with glass 
beads and the resulting clot removed. The blood is then diluted 
In tissue culture medium and layered on top of a tube half 
full of Ficoll. Ficoll has a density greater than that of Iym= 
phocytes, but less than that of red cells and granulocytes (€.9, 
neutrophils). 

‘Alter centsifugation the red cells and polymorphonuclear 
heutraphils (PMNs) pass dawn through the Ficall to form a pellet 
at the bottom of the tube while lymphocytes settle at the 
Interface of the medium and Fical 

The lymphocyte preparation can be further depleted of 
‘macrophages and residual PMNs by the adltion af iron filings. 
These are taken up by phagocytes, which can then be drawn 
away with a strong magnet. Macraphages can also be removed 
by leaving the cell suspension to settle on a plastic dish, 
Macrophages adhere to plastic, whereas the lymphocytes can be 
washed off 


Isolating cell populations using their characteristic surface 
molecules 

‘The presence of characteristic surface molecules expressed by 
cell populations allows the cell populations to be isolated from 
each other using cell panning and immunomagnetic beads. 


Isolation of lymphocyte subpopulations — panning 
Cell populations can be separated on antibody-sensitized plates, 
Antibody binds non-covalently to the plastic plate (as for solid- 
phase immunoassay) and the cell mixture Is applied to the plate. 
Antigen-positive cells (Ag') bind to the antibody and the 
antigen-negative cells (Ag-) can be carefully washed off. 

By changing the culture conditions or by enzyme digestion of 
the cells on the plate itis sometimes possible to recover the cells 
bound to the plate. 

‘Often the cells that have bound to the plate are altered by 
their binding (e.g, binding to the plate cross-links the antigen, 
‘which can cause cell activation). The method is therefore most 
satisfactory for removing a subpopulation fram the population, 
rather than isolating it. 
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Fig. 1. Density-gradient separation of 
lymphocytes on Ficoll opaque. 
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METHOD BOX 2.2 
Isolating cell populations (Continued) 
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Fig. 2 Isolation of lymphocyte subpopulations — panning. 


Examples ofthe application ofthis method include: 

‘separating Ts and Te cell populations using antibodies to 
D4 or CDB; and 

+ separating T calls from B cells using antilg (which binds to 
the surface antibody of the 8 cel). 

ln reverse, by sensitizing the plate with antigen, antigen-binding 

cells can be separated from non-binding cells. 


Cell separation by immunomagnetic beads 

Direct method (shown in Fig. 3) 

“The beads are coated with a monoclonal antibody to the cellular 

antigen of interest, by ether: 

* direct binding to the bead or 

“+ binding the primary antibody to secondary antibody-coated 
beads. 

“The coated beads are then incubated with the call suspension 

(or even whole blood) and the cells bound by the antibody 

fon the beads (positively selected cells) are immobilized by 

applying a magnetic field tothe tube. The nan-immobilzed cells 

(oegatively selected) are removed from the tube and the 

positively selected cells are recovered following washing and 

issociation from the antibody-coated beads. 
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Fig. 3 Cell separation by immunomagnetic beads. 


Indirect method 
‘The monoclonal antibody to the target cellular antigen is first 
added to the cell suspension. Following incubation with the 
antibody, the cells are washed and mixed with beads coated with 
the appropriate secondary ant-ig antibody. Cells bound to the 
‘magnetic beads (positively selected) are then immobilized with a 
magnetic field and the non-immobilized cells (negatively 
selected) removed. The positively selected cells are then washed 
and dissociated from the beads. 
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T cells can be distinguished by their 

different antigen receptors 

‘The definitive T cell lineage marker is the 'T cell antigen 

receptor (TCR). The two defined types of TCR are: 

+ a heterodimer of two disulfide-linked polypeptides (cc 
and B); 

* a structurally similar heterodimer consisting of and 6 
polypeptides. 

Both receptors are associated with a set of five polypep- 

tides (the CD3 complex) and together form the TCR. 

complex (TCR-CD3 complex; see Chapter 5). 
Approximately 90-95% of blood 'T cells are aT cells 

and the remaining 510% are 78 T cells, 


THERE ARE TWO MAJOR 

SUBPOPULATIONS OF T CELLS 

OB T cells are subdivided into two distinet non- 

overlapping populations: 

* one subset carries the CD4 marker (CD4* T' cells) 
and mainly ‘helps’ or ‘induces’ immune responses (Tt); 
and 

* the other subset carries the CD8 marker (CD8* ‘T 
cells) and is predominantly cytotoxic (Te). 

CD4* T cells recognize their specific antigens in asso- 

ciation with MHC class I molecules, whereas CD8* T 

cells recognize antigens in association with MHC class I 

molecules (see Chapter 7). Thus, the presence of CD4 or 

CDB limits (restricts) the type of cell with which the T cell 

can interact (Fig. 2.21). 

‘A small proportion of a cells express neither CD4 

nor CDS; these ‘double negative’ T cells might have a 

regulatory function. 


Functional T cell subsets 


Fig. 221 T cells express either 36 ora T cell receptors (TCR). 
cells are divided into CD4 and CD8 subsets and these 
subsets determine whether they see antigen (peptides) with 
MHC clas lor molecules, respectively. CD4° T cells can be 
further subdivided into Ts] and TH2 on the basis of theic 
jtokine profiles. 


In contrast, while most circulating 6 cells are ‘double 
negative’, most 78 TT cells in the tissues express CD8. 


D4" T cell subsets are distinguished by their 

cytokine profiles 

CD4*T cells can be further divided into functional subsets 

‘on the basis of the spectrum of the cytokines they produce: 

+ Til cells secrete IL-2 and IFN}, 

* Tr cells produce IL-4, IL-5, IL-6, and IL-10 Gee 
Fig. 11.9). 

‘Tui cells mediate several functions associated with cyto- 

toxicity and local inflammatory reactions. Consequently, 

they are important for combating intracellular pathogens 

including viruses, bacteria, and parasites. 


'Q. Which cell type do THI cells interact with to help combat 
intracellular pathogens? 
‘A. Mononuclear phagacytes. 


‘Tr2 cells are more effective at stimulating B cells to 
proliferate and produce antibodies, and therefore function 
primarily to protect against free-living microorganisms 
(humoral immunity). 

‘The number of cells producing a given cytokine can be 
measured using flow cytometry and antibodies that are 
allowed to penetrate the cells following permeabilization 
(ee Method Box 2.1). The same technique can be used to 
determine the number of B cells producing a particular 
antibody. 

‘The measurement of single cells secreting a particular 
cytokine or antibody can be achieved using an enzyme- 
linked method, namely ELISPOT (Method Box 2.1). 


Other T cell subsets include y5 T cells and 
NKT cells 

‘6 T cells may protect the mucosal surfaces of the 
body 

6 T cells are relatively frequent in mucosal epithelia, but 
form only a minor subpopulation of circulating cells 
(around 5%). Most intraepithelial lymphocytes (IELs) are 
7 T cells and express CD8, a marker not found on most 
circulating 7 T cells. 

7B T cells have a specific repertoire of TCRs biased 
towards certain bacterial/viral antigens (superantigens, 
see Fig. 7.22). 

‘Human blood 36 T cells have specificity for low molee- 
ular mass mycobacterial products (e.g. ethylamine and 
isopentenyl pyrophosphate). 

Current opinion is that 78 T cells may play an impor~ 
tant role in protecting the mucosal surfaces of the body. 

Some 78 T cells may recognize antigens directly (ue. 
with no need for MHC molecule-mediated presentation). 

OT cells display LGL characteristies (see Fig. 2.19) and 
a dendritic morphology in lymphoid tissues (Fig. 2.22). 


NKT cells may initiate T cell responses 
NKT cells have T markers and also some NK cell 
markers, Characteristically they express CD3 and have a 
‘unique of TCR (expressing an invariant Vor and VBII, 
see Chapter 5). 


CELL SURFACE IMMUNOGLOBULIN AND SIGNALING MOLECULES FORM THE ‘B CELL RECEPTOR’ COMPLEX 


Dendritic morphology of 36 T cells in the tonsil 


Fig. 2.22 The 76 T cell population is predominantly localized 
in the interfolicular T cell-dependent zones. Note the 
dendritic morphology of the cell. Anti-76 T cell monoclonal 
antibody and immunoperoxidase. x 900. (Courtesy of Dr A 
Favre, from Eur | Immunol 1991;21:173, with permission) 


Q What markers would one normally use to distinguish T 
cells from NK cells? 

A. CD16 and CDS6 ate used to distinguish NK cells. CD3 is 
characteristic of T cells 


NKT cells are thought to recognize glycolipid antigens 
presented by CD1d molecules (see Chapter 5), but not 
conventional MHC molecules, In response to antigen 
they are capable of producing large amounts of IFNy 
and IL-4. 

NKT cells are therefore thought to act as an interface 
between the innate and adaptive systems by initiating T 
cell respor 

NKT cells are also thought to regulate immune 
responses (especially dendritic cell function) through the 
production of cytokines (e.g. IL-10). 


CELL SURFACE IMMUNOGLOBULIN AND 
SIGNALING MOLECULES FORM THE 

*B CELL RECEPTOR’ COMPLEX 

About 5-15% of the circulating lymphoid pool are B cells, 
which are defined by the presence of surface immuno- 
globulin. Immunoglobulins are constitutively produced 
and are inserted into the B cell membrane, where they act 
as specific antigen receptors. 

‘Most human B cells in peripheral blood express two 
immunoglobulin isotypes on their surface: 

+ IgM; and 

* [gD (see Chapter 3). 

On any B cell, the antigen-binding sites of these IgM and 
IgD isotypes are identical. 

Fewer than 10% of the B cells in the circulation express 
IgG, IgA, or IgE, but B cells expressing IgG, IgA, or IgE 
are present in larger numbers in specific locations of the 
body (e.g. IgA-bearing cells in the intestinal mucosa). 


Immunoglobulin associated with other ‘accessory’ 
molecules on the B cell surface forms the ‘B cell antigen 
receptor complex’ (BCR). These ‘accessory’ molecules 
consist of disulfide-bonded heterodimers of: 

# Igo. (CD79%); and, 

+ IgB (CD79). 

‘The heterodimers interact with the transmembrane 
segments of the immunoglobulin receptor (see Fig. 3.1), 
and, like the separate molecular components of the 
TCR/CD3 complex (see Fig. 5.2), are involved in cellular 
activation. 


Other B cell markers include MHC class Il 
antigens and complement and Fc receptors 
‘Most B cells carry MHC class II antigens, which are 
important for cooperative (cognate) interactions with 'T 
cells. These class II molecules consist of I-A or -E in 
the mouse and HLA-DP, DQ, and DR antigens in humans 
(see Fig. 5.18). 

Complement receptors for C3b (CD35) and C3d 
(CD21) are commonly found on B cells and are associated 
with activation and, possibly, ‘homing’ of the cells. 
CD19/CD21 interactions with complement associated 
with antigen play a role in antigen-induced B cell acti- 
vation via the antigen-binding antibody receptor. 

Fe receptors for exogenous IgG (FeyRI, CD32) are 

also present on B cells and play a role in negative signaling 
to the B cell (see Chapter 1). 

CD19 and CD20 are the main markers currently used 
to identify human B cells. Other human B cell markers are 
(CD22 and CD72 t CD78. 

Murine B cells also express CD72 (Lyb-2) together 
‘with B220, a high molecular weight (220 kDa) isoform of 
CD45 (Lyb-5). 

‘CD40 is an important molecule on B cells and is 
involved in cognate interactions between T and B cells 
(see Fig. 88). 


CDS* B-1 cells and marginal zone B cells 

produce natural antibodies 

CDS° B-1 cells have a variety of roles 

‘Many of the first B cells that appear during ontogeny 

express CDS, a marker originally found on T cells. These 

cells (termed B-1 cells) are found predominantly in the 

peritoneal cavity in mice, and there is some evidence for a 

separate differentiation pathway from ‘conventional’ B 

cells (termed B-2 cells). 

CDS" B-1 cells express their immunoglobulins from 
unmutated or minimally mutated germline genes and 
produce mostly IgM, but also some IgG and IgA. These 
so-called natural antibodies are of low avidity, but, 
unusually, they are polyreactive and are found at high 
concentration in the adult serum. CD5* B-I cells: 

* respond well to TI (T-independent) antigens (ic. 
antigens that can directly stimulate B cells without T 
cell help); 

may be involved in antigen processing and antigen 
presentation to T cells; and 

+ probably play a role in both tolerance and antibody 
Fesponses, 
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Functions proposed for natural antibodies include: 
* the first line of defense against microorganisms, 
+ clearance of damaged self components; and 
* regulatory ‘idiotype network’ interactions within the 
immune system, 
Characteristically, natural antibodies react against auto- 
antigens including: 
+ DNA; 
+ FeoflgG; 
* phospholipids; and 
+ cytoskeletal components, 
CDS has been shown to be expressed by B-2 cells when 
they are activated appropriate 
versy about whether CDS represents an activation antigen 
on B cells. Current theories therefore support the notion 
for two different kinds of CDS* B cells. 
Although the function of CDS on human B cells is 
unknown, it is associated with the BCR and may be 
involved in the regulation of B cell activation. 


so there is some contro- 


Marginal zone B cells are thought to protect 
against polysaccharide antigens 

Much has been learned about marginal zone B cells over 
the past few years. These cells accumulate slowly in the 
‘marginal zone of the spleen ~a process that takes between 
and 2 years in humans. 

Like B-1 cells, marginal zone B cells respond to thymus. 
independent antigens, and they are thought to be our 
inst polysaccharide antigens. They 
also produce natural antibodies, and together with B-L 
cells have recently been termed ‘innate-like B cells 


main protection 


B CELLS CAN DIFFERENTIATE INTO 
ANTIBODY-SECRETING PLASMA CELLS 
Following B cell activation, many B cell blasts mature into 
antibody-forming cells (AFCs), which progress in vivo 
to terminally differentiated plasma cells, 

Some B cell blasts do not develop rough endoplasmic 

These cells are found in germinal 
enters and are named follicle center cells or centrocytes. 
Under light microscopy, the cytoplasm of the plasma 
cells is basophilic due to the large amount of RNA being 
used for antibody synthesis in the rough endoplasmic 
reticulum, At the ultrastructural level, the rough endoplas- 
mic reticulum can often be seen in parallel arrays 
(Fig. 2.23), 

Plasma cells are infrequent in the blood, comprising 
less than 0.1% of circulating lymphocytes. They are 
normally restricted to the secondary lymphoid organs and 
tissues, but are also abundant in the bone marrow. 

Antibodies produced by a single plasma cell are of one 
specificity and immunoglobulin class. 

Immunoglobulins can be visualized in the plasma cell 
cytoplasm by staining with fluorochrome-labeled specific 
antibodies (Fig. 2.24), 

Many plasma cells have a short life span, surviving for a 
few days and dying by apoptosis (Fig. 2.25). However, a 
subset of plasma cells with a long life span (months) has 
recently been described in the bone marrow. 


eticulum cisternae. 
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Ultrastructure of the plasma cell 


Fig 2.23 The plasma cell is characterized by parallel arrays of| 
rough endoplasmic reticulum (E). In mature cells, these 
cisternae become dilated with immunoglobulins. Mitochondria 
(M) are also seen. 5000. (Adapted from Zucker-Franklin D, 
Grossi CE, eds. Atlas of blood cells: function and pathology, 
3rdedn, Milan: Edi Ermes; 2003) 


Immunofluorescent staining of intracytoplasmic 
immunoglobulin in plasma cells 


Fig. 2.24 Fixed human plasma cells, treated with 
fluoresceinated ant-human-lgM (green) and rhodaminated 
anti-human-lgG (red), show extensive intracytoplasmic 
staining. As the distinct staining of the twa cells shows, plasma 
cells normally produce only ane class or subclass (isotype) af 
antibody, 1500. (Adapted from Zucker-Franklin D, Grossi CE, 
eds, Atlas of blood cells: function and pathology, 3rd-edn. 
Milan: Eli Ermes; 2003) 


LYMPHOID ORGANS AND TISSUES ARE 
EITHER PRIMARY OR SECONDARY 
Lymphocytes, the effector cells of the adaptive immune 
response, are the major component of organs and tissues 
that collectively form the lymphoid system. 


LYMPHOID STEM CELLS DEVELOP AND MATURE WITHIN PRIMARY LYMPHOID ORGANS 


Plasma cell death by apoptosis 


Fig. 2.25 Plasma cells are shorclved and die by apoptosis 
(cel suicide). Note the nuclear chromatin changes, which are 
characteristic of apoptosis. x 5000. 


Within the lymphoid organs, lymphocytes interact 
with other cell types of both hematopoietic and non- 
hematopoietic origin that are important for lymphocyte: 
+ maturation; 
* selection; 
* function; and 
* disposal of terminally differentiated cells. 
‘These other cell types are termed accessory cells and 
include: 
APCs; 
+ macrophages; 
* reticular cells; and 
epithelial cells. 
The lymphoid system is arranged into either discrete 
encapsulated organs or accumulations of diffuse lymphoid 
tissue, which are classified into primary (central) and 
secondary (peripheral) organs or tissues (Fig. 2.26). 
In essence, lymphocytes: 
* are produced, mature, and are selected in primary 
lymphoid organs; and 
* exert their effector functions in the secondary lymphoid 
organs and tissues. 
‘Tertiary lymphoid tissues are anatomical sites that under 
normal conditions contain sparse lymphocytes, if any, but 
may be selectively populated by these cells in pathological 
conditions (e.g. skin, synovium, and lungs). 


LYMPHOID STEM CELLS DEVELOP AND 
MATURE WITHIN PRIMARY LYMPHOID 
ORGANS 

In the primary lymphoid organs, lymphocytes (B and 
T cells 

* differentiate from lymphoid stem cells; 

* proliferate; 


Major lymphoid organs and tissues 
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Fig. 2.26 Thymus and bone marrow are the primary (central) 
lymphoid organs. They are the sites of maturation for T and 8 
cells, respectively. Cellular and humoral immune responses 
‘occur in the secondary (peripheral) lymphoid organs and 
tissues. Secondary lymphoid organs can be classified 
according to the body regions they defend. The spleen 
responds predominantly to blood-borne antigens. Lymph 
nodes mount immune responses to antigens circulating in the 
lymph, entering through the skin (subcutaneous lymph nodes) 
oF through mucosal surfaces (visceral mph nodes). Tonsil, 
Peyer’s patches, and other mucosa-associated lymphoid tissues 
(MALT) (blue boxes) react to antigens that have entered via 
the surface mucosal barriers. Note that the bone marcow is 
both a primary and a secondary lymphoid organ because it 
ives rise to B and NK cells, but i also the sit of 8 cell 
terminal diferentiation (long-lived plasma cels). 


+ are selected; and 

‘= mature into functional cells. 

In mammals, T cells mature in the thymus and B cells 

mature in the fetal liver and postnatal bone marrow (see 

Chapter 8). Birds have a specialized site of B cell 

generation, the bursa of Fabricius. 
In the primary lymphoid organs: 

‘+ Iymphocytes acquire their repertoire of specific antigen 
receptors to cope with the antigenic challenges that 
individuals encounter during their lifetime; 

+ cells with receptors for autoantigens are mostly 
eliminated; and. 

+ in the thymus, T cells also ‘learn’ to recognize appro- 
priate self MHC molecules. 

‘There is evidence that some lymphocyte development 

might occur outside primary lymphoid organs. 
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‘Thymus section showing the lobular organization 


Fig, 2.27 This section shows the two main areas of the 

thymus lobule— an outer cortex of immature cells (C) and an 
Inner medulla of more mature cells (M). Hassall’ corpuscles 
(0 are found in the medulla. HSE stain, x 25. (Courtesy of 
Dr A Stevens and Profesor | Lowe) 


Q Why do lymphocytes need to ‘learn’ what constitutes 
self MHC and self antigens? 

AA. Each individual is different and has a particular set of MHC 
‘molecules and particular variants ot the many ather molecules 
present in the body. The process of what constitutes immuno- 
logical ‘set is different in each individual and therefore learning 
to recognize ‘sel is a dialogue between T cells and APCs that 
takes place in each individual. 


Cell migration to and within the thymus. 


T CELLS DEVELOPING IN THE THYMUS 

UNDERGO SELECTION PROCESSES 

‘The thymus in mammals isa bilobed organ in the thoracic 

cavity overlying the heart and major blood vessels. Each 

lobe is organized into lobules separated from each other 
by connective tissue trabeculae. 

Within each lobule, the lymphoid cells (thymocytes) 
are arranged into: 

* an outer tightly packed cortex, which contains the 
majority of relatively immature proliferating thymo- 
oytes; and 

+ an inner medulla containing more mature cells, 
implying a differentiation gradient from cortex to 
medulla (Fig. 2.27). 

‘The main blood vessels that regulate cell traffic in the 

thymus are high endothelial venules (HEVs; see Fig. 2.29) 

at the corticomedullary junction of thymic lobules. It is 

through these veins that T cell progenitors formed in the 
feral liver and bone marrow enter the epithelial anlage 
and migrate towards the cortex. 

In the cortex of the thymus the T cell progenitors 
undergo proliferation and differentiation processes that 
ead to the generation of mature T cells through a 
corticomedallary gradient of migration. 

‘A network of epithelial cells throughout the lobules 
plays a role in the differentiation and selection processes 
from fetal liver and bone marrow-derived prethymic cells 
to mature T cells. 

‘The mature T cells probably leave the thymus through 
the same PCVs, at the corticomedullary junction from 
which the T cell progenitors entered (Fig. 2.28). 


Fig. 2.28 T cell progenitors enter the thymic lobule through 
posteapillary venules (PCVs) atthe corticamedullary junction. 
“These double negative 1 (DN1) cells are CD4-, CDB-, CD25", 
bbut CD44". They move progressively towards the outer cortex 
and differentiate into DN2 (CD25", CD44") and DN cells 
(CD25*, CD44"), Thymocytes accumulate in the subcapsular 


‘region where they actively proliferate and cifferetiate into 
‘double positive (DP; C4", CD8") cells. DP thymocytes reverse 
their polarity and move towards the medulla. In the course of 
this migration, thymocytes are selected and as single positive 
(SP; CD4* oF COB") cells ultimately leave the thymus, 
presumably via HEVs at the corticomedullary junction. 


T CELLS DEVELOP 


ING IN THE THYMUS UNDERGO SELECTION PROCESSES 


Three types of thymic epithelial cell have 

important roles in T cell production 

At least three types of epithelial cell can be distinguished 

in the thymic lobules according to distribution, structure, 

function, and phenotype 

+ the epithe] nurse calls are in the ovter corte, 

© the cortical thymic epithelial cells (TECs) form an 
epithelial network; and 

* the medullary TECs are mostly organized into clusters 
(Fig. 2.29), 

‘These three types of epithelial cell have different roles for 

thymocyte proliferation, maturation, and selection: 
nurse cells in the outer cortex sustain the proliferation 

of progenitor T cells, mainly through cytokine 

production (e.g. IL-7}; 

cortical TECs are responsible for the positive selec 

tion of maturing thymocytes, allowing survival of cells 

that recognize MHC class 1 and If molecules with 

associated peprides via TCRs of intermediate affinity; 

medullary TECs display a large variety of organ- 

specific self peptides. 


Q. What is the significance of the presence of organ-specific 
self peptides in the thymus? 

A. An individual needs to be tolerant of antigens that are 
expressed in other tissues, not just the thymus. By presenting a 
library of self molecules, the thymus can delete or tolerize lym- 
phocytes that might otherwise react against self molecules once 
they had migrated into other tissues. Thus TECs, together with 
iather APCs (interdigitating cells and macrophages), play a role 
in negative selection (i, the deletion of self-eactive T cells). 


Hassall’s corpuscles (see Fig. 2.27) are found in the 
thymic medulla. Their function is unknown, but they 
appear to contain degenerating epithelial cells rich in high 
molecular weight cytokeratins. 

‘The mammalian thymus involutes with age (Fig. 2.30). 
In humans, atrophy begins at puberty and continues 
throughout life. ‘Thymic involution begins within the 
cortex and this region may disappear completely, whereas 
medullary remnants persist. 

Cortical atrophy is related to a sensitivity of the cortical 
thymocytes to corticosteroid, and all conditions associated 


cortex 


medulla 


Fig. 2.29 A schematic representation of 
the cell types found in a fully developed 
‘thymic lobule, Subcapsular epithelial cells 
that produce IL-7 (nurse cell) sustain T 
lymphoblast proliferation in the outer 
cortex. Developing T cells interact with the 
cortical epithelial network where they are 
positively selected. Apoptotic cells are 
phagocytosed by macrophages present in 
‘the deep cortex and in the medulla. TCR* 
‘thymocytes co-expressing CD4 and C8 
undergo the process of negative selection 
by interacting with a variety of antigen- 
presenting cells (APCs), such as dendritic 


nurse calls 


thymocytes 


the cortical 


high endothetiat cells, interdigitating cells, macrophages, 

venules (HEVs) and epithelial cli. T cells that have 
survived the selection processes are 
‘exported from the thymus via high 


‘endothelial venules (HEVs) and lymphatic 
vessels. (From Zucker-Franklin D, Grossi 
CCE, eds. Atlas of blood cells: function and 
pathology, 3rd edn. Milan: Edi Ermes; 
2003) 
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ace a 


Fig 2.30 There is an involution of the thymus with 
replacement by adipose tissue (AdT). The cortex (C) is largely 
reduced and the less cellular medulla (M) is still apparent. 
(Courtesy of Dr A Stevens and Professor | Lowe) 


with an acute increase in corticosteroids (e.g. pregnancy 
and stress) promote thymic atrophy. 

It is conceivable that TT cell generation within the 
thymus continues into adult life, albeit at a low rate, 
Evidence for de-novo T cell production in the thymus 
(recent thymic emigrants) has been shown in humans over 
the age of 76 years. 


Stem cell migration to the thymus initiates T 
cell development 

‘The thymus develops from the endoderm of the third 
pharyngeal pouch as an epithelial rudiment that becomes 
seeded with blood-borne stem cells. Relatively few stem 
cells appear to be needed to give rise to the enormous 
repertoire of mature T cells with diverse antigen receptor 
specificities. 

From experimental studies, migration of stem cells into 
the thymus is not a random process, but results from 
chemotactic signals periodically emitted from the thymic 
rudiment. By-Microglobulin, a component of the MHC 
class I molecule, is one such putative chemoattractant. 

In birds, stem cells enter the thymus in two ar possibly 
three waves, but it is not clear that there are such waves in 
mammals, 

‘Once in the thymus, the stem cells begin to differ- 
entiate into thymic lymphocytes (called thymocytes), 
under the influence of the epithelial microenvironment. 

Whether or not the stem cells are ‘pre-T’ cells’ (i.e. are 
committed to becoming T cells before they arrive in the 
thymus) is controversial, Although the stem cells express 
CD7, substantial evidence exists that they are in fact 
multipotent. Granulocytes, APCs, NK cells, B cells, and 
myeloid cells have all been generated in vitro from 
hematopoietic precursors isolated from the thymus. ‘This 
suggests that the prethymic bone marrow-derived cell 
entering the thymic rudiment is multipotent. 

Epithelial cells, macrophages, and bone marrow- 
derived IDCs, molecules rich in MHC class II, are impor- 


tant for the differentiation of T cells from this multipotent 
stem cell. For example, specialized epithelial cells in the 
peripheral areas of the cortex (the thymic nurse cells, see 
above) contain thymocytes within pockets in their 
cytoplasm. ‘The nurse cells support lymphocyte prolifer- 
ation by producing the cytokine IL-7. 

‘The subcapsular region of the thymus is the only 
site where thymocyte proliferation occurs. Thymocytes 
develop into large, actively proliferating, self-renewing 
Iymphoblasts, which generate the thymocyte population. 

‘There are many more developing lymphocytes 
(85-90%) in the thymic cortex than in the medulla, and 
studies of function and cell surface markers have indicated 
that cortical thymocytes are less mature than medullary 
thymocytes. This reflects the fact that cortical cells 
migrate to, and mature in, the medulla, 

‘Most mature TT cells leave the thymus via HEVs at the 
corticomedullary junction, though other routes of exit 
‘may exist, including lymphatic vessels 


T cells change their phenotype during 
maturation 

[As with the development of granulocytes and monocytes, 
‘differentiation’ markers of functional significance appear 
or are lost during the progression from stem cell to mature 
T cell. 

Analyses of genes encoding af and y8 TCRs and other 
studies examining changes in surface membrane antigens 
suggest that there are multiple pathways of T cell differ- 
entiation in the thymus. It is not known whether these 
pathways are distinet, but it seems more likely that they 
diverge from a common pathway. 

Only a small proportion (< 1%) of mature T Iympho- 
cytes express the 8 TCR. Most thymocytes differentiate 
into aB TCR cells, which account for the majority 
(295%) of T lymphocytes in secondary lymphoid tissues 
and in the circulation. 

Phenotypic analyses have shown sequential changes 
in surface membrane antigens during cell maturation 
(Fig. 2.31). The phenotypic variations can be simplified 
into a three-stage model. 


Stage | thymocytes are CD4", CDS" 

‘There are two phases of stage I (early) thymocytes. In 

the first phase, the TCR genes are in the germline 

configuration and the cell 

+ express CD44 and CD25; 

+ are CD4, CD8* (ic, double negative cells). 

In this early first phase, cells entering the thymus via 

the HEVs in the corticomedullary junction express 

CD44, which allows them to migrate towards the outer~ 

most cortex, the zone of thymocyte proliferation. These 

cells are not fully committed to the T cell lineage, because 

‘outside the thymic environment they can give rise to other 

hematopoietic lineages, Surface expression of CD44 is 

downregulated once the cells are in the external cortex. 
In the second phase the cells: 

become CD44; 

are CD25%; 

remain double negative for CD4 and CDS; 

rearrange the i chain of the TCR; 


DIVERSE ANTIGEN REPERTOIRES ARE GENERATED BY RECOMBINATION OF GENE SEGMENTS ENCODING THE TCR 


Expression of human T cell markers during development 


Fig. 2.31 Terminal deexynucleatidy| 
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+ express cytoplasmic but not surface TC 
D3; 

* are irreversibly committed to become T cells; 

* continue to express CD7 together with CD2 and 
CDs. 

Proliferation markers such as the transferrin receptor 

(CD71) and CD38 (a marker common to ll early hemato- 

poietic precursors) are also expressed at this stage. 


Stage Il thymocytes become CD4", CD8* 
Stage II (intermediate or common) thymocyte cells 
account for around 80% of thymocytes in the fally 
developed thymus. Characteristically they: 

* are CDI‘, CDH", CD25 

+ become CD4+, CD8+ (double positives). 

Genes encoding the TCR a. chain are rearranged in these 
intermediate thymocytes; both chains of the afi TCR are 
expressed at low density on the cell surface in association 
with polypeptides of the CD3/antigen receptor complex. 


Stage Ill thymocytes become either CD4" or CD8* 

Stage III (mature) thymocytes show major phenotypic 

changes, namely 

* loss of CDI; 

© cell surface CD3 associated with the oB TCR expressed 
ata higher density; 

* the distinction of two subsets of cells expressing either 
CD4 or CDB (ie. single positives). 

‘Most stage III thymocytes: 

* Jack CD38 and the transferrin receptor; 

* are virtually indistinguishable from mature, circulating 
Teells, 


All stage IIL cells re-express the receptor CD44, which is 
thought to be involved in migration and homing to 
peripheral lymphoid tissues. L-selectin (CD62L) is also 
expressed at this time. 


DIVERSE ANTIGEN REPERTOIRES ARE 

GENERATED BY RECOMBINATION OF GENE 

SEGMENTS ENCODING THE TCR 

T cell receptor diversity is generated in the 

thymus 

T cells have to recognize a wide variety of different 

antigens. The genes of the of and 7B TCR undergo 

somatic recombination during thymic development to 

produce functional genes for the different TCRs (see 
pter 5). 


Q. How are receptors with different antigenic specificity 
distributed among the total population of T cells? 

A. Each T cell has one specificity of receptor (Le. the receptors 
are clonally distributed) 


Q. Are there any differences in the mechanism by which 
TCRs are generated in CD4" and CDB' T cells? 

A. Because CD4* and CD8* T cells do not differentiate until 
after TCR generation, the mechanism for generating diverse 
receptors is the same for both major T cell subsets. 


TCR gene recombination takes place within the 
subcapsular and outer cortex of the thymus, where there 
is active cell proliferation. ‘Through a random assortment 


B 
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of different gene segments, a large number of different 
‘TCRs are made and thymocytes that fail to make a 
functional receptor die. 

‘The TCRs associate with peptides of the CD3 com- 
plex, which transduces activating signals to the cell. 


‘Alternative’ forms of the T cell receptor 

during development 

Studies in transgenic mice have shown that early in 

ontogeny T cells can express alternative forms of the TCR 

which may be involved in generating signals that drive 
development: 

+ TCR§ dimers can associate with CD3 in the absence of 
TCRa; 

* TCRB chains can be found on the cell surface as 
phosphoinositol linked proteins that do not associate 
with CD3; 

* surface TCRB chains can be associated with an 
incomplete CD3 complex; 

+ 2 33-kDa glycoprotein linked to 'TCRB chains in pre-T. 
cells acts as a ‘surrogate’ chain (pre-Tot chain). 

“These pre-T cell antigen receptors, like the surrogate pre~ 

B cell receptors (see Fig. 8.2), are probably involved in 


T cell differentiation within the thymus 


resi ve 


ws 


cortica- 
medullary 
region 


proliferation, maturation, and selection during the early 
phases of lymphocyte development. 


POSITIVE AND NEGATIVE SELECTION OF 
DEVELOPING T CELLS IN THE THYMUS 

‘The processes involved in the education of TT cells are 
shown in Fig. 2.32, and self tolerance is discussed fally in 
Chapter 11. 


Positive selection ensures only TCRs with an 
intermediate affinity for self MHC develop further 
Tells: 
+ recognize antigenic peptides only when presented by 
self MHC molecules on APCs; 
+ show ‘dual recognition’ of both the antigenic peptides 
and the polymorphic part of the MHC molecules. 
CD4, found on a subset of T cells, also recognizes 
the class I MHC molecule, but its non-polymorphie 
portion. 
Positive selection (the first stage of thymic educa- 
tion) ensures that only those TCRs with an intermediate 
affinity for self MHC are allowed to develop further. 


Fig. 2.32 In this model, pre-thymic T cells are attracted to and 
‘enter the thymic rudiment at the corticomedullary junction. They 
teach the subcapsular region where they proliferate as large 
lymphoblasts, which give rise to a pool of cells entering the 
differentiation pathway. Many of these cells are associated with 
epithelial thymic nurse cells. Cells n this region first acquire CD8 
‘and then CD4 at low density. They also rearrange their T cell 
receptor (TCR) genes and may express the products of these genes 
at low density on the cell surface. Maturing cells move deeper into 
the cortex and adhere to cortical epithelial cells. These epithelial 
cells are elongated and branched, and thus provide a large surface 
area for contact with thymocytes. The TCRs on the thymocytes are 
‘exposed to epithelial MHC molecules through these contacts. This 
leads to positive selection, Thase cells that are not selected 
undergo apoptosis and are phagocytosed by macrophages. There 
‘sam increased expression of CD3, TCR, CD4, and CDB during 
thymocyte migration from the subcapsular region to the deeper 
cortex. Those TCRs with self reactivity are now deleted through 
‘contact with autoantigens presented by medullary thymic 
epithelial cel, interdigitating cells, and macrophages at the 
corticomedullary junction — a process called negative selection. 
Following this stage, cells expressing either CD4 or CD8 appear 
and exit to the periphery via specialized vessels at the 
corticomedullary junction. (Adapted from D Zucker-Franklin, CE 
Gross, eds. Atlas of blood cells: function and pathology, 3rd edn. 
Milan: Ed Ermes; 2003) 


POSITIVE AND NEGATIVE SELECTION OF DEVELOPING T CELLS IN THE THYMUS 


‘There is evidence that positive selection is mediated by 
‘TECs acting as APCs. 

T cells displaying very high or very low receptor 
affinities for self MHIG undergo apoptosis and die in the 
cortex. Apoptosis is a pre-programmed ‘suicide’, achieved 
by activating endogenous nucleases that cause DNA 
fragmentation (Fig. 2.33). 

T cells with TCRs that have intermediate affinities are 
rescued from apoptosis, survive, and continue along their 
pathway of maturation. A possible exception is provided 
by some 'T cells equipped with ¥6 receptors, which (like B 
cells) recognize native antigenic conformations with no 
need for APCs. 


Negative selection ensures that only T cells that 
fail to recognize self antigen proceed in their 
development 
Some of the positively selected T’ cells may have TCRs 
that recognize self components other than self MHC. 
‘These cells are deleted by a ‘negative selection’ process, 
which occurs: 
* in the deeper cortex; 
* at the corticomedullary junction; and 

in the medulla. 
T cells interact with antigen presented by interdigitating 
cells, macrophages, and medullary TECs. The role of 
medullary ‘TECs for negative selection has been 
emphasized recently by the finding that these cells express 
genes for virtually all tissue antigens in the body. 

Only ‘T cells that fail to recognize self antigen 
are allowed to proceed in their development. The rest 


Fig, 2.33 (1) Fetal thymic lobes in culture were treated with 
anti-CD3 antibodies ~ this simulates activation via the TCR and 


therefore triggers programmed cell death (apoptosis). This 
‘electron micrograph shows the heavy condensation of nuclear 
‘chromatin in apoptotic nuclei (A) compared with the 
dispersed chromatin of normal cells (N). (Courtesy of Or C 
‘Smith) (2) Analysis of the DNA from apoptotic cells by agarose 
‘ge electrophoresis shows the characteistcaly ordered, ladder- 
like pattern created by bands of digested DNA fragments. 


undergo apoptosis and are destroyed. These, and all the 
other apoptotic cells generated in the thymus, are phago- 
cytosed by (tingible body) macrophages (see Fig. 2.47) in 
the deep cortex. 

‘T cells at this stage of maturation (CD4* CD8* TCR") 
go on to express TCR at high density and lose either 
CD or CDS to become ‘single positive’ mature T cells. 

‘The separate subsets of CD4* and CD8* cells possess 
specialized homing receptors (e.g. CD44), and exit to the 
‘T cell areas of the peripheral (secondary) lymphoid tissues 
where they function as mature ‘helper’ and ‘cytotoxic’ T 
cells, respectively. 


Q. Which subset of T cells functions as TH and which as Te 
cells? 

‘A. CD4*T cells function mainly as Tu cells whereas CDB* T cells 
are predominantly Te cells, 


Less than 5% of thymocytes leave the thymus as 

mature T cells. The rest die as the result of 

‘selection processes; or 

+ failure to undergo productive rearrangements of 
antigen receptor genes. 


Adhesion of maturing thymocytes to 
epithelial and accessory cells is crucial for 
T cell development 
Adhesion of maturing thymocytes to epithelial and other 
accessory cells is mediated by the interaction of comple- 
mentary adhesion molecules, such as: 
* CD? with LFA-3 (CD58); and 
* LFA (CDia, CD18) with ICAM-1 (CD54) (see 
Appendix 2) 
‘These interactions induce the production of the cytokines 
IL-1, IL-3, IL-6, IL-7, and GM-CSF (see Appendix 3), 
which are required for’T cell proliferation and maturation 
in the thymus. 
Early thymocytes also express receptors for IL-2, which 
together with IL-7 sustains cell proliferation. 


Negative selection may also occur outside 
the thymus in peripheral lymphoid tissues 
Not all self-reactive T cells are climinated during 
intrathymic development, probably because not all self 
antigens can be presented in the thymus. The thymic 
epithelial barrier that surrounds blood vessels may also 
limit access of some circulating antigens. 

Given the survival of some self-reacting ‘T cells, a 
separate mechanism is required to prevent them attacking 
the body. Experiments with transgenic mice have 
suggested that peripheral inactivation of self-reactive T 
cells (peripheral tolerance, see Chapter 19) could occur 
vvia several mechanisms as follows 
* downregulation of the TCR and CD¥ (in cytotoxic 

cells) so that the cells are unable to interact with target 

autoantigens; 

‘+ anergy, due to the lack of crucial co-stimulatory signals 
provided by the target cells, followed by induction of 
apoptosis after interaction with autoantigen; 

‘+ regulatory T cells (Tregs).. 
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Regulatory T cells are involved in peripheral 
tolerance 

“Tregs have been the subject of intensive research over the 
past few years, especially in the areas of autoimmunity and 
vaccine development. 

In addition to NK'T cells and 6 'T cells regulating 
immune responses, there is now substantial evidence that 
separate CD subsets also have this function. The general 
consensus is that there are two main types of Treg ~ 
naturally occurring and antigen induced. 

Naturally occurring Tregs: 

* constitutively express CD25 (the a chain of the low- 
affinity receptor for IL-2); 

constitute about 5~10% of the peripheral CD4*T cells; 
express the unique transcription factor FoxP3; 
constitutively express the marker CTLA4, 

do not proliferate in response to antigenic challenge; 
are thought to produce their suppressive effects 
through cell contact (e.g. with APCs, THI or TH2 
cells). 

Antigen-induced Tregs: 

* also express CD25; 

* can develop from CD25", CD4* T cells; 

* are helieved to exert their suppressive effects through 

cytokines such as TGEB and IL-10. 


There is some evidence for extrathymic 
development of T cells 

‘The vast majority of T cells require a functioning thymus 
for differentiation, but small numbers of cells carrying 
‘T cell markers that are often oligoclonal in nature 
have been found in athymic (‘nude’) mice. Although the 
possibility that these mice possess thymic remnants cannot 
be ruled out, there is accumulating evidence to suggest 
that bone marrow precursors can home to mucosal 
epithelia and mature without the need for a thymus to 
form: 

+ functional T cells with 8 TCRs; and 

+ probably also T cells with as TCRs. 

‘The importance of extrathymic development in animals 
that are euthymic (ie. that have a normal thymus) is at 
present unclear. 


B CELLS DEVELOP MAINLY IN THE FETAL 
IVER AND BONE MARROW. 

Unlike birds, which have a discrete organ for the 
generation of B cells (the bursa of Fabricius), in mammals 
B cells develop directly from lymphoid stem cells in 
the hematopoietic tissue of the fetal liver (Fig. 2.34). 
‘This occurs at 8-9 weeks of gestation in humans, and by 
about 14 days in the mouse. Later, the site of B cell 
production moves from the liver to the bone marrow, 
where it continues through adult life. This fetal liver-bone 
marrow migration of stem cells is also true for cells 
of other hematopoietic lineages such as erythrocytes, 
granulocytes, monocytes, and platelets. 

B cell progenitors are also present in the omental 
tissue of murine and human fetuses and are the precur- 
sors of a self-replicating B cell subset, the B-1 cells 
(see above). 


Hemopoiesis in fetal liver 


Fig. 2.34 Section of human fetal liver showing islands of 
hhemopoiesis(H). Hematopoietic stem cells are found in the 
‘sinusoidal spaces (5) between plates of liver cells (L). (Courtesy 
of Dr A Stevens and Professor | Lowe) 


B cell production in the bone marrow does 
not occur in distinct domains 

B cell progenitors in the bone marrow are seen adjacent to 
the endosteum of the bone lamellae (Fig. 2.35). Fach B 
cell progenitor at the stage of immunoglobulin gene re- 
arrangement may produce up to 64 progeny. The progeny 
migrate towards the center of each cavity of the spongy 
bone and reach the lumen of a venous sinusoid (Fig. 2.36).. 

In the bone marrow, B cells mature in close association 
with stromal reticular cells, which are found both 
adjacent to the endosteum and in close association with 
the central sinus, where they are termed adventitial 
reticular cells. 

Where the B cells differentiate, the reticular cells 
have mixed phenotypic features with some similarities to 
fibroblasts, endothelial cells, and myofibroblasts, The 
reticular cells produce type IV collagen, laminin and the 
smooth muscle form of actin. Experiments in vitro have 
shown that reticular cells sustain B cell differentiation, 
possibly by producing the cytokine IL-7. 

Adventitial reticular cells may be important for the 
release of mature B cells into the central sinus, 


B cells are subject to selection processes. 
‘Most B cells (> 75%) maturing in the bone marrow do not 
reach the circulation, but (like thymocytes) undergo a 
process of programmed cell death (apoptosis) and are 
phagocytosed by bone marrow macrophages. 


Q. By analogy with T cell development, infer what 
determines whether a B cell will die during development in 
the bone marrow. 

A. B cells with a non-productive rearrangement of the 
immunaglabulin genes do nat survive and many sell-reactive B 
cells are also eliminated through negative selection. 


B cell-stromal cell interactions enhance the survival of 
developing B cells and mediate a form of selection that 


8 CELLS DEVELOP MAINLY IN THE FETAL LIVER AND BONE MARROW 


Schematic organization of 8 cell development in the bone marrow 
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Fig, 235 The earliest 8 cell progenitors are found clase to the endasteum (1) where 
‘they interact with stromal reticular cells (2). The stromal reticular cells prompt 
precursor 8 cell proliferation and maturation (3 and 4). During these processes, 
‘selection occurs, which implies B cell apoptosis and phagocytosis of apoptotic cells by 
macrophages (5). B cels that have survived selection mature further and interact with 
adventitial reticular cells (6), which may facilitate their ingress (7) into bone marrow 
‘sinusoids (8) and finaly the central venous sinuses, from which they enter the general 
‘iculation. In this model, maturation and selection events follow a gradient from the 
periphery of the bone marrow tissue contained in the bony spaces towards the center. 


rescues a minority of B cells with productive rearrange- 
‘ments of their immunoglobulin genes from programmed 
cell death. 

Many self-reactive B cells are also eliminated through 
negative selection in the bone marrow. 

From kinetic data, it is estimated that about 5 x 107 
murine B cells are produced each day. As the mouse spleen 
contains approximately 7.5 x 10” B cells, a large pro- 
portion of B cells must die, probably at the pre-B cell 
stage, because of non-productive rearrangements of 
receptor genes or if they express self-reactive antibodies 
and are not rescued. 


Immunoglobulins are the definitive B cell 
eage markers 
Lymphoid stem cells expressing terminal deoxynue- 
leotidyl transferase (TdT) proliferate, differentiate, and 
undergo immunoglobulin gene rearrangements. (see 
Chapters 3 and 8) to emerge as pre-B cells which express 
ut heavy chains in the cytoplasm. Some of these pre-B cells 
bear small numbers of surface 1 chains, associated with 
‘surrogate’ light chains V,,, » and AS (see Fig. 8.2). Allelic 
exclusion of either maternal or paternal immunoglobulin 
genes has already occurred by this time. The proliferating 
pre-B cells are thought to give rise to smaller pre-B cells. 
Once a B cell has synthesized light chains, which 
may be either *- or A-type, it becomes committed to 
the antigen-binding specificity of its surface IgM (slgM) 
antigen receptor. 


‘One B cell can therefore make only one specific 
antibody ~ a central tenet of the clonal selection theory 
for antibody production. 

Surface immunoglobulin-associated molecules Iget and, 
IgB (CD79a and b) are present by the pre-B cell stage of, 
development. 


Developing B cells acquire characteristic 
surface molecules 

A sequence of immunoglobulin gene rearrangements 
and phenotypic changes takes place during B cell 
ontogeny (see Chapter 8), similar to that described above 
for T cells. 

Heavy-chain gene rearrangements occur in B cell 
progenitors and represent the earliest indication of B 
lineage commitment. This is followed by light-chain gene 
rearrangements, which occur at later pre-B cell stages. 


B cells migrate to and function in the 
secondary lymphoid tissues 

Early B celi immigrants into fetal lymph nodes (17 weeks 
in humans) are surface IgM* and are B-1 cells. CD5* B cell 
precursors are found in the fetal omentum, 

Some CDS* B cells are also found in the marginal zone 
of the spleen and mantle zone of secondary follicles in 
adult lymph nodes (see Fig. 2.44). 

Following antigenic stimulation, mature B cells can 
develop into memory cells or antibody-forming cells 
(AFCs). 
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Ste 
Fig. 2.36 (1) Low-power scanning electron micrograph 
showing the architecture of bone and its relationship to bone 
‘marrow, Within the eavites of spongy bone between the bony 
trabeculae, B cell ymphopolesis takes place, with maturation 
‘occurring in a radial dtection towards the center (from the 
tendosteum to the central venous sinus) (2) The biopsy below 
shows hematopoietic bone marrow (HM) in the spaces 
between the bony trabeculae (lamella) (1). Some of the 
‘space is also occupied by adipocytes (AdC). (Courtesy of Dr A 
Stevens and Professor | Lowe) 


Surface immunoglobulins (slg) are usually lost from 
plasma cells (the terminally differentiated form of an 
AFC) because their function as a receptor is no longer 
required. Like any other terminally differentiated hemato- 
poietic cell, the plasma cell has a limited life span, and 
eventually undergoes apoptosis. 


LYMPHOCYTES MIGRATE TO AND 

FUNCTION IN SECONDARY LYMPHOID 

ORGANS AND TISSUES 

‘The generation of lymphocytes in primary lymphoid 

organs is followed by their migration into peripheral 

secondary tissues, which comprise: 

+ well-organized encapsulated organs, the spleen and 
lymph nodes (systemic lymphoid organs); and 

+ non-encapsulated accumulations of lymphoid tissue. 


Lymphoid tissue found in association with mucosal 
surfaces is called mucosa-associated lymphoid tissue 


(MALT. 


LYMPHOID ORGANS AND TISSUES 

PROTECT DIFFERENT BODY SITES 

‘The systemic lymphoid organs and the mucosal system 

have different functions in immuni 

* the spleen is responsive to blood-borne antigens, and 
patients who have had their spleen removed are much 
more susceptible to pathogens that reach the blood 
stream; 

+ the lymph nodes protect the body from antigens that 
come from skin or from internal surfaces and are 
transported via the lymphatic vessels; 

+ the mucosal system protects mucosal surfaces. 

Responses to antigens encountered via the spleen and 

Iymph nodes result in the secretion of antibodies into the 

circulation and local cell-mediated responses. 

‘The mucosal system is the site of first encounter 
(priming) of immune cells with antigens entering via 
‘mucosal surfaces, and lymphoid tissues are associated with 
surfaces lining: 

* the intestinal tract — gut-associated lymphoid tissue 
(GALT); 

+ the respiratory tract ~ bronchus-associated lymphoid 
tissue (BALT); and 

+ the genitourinary tract. 

‘The major effector mechanism at mucosal surfaces is secre- 

tory IgA antibody (slg), which is actively transported via 

the mucosal epithelial cells to the lumen of the tracts. 


Q. More than 50% of the body's lymphoid tissue is in the 
MALT and IgA is the most abundant immunoglobulin in the 
body. What reason could explain this preponderance of 
immune defenses in mucosal tissues? 

‘A. The mucosal surfaces present a large surface area, vulnerable 
to infectious agents, Most infectious agents enter the body by 
infecting and/or crossing mucosal surfaces. 


SYSTEMIC LYMPHOID ORGANS INCLUDE 
THE SPLEEN AND LYMPH NODES 

The spleen is made up of white and red pulp 
and a marginal zone 

‘The spleen lies at the upper left quadrant of the abdomen, 
behind the stomach and close to the diaphragm. The 
adult spleen is around 13 x 8 cm in size and weighs 
approximately 180-250 g. 

‘The outer layer of the spleen consists of a capsule 
of collagenous bundles of fibers, which enter the 
parenchyma of the organ as short trabeculae. These, 
together with a reticular framework, support two main 
types of splenic tissue: 

+ the white pulp; and 

+ the red pulp. 

A third compartment, the marginal zone, is located at the 
‘outer limit of the white pulp. 


SYSTEMIC LYMPHOID ORGANS INCLUDE THE SPLEEN AND LYMPH NODES 


ig. 2.37 Spleen section showing a white pup Iymphoid 
‘aggregate, A secondary lymphoid folie, with germinal center 
{GC) and mantle (Mp), is surtounded by the marginal zone 
(MZ) and ted pulp (RP). Adjacent to the follicle, an arteriole 
(A) is surrounded by the periarterilar lymphoid sheath (PALS) 
<ansisting mainly of T cell. Note that the marginal zone is 
present only at one side ofthe secondary follicle. (Courtesy of 
Professor | Maclennan) 


The white pulp consists of lymphoid tissue 

‘The white pulp of the spleen consists of lymphoid 

tissue, the bulk of which is arranged around a central 

arteriole to form the periarteriolar lymphoid sheaths 

(PALS; Fig. 2.37). PALS are composed of T and B cell 

© the T cells are found around the central arteriole; 

* the B cells may be organized into either primary 
‘unstimulated’ follicles (aggregates of virgin B cells) or 
secondary ‘stimulated’ follicles (which possess a 
germinal center with memory cells). 

‘The germinal centers also contain follicular dendritic cells 

(FDCs) and phagocytic macrophages. Macrophages and 

the FDCs present antigen to B cells in the spleen. 

B cells and other lymphocytes are free to leave and 
enter the PALS via branches of the central arterioles, 
which enter a system of blood vessels in the marginal zone 
(see below). Some lymphocytes, especially maturing 
plasmablasts, can pass across the marginal zone via bridges 
into the red pulp. 


The red pulp consists of venous sinuses and 
cellular cords 

‘The venous sinuses and cellular cords of the red pulp 
contain: 

resident macrophages; 

erythrocytes; 

platelets; 

granulocytes; 

lymphocytes; and 


numerous plasma cells 


In addition to immunological functions, the spleen serves 
asa reservoir for platelets, erythrocytes, and granulocytes, 
‘Aged platelets and erythrocytes are destroyed in the red 
pulp in a process referred to as ‘hemocatheresis’. 

‘The functions of the spleen are made possible by its 
vascular organization (Fig. 2.38). Central arteries ‘sur- 
rounded by PALS end with arterial capillaries, which open 
freely into the red pulp cords. Circulating cells can 
therefore reach these cords and become trapped. Aged 
platelets and erythrocytes are recognized and phago- 
‘cytosed by macrophages. 

Blood cells that are not ingested and destroyed can re- 
enter the blood circulation by squeezing through holes in 
the discontinuous endothelial wall of the venous sinuses, 
through which plasma flows freely. 


The marginal zone contains B cells, macrophages, 

and dendritic cells 

‘The marginal zone surrounds the white pulp and exhibits 

two major features, namely: 

+ a characteristic vascular organization; and. 

* unique subsets of resident cells (B cells, macrophages, 
and dendritic cells) 

‘The blood vessels of the marginal zone form a system of 

communicating sinuses, which receive blood from branches 

of the central artery (see Fig. 2.38). 

‘Most of the blood from the marginal sinuses enters the 
red pulp cords and then drains into the venous sinuses, but 
a small proportion passes directly into the venous sinuses 
to form a closed circulation. 

Calls residing in the marginal zone comprise: 

+ various types of APC — metallophilic macrophages, 
‘marginal zone macrophages, dendritic cells; 

+ a subset of B cells with distinctive phenotype and 
function ~ they express IgM brightly with low or absent 
IgD and are long-lived recirculating cells (non- 
recirculating in the mouse); 

+ some B-I cells. 


@ In humans, the marginal zone does not develop fully 
until 2 years of age. What is the functional consequence of 
this delay in development of the marginal zone? 

‘A. Marginal zone & cells and B-1 cells respond strongly to 
thymus-independent antigens, including capsular polysaccha. 
Fides of bacteria, and the main function of the marginal zone is 
to mount immune responses to bacteria that have reached the 
circulation (eg. streptococci. Infants therefore have a reduced 
ability to respond to blood-bome infections with certain 
(encapsulated) bacteria, 


Lymph nodes filter antigens from the 
interstitial tissue fluid and lymph 

‘The lymph nodes form part of a network that filters 
antigens from the interstitial tissue fluid and lymph during 
its passage from the periphery to the thoracic duct and the 
other major collecting ducts (Fig. 2.39). 

‘Lymph nodes frequently occur at the branches of the 
lymphatic vessels, Clusters of lymph nodes are strategi- 
cally placed in areas that drain various superficial and deep 
regions of the body, such as the: 
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Fig. 2.38 The splenic artery branches to form trabecular 
arteries, which give rise to central arteries surrounded by 
periarterilar lymphoid sheaths (PALS), which are the T cell 
areas of the white pulp. Leaving the PALS, the central arteries 
‘continue as penicilary arteries and sheathed capillaries, which 
‘open in the splenic cords of the red pulp. From the red pulp, 
(where hemocatheresis takes place) the blood percolates 


mediastinum; and 
abdominal cavity. 

Lymph nodes protect the skin (superficial subcutaneous 

nodes) and mucosal surfaces of the respiratory, digestive, 

and genitourinary tracts (visceral or deep nodes). 

Human Iymph nodes are 2-10 mm in diameter, are 
round or kidney shaped, and have an indentation called 
the hilus where blood vessels enter and leave the node. 

Lymph arrives at the lymph node via several afferent 
lymphatic vessels, and leaves the node through a single 
efferent lymphatic vessel at the hilus. 


+ groit 


Lymph nodes consist of B and T cell areas and 
a medulla 

A typical Iymph node is surrounded by a collagenous 
capsule. Radial trabeculae, together with reticular fibers, 
support the various cellular components. The lymph node 
consists of: 

+ a B cell area (cortex); 

+ a T cell area (paracortex); and 


through the wall of the venous sinuses. The central arterioles 
surrounded by PALS give collateral branches that reach a series 
(of sinuses in the marginal zone, Most of the blood from the 
‘marginal sinuses enters the red pulp cords and then drains into 
the venous sinuses, but a proportion passes directly into the 
sinuses to form a closed circulation. (Courtesy of Dr A Stevens 
and Professor | Lowe) 


+ a central medulla, consisting of cellular cords con- 
taining T cells, B cells, abundant plasma cells, and 
macrophages (Figs 2.40-2.42). 

‘The paracortex contains many APCs (interdigitating 

cells), which express high levels of MHC class II surface 

molecules, ‘These are cells migrating from the skin 

(Langerhans’ cells) or from mucosae (dendritic cells), 

‘which transport processed antigens into the lymph nodes 

from the external and internal surfaces of the body 

(Pig. 2.43). Phe bulk of the lymphoid tissue is found in the 

cortex and paracortex. 

‘The paracortex contains specialized postcapillary 
vessels — endothelial venules (HEVs) — which 
allow the traffic of lymphocytes out of the circulation 
into the lymph node (see ‘Lymphocyte traffic’ below and 
Fig. 2.54). 

‘The medulla is organized into cords separated by 
lymph (medullary) sinuses, which drain into a terminal 
sinus ~ the origin of the efferent lymphatic vessel (see 
Fig. 2.42). 

‘Scavenger phagocytic cells are arranged along the 
Iymph sinuses, especially in the medulla. As the lymph 
passes across the nodes from the afferent to the efferent 
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Fig. 2.39 Lymph nodes are found at junctions of lymphatic 
‘vessels and form a network that drains and fiers interstitial 
fluid from the tissue spaces. They are either subcutaneous or 
visceral the latter draining the deep tissues and internal 
‘organs of the body. The lymph eventually reaches the thoracic 
duct, which opens into the left subclavian vein and thus back 
Into the circulation, 


Iymphatic vessels, particulate antigens are removed by the 
phagocytic cells and transported into the lymphoid tissue 
of the Iymph node. 

‘The cortex contains aggregates of B cells in the form of 
primary or secondary follicles. 

B cells are also found in the subcapsular region, 
adjacent to the marginal sinus. It is possible that these 
cells are similar to the splenic marginal zone B cells that 
intercept incoming pathogens primarily by mounting a 
rapid, IgM-based, T-independent response. 

‘T cells are found mainly in the paracortex. Therefore, 
ifan area of skin or mucosa is challenged by a‘T-dependent 
antigen, the lymph nodes draining that particular area 
show active T cell proliferation in the paracortex. 


Q. How is antigen transported from the skin to the 
paracortex of the regional lymph nodes? 
‘A. On Langerhans’ cells/veiled cells in afferent lymph, 


Further evidence for this localization of T cells in the 
paracortex comes from patients with congenital thymic 
aplasia (DiGeorge syndrome), who have fewer T cells in 
the paracortex than normal. A similar feature is found 
in neonatally thymectomized or congenitally athymic 
(nude’) mice or rats. 


Lymph node section 


Fig. 2.40 The lymph node is surrounded by a connective 
tissue capsule and is organized into three main areas: the 
cortex (C), which isthe B cell area; the paracortex (P), which 
is the T cell area; and the medulla (M), which contains cords 
‘of Iymphoid tissue (T and B cell areas rch in plasma cells and 
macrophages). H&E stain. x 10, (Adapted from Zucker- 
Franklin D, Grossi CE, eds. Atlas of blood cells: function and 
pathology, 3rd edn. Milan: Edi Ermes; 2003) 


Histological structure of the lymph node 


TRE 


Fig, 2.41 Cortex (Q), paracortex (P), and medulla (M) are 
shown. The section has been stained to show the localization 
of T cells. They are most abundant in the paracartex, but a 
few are found in the germinal center (GC) of the secondary 
lymphoid folic, in the cortex, and in the medullary cords 
(MC), (Courtesy of Dr A Stevens and Professor | Lawe) 
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Schematic structure of the lymph node 
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Fig. 2.42 Beneath the collagenous capsule is the subcapsular 
sinus, which i ined by endothelial and phagocytic cells. 
Lymphocytes and antigens from surrounding tissue spaces or 
adjacent nodes pass into the sinus via the afferent lymphatics. 
‘The cortex is mainly a B cell area. B cells are organized into 
primary of, more commonly, secondary follicles that is, with 
a germinal center. The paracortex contains mainly T cells. Each 
Iymph node has its own arterial and venaus supply. 
Lymphocytes enter the node from the circulation through the 
highly specialized high endothelial venules (HEVs) in the 
paracortex. The medulla contains both T and & cells in 
addition to most of the lymph node plasma cells organized 
into cards of lymphoid tissue, Lymphocytes leave the node 
through the efferent lymphatic vessel 


Interdigitating cells in the lymph node paracortex 
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Fig. 2.43 interdigitating dendritic cells (IDC; stained dark 
brown) form contacts with each other and with paracortical T 
cells. (Courtesy of Dr A Stevens and Professor | Lowe) (see also 
Fig. 2.16) 
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Structure of the secondary follicle 


Fig. 2.44 A large germinal center (GC) is surrounded by the 


‘mantle zone (Mn), 


Distribution of B cells in the lymph node cortex 


‘immunoglobulin shows that they are concentrated largely in 
the secondary follicle, germinal centre (GC), mantle zone 
(Mn), and between the capsule and the follicle - the 
subcapsular zone (SC). A few B cells are seen in the paracortex 
(), which contains mainly T cells (see also Fig. 2.41). 


Secondary follicles are made up of a germinal 
center and a mantle zone 

Germinal centers in secondary follicles are seen in 
antigen-stimulated lymph nodes. These are similar to the 
germinal centers seen in the B cell areas of the splenic 
‘white pulp and of MALT. 

Germinal centers are surrounded by a mantle zone of 
lymphocytes (Fig. 2.44). Mantle zone B cells (Fig. 2.45) 
co-express surface IgM, IgD, and CD44. This is taken 
as evidence that they are virgin and actively recirculating 
Bells. 

In most secondary follicles, the thickened mantle zone 
‘or corona is oriented towards the capsule of the node. 
Secondary follicles contain: 

+ FDCs (Fig. 2.46); 


SYSTEMIC LYMPHOID ORGANS INCLUDE THE SPLEEN AND LYMPH NODES 


Follicular dendritic cells in a secondary lymphoid follicle 


Fig. 2.46 This lymph node follicle is stained with enzyme- 
labeled monoclonal antibody to demonstrate follicular 
dendritic cll 


* some macrophages (Fig. 2.47); and 
* afew CD4 T cells. 

All the cells in the secondary follicle together with 
specialized marginal sinus macrophages, appear to play a 
role in generating B cell responses and, in particular, in 
the development of B cell memory. 


In the germinal centers B cells proliferate, are 
selected, and differentiate into memory cells 


plasma cell precursors 


‘The germinal center consists of a dark zone and a light 
© the dark zone is the site where one ora few B cells enter 
the primary lymphoid follicle and undergo active 


Structure and function of the germinal center 


Germinal center macrophages 


Fig. 2.47 Immunostaining for cathepsin D shows several 
‘macrophages localized in the germinal center (GC) of a 
secondary follicle. These macrophages, which phagacytose 
apoptotic B cells, are called tingible body macrophages (TBM). 
(Courtesy of Dr A Stevens and Professor | Lowe) 


proliferation leading to clonal expansion ~ these B cells 
are termed centroblasts and undergo a process of 
somatic hypermutation, which leads to the genera 
tion of cells with a wide range of affinities for antigen; 
+ in the light zone, B cells (centrocytes) encounter the 
antigen on the surface of FDCs (see Fig. 2.14) and only 
those cells with higher affinity for antigen survive. 
Cells with mutated antibody receptors of lower affinity die 
by apoptosis and are phagocytosed by germinal center 
macrophages. 
Selected centrocytes interact with germinal center 
CD4 Tit cells and undergo class switching (ie. 


Germinal 
center 


Fig. 2.48 One or a few B cells (founder 
cell) in the dark zone proliferate actively. 
This proliferation leads to clonal expansion. 
and is accompanied by somatic 


fsomatie 


lection 


hypermutation of the immunoglobulin V 
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region genes. B cells with the same 
specificity, but different affinity, are 
plasma) therefore generated. in the light zone, B 
| cells with disadvantageous mutations or 
with low affinity undergo apoptosis and. 
are phagocytosed by macrophages. Cells 


‘with appropriate affinity encounter the 
antigen on the surface of the follicular 
dendtitic cells (FDCs) and, with the help of 
‘CD4" T cells, undergo class switching, 
leaving the follicle as memory B cells or 
@ | piasma cets precursors. 
memory 
Boll 
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replacement of their originally expressed immunoglobulin 
heavy chain constant region genes by another class ~ for 
instance IgM to IgG or IgA, see Chapter 8). 

‘The selected germinal center B cells differentiate into 
memory B cells or plasma cell precursors and leave the 
germinal center (Fig. 2.48). 


MALT INCLUDES ALL LYMPHOID TISSUES 
ASSOCIATED WITH MUCOSA 

Aggregates of encapsulated and non-encapsulated lym- 
phoid tissue are found especially in the lamina propria and 
submucosal areas of the gastrointestinal, respiratory, and 
genitourinary tracts (see Fig. 2.26). 

‘The tonsils contain a considerable amount of lymphoid 
tissue, often with large secondary follicles and intervening 
‘T cell zones with HEVs. The three main kinds of tonsil 
that constitute Waldeyer's ring are: 

+ palatine tonsil; 

* pharyngeal tonsil (called adenoids when diseased); and 
* lingual tonsil (Fig. 2.49). 

Aggregates of lymphoid tissue are also seen lining the 
bronchi and along the genitourinary tract. 

‘The digestive, respiratory, and genitourinary mucosae 
contain dendritic cells for the uptake, processing, and 
transport of antigens to the draining lymph nodes. 

Lymphoid tissues seen in the lamina propria of the 
gastrointestinal wall often extend into the submucosa and 
are found as either: 

* solitary nodules (Fig. 2.50); or 
* aggregated nodules such as in the appendix (Fig. 


1). 


Follicle-associated epithelium is specialized 
to transport pathogens into the lymphoid 
tissue 

Peyer’s patches are found in the lower ileum. ‘The 
intestinal epithelium overlying Peyer's patches (follicle- 
associated epithelium —FAE) and other mucosa-associated 


Wemee : 
Fig. 2.49 The lingual tonsi, situated in the posterior one-third, 
of the tongue, consists of accumulations of Iymphoid tissue (L) 
‘with large secondary follicles associated with a mucosa that 
forms deep cleft-lke invaginations (arrow). Mucus-containing 
salivary glands (SG) are seen around the tonsil. These are 
common features ofall types of tonsil. (Courtesy of Dr A 
Stevens and Professor | Lowe) 


A solitary lymphoid nodule in the large intestine 


submucosa of the intestinal wall (arow). (Courtesy of Dr A 
Stevens and Professor | Lowe) 


Lymphoid nodules in the human appendix 


Fig. 2.51 (1) Appendix of a 10-year-old child showing large 
lymphoid nodules extending into the submucosa. (2) 
Appendix from a 36-year-old man. Note the dramatic 
reduction of lymphoid tissue, with the virtual disappearance of 
lymphoid folicles. This illustrates the atrophy of lymphoid 
tissues during ageing, which is not limited to the appendix. 
(Courtesy of Dr A Stevens and Professor | Lowe) 


lymphoid aggregates (e.g. the tonsils) is specialized to 
allow the transport of pathogens into the lymphoid tissue. 
‘This particular function is carried out by epithelial cells 
termed ‘M’ cells, which are scattered among other epithe- 
lial cells and so called because they have numerous 
‘microfolds on their luminal surface. 

‘M cells contain deep invaginations in their basolateral 
plasma membrane, which form pockets containing B 
and T lymphocytes, dendritic cells, and macrophages 
(Pig. 2.52). Antigens and microorganisms are transcytosed 
into the pocket and to the organized mucosal lymphoid 
tissue under the epithelium (Fig. 2.53). 

‘Mells are not exclusive to Peyer's patches, but are also 
found in epithelia associated with lymphoid cell accumu- 
lations at ‘antigen sampling” areas in other mucosal sites. 
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Location of M cells 


B and T lymphocytes 


enterocyte 


dendritic call 


Fig. 2.52 The intestinal follice-associated epithelium contains 
Mcells, Note the lymphocytes and occasional macrophages. 
(MQ) in the pocket formed by invagination of the basolateral 
"membrane of the M cell Antigens endocytosed by the M cell 
are passed via this pocket into the subepithelial tissues (not 
shown). 


Mucosal lymphoid tissue 


‘The dome area of Peyer’s patches and the subepithelial 
regions of tonsils harbor B cells that display a phenotype 
and function similar to that seen for the splenic marginal 
zone B cells (see above). 


Q. The major defense at mucosal surfaces is antibody of the 
IgA isotype. What characteristics of this antibody would be 
critical in this respect? 

A. The IgA isotype antibody produced at the mucosal level isa 
specific secretory form that can traverse epithelial membranes 
and helps prevent the entry of infectious microorganisms, 
Resistance ta digestion by enzymes in the gut would also be an 
important feature of secretary IgA in GALT, Transport of IgA 
across mucosal epithelium is described in detail in Chapter 3 
(Gee Fig. 3.11). 


Lamina propria and intraepithelial 

lymphocytes are found in mucosa 

In addition to organized lymphoid tissue forming the 

MALT system, a large number of lymphocytes and plasma 

cells are found in the mucosa of the: 

* stomach; 

‘= small and large intestine; 

‘+ upper and lower respiratory airways; and. 

+ several other organs. 

Lymphocytes are found both in the connective tissue of 

the lamina propria and within the epithelial layer: 

+ lamina propria lymphocytes (LPLs) are predominantly 
activated 'T cells, but numerous activated B cells and 
plasma cells are also detected — these plasma cells 
secrete mainly IgA, which is transported across the 
epithelial cells and released into the lumen; 
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Fig. 2.53 Peyer's patches, as well as tonsils 
and other lymphoid areas of MALT, are 
sites of lymphocyte priming by antigens, 
which are internalized by M cells in the 
follcle-associated epithelium (FAE). The 
“subepithelial region, the dome, is rich in 
[APCS and also contains a subset of B calls 
‘similar to thase found in the splenic 
‘marginal zone. Lymphoid follicles and 


dome area 
brush | fteFVening T-dependent zones ate 
povder | localized under the dome region. 
Lymphocytes primed by antigens in these 


Initiation sites ofthe gut mucosa migrate 
tothe mesenteric lymph nodes and then 
to the efector sites (the intestinal vill, 
where they are found both in the lamina 
propria (LPL) and within the surface 
{amina propsa| epithelium (IELs) 
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Patterns of lymphocyte traffic 


blood lymphocyte 
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efferent 
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Fig. 2.54 The lymphocytes move through 
the circulation and enter the lymph nodes 
and MALT via the specialized endothelial 
cals of the postcapillary venules (ie, high 
endothelial Venules [HEVs). They leave the 
lymph nodes and MALT through the 
efferent lymphatic vessels and pass 
through other nodes, finally entering the 
thoracic duct, which empties into the 
Circulation at the left subclavian vein (in 
hhumans), lymphocytes enter the white 
pulp areas ofthe spleen in the marginal 
‘Zones, pass into the sinusoids ofthe red 
pulp, and leave via the splenic vein. 


* intraepithelial lymphocytes (IELs) are mostly T cells ~ 
the population is different from the LPLs because it 
includes a high proportion of 6 T cells (10-40%) and 
CDE" cells (70%). 

‘Most LPL and IEL T cells belong to the CD45RO subset 

of memory cells. They respond poorly to stimulation with 

antibodies to CD3, but may be triggered via other 
activation pathways (e.g. via CD2 or CD28). 

‘The integrin @E chain HML-1 (CD103) is not present 
on resting circulating T cells, but is expressed following 
phytohemagglutinin (PHA) stimulation. Antibodies to 
CD103 are mitogenic and induce expression of the low- 
affinity IL-2 receptor «chain (CD25) on peripheral blood 
T cells, a& is coupled with a B; chain to form an aF/f- 
heterodimer, which is an integrin expressed by IELs and 
other activated leukocytes, E-cadherin on epithelial cells 
is the ligand for aF/B;. Binding of aF/B, to E-cadherin 
may be important in the homing and retention of aE/B- 
expressing lymphocytes in the intestinal epithelium. 

Ls are known to release cytokines, including IFNy 
and IL-5. One function suggested for IELs is immune 
surveillance against mutated or virus-infected host cells. 


MOST LYMPHOCYTES RECIRCULATE 
AROUND THE BODY 

Once in the secondary tissues the lymphocytes do. not 
simply remain there; many move from one lymphoid 
organ to another via the blood and lymph (Fig. 2.54). 


Lymphocytes leave the blood via high 
endothelial venules 

Although some lymphocytes leave the blood through non- 
specialized venules, the main exit route in mammals is 
through a specialized section of the PCVs known as high 


endothelial venules (HEVs, Figs 2.55 and 2.56). In the 
Iymph nodes these are mainly in the paracortex, with 
fewer in the cortex and none in the med: 

Some lymphocytes, primarily T cells, arrive from the 
drainage area of the node through the afferent lymphatics, 
not via HEVs ~ this is the main route by which antigen 
centers the nodes. 

Besides lymph nodes, HEVs are also found in MALT 
and in the thymus (see Fig. 2.29), 


Lymph node paracortex showing high endothelial 


Fig. 2.55 Lymphocytes lave the culation through HEVs and 
‘enter the node. HEE. x 200, (Courtesy of Dr A Stevens and 
Professor | Lowe) 


MOST LYMPHOCYTES RECIRCULATE AROUND THE BODY 


Electron micrograph showing a high endothelial venule 
(HEV) in the paracortex of a lymph node 


the HEV can be seen close to the basal lamina. The HEV is 
partly surrounded by an adventitial cell (AC). x 1600, 


Q. What types of molecule required for the movement of 
lymphocytes would you expect to be expressed on HEVs? 

A. HEVs express a distinctive set of chemokines that signal 
lymphocytes to migrate into the lymphoid tissue. They also 
hhave a specialized set of adhesion molecules that allaw the cells 
to attach to the endothelial cells, as they migrate. 


HEV are permanent features of secondary lymphoid 
tissues, but can also develop from normal endothelium at 
sites of chronic inflammatory reactions (e.g. in the skin 
and in the synovium). This, in turn, may direct specific T 
cell subsets to the area where HEVs have formed. 

‘The movement of lymphocytes across endothelium 
is controlled by adhesion molecules (see Appendix 2) and 
chemokines (see Appendix 4). For example: 

* the adhesion molecule MadCAM-1 is expressed on 
endothelial cells in intestinal tissues; 

+ VCAM-1 is present on endothelial cells in the lung and 
skin. 

Homing molecules on lymphocytes selectively direct 

lymphocytes to particular organs by interaction with these 

adhesion molecules (see Chapter 6). In the case of the 

intestine, a critical role is played by o;-integrins, which 


mediate adherence of lymphocytes to HEVs of Peyer's 
patches that express MadCAM-i. 


Lymphocyte trafficking exposes antigen to a 
large number of lymphocytes 

Lymphoid cells within lymph nodes return to the 
circulation by way of the efferent lymphatics, which pass 
vvia the thoracic duct into the left subclavian vein. About 
1-2% of the lymphocyte pool recirculates each hour. 
Overall, this process allows a large number of antigen- 
specific’ lymphocytes to come into contact with their 
specific antigen in the microenvironment of the peripheral 


lymphoid organs. 


Q Why is it important that antigen can contact many 
lymphocytes? 

A. Lymphoid cells are monospecific and only a limited number 
af lymphacytes are capable of recognizing any particular anti- 
gen. Lymphocyte recirculation and the movement of an antigen 
and APCs increase the opportunity for lymphocytes to 
encounter their specific antigen soon after infection 


‘Under normal conditions there is continuous Iympho- 
cyte traffic through the lymph nodes, but when antigen 
enters the Iymph nodes of an animal already sensitized to 
that antigen there is a temporary shutdown in the traffic, 
which lasts for approximately 24 hours. Thus, antigen- 
specific lymphocytes are preferentially retained in the 
lymph nodes draining the source of antigen. In particular, 
blast cells do not recirculate but appear to remain in 
one site, 


Antigen stimulation at one mucos: 
elicits an antibody response largely 
restricted to MALT 

One reason for considering MALT as a system distinet 
from the systemic lymphoid organs is that mucosa- 
associated lymphoid cells mainly recirculace within the 
mucosal lymphoid system. Thus, lymphoid cells stimu- 
lated in Peyer's patches pass via regional lymph nodes to 
the blood stream and then ‘home’ back into the intestinal 
lamina propria (Fig. 2.57 and see Fig. 2.53). 

Specific recirculation is made possible because the 
lymphoid cells expressing homing molecules attach to 
adhesion molecules that are specifically expressed on 
endothelial cell adhesion molecules of the mucosal PCVs, 
but are absent from lymph node HEVs (see above). 

‘Thus, antigen stimulation at one mucosal area elicits an 
antibody response largely, but not exclusively, restricted to 
mucosal tissues. 
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Lymphocyte circulation within the mucosal lymphoid system 


antigen 


Fig. 2.57 Lymphoid cells that are 
stimulated by antigen in Peyer's patches 
(or the bronchi or another mucosal site) 
‘migrate via the regional lymph nodes and. 
thoracic duct into the blood stream and 
hhence to the lamina propria (LP) of the 
ut or other mucosal surfaces, which 
‘might be close to or distant from the site 
of priming. Thus lymphocytes stimulated. 
at one mucosal surface may become 
distributed selectively throughout the 
MALT system, This is mediated through 
specific adhesion molecules on the 
lymphocytes and mucosal HEV. 
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Critical thinking: Development of the immune system (see p. 493 for explanations) 


Immunodefciencies can tell us a lot about the way the 
immune syste functions normally. Mice that congenitally 
lack a thymus (and have an associated gene defect that 
produces hairlessness), termed ‘nude mice’, are often used in 
research, 

11 What effect would you expect this defect to have on num- 
bers and types of lymphocytes nthe blood? How would this 
affect the structure ofthe lymph nodes? What etfect would 
this have on the ability ofthe mice to fight infections? 

Occasionally adult patients develop a tumor in the thymus 

(thymoma) and it is necessary to completely remove the 

thymus gland. 

2 What effect would you expect adult thymectomy to have 
‘on the ability of such patients to fight infections? 


With the development of modern techniques in. molecular 

biology, itis possible to produce animals that completely lack 

individual genes. Such animals are called ‘gene knockouts’. 

Sometimes these knockouts can have quite surprising effects 

‘on development, and sometimes only minor effects. Others, 

like the immunodeficiencies, are very informative. Based on 

the information provided in Chapter 2, what effects would you 
expect the following ‘knockouts’ to have on the development 
of leukocytes and/or lymphoid organs? 

3 RAG-17 (RAG-I and RAG-2 genes are involved in the 
recombination processes that generate antigen receptors 
on B and T cells.) 

4 Interleukin-7? 

5 The f-integrin chain? 


Antibodies 


SUMMARY 


‘+ Circulating antibodies (also called immunoglobulins) are 
‘soluble glycoproteins that recognize and bind antigens 
present in serum, tissue fluids or on cell membranes. Their 
purpose isto help eliminate their specific antigens or 
‘microorganisms bearing those antigens. Immunoglobulins 
also function as membrane-bound antigen receptors on B 
cells, and play key roles in B cel differentiation. 


‘+ Allimmunoglobulin isotypes, with the exception of IgD, 
are bifunctional - they bind antigen and exhibit one or 
‘mare effector functions. These biolagical activities are 
localized to sites that are distant from the antigen-binding 
sites, 


+ Immunoglobulins are made up of a unit with four 
polypeptide chains ~ two identical light chains and two 
“identical heavy chains. The N terminal domains of each 
light and heavy chain are highly variable in sequence, are 
referred ta as the variable regions (VL and Vs, respectively), 
and form the antigen-binding sites ofthe antibody. The C 
terminal domains ofthe light and heavy chains together 
form the constant regions (CL and Cx, respectively), which 
determine the effector functions ofthe immunoglobulin. 


+ There are five classes of antibody in mammals — 
9G, 194, 19M, 1gD, and laE. 


‘+ Antigen-binding sites of antibodies are specific for the 
three-dimensional shape (conformation) of their 
target — the antigenic determinant or epitope. 


‘+ Antibody affinity is a measure of the strength of the 
interaction between an antibody combining site and its 
epitope. The avidity (or functional afinity) of an antibody 
depends on its number of binding sites and its ability to 
‘engage multiple epitopes on the antigen - the more: 
‘epitopes it binds, the greater the avidity. 


‘+ Each immunoglobulin isotype (subclass) mediates a 
distinet set of effector functions. In humans there are a 
‘number of different isotypes and these are determined by 
the constant (C) regions of their heavy chains. 


‘+ Receptors for immunoglobulin constant regions (Fe 
receptors) are expressed by mononuclear ces, neutrophils, 
‘natural killer cells, eosinophils, basophils, and mast cells. 
“They interact with the Fe regions of different classes of 
immunoglobulin and promote activities such as 
‘phagocytosis, tumor cell kiling, and mast cell degranulation. 


+ Avast repertoire of antigen-binding sites is achieved 
by random selection and recombination of a limited 
‘number of ¥, D, and J gene segments that encode the 
variable (V) domains. This process is known as VD) 
ecombination and generates the primary antibody repertoire. 


‘+ Repeated rounds of somatic hypermutation and 
selection act on the primary repertoire to generate 
antibodies with higher specificity and affinity for the 
stimulating antigen. Immunoglabulin class switching 
‘combines rearranged VDJ genes with various C region 
‘genes so that the same antigen receptor can serve a variety 
of effector functions. 


IMMUNOGLOBULINS RECOGNIZE AND 
BIND ANTIGENS 
‘The recognition of antigen is the hallmark of the specific 
adaptive immune response. ‘Two distinct types of molecule 
are involved in this process: 
* immunoglobulins (antibodies); and 
* T cell antigen receptors (TCRs). 
Structural and functional diversity are characteristic 
features of these molecules. 

Antibody genes have diversified in different species by 
multiple gene duplications and subsequent divergence. In 
many species, including humans, diversity is further 


amplified by extensive gene recombination and somatic 
mutation during the lifetime of an individual. 


Immunoglobulins function as membrane- 

bound antigen receptors on B cells and 

soluble circulating antibodies 

Immunoglobulins are glycoproteins expressed as: 

‘+ membrane-bound receptors on the surface of B cells; or 

+ soluble molecules (secreted from plasma cells) and 
present in serum and tissue fluids, 

Contact between the B cell receptor and the antigen it 

recognizes results in B cell activation and differentiation 
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Surface and secreted antibodies 


11 The B cell antigen receptor (lft) consists of two 
identical heavy (H) chains and two identical ight (L) chains. In 
addition, secondary components (Iga and tgp) are closely 
associated with the primary receptor and are thought to 
‘couple it to intracellular signaling pathways. Circulating 
antibodies (right) are structurally identical to the primary 8 cell 
antigen receptors except they ack the transmembrane and 
intracytoplasmic sections. Many proteolytic enzymes cleave 
antibody molecules into three fragments ~ two identical Fab 
(antigen binding) fragments and one Fe (crystalizable) 
fragment. 


to generate plasma cells, which secrete large amounts of, 
antibody. 

‘The secreted antibody has the same binding specificity 
as the original B cell receptor (Fig. 3.1). 


Immunoglobulins are a family of 
glycoproteins 

Immunoglobulins are a family of glycoproteins. In 
humans, five distinct classes of immunoglobulin 
molecule are recognized namely IgG, IgA, IgM, IgD, and 
IgE. They differ in 

+ charge; 

+ amino acid sequence; and 

* carbohydrate content. 

‘The IgG class can be subdivided into four subclasses 
(igG1, IgG2, IgG3, IgG4) and the IgA into two subclasses 
(igAl, IgA2). 

‘The classes and subclasses together represent nine 
isotypes — present in all normal individuals. 

Each isotype is defined by the sequence of the constant 
region of its heavy chain. 

Some antigens provoke an antibody response in each of 
the immunoglobulin isotypes, whereas responses to other 
antigens may be relatively restricted (e.g. IgG2 responses 
to carbohydrate antigens). 


Rapid Reference Box 3 


affinity — a measure ofthe binding strength between an 
antigenic determinant (epitope) and an antibody. 
combining site. 

allotype — the protein of an allele that may be detectable as 
‘an antigen by another member of the same species, 

“antibody ~ a molecule produced in response to antigen that 
‘combines specifically with the antigen that induced its 
formation. 

Antigen —a molecule that reacts with antibody and the 
specific receptors on T and B cells. 

avidity —the functional combining strength of an antibody 
‘with its antigen related to both the afity ofthe reaction 
between the epitopes and paratopes, and the valencies of 
the antibody and antigen. 

‘CD markers — cell surface molecules of leukocytes and 
platelets that are distinguishable with monoclonal 
antibodies and may be used to aifferentiate elfferent cell 
Populations (see Appendix 2). 

«cell-mediated immunity (CMI) — aterm for immune reactions 
‘mediated by cell rather than by antibody or other humoral 
factors. 

‘epitope — the part of an antigen that contacts the antigen- 
binding ses ofan antibody or the T cell receptor. 

‘idiotype — a single antigenic determinant on an antibody V 
region. 

‘Immunoglobulins — the serum antibodies, including 1gG, IgM, 
1A, IgE and igD, 

Isotype — refers to genetic Variation within a family of proteins 
‘or peptides such that every member of the species will 
hhave each isotype ofthe family represented in its genome 
(e., immunoglobulin subclasses). 

somatic mutation —a process occurring during B cell 
‘maturation and affecting the antibody gene region that 
permits refinement of antibody specificity. 

ecombination — a process by which genetic information is 
rearranged during meiosis; this process also occurs during 
the somatic rearrangements of DNA that occur in the 
‘formation of genes encoding antibody molecules and T cell 
receptors. 


‘CD markers mentioned in this chapter 

CD16 — Fell (class of Fe receptor for IgG). 

‘€D23 (CD23a and CD23b) ~ Feil (class of Fe receptor for 
198) 

{CD32 FeAl (clas of Fe receptor for IgG). 

CD64 — Fpl (las of Fe receptor for IgG). 


ALL IMMUNOGLOBULIN ISOTYPES 

(EXCEPT IgD) ARE BIFUNCTIONAL 

Each immunoglobulin isotype is bifunctional (except 

serum IgD) ~ that is, they: 

+ recognize and bind antigen; and then 

+ promote the killing and/or removal of the immune 
complex formed through the activation of effector 
mechanisms, 


“ALL IMMUI 


INOGLOBULIN ISOTYPES (EXCEPT IgD) ARE BIFUNCTIONAL 


‘One part of the antibody molecule determines its antigen 
specificity while another determines which effector 
functions will be activated, Effector functions include 
binding of the immunoglobulin to: 

* reeeptrs exprested on. hast theues (eg. phagocyte 

cells); 

the first component (C1q) of the complement system 
to initiate the classical pathway complement cascade 
(Fig. 3.2) 


Immunoglobulin class and subclass depend 

on the structure of the heavy chai 

‘The basic structure of each immunoglobulin molecule is a 

unit consisting of: 

* two light polypeptide chains; and 

* two heavy polypeptide chains. 

‘The amino acid sequences of the two light chains are 

identical; so are the sequences of the two heavy chains. 
Both light and both heavy chains are folded into dis- 

crete domains, and the type of heavy chain determines the 

class and subclass of the antibody: 

= (gM); 

2 HB. and y8 (IgGl, lyG2, 1yG3, IgG); 

+ ail and o2 (IgA, IgA2); 

+ 6 (gD); 

+ e (igh). 

‘There are no subclasses of IgM, IgD, or IgE (Fig. 3.3). 


Different immunoglobulin classes and 
subclasses activate different effector systems 
‘The human IgG subclasses (IgGI-IgG4), which are are 
present in serum in the approximate proportions of 66, 23, 
7, and 4%, respectively, appear to have arisen after the 
divergence of evolutionary lines leading to humans and 
the mouse. Consequently there is no direct structural or 
functional correlation between the four human and mouse 
IgG subclasses, despite their similar nomenclature. 


Antibodies act as adapter molecules for immune effector 


‘The relative proportions of IgA and IgA2 vary 
between serum and external secretion, where IgA is 
present in a secretory form (see Fig. 3.3). 


Q. What advantage might there be in having such a variety 
of different antibody classes? 

‘A. Each class and subclass of antibody can act as an adapter for 
diferent types of immune effector system. Because different types 
af effector system are appropriate for dealing with each pathogen, 
the immune system can adjust the type of response that is gen- 
erated according to the type of antibodies that are produced. 


IgG is the predominant immunoglobulin in normal 
human serum 

IgG accounts for 70-75% of the total serum immuno- 
globulin pool and consists of a monomeric four-chain 
molecule of mass 146-170 kDa. 


IgM accounts for about 10% of the serum 
immunoglobulin poo! 

IgM accounts for approximately 10% of the serum 
immunoglobulin pool. It is a pentamer of a basic four- 
chain structure with a mass of ~970 kDa, formation of 
which is aided by the i 


‘A transmembrane monomeric form (mlgM) is present 
as. an antigen-specific receptor on mature B cells 


IgA is the predominant immunoglobulin in 
Seromucous secretions 

IgA accounts for approximately 15-20% of the serum 
immunoglobulin pool. In humans over 80% of serum IgA 
isa monomer of the four-chain unit, but in most mammals 
serum IgA is predominantly polymeric, occurring mostly 
asa dimer. 
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7 Fig. 3.2 Antibodies act as adapter 
| 4 antigen | molecules for dtferent immune effector 
| systems, linking antigens to receptor 
molecules (Clq and FcR) of the immune 
system. (1) Immune complexes can 
activate the complement classical pathway. 
{@) Antibodies bound to the surface of 
pathogens opsonize them for 
Phagocytosis (3) Antibodies bound to 
cells can promote their recognition and 
king by NK cells, (Similarly recognition of 
some parasitic worms by eosinophils, 
‘mediated by antibodies, targets them for 
kiting.) (4) Antibody bound to Fe 
receptors sensitizes cells so that they can 
recognize antigen, and the cell becomes 
activated if antigen binds to the surface 
antibody. 


FoR, 


sensitization 
tivation 


3__ANTIBODIES 


Physicochemical properties of human immunoglobulin classes 


Fig, 3.3 Each immunoglobulin clas has a 
characteristic type of heavy chain, Thus 

IgG posesses y chains; IgM, 1 chains; QA, 
a chains; IgD, chains; and IgE, e chains. 
‘Variation in heavy chain structure within & 


class gives rise to immunoglobulin, 
subclasses. For example, the human IgG 


pool consists of four subclasses reflecting 
‘our distinct types of heavy chain. The 
properties of the immunoglobulins vary 


70 


188 | between the different classes. In secretions, 


IgA occurs in a dimeric form (sigA) in 
association with a protein chain termed 


the secretory component. The serum 
Concentration of sIgA is very low, whereas 


pelea 4 45 MBO 
ion 
e028 2a 28 ee 2 


ere 


the level in intestinal secretions can be very 


TH 914 2 | high, 


IgA is the predominant immunoglobulin in sero- 
mucous secretions such as saliva, colostrum, milk, and 
tracheobronchial and genitourinary secretions. 

Secretory IgA (sIgA) is comprised of a dimeric form of 
the basic unit together with the J chain and a secretory 
component, and has a total mass of ~385 kDa. 


migD is an antigen-specific receptor on mature 
B cells 

IgD accounts for less than 1% of the serum immuno- 
globulin pool. 

‘A transmembrane monomeric form (mlgD) is present 
as an antigen-specific receptor on mature B cells, (B cells 
may have both mlgM and mlgD as their receptor, though 
on any one B cell these receptors will have the same 
antigen specificity.) 


Basophils and mast cells are continuously 
saturated with IgE 

Serum IgE levels are very low (< 0.05 pg/ml) relative to 
the other immunoglobulin isotypes, However, basophils 
and mast cells express an IgE-specific receptor of very 
high affinity with the result that they are continuously 
saturated with IgE. 

IgE is a monomeric immunoglobulin of -188 kDa. 


IMMUNOGLOBULINS ARE MADE UP OF 
FOUR POLYPEPTIDE CHAIN UNITS 
‘The basic four-chain structure of immunoglobulin 
molecules is illustrated by IgGl (Fig. 3.4). This four-chain 
structure of antibody molecules was first demonstrated for 
rabbit IgG. 

‘The light chains (251kDa) are bound to the heavy 
chains (55 kDa) by interchain disulfide bridges and 
multiple non-covalent interactions, 


‘The heavy chains are similarly bound to each other by 
interchain disulfide bridges and multiple non-covalent 
interactions. 

Each segment of approximately 110 amino acids is 
folded to form a compact domain, which is stabilized 
through a covalent intrachain disulfide bond. ‘Thus: 

* the light chain has an intrachain disulfide bond in each 

of the Vi. and C1. domains (Fig. 3.5 and see Fig. 3.4); 

‘+ there is one intrachain disulfide bond in each domain of 
the heavy chain, 

Each disulfide bond encloses a peptide loop of 60-70 

amino acid residues. 

‘The amino acid sequence of immunoglobulin domains 
eshibits significant homology and this is reflected in a 
common conformational motif, referred to as the 
immunoglobulin fold. This characteristic fold defines 
the immunoglobulin superfamily members. 


'Q. What conditions are required to dissociate the heavy and 
light chains in an immunoglobulin molecule? 

A. Because the heavy and light chains are linked by disulfide 
bonds, it is necessary to reduce these first before dissociating 
the chains under conditions of low pH. 


Vi and Vii form antigen-binding sites and Ct 
and Cx determine effector functions 
‘The light chains of mast vertebrates have been shown to 
cexist in two structurally distinct forms: 
+ kappa (x); and 
+ lambda (4). 
‘These are isotypes, being present in all individuals. 
Genetic variants (known as allotypes) of the x chains 
exist in different individuals (see p. 79). 
Either light chain type may combine with any of the 
heavy chain types, but in any individual immunoglobulin 


THE FIVE CLASSES OF ANTIBODY IN MAMMALS ARE 19G, IgA, IgM, 1gD, AND IgE 


‘The basic structure of IgG1 


Basic folding in the light chain 
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(480 residues) 
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Fig. 3.4 The N terminal end of lgGI is characterized by 
‘sequence variability (V) in both the heavy and light chains, 
referred to as the Vi and Vi regions, respectively. The rest of 
the molecule has a relatively constant (C) structure. The 
constant portion of the light chain is termed the Cx region. 
‘The constant portion of the heavy chain is further divided into 
three structurally discrete regions: Cul, Cx2, and C43. These 
lobular regions, which are stabilized by intrachain disulfide 
bonds, are referred to as ‘domains. The sites at which the 
antibody binds antigen are located inthe variable domains. 
‘The hinge region is a segment of heavy chain between the 
Cx1 and CH2 domains. Flexibility inthis area permits the two 
antigen-binding sites to operate independently. There is clase 
pairing of the domains except in the Cx2 region (see Fig. 3.8). 
Carbohydrate moieties are attached to the CA2 domains. 


molecule both light chains and heavy chains are of the 
same type. 

Amino sequence analysis of monoclonal mouse and 
human light chains has revealed two structurally distinct 
ithe sequence ofthe -110 N terminal residues was seen 

to be unique for each protein analysed 
© the C terminal sequence (-110 residues) was constant 

for a given isotype (i or A) and allotype. 

‘Thus, the light chain variable (Vi) and constant (Ct) 
regions were defined and these regions correspond to the 
domains (see Fig. 3.5). 

Similarly, the ~110 N terminal residues of heavy chains 
were seen to be unique for each protein analyzed whereas 
the remaining constant domains were characteristic for 
each immunoglobulin isotype. 

‘The constant domains of the heavy chains are generally 
designated as Gril, C2, C13, and C114, or according to 
the isotype of the constant domains. 


Hypervariable regions form the 
antigen-combining site 

Within the variable regions of both heavy and light chains, 
some polypeptide segments show exceptional variability 


Ntweminus 


Fig. 3.5 The immunoglobulin domains in the light chain share 
a basic folding pattern with several straight segments of 
polypeptide chain lying parallel to the long axis of the 
‘domain. Light chains have two domains — one constant and 
fone variable. Within each domain, the polypeptide chain is 
arranged in two layers, running in oppasite directions, with 
‘many hydrophobic amino acid side chains between the layers. 
(One of the layers has four segments (arrowed white), the 
ther has three (arrowed black); both are linked by a single 
disulfide bond (red). Folding of the Vi domains causes the 
hypervariable regions (see Fig, 3.6) to become exposed in 
‘three separate, but closely disposed, loops. One numbered 
residue from each hypervariable region is identified. 


and are termed hypervariable regions. ‘These segments 
are located around amino acid positions 30, 50, and 95 
(Fig. 3.6) and are referred to as Hv, Hy2, and Hv3 or 
Lvl, Lv2, and Lv3, respectively. 

‘X-ray crystallographic studies show that the hyper- 
variable regions are intimately involved in antigen binding 
and hence in creating an interaction site that is com- 
plementary in shape, charge, and hydrophobicity to the 
epitope it binds. Consequently the hypervariable regions 
are also termed the complementarity determining regions 
(CDRI, CDR2, and CDR3). 

‘The intervening peptide segments are called frame- 
work regions (FRs) and determine the fold that ensures 
the CDRs are in proximity to each other (see Fig. 3.6). 


THE FIVE CLASSES OF ANTIBODY IN 
MAMMALS ARE IgG, IgA, IgM, IgD, 
AND IgE 
The overall structure of an antibody depends 
on its class and subclass 
X-ray crystallography has provided structural data on 
complete IgG. molecules providing computer-generated 
a-carbon backbone and van der Waals surface models for 
this class of immunoglobulin (Fig. 3.7). Mobility around 
the hinge region allows for the generation of the Y- and T- 
shaped structures visualized by electron microscopy. 

In IgG, there is extensive pairing between Vii/V1. and 
Ci1/C1. domains through extensive non-covalent inter- 
actions to form the IgG Fab region. 


Patent Application Publi 


tion Feb. 23, 2006 Sheet 6 of 14 US 2006/0038081 AL 


Figure 6 
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‘Amino acid variability in the variable regions of 
immunoglobulins 


light chains 
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Fig. 3.6 Variability is calculated by comparing the sequences 
of many individual chains and, for any position, is equal to the 
ratio of the number of diferent amino acids found at that 
position, to the frequency of the most common amino acid 
‘The areas of greatest variability, of which there are three in the 
‘Vi domain, are termed the hypervariable regions. The areas 
shaded pink denate regions of hypervariabllty (CDR), and the 
‘most hypervariable positions are shaded red. The four 
Framework regions (FR) are shown in yellow, (Courtesy of 
Professor EA Kabat) 


Similarly, the C13 domains of the IgG Fe are paired. 
The Cx12 domains are not paired, but bear an N-linked 
complex oligosaccharide moiety that is integral to the 
conformation of the IgG Fe. 
Despite the structural similarities between V and C 
domains, there are significant differences in the manner in 
which they pair. 


Each IgG subclass has a unique hinge region 
Each of the four human IgG subclasses exhibits a unique 
profile of biological activities, despite the fact that there is 
over 95%; sequence identity hetween their Fe regions. 
The structures of the hinge regions are particularly 
distinet (Fig. 3.8) and contribute to the relative mobilities 
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Model of an IgG molecule 


Fig. 3.7 A model of an IgG molecule showing the polypeptide 
backbones of the four chains asa ribbon. Heavy chains are 
shown in dark blue and dark green, The antigen-binding sites 
are at the tips of the arms of the Y-shaped molecule and are 
formed by domains from both the heavy and light chain. The 
extended, unfolded hinge region les atthe center of the 
‘molecule, Carbohydrate units are shown as ball and stick 
structures, cavalenty linked to the Fc region, 


of the IgG Fab and IgG Fe moieties within the intact 
molecule and, presumably, the structural form of immune 
complexes. 

The heavy chains bear N-linked oligosaccharid 
although the oligosaccharide accounts for only 


and 


of 
the mass of IgG molecules iis crucial to the expression of 
effector functions, 


Assembled IgM molecules have a ‘star’ 
conformation 
IgM is present in human serum as a pentamer of the basic 
four-chain unit (see Fig. 3.8). Each heavy chain is com: 
prised of a Vit and four Cit domains. 

The subunits of the pentamer are linked by covalent 
disulfide bonds between adjacent Cx12 and C13 domains, 


and the C terminal 18-residue peptide sequence, referred 
toas the ‘tailpiece 

Assembly of the pentamer is further facilitated by 
incorporation of the J (joining) polypeptide chain. J chain 
is synthesized within plasma ce kDa 
and folds to form an immunoglobulin domain. It has four 
oligosaccharide moieties that account for approximately 


Is, has a mass of ~1 


12% of the mass. 

In electron micrographs the assembled IgM molecule is 
seen to have a ‘star’ conformation with a densely packed 
central region and radiating arms (Fig. 3.9). Electron 
micrographs of IgM antibodies binding to poliovirus show 
molecules adopting a ‘staple’ or ‘crab-like’ configuration, 
(see Fig. 3.9), which suggests that flexion readily occurs, 


THE FIVE CLASSES OF ANTIBODY IN MAMMALS ARE 19G, IgA, IgM, 1gD, AND IgE 


Structural characteristics of various human immunoglobulins 
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Fig. 3.8 Carbohydrate side chains are shown in 
blue, Inter heavy (H) chain disuifide bonds are 
“shown in red, but interchain bonds between H and 
L chains are omitted. (1) A model of lgGI indicating 
the globular domains of H and L chains. Note the 
apposition of the Cx3 domains and the separation 
‘of the Ch2 domains. The carbohyctrate units lie 
between the Cr2 domains. (2) Polypeptide chain 
structure of human IgG3. Note the elongated hinge 
region. (3) IgM H chains have five domains with 
disulfide bonds crosslinking adjacent Cr3 and Cu 
‘domains. The possible location ofthe J chain is 


‘shown. IgM does not have extended hinge regions, 
but flexion can occur about the Cx2 domains. (4) 
The secretory component of slgA is probably wound. 
around the dimer and attached by two disulfide 
bonds to the Cx2 domain of one IgA monomer. The 
| chain is requited to join the two subunits. (5) This 
diagram of lgD shows the domain structure and a 
‘characteristically large number of oligosaccharide 
tunits, Note also the presence of a hinge region and 
‘hort octapeptide tallpieces. (6) IE can be cleaved 
by enzymes to give the fragments F(ab’, Fe, and 
Fe’. Note the absence of a hinge region. 
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between the Cri2 and C13 domains, though this region is 
not structurally homologous to the IgG hinge. Distortion 
of this region, known as dislocation, results in the ‘staple’ 
configuration of IgM required to activate complement. 


sIgA is composed of IgA, J chain, and a secretory 
component 
IgA is present in serum as a monomer of the basic four- 
chain structure. Each heavy chain is comprised of a Vit 
and three Cit domains. 
‘The IgA1 and IgA2 subclasses differ substantially in the 
structure of their hinge regions: 
* the hinge of IgAl is extended and bears O-linked 
oligosaccharides; 
+ the hinge of of IgA2 is truncated. 
Both heavy chains bear N-linked oligosaccharides. 
IgA is the predominant antibody isotype in external 
secretions and exists as a complex secretary form. IgA is 


Electron micrographs of IgM molecules 


Fig. 3.9 (1) In free solution, deer IgM adopts the 
characteristic star-shaped configuration. x195 000. (Courtesy 
(of Drs E Holm Nielson, P Storgaard, and Professor $-E Svehag) 
(2) Rabbit IgM antibody (arraw) in “crabsike’ configuration 
‘with partly visible central ring structure bound to a poliovirus 
virion, x 190 000. (Courtesy of Dr B Chesebro and Professor 
S-E Svehag) 


Electron micrographs of human dimeric IgA molecules 


apes LOM RESCUE Voge abenance anyon LIE 
‘monomeric subunits ate linked end to end through the C 
‘terminal Ca domain. »250 000. (Courtesy of Professor S-E 
Svehag) 


secreted by plasma cells as a dimer in which a heavy chain 
‘tailpiece’ is disulfide linked to a J chain (see Fig. 3.8). 

Electron micrographs of IgA dimers show double ¥- 
shaped structures, suggesting that the monomeric 
subunits are linked end-to-end through the C terminal 
CoB regions (Fig. 3.10). 

‘The dimeric form of IgA binds a poly-Ig receptor 
(Fig. 3.11) expressed on the basolateral surface of 
epithelial cells. The complex is internalized, transported 
to the apical surface, and released as the secretory form 
of IgA (slgA), which has a mass of ~385 kDa and is 
comprised of: 

+ two units of IgA; 
J chain; and 
#3 secretory component (mass 70kDa) (see Figs 3.8 

and 3.11). 

Secretory component results from enzymatic cleavage of 
the IgA-poly-Ig receptor complex. slgA is relatively 
resistant to cleavage by enzymes in the gut. 


The heavy chain of IgD bears three N-linked 
oligosaccharides 

Serum IgD accounts for less than 1% of the total serum 
immunoglobulin. Each heavy chain is comprised of a Vit 
domain and three Crt domains with an extended hinge 


‘Transport of IgA across the mucosal epithelium 
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Fig. 3.11 IgA dimers secreted into the intestinal lamina 
propria by plasma cells bind to poly-ig receptors on the 
Internal (basolateral) surface of the epithelial cells. The 
SIgA-receptor complex is then endocytased and transported 
across the cell while stil bound to the membrane af transport 
vesicles. These vesicles fuse with the plasma membrane at the 
luminal surface, releasing IgA dimers with bound secretory 
component derived from cleavage of the receptor. The dimeric 
IgA is protected from proteolytic enzymes in the lumen by the 
presence of this secretory component. 


ANTIGEN-BINDING SITES OF ANTIBODIES ARE SPECIFIC FOR THE THREE-DIMENSIONAL SHAPE OF THEIR TARGET 


region that is susceptible to proteolysis, at least on 
purification. 

The heavy chain bears three N-linked oligosaccharides 
and the hin; 


charides (see 


gion bears multiple O-linked oligosae 
Fig. 3.8). 


The heavy chain of IgE bears six N-linked 
oligosaccharides 
It is estimated that serum IgE. accounts for approximately 
50% of total body IgE, with the rest being bound to mast 
cells and basophils through their high-affinity IgE. Fee 
receptor (FceRI) 

Each heavy chain is comprised of a Vit and four Cit 
domains and bears six N-linked oligosaccharides (see 
Fig. 3.8) 


Immunoglobulins are prototypes of the 
immunoglobulin superfamily 
The type of domain referred to as the immunoglobulin 
fold was first identified in antibodies. However, it also 
occurs in many other molecules that may or may not have 
an overt immune function. Examples include: 
* the adhesion molecules ICAM-1 and VCAM-1 (see 
Chapter 6); 
* the TCR (see Chapter 5); 
+ MHC molecules (see Chapter 5); 
* cellular receptors for antibodies. 
Such molecules are said to belong to the immunoglob- 
ulin supergene family (IgSF). 
The principal elements of the domain are two opposed 
B-pleated sheets, with stabilization by 
disulfide bonds between the f-pleated sheets. This struc 
ture is sometimes referred to as a barrel 
The immunoglobulin domain structure developed early 
in evolution and has been used and adapted in different 
molecules as vertebrates have radiated and diverged. 


ANTIGEN-BINDING SITES OF ANTIBODIES 
ARE SPECIFIC FOR THE THREE- 
DIMENSIONAL SHAPE OF THEIR TARGET 
Conformations of target antigen and 
receptor-binding site are complementary 
Protein molecules are not rigid structures, but exist in a 
dynamic equilibrium between structures that differ in their 
ability to form a primary interaction with specific ligands. 

Following a primary interaction, each ‘partner’ may 
influence the final conformation within the comples. 
This concept approximates to the ‘induced fit” model of 
protein-protein interactions. 

An examination of the interaction between the Fab 
fragment of the mouse D1.3 monoclonal antibody and 
hen egg white lysozyme (HEL) reveals the complemen- 
of the epitope and the antibody’s combining 
site, These surfaces extend beyond the hypervariable 


tary surfae 


regions. In total, 17 amino acid residues on the antibody 
contact 16 residues on the lysozyme molecule (Fig. 3.12) 
All hypervariable regions in both the heavy and light 
chains contribute to the antibody-binding site, though the 
third hypervariable region in the heavy chain lying at the 
center of the combining site appears to be most important. 


The Fab-lysozyme complex 


Fig. 3.12 (1) Lysozyme (green) binds to the hypervariable 
regions of the heavy (blue) and light (yellow) chains of the 
Fab fragment of antibody D1.3. (2) The separated complex 
with Glu121 visible (red). This residue fits into the center of 
the cleft between the heavy and light chains. (3) The same 
‘molecules rotated 90° to show the contact residues that 
contribute to the antigen-antibody bond. (Reprinted with 
permission fram Poljak Rl Science 1986;233:747-753, Copyright 
1986 AAAS and reprinted with permission from Garcia KC 

et al, Science 1996;274:209-219. Copyright 1996 AAAS) 


The binding site of this D1.3 monoclonal antibody 
may be regarded as ‘classical’ 

lysozyme~ antibody complexes have been solved and show 
differing involvement of hypervariable and framework 
residues 


The structures of other 
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‘These studies are essential when engineering antibody 
molecules (eg. when ‘humanizing’ an antibody to gen- 
erate an antibody therapeutic, see Method Box 3.1). 


ANTIBODY AFFINITY IS A MEASURE OF 
THE STRENGTH OF INTERACTION 
BETWEEN AN ANTIBODY-COMBINING SITE 
AND ITS EPITOPE 
X-ray crystallographic studies of antibody Fab fragments 
show that the hypervariable regions are clustered at the 
end of the Fab arms to Form a unique surface topography 
that is complementary to structures on the antigen, 
‘This complementary surface is called a paratope (corre- 
sponding to the antigenic determinant known as an 
epitope). 

Proximal framework residues sometimes contribute to 
antigen binding, but their main role is to maintain the 
immunoglobulin fold and the integrity of the binding site 


Antibodies form multiple non-covalent 
bonds with antigen 

‘The antigen-antibody interaction results from the for- 
mation of multiple non-covalent bonds. ‘These attractive 
forces consist of: 

* hydrogen bonds; 

+ electrostatic bonds; 

+ van der Waals forces; and 

* hydrophobic forces. 

Each bond is relatively weak in comparison with covalent 
bonds, but together they can generate a high-affinity 
interaction. 

‘The strength of a non-covalent bond is critically 
dependent on the distance (d) between the interacting 
groups, being proportional to 1/d for electrostatic forces, 
and to 1/d’ for van der Waals forces. 

‘Thus interacting groups must be in quite intimate 
contact before these attractive forees come into play. 

For a paratope to combine with its epitope (see 
Fig. 3.12) the interacting sites must be complementary in 
shape, charge distribution, and hydrophobicity, and in 
terms of donor and acceptor groups capable of forming 
hydrogen bonds. 

Close proximity of two protein surfaces can also 
generate repulsive forces (proportional to 1/d”) if electron 
clouds overlap. 

In combination, the attractive and repulsive forces have 
a vital role in determining the specificity of the antibody 
molecule and its ability to discriminate between struc~ 
turally similar molecules. 

‘The great specificity of the antigen-antibody inter- 
action is exploited in a number of widely used assays 
(Method Box 3.2) 


All antigen-antibody interactions are 
reversible 

‘The strength of the interaction between an antigen and an 
antibody is loosely referred to as affinity. It is the sum of 
the attractive and repulsive forces resulting from binding 
between the binding site of a monovalent Fab fragment 
and its epitope, (Note that true affinity is a thermo- 


dynamic parameter and its determination is much more 
demanding, though not discussed here.) 

"The interaction between an antigen and an antibody 
will be reversible, so at equilibrium the Law of Mass 
Action can be applied and an equilibrium constant, K (the 
association constant), can be determined (Fig. 3.13). 


Avidity is likely to be more relevant than 
affinity 
Because each antibody unit of four polypeptide chains 
has two antigen-binding sites, antibodies are potentially 
‘multivalent in their reaction with antigen. 

Inaddition, antigen can be: 
+ monovalent (e.g. small chemical groups, haptens); or 
+ multivalent (e.g. microorganisms). 
‘The strength with which a multivalent antibody binds 
4 multivalent antigen is termed avidity to differentiate 
it from the affinity, which is determined for a univalent 
antibody fragment binding to a single antigenic 
determinant. 

‘The avidity of an antibody for its antigen is dependent 
‘on the affinities of the individual antigen-combining sites 
for the epitopes on the antigen. Avidity will be greater 
than the sum of these affinities if both antibody-binding 
sites bind to the antigen because all antigen-antibody 
bonds would have to be broken simultaneously for the 
complex to dissociate (Fig. 3.14). 

In physiological situations, avidity is likely to be more 
relevant than affinity because antibodies are minimally 
divalent and most naturally occurring antigens are 
multivalent. 

In practice we determine the association constant at 
equilibrium when the rate of formation of complex (ka) 
is equal to the spontaneous rate of dissociation (kd). 
‘The association or equilibrium constant is defined as 
K=ha/kd, 

It has been suggested that B cell selection and 
stimulation during a maturing antibody response depend 
upon selection for the ability of antibodies to bind to 
antigens both: 

* rapidly (kinetic selection); and 
* tightly (thermodynamic selection). 


Cross-reactive antibodies recognize more 
than one antigen 

Antigen-antibody reactions can show a high level of 
specificity, but can also be cross-reactive, hinding to a 
structurally related but different antigen. 

‘The monoclonal antibodies to hen egg lysozyme 
(HEL) may therefore also bind the structurally homo- 
logous duck egg lysozyme (DEL), though the D13 
antibody illustrated in Fig. 3.12 does not bind DEL (due 
toa single amino acid substitution within the epitope). 

A polyclonal antiserum to HEL will contain popula- 
tions of antibodies specific for HEL and others that cross- 
react with DEL (Fig. 3.15). 


Antibodies recognize the conformation of 
antigenic determinants 

Antibodies are capable of expressing remarkable speci- 
ficity and are able to distinguish small differences in the 
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Recombinant antibodies for human therapy 


Recombinant antibody therapeutics ((MAbs) are likely to become 
the largest family of disease-moditying drugs available to clini 
cians. Their efficacy result from specificity for the target antigen 
and biological activites (effector functions) activated by the 
immune complexes formed. Currently, 14 *MAbs are licensed 
and hundreds are in clinical trials or under development. Initial 
trials administered mouse monoclonal antibodies specific for 
human targets and provided ‘proof af principle’. 


Q, What problems could you envisage with the use of mouse 
antibodies to treat diseases in humans? 

A. The antibodies might not interact appropriately with human 
Fe receptors. In the longer term an individual might mount an 
immune response against the non-self mouse antibodies, 


However, individuals mounted immune responses against the 
non-self mause antibodies and the development of these human 
anti-mouse antibady responses (HAMAs) meant that repeated 
dosing, which was required for chronic diseases, was nat possible 

In response, scientists then produced: 
chimeric antibodies, in which the mouse V domains were 

linked to human antibedy C domains; 

‘© more recently, fully humanized antibodies. 

This development of humanized antibodies has successively 
‘moderated, but not eliminated, such responses and sometimes 
human anti-human antibody (HAHA) responses are encountered, 

Although such therapeutic antibodies are termed ‘human’, 
they are derived in a manner (phage display or Ig transgenic 
mice) that generates specificities that would ordinarily be 
eliminated by an individual's immune system because they are 
directed against self. 

The success of antibodies such as infliximab (anti-TNF) and 
rituximab (anti-CD20) has resulted in demands for their produc 
tion in metric tonnes. The biopharmaceutical industry has met 
the challenge with the construction of new mammalian cell 
culture facilities (10 000-20 O00-Iter capacities) to produce 
FMAbs; however, productivity, cost, and potency remain to be 
optimizes. 

All antibody therapeutics that are currently licensed have 
been produced by mammalian cell culture using Chinese 
hamster avaty (CHO) cells ar the mouse NSO ar Sp2/0 plasma 
cell lines; other systems under development and evaluation 
include transgenic animals, fungi, and plants 

The efficacy of an antibody therapeutic i critically dependent 
fn appropriate post-translatianal moadifications (PTMs) and each 
production system offers a different challenge because PTMs 
‘show species, tsue, and site specificity, Essential PTMs are rele- 
vant not only to potency, but also to the potential immuno- 
genicty of the product, 

Further improvement of the potency af MAbs depends on 
optimizing the ‘downstream’ biological effector functions acti- 
vated in vivo by the immune complexes formed. This offers a 
considerable challenge due to the difficulty of monitoring events, 

‘A number of genetically modified animal models are under 
development that might mimic human biology, for example 


Production of Fy antibodies by phage 
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Fig. 1 Artificial antibodies such as Fy fragments, consisting of 
a hybrid of antibody VH and VL regions, can be generated by 
phage display, Antibody Vii and Vi genes ate first amplified 
from B cell mRNA by the polymerase chain reaction. The 
{genes ate joined tagether with a spacer to give a gene for an 
Fv fragment, Bacteria are then transfected with the gene in a 
phagemid vector containing a leader sequence, a fragment 
fof the gene expressing phage coat protein 3, and an M13 
Crigin of replication, and then infected with M13 phage. The 
phages replicate and express the Fv on thei tips. Phages 
displaying the right specificity are isolated by panning an 
antigen-coated plates, and amplified. The antigen-specific 
phage can be used to infect strains of bacteria that allow the 
secretion of the Fv protein into the culture medium. 


transgenic and knockout mice that produce human antibodies 
and express human cellular IgG Fe receptors (Fei). 

‘At present we extrapolate from effector functions activated in 
vitro to presumed activity in vivo, for example complement- 
dependent cytotoxicity (CDC), antibedy-dependent cellular 
cytotexicty (ADCO), and the induction of apoptasis. 

Inecent years invita studies have unequivocally established 
that essential effector functions are dependent an appropriate 
glycosylation of the antibody molecule, 

‘Glycosylation has therefore been a focus of attention for the 
biopharmaceutical industry for the past several years because 
regulatory authorities require that a consistent human-type 
glycosylation is achieved for ¢MAbs, irrespective of the system in 
which they are produced, 
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METHOD BOX 3.2 
Assays for antibodies and antigens 


Immunoassays use labeled reagents for detecting citer 
antibodies or antigens. They are very sensitive and economical in 
the use of reagents. 

Solid-phase assays for antibodies using detection reagents 
labeled with radioisotopes (radioimmunoassay, RIA) or with 


Immunoassay for antibody 
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tube, and small quantities become absorbed anto the plastic 
surface. (2) Free antigen is washed away. (The plate may then 
be blocked with excess of an irrelevant protein to prevent any 
“subsequent non-specific binding of proteins.) (3) Test 
antibody is added, which binds to the antigen. (4) Unbound 
proteins are washed away. (5) The antibody Is detected by a 
labeled ligand. The ligand may be a molecule such as 
staphylococcal protein A that binds to the Fe region of IgG — 
mote often its another antibody specific for the test antibody. 
By using a ligand that binds to particular classes or subclasses 
Of test antibody itis possible to distinguish isotypes. (6) 
Unbound ligand is washed away. (7) The label bound fo the 
plate is measured. A typical titration curve is shown in the 
‘graph. With increasing amounts of test antibody the signal 
rises from a background level through a linear range to a 
plateau, Antibody titers can only be detected correctly within 
the linear range. Typically the plateau binding is 20-100 times 
the background. The sensitivity of the technique is usually 
about 1-50 ng/ml of specific antibody. Specificity of the assay 
‘may be checked by adding Increasing concentrations of free 
test antigen to the test antibody at step 3; this binds to the 
antibody and blocks it from binding to the antigen on the 
plate. Addition of increasing amounts of free antigen reduces 
the signal 


enzymes (enzyme-linked immunasorbent assay, ELISA) are prob- 
ably the mast widely used of all immunolagical assays, because 
large numbers can be performed in a relatively short time. 

‘Similar assays using fluorescent ar chemiluminescent reagents 
to detect the bound antibody are alsa in common use, 


Enzyme-linked immunosorbent assay (ELISA) 


enzyme 
portion 


Fig, 2 The ELISA plate is prepared in the same way as the 
immunoassay up to step 4. In this system, the ligand is a 
‘molecule that can detect the antibody and is covalently 
coupled to an enzyme such as peroxidase. This binds the test 
antibody, and after free ligand is washed away (6) the bound 
ligand is visualized by the addition of chromogen (7) a 
colorless substrate that is acted on by the enzyme portion of 
the ligand to produce a colored end-product. A developed 
plate (8) is shown inthe lower panel. The amount of test 
antibody is measured by assessing the amount of colored end- 
product by optical density scanning of the plate, 
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METHOD BOX 3.2 
Assays for antibodies and antigens 
(Continued) 


Related assays are used to detect and quantitate antigens. Two 
examples ate the competition immunoassay and the two-site 
capture immunoassay. 


Assay of antigen 
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Fig. 3 (1) Competitive assay. The test antigen is placed 
together with labeled antigen onto a plate coated with 
specific antibody. The more test antigen present, the les 
labeled standard antigen binds, This type of assay is often 
used to measure antigens at relatively high concentrations, or 
hormones that have only a single site available for 
Jcombination with antibody. (2) Two-site capture assay. The 
assay plate is coated with specific antibody, the test solution 
then applied, and any antigen present captured by the 
bound antibody. After washing away unbound material, the 
lcaptured antigen is detected using a labeled antibody against 
Janother epitope on the antigen. Because the antigen is 
|detected by two different antibodies, the second in excess, 
Jsuch assays are both highly specific and sensitive. 


Calculation of antibody affinity 


‘equilibrium constant or affinity, K, 
is given by 


TAT 


Fig. 3.13 All antigen-antibody reactions are reversible. The 
Law of Mass Action can therefore be applied, and the 
antibody affinity (given by the equilibrium constant, K) can be 
calculated. (Square brackets refer to the concentrations of the 
reactants) 


Affinity and avidity 
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Fig, 3.14 Multivalent binding between antibody and antigen 
(avidity oF functional affinity) results in a considerable increase 
in stably as measured by the equlbrium constant, 
‘compared with simple monovalent binding (affinity or intrinsic 
affinity, ere arbitrary assigned a value of 10* mol). This is 
Sometimes referred to asthe "bonus effect’ of multvalenc. 
‘Thus there may be a 10™fold increase in the binding energy 
of IgG when both valencies (combining sites) are used and a 
10"-fold increase when IgM binds antigen in a multivalent 


Specificity, cross-reactivity, and non-reactivity 


immunizing antigen | epitope shared | no shared epitope 


Fig. 3.15 Antiserum specificity results from the action of a 
population of individual antibody molecules (ant-X, anti, 
anti-Z) directed against aifferent epitopes (X, ¥, Z) on the 
same or different antigen molecules. Antigen A (AgA) and 
antigen B (AgB) have epitope Y in common. Antiserum raised 
against AgA (anti-XYZ) not only reacts specifically with AgA, 
bbut cross-reacts with AgB (through recognition of epitopes ¥ 
and X?. The antiserum gives no reaction with AgC because 
there are no shared epitopes. 
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shape and chemical properties (e.g. charge, hydropho- 
bicity) of epitopes. Small changes in the epitope, such as 
the position of a single chemical group, can therefore 
abolish binding (Fig. 3.16). 

‘One consequence of this specificity is that many 
antibodies bind only to native antigens or to fragments of 
antigens that retain sufficient tertiary structure to permit 
the multiple interactions required for bond formation 


ig. 3.17). 


Q. Consider an antibody that recognizes an antigen on the 
outer envelope of a virus, If the antigen mutated, what 
would be the effect on its ability to bind antibody? 

A. It depends on the nature of the mutation. Only mutations 
that affect the structure of the epitope could aftect binding, 
However, if the mutation caused a radical change in the epitope 
structure (e.g. charge change or the insertion af a bulky amino 
acid residue), then the ability to bind might be lost or the 
affinity of binding drastically reduced, 


Q. What effect would it have on the virus if a mutation of the 
epitope prevented it from being recognized by the antibody? 
A. Viruses that mutate to avoid recognition by antibody will be 
at a selective advantage because they will not be destroyed by 
the immune system or prevented fram attaching to host cells 
Many viruses, including influenza and HIV, mutate their surface 
‘molecules and so evade recagnition by antibodies. 


Analysis of antibodies to protein antigens reveals that 

specificity may be for epitopes: 

* consisting ofa single contiguous stretch of amino acids 
(a continuous epitope); 

* dependent on the native conformation of the antigen 
and formed from two or more stretches of sequence 
that are separated in the primary structure (discon- 
tinuous or conformational epitopes). 


Q. How might these differing characteristics of antigen be 
relevant when producing antibodies for immunological 
assays? 

A. Antibodies specific for discontinuous epitapes may not bind 
denatured antigen, for example an immunablats (Method Box 
3.3), whereas antibodies to continuous epitopes bind denatured 
antigen more often. 


EACH ISOTYPE (SUBCLASS) MEDIATES A 
DISTINCT SET OF EFFECTOR FUNCTIONS 
Antibodies are bifunctional because they must both: 
+ form complexes with antigens to limit their spread; 
* elicit host responses to facilitate antigen removal and 
destruction, 
‘The nature of the constant region determines the effector 
function of the antibody and the various host responses 
elicited, such as complement-mediated lysis or phago- 
cytosis. 
In antibody-antigen complexes the antibody molecules 
are essentially aggregated such that the multiple Fe 
regions are able to engage and activate ligands or 
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_aminobenzene sulfonate (the immunizing hapten) is mixed 
with ortho and para isomers of aminobenzene sulfonate, and 
also with the three isomers (ortho, meta, para) of two 
different, but related, antigens: aminobenzene arsonate and 
-aminobenizene carboxylate. The antiserum reacts specifically 
‘with the sulfonate group in the meta position, but will cross- 
react (although mare Weakly) with sulfonate in the ortho 
position. Further, weaker cross-reactions are possible when the 
antiserum is reacted with either the arsonate group or the 
‘carboxylate group in the meta, but not in the ortho or para, 
position. Arsonate is larger than sulfonate and has an extra 
hydrogen atom, while carboxylate isthe smallest of the three 
‘groups. These data suggest that an antigens configuration is 
_as Important as the individual chemical groupings that it 
‘contains. 


Configurational specificity 
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Fig. 3.17 The lysozyme molecule possesses an intrachain 
band (red), which produces a loop in the peptide chain. 
Antisera raised against whole lysozyme (anti-\ysozyme) and the 
isolated loop (anti~loop’ peptide) are able to distinguish 
between the two. Neither antiserum reacts with the isolated 
loop in its linear reduced form, This demonstrates the 
importance of tertiary structure in determining antibody 
specificity. 


EACH ISOTYPE (SUBCLASS) MEDIATES A DISTINCT SET OF EFFECTOR FUNCTIONS 


METHOD BOX 3.3 
Assays to characterize antigens 


‘The techniques of immunoprecipitation and immunoblotting 
(also known as western blotting) are both used to character- 
‘ze antigens, giving information on their molecular mass 
and heterogeneity, and some limited information on their 
abundance. 

These techniques may be useful for comparing the abun- 
dance of antigens, but are less well suited to the quantitation 


‘of antigens than the immunoassays described in Method 
Box 3.2. 

Immunoblotting is a simple technique, but only antibodies 
that can recognize continuous epitopes can be used to detect 
the denatured antigens on the blots 

Immunoprecipitation is more often used where only 
antibodies that recognize undenatured antigens are available. 
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Fig. 1 In immunobiotting, antigen 
samples are frst separated in an 
analytical gel (e.g. an SDS. 
polyacrylamide gel or an isoelectric 
focusing gel). The resolved molecules 
are transferred electrophoretically to a 
nitrocellulose membrane in a blotting 
tank. The blot is then treated with, 
antibody to the specific antigen and 
washed, and a radiolabeled conjugate 
to detect antibodies is bound to the 
blot. The principle is similar to that of a 
radioimmunoassay (RIA, see Method 
Box 3.2) or enzyme-inked 
immunosorbent assay (ELISA, see 
Method Box 3.2). After washing again, 
the blot is placed in contact with X-ray. 
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film in a cassette, The autoradiograph is 
‘developed and the antigen bands that 
] || | have bound the antibody are visible. 
This immunoblotting technique can be 
‘modified for use with a 
‘chemiluminescent label or an enzyme- 
‘coupled conjugate (as in ELISA), where 


antigen bands 
1 visualized 


‘autoradiography | the bound material can be detected by 


‘treatment with a chromogen, which 


‘deposits an insoluble reagent directly 
‘onto the blot. 


receptors (e.g. FeyR and C1q) (Fig. 3.18). Antibody is said 
to opsonize the antigen (bacterium, virus), making it a 
more attractive target for phagocytic cells. 


IgM is the predominant antibody in the 
primary immune response 

IgM is the first antibody formed in the primary immune 
response and is largely confined to the intravascular pool. 
vis frequently associated with the immune response to 
antigenically complex, blood-borne infectious organisms. 

Once bound to its target, IgM is a potent activator of 
the classical pathway of complement. 

Although the pentameric IgM antibody molecule con- 
sists of five Few regions, it does not activate the classical 
pathway of complement in its uncomplexed form, 
‘However, when bound to an antigen with repeating iden- 


tical epitopes, it forms a ‘staple’ structure (see Fig. 3.9), 
undergoing a conformational change referred to as 
dislocation, and the multiple Feu presented in this form 
are able to initiate the classical complement cascade, 


IgG is the predominant antibody of 

secondary immune responses 

IgG equilibrates between the intravascular and extravascu- 

lar pools, so providing comprehensive systemic protection. 
‘The four IgG subclasses are highly homologous in 

structure, but each has a unique profile of effector func~ 

tions; thus, in activating the classical pathway of com- 

plement, complexes formed with: 

* IgGl and IgG3 antibodies are efficient; 

‘IgG? antibodies are less effective; 

‘+ IgG4 antibodies are reported to be inactive. 
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METHOD BOX 3.3 
Assays to characterize antigens 
(Continued) 
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Fig. 2 in immunoprecipitation the antigens being tested are 
labeled with "1, and antibody is added that binds only to its 
Specific antigen. The complexes ae precipitated by the 
addition of co-precipitating agents, such as anti- 
immunoglobulin antibodies or staphylococcal protein A. The 
insoluble complexes are spun down and washed to remove 
any unbound labeled antigens. The precipitate is then 
‘esolubilized (eg in SDS), and the components are 
‘separated on analytical ges. After running, the fixed gels are 
autoradiographed, to show the poston ofthe specific 
labeled antigen. Frequently the antigens are derived from 
the surface of radiolabeled cells, which are solubiized with 
detergents before the immunopreciptation. I is also possible 
to label the antigens with biotin, and detect them atthe end 
chvomatographically using streptavidin (binds biotin) 
‘coupled to an enzyme such as peroxidase (see ELISA 
technique in Method Box 3.2). 


‘The IgG subclasses also interact with a complex array of 
cellular Fe receptors (FcyR) expressed on various cell types 
(see Fig. 3.18 and below). 

In humans, the newborn infant is not immunologically 
competent and the fetus must be protected by passive IgG 
antibody selectively transported across the placenta 
(Fig. 3.19). Transport is mediated by the neonatal Fe 
receptor (FeRn) ~ all IgG subclasses are transported. IgG 
subclasses are the only isotypes that are transported across 
the placenta, but the cord/maternal blood ratios differ, 


being approximately 1.2 for IgG1 and approximately 0.8 
for IgG. 


@. How do you interpret these ratios with respect to IgG 
transport across the placenta? 

A. IgGI is transported more efficiently than IgGA. Also, because 
the ratio for IgGI is >1, the antibady is moving up a cancen. 
tration gradient; therefore it must be active transport. 


In some species (e.g. the pig), maternal immunoglob- 
ulin is transferred to the offspring in the postnatal period 
through selective transport of IgG across the gastro- 
intestinal tract via a homologous FcRn receptor. 


IgA is characteristic of a secondary immune 
response 

Serum IgA is characteristic ofa secondary immune response. 
Immune complexes of IgA opsonize antigens and activate 
phagocytosis through cellular Fe receptors (FcaR). 

A predominant role for IgA antibody is in its secretory 
form, affording protection of the respiratory, gastro- 
intestinal, and reproductive tracts 

‘The IgA1 subclass predominates in: 

‘+ human serum (approximately 90% of total IgA); and 
* secretions such as nasal mucus, tears, saliva, and milk 

(70-95% of total IgA), 

In the colon, IgA? predominates (approximately 60% of 
the total IgA), Many microorganisms that can infect the 
“upper respiratory and gastrointestinal tracts have adapted 
to their environment by releasing proteases that cleave 
IgAI within the extended hinge region, whereas the short, 
hinge region of IgA? is not vulnerable to these enzymes. 


IgD 
B cells 
IgD has no known effector functions as a serum protein. It 
functions as a transmembrane antigen receptor on mature 
B lymphocytes. 


a transmembrane antigen receptor on 


IgE may have evolved to protect against 

helminth parasites 

Despite its low serum concentration, the IgE. class: 

* is characterized by its ability’ to bind avidly to 
circulating basophils and tissue mast cells through the 
high-affinity FceRI receptor (see below); 

+ sensitizes cells on mucosal surfaces such as the 
conjunctival, nasal, and bronchial mucosae. 

IgE may have evolved to provide immunity against 

helminth parasites, but in developed countries it is now 

more commonly associated with allergic diseases such as 
asthma and hay fever, 


Fc RECEPTORS ARE EXPRESSED BY 
MONONUCLEAR CELLS, NEUTROPHILS, NK 
CELLS, EOSINOPHILS, BASOPHILS, AND 
MAST CELLS 

Antibodies sometimes protect just by binding to a 
pathogen, so preventing the pathogen from attaching to 
cells of the body and infecting them. More often, the 
biological and protective functions of antibodies are 


Fe RECEPTORS ARE EXPRESSED BY GRANULOCYTES, MONONUCLEAR CELLS, AND MAST CELLS 


Biological properties of human immunoglobulins 
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Fig. 3.18 The biological functions of different antibody classes and subclasses depend on which receptors they bind to and the 


cellular distribution of those receptors, 


mediated by acting as adapters that bind via their Fe 
region to Fe receptors on different cell types. 


The three classes of Fe 
FeyRI, FeyRIl, and FcyRIl 
Three classes of cell surface receptor for IgG (FeyR) are 
defined in humans: 


ceptor for IgG are 


Each receptor is characterized by a glycoprotein chain 
that binds to antibody and has extracellular domains 
homologous with immunoglobulin domains (Fig. 3.20) 
thatis, they belong to the immunoglobulin superfamily, as 
do receptors for IgA (Fea) and IgE (FeeRD). 


FeyRs are expressed constitutively on a variety of cell 
types and may be upregulated or induced by environ- 
mental factors (e.g. cytokines) 

Biological activation results from cross-linking of the 
Fe/R and consequent aggregation of immunoreceptor 
tyrosine-based activation (ITAM) or immunoreceptor 
tyrosine-based inhibitory (ITIM) motifs in the 
cytoplasmic sequences. 

Phosphorylation of the ITAM motif triggers activities 
such as 
‘+ phagocytosis; 

* antibody-dependent cell-mediated cytotoxicity 

(ADCC 
‘+ mediator release; and 
‘+ enhancement of antigen presentation. 
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Immunoglobulins in the serum of the fetus and. 
newborn child 


Fig. 3.19 IgG in the fetus and newborn infant is derived solely. 
{from the mother. This maternal IgG has disappeared by the 
_age of 9 months, by which time the infantis synthesizing its 
‘Wn IgG. The neonate produces its own IgM and IgA; these 
classes cannot cross the placenta. By the age of 12 months, 
the infant produces 80% of its adult level of lgG, 7596 ofits 
adult IgM level, and 20% of its adult IgA level. 
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Fig. 3.20 Receptors for Fey in humans belong to the 
‘immunoglobulin superfamily, and have either two or three 
‘extracellular immunoglobulin domains. Motifs (TAM, ITIM) on 
the intracellular segments or on associated polypeptides are 
targets for tyrosine kinases involved in initiating intracellular 
signaling pathways. 


In contrast, phosphorylation of ITIM blocks cellular 
activation. 


FeyRI is involved in phagocytosis of immune 
‘es and mediator release 
FeyRI (CD64; 72 kDa) binds: 
* monomeric IgG1 and IgG3_ with high affinity 
(108-10? mol); and 
+ [gG+ with lower affinity (107-10* Viol). 
Ichasa more restricted cellular distribution than the other 
FeyRs, but is expressed on all cells of the mononuclear 
phagocyte lineage, and is involved in the phagocytosis of 
immune complexes, mediator release, etc. 
‘The a chain contains three immunoglobulin domains 
in the extracellular portion and is associated with a y chain 
that bears an [TAM motif in its cytoplasmic part. 


FeyRIl is expressed as FeyRila and FcyRUlb 
FeyRIL (CD32; 40 kDa) is expressed as structurally and 
functionally distinet FeyRIla and FeyRIb forms with wide 
but differing cellular distribution. 

‘The ot chains have: 
* low affinity (<10° Vmol) for monomeric IgG1 and 


+ bind complexed (multivalent, aggregated) IgG with 
high avidity. 

‘The FeyRIla molecule: 

+ binds IgG! and IgG3 only; and 

+ expresses an ITAM motif within its cytoplasmic tail. 

Te may also be associated with a chain and cross-linking 

results in cellular activation. 

Polymorphism in the FeyRIIA gene results in the 
presence of histidine or arginine at position 131 in the 
extracellular domains ~ the His! allotype binds and is 
activated by immune complexes of IgG2. 

‘The FeyRUIb molecule: 

+ expresses an [TIM motif within its cytoplasmic tail; and 
+ when cross-linked, blocks cellular activation, partic 
ularly on B cells (sce Fig. 11.5). 


FeyRII is expressed as FeyRilla and FeyRIIb 
FeqRIMT (CD16, 50-80 kDa) is expressed as seructually 
and functionally distinct FeyRIMla and FeyRIIIb, which 
are extensively glycosylated and have differing cellular 
distributions. 

FeyRIlla is a transmembrane protein (like FeyRI, 
FeyRlla, and FeyRUIb), whereas FeyRIIIb is GPI (glycosyl 
phosphatidyl inositol) anchored (see Fig. 3.20). 

"The ot chains of FeyRITla: 

+ have a moderate affinity for monomeric IgG (approx 
imately 3 x 10’ Vmol); and 
+ may be associated with y/& and/or B chains bearing 

TTAM motifs. 

FeyRIlla is expressed on monocytes, macrophages, NK 
cells, and some T cells. 

‘The FeyRIMIb form: 

+ is selectively expressed on neutrophils; and 

+ has.a low affinity for monomeric IgG (<10" Vmol). 

Tt appears that engagement of FeyRIIIb can result in 
transmembrane signaling through its association with 
other membrane proteins bearing signaling motifs. 


Fc RECEPTORS ARE EXPRESSED BY GRANULOCYTES, MONONUCLEAR CELLS, AND MAST CELLS 


POLYMORPHISM IN THE FeyRIIIA AND FeyRIlIB GENES: 
Fe)RIIIB-NAT AND FeyRIlIB-NA2 FORMS ~ Polymorphism 
in the FepRIIA gene results in the presence of 
phenylalanine (Phe) or valine (Val) at position 158 in the 
extracellular domains; the Val'* allotype is associated with 
more efficient NK cell activity. 

Polymorphism in the FeyRIIB gene results in multiple 
amino acid sequence differences, which affect the extent of 
glycosylation, 

‘The consequent FeyRIIIb-NAI and FeyRIIIb-NA2 
forms are reported to differ in functional activity. 


Q. What factors determine whether a particular IgG subclass 
will have a particular biological function (e.g. the ability to 
opsonize a bacterium for phagocytosis by a macrophage)? 
‘A. The distribution of Fe receptors between different effector 
cells, the ability of each subclass of antibody to bind to these Fe 
receptors, and the affinity of binding, 


IgG Fe interaction sites for several ligands have 
been identified 

Application of site-directed mutagenesis, X-ray erystallo- 
graphy and nuclear magnetic resonance spectroscopy has 
allowed elucidation of the molecular topography of IgG 
Fe interaction sites for several ligands that bind over- 
lapping non-identical sites at the C112/C13 interface, for 
example: 

* staphylococcal protein A; 

* streptococcal protein G; 

+ FeRn; and 

* a monoclonal rheumatoid factor Fab fragment. 

‘The interactions between maternal IgG and the MHC 
class I molecule-like FeRn expressed on the intestinal 
epithelium of the neonatal rat have now been studied at 
high resolution (Fig. 3.21) and are believed to mimic 
closely the binding of the human placental counterpart, 
hFeRn, with maternal IgG. Titration of IgG histidine 
residues in the binding site for FeRn may explain its: 

+ pH sensitivity; 

* binding at pH 6.5 (the pH within vacuoles); and 

* dissociating at pH 7.4 (the pH of blood). 

Given the symmetry of the Fe region, the fragments used 
in the experiments above are functionally divalent and 
may form multimeric complexes. 

If monomeric IgG were divalent for FeyR and Clq, 
however, it would not function properly because circu- 
lating monomeric IgG could form activating multimers. 
‘The interaction sites for these ligands (e.g. FeyR and Clq) 
have been ‘mapped’ to the C2 domain next to the hinge. 

‘The crystal structure of an IgG Fe/FeyRII complex 
reveals an asymmetric interaction site embracing the 
Cr2 domains of both heavy chains, thereby ensuring 
monovalency. 

Site-directed mutagenesis indicates that common 
amino acid residues engage each of FeyRI, FeyRII, and 
FeyRII, but care should be taken in extrapolating from 
isotype to isotype and from species to species. 

For example, Glu318, Lys320, and Lys322 of the C112 
domain is widely quoted as the interaction motif for 
Clq activation, but this result was obtained for mouse 


Neonatal rat intestinal Fe receptor FRn 


Fig. 3.21 Principal interactions between neonatal rat intestinal 
Fen and the Fc of maternal IgG (derived from milk) are 
illustrated by ribbon diagrams of FeRn (domains «tl, «2, a3, 
and fim are shown in red, light green, purple, and gray, 
respectively) and of Fe (C2 and C43 domains are shown in 
blue and yellow). The main contact residues of the FeRn (11 
domain, 90; 02, 113-119 and 131-135; Bm, 1-4 and 86) are 
depicted as space-filing structures. (Reproduced from Ravetch 
1V, Margulies DH. New tricks for old molecules. Nature 
1994;372:323-324) 


IgG2b with guinea pig complement. This finding does not 
apply to the activation of human complement by human 
IgGI ~ even though human IgGl expresses the same 
Glu-x-Lys-x-Lys motif. 

IgM-antigen complexes are very efficient activators 
of the classical complement system, but the mechanism 
by which IgM binds Clq appears different from that of 
IgG. The conformational change from a ‘star’ to a ‘staple’ 
conformation upon binding to multivalent antigen is 
thought to unveil a ring of occult Clq-binding sites 
that are not accessible in the star-shaped configuration 
(see Fig. 3.9). 


Glycosylation is important for receptor binding 
to IgG 

Nilnkad pysoeyhaion of the lx Cy? downs eaental 
for the binding and activation of FeyRI, FeyRI1, FeyRII, 
and Cg. The oligosaccharide is of a complex type, 
generating multiple glycoforms, and forms multiple non- 
covalent interactions with the polypeptide such that it 
appears to be sequestered within the protein structure 
and so inaccessible for direct interactions with the FcyRI, 
FeyRI, FeyRIM, and Clq ligands. 

Fidelity of glycosylation has become an important issue 
in the production of monoclonal antibodies for therapy 
because glycosylation is a species~ and tissue-specific post- 
translational modification (see Method Box 3.1). 

Chinese hamster ovary (CHO) cells and mouse 
myeloma cells can produce appropriately glycosylated 
human IgG heavy chains, though the range of glycoforms 
is restricted. Recent studies have shown that the glyco- 
forms thus produced do not express optimal effector 
functions (such as killing of tumor cells by ADCC; see 


3__ANTIBODIES 


Chapter 10). These production cell lines, and other 
possible production platforms, are being engineered to 
produce optimal human glycoforms by transfecting in 
human glycosyltransferases and ‘knocking-out’ non- 
human glycosyltransferases. 


The two classes of Fc receptor for IgE are 
FceRI and FeeRII 
“Two classes of Fe receptor for IgE. (FeeR) are defined in 
humans Fig 3.22}: 
the high-affinity FeeRI (45 kDa), which is expressed 
fon mast cells and basophils and is the ‘classical’ IgE. 
receptor; and 
* the low-affinity FeeRIT (CD23; 45 kDa), which is 
expressed on leukocytes and lymphocytes. 
‘The 0: chain of FeeRI is a glycoprotein and has two extra- 
cellular domains homologous to immunoglobulin domains; 
itis therefore a member of the immunoglobulin superfamily. 
‘The low-affinity FceRII is not a member of the 
immunoglobulin superfamily, but has substantial. struc~ 
tural homology with several animal C-type lectins (e.g. 
mannose-binding lectin [MBL]. 


Cross-linking of IgE bound to FeeRI results in 
histamine release 

‘The high-affinity receptor (FeeRI) is present on the 
surface of mast cells and basophils as a complex with a 
3 kDa) and two y (99 kDa) chains to form the apy, 
receptor unit (see Fig. 3.22). 

FceRI hinds IgE with an affinity of approximately 
10" /mol such that, although the serum concentration of 
IgE is very low, the receptors are permanently saturated. 
Cross-linking of the IgE. bound to these receptors results 


‘Models for FceRI and FeeRIt 


Jeatin 
domain 


Fig. 3.22. Models forthe high-afinity Igf receptor (FeeR), 
‘which binds to ig via itso chain, and the low-affinity 
receptor (Fee), which binds using its lectin domains. Both 
receptors are shown with Igf bound. 


in the activation and release of histamine and other 
vasoactive and inflammatory mediators. 


FceRI is a type 2 transmembrane molecule 

FeeRII is the low-affinity (CD23) receptor and isa type 2 

‘transmembrane molecule (ie. one in which the C termini 

of the polypeptides are extracellular, see Fig. 3.22). The 

‘two forms of human CD23 are: 

+ CD23a, which is expressed in antigen-activated B cells, 
and influences IgE. production; and 

+ CD23b, expression of which is induced in a wide range 
of cells by IL-4. 

CD23a and CD23b differ by six or seven amino acids in 

their cytoplasmic N termini and contain different 

signaling motifs that modify their functions. 


IgE receptors bind to IgE by different mechanisms 
Decades of research and controversy surround the 
identification of the interaction site on IgE for the high- 
affinity FeeRI receptor. 

Recent erystal structures of a Ce2Ce3Ce4 fragment and 
(Ce3Cet-FeeRI complex seem to have resolved the issue, 
and there is a striking structural homology between this 
site and the site on IgG Fe that binds FeyRIII. 

‘One distinctive feature is that, unlike IgG binding to 
FeyRIIL, binding of IgE to its receptor does not appear to 
depend on glycosylation of the immunoglobulin. 

‘These studies should be interpreted with caution 
because the antibody fragments were not produced in 
‘mammalian cells, 

Possible models for the interaction of IgE with the 
FeeRI and FceRI receptors are illustrated in Fig. 3.22. 
‘The low-affinity IgE Fe receptor, FceRII (CD23), is a C- 
type lectin and is therefore sensitive to glycosylation status. 


A VAST REPERTOIRE OF ANTIGEN- 
BINDING SITES IS ACHIEVED BY RANDOM. 
RECOMBINATION 

How can a finite genome provide the information 
required for the vast repertoire of antibody molecules that 
an individual can synthesize? ‘This question posed an 
intellectual and practical challenge for decades. 

Ehrlich’s side-chain hypothesis, put forward at the 
beginning of the 20th century (Fig. 3.23), proposed 
antigen-induced selection. His model is close to our 
present view of clonal selection, except that he placed 
receptors of several different specificities on the same cell 
and did not address the question of how the diverse 
receptors were generated. 

Several decades later, Dreyer and Bennett realized that 
the existence of a constant region and a variable region 
implied that the antibody protein was encoded by at 
least two different genes, contrary to a central dogma of 
‘molecular biology (‘one gene, one protein’). 

Shortly thereafter, ‘Tonegawa performed the decisive 
experiments that proved the Dreyer and Bennett hypoth- 
esis and showed that somatic recombination events were 
able to take a limited amount of genetic material and 
create almost innumerable permutations, encoding a vast 
antigen receptor repertoire 


‘A VAST REPERTOIRE OF ANTIGEN-BINDING SITES IS ACHIEVED BY RANDOM RECOMBINATION 


Ehrlich’s side-chain theory 


Fig. 3.23 Ehrlich proposed that the combination of antigen 
‘with a preformed B cell receptor (now known to be antibody) 
‘triggered the cell to produce and secrete more of those 
receptors. Although the diagram indicates that he thought a 
single cell could produce antibodies to bind more than ane 
‘ype of antigen, its evident that he anticipated both the 
‘clonal selection theory and the idea that the immune system 
could generate receptors before contact with antigen. 


@ Given that one human can produce more heavy chains 
and more light chains than there are genes in the entire 
human genome, what mechanism(s) could lead to the pres- 
ence of the great diversity of immunoglobulin genes seen in 
different B cells, each encoding a specific antibody? 
‘A. The antibody genes could be produced by splicing together, 
different gene segments, with a different combination of 
segments used in different B cells, 

‘Another mechanism could involve mutation of the original 
gene(s) with different mutations occurring in different B cells. In 
fact, bath of these mechanisms take place in human B cell 


Recently, however, it has been shown that functional 
heavy (H chain) antibodies devoid of light chains account 
for about half of the circulating immunoglobulins in the 
Camelidae family. This suggests new possibilities for using 
just Vit domains as therapeutics. 


Immunoglobulins show isotypic, allotypic, 
and idiotypic variation 

Originally the immunoglobulin isotypes were defined 
serologically by the antigenic uniqueness of their con- 
stituent polypeptide chains, using antisera raised predor 
nantly in rabbits. Allotypes were recognized using human 
sera from individuals that lacked the allotype. 

Idiotypy (variation related to the specific structure of 
individual immunoglobulin domains and the antigen- 
binding site) was revealed with antisera raised to 
monoclonal IgG immunoglobulins isolated from the sera 
of patients with a B cell tumor. When adsorbed with 
polyclonal IgG, such an antiserum produced a reagent 
specific for the immunizing protein (the idiotype). 

In the modern era, we identify the human immuno- 
globulin isotypes as products of defined immunoglobulin 
genes encoding the constant regions of heavy and light 
chains, and the allotypes as polymorphic variants of these 
Fhe idforype of an antibody molecule results from 
antigenic uniqueness reflecting the structural uniqueness 
of the Vit and Vi. regions (Fig. 3.24), 


Isotypes are the products of genes within the 
genome of all healthy members of a species 

‘The human immunoglobulin heavy chain isotypes are 
encoded by p, 8 78, 71, al, 12, 14, 02, and e genes on 
chromosome 14. The single x and multiple 2 isotypes are 
encoded by Cx and CA genes on chromosomes 2 and 22, 
respectively. 


Variability of immunoglobulin structure 


‘The two mechanisms occurring within individual B 
cells ~ gene segment recombination and gene mutation ~ 
described above, are termed somatic recombination and 
somatic mutation to distinguish them from the related 
processes that occur in germ cells. 

In addition to somatic recombination and somatic 
mutation, which produce diverse heavy and light chains, 
the pairing of a unique Vi. domain with a unique Vst 
domain to generate an antigen-binding site also generates 
diversity and became an established paradigm. 


Fig, 3.24 All immunoglobulins have the basic fourchain 
structure. There ae thre types of immunoglobulin variability. 
(1) Isotypic variation is present in the germline ofall members 
‘of a species, producing the heavy (6,7 & a) and light 
‘chains igs, #) and the V region frameworks (subgroups). 

(2) Alotypic variation is intraspecies allelic variability. 

(3) Idiotypic variation refers tothe diversity atthe antigen- 
binding site (paratope) and in particular relates to the 
hypervariable segments. 


3__ANTIBODIES 


Allotypes result from genetic variation at a locus 

within the species 

Immunoglobulin allotypes refer to proteins that are 

the product of polymorphic immunoglobulin genes (i.e 

the result of genetic variation at a given locus within the 

species). The WHO-adopted nomenclature ~ for example 

G3m(g) — requires: 

* definition of the heavy chain class; 

* followed by the subclass; 

+ an m (indicating ‘marker’); and 

+ the designated number or letter in brackets. 

‘The sequence correlates have been determined, For exam- 

ple Gim(f) and Gtm(z) allotypes are characterized by the 

presence of, respectively, an arginine or lysine residue at 

position 214 in the C111 or Cyl domain of the heavy chains. 
In humans allotypes are encountered within: 

+ IgGs 

+ TgA; and 

+ «light chains, 

Because all heavy chain genes are encoded within the 

same locus, they are inherited as a complex or haplotype. 

Studies of immunoglobulin haplotypes help in the 

identification of different population groups of humans, 


Idiotypes result from antigenic uniqueness 
‘The structural uniqueness of antibody variable regions can 
be reflected in antigenic uniqueness recognized by 
antisera raised in a heterologous species (e.g. rabbit). 

However, in addition to antigenic uniqueness, cross- 
reactivity may be observed for two V regions that are 
highly homologous. The terms private and public (or 
cross-reactive and recurrent) idiotypes are used to 
describe this property. Idiotypes: 

* may be specific for individual B cell or plasma cell 
clones (private idiotypes); 
* are sometimes shared hetween different B cell clones 

(public, cross-reacting, or recurrent idiotypes). 
Each therapeutic antibody is structurally unique and has 
the potential to provoke an immune response in recip- 
ients. This is a current concern for this very promising 
class of drugs. 

‘Monoclonal antibodies have heen developed as 
successful therapeutics, but their unique specificity is 
reflected in unique structure (idiotype) such that they 
are potentially immunogenic. In practice a variable pro- 
portion of patients produce anti-idiotypic antibodies, 
depending on the patient's genetic background, the 
disease treated, the dosing regimen, etc. 


HEAVY CHAIN GENE RECOMBINATION 
PRECEDES LIGHT CHAIN RECOMBINATION 
‘The revealed organization of mammalian genomes invali- 
dated the earlier dogma of ‘one gene, one polypeptide 
sequence’ and replaced it with ‘genes in pieces’ as coding 
(exons) and non-coding (introns) DNA sequences were 
identified. Generally: 
* an open reading frame is transcribed to nuclear RNA; 
* the introns are ‘spliced’ out of nuclear RNA to yield a 
continuous messenger RNA (mRNA); 
* protein is translated from continuous mRNA. 


Germline DNA encoding immunoglobulin. polypeptide 

chains shows a further level of complexity: Information for 

the variable domains is present in two or three libraries of 
gene segments termed V, D, and J gene segments that 
recombine at the level of the DNA. These gene segments 
are widely separated from exons encoding the constant 

"Recnaihnati ween te VT, anlf gee spies 
generates a continuous sequence encoding the V domain. 

However, in the initial nuclear RNA transcript the infor~ 

‘mation for the V and C domains is still widely separated. 
‘The DNA encoding the leader to the end of the C 

_gene, including introns, is transcribed into heterogeneous 

nuclear RNA (hnRNA). 

‘The hnRNA is processed with the ‘splicing out’ of 
introns to yield the mRNA encoding the polypeptide V 
and C domains within a continuous RNA sequence that is 
‘translated into protein. 

‘The primary antibody repertoire is: 

+ present in the B cell population and expressed as 
membrane-bound IgM and IgD acting as antigen 
receptors; 

+. geneened thiough recombination \of geri’ gene 
segments, with selection to eliminate B cells producing 
anti-self antibodies. 


Immunoglobulin genes unde: 
rearrangement during B cell development 
Immunoglobulin gene rearrangement is initiated at the 
heavy chain locus, Ifa ‘productive’ rearrangement occurs 
(ie. generating a functional product), then rearrangement 
at the ¥ locus is initiated: 
© if the x rearrangement is productive, the assembled 
antibody is expressed as a membrane receptor; 
+ if recombination at the x locus is not productive, 
rearrangement at the A locus proceeds. 
A number of pseudogenes (non-functional genes with 
high homology to the heavy chain genes) and orphan 
genes (putative genes with no known homology to known, 
functional genes) have been identified as related to 
functional heavy and light chain genes. 

‘A number of genes present within the Vit, Vk, and Vi. 
loci donot have ‘open reading frames’ and cannot be 
transcribed. They do not, therefore, contribute to the 
generation of antibody diversity. 

Psendogenes account for a large part of what is 
known as ‘junk DNA’ in eukaryotic genomes, and are 
thought to be derived by mutations in functional ancestral 
genes. 


Rearrangement at the heavy chain Vi locus 
precedes rearrangement at light chain loci 
‘The germline human heavy chain locus, on chromosome 
14 (Fig. 3.25), contains a library of 38 to 46 functional Vit 
xgene segments that encode the N terminal 95 residues of 
the Vit region. 

‘The C terminal residues of the Vit region are encoded 
within 23 Dit and six Jrt gene segments (see Fig. 3.25). 

Productive rearrangement at the Vit locus is an oblig- 
atory and early event in the generation of B cells that 
precedes rearrangement at light chain loci 


HEAVY CHAIN GENE RECOMBINATION PRECEDES LIGHT CHAIN RECOMBINATION 


Heavy chain VDJ recombination in humans 
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Fig. 3.25 The heavy chain gene loci 
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‘VDI gene, which encodes the Vi domain, 
Of some 80 V genes, about 50 are 
functional and the others are 
pseudogenes. The V gene segment 
recombines with one of 23 Da segments 
and one of six x segments to produce a 
functional VD} gene in the B cell 


The first event is recombination between a Ju gene 
segment and Du segments 
Dit segments: 
* are highly variable, both in the number of codons and. 
in the nucleotide sequence; 
may be read in three possible reading frames without 
generating stop codons; and 
+ can be used singly or in combinations. 
Productive recombination between Dt and Jit gene 
segments signals recombination of this DJ sequence to a 
‘Vit gene segment, forming a contiguous DNA sequence 
encoding the entire Vit protein sequence (see Fig. 3.25). 
‘The recombined Vit, Dit, and Jit gene segments 
generate widely diverse hypervariable Hv3 (CDR3) 
sequences, which contribute greatly to the diversity of the 
primary antibody repertoire. 
‘The heavy chain locus includes approximately 78 
related pseudogenes, and orphan genes occur on chromo 
somes other than 14. 


Rearrangement results in a Vi gene segment 
becoming contiguous with a Jic gene segment 

‘The germline human « light chain locus on chromosome 
2 (Fig. 3.26) contains a library of 31 to 35 functional Vie 
gene segments that encode the N terminal 95 residues of 
the Vi region. 


‘chain production in humans 


‘The C terminal residues of the Vi region are encoded 
within five Jx gene segments (see Fig. 3.26). 

During B cell development, rearrangement of the 
DNA occurs such that one of the Vir genes becomes 
contiguous with one of five J genes. 


If there are 31 Vie segments and five jx segments, what 
is the theoretical maximum number of rearrangements that 
could oceur at this locus? 

A. 155 (ie. 31 x5), but imprecise joining introduces additional 
diversity (see below) 


‘The k locus also includes over 30 related pseudogenes, 
and orphan genes are present on other chromosomes. 

‘A leader or signal sequence (a short hydrophobic 
segment responsible for targeting the chain to the 
endoplasmic reticulum) precedes each Vix segment. The 
leader sequence is cleaved in the endoplasmic reticulum, 
and the antibody molecule is then processed through the 
intracellular secretory pathway. 


Recombination results in a VA gene segment 
becoming contiguous with a functional JA gene 
segment 

‘The germline human 2 light chain locus (Fig. 3.27) on 
chromosome 22 contains a library of 29 to 33 functional 
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2. chain production in humans 
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Fig. 3.27 During B cell differentiation, one 
‘of the germline VA genes recombines with 
J segment to form a V| combination, The 
‘earranged gene is transcribed into a 
primary RNA transcript complete with 
introns (non-coding seqments occurring 
between the genes), exons (which code 
{or protein), and a poly A tal. This is 
spliced to form mRNA with loss of the 
introns, and then translated into protein, 


germline DNA 


Va gene segments that encode the N terminal 95 residues 
of the VA region. 

‘There are 7 to 11 JA gene segments with each linked to 
a Ch gene sequence (see Fig. 3.27) ~ the number of JCA 
sequences depends on the haplotype. 

During the generation of B cells, unproductive 
rearrangement at the k locus leads to recombination at the 
2 locus such that one of the VA. genes becomes contiguous 
with one of four or five functional JA genes. 

‘The number of possible A chain variable regions that 
could be produced in this way is approximately 120 to 160. 
Imprecise joining introduces additional diversity (see 
below). 

‘The & locus also includes over 35 related pseudogenes, 
and orphan genes are present on other chromosomes. 

Following recombination between VA and JR genes, 
there is still an intron (a non-coding intervening Sequence) 
between the recombined VAJA gene and the exon 
encoding the C region. 


Recombination involves recognition of signal 
sequences by the V(DJ) recombinase 
Recombination of germline gene segments is a key feature 
in the generation of the primary antibody repertoire. How 
is the recombination effected? 

Each V, D, and J segment is flanked by recombination 
signal sequences (RSS): 

#2 signal sequence found downstream (3) of Vit, Vi, 
and Dit gene segments consists of a heptamer 
CACAGTG or its analog, followed by a spacer of 
non-conserved sequence (12 or 23 bases), and then a 
nonamer ACAAAAACC or its analog (Fig. 3.28); 

* immediately upstream (5’) ofa germline JL, Dut, and Jur 
segment is a corresponding signal sequence of a 
nonamer and a heptamer, again separated by an uncon- 
served sequence (12 or 23 bases). 

‘The heptameric and nonameric sequences following a 

‘Vi, Vit, or Dit segment are complementary to those 

preceding the Jt, Dit, or Jtt segments (respectively) with 

which they recombine. 


Recombination sequences in immunoglobulin genes 
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Fig, 3.28 The recombination Sequences in the light chain 
‘genes (op) and heavy chain genes (bottom) consist of 
hheptamers (7), 12 oF 23 unconserved bases, and nonamers 
(©). The sequences of heptamers and nonamers are 
‘complementary and the nonamers act as signals for the 
recombination activating genes to form a synapsis between 
the agjining exons. Similar recombination sequences are 
present in the T cell receptor V, D, and j gene segments (see 
Chapter 5). 


‘The 12 and 23 base spacers correspond to either one or 

‘two turns of the DNA helix (see Fig. 3.28). 

‘The recombination process is mediated by the protein 
products of the two recombination-activating genes 
(RAG-1 and RAG-2): 

+ a RAG-1-RAG-2 complex recognizes the RSS, bring- 
ing a 12-RSS and a 23-RSS together into a synaptic 
complex (Fig, 3.29); 

+ the RAG proteins initiate cleavage by introducing a 
nick in the area bordering the 5’ end of the signal 
heptamer and the coding region; 

+ the RAG proteins then convert this nick into a double- 
strand break, generating a hairpin at the coding end 
and a blunt cut at the signal sequence; 

+ the hairpinned coding end must be opened before the 
joining step, and usually undergoes further processing 
(the addition or deletion of nucleotides), resulting in an 
imprecise junction. 


VARIABLE REGION GENES UNDERGO SOMATIC HYPERMUTATION 
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Fig. 3.29 The recombination-activating 
{genes (RAG-1-RAG-2) bind to two 
recombination signal sequences (RSS) — 
c fone 12-RSS and one 23-RSS — bringing 
them into a synaptic complex. Synapsis: 
stimulates cleavage: first, one DNA strand 
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{s nicked, and the resulting 3° OH group 
attacks the opposite strand, leaving two 
hhaippinned coding ends and two blunt 
signal ends. After cleavage, these ends are 
held in the RAG past-cieavage complex 
and joined by the non-homologous end- 
joining (NHE) factors. The cading joint 
‘forms the new variable region exon; the 
signal ends are joined together to form a 
signal joint, often (but not always) as an 
‘excised circular product that is lost from 
the cell. The signal joint has no known 
immunological function. 


Signal ends, in contrast, are usually joined precisely to 
form circular signal joints that have no known immuno- 
logical function and are lost from the cell (see Fig. 3.29) 

“The loss or addition of nucleotides during coding joint 
formation creates additional diversity in the junctions 
that is not encoded by the V, D, or J segments. 

Furthermore, following cleavage, the enzyme terminal 
deoxynucleotidyl transferase may add random nucleotides 
to the exposed cut ends of the DNA. Nucleotides 
may therefore be inserted between Dit and Jit, and 
between Vit and Dit, without need of a template (Figs 
3.30 and 3.31), 


VARIABLE REGION GENES UNDERGO 
SOMATIC HYPERMUTATION 

In the mid-20th century, following the elucidation of 
the structure of DNA, it was believed that the fanction 
of tissues, the cells that constitute them, and therefore 
the integrity of the individual depended on accurate 
replication of DNA sequences, ‘The enormous size and 
sequence variability of the antigen-specific antibody 
repertoire, however, made the ‘one gene, one polypeptide 
chain’ dogma untenable. 


Light chain diversity created by variable 
recombination 
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Fig. 3.30 The same Vk21 and J1 sequences of the germline 
create three different amino acid sequences in the proteins 
C2880, PC6684, and PC7940 by variable recombination. 
C2880 has proline and tryptophan at positions 95 and 96, 
‘caused by recombination at the end of the CCC codon. 
Recombination one base down produces proline and arginine 
in PC6684. Recombination two bases down from the end of 
\Vk21 produces proline and proline in PC7940. 
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Heavy chain diversity created by variable recombination and N region diversity 


Fig. 3.31 The DNA sequence (1) and 
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inserted codons. However, these are in 
‘multiples of three, and do not alter the 
‘overall reading frame. 
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A period of intense intellectual and experimental 
activity followed as seemingly opposing germline and 
somatic mutation models were explored. Introduction of a 
theory of somatic mutation for immunoglobulin genes to 
account for a structural diversity that could not be accom- 
modated within the genome led to a schism between 
immunologists and classical geneticists. 

In due time, the argument proved unnecessary because 
it became evident that nature actually employs both types 
of process to form the antibody repertoire. 

Libraries of germline gene segment sequences recom- 
bine, with a degree of junctional diversity, to generate the 
primary antibody repertoire, but this process does not 
account for the sequence diversity observed for antibodies 
that are generated during a secondary immune response. 

It is now established that in germinal centers the 
recombined DNA encoding variable light and heavy chain 
sequences undergoes repeated rounds of random mutation 
(somatic hypermutation) to generate B cells expressing 
structurally distinct receptors (Fig. 3.32). Survival and 


Mutations in the DNA of two heavy chain genes 


2 


expansion of these B cells requires that their receptors 

engage antigen presented to them by follicular dendritic 

cells in the lymphoid tissues: 

+ a majority will acquire a deleterious mutation and, in 
the absence of a survival signal, die; 

+ a minority bind antigen with increased affinity and 
compete with those of lower affinity (ic. antibodies 
characteristic of the primary response). 

‘This process, called affinity maturation, is dependent on 

both TT cells and germinal centers. 

Athymic mice lacking ‘T cells do not form germinal 
centers and show no affinity maturation, 


Diversity is generated at several different 

levels 

Antibody diversity therefore arises at several levels: 

* first there are the multiple V genes recombining with D 
and J segments; 

+ the imprecision with which joining of the segments 
occurs produces further variation; 

+ as virtually any light chain may’ pair with any heavy 
chain, the combinatorial binding of heavy and light 
chains amplifies the diversity enormously (Fig. 3.33). 


Seven mechanisms for the generation of antibody 
diversity 


4. multiple germline V genes 


Hvt Hv2 Hva 


Fig. 3.32 DNA of two IgG antibodies to phosphoryicholine 
are illustrated. Both antibodies shate the T1S idiotype. Black 
lines indicate positions where the sequence has mutated from 
the germline sequence. There are large numbers of mutations 
in both the introns and exons of both genes, but particularly 
in the second hypervariable region (HV2). By comparison, 
‘there ate no mutations in the regions encoding the constant 
_genes, implying that the mutational mechanism is highly 
localized. 


2. Vd and VDJ recombinations 
‘3. N-nucleotide addition 

4 gone conversion 
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sombinational inaccuracies 


‘6. somatic point mutation 
7. assorted heavy and light chains 


Fig. 3.33 Because each mechanism can occur with any of the 
lthers, the potential for increased diversity multiplies at each 
step of immunoglobulin production, 


FURTHER READING 


‘The structures of the first and second hypervariable 
regions (CDR-I and CDR-2) of the primary antibody 
repertoire are encoded entirely by germline gene seg- 
ments whereas CDR-3 diversity is generated by recom- 
bination events. 


Different species have different strategies 
for generating diversity 
Current understanding of the mechanisms for generating 
antibody diversity results primarily from studies in the 
mouse and human, species that show remarkable simi- 
larities in gene organization and expression. However, 
other species have evolved additional solutions to the 
problem of generating antibody diversity from a relatively 
small amount of genetic information. As a result, whereas 
‘mouse and human employ recombination among multiple 
germline genes together with somatic mutation: 
* sharks rely on a large number of antibody genes and do 
nor use somatic recombination (Fig. 3.34), and 
* chickens have a very small number of antibody genes 
that undergo a very high level of gene conversion 
(Fig. 3.35). 


Genetic basis of antibody diversity in chickens 


Shark immunoglobulin Vi loci 


immunoglobulin Yi gone 
(EE et} 

so 
0 


Fig. 3.34 In the shark there isa series of about 200 heavy 
chain gene clusters, each with a single V, D, |, and C gene 
“segment. The fourth and ninth clusters are shown expanded. 
Vi, Di, and Je segments are clasely linked and occur within 
approximately 1.3 kb. Together with the Cx segment, they 
‘occupy only about 10-15 kb. The arrangement of genes 
within a cluster appears to be encoded in the germline rather 
than by somatic rearrangement mechanisms, which may 
‘account for the lack of interindividual variation associated with 
the immune response of this species. (Based on data of Dr 
Marchalonis and Dr GW Litman) 


‘germline DNA 
‘psoudogenes 


Fig. 3.35 The chicken germline 
immunoglobulin light chain locus has less 
than 30 kb of DNA. A single functional V 
{gene (Vi) les 2 kb upstream trom a single 
JC unit, with an adjacent cluster of 25 
pseudogenes (P) in a 19-kb region. 
Rearrangement accurs briefly during early 
B cell development. Antibody diversity is 
achieved by gene conversion between P 
and the rearranged sequence. The 
arrangement shown (P1, P3, and P24) is 
ilustrative; converted segments do not. 
necessarily le in order in the V gene segment, 
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INTERNET REFERENCES 

IMGT, the International ImMunoGeneTies Information 
‘System’ rpi//imgteines. 

‘+ An integrated knowledge resource forthe immunoglobulins (IG), 
Teall receptors (TR), major histocompatibilty complex (MHC), 
immunoglobulin superfamily and related proteins ofthe immune 
-ystem of human and other vertebrate species. 

Mike Clark's Immunoglobulin Structure/Function Home Page 
bexps/Avor:path. cam. -mee7/smikeimages tml 

‘+ Provides a wealth of information, of his own generation and 
through access to many other related sites 

National Center for Biotechnology Information (NCBI 
eepy/Avvewinehi.nlm.nih.gaw/ 

‘+ Established in 1988 as a national resource for molecular biology 
information, NCBI ereates public databases, conducts research in 


computational biology, develops software tools for analyzing 
sgenome data, and disseminates biomedical information ~ all for 
the better understanding of molecular procestes affecting human 
health and disease. 

Roy Jefferis Home Page hrepi//medweb.bham.ac.uby/immunity 
infection/rescarch/Roy/efferis/home hem! 

+ Provides basic introductory course and information on the 
influence of glyconylation on antibody structure and function 

V BASE. heep://www-mre-cpe.cam.ac.uk/ COMPILATION. php? 
‘menu=901 

+ Compiled using all available human germline V gene sequences 
(V, D, or J) taken from the literature and from the EMBL/ 
Genbank databases. 

+ Currently, 961 sequences from 145 different publications make up 
the V BASE database. 


Critical thinking: The specificity of antibodies (see p. 493 for explanations) 


‘The human rhinovirus HRVI4 is formed from four different 

polypeptides: one of them (VP4) is associated with viral RNA in 

the core of the virus, while the other three polypeptides 

(VP1-VP3) make up the shell ofthe virus ~ the capsid. 

1 When virus is propagated in the presence of neutralizing 
antiviral antiserum itis found that mutated forms of the 
Virus develop. Mutations are detected in VPI, VP2, or VP3, 
but never in VP4. Why should ths be so? 


The most effective neutralizing antibodies are directed against 
the protein VPI — this is termed an immunadominant antigen. 
Two different monoclonal antibodies against VP1_ were 
developed and used to induce mutated forms of the virus. 
When the sequences of the mutated variants were compared 
with the original virus, it was found that only certain amino 
acid residues became mutated (see table below). 


vPr-b 139 


2 What can you tell about the epitopes that are recognized 
by the two different monoclonal antibodies? 

3 When the binding of the antibody VPI.a is measured, 
against the different mutant viruses, itis found that it binds 


“with high affinity to the variant with glycine (Gly) at posi- 
tion 138, with low affinity to the variant with Gly at posi- 
tion 95, and does not bind to the variant with lysine (Lys) 
at position 95. How can you explain these observations? 


Complement 


SUMMARY 


‘+ Complement is central to the development of 
inflammatory reactions and forms one of the major 
‘Immune defense systems of the body. 


‘+ Complement activation pathways have evolved to 
label pathogens for elimination. The classical pathway 
links to the adaptive immune system, The alternative and 
lectin pathways provide non-specific ‘innate’ immunity, 
and the alternative pathway is linked to the classical 
pathway. 


‘+ The complement system is controlled to protect the 
host. C1 inhibitor controls the classical and lectin 
pathways. C3 and C5 convertase activity are controlled by 
decay and enzymatic degradation. 


‘+ The membrane attack pathway results in the formation 
of a transmembrane pore. Regulation of the membrane 
attack pathway reduces the risk of ‘bystander’ damage to 
adjacent cells. 


‘+ Many cells express one or more membrane receptors 
for complement products. Receptors for fragments of C3 
are widely distributed on different leukocyte populations. 
Receptors for Clq are present on phagocytes, mast cells, 
and platelets The plasma complement regulator fH binds 
leukocyte surfaces. 


+ Complement has a variety of functions. Its principal 
functions are chemotaxis including opsonization and cell 
activation, lysis of target cells, and priming of the adaptive 
‘immune response. 


+ Complement deficiencies illustrate the homeostatic 
roles of complement. Classical pathway deficiencies result 
in tissue inflammation. Deficiences of mannan-binding 
lectin (MBL) are associated with infection in infants. 
‘Alternative pathway and C3 deficiencies are associated with 
bacterial infections. Terminal pathway deficiencies 
predispose to Gram-negative bacterial infections. C1 
Inhibitor deficiency leads to hereditary angioedema. 
Deficiencies in alternative pathway regulators produce a 
secondary loss of C3. 


COMPLEMENT IS CENTRAL TO THE 

DEVELOPMENT OF INFLAMMATORY 

REACTIONS. 

‘The complement system was discovered at the end of 

the 19th century as a heat-labile component of serum that 

augmented (or ‘complemented’) its bactericidal properties. 
‘Complement is now known to comprise some 16 

plasma proteins, together constituting nearly 10% of the 

total serum proteins, and forming one of the major 

immune defense systems of the body (Fig. 4.1). The 

functions of the complement system include: 

© the triggering and amplification of inflammatory 
reactions; 

attraction of phagocytes by chemotaxis, 

clearance of immune complexes; 

cellular activation; 

direct microbial killing; and 

an important role in the development of antibody 

responses. 

In evolutionary terms the complement system is very 

ancient and antedates the development of the adaptive 

immune system: even starfish and worms have a functional 

complement system. 


‘The importance of complement in immune defense is 
readily apparent in individuals who lack particular com- 
ponents ~ for example, children who lack the component 
G3 are subject to overwhelming bacterial infections. 

Like most elements of the immune system, when 
overactivated or activated in the wrong place the 
complement system can cause harm. 

Complement is involved in the pathology of many 
diseases, provoking a search for therapies that control 
complement activation. 


COMPLEMENT ACTIVATION PATHWAYS 
HAVE EVOLVED TO LABEL PATHOGENS 
FOR ELIMINATION 

One major function of complement is to label pathogens 
and other foreign or toxic bodies for elimination from 
the host. ‘The complement activation pathways have 
evolved to serve this purpose, and the multiple ways in 
which activation can be triggered, together with intrinsic 
amplification mechanisms, ensure efficient: 

* recognition; and 

clearance. 
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Role of complement in inflammation 
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Fig. 4.1. Complement has a central role in 
inflammation causing chemotaxis of 
phagocytes, activation of mast cells and 
phagocytes, opsonization and lysis of 
pathogens, and clearance of immune 
complexes. 
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Complement activation pathways 
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Fig. 4.2 Each of the activation pathways generates a C3 
convertase, which converts C3 to C3b, the central event of 
the complement pathway. C3b in turn activates the terminal 
Iytic membrane attack pathway. The fst stage in the classical 
pathway i the binding of antigen to antibody. The alternative 
pathway does not require antibody and is initiated by the 
Covalent binding of C3b to hydroxyl and amine groups on 
the surface of various microorganisms. The lectin pathway is 
also triggered by microorganisms in the absence of antibody, 
‘with sugar cesidues on the pathogen surface providing the 
binding sites. The alternative and lectin pathways provide 
‘non-specific innate’ immunity, whereas the classical pathway 
represents a more recently evolved link tothe adaptive 
immune systern. 


Moreover, there are several different ways to activate the 
complement system, so providing a large degree of flexi- 
bility in response (Fig. 4.2). 

The first activation pathway to be discovered, now 
termed the classical pathway, is initiated by antibodies 
bound to the surface of the target. Although an efficient 
‘means of activation, it requires that the host has previously. 
encountered the target microorganism in order for an 
antibody response to be generated. 

‘The alternative pathway, described in the 1950s, pro- 
vides an antibody-independent mechanism for comple- 
‘ment activation on pathogen surfaces. 

‘The lectin pathway, the most recently described acti- 
vation pathway, also bypasses antibody to enable efficient 
activation on pathogens. 

All three pathways ~ classical, alternative, and lectin 


the activation of C3, which is the most abun~ 
dant and most important of the complement proteins; 

+ comprise a proteolytic cascade in which complexes of 
complement proteins create enzymes that cleave other 
complement proteins in an ordered manner to create 
new enzymes, thereby amplifying and perpetuating the 
activation cascade. 

‘Thus a small initial stimulus can rapidly generate a large 

effect. Fig. 4.3 summarizes how each of the pathways is 

activated. 

All activation pathways converge on a common 
terminal pathway ~ a non-enzymatic system for causing 
‘membrane disruption and lytic killing of pathogens. 

‘The immune defense and pathological effects of com- 
plement activation are mediated by the fragments and 
complexes generated during activation: 
© the small chemotactic and proinflammatory fragments 

C3a and CSa; 


COMPLEMENT ACTIVATION PATHWAYS HAVE EVOLVED TO LABEL PATHOGENS FOR ELIMINATION 


Rapid Reference Box 4 


alternative pathway ~ the activation pathways of the 
‘complement system involving C3 and factors B, D, P, H, 
‘and |, which interact in the vicinity of an activator 
surface to form an alternative pathway C3 convertase 
(C3BBE). 

amplification loop — the alternative complement activation 
pathway that acts asa positive feedback loop when C3 is 
split in the presence of an activator surface, 

anaphylatoxins - complement peptides (C3a and C5a) that 
‘cause mast cell degranulation and smooth muscle 
contraction, 

bystander lysis — complement-mediated lysis of cells in the 
immediate vicinity of a complement activation site that are 
znot themselves responsible for the activation. 

1-C9 — the components of the complement pathways 
responsible for mediating inflammatory reactions, 
‘opsonization of particles, and lysis of cell membranes. 

3 convertases - the enzyme complexes C3BBD and CAbZa 
that cleave C3. 


classical pathyvay — the pathway by which antigen-antibody 
complexes can activate the complement sytem, involving 
components C1, C2, and C4, and generating a clasical 
pathway C3 convertase (C4B28), 

complement — a group af serum proteins involved In the 
contiol of nflammmation, the activation of phagocytes, and 
the Itc attack on cell membranes. 

complement receptors (CRI-CR4) ~ a set of four cell surface 
receptors fr fragments of complement C3, 

decay accelerating factor (DAF) —a cell surface molecule on 
‘mammalian cells that limits activation and deposition of 
complement C3b. 

lectin pathway — a pathway of complement activation, 
initiated by mannan-binding lectin (MBL), that intersects the 
lasical pathway. 

‘membrane attack complex (MAC) — the assembled terminal 
complement components CSb-C9 of the iytc pathway that 
becomes inserted Into cell membranes, 

zymogen — pro-enzyme that requires proteolytic cleavage to 
thecome active; the enzymatically active form is 
distinguished from its precursoc by a bar drawn above. 


‘Summary of the activators of the classical, lectin, and alternative pathways 


‘lassical | immune complexes] HIV and other ‘Mycoplasma | polyanions, especially 
pathway | containing IgM, | retroviruses, spp. When bound to cations 
1gG1, 1gG2, or 1gG3 | vesicular PO, (DNA lipid A, 
stomatitis virus cardiolipin) S02 
(dextran sulfate, heparin, 
chondroitin sulfate) 
lectin HIV and other many Gram-positive arrays of terminal 
pathway retroviruses, and Gram-negative mannose groups 
organisms 
alternative | immune complexes] some virus‘infeoted | many trypanosomes, | dextran sulfate, 
pathway | containing IgG, 1gA,] cells (e.g. by Epstein] Gram-positive Leishmania _| heterologous erythrocytes, 
‘or IgE (less efficient| Barr virus) Gram-negative | spp., many fungi] complex carbohydrates 
than the classical organisms (e.g. zymosan) 
pathway) 


Fig. 4.3 Summary of the activators of the classical, lectin, and alternative complement activation pathways. 


* the large opsonie fragments C3b and Cb; and 
* the lytic membrane attack complex (MAC). 

‘The details of complement activation, the nomenclature, 
and the ways in which the pathways are controlled are 
shown in Fig. 4.4, 


The classical pathway links to the adaptive 
immune system 

The classical pathway is activated by antibody 
bound to antigen and requires Ca** 

Only surface-bound IgG and IgM antibodies can activate 
complement, and they do so via the classical pathway. 
Surface binding is the key: 


‘+ IgM is the most efficient activator, but unbound IgM in 
plasma does not activate complement; 

+ among IgG subclasses, IgG1 and IgG3 are strong com- 
plement activators, whereas IgG+ does not activate 
because it is unable to hind the first component of the 
classical pathway. 


Q What occurs when IgM binds to the surface of a 
bacterium that allows it to activate complement? 

A. A transition occurs fram a flat planar molecule to a staple 
form, which exposes binding sites for the ist component of the 
complement system, CI (see Fig. 3.9). 
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Overview of the complement activation pathways 


ig. 4.4 The proteins ofthe classical and alternative pathways 
are assigned numbers (eg. C1, C2). Many ofthese are 
2ymogens (i.e pro-enzymes that require proteolytic cleavage to 
‘become active). The cleavage products of complement proteins 
are distinguished from parent molecules by suffix letters (e.g. 
C3a, C3b). The proteins of the alternative pathway are called 
‘factors’ and are identified by single letters (e.g. factor B, which 
‘may be abbreviated to 18 or just ‘B"). Components are shown 
‘in green, conversion steps as white arrows, and 
activation/cleavage steps as red arrows. The classical pathway is 
activated by the cleavage of C1r and Cl following association 
‘of Clas: with clasical pathway activators (see Fig. 4.3), 
including immune complexes. Activated C1s cleaves C4 and C2 
‘to form the classical pathway C3 convertase CAB2a, Cleavage 
‘of C4 and C2 can also be effected via MASP-1 and MASP-2 of 
‘the lectin pathway, which are associated with mannan-binding 
lectin (MBL). The alternative pathway i activated by the 
‘cleavage of C3 to C3b, which associates with factor B and is 


cleaved by factor D to generate the alternative pathway C3 
convertase CSDBD. The inital activation of C3 happens to some 
extent spontaneously, but this step can aso be effected by 
classical or alternative pathway C3 convertases or a number of 
‘other serum or microbial proteases, Note that C3b generated in 
the alternative pathway can bind more factor B and generate a 
positive feedback loop to amplify activation on the surface. 
‘Note also that the activation pathways are functionally 
analogous, and the diagram emphasizes these similares. For 
‘example, C3 and C4 are homologous, as are C2 and factor 8, 
'MASP-1 and MASP-2 are homologous to CIr and Cs, 
‘respectively, Either the classical or alternative pathway C3 
convertases may associate with C3b bound on a cell surface to 
orm C5 convertases, CAb2a3B or CSBBBSB, which spit C5. 
‘The larger fragment CSb associates with C6 and C7, which can 
then bind to plasma membranes. The complex of CSb67 
assembles CB and a number of molecules of C9 ta form a 
membrane attack complex (MAC), C5b-9. 


COMPLEMENT ACTIVATION PATHWAYS HAVE EVOLVED TO LABEL PATHOGENS FOR ELIMINATION 


‘The first component of the pathway, C1, is a complex 
molecule comprising a large recognition unit termed C1q 
and two molecules each of Clr and Cls, the enzymatic 
units of the complex (Fig. 4.5). Assembly of the CL 
complex is Ca?*-dependent, and the classical pathway is 
therefore inactive if Ca’ ions are absent. 


C1 activation occurs only when several of the head 
groups of Clq are bound to antibody 

Clq in the CI complex binds through its globular head 
groups to the Fe regions of the immobilized antibody and 
undergoes changes in shape that trigger autocatalytic 
activation of the enzymatic unit Clr, Activated Clr then 
cleaves Cls at a single site in the protein to activate it. 


Structure of C1 


Fig. 4.5 Hleciron micrograph of a human Clq molecule 
demonstrates sx subunits. Each subunit contains three 
polypeptide chains, giving 18 inthe whole molecule. The 
receptors for the F regions of IgG and IgM are in the glabul 
heads. The connecting stalks contain regions of triple helix 
and the central core region contains colagen-ike triple helix. 
‘The lower panel shows a model of intact C1 with two Clr and 
two Cl pro-enzymes positioned within the rng. The catalytic 
hheads of Clr and C1 are closely apposed and conformational 
change induced in C1q fllowing binding to complexed 
‘immunoglobulin causes mutual acvation/cleavage of each 
Cir unit followed by cleavage of the two Cs units. The 
cohesion of the entire complex is dependent on Ca? 
(Electron micrograph, reproduced by courtesy of Dr N 
Hughes-ones) 


Because Cl activation occurs only when several of the 
head groups of Clq are bound to antibody, only surfaces 
that are densely coated with antibody will trigger the 
process. This limitation reduces the risk of inappropriate 
activation on host tissues. 


CIs enzyme cleaves C4 and C2 
‘The Cs enzyme has two substrates ~ C4 and C2 — which 
are the next two proteins in the classical pathway 
sequence. (Note that the complement components were 
named chronologically, according to the order of their 
discovery, rather than according to their position in the 
reaction.) Cs cleaves the abundant plasma protein C4 at 
a single site in the molecule: 
* releasing a small fragment, C4a; and 
+ exposing a labile thioester group in the large fragment 
C4. 
‘Through the highly reactive thioester, C4b becomes 
covalently linked to the activating surface (Fig. +6). 
C4b binds the next component, C2, in a Mg" 
dependent complex and presents it for cleavage by C 
an adjacent C1 complex: 
* the fragment C2b is released; and 
‘© C2a remains associated with C4b on the surface, 


(C4B2a is the classical pathway C3 convertase 

‘The complex of C4b and C2a (termed C4b2a ~ the 
classical pathway C3 convertase) is the next activation 
enzyme. C2a in the CAbZa complex cleaves C3, the most 
abundant of the complement proteins: 

* releasing a small fragment, C3a; and 


Activation of the C3 thioester bond 
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Fig. 4.6 The « chain of C3 contains a thioester bond formed, 
between a cysteine and a glutamine residue, with the 
elimination of ammonia, Following cleavage of C3 into C3a 
and C3b, the bond becomes unstable and susceptible to 
‘nucleophilic attack by electrons an -OH and -NH; groups, 
allowing the C3b to form covalent bonds with proteins and 
carbohydrates — the active group decays rapidly by hydrolysis 
if'such a bond does not form. C4 also contains an identical 
thioester bond, which becomes activated similarly when Ca is 
split into C4a and Cab. 
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* exposing a labile thioester group in the large fragment 
3b. 

As described above for C4b, C3b covalently binds the 

activating surface. 


4bZA3b is the classical pathway CS convertase 

Some of the C3b formed will hind directly to C7BZa, and 

the trimolecular complex formed, C4b2a3b (the classical 

pathway C5 convertase), can bind C5 and present it for 

cleavage by C2a: 

+ a small fragment, C5a, is released; and 

* the large fragment, C5b, remains associated with the 
CABIATH complex. 

Cleavage of C3 is the final enzymatic step in the classical 

pathway, 


The ability of C4b and C3b to bind surfaces is 
fundamental to ent function 

C3 and C+ are homologous molecules that contain an 
unusual structural feature ~ an internal thioester bond 
between a glutamine and a cysteine residue that, in the 
intact molecule, is buried within the protein, 

‘When either C3 or C4 is cleaved by the convertase 
enzyme, a conformational change takes place that exposes 
the internal thioester bond in C3b and C4h, making 
it very unstable and highly susceptible to attack by 
nucleophiles such as hydroxyl groups (OH) and amine 
groups (-NH,) in membrane proteins and carbohydrates. 
‘This reaction creates a covalent bond between the 
complement fragment and the membrane ligand, locking 
C3b and C4b onto the surface (see Fig. 4.6). 

‘The exposed thioester remains reactive for only a few 
milliseconds because it is susceptible to hydrolysis by 
water. This lability restricts the binding of C3b and C4b 
to the immediate vicinity of the activating enzyme and 
prevents damage to surrounding structures. 


The alternative and lectin pathways provide 
non-specific ‘innate’ immunity 

The lectin pathway is activated by microbial 
carbohydrates 

‘The lectin pathway differs from the classical pathway only 
in the initial recognition and activation steps. Indeed, it 
can be argued that the lectin pathway should not be con- 
sidered a separate pathway, but rather a route for classical 
pathway activation that bypasses the need for antibody. 

‘The C1 complex is replaced by a structurally similar 
multimolecular complex, comprising the Clq-like recog- 
nition unit mannan-binding lectin (MBL) and several 
MBL-associated serine proteases (MASPs), which 
provide enzymatic activity. As in the classical pathway, 
assembly of this initiating complex is Ca"*-dependent. 

Clq and MBL are members of the collectin family of 
proteins characterized by globular head regions with 
binding activities and long collagenous tail regions with 
diverse roles (see Fig. 6.23). 

‘MBL binds the simple carbohydrates mannose and N- 
acetyl glucosamine present in the cell walls of diverse 
pathogens, including bacteria, yeast, fungi, and viruses. 
Binding induces shape changes in MBL. that in turn 


induce autocatalytic activation of the MASPs. ‘These 
enzymes can cleave C4 and C2 to continue activation 
‘exactly as in the classical pathway. 

‘The lectin pathway is not the only means of activating 
the classical pathway in the absence of antibody. 
Mitochondria and other products of cell damage can 
directly bind Clq, triggering complement activation and 
aiding the clearance of the dead and dying tissue. 


Alternative pathway activation is accelerated by 
microbial surfaces and requires Mg”" 

‘The alternative pathway of complement activation also 
provides antibody-independent activation of complement 
‘on pathogen surfaces. This pathway is in a constant state 
of low-level activation (termed ‘tickover’). 

C3 is hydrolyzed at a slow rate in plasma and the 
product, €3(H,O), has many of the properties of C3b, 
including the capacity to bind a plasma protein factor B 
(BB), which is a close relative of the classical pathway 
protein C2. Formation of the complex between C3b (or 
C3(H,O)) and B is Mg”*-dependent, so the alternative 
pathway is inactive in the absence of Mg” ions. (The 
differences in the ion requirements of the classical and 
alternative pathway are exploited in laboratory tests for 
complement activity: 


The C3bBb complex is the C3 convertase of the 

alternative pathway 

Once bound to C3(H:0) or C3b, fB can bind and activate 

plasma enzyme termed factor D (fD). fD cuts fB in the 

C3bB complex: 

+ releasing a fragment, Ba; 

+ while the residual portion, Bb, becomes an active 
rotease. 

‘The C3EED complex is the C3 cleaving enzyme (C3 

convertase) of the alternative pathway. C3b generated by 

this convertase can be fed back into the pathway to create 

more C3 convertases, thus forming a positive feedback 

amplification loop (Fig. 4.7). Activation may occur in 

plasma or, more efficiently, on surfaces. 


@. What physiological advantages and problems can you 
see in a system with a positive feedback loop (i.e. where the 
presence of C3b leads to the production of an enzyme 
CSBBB that generates more C3b)? 

‘A. The positive feedback amplification and ‘always on’ features 
of the alternative pathway are well suited to pathogen 
surveillance. For example, a small initial stimulus could produce 
the deposition of large amounts of C3b an a pathogen surface, 
thereby facilitating its phagocytosis. It unregulated, however, 
the system will continue to activate until all available C3 has 
been consumed. Self cells would also be subjected to 
complement activation and could be damaged or destrayed, 


Specific features of host cell surfaces, including their 
surface carbohydrates and the presence of complement 
regulators (see helow), act to rescue the host cell from 
being destroyed, and such surfaces are non-activating. 

‘On an activating surface such as a bacterial membrane, 
amplification will occur unimpeded and the surface will 


THE COMPLEMENT SYSTEM IS CONTROLLED TO PROTECT THE HOST 


Regulation of the amplification loop 


protected surface 


Fig. 4.7 Alternative pathway activation 
depends on the presence of activator 
surfaces. C3b bound to an activator 
surface recruits factor 8, which i cleaved 
by factor D to produce the alternative 
pathway C3 convertase C3BBB, which 
‘ves the amplification loop, by cleaving 
more C3. However, on self surfaces the 
binding of factor His favored and C3b is 
Inactivated by factor | Thus the binding of 
factor 8 oF factor H controls the 
development of the alternative pathway 
reactions. n adtion, proteins such as 
membrane cofactor protein (MCP) and 
decay accelerating factor (DAF) also mit 
‘complement activation on self cell 
membranes (see Fig. 4.9). 


rapidly become coated with C3h Gee Fig. 47). In a 
manner analogous to that seen in the classical pathway, 
C3b molecules binding to the C3 convertase will change 
the substrate specificity of the complex, creating a C5 
cleaving enzyme, C3DEDC3B. 

Cleavage of C5 is the last proteolytic step in the alter~ 
native pathway and the C5b fragment remains associated 
with the convertase, 


The alternative pathway is linked to the classical 
pathway 

‘The alternative pathway is inexorably linked to the clas- 
sical pathway in that C3b generated through the classical 
pathway will feed into the alternative pathway to amplify 
activation, It therefore does not matter whether the initial 
C3b is generated by the classical, lectin, or alternative 
pathway — the amplification loop can ratchet up the 
reactions if they take place near an activator surface. 


THE COMPLEMENT SYSTEM IS 
CONTROLLED TO PROTECT THE HOST 
Control of the complement system is required to prevent 
the consumption of components through unregulated 
amplification and to protect the host. Complement 
activation poses a potential threat to host cells, because it 
could lead to cell lysis. To defend against this threat a 
family of regulators has evolved alongside the complement 
system to prevent uncontrolled activation and protect cells 
from attack. 


C1 inhibitor controls the classical and lectin 
pathways 

In the activation pathways, the regulators target the 
enzymes that drive amplification: 


* activated C1 is controlled by a plasma serine protease 
inhibitor (serpin) termed C1 inhibitor (Clinh), 
which removes Clr and Cs from the complex, 
switching off classical pathway activation; 

+ Clinh also regulates the lectin pathway in a similar 
‘manner, removing the MASP enzymes from the MBL 
complex to switch off activation. 


C3 and C5 convertase activity are controlled 

by decay and enzymatic degradation 

‘The C3 and C3 convertase enzymes are heavily policed 

with plasma and cell membrane inhibitors to control 

activation. In the plasma: 

* factor H (fH) and a related protein factor H-like 1 
(FHIL-1) destroy the convertase enzymes of the 
alternative pathway; 

+ C4 binding protein (C4bp) performs the same task in 
the classical pathway. 

On membranes, two proteins, membrane cofactor 

protein (MCP) and decay accelerating factor (DAF), 

collaborate to destroy the convertases of both pathways 

(Fig. 48). 

‘The regulators of the C3 and C5 convertases are 
structurally related molecules that have arisen by gene 
duplication in evolution. These duplicated genes are 
tightly linked in a cluster on chromosome 1, termed the 
regulators of complement activation (RCA) locus, 
This locus also encodes several of the complement 
receptors (see below). 


Control of the convertases is mediated in two 
complementary ways 

THE FIRST CONTROL IS DECAY ACCELERATION ~ The 
convertase complexes are labile, with a propensity to dis- 
sociate within a few minutes of creation. The regulators 
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3 and C5 convertase regulators 


Cab binding protein | 52 or 56'in 7or8 + - + | - | plasma 
(Cabp) chains 

Tactor (TH) 2 = + = [+ | plasma 

decay accelerating 4 + + - | | blood cots, endothetia, 

factor (DAF) epithelia 

(e055) 

membrane cofactor a = = + | + Blood eats (not erythrocytes), 
protein (MCP) ‘endothelia, epithelia 

(e046) 

‘complement Ey + + + | + | erythrocytes 8 cells, folicular 
receptor 1(CR1) dendritic cells, macrophages 

(cos) 

‘ECR, short consensus repeat 


Fig. 4.8 The five proteins listed are widely distributed and 
‘control aspects of C3b and C4b dissociation or breakdown. 
Each of these proteins contains a number of short consensus 


fH, fHL-1, and C4bp from the fluid phase and DAF on 
cell membranes bind the convertase complex and 
markedly accelerate decay, knocking out: 

+ C2a from the classical pathway convertase; and 

* Bb from the alternative pathway enzyme (Fig. 49). 
Very recently, genetic defects in fH have been implicated 
in patients with the non-diarrheal form of hemolytic 
uremic syndrome (HUS).. 

Point mutations in fH inhibit binding to host cells 
and weaken defense against complement, resulting in the 
hemolysis, platelet dysfunction, and renal damage that 
typify the syndrome. 


THE SECOND CONTROL MECHANISM IS FACTOR | 

COFACTOR ACTIVITY ~ Factor I (fl) is a fluid-phase 

enzyme that, in the presence of an appropriate cofactor, 

can cleave and irreversibly inactivate C4b and C3b (see 

Fig. 4.9). MCP is a cofactor for fl cleavage of both Cb 

and C3b, whereas: 

+ Cbp specifically catalyzes cleavage of C4b; and. 

+ fH/AHIL-1 catalyzes cleavage of C3b. 

Icis interesting to note that, whereas the plasma regulators 

contain both activities in a single molecule, the two 

membrane regulators each contain only one activity. 
Efficient regulation of the convertases on membranes 

therefore requires the concerted action of: 

* DAF to dissociate the complex; and 

+ MCP to irreversibly inactivate it by catalyzing cleavage 
of the central component. 

‘The alternative pathway also has a unique positive regu- 

lator, properdin, which stabilizes the C3 convertase and 

markedly increases its life span. 


repeat (SCR) domains. They act either by enhancing the 
dissociation of C3 and C5 convertases or by acting as cofactors 
for the action of factor 1 on C3b or Cb. 


‘The two processes by which C3 convertase regulators 
inactivate the enzymes 


decay acceleration cofactor activity 


Fig. 4.9 DAF binds the enzyme complex, displacing the 
‘enzymatically active component (C2a or Bb). Membrane 
cofactor protein (MCP) binds the C3b/C4b unit released after 
decay and acts as a cofactor for factor | (1) cleavage of C3b oF 
(Cb, resulting in the irreversible inactivation of the convertase, 


‘Complement receptor 1 (CRI) is often included in 
the list of membrane regulators of C3 convertase activity, 
and, indeed, CRI is a powerful regulator with both decay 
accelerating and cofactor activities in both pathways. 
Nevertheless, it is excluded from the above discussion 
because CRI is primarily a receptor for complement- 
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coated particles and does not have a role in protecting the 
host cell. 


THE MEMBRANE ATTACK PATHWAY 
RESULTS IN THE FORMATION OF A 
TRANSMEMBRANE PORE 

‘The terminal or membrane attack pathway involves a 

distinctive set of events whereby: 

* a group of five globular plasma proteins associate with 
one another; and, 

* in the process, acquire membrane-binding and pore- 
forming capacity to form the membrane attack complex 
(MAC). 

‘The MAC is a transmembrane pore (Fig. 4.10). Cleavage 

of CS creates the nidus for MAC assembly to begin. While 

still attached to the convertase enzyme, C5b binds first 

C6 then C7 from the plasma. Conformational changes 

occurring during assembly of this trimolecular CSb67 

complex: 

+ cause release from the convertase; and 

* expose a labile hydrophobic site. 


‘The membrane attack pathway 


Fig. 4.10 (1) C5b, while stil attached tothe CS convertase, 
binds C6 and C7 trom the fluid phase, The trimolecular CSb-7 
‘complex dissociates fram the convertase and binds the target 
cell membrane. Binding of C8 and multiple copies of C9 

yd protein-tined transmembrane channel, the 
‘membrane attack complex (MAC). (2 and 3) Electron 
‘micrographs of the MAC. The complex consists of a cylindrical 
pore in which the walls of the cylinder, formed by C9, traverse 
the cell membrane. In these micrographs the human CSb-9 
‘complex has been incorporated into a lecithin liposomal 
membrane. x 234 000. (Courtesy of Professor | Tranum-lensen 
and Dr § Bhakal) 


‘The complex can stably associate with a membrane 
through the labile hydrophobic site, though the process is 
inefficient and most of the C5b67 formed is inactivated in 
the fluid phase. 

‘Membrane-bound C5b67 recruits C8 from the plasma, 
and, finally, multiple copies of C9 are incorporated in the 
complex to form the MAC. 

‘The later stages of assembly are accompanied by major 
conformational changes in the components with globular 
hydrophilic plasma proteins unfolding to reveal amphi- 
pathic regions that penetrate into and through the lipid 
bilayer. 

‘The fully formed MAC creates a rigid pore in the 
membrane, the walls of which are formed from multiple 
(up to 12) copies of C9 arranged like barrel staves around 
a central cavity. 

‘The MAC is clearly visible in electron microscopic 
images of complement-lysed cells as doughnut-shaped 
protein-lined pores, first observed by Humphrey and 
Dourmashkin 4 years ago (see Fig. 4.10). ‘The pore has 
an inner diameter approaching 10 nm: 

+ allowing the free flow of solutes and electrolytes across 
the cell membrane; and 

‘+ because of the high internal osmotic pressure, causing 
the cell to swell and sometimes burst. 

‘Metabolically inert targets such as aged erythrocytes are 

readily lyzed by even a small number of MAC lesions, 

whereas viable’ nucleated cells resist killing through 2 

combination of ion pump activities and recovery processes 

that remove MAC lesions and plug membrane leaks. 

Even in the absence of cell killing, MAC lesions may 
severely compromise cell function or cause cell activation. 


Regulation af the membrane attack pathway 
luces the risk of ‘bystander’ damage to 

adjacent cells 

Although regulation in the activation pathways is the 

major way in which complement is controlled, there are 

further failsafe mechanisms to protect self cells from MAC 

damage and lysis. 

First, the membrane binding site in C5b67 is labile. If 
the complex does not encounter a membrane within a 
fraction of a second after release from the convertase, the 
site is lost through: 

+ hydrolysis; or 
* binding of one of the fluid-phase regulators of the ter- 

‘minal pathway ~ § protein (also termed vitronectin) 

or clusterin ~ both of which are multifunctional plasma 

proteins with diverse roles in homeostasis. 
C8, an essential component of the MAG, also behaves as a 
regulator in that binding of C8 to C5b-7 in the fluid phase 
blocks the membrane binding site and prevents MAC 
formation. 

‘The net effect of all these plasma controls is to limit 
MAC deposition to membranes in the immediate vicinity 
of the site of complement activation, so reducing risk of 
‘bystander’ damage to adjacent cells, 

‘Complexes that do bind are further regulated on host 
cells by CDS9, a membrane protein that locks into the 
MAC as it assembles and inhibits binding of C9, thereby 
preventing pore formation (Fig. +11). CD59 is a broadly 
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Role of CD59 in protecting host cells from complement 
damage 
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Fig. 4.11 The upper diagram models assembly of the MAC in 
the absence of the regulator CDS9— C9 binds C5b-8, 
unwinds, and traverses the membrane and recruits further C9 
‘molecules, which in turn unfold and insert to form the MAC. 
In the lower diagram, CDS9 binds the C5b-8 complex and 
prevents the unfolding and insertion of C9, which is essential 
{or the initiation of MAC pore formation. 


expressed, glycolipid-anchored protein that is structurally 
unrelated to the complement regulators described above. 


IMPORTANCE OF CD59 IN PROTECTING HOST CELLS 
FROM COMPLEMENT DAMAGE ~ The importance of 
CDS9 in protecting host cells from complement damage 
is well illustrated in the hemolytic disorder paroxysmal 
nocturnal hemoglobinuria (PNH), in which erythrocytes 
and other circulating cells are unable to make glycolipid 
anchors and as a consequence lack CDS9 (and also DAF). 
‘The ‘tickover’ complement activation that occurs on all 
cells without much consequence is then sufficient in the 
absence of CDS to cause low-grade hemolysis and 
hemolytic crises. 


MANY CELLS EXPRESS ONE OR MORE 
MEMBRANE RECEPTORS FOR 
COMPLEMENT PRODUCTS: 

Receptors for fragments of C3 are widely 
distributed on different leukocyte 
populations 

Many cells express one or more membrane receptors for 
complement products (Fig. 4.12). An understanding of the 
receptors is essential because the majority of the effects of 
complement are mediated through these molecules. ‘The 
best characterized of the complement receptors are those 
binding fragments of C3. 


RI, CR2, CR3, and CR4 bind fragments of C3 

attached to activating surfaces 

Four different receptors, termed complement receptors 1, 

2,3, and 4 (CRI, CR2, CR3, and CR4), bind fragments of 

(C3 attached to activating surfaces: 

CRI, expressed on erythrocytes and leukocytes, binds 
the largest fragment C3b (and also Cb), an interaction 
that is crucial to the processing of immune complexes 
(Gee below); 

* CR2, expressed mainly on B cells and follicular 
dendritic cells (FDCs), binds fragments derived from 
{fI-mediated proteolysis of C3b ~ iC3b and C3d; 

‘These interactions aid the B cell response to complement- 

coated particles. 

Both CRI and CR2 are structurally related to the C3 
convertase regulators fH, C4bp, MCB, and DAF, and are 
encoded in the RCA cluster on chromasome 1. 

CRB and CRA: 

belong to the integrin family of cll adhesion molecules, 

are expressed on the majority of leukocytes; 

* bind the iC3b fragment, aiding adhesion of leukocytes 
to complement-coated particles and facilitating phago- 
cytic ingestion of these particles. 


Receptors for C3a and CSa mediate inflammation 
(Ca, the small fragment released during activation of C3, 
binds to a receptor (C3aR) expressed abundantly on 
cosinophils and basophils, and at much lower levels on 
neutrophils and many other cell types. 

‘The Ca fragment released from C5 during activation 
is closely related to C3a and binds a distinct, but struc- 
turally related, receptor, the CSa receptor (CSaR), which 
is present on a wide variety of cell types, including all 
leukocytes. 

‘The receptors for C3a and CSa are members of the 
large receptor family of seven-transmembrane segment 
receptors that associate with heterotrimeric G proteins. 
Receptors for chemokines belong to this same family and 
in many ways C3a and C5a behave like chemokines. 

“Together, C3aR and C5aR are important in orches- 
trating inflammatory responses (see below). 


Receptors for Clq are present on 

phagocytes, mast cells, and platelets 

Receptors for Clq are less well characterized than C3 

receptors, but are increasingly recognized as important in 

homeostasis. 
Receptors for the collagen tails (€C1gR): 

+ can recognize Clq attached through its globular head 
regions to complement-coated particles; 

* are present on leukocytes, platelets, and some other cell 
types; and 

* likely’ play roles in enhancing phagocytosis of Clq- 
labeled particles 

Receptors for the globular heads (C1qRp): 

* bind Clq in an orientation that mimics antibody 
binding; 

+ are expressed principally on phagocytic cells, mast cells, 
and platelets; and 

+ may collaborate with eC1qR to mediate cell activation 
events. 


‘COMPLEMENT HAS A VARIETY OF FUNCTIONS 


ell receptors for complement components and fragments 
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Fig. 4.12 Summary of information on the cell surface receptors fr complement components and fragments and their biological 


roles. (FDC, follicular dendritic cll) 


‘The bulk of Clq in the circulation is, however, already 
complexed with C1rand Cs to form intact C1, and in this 
complex Clq does not interact with its receptors. ‘This 
ensures that Clq receptors are activated only in specific 
circumstances, such as during complement activation 
when free Clq is available 


The plasma complement regulator fH binds 
leukocyte surfaces 

‘The plasma complement regulator fH binds leukocyte 
surfaces in a specific and saturable manner, suggesting 
the presence of an fH receptor, which remains unchar- 
acterized. 

It has been suggested that surface-bound fH plays 
important roles in modulating leukocyte activation as well 
as in protecting cells from complement attack. Indeed, a 
fascinating disease, atypical hemolytic uremic syndrome, 
which is typified hy hemolysis, platelet destruction, and 
renal damage that may progress to renal failure, appears to 
be caused in many cases by loss of the surface binding 
capacity of fH. Uncontrolled complement activation due 
to the production of a mutant fH lacking the membrane 
binding site has been demonstrated in patients. 


COMPLEMENT HAS A VARIETY OF 
FUNCTIONS 

‘The principal functions of complement are: 

* chemotaxis; 

‘= opsonization and cell activation; 

‘= Iysis of target cells; and 

‘+ priming of the adaptive immune response. 


5a is chemotactic for macrophages and 
polymorphs 
Polymorphs and macrophages express receptors for C: 
and C5a. ‘These small (-10 kDa) fragments (ie. C3a and 
) diffuse away from the site of activation, creating a 
chemical gradient along which the motile cells migrate to 
congregate at the site of activation (Fig. 4.13). 

Binding of C3a and C5a to their receptors also causes 
cell activation: 
* increasing adhesive properties; 

triggering extravasation; and 
priming phagocytes to release proinflammatory 
molecules. including enzymes, vasoactive amines, 
reactive oxygen intermediates, and inflammatory 
cytokines. 
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Actions of anaphylatoxins 
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Fig. 4.13 C5a and C3a both act on mast cells to cause 
degranulation and release of vasoactive amines, including 
histamine and 5-hydroxytryptamine, which enhance vascular 
permeability and local blood flow. The secondaty release of 
chemokines from mast cells causes cellular accumulation, and 
Ca itself acts directly on receptors on monocytes and 
‘neutrophils to induce their migration to sites of acute 
inflammation and subsequent activation, 


C3a and Ca also enhance adhesion molecule expression 
con phagocytes, increasing cell stickiness, and may cause 
increased expression of the C3 fragment receptors CRI 
and CR3. 


Q. What effect would increased expression of CRI and CR3 
have on phagocytes? 

A. It would enhance their 
with C3b and IC3b 


ability to phagacytose particle 


C3a and CSa activate mast cells and 
basophils 
Tissue mast cells and basophils also express C3aR and 
CSaR, and binding of ligand triggers massive rel 
+ histamine; and 
+ cytokines (see Fig. 4.13). 
Together, these products cause local smooth muscle con- 
traction and increased vascular permeability to generate 
the swelling, heat, and pain that typify the inflammatory 
response. These effects mirror on a local scale the more 
lized and sev 
allergic or anaphylactic reactions, and for this reason C3a, 
and Ca are sometimes referred to as anaphylatoxins. 
‘The actions of C3a and C5a are limited temporally 
and spatially by the activity of a plasma enzyme 
carboxypeptidase-N, which cleaves the carboxy terminal 
amino acid, arginine, from both of these fragments. The 
products, termed C3a-desArg and CSa-desArg (-desArg = 
without arginine), respectively, are either completely 
biologically inert (C3a-desArg) or have much reduced 
activity (CSa-desArg), 


ase of 


ge e reactions that can occur in severe 
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The retention in C5a-desArg of some chemotactic 
activity enables the recruitment of phagocytes even from 
distant sites, making C5a and its metabolite the most 
important complement-derived chemotactic factor 


3b and iC3b are important opsonins 
Complement activation and amplification cause comple- 
ment fragments to efficiently coat activator surfaces of 
targets such as bacteria or immune complexes. Phagocytes 
and other cells carrying receptors for these complement 
fragments are then able to bind the target, triggering 
ingestion and cell activation. The key players here are the 
surface-bound fragments of C3 and the family of C3 
fragment receptors described above. 

The amplification inherent in the system ensures that 
bacteria and other activating surfaces rapidly become 
coated with C3b and its breakdown product iC3b (Le. the 
process of opsonization; Fig. 4.14) 

Phagocytes lured by the complement-derived chemo: 
tactic factors described above and activated to increase 
expression of CRI and CR3 (receptors for C3b and iC3b, 
respectively) will bind the activating particle and engulf it 
for destruction in the phagos 


Opsonization, binding, and phagocytosis 
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Fig, 4.14 A bacterium is sensitized by the covalent binding of 
(C3b, IC3b, and C4b, which allow it to be recognized by 
‘complement receptors (CR) on neutrophils and mononuclear 
phagocytes. This promotes phagocytosis and activation of the 
phagocyte, In primates, erythrocytes also express CRI, which 
allows them to bind opsonized bacteria and immune 
‘complexes. In the lower pane! luoresceinated bacteria that 
have been opsonized with antibody and complement are seen 
adhering to human erythracytes, (Courtesy of Professor GD 
Ross) 


‘COMPLEMENT HAS A VARIETY OF FUNCTIONS 


@ In addition to C3b and iC3b, what other complement 
‘components can act as opsonins? 

A. Clq via its interaction with C1q receptors and C4b by 
binding to CRI 


‘The importance of complement opsonization for 
defense against pathogens is illustrated in individuals 
deficient in complement components. C3 deficiency (see 
below) in particular is always associated with repeated 
severe bacterial infections that without adequate pro- 
phylaxis inevitably lead to early death, 


C3b disaggregates immune complexes and 
promotes their clearance 
Immune complexes containing antigens derived either 
from pathogens or from the death of host cells form 
continuously in health and disease. Because they tend to 
grow by aggregation and acquisition of more components, 
they can cause disease by precipitating in capillary beds 
in the skin, kidney, and other organs, where they drive 
inflammation, 

Complement activation on the immune complex via 
the classical pathway efficiently opsonizes the immune 
complex and helps prevent precipitation in tissues: 
© first, coating with C3b masks the foreign antigens in 

the core of the immune complex, blocking further 

growth; 

* second, coating with C3b disaggregates large immune 
complexes by disrupting interactions between antigen 
and antibody; 

* third, C3b (and C4b) on immune complexes interacts 
with CRI on erythrocytes, taking the immune com- 
plex out of the plasma ~ the immune adherence 
phenomenon. 

Immune complex adherence to erythrocytes. provides 

an efficient means of handling and transporting the 

hazardous cargo to sites of disposal (ie. the resident 
macrophages in spleen and liver). Here the immune 
complex is: 

+ "released from the erythrocyte; and 

* captured by complement and immunoglobulin recep- 
tors on the macrophage, internalized, and destroyed. 


The MAC damages some bacteria and 

enveloped viruses 

Assembly of the MAC creates a pore that inserts into and 

through lipid bilayers, breaching the membrane barrier 

(see Fig. 4.10). The consequences of MAC attack vary 

from target to arg: 

* for most pathogens, opsonization is the most important 
antibacterial action of complement; 

* for Gram-negative bacteria, particularly organisms 
of the genus Neiseria, MAC attack is 2 major com- 
ponent of host defense, and individuals deficient 
in components of the MAC (eg. patients with C6 
deficiency, which is the second most common defi- 
ciency of complement) are susceptible to neisserial 
meningitis. 

Gram-negative bacteria are protected by a double cell 

membrane separated by a peptidoglycan wall. Precisely 


how MAC traverses these protective structures to damage 

the inner bacterial membrane and causes osmotic lysis of 

these organisms remains unclear. 
‘The MAC: 

‘+ may also play roles in the efficient dispatching of other 
pathogens, including some viruses; 

+ can also damage or destroy host cells ~ in some 
instances, such as autoimmunity, the host cell is itself 
the target and complement is directly activated on the 
cell, leading to MAC attack. 


Q. What term is applied to the deposition of MACs on cells 
near to but not directly the cause of complement activation, 
and what mechanism normally limits this process? 

A. This event is called bystander lysis and is normally limited 
by the presence of CDS9 and fluid phase regulators, and the 
inefficiency of C5b6 deposition 


Erythrocytes have only a limited capacity to resist and 
repair damage and can be lysed, as is seen in autoimmune 
hemolytic anemias and some other hemolytic disorders, 
Although nucleated host cells may escape lysis by MAC, 
the insertion of pores in the membrane is not without 
consequence. Ions, particularly Ca’, flow into the cell and 
cause activation events with diverse outcomes that may 
contribute to disease. 


Immune complexes with bound C3b are very 

efficient in priming B cells 

Complement is a key component of the innate immune 

response. However, it has recently become apparent that 

complement also plays important roles in adaptive 
immunity and acts as a bridge between these two arms 
of immunity. ‘This realization arose from studies in 
complement-depleted and complement-deficient mice in 
which antibody responses to foreign particles were 
markedly reduced. At least three linked mechanisms con- 

tribute to this effect (Fig. 4.15) 

* first, immature B cells directly bind foreign particles 
through the B cell receptor (BCR) recognizing specific 
antigen in the particle, and through CR2 recognizing 
attached C3d — this co-ligation triggers B cell matu- 
ration, with the mature cells migrating to the lymphoid 

+ Second, while in the lymph nodes, mature celle 
encounter opsonized antigen and, in the presence of 
B cell help, are induced to become activated and to 
proliferate; 

* finally, in the lymphoid organs FDCs capture antigen 
through attached C3 fragments and use this bait to 
select the correct activated B cells and switch them on 
to further maturation and proliferation to form plasma 
cells and B memory cells (see Chapters 8 and 11). 

‘The overriding principle of this ‘adjuvant’ effect of C3 
opsonization is that simultaneous engagement of CR2 
and BCR on the B cell, by recruiting signaling molecules 
to form an activation’ complex on the B cell surface, 
efficiently triggers the B cell response. As a consequence, 
complement-opsonized particles may be 1000-fold as 
active as the unopsonized particle in triggering antibody 
production, 
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Complement plays important roles in adaptive 
immunity 
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Fig. 4.15 C3 fragments bound to antigen (Ag) bind 
complement receptors on B cells and follicular dendritic cells 
(FDCS), enhancing B cell development at multiple stages in 
the process. (1) B cells bind Ag through the B cell receptor 
(BCR) and bind Ag-attached C3d through CR2. The combined 
signals, delivered through these receptors and their co- 
receptors, markedly enhance positive selection of Ag-reactive 
B cells and subsequent maturation. (2) Binding of C3d- 
‘opsonized Ag to mature B cells in the lymphoid follicles (with 
appropriate T cell help) triggers B cell activation and 
proliferation. (3) In the spleen and bone matrow, C3- 
‘opsonized Ag binds complement receptors on FDCs to retain 
‘Ag on the FDC, where its efficiently presented to activated B 
cells. Ligation of BCR and C3d on the activated 8 cell triggers 
differentiation to plasma cells and B memory cells. 


COMPLEMENT DEFICIENCIES ILLUSTRATE 
THE HOMEOSTATIC ROLES OF 
COMPLEMENT 

Genetic deficiencies of each of the complement compo- 
nents and many of the regulators have been described and 
provide valuable ‘experiments of nature’ illustrating the 
homeostatic roles of complement. In general, complement 
deficiencies are rare, though some deficiencies are much 
‘more common in some racial groups. 


A variety of assays (Method Box 4.1) are available for 

detecting: 

* the activity of different complement pathways; 

‘+ the functional activity of individual components; 

+ the total amount of individual components (functional 
or non-functional). 

‘The consequences of a deficiency in part of the com- 

plement system depend upon the pathway(s) affected 

(Pig. 4.16). 


METHOD BOX 4.1 


A variety of assays are available for detecting: 

+ the activity of different complement pathways; 

‘the functional activity of individual components; 

‘the total amount of individual components (functional or 
non-functional). 


‘Measuring classical and alternative pathway activity 
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Fig. 1 Classical pathway activity is measured using 
_antibody-senstzed sheep erythrocytes in a buffer 
‘containing both Ca®* and Mg? ions. Altemative pathway 
activity is measured using rabbit erythrocytes in a buffer 
‘containing Mg" ions but no Ca"* ions. In both assays, 
standards and samples diluted in the specific buffer are 
incubated with the relevant target cell and the amount of 
hemolysis is measured. The results are converted 
‘mathematically to standardized hemolytic units (CHS0 for 
<assical pathway, AHSO for alternative pathway). 


Functional activity of individual components is measured in 
similar hemolytic assays by assessing the capacity of the test 
serum to restore hemolytic activity to sera depleted of indi- 
vidual components — for example, C6 activity would be tested 
Using Cé-depleted serum in a classical pathway assay. 

The total amount of an individual component is measured 
Using specific antisera in techniques such as nephelometry, 
radial immunodiffusion, and rocket immunoelectrophoresis. 
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Complement system deficiencies 


Fig. 4.16 A summary of the clinical consequences of the various complement deficiencies. Black arrows denote pathway, red arrows 


show strong effects, and blue arrows indicate weak effects. 


Classical pathway deficiencies result in tissue 
inflammation 

Deficiency of any of the components of the classical path- 
way (Cl, C4, and C2) predisposes to a condition that 
closely resembles the autoimmune disease systemic lupus 
erythematosus (SLE), in which immune complexes 
become deposited in the kidney, skin, and blood vessels. 

Deficiency of any of the C1 subunits (Clq, Cl, or 
Gls) invariably causes severe disease with typical SLE, 
features including skin lesions and kidney damage. ‘The 
disease usually manifests early in childhood and few 
patients reach adulthood. 

CA deficiency also causes severe SLE. Total deficiency 
of C4 is extremely rare because C4 is encoded by two 
separate genes (C44 and C4B), but partial deficiencies of 
C4 are relatively common and are associated with an 
increased incidence of SLE. 

C2 deficiency is the commonest complement defi- 
ciency in Caucasians. Although it predisposes to SLE, the 
majority of C2-deficient individuals are healthy. 


‘The large majority of cases of SLE. are, however, 
not associated with complement deficiencies, and auto- 
immune SLE.is discussed below and on p. 376. 

‘The historical view of immune complex disease in 
classical pathway deficiency was based upon defective 
immune complex handling. 


Q. Why would a deficiency in the classical pathway lead to 
Impaired handling of immune complexes? 

A. Classical pathway activation and opsonization of immune 
complexes helps prevent precipitation in tissues and aids the 
carriage of immune complexes on erythracytes. Classical path. 
way deficiencies would therefore result in a failure to maintain 
solubilization and permit the resultant precipitation af immune 
complexes in the tissues where they drive inflammation. 


Although these mechanisms of immune complex 
handling undoubtedly contribute, a new perspective has 
recently developed that takes a different view of the role 
of complement in waste management. 
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Cells continually die by apoptosis in tissues and are 
removed silently by tissue macrophages. Complement 
contributes to this essential process because the apoptotic 
cell binds Clq and activates the classical pathway. In Cl 
deficiencies, apoptotic cells accumulate in the tissues 
and eventually undergo necrosis, which releases toxic cell 
contents and causes inflammation. 

‘This recent observation, emerging from studies in 
complement deficiencies, has altered the way we think of 
the handling of waste in the body and moved complement 
to center-stage in this vital housekeeping role. 


Deficiencies of MBL are associated with 

infection in infants 

MBL is a complex multi-chain collectin. Each chain 

comprises a collagenous stalk linked to a globular carho- 

hydrate recognition domain. 

‘The plasma level of MBL is extremely variable in the 
population, and governed by a series of single nucleotide 
polymorphisms in the MBL gene, either in the promoter 
region or in the first exon, encoding part of the collage~ 
nous stalk: 

* mutations in the promoter region alter the efficiency of 
gene transcription; 

+ mutations in the first exon disrupt the regular structure 
of the collagenous stalk, destabilizing complexes con- 
taining mutated chains, perhaps disrupting association 
with the MASP enzymes. 

At least seven distinct haplotypes arise from mixing of 

these mutations, four of which yield very low plasma MBL 

levels. As a consequence, at least 10% of the population 
have MBL levels below 0:1 jig/ml and are considered to be 

MBL deficient. 

‘MBL deficiency is associated in infants with increased 
susceptibility to bacterial infections. This tendency dis- 
appears as the individual ages and the other arms of 
immunity mature. 

In adults, MBL deficiency is of little consequence 
unless there is an accompanying immunosuppression ~ for 
example, people with HIV infection who are MBL defi- 
cient appear to have more infections than those who have 
high levels of MBL. 


Alternative pathway and C3 deficiencies are 
associated with bacterial infections 
Deficiencies of either B or {D prevent complement 
amplification through the alternative pathway amplifica~ 
tion loop, markedly reducing the efficiency of opsoniza- 
tion of pathogens, As a consequence, deficient individuals 
are susceptible to bacterial infections and present with a 
history of severe recurrent infections with a variety of 
pyogenic (pus-forming) bacteria. Only a few families with 
each of these deficiencies has been identified, but the 
severity of the condition makes it imperative to identify 
affected families so that prophylactic antibiotic therapy 
can be initiated. 

C3 is the cornerstone of complement, essential for all 
activation pathways and for MAC assembly, and is also 
the source of the major opsonic fragments C3b and 
iC3b, Individuals with C3 deficiency present early in 


childhood with a history of severe, recurrent bacterial 
infections affecting the respiratory system, gut, skin, and 
other organs. Untreated, all die before adulthood. When 
given broad-spectrum antibiotic prophylaxis, patients do 
reasonably well and survival into adulthood becomes 
the norm. 


Terminal pathway deficiencies predispose to 
Gram-negative bacterial infections 

Deficiencies of any of the terminal complement 
components (C5, C6, C7, C8, or C9) predisposes to 
infections with Gram-negative bacteria, particularly 
those of the genus Neimeria. This genus includes the 
meningococci responsible for meningococcal meningitis 
and the gonococei responsible for gonorrhea. 


Q. Why should these deficiencies be specifically associated 
with infection by Gram-negative bacteria and not with all 
bacterial infections? 

‘A. Gram-negative bacteria have an outer phospholipid mem- 
brane, which may be targeted by the lytic pathway. Gram- 
positive bacteria have a thick bacterial cell wall on the outside. 


Individuals with terminal pathway deficiencies usually 
present with meningitis, which is often recurrent and 
‘often accompanied by septicemia. Any patients with 
second or third episodes of meningococcal infection 
without obvious cause should be screened for complement 
deficiencies because prophylactic antibiotic therapy can 
be life-saving. Terminal pathway-deficient patients should 
also be intensively immunized with the best available 
‘meningococcal vaccines. 
Itis likely that terminal pathway deficiencies are rela- 
tively common and underascertained in most countries: 
* in Caucasians and most other groups investigated, C6 
deficiency is the most common; 
+ in the Japanese population, C9 deficiency is very 
common, with an incidence of more than 1 in 500 of 
the population. 


C1 inhibitor deficiency leads to hereditary 
angioedema 

Deficiency of the classical pathway regulator Clinh is 
responsible for the syndrome hereditary angioedema 
(HAE). Clinh regulates C1 and MBL in the complement 
system and also controls activation in the kinin pathway 
that leads to the generation of bradykinin and other active 
Kinins (Fig. 4.17). 

HAL is relatively common because the disease presents 
even in those heterozygous for the deficiency (i. itis an 
autosomal dominant disease). 

‘The halved Clinh synthetic capacity in those. with 
HAE cannot maintain plasma levels in the face of con- 
tinuing consumption of Clinh, which is a suicide 
inhibitor that is consumed as it works. As a consequence, 
the plasma levels measured are often only 10-20% of 
normal, even in periods of health, 

Episodes of angioedema are often triggered in the skin 
‘or mucous membranes by minor trauma ~ occasionally 
stress may be sufficient to induce an attack. Swelling, 
which may be remarkable in severity, rapidly ensues as 
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Fig. 4.17 C1 inhibitor (Clinh) is involved in the inactivation 
‘of elements of the kinin, plasmin, complement, and clotting 
systems, all of which may be activated following the surface- 
dependent activation of factor XIl. The points at which Clinh 
acts are shown in red. Uncontrolled activation of these 
‘pathways results in the formation of bradykinin and C2 kinin, 
‘hich induce edema. 


unregulated activation of the kinin and complement 
systems occurs in the affected area, inducing vascular 
leakiness. Swelling of mucous membranes in the mouth 
and throat may block the airways, leading to asphyxia 
(Fig. 4.18). 

Episodes of angioedema are transient and usually wane 
over the course of a few hours without therapy. 
Emergency treatment for life-threatening attacks involves 
the infusion of a purified Clinh concentrate. Prophylactic 
treatment involves the induction of Clin synthesis using 
anabolic steroids, or minimizing consumption of Clinh 
using protease inhibitors, 

Although the majority of cases of HAE involve a 
‘mutation that prevents synthesis of Clinh by the defective 
gene (type 1), in about 15% of cases the mutation results 
in the production of a functionally defective protein (type 
I), In type I HAE, the plasma levels of Clinh may be 
normal or even high, but its function is markedly 
impaired, leading to disease. 

A similar syndrome to type II HAE can develop later in 
life. Acquired angioedema is, in most or all cases, 
associated with autoantibodies that: 

* target Clink; 
* may arise in an otherwise healthy individual or may be 


Fig. 4.18 The clinical appearance of hereditary angioedema, 
‘showing the local transient swelling that affects mucous 
membranes. 


associated with other autoimmune diseases, particularly 
SLE. 

Occasionally, acquired angioedema occurs in association 

with some lymphoproliferative disorders ~ whether 

autoantibodies are involved in these cases remains unclear. 


Deficiencies in alternative pathway 
regulators produce a secondary loss of C3 

fH1 or fl deficiency predisposes to bacterial 
infections 

fH and {1 collaborate to control activation of the alter- 
native pathway amplification loop. Deficiency of either 
leads to uncontrolled activation of the loop and complete 
consumption of C3, which is the substrate of the loop. 
‘The resultant acquired C3 deficiency predisposes to 
bacterial infections and yields a clinical picture identical to 
that seen in primary C3 deficiency. 


Properdin deficiency causes severe meningococcal 
meningitis 

Properdin is a stabilizer of the alternative pathway C3 
convertase that increases efficiency of the amplification 
loop. Properdin deficiency is inherited in an X-linked 
manner and is therefore seen exclusively in males. Boys 
deficient in properdin present with severe meningococcal 
meningitis, often with septicemia. The first attack is often 
fatal and survivors do not usually have recurrent infections 
because the acquisition of anti-meningococeal antibody 
enables a response via the classical pathway in the next 
encounter. Diagnosis is nevertheless important to identify 
affected relatives before they get disease ~ administration 
of meningococeal vaccine and antibiotic prophylaxis will 
prevent infection, 
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Critical thinking: Complement deficiency (see p. 494 for explanations) 


A family has been identified in which three of the seven 
children have had repeated upper respiratory tract infections 
since early childhood. Of these, one has developed bacterial, 
meningitis, and another a fatal septicemia, In all of the chil- 
dren the levels of antibodies in the serum are within the nor- 
‘mal range. When an assay for hemolytic complement (CH50) 
is carried out, however, the three affected children are all 
found to be deficient in this functional assay. 


1. Why would a deficiency in complement cause the children 

to be particularly susceptible to bacterial infections? 
Measurements are made of individual complement compo- 
nents of the classical and alternative pathways to determine 
Which of the components is defective. The results are shown in, 
the table, 


ca 600 480-520 

cz 20 15-22 

cs 1300 10-80 

factor B (FB) 210 not detectable 
factor H (fH) 480 200-350 
factor | (fl) Ey ‘not detectable 


2 Using knowledge of the complement reaction pathways, 
how can you explain the apparent combined deficiencies in 
C3, 18, and ti? 


3 What is the fundamental deficiency in this family and how 
Would you treat the affected children? 


T Cell Receptors and 
MHC Molecules 


SUMMARY 


‘+ The T cell antigen receptor (TCR) is located on the 
‘surface of T cells and plays a critical role in the adaptive 
‘immune system. Its major function isto recognize antigen 
and transmit a signal to the interior of the T cel, which 
generally resuits in activation of T cell responses, 


‘+ TCRs are similar in many ways to immunoglobulin 
molecules. Both are made up of pais of subunits («and 
for yand 8), which are themselves members of the 
immunoglobulin superfamily, and both recognize a wide 
‘variety of antigens via N terminal variable regions. Bath the 
9B TCR and the 7@ TCR are associated with CD3, forming 
TCR complexes. 


‘+ The two types of TCR may have distinct functions. In 
humans and mice, the aff TCR predominates in most 
peripheral Iymphoid tissues, whereas cells bearing the 76 
‘TCR are enriched at mucosal surfaces. Critical signaling 
functions are performed by the invariant chains of the TCR, 
the CD3 complex. 


+ Like immunoglobulins, TCRs are encoded by several sets 
of genes, anda large repertoire of TCR antigen-binding 
sits is generated by V(D) recombination during T cell 
dierentiation. Unite immunoglobulin, TCRS are never 
secreted and do not undergo clas switching or somatic 
hypermutation. 


‘+ Recognition by the af TCR requires the antigen to be 
bound to a specialized antigen-presenting structure 
known as a major histocompatibility complex (MHC) 
‘molecule. Uniike immunoglobulins, TCRs recognize 
antigen only in the context ofa cell-cell interaction. 


Class | and class Il MHC molecules bind to peptides 
derived from different sources. Class | MHC molecules 
bind to peptides derived from cytosolic (intracellular) 
proteins, known as endogenous antigens. Class Il MHC 
‘molecules bind to peptides derived from extracellular 
proteins that have been brought into the cell by 
[phagocytosis or endocytosis (exogenous antigens). 


‘Class | and class Il MHC present peptide antigens to 
the TCR in a cell-cell interaction between an antigen- 
presenting cell (APC) and aT cell. 


+ HLAA, HLAS, and HLA-C gene loci encode class | MHC 
‘molecules 


+ HLA-DP, HLA.DQ, AND HLA.DR gene loci encode class I 
(MHC molecules. 


+ An individual's MHC haplotype affects susceptibility to 
disease. 


CDT is an MHC class 1-like molecule that presents lipid 
antigens. 


THE TCR PLAYS A CRITICAL ROLE IN THE 
ADAPTIVE IMMUNE SYSTEM 

As discussed in Chapter 1, the immune system of higher 
vertebrates can be divided into two components ~ humoral 
immunity and cell-mediated immunity. 

Humoral immunity, of which antibodies are a key 
component, provides protection via the extracellular 
fluids. Antibodies deal quite effectively with extracellular 
pathogens: 

* targeting them for phagocytosis or complement- 
mediated lysis; 

* neutralizing receptors on the surface of bacteria and 
viruses; and 

* inactivating circulating toxins 


If antibodies were our only defense, however, pathogens 
could escape immune surveillance simply by hiding within, 
cells. In fact, many pathogens ~ all viruses, some bacteria, 
and certain parasites ~ do just that, carrying out substantial 
portions of their life eycles within host cells. Remarkably, 
some bacteria even thrive within macrophages after being 
phagocytosed. These considerations highlight the need 
fora second arm of the immune response ~ cell-mediated 
immunity ~ of which T cells are critical operatives. 

T cells recognize antigen via specialized cell surface 
antigen receptors ~ T cell receptors (TCRs) ~ which are 
structurally and evolutionarily related to antibodies. 

‘TCRs recognize antigen via variable regions generated 
through V(D)J recombination (see Chapter 3), much like 
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immunoglobulins, but are much more restrictive in their 
antigen recognition capabilities. 


TCRs recognize peptides displayed by MHC 
molecules 

T cells generally recognize fragments of degraded 
proteins (peptides), which must be bound to (‘presented 
by’) specialized antigen-presenting molecules termed 
major histocompatibility complex (MHC) molecules. 

‘MHC molecules can display a wide range of peptides 
derived from intracellular proteins on the cell surface, 
thereby alerting the immune system to the presence of 
intracellular invaders 

Because MHC molecules are expressed only on the 
surface of antigen-presenting cells (APCs), engagement of 
the TCR occurs only in the context of intimate cell-cell 
interactions. 

When a primed T cell bearing an appropriate TCR 
(capable of recognizing, for example, 2 particular viral 
peptide) comes into contact with an infected cell, it can 
rapidly kill that cell and thereby limit the spread of the 
viral infection. 

‘The requirement for cell-cell interaction also allows 
T cells to provide critical regulatory functions. TT cells, 
for example, can couple signals from the innate immune 
system, such as those arising from ‘professional’ APCs 
(eg. dendritic cells) with adaptive (T and B cell) 
responses, providing a critical layer of integration, 
coordination, and regulation. 


TCRs ARE SIMILAR TO IMMUNOGLOBULIN 

MOLECULES 

‘The ‘TCR was identified much later than immuno- 

globulin, even though early theoretical considerations 

strongly suggested that T cells must bear cell surface 

antigen receptors. It is now clear that there are two 

varieties of TCR, termed af and 76, and that both 

molecules: 

* resemble immunoglobulins in several significant ways 
(Fig. 5.1); 

* are made up of heterodimers (either ct and B or yand 6 
subunits), which are disulfide-linked; 


+ are integral membrane proteins with large extracellular 
domains and short cytoplasmic tals. 

‘The extracellular portions are responsible for antigen 

recognition and contain variable N terminal regions, like 

antibodies. Both o. and f (or and 8) subunits contribute 

to the antigen-binding sites. 


THE TWO TYPES OF TCR MAY HAVE 
DISTINCT FUNCTIONS 

‘The two types of TCR tend to populate different tissue 
sites and are thought to perform distinct functions. 


The ci} heterodimer is the antigen 
recognition unit of the of TCR 

‘The OB TCR is the predominant receptor found in 
the thymus and peripheral lymphoid organs of mice 
and humans. It is a disulfide-linked heterodimer of a 
(40-50 kDa) and f (35-47 kDa) subunits and its structural 
features have been determined by X-ray crystallography 
(Fig. 5.2). 

Each polypeptide chain of the a ‘TCR contains two 
extracellular immunoglobulin-like domains of approxi- 
mately 110 amino acids, anchored into the plasma 
membrane by a transmembrane domain that has a short 
cytoplasmic tail. 


@ How can receptors that lack intracytoplasmic domains 
signal to the cell? Give some examples. 

‘A. They signal by associating with ather membrane molecules 
that do have intracytoplasmic domains, Far example, immuno- 
globulin associates with Igo: and lgfi (See Fig. 3.1), and Fey 
associates with its chain dimer (see Fig. 3.20). 


‘The extracellular portions of the o and B chains fold 
into structure that resembles the antigen-binding 
portion (Fab) of an antibody (see Fig. 3.12). Indeed, as in 
antibodies, the amino acid sequence variability of the 
‘TCR resides in the N terminal domains of the a and 
(and also the yand 8) chains. 

‘The regions of greatest variability correspond to 
immunoglobulin hypervariable regions and are also 
known as complementarity determining regions 


Similarities and differences between T cell receptors and immunoglobulins 
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Fig. 5.1 TCRs are very similar to Fab 
fragments of B cell receptors. Both 
receptor types are composed of two 
different peptide chains and have variable 
regions for binding antigen, constant 
regions, and hinge regions. The principal 
differences are that TCRs remain 
‘membrane-bound and contain only a 
single antigen-binding site. 


THE TWO TYPES OF TCR MAY HAVE DISTINCT FUNCTIONS 


‘The T cell antigen receptor 


Rapid Reference Box 5 


CDRs (complementarity determining regions) the sections 
‘of an antibody oT cell receptor V region responsible for 
antigen or antigen-MHC molecule binding. 

H.2 the mouse MHC, 

histocompatibility ~ the ability to accept grafts between 
individuals, 

HLA — the human MHC. 

ITAMs (immunoreceptor tyrosine activation motifs) and 
ITIMs (immunoreceptor tyrosine inhibitory motifs) — 
target sequences for phosphorylation by kinases involved in 
al activation or inhibition. 

MHC (major histocompatibilty complex) ~a genetic region 
found in all mammals whose products are primarily 
responsible forthe rapid rejection of grafts between 
individuals; it functions inthe signaling between 
lymphocytes and cell expressing antigen 

MHC class I and il molecules ~ molecules coded within the 
MH — class | molecules have one MHC-encoded peptide 
complexed with Bmicroglobulin; class It molecules have 
‘two MHC-encoded peptides, which are non-covalently 
associated. 

MHC restriction ~ a characteristic of many immune reactions 
in which eels cooperate most effectively with other cells 
that share an MHC haplotype. 

RAG-1 and RAG-2 ~ recombination activating genes, required 
for recombination of VD, and | gene segments during the 
{generation of functional antigen receptor genes. 

VD, and J genes — variable (V), joining (1), and diversity (O) 
genes. 


of the extracellular portion of the receptor and the 
transmembrane domain (shown as the C terminal residue 


Fig. 5.2 Three-dimensional structure of an afb TCR - only 
extracellular domains are shown. The «chain is colored blue 
(esidues 1-213), and the B chain is colored green (residues 
3-247), The B strands are represented as arrows and labeled 
according to the standard convention used for the 
Immunoglobulin fold. The disulfide bonds (yellow balls for 
Sulfur atoms) are shown within each domain and for the C 
terminal interchain disulfide. The complementarity 
determining regions (CDRs) lying at the top of the diagram 
are numerically labeled (1-4) for each chain. These form the 
binding site for antigen/MHC molecule. (Adapted from Garcia 
KC, Degano M, Stanfield RL, et al. Science 1996;274:209-219, 
Copyright AAAS) 


(CDRs). They are clustered together to form an antigen- 
binding site analogous to the corresponding site on 
antibodies (see Fig. 5.2). Note, however, that: 
* the CDR3 loops from both the cand B chains lie at the 
center of the antigen-binding site. 
‘These CDR3 loops make contact with antigen, which in 
the case of the TCR, is a peptide (see below). 
‘The disulfide bond that links the oc and B chains is in 
2 peptide sequence located between the constant domain 


in the a and chain in Fig. 5.2) 
‘One remarkable feature of the transmembrane portion 
of the receptor is the presence of positively charged 
residues in both the a and chains. Unpaired charges 
would be unfavorable in a transmembrane segment. 
ve charges are neutralized by assembly 
complex, which contains additional 
polypeptides bearing complementary negative charges 
(see below). 


The CD3 complex associates with the 
antigen-binding of} or y5 heterodimers to 
form the complete TCR 

‘The aff or 7 heterodimers must associate with a series of 
polypeptide chains collectively termed the CD3 complex 
for the antigen-binding domains of the ‘TCR to form a 
complete, functional receptor that is stably expressed at 
the cell surface and is capable of transmitting a signal upon 
binding to antigen, 

‘The four members of the CD3 complex (y, 8, €, and 0) 
are sometimes termed the invariant chains of the TCR 
because they do not show variability in their amino acid 
sequences. (The and & chains of the CD3 complex should 
not be confused with the quite distinct antigen-binding 
variable chains of the TCR that bear the same names.) 
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‘The CD3 chains are assembled as heterodimers of ye 
and 8 subunits with a homodimer of € chains, giving an 
overall TCR stoichiometry of (aB);, ¥, 8, €s, &. Current 
data suggest that the ‘TCR complex exists as a dimer 
(Fig. 5.3). 

‘The CD3 ¥, 8 and € chains are the products of three 
closely linked genes, and similarities in their amino acid 
sequences suggest that they are evolutionarily related. 

Indeed, all three are members of the immunoglobulin 
superfamily, each containing an external domain followed 
by a transmembrane region and a substantial, highly 
conserved, cytopasmic tail of 40 or more amino acids. 

‘As with the transmembrane domains of the variable 
chains of the TCR, the membrane-spanning regions of 
these CD3 chains contain charged amino acids. 


The T cell receptor complex 


TcR TCR 


‘tansmembrane segment 


Fig. 53 The TCR cand f (or yand 8) chains each comprise 
an external V and C domain, a transmembrane segment 
Containing positively charged amino acids, and a short 
‘ytoplasmic tal, The two chains are disulfide linked on the 
‘membrane side of their C domains. The CD3 y, 6, and e chains 
comprise an external immunoglabulin-ike C domain, a 
transmembrane segment containing a negatively charged 
amino acid, and a longer cytoplasmic tal. A dimer of £6, nn, 
fr iis also associated with the complex. Several ines of 
evidence support the notion that the TCR-CD3 complex exists 
atthe cell surface asa dimer. The transmembrane charges are 
important forthe assembly of the complex. A plausible 
arrangement that neutralizes opposite charges is shown. 


Itis thought that the negatively charged residues in the 
transmembrane region of the CD3 chains interact with 
{and neutralize) the positively charged amino acids in the 
‘8 polypeptides, leading to the formation ofa stable TCR 
complex (Fig. 5.3). 

‘The CDS gene is on a different chromosome from 
the CD3 ye gene complex, and the { protein is struc- 
turally unrelated to the other CD3 components. The 
chains possess: 

+ a small extracellular domain (nine amino acids); 

* a tansmembrane domain carrying « negutve charg; 
* a large cytoplasmic tail. 

An alternatively spliced form of CD3¢, called CD3n, 
possesses an even larger cytoplasmic tail (42 amino acids 
longer at the C terminus). 


The cytoplasmic portions of £ and 1 chains contain 
ITAMs 

‘These { and 9 chains may associate in all three possible 
combinations (CC, Cn, or 1) and play a critical role in 
signal transduction through the TCR. The cytoplasmic 
portions of these subunits contain particular amino 
acid sequences called immunoreceptor tyrosine-based 
activation motifs (ITAMSs), and each chain contains 
three of these motifs. 


@ Which other group of cell surface molecules contains 
ITAMs? 

A. The Fy receptors, either as an intrinsic intracellular domain 
‘of the receptor, ar because they associate with signaling mole- 
‘cules that have ITAMS (see Fig 3.20) 


‘The conserved tyrosine residues in the ITAM motifs 
are targets for phosphorylation by specific protein kinases. 
When the TCR is bound to its cognate antigen-MHC 
complex, the ITAM motifs become phosphorylated within 
minutes in one of the first steps in T cell activation (see 


+ are essential for T cell activation, and mutational substi- 
tution of the tyrosines in the motif prevents activation; 
* play critical roles in B cell activation, and are present in 
the B cell receptor chains, [get and IgB (see Fig. 3.1 and 

Chapter 8). 

CD3E also functions in another signaling pathway, asso- 
ciating with the low-affinity Fe/RIlla receptor (CD16), 
which is involved in the activation of macrophages and 
natural killer (NK) cells (see Fig. 3.20). 

Other subunits of the CD3 complex (7, 8, €), though 
lacking in ITAMs, may also become phosphorylated 
following TCR engagement. Phosphorylation of the 
CD3y chain downregulates TCR expression on the cell 
surface via a mechanism involving increased receptor 
internalization. 


The yé TCR structurally resembles the afi 
TCR but may function different! 
‘The overall structure of the 36 TCR is similar to that ofits 
‘aB counterpart, Each chain is organized into: 

+ extracellular V and C domains; 
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* a transmembrane segment containing positively 
charged amino acids; and 

+ a short cytoplasmic tal. 

‘One indication that the two types of T cell (ie. T cells with 

GB TCRs and T cells with 48 TCRs) might perform dif- 

ferent functions comes from their anatomic distribution: 

* in humans and mice, aB TCRs are present on more 
than 95% of peripheral blood TT cells and on the 
majority of thymocytes; 

* T cells bearing 38 ‘TCRs are relatively rare in spleen, 
lymph nodes, and peripheral blood but predominate at 
epithelial surfaces ~ they are common in skin and in the 
epithelial linings of the reproductive tract and are 
especially numerous in the intestine, where they are 
found as intraepithelial lymphocytes. 

Itis further believed that there are distinct subsets of y8T. 

cells that can perform different functions. 


Antigen recognition by yo T cells is unlike that of 
their af counterparts 

‘The fact that 78 T cells are rare in anatomic locations 
known to support the classical mechanisms of antigen 
presentation and lymphocyte clonal expansion suggests the 
possibility that 76 cells might not need to rely upon nor- 
‘mal antigen presentation mechanisms for their activation, 

Several lines of evidence support the hypothesis that 6 
T cells can recognize antigen in an MHC-independent 
fashion, for example: 

+ 78 T cells can be found in normal numbers in MHC 
class I and class II-deficient mice; 

© their cognate antigens are not necessarily peptides, 
and do not require classical processing ~ indeed, some 
murine ¥ T cells have been found to recognize 
proteins directly, including MHC molecules and viral 
proteins, in a manner that requires neither antigen 
processing nor presentation by MHC. 

YB T cells therefore appear to be able to follow a different 

paradigm for cell recognition of antigen than that 

employed by a T cells. 

8 T cells recognize at least two classes of ligand: 

+ molecules that signal the presence of cellular stress; and 

* small organic molecules that serve as signifiers of 
infection. 

For example, human intraepithelial 8 T cells have been 

found to respond to MHC class I-related antigens (MICA. 

and MICB) expressed on the surface of stressed cells. 

In addition, some human 36 T cells recognize small, 
non-peptidic, organic compounds secreted by myco- 
bacteria, such as monoethylphosphate and isopentenyl 
pyrophosphate. These ligands are secreted by a number of 
bacteria and may also be produced by some eukaryotic 
pathogens. 

‘The 7 T cell arm of the adaptive immune system 
therefore appears to share some key characteristics of 
innate immune responses. 


‘y® T CELLS HAVE A VARIETY OF BIOLOGICAL ROLES — 

BT cells: 

* are essential for primary immune responses to certain 
viral and bacterial pathogens in mouse models, but in 
many cases their contribution to the primary response 


can be substituted for by af 'T cells, and they rarely 
contribute to memory responses; 

+ interact with a variety of lymphocytes, and have been 
implicated in stimulating immunoglobulin class switch 
recombination by B cells in response to T-dependent 
antigens; 

+ provide regulatory signals to aff cells and have been 
implicated in shaping immune responses (e.g. 76 cells 
appear to be involved in downregulating inflammation 
and in this role may be responding to epithelial cells 
stressed by inflammatory processes rather than to 
specific antigens borne by pathogens). 

‘The unique ability of 16 T cells to, on the one hand, sense 

tissue damage and, on the other, to recognize antigens 

without the normal constraints of antigen processing/ 

MHC restriction (see below), may allow them to fill 

several key biological roles such as immunoregulation. In 

particular, 38 T cells may downregulate potentially 
damaging inflammatory responses, providing immuno- 
protection: 

* when MHC function is compromised by, for example, 
viral infections that downregulate MHC; 

+ in early life when aT cell function is immature and 
when the antigen processing and antigen sampling 
systems have not yet matured. 


TCRs ARE ENCODED BY SEVERAL SETS 

OF GENES 

‘The general arrangement of the genes encoding the «, B, 
‘y,and 6 chains of the TCR is remarkably similar to that 
of the immunoglobulin heavy chain genes (see Chapter 3, 
p. 81), suggesting a common origin from a primordial 
rearranging antigen receptor locus. 

Fig. 54 illustrates the murine TCR genes, which are 
similar to those of humans. All four TCR gene families 
have been strongly conserved across more than 400 
nillion years of evolution of the jawed vertebrates, which 
suggests a strong selective pressure for the preservation of 
both af and 7 T cell functions. 

‘The nomenclature of the TCR genes is simple ~ the 
‘CRA locus encodes the gene, TCRB the B gene, and so 
on. Interestingly, the TCRD locus is nested within the 
TCRA cluster. 

‘The 0: and 7 loci have sets of V and J gene segments 
(analogous to immunoglobulin light chain loci), whereas 
the B and 6 loci have V, D, and J gene segments (analogous 
to immunoglobulin heavy chains). 


TCR variable region gene diversity is 
generated by V(D)J recombination 
As with antibody genes, a highly diverse repertoire of 
‘TCR variable region genes is generated during T cell 
differentiation by a process of somatic gene rearrange- 
ment termed V(D)J recombination (see Chapter 3). 
‘Variable (V), joining (J), and sometimes diversity (D) gene 
segments are joined together to form a completed variable 
region gene. 

‘Junctional diversity (imprecise joining of V, D, and J 
with loss and/or addition of nucleotides) contributes an 
enormous amount of variability to the TCR repertoire in 
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‘Murine T cell receptor genes 
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Fig. 5.4 The 6 chain loci are embedded within the « loci and tandem duplication has occurted in the jt chain loci. The last of each | 


set of JB genes and the Vy3 gene are pseudogenes. 


addition to the variation that results from combinatorial 
assortment of the various gene segments, ‘There is minor 
variation in detail for each locus (see Fig. 5.4). 


TCRA recombination entails joining of V to J gene 
segments 

Asin the kappa light chain (IgK locus), joining of a Va 
segment to a Jat segment produces a complete variable 
region gene. The large number of Ja segments con- 
tributes to the ultimate diversity of TCRe speciticities. 


The TCRB locus includes two sets of D, J, and 
€ genes 
Most of the VB genes are grouped together, but one 
(VB14) is present at the extreme 3” end of the locus. ‘The 
tandem duplication of DB, JB, and CB must have occurred 
carly in mammalian evolution because it is present in both 
mice and humans. Extensive diversity is generated by 
recombination because not only are VDJ arrangements 
possible, but also VJ and VDDJ combinations. 

‘The D segments are used in all three reading frames, 
further contributing to B chain diversity 


The arrangement of the TCRG locus differs in mice 
and in humans 
‘The murine locus bears a striking similarity to the 
antibody light chain locus, with four Cy genes (including 
1 pseudogene), each associated with one J gene and from 
one to four Vy genes. There are no D genes. 

In humans there are eight Vy genes, followed by 
three Jy and the first Cy, then two additional Jy genes 
before Cy, 


The TCRD locus possesses only five Vé, two Dé, 
and six J6 genes 

‘The TCRD locus was discovered during studies on 
the TCRA locus and possesses only five V8, two D8, and 
six J8 genes, Despite this relative paucity of genetic 
material, more than 1000 different 

generated, 


chains can be 


Q. How may the great number of 6 chains be generated 
when there Is only a limited number of V, D, and J gene 
segments in the TCRD locus? 

A. As described in Chapter 3, the two D region segments can 
be used in all three possible reading frames, and imprecise 
joining of the VD and D} junctions produces further diversity. 


The mechanism of V(D)J recombination is the same 
in both T cells and B cells 
‘The TCR genes are flanked by recombination signal 
sequences, just like their immunoglobulin cousins (see 
Fig. 3.29), and the same recombination machinery (the 
RAG proteins) operates in both B and T cells. Indeed, 
experiments have shown that TCR DB and Jy genes can 
rearrange appropriately even if transfected into B cells. 
Analysis of the amino acid sequences of many different 
‘TCRs shows that the greatest diversity lies within the third 
CDR (CDR3), which is also the ease for B cell receptors. 
Addition of N regions (non-templated nucleotides added 
to the junctions by terminal deoxynucleotidyl transferase, 
TdT) is much more pronounced in ‘TCRs, however. It 
is important to note, too, that neither somatic hyper 
‘mutation nor class switching occur in T cells. 


Q. Why is it that, unlike B cells, T cells have not evolved a 
lass switching mechanism? 

A. Class switching is irrelevant because there is no secreted 
{form of the TCR and hence no interaction analagous to that of 
immunaglobulin and FeR. 


RECOMBINATION YIELDS GREAT DIVERSITY ~ Hunkspiller 
and Hood have calculated that it is possible to construct 
about: 

+ 44x 10! different forms of TCR VB; and 

+ 8.5.x 10! forms of TCR Va. 

‘They estimate that if only 1% of the sequences coded for 
viable proteins this would still give 2.9 x 10" receptors. 
Even if 99% of these viable receptors were rejected due 
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to autoreactivity or other defects, recombination would 
still yield 2.9 x 10" possible murine TCRs. This would 
seem to be more than enough potential diversity, given 
that the thymus produces fewer than 10’ thymocytes over 
the lifetime of a mouse. 


TCR V genes used in the responses against 
different antigens 
‘A major area of research in recent years has been to 
determine which sets of TCR V genes are used in the 
responses against different antigens. Because T cells rec- 
ognize antigenic peptides bound to a particular MHC 
molecule this depends on: 
© the antigen; and 
+ the MHC molecules expressed by an individual. 
Once the TCRs have been generated, T cells are subjected 
to thymic selection and may be further selected by 
interactions with APCs in the periphery. For these 
reasons, even if TCRs are generated by random recom 
bination of gene segments, the expressed repertoire will 
be skewed toward the use of particular gene segments. 
Furthermore, the preference for different V gene seg- 
ments by distinct T cell subsets may reflect their 
ontogeny. For example: 
* 76 T cells residing in mouse skin (dendritic epidermal 
cells or DECs) express only the V8 and VBI segments; 
* intraepithelial lymphocytes from the gut express V7 
almost exclusively (in combination with Vé4-7). 
Itis thought that these populations arise at distinct stages 
of intrathymic T cell development, and they appear to 
have distinct functions. 


RECOGNITION BY THE af TCR REQUIRES 
ANTIGEN TO BE BOUND TO AN MHC 
MOLECULE 

Intracellular pathogens and neoplasia present a special 

challenge to the immune system. The immediate problem 

is one of detection. The immune system has therefore 
evolved an elegant means of recognizing pathogens that 
have invaded or been taken into the host cell, as well as 

‘tumor antigens produced within the cytosol: 

* proteins from within the cell are digested into short 
peptide fragments, 

* the short peptide fragments are displayed on the 
cell surface through binding to specialized antigen- 
presenting molecules termed MHC class I proteins; 

* in a similar fashion, peptides derived from proteins 
ingested from the extracellular environment by phago- 
eytosis are presented by MHC elass II molecules; 

+ the peptide-MHC complexes serve as ligands for 
TCRs. 

‘This antigen processing and presentation pathway, upon 

which both activation and regulation of the immune 

response rests, is a complex and fascinating subject (see 


Chapter 7). 


In humans the MHC is known as the HLA 
‘The proteins responsible for presenting antigens to T. 
cells, MHC class I and class II proteins, were originally 
discovered as histocompatibility (transplantation) anti~ 


gens. Histocompatibility refers to the ability to accept 
tissue grafts from an unrelated donor. 

‘The major histocompatiility complex locus (MHC) 
comprises over 100 separate genes and was discovered 
when it was recognized that both donor and recipient 
had to possess the same MHC haplotype to avoid graft 
rejection. 

‘The principal moieties that determine rejection were 
identified as MHC class I and class II molecules (see 
below), but we know now that that the main purpose of 
the MHC is not to prevent graft rejection. ‘The remaining 
genes in the MHC (sometimes called class III) are very 
diverse. Some encode: 

* complement system molecules (C4, C2, factor B); 

* cytokines (e.g. tumor necrosis factor); 

+ enzymes, 

‘+ heat-shock proteins; and 

+ other molecules involved in antigen processing. 
‘There are no functional or structural similarities between 
these other gene products. 

All mammalian species possess the MHC, though 
details of the complex vary from one species to the next. 
In humans the locus is known as the HLA (an abbreviation 
for human leukocyte antigen); in mice itis known as the 
H-2 locus (Fig. 5.3). 


MHC molecules provide a sophisticated 
surveillance system for intracel intigens 
From a cell's perspective, there are two types of antigen 
that must be dealt with: 
* antigens that are intrinsic to the cell (antigenic pep- 
tides from viruses or other pathogens that inhabit the 
cell); 
‘+ antigens that are extrinsic to the cell. 


Q. How are antigens taken up by APCs? 
A. They are intemalized by phagocytasis or pinacytosis, either 
by directly binding to receptors an the surface of the APC (see 
Fig. 1.11) or following opsonization by antibody and/or com. 
plement (see Fig. 4.14). 


‘MHC class I molecules handle intrinsic antigens, while 

‘MH class I molecules handle extrinsic antigens. In both 

cases, the antigenic peptides are produced by proteolytic 

processing of proteins. 
In general: 

‘+ MHC class I molecules present antigen to cytotoxic T 
cells, which are important in controlling viral infections 
by lysing infected cells; 

‘+ MHC class II molecules present antigen to helper ‘T 
cells, which aid B cells in generating antibody responses 
to extracellular protein antigens. 


MHC class | molecules consist of an 
MHC-encoded heavy chain bound to a 
6,microglobulin 

‘The overall structure of the extracellular portion of an 
MH class I molecule is depicted in Fig. 5.6. It comprises, 
a glycosylated heavy chain (45 kDa) non-covalently 
associated with By-microglobulin (12 kDa), which is a 
polypeptide that is also found free in serum, 
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Organization of the murine and human MHCs 
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Fig. 5.5 Diagram showing the locations of subregions of the 


‘murine and human MHCs and the postions of the major genes 
“within these subregions. The human organization pattern, in 


‘A model of an MHC class | molecule 


Fig. 5.6 The peptide backbone of the extracellular portion of 
HLAA2 is shown. The three globular domains (a, 4, and cs) 
fof the heavy chain are shown in green or turquoise and are 
closely associated with the non-MHC-encoded peptide, fi 
‘microglobulin (jm, gray). fz-Microglobulin is stabilized by an 
‘ntrachain disulfide bond (red) and has a similar tertiary 
‘structure to an immunoglobulin domain. The groove formed 
boy the a and cs domains is clearly visible. 


Which the class I! loc are positioned between the centromere 
and the clas | loci, occurs in every other mammalian species so 
{ar examined. The regions span 3-4 Mbp of DNA. 


‘The class I heavy chain consists of: 

three extracellular domains, designated o1, (N terminal), 

0, and 04; 

+ a transmembrane region; and 

+ a cytoplasmic tail. 

‘The three extracellular domains each comprise about 90 

amino acids: 

* the a: and a domains both have intrachain disulfide 
bonds enclosing loops of 63 and 86 amino acids, 
respectively; 

+ the a; domain is structurally homologous to the 
immunoglobulin constant region domain (C) and 
contains a site that interacts with CD8 on cytotoxic T 
cells. 

‘The extracellular portion of the class I heavy chain is 

glycosylated, the degree of glycosylation depending on the 

species and haplotype. 

‘The predominantly hydrophobic transmembrane 
region comprises 25 amino acid residues and traverses the 
lipid bilayer, most probably in an a-helical conformation, 

‘The hydrophilic cytoplasmic domain, 30 to 40 residues 
Jong, may be phosphorylated in vivo. 


ByMicroglobulin is essential for expression of MHC 

dass | molecules 

Microglobulin: 

* isnon-polymorphic in humans, but dimorphic in mice 
(because of a single amino acid change at position 85); 

* like the a domain, has the structure of an immuno- 
globulin constant region domain; 

+ associates with a number of other class I-like molecules, 
such as the products of the CDI genes on chromosome 
Tin humans (see below) and the Fe receptor, which 
mediates the uptake of IgG from milk in neonatal rat 
intestinal cells. These class [like molecules, which have 
a structural similarity to the products of the MHC class 
genes, are encoded by genes located in the class I loci 
and are referred to as elass Ib molecules. 


RECOGNITION BY THE afi TCR REQUIRES ANTIGEN TO BE BOUND TO AN MHC MOLECULE 


* is essential for che expression of all class I molecules at 
the cell surface ~ mutant mice lacking B,-microglobulin 
do not express MHC class I molecules and are severely 
defective in presenting intrinsic antigens to T cells. 


Heavy chain a, and «; domains form the antigen- 
binding groove 
X-ray crystallography has shown that the 0 and_ cts 
domains constitute a platform of eight antiparallel 
strands supporting two antiparallel ot helices (Fig. 5.7). 
“The disulfide bond in the a; domain connects the N 
terminal f strand to the ot helix of the cy domain. A long: 
groove separates the ct helices of the ot, and dt, domains. 
‘The original erystal structure of the HLA-A2 molecule 
revealed diffuse extra electron density in the groove, 
suggesting the presence of bound peptide antigen. ‘This 
interpretation was supported by the observation that the 
majority of polymorphic residues and T' cell epitopes on 
class I molecules are located in or near the groove. 


VARIATIONS IN/AMINO ACID SEQUENCE CHANGE THE 
SHAPE OF THE BINDING GROOVE - Comparison of the 
structures of HLA-A2 and HLA-Aw68 have further 


‘The antigen-binding site of the MHC class | molecule 
HLAAZ 


Fig. 5.7 The view of the peptide antigen-binding groove in 
HLAA2 as ‘seen’ by the TCR. The a, and «a, domains each 
consist of four antiparallel strands followed by a long helical 
region. The domains pair to form a single eight-stranded [5 
sheet topped by «: helices. The locations of the most 
polymorphic residues are highlighted. Residues around the 
binding site are highly polymorphic. For example, HLA-2 and, 
HLA.Aw68 differ from each other by 13 amino acid residues. 
‘Ten of these differences accur around the antigen-binding site 
(Yellow). (Modified from Bjorkman etal. Nature 
1987;329:512-516, with additional data from Parham 
Nature 1989;342:617-618) 


refined our understanding of the structural basis for the 
binding of peptide to class I antigens. 

‘The differences between HLA-A? and HLA-Aw68 
result from amino acid side-chain differences at 13 
positions: 
© six in ay 
six in ay; and 
+ one (residue 245, which contributes to interactions 

with CD8) in a. 

Ten of the twelve differences between HLA-A2 and 
HLA-Aw68 are at positions lining the floor and side of the 
peptide-hinding groove (see Fig. 5.7). ‘These differences 
give rise to dramatic differences in the shape of the groove 
and on the antigen peptides that it will bind. 

Seen in detail, the peptide-binding groove forms a 
number of ridges and pockets with which amino acid side 
chains can interact. Typically the groove of an MHC class 
T molecule will accommodate peptides of eight or nine 
residues. 

‘Amino acid variations within the peptide-binding 
sgroove can vary the positions of the pockets, providing the 
structural basis for differences in peptide-binding affinity 
that in turn govern exactly what is presented to aT cell 
(Fig. 5.8). 


MHC class Il molecules resemble MHC class I 

molecules in their overall structure 

‘The products of the MHC class II genes are: 

+ Aand E in the mouse; 

= DP, DQ, and DR in humans. 

‘These products are heterodimers of heavy (1) and light (B) 

glycoprotein chains, and both chains are encoded in the 

MHC: 

‘the o chains have molecular weights of 30-34 kDa; 

‘+ the B chains range from 26 to 29 kDa, depending on 
the locus involved. 

A number of lines of evidence indicate that the a and 

chains have the same overall structures. An extracellular 

portion comprising two domains (ct; and ct o B, and B) 


Peptide-binding grooves of HLA-Aw68 and HLA-A2 
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Fig. 5.8 The shapes of the antigen-binding groove on each 
‘molecule are illustrated. Differences in amino acids around the 
{groove create different antigen-binding sites. For example, 
tesidues around position 45 produce a methionine-binding 
pocket in both molecules, but the aspartate-binding pocket 
around residue 74 is present only in HLA-AW68. 
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is connected by a short sequence to a transmembrane 
region of about 30 residues and a cytoplasmic domain of 
about 10 to 15 residues 

‘The a: and fi: domains are similar to the class I 03 
domain and fy-microglobulin, possessing the structural 
characteristics of immunoglobulin constant domains. 

‘The fi domain contains a disulfide bond, which gen- 
erates a 6+ amino acid loop. 

‘The difference in molecular weights of the class II a 

and B chains is due primarily to differential glycosylation: 
+ the t, 02, and B; domains are N-glycosylated; 
the fh domain is not N-glycosylated. 
“The By domain does, however, contain a binding site for 
CD4, and MHC class Il molecules on APCs interact with 
CD4 on T cells in a manner analogous to the interaction 
of MHC class I molecules with CD8. CD4 and CD8 are 
important elements in the recruitment of kinases that 
signal T cell activation. 

Despite the differences in length and organization of 
the polypeptide chains, the overall three-dimensional 
structure of MHG class II molecules is very similar to that 
of MHC class I molecules (Fig. 5.9). 


MHC CLASS | AND CLASS Il MOLECULES 
BIND TO PEPTIDES DERIVED FROM 
DIFFERENT SOURCES 

The MHC class Il binding groove 

-ommodates longer peptides than MHC 
class I 

‘The structures of MHC class I and class II molecules 
reflect their functional differences. 

‘The binding groove of MHC class II molecules is more 
open than that of MHC class I molecules, to accommo- 
date longer peptides (Figs 5.10 and 5.11): 

+ MHC class I molecules bind short fragments of eight to 
ten amino acids; whereas 

+ MHC class II molecules bind peptides of 13 to 24 
amino acids. 

‘The structural features of the class IT antigen-binding site 

have been illuminated by determination of the crystal 

structure of HLA-DR1 complexed with an influenza virus 

peptide. Pockets clearly visible within the peptide-binding 

site accommodate five side chains of the bound peptide 

and explain the peptide specificity of HLA-DRI 

‘The precise topology of the MHC. peptide-binding 
groove depends partly on the nature of the amino acids 
within the groove, and thus varies from one haplotype to 
the next, 

Which peptide can bind to a particular MHC molecule 
depends on the nature of the side chains of the peptide 
and their complementarity with the MHC molecule’ 
hinding groove. Some amino acid side chains of the 
peptide stick out of the groove and are available to contact 
the TCR. 


Peptides are held in MHC molecule binding 
grooves by characteristic anchor residues 

I is possible to purify and sequence peptides that have 
been generated by a cell and then bound by MHC 
molecules at the cell surface. ‘These peptides include: 


Comparison of the extracellular domains of class | and. 
lass 


Fig, 5.9 Ribbon diagrams of the extracellular domains of clas 
1 HLA-Aw68 (1) and class I HLA-DRI (2) MHC molecules. The 
binding clefts shown with a resident peptide, These diagrams 
‘emphasize the similarity in the three-dimensional structures of 
dass | and cass Il molecules. (Redrawn from Stern UJ. Structure 
1994;2:245-251. Copyright 1994 with permission from 
sever) 


+ foreign peptides from internalized antigens or viral 
particles; and 

+ self molecules produced within the cell or endocytosed 
from extracellular fluids, 


MHC CLASS | AND CLASS 11 MOLECULES BIND TO PEPTIDES DERIVED FROM DIFFERENT SOURCES 


Peptide-binding sites of class 1 (H-2K®) and class It 
(HLA-DR1) MHC molecules 


2 (alas) 


Fig. 5.10 The peptide binding sites of class | (H-2K¢) and class 
(HLA-DR1) MHC molecules are shown as carbon atom, 
‘races in a top view of the peptide-binding clefts. The 
similarities between the two sites can clearly be seen, but 
there are also some differences, some of which account for the 
difference in peptide length preference between class | (8-10 
amino acid residues) and class Il 12 amino acid residues). 
(Redraw from Stern L. Structure 1994;2:245-251. Copyright 
1994 with permission from Elsevier) 


HLADAT (classi 


Self peptides eluted from MHG class 1 molecules have 
been purified and sequenced, 


For MHC class | molecules, interactions at the N 

and C terminals confine the peptide to the 

binding groove 

A number of peptides bound by particular MHC mol- 

ecules have been sequenced, and characteristic residues 

identified — one at the C terminus and another close to the 

N terminus of the peptide. These characteristic motifs 

distinguish sets of binding peptides for different MHC 

class I molecules (Fig. 5.12). 

‘The significance of the conserved residues has become 
clear by analysis of the three-dimensional structures of 
several MHC class I molecules, which have generated a 
clear picture of the peptide residing in the binding groove: 
* the ends of the peptide-binding groove are closed; 

* the peptide is an extended (not d-helical) chain of nine 
amino acids and the N and C terminals are buried at 
the ends of the groove; 

* some of the side chains extend into the pockets formed 
within the variable region of the class I heavy chain; 

* numerous hydrogen bonds are formed between 
residues in the class I molecule and those of the peptide 
along its length; 

* in particular, tyrosine residues commonly found at the 
N terminus of the peptide and a conserved lysine in the 


Peptides bind non-covalently within the antigen- 
binding groove 


Fig, 5.11 The hydrogen bonds made by the main chain of a 
bound peptide with elas | (HLA-B27) of class ll MHC 
molecules (HLA-DR1) are showin. The major difference 
between the twa hydragen-bonding patterns isthe clustering 
of conserved class | hydrogen bonds atthe ends ofthe 
peptide. By contrast, conserved clas Il hydrogen bonds are 
distributed throughout the length of the peptide. Redawn 
from Stem L. Structure 1994;2:245-251, Copyright 1994 
with permission from Elsevier) 


MHC class I molecule binding groove stabilize peptide 
binding (see Fig. 5.11}; 

‘the centers of the peptides bulge out of the groove, so 
presenting different structures to TCRs. 

‘This picture is consistent with the characteristic motifs 

found at the ends of peptides eluted from class I 

molecules. 


For MHC class Il molecules, peptides may extend 
beyond the ends of the binding groove 
‘The binding groove ofthe MH class 11 molecule: 
also incorporates a number of binding pockets, though 
the locations are somewhat different from that on class 
T molecules; 
+ isnot closed at the ends, so bound peptides extend out 
of the ends of the groove. 
Consistent with this observation, peptides eluted from 
MHC class II molecules tend to be longer (over 15 
residues). 
Conserved anchor residues in peptides eluted from 
MHC class II molecules have been identified (Fig. 5.13), 
but these are more difficult to detect than those of class I 
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Allele-specific motifs in peptides eluted fram MHC class 
I molecules 


Allele-specific motifs in peptides eluted from MHC class 
Ml molecules 


rinding groove 


holding antigenic 
peptides 


nete0401 


aatent01 


42 Class | MHC molecules from either H-2K® or H-2K# 
haplotypes were immunoprecipitated. Peptides bound to 
these molecules were purified and sequenced. Amino acid 
residues commonly found at a particular position are classified 
‘as ‘dominant’ anchor residues. Residues that are fairly 
‘common at a site are shown as ‘strong’. Positions for which no 
‘amino acid is shown could be accupied by several different 
‘amino acids with equal frequency. The one-letter amino acid 
‘code is used. The diagram represents the class I MHC 
‘molecule binding groove, viewed from above with anchor 
positions of each haplotype highlighted. 


peptides because of the ragged ends and the more even 
distribution of bonds tethering the peptide to the MHC 
class II molecule binding groove (see Fig. 5.11). 


Peptides binding MHC class Il are less 
uniform in size than those binding MHC 
class I molecules 
A major difference between MHC class I and class I 
molecules occurs at the ends of the peptide-binding 
* for MHC class I molecules, interactions at the Nand C 
terminals confine the peptide to the clef; 
* for MHC class II molecules, peptides may extend 
beyond the ends of the cleft. 
‘The peptides that hind to MHC class I molecules come 
from proteins synthesized within the cell, which are 
broken down and transported to the endoplasmic 
reticulum. ‘The mechanism of antigen processing is 
explained fully in Chapter 7, but it should be noted here 
that the internal antigen processing pathways generally 
produce peptides of an appropriate size to occupy the 
MUG class I molecule antigen-binding groove. 

Peptides that bind to MHC class I molecules come 
from proteins that have been internalized by the cell and 
then degraded. These peptides are less uniform in size 
than those that bind to MHC class I molecules and may be 


Fig. 5.13 HLA.DR molecules of two haplotypes (DRB1*0401 
and DRB1*1101) were purified and incubated with a library of 
peptides (generated in phage M13). After multiple rounds of 
selection, peptides that bound effectively to the MHC class I 
‘molecules were identified and sequenced. Residues having a 
frequency greater than 20% are shown as ‘dominant’ anchor 
residues. Other fairly common residues are shown as ‘strong 
‘Note that the binding site on MHC class Il molecules 
accommodates longer peptides than that on MHC class | 
‘molecules. (Data abstracted from Hamme |, Valsasnini P, Tolba 
K, et al. Cell 1993;74:197-203) 


trimmed once they have found their way to the MHC 
class I molecule. 

The MHC class I molecule antigen processing 
pathway is quite distinct from the MHC class I molecule 
pathway (see Chapter 7).. 


CLASS I AND CLASS Il MHC MOLECULES 
PRESENT PEPTIDE ANTIGENS TO THE TCR 
IN A CELL-CELL INTERACTION 

‘Once the structures of the TCR and the MHC-peptide 

complex had been established, the next question was to 

determine how they interacted. 

‘The first crystallographic data were derived using a 
co-crystal of a mouse MHC class I molecule bound to 
an endogenous cellular peptide and af TCR (Fig. 5.14). 
This structure showed that the axis of the TCR was 
roughly aligned with the peptide-binding groove on 
the MHC molecule, but set at 20-30” askew. This means 
that: 

* ‘the first and second CDRs of the TCR a and Bi chains 
(see Fig. 5.1) are positioned over residues near the N 
and C terminals of the presented polypeptide; and 

+ the third CDRs of each chain, lying at the center of 
the TCR binding site, are positioned over the central 
residues of the peptide that protrude from the groove. 


CLASS | AND CLASS Il MHC MOLECULES PRESENT PEPTIDE ANTIGENS TO THE TCR IN A CELL-CELL INTERACTION 


Interaction of a T cell receptor and MHC-peptide 
complex 


Residues from each of the CDRs are positioned to interact 
with residues from the MHC molecule. 


Fig. 5.14 The structure of an MHC class | molecule (H-2K") 
complexed to an octapeptide (yellow tube) is shown bound to 
an aif TCR. The six CDRs that contact the peptide (1, 2, 3, 3, 
1,2) ae highlighted in deeper colors, Residues from aHtV4 
(pink) and jlHV4 (orange) are not positioned to take part in 
‘the intermolecular interactions. (llustration kindly provided by 
Dr Christopher Garcia from Science 1996;274:209-219. 
Copyright 1996 AAAS) 


Q. What advantage is there in having CDRS segments at the 
center of the TCR binding site? 

‘A. CDR3 demonstrates the greatest diversity of the TCR CDRs 
(because it is generated by gene recambination, see Fig. 3.6). It 
is therefore better suited than CDR1 and CDR2 for interactions 
with diverse antigenic peptides 


‘The molecular structure therefore underpins the 
experimental findings that T cells recognize antigenic 
peptides bound to particular MHC molecules. 

‘This arrangement of TCR and MHC-antigen is 
broadly comparable to those found with the small number 
of receptors so far analyzed by X-ray crystallography. 


Aggregation of TCRs initiates T cell 

activation 

Although basic models of T cell activation by antigen— 

MHC show one receptor being triggered by one complex 

(e-g. Fig. 1.9), this is simpli 
Each T cell may express 10° receptors and each APC 

has a similar number of MHC molecules. If aT cell 

engages an APC, only a tiny proportion of the MHC- 
antigen complexes on its surface will be of the correct type 
to be recognized by the T cell. 

What, then, is the minimum signal for T cell 
activation? In practice: 

* only a few peptide~-MHC-TCR interactions are 
needed ~ perhaps 100 specific interactions, involving 
about 0.1% of the MHC molecules on the APC; 

‘+ moreover, the interactions can take place over a period 
of time ~ it is not necessary for all 100 TCRs to be 
engaged simultaneously. 

‘The model of the TCR shown in Fig. 5.3 suggests that 
can form a dimeric structure clustered around the 

signaling molecules of the CD3 complex. 

Interestingly, there is some evidence that MHC 
molecules can also dimerize, and that TCRs bound to 
MHC-peptide complexes tend to form dimers or aggre- 
gates. These observations have led to the view that cell 
activation requires the cooperative aggregation of specific 
‘TCRs with MHC-peptide complexes. 

‘The auxiliary molecules CD4 and CDS are also 
important in T cell activation, and the presence of CD4 or 
D8 can help stabilize the interaction of the TCR and 
MHC-peptide. In addition, kinases associated with these 
molecules are brought into proximity with CD3 so they 
can phosphorylate the CC dimer that initiates activation 
(Fig. 5.15) The ensuing steps are described in Chapter 7 
(see Fig. 7.21). 


Antigenic peptides can induce or antagonize 
T cell activation 

‘The affinity of ‘TCRs for antigen peptide-MHC, 
expressed as an association constant, is typically of the 
order of 107 to 10 M, which is much lower than 
the affinity of antibody for an epitope on an antigen 
‘commonly generated by an immune response. 
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‘The role of CD4 and CDB in T cell activation 


recruitment 
binding 


Fig, 5.15 After aggregation of MHC-peptide on the APC with 
the TCR, either CD4 or CD8 can join the complex. CD4 binds 
to MHC class Il molecules and CD8 to MHC class | molecules. 
“The kinase Lek is attached to the intracytoplasmic portion af 

CD4 or CDB, Binding of the CD4 or CD8 molecules to specific 
sites of the MHC molecules brings the kinase into proximity 

with the ITAMS on the CD3 £¢ dimer (see Fig. 5.3). The kinase 
phosphorylates the motifs, as the first step in T cell activation. 


‘The affinity of antigen-MHC for the TCR is especially 
important because it determines the degree to which the 
‘T cell becomes activated. Peptides that activate a T cell 
are called agonist peptides. By changing one or two 
amino acids in an agonist peptide, itis possible to generate 
peptides that antagonize the normal activation by the 
original peptide. ‘The antagonist peptides typically have 
a lower affinity for the ‘TCR than the original agonist 
peptide and are thought to act by either: 
* interfering with the binding of the agonist peptide to 

the MHC molecule; or 
+ binding less effectively to the TCR. 
Occasionally, a modified peptide will be more effective 
than the agonist in activating the T’ cell. ‘These strong. 
agonist (or superagonist) peptides produce higher 
affinity binding in the TCR-MHC-peptide complex. 

‘The distinctions between these three different types of 
peptide (agonist, antagonist, and strong agonist) have 
biological ramifications. Researchers are attempting, for 
example, to use antagonist peptides to block adverse 
immune responses. 

Understanding TCR affinity could provide insight into 
how T cells become tolerant to self antigens during 
development (see Chapter 19). 


What constitutes T cell specificity? 
Finally we should consider the question of what 
constitutes ‘T cell specificity. When the specificity of 


Iymphocytes was first explained in Chapter 1, it_was 

id that each lymphocyte binds to just one antigen 
using its receptor. Although this is a useful starting 
point for understanding immune responses, it is not 
strictly true, 

In Chapter 3 it was seen that immunoglobulins could 
bind to different antigens if they had epitopes that were 
sufficiently similar, This chapter has shown that antigenic 
peptides can be mutated and still bind and trigger cell 
activation. 

‘One question, then, is how far a peptide can be mutated 
and still bind to its own TCR. In some cases it has been 
possible to individually change each amino acid in a 
peptide without destroying its ability to bind to the MHC. 
molecule or the TCR. 

Provided the peptide can form part of the TCR- 
MHC-peptide complex and provide sufficient binding 
energy, its precise amino acid sequence does not matter. 
‘This is a very important observation. 

Later, when we consider how antigenic peptides from 
microorganisms can trigger autoimmune diseases (see 
Chapter 20), we learn that one possible mechanism is that 
a self peptide and a foreign peptide are sufficiently similar 
to bind to the same T cell, so causing a breakdown in self 
tolerance. One conclusion from the work cited above is 
that such peptides do nor have to be identical to be eross- 
reactive, 


THE OVERALL ORGANIZATION OF THE 
MHC LOCI DIFFERS BETWEEN SPECIES 
‘The number of gene loci for MHC class I and class I 
molecules varies hetween species and between different 
haplotypes within each species, and many polymorphic 
variants have been described at each of the loci. 

‘Much of the original work on the MHIC was done using 
mice and what has been learned from these studies has 
been broadly applicable to humans. 


The three principal human MHC class I loci 
are HLA-A, HLA-B, and HLA-C 

‘The human MHC class I region contains three principal 
class I loci ~ called HLA-A, HLA-B, and HLA-C. Each 
locus encodes the heavy chain of a classical MHC class I 
molecule and the whole region: 

+ extends over 1.8 million bases of DNA; and 

+ includes 118 genes (Fig. 5.16). 

Closer analysis of this region has revealed multiple 
additional MHC class I genes. 


HLA-E, HLA-F, HLA-G, and HLA-H are class Ib 


genes 
‘The HLA-E, HLA-P, HLA-G, and HLA-H genes also 
encode MHC class I proteins, and are called class Th 
genes. They are much less polymorphic than the A, B, 
and C locus gene products, and recent work has 
ascribed various functions to them. For example, HLA-E. 
and HLA-G gene products can bind to antigenic 
peptides, but are involved in recognition by NK cells 
(Gee p. 207). 


THE OVERALL ORGANIZATION OF THE MHC LOCI DIFFERS BETWEEN SPECIES 


Genes within the human MHC class | region 
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Fig. 5.16 The human MHC class | region lies telomeric to the 
MHC class Il region (see Fig. 5.5). In adltion to the genes 
‘encoding the classic transplantation antigens (HLA-A, HLA-B, 
and HLA-O, several other principal class ike genes have been 
Identified (HLA-E HLA-F, and HLA-G). Mutations in the HLA-H 


Mice have two or three MHC class I loci 
‘The mouse MH (H-2) has two or three MHC class I 
loci, but the number of MHC class I genes varies between 
haplotypes (Fig. 5.17). 

‘MHC class I genes involved in antigen presentation to 
‘T cells are located in H-2K, H-2D, and H-2L loci. 

‘The organization of the H-2K region is similar in all 
strains that have been studied. It contains two class I 
genes, termed K and K2: 

* the H-2K gene encodes the H-2K antigen expressed on 
most cell types and recognized serologically; whereas 

© the H-2K2 gene exhibits varied patterns of expression, 
depending on the strain. 

‘The numbers of genes in the H-2D and H-2L loci are 

variable (see Fig. 5.17). 


Qa, Tla, and M genes encode MHC class Ib 

molecules 

‘The Qa, Tla, and M genes of the mouse MHC class 1 

region (see Figs 5.5 and 5.17) encode class Ib molecules, of 

which the functions are mostly unknown: 

* the Qa locus comprises about 200 kb of DNA distal to 
H-2D/L and encodes the serologically detectable 


Genes within the murine class | region 


‘gene are associated with hemochromatosis, a disorder that 
‘causes the body to absorb excessive amounts of ifon from the 
diet. A number of other non-classical class | genes and 
pseudogenes are present, mostly with unknown functions. 


molecules Qa-1, 2, 3, 4, and 5, and encompasses a 
cluster of eight (BALB/c) to ten (B10) MHC class 1 

+ Greibcartesponds to FILA, which s involved in NIK 
cell recognition (see Fig. 10.4); 

+ the Tla region, although defined initially as encoding 
the TL (thymus leukemia) antigen, has subsequently 
been shown to contain the largest number of class 1 
genes and the greatest number of differences in 
organization between the B10 and BALB/c haplotypes; 

+ the M region contains a number of new MHC class I 
genes, termed MI-M7. 

‘The class Ib genes exhibit a low degree of polymorphism. 


Human MHC class Il genes are located in the 
HLA-D region 
‘The human MHC class II region spans about 1000 kb of 
DNA, and the order and orientation of the various loci are 
similar to that of the homologous loci in the mouse MHC 
class Il region (see below). 

‘The HLA-D region encodes at least six a and ten B 
chain genes for MHC class II molecules (Fig. 5.18). Three 
loci (DR, DQ, and DP) encode the major expressed prod- 


Fig. 5.17 The GEE cis 
haplotypes, BALB/c (H-24) and B10 (H-2%, is shown. The class I 
region ies between the H-2K and H-2D regions. The brackets 
‘denote gaps added to align alleles between the two 
haplotypes. H-24 and H-2" haplotypes have diferent numbers 
‘of class genes in the H-20/H.-2L region Five cass I genes map 
to the D/L region of BALB/c (H-24) mice, Two of these genes 


encode the serologically detectable H-2D# and H-2L¢ antigens. 
‘Three additional class | genes are found in the region between 
the proximal H-20" and distal H-2L* genes. These genes, called 
2*, D3, and 4%, are of unknown function. Only one class 
gene has been identified in the H-2D region of 810 mice. The 
Q,T, and M regions contain a large number of class tb genes, 
the functions of which are mostly unknown, 


5_T CELL RECEPTORS AND MHC MOLECULES 


Genes within the human and mouse class Il regions 
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Fig. 5.18 The arrangement of the genes within the human and 
murine MHCs is shown. Homolagous genes between the two 
species are indicated. Expressed genes are colored orange and 
pseudogenes are shown Yellow. Mice of the b, s, , and q 


ucts of the human MHC class II region, but additional 

genes have also been identified 
the DR family comprises a single a gene (DRA) and up 
to nine B genes (DRBI-9), including pseudogenes and 
several different gene arrangements occur within the 
locus; 

+ the DQ and DP families each have one expressed gene 
for cand B chains and an additional pair of pseudogenes. 

DR, DQ, and DP a chains associate in the cell primarily 

with B chains of their own loci. For example: 

* the DPAI and DPBI gene products associate to 
generate the HLA-DP class II molecules detected using 
specific antiborties; 

+ similarly, DQ4I and DQBI encode the HLA-DQ 
antigens. 

‘The organization and length of the DRB region varies in 

different haplotypes (Fig. 5.19), with different numbers of 

B chains expressed. 

‘The MHC class I region also contains genes that 
encode proteins involved in antigen presentation that are 

not expressed at the cell surface (see Chapter 7). 


Mouse MHC class Il genes are located in the 

H-2I region 

‘The «and f chains of mouse MHC class I molecules 

are encoded by separate genes located in the I region 

of the H-2 complex (see Figs 5.5 and 5.18). The gene 

nomenclature indicates first the locus and then the type of 

chain it encodes: 

* the Ab and Aa genes thus encode the fi and ct chains of 
the A molecule; and 

* the Eb and Ea genes likewise encode the two chains of 
the E molecule (Fig. 5.5). 

Several other class II b and a genes for which no gene 

product is known have been clone: 

* one of these ~ Ph ~ is a pseudogene; 

+ two others ~ Ob and Eb2~ may be functional. 


hhaplotypes fall to express class ILE molecules. The b and s 
haplotypes fall to transcribe the Ea gene, but make normal 
‘yfoplasmic levels of Eb chain. Mice off and q haplotypes fal 
‘to make both Ea and Eb chains. 


‘The number of DRB loci varies with different haplotypes. 
oe 
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Fig. 5.19 The numbers of DRB loci varies between individuals. 
For example, a person who has a haplotype producing 
‘molecules of the type DRI (see Appendix 1) has three loc for 
'DRB (top line). Not all of these loci produce mRNA for DR fs 
chains. 


‘The Ob and Eb? genes display a low level of polymor- 
phism and are transcribed, but it is not known whether 
they are translated. 

Different strains of mice vary in their expression of 
some of the MHC class II genes (see Fig. 5.18). 


MHC polymorphism is concentrated in and 
around the peptide-binding cleft 

A hallmark of the MHC is the extreme degree of 
polymorphism (structural variability) of the molecules 


‘AN INDIVIDUAL'S MHC HAPLOTYPE AFFECTS SUSCEPTIBILITY TO DISEASE 


encoded within it. The class Ib molecules are much less 
polymorphic than the classical class I and II molecules. A 
list of allelic variants of HLA class I and I molecules is 
given in Appendix 1. 

Within a particular MHC class I or class I molecule, 
the structural polymorphisms are clustered in particular 
regions. The amino acid sequence variability in class I 
molecules is clustered in three main regions of the et; and 
@ domains. The ct; domain appears to be much more 
conserved. 


Q Correlate the domains that show structural variability 
and structural conservation with the molecules that they 
interact with 

‘A. The a and «1; domains interact with the variable antigen 
peptides (see Fig. 5.7) and the TCR, while the a, domain inter- 
acts with the manamorphic CDB molecule (see Fig. 5.15), 


In MHC class II molecules, the extent of variability 

depends on the subregion and on the polypeptide chain. 

For example: 

* most polymorphism occurs in DRB and DQB chains, 
whereas DPS chains are slightly less polymorphic; 

* DQais polymorphic whereas DRa: chains are virtually 
invariant, being represented by just two alleles. 

In outbred populations in which individuals have two 

MHC haplotypes, hybrid class I molecules with one 

chain from each haplotype can be produced. ‘This 

generates additional structural diversity in the expressed 

molecules. 

Most of the polymorphic amino acids in MHC class 1 
and class II molecules are clustered on top of the molecule 
around the peptide-hinding site (see Fig. 5.7). Variation is 
therefore centered in the base of the antigen-binding 
groove or pointing in from the sides of the a helices. This 
polymorphism affects the ability of the different MHC 
molecules to bind antigenic peptides. 


AN INDIVIDUAL’S MHC HAPLOTYPE 

AFFECTS SUSCEPTIBILITY TO DISEASE 

Genetic variations in MHC molecules affect: 

© the ability to make immune responses, including the 
level of antibody production; 

* resistance or susceptibility to infectious diseases; 

* resistance or susceptibility to autoimmune diseases and 
allergies. 

Knowing this, we can start to answer the question 

why the MHC is so polymorphic. The immune system 

‘must handle many different pathogens. By having several 

different MHC molecules, an individual can present a 

diverse range of antigens and is therefore likely to be 

able to mount an effective immune response. ‘There is 

therefore a selective advantage in having different MHC 

molecules. 

Going beyond this, we know that different pathogens 
are prevalent in different areas of the world, so evolu- 
tionary pressures from pathogens will tend to select for 
different MHC molecules in different regions. 


Q The haplotype HLA-BS3 is associated with protection 
against childhood malaria, a disease that is prevalent in 
equatorial regions. In which country would you expect to 
find the highest frequency of the HLA.B53 allele ~ China, 
Ghana, oF South Africa? 

A. The gene frequency is around 40% in Ghana and 1-2% in 
China and South Africa, which are outside the equatorial regions 
affected by malaria 


All nucleated cells of the body express MHC 
class | molecules 
‘The function of MHC class I molecules is to present 
antigens that have entered the cell, such as viral peptides. 
Because any cell of the body may become infected with a 
virus oF intracellular pathogen, all cells need to sample 
their internal molecules and present them at the cell 
surface to cytotoxic T cells. 

By contrast, MHC class II molecules are used by APCs 
to present antigens to helper T cells. Consequently the 
distribution of class II molecules is much more limited 


(see Fig. 7.4). 


MHC molecules are co-dominantly expressed 

‘This means that, in one individual, all of the principal 
MHC gene loci are expressed from both the maternal and, 
paternal chromosomes. As there are three MHC class I 
loci in humans (HLA-A, HLA-B, and HLA-C), each of 
which is highly polymorphic, most individuals will have 
genes for six different class I molecules, all of which will 
be present at the cell surface. Each’ MHC molecule 
will have: 

* a slightly different shape; and 

‘present a different set of antigenic peptides. 

A similar logic applies to MHC class II molecules. There 
are three principal class TI loci in humans (HLA-DP, 
HLA-DQ, and HLA-DR), all of which are polymorphic. 
Ar first sight, it would appear that an APC. could express 
six different class II molecules as well as its class I 
molecules. However, this is probably an underestimate. As 
noted above, hybrid class I molecules (using one 
polypeptide encoded by the maternal chromosome and 
one by the paternal chromosome) also occur. 


The specificity of the TCR and MHC explains 
genetic restrictions in antigen presentation 
‘Much of the original work on antigen presentation was 
carried out using strains of mice that had been inbred to 
the point where both maternal and paternal chromosomes 
‘were identical. Any offspring therefore inherited the same 
set of autosomes from each parent, and the offspring were 
genetically identical to their parents. Clearly the level of 
diversity in the MHC molecules was much less than in an 
outbred human population, 

‘The artificial simplicity of the inbred mouse system, 
however, allowed immunologists to dissect how antigens 
were presented to TT cells in a whole animal, when the 
molecular structures of the MHC molecules and the TCR 
‘were completely unknown, 


5_T CELL RECEPTORS AND MHC MOLECULES 


‘The key experiment that demonstrated the importance 
of the MHC in antigen presentation revealed a phenom- 
enon called genetic restriction (also known as MHC 
restriction). In essence, it was noted that cytotoxic T cells 
from a mouse infected with a virus are primed to kill cells 
of the same H-2 haplotype infected with that virus; they 
do not kill cells of a different haplotype infected with the 
same virus (Fig. 5.20), 

‘These data, and similar experiments using APCs and 
helper T cells, showed that T cells that have been primed 
to recognize antigen presented on MHC molecules of one 
haplotype will normally respond again only when they see 
the same antigen on the same MHC molecule 


Q Interpret these findings in relation to the way in which 
T cells recognize antigen. 

A. The TCR interacts with residues from both the antigenic 
peptide and the associated MHC molecule, In other words, the T 
cell recagnizes the specific combination af MHC molecule plus 
peptide. 


Peter Doherty and Rolf Zinkernagel performed the 
key experiments delineating the phenomenon of MHC 
restriction of TT cell responses in the mid 1970s and were 
awarded the Nobel Prize in Physiology or Medicine in 
1996 for this work, 


D1 IS AN MHC CLASS 1-LIKE MOLECULE 
THAT PRESENTS LIPID ANTIGENS 

CDI molecules are structurally related to MHC class I mol- 
ecules and are non-covalently bound to By-microglobulin. 


MHC restriction of cytotoxic T cells 
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Fig. 5.20 A mouse of the H-2" haplotype is primed with virus 
and the cytotoxic T cells thus generated are isolated and 
tested for their ability to kill H-2" and H-2"cels infected with 
the same virus. The cytotoxic T cells kil H-2%, but not H-2 
calls. In this instance, it is the H-2K class | gene product 
presenting the antigen tothe T cell, The T cells recognizing 
a specie structure produced by the association of a specific 
MHC molecule with a spect vial antigen. 


‘The genes encoding CD1 molecules are located 

outside the MHC and are not polymorphic. In humans, 

they consist of five clasely linked genes, of which four are 
expressed (Fig. 5.21), encoding proteins that fall into two 

separate groups: 7 

+ group I molecules in humans include CDIa, CDIb, 
and CD1c; 

+ CDId proteins form the second group. 
‘Murine CD1b has been crystallized and analyzed by X-ray 
crystallography. This shows that the molecule has a deep 
electrostatically neutral antigen-binding groove, which is 
highly hydrophobic and can accommodate lipid or 
glycolipid antigens (Fig, 5.22). One model for the binding 
places hydrophobic acyl groups of the lipids into the large 
hydrophobic pockets, leaving the more polar groups of the 
antigens such as phosphate and carbohydrate on the top, 
where they can interact with the TCR. 

‘The binding requirements of the hydrophobic pockets 
on CDI are fairly tolerant because they will accommodate 
acyl groups of different lengths, but the interactions with 
the TCR are much more specific ~ small changes in the 
structure of the carbohydrate moiety will destroy the 
ability to stimulate aT cell. 

‘The antigens presented by the group I CD1 molecules 
and CD1d are different. For example, group I molecules 
present lipoarabinomannan, a component of the cell wall 
of mycobacteria (see Fig. 14.1), whereas CD1d eannot do 
this. 

Another difference between CDI and conventional 
MHC molecules is the way in which antigen is loaded into 
the antigen-binding groove: 

* MHC class I molecules are loaded with antigenic 
peptides in the endoplasmic reticulum, and this 
requires transport of the peptides from the cytoplasm 
(see Chapter 7). 

+ group CDI molecules appear to be loaded in an acidic 
endosomal compartment because they do not bind 
to lipid antigens unless they are partially unfolded at 
low pH. 

‘There is some debate about the physiological functions of 

the CDI molecules in host defense 

* group I CDI molecules present lipids from mycobac- 

teria and Haemophilus influenzae and can stimulate both 

CD4* and CD8*" cytotoxic T cells, and therefore appear 

to have a role in antimicrobial defense. 


Human CD1 genes 
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Fig, 5.21 The genes of the human CD1 cluster extend over 
1160 kilobases on chromosome 1. A gene product for CDIE has 
not yet been identified. 


FURTHER READING 


Glycolipid antigens presented by CD1 


* most CDId molecules appear to bind self antigens, 
though they also present lipids from parasites such as 
Plasmodium falciparum and Trypanosoma brucei (see 
Chapter 15) to T cells that use a restricted group of 
‘TCRs, indicating a role in defense against single-celled 
protozoal parasites. 
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Critical thinking: Somatic hypermutation (see p. 494 for explanation) 


1 Can you think of reasons why TCRs do not undergo 
somatic hypermutation? 


The specificity of T cells (see p. 494 for explanations) 


SM/| mice of the haplotype H-2' were immunized with the i 
repressor protein, a molecule with 102 amino acid residues. 
After 1 week, T cells were isolated from the animals and set 
Up in culture with APCs and antigen. The ability of APCs 
to activate the T cells was determined in a lymphocyte 
proliferation assay (see Method Box 7.2, p. 160). 

I was found that when APCS fram SMi/] mice were used in 
the culture the T cells were activated, but that when APCs 
from Balb/c mice were used (H-2') they were not activated, 
APCs from F1 (SM/|+Balb/c) mice were able to activate the T 
cells just as well as the APCs from the parental SM/| strain. 


2 Explain why the SM/} cells and the F1 cells can present 

antigen to the T cells, but the Balb/c cells cannot. 
Using the primed T cells from the SM/] mouse and APCs fram, 
the same strain, the investigation continues, but peptides of 
the 2. repressor protein are used instead of intact antigen. It is 
found that a peptide corresponding to residues 80-94 of the 
Intact protein is able to stimulate the T cells, but that other 
peptides are much less effective or ineffective. The table below 
shows the sequences of some af these peptides and their 
ability to activate the T cells when included in the culture at a 
concentration of 10 uM. 


12-36 QLEDARRLKAIVEKKKNELGLSOESV - 
‘80-102 SPSIAREIYEMYEAVSMOPSLRS ee 
73-88 ILKVSVEEFSPSIAREIY = 
80-94 ‘SPSIAREIVEMYEAVS, ey 
84-98 ‘AREIYEMYEAVSMOP - 


3. Explain why peptides 80-102 and 80-94 activate the T cells 
while the athers do not. 

In a final experiment the T cells are stimulated with a mutated 

variant of peptide 80-94 with aspartate (D) substituted for 

isoleucine (1) at position 87 (bold type). It is found that the 

mutated peptide is able to stimulate the T cells as well as the 


criginal peptide, even when present at lower concentrations 

un. 

4 What term is used to describe this kind of mutated peptide? 
‘What would you predict about the binding affinity of this 
peptide within the TCR-MHC-peptide complex? 
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SUMMARY 


‘+ Innate immune responses do not depend on immune 
recognition by lymphocytes, but have co-evolved with, 
and are functionally integrated with the adaptive elements 
of the immune system. 


‘+ The body's responses to damage include inflammation, 
phagocytosis, and clearance of debris and pathogens, 
and remodeling and regeneration of tissues. 
Inflammation isa response that brings leukocytes and. 
plasma molecules to sites of infection or tissue damage. 


‘+ The phased arrival of leukocytes in inflammation 
depends on chemokines and adhesion molecules 
expressed on the endothelium. Adhesion molecules fall 
‘nto families that are structurally related, They include the 
cell adhesion molecules (CAMS) of the immunoglobulin, 
supergene family (which interact with leukocyte integrins), 
and the selectins (which interact with carbohydrate ligands). 


‘+ Leukocyte migration to lymphoid tissues is also controlled, 
by chemokines. Chemokines are a large group of signaling 
‘molecules that initiate chemotaxis and/or cellular 
activation. Most chemokines act on more than one 


‘receptor, and mast receptors respond to more than ane 
chemokine, 


‘+ Plasma enzyme systems modulate inflammation and 
tissue remodeling. The kinin system and mediators from 
‘mast cells including histamine contribute to the enhanced 
blood supply and increased vascular permeability at sites of 
inflammation. 


sthogen-associated molecular patterns (PAMPs) are 
istinctive biological macromolecules that can be 
recognized by the innate immune system. Innate 
antimicrobial defenses include molecules of the collect, 
ficolin, and pentraxin families, which can act as opsonins, 
cither directly or by activating the complement system, 
Macrophages also have surface lectins, which allow them 
to directly bind to pathogens. The Tol-ke receptors 
‘tecognize various PAMPs and cause macrophage 
activation. Their signaling systems and actions are closely 
‘elated to those used by inflammatory cytokines TNFa 
and IL-1. 


‘+ Microbicidal proteins are part of the innate immune 
system, Many cell types synthesize and secrete 
antimicrobial proteins. 


INNATE IMMUNE RESPONSES DO NOT 
DEPEND ON IMMUNE RECOGNITION BY 
LYMPHOCYTES 
‘The immune system deals with pathogens by means of a 
great variety of different types of immune response, but 
these can be broadly divided into: 
* adaptive responses; and 

innate immunity. 
‘The adaptive immune responses depend on the recog- 
nition of antigen by lymphocytes, a cell type that has 
evolved relatively recently ~ lymphocytes are present in all 
vertebrates, but not invertebrates, though lymphocyte-like 
cells are present in closely related phyla, including the 
ttnicates and echinoderms (Fig. 6.1). 


Q. What are the two key characteristics of adaptive immune 
responses? 

A. They display a high level of specificity for the particular 
pathogen, and the responses shaw long-lasting memory. 


Electron micrographs of lymphocyte-like cells, 


Fig. 6.1 Electron micrographs of Iymphocyte-like cells rom 
the tunicate Ciona intestinalis (1), and from a fish, the blenny, 
Blennius pholis (2). Note the similar morphology — both cells 
have a large nucleus and a thin rim of undifferentiated 
‘cytoplasm. Scale bar 0.5 um. (Courtesy of Dr AF Rowley from 
Endeavour 1989:13;72-77. Copyright 1989 with permission 
from Elsevier) 
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Before the evolution of lymphocytes, and the emer- 
gence of specific antigen receptors — antibodies (see 
Chapter 3) and the TT cell receptor (TCR, see Chapter 5) 
= we can infer that a number of different types of immune 
defense were already present in precursor organisms. 
Many of these systems have been retained in vertebrates 
and have continued to evolve alongside the adaptive 
immune system, Hence, in present-day mammals we see 
an integrated immune system in which different types of 
defense work in concert. 

In reality itis quite artificial to try to segregate adaptive 
and innate immune responses. For example a macrophage: 
* displays the very primitive immune defense of 

phagocytosis; but also 
* expresses MHC molecules and acts as an antigen- 

presenting cell, a function that makes sense only in 

relation to the evolution of T cells. 
We can identify some of the ancient innate immune 
defense systems because related systems are seen in distant 
phyla. For example, the family of Toll-like receptors 
(TLRs, see p. 143) present on mammalian macrophages 
and involved in phagocytosis were first identified in 
insects. We can therefore infer that the distant ancestor of 
mammals and insects had a receptor molecule of this type 
that probably recognized microbial components. 


Q. Why would it be a mistake to think that the immune 
system seen in insects or worms was the precursor of the 
immune system seen in present-day vertebrates. 

A. Both have been separately evolved for millions of years. The 
immune systems of worms and insects have developed to cope 
with the pathogens that they encounter in the context of their 
lite cycles 


Having stated how the functional distinction between 
adaptive and immune systems is essentially artificial, this 
chapter outlines some of the immune defenses that do not 
depend on immune recognition by lymphocytes. 


THE BODY'S RESPONSES TO DAMAGE 
INCLUDE INFLAMMATION 

‘The body's response to tissue damage depends on: 

+ what has caused the damage; 

* its location; and. 

* its severity. 

In many cases damage can be caused by physical means, 
and does nor involve infection or an adaptive immune 
response. 

However, if an infection is present, the body’s innate 
systems for limiting damage and repairing tissues work in 
concert with the adaptive immune responses. ‘The overall 
process involves a number of overlapping stages, which 
typically take place over a number of days or weeks. These 
may include some or all of the following: 

+ stopping bleeding; 

* acute inflammation; 

* killing of pathogens, neutralizing toxins, limiting 
pathogen spread; 

+ phagocytosis of debris, pathogens, and dead cells; 


+ proliferation and mobilization of fibroblasts or other 
tissue cells to contain an infection and/or repair 
damage; 

+ removal or dissolution of blood clots and remodeling of 
the components of the extracellular matrix; 

+ regeneration of cells of the tissue and re-establishing 
normal structure and function. 


Inflammation brings leukocytes and plasma 
molecules to sites of infection or tissue 
damage 

‘Many immune responses lead to the complete elimination 
ofa pathogen (sterile immunity), followed by resolution of 
the damage, disappearance of leukocytes from the tissue 
and full regeneration of tissue function ~ the response in 
such cases is referred to as acute inflammation. 


'Q. What three principal changes accur in the tissue during 
‘an acute inflammatory response? 

‘A. An increased blood supply to the aftected area, an increase 
in capillary permeability allowing larger serum molecules to 
‘enter the tissue, and an increase in leukocyte migration into the 
tissue (see Chapter 1), 


In some cases an infection is not cleared completely. 
‘Most pathogenic organisms have developed systems to 
deflect the immune responses that would eliminate 
them, In this case the body often tries to contain the 
infection or minimize the damage it causes; nevertheless, 
the persistent antigenic stimulus and the cytotoxic 
effects of the pathogen itself lead to ongoing chronic 
inflammation. 

‘The cells seen in acute and chronic inflammation are 
‘quite different, and reflect the phased arrival of different 
populations of leukocytes into a site of infection (Fig. 6.2). 
‘Consequently: 
© sites of acute inflammation tend to have higher 

numbers of neutrophils and activated helper T' cells; 

whereas 
* sites of chronic inflammation have a higher proportion. 

of macrophages, cytotoxic T cells, and even B cells. 
‘The phased arrival of different populations of leukocytes 
at a site of inflammation is dependent on chemokines 
expressed on the endothelium (see below). These 
chemokines activate distinct leukocyte populations 
causing them to migrate into the tissue. 

‘The cell types seen in sites of damage and the capacity 
of the tissue for repair and regeneration also. depend 
greatly on the tissue involved. For example, in the brain 
the capacity for cell regeneration is very limited, so in 
chronic inflammatory diseases, such as multiple sclerosis, 
the area of damage often becomes occupied by scar tissue 
formed primarily by a specialized CNS cell type, the 
astrocyte. 

‘The following sections explain the general principles of 
how inflammation develops, though the specific details 
depend on: 

+ the type of infection; 
+ the tissue; and 
+ the immune status of the individual. 


THE BODY'S RESPONSES TO DAMAGE INCLUDE INFLAMMATION 


Cytokines control the movement of 

leukocytes into tissues 

‘Tissue damage leads to the release of a number of 

inflammatory cytokines, either from: 

© patrolling leukocytes; or 

* cells within the tissue, including resident mononuclear 
phagocytes. 

‘The cytokine tumor necrosis factor-. (TNFa) is 

particularly important in this respect. 


TNFc: has many functions in the development of 
inflammation 

TNFa: is produced primarily by macrophages and other 
mononuclear phagocytes and has many functions in the 
development of inflammation and the activation of other 
leukocytes (Fig. 6.3). 

Notably, TNFa. induces the adhesion molecules and 
chemokines on the endothelium (which are required 
for the accumulation of leukocytes), and activates the 
microbicidal systems of phagocytes. In addition TNFa. 
can induce apoptosis in susceptible cells. 

‘TNFa and the related cytokines, the lymphotoxins, 
act on a family of receptors. One of the effects of 
these cytokines is to cause the activation of the tran- 
scription factor NF-xB (Fig. 6.4), which has been 
described as a master-switch of the immune system (see 
Fig. 9.21), 

“The signaling pathways that lead to NF-xB activation 
are evolutionarily very ancient, and are found in species as 
diverse as fruit flies, humans, and sea urchins. 


IL-1 has wide-ranging functions that switch the 
body into a state to combat disease 

Interleukin-1 (IL-1) is another important inflammatory 
cytokine. It is produced by many cell types in the body 
and shares some functions with TNFa, though both 
‘TNFa and IL-1 and their receptors are quite different. 


‘The phased arrival of diferent populations of leukocytes into a site of infection 


Fig. 6.2 Leukocytes enter sites of infection 
in phases. Sites of chronic inflammation 
hhave more macrophages and T cells. 


For example, IL-1 induces adhesion molecules on 
endothelium that promote leukocyte migration. 

IL-1 also has a number of distinct functions, of which 
the most important is the induetion of fever. IL-1 acts 
directly on centers in the hypothalamus that control the 
body's temperature. 

It is thought that the increase in temperature that 
accompanies inflammation in mammals gives the immune 
system a slight edge on the pathogens. A small increase 
in body temperature leads to much faster lymphocyte 
division, which means that the adaptive immune system 
(which relies on rapid expansion of pathogen-specific 
clones) can be mobilized more quickly. 

IL-1 has an interesting variety of other constitutional 
effects. For example, it suppresses appetite and promotes 
one type of sleep. Another pro-inflammatory cytokine — 
interleukin-6 (IL.-6), which is produced in the liver and by 
vascular endothelium in inflammation — also. produces 
these constitutive symptoms, but this effect is due to the 
secondary induction of IL-1. 

“Taken together, we can see that in addition to its local 
effects in inflammation, IL-1 has wide-ranging functions 
that switch the body into a state to combat disease. 


Interferons and NK cells delay viral spread 
Viruses and many bacteria can replicate at an enormous 
rate and potentially have the capacity to overwhelm the 
individual before the adaptive immune system gets 
going — it takes several days to activate and expand clones 
of antigen-specific lymphocytes. During this time 
interferons (see Chapter 13, p. 247) and NK cells (see 
Chapter 10, p. 204) are particularly important in slowing 
the spread of infection: 
* interferons act by inducing antiviral proteins, which 
limit the ability of a virus to replicate within a cell; 
+ NK cells have some capacity to recognize and kill virus- 
infected cells. 
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TNFa is a cytokine with many functions 


Induction of endothelial, 
esate ‘adhesion molecules 


action 


‘induces 
‘other eytokines 


Fig. 6.3 TNFa has several functions in 
inflammation. Its prothrombotic and 
promotes leukocyte adhesion and 
‘migration (top). It has an important role in 
the regulation of macrophage activation 
and immune responses in tissues (center), 
and it also modulates hematopoiesis and. 
lymphocyte development (bottom). 
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THE PHASED ARRIVAL OF LEUKOCYTES 

IN INFLAMMATION DEPENDS ON 

CHEMOKINES AND ADHESION MOLECULES 

‘The mechanisms that control leukocyte migration into 

inflamed tissues have been carefully studied because of 

their biological and medical importance. These mecha- 

nisms are also applicable in principle to the cell movement 

that occurs between lymphoid tissues as the immune 

system develops and during normal life. 
‘The routes that leukocytes take as they move around 

the body are determined by interactions between: 

* circulating cells; and 

+ the endothelium of blood vessels. 

Leukocyte migration is controlled by signaling molecules, 

which are expressed on the surface of the endothelium, 

and occurs principally in venules (Fig. 6.5). There are 

three reasons for this: 

* the signaling molecules and adhesion molecules that 
control migration are selectively expressed in venules; 

* the hemodynamic shear force in the venules is relatively 
low, and this allows time for le to receive 
signals from the endothelium and allows adhesion 
molecules on the two cell types to interact effectively; 

+ the endothelial surface charge is lower in venules 
(Fig. 6.6). 


Although the patterns of leukocyte migration are complex, 
the basic mechanism appears to be universal. ‘The initial 
interactions are set out in a three-step model (Fig. 6.7): 

* leukocytes are slowed as they pass through a venule and 
roll on the surface of the endothelium before being 
halted ~ this is mediated primarily by adhesion mole- 
cles called selectins interacting with carbohydrates on 
glycoproteins, 

+ the slowed leukocytes now have the opportunity to 
respond to signaling molecules held at the endothelial 
surface ~ particularly important is the large group of 
cytokines called chemokines, which activate particular 
populations of leukocytes expressing the appropriate 
chemokine receptors; 

* activation upregulates the affinity of the leukocytes’ 
integrins, which now engage the cellular adhesion 

-s on the endothelium to cause firm adhesion 
fe a program of migration. 

‘Transendothelial migration is an active process involving. 

both leukocytes and endothelial cells and occurs near the 

junctions between endothelial cells (Fig. 6.8). 

‘There has been much controversy concerning whether 
leukocytes migrate through the junctions between 
endothelial cells or across the endothelium itself, In spe- 
Cialized tissues such as the brain and thymus, where the 


THE PHASED ARRIVAL OF LEUKOCYTES IN INFLAMMATION DEPENDS ON CHEMOKINES 
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Fig. 6.4 TNFat induces the trimerization of the TNF receptor 
(TNFR) on the cell surface, which causes adapter molecules to 
bbe recruited to the receptor complex. One pathway leads to 
the activation af caspase & and apoptosis. Other pathways 
lead to the activation of transcription factors AP-1 and NE-xB, 
Which activate many genes involved in adaptive and innate 
immune responses. 


endothelium is connected by continuous tight junctions, it 
is clear that lymphocytes migrate across the endothelium 
in vacuoles and that the junctions do not break apart. 

Migrating cells extend pseudopods down to the 
basement membrane and move beneath the endothelium 
using new sets of adhesion molecules. Enzymes are now 
released that digest the collagen and other components 
of the basement membrane, allowing cells to migrate into 
the tissue. Once there, the cells ean respond to new sets 
of chemotactic stimuli, which allow them to position 
themselves appropriately in the tissue 


Leukocyte traffic into tissues is determined 
by where and when adhesion and signaling 
molecules are expressed 

Intercellular adhesion molecules are membrane-bound 
proteins that allow one cell to interact with another. Often 
these molecules traverse the membrane and are linked to 
the cytoskeleton, 


Leukocytes adhering to the wall of a venule 


Fig. 6.5 Scanning electron micrograph showing leukocytes 
adhering to the wall of a venule in inflamed tissue. x16 000. 
(Courtesy of Professor Mj Karnovsky) 
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Fig. 6.6 Leukocytes circulating through a vascular bed may 
interact with venular endothelium via sets of surface adhesion 
‘molecules. In the venules, hemodynamic shear is low, surface 
charge on the endothelium is lower, and adhesion molecules 
are selectively expressed. 


Q. Why is it important that cell adhesion molecules (CAMS) 
Interact with the cytoskeleton? 

A. By binding ta the cytoskeletan the adhesion molecules allow 
a cell to gain traction on another cell or on the extracellular 
‘matrix, which allows the cell to mave through tissues. 


In many cases, a particular adhesion molecule can bind 
to more than one ligand, using different binding sites 
Although the binding affinity of individual adhesion 
molecules to their ligands is usually low, clustering of the 
molecules in patches on the cell surface, means that the 
avidity of the interaction can be high. 
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‘Three-step model of leukocyte adhesion, 


Fig. 6.7 The three-step model of leukocyte adhesion and 
activation is illustrated by a neutrophil, though different sets of 
adhesion molecules would be used by other leukocytes in 
different situations, (1) Tthering — the neutrophil is slowed in 
the circulation by interactions between E-selectin and 
‘carbohydrate groups on CD15, causing it to roll along the 
‘endothelial surface. (2) Triggering ~ the neutrophil can now 
‘eceive signals from chemokines bound to the endothelial 
surface or by direct signaling from endothelial surface 
‘molecules. The longer a cell rolls along the endothelium, the 
longer it has to receive sufficient signal to trigger migration. 
{@) Adhesion the triggering upregulates integrins (CR3 and 
LFA-1) so that they bind to ICAM-1 induced on the 
‘endothelium by inflammatory cytokines. 


Lymphocyte migration 


Fig. 6.8 Electron micrograph showing a lymphocyte adhering 
to brain endothelium close to the interendothelial cell junction 
in an animal with experimental allergic encephalomyelts. 
‘Adhesion precedes ransendothelal migration into 
inflammatory sites. (Courtesy of Dr C Hawkins) 


Cells can modulate their interactions with other cell 
types by increasing the numbers of adhesion molecules on 
the surface or altering their affinity and avidity. They can 
alter the level of expression of adhesion molecules in 
two ways: 

* many cells retain large intracellular stores of these 
molecules in vesicles, which can be directed to the cell 
surface within minutes following cellular activation; 

* alternatively, new molecules can be synthesized and 
transported to the cell surface, a process that usually 
takes several hours. 


Selectins bind to carbohydrates to slow the 

circulating leukocytes 

‘The selectins include the molecules: 

+ E-selectin and P-selectin, which are expressed 
predominantly on endothelium and platelets; and 

+ L-selectin, which is expressed on some leukocytes 
(Fig. 6.9). 

Selectins are transmembrane molecules with a number 

of extracellular domains homologous to those seen in 

complement contral proteins (see Fig. 4.8). The extra- 
cellular region also has a domain related to the epidermal 

{growth factor receptor and an N terminal domain that has 

lectin-like properties (i. it binds to carbohydrate 

residues), hence the name selectins. 
‘The carbohydrate ligands for the selectins may be 
associated with several different proteins: 

* at sites of inflammation, E-selectin and P-selectin, 
which are induced on activated endothelium, bind to 
the sialyl Lewis-X carbohydrate associated with CD15, 
present on many leukocytes; 

+ some of the selectin ligands are selectively expressed on 
particular populations of leukocytes, for example the 
molecule PSGL-I (P-selectin glycoprotein ligand) 
present on Til cells binds to E~ and P-selectin, but a 
variant found on T112 cells does not. 

When selectins bind to their ligands the circulating 

cells are slowed within the venules. Video pictures of 

cell migration show that the cells stagger along the 
endothelium. During this time the leukocytes have 
the opportunity of receiving migeation signals from the 
endothelium. his is a process of signal integration ~ the 
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Fig. 6.9 The structures of three selectins are shown. They 
hhave terminal lectin domains, which bind to carbohydrates on 
the cell listed. The EGER domain is homologous to a 
‘segment inthe epidermal growth factor receptor. The CCP 
«domains are homologous to domains found in complement 
control proteins, such as factor H, decay accelerating factor, 
and membrane cofactor protein (see Fig. 4.8). 


THE PHASED ARRIVAL OF LEUKOCYTES IN INFLAMMATION DEPENDS ON CHEMOKINES 


more time the cell spends in the venule, the longer it has 
to receive sufficient signals to activate migration, If a 
leukocyte is not activated it detaches from the endothe- 
lium and returns to the venous circulation. A leukocyte 
may therefore circulate hundreds of times before it finds 
‘an appropriate place to migrate into the tissues. 


Chemokines and other chemotactic 
molecules trigger the tethered leukocytes 
Chemokines are smalll cytokines 
‘The chemokines are a group of at least 40 small cytokines 
involved in cell migration, activation, and chemotaxis. 
‘They determine which cells will cross the endothelium 
and where they will move within the tissue. Most 
chemokines have two binding sit 
* one for their specific receptors; and 
* a second for carbohydrate groups on proteoglycans 
(such as heparan sulfate), which allows them to attach 
to the luminal surface of endothelium (blood side), 
ready to trigger any tethered leukocytes (Fig. 6.10). 
‘The chemokines may be produced by the endothelium 
itself. This depends on several factors including: 
© the tissue; 
* the presence of inflammatory cytokines; and 
+ hemodynamic forces. 
In addition chemokines produced by cells in the tissues 
can be transported to the luminal side of the endothelium. 
Immune reactions or events occurring within the tissue 
can therefore induce the release of chemokines, which 
signal the inward migration of populations of leukocytes. 


Q. What advantage is there in having different types of 
inflammation occurring in different tissues? 

‘A. What constitutes an appropriate immune response depends 
fon the pathagen, the amount of damage it is causing in a 
particular tissue, and the capacity of that tissue to repair and 
regenerate. 


Chemokines 


chemokines 


It is easiest to understand what chemokines do by 
considering their receptors 

Chemokines fall into four different families, based on the 
spacing of conserved cysteine (C) residues. For example: 
= a-chemokines have a CXC structure; and 

+ Bechemokines a CC structure. 

All chemokines act via receptors that have seven 
transmembrane segments (7tm receptors) linked to 
GTP-binding proteins (G-proteins), which cause cell 
activation. 

‘Most chemokines act on more than one receptor, and 
most receptors will respond to several chemokines. 
Because of this complexity, it is easiest to understand what 
chemokines do by considering their receptors: 

# the receptors for the CXC. chemokines are called 

CXCRI, CXCR2, and so on; while 
+ the receptors for the CC chemokines are called CCR1, 

CCR2, ete, 

Until recently most chemokines had a descriptive name 
and acronym such as macrophage chemotactic protein-1 
(MCP-1). The current nomenclature describes them 
according to their type, hence MCP-1 is CCL2, meaning 
that it is a ligand for the CC family of chemokine 
receptors (Fig. 6.11). A full list of chemokines is given in 
Appendix 4. 

‘The chemokine receptors are selectively expressed on 
particular populations of leukocytes (see Fig. 6.11) and 
this determines which cells can respond to signals coming 
from the tissues. 

‘The profile of chemokine receptors on a cell depends 
on its type and state of differentiation. For example: 
all T cells express CCRI; 

+ Ti2 cells preferentially express CCR3; and 

‘+ Tul cells preferentially express CCRS and CXCR3. 
‘After activation in lymph nodes, the levels of CXCR3 on. 
aT cell increase, so that it becomes more responsive for 
the chemokines CXCL9, CXCL10, and CXCLI1, which 


Fig, 6.10 Chemokines bind to 
‘alycosaminoglycans on endothelium via 
‘one binding site while a second ste 
interacts with chemokine receptors 
‘expressed on the surface of the leukocyte. 
‘Chemokines may be synthesized by the 
‘endothelial cell and stored in vesicles 
(Weibel-Palade bodies) to be released to 
‘the luminal surface (blood side) following 
activation (1) Alteratively chemokines 
may be produced by cells inthe tissues 
and transported across the endothelium 
{@). Cells in the tissue can therefore signal 
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‘Some chemokine receptors and their principal ligands 


eosinophil neutrophil 


O20 6@@ 


basophil 


at the N terminus by formylated methionine. Because 
prokaryotes (e.g. bacteria) initiate all protein translation 
with this amino acid, whereas eukaryotes do not, this 
provides a simple specific signal for the presence of 
bacteria, towards which phagocytes should move. 

‘Neutrophils and macrophages also have receptors for: 
+ Ca, which is a fragment of a complement component 

generated at sites of inflammation following comple- 

‘ment activation; and 
+ LTBg, which is generated at sites of inflammation 

following activation of a variety of cells, particularly 

macrophages and mast cells. 
In addition, molecules generated by the blood clotting 
system, notably fibrin peptide B and thrombin, attract 
phagocytes, though many molecules such as these only act 
indirectly by inducing chemokines. 

‘The first leukocytes to arrive at a site of inflammation, 
if activated, are able to release chemokines that attract 
others, For example: 

* CXCLE released by activated monocytes can induce 
neutrophil and basophil chemotaxis; 

+ similarly, macrophage activation leads to metabolism of 
arachidonic acid with release of LT Bq. 

Like chemokines, these other chemotactic molecules, 

including CSa and fMLP, act via 7tm receptors. 


Fig. 6.11 Some of the chemokine receptors found on 
particular leukocytes and the chemokines they respond to are 
listed. The cells are grouped according the principal types of 
effector response. Note that THI cells and mononuclear 
phagocytes both express chemokine receptor CCRS, which 
allows them to respond to chemokine CCL3, while TH2 ces, 
eosinophils, and basophils express CCR3, which allows them 
{0 respond to CCL11. This allows selective recruitment of sets 
of leukocytes into areas with particular types of 
Immune/inflammatory response. Both groups of cells express 
chemokine receptors CCR1 and CCR2, which allow responses 
to macrophage chemotactic proteins (CCL2, CCL7, CCLB, and 
CCL13), Neutrophils express chemokine receptors CXCRI and 
‘CXCR2, which allow them to respond to CXCLE (IL-8) and 
CXCLI and CXCL2. Bracketed entries indicate that only a 
subset of cells express that receptor. Full detals are given in 
Appendix 4. 


activate that receptor. Asa consequence, antigen-activated 
Iymphocytes are more readily triggered to enter sites of 
inflammation where these chemokines are expressed. 

Once a leukocyte has crossed the endothelium, it is 
capable of responding to a new set of chemokines, which 
direct its migration through the tissues. 

Chemokines thus work in a hierarchical way, with a cell 
receiving successive signals for the next destination, 


Other molecules are also chemotactic for 
neutrophils and mac 

Several other molecules are chemotactic for neutrophils 
and macrophages, both of which have an f.Met-Leu-Phe 
(EMLP) receptor. This receptor binds to peptides blocked 


'Q. The innate immune system has the capacity to recognize 
pathogen.associated molecular patterns (PAMPs). Which of 
the chemotactic molecules described above has a PAMP? 

‘A. MLP. It is the only molecule that comes from bacteria; all 
‘ther chematactic molecules are produced by cells af the body. 


Integrins on the leukocytes bind to CAMs on 

the endothelium 

Activation of leukocytes via their chemokine receptors 

initiates the next stage of migration. 

Leukocytes and many other cells in the body interact 
with other cells and components of the extracellular 
‘matrix using a group of molecules called integrins. 

In the third step of leukocyte adhesion (see Fig. 6.7), 
the leukocytes develop a firm adhesion to the endothelium 
‘using their surface integrins. Cell activation promotes this 
step in three ways: 

* it can cause integrins to be released from intracellular 
stores, 

+ it can cause clustering of integrins on the cell surface 
into high-avidity patches, 

+ most importantly, the cell activation induced by the 
chemokines causes the integrins to become associated 
with the cytaskeleton and can switch them into a high- 
affinity form (Fig. 6.12) — this type of signaling is called 
inside-out signaling because activation inside the cell 
causes a change in the affinity of the extracellular 
portion of the integrin. 

‘Normally the binding affinity of integrins for the CAMs 

on the endothelium is relatively weak, but when sufficient 

interactions take place, the cells adhere firmly. 

Many of the CAMs on the endothelium have 
immunoglobulin-like domains (i.e. they belong to the 
immunoglobulin superfamily). 


‘THE PHASED ARRIVAL OF LEUKOCYTES IN INFLAMMATION DEPENDS ON ADHESION MOLECULES 


‘The affinity of integrins is controlled by inside-out 
signaling 


adhesion site 


alostre 
OO interactions 
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Fig. 6.12 Activation of the cell causes a change in the position 
‘of the two chains of the integrin, which become linked to the 
‘cytoskeleton via the adapter molecules vinculin and talin, The 
association produces an allosteric change in the extracellular 
portion of the molecule, causing the binding site to open and 
allowing the integrin to attach to its ligand. 


Some of the CAMs are constitutively expressed, while 
others are specifically induced on particular endothelia or 
at sites of inflammation, 


Integrins and CAMs are very important groups of 
molecules 


INTEGRINS COMPRISE A MAJOR GROUP OF ADHESION 

MOLECULES — Integrins are present on many cells, 

including leukocytes. Each member of this large family of 

molecules consists of two non-covalently bound polypep- 

tides (and B), both of which traverse the membrane. 
Integrins fall into three major families depending on 

which chain they have, because any B chain can associate 

with several « chains. Broadly speaking: 

* the B,-integrins are involved in binding of cells to 
extracellular matrix; 

* the B,-integrins are involved in leukocyte adhesion to 
endothelium or to other immune cells; and 

© the integrins (cytoadhesins) are involved in the 
interactions of platelets and neutrophils at inflamma- 
tory sites or sites of vascular damage. 


However, there are several exceptions to this rule, and 
some at chains can associate with more than one chain 
(Fig. 6.13). 

‘The ability of integrins to bind to their ligands depends 
on divalent cations. For example, LFA-1 (cy ,-integrin) 
hhas a Mg" ion coordinated at the center of a binding site, 
which accommodates an aspartate residue from the ligand. 
Activation of the integrin causes the binding site to open, 
allowing access for the aspartate side chain. 

‘Many of the integrins can bind to more than one 
ligand. For example: 

*LFA-I present on most lymphocytes binds to both 
inereeular CAMEL (CANT) and ICANE2, which 
are expressed on endothelium; 

* VLA-4 (sBr-integrin) binds to vascular CAM-1 
(VCAML1) expressed on endothelium, or to fibronectin 
(an extracellular matrix component). 


ENDOTHELIAL CAMS INCLUDE ICAM-1, ICAM-2, VCAM- 

1, AND MAdCAM-1 — The CAMs on the endothelium 

that interact with integrins are all members of the 

immunoglobulin supergene family. They include ICAM-1 

and ICAM-2, VCAM-1, and mucosal addressin CAM 

(MAdCAM-1) (Fig. 6.14). All members of this family are 

expressed or inducible on vascular endothelium: 

* TCAM-1 and VCAM-I are both induced by inflam- 
matory cytokines; 

+ ICAM-2 is constitutively expressed at low levels on 
some endothelia and is downregulated by inflammatory 


cytokines. 
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Fig. 6.13 The table gives the properties of some of the major 
‘Integrins Involved in leukocyte binding to endothelium or 
extracellular matrix. 
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Fig. 6.14 The molecules ICAM-1, ICAM-2, VCAM-1, and 
MACCAM-1 are illustrated diagrammatically wth their 
Jimmunoglobulin-ike domains. Their intearin ligands (see 
Fig, 6.13) are listed above. MACAM-1 also has a heavily 
‘alycosylated segment, which binds L-selectin. 


‘The two N terminal domains of ICAM-I are homologous 

to those of ICAM-2 and both molecules interact with 

LFA-1. (There are additional ligands for LFA-1, ICAM-3, 

and ICAM-4, which are expressed on lymphocytes.) 
MAdCAM-1 is a composite molecule that includes: 

* two immunoglobulin-like domains that interact with an 
integrin; and 

+ a glycosylated segment that can interact with selectins. 

MAdCAMG-1 was first identified on mucosal lymph node 

endothelium, but can also be induced at sites of chronic 

inflammation (Fig. 6.15) 


Leukocyte migration in inflammation is 
controlled by both leukocytes and 
endothelium 

Although the mechanisms described above are applicable 

to all leukocyte migration, the following discussion 

concerns just inflammation. Several factors account for 
the pattern of leukocyte accumulation, including: 

* the state of activation of the lymphocytes or phagocytes, 
= the expression of adhesion molecules and their 
functional affinity vary depending on the type of cell 
and whether it has been activated by antigen, cytokines, 
or cellular interactions; 

+ the types of adhesion molecule expressed by the 
vascular endothelium, which is related to its anatomical 
site and whether it has been activated by eytokines; 

+ the particular chemotactic molecules and cytokines 
present — receptors vary between leukocyte populations 
so that particular chemotactic agents act selectively on 
some cells only. 


Mucosal addressin cell adhesion molecule of 
endothelium 


Fig. 6.15 The immunoelectron micrograph has been stained 
to show MAdCAM-1 as a dark border (arrow) on the luminal 
‘surface of endothelium. in ths instance the molecule is 
‘expressed on brain endothelium in chronic relapsing 
‘experimental allergic encephalomyelits induced by 
‘immunization of 8iazzi AB/H mice with myelin basic protein. 
(Reproduced from Immunology, O'Neill Jk, Butter C 
1991;72:520-525. Copyright 1991 with permission from 
Blackwell Publishing) 


Chemokines and adhesion molecules 
determine which leukocytes migrate where 
Different sets of adhesion molecules and chemotactic 
agents are used by each type of cell. 


E-selectin and P-selectin slow circulating leukocytes 
When tissue is damaged, cells, including mononuclear 
phagocytes, release inflammatory cytokines such as ‘TNE 
‘or IL-1, which induce synthesis and expression of E- 
selectin. 

In vitro, cells transfected with the gene for E-selectin 
bind neutrophils strongly, and this suggests that the 
slowing of neutrophils by E-selectin is a eritical first step 
in neutrophil migration. 

P-selectin acts similarly to E-selectin, butis held ready- 
‘made in the Weibel-Palade bodies of endothelium and 
released to the cell surface if the endothelium becomes 
activated or damaged. Both E-selectin and P-selectin can 
slow circulating platelets or leukocytes. 


Different chemokines cause different types of 
leukocyte to accumulate 

In the second step of migration, neutrophils are triggered 
by chemokines such as CXCL8 synthesized by cells in the 
tissue, or by the endothelium itself. CNCL8 acts on two 
different chemokine receptors ~ CXCR1 and CXCR2 (see 
Fig. 6.11) ~ to initiate neutrophil migration. 

In some tissues different sets of chemokines cause the 
local accumulation of other groups of leukocytes. For 
example: 
vin the bronchi of individuals with asthma, CCLUL 

(eotaxin) is released, which causes the accumulation of 

eosinophils — CCLI acts on CCR3, which is also 


LEUKOCYTE MIGRATION TO LYMPHOID TISSUES IS ALSO CONTROLLED BY CHEMOKINES 


present on Ti2 cells and basophils, so by releasing one 
chemokine, the tissue can signal to three different kinds 
of cell to migrate into the tissue and this particular set 
of cells is characteristic of the cellular infiltrates in 
asthma; 

* in sites of chronic inflammation, the chemokines 
CXCLI0 and CCL? are released by endothelium in 
response to interferon-y (IFN; and TNFe.— CXCL10 
acts on activated Tit] cells (via CXCR3), while CCL2 
acts on macrophages (via CCRS); consequently 
macrophages and THI cells tend to accumulate at sites 
of chronic inflammation, 


Q. Inwhat type of inflammatory reaction would you expect 
to see the production of CXCLIO and the accumulation of 
activated macrophages? 

A. In chronic inflammatory reactions. 


Some endothelial adhesion molecules are induced 

by cytokines 

Some endothelial adhesion molecules are induced at sites 

of inflammation by cytokines, particularly ICAM-1 and 

VCAM-I (Fig. 6.16). Their level of expression is also 

tissue-specific. For example: 

+ ICAM-1 is expressed at higher levels on brain 
endothelium than VCAM-1; 

* ICAM-I and VCAM-I are equally expressed in skin 
endothelium. 

By contrast ICAM-2 is not induced by inflammatory 

cytokines, and it has been suggested that ICAM-2 

determines the basal level of binding of leukocytes to 

different types of endothelium, while ICAM-1 and 

VCAM-1 mediate migration into sites of inflammation. 
ICAM-1 and ICAM-2 both interact with LFA-I (0%, 

integrin, see Fig. 6.13), which is present on most 

leukocytes, whereas VCAM-I interacts with VLA-+ 

(cy-integrin). Both of these integrins are upregulated on 
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Fig. 6.16 The graph shows the time course of induction of 
diferent endothelial molecules on human umbilical vein 
endothelium in vitro folowing stimulation by TNFa. 


activated lymphocytes, so the process of cell activation 

induces both: 

* the chemokine receptors that allow activated Iympho- 
cytes to respond to inflammatory cytokines; and 

+ the integrins thar allow activated lymphocytes to 
migrate. 


R3 is an important integrin expressed on 
monocytes 


Another important integrin is CR3 (ayB,-integrin, see 
Fig. 6.13), which is expressed on monocytes, Its function 
in phagocyte accumulation has been pinpointed by studies 
in vivo using antibodies to CR3, which inhibit phagocyte 
migration. 

eis notable that a group of patients who have leukocyte 
adhesion deficiency (LAD) syndrome and suffer from 
severe infections due to poor phagocyte accumulation, 
are deficient in all By-integrins (LFA-1, CR3, etc., see 
Fig. 6.13). 

‘CR3 recognizes a site on ICAM-I separate from that 
recognized by LFA-1. 

Lymphocyte binding to endothelium can be modulated 
using antibodies to adhesion molecules or inactive analogs 
of chemokines, and this holds out prospects for therapy of 
diseases where immunopathological inflammation occurs. 


VLA molecules allow interaction with extracellular 
matrix and belong to the B,-integrin group 

Once leukocytes have crossed the endothelium and 
entered the tissues, they interact with the proteins of the 
extracellular matrix (collagen, laminin, fibronectin, etc:), 
as well as the tissue cells. 

As lymphocytes leave the blood vessel they lose some of 
their surface molecules (e.g. L-selectin), which are no 
longer required. The functional phenotype changes from 
that of a circulating cell to one adapted to move through 
tissues. 

‘Many of the molecules that allow interaction with 
extracellular matrix belong to the B,-integrin group, and 
are known as very late antigens (VLAs), so-called because 
they were first identified on the T cell surface at a late 
stage after T cell activation. The whole group of By- 
integrins are now referred to as VLA molecules, though 
most of them are not just expressed on lymphocytes. ‘This 
group includes: 

* receptors for collagen (VLA-2 and VLA-3); 

‘= receptors for laminin (VLA-3 and VLA-6); and 
receptors for fibronectin (VLA-3, VLA-4, and VLA-5). 
‘The fact that some of these molecules appear late after 
lymphocyte activation suggests that cells go through a 
program of differentiation, and that the ability to interact 
‘with extracellular matrix is one of the last functions to 
develop. 


LEUKOCYTE MIGRATION TO LYMPHOID 
TISSUES IS ALSO CONTROLLED BY 
CHEMOKINES 

‘Migration of leukocytes into lymphoid tissues is also 
controlled by chemokines and adhesion molecules on the 
endothelium. 


&_ MECHANISMS OF INNATE IMMUNITY 


Q. What is distinctive about the endothelium in secondary 
lymphoid tissues? 
‘A. These tissues have high endothelial venules (HEVs) with 
columnar endathelial cells (see Figs 2.54 and 2.55) that express 
high levels of sulfated glycoproteins and distinctive sets of 
adhesion molecules, 


Up to 25% of lymphocytes that enter a lymph node via 
the blood may be diverted across the HEV. In contrast, 
only a tiny proportion of those circulating through other 
tissues will cross the regular venular endothelium at each 
transit. HEVs are therefore particularly important in 
controlling lymphocyte recirculation. Normally they are 
only present in the secondary lymphoid tissues, but they 
may be induced at sites of chronic inflammation. 

In addition to their peculiar shape, HEV cells express 
distinct sets of heavily glycosylated sulfated adhesion 
molecules, which hind to circulating ‘T cells and direct 
them to the lymphoid tissue. 

‘The HEVs in different lymphoid tissues have different 
sets of adhesion molecules. In particular, there are 
separate molecules controlling migration to: 

+ Peyer's patches; 

+ mucosal lymph nodes; and 

+ other Iymph nodes 

‘These molecules were previously called vascular addressins, 
and their expression on different HEVs accounts for 
the way in which lymphocytes relocalize to their own 
lymphoid tissue. 

‘Naive Iymphocytes express L-selectin, which con- 
tributes to their attachment to carbohydrate ligands on 
HEVs in mucosal and peripheral lymph nodes. Once they 
have stopped on the HEV, migrating lymphocytes may 
use the integrin a8; (LPAM-I, see Fig. 6.13) to bind 
to MAdCAM on the HEV of mucosal lymph nodes or 
Peyer's patches. 

Because the expression of a4; allows migration to 
mucosal lymphoid tissue, whereas «1,8; allows attachment 
to VCAM-1 on activated endothelium or fibronectin in 
tissues, expression of one or other of these molecules can 
alternately he used by naive lymphocytes migrating to 
Iymphoid tissue or activated TT cells to inflammatory sites, 


Chemokines are important in controlling cell 

traffic to lymphoid tissues 

Chemokines are also important in controlling cell traffic 

to lymphoid tissues. Naive T cells 
express chemokine receptors CCRT and CXCR4, 
which allow them to respond to chemokines expressed 
in lymphoid tissues, 

+ also respond to chemokines CCLI8 and CCLI9 
produced by dendritic cells, which is thought to direct 
them to the appropriate T cell areas of the lymph node 
where dendritic cells can present antigen to them. 

Once T cells have been activated they lose CXCR4 and 

CCR, but gain new chemokine receptors (see Fig. 6.11), 

which allow them to respond to different chemokines (e.g. 

those produced at sites of inflammation). 
Naive B cells also express: 

* CCRT and CXCR4, involved in migration to secondary 
lymphoid tissues; 


+ CXCRS, a receptor for CXCLI3, which appears to be 
required for localization to lymphoid follicles within 
the lymph nodes. 

Cells moving into lymphoid tissue therefore respond 

sequentially to signals on the endothelium and_signals 

from the different areas within the tissue (Fig. 6.17). 


PLASMA ENZYME SYSTEMS MODULATE 
INFLAMMATION AND TISSUE 
REMODELING 

‘The change in vascular permeability is another important 

component of inflammation. However, whereas cell 

migration occurs across venules, serum exudation occurs 
primarily across capillaries where blood pressure is higher 
and the vessel wall is thinnest. This event is controlled in 

‘wo ways: 

+ blood supply to the area increases, 

* there is an increase in capillary permeability caused by 
retraction of the endothelial cells and possibly also by 
increased vesicular transport across the endothelium — 
this permits larger molecules to traverse the endothe- 
lium than would ordinarily be capable of doing so, and 
so allows antibody and molecules of the plasma enzyme 
systems to reach the inflammatory site, 


‘Chemokines and cell migration into lymphoid tissue 


Fig. 6.17 Cell migration occurs in stages. Nave T cells express 
‘CCR7, which allows them to respond to CCL21 expressed by 
‘secondary lymphoid tssues (1). Once the cells have migrated 
across the endothelium, the same receptor can respond to 
‘signals from CCLI9 produced by dendritic cells 2), which 
[promotes interactions with the T cells in the paracortex (Tell, 
ates) of the lymph node. B cells also express CCR7 and use 
‘similar mechanisms to migrate into the lymphoid tisues (1) 
However, they also express CKCRS, which allows them to 
respond to CXCLI3, a chemokine produced in lymphoid 
follicles 2) ~ 8 cells are therefore directed tothe B cell areas of 
the node. Mice lacking CKCRS do not develop normal 
Iymphoid folicies. 


PLASMA ENZYME SYSTEMS MODULATE INFLAMMATION AND TISSUE REMODELING 


‘The four major plasma enzyme systems that have an 
important role in hemostasis and control of inflammation 
are the: 

* clotting system; 

* fibrinolytic (plasmin) system; 

* Kinin system; and 

* complement system (see Chapter 4). 


The kinin system generates powerful 
vasoactive mediators 
‘The kinin system generates the mediators bradykinin and 
lysyl-bradykinin (Kallidin). 

Bradykinin is a very powerful vasoactive nonapeptide 
that causes: 
+ venular dilation; 
* increased vascular permeability; and 
* smooth muscle contraction. 
Bradykinin is generated following the activation of 
Hageman factor (XI) of the blood clotting system, 
whereas tissue kallikrein is generated following activation 
of the plasmin system or by enzymes released from 
damaged tissues (Fig. 6.18). 


The plasmin system has an important role in 

tissue remodeling and regeneration 

‘The plasmin system can be activated by a soluble or a 

tissue-derived plasminogen activator, which leads to the 

enzymatic conversion of plasminogen into plasmin. 

Plasmin itself: 

* was originally identified by its ability to dissolve fibrin; 

* has several other activities, in particular it activates 
some metalloproteases ~ enzymes that are required for 
the breakdown and remodeling of collagen (Fig. 6.19}; 


‘Activation of the kinin system 


Fig, 6.18 Activated Hageman factor (lla) acts on prekalikrein 
to generate kalikrein, which in tur releases bradykinin from. 
high molecular weight kininagen (HMR). Prekalikein and 
MWK circulate together in a complex. Various enzymes 
activate prokalkrein to tissue kalitzein, which releases iysyl- 
‘bradykinin from low molecular weight kininogen. Bradykinin 
and lysy-bradykinin are both extremely powerful vasodilators. 


Fig. 6.19 Plasmin is generated by the enzymatic activity of 
plasminogen activators. (MMP, matrix metaloproteinas; tPA, 
tisue plasminogen activator uPA, urokinase plasminogen 
activator) 


‘+ additionally can promote angiogenesis (the formation 
‘of new blood vessels) by causing the release of cytokines 
that induce proliferation and migration of endothelial 
cells. 


Auxiliary cells are also sources of 
inflammatory mediators 

Auxiliary cells, including mast cells, basophils, and 
platelets, are also very important in the initiation and devel- 
opment of acute inflammation, They act as sources of the 
vasoactive mediators histamine and 5-hydroxytryptamine 
(serotonin), which produce vasodilation and increased 
vascular permeability. 


Mast cells, basophils, and platelets release a 

variety of mediators 

‘Many of the proinflammatory effects of C3a and C5a 

result from their ability to trigger mast cell granule 

release, because they can be blocked by antihistamines. 
‘Mast cells and basophils are also: 

+ a route by which the adaptive immune system can 
trigger inflammation ~ IgE. sensitizes these cells by 
binding to their IgE. receptors and the cells can then 
be activated by antigen; 

+ an important source of slow-reacting inflammatory 
‘mediators, including the leukotrienes and prostaglandins, 
which contribute to a delayed component of acute 
inflammation and are synthesized and act some hours 
after mediators like histamine, which are pre-formed 
and released immediately following mast cell activation 
(see Chapter 23). 

Fig. 6.20 lists the principal mediators of acute inflam- 

mation, and the interaction of the immune system with 

complement and other inflammatory systems is shown in 

Fig. 6.21, 
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Inflammatory mediators 


histamine Jmast cells, basophils increased vascular permeability, smooth muscle contraction, chemokinesis, 
[S-hydroxytryptat platelets, mast cells [increased vascular permeability, smooth muscle contraction 
(GHT ~ serotonin) rodent) 
platelet activating factor [basophils, neutrophils, |mediator release from platelets, increased vascular permeability, smooth 
(PAF) Jmacrophages |muscle contraction, neutrophil activation 
IL (CxcLa) Jmast cells, endothelium, polymorph and monocyte localization 
Imonocytes and 
liymphocytes 
\caa [complement C3 mast cell degranulation, smooth muscle contraction 
mast cell degranulation, neutrophil and macrophage chemotaxis, 
\csa lcomplement C5 neutrophil activation, smooth muscle contraction, increased capillary 
Jpermeabitity 
nea Ikinin system (kininogen)|Y@#0dllation, smooth muscle contraction, increased capillary permeability, 


pain 


[nbrinopeptides and tibrin| 
breakdown products 


clotting system 


increased vascular permeability, neutrophil and macrophage chemotaxis 


prostaglandin E> (PGE2) 


Jeyclo-oxygenase 
lpathway, mast cells 


vasodilation, potentiates increased vascular permeability produced by 
histamine and bradykinin, 


leukotriene B, (LTB,) 


lipoxygenase pathway, 
Jmast calls 


neutrophil chemotaxis, synergizes with PGE, in increasing vascular 
Jpermeability 


leukotriene D,(LTD3) lipoxygenase pathway 


Jsmooth muscle contraction, incr 


19 vascular permeabil 


Fig. 6.20 The major inflammatory mediators that control blood supply and vascular permeability or modulate cell movement. 


Platelets may be activated by: 

+ immune complexes; or 

* platelet activating factor (PAF) from neutrophils, 
basophils, and macrophages. 

Activated platelets release mediators. This is thought to be 

important in type Il and type III hypersensitivity reactions 

(see Chapter 24). 


Lymphocytes and monocytes release mediators 
that control the accumulation and activation of 
other cells 

Once lymphocytes and monocytes have arrived at a site of 

infection or inflammation, they can also release mediators, 

which control the later accumulation and activation of 
other cells. For example: 

* activated macrophages release the chemokine CCL3 
(MIP-1a) and the leukotriene LTB,, both of which 
are chemotactic and encourage further monocyte 
migration; 

+ lymphocytes can modulate later lymphocyte traffic by 
the release of chemokines and inflammatory cytokines, 
particularly IFNy. 


Q. What determines whether an immune response is acute 
‘or chronic? 

A. Ultimately the outcome of an acute inflammatory response is 
related to the fate of the antigen. If the initiating antigen or 
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pathogen persists, then leukacyte accumulation continues and 
a chronic inflammatory reaction develops. If the antigen Is 
cleared then no further leukocyte activation occurs and the 
inflammation resolves. 


In recurrent inflammatory reactions and in chronic 
inflammation the patterns of cell migration are different 
from those seen in an acute response. 

We now know that the patterns of inflammatory 
cytokines and chemokines vary over the time course of 
an inflammatory reaction and this can be related to 
the successive waves of migration of different types of 
leukocyte into the inflamed tissue. 

Chronic inflammation is characteristic of sites of 
persistent infection (see Chapter 9) or in autoimmune 
reactions where the antigen cannot ultimately be eradi- 
cated (see Chapter 20), 


PAMPs ARE DISTINCTIVE BIOLOGICAL 
MACROMOLECULES THAT CAN BE 
RECOGNIZED BY THE INNATE IMMUNE 
SYSTEM 

‘The molecules in this section are divided into families 
according to structure. Some of each family are also acute 
phase proteins (ic. they are present in the blood and 
their levels increase during infection). 


PAMPs ARE DISTINCTIVE BIOLOGICAL MACROMOLECULES 


‘The immune system in acute inflammation 


TerObes 


ia 


complement 
activation. 


‘endothelium 
vessel 


Fig, 6.21 The adaptive immune system modulates 
inflammatory processes via the complement system. Antigens 
{€g. trom microorganisms) stimulate B cells to produce 
antibodies including IgE, which binds to mast cells, while IgG 
and IgM activate complement. Complement can also be 
activated directly via the alternative pathway (see Fig. 4.7). 
When triggered by antigen, sensitized mast cells release their 
‘granule.associated mediators and eicosanoids (products of 
arachidonic acid metabolism, including prostaglandins and 
leukotrienes). In association with complement which can also 
‘rigger mast cells via C3a and Ca), the mediators induce local 
‘inflammation, facitating the arival of leukocytes and more 
plasma enzyme system molecules. 


Once phagocytes have entered the tissues, they bind, 
internalize, and destroy pathogens. Many pathogens have 
distinctive biological macromolecules on their surface, 
which can be recognized by elements of the innate immune 
system. These distinctive molecular structures are called 
pathogen-associated molecular patterns (PAMPS). 

In many cases, the innate recognition mechanisms 
allow phagocytes to bind and internalize the pathogens 
and this is often associated with activation of the phago- 
cytes, which enhances their microbicidal activity. 

‘The binding of the pathogen to the phagocyte can be 
direct or indirect: 

* direct recognition involves the surface receptors on the 
phagocyte directly recognizing surface molecules on 
the pathogen; 


+ indirect recognition involves the deposition of serum- 
derived molecules onto the pathogen surface and their 
subsequent binding to receptors on the phagocyte (ie. 
the process of opsonization) (Fig. 6.22) 


Q Give an example of an innate Immune recognition sys- 
tem that allows macrophages to recognize and phagacytose 
bacteria. 

‘A. Complement C3b can become deposited on bacteria fol- 
lowing activation of either the lectin pathway or the alternative 
pathway (see Fig. 4.4), The deposited C3b acts as an apsonin 
and is recognized by the receptors CRI, CR3, and CR4 on 
macrophages (see Fig. 4.12). 


Collectins and ficolins opsonize pathogens 

and inhibit invasiveness 

‘The mannan-binding lectin (MBL) activates the lectin 
pathway and is one member of a group of serum proteins 
that recognize carbohydrates and act as opsonins (see 
Fig. 4.4). Fach member of the group has subunits formed 
of a triple-helical collagenous tail and a lectin head 
(Fig. 6.23). A number of subunits may be linked together 
in the complete molecule and the overall structure of 
these molecules is similar to that of Clq (see Fig. 45), 
though Clq is not itself a lectin. Most of these molecules 
are produced by the liver and circulate in the blood, 
but the surfactant proteins are produced by lung 
epithelium. 


MBL and the surfactant proteins are acute phase 
proteins 

‘The synthesis of acute phase proteins is greatly increased 
in response to infection. Some acute phase proteins such 
as MBL increase 2-3-fold following infection, but others, 
for example C-reactive protein (CRP, see below), may 
increase several 100-fold. 

By binding to the surface of bacteria or viruses the 
acute phase proteins can inhibit their ability to invade 
the tissues. For example surfactant protein-A (SP-A) binds 
to the glycosylated hemagglutin molecule on the surface 
of influenza virus and reduces the ability of the virus to 
infect cells. 

In addition binding of collectins and ficolins can 
directly opsonize pathogens for uptake by phagocytes, 
though the receptors on the cells that bind to these 
molecules are not well defined. 

Because some collectins and ficolins promote activation 
of the complement alternative pathway, their opsonizing 
activity may ultimately be mediated by the interaction of 
C3b with complement receptors. 


The pentraxins CRP and SAP also opsonize 
bacteria 
‘Two further acute phase proteins, CRP and serum 
amyloid-P (SAP), both produced by the liver, are impor- 
tant opsonins, ‘These molecules belong to a family called 
pentraxins, which have a characteristic protein fold. 

CRP is'a pentamerie protein that binds to phos- 
phorylcholine present on, for example, pneumococci 
and promotes their phagocytosis by binding to Clq 
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‘The binding of pathogen to the macrophage can be direct or indirect 


direct recognition 


lectin receptors 


‘scavenger receptors pent 
fea 


Fig. 6.22 Macrophages can recognize 
PAMPs either directly or folowing 
| opsonization with serum molecules. 


‘opsonization 


cuss 
ii 
Qa 


collectins 


bacterium 


Structure of collectins and ficolins 


triple helical 
collagen-tike 


Fig. 6.23 Collectns and ficolins are oligomers of triple-helcal 
‘molecules with C-type lectin domains. They recognize a 
‘variety of microbial PAMPs. 


and activating the complement classical pathway (see 
Fig. 44). 

Because of its rapid 
levels are often used cl 
inflammation, 

SAP also binds to bacteria and has a long evolutionary 
history (a homolog is present in horseshoe crabs), though 
its importance in host protection is still debated. 

Other members of the pentraxin family are produced in 
different tissues and appear to have important roles in 
recognizing and clearing apoptotic cells. 


thesis in response to IL-6, CRP 
ically as a marker of infection or 


Phagocytes have receptors that recognize 

pathogens directly 

Even in the absence of opsonins, phagocytes have a 

number of receptors that allow them to recognize PAMPs. 

‘These include: 

+ scavenger receptors; 

+ carbohydrate receptors; and 

+ Toll-like receptors (TLRs). 

Scavenger receptors and carbohydrate receptors (lectins) 

allow phagocytes to bind directly to microbes. Important 

examples include: 

+ the mannose receptor (CD206) on mononuclear 
phagocytes, which binds to mannan present in bacterial 
cell walls, and 

+ the dendritic cell receptors dectin-1 (which hinds B1,3- 
glycan found in fungal cell walls) and dectin-2. 

Each of these receptors has a C-type lectin domain, 

related to that found in the collectins and ficolins (see 

Fig. 6.23). 

“The scavenger receptors fall into two classes, members 
of which bind to lipopolysaccharide and_lipoteichoie 
acid characteristic of Gram-negative bacteria. ‘They are 
important, not just for recognition of pathogens, but also 
for clearing cell debris and apoptotic cells. The functions 
of these receptors in phagocytosis are described more fully 
in Chapter 9. 


Q. Why do bacteria not just mutate their PAMPs so that 
they cannot be recognized by the innate immune system — 
after all, protein antigens of pathogens often mutate? 

A. This is a dificult question because it requires deep insight 
into the evolutionary history at microbes, but many of the 
PAMPs are so fundamental to the structure of the bacterial or 
fungal cell walls that it is difficult to see haw they could be 
altered without destroying the integrity of the microbe. 


MICROBICIDAL PROTEINS ARE PART OF THE INNATE IMMUNE SYSTEM 


Toll-like receptors activate phagocytes and 
inflammatory reactions 

‘The transmembrane protein ‘Toll was first identified in 
the fruit fly Drosophila as a molecule required during 
embryogenesis. It was also noted that mutants lacking 
‘Toll were highly susceptible to infections with fungi and 
Gram-positive bacteria, suggesting that the molecule 
might be involved in immune defense. Subsequently a 
series of Toll-like receptors (TLRs) was identified in 
mammals that had very similar intracellular portions to 
the receptor in the flies. 

‘The intracellular signaling pathways activated by the 
‘TLRs and the receptor for IL-1 are very similar and lead 
to activation of the transcription factor NK-xB (see 
Chapter 9). 

‘The family of TLRs includes more than ten different 
receptors, many of which are capable of recognizing 
different microbial components (Fig. 6.24). 

All of the TLRs are present on phagocytic cells, and 
some are also expressed on dendritic cells, mast cells, and 
B cells, Indeed, most tissues of the body express at least 
one TLR. 


Q. TLRS is present on the basal surface of epithelia in the 
gut, but not on the apical surface. What consequence might 
this have for immune reactions in the gut? 

‘A. Bacteria within the gut would not stimulate the cell, whereas 
any micrabes that have invaded the epithelial layer may do so. 
This may explain why non-pathogenic commensal bacteria 
Jn the gut do not elicit an inflammatory reaction, whereas 
pathogenic bacteria that have invaded the tissue do, 


Expression of many of the TLRsis increased by inflam- 
matory cytokines (e.g. ‘TNFa, IFNy) and elevated 
expression is seen in conditions such as inflammatory 
bowel disease. 

‘The functional importance of the ‘TLRs has been 
demonstrated in knockout mouse strains lacking indi- 
vidual receptors. Depending on the TLR involved, such 
animals fal to secrete inflammatory cytokines in response 
to pathogens and the microbicidal activity of phagocytes is 


‘The Toll-like receptors, 


not stimulated. These results show that the TLRs are 
primarily important in activating phagocytes in addition 
to any role they may have in endocytosis. 

‘The TLRs make an important link between the innate 
and adaptive immune systems because their activation 
leads to the expression of co-stimulatory molecules on the 
phagocytes, which convert them into effective antigen- 
presenting cells. 

‘The binding of microbial components to the TLRs 
effectively acts as a danger signal to increase the micro- 
bicidal activity of the phagocytes and allows them to 
activate T cells. 


MICROBICIDAL PROTEINS ARE PART OF 
THE INNATE IMMUNE SYSTEM 

Once a microbe has been endocytosed, it hecomes subject 
toa number of microbicidal mechanisms. 

In Drosopbila fruit flies infection causes the release of 
various microbicidal proteins from the fat-body into the 
hemolymph. 

In mammals, related proteins belonging to the 
defensin and cathelicidin families limit microbial spread 
by disrupting their outer membranes. For example the 
outer membrane of Gram-negative bacteria contains a 
higher level of negatively charged phospholipids than 
the mammalian plasma membrane, The positively charged 
defensins therefore preferentially insert into the hacte- 
rial membrane, particularly in conditions of low salt 
concentration. 

Defensins constitute one of the major killing mecha- 
nisms of neutrophils and eosinophils. However, individual 
defensins are also produced by several cell types in tissues, 
particularly at epithelial surfaces in the lung, gut, and 
bladder. Some of these microbicidal peptides also cause 
mast cell degranulation with chemokine release and/or 
have direct chemotactic activity. They can therefore 
attract leukocytes to sites of infection. 

‘The importance of these ancient antimicrobial defenses 
has been illustrated in gene-knockout animals, which 
often show increased susceptibility to particular types of 


Fig. 6.24 The Tollstke receptors recognize 
a variety of PAMPs. Gene duplication of the 
‘TLR precursor and divergence of function 
has led to a family of molecules capable 


(of recognizing different types of pathogen. 
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infection. There is, however, little information on 
naturally occurring deficiencies of these molecules in 
humans. The funetions of the microbicidal proteins are 
described in more detail in Chapter 9. 
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Critical thinking: The role of adhesion molecules in T cell migration (see p. 494 for 


explanations) 


‘An experiment has been carried aut to determine which CAMs 
‘mediate the migration of antigen-activated T cells across brain, 
‘endothelium using a monolayer of endothelium overlaid with 
lymphocytes in vitro. The endathelium is either unstimulated, 
or has been stimulated for 24 hours before the experiment 


With IL-1, In some cases the co-cultures were treated with 
blocking antibodies to different adhesion molecules. The 
results shown in the table below indicate the percentage of 
cells that migrate acrass the endothelium in a 2-hour period. 


none 18 48 
antiICAM-1 5 16 
‘anti-VCAM-1 19 28 
‘anti-c,iy-integrin (LFA-1) 2 77 
anti-cif-integrin (VLA-4) v7 32 


1. Why does treatment of the endothelium with IL-1 cause an 
increase in the percentage of migrating cells in the absence 
of any blacking antibody? 

2 Why does it require 24 hours of treatment with IL-1 to 
‘enhance the migration (1 hour of treatment does not 
produce this effect)? 


3 Which adhesion molecules are important in mediating T 
Cell migration across unstimulated endothelium? 

4 Which adhesion molecules are important in mediating T 
cell migration across IL-1-activated endothelium? 


Antigen Presentation 


SUMMARY 


‘+ T cells recognize peptide fragments that have 
been processed and become bound to major 
histocompatibility complex (MHC) class lor I 
molecules. These MHC-antigen complexes are 
presented at the cell surface. 


‘+ MHC class | molecules associate with endogenously 
“synthesized peptides, binding to peptides produced 
by degradation of the cells’ internal molecules. 

This type of antigen processing is carried out by 
proteasomes (which cleave the proteins) and transporters 
(hich take the fragments to the endoplasmic 

reticulum (ER). 


‘+ MHC class Il molecules bind to peptides produced 
following the breakdown of proteins that the cell has 
endocytosed. The peptides produced by degradation of 
these external antigens are loaded onto MHC class I 
‘molecules in a specialized endosomal compartment 
called MIC. 


“+ Cross-presentation allows APCs to acquire antigens from 
Infected cells. A specialized pathway allows the acquisition 
ff antigens fram infected cells by APCs, This pathway, 
called cross-presentation, allows the display of exogenous 
antigens by MHC class | molecules. 


+ Co-stimulatory molecules are essential for T cell 
activation. Molecules such as B7 (CD80/86) on the APC. 
bind to CD28 on the T cell to cause activation. Antigens. 
‘presented without co-stimulation usually induce T cell 
anergy. Intercellular adhesion molecules also contribute to 
the interaction between a T cell and an antigen-presenting 
cell (APC). Interactions between intercellular cell adhesion 
‘molecule-1 (ICAM-1) and leukocyte functional antigen-1 
(LFA) and between CD? and its igands extend the 
Interaction between T cells and APCs. 


= CD4 binds to MHC class Il and CDB to MHC class | 
‘molecules. These interactions increase the affinity of T cell 
binding to the appropriate MHC-antigen complex and. 
bring kinases to the TCR complex. 


+ The highly ordered area of contact between the T cell 
and APC Is an immunological synapse. 


‘+ T-cell activation induces enzyme cascades, leading to 
the production of interleukin-2 (IL-2) and the high- 
affinity IL-2 receptor on the T cell. IL-2 is required to 
dive T cell division, 


+ Antigen presentation affects the subsequent course of 
‘an immune response. The immune system responds to 
clues that an infection has taken place before responding 
strongly to antigens. 


T CELLS RECOGNIZE PEPTIDE 

FRAGMENTS BOUND TO MHC 

MOLECULES 

Antigens recognized by T cells are degraded or processed 
in some way so that the determinant recognized by the 
T cell receptor (TCR) is only a small fragment of the 
original antigen. 

Antigen processing refers to the degradation of antigen 
into peptide fragments, which become bound to major 
histocompatibility complex (MHC) class I or class IL 
molecules (see Chapter 5). These are the critical frag- 
ments involved in triggering T cells. TCRs are sensitive 
to the sequences of amino acids in the MHC molecule 
peptide-binding groove rather than the conformational 
determinants recognized by antibodies. 

Antigen presentation plays a central role in initiating 
and maintaining an appropriate immune response to 


antigen, ‘The process is tightly controlled at several levels 

as follows 

* different types of antigen-presenting cell (APC) are 
brought into play depending on the situation, dendritic 
cells (DCs) being crucial for initiating responses; 

+ acomplex series of molecular interactions takes place to 
ensure that small fragments of antigens are recognized 
in a highly specific manner by T cells; 

+ another level of control is exerted by co-stimulatory 
‘molecules on APCs, resulting in T cell activation only 
when appropriate, such as in an infection; 

+ adhesion molecules on the interacting cells also 
contribute to the stable binding of the cells, which 
promotes effective antigen presentation; 

‘signals from the cell surface are then transmitted by a 
series of signal transduction pathways that regulate 
gene expression in the nucleus; 


7,_ANTIGEN PRESENTATION 


* in the final stages the actions of cytokines on the 
lymphocytes drive cell division. 

“The four stages of antigen presentation are outlined in 

Fig. 7.1. 


Different types of APC are involved 
depending on the situation 
Interaction with APCs is essential for T cell 
activation 
‘The interaction between T cells and the heterogeneous 
group of cells collectively termed APCs is the most 
extensively studied example of cell interaction in the 
immune system, It is the first such interaction to occur 
after antigen challenge and its outeome largely dictates the 
subsequent course of events: 

* fa sufficient number of CD4* helper T (Tx) cells are 
triggered, then the activation of B cells or the 
development of cell-mediated immunity follows; 

* if Tr cells are not triggered, a form of immunological 
tolerance can develop, so that no other immunological 
events follow. 


Several cell types can act as APCs 
‘A wide spectrum of cells can present antigen, depending 
on how and where the antigen is first dealt with by cells of 
the immune system. In a lymphoid organ, the three main 
types of APC are: 

+ DCs; 

+ macrophages; and 

+ Bells (Fig. 7.2), 

Activation of naive T cells on first encounter with antigen 
oon the surface of an APC is called priming, to distinguish 
it from the responses of effector T cells to antigen on the 
surface of their target cells and the responses of primed 
memory T cells. 


Summary of the key intercellular signals in T cell 
activation 


Fig. 7.1. Adhesion — association of APCs and T cells fist, 
involves non-specific, reversible binding through adhesion 
‘molecules, such as LFA-1 with ICAM-1 or ICAM-3. Antigen- 
specific recognition — recognition of the peptide antigen in the 
MHC molecule by the TCR, which provides the specificity of 
the interaction, results in prolonged cell-cell contact. Co- 
‘stimulation — a second signal (co-stimulation) is necessary for 
the T cel to respond efficiently, otherwise tolerance may 
‘result. Cytokine signals activation results in upregulation of 
‘eytokines and their receptors, which boosts the activating 
signals and helps to decide the cell's fate. 


Localization of antigen-presenting cells (APCS) in lymph nodes 
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Fig. 7.2 A lymph node represented schematically showing 
afferent and efferent lymphatics, follicles, the outer cortical B 
cell area, and the paracortical T cell area, Different APCs 
predominate in these areas and selectively take up different 
types of antigen, which then persist on the surface of the cells 
{or variable periods. Polysaccharides are preferentially taken up 
bby marginal zone macrophages and may persist for months or 


‘years, whereas antigens on recirculating macrophages in the 
‘medulla may last for only afew days or weeks. Note that 
recirculating ‘veiled’ cells (Langerhans' cells), which originally 
‘come from the skin, change their morphology to become 
interdigitating dendritic cells within the lymph node. Both 
these cells and the follicular dendritic cells have long processes, 
\Which are in intimate contact with lymphocytes. 
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Rapid Reference Box 7 


‘C2 Receptor for CDSB and CD48, expressed by T cls. 

CD11a— LFA expressed by T, B, and NK cells, 
‘monacyte/macrophages, and granulocytes. 

‘€D28— binds CDB0 and CD86, expressed by subpopulations 
‘of T cals and activated B cells. 

{€D40 binds CD154, co-stimulatory, expressed by B cells, 
-monocyte/macrophages, and FDCs. 

cas common antigen expressed by populations 
oF, B, and NK cells, and manceyte/macrophages. 

(CD54 ICAM-1 expressed by T,B, and NK cells, 
‘monocyte/macrophages, granulocytes, platelets, DCS, and 
other cals. 

‘CD58 a ligand for CD2. 

‘CDBO - 87-1, expressed by subpopulations of activated B and 
‘Tals and monocyte/macrophages, and binds CD28 and 
0152. 

(CD86 87-2, expressed by activated B cells and 
‘monocyte/macrophages, and binds CD28 and CD12. 

(€D152~CTLA4, binds CD80 and COBS, a downregulatory 
‘signaling molecule that competes with CD28 for ligation of 
87 on APCs, expressed by a subpopulation of activated T 
als. 


(€D154 — CD40 ligand (CD01). 


(APC, antigen-presenting cell CR, complement receptor; DC, dendritic 
‘al, FG, folicular dendritic cel; ICAM1, intercellular adhesion 
molecule"; LCA leukocyte common antigen; LFA, lymphocyte 
{unetional antigen) 


DCs ARE CRUCIAL FOR INITIATING RESPONSES — DCs, 
which are found in abundance in the T cell areas of lymph 
nodes and spleen, are the most effective cells for the initial 
activation of naive cells. They pick up antigens in 
peripheral tissues, then migrate to lymph nodes, where 
they express high levels of adhesion and co-stimulatory 
molecules, as well as MHC class II molecules, which 
interact with the TCR and CD4 on Trt cells. 

Once they have migrated, DCs stop synthesizing MAG 
class Il molecules, but maintain high levels of stable 
expression of MHC class II molecules containing peptides 
from antigens derived from the tissue where the DCs 
originated. 

Interdigitating DCs are believed to be the major APCs 
involved in primary immune responses because they induce 
T cell proliferation more effectively than any other APC. 

Remarkably, DCs are able to present internalized anti- 
gens to T cells via MHC class I as well as class II mole- 
cules, in a phenomenon called cross-presentation. ‘This 
results in activation of cytotoxic T lymphocytes (CTLs), 
which are then available for killing of infected cells. 

Macrophages and B cells express appropriate co- 
stimulatory molecules for activation of naive 'T cells only 
‘pon infection. Macrophages: 

*" ingest microbes and particulate antigens; 

* digest them in phagolysosomes; and 
© present fragments at the cell surface on MHC 
molecules. 


QA number of bacterial components enhance the expres- 
sion of MHC molecules and co-stimulatory molecules on 
‘macrophages. What effect would you expect this to have on 
the immune response? Would It be advantageous for the 
Individual? 

A. In the presence of infection, the action of the micrabial 
components would enhance the ability of macrophages to 
present antigen to T cells. This would generally be advanta- 
geous because it would allow the immune system to respond 
mare effectively to the infection. However, in some circum. 
stances it might be disadvantageous because micrabial com- 
ponents would also enhance unwanted immune responses such 
as autoimmune reactions, 


B cells can: 
‘+ bind to a specific antigen through surface IgM or IgD; 
+ internalize it; and 

+ then degrade it into peptides, which associate with 

MHC class Il molecules. 

If antigen concentrations are very low, B cells with high- 
affinity antigen receptors (IgM or IgD) are the mast 
effective APC because other APCs simply cannot capture 
enough antigen. Therefore, for secondary responses, 
when the number of antigen-specific B cellsis high, B cells, 
may be a major type of APC. 

B cells do not normally express co-stimulatory mole- 
cules such as B7, but these can be induced by bacterial 
constituents 

‘The properties and functions of some APCs are 
summarized in Figs 7.3 and 7.4. 


A series of molecular interactions ensures 
highly specific antigen recognition by T cell 
Antigens are processed before they are presented 
to T cells 

Antigen processing involves degrading the antigen into 
peptide fragments, The vast majority of epitopes recog- 
nized by T cells are fragments from a peptide chain (see 
Chapter 5). 

Only a minority of peptide fragments from a protein 
antigen are able to bind to a particular MHC molecule. 
Furthermore, different MHC molecules bind different 
sets of peptides (see Chapter 5). For example, studies 
using a viral antigen that is recognized by mouse strains of 
several different haplotypes (that is, having different 
MHC molecules) showed that Ti cells from each 
haplotype recognized a distinct peptide from that antigen 
(Fig. 7.5). This depended largely on whether the strain 
possessed an MHC class IT molecule that could bind to the 
particular peptide. 


Q. The APCs of BALB/c mice present peptide 10-26 of the 
Jerepressor, whereas APCs of the C57BL/6 mouse present 
peptide 70-86 (see Fig. 7.5). Which of these peptides would 
be presented by APCs of an F1 mouse derived from a crass 
of these two strains? 

A. Because MHC molecules are co-daminantly expressed, the 
APCs in the FI strain will express both types of APC, and will 
therefore be able to present both peptides. 
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Antigen presentation 


Fe receptor phagolysosome 


Non-specific 
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specifi antigen uptake 


surface 


pinocytosis 


Fig. 7.3 Mononuclear phagocytes (1), B cells (2), and DCs (3) 
can all present antigen to MHC clas Il restricted Th cell 
Macrophages take up bacteria or particulate antigen via non- 
specific receptors of as immune complexes, process it, and 
return fragments to the cell surface in association with MHC 
class I molecules. Activated B cells can take up antigen via 
their surface immunaglabulin and present it to T cells 
associated with their MHC class II molecules. DCs 
constitutively express MHC class II molecules and take up 
antigen by macropinacytasis, 
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Fig. 7.4 Many APCs are unable to phagacytose antigen, but 
can take it up in other ways, such as by pinocytosis. 
Endothelial cells (not normally considered to be APCs) that 
hhave been induced to express MHC class II molecules by 
interferon-y (IFN) are also capable of acting as APCs, as are 
some epithelial cells. Another example is the thyroid follicular 
Cell, which acts as an APC in the pathogenesis of Graves’ 
autoimmune thyroiditis 


T Fig. 7.5 Diversity of antigenic peptides in 
relation to MHC class ll molecules. Mice 


80 90102, Were immunized with 2. repressor protein, 
T cell hybridomas generated from mouse 
cells were tested against a panel of 
‘overlapping peptides, which spanned the 
entire protein, Positions of antigenic 


peptides are shown in dark blue. One 


peptide was always immunodominant, 
though more than one peptide was 


antigenic in some mouse strains. Usually 
only a few peptides from a protein are 
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*% of hybridomas recognizing both the protein and the peptide 


stimulators. (Adapted from data of Roy S, 
Scherer MT, Briner T, etal. Science 
1989;244:572-575) 
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MHC CLASS | MOLECULES ASSOCIATE WITH ENDOGENOUS PEPTIDES 


Originally researchers carrying out these experiments 
would have to use particular antigenic peptides or whole 
molecules presented by APCs of the appropriate type. 
Now it is possible to use synthetic MHC-peptide com- 
binations (Method Box 7.1). 


METHOD BOX 7.1 
Tetramers 


Tetrameric complexes of MHC molecules may be used to 
‘identity clones of T cells specific to presentation of a particular 
peptide in a particular MHC molecule. These are usually 
tetramers of MHC class | molecules, though MHC class It 
tetramers are being developed. 

The tetramer assay allows the detection of antigen-specific 
‘ytotoxic T lymphocytes (CTLs) in ex-vivo cell preparations 
‘without the need for in-vitro expansion. 

The basis of this technique is to directly stain antigen- 
specifi T cells with the MHC molecule-peptide complex that 
they recognize via their T cell receptors (TCR). 

Because the affinity of single TCR molecules for the MHC 
‘molecule-peptide is low, direct staining isnot possible because 
‘of rapid dissociation. The formation of an MHC tetramer with 
four copies of the MHC molecule-peptide complex results in a 
very enhanced avidity for the TCR. 

MHC molecules of the appropriate allotype are fused to a 
peptide (bsp), which acts asa substrate for biotinylation. MHC- 
bsp and fi-microglobulin are expressed in Escherichia coli mixed, 
‘with the specific CTL epitopic peptide under folding conditions, 
‘and the MHC molecule-peptide complexes thus formed are 
purified. The complexes are biotinylated and mixed at a ratio of 
4:1 with fluorescence-labeled streptavidin to produce the 
tetramers (Fig. 1). The binding of these labeled tetramers by 
antigen-specific CTLs can then be analyzed by the fluorescence- 
activated cell sorter (FACS, see Method Box 2.1, p. 32). 


‘A class | MHC tetramer. 


MHC class | L] 


bsp peptide 


biatin 


7% 


‘A tetrameric MHC molecule is produced by 
botinylating the MHC molecules via a linking peptide (bsp) 
and allowing them to bind to the tetravalent molecule 
avidin — a natural receptor for biotin, 


Antigens are partially degraded into peptides 

before binding to MHC molecules 

‘The processing of antigens to generate peptides that can 

bind to MHC class I molecules occurs in intracellular 

organelles (Fig. 7.6). Phagosomes containing endocytosed 

proteins fuse with lysosomes where a number of proteases 

are involved in breaking down the proteins to smaller 

fragments. ‘The proteases include: 

* cathepsins B and D; 

an acidic thiol reductase, y-interferon-inducible 
lysosomal thiol reductase (GILT), which acts on 
qeilfde-bonded proteins 

Alkaline agents such as chloroquine or ammonium 

chloride diminish the activity of proteases in the 

phagolysosomes and therefore’ interfere with antigen 

processing. 

In laboratory studies, the requirement for internal 
degradation of antigen by APCs can be circumvented by 
the use of synthetic peptides. This ability to use synthe~ 
sized peptides of known sequences has enabled researchers 
to readily identify epitopes recognized by T cells with 
different specificities. 

‘The relative importance of different amino acids within 
1 defined epitope can also be investigated by amino acid 
replacements at different sites. Comparison of the effects 
of amino acid substitution on MHC molecule binding and 
T cell reactivity has enabled conclusions to be drawn as to: 
+ which amino acid residues contact the MHC molecule; 

and 
+ which amino acid residues contact the TCR 


MHC CLASS | MOLECULES ASSOCIATE 
WITH ENDOGENOUS PEPTIDES, 

MH class L-restricted T cells (CTLs) recognize endoge- 
nous antigens synthesized within the target cell, whereas 


Antigen processing 
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Fig. 7.6 Exogenous antigens are internalized by APCs and are 
then degraded by proteolytic enzymes in specialized 
Intracellular compartments. Antigenic peptides associate with 
MHC class II molecules in vesicles that intersect the endocytic 
pathway on their way fo the cell surface. 
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class I-testricted T cells (Tit) recognize exogenous 

antigen, 

‘Manipulation of the location ofa protein can determine 
whether it elicits an MHC class I- or class H-restricted 
response. For example: 

* influenza virus hemagglutinin (HA), a glycoprotein 
associated with the membrane of an infected host 
cell, normally elicits only a weak CTL response, but 
influenza virus HA can be generated in the cytoplasm 
by deleting that part of its sequence that encodes the N 
terminal signal peptide (required for translation across 
the membrane of the endoplasmic reticulum [ER]) and, 
when this is done, there is a strong CTL response 
to HA; 

* the introduction of ovalbumin into the cytoplasm of a 
target cell (using an osmotic shock technique) generates, 
CTLs recognizing ovalbumin, whereas the addition of 
exogenous ovalbumin generates an exclusively Tit cell 
response. 


Proteasomes are cytoplasmic organelles that 
degrade cytoplasmic proteins 

Although the assembly of MHC class I molecules occurs 
in the ER of the cell, peptides destined to be presented 
by MHC class I molecules are generated from cytosolic 
proteins. The initial step in this process involves an 
organelle called the proteasome ~ a complex of 14-17 
different subunits, which form a barrel-like structure 
(Fig. 7.7). 

Proteasomes provide the major proteolytic activity of 
the cytosol. They have a range of different endopeptidase 
activities and they degrade denatured or ubiquitinated 
proteins to peptides of about 5-15 amino acids (ubiquitin 
isa protein that tags other proteins for degradation). 

‘Two genes, LMP2 and LMP7, located in the class II 
region of the MHC (Fig. 7.8), encode proteasome 
components that subtly modify the range of peptides 
produced by proteasomes. ‘The expression of these genes 
is induced by interferon-y (IFNy), and the protein 
products: 

* displace constitutive subunits of the proteasome, LMP2 
and LMP7 along with a third inducible proteasome 
component encoded on a different chromosome; 


MHC genes involved in antigen processing and presentation 


Generation of immunoproteasomes by replacement of 
‘active subunits 
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Fig, 77 The 205 proteasome, shown in cartoon form, is 
‘composed of four stacked disks, tWo identical outer disks of 
‘subunits, and two similar inner disks comprised off suburits. 
Each disk has seven different subunits, Peptides enter into the 
body of the proteasome for cleavage into peptides. Only three 
‘ofthe B subunits are active. In normal proteasomes, these are 
‘called MB, delta, and Z (1). Interteron-y treatment of cells 
results in replacement of these three subunits by the two 
IMHC-encoded proteins, LMP2 and LMP7, as well asa third 
inducible protein, MECLI (2). These subunits ae shown 
adjacent to each other here, whereas they ae actually in 
‘separate parts of the Pring and some would be hidden at the 
back ofthe structure shown. 


+ influence processing of peptides by creating peptide 
fragments suitable for binding MHG class I molecules 
from pathogens such as viruses, in addition to self 

rroteins. 

‘Additonal subunits associate with the ends of core 20S) 

proteasomes and may influence antigen processing. These 

include interferon-inducible PA28 molecules as well as a 

complex of proteins that result in a larger 26S particle. 
Proteasomes may not be the only proteases involved 

in producing peptides for presentation by MHC class I 

molecules. ‘There is evidence for the involvement of 

enzymes, such as the giant tripeptidyl aminopeptidase II 


(TPPI) complex. 


Fig. 7.8 Genes encoding the two subunits 
‘of the peptide transporter (TAP) and two 


‘Tapasin 
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components (LMP) of the multisubunit 
proteasome (se Fig. 7.7) are located in 
the murine and human class it regions. The 
“Tapas gene is located just centromeric 
(ett) ofthe MHC. 
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Ribosomes are error prone during the course of rapid 
synthesis of viral proteins and there is evidence that 
defective ribosomal products (also known as DRiPs) are a 
direct source of peptides for MHC class I molecules. 


. What advantage might there be in presenting DriPs on 
MHC class | molecules rather than fragments of mature viral 
peptides? 

A. DriP-derived peptides will be generated earlier in infection 
than fragments produced by the degradation of mature viral 
proteins. This allows the CTLs to recognize virus-infected cells 
‘more quickly. 


How do the peptides produced by proteasomes 
traverse the ER? 

‘The products of two genes, Z4P! and TP2, that map 
adjacent to LMP? and LMPT in the MHC (see Fig. 7.8), 
function as a heterodimeric transporter that translocates 
peptides into the lumen of the ER. ‘TAP is a member 
of the large ATP-binding cassette (ABC) family of trans- 
porters localized in the ER membrane. Microsomes from 
cells lacking TAPI or TAP? could not take up peptide in 


experiments in vitro. Using a similar system it was shown 
that the most efficient transport occurred with peptide 
substrates of 8-15 amino acids. Although this size is clase 
to the length preference of MHC class I molecule binding 
sites, it suggests that some additional trimming may he 
required by enzymes in the lumen of the ER. These 
include an ER amino peptidase, FRAP, and enzymes such 
as the TPPII complex may also contribute to trimming 
the N termini of peptides for class I binding. 

Recent evidence has suggested that some of the 
components of the procesdng. pathway. are pysicly 
associated in the ER (Fig, 7.9). For example: 

+ newly synthesized MHC class I molecule-fy-micro- 

globulin complexes are associated with TAP in the ER; 
+ another MHC-encoded protein, called tapasin, forms 

a bridge between the MHC class I molecule and 

TAP, until peptide is associated with the class I 

‘molecule; dissociation occurs upon transport to the 

cis-Golgi. 

Peptide loading involves other proteins such as calnexin, 
calreticulin, and ERpS7. These chaperones promote and 
guide the assembly of stable MHC class I molecule-B»- 
microglobulin-peptide complexes. 


Assembly of endogenous peptides with MHC class I molecules 


Fig. 7.9 Proposed assembly pathway of antigen-MHC class | molecule complex. 
‘Cytoplasmic antigens are processed by proteasomes (see Fig. 7.7). Peptides are 
‘transported by two members of the ‘ABC’ superfamily of transporters, also encoded 
within the MHC (TAP1 and TAP2). Antigenic peptides associate with class I heavy 
‘chains (see Fig. 5.6) and B,-microglobulin in the ER. Molecular chaperones, such as 
‘calnexin and calreticulin, associate with partially assembled class | complexes. The 
‘lass | molecule waiting to be loaded with peptide is engaged in a complex of 
proteins. The complex includes calreticulin, alectin-tke chaperone that binds to a 
sugar residue on the class! molecule. ERPS7, a thiol oxido-reductase non-covalently 
associates with calreticulin and is disulfide bonded to tapasin, The immunogiobulin 
‘superfamily molecule tapasin forms a bridge between TAP and the MHC class | 
‘molecule, and may also act as a peptide ‘editor’. An intact loading complex is 
‘essential for efficient MHC class | association with peptide. The fully assembled class | 
‘molecules are transported to the cell surface. 
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MHC class I molecule complexes lacking peptide are 
unstable, ensuring that only functionally useful complexes 
are available for interaction with TCI 


A number of class L-like molecules can 
present very limited sets of antigens 

In addition to the standard MHC class I molecules (class 
|), a number of class I-like molecules (class Ib), encoded 
in the MHC or elsewhere on the genome, can present 
very limited sets of antigens. 


HLA-E-signal peptide complex interacts with the 
NKGZA inhibitory receptor on NK cells 

HLA-E molecules bind a restricted set of peptides 
consisting of hydrophobic leader sequence peptides from 
class In molecules. Intriguingly, though these leader 
sequences are generated by signal peptidase within the 
ER, HLA-E is dependent on TAP transporters. By 
binding and presenting sequences from class Ia molecules 
HLA-E signals the fact that MHC class Ia expression has 
not been downregulated (e.g. by a virus). 

‘The HLA-E-signal peptide complex interacts with the 
NKG2A inhibitory receptor on NK cells (see Fig. 10.4). 
A cell that expresses HLA-E is therefore not killed by 
NK cells. 


Q. Why would conventional HLA-A, HLA-B, or HLA-C 
molecules be less well suited to the presentation of signal 
peptide to receptors on NK cells than HLA-E? 

A. The conventional MHC molecules have evolved as highly 
diverse molecules that present the great range at microbial 
polypeptides to the diverse repertoire of T cell receptors. In 
contrast HUME molecules have a single function - to present 
well-defined signal peptides to a monomorphic receptor. 


D1 molecules present lipids and glycolipids 
CDI molecules, encoded on chromosome 1, present lipids 
and glycolipids, Humans have five CDI genes and mice 
have two. CDIb presents the bacterial lipid mycolic 
acid to T cells with oB TCRs, Other CDI molecules are 
recognized by 78 T cells. 


The location of antigen-processing genes in 
the MHC may not be fortuitous 

“The finding of a cassette of antigen-processing genes such 
as the LMPs and ‘TAPS in the class II region of the MHC 
is striking. 

‘There is some evidence, especially from studies in rats, 
that particular alleles of TAP are genetically linked with 
alleles of class I genes that are most suited to receive the 
kind of peptides preferentially transported by the products 
of that TAP allele (Fig. 7.10). 

‘The rat data suggest that localization of some antigen- 
processing genes in the MHC provides a selective 
advantage. In fact, the clustering of antigen processing 
and presenting genes in the MHC of most vertebrate 
species may not be fortuitous. It may help to coordinate 
co-evolution of some molecules as well as facilitating 
exchange of sequences between loci. 


In rats, TAP genes are polymorphic and different alleles 
are linked in cis to the appropriate class | allele 
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Fig. 7.10 Different MHC class | molecules in rats can 
accommodate peptides (blue bars) with either a positive 
charge at the C terminus (+) or a neutral amino acid (0). 
Similarly, TAP molecules (orange) come in two forms, which 
differ in the types of peptide they preferentially transport into 
the ER, Most rat strains have the appropriate TAP allele on the 
‘same haplotype as the class | gene that it serves best. 


MHC CLASS Il MOLECULES ARE LOADED 
WITH EXOGENOUS PEPTIDES 

‘MHC class II molecule ot and chains (see Chaprer 5) are 
found in the ER complexed to a polypeptide called the 
invariant chain (li). This protein is encoded outside the 
MHC. The aB-Ii complex is transported through the 
Golgi complex to an acidic endosomal or lysosomal 
compartment called MIIC. These MIIC vesicles appear to 
be specialized for the transport and loading of MHC class 
MH molecules. They have characteristics of both endosomes, 
and lysosomes and have an onion-skin appearance under 
the electron microscope, comprising multiple membrane 
structures. The off complex spends 1-3 hours in this 
compartment before reaching the cell surface. The li 
chain is cleaved to small fragments, one of which, termed 
CLIP (class I-associated invariant peptide), is located in 
the groove of the class II molecule until replaced by 
peptides destined for presentation (Figs 7.11 and 7.12). 


How do antigenic peptides derived from 
exogenous proteins meet MHC molecules in 
the appropriate compartment? 
‘The answer to this question lies in the intracellular traffic 
routes of MHC molecules. After synthesis in the ER both 
types of MHC molecule are transported through the 
Golgi compartment, class I in association with antigenic 
peptide and class [I bound to invariant chain li, Class IL 
molecules segregate from class I molecules in the trans- 
Golgi network. They then join the endosomal/Iysosomal 
‘MIIC compartment en route to the plasma membrane. 
Exogenous antigen can also enter APCs via an 
endocytic route (either receptor mediated or fluid phase, 
see Fig. 7.11) where in some cells, such as DCs, it can 
Toad onto: 
+ MHC class Il molecules in MIIC vesicles; and 


MHC CLASS Il MOLECULES ARE LOADED WITH EXOGENOUS PEPTIDES 


Proposed routes of intracellular trafficking of MHC 
‘molecules involved in antigen presentation 
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Fig. 7.11 Newly synthesized MHC clas | molecules are loaded 
with peptide (1). MHC cass molecules associate with in 
the ER 2. I prevents loading with peptide and contains 
sequences that enable the MHC class molecule to exit from 
the rough endoplasmic reticulum (RER). MHC class 1 and class 
{I molecules segregate after transit through the Golgi (3). Class 
| molecules go directy to the cel surace (4), Clas I 
molecules enter an acidic compartment called MIIC, where 
they are loaded with peptide derived from exogenous antigen, 
and the CLIP peptide that occupies the binding groove 
ddssocites (5). 


MHC class Il molecule processing compartment 


SR BD v0 | 
Fig. 7.12 Electron micrograph of ultrathin eryosections from B 
cells showing a mutlaminar MIC vesicle. The bar represents, 
100 rim. MHC clas I molecules ae revealed by antibodies 
coupled to 10 nm gold particles and HLA.DM by large gold 
particles (15 nm). (Courtesy of Dr Monique Kiejmeer) 


‘+ MHC class I molecules in the ER, in a TAP-dependent 
‘The exchange of CLIP for other peptides is orchestrated 
by a class H-related molecule called HILA-DM (Fig. 7.13). 
‘This glycoprotein consists of an a chain and a B chain, 
both of which are encoded in the class IT region of the 
MHC (see Fig. 7.8). 

HLA-DM acts by stabilizing empty MHC class IL 
molecules so that when CLIP is released other peptides 
get a chance to associate. The DM molecule itself has a 
closed groove and it is not capable of binding peptide. 

In cell lines lacking DM and DMB genes, class IL 
molecules are unstable and the cells no longer process and 
present proteins. Their class I molecules end up at the 
cell surface occupied by CLIP fragments of the invariant 
chain (Fig. 7.14). 


HLA.DM acts like a catalyst to influence binding of peptides in exchange for CLIP 
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Fig. 7.13, An MHC class Il molecule is 
‘shown loaded with the If chain. The li chain 
Is cleaved to the CLIP fragment. Association 
‘f the complex with HLA-DM then allows 
CLIP to be exchanged for other peptides 
derived from endocytosed proteins present 
in MIIC vesicles. 
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ELECTRIC DIPOLE SPACECRAFT 


BRIEF SUMMARY OF THE INVENTION, 


[0001] ‘This invention is a rotating spacecraft that utilizes 
four spherical conducting domes perturbing a uniform elec- 
trie field in order to create a lift force by means of a magnetic 
‘moment times the gradient of a magnetic field. 


BACKGROUND OF THE INVENTION 


[0002] An clectric dipole p is two electrical charges of 
ipole p re 
‘opposite sign {q, ~a} separated by a distance a. 


[0003] 
produces a magnet 


th a velocity vy it 


moment 4 
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[0004] ‘The magnetic moment is equal to a current 1 
‘circulating around an area. The magnetic field B has units of 
kilogram per second per charge coulomb. 
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[0003] ‘The gradient of the magoetie field in the vertical 
Sirection 7 as units of 


ow 
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[0006] This gradient interacting with a magnetic moment 
‘reales a force F measured in newtons, 


[0007] 10 terms of vectors, the force is equal to 
FeV) 
which isthe gradient 7 of the dot product (of the magnetic 
‘moment with the magnetic field. ‘This means that the mag- 
netic moment has to be aligned with the field. The lift force 
‘on the spacecraft would then be the magnetic moment in the 
vertical z-direction 1, times the magnetic field in the 7- 
rection B,. For constant magnetic-moment, the gradient 
affects the magnetic field only, resulting in the same force 
‘equation 
FeVeB nn, 
[0008] Referring to FIG. 1, the electric dipole has a 
positive charge q located on the z-axis at a distance a from 
the origin of the graph, A second negative charge -a is 
located ata distance ~a from the origin. The positive charge 
produces an electrostatic potential @, ata radius r, equal to 
the charge q divided by 4rt times the permittivity of space e5 
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‘where the permittivity is linear capacitance, measured in 
farads per meter. The electrostatic potential has units of volts, 


ewul_ 1 cout 


because the charge in coulombs held by a capacitor is equal 
to the capacitance, measured in farads, times the capacitor 
voltage. Because the second charge has the opposite sign, 
the potential @, at a radius ¢, to the same point in space is 


Ran 


[0009] ‘The total potential # at some point in space is equal 
{o the sum of the two potentials, or 
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[0010] As scen in the diagram, the point of space is a 
distance r from the origin. Using the law of cosines, radius 
ry ean be written as 


ny x( se ~2arcosoyt =r{t(2) -2{2 foo 


‘where tis the ratio ofthe charge location over the radius, and 
X is cos(0). The potential for positive charge q, can be 
written 


[0011] Dropping the factor q/4eyr the square root can be 
expressed in terms of the Legendre polyoomial P, cos(®) of 
the nth power 
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where the absolute value of ¢ is less than one. The polyno- 
ial coefficients of t* can be obtained by using the binomial 
‘theorem to expand the generating function g(x) as 
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“Absence of HLA-DM leads to failure of MHC class Il 
molecules to bind appropriate peptides 


Fig. 7.14 In normal APCs (let) peptides are loaded onto class 
I molecules, as shown in Fig. 7.13. In the absence of HLA.DM, 
(Fight), the CLI fragment is not removed, and the blocked 
MHC molecuie is unable to activate T cell, 


‘A further MHC-encoded molecule, HLA-DO (see 
Fig. 7.8), which associates with DM, is also involved 
in peptide loading. Like conventional MHC class Il 
molecules, HLA-DO is a heterodimer (see Chapter 5), 
consisting of the DOA (formerly DNA) and DOB chains. 
Similar genes and molecules to DM and DO are found in 
other species, for example in mouse they are encoded by 
the Ma, Mb, and Oa, Ob genes, respectively. 


CROSS-PRESENTATION ALLOWS APCs TO 
ACQUIRE ANTIGENS FROM INFECTED 
CELLS 

Gross-presentation occurs when exogenous peptides are 
presented by MHC class I molecules. ‘The principle that 
endogenously synthesized proteins are the source of 
peptides for MHC class I molecules appears to be violated 
by the phenomenon of cross-presentation. ‘There is a 
specialized pathway in which T cells recognize MHC class 
I molecule-peptide complexes formed from exogenous 
protein antigens endocytically acquired by DCs. 


Q. What function could cross-presentation fulfl in defense 
against viral infections? 

‘A. Presumably such a mechanism is required so that, even if a 
virus fails to infect an APC directly, a successful cytotoxic CDB 
T cell-mediated immune respanse can be generated, 


In this process of cross-presentation, APCs acquire 
remnants of virus-infected cells by phagocytosis and 
present them on MHC class I molecules. Internalized 
Proteins appear to be transferred from the endocytic 


pathway into the cytosol where they are then subject to 
processing and transport by proteasomes and TAP, 
respectively, as for other peptides (Fig. 7.15). 


CO-STIMULATORY MOLECULES ARE 
ESSENTIAL FOR T CELL ACTIVATION 

‘The process of activating TT cells generally takes place 
in the lymph node nearest to the infection. The TCR 
recognizes a specific peptide lodged in the peptide- 
binding groove of the MHC molecule. This interaction 
dictates immunological specificity because a peptide asso- 
ciated with an MHC molecule forms a unique structure to 
bbe recognized by the TCR. Other molecules have a 
complementary role in this interaction. 

‘The initial encounter of T cells with APCs is by non- 
specific binding through adhesion molecules. ‘This 
transient binding by adhesion molecules permits the 
T cell to encounter a large number of different MHC 
‘molecule-peptide combinations on different APCs. In the 
absence of a specific interaction, the APC and T cell 
rapidly dissociate. 


Cross-presentation when exogenous peptides are 
presented by MHC class I molecules 


MHC class 


MHC class It 
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Fig. 7.15 DCs can present internalized antigen via both the 
MHC class | and clas Il pathways. Tiss atypical - external 

antigen is usually presented via the class ll pathway. Peptiies 
are transferred from the endosome to the cytosol where they 
‘are processed by the proteasome to enter the class | pathway. 


‘CO-STIMULATORY MOLECULES ARE ESSENTIAL FOR T CELL ACTIVATION 


Crucially, co-stimulatory molecules act together with 
the antigen-specific signals before the T cell is sanctioned 
for proliferation. Co-stimulatory and antigen-specific 
signals must be present simultaneously on the same cell. 

‘Overall, antigen presentation through MHC class I or 
lass I molecules can be split into four stages ~ adhesion, 
antigen-specific activation, co-stimulation, and cytokine 
signaling (see Fig. 7.1). 


Multiple cell surface molecules interact 
during antigen presentation to T cells 
Intercellular adhesion molecules (ICAMSs), particularly 
ICAM-1 (CD54), interact with the integrin, lymphocyte 
functional antigen-1 (LFA-1 or CDIa/CDI8), present 
on all immune cells. 

If mouse cells are transfected with both human MHG 
and human ICAM-1, their capacity to act as human APCs 
is augmented. 

When the T cell encounters the appropriate MHG 
molecule-peptide, which happens rarely except during 
an ongoing infection, a conformational change in LFA-L 
on the T cell, signaled via the TCR, results in tighter 
binding to ICAM-1, which results in prolonged cell-cell 
contact. The joined cells can exist as a pair for long 
periods, allowing time for the T cell to proliferate and 
differentiate, 

‘The specific MHC molecule-peptide~TCR interac- 
tion, though necessary, is not sufficient to fully activate the 
T cell. A second signal is required, otherwise the TT cell 
will become unresponsive. This’ second signal, also 
referred to as co-stimulation, is of crucial importance. 

Some co-stimulatory molecules that interact with 
ligands on the 'T cell’s surface are shown in Fig. 7.16. 

‘The most potent co-stimulatory molecules known are 
B7s, which are members of the immunoglobulin super- 
family molecules; they include B7-1 (CD80) and B7-2 
(CD86). 


Critical molecules involved in antigen presentation 


Fig. 7.16 The molecules involved inthe interaction between T 
cells and APCS. The various cytokines and ther direction of 
action are also shown, In humans LFA-3 (CSB) acts as a 
ligand for CD2, but in codents CD48 performs this function. 


Several other B7-related molecules are beginning to 

Bye exist as homodimers on the cell surface. These 
proteins are constitutively expressed on DCs, but can be 
upregulated on monocytes, B cells, and probably other 
APCs. 

‘Upregulation of co-receptors is stimulated by inflam- 
mation and by interaction of microbial products with Toll- 
like receptors (TLRs, see Fig. 6.24) on the APC. 

‘Co-receptors are the ligands for other immunoglobulin 
superfamily molecules ~ CD28 and its homolog CTLA-+ 
(CD152), which is expressed after TT cell activation. CD28 
is the main co-stimulatory ligand expressed on naive T 
cells. CD28 stimulation: 

* has been shown to prolong and augment the pro- 
duction of IL-2 and other cytokines; and 

+ is probably important in preventing the induction of 
tolerance. 

Although the CD28-B7 interaction is extremely impor- 

tant, CD28 knockout mice do respond to antigen, but 

require higher doses, so CD28 triggering is not oblig- 

atory, even for naive TT cells, In CD28 knockout mice 

other co-stimulatory signals probably replace that deliv 

ered by CD28-B7. 

CTLAM, the alternative ligand for B7, is an inhibitory 
receptor limiting cell activation, resulting in less IL-2 
production, Thus CD28, constitutively expressed, initially 
interacts with B7, leading to 'T cell activation, Once this 
has peaked, the upregulation of CTLA-4 with its higher 
affinity limits the degree of activation because available B7 
will interact with CTLA-4 (Fig. 7.17). 


Q. What effect would you expect to see in mice that have 
the CTLA-4 gene knocked out? 

A. They suffer fram an aggressive lymphopraliferative disorder, 
because they do not inactivate dividing T cells efficiently (see 
Fig. 7.17). 


Role of CTLA-4 in controlling T cell activation 
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Fig, 7.17 Before activation, T cals express CD28, which 
ligates 87-1 and B7-2.0n APCs (e.g. 8 cell). After activation, 
(CTLA4 is expressed, which isan alternative high-affinity 
ligand for B7. CTLA- ligates 87, so the T cells no longer 
receive an activation signal. 
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‘The CD2 molecule on T cells is also involved in T cell 
activation, in conjunction with the TCR, CD2 is a 
receptor for LFA-3 (CD58), which is widely distributed 
oon cells and is present on all APCs. In rodents CD48 binds 
to CD? and appears to be functionally equivalent to LEA 
3 in humans. Both CD2 and LFA-3 are members of the 
immunoglobulin superfamily. 


Co-stimulation via B7 is a necessary signal 
for T cell activation 

Resting TT cells cannot respond optimally without co- 
stimulation via B7, and if they recognize their antigen in 
a non-stimulating manner they become inactivated, pro- 
ducing a state of immunological tolerance (Fig. 7.18). 
‘This tolerance is specific, only affecting ‘Tit cells that 
respond to a particular antigen, Persistent tolerance 
without cell death is known as clonal anergy. 


Duel signaling is necessary for full T cell activation 


‘no antigen-TCR 
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Fig. 7.18 AT cell requires signals from both the TCR and 
(CD28 for activation. Aneray — in the absence of co-stimulatory 
‘molecules inactivation or anergy results. This situation would 
preval to tolerize T cells not removed by central tolerance to 
self antigens expressed on peripheral tissues. No effect — in the 
absence of an antigen-specific signal (e.g. wrong peptide) 
there is no effect on the T cell. Activation — co-reception of 
both signals, from the surface of a professional APC, activates 
the T cell to produce iL-2 and its receptor (L-2R). The cell 
divides and differentiates into an effector T cell, which no 
longer requires signal 2 for its effector function. 
Downregulation at the termination of the immune response, 
CTLA4 replaces CD28 and downregulates T cell function. 


As discussed in Chapters 2 and 12, many T cells are 
made tolerant to self molecules during their development 
in the thymus. However, the process is not perfect and 
many autoreactive T cells are present in the circulation. 
‘These cells may still be tolerized outside the thymus 
because, although they are specific for self MHC-peptide, 
this is often first encountered on cells that lack the 
appropriate co-stimulatory signals, 


D4 AND CD8 BINDING TO MHC 
MOLECULES INCREASE T CELL BINDING 
AFFINITY 

CD4 and CD8 co-receptors for MHC molecules increase 

the sensitivity of T cells to antigen-presenting molecules 

by about 100-fold. ‘The two major subsets of T cells, Tr 
and CTLs, express either CD4 or CDS, respectively. 
CD4 and CD8 are only distantly related, but serve 
similar functions as co-receptors for MHC molecule~ 
peptide~T'CR interactions. In association with the MHC. 
molecule-peptide-TCR complex: 
CDS interacts with MHC class I molecules and consists 
of two chains with immunoglobulin-like domains on 
long stalks, coupled by a disulfide bridge; 

+ CD4 interacts with MHC class II molecules and 
consists of four immunoglobulin domains external to 
the cell, and its cytoplasmic tail has a docking site for 
the tyrosine kinase, Lek (see below); 

CDS co-receptor binds to conserved portions of the as 

domains of class I molecules (see Fig. 5.6), leaving the 

portion enclosing peptide free to interact with the TCR. 

Like CD4, CD8 associates with Lk. 

Both CD4 and CD8 co-receptors increase the sensi- 
tivity of TT cells to antigen-presenting molecules by about 
100-fold. 


THE HIGHLY ORDERED AREA OF CONTACT 
BETWEEN A T CELL AND AN APC IS AN 
IMMUNOLOGICAL SYNAPSE 

‘The junction between a T cell and an APC does not just 
consist of interacting molecules arranged randomly on 
the cell surfaces. ‘There is a clustering of TCRs in a 
patch on the cell surface in an area of membrane with 
distinct properties, surrounded by a ring of adhesion 
molecules. 

Immunological synapse formation is thought to be an 
active dynamic process that helps TT cells to distinguish 
potential antigenic ligands. 

Experiments show that initially TCR ligands are rele- 
gated to the outer ring of the nascent synapse. Subse- 
‘quently, there is transport of the complexes to a central 
cluster, which is dependent, in an unknown way, on 
‘TCR-ligand interaction kinetics. 

Productive T cell proliferation appears to depend 
‘on the formation of a stable central cluster of TCRs 
interacting with MHC molecules (Fig. 7.19). The final 
configuration of the synapse has MHC molecule~ 
peptide-TCR interactions at the hub of the synapse 
ringed by ICAM-I-LFA-1 interactions (Fig. 7.20). Large 
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Diagram of an immunological synapse 
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Fig, 7.19 Sets of receptors and their ligands — 
‘TCR-peptide-MHC molecule; CD2-CD48; CD28-CD80 — all 
contribute to the farmation of a synapse, The TCR assembles 
with MHC molecule-antigen peptide molecules and this 
‘maves to form a cluster, LFA-I-ICAM-1 interactions are 
relegated to the perimeter of the raft. 


Color-enhanced reconstruction of an immunological 
synapse 


Fig. 7.20 A live-cell luorescence image, showing the 
peripheral zone of adhesion molecules (red) surrounding the 
core containing TCRs (green), is superimposed on a scanning 
electron micrograph of a cell (purple) interacting with a DC 
(dark green). (Courtesy of Dr Mike Dustin and Science) 


CD45 molecules, also known as the leukocyte common 
antigen, are excluded to an outer ring. ‘The precise 
arrangement of the immunological synapse is cell specific 
and may be different on T cells and other cells such as 
NK cells 

Although the interaction between CD4* cells and 
APCs has been reasonably well studied, that hetween 
CD8°*T cells and APCs is less well understood. CD4 cells 
help in the activation of most CDR* T cells. Because a 
single interdigitating DC (IDC) can bind many T cells, it 
has been proposed that activation takes place in a cluster 
of CD4* and CD8* T cells gathered on the surface 
of IDCs, 


T CELL ACTIVATION LEADS TO 
PRODUCTION OF IL-2 AND HIGH- 
AFFINITY IL-2R. 

Receptors on the surface of'T cells signal to the interior of 
the cell using signal transduction pathways that are 
common to many other cell types, including B cells. A key 
principle is the clustering of receptors upon ligand 
binding. ‘This leads to activation of associated tyrosine 
kinases, which phosphorylate tyrosine residues in the 
cytoplasmic tails of the clustered receptors, followed. by 
recruitment of additional kinases and signaling molecules, 
in cascades, ‘The end-result of these complex pathways is 
the induction of gene synthesis by the activation of 
transcription factors (Fig. 7.21) 


Activation is initiated by the actions of 
tyrosine kinases 

‘TCR acand fi chains are associated with the CD3y, 8, and 
€ molecules, the £ and 1) chains (see Fig. 5.3), and the 
enzyme L.ck (p56), which is attached to the intracellular 
portions of CD4 or CDS (see Fig. 7.21). The label p56" 
signifies a lymphocyte-specific tyrosine kinase of 36 kDa. 

Recognition of an antigen-MHC molecule complex by 
the TCR and ligation of co-stimulatory molecules initiates 
the signaling events. 

The earliest events involve tyrosine kinases of the Sre 
family, particularly Lek associated with CD4 and CDS, 
and Fyn, which phosphorylate target sequences found 
in the ¢ chain (also present on Igor, IgB, and FeyR, see 
Fig. 3.20), termed immunoreceptor tyrosine-based 
activation motifs (TAM). 

Phosphorylation of the ITAMSs initiates a series of steps 
(see Fig. 7.21), that lead to the activation of transcription 
factors and their translocation to the nucleus. The 
transcription factors act on genes required for T’ cell 
activation, including the IL-2 and the IL-2 receptor 
(IL-2R) genes. 


Q What occurs when a cell generates both a cytokine and 
the receptor for that cytokine? 

A. This allows autocrine stimulation, where the cell can activate 
itself as well as similar cells in the immediate vicinity 


Cell division occurs after IL-2 production and is 
secondary to ligation of the IL-2R. 


157 
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Intracellular signaling in T cell activation 
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In summary, ‘TCR stimulation results in activation of a 
variety of tyrosine kinases and downstream effectors that 
regulate cellular responses, resulting in the regulation of 
IL-2 gene expression, which is largely responsible for 
activating the cell. 


B cell activation and T cell activation follow 
similar patterns 

In B cells, the function of CD3 is replaced by Iga. and Ig, 
which also carry ITAM motifs in their cytoplasmic tails. 
Gross-linking of surface immunoglobulin leads to acti- 
vation of the Sre family kinases, which in B cells are Fyn, 
buralso Lyn and Blk. A series of analogous activation steps 
occurs in B cells (see Chapter 8). 


Fig, 7.21 T call activation invohes the transduction of signals 
{rom both the TCR and CD28. Clustering of surface receptors 
such as TCR, CD4, CD28, and CD45 results in activation of 
tyrosine kinases Fyn and Lek: CDS, which is associated with the 
TCR complex, binds tothe kinase, Lek. Such kinases become 
activated by dephosphoryation, possibly by phosphatase 
‘domains on CD45 (leukocyte common antigen). Lck can now 
phosphorylate the ITAM domains on the y chains of CD3 (see 
Figs 5.3 and 5.15), which allows them to associate with other 
kinases including Fyn and ZAP-70. Fyn activates phospholipase C 
(LCP, which leads to two pathways by the cleavage of 
phosphatidylinasitol bisphosphate (PIP) into diacylglycerol 
(DAG) and inositol trisphosphate (I). Ps releases Ca from 
intracellular (ER) stores to activate calcium-dependent enzymes 
such as calcineurin. Calcineurin removes phosphate trom the 
‘transcription factor NFAT (nuclear factor of activation of T cells), 
‘hich causes is translocation tothe nucleus. DAG activates 
protein Kinase C (PKC), which then activates the transcription 
factor NF-xB, Meanwhile, ZAP-70, Fyn, and P-3 kinase (P-3K) 
(associated with CD28) integrate signals via Kinase cascades in 
the cytoplasm that activate specific transcription factors. Adapter 
proteins are use to ink the various receptors to the common 
intracellular signaling components. GTP-binding proteins (G 
proteins) are involved in activating a set of protein kinases inthe 
MAP kinase cascade. The transcription factors translocate to the 
rucleus to activate genes, including ‘immediate eat genes’ Fos 
_and Jun for cel division and the promoter AP-1, which acts with 
NFAT on the IL-2 gene. 


An activating signal is integrated from both 
the antigen receptor and co-stimulatory 
molecules 
It is still not clear exactly what is an effective antigenic 
signal. For a cell, interaction at a single TCR is not 
sufficient, but exactly how many interactions are necessary 
‘may depend on other lymphocyte stimulatory signals and 
the type and activation state of the T cell being stimulated, 
Murine cell hybrids (derived from the fusion of a 
normal T cell with a tumor T cell ) are known to be easily 
triggered. To stimulate a T cell hybrid: 
+ aneffective APC, such as a macrophage, need carry no 
‘more than 60 MHC class II molecule-antigen fragment 
complexes; 
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* a weak APC, such as a class I-transfeeted fibroblast, 
needs 5000 such complexes. 

Recent work has suggested that about 8000 TCR 

molecules need to interact with MHC molecule-peptide 

complexes and become activated, as judged by their loss 

from the T cell surface, for cell clones to be triggered. 

As TCR-MHC molecule interactions are of low 
affinity, one MHC molecule-peptide complex could 
activate multiple TCRs. 

In the presence of a co-stimulatory signal such as 
CD28-B7 ligation (see Fig. 7.16), 1500 activated and 
internalized TCRs are sufficient for the activation of T 
cell clones. 

‘As discussed above, interaction at the TCR or mem- 
brane immunoglobulin alone cannot mediate a positive 
activation signal for T or B cells. On the contrary it may 
induce a negative or tolerogenic signal. 

Co-stimulatory molecules such as CD2 and CDI 1a/ 
CDIS (LFA-1) (see Fig. 7.16) are not responsible only 
for binding ~ their cytoplasmic domains are also involved 
in signaling. For example, experimental deletion of the 
intracytoplasmic domain of CD2 interfered with activa- 
tion, but left its adhesion function unaltered. 

CD28 ligation appears to result in induction of IL-2 
synthesis by a pathway distinct from that regulated by 
calcineurin. 

As shown in Fig. 7.21, the induction of IL-2 gene 
expression requires integrated signals from the activation 
of PLC, Ras, and the calcium-dependent serine phos- 
phatase calcineurin, 

‘The IL-2 enhancer contains a binding site for a nuclear 
factor, NF-AT (nuclear factor of activation of T cells), 
that is induced upon T cell activation. NF-AT is activated 
by calcineurin. It then translocates to the nucleus where it 
interacts with Fos and Jun to induce IL-2 gene expression. 

IL-2 expression is dependent on the additional signals 
initiated upon ligation of CD28 by B7 (see Figs 7.19 and 
7.21), How the signal from CD28 complements the TCR 
signal is not established, but it may act by stabilizing IL-2 
mRNA as well as increasing transcription. 

Ciclosporin, an immunosuppressive drug, causes 
inhibition of the phosphatase activity of calcineurin. 

Rapamycin, another immunosuppressive agent, blocks 
signaling downstream of IL-2 activation. 


Mitogens and superantigens can also 
activate T cell 
T cells can also be activated by some mitogens. Most T 
cells are stimulated by 
+ phytohemagglutinin (PHA), a lectin isolated from red 
kidney beans; oF 
* concanavalin-A, extracted from castor beans. 
‘These molecules are able to bind to T cell surface 
molecules including the TCR complex and CD2, causing 
them to cluster on the cell surface, thereby mimicking the 
clustering caused by antigen presentation, Such mitogens, 
however, will activate the T cells regardless of their 
antigen specificity. 
Another group of molecules that can activate T cells 
non-specifically are the superantigens. These are mostly 
of bacterial origin and include: 


‘+ staphylococcal enterotoxins (responsible for some types 
of acute food poisoning); 

+ toxic shock syndrome toxin (responsible for tampon 
sepsis-induced shock); and 

+ exfoliative dermatitis toxin, 

Superantigens bind to MHC class II molecules on APCs 

and are recognized by TCRs, but not in the same way as 

an MHC molecule-peptide complex. Binding is to the VB 

chain of the TCR (see Fig. 5.2) alone. Depending on 

experimental conditions, the effects are the same as with 

antigen in that either activation or clonal anergy may 

occur (Fig. 7.22). A key point about superantigens is that 

they stimulate families of clones using common VB gene 

segments. 


CTLA-4 expression downregulates T cells 
‘The role of the B7 counter-receptor CTLA-4 (CD152) in 
downregulating cell activation has been referred to 
above (see Fig. 7.17). 

‘The negative signal generated by CTLA-4 may be 
propagated through the cytoplasmic tail of the molecule, 
which bears a motif known as an ITIM (immuno- 
receptor tyrosine-based inhibitory motif), which has 
the characteristic sequence IxYaxl.. [TIM motifs are 
thought to work by recruiting inhibitory phosphatases 
such as SHIP, which remove phosphate groups added by 
tyrosine kinases. 


T cell stimulation by superantigens 
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In MHC groove ~ requires 
‘Va, Ja, VB, DB, J 


‘recognition of VB alone 
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Fig. 722 Antigenic peptides must normaly be processed and 
presented on MHC molecules to trigger the TCR. However, 
Superantigens, such as staphylococcal enterotoxins, are not 
processed, but bind directly to MHC cass Il molecules and VB 
of the TCR, Each superantigen activates a distinct set of Vi 
expressing T cells, depending on which VB gene segment the 
T call is expresing. 
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Q. Which other receptors have ITIMs? 
A. The inhibitory Fe receptor Fcyllb expressed on B cells has 
ITIMs (see Fig. 3.20). Other inhibitory receptors with similar 
‘motifs include the killer inhibitary receptors (KIRs) expressed on 
INK cells as well as T cells (see Figs 10.3 and 10.5). 


Interleukin-2 drives T cell division 

Apart from the cell surface interactions, cytokines, acting 
locally, are required for promoting T’ call division (see 
Fig. 7.18). 

“Triggering of the TCR along with co-receptors results 
in IL-2 synthesis by the T cell itself, In most CD4* cells 
and some CDS" cells, there is a transient production of 
IL-2 for 1-2 days. During this time the interaction of IL- 
2 with the high-affinity IL-2R results in T cell division. 

(On resting’ cells, the IL-2R is predominantly present 
as a low-affinity form consisting of two polypeptide 
chains, a B chain (p75) that binds IL-2 and a 7 chain that 
signals to the cell, When the cell is activated, it pro- 
duces an ¢t chain (p53 = CD25), which contributes to IL~ 
2 binding and, together with the fi and y chains, forms the 
high-affinity receptor (Fig. 7.23). 

“The transient expression of the high-affinity IL-2R for 
about | week after stimulation of the T cell, together with 
the induction of CTLA-4, helps limit T cell division, In 
the absence of positive signals, the T cells will start to die 
by apoptosis. 

An understanding of the requirements for T cell 
division has allowed researchers to generate long-lived T 
cell lines, which are used in many areas of immunological 
research (Method Box 7.2). 


Other cytokines contribute to activation and 
division 

Other cytokines may also contribute to ‘T cell prolif- 
eration, For example, IL-1 and IL-6 induce the expression 
of [L-2R on resting T cells. 


Q. Which cells generate IL-1 and IL-6? 
A. Mononuclear phagocytes amang others. Thus the praduc- 
tion of these cytokines enhances their antigen-presenting 
function, 


Additionally IL-4 and IL-15 may provide stimulatory 
signals through their own receptors. 

TL-12 is also of major importance in T cell activation: 
+ helping to enhance IFNy production; and 
* directing naive T cells to develop into Tl cells. 
IL-15 made by APCs can also induce cell proliferation 
and may be very important before IL-2 is produced. 


ANTIGEN PRESENTATION AFFECTS THE 

COURSE OF AN IMMUNE RESPONSE 

APCs may be activated rapidly in an immune response, for 

example by 

+ the immunogenic entity itself, in the case of bacteria 
and some viruses; oF 

* the antigen in conjunction with the adjuvant com- 
ponent of a vaccine. 


METHOD BOX 7.2 
T cell lines 


To test the response of lymphocytes to a specific antigen that 
is being presented, the lymphocyte stimulation test (Fig. 1) 
‘may be used. This test measures the response of the T cells 
‘to antigen as indicated by their entering the cell cycle and 
incorporating precursors of DNA synthesis. 


The lymphocyte stimulation test 
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Fig. 1 the bimphooyte simulation text whole blood i 
saline solution is first layered on Ficoll Isopaque (which has a 
density between, and therefore separates, white cells and red 
cells) and centrifuged (400 9). Ths separates the 
Iymphocytes from the other cel and Serum constituents, The 
cells ace washed (to remove contaminants such as antigen) 
and then put into test tubes with a suspension of antigen and 
culture medium. Tetated thymidine CH-thymidne) is added 
16 hours before the cells are harvested. The cells are 
harvested on a glass-fiber filter disk and their radioactivity 
measured by placing the disk in a liquid scintillation counter, 
‘A high count indicates thatthe mphocytes have undergone 
transformation and confirms their responsiveness tothe 
antigen. Ths test can aso be used for cel rom lymphoid 
tissue. 


Antigen presentation is not a unidirectional process. T. 
cells, as they become activated: 
* release cytokines such as IFNy and_granulocyte~ 
‘macrophage colony stimulating factor (GM-CSE); 
+ express surface molecules such as CD40 ligand, which 
enhance antigen presentation. 
When APCs are activated, they express more MHC class 
I and I molecules, Fe receptors, and co-stimulatory 
adhesion molecules, including B7-1 and B7-2, CD1 a/b/e, 
ICAM-1, and ICAM-3. ‘They also produce numerous 
cytokines (e.g. IL-1, IL-6, TNFa), enzymes, and other 
mediators. 
Activation of lymphocytes leads to two partially 
competing processes: 
+ cell proliferation; and 
* cell differentiation into effector cells. 


FURTHER READING 


Expression of the high-affinity IL-2 receptor on T cells 
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Fig. 723 The high-affinity IL-2R consists of three polypeptide 
chains, shown schematically. Resting T cells do not express the 
cechain, but after activation they may express upto 50 000 a 
chains per cell. Some of these associate with the chain to 
form the high-affinity L-2R. 


Cells at the end stage of differentiation, such as plasma 

cells, may become so specialized that they lose surface 

molecules such as MHC class 1, and are unable to 
respond to regulatory signals or to proliferate. 

‘The fate of lymphocytes responding to antigen is 
varied: 

* some can persist for a long time as memory cells ~ the 
life span of memory cells can be more than 40 years in 
‘humans, as judged by the chromosome abnormalities 
(eg. cross-linking of DNA which would prevent 
mitosis) found in the blood cells of Hiroshima 
survivors; 

* other lymphocytes have a short life span, which 
explains why moderate antigenic stimulation does not 
lead to lymphoid enlargement ~ this is nevertheless 
sufficient for generating effective cell-mediated and 
antibody responses. 

Apoptosis is critically important for disposing of unwanted 

cells after an immune response. 


‘The immune system responds to clues that 
an infection has taken place before 
responding strongly to antigens 

In recent years it has become appreciated that APCs must 
respond appropriately to an infection, for example, but 
not to high levels of harmless substances that may 
fluctuate in the environment. 


APC activation is generally a response to infection, or 
at least the presence of substances, such as constituents of 
bacterial cell walls, characteristic of infection. This 
requirement neatly explains the need for adjuvants, which 
are typically derived from bacterial components. 

‘Adjuvants are generally necessary in vaccines to stim- 
ulate a robust immune response. The concept of immune 
activation only in response to infection (or adjuvant as a 
surrogate for infection), and not to other antigens, has 
been popularized as the ‘danger’ hypothesis. This idea 
proposes that the immune system does not merely 
distinguish self from non-self, but responds to clues that 
an infection has taken place before responding strongly to 
antigens. 

In other words, foreign substances may be innocuous or 
invisible to the immune system unless accompanied by 
danger signals, such as infection. These danger signals are 
provided by receptors for microbial products on APCs, 
such as the Toll-like receptors (TLRs, see Fig. 6.24). 
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Critical thinking: Antigen processing and presentation (see p. 495 for 


explanations) 


‘Two T cell clones have been produced from a mouse infected 
‘with influenza virus. One of the clones reacts to a virus peptide 
‘when it is presented on APCs that have the same MHC class | 
(H-2K locus as the original mouse (Le. the clone is MHC class 
I restricted). The other clone is MHC class Il restricted. The two 
clones are stimulated in tissue culture using syngeneic 
macrophages as APCs. The macrophages have been either 


Infected with live influenza virus oF treated with inactivated 
Virus. The pattems of reactivity of the two clones are shown, 
in the table below. In the last two lines of the table the 
macrophages are pretreated with either emetine or chloro- 
quine before they are infected with virus. Emetine is a protein, 
synthesis inhibitor. Chloroquine inhibits the fusion of 
lysosomes with phagosomes. 


none ~ = = 
five virus - + + 
inactivated virus - - + 
live virus emetine - + 
live virus chloroquine + = 


1 Why are macrophages used as APCs in this experiment? 
Would you get the same results if you used infected 
fibroblasts? 

2 Why does the live influenza virus stimulate both clones 
‘whereas the inactivated virus stimulates only the MHC class 
Itestricted clone? 


3 Why does emetine prevent the macrophages from 
presenting antigen to the MHC class Lestricted T cells 
whereas chloroquine prevents them from presenting to 
MHC class I-restricted cells? 

4 One of these clones expresses CD4 and the other CD8. 
Which way round is it? 


Cell Cooperation in 
the Antibody 


Response 


SUMMARY 


‘+ The primary development of B cells is antigen- 
Independent. Pre-8 cells recombine genes for 
‘Immunoglobulin heavy and light chains to generate their 
‘surface receptor for antigen, 


‘+ Tindependent (TI) antigens activate B cells without 
requiring T cell help. They can be divided into two 
(groups. TI antigens can act as polyclonal stimulators, 
while TI-2 antigens are polymers that activate by cross- 
linking the B cell receptor. 


‘+ Tedependent (TD) antigens are taken up by B cells, 
processed, and presented to helper T (Tu) cells. T cells 
and B cells usually recognize diferent parts of an antigen. 


‘+ Band T cell activation follow similar patterns. 8 cell 
activation requires signals from the B cell receptor (BCR) 
and co-stimulation, CD40 is the most important co- 


“stimulatory molecule on B cells. Ligation of B cell co- 
receptor complex can lower the threshold of antigen 
needed to trigger the B cell Intracellular signaling 
pathways are analogous In B and T cells. 


+ Cytokine secretion from CD4* T cells is important in B 
ell proliferation and differentiation. Activated B cells 
proliferate and differentiate into antibody-forming cells 
(AFC). 


+B cell affinity maturation takes place in the germinal 
‘centers, Mutation of immunoglobulin genes fallowed by 
‘selection of high-affinity clones is the basis of affinity 
‘maturation. 


+ 8 cals switch to another immunoglobulin cass (lass 
switching) by recombining heavy chain genes. 
Differential spicing of long RNA transcript isa second 
‘mechanism by which Bcels can produce more than one 
type of antibody. 


THE PRIMARY DEVELOPMENT OF B CELLS 

1S ANTIGEN INDEPENDENT 

(Over a lifetime, an individual may encounter a vast array 
of unique and different pathogens. ‘To protect the indi- 
vidual, the immune system has evolved a complex system 
to be able to respond to any conceivable antigen that it 
encounters. One of the tactics our immune system uses 
to fight off these foreign antigens is the production of 
protective proteins, or antibodies. 

Antibodies are produced by B cells, and are exceptional 
in their almost unlimited potential for diversity. 

‘The development of an antibody response is the 
culmination of a series of cellular and molecular inter- 
actions occurring in an orderly sequence between a B cell 
and a variety of other cells of the immune system. 

In this chapter, the principles of B cell development, 
activation, proliferation, and differentiation leading to the 
generation of antibody-producing plasma and memory 
cells are discussed in the context of immune cell coop- 
eration. In addition, some of the critical molecules 
involved are described and the consequences of the inter- 
actions, including affinity maturation and class switching, 
are examined. 

Within the bone marrow, a sequence of immunoglob- 
ulin rearrangements and phenotypic changes takes place 


during B cell ontogeny that leads to the production of the 

B cell receptor (BCR). This process is analogous to the 

generation of the T cell receptor (TCR) in thymic T cells 

(see Chapter 5). 

‘The BCR complex includes the: 

‘+ membrane-bound immunoglobulin (mlg); 

+ Tgos and 

+ gb. 

‘The molecular processes involved in immunoglobulin 

gene rearrangement are described in Chapter 3, and this 

section relates these events to B cell development. 
‘The earliest stage of antigen-independent B cell 

development is the progenitor B (pro-B) cell (Fig. 8.1). 
Pro-B cells are divided into early and late pro-B cell 

groups based on the expression of: 

* terminal deoxynucleotidyltransferase (TdT), which is 
an intranuclear enzyme uniquely expressed during Vit 
gene rearrangement (see Chapter 3); and 

‘+a marker called B20, which identifies a particular 
variant of leukocyte common antigen (CD45R), a 
tyrosine phosphatase that appears to be important in 
regulating BCR signalin; 

Early pro-B cells express TdT alone whereas late pro-B 

cells express B220 and have reduced TdT (intermediate 

pro-B cells express both markers). 
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[0013] ‘The electrostatic potential for both charges of the 
‘electric dipole is 


ee hho alg poune( 2h)" -(toalZfouine(2})") 


[0014] ‘The potential can be evaluated in terms of the 
Legendre polynomials as 


ve rap racan(sh 3 racur(3h] 
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[0015] ‘The first and most dominant term when the radius 
is much greater than location a is equal to 


dag Plcos 0 
ay 


“which is the electric dipole potential and 2aq is the dipole 
moment 
peda 

[0016] Now imagine a constant electric field Ey whieh is 
perturbed by a conducting sphere of radius a. The unper- 
turbed electrostatic potential outside the sphere would the 
negative of the electric field times the radius times the 
Legendre polynomial, ot 
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[0017] ‘The electrostatic potential perturbed by the charges 
is the Voltage Epa times the radius a times the a of the dipole 
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moment times the Legendre polynomial divided by the 
radius squared 


[0018] |The total potential outside the sphere isthe sum of 
the two potentials equal to 


Pa EPs + Baa 


-tan(r-}=-1(1-(3)) 


[0019] Referring to FIG. 2, the previously uniform elee- 
Ii field is shown perturbed by the neutral conducting 
sphere. The center ofthe sphere is taken as the origin and the 
‘axis is oriented parallel to the original uniform field. 


[0020] The electric field induces a surface charge density 


‘on the sphere equal to the negative of the permittivity of 
space times the gradient of the electrostatic pote 
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[0021] The electric field also induces an electric dipole 
moment on the sphere equal to the 


Aeon! 


‘with units of coulomb-meter. If this sphere is rotating arounel 
‘4 central axis at a velocity v, it will create a magnetic 
moment equal to the dipole moment times the velocity. 
vp 

units of ampere-meter 


SUMMARY OF THE INVENTION 


[0022] As shown in the preceding background section, a 
neutral conducting sphere placed in a uniform electric field 
will generate a magnetic moment when rotated around a 
central axis. The electric field ean be created by two points 
charges of opposite sign separated by e distance between 
them. 


[0023] Referring to FIG. 3, the spacecraft has a spherical 
cabin (A) t0 which are attached cone-shaped electrostatic 
towers (B,C) above and below the cabin along the direction 
of travel in the z-direction. Because the electric field goes 
from the positive charge to the negative charge, the tip of the 
lower tower has a positively charged electrode, and the 
upper tower has a negatively charged electrode, Four 
cqually-spaced neutral conducting spheres (D) are con- 
nected to the cabin by non-conducting tubes (E). The tubes 
make an angle with the cabin such thatthe distance (CD) is 
seater than distance (DB). The angle 0 of the tube with 
respect to the cabin ean be seen in side view FIG. 4 
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B cell development 


searrangement 


RAG-,2/TaT 


surrogate 
Lehain 


immunoglobulin 


Joo. 198 
e034 
eit 
p43 

‘cDaR 
8220 


MHC class I! 


ors 


020 


Dao 


Fig. 8.1. B cells cfferentiate from lymphoid stem cells into 
naive B cells and may then be driven by antigen to become 
‘memory cells or plasma cells. Upon antigen stimulation, the B 
cell proliferates and develops into a plasma cell or a memory 
call ater a phase of proliferation, activation, and blast 
transformation. During early B cell development, the heavy 
chain gene (IgH) undergoes a D] recombination, followed by a 
‘VDJ recombination. The recombined heavy chain is initially 


18220 remains expressed on the surface throughout the 
remainder of B cell ontogeny. 


Genes for immunoglobulin H and L chains 
are recombined to generate the surface 
receptor for antigen 
Cells progressing through the pro-B cell stage rearrange 
their immunoglobulin heavy chain genes and express the 
recombination-activating genes RAG-I and RAG-2 
(see Chapter 3). As late pro-B cells pass into the pre-B cell 
stage, they downregulate TdT, RAG-1, and RAG-2 (see 
Fig. 8.1). 

Pre-B cells can be divided into: 
+ mitotically active pre-B cells; and 
+ small non-dividing pre-B cells. 
Both large and small pre-B cells express immunoglobulin 
heavy chains (see Chapter 3) in the cytoplasm (cu!) and 
the pre-B cell receptor complex on their surface (Fig. 8.2). 


‘expressed with a surrogate light chain and the Iga and lop 
‘chains (CD79) to produce the pre-B cell receptor. Later, light 
‘chain genes undergo a VJ recombination and surface IgM is 
produced as the B cell receptor (BCR). Pre-B cells express 
‘eytoplasmic 1 chains only. The immature B cell has surface IgM, 
land the mature B cell other immunoglobulin isotypes. The 
diagram also shows the time of expression of a number of B 
cell markers. 


Large pre-B cells have successfully rearranged their 
immunoglobulin heavy chain genes. As these cells pass 
from the large pre-B cell group into the small pre-B cell 
group, they begin to rearrange their immunoglobulin 
light chain genes and express RAG-1 and RAG-2 again. 

‘The final stage of B cell development is the immature 
B cell stage. Immature B cells have successfully rearranged 
their light chain genes and express surface IgM as their 
antigen receptor, at which time RAG-1 and RAG-2 gene 
expression is again turned off. 


'Q. What is the significance of the observation that RAG 
genes are expressed at two distinct times during B cell 
development? 

A. The heavy and the light chain genes undergo rearrange 
ments at diferent times and the RAGS are expressed at the times 
‘when recombination is taking place in either the heavy or the 
light chain gene loci 


TIANTIGENS DO NOT REQUIRE T CELL HELP TO ACTIVATE B CELLS 


Rapid Reference Box 8 


activation-induced cytidine deaminase (AID) — an enzyme 
‘expressed in activated 8 cells that causes somatic mutation. 

affinity maturation — the increase in average antibody affinity 
frequently seen during a secondary immune response. 

B cell coreceptor complex ~ a complex of three cell surface 
‘molecules, including CD19, CD81, and the complement 
‘eceptor CD21, which enhances the sensitivity of the B cell 
to activation by low quantities of antigen. 

CD40 ~ a critical co-stimulatory receptar on B cells that is 
ligated by CD40L (= CD154) on helper T cells. 

‘lass switching — the process by which an individual B cell can 
link immunoglobulin heavy chain C genes to its 
recombined VD] gene to produce a different class of 
antibody with the same specificity; this process is also 
teflected in the overall class switch seen during the 
maturation of an Immune response 

lccosomes — immune complexes in the farm of small inclusion 
bodies found on follicular dendltic cells. 

Interleukin-4 (IL-4) ~ previously called B cell growth factor, a 
kkey cytokine for B cell division and differentiation, 

receptor editing — a process in which the genes for the B cell 
antigen receptor (antibody) undergo a secondary process 
Cf recombination, which allows production of non-self 
reactive antibodies. 

somatic mutation — a process during B cell maturation 
affecting the antibody gene region, that permits refinement 
‘of antibody specificity 

‘T-dependent and Tindependent antigens — describe the 
‘requirements of B cells in producing secreted antibody in 
‘esponse to antigenic stimulation; independent antigens 
‘ean induce antibody praduction by B cells without T cell 
help. 


‘The pre-B cell receptor 


As immature B cells develop further into mature B 

cells, they begin to express both IgM and IgD on their 

surface. These mature B cells are then free to exit the bone 

‘marrow and migrate into the periphery 
Other phenotypic markers can also help to identify 

particular populations of pro-B, pre-B, or immature B 

cells (see Fig. 8.1). 

In addition, a number of growth and differentiation 
factors are required to drive the B cells through the early 
stages of development. Receptors for these factors are 
expressed at various stages of B cell differentiation: 

+ IL-4, IL-3, and low molecular weight B cell growth 
factor (L-BCGP) are important in initiating the process 
of B cell differentiation; 

* other factors are active in the later stages. 


TI ANTIGENS DO NOT REQUIRE T CELL 
HELP TO ACTIVATE B CELLS 

Naive mature B cells are free to exit the bone marrow and 
migrate into the periphery. If these cells do not encounter 
antigen, they die within a few weeks by apoptosis. If, 
however, these mature B cells encounter specific antigen, 


Fig. 8.2 The surrogate BCR complex is composed of ay. 
heavy chain and Vpq.« and 25 proteins (surrogate light chains) 
“The receptor has a role in early dferentiation and 
development of B cells. The unit shown here associates with 
the signaling molecules Ige and IgB. 


they undergo activation, proliferation, and differentiation, 
leading to the generation of plasma cells and memory 
Beells 

‘The immune response to most antigens depends on 
both T cells and B cells recognizing the antigen ina linked 
fashion. ‘This type of antigen is called a T-dependent 
(TD) antigen. 

A small number of antigens, however, can activate B 
cells without MHC class I-restricted T cell help and are 
referred to as T-independent (1) antigens (Fig. 8.3. 


‘independent antigens 


lipopolysaccharide | + +t + 
(ups) 

Ficoll tee = ry 
[dextran ++ + ++ 
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polymeric bacterial] ++ + + 
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Fig. 8.3 The major common properties of some of the main 
‘Tantigens are listed. T antigens induce the production of 
cytokines interfeukin-1 (IL-1), tumor necrosis factor-a (TNFa), 
and IL-6 by macrophages. (Note that bth poly-L amino acids 
and monomeric bacterial flagellin are TD antigens, 
demonstrating the role of antigen structure in determining TI 
properties.) 
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Importantly, many TI antigens are particularly resistant 

to degradation. TT antigens can be divided into two 

groups (TI-1 and TI-2) based on the manner in which 
they activate B cells: 

+ THI antigens are predominantly bacterial cell wall 
components ~ the prototypical TI-1 antigen is 
lipopolysaccharide (LPS), a component of the cell wall 
of Gram-negative bacteria; 

* TI-2 antigens are predominantly large polysaccharide 
molecules with repeating antigenic determinants (e.g. 
Ficoll, dextran, polymeric bacterial flagellin, and 
poliomyelitis virus). 


Q. What common characteristic can you see in many of the 
Tl antigens, and how are such antigens recognized by the 
immune system? 

A. Many TI antigens have pathogen-associated molecular 
patterns (PAMPs) recognized by Toll-like receptors (e.g. TLR4 
recognizes LPS and TLRS recognizes flagellin, see Fig. 6.24). 
‘They therefore have an intrinsic ablity to activate the immune 
system irrespective of their ability to bind to the specific antigen 
receptor on individual B cell clones. 


Many Tl-I antigens possess the ability in high 
concentrations to activate B cell clones that are specific for 
other antigens ~a phenomenon known as polyclonal B cell 
activation. However, in lower concentrations they only 
activate B cells specific for themselves. TI-1 antigens do 
not require a second signal. 

‘TI-2 antigens, on the other hand, are thought to acti- 
vate B cells by clustering and cross-linking immunoglob- 
ulin molecules on the B cell surface, leading to prolonged 
and persistent signaling. TI-2 antigens require residual 
non-cognate T cell help, such as cytokines. 

Several signal transduction molecules are necessary for 
mediating TI antigen responses in B cells. These include: 
+ CDI; 

+ HSI protein; 

+ Lyn; 

* IL-sRa; 

+ receptors for TNFat and lymphotoxin ct. 


TI antigens induce poor memory 
Primary antibody responses to TI antigens in vitro are 
generally slightly weaker than those to TD antigens. They 
peak fractionally earlier and both generate mainly IgM. 
‘The secondary responses to TD and TI antigens differ 
greatly: 
* the secondary response to Tl antigens resembles the 
primary response; whereas 
* the secondary response to TD antigens is far stronger 
and has a large IgG component (Fig. 8.4). 
Itseems, therefore, that TT antigens do not usually induce 
the maturation ofa response leading to class switching or 
to an increase in antibody affinity, as seen with TD 
antigens. This is most likely due to a lack of co-stimulation 
mediated via CD40 (see below) and a lack of key cytokines 
released by T cells (IL-2, IL-4, IL-5). 
‘Memory induction to ‘TI antigens is also relatively 
poor. 


Comparison of the secondary immune response to 
‘Tedependent and T-independent antigens in vitro 


VAS 


Fig. 8.4 The secondary response to TD antigens i stronger 
and induces a greater number of lgG-producing cells, as 
measured in a plaque-forming cell (PFC) assay (see Method 
Box 8.1). 


A number of assays for measuring antibody production 
by B cells are outlined in Method Box 8. 

‘There are potential survival advantages if the immune 
response to bacteria does not depend on complex cell 
interactions because it could be more rapid. 

‘Many bacterial antigens bypass'T cell help because they 
are very effective inducers of cytokine production by 
‘macrophages ~ they induce IL-1, IL-6, and TNFa. from 
‘macrophages. Some such antigens directly stimulate B cells. 


Ti antigens tend to activate the CDS* subset 

of B cells 

‘TI antigens predominantly activate the B-1 subset of B 
cells found mainly in the peritoneum. These B-I cells can 
be identified by their expression of CDS, which is induced 
upon binding of TI antigens. In contrast to conventional 
B cells, B-1 cells have the ability to replenish themselves. 


TD ANTIGENS REQUIRE T CELL HELP TO 
ACTIVATE B CELLS 

T cells and B cells recognize different parts 
of antigens 

In the late 1960s and early 1970s, studies by Mitchison 
and others, using chemically modified proteins, led to 
significant advances in understanding of the different 
functions of T cells and B cells. 

‘To induce an optimal secondary antibody response 
toa small chemical group or hapten (which is immuno- 
genic only if bound to a protein carrier) it was found that 
the experimental animal must be immunized and then 
challenged using the same hapten-carrier conjugate ~ not 
just the same hapten. ‘This was referred to as the carrier 
effect. 


TD ANTIGENS REQUIRE T CELL HELP TO ACTIVATE 8 CELLS 


METHOD BOX 8.1 


Various methods have been developed for assaying antibody 
production. Two such methods ate the plaque-forming cell PFC) 
assay and the enzyme-linked immunospot assay (ELISPOT). 

‘Antibody-forming cells (AFCS) are measured by means of a 
quantitative PEC assay (Fig. 1), originally developed by Niels 
Jeane in the 1960s. 8 cells (e-, spleen cells) ae plated in agar 
with sheep red blood cells sensitized by binding the specific 
antigen to their surface. Antibody produced by any B cell will 
Coat the red blood cells. Following the addition of complement, 
these coated cells may be lyzed, causing the appearance of a 
zone of lyzed cels (plaque) in the agar. The panel on the right in 
Fig, 1 shows the appearance of such a plaque, with a8 cellin the 
center, under the microscope. The plaques are then counted to 
dive a quantitative measure of the number of PECs. 

‘Another way of detecting antibody-producing cells is by 
‘means of an enzymedinked immunospot assay (ELISPOT, 
‘Method Box 2.1, Fig 3). An ELISPOT assay starts out by coating 
2 plastic well with antigen and adding a known quantity of B 
cells, The antigen coated onto the plastic will then capture any 
antibody in the vicinity ofthe activated 6 cell that is producing 
the antibody. After a period of time, the B cells are removed, and 
the specific antibody can be detected by adding an enzyme- 
labeled ant-immunoglobulin plus chromogen. Development of 
the label in this assay results in a spot surrounding the active B 
cell. Counting each spot and knowing the quantity of B cells 
originally added to the well allows one to enumerate the 
frequency of 8 cells producing the specific antibody. Method Box 
211, Fig, 3 shows the method of detecting antibodies and the 
appearance of the spots on the developed plates. In addition to 


Measuring antibody production ~ the PFC assay and ELISPOT 


analyzing specific antibody-secreting B cells the ELISPOT assay 
has been adapted to measure the frequency of cytokine- 
secreting T cells and various other cell types (right panel). With 
the improvement in ELISPOT assay plate design and in ELISPOT 
detection equipment, antibody- or cytokine-secreting cells can. 
now be detected at the single cel level 


Fig. 1 Plaque-forming cell (PEC) assay, 


By manipulating the cell populations in these experi- 

‘ments, it was shown that: 

* helper T cells (Ti) cells are responsible for recognizing 
the carrier; whereas 

* the B cells recognize hapten. 

‘These experiments were later reinforced by details of 

how: 

*  B cells use antibody to recognize epitopes; while 

* T cells recognize processed antigen fragments. 

‘One consequence of this system is that an individual B cell 
can receive help from ‘T cells specific for different 
antigenic peptides provided that the B cell can present 
those determinants to each cell 

In an immune response in vivo, it is believed that the 
interactions between T and B cells that drive B cell 
division and differentiation involve T cells that have 
already been stimulated by contact with the antigen on 
other antigen-presenting cells (APCs), for example 
dendritic cells, 

‘This has led to the basic scheme for cell interactions in 
the antibody response set out in Fig. 8.5. It is proposed 
that antigen entering the body is processed by cells that 
present the antigen in a highly immunogenic form to the 
‘Trtand B cells, The T cells recognize determinants on the 


antigen that are distinct from those recognized by the B 

cells, which differentiate and divide into antibody-forming 

cells (AFCs). Therefore two processes are required to 

activate a B cell: 

* antigen interacting with B cell immunoglobulin 
receptors ~ this involves ‘native’ antigen; 

+ stimulating signal(s) from Ti cells that respond to 
processed antigen bound to MHC class II molecules. 


B AND T CELL ACTIVATION FOLLOW 
SIMILAR PATTERNS 

In B cells the signaling function of CD3 in T cells is 
carried out by a heterodimer of Igcr and IgB. ‘Two mol- 
ecules of the Igc-IgB heterodimer associate with surface 
immunoglobulin to form the BCR. ‘The cytoplasmic tails 
of Iga and Ig carry immunoreceptor tyrosine acti- 
vation motifs (TTAMs). 

Cross-linking of surface immunoglobulin leads to 
activation of the Sre family kinases, which in B cells are 
Fyn, but also Lyn, and Blk. Sykis analogous to ZAP-70 in 
T cells, and binds to the phosphorylated I'TAMs of Ige. 
and IgB (Fig. 8.6). This leads to activation of a kinase 
cascade and translocation of nuclear transcription factors 
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Cell cooperation in the antibody response 


Intracellular signaling in & cell activation 
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Fig. 8.5 Antigen is presented to naive T cells by APCs such as 
dendritic cell. B cells also take up antigen and present it to 
the T cells, receiving signals from the T cells to divide and 
differentiate into antibody-forming cells (FCs) and memory & 
cells (Bu). 


analogous to the process that occurs in T’ cells (see 
Fig. 7.21). 
1B cell activation is also markedly augmented by the ‘co- 
receptor complex’ comprising three proteins: 
+ CD21 (complement receptor-2, CR2); 
+ CDI; and 
* CDS! (target of antiproliferative antibody, TAPA-1) 
(Fig. 8.7). 
Follicular dendritic cells are known to retain antigen on 
their surface for prolonged periods of time as immune 
complexes (iccosomes). The antigen in such complexes 
can bind to: 
* CD21 (via the complement fragment C3d); and 
* surface immunoglobulin on the B cells. 
Phosphorylation of the cytoplasmic tail of CD19 can then 
occur, leading to binding and activation of Lyn. Its likely 
that these kinases enhance the activation signal through 
the phospholipase C and phosphatidylinositol 3-kinase 
pathways, particularly when antigen concentration is low. 


membrane ig 


Fig. 86 B cell activation is similar to T cell activation. If 
‘membrane immunoglobulin becomes crosslinked (e.g. by a TI 
antigen), tyrosine kinase, including Lck, Ly, Fyn, and Blk, 
become activated. They phosphorylate the ITAM domains in 
the lgc: and Igf chains ofthe receptor complex. These can 
then bind another kinase, Syk, which activates phospholipase 
C. This acts on membrane phosphatidylinasitl bisphosphate 

2) to generate inositol trisphosphate (IP) and diacyl 
alycerol (DAG), which activates protein kinase C. Signals from 
the other kinases are transduced to activate nuclear 
transcription factors. 


@ If an animal was depleted of complement C3 during the 
primary immune response, what effect do you think this 
‘would have on the development of the secondary antibody 
response? 

A. Lack of C3 means that immune complexes containing C3b 
and C3d do not form. Therefore they cannot bind to falicular 
dendritic cells (FDCs) via CR2 or engage with 8 cells via the 
B cell co-receptor complex (see Fig. 8.7); consequently B cell 
activation and the development of the secandary immune 
response is greatly impaired. (These experiments have been 
done by depleting mice of C3 using cobra venam factor.) 


Direct interaction of B cells and T cel 
involves co-stimulatory molecules 
Antigen-specific T cell populations can be obtained by 
growing and cloning TT cells with antigens, APCs, and 
IL-2. Iris therefore possible to visualize directly B cell and 
‘T cell clusters interacting in vitro: 

+ the T cells become polarized, with the TCRs concen- 
trated on the B cell side; 

+ the B cells also become polarized and express most 
of their MHC class Il molecules and intercellular 
adhesion molecule-1 (ICAM-1) in proximity to the 
Tells, 


BAND T CELL ACTIVATION FOLLOW SIMILAR PATTERNS 


B cell co-receptor complex 
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Fig. 87 The B cell co-receptor complex consists of CD21 (the 
complement receptor type 2), CD19, and CD81 (a molecule 
with four transmembrane segments). Antigen with covalently 
bound €3b or C3d can crosslink the membrane 
immunoglobulin to CD21 of the co-receptor complex. This 
greatly reduces the cels requirement for antigen to activate it 
CD19 can associate with tyrosine kinases including Lyn, Fyn, 
‘Vay, and PL-3 kinase (PL-3K). Compare this with CD28 on the 
Teel (see Fig. 7.21). Receptor crosslinking causes 
phosphorylation ofthe lg: and IgB chains of the 
antigen-receptor complex and recruitment and activation 

of Syk. 


‘The interactions in these clusters strongly suggest an 

intense exchange of information, which leads to two 

important events in the B cell life cycle: 

* induction of proliferation; and 

* differentiation into AFCs. 

‘The initial interaction between a naive B cell and a 

cognate antigen via the BCR in the presence of cytokines 

or other growth stimuli induces activation and prolif- 

eration of the B cell. This then leads to processing of the 

‘TD antigen and presentation to T cells (see Chapter 7). 
‘The interaction between B and T cells is a two-way 

process in which: 

* B cells present antigen to T cells; and 

* receive signals from the cells for division and 
differentiation (Fig. 8.8), 

‘The central antigen-specific interaction is that between the 

MAC class If molecule-antigen complex and the TCR. 

This interaction is augmented by interactions between 

pairs of adhesion molecules and co-stimulatory molecules. 


Q. Which co-stimulatory molecules, present on B cells and 
other APCs, promote T cell proliferation? What mechanisms 
are involved? 

A. B7-1 (CD80) and 87-2 (CD86) act on antigen-activated T 
cells by ligating CD28, leading to expression of the high-affinity 
IL-2 receptor (see Fig. 7.16). 


Cell surface molecules involved in the interaction 
between 8 and TH cells 


Fig. 88 Membrane immunoglobulin (mig) takes up antigen 
(Ag) into an intracellular compartment where itis degraded 
and peptides can combine with MHC clas I molecules. Other 
arrows show the discrete signal transduction events that have 
been established, A and B are the antigen receptor signal 
‘transduction events involving tyrosine phosphorylation and 
phosphoinositide breakdown. The antigen receptors also 
regulate LFA-1 affinity for ICAM-1 and ICAM.3, possibly 
‘through the signal transduction events. In the T cell, CD28 
also sends a unique signal to the T cell (C). In the later phases 
Of the response CTLA can supplant CD28 to cause 
downregulation (see Fig. 7.18). In the B cel, stimulation via 
CD40 isthe most potent activating signa (0) n adaition, 
MHC cass Il molecules appear to induce distinct signaling 
events (E), Not shown is the exchange of soluble interleukins 
and binding to the corresponding receptors on the other cell 
(Adapted from DeFranco A. Nature 1991;351:603-605) 


‘The interaction between B and T cells is a two-way 
event as follows: 

* CD40, a member of the TNF receptor family, delivers 
1 strong activating signal to B cells, more potent even 
than signals transmitted via surface immunoglobulin; 

* upon activation, T cells transiently express a ligand, 
termed CD4O0L (a member of the TNF family), which 
interacts with CD40; 

+ CD40-CD40L interaction helps to drive B cells into 
cell eycle; 

‘+ transduction of signals through CD40 induces upreg- 
ulation of CD80/CD86 and therefore helps to provide 
further co-stimulatory signals to the responding 
T cells. 

Signaling through CD40 is also essential for germinal 

center development and antibody responses to TD 

antigens. 


CELL COOPERATION IN THE ANTIBODY RESPONSE 


Q. Some individuals have a mutation that produces a non- 
functional variant af CD40L, In its homozygous form, what 
effect would you expect this mutation to have on serum 
antibody levels? 

‘A. The mutation produces hyper-IgM syndrome, with high 
serum IgM and low IgG, IgA, and IgE levels, due to lack of 
germinal centers and failure of the B cells to switch isotype. 


CYTOKINE SECRETION FROM CD4° T 
CELLS CONTROLS B CELL PROLIFERATION 
AND DIFFERENTIATION 

‘The cytokine milieu is critical for determining the 

outcome of an immune response following B cell~T cell 

interaction. Recent work has shown that CD4* T cells in 
both mouse and human can be divided into different 

subsets, depending on their cytokine profile (Fig. 8.9): 

+ Tul cells — CD4 T cells that produce IL-2 and 
interferon-y (IFNy), but not IL-4, are designated Tl 
and are chiefly responsible for delayed-type hyper- 
sensitivity responses, but can also help B cells produce 
IgG2a (mouse), but not much IgG1 or IgE; 

+ Tw? cells - CD4* 'T cells that produce IL-4, IL-5, 
IL-10, and IL-13, but not IL-2 or IFNy, are designated 
‘Tn and are very efficient helper eells for production 
of antibody, especially IgG1 and IgE; 

+ THO cells ~ many CD4 T cells, especially in humans, 
have eytokine profiles intermediate between Tit1 cells 
and ‘TH2 cells, and are known as “T10* cells. ‘These 
cells are capable of producing both the THI cytokine 
IFNy and the TH2 cytokine IL-4. However, classic 
‘Tul and Tw? cells have been well documented in 
humans, especially in diseased tissues. 

During B cell-T' cell interaction, T cells can secrete a 

number of cytokines that have a powerful effect on B cells 

(see Fig. 8.9). IL-2, for example, is an inducer of prolif- 

eration for B cells. 


Cytokines and 8 cell development 


‘The specific cytokines produced by TH2 cells also 

affect B cells. These cytokines include IL-4, IL-5, IL-6, 

I-10, and IL-13: 
+ IL-4 (previously known as B cell activating or differ~ 
entiation factor-1) acts on B cells to induce activation 
and differentiation, and acts on T cells as a growth 
factor and promotes differentiation of TH2 cells, 
thus reinforcing the antibody response — excess IL-4 
plays a part in allergic disease, causing production 
of IgE; 

+ IL-5 in humans is chiefly a growth and activation factor 
for eosinophils and is responsible for the eosinophilia 
of parasitic disease (in the mouse it also acts on B cells 
to induce growth and differentiation); 

+ IL-6 is produced by many cells including T cells, 
macrophages, B cells, fibroblasts, and endothelial cells, 
and acts on most cells, but is particularly important 
in inducing B cells to differentiate into AFCs ~ IL-6 
is considered to be an important growth factor for 
multiple myeloma, a malignancy of plasma cells; 

+ IL-10 acts as a growth and differentiation factor for 
B cells in addition to modulating cytokine production 
by Til cells; 

+ IL-13, which shares a receptor component and signal- 
ing pathways with IL-4, acts on B cells to produce IgE. 

Other eytokines such as IL-7, originally isolated from 

a stromal cell line as a factor supporting pre-B cell 

growth, have been shown to be indispensable for B cell 

development. 


Q. Give three different ways in which IL-4 can reinforce the 
‘Tu2-type immune response, 

A. It promotes differentiation of THO cells into TH2 cells, It acts 
‘on B cells to promote their division, differentiation, and anti- 
body synthesis, It also acts on endothelium and tissue cells 
to promote the synthesis af chemokines that selectively attract 
THe cells 


eo 112, IFNy, eS 


Fig. 8.9 8 cell development is influenced 
by cytokines from T cell and APCs, and by 
direct interactions with Tw cells. IL-4 is 
‘most important in promoting division, and 
and a variety of cytokines including 1-4, IL- 
5, 1L-6, IL-10, and IFNy influence 
development into antibody-forming cells 
(AFCS), and affect the isotype of antibody 
that will be produced. 


CYTOKINE SECRETION FROM CD4: T CELLS CONTROLS 8 CELL PROLIFERATION AND DIFFERENTIATION, 


Cytokines can also influence antibody affinity. 
Antibody affinity to most ‘TD antigens increases during 
an immune response, and a similar effect can be produced 
by certain immunization protocols. For example, high- 
affinity antibody subpopulations are potentiated after 
immunization with antigen and IFNy (Fig. 8.10). 

‘A number of adjuvants are capable of enhancing levels 
of antibody, but few have this characteristic of also poten- 
tiating affinity. As affinity markedly influences the bio- 
logical effectiveness of antibodies, IFNy may be an 
important adjuvant for use in vaccines. 


Q. Why do adjuvants not generally enhance antibody 
affinity, though they do enhance antibody titers? - think of 
when and how adjuvants act. 

A. Most adjuvants act as depots for antigen or have 
components that promote antigen presentation to T cells. They 
do nat act directly on B cells 


In addition to the effects of cytokines on B cell prolif- 
eration and differentiation, cytokines are capable of 
influencing the class switch from [gM to other immuno- 
globulin classes (see below). 


Cytokine influence on antibody affinity 


Fig. 8.10 Mice were immunized either with antigen alone 
(Ag) or with antigen plus 30 000 units of IFNy (Ag + IFN). 
“The affinity of the antibodies was measured either early or late 
after immunization. Mice receiving IFNy showed more high- 
affinity antibody (darker bars) in both the early and late bleeds 
than mice that received antigen alone, (Adapted from Holland 
GP, Holland N, Steward MW. Clin Exp Immunol 
1990;82:221-226) 


Cytokine receptors aid in B cell growth and 
differentiation 

Receptors for the many growth and differentiation 
factors required to drive the B cells through their early 
stages of development are expressed at various stages 
of B cell differentiation. Receptors for IL-7, IL-3, and 
low molecular weight B cell growth factor are important 
in the initial stages of B cell differentiation whereas 
other receptors are more important in the later stages 
(ig. 8.11). 


B cell-T cell interaction may either activate 

or inactivate (anergize) 

‘The above description of B cell~T-cell interaction 

suggests that the only possible outcome is activation of the 

B cell. However, this is not the case. 

APC-T cell interaction may yield two diametrically 
opposing results, namely activation or inactivation (clonal 
anergy, see Fig. 7.18). 

In the same way, B cells frequently become anergic, 
‘This is an important process because affinity maturation 
of B cells (Gee below) during the immune response as 
a result of rapid mutation in the genes encoding the 
antibody variable regions could casily result in high- 
affinity autoantibodies. 

Clonal anergy and other forms of tolerance in the 
periphery are important for silencing these potentially 
damaging clones. However, the molecular details of 
this process are still unclear. Moreover, the respective 
oles of Tel aid Tg, the Go ell ation eeeepeos 
for antigen on B cells, are also not understood in 
terms of activation or inactivation, Both IgM and IgD 
appear to be capable of transmitting signals for both 
functions. 

Following activation, antigen-specific B cells can follow 
either of two separate developmental pathways: 

* the first pathway involves proliferation’ and differ- 
entiation into AFCs in the lymph nodes or in the 
periarteriolar lymphoid sheath of the spleen ~ these 
AFCs function to rapidly clear antigen, but the great 
majority of these cells die via apoptosis within 2 weeks, 
so it is unlikely that these AFCs are responsible for 
long-term antibody production; 

‘+ in the second pathway some members of the expanded 
B cell population migrate into adjacent follicles to form 
germinal centers before differentiating into memory 
Beells. 

‘The mechanism that determines which path a B cell takes, 
is unknown. However, it is likely that the decision can 
be influenced by the nature of the naive B cells initially 
recruited into the response, the affinity and specificity 
of the BCR, the type of antigen driving the response, and 
the levels of T cell help. 


Q. Which type of APC is specifically located in the germinal 
center? 

A. FDCs (see Fig. 7.2), and these turn out to be very important 
in driving B cell development. 


CELL COOPERATION IN THE ANTIBODY RESPONSE 


Cytokine receptor expression during B cell development 
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Fig. 8.11 The whole life history of B cells from stem cell to 
‘mature plasma cell is regulated by cytokines present in their 
environment. Receptors for these cytokines are selectively 


B CELL AFFINITY MATURATION TAKES 
PLACE IN THE GERMINAL CENTERS 

‘The germinal center is important in that it provides a 
microenvironment whereby B cells can undergo devel- 
opmental events that ultimately result in an affinity- 
matured, long-lived memory B cell compartment of the 
immune system (Fig. 8.12). ‘These developmental events 
come about due to complex interactions between B cells, 
CD# helper T cells, and FDCs. These events include: 

+ clonal proliferation; 

* antibody variable region somatic hypermutation; 

* receptor editing; 

* isotype switch recombination; 


B cell development in germinal centers 


expressed by B cells at diferent stages of development. 
Many of these receptors now have CD nomenclature (see 
Appendix 2). 


‘+ affinity maturation; and 
+ positive selection. 

‘The germinal center initially contains only dividing 
centroblasts. Shortly thereafter, the germinal center polar- 
ines itself into a dark zone containing centroblasts and a 
light zone containing non-dividing (resting) centrocytes 
(Figs 8.13 and 8.14). Centroblasts proliferate rapidly in 
the dark zone and downregulate the expression of their 
surface immunoglobulin. Somatic hypermutation then 
‘occurs to diversify the rearranged variable region. genes 
(ee Chapter 3, p. 83). Somatic hypermutation allows a 
single B cell to give rise to a clone that contains variants 
with different affinities for the antigen. 
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Fig. 8.12 AB cell enters a germinal center 
and undergoes rapid proliferation and 
hypermutation ofits immunoglobulin 
genes. Antigen is presented by the 
folicular dendrite ell (FDC), but only 8 
cells with high-atfnity receptors will 
compete effectively fr this antigen, B els 
that do have a higherafinity 
immunoglobulin express Bc-2 and are 
rescued from apoptosis by interaction with 
Tells (i. the B cel presenting antigen to 
the cll) interaction with T cells 
promotes class svtching, The clas switch 
that takes place depends on the T calls 
present, which partly relates to the 
particular secondary lymphoid tissue and 
the type of curent immune response Tit 
versus Ti2). 8 cells leave the germinal 
enter to become ether plasma cals or 8 
‘memory cells (Bu). 


B CELL AFFINITY MATURATION TAKES PLACE IN THE GERMINAL CENTERS 


‘Schematic organization of the germinal center 
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Fig. 8.13 The functions of the germinal center ate clonal 
proliferation, somatic hypermutation of immunoglobulin, 
receptors, receptor editing, isotype class switching, affinity 
‘maturation, and selection by antigen. In this model, the 
{germinal center is composed of three major zones — a dark 
zone, a basal light zone, and an apical light zone. These zones 
are predominantly occupied by centroblasts, centrocytes, and 
secondary blasts, respectively. Primary B cell blasts carrying, 
surface immunoglobulin receptors (sig) enter the follicle and 
leave as memory B cells ar AFCs. Antigen-presenting follicular 
dendritic cells (FDCs) are mainly found in the two deeper 
zones, and cell death by apaptosis occurs primarily in the 
basal light zone where tingible body macrophages ate also 
located. Blue squares are iecosomes on the FDC. (Adapted 
from Roitt IM. Essential Immunology, 7th edn. Oxford: 
Blackwell Scientific, 1991. Copyright 1991 with permission 
from Blackyvell Publishing) 


Isotype switch recombination (see below) occurs 
following somatic hypermutation and requires cell 
cycling. Receptor editing of immunoglobulin light chain 
genes also occurs in centroblasts. 

Following these developmental changes, the cen- 
troblasts migrate to the FDC light zone of the germinal 
center and give rise to centrocytes, which then re-express 
surface immunoglobulin BCR. In the light zone, centro- 
cytes encounter antigen bound to the FDCs and antigen- 
specific TH2 cells. FDCs and T cells interact with 
centrocytes through: 

* surface molecules such as the BCR, CD40, CD80 (B7- 

1), CD86 (B7-2), LFA-1, VLA-4, CD54 (ICAM-1), and 

CD106 (VCAM-1); and 


Zoning of the germinal center of a lymph node 


Fig, 8.14 This Giemsa-stained section (x 40) shows the ight 
part (Ieft) and the more actively proliferating dark part (ight). 
‘There isa well-developed mantle of small resting lymphocytes, 
Which have less cytoplasm and therefore appear more densely 
packed. (Courtesy of Dr K McLennan) 


+ cytokines such as 1L-2, IL-4, IL-5, IL-6, IL-10, IL-13, 
and lymphotoxin. 

After the centrocytes have stopped dividing, they are 

selected according to their ability to hind antigen. Those 

with high-affinity receptors for foreign antigen are posi- 

tively selected whereas those without adequate affinity 

undergo Fas-dependent apoptosis (see Chapter 10). 


Self-reactive B cells generated by somatic 
mutation are deleted 

Centrocytes that respond to soluble antigen or do. not 
receive TT cell help are negatively selected and undergo 
Fas-independent apoptosis. In this way, selection pro- 
vvides a mechanism for elimination of self-reactive antibodies, 
that may be generated during somatic hypermutation. 

Positively selected centrocytes can re-enter the dark 
zone for successive rounds of expansion, diversification, 
and selection. 

Somatic hypermutation and selection improve the 
average affinity of the germinal center B cell population 
for presented antigen. 

Following these B cell developmental stages, the cen- 
trocytes exit the germinal center and lose their suscep- 
tibility to apoptosis by: 

+ reducing Fas; and 

+ increasing the expression of Bel-2. 

‘Three possible outcomes are associated with exit from the 

germinal center: 

* antibody-secreting bone marrow homing effector B 
cells; 

‘+ marginal zone memory B cells; 

+ recirculating memory B cells. 

‘The factors that regulate the decision to exit the germinal 

center are poorly understood. 


In-vivo antibody responses show isotype 
switching, affinity maturation, and memory 

‘The earliest studies on antibody responses followed the 
development of specific antibodies in animals immunized 
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[0024] Referring to FIG. 5, the charges ereate a uniform 
spherical field between the towers. The conducting spheres 
perturb tis fiek! such that the electric field (E) points toward 
the upper tower in a manner similar to that shown previously 
in FIG. 2 


[0025] Referring to FIG. 6, the conducting sphere pro- 
‘duces an electric dipole moment (A) pointing at an angle 
toward the upper tower 


[0026] Referring to FIG. 7, by the law of addition of 
vectors, the electric dipole p can be represented by two 
‘orthogonal vectors pointing in the vertical z-direction p, and 
in the inward radial direction p,, 


[0027] Referring to FIG. 8, the bolow tube (A) connect- 
7g the cabin with the conducting sphere contains a spiral 
‘wound electrical solenoid (B) which produces « magnetic 
field (C). This magnetic fick Bean be decompesed into 10 
corthogonal vectors pointing inthe vertical zcirection B, and 
inthe outward radial direction B, as shown in FIG. 9 


[0028] Referring to top-view FIG. 10, the spacecraft has 
a clockwise angular velocity w (A) which gives the con- 
‘ducting sphere a velocity w as shown by the vector (B). By 
the right-hand rule of physics, the angular velocity vector 
points in the negative z-direction. The angular velocity in the 
zadirection crossed with the radius r in the radial direction 
produces a velocity v in the clockwise O-direetion using 
cylindrical coordinates (0) 


[0029] Referring to FIG. 11, the negative radial dipole 
‘moment p, crossed with the negative velocity vy of the 
‘sphere produces a positive magnetic moment 44, in the 
zalirection. 


event PNY 
[0030] Referring to FIG. 12, the magnetic field B, ia the 
‘vertical z-direction is dotted with the magnetic momeat ., 
the z-direction to produce a force F, in the vertical z-<direc- 
tion on each conducting sphere (FIG, 13) 


Flu, Bem Be 
[0031] ‘The magnetic field that is produced by the solenoid 
actually curves away and around. Thus there isa gradient oF 
the field in the z-tirection, 


[0032] ‘The force can also be expressed in tensor notation. 
‘The magnetic B field in the vertical direction is part of an 
‘electromagnetic 4x4 matrix Faraday tensor F 


which shows that the magnetic field is located in slot Fg of 
the Faraday tensor, In tensor notation the subscripts and 
‘superscripts have to match up on both sides of the equation. 
Matching subscripts and superscripts on the same side of the 
‘equation cancel. In this ease, the electric dipole moment is 
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in the radial direction p,. The velocity can be represented as 
a time derivative of the -coordinate x° or 
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[0033] Thus the force component in the z-tirection 
becomes 


28, 8. 


Fi, = (pk 


‘where the angular and radial tensor components cancel and 
‘comma-z(,2) represents differentiation of the magoetic field 
in the z-direction. 


[0034] The spacecraft design also has an inherent motion 
control system for moving in various directions. If the 
magnetic field of one solenoid arm is increased or decreased, 
the force on that sphere will be inereased or decreased. Thus 
the spacecraft can turn in a particular direction 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0035] FIG. 1. Electric dipole. 
[0036] FIG. 2. Uniform electri field perturbed by electric 
dipole, 

[0037] FIG. 3. Perspective view of spacecraft, 

[0038] FIG. 4. Angle of solenoid tube 

[0039] FIG. $. Electric field perturbed by conducting 
sphere 

[0040] FIG. 6, Electric dipole generated by conducting 
sphere 

[0041] FIG. 7. Orthogonal vector components of electric 
dipole. 

[0042] FIG. 8. Magnetic field produced by tube arm 
solenoid 


[0043] FIG. 9. Orthogonal vector components of mag 
netic field 


[0044] FIG. 10. Angular velocity of hull. 


[0045] FIG. U1. Magnetic moment produced by radial 
electric dipole and sphere velocity 

[0046] FIG. 12. Dot produet of the magnetic moment with 
the magnetic field. 

[0047] FIG. 13. Vertical lift force on all four conducting 
spheres. 


[0048] FIG. 14. Perpective view of spaceeralt interior 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0049] 1, Referring to the cutaway view FIG. 14, the 
‘construction of the spacecraft isa thin-wall insulating ther- 
moplastic having a dielectric constant in the range of 20 
kilovolts per millimeter (A). An insulated electrode (B) runs 
from the cabin power supply and high-voltage transformer 


CELL COOPERATION IN THE ANTIBODY RESPONSE 


with TD or TLantigens, With our improved knowledge of 

B cell development and maturation, it is now possible to 

understand the features of immune responses in vivo in 

terms of the underlying cellular events. Features of 
antibody responses in vivo include: 

* the enhanced secondary response; 

* isotype switching; 

* affinity maturation; 

+ the development of memory. 

However, some of these events can be understood only 

by viewing the B cell population as a whole, rather than 

as a collection of individual cells. ‘The elements of the 
antibody response in vivo are detailed as follows. 

Following primary antigenic challenge, there is an 
initial lag phase when no antibody can be detected. This is 
followed by phases in which the antibody titer increases 
logarithmically to a plateau and then declines. The decline 
occurs because the antibodies are either: 

+ naturally catabolized; or 

* bind to the antigen and are cleared from the circulation, 
(Fig. 8.15). 

An examination of the responses following primary and 

secondary antigenic challenge shows that the responses 

differ in the following four major respects (Fig. 8.16): 
time course ~ the secondary response has a shorter lag 
phase and an extended plateau and decline; 

+ antibody titer — the plateau levels of antibody are 
much greater in the secondary response, typically 
10-fold or more than plateau levels in the primary 
response; 

* antibody class ~ IgM antibodies form a major propor- 
tion of the primary response, whereas the secondary 
response consists almost entirely of IgG, with very 
litele IgM; 


The four phases of a primary antibody response 


Fig. 8.15 After antigen challenge, the antibody response 
proceeds in four phases ~ a lag phase when no antibody is, 
detected; a log phase when the antibody titer increases. 
logarithmically; a plateau phase during which the antibody 
titer stablizes; and a decline phase during which the antibody 
Is cleated or catabolized. In a primary immune response, IgM 
initially predominates, followed by IgG. The actual time course 
and titers reached depend on the nature of the antigenic 
challenge and the nature of the host. 


Primary and secondary antibody responses 


Fig. 8.16 In comparison with the antibody response after 
primary antigenic challenge, the antibody level after 
secondary antigenic challenge in atypical immune response 
appears more quick, persists fora longer perio of time, 
attains a higher titer, and consists predominantly of IgG 
antibodies. 


+ antibody affinity - the affinity of the antibodies in 
the secondary response is usually much higher; this is 
referred to as ‘affinity maturation’. 

‘The functions of the different antibody classes are detailed 

in Chapter 3. 


Affinity maturation of B cells depends on 

cell selection 

‘The antibodies produced in a primary response to a TD 

antigen generally have a low average affinity. However, 

during the course of the response, the average affinity 
of the antibodies increases or ‘matures’. As antigen 
becomes limiting, the clones with the higher affinity have 

a selective advantage. This process is called affinity 

‘maturation. 

‘The degree of affinity maturation is inversely related to 
the dose of antigen administered. High antigen doses 
produce poor maturation compared with low antigen 
doses (Fig. 8.17). Itis thought that: 

* in the presence of low antigen concentrations only B 
cells with high-affinity receptors bind sufficient antigen 
and are triggered to divide and differentiate; 

* in the presence of high antigen concentrations, there is, 
sufficient antigen to bind and trigger both high- and 
low-affinity B cells. 

Although individual B cells do not usually change their 

overall specificity, the affinity of the antibody produced by 


a clone may be altered. 


Affinity maturation is achieved through two 

Processes 

Affinity maturation is achieved through two processes: 

+ somatic mutation of the variable (V), diversity (D), and 
joining (J) gene segments encoding the variable regions 
of antibodies (see Chapter 3); 


B CELLS SWITCH IMMUNOGLOBULIN CLASS BY RECOMBINING HEAVY CHAIN GENES 


tow antigen dose, 


Fig. 8.17 The average affinity of the lM and IgG antibody 
‘responses after primary and secondary challenge with a TD 
antigen is shown. The affinity of the IgM response is constant 
throughout. The affinity maturation of the IgG response 
depends on the dose of the secondary antigen. Low antigen 
doses produce higher-affinity immunoglobulin than high 
antigen doses because the high-affinity clones compete 
effectively forthe limiting amount of antigen. 


* antigen-driven selection and expansion of mutant 
clones expressing higher-affinity antibodies. 

‘The mechanism by which affinity maturation occurs is 
thought to involve B cell progeny hinding to antigen on 
FDCs in order to proliferate and differentiate further. Itis 
thought that unprocessed antigen in immune complexes is 
captured by FDCs via their Fe and complement receptors 
(see Fig. 2.18) and held there, As B cells encounter the 
antigen, there is competition for space on the surface of 
the FDC, leading to selection. When a cell with higher 
affinity arises, it will stay there longer and presumably be 
given a stronger signal. B cells with higher affinity will 
therefore have a selective advantage. 

‘An alternative theory is that B cells with higher-affinity 
receptors compete more effectively to bind and internalize 
antigen and therefore have a greater potential of pre- 
senting antigen to T cells, and receiving TT cell help. 


Somatic hypermutation and receptor editing 
lead to changes in the BCR 

Somatic hypermutation is a common event in AFCs 
during TD responses and isimportant in the generation of 
high-affinity antibodies. 

Somatic hypermutation introduces point mutations at a 
very high rate into the variable regions of the rearranged 
heavy and light chain genes (see Fig. 3.32). This results in 
mutated immunoglobulin molecules on the surface of the 
B cell. Mutants that bind antigen with higher affinity than 
the original surface immunoglobulin provide the raw 
material for the selection processes mentioned above. 

‘The mechanism by which somatic hypermutation 
occurs involves an enzyme called activation-induced 
cytidine deaminase (AID), which converts cytidine bases 
in DNA into uracil. The enzyme is specifically expressed 


in active B cells and is induced by IL-4 and ligation of 
CD40. Animals lacking this enzyme have deficient somatic 
hypermutation and class switch recombination (see 
below). 

‘The abnormal uracil bases produced in the DNA are 
processed by a number of DNA repair systems, which fix 
the mutation in the immunoglobulin gene sequence. 

AID appears to be targeted to the actively transcribing 
DNA genes by association with RNA polymerase, though 
it acts preferentially on the non-transcribing strand. ‘The 
mechanism that preferentially targets AID to immuno- 
globulin genes is still uncertain, but it may involve sec- 
ondary structures in the displaced (non-coding) DNA, or 
additional proteins expressed in B cells that are associated 
with the immunoglobulin V region gene. 

Receptor editing is another mechanism by which 
diversity can be introduced into B cells during affinity 
maturation, Secondary V(D)J recombination can occur 
in immature B cells whose antigen receptors bind self 
antigen. ‘The resulting immunoglobulin rearrangement 
converts these cells into non-self-reactive cells. In this 
‘way, specificity for foreign antigens can be improved and 
self-reactivity avoided. 


B CELLS SWITCH IMMUNOGLOBULIN 
CLASS BY RECOMBINING HEAVY CHAIN 
GENES 

B cells produce antibodies of five major classes ~ IgM, 

IgD, IgG, IgA, and IgE. In humans, there are also four 

subclasses of IgG and two of IgA (see Chapter 3). Fach 

terminally differentiated plasma cell is derived from a 

specific B cell and produces antibodies of just one class or 

subclass. 

Al classes of immunoglobulin use the same set of 
variable region genes, 

‘The first B cells to appear during development carry 
surface IgM as their antigen receptor. Upon activation, 
other classes of immunoglobulin are seen, each associated 
with different effector functions. 

‘When a mature AFC switches antibody class, all that 
changes is the constant region of the heavy chain. The 
expressed V(D)J region and light chain do not change. 
Antigen specificity is therefore retained. 

‘This has been shown by the analysis of double 
myelomas, in which two monoclonal antibodies are 
present in the serum at the same time: 

* IgM and IgG antibodies from a patient with multiple 
myeloma have been found to have identical light 
chains and Vit regions — only the constant regions are 
switched, from jt t0 7% 

‘+ similarly, IgM and IgD are often found on the surface 
of a lymphocyte at the same time, 

Again, although the classes are different, the antigen- 

binding specificities are identical. 

‘The constant region genes encoding the different 
heavy chains (Ci) are responsible for the generation of 
antibody classes and subclasses. ‘These genes are clustered 
at the ¥ end of the immunoglobulin heavy chain (IGH) 
locus, downstream of the J segment genes. 


&._CELL COOPERATION IN THE ANTIBODY RESPONSE 


Constant region genes of mouse 


constant region genes 
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Fig. 8.18 The constant region genes ofthe mouse are artanged 8.5 kb downstream 
from the recombined VD] segment. Each C gene (except Cé) has one or more 
switching sequences at its start (red circles), which correspond to a sequence atthe 
‘5 end ofthe 1 gene. This allows any of the C genes to be expressed together with 
the VD} segment. & genes appear to use the same switching sequences a u, but the 
gene transcript is lost in RNA processing to produce IgD. The C genes (expanded 
below for 1 and 2a) contain introns separating the exons for each domain (C1, C2, 
etc). The y genes also have a separate exon coding fr the hinge H) and all the 
‘genes have one or more exons coding for membrane-bound immunoglobulin (M). 


‘The arrangement of the constant genes in mouse and 
humans is shown in Figs 8.18 and 8.19. Upstream of the 
genes is a switch sequence (S), which is repeated upstream 
to each of the other constant region genes except 8. These 
sequences are important in the recombination events that 
occur during class switching, as explained below. 


Class switching occurs during maturation 
and proliferation 

Most class switching occurs during proliferation. 
However, it can also take place before encounter with 
exogenous antigen during early clonal expansion and 
maturation of the B cells (Fig. 8.20). This is known 


Constant region genes and class switching in humans 


because some of the progeny of immature B cells syn- 
thesize antibodies of other immunoglobulin classes, 
including IgG and IgA. 

Further B cell differentiation results in synthesis of 
surface IgD, an antibody class found almost exclusively on 
B cell membranes. 

Different classes of surface immunoglobulin on the 
same B cell have the same antigen specificity, that is, they 
express the same V region genes, though later additional 
diversity within a single clone may be generated by 
somatic mutation after class switching. 

Evidence that some class switching occurs independ- 
ently of antigen comes from experiments with vertebrates 
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Fig. 8.19 The human immunoglobulin heavy chain gene locus 
(GH) is shown. Initially, B cells transcribe a VDJ gene and a 
hheavy chain that is spliced to produce mRNA for IgM. Under 
the influence of T cells and cytokines, class switching may 
‘occur, illustrated here as a switch from IgM to lgG2. Each 
hheavy chain gene except CD (which encodes IgD) is preceded 


by a switch region, When class switching occurs, recombination 
between these regions takes place, with the loss of the 
intervening C genes — in this case CM, CD, CG3, CGI, and 
‘CAL. (Note that pseudogenes have been omitted from this 
diagram.) 


B CELLS SWITCH IMMUNOGLOBULIN CLASS BY RECOMBINING HEAVY CHAIN GENES 


B cell differentiation — class diversity 


Fig. 8.20 Immature B cells produce IgM only, but mature B 
cells can excess mare than one cell surface antibody because 
mRNA and cell surface immunoglobulin remain after a class 
switch, IgD is also expressed during clonal maturation, 
‘Maturation can accur in the absence of antigen, but the 
development into plasma cells (which have itl surface 
Immunaglabulin, but much cytoplasmic immunoglobulin) 
requires antigen and (usually) T cell help. The photographs 
show B cells stained for surface IgM (green — 1) and plasma 
call stained for cytoplasmic IgM and IgG (green and red 2). 
IgM Is stained with fluorescent anti-j chain and IgG with 
‘hodaminated anti-y chain 


Class switching by gene recombination 


raised in gnotobiotic (virtually sterile) environments 
where exposure to exogenous antigens is severely 
restricted. 


Class switching is achieved by gene 
recombination 

B cells switch from IgM to the other classes or subclasses 
by an intrachromosomal deletion process in which the 
intervening genetic material between highly repetitive 
switch regions 5’ to each Cit gene is excised as a circle 
(Fig. 8.21), 

Switching involves cytokine-dependent transcription of 
DNA in the region of the new constant region, reflecting 
changes in the chromatin in that region. This occurs 
before recombination of the 5’ switch regions that precede 
the genes for each of the heavy chain isotype constant 
region domains. 


Class switching may also be achieved by 
differential splicing of mRNA 

Class switching is important in the maturation of the 
immune response and may be accompanied or preceded 
by somatic mutation, 

Initially, a complete section of DNA that includes the 
recombined VDJ region and the 6 and pt constant regions 
is transcribed. ‘Two mRNA molecules may then be pro- 
duced by differential splicing, each with the same VDJ 
segment, but having either 1 or 8 constant regions. 

Tis suggested that much larger stretches of DNA are 
sometimes also transcribed together, with differential 
splicing giving other immunoglobulin classes sharing Viz 
regions (Fig. 8.22). This has been observed in cells simvul- 
taneously producing IgM and IgE. 


Production of membrane and secreted 
immunoglobulin results from differential 
transcription of the H chain region 
Membrane-bound immunoglobulin (BCR) is identical to 
secreted immunoglobulin (antibody) except for an extra 
stretch of amino acids at the C terminus of each heavy 
chain. 
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Fig. 8.21 Initially the VDJ region is 
transcribed together with the M gene for 
the IgM heavy chain (left). After removal of 
introns during processing, mRNA for 
secreted IgM is produced. During B cell 
‘maturation, class switch recombination 
‘occurs between the Su (the switch region 
of the 4 heavy chain gene) recombination 
tegion and a downstream switch region. 
(GI in this example). The intervening region 
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(containing genes for IgM, IgD, and IgG3 


el In this instance) is looped out and then 


primary RNA transcript (gM) 


primary RIVA transeript (IgGl) 


‘cut, with deletion of the intervening regions 
and joining of the twa switch regions. 
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Isotype switching by differential RNA splicing 
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Fig. 8.22 Single B cells produce more than one antibody 
Isotype from a single long primary RNA transcript. A transcript 
Containing j and 5 is shown here, Polyadenylation can occur 
at different sites, leading to different forms of splicing, 
producing mRNA far IgD (top) ar IgM (bottom). Even within 
this region, there are adaltional polyadenylation sites that 
determine whether the translated immunoglobulin is the 
‘secreted or membrane-bound form. 


Membrane immunoglobulins are therefore slightly 
larger than their secreted counterparts. Their additional 
amino acids traverse the cell membrane and anchor the 
molecule in the lipid bilayer. In membrane IgM, for 
example, a section of hydrophobic (lipophilic) amino acids 
is sandwiched between hydrophilic amino acids, which lie 
on either side of the membrane (Fig. 8.23). 
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‘Membrane immunoglobulins: 

+ exist only as the basic four-chain unit; 

+ do not polymerize further; and 

* are associated with molecules involved in signal 
transduction (e.g. Iget and Igp). 

Production of the two forms of immunoglobulin (mem- 

brane and secreted) occurs by differential transcription of 

the germline C region (Fig. 8.24). It is thought that the 

poly A sequence is important in determining which RNA. 

transcript is produced, but exactly how this is controlled is, 

uncertain, 


Immunoglobulin class expression is 
influenced by cytokines and antigenic 
stimulus 

During a TD immune response, there is a progressive 

change in the predominant immunoglobulin class of the 

specific antibody produced, usually to IgG. This class 
switch is not seen in TI responses, in which the predom- 
inant immunoglobulin usually remains IgM. 

‘There is now considerable evidence for the involve- 
ment of cells and their cytokines in the de-novo isotype 
switching: 

* in mice, T cells in mucosal sites have been shown to 
stimulate IgA production; 

+ IL-4 preferentially switches B cells that have been 
either polyclonally activated (by lipopolysaccharide) or 
specifically activated by antigen to the IgG1 or IgE 
isotype, with concomitant suppression of other isotypes, 
and ina similar system IL-5 induces a 5-10-fold increase 
in IgA production with no change in other isotypes; 


Fig, 8.23 C terminal amino acid sequences for bath secreted and 
membrane-bound IgM are idential up to residue 556, Secreted 
IgM has 20 further residues, Rescue 363 (asparagine) has a 
Carbohydrate unit tached to, wile residue $75 fa cstine 
involved inthe formation of interchain disulfide bonds, Membrane 
IgM has 41 residues beyond 556. A stretch of 26 residues between 
568 and 595 contain hydrophobic aminoacids sandwiched 
‘between sequences containing charged residues. This hydrophobic 
portion may waverse the cell membrane as two tums ofa heli. A 
shot, positively charged, section lies inside the cytoplasm. Mouse 
IgM is shown in this example, 


FURTHER READING 


Production of membrane and secreted IgM 


RNA primary 


Fig. 8.24 Part of the DNA coding for IgM. 
is shown diagrammatically. The exons for 
the 43 and 414 domains (H3 and H4) and 
the transmembrane and cytoplasmic 
‘segment of membrane IgM (M) are 
Indicated. The 3° untranslated sequence Is 
present at the end of the H4 and second 
membrane segments (5 = stop codons). 
‘The DNA can be transcribed in two ways. 


transcript 


If transcription stops after S, the transcript 
with a poly A tall s processed to produce 
mRNA for secreted lgM. If transcription 


v 
| aon] 


mRNA 


runs through fo include the membrane 
‘segments, processing removes the codons 


{or the terminal amino acids and the stop 
‘signal of H4, so translation yields a protein 
with a different C terminus. 


Isotype regulation by mouse T cell cytokines 


1963 [igG2b]| 


ai tiefetede 


Ww 


FURTHER READING 

Mardy RR, Hayakawa K.B cell development pathways. Annu Rev 
Immunol 2001;19-595-621, 

Henderson A, Calamé K, Transcriptional regulation during B cell 
development. Annu Rev Immunol 1998;16:163-200, 

Lane P. Development of B cell memory and effector function. Curr 


fe fe olle |= le le 


m | wm fs |e |e te | edt 


Fig. 8.25 The effects of IFNy (product of Tul cels) and IL-4 
and IL-5 (products of TH2 cel), which result in an increase 
(1), decrease (J), oF no change ) inthe frequency of 
‘sotype-specifc 8 cells ater stimulation with the polyclonal 
activator lipopolysaccharide (LPS) in vitro. 


* IFNy enhances IgG2a responses in mice, but sup- 
presses all other isotypes (Fig. 8.25). 
Ici interesting that IL~4 and IFNy, which act as recip- 
rocal regulatory cytokines for the expression of antibody 
isotypes, are derived from different Tit subsets. In 
addition, IL-12 and IL-18 stimulation of mouse T’ cells 
can induce the production of IFNy. ‘These cells can 
therefore act as immunoregulatory cells by differentially 
inducing IgG2a expression, while inhibiting IgGl, IgE, 
and IgG2b expression. ‘Transforming growth factor- 
(TGEB) induces the switch to IgA or IgG2b. In humans, 
the situation is somewhat different: 
* IL-4 induces the expression of IgG+ and IgE; and 
+ TGF induces the expression of IgA alone. 
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CELL COOPERATION IN THE ANTIBODY RESPONSE 


Critical thinking: Development of the antibody response (see p. 495 for 
explanations) 


[A project is under way to develop a vaccine against mouse 
hepatitis virus, a pathogen of mice that may become a serious 
problem in colonies of mice. The vaccine consists of capsid 
protein of the virus, which is injected subcutaneously as a 
depot in alum on day 0. At days § and 14, the group of six 
mice is bled and the serum is tested for the presence of 
antibodies against the viral capsid protein. Separate assays are 
done for each of the immunoglobulin classes, IgM, IgG, and 

IgA. The amounts, expressed in mg/ml of antibody are shown 

in the figure. 

When the data are analyzed it appears that two of the 
animals have high titers of antibody, particularly of IgG and 
IgA, at both days 5 and 14. 

1. Why do the titers of IgG antibodies increase more rapidly 
between days 5 and 14 than the titers of lgM antibodies, in 
all animals? 

2 Propose an explanation forthe high titers of IgG antibodies 
‘in the two animals indicated at day 5. Can this explanation 
also account forthe relatively high levels of IgA antibodies 
also seen in these mice? 

“The spleens from mice taken at day 14 are used to produce B 

Cells making monoclonal antibodies against the viral protein 

(see Method Box 3.1). Of the clones produced, 15 produce 

IgG, three produce IgM, and none produces IgA. 

3 Why do you suppose there are no IgA-producing clones, 
despite the good IgA response? 

4 You want a high-affinity antibody for use 


{an assay. Which 


of the clones you have produced are likely to be of higher 
affinity? 


Mononuclear 
Phagocytes in 


Immune Defense 


SUMMARY 


‘+ Macrophages, myeloid dendritic cells, and osteoclasts all 
differentiate from circulating blood monocytes. 


+ Resident macrophages are widely distributed 
throughout the bady. Phenotypically distinct populations 
are present in each organ and within the different zones of 
spleen and lymph nodes. 


‘+ Resident and recruited macrophages respond to injury 
and immune stimull, Til cytokines such as IFNy enhance: 
inflammation and antimicrobial activity, Ti2 cytokines 
Induce an alternate activation with efficient antigen 
presentation to B cell. TGR, corticosteroids, and IL-10 
an Induce an antt-nflammatory phenotype. 


‘+ Resident macrophages clear apoptotic cells using 
scavenger receptors and the vitronectin receptor. 
Endocytosis by this pathway does not activate the 
‘macrophage kiling mechanisms, 


‘Macrophages internalize pathogens using a variety of 
specific and opsonic receptors. These include the LPS 
receptor and Tol-ike receptors, the f-glucan receptor, the 
‘mannose receptor (MR), the Fe receptors, and complement 
receptors CRI, CR3, and CRS. 


Activated macrophages secrete cytokines, enzymes, 
‘complement system molecules, and procoagulant. 
Resting macrophages have only a limited kiling activity. 


Activated macrophages produce reactive oxygen and 
nitrogen intermediates which are highly toxic for 
‘endocytosed bacteria and fungi, Recently recruited cells 
are mast effective at antimicrobial killing. 


Macrophages can initiate, promote, prevent, suppress, 
and terminate immune responses. 


MACROPHAGES DIFFERENTIATE FROM. 
CIRCULATING BLOOD MONOCYTES 
Mononuclear phagocytes comprise a family of cells that 
share common hematopoietic precursors and are distrib- 
uted via the blood stream as monocytes to all tissues of the 
body, including secondary lymphoid organs, even in the 
absence of an overt inflammatory stimulus. 

Within tissues the mononuclear phagocytes undergo 
maturation, adapt to their local microenvironment, and 
differentiate into various cell types: 

+ macrophages; 

* mycloid-derived dendritic cells; and 

* osteoclasts 

‘These various cell types perform specific housekeeping, 
trophic, and immunologic functions (Fig. 9.1). 

‘The macrophages for the most part become and remain 
highly efficient phagocytes and play an important role in 
pathogen recognition and clearance during infection, as 
well as removal of senescent and dying cells and immune 
complexes (Fig. 9.2). 

In response to particulate and other potential antigenic 
stimuli: 
© the dendritic cells are uniquely efficient inducers of 

primary immune responses by naive 'T cells; whereas 


‘+ macrophages produce a range of secretory products 
thar affect the migration and activation of other 
immune cells. 

‘Macrophages are actively endocytic and degrade antigens, 

but can present peptides to already primed T cells in 

secondary responses after MHC and other accessory 
molecules have been induced by cytokines such as IFNy 
derived from Titl cells and NK cells. Once recruited and 

activated by such interactions, the macrophage plays a 

major role in the effector limb of cell-mediated immunity 

to intracellular pathogens such as mycobacteria, often 
within focal accumulations of cells known as granulomas. 

‘Macrophages are extremely heterogeneous in their gene 
expression and cellular activities, with beneficial as well as 
destructive roles in tissue homeostasis and host defense. 

‘Through their varied plasma membrane receptor reper- 
toire and secretory responses, macrophages interact with 
other leukocytes as well as non-hematopoietic cells in all 
tissues, so regulating both innate and acquired immunity. 

Although the concept of the mononuclear phagocyte 
system is central to our understanding of immunity, this 
is but one role in a wider context of physiologic and 
pathologic contributions to tissue maintenance, response 
to injury, and repair. 
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Fig. 9.1 Circulating monacytes give rise to myeloid dendritic 
Cells (distinct from plasmacytoid dendritic cells, which are 
thought to originate from distinct precursors, tissue 
‘macrophages, and osteoclasts. F4/80 and FA/11 (macrosialin, 
the murine homolog of CD68) ate differentiation antigens of 
‘mouse macrophages and closely related cells, 


RESIDENT MACROPHAGES ARE WIDELY 
DISTRIBUTED THROUGHOUT THE BODY 
Some of the key features of resident macrophage popula- 
tions in tissues are shown in Fig, 9.3. The cells vary in 
their life span, morphology, and phenotype, for example 
the microglial cells in the brain appear quite unlike 
mononuclear phagocytes in other tissues (Fig. 9.4). 


Role of macrophages and dendritic cells in immune defense 
innate immunity and 
apoptotic cll clearance 
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phagocytosis 
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Rapid Reference Box 9 


chemokines —a large group of cytokines falling into four 
separate families. The main families are the CC group and 
the CXC group. They include interleukin-B (CKCL8), 
‘manocyte chemotactic proteln-1 (MCP-1, CCL2), RANTES, 
(CCLS) macrophage inflammatory protein-la: (MIP-1c, 
‘CCL3) interferon inducible protein 10 (IP-10, CCLIO), and 
‘many others. They act on seven-transmembrane pass 
receptors and have a variety of chemotactic and cell- 
activating properties, acting on selected populations of 
target cells (see Appendix 4). 

SFs (colony stimulating factors) ~ a group of cytokines that 
control the differentiation of hematopoietic stem cells, 

cytokines ~ a generic term for soluble molecules that mediate 
interactions between cells (see Appendix 3). 

IENs (interferons) — a group of molecules involved in 
signaling between cells of the immune system and in 
protection against viral infections. 

1L-1-1L.27 (interleukins) — a group of molecules involved in 
signaling between cells of the immune system. 

{Ts (leukotrienes) — a collection of metabolites of arachidonic 
‘acid that have pawertul pharmacological effects. 

LPS (lipopolysaccharide) — a product of some Gram-negative 
‘bacterial cell walls that can act as a B cell mitogen. 

PGs (prostaglandins) — pharmacologically active derivatives 
Of arachidonic acid. Different prostaglandins are capable of 
‘modulating cell mobility and immune responses. 

TGFs (transforming growth factors) — a group of cytokines 
Identified by their ability to promote fibroblast growth; 
they ate also generally immunosuppressive. 


Resident cells have usually ceased to proliferate, but 
retain the ability to express a range of mRNA and pro- 
teins, often as relatively long-lived cells, with low 
turnover, unlike neutrophils. 

Plasma membrane differentiation markers such as the 
F4/80 antigen have proved useful in defining the distri- 
bution of mature macrophages in many (but not all) 


Fig. 9.2 Both macrophages and dendritic 
calls play important roles in innate immune 
responses, inflammation, and tissue 
remodeling, as well as in specific immune 
responses, 
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RESIDENT MACROPHAGES ARE WIDELY DISTRIBUTED THROUGHOUT THE BODY 


Resident tissue macrophage populations 


bone marrow ‘stromal macrophage interacts with hematopoietic cells, 
removes erythroid nuclei 
liver Kupffer cells learance of cells and complexes from the blood 
“spleen red pulp macrophages learance of senescent blood cells 
white pulp phagocytosis of apoptotic B cells 
tingible body macrophages interface between circulation and immune system 
marginal zone macrophages 
lymph node “Subeapsular sinus macrophages Interface with afferent iymph 
medullary macrophages interface with efferent lymph 
thymus thymie macrophage clearance of apoptotic cells 
out lamina propria ‘endocytosis 
lung ‘alveolar macrophage clearance of particulates and infectious agents 
Brain Thicrogiia in neuropil Thteracts with neurone 
choroid plexus: interface with cerebrospinal fluid 
skin Langerhans cells. antigen capture. 
reproductive tract | ovary, testis clearance of dying cells 
‘endocrine organs | adrenal, thyroid, pancreas, etc. ‘metabolic homeostasis 
bone osteoclasts bone remodeling 


Fig. 9.3 Resident tissue macrophage populations. 


‘Microglia in mouse brain stained for F4/80 


fies and show! a dendtic morphology. (Courtesy of Dr 
Payar Rezae) 


murine tissues. In humans, the CD68 antigen, an intra- 
cellular vacuolar marker, is widely expressed; the murine 
homolog (macrosialin) is a pan-macrophage marker, also 
present in many myeloid dendritic cells and osteoclasts, 
unlike F4/80. 

It is possible to reconstruct a constitutive migration 
pathway in which monocytes become endothelial-like and 


line vascular sinusoids, as in the liver (Kupffer cells, see 
Fig. 2.3), or penetrate between endothelial cells. They 
underlie endothelia or epithelia, which can also be 
penetrated by, for example, Langerhans’ cells (F4/80° 
precursors of dendritic cells), or enter the interstitial space 
or serosal cavities (Fig. 9.5). 

Although macrophages are often regarded as sessile 
cells compared with freely migratory dendritic cells, they 
readily migrate to draining lymph nodes after an inflam- 
matory stimulus and become arrested there. They are 
therefore absent from efferent lymph and do not, as a rule, 
re-enter the circulation. 


Q. Why is there no advantage for the immune system in the 
recirculation of macrophages, whereas recirculation of 
lymphocytes is a central element in immune defense? 

A. Macrophages do not develop an immunological memory, 
and do not undergo the selective clonal expansion of antige 
stimulated lymphocytes that occurs in lymphoid. tissues 
Therefore there is no advantage in having macrophages return 
to the circulation from lymphoid tissues. 


‘Mature macrophages are themselves part of the stromal 
microenvironment in bone marrow. They associate with 
developing hematopoietic cells to perform poorly defined 
non-phagocytic trophic functions, as well as removing 
effete cells and erythroid nuclei. 

Secondary lymphoid organs contain several distinct 
types of macrophage and related cells, which are still 
poorly understood. Fig. 9.6 illustrates the complexity of 
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(© to the tip of each tower (D). The four spheres (E) are 
silver plated to make them conducting. The tube solenoids 
(B) ave driven by a direct current power supply (6). 
[0050] 2. The present model uses 3D computer design 
software and stereolithography fabrication techniques 10 
create the thin-wall, low-weight, hollow structure of the 
bull. The computer model is sliced into many thin horizontal 
slices. A laser, mounted on an x-y table, draws out the si 
‘on a table immersed ina bath of liquid polymer. Due (0 its 
sensitivity to the light, the liquid polymerizes. The table is 
then lowered a few thousandlibs of an inch more and the 
process is repeated. Thus making hollow spherical and 
‘conical shapes is extremely easy o do, Parts can be designed 
and stored in * STL stereolithography files for transmission 
by Internet e-mail othe service bureau machine shop which 
sends the finished parts back the next day by express mail 


1 claim: 

1. A spacecraft comprising: 

‘a spherical cabin; 

>. an electrostatic conical tower mounted on top of item 
(Qa), supporting a vertically-mounted negatively 
charged insulated electrode at the tip of the tower; 

¢-an electrostatic conical tower mounted on the bottom of 
item (1a), supporting a vertially-mounted positively- 
‘charged insulated electrode at the tip of the tower, 

4d. a vertical electric dipole created by items (1) and (Le); 

.a high-voltage transformer to drive item (Id), mounted 
in item (1a), 


Feb. 23, 2006 


£. four tubular arms, mounted at 90 around and extending 
at an angle from item (La); 


. four solenoids, each of which is mounted axially inside 
ex (I 


b, a direct current power supply to driv 


m (Ig): 

i. four silver-plated conducting spheres, each of whi 
mounted on the end of item (If); 

2. an electrostatic lift system that: 


4, produces a uniform spherical electric field by means of 
jem (Idd) which envelopes item (12); 


b. produces a perturbed electric field due to the presence 
of item (10), 


«, produces an electric dipole moment in the direction of 
item (16) due to items (2a) and (26); 


4, produces a vertical magnetic moment due to the clock- 
‘wise angular velocity of item (1a) combined with item 
Qc}; 


«. produces a vertical lift force on item (Ii) due to item 
2d) combined with the magnetic field gradient in the 
vertical direction produced by item (1g); and 


f.ereates a motion contol system by varying the eurent 
to item (1g) in order to increase or decrease the effect 
of item 2e) on a particular item (Li) 
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Differentiation and distribution of macrophages 


blood 
monocyte 


macrophage-like cells in rodent spleen (red and white 
pulp, marginal zone) and normal Iymph nodes (subcap- 
sular sinus, medulla). 

Differentiation antigens such as sialoadhesin, a lectin- 
like receptor for sialylated glycoconjugates, are particularly 
strongly present on marginal metallophils (inner marginal 
zone) and on subcapsular sinus macrophages. These cells 
are present at the interface between: 

* blood (spleen); 

* afferent lymph (lymph nodes); and 

* organized lymphoid structures, 

‘They play a role in the capture of organisms, particulates, 
polysaccharides, and soluble antigens, as well as of 
circulating host cells or migrating dendritic cells, which 
have their own characteristic distribution in T and B cell- 
dependent areas. 

‘The molecular mechanisms of constitutive macrophage 
distribution and induced migration are beginning to be 
defined, and involve cellular adhesion molecules, cytokines, 
and growth factors, as well as chemokines and chemokine 
receptors, as summarized in Fig. 9.7. 

‘Macrophage colony stimulating factor (M-CSF or 
CSF-1) is a major growth, differentiation, and survival 
factor selective for macrophages, whereas. granulocyte 
macrophage colony stimulating factor (GM-CSF) regu- 
lates myeloid cell production and function. 

Chemokines are produced by a range of hematopoietic 
and tissue cells, including macrophages themselves, and 
act on various leukocyte subpopulations depending princi- 
pally on their chemokine receptor profil. 


Fig. 9.5 Blood monocytes are derived 
from bone marrow in the adult hast and. 
enter tissues initially as sinus-tining or 
extravascular mature cells. Interstitial or 
Intraepithelial adherent macrophages and 
serosal macrophages can enter afferent 
lymphatics. Monocyte-derived dendritic 
calls can arise from tissue macrophages by 
reverse migration across endothelium. 
‘Stromal macrophages in bone marrow 
‘may also derive from the circulating 
‘monocyte population. 


RESIDENT AND RECRUITED 
MACROPHAGES RESPOND TO INJURY 

AND IMMUNE STIMULI 

Inflammatory stimuli (e.g. local infection) enhance the 
recruitment of monocytes (and often other myeloid cells) 
from blood, and ultimately from bone marrow stores. 

Monocytes adhere to activated endothelium through 
a series of well-described interactions involving selectins, 
Bp integrins, and CD31, as well as chemotactic molecules 
acting on their transmembrane G protein-coupled recep- 
tors (Fig. 9.8, see also Chapter 6). When ligands bind to 
these receptors it causes the recruitment of intracellular 
proteins to the area of membrane activation of integrins 
and polarization of the cells (Fig. 9.9). 

Diapedesis results in local tissue interactions and accu- 
mulation of macrophages with enhanced turnover and 
an altered phenotype (e.g. the upregulation of endocytic 
receptors and production of proinflammatory mediators). 

Phagocytosis by recently recruited monocytes. pro- 
foundly alters their differentiation into: 

+ migratory dendritic cells; or 

+ more sessile macrophages. 

Recent studies have confirmed the potential of monocytes 
to differentiate into either of these cell types in vivo, as 
they do in cell culture 

It is convenient to distinguish the macrophages 
‘elicited’ by a non-specific inflammatory stimulus from 
‘immunologically activated’ macrophages. The latter cells: 
+ respond to IFNy by acquiring enhanced antimicrobial 

properties; and 


RESIDENT AND RECRUITED MACROPHAGES RESPOND TO INJURY AND IMMUNE STIMULI 


Macrophages in secondary lymphoid tissues 
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Fig, 9.6 Heterogeneity of macrophages in secondary iymphoid 
‘organs of mouse. (1) Red pulp of spleen stained for F4/80. 
Macrophages stain steongly postive. (Courtesy of Dr DA Hume) 
(2) Mouse spleen stained with antibody to sialoadhesin, The 
‘marginal metallophils of spleen are strongly ialoadhesin 
positive, (Courtesy of Dr PR Crocker) (3) The marginal zone 
contains inner metallophilic and outer zones. In the diagram of 
the marginal zone ofthe spleen, the central arteriole (CA) 
‘branches into small capillates, which either pass through the 
‘marginal zone and end in the red pulp (RP) or open into the 
‘marginal sinus (MS). The marginal zone is composed of 


© express enhanced MH class II molecules, whereas 
other genes (eg. the mannose receptor) are 
downregulated. 


What will be the functional effect of the changes in cell 
surface molecules described above? 

‘A. The increase in MHC class ll molecules will enhance the 
ability to present antigen to CD4* T cells, while the reduction in 
the MR may mean a reduced ability to take up some microbes 
bby nonimmune mechanisms, 


Cytokines produced by NK cells, lymphocytes, and 
various antigen-presenting cells (APCs) influence the 
pattern of gene expression by macrophages. Work in 


reticular cells (RCs). Within this reticular framework, the large 
‘marginal zone macrophages (MZMs), dendritic cells, and 
‘marginal zone 8 cells (MZBS) are localized. The marginal 
‘metallophilic macrophages (MMM) are situated at the inner 
border of the marginal sinus and the white pulp (WP) (Courtesy 
Of Dr G Kraal) (4) Lymph node contains subcapsular sinus 
‘macrophages, which ate sialoadhesin positive and bind CR-Fe, 
a chimeric probe of the mannose receptor cysteine-rich 
domain, and human Fe (left); medullary macrophages express 
‘only sialoadhesin (right). (Courtesy of Dr L Martinez-Pomares) 


vitro, and some studies in vivo, especially with eytokine/ 
receptor knockout mouse strains, have made it possible to 
classify macrophages differing in their functional state 
(Fig. 9.10). 

‘The initial and further interactions with endocytic and 
phagocytic stimuli give rise to further heterogeneity in 
phenotype. It should be emphasized that, although the 
evidence for individual molecules as mediators of acti- 
vation is good, we have little insight into the complex 
interactions that pertain in vivo. 

Fig. 9.11 illustrates a mycobacterium-induced granu- 
Joma, rich in macrophages. Cytokines, for example 
‘TNFa, and receptors such as CR$ play an important role 
in granuloma formation. 
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Environmental influences on macrophages 


‘growth factors M-CSF, GM-CSF ‘growth, differentiation, 
survival 
eytokines TENy ‘activation 
TNFa activation 
La a3 alternate activ 
L410 deactivation 
chemokines ‘CCL (macrophage chemotactic | migration 
protein-1, MCP-1), 
extracellular matrix | fibronectin /By-intagrin adhesion, phagocytosis: 
peptides ‘vasoactive peptide (VIP) ‘modulation of various 
funetions 
Sees prostaglandin E, (PGE,) ‘modulation of various 
leukotriene By (LTBs) funetions: 
tollular interactions: | fibronectin / integrin ‘recruitment 
endothelium ‘accessory molecules (CD80, _| antigan presentation 
Tealls cose) 
‘microbial interactions| LPs (cD14) secretion, activation 
proteases heutral proteinases (e.g. plasmin)| adhesion, secretion 


M-CSF, macrophage colony stimulating factor; GM-CSF, granulocyte—macrophage 
colony stimulating factor, IFNy, interferon-y IL, interleukin: LPS, lipopolysaccharide; 
“TNFa, tumor necrosis factor-a 


Macrophage 7tm G protein-coupled receptors for chemotactic stimuli 


fMLP IMet-Leu peptides prokaryote protein synthesis 


ptor complement C5a Iytie act 


LTB, receptor | leukotriene By ‘ast colls, macrophages 
PAF raceptor | platoletactivating factor | platelets, noutrophils, macrophages| 
CCRT, CCR2, CCAS | chemokines CCL2, 3,4, |ioukocytes, tissue calls 

57.8 
exert, cxer2 | excLs (L-8) endothelium, lymphocytes 
cxers exeL9, 10,17 endothelium, tissue calls 
cxacrt CXSCLI (fractalkine) | endothelium, epithelium, neurons, 


smooth muscle cells 


‘hm, sevens 
chamokine ligand; CCR, CC chemokine receptor 
IMLP, {Met-Leu-Phe; PAF, platolet activating factor 


186 


Fig. 9.7 Some of the mediators that act on, 
‘macrophages. 


Fig. 9.8 Macrophages express a variety of 
receptors for chemotactic agents. 
Fractalkine (CX3CLI) is unique as a 
transmembrane ligand — its receptor, 
CXBCRI, and CCR2 may be differentially 
‘expressed by monocytes, giving rise to 
Inflammataty and resident macrophages. 
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Intracellular signaling via chemotactic agents such as f-met-leu-phe (fMLP) 


chemotactic 


U 


agent eg FMLP 


Fig. 9.9 fMLP binds to its receptor and 
‘causes guanosine triphosphate (GTP) to 
displace guanosine diphasphate (GDP) an 
the heterotrimeric G protein. This causes 
the B and y chains to dissociate from the « 
‘chain and they in turn recruit phosphatidy! 
Inositol (P)-3 kinase to the membrane. 
‘The kinase phosphorylates phosphatidyl 
Inositol diphosphate (PIP,) to the 
‘triphosphate PIP, A number of proteins 
that have pleckstrin homology (PH) 
‘domains are then recruited to the 
‘membrane at this point, causing focal 
adhesion, activation of integrins, and 
polarization of the cel, in preparation for 
‘migration, 


‘Activation of macrophages 


MHC class I cra 


BZ 


licited/primed 


‘macrophage 


monocyte 


cytotoxic molecules 


phagocytosis 


hemagalutinins 


endocytic receptors 


Fig. 9.10 Elicited and immunologically 
primed macrophages differ from resident 
‘macrophages. Monocyte recruitment is 
‘enhanced and yields macrophages with 
proinflammatory and cytotoxic properties. 
Activation by cytokines enhances expresso 
‘of MHC class II molecules and the 
‘complement receptor CR3. Phagocytosis 
and the production of proinflammatory 
mediators and cytotoxic products are 
‘Increased. By contrast, resident 
‘macrophages (e.g. in bone marrow) lack 
inflammatory functions, but participate in 
‘trophic reactions (e.g. with developing 
hematopoietic cells) as well as performing 
‘endocytosis. Microbial stimuli can act 
directly on resident macrophages to induce 
distinct surface and secretory properties. 


Immunologically activated macrophages express the 
capacity to produce antimicrobial products including 
lysozyme and reactive oxygen and nitrogen species (see 
below). However, characteristic morphologic features 
such as epithelioid cell and giant cell formation, hallmarks 
of mycobacterial granulomas, remain mysterious in origin. 


Cytokines modulate the phenotype of 
macrophages 

A further level of heterogeneity derives from the distinct 
effects of Titl- and Ti12-type cytokines on monocyte/ 
macrophage differentiation (Fig. 9.12). 

In-vitro studies with macrophages treated with differ- 
ent cytokines have indicated that there is a spectrum of 
gene expression induced by different cytokines (Fig. 9.13): 
* IFNy characteristically enhances proinflammatory and 

antimicrobial activities ‘immune activation’); 


+ IL-10 efficiently counteracts proinflammatory and 
antimicrobial activities (‘deactivation’); 

+ IL-4 and IL-13 exert distinctive effects on MHC class 
TL and MR expression, which we have termed ‘alter- 
native activation’, rather than focusing on the modest 
inhibition of proinflammatory products. 

Broadly speaking: 

* ‘activated’ macrophages mediate cellular immunity; 

+ ‘alternatively activated’ macrophages may promote 
humoral immunity, including repair processes 

It is well established that macrophages and myeloid 

dendritic cells produce I-12 and IL-18, which enhance 

the production of IFNy by NK cells and T cells. There is, 
as yet, no comparable IL.-4/IL.-13-inducing activity that 
can be ascribed to the APCs, though subsets of dendritic 
cells have been implicated in ‘Tr12 differentiation, which 
has also been postulated to constitute a ‘default’ pathway. 
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A granulomatous reaction in pulmonary tuberculosis 


Fig. 9.11 The central area of easeous necrosis in which much 
of the cellular structure is destroyed is characteristic of 
tuberculosis in the lung. Apart from this necrosis, the histology 
Is typical of chronic T cell-dependent ‘tuberculoid’ 
granulomas. The lesion is surrounded by a ring of epithelioid 
Cells and mononuclear cells. Multinucleate giant cells, believed 
to be derived from the fusion of epithelioid cells, are also 
present (left, 170). Giant cells (G) are ilustrated at a higher 
‘magnification (right). Hematoxylin and eosin stain. (Courtesy 
‘of Dr G Boyd) 


Modulation of macrophage activation 


‘The links between innate and acquired immune responses 
are therefore understood only in part. 


MACROPHAGES CLEAR APOPTOTIC CELLS 
USING SCAVENGER RECEPTORS AND THE 
VITRONECTIN RECEPTOR 

Macrophages express a very wide range of plasma 
membrane receptors, which underlie their interactions 
with: 

+ other cells; 

+ extracellular ligands derived from plasma; 

+ extracellular matrix; and 

+ microorganisms. 

It is useful to distinguish: 

* pean eeeptom (cg for sib and coenplement), 
‘non-opsonic’ receptors. 

‘The processes of phagocytosis mediated by opsonic recep- 
tors are shown in Fig. 9.14. Whereas neutrophils express 
similar opsonic receptors, they lack most of the opsonin- 
independent receptors for phagocytosis. 


Q. What groups of receptors do not require opsonins for 
their actions? 

A. The Toll-like receptors, lectin receptors, and scavenger 
receptors, which recognize pathogen-assoclated molecular 
patterns (PAMPS) (see Fig. 6.24). 
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Fig. 9.12 Signals from microbial products, 
phagocytosis, and cytokines result in 
changes to the surface and secretory 
properties of macrophages, which can be 
classified as activated, deactivated, or 
alternatively activated, (NO, nitric oxide; 
‘TGFP, transforming growth factor-B) 
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Regulation of macrophage phenotype 


Fig. 9.13 Til and TH2 cytokines act on 
‘macrophages to induce distinctive 
functions, which can be described as 


MHColassit | 44 + =] immune colt interactions “activation” (Til-type), ‘alternative 
molecule (la) activation’, or deactivation (Tr2-ype). (+, 
‘Increase; , decrease; 0, no effect) 
respiratory ” oO = | ceti-mediated immunity 
burst NO a o = _| tissue injury (e.g. tubereutosis) 
TNFa + o = | prointiammatory 
Le 
mannosy! - ” © | phagocytosis/endocytosis (e.g. 
receptor antigens) 
‘growth = + © [focal growth of MG in immune 
lesions, 
fusion ° ” @ | giant call formation-granulomas| 
(e.g. tuberculosis) 
growth factor | — + + | heating of tesions: 
‘secretion 


Phagocytosis mediated by opsonic receptors 


a, 


bacterium 


2engulfment 


‘binding 


MHC 
class I 


TAFa, ete. 
5, membrane disruption/fusion 


Fig. 9.14 (1) Pathogens, such as bacteria, 
are taken up by binding to opsonic 
receptors including the Fe receptor, 
‘complement receptors, and receptors for 
‘carbohydrate (MR). 2) The particle is 
‘engulfed and the phagosome forms (3). 
Acidification of the phagosome follows as 
toxic molecules (reactive oxygen and 
hitrogen intermediates) are pumped into 
the phagosome. The marker FA/T1 is 
located in the phagosome membrane, 
(4) Lysosomes fuse with the phagosome, 
releasing proteolytic enzymes into the 
phagolysosome, which digest the bacteria, 
(5) On completion the membrane of the 
phagolysosome is disrupted. Antigenic 
fragments may become diverted to the 
acidic endasome compartment for 
Interaction with MHC class molecules 
_and antigen presentation. The process 
Induces secretion of toxic molecules and 
‘gytokines. 


phagosome 
formation 
acidification 
eytotoxie molecules 
proteolysis 


4. lysosome fusion 
digestion 


However, pattern recognition clearly extends to 
endogenous, host-derived molecules (self, which may be 
modified), though there may be intriguing differences 
in the outcome of these receptor-ligand interactions 
regarding cytokine responses and the inflammatory 
consequences. 

In particular, macrophage receptors play a dual role in 
clearance of both macromolecules and apoptotic cells, 


which differs from their role in uptake of microbial 
invaders or foreign antigens: 

* in the first case there is no or even a suppressed 

inflammatory response; 

‘inthe second, the immune system may need to be alerted. 
‘The roles of cell ype, receptor profile, signal pathway, and 
mediator release in these dual responses are all under 
investigation. 
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@ In what ways can macrophages alert lymphocytes that 
microbial antigens are present? 

A. They can express co-stimulatory molecules and inflamma- 
tory cytokines, which are induced following for example ligation 
of Toll-like receptors by microbial products (see Chapters 6 
and 7) 


‘To maintain appropriate numbers of all cell types in 

development and normal tissue homeostasis, as well as 

during immune, inflammatory, and other pathologic 

responses, cells die naturally by: 

* programmed death (apoptosis); or 

* necrosis, the latter releasing potentially injurious 
products. 

Cellular and biochemical pathways resulting in apoptosis 

are conserved in evolution; apoptotic cells are rapidly 

and efficiently cleared by macrophages (e.g. in thymus; 

Fig. 9.15), though they can also be engulfed by non- 

professional phagocytes. 

‘The receptors implicated in apoptotic cell recognition 
show considerable redundancy and include a range of 
scavenger receptors (e.g. SR-AI; Fig. 9.16), vitronectin 
receptor, an ATP-transporter, and CD14 (see below). 
‘Thrombospondin and Clq can act as opsonins. 

‘The ligands expressed by apoptotic cells are not well 
defined. Recently a conserved, widely distributed receptor 
has been postulated for phosphatidylserine, a phospho- 
lipid displayed on the outer leaflet of apoptotic cells. 

Ligation of the vitronectin receptor results in produc- 
tion of anti-inflammatory products (e.g. PGE, and 
TGEB), which can overcome proinflammatory responses 
induced by potent stimuli such as LPS. Indeed, intra 
cellular pathogens can induce and exploit this downreg- 
ulation, which is presumably a host protective reaction, to 
promote their own survival. 

Inefficient clearance of apoptotic cells may also con- 
tribute to autoimmune disorders such as systemic lupus 


Class A and related scavenger receptors 


Phagocytosis of apoptotic thymocyte by thymic 
macrophage 


Fig. 9.15 Thymic macrophages phagocytose the large 
‘numbers of thymocytes that die during T cell development, 
‘The arrow indicates the nucleus of a phagocytosed thymocyte. 


erythematosus (see Chapter 20), and may explain their 
association with genetic deficiencies of complement 
‘components. 

Macrophages are more efficient than mature dendritic 
cells in the capture and digestion of apoptotic cells. 
‘Macrophages and dendritic cells may express different 
receptor profiles, but other differences could also con- 
tribute to a different fate for ingested dying cells. 


Fig. 9.16 Selected scavenger receptors are 
shown. Scavenger receptors of 
‘macrophages are responsible for the 
uptake of apoptotic cells, modified 
lipoproteins, and other polyanionic ligands 
(6g. 1PS and lipoteichoic acd [LTAD, as 
well as selected bacteria such as Neisseria 
spp. CD163 is involved in endocytosis of 
Ihemoglobin-haptoglobin complexes. 


MACROPHAGES INTERNALIZE PATHOGENS USING A VARIETY OF SPECIFIC AND OPSONIC RECEPTORS 


‘Clearance of dead cells 


Fig. 9.17 Receptors involved in the uptake 
‘of apoptotic and necrotic cel, and the 


receptors | scavenger receptors Fe receptors ‘cytokines released following uptake. 
phosphatidyl serine receptors, complement receptors 
‘cytokines [TGFp1 TNFa, IL-1, 18 


. Give examples in the immune system where macrophages 
phagocytose apoptotic cells, 

A. Thymocytes that fail the processes of positive and negative 
selection die by apoptosis and are phagocytosed by thymic 
‘macrophages (see Chapter 2), B cells that die within lymphoid 
follicles are taken up by tingible body macrophages (see 
Chapter 8). 


‘The recognition mechanisms of normally senescent 
hematopoietic cells (e.g. erythrocytes, platelets) and of 
necrotic cells are still obscure. 

Fig. 9.17 compares the differential recognition and 
cytokine production following the uptake of apoptotic and 
necrotic cells. 


Lectin receptors 


MACROPHAGES INTERNALIZE PATHOGENS 
USING A VARIETY OF SPECIFIC AND 
OPSONIC RECEPTORS 
The mannose receptor is the best studied 
lectin-like receptor 
Although macrophages can express a range of lectins 
specific for various sugar ligands, the MR is the best 
studied and may play a unique role in tissue homeostasis as, 
well as host defense (Fig. 9.18). Endogenous ligands 
include lysosomal hydrolases and myeloperoxidase, and 
range of pro- and eukaryotic organisms express mannose- 
rich structures, which may serve as ligands. 

‘An N terminal cysteine-rich domain of the MR is a 
distinet lectin for sulfated glycoconjugates highly 


Fig. 9.18 The mannose receptor contains eight C-type lectin 
domains involved in binding to mannosylated carbohydrates 
and related glycoconjugates. Its related to a more broadly 
‘expressed endacytic receptor, ENDO 180, A distinct lectin 
domain located in the distal (C terminal) segment binds 


ype lectin domains 
bind mannasylated 
ligands 


sulfated glycoconjugates. The f-glucan receptor (dectin-1) 
Contains a single lectin domain and an intracellular 
Immunoreceptor tyrosine-based activation moti (ITAM).. 
DC-SIGN (another mannose-binding C-type lectin) has four 
associated lectin domains. 
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expressed in secondary lymphoid organs (marginal metal- 
lophils, subcapsular sinus macrophages, and follicular 
dendritic cells). 

‘A novel antigen transport pathway has been postulated 
by which cell-associated or soluble MRs could deliver 
antigen to B and/or T cells, modulating their immune 

The cysteine-rich domain also contributes to. the 
clearance of hormones such as lutropin, which contains 
similar sulfated structures, 

DC-SIGN, another mannose-binding C-type lectin, 
can be expressed on selected macrophages. It has been 
implicated in interactions between APCs and T cells and 
in microbial recognition (see Fig. 9.18). 

Dectin-1 isa Beglucan receptor with a single lectin-like 
domain and an intracellular ITAM, responsible for the 
uptake of fungi and intracellular signaling (Fig. 9.19, see 
Fig. 9.18). 


€D14 interacts with Toll-like receptors to 
initiate signal transduction 

Monocytes and to a lesser extent tissue macrophages 
express a glycosyl phosphatidylinositol (GPI)-anchored 
molecule ~ CD14 ~ implicated in the cellular response to 
bacterial LPS. A plasma LPS-binding protein enhances 
LPS responses markedly; genetic ablation of CD14 in 
mice renders them highly resistant to septic shock, mainly 
mediated by TNFa release into the circulation. Toll-like 
receptors (TLRs, see Fig. 6.24) play a major role in LPS 
signaling in macrophages. 


Zymosan particles phagocytosed by a macrophage 


Fig. 9.19 The micrograph shows zymosan (yeast) particles 
phagocytosed by a macraphage, a process dependent on 
dectin-1. Truncation of the receptor cytoplasmic tall prevents 
phagocytosis. 
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Fig. 9.20 LPS binds leukocyte CD14 (which is GPI-anchored 
to the membrane) through LPS binding protein (LPS-BP) and 
interacts with transmembrane TLRs by interaction with MD-2 
1 initiate signal transduction. Signaling pathways af the 
receptor share elements with the IL-1R pathway (e.g. RAK ~ 
IL1R-associated kinase). Cell activation proceeds via both the 
mitogen-activated protein (MAP) kinase pathways and the 
induction of NF-xB. (L-1R, IL-1 receptor) 


‘The signaling pathway for IL-1 and TLR shows many 
similarities (Fig. 9.20), resulting in nuclear factor kappa B 
(NF-«B) activation. Details of the NF-xB signaling path- 
way, which is activated following clustering of the TLRs, 
are shown in Fig. 9.21 

‘A distinct pathway leads to the induction of type 1 
interferon (IFN) genes (IFNa, IFNB), which can then act 
‘on type | interferon receptors in an autocrine pathway 
that induces many other genes (Fig. 9.22). 


@. What can you infer about the role of IFNs in immune 
defense against pathogens from their intracellular signaling 
pathways? 

‘A. IFNs are involved in both antibacterial and antiviral defenses 
because they can activate many genes involved in inflammation. 


Other receptors involved in LPS clearance, such as 
SR-A (see Fig. 9.16), may serve to downregulate responses, 
induced via the CD14 pathway (see Fig. 9.20) and 
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‘The nuclear factor kappa B activation pathway 


TLR 


Fig. 9.21 Activation of NF-xB can be induced by ligation ofa 
‘number of cell surface receptors including the Tll-ike 
receptots (TLR) llustrated. Apart from My08B, a small 
‘numberof other adapters transmit signals from the TLRs to 
‘cause NF-xB activation. An intracellular signaling cascade leads 
to the activation of inhibitor of kappa B Kinase (IKK). NFexB is 
‘normally retained in the cytosol by interaction with an 
Inhibitor (1x8). Phosphorylation of IxB by IKK leads to 
dlisciation and degradation ofthe inhibitor and NE-x8 
translocates to the nucleus to act asa transcription factor that 
activates a set of genes involved in inflammatory reactions. 


therefore limit the systemic release of TNFa.and resultant 
septic shock. 


Monocytes and macrophages express a 
range of complement receptors 

lonocytes and macrophages express a range of hetero- 
dimeric receptors for C3 cleavage products (CRI, CR3, 
CR4) and interact with other components of the classical, 
alternative, or lectin-induced pathways of complement 
activation (see Fig. 4.12), 

CRS contributes to myelomonocytic cell recruitment 
by adhesion to induced endothelial ligands, including 
intercellular adhesion mlecule-1 (ICAM-1), as shown in 
human and murine genetic deficiency syndromes. 

CRS is a promiscuous receptor, with ligands other than 
iC3b, including fibrinogen. Its role in regulated phago- 


cytosis has been well studied, and the mechanism of CR3- 
mediated ingestion differs strikingly from that mediated 
by Fe receptors (sce below). Inflammatory and secretory 
responses also differ after complement and antibody- 
dependent uptake. 
‘Complement receptors: 
+ contribute to apoptotic cell clearance as well as to host 
defense to infection; but also 
* serve as a ‘safe’ entry receptor for organisms such as 
mycobacteria by direct interaction with microbial 
ligands or after opsonization. 


Fe receptor-mediated uptake proceeds by a 
zipper-like process 

Fe receptors are opsonic receptors for a variety of 
immunoglobulin subclasses, especially IgG. The receptors 
are themselves immunoglobulin superfamily members, 
with two or three domains (see Fig. 3.20). 

Fe receptors contain immunoreceptor tyrosine-based 
activation motifs (ITAMS) or immunoreceptor tyrasine- 
based inhibitory motifs (ITIMs), which, by interaction 
with other membrane molecules (e.g. 7 chain) and cyto- 
plasmic kinases (e.g. Syk) and/or phosphatases, regulate 
complex signaling pathways. 

Apart from activation of effector responses (phago- 
cytosis, endocytosis, antibody-dependent cytotoxicity), 
different Fe receptors can also downregulate inflam- 
matory cascades and may provide a link between innate 
and adaptive immunity. 

‘The mechanism for ingestion of antibody-coated 
particles is distinct from that mediated by CR3 (Fig. 9.23). 
Fe receptor-mediated uptake proceeds by a zipper-like 
process where sequential attachment between receptors 
and ligands guides pseudopod flow around the circum- 
ference of the particle. CR3 contact sites are discontinu- 
ous for complement-coated particles which ‘sink’ into the 
macrophage cytoplasm. Small GTPases play distinct roles 
in actin cytoskeleton engagement by each receptor- 
mediated process. 


Macrophages express several receptors 
with ITIMs 
Recent studies have discovered several new receptors with 
TTIMs expressed on macrophages, which deactivate their 
effector functions (e.g. signal regulatory proteins [SIRPs}) 
or resemble NK inhibitory receptors in their ability 
to ligate MHC class I molecules (see Chapter 10). 
‘Transmembrane glycoproteins such as DAP-12 pro- 
mote the surfice expression of C-type lectins analogous 
to NK cell receptors. ‘These may play an important 
regulatory function in monocytes and macrophages, for 
example in deactivation of cellular cytotoxicity. 


Macrophages express a range of G protein- 

coupled receptors 

‘Macrophages express a range of G protein-coupled recep- 

tors in addition to multispan receptors for chemokines, 

‘The F4/80 antigen (see Fig. 9.1) contains: 

* a seven-transmembrane spanning portion homologous 
to a family of peptide receptors (e.g. vasoactive intes- 
tinal peptide, VIP); and 
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Activation of the /FNfi gene by Toll-like receptors 


Fig. 9.22 TLRs can activate the IFNB gene via a pathway that is 
independent of MyDB8, but involves activation of the 
‘transcription factor interteron regulatory factor-3 (IRF-3). 
Released IFNB acts on type 1 IFN receptors causing the 
aggregation of the two subunits of the receptor. Ths leads to 


+ a large extracellular domain consisting of multiple 
epidermal growth factor (EGF) domains. 

‘The F4/80 molecule has been implicated in the induction, 

of peripheral tolerance, 


Non-opsonic phagocytosis can lead to 
infection 

ce of opsonins, macrophages use multiple 
receptors to recognize and engulf a range of microorgan- 
isms, parasites, and viruses directly. These include: 

+ CR3; 
+ SR-As; 
+ MR; 


the f-glucan receptor; and 
cDi4. 

SR-As use selected polyanionic ligands including LPS 

(Gram-negative) and lipoteichoic acid (Gram-positive) for 

bacterial recognition. 


secretion 


type! 
IFN recopttor 


activation and phosphorylation of two Jak kinases, Jak1 and 
“Tyk2. These twa transcription factors form a complex with a 
DNA-binding protein, P48. The complex moves to the nucleus 
‘and induces transcription of genes bearing an IFN-specific 
‘tesponse element (SRE), such asthe chemokine CXCL1O. 


ME ligands are found on mycobacteria, HIV gp120, 
Pneumocystis carinii, Klebsiella spp., as well as yeasts 
(Candida albicans). 

CRS ligands include phosphatidylinositol mannoside 
(PIM), and a direct saccharide binding site on CR3 has 
been implicated in opsonin-independent recognition. 

Different receptors often collaborate (e.g. CR3 and 
MR in the uptake of Leishmania promastigotes). 

Non-opsonic uptake or invasion results in a range of 
survival strategies by intracellular pathogens enabling 
them to: 

* avoid phagosome maturation; 
+ inhibit fusion with lysosomes and_ acidification 

(mycobacteria); or conversely 
+ promote invasion by rapid recruitment of lysosomes (C: 

albicans, Trypanosoma cruzi). 

Legionella pneumopbila induces a coiling phagocytosis, and 


recruits various intracellular organelles (endoplasmic 
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‘Zipper model of phagocytosis 
zipper mechanism spacious phagosome 
receptor 
trigger and 
binding has ruffle 


Fig. 9.23 (1) During phagocytosis, receptar-ligand 
Interactions guide the extension of tightly apposed 
pseudopods around the particle's total circumference until a 
fusion of the plasma membrane occurs at the tip. This is 
known as the zipper mechanism. Alternative tigger’ 
‘mechanisms, in which spacious phagosomes result from 
flipping over of rules back onto the plasma membrane, have 
also been described. The cytoskeleton of phagocytes plays a 
key role in engulfment, during which there is extensive 
remodeling of actin filaments. Some microorganisms and 
Intracellular parasites induce novel mechanisms to recruit cell 
‘membranes during entry into phagocytes. (2 and 3) Electron 
‘micrographs of ingestion of antibody (IaG)-coated sheep 
erythrocytes by peritoneal macrophage by the zipper 
‘mechanism. (Scanning electron micrograph (2), courtesy of 
Dr GG MacPherson. Transmission electron micrograph (3), 
courtesy of Dr SC Silverstein) 


reticulum, mitochondria), whereas salmonellae induce the 
formation of spacious phagosomes. 

‘Once within vacuoles: 

+ the organism can replicate in secondary lysosomes 

(Leishmania spp.); oF 
+ escape into the cytasol by membrane dissolution 

(Listeria monocytogenes). 

IFNy can overcome many of these evasion strategies, 
resulting in killing or stasis of the organisms by mech- 
anisms described below. 

‘Opsonization by antibody and/or complement can alter 
the fate of the organism by extracellular lysis or by 
targeting it to lysosomes. 

Some organisms induce apoptosis in macrophages 
(c.g. Salmonella spp. others spread between cells by 
fusion (e.g. HIV) or by intercellular infection (e.g. 
Listeria spp.). 

‘The ability of macrophages to present processed 
peptide antigens derived from intracellular pathogens 
to T cells is poorly defined. It is possible that they 
collaborate with dendritic cells by releasing breakdown 
products, so activating naive 'T cells. Once MHC class Il 
molecules are induced by IFNy, exogenous antigens are 
presented by the MHC class Il pathway (see Fig. 7.11). 
Endogenous antigens are presented by the MHC class I 
pathway (see Fig. 7.9), so infected macrophages can 
become targets for CD8" cytotoxic T cells 


Q. How are lipid antigens such as mycolic acids of mycobac 
teria presented to T cells? 

‘A. CD1 molecules present these antigens, which are inducible 
1n selected macraphage populations, 


Macrophages contain intracellular receptors 
for pathogens 

Recently a number of intracellular proteins have been 
discovered in macrophages and other cells, that are able to 
sense microbial wall degradation products. These proteins 
contain leucine-rich repeats, pyrin, caspase-associated 
recruitment domains (CARD), and nucleotide oligomer- 
ization domains (NOD). Ligation induces expression of, 
proinflammatory cytokines (e.g. IL-1). 

As illustrated for NOD-I (Fig. 9.24), signal transduc- 
tion involves the formation of protein-protein complexes 
that are involved in IL-1 processing (inflammasomes).. 
Mutations in the pyrin domain have been implicated in 
rare hyperinflammatory syndromes such as. familial 
‘Mediterranean fever. IL-1 receptor antagonists can be 
remarkably effective as therapy in related conditions. 

‘The NOD-2 gene is frequently mutated in people with 
Crohn's disease, a chronic granulomatous inflammatory 
bowel disease (Fig. 9.25). It is expressed by monocytes and 
macrophages and recognizes cytosolic muramyl dipep- 
tides, resulting from the degradation of both Gram- 
negative and Gram-positive organisms. 

NOD-2 deficiency leads to increased susceptibility to 
bacterial infection via the oral route, and may be required 
for expression of antimicrobial peptides. Other genes have 
also been implicated in susceptibility to inflammatory 
bowel disease, 
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NOD-1 signal transduction 
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IKK (see Fig. 9.21) leading to the 
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Fig. 9.25 A section of the gut wall fram a patient with Crohn's 
disease, showing the intense inflammation of the tssue (1). The 
histological section shows a granulomatous reaction with 


ACTIVATED MACROPHAGES SECRETE A 
VARIETY OF MOLECULES 
Following encounters with microorganisms and antigens, 
resident macrophages are able to enhance their tran- 
scription and translation of a wide range of gene products, 
including secreted molecules, which often act locally close 
to the cell surface. 

Secretory products include: 
+ eicosanoids; 
* cytokines; 


196 


Iymphocyte and macrophage infiltration and the formation of 
sant cells (2) 


+ complement proteins; and 
+ enzymes, especially lysozyme (Fig. 9.26). 
After priming by IFNy, macrophages triggered by surface- 
acting stimuli such as LPS release increased levels of 
various products, which promote an inflammatory reac- 
tion, recruit other cells, regulate their activities, and 
induce adhesion 

Macrophages also release inhibitory molecules (e.g. 
TGEB, PGE;, IL-10), which suppress inflammatory and 
immune responses, including cell proliferation. 


ACTIVATED MACROPHAGES SECRETE A VARIETY OF MOLECULES 


Secretory products of macrophages 
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IFNy, IL-1, and TNFa: are potent regulators of leuko- 
eyte and other cellular activities. 


Q. Describe four roles of IFNy in the development of the 
immune response, each modulating a different group of cells. 
A. IFNy induces MHC molecules and co-stimulatory molecules 
fon APCs, and induces adhesion molecules and chemakines on 
endothelium. It also activates macrophage microbicidal activity, 
‘modulates class switching by & cells, and regulates the balance 
between Til and Th2 populations of T cals 


IL-6 and IL-1 act as circulating mediators of the acute 
phase response. Distant targets of these macrophage- 
derived cytokines include thermoregulatory centers in the 
central nervous system, muscle and fat stores, and the 
neuroendocrine system. 

Cytotoxic products and powerful neutral proteinases 
such as elastase, collagenase, and urokinase (generating 
plasmin) (Fig. 9.27) are able to induce tissue injury and 
contribute to destructive chronic inflammation in joints 
and lung. 

Monocyte-derived procoagulant/tissue factor can also 
induce vascular occlusion and tissue damage. 

“Macrophages themselves express receptors for cytokines, 
as well as producing molecules that are cleaved by metallo- 
proteinases and shed into the circulation. By contrast, 
soluble receptors and receptor antagonists (eg. IL-1Ra, 
soluble ‘TNER) are potential inhibitors of receptor-ligand 
interactions. 

mRNA microarray methods to analyze gene expression 
generate complex profiles of selective induction and inhi- 


Actions of macrophage neutral proteinases 
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Fig. 9.27 Macrophage-derived neutral proteinases interact 
‘with plasma and tissue enzymes and their inhibitors (which 
{an also be generated by macrophages) to regulate fibrinolysis 
and matrix catabolism. (PA, plasminogen activator; TIMP, 
{%ssue Inhibitor of matric metalloproteinase) 


bition of large numbers of genes, some highly restricted to 
macrophages, others shared with different cell types. 
Patterns of macrophage mRNA and protein expression 
now provide insights into intrinsic and extrinsic regulation 
of macrophage differentiation and activation. 
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ages have limited 

lling activity 

Following phagocytosis, pathogens are subjected to a 

variety of killing mechanisms, which are generally more 

diverse and more effective in activated macrophages. 

Following lysosome fusion, there is a transient rise in 
the pH of the phagolysosome, followed by a fall in pH, 
which occurs within 10-15 minutes, The acidification of 
the phagolysosome may, by itself, contribute to the killing 
of some organisms, but the additional killing mechanisms, 
described below, may be more effective at specific pH 
values. For example: 

* the production of reactive oxygen intermediates (ROIs) 
in activated macrophages occurs immediately after 
internalization; 

* cationic proteins are most active during the early 
alkaline phase; and 

+ many digestive lysosomal enzymes are more active in 
the later acidic phase (Fig. 9.28). 


Lysozyme acts directly on the bacterial cell wall 
proteoglycans 

"The resident macrophage has a relatively limited killing 
capacity, which may be sufficient to restrict growth of 
many, if not most, organisms, including viruses. Lysozyme 
acts directly on the bacterial cell wall proteoglycans, 
present especially in the exposed cell wall of Gram- 
positive bacteria (Fig. 9.29), 

‘The cell walls of Gram-negative bacteria may also 
become exposed to lysozyme if they have been damaged 
by complement membrane attack complexes. 

Lysozyme is constitutively produced by macrophages. 


Defensins also contribute to macrophage 
antibacterial activities 

A group of highly cationic proteins and polypeptides 
called defensins also contribute to macrophage anti- 
bacterial activities. 


‘Mechanism involved in bacterial killing 
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Fig, 9.28 During phagocytoals there & immediate exposure 
to reactive oxygen intermediates (ROM) (1). This leads to a 
transient increase in pt, when cationic proteins may be most 
effective (2). Subsequent the pl fal as Hons are purnped 
into the phaglysosome and neutral proteinases and lysosomal 
enzymes with low pH optima become effective. Lactoferrin acts 
by chelating fee kon and can do 30a alkaline or acide pH. 


Action of lysozyme on the cell wall of Staphylococcus 
‘aureus 


Fig. 9.29 The structure of the cell wall of Gram-positive 
bacteria such as Staphylococcus aureus includes a backbone of 
Neacetylglucosamine (GleNac) alternating with N- 
acetylmuramic acid (MurNac) cross-linked by amino acid side 
chains (yellow) and bridges of five alycine residues (orange). 
Lysozyme splits the molecules at the places indicated. 


‘The defensins: 
+ are small peptides (30-33 amino acids) found in some 
‘macrophages of many species and specifically in human 
neutrophils, where they comprise up to 50% of the 
granule proteins; 
+ form ion-permeable channels in lipid bilayers and 
probably act before acidification of the phagolysosome; 
+ are able to kill a range of pathogens, including bacte- 
ria (S. aureus, Peeudomonas aeruginosa, E. coli), fungi 
“ryptucocus neoformans), and enveloped viruses (herpes 
simplex). 


Q. What other molecule can generate ion-permeable 
‘channels in lipid bilayers? 

A. The final camponent of the lytic complement pathway, C9 
(see Chapter 4), 


In resident macrophages, endocytosis, lysosome deliv~ 
ery and fasion, and acidification favor destruction of 
phagocytosed pathogens, but may facilitate escape of an 
organism from vacuole to cytosol. 

‘The N-ramp multispanning glycoprotein found in 
macrophage phagosomes contributes to cellular and 
ultimately host resistance or susceptibility to a range of 
intracellular pathogens (mycobacteria, Leishmania spp. 
Salmonella spp.) by influencing iron transport into or 
possibly out of the vacuole, 


ACTIVATED MACROPHAGES PRODUCE 
REACTIVE OXYGEN AND NITROGEN 
INTERMEDIATES 

Flicited (.e. recruited by a non-immune inflammatory 
stimulus) and immunologically activated macrophages pro- 
duce higher levels of lysozyme than resting macrophages, 


‘ACTIVATED MACROPHAGES PRODUCE REACTIVE OXYGEN AND NITROGEN INTERMEDIATES 


‘Oxygen-dependent microbicidal activity 


electron 


Fig, 9.30 (1) An enzyme (NADPH 
‘oxidase, see p. 307) in the phagosome 
‘membrane reduces oxygen to the 
‘superoxide anion (0, ). This can give rise 
‘to hydroxyl radicals COH), singlet oxygen 
(Ag‘0,), and hydragen peroxide (H,0,), 
all of which are potentially toxic. 
lysosome fusion is not required for these 
parts of the pathway, and the reaction 
takes place spontaneously following 
formation of the phagosome. (2) If 
lysosome fusion occurs, myeloperoxidase 
(0%, under some circumstances, catalase 
from peroxisomes) acts on peroxides in 
the presence of halides (preferably iodide). 
‘Then additional toxic oxidants, such as 


cel | hypohalte (HIO, HCIO), are generated. 


membrane 


as well as proinflammatory cytokines, chemokines, growth 
factors, and proteases. 

One major difference between resting and activated 
macrophages is the ability to generate hydrogen peroxide 
(H,O,), and other metabolites generated by the respi- 
ratory burst (Fig. 9.30). The phagocyte oxidase (Phox) 
‘membrane and cytosolic proteins found in neutrophils and 
activated macrophages assemble to form an NADPH 
oxidase complex, which contains a novel cytochrome. 

In the presence of myeloperoxidase, released by 
myelomonocytic cells, the Klebanoff reaction generates 
even higher levels of reactive oxygen metabolites. Patients 
with chronic granulomatous disease lack essential oxidase 
components and suffer from repeated infections. 

‘Macrophages in mouse as well as human can be acti- 
vated by IFNy to express high levels of inducible nitric 
oxide synthase (iNOS), which catalyzes the production 
of nitric oxide (NO) from arginine (Fig. 9.31). Release 
of NO by macrophages affects neighboring vessels and 
leukocytes, and contributes to the killing of intracellular 
pathogens such as Leishmania spp. either directly or by 
production of peroxynitrites. 

Failure of macrophage activation in AIDS contributes 
to opportunistic pathogen infections and persistence of 
HIV, as well as reactivation of latent tuberculosis (e.g. by 
anti~TNFa: therapy). 

Rare inborn errors in humans for IL-12 and IFN 
receptors have confirmed experimental gene ablation 
studies in the mouse, which render the host susceptible to 
infection by intracellular bacteria. 


Recently recruited cells are particul 
effective in microbial killing 
Macrophages vary considerably in their antimicrobial 
activity. Monocytes produce more reactive oxygen 
metabolites and myeloperoxidase than differentiated 
tissue macrophages. 

It is the recently recruited and further activated cell 
that is primarily responsible for host defense. In-situ 
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Fig. 9.31. The inducible nitric oxide synthase (NOS) 
‘combines oxygen with guanidino nitragen of L-arginine to 
ive nitric oxide (NO), which is toxic for bacteria and tumor 
cells. Toxicity may be increased by interactions with products 
‘of the oxygen reduction pathway, leading to the formation of 
pperoxynitrites. Tetrahydrobiopterin is needed as a cofactor. In 
‘murine macrophages IFNy activates the pathway (1), which is 
then optimally triggered by TNF (2). Triggering release of NO 
from human macrophages is more complex and usually 
Involves crasslinking of membrane CD23. Human 
‘macrophages can sometimes express NOS but they contain 
litle tetrahydrobiopterin, and maximal NO release may 
require interaction with other cell types. 


analysis shows that granuloma macrophages are the major 
source of newly produced proteins such as lysozyme, 
‘TNFa, and IL-1. The latter cytokines are more tightly 
regulated than lysozyme, and further exposure to micro- 
bial components such as LPS is needed to induce the 
majority of macrophages to express these mediators. 
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Role of activated macrophages in immunopathology 
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Fig. 9.32 (1) Activated microgia may recognize, but be unable 
to degrade, extracellular f-amyioid fibrils and release cytotoxic 
products that affect neuronal function and survival. (2) The 
response may be directed towards autoantigens (or perhaps to 
Unidentified cryptic infections or commensal organisms), 
leading to chronic inflammation, as seen in theumatoid 
arthritis. Nen-intemalizable immune complexes may perpetuate 


Once effector mechanisms are activated, local surface 
reactions also influence the release of potentially injurious 
macrophage molecules. If ligands are presented on a 
non-internalizable surface (‘frustrated phagocytosis’), 
secretory products can be released into the extracellular 
environment. 

‘Activated macrophages contribute considerably to 
tissue damage in autoimmune and chronic inflamma- 
tory diseases in joints, lung, and the nervous system 
Fig. 932). 


MACROPHAGES INITIATE, PROMOTE, 
PREVENT, SUPPRESS, AND TERMINATE 
IMMUNE RESPONSES 

‘The macrophage is able to initiate, promote, prevent, 

suppress, or terminate an immune response. Its actions may 

seem antigen non-specific, though antigen dependent. 
‘Apart from a major role in host defense, macrophages: 

* are participants in autoimmunity (failure to prevent 
immunity) and peripheral tolerance; 

+ may contribute to T’ cell downregulation in placenta 
(a macrophage-rich organ) and at immunologically 
privileged sites such as the anterior chamber of the eye; 

+ can nurse or kill neighboring cells and partners, and we 
need to learn more about how they discriminate friend 
from foe, and danger from safety, 


Tnflammation and antibody/complement-dependent 
‘ytotokicly. (3) A granuloma may cause a bulky space- 
‘occupying lesion, impairing the function of sensitive tissues 
such as brain, retina, and nerve. (4) Excessive release of 
‘eytokines can lead to several tssue-damaging syndromes, 
‘especially toxic shock syndromes with TNFa. 


‘The host is not viable without macrophages, which 
perform vital functions within and beyond the immune 
system, 
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Critical thinking: The role of macrophages in toxic shock syndrome (see p. 495 for 


explanations) 


In an experimental model of septic shock, mice are infected 
systemically with bacille Calmette-Guérin (BCG), a non-lethal 
vaccine strain of mycobacteria. After 12 days, the mice are 
challenged intraperitaneally with graded doses of lipopolysac-~ 
charide (LPS). Blood samples are taken at 2 hours and the 
clinical condition of the mice is monitored for up to 24 hours. 
Experiments are terminated eatlier if mice show severe signs 
of distress, 

1 What cytokines would you measure in the 2-hour serum 

sample? 


2° What clinical signs would be indicative of incipient septic 
shock? 

3 What mechanisms contribute to septic shock? 

4 What outcome would you expect ifthe following knockout 
‘mouse strains were used instead of wild-type controls: 
‘CD14, scavenger receptor class A (SR-A), IFN? 

5 Interpret your results. 

Suggest further experiments, 

What is the clinical significance of this experiment? 


Ne 


The distinction between inflammatory responses and house-keeping of apoptotic 


cells (see p. 495 for explanations) 


‘Mouse peritoneal macrophages are fed a meal af apoptotic cells 
in culture, and then challenged with an intracellular pathogen, 
Trypanosoma cruzi. Subsequent single cell analysis of parasite 
‘survival shows that 7 cruzi growth is enhanced by prior uptake 
fof apoptotic cells, but not of necrotic cells ar control particles. 
& How would you investigate the macrophage surface 
receptors responsible for apoptotic cell uptake? 


9 Suggest a possible mechanism by which apoptotic cell 
uptake promotes T. cruzi survival. 

10 How would you investigate this experimental model? 

111 What isthe possible in vivo and clinical significance of this, 
‘observation? 
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The role of macrophages in TH1 and TH2 responses (see p. 496 for explanations) 


Isolated mouse peritoneal macrophages are treated for 2 days 
with selected cytokines (IFN, IL-4 I-13, IL-10) in culture and 
2 range of assay for cel activation is employed. tis found that 
IFNyenhances the respiratory burst (after LPS challenge), MHC. 
class Il expression, and proinflammatory cytokine production, 
‘but downregulates mannose receptor (MR)-mediated endo- 
cytosis. 1L-10is an efficient antagonist of the above effects. IL- 
4 and IL-13 are weak antagonists of respiratory burst and 
proinflammatory cytokine production and markedly induce 
MHC class Il molecules and MR activity. 


12 Interpret the significance and possible functional relevance 
fof these results in relation to concepts of To1/TH2 
differentiation. 

13 What further work could be done to investigate the 
possiblity that macrophage activation could by analogy 
be classified as M1/M2? 

14 How would you investigate the role of macrophages and 
dendritic cells as possible inducers of CD4* T cell subset 
differentiation? 


Cell-mediated 
Cytotoxicity 


SUMMARY 


+ Cellmediated cytotoxicity isan essential defense 
against intracellular pathogens, Including viruses, some 
bacteria, and parasites, CTLs recognize antigen presented 
fon MHC molecules, Most CTLs are CDB* and recognize 
antigenic peptides presented on MHC class | molecules. NK 
cells react against cells that do not express MHC class 1 
‘molecules, They can interact with these cells using a variety 
of receptors. 


+ NK cells express a variety of receptors. The lctn-like 
receptor CD94 interacts with HLACE Kis (killer 
Jmmunoglobulin-ke receptors) are members of the 
immunoglabulin superfamily - those with short tails are 
activating, and those with long tals are inhibitory. 
Immunoglobulinsike wanscrpts (IS) have a wider cll 
distribution than other NK cell receptors. 


+ Interactions with NK receptors determine NK cell 
action. NK cells use several different receptors to positively 
identify their targets, and intracellular signaling pathways 
coordinate inhibitory and activating signals. 


+ Cytotoxicity Is effected by direct cellular interactions, 
‘gjtokines, and granule exocytosis. Fas ligand and TNF 
‘can signal apoptosis to the target cell. Granules containing 
perforin and granzymes contribute to target cell damage. 
Ligation of Fas ar the type 1 TNF receptor on the target cell 
leads to the activation of caspases, which are the ultimate 
‘mediators of apoptosis in the target. 


+ Macrophages, neutrophils, and eosinophils are non- 
lymphoid cytotoxic effectors. Macrophages damage 
targets using their non-specific toxic efector systems or via 
‘cytokines. Eosinophils mediate cytotoxicity by exocytosis of 
theie granules. 


CELL-MEDIATED CYTOTOXICITY IS AN 
ESSENTIAL IMMUNE DEFENSE MECHANISM 
Cytotoxicity describes the ways in which leukocytes 
recognize and destroy other cells. 
Cell-mediated cytotoxicity is an essential defense 
against: 
+> intracellular pathogens, including viruses; 
+ some bacteria; 
* some parasites. 
‘Tumor cells, eukaryotic pathogens, and even cells of the 
body may also become the target of cytotoxic cells 
Cytotoxicity is also important in the destruction of 
allogeneic tissue grafts. 
Several types of cell have cytotoxic activity including: 
* cytotoxic T lymphocytes (CTLs); 
* natural killer (NK) cells; and sometimes 
+ myeloid cells. 
‘The mechanisms of recognition and killing used by the 
lymphoid cells are quite distinct from those of the myeloid 
cells, and will be considered first. 


CTls recognize antigen presented on MHC 
molecules and NK cells react against cells 
that do not express MHC class 1 

CTLs and NK cells recognize their targets in different 


Recognition of target cells by cytotoxic T lymphocytes 
(CTLs) and NK cells 


Inhibitory 
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Fig. 10.1. CTLs recognize processed antigen presented on the 
target cell by MHC molecules using their T cell receptor (TCR). 
Most CTLs are CD8* and recognize antigen presented by MHC 
‘lass | molecules, but a minority are CD4* and recognize 
antigen presented by MHC class Il molecules. In contrast, NK 
‘cells have receptors that recagnize MHC class | on the target 
and signal inhibition of cytotoxicity. They use a number of 
different receptors (NK receptors) to identify their targets 
positively, including CD2, CD69, or antibody bound to their 
Fe receptor (CD16). 
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70. CELL-MEDIATED CYTOTOXICITY 


Rapid Reference Box 10 


ADCC (antibod)-cependent cemediated cytotoxicity) —2 
{jtotoxic reaction in which Fe receptor-bearing cells 
recognize target cells via speciic antibodies. 

Caspases —a group of enzymes that initlate and act as 
effectors of apoptosis. 

{€D94 —lectin-ke receptor that recognizes MHC class | 
peptides presented by HLA-E molecules. 

‘€D95 —Fas, a molecule expressed on a variety of cells that 
‘acts asa target for ligation by CD9SL on cytotoxic ces. 
GGranzymes — granule associated enzymes that are released by 
cytotoxic cells and which induce apoptosis in target cell. 

HUAE molecules — class lb molecules encoded within the 
MHC which present leader peptides of MHC class | 
‘molecules for recognition by CD84/NKG2 receptors on NK 
cells 

HLA molecules ~ class lb molecules encoded within the 
MHC which are expressed on cells of the placenta and 
inhibit NK ce mediated cytotoxicity. 

ITAMs and ITIMs (immunoreceptor tyrosine 
activation/inhibitory motifs) ~ these are target sequences 
{or phosphorylation by kinases involved in cell activation or 
inhibition. 

Kins (killer immunoglubulin-like receptors) —a group of 
molecules present on NK cells that, when ligated can 
activate or inhibit cytotoxicity. 

Lymphotoxins — a group of cytokines that act on TNEF/LT 
receptors and which may induce apoptosis in target cells. 

Perforin -a molecule contained in the granules of cytotoxic 
cells which is related to complement C9, and when 
released can form pores in the plasma membrane of a 
target cel, 

‘TNFa.— a cytokine encoded within the MHC, that may induce 
‘apoptosis in target cells. 


* CTLs recognize specific antigens (e.g. viral peptides 
on infected cells) presented by MHC molecules — most 
CTLs cells are CD8* and recognize antigen presented 
on MHC class I molecule, though some CD4* cells 
are cytotoxic and recognize antigen presented on MHC. 
class II molecules; 

+ NK cells recognize cells that fail to express MHC class 
I molecules and also use a variety of receptors to 
recognize their targets positively (e.g. they can bind 
to antibody already attached to antigen on a target cell 
using their Fe receptors (CD16) ~ a process known as 
antibody-dependent cell-mediated cytotoxicity 
[ADCC)). 

‘The most important role of CTLs is the elimination of 

cells infected with virus (see Chapter 13). 

Nearly all nucleated cells express MHC class 1 
molecules and if they become infected can therefore 
present antigen to CD8* CTLs (see Chapters 5 and 7). 

Cellular molecules that have been partly degraded by 
proteasomes are transported to the endoplasmic reticulum 
to become associated with MHC class I molecules and are 
then transported to the cell surface. 


Q. How does a virus-infected cell know which molecules are 
viral antigens and should therefore be presented to CTLs? 
A. Itdoes not. Each cell samples its ewn molecules and presents 
them for review by CDB* CTLs. Both the cell's awn molecules 
and those of intracellular pathagens will be presented in this 
way. Ibis the T cells that can distinguish self molecules from non 
self antigens, not the infected cell 


Additional interactions may be required to stabilize the 
bond between the CTL and the target (Fig. 10.2), and can 
even help trigger the killing event. For example, by adding 
antibodies against CD3 or CD2 on the CTL in vitro, itis 
possible to trigger the killing of targer cells that are bound. 
to the CTL, It is probable that binding of physiological 
ligands to these molecules (CD3 and CD2) can also 
trigger CTLs in this way. 


CTLs and NK cells are complementary in the 
immune defense against virally infected cells 
Several viruses (particularly herpes viruses) have evolved 
mechanisms to avoid recognition by CTLs. They reduce 
the expression of MHC molecules or even produce 
proteins that pick MHC molecules out of the endoplasmic 
reticulum to reduce the likelihood that processed viral 
peptides will be presented at the cell surface. 

Because NK cells specifically recognize cells that have 
lost their MHC class I molecules, we can see that CTLs 
and NK cells act in a complementary way to protect the 
body. In effect: 

+ the NK cells check that cells of the body are carrying 

their identity card (MHC class I) 

+ the CTL checks the specific identity (antigen speci- 
ficity) on the card. 

Experiments involving the micromanipulation of indi- 

vidual cells have shown that a single CTL can sequentially 

Aull several target cells. ‘To do this CTLs must be: 

+ resistant to their own killing mechanisms; and 

+ able to detach effectively from dying target cells. 


Interactions between CTLs and target cells 


Fig. 10.2 Some of the ligands involved in the interaction 
between CTLs and their targets. (ICAM-1, intercellular 
adhesion molecule-1; TCR, T cell receptor; LFA-3, leukocyte 
functional antigen-1) 


NK CELLS EXPRESS A VARIETY OF RECEPTORS 


Cytokine-activated killer (LAK) cells are 
related to NK cells 
Immunologists have experimented with several potential 
treatments for cancer. One approach has been to activate 
the patient's own lymphocytes in vitro with interleukin-2 
(IL-2), and then to reinfuse them. ‘These cells, which are 
initially derived from blood or spleen, are called eytokine- 
activated killer cells or, originally, lymphokine- 
activated killers (LAKs). ‘They 
* show enhanced MHC non-restricted cytotoxicity; and 
* appear to be largely derived from precursor cells that 
are indistinguishable from NK cells. 
‘Therefore LAK cells probably do not represent a separate 
lineage, but rather a consequence of activation. This type 
of cell is undergoing trials for the treatment of cancer in 
humans. 


NK CELLS EXPRESS A VARIETY OF 

RECEPTORS 

NK cells are mostly derived from large granular Iympho- 

cytes (LG), which comprise about 5% of human periph- 

eral blood lymphocytes. ‘The majority of NK cells are: 

* CDS", CD16‘, CD56", CD94" (see Appendix 2); and 

* do not contain productive rearrangements of the TCR 

Inital experiments on the specifciry of NK cells showed 

that MHC class I expression protected cells from NK cell- 

mediated cytotoxicity and that particular allotypes. of 

HLA-C were dominant genes for producing resistance. 
‘This led to a search for receptors on NK cells that 

could inhibit cytotoxicity and that might be expressed in a 

variety of different forms capable of: 

* reacting with MHC class I; and 

* signaling the presence of MHC class I molecules to the 
NK cell, 

‘Two major types of molecule were identified and termed 

Killer inhibitory receptors (KIRs): 

* one group of molecules was identified as type 2 
membrane glycoproteins (C. terminus outside) with a 
Cetype lectin domain (Ca?*-dependent), 

© the other group of molecules were members of the 
immunoglobulin superfamily. 

Subsequently it was realized that, although some members 
of each group did indeed act as killer inhibitory receptors, 
others could actually activate the killer cell. So it was not 
correct to call all members of both groups ‘inhibitory 
receptors’. It was therefore proposed that the term ‘KIR’ 
now meaning ‘killer immunoglobulin-like receptor’, 
should be used for just the second group of molecules. 


The lectin-like receptor CD94 interacts 
with HLA. 
‘The lectin-like receptor CD94 is a characteristic marker 
of human NK cells, but is also found on a subset of 
CTLs. It covalently’ assembles with different members 
of another group of type 2 membrane molecules called 
NKG2, and the dimers are expressed at the cell 
membrane (Fig. 10:3). 

‘There are at least six members of the NKG2 family 
(NKG2A-NKG2E). The dimer of CD94+-NKG2A is 


Lectin-ike receptors of NK cells 


mm 
mM. 


Fig. 10.3 The inhibitory receptors consist of CD94 dlsulide- 
bonded (red) to peptides from the NKG2 locus, such as 
INKG2A, which have intracellular domains carying ITIM motifs 
immunoreceptor tyrosine inhibitory moti. Non-inhibitory 
receptors (such as CD94/NKG2C) lack the IIMs, but have a 
charged lysine residue (K) in the transmembrane segment 
allows them to interact with signal transducing molecules. 


an inhibitory receptor that blocks NK cell-mediated 
cytotoxicity. By contrast CD94-NKG2C is an activating 
receptor (see Fig. 103). Although these two NKG2 
molecules are very similar, they differ in their intracellular 
segments, and this determines whether the receptor is, 
inhibitory or activating. 

In vivo, the role of the inhibitory version is clear, but 
that of the activating variant is not. Possibly, it may act 
as one of the receptors by which NK cells carrying 
CD94-NKGIC actively engage their targets 

CD94 is distantly related to the mouse molecule Ly-49, 
which is present in the NK cell gene complex (NKC). 
Indeed, it was partly this homology of CD94 to mouse 
NK cell receptors that alerted researchers to the possi- 
bility that CD94 was an NK cell receptor in humans. 

‘The ligand for both CD94-NKG2A and CD94 
NKG2C is the HLA-E molecule. 


HLA-E molecules present peptides from other MHC 
class I molecules 

‘The HLA-E gene locus encodes an MHC class I-like 
molecule. These are sometimes called class Ib mole- 
cules to distinguish them from the classical MHC 
molecules that present antigen to CTLs. 

‘The extraordinary function of HLA-E is to present 
peptides from other MHC class I molecules. ‘The leader 
peptides from other MHC molecules are transported to 
the endoplasmic reticulum and are required to stabilize 
functional HLA-E molecules (Fig. 10.4). Cells lacking 
classical MHC class I molecules do not express HLA-E. at 
the cell surface. Hence an inhibitory signal is not passed to 
the NK cell. 

In effect HILA-E is a sensitive mechanism for moni- 
toring whether viruses or tumors have downregulated 
MHC class I molecule expression in a cell. 
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HLA-E presents peptides of other MHC class I molecules 


MHC cytoplasmic 
leader peptide peptide 


Fig. 104 Leader peptides from MHC cass | molecules are 
Jaded onto HLA molecules in the endoplasmic reticulum, a 
process that requires TAP transporters and tapasn to assemble 
functional HLA-E molecules. These are presented at the cell 
surtace for review by the CD94 series of receptors on NK cells 
(eft). The MHC class | molecules meanwhile present antigenic 
peptides from cytoplasmic proteins that have been 
transported into the endoplasmic reticulum. These complexes, 
ate presented to the TCR on CDB* CTLs, 


Q. Unlike the MHC molecules themselves, their leader 
peptides are very similar, regardless of the haplotype of the 
molecules, From this observation, what can you infer about 
immune recognition, mediated by NK cells? 

A. The combination of HLME plus leader peptide is similar 
regardless of the haplatype, therefore the CD94-NKG2 receptor 
does not need to be highly palymorphic to recognize MHC 
‘molecules of different haplotypes. Campare this with antigen 
presentation by HLA-A and -8 and immune recognition by 
the TCR. 


Although CD94 has a lectin domain, the recognition of 
the HLA-E-peptide occurs via interaction with residues 
from the peptide and the al and 02 domains of the MHC 
molecule. The lectin domain could, however, reinforce 
this interaction by binding to carbohydrate associated 
with the MHC molecule. 


KIRs are members of the immunoglobulin 
superfamily 

‘The second group of NK cell receptors are members 
of the immunoglobulin superfamily. They fall into two 
subsets, having either two or three immunoglobulin 
domains (Fig. 10.5). 


Killer immunoglobulin-like receptors 


Fig. 10.5 KiRs consist of either two or three extracellular 
immunoglobulin supertamily domains. The inhibitory forms 
are longer and have intracellular ITIMs (immunoreceptor 
tyrosine inhibitory motifs), whereas the non-inhibitory forms. 
have the charged residue in the membrane comparable to the 
‘non inhibitory forms of CD94-NKG2 (see Fig. 10.3). 


‘Thirteen groups of KIRs have been identified encoded 

in a gene cluster on chromosome 19q13.4. The molecules 

are highly diverse: 

* the two-domain members (KIR-2D) are defined as 
CD18; 

+ the three-domain members are KIR-3D. 

‘The nomenclature also indicates whether the variant has a 

short or long cytoplasmic tail (e.g. KIR-2DL1 for a two- 

domain variant with a long eytoplasmic tail). 


KiRs with short tails are activating, and those with 

Jong tails are inhibitory 

‘Pwo of the two-domain members have been shown to 

bind to allelic variants of HLA-C, and these isoforms have 

inhibitory cytoplasmic domains (see below). The specifi- 
city of these receptors can: 

* partly explain why particular HLA-C. allotypes 
inhibited some NK cells; 

+ explain why these allotypes produce dominant resist- 
ance ~ if a cell expresses a particular HLA-C allotype, 
then that is sufficient to inhibit an NK cell that has 
engaged it. 

Interestingly the expression of KIRs varies on individual 

NK cells. Not all cells express all KIRs, though the total 

population of NK cells does express all of the KIR genes 

present in that individual. 

Other isoforms of the KIRs have activating domains. 
‘These generally engage HLA molecules with a lower 
affinity than the inhibitory forms, and, like the activating 
forms of CD40-NKG2, their physiological functions are 
uncertain, 


INTERACTIONS WITH NK RECEPTORS DETERMINE NK CELL ACTION 


Immunoglobulin-like transcripts (ILTs) have 
a wider cell distribution than other NK cell 
receptors 

A third group of receptors is clustered in the same region 
as the KIRs and have either two or four immunoglobulin- 
like domains. These receptors, called immunoglobulin- 
like transcripts (ILTs), have a wider cellular distribution 
than the other NK cell receptors. Some of these interact 
with a broad spectrum of MHC molecules, and others 
with none at all — their functions are therefore still 
uncertain. 


INTERACTIONS WITH NK RECEPTORS 
DETERMINE NK CELL ACTION 
HLA-G inhibits NK cell action against the 
lacenta 
An intriguing recent discovery is that the HLA-G 
molecule, which is expressed only on placental tropho- 
blasts, is a dominant NK cell inhibitor that confers 
resistance to all types of NK cell (HLA-G is another 
MHC class Ib molecule). Trophoblast cells are derived 
from the fetus and invade the maternal circulation as the 
placenta is established. 


Q. What can you say about trophoblast cells with regard to 
their susceptibility to damage by CTLs? 

A. The fetal cells contain paternal MHC genes so are allogeneic 
Jn the mother, and one might therefore expect them to be 
susceptible to destruction by CTLs, 


Q Because trophoblasts are not destroyed by maternal 
CTLs, what can you predict about their expression of MHC 
molecules, and what is the consequence of this? 

A. HLA-A and HLA-B genes are downregulated on trophoblasts, 
and consequently one would expect the cells to become 
susceptible to damage by NK cells (HLA-Cis stil expressed.) In 
practice, therefore, HLA-G expression is required to protect the 
placenta from attack by NK cells. 


‘There is some debate as to which of the inhibitory 
receptors recognize HLA-G. One ligand for HLA-G 
is ILT-2. The leader peptide of HLA-G can also be 
presented in complex with HLA-E to CD94, Itis possible 
that HLA-G ean also be directly recognized by a KIR 
(KIR-2DL4). 


NK cells use several different receptors to 
positively identify their targets 

NK cells may engage their targets using a variety of 
receptors, including CD2, CD16, and CD69, and recep- 
tors related to those that inhibit cytotoxicity. 

‘The Fe receptor (CD16) binds antibody bound to 
target cells and mediates ADCC: (Fig. 10.6). Historically 
this was referred to as killer (K) cell activity, but this 
fanction may also be performed by several other cell types 
with Fe receptors, including T cell. 

‘Myeloid cells expressing Fe receptors can also show 
antibody-dependent cytotoxicity, but probably use differ- 
ent killing mechanisms to those of T cells and NK cells. 


K cell activity 


Fig. 10.6 Electron micrograph of a large granular lymphocyte 
(Fight) engaging a target cell sensitized with antibody (eft). 
% 2500, (Courtesy of Dr P Penfold) 


Potential targets for ADCC include: 
‘+ viral antigens on cell surfaces; 

‘+ MHC molecules; and 

+ some epitopes present on tumors. 

‘Therefore monocytes and (according to some contro- 
versal reports) polymorphs may also be active against 
antibody-coated tumor targets. Some myeloid cells, 
(monocytes and eosinophils) are certainly important 
effectors of damage to antibody-coated schistosomulae 
(see Chapter 15). 


Intracellular signaling pathways coordinate 

inhibitory and activating signals 

‘The next question is how does an NK cell decide between 

cytotoxic action or inaction. This decision is thought to 

depend on the coordination of intracellular signaling 
pathways, and may involve the balance between activating 
and inhibitory signals. 

Both the lectin-like receptor and the KIRs occur as 
inhibitory or activating molecules. The key difference is 
the presence of immunoreceptor tyrosine inhibitory 
motifs (IMs): 

If ITIM motifs become phosphorylated, they can 

recruit phosphatases, which downregulate the activity 

of the NK cell (Fig. 10.7). 

+ In contrast, other KIRs that lack the IIMs can 
associate with a molecule (DAP12) which is related to 
the € chain of the TCR complex. DAP12 has immuno- 
receptor tyrosine activation motifs (TTAMs), which 
allow it to phosphorylate and recruit tyrosine kinases 
including ZAP-70 (see Figs 10.7 and 7.21), which lead 
to cell activation. 

At present, it is not known how the balance of activation 

and inhibition is resolved. In particular it is uncertain 

how a ligand such as HLA-C. will act when it ean bind 
to both inhibitory and activating receptors on the 
same cell. 
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Activation and inhibition by NK cell receptors 


Fig. 10.7 Following phosphorylation of its IIMs, the 
Inhibitory receptors of NK cells can bind to phosphatases, 
‘including SHP-1 and SHP-2, which inhibit kiling. The non- 
inhibitory forms of the receptor associate with a dimeric 
‘molecule DAPI2, via the complementary charged residues in 
their membranes, DAP12 has immunoreceptor tyrosine 
activation motifs (ITAMs). When phosphorylated this recruits 
kinases ofthe Syk family or ZAP-70 (see Chapter 7). Whether 
this leads to NK cell activation or whether it modulates the 
inhibitory signals is not known. 


CYTOTOXICITY IS EFFECTED BY DIRECT 
CELLULAR INTERACTIONS, CYTOKINES, 
AND GRANULE EXOCYTOSIS 
CTLs and NK cells use a variety of different mechanisms 
to kill their targets. These include: 
* direct cell-cell signaling via surface molecules; and 
* indirect signaling via cytokines. 
In addition, CTLs and large granular lymphocytes (NK. 
cells) have granules that contain proteins that damage 
target cells if they are released directly against the target 
cell plasma membrane. 

Exactly which combination of these three mechanisms 
is used depends on the CTL involved. 


Cytotoxicity may be signaled via Fas or a TNF 
receptor on a target cell 

CTLs signal to their targets using members of the tumor 
necrosis factor (INF) receptor group of molecules, 
which include: 

* Fas (CD95); and 

+ the TNF receptors (Fig. 10.8). 

Both CD4 and CD8 T cells can initiate cell death via 
expression of Fas ligand, a member of the TNF family 
(Fig. 10.9), Fas ligand recognizes the widely expressed cell 
surface protein Fas. Cross-linking leads to trimerization of 
Fas and recruitment of FADD to the death domain in the 
cytoplasmic tail of Fas. FADD recruits caspase 8 or 10, 
leading to Ca’*-dependent apoptosis. 


‘TNF receptor family of molecules 


Fig. 10.8 The molecule Fas (CD95), the two TNF receptors, 
and the lymphotoxin receptor are illustrated. The extracellular 
‘domains are similar to thase found in the NGF (nerve growth 
factor) receptor. Both Fas and TNFR-1 have death domains, 
‘which are involved in the recruitment of caspases. The ligands 
for these receptors are indicated at the top. Lymphotoxin-c. 
‘can form homotrimers or heterotrimers with lymphotoxin-8. 
Up to 25 other members of these families have been identified 
bby database searching. 


Activated caspase 8 can cleave and activate other 
caspases, in addition to its own direct actions in the 
pathways of apoptosis. 

Other members of the TNF receptor family with death 
domains in their cytoplasmic tails, such as'TNER-1, can 
also trigger caspase-dependent cell death upon engage- 
‘ment with their ligand by a similar mechanism, 

‘This ability to induce cell death is dependent on the 
presence of the death domain in the cytoplasmic tail. TNF 
receptor members lacking the death domain do not 
‘mediate caspase-dependent cell death. 


Granules of CTLs contain perforin and 
granzymes 

Activated CTL and NK cells contain numerous cyto- 
plasmic granules termed lytic granules. Upon recogni- 
tion of a target cell, these granules polarize to the site of 
contact, an area referred to as the ‘immunological 
synapse’, releasing their contents into a. small cleft 
between the two cells (Fig. 10.10). 

‘The lytic granules contain the pore-forming protein, 
perforin, as well as aseries of granule-associated enzymes, 
‘granzymes, all of which are secreted upon recognition of 
a target 


Perforin is a monomeric pore-forming protein 
Although NK cells and CTLs use different mechanisms 
to recognize their targets, the lytic mechanisms used to 
destroy the targets are the same, The key protein is 
perforin, a monomeric pore-forming protein that is 
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Mechanisms of cell killing 


TNFR 
Fas (CD85) 
death domain 
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caspase recruitment: 
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Fig. 10.9 Ligation of CD95 or TNFR-1 
‘causes trimerization of the receptors. Death 
‘domains in the cytoplasmic portion of 
CD95 bind to the adapter protein FADD 
(MORTH), which recruits caspase 8 or 10. 
TTINFR-1 can activate either caspase 8 or 10, 
via TRADD and FADD, or caspase 2 via RIP 
and RAIDD. Caspase 8 can further activate 
‘ther caspases, and these in concert lead to 
apoptosis of the target cell. 


related both structurally and functionally to the comple- 
‘ment component C9 (see Chapter 4). 


Q. What function does C9 perform? 
A. It polymerizes ta form channels acrass membranes as the 
final step in the lytic pathway. 


Perforin is inactive when located within the granules, 
but undergoes a conformational activation, which depends 
on the concentration of Ca ions (Fig. 10.11). 

Like C9, perforin is able to form homopolymers, 
inserting into the membrane to form a circular pore of 
approximately 16 nm in diameter. 

Unlike C9, perforin possesses a domain that can bind 
phospholipid membranes directly in the presence of Ca" 

Perforin-deficient mice show greatly reduced cyto- 
toxicity. The fact that some cytotoxicity remains demon- 
strates that other mechanisms contribute to CTL and NK 
cell-mediated death. Some of this residual killing is likely 
to come from the Fas ligand and TNF pathways. 


Granzymes cleave substrates in the target cell, 
leading to the rapid initiation of apoptosis 

Also contained within the lytic granules are the 
granzymes, which are a series of serine proteases that 


require perforin to enter the cytoplasm of the target cell 

(Fig. 10.12). Once in the cytoplasm, granzymes can cleave 

a number of substrates, leading to the rapid initiation of 

apoptosis: 

* Granzyme B cleaves a number of pro-caspases, leading 
to the activation of caspases 10, 3, and 7, so triggering 
apoptosis of the target cell. Granzyme B-deficient mice 
show delayed but not ablated cytotoxicity, revealing the 
role of other pathways. 

‘+ Another mechanism is provided by granzyme A, which 
triggers apoptosis via a caspase-independent pathway. 
Granzyme A acts on one of its substrates, SET (an 
endoplasmic _reticulum-associated protein complex), 
activating a DNAse, which nicks the DNA and leads to 
nuclear breakdown. 

+ Granzyme Calso contributes to apoptosis via a caspase- 
independent pathway, though the details of this 
pathway are not yet known, 

Eleven granzymes have been identified in the mouse and 

five in humans, though the functions of all of these are not 

yet known. The large number of granzymes is likely to 
provide multiple pathways to trigger apoptosis, ensuring 
that cell death ensues. 

In summary, recognition of a target leads to rapid 
polarization of the lytic granules to the immunological 
synapse. ‘The contents of the granules are released, 
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Intracellular reorganizations during effector-target cell interaction 


target cell 


affector call 


granules 


Fig, 10.10 Early evens inthe interaction of CTLs with specie 
targets were studied with high-resolution cinematographic 
techniques. The figure shows four frames (together with 
interpretative drawings), taken a diferent times, of a CTL 
interacting with its target. The location of the granules within 
the efector cals indicated in each case. Before contact with 
the target (1), the effector has granules located ina uropod at 
the rear, and is seen to. move randomly by extending 


including the pore-forming protein perforin, which allows 
granzymes to enter the cytoplasm of the target cell and 
rapidly trigger apoptosis. 


CTL and NK cells kill targets without killing 

themselves 

Although CTLs can be killed by other CTLs they do 

not destroy themselves when they kill another target. A 

number of mechanisms contribute to this: 

* Both perforin and granzymes are synthesized as 
inactive precursors that need to be activated by removal 
of a small pro-piece. 

* Activation takes place only after perforin and 
igranzymes have been released from the granules, where 
the pH, Ca* levels, and the presence of proteoglycans 


‘pseudopads from the organelle-ree, broad, leading edge of the 
Cell. Within 2 minutes of contacting the target (2), the CTL has 
‘begun to round up and initiate granule reorientation (3). After 
10 minutes (4), the granules occupy a position in the zone of 
contact with the target, where they appear to be in the process 
‘of emptying their contents into the intercellular space between 
the two cells. (Courtesy of Dr VH Engelhard) 


that bind both perforin and granzymes are thought to 
keep both perforin and granzymes inactive. 

Nevertheless the CTL is still resistant to its own perforin 

as it releases the granule contents into the immunological 

synapse. Some recent work has shown that a membrane- 
bound form of cathepsin B contributes to the CTL. 
resistance to lysis because it lines the granule membranes 
and cleaves perforin on the CTL side of the synapse. 

Additional mechanisms render CTLs more resistant to 
lysis, for example CTLs express: 

* cELIP, a protein that inhibits the cleavage of caspase 8 
and prevents apoptosis triggering via the caspase 8 
pathway 

* the serpin, protease inhibitor 8 (PI-8), which can 
prevent the action of granzyme B. 


MACROPHAGES, NEUTROPHILS, AND EOSINOPHILS ARE NON-LYMPHOID CYTOTOXIC EFFECTORS 


Perforin undergoes a conformational activation 
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Fig. 10.11 Perfor is synthesized with a tailpiece of 20 amino 
‘acid residues with a large glycan residue attached. In this form. 
itis inactive. Cleavage of the tailpiece within the granules 
allows Ca” lons to access a site associated with the C2 
domain of the molecule, but the molecule is thought to be 
‘maintained in an inactive state by low Ca** concentrations in 
the granules. Following secretion the increased Ca” 
‘concentration permits a conformational change, which 
‘exposes a phospholipid-binding site, allowing the perforin to 
‘bind to the target membrane as a precursor to polymerization. 


Diseases resulting from a loss of lytic 
granule proteins 
A number of genetic diseases have been identified that 
result from loss of function of several different effector 
proteins involved in CTL-mediated killing. Strikingly, 
these give rise to very different clinical syndromes. 
‘Mutations that cause loss of perforin expression or 
function give rise to familial hemophagocytic lympho- 
histiocytosis, a disease characterized by massive infil- 


Granule-associated killing mechanisms 


enzymic 


perforin ppolymerization| 


tration of organs with activated macrophages engulfing 
lymphocytes. 


Q. What effect would you expect lack of perforin to have in 
affected individuals? 

A. CIs are unable to kill virally infected cells, and it is thought 
that the associated macrophage infiltration is a consequence of 
the inability to regulate the response to viral infections. 


‘Loss of Fas ligand expression gives rise to autoimmune 
Iymphoproliferative syndrome type 2 (ALPS2), which 
results in aberrant lymphoproliferation in affected 
patients. The gld mouse model also lacks Fas ligand and 
has a similar pathology. The symptomatology of ALPS2 is 
very similar to that caused by mutations that result in loss 
of Fas (ALPSI). 

‘Mutations that prevent activation of granzymes have 
now been identified. Cathepsin C. is required to activate 
granzymes by proteolytic cleavage, Patients lacking 
cathepsin G present with Papillon-Lefévre syndrome. 
‘This rare condition appears in young children and is, 
characterized by severe inflammation around the teeth 
and dry scaly skin, which may become infected. Only a 
small number of the patients show increased susceptibility 
to infections and, interestingly, do not appear to have an 
increased susceptibility to viral infections. 


MACROPHAGES, NEUTROPHILS, AND 
EOSINOPHILS ARE NON-LYMPHOID 
CYTOTOXIC EFFECTORS 

Macrophages can damage targets using 
their non-specific toxic effector systems or 
via cytokines 

Anumber of non-lymphoid cells may be cytotoxic to other 
cells or invading microorganisms, such as bacteria oF 
parasites. Cytotoxicity may be triggered specifically to a 


Fig, 10.12 The CTL degranulates, releasing 
perforin and various enzymes (granzymes) 
into the immediate vicinity of the target 
‘ell membrane. In the presence of Ca”, 
perforin binds to the target cell membrane 
_and forms polyperforin channels (1). 
Enzymes that activate the apoptosis 
pathways, degradative enzymes, and other 
toxic substances released from the 
‘ytotoric cell may passthrough the 
‘channels in the target cell membrane and. 
‘cause cell damage or killing (2). 
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target by ADCG or may involve a range of non-specific 

toxic mediators, For example, macrophages and neu- 

trophils both express FeyRI and FeyRI which allows them 
to engage tumors by ADCC. 

In general macrophages and neutrophils aim to destroy. 
pathogens by internalizing them and subjecting them to 
toxic molecules and enzymes within the phagolysosome. 
‘These include: 

* the production of reactive oxygen intermediates, toxic 
oxidants, and nitric oxide (Fig. 10.13, see Chapter 9); as 
well as 

* the secreted molecules such as neutrophil defensins, 
lysosomal enzymes, and cytostatic proteins. 

If the phagocyte fails to internalize its target, then these 

mediators may be released into the extracellular environ- 

ment and contribute to localized cell damage. This action 
is referred to as ‘frustrated phagocytosis’ and occurs 
when the target is engaged by surface receptors, but is 
too large to phagocytose, The actions of the mediators 
produced by the phagocyte damage the target rather than 
induce apoptosis. For this reason, the cytotoxic action of, 
phagocytes tends to produce necrosis and inflammation. 

‘Additionally, activated macrophages secrete TNF, 
which can induce apoptosis in a similar way to NK cells 
and CTLs. Macrophages can therefore induce necrosis, 
apoptosis, or a combination of both, depending on the 
state of activation of the macrophages and the target 
involved. 


Eosinophils mediate cytotoxicity by 
exocytosis of their granules 
Mature eosinophils are characterized by their granules, 
which have a crystalloid core that binds the dye eosin. 
Generally, eosinophils are only weakly phagocytic ~ they 
ingest some bacteria following activation, but are less 
efficient than neutrophils at intracellular killing. 

‘The major function of eosinophils appears to be the 
secretion of various toxic granule constituents following 
activation. ‘They are therefore effective for the extra- 


Mechanisms that may contribute to the cytotoxicity of 
myeloid cells 


cationic proteins 
cae 


hydrolases 


peroxide anion and oth 
tive oxygen intermediates (ROIs) 


nitric oxide (NO-, and other RNIs} 
tumor necrosis factor (TNFa) 


Fig. 10.13 Reactive oxygen intermediates (ROIs) and reactive: 
nitrogen intermediates (RNI), cationic proteins, hydrolytic 
tenzymes, and complement proteins released from myeloid 
cells may damage the target cel in addition to cytokine- 
mediated attack, 


cellular killing of microorganisms, particularly large 

parasites such as schistosomes (see Chapter 15).. 

‘The components of the eosinophil granule include the 
following: 

+ Major basie protein (MBP) ~ not to be confused with 
myelin basic protein of oligodendrocytes. MBP is the 
‘major component of eosinophil granules, forming the 
crystalloid core, and has been shown to damage, and 
sometimes kill, parasites, but also damages host tissue 
cells, 

+ Eosinophil peroxidase (EPO) ~a highly cationic hetero- 
dimeric 71-77-kDa hemoprotein that is distinct from 
the myeloperoxidase of neutrophils and macrophages. 
In the presence of H,O;, also produced by eosinophils, 
EPO will oxidize a variety of substrates, including 
halide ions to produce hypohalite, and this may rep- 
resent the eosinophils most potent killing mechanism 
for some parasites. 

+ Eosinophil cationic protein (ECP) ~ an eosinophil- 
specific toxin that is very potent at killing many 
parasites, particularly the schistosomulae of Schistosoma 
mansoni. "The molecule is a ribonuclease, which, 
because of its high charge, binds avidly to negatively 
charged surfaces and it is possible that it forms 
membrane channels, which allow other mediators 
access to the target organism. 

Other molecules produced by eosinophils are lysophos- 

pholipase and eosinophil-derived neurotoxin (EDN), 

which is also a ribonuclease but with strong neurotoxic 
activity. 

Degranulation of eosinophils can be triggered in a 
‘number of way 
* binding to IgG-coated parasites via surface FeyRIL 

triggers the release of some mediators including ECB, 

but not EPO; 

+ in contrast triggering via FceRII leads to the release of 
EPO, but not ECP. 

Parasite killing may involve contact-dependent degranu- 

lation or may simply require deposition of toxins within 

the local tissue. 

Degranulation may also be triggered directly in vitro by 
several cytokines, including: 

* interleukin-3 (IL-3); 

+ IL-5; 

+ granulocyte-macrophage colony stimulating factor 
(GM-CSF); 

+ TNE; 

* interferon-B (IFNB); and 
*  platelet-activating factor (PAF). 

‘These mediators also enhance ADCC-mediated degran- 

ulation. 

Eosinophils are prominent in the inflammatory lesion 
of a number of diseases, particularly atopic disorders of 
the gut, skin, and respiratory tract, where they are often 
closely associated with fibrotic reactions. Examples are 
atopic eczema, asthma, and inflammatory bowel disease. 

Although eosinophils may play some regulatory role in 
these conditions, such as inactivating histamine, their 
toxic products and cytotoxic mechanisms are a majar cause 
of the tissue damage. For example, in asthma, eosinophil 
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granule proteins are detectable in the blood and lungs 
following asthmatic attacks. MBP can kill some pneu- 
mocytes and tracheal epithelial cells while EPO kills type 
I pneumocytes. MBP can also induce mast cells to secrete 
histamine, so exacerbating allergic inflammation. 
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Critical thinking: Mechanisms of cytotoxicity (see p. 496 for explanations) 


Lymphocytes from a normal individual were stimulated in vitro, 
by co-culture with irradiated T lymphoma cells, (Iradiation of 
these stimulator cells prevents them from dividing in the co- 
culture.) After 7 days the lymphocytes were harvested and 
fractionated to obtain a population of cytotoxic cells (CDB") 


and a population of NK cells (CD94*, CD16"), These effector 
cells were set up in a cytotoxicity assay with the tumor cells as 
targets. The tumor cells were labeled to detect both DNA 
fragmentation and cell lysis. The results shown in the table 
‘were obtained in these assays. 


no effector cells 4 1 
D8" CTLs, 2 80 
NK cells 2 " 
‘anti-tumor cell antibody 5 1 
INK cells + anti-tumor cell antibody 28 28 
purified perforin 95 2 


1 Why do CTLs fyze the targets and induce DNA frag- 
‘mentation? What are these cells recognizing on the tumor 
cell surface? 

2 Why might the NK cells cause some damage to the tumor? 
‘Why does the presence of antibody to the tumor enhance 
the cytotoxic capacity of the NK cells? 


3 Explain the result with purified perforin, 
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Regulation of the 


Immune Response 


SUMMARY 


‘+ Many factors govern the outcome of any immune 
response. These include the antigen itself its dose and 
route of administration, and the genetic background of the 
Individual responding to antigenic challenge. A variety of 
control mechanisms serve to restore the immune system to 
resting state when the response to a given antigen is no 
longer required. 


‘+ The APC may affect the immune response through its 
ability to provide co-stimulation to T cells. Different types of 
APC promote different modes of immune response. 


‘+ Immunoglobulins can influence the immune response, 
positively as an antiidiatype or through immune complex 
formation. They may also negatively influence immune 
responses by reducing antigenic challenge or by feedback 
Inhibition of B cells. 


‘+ T-cells regulate the immune response. Cytokine 
production by T cells influences the type of immune 
response elicited by antigen, CD4* T cells can deviate 


‘immune responses to TH1- or Tr2-type responses. Regulatory 
T cells may belong to the CD4 or CDB subpopulations. 
“They can inhibit responses by the production of suppressive 
cytokines such as 1L-10 and TGF. 


+ Senescence of cells is regulated by telomere erosion. 
Upregulation of telomerase by cells during an immune 
‘response compensates for telomere shortening caused by 
cell division. 


+ Selective migration of lymphocyte subsets to different 
sites can modulate the local type of immune response 
because Ti cells and Th2 cells respond to different sets of 
chemokines. 


+ The neuroendocrine system influences immune 
‘responses. Corticosteroids in particular downregulate Til 
tesponses and macrophage activation. 


‘Genetic factors influence the immune system and. 
include both MHC-linked and non-MHC1linked genes. 
“They affect the level of immune response and susceptibility 
to infection. 


MANY FACTORS GOVERN THE OUTCOME 
OF ANY IMMUNE RESPONSE 

‘The immune response, like all biological systems, is 
subject to a variety of control mechanisms. These 
mechanisms restore the immune system to a resting state 
when responsiveness to a given antigen is no longer 
required. 

An effective immune response is an outcome of the 
interplay between antigen and a network of immuno- 
logically competent cells. 

“The nature of the immune response, both qualitatively 
and quantitatively, is determined by many factors, 
including: 

* the form and route of administration of the antigen; 

* the antigen-presenting cell (APC); 

* the genetic background of the individual; and 

* any history of previous exposure to the antigen in 
question or to a cross-reacting antigen. 

Specific antibodies may also modulate the immune 

response to an antigen, 


T cells and B cells are triggered by antigen after effec- 
tive engagement of their antigen-specific receptors 
together with appropriate co-stimulation. In the case of 
the T cell, this engagement is not with antigen itself, but 
with processed antigenic peptide bound to MHC class I or 
class II molecules on APCs (see Chapter 7).. 

‘The nature of an antigen, the dose, and the route of 
administration have all been shown to have a profound 
influence on the outcome of an immune response. An effec 
tive immune response removes antigen from the system, 

Repeated antigen exposure is required to maintain T 
and B cell proliferation, and during an effective immune 
response there is often a dramatic expansion of specifically 
reactive effector cells. 

‘Ar the end of an immune response reduced antigen 
exposure results in a reduced expression of IL-2 and its 
receptor leading to apoptosis (or programmed cell death, 
see Chapter 10) of the antigen-specific T cells. The 
majority of antigen-specific cells therefore die at the end 
of an immune response leaving a minor population of 
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long-lived ‘T and B cells to survive and give rise to the 
memory population. 


Q. What process leads to the inactivation of T cells and loss 
of the IL-2 receptor? 

A. Ligation of CTLA4, the altemative receptor for the co- 
stimulatory molecule B7 (see Fig. 7.18). 


Different antigens elicit different kinds of 
immune response 

Intracellular organisms such as some bacteria, parasites, or 
viruses induce a cell-mediated immune response. Cell- 
mediated immune responses are also induced by agents 
such as silica. 

In contrast extracellular organisms and soluble antigens 
induce a humoral response, with the polysaccharide cap- 
sule antigens of bacteria generally inducing IgM responses. 

In some situations, antigens (e.g. those of intracellular 
microorganisms) may not be cleared effectively leading 
to a sustained immune response. This has pathological 
consequences for autoimmunity and hypersensitivity (see 
Chapters 20 and 23-26). 


Large doses of antigen can induce tolerance 
Very large doses of antigen ofien result in specific T and 
sometimes B cell tolerance. 

‘Administration of antigen to neonatal mice often 
results in tolerance to the antigen. It was speculated that 
this might be the result of immaturity of the immune 
system. However, more recent studies have shown that 
neonatal mice can develop efficient immune responses 
(Fig. 11.1) and that non-responsiveness may in some cases 
be attributable, not to the immaturity of T’ cells, but to 
immune deviation. In this case a non-protective TH12-type 
cytokine response would dominate a protective TH11-type 
cytokine response. i 

‘T-independent polysaccharide antigens have been 
shown to generate tolerance in B cells after administration 
in high doses. ‘Tolerance and its underlying mechanisms 
are discussed in Chapter 19. 


Effect of antigen dose on the outcome of the immune 
response to murine leukemia virus 


Fig. 11.1 Newbom mice were infected with ether 03 oF 
1000 plaque-forming units (pfu) of virus and the CTL response 
agains vill infected targets was asessed together with the 
production of interferon (FNy—a helper T cell type 1 [Tit] 
«ytokne) or interieukin- (IL-4 ~a TH2 cytokine) in response to 
viral challenge. Mice infected with a low dose of virus make a 
Til-type response and ae protected, The results are 
presented as arbitrary uit. 


Antigen route of administration can 

determine whether an immune response 

occurs: 

‘The route of administration of antigen has been shown to 

influence the immune response: 

* antigens administered subcutaneously or intradermally 
evoke an active immune response; whereas 

+ antigens given intravenously, orally, or as an aerosol 
‘may cause tolerance or an immune deviation from one 
type of CD4" T cell response to another. 

For example, rodents that have been fed ovalbumin or 

myelin basic protein (MBP) do not respond effectively to 

4 subsequent challenge with the corresponding antigen. 

‘Moreover, in the case of MBP, the animals are protected 

from the development of the autoimmune disease 

experimental allergic encephalomyelitis (EAE). 


Q Considering the type of immune responses generated in 
mucosal tissues why might oral administration of antigen 
deviate the immune response, and in what way? 

‘A. Mucosal tissues have high levels af antibody-producing 8 
cells, Consequently antigens that first encounter the immune 
system at these sites may be presented by B cells, which tend to 
induce TH2-type responses, 


‘This phenomenon may have some therapeutic value in 
allergy. Recent studies have shown that oral adminis- 
tration of a T cell epitope of the Der pl allergen of house 
dust mite (Dermatopbagoides preronyssimus) could tolerize 
to the whole antigen. The potential mechanisms of such 
tolerance induction include anergy, immune deviation, 
and the generation of regulatory cells that act through 
the production of cytokines such as TGFB and I-10. 

Similar observations have been made when antigen is 
sgiven as an aerosol, Studies in mice have shown that aerosol 
administration of an encephalitogenic peptide inhibits the 
development of experimental allergic encephalomyelitis 
(EAE) that would normally be induced by a conventional 
(subcutaneous) administration of the peptide (Fig. 11.2). 
‘This may also have therapeutic implications because the 
inhibition of the response is not limited to the antigen 
administered as an aerosol, but also includes other anti- 
gens capable of inducing EAE, such as proteolipid protein. 

A clear example of how different routes of admin- 
istration affect the outcome of the immune response is 
provided by studies of infection with lymphocytic chorio- 
‘meningitis virus (LCMV). Mice primed subcutaneously 
with peptide in incomplete Freund’s adjuvant develop 
immunity to LCMV. However, if the same peptide is 
repeatedly injected intraperitoneally the animal becomes 
tolerized and cannot clear the virus (Fig. 11.3). 


THE APC MAY AFFECT THE IMMUNE 
RESPONSE 
‘The nature of the APC initially presenting the antigen 
may determine whether immune responsiveness or 
tolerance ensues. 

Effective activation of T cells requires the expression of 
co-stimulatory molecules on the surface of the APC. 
‘Therefore presentation by dendritic cells or activated 
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‘Aerosol administration of antigen modifies the immune 
response 


aerosol 
peptide 


1 


‘pti in 


‘adjuvant 


ie 
pentide 


Fig. 11.2 Mice were treated witha single aerosol dose of, 
ther 100 jg peptic (residues 1-11 of MBP) or just the 
“carrier, Seven days later the same peptide, this time in 
adjuvant, was administered subcutaneously. The subsequent 
development of experimental allergic encephalomyeitis (EAE) 
‘was significantly modified in pretreated animals. 


macrophages that express high levels of MHC class I 
molecules in addition to co-stimulatory molecules results 
in highly effective T cell activation (see Fig. 7.18). 

Furthermore, the interaction of CD40L on activated 
T cells with CD40 on dendritic cells is important for 
the high-level production of IL-1 necessary for the 
generation of an effective Tit response. 

Ifantigen is presented to T cells by a ‘non-professional’ 
APC that is unable to provide co-stimulation, unrespon- 
siveness or immune deviation results. For example, when 
naive T cells are exposed to antigen by resting B cells they 
fail to respond and become tolerized. Recent experimental 
observations illustrate this point. 

Neonatal animals are more susceptible to tolerance 
induction. Therefore mice administered MBP in incom- 
plete Freund’ adjuvant during the neonatal period are 
resistant to the induction of EAE. ‘This is due to the 
development of a dominant TH2 response (see Fig. 11.1). 
‘The prior TH2 response to MBP prevents the devel- 
opment of the 111 pathological response, which mediates 
FAR. 


Adjuvants may facilitate immune responses by inducing 
the expression of high levels of MHC and co-stimulatory 
molecules on APCs. Furthermore, their ability to activate 
Langerhans’ cells leads to the migration of these skin 
dendritic cells to the local draining lymph nodes where 
effective T cell activation can occur. 

‘The importance of dendritic cells in initiating a 
cytotoxic T lymphocyte (CTL) response is illustrated by 


Peptide-induced inactivation of LCMV-specific T cells 
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Fig. 11.3 Mice were either primed with LCMY or injected 
‘with 100 mg LCMV peptide. The peptide was given either 
subcutaneously (sc) or three times intraperitoneall (.p.) with 
incomplete Freund's adjuvant, The animals were later infected 
‘with LCMV (day 0). The titer of virus in the spleen was 
‘measured on day 4. Animals that had been pretreated with 
subeutaneous peptide or with LCMV developed neutralizing 
antibody and protective immunity against the vius; animals 
‘Pretreated with peptide i.p. did not develop immunity. 
Cytotoxic T lymphocyte (CTL) activity was assessed in the 
‘mice on day 10. Mice that had received no pretreatment 
‘demonstrated CTLs specific for the LCMV peptide. Mice 
pretreated with peptide ip. falled to show such activity. 


experiments showing that newborn female mice injected 
with male spleen cells fail to develop a CTL response to 
the male antigen, H-Y. However if male dendrite cells are 
injected into female newborn mice, a good H-Y-specific 
CTL response develops. 


IMMUNOGLOBULINS CAN INFLUENCE THE 
IMMUNE RESPONSE 

Antibody has been shown to exert feedback control on the 
immune response. 

Passive administration of IgM antibody together with 
an antigen specifically enhances the immune response 
to that antigen, whereas IgG antibody suppresses the 
response. ‘This was originally shown with polyclonal anti- 
bodies, but has since been confirmed using monoclonal 
antibodies (Fig, 11.4). 

‘The ability of passively administered antibody to 
enhance or suppress the immune response has certain 
clinical consequences and applicatio 
* certain vaccines (e.g. mumps and measles) are not 

generally given to infants before | year of age because 

levels of maternally derived IgG remain high for at least 
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Feedback control by antibody 


———— 


Fig. 11.4 Mice received either a monoclonal IgM anti-SRBC 
(sheep red blood cells), IgG anti-SRBC, or medium alone 
(control). Two hours later all groups were immunized with 
‘SRBC. The antibody response measured over the following 8 
days was enhanced by IgM and suppressed by IgG. 


6 months after birth and the presence of such passively 
acquired IgG at the time of vaccination would result in 
the development of an inadequate immune response in 
the baby; 

= in cases of Rhesus (Rh) incompatibility, the adminis- 
tration of anti-RhD antibody to Rh mothers prevents 
primary sensitization by fetally derived Rh* blood cells, 
presumably by removing the foreign antigen (fetal 
erythrocytes) from the maternal circulation (see 
Chapters 24 and 25). 

‘The mechanisms by which antibody modulates the 

immune response are not completely defined. In the case 

of IgM-enhancing plaque-forming cells, there are thought 
to be two possible interpretations: 
* IgM-containing immune complexes are taken up by Fe 
or C3 receptors on APCs and are processed more 
efficiently than antigen alone; 

+ IgM-containing immune complexes stimulate an anti- 
idiotypic response to the IgM, which amplifies the 
immune response. 


IgG antibody can suppress specific IgG 
synthesis 

For IgG-mediated suppression there are also various ways 
in which the antibody is known to act. 


Passively administered antibody binds antigen in 
competition with B cells (antibody blocking) 

‘The impact of the IgG in antibody blocking (Fig. 11.5) in 
this case is highly dependent on the concentration of the 
antibody, and on its affinity for the antigen compared 
with the affinity of the B cell receptors. Only high-affinity 
B cells compete successfully for the antigen. This mec! 
anism is independent of the Fe portion of the antibody. 


Imm can inhibit B cell differentiation 
by cross-linking (receptor cross-linking) 

IgG antibody is also known to have an effect that is Fe 
dependent. Immunoglobulin can inhibit B cell differen 


“Antibody-dependent B cell suppression 


soluble Ig 
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Fig. 11.5 Antibody blocking —high doses of soluble 
‘immunoglobulin (1g) block the interaction between an 
antigenic determinant (epitope) and membrane 
‘immunoglobulin on 8 cells. The B cells then effectively 
‘unable to recognize the antigen. This receptor-blocking 
‘mechanism also prevents B cell priming, but only antibodies 
that bind to the same epitope to which the 8 cell's receptors 
bind can do this. Receptor crosslinking — low doses of 
antibody allow crosslinking by antigen of aB cell's Fe 
‘eceptors and its antigen receptors. The FeyRilb receptor 
associates with a tyrosine phosphatase (SHP-1), which 
‘interferes with cell activation by tyrosine kinases associated 
with the antigen receptor, This allows B cell priming, but 
‘inhibits antibody synthesis, Antibodies against diferent 
‘epitopes on the antigen can all act by this mechanism. 


tiation by cross-linking the antigen receptor with the Fe 
receptor (Fe}RIIb) on the same cell (see Fig. 11.5). In this 
case, the antibodies may recognize different epitopes. 


Increasing average antibody affinity 
Doses of IgG that are insufficient to inhibit the pro- 
duction of antibodies completely have the effect of 
increasing the average antibody affinity because only 
those B cells with high-affinity receptors can successfully 
compete with the passively acquired antibody for antigen. 
For this reason, antibody feedback is believed to be an 
important factor driving the process of affinity matu- 
ration (Fig. 11.6). 


Immune complexes may enhance or suppress 
immune responses 
‘One of the ways in which antibody (either IgM or IgG) 
might act to modulate the immune response involves 
an Fe-dependent mechanism and immune complex 
formation with antigen. 

Immune complexes can inhibit or augment the immune 
response (Fig. 11.7). By activating complement, immune 
complexes may become localized via interactions with 
CRZ on follicular dendritic cells (FDCs). This could facil- 
itate the immune response by maintaining a source of 
antigen. 
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Antibody feedback on affinity maturation 
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Fig. 11.6 The effect of passive antibody on the affinity and 
concentration of secreted antibody, One of two rabbits was 
‘injected with antibody (passive antibody) on day 1. Both 

bits were immunized with antigen on day 2 and the afinity 
and concentration of antibody raised to this antigen were 
assayed ata later time (day n). The antibody assay results 
‘show that passive antibody reduces the concentration, but 
‘increases the affinity of antibody produced. 


Q. How does the presence of antigen on FDCs facilitate the 
immune response? 

‘A. The antigen is available for uptake by & cells and presentation 
to T cells within the follicle, a process required for class switch- 
ing and affinity maturation (see Fig. 8.12). 


GR? is also expressed on B cells and, as co-ligation of 
CR2 with membrane IgM has been shown to activate B 
cells, immune complex interaction with CR2 of the B 
cell-co-receptor complex and membrane Ig might lead to 
‘an enhanced specific immune response. 

‘The immune response of patients with malignant 
‘tumors is often depressed, and it has been postulated that 
this is the result of the presence of circulating immune 
complexes composed of antibody and tumor cell antigens. 


Idiotypic interactions may enhance or 
suppress antibody responses 
Individual T cell receptors (TCRs) and immunoglobulins 
are immunogenic by virtue of unique sequences within 
their variable regions known as idiotypes. Antibodies 
formed against these antigen-binding sites are called anti- 
idiotypic antibodies, and are capable of influencing the 
outcome of an immune response. 
Idiotypic determinants may be: 
* encoded in the germline V region genes; or 
* generated by the process of recombination and 
mutation involved in producing functional V region 
elements (see Chapter 5). 


Regulatory effects of immune complexes 


immune complex 


‘membrane 


Fig. 11.7 Immune complexes can act either to inhibitor to 
augment an immune response. Inhibition - when the Fe 
‘receptor of the B cell is cross-linked to its antigen receptor by 
{an antigen-antibody complex, a signal is delivered to the B 
ell, inhibiting it from entering the antibody production 
‘phase. Passive IgG may have this effect. Augmentation — 
antibody encourages presentation of antigen to B cells when it 
is present on an APC, bound via Fe receptors or, in this case, 
‘complement receptors (CR2) on a follicular dendritic cell 
(FDC). Passive IgM may have this effect. 


Immunogenic epitopes in or around the binding site are 
termed idiotopes (Fig. 11.8). 

Jerne proposed that an immune network existed within 
the body that interacted by means of idiotype recognition. 
According to this proposition, when an antibody response 
is induced by antigen, this antibody will in turn evoke an 
anti-idiotypic response to itself. This hypothesis is 
conceptually interesting, but the role of such an idiotype 
network in controlling a normal immune response 
remains unclear. 

‘There is good evidence that anti-idiotypes can affect 
the representation of recognized idiotypes in an immune 
response. For example, when strain CS7BV/6 mice are 
challenged with the hapten nitrophenyl (NP), they pro- 
duce antibodies that are largely restricted to a few defined 
idiotypes. ‘The anti-idiotype 146 can enhance or suppress 
the production of idiotype 146 when the mice are sub- 
sequently challenged with NP on a carrier protein. The 
observed effect depends on the amount of anti-idiotype 
given and is idiotype specifi; the overall level of anti-NP 
mntibody is hardly affected. Most importantly, the 
amounts of anti-idiotype used are within the normal 
physiological range for particular idiotype-bearing anti- 
bodies, which suggests that idiotypic regulation may occur 
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Idiotopes associated with the antibody-combining site 
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Fig. 11.8 An anti-idiotype serum may contain antibodies 
directed to various sites on the immunoglobulin molecule, The 
sites associated with the combining site are site-associated, 
‘idiotopes. Binding to these can be inhibited by hapten. 
Antibodies to non-binding site idiotopes (non-site associated) 
{are not inhibited by hapten. 


T CELLS REGULATE THE IMMUNE 

RESPONSE 

Cytokines are part of an extracellular signaling network 

that controls every function of the innate and adaptive 

immune system and have: 

+ numerous effects on cell phenotypes; and 

* the ability to regulate the type of immune response 
generated and its extent. 


Differentiation into CD4* Tx subsets is an 

important step in selecting effector 

functions 

A single TH cell precursor is able to differentiate into 

either a Til ora TH2 phenotype. The TH1/T#2 decision 

is crucial to the effective immunity and it is likely that 

many factors contribute to that decision. Factors that may 

influence the differentiation of Tit cells include: 

* the sites of antigen presentation; 

* co-stimulatory molecules involved in cognate cellular 
interactions; 

* peptide density and binding affinity — high MHC class 

IL peptide density favors T111, low densities favor TH2; 
+ APCs and the cytokines they produce; 

* the eytokine profile and balance of cytokines evoked by 
antigen; 

* activity of co-stimulatory molecules and hormones 
present in the local environment; 

+ host genetic background, 

‘The cytokine balance is one of the major stimuli. 

IL-12 is a potent initial stimulus for IFNy production 
by T cells and natural killer (NK) cells and therefore 
regulates Tu differentiation. 

IFNa, a cytokine produced early during viral infection, 
induces IL-12 and can also switch cells from a TH2 to a 
‘Tul profile. 

By contrast, early production of IL-4 favors the 
generation of TH2 cells 


If polarizing signals are not present, CD4° Tu0 cells 
have a less differentiated cytokine profile and represent a 
heterogeneous population with individual clones that can 
differentiate along the Tl or TH2 pathway. 

Cytokines from Tul cells inhibit the actions of TH2 
cells and vice versa. Thus, cross-regulation of TH subsets 
has been demonstrated whereby IFNy secreted by THI 
cells can inhibit the responsiveness of 112 cells (Fig. 11.9) 
whereas IL-10 produced by TH2 cells downregulates B7 
and IL-1? expression by APCs, which in turn inhibits ‘T3#1 
activation. 

‘The T1/TH2 balance is modulated not only by the 
level of expression of IL-1, but also by expression of 
the IL-12 receptor (IL-12R). The high-affinity IL-12R is 
composed of two chains, BI and 2, with both chains 
being expressed only in TH cells. Both TH and ‘TH2 
cells express the BI chain, but expression of the B2 chain 
is induced by IFNy and inhibited by IL-4 (Fig. 11.10). 


Differentiation of CD4* Tx cells 
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Fig. 11.9 The diagram ilustrates the diferentiation of murine 
Ti cells. L-12, IFNy, and transforming growth factor (TCE) 
favor difereniation of Tut cells, and IL-4 favors ciferentiation 
of Th2 cells. (GM-CSF, granulocyte-macrophage colony 
‘stimulating factor; TNF, tumor necrosis factor) 
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Regulation of the Ta1 response by IL-12 


Selection of effector mechanisms by TH1 and TH2 cells 


IFNy 
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Fig. 11.10 The high-affinity IL-12R consisting of the 1 and 
{82 chains is expressed only on Tht cells. IL-12 released by 
‘mononuclear phagocytes promotes the development and 
activation of Tx cells, but IL-12 production is inhibited by IL- 
10 released by Th2 cells. IFNy from TH cells promotes 
production of the 1 chain and therefore production of the 
high-affinity 1L-12R. However, this is inhibited by IL-4, 


An immune response therefore tends to settle into a 
‘Til or TH2 type of response. 

Immune responses are not always strongly polarized in 
this way and the phenomenon works more closely in mice 
than humans. 

‘Til and TH2 cells are best considered as extremes on 
a scale, but TH! and T12 responses do play different 
protective roles and may contribute to immunopathology. 


Q Apart from the crossregulation by cytokines described 
above, in what other ways can a THl-type or Tr2-type 
immune response reinforce itself? 

‘A. The chemokines induced by Tal and TH2 cells tend to 
induce the accumulation of the same sets of lymphocytes and 
their associated effector cells (see Chapter 6). 


Th cell subsets determine the type of 

immune response 

Itis clear that: 

* local patterns of cytokine and hormone expression help 
to select lymphocyte effector mechanism; and 

© the polarized responses of CD4* Tit cells seem to be 
based on their profile of cytokine secretion (Fig. 11.11). 


Q. In what way do cytokines that are normally associated 
with THI responses (IFNy, IL-2) affect B cell differentiation? 
A. IL-2 promotes & cel division, IFNy promotes affinity matura- 
ton and class switching to 1gG2a (see Chapter 8, Figs 8.9 and 
£8.10) which acts as an opsonin and fixes complement. 
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Fig. 11.11 The cytokine pattems of Tr! and T2 cells drive 
diferent effector pathways. TH cells activate macrophages 
and ae lovalved in anvil and inflammatory responses. 2 
cells are involved in humoral responses and allergy. 


‘Tull cytokines including IFNy, TNFB, and IL-2 (see 

Fig. 11.9) also promote: 

‘+ macrophage activation; 

‘+ antibody-dependent cell-mediated cytotoxicity; and 

delayed -type hypersensitivity. 

‘Tn? clones are typified by production of IL-4 and IL-5, 

with IL-6, IL-9, IL-10, and IL-13 also commonly 

produced (see Fig. 11.9). These cells provide optimal help 

for humoral immune responses biased towards: 

* IgGI and [gk isotype switching; 

‘+ mucosal immunity; 

‘+ stimulation of mast cell and eosinophil growth and 
differentiation; and 

IgA synthesis. 

‘Therefore, in essence, THI cells are associated with cell- 

mediated inflammatory reactions and TH2 cells are asso- 

ciated with strong antibody and allergic responses. 


D8" T cells can be divided into subsets on 
the basis of cytokine expression 

Many CD8* CTLs make a spectrum of cytokines similar 
to Til cells and are termed CTLI cells. CD8* cells 
that make Tt12-associated cytokines are associated with 
regulatory functions. The differentiation of these cells 
may be affected by the CD" cell cytokine profile, with 
CTLs commonly associated with TH responses and less 
commonly found when T+12 cells are present. Thus: 

* IFNyand IL-12 may encourage CTL1 generation; and 
+ IL-4 may encourage CTL2 generation. 

However, both CTLI and CTL2 cells can be cytotoxic 
and kill mainly by a Ca™/perforin-dependent mechanism 
(see Figs 10.11 and 10.12). 
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CD4° Tregs can be derived in two ways 
Although T’ cells modulate the immune response in a 
positive sense by providing T cell help, which may favor 
either cell-mediated (111) or humoral (TH12) immunity 
as discussed above, T' cells are also capable of dow 
regulating immune responses, and both CD4* and CD8* 
‘T cell subsets can induce this inhibition. 

A naturally occurring population of CD4*CD25~ 
regulatory ‘cells (Tregs) is generated in the thymus. 
Additionally, CD4° ‘Tregs can be induced from non- 
regulatory cells in the periphery. These induced ‘Tregs 
are a heterogeneous population of cells with a regulatory 
function. 

Although Tregs do not prevent initial T cell activation, 
they inhibit a sustained response and prevent chronic and 
potentially damaging immunopathology. 

‘The generation and mechanisms of suppression by the 
different CD4" Treg populations vary, but: 

* both populations are anergic (non-responsive) in vitro; 

* neither have characteristics of Ttt1 or TH2 CD4* cells; 
and 

+ they both inhibit cellular responses. 

‘The characteristics of both cell types are compared in 

Fig. 11.12. 


D4°CD25* Tregs are naturally occurring 
‘The immunosuppressive functions of CD4* cells were 
initially observed by adoptively transferring T cells 
depleted of CD25* cells into immunodeficient mice. This 
resulted in multiorgan autoimmunity suggesting that 
CD25" cells play an important role in preventing self- 
reactivity. When the CD25" T’ cells were replaced, 
autoimmune disease was prevented. 


Comparison of CD4" regulatory T cells 


CD4CD25* Tregs constitute 510% of peripheral 
CD# cells in both mice and humans. The presence of 
these cells in cord blood suggests that they have a thymic 
origin. In support of this notion, CD4*CD8-CD25° cells 
from the thymus can suppress T cell proliferation, sug- 
gesting that they are a naturally occurring, distinct lineage 
of cells, 


@. What function does CD25 serve on developing thymo- 
‘cytes and on activated T cells? 

‘A. Its part of the IL-2R (see Chapter 7 and Fig. 7.23), which is 
required far cell proliferation. 


Naturally occurring CD4°CD25° Tregs are educated in 
the thymus during the negative selection phase and then 
exit the thymus as a regulatory population. 

Comparison of CD4*CD25* ‘Tregs with naive and 
activated CD4* cells shows that regulatory cells selec- 
tively express Foxp3, a member of the forkhead/winged 
helix transcription factors (Fig. 11.13) essential for the 
development and function of CD4°CD25* ‘Tregs. Muta- 
tions in the Foxp3 gene cause immune dysregulation, 
polyendocrinopathy enteropathy, X-linked syndrome 
(IPEX), Individuals with this disease have increased 
autoimmune and inflammatory diseases. 

‘The importance of Foxp3 in the development of 
(CD4°CD25* Tregs was underlined following transduction 
of Foxp3 into naive T cells (which do not express Foxp3). 
‘This increased expression of CD25 and induced sup- 
pressor function. 

‘The study of CD4'CD25* ‘Tregs has been difficult 
because of problems in separating these cells from 
activated cells, which also express CD25. 
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‘occurring thymic and peripherally induced 

(generated in the thymus ‘generated in the periphery CD#* regulatory T cells. 
express Foxp3 variable expression of Foxp3 
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cell contact dependent ‘cell contact independent 
require 2 for suppression IL2.independent suppression 
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‘triggered by specific antigen ‘triggered by specific antigen 
‘secrote IL-10/TGFB ‘socrote IL10/TGFB 
unresponsive to anti-CD3 in vitro unresponsive to anti-CD3 in vitro 
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Foxp3 is selectively expressed in Tregs 


Fig 11.13 Cell populations were collected and real-time 
polymerase chain reaction (PCR) was performed to assess 
levels of Foxp3. Foxp3 mRNA is expressed selectively in 
CD4*CD25* calls ex vivo. It as expressed at low levels in 
activated CD4°CD25* cell and was not present in CD25~ cells 
oF CDB' cells. (Adapted from Fontenot JD, Gavin MA, 
Rudensky AY. Nat Immunol 2003;4:330-336) 


‘The expression of a number of cell surface molecules 
on CD4CD25" Tregs has been examined and include: 

+ CTLA. 
* CD4SRB (which is weakly expressed on CD4*CD25* 

cells); and 

+ GITR (glucocorticoid-induced TNF-related receptor). 
However, none of these cell surface molecules exclusively 
identifies the naturally occurring Treg cell population, and 
CTLA-4, for example, is expressed in both activated 
cells and Tregs. 


Thymic-derived CD4*CD25* Tregs work in a cell 
contact-dependent manner 

Naturally occurring CD4'CD25* Tregs respond to 
‘numerous environmental stimuli. 

IL-2 is required for suppression, suggesting that CD25, 
(the IL-2Ret chain, see Fig. 7.23) has a functional role in 
these cells. 

CD4°CD25* Treg-induced suppression in vitro is cell 
contact dependent. It is thought that the GITR might be 
involved in this interaction, but the exact nature is not 
known, 


Induced CD4" regulatory T cells can be generated 
following exposure to at 

In addition to naturally occurring CD4*CD25* Tregs, 
which are generated in the thymus, some populations of 
CD# regulatory T cells can be induced to develop in 
the periphery. Thymectomized mice are able to generate 
regulatory cells, therefore there must be a thymic- 
independent induction of these cells in the periphery. For 
example they arise: 

* following allograft transplantation; and 

* after oral administration of antigen. 


CD4* regulatory T cells can also be generated from 
antigen-experienced cells in the presence of certain 
cytokines. Upon stimulation with IL-10, antigen-experi- 
enced cells can differentiate into Trl cells ~ these cells do 
not express CD25 or Foxp3 and they mediate suppression 
through the secretion of IL-10. 

Alternatively, if induced CD4* regulatory T cells are 
generated in the presence of TGEB, they express Foxp3 
and upregulate expression of CD25. These induced 
regulatory cells mediate suppression via production of 
‘TGER (Fig. 11.14). 

Although induced CD4CD25* ‘regs have an over- 
lapping phenotype with thymus-derived CD4*CD25* 
‘Tregs, they are a different population of cells and have 
different mechanisms for inducing suppression. 


The role of CD4* Tregs in infections is not clear 
Although CD4* Tregs play a vital role in the prevention of 
autoimmune diseases (see Chapter 20), their role in 
infections is less clear. 

‘CD4 ‘Tregs have a protective role against immune- 
mediated pathology and their ability to suppress both T#1l 
and TH2 responses is important in reducing inflammation. 
For example, lesions in the eye in stromal keratitis are less 
severe in the presence of CD4*CD25* Tregs. 

‘CD4" Tregs can also suppress virus-specific responses. 
‘Many pathogens induce high levels of IL-10 and TGFB, 
which promote the induction of CD4°CD25* Tregs. In 
chronic viral infections, including HIV, cytomegalovirus 


Regulatory T cells can be generated in the periphery 
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Fig 11.14 CD4*CD25" cells in the periphery can be stimulated 
{to become suppressive. TGFP is present cells upreguiate 
Foxp3 and CD25. In the presence of l-10 cells become 
suppressive, bt they do not express Foxp3 or CD25. Induced 
Teegs suppress via cytokine-dependent mechanisms. In the 
presence of antigen and co-simulation, effector T ces are 
generated. (Tem, T effector memory cells) 


Patent Applicatic tion Jul. 6, 2006 Sheet 3 of 9 US 2006/0144035 Al 


Figure 3 


‘T1__REGULATION OF THE IMMUNE RESPONSE 


(CMV), and herpes. simplex virus (HSV) infections, 
increased numbers of Tregs are responsible for decreased 
antigen-specific responses by CD4" and CD8* T cells, 
‘This can lead to disease development. 


CDB* T cells negatively regulate secondary 

immune responses 

CDS° cells can be induced to become suppressive. 

CD&* Tregs are generated in vitro by stimulating 
highly differentiated CD8* cells with antigen and IL-10. 
Like CD4°CD25° cells, CD8" Tregs express the forkhead 
protein Foxp3. 

‘Many CD8* Tregs work in a cell contact-dependent 
manner. They cause the downregulation of co-stimulatory 
molecules on dendritic cells and endothelial cells. ‘This 
induces tolerance because upon the interaction with the 
‘TCR and peptide there is insufficient co-stimulation to 
generate a functional immune response. 

In mice the MHC class Ib molecule, Qa-1, is erucial for 
suppression, Mice lacking Qa-I are unable to suppress 
responses. However when Qa-1 is replaced into these cells 
their ability to suppress immune responses is restored 
(Fig. 11.15). 

CD8* Tregs: 

* need to be primed by CD4 cells during a primary 
response; they then suppress secondary immune 
responses; 

* can downregulate both ‘THI and ‘TH2 responses and 
also control CD4" responses to superantigen; 

* can suppress immune responses through the secretion, 
of cytokines including IFNy, IL-6, and I-10. 


NK cells produce immunoregulatory 
cytokines and chemokines 

NK cells make cytokines and chemokines and therefore 
play an important role in the innate immune response to 
infections and tumors. 


(CD4 Qa-1 is essential for CD8* T suppressor function 


Fig. 11.15 Qa-1 knockout (KO) mice were generated. Qa 
KO CD4* cells were mixed with CDB* cells and the level of 
“Suppression was assessed. CDB" calls could not suppress CD4 
els lacking Qa-1 expression. Insertion of the Qa-Ib allele into 
D4" cell resulted ineffective suppression of responses. 
‘Adapted from Hu, tkizawa K, Lu L, et al, Nat Immunol 
2004;5:516-523) 


‘The production of immunoregulatory cytokines and 
chemokines at early stages in the immune response influ- 
ences the characteristics of the subsequent adaptive 
immune response and can therefore influence the 
‘outcome of the immune re: 

NK cells play a key role in the early immune response 
to intracellular pathogens, largely through their produc- 
tion of IFNy, which activates macrophages and facilitates 
differentiation of TH cells. 

NK cell activity itself is induced by a variety of 
cytokines including: 

+ IFNo/p; 

+ IL-15; 

+ IL-18; and 

IL-2, 

NK cells in turn are negatively regulated by cytokines 
such as IL-10 and TGF. 


'Q. Which celis will tend to promote the development of NK 
cells? 

A. The THT population and macrophages through the pro- 
duction of 1L-12, 1L-15, and IL-18, whereas the Ta2 population 
will tend to inhibit their development through the production 
of IL-0, 


NK T cells produce eytokines when their TCR engages 
glycolipids in association with CD1d (see Chapter 10). It 
hhas been suggested that these cells play an immuno- 
regulatory role in the control of autoimmunity, parasite 
infection, and tumor cell growth. 

Recent experiments suggest that NK T cells secreting 
IFNy are able to induce NK cell activation, increasing 
both NK proliferation and cytotoxicity. They are capa- 
ble of making both Tul-type (IFNy) and TH2-type 
(IL-4) cytokines depending on the cytokines present 
in the microenvironment when they are activated 
(Fig. 11.16). 

“The presence of IL.-7, for example, has been shown 
to elicit IL-4 production in NK TT cells and therefore 
to promote a TH? response. This ability to make IL-4, 
particularly in the thymus, has been associated with the 
prevention of autoimmunity. For example, non-obese 
diabetic (NOD) mice have a deficit in NK T cells, and 
injection of NK cells into these mice prevents the 
spontaneous development of autoimmune diabetes. 

Deficiencies of NK cells have also been reported in 
human autoimmune diseases including: 

+ rheumatoid arthritis; 

psoriasis; 
ulcerative colitis; and. 
multiple sclerosis. 


SENESCENCE OF CELLS IS REGULATED BY 
TELOMERE EROSION 

Cells age by the process of cellular senescence, causing 
growth arrest and limiting their proliferative life span. 
‘This influences the extent of the immune response. The 
‘mechanisms that control cell senescence are an important 
part of immune regulation. 
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NK T cells produce both Ti1- and Ti2-type cytokines 
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Fig. 11.16 NK T cells exert effects on many cell types. They 
‘ean produce Til cytokines and Th2 cytokines and are involved 
In all aspects of the immune response, 


Telomeres are repeats of the DNA sequence 
GGGTTA and protein located at the end of chromosomes 
(Fig. 11.17), 

Telomeres provide stabilization to chromosomes and 


protect the chromosomal ends from damage; they are 
also important in regulating the replicative capacity 
of cells, 

During every cell division telomeres shorten by 
50-100 hase pairs because DNA polymerase cannot 
replicate the ends of chromosomes. ‘The mechanism of 
telomere shortening prevents uncontrolled cell. prolif 
eration, which could lead to cancer. 

When telomeres become too short the chromosome 
becomes unstable and DNA damage can oceur. To prevent 
damaged cells being replicated, cells with unstable 


chromosomes: 
* die by apoptosis; or 
* enter cell cycle 
Studies on T cells in elderly individuals show that they 
have significantly shorter telomeres than young indi- 
viduals Fig. 11.18). 

In addition individuals with some premature ageing 
syndromes have short telome 


arrest, also known as cellular 


es, are more susceptible t0 
infections, and usually have a low life expectancy 


Telomeres visualized by confocal microscopy 


Fig. 11.17 The surface of living CD4 cells was stained with a 
red anti-CD4 antibody and then treated to destroy subcellular 
‘membranes, falawing which the telomeres were hybridized 
with a blue probe specific for the telomere sequences and 
Visualized by confocal microscopy. Telomeres cap the ends of 
eukaryotic chromasomes and are repeating GGGTTA 
sequences at the ends af chromosomes with up to 2000 
copies per cell. They protect chromosome stability and 
integrity, and are a mechanism for replicating DNA ends. 
(Courtesy of Dr J Skok and Dr JM Fletcher) 


The decrease in telomere length with age is reflected in 
the increased exposure to antigens that elderly people 


have encountered. Memory T cells have shorter telomeres 


than naive TT cells because they can have undergone many 
11.18). However, recent studies 
have shown that the extent of telomere erosion is depend: 


cell divisions (see Fig. 


ent on which antigens are encountered. For example 
CMV-specific cells have shorter telomeres than those of 
other antigen-specific cells, including EBV and VZV. Too 
much telomere (i.e. effective 
loss of cells through cell eyele arrest) and this may cause 
the loss of specific populations of cells during ageing. 

Cellular senescence can be delayed by maintaining 
telomere length; this occurs through the action of the 
enzyme telomerase. ‘Telomerase contains an RNA tem: 
plate for the telomeric sequence GGGTTA. The enzyme 
is a reverse transcriptase that adds multiple telomere 
sequences to the 3” end of replicated DNA and prevents 
telomere shortening (Fig. 11.19). 

T cells can upregulate the expression of telomerase in 
certain situations, including during antigen stimulation, 


nsion leads to senescer 


This prevents telomere loss during clonal expansion of 
antigen-specific cells and ensures that cells entering the 
memory pool retain their function. However, after 


repeated stimulation the ability to upregulate telomerase 
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‘Telomere erosion in ageing and antigen-specific memory 
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Fig. 11.18 (1) There isa reduction in telomere length in total T including Epstein-Barr virus (EBV) and varicella zoster virus 
‘ells during ageing. (2) Continuous antigen exposure resuits in (VZV). (Adapted from Akbar AN, Beverley PCL, Salmon M. Nat 
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decreases, leading to the telomere erosion observed in 
memory T cell populations. 


Apoptosis maintains homeostasis in the 
immune system 

Apoptosis is a cellular clearance mechanism through 
which homeostasis is maintained. 

Unlike cell damage-induced death (i.e. necrosis), 
which can trigger immune responses, apoptosis maintains 
intracellular structures within the cell. 

Apoptopic cells undergo nuclear fragmentation and the 
condensation of cytoplasm, plasma membranes, and 
organelles into apoptopic bodies (Fig. 11.20). 

‘Apoptopic cells are rapidly phagocytosed by macro- 
phages, which prevents the release of toxic cellular com- 
ponents into tissues, so avoiding immune responses to the 
dead cells. 


Apoptosis is programmed cell death 


2 


Fig. 11.20 (1) Normal cell. (2) Apoptotic cell. Apoptosis 
involves nuciea fragmentation, with ‘blebbing’ often 
‘observed. There is also condensation of cytoplasm and plasma 
‘membranes, 


Apoptosis is: 
+ involved in clearing cells with a high avidity for antigen 
in the thymus and is an important mechanism of 
immunological tolerance (see Chapter 19); 
‘+ animportant mechanism in maintaining homeostasis in 
the immune system. 
Following resolution of an immune response the majority 
of antigen-specific cells die by apoptosis. This ensures that 
no unwanted effector cells remain and also maintains a 
constant number of cells in the immune system. 
‘A small number of cells are prevented from undergoing 
apoptosis and enter the memory TT cell pool. 
Apoptosis is controlled by a number of factors in the 
cell and depends on expression of the death trigger mole- 
cule CD95 (Fas). 


Q. How does ligation of Fas lead to apoptosis? 
‘A. It causes activation of a series of inducer and effector 
caspases (see Chapters 10 and 12 and Fig. 10.9), 


Expression of the anti-apoptotic molecule Bel-2 makes 
cells more resistant to cell death. Memory T’ cells gen- 
erally express high levels of Bel-2, which may contribute 
to the rescue of memory populations from apoptosis. 

Different cell populations can express both pro- and 
anti-apoptotic molecules with the balance of these mole- 
cules determining whether a cell survives to participate in 
immune responses. 


SELECTIVE MIGRATION OF LYMPHOCYTE 
SUBSETS CAN MODULATE THE IMMUNE 
RESPONSE 

Chemokines regulate the migration of 
lymphocytes 

‘The spatial and temporal production of chemokines by 
different cell types is an important mechanism of immune 
regulation. 

“There is good evidence to suggest that the recruitment 
of Trl and Tx cells is differentially controlled, thereby 
ensuring the maintenance of locally polarized immune 
responses. 

‘The expression of different chemokine receptors on 
‘Tul cells (CXCR3 and GCRS) and TH2 cells (CCR3, 
CCR4, CCR8) allows chemotactic signals to produce 
the differential localization of TT cell subsets to sites of 
inflammation (see Fig. 6.11). 

‘Chemokines can be induced by cytokines released at 
sites of inflammation, so providing a mechanism for local 
reinforcement of particular types of response (Fig. 11.21). 
Once a response is established the ‘T cells can induce 
farther migration of appropriate effector cells, This is 
clearly illustrated in Trt responses where the secondary 
production of CCL2, CCL3, CXCLI0, and CCLS serves 
to attract mononuclear phagocytes to the area of 
inflammation. 

‘The ability of cytokines such as ‘TGFB, IL-12, and 
IL-4 to influence chemokine or chemokine receptor 
expression provides a further level of control on cell 
migration or recruitment. 
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‘Mechanisms for local reinforcement of different modes of immune response 


eosinophil 


Fig. 11.21 Activated TH cells release IFNy, which induces the chemokines IP-10 and 
Mig. These act on the chemokine receptors CXCR3, which are selectively expressed 
‘on TH cells, thereby reinforcing this type of response. Macrophage chemotactic 
protein-1 (MCP-1), which attracts macrophages and monocytes, i aso induced by 
TFN. Mast cells elease eotaxin when activated, and endothelial cells and bronchial 
“epithelium can also synthesize this chemokine in response to IL-4 and IL-13 from T#2 
els Eotaxin acts on CCR3, which is selectively expressed on TH2 cells, thereby 
‘reinforcing the Tr2 response. Eosinophils and basophils, which mediate allergic 
responses in airways, also express CCR3. Chemokines can therefore potentiate both 
{the initiation and effector phases of a specific type of immune response. 


Immune responses do not normally occur in 
immune-privileged sites 
Immune responses do not normally occur at certain sites 
in the body such as the anterior chamber of the eye and 
the testes. These sites are called immune privileged. 
‘The failure to evoke immune responses in these sites is 
partly due to the presence of inhibitory cytokines such as 
‘TGF and IL-10, which inhibit inflammatory responses. 
‘The presence of migration inhibition factor (MIF) in the 
anterior chamber of the eye also inhibits NK cell activity. 
‘The constitutive expression of FasL. in cells ofthe testes 
and the eye has heen proposed as an additional means of 
eliminating Fas-expressing lymphocytes that reach these 
sites through apoptosis. 


T cell expression of different molecules can 
mediate tissue localization 

Most studies on the human immune system are performed 
on blood due to the ethical issues in obtaining tissues, 
However, only a small proportion of the lymphocyte 
pool is circulating in the blood, mast being resident in 
Iymphoid or effector tissues. 

‘The expression of molecules on ‘T cells can mediate 
circulation through different tissues. Loss of the lymph 
node homing molecules CCR7 and CD62L on the 
surface of T cells prevents cells from circulating through 


Iymphoid tissue ~ in this way population of highly 
differentiated memory cells migrate to non-lymphoid sites 
where they can exert effector functions 

thas recently been suggested that there are nwo types 
of memory cell: 

* central memory cells express CCR7, home to lym- 
phoid tissues, and do not have immediate effector 
function; 

+ effector memory cells do not express CCRT, 
migrate to non-lymphoid tissues, and produce effector 
cytokines — effector cells in non-lymphoid tissues, 
such as the skin, can proliferate and senesce and this 
has a direct effect on the level of local immune 
responses. 


Q. Why do cells that express CCR7 migrate to lymphoid 
tissues? 

‘A. They respond to CCL21 expressed anly in secondary 
lymphoid tissues (see Fig. 6.17). 


Mucosal surfaces contain specialized cells 
‘Mucosal surfaces are the main point of contact for 
antigens entering the immune system. 

‘There is an increased proportion of T cells expressing 
the y TCR at mucosal sites, and intraepithelial lympho- 


GENETIC FACTORS INFLUENCE THE IMMUNE SYSTEM 


cytes (IELs) in the gut express CDS in addition to their 
6 TCRs whose repertoire specificity is skewed towards 
bacterial antigens (see Chapter 5). 

‘T cells and B cells in the lamina propria are thought to 
playa role in immune surveillance. ‘They also enhance the 
humoral IgA response, which is an important aspect of 
‘mucosal immunity (see Chapter 12). 


THE NEUROENDOCRINE SYSTEM 
INFLUENCES IMMUNE RESPONSES 

It is known that stressful conditions can lead to the 
suppression of immune functions, for example reducing 
the ability to recover from infection. 

‘The nervous, endocrine, and immune systems are 
interconnected (Fig. 11.22). There are two routes by 
which the central nervous system could modulate immune 
function: 


Neuroendocrine interactions with the immune system 


Fig. 11.22 The diagram indicates some of the potential 
connections between the endocrine, nervous, and immune 
systems, Blue arrows indicate nervous connections, red arrows 
indicate hormonal interactions, and white arrows indicate 
postulated connections for which the effector molecules have 
‘not been established. 


‘+ most lymphoid tissues receive direct sympathetic 
innervation to the blood vessels passing through the 
tissues and directly to lymphocytes; 

+ the nervous system directly and indirectly controls the 
output of various hormones, in particular cortico- 
steroids, growth hormone, prolactin, a-melanocyt 
stimulating hormone, thyroxine, and epinephrine 
(adrenaline). 

Lymphocytes express receptors for many hormones, 

neurotransmitters, and neuropeptides ~ expression and 

responsiveness vary between different lymphocyte and 
monocyte populations, such that the effect of different 
transmitters may vary in different circumstances. 

Corticosteroids, endorphins, and enkephalins, all of 
which may be released during stress, are immuno- 
suppressive in vivo. The precise in-vitro effects of endor- 
phins vary depending on the system and on the doses used 
~some levels are suppressive and others enhance immune 
functions. 

tis certain, however, that corticosteroids act as a major 
feedback control on immune responses. It has been found 
that lymphocytes themselves can respond to corticotrophin 
releasing factor to generate their own adrenocorticotropic 
hormone (ACTH), which in turn induces corticosteroid 
release. Corticosteroids: 

* inhibit Trl cytokine production while sparing TH2 
responses; and 

+ Enduce the production of CGFA, which in rum may 
inhibit the immune response. 

‘The low levels of plasma corticosteroids found in 

Lewis rats are believed to contribute to the susceptibility 

of this strain to a variety of induced autoimmune 

conditions, 

‘The importance of corticasteroids in the overall sus- 
ceptibility to disease induetion is demonstrated in rat 
models of autoimmune disease where animals normally 
resistant to EAE become susceptible if adrenalectomized. 

‘The interplay between the neuroendocrine system and 
the immune system is not unidirectional. Cytokines, in 
particular IL-1 and IL-6 produced by T cells, neurons, 
glial cells, and cells in the pituitary and adrenal glands, are 
bidirectional modulators of neuroendoerine-immune 
communication. These cytokines are potent stimulators of 
adrenal corticosteroid production through their influence 
on corticotrophin releasing hormone (CRH). 


Q In what other ways does IL1 mediate interactions 
between the immune and nervous systems? 

‘A. Tt causes an increase in body temperature, suppresses 
appetite, and enhances the duration af slow-wave sleep (see 
Chapter 6). 


GENETIC FACTORS INFLUENCE THE 
IMMUNE SYSTEM. 

Familial patterns of susceptibility to infectious agents 
suggest that resistance or susceptibility might be an 
inherited characteristic. Such patterns of resistance and 
susceptibility are also shown with autoimmune diseases. 
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Often many genes are involved in governing suscep- 
tibility or resistance to disease and the disease is said to he 
under polygenic control. 

Considerable advances have been made in mapping and 
identifying the genes governing the response to some 
diseases as a result of: 

* the development of techniques such as microsatellite 
mapping: 

* increased availability of DNA samples; and 

+ sequencing of the human genome. 

In most cases these studies have led to the identification of 

potential candidate genes, but their real role in disease 

susceptibility remains to be clarified. In other cases single 

mutations in genes of known function have been found 

and the mechanism by which they contribute to disease 

identified. 


MHC haplotypes influence the ability to 
respond to an antigen 

‘The development of inbred mouse strains conclusively 
demonstrated that genetic factors have a role in deter- 
mining immune responsiveness. For example, strains of 
mice with different MHC haplotypes vary in their ability 
to mount an antibody response to specific antigens (Fig. 
11,23). This function depends on MHC class II molecules 
(see Chapter 5) and is specific for each antigen ~ a high 


Strain differences in the antibody response 


Fig. 11.23 Fifteen strains of mice were given a standard dose 
‘of the synthetic antigen (TG)-A-L. Antibody responses are 
‘expressed as the antigen-binding capacty ofthe sera. Animals 
of the H-2" haplotype are high responders, whereas those of 
the H-2¢ and H-2' haplotypes are intermediate and low 
responders, respectively. However, there is some overap 
between the levels of response in aiferent haplotypes, 
Indicating that H-2-inked genes are nat the only ones 
contraling the antibody response, 


responder strain for some antigens may be a low 
responder strain for others 


MHC-linked genes control the response to 
infections 

MHC linked genes (see Chapter 5) are involved in the 
immune response to infectious agents. In some cases the 
gene involved is the MHC gene itself, but in others it can 
bea gene linked to the MHC. 


Susceptibility to infection by Trichinell 
affected by the I-E locus in mice 

‘The first observation that genes within the MHC could 
influence the response to parasites involved the 
susceptibility to Trichinella spirals infection. 

‘The response of different recombinant mouse strains to 
infection with T. spiralis affected by the I-E locus. Mouse 
strains that express I-E (BIO.BR, BIO.P) appear to be 
susceptible whereas those that do not (B10.S, B10.M) are 
resistant to infection (Fig. 11.24). ‘The response to 
spiralis is also influenced by the MHC-linked gene B-2, 
which maps close to the TNF genes, 


spiralis is 


The LE locus also influences susceptibility to 
Leishmania donovani 

Using H-2 congenic mice, it was shown that mice 
expressing the I-E locus were susceptible to visceral 
leishmaniasis, Parasite clearance was enhanced by anti-I-E. 
antibody, but not by anti-I-A antibody, showing direct 
involvement of the I-E product. Furthermore, insertion of 
an -E transgene into mice lacking the locus prevented 
effective clearance of parasites from the liver and spleen 
when compared to the original strain, 


Certain HLA haplotypes confer protection 
from infection 

‘Comparison of HLA haplotypes in humans revealed that 
certain MHC class I and class Il alleles (HLA-B°5301 and 
DRBI*1302, respectively) are associated with a reduced 
risk of severe malaria. 


Susceptibility to Trichinella spiralis 
Bi0.8R k + 0 sus 
BOP B 4 2 HIS 
BIO.RU r + 23 us 
B10 b - fa resiint 
Bis s = 100 res 
510M t = 108 res 
810.0 a - 105 res 


Fig. 11.24 Association of H-2 haplotype, expression of cell 
‘surface IE molecules, and susceptibility to infection with 

T. spiralis. The resistance index is measured as the number of 
parasites present after a constant challenge relative to strains 
BIO.BR (susceptible = 0% resistance) and B10.5 (resistant = 
100% resistance). B10 shows intermediate resistance. 
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DRBI*1302 binds different peptides from those bound 
by DRBI*1301 asa result ofa single amino acid difference 
in the fi chain. ‘This change is sufficient to influence the 
response to the malaria parasite. 

HLA-DRBI*1302 has also been associated with an 
increased clearance of the hepatitis B virus and conse- 
quently a decreased risk of chronic liver disease. 

‘The MHC class I type, HLA-A*02, is associated with 
a reduced risk of disease development following human 
‘T-lymphotropic virus-1 (H'TLV-1) infection. ‘The viral 
load was lower in HLA-A*02-positive healthy carriers of 
HTLV-| correlating with the presence of high levels of 
virus-specific CTLs. 

In HIV-1 infection a selective advantage against disease 
has been noted in individuals expressing maximal HLA 
heterozygosity of class I loci (A, B, and C) and lacking 
expression of HLA-B*35 and HLA-Cw*t. 

Polymorphisms in the promoter region of the TNFa. 
gene, which lies within the MHC, influence its level of 
expression through altered binding of the transcription 
factor OCT-1. One of these polymorphisms, which is 
commonly associated with cerebral malaria, ‘results in 
high levels of TNF expression. This may lead to upreg- 
ulation of intercellular adhesion molecule-1 (ICAM-1) on 
vascular endothelium, increased adherence of infected 
erythrocytes, and subsequent blockage of blood flow. 

‘This polymorphism in the TNFet promoter has also 
been associated with: 

+ lepromatous leprosy; 
* mucocutaneous leishmaniasis; and 
* death from meningococcal disease. 


Many non-MHC genes also modulate immune 
responses 
Some genes outside the MHC region also govern the 
immune response. However, these genes are generally less 
polymorphic than MHC genes and contribute less to 
variations in disease susceptibility. Nevertheless, their 
effects are found in autoimmune diseases, allergy, and 
infection. For example: 

* individuals with defects in the complement compo- 
nents Clq, Clr, and Cls (see Chapter 4) are pre- 
disposed to develop systemic lupus erythematosus 
(SLE) and lupus nephritis ~ the development of SLE- 
like symptoms in Clq knockout mice parallels the 
human situation; 

* deficiency in C3 leads to an increased susceptibility to 
bacterial infections and a predisposition to immune 
complex disease ~ this is also seen with a deficiency in 
C2 and C4, both of which are located within the MAG 
region; 

* high IgE. production in some allergy-prone families 
associates with the presence of an ‘atopy gene’ on 
human chromosome Iq; 

* Biozzi generated two lines of mice based on their 
responsiveness. to erythrocyte antigens. ‘The high 
responder and low responder Biozzi mice make quan- 
titatively different amounts of antibody in response to 
antigenic challenge and the basis for these differences 
has in part heen attributed to genetic differences in 


macrophage activity; the high and low responder 
strains also differ in their ability to respond to parasitic 
infections, but this does not correlate with the level of 
antibody produced. 


Q. Why would deficiency in the components of the classical 
pathway lead to immune complex disease? 

A. C3b deposition is required to transport complexes on 
erythrocytes and their ultimate phagacytosis by macrophages in 
the liver and spleen (see Chapter 4). 


Non-MHC-linked genes affect susceptibility 
to infection 

Genes regulating macrophage activity may 
determine the outcome of immune responses 
‘Macrophages have a key role in the immune system. 
‘Therefore genes regulating their activity may determine 
the outcome of many immune responses. 

‘The Lsb/lty/Bog gene provides a good example of 
such genetic control of macrophage function. ‘This gene 
governs the early response to infection with Leishmania 
donovani, Salmonella typhimurium, Mycobacterium bovis, 
Mycobacterium lepraemurinm, and Mycobacterium intra- 
‘ellulare. Its influence is on the early phase of macrophage 
priming and activation, and it has wide-ranging effects, 
including: 

‘upregulation of the oxidative burst; 

‘+ enhanced tumoricidal activity; 

+ enhanced antimicrobial activity; and 

‘+ upregulation of MHC class II molecule expression. 
Recent congenic studies have identified the natural 
resistance-associated macrophage protein-1 (ramp!) 
as the Beg gene. Nramp encodes a membrane protein 
with homology to known transport proteins and may be 
implicated in the transport of nitrite (NO;) into the 
phagolysosome, so facilitating the killing of intracellular 

"The insbaa limolog of the move. genie Nem 
(NRAMP1) has been cloned and several different alleles 
identified. Polymorphisms in this gene may contribute to 
resistance to tuberculosis in humans, though the data so 
far are not as convincing as in the mouse. 


Polymorphisms in cytokine and chemokine 
genes affect susceptibility to infections 
Polymorphisms in the genes encoding cytokine receptors 
have been shown to correlate with an increased suscep- 
tibility to: 

* infection; 

‘= severe combined immune deficiency (SCID); and 

+ inflammatory conditions. 

‘The outcome of the mutation is dependent on which 
cytokine gene is affected. 


Q. What effect would you expect a deficiency in the IL7 
receptor (IL-7R) to produce? 

A. It causes a reduction in T cell numbers because IL-7 Is 
required for early thymocyte development (see Fig. 2.29). 
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For example, humans wit 

+ mutations in the IL-7R a chain have a reduced number 
of T cells; 

* whereas those with deficiency in the common cytokine 
receptor ¥ chain (ye), a component of IL-2, IL-4, IL-7, 
IL-9, and IL-15 receptors, have reduced numbers of T 
and NK cells and impaired B cell function, in part 
attributable to the lack of T cell help (Fig. 11.25). 

Further examples are the mutations in the IFNy receptor 

(IEN}R) or IL-12 receptor (IL-12R), which increase 

susceptibility to mycobacterial infection, 

‘A list of genetic defects that contribute to impaired 
immune responses is given in Fig. 11.26. 

‘Mutations in the cytokine promoters influence the 
levels of expression of cytokines. Polymorphisms such as 
these have been linked to certain autoimmune conditions 
and also to susceptibility to infections. 

Susceptibility to severe malaria is under complex 
genetic control with other genes in addition to MHC 


genes playing an important role. Recent studies have 
linked the development of cerebral malaria to a poly- 
morphism in the promoter region of the TNFa gene. 
‘Other studies have implicated polymorphisms in the pro- 
moter region of the inducible NO synthase gene (NOS? 

Some genes involved in immune responses affect dis- 
cease susceptibility, but do not affect immune responsive- 
ress, For example, disease progression to AIDS has been 
shown to be associated with polymorphisms in the 
chemokine receptor gene-5 (CRS). 

CRS is a co-receptor used in the entry of macrophage- 
tropic strains of HIV-1 into cells. A mutation that 
inactivates this receptor is found in some individuals of 
European origin, but is rare in populations of Asian or 
sub-Saharan African descent. Individuals homozygous for 
this CCRS mutation are very resistant to HIV-1 infection. 
In this case resistance is related to the reduced primary 
spread of the virus rather than an enhanced immune 
response against it. 


Role of mutations in cytokine receptor genes in severe combined immune deficiency (SCID) 

Fig. 11.25 (1) A defect in the common chain (ye) of the cytokine 
receptors IL-2, IL-15, IL-4, IL-7, and IL-9 leads to a SCID, with loss 
fof both T and NK cells A similar deficiency results from mutation 
in the janus kinase (Jak3), which transduces signals from the ye 
chain, Note that IL-2 and IL-15 have three chains in their high- 
affinity receptor, whereas i-4, IL-7, and IL-9 have only two chains. 
(2) Absence ofthe speciticL-7R chain also produces a severe 
immunodeficiency, but this primarily aflectsT cell development. 
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Genetic defects associated with immune deficiency or abnormalities 


SCID ‘e {ailueo of signal transduction by cytokines 
12Fa {allure of 1L2 signal in activation and development 
LTR {allure of IL7 signal in lymphocyte development 
aka lack of signal transduction by cytokines 
c03y ‘ho signal transduced fromTCR 
cos. ‘ho signal transduced tromTCR 
ZAP70 ‘ho signal transduced fromTCR 
‘ADA Teall toxicity 
AGI failure inTCR and BCR gene recombination 
Tall deficiency PNP Teel development failure 
class Il dafiioney cur {allure to express MHC class I molecules 
class I deficiency TaPr2 failure to load MHC class | molecules 
X-linked hypertgM cpao. ‘no maturation of antibody response 
Xelinked-agamma- Bik {allure of B call development 
globulinomia 
Xelinked lymphoproliterative | SH2DIA/SAP ‘Impaired negative signals to B colls 
syndrome 
‘Autoimmune *Fas(CD95) or Fasl. ‘extended Iymphocy life span due to reduced apoptosis, 
Iymphoproliferative syndrome 
imycobaca TFN, 1L12R ‘impaired Ht responses 
‘ADA, adenosine deaminase gene; BCR, B cell receptor; Bik, Bruton’styrasine kinase gone; TCR, eell receptor; PNP, purine 
rhucleoside phosphorylase gene; RAG, recombination activating gone. 


Fig. 11.26 Genetic defects associated with immune deficiency or abnormalities, Based on a review by Leonard, Curr Opin Immunol 


2000;12:465-467. See also Chapter 16. 
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Critical thinking: Regulation of the immune response (see p. 496 for explanations) 


1 Why is there a need to regulate the extent of immune 
activation and lymphocyte proliferation? 

2 In what ways can antibody regulate the immune response? 

3. How would you use regulatory T cells to modulate aberrant 


immune responses? 


4 What is the advantage of inducing replicative senescence in 
lymphocytes that are excessively stimulated? 


Immune Responses 


in Tissues 


SUMMARY 


‘+ Alissue can influence local immune responses, 
promoting some classes of immunity and suppressing 
others, The tissue can accomplish this by producing 
cytokines that influence both T cells and APCs. Direct 
Interactions between cells of the tissue can also modulate 
‘immune responses. 


‘Certain sites in the body are immunologically privileged 
and fully allogeneic tissue can be transplanted into them 
‘without risk of rejection. These sites, which include the 
anterior chamber of the eye, the brain, and the testes, are 
able to promote certain kinds of beneficial lasses of. 
Immune responses while suppressing classes that can do 
Itreparable local damage. 


‘+ Immune responses in gut, lung, and skin distinguish 
between pathogens and innocuous organisms and 
antigens. Gut enterocytes influence the jocal immune 


‘response. intraepithelial lymphocytes (IELs) respond to 
stress induced class ib molecules and produce many 
‘immunomodulatory cytokines. 


* Endothelium controls which populations of lymphocytes 
‘enter a tissue. Endothelium within each tissue provides 
‘signals for the selective accumulation of specific tssue- 
‘esident lymphocytes, many of which do not recognize 
foreign antigens, but are activated by stress-induced self 
‘molecules. 


‘+ Anumber of principles govern the immunological 
characteristics of each tissue. As well as the principles 
‘outlined in the summary points above, cells of the tissue 
‘ean promote the accumulation of tssue-resident 
lymphocytes and exert their effects via cytokines or by 
ditect cell-cell interactions. A tissue can have several 
_microenvironments, each of which has its own physiology 
and preferred immune response, and the local immune 
tesponse can produce systemic changes. 


A TISSUE CAN INFLUENCE LOCAL IMMUNE 

RESPONSES 

Any immune system faced with a potential threat must 

answer two questions: 

* The first question is ‘Shall I respond?’, and the 
mechanisms used to determine that answer are the 
topics of much of this book. 

* Once made, however, there is a second question — 
‘What type of response shall I make? 

What determines whether an immune response shoul 

be comprised of, for example, activated cytotoxic 

lymphocytes (CTLs) or a particular class of antibodies 
Although it has long been taught that the effector class 
of an immune response is tailored to the pathogen being 
fought, accumulating evidence suggests that there may 
also be a strong influence from the local tissue milieu 
(Fig. 12.1). 
“This chapter focuses on: 

© the features of immune responses that are unique to 
individual tissues; and 

* the mechanisms by which the tissues influence local 
and systemic characteristics. 
ere are several reasons why a particular organ may need 

to modify local immunity. 


Q. Herpes simplex virus infects sensory neurons and causes 
cold sores. Why might a CTL response be inappropriate for 
controlling such an infection? 

A. An effective cytotoxic response would kill the infected 
neuron, which cannot be replaced. This would be worse for the 
hhost than the moderate inconvenience caused by the 
sporadically reactivating viral infection. 


‘This is an example of how an immune response sum- 
moned to clear an infection can interfere with a tissue’s 
physiology as seriously as the infection itself. 

‘A similar outcome can occur in both the eye and the 
gut, which may be damaged by cytokines such as tumor 
necrosis factor-a. (TNFa) and interferon-y (IFNy) 
produced locally during cell-mediated immune reactions. 

Indeed, when 'TNFo. and IFNy reach high systemic 
levels, they can result in shock and rapid death. An 
example is seen in Dengue shock syndrome. Individuals 
who are immune to the Dengue virus or infants with 
maternal antibodies may develop rapid circulatory col: 
lapse. It is thought that interaction between activated T 
cells and macrophages causes the release of TNFa, which 
acts on endothelium leading to an increase in capillary 
permeability and consequent fall in blood pressure. 
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Factors controlling the characteristic immune response of a tissue 
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Fig. 12.1 The characteristic immune 
tesponse of a tissue is controlled bath by 
the leukocyte populations present and by 
the direct and inditect signals from the 
endagenous cells of the tissue. The 
population of lymphocytes that enter a 
particular tissue is controlled by the 
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vascular endothelium in that tissue 
{Antigen presentation within the tissue 
depends on the populations of antigen- 
presenting cells (APCs), which include 
resident mononuclear phagocytes. APCs 
and T ces are influenced directly by 
endagenous cells of the tissue, and 
Indirectly via cytokines. 


oytokines 


Another reason for specific local immune responses is 
that certain types of immune response are more effective 
in some tissues than in others, 


Q. What type of immune response is suited to the gut and 
‘mucosal surfaces? 

A. The production of IgA antibadies, promoted by a TH2-type 
immune response of IgA- 
producing B cells within submucosal tissues means that IgA 
antibodies are produced near the point of secretion (Fig. 12.2 
and see Fig. 3.11) 


Accumulation and recirculation 


‘These observations suggest that the immune system 
might normally receive guidance from each tissue to make 
a response that is both appropriate for and effective at 
that site 

Consequently, tissues have evolved regulatory mech- 
anisms that influence the immune response that occurs 
within them, The detailed study of these regulatory mech- 
anisms is in its infancy, but we will attempt to assemble 
some of the broad operating rules, and provide examples 
of the types of immune response seen in different tissues. 


CERTAIN SITES IN THE BODY ARE 
IMMUNOLOGICALLY PRIVILEGED 

There are certain sites in the body where fully allogeneic 
tissue can be transplanted without risk of rejection, These 
include the 

* anterior chamber of the eye (Fig. 12.3); 

+ brain; 
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IgA synthesis in the lamina propia 


Fig. 12.2 Lymphoid cells in the epithelium and lamina propria 
fluoresce green using antibody to leukocyte common antigen 
(CD45). Red cytoplasmic staining is obtained with antiigA 
antibody, which detects plasma cell in the lamina propria and 
IgA in the mucus. (Courtesy of Professor G Janossy) 


+ testes; and 
* (oddly) the hamster cheek pouch. 

Several factors may contribute to the immunological 
privilege of these sites, some of which affect the initiation, 
of the immune response and some affect the effector 
phase. Some of the factors that limit the development of 


CERTAIN SITES IN THE BODY ARE IMMUNOLOGICALLY PRIVILEGED. 


Corneal allografts 


Fig. 12.3 (1) A successful corneal allograft. More than 90% of 
such gratts remain clear after 1 year. The sutures are stil visible 
Jn the periphery. Note that vascularization does not extend 
Into the grat. (2) An acutely rejected graft. (3) A chronically 
rejected graft. The rejected grafts indicate that effective cell- 
mediated responses can develop within the eye. Note the 
Increased vascularization in the rejected grafts. With 
permission from the University of Aberdeen) 


immune reactions in the central nervous system (CNS) 

include the following: 

* the blood-brain barrier (endothelium plus astrocytes) 
prevents the movement of over 99% of large serum 
proteins into the brain tissue (IgG, complement, etc.) 

+ low levels of MHC molecule expression, and co- 
stimulatory molecules result in inefficient antigen 
presentation; 

+ there is no conventional lymphatic drainage system 
from brain tissue to local lymph nodes; 

‘there are low levels of leukocyte traffic into the CNS in 
comparison with other tissues; 

+ neurons have direct immunosuppressive actions on 
glial cells; 

+ astrocytes and neurons produce immunosuppressive 
cytokines. 

Similar factors apply in other privileged sites. 

‘The ‘privileged sites’ were long thought to be locations 
where adaptive immune responses are so dangerous 
that the immune system is either not allowed entry, is 
destroyed upon arrival, or is prevented from functioning. 

From an evolutionary point of view, however, this expla- 
nation for the acceptance of grafts scems rather unlikely 
because an unprotected tissue that is warm, wet, and full 
of nutrients would quickly become a haven for parasites. 

Recent evidence suggests that the concept of privileged 
sites may have been a misconception based on the 
limitations of the experimental assay systems. Once the 
experiments were expanded to include a wider variety of 
assays it became apparent that privileged sites are not 
immunologically impaired. They are simply sites that 
are able to promote certain kinds of beneficial classes of 
immune responses while suppressing classes that can do 
irreparable local damage. 

‘The eye has very limited self-regenerative capacity and 
can be completely destroyed by a cell-mediated immune 
response with the concomitant local production of TNFo. 
and IFNy (see Fig. 12.3). The same response to the same 
antigen within the skin does not have such a severe effect. 
‘The principal difference is the regenerative capacities of 
the two organs. The eye has therefore evolved two major 
mechanisms to actively suppress cell-mediated responses: 
* first, the epithelial cells lining the anterior chamber 

express Fas ligand; 

+ second, the fluid’ of the anterior chamber contains 
eytokines such as transforming growth factor-B (TGFB). 


Q. What would be the functional effect of epithelial cells 
lining the anterior chamber expressing Fas ligand and the 
fluid of the anterior chamber containing TGFii have on an 
immune response? 

A. Expression of Fas ligand (CD178) on the epithelial cells 
permit engagement of incaming cells (e.g. T cells) that express 
Fas (CD95) and thereby induce their apoptosis (see Figs 10.8 
and 10.9) - a case of the tables being tuned on the 
lymphocytes. Production of TGFS limits T cell proliferation and 
tends to induce Ta2 and possibly Treg lymphocytes, Addi 
tionally, the expression of Fas ligand may also favor a switch to 
a Th2-type response because Fas ligand has been shown to 
Induce the death of Ta1 cells more easily than TH2 cells. 
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Local immune privilege may extend to other 
systems 

When first discovered, the features of immune privilege 
described above were thought to fit with the idea of the 
eye as a privileged site. However, an ingenious set of 
experiments by Streilein and his colleagues showed that 
the eye actually does something much more interesting 
than merely suppress local immunity and shift immune 
responses into a class of immunity that is non-destructive 
to the eye. In their experiments they transplanted tumors 
into the eye, which grew unhindered as expected, 
Unexpectedly, however, the tumor recipients subsequently 
became more generally tolerant of any other tissue that 
shared some of the tumor antigens, no matter the site of 
transplantation (Fig. 12.4). 

Following up on this finding, it was discovered that 
spleen APCs that had been incubated with fluid from the 
anterior chamber of the eye were no longer able to induce 
T cell proliferative responses, but instead promoted pro- 
duction of IL-4, IL-10, and ‘TGEB. Streilein called this 
switch anterior chamber associated immune deviation 
(ACAID) and it was found to be controlled by the cells of 
the iris and ciliary body, which secrete immunomodu- 
latory cytokines, including TGEB, vasoactive intestinal 
peptide (involved in control of the synthesis of the 
secretory piece of IgA), y-melanocyte-stimulating hor- 
mone (MSH), and calcitonin gene-related peptide 

‘These cytokine and molecular controls on immunity 
are underpinned by the cellular organization of the eye, 
which has barriers that limit the movement of molecules 
into the retina, anterior chamber, and vitreous (Fig. 12.5). 

Altogether, the picture that emerged is of an organ that 
actively promotes a type of immunity that is protective 
and beneficial (the IgA response) while suppressing a type 
of immunity that can be destructive. 

‘Three principles are illustrated by ACAID: 

* a tissue can influence its local immune responses, 
promoting some classes and suppressing others; 


‘Tolerance to allografts transplanted into the eye 


Fig. 12.4 Tumor cals of tissue type A transplanted into the 
‘eye are tolerated. Subsequently skin grafts of tissue type Ax B 
are also tolerated in these animals. Tolerance to A, induced 
‘within the eye, extends to other tissues, and can turn off the 
hnormal immune response that would be expected against a 
‘ype B skin allograft. 


+ the tissue can accomplish this by directly producing 
cytokines that influence both T cells and APCs, 
+ local influence can cause systemic changes. 


The blood-brain barrier shields the CNS 
from immune reactions 

“Many of the factors that lead to limited immune responses 
in the eye also occur in the CNS, Indeed the blood-retinal 
harrier described in Fig. 12.5 is related to the blood-brain, 
barrier present in most areas of the CNS. 

‘The blood-brain barrier is a composite structure 
formed by the specialized brain endothelium and the foot 
processes of astrocytes. Astrocytes are required to induce 
the special properties of brain endothelial cells, which 
have continuous belts of tight junctions connecting them 
to other endothelial cells. 

‘The blood-brain barrier has many physiological prop- 
erties, but of interest to immunologists is the very low 
permeability of the endothelium to serum proteins 
(Pig. 12.6). 

For example, the level of IgG found in the CNS is 
normally approximately 0.2% of the level found in serum. 
‘The level may rise during an immune reaction as the 
endothelial barrier becomes more permeable in response 
to inflammatory cytokines. Additionally, in some condi- 
tions, such as multiple sclerosis, there is often local 
synthesis of antibody within the CNS, which may con- 
tribute to the immune reaction. 

Nevertheless, even in the most severe immune 
reactions, the levels of antibody, complement compo- 
nents, and other serum molecules is much lower in the 
brain than in other tissues. 


Anatomic and immunological basis of immune privilege 
in the eye 


ciliary body choroid 


anterior 
chamber 


Fig. 12.5 The uvea, consisting of the is, ciliary body, and 
chorea, is highly vascularized, but lacks draining lymphatic 
vessels. Tight junctions between the vessels in the iris and 
between non-pigmented ciliary epithelia! cells maintain 
bblood-aqueous barrier. Similar junctions on the retinal 
‘pigment epithelium and the retinal endothelium maintain a 
bblood-retinal barrier. The iris and ciliary body secrete 
immunomodulatory cytokines. 


IMMUNE RESPONSES IN GUT, LUNG, AND SKIN 


‘The blood-brain barrier 
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Fig. 12.6 (1) Brain endothelial cells have a continuous ring of 
tight junctions, identified in this micrograph by the junctional 
‘marker 20-1, The resulting permeability barrier excludes 
serum proteins from the brain tissue. (2) The graph shows the 
serum/cerebrospinal fluid (CSF) ratio for different proteins 
“There is an inverse relationship between molecular size and 
the level in CSF, Molecules such as transferrin, which are 
transported into the brain, ae present at higher levels than 
would be expected from their size. Immunoglabulins are not 
transported. 


Neurons suppress immune reactivity in 
neighboring glial cells 

When researchers first started to examine individual 
populations of cells from the CNS in vitro (e.g. astro- 
eytes), they found that astrocytes would respond to IFNy 
by increasing their expression of MHC class I molecules 
and inducing expression of the normally absent MHC 
class II molecules. However, in vivo, astrocytes rarely 
respond in this way. It appeared that the local environ- 


ment of the CNS could in some way suppress the ability 
of astrocytes to respond to IFNy. 

Subsequently it was found that when neurons are co- 
cultured in contact with astrocytes, then the ability to 
induce MHC molecules was suppressed, but if the cells 
were not in contact, they were not repressed (Fig. 12.7). 


Q. How do you interpret the repression of MHC induction 
described in Fig. 12.77 

A. Because fepression of MHC induction requires contact 
betwee 
cytokine 


the cells it implies that the effect is not caused by a 


‘The results are even more interesting because it sub- 
sequently became clear that electrically active neurons are 
required. This means that: 

* neurons that are functioning normally can suppress 
their neighboring glial cells (and downregulate their 
‘own MHC molecules): whereas 

+ damaged neurons will lift the local immunosuppression 
to allow an immune response to develop. 

the examples of the eye and the CNS illustrate a number 

of mechanisms that lead to immune privilege. In practice, 

a combination of mechanisms is active in each tissue. 


IMMUNE RESPONSES IN GUT, LUNG, AND 
SKIN DISTINGUISH BETWEEN PATHOGENS 
AND INNOCUOUS ANTIGENS 

‘The gut, lung, and skin are examples of tissues that are 
continuously in contact with high levels of harmless 


Immunosuppression by neurons 
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Fig. 12.7 The top fluorescence graph shows the expression of 
MHC class | molecules on astrocytes cultured in contact with 
Cr separate from neurons. Note that neurons suppress MHC 
clas | expression. If IFNy is added to the cultures (lower 
raph), astrocytes cultured alone increase their expression of 
MHC class | molecules, but those cultured with neurons are 
sill suppressed, (Based on data from Tonsch U, Ratt O. 
Immunology 1993;80:507) 
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commensal organisms and innocuous antigens as well as 
potential pathogens. The responses in these tissues are 
concerned not just with whether an immune response 
takes place, but also on the quality of that response. 


Q What factors allow the immune system to distinguish 
between pathogens and innocuous organisms and antigens? 
A. Many pathogenic organisms have components that are 
recagnized by pathogen-associated molecular patterns 
(PAMP) receptors (see Chapter 6 and Figs 6.22-6.24), which 
when ligated can lead to efficient antigen presentation, 
Additionally, pathogenic organisms cause tissue damage, The 
proteins released fram damaged cells can directly activate APCs, 
While released enzymes such as tissue plasminogen activator 
Gee Fig. 6.19) and tissue kallikrein (see Fig. 6.18) lead to 
activation of the plasmin and kinin systems, 


Oral tolerance or regional immunity in 

the gut? 

Occasionally we hear that a native American Indian child 

has eaten poison ivy but has not developed the cell- 

mediated hypersensitivity reaction that normally follows 
within 48 hours of contact with the plant. ‘This is oral 
tolerance. 

Oral tolerance, and the related phenomenon of nasal 
tolerance, illustrate two points: 

* itis systemic in thar it can influence responses at non- 
mucosal sites; 

+ it is dominant in that it is transferable to naive 
individuals by CD4 (or occasionally CD8) T cells. 

“Tolerance is not the only form of immunity that arises 
from ingestion of antigens. Oral vaccination has been 
recognized since 1919 when Besredka noticed that rabbits 
were protected from fatal dysentery by oral immunization 
with killed shigellae. ‘The attenuated polio vaccine that 
was developed in the 1950s was also given as an oral 
vaccination, In both case these vaccines would not he 
viewed as a harmless antigen by the immune system: 

* shigellae contain antigens that activate the intracellular 
PAMP receptor NOD-I (see Fig. 9.24); 

* the attenuated polio vaccine proliferates in the gut and. 
lymphoid tissue, and therefore induces some tissue 
damage. 

Ineach case, however, the vaccine is effective in protecting 

the host against disease. 


@ Can you give another example of tolerance induced by 
administration of antigen acrass mucosal tissues? 

A. Tolerance in mice administered myelin basic protein (MBP) 
by aerosol can suppress the induction ot experimental allergic 
encephalomyelitis (EAE) in response to the same antigen given 
intradermally in adjuvant (see Fig. 11.2). 


Oral vaccination and tolerance are two sides of 

the same coin 

In essence, they are very similar responses ~ the main 

difference lies with the assays used to measure them. 
‘Antigens introduced orally tend to invoke an immune 

response that is appropriate for the gut and other mucosal 


surfaces, namely the production of local IgA, and some 
systemic IgG. There is generally litle produetion of TH#1 
cells or CTLs, and no cell-mediated immune response. 

‘Measurement of the IgA response would lead to the 
conclusion that oral antigens induce immunity. However, 
if the cell-mediated response (lymphocyte proliferation in 
response to antigen) is measured, one can erroneously 
conclude that the animal has become tolerant. 

‘The success of the polio vaccine was measured by its 
ability to protect against the virally induced disease and 
‘was therefore labeled ‘vaccination’. In contrast, reducing, 
the autoimmune reaction in EAE (a model of multiple 
sclerosis) is viewed as a success, and this procedure is 
therefore labeled ‘tolerance’. These outcomes ~ vacci- 
nation and tolerance ~ are, however, merely two sides of 
the same coin, 


Gut enterocytes influence the local immune 
response 

‘The enterocytes of the gut considerably influence the 
local immune response by secreting a variety of immuno- 
modulatory factors such as TGEB, VIP, IL-1, IL-6, IL-7, 
CXCLS, and CCL3. 


Structure of the villi and crypts of the small intestine 
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Fig. 12.8 Stem cells give ise to Paneth cells at the base of the 
‘crypt, Which secrete antimicrobial peptides. The enterocytes 
are derived from the rapidly dividing transit-amplifying 
population and wall eventually be shed from the tips of the 
vill, These cells secrete immunomodulatory cytokines. 


ENDOTHELIUM CONTROLS WHICH POPULATIONS OF LYMPHOCYTES ENTER A TISSUE 


‘The Paneth cells at the bottoms of the crypts mean- 
while produce several natural antibiotic peptides (Fig. 
12.8), which help prevent bacterial overgrowth in these 
sensitive sites of cellular differentiation. 

Enterocytes may also promote migration of intra- 
epithelial lymphocyte (EL) populations. 


Q. What are the characteristics of IELs? 
A. IELs have a dendritic morphology and express the ¥6 form of 
the T cell receptor (TCR) and often CDB (see Fig. 2.22). 


By expressing E-cadherin, a ligand for «EB7-integrin, 
and by secreting TGFB, which upregulates the expression 
of aE7, enterocytes may provide a signal for the selective 
accumulation of TELs that express this integrin. In this 
way, the tissue cells invite the residency of cells that 
promote certain types of immunity and aid in repair (see 
below). 


IELs respond to stress-induced class Ib 
molecules 
Many IELs have an activated or memory phenotype 
and recognize the ancient conserved MHC class I-like 
molecules, MICA and MICB, which are upregulated by 
cellular stress. 

When activated by MICA and MICB some of the 
mucosa-associated lymphocytes secrete epidermal cell 
growth factor (ECGF) and may therefore function to 
repair and renew damaged intestinal epithelial ces. 

Hence, by expressing molecules, the tissue cells can 
activate their local resident lymphocytes regardless of the 
specific antigen that is the target of the immune response. 
In this way the tissue can influence local immunity against 
many different antigens, 


IELs produce many immunomodulatory cytokines 
TELs also produce a wealth of immunomodulatory 
cytokines, such as IL-1, TGF, lymphotoxin (LT), IFNy, 
and TNFa. 

Although the conditions under which each set of 
cytokines is produced have not yet been elucidated, it 
is clear that certain cytokines, and their attendant 
antibody subclasses, are associated with certain intestinal 
diseases. 

For example in ulcerative colitis, celiac disease, and 
Crohn's disease there is some associated production of 
TNFa. and IFNy, as there is in some other mucosal 
diseases such as chronic gastritis, chronic rhinitis, and 
chronic sialadenitis (ie. situations where there is dys- 
regulation of the normal mucosal immune responses). 


ENDOTHELIUM CONTROLS WHICH 
POPULATIONS OF LYMPHOCYTES ENTER 
A TISSUE 
Migration of leukocytes into different tissues of the body 
is dependent on the vascular endothelium in each tissue. 
For many years, it was thought that the endothelium in 
different tissues was essentially similar, with the possible 
exception of tissues such as the brain and retina, which 
have barrier properties. 


Tt was also acknowledged that the endothelium in 

Iymphoid tissues — high endothelial venules (HEVs) ~ was 

specialized to support lymphocyte traffie specific for dif- 

ferent areas. 

Despite this common belief, it was well known that 
inflammation in different tissues had different charac~ 
teristics, even when the inducing agents were similar. 
Compare the two type IV hypersensitivity reactions seen 
in the CNS and dermis (Figs 12.9 and 12.10): 

+ inthe brain the lymphocyte infiltrate is confined to the 
region around the venules and there is little overt tissue 
disruption; 

+ in the dermis there is extensive infiltration with 
macrophages and lymphocytes, which is accompanied 
by severe edema and tissue disruption. 

It has recently become clear that a major element con- 

trolling inflammation and the immune response is the 

vascular endothelium in each tissue, which has its own 
characteristics. Different endothelia produce distinctive 

blends of chemokines (Fig. 12.11). 

In normal lung there is a high level of macrophage 
migration, which may be related to the high expression 
of CCL2 (macrophage chemotactic protein-1) by lung 
endothelium. 


‘Type IV hypersensiti Ns 


Fig. 12.9 (1) The perivenous infltrations of lymphocytes in 
parainfectious encephalomyelts are confined to the area 
around the venule top. There i little discuption of the tissue, 
but a stain for myelin shows that demyelination (2) extends 
‘out beyond the initial area of infiltration. (Courtesy of Dr N 
Woadroofe and Dr H Okazaki) 
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‘Type IV hypersensitivity in dermis 


Fig. 12.10 A histological section of a cell-mediated immune 
reaction (type IV hypersensitivity) in the dermis. Mononuclear 
cells (M) infiltrate both dermis and epidermis. The epidermis is 
pushed out and microvesicles(V) form within it due to edema 
().x 130. 


Production of chemokines by endothelium derived 
from different human tissues 
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Fig. 12.11 Brain endothelium produces high levels of CKCLS 
and CXCL1O associated with a Tu1-type immune response. 
Detmal endothelium produces high levels af CLS associated 
With T cell migration, whereas lung endothelium produces 
high levels of CCL2, a chemokine that causes macrophage 
migration. 


Q. How would you expect the high production of CXCL10 
to affect immune reactions in the CNS? 

A. CXCLIQ is induced in response to IFNy and acts on CXCR3, 
Which is selectively expressed on TI cells (see Fig. 6.11), 
Therefore brain endothelium praduces chemokines that 
promote a Til-type reaction, 


‘The cellular infiltrate in the CNS can be contrasted 
with that seen in the bronchus during allergic asthma 
where eosinophils predominate (Fig. 12.12). In this case 
the production of IL-3 and CCL3 (eotaxin) are charac~ 
teristic of both the TH2 response and this particular tissue. 
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Histological section of an airway from a case of fatal 


Fig. 12.12 The lumen of an alveolus of the lung is heavily 


infltrated with inflammatory exudates, fibrin, and celll 
debris. Immunohistachemical staining with monoclonal 
antibody against EG2 indicates that the majority of cells are 
‘eosinophils. x 275. (Courtesy af Arshad SH. Allergy: An 
Illustrated Colour Text. Philadelphia: Churchil Livingstone, 
2002. With permission from Elsevier) 


‘A NUMBER OF PRINCIPLES GOVERN THE 
IMMUNOLOGICAL CHARACTERISTICS OF 
EACH TISSUE 

Knowledge of the distinctive immunological character~ 

istics of each tissue is only just emerging. Nevertheless a 

‘number of principles can be discerned as follows. 

+A tissue can influence the local immune response, 
promoting some classes of immunity and suppressing, 
others. 

+ The local endothelium plays a major role in deter~ 
mining which leukocytes will enter the tissue by the 
secretion of distinct blends of chemokines. 

* Cells of the tissue can promote the accumulation of 
tissue-resident lymphocytes, many of which do not 
recognize foreign antigens, but instead bind to stress- 
induced self molecules. 

+ Cells in the tissue can exert their effects via cytokines or 
by direct cell-cell interactions. In effect, cells of the 
tissue can signal damage or distress 

‘+ A tissue can have several microenvironments, each of 
which has its own physiology and preferred immune 
response. 

+ The local immune response can produce systemic 
changes. 


FURTHER READING 

Brandtaaeg P. History of eral tolerance and mucosal immuniey: Ann 
NY Acad Sei 1996,778:1-27. 

Cheroutre H. Starting at the beginning: new perspectives on the 
biology of mucosal T cells. Annu Rev Immunol 2004,22.217-246. 

Debendictis C, Joubeh S, Zhang G, et al. Immune functions of the 
skin, Clin Dermatol 2001;19:573-585. 


FURTHER READING 


Engelhardt B, Ransohoff RM. ‘The ins and outs of Tlymphocyte 
trafficking to the CNS: anatomical sites and molecular 
mechanisms. Trends Immunol 2005;26:485-495, 

Greenwood J, Begley DJ, Segal MB, eds. New concepts of a blood 
brain barrier. New York: Plenum Press 1995. 

‘Mowat AM, Viney JL. The anatomical basis of intestinal immunity. 
Immunol Rev 1997;156:145-166, 

Speliberg B. The cutaneous citadel: a holistic view of skin and 
immunity, Life Sei 2002367:477-502. 

‘Wayne Strvilein J. Regional immunology of the eye. In: Pepose JS, 
Holland GN, Wilhelmus KR, eds. Ocular infection and 
immunity, Oxford: Elsevier, 1996:19-33, 

Weiler-Normann C, Rehermann B, The liver as an immunological 
organ. J Gastroenterol Hepatol 2004;19:5279-S283, 


Wilbanks GA, Strilin JW. Fluids frum immune privileged sites 
‘endows macrophages with the capacity to indice antigen-specific 
immune deviation via a mechanism involving. eransforming 
srowth factors}, Eur] Immunol 199222:1051-1036, 

Williams 1R, Kupper TS. Immunity at the surface: homeostatic 
‘mechanisms of che skin immune system, Life Sei 1996;581485— 
1307. 

‘hang X, Brunner T, Carter L, etal. Unequal death nT helper ell 
(TH) and Th? effectors: Th, but not TH2, effectors undergo 
rapid Fas/FasL-medisted apoptosis. J Exp Med 187185:1837— 
1849. 


Critical thinking: Immune reactions in the gut (see p. 496 for explanations) 


Oyster poisoning occurs when an individual eats an oyster that 
hhas concentrated bacteria or Protoctista in itself from sea 
water Often an individual who has eaten an infected oyster 
will then be unable to eat aysters again — even good oysters 


make them ill, Construct a logical explanation for this 
‘observation, based on your understanding of immune 
reactions in the gut. 
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Immunity to Viruses 


SUMMARY 


‘+ Innate immune mechanisms (interferon, NK cells, and 
‘macrophages) restrict the early stages of infection and 
delay spread of virus. Interferons exert antiviral activity by 
a variety of mechanisms. NK calls are cytotoxic for virally 
infected eels. Macrophages act at thee levels to destroy 
virus and virus-infected cells, DC2 dente cels produce 
IENa in herpesvirus and influenza virus infection, 


‘+ Asa viral infection proceeds, the adaptive (specific) 
Immune response unfolds. Antibodies and complement 
can limit viral spread or reinfection, T cells mediate viral 
‘Immunity in several ways ~ CDB* CTLs destroy virus- 


infected cells; CD4* T cells are a major effector cell 
‘population in the response to many virus infections. 


+ Viruses have evolved strategies to evade the immune 
‘response. Virus latency and antigenic variation are the 
‘most effective mechanisms. Many viruses deviate the 
immune response by the production of cytokine analogs 
and cytokine receptor analogs. Many DNA viruses have 
“strategies to control the expression of MHC molecules. 


+ Responses to viral antigens can cause tissue damage 
from the formation of immune complexes and by causing 
immunosuppression, immunodeficiency, or autoimmunity. 


EARLY IMMUNE DEFENSES AGAINST 
VIRUSES INCLUDE INTERFERON, NK CELLS, 
AND MACROPHAGES 

‘The early stage of a viral infection is often a race between 

the virus and the host's defense system. The initial defense 

against virus invasion is the integrity of the body surface. 

‘Once breached, early ‘non-specific’ or innate immune 

defenses such as interferon (IFN), natural killer (NK) 

cells, and macrophages become active. 

Interferons exert antiviral activity by a 

variety of mechanisms 

‘There are two major families of IFN ~ type I and type Il 

IENs. 

“Type LIENS include: 

* TENa (leukocyte IFN) — a family of 13 genes on 
chromosome 9 ~ produced following virus infection of 
cells; 

= TENS (fibroblast IFN) ~ a single gene on chromosome 
9— produced following virus infection of cells; 

# TEN¢e (trophoblast IFN); and 
two new families, IFNA and IFN. 

“ype It TDN or TENT a dngle pee on cheamasae 

2 ~ is only produced following antigenic or mitogenic 
stimulation of T and NK cells. 

Virus infection of a cell leads to the production of 
IFNo/B, which activates antiviral mechanisms in neigh- 
boring cells enabling them to resist virus infection 
(Fig. 13.1). 


Interferons activate a number of genes with direct 
antiviral activity. A key mechanism involves the dsRNA- 
dependent protein kinase R (PKR), which 
+ phosphorylates the a-subunit of elF 
block in the translation of viral mRNA; 
‘+ ‘triggers apoptosis via Bel-2 and caspase-dependent 
mechanisms thereby short circuiting virus infection 
through suicide of the infected cell. 
Another mechanism activated by dsRNA involves 
2/,5’-oligoadenylate synthetase, which activates a latent 
endonuclease (RNaseL.) involved in degrading viral 
RNA. 


leading to a 


Q. What role does dsRNA play in the normal metabolism of 
a mammalian cell? 

A. dsRNA is formed as part of the replication/transcription of 
RNA viruses. However, because the mammalian genome is 
DNA, d5RNA is not produced during transcription of mRNA; 
consequently dsRNA is a signature of viral replication. At least, 
this was the view until recently. It is now known that dsRNA is 
formed in eukaryotic cells as part of the process that contrals 
MRNA activity by small inhibitory RNAs (siRNA). Mammalian 
cells therefore have an intrinsic narmal mechanism that leads to 
the recognition and degradation of dsRNA, 


A third mechanism for controlling viral infection 
involves Mx proteins, which inhibit viral transcription of 
a range of RNA viruses, but have little effect on DNA 


13. IMMUNITY TO VIRUSES 


The molecular basis of interferon action 
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Fig. 13.1 The antiviral state develops 
within a few hours of interferon stimulation 
and involves various intracellular antiviral 
defenses. 
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Other mechanisms of IFN-mediated intracellular 
defense exist because mice deficient in PKR, Rnasel., and 
‘Me genes (triple knockouts) still retain antiviral activity, 
In addition to the direct inhibition of virus replication, 
IFNy and IFNa/B enhance the efficiency of the adaptive 
immune response by stimulating increased expression of 
MHC class I and Il, along with the antigen processing 
machinery. ‘These IFNs also activate macrophages and 
NK cells, promoting their antiviral activity (sce below). 
‘The importance of IFNs in vivo is underlined by the 
increased susceptibility of mice lacking the IFNo/B 
receptor to virus infection. Similarly, depletion of IENs by 
specific antibody treatment also augments virus infection. 


NK cells are cytotoxic for vi 
infected cells 

Active NK cells are detected within 2 days of a virus 
infection, ‘They have been identified as major effector 
cells against herpesviruses and, in particular, murine 
cytomegalovirus (MCMV). An absence or reduction of 
NK cell activity, as seen in beige mutant mice or following 
depletion with antibodies against NK1.1 and asialo GMI, 
correlates with an increased susceptibility to. MCMV 
infection. 

‘During the initial stages of infection, NK cells undergo 
non-specific proliferation mediated by type I IFN and 
interleukin-15 (IL-15), In MCMV infection there then 
follows: 

+ aselection for NK cells expressing Ly49H (an activator 
of NK cell function); and 

* expansion following interaction with the viral protein, 
ml37 present on infected cells. 


ly 


This interaction is the basis of resistance to MCMV 
infection in resistant mouse strains. 

In susceptible mouse strains the activating Ly49HL 
is absent and instead mlS7 interacts with Ly49I (an 
inhibitory receptor) that inhibits NK cell responses. In 
these mice ml57 acts as a decoy protein mimicking the 
host inhibitory receptors, thereby favoring survival of the 

‘The MCMV NK cell model represents a paradigm 
of how we envisage NK cells operating in other virus 
infections where an inverse correlation exists between 
MHC class I expression and NK cell killing. This is an 
interesting feature because a number of viruses are now 
known to downregulate MHC class I expression ~ 
presumably a strategy to evade T cell recognition. 

In executing the antiviral response, NK cells function by: 
mediating direct cytolysis of infected cells through 
a perforin-granzyme mechanism (see Chapter 10); and 
through the production of IFNy, which protects cells 
from infection and activates macrophage antiviral 
mechanisms, 

NK cells are also one of the main mediators of antibody- 
dependent cellular cytotoxicity (ADCO) 


Macrophages act at three levels to destroy 
virus and virus-infected cells 

‘Macrophages are ever present in the tissues of the body 
and act as a first line of defense against many pathogens. 
In virus infection they act at three levels to destroy virus, 
and virus-infected cells: 

+ phagocytosis of virus and virus-infected cells; 

+ Killing of virus-infected cells; and 


‘AS A VIRAL INFECTION PROCEEDS THE ADAPTIVE (SPECIFIC) IMMUNE RESPONSE UNFOLDS: 


* production of antiviral molecules such as tumor 

necrosis factor-ct (TNFa), nitric oxide, and IFNa. 
Phagocytosis of infected cells and virus complexes is part 
of the normal housekeeping role of macrophages at a site 
of infection. 

‘As with many pathogens the phagolysosome represents 
a hostile environment for viruses in which oxygen- 
dependent and oxygen-independent destructive mecha- 
nisms prevail. ‘The induction of nitric oxide synthetase and 
the generation of nitric oxide is a potent inhibitor of 
herpesvirus and poxvirus infection. 


DC2 dendritic cells produce IFNo: in 
herpesvirus and influenza virus infection 

A major producer of IFNot in herpesvirus and influenza 
virus infection is the macrophage-like plasmacytoid- 
derived DC2 dendritic cell. In influenza virus infection 
DC2 dendritic cells make large amounts of interferon 
following the endosomal recognition of viral RNA. 


Q. How can macrophages recognize dsRNA? 
A. Toll-like receptor-3 (TLR-3) (and TLR-7) recognizes dsRNA, 
(Gee Fig, 6.23). These cell, along with type I IFN production 
from infected cells, act as major coordinators of innate immune 
responses during the early stages of a virus infection. This 
network is summarized in Fig. 13.2. 


AS A VIRAL INFECTION PROCEEDS THE 
ADAPTIVE (SPECIFIC) IMMUNE RESPONSE 
UNFOLDS 

An absence of T cells renders the host highly susceptible 
to virus attack. For example, cutaneous infection of 
congenital athymic ‘nude’ mice (which lack mature T 
cells) with herpes simplex virus (HSV) results in a 
spreading lesion — the virus eventually travels to the 
central nervous system, resulting in death of the animal. 


Interferon activates NK cells and macrophages 


‘The transfer_ of HSV-specific T cells shortly after 
infection is sufficient to protect the mice. 


Antibodies and complement can limit viral 
spread or reinfection 

Antibodies can neutralize the infectivity of viruses 
As a viral infection proceeds, the adaptive (specific) 
immune response unfolds, with the appearance of: 

* cytotoxic T lymphocytes (CTLs); 

helper T (Ti) cells; and 

+ antiviral antibodies. 

Antibodies provide a major barrier to virus spread 
between cells and tissues and are particularly important 
in restricting virus spread in the blood stream. IgA 
production becomes focused at mucosal surfaces where it 
serves to prevent reinfection. 

‘An alternative mechanism of IgA-mediated neutraliza- 
tion occurs intracellularly as IgA passes from the luminal 
to the apical surface. During this transcytosis vesicles 
containing IgA interact with those containing virus, 
leading to neutralization. 

Antibodies may be generated against any viral protein 
in the infected cell. 


Q. Which proteins are likely to be the most important 
targets of antibody-mediated defenses? 

A. Only antibodies directed against glycoproteins that are 
expressed an the virion envelope or an the infected cell mem. 
brane are of importance in controlling infection. 


Antibody-mediated immunity can be achieved in a 
number of ways, involving quite diverse mechanisms 
Defense against free virus particles involves neutral- 
ization of infectivity, which can occur in various ways 
(Fig. 13.3). Such mechanisms are likely to operate in vivo 
because injection of neutralizing monoclonal antibodies is 
highly effective at inhibiting virus replication. Clearly the 
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Fig. 13.2 Interferon (IFN) has an 
Important role in orchestrating innate 
antiviral defenses. (OC type tl, 
plasmacytoid-derived DC2 dendritic cel; 
JN, type I IFN; IFN I, type I! IFN) 
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presence of circulating virus-neutralizing antibodies is an 
important factor in the prevention of reinfection. 


Complement is involved in the neutralization of 
some free viruses 

Complement can also damage the virion envelope, a 
process known as virolysis, and some viruses can directly 
activate the classical and alternative complement path- 
ways. However, complement is not considered to be a 
major factor in the defense against viruses because 
individuals with complement deficiencies are not 
predisposed to severe viral infection, 

‘This should be contrasted with those herpesviruses and 
poxviruses that carry viral homologs of complement 
regulatory proteins (CD46, CD55) which regulate com- 
plement activation. Presumably these viruses perceive 
complement to be a threat. 


Antibodies mobilize complement and/or effector 
cells to destroy virus-infected cells 

Antibodies are also effective in mediating the destruction 
of virus-infected cells. This can occur by antibody- 
mediated activation of the complement system, leading to 
the assembly of the membrane attack complex and lysis 
of the infected cell (see Chapter 4). ‘This process requires 
a high density of viral antigens on the membrane (about 
5 x 10"/cell) to be effective. In contrast, ADCC mediated 
by NK cells can recognize as few as 10° IgG molecules in 
order to bind and kill the infected cell. 


antibodies in mice, Although these antibodies fail to 
neutralize virus in vivo, they can protect C5-deticient mice 
from a high-dose virus challenge, (C5-deficient mice are 
used in this study to eliminate the role of the late 
‘complement components.) 


T cells mediate viral immunity in sever: 

ways 

‘T cells exhibit a variety of functions in antiviral immunity: 

+ most of the antibody response is ‘T-dependent, 
requiring the presence of CD4* T cells for class 
switching and affinity maturation; 

+ CD# T-cells also help in the induction of CD8* CTLs 
and in the recruitment and activation of macrophages 
at sites of virus infection; 

+ CD8* T cells are effective in the prevention of re- 
infection (following vaccination) by viruses such as 
influenza virus and respiratory syncytial virus ~ 
however, even memory T cells need time to evolve a 
response to a reinfection virus, and therefore antibodies 
assume a more dominant role by neutralizing incoming 
virus and containing the infection by preventing spread 
to other tissues (see above). 


Q. How do CD4" T cells help induce and recruit DB" 
Teells? 

A. Cytokines, including IL-2 released by CD4* T cells, are 
required for division of CDB* T cells. CD4* T cells can recruit 
CDB*T cells to sites of infection by the release of chemokines. 


Q. How can NK cells use antibody to recognize and destroy 
Virus-infected cells? 

A. The IgG-coated target cells are bound using the NK cell's 
Fel (CD16; see Chapter 3), and are rapidly destroyed by a 
perforin-dependentkiling mechanism (see Figs 10.1 and 10.12), 


Just how important these mechanisms for destroying 
virus-infected cells are in vivo is difficult to resolve. ‘The 
best evidence in favor of ADCC comes from studying 
the protective effect of non-neutralizing monoclonal 


D8" CTLs destroy virus-infected cells 
‘The principal T cell surveillance system operating against 
viruses is highly efficient and selective. MHC. class I- 
restricted CD8* CTLs cells focus at the site of virus 
replication and destroy virus-infected cells. 
CDS" T cells: 
+ not only kill infected cells through the release of 
perforin and granzymes or through Fas-Fasl. inter~ 
actions; but 


‘AS A VIRAL INFECTION PROCEEDS THE ADAPTIVE (SPECIFIC) IMMUNE RESPONSE UNFOLDS, 


* can ‘cure’ some types of persistent virus infection (e.g. 
hepatitis B virus) involving the release of IFNy and/or 
‘TNE, resulting in clearance of the virus without death 
of the cell. 

Virtually all cells in the body express MHC class I mole- 

cules, making this an important mechanism for identifying 

and eliminating or curing virus-infected cells. 

Because of the central role played by MHC class I in 
targeting CD8* T cells to infected cells, some viruses 
have evolved elaborate strategies to disrupt MHC class I 
expression, thereby interfering with T cell recognition 
and favoring virus persistence (see below). 

Virtually any viral protein can be processed in the 
cytoplasm to generate peptides, which are then trans- 
ported to the endoplasmic reticulum where they interact 
with MHC class I molecules. 


Why might it be advantageous to the host to present 
viral peptides that are produced early in the replication 
yee, and which may not be part of the assembled virus? 

A. Viral proteins expressed early in the replication cycle can be 
targeted on infected cells, enabling T cell recagnition to occur 
Jang before new viral progeny are produced. For example, CD8* 
T cell-mediated immunity against murine cytomegalovirus 
(CMY) is mediated predominantly by immediate early protein 
1pP89 (80-90% of the T cell response is directed against pp89). 
The epitope has been identified as a nonamer peptide presented 
by the MHC class | molecule L*. Immunization of mice with a 
recombinant vaccinia virus containing p89 is sufficient to 
confer complete protection from murine CMV-induced disease; 
deletion of the DNA sequence encoding the nonapeptide 
abolishes the protective effect of the protein, 


‘The importance of T cell mechanisms in vivo has been 

identified using various techniques: 

* the adoptive transfer of specific T’ cell subpopulations 
or T cell clones to infected animals and monitoring of 
viral clearance; 

* depletion of T cell populations in vivo using mono- 
clonal antibodies to CD4 or CD8; 

* creation of ‘gene knockout’ mice, in which genes 
encoding cell surface receptors (CD8, CD4), tran- 
scription factors (T-bet), and signal transduction 
molecules (STAT) are removed from the germline. 

‘The continued ability of knockout mice that lack par- 
ticular lymphocyte populations to mount a response 
against virus infections is a good illustration of the 
redundancy that can occur in the immune system. For 
example, in the absence of CD8* T cells, CD4" T cells or 
other mechanisms are able to compensate and bring the 
infection under control. 


D4" T cells are a major effector cell population in 
the res to many virus infections 

CD4 T cells have now been identified as a major 
effector cell population in the immune response to many 
virus infections. A good example is in HSV-1 infection 
of epithelial surfaces. In this instance recruitment of 
macrophages occurs in delayed-type hypersensitivity (see 
Chapter 26), resulting in an accelerated clearance of virus. 
‘Macrophages are an important component in this process, 


inhibiting virus infection probably through the generation 
and action of nitric oxide (Fig. 13.4). Key cytokines in 
this response include IFNy, important in the activation 
of monocytes, and tumour necrosis factor (TNFa). 

‘TNFa has several antiviral activities, including the 
induction of intracellular interferon defense mechanisms 
and apoptotic cell death following interaction with the 
apoptotic TNF receptor. 

In measles virus and Epstein-Barr virus (EBV) infec- 
tion, CD4* CTLs are generated that recognize and kill 
MHC class II-positive cells infected with the virus. This 
suggests that measles virus and EBV peptides are gen- 
erated by normal pathways of antigen presentation (i. 
following phagocytosis and degradation, see Chapter 7). 
However, other pathways have been implicated in which 
some measles proteins/peptides enter class I vesicles from 
the cytosol. 

A summary of antiviral defense mechanisms is illus- 
trated in Fig. 13.5, and the kinetics of their induction is 
shown in Fig. 13.6. 


Resistance to cutaneous HSV infection 


not 


Fig. 13.4 CD4°T cells, macrophages, and IFNy all have a 
protective role in cutaneous infections with HSV-1. CD4*T 
Cells were obtained from mice infected with HSV-1 8 days 
previously. The cells were transferred to syngeneic mice 
Infected with HSV-1 in the skin. These mice were treated with 
anti-CR3 (to block macrophage migration to the site of 
Infection), or antilFNy (to block the activation of 
macrophages), or were untreated. An additional control group, 
‘was infected, but did not receive CD4* T cells. The amount of 
Infectious virus remaining after 5 days was then determined. 
“The results demonstrate that the protective effects of CD4* T 
cells are mediated by macrophages and IFNy. 
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Effector mechanisms against virus and virus-infected cells 


neutralization 
by antibedy 


Fig. 13.5 Entry of virus at mucosal surfaces 
{is inhibited by IgA. Following the initial 
infection, the virus may spread to other 
tissues via the blood stream. Interferons 
produced by the innate (IFNa: and IFNB) 
‘and adaptive (IENY) immune responses 
‘make neighboring cells resistant to virus 
infection. Antibodies are important in 
controlling free virus, whereas T cells and 
NK cells ate effective at killing infected 
cals. 


Response to a typical acute virus infection 


Fig. 13.6 Kinetics of host defenses in response to a typical 
acute virus infection. Following an acute virus infection 

(eg. by influenza or herpes virus), NK cells and interferon are 
detected in the blood stream and locally in infected tissues. 
CTLs then became activated in local lymph nodes or spleen, 
followed by the appearance of neutralizing antibodies in 
‘serum. Although activated T cells are absent by the second 
‘to third week, T cell memory is established and may last for 
‘many years. 


VIRUSES HAVE EVOLVED VARIOUS 
STRATEGIES TO EVADE RECOGNITION BY 
ANTIBODY AND T CELLS 

Virus latency and antigenic variation are the 
most effective mechanisms 

Antigenic variation involves mutating regions on proteins 
that are normally targeted by antibody and ‘T’ cells. 
Antigenic variation is seen in human immunodeficiency 
virus (HIV) and in foot and mouth disease virus, and is 
responsible for the antigenic shift and drift seen with 
influenza virus (Fig. 13.7). Humoral immunity to such 
diseases lasts only until the new virus strain emerges, 
making effective longlasting vaccinations difficult to 
produce. 

In HIV infection, sequence changes (mutations) can 
arise in those viral peptides that bind to MHC class I 
‘molecules to which the initial T cell response arose. ‘This 
resultsin a failure of T cell surveillance and the emergence 
‘of new pathogenic variant viruses. 

All viruses trigger an interferon response and conse- 
‘quently most viruses have evolved a strategy for disrupting 
the interferon system. This occurs at three levels: 

* disruption of PKR or 25’-oligoadenylate synthetase 
activity (adenovirus and herpesviruses); 

production of soluble interferon receptors (pox 

viruses); and 

interference with interferon signaling (paramyxoviruses). 


RESPONSES TO VIRAL ANTIGENS CAN CAUSE TISSUE DAMAGE 


Antigenic shift in influenza virus 


hemagglutinin 


inidase 
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Fig. 13.7 The major surface antigens of influenza vies ae 
hemagglutinin and neuraminidase. Hemagalutinn is involved 
In attachment to cells, and antibodies to hemagglutinin are 
protective, Antibodies to neuraminidase are much less 
‘flective. The influenza virus can change its antigenic 
properties slightly (antigenic dit) or radially (antigenic shit). 
Alterations in the structure of the hemagglutinin antigen 
‘ender eater antibodies ineffective and new virus epidemics 
therefore break out. The diagram shows strains that have 
‘emerged by antigenic shift since 1933. The official influenza 
antigen nomenclature is based on the type of hemagglutinin 
(i, Hy ete) and neuraminidase (N,, N;, etc) expressed on 
the surface of the virion, Note that, although new strains 
replace old strains, the internal antigens remain largely 
‘unchanged. 


Viruses also: 

* encode other cytokine homologs such as vIL-10 and 
VIL-6 (herpesviruses); as well as 

* receptors to interfere with 'TNF function. 


@ From this observation, what can you infer about an 
effective immune response to herpesviruses? 

A. The vIL-10 will deviate the immune respanse, inhibiting a 
THl-type reaction with macrophage activation. One can 
therefore infer that this type of immune response is the key to 
anti-herpes immunity and the type of response the viruses alms 
to deflect. 


Chemokines represent an important traffie-light sys- 

tem for cell migration and viruses have evolved elaborate 

strategies for disrupting the chemokine network. ‘The 

herpesviruses encode: 

* chemokine homologs (e.g: CCL3); 

* chemokine receptor homologs; and 

* chemokine-binding proteins, which have powerful 
effects on delaying or inhibiting cell migration during 
inflammation. 


Additionally herpes and pox viruses encode homologs 
not only for CD46 and CDSS ~ complement regulatory 
proteins that block C3 activation ~ but also for CD59. 

HIV makes use of cellular CD59, which is incorporated 
in the viral envelope, thereby blocking complement- 
mediated lysis of the virion. 


Many DNA viruses have strategies to control the 
expression of MHC molecules 
MH class I expression can be disrupted by: 
+ blocking peptide uptake into the endoplasmic retic~ 
ulum (e.g. HSV-1); and 
+ preventing maturation assembly and migration of the 
trimolecular MHC complex (e.g. human CMV). 
Similar mechanisms apply for MHC class I molecules 
where: 
* some herpesviruses block transcription; whereas 
+ other mechanisms involve premature targeting of 
‘MHC class Il for degradation. 
Downregulation of MHC class I may disrupt CD8* T cell 
recognition, but NK cells are more efficient killers in the 
absence of MHC class I. Human and murine CMV have 
tried to redress the balance by encoding their own MHC 
class I homolog, which is expressed on infected cells and 
can inhibit NK cell activation. 
Examples of virus-encoded homologs of the host 
defense system are shown in Fig. 13.8. 


RESPONSES TO VIRAL ANTIGENS CAN 
CAUSE TISSUE DAMAGE 

Damage may result from the formation of 
immune complexes 

Immune complexes may arise in body fluids or on cell 
surfaces and are most common during persistent or 
chronic infections (e.g. with LCMV or hepatitis B virus) 
Antibody is ineffective (non-neutralizing) in the presence 
of large amounts of the viral antigen; instead, immune 
complexes form and are deposited in the kidney or in 
blood vessels, where they evoke inflammatory responses 
leading to tissue damage (e.g. as in glomerulonephritis, see 
Chapter 25). 

‘An unusual pathological consequence of some virus 
interactions with weakly neutralizing antibody is antibody- 
dependent enhancement of virus infection (ADE). 
‘This involves Fe receptor-mediated uptake of antibody- 
virus complexes by macrophages and subsequent enhance- 
ment of virus infectivity. This is seen in many persistent 
or viremie virus infections where the common target for 
replication is the macrophage. An example is Dengue virus 
infection where cross-reactive antibodies from different 
Dengue virus subtypes can result in ADE with the 
consequence of initiating: 

‘+ Dengue hemorrhagic fever; and 
* Dengue shock syndrome, which results in excessive 
procoagulant release by monocytes. 


CTL responses can cause severe tissue damage 
In any virus infection some tissue damage is likely to arise 
from the activity of infiltrating cells. However, in some 
situations this damage may be considerable, resulting in 
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Examples of viral products that interfere with host defenses 


-N Ev EBERS {small RNAS) blocks proton kinase R activation 
vaccinia TFWalf receptor homolog __| secreted and binds to IFNa/p 
'SV5- paramyxovirus | V protein targets STAT degradation 
complement | KSHV ORF-4-ACA homolog inhibition of C3 activation 
HVS £059 homolog Inhibits formation of membrane attack complex 
evtokines Ev iL10 homolog inerfores with IFNy function 
coxpox ‘TNF receptor homolog secreted, binds TNF 
chemokines | KSHV ‘MIP-1 homolog ‘CORB agonist and attracts T2 cells 
HEM US29.CK receptor homolog | binds CC CK, mediates cell migration 
MHV.68 'MS-CK binding protein Binds C, CC, CXC, CX3C-CK blocks call migration 
MHC ‘adenovirus 5 blocks transport of MHG class Ito surface 
HSV 1cP-47 ‘stops peptide binging to TAP 
Hv Nef protein interferes with MHC class I processing 
apoptosis | MHV.B8 Bok2 homolog inhibits apoptosis 
Nk cols: HEMY ULIBMHC class homolog | inhibits NK call vss 


Fig. 13.8 Viruses use diverse strategies to outwit host defenses. (CC, chemokine; CXCR and CCR, chemokine receptors; 
CK, chemokine; HCMY, human cytomegalovirus; HVS, herpesvirus Saimiri; KSHV, Kapos!’s sarcoma-assoclated herpesvirus; 


MHV-68, murine gammaherpesvirus) 


the death of the animal. The best example of this is the 
CTL responses to LCMV in the central nervous system 
(Fig. 13.9). Removal of T cells protects the animal from 
death, indicating that they, rather than the virus, are 
damaging the brain, 

‘A similar mechanism has been postulated for chronic 
active hepatitis in humans, whereby CTLs target hepatitis 
B virus-infected cells and may also participate in a non- 
viral autoimmune disease. 


Viruses can infect cells of the immune 
system 
Some viruses (c.g. HIV) directly infect lymphocytes or 
macrophages, resulting in pathogenic effects. 
Immunocompetent cells are also favored sites of virus 
persistence. ‘To facilitate persistence in cells of the 
lymphoid system, some herpesviruses carry a Bel-2 
homolog. 


@. Where have you encountered Bel-2 previously, and what 
effect does it have on lymphocytes? 

A. Bcl2 is induced in germinal center B cells and is required to 
protect the cell from apoptosis (see Fig. 8.12) 


In this case the Bel-2 homolog also prevents apoptosis 
thereby preserving the life of the infected cell and favoring 
virus persistence/latency (see above). In the resting state, 
leukocytes harbor the virus in a non-infectious form, but 
‘on activation of the infected cells the virus may also be 
reactivated to produce infectious virus particles. Example 
of viruses infecting B cells, T cells, and macrophages are 
shown in Fig. 13.10, 


HIV infects CD4" cells 
‘Many of the points raised above are illustrated by HIV, the 
retrovirus that causes AIDS. Infection with HIV is 
characterized by 
+ prolonged clinical latency; 

ineffective immunity; 
continuous virus mutation; 
neuropathology; and 
a tendency to infect bone marrow-derived cells and 
lymphocytes (see Chapter 19). 
HIV is taken up by CD4* T cells and macrophages fol- 
lowing binding of a viral glycoprotein (gp120) to CD4 
and certain chemokine receptors (CXCR4 and CCR). It 
also enters other antigen-presenting cells by this route. 
However, entry into cells bearing Fe and complement 


RESPONSES TO VIRAL ANTIGENS CAN CAUSE TISSUE DAMAGE 


Lymphocytic choriomeningitis virus infection (LCMV) in 
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Fig. 13.9 The different effects of LCMV are related to 
differences in immune status. Infection of neonatal mice 

(1) produces chronic vitus shedding and immune complex 
disease, manifesting itself as glomerulonephritis and vascullts. 
Intracerebral infection of adult mice (2) results in death, Ths is 
due to aT cell reaction because suppression of immunity with 
‘cyclophosphamide (3) leads to persistent infection, but 
prevents death. This ‘protective’ effect produced by 
‘cyclophosphamide can be reversed by T cells rom an immune 
animal (4). 


Virus infection of immunocompetent cells 


Epstein-Barr virus 
‘murine gammaherpesvirus 
Infectious bursal disease virus 


B lymphocytes 


‘human T lymphotropic virus types 1 
and2 

HIV 

measles virus 

herpesvirus Saimiri 

‘human herpesvirus 6 


Tlymphocytes 


Visna virus 
HIV 

lactate dehydrogenase virus 
cytomegalovirus 
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exist as a provirus, integrated within the host's genomic 
DNA, without any transcription occurring. 

Numerous factors can lead to the activation of tran- 
scription. In vitro both TNF and IL-6 cause increased 
production of infections virus from latently infected T cell 
lines. ‘This may be important in vivo because monocytes 
from individuals carrying HIV tend to release abnormally 
large quantities of these cytokines. Itis possible that there 
is a cycle of TNF and IL-6 release leading to enhanced 
virus transcription (Fig. 13.11). This could lead to infec- 
tion of further cells, and release of more cytokine, 
Production is increased in vitro by other cytokines and 
lymphokines, and by mitogens and phorbol esters 

Elimination of the HIV virus does not occur for a 
variety of reasons, including: 

# latency; 
‘viral mutation (giving rapid antigenic drift; and 
‘+ progressive immunodeficiency. 


Viral infection may provoke autoimmunity 
Viruses may trigger autoimmune disease in a number of 
ways, as follows. 

+ Virus-induced damage ~ during the course of some 
virus infections tissues become damaged, provoking an 
inflammatory response during which ‘hidden’ antigens 
become exposed and can be processed and presented to 
the immune system. Examples of this include ‘Theiler’s 
virus (a murine picornavirus) and murine hepatitis virus 
infection of the nervous system, in which the con- 
stituents of myelin (the insulating material of axons) 
become targets for antibody and T cells. 


Infection of lymphocytes and macrophages by HIV 


Fig, 13.10 Some viuses persist indefinitely in 
‘immunocompetent cells. Periodical, this infection may lead to 
pathological consequences, involving the death of the cell 
{HIV) or transformation leading to neoplasia (Epstein-Barr 
virus, HTLV-1). 


receptors can be enhanced by antibody (ADE), suggesting 
that this provides an alternative route into phagocytic cells 
or enhances entry when CD+ is scarce. 

‘There is a long but variable period of clinical latency, 
and in about 50% of patients progression to AIDS does 
not occur for 10 years. During this latent period, HIV can 


Fig. 13.11 The gp120 on the surface of HIV virions binds to| 
CD4 and chemokine receptors on the lymphocyte membrane, 
and this triggers uptake. The virus can enter macrophages, 
Which express relatively low levels of CD4, but this may be 
assisted by binding through antibody to Fe receptors. The virus 
remains latent, integrated in the host cel's genomic DNA, until 
‘some stimulus (e.g. cytokines) causes transcriptional activation. 
‘Assembled viruses bud from the outer membrane of T cells of 
into intracytoplasmic vacuoles of macrophages, where a large 
reservoir of potentially infectious particles can accumulate, 
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* Molecular mimicry ~ a sequence in a viral protein 
that is homologous to a ‘self’ protein can become 
recognized, leading to a breakdown in immunological 
tolerance to cryptic self antigens in the consequent 
attack on host tissues by the immune system (see 
Chapter 26). A good example is Coxsackie B virus- 
induced myocarditis. Patients with inflammatory 
cardiomyopathy have antibodies that cross-react with 
peptides derived from coxsackie B3 protein and with 
peptides derived from cellular adenine nucleotide 
translocator. 
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Critical thinking: Virus-immune system interactions (see p. 496 for explanations) 


1. What are the features of a virus that enable it to evade host 
defense mechanisms? 

A series of IgG monoclonal antibodies were developed against 

‘lycoprotein D of herpes simplex virus. When tested in vitro 

for virus neutralizing activity the antibodies could be divided 

into two groups: those capable of neutralizing virus infectivity, 

and non-neutralizing antibodies. However, when individual 


neutralizing or non-neutralizing antibodies were injected 

into mice infected with herpes simplex virus, both sets of anti- 

bodies protected the animals from an averwhelming infection. 

2 How do you explain the protection achieved by the non- 
neutralizing monoclonal antibodies? 

3 What experiments would you propose to support some of 
‘your conclusions? 


Immunity to Bacteria 


and Fungi 


SUMMARY 


‘+ Mechanisms of protection from bacteria can be 
deduced from their structure and pathogenicity. There 
are four main types of bacterial cell wall and pathogenicity 
varies between two extreme patterns. Non-specific, 
phylogenetically ancient recagnition pathways for 
conserved bacterial structures trigger protective innate 
immune responses and guide the development of adaptive 
immunity. 


‘+ Lymphocyte-independent bacterial recognition 
pathways have several consequences. Camplement is, 
activated via the alternative pathway. Release of 
proinflammatory cytokines increases the adhesive properties 
of the vascular endothelium. Pathogen recognition 
generates signals that regulate the lymphocyte-mediated 
response. 


‘+ Antibody provides an antigen-specific protective 
‘mechanism. Neutralizing antibody may be all that is 
needed for protection if the organism is pathogenic only 
because of a single toxin or adhesion molecule. Opsonizing 
antibody responses are particularly important for resistance 
to extracellular bacterial pathogens. Complement can kil 
‘some bacteria, particularly thase with an exposed outer 
lipid bilayer, such as Gram-negative bacteria, 


+ Ultimately mast bacteria are killed by phagocytes 
following a multistage process of chemotaxis, attachment, 
uptake, and killing. Macrophage killing can be enhanced 
‘on activation. Optimal activation af macrophages is 
dependent on TH] CD4 T cells. Persistent macrophage 
recruitment and activation can result in granuloma 
formation, Which is a hallmark of cell-mediated immunity 
to intracellular bacteria, 


‘+ Successful pathogens have evolved mechanisms to 
avoid phagocyte-mediated killing and have evolved a 
Startling diversity of mechanisms for avoiding other aspects 
of innate and adaptive immunity. 


+ Infected cells can be killed by CTLs. Other T cell 
populations and some tissue cells can contribute to 
antibacterial immunity. 


* The response to bacteria can result in immunological 
tissue damage. Excessive release of cytokines caused by 
‘microorganisms can result in immunopatholagical 
syndromes, such as endotoxin shock and the Schwartzman 
reaction, 


+ Fungi can cause life-threatening Infections. immunity to 
fungi is predominantly cel mediated and shares many 
similarities with immunity to bacteria 


MECHANISMS OF PROTECTION FROM 
BACTERIA CAN BE DEDUCED FROM THEIR 
STRUCTURE AND PATHOGENICITY 

Bacterial infections have had an enormous impact on 
human society and despite the discovery of antibiotics 
continue to be a major threat to public health. 

Plague caused by Yersinia pestis is estimated to have 
killed one-quarter of the European population in the 
Middle Ages, whereas infection with Mycobacterium 
tuberculosis is currently a global health emergency. 

The immune defense mechanisms elicited against 
pathogenic bacteria are determined by their: 

* surface chemistry; 

* mechanism(s) of pathogenicity; and 

* whether they are predominantly extracellular. or 
also have the ability to survive inside mammalian 
cells, 


There are four main types of bacterial 
wal 

1¢ four main types of bacterial cell wall (Fig. 14.1) 

belong to the following groups. 

‘+ Gram-positive bacteria; 

‘+ Gram-negative bacteria; 

‘+ mycobacteria; 

+ spirochetes. 

‘The outer lipid bilayer of Gram-negative organisms is of 

particular importance because it is often susceptible to 
sis by complement. However, killing of most bacteria 

usually requires uptake by phagocytes. The outer surface 

of the bacterium may also contain fimbrise or flagellae, or 

it may be covered by a protective capsule. These can 

impede the functions of phagocytes or complement, but 

they also act as targets for the antibody response, the role 

of which is discussed later. 
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Fig. 14.1 Different immunological mechanisms have evolved 
to destroy the cel wall structure ofthe diferent groups of 
bacteria. Alltypes have an inner cell membrane and a 
peptidoglycan wall. Gram-negative bacteria also have an outer 
lipid bilayer in which lipopolysaccharide (LPS) is embedded. 
Lysosomal enzymes and lysozyme are active against the 
peptidoglycan layer, whereas cationic proteins and 
complement are effective against the outer lipid bilayer of the 
Gram-negative bacteria. The compound cell wall of 
mycobacteria is extremely resistant to breakdown, and its 
likely that this can be achieved only with the asstance ofthe 


Pathogenicity varies between two extreme 
patterns 

‘The two extreme patterns of pathogenicity are: 

* toxicity without invasiveness, 

* invasiveness without toxicity (Fig. 14.2). 

However, most bacteria are intermediate between these 
extremes, having some invasiveness assisted by some local- 
ly acting toxins and spreading factors (tissue-degrading 
enzymes). 

Corynebacterium diphtheriae and Vibrio cholerae are 
examples of organisms that are toxic, but not invasive. 
Because their pathogenicity depends almost entirely on 
toxin production, neutralizing antibody to the toxin is 
probably sufficient for immunity, though antibody 
binding to the bacteria and so blocking their adhesion to 
the epithelium could also be important. 

In contrast, the pathogenicity of most invasive organ- 
isms does not rely so heavily on a single toxin, so immu- 
nity requires killing of the organisms themselves. 


The first lines of defense do not depend on 
antigen recognition 

"The body's first line of defense against pathogenic bacteria 
consists of simple barriers to the entry or establishment of 


bacterial enzymes working from within, Some bacteria also 
hhave fimbriae or flageae, which can provide targets for the 
antibody response, Others have an outer capsule, which 
renders the organisms more resistant to phagocytosis or to 
complement. The components indicated with an asterisk (*) ate 
recognized by the innate immune system as a non-specific 
‘danger’ signal that selectively boosts some aspects of immune 
activity, (Gram staining is a method that exploits the fact that 
‘rystal violet and iodine form a complex that is more abundant 
‘on Gram-positive bacteria. The complex easly elutes from 
Gram-negative bacteria.) 


the infection. Thus, the skin and exposed epithelial 
surfaces have non-specific or innate protective systems, 
which limit the entry of potentially invasive organisms (see 
Fig. 1.2). 

Intact skin is impenetrable to most bacteria, Addi- 
tionally, fatty acids produced by the skin are toxic to many 
organisms, Indeed, the pathogenicity of some strains 
correlates with their ability to survive on the skin. 
Epithelial surfaces are cleansed, for example, by ciliary 
action in the trachea or by flushing of the urinary tract. 

Many bacteria are destroyed by pH changes in the 
stomach and vagina, both of which provide an acidic 
environment. In the vagina, the epithelium secretes 
glycogen, which is metabolized by particular species of 
commensal bacteria, producing lactic acid. 


Commensals can limit pathogen invasion 
Commensals can limit pathogen invasion through the 
production of antibacterial proteins termed colicins. 
Commensals may therefore occupy an ecological niche 
that would otherwise be occupied by something more 
unpleasant. 

When the normal flora are disturbed by antibiotics, 
infections by Candida spp. or Clostridium difficile can occur, 
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Mechanisms of immunopathogenicity 
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Fig, 14.2 (1) Some bacteria cause disease 
a result of only a single toxin (e.g. 
Corynebacterium diphtheriae, Clostridium 
tetani) or because of an ability to attach to 
epithelial surfaces (e.g. in group A 
streptococcal sore throat). Immunity to 
such organisms may require only antibody 
to neutralize ths critical function. (2) At 
the other extreme there are organisms 
that are not toxic, and cause disease by 
Invasion of tissues and sometimes cells, 
‘where damage results mostly fram the 
bulk of organisms or from 
Immunopathology (e.g, lepromatous 
leprosy). Where organisms invade cells, 


Tecal 
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and the latter is a major cause of antibiotic-induced colitis 
and diarrhea. 

Several studies suggest that the reintroduction of non- 
pathogenic ‘probiotic’ organisms such as lactobacilli into 
the intestinal tract can alleviate the symptoms, presumably 
by replacing those killed by the antibiotics. 

In practice, only a minute proportion of the potentially 
pathogenic organisms around us ever succeed in gaining 
‘access to the tissues. 


The second line of defense is mediated by 
recognition of bacterial components 
If organisms do enter the tissues, they can be combated 
initially by further elements of the innate immune system. 
Numerous bacterial components are recognized in 
ways that do nor rely on the antigen-specific receptors of 
either B cells or cells. ‘These types of recognition are 
phylogenetically ancient ‘broad-spectrum’ mechanisms 
that evolved before antigen-specific T cells and immuno- 
globulins, allowing protective responses to be triggered 
by common microbial components bearing so-called 
‘pathogen-associated molecular patterns’ (PAMPs). 
‘The host molecules that recognize these microbial 
components are referred to as the ‘pattern recognition 
molecules’ of the innate immune system. 


@ List some examples of soluble molecules, cell surface 
receptors, and intracellular molecules that recognize 
PAMPs, 

A. Collectins and ficolins (see Fig. 6.23), the Toll-like receptors 
(see Fig. 6.24), the mannose receptor (see Fig. 9.18), and the 
NOD proteins (see Fig. 9.24) all recognize PAMPs, 


they must be destroyed and degraded by 
the cell mediated immune response. 

(@) Most organisms fall between the two 
extremes, with some local invasiveness 
assisted by local toxicity and enzymes 
that degrade extracellular matrix (e.g. 
Staphylococcus aureus, Clostridium 
pperhingens). Antibody and cell-mediated 
responses are both involved in resistance. 


‘Many organisms, such as non-pathogenic cocci, are 
probably removed from the tissues as a consequence of 
these pathways, without the need for a specific adaptive 
immune reaction. Fig. 14.3 shows some of the microbial 
components involved and the host responses that are 
triggered. 

‘The immune system has selected these structures for 
recognition because they are not only characteristic of 
microbes, but are essential for their growth and cannot be 
easily mutated to evade discovery (though, as might he 
predicted, there are increasing examples of pathogen 
strategies that attempt to subvert this process). 

tis interesting to note that the ‘Limulus assay’, which 
is used to detect contaminating lipopolysaccharide (LPS) 
in preparations for use in humans, is based on one such 
recognition pathway found in an invertebrate species. In 
Limulus polyphentus (the horseshoe crab), tiny quantities 
of LPS trigger fibrin formation, which walls off the LPS- 
bearing infectious agent. 


Bacterial PAMPs activate cells via Toll-like 
receptors 

Many bacterial PAMPs activate cells via Toll-like 
receptors (TLRs). These are homologs of a receptor 
mediating antimicrobial immune responses in the fruit 
fly (Drosopbila spp.). 

‘The TLR family is made up of at least ten different 
‘TLR molecules which differ in the microbial structures 
they recognize. The most prominent TLRs involved in 
recognition of bacterial components are TLRI, 2, 4, 5, 6, 
and 9 (see below). 

TLRs are preferentially expressed on phagocytes, 
dendritic cells, and epithelial cells at sites of bacterial entry 


74,_ IMMUNITY TO BACTERIA AND FUNGI 


Protective mechanisms not involving antigen-specific B or T cells 


Fig. 14.3 Several common bacterial PAMPs are recognized by 
‘molecules present in serum and by receptors an cells. These 
recognition pathways result in activation of the alternative 
‘complement pathway (factors C3, B, D, P), with consequent 
release of C3a and C5a; activation of neutrophils, 
‘macrophages, and NK cells; triggering of cytokine and 


to the host. Each cell type can express a different 
combination of receptors and this repertoire can be 
altered by inflammatory stimuli, allowing the greatest 
possible recognition coverage to a diverse range of 
pathogens. 

Other important pattern recognition receptors include: 
+ the mannose receptor; and 
* scavenger receptors. 
OF course, recognition of bacteria also occurs in the 
absence of cells via: 
* complement; 
+ C-reactive protein (CRP); 
+ mannose-binding lectin in the blood; 
* surfactant protein Ain the lungs, 


LPS is the dominant activator of innate immunity 
in Gram-negative bacteria 

Injection of pure LPS into mice or even humans is 
sufficient to mimic most of the features of acute Gram- 
negative infection, including massive production of 
proinflammatory cytokines, such as interleukin-1 (IL-1), 
IL-6, and tumor necrosis factor (TNF), leading to severe 
shock, 


chemokine release; mast call degranulation, leading to 
Increased blood flow in the local capillary network; and 
increased adhesion of cells and fibrin to endothelial cel. These 
‘mechanisms, plus tissue injury caused by the bacteria, may 
activate the clotting system and fibrin formation, which limit 
bacterial spread, 


Q. How does release of proinflammatory cytokines cause 
shock? 

A. These proinflammatory cytokines act directly on endothe 
lium ta increase vascular adhesiveness, and indirectly activate 
other plasma enzyme systems to release vasoactive peptides and 
amines leading to a drop in blood pressure, 


Recognition of LPS is a complex process involving 
‘molecules that bind LPS and pass it on to cell membrane- 
associated receptors on leukocytes, and endothelial and 
other cells, which initiate this proinflammatory cascade; 
these events are illustrated in Fig. 14.4. 

Binding of LPS to TLR4 is a critical event in immune 
activation. TLR4 knockout mice are resistant to LPS- 
induced shock and there is some evidence that polymor- 
phisms in human TLR4 may influence the course of 
infection with these bacteria. 


Other bacterial components are also potent 
immune activators 

Gram-positive bacteria do not possess LPS yet still induce 
intense inflammatory responses and severe infection. 


LYMPHOCYTE. INDEPENDENT BACTERIAL RECOGNITION PATHWAYS 
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Fig. 14.4 LPS released from Gram-negative bacteria becomes 
‘bound to LPS-binding protein (LBP) which promotes transfer of 
LPS to either soluble CD14 (sCD14) or to a GPLlinked 
‘membrane farm of the protein (mCD14) expressed on 
‘neutrophils and macrophages. LBP then dissociates and the 
‘mCDI4-LPS complex, in association with Tol-ike receptor 4 


Most capsular polysaccharides are not potent activators 
of inflammation (though some can activate macrophages) 
and instead attempt to shield the bacterium from host 
immune defenses. 

Components of the cell wall, including peptidoglycans 
and lipoteichoic acids, are the dominant activators of 
innate immunity, and TLR2, often in cooperation with 
TLRI or TLR6, is the major TLR involved. 

‘The LBP and CD14, which bind LPS, are also involved 
in recognition of lipid-containing bacterial components 
from mycoplasmas, mycobacteria, and spirochetes. 

Other molecules that trigger innate immunity include 
mycoplasma lipoproteins (via TLR 2/6), flagellin (via 
TLRS), and DNA (due to its distinct CpG motifs) via 
TLRS. 

“Most pattern recognition receptors are expressed on the 
plasma membrane of cells, making contact with microbes 
during the process of binding and/or phagocytosis. 

However, others are designed to detect intracellular 
pathogens and their products inside phagosomes (such as 
TLRS) or in the cytosol. 


Q. Which proteins can recognize pathogens in the cytosol, 
and which pathogen components? 

A. NOD-1 and NOD-2 proteins recognize peptidaglycans of 
both Gram-positive and Gram-negative bacteria (see Fig. 9.24). 


(TLR) and MD2, transduces signals that cause increased 
‘expression of integrins (adhesion molecules) and increased 
‘release of many proinflammatory cytokines including TNFa and 
IL. These in turn activate endothelial cells and drive the acute 
‘phase response in the liver. One product of the acute phase 
‘response is further LBP. 


Epithelial cells of the gut and lung have few TLRs 

on their luminal surface, but can be triggered by 

pathogens that: 

* actively invade the cell (such as Listeria spp.) 

‘inject their components (such as Helicobacter pylori); or 

* actively reach the basolateral surface (e.g. Salmonella 
spp.) : 

‘This may explain why constant exposure to non-patho- 

genic microbes in the intestine and airways does not 

induce a chronic state of inflammation ~ the host waits 

until they move beyond the lumen, signifying the presence 

of a real pathogenic threat. 


LYMPHOCYTE-INDEPENDENT BACTERIAL 
RECOGNITION PATHWAYS HAVE SEVERAL 
CONSEQUENCES 

Complement is activated via the alternative 
pathway 

Complement activation can result in the killing of some 
bacteria, particularly those with an outer lipid bilayer 
susceptible to the lytic complex (C5b-9), 


Q. To which strains of bacteria are individuals with C9 
deficiency more susceptible? 
A. Neisseria spp. (see Fig. 4.16). 
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Perhaps more importantly, complement activation 
releases CSa, which attracts and activates neutrophils 
and causes degranulation of mast cells (see Chapter 3). 
‘The consequent release of histamine and leukotriene 
(LTB,) contributes to further increases in vascular 
permeability (see Fig. 14.3). 

Opsonization of the bacteria, by attachment of cleaved 
derivatives of C3, is also critically important in subse~ 
quent interactions with phagocytes. 


Release of proinflammatory cytokines 
increases the adhesive properties of the 
vascular endothelium 

“The rapid release of cytokines such as ‘TNF and IL-1 (see 
Fig. 144) from macrophages increases the adhesive 
properties of the vascular endothelium and facilitates 
the passage of more phagocytes into inflamed tissue. 
Combined with the release of chemokines such as CCL2, 
CCL3, and CXCL8 (see Chapter 6), this directs the 
recruitment of different leukocyte populations. 

Epithelial cells, neutrophils, and mast cells are also 
important sources of proinflammatory cytokines. 

IL-1, ‘TNE, and IL-6 also initiate the acute phase 
response, increasing the production of complement com- 
ponents as well as other proteins involved in scavenging 
‘material released by tissue damage and, in the case of CRP, 
an opsonin for improving phagocytosis of bacteria. 

When NK cells are stimulated by the phagocyte- 
derived cytokines IL-12 and IL-18 they rapidly release 
large quantities of interferon-y (IFNy). ‘This response 
happens within the first day of infection, well before the 
clonal expansion of antigen-specific TT cells, and provides 
a rapid source of IFNy to activate macrophages. This T 
cell-independent pathway helps to explain the consid- 
erable resistance of mice with SCID (severe combined 
immune deficiency, a defect in lymphocyte maturation) 
to infections such as with Listeria monocytogenes. In mice, 
CD1d-restricted NK T cells also secrete IFNy in response 
to IL-12 and IL-18 and other ligands, and help to further 
activate both NK cells and macrophages. 


Pathogen recognition generates signals 
that regulate the lymphocyte-mediated 
response 

‘The signals generated following the recognition of 
pathogens not only generate a cascade of innate immune 
events, but also regulate the development of the 
appropriate lymphocyte-mediated response. 

Dendritic cells (DCs) are crucial for the initial priming 
of naive TT cells specific for bacterial antigens, Contact 
with bacteria in the periphery induces immature DCs to 
migrate to the draining lymph nodes and augments their 
antigen-presenting ability by increasing their: 

* display of MHC molecule-peptide complexes; 
+ expression of co-stimulatory molecules (such as CD40, 

CD80, and CD86); and 
* secretion of T cell differentiating cytokines. 

Some of this DC. activation occurs secondary to their 
production of cytokines such as type I IFN. 

‘Activated macrophages also act as antigen-presenting 
cells (APCs), but probably function more at the site of 


infection, providing further activation of effector rather 
than naive T cells. 

Binding of bacterial components to pattern recognition 
receptors such as TLRs induces a local environment 
rich in cytokines such as IFNy, IL-12, and IL-18, which 
promote T cell differentiation down the Tit] rather than 
‘Tr pathway. 

Immunologists have made use of these effects for many 
decades (even without knowing their true molecular basis) 
in the use of adjuvants in vaccination. ‘Adjuvant’ is 
derived from the Latin adicare, to help. When given 
experimentally, soluble antigens evoke stronger T and B 
cell-mediated responses if they are mixed with bacterial 
components that act as adjuvants. Components with this 
property are indicated in Fig, 14.1. This effect probably 
reflects that the antigen-specific immune response evolved. 
in a tissue environment that already contained these 
pharmacologically active bacterial components. 

With the exception of proteins such as flagellin, which 
itself stimulates TLRS and is also a strong T cell immuno- 
igen, the response to pure bacterial antigens, injected 
‘without adjuvant-active bacterial components, is essentially 
‘an artificial situation that does not occur in nature. 

‘The best known adjuvant in laboratory use, complete 
Freund’s adjuvant, consists of killed mycobacteria 
suspended in oil, which is then emulsified with the 
aqueous antigen solution. 

‘New-generation adjuvants based on bacterial compo- 
nents (and safe to use in humans, unlike Freund's adjuvant) 
include synthetic TLR activators such as CpG motifs and 
monophosphoryl lipid A (MPL) as well as recombinant 
cytokines such as IL-12, IL-1, and IFNy. 


ANTIBODY PROVIDES AN ANTIGEN- 

SPECIFIC PROTECTIVE MECHANISM 

‘The relevance to protection of interactions of bacteria 

«with antibody depends on the mechanism of pathogenicity. 
Antibody clearly plays a crucial role in dealing with 

bacterial toxins: 

* it neutralizes diphtheria toxin by blocking the attach- 
ment of the binding portion of the molecule to its 
target cells; 

+ similarly it may block locally acting toxins or extra 
cellular matrix-degrading enzymes, which act as 
spreading factors; 

Antibody can also interfere with motility by binding to 

flagellae. 

‘An important funetion on external and mucosal 
surfaces, often performed by secretory IgA (slgA, see 
Chapter 3), is to stop bacteria binding to epithelial cells ~ 
for instance, antibody to the M proteins of group A 
streptococci gives type-specific immunity to streptococcal 
sore throats. 

Itis likely that some antibodies to the bacterial surface 
can block functional requirements of the organism such as 
binding of iron-chelating compounds or intake of 
nutrients (Fig. 14.5). 

‘An important role of antibody in immunity to non- 
toxigenic bacteria is the more efficient targeting of 
complement. 


ANTIBODY PROVIDES AN ANTIGEN-SPECIFIC PROTECTIVE MECHANISM 


‘The antibacterial roles of antibody 


Fig, 145 This dlagram lists the stages of bacterial invasion 
(Glue) and indicates the antibacterial eects of antibody 
(Yellow) that operate atthe different stages. Antibodies to 
fimbrae, lipoteichoic acid, and some capsules block 
attachment of the bacterium to the host cel membrane. 
“Antibody triggers complement-mediated damage to Gram- 
negative outer ipid bilayers. Antibody directly blocks bacterial 
surface proteins that ick up useful molecules from the 
‘environment and transport them across the membrane. 
Antibody to M proteins and capsules opsonizes the bacteria via 
Fe and C3 receptors for phagocytosis, Bacterial factors that 
interfere with normal chemotaxis or phagocytosis are 
‘eutalized. Bacterial toxins may be neutralized by antibody, as 
‘may bacterial spreading factors that faciltate invasion (eg. by 
the destruction of connective tissue a fibrin). 


Naturally occurring IgM antibodies, which bind to 
common bacterial structures such as phosphorylcholine, 
are important for protection against some bacteria (par- 
ticularly streptococci) via their complement fixing activity. 

Specific, high-affinity IgG antibodies elicited in 
response to infection are most important ~ children with 
primary immune deficiencies in B cell development or in 
T cell help have increased susceptibility to extracellular 
rather than intracellular bacteria. 

With the aid of antibodies, even organisms that resist 
the alternative (ie. innate) complement pathway (see 
below) are damaged by complement or become coated 
with C3 products, which then enhance the binding and 
uptake by phagocytes (Figs 14.6 and 14.7). 


Q. How do C3 products attach to pathogens? 
A. Follawing activation by cleavage the larger fragment, C3b, 
attaches covalently to hydroxyl and amine groups on the target, 
Gee Fig. 4.6) 


Effect of antibody and complement on rate of 
clearance of virulent bacteria from the blood 


Fig. 14.6 Uncoated bacteria are phagocytosed rather slowly 

(Unless the alternative complement pathway is activated by the 
strain of bacterium); on coating with antibody (Ab), adherence 
to phagocytes is greatly increased, The adherence is somewhat 
less effective in animals temporary depleted of complement. 


‘The interaction between bacteria and phagocytic cells 
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Fig. 147 A variety of molecules facilitate the binding of the 
organisms to the phagocyte membrane. These are in addition 
to the TLR system (e.g TLR4 for LPS, TLRS for flagellin, and 
‘TLR2 [plus TLRI/TLR6] for bacterial ipoprotens and 
peptidoglycans). The precise nature of the interaction will 
determine whether uptake occurs and whether cytokine 
secretion and appropriate kiling mechanisms ate triggered. 
Recognition invariably involves combinations of ciferent 
receptor families. Note that apart from complement, antibody, 
{and mannose-binding lectin (MBL), which bind to the 

bacterial surface, the other components ae constitutive 
bacterial molecules. 


‘The most efficient complement-fixing antibodies 
in humans are IgM, then IgG3 and toa lesser extent IgG1, 
whereas IgGl and IgG3 are the subclasses with the 
highest affinity for Fe receptors. 


Pathogenic bacteria may avoid the effects of 
antibody 

Neisseria gonorrhoeae is an example of a pathogenic 
bacterium that uses several immune evasion strategies 
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Mechanisms used by Neisseria gonorrhoeae to avoid the 
effects of antibody 
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Fig. 148 N. gonorrhoea san example ofa bacterium that 
‘ses Several strategies to avoid the damaging eects of 
antibody Fist, I fais to evoke a large antibady response, and 
the antibody that does frm tends to block the function of 
damaging antibodies. Second, the organism secretes an igA 
protease to destroy antibody. Thtd, blebs of membrane are 
‘released, and these appear to adsorb and so deplete local 
antibody levels. Final, the organism uss three strategies to 
alter its antigenic composition: () the LPS may be sialylated, 
40 that it more closely resembles mammalian oligosaccharides 
and promotes rapid removal of complement; (i) the organism 
‘can undergo phase variation, so that it expresses an alternative 
set of surface molecules (i) the gene encoding pln, the 
subunits of the pilus, undergoes homologous recombination 
to generate variants. N, ganerthoeae ao impaitsT cel 
activation by engaging a coinhbitory receptor CEACAM-1 on 
the lymphocyte surface by one ofits OPA proteins. 


(Fig. 14.8) and humans can be repeatedly infected with N. 
gonorrhoeae with no evidence of protective immunity. 

Antibodies may also be important for effective 
immunity against some intracellular bacteria such as 
Legionella and Salmonella spp. 


Pathogenic bacteria can avoid the 
detrimental effects of complement 

Some bacterial capsules are very poor activators of the 
alternative pathway (Fig. 14.9). 

For other bacteria, long side chains (O antigens) on 
their LPS may fix C3b at a distance from the otherwise 
vulnerable lipid bilayer. Similarly, smooth-surfaced Gram- 
negative organisms (Escherichia coli, Salmonella spp. 
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Fig, 14.9 Bacteria avoid complement-mediated damage by a 
‘variety of strategies. (1) An outer capsule or coat prevents 
Complement activation. (2) An outer surtace can be 
configured so that complement receptors on phagocytes 
cannot obtain access to fixed C3. (3) Surface structures can 
bbe expressed that divert attachment of the Iytc complex 
(MAC) from the cell membrane. (4) Membrane-bound 
enzyme can degrade fixed complement or cause it to be shed 
(5) The outer membrane can resist the insertion ofthe tic 
complex. (6) Secreted decoy proteins can cause complement 
to be deposited on them and not on the bacterium ise 


Preudomonas spp.) may fix but then rapidly shed the 
C5b-C9 membrane lytic complex. 

Other organisms exploit the physiological mechanisms 
that block destruction of host cells by complement. When 
3b has attached to a surface it can interact with factor B 
leading to further C3b amplification or it can become 
inactivated by factors H and I. Capsules rich in sialic acid 
{as host cell membranes are) seem to promote the inter- 
action with factors H and I. 

Neiseria meningitidis, E. coli K1, and group B strepto- 
cocci all resist complement attachment in this way. 

‘The M protein of group A streptococci acts as an 
acceptor for factor H, thus potentiating C3bB dissocia- 
tion. These bacteria also have a gene for a Ca protease. 


ULTIMATELY MOST BACTERIA ARE KILLED BY PHAGOCYTES 


What value is a C5a protease to bacteria? 
A. CSa is a major chemotactic molecule generated by comple- 
‘ment activation that acts on specific receptors on macrophages, 
neutrophils, and mast cells (see Fig. 4.13). 


ULTIMATELY MOST BACTERIA ARE KILLED 
BY PHAGOCYTES 

A few, mostly Gram-negative, bacteria are directly killed 
by complement. However, immunity to most bacteria, 
whether considered as extracellular or intracellular 
pathogens, ultimately needs the killing activity of phago- 
cytes. This process involves several steps. 


Bacterial components attract phagocytes by 
chemotaxis 
Unlike neutrophils, which in the uninfected host are 
found almost entirely in the blood, resident macrophages, 
are constitutively present in tissues where exposure to 
pathogens first occurs (such as alveolar macrophages 
in the lung and Kupffer cells in the liver). These 
macrophages have some killing activity, but invariably 
need to be supplemented by recruitment of neutrophils 
and/or monocytes across the blood vessel wall. 
Phagocytes are attracted 
bacterial components such as fMet-Leu-Phe (which 
is chemotactic for leukocytes); 
* complement products such as C5a; and 
* locally released chemokines and cytokines derived from 
resident macrophages and epithelial cells (see Chapter 6). 
‘The cellular composition of this inflammatory response 
varies according to the pathogen and the time since 
infection. For instance: 
* acute infection with encapsulated bacteria such as 
Streptococcus pyogenes give rise to tissue lesions rich in 
neutrophils (typical of so-called pyogenic or pus- 
forming infections); 
at the other extreme, chronic infections with M. 
tuberculosis result in granulomas rich in macrophages, 
macrophage-derived multinucleated giant cells, and 
T cells; 
other organisms, such as Listeria and Salmonella spp., 
result in lesions of more mixed composition. 


The choice of receptors is critical 
1e choice of receptors used for attachment of the 

phagocyte to the organism is critical and will determin 

* the efficiency of uptake; 

* whether killing mechanisms are triggered; 

* whether the process favors the pathogen by subverting 
immunity. 

‘The binding can be mediated by lectins on the organism 

(eg. on the fimbriae of E. coli, but receptors on the 

phagocyte are the most important. These either bind 

directly to the bacterium or indirectly via host comple- 
ment and antibody deposited on the bacterial surface 

(opsonization). 

* direct binding is mediated by pattern recognition 
molecules including ‘Toll-like receptors and scavenger 
receptors (such as SRA, MARCO), mannose receptor, 
and dectin-1b; 


opsonization is mediated through complement 
receptors such as CRI, CR3, and CR4, which recog- 
nize complement fragments deposited on the organism 
via the alternative or classic complement pathways. 
Complement can also be fixed by MBL present in serum, 
which can itself bind to Clq receptors and CRI. 

Additionally, Fe receptors on the phagocyte (FeyRI, 
FeyRIL, and FeyRIM, see Chapter 3) bind antibody 
that has coated bacteria (see Fig. 14.7), whereas various 
integrins can bind fibronectin and vitronectin opsonized 
particles. 


Uptake can be enhanced by macrophage- 
activating cytokines 

‘The binding of an organism to a receptor on the 
macrophage membrane does not always lead to its uptake, 
For example, zymosan particles (derived from yeast) bind 
vvia the glucan-recognizing lectin-like site on the CR3 of 
the macrophage and are taken up, whereas erythrocytes 
coated with iC3b are nor, even though the iC3b also binds 
to CRS, This can, however, be enhanced by macrophage- 
activating cytokines such as_granulocyte-macrophage 
colony stimulating factor (GM-CSF). 


Different membrane receptors vary in their 
efficiency at inducing a microbicidal response 

Just as the binding of an organism to membrane receptors 
does nor guarantee uptake, so different membrane recep- 
tors vary in their efficiency at inducing a microbicidal 
response ~ for example, mannose receptors and Fe recep- 
tors are particularly efficient at inducing the respiratory 
burst, but complement receptors are not, providing an 
evasion strategy for some organisms. 


Phagocytic cells have many killing methods 
‘The killing pathways of phagocytic cells can be: 

= oxygen dependent (see Chapter 9); or 

+ oxygen independent. 

In summary, one oxygen-dependent pathway involves 
the reduction of oxygen to superoxide anion (which is 
molecular oxygen to which a single unpaired electron 
has been added). This then interacts with numerous other 
molecules to give rise to a series of free radicals and other 
toxic derivatives, which can kill bacteria and fungi. 

Recent studies in neutrophils suggests that the oxida- 
tive burst may also act indirectly, by promoting the flux of 
K* ions into the phagosome and activating microbicidal 
proteases. 

‘A second oxygen-dependent pathway involves the 
creation of nitric oxide (NO*) from the guanidino 
nitrogen of L-arginine. ‘This in turn leads to further toxic 
substances such as the peraxynitrites, which result from 
interactions of NO* with the products of the oxygen 
reduction pathway. 


Q. What pathway leads to the production of NO by 
macrophages? 
A. Cytokine activation by IFNy and TNFa: leads to production of 
inducible NO synthase, which generates NO from L-arginine 
(ee Fig. 9.31). 
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Oxygen-independent killing mechanisms may be more 
important than previously thought. Many organisms can 
be killed by cells from patients with chronic granulo- 
matous disease (CGD), which cannot produce reactive 
oxygen intermediates, and from patients with myeloper- 
oxidase (MPO) deficiency, which cannot produce hypo- 
halous acids. Some of this killing may be due to NO‘, 
but many organisms can be killed anaerobically, so other 
mechanisms must exist. Some have been identified and are 
discussed below. 


Some cationic proteins have antibiotic-like 
"The defensins (Fig. 14.10) are cysteine- and arginine-rich 
cationic peptides of 30 to 33 amino acids found in phago- 
cytes such as neutrophils, where they comprise 30-50% of 
the granule proteins. 


Q. Which other cells secrete antimicrobial peptides? 
A. Paneth cells of the intestine (see Fig. 12.8) and airway 
epithelial cells (Le. sites of primary contact with pathogens). 


Defensins evolved early in evolution and similar 
molecules are found in insects. They act by integrating 


Cationic host defense peptides in immunity to fungi 
and bacteria 
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Fig, 14.10 Numerous calionic host defense peptides are 
produced by neutrophils, epithelia, and mast cls. Their 
synthesis is usually constitutive but is also enhanced by 
proinflammatory cytokines such as TNF generated following 
infection, Originally defined by their direct kiling activity 
against pathogens, they are now known also to act on 
immune cel, having multiple immunomodulatory effects on 
inflammation and adaptive immunity. 


into microbial lipid membranes (in some cases forming 
ion-permeable channels) and disrupting membrane 
function and structure, resulting in lysis of the pathogen. 
Defensins can kill organisms as diverse as Staphylococcus 
‘aureus, Prendomonas acruginasa, B. coli, Cryptococcus neofor- 
‘mans, and the enveloped virus herpes simplex. 
Defensins also have important immunostimulatory 
properties including: 
* promoting chemotaxis and phagocytosis; 
+ regulating cytokine production; and 
+ acting as adjuvants for adaptive immunity. 
Other antibacterial peptides include the cathelicidins and 
protegrins, which can bind LPS and also form membrane 
‘There are also cationic proteins with different pH opti- 
‘ma, including eathepsin G and azurocidin, both of which 
are related to elastase, but have activity against Gram- 
negative bacteria ~ this is unrelated to their enzyme activity. 


Other antimicrobial mechanisms also play a role 
Following lysosome fusion there is a transient rise in pH. 
before acidification (a fall in pH) of the phagolysosome 
takes place. This occurs within 10-15 minutes. 

‘The acidification of phagosomes containing bacteria 
following their fusion with lysosomes is an important step 
in the killing process and is related to the low pH optima 
of lysosomal enzymes, 

Certain Gram-positive organisms may be killed by 
lysozyme, which is active against their readily exposed 
peptidoglycan layer, 

‘The availability of intracellular iron is another impor- 
tant factor in the interplay between host and pathogen. 
Iron is essential for the growth of many bacteria and 
also influences their expression of key virulence genes. 
Sequestration of iron can therefore be an effective anti- 
‘microbial strategy, particularly for intracellular bacteria. 

Lactoferrin is a mammalian iron-binding protein 
released by degranulating neutrophils that sequesters iron 
from pathogens, inhibiting their growth, and in the case of 
P aeruginosa also reducing biofilm formation, a key event 
in the pathogenesis of infection in cystic fibrosis patients. 
Lactoferricin, an antimicrobial peptide derived from 
lactoferrin, kills other bacteria. 

Iron is also required for many host immune functions 
including the respiratory burst, the generation of NO*, 
and the development of pathogen-specific T cells. 

Both iron excess and iron deficiency can therefore have 
complex effects on the outcome of infection. For example, 
individuals with iron overload syndromes resulting from 
genetic defects (such as thalassemia or hemochromatosis), 
nutritional excess, or following iron or red cell supple- 
mentation (such as in the treatment of anemias) have 
increased susceptibility to infection with Yersinia and 
Salmonella spp., and M. tuberculosis. 


Macrophage killing can be enhanced on 
activation 

Unlike neutrophils, which have a short life span but are 
efficient killers even in their normal state, macrophages 
are long-lived cells that without appropriate activation can 
actually provide a haven for microbial growth. 


ULTIMATELY MOST BACTERIA ARE KILLED BY PHAGOCYTES 


‘Macrophage activation occurs most effectively by the 

combination of exposure to: 

* microbial products (through the receptors described 
above); and 

* cytokines (particularly IFNy) derived from cells of the 
innate and adaptive immune system, 


Optimal activation of macrophages is dependent 
on TuT CD4 T cells 
Microbial products can directly activate monocytes and 
resident macrophages to secrete proinflammatory cytokines 
and thus initiate the immune process. However, complete 
activation, including the ability to kill intracellular 
microbes, requires the action of IFNy ~ IFNy knockout 
mice are extremely susceptible to infection and children 
with deficiencies in either the IFNy receptor or the 
cytokines necessary for its production (such as TL-12, 
IL-18, and IL-23) have increased susceptibility to intra- 
cellular bacteria such as bacille Calmette-Guérin (BCG), 
Salmonella spp., and atypical mycobacteria. 

IFNy is so potent because it enhances several different 
microbicidal pathways, including both the respiratory 
burst and the generation of NO". 


As described above, NK cells, NK ‘T cells, and even 
macrophages themselves can produce IFNy during the 
innate immune response. However, the additional actions 
of antigen-specific cells are necessary for optimal cell- 
mediated immunity. 

‘The most important source of IFNy during the adap- 
tive immune response to intracellular bacteria is from TH 
CD4*T cells (Fig. 14.11). 

Patients who have AIDS and a reduced CD4 T cell 
number and function have dramatically increased suscep- 
tibility to M. tuberculosis as well as other bacteria such as 
Mycobacterium acium and atypical salmonella. 

‘As mentioned above, many bacterial components acti- 
vate the ‘TLR pattern recognition system, ensuring the 
preferential expression of TH1 rather than Ti CD4° T 
cell responses in most cases. 

‘Tul T cells provide both IFNy for macrophage acti- 
vation and B cell help to produce IgG subclasses for 
opsonization of bacteria, rather than the eosinophilia and 
IgE responses typical of helminth infections. 

‘There is mutual antagonism between the THI and TH? 
pathways at the level of both cell differentiation and also 
directly on the macrophage: 


Overview of CD4* T cell-mediated immunity to bacteria and fungi 


Tell priming 


TFN 


isotype 
switching 


‘opsonization of 
‘extracellular bacteria 
(complement) 


Intracellular 
walling 


‘macrophage 
activation 


Fig. 14.11 Naive CD4* T cells are stimulated by class ll MHC 
positive antigen-bearing dendritic cells (DCs) via the TCR, in 
‘conjunction with co-stimulatory molecules such as CD80/86 
and CD28, which induce T cell activation and proliferation. 
Differentiation nto either Ta1 of TH2 effector cells is strongly 
Influenced by the cytokine environment during this interaction 
microbial pattern recognition events that favor production of 
IL12 promote Ta development, whereas low IL-12 favors TH2 


responses, Although not shown here, conditions with high 
levels of IL-10 or TGFB can induce regulatory T cells, rather 
than Til oF TH2. Optimal T cell help for either B cells or 
‘macrophage responses involves T cell-derived cytokines and 
direct cell contact. THI cells also promote opsonizing antibody 
production, which complements their activation of phagocytes 
by IFNy. 
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+ IFNy upregulates induced NO* synthetase expression; 
whereas 

+ IL-4and 13 promote the expression of arginase, which. 
inhibits NO* production, reducing the macrophage 
killing potential and diverting it to a profibrotic 
phenotype. 

Other cytokines such as GM-CSF and TNF ean also 

contribute to macrophage activation, 

‘Macrophage activation is also promoted by direct 
contact with CD4 T cells via CD40-CD40L interac- 
tions. 

‘Thus T cell-mediated help for macrophages and B cells 
shares the common themes of soluble and cell-contact 
mediated activation by CD4 Tut cells 


Persistent macrophage recruitment and activation 
can result in granuloma formation 

If intracellular pathogens are not quickly eliminated, the 
persistent recruitment and activation of macrophages and 
‘T cells to an infected tissue can result in the formation of 
granulomas. These are generally associated with chronic 
bacterial infections such as tuberculosis and syphilis, but 
similar (although not identical) structures are also induced 
in parasitic diseases such as schistosomiasis and in 
response to non-infectious materials such as asbestos, 

In the classical example of tuberculosis, granulomas 
are composed of a core of infected (and uninfected) 
macrophages, epithelioid cells, and multinucleated giant 
cells (derived from the fasion of activated macrophages), 
and a peripheral accumulation of T’ cells. Neutrophils 
and dendritic cells can also be found in granulomas, along 
with extracellular matrix components such as collagen. In 
human tuberculosis, the center of granulomas undergoes 
caseating necrosis. The presence of activated macrophages 
and the fibrosis that ensues is believed to control bacterial 
growth and prevent dissemination to other organs. 
Generating these new immunological structures is a 
highly complex event involving multiple adhesion mole- 
cules, chemokines, and cytokines. Once formed, their 
continued existence also requires active immunological 
input. 

‘AIDS and diabetes mellitus are important risk factors 
for loss of control of M. tuberculesis growth. TNF is also 
critical for granuloma maintenance — some patients given 
"TNF-blocking antibodies to alleviate the symptoms of 
theumatoid arthritis rapidly reactivate tuberculosis that 
had otherwise been controlled for many years. 


SUCCESSFUL PATHOGENS HAVE EVOLVED 
MECHANISMS TO AVOID PHAGOCYTE- 
MEDIATED KILLING 

Because most organisms are ultimately killed by 
phagocytes, it is not surprising that successful pathogens 
have evolved an array of mechanisms to counteract this 
risk (Fig. 14.12). 


Intracel pathogens may ‘hide’ in cells 
Some organisms may thrive inside metabolically damaged 
host phagocytes, or escape killing by moving out of 
phagosomes into the cytoplasm. 


Evasion mechanisms of bacteria (and some fungi) 
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Fig. 14.12 Evasion mechanisms of bacteria (and some fung), 
particularly those that are successful intracellular parasites, 
hhave evolved the ability to evade diferent aspects of 
phagocyte-mediated kiling. (1) Some can secrete repellents or 
toxins that inhibit chemotaxis. (2) Others have capsules or 
‘outer coats that inhibit attachment by the phagocyte (e.g. 
‘Streptococcus pneumoniae or the yeast C. neoformans. (3) 
thers permit uptake, but release factors that block 
subsequent triggering of king mechanisms. Once ingested, 
“some, such as M, tuberculosis, inhibit lysosome fusion with the 
phagosome. They also inhibit the proton pump that acidiies 
the phagosome, so the pH does not fall. (4) They may also 
‘secrete catalase (e.g. staphylococci, which breaks down 
hydrogen peroxide, (5) Organisms such as M. lerae have 
highly resistant outer coats. M. leprae surrounds itself with a 
phenolic glycolipid, which seavenges fre radicals. (6) 
Mycobacteria also release a lipoarabinomannan, which blocks 
the ability of macrophages to respond to the activating effects 
of IFNy. (7) Cells infected with Salmonella enterica, M. 
tuberculosis, or Chlamyala trachomatis have impaired antigen- 
presenting function. (8) Several organisms (e.g, Listeria and 
“Shigella spp.) can escape from the phagosome to multiply in 
the cytoplasm. Finally, the organism may kil the phagocyte via 
either necrosis (e.. staphylococc) or induction of apoptosis 
(eg. Yersinia spp). 


Listeria monocytogenes, Shigella spp., and Burkbolderia 
pseudomallei achieve this by releasing enzymes that lyze the 
phagosome membrane. ‘These organisms also illustrate 
the point that bacteria are not just inert particles, but have 
evolved strategies for taking control of functions of the 
host cell. 

Other organisms, such as M. leprae and salmonellae, 
cause themselves to be taken up by cells that are not 
normally considered phagocytic and have little antibac- 
terial potential such as Schwann cells, hepatocytes, and 
epithelial cells. 


INFECTED CELLS CAN BE KILLED BY CTLs 


Before they can be taken up by activated phagocytes or 
exposed to other killing mechanisms, the organisms may 
need to be released from such cells 


INFECTED CELLS CAN BE KILLED BY CTLs 
CDB* cytotoxic T lymphocytes (CTLs) can release intra- 
cellular organisms by killing the infected cell. 

Even macrophages may be targets of CTLs because 
when infected with intracellular bacteria they can become 
refractory to activation and less able to kill the organism 
themselves. 

Mice become strikingly susceptible to M. tuberculosis 
if class I MH genes are knocked out so that antigen- 
specific CD8" T cells do not develop. 

‘This is consistent with an essential role for CTLs 
in resistance to intracellular bacteria, and inducing 
these responses is now a primary goal of new vaccines 
against bacteria such as M. tuberenlosis as well as other 
pathogens. 

Dendritic cells appear to be particularly important in 
the generation of strong CD8 'T cell responses to bacteria 
such as L. monocytogenes and Salmonella spp. 

Although antigen processing and presentation via the 
class | MHC pathway (see Chapter 5) is most efficient 


Pathways of CD8 T cell activation and function 


for microbial antigens derived from the cytosol, never- 
theless, CTLs are also clearly induced by bacteria that 
never escape the phagosome such as M. tuberculosis, 
salmonellae, and chlamydia. This occurs either by cross- 
presentation of antigens within the same cell or by eross- 
priming where antigens are released from infected cells, 
undergoing apoptosis and then transferred to nearby DCs 
for efficient presentation via the MHC I pathway. In some 
cases, lysis of infected host cells by CTLs can result in 
Killing of the organism inside. ‘This can be due to the 
action of granulysin ~ an antibacterial peptide stored in 
the cytotoxic granules and released during the cytotoxic 
PPGTIs can aka secrete IFNy when they recognize 
infected targets, providing an additional pathway of 
macrophage activation and protective immunity (Fig, 
1413). 


Other T cell populations can contribute to 
antibacterial immunity 

In addition to the classical MHC class I- and MHC class 
I-mediated recognition of bacterial proteins by as CD+ 
and CD8 T cells, other ‘non-conventional’ T cell popu- 
lations allow the host to respond to other microbial 
chemistries 
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Fig. 14.13 Naive CDS T cells are activated by peptides 
presented via MHC class | molecules, primarly derived from 
‘microorganisms that reside in the cytoplasm, such as viruses 
and some intracellular bacteria that escape the phagosome 
such as Listeria spp. Other pathogens that do not escape the 
phagosome (uch as M. tuberculosis) can stil induce CDB T cel 
fesponses via crosspriming, in which infected and apoptotic 


‘host cells release antigenic fragments that are taken up by 
enditc cells (DCS). Efector CDB T cells (CTLs) provide 
protection by releasing proinflammatory and macrophage- 
activating cytokines and kiling infected host cell via perforin 
release and Fas (see Figs 10.9 and 10.12). In some cases, the 
felease of granulysin rom the CTL can also result inkiling of 
the pathogen. 
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T cells bearing 78 (rather than OB) receptors (see 
Chapter 5) proliferate in response to bacterial infection. 


Q Where in the body are 98 T cells located? 
A. They preferentially home to epithelial surfaces (see 
Chapter 2). 


Some 3 T cells recognize small phospholigands 
derived from M. tuberculosis and possibly other bacteria, 
whereas others are triggered in an antigen-independent 
manner by the presence of pathogen-activated dendritic 
cells expressing high levels of co-stimulatory molecules 
and IL-12. 

‘There are also of cells (either CD4 or CD8) that 
recognize not proteins, but microbial glycolipids such 
as the lipoarabinomannan from M. tuberculosis or the 
capsular LPS of H. influenzae. ‘These are presented 
via CDla/b/e molecules, which are_non-polymorphic 
homologs of MHC class I molecules that specialize in the 
binding of lipophilic antigens. 

Such 76 and CD1-restricted a T cells have cytotoxic 
activity and can also secrete IFNy suggesting a potential 
role in host defense. In animal models of infection these 
non-conventional T cells can be protective or immuno- 
regulatory, but their relative importance in human 
immunity’ is nor resolved. 


Some tissue cells can express antimicrobii 
mechanisms 

“Tissue cells that are not components of the immune 
system can also harbor bacteria such as M. leprae, invasive 
Shigella and Salmonella spp., and Rickettsia and Chlamydia 
spp. As mentioned earlier, these infected cells may be 
sacrificed by CTLs. On the other hand, intracellular 
organisms such as Rickettsia and Chlamydia spp. may be 
starved by reduction in the availability of t-tryptophan, due 
to increased expression of indoleamine 2,3-dioxygenase in 
response to inflammatory cytokines such as IFNy. 

‘The secretion of antimicrobial peptides such as 
defensins by epithelial cells also provides an example of 
the protective effects of cells not strictly considered as part 
of the immune system. 


THE RESPONSE TO BACTERIA CAN RESULT 
IN IMMUNOLOGICAL TISSUE DAMAGE 

“The events described so far are generally beneficial to the 
host and critical for resistance against pathogenic bacteria. 
However, all immune responses designed to kill invading 
pathogens have the potential for causing collateral damage 
to the host. 

Excessive cytokine release can lead to 
endotoxin shock 

If cytokine release is sudden and massive, several acute 
tissue-damaging syndromes can result and are potentially 
fatal. 

One of the most severe examples of this is endotoxin 
(septicemic) shock, when there is massive production of 
cytokines, usually caused by bacterial products released 
during septicemic episodes. Endotoxin (LPS) from Gram- 


negative bacteria is usually responsible, though Gram- 
positive septicemia can cause a similar syndrome. ‘There 
can be life-threatening fever, circulatory collapse, diffuse 
intravascular coagulation, and hemorrhagic necrosis, 
leading eventually to multiple organ failure (Fig. 14.14). 
Paradoxically, individuals who recover from the initial 
life-threatening phase often overcompensate and switch 
from a hyper- to a hyporesponsive phase, in which 
excessive production of endogenous immune regulators 
such as IL-10 and TGF (and possibly other mechanisms) 
results in immune paralysis, making them susceptible to 


The Schwartzman reaction is a form of 
cytokine-dependent tissue damage 
Schwartzman observed that if Gram-negative organisms 
‘were injected into the skin of rabbits, fallowed by a second 
dose given intravenously 24 hours later, hemorrhagic 
necrosis occurred at the prepared skin site. "This is known 
as the Schwartzman reaction (Fig. 14.15). 

Many other organisms are now known to ‘prepare’ the 
skin in the same way, including streptococci, mycobac- 
teria, Haemophilus spp., corynebacteria, and vaccinia virus. 

Schwartzman also noted that two intravenous injec- 
tions 24 hours apart caused a systemic reaction, commonly 
involving circulatory collapse and bilateral necrosis of the 
renal cortex, Sanarelli had made similar observations and. 
this is now known as the systemic Schwartzman, or 
Sanarelli-Schwartzman, reaction. 

"These reactions can also be accompanied by necrosis in 
the pancreas, pituitary, adrenals, and gut. ‘There is marked 
diffuse intravascular coagulation and thrombosis. 

Endotoxin (LPS) is the active component of the 
intravenous ‘triggering’ injection. 

Early work implicated endothelial changes, fibrin 
deposition, neutrophil accumulation and degranulation, 
and platelets as mediating the damage. This is correct, but 
itis now clear that tissues are primed by the induction of 
IFNy (involving IL-12) derived from either NK cells or 
NK T cells, whereas TNF is critical in the effector phase 
of systemic tissue damage. 

‘These phenomena may contribute to the characteristic 
hemorrhagic rash seen in children with meningococcal 
‘meningitis and the systemic effects observed in Gram- 
negative septic shock. 


The Koch phenomenon is necrosis in T c 
mediated mycobacterial lesions and skin 
test sites 
‘The Koch phenomenon is a necrotic response to anti- 
gens of M. tuberculosis, originally demonstrated by Robert 
Koch in tuberculous guinea pigs (Fig. 14.16). It may be 
related to the necrosis that also occurs in the lesions 
in tuberculosis. It is at least partly due to the release 
of cytokines into a T cell-mediated inflammatory site 
(delayed hypersensitivity site). Such sites can be 
extremely sensitive to the tissue-damaging effects of 
cytokines, as seen in the Schwartzman reaction, partic- 
ularly when there is mixed Tet] and Tw12 activity. 
Examples to illustrate the relationship between the 
nature of an organism, the disease, and immunopathology 
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Fig, 14.14 Excessive release of cytokines, 
often triggered by the endotoxin (LPS) of 
Gram-negative bacteria, can lead to diffuse 
intravascular coagulation with consequent 
defective clotting, changes in vascular 
permeability, oss of fluid into the tssues, a 
fallin blood pressure, circulatory collapse, 
and hemorrhagic necrosis, particularly in 
the gut. This figure illustrates some 
important parts ofthis pathway at the 
cellular level. The cytokines TNF and IL-1 
cause endothelial cells to express cell, 
ee 
thromboplastin. These promote adhesion 
of circulating cells and depostion of fibrin, 
respectively Platelet activating factor (PAF) 
enhances these effects. in experimental 
‘models, shock can be blocked by 
neutralizing antibodies to TNF, and greatly 
diminished by antibodies to tissue 
thromboplastin, oF by inhibitors of PAF or 
of nitric oxide production, but these have 
not been successful clinically, Gram- 
positive bacteria can induce shock, for 
example by massive release of cytokines 
‘mediated by superantigens. (PDGE, 
platelet-derived growth factor, produced 
by both platelets and endothelium) 
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Fig. 14.15 In the Schwartzman reaction 
there is eytokine-mediated tissue damage 
in a site of previous inflammation. This 
‘phenomenon is related to several clinical 
‘situations in humans. The frst injection 
into the skin prepares the site by inducing 


inflammation and upregulating cytokine 
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caused, and the mechanism of immune response that leads 
to protection, are given in Fig. 14.17. 


Some individuals suffer from excessive 
immune responses 

Why some individuals suffer from excessive immune 
responses and others control infection with little or no 
damage is still unclear. ‘The host constantly attempts 
to regulate immune responses to avoid the scenarios 


described above. For instance, immunoregulatory cytokines 
such as IL-10 and transforming growth factor- (TGFB) 
are produced from: 

‘+ macrophages during episodes of inflammation; and 

+ regulatory T cells during adaptive immunity (see 

Chapter 11). 

‘The influence of both ‘natural’ and ‘inducible’ regulatory 
T cell populations has been reported in infections with 
bacteria such as L. monocytogenes, Helicobacter. spa, 
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‘The Kach phenomenon 


Fig. 14.16 Robert Koch observed that injection of M. 
tuberculosis or soluble antigens from M. tuberculosis inta the 
skin of tuberculous guinea pigs resulted in a necrotizing 
reaction both at the challenge site and in the original 
‘tuberculous lesion. This is atleast partly due to the fact that 
the delayed hypersensitivity reaction to mycobacterial antigens 
‘can, lke the LPS-injected site in the Schwartzman reaction, be 
‘ery Sensitive to the toxicity of cytokines. These may be 
released locally in the skin test site, A similar reaction is seen in 
humans who have or have had tuberculosis. Responses to the 
same antigen in individuals who are skin-test positive as a 
result of BCG (bacille Calmette-Guérin) vaccination do nat 
Usually show necrosis, 


Bordetella pertussis, and M. tuberculosis. ‘Their presence may 
be beneficial to the host in preventing unwanted tissue 
damage, but can also be subverted by pathogens as a 
means of immune evasion, For example, filamentous 
hemagglutinin and adenylate cyclase toxin, wo known 
virulence factors of B. pertuss, promote the induction of 


Immunity in some important bacterial infections 


IL-10-seereting regulatory cells in mice, dampening 
protective THI immunity and promoting persistence in 
the host. 


Excessive immune responses can occur 
during treatment of severe bacterial 
infections 

Paradoxically, excessive immune responses can also occur 
during treatment of humans with severe bacterial 
infections 

‘The simultaneous destruction of large numbers of 
organisms by antibioties can cause increased cytokine 
production and systemic pathology following treatment of 
relapsing fever, Lyme disease, and tuberculosis. 

Also, when patients who have AIDS and underlying 
infections such as tuberculosis and cryptococcal menin- 
gitis are treated with effective antiretroviral drugs (highly 
active antiretroviral therapy ~ HAART), the recovering T 
cells induce an ‘immune reconstitution inflammatory 
syndrome’ with severe tissue damage. 


THE TOXICITY OF SUPERANTIGENS 
RESULTS FROM MASSIVE CYTOKINE 
RELEASE 

Certain bacterial components called superantigens bind 
directly to the variable regions of 8 chains (VB) of antigen 
receptors on subsets of T cells, and cross-link them to the 
MHC molecules of APCs, usually outside the normal 
antigen-binding groove, 


What effect do superantigens have on T cells? 
A. All cells bearing the relevant Vf gene praduct are activated 
Without the processing and presentation of the antigen as 
peptides in the cleft of the MHC molecule that is normally 
required for T cell activation (see Fig. 7.22). 


Corynebacterium diphtheriae] non-invasive pharyngitis—toxin | neutralizing antibody 
Vibrio cholerae ‘non-invasive enteritis ~toxin ‘neutralizing and adhesion-blocking antibodies 
‘Neisseria meningitidis killed by antibody and lytic complement; opsonized and| 
(Gram-negative) phagocytosed 


‘Staphylococcus aureus 


locally invasive and toxic in skin, etc} 


‘osponized by antibody and complement; killed by 


immunopathology 


(Gram-positive) phagocytes 
Mycobacterium tuberculosis | invasive, evokes immunopathology | macrophage activation by cytokines from T cells, CTLs 
Mycobacterium leprae invasive, space-accupying and/or 


Fig. 14.17 This table provides examples of how a knowledge of the organism, and the mechanism of disease, can lead to a 


prediction of the relevant protective mechanism. 


FUNGI CAN CAUSE LIFE-THREATENING INFECTIONS 


Between them staphylococci and streptococci have 
some 21 different superantigens and these molecules can 
also be found in other bacteria such as mycoplasmas. The 
fall biological significance of this bacterial adaptation is 
not yet clear ~ it could be to the organism's advantage 
to exhaust or deplete T cells that would otherwise be 
protective. 

One certain effect is the toxicity of the massive release 
of eytokines (including IL-2, TNFa, and TNES, together 
with IL-If from activated macrophages) due to the 
simultaneous stimulation of up to 20% of the entire 
T cell pool. 

‘The staphylococcal toxins responsible for the toxic 
shock syndrome (toxic shock syndrome toxin-1 [TSST- 
1), etc.) operate in this way, though not all shock syn- 
dromes caused by staphylococci are the result of T cell 
activation. 

Recent evidence suggests that streptococcal M protein, 
a known virulence factor of S. pyogenes, forms a complex 
with fibrinogen, which then binds to f-integrins on neu- 
trophils, causing the release of inflammatory mediators, 
which also result in massive vascular leakage and shock. 


Heat-shock proteins are prominent targets 
of immune responses 

Heat-shock proteins (HSPs or stress proteins) are 
found in all eukaryotic and prokaryotic cells, where they 
have essential roles in the assembly, folding, and transport 
of other molecules. 

Mammalian cells exposed to abnormally elevated tem- 
peratures (or to other stresses including infection) express 
higher levels of these proteins, which reflects their role in 
the stabilization of protein structure. 

Bacteria also increase HSP expression, particularly as 
they adapt to the intracellular environment of the host. 

immune responses are generated against both mam- 
malian and pathogen-derived HSPs during infection. 

Mammalian (and probably also bacterial) HSPs are 
able to activate innate immunity via multiple cell surface 
receptors including the o1-globulin receptor CD91, CD40, 
CD14, and TLRs? and 4. 

HSPs can enhance the presentation of antigens via 
the class I MHC/CD8 pathway (see Chapter 5) and are 
themselves immunogenic for both CD4 and CD8 TT cells. 

Because the amino acid sequences of HSPs are very 
highly conserved between humans and bacteria there is 
still considerable speculation about their role in the initia- 
tion of autoimmunity, though it seems their contribution 
is more complicated than simply antigenic mimicry. 


The ‘hygiene hypothesis’ 
Several groups of diseases, all characterized by defects in 
the regulation of the immune system, are becoming more 
common, particularly in developed countries. These 
diseases include: 
* allergies; 
* inflammatory bowel diseases (Crohn's disease and 
ulcerative colitis); and 
autoimmune conditions such as multiple sclerosis. 
‘This may have many causes but the ‘hygiene hypothesis’ 
suggests that increasing immunological dysregulation 


correlates with decreasing exposure to environmental 
microorganisms, Decreased exposure could be due to 
hygiene, vaccines, and antibiotic use. If proved correct, 
the solution would clearly not be the abandonment of the 
most important achievements of medicine (hygiene, 
vaccines, antibiotics), but rather the identification of the 
environmental factors that are lacking from the modern 
lifestyle so that they can be replaced as vaccines or 
probiotics. 

However, recent data suggest that the correlation does 
not always hold true — some viral infections (such as 
influenza and respiratory syncytial virus) seem to promote 
rather than decrease allergy and asthma in animal models 

‘Whatever their cause, prevention or treatment of these 
diseases will need to address: 

‘the balance of THI/TH2 responses, and 
+ manipulation of the regulatory T’ cell circuits that 
normally control allergy and autoimmunity. 


FUNGI CAN CAUSE LIFE-THREATENING 
INFECTIONS 
Fungi are eukaryotes with a rigid cell wall enriched in com- 
plex polysaccharides such as chitin, glucans, and mannan, 
‘Among the 70 000 or so species of fungi, only a small 
number are pathogenic for humans, However, because 
there are no approved vaccines and antifungal drugs often 
have severe side effects, fungi can cause serious and 
sometimes life-threatening infections. 


Q Why has it been more difficult to identify antifungal 
antibiotics than antibacterial antibiotics? 

‘A. Fungi are eukaryotic organisms and therefore have similar 
protein synthesis machinery and mechanisms to organize and 
replicate the genome as mammalian cells. 


Fungi can exist as: 

‘single cells (yeasts) small enough to be ingested by host 
phagocytes; or 

+ long slender, branching hyphae, which may require 
extracellular killing processes 

Some pathogenic fungi are dimorphic, in that they switch 

from a hyphal form in the environment to a yeast form 

as they adapt to life in the host. Both phases possess 

important virulence determinants and pose different 

problems to the immune system. 


There are four categories of fungal infection 
Although some fungi can cause disease in otherwise 
healthy individuals, severe fungal infections are a growing 
problem because of the markedly increased numbers of 
immunologically compromised hosts. Fungal infections 
are therefore regularly seen in: 
+ patients with untreated AIDS; 
‘= patients with cancer and undergoing chemotherapy; 
* patients with transplants on immunosuppressive 
agents; and 
some patients taking long-term corticosteroids. 
‘Piese chao Gafings parse ce the key colar of Se 
trophils and macrophage activating Ttt1 cell responses in 
antifungal immunity. 
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Human fungal infections fall into the following four 

major categories: 

* superficial mycoses caused by fungi known as 
dermatophytes, usually restricted to the non-living 
keratinized components of skin, hair and nails, and 
including infection by Trichophyton and Microsporum 
spp. (which cause ringworm and athlete's foot) and 
Malassezia spp. (which causes pityriasis); 

* subcutaneous mycoses in which saprophytic fungi 
cause chronic nodules or ulcers in subcutaneous tissues 
following trauma (e.g. chromomycosis, sporotrichosis, 
and mycetoma); 

* systemic mycoses caused by soil saprophytes, which 
are inhaled from the environment and produce 
subclinical or acute lung infections that can disseminate 
to almost any tissue in the immunocompromised host — 
Histoplasma, Blastomtyces, Coccidivides, and Paracoccidioides 
spp. can all cause primary disease in otherwise 
immunocompetent individuals, whereas Aspergillus 
spp., Pneumocystis carinii, and C. neoformans act more as 
opportunists; 

* candidiasis caused by Cindida albicans, a ubiquitous 
commensal and the most common opportunistic fungal 
pathogen — disturbance of normal physiology by 
immunosuppressive drugs, of normal flora by antibiotics, 
or TT cell function (as in severe combined immune 
deficiency, thymic aplasia, and AIDS), results in 
superficial infections of the skin and mucous mem- 
branes, and systemic disease can occur in intravenous 
drug users and patients with lymphoma or leukemia, 


Innate immune responses to fungi include 
defensins and phagocytes 
‘The basic protective features of the skin and normal com- 
mensal flora described against bacterial infections above 
are also important in resistance to fungi 

Defensins have antifungal as well as antibacterial 
properties, and collectins such as MBL and the surfactant 
proteins A and D can bind, aggregate, and opsonize fungi 
for phagocytosis. 

Phagocytes, particularly neutrophils (Fig. 14.18) and 
macrophages, are essential for killing fungi, either by: 


‘Monacyte/macrophage killing of fungi 


Evidence for neutrophil-mediated immunity to 


Fig. 14,18 This is a section from the lung of a patient 
suffering from mucormycosis — an opportunistic infection in an 
immunosuppressed subject. The inflammatory reaction 
‘consists almost entirely of neutrophil polymorphs around the 
‘fungal hyphae, The disease is particularly associated with 
‘neutropenia (lack of neutrophils). iver stain, x 400. (Courtesy 
‘of Professor Rj Hay) 


+ degranulation and release of toxic materials onto large 
indigestible hyphae; or 
+ ingestion of yeast or conidia. 

‘The oxidative burst plays a crucial role in some 
antifungal responses, as seen in the susceptibility to severe 
aspergillosis by patients with CGD who have defects in 
the NADPH oxidase system. However, phagocytes from 
such patients with defective oxygen reduction pathways 
nevertheless kill other yeast and hyphae with near normal 
efficiency, so demonstrating the role of other killing 
mechanisms (Fig. 14.19). For instance, NO" and its deriv- 
atives are important for resistance to C. neoformans. 

"These responses rely on the recognition of PAMPs in 
the fungal cell wall by either soluble or cell-bound pattern 
recognition molecules. The TLR family again plays an 
important role in this process, along with the mannose 
receptor and complement receptors: 

+ TLR? (which can cooperate with the B-glucan receptor 

dectin-1) recognizes fungal phospholipomannans, C. 

albicans yeasts, and A. fumigatus hyphae and conidia; 


Fig. 14.19 Many fungi are killed by 
‘monocytes or macrophages. Individuals 
with chronic granulomatous disease (CGD) 


Candida atbicans | killed sometimes kiled | sometimes kiled 2" highly susceptible to Aspergils sp. 
‘infections whereas myeloperoxidase (MPO) 

Candida parapsilosis | killed not killed unknown deficiency does not usually lead to 
‘opportunistic infection, suggesting that 

Cryptococcus killed Unknown tiled ‘non-oxygen-dependent mechanisms are 

peers also important in host defense, 

‘Aspergilus fumigatus | kited ‘sometimes killed | Kled 

conidia 

“Aspergilus fumigatus | killed iilea tiled 

hyphae 


FURTHER READING 


+ TLRY/CDI4 recognizes C. albicans, Aspergillus fui 
gatus, and the glicuronoxylomannan capsule of C. 
neoformans. 

Not all of these events are to the host's advantage, for 

example recognition of Candida albicans mannan via TLR 

induces proinflammatory chemokine responses, whereas 
ligation of candidal phospholipomannan and glucans with 

TLR2/dectin-1 generates a strong IL-10 response, which 

‘may inhibit immune function. 


T cell-mediated immunity is critical for 
resistance to fungi 

Most fungi are highly immunogenic and induce strong 
antibody and T cell-mediated immune responses, which 
can be detected by serology and delayed-type (type IV) 
hypersensitivity skin reactions (see Chapter 26). 

Considerable evidence points to the dominant 
protective role of THI T cells and macrophage activation, 
rather than antibody-medliated responses. 

Patients with T cell deficiencies, rather than defects in 
antibody production, are more at risk of disseminated 
fungal disease, and antibody titers, though useful as an 
epidemiological tool to determine exposure, do_not 
necessarily correlate with prognosis, Nevertheless, fungi 
can elicit both protective and non-protective antibodies 
and the protection afforded by some experimental 
vaccines can be adoptively transferred by immune sera. 

Resistance to most pathogenic fungi (including der- 
matophytes and most systemic mycoses including C. 
neoformans, Histoplasma capsulatum, etc, but not Aspergillus 
spp.)is clearly dependent upon T cell-mediated immunity, 
particularly CD4* Tis cells secreting IFNy (Fig. 14.20). 
As in the case of bacteria, dendritic cells are necessary for 
this response and produce IL-1? after engulfing fungi. 

‘The clinical relevance of THI versus TH2 responses is 
also clear for some human mycoses, for example: 

* individuals with mild paracoccidioidomycosis have 

‘Tiil-biased immune responses; whereas 


Fig. 14.20 The pigmented fungal cell of chromomycosis 

(@ subcutaneous mycosis) (6) ae visible inside giant cell (ge) 
in the dermis ofa patient. The area is surrounded by a 
predominantly mononuclear cell infitate. The basal layer of 
epidermis (eis visible atthe top ofthe frame, H & E stain. 

+ 400. (Courtesy of Professor Rj Hay) 


* individuals with severe, disseminated infection have 
high levels of TH? cytokines such as IL and IL-10, 
and eosinophilia, 

Children with the primary immunodeficiency hyper IgE 

syndrome with defects in the production of IFNy also 

have increased suscepuibility to fungal infections. 

An increased level of IL-10 (with concomitant reduc 
tions in IFNy) is also a marker of impaired immunity 
to systemic mycoses, C. albicans, and in neutropenia 
associated aspergillosis. 


Fungi possess many evasion strategies to 

promote their survive 

Evasion strategies used by fungi to promote their survival 

include the following: 

* Cryptococcus neoformans. produces a polysaccharide 
capsule, which inhibits phagocytosis (similar in prin- 
ciple to that of encapsulated bacteria), though this can 
be overcome by the opsonic effects of complement and 
antibodies; 

* Histoplasma capsulatum is an obligate intracellular 
pathogen that evades macrophage killing by entering 
the cell via CR3 and then altering the normal pathways 
of phagosome maturation, in parallel to the strategies 
of intracellular bacteria such as M. tuberculasx, 

‘+ dermatophytes suppress host T cell responses to delay 
cell-mediated destruction. 

Immune responses to fungi are therefore as complex and 

interesting as those against bacteria and for many infec~ 

tions (such as the subcutaneous mycoses) these responses 
remain poorly understood. 


New immunological approaches are being 
developed to prevent and treat fungal 
infections 

Unlike many antibiotics, which are directly microbicidal, 
antifungal drugs need ‘significant assistance from the 
immune system to be most effective. 

Reducing the underlying immunosuppression that 
leads to susceptibility to fungi is an important goal and 
generic immunotherapies such as cytokine administration 
(using IFNy in patients with CGD and granulocyte colony 
stimulating factor [G-CSF] therapy to reduce neutropenia 
in patients with cancer) have had some success, There is 
also considerable interest in dendritic cell-based vaccine 
strategies to promote T1tl-mediated immunity. 
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Critical thinking: Immunoendocrine interactions in the response to infection 


(see p. 497 for explanations) 


Humans subclinically infected with tuberculosis (about one- 
third of the world’s population) may harbor live organisms for 
the rest of their lives. Similarly tuberculosis can establish a 
latent non-pragressive infection in mice. If animals with such, 
latent infection are subjected to a period of restraint stress 
(placed in a tube that limits movement) each day for several 
days, the infection may reactivate. This also happens if cattle 
with latent disease are transported in trucks. Similarly 
‘tuberculosis increases in human populations in war zones, 
probably due to reactivation of latent disease. 

11 What is the physiology of this reactivation? 


When American military trainees were subjected to an 
extremely stressful training schedule their serum IgE levels rase 
and they lost their previously positive delayed hypersensitivity 
skin-test responses. The levels of mRNA encoding IFNy in the 
peripheral blood mononuclear cells of medical students were 
lower during the examination period than at other times of the 
vyear. 

2 Do these observations suggest changes in cytokine profile? 

If 0, why did it happen? 


Immunity to Protozoa 


and Worms 


SUMMARY 


‘+ Parasites stimulate a variety of immune defense 
mechanisms. 


‘+ Parasitic infections are often chronic and affect many 
people. They are generally host specific and most cause 
chronic Infections. Many are spread by invertebrate vectors. 
and have complicated life cycles. Theie antigens are stage 
specific. 


‘+ Innate immune responses are the first line of immune 
defense, 


‘+ Tand B cells are pivotal in the development of 
‘immunity. Both CD4 and COB T cells are needed for 
protection from some parasites, and cytokines, chemokines, 
and their receptors have important roles. 


+ Effector cells such as macrophages, neutrophils, 
cosinophils, and platelets can kil both protozoa and 
worms They secrete cytotoxic molecules such as reactive 
cxygen radicals and nitric oxide (NO?) All are more 


effective when activated by cytokines. Worm infections are 
‘usually associated with an increase in eosinophil number 
and circulating IgE, which are characteristic of TH2 
responses, TH2 cells are necessary forthe elimination of 
‘intestinal worms. 


‘+ Parasites have many different escape mechanisms. 
Evasion of the host's immune response by parasites occurs 
in various ways. Some explait the hast response for theit 
‘own development. It is becaming clear that many parasites, 
‘n particular helminths, are able to modulate the host 
immune response, 


* Inflammatory responses can be a consequence of 
eliminating parasitic infections. 


+ Parasitic infections have immunopathological 
‘consequences. Parasitic infections are associated with 
pathology, which can include autoimmunity, splenomegaly, 
‘and hepatamegaly. Much immunopathology may be 
‘mediated by the adaptive immune response. 


+ Vaccines against human parasites are not yet available. 


PARASITES STIMULATE A VARIETY OF 

IMMUNE DEFENSE MECHANISMS 

Parasitic infections typically stimulate a number of 

immune defense mechanisms, both antibody and cell 

mediated, and the responses that are most effective 

depend upon the particular parasite and the stage of 

infection. Some of the more important parasitic infections 

of humans (Fig. 15.1) affect the host in diverse ways. 
Parasitic protozoa may live: 

in the gut (e.g. amehae); 

in the blood (e.g. African trypanosomes); 

within erythrocytes (e.g. Plasmadivom spp.) 

in macrophages (e.g. Leishmania spp., Toxoplasma 

gontiiy 

+ in liver and spleen (e.g. Leishmania spp.); or 

* in muscle (e.g. Typanowma crusi) 

Parasitic worms that infect humans include trematodes or 

flukes (e.g. schistosomes), cestodes (e.g. tapeworms), and. 

nematodes or roundworms (e.g. Trichinella spiralis, hook- 

worms, pinworms, Ascaris spp., and the filarial worms). 


‘Tapeworms and adult hookworms inhabit the gut, adult 
schistosomes live in blood vessels, and some filarial worms 
live in the lymphatics (Fig. 15.2). It is clear that there is 
widespread potential for damaging pathological reactions, 
‘Many parasitic worms pass through complicated life 
es, including migration through various parts of the 


host's body: 

+ hookworms and schistosome larvae invade their hosts 
directly by penetrating the skin; 

‘+ tapeworms, pinworms, and roundworms are ingested; 
and 


 filarial worms depend upon an intermediate insect 

host or vector to transmit them from person to person. 
Most protozoa rely upon an insect vector, apart from 
‘Taxoplasma and Giardia spp. and amebae, which are trans- 
mitted by ingestion. Thus: 
‘malarial parasites are spread 
‘+ trypanosomes by tsetse flies; 
+ T cruzi by triatomine bugs; and 
* Lemania by sandflies, 


mosquitoes; 
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Important parasitic infections of humans 


PROTOZOA 


Plasmodium vivax 
Plasmodium falejparum 
Plasmodium ovale 
Plasmodium malariae 


Leishmania braziiensis 


Trypanosoma rhodesionse 
Trypanosoma gambiense 


Trypanosoma cruzi 


HeLMINTHS: 
trematodes (flukes) 
‘Schistosoma mansoni 
Schistosoma haematobium 
Schistosoma japonicum 


costodes (tapeworms) 


nematodes (roundworms) 


Tichuristicbura 
whipworm) 


Ascaris lumbricoides 


Tichinela spiralis 


Ancylostoma duodenale 
‘Necator americanus 


Wuchoreria bancrot 
Brugia malayi 
Dipetalonema porstans 


Onchocarca volvulus 


0 7 10 101000 
milions of peopl infected 
{log scale) 


Fig. 15.1. Important parasitic infections, including data from 
the World Health Organization (1993). 


PARASITIC INFECTIONS ARE OFTEN 
CHRONIC AND AFFECT MANY PEOPLE 
Parasitic infections presenta major medical problem, 
especially in tropical countries (see Fig, 15.1), for example: 
+ malaria kills 1-2 million people every year; 

* intestinal worms infect one-third of the world’s 
population - the severity of disease depends upon the 
‘worm burden, but in children even moderate intensities 
of infection may be associated with stunted growth and 
slow mental development. 

Anemia and malnutrition are also associated with parasitic 

disease. 

Over millions of years of evolution, parasites have 
become well adapted to their hosts and show marked host 


Sites of infection of medically important parasites 


Toxoplasma gondit a 
Entameba Renae 
histoytica 
ie rae js 
Plasmodium 
faeiparam Tishinela spiralis 
‘Leishmania spp. peseeveniaives 
larvae 


Trypanosoma cruzi 


Entamaba 
histolytica 
Leishmania spp. 


Entamebe tapeworm 
histonyica 
Giardia tombs el 
Seistosome 


haematobium 


Plasmodium spp. iui 


Trypanosoma spp. 


lari worms: 


Fig, 15.2 Sites of infection of medically important parasites, 


specificity. For example, the malarial parasites of birds, 

rodents, or humans can each multiply only in their own 

particular kind of host. 
‘There are some exceptions to this general rule, for 

example: 

the prototoan parasite T gondii ix not only able m 
invade and multiply in all nucleated mammalian cells, 
but can also infect immature mammalian erythrocytes, 
insect cell cultures, and the nucleated erythrocytes of 
birds and fish; 

+ similarly, the tapeworm of the pig can also infect 
humans. 

Protozoan parasites and worms are considerably larger 

than bacteria and viruses (Fig. 15.3), and have very dif- 

ferent strategies for avoiding the host immune response. 


Q. Apart from size, what is the basic biological difference 
between bacterial pathogens and parasites, and how would 
this affect they way they are recognized by the immune 
system? 

A. Bacteria ate prokaryotes, whereas parasites are eukaryotes. 
The plasma membrane and cell wall structures in bacteria are 
ditierent, so they have distinct pathogen-associated molecular 
patterns (PAMPs, see Chapter 6). In addition, protein synthesis 
(initiated with formyl methionine) is different in prokaryotes. 


PARASITIC INFECTIONS ARE OFTEN CHRONIC AND AFFECT MANY PEOPLE 


Comparative size of various parasites 


pox virus 


intluenza virus viruses 


polio vis 


Fig. 15.3 Comparative size of various parasites. 


Some species can also change their surface antigens, 
a process known as antigenic variation (see below). 

Parasites that have complicated life histories may 
express certain antigens only ata particular stage of devel- 
opment, giving rise to a stage-specific response. Thus, the 
protein coat of the sporozoite (the infective stage of the 
‘malarial parasite transmitted by the mosquito) induces the 
production of antibodies that do not react with the 
erythrocytic stages. The different stages of the worm 7: 
spiralis also display different surface antigens. 


Protozoa that are small enough to live inside human 

cells have evolved a special mode of entry: 

* the merozoite, the invasive form of the blood stage of 
the malarial parasite, binds to certain receptors on the 
surface of the erythrocyte and uses a specialized 
organelle, the rhoprry, to enter the cell; 

* Leishmania spp. parasites, which inhabit macrophages, 
‘use complement receptors to encourage the cells to 
engulf them, 

Leishmania can also gain entry to the cell by using the 

mannose receptor (see Fig. 9.18) on the macrophage 

surface. 


Host resistance to parasite infection may be 
genetic 

‘The resistance of individual hosts to infection varies, and 
may be controlled by a number of genes. These may be 
MHC, non-MHC, or other genes (Fig. 15.4). 

‘One should not assume that host genetic background is 
the only reason determining the outcome of infection. 
‘There may be many factors involved. In most helminth 
infections, for example, a heavy worm burden occurs in 
comparatively few individuals, but may cluster in families, 
implying a genetic basis. On the other hand, studies have 
shown that human behavior can account for large 
variation in exposure between families. 


Many parasitic infections are long-lived 

Itis notin the interest of a parasite to kill its host, at least 
not until transmission to another host has been ensured, 
During the course of a chronic infection the type of 
immune response may change and immunosuppression 
and immunopathological effects are common. 


Host defense depends upon a number of 
immunological mechanisms 

‘The development of immunity is a complex process 
arising from the activation of both adaptive and innate 
immune responses and the switching on of many different 
kinds of cell over a period of time. Effects are often local 
and many cell types secreting different mediators may 
be present at sites of immune rejection. Moreover, the 


Human gene polymorphisms that affect the outcome of parasite infection 


a oi oicsnc a paenciiecn. 
ee eaeeare species 


Plasmodium spp. 
but rare in Caucasians, protect from mi 
protect from Plasmodium vivax 


‘sickle coll hemoglobin (HbS) protects from malaria 
certain MHC genes common in West Africans, 


Duffy blood group antigen (Fy/Fy)-negative erythrocytes 


(e.g. HLA-B53) 


Leishmania spp. 


macrophage invasion 


polymorphisms in Nrampt govern susceptibility to 


‘Schistosoma spp. 


‘candidate polymorphic genes on chromosome Sq31-433,, 
4 region that includes key cytokines IL-4 and 


Ascaris spp. 


‘candidate polymorphic genes on chromosomes 1 and 13, 
4 region that includes the TNF family of cytokines. 
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processes involved in controlling the multiplication of 
4 parasite within an infected individual may differ from 
those responsible for the ultimate development of 
resistance to further infection. 

In some helminth infections a process of ‘concomitant 
immunity’ occurs, whereby an initial infection is not 
eliminated, but becomes established, and the host then 
acquires resistance to invasion by new worms of the same 

Pn very peter] cms, Himncil eras te baprtane 
to eliminate extracellular parasites such as those that live 
in blood (Fig. 15.5), body fluids, or the gut. 

However, the type of response conferring most 
protection varies with the parasite. For example, antibody, 
alone or with complement, can damage some extracellular 
parasites, but is better when acting with an effector cell, 

Asemphasized above, within a single infection different 
effector mechanisms act against different developmental 
stages of parasites, Thus in malaria: 

+ antibody against extracellular forms blocks their 
capacity to invade new cells; 

* cell-mediated responses prevent the development of 
the liver stage within hepatocytes. 

Protective immunity to malaria does not correlate simply 

with antibody levels and can even be induced in the 

absence of antibody. 


INNATE IMMUNE RESPONSES ARE THE 
FIRST LINE OF IMMUNE DEFENSE 
‘The innate and adaptive immune responses are co-evolving 
to allow mammals to identify and eliminate parasites. 
‘The innate immune system provides the first line of 
immune defense by detecting the immediate presence and 
nature of infection, 
‘Many different cells are involved in generating innate 
responses including phagocytic cells and NK cells. It is 
also becoming clear that early recognition of parasites by 


‘Adult schistosome worm pairs in mesenteric blood 
vessels 


Fig. 15.5 Although very exposed to immune effectors, adult 
schistosomes are highly resistant and can persist for an 
average of 3-5 years. (Courtesy of Dr Alison Agnew) 


antigen-presenting cells (APCs), for example dendritic 
cells, determines the phenotype of the adaptive response 
(Pig. 15.6). 

Innate immune recognition relies on a growing number 
of receptors, termed pattern recognition receptors 
(PRRs) that have evolved to recognize pathogen- 
associated molecular patterns (PAMP%), 


Q Which groups of receptors and soluble molecules 
recognize PAMPs? 

A. Toll-like receptors (see Fig. 6.24), the mannose receptor 
(Gee Fig. 9.18), and scavenger receptors (see Fig. 9.16) allow 
phagocytes to directly recognize pathogens. Ficolins, callectins, 
land pentraxins act as soluble apsonins by binding to pathogen 
surfaces (see Chapter 6 and Fig. 6.23). 


Development of the immune response to protozoan and helminth infection 


Le 
pattern recognition 
ptor 


ae 
ae 


protozo 


oS recognition 
receptor Ei 


PAMPs 


unknown factors 


Fig. 15.6 The cytokines secreted by the 
different subsets of T cells are shown. Note 
the importance of dendritic cell (OC)- 
derived 1L-12 in driving maturation of 

irwy helper Tcl subsets. 

2. 


INNATE IMMUNE RESPONSES ARE THE FIRST LINE OF IMMUNE DEFENSE 


A unifying feature of these targets is their highly 
conserved structures, which are invariant between 
parasites of a given class. 

Although many parasites are known to activate the 
immune system in a non-specific manner shortly after 
infection, it is only recently that attention has been given 
to the mechanisms involved. 

While major advances are being achieved in the area 
of microbial recognition by PRRs, a small but growing 
number of studies show that parasites also possess specific 
molecular patterns capable of engaging PRRs, Examples 
of some parasite PAMPs along with their receptors are 
given in Fig. 15.7. 


TLR domain-containing PRRs 

‘The discovery of the TLR family (see Fig. 15.7), an 
evolutionarily. conserved group of thirteen mammalian 
PRRs involved in antimicrobial immunity, has enriched 
our understanding of how innate and adaptive immunity 
are mutually dependent. 


Innate immune receptors involved in parasite recognition 


Very few studies have examined the role of TLRs in 

immunity to parasites. 

Lyso-phosphatidylserine (lyso-PS) from S. mansoni, 
glyeophosphatidylinositol (GPI) anchors, and "Te52 
from T. cruzi are capable of signaling through TLR2 
Interestingly, TLR2 triggering by these diverse parasite 
patterns leads to different immune outcomes: 

* with S. mansoni, triggering leads to the development of 
fully mature dendritic cells capable of inducing a Treg 
response (see Chapter 11), characterized by elevated 
IL-10 levels 

+ with T cruzi, mature dendritic cells induce a Tul 
response (see Chapter 7) with raised levels of IL-12 

This dichotomous response could, in part, be explained by 

the cooperation between TLR2 and other TLRs, 

including TLR1 and TLR6. 

‘The formation of heterodimers comprising TLR2 
and either TLRI or TLR6 has not yet been observed, 
but could explain the observed differences in T cell 
phenotypes. 


Fig. 15.7 Innate immune receptors 
involved in parasite recognition. 
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‘TLR9 mediates innate immune activation by the 
malaria pigment hemozoin. 


Classical human PRRs 

Classical PRRs play important roles in the innate response 

to parasite infection (see Fig. 15.7) and include: 

* collectins (e.g. MBL); 

© pentraxins (e.g. CRP); 

* C-type lectins (e.g. macrophage mannose receptor); 
and 

* scavenger receptors (e.g. CD36). 

For example MBL binds mannase-rich LPG from Leish- 

‘mania, Plasmodium, trypanosomes, and schistosomes; and 

polymorphisms in the MBL gene are associated with 

increased susceptibility to severe malaria. 


Complement receptors are archetypal PRRs 
Complement receptors, in particular CR3, are archetypal 
PRRs involved in innate immune responses (see Fig. 15.7). 
‘They are truly multifunctional, being involved in phago- 
cyte adhesion, recognition, migration, activation, and 
microbe elimination. 

‘Accumulating evidence indicates that complement has 
pivotal roles to play in diverse biological processes, 
ranging from early hematopoiesis to skeletal, vascular, and 
reproductive development. 

Why then is CR3, a linchpin of phagocyte responses, 
the favored portal of entry for diverse intracellular 
Parasites, including leishmania via LPG? 

first, CRS offers a multiplicity of binding sites, enabling 

opsonic or non-opsonic binding; 

* second, phagocytosis by CR3 alone does not generate 
an oxidative burstin phagocytic cells; 
* third, binding of CR3 suppresses the secretion of 

IL-1. 


Q What effect would suppression of IL-12 secretion have 
‘on the immune response? 

A. Because IL-12 promotes the development of the THI 
response, reduced expression will tend to reduce macraphage- 
‘mediated immunity, 


In isolation, CR3 is not an activating receptor. It 
requires cooperation from other receptors, most notably 
Fe receptors, for pathogen killing. Helminths have also 
exploited this chink in the immune armoury. Hookworm 
NIF has been shown to bind a domain in the o subunit 
of CR3, presumably to downregulate cell-mediated 
immunity. 


T AND B CELLS ARE PIVOTAL IN THE 
DEVELOPMENT OF IMMUNITY 
In most parasitic infections, protection can be conferred 
experimentally on normal animals by the transfer of 
spleen cells, especially cells, from immune animals. 
‘The T cell requirement is also demonstrable because 
nude (athymic) or T-deprived mice fail to clear otherwise 
non-lethal infections of protozoa such as 7! asi or 
Plasmodinm yoelii, and cell-deprived rats fail to expel the 
intestinal worm Nippostrongylus brasiliensis (Fig. 15.8). 


Counter-intuitively, many parasites require signals 
from immune cells to thrive ~ for example, schistosomes 
fail to develop in the absence of hepatic CD4 
lymphocytes. 

B cells also play key roles in regulating and controlling 
immunity to parasites. For example: 

* B cells and antibodies are required for resistance to 
the parasitic gastrointestinal nematode Trichuris muris; 
and 

* passive transfer of IgG can protect people from malaria. 


Both CD4 and CD8 T ci 
protection from some pi 
‘The type of T cell responsible for controlling an infection 
varies with the parasite and the stage of infection, and 
depends upon the kinds of cytokine they produce, For 
example, CD4* and CD8*T cells protect against different 
phases of Plasmodium infection: 
* CD4 T cells mediate immunity against blood-stage P. 
oe, 
DS" TT cells protect against the liver stage of 
Plasmodium berghei 
‘The action of CD8* T cells is twofold: 
+ they secrete IENy, which inhibits the multiplication of 
parasites within hepatocytes; 
+ they are able to kill infected hepatocytes, but not 
infected erythrocytes. 


Q. By what mechanism are the hepatocytes killed, and why 
do the CDB" cells not recognize infected erythrocytes? 

A. The CDB* T cells recognize parasite antigens presented by 
MHC class I molecules and induce apoptosis in the target, via 
Fas ligand, tumor necrosis factor (TNF), lymphotoxin, and 
granzymes, Erythracytes do not express MHC molecules. 


‘The immune response against T. cruzi depends not only 
‘upon CD+ and CDS" T cells, but also on NK cells and 
antibody production; the same is true for the immune 
response against T° gondii 

CD8° T cells confer protection in mice depleted of 
CD# T cells, both through their production of IFNy and 
because they are cytotoxic for infected macrophages. 

NK cells, stimulated by IL-1 secreted by the 
macrophages, are another source of IFNy. 

Chronic infections are associated with reduced 
production of IFNy. 

‘These observations probably underlie the high 
incidence of toxoplasmosis in patients with AIDS, who are 
deficient in CD4" T cells. 

CD#* T cells are critical for the expulsion of intestinal 
nematodes and as immunity to T: muris can be transferred 
to a SCID (severe combined immune deficiency) mouse 
by the transfer of CD4° T cells alone there is no evidence 
for a role of CD8* T cells. 

‘The cytokines produced by CD4* T cells can be 
important in determining the outcome of infection. 
Helper'T cells have been phenotypically divided into Tl 
and TH2 and more recently regulatory T cell subsets 
hased on the cytokines produced. 

As Til and Tr? cells have contrasting and cross- 
regulating cytokine profiles, the roles of Tit] or TH? cells 
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Parasitic infections in T cell-deprived mice 


Fig. 15.8 The fist two graphs plot the increase in number of blood-borne protozoa 
(Garasitemi)fallowing infection. (1) T cruzi multiples faster (and gives fatal 
parasitemia) in mice that have been thymectomized and irradiated to destroy T cells 
(ym 2). n normal mice, paastes are cleared om the blood by day 16. 
Reconstitution ofTcell-deprived mice with T cel rom immune mice restores thee 
abit to ontrel the parasitemia, in these experiments both thymectomized groups 
were given fetal ver calls to restore val hematopoietic function, (2) yo causes a 
‘self-limiting infection in normal mice and the parasites are cleared from the blood by 
day 20, nude mice the parases continue to multiply, kling the mice after about 
30 days. (3) This graph lstrates the time course ofthe elimination ofthe intestinal 
‘nematode N. boss trom the gu f rats ln normal rats the worms ae ll 
expelled by dy 13, as determined by the numberof worm eggs present inthe até 
feces, T cells are necessary for this expulsion to occur, as shown by the establishment 


‘of a chronic infection in the gut of nude rats, 


in determining the outcome of parasitic infections have 
been extensively investigated. 

As a result of early studies, predominantly in mouse 
infections, certain dogmas have arisen suggesting that: 
* Tul responses mediate killing of intracellular 


‘A. Experiments with cytokine-knockout animals or cytokine 
blocking with specific antibady can determine whether a partic- 
lular cytokine is required, This can be confirmed by observing 
‘whether exogenously administered cytokine speeds recovery. 


pathogens; and 

+ T12 responses eliminate extracellular ones. 

However, this is very much an oversimplification of the 
true picture. 

Although the T111/TH2 paradigm may be a useful tool 
in some situations, itis probably more realistic to consider 
that ‘TuH1 and TH2 phenotypes represent the extremes of 
a continuum of cytokine profiles and that perhaps it may 
be more accurate to look at the role of the cytokines 
themselves in the resolution of infectious disease. 

Regulatory T cells are able to modulate the extremes of 
both TH? and Til responses. 


Cytokines, chemokines, and their receptors 
have important roles 


Q. What experimental methods can be used to elucidate 
whether a particular cytokine is needed to clear a parasite 
infection? 


Cytokines not only act on effector cells to enhance 
their cytotoxic or cytostatic capabilities, but also act as 
growth factors to increase cell numbers, while chemokines 
attract cells to the sites of infection, ‘Thus in malaria, the 
characteristic enlargement of the spleen is caused by an 
enormous increase in cell numbers. 
(Other examples include: 
+ the accumulation of macrophages in the granulomas 
that develop in the liver in schistosomiasis; 
‘+ the eosinophilia characteristic of helminth infections; 
and 
‘the recruitment of eosinophils and mast cells into the 
gut mucosa that occurs in worm infections of the 
gastrointestinal tract. 
‘Macosal mast cells and eosinophils are both important in 
determining the outcome of some helminth infections and 
proliferate in response to the products of T cells ~ IL-3 
and_granulocyte-macrophage colony stimulating fictor 
(GM-CSP), and IL-5, respectively. 
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However, an increase in cell number can itself harm the 
host. Thus administration of IL-3 to mice infected with 
Leishmania major can exacerbate the local infection and 
increase the dissemination of the parasites, probably 
through the proliferation of bone marrow precursors of 
the cells the parasites inhabit. 

IL-10 and transforming growth factor-B (TGFB), the 
regulatory cytokines (see Chapter 11), downregulate the 
proinflammatory response and thus minimize pathological 
damage. 

Chemokines are key molecules in recruiting immune 
cells by chemotaxis, but also act in leukocyte activation, 
hematopoiesis, inflammation, and antiparasite immunity. 

Protozoan parasites have been most studied in the 
context of chemokines and their diverse roles in the 
parasite-host relationship. For example, 7 gondii possesses 
cyclophilin-18, which binds to the chemokine receptor 
CGRS and induces IL-12 production by dendritic cells. 


T cell responses to protozoa depend on 

the species 

‘T cell-mediated immunity operating to control protozoan 
parasites depends on the species of animal infected and the 
location and complexity of the parasite life cycle within 
the host. 

For example, in mouse models, the induction of TH 
cells with concomitant upregulation of IENy and nitric 
oxide (NO*) is crucial for protection of mice from 
leishmania. Strains of mice driving T12 responses on 


infection, manifested by high levels of IL-4, I-13, IL-10, 
and antibody, develop progressive and ultimately lethal 
disease (Fig. 15.9). 

‘The polarization of helper T cell responses in murine 
models does not conveniently translate to humans, where 
both THI and ‘TH2 responses appear to be involved in 
protection. 

‘The importance of ‘THI cells to protection from 
‘toxoplasmosis is also evident in murine models. 

For malaria, the Ti#1/T12 paradigm is also somewhat 
contradictory and less helpful in understanding immunity. 
This is because the type of immune response mounted 
and the ensuing risk of pathology depends on whether the 
first exposure to the parasite occurs during infancy or 
adulthood. 

Asa consequence immunity to malaria is best thought 
of in the contest of regulated iil responses. Thus, in 
endemic populations, primary malaria infections in infants 
induce low levels of IFNy and TNFa via an innate 
pathway (potentially involving dendritic cells), which leads 
to T cell priming. 

‘The infection induces minimal pathology and the para- 
sites can be cleared, either immunologically via maternal 
antibody or because parasites fail to thrive in fetal 
hemoglobin, 

On reinfection, the malaria-primed T° cells produce 
massive amounts of IFNy and TNFa. leading to an 
increased risk of unwanted pathology, including cerebral 
malaria. 


Development of the immune response to Leishmania major and Trichuris muris infection 
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Q. What effects will IFNy and TNFa have on cerebral blood 
vessels? 

A. These cytokines cause an increase in adhesion molecules 
(ICAM-1, VCAM-1) and synthesis of inflammatory chemokines 
(CCL2, CKCLIO) producing leukocyte migration into the brain 
(see Chapter 6). They also cause an increase in the permeability 
of the vessels so that large serum molecules enter the CNS, and 
ionic equilibria are disturbed. This is referred to as a breakdown 
in the blood-brain barter 


Further infections induce effective anti-parasite immu- 
nity principally through the development of an individ- 
ual’s own repertoire of high-affinity antibodies, which 
inhibit parasite development. 

‘This change in immune environment ultimately leads 
toa switch in TT cell phenotype from THI to a regulatory 
T cell phenotype in which raised levels of IL-10 and 
‘TGFB can be detected. 

By contrast, non-immune individuals who contract 
malaria for the first time in adulthood are unable to 
control their infections and are more likely to develop 
severe pathology. 

‘This is believed to arise from cross-reactively primed 
T cells generated against other microbes that appear to 
contribute to the development of severe disease. 


‘The immune response to worms depends 

upon TH2-secreted cytokines 

IgE and eosinophilia are the hallmarks of the immune 

response to worm infections, and depend upon cytokines 

secreted by TH2 cells (see Fig. 15.9) 

In humans schistosomiasis and infection with gastro- 
intestinal nematodes, resistance to reinfection after drug 
treatment is correlated with the production of IgE and 
high pre-treatment levels of TH2 cytokines such as IL-4, 
IL-5, and 11-13 

‘The primary stimuli for 'TH2 development in schisto- 
somiasis are egg antigens. Similarly the excretory and 
secretory products of nematodes have been shown to 
polarize cells towards Tri? responses. Again the control of 
‘T cell phenotype seems to be exerted by the dendritic cell 
afier exposure to these substances. 

‘The mechanisms of induction of TH2 responses are less 
well understood than Till responses. 

* one hypothesis, the default hypothesis, suggests that 
unless the triggers for THI responses are received 
(including high IL-12), TH2 responses occur; 

* more recent evidence, however, suggests that specific 
signals induce the T cell to make TH2 cytokines, 
probably including cell-cell interactions. 

‘The pattern of cytokine production in infected hosts 

may be different from that in vaccinated hosts. For 

example: 

in mice infected with. mansoni, 1L-5-prodacing Te 
cells predominate; 

* in mice that have been immunized, IgE. levels and 
eosinophil numbers are low and itl cells predominate. 

IFNy activates effector cells that destroy ung stage larvae, 

via the production of NO*. 


Q. How does IFNy lead to the production of NO"? 
‘A. It causes the praduction of inducible NO synthase in 
macrophages (see Fig. 9.31). 


However, when adult worms start to produce egys, a 
soluble egg antigen is released that has an effect only in 
susceptible mice. The antigen reduces levels of IFNy and 
increases production of IL-5. 

‘Tr2 cytokines control effector mechanisms important 
in controlling intestinal worm infections. Perhaps the 
example that demonstrates this most clearly is 7: muris 
infection in mice. 

* animals normally resistant to infection develop per- 
sistent infections in IL-4 and/or IL-13 knockout mice; 

+ conversely, susceptible mice expel the worms if IL-+ 
activity is promoted by administration of neutralizing 
antibody against IFNy. 

‘The role of IFNy in promoting chronic infection is again 

shown by the administration of IL-12 to mice soon 

after infection with the intestinal worm Nippustrongylus 

brasiliensis (Fig. 13.10). 

N, brasiliensis stimulates IFNy production, which delays 
expulsion of the worms. 

IL-12 acts by inhibiting the production of TH2 
cytokines ~ in particular IL-4 and IL-5, thereby pre- 
venting the production of IgE, eosinophilia, and mast cell 
hypertrophy. IL-9 is another 'TH2 cytokine that seems to 
be important in resistance to intestinal nematode infection 


Course of infection with Nippostrongylus brasiliensis in 


"— Nippostrongylus brazlionsis infection in Balbic 
infection attr administration of 12 and antitFNy 
infection after administration of I-12 


Fig. 15.10 The normal course af infection in Balb/c mice is 
that worms will be expelled by day 11. Ths is associated with, 
2 response. If L-12 is administered straight after infection 
TA response is promated and as a result more worms 
establish and the infection is maintained for longer. If I-12 is 
administered, but IFNy is neutralized, this result i reversed. 
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and is involved in the production of mucosal mast cell 
responses and the production of IgE. 

IL-9 transgenic mice that produce higher levels of this 
cytokine have enhanced expulsion of T: murs. 

What is clear from a number of studies is that there is 
no single mechanism by which a ‘TH2 response mediates 
expulsion of all intestinal worms. 

Phe species of worm, its anatomical position within the 
gut, and the immune status of the host are all factors likely 
to influence whether a particular immune mechanism will 
be effective at promoting worm loss. 


The host may isolate the parasite with 
inflammatory cells 

In some parasitic infections, the immune system cannot 
completely eliminate the parasite, but reacts by isolating 
the organism with inflammatory cells. The host reacts to 
released antigen, which stimulates the production 
of cytokines that recruit cells to the region. An example of 
this has been shown in mice vaccinated with radiation 
attenuated schistosome cercariae. Infiltrating cells, which 
are mostly Tttl-type lymphocytes, surround the Iung- 
stage larvae as early as 24 hours after intravenous 
challenge infection, This prevents subsequent migration 
to the site necessary for development into the adult 

arasite, 

POvThe schistosome egg gramufoma in the liver ix another 
example of the host reacting by ‘walling of? the parasite. 
‘This reaction is a chronic cell-mediated response to 


soluble antigens released by eggs that have become 

trapped in the liver. Macrophages accumulate and release 

fibrogenic factors, which stimulate the formation of 
granulomatous tissue and, ultimately, fibrosis. Although 
this reaction may benefit the host, in that it insulates the 
liver cells from toxins secreted by the worm eggs, itis also 
the major source of pathology, causing irreversible 
changes in the liver and the loss of liver funetion. In the 
absence of T cells, there is no granuloma formation 
and no subsequent fibrous encapsulation. 

Different mechanisms may affect: 

+ worms that inhabit different anatomical sites, such as 
the gut (e.g. T trichura) or the tissues (e.g. Onchoceraa 
volvulus); and 

* different stages of the life cycle (e.g. schistosome larvae 
in the lungs and adult worms in the veins). 


Parasites induce non-specific and specific 
antibody production 
‘Many parasitic infections provoke a non-specific hyper- 
gammaglobulinemia, much of which is probably due to 
substances released from the parasites acting as B cell 
mitogens. 

Levels of total immunoglobulins are raised: 
+ IgM in trypanosomiasis and malaria; 
+ IgG in malaria and visceral leishmaniasis. 
‘The relative importance of antibody-dependent and 
antibody-independent responses varies with the infection 
and host (Fig. 15.11). 
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Fig. 15.11 This table summarizes the relative importance of the 
‘two immune responses, the mechanisms involved, and, for 
antibody, the means by which the protozoon can evade 
‘damage by antibody. Antibody is the most important part of 
the immune response against those parasites that live in the 
blood stream, such as African trypanosomes and malarial 
parasites, whereas cell-mediated immunity is active against 
‘those like leishmania that live in the tissues. Antibody can. 
damage parasites directly, enhance their clearance by 


phagocytosis, activate complement, or block their entry into 
‘their host cell and so limit the spread of infection. Once inside 
the cell the parasite is safe from the effects of antibody. 
‘Trypanosoma cruzi and Leishmania spp. are both susceptible to 
the action of oxygen metabolites release by the respiratory 
burst of macrophages, and to NO*. Treating macrophages with 
‘cytokines enhances release of these products and diminishes 
the entry and survival of the parasites. (ADCC, antibody- 
dependent cell-mediated cytotoxicity) 
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‘Mechanisms by which specific antibody controls some parasitic infections 
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Fig. 15.12 (1) Direct damage, Antibody activates the classical 
complement pathway, causing damage to the parasite 
membrane and increasing susceptibility to other mediators. (2) 
‘Neutralization. Parasites such as Plasmodium spp. spread to new 
Cells by specific receptor attachment; blocking the merozoite 
binding site with antibody prevents attachment to the 
receptors on the erythrocyte surface and prevents further 


‘The mechanisms by which specific antibody can 
control parasitic infections and its effects are summarized 
in Fig. 15.12. Antibody: 

* can act directly on protozoa to damage them, either 
by itself or by activating the complement system 
(Fig. 15.13); 

can neutralize a parasite directly by blocking its 
attachment to a new host cell, as with Plasmodium spp., 
whose merozoites enter red blood cells through a 
special receptor ~ their entry is inhibited by specific 
antibody (Fig. 15.14); 

may prevent spread (e.g. in the acute phase of infection 
by Th 

can enhance phagocytosis by macrophages ~ phago- 
cytosis is increased even more by the addition of 
complement; these effects are mediated by Fe and C3 
receptors on macrophages, which may’ increase in 
number as a result of macrophage activation; 

is involved in antibody-dependent cell-mediated 
cytotoxicity (ADCO), for example in infections caused 
by i, T. spiralis, 8, mansoni, and filarial worms ~ 
cytotoxic cells such as macrophages, neutrophils, and 
eosinophils adhere to antibody-coated worms by means 
of their Fe and C3 receptors and degranulate, spilling 
their toxic contents onto the worm. 

Different antibody isotypes may have different effects. In 
individuals infected with schistosomes, parasite-specific 
IgE and IgA are associated with resistance to infection and 
there is an inverse relationship between the amount of IgE 
in the blood and reinfection. 


‘multiplication, (3) Enhancement of phagacytosis. Complement 
3b deposited on the parasite membrane opsonizes it for 
phagocytosis by cells with C3b receptors (e.g. macrophages). 
Macrophages also have Fe receptors. (4) Eosinophil, 
neutrophils, platelets, and macrophages may be cytotoxic for 
some parasites when they recognize the parasite via specific 
antibody (ADCC). The reaction is enhanced by complement. 


Direct effect of specific antibody on sporozoites of 
malaria parasites 


Fig. 15.13 These scanning electran micragraphs show a 
‘porozolte of P berghei, which causes malaria in rodents, 
before (1) and after (2) incubation in immune serum. The 
surface of the sporozoite is damaged by the antibody, which 
perturbs the outer membrane, causing leakage of fluid 
‘Specific antibody protects against infection with Plasmodium 
“pp. at several of the extracellular stages of the life cycle. The 
antibody is stage specific in each case, (Courtesy of Dr R 
Nussenzweig) 
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Effect of antibody on malarial parasites 


gametocytes 


Fig. 15.14 (1) Transfer of y-globulin from immune adults to a 
child infected with Plasmodium falciparum caused a sharp drop 
in parasitemia. Specific antibody acts at the merozoite stage in 
the life of the parasite and prevents the initiation of further 
cycles of multiplication in the blood. The development of 
‘gametocytes fram existing intracellular forms is unaffected. (2) 
In culture, the presence of immune serum blocks the 
Continued increase in number of Plasmodium knowles! (a 
‘malarial parasite of monkeys), as measured by incorporation of 
Hteucine. It stops multiplication at the stage after schizont 
rupture by preventing the released merozoites from invading 
{fresh red blood cell, The inhibitory activity of the immune 
serum can be reduced by prior absorption of the specific 
antibody with free schizonts, 


Q. What roles does IgE have in immune defense? 
A. Igé mediates inflammation by binding to mast cells and 
‘basophils, sensitizing them to parasite antigens. Additionally it 
‘aan act as an apsonin for easinophils (see Chapter 3). 


IgG4 appears to block the action of IgE; reinfection is, 
more likely in children who have high levels of IgG4. 
Class switching to IgG4 appears to occur in the context of 
a modified T112 response involving the induction of Tregs. 

‘The development of immunity seems to depend upon a 
switch from IgG+ to IgE that occurs with age ~ infection 
rates are highest in 10-14-year-olds when IgG# levels are 
also at their highest. 

In many infections it is difficult to distinguish between 
cell-mediated and antibody-mediated responses because 
both can act in concert against the parasite. ‘This is illus- 
trated in Fig. 15.15, which summarizes the immune reac~ 
tion that can be mounted against schistosome larvae. 


EFFECTOR CELLS SUCH AS 
MACROPHAGES, NEUTROPHILS, 
EOSINOPHILS, MAST CELLS, AND 
PLATELETS CAN ATTACK PARASITES 
Antibody and cytokines produced specifically in response 
to parasite antigens enhance the anti-parasitic activities 
of all these effector cells, though tissue macrophages, 
monocytes, and granulocytes have some intrinsic activity 


before enhancement. ‘The point of entry of the parasite is 

obviously important, for example: 

* the cercariae of S. mansoni enter through the skin — 
experimental depletion of macrophages, neutrophils, 
and eosinophils from the skin of mice increases their 
susceptibility to infection; 

+ trypanosomes and malarial parasites entering the blood 
are removed from the circulation by phagocytic cells in 
the spleen and liver; 

+ comparison of strains of mice with various immuno- 
logical defects for their resistance to infection by 
‘Tiypanosoma rhodesiense shows that the African try 
panosomes are destroyed by macrophages, and later 
in infection, when opsonized with antibodies and 
complement C3b, they are taken up by macrophages in 
the liver more quickly stil. 

Before acting as APCs initiating an immune response, 

macrophages act as effector cells to inhibit the multi- 

plication of parasites or even to destroy them. They also 
secrete molecules that regulate the inflammatory response: 

* some of these molecules ~ IL-1, IL-12, TNFa, and 
the colony stimulating factors (CSFs) — enhance 
immunity by activating other cells or stimulating their 
proliferation; 

+ others, like IL-10, prostaglandins, and TGEB, may be 
anti-inflammatory and immunosuppressive. 


Macrophages can kill extracellular parasites 
Phagocytosis by macrophages provides an_ important 
defense against the smaller parasites. Macrophages also 
secrete many cytotoxic factors, enabling them to kill 
parasites without ingesting them. 

When activated by cytokines, macrophages can kill 
both relatively small extracellular parasites, such as the 
erythrocytic stages of malaria, and also larger parasites, 
such as the larval stages of the schistosome. Macrophages 
also: 

* actas killer cells through ADCC.~ specific IgG and IgE, 
for instance, enhance their ability to kill schistasomules, 
+ secrete cytokines, such as ‘TNFa. and IL-1, which 
interact with other types of cell, for example rendering, 
hepatocytes resistant to malarial parasites. 
Reactive oxygen intermediates (ROIs) are generated by 
‘macrophages and granulocytes following phagocytosis of 
T cruzi, T. gondii, Leishmania spp., and malarial parasites, 
for instance, Filarial worms and schistosomes also stim- 
ulate the respiratory burst. 

‘When activated by cytokines, macrophages release 
more superoxide and hydrogen peroxide than normal 
resident macrophages, and their oxygen-independent 
Killing mechanisms are similarly enhanced. 

Nitric oxide, a product of L-arginine metabolism, is 
‘one of the potent oxygen-independent toxins. Its syn- 
thesis by macrophages in mouse experimental systems is 
induced by the cytokines IFNy and TNFa. and is greatly 
increased when they act synergistically. NO" can also 
be produced by endothelial cells. It contributes to host 
resistance in leishmaniasis, schistosomiasis, and malaria, 
and is probably important in the control of most parasitic 
infections (see Fig. 15.15). For instance, the innate resist- 
ance to infection by T: gondii that is lost in immuno- 


EFFECTOR CELLS CAN ATTACK PARASITES 


Possible effector responses to schistosomules 


neutrophil macro 


Fig. 15.15 The various effector mechanisms. 
shown. Complement alone damages worms 


parasite antigens 


phage 


damaging schistosomes in vitro are 
(1) and also does so in combination with 


antibody (2) Til cells may act directly, reducing the number of larvae in the lungs 
). Antibody senstizes neutrophil (4), macrophages (8), platelets (6), and eosinophils 


(7) for ADCC. Neutrophils and macrophages 


probably act by releasing toxic oxygen 


and nitrogen metabolites, whereas eosinophils damage the worm tegument by the 
release of major basic protein (MBP) plus reactive oxygen intermediates (RON). The 
response is potentiated by cytokines (e.g. TNFa). IgE antibody is important in 
sensitizing both eosinophils and local mast cells, which release a variety of mediators, 


Including those that activate the eosinophils. 


compromised individuals appears to be due to the 
inhibition of parasite multiplication by such an oxygen- 
independent mechanism. 


Activation of macrophages is a feature of 
early infection 
All macrophage effector functions are enhanced soon after 
infection. Although their specific activation is by cytokines 
secreted by T cells (e.g. IFNy, GM-CSF, IL-3, and IL-4), 
they can also be activated by  cell-independent mecha- 
nisms, for example: 
* NK eels seurete IFNy when stimulated by I-12 
produced by macrophages; 
macrophages secrete TNFa. in response to some 
parasite products (e.g. phospholipid-containing anti- 
gens of malarial parasites and some Trace’ antigens) — 
this TNFa: then activates other macrophages. 
Although TNFa may be secreted by several other cell 
types, activated macrophages are the most important source 
of TNFa, which is necessary for protective responses 
to several species of protozoa (e.g. Leishmania spp.) and 
helminths, Thus TNFet activates macrophages, eosinophils, 
and platelets to kill the larval form of S. mansoni, its effects 
being enhanced by IFNy. 

“TNFa. may have harmful as well as beneficial effects on 
the infected host, depending upon the amount produced 
and whether itis free in the circulation or locally confined. 
Serum concentrations of TNFe in falciparum malaria 


correlate with the severity of the disease. Administration 
of TNFa cures a susceptible strain of mice infected with 
the rodent malarial parasite Plasmodium chabrudi, but 
kills a. genetically resistant strain, Presumably the latter 
can already make enough ‘TNFa. to control parasite 
replication, and any more has toxic effects. 


Neutrophils can kill large and small parasites 
‘The effector properties displayed by macrophages are 
also seen in neutrophils. Neutrophils are phagocytic 
and can kill by both oxygen-dependent and oxygen- 
independent mechanisms, including NO". They produce a 
more intense respiratory burst than macrophages and 
their secretory granules contain highly cytotoxic proteins, 


Q Which groups of cytotoxic protein are found in 
neutrophil granules? 
A. Defensins, seprocidins, and cathelicidins (see Chapter 2). 


Neutrophils can be activated by cytokines, such as 
IFNy, TNFa, and GM-CSF. 

Extracellular destruction by neutrophils is mediated 
by hydrogen peroxide, whereas granular components are 
involved in the intracellular destruction of ingested 

"Reurcophils are present ia parsiceinfected inflam- 
matory lesions and probably act to clear parasites from 
bursting cell, 
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Like macrophages, neutrophils bear Fe and comple- 
‘ment receptors and can participate in antibody-dependent 
cytotoxic reactions to kill the larvae of S. mansoni, for 
example. In this mode, they can be more destructive than 
eosinophils against several species of nematode, including 
T. spiralis, though the relative effectiveness of the two 
types of cell may depend upon the isotype and specificity 
of antibody. 


Eosinophils are characteristically associated 
with worm infections 
Tehas been suggested that: 
the eosinophil evolved specifically as a defense against 
the tissue stages of parasites that are too large to be 
phagocytosed; and 
+ the Igi-dependent mast cell reaction has evolved 
primarily to localize eosinophils near the parasite and 
enhance their anti-parasitic Functions. 
‘The importance of eosinophils in vivo has been shown by 
experiments using antiserum against eosinophils. Mice 
infected with T. spiralis and treated with the antiserum 
develop more cysts in their muscles than the controls ~ 
without the protection offered by eosinophils, the mice 
cannot eliminate the worms and so encyst the parasites to 
minimize damage. 

However, recent work has shown that although 
eosinophils can help the host to control a worm infection, 
particularly by limiting migration through the tissues, they 
do not always do so. For instance, their removal does not 
abolish the immunity of mice infected with S, masoni, nor 
does this increase the parasite load in a tapeworm infection. 

Removal of IL-5, which is important in the generation 
and activation of eosinophils, did not change the outcome 
of T spiralis or T. muris infection, In contrast the infec~ 
tivity of Strongyloides venesuelensis is enhanced in IL.-5- 
deficient mice. Although 7: spiralis worm burdens were 
not affected in a primary infection of IL-5 deleted mice, 
the worm numbers were significantly higher after 
challenge infection. 

‘The role of IL-5 and therefore eosinophils has also 
been suggested from human epidemiological studies on 
gastrointestinal nematode infections where, after drug 
treatment, low reinfection worm burdens were associated 
with high pre-treatment levels of IL-5. 

Elevated eosinophilia is often associated with high 
levels of IgE, both of which are hallmarks of infection with 
parasites. Although eosinophils express FeeR 1, most of the 
protein is confined to the cytoplasm, and there is little 
evidence for IgE-dependent function. 


Eosinophils can kill helminths by oxygen-dependent 
and independent mechanisms 

Eosinophils are less phagocytic than neutrophils. They 
degranulate in response to perturbation of their surface 
membrane and their activities are enhanced by cytokines 
such as TNFa and GM-CSF. Most of their activities, 
however, are controlled by antigen-specific mechanisms. 
“Thus their binding in vitro to the larvae of worms coated 
with IgE or Ig (e.g. S. mansoni and spiralis) increases 
the release of their granular contents onto the surface of 
the worms (see Fig. 15.15), 


‘Damage to schistosomules can be caused by the major 
basic protein (MBP) of the eosinophil crystalloid core. 
‘MBP is not specific for any particular target, but because 
it is confined to a small space between the eosinophil and 
the schistosome, there is little damage to nearby host cells. 


Eosinophils and mast cells can act together 
‘The killing of S. mansoni larvae by eosinophils is enhanced 
by mast cell products, and when studied in vitro 
eosinophils from patients with schistosomiasis are found 
to be more effective than those from normal subjects. The 
antigens released cause local IgE-dependent degranulation, 
of mast cells and the release of mediators. ‘These selec- 
tively attract eosinophils to the site and further enhance 
their activity. Other products of eosinophils later block the 
‘mast cell reactions. ‘These effector mechanisms may fune- 
tion in vivo, as has been shown in monkeys, where schisto- 
some killing is associated with eosinophil accumulation. 


Mast cells control gastrointestinal helminths 
Inthe case of 1: spiralis and Heligmasomaides polygyras there 
is good evidence to suggest the involvement of mucosal 
‘mast cells (Fig. 15.16). 


Section through the gut of a mouse infected with 


Fig. 15.16 (1) Gut of an uninfected mouse. (2) Gut of an 
Infected mouse. The crypts have shortened and a large influx 
fof mast cells can be clearly seen. 


PARASITES HAVE MANY DIFFERENT ESCAPE MECHANISMS 


‘Mast cells contain a number of lipid mediators, such as 
prostaglandins, proteases, and histamine. In addition, they 
also representa source of cytokines such as IL-3, IL-4, IL~ 
5, GM-CSF, and TNFa. 

Following mast cell activation, the mast cell contents 
are released resulting in changes to the permeability of 
the intestinal epithelium and ultimately an environment 
that appears hostile for continued 7. spiralis survival. By 
contrast, expulsion of N. brasiliensis and T muris still pro- 
ceeds normally following depression of mastocytosis, sug- 
gesting that the mast cel is not the major effector cell type. 

‘Therefore, although TH2 cytokines are critical’ for 
the elimination of worms from the gut, the exact effector 
mechanism operating may vary. 


Platelets can kill many types of pi 
Potential targets for platelets include the 
flukes, 7. gondii, and T. crusi. 

Like other ‘effector cells, the cytotoxic activity of 
platelets is enhanced by treatment with cytokines (e.g. 
IFNy and TNFa). In rats infected with S. mansoni, 
platelets become larvicidal when acute phase reactants 
appear in the serum but before antibody can be detected. 
Incubation of normal platelets in such serum can cause 
their activation. 

Platelets, like macrophages and the other effector cells, 
also bear Fee receptors on their surface membrane, by 
which they mediate antibody-dependent cytotoxicity 
associated with IgE. 


PARASITES HAVE MANY DIFFERENT 
ESCAPE MECHANISMS 
vis a necessary characteristic of all successful parasitic 
infections that they can evade the full effects of their host’s 
immune responses. Parasites have developed many 
different ways of doing this. Some even exploit cells and 
molecules of the immune system to their own advantage ~ 
Leishmania parasites, by using complement receptors to 
effect their entry into macrophages, avoid triggering the 
oxidative burst and thus destruction by its toxie products, 
Despite their protective role in the immune response to 
many different parasites: 
* host TNFa actually stimulates egg production by adult 
worms of S. mansoni; 
* IFNyis used as a growth factor by T: brace 


Parasites can resist destruction by 

complement 

In the case of Leishmania, resistance correlates with 

virulence: 

* L. tropica, which is easily killed by complement, causes 
a localized self-healing infection in the skin; whereas, 

# L donovani, which is ten times more resistant 10 
complement, becomes disseminated throughout the 
viscera, causing a disease that is often fatal. 

‘The mechanisms whereby parasites can resist the effect of 

complement differ: 

© the lipophosphoglycan (LPG) surface coat of L. major 
activates comple-ment, but the complex is then shed so 
the parasite avoids lysis; 


+ the trypomastigotes of 7: crusi bear a surface glyco- 
protein that has activity resembling the decay accel- 
erating factor (DAF) that limits the complement 
reaction. 

‘The resistance that schistosomules acquire as they mature 

is also correlated with the appearance of a surface 

molecule similar to DAE 


Intracellular parasites can avoid being killed 

by oxygen metabolites and lysosomal 

enzymes 

Intracellular parasites that live inside macrophages have 

evolved different ways of avoiding being killed by oxygen 

metabolites and lysosomal enzymes (Fig. 15.1 

* T. gondii penetrates the macrophage by a non- 
phagocytic pathway and so avoids triggering the 
oxidative burst; 

* Leishmania spp. can enter by binding to complement 
receptors ~ another way of avoiding the respiratory burst. 

Leishmania organisms also possess enzymes such as 

superoxide dismutase, which protects them against the 

action of oxygen radicals 

Tt can be demonstrated that the vacuole in which 
Leishmania organisms survive is lyosomal in nature (Fig. 
15.18), but the parasites have evolved mechanisms that 
protect it against enzymatic attack. The LPG surface 
coat not only acts as a scavenger of oxygen metabolites 
and affords protection against enzymatic attack, but a 
glycoprotein, Gp63 (Fig. 15.19), inhibits the action of the 
macrophage’s lysosomal enzymes. 

Leishmania spp. can also downregulate the expression of 
MHC class II molecules on the macrophages they inhabit, 
thus reducing their capacity to stimulate Tit cells. 

‘These escape mechanisms, however, are less efficient in 
the immune host. 


Q Why would reduction in MHC molecule expression be 
less effective in an immune host? 

A. In immune hosts, the release of IFNy enhances MHC 
‘molecule expressian by APCs, In addition the level of stimulation 
required by a primed T cells less than for a naive T cell, due in 
part to its enhanced level of receptors far co-stimulatory signals 
(see Chapter 7). 


Parasites can disguise themselves 
Parasites that are vulnerable to specific antibody have 
evolved different methods of evading its effects. 


The African trypanosome undergoes antigenic 
variation 
‘The molecule that forms the surface coat of the African 
trypanosome, the variable surface glycoprotein (VSG), 
changes to protect the underlying surface membrane from 
the host's defense mechanisms. New populations of 
parasites are antigenically distinct from previous ones 
(Figs 15.20 and 15.21). 

Several antigens of malarial parasites also undergo 
antigenic variation. 

For example, the P falciparum erythrocyte membrane 
protein-1 (PFEMP!1) ‘is extremely polymorphic and 
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‘The different ways by which protozoa that multiply within macrophages 
escape digestion by lysosomal enzymes 


1. dead parasite in 
‘phagosome ~ fusion 
with lysosome 
fusion 
2. live parasite in 
‘endosome -no 
fusion with 
lysosome 


divide fee 
cytoplasm 


1. parasite killed in 
phagosome 
following lysosomal 


1. parasites resist 
lysosomal enzyme 
‘and divide inside 
‘phagosome 


2. parasites escape 
‘phagosome and 


Fig. 15.17 T. gondii - Live parasites enter the cell actively into a membrane-bound 
vacuole. They are not attacked by enzymes because lysosomes do not fuse with this 
vacuole. Dead parasites, however, are taken up by normal phagocytosis into a 
phagosome (by interaction with the Fe receptors on the macrophage if they are 
coated with antibody) and are then destroyed by the enzymes of the lysosomes that 
fuse with it. T. cruzi ~ Survival of these parasites depends upon their stage of 
development; trypomastigotes escape fram the phagosome and divide in the 
‘cytoplasm whereas epimastigotes do not escape and are killed. The proportion of 
parasites found in the cytoplasm is decreased If the macrophages ate activated. 
Leishmania spp. — These parasites multiply within the phagosome and the presence of 
2 surface protease helps them resist digestion If the macrophages ate first activated 
by cytokines, the number of parasites entering the cell and the number that replicate 


diminish, 


is lysosomal in nature 


Fig 15.18 (1) Immunofluorescence of Leishmania mexicana- 
infected murine macrophages probed with a rhodamine- 
conjugated ant-ubulin antibody to ilutrate the parasite 
(stained yellow/ted) and a florescein-conjugated monoclonal 
antibody, which reacts with the late endosomal/ysosomal 
‘marker LAMP-1 (stained green). (2) Immunoelectron 
micrograph of L. mexicana-infected murine macrophage 
probed with gold-labeled ant-cathepsin D demonstrating the 
lysosomal aspartic proteinase in the leishmanial vacuole. 
(Courtesy of Dr David Russell 


variable between different strains of the parasite because it 
is perpetually exposed to the immune system by its 
location on the red cell membrane. 


Other parasites acquire a surface layer of host 
antigens 

Other parasites, such as schistosomes, acquire a surface 
layer of host antigens so that the host does not distinguish 
them from ‘self. 

Schistosomules cultured in medium containing human 
serum and red blood cells can acquire surface molecules 
containing A, B, and H_ blood group determinants. 
‘They can also acquire MHC molecules and immuno- 
globulins. However, schistosomules maintained in a 
medium devoid of hast molecules also become resistant to 
attack by antibody and complement, as mentioned above. 


Some extracell 
immune attack 
Some species of protozoa (e.g. Entameba bistlytica) and 
helminths (e.g. 7: spiralis) form protective cysts, while 
adult worms of Onchocerv vofculus in the skin induce the 
host to surround them with collagenous nodules. 
Intestinal nematodes and tapeworms are preserved 
from many host responses simply because they live in 
the gut. 


rasites hide from 


lar pi 
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Two surface antigens of Leishmania 


1 p63 protein 


ethanolamine 


LOUDOUN 


Fig. 15.19 Schematic representation af two surface antigens 
‘f Leishmania that ate anchored to the membrane by 
phosphatidyinositol tals (GPI anchors) (1) This protein 
antigen, Gp63, has protease activity. That of L. mexicana, 
together with lipophosphaglycan (LPG), binds complement. 
This enables the promastigote to enter the macrophage 
through the C3 complement receptor. (2) This glycolipid 
antigen, a LPG, imparts resistance to complement-mediated 
Iysis. That af L mojar binds C3b, the third component of 
complement, enabling the promastigate to enter through the 
CRI complement receptor. Antibodies to both antigens canfer 
protection against murine cutaneous leishmaniasis. Nate that 
‘many coat proteins af parasites, such as the variable surface 
‘glycoprotein (VSG) of T. bruce, are naw known to be bound 
to the surface membrane by a GPl anchor. 


Some extracellular parasites can withstand 

immune attack 

There are numerous examples of simple, physical, 

protective strategies in parasites: 

* nematodes have a thick extracellular cuticle, which 
protects them from the toxic effects of an immune 
respons 

* the tegument of schistosomes thickens during 
‘maturation to offer similar protection; 


© the loose surface coat of many nematodes may slough 
off under immune attack; 
* tapeworms actually prevent attack by secreting an 
inhibitor, which stops attracting 
neutrophils. 


elastase them 


Many parasitic worms have evolved methods of resisting 


the oxidative burst. For instance, schistosomes have 


Antigenic variation in trypanosomes 


Fig, 15,20 Immunafluorescent labeling of trypanosomes with 
a Variant antigen-type specific monoclonal antibody (1). Panel 
(2) shows the same feld of view where the nuclel and 
Kinetoplasts of all the parasites are stained with a dye that 
binds to DNA. Only some of the parasites express a given 
antigen variant. (Courtesy of Dr Mike Turne) 


surface-associated glutathione _S-transferases, 

Onchocerca spp. can secrete superoxide dismutase. 
Some nematodes and trematodes have evolved an 

elegant method of disabling antibodies by secreting 

proteases, which cleave immunoglobulins, removing the 

Fe portion, and preventing their interaction with Fe 

receptors on phagocytic cells; for example, schistosomes 

Igk 


Most parasites interfere with immune 
responses for their benefit 
Parasites produce molecules that interfere with 
host immune function 
Parasites produce molecules that can affect the phenotype 
of the adaptive response, which may be to their own 
advantage (Figs 15.22 and 15.23). 

In leishmaniasis, T cells from patients infected with 
L, donovani when cultured with specific antigen do not 

IL-2 or IFNy, Their production of IL-1 and 

expression of MHC class IT molecules is also decreased, 
whereas se 


retion of prostaglandins is increased. IL-2, 


characteristic of Til responses, is also deficient in 
African 
trypanosomiasis, and Chagas’ disease. In mice infected 


other protozoal infections including malaria, 


with T. cruzi, a parasite product appears to interfere with 
expression of the IL-2 receptor. 

Filarial worms secrete a protease inhibitor that has been 
shown to affect the proteases critical in the processing of 
antigens to peptides resulting in the reduction of class II 
molecule presentation in filariasis. Onchocystatin 
such protease inhibitor 
proliferation and elicit the upr 


is also able to modulate T cell 


IL-10 


gulation of 


293 
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PHOTON SPACECRAFT. 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention is a spacecraft propulsion system 
that employs photon particles to generate a field of negative 
‘energy in order to produce lift on the bull, 


BACKGROUND OF THE INVENTION 


[0002] Referring 10 FIG. 1, an electromagnetic wave 
traveling in the z-direction consists of an electric E field 
vibrating in the x-direction and a magnetic flux density B 
field vibrating at right angles in the horizontal y-direction, 
‘The energy-stress-momentum of this photon can be ana- 
lyzed using Einstein's General Theory of Relativity and the 
Faraday F tensor. The Faraday tensor is a 4x4 matrix 
‘containing the electromagnetic wave components as shown, 
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[0003] ‘The elemental spacetime length ds squared is equal 

to sum of the squares of the Cartesian elemental lengths 
(aaa? 

‘The coefficients ofthis equation, {-1,1,1,1} are the diagonal 

‘components of the # metric tensor 
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‘The stress-energy-momentum tensor T can then be caleu- 
lated for the photon using the Faraday tensor and the g 
metric tensor in the following equation from gravitation 
physies 
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‘The stress-energy-momentum tensor indicates the curvature 
of space due to the application of electromagnetic fields, 
‘mass, angular momentum and charge. The mass of the Earth, 
for example, generates a negative curvature of spacetime 
such that objects fall toward the mass. The T tensor, which 
is also a 4x4 matrix, contains the momentum or flux tems 
in the first row and first column, The normal pressure stress 
is located along the diagonal, The shearing stresses are 
located off the diagonal. The energy term is in the upper left 
‘comer as depicted here, 
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[0004] Since B?=E7/c, the stress-energy-momentum ten= 
sor for the photon is therefore 


‘This remarkable result shows that the photon is actually a 
negative energy particle (top left comer) which is pushed 
along by a positive pressure wave (lower right comer). The 
particle has a positive flux (upper right comer) in the 
direction, as well as a balancing negative flux in the lower 
left comer so that the overall momentum of the universe 
remains the same, All four components cancel and we see 
the photon as a massless particle moving at the speed of 
Fight 
[0005] Thus the key idea behind this invention is that it is 
possible to cancel out the pressure term and leave astation- 
ary vibrating electromagnetic field of negative enengy over 
the hull ofthe spacecraft. The importance of negative enensy 
is tha itis @ prerequisite to generating wormholes between 
space and hyperspace. 
[0006] Hyperspace consists of the those co-dimensions 
‘which have different physics constants such as a low speed 
of light, The existence of hyperspace, which has a white 
misty look, is not a well-known scientific concept. Experi- 
‘menis with our magnetic vortex wormhole generators, 
hyperspace torque generator, full body levitation using Chi 
Kung breathing, arm levitation by spinning the co-gravita- 
jonal K field, full body teleportation through hyperspace a 
distance of 100 meters using a pulsed gravitational wave, 
jumping into hyperspace, having a plate of toast enfold off 
the breakfast table and disappear into thin air, walking 
through walls and doors out-of-dimension, looking into 
other dimensions, remote viewing through subspace to di 
tances of 100,000 light years, and other electromagnetic 
experiments carried out by co-researchers, have shown us 
the realty and existence of hyperspace. 
[0007] Referring to FIG. 2, the spacecraft consists of an 
“upper (1) and lower (2) hull attached by ceramic insulators 


[5__IMMUNITY TO PROTOZOA AND WORMS 


“Antigenic variation in African trypanosomes 
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Fig. 15.21 Trypanosome infections may fun for several months 
ving rise to successive waves of parasitemia. Graph (1) shows 
2 chart of the fluctuation in parasitemia in patient with 
sleeping sickness. Although infection was initiated by a single 
parasite, each wave is caused by an immunologically distinct 
population of parasites (a,b,c, d) protection is not afforded by 
antibody against any ofthe preceding variants. There isa 
‘strong tendency for new variants to appear in the same order 
in diferent hosts. Variation does not occur in immunologically 
compromised animals (.¢. animals treated to deprive them of 
‘some aspect of immune function). Graph (2) shows the time 


expression and is therefore able to modulate the T cell 
phenotype. Prostaglandins (PGs) produced by helminth 
parasites may also perform a similar role by modulating 
APC function. PGE, is produced by filarial parasites and 
tapeworms and blocks the production of IL-12 by den- 
dritic cells and thus may direct responses towards TH2. 

Phosphorylcholine (PC)-containing molecules are 
commonly found in infectious organisms and experiments 
using a nematode PC-bearing glycoconjugate, ES-62, 
have been shown to desensitize APCs to subsequent expo- 
sure to LPS and may therefore also skew against a THI 
response (LPS is a classical inducer of Til. responses). 
ES-62 is also able to inhibit proliferation by both 'T cells 
and B cells, causes a decrease in the level of protein kinase 
G rendering both B and cells anergic. 

Parasites also produce cytokine-like molecules mim- 
icking ‘TGFB, migration inhibitory factor (MIF), and a 
histamine-releasing factor. 

Genes encoding possible cytokine homologs are being 
found as part of the genome sequencing projects that are 
under way for many parasites. Although the sequences are 
related to cytokines or cytokine receptors, their functions 
remain to be established. 

Soluble parasite antigens released in huge quantities 
may impair the hosts response by a process termed 
immune distraction, Thus the soluble antigens (8 or 


‘course of production of antibody against four variants in a 
‘rabbit bitten by a tsetse fly carrying Trypanosoma brucei. 
“Antibody to successive variants appears shorty after the 
appearance of each variant and rises to a plateau. The 
appearance of antibody drives the parasite towards anther 
variant type. Graph (3) shows the kinetics of one cycle of 
antigenic variation. rat was infected with a homogeneous 
‘population of one variant (a) of. bruce. The secand wave of 
parasitemia develops as the new variant (b) emerges and 
predominates. 


heat-stable antigens) of P.fulciparum are thought to mop 
up circulating antibody, providing a ‘smokescreen’ and 
diverting the antibody from the body of the parasite. 

‘Many of the surface antigens that are shed are soluble 
forms of molecules inserted into the parasite membrane 
by a GPI anchor, including the VSG of T. brucei, the 
LPG or ‘exereted factor’ of Leishmania (see Fig. 15.19), 
and several surface antigens of schistosomules, These are 
released by endogenous phosphatidylinositol-specific 
phospholipases. 

‘The hypergammaglobulinemic immunoglobulins pro- 
duced by malaria parasites can bind to FeyRIIB, which 
‘may benefit the parasite. 


Q. Which cells express Fe/RIIB and what effect does ligation 
of this receptor have on them? 

A. B cells express the receptor and ligation inhibits antibody 
synthesis 


INFLAMMATORY RESPONSES CAN BE A 
‘CONSEQUENCE OF ELIMINATING 
PARASITIC INFECTIONS 

Immunosuppression is a common feature of chronic 
helminth infections, both parasite-specific and general- 


PARASITIC INFECTIONS HAVE IMMUNOPATHOLOGICAL CONSEQUENCES 


Some mechanisms by which parasites avoid host immunity 


Fig. 15.22 A summary of the various 
‘methods that parasites have evolved to 
avoid hast defense mechanisms. 
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ized. For example, patients with schistosomiasis and 
filariasis have diminished responsiveness to antigens from 
the infecting parasite. Studies have also shown diminished 
responses to bystander infections and vaccinations. ‘This 
spillover suppression may in fact be beneficial to the host 
in some situations. Reduced inflammatory responses have 
been observed in Helicobacter pylori infection and malaria. 

Parasites have co-evolved with humans over millions of 
years and until recently it was normal for people to carry 
worms, a fact that argues for their importance in the 
‘hygiene hypothesis’, which proposes that the rise in 
immune disorders, including allergies and autoimmune 
illness, is due to cleaner living conditions and the almost 
complete elimination of parasitic infections in westernized 
societies. 

‘The ability of parasites to suppress hyperactive immune 
responses is believed to be due to the induction of 
regulatory T cells (see Fig. 15.23). Understanding how 
regulatory TT cells, also known as suppressor cells, are 
induced and how they dampen immune responses is the 
focus of intensive research. It seems to be the dendritic 
cell that polarizes the T' cell towards a regulator pheno- 
type after exposure to parasite extracts. The schistosome 
lyso-PS with acyl chains not present on mammalian Iyso- 
PS was shown to activate dendritic cells via TLR2, which 


when incubated with T cells induced IL-10-producing 
regulatory T cells. 


PARASITIC INFECTIONS HAVE 
IMMUNOPATHOLOGICAL CONSEQUENCES 
Apart from the directly destructive effects of some 
parasites and their products on host tissues, many immune 
responses themselves have pathological effects. 

In malaria, African trypanosomiasis, and visceral 
leishmaniasis, the increased number and heightened activ- 
ity of macrophages and lymphocytes in the liver and spleen 
lead to enlargement of those organs. In schistosomiasis 
much of the pathology results from the cell-dependent 
granulomas forming around eggs in the liver. ‘The gross 
changes in individuals with elephantiasis are probably 
caused by immunopathological responses to adult filariae 
in the lymphatics. 

‘The formation of immune complexes is common — 
they may be deposited in the kidney, as in the nephrotic 
syndrome of quartan malaria, and may give rise to many 
other pathological changes. For example, tissue-bound 
immunoglobulins have been found in the muscles of mice 
infected with African trypanosomes and in the choroid 
plexus of mice with malaria, 
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Some immunomodulatory effects of parasites 
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Fig. 15.23 Interference with the host's immune response by 
molecules released by protozoa or worms. Parasite products act, 
via the APC to (1) interfere with antigen processing or 
presentation (e.g. protease inhibitors from fllaral parasites 
Interfere with proteases in the MHC signaling pathway and 
block antigen presentation); (2) induce suppressor 
‘macrophages, which can inhibit T cell proliferation; (3) induce 
regulatory T cells (e.g, lyso-PS fram schistasomes acts Via TLR. 
‘on dendritic cells to induce T cells that secrete IL-10, which 
Inhibits the inflammatory response). Parasite products may also 
affect lymphocytes to (3) make them become regulatory; (4) 


‘The IgE. of worm infections can have severe effects 
on the host due to release of mast cell mediators. 
Anaphylactic shock may occur when a hydatid cyst rup- 
tures, Asthma-like reactions occur in 7: canis infections 
and in tropical pulmonary eosinophilia when filarial 
worms migrate through the lungs. 

‘Autoantibodies, which probably arise as a result of 
polyclonal activation, have been detected against red 
blood cells, lymphocytes, and DNA (e.g. in trypanoso- 
miasis and in malaria). 

‘Antibodies against the parasite may cross-react with 
host tissues. For example, the chronic cardiomyopathy, 
enlarged esophagus, and megacolon that occur in Chagas’ 
disease are thought to result from the autoimmune effects 
fon nerve ganglia of antibody and cytotoxic cells that 
cross-react with 7! cruzi. Similarly O. vofculus, the cause of 
river blindness, possesses an antigen that cross-reacts with 
‘protein in the retina. 


luce Tor call tolerance by clonal exhaustion or by the 
Induction of anergy; (5) cause polyclonal activation (many 
parasite products are mitogenic to Tor B ces, and the high 
serum concentrations of non-specific IgM [and IgG] commonly 
found in parastic infections probably result from this polyclonal 
stimulation —its continuation is believed to lead to impairment 
of B cell function, the progressive depletion of antigen-eactve 
B calls, and thus immunosuppression); (6) directly inhibit the 
activation of T or B cells (e.g. ES-62, a secreted product of a 
‘ilarial parasites, i able to inhibit the proliferation of both T and 
Balls). 


Excessive production of cytokines may contribute to 
some of the manifestations of disease. Thus the fever, 
anemia, diarrhea, and pulmonary changes of acute malaria 
closely resemble the symptoms of endotoxemia and are 
probably caused by TNFa, The severe wasting of cattle 
with trypanosomiasis may also be mediated by ‘TNFa. 

A single parasite protein may produce multiple patho- 
logical effects, as seen with PIEMPI, coded by the var 
genes, and expressed on the surface of infected erythro- 
cytes (Fig. 15.24). 

Lastly, the non-specific immunosuppression that is so 
widespread probably explains why people with parasitic 
infections are especially susceptible to bacterial and viral 
infections (e.g. measles). It may also account for the 
association of Burkitts Iymphoma with malaria because 
malaria-infected individuals are less able to control 
infection with the Epstein-Barr virus that causes Burkitt's 
lymphoma, 


FURTHER READING 


Malarial pathology resulting from interactions with PIEMP1 
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Fig. 15.24 Malara-infected erythrocytes 
‘cause disease through many mechanisms 
involving the interaction between P 
falciparum erythrocyte membrane protein-1 
(PIEMP1) and diverse host receptors. 
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VACCINES AGAINST HUMAN PARASITES 
ARE NOT YET AVAILABLE 

Some vaccines composed of attenuated living parasites 
have proved suecessful in veterinary practice. However, so 
far there is none in use against human parasites, though 
much effort has been directed towards the development of 
subunit vaccines against malarial parasites and schisto- 
somes in particular. Some clinical trials of vaccines against 
malaria, based on combinations of putatively protective 
peptides, are in progress (see Chaprer 18). 

Parasite genome sequencing ventures and analysis of 
whole parasite proteomes are highlighting novel targets 
for both drug and vaccine design. These modern tech- 
nologies are providing startling insights into how parasite 
and host immune systems interact. For example, the 
malaria protein PEMP! encoded by var genes, known to 
be expressed in the red blood cell stage within the human 
host and implicated in immune evasion, has been identi- 
fied in the mosquito sporozoite stage, indicating that it 
may have several alternative functions (see Fig. 15.24). 
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Websites 

Various newsgroups on the www (though not all dedicated to 
‘immunology) can be accessed by exploring keywords 

Several discussion groups operate through the bionet, for example 
‘hep//wwwcbio.net/archives html (a parasitology mail newsgroup) 
and bep-/Avwo:parssitology.orguk (British Society 
Parasitology) 


for 


Critical thinking: Immunity to protozoa and helminths (see p. 497 for explanations) 


1 In general, protozoa and helminths adopt different strate- 
gies for survival and for transmission to the subsequent 
host. How do they differ? 

2. Many parasites have evolved to live in host cells. Consider 
the advantages and disadvantages to this mode of exis- 
tence. Consider the different cell types and how parasites 
hhave to adapt this environment to their advantage. In 
particular Toxoplasma gondii, Trypanosoma cruzi, and 


Leishmania spp. have adapted to live in the macrophage 
and can escape destruction by lysosomal enzymes, but the 
way in which they do this differs. How have these adap- 
tations helped parasite survival? 

3 Extracellular parasites have evalved sophisticated mecha- 
‘nisms to avoid the immune response. Consider examples af 
how they do this, 
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Immunodeficiency 


SUMMARY 


‘+ Primary immunodeficiency diseases result from intrinsic 
defects in immune system cells, complement components, 
and phagocytic cell. 


‘© Defects in B cell function result in recurrent pyogenic 
Infections. Defective antibody responses are due to 
failure of B cell function, as occurs in X-linked 
agammaglobulinemia, or failure of proper T cell signals 
to B cells, as occurs in hyper-IgM (HigM) syndrome, 
common vatlable immunodeficiency (CVID), and transient 
hypogammagiobulinemia of infancy. 


‘+ Poor T cell function results in susceptibility to 
opportunistic infections. Defective cell mediated immunity 
{is due to failure of T cell function, seen for example in 
severe combined immunodeficiency (SCID), MHC class I 
Geficiency,atava telangiectasia (AT, the Wiskott-Aldrich 
syndrome (WAS), and the DiGeorge anomaly. 


‘+ Hereditary complement component defects are found in 
number of clinical syndromes, the most common of 


which is that of the C1 inhibitor, which results in hereditary 
angiedema (HAE). Hereditary complement deficiencies of 
the terminal complement components (C5, C6, C7, and. 
(CB) and the altemative pathway proteins (factor H, factor |, 
and properdin) lead to extraordinary susceptibility to 
Infections with the two Neisseria species, N. gonortheae and 
IN. meningitidis. 


Genetic defects of phagocytes can result in averwhelming 
infection. Defects in the axygen reduction pathway of 
phagocytes, such that the phagocytes cannot assemble 
NADPH exidase and produce the hydrogen peroxide and 
‘oxygen radicals that kill bacteria, ae the basis of chronic 
‘granulomatous disease (CGD). The resulting persistence of 
bacterial products in phagocytes leads to abscesses or 
‘granulomas, depending on the pathogen. 


* Leukocyte adhesion deficiency (LAD) is associated with a 
persistent leukocytosis because phagocytic cells with 
defective integrin molecules cannot migrate through the 
vascular endothelium from the blood stream into the 
tissues, 


PRIMARY IMMUNODEFICIENCY RESULTS 

FROM INTRINSIC DEFECTS IN IMMUNE 

SYSTEM CELLS 

Immunodeficiency disease results from the absence or 

failure of normal function of one or more elements of the 

immune system: 

© specific immunodeficiency diseases involve abnor- 
malities of T or B cells (the cells of the adaptive 


* non-specific immunodeficiency diseases involve abnor~ 
malities of elements such as complement or phago- 
cytes, which act non-specifically in immunity. 

Primary immunodeficiency diseases are due to intrinsic 

defects in cells of the immune system and are for the most 

part genetically determined. 
Immunodeficiency diseases cause increased suscepti- 
bility to infection in patients. 

* the infections encountered in patients who are 
immunodeficient fall, broadly speaking, into two cate- 
gories: patients with defects in immunoglobulins, 
complement proteins, or phagocytes are very suscep- 
tible to recurrent infections with encapsulated bacteria 


such as Haemophilus influenzae, Streptococcus pneumoniae, 
and Staphylococcus anreus ~ these are called pyogenic 
infections, because the bacteria give rise to pus 
formation; 

‘patients with defects in cell-mediated immunity (je. in 
T cells) are susceptible to overwhelming, even lethal, 
infections with microorganisms that are ubiquitous in 
the environment and to which normal people rapidly 
develop resistance ~ for this reason, these are called 
opportunistic infections, and opportunistic micro- 
organisms include yeast and common viruses such as 
chickenpox. 


B CELL DEFICIENCIES 

Defects in B cell function result in recurrent 
pyogenic infections 

Patients with common defects in B cell function (Fig. 
16.1) have recurrent pyogenic infections such as: 

+ pneumonia; 

+ otitis media; and 

+ simusitis. 


16. PRIMARY IMMUNODEFICIENCY 


Primary B cell deficiencies 


‘The X-linked immunodeficiencies 


“%elinked agammaglobulinemia (X-LA) 


IgA deficiency 


IgG subclass deficiency 


immunodeficiency with increased IgM (HigM) 


‘common variable immunodeficiency (CVID) 


transient hypogammaglobulinemia of infancy 


Fig. 16.1 The range of B cell deficiencies vaties fram a 
delayed maturation of normal immunoglobulin production, 
through single isotype deficiencies to X-linked 
_agammaglobulinemia, where affected male children have no B 
cells and no serum immunoglobulins. 


If untreated, they develop severe obstructive lung disease 
(bronchiectasis) from recurrent pneumonia, which destroys 
the elasticity of the airways. 


Early B cell maturation fails in X-LA 

X-linked agammaglobulinemia (X-LA) is the model B 
cell deficiency and was the first immunodeficiency disease 
to be understood in detail, the underlying deficiency being 
discovered in 1952. 

‘Affected males have few or no B cells in their blood 
or lymphoid tissue ~ consequently their lymph nodes are 
very small and their tonsils are absent. ‘Their serum 
usually contains no IgA, IgM, IgD, or IgE, and only small 
amounts of IgG (less than 100 mg/dl). 

For the first 6-12 months of life, affected males are 
protected from infection by the maternal IgG that crossed 
the placenta into the fetus. As this supply of IgG is 
exhausted, they develop recurrent pyogenic infections. If 
they are infused intravenously with large doses of 
gammaglobulin they remain healthy, 

‘The X-LA gene lies on the long arm of the X chromo- 
some (Fig. 16.2). This is the site of many other hereditary 
immunodeficiency diseases and the localization of these 
genes facilitates prenatal diagnosis. 

‘The gene that is defective in X-LA has recently been 
identified as a B cell cytoplasmic tyrosine kinase (btk) 
belonging to the sre oncogene family. Its role in B cell 
maturation is not yet understood, but it is obviously vital 
for the process. The bone marrow of males with X-LA. 
contains normal numbers of pre-B cells, but as a result of 
mutations in the dh gene these cells cannot mature into B 
cells (Fig. 16.3). 


Terminal differentiation of B cells fails in IgA. 
and IgG subclass deficiency 
IgA deficiency is the most common immunodeficiency. 
One in 700 Caucasians has the defect, but it is not found, 
or is found only rarely, in other ethnic groups. 

People with IgA deficiency tend to develop immune 
complex disease (type III hypersensitivity). 


o X-linked chronie granulomatous disease (CGD) 


Wiskott-Aldtich syndrome (WAS) 


Xclinked severe combined immunodeficiency 
(Scio) 


Xelinked agammaglobulinemia X-LA) 


X-linked immunodeficiency with inereased IgM 
(igh) 


Fig. 16.2 The genes for many immunodeficiency diseases are 
located on the X chromosome. The genetic defects have been 
‘Identified for all these diseases. (Adapted from Schwabe J, 
Rosen FS. X chromosome linked immunodeficiency. 
Immunodefic Rev 1990;2:233-251) 


About 20% of IgA-deficient individuals also lack IgG2 
and IgG4, and are therefore susceptible to pyogenic 
infections. In humans, most antibodies to the capsular 
polysaccharides of pyogenic bacteria are in the IgG2 
subclass, A deficiency in IgG2 alone therefore also results 
in recurrent pyogenic infections. Individuals with defi- 
ciency of only IgG2 are also susceptible to recurrent 
infections. 

"These class and subclass deficiencies result from failure 
in the terminal differentiation of B cells (see Fig. 16.3). 


Isotype switching does not occur in HigM 
A peculiar immunodeficiency ~ immunodeficiency with 
increased IgM (hyper-IgM, HIgM) ~ results in a 
situation where individuals are IgG and IgA deficient, but 
synthesize large amounts (more than 200 mg/dl) of 
polyclonal IgM. 

People with HIgM are susceptible to pyogenic infee- 
tions and should be treated with intravenous gammaglab- 
ulin. They tend to form IgM autoantibodies to neutrophils, 
platelets, and other elements of the blood, as well as 
to tissue antigens, thereby adding the complexities of 
autoimmune disease to the immunodeficiency. The 
tissues, particularly of the gastrointestinal tract, become 
infiltrated with [gM-producing cells (Fig. 16.4). 

In 70% of cases, HIgM is inherited as an X-linked 
recessive condition that results from mutations in the 
CD40 ligand, whose gene maps to precisely the same 
location on the long arm of the X chromosome as HIgM. 


Q, What is the function of CD40 and the CD40 ligand 
(coisa)? 

A. Interaction between the CD40 molecule an the B cel surface 
and the CD40 ligand on activated T cells is a potent co: 
stimulatory signal required for class switching and affinity 
maturation (see Fig. 6.8). 


B CELL DEFICIENCIES 


8 cell maturation in X-linked immunodeficiencies 
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Fig, 16.3 In XA affected male infants have no B cells and no 
‘serum immunoglobulins, except for small amounts of maternal 
IgG. In IgA deficiency, IgA-bearing B cells, and in some cases 

IgG2- and lgG4-bearing B cells, are unable to differentiate into 


Gall bladder from a patient with HigM 


Fig, 164 The submrucasa i ied wth cals wth pekstaning 
‘cytoplasm and eccentric nuclel. The cells are synthesizing and 
“secreting IgM. 


plasma cells. People with HIgM lack IgG and IgA. In CVID, 
B cells of mast isotypes are unable to differentiate into plasma 
cells Black bars denote points of inhibition. 


In HigM the B cells cannot make the switch from IgM 
to IgG, IgA, and IgE synthesis that normally occurs in B 
cell maturation. 

HgM may also be transmitted as an autosomal reces- 
sive trait, affecting females as well as males, Autosomal 
recessive HigM is due to a genetic defect in a B cell 
enzyme called activation-induced cytidine deaminase 
(AID). This enzyme, activated in stimulated B cells, 
converts cytidine to uridine in single-stranded DNA. The 
uridine is further degraded to uracil and this causes breaks 
in the DNA strand, allowing downstream recombination 
in the heavy chain genes ~ or class switch recombination. 


T cell signaling to B cells is defective in CVID 
Individuals with common variable immunodeficiency 
(CVID) have acquired agammaglobulinemia in the 
second or third decade of life, or later. 

Both males and females are equally affected, and the 
cause is generally not known, but may follow infection 
with viruses such as Epstein-Barr virus (EBV). 


16. PRIMARY IMMUNODEFICIENCY 


Patients with CVID, like males with X-LA, are very 
susceptible to pyogenic organisms and to the intestinal 
protozoon, Giania lamblia (Fig. 16.5), which causes severe 
diarrhea. 

‘Most patients (80%) with CVID have B cells that do 
not function properly and are immature. The B cells are 
not defective; instead, they fail to receive proper signals 
from the T cells, The T cell defects have not been well 
defined in CVID. 

Patients with CVID should be treated with intravenous 
gammaglobulin because it provides protection against 
recurrent pyogenic infections. Many patients develop 
autoimmune diseases, most prominently pernicious 
anemia, but the reason for this is not known, 

CVID is not hereditary, but is commonly associated 
with the MHC haplotypes HLA-B8 and HLA-DR3. 


Q In what other immunodeficiency do patients often 
develop autoantibodies to elements of the blood? 
A. In HigM (see above). 


IgG production is delayed in transient 
hypogammaglobulinemia of infancy 

Infants are protected initially by their mother’s IgG. The 
maternal IgG is catabolized, with a half-life of approxi- 
mately 30 days. By 3 months of age, normal infants begin 
to synthesize their own IgG, though formation of 
antibody to bacterial capsular polysaccharides does not 
commence in earnest until the second year of life. In some 
infants, the onset of normal IgG synthesis ean be delayed 
for as long as 36 months and, until then, such infants are 
susceptible to pyogenic infections. The B cells of these 
infants are normal, but they appear to lack help from 
CD4'T cells in synthesizing antibodies. 


T CELL DEFICIENCIES 

Poor T cell function results in susceptibility 
to opportunistic infections 

‘The major T cell deficiencies are shown in Fig. 16.6. 


Fig. 16.5 Numerous Giardia lamblia parasites can be seen 
‘swarming over the mucosa of the jejunum of a patient with 
cup. 


Primary T cell deficiencies 


severe combined immunodeficiency (SCID) 


adenosine deaminase deficiency 


purine nucleoside phosphorylase deficiency 


MHC class Il deficiency 


DiGeorge anomaly 


hereditary ataxia telangiectasia (AT) 


‘Wiskott-Aldrich syndrome (WAS) 


Fig. 16.6 There isa wide range of causes for T cel 
deficiencies, ranging from absence of lymphocytes, to enzyme 
deficiency, through to MHC deficiency. All affect the ability of 
T cells to function, which leads to combined T and B cell 
deficiency. 


People with no T cells or poor T cell function are 
susceptible to opportunistic infections. 

Because B cell function in humans is largely T' cell 
dependent, T cell deficiency also results in humoral 
immunodeficiency, that is, it leads to a combined defi- 
ciency of both humoral and cell-mediated immunity. 


In SCID there is lymphocyte deficiency and 
the thymus does not develop 

‘The most profound hereditary deficiency of cell-mediated 
immunity occurs in infants with severe combined 
immunodeficiency (SCID) who develop recurrent infec- 
tions early in life (in contrast to X-LA). They: 

+ have prolonged diarrhea due to rotavirus or bacterial 

infection of the gastrointestinal tract; and 

+ develop pneumonia, usually due to the protozoon, 

Pheumocystis carinii. 

‘The common yeast organism Candida albicans grows 
luxuriantly in the mouth or on the skin of patients with 
SCID (Fig. 16.7). 

If patients with SCID are vaccinated with live organ- 
isms, such as poliovirus or bacille Calmette-Guerin 
(BCG) (used for immunization against tuberculosis), they 
die from progressive infection with these ordinarily 
benign organisms. 

SCID is incompatible with life and affected infants 
‘usually die within the first 2 years unless they are rescued 
with transplants of bone marrow. In this case they become 
Iymphocyte chimeras and can survive and live normally. 

Infants with SCID have very few lymphocytes in 
their blood (fewer than 3000/ml). Their lymphoid tissue 
also contains few or no lymphocytes. The thymus has a 
feral appearance (Fig. 16.8), containing the endodermal 
stromal cells derived embryonically from the third and 
fourth pharyngeal pouch. Lymphoid stem cells, which 
normally populate the thymus by 6 weeks of human 
gestation (see Chapter 2), fail to appear and the thymus 
does not become a lymphoid organ. 


7 CELL DEFICIENCIES 


Candida albicans in the mouth of a patient with SCID 


Fig. 16.7 C albicans grows luxuriant in the mouth and on 
the skin of patients with SCID. 


Fig. 16.8 Note that the thymic stroma has not been invaded 
by lymphoid cells and no Hassll’s corpuscles are seen. The 
gland has a fetal appearance. 


SCID is more common in male than female infants 
(:1) because over 50% of cases are caused by a gene 
defect on the X chromosome. The defective gene encodes 
the chain of the interleukin-2 (IL-2) receptor. This 
chain also forms part of the receptors for IL-4, IL-7, IL~ 
11, and IL-15. 


Q. Which of these cytokines is most critically important in 
carly T cell development? 
A. Of these, the binding of IL-7 to the IL-7 receptor is mast 
Important for T cell maturation. Thus, the lymphoid stem cells 
are incapable of receiving a number af signals for grawth and 
‘maturation (see Fig. 2.29). 


‘The remaining cases of SCID are due to recessive 
genes on other chromosomes. Of these, half have a genetic 
deficiency of adenosine deaminase (ADA) or purine 
nucleoside phosphorylase (PNP). Deficiency of these 
purine degradation enzymes results in the accumulation of 
metabolites that are toxic to lymphoid stem cells, namely 
ATP and dGTP (Fig. 16.9). These metabolites inhibit 
the enzyme ribonucleotide reductase, which is required 


Possible role of adenosine deaminase and purine 
nucleoside phosphorylase deficiency in SCID 
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Fig. 16.9 tis thought that deficiencies of ADA and PNP lead 
to accumulations of dATP and dGTP, respectively. Both of 
these metabolites are powerful inhibitors of ribonucleotide 
reductase, which isan essential enzyme for DNA synthesis. 


for DNA synthesis and, therefore, for cell replication. 

ADA and PNP are found in all mammalian cells, so 
why should these defects affect only lymphocytes? The 
explanation appears to lie in the relative deficiency of 5’ 
nucleotidase in lymphoid cells; in other cells, this enzyme 
compensates for defective ADA or PNP by preventing 
dAMP and dGMP accumulation. 

‘An autosomal recessive form of SCID results from a 
mutation in either of the genes encoding RAG-1 or 
RAG-2. 


Q. What are the functions of the genes encoding RAG-1 or 
RAG-2, and why would loss of function lead to combined 
immunodeficiency? 

‘A. The two recombinase activation genes, RAG-1 and RAG-2, 
are absolutely required tor cleaving double-stranded DNA 
before recombination af DNA to form the immunoglobulin 
genes and the genes encading the T cell receptor. If these gene 
rearrangements do not occur, B and T cells da not develop (see 
Fig. 3.29), 


‘The optimal treatment for SCID is a bone marrow 
transplant from a completely histocompatible donor, 
usually a normal sibling. About 70% of patients do not 
have a histocompatible sibling, in which case parental 
marrow, which would have one haplotype identical, has 
been transplanted successfully. 
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to a circular ring (3). The ring provides support and is 
attached t0 an outer sharp-edged rim which is electrostati- 
cally charged to a potential ~V. The purpose of the changed 
rim is to generate a radial electic E field around the vehicle. 
[008] Referring to FIG. 3, the radius of the ring (4) is 
‘equal to a, The distance from a point on the ring to the -axis 
is r. The potential on the z-axis is therefore the charge 
divided by the distance, 


‘The potential outside the ring can be writen in terms of the 
Legendre polynomials P 


olLegencrePn. Cos0) 


“where ss the number of terms in the expansion, By equating 
the known particular solution potZout on the z-axis with the 
xeneral Vout solution, the coefficients [n] are found to be 


aoy= 4 


Aaya 


‘which are substituted back into the Vout equation to get the 
potential outside the ring, 


[0009] Referring to FIG. 4, the potential (dotted fines 6) 
Jooking at a slice through the ring (8) is shown together with 
the electric E field. The negative gradient of the potential is 
the electric field (7) shown by the direction of the arrows. 
‘The importance of this diagram is that the electric field 
points in the radial direction toward the negatively charged 
ring. The force on an electron isthe electron change times the 
electric field 
Pendle? 

Because the electron charge is negative and the radial field 
points in the negative direction toward the ring. the force on 
the electron is positive. Thus the electron moves away from 
the ring in the positive radial direction, A 3-dimensional plot 
of the ring (8) and the electric field (8) is shown in FIG. §. 


[0010] ‘The stress-energy-momentum generated by a radial 
‘electric field is calculated using the Faraday F tensor 
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‘The g metric tensor has to be given in spherical coordinates 
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‘where @ is the angle fom the vertical to the radius r, The 
stress tensor T" along the radial direction is 


B 


Pe 


‘which shows that the pressure is negative along the radial 
Tine equal to the square of the radial electric field divided by 
the square of the speed of light. Because the field is squared, 
it doesn’t matter that the electric field points in the negative 
ireetion. The square makes it positive, but the overall 
curvature pressure is negative. Thus this negative pressure 
cancels out the positive pressure propelling the photon 
along. The second key idea of the invention is how to 
‘generate this photon moving in the radial direction, 


[0011) _Ithas been known for a long time in physies that an 
clectron moving in a circular path will emit photons in a 
process known by the German word Bremsstrahlung which 
is translated as “breaking radiation.” There ae several types 
of radiation such as classical Bremsstrahlung involving a 
charged particle making a collision with another charged or 
‘uncharged particle in which photons are emitted. The quan- 
tum mechanical Bremsstrablung involves the sudden 
appearance or disappearance of a changed particle which 
also emits radiation. In space, having a field of wormholes 
in which the electrons are spiraling down into hyperspace 
‘would result in the emission of photons by the quantum 
‘mechanical method. Also, in the atmosphere, having colli- 
sions with air molecules results in emission of photons inthe 
classical way. 


[0012] In order to get the electrons to spiral around and 
emit photons, a crossed electromagnetic field is used as 
shown by the following equation 


Poatberab) 
where the velocity v is in the po 
the force of the electric field. The velocity exossed with a 
‘magnetic flux density B field in the @-direction makes the 
electron move sideways back and forth in a wiggling 
‘mation. 


[0013] Referring to FIG. 6, a direct current solenoid (10), 
represented by multiple current loops, running vertically 
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Q. Why is it necessary to match the bone marrow graft in a 
patient with SCID when the immune system of the SCID 
recipient is unable to reject the danar bone marrow cells? 
A. The donor bone marrow cells are fully immunocompetent 
and would generate a reaction against the recipient's cells, This 
's called graft versus host disease (see Fig. 21.8). 


Recently a retroviral vector, into which the ADA gene 
had been inserted, has been used to transfect the 
Iymphocytes of children who are ADA deficient. This was 
the first example of successful ‘gene therapy’. Males with 
X-linked SCID have since been successfully treated by 
transducing their bone marrow cells with the gene of the 
common y chain of the IL-2 receptor incorporated into a 
viral vector. 


Tu cell deficiency results from MHC class I 
deficiency 

‘The failure to express class II MHC molecules on antigen- 
presenting cells (macrophages and B cells) is inherited as 
an autosomal recessive characteristic, which is not linked 
to the MHC locus on the short arm of chromosome 6. 

‘Affected infants have recurrent infections, particularly 
of the gastrointestinal tract. 

Because the development of CD4* helper T cells (T) 
depends on positive selection by MHC class I molecules 
in the thymus (see Chapter 2), MHC class II molecule- 
deficient infants have a deficiency of CD4* T cells. This 
lack of Ti cells leads to a deficiency in antibodies as well 
‘The MHC class I deficiency results from defects in 
promoter proteins that bind to the 5” untranslated region 
of the class II genes, 


‘The DiGeorge anomaly arises from a defect 
in thymus embryogenesis 

‘The thymic epithelium is derived from the third and 
fourth pharyngeal pouches by the sixth week of human 
gestation. Subsequently the endodermal anlage is invaded 
by lymphoid stem cells, which undergo development into 
‘T cells. The parathyroid glands are also derived from the 
same embryonic ongin. 

‘congenital defect in the organs derived from the third 
and fourth pharyngeal pouches results in the DiGeorge 
anomaly. The T cell deficiency is variable, depending on 
how badly the thymus is affected. Affected infants have 
distinctive facial features (Fig. 16.10) in that their eyes are 
widely separated (hypertelorism), the ears are low set, and 
the philtrum of the upper lip is shortened. They also 
have congenital malformations of the heart or aortic arch 
and neonatal tetany from the hypoplasia or aplasia of the 
parathyroid glands, ‘These infants have partial mono- 
somy of 22q11-pter or 10p. 


XLP follows infection with EBV 
X-linked proliferative syndrome (XLP) results from a 
failure to control the normal proliferation of cytotoxic 
‘T cells following an infection with Epstein-Barr virus 
(EBV), which causes infectious mononucleosis. 

‘Affected males appear normal until they encounter 
EBV, when they develop either: 


DiGeorge anomaly 


Fig. 16-10 Note the wide-set eyes, low-set ears, and 
shortened philtrum of upper lip. Congenital malformations of 
the cardiovascular system may also occur. 


+ fatal infectious mononucleosis, 
+ complete destruction of their B cells so that agamma- 
globulinemia ensues; 
+ 3 fatal lymphoid malignancy; or 
* aplastic anemia. 
‘The defective gene on the X chromosome encodes an 
adapter protein of T and B cells called SAP or the SLAM- 
associated protein. SLAM is expressed on the surface 
of T and B cells. Its intracellular tail interacts with the 
adapter protein, SAP. By a mechanism that is not under- 
stood, SAP controls the limitless proliferation of cytotoxic 
‘T cells. A genetic defect in SAP results in the destruction 
of lymphoid and other hematopoietic tissue by uncon- 
trolled proliferation of cytotoxic T cells and maternal 
Killer cells. 


Chromosomal breaks occur in TCR and 
immunoglobulin genes in AT 

Hereditary ataxia telangiectasia (AT) is inherited as an 
autosomal recessive trait. 

Affected infants with AT develop a wobbly gait (ataxia) 
at about 18 months. Dilated capillaries (telangiectasia) 
appear in the eyes and on the skin by 6 years of age. 

‘AT is accompanied by a variable ‘T cell deficiency. 
About 70% of patients with AT are also IgA deficient and 
some also have [gG2 and IgG4 deficiency. 


Q. In what other ways are IgA, 19G2, and 19G4 related (as 
opposed to IgM, IgG1, and IgG3)? 

A. The IgA, IgA2, IgG2, and 1gG4 heavy chain genes all lie 
further downstream af the recombined VD] gene than IgM, 
IgG1, and 1gG3 (see Fig. 8.19). This may account for the 
selective deficiency in making the class switch to IgA, IgG2, and 
IgG4, Class switching involves the praductian and resolution of 
double-stranded DNA breaks, 


‘The number and function of circulating T cells are 
greatly diminished, so cell-mediated function is depressed. 


GENETIC DEFICIENCIES OF COMPLEMENT PROTEINS 


Patients develop severe sinus and lung infections. Their 
cells exhibit chromosomal breaks, usually in chromosome 
7 and chromosome 14, at the sites of the T cell receptor 
(TCR) genes and the genes encoding the heavy chains of 
immunoglobulins. 

‘The cells of patients with AT, as well as those from 
patients with ATT in vitro, are very susceptible to ionizing 
irradiation because the defective gene in AT encodes a 
protein involved in the repair of double-strand breaks in 
DNA. 


T cell defects and abnormal immunoglobulin 
levels occur in Wiskott-Aldrich syndrome 
Wiskott-Aldrich syndrome (WAS) is an X-linked 
immunodeficiency disease. 

Affected males with WAS: 

* have small and profoundly abnormal platelets, which 
are also few in number (thrombocytopenia); 

* develop severe eczema as well as pyogenic and 
opportunistic infections; 

+ have increased amounts of serum IgA and IgE, normal 
levels of IgG, and decreased amounts of IgM; 

+ have'T cells with defective function. 

The malfunction of cell-mediated immunity gets pro- 

gressively worse. The T cells have a uniquely abnormal 

appearance, as shown by scanning electron microscopy, 

reflecting a cytoskeletal defect. They have fewer microvilli 

on the cell surface than normal T cells. 

During collaboration of T and B cells in antibody 
formation, the cytoskeleton of the cells reorientates 
itself or becomes polarized towards the B cells. This fails 
to occur in WAS, resulting in faulty collaboration between 
immune cells. 


Genetic deficiencies of human complement 


GENETIC DEFICIENCIES OF COMPLEMENT 
PROTEINS 

‘The proteins of the complement system and their inter- 
actions with the immune system are discussed in Chapter 
4. Genetic deficiencies of almost all the complement 
proteins have been found in humans (Fig. 16.11) and these 
deficiencies reveal much about the normal function of the 
complement system (see Figs 4.16 and 4.17). 


Immune complex clearance, inflammation, 
phagocytosis, and bacteriolysis can be 
affected by complement deficiencies 
Deficiencies of the classical pathway components, Clq, 
Clr, Cs, C4, or C2, result in a propensity to develop 
immune complex diseases such as systemic lupus 
erythematosus. 


Q. Why should these deficiencies result in immune complex 
disease? 

‘A. The classical complement pathway is required for the 
dissolution of immune complexes by covalent binding of Cab 
and C3b to components of the complex. It is also required for 
the transport of complexes an erythracytes in humans (see 
Fig. 4.6) 


Deficiencies of C3, factor H, or factor I result in 
increased susceptibility to pyogenic infections — this corre 
lates with the important role of C3 in the opsonization of 
pyogenic bacteria. 

Deficiencies of the terminal components, C5, C6, C7, 
and C8, and of the alternative pathway components, factor 
D and properdin, result in remarkable susceptibility to 
infection with the two pathogenic species of the Neisseria 


Fig. 16.11 Genetic deficiencies of human 
‘complement. (AR, phenotypically 
autosomal recessive; AD, autosomal 
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genus: N. gonorrhoeae and N. meningitidis. ‘This clearly 
demonstrates the importance of the alternative pathway 
and the macromolecular attack complex in the bacterio- 
lysis of this genus of bacteria. 
‘All of these genetic complement component deficien- 
cies are inherited as autosomal recessive traits, except: 
* properdin deficiency, which is inherited as an X-linked 
recessive; and 
* CI inhibitor deficiency, which is inherited as an 
autosomal dominant. 


HAE results from C1 inhibitor deficiency 
Clinically, the most important deficiency of the comple- 
ment system is that of C1 inhibitor. This molecule is 
responsible for dissociation of activated Cl, by bindin; 
te CIGCTs, The deficieney results in the ae 
disease, hereditary angioneurotic edema (HAE) 
(Fig. 16.12). 

HAE jis inherited as an autosomal dominant trait 
Patients have recurrent episodes of circumscribed swelling 
of various parts of the body (angiedema): 

* when the edema involves the intestine, excruciating 
abdominal pains and cramps result, with severe 
vomiting; 

* when the edema involves the upper airway, the patients, 
may choke to death from respiratory obstruction — 
angiedema of the upper airway therefore presents a 
medical emergency, which requires rapid action to 
restore normal breathing. 

CI inhibitor inhibits not only the classical pathway of 

complement, but also joint elements of the kinin, plasmin, 

and clotting systems. 

‘The edema is mediated by two peptides generated by 
uninhibited activation of the complement and surface 
contact systems: 

* a peptide derived from the activation of C2, called C2 
kinin; and 

* bradykinin derived from the activation of the contact 
system (Fig. 16.13) 


Hereditary angioneurotic edema 


Fig. 16.12 This clinical photograph shows the transient 
localized swelling that accurs in this condition, 


‘The effect of these peptides is on the postcapillary venule, 
where they cause endothelial cells to retract, forming gaps 
that allow leakage of plasma (see Chapter 2). 
‘There are two genetically determined forms of HAE. 
+ in type I, the C1 inhibitor gene is defective and no 
transcripts are formed; 

+ in type II, there are point mutations in the C1 inhibitor 
xgene resulting in the synthesis of defective molecules 
‘The distinction between type I and type II is important 
because the diagnosis of type II disease cannot be made by 
quantitative measurement of serum C1 inhibitor alone. 
Simultaneous measurements of C4 must also be done. C4 
is always decreased in the serum of patients with HAE 

because of its destruction by uninhibited activated CL 

CI inhibitor deficiency may be acquired later in life. 
In some eases an autoantibody to Cl inhibitor is found. In 
cthers, there is a monoclonal B cell proliferation, such 
as occurs in chronic lymphocytic leukemia, multiple 
myeloma, or B cell lymphoma. Such patients make an 
anti-idiotype to their over-produced immunoglobulin; the 
idiotype-anti-idiotype interaction, for unknown reasons, 


Pathogenesis of hereditary angioneurotic edema 
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Fig. 16-13 C1 inhibitor is involved in inactivation of elements 
Of the clotting, kinin, plasmin and complement systems, which 
may be activated following the surface-dependent activation 
‘of factor Kil (Hageman factor). The points at which C1 
Inhibitor acts ate shown in red. Uncontrolled activation of 
‘these pathways results in the formation of bradykinin and C2 
kinin, which induce edema formation. 


GENETIC DEFECTS OF PHAGOCYTES CAN RESULT IN OVERWHELMING INFECTION 


results in consumption of Cl, C4, and C2, and CL 
inhibitor without formation of an effective C3 convertase 
(which would cause C3 deposition and removal of the 
complement complex). 

Purified C1 inhibitor is available for treatment of acute 
attacks of angiedema. Intravenous administration of C1 
inhibitor brings about prompt resolution of laryngeal 
edema or gastrointestinal symptoms. It is not approved for 
use in the United States. 


GENETIC DEFECTS OF PHAGOCYTES CAN 
RESULT IN OVERWHELMING INFECTION 
Phagocytic cells ~ polymorphonuclear leukocytes and cells 
of the monocyte/macrophage lineage ~ are important in 
host defense against pyogenic bacteria and other intra- 
cellular microorganisms. 

‘A severe deficiency of polymorphonuclear leukocytes 
(neutropenia) can result in overwhelming bacterial 
infection. 

“Two genetic defects of phagocytes are clinically impor~ 
tant in that they result in susceptibility to severe infections 
and are often fatal: 

* chronic granulomatous disease (CGD); and 
* leukocyte adhesion deficiency (LAD). 


CGD results from a defect in the oxygen 
reduction pathway 

Patients with CGD have defective NADPH oxidase, 
which catalyzes the reduction of O; to ‘Oy by the 
reaction: NADPH + 20, > NADP* + 2°05" +H". They 
are therefore incapable of forming superoxide anions 
(02) and hydrogen peroxide in their phagocytes 
following the ingestion of microorganisms. 


Q. What would be the consequence of a failure of 
superoxide generation? 

A. Phagacytes cannot readily kill ingested bacteria or fungi, 
particularly catalase-praducing organisms (see Fig. 9.30 and 
Chapter 14), 


Asa result, microorganisms remain alive in phagocytes 

of patients with CGD. This gives rise to a cell-mediated 

response to persistent intracellular microbial antigens, and 
snulomas form. 

Children with CGD develop pneumonia, infections in 
the lymph nodes (lymphadenitis), and abscesses in the 
skin, liver, and other viscera. 

‘The diagnosis of CGD is made by the inability of 
phagocytes to reduce nitroblue tetrazolium (NBT) dye 
after a phagocytic stimulus. NBT is a pale, clear, yellow 
dye taken up by phagocytes when they are ingesting a 
particle. When NBT accepts H and is reduced as a result 
of NADPH oxidation it forms a deep purple precipitate 
inside the phagocytes; precipitation does not occur in the 
phagocytes of patients with CGD (Fig. 16.14). 

‘The NADPH oxidase reaction is complicated and the 
enzyme complex has many subunits. In resting phagocytes 
the membrane contains a phagocyte-specific cytochrome, 
cytochrome bss. This cytochrome is composed of two 
chains: 


Nitroblue tetrazolium test 


Fig. 16.14 In normal polymorphs and monocytes, reactive 
‘oxygen intermediates (ROIs) are activated by phagocytosis, 
and yellow NBT is converted to purple-biue formazan (1). 
Patients with CGD cannot form ROIs and so the dye stays 
yellow (2). (Courtesy of Protessor AR Hayward) 


+ one of 91 kDa, encoded by a gene on the short arm of 

the X chromosome; and 
+ one of 22 kDa, encoded by a gene on chromosome 16. 
When phagocytosis occurs, several proteins from the 
cytosol become phosphorylated, move to the membrane, 
and bind to cytochrome bess. The complex formed acts as 
an enzyme, NADPH oxidase, catalyzing the NADPH 
oxidation reaction and thereby activating oxygen radical 
production (Fig. 16.15), 

‘The most common form of CGD is X-linked and 
involves a defect in the 91-kDa chain of cytochrome bssy. 

‘Three types of CGD are autosomal recessive and result 
from defects in the 22-kDa chain of the cytochrome bssy, 
or from defects in one or other of two proteins, called 
PAT" or pare 


LAD is due to integrin gene defects 
‘The receptor in the phagocyte membrane that binds to 
C3bi on opsonized microorganisms is critical for the 
ingestion of bacteria by phagocytes. This receptor ~ an 
integrin called complement receptor 3 (CR3) ~ is 
deficient in patients with LAD, who consequently develop 
severe bacterial infections, particularly of the mouth and 
gastrointestinal tract. 

CR3 is composed of two polypeptide chains: 

+ an crchain of 165 kDa (CD11b); and 

+ a B chain of 95 kDa (CD18). 

In LAD, there is a genetic defect of the fs chain, encoded 
by a gene on chromosome 21. 

‘Tivo other integrin proteins share the same B chain as 
CRS ~ namely lymphocyte functional antigen (LFA-I) and 
150,95 (see Chapter 3). Although they have unique 0 
chains (CDI1a and CD1e, respectively), these proteins 
are also defective in LAD. 

LFA-1 is important in cell adhesion and interacts with 
intercellular adhesion molecule-1 (ICAM-1) on endothe- 
lial cell surfaces and other cell membranes. Because of 
the defect in LFA-I, phagocytes from patients with LAD 
cannot adhere to vascular endothelium and cannot 
therefore migrate out of blood vessels into areas of 
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NADPH oxidase and its components 


Fig. 16.15 Prevailing knowledge of the NADPH oxidase 
suggests that in its dormant state some ofits component parts 
are in the membrane (cytochrome bsse and possibly rap-1) 
while ethers are in the cytosol (pA7#™, p67, the NADPH. 
binding component, N, and a putative fourth component, «). 
The initiation of phagocytosis provides a stimulus forthe 
‘ytosolic components to associate and move to the 
‘membrane, an event possibly mediated by phosphorylation 
() of pa7™™. Once the cytosol components are associated 
with the membrane components, the oxidase becomes 
‘ataltialy active and p47*™ is phosphorylated further. 
‘Activation of the cytochrome busy catalyzes the acceptance of 
{an electron by O; to form the superoxide anion “0; In the 
diferent forms of CGD, there are defects in the genes for 
diferent components of the oxidase. (phox is an abbreviation 
for phagocytic oxidase. t, electron) (Adapted from Smith RM, 
‘Curutte JT. Molecular basis of chronic granulomatous disease. 
Blood 1997;77:673-686) 


infection, As a result patients with LAD cannot form pus 
efficiently and this allows the rapid spread of bacterial 
invaders. 


LAD type 2 results from a failure of normal 
synthesis of selectin ligands 

When leukocytes in the circulation enter an area of 
inflammation their speed of movement is greatly retarded 


by the interaction of selectins (see Fig. 6.9), which are 
expressed on the surface of the leukocytes, with ligands 
that are expressed on the surface of the endothelium in 
areas of inflammation. The leukocytes start to roll on the 
endothelial surface before the interaction of the leukocyte 
integrins with adhesion molecules such as ICAM-1. The 
ligands with which the selectins interact are glycoproteins 
that contain fucosylated sugars, such as the blood group 
sialyl Lewis. A genetic defect in the conversion of 
‘mannose to fucose results in failure of normal synthesis in 
these selectin ligands. Consequently the leukocytes of 
such patients cannot roll on the endothelium. This causes 
a second form of LAD, called LAD type 2. 


Macrophage microbicidal activity is impaired 
by defects in IFNy signaling 
‘The destruction of intracellular microorganisms that 
flourish in macrophages depends on the activation of micro- 
bicidal activity in macrophages by interferon-y IFN‘). 
‘When microorganisms are taken up by macrophages, 
the macrophages secrete IL-12, which then binds to the 
IL-12 receptor on T cells and induces secretion of IEN'. 
Children with genetic defects in the genes encoding 
11-12, the IL-12 receptor, or the IFNy receptor sustain 
recurrent infection with non-pathogenic mycobacteria 
and, to a lesser extent, with salmonella. ‘These various 
defects are inherited as autosomal recessive traits and can 
be fatal unless treated with IFNy. 
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CRITICAL THINKING 


Critical thinking: Hyper-IgM immunodeficiency (see p. 497 for explanations) 


‘A 3.year-old git! was brought to the emergency roam because 
fof fever and rapid respitation, She had had pneumonia ance 
before at age 25 months, She had also had otitis media on ten, 
different occasions, each time successfully treated with 
antibiotics. A chest radiograph resulted in the diagnosis of left 
lower lobe pneumonia. Blood and sputum cultures contained 
‘Streptococcus pneumoniae. The white blood count was 13, 
'500/mc! of which 8196 were neutrophils and 14% lymphocytes. 
Serum IgM was 470 mg/dl, IgG 40 mg/dl, and IgA and IgE were 
undetectable. Antibody to tetanus toxoid was undetectable. 
Blood typing was A positive, ant-8 1:320. 
1. What clinical and laboratory tests lead to the suspicion that 

this child has hyper-igM (HigM) immunodeficiency and 


how do you conclude that itis not due to a mutation in 
‘CD40 ligand? 

What further laboratory testing should be done to establish 
the diagnosis? 

How do you explain that this child had no response to 
tetanus immunization and yet has a high titer for her age 
‘of antibody to bload group substance B? 

What treatment would you recommend to the parents for 
this child and what would you say is her prognosis? 

I the mother of this baby were to be tested for random 
X-chromosome inactivation, what results would you expect? 
What would you tell the parents about this child's 
pprognasis? 
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AIDS and Secondary 
Immunodeficiency 


SUMMARY 


+ Some drugs selectively alter immune function. 
Immunomadulatory drugs can severely depress immune 
functions. Steroids affect cell raffic, Induce leukocytopenia, 
and inhibit eytokine synthesis. Cyclophosphamide, 
azathioprine, and mycophenolate mofetil act ditectly on 
DNA or its synthesis. 


‘+ Nutrient deficiencies are generally associated with, 
‘impaired immune responses. Malnutrition increases the 
fisk of infant mortality from infection through reduction in 
cell-mediated immunity, reduced CD4 helper cells, reduced 
T cell help, and a reduction of secretory IgA. Trace 
elements, iron, selenium, copper, and zine are important in 
‘Immunity, Lack of these elements can lead to diminished 
‘neutrophil kiling of bacteria and fungi, suscepUbiliy to viral 
infections, and diminished antibody responses. Vitamins A, 
B6, C, E, and folic acid are important in overall resistance to 


‘+ Antioxidant activity. Carotenoids are antioxidants ike 
vitamin C and E and can enhance NK cell activity, stimulate 
the production of cytokines and increase the activity of 
phagocytic cells. Diet and nutrition are powerlul innovative 
{tools to reduce illness and death caused by infection. 


+ The most significant global cause of immunodeficiency is, 
HIV infection. AIDS is caused by HIV, which is a double- 
stranded RNA retrovirus that infects CD4 T cells. Severe 
(CD4 depletion results fram a variety of mechanisms, with 
‘drastic functional impairment of cell mediated immunity 
and death from opportunistic infections. 


+ Combination therapy for AIDS with inhibitors of reverse 
‘transcriptase, protease, and viral entry are reasonably 
‘successful, but associated with long-term toxicities in 
almost 5096 of persons. An effective vaccine remains an 
elusive goal. 


SOME DRUGS SELECTIVELY ALTER 
IMMUNE FUNCTION 

There have been substantial advances over the past decade 
in understanding how the immune system is regulated 
and how drugs may selectively alter function, producing 
not only immunodeficiency, but also, in some circum 
stances, immune enhancement. This chapter examines 
the most important agents commonly used for systemic 
immunotherapy. 


Corticosteroids are powerful immune 

modulators 

‘The immune system is regulated by at least four 

fundamental mechanisms: 

* hormones (e.g. glucocorticoids); 

© the cytokine system (including interleukins (ILs} and 
interferons [IFNs]); 

* network connectivity (through idiotypic-anti-idiorypic 
responses); and 

+ antigens 

Glucocorticoids are among the most powerful naturally 

occurring modulators of the immune response and have 

profound effects at most levels and on most components. 


As lipid-soluble molecules, steroids gain entry into cells 
by diffusion through the plasma membrane where they 
bind to their receptors in the cytoplasm. 

‘The steroid-receptor complex translocates to the 
nucleus where it binds promoter regions of steroid- 
responsive genes. 

In addition to their direct hormonal action on immune 
cell traffic and function, steroids have a substantial influ- 
ence on cytokine synthesis, thereby also exerting a 
powerful indirect effect. 


Significant changes in cell traffic are produced 
Administration of steroids causes striking changes in 

ulating leukocyte populations, even when quite small 
quantities are used ~ for example, to produce physiological 
concentrations in previously adrenalectomized patients. 
‘These effects vary between cell types (Fig. 17.1). 

Steroid treatment causes circulating lymphocyto- 
penia, which is maximal at +6 hours and returns to 
normal by 24 hours. T cells are affected more than B cells, 
and, within the T cell subsets, CD4 cells are more 
depleted than CD8 cells. Experimental studies suggest 
these cells are redistributed to marrow and spleen. 
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Effects of glucocorticoids on circulating leukocytes 


Q. What can you infer about which populations of T cells 
are targeted by steroids? 

A. These cytokines are characteristic of different T cell popu- 
lations, including helper T cells (Tal, T42) and cytotoxic T cells 


Fig. 17.1 Etfect ofa dose of glucocorticoid (40 mg/kg), given 
once at time zero, on circulating human leukocyte numbers 
(per mm), 


Monocytopenia occurs after steroid treatment, is most 
evident at 2 hours, and recovers by 24 hours, but unlike 
effects on lymphocyte traffic, further repeated daily 
dosage does nor cause subsequent cycles of depletion. 

Neutrophilia is a feature of steroid treatment, due 
partly to the release of mature stored cells from bone 
marrow and partly to a reduction in cells leaving the cir- 
culation. The rapid and prolonged decrease in cireu- 
lating eosinophils and basophils that occurs after steroid 
treatment in normal individuals contrasts markedly with 
the neutrophilia seen at the same time. 


T cell activation and B cell maturation are 
inhibited 

‘T cell activation and proliferation are inhibited by 
steroids, which make T cells unresponsive to IL-1 and 
therefore unable to synthesize IL-2, but steroids have little 
effect on mature B cells. 


@ After prolonged high steroid dosage there is a modest 
decrease in all immunoglobulin isotypes. Why should this 
be? 

A. Lack of T cell help for B cells will result in a general reduction 
in the numbers of mature B cells that develop, 


Steroids inhibit production of IL-1 and tumor necrosis, 
factor (TNF) by monocytes (see below), but do not block 
the effect of cytokines on phagocytosis ~ indeed, they can 
promote it. Thus the binding of IFNy and the subsequent 
expression of HLA-DR molecules and Fe receptors may 
be increased by low-dose steroids. However, the function 
of polymorphonuclear leukocytes is resistant to the levels 
of steroids achievable pharmacologically, as judged by 
chemotaxis, phagocytosis, and cytotoxicity. 


Cytokine synthesis is inhibited 
Studies in vitro have shown that physiological and 
pharmacological concentrations of steroids inhibit the 
synthesis of cytokines, but have little effect on their 
function. More impressively, after in-vivo administration, 
reduced production of IL-1, IL-2, IL-4, IL-6, IL-10, 
“TNFa, and IFNy has been demonstrated. 


reutrophils | 4000 10 000 ‘4000 (CTLs) (see Chapters 2 and 10), 
Wis Lee) ea am Several different mechanisms may be involved: 
Cera a aaa io + attachment to potential glucocorticoid response 
elements in the promoter region of the cytokine genes 
‘monocytes | 300 50 300 (IL-4, 1L-6, and IL-10), 
* direct binding, which antagonizes _transcription- 
basophils | 100 a 100 activating factors for IL-2, IL-8, and ‘TNFa; or 


+ accelerating breakdown of mRNA (IL-1 and IL-3). 

‘The major consequences of this are inhibition of: 

+ T cell activation, both Til and Tri2 cells of the CD4 
subpopulation being similarly affected; and 

* cells of the monocyte/macrophage system. 


Cyclophosphamide acts by covalent 
alkylation 
“Together with chlorambucil, cyclophosphamide belongs 
to the group of immunomodulatory drugs that act by 
covalent alkylation of other molecules. 
Cyclophosphamide has no alkylating ability itself, but 
‘many of its metabolites are active, each having two active 
sites to effect the cross-linking of DNA strands, thereby 
interfering with strand separation during replication, 
"The main side effect of cyclophosphamide is marrow 
toxicity, and so leukopenia must be monitored. 


Both T and B cell functions are affected 
Cyclophosphamide mainly affects lymphocyte numbers 
and function, particularly after low-dose daily oral 
therapy. Polymorphonuclear cell numbers may remain 
relatively unchanged. 

Low-dose oral therapy may have a greater impact on 
cell-mediated responses, and bolus intermittent treatment 
more effect on antibody production. 

In both humans and experimental animals, after a low- 
dose bolus (600 mg/m? body surface area), the numbers of 
B lymphocytes are reduced more than T cells and, among 
‘T cell subsets, CDS more than CD4; however, with higher 
dosage, all cell types are reduced similarly. 

Experimental studies have shown that this differential 
effect of low-dose depletion of CDS cells allows a para- 
doxical increase in some CD4-controlled functions, 
such as antibody production. Evidence that low-dose 
cyclophosphamide has corresponding clinical relevance in 
‘humans remains equivocal 

As cyclophosphamide interferes with both B and T cell 
function, it is effective in controlling both antibody- 
‘mediated and cell-mediated immune responses in experi- 
‘mental animals and humans, and therefore has a major 
role in the management of both: 

+ autoantibody-mediated disease; and 
«+ allograft rejection. 


Azathioprine is active only on dividing cells 
Azathioprine is converted rapidly and non-enzymatically 
to 6-mercaptopurine in vivo. It exerts its effect after 


SOME DRUGS SELECTIVELY ALTER IMMUNE FUNCTION 


metabolism to thioinosinic acid by competitive inhibition 
of purine metabolism and by incorporation into DNA as a 
fraudulent base. Its main effects are therefore on DNA. 
synthesis. 

Unlike cyclophosphamide, which is cytotoxic, azathio- 
prine is cytostatic and is active only on dividing cells, exert- 
ing maximal effect if given soon after antigenic challenge. 

Allopurinol, which inhibits xanthine oxidase, increases 
the effective dose of azathioprine fourfold. Therefore, if 
allopurinol is clinically essential (e.g. to treat gout) the 
dose of azathioprine should be decreased. 


T and B cell numbers are reduced 
Azathioprine is moderately immunosuppressive and 
produces modest reductions in both T and B cells after 
prolonged oral therapy at 2-3 mg/kg daily. Natural killer 
(NK) cell activity also appears to be suppressed after its 
use. Humoral immunity and delayed-type hypersensitivity, 
are not affected at the doses given clinically, though there 
is a reduction in mitogenic responses to pokeweed mito- 
gen in lymphocytes taken from patients receiving the drug. 


Mycophenolate inhibits de-novo purine 
biosynthesis 

Mycophenolate mofetil was developed to target selec- 
tively the final stage of purine synthesis, along a pathway 
used specifically by lymphocytes proliferating in response 
to antigenic challenge. Therefore, unlike nucleoside 
analogs such as azathioprine, it does not inhibit DNA 
repair enzymes or incorporate fraudulent purine analogs 
into DNA. 

Mycophenolate is rapidly hydrolyzed in vivo to 
mycophenolic acid, which is an inhibitor of the enzyme 
inosine monophosphate dehydrogenase, and therefore 
results in inhibition of de-novo purine biosynthesis. 


@ In what other circumstances does aberrant purine 
‘metabolism selectively damage T cells? 

A. Deficiency of purine nucleotide phosphorylase (PNP) or 
adenosine deaminase (ADA), produces SCID due to the toxic 
build up of purine metabolites in T cells (see Fig. 16.9). 


Lymphocyte proliferation is blocked 
Mycophenolate blocks both ‘T and B cell proliferative 
responses in doses that appear to have no effect on other 
cell types. It also inhibits glycosylation of adhesion 
molecules involved in leukocyte traffic, thus restricting 
amplification of inflammatory injury. 


. How would inhibiting glycosylation reduce lymphocyte 
traffic to sites of inflammation? 

‘A. Selectins on the endothelium bind to glycoproteins on 
lymphocytes to slow them in the circulation before 
transendothelial migration (see Chapter 6). 


Methotrexate blocks DNA synthesis 
Methotrexate is a structural analog of folic acid and 
blocks folic acid-dependent synthetic pathways essential 
for DNA synthesis. 


Immunoglobulin synthesis is reduced after 
prolonged treatment 

Several reports note a reduction in immunoglobulin 
synthesis, with significantly lowered levels of all isotypes 
after 3 months of treatment with methotrexate. No 
consistent change has been noted in T cell subsets, in 
either the short or long term, or in the function of the 
monocyte/macrophage system. However, inhibition of 
dihydrofolate reductase involved in purine synthesis 
releases adenosine, which is a powerful inhihitor of acti- 
vated polymorphonuclear leukocytes; hence methotrexate 
is anti-inilammatory. 

Other effects of methotrexate on inflammation may 
be mediated by its inhibitory effect on arachidonic acid 
metabolism. More anti-inflammatory actions are indicated 
by the rapid decrease in indices of inflammatory activity 
such as C-reactive protein (CRP) and erythrocyte sedi- 
mentation rate (ESR), without affecting immune cell 
function or immunoglobulin synthesis, 


Q. Where is CRP synthesized and what is its function? 
A. CRP is synthesized primarily in the liver, and it acts as an 
‘apsonin by binding to pneumococcal carbohycirates. 


Leflunomide inhibits T and B cell 
proliferation and antibody production 

In vivo, leflunomide is converted to A77 1726, which 
non-cytotoxically and reversibly inhibits proliferation of 
both 'T and B cells stimulated by a variety of mitogens, 
and inhibits antibody production. A77 1726 inhibits 
dihydro-orotate dehydrogenase, an enzyme required 
for pyrimidine nucleotide synthesis. 


Ciclosporin, tacrolimus (FK506), and 
apamycin affect T cell signaling 

Ciclosporin, tacrolimus (FK506), and rapamycin have 
complicated effects on cell signaling and hence T cell 
function. They all bind to a class of cytoplasmic proteins 
(oamed immunophilins) with peptidyl prolyl isomerase 
(rotamase) activity, which they inhibit. Immunophilins are 
believed to have a critical role in transducing signals from 
the cell surface to the cell nucleus. 

Ciclosporin binds to one family of immunophilins, 
cyclophilins, whereas tacrolimus and rapamycin bind to 
the FK binding proteins. 

‘The ciclasporin-cyclophilin complex targets a serine 
threonine phosphatase called calcineurin, as does the 
tacrolimus-FK binding protein complex. Both inhibit 
signal transduction pathways, characteristically producing 
an inerease in intracellular free calcium, and inhibiting 
transcriptional activation of cytokines and other genes 
essential for T cell proliferation and function. 

Rapamycin blocks T’ cell proliferation by a different 
mechanism, through inhibition of IL.-2-dependent si 
transduction pathways, which function independently of 
calcium concentration and do not affect cytokine gene 
transcription (Fig. 17.2). Rapamycin arrests cells in the 
G; phase of the cell cycle, resulting in cell death by 
apoptosis. 
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through the center ofthe hull, generates magnetic field that 
‘curves around the outside of the hull, as shown by contour 
lines (12). The north pole (11) is at the bottom of the hull 
A radial arrow (13) from the electrostatically-charged rim 
perpendicular to the magnetic field lines. The cross product 
in the force equation becomes the electron radial velocity 
times the magnetic field v, By. 


[0014] Referring to FIG. 7, the electric field is in the 
¥-direction and the magnetic field isin the z-direction. The 
flat looping path in the x-direction is the motion of the 
electron. The electron, which has a negative charge, starts 0 
‘move in the direction opposite to that of the electee field. In 
this particular diagram, the electron aequires a velocity in 
the negative y-direction, ‘Then a sideways force in the 
redirection is produced due to the eross product of the 
velocity with the magnotc field times the negative charge 
“AB ny 

Depending on the magnitude of the velocity, various si 
loops can be produced 


[0015] In terms of the hull coordinates, because the flat 
Joop is in the plane of the electric field which points in the 
radial direction, the electron emits Tight in the radial direc 
tion, This condition means that the negative radial pressure 
‘created by the electric field cancels the radial pressure of the 
photon. Thus the photon becomes a stationary vibrating 
‘quantum of negative enerey. This has the appearance of a 
Juminescent light source. The stress tensor for this condition, 
is therefore 


=~ Fresial negative coery 


[0016] residual negative energy 
which leaves a residual negative energy per photon. 


[0017] Referring to PIG. 8, the negatively charged rim 
(14) produces a radial electric field (16) that crosses the 
magnetic B field (15) ofthe solenoid. Electrons emitted by 
the charged rim then encounter this crossed field. which 
makes them spiral (17) around the hull. Because ofthe tight 
Joop, the electron emits Bremsstahlung radiation in. the 
radial dirvotion (18). The positive pressure field of the 
photon, which is directed inthe radial direction, is canceled 
by the negative pressure field (19) created by the electric 
field. Because the photon energy is negative, a stationary 
vibrating electromagnetic quantum of negative energy (20) 
surrounds the hull 


[0018] This negative energy and the pressure stress cre- 
‘ated by the electromagnetic fields open up wormboles 
between space and hyperspace. The potential head is posi- 
tive from hyperspace into space because the energy of 
hyperspace is more positive than the negative energy field 
‘The low-density hyperspace energy fils the hull and its 
surrounding space with a white misty hyperspace eneny 
which makes the spacecraft lighter in mass, and therefore 
lighter ia weight within a gravitational field, The actual 
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physics is more complicated still because the electrons find 
‘thatthe resistance of hyperspace is lower than the resistance 
of space. Thus they spiral down the wormholes which results 
ina sudden disappearance of charge. The quantum mechani- 
cal effect of this is to radiate even more photons which in 
turn produce even more negative energy. 

[0019] ‘The Jift on the hull is generated by the radial 
électrc field. In eylindrical coordinates, the g metric tensor 
is 


be 


Using this metic tensor, the pressure stress in the vertical 
direction T™ is 


which is a positive curvature over the hull. The mass of 
Earth produces a negative curvature in which objects fall 
toward the mass, By counteracting this negative curvature 
‘with a more than positive curvature, lft is developed on the 
spacecraft, Because the negative energy lowers the effect 
‘mass of the vehicle, the acceleration is large with a modest 
electri field, Moreover, in our dimension, the speed of light 
is 299792458 meters per second. Hyperspace energy has 
speed of light equal to one meter per second. Thus the stress 
is amplified by a factor of 


2o97924s8m/s 
Tes 


Y so. 


Because electromagnetic fields are relativistic, motion ia a 
low-velocity-of-light energy field amplifies their strength. 


SUMMARY OF THE INVENTION 


[0020] It is the object of this invention to create a space 
craft propulsion system that produces wormboles between 
space and hyperspace using negative energy in order 10 
‘kenerate lift on the hull. Itwas discovered in the Riemannian 
curvature calculations of gravitation physics that negative 
energy is required to keep open the throat ofthe wormhole. 
From experiments with the magnetic vortex wormhole gen- 
erator, itis known that the proper combination of electro- 
‘magnetic fields, together with this neyative enengy, can 
create a wormhole through which smoke can be blown into 
hyperspace. 


[0021] Referring to FIG. 9, the directions of force, veloc 
ity, and electromagnetic fields are referred to in the eylin- 
drical coordinate system {r,0.2}. An electrostatcally 
changed sharp-edged ring in the O-direction around the hull, 
of the spacecraft produces a radial electric field. A vertical 
solenoid in the z-direction through the center of the hull 
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Effects of ciclosporin, tacrolimus, and rapamycin 


iymphokine secretion] 
(UL-2, 1L3, thd, 16, + t 
GM-CSF IFNy) 


1-2 receptor 
uz recast 4 J 


-ort 


response to IL2 - - 1 


[GM-CSF granulocyte-macrophage colony stimulating factor 


Fig. 17.2 Differential effects of ciclosporin, tacrolimus, and 
rapamycin immunophilins on cytokine activity. 


T cell proliferation is inhibited 

Ciclosporin has: 

* a marked inhibitory effect on the early events of T cell 
proliferation induced by mixed lymphocyte reactions, 
concanavalin A, or phytohemagglutinin; 

* a specific effect on B cells, inhibiting antiglobulin- 
riven proliferative responses, but not those due to 
stimulation with lipopolysaccharide; 

* effects on antigen presentation by monocytes and 
Langerhans’ cells. 

‘The effect of ciclasporin, while profound on T cells, 

therefore extends to other cells of the immune system, 

It is believed that tacrolimus has a mode of action 
similar to that of ciclosporin, albeit by attachment to a 
different immunophilin. 

Rapamycin, however, also affects cells of non- 
hematopoietic origin ~ for example, it inhibits prolif- 
eration of vascular smooth muscle cells after balloon 
catheter injury and may then be useful in preventing 
restenosis after angioplasty. Also, because rapamycin 
inhibits T lymphocyte proliferation at a later stage than 
ciclosporin or tacrolimus, it may be used synergistically 
with these agents or as an alternative in conditions 
refractory to the use of one or the other. 


NUTRIENT DEFICIENCIES ARE GENERALLY 
ASSOCIATED WITH IMPAIRED IMMUNE 
RESPONSES 

‘The relationship between nutrition and resistance to 
infection has been suggested by historical accounts of 
famine and pestilence, clinical observations, and epidemi- 
ological data. 

Generally, nutrient deficiencies are associated with 
impaired immune responses, The five aspects of immunity 
most consistently affected by malnutrition are: 

* cell-mediated immunity; 

* phagocyte function; 

* the complement system; 

+ secretory antibody; and 

* cytokine production. 

Worldwide, nutritional deficiency is the most common 
cause of immunodeficiency. 


Economically underprivileged countries have a high 
prevalence of nutritional deficiencies, as do communities, 
that are economically poor in many industrialized countries. 

In addition, nutritional deficiency can result from pri- 
mary systemic disorders ~ patients with cancer, chronic 
renal disease, burns, multiple trauma, and chronic infec- 
tion show a high prevalence of malnutrition. 

Paradoxically, obesity and an excess intake of nutrients 
are also associated with reduced immune responses. 


Infection and malnutrition usually aggt 

each other 

Nutritional deficiency does not affect all infections equally: 

+ the clinical course and final outcome of pneumonia, 
diarrhea, measles, and tuberculosis are affected 
adversely by nutritional deficiency; 

* for some infections (e.g. tetanus and viral encephalitis), 
the effect of nutritional deficiency is minimal; 

* for other infections (e.g. influenza virus and human 
immunodeficiency virus [HIV]), nutrition exerts a 
moderate influence. 

‘Many factors predispose to the development of infection 

in the malnourished individual, including poor sanitation, 

contaminated food and water, lack of nutritional and 
health knowledge, illiteracy, and overcrowding. 


ate 


Lymphoid tissues are damaged by nutrient 
deficiencies 

Lymphoid tissues are very vulnerable to the damaging 
effects of malnutrition 

‘The extent and severity of lymphoid dysfunction 
caused by nutrient deficiencies depend upon several 
factors, including: 

+ the rate of cell proliferation; 

+ the amount and rate of protein synthesis; and 

+ the role of individual nutrients in critical metabolic 
pathways. 

‘Numerous enzymes with key roles in immune processes 

require zinc, iron, vitamin B,, and other micronutrients to 

function. 

Lymphoid atrophy is a prominent morphological 
feavure of malnutrition. 

‘The thymus, in particular, is a sensitive barometer in 
young children and the profound reduction in weight and 
size of the organ in several malnourished subjects has been 
termed ‘nutritional thymectomy’. Histologically: 

+ the lobular architecture is ill defined; 

+ there is a lass of corticomedullary demarcation; 

+ there are fewer lymphoid cells; 

+ Hassall’s corpuscles are enlarged and degenerate — 
some may be calcified. 

Atrophy is observed in the thymus-dependent peri- 

arteriolar areas of the spleen and in the paracortical 

section of the lymph nodes. 


Protein-energy malnutrition affects cell- 
mediated immunity and phagocytosis 
Protein-energy malnutrition (PEM) is associated with a sig- 
nificant reduction in cell-mediated immunity, indicated by 
* a reduced number of CD4 helper cells; and 

+ lower CD4/CD8" ratio. 


NUTRIENT DEFICIENCIES ARE GENERALLY ASSOCIATED WITH IMPAIRED IMMUNE RESPONSES 


Co-culture experiments indicate a reduction in cell 
help available to B cells. Lymphocyte proliferative 
responses to mitogen are decreased. The immaturity of 
circulating T cells is reflected in increased leukocyte 
deoxynucleotidyltransferase activity. Reduced thymulin 
activity may underlie these changes in T’ cell number 
and function. There is a reduction in the secretory 

IgA antibody response to common vaccine antigens, 

which may contribute to a higher incidence of mucosal 

infections. 
Phagocytosis is affected in PEM: 

* opsonization is decreased, largely because of a reduc- 
tion in levels of various complement components — C3, 
5, and factor B; 

* ingestion of microorganisms is intact, but the ability 
of phagocytes to kill intracellular organisms is impaired; 

© the production of certain cytokines, such as IL-2 and 
‘TNE is decreased. 

Some innate mechanisms of immunity are also affected by 

nutrition: 

© the production of lysozyme is slightly decreased; 

* a larger number of bacteria bind to epithelial cells of 
malnourished subjects; 

‘wound healing is impaired, 

‘There are very few data on the quality and quantity of 

mucus produced in PEM. 


Zinc and iron deficiencies have a variety of 
effects on immunity 

‘The profound effect of zine deprivation on immune 
responses has been documented extensively. There is: 

* a reduction in delayed cutaneous hypersensitivity, 

* lower CD4/CDB* ratios; and 

* T cell dysfunction. 

A striking and pathognomonic feature of zine deficiency 
is reduction in the activity of serum thymulin (a nona- 
peptide that contains zine as an integral part of its 
molecule) and lymphoid atrophy. 

‘There is also an intergeneration effect of zine on 
immunity as demonstrated by the surprising finding of 
the effect in mice of zine deficiency in pregnancy. Even 
the third-generation progeny have impaired antibody 
responses, as shown by diminished numbers of plaque- 
forming cells (PFC) and lower levels of IgM (Fig. 17.3). 

Iron is a double-edged sword: 

* itis required by most microorganisms for their growth; 

© iron-dependent enzymes have crucial roles in lym- 
phocyte and phagocyte function. 

Iron deficiency is therefore generally associated with a 

reduced ability of neutrophils to kill bacteria and fungi, 

decreased lymphocyte response to mitogens and antigens, 

and impaired NK cell activity. 


@ In what ways can neutrophils and macrophages restrict 
iron availability for microorganisms? 

A. Soluble proteins such as lactoferrin produced by neutrophils 
reduce the availablity of tree iron in the phagalysosome. 
Macrophages have ion pumps (e.g. nRAMP) in their phago- 
somal memibrane that remove iron from the phagosome (see 
Chapter 15). 


Intergeneration effects of zinc deficiency on immunity 
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Fig. 17.3 An experimental group of animals was fed a zinc- 
deficient dit (5 ppm Zn) during the later two-thirds of 
pregnancy and a control group was fed a zinc-adequate diet 
(100 ppm Zn) during the same period. The former regimen 
reduced serum Zn to 60-70% of control values. F1, F2, and F3 
‘generations were fed sufficient zinc throughout. Bath the PFC 
‘esponse and serum concentration of IgM were assessed at 6 
‘weeks. Results showed that both were low in at least three 
‘generations offspring. 


Selenium and copper are also important for 
immune responses 

‘An exciting recent observation indicates that viruses can 
mutate and show altered virulence in malnourished hosts. 
Coxsackie virus recovered from selenium-deficient mice 
produced heightened myocardial damage ~ there were 
six nucleotide changes between the avirulent input virus 
strain and the virulent virus recovered from selenium- 
deficient animals. 

‘The clinical counterpart of coxsackie myocarditis and 
nutritional deficiency is Keshan disease, which was 
endemic in some parts of China, Selenium supplemen- 
tation has virtually eradicated this condition. 


Vitamin supplementation is of value in 
severe measles 
Vitamin A deficiency alters epithelial structure, leading 
to metaplasia and increased binding of bacteria. There is a 
reduction in the numbers of certain lymphocyte subsets 
and in the response to mitogen. 

Vitamin. supplementation is of value in preventing 
the complications of severe measles and reducing the 
mortality rate from this disease. 
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Vitamin B, and folate deficiencies reduce cell- 
mediated immunity, particularly lymphocyte proliferation 
responses, and also impair antibody production, 


Obesity is associated with 
responses 

Obese subjects and animals show alteration in various 
immune responses, including: 

* cytotoxicity; 

+ NK activity; and 

+ the ability of phagocytes to kill ingested bacteria and. 


Altered levels of some micronutrients, lipids, and hormones 
may explain these immunological changes. 


Some nutrients in moderate excess enhance 
immune responses 

Some nutrients given in moderate excess enhance selected 
aspects of immune responses, particularly cell-mediated 
immunity, These include: 

* vitamin E; 

+ vitamin A; 

+ zinc; and 

* selenium. 

However, for most nutrients, there is an upper limit of 
intake beyond which immune responses are impaired. 


Nutritional intervention may prevent 
infection 

‘There are exciting new possibilities for nutritional 
intervention for both primary and secondary prevention 
of infection in high-risk groups. 

Hospital inpatients who are malnourished are at high 
risk of complicated opportunistic infections, Nutrient- 
enriched feeding formulas: 

+ enhance immunity; and 
* reduce the risk of complications such as sepsis and poor 

‘wound healing. 

However, the administration of such nutritional supple- 
‘ments, often delivered intravenously, can make the patient 
susceptible to nosocomial infections associated with 
indwelling catheters. 

In the elderly, respiratory infection is a common cause 
of illness, Modest amounts of micronutrient supplements 
improve immune responses and, more significant] 
reduce the incidence of respiratory infections and anti- 
biotic usage, Furthermore, post-vaccination immune 
responses are higher in subjects given nutritional supple- 
ments than in untreated controls. 


Probiotics benefit health and immunity 
In both clinical and veterinary medicine, the value of 
probiotics is being recognized. ‘These ‘desirable’ bacteria 
such as Lactobacillus acidophilus, L. casei, cocci such as 
Enterococcus fecium, and bifidobacteria are given orally to 
replace or increase their presence in the gut microflora. 
Benefits to health and immunity come from: 

* the ‘barrier effect’ in the gut; 

* production of bacteriocidins, 


+ alteration of the local immune response via a change in 
cytokine profile in the gut mucosa; and 
+ increased antibody production. 


ACQUIRED IMMUNE DEFICIENCY 

SYNDROME 

The most significant global cause of 

immunodeficiency is HIV infection 

HIV is a retrovirus that is transmitted sexually, in blood or 

blood products, and perinatally. ‘There are two main 

variants, HIV-1 and HIV.2 

+ HIV-2 is endemic in West Africa and appears to be less 

pathogenic; 

+ HIV-1 has several subtypes (or clades), which are 
designated by the letters A through K, and the preva- 
lence of the different clades varies by geographical 
region ~ over 90% of people infected with HIV-1 live 
in developing countries and spread is 80% by the sexual 
route. 

Over 25 million people have died from AIDS since the 

first cases were described in 1981. 

Although sub-Saharan Africa has the highest preva- 
lence of HIV-1 infection in the world (7.4% for the 
region), the largest increase of new infections is occurring 
in East Asia, where the number of HIV-positive people 
increased by 50% between 2002 and 2004. 

[As of the end of 2004, The World Health Organization 
(WHO) estimates that, approximately 40 million people 
are living with HIV infection worldwide, with approxi- 
‘mately five million new infections and three million deaths 
due to AIDS each year. 


D4 antigen is the main receptor for 
HIV entry 

HIV is an enveloped retrovirus that contains two copies 
of a single-stranded RNA (ssRNA) genome (Fig. 17.4). 
Upon entry into a cell, the genome is reverse transcribed 
into complementary DNA (cDNA), which is integrated 
into the host cell genome (provirus). 

‘The 10-kilobase genome encodes nine genes flanked 
at each end by long terminal repeat (LITR) sequences, 
which are: 

* essential for integration of viral DNA into the host cell 

DNAjand 
+ contain binding sites for regulatory proteins involved in 

viral replication. 

‘The basic gene structure contains gag (core protein), po! 
(reverse transcriptase, protease, and integrase enzymes), 
and ero (envelope protein) genes. 

In addition to these three main gene products, the virus 
encodes six regulatory and accessory proteins (Tat, Rev, Vpr, 
‘Vpu, Vif, and Nef), which regulate viral protein synthesis. 

‘The viral genes overlap in different reading frames 
and the proteins are generated by alternative splicing 
‘mechanisms. 

‘CD4 antigen is the main receptor for viral entry ~ it is 
present on CD4* T lymphocytes, monocytes, dendritic 
cells (DCs), and brain microglia. The envelope glyco- 
protein gp120 is also capable of binding DC-SIGN. 
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Human immunodeficiency virus and its life cycle 
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Fig. 17.4 After attachment to CD4 and a chemokine co- 
receptor (usually CRS), the virus membrane fuses with the 
Cellular membrane to allow entry into the cel. Following 


uncoating, reverse transcription of viral RNA results in the 
production of double-stranded DNA (dsDNA). This i inserted 
into the host genome as the HIV provirus, by a virally coded 
integrase enzyme, which isa target for new antiviral 
‘medications curently in development. Cell activation leads to 


Q. What is DC-SIGN? 
A. DCSIGN isa type Il transmembrane protein on DCs that has 
a Ctype lectin extracellular damain (see Fig. 9.18). 


Although HIV-1 does not use DC-SIGN to infect 
DC, this interaction allows DCs to internalize HIV-1 at 
‘mucosal sites and then migrate to lymph nodes where they 
deliver HIV-1 to CD4T cells. 


The viral envelope glycoprotein gp120 binds to CD4 
‘The binding of the viral envelope glycoprotein gp120 to 
CD4 results in conformational changes in gp120 that 
expose binding sites for chemokine receptors, which serve 
as co-receptors for viral entry. 
‘The chemokine receptor used largely determines 
which cell type different HIV-1 variants can infect: 
* most primary isolates of HIV-1 use CGRS as a co- 
receptor (RS viruses) ~ rare individuals with a genetic 
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transcription and the production of viral mRNAS. Structural 
proteins are produced and assembled. Free HIV viruses are 
produced by viral budding from the host cell, ater which 
further internal assembly occurs with the cleavage of a large 
precursor core protein into the small core protein components 
by a virally coded protease enzyme, producing mature virus 
particles, which are released and can go on to infect additional 
Cells bearing CD4 and the chemokine co-receptor. 


32-base pair deletion in CCRS that results in a 
frameshift mutation and truncation of the protein are 
relatively resistant to HIV-1 infection; 

‘the other major variant of HIV-1 uses CXCR4 as a co- 
receptor (X4 viruses). 

In approximately 50% of individuals the viral phenotype 

switches from RS to X4 during the later stages of 

infection. 


Q. How will the switch in the viral phenotype affect which 
cells are infected? 

A. CCRS is selectively expressed an manonuclear phagocytes, 
CKCR¢ Is present on a number of cell types, including naive T 
calls, B cells and monocytes; consequently there isa shift towards 
cell infectivity (see Chapter 6 and Appendix 4). 
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Immune dysfunction results from the direct 
effects of HIV and impairment of CD4 T cells 
‘There is wide-ranging immune dysfunction in HIV-1 
infection, with immune suppression within a milieu of 
immune activation, resulting from: 
* direct effects of HIV; and 
* depletion and functional impairment of the CD4T cell 
subset over time. 
How HIV kills its target cells is not well understood. 
Several different mechanisms have been proposed, 
including accumulation of RNA and unintegrated DNA in 
the cell cytoplasm and intracellular binding of CD+ and 
gpl20. Infected cells may bind to uninfected cells by 
gp!20-CDé linkages, with multinucleate giant cell and 
syncytium formation. 

gp120 bound to the surface of uninfected CD4'T cells 
also makes them vulnerable to antibody-dependent cell- 
mediated cytotoxicity (ADCC), while infected cells may 
be killed by HIV-1-specific CD8 cytotoxic T lymphocytes 
(CTLs). 

HIV proteins may act as superantigens, resulting in 
vast expansion and then exhaustive depletion of cells. In 
addition, HIV may induce 'T cell apoptosis and viral 
budding may lead to cell membrane weakening and lysis. 

‘The spectrum of immune dysfunction is characterized 
by: 

+ depletion of the CD4 T eel subset; and 
* decreased responses to antigens, mitogens, alloanti- 
gens, and anti-CD3 antibody, associated with decreased 

IL-2 production and other changes in cytokine 

production. 

‘The HIV-1 protein Nef selectively downregulates expres 
sion of HLA-A and -B alleles, so reducing surface 
expression of MHC class I molecule-peptide complexes 
and decreasing detection by CTLs. To avoid killing of 
infected cells by NK cells, which kill cells devoid of MHC 
class I molecules, Nef does not decrease expression of 
HLA-C and HLA-E. 


Q. What is the functional significance of the observation 
that Nef does not decrease HLA-C and HLA-E? 

A. HLAC and HLA-E are inhibitory signals for NK cells 
Therefore Nef can decrease cell recagnition by CTLs while not 
Increasing susceptibility to NK cells (see Chapter 10). 


Nef has also been shown to decrease the expression of 
CD4 on infected cells such that gp120 on progeny virions 
is free to bind to CD4 and chemokine receptors on 
recipient cell, 
‘There is an: 
* increase in activated and unresponsive CDS TT cells; 
* increased fi-microglobulin and neopterin in serum; 
* polyclonal B cell activation with B cells refractory to 
cell-independent B cell activators; and 
* an increase in autoantibodies and immune complexes. 
Modeling of the plasma virus and CD4 cell responses 
to antiviral therapy suggest that the average half-life of the 
virus and infected ‘cells in the circulation is less 
than 2 days; 10°10" viruses are released from infected 
cells and similar numbers of new cells are infected and 


die daily. 


Antibody response appears to be ineffective 
in controlling HIV infection 

‘The development of antibodies is an important compo- 
nent of the adaptive immune response to prevent or 
modulate infection, However, in the case of HIV-1 
infection, neutralizing antibodies appear to be ineffective 
in controlling infection and viral replication. 

Antibody responses to envelope glycoproteins can be 
detected in the serum of infected individuals 2-3 weeks 
after infection, though these lack the ability to inhibit viral 
infection. It is not until several more weeks after virus 
infection, and usually after the initially high levels of 
viremia have subsided, that neutralizing antibody responses 
are detected. 

‘The main targets of neutralizing antibodies are: 

* gpt; 

+ the second and third hypervariable loops (V2 and V3) 
of gp120; and 

+ the CD4binding domain of gp120. 

Antibodies to the V2 and V3 loop tend to be isolate- 

specific and therefore of doubtful use as potential vaccine- 

elicited antibodies. Furthermore, the genes encoding the 

‘V2 and V3 loops of gp120 are highly mutatic. 


'Q. What is likely to be the effect on the virus of antibodies 
to V2 and V3 during an HIV infection? 

A. Specific antibodies will act as selective pressure on the virus 
to mutate these segments of the antigen ta avoid immune 
recagnition (see Chapter 13), 


Itis noteworthy that broadly cross-reactive neutralizing 
\V3-specific antibodies have been described later in 
infection after prolonged antigen exposure, most likely 
resulting from somatic hypermutation in the variable 
region immunoglobulin genes. 

Furthermore, studies in simian immunodeficiency virus 
(SIV) infection in macaques have indicated that pre- 
existing circulating neutralizing antibodies may alter the 
clinical outcome of infection. This indicates that the indue- 
tion of high-titre neutralizing antibodies will be an impor- 
tant component in strategies to prevent HIV-1 infection, 


Cellular immune responses play a role in 
controlling HIV viremia 

In addition to antibody responses, cellular immune 
responses are generated in infected individuals and are 
thought to play an important role in control of viremia, 
though, like antibody responses, they are unable to 
eliminate infection, 

‘The importance of virus-specific CD8 T cells in 
HIV-1 infection has been best demonstrated using an 
animal model of AIDS, where macaques depleted of CD8 
T cells for more than 28 days during primary SIV 
infection failed to control viremia, experienced an accel- 
erated disease course, and developed an AIDS-like 
syndrome resulting in death. 

In humans, HIV-I-specific CD8 T cells are readily 
detected in: 

+ peripheral blood; 
+ Iymph nodes; and 
+ gastrointestinal mucosal tissues. 
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HIV-L-specific CTLs have been shown to lyze infected 
cells and suppress viral replication in vitro. All expressed 
proteins have heen shown to be targeted by HIV-1- 
specific CTLs, and in some individuals greater than 25% 
of total CD8 T cells are specific for HIV-1 epitopes. 

Despite the presence of high numbers of HIV-1- 
specific CTLs in peripheral blood, no significant corre- 
lations have been established between the total number of 
IFNy-producing CTLs and viral load. 


HIV-1-specific CTLs in chronic progressive HIV-1 
infection are impaired 

‘There is evidence that HIV-1-specific CTLs in chronic 
progressive infection are functionally impaired because 
they: 

* typically contain low levels of intracellular perforin (see 

Figs 10.11 and 10.12), a eytotoxie protein; and 
* fail to exhibit strong proliferative capacity upon 

exposure to cognate antigens in vitro in individuals with 

high viral loads. 
HIV-L-specific CTLs do, however, exert strong selection 
pressure on the virus, resulting in mutations in CTL 
epitopes that are incapable of binding to specific MHC 
class I molecules. 

In addition, mutations affecting antigen processing 
have recently been described that interfere with intra- 
cellular proteasome processing of viral proteins such 
that specific epitopes are no longer generated and 
presented by MHC class I molecules on the surface of 
infected cells, 

Depending on where in the HIV-1 genome these 
* mutations may result in loss of recognition of epitopes 

by HIV-1-specific CTLs and subsequent loss of control 

of viremia; or 

* the mutations may occur in functionally important 
regions of viral proteins that impose a significant fimess 
cost to the virus and ultimately result in lower 
infectivity of the virus. 


HIV-1-specific CD4 T cells are preferentially 
infected by the virus 

HIV-L-specific CD4T cell responses are complicated by 
the fact that CD4 T cells are the major population of cells 
infected by HIV-1, and recent evidence indicates HIV-1- 
specific CD4 TT cells are preferentially infected by the 

Although HIV-1-specific CD4 T cells are present in 
peripheral blood at much lower levels than their CD8 
counterparts, increasing evidence supports an essential 
role for these cells in containing viremia. 

“The major targets of HIV-I-specific CD4 cells are 
the Gag and Nef proteins, and an inverse correlation 
between proliferative responses to Gag p24 antigen and 
viral load has been described. 

Furthermore individuals with low to undetectable viral 
loads have been shown to have a higher percentage of 
HIV-1-specitic cells capable of secreting both IFNy and 
IL-2 in response to cognate antigen, in contrast to CD4T. 
cells from individuals with higher viral loads who secrete 
IFNy only, with little or no detectable IL-2 production. 


Evidence that HIV-I exerts a progressive functional 
impairment of CD4 T cells over time has come from 
recent data indicating that autologous CD4 cells iso- 
lated from individuals during acute infection can restore 
the proliferative capacity of CD8 T cells from chronically 
infected individuals when added back to in-vitro pro- 
liferation assays. 

‘Moreover, vaccine-induced HIV-1-specific CD4T cell 
responses have been correlated with restoration of the 
proliferative capacity of HIV-1-specific CD8 T cells, 

‘The long-term clinical benefits of restored HIV-1- 
specific CD4 and CD8 cell function remain to be 
determined, and such studies will provide important 
information regarding correlates of immune protection in 
HIV-1 infection. 


Acute HIV infection is associated with a 
transient depletion of peripheral CD4 

T cells 

Acute HIV infection is associated with a transient illness 
similar to glandular fever (infectious mononucleosis) in up 
to 80% of persons, with clinical symptoms including 
malaise, muscle pains, swollen lymph nodes, sore throat, 
and rash. There is: 

‘+ transient depletion of peripheral CD4 T cells; 

+ expansion of CD8 T cells; and 

* levels of plasma virus that reach 10 million virus 

particles per mi of plasma in most persons (Fig. 17.5). 
Gut-associated lymphoid tissue is a major site of early 
virus replication, where there is large percentage of 
CCRS-positive CD4 cells, which become virtually elimi- 
nated in the early weeks following infection. 

Because it takes 2-6 weeks on average for antibodies to 
core and surface proteins to he detectable by enzyme- 
linked immunoassays (ELISAs, see Method Box 3.2, 
Fig. 2), acute infection cannot be diagnosed by standard 
tests. Instead, this early acute phase can be detected only 
by assays that detect virus, such as plasma viral RNA 
levels. 

Symptoms of acute infection have usually resolved 
by the time antibodies are detected, and a period of 
asymptomatic infection ensures. 

‘The rate of disease progression in HIV infection is 
associated with both viral load and CD4 count at 6 months 
after infection. 

Viral load 6 months after acute infection averages 
30.000 RNA copies/ml plasma, with normal CD4 cell 
numbers in most persons. 


AIDS is defined by a CD4 count < 200/pl 
On average it takes 10 years to develop AIDS, defined by 
the presence of an AIDS-defining illness or a CD4 count 
of less than 200 cells/ul. 
Strikingly, some persons progress to AIDS in less than 
2 years, whereas other untreated persons have not 
developed AIDS in over 25 years of documented infection. 
In untreated infection, there is a gradual increase in 
viral load and decline in CD4 count. Early indicators of 
immune function decline include non-specific constitu- 
tional symptoms such as fevers, night sweats, diarrhea, and 
weight loss. 
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Natural history of HIV infection 


wide dissemination of virus 
‘seeding of lymphoid organs 


clinical latency 


Fig. 17.5 A typical course of HIV infection. (Courtesy of Dr AS 
Fauci, Modified with permission from Pantaleo G, Graziosi C. 


@ Which mediators lead to the symptoms described 
above? 

‘A Inflammatory cytokines, including IL-1, which induces fever, 
and TNFa, which induces cachexia (weightloss), generate these 
symptoms (see Chapter 6) 


Other less severe conditions that occur largely affect 
the mucous membranes and skin, for example: 

* oral candidiasis (thrush); 

+ dermatomal varicella-zoster infection (shingles); 

* recurrent anogenital herpes simplex virus infection; and 
+ a variety of other cutaneous skin infections. 

‘These conditions often precede the development of 
serious opportunistic infections and tumors, which are 
AIDS-defining illnesses that typically occur when the 
D4 count is less than 200/u1. 


More severe infections are associated with a low 
D4 count 

Because of the strong relationship between CD4 count 
and risk of more severe infections, reflecting severe 
immune deficiency, AIDS is now also defined on the basis 
of CD4 count alone even in the absence of symptomatic 
disease, when the CD4*T cell count is below 200/ml (see 
Fig. 17.5). 

‘Kaposi's sarcoma, a multifocal tumor of endothelial 
cells (Fig. 17.6), is the commonest tumor. Widespread 
skin, mucous membrane, visceral (gut and lungs), and 
Iymph node disease occurs. Infection with human herpes 


constitutional 
‘symptoms 


| 
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virus 8 (HHV8) is associated with development of the 
tumor. B cell lymphomas also occur, affecting the brain, 
gut, and bone marrow. 

Most of the opportunistic infections are due to 
reactivation of latent organisms in the host or, in some 
cases, ubiquitous organisms to which we are continually 
exposed. They are difficult to diagnose and treatment 
‘often suppresses rather than eradicates them. Relapses are 
common and continuous suppressive or maintenance 
‘treatment is necessary, using drugs that cause side effects. 
‘The three main organ systems affected are the: 

+ gastrointestinal tract; 
+ respiratory system; and. 
+ nervous system. 


Q. Why should these systems be most commonly affected 
in HIV infection? 

A. The respiratory and gastrointestinal systems are sites that are 
normally colonized by non-pathogenic micrabes, A shift in the 
balance of the immune defense of these systems means that 
such microbes are not controlled. Immune responses are also 
limited and viruses are often tolerated in hast cells, rather than, 
destroyed. Again a shift in the immune balance can leave such 
latent infections uncontrolled (see Chapter 6). 


Pneumonia is common and Pneumocystis carinii is the 
commonest infection (see Fig. 17.6), but bacterial 
infections, including Mycobacterium tuberculosis, and 
fungal infections also occur. 


ACQUIRED IMMUNE DEFICIENCY SYNDROME 


Common features of late-stage HIV infection 


Fig. 17.6 (1) Multiple Kaposi's sarcoma lesions on the chest 
and abdomen. (2) Chest radiograph of a patient with 
Pheumogystis cari pneumonia, showing bilateral interstitial 
shadowing, (3) Small bowel biopsy fram a patient with diarrhea 
‘caused by cryptosporidia, showing intermediate forms of 
‘cryptasporidia (small pink dots) on the surface of the mucosa 


Discomfort on swallowing is usually caused by 
candidiasis (thrush), but cytomegalovirus can cause 
esophageal ulceration 
Protozoa (cryptosporidia and microsporidia) are the 
commonest pathogens isolated in patients with diarrhea 
and weight loss (see Fig. 17.6), but enteric bacteria such 
as Salmonella and Campylobacter spp. may also be found 
Neurological complications in AIDS are due to: 
* direct effects of HIV infection; 
* opportunistic infections; or 
* lymphoma 


(4) Computed tomography scan of the head of a patient with 
cerebral toxoplasmosis. The patient presented with a history of 
fits and weakness of the left arm and leg. Injection of contrast 
revealed a ring-enhancing lesion in the right hemisphere 
(arrow), with surrounding edema (dark area). 


AIDS-related dementia once affected between 10% and 
40% of patients with other manifestations of AIDS, but 
with more effective antiviral treatment has become less 
Spinal cord and peripheral nerve disease also occur 
‘Toxoplasmosis, a protozoal infection, causes cysts in 
the brain and neurological deficit (see Fig. 17.6). 
Cryptococcus neoformans isa fungus that causes 
Cytomegalovirus may cause inflammation of the 
retina, brain, and spinal cord and its nerve roots, and a 
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polyomavirus (JC virus), which infects oligodendrocytes 
in the brain, produces a rapidly fatal demyelinating disease 
~ progressive multifocal leukoencephalopathy. 


‘Treatment with highly active antiretrovit 
therapy (HAART) controls HIV infection 
In 1987, zidovudine (AZT) was licensed as the first 
nucleoside analog reverse transcriptase inhibitor 
(NRTD to be used in HIV infection. Together with 
targeted therapies to prevent opportunistic infections, 
even single drug therapy had an impact on the mortality 
rate. 

Since then there have been considerable advances, with 
the development of: 

* other NRTIs; 
* non-nucleoside reverse transcriptase inhibitors 

(NNRTI5); 

* protease inhibitors; and 

* entry inhibitors (see Fig. 17.4). 

‘The introduction of combination chemotherapy for the 
treatment of HIV infection, which occurred in 1996, 
resulted in a dramatic decrease in deaths due to AIDS, 
HIV infection became a chronic controllable illness for 
persons fortunate enough to have access to these 
medications, which typically consist of: 

+ two NRTIs; and 

+a NNRTT or protease inhibitor. 

‘Treatment with these combinations, termed highly active 
antiretroviral therapy (HAART), typically results in 

* lowering of plasma viral load to levels below detection, 

by the most sensitive assays (< 50 RNA copies/ml 

plasma); and 
+ dramatic increases in CD4 cell counts, though these 
often do not return to normal levels of greater than 

800 cells/u; 

+ a decreased risk of opportunistic infections as CD4 
counts rise. 

‘The optimal time to start therapy continues to be debated, 

but most guidelines recommend HAART when: 

+ CD4 count is below 350 or 200 cells/h; 

* in all patients who have an AIDS defining illness. 

Serum HIV RNA levels also influence this decision, 

though again there is debate on when to act, with some 

recommending therapy when the viral load is greater than 

50.000 RNA copies/ml plasma, and others deferring until 

viral load is greater than 100 000. 

Until recently, the cost of these drugs was so high that 
they were not accessible in resource-constrained settings, 
which is where over 90% of global infections are found. 
‘The combination of international donor efforts, reduced 
drug pricing, and generic medications have all contributed 
to an increasing access to these life-saving medications, 

Early studies show that persons living in poverty not 
only can adhere to the complicated regimens, but that 
they are quite effective. 


An effective vaccine remains an elusive goal 
To date there have been clinical trials of numerous 
candidate HIV vaccines, but most would agree that an 
effective vaccine remains an elusive goal. 

Despite increasing characterization of adaptive immune 
responses, the correlates of protection remain to be fully 
defined, and this has left the field with mostly empiric 
approaches. 

Encouraging early reports of persons repeatedly 
exposed to HIV who never became infected suggested that 
adaptive immune responses, particularly HIV-specific 
CDB T cell responses, might be responsible for apparent 
protection, but this remains somewhat controversial. 

A vaccine that prevents infection altogether will almost 
certainly require the induction of broadly neutralizing 
antibody responses, something that is yet to he achieved. 


Q. Why is it difficult to identify suitable antigens that could 
be used in a neutralizing vaccine? 

‘A. The very rapid rate of HIV mutation and the high rate of virus 
production mean that the virus can readily mutate to evade a 
specific immune response, and yet may develop variants that 
retain infectivity 


Many in the field believe that a vaccine that protects 
from disease progression, while not necessarily protecting 
from the initial infection, is a more realistic short-term 
goal. The approaches being used for this goal focus on the 
induction of cellular immune responses, particularly CDS 
T cell responses, though increasing data indicate that 
robust CD4T cell responses to HIV will also be needed. 

‘As no cure or vaccine is currently available, our main 
weapon is prevention through health education and 
control of infection. 
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CRITICAL THINKING 


Critical thinking: Secondary immunodeficiency (see p. 498 for explanations) 


A 52-year-old record producer developed a severe cough with 
Increasing shortness of breath, He also had a fever, chest pain, 
and malaise, For the week before presentation he complained of 
pain on swallowing. His past medical history included gonorrhea, 
and genital herpes within the previous 3 years. Over the 
previous 2 months he had suffered from persistent diarthea and, 
fst 9 kg in weight from a baseline of 68 kg. He lived with his 
‘male partner with whom he had been having unprotected 


‘Table 1 Results of investigations on presentation 


Intercourse for several years. There was ne history of intravenous, 
drug abuse 

‘On examination he was underweight and had enlarged 
lymph nodes in the neck, axillae, and groin. Plaques of Candida 
‘lbicans were visible in his throat. There were abnormal breath 
sounds in his lungs. The results of his blood tests are shown in 
Table 1. 


hemoglobin (g/dl) 728 (135-180) 
platelet count (x 10%) 1728 (150-400) 
white call count (< 1097) 6.2 (40-110) 
neutrophils (x 10°/)) 5.4 (2.0-7.5) 
‘eosinophils (x 10%) 0.24 (0.4-0.44) 
{otal lymphocytes (« 10%) 0.75 (16-35) 
T lymphocytes 
D4" (x 10°) 0.12 (0.71.1) 
DB" (x 10%) 0.42 (0.5-0.9) 
B lymphocytes (» 10°/I) 0.11 (0.2-0.5) 
arterial blood gases 
PaO; (kPa) 78> 108) 
PaCO; (kPa) 5.52 (4.7-6.0) 
pH 7.39 (7:38-7.45) 
HCO,” 256 
base excess “09 
ECG normal 
chest radiography bilateral diffuse interstitial shadowing 
bronchoscopy with bronchoalveolar lavage positive for Pheumocystis carinii 


Because of his sexual history, the patient was counseled about 
having a human immunodeficiency virus (HIV) test, and 
consented. An enzyme-linked immunosorbent assay (ELISA, see 
‘Method Box 3.2, Fig. 2) was postive for ant-HIV antibodies and 
2 polymerase chain reaction (PCR) demonstrated HIV-1 RNA in, 
the plasma, 

Examination of an induced sputum specimen revealed cysts 
‘of Pneumocystis carini, which together with the positive HIV 
ELISA is an AIDS-defining illness. Thus a clear diagnosis of 
acquired immune deficiency syndrome (AIDS) was made and 


the patient's P. carinif pneumonia was treated with oxygen by 
mask and parenteral co-trimoxazole. He was discharged from 
hospital taking oral co-trimoxazole. 

Within 3 months he was seen again in accident and 
emergency with blurred vision and lashing lights’ in his eyes. 
He was shown to have an infection of his retina with cyto- 
rmegalovirus and was treated with injections of ganciclovir, The 
CD4 count at this time was 0.04°x 10?/l. While receiving this, 
treatment the patient became increasingly unwell and, 
semiconscious. Investigations at this time are shown Table 2. 
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produces a magnetic field which is perpendicular at the rim 
{o the electric field. With the current in the solenoid flowing 
in the clockwise (~0) direction, using the right-hand rule, the 
‘magnetic field points in the upward z-direction outside the 
rim, Because the rim is charged to a negative voltage, the 
‘electric field points toward the hull in the negative radial (-r) 
direction, Electrons emitted by the rim travel outward (4v) 
because the charge on the electron is negative which, 
together with the negative electri field, produces a positive 
radial force. The radial force on the electron causes it t0 
‘acquire a velocity which interacts with the magnet field. 
‘The cross product of the velocity (4) with the positive (+B) 
magnetic field produces a sideway’ force on the electron in 
the negative 8-direction, However, because the charge on the 
‘electron is negative, the force is 
Falvn)x(00.8,){048.650} 

which is positive in the 8-direction, Its this sideways force 
that produces flat spiraling or looping motion whereby the 
‘electron emits photons, known in German as Bremsstahlung, 
radiation, in the radial direction. The photon, which is 
actually 4 quantum of negative energy, has a positive radial 
pressure which propels it along. Because the radial electric 
field produces a negative pressure in the radial direction, the 
two opposite fields cancel in the radial direction to form a 
residual stationary vibrating negative energy. Thus the hull 
becomes surrounded by negative energy which, together 
with the pressure stresses created by the electric field, 
xenerates wormholes between space and hyperspace. 


[0022] The gravitational potential between hyperspace 
‘and space is positive because the hyperspace energy is more 
positive than the negative energy around the hull. Thus the 
low-density, low-speed-of-light hyperspace energy flows 
through the wormhole and fills the hull. This has the effect 
of reducing the effective mass of the hull. Because the 
‘electric field generates a positive pressure over the hull inthe 
vertical z-direction, there is an upward force on the vehicle 
due to the pressure times the hull area, Since the vehicle has 
a low mass, there is a modest upward acceleration on the 
spacecraft equal to the force divided by mass. 


ABBRIEF DESCRIPTION OF THE DRAWINGS 


[0023] FIG. 1, Perspective view of an electromagnetic 


[0024] FIG. 2. Perspective view of 
[0025] FIG. 3. Perspective view of charged ring. 


[0026] FIG. 4. Planar plot of the radial electric field 
produced by charged ring, 

[0027] FIG. 5. Perspective view of radial electric field 
‘around! ring. 


[0028] FIG. 6, Planar view of magnetic flux density field 
ian 
‘contour fines. 


acecraft 


[0029] FIG. 7. Perspective view of electron motion in 
‘crossed electric and magnetic fields. 


[0030] FIG. 8, Perspective view of production of negative 
‘energy around hull 


[0031] FIG. 9, Perspective view of eylindrical coordinate 
system {1,042} 
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DETAILED DESCRIPTION OF THE 
INVENTION 


[0032] 1. The hull is made from a single sheet of alumi- 
‘num which has been stretched to its yield point by 
hydraulic cylinders. An upper and lower die is CNC 
machined to the profile of the hull. The soft sheet is then 
‘clamped in the die where it takes on the smooth shape of 
the hull without any wrinkles. The hull is extremely rigid 
after forming and does not require any structural rein- 
orcements, 


[0033] 2. A section of the aluminum ring is made in a 3D 
‘computer graphics program, ‘The model is stored as a 
stereolithography file (®t). The computer model i then 
sent via Internet e-mail tothe stl server who prints the part 
in an ultraviolet light-cured polymer. The partis retumed 
the next day by Express Mail. Using a rubber blanket 
mold to ereate several ring sections, the entire ring is 
assembled together in another wooden mold box having 
thin circular laminate-coated particulate wall boards on 
either side ofthe ring. Then a liquid rubber mold is poured 
‘on top of the ring and allowed to harden overnight at room. 
temperature. Since the rubber mold is flexible, the ring 
‘can be extracted fairly easily. This ring model i then sent 
to the foundry where itis cast in aluminum using the lost 
‘wax process in which a wax mold evaporates out of the 
sand casting, We are also experimenting with non-mag- 
netic copper casting metals containing beryllium having 
ood conductivity. 


[0034] 3. A 11.5 cm plastic pipe is mounted on a rotating 
fixture driven slowly by a microcontoller, stepper motor, 
‘and power electronics board. Using a large diameter 
insulated wire, such as a 17 AWG with a wire diameter of 
0.127 cm, the wire is wound slowly on the pipe and 
cexpoxied so that the windings don’t come loose. The 
solenoid is then mounted vertically in the hull supported 
by the support ring and driven by a current generator 
located nearby on the test rig. 


[0035] 4. The ring is driven by a high voltage electrostatic 
xenerator similar to the night vision scope high voltage 
power supplies. The ring charge is isolated from the hull, 
by ceramic insulators. 


I claim: 

1. A spacecraft propulsion system comprising the com- 

ponents: 

an aluminum horizontal circular structural support ring; 

‘an aluminum bull inthe shape of a high dome on top and 
shallow dome on the bottom attached to the circular 
‘support ring using ceramic insulators; 

‘an electrostatically negatively-charged sharp-edged circu- 
lar ring, preferably of non-magnetic aluminum or cop- 
per, altached with ceramic insulators to the outside of 
the support ring; 

‘a solenoid mounted through the center of the hull in the 
vertical direction and attached to the center of the 
support ring: 

an electrostatic high-vollage generator to drive the outer 
‘electrostatic ring: and 


‘a direct high-current generator to drive the solenoid 


17._ AIDS AND SECONDARY IMMUNODEFICIENCY 


Critical thinking: Secondary immunodeficiency (Continued) 


Table 2 Results of investigations 3 months after presentation 


yemoglobin (g/dl) 10.4 (135-180) 
platelet count (x 10%) 104 (150-400) 
white cell count (x 10°) 4.1 (4,0-11.0) 
neutrophils (x 10°/1) 4,2 (20-75) 
‘eosinophils (x 10°/) 0,24 (0.4-0.44) 
total lymphocytes (x 10%!) 0.62 (1.6-3.5) 
T lymphocytes 

be: (10 00 (05-02) 


B lymphocytes (x 10°) 


0.09 (0.2-0.5) 


chest radiography minimal areas of diffuse shadowing 
blood culture negative 
blood glucose (mmol) 76 (< 10.0) 
CSF from lumbar puncture 
‘appearance turbid 
White cells (polymorphs/mm") 2500 
protein (gi) 4.2 (0.15-0.45) 


‘glucose (mmol) 


45 [> 60% blood glucose) 


Indian ink stain 


positive for cryptococcus 


A diagnosis of cryptococcal meningitis was made and intra- 
‘venous amphotericin was started. The patient did not respond 
to treatment and died shortly ahterwards, At autopsy, P carinii 
‘was isolated from his lungs and evidence of early cerebral 
lymphoma was nated. 


1. What diagnostic tests are available for HIV infection? 
2 Which of these tests should be used if HIV infection is, 
suspected in a mather and her child infected vertically? 

3 What serological and cellular indices can be used to 

‘monitor the course af HIV infection? 


Vaccination 


SUMMARY 


‘Vaccination applies immunological principles to human 
health. Adaptive immunity and the ability of lymphocytes 
to develop memory for a pathogen's antigens undertie 
vaccination. Active immunization Is known as vaccination. 


‘+ Awide range of antigen preparations are in use as 
vaccines, from whole organisms to simple peptides and 
“sugars. Living and non-living vaccines have important 
differences, living vaccines being generally more effective. 


‘+ Adjuvants enhance antibody production, and are usually 
required with non-living vaccines. They concentrate antigen 
at appropriate sites or induce cytokines. 


‘+ Most vaccines are still given by injection, but other 
routes are being investigated. 


“+ Vaccine efficacy needs to be reviewed from time to 
time. 


+ Vaccine safety is an overriding consideration. The MMR 
controversy resulted in measles epidemics. 


‘+ Vaccines in general use have variable success rates. 
Some vaccines are reserved for special groups only and 
vaccines for parasitic and some other infections are only 
‘experimental. 


sive Immunization can be life-saving. The direct, 
administration of antibodies still has a role to play in certain 
circumstances, for example when tetanus toxin is already in 
the circulation. 


+ Non-specific immunotherapy can boost immune activity. 
Non-specific immunization, for example by cytokines, may 
bbe of use in selected conditions. 


‘+ Immunization against a variety of non-infectious 
conditions is being investigated. Recombinant DNA 
technology will probably be the basis for the next 
‘generation of vaccines. 


VACCINATION APPLIES IMMUNOLOGICAL 
PRINCIPLES TO HUMAN HEALTH 

Vaccination is the best known and most successful 
application of immunological principles to human health, 

“The first vaccine was named after vaccinia, the cowpox 
virus. Jenner pioneered its use 200 years ago. It was the 
first deliberate scientific attempt to prevent an infectious 
disease (smallpox), but it was done in complete ignorance 
of viruses (or indeed any kind of microbe) and 
immunology. 

Twas not until the work of Pasteur 100 years later that 
the general principle governing vaccination emerged - 
altered preparations of microbes could be used to generate 
enhanced immunity against the fully virulent organism. 

‘Thus Pasteur’ dried rabies-infected rabbit spinal cords 
and heated anthrax bacilli were the true forerunners 
of today’s vaccines, whereas Jenner's animal-derived (te. 
heterologous’) vaccinia virus has had no real successors. 

Even Pasteur did not have a proper understanding 
of immunological memory or the functions of the 
lymphocyte, which had to wait another half century. 

Finally, with Burnet’s clonal selection theory (1957) and 
the discovery of T and B lymphocytes (1965), the key 
mechanism became clear. 


In any immune response, the antigen(s) induces clonal 
expansion in specific T and/or B cells, leaving behind 
a population of memory cells. ‘These enable the next 
encounter with the same antigen(s) to induce a secondary 
response, which is more rapid and effective than the 
normal primary response (Fig. 18.1). 

While for many infections the primary response may 
be too slow to prevent serious disease, if the individual 
has been exposed to antigens from the organism in a 
vaccine before encountering the pathogenic organism, the 
expanded population of memory cells and raised levels of 
specific antibody are able to protect against disease. 


Q. Rabies is one of the few diseases in which active immu. 
nization may be carried out after the individual becomes 
Infected. What particular feature of rabies infection makes 
this a reasonable treatment? 

‘A. The time between infection and the development of the 
disease is long, so an effective immune response has time to 
develop before virus reaches the CNS to produce symptoms. 


Vaccines have two major effects 
First, vaccines protect individuals against disease, and 
second, if there are sufficient immune individuals in a 


18._ VACCINATION 


Principles of vaccination 


vaccination stimulates protective adaptive immune response this priming expands the pool of specific memory cells 


‘subsequent natural infection induces fast, vigorous responses 


fragments, or toxoids 


harmless forms of the immunogen are used to vaccinate ~ these can be killed or modified living organisms, subcellular 


‘Vaccine adjuvants enhance immune responses 


vaccines must be safe, affordable, and produce herd immunity 


Fig. 18.1. Principles of vaccination, 


population, transmission of the infection is prevented. 

‘This is known as herd immunity. 

‘The proportion of the population that needs to be 
immune to prevent epidemics occurring depends on the 
nature of the infection: 

* if the organism is highly infectious so that one 
individual can rapidly infect several non-immune 
individuals, a is the case for measles, a high proportion 
of the population must be immune to maintain herd 
immunity; 

* if the infection is less readily transmitted, immunity in 
a lower proportion of the population may be sufficient 
to prevent disease transmission. 

Effective vaccines must be safe to administer, induce 
the correct type of immunity, and be affordable by the 
population at which they are aimed. For many diseases, 
this has been achieved with brilliant success, but for others 
there is no vaccine whatsoever. This chapter is mainly 
concerned with the reasons for this disparity 


‘A WIDE RANGE OF ANTIGEN 

PREPARATIONS ARE IN USE 

AS VACCINES 

In general, the more antigens of the microbe retained in 

the vaccine, the better, and living organisms tend to be 

more effective than killed organisms (see below). 

Exceptions to this rule are: 

* diseases where a toxin is responsible for the pathology 
in this case the vaccine can be based on the toxin alone 

* a vaccine in which microbial antigens are expressed in 
another type of cell, which acts as a vector. 

Fig. 18.2 lists the main antigenic preparations currently 

available. 


Live vaccines can be natural or attenuated 

organisms 

Natural live vaccines have rarely been used 

Apart from vaccinia, no other completely natural organ- 

ism has ever come into standard use. However: 

* bovine and simian rotaviruses have been tried in children; 

© the vole tubercle bacillus was once popular against 
tuberculosis; and 

+ in the Middle East and Russia Leishmania infection, 
from mild cases is reputed to induce immunity. 


It is possible that another good heterologous vaccine will, 
be found, but the safety problems will be considerable, 


Attenuated live vaccines have been highly 
successful 

‘The preferred strategy has been to attenuate a human 
pathogen, with the aim of diminishing its virulence while 
retaining the desired antigens. 

‘This was first done successfully by Calmette and Guérin 
with a bovine strain (Mycobacterium bovis) of Mycobacterium 
tuberculosis, which during 13 years (1908- 1921) of culture 
in vitro changed to the much less virulent form now 
mown as BCG (bacille Calmette~ Guérin), which has at 
least some protective effect against tuberculosis. 

‘The real successes have been with viruses, starting with 
the 17D strain of yellow fever virus obtained by passage 
in mice and chicken embryos (1937), and followed by a 
roughly similar approach with polio, measles, mumps, and 
rubella (Fig. 183). 


Q. Why would passage of a virus in a non-human species 
be a rational way of developing a vaccine for use in 
humans? 

A. The selective pressure on the virus to retain genes needed 
for virulence in humans and for human-to-human transfer is 
removed. Consequently some variants may lose these genes and 
ate at na disadvantage in the animal, but will retain antigenicity 
for use as attenuated vaccine strains 


Just how successful the vaccines for polio, measles, 
‘mumps, and rubella are is shown by the decline in these 
four diseases between 1950 and 1980 (Fig. 18.4). 


ATTENUATED MICROORGANISMS ARE LESS ABLE TO 
CAUSE DISEASE IN THEIR NATURAL HOST — Attenuation 
‘changes’ microorganisms to make them less able to grow 
and cause disease in their natural host. 

In early attenuated organisms, ‘changed? meant a 
purely random set of mutations induced by adverse 
conditions of growth. 

Vaccine candidates were selected by constantly moni- 
toring for retention of antigenicity and loss of virulence ~ 
a tedious process. 

When viral gene sequencing became possible it 
emerged that the results of attenuation were widely 


‘A WIDE RANGE OF ANTIGEN PREPARATIONS ARE IN USE AS VACCINES 


‘The main antigenic preparations 


Tiving organisms [natural vaccinia (for smallpox) 
ole bacillus for tuberculosis; historical) 
attenuated polio (Sabin; oral polio vaccine)*, measles*, mumps", rubella, yellow 
fever 170, varicella zoster (human herpesvirus 3}, BCG (for tuberculosis) 
intact but non-living | viruses polio (Salk), rabies, influenza, hepatitis A, typhus. 
organisms 
bacteria *portussis, typhoid, cholera, plague 
Subooliular capsular ;pneumococcus, meningococcus, Haemophilus influenzae 
fragments polysaccharides 
surface antigen hepatitis B* 
toxoids tetanus, diphtheriae 
Rey gene cloned and hepatitis B (yeast derivea)* 
DNA-based 
‘genes expressed in experimental 
Vectors 
naked DNA experimental 
‘antiidiotype experimental 
‘standard in most counties 


Fig. 18.2 A wide range of antigenic preparations ate used as vaccines. 


Live attenuated vaccines 


viruses | polio types 2 and 3 may revert; also 
killed vaccine 
measles 80% effective 
mumps 
rubella now given to both sexes 
yellow fever | stable since 1937 
varicella-zoster | mainly in loukernia 
hepatitis A | also killed vaccine. 
‘bacteria | tuberculosis | stable since 1921; also some 
protection against leprosy 


Fig, 18.3 Attenuated vaccines are available for many, but not 
all, infections. In general it has proved easier to attenuate 
viruses than bacteria 


divergent. An example is the divergence between the three 

types of live (Sabin) polio vaccine: 

* type 1 polio has 57 mutations and has almost never 
reverted to wild type; 

* types 2 and 3 vaccines depend for their safety and 
virulence on only two key mutations — frequent 


reversion to wild type has occurred, in some cases 
leading to outbreaks of paralytic poliomyelitis. 


VACCINIA VIRUS IS BEING USED AS A VECTOR FOR 
ANTIGENS OF MICROORGANISMS SUCH AS HIV AND. 
MALARIA ~ Vaccinia virus is not an attenuated smallpox 
virus (present-day vaccinia virus strains being most closely 
related to rodent pox viruses), nor is vaccination against 
smallpox carried out. However, vaccinia virus is returning 
to use a5 a vector for antigens of other microorganisms 
such as HIV and malaria and is yielding very interesting 
information on the effects of attenuation. 

Pox viruses contain approximately 200 genes of which 
about two-thirds are essential for growth in mammalian 
cells in vitro. 

‘The modified vaccinia Ankara strain (MVA) was grown 
for a prolonged period in avian cells and has deleted 
genes required to complete the replicative cycle in 
‘mammalian cells, but it can still infect them and is a safe 
and immunogenic smallpox vaccine. Those genes not 
essential for replication of the virus are mostly concerned 
with evasion of host responses and virulence. 

Virulence is the ability to replicate efficiently and 
disseminate widely within the body, with pathological 
consequences. 

All pox viruses contain virulence genes and many of 
these mimic or interfere with cytokine and chemokine 
function. Some of these have sequence homology to their 
mammalian counterparts and others do not. Most vaccinia 
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Effect of vaccination on the incidence of viral disease 


Fig. 18.4 The effect of vaccination on the incidence of various 
viral diseases in the USA has been that most infections have 


strains lack some of these genes while smallpox virus itself 
contains almost all of them. 

Itis now possible to use recombinant DNA technology 
to remove virulence genes completely or to introduce site~ 
directed mutations to inactivate them. A problem remains 
due to the large size of pox viruses, where deriving an ideal 
vector is a major enterprise that has not yet been achieved, 


Q. It is often found that attenuated viruses that are 
avirulent do not make good vaccines, Why should this be? 
A. Inflammation induced by damage to the host has an 
adjuvant effect, leading to more effective presentation of the 
vaccine antigens. 


Killed vaccines are intact but non-living 

organisms 

Killed vaccines are the successors of Pasteur’s killed 

vaccines mentioned above: 

+ some are very effective (rabies and the Salk polio 
vaccine); 

* some are moderately effective (typhoid, cholera, and 
influenza); 

* some are of debatable value (plague and typhus); and 

* some are controversial on the grounds of toxicity 
(pertussis). 

Fig. 18.5 lists the main killed vaccines in use today. Some 

of these will undoubtedly be replaced by attenuated or 

subunit vaccines. 


Inactivated toxins and toxoids are the most 
successful bacterial vaccines 

‘The most successful of all bacterial vaccines ~ tetanus and. 
diphtheria ~ are based on inactivated exotoxins (Fig. 18.6), 
and in principle the same approach can be used for several 
other infections. 


Subunit vaccines and carriers 

Aside from the toxin-based vaccines, which are subunits 
of their respective microorganisms, a number of other 
vaccines are in use that make use of antigens either puri- 
fied from microorganisms or produced by recombinant 
DNA technology (Fig. 18.7). 


rubella 


mumps 


shown a dramatic dawnward trend since the introduction af a 
vaccine (arrows). 


Killed (whole organism) vaccines 


viruses | polio. preferred in Scandinavia; safe in 
‘immunocompromised 
rabies _| can be given post-exposure, 
‘with passive antiserum 
influenza | strain-specific 
hepatitis A | also attenuated vaccine 
bacteria | pertussis | potential to cause brain damage 
(controversial) 
typhoid | about 70% protection 
cholera —_| protection dubious; may be 
‘combined with toxin subunit 
plague _| short-term protection only 
Qtever | good protection 


Fig. 18.5 The principal vaccines using killed whole organisms. 


cellular pertussis vaccine consisting of small number 
of proteins purified from the bacterium is available and 
has been shown to be effective and less toxic. 

Although hepatitis B surface antigen is immunogenic 
when given with alum adjuvant (see below), the bacterial 
capsular polysaccharides of Neisseria meningitidis, 
Streptococcus pnewmoniac, and Hacmopbilus influensae B are 
relatively poorly immunogenic and often do not induce 
IgG responses or long-lasting protection. 


@ Why do polysaccharide antigens not induce IgG 
responses of lasting immunity? 

A. Polysaccharide antigens are nat presented to helper T cell, 
so they do not induce class switching, affinity maturation, or 
{generate memory T cells (see Chapters 7 and 8). 


A significant improvement in the efficacy of subunit 
vaccines has been obtained by conjugating the purified 


‘A WIDE RANGE OF ANTIGEN PREPARATIONS ARE IN USE AS VACCINES 


Toxin-based vaccines 


Fig. 18.6 The principal toxin-based 
vaccines. Nate that there are no vaccines 


[Clostridium tetant inactivated toxin (formalin) 80s, alum-precipitated) against the numerous staphylococcal and 
‘streptococcal exotoxin, or against 
PSs a Bee bacterial endotoxins such as 
ree sgiven with tetanus | ipopolysaccharides. 
Peeteieaas lipopolysaccharid 
Vibrio cholerae fioxin, B subunit [sometimes combined with 
|whole killed organisms 
Clostridium pertringens|inactivated toxin (formalin) {for newborn lambs 


Subunit vaccines 
Fig. 18.7 Conjugate vaccines are replacing 
pure polysaccharides. N. meninghtids type 
B is non-immunogenic in humans because 
the capsular polysaccharide cross-reacts 
‘with self carbohydrates towards which the 
host is immunologically tolerant. 


virus 


hepatitis B virus ‘surface antigen can be purified from 
blood of carriers or produced in yeast by 


recombinant DNA technology 


bacteria | Neisseria meningitidis | capsular polysaccharides or conjugates: 
of group A and C are effective; group Bis 


nonsimmunogenic 


‘Streptococcus pneumoniae| 84 serotypes; capsular polysaccharide 
vaccines contain 23 serotypes; conjugates| 
with five or seven bacterial serotypes aro 


being tested 


Haemophilus influenzae B 


polysaccharides to carrier proteins such as tetanus or 
diphtheria toxoid. ‘These protein carriers are presumed 
to recruit helper TT cells and the conjugates induce IgG 
antibody responses and more effective protection. 

Subunit vaccines are more expensive than conventional 
killed vaccines so initially their use is likely to be restricted 
to the developed world. 


Antigens can be made synthetically or by 
gene cloning 

‘Where it can be shown that a small peptide is protective 
it may be more convenient to make it synthetically 
However, although there are animal models of viral 
infection or tumor immunotherapy where immunization 
with a synthetic MHC-binding peptide epitope can be 
effective, so far there is no human vaceine based on this 
approach. 


What fundamental problem associated with a peptide 
antigen vaccine arises when itis used in humans as opposed 
to animal models of disease? 

A. In an outbred population (e.g. humans) a single peptide will 
usually be effective as an immunogen in only a proportion of the 
population because only certain MHC types can present the 
antigen and some people may nat have a suitable MHC 
molecule (ie. MHC restriction, see Chapter 7). 


So far, therefore, the alternative approach of producing 
antigens by cloning their genes into a suitable expression 


{900d conjugate vaccines now available 


vector has been much more useful hecause all possible 
MIC-binding epitopes within the antigen ate retained 

+ this approach has been highly successful with the 

hepatitis B surface (HBs) antigen, cloned into yeast and 

now replacing the first-generation HBs vaccine, which 

was laboriously purified from the blood of hepatitis B 

carriers; it has also brought down the cost of the vaccine; 
‘+ a second example of this approach is the recently tested 

vaccine against human papilloma virus types 16 and 

11 ~ the LI capsid antigen is the main component 

of the vaccine and, when expressed in yeast, the 

recombinant protein assembles into protein polymers, 
forming virus-like particles (VLPs) that are highly 
immunogenic. 
‘An attractive feature of this approach is that further 
sequences can be added ~ for example, selected B and T 
cell epitopes can be combined in various ways to optimize 
the resulting immune response. 

It is important to remember that, whereas B cells 
respond to the three-dimensional shape of antigens, T 
cells recognize linear sequences of amino acids (see 
Chapters 3 and 5). Peptides can therefore function well as 
T cell epitopes, but cannot readily mimic discontinuous 
B cell epitopes. 

Even where a B cell determinant is linear, antibodies 
raised against the free flexible peptide, which adopts many 
configurations, do not bind optimally to the sequence in 
the way that they do when it is present as a more rigid 
structure within the native protein molecule. 
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Anti-idiotype vaccines could be used when 
the original antigen was unsuitable 
Anti-idiotype vaccine is the only type of vaccine for which. 
immunological thinking has been entirely responsible. 
"The idea is to use monoclonal antibody (mAb) technology 
to make large amounts of anti-idiotype (anti-Id) against 
the V region (idiotype) of an antibody of proven 
protective value. 

‘The anti-Id, if properly selected, would then have a 
three-dimensional shape similar to the original immu- 
nizing antigen and could be used in place of it (Fig. 18.8). 

Although often dismissed as ‘armchair immunology’, 
this strategy could have real value where the original 
antigen is not itself suitable (ie. is not immunogenic or is 
toxic), Polysaccharides are one example, and the lipid A 
region of bacterial endotoxin (lipopolysaccharide [LPS]) 
is another. The advantage of the mAb would be that 
because it is a protein it should induce memory, which 

iccharides and lipids normally do not, unless 
conjugated to a carrier. 


Anti-idiotype antibodies as vaccines 


>)" antibody 


antigen 


antigen may, =. 
=> antigen, made 


‘monoclonal 


co 


antt.iiotype antibodies 
raised against idiotype 1 
i 


second 
antibodies 
‘ereoned for 
similarity to 
original antigen 


Tike antigen ‘nike antigen 


v v 


vaccine rojected 


Fig. 18.8 Monoclonal antibody technology and the discovery 
Of the ‘idiotype network’ have meant that immunoglobulins 
‘can now be used as ‘surrogate’ antigens. In the case of a 
‘carbohydrate or lipid antigen, this allows a protein ‘copy’ to 
bbe made, which may have some advantages as a vaccine. 
Note also that a monoclonal antiidiotype can act as a mimic 
‘of a discontinuous B cell epitope. 


ADJUVANTS ENHANCE ANTIBODY 
PRODUCTION 

During work in the 1920s on the production of animal 
sera for human therapy, it was discovered that certain 
substances, notably aluminum salts, added to or emulsified 
with an antigen, greatly enhance antibody production ~ 
that is, they act as adjuvants. 

Aluminum hydroxide is still widely used with, for 
example, diphtheria and tetanus toxoids. 

‘With modern understanding of the processes leading to 
lymphocyte triggering and the development of memory, 
considerable efforts have been made to produce better 
adjuvants, particularly for T cell-mediated responses. 
Fig. 18.9 gives a list of these, butit should be stressed that, 
none of the new adjuvants is yet accepted for routine 
‘human use. 


Adjuvants concentrate antigen at 

appropriate sites or induce cytokines 

It appears that the effect of adjuvants is due mainly to two 

activities: 

© the concentration of antigen in a site where lym- 
phocytes are exposed to it (the ‘depot’ effect); and 

+ the induction of cytokines that regulate lymphocyte 
function, 

Aluminum salts probably have a predominantly depot 

function, inducing small granulomas in which antigen is 

retained. 

‘Newer formulations such as liposomes and immune- 
stimulating complexes (ISCOMs) achieve the same 
purpose by ensuring that antigens trapped in them are 
delivered to antigen-presenting cells (APCs). 

Particulate antigens such as virus-like particles (poly- 
mers of viral capsid proteins containing no viral DNA or 
RNA) are highly immunogenic and have the useful 
property that they may also induce cross-priming (ie. 
enter the MHC class 1 processing pathway though not 
synthesized within the APC, see Chapter 7). 


Q. Many bacterial carbohydrates and glycolipids are good 
adjuvants, even though they are not good immunogens. 
Why should this be so? 

A. The discovery of Toll-like receptors (TLRS, see Fig. 6.24) and 
‘ther pattern recognition receptors (PRRS, see Chapter 15), such 
as lectin-like receptors for carbohydrates (see Fig. 9.18), has 
provided an explanation for the long-known efficacy of many 
bacterial products as adjuvants. iis clear that they act mainly by 
binding to PRRs and stimulating the formation of appropriate 
‘cytokines by APCs. 


Ligation of different PRRs may bias the response toward 
‘Tul or T122 eytokine production. 

Not surprisingly cytokines themselves have been shown 
to be effective adjuvants, particularly when coupled direct- 
ly to the antigen. Cytokines may be particularly useful 
in immunocompromised patients (see below, Fig. 18.11), 
who often fail to respond to normal vaccines. It is hoped 
that they might also be useful in directing the immune 
response in the desired direction ~ for example in diseases, 
where only Til (or T12) cell memory is wanted. 


MOST VACCINES ARE GIVEN BY INJECTION 


Fg. 189 A vey lore and 
[sam ome [mama eninnman | me ene | Sane ELMORE 
Sha bit aun ond lau 


salts and pertussis are routinely used in 


inorganic | aluminum hydroxide beryllium hydroxide 
‘salts (athydrogel) nical practice, 
‘aluminum phosphate 
calcium phosphate 
liposomes 
1SCOMs* 
delivery block polymers 
systems. slow-release formulations* 
BCG 
Bordetella pertussis My ium bovis and oil! 
bacterial (with diphtheria, tetanus | (complete Freund's adjuvant) 
products | toxoids) ‘muramyl dipeptide (MDP)" 
a 
La 
1L12 
IFNy 
|1SCOMs, immune-stimulating complexes 


MOST VACCINES ARE GIVEN BY 
INJECTION 

‘Most vaccines are still delivered by injection, but this is 
a risky method in developing countries, where re-use of 
needles and syringes may transmit disease, particularly 
HIV. 

Because most organisms enter via mucosal surfaces, 
‘mucosal immunization makes logical sense and the success 
of oral polio vaccine indicates that it can be made to work. 
However, although live polio works when delivered orally, 
‘most killed vaccines do not. 


Q. What key problems would one expect to be associated 
with oral vaccines? 

A. Antigens may be broken down by passage through the 
stomach and digestive system, but, more problematically, the 
Intestinal immune system is designed to generate tolerance 
rather than an immune response against food antigens. 


Immunization only occurs when pathogenic organisms 
invade the gut wall. This can be mimicked by providing 
an adjuvant. Toxins from pathogenic intestinal organisms 
(cholera and Escherichia coli) have been the most studied 
intestinal adjuvants. Because the native toxins are extreme- 
ly potent, partially inactivating mutations have been 
introduced to prevent excessive intestinal stimulation. 
Although these adjuvants work in experimental models, it 
is difficult to achieve a reproducible balance between: 

* adequate stimulation of an immune response; and 
* excessive gut inflammation, 


‘An alternative is to use recombinant bacteria engineered 
to express antigens of interest, but the same difficulty 
applies: 

© if the bacteria are non-pathogenic they may not 
if the bacteria are too pathogenic they may cause 

unpleasant symptoms. 

Several recombinant and partially attenuated salmonella 
strains have been used experimentally to explore this 
vaccine strategy. 

Similar problems relate to nasal immunization, usually 
tried against upper respiratory infections such as influenza 
or respiratory syncytial viruses (RSV). No nasal vaccine 
has entered routine use because of: 

* difficulties in balancing attenuation against immuno- 
genicity in the case of live RSV vaccine strains; 

the need for an adjuvant for an inactivated nasal 
influenza virus; 

* safety worries because of the proximity of the nasal 

‘mucosa to the brain though the eribriform plate. 

More recently the transdermal route has attracted 
attention. The “gene gun’ propels microscopic gold par- 
ticles coated with DNA into the epidermis using a 
pressurized gas device (see below), but can be used with a 
variety of particles and proteins or other immunogens. 
‘The target is epidermal Langerhans’ cells. Many antigens 
are also well absorbed and immunogenic if applied in a 
suitable vehicle to lightly abraded skin or even through the 
intact epidermis. As yet these methods are experimental, 
but it is hoped that eventually injection will be replaced by 
less invasive and safer methods. 
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VACCINE EFFICACY NEEDS TO REVIEWED 
FROM TIME TO TIME 
“Ta be introduced and approved, a vaccine must obviously 
be effective, and the efficacy of all vaccines is reviewed 
from time to time. Many factors affect it. 

‘An effective vaccine must induce the right sort of 


* antibody for toxins and extracellular organisms such as, 
Streptocuccus pmeumoniae, 

* cell-mediated immunity for intracellular organisms 
such as the tubercle bacillus, 

Where the ideal type of response is not clear (as in 

malaria, for instance), designing an effective vaccine 

becomes correspondingly more difficult. 
‘An effective vaccine must also be: 

* stable on storage ~ this is particularly important for 
living vaccines, which normally require to be kept cold 
(ie. a complete ‘cold chain’ from manufacturer to 
clinic, which is not always easy to maintain). 

+ have sufficient immunogenicity — with non-living 
vaccines it is often necessary to boost their immuno- 
genicity with an adjuvant (see above, p. 330). 

Live vaccines are generally more effective than killed 


Induction of appropriate immunity depends 

on the properties of the antigen 

Living vaccines have the great advantage of providing 

an increasing antigenic challenge that lasts days or weeks, 

and inducing it in the right site ~ which in practice is 
most important where mucosal immunity is concerned 

(Fig. 18.10). 

Live vaccines are likely to contain the greatest number 
of microbial antigens, but safety is an issue in a time of 
increasing concern about the side effects of vaccines. 

Vaccines made from whole killed organisms have been 
used, but because a killed organism no longer has the 
advantage of producing a prolonged antigenic stimulus, 
Killed vaccines now frequently replaced by purified 
components of the organism (subunit vaccines). ‘These 
xr from several problems: 

* purified subunits may be relatively poorly immuno- 
genic and require adjuvants; 

* the smaller the antigen, the more histocompatibility 
complex (MHC) restriction may be a problem (see 
Chapters 5 and 7); and 

* purified polysaccharides are typically thymus inde- 
pendent ~ they do not bind to MHC and therefore do 
not immunize T cells. 

‘These problems have been overcome in vaccines that are 

routinely used in humans by the use of adjuvants and by 

coupling polysaccharides either to: 

+ astandard protein carrier such as tetanus toxoid; or 

* toa protein from the immunizing organism such as the 
outer membrane protein of pneumococci. 

MIC restriction is probably more of a hypothetical than 

real difficulty because most candidate vaccines are large 

enough to contain several MHC-binding. epitopes. 

Nevertheless, even the most effective vaccines often fail 

to immunize every individual - for example, about 5% of 


Antibody responses to live and killed polio vaccine 


Fig. 18.10 The antibody response to orally administered lve 
attenuated polio vaccine (slid ines) and intramuscularly 
administered killed poio vaccine (broken lines). The live 
vaccine induces the production of secretory IgA (sigA) in 
adaltion to serum antibodies, whereas the kiled vaccine 
induces no nasal or duodenal IgA. As sgA isthe 
‘immunoglobulin of the mucosa-associated lymphoid tisue 
(MALT) system (see Chapter 2), te lve vaccine confers 
protection atthe portal af entry ofthe viru, the 
gastrointestinal mucosa (Courtesy of Professor [R Pattison, Ch. 
26 in Brostof | etal, eds. Clinical immunology. London: 
Mosby; 1991) 


individuals fail to seroconvert after the full course of 
hepatitis B vaccine. 

‘Most of the vaccines in routine use in humans depend 
‘on the induction of protective antibody. However, for 
‘many important infections, particularly of intracellular 
organisms (e.g. tuberculosis, malaria, and HIV infection), 
cellular immune responses are important protective 
‘mechanisms. 

In recent years there has therefore been much effort to 
develop vaccines to induce immunity of both CD4 and 
CDB8 T cells, So far the use of DNA and viral vectors have 
been the routes most commonly explored because both of 
these strategies lead to the production of antigens within, 
cells and therefore the display of processed peptide 
epitopes on MHC molecules. 

Although these methods, particularly combined in 
prime-boost regimens, have been highly effective in 
experimental animal models, so far in humans it has 
proved difficult to induce high frequencies of long-lasting 
antigen-specific T memory cells. 

Even in experimental animals the duration of pro- 
tection may not be long-lasting, perhaps because protec- 
tion by cellular mechanisms requires activated effector 


VACCINE SAFETY IS AN OVERRIDING CONSIDERATION 


cells rather than resting memory cells. Such cells are not 
well maintained in the absence of antigen. 


VACCINE SAFETY IS AN OVERRIDING 

CONSIDERATION 

Vaccine safety is of course a relative term, with minor 

local pain or swelling at the injection site, and even mild 

fever, being generally acceptable. More serious compli- 

cations may stem from the vaccine or from the patient 

(ig. 18.1) 
vaccines may be contaminated with unwanted proteins 
or toxins, or even live viruses; 

* supposedly killed vaccines may not have been properly 
killed; 

* attenuated vaccines may revert to the wild type; 

© the patient may be hypersensitive to minute amounts 
of contaminating protein, or immunocompromised, in 
which case any living vaccine is usually contraindicated. 

Although serious complications are very rare, vaccine 

safety has now become an overriding consideration, in 

part because of the very success of vaccines: 

* because many childhood infectious diseases have 
become uncommon in developed countries, the popu- 
lations of these countries are no longer aware of the 
potentially devastating effects of infectious diseases; 

* unlike most drugs, vaccinations are given to people who 
have previously been perfectly well; 

* the public is becoming increasingly aware of the pos- 
sibilities of profitable litigation and companies cor~ 
respondingly more defensive. 


Q. Why is vaccine safety perceived as a less important issue 
when a vaccine is first introduced? 

A. At the time of vaccine introduction the prevalence and 
danger associated with the infection is so great that any risks 
associated with the vaccine are relatively small 


‘The MMR controversy resulted in measles 
epidemics 

The difficulties concerning vaccine safety are well 
illustrated by the recent controversy aver MMR (measles, 
mumps, and rubella triple vaccine), though anti-vaccine 
movements in the UK date from a few years after the 
introduction of smallpox vaccination hy Jenner in 1796. 

In 1998 a paper was published that received wide 
publicity in the UK media, purporting to support an 
association between MMR vaccination and the devel- 
opment of autism and chronic bowel disease. Although a 
large amount of subsequent work failed to substantiate 
these findings and the interpretation of the original paper 
was withdrawn, take-up of MMR in the UK and Ireland 
declined over several years and epidemics of measles 
occurred because of declining herd immunity. 

‘At the present time, the introduction of a five-valent 
vaccine containing diphtheria and tetanus toxoids, 
acellular pertussis, Haemophilus influenzae type B, and 
inactivated polio virus threatens to lead to decreased take 
up in the UK. Here the argument seems to be that giving 
five immunogens simultaneously may be ‘too much’ for 
the delicate immune system of infants, though the vaccine 
has been shown to he safe and effective. OF course, 
because most of the vaccines within it are subunits, except 
for inactivated polio, the whole vaccine contains fewer 
antigens than the live bacteria and other organisms that 
the infant will encounter every day. 


A rotavirus vaccine will prevent many 
infants from dying in developing countries 

‘The story of a recent rotavirus vaccine is also instructive. 
In 1998 a live rotavirus vaccine was tested on large 
numbers of infants in the USA. Approximately 1 in 2500 
vaccinated infants developed intussusception (a potentially 
fatal bowel condition) and the vaccine was withdrawn by 
the manufacturer. However, although this complication 
rate was unacceptable in the USA, the vaccine was highly 
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2. The method of claim 1, wherein a negative radial 
electric field is xenerated around the hull by placing a 
negative potential on the sharp-edgd electrostatic ring using 
the electrostatic generator. 

3. The method of claim 1, wherein the currentdriven 
solenoid generates a vertical magnetic field around the hull 
‘with the north pole ofthe solenoid facing down through the 
bottom ofthe hull which causes the magnetic fx density 
field to point up outside the rim. 

4. The method of claim 1, wherein electrons are emitted 
radially by the sharp edge of the charged ring 

'8. The methods of claims 2,3 and 4, wherein the crossed 
‘electromagnetic fields cause the electrons to spiral around in 
flat loops during which photons are emitted in the radial 
direction 

6. The methods of claims 2 and 5, wherein the negative 
radial pressure ereated by the electric field cancels the 
positive radial pressure of the photon to leave a residual 
‘quantum of negative energy per photon around the hull 

7. The methods of elaims 2 and 6, wherein the pressure 
stress ereated by the electric field, and the negative energy 
‘combine to form wormboles between space and hyperspace 
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8, The method of claim 7, wherein low-density hyper- 
space energy of a higher gravitational potential flows 
‘through the wormholes to fill the bull and surrouncling space 
around the hull withthe effect of reducing the effective mass 
of the spacecratt 

9. The method of claim 2, wherein the electric field 
‘generates a positive pressure in the vertical direction over 
the hull which together with the hull surface area, generates 
aan upward lift foree on the hull 

10. The method of claim 6, wherein the negative energy, 
having a low light speed, amplifies the strength of the 
clectromagnetic fiekds and pressure stress fields, 

11. The methods of claims 4 and 7, wherein the electrons 
spiral down the low resistance wormholes into hyperspace 
such as to create a sudden disappearance of electrical charge 
which quantum mechanically causes a large emission of 
‘additional photons. 
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effective and would have saved many lives if used in 
developing countries where as many as | in 200 infants die 
from rotavirus diarrhea 

Complicating the debate further are more recent 
findings that the real risk of intussusception in vaccinated 
infants may in fact be much lower than appeared in the 
original trial and even lower if the vaccine is given in 
the first 2 months of life. Two newer rotavirus vaccines 
produced by other manufacturers are now in late-phase 
trials, Clearly vaccine safety raises many practical and 
ethical issues. 


New vaccines can be very expensive 
Although vaccination can safely be considered the most 
cost-effective treatment for infectious disease, new 
vaccines may be very expensive. The initial high cost is 
necessary 10 recoup the enormous development costs 
(USS200-400 million). 

‘A good example is the recombinant hepatitis B vaccine, 
which was initially marketed in 1986 at USS150 for three 
doses. Although the cost has decreased greatly, even $1 is 
beyond the health budget of many of the world’s poorer 
nations. 

By contrast, the cost of the six vaccines included in 
the World Health Organization Expanded Program on 
Immunization (diphtheria, tetanus, whooping cough, 
polio, measles, and tuberculosis) is less than $1. ‘The actual 
cost of immunizing a child is several times greater than 
this because it includes the cost of laboratories, transport, 
the cold chain, personnel, and research. 

‘The Children’s Vaccine Initiative, set up in 1990, is 
a global forum that aims to bring together vaccine 
researchers, development agencies, governments, donors, 
commercial and public sector vaccine manufacturers to 
seek means of delivering vaccines to the world’s poorest 
populations who most need them. 


VACCINES IN GENERAL USE HAVE 
VARIABLE SUCCESS RATES 

‘The vaccines in standard use worldwide are listed in 
Fig. 18.12. Four of them ~ polio, measles, mumps, and 
rubella — are so successful that these diseases are 


‘Vaccines in general use 


earmarked for eradication early in the 21st century. If this 
happens, it will be an extraordinary achievement, because 
mathematical modeling suggests that they are all more 
‘difficult’ targets for eradication than smallpox was. 

In the case of polio, where reversion to virulence of 
types 2 and 3 can occur, it has been suggested that it 
will be necessary to switch to the use of killed virus 
vaccine for some years, so that virulent virus shed by live 
virus-vaccinated individuals is no longer produced (as 
mentioned above, the new five-valent vaccine recently 
introduced in the UK and elsewhere contains inactivated 
poliovirus in accordance with this suggestion). 

For a number of reasons, other vaccines are less likely 
to lead to eradication of disease. These include: 

* the carrier state ~ eradication of hepatitis B would be 

a major triumph, but it will require the breaking of the 

carrier state, especially in the Far East, where mother 
to child is the normal route of infection; 
suboptimal effectiveness — effectiveness of BCG 
varies markedly between countries, possibly due to 
variation in environmental mycobacterial species 
(tuberculosis is increasing, especially in patients with 
immune deficiency or AIDS), and the pertussis vaccine 
is only about 70% effectiv 
side effects ~ the MMR vaccine was suspected of 
having side effects, reducing the public’ willingness to 
be vaccinated; 
free-living forms and animal hosts ~ the free-living 
form of tetanus will presumably survive indefinitely and 
it will not be possible to eradicate diseases that also 
have an animal host, such as yellow fever. 
‘One of the future problems is going to be maintaining 
awareness of the need for vaccination against diseases that 
seem to be disappearing, while, as the reservoir of infec- 
tion diminishes, cases tend to occur at a later age, which 
with measles and rubella could actually lead to worse 
clinical consequences. 


Some vaccines are reserved for special 
groups only 

In the developed world BCG and hepatitis B fall into 
this category, but some vaccines will probably always 
be confined to selected populations ~ travelers, nurses, 


Fig. 18.12 Vaccines that are currently 
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Vaccines restricted to certain groups 


Fig. 18.13 Vaccines that are currently 
restricted to certain groups. 


the elderly, ete, (Fig. 18.13). In some cases this is 

because of 

* geographical restrictions (e.g. yellow fever); 

* the rarity of exposure (e.g. rabies); 

* problems in producing sufficient vaccine in time to 
meet the demand (e.g. each influenza epidemic is 
caused by a different strain, requiring a new vaccine). 

Avvaccine effective against all strains of influenza would be 

of tremendous value, However, both the hemagglutinin 

and neuraminidase antigens, which together make up the 
outer layer of the virus and are the antigens of importance 
in the vaccine, are subject to variation, 


Vaccines for parasitic and some other 
infections are only experimental 

Some of the most intensively researched vaccines are 
those for the major tropical protozoal and worm infec- 
tions (see Chapter 15). However, none has come into 
standard use, and some have argued that none will because 
none of these diseases induces effective immunity and ‘you 
cannot improve on nature’. 

Nevertheless, extensive work in laboratory animals has 
shown that vaccines against malaria, leishmaniasis, and 
schistosomiasis are perfectly feasible, and there is a 
moderately effective vaccine against babesia in dogs. In 
cattle an irradiated vaccine against the lungworm has been 
in veterinary use for decades. 


Why, even with effective vaccines, will it be impossible to 
eradicate many parasitic diseases? 

‘A. Many parasites have alternative species to humans as thelr 
hhost (see Chapter 15). 


It remains possible, however, that the parasitic diseases 

of humans are uniquely difficult to treat, partly because of 

the polymorphic and rapidly changing nature of many 

parasitic antigens. For example: 

* none of the small animal models of malaria shows such. 
extensive antigenic variation as Plasmodium falciparum, 


Tuberculosis | BCG birth; UK — 10-14 years; 
USA = at-risk only 

Fepatitis 8 urface antigen | at risk (medical, nursing staff, eta); 
drug addicts; male homosexuals; 
known contacts of carriers 

rabies iilled at risk (animal workers); postexposure 

meningitis polysaccharide | travelers 

yellow fever | attenuated 

typhoid, cholera | killed or mutant 

hepatitis A killed or attenuated 

influenza tilled ‘at risk elderly 

pneumococcal | polysaccharide | elderly 

pneumonia 

Varicellazoster | attenuated Teukemie children 


the protazoon causing malignant tertian malaria in 
humans; 

‘+ similarly, rats appear to be much easier to immunize 
against schistosomiasis than other animals, including 
possibly humans, 

Part of the problem is that these parasites are usually not 

in their natural host in the laboratory. 

Several trials of clinical malaria vaccine have been 
published, using antigens derived from either the liver or 
the blood stage, with only very moderate success. Malaria 
is unusual in that its life cycle offers a variety of possible 
targets for vaccination (Fig. 18.14). 

A problem with these chronic parasitic diseases is that 
of immunopathology. For example, the symptoms of 
‘Tiypanasona cruzi infection (Chagas’ disease) are largely 
due to the immune system (i.e. autoimmunity). A bacterial 
parallel is leprosy, where the symptoms are due to the 
(apparent) overreactivity of Trt or TH2 cells. A vaccine 
that boosted immunity without clearing the pathogen 
could make these conditions worse. Another example of 
this unpleasant possibility is with dengue, where certain 
antibodies enhance the infection by allowing the virus 
to enter cells via Fe receptors. Enhancing antibodies have 
also been reported in an experimental model of a 
transmission-blocking anti-malarial vaccine. 


Some viral and bacterial vaccines are also in the 
experimental category 

Other viral and bacterial vaccines that are also experi- 
mental are: 

* cholera toxin; 

+ attenuated shigella; 

‘+ Epstein-Barr virus surface glycoprotein. 

A recombinant vaccine against human papilloma virus 
type 16 consisting of virus-like particles has recently 
undergone trials and appears to be highly effective in 
preventing genital infection. It remains to be determined 
whether such a vaccine will also reduce the incidence of 
cervical carcinoma. 
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Fig. 18.14 A number of diferent approaches to malaria 
vaccines are being investigated, reflecting the complexity of 
both the life cycle of malaria and immunity to it. 


(anti-disease' vaccine) 


vaccins to interrupt 
‘sexual stages ~ 
“transmission- blocking’ 


For many diseases there is no vaccine 
available 

No vaccine is currently available for many serious 
infectious diseases (Fig. 18.15). Headed by HIV infection 
(see Chapter 17), these represent the major challenge for 
research and development in the coming decade. 


PASSIVE IMMUNIZATION CAN BE LIFE- 

SAVING 

Driven from use by the advent of antibiotics, the idea of 

injecting preformed antibody to treat infection is still valid 

for certain situations (Fig. 18.16). It can he life-saving when: 

* toxins are already circulating (e.g. in tetanus, 
diphtheria, and snake-bite); 

+ high-titer specific antibody is required, generally made 
in horses, but occasionally obtained from recovered 
patients, 

At the opposite end of the scale, normal pooled human 

immunoglobulin contains enough antibody against 

common infections for a dose of 100-400 mg IgG to 
protect hypogammaglobulinemic patients for 2 month, 

Over 1000 donors are used for each pool, and the sera 

must be screened for HIV and hepatitis B and C. 


‘The use of specific monoclonal antibodies, though theo- 
retically attractive, has not yet proved to be an improve- 
ment on traditional methods, and their chief application 
to infectious disease at present remains in diagnosis. ‘This 
may change as human monoclonal antibodies become 
more readily available (and less expensive), either through 
cell culture or protein engineering. 

In tumor immunotherapy a monoclonal antibody 
to CD20 has found a place in the treatment of B cell 
Iymphomas. Immunotherapy using similar means of B cell 
depletion has also had beneficial effects in rheumatoid 
arthritis and systemic lupus erythematosus (SLE, see 
Chapter 20). 

Antibody genes can now be engineered to form Fab, 
single chain Fv, or Vit fragments (see Chapter 3). 
Libraries of these can be expressed in recombinant phages, 
and screened against antigens of interest. Selected anti- 
body fragments can be produced in bulk in bacteria, 
yeasts, or mammalian cells, for use in vitro or in vivo. 

Differently sized antibody fragments may have differ- 
cent uses ~ in general the smaller the fragment the better 
the penetration into tissues, but also the shorter the half- 
life. Bacteria engineered to produce antibody fragments 
‘may in the future be used to target protective antibody to 
4 particular microenvironment, such as the intestine. 


NON-SPECIFIC IMMUNOTHERAPY CAN 
BOOST IMMUNE ACTIVITY 

Many of the sime compounds that act as adjuvants for 
vaccines have also been used on their own in an attempt to 
boost the general level of immune activity (Fig. 18.17). 
‘The best results have been obtained with cytokines, and 
among these IFNot is the most widely used, mainly for 
its antiviral properties (but also for certain tumours ~ 
see below). 

Perhaps the most striking clinical effect of a cytokine 
hhas been that of granulocyte colony stimuling factor 
(G-CSF) in restoring bone marrow function after 
anti-cancer therapy, with benefit to both bleeding and 
infection. 

Finally cytokine inhibitors can be used for severe or 
chronic inflammatory conditions. Various ways of inhibit- 
ing TNF and IL-1 have proved valuable: 

+ in rheumatoid arthritis; and 

+ more controversially, in septic (Gram-negative) shock 

and severe malaria, 

Ina few years, one would expect the clinical pharmacology 
of cytokines and cytokine inhibitors to be clarified so that 
these communication molecules of the immune system 
can be fully exploited, in the same way as vaccination has 
exploited the properties of the lymphocyte. 


IMMUNIZATION AGAINST A VARIETY OF 
NON-INFECTIOUS CONDITIONS IS BEING 
INVESTIGATED 

‘The idea of non-specifically stimulating the immune 
system to reject tumors goes hack almost a century to the 
work of Coley, who used bacterial filtrates with con- 
siderable success, possibly through the induction of 
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Major diseases for which no vaccines are available 


Fig. 18.15 For some serious diseases there 
is currently no effective vaccine. The 


predominant problem is the lack of 
Lnderstanding of how to induce effective 
immunity. 
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Passive immunization, 


Fig. 18.16 Although not so commonly 
used as 50 years ago, injections of specific 
antibody can stil be a life-saving treatment 


in specific clinical conditions. 


diphtheria tetanus | human, horse | prophylaxis, reatment 

varicella-zoster human ‘teatment in immunodefciencies 

‘988 gangrene, or post exposure 

botulism, snake bite, |"? 

scorpion sting 

rabies human post-exposure (plus vaccine) 

hepatitis 8 human post-exposure 

hopatis messes | pooled human. | prophylaxis (vavel, postoxposure 
immunoglobulin, 


cytokines such as TNF and IFN. However, attempts to 
equal his results with purified cytokines or immuno- 
stimulants (e.g. BCG) have been successful in only a 
restricted range of tumors, and current efforts are mainly 
directed at the induction of specific immunity ~ just as for 
infectious microbes ~ encouraged by the evidence that 
tumors may sometimes be spontaneously rejected as if 
they were foreign grafts (see Chapter 21) 


In principle, conception and implantation can be 
interrupted by inducing immunity against a wide range of 
pregnancy hormones. The target of the most successful 
experimental trials has been human chorionic gonadotro- 
pin (hCG), the embryo-specific hormone responsible for 
maintaining the corpus luteum. 

Vaccines based on the B chain of hCG, coupled to 
tetanus or diphtheria toxoid, have been extremely 
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successful in preventing conception in baboons and, more 

recently, humans. In the human trial, infertility was only 

temporary, and no serious side effects were observed. 

Clearly this represents a powerful new means of safely 

limiting family size, though there are of course cultural 

and ethical aspects to consider too. 
Other uses of immunization that are being explored 
include: 

* the treatment of drug dependency, hecause it is possible 
to neutralize the effect of a drug by pre-immunization 
with the drug coupled to a suitable carrier (the 
“hapten-carrier’ effect); 

* lowering cholesterol by ‘neutralizing’ lipid-binding 
proteins; and 

* preventing Alzheimer’s disease by immunizing against 
components of amyloid plaque. 

So far these vaccines are largely experimental, 


What problems can one foresee associated with the 
types of treatment described above? 
A. Breaking tolerance to self molecules raises safety issues 
These are well-founded cancers because in some primate and 
early-phase human trials of Alzheimer's vaccines encephalitis has 
bbeen observed fallawing immunization. 


Future vaccines will use genes and vectors to 
deliver antigens 

Vaccinia is a convenient vector 

A development of the use of gene cloning is to insert the 
desired gene into a vector, which can then be injected into 
the patient, allowed to replicate, express the gene, and 
produce the antigen in situ (Fig. 18.18). Vaccinia is a 
convenient vector that is large enough to carry several 


antigens. Modified vaccinia Ankara (MVA) may be par- 
ticularly safe because it does not replicate in human cells 
(see above, p. 330), 

Because immunization against smallpox ceased some 
years ago, the problem of pre-existing immunity is also 
decreasing. A number of experimental vaccines using 
recombinant vaccinia have been tested, though none is 
yet in routine use. Many other viruses have also been 
proposed and tested experimentally as vaccine vectors. 


BCG and salmonellae have been favored for 
experimental recombinant bacterial vaccines 
Attenuated bacteria have the advantage that they have 
genomes large enough to incorporate many genes from 
other organisms. BCG and salmonellae have been favored 
‘organisms for experimental recombinant bacterial vaccines. 

‘Mutant salmonellae can be given by mouth and 
immunize the gut-associated lymphoid tissue before being 
eliminated ~ a very useful property because diarrhea is 
‘one of the world’s major killers in infancy. The matant 
hacteria are also capable of inducing systemic immunity. 
However, as yet no bacterial recombinant vaccines are 
routinely used 


Transgenic plants can be genetically engineered to 

express vaccine antigens 

An even more innovative approach is to construct 

transgenic plants expressing vaccine antigens. Mice have 

been successfully immunized by eating genetically engi- 

rneered raw potatoes. Many problems with this approach 

need to be overcome: 

* protein antigens may be rapidly degraded in the 
digestive tract; 

+ consistency and dosage will be difficult to control; 
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Fig. 18.18 Recombinant vaccinia virus can be generated t0 
express a foreign gene. The foreign gene is inserted into 
‘vaccinia’s thymidine kinase (TK) gene so that recombinant 
Virus plaques can be distinguished from wildtype. TK is used 
by Virus to take up thymidine from the culture medium or 
Intracellular pool for DNA synthesis; the recombinant virus 
cannot produce TK, because the gene has been interrupted 
and so must use the separate pathway for de-novo synthesis 
of thymidine. In the presence of bromodeoxyuridine (bUDR), 

a thymidine analog that blocks DNA synthess when itis 
incorporated into DNA, wild-type virus replication is blocked 
but recombinant virus replication continues, using de-novo 
‘synthesis of thymidine. The cell monolayer must be TK 
Gefcient so that recombinant virus cannot se the cell’ TK to 
take up BUDR, (Courtesy of Dr Dj Rowiands, Ch. 26 in Brostofl 
J, etal, eds. Clinical Immunology, London: Mosby; 1991) 


* antigens administered orally often tolerize rather than 
immunize, and oral adjuvants may need to be incorpo- 
rated into the plants. 

Even if edible plant vaccines present problems, however, 

recombinant plants may provide a cheap and convenient 


way of producing vaccine antigens, which may be purified 
from the leaves or fruit of the plant and used in con- 
ventional subunit vaccines. 


A recent development is the use of ‘naked’ DNA 
Genes of interest coupled with a suitable promoter are 
injected directly into muscle or coated onto gold micro- 
particles and ‘shot’ into the skin by pressurized gas — the 
gene gun. Surprisingly this can induce long-lasting 
cellular and humoral immunity in experimental animals, 
‘The mechanism appears to be through uptake and 
expression of the DNA in APCs. 

‘This method has the advantage that immunomodu- 
latory genes (cytokines or co-stimuli) can be incorporated 
into the DNA construct along with the genes coding for 
antigens, to generate and amplify the desired immune 
response. It has also been found that bacterial olignu- 
cleotide (CpG DNA) sequences have adjuvant properties 
and these can be included in the plasmids used to produce 
the DNA. 

DNA vaccines have not yet fulfilled in humans the 
promise they have shown in animal model systems. ‘This 
may be because doses of DNA used in animals have 
generally been relatively higher than in humans, and it is 
clear that different bacterial CpG sequences are needed to 
stimulate optimally the dendritic cells of experimental 
animals and humans, 

‘At present DNA immunization is largely being tested 
in life-threatening situations (tumors, HIV infection) 
rather than in routine vaccination of infants. 

Priming with DNA and boosting with recombinant 
vaccinia virus is significantly more effective than DNA 
alone, at least in animals. However, so far clinical trials of 
4 prime boost regimen of DNA followed by MVA for an 
HIV vaccine have not been particularly encouraging. 

‘Nevertheless DNA vaccines have the important poten- 
tial advantages of cheapness and stability so that many 
means of overcoming these difficulties are being tested, 
such as: 

* the use of in-vivo electroporation to increase the 
efficiency of DNA entry into cells; 

‘the optimization of immunostimulatory CpG sequences; 
and 

+ the incorporation of carrier proteins or adjuvant 
cytokines into the vaccines. 
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Critical thinking: Vaccination (see p. 499 for explanations) 


1. Why have attenuated vaccines not been developed for all 4 Will vaccines eventually replace antibiotics? 
viruses and bacteria? 5 BCG: vaccine, adjuvant, or non-spectic stimulant? 

2A vaccine cannot improve on nature’. Is this unduly 6 Why could an antiworm vaccine do more harm than 
pessimistic? good? 


3 ‘The smallpox success story is unlikely to be repeated’ Is. 7. By what means, other than their reaction with antibodies, 
this true? ‘might you identify antigens that could be used as vaccines? 
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Immunological 


‘Tolerance 


SUMMARY 


‘+ Immunological tolerance is a state of unresponsiveness 
for a particular antigen. Tolerance mechanisms are 
needed because the immune system randomly generates a 
vast diversity of antigen-specific receptors and some of 
these willbe se reactive; tolerance prevents harmful 
reactivity against the body's own tissues. 


‘+ Immunological tolerance was demonstrated by some 
key historical experiments. 


+ The study of tolerance involves inducing tolerance 
experimentally 


+ Central tolerance takes place during T cell development 
in the thymus. Central thymic tolerance to sef antigens 
(autoantigens) results from deletion of differentiating T cells 
that express antigen-specific receptors with high binding 
affinity for intrathymic self antigens. Low-affinity slf- 
reactive T cells, and T cells with receptors specific for 
antigens that are not represented intrathymicaly, 
differentiate and join the peripheral T cell pool. 


‘+ Avariety of mechanisms maintain tolerance in 
peripheral lymphoid organs. Post-thymic tolerance to self 


antigens has five main mechanisms: (i) self-reactve T cells 
‘in the ctculation may ignore set antigens, for example 
when the antigens are in tissues sequestered from the 
<ireulation; (i) thei response to a self antigen may be 
“suppressed i the antigen is present ina privileged ste; (i) 
‘sel-reactive cells may under certain conditions be deleted, 
or (iv) rendered anergic and unable to responds; (¥) finally 3 
“state of tolerance to self antigens can also be maintained by 
regulatory T cells. 


+ Tolerance is also imposed on B cells. 8 cel deletion takes. 
place in both bone marcaw and peripheral lymphoid 
‘organs. Differentiating B cells that express surface 
‘immunoglobulin receptors with high binding affinity for 
‘self membrane-bound antigens will be deleted soon after 
their generation in the bone marrow. A high proportion of 
‘short-lived, low-avidty, autoreactive B cells appear in 
peripheral lymphoid organs. These cells may be recruited 
to fight against infection. 


+ Tolerance can be induced artificially by various regimens 
that may eventually be exploited clinically to prevent 
‘ejection of foreign transplants and to manipulate 
autoimmune and allergic diseases. 


IMMUNOLOGICAL TOLERANCE IS A STATE 
OF UNRESPONSIVENESS FOR A 
PARTICULAR ANTIGEN 

Immunological tolerance is a state of unresponsiveness 
that is specific for a particular antigen; it is induced by 
previous exposure to that antigen. 

Active tolerance mechanisms are required to prevent 
inflammatory responses to the many innocuous ait-borne 
and food antigens that are encountered at mucosal 
surfaces in the lung and gut. 

‘The most important aspect of tolerance, however, is 
self tolerance, which prevents the body from mounting 
an immune attack against its own tissues, There is 
potential for such attack because the immune system 
randomly generates a vast diversity of antigen-specific 


receptors, some of which will be self reactive. Cells bear- 
ing these receptors therefore must be eliminated, either 
functionally or physically, or regulated. 

Self reactivity is prevented by processes that occur 
during development, rather than being genetically 
preprogrammed. Thus: 

* homozygous animals of histoincompatible strains A and 

B reject each other's skin; 

+ their F, hybrid offspring (which express the antigens 
of both the A and B parents) reject neither A skin nor 

B skin; 

* the ability to reject A and B skin reappears in 
homozygotes of the F, progeny. 

It is therefore clear that self-non-self discrimination is 

learned during development ~ immunological ‘self? must 
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encompass all epitopes (antigenic determinants) encoded 
by the individuals DNA, all other epitopes being 
considered as non-self, 


Q. Why is it necessary for every individual's immune system 
to learn selt-non-self discrimination - we do not just inherit 
a library of immune receptors from our parents that 
recognize non-self? 

A. The immediate reason is that each individual's immune sys- 
tem is unique. The diversity of MHC molecules (see Chapter 5) 
and allogeneic variants of self molecules means that new epi- 
topes are present in each generation as a result af gene reassort- 
‘ment. The ultimate reason is that the immune system has to 
bbe able to recognize newly arising non-self antigens as new 
pathogens evolve to threaten each new generation of individuals. 


However itis not the structure of a molecule per se that 
determines whether it will be distinguished as self or non- 
self, Factors other than the structural characteristics of an 
epitope are also important. Among these are: 

© the stage of differentiation when lymphocytes first 

confront their epitopes; 

* the site of the encounter; 

* the nature of the cells presenting epitopes; 

+ the number of lymphocytes responding to the epitopes. 


IMMUNOLOGICAL TOLERANCE WAS 
DEMONSTRATED BY SOME KEY 
HISTORICAL EXPERIMENTS 

Soon after the existence of antibody specificity was estab- 
lished, it was realized that there must be some mechanism 
to prevent autoantibody formation. As early as the turn 
of the 19th century, Ehrlich coined the term ‘horror 
autotoxicus’, implying the need for a ‘regulating con- 
trivance' to stop the production of autoantibodies. 

In 1938, Traub induced specific tolerance by inocu- 
lating mice in utero with lymphocytic choriomeningitis 
virus, producing an infection that was maintained 
throughout life. Unlike normal mice, these inoculated 
mice did not produce neutralizing antibodies when 
challenged with the virus in adult life. 

In 1945, Owen reported an ‘experiment of nature’ in 
non-identical cattle twins that showed that cells carrying 
self and non-self antigens could develop within a single 
host. These animals exchanged hematopoietic (stem) cells 
via their shared placental blood vessels and each animal 
carried the erythrocyte markers of both calves. They 
exhibited life-long tolerance to the otherwise foreign cells, 
in being unable to mount antibody responses to the 
relevant erythrocyte antigens. 

Following this observation, Burnet and Fenner pos- 
tulated that the age of the animal at the time of first 
encounter was the critical factor in determining respon- 
siveness, and hence recognition, of non-self antigens. This 
hypothesis seemed logical because the immune system is 
usually confronted with most self components before birth 
and only later with non-self antigens. 

Experimental support came in 1953, when Medawar 
and his colleagues induced immunological tolerance to 
skin allografts (grafts that are genetically non-identical, 


Induction of specific tolerance in mice 


inject nawborn give mouse st graft 8 survives 

mouse (strain A) Band strain ‘and graft © 
with strain B skin grafts Ts ojected 
mouse colls 


an = = 


Fig, 19.1 The experiment demonstrates the induction of 
speci tolerance to grafted skin, induced by neonatal 
injection of spleen cell from a diferent stain. Mice of strain A 
normally reject grafts from strain B. However, f newborn mice 
‘of strain A receive cll from strain B, they show tolerance to 
‘kin grafts from this donor at 6 weeks of age, but reject grats 
{rom other strains (C) This phenomenon is due to immune 
deviation. 


but are from the same species) in mice by neonatal 
injection of allogeneic cells (Fig. 19.1). 

‘This phenomenon was easily accommodated in 
Burner’ clonal selection theory (1957), which states that a 
particular immunocyte (a particular B or T cell) is selected 
by antigen and then divides to give rise to a clone of 
daughter cells, all with the same specificity. 

According to this theory, antigens encountered after 
birth activate specific clones of lymphocytes, whereas 
when antigens are encountered befare birth the result is 
the deletion of the clones specific for them, which Burnet 
termed ‘forbidden clones’. Implicit in the theory is the 
need for the entire immune repertoire to be generated 
before birth, but in fact lymphocyte differentiation 
continues long after birth. 

‘The key factor in determining responsiveness is 
therefore not the developmental stage of the individual, 
but rather the state of maturity of the lymphocyte at the 
time it encounters antigen. This was suggested by 
Lederberg in 1959, in his modification of the clonal selec 
tion theory: immature lymphocytes contacting antigen 
‘would be subject to ‘clonal abortion’, whereas mature cells 
would be activated. 

It is now established that the neonate is in fact 
immunocompetent. ‘The reason that one can induce 
tolerance to certain antigens in the neonate is simply that 
the type of immune response to antigen can be 
functionally different in the neonate compared with that 
in the adult. Past descriptions of neonatal tolerance may. 
therefore have been early examples of this type of 
‘immune deviation’ (see below, p. 355). 

Key discoveries in the 1960s established: 

+ the immunological competence of the lymphocyte; 

+ the crucial role of the thymus in the development of the 
immune system; and 

+ the existence of two interacting subsets of lymphocytes, 
~T and B cells. 

‘This set the scene for a thorough investigation of the 

cellular mechanisms involved in tolerance. 
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THE STUDY OF TOLERANCE INVOLVES 
INDUCING TOLERANCE EXPERIMENTALLY 
Transgenic technology has allowed the study 
of tolerance to authentic self antigens 

Until recently, only artificially induced tolerance was 
amenable to experimental study: antigens or foreign 
cells were inoculated into an animal and the fate of 
responding T or B cells was investigated under a variety 
of circumstances. It was not clear, however, to what 
extent these experimental models resembled natural self 
tolerance. 

“Transgenic methods have now made possible the direct 
investigation of self tolerance, These methods allow: 

* introduction of a specific gene into mice of defined 
genetic background; and 

* analysis of its effects upon the development of the 
immune system. 

Furthermore, if the introduced gene is linked to a tissue- 

specific promoter, its expression can be confined to 

specific cell types. 

‘The protein product encoded by a ‘transgene’ is 
treated by the immune system essentially as an authentic 
selfantigen (autoantigen), and its effects can be studied in 
vivo without the trauma and inflammation associated with 
grafting foreign cells or tissues, 

In addition, the parent strain and the transgenic strain 
are ideal for control experiments and lymphocyte transfer 
studies because they are congenic ~ that is, they differ at 
only one locus. 

‘Transgenic mice can also be created in which all of 
either their B or T lymphocytes express a single antigen 
receptor. By increasing the frequency of antigen-specific 
precursor cells in this way, tolerance mechanisms can be 
readily dissected. 

Finally, the use of targeted mutagenesis has allowed 
immunologists to “knock out’ specific genes to study the 
role of their gene products in the process of immuno- 
logical tolerance. 


Ways in which self-reactive lymphocytes 

may be prevented from responding to self 

antigen 

‘There are five possible ways in which self-reactive 

lymphocytes may be prevented from responding to self 

antigens: 

* self-reactive T cells in the circulation may ignore self 
antigens (eg. when the antigens are in tissues 
sequestered from the circulation); 

© their response to a self antigen may be suppressed if 
the antigen is in a privileged site (see Chapter 12 and 
p-352); 

© self-reactive cells may be deleted at certain stages of 
development; 

= self-reactive cells may be rendered anergic and unable 
to respond; 

* a state of tolerance to self antigens can also be 
maintained by immune regulation. 

Which of these fates awaits the self-reactive lymphocyte 

depends on numerous factors, including: 

* the stage of maturity of the cell being silenced; 

* the affinity of its receptor for the self antigen; 


the nature of this antigen; 
its concentration; 

its tissue distribution; and 
its pattern of expression. 


CENTRAL TOLERANCE TAKES PLACE 
DURING T CELL DEVELOPMENT IN THE 
THYMUS 

‘The process of generating new T cell receptors (TCRs) 
involves gene rearrangement in addition to N-region 
modifications. This allows the immune system to generate 
a vast array of TCRs. Such a broad repertoire is clearly 
necessary to provide protection against the multitude of 
different infectious agents that any individual in the 
species is likely to encounter, 

T lymphocytes are not, however, simply effector cells 
of the immune system. They also function as regulators of, 
the system through provision of help for some and 
suppression of other responses. 

For effective control, lymphocytes must interact with 
other cells of the immune system and this is one reason 
why MHC restriction of cell recognition has evolved. 
Central tolerance among T lymphocytes revolves around 
a schooling process in which key cells are educated so that 
they become dependent on self MHC for survival, while 
at the same time potentially rebellious lymphocytes are 
identified and eliminated. ‘This process of central toler- 
ance among ‘T Iymphocytes takes place during their 
development within the thymus and depends on a number 
of checkpoints through which the cells have to pass in 
order to develop further. 


T cell development involves positive 

and negative selection and lineage 

commitment 

T lymphocytes develop from precursors in the bone 

marrow and are derived from a common lymphoid 

progenitor cell that gives rise to: 

* Beells; 

‘+ natural killer (NK) cells; and 

‘both af and y6 subsets of T lymphocytes (Fig. 19. 

Signals exchanged between cells via the Notch receptor 

determine the fate of lymphoid progenitor cells. Thus: 

* deletion of Notch I leads to a block in T cell devel- 
‘opment and results in ectopic development of B cells in 
the thymus; 

+ conversely, expression of activated forms of Notch 
leads to. selective development of T cells from 
lymphoid progenitor cells. 


The function of afi T lymphocytes in the 
maintenance of self tolerance is now well 
understood 

When immature T cells enter the thymus they express 
neither CD4 nor CDS co-receptor molecules (Fig. 19.3). 
‘These so-called double-negative (DN) cells constitute 
approximately 3% of total thymocytes. At this stage the 
TCR i chain genes start their recombination, 
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A common lymphoid progenitor gives rise to B and 
Tells 


Iymphotd progenitor 
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Fig. 19.2 Both 8 and T cells develop from a common, 
precursor found in the fetal liver or adult bone marrow. T cell 
progenitors give rise to both the aff and 3B lineages as well as. 
INK T cells. Recent studies have shown that the decision of 
lymphocyte precursors to differentiate down the B or T cell 
pathway depends on ligation of Notch 1. Notch 1 is essential 
for development of both thymus-dependent and -independent 
Tells. 


Q. What processes are involved in the generation of the 
diverse genes for the TCR? 

A. This process invalves sequential rearrangement of variable 
(V), diversity (D), and junctional (\) region genes within the TCR 
[8 chain locus, and expression of a chain. Subsequently 
recombination of V and | segments from the TCR «chain locus 
generates diversity in the a. chains (see Figs 5.3-5.5). 


First the 8 chain diversity and junctional genes 
rearrange and this is followed by rearrangement of the DJ 
gene with a variable region gene. The VDJ then combines 
with a constant region by alternative splicing of RNA to 
give the complete B chain gene. 

‘At this point the a chain genes remain in their genomic 
configuration, but the transcribed and translated chain 
nevertheless appears at the cell surface. This is possible 


‘only because the fi chain can pair with a ‘surrogate’ a. 
chain and other components of the CD3- signaling 
complex to migrate from the endoplasmic reticulum to the 
cell surface. 
Surface expression of this complex allows DN cells to: 
+ switch off their RAG genes (recombination activating 
genes); 
+ begin to proliferate; and 
+ mature into CD4 and CD8 double-positive (DP) cells 
(see Fig. 19.3). 
‘There is no evidence that this ‘checkpoint’ (the B selection 
checkpoint) involves recognition of antigen. 


T cells undergo a degree of ‘receptor editing’ of 
the « chain 

Newly formed DP cells reactivate RAG genes allowing 
rearrangement of the a. chain. 

Like the immunoglobulin light chain, the TCR @.chain 
has no D segment and the first event is to direct 
rearrangement of Va. to Jor region genes. Suitable pairing 
of ctand fi chains at the a-selection checkpoint allows T. 
cells to proceed to the next selection stage. 

Evidence shows, however, that unlike the B chain, 
which largely permits rearrangement of only one fi gene 
through allelic exclusion, ct chain rearrangement can 
continue to generate a second chain. 

In fact, up to 30% of mature human ‘T cells express 
more than one rearranged ot chain. 

‘This implies that T cells like B cells, undergo a degree 
of ‘receptor editing’ of the a chain to increase the 
likelihood of positive selection of cells selected to interact 
with self MHC, 


T cells are positively selected for ‘usefulness’ 
(MHC restriction) 

‘The potential for a pairing in combination with TCR, 
gene rearrangement allows for a massive repertoire of 
‘TCR structures. Interestingly, however, some 95% of 
these structures fail to contribute to the cell repertoire 
found in peripheral lymphoid tissues. ‘This is because 
thymocytes undergo a rigorous education before they exit 
the thymus. 

Education requires preliminary selection of cells for 
survival and their subsequent commitment to a particular 
lineage (positive selection). This is then followed by 
death of those cells that interact strongly with MHC 
(negative selection). 

In other words, T cells are positively selected for 
‘usefulness’ (MHC restriction) and negatively selected 
against ‘dangerous’ autoreactivity. 

‘The controlling element in thymic education is the 
MHC expressed by antigen-presenting cells (APCs) in 
the thymus (Fig. 19.4). This is such that T cell develop- 
ment is blocked at the DP stage in a thymus that does not 
express MHC molecules. In fact, cells at this stage of 
development need to be nurtured by cells expressing 
MHC molecules. 

Cells whose ‘TCR fails to engage either a class 1 
or a class Il MHC molecule undergo programmed cell 
death (death by neglect), while cells that recognize MHC 
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Developmental pathways of murine thymocytes 
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Fig. 19.3 Precursor thymocytes develop into ‘double-positive’ 
cells expressing low levels of the aff TCR. These undergo 
positive selection for interaction with self MHC class | or class I 
‘molecules on cortical epithelium. Unselected cells (the majority) 
‘undergo programmed cell death by apoptosis. Cells 


T cell MHC restriction occurs in the thymus 


undergoing positive selection lose one or the ather of their co- 
receptor molecules (CD4 or CDB). Finally, se-reactive cells are 
eliminated by their interaction with self peptides presented on. 
call at the corticomedullary junction and in the thymic 
medulla, 
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Fig, 19.4 Host mice (F,(H-2" x H-24) were thymectomized, 
then engrafted with 14-day fetal thymuses of various 
‘genotypes. They were subsequently iaciated to remove their 
resident T cell populations then reconstituted with F; bone 
marrow to provide stem cals After priming with antigen 
(eeyhole limpet hemocyanin, KLH), the proliferative response of 
Iympn nade T cells to KLH on APCs from each parental stain 
was evaluated. In some experiments, thymus lobes were 


molecules with moderate affin 
cells survive. 

Cells mature from DP cells to the single-positive 
(SP) cells where they express either CD4 or CDS. It is 
clear that MHC molecules play a role in this selection 
process. 


on cortical epithelial 


incubated before grating with deoxyguanosine (dG), which 
destroys intrathymic cell of macrophage/dendritic cel lineage. 
“The results show (0) thatthe thymic environment is necessary 
{or T cells to leam to recognize MHC; and (ji) that bone 
marrow-derived cells (removed by dG treatment) are not 
required for this process to occur. (Based on data from Lo D, 
Sprent |. Nature 1986;319:672) 


@. What do you predict would occur in mice that lack either 
MHC class | or class Il molecules? 

A. Mice lacking MHC class | molecules have few CD8 SP 
thymocytes; mice that lack MHC class ll molecules have few 
C4 5P calls, 
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It is likely that evolution has shaped complementarity- 
determining regions (CDRs) 1 and 2 of the TCR so that 
the TCR preferentially matches MHC molecules. 


Signaling via CD4 and CD8 drives lineage 
commitment 

Why has the immune system evolved two separate types of 
‘T cell? Would it not be more economical to have just one 
DP cell that could interact with either class I or class Il 
expressing cells? 

Selection of cells expressing either CD4 or CD8 has 
evolved just as the need for two pathways of antigen 
processing has been driven by the encounter of vertebrates 
with increasingly sophisticated pathogens. 

Class I and class II pathways have evolved to allow 
the immune system to recognize either cytoplasmic or 
extracellular/intravacuolar infectious agents, respectively. 
‘This has then driven the evolution of two subsets of T cell 
equipped with the means to help eradicate these infectious 
agents, 

‘The remaining question is how CD4 and CD8 cells 
develop from one common precursor? 


Q. Transgenic mice that have a TCR that recognizes antigen 
in association with MHC class | molecules and express a 
hybrid CD4/CD8 molecule (CD4 intracellular segment/CDB 
extracellular domains) generate predominantly CD4* thymo- 
oytes. Interpret this experiment. 

A. This implies that intracellular signaling via the CD4 
Intracellular domain leads to selective commitment along the 
CD4 lineage with inactivation of CDB expression. 


Theories to explain why MHC class 
I-restricted cells carry CD4 whereas MHC 
class restricted cells express CD38. 

‘The mechanisms of thymic selection and CD4/CD8 
lineage commitment have many uncertainties. A number 
of theories have arisen to explain why MHC class I- 
restricted cells carry CD4 whereas MHC class [-restricted 
cells express CD8 co-receptors. 


Stochastic selection 
Lineage choice is independent of MHC-TCR signal, 
resulting in some thymocytes being mismatched between 
‘TCR specificity and co-receptor expression. These 
mismatched cells subsequently die through lack of an 
effective survival signal. ‘This theory has been superseded 
by the following proposals. 


Instructional selection 
‘This theory states that coincident engagement of both 
‘TCR and co-receptor by MHC leads to lineage choice. 
Experimental evidence suggests that this is an over- 
simplified view of selection. 


Strength of signal 
‘The instructional model has been extended by experi- 
ments suggesting that lineage commitment is influenced 
by strength or duration of signal. ‘The sre family kinase 
Lck is associated with the cytoplasmic tail of CD4 and 
CDS, but is known to associate hetter with CD4 than 


‘The kinetic signaling model of lineage commitment in 
thymic selection 
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Fig, 19.5 The Kinetic signaling model of lineage commitment 
proposes that cell fate is determined by the duration of 
signaling during positive selection. The model suggests that 
double-positive thymocytes are programmed to respond to 
TCR plus co-receptor signals (regardless of MHC specificity) by 
‘terminating CD8 transcription and converting into CD4°CD8"* 
‘intermediate’ thymocytes. CD4*CD8" intermediate 
thymocytes stil have the potential to dferentiate into either 
‘mature CD4 SP or CDB SP T calls. Sustained signaling in 
intermediate thymocytes results in their clifterentiation into 
‘mature CDS SP T cells, whereas cessation of signaling in 
intermediate thymocytes results in ‘coreceptor reversal’ and 
itferentation into CDB SP T cals (Based on the model 
descrined by Singer A. Cut Opin Immunol 2002;14:207) 


CDS, It was therefore suggested that ligation of MHC 
plus peptide by ‘TCR plus CD4 leads to more effective, 
stronger signaling and hence selection of CD4 SP cells, 
while TCR plus CDS generates a weaker signal hence 
leading to CDS selection. Interestingly, however, CD8 is 
downregulated in both CD4 and CD8 lineage-commitred 
cells during the process of selection and this has led to 
revision of the validity of the signal model. 


Kinetic signaling 
A further model accommodates the observation that TCR, 
signaling initially downregulates CD8 but not CD4 expres- 
sion. As such, TCR signaling of short duration leads to 
CD8 commitment with subsequent downregulation of 
CD4, Longer TCR signaling leads to CD4 commitment 
and further downregulation of CDS. Clearly the strength 
of signaling and kinetic signaling models overlaps, because 
a strong signal will normally be of longer duration 
(Pig. 19.5). 


In mice, the HD mutation causes redirection of 
class Il-restricted thymocytes to the CD8 lineage 

Interestingly, a spontaneous mutation in mice, the HD 
‘mutation, causes redirection of class I-restricted thymo- 
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eytes to the CD8 lineage. ‘The mutation lies in the gene 
Th-POK. The expression of Th-POK is confined to cells 
expressing a class I-restricted TCR and CD4 suggesting 
that it may be induced by strong TCR signaling. 
Furthermore, the transcription factor GATA-3 is specific 
for and involved in CD4 lineage differentiation, whereas 
the transcriptional regulator RUNX3 functions as a CD4- 
silencing factor during CD8 lineage differentiation. 


Antigen recognition is important for 
development of the T cell repertoire 
Do T cells need to see antigen for positive selection and, 
iso, does this have to be a specific MHC-bound peptide? 
‘Mice deficient in the proteins required to transport 
peptides into the endoplasmic reticulum (TAP proteins) 
do not allow selection of CDS cells. This proves that 
peptide antigen in conjunction with MHC class I is 
required for CD8 cell differentiation, But how many 
peptides are required for a completely functional T cell 
repertoire? 


Q Transgenic mice that have MHC class ll molecules of a 
single type occupied by a single peptide generate CD4 SP 
cells and are able to respond to a number of different 
antigens. T cell numbers are reduced by 50%, but the 
repertoire of TCRs that can develop in these animals is 
highly restricted, Interpret this observation, 

A.A diverse range of MHC-peptide complexes is required to 
select a full repertoire of TCR. 


‘Thymic cells involved in negative selection 
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Fig. 19.6 The deleting population includes bone marrow- 
derived macrophages and dendritic cells, which are located at 
the corticomedullary junction, Other cells involved in deletion 
‘may be the thymocytes themselves, through their veto 
function, and some types of thymic epithelial cells, especially 
those in the medulla, 


T cell selection is compartmentalized in the 

thymus 

‘The thymus is made up of lobes, each of which is 

organized into outer cortical and inner medullary regions 

(ig. 19.6). 

‘Immature lymphocytes are found in the cortical region 
associated with cortical epithelial cells. Cells in the outer 
cortex are rapidly proliferating immature cells. Cells in 
the inner cortex are more mature DP cells probably 
undergoing positive selection. 

‘The medulla contains: 

‘+ mature SP lymphocytes; 

+ medallary epithelial cells; and 

‘+ bone marrow-derived macrophages and dendritic cells, 

Iisa matter of hot debate as to whether spatial separation 

of MHC molecules on different APCs and their isolation 

in different thymic regions influence positive and negative 
selection. Clearly hematopoietic cells are restricted to the 
medulla, 

“Two important considerations are: 

‘the fact that the thymic cortex is relatively inaccessible 
to large circulating proteins because of its vascular 
supply; and 

+ the observation that cortical epithelial cells are 
inefficient at presenting exogenous proteins — these 
cells would thus be predicted to present endogenous 
antigens only and not antigens carried to the thymus in 
the blood supply. 

Cortical epithelial cells definitely play a role in positive 
selection because mice expressing MHC class II molecules 
only on these cells show normal levels of positive 
selection, but impaired negative selection. By contrast, 
bone marrow-derived macrophages and dendritic cells 
account for the removal of at least 50% of all positively 
selected cells. 


Medullary thymic epithelial cells can express 
antigens whose expression was previously 
thought to be limited to specific organs 

A further question relates to how the thymus could ever 
possibly express all of the antigens that aT cell might 
encounter outside the thymus. There seems little doubt 
that the thymus does not express all potential selfantigens. 
Nevertheless there is clear evidence that medullary thymic 
epithelial cells (mTECs) can express antigens whose 
expression was previously thought to be limited to specific 
organs (Fig. 19.7). Importantly, expression of many of 
these proteins is controlled by a single gene called auto- 
immune regulatory (dire). 

Aire was first identified by mapping the gene respon- 
sible for autoimmune polyendocrinopathy syndrome type 
1 (APS-1) in humans, This disease is characterized by the 
coincidence of two or three major clinical symptoms: 
‘Addison's disease, hypoparathyroidism and chronic muco- 
cutaneous candidiasis, 

Antibodies against a variety of endocrine glands have 
been detected in patients with APS-1 and the disease is 
associated with Iymphocytic infiltrates in the affected 
organs. The comparison of protein expression in wild- 
type and Alire-deficient mTECs shows that expression of 
organ-specific genes is preferentially downregulated in 
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‘The role of Aire in immune tolerance 


tolerance 


Fig, 19.7 Aire promotes the expression of organ-specific genes 
in medullary thymic epithelial cells (mTECs). These argan- 
specific proteins are presented on the surface of mTECs by 
MHC molecules to T cells developing in the thymus, 
‘Thymocytes that recognize these organ-specific proteins in the 
context of MHC molecules undergo negative selection, The 
tole of Ae is therefore to limit the generation of sel-reactive T 
cell. Mutations in the Ae gene affect expression of many but 
not all ectopically expressed proteins, suggesting that other 
genes may play a similar role, (Based on Su MA, Anderson MS, 
Curr Opin immunol 2004;16:746. Copyright 2004 with 
permission from Elsevier) 


Aire-deficient mTECs. Among these are preproinsulin 
and cytochrome P-4501A2, which are known targets for 
autoantibodies in APS-1. From this we can conclude that 
APS-1 and a similar disease found in Aire-deficient mice 
results from the failure to delete or anergize developing 
thymocytes specific for these organ-specific proteins. 


T cell development includes a series of 
checkpoints 
In conclusion, the architecture of the thymus appears 
to be designed to compartmentalize thymic selection, 
Cortical epithelial cells present a wide range of endoge- 
nous antigens and contribute to positive selection. 

Interestingly, it is estimated that a developing thymo- 
cyte might only ever interact with a single cortical 
epithelial cell. The imprint that this leaves on the T cell 
clearly has a profound effect on the resulting T cell 
repertoire. 

‘Medullary APCs have access to circulating antigens and 
are largely responsible for negative selection. 
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cis now also clear that antigens from a wide variety of 
tissues are expressed by mTECs where they induce central 
tolerance. 

Furthermore, there is evidence that antigen recog- 
nition in the thymus may contribute to the generation of 
regulatory 'T lymphocytes, which play such an important 
role in peripheral tolerance (see below, p. 354). 

Checkpoints in central T cell tolerance include: 

+ selection checkpoint ~ only cells with a rearranged 
chain mature from DN to DP cells ~ this process is not 
dependent on MHC proteins; 

* arselection checkpoint ~ cells expressing an aff complex 
‘must interact with MHC molecules to survive; 

* lineage commitment checkpoint ~ cells are instructed 
to repress expression of either CD4 or CD8 and to 
develop into SP cells, 

+ negative selection checkpoint ~ cells that interact 
strongly with MHC molecules and antigen in the 
thymus are deleted (Fig. 19.8). 

It is important to consider how a cell with one TCR can 

receive signals instructing it to survive and undergo 

lineage commitment without coincidentally receiving a 

signal to undergo negative selection. ‘The most likely 

explanation is that this relies on the avidity of the cell’ 
interaction with MHC and peptide. 

Experiments have shown that the decision to undergo 
positive and negative selection is directly related to the 
half-life of TCR binding to the MHC-peptide complex 
(Pig. 19.9). 


‘The correlation between avidity and thymocyte 
selection 


Fig. 19.8 The avidity of a T cel’ interaction with antigenic 
peptide presented by an APC will depend on the level of 
‘expression of the MHC-peptide complex [MHC + peptide] on 
the APC and both the affinity and surface expression of TCR 
‘on the T cell, [MHC + peptide] depends on the affinity of 
peptide for MHC and the stability of the complex once 
formed. Current evidence suggests that CD25* requlatory T 
cells are selected in the thymus and have a relatively high 
affinity for MHC and peptide. 


‘A VARIETY OF MECHANISMS MAINTAIN TOLERANCE IN PERIPHERAL LYMPHOID ORGANS: 


TCR affinity for MHC-peptide complex influences 
positive selection 


agonist ++ ++ ‘negative 
‘aniagoniat | 3 postive 
‘irrelevant FA = ‘no effect 


Fig. 19.9 The afinity ofa soluble TCR for complexes between 
‘various peptides and the appropriate MHC restriction element 
«an be measured by biophysical techniques such as surface 
plasmon resonance. There isa direct correlation between the 
halflife of TCR binding to the MHC-peptice complex and the 
‘response made by mature T cells expressing the same receptor 
(Ge. agonist > antagonist > irrelevant peptide). n thymocyte 
‘organ cultures, however, addition of the agonist peptide 
‘causes deletion of the developing cells (negative selection), 
‘Whereas the antagonist stimulates positive selection. This 
{demonstrates that lowavdity interaction promotes positive 
selection, whereas high-avidity interaction leads to negative 
selection, (Data summarized from Alam SM, Travers PJ, Wung 
JL et al, Nature 1996;381:616) 


Selection also depends on: 
© the architecture of the thymus; 
© the nature of APCs in the cortex versus the medulla of 
the thymus; and 
* the types of antigen that these cells are able to present. 


A VARIETY OF MECHANISMS MAINTAIN 
TOLERANCE IN PERIPHERAL LYMPHOID 
ORGANS 

‘There is no doubt that many potentially autoreactive 
T cells escape central tolerance. ‘This reflects the fact 
that many antigens are either not present or are present at 
insufficiently high levels to induce tolerance in the 
thymus. Thus, for example, peripheral blood lymphocytes 
from healthy individuals respond vigorously to purified 
myelin basic protein, a major constituent of myelin in the 
brain, following their culture in vitro (Fig. 19.10). 

So, how are these cells kept at bay in healthy individuals 
and why are autoimmune diseases directed to such pro- 
teins so incredibly rare? This is because various mecha- 
nisms have evolved to maintain tolerance in peripheral 


lymphoid organs (Fig. 19.11). 


Sequestration of antigen occurs in some 
tissues 

Both developing and mature lymphocytes may never 
encounter self antigens. Many of these are sequestered 
away from the immune system by physical or immuno- 
logical barriers. In this way, tissue antigens may never be 
available to 'T lymphocytes, either because: 

* of their location; or 

* they may never be processed by functional APCs. 


Peripheral blood cells from a healthy individual 


Fig. 19.10 Purified white blood cells can be stimulated in 
‘Ussue culture with antigens such as purified protein derivative 
(PPD) from Mycobacterium tuberculosis or Keyhole limpet 
hemocyanin (KLH). The rate at which the cells respond 
(measured by incorporation of 3H-thymidine) reflects whether 
the response is primary/naive (KLH) or secondary/memory 
(PPD). Note that blood cells from a healthy individual respond 
‘with primary kinetics to purified human myelin basic protein 
(MBP). This experiment shows how cells that have escaped 
‘tolerance induction in the thymus can nevertheless respond to 
self antigens under artiticial conditions. (Based on data fram 
Ponsford M, Mazza G, Coad J etal. Clin Exp Immunol 
2001;124:315) 


Privileged sites are protected by regulatory 
mechanisms 

Cells that have escaped tolerance in the thymus can 
also ignore self antigens if they are expressed in a 
privileged site. 


Q. Name some privileged sites, their characteristics, and the 
underlying basis of the privilege. 

A. Immunolagically privileged sites include the brain, anterior 
chamber of the eye, and testes, because transplanted tissues 
have an enhanced chance af survival within them. Within these 
sites proinflammatory lymphocytes are controlled either by 
apoptosis (Fas ligand [Fast] expression) or by cytokine 
(transforming growth factor-f/interleukin-10 [TGFB/IL-10}) 
secretion (see Chapter 12, p. 236 and Figs 12.3-12.7). 


Does immune privilege contribute to self tolerance or 
is it a phenomenon seen only by the introduction of 
foreign antigen to the privileged site? 

Immune privilege is clearly designed to dampen down 
inflammatory responses in certain vital organs, The same 
suppressive mechanisms would equally apply to inflam- 
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‘Mechanisms of central and peripheral tolerance 


Fig. 19.11 Cells that have escaped 
‘negative selection in the thymus are stil 
subject to control in the periphery. Most 
healthy individuals maintain self tolerance 
by a variety of mechanisms of peripheral 
tolerance involving sequestration, 


aor] ew] 
aa ia 
physically (barrier) size contralled by 
‘(lack of APC) competition for 
ere eee 
a Eee 


expression ata privileged site, deletion or 
immune tequlation. (Based on Anderton S, 
Burkhart C, Metzler B, Wraith D. Immunol 
Rev 1999;169:123) 


mation caused by an immune response to either an 
infectious or a self antigen. 

Immune privilege does not discriminate and therefore 
contributes to peripheral tolerance, at least in these 
particular organs. 


T cell death can be induced by persistent 
activation or neglect 

Apoptotic death of lymphocytes is an extremely important 
mechanism of immune control and is essential for the 
maintenance of immune homeostasis in healthy individ 
uals. It contributes both to the deletion of cells with high 
avidity for antigen and to the death of lymphocytes 
when the immune response is no longer required. These 
functions are fulfilled by two distinct mechanisms: 

* activation-induced cell death (AICD); and 

* programmed cell death (PCD). 


Fas is the most important death receptor 
Cells repeatedly stimulated with antigen undergo AICD 
by mechanisms involving so-called ‘death receptors’ of 
the tumor necrosis factor receptor (TNFR) family (see 
Fig. 10.8). Among these, the most important molecule is 
Fas, which on cross-linking by its ligand (FasL.) leads to 
activation of the caspase cascade via caspase-8 and 
subsequent apoptotic death of the cell (Fig. 19.12 and see 
Fig. 10.9). This can occur by cell-cell interactions and 
there is, in addition, evidence that T lymphocytes can kill 
themselves through ‘fratricidal cell death’ following the 
secretion of soluble Fasl. (Fig. 19.13). 


‘Many activated cells die by PCD 
In addition, many activated cells die by PCD because their 
antigen is simply eliminated, as happens, for example, 
following clearance of an infection. Removal of the 
antigen then deprives cells of essential survival stimuli 
including growth factors. Under these conditions mito- 
chondria in the cell respond by releasing cytochrome c. 
‘This, in combination with apoptosis activating factor-1, 


leads to activation of the caspase cascade following 
cleavage and activation of caspase-9 (see Fig. 19.12). 


The Fas pathway is required for peripheral 
tolerance 

Presumably, the survival rate of T cells that cross-react 
with self antigens, but which are generated during the 
immune response to infection, will be increased in the 
ahsence of AICD. 

‘The importance of the Fas pathway for AICD has been 
revealed by genetic defects in both mouse and human, For 
‘example, the Ipr mouse has a mutation in Fas and the gld 
mouse has a mutation in FasL, Both mutations lead to 
lymphadenopathy (expanded secondary lymphoid tissue). 
Importantly this lack of regulation also leads to the 
generation of autoimmunity, autoantibody production, 
and nephritis with similarities to systemic lupus erythe- 
‘matosus in humans. 

‘Note that thymus selection in the Ipr mouse is normal, 
showing that the Fas pathway is not essential for central 
tolerance but is clearly required for peripheral tolerance. 

Recent studies have shown that analogous mutations 
lead to a similar form of disease known as human 
autoimmune lymphoproliferative syndrome (ALPS), 
characterized by: 

+ defective lymphocyte apoptosis; 

+ lymphocyte accumulation; and 

+ humoral autoimmunity. 

‘The ALPS phenotype is associated with inherited 
mutations in the Fas gene (ALPS type 1a) or the Fas 
ligand gene (ALPS type 1b). 

Both AICD and PCD are tightly regulated but the wo 
apoptopic pathways are under independent regulation. 

Bel family members, for example, block PCD by inhibit- 
ing the release of eytochrome ¢, but do not affect AICD. 

‘AICD is inhibited by proteins binding to the death 
receptor complex. Of these, the most important is FLIP 
(FLICE inhibitory protein where FLICE is the FADD- 
like IL-1B converting enzyme). FLIP binds to the adapter 
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‘Two distinct mechanisms of lymphocyte apoptosis 


‘The role of the Fas system in T cell death 


‘MHC class 


proliferation 


mitochondrion 


‘aspase-s 


Fig. 19.12 Activated T lymphocytes will die by passive cell 
death (PCD) when deprived of an antigenic stimulus. This 
‘mechanism is designed to maintain homeastasis in the 
immune system, Activated T lymphocytes will de by 
activation induced cell death (AICD) if repeatedly stimulated 
‘with antigen. This mechanism is designed to limit 
hypersensitivity reactions to allergens and autoantigens. 


protein FADD or to a precursor form of caspase-8 and 
blocks generation of the Fas-associated death receptor 
complex. 

'AICD is also regulated by IL-2. This eytokine stimu- 
lates Fas-mediated AICD by enhancing transcription and 
expression of FasL. while inhibiting transcription of FLIP. 

‘Note that disruption of the genes for IL-2, IL-2Ra, or 
IL-2RB leads to lymphadenopathy and autoimmunity in 
ice in which any one of these genes has been inactivated. 
‘This is consistent with a role for IL-2-driven apoptotic 
death (propriocidal death) in homeostasis and peripheral 
tolerance. 


soluble FasL. 


Fig. 19.13 Activated T cells express both Fas (CD95) and the 
ligand for this molecule (FasL). Fratricide (1) can result either 
from direct cell contact or from cleavage of FasL and the 
ligation of Fas by soluble FasL. Autocrine suicide (2) can result 
{rom the interaction of soluble FasL with Fas. 


The balance of co-stimulatory signals affects 

immune homeostasis and self tolerance 

Naive T lymphocytes require two signals to proliferate 

and differentiate: 

* the first signal is triggered by TCR recognition of the 
appropriate peptide-MHC complex; 

+ the second signal is delivered by CD80 (B7.1) and 
‘CD86 (B7.2) co-stimulatory molecules expressed by 
APCs, 


How a T cell interprets co-stimulation depends on which 
co-stimulation receptor it uses. 

‘The CD28 molecule is constitutively expressed on T 
cells and signaling via CD28 enhances cell survival, pre~ 
vents anergy induction, and enhances CD40L expression. 


Q. What effect does ligation of CTLA-4 (CD152), the 
alternative ligand for B7, have on the T cell? 

A. CTLA4 ligation inhibits early T cell activation including 
expression of the IL-2 receptor «chain and secretion of IL-2 (see 
Fig. 7.18). 


‘The CTLA-4 pathway inhibits IL-2 messenger RNA 
accumulation and progression through the cell cycle, 
CTLA-4 has a higher avidity (100 x) for CD80 and CD86 
than CD28, but is normally restricted to the perinuclear 
Golgi apparatus. On T cell contact with an APC, CTLA- 
4 traffies to the plasma membrane at the TCR-APC. 
interface (Fig. 19.14). 

‘The role of CTLA-4 in normal homeostasis is revealed 
in the CTLA-4 knockout mouse. These mice show nor- 
mal thymus selection, but suffer from polyclonal cell 
expansion and die from a fatal lymphoproliferative disease. 


Patent Application Publication Oct. 14,2004 Sheet 1 of 24 US 2004/0200925 Al 
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Interestingly, CTLA-4 influences CD4 cells more than 
CDS cells because depletion of CD4 cells from the 
CTLA-4 knockout mouse prevents the lymphopro- 
liferative disease in this mouse. 


Dendritic cell 
tolerance 
‘Thymic dendritic cells contribute to self tolerance by 
deleting self antigen-responsive T cells. 

Dendritic cells also contribute to tolerance extrathymi- 
cally, Subsets of dendritic cells are distinguished according 
to their cell surface phenotype and in mice have been 
defined as: 

+ myeloid (precursors shared with macrophages); or 

+ lymphoid (precursors shared with lymphocytes). 

Plasmacytoid dendritic cells are found in various organs 

and are distinguished by their secretion of type I 

interferon in response to viruses. 

All dendritic cells originate, however, from hematop 
etic precursor cells and there is considerable plastici 
between the different lineages. 

‘The general rule governing dendritic cells is that they 
readily take up antigen in the immature state, but present 
antigen effectively to naive T cells only when they 
have undergone differentiation to a more mature state 
Fig. 19.15): 

+ mature dendritic cells presenting specific antigen both 
activate T cells and promote their survival; 

+ immature dendritic cells presenting antigen activate 
T cells, but the outcome is different, resulting in apop- 
tosis, anergy, or the generation of regulatory cells. 

In the steady state, the immature dendritic cell can take up 

self antigens even when these are contained in dying cells 

and induce tolerance towards these antigens rather than 
immunity. 


contribute to peripheral 


Comparison of immature and mature dendritic cells 
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T cell activation is controlled by co-stimulatory signals 
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Fig. 19.14 Ligation of CD28 stimulates intracellular signals 
that lead to IL-2 production, IL-2 receptor (\L-2R) expression, 
and cell cycle progression in activated T cells. Ligation of cell 
“surface CTLA-4 blocks these CD28-dependent responses and 
‘inhibits IL-2 synthesis. 


‘The difference between self antigens and the antigens 
contained in microbes lies in the ability of microbes to 
induce maturation of the dendritic cell by ligating ‘Toll- 
like and other receptors (see Chapters 15 and 16). 

“Targeting of antigens to dendritic cells, either in the 
form of synthetic peptides or antigens coupled to anti- 
bodies, against antigen-uptake receptors of dendritic cells, 
(ie. DEC-205) will therefore induce peripheral tolerance 
ifthe targeted dendritic cell remains in an immature state. 


Fig. 19.15 On the left are listed factors 
known to promote maturation of dencitc 
cells (DCS). These include baterial and viral 
products, tokines, and interaction with 
T cells expressing CD40L, Immature DCs 
are dedicated to antigen capture whereas: 
‘mature DCs take up antigen poorly, but 
are highly efficient APCs. (Based on 
Banchereau J Briere F Caux C, etal. Annu 
Rev Immunol 2000;18:767, with 
permission. Copyright 2000 by Annual 
Reviews wrwannualreviews org) 
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Homeostatic balance is required to prevent 

lymphoproliferative responses 

In summary, homeostatic balance in the immune system 

is required to prevent lymphoproliferative responses. 

Lymphoproliferative disorders are associated with responses 

to both foreign and self antigens. Lack of homeostatic 

control leads to autoimmunity and therefore the mole- 

cules involved in homeostatic control are important regu- 

lators of peripheral tolerance. These molecules include: 

* CTLA-4, which acts as a brake on the normal immune 
response to both foreign and self antigens; 

+ members of the ‘TNFR family, particularly Fas and 
FasL; 

* components of the caspase cascade; 

* IL-2 and the IL-2 receptor (IL-2R), which together 
regulate sensitivity to Fas-mediated apoptosis. 


tory T cells play a crucial role in 
controlling autoimmune responses 

Peripheral tolerance to antigens can be ‘infectious’. The 
experimentally induced tolerance to one antigen can thus 
‘maintain tolerance or suppress the immune response to a 
second antigen as long as the two antigens are structurally 
or physically associated (e.g. within the same tissue). ‘This 
implies that mechanisms other than ignorance and cell 
death must be involved in tolerance. 

One explanation for such phenomena depends on the 
existence of populations of T lymphocytes that produce 
distinct cytokines. 

Many inflammatory autoimmune diseases are caused by 
‘Tul cells that produce cytokines such as interferon-y 
(IFNy and tumour necrosis factor-c (TNFa). Cytokines 
derived from TH2 cells (IL-4, IL-5, IL-6, 11-10) support 
antibody production. A major additional effect of ‘T#12- 
derived cytokines such as IL-10, however, is downregu- 
lation of macrophage effector functions, including antigen 
presentation to THI and naive T cells. T12 cells are 
therefore able to suppress inflammatory (delayed-type 
hypersensitivity, DTH) responses. 

‘Tail cell-derived IFNy can prevent the differentiation 
of TH0 to Ti2 cells. This type of immune deviation was 
defined more than 30 years ago to describe how an 
individual animal could respond to the same antigen in 
two completely different ways: 

* guinea pigs primed with antigen in alum produced high 

levels of IgGI antibody, but did not support 1 DTH. 

response; 
* animals primed with the same antigen in complete 

Freund's adjuvant developed strong DTH responses. 
Ie was subsequently suggested that the ability of the same 
antigen to induce either ‘humoral’ or ‘cellular’ immunity 
could reflect the distinct activation of two mutually 
antagonistic arms of the immune system. 

‘The results of these experiments were undoubtedly a 
form of immune deviation resulting from the selective 
induction of Tr2 rather than Tit! cells, 

Immune deviation can influence hypersensitivity 
conditions. Diabetes in the NOD (non-obese diabetic) 
mouse is known to be caused by Tul cells and can be 
prevented by antigen-primed T#2 cells, whereas certain 
allergic disorders can be treated by induction of Til cells. 


Q Transgenic mice that express the antigen influenza 
hemagglutinin [HAJ) in pancreatic islet cells and a TCR on 
their T cells that recognizes this antigen have been bred into 
mice with different genetic backgrounds. If bred into a 
strain that produces high levels of IL-4 and IFNy, the mice 
have no inflammatory disease in the pancreas. If bred into a 
strain that produces predominantly IFNy and IL-12, the T 
cells infiltrate the pancreatic islets and cause diabetes 
Interpret these observations. 

A. Peripheral T cell tolerance depends on the genetic make-up 
of the individual. Immune deviation is clearly controlled by 
background genes, many of which combine to control the 
susceptibility of an individual to autoimmune disease. 


In another mouse strain (B10.D2 background), the 
HA-teactive cells produce only Ti11 cytokines. T cell- 
mediated diseases (such as insulin-dependent diabetes, 
thyroiditis, and gastritis) can be produced in otherwise 
normal mice simply by eliminating a subpopulation of 
CD4 T cells expressing CDS, CD25, or a particular 
isoform of CD: 

This is best illustrated by the transfer of subsets of 
murine cells isolated from healthy mice into Rag” mice 
that otherwise do not contain T cells of their own. Naive 
and activated murine cells can be distinguished accord- 
ing to the level of cell surface expression of CD45 RB ~ 
activated cells have low levels of this isoform and naive 
cells have high levels, Activated or naive populations are 
then transferred into recipient Rag’ mice: 

* transfer of naive cells leads to inflammatory bowel 
disease (IBD) in the Rag” recipients; but 
+ co-transfer of relatively few activated cells prevents 

disease (Fig. 19.16). 

‘The activated cells either produce or induce production of 
the immune suppressive cytokine TGFB. 

Another cytokine, IL-10, undoubtedly plays a role in 
the function of the activated, regulatory cells because 
transfer of these regulatory cells from an I-10 knockout 
mouse fails to suppress the induction of IBD by naive 
cells. 


Regulatory T cells suppress the activation of other 
T cells 

Although the nature of regulatory ‘T cells was discussed 
extensively in Chapter 11, the subject is of such relevance 
to tolerance induction that it is worth recapitulating the 
features of these cells. As described above (Fig. 19.8), a 
naturally occurring subset of regulatory lymphocytes is 
distinguished by expression of the «chain of the TL-2R 
(CD25), Elimination of these cells from normal mice leads 
to the generation of various organ-specific autoimmune 
conditions. Similar cells exist in humans and there is clear 
evidence that they play a role in protecting against auto- 
immunity. These natural regulatory T cells are anergic to 
‘TCR-mediated activation, but potently suppress the 
activation of other cells. 


CD25* AND IL-10 REGULATORY CELLS CONSTITUTE 
DISTINCT REGULATORY CELL SUBSETS ~ CD25" regula- 
tory cells are generated in the thymus. It seems likely 
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Fig. 19.16 (1) Severe colitis in a mouse injected with 


(CD45RBM CD4* T cell from normal mice, (2) Normal 
appearance of the colon in a mouse restored with both 
(CD45RB" and CD45RB™ cells. This shows that the CD4SRB™ 
population of T cells is able to inhibit inflammation caused by 
normal CD45RB"" cels. (3) Severe colitis in a mouse restored 


that the cells destined to become CD2S* regulatory cells 
have a relatively high affinity for their MHC restriction 
clement and only just escape negative selection in the 
thymus (see Fig. 19.8), Indeed their high affinity for MHC 
molecules could explain their continuous expression of 
CD25, a marker of T cell activation, as well as their 
anergic state, ‘There is also evidence that CD25" regula- 
tory cells can be generated in peripheral lymphoid tissues. 

‘As discussed previously, the forkhead/vinged helix 
transcription factor FoxP3 appears to control the gener- 
ation and function of CD25" ‘Treg cells (see Figs 11.13 
and 11.14), 

In mice, FoxP3 is preferentially expressed by CD25* 
cells. Furthermore, mutations of the FaxP3 gene are 
associated with a broad range of hypersensitivity condi- 
tions in both mouse and humans. Importantly, CD25" 
FoxP3* cells from normal mice prevent disease when 
transferred into the FoxP3 mutant ‘scurfy’ mouse and it 
will be recalled from Chapter 11, that point mutations and 
microdeletions of the FaxP3 gene were found in the 
affected members of families with the IPEX (immune 
dysfunction, polyendocrinopathy, enteropathy, X-linked) 
syndrome. 

" Precisely how CD25° cells regulate immune function 
in vivo is nor clear. The cells express molecules such as 
CTLA-4 and this may function by ligating B7 molecules 
on neighboring T cells. 

‘The ability of CD25" regulatory cells to control differ- 
ent types of immune pathology may or may not require 
them to secrete immunosuppressive cytokines such as 
‘TGEB and IL-10, These cytokines can suppress antigen 
presentation by professional APCs and have directly 
suppressive effects on naive T cells. 

In addition to the FoxP3* CD25" regulatory cells there 
are other important subsets of cells with regulatory 
properties. These include the CD25~ TGFB-producing 
‘Tel cells elicited by oral administration of proteins, and 
IL-10-secreting regulatory cells (ee Fig. 11.14). 
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with both CD45RB"" and IL-10%~ CD45RB™* cells, This 
‘experiment demonstrates that CD45RB*" cells that cannot 
‘produce IL-10 fall to serve as regulators of disease. (Based on 
‘Asseman C, Mauze S, Leach MW, etal. Reproduced from The 
Journal of Experimental Medicine 1999;190:995 by copyright 
permission of The Rackefeller University Press) 


IL-10 regulatory cells: 
+ can be selected in vivo by repeated antigen encounter; 
* differentiate from CD25~ precursors; and 

+ do not necessarily express FoxP3. 

CD25" and IL-10 regulatory cells therefore constitute 
distinct regulatory cell subsets (Fig. 19.17). 


THE LIGANDS FOR TLRs AND CYTOKINES OVERRIDE 
SUPPRESSION IN POTENTIALLY OVERWHELMING INFEC- 
TION - The balance hetween immune response and 
immune suppression must be under fine control to ensure 
an effective response to infection while preventing an 
aberrant response to self antigens. How then does the 
immune system mount an effective response to infection 
in the face of such immune regulation? Here the non- 
specific receptors for infectious agents, including the Toll- 
like receptors (TLRs), may sense the presence of an 
infectious agent. The ligands for TLRs and cytokines, 
secreted by both the innate and adaptive immune systems, 
combine to override suppression in the face of potentially 
overwhelming infection, When the immune system has 
eradicated the infection, however, the regulatory cells 
more than fully recover their suppressive function and 
hence control autoimmunity (Fig. 19.18). 


Q. Which CD25" cells are not regulators? 
A. The CD25 marker is upregulated on naive T cells in response 
to antigen as part of an active immune response (see Fig. 7.23). 


In conclusion, regulatory lymphocytes play a crucial 
role in the control of autoimmune responses. Scientists 
are only just beginning to reveal the mechanisms by which 
these cells mediate their suppressive activity. Furthermore 
wwe know very little about how these cells are generated in 
the normal immune repertoire of healthy individuals. 
‘There is little doubt that clarification of these questions 
will help in the control of many hypersensitivity 
conditions including allergic and autoimmune diseases. 


TOLERANCE IS ALSO IMPOSED ON B CELLS 
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Fig. 19.17 The thymus generates both CD25~ ane CD25* 
regulatory T (Treg) cel. T cells respond to antigen presented 
bby mature dendritic cells by differentiating into effector T cells 
(Fett), secreting cytokines and providing help fr cytotoxic T 
and B cells Antigen presented by immature dendritic cells 
Ghrves the differentiation of CD25 cel, such as L-10" Treg 
calls that suppres effector cell generation. Thymus-derved 
€D25*Treg cells block expansion ofthe effector cell 
population. CD25" FoxP3* Treg ces can also be generated 
‘rom CD25- precursors in peripheral lymphoid tissues. Both 
ee sn ce eens porcine Oe, 
production of eytoknes, such as L-10 and TGFA, for 
‘Suppression in vvo, although the requirement for cytokines 
depends on the nature ofthe effector T cel response. (Based 
‘on Wraith DC, Nicolson KS, Whitley NT. Curr Opin Immunol 
2004;16:695. Copyright 2004 with permission from Elsevier) 


TOLERANCE IS ALSO IMPOSED ON 

B CELLS 

High-affinity IgG production is’T cell dependent. For this 
reason, and because the threshold of tolerance for cells 
is lower than that for B cells, the simplest explanation for 
non-self reactivity by B cells is a lack of T cell help. 

‘Unuil quite recently it was therefore felt that immuno- 
logical tolerance should be the responsibility of T 
lymphocytes alone, the logical argument being: Why 
evolve 3 complex process of immunological tolerance 
among cells such as B cells when they are then allowed to 
hypermutate? All nature would have to do would be to 
evolve a system in which T cells never reacted with self 
antigens; a ‘perfect’ system would delete all self-reactive T 
cells, The immune system could then allow the B cell 
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Fig. 19.18 Treg cells suppress the response of autoreactive 
(ed) cells to self antigens in the steady state by ensuring that 
they do not reach the threshold for activation (dashed line). 
‘Their ability to suppress responses can be overcome in the 
face of infection, a a result of TLR ligation or increasing levels 
of co-stimulation and cytokines secreted in response to 
‘Infection. This might permit localized activation of some 
autoreactive (green) cells through bystander activation or 
‘molecular mimicry. Their expansion will, however, be 
prevented by clonal competition from cells specific for 
antigens carried by the infectious agent. Avalable evidence 
suggests that Treg cells retain their suppressive capacity and 
will therefore continue to suppress the response to se 
antigens when the infection has been cleared. (Based on 
‘Wraith DC, Nicolson KS, Whitley NT. Curr Opin Immunol 
-2004;16:695. Copyright 2004 with permission from Elsevier) 


repertoire to expand widely and generate as many auto- 
reactive B cells as possible by random rearrangement. 
Without help from TT cells these B cells would remain 
harmless. 

Now we appreciate that the immune system is not 
allowed to be ‘perfect’. If it were, it would almost 
inevitably develop ‘holes’ in the immunological repertoire 
through which faster evolving microorganisms would 
inevitably break. We now appreciate that autoreactive T 
cells exist in all of us and that the balance between health 
and autoimmunity is a fine one. 


@ Give one piece of evidence that autoimmunity oceurs in 
normal individuals, 

A. Its possible to generate autoimmune conditions in normal 
animals by injection of self molecules in adjuvant (e.g. exper 
mental autoimmune encephalomyelitis). Autoreactive T cells 
can be generated in vitro from lymphoid tissues of healthy 
individuals by appropriate stimulation with antigen-APCs and 
cytokines. 


‘The B lymphocyte pool is subject to analogous but 
subtly different mechanisms of immunological tolerance 
to those that apply to the 'T lymphocyte pool. 
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‘There are clearly circumstances in which B cells must 
be tolerized directly. For example, some microorganisms 
have cross-reactive antigens that have both foreign T cell- 
reactive epitopes and other epitopes that resemble self 
epitopes and are capable of stimulating B cells. Such 
antigens could provoke vigorous antibody response to 
self antigens (Fig. 19.19). 

Furthermore, in contrast to TCRs, the immuno- 
globulin receptors on mature, antigenically stimulated B 
cells can undergo hypermutation and may acquire anti-self 
reactivities at this late stage. ‘Tolerance thus needs to he 
imposed on B cells both during their development and 
after antigenic stimulation in secondary lymphoid tissues. 

Self-reactive B cells may be deleted or anergized, 
depending on the affinity of the B cell antigen receptor 
and the nature of the antigen. 

‘Tolerance induction by self antigens can lead to one of 
several results, such as deletion or anergy. The outcome 
depends on: 

* the affinity of the B cell antigen receptor; and 

* the nature of the antigen it encounters, whether this is, 
an integral membrane protein or a soluble and largely 
monomeric protein in the circulation. 

‘The fate of self-reactive B cells has been determined using 

transgenic technology (Figs 19.20 and 19.21). 


B cells pass through several developmental 
checkpoints 

B cell development shows similar features to T cell 
development, but takes place largely in the bone marrow, 
Development is marked by ordered expression of surro- 
gate receptor molecules. 

‘The first notable event takes place in the late pro-B 
stage when the CD79a and CD79} (Igoe and Ig) mole- 
cules appear at the cell surface (see Figs 8.1 and 8.3). 
Progression to the pre-B stage is accompanied by VDJ 
recombination at the heavy chain locus. The rearranged 


Tolerance induction in peripheral B cells by clonal deletion 
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Fig. 19-19 (1) If Tr cells are not available, either because of a 
hole in the T cell repertoire or because of deletion resulting 
{rom self tolerance achieved intrathymically, any B cells that 
are self-reactive will be unable to mount an anti-self antibody 
response. (2) Autoantibodies can be produced if an ant-selt 
B cell collaborates with an anti-non-self TH cell in response to 
‘cross-teactive antigens containing both self and non-self 
determinants. 


heavy chain can then appear at the cell surface in com- 
bination with both CD79a and CD79 and the Vy 
and 45 molecules that act as surrogate light chains (see 
Fig. 8.2). 

“There are clear analogies with T cell development 
here ~ T cells rearrange the heavy chain genes first and 


Fig, 19.20 Non-b haplotype mice were 
given the gene for H-2K", which is a foreign, 
MHC clas molecule. The gene was 
controlled by the metallothionein promoter, 
‘specific for such sites as the liver (MET-K* 
transgenic). These mice were crossed with 
other non-b mice, which ad been given 
the genes for antsH-2K* antibodies ant-k® 
ig transgenic). Double transgenic ofspring 
expressed H-2K* inthe lver and exported B 
cells specific for H-2K* from the bone 
‘marrow. However, these self-reactive B cells 


Fy METK® antiKP Ig double Were partially deleted in the spleen and 
(ineration onransgenié tranggenie transgenic transgenic _—_entirely deleted in the lymph nodes and 
thus no autoantibody was produced — no 
Iganixe —antiK® Balls was detectable, 
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reactivity a activity present MPA nodes 
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B cell tolerance induction to a soluble protein by clonal aneray 


Fig, 19.21 A mouse was given the hen 
‘99 lysozyme gene (HEL) inked to atssue- 
specific promoter. The (largely soluble) HEL 
induced B and T cell tolerance. second 
transgenic line (ant-HEL Ig) carried 
rearranged heavy and ight chain genes 
‘encoding a highatfinity HEL antibody. An 
allotypic marker (gl) distinguished this 
from endogenous immunoglobulin (IgH®). 
‘The majority of 8 cells in these transgenics 
‘ated IgM and IgD of the a alltype. 
Double transgenic offspring were highly 


HEL tolerant, producing neither ant-HEL 


Ty transgene 
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also employ a surrogate light chain. In addition, it appears 
that expression of the pre-B cell receptor is necessary for 
successful allelic exclusion at the heavy chain locus. 

‘As pre-B cells develop, recombination at the light chain 
locus proceeds and the cells become immature B cells. At 
this point the cells are IgD~. 

B cells then go through a ‘transitonal” stage in 
development becoming Ig" as well as IgM". Mature B 
cells express IgD at higher levels than IgM. 

Checkpoints in B cell development include: 

* successful expression of CD79a and CD79b in late pro- 

B cells; 

* successful rearrangement at the heavy chain locus in 
pre-B cells; 

* successful rearrangement at the light chain locus and 
receptor editing. 

Self tolerance begins when IgM first appears at the surface 

of the developing cell. 

Immature cells are resistant to apoptosis, though the 
development of immature B cells can still be blocked by 
interaction with self antigen. However, immature B cells 
can edit their receptor, thus allowing development to 
progress. 


Receptor editing allows potentially self- 
reactive B cells to continue development 
When the IgM receptor on an immature bone marrow B 
cell reacts with self antigen further cell differentiation is 
blocked, but light chain rearrangement can continue. 

If the new IgM receptor does not react with a self 
antigen in bone marrow, B cell development can proceed. 

Interestingly the ‘immature’ B cell is relatively resistant 
to apoptotic cell death, whereas the later ‘transitional’ cell 
is sensitive. 

Allowing light chain rearrangement to continue among 
immature cells permits the B cell to edit its receptor and 
thus rescue potentially autoreactive cells from inevitable 


death. This mechanism of altering offending receptors 
before the B cell becomes sensitive to antigen-mediated 
cell death clearly allows the immune system to optimize 
the generation of its repertoire. 

In fact it appears that mechanisms have evolved to 
promote receptor editing in B cells. ‘The light chain 
locus can be inactivated by recombination of a recom- 
ining sequence (RS). Recombination of the RS element 
results in deletion of CK and other sequences required for 
transcription of the x allele. It is important to appreciate 
that 40-60% of IgM! B cells carry a Vix}x rearrange- 
ment inactivated by this RS recombination. Receptor 
editing therefore plays an important role in the generation 
of the normal B cell repertoire. 


Self-reactive B cells are usually deleted 

‘As B cells mature through the transitional stage they 
become poor at reactivating the RAG genes. So, if recep- 
tor editing has failed to eliminate autoreactive B cells, they 
are likely to be eliminated by apoptotic death because they 
can no longer select a new receptor. Interestingly these 
transitional IgM"IgD" cells can emigrate to the periphery 
where their high IgM level ensures that apoptotic cell 
death can still take place. 


The spleen eliminates unwanted B cells as 
effectively as the thymus removes unwanted 
T cells 
Recent studies have shown that the bone marrow exports 
a higher proportion of new B cells than the thymus does 
new T cells. Also, unlike T cells leaving the thymus, B 
cells leaving the bone marrow are relatively immature. 
‘These cells express the heat-stable antigen (HSA) and 
migrate from the bone marrow to the outer T cell zone of 
the spleen. 

Itis among these cells that the most significant amount 
of negative selection takes place. This splenic environ- 
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ment eliminates unwanted B cells as effectively as the 
thymus removes unwanted TT cells (Fig. 19.22). Self- 
reactive B cells are purged by a process that: 

* induces anergy; 

+ prevents migration into B cell follicles; and 

* rapidly leads to cell death. 


Anergy in an autoreactive B cell can be overcome 
by high-avidity antigen 

Self-reactive B cells in the outer T cell zone are short- 
lived (1-3 days), whereas cells selected to enter B cel foli- 
cles become long-lived and recirculate for from 1 to 4 weeks. 

Short-lived, autoreactive B cells may, however, con- 
tribute to immune responses to foreign antigens. Anergy 
in such an autoreactive B cell can be overcome by high- 
avidity antigen 

Self-reactive B cells may then be recruited into the 
functional immune repertoire because their B cell recep- 
tor cross-reacts sufficiently strongly with foreign antigen, 

At first sight, allowing B cell tolerance to self antigen to 
be overwhelmed by foreign antigen would seem risky. 
Why promote a pluripotent B cell repertoire at the risk of 
autoimmunity? This reflects a balance between the risk of 
autoimmunity and protection of the species from 
infectious pandemics. 

‘The immune system has evolved to ensure that among 
the population there will be individuals equipped to fight 
almost any infection. 

Diversity among’ cells is generated by rearrangement 
of their receptors in concert with MHC polymorphism. 
MAC polymorphism and TCR selection together provide 
sufficient diversity across the population to protect against 
almost any infection. MHC polymorphism has evolved to 
fill holes in the protective repertoire of the species. 

Likewise the fact that the B cell pool permits a 
proportion of short-lived and potentially autoreactive B 
cells to emigrate to the periphery provides an additional 
level of protection from infection. In the absence of an 
infection these cells die rapidly. This short-lived pool of 
cells can, however, contribute to broadening the potential 
B cell repertoire. Such repertoire diversity and further 
differences between the repertoires of individuals within 
the population will ensure that there will always be some 
individuals ready to mount an effective immune response 
to infection. 

‘A second window of susceptibility to tolerance occurs 
transiently during the generation of B cell memory. 
Secondary B cells (derived from memory B cells produced 
by T cell-dependent stimulation) are highly susceptible to 
tolerance by epitopes presented multivalently in the 
absence of T cell help. Such a tolerance-susceprible stage 
probably ensures that newly derived memory B cells that 
have acquired self reactivity (as a result of accumulated 
somatic mutations) are purged from the repertoire. 


TOLERANCE CAN BE INDUCED 
ARTIFICIALLY IN VIVO 

‘himerism is associated with tolerance 
falerance can be induced by the inoculation of allogeneic 
cells into hosts that lack immunocompetence, for example 
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Fig. 19.22 Transgenic 8 cells expressing a B cell 
receptor specific far lysozyme were stained green and 
adoptively transferred into either normal mice (1 and 
2) or mice expressing soluble lysozyme as a self 
antigen (3 and 4). In the absence of antigen the B 
cells migrate to & cell follicles. n the presence of the 
self antigen the B cells are excluded from B cell 
follicies in the outer T cell zone where they die in 1-2 
‘days. (From Townsend SE, Weintraub BC, Goodnow 
CC. Immunol Today 1999;20:217. Copyright 1999 
‘with permission from Elsevier) 


TOLERANCE CAN BE INDUCED ARTIFICIALLY IN VIVO. 


neonatal hosts or adult hosts after immunosuppressive 

regimens such as: 

* ‘total body irradiation; 

+ drugs (e.g. ciclosporin); 

* anti-lymphocytic antibodies (anti-lymphocyte globulin, 
anti-CD+ antibodies, etc.). 

For tolerance to be maintained, a certain degree of 

chimerism — the coexistence of cells from genetically 

different individuals ~ must be maintained. This is best 

achieved if the inoculum contains cells capable of self 

renewal (e.g. bone marrow cells). 

If mature T cells are present in the injected cell popu- 
lation, they may react against the histocompatibility 
antigens of their host and induce a severe and often fatal 
disease known as graft versus host disease. 


Antibodies to co-receptor and co-stimulatory 
molecules induce tolerance to transplants 
“Tolerance of transplanted tissues can he achieved in adult 
animals by monoclonal antibodies directed against the 
T cell molecules, CD4 and CDS (the antibodies can be 
either the T cell-depleting or the non-depleting type). In 
this situation, tolerance of skin allografts is obtained even 
in the absence of cellular chimerism. 


Q. How could an anti-CD4 antibody have its effect, i it does 
not deplete CD4 T cell numbers? 

A. The antibady may inhibit the interaction of T cells with APCs, 
and the assembly of the immunological synapse (see Figs 7.19 
and 7.20). 


Another highly promising approach to transplantation 
tolerance has arisen through the use of agents designed to 
blockade co-stimulatory molecules. 

As mentioned above, cells require co-stimulatory 
signals for effective priming, CD28 and CD154 both play 
important roles in co-stimulation. 

‘The CD28 pathway of activation can be inhibited by 
blocking both B7 molecules with a soluble form of 
CTLA-4 (CTLA-41g). In combination with an antibody 
to the ligand for CD40 (CD154), CTLA-+lg has been 
shown to block recognition of allografts and allow long- 
term skin allograft survival in mice. 

Antibodies to CD15¢ alone will prolong renal allograft 
survival in non-human primates. It is thought that anti- 
D154 prevents the three-cell interplay between CD4, 
CD8, and dendritic cells that is required for the 
‘maturation of CDS cells (Fig. 19.23). 


Soluble antigens readily induce tolerance 

‘Tolerance is inducible in both neonatal and adult animals 

by administering soluble protein antigens in deaggregated 

form. T and B cells differ in their susceptibility to toler- 

ization by these antigens. Thus: 

* tolerance is achieved in T cells from spleen and thymus, 
after very low antigen doses and within a few hours; 

* tolerance of spleen B cells requires much more time 
and higher doses of antigen (Fig. 19.24). 

‘The antigen levels that will produce B cell tolerance in 

neonates are about one-hundredth of those required in 

adults. 
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Fig. 19.23 CDBT killer cells will not respond to resting APCs. 
T helper (Ta) cell recognition of antigen is one way that APCs 
such as dendritic cells can be armed to present antigen to 
CDB cells. The molecules responsible forthe interaction 
between CD4 Ti cells and dendritic cells are called CD40L and 
CD40. Ligation of CD40 on the surface of dendritic cells leads 
‘to their activation. Blocking this interaction is one way to 
prevent the presentation of alloantigens to CD8 cells and 
hence prevent allograft rejection. (Based on Lanzavecchia A. 
Nature 1998;393:413) 


Oral administration of antigens induces 
tolerance by a variety of mechanisms 

High doses of orally administered antigen can cause 
anergy or deletion; this could be one situation in which 
the term anergy is being used to describe a state of 
paralysis preceding cell death. 

Lower doses of orally administered antigen can, 
however, induce the priming of T cells in the gut. As an 
effective antibody response in the gut requires class 
switching to the IgA isotype, itis no surprise that antigen 
feeding induces T cells that support IgA production. 
‘These “Trl-like’ cells produce cytokines including IL-10 
and ‘TGEB, and serve to inhibit inflammatory responses 
mediated by THI cells. TGEB: 

* inhibits the proliferation and function of B cells, 
cytotoxic T cells, and NK cells; 

‘+ inhibits cytokine production in lymphocytes; and 

‘= antagonizes the effects of TNF. 

Although the induction of mucosal ‘Trl cells is antigen 

specific, the suppressive activity of cytokines such as 

‘TGFf is not. Hence, the induction of oral tolerance to 

one antigen is able to suppress the immune response to a 

second, associated antigen. 

‘The effect of ‘bystander suppression’ by mucosal ‘Tel 
cells allows the suppression of complex organ-specific 
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Relative susceptibilities of B cells and T cells to 
tolerance induction in vivo 


Fig. 19.24 A mouse was given a T-dependent antigen (human 
*talobulin) at tolerance-inducing doses, andthe duration of 
tolerance was measured. T cell tolerance was more rapidly 
induced and more persistent than B cell tolerance. Bone 
‘marrow B cells may take considerably longer to tolerize than 
splenic B cells, Typically, much less antigen is needed to 
tolerze T cells — 104 as opposed to 1-10 mg, a 1000-fld 
ditference, 


autoimmune diseases by feeding with a single antigen 
derived from the affected tissue. 


Other mucosal surfaces are proving effective routes 
for inducing antigen-specific tolerance 
Other mucosal surfaces are proving equally effective as 
routes for the induction of antigen-specific tolerance. 
Nasal deposition of MHC class I-restricted peptides 
has been used to control both ‘humoral and ‘cellular’ 
immune responses. In addition, administration of 
aerosolized antigen to the lung can be used to control 
allergic responses to foreign antigens and autoimmune 
responses to self antigens. 


Q. Why is the treatment described above not an example of 
Immune deviation? 

‘A. The fact that one can inhibit bath autoimmune (Tsl type) 
and allergic (TH2 type) responses argues against immune 
deviation as the mechanism of tolerance induction. 


Recent evidence suggests that other cells producing 
IL-10 may be responsible for nasal peptide-induced 
tolerance. It could be that other cell types, including CD8 
cells, are responsible for suppressing the immune response 
that follows the aerosol administration of protein 
antigens. 


Extensive clonal proliferation can lead to 
exhaustion and tolerance 

‘Tolerance in T cells, and to a lesser extent in B cells, can 
be due to clonal exhaustion ~ the end result of a powerful 


immune response. Repeated antigenic challenge may 
stimulate all the antigen-responding cells to differentiate 
into short-lived end cells, leaving no cells that can respond 
toa subsequent challenge with antigen. 


Anti-idiotypic responses can be associated 
with tolerance 

An antibody’s combining site may act as an antigen and 
induce the formation of ‘anti-idiotypic antibodies’. By 
cross-linking immunoglobulin on B cells, these antibodies 
can block B cell responsiveness of the cell. Because most 
of the antibodies produced in response to particular 
antigens in some animals bear a particular idiotype, sup- 
pression of this idiotype by anti-idiotypic antibody can 
significantly alter the response. This type of tolerance will 
be partial, however, because it affects only those B cells 
carrying the idiotype. 

‘The idiotype of aT cell is represented by the poly- 
morphic regions of the TCR a and B chains. TCR- 
specific regulatory cells, induced after vaccination with 
self-reactive T cells, TCR peptides, and even DNA- 
encoding TCR molecules, have been shown to prevent 
autoimmunity in animal models. 


Tolerance in vivo relates to persistence of 
antigen 

Persistence of antigen plays a major part in maintaining 
4 state of tolerance to it in vivo ~ when the antigen con- 
centration decreases below a certain threshold, respon- 
siveness is restored. 

Ifthe tolerance results from clonal deletion, recovery of 
responsiveness is related to the time required to generate 
new lymphocytes from their precursors. This tolerance 
‘can be prevented by measures such as thymectomy. 

If, on the other hand, the tolerance is maintained by a 
suppressive mechanism resulting, for example, from the 
induction of regulatory ‘cells, then the state of tolerance 
can be relatively long-lived. 


Tolerance could be used to control 

damaging immune responses 

A better understanding of tolerogenesis could be valuable 

in many ways. It could be used to: 

* promote tolerance of foreign tissue grafts; 

+ control the damaging immune responses in hypersen- 
sitivity states and autoimmune diseases. 

‘The various ways of establishing artificial tolerance in 

adult animals are being investigated for their potential 

clinical applications. 

‘Some success has been obtained in the case of trans- 
plants associated with chimerism and performed under the 
‘umbrella of immunosuppressive agents. 

‘Treatment with monoclonal non-depleting anti-CD4 
and anti-CD8 or anti-CD15¢ antibodies has also been 
used successfully with foreign tissue or organ transplants, 

‘The possibility that tolerance can be induced either by 
mucosal administration of the target antigen or through 
the use of peptide drugs awaits extensive clinical trials in 
humans. 

Iris also important to learn how to activate TT cells that 
ignore certain antigens to enable the immune system to 
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mount an appropriate active response. This could be 
exploited to limit the growth of tumors that may express 
their own unique tumor-specific genes. 
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Critical thinking: Tolerance (see p. 499 for explanations) 


Lineage commitment in thymocyte development 


‘Thymocytes bearing MHC class restricted TCRs differentiate 
into CD8 T cells, while those recognizing MHC class 1 
molecules become CD4 T cells. It was previously thought that 
this process might be random or ‘stochastic’, but it now 
appears that this isan ‘instructive’ process. 

'AND mice express a transgenic TCR specific for a peptide 
derived from pigeon cytochrome c in the context of E* (class 
11), Normally the majority of thymocytes in these mice develop 
Into CD4 single positive (SP) cells. OT-1 mice bear a transgenic 
TCR specific for an ovalbumin peptide that is H-2K* (class 1) 


‘AND 487 8 


restricted. Normally the majority of thymocytes in these mice 
develop into CD8 SP cells. TCR’ heterozygotes were crossed 
‘with heterozygotes expressing either a constitutively active 
(ALGF) or catalytically inactive (dLGKR) form of Lek. 

Thymocytes from AND, AND/ALGKR, OT1, or OT-1/dLGF 
‘were stained with antibodies specific for CD4 or CDB and 
analysed by flow cytometry. Table 1 shows the absolute 
number of CD4 and COB SP cells obtained from three 
individual experiments (median values) in which littermates 
were studied. 


6 113 


AND/ALGKR [s 39 


or /dLGr +380 37 


Data summarized from Hernandez Hoyos G, Sohn Si, Rethenberg EV, Alberola-la J. Immunity 2000;12:313-322. 


Table 1 


11 What drives expression of CD4 cells in a mouse expressing 
a class restricted TCR? 

2 What effect does inhibiting the activity of Lck have on 
thymocyte development? 


3 Are the results seen with the four different strains of mice 
‘mutually consistent? 


The molecular basis of activation-induced cell death (AICD) 


The 3A9 transgenic mouse expresses a TCR specific for a 
peptide derived from hen egg white lysozyme. These mice 
were crossed onto the Ipr, gid, or TNF-RI knockout back- 
ground. Remember that the Ipr and gld mice have defective 
Fas and FasL genes, respectively 

Previously activated T cells may undergo AICD on further 
restimulation in vitro. T cells from the 3A9-backcrossed mice 


‘were activated in vitro and then restimulated with anti-CD3 
(to induce AICD), IL-2, or IL-2 with anti-Fas antibody (to 
induce death via the Fas pathway). The cells were then assayed, 
{for apoptosis by propidium iodide staining (Table 2). 


Patent Applicati tion Oct. 14, 2004 Sheet 2 of 24 US 2004/0200925 AL 


Figure 2 
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Critical thinking: Tolerance (Continued) 


3A9 ” - “ 
3A9.Ipr knockout - = E 
3A9.TNF-RI knockout ” 5 = 
43A9.gld knockout = - ” 
‘Data summarized from Refaeli, Van Parijs, Abbas AK. Immunol Rev 1999:18. 


Table 2 


4 Is AICD mediated by signaling through the Fas or TNF-RT 
pathway? 

‘5 What evidence is there to support your choice? 

6 Why are T cell from the gld mouse susceptible to ant-Fas- 
mediated death? 


7 Why has the immune system developed a way of killing off 
activated T cells? 

8 If T cells die on reactivation, how does immune memory 
arise? 


The role of regulatory T cells in peripheral tolerance 


Certain mice are congenitally athymic and do nat have mature 
T lymphocytes, The ‘nude’ mouse carries a mutation in the 
gene for the Wnt transcription factor. This results in lack of hair 
and absence of the thymus. Nude mice can, hawever, be 
reconstituted with lymphocytes from normal mice, In’ the 
experiment for which results are shown in Table 3, either 


thymocytes or spleen and lymph node (SP/LN) cells from 
normal mice were treated with various antibodies and 
complement to deplete cell subsets and then transferred into 
“rude! recipients by Intravenous injection. The recipient mice 
‘were left for 3 months and then examined for histological and, 
serolagical evidence of autoimmune disease. 


‘A whole thymocytes 12 0 0 0 °o o 
B CD25" thymocytes 12 2 4 3 1 5) 

C CD4'8" thymocytes 5 0 0 0 0 0 

1D C254" thymocytes 5 s 2 1 a 1 

E whole SP/LN cells 8 0 0 0 o 0 

F CD25" SP/LN cells 8 8 5 5 a 2 

G CD25" thymocytes and CD4* SP/LN cells 8 ° 0 ° ° oO 

‘Data summarized from Itoh M, Takahashi, Sakaguchi N, at al. J Immunol 1999;162:5317-5326. (ADR, adrenalits; GN, glomerulonephvitis; 
(00F oophorts: SIAL, siloadenitis; THR, thyroiditis) 


Table 3 


9 Why do CD25" lymphacytes cause widespread auto- 
immunity? 
10 Where do CD25* cells arise? 


11 Why are certain tissues more susceptible to autoimmune 
disease than others? 


Autoimmunity and 
Autoimmune Disease 


SUMMARY 


‘+ Autoimmunity is associated with disease. Autoimmune 
‘mechanisms underlie many diseases, some organ-specific, 
others systemic in distribution, and autoimmune disorders 
‘an overlap — an individual may have more than one organ- 
specific disorder, or more than one systemic disease. 


‘+ Genetic factors play a role in the development of 
autoimmune diseases. Factors such as HLA type are 
important, and its probable that each disease involves 
several factors, 


‘+ Self-reactive B and T cells persist even In normal 
“subjects. Autoreactive B and T cells persist in normal 
subjects, but in disease are selected by autoantigen in the 
production of autoimmune responses. 


‘+ Controls on the development of autoimmunity can be 
bypassed. Microbial cross-reacting antigens and cytokine 
dysregulation can lead to autoimmunity. 


+ In most diseases associated with autoimmunity, the 
autoimmune process produces the lesions. The 
pathogenic role of autoimmunity can be demonstrated in 
‘experimental models. Human autoantibodies can be 
ditectly pathogenic. immune complexes are often 
associated with systemic autoimmune disease. 
“Autoantibady tests are valuable for diagnasis and 
sometimes for prognosis. 


+ Treatment of autoimmune disease has a variety of alms. 
“Treatment of organ-specific diseases usualy involves 
‘metabolic contol. Treatment of systemic diseases includes 
the use of antnflammatory and immunosuppressve 
cleugs, Future treatment will probably focus on 
‘manipulation of te pivotal autoreactive T cell by antigens 
or peptides, by ant-CD4, and possibly by T cell 
vaccination. 


AUTOIMMUNITY IS ASSOCIATED 

WITH DISEASE 

‘The immune system has tremendous diversity and, 
because the repertoire of specificities expressed by the B 
and T cell populations is generated randomly, itis bound 
to include many that are specific for self components. The 
body must therefore establish self-tolerance mechanisms 
to distinguish hetween self and non-self determinants to 
avoid autoreactivity (see Chapter 19). However, all mech- 
anisms have a risk of breakdown. The self-recognition 
mechanisms are no exception, and a number of diseases 
have been identified in which there is autoimmunity, due 
to copious production of autoantibodies and autoreactive 
T cells. 

One of the earliest examples in which the production 
of autoantibodies was associated with disease in a given 
organ is Hashimoto’ thyroiditis 

Among the autoimmune diseases, thyroiditis has been 
particularly well studied, and many of the aspects dis- 
cussed in this chapter will draw upon our knowledge of it 
It is a disease of the thyroid that is most common in 
middle-aged women and often leads to formation of a 
goiter and hypothyroidism. The gland is infiltrated, some- 
times to an extraordinary extent, with inflammatory 
lymphoid cells. These are predominantly mononuclear 


phagocytes, lymphocytes and plasma cells, and secondary 
lymphoid follicles are common (Fig. 20.1) 

In Hashimoto's disease, the gland often shows regenerat- 
ing thyroid follicles, but this is not a feature of the thyroid 
in the related condition, primary myxedema, in which com- 
parable immunological features are seen and where the 
gland undergoes almost complete destruction and shrinks. 

‘The serum of patients with Hashimoto's disease usually 
contains antibodies to thyroglobulin, These antibodies are 
demonstrable by agglutination and by precipitin reactions 
‘when present in high titer. 

‘Most patients also have antibodies directed against a 
cytoplasmic or microsomal antigen, also present on the 
apical surface of the follicular epithelial cells (Fig. 20.2), 
and now known to be thyroid peroxidase, the enzyme that 
iodinates thyroglobulin 


Hashimoto’s thyroiditis and SLE represent 
the extremes of the spectrum of 
autoimmune diseases 
‘The antibodies associated with Hashimoto's thyroiditis, 
and primary myxedema react only with the thyroid, so the 
resulting lesion is highly localized. 

By contrast, the serum from patients with diseases such 
as systemic lupus erythematosus (SLE) reacts with many, 


20, AUTOIMMUNITY AND AUTOIMMUNE DISEASE 


Pathological changes in Hashimoto's thyroiditis 
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AS} 
&. 


Autoantibodies to thyroid 


if not all, of the tissues in the body. In SLE, one of the 
dominant antibodies is directed against the cell nucleus 
(see Fig. 20.2[2)). 
Hashimoto's thyroiditis and SLE represent the 
extremes of the autoimmune spectrum (Fig. 20.3) 
+ the common target organs in organ-specific disease 
include the thyroid, adrenal, stomach, and pancreas; 
+ the non-organ-specific diseases, often termed systemic 
autoimmune diseases, which include the rheuma- 
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Fig, 20.1 In the normal thyroid gland (1), the acinar epithelia, 
Call (aec) line the colloid space (cs) into which they secrete 
thyroglobulin, which is broken dawn on demand to provide 
thyroid hormones (cap, capillaries containing red blood cells) In 
the Hashimoto gland (2), the normal architecture is virtually 
destroyed and replaced by invading cells (c), which consist 
essentially of lymphocytes, macrophages, and plasma cells. A 
secondary lymphoid falicle (sf), with a germinal center (gc) and 
1a mantle of small lymphacytes (m), is present, HEE stain, « 80, 
(Reproduced fram Woolf N. Pathology: basic and systemic. 
London: WB Saunders; 1998) (3) In contrast to the red color 
and soft texture of the normal thyroid, the pale and firm grass 
appearance of the Hashimoto gland reflects the loss af colloid, 
and heavy infiltration with inflammatory cel 


Fig. 20.2 Healthy, unfixed human thyroid sections were treated 
with patients’ serum, and then with fluoresceinated rabbit anti- 
‘human immunoglobulin. (1) Some residual thyroglobulin in the 
colloid (RTg) and the acinar epithelial cells (AEC) of the follicles, 
particularly the apical surface, are stained by antibodies from a 
patient with Hashimoto's disease, which react with the cells” 
‘yfoplasm but not the nuclei (N). (2) In contrast, serum from a 
patient with systemic lupus erythematosus (SLE) contains 
antibodies that react only with the nuclei of acinar epithelial cells 
and leave the cytoplasm unstained, (Courtesy of Mr G Swana) 


tological disorders, characteristically involve the skin, 
kidney, joints, and muscle (Fig. 20.4) 


An individual may have more than one 

autoimmune disease 

Interestingly, there are remarkable overlaps at each end of 

the autoimmune disease spectrum: 

+ thyroid antibodies occur with a high frequency in patients 
with pernicious anemia who have gastric autoimmunity, 


GENETIC FACTORS PLAY A ROLE IN THE DEVELOPMENT OF AUTOIMMUNITY 


‘The spectrum of autoimmune diseases 


Hashimoto thyroitis 


argan specific 


stitfman syndrome 
‘Goodpesture's syndrome 
snasthena gravis 
‘male infriity ew eases) 
‘pemphigus vulgaris 
pemphigoid 
Sympathetic ophthalmia 
‘phacogenic wats. 
‘mutiple sdarosis (2) 
utoimmune hemolytic anemia 
jpathic thrombocytopenic purpura 
leiopathic leukopenia 
‘primary biliary chasis 
acve cron hepatitis HBsAg negative) 
‘ryptoganic chasis some cases) 
lteratve cote 
ataroscersi |?) 
‘Sjogren's syndrome 
heumated arthritis 
dermatomyositis 
teleroderma 
‘mixed connective issue disease 
ant: phospholipid syndrome 
coi lupus erythematosus 
‘system lupus erythematosus (SLE) 


senate wectic 


‘Two types of autoimmune disease 


brain 


rmukipl sclerosis?) 
thyroid 
Hashimoto's 
thyroiditis 
primary myxedema 
Aton ae 
m 
myasthenia gravis {ormatomnyostis 
stomach 
pernicious anemia idney 
srenal SE 
‘Adsison's disease es 
Ssclarodorma 
Lemon SLE 
Ingulin-dependent 
tlabetes malitus 
Joints 
‘heumatod atts 


Fig. 20.3 Autoimmune diseases may be classified as organ- 
specific or non-organ-specific depending on whether the 
response i primary against antigens localized to particular 
crgans oF against widespread antigens. 


and these patients have a higher incidence of thyroid 
autoimmune disease than the normal population; 

© similarly, patients with thyroid autoimmunity have a 
high incidence of stomach autoantibodies and, to a 
lesser extent, the clinical disease itself, namely perni- 

‘The cluster of rheumatological disorders at the other end 

of the spectrum also shows considerable overlap. Features 

of rheumatoid arthritis, for example, are often associated 
with the clinical picture of SLE. In these diseases immune 
complexes are deposited systemically, particularly in the 
kidney, joints, and skin, giving rise to widespread lesions. 

By contrast, overlap of diseases from the two ends of 
the spectrum is relatively rare. 

‘The mechanisms of immunopathological damage vary 
depending on where the disease lies in the spectrum: 

+ where the antigen is localized in a particular organ, 
type Il hypersensitivity (e.g. autoimmune hemolytic 
anemia) and type IV cell-mediated reactions, asin type 
1 insulin-dependent diabetes, are most important (see 
Chapters 24-26); 

* in non-organ-specific autoimmune disorders such as 
SLE, type HII immune complex deposition leads to 
inflammation through a variety of mechanisms, includ- 


Fig. 20.4 Although the non-organ-specific diseases 
characteristically produce symptoms in the skin, joints, kidney, 
and muscle, individual organs are more markedly affected by 
particular diseases, for example the kidney in SLE and the 
joints in rheumatoid arthritis. 


ing complement activation and phagocyte recruitment 
(see Chapters 24 and 25). 


GENETIC FACTORS PLAY A ROLE IN THE 
DEVELOPMENT OF AUTOIMMUNITY 

‘There is an undoubted familial incidence of autoim- 
munity. This is largely genetic rather than environmental, 
‘as may be seen from studies of identical and non-identical 
twins, and from the association of thyroid autoantibodies 
with abnormalities of the X chromosome. 

Within the families of patients with organ-specific 
autoimmunity, not only is there a general predisposition 
to develop organ-specific antibodies, it is also clear that 
other genetically controlled factors tend to select the 
organ that is mainly affected. 

‘Thus, although relatives of patients with Hashimoto's 
thyroiditis and families of patients with pernicious anemia 
both have a higher than normal incidence and titer of 
thyroid autoantibodies, the relatives of patients with 
pernicious anemia have a far higher frequency of gastric 
autoantibodies (Fig. 20.5), indicating that there are 
genetic factors that differentially select the stomach as the 
target within these families. 


20,_AUTOIMMUNITY AND AUTOIMMUNE DISEASE 


Overlap between thyroid and gastric autoimmunity 


Fig. 20.5. Genetic factors affect the predisposition to 
autoimmunity and selection of the target organ in the relatives 
‘of patients with Hashimoto's thyroiditis and pernicious anemia, 
(Data adapted from Doniach D, Roitt IM, Taylor KB. Ann NY 
‘Acad Sci 1965;124:605) 


Certain HLA haplotypes predispose to 
autoimmunity 

Further evidence for the operation of genetic factors in 
autoimmune disease comes from their tendency to be 
associated with particular HLA specificities (Fig. 20.6). 

Rheumatoid arthritis shows no associations with the 
HLA-A and -B loci haplotypes, but is associated with a 
nucleotide sequence (encoding amino acids 70-74 in the 
DRB chain) that is common to DRI and major subtypes of 
DRA. This sequence is also present in the dna} heat- 
shock proteins of various bacilli and EBV gpl10 
proteins, presenting an interesting possibility for the 
induction of autoimmunity by a microbial cross-reacting 
epitope (see below). 

‘The plot gets even deeper, though, with the realization 
that HLA-DR molecules bearing this sequence can bind 
to another bacterial heat-shock protein, dnaK, and to the 
human analog, namely hsp73, which targets selected 
proteins to lysosomes for antigen processing. 

‘The haplotype B8, DR3 is particularly common in the 
organ-specific diseases, though Hashimoto's thyroiditis 
tends to be associated more with DRS. 

Itis notable that for insulin-dependent (type 1) diabetes 
mellitus, DQ2/8 heterozygotes have a greatly increased 
risk of developing the disease (see Fig. 20.6). 
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Fig. 20.6 The relative risk is a measure of the increased 
‘chance of contracting the disease for individuals bearing the 
HLA antigen, relative to those lacking It. Virtually all 
autoimmune diseases studied have shawn an association with 


some HLA specificity. The greater relative risk for Addison's 
disease associated with HLA-DR3 as compared with HLA-B8 
suggests that DR3 is closely inked to ar even identical with 
the ‘disease susceptibility gene’. In this case itis not surprising 
that BB has a relative rsk greater than 1, because itis known 
to occur with DR3 more often than expected by chance in the 
general population, a phenomenon termed linkage 
disequilibrium. Both DQ2 and DQ8 are also associated with 
type 1 diabetes melts, and are usually found in conjunction 
‘with the extended haplotype containing the DR3/4 disease- 
associated alleles, Rheumatoid arthritis is linked ta a pentamer 
sequence in DRI and certain subtypes of DR4, but nat to any 
HLAA or HLA alleles 


Usually, a multiplicity of genes underlies 
susceptibility to autoimmunity 

Although HLA risk factors tend to dominate, these dis- 
orders are genetically complex and genome-wide searches 
for mapping the genetic intervals containing genes for 
predisposition to disease reveal a plethora of genes 
affecting: 

* loss of tolerance; 

+ sustained inflammatory responses; and 

© end-organ targeting. 

A notable example is the association of autoimmune 
disease with a single nucleotide polymorphism (SNP) 
linked to CTLA-4 (Fig. 20.7), a molecule present on 
‘Tregs (see Chapter 19). It should be stressed, however, 
that this is a single risk factor, one of many that act in 
concert to provoke autoimmunity, and only rarely have 


SELF-REACTIVE B AND T CELLS PERSIST EVEN IN NORMAL SUBJECTS 


CTLA-Ainked single nucleotide polymorphism associated with autoimmune disease 


Fig. 20.7 The CT60 SNP variant in the non-coding 6.1 kb 3° 
‘eqion of CTLA-4 is responsible forthe association of 
autoimmune disease with lower messenger RNA levels of the 


single gene mutations leading to autoimmune disease been 
identified. 

Recently it was found that mutations in the tran- 
scriptional autoimmune regulator (re) gene is associated 
with the multiorgan disorder known as autoimmune 
polyglandular syndrome type 1, characterized by Addison's 
disease, hypoparathyroidism, and insulin-dependent 
diabetes mellitus (IDDM). Deficiency in Aire prejudices 
the establishment of self tolerance toa number of organ- 
specific antigens such as glutamic acid decarboxylase, 
GAD65, one of the key autoantigens in IDDM, by 
preventing its expression in the thymus, 


SELF-REACTIVE B AND T CELLS PERSIST 
EVEN IN NORMAL SUBJECTS 
Despite the complex selection mechanisms operating to 
establish self tolerance during lymphocyte development, 
the body contains large numbers of lymphocytes, which 
are potentially autoreactive 

‘Thus, many autoantigens, when injected with adju- 
vants, make autoantibodies in normal animals, demon- 
strating the presence of autoreactive B cells, and it is 
possible to identify a small number of autoreactive B cells 
(e.g. anti-thyroglobulin) in the normal population. 

Autoreactive T cells are also present in normal individ- 
uals, as shown by the fact that it is possible to produce 
autoimmune lines of T cells by stimulation of normal 
circulating T cells with the appropriate autoantigen (e.g. 
myelin basic protein [MBP}) and IL-2. 


Autoimmunity results from antigen-driven 
self-reactive lymphocytes 

Given that autoreactive B cells exist, the question remains 
whether they are stimulated to proliferate and produce 
autoantibodies by interaction with autoantigens or by 
some other means, such as non-specific polyclonal activa- 
tors or idiotypic interactions (see below and Fig. 20.9). 


‘soluble variant splice isoforms of CTLA-4. (Data adapted from 
Ueda H, etal. Nature 2003;423:506) 


Evidence that B cells are selected by antigen comes 
from the existence of high-affinity autoantibodies, which 
arise through somatic mutation, a process that requires 
both T cells and autoantigen. In addition, patients’ serum, 
usually contains autoantibodies directed to epitope 
clusters occuring on the same autoantigenic molecule. 
Apart from the presence of autoantigen itself, itis very 
difficult to envisage a mechanism that could account for 
the co-existence of antibody responses to different 
epitopes on the same molecule. A similar argument applies 
to the induction, in a single individual, of autoantibodies 
to organelles (e.g. nucleosomes and spliceosomes, which 
appear as blebs on the surface of apoptotic cells) or 
antigens linked within the same organ (e.g. thyroglobulin 
and thyroid peroxidase). 

‘The most direct evidence for autoimmunity being 
antigen driven comes from studies of the Obese strain 
chicken, which spontaneously develops thyroid auroim- 
munity. If the thyroid gland (the source of antigen) is 
removed at birth, the chickens mature without developing 
thyroid autoantibodies (Fig. 20.8). Furthermore, once 
thyroid autoimmunity has developed, later removal of the 
thyroid leads to a gross decline of thyroid autoantibodies, 
usually to undetectable levels. 

Comparable experiments have been carried out in the 
non-obese diabetic (NOD) mouse, which models human 
autoimmune diabetes ~ chemical destruction of the B cells, 
leads to decline in pancreatic autoantibodies. 

DNase treatment of lupus mice ameliorates the disease, 
pees by denying porentially patents txomane 

Th orgen-speciic disorders, there is ample evidence 
for T cells responding to antigens present in the organs 
under attack. But in non-organ-specific autoimmunity, 
identification of the antigens recognized by'T cells is often 
inadequate. True, histone-specific T cells are generated in 
patients with SLE and histone could play a ‘piggyback’ 
role in the formation of anti-DNA antibodies by 
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Effect of neonatal thyroidectomy on Obese chickens 


Fig. 20.8 Because removal of the thyroid at birth prevents the 
development of thyroid autoantibodies, it would appear that 
the autoimmune process i ven by the autoantigen in the 
thyroid gland. (Based on data from de Carvalho et al. | Exp 
Med 1982;155:1255) 


substituting for natural antibody in the mechanism 
outlined in Fig. 20.9. 

Another possibility is that the T cells do not see 
conventional peptide antigen (possibly true of anti-DNA. 
responses), but instead recognize an antibody’s idiotype 
(an antigenic determinant on the V region of antibody). 

In this view SLE, for example, might sometimes be 
initiated as an ‘idiotypic disease’, like che model presented 
in Fig. 20.9. In this scheme, autoantibodies are produced 
normally at low levels by B cells using germline genes. If 
these then form complexes with the autoantigen, the 
complexes can he taken up by APCs (including B cells) 
and components of the complex, including the antibody 
idiotype, presented to T cells. Idiotype-specific T cells 
would then help the autoantibody-producing B cell, 

Evidence for the induction of anti-DNA and glomeru- 
lonephritis by immunization of mice with the idiotype of 
germline ‘natural’ anti-DNA autoantibody lends eredence 
to this hypothesis. 


CONTROLS ON THE DEVELOPMENT OF 
AUTOIMMUNITY CAN BE BYPASSED 
Molecular mimicry by cross-reactive 
microbial antigens can stimulate 
autoreactive B and T cells 
Normally, naive autoreactive T cells recognizing cryptic 
self epitopes are not switched on because the antigen is 
presented only at low concentrations on ‘professional’ 
APCs or it may be presented on ‘non-professional’ APCs 
such as pancreatic islet cells or thyroid epithelial cells, 
which lack B7 or other co-stimulator molecules. 
However, infection with a microbe bearing antigens 
that cross-react with the cryptic self epitopes (i.e. have 
shared epitopes) will load the professional APCs with 
levels of processed peptides that are sufficient to activate 
the naive autoreative T cells. Once primed, these T cells 


Possible model of T cell help via processing of 
intermolecular complexes in the induction of 
autoimmunity 
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Fig. 20.9 An immune complex consisting of autoantigen (e.g. 
DNA) andl a naturally accurting (germline) autoantibody is 
taken up by an antigen-presenting cel (APC), and peptides 
derived by processing ofthe idiotypic segment of the 
antibody (Id) are presented to Ty cells. B cells that express the 
‘pathogenic’ autoantibody can capture the complex and so 
‘an receive T cell help via presentation ofthe processed Id to 
the Ti cell. Similar, an ant-ONA-spectc 8 cel that had 
‘endocytosed a histone-DNA complex could be stimulated to 
‘autoantibody production by histone-specitc Ts cell, 


are able to recognize and react with the self epitope on the 

non-professional APCs because they: 

+ no longer require a co-stimulatory signal; and 

+ havea higher avidity for the target, due to upregulation 
of accessory adhesion molecules (Fig. 20.10). 

Cross-reactive antigens that share B cell epitopes with self 

molecules can also break tolerance, but by a different 

mechanism. Many autoreactive B cells cannot be activated 

because the CD4* ‘Tit cells they need are unresponsive, 

either because: 

* these helper Tit cells are tolerized at lower concen- 
trations of autoantigens than the B cells; or 

+ because they recognize only cryptic epitopes. 

However, these ‘helpless’ B cells can be stimulated if the 

cross-reacting antigen bears a ‘foreign’ carrier epitope to 

which the T cells have not been tolerized (Fig. 20.11). 

‘The autoimmune process may persist after clearance 

of the foreign antigen if the activated B cells now focus 
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Cross-reactive antigens induce autoimmune Ti cells 
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Fig. 20.10 The inabilty of naive Tu cells to recognize 
autoantigen on a tissue cell, whether because of low 
concentration or low affinity, can be circumvented by a cross- 
reacting microbial antigen at higher concentration or with 
higher innate affinity, together with a co-stimulator such as 87 
‘on a ‘professional’ APC; this primes the Tx cells (1). Due to 
‘Increased expression of accessory molecules (e.g. LFAT and 
(CD2) the primed Ti cells now have high affinity and, because 
they do not require a co-stimulatory signal, they can interact. 
with autoantigen on ‘non-professional’ APCs such as organ- 
‘specific epithelial cells to produce autoimmune disease (2). 


Induction of autoantibodies by cross-reactive antigens 


erase-reacive foreign antigan 


autoantigen: 


autoreactive 
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Fig. 20.11 The B cell recognizes an epitope present on 
autoantigen, but coincidentally present also on a foreign 
antigen. Normally the B cell presents the autoantigen, but 
receives no help from autoreactive Ta cell, which are 
‘functionally deleted. if a cross-reacting foreign antigen is 
encountered, the B cell can present peptides of this molecule 
to non-autoreactive T cells and thus be driven to proliferate, 
differentiate, and secrete autoantibodies. 


the autoantigen on their surface receptors and present it to 
normally resting autoreactive T cells, which will then 
proliferate and act as helpers for fresh B cell stimulation. 


Molecular mimicry operates in rheumatic fever 
A disease in which such molecular mimicry operates is 
theumatic fever, in which autoantibodies to heart valve 


antigens can be detected. These develop in a small pro- 
portion of individuals several weeks after a streptococcal 
infection of the throat. Carbohydrate antigens on the 
streptococci cross-react with an antigen on heart valves, so 
the infection may bypass ‘T cell self tolerance to heart 
valve antigens. 

Shared B cell epitopes between Yersinia enterolytica 
and the extracellular domain of the thyroid stimulating 
hormone (TSH) receptor have recently been described. 

‘There may also be cross-reactivity between HLA-B27 
and certain strains of Klebsiella in connection with 
ankylosing spondylitis, and cross-reactivity between 
bacterial heat-shock proteins and DR4 in relationship to 
theumatoid arthritis. 


In some cases foreign antigen can directly 
stimulate autoreactive cells 

Another mechanism to bypass the tolerant autoreactive 
‘Tut cell is where antigen or another stimulator directly 
triggers the autoreactive effector cells. 

For example, lipopolysaccharide or Epstein-Barr virus 
causes direct B cell stimulation and some of the clones of 
activated cells will produce autoantibodies, though in the 
absence of T cell help these are normally of low titer and 
affinity. However, itis conceivable that an activated B cell 
might pick up and process its cognate autoantigen and 
present it to a naive autoreactive cell. 


Cytokine dysregulation, inappropriate MHC 
expression, and failure of suppression may 
induce autoimmunity 

It appears that dysregulation of the cytokine network can 
also lead to activation of autoreactive T cells. 

One experimental demonstration of this is the intro- 
duction of a transgene for interferon-y (IFNy) into 
pancreatic B-islet cells. If the transgene for IENy is fully 
expressed in the cells, MHC class II genes are upregulated 
and autoimmune destruction of the islet cells results. This 
is not simply a result of a non-specific chaotic IFNy- 
induced local inflammatory milieu because normal islets 
grafted at a separate site are rejected, implying clearly 
that T’ cell autoreactivity to the pancreas has been 
established. 

‘The surface expression of MHC class II in itself is not 
sufficient to activate the naive autoreactive T cells, but it 
may be necessary to allow a cell to act as a target for 
the primed autoreactive Tit cells. It was therefore most 
exciting when cells taken from the glands of patients with 
Graves’ disease were found to be actively synthesizing 
class II MHC molecules (Fig. 20.12) and so were able to 
be recognized by CD4" T cells. 

In this context it is interesting that isolated cells from 
several animal strains that are susceptible to autoimmunity 
are also more readily induced by IFNy to express MHC. 
class II molecules than cells from non-susceptible strains. 

‘The argument that imbalanced cytokine production 
may also contribute to autoimmunity receives further 
support from the unexpected finding that tumor necrosis 
factor (TNF; introduced by means of a ‘TNF transgene) 
ameliorates the spontaneous SLE of F, (NZB x NZW) 


20,_ AUTOIMMUNITY AND AUTOIMMUNE DISEASE 


Human thyroid sections stained for MHC class II 


Fig. 20.12 (1) Normal thyroid with unstained follicular cells, 
and an isolated dendritic cell that is strongly positive for MHC 
class ll. (2) Thyrotoxic (Graves’ disease) thyroid with abundant 
MHC class It molecules in the cytoplasm, indicating that rapid 
synthesis of MHC class II molecules is occurring. 


Aside from the normal ‘ignorance’ of cryptic self 

epitopes, other factors that normally restrain potentially 

autoreactive cells may include: 

* regulatory T cells 

+ hormones (e.g. steroids) 

* cytokines (e.g. transforming growth factor-B [TGFB)) 
and 

+ products of macrophages. 

Deficiencies in 

susceptibility to autoimmunity. 

The feedback loop on ‘Tit cells and macrophages 
through the pituitary-adrenal axis is particularly inter- 
esting because defects at different stages in the loop turn 
up in a variety of autoimmune disorders (Fig. 20.13). 

For example, patients with rheumatoid arthritis have 
low circulating corticosteroid levels compared with 

After surgery, although they produce copious 
amounts of IL-1 and IL-6, a defect in the hypothalamic 
paraventricular nucleus prevents the expected increase in 
adrenocorticotropin (ACTH) and adrenal steroid output. 

‘There is currently intense interest focused on the role 
of Tregs. Patients with rheumatoid arthritis, for example, 
reveal a deficiency of Treg function (see below and Fig, 
20.24). 

A subset of CD4 regulatory cells present in young 
wealthy mice of the NOD strain, which spontaneously 
develop IDDM, can prevent the transfer of disease 
provoked by injection of spleen cells from diabetic animals 
into NOD mice congenic for the severe combined 
immunodeficiency trait; this regulatory subset is lost in 
older mice. Prevention of disease in lupus-prone mice by 
targeting the FeyRITb inhibitory receptor on B cells points 
to yet another potential regulatory defect predisposing to 
immune complex dise: 


any of these factors may increase 


controls, 
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Defects in the cytokine/hypothalamic-pituitary-adrenal 
feedback loop in autoimmunity 


hypothalamic 
paraventricular 


antarior 
pituitary 


Nt, Ibe 
TNF 


Fig. 20.13 Production of IL-1 is defective in the NOD mouse 
(1) and diabetes-prone BB rat (2); the disease can be corrected 
by injection of the cytokine. The same is true for the 
production of TNFa by the NZB » W lupus mouse (3) Patients 
‘with rheumatoid arthritis have a poor hypothalamic response 
to IL-1 and IL-6 (4). The hypothalamic-pituitary axis is 
defective in the Obese stain chicken and in the Lewis rat, 
‘which is prone to the development of Freund's adjuvant 
‘mediated experimental autoimmune disease (5). (CRH, 
corticotropin releasing hormone; M@, macrophage) 


Pre-existing defects in the target organ may 
increase susceptibility to autoimmunity 

We have already alluded to the undue sensitivity of target 
cells to upregulation of MHC class II molecules by IFNy 
in animals susceptible to certain autoimmune diseases. 
Other evidence also favors the view that there may be a 
pre-existing defect in the 

In the Obese strain chicken model of spontaneous 
thyroid autoimmunity, not only is there a low threshold 
of IFNy induction of MHC class II expression. by 
thymocytes, but when endogenous T'SH is suppressed by 
thyroxine treatment, the uptake of iodine into the thyroid 
glands is far higher in the Obese strain than in a variety 
of normal strains. Furthermore, this is not due to any 
stimulating effect of the autoimmunity because immuno- 
suppressed animals show even higher uptakes of iodine 
(ig. 20.14). 

Interestingly, the Cornell strain (from which the Obese 
strain was derived by breeding) shows even higher uptakes, 
of iodine, yet these animals do not develop spontaneous 
thyroiditis. This could be indicative of a type of abnormal 
thyroid behavior, which in itself is insufficient to induce 
autoimmune disease, but does contribute to susceptibility 
in the Obese strain 

Other situations in which the production of autoanti 
gen is affected are: 

* diabetes mellitus, in which one of the genetic risk 
factors is associated with a microsatellite marker lying 


IN MOST DISEASES ASSOCIATED WITH AUTOIMMUNITY, THE AUTOIMMUNE PROCESS PRODUCES THE LESIONS 


‘Thyroid 'l uptake in TSH-suppressed chickens 


Fig. 20.14 Thyroid "| uptake in Obese strain chickens and in 
the related Corel strain is abnormally high compared with 
that in normal strains. Endogenous TSH production was 
suppressed by administration of thyroxine; therefore the 
‘experiment measured TSH-independent '*41 uptake. Values 
‘were far higher than normal in Obese strain chickens, which 
‘spontaneously develop thyroid autoimmunity, and even higher 
inthe non-autoimmune Comell strain from which the Obese 
strain was bred. This abnormality was not due to immune 
mechanisms because immunosuppression actualy increased 
"| uptake into the thyroid gland. 


within a transcription factor controlling the rate of 
insulin production; and 

* rheumatoid arthritis, in which the agalacto IgG 
glycoform is abnormally abundant. 

‘The post-translational modification of arginine to cit- 

rulline, producing a new autoantigen in rheumatoid 

arthritis, represents yet another mechanism by which 

autoimmunity can be evoked. 


Q. What evidence from rheumatoid arthritis supports the 
view that autoimmune diseases have a multifactorial 
etiology? 

‘A. Defects in hypothalamic feedback, Tregs and past-transational 
‘modification of antigens (glycosylation and citrulline formation) 
as well as a strong MHC association have all been identified. 


‘The following intriguing observations hint strongly at 
an autoimmune contribution to the pathology of the 
atherosclerosis: 


yn with mycobacterial heat-shock protein 

65 (hsp65) elicits atherosclerotic lesions at classical 
predilection sites subject to major hemodynamic stress; 
and 

© patients with atherosclerosis produce antibodies to 
human hsp60, which react with heat or TNFet-stressed 
endothelial cells 

Particularly relevant to the present discussion is the 

finding of upregulated hsp60 expression at such critical 

sites even in a 5-month-old child (Fig. 20.15). 


Upregulation of heat-shock protein 60 in endothelial 
cells ata site of hemodynamic stress 


Fig. 20.15 Hsp60 expression (ced) co-localized with, 
Intercellular adhesion molecule-t (ICAM-1) expression (black) 
bby endothelial cells and cells in the intima (macrophages) at 
the bifurcation of the carotid artery of a S-month-old child. 
% 240. (Photograph kindly provided by Professor G Wick) 


Again, one must re-emphasize the considerable impor- 
tance of multiple factors in the establishment of prolonged 
autoimmunity. 


IN MOST DISEASES ASSOCIATED WITH 
AUTOIMMUNITY, THE AUTOIMMUNE 
PROCESS PRODUCES THE LESIONS 
Autoimmune processes are often pathogenic. When 
autoantibodies are found in association with a particular 
disease there are three possible inferences: 

* the autoimmunity is responsible for producing the 
lesions of the disease; 

‘there is a disease process that, through the production 
of tissue damage, leads to the development of auto- 
antibodies; 

‘+ there is a factor that produces both the lesions and the 
autoimmunity. 

Autoantibodies secondary to a lesion (the second pos- 

sibility) are sometimes found, For example, cardiac 

autoantibodies may develop after myocardial infarction. 

However, sustained production of autoantibodies rarely 
follows the release of autoantigens by simple trauma. In 
most diseases associated with autoimmunity, the evidence 
supports the first possibility, that the autoimmune process 
produces the lesions. 


The pathogenic role of autoimmunity can be 
demonstrated in experimental models 
Examples of induced autoimmunity 

‘The most direct test of whether autoimmunity is respon- 
sible for the lesions of disease is to induce autoimmunity 
deliberately in an experimental animal and see if this leads 
to the production of the lesions, 
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Figure 3 
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Autoimmunity can be induced in experimental animals 

by injecting autoantigen (self antigen) together with 

complete Freund's adjuvant, and this does indeed produce 

organ-specific disease in certain organs. For example: 

+ ‘thyroglobulin injection can induce an inflammatory 
disease of the thyroid; 

+ MBP can cause encephalomyelitis. 

In the case of thyroglobulin-injected animals, not only are 

thyroid autoantibodies produced, but the gland becomes 

infiltrated with mononuclear cells and the acinar 

architecture crumbles, closely resembling the histology of 

Hashimoto's thyroiditis. 


‘THE ABILITY TO INDUCE EXPERIMENTAL AUTOIMMUNE 
DISEASE DEPENDS ON THE STRAIN OF ANIMAL USED — 
For example, itis found that the susceptibility of rats and 
mice to MBP-induced encephalomyelitis depends on a 
small number of gene loci, of which the most important 
are the MHC class II genes. 

‘MBP-induced encephalomyelitis can be induced in 
susceptible strains by injecting T’ cells specific for MBP. 
‘These pathogenic T cells belong to the CD4/Ti1 subset. 
It has been found that induction of disease can_be 
prevented by treating the recipients with antibody to CD4 
just before the expected time of disease onset, blocking 
the interaction of the Ht cells’ CD4 with the class II 
MHC molecules of antigen-presenting target cells (see 
Chapter 5). 

‘The results indicate the importance of class II-restricted 
autoreactive Tit cells in the development of these con- 
ditions, and emphasize the prominent role of the MHC. 


Examples of spontaneous autoimmunity 
Ic has proved possible to breed strains of animals that are 
genetically programmed to develop autoimmune diseases 
closely resembling their human counterparts. 

One well-established example mentioned above is the 
Obese strain chicken, which parallels human autoimmune 
thyroid disease in terms of: 

* ‘the lesion in the gland; 

* the production of antibodies to different components 
in the thyroid and 

* the overlap with gastric autoimmunity. 

So itis of interest that, when the immunological status of 

Obese strain chickens is altered, quite dramatic effects are 

seen on the outcome of the disease. For example: 

+ removal of the thymus at birth appears to exacerbate 
the thyroiditis, suggesting that the thymus exerts a 
controlling effect on the disease through Tregs; but 

* if the entire T cell population is abrogated by com- 
bining thymectomy with massive injections of anti- 
chick'T cell serum, both autoantibody production and 
the attack on thyroid are completely inhibited. 

‘T cells therefore play a variety of pivotal roles as 

mediators and regulators of this disease. 

‘More directly, a diabetogenic CD4* T cell clone can 
induce the chronic leukocytic infiltrate of T cells and 
macrophages, which damages the insulin-producing 
cells of the pancreatic islets of Langerhans in the NOD 
murine model of IDDM (Fig. 20.16). 


‘The role of the T cells in mediating this attack is 
further emphasized by the amelioration and prevention of 
disease by treatment of the mice with a non-depleting 
anti-CD4 monoclonal antibody, which in the presence 
of the pancreatic autoantigens, insulin, and glutamic acid 
decarboxylase (GAD) induces specific cell anergy. 

‘The dependence of yet another spontaneous model, the 
F; hybrid of New Zealand Black and White strains, on the 
‘operation of immunological processes is aptly revealed by 
the suppression of the murine SLE, which characterizes 
this strain, by treatment with anti-CD4 (Fig. 20.17). 


Human autoantibodies can be directly 
pathogenic 

When investigating human autoimmunity directly rather 
than using animal models, it is of course more difficult 
to carry out experiments. Nevertheless, there is much 
evidence to suggest that autoantibodies may be impor 
tant in pathogenesis, and we will discuss the major exam- 
ples here. 


Autoantibodies can give rise to a wide spectrum of 
dlnical thyroid dysfunction 

A number of diseases have been recognized in which 
autoantibodies to hormone receptors may actually mimic 
the function of the normal hormone concerned and 
produce disease. Graves’ disease (thyrotoxicosis) was the 
first disorder in which such anti-receptor antibodies 
were clearly recognized. 

‘The phenomenon of neonatal thyrotoxicosis provides 
‘us with a natural ‘passive transfer’ study, because the IgG 
antibodies from the thyrotoxic mother cross the placenta 
and react directly with the ‘TSH receptor on the neonatal 
thyroid. Many babies born to thyrotoxic mothers and 
showing thyroid hyperactivity have been reported, but 
the problem spontaneously resolves as the antibodies 
derived from the mother are catabolized in the haby over 
several weeks, 

‘Whereas autoantibodies to the ‘TSH receptor may 
stimulate cell division and/or increase the production of 
thyroid hormones, others can bring about the opposite 
effect by inhibiting these functions, a phenomenon 
frequently observed in receptor responses to ligands that 
act as agonists or antagonists 

Different combinations of the various manifestations 
of thyroid autoimmune disease ~ chronic inflammatory 
cell destruction, and stimulation or inhibition of growth 
and thyroid hormone synthesis ~ can give rise to a wide 
spectrum of clinical thyroid dysfunction (Fig. 20.18). 


A variety of other diseases are associated with 
autoantibodies 
A parallel with neonatal hyperthyroidism has been 
observed ~ antibodies to acetylcholine receptors from 
mothers who have myasthenia gravis cross the placenta 
into the fetus and may cause transient muscle weakness in 
the newborn baby. 

Somewhat rarely, autoantibodies to insulin receptors 
and to a-adrenergic receptors can be found, the latter 
associated with bronchial asthma, 
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diabetic mouse by a diabetogenic T cell clone 


Neuromuscular defects can be elicited in mice injected 

g antibodies to presynaptic 
calcium channels from patients with the Lambert-Eaton 
syndrome, while sodium channel autoantibodies have 
been identified in the Guillain-Barré syndrome. 

Yet another example of autoimmune disease is seen in 
where antibodies to 
spermatozoa lead to clumping of spermatozoa, either by 
their heads or by their tals, in the semen 


with serum containi 


rare cases of male infertility 


In pernicious anemia an autoantibody interferes 
with the normal uptake of vitamin By2 

Vitamin B,, 

associate with a protein called intrinsic factor; the 


is not absorbed directly, but must first 


vitamin-protein complex is then transported across the 
intestinal mucosa 

Early passive transfer studies demonstrated that serum 
from a patient with pernicious anemia (PA), if fed to a 
healthy individual together with intrinsic factor-B; 
complex, inhibited uprake of the vitamin 

Subsequently, the factor in the serum that blocked 
vitamin uptake was identified as antibody against 
intrinsic factor. It is now known that plasma cells in the 
gastric mucosa of patients with PA seerete this antibody 
into the lumen of the stomach (Fig. 20.19) 


Destruction of f cells in the pancreatic islets of Langerhans in the non-obese 


Fig. 20.16 NOD neonates were injected 
with the diabetogenic CD4* T cel clone, 
BDC2.S, The cells infiltrated the pancreas 
and there was recruitment af other NOD 
cells. Of the neonates that receive this 
clone 80% become diabetic within 20 

days. Snap-trozen pancreas sections taken 
from representative neonates killed 10 days 
ater transfer of BDC2.5, before the onset 
of overt diabetes, were stained for insulin 
(fed fluorescence) and infiltrating cells 
(green fluorescence). (1) Section from a 
normal NOD neonate showing an isle, but 
no infiltration of CD3*T cells. Other 
sections show islets infltrated with (2) 
macrophages (F4/80"), (3) B cells (B220"), 
(4) CD3* T cells, (5) CD4* T cells, and (6) 
CDB*T cells, this section showing serious 
loss of insulin producing cells.» 400, 
(Figures generously provided by Drs Jenny 
Philips and Anne Caoke) 


Antibodies to the glomerular capillary basement 
membrane cause Goodpasture’s syndrome 

In Goodpasture’s syndrome, antibodies to the glomeru- 
lar capillary basement membrane bind to the kidney in 
). To demonstrate that the antibodies 
can have a pathological effect, a passive transfer experi 


vivo (See Fig. 
ment was performed. The antibodies were eluted from 
the kidney of a patient who had died from this disease 
and injected into primates whose kidney antigens were 


sufficiently similar for the injected antibodies to localize 


The injected 
monkeys subsequently died from glomerulonephritis. 


on the glomerular basement membrane 


Blood and vascular disorders caused by 
autoantibodies include AHA and ITP 
Autoimmune hemolytic anemia (AHA) and idiopathic 
thrombocytopenic purpura (ITP) result from the synthe 
sis of autoantibodies to red cells and platelets, 
respectively 

The primary antiphospholipid syndrome characterized 
by recurrent thromboembolic phenomena and fetal loss is 
triggered by the reaction of autoantibodies with a 
complex of B,-glycoprotein I and cardiolipin. 

The B,-glycoprotein turns u 
component of atherosclerotic plaques, and there is 


again as an abundant 
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Suppression of autoimmune disease 
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‘The spectrum of autoimmune thyroid disease 


Fig. 20.17 The New Zealand Black (NZB) mouse spontaneously 
develops autoimmune hemolytic anaemia. The hybrid between 
this and the New Zealand White (NZW) strain develops DNA 
autoantibodies and immune complex glomerulonephrits, as in 
patients with SLE. Immunosuppression with monoclonal 
antibodies to the Tx cell marker CD4 considerably reduced the 
severity of the glomerulonephirtis and the titer of double-stranded 
DNA autoantibodies at 8 months of age, showing the relevance of 
the immune pracesses to the generation of the disease. (Based on. 
data from Wolsy D, Seaman WE. | Exp Med 1985;161:378) 


Fig. 20.18 Responses involving 
thyroglobulin and the thyroid peroxidase 
(irosoma) surface microvillous antigen 
lead to tissue destruction, whereas 


Hashimoto's thyroiditis autoantibodies to TSH (and other?) 
: receptors can stimulate or block metabolic 

asia praistent activity or thyroid cell division 

goiter “Hashitoxicosis is an unconventional term. 

autoimmune colloid goiter that deseribes a gland showing 

Hashimoto's thyroiditis and Graves’ disease 

Graves! disease simultaneously. 

‘non-goitrous 

hyperthyroidism 


“hashitoxicasis! 


increasing attention to the idea that autoimmunity may 
initiate or exacerbate the process of lipid deposition and 
plaque formation in this disease, the two lead candidate 
antigens being heat-shock protein 60 (cf. Fig. 20.15) and 
the low density lipoprotein, apoprotein B. 

‘The necrotizing granulomatous vasculitis that charac 
terizes Wegener's granulomatosis is associated with 
antibodies to neutrophil cytoplasmic proteinase IIT 


(ANCA), but their role in the pathogenesis of the 
vasculitis is ill defined. 


Immune complexes appear to be pathogenic 
in systemic autoimmuni 

In the case of SLE, it can be shown that complement 
fixing complexes of antibody with DNA and other nucleo- 
some components such as histones are deposited in the 
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Failure of vitamin B,, absorption in pernicious anemia 
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Fig. 20.19 Normally, dietary vitamin 8 is absorbed by the 
“small intestine asa complex with intrinsic factor (I, which is 
synthesized by parietal cells in gastric mucosa In PA, locally 
synthesized autoantibodies, specific fr intrinsic factor, 
combine with intinsic factor to inhibit its role as caver for 
vitamin B),- 


kidney (see Fig, 25.3), skin, joints, and choroid plexus 
of patients, and must be presumed to produce type IIL 
hypersensitivity reactions as outlined in Chapters 24 
and 25, 

Cationic anti-DNA antibodies and histones facilitate 
the binding to heparin sulfate in the connective tissue 
structures. 

Individuals with genetic deficiency of the early classical 
pathway complement components clear circulating 
immune complexes very poorly and are unduly susceptible 
to the development of SLE. 

‘Turning to the experimental models, we have already 
mentioned the (NZB x NZW) F,, which spontaneously 
develops murine SLE. associated with immune complex 
glomerulonephritis and anti-DNA autoantibodies as 
‘major features (see Fig. 20.17). Measures that suppress the 
immune response in these animals (e.g. treatment with 
azathioprine or anti-CD4) also suppress the disease and 
prolong survival, adding to the evidence for autoimmune 
reactions causing such disease. 

‘The erosions of cartilage and bone in rheumatoid 
arthritis are mediated by macrophages and fibroblasts, 
which become stimulated by cytokines from activated 
T cells and immune complexes generated by a vigorous 
immunological reaction within the synovial tissue 
(Fig. 20.20). 

“The complexes can arise through the self-association of 
IgG rheumatoid factors specific for the Fey domains ~ a 
process facilitated by the striking deficiency of terminal 
galactose on the biantennary N-linked Fe oligosaccharides 
(Fig. 20.21). This agalacto glycoform of IgG in complexes 


can exacerbate inflammatory reactions through reaction 
‘with mannose-binding lectin and production of TNE. 


Evidence for directly pathogenic T cells in 
human autoimmune disease is hard to 
obtain 

Adoptive transfer studies have shown that TH cells are 
responsible for directly initiating the lesions in experi- 
mental models of organ-specific autoimmunity. 

In the human, factors that make it abundantly clear 
that ‘cells are utterly pivotal for the development of 
autoimmune disease include: 
© the production of high-affinity, somatically mutated 

IgG autoantibodies characteristic of ‘T-dependent 
«the isolation of thyroi-specifieT cell elones from the 

glands of patients with Graves’ disease; 

+ the beneficial effect of ciclosporin in prediabetic 
individuals, and 

+ the close associations with certain HLA haplotypes. 
However, itis difficult to identify a role for the T cell as a 
pathogenic agent as distinct from aT helper function in 
the organ-specific disorders. 

Indirect evidence from circumstances showing that 
antibodies themselves do not cause disease, such as in 
babies born to mothers with IDDM, may be indicative. 


Autoantibodies have diagnostic and 
prognostic value 

‘Whatever the relationship of autoantibodies to the disease 
process, they frequently provide valuable markers for 
diagnostic purposes. A particularly good example is the 
test for mitochondrial antibodies, used in diagnosing 
primary biliary cirrhosis (Fig. 20.22). Exploratory laparo- 
tomy was previously needed to obtain this diagnosis, and 
was often hazardous because of the age and condition of 
the patients concerned. 

‘Autoantibodies often have predictive value. For 
instance, individuals testing positively for antibodies to 
both insulin and glutamic acid decarboxylase have a high 
risk of developing IDDM. 


MANY AUTOIMMUNE DISEASES CAN BE 
TREATED SUCCESSFULLY 
Often, in organ-specific autoimmune disorders, the symp- 
toms can he corrected by metabolic control. For example: 
* hypothyroidism can be controlled by administration of 
thyroxine; 
+ thyroonsicoss can be controlled by administration of 
antithyroid drugs; 
+ in pernicious anemia, metabolic correction is achieved 
by injection of vitamin By3; 
+ in myasthenia gravis metabolic correction is achieved 
by administration of cholinesterase inhibitors. 
If the target organ is not completely destroyed, it may be 
possible to protect the surviving cells by transfection with 
Fasl. or TGEB genes, 
‘Where function is completely lost and cannot be sub- 
stituted by hormones, as may occur in lupus nephritis or 
chronic rheumatoid arthritis, tissue grafts or mechanical 
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Fig. 20.20 In the rheumatoid arthritis joint an inflammatory 
inftrate is found in the synovial membrane, which 
hypertrophies forming a ‘pannus’ (1 and 2). This covers and 
eventually erodes the synovial cartlage and bone, Immune 
complexes and neutrophils (PMNS) are detectable inthe joint 


space and in the extra-artcular tissues where they may give rise 
‘to vasculitc lesions and subcutaneous nodules, (Histological 
section reproduced from Woolf N. Pathology: basic and systemic. 
London: W.B. Saunders; 1998) 


Self-associated IgG rheumatoid factors forming immune complexes 
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substitutes may be appropriate, In the case of tissue grafts, 
protection from the immunological processes that 
necessitated the transplant may be required. 

Conventional immunosuppressive therapy with anti- 
mitotic drugs at high doses can be used to damp down the 
immune response, but, because of the dangers involved, 
tends to be used only in life-threatening disorders such as 
SLE and dermatomyositis. 


Fig. 20.21 The binding between the Fab on one IgG rheumatoid 
factor and the Fe of another involves the hypervariable region of 
the combining site. Asit has been established that the Fab 
‘oligosaccharides, which occur on approximately one in three 
<ifferent immunoglobulin molecules, are not defective with 
‘espect to glycosylation in rheumatoid arthritis, a Fab galactose 
‘residue could become inserted in the Fe pocket left vacant by a 
_galactose-deficient C72 oligosaccharide, so increasing the strength 
of intermolecular binding. The stability and inflammatory potency 
of these complexes is increased by binding IgM rheumatoid factor 
and Clq. 


‘The potential of ciclosporin and related drugs such as 
rapamycin has yet to be fully realized, but quite dramatic 
results have heen reported in the treatment of type 1 
diabetes mellitus. 

Anti-inflammatory drugs are, of course, prescribed for 
theumatoid diseases, with the introduction of selective 
cyclo-oxygenase-2 (COX-2) inhibitors representing a new 
development. 
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Diagnostic value of anti-mitochondrial antibodies 


Fig. 20.22 Mitochonclial antibody tests using indirect 
‘immunofluorescence, together with percutaneous liver biopsy, 
‘ean be used to assist in the differential diagnosis of these 
diseases. Many patients with primary biliary cithosis, but less 
than half of patients with cryptogenic cirthosis or chronic 
active hepatitis, have anti-mitochondrial antibodies, The 
antibodies are rare in the other diseases. 


Encouraging results are being obtained by the treat- 
ment of patients with rheumatoid arthritis with low 
corticosteroid doses at an early stage to correct the appar- 
ently defective production of these corticosteroids by the 
adrenal feedhack loop. For those with more established 
disease, attention is now focused on the striking 
remissions achieved by synergistic treatment with anti- 


‘TNF@, monoclonal antibody plus methotrexate (Fig. 
20.23). It is fascinating to record that the compromised 
regulatory TT cell function in the patients is reversed by 
such therapy (Fig. 20.24). 


Less well-established approaches to 

treatment may become practicable 

‘As we understand more about the precise defects, and 

learn how to manipulate the immunological status of the 

patient, some less well-established approaches may 

become practicable (Fig. 2025) 

* several centers are trying out autologous stem cell 
transplantation following hematoimmunoablation with 
cytotoxic drugs for patients with severe SLE, sclero- 
derma, and rheumatoid arthritis, 

+a draconian reduction in the T cells in multiple 
sclerosis by Campath-1H (anti-CD52) and of the B cell 
population with anti-CD20 in rheumatoid arthritis and 
SLE (Fig. 20.26) are giving particularly encouraging 
results; 

+ treatment with Campath-IH followed by a non- 
depleting anti-CD4 has produced excellent remissions 
in patients with Wegener’s granulomatosis who were 
refractory to normal treatment; 

‘+ in an attempr to establish antigen-specific suppression, 
considerable clinical improvement has been achieved in 
exacerbating-remitting multiple sclerosis by repeated 
injection of Cop 1, a random copolymer of alanine, 
glutamic acid, Iysine, and tyrosine meant to simulate 
the postulated ‘guilty’ autoantigen, MBP. 

Some experimental autoimmune diseases have been 

treated successfully by: 

feeding antigen to induce oral tolerance; 

* the inhalation of autoantigenic peptides and their 
analogs; and 


Synergy of anti-TNFa and methotrexate in the treatment of rheumatoid arthritis: 


placebo + methotrexate 
=e infliximab fant-TNFa) 
“© infiximab + methotrexate 


Fig. 20.23 (1) Infusions were given at times indicated by the arrows. Median joint scores were more effectively 


reduced by a combination of anti-TNFa with methotrexate, which (2) eliminated the ant 


iatypic response to 


infliximab (a humanized anti-TNFcr monoclonal antibody). (Data reproduced from Maini RN, et al, Arthritis Rheum 


1998;41: 


552, with permission of the authors and publishers) 
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Reversal of compromised regulatory T cell function in rheumatoid arthritis by anti-TNFa therapy 


Current and potential treatment of autoimmune disease 
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Fig. 20.24 CD4* CD25° cels isolated from peripheral blood were 
‘stimulated with a mixture of ant-CD3 and anti-CD28 alone or 
after adding back the CD4* CD25* putative regulatory T cells. 
‘Activation of the T cells was assessed by staining for intracellular 
TNFa. The lines join values for individual patients after adding 
back regulatory CD4* CD25" 

cells Although the regulatory T cells were dysfunctional in 
active cheumatoid arthritis (RA), they were able to suppress. 
activation ofthe CD25- population after successful anti-TNF 
therapy. (Data adapted from Ehrenstein MR, etal. | Exp Med 
2004;200:277-285) 
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Fig. 20.25 Current treatments for arresting the pathological 
developments in autoimmune disease are given in blue boxes, 
and those that may become practicable in green boxes. Anti- 
mitotic drugs are given in severe cases of SLE or chronic active 
hepatitis, and anti-inflammatory drugs are widely prescribed in 


theumatoid arthritis. Organ-specific disorders (e.g. primary 
‘myxedema can be treated by supplying the detective 
‘component (e.g. thyroid hormone), When a lve gratis 
‘necessary, immunosuppressve therapy can protect the tissue 
from damage. 


FURTHER READING 


Efficacy of B cell depletion in systemic lupus erythematosus 


Fig, 20.26 Six female patients with active SLE resistant to 
“standard immunosuppressive therapy were treated on an open- 
label basis with two infusions of monoclonal anti-CD20 to 

deplete the B cells, cyclophosphamide, and corticosteroids. Five 
‘of the sic showed marked clinical improvement as evidenced by 


* ‘vaccination’ with peptides from heat-shock protein 70 

or the antigen-specific receptor of autoreactive T cells. 
‘This suggests that stimulating normally suppressive 
functions, including the idiotype network, could be 
promising. 


FURTHER READING 

Ale F, Marrack P, eds. Curr Opin Immunol 2003;15(6) and 2004;16 
(Geveral critical essays in each annual volume). 

Arbuckle MR, McClain MT, Rubertone MV; etal. Development of 
sutoantibodies before the clinical anset of systemic lupus 
erythematosus. N Engl J Med 2003:349:1526-1533. 

Betterle C, Greggio NA, Volpato M. Clinical Review 93: 
‘Autoimmune polyglandular syndrame type 1. J Clin Endocrinal 
Metab 1998,83:1049-1055, 


‘eduction ofthe British Isles Lupus Assessment Group (BILAG) 
global score (1) and significant fallin ant-dsDNA in two 
Patients (2) (Data reproduced from Leandro MJ, et al. Arthritis 
Rheum 2002:46;2673. Copyright 2002 with permission from 
John Wiley & Sons Inc) 


Chapel H, Haeney M, Misbah 8, Snowden N. Essentials of elnical 
‘immunology, 4th edn. Oxford: Blackwell Science; 1999. 

Edwards JC, Szczepanski L, Szechinshi J, etal. Efficacy of the novel 
B cell targeted therapy, rituximab, inpatients with active 
‘houmatnid arthritis, N’ Engl J Med 2004,350:2572-2581 

Keymevlen B, Vandemeulebroucke F, Ziegler AG, et al. Insulin 
‘needs after CD3-antibody therapy in new-onset type 1 diabetes. 
1N Engl J Med 2005;352.2598-2608. 

‘MeGaha TL, Sorrentino B, Ravetch JV. Restoration of tolerance 
‘in lupus targeted inhibiting receptor expression. Science 
2005;307:590-593, 

Peter JB, Shoenfeld Y, eds. Autoantibodies. Amsterdam: Elsevier; 1996, 

Wraith DC, Nicolson KS, Whitely NT. Regulatory CD4* T ells 
and the control of autoimmune disease. Curr Opin Immunol 
2004;16:695-708. 


20,_AUTOIMMUNITY AND AUTOIMMUNE DISEASE 


Critical thinking: Autoimmunity and autoimmune disease (see p. 499 for 


explanations) 


Miss Jacob, a 30-year-old Caribbean woman, was seen in a 
rheumatology clinic with sti painful joints in her hands, which 
‘were worse frst thing in the maming. Other symptoms included 
fatigue, a low-grade fever, a weight loss of 2 kg, and some 
mild chest pain. Miss Jacab had recently retuned to the UK 
from a holiday in Jamaica and was also noted to be taking the 
combined oral contraceptive pill. Past medical history of note 
‘was a mild autoimmune hemolytic anemia 2 years previously. 


(On examination Miss Jacob had a non-specific maculo- 
papular rash on her face and chest, and patchy alopecia (hair 
oss) over her scalp. Her mouth was tender and examination, 
revealed an ulcer on the soft palate. She had moderately, 
‘swallen and tender praximal interphalangeal joints. Her other 
joints were unaffected, but she had generalized muscle aches. 
The results of investigations are shown in the table. 


radiograph of hands 


‘soft tissue swelling, but no bone erosions: 


‘chest radiograph 


‘a small pleural effusion at the right lung base 


full blood count 


‘a mild normocytic, normochromic anemia and mild 
lymphocytopenia 


C-reactive protein levels normal 
erythrocyte sedimentation rate raised 
theumatoid factor negative 
‘serum IgG levels raised 


‘anti-nuclear antibodies (ANA) 


positive by immunofluorescence 


‘anti-double-stranded DNA, anti‘RNA, and positive by ELISA antibodies 
‘ant-histone 
‘complement (C3 and C4) levels, low 


skin biopsy from an area unaffected by the rash 


deposition of IgG and complement components at the 
junction between dermis and epidermis (lupus ‘band! test) 


A diagnosis of systemic lupus erythematosus (SLE) was 
made. Miss Jacob was treated with chloroquine, an anti- 
‘malarial, for the rash on her face and chest. 

‘At a follow-up appointment urinalysis showed protein and 
red cell. Serum creatinine was mildly elevated as was her 
blood pressure. A renal biopsy showed membranous lupus 
nephritis. She was prescribed oral corticasteroids and an 
antihypertensive agent, which improved her renal function. 
Her physician also gave advice regarding birth control and, 
pregnancy, and regular check-ups were arranged. 


‘What is the immunological mechanism leading to the 
glomerulonephvitis? 

‘Are immune complexes the main mediator of systemic 
damage? 

‘What is the mechanism for the vasculitis seen in SLE? 

‘Are anti-double-stranded DNA (anti-dsDNA) antibodies 
pathognomonic of SLE? 


Transplantation and 


Rejection 


SUMMARY 


‘+ Transplantation is the only form of treatment for most 
end-stage argan failure. 


‘+ The barrier to transplantation is the genetic disparity 
between donor and recipient, 


‘+ The immune response in transplantation depends on a 
variety of factors. Host versus graft responses cause 
transplant rejection. Histocompatibilty antigens are the 
targets for rejection, Minor antigens can be targets of 
fejection even when donor and recipient MHC are 
identical. Graft versus host reactions result when donor 
lymphocytes attack the graft recipient. 


‘+ Rejection results from a variety of different immune 
effector mechanisms. Hyperacute rejection is immediate 
and caused by antibody. Acute rejection occurs days to 
‘weeks after transplantation. Chranic rejection is seen 
‘months or years after transplantation, 


‘+ HLA matching is one of two major methods for 
preventing rejection of allografts. The better the HLA 
‘matching of donor and recipient, the less the strength of 
rejection, 


‘Successful organ transplantation depends on the use of, 
immunosuppressive drugs. 6-MP, azathioprine, and MPA 
are antiproliferative drugs, Ciclosparin, tacrolimus, and 
‘sirolimus are inhibitors of T cell activation. Corticasteroids 
are the antiinflammatory drugs used for transplant 
‘immunosuppression. FTY 720 is a novel immunosuppressive 
agent under investigation. 


+ The ultimate goal in transplantation is to induce donor- 
specific tolerance. There is evidence far the induction of 
tolerance in humans and novel methods for inducing, 
tolerance are being developed. Alloreactive cells can be 
‘made anergic. Immune privilege can be a property of the 
tissue or ste of transplant. 


+ Shortage of donor organs and chronic rejection limit 
the success of transplantation. Living donation is one way 
to overcome the shortage of donor organs. Alternative 
approaches are being investigated. The favored animal for 
-xenotransplantation is the pig. 


TRANSPLANTATION IS THE ONLY FORM 
OF TREATMENT FOR MOST END-STAGE 
ORGAN FAILURE 

‘Transplantation is a central topic for immunologists for 

two reasons: 

© the first is that transplantation is an important clinical 
procedure; 

* the second is that transplantation has proved an impor~ 
tant tool for understanding immunological mechanisms 
~ for example, the major histocompatibility complex 
(MHC; see Chapter 5) was first described in the context 
of transplantation, and transplantation models continue 
to be widely used as tools in basic as well as applied 
immunology: 

Asa clinical procedure, transplantation is used to replace 

tissues or organs that have failed. The first successful trans- 

plants were those of the cornea, first described in 1906, 


Q. Why in retrospect was corneal transplantation more 
likely to be successful than transplantation of other tissues? 
A. The comea is an immunologically privileged site (see Figs 
123-12.) 


World War II provided an important impetus, with the 
problems of skin grafting airmen who had extensive burns 
motivating a number of scientists, most notably Peter 
Medawar, to investigate the immunological basis of graft 
rejection. 
‘The subsequent demonstration hy the Medawar group 
that it was possible to manipulate a recipient animal so 
epted grafts from an unrelated donor animal 
d the subsequent clinical development of 
transplantation. ‘The discovery (by Calne and others) of 
immunosuppressive drugs and agents then allowed the 
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Clinical transplantation 


Fig. 21.1. Organs and tissues shown in blue are routinely 
transplanted to teat various conditions. Transplantation of 
‘ther organs (shown in yellow) is being developed, but has 
‘yet to be routinely applied in most centers. 


widespread practice of transplantation in the last three to 
four decades of the 20th century. 

In modern practice many transplants are performed 
routinely (Fig. 21.1). In addition to routine transplan- 
tation of the cornea, kidney, heart, lungs, and liver there is 
increasing interest in transplanting other organs, such as 
whole pancreas or islet cells for diabetes mellitus and also 
small bowel. 

In general most transplants use organs from dead 
donors (cadaveric transplants), though there is an 
increasing number of living donors (usually related to the 
recipients) for kidney transplantation. 

In addition to transplantation of organs, there is a 
large program of transplanting hematopoietic stem cells 
(cells capable of regenerating blood cells), for example 
in patients with leukemia or with primary immune defi- 
ciencies. These stem cells were previously normally har- 
vested from the bone marrow of (living) donors, though 
increasingly peripheral stem cells obtained from the blood 
are used. As discussed below, stem cell transplantation has 
its own particular problems. 


THE BARRIER TO TRANSPLANTATION IS 
THE GENETIC DISPARITY BETWEEN 

JONOR AND RECIPIENT 

*he main immunological problem with transplantation is 
that the grafted organ or tissue is seen by the immune 
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system as ‘foreign’ and is recognized and attacked ~ 
leading to rejection of the organ. 

‘Transplantation is normally performed between indi- 
viduals of the same species who are not genetically 
identical, and the antigenic differences are known as 
allogeneic differences, and result in an allospecific 
immune response (Fig. 21.2). 

‘However, it is also possible in experimental circum- 
stances (and possibly in the future in the clinical setting) to 
perform grafting between different species. ‘This is termed 
xenotransplantation, and the antigenic differences 
between donor and recipient form the xenogeneic 
barrier. 

‘Transplantation can also be performed within an 
individual (eg. skin grafting), when it is known as an 
autograft. 

Syngeneic or isografts can be performed between 
«genetically identical individuals. This can occur clinically 
for identical twins, but is more commonly seen in 
experimental settings with inbred strains of animals. 

In the case of autografts and isografts there should be 
zo antigenic differences between donor and recipient, and 
so no immune response. ‘This can be readily illustrated 
using transplantation of skin or organs between inbred 
strains of animals (Fig. 21.3). 


Genetic barriers to transplantation 
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Fig. 21.2 The genetic relationship between the donor and 
recipient determines whether or not rejection will occur 
‘Autografts or isografts are usually accepted, whereas allografts 
and xenografts are not. 


THE IMMUNE RESPONSE RESULTS IN GRAFT REJECTION 


Host versus graft reactions 
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Fig. 21.3. Grafts between genetcaly identical animals are 
accepted. Grafts between genetically non-identical animals are 
‘ejected with a speed that is dependent on where the genetic 
aifferences le. For example, syngeneic animals that are 
‘identical at the MHC locus accept graits from each other (1). 
‘Animals that dif at the MHC locus reject grafts from each, 
other (2), The ablity to accept a gratis dependent on the 
recipient sharing all the donor's histocompatibility genes; this 
is ilustrated by the diference between grafting fram parental 
to.(Ax8) F; animals (3) and vice versa (4. Animals that differ 
at loci other than the MHC reject grat from each other, but 
‘much more slowly. 


‘THE IMMUNE RESPONSE RESULTS IN 
GRAFT REJECTION 

Host versus graft responses cause transplant 
rejection 

Immune recognition of the antigenic differences between 
the donor organ and the recipient will, unless treated, lead 
toan immune response in which the host immune system 
responds to, and attacks, the donor tissue. 


Q What are the main genetic differences that are 
recognized by the host, and why should this be so? 

A. Differences in MHC molecule allotypes are most important, 
The reason is that all nucleated cells express MHC molecules, 
and the T cell receptor on hast T cells has a basic structure that 
interacts with and recognizes MHC molecules. Also the MHC 
class | and class II molecules have an extremely high level of 
genetic variability (see Chapter 5). 


‘The nature of the host versus graft response is 
discussed in more detail below. 

Similar to any other adaptive immune response, the 
immune response against a graft shows memory of pre- 
vious encounters with an antigen, Therefore, once an 
animal has rejected an organ graft for the first time, if 
a second graf is performed from the same species or donor 
then it is rejected more rapidly (second set rejection). 


There is a high frequency of T cells 
recognizing the graft 

One of the main features of the immune response against 
a transplanted organ is that it is much more vigorous 
and strong than the response seen against a pathogen, 
such as a virus. This is largely reflected by the frequency 
of T cells that recognize the graft as foreign and react 
against it. 

‘Thus, in a naive or unimmunized individual fewer than 
1/100 000 T cells respond upon exposure to a virus or a 
protein immunization; however, 1/100-1/1000 T’ cells 
respond to allogeneic antigen-presenting cells (APCs). 

‘This difference can be seen using a mixed lymphocyte 
reaction, in which 'T cells are taken from one individual 
and mixed with APCs from another. The proliferation of 
the T cells can then be measured (usually by measuring 
the incorporation of radioactive 'H-thymidine) (Fig. 
21.4). This will usually result in a strong proliferation of 
the T cells. 


‘Measuring the strength of the alloresponse 


2 allogonic Dc 
= autologous DC 
—e— allogeneic DC only 
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Fig. 21.4 The strength ofthe alloresponse can be measured in 
a mixed lymphocyte response. In this assay T cells fom an 
Individual were mixed with varying numbers of dendbitic cells 
(OCs) (the most potent fr of APCS) from either the same 
{autologous dencitc cells) ora different (allogeneic dendritic 
‘els) donor. The dendritic cells were irradiated to prevent their 
proliferation. Asa contol cultures were included that contained 
Just the dendtc cel or ust the T cel. Five days later the 
‘cultures were pulsed with *H.thymidine, which is incorporated 
into the DNA of dividing cells. After 16 hours the amount of 
radioactive thymidine in the cells, a measure of the amount they 
hhave proliferated, is determined. As can be seen there is strong 
proliferation of T cells exposed to allogeneic dendritic cells, even 
though these T cells have not been exposed to the allogeneic 
‘els, 50 this represents a primary immune response. 
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However, if the same experiment is performed using 
APCs and cells from the same individual, and if a virus, 
or a protein antigen is added, then no or little T cell 
proliferation is seen unless that person has been previously 
exposed to the antigen and so has a higher frequency of 
(memory) T cells capable of recognizing it. 


Histocompatibility antigens are the targets 
for rejection 

Early experiments showed that the bulk of the allospecific 
response is against molecules of the MHC, We now know 
that these molecules are the MHC class I or class Il 
molecules (see Chapter 5), which are responsible for 
presenting antigen (in the form of peptides) to either: 

+ CD8'T cells (MHC class 1); or 

* CD4 cells (MHC class I). 

AAs discussed in Chapter 7, MHC molecules are highly 
polymorphic, and it is these polymorphic differences that 
are seen by alloreactive T cells. 


Why is there such a high frequency of 
allospecific T cells? 

Several models seek to explain why there is such a high 
frequency of allospecific cells in the T cell repertoire. 

‘The first model (high determinant density model) 
(Fig. 21.5) suggests that allospecific T’ cells recognize 
the foreign MHC molecules directly, with a low affinity, 
in a peptide-independent manner. ‘The affinity of the 
interaction would normally be too low to activate the 
"T cells; however, because the T cells see the MHC mole- 
cules directly, and are not recognizing the peptide, this 
low affinity is compensated for by the high concentration 
of MHC molecules on allogeneic cells. 

‘The second model (multiple determinant model) 
states that what the allospecific T cells are recognizing are 
peptides derived from normal, non-polymorphic, host 
proteins that bind to and are presented by the foreign 
MHC molecules, but are not presented by self MHC. Due 
to lack of presentation by self MHC, the T cell repertoire 
is not tolerant to such peptides. The high frequency of the 
response is due to the large number of such antigens that 
can be presented by the graft. 


Indirect recognition is important in chronic 
rejection 
In a primary alloresponse, as detected by the mixed 
lymphocyte reaction, most of the alloreactive T cells 
recognize the MHC antigens by the direct pathway, as 
described above, In this interaction the 'T cell receptors 
on recipient 'T cells directly recognize the donor MHC 
molecules. 
However, there are other forms of alloresponse, 
including: 
* those against minor MHC antigens (see below); or 
* the indirect response in which the recipient TT cells 
recognize donor MHC molecules that have been 
processed by recipient donor APCs and are presented 
as peptides in the context of recipient MHC class I 
molecules (Fig. 21.6). 


‘Why is there a high frequency of allospecific cells? 


‘Thigh determinant density model 


MHC classi peptide TCR 
2 multiple determinant model 


Fig. 21.5 The high precursor frequency of alloreactive T cells 
can be explained by one of two models. n the fist (high 
determinant density model) the T cell receptor recognizes the 
MHC molecules on the surface of the APC with a moderate to 
low affinity. However, this recognition is largely independent 
ofthe type of peptide present in the groove ofthe MHC 
‘molecule. The low affinity of the interaction is compensated 
{or by the multiple interactions that form, which provide an 
avidity advantage. In the multiple determinant model the T 
cells recognize, with a high affinity, peptide and MHC 
‘molecule complexes. The peptides are derived from normal 
self proteins. As the T cells have not been tolerized in the 
{thymus to those antigens in the context of the donor MHC 
(@hough any T cells reactive with the same antigens in the 
Context of self MHC would have been deleted), there isa high 
‘requency of alloractvty. Which form of allorecognition is 
‘most important will depend on the MHC combination of the 
donor and recent, 
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Direct and indirect allorecognition 


1. direct allorecognition 


donor derived 
peptide 
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Fig. 21.6 (1) In direct allorecognition the T cell directly 
recagnizes the denor APC, with the T cell receptor (TCR) 
binding donor MHC molecules bearing donor peptide. (2) 
Indirect alorecognition is more similar to conventional T cell 
recognition, in that the recipient T cells recognize foreign 
(donor derived) antigen that has been taken up and processed 
by recipient APCs. The TCR therefore recognizes recipient 
MHC bearing donor peptide. Although the frequency of the 
direct pathway allorecognition is high, that for the indirect 
pathway is no higher than that seen for normal antigens. 


‘The indirect response is very similar to conventional 
T cell recognition of normal antigens, such as those 
from a pathogen, which are processed by host APCs and 
presented in the context of host MHC molecules. 


Q How frequent do you expect the T cells that recognize 
graft allogeneic molecules encoded outside the MHC to be? 
A. The frequency of allospecitic T cells in an unimmunized 
individual capable of recognizing donor tissue by the indirect 
pathway is low, equivalent to the frequency of reactivity to any 
‘normal antigen. 


Nevertheless, the indirect pathway of recognition is 
important during chronic rejection, when the number 
of donor-derived professional APCs is no longer high 
enough to stimulate a direct immune response. It is also 
important in the rejection of corneal grafts because the 
cornea lacks large numbers of APCs. 


Minor antigens can be targets of rejection 
even when donor and recipient MHC are 
identical 

Although the MHC is the major target of the alloimmune 
response, there are also minor histocompatiility antigens, 
‘These can serve as targets of rejection even when the 
‘MHC is identical between donor and recipient. 

‘The nature of most minor histocompatibility antigens 
is unknown, though they are assumed to be normal 
polymorphic molecules, peptides from which bind to host 
‘MHC and induce an immune response. In some cases they 
are expressed in a tissue-specific manner. 

Perhaps the best studied minor histocompatibility anti- 
gen system is the H-Y system, These are antigens encoded 
by the Y chromosome, and so are expressed only on 
male cells, Thus, following immunization, it is possible 
to demonstrate immune responses and rejection of male 
organs or skin following transplantation mediated by 
female animals (2X chromosomes) against male cells (X 
and Y chromosome). 

It is not possible to show responses against female 
antigens by male animals because the male animals carry 
one X chromosome in addition to their Y chromosome, 
and so are tolerant to all antigens encoded for by the X 
chromosome (Fig. 21.7). 


Graft versus host reactions result when 
donor lymphocytes attack the graft 
recipient 

Although ic is usual to think of the immune response 
recognizing and destroying the transplanted organ, the 
situation is different when competent immune cells are 
transplanted into a recipient. ‘This can happen during 
bone marrow transplantation, when normal donor T cells 
may be infused into the recipient. In such circumstances 
the T cells ean recognize the MHC molecules and/or minor 
histocompatibility antigens of the recipient as foreign, and 
produce an immune response against the recipient. This is 
known as graft versus host disease (GvHD). 

GvHD can be lethal, causing damage in particular to 
the skin and gut. It ean be demonstrated in animal models 
by transfer of bone marrow to irradiated recipient animals 
(Fig. 21.8). It can be avoided by: 

* careful matching of the donor and recipient; 
‘+ removal of all T cells from the graft; and 
‘+ immunosuppression. 


REJECTION RESULTS FROM A VARIETY OF 

DIFFERENT IMMUNE EFFECTOR 

MECHANISMS 

The time of rejection is important 

Rejection of organs or tissues can occur at various times, 

each of which is associated with different immune effector 

mechanisms (Fig. 21.9). These are: 

+ hyperacute rejection, which occurs within minutes to 
hours and is principally mediated by antibody; 

+ acute rejection, which usually occurs in days to weeks 
in animal models and is initiated by alloreactive T cells; 
and 
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Fig. 21.7 The H-Y antigens are minor histocompatibility 
antigens expressed on male animals and not on females, Their 
existence can be demonstrated by skin grafting between 
animals of the same strain, As would be expected grafts from 
‘female mice are always accepted, while those from male mice 
are accepted on male recipients, but not female recipients. 


* chronic rejection, which is seen months to years 
following transplantation. 


Hyperacute rejection is immediate and 

mediated by antibody 

Hyperacute rejection is seen when the recipient animal 

has pre-existing antibodies that are reactive with the 

donor tissue. This may be because: 

* the individual has been sensitized to the donor MHC, 
for example by previous transplants, multiple blood 
transfusions, or pregnancy; i 

+ the animal may have natural pre-existing antibodies 
(c.g. asa result of ABO blood group incompatibility). 

A special case is seen in xenotransplantation, where 

humans and Old World monkeys and apes all have pre- 

existing antibodies to a carbohydrate antigen a-galactosyl. 

‘This carbohydrate is expressed on cell surface proteins of 

all other donors. ‘Therefore, a xenotransplant of a cellular 

organ from a pig (or most other species) into a primate is 
at risk of hyperacute rejection, 
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Fig. 21.8 immunocompetent cel from a donor of type A are 
injected into an immunosuppressed (X-radated) host of type 
oF a normal (AB) F recipient. The immunosuppressed 
individual is unable to reject the cell and the F, animals fully 
tolerant to parental type A cells. In both cases the donor cells 
recognize te foreign tisue types B or C ofthe recipient. They 
divide and react against the recipient tissue cels and recruit 
large numbers of host cells to inflammatory sites. Very often 
the process leads tothe death ofthe recipient. 


Hyperacute rejection is seen within minutes of con- 
necting the circulation into the transplanted organ. It is 
caused by the pre-existing antibodies binding to the 
endothelial cells lining the blood vessels and by initiating 
immune effector functions 


Q. Which immune effector functions would be activated 
following binding of antibody to the endothelium? 

A. Complement will be activated, by the classical pathway (see 
Chapter 4) 


Complement activation can lead to death of the 
endothelium, or, when the damage is sub-lethal, activation 
of the endothelial cells, ‘This not only causes an inflam- 
‘matory response, increasing vascular leakage, but can also 
cause blood coagulation (Fig. 21.10). The result is rapid 
destruction of the graft. 


‘Tempo of rejection response 
Fig. 21.9 Rejection of organs or tissues: 
‘an occur at various times, each of which 
acute rejection | minutes to hours | preformed anti-donor antibodies Is associated with different immune 
presses effector mechanisms, ranging from 
‘acute rejection ‘daysto weeks | activation of alloreactive T cells antibody mediated to acute and chronic 
celular responses. 
chronic rejection | months to years | slow cellular response, response of 
‘organ to injury, unknown causes 
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Renal histology showing hyperacute graft rejection 


Fig, 21.10 There is extensive necasis of the glomerular 
<apilary associated with massive interstitial hemorrhage. 
This extensive necrosis is preceded by an intense 
ppolymorphonuctearinfitration, which occurs within the frst 
hhour of the grafts revascularization. The changes shown here 
‘occurred 24-48 hours after this. H&E stain.» 200, 


Prevention of hyperacute rejection is performed by 
carefully avoiding transplanting an organ into an indi- 
vidual with pre-existing antibodies to that tissue. This is 
done by: 

+ ABO matching individuals; and 

cross-matching the donor and recipient. 

This involves incubating donor leukocytes with recipient 
serum in the presence of complement; cell death indicates 
the presence of anti-donor antibody and is a contraindi- 
cation to proceeding with transplantation. Such cross- 
matching is normally performed immediately before 
surgery. 

In the case of xenotransplantation, one solution being 
developed is the generation of pigs that lack the a- 
galactosyl carbohydrate epitopes. This is done by knock- 
ing out the gene encoding the enzyme (c-galactosyl 
transferase) that generates this carbohydrate. In preclin- 
ical models in which pig organs are transplanted into 
primates, this approach has led to prolonged graft survival 
with no evidence of hyperacute rejection. 


Acute rejection occurs days to weeks after 
transplantation 

Acute rejection is normally seen days to weeks after 
transplantation, and is caused by activation of allospecific 
‘T cells capable of damaging the graft. 

Donor dendritic cells (sometimes called passenger 
leukocytes) play an important role in triggering acute 
rejection. Dendritic cells that are present in the organ, 
following transplantation into the recipient, migrate to the 
Iymph nodes draining the organ and stimulate a primary 
alloimmune response. 

"The imporunce of these dendritic cells can be shown 
by ‘parking experiments’ in which 
*'a kidney is transplanted from one strain of rat to 

another under cover of immunosuppression (to prevent 

rejection) (Fig. 21.11); 


‘+ the kidney is kept in that animal long enough to ensure 
that all the resident dendritic cells have migrated out of 
the organ; 

* the kidney is chen transplanted into a third animal, of 
the same strain as the original recipient, where it shows 
prolonged graft survival. 

However, if the third animal is injected with donor- 

derived dendritic cells there is rapid graft rejection. These 

data highlight the contribution of donor dendritic cells in 
initiating the alloresponse. 

Although the direct pathway is thought to predominate 
in acute rejection, the indirect alloresponse, though 
significantly weaker, can also cause acute rejection in some 
animal models 

Once activated the T cells migrate to the organ and 
lead to tissue damage by standard immunological effector 
mechanisms (Fig. 21.12). These include: 

* the generation of cytotoxic T cells; and 

«the induction of delayed-type hypersensitivity reactions, 

‘The role of the T cells in graft rejection can be demon- 

strated by depletion studies in which antibodies against 

T cell subsets are administered in vivo. Both of the 

major T cell subsets, CD4* and CDB*, can cause graft 

rejection. 

Ifthe animal or patient has already been exposed to the 
alloantigens expressed by the graft, and as a consequence 
has been immunized, there will be alloreactive memory 
cells. This will lead to a much more rapid (accelerated) 
rejection of the graft (Fig. 21.13). 


Chronic rejection is seen months or years 

after transplantation 

In vascularized organs chronic rejection presents as 

occlusion of blood vessels, which on histological analysis 

show a thickening of the intima similar in some respects 
to the thickening seen as a result of atherosclerosis 

(Fig. 21.14). Smooth muscle cell proliferation is often 

seen, together with a macrophage infiltrate (together 

with some lymphocytes). This eventually leads to block- 
age of the blood vessels and subsequent ischemia of the 
"A nutnber ofmedhentans can laed to dhranie efecto, 

‘They include: 

+ a low-grade T cell response (mainly of the indirect 
allospecific pathway as a result of the loss of passenger 
leukocytes that activate T cells with direct pathway 
specificity, see p. 385); 

+ antibody can also be involved in chronic rejection, as 
indicated by the deposition of complement compo- 
nents (Cd) in tissues, 

Non-immunological processes are also important, such as: 

‘the response of the graft to injury caused at the time of 
‘transplantation or by acute rejection episodes; 

+ recurrence of the original underlying disease; and 

+ drug-related toxicities (eg. the immunosuppressive drug 
ciclosporin A is nephrotoxic and can damage the kidneys). 

In some cases, initiation of chronic rejection may be 

immunological in nature, but its progression is due to 

non-immunological mechanisms. 
Chronic rejection responds poorly to current immuno- 
suppressive therapy. Therefore, although there has been 
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Importance of passenger leukocytes in graft sensitization 


Fig. 21.11 The role of passenger 
leukocytes (denditc cell) can be shown, 
boy ‘parking’ experiments in which kidneys 
are grafted from a rat of strain A into a 
tecipient of strain B, Immunesuppression. 


rapid 


Injoct dendrite colle 
from strain A 


rejection is used to prevent the animal from 
rejecting the graft. After a period the 
grafts are then retransplanted into a fresh 
slow strain B rat. There is very slow rejection of 
rejection the graft (when campared to the rapid 
‘ejection seen when the kidney is 
transferred first into a strain A rat), which 
rapid [s thought to be due to the inability of the 
rejection 


kidney from the strain A rat to immunize 
the strain B recipient due to the loss of 
dendritic cells during the period when the 


Renal histology showing acute graft rejection 


Fig. 21.12 (1) Small lymphocytes and other cells are 
‘accumulating in the interstitium af the graft. Such infiltration 
(is characteristic of acute rejection and occurs before the 

appearance of any clinical signs. HB&E stain, (2) H&E stain of 


considerable improvement in overall graft survival over 
the past decades, this improvement is mostly seen in the 
first. year following transplantation ~ the subsequent 
survival of grafts has hardly altered over the past 20 to 30 
years (Fig. 21.15). This indicates the need to improve the 
treatment of chronic rejection. 


390 


drat was ‘parked inthe fist strain A 
animal, The low rejection probably occurs 
Via the indirect pathway. The ejection 
curs at the normal rapid tempo if stain 
A dendritic cells are injected into the 
recipient animal atthe same time as the 
agralt, suggesting that dendritic cells are 
capable of sensitizing the animal ta the 
grat. 


acutely rejecting kidney showing vascular obstruction. (3) 
van Gieson's stain of acutely rejecting kidney showing the 
lend stage af this process. (G, glomerulus) 


HLA MATCHING IS IMPORTANT FOR 

PREVENTING REJECTION 

‘The two major methods for preventing rejection of 

allografts are: 

+ to match the donor and recipient to minimize the 
antigenic differences; 


HLA MATCHING IS IMPORTANT FOR PREVENTING REJECTION 


Graft rejection displays immunological memory 


* to use immunosuppressive regimens that block the 
immune response against the organ. 

However, in animal models (and hopefully in the clinic) 

there are techniques that can induce tolerance to an organ 

such that the immune system of the recipient ‘learns’ to 

treat the donor organ as ‘self? and not destroy it, As dis- 

cussed below, the ability to induce donor-specific toler- 


Fig. 21.13 A human skin allograft at day 5 
MU iit ccmetcanec 
| dividing, but by day 12 (2) is totally 

"| destroyed. A second graft (second-set” 
‘rat fom the same donor shown here on 
day 7 (3) does not become vascularized 
and is destroyed rapidly. Ths indicates that 

"| sensitization to the first graft produces 
‘immunological memory. 


Fig. 21.14 Grafts that survive acute rejection are still capable of 
undergoing chronic rejection. (1) Section taken from a patient 
with chronic rejection of their heart graft, The lumen of the 
blood vessel in the heart has been narrowed as a result of 
thickening of the wal of the vessel, limiting the biood supply to 
the heart. (2) Section taken from a patient with chronic rejection 
of the lung, showing obliterative bronchiolitis (arrow) blocking 
the airways. (Kindly supplied by Professor Marlene Rose, Imperial 
College London, Harefield Hospital, and Dr Margaret Burke, 
Pathology Department, Royal Brompton Hospital and Harefield 
Hospital) 


ance is the Holy Grail of transplantation immunology 
(see p. 394). 


The better the HLA matching of donor and 
recipient, the less the strength of rejection 
‘The major antigenic differences recognized by the 
alloimmune response are found on the MHC molecules 
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Long-term survival of kidney grafts 


Fig. 21.15 This graph shows the survival 
of kidney grafts in patients transplanted in 
three periods: 1975-1979, 1980-1984, 
and 1985-1990 (with the projections for 
<graft survival shown for later periods). 
‘There has been a considerable 
improvement in graft survival since 1975, 
‘but most of the improvement is seen in 
the first year. After that time the hal-fe of 
Graft survival is similar forall patent 
groups. (With permission from UK 
‘Transplant, Bristol) 


© 1980-1984 [n= 12014) 


(known as HLA in humans, see Chapter 5). These highly 
polymorphic molecules have a vital role in presenting 
antigens to T cells. 

‘There are many different alleles of the MHC mole- 
cules, and one way to reduce the strength of a rejection 
response is to match the donor and recipient so that they 
share as many alleles as possible, In general matching 
is now performed using molecular techniques, with 
polymerase chain reactions (PCR) that are specific for the 
different alleles. 

In humans HLA matching is rarely perfect between 
unrelated donors because of the difficulty in matching all 
MHC class I and class II gene loci and the high level of 
polymorphism at each locus. 


Q. How many MHC loci would need to be matched to 
‘obtain a perfect match in a human population? 

A. There are three HLA class | loci (HLA-A, HLA-B, and HLA-C), 
and one individual can express up to six different HLA class | 
molecules (for each antigen there will be a maternally derived 
and a paternally derived Version). Similarly, there are three class 
‘loci (HLA-DR, HLA-DP, and HLA-DQ), and again the maternal 
and paternal chromosomes would normally be different. In 
father wards there are 12 potentially diferent loci 


‘The extensive polymorphism means that there can be 
more than 600 possible versions (alleles) of each antigen 
(there are at least 626 different alleles for HLA-B, other 
antigens are less polymorphic, with 470 DRB and 349 
HLA-A alleles, see Appendix 1). 

‘Therefore, ‘even before one considers other poly- 
morphic molecules associated with the HLA locus, there 
is considerable complexity, which makes it highly unlikely 
for there to be a complete match. 

In cases where the transplant is between living related 
donors (such as brothers and sisters) there is a greater 
opportunity fora match because in general the HLA locus 


1975-1979 n= 7521) 


is inherited en bloc asa single set (or haplotype) from each, 
parent. 

Loci outside the MHC can also lead to rejection (the 
minor histocompatibility antigens, see above). However, 
there is no attempt to match for these antigens because 
there is little possibility of getting a good match and the 
effect of matching any single minor antigen is too small to 
be significant. 

Ir should be noted that even when siblings are perfectly 
matched at the MHC locus they will not be matched 
(unless they are identical twins) for the minor histo- 
compatibility antigens. 


The importance of HLA matching is not 

always crucial 

HLA matching is very important in bone marrow 

‘transplantation (where a large potential donor pool can 

reduce the risk of GvHD) and has a significant influence 

‘on the outcome in kidney transplantation. For other 

‘organs the importance is less clear, for example: 

+ in corneal transplantation there is no benefit of HLA 
matching; 

* for those organs where transplantation is essential to 
‘maintain life (such as heart and liver) there is no possi- 
bility of waiting for a well-matched organ to become 
available, 


SUCCESSFUL ORGAN TRANSPLANTATION 
DEPENDS ON THE USE OF 
IMMUNOSUPPRESSIVE DRUGS 
‘The success of organ transplantation is entirely dependent 
‘on the use of immunosuppressive drugs that control the 
alloimmune response. Although rejection episodes still 
‘occur, they are usually kept in check by the drugs so that 
lasting damage is minimized. 

‘Over recent decades there has been a marked improve- 
‘ment in short-term success rates, such that over 90% of 
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kidney transplants are functioning 1 year after transplan- 
tation. The major reason for these improved success rates 
is the advent of more powerful immunosuppressive agents. 


Q. What problems would you expect to result fram long- 
term immunosuppression? 

‘A. These drugs cause blanket suppression of the immune 
system so transplant recipients are more prone to opportunistic 
Infections and have a raised incidence of malignancy. This isthe 
reason for continuing interest in strategies to promote specific 
immunological tolerance (see below). 


Despite the continuing interest in strategies to promote 
specific immunological tolerance, clinical transplantation 
is likely to require non-specific immunosuppression for 
some years to come. The present challenge is to use the 
currently available agents intelligently to minimize side 
effects while preserving graft function. 

‘The commonest cocktail of drugs used for kidney 
transplant patients involves three agents, each of which 
has a distinct mode of action: 

* a drug that inhibits T cell activation; 

+ an antiproliferative; and 

* an anti-inflammatory agent. 

‘Usually three agents are used in the early post-transplant 
period while the anti-donor immune response is at its 
peak, 

‘Numerous clinical trials are addressing the safety of 
withdrawing one of these three agents within weeks or 
months of transplantation, It appears that maintenance 
immunosuppression with two drugs is safe and has an 
improved side effect profile, 


6-MP, azathioprine, and MPA are 
itiproliferative drugs 

The first antiproliferative drug to be used in patients 
was 6-mercaptopurine (6-MP). This was followed by 
the introduction of azathioprine, the parent compound 
that is converted in vivo to 6-MP. Azathioprine was given 
to all patients until a more potent alternative arrived on 
the scene, mycophenolic acid (MPA). 

‘These antiproliferative drugs have related modes of 
action, namely inhibition of the synthesis of purines that 
are required for cell division: 

* azathioprine is a purine antagonist and competes with 
inosine monophosphate; 

* MPA inhibits an enzyme, inosine monophosphate 
dehydrogenase, which is essential in the de-novo 
synthesis of purines. 

Clearly purine synthesis is needed in all cell types. 

Consequently, the risk of such agents is inhibition of other 

populations of rapidly dividing cell systems, such as the 

bone marrow. Indeed, close monitoring of white cell and 
platelet numbers is necessary in patients on antiprolif- 
erative drugs. 

T cells are particularly sensitive to antiproliferative 
agents, partly because they are largely dependent on the 
de-novo synthesis of purines, whereas other cell types 
have a more efficient salvage pathway. Consequently, at 
conventional doses there is selective inhibition of T cell- 
dependent immunity. 


Ciclosporin, tacrolimus, and sirolimus are 
inhibitors of T cell activation 

iclosporin inhibits the of IL-2 

Drugs that inhibit T cell activation are the mainstay of 
immunosuppressive regimens. The first such drug to he 
discovered was ciclosporin, a fungal metabolite 
(Fig. 21.16). 

‘The introduction of ciclosporin revolutionized clinical 
transplantation in that it led to a marked improvement in 
early success rates, which rose from approximately 70% to 
over 90%. Furthermore, the doses of other drugs that 
‘were required were substantially lower, so drug side effects, 
were less troublesome, 


Structure of immunosuppressive fungal macrolides 


lelosporin 


Me OMe Me Me 


rapamycin (sirolimus) 
Meo. Me 


Fig, 21.16 The immunosuppressive fungal macrolides, 
‘closporin, FKSO6 (tacrolimus), and rapamycin (slim), 
hhave quite diferent structures. They act on lymphocytes in 
different ways ~ cilosporin and FK506 affect cytokine 
production and rapamycin interferes with signaling through 
the IL-2 receptor (L-2R). 
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Because of the much greater potency of ciclosporin, 
and its ability to prevent early acute rejection, transplan- 
tation of organs other than kidney became routine. 
Programs of heart, liver, and more recently lung trans- 
plantation were established in major transplant centers 
around the world. 

‘The key effect of ciclosporin is to inhibit the 
production of the major growth factor for T cells, 
interleukin-2 (IL-2). 

‘The intracellular mechanism of action of ciclosporin 
involves binding to cyclophilin, and the consequent 
inhibition of the calcium-dependent phosphatase, 
calcineurin, which would otherwise activate the NEAT 
complex, and lead to IL-2 gene transcription. 


Tacrolimus binds to an intracellular protein, 
FK-binding protein 12 

A few years after the introduction of ciclosporin, a 
Japanese company discovered another fungal metabolite 
‘ith a similar mode of action and greater molar potency, 
tacrolimus (FK506). 

‘Thcrolimus binds to another intracellular protein, 
FK-binding protein 12 (FKBP12). The resulting com- 
plex then inhibits calcineurin, and the consequences of 
calcium-dependent signaling, in the same manner as 
ciclosporin. 

Ciclosporin and tacrolimus are used almost inter- 
changeably, and each has its advocates. Perhaps the major 
factor that is in favor of tacrolimus is that is less nephro- 
toxic than ciclosporin, On the other hand, tacrolimus is 
diabetogenic in some patients. As is usually the case, no 
drug is perfect, and the choice is one of balancing potency 
against toxicity. 


Sirolimus inhibits signals transmitted by IL-2 

binding to -2R 

‘The third drug in the ‘inhibitors of T cell activation’ 

category is sirolimus (rapamycin). 

Sirolimus is a fungal metabolite that was discovered on 
the Easter Island, Rapa ui, and its mechanism of action is 
guite distinct, Rather chan inhibiting the production of 
IL-2, it inhibits the response to IL-2, by inhibiting some 
of the signals transmitted as a resule of IL-2 binding to its 
recep 

Tdeed, sirolimus inkibits signaling through several 
growth factor receptors ~ consequently it has quite wide- 
spread antiproliferative effects, and was written off as 
being too non-specific when first studied in vitro. 

Sirolimus has attracted much attention recently, for 
two reasons: 

* first, because it appears to be a tolerance-permissive 
drug ~ that is, if T cells are exposed to antigen in 
tolerance promoting conditions, such as co-stimulatory 
blockade, sirolimus allows tolerance to occur, though 
in contrast there are some data to suggest that the 
calcineurin inhibitors may inhibit the development of 
tolerance under similar circumstances; 

* second, the broader antiproliferative effects of sirolimus 
that almost confined it to the waste basket at the outset 
are now being claimed as beneficial because they reduce 
the incidence of some malignancies. 


Corticosteroids are anti-inflammatory drugs 
used for transplant immunosuppression 
Corticosteroids, given in combination with azathioprine, 
were the mainstay of immunosuppression for several 
decades, Only now is the possibility of rapid corticosteroid 
withdrawal, after 1 or 2 weeks, being explored. 

Corticosteroids are pharmacological derivatives of 
the ghwcocorticoid family of steroid hormones, and act 
through intracellular receptors that are almost ubiqui- 
tously expressed. 

‘The anti-inflammatory effects of steroids are highly 
complex, reflecting the fact that as many as 1% of genes 
may be regulated by glucocorticoids. Some of the most 
important effects a 
* inhibition of proinflammatory cytokine secretion (IL-1, 

IL-3, IL-4 IL-3, IL-8 (CXCL8), TNFa): 

+ inhibition of nitric oxide synthase; 

* inhibition of adhesion molecule expression leading to 
reduced inflammatory cell migration; 

+ induction of endonucleases leading to apoptosis in 
lymphocytes and eosinophils. 

‘The problem of side effects is a major issue with the use 

of corticosteroids, particularly at high doses. Central 

‘weight gain, fluid retention, diabetes mellitus, bone min- 

eral loss, and thinning of the skin, all result from pro- 

tracted corticosteroid use. It is for this reason that much 

attention is being devoted to protocols that allow steroid 

minimization. 


FTY 720 is a novel immunosuppressive agent 
under investigation 

‘Some newer immunosuppressives are under investigation 
and are the subject of clinical trials. One is FTY 720, 
which has a dramatic effect on lymphocyte migration, 
leading to marked sequestration of lymphocytes in 
Iymphoid tissues, and a sharp fall in the circulating 
‘numbers of these cells. It remains to e seen whether this 
will find its way into the armamentarium of clinical 
immunosuppression.. 

In light of the continuing pursuit of donor-specific 
transplant tolerance, an interesting question is whether 
FTY 720 will favor or impede the development of 
tolerance. 


THE ULTIMATE GOAL IN 
TRANSPLANTATION IS TO INDUCE 
DONOR-SPECIFIC TOLERANCE 
Although generalized immunosuppression has been 
highly successful in preventing graft rejection, it comes at 
a price. This includes: 
+ the non-specific toxicity of the drugs; 
+ the need to stay indefinitely on medication; and 
+ the consequences of generalized immunosuppression 
such as the inereased incidence of cancer and infection. 
It would therefore be desirable to induce tolerance to the 
graft whereby the immune system specifically becomes 
non-responsive to the donor antigens, yet is still capable of 
responding normally to other antigens. 
‘Tolerance to grafts was first demonstrated by Peter 
‘Medawar's group. They showed that, if allogeneic cells 


THE ULTIMATE GOAL IN TRANSPLANTATION IS TO INDUCE DONOR-SPECIFIC TOLERANCE 


were injected into a neonatal animal, when the animal 
became adult it would be tolerant to tissue from the donor 
and would accept grafts without the need for immuno- 
suppression. ‘There have been numerous examples of 
inducing tolerance to grafts in animal models since, but 
this has yet to translate into the clinical setting. 

One of the difficulties in the clinical setting is to 
demonstrate that tolerance really exists, In an animal 
‘model itis relatively easy to demonstrate tolerance by: 

* performing a second graft (so showing that the immune 
system will no longer respond to the antigen); or 

* demonstrating that an irrelevant third party graft is still 
rejected (demonstrating that graft survival is not due to 

1 generalized immunosuppression). 

However, this is more difficult in humans. 


‘There is evidence for the induction of 
tolerance in humans 

‘There are two sources of evidence for the induction of 
tolerance in humans. 

First there are patients who have received grafts, but 
are no longer on immunosuppressive regimens because 
they cannot tolerate the drugs. They can show long-term 
graft survival. This is not formal evidence of tolerance, but 
it is highly suggestive that some people can have an 
‘operational tolerance whereby they fail to destroy their 
organ graft. 

Second, it is possible to look at the frequency of 
alloreactive T cells in patients with grafts. In some groups 
there is a reduced frequency of these cells, but the 
response to other antigens remains normal (Fig. 21.17). 
Again, this is not a formal proof of tolerance because it 
is not yet known how the in-vitro assays relate to the 
response in patients. However, it does indicate that it 
might be possible to develop tests that will allow us to 
monitor the development of tolerance in patients, and so 
know how to tailor treatment to the individual (e.g. 
removing them from immunosuppression when indicated). 


Novel methods for inducing tolerance are 
being developed 

‘There are various ways in which tolerance (or the appear- 
ance of tolerance) can occur. Most of these are discussed, 
in more detail in Chapters 11 and 19, An understanding of 
the mechanisms by which tolerance is induced and 
maintained allows the development of novel methods for 
inducing tolerance. 

Central tolerance results from deletion of T cells in 
the thymus and is the most important form of tolerance 
induction for preventing autoimmunity. It has been 
harnessed for the induction of tolerance in experimental 
systems by transplanting the thymus from the donor into 
the recipient. This approach may be particularly useful in 
the context of xenotransplantation, where there is an 
opportunity to manipulate the donor and/or recipient 
before grafting of the organ. Limited clinical trials of 
inducing central tolerance using donor bone marrow in 
kidney transplant recipients are also under way. 


Alloreactive cells can be made anergic 

In the peripheral organs tolerance induction can result 
from deletion. However, itis also possible for alloreactive 
cells to be anergized. Anergy describes a state in which the 
cell is not deleted, but has been rendered unresponsive to 
further stimulation by the same antigen. 


Q. What mechanism causes T cells to become anergic in the 
presence of an antigen presented on an appropriate MHC 
molecule? 

‘A. Presentation of the antigen by a non-professional APC that 
lacks the ability to provide co-stimulatory signals (see Fig. 7.18). 


Blockade of co-stimulatory molecules such as CD80 
and CD86 with agents like CTLA~g (a fasion protein 
between CTLA-4, a ligand for CD80 and CD86, and the 
Fe part of an antibody molecule) can be used to induce 
anergy in alloreactive cells (Fig. 21.18). However, it 


Reduction in allospecific T cells in patients with kidney grafts 


Fig. 21.17 The graph shows the frequency 
of T cells capable of producing IL-2 from 
patients with long-term kidney grafts that 
react with cells bearing the donor 
alloantigen or control (third party) 
alloantigens. The data show two groups of 
patients — those with evidence of chronic. 
rejection and those without. Both groups of 
patient show a reduced frequency of T cells 
capable of recognizing alloantigen from the 
donor of the organ when compared to the 
frequency against third party alloantigen. 
This indicates that the patients show a 
degree of reduced reactivity to alloantigens. 
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Co-stimulation blockade 


MHC class 
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Unresponsive 


a) 
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Fig. 21.18 For full T cell activation to occur the T cell needs to 
receive two signals ~ signal 1 through the T cell receptor 
binding the appropriate peptide-MHC complex (which 
provides antigenic specificity) and signal 2 through co- 
stimulatory molecules (the most important of which for naive 
cells is CD28 on the T cell binding CD80, or CD86 on the 
‘APC), Interaction of aT cell with an APC that lacks CD80 oF 
(CD86, so that signal 1 only is received, falls to activate the T 
cell and can resuit in apoptosis or anergy of the iymphocyte. 
In experimental or clinical settings it is possible to block the 
(CD28 interaction with CD80/86 by addition ofa soluble 
molecule, CTLA-4-Ig, which consists ofthe extracellular part 
fof CTLA-4 (an alternative ligand for CD80/86) fused to the Fe 
of immunoglobulin, This molecule prevents the interaction of 
(CD28 with CD80/86. It can also result in upregulation of 
immunoregulatory enzyme, indoleamine 2,3-dioxygenase 
(D0), as described in the text. 


should be noted that the situation can be more complex 
than this. In many APCs cross-linking of CD80 and CD86 
with CTLA-4Ig results in upregulation of an immuno- 
modulatory enzyme indoleamine 2,3-dioxygenase (IDO). 
‘This enzyme catabolizes tryptophan, and as a result 
prevents T cell activation both as a result of: 

* depriving 'T cells of this essential amino acid; and 

+ the products of tryptophan breakdown acting directly 

on the T cells. 

‘The role of IDO in immune regulation was first recog- 
nized in the placenta, where it protects the fetus from 


immunological rejection ~ inhibition of IDO causes 
rejection of histoincompatible fetuses. 

Another alternative is to induce a regulatory response 
to the alloantigen. The phenomenon of T cell regulation 
has long been recognized (Fig. 21.19), and can be shown 
in experimental models by transferring T cells from a 
tolerant animal to a naive recipient, and showing that 
this results in a transfer of the tolerance. Several types 
of T cell are capable of regulating the immune response, 
and strategies that seek to expand these cells may be one 
‘method to induce tolerance in vivo. 


Immune privilege can be a property of the 

tissue or site of transplant 

Although a failure to reject a graft could be the result of 

tolerance (or immunosuppression), an alternative is that 

the graft is immune privileged and protected from the 
immune response against it: 

+ when corneal transplantation is performed in an animal 
‘model the rejection response is weaker than for other 
forms of transplantation, indicating the immune 
privileged nature of the graft; 

+ skin transplanted onto the anterior chamber (where the 
cornea is) shows a lower rate of rejection than skin 
transplanted into other sites. 

‘These data indicate that the anterior chamber is an 

immune privileged site, and any tissue transplanted into it 

is protected from the immune response. 

Other immune privileged sites include the posterior 
chamber of the eye, the testes, the brain, and the hamster 
cheek pouch (see Chapter 12). 

Icis important to note that immune privilege is not an 
absolute term, Corneal grafts are rejected, albeit less 
vigorously than other grafts. It is probably best to think of 
immune privilege as a spectrum ranging from grafts that 
show a high degree of privilege (cornea) to those where 
the immune response against them is very strong (skin), 
with other grafts somewhere inbetween. 

Several mechanisms can be responsible for immune 
privilege. These include ‘ignorance’ ~ the immune system 
does nor see the graft. The cornea is not vascularized, and 
hhas a poor lymphatic drainage. It also has a very low 
concentration of dendritic cells in the center. ‘These 
features reduce the ability of the graft to stimulate an 
immune response against it. If this ignorance is disrupted 
(e.g. by inducing vascularization in the graft bed) then the 
cornea is more rapidly rejected. 

In addition the tissue can deviate the immune response. 
In the anterior chamber of the eye there is a cytokine 
environment (high in TGEB and a-melanocyte stimu- 
lating hormone) that deviates the immune response away 
from a tissue destructive to a non-inflammatory response. 

Finally, the tissue being transplanted can itself be 
privileged. This is also seen in the cornea, which expresses 
high levels of Fas ligand. 


'Q. What is the significance of the expression of Fas ligand 
in the cornea? 

A. It results in apoptosis of inflammatory cells expressing Fas 
that enter the graft (see Chapter 12). 
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Tolerance to grafts can be transferred by regulatory cells 


receives strain C 
graft 


1 


Fig. 21.19 An animal of strain A that has 
been made tolerant to a graft B can 
contain regulatory cells. If these cells are 
removed from the animal and transferred 
to a lightly iradiated strain A recipient, 
and this animal is then given a skin graft 
from strain B, then that graft may be 
accepted. In most cases this tolerance is 
‘pectic, so ifthe second mouse received a 
‘graft of strain C it would be rejected, 


acceptance 


rejection 


SHORTAGE OF DONOR ORGANS AND 
CHRONIC REJECTION LIMIT THE SUCCESS 
OF TRANSPLANTATION 

“Two major issues limit success of transplantation: 

* the first is the shortage of donor organs ~ this means 
that not everyone who would benefit from a transplant 
receives one, and, given the high success rate of trans- 
plantation, an increasing number of patients would 
benefit; 

© the second problem is chronie rejection, which results 
in a continual loss of transplanted organs and neces- 
sitates patients remaining on immunosuppression, with 
the consequences of drug toxicity, systemic immuno- 
suppression, increased incidence of malignancy, and 
infection. 

‘The second of these problems, chronic rejection, would 

be solved if we were able to induce tolerance to grafts in 

patients. ‘To do this itis necessary that: 

* we develop assays that will alow us to determine when 
tolerance has been induced and 

* translate the therapies developed in animal models to 
the clinic. 

‘These assays may involve measuring the frequency of 

alloreactive and/or regulatory T cells in patients. At pres- 

ent it is not clear which tolerance induction procedure is 

‘most likely to work in clinical transplantation, and further 

work in primate models is needed to address this issue 


Living donation is one way to overcome the 
shortage of donor organs 
‘The shortage of donor organs can be addressed to some 
extent by increasing the number of potential donors, by 
increased advertising or changing the legislation. In 
addition more use could be made of living donations, 
Living donation is possible for: 
* Kidney transplantation because the donor can survive 
with the one remaining kidney; and 
+ stem cell transplantation (either bone marrow or 
peripheral blood) because the donor can replace cells 
taken for donation, 
Although some groups have performed other forms of 
living donation (e.g. with lung and liver lobes), this is not 
routine. 
In most cases living donation is performed between 
relatives. When transplants from unrelated subjects are 


performed itis necessary to ensure that the donation is not 
coerced and that the necessary ethical standards are 
upheld. 


Alternative approaches to overcoming the 

shortage of donor organs are being 

investigated 

Although it is very important to increase the donor pool, 

the approaches discussed above will never provide all the 

organs needed. Alternatives include: 

‘= the development of artificial mechanical organs; 

+ in the longer term, use of cloning and/or tissue engi- 
neering strategies to make artificial biological organs; 

‘+ xenotransplantation (the use of animal organs). 


The favored animal for xenotransplantation is 
the pig 

‘The reasons for the pig being the most suitable animal 
include the physiological and anatomical compatibility 
between pigs and humans and the ability to breed large 
numbers of animals rapidly 

‘There are several barriers to xenotransplantation, 
including public acceptability, safety, and scientific issues. 

‘The main safety concern is the risk of transmission of 
viruses from the pig to the human. It should be noted that 
acellular xenografts have been performed for many years 
and are highly successful (e.g. in the case of pig heart 
valves, which can be used to replace diseased valves). 
‘These are not subject to immunological rejection, nor are 
they potential sources of viral infection. 

‘The scientific issues revolve around preventing graft 
rejection. As indicated above, 2 pig organ transplanted 
into a human would undergo hyperacute rejection as a 
result of preformed anti-ot-galactosyl antibodies in the 
recipient’ circulation. One solution to this has been to 
engineer pigs (by nuclear cloning from cell lines) that lack 
the galactosyl transferase enzyme responsible for creating 
a-galactosyl residues. Organs from these pigs show 
reasonably long-term survival in primates. 

‘As well as offering scientific challenges, there are also 
opportunities for using pig organs. The ability to genet- 
ically engineer the pig should make it easier to develop 
tolerance to the organ. This, as well as the ability to ca 
out transplants in a pre-planned manner, offers consid- 
erable advantages over conventional transplantation, 
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Critical thinking: Kidney transplantation (see p. 500 for explanations) 


Mrs X has diabetes mellitus, and this caused severe damage to 
her kidneys. This complication is called diabetic nephropathy, 
and is one of the major indications for kidney transplantation. 
Mrs X was on dialysis treatment, but this was not working well, 
for her and she was advised that she would benefit from renal 
transplantation. However, it proved very difficult to find a 
suitable cadaveric donor for Mrs X and it was suggested that a 
family member might donate an organ. All her immediate 
family — her husband, five children, and two brothers - agreed 
to be considered as donors, 


“The HLA types and blood groups of the family members are 
shown in the table. On the basis of these tests a donor was 
selected and the transplant was performed. Despite successful 
surgery, the kidney soon turned dark and swelled. This started 
to happen within a few minutes of the restoration of blood 
flow through the transplant, and necessitated the immediate 
remaval af the graft. 

Four years later Mrs X was still very ill on dialysis, no 
cadaveric donor was available, and it was decided to try again, 
with a living related transplant. Anather member of the family 


Mrs X 46 the patient 1 y 3 BODd BRh* 
2 44 4 

MrX 52 husband. 2 14 a ‘AQdd ARh 
3 7 2 

Anne 25 daughter 2 44 4 ‘AOdd ARH 
3 “ 2 

Bert 24 son 1 a 3 ‘ABDd ABRh* 
2 “4 8 

Chas 2 son y a 3 BOdd BRh” 
a 7 2 

Dave 15 son 2 44 4 BODd BRh* 
1 60 9 

Edna 3 daughter i 8 a “AOD ARh* 
a 14 a 

Fred 48 brother 1 8 a /ABDd ABRh* 
2 44 4 

Gary 56 brother a 44 4 BODD BRH* 
2 “4 6 


was selected to donate a kidney and it functioned wel from 
the onset. Mrs X was given triple immunesuppression. She 
had only one rejection episode at about 3 weeks ater grafting, 
and this was treated successtully with anti-rejection therapy. 
‘There were no other problems, 

The kidney continued to work for 8 years, but its function 
gradually declined from the fourth year onwards. It seemed 
there was litle the doctors could do to prevent this worsening 
situation, and Mrs X eventually had to return to dialysis 

11 What are the difficulties in finding a donor organ? 

2 Comment on the HLA relationships between Mrs X and 
her brothers 

3 Comment on the relationships between the children of 
Mrs X 

4 Classify each member of the family in terms of their HLA 
relationship to Mrs X (HLA identical, HLA haplotype 
match, complete HLA mismatch). 


5 In terms of HLA matching alone, who was the best donor 
for Mrs X? 

6 Consider what effect the blood group antigens had on the 
choice of donor. From wham could kidneys have been 
transplanted, and who wauld not have been suitable? 

7 Of those who had a compatible blood group, who would 
‘you have chasen as the best danor? Explain your reasoning, 

8 The outcome of the transplantation was a disaster! By 
what mechanism was the graft attacked? 

9 Why was Mrs X at a greater risk of this untoward reaction? 

10 What laboratory tests are used to avoid this rejection 
reaction, and what seems to have gone wrong on this 
caccasion? 

11 Four years after the first transplant it was decided to try 
again with a living related donor. Of all the family mem- 
bers, who would you have chosen as the donor and whose 
kidney was most likely to survive in Mrs X? 


CRITICAL THINKING 


Critical thinking: Kidney transplantation (Continued) 


12 What is triple therapy immunosuppression? Discussion points 
13 What type of rection occurred at 3 weeks aftertransplan- 1 What are the ethical issues involved in this form of 
‘tation, and what immunological mechanisms were involved? transplantation? 


14 What is anti-ejection therapy? 

15 There were no other problems with Mrs X. Can you think 
of some of the problems that might arise in a transplant 
tecipient? 

16 Why did the function of the transplant gradually decline, 
‘and why could the doctors not stop this process? 


2 What novel forms of immunotherapy might be avallable in 
the future to prevent rejection of grafts? 
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Immunity to Cancers 


SUMMARY 


‘+ Can the immune system protect the host from cancer? 
The immune surveillance hypothesis has profound 
implications in cancer immunology. 


‘+ Tumors can induce immunity. Mice, rats, hamsters, and 
frogs can be immunized against tumors. In most tumors of 
animals, tumar immunity elicited by immunization is 
specific (or strongest) to the individual tumor that was used 
to immunize. 


‘+ Tumor antigens have been characterized by three 
‘means ~ immunization-challenge experiments, T cell 
‘reactivity, and antibody reactivity. Immunization- 
challenge experiments have uncovered the immunogenicity 
of heat-shock protein-chaperoned antigenic peptides. 
‘Antigens identified by reactivity ta T cells and antibodies 


include individual tumor-specific mutated antigens, cancer 
testes antigens, differentiation antigens, and viral tumor 
antigens. 


* Vigorous anti-tumor immune responses are 
compromised by regulatory mechanisms. Tumors elicit 
‘immunity in their primary hast, and such immunity is 
downregulated. Regulatory cells such as CD25* CD4* T 
cells and inhibition of activated anti-tumor T cell through 
cell molecules such as CTLA-4 are involved in 
downregulation of tumor immunity. 


‘+ Three major categories of experimental immunotherapy 
are used for human cancer. Vaccination with the idiotypes 
Cf B lymphomas, irradiated intact tumor cells, tumor iysate, 
‘or HSP-peptide complexes has been used, Vaccination with 
dendritic cells pulsed with peptides and adoptive 
immunatherapy using T cells is also being tested. 


CAN THE IMMUNE SYSTEM PROTECT THE 
HOST FROM CANCER? 

The immune surveillance hypothesis has 
profound implications for cancer immunology 
Cancer appears to have engaged the minds of immuno- 
logists almost since the beginning of immunology itself. 

Ehrlich, who opined on all things immunological, 
believed that the immune system could protect the host 
from cancer. 

Burnet and Thomas refined that idea into the immune 
surveillance hypothesis of cancer. The hypothesis lived in 
limbo for several decades, failing to thrive and failing to 
dic, until very recently when the work of Old, Schreiber, 
and their colleagues demonstrated that mice with a com- 
promised immune status were more prone than immuno- 
competent mice to developing an array of cancers. 

‘The immune surveillance hypothesis is often regarded 
as the intellectual underpinning of cancer immunology. 
Although the hypothesis itself has contributed litte to our 
attempts to treat cancer through immunological means, it 
has profound implications for understanding the functions 
of the immune system, 


Does infection have an anti-cancer effect? 
‘This idea is an even more ancient stream of thought and 
effortin cancer immunity, and one that may be relevant to 
the immune surveillance hypothesis. 


German physicians in the 19th century noted dramatic 
regressions of cancer in occasional patients who developed 
streptococcal infections. These anecdotes led to a system- 
atic exploration of infections/fever as an immunotherapeu- 
tic modality by William Coley, a New York city surgeon. 

‘The idea that a non-specific stimulation of the immune 
system, such as by an infection, can have an anti-cancer 
effect, has its origins in Coley’s clinical studies. Never 
entirely applicable, and never to be ignored, the work of 
Coley and his predecessors continues to remain the 
permanent Rorscharch’s inkblot in cancer immunology. It 
is only a small exaggeration to say that every idea in cancer 
immunity has been interpreted at some time or another, in 
terms of Coley’s observations. 


TUMORS ELICIT IMMUNITY IN THE 
PRIMARY HOST 
Entirely unrelated to these two lines of enquiry, the study 
of cancer immunity saw a revival at the hands of those 
who were transplanting chemically induced tumors into 
the many inbred mice that began to be available in the 
1950s, These investigators ‘showed “highly successful” 
immunization against the “transplantable tumors” and 
expressed great hopes about cancer vaccination’. 

In hindsight, these successful immunizations were 
simply a result of allogeneic differences between tumors 
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and the host strain of mouse, a theme that played a 
seminal role in definition of the MHC, but had no rele~ 
‘vance for cancer immunity. 


Cancers elicit protective immunity in the 
primary and syngeneic host 

Mice and rats of a given haplotype can be immunized with 
irradiated cancer cells that arose in animals of the same 


Q. What will happen when a tumor from a mouse of one 
MHC haplotype is transplanted into a recipient with a 
different haplotype on the first accasion or the second? 
‘AA transplantation rejection reaction will ensue, and these 
reactions display specificity and memary (see Chapter 21). 


‘Nonetheless, amidst the barrage of experiments where 
‘MHC-mismatched tumors were transplanted into mice, 
‘were the experiments of Ludwik Gross, and later those of 
Prehn and Main, and of George and Eva Klein, who 
showed that, even when MHC-matched tumors were used 
to immunize mice, protection against subsequent tumor 
growth could be achieved (Fig. 22.1). These studies led to 
two principles, which have informed much of cancer 
immunology since and are discussed below. 


Immunogenicity of chemically induced tumors 


haplotype. When they are challenged with live cancer 
cells, they are able to resist the tumor challenge. ‘The 
following further observations and deductions have been 
derived from these results. 
* ‘The immunogenicity of tumors has provided the foun- 
dation stone for the idea of tumor-specific antigens. 
fone could immunize, then antigens must exist. 
‘Tumor immunity depends on many factors. The degree 
of tumor immunity depends upon the type of cancer 
and the method of its induction, or lack of induction. 
‘UV-induced cancers are highly immunogenic, methyl- 
cholanthrene-induced tumors less so, and spontaneous 
tumors even less so. Nonetheless, immunogenicity of 
tumors has been demonstrated in all model systems 
tested. 
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Fig. 22.1 (1) Mice immunized with tumor cells are protected against subsequent tumor growth. (2) The primary animal that 
develops the tumor is also immune to subsequent challenges with the same tumor. 


TUMORS ELICIT IMMUNITY IN THE PRIMARY HOST 


* The primary animal develops immunity to subsequent 
tumor challenge. The Kleins made the seminal obser- 
vation that not only can the syngeneic animals be 
immunized, but that the primary animal that develops 
the tumor is also immune to subsequent challenges 
with the same tumor (see Fig. 22.1). 

* Protective immunity is only seen in prophylactic 
immunization and not therapeutic immunization — 
once a mouse has been implanted with a tumor, immu- 
nization with irradiated cancer cells (derived from the 
growing tumor) does nothing to mitigate tumor growth 
(Fig. 22.2). Exploration of differences between pro- 
phylaxis and therapy has led to fundamental insights 
into tumor immunity (see p. 413). 

* Iris not possible to test immunogenicity of tumors in 
humans. The transplantation-challenge experimental 
paradigm is not applicable to humans and no clearer 
method of determination of immunogenicity exists. It 
is therefore impossible to comment on the immuno- 
genicity of human tumors, though references to such 
immunogenicity are often made. Much of the work in 
human cancer immunity has been done with melanomas 
leading to suggestions that, among human tumors, 
melanomas are particularly immunogenic. This is an 
erroneous belief ~ melanomas are simply the easiest 
human tumors to culture in vitro and hence the easiest 
to study. 


Immunity to a fibrosarcoma is specific to the 
individual tumor 

‘When mice are immunized against a given fibrosarcoma, 
they are rendered immune to that fibrosarcoma, but only. 
to that individual fibrosarcoma or lines derived from it. IF 
the mice are challenged with another fibrosarcoma, even 
one induced by the same carcinogen, tumor growth is 
unaffected by the prior immunization (Fig. 22.3). 


Q. What can you infer about the nature of the immune 
response to tumors from this observation? 
‘A. It must involve the adaptive immune system, 


Difference between prophylaxis against future tumors 


and therapy of pre-existing tumors 
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Fig. 22.2 Protective immunity is only seen in prophylactic 
‘immunization and not therapeutic immunization — once a 
‘mouse has been implanted with a tumor, immunization with 
itradiated cancer cells (derived from the growing tumor) does 
nothing to mitigate tumor growth, 


Chemically induced tumors are individually distinct. 
‘The most extensive interrogation of the individually 
distinct antigenicity of chemically induced tumors was 
carried out by Basombrio and Prehn. They induced fibro 
sarcomas in 25 syngeneic BALB/c mice using methyl- 
cholanthrene and tested the immunogenicity of each one 
against all other tumors in an immunization-challenge 
model. They concluded that, even though all tumors were 
induced at the same time, in the same strain of mice of the 
same age by the same carcinogen and were histologically 
all fibrosarcomas, they were antigenically individually dis- 
tinct, Independent tumors induced by the same carcino 
gen in the same mouse are also antigenically distinct. 


Individually distinct antigenicity of chemically induced tumors 


Fig. 22.3 When mice are immunized 
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Figure 6 
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Spontaneous tumors are also antigenically distinct. 
Cross-reactivity among tumors does occur occasionally. 
ically, such cross-reactive immunity has been observed 
to be significantly weaker than the individually specific 
antigenicity. Efforts at characterization of such cross- 
reactive tumor-protective antigens have not made much 
headway, except in the case of virally induced tumors (see 
p. 409). In contrast, there has been considerable success in 
identification of individually distinct antigens. 

In addition to these experimental studies, several 
clinical observations point to the existence of tumor- 
protective immunity in humans. These include the 
increased relative risk of cancers in patients who are 
immunosuppressed because they are kidney transplant 
recipients (Fig. 22.4) or for a variety of other reasons 
(Fig. 22.5). 


Relative risk of tumors in immunosuppressed kidney 
‘transplant 


Kaposi's sarcoma 50-100 
non-Hodgkin's iymphoma | 25-45 
‘carcinoma of the liver 20-35 
‘carcinoma of the skin 20-50 
‘carcinoma ofthe cervix | 25-10 
melanoma 25-10 
lung = 


Fig. 22.4 In al forms of immunodeficiency the relative risk of 
developing tumors in which viruses are known to play a role is 
‘greatly increased. This isthe case for all those listed except 
Cancer of the lung. The relative risks vary indifferent studies 
according to the duration of follaw-up and the presence af co- 
{actors such as sunlight for skin cancer. 


Tumor viruses and immunodeficiency 


Q. The observation that immunosuppressed individuals are 
more susceptible to tumors can be explained in at least two 
different ways, Suggest what these explanations might be, 
‘A. The individual may be unable to control Virus infections that 
lead to cancer (oncogenic viruses), or they may be unable to 
survey and control primary tumors that arise by mutation, The 
‘explanations are nat mutually exclusive. 


TUMOR ANTIGENS HAVE BEEN 
CHARACTERIZED BY THREE MEANS 

‘The two broad approaches to the identification of tumor 
antigens are shown in Fig. 22.6 and discussed individually 
below. Not surprisingly, the approaches have yielded 
results that are not fully concordant with each other. 
‘These differences have helped highlight a fascinating 
interplay between immunity and tolerance to tumors, as 
discussed in a later section (see p. 413). 


‘Tumor-specific antigens defined by 
immunization and challenge all belong to 
the family of HSPs 

When tumors were biochemically fractionated and 
individual protein fractions tested for their ability to elicit 
protective tumor immunity, a number of tumor-protective 
antigens were identified in diverse tumor models, such as 
‘mouse sarcomas, melanomas, colon and lung carcinomas, 
and rat hepatomas. 

Interestingly, regardless of the tumor models used, all 
antigens were found to belong to the family of proteins 
known as the heat-shock proteins (HSPs), which 
* constitute a very large family of intracellular soluble 

proteins that are organized into HSP families based on 

molecular size (Fig. 22.7); 

‘+ were shown to elicit protective immunity; 
+ were of the HSP90 (gp96 and HSP90), HSP70 

(HSP110 and HSP/c70), calreticulin, and HSP170 

{also known as grp170) families. 


HSPs have to be isolated directly from tumors to 

be immunologically active 

‘Two aspects of HSP-elicited tumor immunity are notable. 

* First, HSPs are present in normal tissues as well as, 
tumors, and normal tissue-derived HSPs do not elicit 


Fig. 22.5 Skin cancer is the most common 
orm of tumor in absolute numbers in 
‘organ transplant recipients. In ather forms 
of immunodeficiency, tumors of the 


immune system dominate. Most narmal 
adults earry both Epstein-Barr virus (EBV) 
and many papilloma viruses throughout 
life with no ill effects because they have 

antiviral immunity 


jinherited immunodeficiency | tymphoma EBV 

‘immunosuppression for | iymphoma EBV 

‘organ transplants or due to | cervical cancer papilloma viruses 

AIDS ‘skin cancer probably papilloma viruses 
liver cancer hepatitis B and C viruses 
Kaposi's sarcoma | human herpes virus 8 

malaria Burkit’s lymphoma | EBV 

autoimmunity lymphoma EBV 


TUMOR ANTIGENS HAVE BEEN CHARACTERIZED BY THREE MEANS 


Comprehensive list of major types of tumor antigen 


‘tumor heat-shock Gp96 fibrosarcoma, lung = Jphase ti triats in 
transplantation | protein-peptide carcinoma, lymphoma, keenal carcinoma, 
(mouse models) | complexes prostate carcinoma, ete. |metanoma underway 
Hsp70 fibrosarcoma, colon | + johase Ut trials in CML. 
carcinoma lunderway 
Hisp90, CRT fibrosarcoma + Jnone yet 
Hsp1t0, 170 colon carcinoma 
Teell/antibody | cancorftestes | NY.ESO-1 melanomas Nat ls number of phase |, 
(SEREX) | antigens MAGE, ete. other tumors jtriais completed 
reactivity land underway 
(mostly human 
studies, some | difterentiation | melan A ‘melanomas (except PSA) 
mouse models) | antigens tyrosinase (prostate carcinoma) 
(lineage-specific) Gp100. 
PSA, ote. 
‘antigens with | human - CEA, ‘many tumors, except 
broader expres- | MUC, HER2, G250 ER) Heenalicarcatiora) 
murine ~P14, gp70 | many tumors i Ne 
‘common ‘mutated p53, many tumors NiT*** exc.a _ |no significant 
tumor-specific | mutated ras, 
single positive ongoing clinical 
antigens BCR-ABL, etc. eauenriesl pier 
papilloma virus? 
Unique tumor [human -MUM1, | melanoma NA ina 
‘specific antigens | 2, f-catenin, 
(mutations) | HLA-Aa2-R1701, 
ELF2m, myosin, 
caspases, 
KiAA0205, 
HSP70-2m 
CDK4*, TRP2", 
NATIA® 
‘murine —Erk2, RNA | fibrosarcomas: 5 Eas 
helicase ribosomal | squamous cell carcino- 
proteins 9,111 | mas 
viral antigens | (soe Fig. 22.5) 


but not on any normal tissues; NIA", not applicable; NT 


at tented 


CEML, chronic myelad leukemia; SEREX, serological analysis of recombinant cDNA expression libraries; "expressed on >1 melanoma, 


Fig. 22.6 A comprehensive lst of the major types of tumor antigen, 


tumor rejection. They have to be isolated from tumors 
to be immunologically active. 

* Second, HSPs elict immunity specifically against the 
individual tumors from which they are isolated. 

‘These two observations suggested that HSPs in tumors 

differ from those in normal tissues and that HISPs in each 

‘tumor differ from the same molecules in other tumors. 
This conundrum was resolved by the demonstration 

that the HSP molecules chaperone peptides in a peptide- 

binding pocket, much as the MHC molecules do (though 


the structural details of the pockets in HSP and MHC 
differ) (Fig. 22.8). The specificity of immunogenicity 
derives from the peptides rather than the HISP its 
dissociation of HSP-associated peptides from HSPs 
abrogate the tumor rejection activity 


What are the HSP-chaperoned tumor antigenic 
peptides? 

HSPs chaperone a large repertoire of peptides generated 
within the cells from which they are isolated 


405 
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Major heat-shock proteins* 


i. 227 HPs conte ae 
(Sey ace eerste] oy croocettr sate psc 


small ses | HSP10, GROES,HSP16, | cytosol Which are organized into HSP families 
«crystallin, HSP25, HSP26, based on molecular size. (Redraw from 
HSP27 SivastavaP. Nat Rev Immunol 
2002;2:185-194. Copyright 2002, 
HsP40 HSP40, ONAY, SISt oytosol Riese ceey 
wi nature.com/reviews) 
HSPa7 HsPa7 endoplasmic reticulum 
calreticulin | calreticulin, calnexin endoplasmic reticulum 
HSP60 HSP60,HSPS5, GROEL | cytosol and mitochondria 
HSP70 HSP72, HSPIE7O(HSP7S), | eytosol 
HSPIT10/SSE, DNAK, 
SSC1, $801, ECMO, ‘mitochondria 
‘GRP78(BiP), grp170 endoplasmic reticulum 
HSP-90 HSCB4, HSPAG, HTPC oytosol 
‘gp96 (grp94, Erp99, endoplasmic reticulum 
‘endoplasmin) 
HSP100 HSPi08, HSPTTO** oytosol 
CLP proteins eytosol 
HSP78 ‘mitochondria 
"he st snot all-inclusive; "eistne from the HSP member withthe same name; HSP, 
heat-shock protein 


HSP-chaperoned peptide pools contain cytotoxic T 
lymphocyte (CTL) epitopes and CTL epitope precursors 
for any antigens that the cell expresses (Fig. 22.9). This 
evidence comes from mouse and human tumors, normal 
tissues, and virus-infected cells. Hence, the HSP- 
chaperoned peptides contain among them any tumor- 


Unique immunogenicity of HSP-peptide complexes 


SP " 


optide mm 
alone 


‘not immunogenic 


non-HSP peptide 
binding protein a — not immunogenic 
(eg. albumin) 


Fig. 22.8 HSP molecules chaperone peptides in a peptide- 
binding pocket. The specificity of immunogenicity derives 
{ram the peptides rather than the HSP itself - dissociation of 
HP-associated peptides from HSPs abrogated the tumor 
rejection activity. 


specific antigenic epitopes present in the tumor cell or the 
antigenic fingerprint of the tumor from which the HSPs 
are isolated. 


HSP molecules bind to APCs and target peptides 

with high efficiency 

‘The HSP molecule itself plays at least two crucial roles 

other than chaperoning peptides: 

+ HSPs bind antigen-presenting cells (APCs) such as 
macrophages and dendritic cells (DCs) through HSP. 
receptors such as CD91 and thus target the peptides 
chaperoned by them into the APCs with high 
efficiency; 

+ further, the HSP-chaperoned peptides, once intro- 
duced into the APG, follow the endogenous as well as 
the exogenous pathway of antigen presentation and are 
processed and re-presented by the MHC I and MHC IL 
molecules of the APCs (Fig. 22.10). 


'Q. How ean an APC present internalized antigen via MHC 
lass | molecules? 

A. It-can do this via the mechanism of cross-presentation (see 
Fig, 7.15), 


Itis by this mechanism that immunization with tumor 
derived HSPs elicits a CD8 as well as CD4 response 
against the tumors. In addition, the HSP molecules stimu- 
late the APCs to mediate maturation of DCs and secretion 
of an array of cytokines that provide the innate milieu for 
the adaptive response. 


TUMOR ANTIGENS HAVE BEEN CHARACTERIZED BY THREE MEANS 


CTL epitopes isolated from HSP-peptide complexes 


‘tumor antigens 
PRL1e mouse leukemia | HSP70, HSPSO, y-aLt 
9996 
human melanoma MART-1 | HSP70) Laa2 
hhuman melanoma tyrosinase] HSP70 HLaa2 
human melanoma gpi00 | HSP70 (es 
viral antigens. 
vesicular stomatitis ‘9p98 eae 
herpes simplex 2 ‘9p 96 lH-24 
influenza’ 9996, HSP70 |h.oK» 
Simian virus 40 ‘9p 96 H-20®, HK! 
hepatitis B p98 
intracellular bacterial 
antigens 
Mycobacterium tuberculosis | gp96 2 
Listeria monocytogenes | 998 2 
‘model antigens 
frgalactosidase ‘9p 96 eau! 
ovalbumin p96 kere 
normal cellular antigens 
aaa aa (a 2K, Hake 


Fig. 22.9 HSP-chaperoned peptide pools contain CTL 
epitopes and CTL epitope precursors for any antigens that the 
cell expresses. (Redrawn from Srivastava P. Nat Rev Immunol 
2002;2:185-194. Copyright 2002, Nature Reviews 
Immunology www.nature.com/reviews) 


‘The immunization-challenge model has led to identi- 
fication of antigen carriers (.e. HSPs), but not of the antigens 
themselves. As a result of exogenous administration, 
immunization with antigens themselves would generally be 
expected to elicit CD4 response, which in and of itself is not 
sufficient to elicit tumor immunity. ‘The HSP-chaperoned 
antigens were picked up in this assay because they have the 
ability to elicit CD8 as well as CD responses despite being 
exogenously introduced. As discussed above, this response 
is derived from the ability of HISPs to interact with APCs 
through receptors such as CD91. 


‘The status of clinical trials using tumor-derived 
HSP-peptide complexes for immunotherapy of human 
cancer is discussed below (see p. 417). 


“Tumor-specific antigens’ defined by T ce 
show a wide spectrum of specificity 
‘Many studies have identified tumor-reactive ‘T’ cells in 
blood or within a tumor, and these findings have thus 
supported the idea of tumor antigens. 

‘The work of Thierry Boon and his colleagues first 
made it technically possible to identify the CTL epitopes 
of cancer cells being recognized by the tumor-reactive 
T cells 

Although the idea of tumor-specific antigens in mouse 
models of cancer was based on tumor rejection in vivo and 
thus had connotations of tumor specificity, the tumor 
antigens defined by tumor-reactive T cells show a wider 
spectrum of specificity, and their connection with tumor 
immunity in vivo, has been tenuous thus far. 

‘The 'T cell-defined tumor antigens of murine tumors 
have been defined in a mastocytoma, two fibrosarcomas, a 
squamous cell carcinoma, and a colon carcinoma because 
these tumor lines are in popular use. 

Similarly, much of the corresponding work in human 
tumors has been carried out in melanomas because 
melanoma cell lines are easier to establish in culture, 
rather than because of any unique immunogenicity of 
human melanomas. 


The source of T cells is critically different in human 
and mouse studies 
‘The murine T cells used for definition of tumor antigens 
have been obtained typically from splenocytes of mice that 
have been immunized against the tumor and are tumor- 
‘The human T cells have been obtained typically from 
patient’s blood or from the tumor tissue itself 
‘These differences in the sources of cells used may lie 
at the root of some of the differences in the nature of 
tumor antigens defined in the murine and human systems, 
as discussed below. The tumor antigens identified as cell 
epitopes fall into the following categories (see Fig. 22.6). 


Cancer/testes antigens are expressed only in testes 
Cancer/testes (CT) antigens, as the name suggests, are 
expressed on cancer cells and in testes, but not in other 
normal adult tissues. MAGE, BAGE, GAGE, and NY- 
ESOI are examples of this class of antigen. Individual 
epitopes within CT antigens have been defined for CD8 
as well as CD4 lymphocytes. Most CT antigens have been 
identified in humans, although murine examples such as 
PEM exist as well. 


Differentiation antigens are lineage specific and 
not tumor 5 

Differentiation antigens, which are lineage specific, but 
not tumor specific, are expressed on normal tissues 
(melanocytes) as well as tumors (melanomas). Examples 
of such antigens include MART-1/Melan-A, tyrosinase, 
gp100, ‘Tepl, and Trp2. Individual epitopes within 
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Mechanism of specific immunogenicity of HSP-peptide complexes 


MHC class Il-peptide 


MHC class peptide 


Fig. 22.10 Once introduced into the APC, 
the HSP-chaperoned peptides follow the 
endogenous cass Ia well asthe 
‘exogenous class Il pathway of antigen 
presentation and are processed and re- 
presented by the MHC class | and MHC I 
‘molecules of the APCs. HSP ligation 
induces production of chemokines and 
‘ojtokines, and upregulation of CD40 and 
‘CDBO/BS. (MCP-1, monocyte chemotactic 
protein; MIP-1e, macrophage 
inflammatory protein-1a) (Redrawn fom 
Srivastava P. Nat Rev lmmunol 
2002;2:185-194. Copyright 2002, 
Rvitanevatanciaaey 
www.nature.com/reviews) 


differentiation antigens have been defined for CD8 as well 
as CD4 lymphocytes. Most differentiation antigens have 
been identified in human melanomas. 


Widely expressed antigens are expressed in cancers 

and normal tissue 

‘These antigens are expressed on normal tissues as well as, 

a wide array of tumors; in some instances differences in 

glycosylation may confer source specificity. Examples 

include: 

* carcinoembryonic antigen (CEA), HER2/Neu, and 
‘Mucin (MUG) in humans; and 

+ AHI in a mouse colon carcinoma. 

Also in this category is a hypoxia-inducible carbonic 

anhydrase (MN/CA IX), which has been reported to be 

expressed in a majority of renal carcinomas, but in very 

few normal tissues tested. 


‘Common tumor-specific antigens are not expressed 
on normal tissue 

Common tumor-specific antigens can be expressed on 
tumors, but not on normal tissue. Such antigens, which 
have only been reported from the human system thus far, 
include antigenic epitopes generated by apparently tumor- 
specific alternate splicing such as TRP-2 and NAI7-A 
(both in melanomas). This category also includes the 
mutated oncogenes, which are discussed in a separate 
category (see p. 410), because they were not identified on 
the basis of T cell reactivity. 


Unique tumor-specific antigens have been 

characterized in melanomas 

Individually tumor-specific or unique antigens presented 

by MHC ‘class I or class II molecules have been 

characterized in: 

* human melanomas (CDK-4, MUM-1, MUM-2, B- 
catenin, HLA-A2-R1701, ELF2m, myosin-m, caspase- 
8, KIAA0205, HSP70-2m); and, 

* murine tumors (Erk2, RNA helicase, ribosomal 
proteins L9, L11) alike (see Fig. 22.6). 

In terms of their specificity, these antigens are the most 

similar to the individually tumor-specific antigens of 

murine tumors defined by tumor transplantation studies. 

Immunization with these antigens renders the mice 

resistant to tumor challenge. These are the only tumor 

antigens that have been shown to possess this essential 

property. The defined unique antigens of human tumors 

hhave not been tested for clinical activity. 


T cell epitopes of viral antigens have been 

identified 

‘T cell epitopes of viral antigens of virus-induced tumors 

have been identified such as: 

+ the T antigen of SV40 and the polyoma viruses; 

+ the E6 and E7 antigens of the human papilloma viruses, 
that cause cervical cancer; and 

+ a number of antigens of the EBV (Fig. 22.11). 

Some of these, such as the HPV antigens, are being tested 

for clinical activity against human tumors. 


TUMOR ANTIGENS HAVE BEEN CHARACTERIZED BY THREE MEANS 


Microorganisms and human tumors 


adult T cell leukemia human T loukemia virus-1 (HTLV-1) 


Fig, 22.11 EBV causes Burkitt's lymphoma 
in endemic malaria areas of Africa and 
hasopharyngeal carcinoma in China, 
‘suggesting that co-factors, either genetic or 


‘Burkit’s lymphoma and, 
lymphoma in 
‘immunosuppression 


EBV 


‘environmental, are required for tumor 
development. Helicobacter pylotis the only 
bacterium so far known to be ivolved in 


ccorvical cancer 


human papilloma viruses (HPV 16 and 18, and others) 


the etiology of human cancer. 


liver cancer hepatitis B and C 
nasopharyngeal cancer| EBV 
‘skin cancer probably human papilloma viruses 


‘stomach cancer Helicobacter pylori 


“Tumor-specific antigens’ defined by 
antibodies are rarely tumor specific 

‘The search for antibodies that discriminate between 
cancer cells and normal cells has a long pedigree and has 
been carried out with the whole range of tools starting 
from antisera to panning antibody libraries. 

‘This search has helped identify a whole range of 
molecules central to modern immunology, such as thymus 
leukemia antigen, CD8, and the 'T cell receptor (TCR), 
but, with very rare exceptions, has been largely unable to 
identify what it set out to do (i.e. identify cancer-specific 
antigens). The search has been largely unsuccessful and 
rarely have tumor-specific antibodies heen generated. 

‘Most anti-tumor antibodies, like anti-tumor ‘T cells, 
happen to recognize CT antigens, differentiation anti- 
gens, and even more broadly distributed common antigens 
(ee Fig. 22.6). 

A recent development in this approach has focused 
attention on the fact that the tumor-bearing host develops 
antibodies to a repertoire of antigens that is distinct from 
the corresponding repertoire of antibodies seen in a non- 
tumor-bearing host. In this approach (known as SEREX 
for serological analysis of recombinant cDNA expression, 
libraries), sera of eancer patients or tumor-bearing animals 
are used to screen expression libraries of tumors and 
an antibody repertoire is characterized. Although the 
individual antibodies are not tumor specific, the total 
repertoire shows relative specificity for cancer. ‘The 
physiological meaning of this repertoire is unclear, but it 
appears to be a potent tool for diagnostic as well as 
monitoring purposes. 


Antibodies used in the diagnosis of cancer may not 
be tumor specific 
It is worthwhile at this point to comment on two types 
of antibodies that are used in diagnosis or treatment of 
cancers (Fig. 22.12). 


As serum antibodies are technically easy to measure, 
they have always attracted the attention of diagnosticians, 
Thus: 
+ antibody to carcinoembryonic antigen (CEA) is often 
used as a marker for progression or status of certain 
‘similarly, a SEREX protein array may be used some day 
to monitor progression of a given cancer. 
However, CEA or SEREX antigens are not tumor-specific 
antigens and diagnostic markers need not necessarily have 
the specificity required of a ‘tumor-specific antigen’. 
Antibodies toa B cell surface antigen, CD20, epidermal 
growth factor receptor, and HER2/Neu have now been 
approved for treatments, respectively, of B lymphoma, 
colorectal cancers, and breast cancers. Although these 
antibodies have shown some efficacy in the treatment of 
certain cancers at certain stages, they: 
+ do not recognize tumor-specific antigens, 
* are actually used as pharmacological rather than 
immunological reagents. 
‘This distinction does not diminish their utility and is 
highlighted only to draw attention to the fact that the 
term “tumor-specific antigen’ is used here to illustrate 
primarily the idea of host immune response to cancer, how 
itis elicited, how it is successful, and how it is not. 


‘Tumor-specific antigens generated by 
mutated oncogenes may not be tumor 
protective 

‘The discussion thus far has dealt with tumor antigens 
defined by experimental tools. Several additional antigens 
have been tested as tumor antigens because of their 
restricted or relatively restricted expression on cancer 
cells, with the reasonable assumption that they would 
elicit tumor-specific and perhaps tumor-protective 
immune responses. Antigenic epitopes generated by 
mutated oncogenes such as ras and p53 as well as gene 
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(1) Markers for detection of cancers 


carcinoembryonic antigen (CEA) 


‘adenocarcinomas of colon, breast, lung, 
breast, ovary 


ca 198 olan, pancreatie, and breast cancers 
ca 125 ovarian cancer 
prostate-specific antigen (PSA) | prostate cancer 
prostatic acid phosphatase (PAP) | prostate cancer 


alpta-fetoprotein (AFP) 


hepatocarcinoma, gonadal germ cell tumor 


lactate dehydrogenase (LDH) 


lymphoma, Ewing's sarcoma, melanoma 


‘human chorionic gonadotropin (hCG) 


‘gonadal germ cell tumor 


Fig. 22.12 Neither the ‘antigens’ used as 
diagnostic cancer markers (1) nor the 
antibodies used for therapy of selected 
cancers (2) ate tumor specific. CLL, chronic 
ymphatic leukemia; AML, acute myeloid 
Jeukemia, 


calcitonin 


‘medullary cancer of thyroid 


Jcatecholamines: pheochromocytoma 


‘common acute lymphoblastic 
Joukemia antigen (CALLA) 


acute lymphoblastic leukemia 


‘monoclonal immunoglobulin ‘myeloma 


co25 hhaity coll leukemia, adult T cell 
lymphomafleukemia 
cp30 Hodgkin's lymphoma 


(2) Antibodies used for therapy of selected cancers 


Herceptin® | HER2/Neu receptor none breast cancers 

Rituxan’™ p20 ‘none ‘non-Hodgkin's B cell 
lymphoma 

Erbitux® EGFR none ‘metastatic colorectal 
cancers 

Campath® ps2 none cL 

Zevalin® p20 findium-111, yrtrium-80] refractory B cell 
lymphoma 

Bexaar® cp20 Todine-131 refractory B cell 
lymphoma 

Mylotarg® cp33 calicheamicin toxin | AML 


fusion-generated oncogenes such as ler-abl, which are, by 
definition, tumor specific, come into this category. These 
antigens could, in principle, be broadly applicable tumor 
antigens. 

The idea that mutant proteins are recognized by the 
immune system has been explored to a degree in murine 
and human systems, and immune reactivity to peptides 
derived from such mutated oncogenes has been detected, 


However, no evidence of their general tumor-protective 
immunogenicity has emerged. 

It is conceivable that the immune response to these 
alterations is tolerized early in tumorigenesis and, indeed, 
such tolerization may be a pre-condition for tumorigenesis. 

‘The same may be said for telomerase, expression of 
which in cancer cells allows them to circumvent the rules 
of cellular mortality, and which too has been conceived of 


VIGOROUS ANT-TUMOR IMMUNE RESPONSES ARE COMPROMISED BY REGULATORY MECHANISMS 


and tested as a tumor antigen with tantalizing but not 
compelling results, 

‘The non-mutated oncogene HER2/Neu as an immu- 
nizing agent has been the subject of extensive studies 
in HER2/Neu-transgenic mouse models, which develop 
spontaneous mammary carcinomas. These experiments 
have shown that immunization with the oncogene inhibits 
spontaneous mammary carcinogenesis in these mice and 
may also promote regression of pre-existing lesions. The 
reasons for the differences between tumor-protective 
immunogenicities of these various antigens are unclear at 
present. 


VIGOROUS ANTI-TUMOR IMMUNE 
RESPONSES ARE COMPROMISED BY 
REGULATORY MECHANISMS 

Successful tumor immunity is rare in 
patients who have cancer 

Mechanisms of tumor immunity have been examined 
mostly in mouse models, partly because successful tumor 
immunity is rare in patients who have cancer. 

Further, as successful tumor immunity is rare in the 
tumor-bearing setting in mouse models as well, much of 
the work has been done in a prophylactic setting, which is 
not applicable to the human situation, 


‘Not surprisingly, the pathways to elicitation of immune 
response to tumors are straightforward (Fig. 22.13). The 
tumor inoculum (with its antigenic load) is taken up by 
the APCs at the site of immunization and is cross- 
presented by them to the naive CDS cells in the draining 
lymph nodes. Both responses are generally necessary in 
the mouse models tested and both responses have been 
shown to be present in the cancer patients studied. 

Antibodies have not generally been shown to be 
protective in the natural setting. 

NK cell activity has been demonstrated most com- 
monly, but its necessity has been rarely examined critically. 
In the few studies where it has been examined, it appears 
that NK cells play a crucial role in the immune response 
to cancers. Clearly, the cytokines necessary for the effector 
functions of CD4, CD8, and NK cells, such as IL-2, IFNy, 
IL-12, and others, are necessary as well. 

In selected models, significant roles for innate compo- 
nents such as neutrophils and eosinophils in tumor 
rejection have been shown. 


Despite an immune response, tumors 
continue to grow 

Despite clear evidence for the existence of tumor-specific 
antigens and the immune response elicited by them, 


‘A working diagram of the possible mechanism of tumor immunity 


tumor site 


antigen and HSP release 


t 


DC migrates to 
lymph node 


afferent lymphatic 


clonal expansion 
of C4 and COB 


Tells 


Fig. 22:13 The tumor inoculum (with its 
antigenic load) is taken up by APCs at the 
site of immunization and is cross-presented, 
by them to the naive CD8 cells in the 
draining lymph nodes. 


effector Teells 
fanter the 
circulation 
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Concomitant immunity 


Vv 


flank tumor L IL | 
grows Teft flank mor does left flank tumor 
not form, even as the right Torms 
hand tumor 


to form 


Fig. 22.14 Animals with already growing tumors are resistant to a second tumor challenge even as the first tumor continues to 


‘grow. 


tumors generally continue to grow. In this regard, Erlich 
made a curious observation that remains at the center of 
cancer immunity. He noted that animals with already 
growing tumors were strangely resistant to a second 
tumor challenge even as the first tumor kept growing 
(Fig. 22.14). This phenomenon, termed concomitant 
immunity as early as 1908, remained relatively unexam- 
ined until recently. 


Concomitant immunity shows two aspects of 

tumor immunity 

Concomitant immunity shows two aspects of tumor 

fas, § grow ene lle Ya the pear ant x 
tumor-protective immune response; 

* second, although this response is sufficient to eliminate 
a nascent tumor, it fails to eliminate the tumor that 
elicited the response. 

It was shown that concomitant immunity was tumor 

specific and operational only within a narrow window of 

7-10 days after tumor implantation; if the second tumor 

‘was implanted beyond this time, it was not rejected. The 


lack of immunity beyond the narrow window was attrib- 
tutable to a new population of suppressor T cells that 
appeared at that time (Fig, 22.15). Similar to the phe- 
nomenon of concomitant immunity, it was also noted that 
mice in the process of rejecting an allograft were unable to 
concomitantly reject a growing tumor bearing the same 
alloantigens as the allograft. 


'Q. How do you interpret the observation above? 
‘A. One would expect an allogratt to be rejected in these 
circumstances, therefore there is something about the 
tumor that allows it to evade a normal allospecific rejection 
reaction, 


Immunization is effective prophylactically 
but rarely as therapy 

‘The findings discussed above ft in well with the 
observations that, although naive mice can be immunized 
successfully using irradiated tumor cell vaccines in almost 
any tumor model, the same irradiated cell vaccine is 
ineffective at treating established tumors. 
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Effector CD8 and suppressor CD4 cells in concomitant 
immunity 


Fig. 22.15 Concomitant immunity is tumor specific and 
‘operational anly within a narcaw window of 7-10 days after 
tumor implantation. Ifthe second tumor is implanted beyond. 
this time, itis not rejected. The lack of immunity beyond the 
‘narrow window is attributable to a new population of 
suppressor T cells that appear at that time. 


Prophylaxis is relatively effective, even if begun as 
late as 3 days before tumor implantation, but therapy is 
ineffective even if begun as early as 2 days after tumor 
implantation (see Fig. 22.2). 

Iris easy, and incorrect, to infer from these observa- 
tions that the tumor-bearing mice or cancer patients are 
generally immunosuppressed. ‘Tumor-bearing mice gen- 
erally mount a vigorous immune response to model 
antigens and even unrelated tumors, almost until the very 
end of their lives. Similarly, patients with cancer do not 
generally succumb to the opportunistic infections that are 
the hallmark of general immunosuppression. 


What are the mechanisms behind the 
change from naive to tumor-bearing states? 
Collectively, these and similar other observations have 
shaped the thinking that, immunologically speaking, the 
tumor-bearing host is in a radically different state 
compared with the naive host. 

What are the mechanisms behind this change of status? 
‘They are exactly the same as envisaged for the mecha- 
nisms for the initiation and maintenance of peripheral 
tolerance. None of the explanations is fully satisfactory by 
itself, but each perhaps contributes to the final state of 
tolerance in some measure, Immune unresponsiveness per 
se is addressed in detail in Chapters 12 and 19. Only some 
aspects that are of specific relevance to tumor immunity 
are discussed here (Fig. 22.16). 


ulation of MHC I molecule expression may 
result in resistance to recognition and lysis 

Loss of MHC class I molecules by tumor cells has often 
been suggested to be one such mechanism. 

A number of studies have shown: 

+ downregulation of expression of one or more MHC 
class Lalleles; 

= loss of By-microglobulin; or 

+ loss or downregulation of any of the several compo- 
nents of the antigen processing machinery. 

Although these alterations are clearly likely to inhibit 

recognition of tumor cells by T cells, they are also more 

likely to make tumors more susceptible to become targets 

of NK cells. 

‘On the whole, it is not clear what effect, if any, these 
alterations have on the net ability of a tumor to escape the 
immune response in vivo. 

Generation of antigen-loss variants is another mecha- 
nism that no doubt plays a role to some degree in the 
immunological escape of tumor cells. However, because 
‘we do not yet have a significant knowledge of the identity 
of truly tumor-protective antigens, the role of antigen-loss 
variants cannot be critically examined. 

Inhibitory cytokines such as ‘TGFB and IL-10, and 
others, have often been proposed to downregulate anti- 
tumor immune responses. 


Major mechanisms of suppression of anti-tumor immune response 


laeneral mochanisms of peripheral tolerance 
linhibition of T cell activity through CTLA4 


Fig. 22.16 Only mechanisms of 
“suppression of specific relevance to tumor 


ibitory cytokines such as transforming growth factor‘ (TGF) and iterlukn-10| munity are sted here. 
i 


[downregulation of immune response through CD25" and other suppressor cells 


kesistance to recognition and lysis by downregulation of MHC class | molecules 


jseneration of antigen-loss variants 
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T cell activity is inhibited through CTLA-4 
An exciting explanation for unresponsiveness is the role of 
inhibition of T cell activity through CTLA-4, CTLA-4 
and CD28 belong to the same family of molecules and 
both are expressed on CD8 T cells, 


Q. What are the functions of CD28 and CTLA-4 (CD152) on 
Tells? 

A. CD28 transduces co-stimulatory signals to the T cell, while 
CTLAA also ligates B7, but is inhibitory (see Fig. 22.17). 


CTLA- inhibits the T cell by raising the stimulatory 
threshold or by inhibiting the proliferative drive of T cells 
(Fig. 22.17). The biological role of CTLA-4 appears to lie 
in limiting the cell response to foreign antigens as well 
as to autoantigens. 

Administering antibodies to CTLA-4 (that inhibit 
CTLA-4:B7 interactions) to mice bearing a broad array of 
tumors inhibited tumor growth, even when the antibody. 
was administered after the tumors were visible and 
palpable (Fig. 22.18). Such activity was generally seen only 
against the more immunogenic tumors and not against a 
poorly immunogenic melanoma (e.g. B16). In that 
instance, combination of anti-CTLA-+ antibody 
with a vaccine consisting of irradiated melanoma cells 
that were also transfected with the cytokine granulocyte 
macrophage colony stimulating factor (GM-CSF), resulted 
in a stronger anti-tumor response than by anti-CTLA-4 
antibody or the vaccine alone. Clinical development of 
this idea is discussed below. 

Similar results have been observed in other tumor 
models. These results support the notion derived from 
studies on concomitant immunity that progressive tumor 


Mechanism of action of anti-CTLA-4 antibody. 


Fig. 22.17 CTLA4 inhibits the T cel by raising the stimulatory 
‘threshold or by inhibiting the proliferative drive of T cells, 


414 


Mouse tumor rejection using anti-CTLA-4 antibody 


with control 


TLA. 


Fig. 22.18 Administering anti-CTLA-4 to mice bearing a broad 
array of tumors inhibited tumor growth, Such activity was 
{generally seen only against the more immunogenic tumors 
and not against poorly immunogenic tumors. The arrows 
denote the administration of antibodies. 


growth results in the generation of inhibitory influences 
‘on the anti-tumor immune response. 


Abrogation of CD25* cells leads to protective 
tumor immunity 

‘The notion that progressive tumor growth results in the 
generation of inhibitory influences on the anti-tumor 
immune response is further supported by the recent work. 
on the CD25" CD4* Treg cells (see Chapter 19). These 
cells have been shown to play a regulatory (i.e. suppres- 
sive) role in CD8 T cell responses in general, including 
autoimmune responses. 


IMMUNOTHERAPY FOR HUMAN CANCER 


Recent studies have shown that abrogation of the 
CD25" subpopulation (through anti-CD25 antibodies or 
through genetic manipulation) in tumor-bearing mice 
leads to a robust T cell response and protective tumor 
immunity even in an aggressive tumor model such as the 
B16 melanoma. Conversely, re-addition of these cells can 
suppress the anti-tumor immune response. 

Results consistent with these have been observed in 
patients with melanoma whose regulatory CD4* T cells 
specifically inhibit the CDS* activity against autologous 
‘melanoma cells, but not against other targets. 

‘More recent studies have examined this paradigm 
through the prism of the CD25* T’ cells. In a study of 
patients with ovarian cancer, such cells were shown to be 
associated with a higher risk of death and reduced survival. 
Interestingly, the CD25* T cells were shown to migeate 
preferentially to the solid tumors and the ascites, but 
rarely to the draining lymph nodes. 

Such results have begun to point inexorably to the 
general theme that, despite the poor clinical outcomes in 
advanced cancer, the host does mount a vigorous anti- 
tumor immune response, which is compromised by 
regulatory mechanisms. Manipulation of such regulatory 
mechanisins for enhancing cancer immunity is bound to 
influence the fine balance between tolerance and auto- 
immunity. In certain contexts, that may be a reasonable 
rice to pay. 


IMMUNOTHERAPY FOR HUMAN CANCER 
Animal models are limited in the translation 
of therapy 
‘There exists a ‘common wisdom’ that treatment of cancers 
of mice is easy and has no bearing on treatment of human 
cancers. This belief is as common as it is incorrect. Mouse 
tumors are hard to cure ~ there does not exist a single 
publication that reports curing a mouse with stage IV 
disseminated disease. 

“Most approaches study prophylactic vaccination in mice, 
a smaller number begin treatment on the day of tumor 
challenge, and only a handful of studies begin treatment 
more than 10 days after tumor challenge. In most mouse 
tumor models, mice die within 4-6 weeks of tumor chal- 
lenge, and thus the window of treatment is extremely 

Most approaches to immunotherapy of human cancer 
have either never been tested in appropriate mouse 
models or have failed to show anti-tumor activity when 
tested. It is important to bear this in mind while exam- 
ining the three major categories of approaches to 
immunotherapy of human cancer, discussed below. 


Antibodies have been used successfully 
As antibodies are the oldest known immunological 
reagents, it is only to be expected that the first, and thus 
far among the most successful, approaches to human 
cancer immunotherapy has been made using these 
reagents. 

Nearly 20 years ago, Ronald Levy and colleagues 
treated patients with B cell lymphomas using individual 
patient’ tumor-specific anti-idiotypic antibodies on the 


premise that the antibodies will recognize and help elimi- 
nate their targets ~ the surface immunoglobulin on the 
monoclonal lymphomas. ‘The treatment was successful 
clinically, leading to significant objective tumor regres- 
sions, but was limited by the re-emergence of escape 
variants that did not express the idiotype. ‘This approach 
has not been pursued further, but remains a powerful 
reminder of what true tumor-specific antibodies can do to 
real-life tumors. ‘The transformation of this approach to 
vaccination is discussed below. 

Selected antibodies are now approved for clinical use, 
but these represent pharmacological rather than immuno- 
logical use of antibodies (see Fig. 22.12) and include 
antibodies to: 

+ CD20 ~ rituximab ~ against B cell lymphoma; 

+ HER2/Neu ~ trastuzumab (Herceptin) — against 
bbreast cancer; 

+ epidermal growth factor receptor ~ cetuximab 

(Exbitux®) ~ against colon cancer. 

Itis ironic that the anti-tumor antibodies that may recog- 
nize truly or relatively tumor-specific molecules, and that 
‘were the earliest hopes of much of the efforts in this area, 
have yet to enter the phase of randomized clinical testing. 
Such antibodies are difficult to characterize and therefore 
have been slow in development. Nonetheless, they exist 
and may be expected to be tested by themselves or with 
radioactive or toxic tags in the near future. Unfortunately, 
a number of antibodies that were thus tagged and already 
tested in clinical trials were not very specific and did not 
show compelling clinical results. 


Vaccination can be used to treat cancer 
Although the term vaccination is typically used to indicate 
prophylactic vaccination, cancer researchers use it to 
indicate the treatment of someone who already has cancer, 
‘with agents that stimulate anti-cancer immune response. 
Several vaccination approaches are currently being 
pursued (Fig. 22.19). 


The idiotypes of B lymphomas have been used as 
vaccines 

Following the use of anti-idiotypic antibodies and the 
attendant limitations discussed above, the idiotypes of B 
Iymphomas have been used as vaccines. In this approach, 
4 patient's idiotype is determined by polymerase chain 
reactions from the tumor tissues, and a synthetic idiotype, 
conjugated to a carrier such as keyhole limpet hemo- 
cyanin, is administered along with GM-CSE. Phase I and 
I trials with this approach have yielded promising results 
and phase II trials in patients with follicular B lymphoma 
are now in progress. For obvious reasons, this approach 
is limited to B lymphoma and related’ hematological 
malignancies. 


Q Which other group of cels is (theoretically) susceptible 
to anti-idiotypic targeting of tumor therapy? 

‘A. The recombined T cell receptor is also expressed on specific 
clones of cells. The limitations that apply to the therapy of B cell 
lymphomas (mutation escape) also apply here, and it is in any 
case more difficult to generate antibodies to the T cell receptor, 
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‘Vaccination approaches to immunotherapy of human 
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Fig. 22.19 Several vaccination approaches are currently being 
pursued. 


Immunization with irradiated intact tumor cells 
has been tested against many cancers 

‘The first randomized trials of immunizing cancer patients, 
with irradiated intact tumor cells were carried out in 
patients with colorectal cancer, where each patient in the 
treatment arm received autologous irradiated tumor cells 
mixed with BCG. The trials showed detectable clinical 
activity in the vaccine arm, but the activity failed to 
achieve statistical significance. 

‘Autologous haptenated tumor cells and autologous 
GM-CSF transfected tumor cells have also been used as 
vaccines in patients with melanoma, renal carcinoma, 
pancreatic cancer, and non-small cll lung cancer. Some of 
the early trials with these approaches have been suggestive 
of clinical activity. 

Anon-autologous whole cell strategy has been pursued 
in stage III and IV melanoma where the vaccines were not 
made from autologous tumors, but from a collection of 
irradiated allogeneic lines. ‘The rationale offered for this 
approach was that melanomas may be expected to contain 
a number of shared immunogenic antigens and immu- 
nization with a collection of melanoma lines increases the 
odds of immunizing against the antigens expressed by the 
melanoma of any given patient. However, analysis of the 
phase HII trial indicated lack of any clinical benefit to 


immunized patients and the trial has now been 
discontinued. 


Q. What evidence is there that this approach to therapy is 
unlikely to be successful? 

A. The result is consistent with the earliest observations in the 
history of cancer immunity that showed that the immuno: 
protective antigens af tumors are individually unique and not 
shared among tumors (see Fig. 22.3) 


Tumor lysate immunization is still being tested 
Immunization with whole tumor lysates (as opposed to 
intact irradiated cells) also has a long pedigree and is still 
being tested. 

An allogeneic melanoma lysate named Melacine® was 
initially tested without significant success. 

Autologous tumor lysates have been tested in patients 
with renal carcinoma in the post-nephrectomy adjuvant 
setting and a randomized trial using such lysates has 
shown statistically significant benefit for the immunized 
patients. The manufacturers of this vaccine have presently 
applied for it to be approved as standard treatment for 
patients with renal carcinoma. In principle, this method 
‘would be applicable to any cancer. 


Defined MHC | epitope immunotherapy does not 
lead to clinical benefit 

‘The antigenic epitopes of differentiation antigens and 
cancer/testes antigens have been used extensively and 
several hundred patients with melanoma have been treated 
with these. Although anti-peptide CDS responses have 
been detected in most studies, these have not generally 
translated into clinical benefit even for those patients who 
have shown good CD8 responses. Attempts to understand 
this anomaly and to build upon these studies are in 
progress. 

Particularly interesting are efforts to vaccinate with 
altered peptide epitopes with higher affinity for the 
cognate cell receptors. Immunization with such altered 
peptides is able to break tolerance against these self 
antigens where immunization with native peptides is not. 


'Q. What problem is intrinsic to this type of tumor therapy? 
‘A. Immunization with differentiation antigens is premised an 
breaking tolerance and hence carries the near certainty of 
{generating autoimmune responses (see Chapter 19). 


‘This approach relies on the existence of a therapeutic 
window, which will permit anti-cancer immunity without 
debilitating autoimmunity. 


Immunization with HSP-peptide complexes 
demonstrates clinical benefit 

‘The role of HSP-peptide complexes in eliciting tumor 
immunity has been discussed earlier. 

‘The highly successful murine studies have been 
translated into a series of phase I and II trials involving 
patients with pancreatic, gastric, stomach, and renal 
cancers, and with melanoma, B lymphoma, and chronic 
myelogenous leukemia, 
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In these trials, surgically obtained tumor specimens (or 
leukemia cells obtained by leukopheresis) from a given 
patient are used as the starting material for preparation of 
£p96-peptide or hsp70-peptide complexes specifically for 
that patient (Fig, 22.20). 

‘The early trials have shown suggestions of clinical 
activity in immunized patients and have led to randomized 
pphase III trials in renal carcinoma and melanoma. Interim 
results from a randomized trial in patients with stage IV 
melanoma have shown that patients with early stage IV 
disease, who were treated with gp96, survived longer than 
those in the control arm. The final results of this trial, and 
ofthe phase III renal cancer trial, are expected in early 2006. 


Adoptive immunotherapy using T cells: the 
clinical benefits 

Adoptive immunotherapy using ‘T cells has a successful 
pedigree in murine models of cancer (Fig. 22.21). Clinical 
experience with bone marrow transplant recipients also 
provides a strong rationale for the approach. 

Patients undergoing high-dose chemotherapy lose 
their bone marrow and are re-constituted with allogeneic 
stem cells, which engraft in the recipient. However, the T 
cells from the donor may see the normal tissues of the host 
as foreign, thus causing graft versus host disease (GVHD). 

Interestingly, patients who develop GVHD also have a 
lower cancer relapse or graft versus tumor (GVT) 
incidence. ‘The clinical experience with GVHD and GVT- 
hhas long remained a compelling piece of evidence for the 
premise that TT cells can eliminate human cancers in vivo 
(Fig. 

A number of studies have isolated tumor-infiltrating T 
cells from cancer patients, expanded them in vitro and 
infused the expanded cells back into the patients. Such 
studies have occasionally shown remarkable shrinkage of 
tumors. However, the fact that such responses are seen 
only occasionally’ points to the fact that there remain 
inherent hurdles that need to be identified and rectified. 


‘Treatment of cancer patients with HSP-peptide 
‘complexes 
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Fig, 22.20 Surgically obtained tumor specimens from a given 
patient are used asthe starting material for preparation of 
‘9996-peptide or HSP70-peptide complexes special for 
that patent. 


Adoptive immunotherapy with T cells 
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Fig. 22.21 Lymphocytes removed from a patient with a tumor 
are expanded in vitro. Cells that recognise the tumor are 
Selected and reinfused into the orginal patient. Adoptive 
‘therapy with allogeneic lymphocytes may also be cated out. 
(Redrawn from Ducley ME, Rosenberg SA. Adoptive-cel- 
‘vansfer therapy forthe treatment of patients with cancer, 

Nat Rev Cancer 2003;3:666-675. Copyright 2002, Nature 
Reviews Cancer, Macmillan Magazines Lid) 


In a variation of this approach, cloned T cells with 
defined specificity have been expanded to very large 
numbers and infused into patients with melanoma, also to 
show dramatic tumor shrinkage. 

However, hurdles to expansion of TT cells as well as 
their effector functions in vivo remain, and there is con 
siderable ongoing experimental effort to engineer T cells 
that will retain specificity and autonomy of growth and 
will be relatively refractory to downregulatory influences 
of the host. 


Immunotherapy with peptide pulsed DCs has 
shown early 
In such studies, DCs are isolated from a cancer patient, 
expanded in vitro, pulsed with antigenic peptides, whole 
proteins, or tumor lysates and infused back into the patient. 
‘The most advanced randomized phase II clinical trials 
with this approach have been carried out in patients with 
prostate cancer who have received autologous DCs pulsed 
‘with prostatic acid phosphatase. Patients in the control 
arm received a placebo. Patients who received acid phos- 
phatase pulsed DCs survived measurably longer than 
patients who received placebo, ‘This trial may form the 
basis of approval of this treatment for patients with 
prostate cancer. 


Inhibition of downregulation of immune 
modulation may be clinical abl 

‘The role of downregulation of tumor immunity in pro- 
gressive tumor growth in mouse models has been 
discussed earlier. Inhibition of such downregulation is an 
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Fig. 22:22 Graft versus host disease (GVHD) and graft versus 
leukemia (GV) effects. Both responses are restricted by the 
MHC alleles and directed against the minor antigens. The 
‘minor antigens are the same between the patient’s normal 


attractive target of translation and antibodies to CTLA-+ 
are under clinical testing in this regard. 

‘A number of phase I and II clinical trials using 
antibodies to CTLA-4 have been completed in patients 
with melanoma and ovarian and renal cancer. 

‘The most dramatic results have been obtained in 
patients who had previously been vaccinated with autol- 
ogous GM-CSF transfected tumor cells as part of another 
study and had not shown significant response to that 
vaccination. When these patients were treated with anti- 
CTLA-4 antibody, they showed dramatic tumor shrinkage 
and infiltration of the tumors with lymphocytes and 
granulocytes. 

Interestingly, patients previously immunized with 
differentiation antigen vaccines and who received the same 
anti-CTLA-4 antibody did not show clinical responses. 

‘The synergy between vaccination with GM-CSF 
transfected tumor cells and administration of anti-CTLA- 
4 antibody was also previously seen in a mouse model of, 
melanoma. Further clinical exploration of this attractive 
strategy is now in progress, 


Most successful treatment approaches are 
based on individually distinct tumor 
antigens 

‘A perusal of the various approaches discussed above will 
show that some approaches are based on the premise that 
immunoprotective antigens of tumors are individually 
distinct, whereas others pursue the idea of immuno- 
protective antigens shared among individual tumors (see 
Fig. 22.19). 


Tissues and tumor, hence the GVHD (immune response against 
‘normal tissues) and GVL (Immune response against leukemia or 
‘other tumor) are generally inextricably linked. (GVT, graft 
Versus tumor) 


‘The most successful clinical data obtained thus far have 
been seen in trials with: 
autologous cancer cells plus BCG (colon cancers); 
idiotype vaccines (Follicular B lymphoma); 
autologous tumor lysates (renal carcinoma); 
autologous tumor vaccines plus anti-CTLA-4 antibody 
(melanoma, ovarian cancers); 
*+ acid phosphatase pulsed DCs; and 

+ gp96-peptide complexes from autologous tumors. 
OF these, all approaches except the acid phosphatase 
pulsed DCs are based on individually distinct rather than 
shared immunoprotective tumor antigens. That bias is 
certainly consistent with the individually unique anti- 
genicity seen in mouse tumors, as discussed at the 
beginning of this chapter. 
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Critical thinking: Immunity to cancers (see p. 501 for explanations) 


1 Animals can be easily immunized against cancers. Why 
then do the same cancers grow progressively and kill their 
hosts? 

2 Heat-shock proteins do not differ between tumors and 
normal tissues Yet, HSP preparations isolated from tumors 
elicit tumor immunity, whereas similar preparations from 
normal tissues do not. Explain the mechanistic basis ofthis 
phenomenon. 


3. How have tumor antigens been defined? How many classes 
‘of tumor antigen have been defined thus far? 

4. Explain the phenomenon of concomitant immunity. 

5 Discuss the evidence that the immune response to tumors 
is downregulated in tumor-bearing mice and in patients 
with cancer. 
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SUMMARY 


‘+ Hypersensitivity reactions are based on the classification 
of Coombs and Gell, 


‘+ Historical observations have shaped our understanding 
of immediate hypersensitivity. The severity of 
symptoms depends on IgE antibodies, the quantity of 
allergen, and also a variety of factors that can enhance 
the response including vira infections and environmental 
pollutants. 


‘+ Most allergens are proteins. 


“+ IgE is distinct from the other dimeric immunoglobulins. 
Production of IgE in genetically predisposed (Le. atopic) 
Individuals occurs in response to repeated low-dose 
exposure to inhaled allergens such as dust mite, cat dander, 
fr grass pollen, 


‘+ Allergens are the antigens that give rise to immediate 
hypersensitivity and contribute to asthma. 


‘+ Mast cells and basophils contain histamine. IgE 
antibodies bind to a specific receptor, FceRt, on mast cells 
and basophils. When bound IgE is crosslinked by specific 
allergen, mediators including histamine, leukotrienes, and 
cytokines are released. 


‘+ Multiple genes have been associated with asthma in 
different populations. Multiple genetic loci influence the 
[production of Ig, the inflammatory response to allergen 
‘exposure, and the response to treatment. Polymorphisms 
hhave been identiied in the genes, in promoter regions, 
and in the receptors for lg, cytokines, leukotrienes, and 
the Br-receptors. 


‘Skin tests are used for diagnosis and investigation. 


+ Several different pathways contribute to the chronic 
symptoms of allergy. 


+ Allergens contribute to asthma. 


+ Immunotherapy can be used for hayfever and 
anaphylactic sensitivity. 


+ New approaches are being investigated for treating 
allergic disease. 


+ IgE antibodies play a critical role in defense 
helminths. The biological role of immediate 
hypersensitivity is ta control helminth infections such as 
schistosomiasis, hookworm, of ascarasis, However, itis 
likely to be a combination of effector Th2 cells, basophils, 
and eosinophils, as well as IgE antibodies on mast cells, that 
control these worms. 


ainst 


HYPERSENSITIVITY REACTIONS ARE 
BASED ON THE CLASSIFICATION OF 
COOMBS AND GELL 

‘The adaptive immune response provides specific protec- 
tion against infection with bacteria, viruses, parasites, and 
fungi. In particular, itis able to provide rapid protection 
against a repeated challenge with the same or a similar 
foreign organism or toxin. Some immune responses, how- 
ever, give rise to an excessive or inappropriate reaction ~ 
this is usually referred to as hypersensitivity. 

‘The term hypersensitivity evolved from the observa- 
tions of Richet and Portier one hundred years ago, who 
described the catastrophic result of exposing a pre- 
sensitized animal to systemic antigen. The resulting 
outcome, termed anaphylaxis, became the protorype of 
immediate hypersensitivity responses. 


Coombs and Gell in 1963 proposed a classification 
scheme in which allergic hypersensitivity of the type 
described by Portier and Richet was termed type I, 
and broadened the definition of hypersensitivity to 
include: 

+ reactions that resulted from antibody-antigen reac~ 
tions, including cytotoxic reactions which they termed 
type I (see Chapter 24); 

+ immune complex reactions of the Arthus type, which 
were termed type III reactions (see Chapter 25); 

+ delayed-type hypersensitivity responses were given the 
classification type IV to describe reactions typified by 
cutaneous contact reactions upon exposure to certain 
agents such as nickel (see Chapter 26). 

Phe original Coombs and Gell classification is shown in 

Fig. 23.1. 


Patent Application Publi 


ition Oct. 14, 2004 Sheet 8 of 24 US 2004/0200925 AL 


Figure 8 


23, IMMEDIATE HYPERSENSITIVITY (TYPE 1) 


‘The Coombs and Gell classification of the four types of hypersensitivity reaction 
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Fig, 23.1 In ype , mast calls bind IgE via ther Fe receptor, 
On encountering allergen the IgE becomes crosslinked, 
Inducing degranulation and release of mediators that produce 
allergic reactions. in type I, antibody is directed against 
antigen on an individu’ own cel target cel or foreign 
“antigen, such a tanstused red blood cel, This may lead to 
cytotoxic action by K cells, or complement-mediated lysis. In 
{ype Il, immune complexes are deposited inthe tsue. 


In the past several years it has become apparent that the 
Combs and Gell classification artificially divided mecha- 
nistically related antibody reactions (such as types 1, Il, 
and III), which contribute to the pathophysiology of many 
common immune-mediated diseases, while including the 
‘T cell-mediated reactions of delayed-type hypersensitivity 
(DTH) in a common classification (termed type IV). 

Based on our current understanding of the underlying 
pathways of inflammation triggered by antigen exposure 
and the disease conditions observed, common mechanisms 
appear to operate in types 1, II, and IIL hypersensitivity. 
‘These common mechanisms involve the engagement by 
antibody-antigen complexes with cellular receptors for 
the Fe region of antibodies (termed Fe receptors). 

Understanding the mechanisms underlying these 
categories has resulted in the development of novel 
therapeutics based on the common pathways activated by 
these reactions and may result in the broader applicability 
of such therapeutics to multiple disease states. 

Immediate hypersensitivity responses: 

+ have traditionally been referred to as type I hyper- 
sensitivity; and 

* are characterized by the production of IgE. antibodies 
against foreign proteins that are commonly present in 
the environment (e.g. pollens, animal danders, or house 
dust mites). 

Antibody-mediated reactions 
* were previously referred to as type I; 

* occur when IgG or IgM antibodies are produced 
against surface antigens on cells of the body. 

‘These antibodies can trigger either by activating com- 

plement (e.g. autoimmune hemolytic anemia) or by 

facilitating the binding of natural killer cells (NK). 


‘Complement is activated and polymorphs are attracted to the 
site of deposition, causing local tissue damage and 
Inflammation. In type WV, antigen-sensitized T cells release: 
Iymphokines following a secondary contact with the same 
antigen. Cytokines induce inflammatory reactions and! activate 
‘and attract macrophages, which release inflammatory 
mediators. 


‘Type III hypersensitivity: 

+ involves the formation of immune complexes in the 
circulation that are not adequately cleared by 
macrophages or other cells of the reticuloendothelial 
system, 

‘The formation of immune complexes requires significant 

‘quantities of antibody and antigen (typically microgram 

quantities of each). ‘The classical diseases in which 

immune complexes are thought to be involved are 

systemic lupus erythematosus (SLE), chronic glomerulo- 

nephritis, and serum sickness 
Cell-mediated reactions: 

+ were previously referred to as type IV; 

+ are those in which specific T’ cells are the primary 
effector cells. 

Examples of T cells causing unwanted responses are: 

* contact sensitivity (eg. to nickel or plants such as 

+ frat rejection 

+ the hypersensitivity skin responses of leprosy or 
tuberculosis; 

© the exaggerated response to viral infections such as 
measles; and 

+ the persistent symptoms of allergic disease. 


HISTORICAL OBSERVATIONS HAVE 
SHAPED OUR UNDERSTANDING OF 
IMMEDIATE HYPERSENSITIVITY 

‘The classical allergic disease is seasonal hayfever caused by 
pollen grains entering the nose (rhinitis) and eyes 
(conjunctivitis). In severe cases patients also get seasonal 
asthma and seasonal dermatitis. 


MOST ALLERGENS ARE PROTEINS 


Charles Blackley in 1873 demonstrated that pollen 
grains placed into the nose could induce symptoms of 
thinitis. He also demonstrated that pollen extract could 
produce a wheal and flare skin response in patients with 
hayfever. 

“The wheal and flare skin response is an extremely 
sitive method of detecting specific IgE antibodies. 
fe timing and form of the skin response is indis- 
tinguishable from the local reaction to injected histamine. 
Furthermore, the immediate skin response can be 
effectively blocked with antihistamines. 

In 1903 Portier and Richet discovered that immuniza- 
tion of guinea pigs with a toxin from the jellyfish Physalia 
could sensitize them so that a subsequent injection of the 
same protein would cause rapid onset of breathing difii- 
culty, influs of fluid into the lungs, and death. ‘They coined 
the term anaphylaxis (from the Greek ang, non, and 
phylaxos, protection) and speculated about the relationship 
to other hypersensitivity diseases. They noted that: 

* human anaphylaxis had no familial characteristics 

(unlike most of the other allergic diseases); and 
* natural exposure to inhaled allergens did not cause 

anaphylaxis or urticari 
Subsequently, it became clear that injection of any protein 
into an individual with immediate hypersensitivity to that 
protein can induce anaphylaxis. Thus, anaphylaxis occurs 
when a patient with immediate hypersensitivity is exposed 
toa relevant allergen in such a way that antigen enters the 
circulation rapidly. 


Q In what circumstances can large amounts of allergen 
enter the circulation rapidly? 

A. Following direct injection of the antigen into the tissue, such 
as a bee sting, a therapeutic injection for hypasensitization, or 
injection of a drug, 


Anaphylaxis may also occur as a result of eating an 
allergen such as peanut or shellfish, or following the 
rupture of hydatid cysts with the rapid release of parasite 
antigens (Fig. 23.2). 

‘The term allergen was first used by von Pirquet to 
cover all foreign substances that could produce an 
immune response. Subsequently, the word ‘allergen’ came 
to be used selectively for the proteins that cause 
‘supersensitivity’. Thus, an allergen is an antigen that 
gives rise to immediate hypersensitivity. 


MOST ALLERGENS ARE PROTEINS 
‘Substances that can give rise to wheal and flare responses 
in the skin and to the symptoms of allergic disease are 
derived from many different sources (see wwwallergen.org) 
When purified they are almost all found to be proteins 
and their size ranges in molecular weight from 10 000- 
40 000 Da. These proteins are all freely soluble in aqueous 
solution, but have many different biological functions 
including digestive enzymes, carrier proteins, calycins, 
and pollen recognition proteins. 

Any allergen can be described or classified by its source, 
route of exposure, and nature of the specific protein 
(Fig. 23.3) 


Anaphylaxis and urticaria 


Fig. 23.2 (1) The anaphylactic response to bee venom in a 
patient who has IgE antibadies to the venom protein, 
phospholipase A. The immediate reaction occurs within 20 
‘minutes and is mediated by the release of histamine and other 
‘mediators from mast cells. The patient shown had been stung 
fon the face, but the reaction can become generalized, leading 
to a fall in blood pressure, generalized urticaria, and/or 
bronchospasm (ie. anaphylaxis, (2) Diffuse urticaria on a 
patient with severe chronic urticaria, The lesions have a raised 
ledge and come up within minutes or hours. The lesions 
almost always resolve within 12 hours leaving no trace on the 
ski, 


Extracts used for skin testing or in-vitro measurement 
of IgE. antibodies are made from the whole material, 
which contains multiple different proteins, any of which 
can be an allergen. Indeed, it is clear that individual 
patients can react selectively to one or more different 
proteins within an extract 


Q. Name one genetic factor that determines whether an 
Individual can make an immune response to a specific 
allergen. 

‘A. The individual's MHC haplotypes determine which antigens 
and antigen fragments are presented, 


Estimates of exposure can he made either by visual 
identification of particles (e.g. pollen grains or fungal 
spores) or by immunoassay of the major allergens (es, 
Feld 1 or Der p 1). 


425 
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Fig. 23.3 Patients who become ‘allergic’ to one of the well- 
recognized sources of allergens have actually produced an IgE 
antibody response to one or more of the proteins produced by 
mites, tees, grass, cats, or fungi. The proteins are 
‘predominantly water soluble with a moleculae weight (MW) 
‘anging from 10 000 to 40 000 kDa. In many cases the 
function of the proteins is known, but it s not clear whether 
function such as enzymic activity alters the ability of these 


IgE IS DISTINCT FROM THE OTHER 
DIMERIC IMMUNOGLOBULINS 

In 1921 Kiistner, who was allergic to fish, injected his own 
serum into the skin of Prausnitz, who was allergic to grass 
pollen but not fish, and demonstrated that it was possible 
to passively transfer immediate hypersensitivity (the 
Prausnitz-Kistner or P-K test). Prausnitz would also notice 
that an immediate wheal and flare occurred at the site of 
passive sensitization when he ate fish. ‘This showed that 
intact fish allergen can be absorbed into the circulation. 

Over the next 30 years it was established that P-K 
activity was a general property of the serum of patients 
with immediate hypersensitivity and that it was allergen 
specific (ie. behaved like an antibody). 

In 1967 Ishizaka and his colleagues purified the P-K 
activity from a patient with ragweed hayfever and proved 
that this was a novel isotype of immunoglobulin ~ IgE. 
However, it was obvious that the concentration of this 
immunoglobulin isotype in serum was very low. 

‘The initial antisera to IgE-made it possible to identify a 
patient with multiple myeloma whose serum contained a 
very high concentration of IgE (-10 mg/m) Purification of 
this myeloma protein by Johansson and Bennich led to the 
full structure of IgE. and also to the production of potent 


antisera, 


proteins to induce an allergic response. The properties of the 
particles carrying these allergens are very important because 
they influence both how much becomes airborne, and also 
Where the allergen is deposited in the respiratory tract, The 
dimensions af the particles airborne vary from <2 um for 
Aspergilus or Penicillium spores to > 20 ym for mite fecal 
pellets and some pollen grains. (Sizes are given as diameter 
inum) 


Antisera to IgE are used in the radioallergosorbent test 
(RAST) to measure IgE antibodies in serum, as well as for 
measuring toral serum IgE. 

IgE.is distinct from the other dimeric immunoglobulins 
(see Fig. 3.8) because it has: 

* an extra constant region domain; 
+ a different structure to the hinge region; and 
* binding sites for both high- and low-affinity IgE. 

receptors, FeeRI and FeeRIL, respectively (Fig. 23.4). 
‘The primary cells that bear FceRI are mast cells and 
basophils, which are the only cells in the human that 
contain significant amounts of histamine. 

Low-affinity receptors for IgE. FeeRII or CD23 —are 
also present on B cells and may play a role in antigen 
presentation. 

In addition in atopic dermatitis dendritic cells in skin 
can express a high-affinity receptor for IgE, but this 
receptor lacks the B chain of FeeRL. 

‘The properties of IgE can be separated into three areas: 
+ the characteristics of the molecule including its half-life 

and binding to IgE. receptors; 

+ the control of IgE. and IgG antibody production by T 
cells; and 

+ the Consequences of allergen cross-linking IgE. on the 
surface of mast cells or basophils 


Igé 1S DISTINCT FROM THE OTHER DIMERIC IMMUNOGLOBULINS 


IgE molecules 


Tight chain 


Fig. 23.4 The IgE molecule has four heavy chain constant 
‘regions. The binding sites for the high-affinity IgE receptor 
FeeR! and for the low-affinity receptor FceRll, or CD23, are 
‘shown. Monoclonal antibodies to the binding site for FceRl 
also block Feel. 


‘The half-life of IgE is short compared with 

that of other immunoglobulins 

‘The concentration of IgE. in the serum of normal indi- 

viduals is very low compared to all the other immuno- 

globulin isotypes. Values range from < 10 to 10000 IU/ 

rl, and the international unit (IU) is equivalent to 2.4 ng. 

Most sera contain < 400 IU/ml (ie. <1 ug/ml). The 

reasons why serum IgE. is so low include: 

* serum IgE has a much shorter half-life than other 
isotypes (= 2 days compared with 21-23 days for IgG); 


Endocytosis of plasma 


* IgE. is produced in small quantities and is only 
produced in response to a select group of antigens 
{allergens and parasites); and 

+ IgE. antibodies are sequestered on the high-affinity 
receptor on mast cells and basophils. 


Q. What fundamental reason explains the low production 
of IgE? 

A. The class switch trom IgM to IgE happens infrequently and is 
controlled by T cells. The position of the IgE constant region 
gene is towards the distal end of the Ig gene stack (see Fig, 
8.19), but the position alone cannot explain the infrequency of 
the switch to IgE, 


‘The half-life of IgE in the serum has been measured 
both by injecting radiolabeled IgF. and by infusing plasma 
from allergic patients into normal and immune-deficient 
patients. 

‘The half-life of IgE in serum is less than 2 days; by 
contrast, IgE bound to mast cells in the skin has a half-life 
of approximately 10 days. 

‘The low quantities of IgE in the serum must reflect a 
‘more rapid breakdown of IgE, as well as removal from the 
circulation by binding onto mast cells. 

‘The most important site of breakdown of IgE is 
thought to be within endosomes where the low pH facili- 
tates breakdown of free immunoglobulin by cathepsin. 

Serum is constantly being taken up by endocytosis. 
Most macromolecules including IgE degrade in the 
endosome. One major exception is IgG, which is pro- 
tected by binding to the neonatal Fe gamma receptor, 
FeyRn (Fig. 23.5). 


IgG4 is transferred across the pl 
IgE is not 

In cord blood the concentration of IgE is very low indeed, 
generally <1 [U/ml (ie. <2 ng/ml). Thus, there appears 
to be almost no transfer across the placenta. 


enta, but 


Fig. 23.5 Endocytosis of plasma 
‘contributes to the short halite of Igf as 
plasma proteins ate taken up and the pH. 
falls because of lysosomes combining with 
the endosome. At low pH IgG including 
IgG4 molecules bind to the neonatal Fe y 
receptor (Feyfin). By contrast, IgE 
‘molecules do not bind to FeyRn so are not 
protected and are digested by cathepsin. 
‘As the endosomes recirculate, the pH rises 
to 7.4 and the undamaged IgG molecules 
are released into the circulation. The Fey 
includes a molecule of f-microglobulin. In 
keeping with this model the half-life of IgG 
is shorter than normal in mice that have 
had the gene for f,-microglobutin 
removed (or knocked out). 
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By contrast, IgG, including IgG4 antibodies to aller- 
gens such as those from dust mite or cat, are very effi- 
ciently transferred across the placenta. ‘This process also 
involves endocytosis and receptor-mediated transport. 

Passive transfer of IgE. to the fetus may be blocked 
because IgE is broken down in the endosomes, or because 
an Fe receptor that is essential for transport is absent on 
the cells that comprise the placental tissues. In prenatal 
transfer IgG is protected in endosomes by binding to 
Fe/Rn. Although IgE. can be seen on fetal villous stroma, 
this is not through FeeRI or FeyRn, but may be through 
Fe/RI on fetal macrophages. 


ROLE OF T CELLS IN THE IMMUNE 
RESPONSE TO INHALANT ALLERGEN: 
IgE production is dependent on Tx2 cells 
Experiments in animals have established that the 
production of IgE is completely dependent on T cells. It 
is also clear that cells can suppress IgE. production. 
T cells that suppress IgE. production: 
* act predominantly by producing interferon-y (IFNy); 
and 
* are produced when the animal (e.g. mouse, rat, oF 
rabbit) is primed in the presence of Freund’ complete 
adjuvant. 


cell differentiation during human immune responses 


‘This adjuvant, which includes bacterial cell walls and 
probably bacterial DNA, is a very potent activator of 
‘macrophages. 

With the discovery of Til and Tx? cells, it became 
clear that IgE production is dependent on T112 cells and 
that any priming that generates a Trl response will 
inhibit IgE production. 

‘The main cytokines that are specifically relevant to a 
‘Titl response includ 
+ interleukin-12 (IL-12) produced by macrophages; and 
+ IFNy produced by T cells. 

By contrast, the primary cytokines relevant to a TH2 
response are: 

IL-4 (Lb); 

+ IL-5; and 

+ IL-10 (Fig. 23.6). 

It is clear from experiments in mice and humans that the 
expression of the gene for IgE is dependent on IL-4. 
‘Thus, if immature human B cells are cultured with anti- 
CD40 and IL-4, they will produce IgE antibodies. 


Cytokines regulate the production of IgE 

In humans IgE antibodies are the dominant feature of the 
response to a select group of antigens and most other 
immune responses do not include IgF. 
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Fig. 23.6 The differentiation of Tx cells 
depends on the antigen source, the 
quantity of allergen, and the cytokines 
produced. Bacterial antigens or a high 
dose of antigen will induce IL-12 from 
‘macrophages. In addition, the developing 
‘Tal cells produce IFN, which further 
enhances the production of THI cels, Low- 
dose antigen without adjuvant will induce 
‘Tw2 cells, which produce both IL-4 and IL- 
5.1L plays a role in () enhancing the 
growth of TH2 cells; (i) the expression of 
the gene for Ig. In tum igf binds to the 
high-affinity receptor for IgE (FeeRI) on 
mast cells. 


eosinophil 


*® 


eosinophil 


‘ALLERGENS ARE THE ANTIGENS THAT GIVE RISE TO IMMEDIATE HYPERSENSITIVITY 


‘The classical allergens are inhaled in very small quan- 
tities (5-20 ng/day) either perennially indoors or over a 
period of weeks or months outdoors. Immunization of 
mice with repeated low-dose antigen is a very effective 
method of inducing IgE. responses. 

By contrast, the routine immunization of children with 
diphtheria and tetanus toxoid does not induce persistent 
production of IgE. antibodies. This is clear because we do 
not routinely take precautions against anaphylaxis when 
administering a booster injection of tetanus. 


Q Which cytokines promote the production of IgE, and 
which inhibit production? 

A. Tr2 cytokines, including IL-4, promote production af IgE, 
whereas TH cytokines (e.g. IL-12) inhibit production, 


As T cells differentiate, THI cells express the fune~ 
tional IL-12 receptor with the IL-12 B2 chain. By con- 
trast, TH2 cells express only part of the IL-12 receptor 
and this part is non-functional. 

IL-4 is important in the differentiation of TH2 cells and 
is also a growth factor for these cells, Because it is 
produced by TH2 cells, itis at least in part acting on the 
cell that produced it (ie, in an autocrine fashion). ‘The 
interaction of IL-4 with T cells can be blocked either with: 
* an antibody to IL-4; or 
* a soluble form of the IL.~4 receptor (IL~4R). 

‘The release of soluble II.-4R from T cells may be a natural 
mechanism for controlling cell differentiation. 

It follows that inhaling recombinant soluble IL-4R is a 
potential therapeutic strategy to control allergic responses 
in the lung. However, recent evidence suggests that in- 
vivo responses are controlled by T cells producing either 
IL-10 or transforming growth factor-B (TGEB). 


Both IgE and IgG4 are dependent on IL-4 
‘The genes for immunoglobulin heavy chains are in 
sequence on chromosome 14. ‘The gene for & occurs 
directly following the gene for #4. Both of these isotypes 
are dependent on IL-4 and they may be expressed 
sequentially (Fig. 23.7) 

‘The mechanisms by which IgG4 is controlled 
separately from IgE are not well understood, but this may 
include a role for IL-10. Thus, immunotherapy for 
patients with anaphylactic sensitivity to honey bee venom 
will induce IL-10 production by T cells, decreased IgE, 
and increased IgG4 antibodies to venom antigens. 


‘Chromosome 14 


Recently, it has been shown that children raised in a 
house with a cat can produce an IgG response, including 
IgG4 antibody, without becoming allergic. A modified 
Tn response (increased IgG+ and decreased IgE) 
therefore represents an important mechanism of tolerance 
to allergens (Fig. 23.8). IgG¢ antibody responses without 
IgE antibody are a feature of immunity/tolerance to insect 
venom, rat urinary allergens, and food antigens as well as, 
cat allergens. 


ALLERGENS ARE THE ANTIGENS THAT 
GIVE RISE TO IMMEDIATE 
HYPERSENSITIVITY 

Allergens have similar physical properties 

In mice a wide range of proteins can be used to induce an 
IgE antibody response. The primary factors that influence 
the response are: 

the strain of mouse; 

+ the dose; and 

+ adjuvants used. 

‘Thus, repeated low-dose immunization with alum or 
pertussis (but not complete Freund’s adjuvant) will 
produce IgE responses. However, the dose necessary to 
induce a optimal response varies greatly from one strain to 
another. 

‘The allergens that have been defined have similar phys- 
ical properties (ie. freely soluble in aqueous solution with 
a molecular weight between 10 000 and 49 000 Da), but 
are very diverse biologically. 

Cloning has revealed sequence homology between aller- 
gens and diverse proteins including calycins, pheromone 
binding proteins, enzymes, and pollen recognition proteins. 

Although many of the allergens have homology with 
known enzymes, this is not surprising because enzymic 
activity is an important property of proteins in general. 

Some important allergens, for example Der p 2 from 
mites, Fel d I from cats, and Amb a 5 from ragweed 
pollen, have neither enzymic activity nor homology with 
known enzymes. Thus, enzymic activity is not essential for 

Neverticless, che grauj T allergens of dust mites ae 
cysteine proteases and in several model situations it has 
been shown that this enzymic activity influences the 
immunogenicity of the protein. Thus cleavage of CD23 or 
CD25 on lymphocytes by Der p 1 can enhance immune 
responses. 
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Fig. 23.7 Switch regions and heavy chain 
_genes for immunoglobulin are arranged 
‘sequentially on chromosome 14. Both Ct 
and Ce expression are dependent on IL-4 
produced by T cells. The switch region of 
Ig often includes elements trom Sy4 
Indicating that the switching occurs 
‘sequentially. However, lgG4 responses can 
‘occur without IgE antibody responses. 
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Fig. 23.8 The Ti response includes T 
‘effector cells as well as help for IgE and 
1gG4 antibody production. In tun ig plays 
2 major roe in triggering mast cells. 
‘However, increasing evidence shows that 
higher doses of allergen (e.g. bee venom, 
‘cat dander, of rat urine) can induce a 
‘modified or tolerant TH response. This 
response includes IgG antibodies, but not 
1g. The cytokine IL-10 may well play a role 
enhancing IgG4 antibody while 
suppressing production of IgE. 


eosinophils 


Alternatively, it has been shown that Der p I can 
disrupt epithelial junctions and alter the entry of proteins 
through the epithelial layer. The interest in this property 
is increased because many different mite allergens are 
inhaled together in the fecal particle so the enzymic 
activity of one protein (i.e, Der p 1) could facilitate either 
the physical entry or the immune response to other mite 
proteins. However, the lungs contain many different 
naturally occurring proteinases (as well as anti-proteases), 
which are just as potent as these allergens. 

‘The primary characterization of allergens relates to 
their route of exposure, ‘The routes includes: 
* inhaled allergens; 
* foods; 
+ drugs; 
* antigens from fungi growing on the body (e.g. 

Aspergillus spp.); and 
‘The routes are important because they define the ways in 
which the antigens are presented to the immune system, 
Because antigen presentation may well be the site at which 
genetic influences play the biggest role, the properties of 
the different groups of allergen need to be considered 
separately. 


The inhalant allergens cause hayfever, 

chronic rhinitis, and asthma 

‘The inhalant allergens are: 

+ the primary causal agents in hayfever, chronic rhinitis, 
and asthma among school-aged children and young 
adults; 

+ play an important role in atopic dermatitis. 

Almost all evidence about the genetics of allergic disease 

relates to inhalant allergens. 

Allergens can only become airborne in sufficient quan- 
tity to cause an immune response or symptoms when they 
are carried on particles. Pollen grains, mite fecal particles, 
particles of fungal hyphae or spores, and animal skin flakes, 
(or dander) are the best defined forms in which allergens 
are inhaled (Fig. 23.9). 

In each case it is possible to define the approximate 
particle size and the quantity of protein on the particle as 
well as the speed with which the proteins in the particle 
dissolve in aqueous solution (see Fig. 23.3). 

‘Thus, for grass pollen, mite fecal pellets, and cat dander: 
© the relevant allergens are present in high concen- 

trations (up to 10 mg/cm"); 

+ the particles are ‘large’ (ie. 3-30 jim diameter); and. 

+ the allergens elute rapidly in aqueous solution, 


‘ALLERGENS ARE THE ANTIGENS THAT GIVE RISE TO IMMEDIATE HYPERSENSITIVITY 


Particles carrying airborne allergens ~ mite fecal pellets 
and pollen grains 


Fig. 23.9 The dust mite is the most important source of 
allergen in house dust, largely as fecal particles (1). A mite is 
shown in (2) with pollen grains lower left and fecal particles 
Upper right. The mite is approximately 300 jum in length (Le 
just visible but not small enough to become airborne), Mite 
fecal particles are approximately 10-40 um in diameter and 
become airborne during domestic disturbance. Pollen grains 
are similar in size to mite fecal particles (Le. appreximately 30 
lum in diameter). The important allergic sources of pollen (Le. 
grass, ragweed, and trees) are wind pollinated and the grains 
are designed to travel in the air for long distances. 


The allergens within these particles will be delivered to 
the nasal epithelium because a large proportion of 
particles of this size will impact on the mucous membrane 
during passage of inhaled air through the nose. 


Small quantities of inhalant allergen cause 

immediate hypersensitivity 

Estimates of the quantity of mite or pollen-derived 

proteins inhaled vary from 5 to 30 ng/day. ‘Thus exposure 

to some allergens may be as little as I yg/year. This is very 

important because it probably explains 

* why the immune response is consistently of this one 
kind (ie. immediate hypersensitivity); and 

* why no respiratory diseases, other than asthma, have 
been associated with these allergens. 


‘The quantities inhaled also seriously restrict the models, 
about how allergens contribute to asthma. Inhaling 
between 10 and 100 particles per day will produce local- 
ized areas of inflammation in the lungs, but would not 
be expected to induce acute bronchospasm, Inhaling a 
small number of ‘large’ particles (10-30 jim in diameter) 
could produce local areas of inflammation but could not 
give rise to alveolitis, acute bronchospasm, or progressive 
Tung fibrosis. Equally, the quantities inhaled severely 
restrict the quantity that enters the blood stream and make 
it extremely unlikely that the fetus is sensitized or primed 
to inhalant allergens in utero. 


Only a small number of food proteins are 
common causes of allergic responses 

Although many food proteins ean occasionally give rise to 
IgE responses, only a small number are common causes of 
allergic responses. These include egg, milk, wheat, soy, 
tree nuts, peanut, fish, and shellfish. In contrast to inhaled 
allergens, these proteins are often eaten in very large 
quantities (i.e, =10-100 g/day), 

In general only a small fraction of the food proteins are 
absorbed. Howev ides can be freely absorbed 
and may be recognized by ‘T cells and even by IgE anti- 
bodies in a minority of individuals. Nevertheless, the bulk 
of the allergic and anaphylactic responses to foods are 
thought to be related to food proteins that have not been 
digested, either triggering mast cells in the intestine or 
entering the circulation, 


@ Recent evidence from Dr Sampson and his colleagues 
hhas shown that some children produce IgE antibodies 
against linear epitopes on food allergens. What implication 
does this have for induction of allergy in cooked food? 

A. Denaturation of a protein by heat will not destroy linear 
epitopes, consequently caoking will nat alter the allergenicity 


IgE binding sites can b 
tertiary structure of 
Many different allergens have been cloned, and for a few 
the tertiary structure is now known either from X-ray 
crystallography (e.g. Bet v 1), by nuclear magnetic reso- 
nance (eg. Der p 2), or by modeling relationships to 
known homologs (Fig. 23.10). 

Knowledge of the tertiary structure makes it possible 
to predict surface residues and to define IgE binding 
sites using site-directed mutagenesis. This approach 
provides the potential to design molecules that have 
decreased IgE. binding properties, but with preserved ‘T 
cell epitopes. 

Given the importance of T cells to the control of IgE. 
antibody production and their potential role in the 
recruitment of inflammatory cells, itis logical to try to use 


molecules that will directly ‘desensitize’ T cells. The 
approaches used include 
allergen molecules modified by glutaraldehyde 
{allergoids); 


+ site-directed mutagenesis; 
+ allergens combined with two to four molecules of CpG; 
+ peptides. 
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Tertiary structure of two important allergens — Der p 2 
and Bla g 2 


Fig. 23.10 The tertiary structure of the dust mite allergen, Der 
1p 2 (1), was derived by nuclear magnetic resonance. This 
protein has no known function, and the structure shows no 
‘enzymic sites. On this structure the amino acids that are part 
‘of the binding sites for two monoclonal antibodies are shown 
(DPX green and 7AI red). Knowledge of the structure makes it 
possible to alter the antibody binding sites using site-directed 
‘mutagenesis, (Courtesy of Drs Alisa Smith and Geatfrey 
Mueller) (2) The tertiary structure of a cockroach allergen, Bla 
2, shows the enzymic cleft and three residues that are 
Considered to form the active site of an aspartic protease. 
However, the molecule has no enzymic activity due to other 
‘changes in the primary amino acid sequence. Some allergens 
(eg. Der p 1 and Bla g 5) are active enzymes, but it remains 
{an open question whether this activity contributes to their 
activity as allergens. (Courtesy of Drs A Pomes and M 
Chapman) On each structure the fi sheets are shown as green 
‘bands, the a-helical structures in Bla g 2 are shown in red. In 
addition, cysteines are shown as yellow spheres. 


The approach with peptides has been to test overlapping 

peptides of different lengths of between 12 and 35 amino 
ds 

Therapeutic trials have been carried out with peptides 

from ragweed pollen antigens and the cat allergen Fel d 1 

The results show that peptide recognition is restricted by 

the HLA-DR type of the patient, which means that a wide 
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range of peptides are necessary for treatment. In addition, 
there is clear evidence that peptides can produce a sig- 
nificant response in the lungs (Fig. 23.11). This is the 
clearest evidence yet that T cells in the lung can con- 
tribute to an asthmatic response. 


MAST CELLS AND BASOPHILS CONTAIN 
HISTAMINE 

‘The only human cell types that contain histamine are mast 
cells and basophils, In addition, these are the only cells 
that express the high-affinity receptor for IgE. (FeeRI) 
under resting conditions. 

Under most circumstances the primary and most rapid 
consequence of allergen exposure in an allergic individual 
is cross-linking of IgE. receptors on mast cells and 
hasophils: 

+ basophils are circulating polymorphs that are not pres 
ent in normal tissue, but ean be recruited to a local site 
by eytokines released from either T' cells or mast cells; 


Late asthmatic response to peptides from cat allergen 
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Fig. 23.11 Late asthmatic reactions induced in cat allergic 
patients by the intradermal injection of peptides derived from 
the cat allergen, Fel d 1. The nine responders show a mean fall 
in forced expiratory volume in 1 second (FEV,) of 
approximately 3096. The response to the peptides is MHC- 
restricted and correlated with the abilty ofthe patients’ T cells 
to respond to these peptides in vitro, On challenge days (red 
filled circle) injection of peptides was associated with a fallin 
FEV, which did not occur on the contral days (black filled 
Cirle). Data are shown for nine responders (upper graph) and 
31 non-responders (lower graph). (Courtesy of Dr M Larché 
from | Exp Med 1999;189:1885) 


MAST CELLS AND BASOPHILS CONTAIN HISTAMINE 


Rat peritoneal mast cells 


* mast cells cannot be identified in the circulation, but 
are present in connective tissue and at mucosal surfaces 
throughout the body (Fig. 23.12). 

Mast cells in different tissues are morphologically and 

eytogenetically distinct. 

Both the cells that contain histamine and the biology 
of these cells may be very different in other species. For 
example: 
on the rabbit the histamine content of the peripheral 

blood is almost all in platelets; 

* in the mouse there are few if any circulating basophils; 
and 

* in rats the degranulation of mast cells appears to be one 
granule at a time (see Fig. 23.12). 

By contrast, human granules tend to fuse and release their 

contents together (Fig. 23.13). 


MMCs and CTMCs have distinct granule 
proteases 

Mast cells were originally identified by Ehrlich who 
named them based on the distinctive, tightly packed 
granules. (Mast means well fed, or fattening, in German.) 

Mast cells in different tissues can be distinguished by 
staining for proteases, and the content of these enzymes 
may be relevant to their role in allergic diseases. 

‘The granule proteases of mast cells have heen cloned 
and sequenced and are distinct for two types of mast cell 
(Fig. 23.14) 

* mucosal mast cells (MMCs) are characterized by the 
presence of tryptase without chymase; 

* by contrast, connective tissue mast cells (CTMCs) 
contain both chymase and tryptase. 

‘These enzymes may play a direct role in the lung inflam- 

mation of asthma, either by breaking down mediators or, 

in the case of tryptase, by acting as a fibroblast growth 

factor. Basophils contain very little of either of these 

proteases. 

Staining of basophils in tissue sections requires special 
fixation and staining. Without this staining the granules 
in basophils cannot be identified and the cells appear as 
neutrophils (ie. polymorphs without special granules). 


Fig. 23.12. Scanning electron micragraph 
(SEM) of rat peritoneal mast cells. (1) An 
intact mast cell wth the cell membrane 
shrunk onta the granules (see Fig. 2.11). 
@)A rat peritoneal mast cell degranulating 
following incubation with ant-IgE for 30 
B seconds. SEM. x 1500. (Courtesy of Dr TSC 
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In allergic individuals mast cells can be 
recruited to the skin and to the nose 

Although mast cells are present in normal non-inflamed 
tissue, their numbers are increased in response to inflam- 
mation, It is assumed that this accumulation is ‘T cell 
dependent because in rats infected with Nippestrongylus 
brasiliensis accumulation of mast cells in the gut is 
dependent on T cells and can be suppressed by cortico- 
steroids. 

In guinea pigs the immune response to tick bites 
includes a large local accumulation of basophils. Indeed, 
the tick is thought to be killed by basophils that it 
ingests 

"in allergic inivials raat. cell receviement as been 
demonstrated both: 
in the skin in response to repeated allergen exposure; 

and 
‘+ in the nose during the pollen season, 

In both situations basophils are also recruited. 

In the nose the recruitment of cells represents a shift 
so that mast cells move from the subepithelium into the 
epithelium while basophils appear in the nasal mucus. 
‘This process, which brings histamine-containing cells, 
closer to the site of entry of allergen, is one of the ways in 
which allergic individuals become more sensitive. It is 
likely but less well established that equivalent processes 
occur in the human lung and gut. 


Cross-linking of two FccRI receptors results 
in degranulation 
‘The process of degranulation in human mast cells and 
basophils involves fusing of the membrane of the granules 
containing histamine with the exterior cell membrane 
(see Fig. 23.13). The granule membrane becomes part of 
the cell membrane. The granule contents rapidly dissolve 
and are secreted, leaving behind a viable degranulated or 
partially degranulated cell. ‘This process is initiated in 
most cases by cross-linking of two specific IgE. molecules 
by their relevant allergen. 

When two IgE receptors (FeeRI) are cross-linked, 
signal transduction through the 7 chains of the receptor 
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Fig. 23.13 Basophils are circulating mononuclear cells that 
have multilobed nucle! and distinctive granules that stain 
‘with metachromatic stains (1). Basophils can be recruited into 
local tissues such as the skin, nose, lungs, or gut by allergic 
_and other immune responses. (2) A basophil degranulating 

4 minutes after adding allergen. The degranulation that 
releases histamine occurs by fusion of the granule membrane 
with the extemal membrane of the cell, The arrows show 
‘connections between granule and the exterior of the cel, 
(Courtesy of Rabin Hastie) (C, centriole; cp, coated pit; er, 
‘endoplasmic reticulum; np, nuclear pore; G, Golgi apparatus; 
Iv lucent vesicle; m, mitochondria; ng, nuclear granule; 

1g, residual material from granules; sg, small granules) 


(see Fig. 3.22) leads to influx of calcium, which initiates 
both degranulation and the synthesis of newly formed 
mediators (Fig. 23.15). 

Cross-linking of IgE. antibodies on FeeRI by allergens 
is the primary method by which mediators are released 
from basophils and mast cells; however, other mechanisms 
can be involved. Experimentally, degranulation can he 
triggered through FceRI by using: 


Fig, 23.14 (1) There are at least two subpopulations of mast 
Cel, the mucosal mast cells (MCs) and the connective 
tissue mast cells (CTMCS). The differences in their morphology 
and pharmacology suggest diferent functional roles in vivo, 
MMCs are associated with parasitic worm infections and, 
possibly allergic reactions. In contrast to the CTMC, the 
MMC is smaller, shorter lived, T cell dependent, has more Fee 
receptors, and contains intracytoplasmic IgE, Both cells 
Contain histamine and serotonin in their granules; the higher 
histamine content of the CTMC may be accounted for by the 
‘greater number of granules. Major arachidonic acid (AA) 
‘metabolites (prostaglandins [PGs] and leukotrienes LTs) are 
produced by both mast cell ypes, but indifferent amounts, 
For example, the ratios of production of the leukotriene LTC, 
to the prostaglandin PGD, are 25:1 in the MMC and 1:40 in 
the CTMC. The effect of drugs on degranulation is diferent 
‘between the two cell types. Sodium cromoglycate (DSC) 
and theophylline both inhibit histamine release from the 
‘CTMC, but not from the MMC. (This may have important 
implications in the treatment of asthma.) Note that some of 
these data come from rodent stuales and may not apply to 
‘humans. 


+ lectins such as phytohemagglutinin (PHA) or con- 
canavalin A (Con A); oF 

+ antibodies to the a chain of the receptor. 

Histamine release can also be triggered by agents that act, 

on other receptors on the cell surface. 


Q. Give an example of a mediator that can cause mast cell 
degranulation without cross-linking Fe:RI 

‘A. Typical examples include the complement components CSa 
and C3a (see Fig. 6.21). 


MULTIPLE GENES HAVE BEEN ASSOCIATED WITH ASTHMA IN DIFFERENT POPULATIONS 


2 Differences between mast cell populations 


Fig. 23.14 Cont'd (2) Tryptase is a 
tetramer of 134 kDa that may comprise as 
much as 25% of the mast cell protein. 
Chymase is a monomer of 30 kDa. The 
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Drugs such as codeine or morphine, the antibiotic 
vancomycin, and contrast media used for imaging the 
kidneys also degranulate mast cells. Acute reactions to 
these agents, which are not thought to involve [gE 
antibodies, are referred to as anaphylactoid. 
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Fig, 23.15. Mast cells release mediators after crosslinking of 
the IgE receptors on thei surface. Preformed mediators are 
released rapidly while arachidonic acid metabolites such as 
Jeukotriene D, and prostaglandin D, are released more slow. 
Mast cells can also be triggered by opiates, contrast media, 
vancomycin, and the complement components C3a and C5a, 
‘The mediators, which are also released by basophils, include 
histamine, TNFa, and IL-4. Histamine released by mast cells 
‘ean be measured in serum following anaphylaxis or extensive 
Urticaria, but it has a half-life in minutes. By contrast, typtase 
‘an be measured in serum for many hours after an 
anaphylactic reaction. 


MULTIPLE GENES HAVE BEEN ASSOCIATED 
WITH ASTHMA IN DIFFERENT 
POPULATIONS 

Children with one allergic parent have a 30% chance of 
developing allergic disease; those who have two allergic 
parents have as high as a 50% chance. 

Systematic studies of allergic diseases are difficult 
because the phenotypes for diseases, such as hayfever and 
asthma, are not well defined and depend on the approach 
used to make the diagnosis (Fig. 23.16). 

‘Asthma defined by a patient questionnaire is therefore 
less specific than asthma defined by testing of specific or 
non-specific bronchial hyperreactivity. Furthermore, stud- 
ies on asthma are complicated because both IgE antibody 
responses and bronchial reactivity are genetically controlled. 

Indeed, it is important not to confuse simple genetic 
diseases like eystic fibrosis or hemophilia with complex 
traits such as asthma or type II diabetes mellitus 

It is therefore not surprising that multiple genes have 
been associated with asthma in different populations. 

‘A further major problem in genetic analyses of allergic 
disease comes from the progressive increase in the 
incidence of asthma between 1960 and 2000. Clearly this 
increase cannot be attributed to genetic change and 
implies that some of the genes identified would influence 
asthma only in the presence of other changes either in the 
environment or in lifestyle, This is referred to as a 
gene-environment interaction, 

‘Multiple genes or genetic regions are associated with 
asthma, Analyses of the genetics of immediate hyper- 
sensitivity have identified both allergen-specific and non- 
specific influences, ‘There are therefore HLA associations 
with atopy in general and also with sensitization to specific 
allergens. These genetic studies have given the clearest 
associations when purified allergens are used to test 
sensitization (Fig. 23.17). 

‘The genetics of asthma has been studied both by 
genomic screening and by using candidate genes. 
Genomic screening identifies regions of the genome that 
link to asthma so that this region can be examined to 
identify specific genes. 

Ifa candidate gene is identified, itis possible to examine 
the gene for polymorphisms that link to asthma. However, 
a brief consideration of the possible targets (Fig. 23.18) 
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IgE levels and atopic disease 
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Fig. 23.16 (1) The serum concentration of IgE (which is around 
100 IU/ml) is only approximately 0.001% that of IgG (around 
10 mg/m!) and comprises less than 0.0019% of the total 
immunoglobulin, Levels in atopic patients tend to be raised, 
and this is especialy so in atopic eczema (1 1U = 2.4 ng). 


Allergens and HLA associations 


(2) The higher the level of IgE the smaller the percentage of the 
population affected, but the greater the likellhood of atopy. 
‘Where the level is greater than 450 IU/ml the majority of 
subjects are atopic. 


Fig. 23.17 HLA association ofl responses 
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makes it clear how complex the analysis of asthma is likely 
to be, and indeed is proving to be. ‘Typical examples 
include polymorphisms of the promoter region for IL-+ 
and polymorphisms of the gene for IL-5. 


Q. What effect might polymorphism in these genes have? 
A. The level of production of IL-4, and the activity of IL-5, will 
vary between individuals, each of which will affect the type of 
immune response that develops - THI versus TH2 — either of 
which could directly influence the inflammatory response that 
‘occurs as a result of exposure to allergens. 


436 


Alternatively, a series of polymorphisms have been 
identified that influence the response of asthma to 
treatment. These include: 

* variants of the By-adrenergic receptor o, chain; and 

+ genetic differences that influence the therapeutic 

response to leukotriene antagonists 

In the past 10 years multiple ‘genes’ or genetic regions 
associated with asthma have been identified. At present, it 
appears that the overall effects are too complex to be of 
any practical significance. Certainly itis most unlikely that 
gene transfer will ever be of significance. However, as 
genetic screening becomes easier, pharmacogenetics may 
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Fig, 23.18 Allergic diseases run in families, but the inheritance 
isnot simple. Population-based studies have established that 
the inheritance of allergic diseases is influenced by multiple 
genes. Some of these, such as HLAJinked control of the 
‘response to pollen antigens or genes controlling total lgE, are 
‘elated to the immune response. However, many others are 
‘elated to the mechanisms of inflammation (e.g. IL-4 and IL-5 
{gene polymorphisms) or to the response to treatment (e.g. 
leukotriene receptor genes or polymorphisms of the B- 
adrenergic receptor). 


well become an important method for identifying the best 
drugs for individual patients. 


SKIN TESTS ARE USED FOR DIAGNOSIS 

AND INVESTIGATION 

‘The primary method for diagnosing immediate hyper- 

sensitivity is skin testing. The characteristic response is a 

wheal and flare (Fig. 23.19): 

* the wheal is caused by extravasation of serum from 
capillaries in the skin, which occurs as a direct effect of 
histamine and is accompanied by pruritus (also a direct 
effect of histamine); 

© the larger erythematous flare is mediated by an axon 
reflex. 


‘This skin response takes 5-15 minutes to develop and may 

persist for 30 minutes or more, ‘Techniques for skin testing 

include: 

* a prick test, in which a 25-gauge needle or a lancet is 
used to introduce 0.1 ll of extract into the dermis; 

+ alternatively, an intradermal injection of 0.02-0.03 ml 
is used. 

All allergen injections have the potential to cause anaphy- 

laxis and for safety reasons the intradermal test, which 

introduces approximately 100 times more extract, should 

always be preceded by a prick test. 

Skin tests are evaluated by the size of the wheal 
compared to a positive (histamine) and negative (saline) 
control. In general, a 3x 3mm wheal in children and a 
4x4mm wheal in adults can be considered a positive 
response to a prick test. 

‘A positive skin test indicates that the patient has specific 
IgE antibodies on the mast cells in their skin. In turn this 
implies that bronchial or nasal challenge would also be 
positive if sufficient antigen were administered. 

In most cases (i.e. = 80%) where the skin prick test is 
positive, IgE. antibody will be detectable in the serum, 
However, blood tests for IgE. antibody are generally less 
sensitive than intradermal skin tests 


@ Suggest explanations for the higher sensitivity of the 
skin test. 

A. Most IgE is located on the high-affinity receptor on mast 
calls. ts half-life is 10 days on the mast cell as opposed to 2 days 
in blood. The skin test has intrinsic amplification steps caused by 
‘mast cell degranulation and mediator release 


Positive skin tests are common 
Epidemiologically, sensitization to a relevant inhalant 
allergen is a ‘risk factor’ for allergic disease. An individual 
with a positive skin test to grass pollen is therefore up to 
ten times more likely to have hayfever during the grass 
pollen season (odds ratio > 10) than a skin test-negative 
individual. 

Equally an individual with a positive skin test to dust 
mite or cat allergen is more likely to have asthma (odds 
ratios 2-6). 

Itis assumed that allergen exposure contributes to the 
risk, but that relationship is not simple. 

Positive skin tests are common, and in individual cases 
may not be relevant, perhaps because the patient is not 
exposed to the allergen, for example: 

‘skin tests to grass pollen are nor relevant to under~ 
standing symptoms occurring during autumn; 

* equally skin tests to cat dander or cockroach allergens 
may not be relevant if the patient has moved to an area 
or house where those allergens are not present. 

Inaddition up to one-third of skin test-positive individuals 

do nor experience symptoms when they are exposed to the 

relevant allergen. 


Late skin reactions probably include seves 
different events 

Late reactions ean occur following an immediate response 
to allergen, in either the skin or the lungs. 
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‘Skin tests 
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Fig. 23.19 Skin tests are carried out by introducing 0.02 mil of extract intradermally. 
With allegens such as pollen, cat, or dust mite, the postive reaction is an immediate 
(Ge. within 20 min) wheal, which in some cases is followed by an indurated response 
‘occurring late (.e. at 4-12 hours). Non-allergic individuals make no discernible 
reaction to testing with these allergens. A delayed skin response is the commonest 
{form of positive response to tuberculin, tetanus, and mumps, or to fungi such as 
Tichophyton and. Candida spp. The skin typically shows no reaction up to 12 hours and 
then gradually develops an erythematous, indurated, delayed hypersensitivity 
response, which is maximal at 24-48 hours. Patch test are performed by applying a 
‘gauze pad with allergen to a patch of skin that has been mildly abraded. This 
procedure may give an immediate wheal response, but thisis followed at 24-48 hours 
‘by an indurated, erythematous response, which has many of the features of eczema, 
‘The patch tests not a diagnostic test, but has provided extensive information about 


the role of allergens in atopic dermatitis. 


‘A late skin response is only common following a 
large immediate response (ie. wheal size 10x 10mm). 
‘The late response, which is diffuse, erythematous, and 
indurated, generally starts 2-3 hours after the wheal and 
may last for up to 2+ hours. The late reaction is considered 
to be a model of the events that lead to persistent 
inflammation in the nose, lungs, or skin. 

Late reactions probably include several different 
events: 

* the direct effects of prostaglandins, leukotrienes, and. 
cytokines released by mast cells following the initial 
release of histamine; 

* infiltration of lymphocytes, eosinophils, basophils, 
and neutrophils into the local site mediated by 
chemokines and other cytokines released from mast 
cells; 

+ release of products from the infiltrating cells. 

In general, these events are occurring in parallel over a 

period of hours, 

‘True delayed skin test responses (i.e. without an 
immediate response) are: 

* characteristic of the response to tuberculin; and 

* common with fungal antigens, particularly to the 
yeast Candida albicans or the dermatophyte fungus 
‘Trichophyton spp. 


By contrast true delayed responses are very rare following 
skin testing with pollen, animal dander, or dust mites. 


Epidermal spongiosis and a dermal infiltrate 

are features of a positive patch (atopy) test 

‘The infiltration of cells into the skin that occurs in the 

24 hours after an allergen is applied can be studied in 

several ways: 

* by local intradermal injections; 

+ by applying a patch of allergen on gauze that stays on 
the skin for 2 days; or 

+ by fixing a chamber containing allergen over a denuded 
area of skin. 

‘The skin chamber allows repeated sampling whereas the 

other two techniques require biopsy of the skin. 

In the patch test 10 ug allergen is applied on a gauze 
pad 2.5em?, and the biopsy is carried out at 24 or 
48 hours. A positive patch response induces: 

+ spongioss ofthe epidennis (a allmask of econ) nd 
+ an infiltrate of cells into the dermis (Fig. 23.20). 

‘The cellular infiltrate includes eosinophils, basophils, and 
lymphocytes. 

With ‘persistent allergen at a site (ie. 6 days), the 
eosinophils degranulate locally. This isin keeping with the 


Eczema induced by patch test with mite allergen 


SKIN TESTS ARE USED FOR DIAGNOSIS AND INVESTIGATION 


mite, thus establishin 


that antigen-specific T cells are 
present in the skin after antigen challenge 


Some groups have succeeded in cloning allergen: 
specific T cells from the skin of patients with eczema 
withouta preceding patch. This is never possible with skin 
from normal individuals or allergic patients without 

Answering whether allergen-specific T cells are present 
at local sites is important because cells could play a role 
both as effector cells and in the recruitment of other cells, 

Establishing whether T cells play an effector role is also 
relevant to the nose in rhinitis, the lungs in asthma, the 
as well as the skin in atopic 


conjunctiva in hayfever 
dermatitis. 

Biopsy of patch test sites has also established that the 
Langerhans’ cells in the skin of patients with eczema 
express FeeRI. Thus, these antigen-presentin, 

IgE antibodies to help capture allergens and to increase 
the efficiency of antigen presentation 


Fig. 23.20 An erythematous and eczematous skin response 
48 hours after the application of 5 jg of the mite allergen De 
p 1 to the skin of a patient with atopic dermatitis who had 
56 IU/ml of IgE antibody to the dust mite Dermatophagoides 
pteronyssinus. Biopsy of the patch site revealed an infiltrate of 
eosinophils, basophils, and lymphocytes. 


evidence that the skin of patients with eczema contains 
large quantities of the eosinophil granule major basic 


protein (MBP), even though very few whole eosinophil 
cells are visible (Fig. 23.21), 

Biopsy of patch tests also yields T cells that are speci 
for the allery 


in used, which in most cases has been dust 


Part of the patch test response can be passively 
«transferred by serum 
Following injection of serum from a patient with atopic 
dermatitis into the skin of a non-allergic individual, a 
patch test can he carried out. Biopsy of this passively 
transferred response reveals large numbers of eosinophils 
At least part of the eczematous response can therefore be 
passive The mechanisms for this response 
are thought to be: 
passive sensitization of IgE antibodies onto mast cells 
in the dermis; 
triggering of the local mast cells with all 


transferred, 


lie gen to release 


histamine, leukotrienes, and eytokines 
of eosinophils by IL-5 as well as by 
chemokines such as CCLS and CCL (eotaxin). 


fic recruitme! 


Eosinophil major basic protein in the skin of atopic dermatitis 


Fig. 23.21 Skin biopsy from a patient with: 
severe atopic dermatitis. The hematoxylin 
and eosin (H&E) stain (1) shows an 
Inflammatory infitrate, but very few intact 
eosinophils are present. The same section 
stained with antibodies to easinaphil major 
basic protein (MBP) (2) shows extensive 
deposition of MBP in the dermis, 
demonstrating that eosinophils had 
degranulated in the skin, (Courtesy of Dr K 
Leferman) 


730) 
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SEVERAL DIFFERENT PATHWAYS CAN 
CONTRIBUTE TO THE CHRONICITY OF 
SYMPTOMS OF ALLERGY 

‘The diagnosis of allergy is made by: 

© skin tests; or 

+ serum assays of IgE antibodies. 

‘These antibodies form part of an immune response, which. 
also includes antibodies of other isotypes (IgGl, IgG4, 
and IgA), as well as T cells, which are characteristically 
Tr. 

‘The release of histamine within 15 minutes after aller~ 
gen exposure can only explain a small proportion of 
allergic disease. In particular, the chronic inflammation in 
the lungs of patients with asthma and/or in the skin of 
patients with atopic dermatitis has many features that 
cannot be explained by histamine: 

* first, the time course is too long; 
* second, there is a cellular infiltrate in these tissues; 
and 


Inflammatory response in asthmatic bronchi 


* third, there are major differences in disease between 
patients who have apparently similar IgE antibodies in 
their serum and skin (Fig. 23.22). 

Several different pathways contribute to chronic symptoms 

and can alter the severity of allergic disease as follows: 

* local recruitment of mast cells and basophils, combined 

with increased ‘releasability’ of these cells, allows an 

increased response to the same allergen challenge — this 
mechanism plays a major role in the increased symp- 
toms in the nose during the pollen season; 

release of leukotrienes, chemokines, and cytokines 

from mast cells or basophils ~ the mediators can have 

direct effects on blood vessels and smooth muscles — 

IL-5, tumor necrosis factor (TNF), and chemokines are 

each thought to contribute to the recruitment of 

inflammatory cells, 

the local actions of T effector cells ~ T cells release a 

wide range of cytokines, which can have direct 

inflammatory effects. 
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Fig. 23.22 Mast cells release factors that can induce immediate 
bronchospasm (e.g. histamine and LTD,), but also release 
chemotactic factors such as LTB, IL-5, and TNFa. The 
spasmogens can induce edema, increased mucus, and smooth 
‘muscle constriction, resulting in an immediate decrease in 
airway conductance and a fallin FEV. By contrast, chemotactic 
factors recruit cell out ofthe circulation including eosinophis, 
neutrophil, lymphocytes, and macrophages. These cells can 
ctranically modify the lung with goblet cel hyperplasia, 
collagen deposition below the basement membrane, and 
possibly smooth muscle hyperplasia. In addition, these calls and 


their products produce non-specific bronchial hyperreactivity. 
Thus, chronic bronchospasm includes elements of 
hypersecretion, inflammatory infiltrate thickening the wals of 
the small bronchi, and bronchial smooth muscle spasm. 
Evidence for this inflammatory response can be obtained from 
increased exhaled nitric oxide; increased eosinophils or 
‘easinophil cationic protein (ECP) in induced sputum; and 
‘experimentally from biopsies of the lung. (1, neutrophils; 2, 
‘basophils; 3, eosinophils; 4, monocytes; C, cells; M, mucus; 
‘SM, smooth muscle) 


ALLERGENS CONTRIBUTE TO ASTHMA 


Separating out the different factors influencing chronic 

allergic symptoms is difficult. Information may be 

obrained from: 

© the effects of different drugs, particularly disodium 
cromoglycate, leukotriene antagonists, and anti-lgE; 

and 

passive transfer experiments. 

‘The fact that cromoglycate can inhihit both the imme- 

diate and the late response of the lung to allergen chal- 

lenge has been taken as evidence that the late reaction is 

also dependent on mast cell triggering. However, cromo- 

glycate can control only part of the chronic inflammation. 

By contrast, corticosteroids, which are an effective 
treatment for most of the inflammation in asthma, act 
selectively on the Iate response. The response to cortico- 
steroid treatment cannot be used to distinguish the 
delayed effects of mast cell triggering from the direct 
effects of T cells because corticosteroids can inhibit both 
of these mechanisms (Fig. 23.23). 

Local or systemic injection of IgE antibodies can pas- 
sively transfer the wheal and flare skin response. Passive 
transfer of serum from an allergic patient (ie. containing 
IgE antibodies) into the skin of a non-allergie individual 
can also transfer some aspects of the delayed or cellular 
response. 

Both late reactions following an intradermal injection 
of allergen and the patch test response at 48 hours can be 
passively transferred. This experiment demonstrates that 
cross-linking of IgE. antibody on mast cells in the tissue of 
a non-allergic individual can lead to local recruitment of 
eosinophils in the absence of antigen-specific T cells. 

‘Therefore, in any analysis of the factors influencing the 
severity of allergic disease (e.g. response to pharmaco- 
logical’ treatment or response to immunotherapy), it is 
necessary to consider the relevance of both mast cells and 
effector T cells. 


ALLERGENS CONTRIBUTE TO ASTHMA. 

‘The causal role of bee venom in anaphylaxis or grass 

pollen in seasonal hayfever is obvious because: 

* these diseases occur in individuals who have positive 
skin tests; and 

+ the symptoms are directly related to increased exposure. 


Actions of corticosteroids in allergic disease 


By contrast, the role of inhaled allergens in chronic asthma 
is less obvious because exposure is perennial, the patients 
are often not aware of the relationship, and only a pro- 
portion of skin test-positive individuals develop asthma. 
‘The evidence that allergens derived from dust mites, 
cats, dogs, the German cockroach, or the fungus Alternaria 
spp. contribute to asthma comes from several different 
lines of evidence: 
* the epidemiological evidence that positive skin tests or 
serum IgE antibodies are a major risk factor for asthma; 
+ bronchial challenge with nebulized extracts can pro- 
duce both rapid bronchospasm, within 20 minutes, and 
a late reaction, in ++8 hours, which is characterized by 
renewed mediator production and a cellular infiltrate; 
+ reduced exposure to allergens can lead to decreased 
symptoms and decreased non-specific bronchial reac- 
tivity ~ this avoidance can be achieved either by moving 
patients to an allergen-free unit or by controlling 
exposure in the home. 
Bronchi in the lungs of patients with asthma are charac~ 
terized by increased mast cells, lymphocytes of the ‘TH2 
type, eosinophils, and products of eosinophils. In addition, 
there is increased mucus production secondary to goblet 
cell hyperplasia, epithelial desquamation, and collagen 
deposition below the basement membrane. These changes 
area reflection of chronic inflammation, and it is generally 
considered that eosinophils play a major role in these 
events (see Fig. 2 


Q Some recent evidence has shown that antilLs treat 
ment has limited effects on asthma, though it decreases 
circulating eosinophils. How do you interpret this result? 

A. Other cells, including basophils, mast cells, effector T cells, 
and macrophages, all contribute to the non-specific bronchial 
reactivity 


BAL analysis after allergen challenge 
demonstrates mast cell and eosinophil 
products 

‘Analysis of bronchoalveolar lavage (BAL) after an allergen 
challenge demonstrates the presence of products derived 
from mast cells and eosinophils. 


‘seen as anti-inflammatory 
‘sites 


‘because of margination 
* prevent eosinophil production in the bone marrow 


inhibit histamine release 


* act primarily on the delayed or chronic effects of allergen exposure and are 


* in allergen challenge situations, block the delayed or late response in the lungs 
and inhibit the influx of eosinophils, basophils, and lymphocytes into local 


+ following systemic administration, circulating eosinophils decrease rapidly 

* bind toa receptor that loads to inhibition of the transcription of the genes for 
many cytokines, including IL, TNFa, and also some chemokines 

+ are thought to have limited effects on leukotriene production and do not 


+ downregulate T cell activity as shown by the result of their clinical effect on 
‘contact sensitivity and blockade of delayed hypersensitivity skin tests: 


Fig. 23.23 Locally active corticosteroids 
are widely used in seasonal rhinitis, 
perennial rhinitis, asthma, and atopic 
dermatitis. In addition, courses of systemic 
‘corticosteroid are used for the treatment of 
‘exacerbations of asthma, 
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Q. What products would you expect to detect in BAL 
following challenge? 
A. Histamine, pro: 

ic protein (MBP) and 
phils (se 


major phil cationic protein (ECP 


rom eosit pte 


Furthermore, MBP is present in biopsies of the lungs 
and can produce epithelial change typical of asthma in 
vitro (Fig. 23.24). 

The subepithelial collagen 
patients with asthma is probably a reflection of fibroblast 
responses to local inflammation, 

Although it has been suggested that these chang 
which are referred to as ‘remodeling’, can lead to pro- 

function, the ¢ 


position present in many 


gressive decreases in lun idence for this 


view is not clear. In particular, progressiv 
function is unusual in asthma and there are no studies 
showing a correlation between the extent of collagen 
deposition and changes in lung function. Nonetheless, 
inhaled corticosteroids, which can block many different 
aspects of inflamn 
treatment that can control asthma, 


loss of lung 


ation, are an effective long-term 


Bronchial hyperreactivity is a major feature 
of asthma 

Non-specific bronchial hyperreactivity (BHR) is present 
in patients with asthma and is a major feature of the 
disease. Thus, airway obstruction, induced by cold air or 
exercise, and nocturnal asthma all correlate with non. 
specific bronchial reactivity 


Localization of MBP in the lung of a severe asthmatic 


submucosal eosinophil infiltration and a cluster af desquamated 
epithelial cells in the branchial lumen (arrowed) next to a 
‘stringy’ deposit of soot. H&E stain. (2) The same section 
stained for major basic protein (MBP) showing 
Immunofluorescent localization in infiltrating eosinophils. MBP 
deposits are also seen on desquamated epithelial cells on the 
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BHR can be demonstrated by challenging the lungs 
nine, methacholine, or cold air. 

The mechanism by which exercise or cold air induces a 
bronchial response is thought to be evaporation of water 
with associated cooling of the epithelium. However, it is 
unclear whethe endings 


this. process triggers nen 


directly or by causing local mediator release. 


Evidence for inflammation of the lungs of 

patients with asthma is indirect 

Bronchoscopy is not possible in patients with asthma 

except as a Therefore the only 

evidence for inflammation of the lungs that can be 

obtained routinely is indirect: 

* peripheral blood or nasal smear eosinophils are 
increased in most patients presenting with an acute 
sade of asthma (Fig. 23.25); 


esearch procedure. 


* nasal secretions may contain increased ECP and 
CXCLS, 

Additional evidence about inflammation in the lungs can 

be obtained either from exhaled air or from condensates 

of exhaled air. Nitric oxide (NO*) gas is inc 

patients with asthma, 

systemic or local corticosteroid treatment. 


ed in 


and this decreases following 


Q. Why should NO" be increased in the lungs of asthmatic 


patients? 
A. Macrophage activ hesis of inducible nitric 
oxide synthas 4 consequent NO* production in the 
lungs (see Fig. 9.31). 


luminal surface. (3) A control section stained with normal rabbit 
serum does not stain eosinophils or bronchial tissue, but does 
show some non-specific staining af the sooty deposit. (Courtesy 
(of Dr G Gleich, reprinted from J Allergy Clin immunol 
1982;70:160-168, with permission from American Academy af 
Allergy Asthma and Immunalagy) 
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‘Nasal eosinophils 


Fig. 23.25, Nasal smear from an B-year-old boy presenting 
‘with acute asthma, Most ofthe cells are eosinophils — 
polymorphonuclear cells with a cytoplasm that stains red 
Using HEE stain. He was known to be allergic to dust mites 
and had recently had a rhinovirus infection a judged by 
polymerase chain reaction on nasal secretions. 


In addition, the pH of the condensate decreases during 
acute episodes. ‘The increased exhaled NO" may reflect 
upregulation of the enzyme NOS. Alternatively, the 
release of NO" gas could also increase acutely as a conse- 
quence of airway acidification. 

In adults further information about the inflammation 
in the ‘respiratory tract’ can be obtained from computed 
tomography (CT) of the nasal sinuses. Extensive opaci- 
fication of the sinuses is present in approximately one- 
third of patients presenting with acute asthma. ‘This 
reflects both: 

* chronic sinusitis, which is a major feature of late-onset 
asthma; and 

* sinus inflammation secondary to acute rhinovirus 
infection. 

Whether the changes in the sinuses are a reflection of 

similar effects occurring in the lungs, or a source of 

mediators, or T cells that contribute to lung inflamma- 

tion, is not clear. 


IMMUNOTHERAPY IS AN EFFECTIVE 
TREATMENT FOR HAYFEVER AND 
ANAPHYLACTIC SENSITIVITY TO VENOM 
Immunotherapy (or hyposensitization) with allergen 
extracts was introduced in 1911 by Noon and Freeman, At 
that time they were trying to establish immunity against 
pollen toxin 

Immunotherapy requires regular injections of allergen 
over a period of months. Iris an established treatment for: 
* seasonal hayfever; and 
* anaphylactic sensitivity to bees, wasps, and hornets. 
In addition, immunotherapy is an effective treatment for 
selected cases of other allergic diseases including asthma. 


‘The dose is increased progressively, starting with 
between 1 and 10 ng and increasing up to approximately 
10 pg allergen per dose. 

‘The response to treatment includes: 

‘+ an increase in serum IgG antibodies; 

+ a striking decrease in the response of peripheral blood 
T cells to antigen in vitro; and 

‘+ a marked decrease in late reactions in the skin, 

Over a longer period of time there is a progressive 

decrease in IgE antibodies in the serum (Fig. 23.26). 

‘The change in antibodies, lymphocyte responses, and 
symptoms could all be secondary to changes in cells. 
Given the known mechanisms of allergic inflammation, a 
response of T cells to allergen injections could influence 
symptoms in several ways as follows: 
decreased local recruitment of mast cells and basophils; 
+ decreased recruitment of eosinophils to the nose or 

lungs; 

+ increased IgG including 1gG4 antibodies with pro- 
gressive decreases in IgE. ~ the IgG antibodies may act 
as blocking antibodies by binding allergen before it 
cross-links [gE on mast cells. 

Some studies of cytokine RNA have suggested that 

immunotherapy produces a shift in T cells from a TH2 

profile (.e. IL-4 and IL-5) towards a profile that is more 
typical of THI (ie. IFN7). Although this could explain 
decreased help for IgE, and decreased eosinophil recruit- 


Effects of immunotherapy on allergic rhinitis 


9G and Iga 


Fig. 23.26 During desensitization or immunotherapy the 
allergic patient receives regular subcutaneous injections of the 
felevant allergen. The immunological changes that occur 
‘include an initial increase in IgE antibodies followed by a 
‘gradual decline, which in pollen-allergic patients is largely due 
to a blunting of the seasonal increase, Antibodies of the IgG 
and specifically IgG4 isotype increase progressively and may 
‘each concentrations often times those present before 
treatment. Symptoms decine, starting as early as 3 months, 
‘but generally not maximally until 2 years. Changes in T cells 
are less well defined, but include decreased insitro response 
to allergens and increased production of IL-10., 
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ment, this would not explain the production of IgG4. The 
expression of the gene for IgG is dependent on IL-4, and 
may also require the cytokine IL-10. The response to 
immunotherapy is therefore better seen as a modification 
of the TH2 response. 


NEW APPROACHES FOR TREATING 
ALLERGIC DISEASE 

Modified forms of allergen-specific 
immunotherapy 

Peptides from the primary sequence of an allergen 
that can stimulate T cells in vitro 

Peptides from the primary sequence of an allergen, usually 
approximately 20 amino acids in length, stimulate 'T cells 
in vitro. 

In theory, peptides provide a mechanism for stimu- 
lating or desensitizing cells without the risk of anaphy- 
laxis, which is always present with traditional allergens. 

Whether incomplete stimulation of T cells by peptides 
can lead to ‘tolerance’ or a change in the cytokine profile 
is nor clear. Problems include: 

* significant reactions in the lung with a fall in FEV; and. 

* the fact that multiple peptides are necessary to allow 
presentation of antigen in patients with different HLA 
types. 


MODIFIED RECOMBINANT ALLERGENS HAVE DECREASED 
BINDING ~ Genetically modified recombinant allergens 
that have decreased binding to IgE antibodies can be 
produced. Their advantage is that the primary sequence 
with the T cell epitopes is preserved. Even if the molecule 
is extensively modified, any full-length protein has the 
potential to induce anaphylaxis in allergic individuals. 
‘Thus, the use of genetically modified molecules would 
always require precautions similar to those for traditional 
immunotherapy. A potential but unlikely problem is that 
patients would develop IgE. antibodies against new epitopes. 


ADJUVANTS CAN SHIFT THE IMMUNE RESPONSE TO Ti ~ 
Adjuvants ‘attached’ to allergen molecules have been 
designed to shift the immune response from TH2 towards 
‘Til. Possible co-molecules that act like an adjuvant 
include: 

* the cytokine IL-12; or 

+  immunostimulatory sequences (ISSs). 

ISSs are DNA sequences such as cytosine phospho- 
guanidine (CpG) that are common in bacterial DNA 
and have a profound effect on the mammalian immune 
system, 

In mice combining an antigen with two or three 
molecules of CpG can induce a T111 response or down- 
regulate IgE responses. 

Combining CpG with allergen not only influences the 
response, but also reduces the reactivity of the allergen 
with IgE. 

‘Thus immunization with allergen and CpG may 
produce a greater immune response with less potential for 
an acute allergic reaction. 

Preliminary trials in allergic individuals using ragweed 
antigen linked to CpG have been successful. 


DNA vaccines are being designed to change the 
immune response 

‘The concepr of immunizing with the gene for an antigen 
is well established (i.e, DNA vaccines) 

‘This approach has potential for the treatment of allergy 
because the DNA vector can be designed to change the 
immune response. 

Prokaryotic DNA includes CpG motifs so that, as the 
antigen is expressed, it will induce a T11l response. 

Experiments with DNA vaccines have been very 
successful in mice, both in inducing a THI response ini- 
tially and in controlling an existing IgE antibody response. 
However, the consequences of expressing an allergen 
within the tissue of an allergic individual are not known. 
Equally, it is not clear whether inducing a tl response 
toa ubiquitous allergen such as eat dander would give rise 
to other forms of inflammatory disease. 


New forms of non-specific therapy 
Humanized monoclonal anti-IgE 

Humanized monoclonal anti-[gF. treatment can reduce 
sensitivity and significantly decrease the number of acute 
episodes of asthma per year. 

Antibodies directed against the binding site for FeeRL 
‘on IgE can bind to IgE. in the circulation, but not when 
it is attached to mast cells or basophils, An antibody of 
this kind can therefore remove IgE. from the circulation 
but will not induce anaphylaxis. It also downregulates IgE 
production by simultaneously binding to the B cell IgF. 
surface receptor and the FeyRIb receptor. 

‘A mouse monoclonal antibody to IgE. has been pro- 
gressively humanized so that the molecule can be safely 
injected into patients and will bind IgE. with very high 
affinity. 

‘Treatment with anti-IgE_ antibodies has reduced the 
symptoms of both asthma and hayfever. In addition, con- 
tinued treatment that controls free IgE below 10 ng/ml 
leads to a progressive decrease in the number of IgE 
receptors on mast cells. Thus, the treatment may achieve 
a secondary effect, further decreasing the sensitivity of 
histamine-containing cells to allergen. 

‘The role of anti-IgE. in treating food allergy, atopic 
dermatitis, and drug allergy remains to be established. 


Recombinant soluble IL-4R can block the biological 

activity of IL-4 

Given the central role of IL-4 in the TH2 response, it is 

not surprising that several efforts have been made to block 

its action, These include: 

+ a mutated IL-4 (VI24D); 

+ antibodies to IL-4; and. 

+ recombinant soluble IL.-4 receptor (sIL~4R). 

‘Treatment with sIL-4R has proved moderately effective in 

clinical trials of allergic asthma. The mechanism is that 

sIL-AR binds to IL-4 before it can react with the receptor 

‘on T cells or B cells, and thus blocks its biological activity. 

However, it is less clear which of the many actions of 

IL-4 is relevant to the clinical effects: 

* blocking the action of IL.-4 on B cells may reduce IgE. 
production, but would probably require several weeks 
to produce a clinical effect; 


IgE ANTIBODIES PLAY A CRITICAL ROLE IN DEFENSE AGAINST HELMINTHS: 


© the autocrine effect of IL-4 on Tu2 cells may be an 
essential growth factor. 

‘The efficacy of sIL.-4R provides indirect evidence for the 

role of cells in allergic disease. 


Humanized monoclonal anti-It-5 decreases 
circulating eosinophils 

Anti-IL-$ (like anti-IgE) is a humanized mouse mono- 
clonal antibody. 

Following successful studies in baboons, anti-IL.-5 has 
been shown to decrease circulating eosinophils in patients. 
Itis therefore assumed that binding IL-5 produced by 
T cells (or mast cells) can decrease the production of 
eosinophils in the bone marrow. However, the results do 
not answer whether the treatment acts on IL-5 in the 
circulation or on IL-5 produced by T cells (or mast cells) 
locally in the bone marrow and/or the respiratory tract. 

“To the surprise of most investigators in the field, 
treatment with anti-IL-5 was not effective as a treatment 
for asthma despite an approximately 90% decrease in 
circulating eosinophils, 


Some new treatment approaches may not be 

practical 

‘The treatment of allergic disease is based on: 

* allergen avoidance; 

* pharmacological management including disodium 
cromoglycate, leukotriene antagonists, and local 
corticosteroids; and 

+ immunotherapy. 

‘The treatment approaches using peptides, modified aller- 

gens, or allergens linked to CpG may not he practical 

because each allergen would have to go through clinical 
trials 

Although specific antagonists to other cytokines appear 
to be an attractive target for treatment, itis increasingly 
unlikely that they will be clinically successful in. compe- 
tition with anti-IgP, corticosteroids, and leukotriene 
antagonists 


IgE ANTIBODIES PLAY A CRITICAL ROLE 
DEFENSE AGAINST HELMINTHS 

The biological role of IgE has been studied both in 
relation to human disease and using animal models. In 
tropical countries total serum IgE is usually much higher 
than in the West. Typical mean serum IgE levels among 
rural populations in tropical countries are 1000-2000 
IU/ml compared to approximately 100-200 [U/ml in 
the West. 

‘The best established cause of increased IgE. is infec~ 
tion with helminths (e.g. ascaris, hookworm, or schistoso- 
miasis). Elevated serum IgE is not a feature of protozoal 
infections such as malaria and trypanosomiasis, or of 
bacterial infections such as tuberculasis or leprosy. 

‘The hypothesis is that IgE antibodies play a critical role 
in the defense against helminths, primarily by acting as a 
gate-keeper. 

A good example is to consider the possible role of 
immediate skin sensitivity in the protection against schis- 
tosomiasis. As the schistosomules enter through the skin 
of a sensitized individual, they trigger mast cell degran- 
ulation with release of histamine, leukotrienes, and 


cytokines. These mediators lead to the local accumulation 
of serum (which contains IgG antibodies) and eosinophils, 
IgG antibodies bound to schistasomules interact with 
Fc/R on eosinophils leading to degranulation on the 
surface of the worm, which kills it (Fig. 23.27). 

Another important protective mechanism against 
helminths is the expulsion of worms from the gut. ‘This 
involves increased mucus production and activated 
peristalsis, as well as a role for eosinophils and mast cells. 


Eosinophil adhesion and degranulation 


Fig. 23.27 (1) A schistosomule being killed by eosinophils that 
hhad been cultured from mouse bone marrow in the presence 
of IL-5. The larval helminth had first been treated with IgG 
antibodies and the eosinophils adhere by means of theic Fey 
teceptors. (Courtesy af Dr C Sanderson) (2) Transmission. 
electron micrograph of an eosinophil. Degranulation of 
eosinophils usually leads to death of the cells. The mediators 
feleased include major basic protein (MBP), eosinophil cationic 
protein (ECP), eosinophil peroxidase (EPO), and eosinophil 
derived neurotoxin (EDN). in addition, eosinophils can 
produce leukotrienes and the cytokines IL-5, granulacyte— 
‘mactophage colony stimulating factor (GM-CSF) and TGF. 
Scale bar 1 um, (img, immature granules; mg, mature 
{granules with crystalline core) (Courtesy of Dr C Sanderson) 
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Whether IgE and IgE antibodies are essential for this 
expulsion is not clear. However, the best analysis is that 
protection against worm infection is a primary role of 
the Ti2 system. This includes roles for effector T cells, 
mast cells, basophils, and IgE. antibodies. Furthermore, 
the primary mechanisms are focused on preventing entry 
of new worms. 

Given that one third of the world’s population is 
infested with helminths, it is clear that a protective system 
could have sufficient survival advantage to explain the 
presence of an effective TH2 system. 

Perhaps as a consequence of living in the West without 
helminth infection, a large proportion of the population 
generates a TH2-hased allergic response against irrelevant 
antigens such as those on pollen grains, eat dander, or mite 
fecal particles. 
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CRITICAL THINKING 


Critical thinking: Severe anaphylactic shock (see p. 501 for explanations) 


‘Sixty-two-year-old Mrs Young was stung by a bee from a hive, 
jn her back garden. Harvesting the honey had left her with 
several stings during the course of the summer, Several 
minutes after the recent sting she complained of an itching, 
sensation in her hands, feet, and groin accompanied by 
cramping abdominal pain. Shortly afterwards she felt faint and, 
acutely short of breath. Moments later she collapsed and lost 
consciousness. Her husband, a doctor, noticed that her 
breathing was rapid and wheezy and that she had swollen 
eyelids and lips. She was pale and had patchy erythema across, 


her neck and arms. 

‘On examination her apex beat could be felt, ut her radial 
pulse was weak. Her husband immediately administered 
0.5 miof 1/1000 epinephrine (adrenaline) intramuscularly and 
101mg of chlospheniramine (chlorphenamine) (an H,-receptor 
antihistamine) intravenously with 100 mg of hydrocortisone. 
She regained consciousness and her respiratory rate dropped. 
By the following day she had recovered completely. Results of 
investigations at ths time are shown in the table, 

Mrs Young had no previous history of adverse reactions to 


hemoglobin (g/d 14.2 (115-160) 
white cell count (x 10°A) 75 (40-110) 
neutrophils (« 10%) 44 (2.0-75) 
eosinophils (x 10°) ‘0.40 (0.04-0.44) 
‘otal lymphocytes ((x 10%) 24 (16-35) 
pletelet count (x 10°A) 296 (150-400) 
‘serum immunoglobulins 
IgG (gM) 10.2 (5.4-16.1) 
IgM (ait) 09 (0.5-18) 
IgA (gi!) 2.1 (0.8-2.8) 
IgE (IU/mi) 320 (3-150) 
RAST 
bee venom class 4 
‘wasp venom class 0 
‘skin prick tests ‘grade (0-5) 
bee venom (10 jig/ml) Ea 


bee venom, foods, or antibiotics. In addition there was no 
history of asthma, allergic rhinitis, food allergy, oF atopic 
dermatitis. A diagnosis of anaphylactic shock due to bee 
venom sensitivity was made based on the history and inves- 
tigations, and a decision taken to commence desensitization 
therapy. 

Mrs Young was made aware of the possible risk of the 
procedure and consented to it. She was injected subcuta- 
neously with gradually increasing doses of bee venam, the 
procedures being performed in hospital with access to 


resuscitation apparatus. No further allergic reactions occurred, 

and she was maintained on a dose of bee venom at T-month, 

intervals for the next 2 years. She was stung by a bee the 

following summer and had no adverse reaction. 

1. What mechanisms are involved in anaphylaxis? 

2 What are the clinical features and management of acute 
anaphylaxis? 

3 How may such sensitivity be detected and what can be 
done to desensitize patients? 
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SUMMARY 


‘+ Type Il hypersensitivity is mediated by antibodies 
binding to specific cells. Type Il hypersensitivity reactions 
are caused by IgG or IgM antibodies against cell surface 
and extracellular matrix antigens. The antibodies damage 
cells and tissues by activating complement, and by 
binding and activating effector cells carrying Fey 
receptors. 


‘+ Type It hypersensitivity reactions may target cells. 
‘Transfusion reactions to erythrocytes are produced by 
antibodies to blood group antigens, which may occur 
naturally or may have been induced by previous contact 
‘with incompatible tissue or blood following transplantation, 
transfusion or during pregnancy. 


+ Hemolytic disease of the newborn occurs when maternal 
antibodies to fetal blood group antigens cross the placenta 
and destroy the fetal erythrocytes. 


‘+ Type tt hypersensitivity reactions may target tissues, 
Damage to tissues may be produced by antibody to 
functional cell surface receptors through Fab regions. In 
doing 50, they may enhance or inhibit the normal activity 
‘of the receptor. Examples include myasthenia gravis, 
pemphigus, and Goodpasture’s syndrome. 


‘+ The role of autoantibodies in disease is not always clear. 
Antibodies to intracellular components are not normally 
pathogenetic, but they may be diagnostically useful. 


+ Cytotoxic antibodies are increasingly being used for 
therapeutic indications. 


TYPE Il HYPERSENSITIVITY REACTIONS 

ARE CAUSED BY IgG OR IgM 

ANTIBODIES AGAINST CELL SURFACE 

AND EXTRACELLULAR MATRIX 

ANTIGENS 

‘Type IL hypersensitivity reactions are mediated by IgG 

and IgM antibodies binding to specific cells or tissues. 

‘The damage caused is therefore restricted to the specific 

cells or tissues bearing the antigens. In general: 

* antibodies directed against cell surface antigens are 
usually pathogenic; 

* antibodies directed against internal antigens are usually 
not pathogenic. 

‘Type Il reactions therefore differ from type III reactions, 

which involve antibodies directed against soluble antigens 

in the serum, leading to the formation of circulating 

antigen-antibody complexes. Damage occurs when the 

complexes are deposited non-specifically onto tissues 

and/or organs (see Chapter 25). 


Cells engage their targets using Fc and C3 
receptors 

In type Il hypersensitivity, antibody directed against cell 
surface or tissue antigens interacts with the Fe receptors 
(FeR) on a variety of effector cells and can activate 
complement to bring about damage to the target cells 
(Fig. 24.1). 


Antibody-dependent cytotoxicity 
Keolls eosinophils neutrophils 
platelets macrophages eosinophils 
‘eutrophils macrophages 


Fig. 24.1 Effector cells —K cells, platelets, neutrophils, 
eosinophils, and cells of the mononuclear phagocyte series — 
all have receptors far Fe, which they use to engage antibody 
bound to target tissues. Activation of complement C3 can 
generate compiement-mediated lytic damage to target cells 
directly, and also allows phagoeytic cells to bind to their 
targets via C3b, C3bi, or C34, which also activate the cell. 
(MAC, membrane attack camplex) 
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Once the antibody has attached itself to the surface of 
the cell or tissue, it can bind and activate complement 
component Cl, with the following consequences: 

* complement fragments (C3a and C5a) generated by 
activation of complement attract macrophages and 
polymorphs to the site, and also stimulate mast cells, 
and basophils to produce chemokines that attract and 
activate other effector cells; 

* the classical complement pathway and activation loop 
lead to the deposition of C3b, C3bi, and C3d on the 
target cell membrane; 

* the classical complement pathway and lytic pathway 
result in the production of the C5b-9 membrane attack 
complex (MAC) and insertion of the complex into the 
target cell membrane. 

Effector cells ~ in this case macrophages, neutrophils, 

eosinophils, and NK cells ~ bind to either: 

* the complexed antibody via their Fe receptors; or 

+ the membrane-bound C3b, C3bi, and C3d, via their C3 
receptors (CRI, CR3, CR4). 

‘The mechanisms by which these antibodies trigger 

cytotoxic reactions in vivo have been investigated in FeR- 

deficient mice. Anti-red blood cell antibodies trigger 
erythrophagocytosis of IgG-opsonized red blood cells in 
an FeR-dependent manner, Fe receptor 7 chain-deficient 
mice were protected from the pathogenic effect of these 
antibodies whereas complement-deficient mice were 
indistinguishable from wild-type animals in their abili 
clear the targeted red cells. 


Q. How do you interpret this observation? 
A. These experiments indicate that phagocytosis of antibody- 
sensitized red cells depends an FcR-mediated binding to the 
phagocytes and Is not dependent on opsonization by C3b 
deposited via the classical pathway. 


Cells damage targets by exocytosis of their 
normal immune effector molecules 

‘The mechanisms by which neutrophils and macrophages 
damage target cells in type II hypersensitivity reactions 
reflect their normal methods of dealing with infectious 
pathogens (Fig. 24.2). 

Normally pathogens would be internalized and then 
subjected to a barrage of microbicidal systems including 
defensins, reactive oxygen and nitrogen metabolites, 
hypohalites, enzymes, altered pH, and other agents that 
interfere with metabolism (see Chapters 9 and 14). 

If the target is too large to be phagocytosed, the gran- 
ule and lysosome contents are released in apposition to the 
sensitized target in a process referred to as exocytosis. 
Cross-linking of the Fe and C3 receptors during this 
process causes activation of the phagocyte with production 
of reactive oxygen intermediates, as well as activation of 
phospholipase A2 with consequent release of arachidonic 
acid from membrane phospholipids. 


Q What inflammatory mediators are synthesized from 
arachidonic acid? 

A. This metabolite is the precursor of eicosanoids — prosta- 
glandins and leukotrienes (see Fig. 6.21). 


Damage mechanisms 


Fe receptor 


C3 receptor 
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Fig. 24.2 Neutrophilmediated damage isa reflection of 
‘normal antibacterial action. (1) Neutrophils engage microbes 
with their Fe and C3 receptors. (2) The microbe is then 
phagocytosed and destroyed as lysosomes fuse to form the 
pphagolysosome (3). In type Il hypersensitivity reactions, 
individual host cells coated with antibody may be similarly 
phagocytosed, but where the target is large, for example a 
basement membrane (), the neutrophils are frustrated in their 
attempt at phagocytosis (I). They exocytose their lysosomal 
contents, causing damage to cells in the vicinity (WD. 


In some situations, such as the eosinophil reaction 
against schistosomes (see Chapter 15), exocytosis of 
granule contents is normal and beneficial. However, when 
the target is host tissue that has been sensitized by 
antibody, the result is damaging (Fig. 24.3). 

Antibodies may also mediate hypersensitivity by NK 
cells. In this case, however, the nature of the target, and 
whether it can inhibit the NK cells’ cytotoxic actions, are 
as important as the presence of the sensitizing antibody. 

‘The resistance of a target cell to damage varies. 

ceptibility depends on: 

* the amount of antigen expressed on the target cell's 
surface; and 

+ the inherent ability of different target cells to sustain 
damage. 

For example, an erythrocyte may be lyzed by a single 

active C5 convertase site, whereas it takes many such sites, 

to destroy most nucleated cells — their ion-pumping 

capacity and ability to maintain membrane integrity with 

anti-complementary defenses is so much greater. 


TYPE Il HYPERSENSITIVITY REACTIONS MAY TARGET BLOOD CELLS AND PLATELETS 


Phagocytes attacking a basement membrane 


and three monocytes (M) binding to the capillary basement 
membrane (B) in the kidney of a rabbit containing anti- 
‘basement membrane antibody. x 3500. (P, padocyte) 
(Courtesy of Professor GA Andres) 


What molecules protect the surface of nucleated cells 
from complement-mediated damage? 

A. Decay accelerating factor (CDSS) and CD59 (see Figs 4.9 
and 4.11), 


‘The rest of this chapter examines some of the instances 
where type II hypersensitivity reactions are thought to be 
of prime importance in causing target cell destruction or 
immunopathological damage. 


TYPE Il HYPERSENSITIVITY REACTIONS 
MAY TARGET BLOOD CELLS AND 
PLATELETS 

Some of the most clearcut examples of type IT reactions 

are seen in the responses to erythrocytes. Important 

examples are: 

* incompatible blood transfusions, where the recipient 
becomes sensitized to antigens on the surface of the 
donor's erythrocytes; 

* hemolytic disease of the newborn, where a pregnant 
woman has become sensitized to the fetal erythrocytes; 

* autoimmune hemolytic anemias, where the patient 
becomes sensitized to his or her own erythrocytes. 

Reactions to platelets can cause thrombocytopenia, and 

reactions to neutrophils and lymphocytes have been 

associated with systemic lupus erythematosus (SLE). 


Transfusion reactions occur when a recipient 
has antibodies against donor erythrocytes 
More than 20 blood group systems, generating over 200 
genetic variants of erythrocyte antigens, have been 
identified in humans, 

‘A blood group system consists of a gene locus that 
specifies an antigen on the surface of blood cells (usually, 
but not always, erythrocytes). 


Within each system there may be two or more pheno- 
types. In the ABO system, for example, there are four 
phenotypes (A, B, AB, and ©), and therefore four possible 
blood groups. 

‘An individual with a particular blood group can recog- 
nize erythrocytes carrying allogeneic (non-self) blood 
group antigens, and will produce antibodies against them. 
However, for some blood group antigens such antibodies 
can also be produced ‘naturally’ (i.e. without previous 
sensitization by foreign erythrocytes, see below). 

‘Transfusion of allogeneic erythrocytes into an individ- 
ual who already has antibodies against them may produce 
erythrocyte destruction and symptoms of a ‘transfusion 
reaction’. 

Some blood group systems (e.g. ABO and Rhesus) are 
characterized by antigens that are relatively strong 
immunogens; such antigens are more likely to induce 
antibodies. 

When planning 2 blood transfusion, it is important 
to ensure that donor and recipient blood types are com- 
patible with respect to these major blood groups, 
otherwise transfusion reactions will occur, 

Some major human blood groups are listed in Fig. 24.4. 


The ABO blood group system is of primary 
importance 

‘The epitopes of the ABO blood group system occur on 
many cell types in addition to erythrocytes and are located 
on the carbohydrate units of glycoproteins. The structure 
of these carbohydrates, and of those determining the 


Five major blood group systems involved in transfusion 
reactions 
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Fig. 244 Not all blood groups are equally antigenic in 
transfusion reactions ~ thus RhD evokes a stronger reaction in 
an incompatible recipient than the ther Rhesus antigens; and 
Fy" is stronger than Fy?. Frequencies stated are for Caucasian 
populations ~ other races have alferent gene frequencies. 
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Fig. 24.5 The dagram shows how the ABO blood groups are 
constructed. The enzyme produced by the H gene attaches a 
fucose residue (Fue) to the terminal galactose (Gal) of the 
precursor oligosaccharide. Individuals possessing the A gene 
ow attach N.acetylgalactosamine (NAGA) to this galactose 
residue, whereas these withthe B gene attach another 
galactose, producing A and B antigens, respectively. People 
with both genes make some of each, The table indicates the 
‘genotypes and antigens of the ABO system. Mast people 
naturally make antibodies to the antigens they lack, (NAG, N- 
acetylglucosamine) 


related Lewis blood group system, is determined by genes 
coding for enzymes that transfer terminal sugars to a 
carbohydrate backbone (Fig. 245). 

‘Most individuals develop antibodies to allogeneic 
specificities of the ABO system without previous sensi- 
tization by foreign erythrocytes. This sensitization occurs 
through contact with identical epitopes, coincidentally 
and routinely expressed on a wide variety of micro- 

TAndbodies to ABO antigens are therefore extremely 
common, making it particularly important to match donor 
blood to the recipient for this system. However, all people 
are tolerant to the O antigen, so O individuals are 
universal donors with respect to the ABO system. 


The Rhesus system is a major cause of hemolytic 
disease of the newborn 

‘The Rhesus system is also of great importance because it 
isa major cause of hemolytic disease of the newborn 


(HDNB). 


Fig. 24.6 Note that blood group epitopes based on 
‘carbohydrate moieties, such as ABO and li (expressed on the 
precursor of the ABO polysaccharide), can appear on many 
different proteins, including Rhesus antigens. Antigens such as 
Rhesus and Dutly are proteins, so the epitape appears on only, 
‘one type of molecule. In general, the most important blood 
‘group antigens are present at high levels on the erythrocytes, 
thus providing plenty of targets for complement-mediated 
Iysis or Fe receptor-mediated clearance. (DAF, decay 
accelerating factor; DARC, Duty antigen receptor for 
chemokines) 


Rhesus antigens are associated with membrane proteins 
of 30 kDa, which are expressed at moderate levels on 
the erythrocyte surface. The antigens are encoded by 
two closely linked loci, RhD and RhCcKe, with 92% 
homology. 

RAD is the most important clinically due to its high 
immunogenicity, but in RRD~ individuals the RhD locus 
is missing completely. The RhCcKe locus encodes a 
molecule that expresses the RhC/c and RhE/e epitopes. 


Transfusion reactions can be caused by minor 
blood groups 

MN system epitopes are expressed on the N-terminal 
glycosylated region of glycophorin A, a glycoprotein 
present on the erythrocyte surface, Antigenicity is deter~ 
mined by polymorphisms at amino acids 1 and 5. 

‘The related Ss system antigens are carried on 
slycophorin B. 

Proteins expressed on erythrocytes that display allelic 
variation can also act as blood group antigens. Examples of 
these include: 

+ the Kell antigen, a zine endopeptidase; 

+ the Duffy antigen receptor for chemokines (DARC); 
and 

+ variants of decay accelerating factor (DAF). 

‘The relationship of the blood groups to erythrocyte sur- 

face proteins is listed in Fig. 24.6. 


‘TYPE Il HYPERSENSITIVITY REACTIONS MAY TARGET BLOOD CELLS AND PLATELETS 


‘Transfusion reactions caused by the minor blood 
groups are relatively rare unless repeated transfusions are 
given. The risks are greatly reduced by accurately cross- 
matching the donor blood to that of the recipient. 


Cross-matching ensures that a recipient does not 
have antibodies against donor erythrocytes 

‘The aim of cross-matching is to ensure that the blood of a 
recipient does not contain antibodies that will be able to 
react with and destroy transfused (donor) erythrocytes. 
For example: 

+ zatibodies to ABO system antigens cause incampatible 


‘These transfusion reactions are often seen in previously 
unsensitized individuals and develop over days or weeks as 
antibodies to the foreign cells are produced. This can 
result in anemia or jaundice. 


Q. Why do antibodies to the ABO blood group that are 
normally present in a mother not damage the erythrocytes 
that are present in a fetus she is carrying when the fetus has 
a different blood group? 

‘A. Antibadies to the ABO blood group are usually lgM, which is 
not transported acrass the placenta (see Fig. 3.19). 


cells to agglutinate in a clearly visible reaction; 

* minor blood group systems cause weaker reactions that 
may only be detectable by an indirect Coombs’ test (see 
Fig. 24.10). 

If the individual is transfused with whole blood, itis also 
necessary to check that the donor’s serum does not contain 
antibodies against the recipient’ erythrocytes. However, 
transfusion of whole blood is unusual ~ most blood 
donations are separated into cellular and serum fractions, 
to be used individually. 


Transfusion reactions involve extensive destruction 
of donor blood cells 

‘Transfusion of erythrocytes into a recipient who has 
antibodies to those cells produces an immediate reaction. 
‘The symptoms include: 

© fever; 

* hypotension; 
* nausea and vomiting; and 
* pain in the back and chest. 

‘The severity of the reaction depends on the class and the 
amounts of antibodies involved: 

Antibodies to ABO system antigens are usually IgM, 
and cause agglutination, complement activation, and 
intravascular hemolysis. 

Other blood groups induce IgG antibodies, which 
cause less agglutination than IgM. The IgG-sensitized 
cells are usually taken up by phagocytes in the liver and 
spleen, though severe reactions may cause erythrocyte 
destruction by complement activation. This can cause cir- 
culatory shock, and the released contents of the erythro- 
eytes can produce acute tubular necrosis of the kidn 


Hemolytic disease of the newborn 


‘Transfusion reactions to other components of blood 
may also occur, but their consequences are not usually as 
severe as reactions to erythrocytes. 


Hyperacute graft rejection is related to the 
transfusion reaction 

Hyperacute graft rejection occurs when a graft recipient 
has preformed antibodies against the graft tissue. It is only 
seen in tissue thar is revascularized directly after trans- 
plantation, in kidney grafts for example. 

‘The most severe reactions in this type of rejection are 
due to the ABO group antigens expressed on kidney cells, 
‘The damage is produced by antibody and complement 
activation in the blood vessels, with consequent recruit- 
ment and activation of neutrophils and platelets. 

Donors and recipients are now always cross-matched 
for ABO antigens, and this reaction has become extremely 
rare, Antibodies to other graft antigens (e.g. MHC mole- 
cules) induced by previous grafting can also produce this 
type of reaction. 


HDNB is due to maternal IgG reacting 
against the child’s erythrocytes in utero 
Hemolytic disease of the newborn (HDNB) occurs when 
the mother has been sensitized to antigens on the infant's 
erythrocytes and makes IgG antibodies to these antigens, 
‘These antibodies cross the placenta and react with the 
fetal erythrocytes, causing their destruction (Figs 24.7 and 
24.8). Rhesus D (RhD) is the most commonly involved 
antigen. 

‘A risk of HDNB arises when a Rh'-sensitized Rh” 
mother carries a second Rh’ infant. Sensitization of the 


Fig. 24.7 Erythrocytes from a RhD* fetus 
leak into the maternal circulation, usually 
during birth, This stimulates the production 
‘of anti-Rh antibody of the IgG class 
postpartum. During subsequent 
pregnancies, IgG antibodies are transferred 
‘across the placenta into the fetal circulation 
(lgM cannot cross the placenta). Ifthe fetus 
‘is again incompatible, the antibodies cause 
‘erythrocyte destruction. 
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A child with hemolytic disease of the newborn 


Fig. 24.8 There is considerable enlargement of the liver and 
spleen associated with erythracyte destruction caused by 
‘maternal anti-erythrocyte antibody in the fetal circulation, The 
child had elevated bitrubin (breakdown product of 
hemaglabin). The facial petechial hemorrhaging was due to 
Impaired platelet function. The mast commonly involved. 
antigen is RhD. (Courtesy of Dr K Sloper) 


Rhy mother to the Rh* erythrocytes usually occurs during 
the birth of the first Rh* infant, when some fetal erythro- 
cytes leak back across the placenta into the maternal 
circulation and are recognized by the maternal immune 
system. The first incompatible child is therefore usually 
unaffected, whereas subsequent children have an increas~ 
ing risk of being affected, as the mother is resensitized 
with each successive pregnancy. 

Reactions to other blood groups may also cause 
HDNB, the second most common being the Kell system 
K antigen. Reactions due to anti-K are much less common 
than reactions due to RhD because of the relatively low 
frequency (9%) and weaker antigenicity of the K antigen. 

‘The risk of HDNB due to Rhesus incompatibility is 
known to be reduced if the father is of a different ABO 
group to the mother. This observation led to the idea that 


Rhesus prophylaxis 


these Rhr mothers were destroying Rh’ cells more rapidly 
because they were also ABO incompatible. Consequently, 
feral Rh* erythrocytes would not he available to sensitize 
the maternal immune system to RhD antigen. 

‘This notion led to the development of Rhesus 
prophylaxis ~ preformed anti-RhD antibodies are given 
to Rh’ mothers immediately after delivery of Rh* infants, 
with the aim of destroying fetal Rh* erythrocytes before 
they can cause Rh” sensitization. This practice has suc- 
cessfully reduced the incidence of HDNB due to Rhesus 
incompatibility (Fig. 24.9). Although the number of cases 
of HDNB has fallen dramatically and progressively, the 
proportion of cases caused by other blood groups, includ- 
ing Kell and the ABO system, has increased. 


Autoimmune hemolytic anemias arise 
spontaneously or may be induced by drugs 
Reactions to blood group antigens also occur sponta- 
neously in the autoimmune hemolytic anemias, in which 
patients produce antibodies to their own erythrocytes. 

Autoimmune hemolytic anemia is suspected if a 
patient gives a positive result on a direct antiglobulin 
test (Fig. 24.10), which identifies antibodies present on 
the patient’ erythrocytes. These are usually antibodies 
directed towards erythrocyte antigens, or immune com- 
plexes adsorbed onto the erythrocyte surface. 

‘The direct antiglobulin test is also used to detect 
antibodies on red cells in mismatched transfusions, and in 
HDNB (see above). 

Autoimmune hemolytic anemias can be divided into 
three types, depending upon whether they are caused by: 
+ warm-reactive autoantibodies, which react with the 

antigen at 37°C; 

* cold-reactive autoantibodies, which ean only react with 
antigen at below 37°C; 
+ antibodies provoked by allergic reactions to drugs. 


Warm-reactive autoantibodies cause accelerated 
clearance of erythrocytes 

Warm-reactive autoantibodies are frequently found 
against Rhesus system antigens, including determinants of 
the RhC and RAE loci as well as RhD. They differ from 


Fig. 24.9 (1) Without prophylaxis, Rh* 
erythrocytes leak into the circulation of a 
Rh” mother and sensitize her to the Rh 
antigen(s). (2) If ant-Rh antibody (anti-D) 

injected immediately postpartum It 
liminates the Rh* erythracytes and 
prevents sensitization, The incidence of, 
deaths due to HDNB fell during the period 
1950-1966 with improved patient care. 
The decline in the disease was accelerated 
by the advent of Rhesus prophylaxis in 
1969. 
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Direct antiglobulin test 


antibody 


=O 


anti-human lg 


© anti-human ig 


Fig. 24.10 This test, also called a Coombs’ test, is used to 
detect antibody on a patients erythrocytes. i antibody is 
present the erythrocytes can be agglutinated by anti-human 


the antibodies responsible for transfusion reactions in that 
they appear to react with different epitopes. 
Warm-reactive autoantibodies to other blood group 
antigens exist, but are relatively rare. 
Most of these hemolytic anemias are of unknown cause, 
but some are associated with other autoimmune diseases. 


Q. What mechanisms could lead to the anemia associated 
with these autoantibodies? 

A. Fe receptor-mediated erythrophagocytosis or complement- 
dependent lysis. 


‘The anemia appears to he a result of accelerated clear~ 
ance of the sensitized erythrocytes by spleen macrophages 
more often than being caused by complement-mediated 
lysis, 


Cold-reactive autoantibodies cause erythrocyte 
lysis by complement fixation 

Cold-reactive autoantibodies are often present in 
higher titers than the warm-reactive autoantibodies. The 
antibodies are primarily IgM and fix complement strongly. 
In most cases they are specific for the Ii blood group 
system. The I and i epitopes are expressed on the pre- 
cursor polysaccharides that produce the ABO. system 
epitopes, and are the result of incomplete glycosylation of 
the core polysaccharide. 

‘The reaction of the antibody with the erythrocytes 
takes place in the peripheral circulation (particularly in 
winter), where the temperature in the capillary loops 
of expased skin may fall below 30°C. In severe cases, 
peripheral necrosis may occur due to aggregation and 
microthrombosis of small vessels caused by complement- 
‘mediated destruction in the periphery. 

‘The severity of the anemia is therefore directly related 
to the complement-fixing ability of the patient’ serum. 
(Fe-mediated removal of sensitized cells in the spleen and 
liver is not involved because these organs are too warm for 
the antibodies to bind.) 


immunoglobulin. f no antibody is present on the red cells, they 
are nat agglutinated by anti-human immunoglobulin. 


‘Most cold-reactive autoimmune hemolytic anemias 
occur in older people. Their cause is unknown, but it is 
notable that the autoantibodies produced are usually of 
very limited clonality, 


Q Why would you expect the autoimmune response to I 
antigens to be of limited clonality? There are two reasonable 
explanations, which are not mutually exclusive. 

A. The numbers of autoreactive clones may have been curtailed 
by negative selection during B cell development. In addition, 
the antigens are carbohydrate and induce an IgM response 
(T independent) which has not been subject to diversification, 


However, some cases may follow infection with 
Mycoplasma pneumoniae, and these are acute-onset diseases 
of short duration with polyclonal autoantibodies. Such 
cases are thought to be due to cross-reacting antigens on 
the bacteria and the erythrocytes, producing a bypass of 
normal tolerance mechanisms (see Chapter 19). 


Drug-induced reactions to blood components occur 

in three different ways 

Drugs (or their metabolites) can provoke hypersensitiv- 

ity reactions against blood cells, including erythrocytes 

and platelets. This can occur in three different ways 

(Fig. 24.11). 

* The drug binds to the blood cells and antibodies are 

produced against the drug ~ In this case it is necessary 

for both the drug and the antibody to be present to 

produce the reaction. This phenomenon was first 

recorded by Ackroyd, who noted thrombocytopenic 

purpura (destruction of platelets leading to purpuric 

rash) following administration of the drug Sedormid. 
‘Hemolytic anemias have been reported following 

the administration of a wide variety of drugs, including 

= penicillin; 

= quinine; and 

~ sulfonamides. 

All these conditions are rare. 
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Drug-induced reactions to blood cells 
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Fig, 24.11 Three ways that drug treatment can cause damage 
are ilustrated. (1) The drug adsorbs to cell membranes. 
Antibodies to the drug bind to the cell and complement- 
‘mediated lysis occurs, (2) Immune complexes of drugs and 
antibody become adsorbed to the red cell. This could be 
‘mediated by an Fe receptor, but is more probably via the C3b 
receptor CRI. Damage accurs by complement-mediated lysis. 
(@) Drugs, presumably adsorbed onta cell membranes, induce 
a breakdown of self tolerance, passibly by stimulating Ti cell 
This leads to the formation af antibodies to other blood group 
antigens on the cell surface. Note that in examples 1 and 2 
the drug must be present for cell damage to occur, whereas 
In the cells are destroyed whether they cary adsorbed drug 
‘or nat. 


+ Drug-antibody immune complexes are adsorbed onto 
the erythrocyte cell membrane ~ When drug-antibody 
immune complexes are adsorbed on to the erythrocyte 
cell membrane damage occurs by complement 
mediated lysis. 

* ‘The drug induces an alle The drug 
induces an allergic reaction and autoantibodies are 


directed against the erythrocyte antigens themselves, as 
% of patients given a-methyldopa. The 
antibodies produced are similar to those in patients 
with warm-reactive antibody. However, the condition 
remits shortly after the cessation of drug treatment. 


occurs in 0, 
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Reactions against other blood cells have 
been associated with SLE and with 
thrombocytopenia 

Autoantibodies to neutrophil cytoplasmic antigens 
(ANCA) are associated with a number of diseases. For 
example: 

+ antibody to proteinase-3 


a cytoplasmic antigen (c 
ANCA), is associated with Wegener's granulomatosis; 
+ antibodies to myeloperoxidase are 
commonly in systemic lupus erythematosus (SLE), and 
are located in perinuclear granules (p-ANCA), 
Other granule components may also act as antigens in 
SLE, but less commonly than myeloperoxidase. Such 
autoantigens are generally neutrophil specific and anti 
bodies can be detected by immunofluorescent staining 
(Fig. 24.12). 
By contrast, antibodies to MHC antigens, which are 
also seen in SLE, are highly non-tissue specific. 
p-ANCAs are particularly charac 
and_glomerulonephritis 


istic of vasculitis 


Their contribution to disease 
relatively small, although they 


pathogenesis appears to 
have some diagnostic use. 


Autoantibodies to platelets are seen in ITP 
Autoantibodies to platelets are seen in up to 70% of 
cases of idiopathic thrombocytopenic purpura (ITP), 
a disorder in which there is ac 
platelets from the circulation, mediated primarily by 
splenic macrophages. The mechanism of removal is via 
the immune adherence receptors on these cells. 

TTP most often develops after bacterial or viral in 
but may also_be 
diseases including SLE 


rated removal of 


tions, associated with autoimmune 


Antibodies to neutrophils 


Fig. 24.12 Antibodies to neutrophils are demonstrated by 
immunofluorescence. In this instance, normal neutrophils were 
stained with antibodies from a neonate suffering from 
alloimmune neonatal neutropenia. 


“TYPE Il HYPERSENSITIVITY REACTIONS MAY TARGET TISSUES 


In SLE, antibodies to cardiolipin, which is present on 
platelets, can sometimes be detected. Autoantibodies to 
cardiolipin and other phospholipids can inhibit one aspect 
of blood clotting (lupus anticoagulant) and can be 
associated, in some cases, with venous thrombosis and 
recurrent abortions, 

‘Thrombocytopenia may also be induced by drugs by 
similar mechanisms to those outlined in Fig. 24.11 


TYPE Il HYPERSENSITIVITY REACTIONS 
TARGET TISSUES 

A number of autoimmune conditions occur in which 
antibodies to tissue antigens cause immunopathological 
damage by activation of type II hypersensitivity mech- 
anisms. The antigens are extracellular, and may be 
expressed on structural proteins or on the surface of cells. 
‘The resulting diseases are discussed here and include: 

* Goodpasture’s syndrome; 

+ pemphigus; 

* myasthenia gravis 

It is often possible to demonstrate autoantibodies to 
particular cell types, but in these cases the antigens are 
intracellular, and the importance of the type II mecha- 
nisms is less well established. In these cases, recognition 
of autoantigen by T’ cells is probably more important 
pathologically, and the autoantibodies are of secondary 
importance. 


Antibodies against basement membranes 
produce nephritis in Goodpasture’s 
syndrome 

A number of patients with nephritis are found to have 
antibodies to collagen type IV, which is a major com- 
ponent of basement membranes (see Fig. 25.3). 

Collagen type IV undergoes alternate RNA splicing, 
which produces a number of variant proteins (Goodpasture 
antigen), but the antibodies appear to bind just those 
forms that retain the characteristic N terminus. The 
antibody is usually IgG and, in at least 50% of patients, it 
appears to fix complement. 

Goodpasture’s syndrome usually results in severe 
necrosis of the glomerulus, with fibrin deposition. 
‘The association of this type of nephritis with lung 
hemorrhage was originally noticed by Goodpasture 
(hence Goodpasture’s syndrome). Although the lung 
symptoms do not occur in all patients, the association of 
Jung and kidney damage is due to cross-reactive autoanti- 
gens in the basement membranes of the two tissues, 


Animal models for Goodpasture's syndrome have 
been developed 

In nephrotoxic serum nephritis (Masugi glomerulo- 
nephritis), heterologous antibodies to glomerular base- 
ment membrane are injected into rats or rabbits. The 
injected antibody is deposited onto the basement mem- 
branes, and this is followed by further deposition of host 
antibodies to the injected antibody ~ this precipitates 
acute nephritis. Development of nephritis and proteinuria 
depends on the accumulation of neutrophils, which bind 


via complement-dependent and complement-independent 
mechanisms. Similar lesions can be induced by immu- 
nization with heterologous basement membrane (Steblay 
model) 

Another animal model (Heymann nephritis), caused by 
raising autoantibodies to a protein present in the brush 
border of glomerular epithelial cells, resembles human 
membranous glomerulonephritis, In this model, the 
damage is mostly complement mediated — complement 
depletion of the animals alleviates the condition. 


Pemphigus is caused by autoantibodies to an 
intercellular adhesion molecule 
Pemphigus is a serious blistering disease of the skin 
and mucous membranes. Patients have autoantibodies 
against desmoglein-1 and desmoglein-3, components 
of desmosomes, which form junctions between epidermal 
cells (Fig. 24.13). The antibodies disrupt cellular adhe- 
sion, leading to breakdown of the epidermis. 
Clinical disease profiles can be related to the specificity 
of the antibodies. For example: 
* patients with only anti-desmoglein-3 tend to show 
mucosal disease; 
+ those with anti-desmoglein-1 and anti-desmoglein-3 
have skin and mucosal involvement. 
Disease has been correlated with the incidence of IgG+ 
antibodies against a different part of the molecule. 
Pemphigus is strongly linked to a rare haplotype of 
HLA-DR+ (DRBI"0402), and this molecule has been 
shown to present a peptide of desmoglein-3, which other 
DR¢ subtypes cannot. This is therefore a clear example of 
an autoimimune disease producing pathology by type IL 
mechanisms, 


Autoantibodies in pemphigus 


Fig. 24.13 The antibodies in pemphigus bind to components 
‘of the desmosome invalved in cell adhesion. Desmoglein-1 
and desmogiein-3 are most commonly involved, but other 
‘molecules, including the plakins and desmocallin, may also act 
as autoantigens. Immunofluorescence of human skin stained 
with antiigA. (Courtesy of Dr R Mirakian and Me P Collins) 
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In myasthenia gravis and Lambert-Eaton 
syndrome autoantibodies to acetylcholine 
receptors cause muscle weakness 

‘Myasthenia gravis, a condition in which there is extreme 
muscular weakness, is associated with antibodies to the 
acetylcholine receptors on the surface of muscle mem- 
branes. The acetylcholine receptors are located at the 
motor endplate where the neuron contacts the muscle, 
‘Transmission of impulses from the nerve to the muscle 
takes place by the release of acetylcholine from the nerve 
terminal and its diffusion across the gap to the muscle 
fiber. 

It was noticed that immunization of experimental 
animals with purified acetylcholine receptors produced a 
condition of muscular weakness that closely resembled 
human myasthenia. ‘This suggested a role for antibody to 
the acetylcholine receptor in the human disease. 

‘Analysis of the lesion in myasthenic muscles indicated 
that the disease was not due to an inability to synthesize 
acetylcholine, nor was there any problem in secreting it in 
response to a nerve impulse ~ the released acetylcholine 
was less effective at triggering depolarization of the 
muscle (Fig. 24.14). 


Myasthenia gravis 


Ach 
vesicles 


motor 
endplate 


Fig. 24.14 Normally a nerve Impulse passing dawn a neuron 
arrives at a motor endplate and causes the release of 
acetylcholine (ACh). Ths diffuses across the neuromuscular 
junction, binds ACh receptors (AChR) an the muscle, and 
‘Causes fon channels in the muscle membrane to open, which 
in turn triggers muscular contraction. in myasthenia gravis, 
antibodies to the receptor block binding of the ACh 
transmitter. The effect of the released vesicle is therefore 
reduced, and the muscle can become very weak. Antibody 
blocking receptors are only one of the factors operating in the 
disease, 
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Examination of neuromuscular endplates by immuno- 
chemical techniques has demonstrated IgG and the com- 
plement proteins, C3 and C9, on the postsynaptic folds of 
the muscle (Fig. 24.15). 

Further evidence for a pathogenetic role for IgG in this 
disease was furnished by the discovery of transient muscle 
weakness in babies born to mothers with myasthenia 
gravis. This is significant because itis known that IgG can 
and does cross the placenta, entering the blood stream of 
the fetus. 

IgG and complement are thought to act in two ways: 

+ by increasing the rate of turnover of the acetylcholine 
receptors; and 

+ by partial blocking of acetylcholine binding. 

Cellular infiltration of myasthenic endplates is rarely seen, 

so it is assumed that damage does not involve effector 

cells. 


Lambert-Eaton syndrome is caused by defective 
release of acetylcholine 

Ina Lambert-Faton syndrome, a condition related to 
myasthenia gravis, muscular weakness is caused by defec- 
tive release of acetylcholine from the neuron. If serum or 


Motor endplate in myasthenia gravis 


Fig, 24.15 (1) Electron micrograph showing IgG deposits (G) 
in discrete patches on the postsynaptic membrane (P). 

% 13.000. (2) Electron micrograph lustating C9 (C) shows 
the postsynaptic region denuded ofits nerve terminal - it 
consist of debris and degenerating folds (D). There isa strong 
reaction for C9 on this debris. x 9000. (M, muscle fiber) 
(Courtesy of Dr AG Engel) 


CYTOTOXIC ANTIBODIES ARE INCREASINGLY USED FOR THERAPEUTIC INDICATIONS 


IgG from patients with Lambert-Faton syndrome is 
transfused into mice, the condition is also transferred, 
indicating the presence of autoantibody. The autoanti- 
bodies are directed against components of voltage-gated 
calcium channels or the synaptic vesicle protein 
synaptotagmin. 

The different forms of Lambert-Eaton syndrome are 
thought to relate to the target antigen and the class and 
titer of antibodies involved. 


Q. Predict whether inhibitors of acetylcholinesterase will 
have any value in alleviating the symptoms of myasthenia 
gravis or Lambert-Eaton syndrome. 

A. These drugs are often useful in myasthenia gravis because 


acetylcholine is present and an inhibitor of acetyicholinesterase 
will prolong its activity. They are less useful in Lambert-Eaton 
syndrome because acetylcholine is nat released in the first place 


Autoantibodies may block receptors or 
mimic receptors agonists 

Myasthenia gravis and Lambert-Faton syndrome exem: 
plify conditions where autoantibodies to receptors block 
the normal function of the receptor. There are other 
diseases, however, where the autoantibody has an opposite 
effect, for example in some forms of autoimmune thyroid 
disease antibodies to the thyroid-stimulating hormone 
(TSH) receptor mimic TSH, thereby stimulating thyroid 
function (see Chapter 21), 


AUTOANTIBODIES MAY BE PRESENT IN 
THE ABSENCE OF DISEASE 

autoantibodies react with tissue antigens, 
ice in causing tissue damage and pathology 
in vivo is not always clear. For example, although auto- 
antibodies to pancreatic islet cells can be detected in vitro 
using sera from some diabetic patients (Fig. 24.16), most 


Islet cell autoantibodies 


Fig. 24.16 Autoantibodies to the pancreas in diabetes melitus 
may be demonstrated by immunefluorescence. The antibodies 
are diagnostically useful, and may contribute to the pathology. 
(Courtesy of Dr B Dean) 


of the immunopathological damage in autoimmune 
diabetes is thought to be caused by autoreactive T cells. 
Until recently it was thought that autoantibodies 
against intracellular antigens would not usually cause 
immunopathology because they could not reach their 
antigen within a living cell. However, it now appears that 
antibodies such as anti-ribonucleoprotein (anti-RNP) and 
anti-DNA can reach the cell nucleus and modulate cell 
function ~ in some cases, they can induce apoptosis. 
Although the relative importance of antibody in 
causing cell damage is still debated, autoantibodies against 
internal antigens of cells often make excellent disease 
markers because they are frequently detectable before 
immunopathological damage occurs. 


CYTOTOXIC ANTIBODIES ARE 
INCREASINGLY USED FOR THERAPEUTIC 
INDICATIONS 

I is now realized that high-specificity monoclonal anti- 

bodies can be used to induce cell death as a therapeutic 

procedure mediated via type I hypersensitivity mech- 

Some of antibodies increasingly being used for ther: 
apeutic indications work by blocking signaling pathways 
important in disease pathophysiology, for example: 

+ the antihuman epidermal growth factor receptor 2 
(anti-HER2) antibody, trastuzumab, used in breast 
cancer; and 

+ the anti-TNF antibody, infliximab, used in Crohn's 
disease 

However, of relevance to type I hypersensitivity reac- 
tions, other monoclonal antibodies work by inducing 
antibody-dependent cell-mediated cytotoxicity (ADCC) 
and/or activation of complement pathways. The most 
widely used of these is the anti-CD20 antibody, 
rituximab. CD20 is expressed on normal B cells as well as 
most B cell malignancies and rituximab is now an estab- 
lished part of the treatment of B lineage non-Hodgkin's 
lymphomas. 

Anti-C1D20 therapy is also proving useful for treatment 
of autoimmune disease resistant to standard therapies 
including immune thrombocytopenia, rheumatoid arthri- 
tis, and SLE, where its activity is due to elimination of 
host autoreactive B cells. 

Other antibodies in clinical use include the anti-CDS2 
antibody, alemtuzumab, which targets an antigen found 
on immune cells (both B and T cells). Alemtuzumab is 
used for the treatment of chronic B and cell leukemias 
as well as for immune suppression in patients undergoing 
allogeneic hematopoietic stem cell transplantation, 
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Critical thinking: Blood groups and hemolytic disease of the newborn (see p. 502 


for explanations) 


Mrs Chareston has the blood group ©, Rhesus negative, and 
her husband Me Chareston is A, Rhesus positive. They have 
had four chiclren, of which two have been affected by 
hemolytic alisease ofthe newborn (HONE), as follows: 
+ first child born 1968 — unaffected; 
+ second chil born 1974 ~ mialy affected 
‘third child bor 1976 — seriously affected, required 
intrauterine blood transfusion; 
+ fourth child born 1980 — unaffected. 
in both affected cases (Second and thie), the cause of the 
hemolytic disease was identiied as antibodies to Rhesus O 
binding to the child's red cells. Following the second, third, 
and fourth deliveries, Mrs Chareston was given antibodies to 
the Rhesus D blood group (Rhesus prophylaxis was introduced 
in the UK in 1972). 
1 From this information, what can you deduce about the 
blood group ofthe fst child? 
2 Why does HDNB usually become more serious with 
successive pregnancies? 


3. What is the reason for giving anti-Rhesus D antibodies to 
the mother? 

4 Why are the antibodies given postpartum and not earlier? 

5 Give an explanation of why the Rhesus prophylaxis after 
the second delivery failed to prevent HDNB in the third 
child, 

6 What explanation can be given to account for the fact that 
the fourth child is unaffected? 

When the blood groups of the children are examined it is 
found that they are: 

first child - ©, Rh’ 

‘= second child — 8, Rh; 

= third child — A, Rh; 

‘= fourth child — A, Rh. 

7 As Mrs Chareston has antibodies to blood group A, why 
was the fourth child not affected by HDNB caused by 
these antibodies? 

8 One of these children was definitely not fathered by Mr 
CChareston — which child? 


Hypersensitivity 


(Type IID) 


SUMMARY 


‘+ Diseases caused by immune complexes can be divided 
Into three groups. Immune complexes are formed every 
time antibody meets antigen and are removed by the 
‘mononuclear phagocyte system following complement 
activation, Persistence of antigen from continued infection 
or in autoimmune disease can lead to immune complex 
disease. 


‘+ Immune complexes can trigger a variety of 
inflammatory processes. Fc-FcR interactions are the 
key mediators of inflammation. Mast importantly, Fe 
regions within immune deposits within tissues engage Fe 
receptors on activated neutrophil, lymphocytes, and 
platelets to induce inflammation. During chranic 
inflammation B cells and macraphages are the 
predominant infiltrating cell type, and activation of 
endogenous cells within the organ participates in 
fibrosis and disease progression. 


‘+ Experimental models demonstrate the main immune 
complex diseases, Serum sickness can be induced with 
large injections of foreign antigen, Autoimmunity causes 
immune complex disease in the NZ8/NZW mouse. 
Injection of antigen into the skin of presensitized animals 
produces the Arthus reaction. 


‘+ Immune complexes are normally removed by the 
‘mononuclear phagocyte system. Complement helps to 
disrupt antigen-antibody bonds and keeps immune 
‘complexes soluble. Primate erythrocytes bear a receptor for 
(C3b and are important for transporting complement- 
Containing immune complexes to the spleen for removal. 
‘Complement deficiencies lead to the formation of large, 
‘elatively insoluble complexes, which deposit in tissues. 


+ The size of immune complexes affects their deposition. 
Deposition of circulating, soluble immune complexes is 
limited by physical factors, such as the size and charge of 
the complexes. Small, positively charged complexes have 
the greatest propensity for deposition within vessels. Large 
immune complexes are rapidly removed in the liver and 


spleen, 


‘+ Immune complex deposition in the tissues results in 
tissue damage. Immune complexes can form both in 
the circulation, leading to systemic disease, and at local 
‘ites such as the lung. Charged cationic antigens have 
tissue-binding properties, particularly for the glomerulus, 
and help to localize complexes to the kidney. Factors 
that tend to increase blood vessel permeability enhance 
the deposition of immune complexes in tissues. 


‘+ Deposited immune complexes can be visualized using 
immunofluorescence. 


DISEASES CAUSED BY IMMUNE 
COMPLEXES CAN BE DIVIDED INTO THREE 
GROUPS 

Immune complexes are formed every time antibody meets 
antigen, and generally they are removed effectively by the 
mononuclear phagocyte system. 

Occasionally, however, immune complexes persist and 
eventually deposit in a range of tissues and organs. The 
complement and effector cell-mediated damage that 
follows is known as a type III hypersensitivity reaction or 
immune complex disease. 

‘The sites of immune complex deposition are partly 
determined by the localization of the antigen in the tissues 
and partly by how circulating complexes become deposited. 

Diseases resulting from immune complex formation 
can be divided broadly into three groups: 

* those due to persistent infection; 


+ those due to autoimmune disease; and 
+ those caused by inhalation of antigenic material 
(Fig. 25.1). 


Persistent infection with a weak antibody 
response can lead to immune complex 
disease 
‘The combined effects of a low-grade persistent infection 
and a weak antibody response lead to chronic immune 
complex formation, and eventual deposition of complexes 
in the tissues (Fig. 25.2). Diseases with this etiology 
include: 
* leprosy; 

malaria; 
dengue hemorrhagic fever; 
viral hepatitis; and 


‘staphylococcal infective endocarditis. 


25, HYPERSENSITIVITY (TYPE Ill) 


‘Three categories of immune complex disease 


persistent microbial antigen | infected organ(s), 
infection kidney 
autoimmunity | self antigen kidney, joint, 

arteries, skin 
inhaled antigen | mold, plant, or lung 


animal antigen 


Fig. 25.1 This table indicates the source of the antigen and 
the organs mast frequently affected. 


Immunofluorescence study of immune complexes in 
infectious disease 


Fig. 25.2 These serial sections of the renal artery of a patient 
with chronic hepatitis & infection are stained with 
fluoresceinated anti-hepattis B antigen (1) and thodaminated 
ant-igM (2), The presence of both antigen and antibody in 
the intima and media of the arterial wall indicates the 
‘deposition of complexes at this site. IgG and C3 deposits are 
also detectable with the same distribution. (Courtesy of Dr A 
Nowoslawski) 


Immune complex disease is a frequent 
complication of autoimmune disease 

Immune complex disease is common in. autoimmune 
disease, where the continued production of autoantibody 
to a self antigen leads to prolonged immune complex 
formation, As the number of complexes in the blood 
stems responsible for the removal of com: 


plexes (mononuclear phagocyte, erythrocyte, and comple: 
ment) become overloaded, and complexes are deposited in 
the tissues (Fig. 25.3). Diseases with this etiology include: 
+ rheumatoid arthritis; 

nic lupus erythematosus (SLE); and 

* polymyositis. 
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Immunofluorescence study of immune complexes in 
autoimmune disease 


Fig. 25.3 These renal sections compare the effect of systemic 
lupus erythematosus (type ill hypersensitivity) (1) and 
Goodpasture’s syndrome (type I! hypersensitivity) (2). In each 
case the antibody is detected with fluorescent anti-IgG. 
Complexes, formed in the blood and deposited in the kidney, 
form characteristic ‘lumpy bumpy’ deposits (1). The anti- 
basement membrane antibody in Goadpasture’s syndrome 
forms an even layer an the glomerular basement membrane 
(@). (Courtesy of Dr S Thiru) 


Immune complex following inhalation of 
antigen 

Immune complexes may be formed at body surfaces 
following exposure to extrinsic antigens. 

Such reactions are seen in the lungs following repeated 
inhalation of antigenic materials from molds, plants, or 
animals. This is exemplified in: 

* farmer's lang, where there are circulating antibodies to 
tinomycete fungi (found in moldy hay); and 

* pigeon fancier’s lung, where there are circulating 

antibodies to pigeon antigens. 

Both diseases are forms of extrinsic allergic alveolitis, 
and occur only after repeated exposure to the antigen 
Note that the antibodies induced by these antigens are 
primarily IgG, rather than the Ig in type I hyper 
sensitivity reactions. When antigen again enters the body 
by inhalation, local immune complexes are formed in the 
alveoli leading to inflammation and fibrosis (Fig. 25.4). 

Precipitating antibodies to actinomycete antigens are 
found in the sera of 90% of patients with farmer’s lung 
However, they are also found in some people with no 
disease, and are absent from some patients, so it seems 


that other factors are also involved in the disease process, 
including type IV hypersensitivity reactions. 


IMMUNE COMPLEXES CAN TRIGGER A 
VARIETY OF INFLAMMATORY PROCESSES 
Immune complexes are capable of triggering a wide 
variety of inflammatory processes: 


IMMUNE COMPLEXES CAN TRIGGER A VARIETY OF INFLAMMATORY PROCESSES 


Extrinsic allergic alveolitis 


Fig. 25.4 The histological appearance of the lung in extrinsic 
allergic alveoits (1) shows consolidated areas due to cell, 
‘accumulation. When fungal antigen is inhaled into the lung of 
4 sensitized individual, immune complexes are formed in the 
alveoli (2). Complement fixation leads to cell accumulation, 


* they interact directly with basophils and platelets (via 
Fe receptors) to induce the release of vasoactive amines 
(Fig. 25.5); 

+ macrophages are stimulated to release cytokines, 
particularly tumor necrosis factor-a. (TNFa) and 
interleukin-1 (IL-1), which have important roles in 
inflammation; 

* they interact with the complement system to generate 
C3a and CSa (anaphylatoxins) ~ these complement 
fragments stimulate the release of vasoactive amines 
(including histamine and S-hydroxytryptamine) and 
chemotactic factors from mast cells and basophils; and 
C5a is also chemotactic for basophils, eosinophils, 
and neutrophils. 

Recent work with knockout mice indicates that com- 

plement has a less proinflammatory role than previously 

thought, whereas cells bearing Fe receptors for IgG and 

IgE appear to be critical for developing inflammation, 

with complement having a protective effect. 

‘The vasoactive amines released by platelets, basophils, 
and mast cells cause endothelial cell retraction and thus 
increase vascular permeability, allowing the deposition 
of immune complexes on the blood vessel wall (Fig. 25.6). 
‘The deposited complexes continue to generate C3a 
and CSa. 

Platelets also aggregate on the exposed collagen of the 
vessel basement membrane to form microthrombi. 


@. Aggregation may be directly enhanced by the presence 
‘of immune complexes on the basement membrane, How 
‘can platelets recognize immune complexes? 

A. They have an Fe receptor, Fella (see Fig. 3.18). 


‘The aggregated platelets continue to produce vasoac~ 
tive amines and to stimulate the production of C3a and 


inflammation, and fibrosis. Precipitin antibody (P) present in 
the serum of a patient with pigeon fanciers lung (3) is directed, 
against the fungal antigen Micropolyspora faeni. Normal serum 
(N) lacks antibodies to this fungus. 


5a. (Platelets are also a rich source of growth factors ~ 
these may be involved in the cellular proliferation seen in 
immune complex diseases such as glomerulonephritis 
and rheumatoid arthritis.) 

Polymorphs are chemotactically attracted to the site 
by CSa, They attempr to engulf the deposited immune 
complexes, but are unable to do so because the complexes 
are bound to the vessel wall. They therefore exocytose 
their lysosomal enzymes onto the site of deposition (see 
Fig. 25.6). If simply released into the blood or tissue 
fluids these lysosomal enzymes are unlikely to cause much 
inflammation, because they are rapidly neutralized by 
serum enzyme inhibitors. But if the phagocyte applies 
itself closely to the tissue-trapped complexes through Fe 
binding, then serum inhibitors are excluded and the 
enzymes may damage the underlying tissue. 


mechanisms 

It is important to understand that the inflammatory 

pathways involved in type I and type III reactions are 

identical. The distinction is based on where the antigens 
are derived from and how the immune complexes form: 

* in type II hypersensitivity reactions, the autoantibodies 
bind to autoantigens where they normally reside; 

+ by contrast, in type III hypersensitivity reactions, the 
antigens may be either self (ie. auto) or foreign and 
the immune deposits may form by either deposition 
of soluble immune complexes or in situ. by initial 
deposition of unbound circulating antigen followed by 
binding of circulating antibody. 

Nevertheless, the effector mechanisms leading to inflam- 

mation and tissue injury are similar in type I and type IIL 

reactions and dependent on the capacity of deposited 

antibodies to engage FeRs and activate complement. 
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Immune complexes as a trigger for increasing vascular 
permeability 


blood see 
ae 5 Va 
kn See 
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Fig. 25.5. Immune complexes normally bind complement and 
are removed to the liver and spleen after binding to CRI on 
erythrocytes. n inflammation, immune complexes act on 
basophils and platelets (in humans) to produce vasoactive 
amine release. The amines released (e.g. histamine, 5- 
hydroxytryptamine) cause endothelial cell retraction and thus 
Increase vasculae permeability. 


Complement is an important mediator of 

type Ill hypersensitivity 

In many diseases, complement activation is triggered 

inappropriately and drives a vicious cycle, causing: 

* further tissue damage; 

* increased inflammation; and 

*_ perpetuation of the disease. 

‘This scenario is particularly evident in autoimmune 

diseases where immune complexes deposit in tissues and 

there activate complement, causing damage and destruc~ 

tion of host cells. Examples include: 

* the kidney in various autoimmune glomerular diseases; 
and 

* the joint in rheumatoid arthritis. 
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Deposition of immune complexes in blood vessel walls 


complex’ 


platelet 
aggregation 


Fig. 25.6 Increased vascular permeability allows immune 
‘complexes to be deposited in the blood vessel wall. This 
Induces platelet aggregation and complement activation. The 
aggregated platelets form microthrombi on the exposed 
collagen af the basement membrane of the endathelium, 
Neutrophils are attracted to the site by complement products, 
but cannot ingest the complexes. They therefore exocytose 
their lysosomal enzymes, causing further damage to the vessel 
wall 


Staining of these tissues for complement deposits reveals 
the full extent of involvement. The tissues are often 
packed with C3 fragments and other complement pro- 
teins. Complement activation is also evident in the blood 
in these diseases: 

* complement activity and the plasma concentrations of 
the major components C3 and C4 are reduced due to 
consumption in the tissues; and 

* Teves of complement setvation Gxgmens are 

In SLE, autoantibodies are generated against cell contents 

including DNA, cytoplasmic proteins, and mitochondria. 

Immune complexes form whenever cell contents are 

released and these deposit in capillary beds in organs such 

as skin, kidney, joint, and brain where they activate com- 
plement causing further tissue damage. Here complement 
is playing dual roles: 

© the important immune complex solubilizing roles will, 
prevent immune complex deposition until the capacity 
of the system is exceeded; 

+ beyond this threshold complexes deposit and activate 
complement in the tissues, causing pathology. 


EXPERIMENTAL MODELS DEMONSTRATE THE MAIN IMMUNE COMPLEX DISEASES 


Complement changes from hero to villain. Patients with 
SLE often have markedly decreased plasma levels of com- 
plement activity and the components C3 and C4 due to the 
‘massive and widespread activation of the system. Levels of 
these parameters can be used to monitor disease activity. 


Autoantibodies to complement components 
can modulate complement activity 
Autoantibodies may also develop that directly target the 
complement components and complexes. 

Autoantibodies against Clq are commonly found in 
SLE, correlating particularly with renal involvement. 

Antibodies against the alternative pathway C3 conver- 
tase bind and stabilize the complex, markedly increasing 
its functional half-life and thus consuming C3. 

‘These autoantibodies were first identified in patients 
with membranoproliferative _glomerulonephritis 
(MPGN) and were therefore termed C3 nephritic 
factors (C3NeF), but may also be found in SLE. 

C3NeF are also associated with a bizarre ‘wasting’ 
disorder characterized by loss of adipose tissue, termed 
partial lipodystrophy, which may occur with or without 
associated MPGN. The syndrome was, until recently, 
unexplained, but recent evidence suggests that activation 
of the alternative pathway is a feature of normal lipid 
handling in adipose tissue. Stabilization of the convertase 
by C3NeF will then cause local increased complement 
activation and fat cell destruction. 

Rarely, autoantibodies against the classical pathway C3 
convertase, termed C4 nephritic factors (C4NeF), are 
found in association with MPGN or SLE. ‘These’ too 
stabilize the convertase and cause increased complement 
activation to drive disease. 


EXPERIMENTAL MODELS DEMONSTRATE 
THE MAIN IMMUNE COMPLEX DISEASES 
Experimental models are available for each of the three 
‘main types of immune complex disease described above: 
* serum sickness, induced by injections of foreign 
antigen, mimics the effect of a persistent infection; 
+ the NZB/NZW mouse demonstrates autoimmunity; 
* the Arthus reaction is an example of local damage by 
extrinsic antigen, 
Care must be taken when interpreting animal experiments 
because the erythrocytes of rodents and rabbits lack the 
receptor for C3b (known as CRI), which readily binds 
immune complexes that have fixed complement. ‘This 
receptor is present on primate erythrocytes. 


Serum sickness can be induced with large 
injections of foreign antigen 

In serum sickness, circulating immune complexes deposit 
in the blood vessel walls and tissues, leading to increased 
vaseular permeability and thus to inflammatory diseases 
such as glomerulonephritis and arthritis. 

In the pre-antibiotie era, serum sickness was a 
complication of serum therapy, in which massive doses of 
antibody were given for diseases such as diphtheria. Horse 
anti-diphtheria serum was usually used, and some 
individuals made antibodies against the horse proteins. 


Serum sickness is now commonly studied in rabbits by 
giving them an intravenous injection of a foreign soluble 
protein such as bovine serum albumin (BSA). After about 
1 week antibodies are formed, which enter the circulation 
and complex with antigen. Because the reaction occurs 
in antigen excess, the immune complexes are small (Fig. 
25.7). These small complexes are removed only slowly by 
the mononuclear phagocyte system and therefore persist 
in the circulation. 


@. Suggest two reasons why small immune complexes 
‘would be cleared mare slowly than large complexes. 

‘A. Small complexes activate complement less effectively than 
large camplexes because C1 must bind to several Fc regions 
before it is activated. The avidity af complexes far binding to 
phagocytes will also be increased when several Fe regions are 
available to bind to the Fe receptors on a phagacyte. If this were 
nat so, monomeric antibody would black binding of complexes 
to Fe receptors, 


‘The formation of complexes is followed by an abrupt 
fall in total hemolytic complement. 

‘The clinical signs of serum sickness that develop are 
due to granular deposits of antigen-antibody and C3 
forming along the glomerular basement membrane 
(GBM) and in small vessels elsewhere. As more antibody 
is formed and the reaction moves into antibody excess, the 
size of the complexes increases and they are cleared more 
efficiently, so the animals recover. Chronic disease is 
induced by daily administration of antigen, 


‘Time course of experimental serum sickness 


complex 


Fig. 25.7 Following an injection of xenogeneic serum there is 
4 lag period of approximately 5 days, in which only free 
antigen is detectable in serum. After this time, antibodies are 
‘produced to the foreign proteins and immune complexes are 
formed in serum; itis during this period that the symptams of 
nephritis and arteritis appear. To begin with, small soluble 
‘complexes are found in antigen excess; with increasing 
antibody titers, larger complexes are formed, which are 
deposited and subsequently cleared. At this stage the 
symptoms disappear. 


25, HYPERSENSITIVITY (TYPE Ill) 


Q. Why would immune complexes deposit in the glomeru- 
lus when the complexes are formed outside the kidney? 

A. The glomerulus has fenestrated endothelium and is a site of 
filtration. 


Autoimmunity causes immune complex 
disease in the NZB/NZW mouse 
‘The F; hybrid NZB/NZW mouse produces a range of 
autoantibodies (including anti-erythrocyte, anti-nuclear, 
anti-DNA, and anti-Sm) and suffers from an immune 
complex disease similar in many ways to SLE in humans. 
A-NZB/NZW mouse is born clinically normal, but 
within 2-3 months shows sign of hemolytic anemia, ‘Tests 
for anti-erythrocyte antibody (the Coombs’ test), anti- 
nuclear antibodies, lupus cells, and circulating immune 
complexes are all positive, and there are deposits in the 
glomeruli and choroid plexus of the brain. ‘The disease is 
much more marked in the females, who die within a few 
months of developing symptoms (Fig. 25.8). 


The role of Fe receptors in the ‘treatment’ of 

immune complex disease 

“The restoration of ‘tolerance’ in murine lupus disease has 

been achieved by the transduction of the inhibitory Fe 

receptor FeyRIIb. Animals so treated showed: 

* a prolonged life span; 

+ lower levels of kidney disease as measured by reduced 
proteinuria; and 

+ lower levels of autoantibody (see Chapter 20). 


Injection of antigen into the skin of 
presensitized animals produces the Arthus 
reaction 
"The Arthus reaction takes place at a local site in and 
around the walls of small blood vessels. It is most fre~ 
quently demonstrated in the skin. 

‘An animal is immunized repeatedly until it has appre- 
ciable levels of serum antibody (mainly IgG). Following 


‘The appearance of the three main skin test reactions 


Fig. 25.9 A type | hypersensitivity reaction (1) produces a 
raised wheal, 5-7 mm in diameter and with a well defined 

edge ater about 15 minutes. A type il hypersensitivity Arthus 
reaction (2) produces a reaction after 5-12 hours that is larger 
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Autoimmune disease in NZB/NZW mice 
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Fig, 25.8 The graph shows the onset of autoimmune disease 
Jn female NZB/NZW mice with advancing age. Incidence 
refers to the percentage af mice with the features identified. 
Immune complexes were detected by immunofluorescent 
staining of a kidney section. Anti-nuclear antibodies were 
detected in serum by indirect immunofluarescence. Proteinuria 
teflects kidney damage. Autoantibadies to erythracytes 
develop later In the disease and so are less likely to relate to 
kidney pathology. Onset of autoimmune disease is delayed in 
male mice by approximately 3 months. 


subcutaneous or intradermal injection of the antigen a 
reaction develops at the injection site, sometimes with 
marked edema and hemorrhage, depending on the 
amount of antigen injected. ‘The reaction reaches a peak 
after 4-10 hours, then wanes and is usually minimal by 48 
hours (Fig. 25.9). 

Immunofluorescence studies have shown that initial 
deposition of antigen, antibody, and complement in 
the vessel wall is followed by neutrophil infiltration and 


(© 50 mm) and has a less well defined edge. A type IV 
(delayed) hypersensitivity reaction shows as a red indurated 
lesion, about 5 mm in dlameter at 24-48 hours (3). 


IMMUNE COMPLEXES ARE NORMALLY REMOVED BY THE MONONUCLEAR PHAGOCYTE SYSTEM 


intravascular clumping of platelets (Fig. 25.10). ‘This 
platelet reaction can lead to vascular occlusion and 
necrosis in severe cases. After 2448 hours the neutrophils 
are replaced hy mononuclear cells, and eventually some 
plasma cells appear. 

‘Complement activation via either the classical or alter~ 
native pathways was thought to be essential for the Arthus 
reaction to develop. But C3, C4, or C5 deficient mice 
were able to mount a normal Arthus reaction. However, 
when mice were made deficient in Fc/RI or FcyRIII they 
were unable to produce the reaction, Furthermore, when 
recombinant soluble FeyRII receptors were given they 
inhibited the development of the Arthus reaction. 

‘TNFa enhances cell-mediated immune responses in 
various ways (see Chapter 9). Treatment with antibodies 
to TNE can reduce severity in the Arthus reaction and, 
interestingly, anti-TNF is useful in treating rheumatoid 
arthritis. 

‘The ratio of antibody to antigen is directly related to 
the severity of the ensuing reaction. Complexes formed in 
either antigen or antibody excess are much less toxic than 
those formed at equivalence. 


IMMUNE COMPLEXES ARE NORMALLY 
REMOVED BY THE MONONUCLEAR 
PHAGOCYTE SYSTEM 

Immune complexes are opsonized with C3b following 
complement activation, and removed by the mononuclear 
phagocyte system, particularly in the liver and spleen. 
Removal is mediated by the complement C3b receptor, 
CRI. 


‘The Arthus reaction 


In primates, the bulk of CRI in blood is found on 
erythrocytes. (Non-primates do not have erythrocyte 
CRI, and must therefore rely on platelet CRI.) There are 
about 700 receptors per erythrocyte, and their effec- 
tiveness is enhanced by the grouping of receptors in 
patches, allowing high-avidity binding to the large 
complexes. 

‘CRI readily binds immune complexes that have fixed 
complement, as has been shown by experiments with 
animals lacking complement (Fig. 25.11). 

In normal primates the erythrocytes provide a buffer 
mechanism, binding complexes that have fixed com- 
plement and effectively removing them from the plasma, 
In small blood vessels ‘streamline flow’ allows the ery- 
throcytes to travel in the center of the vessel surrounded 
by the flowing plasma. Thus it is only the plasma that 
makes contact with the vessel wall. Only in the sinusoids 
of the liver and spleen, or at sites of turbulence, do the 
erythrocytes make contact with the lining of the vessels. 

‘The complexes are transported to the liver and spleen, 
where they are removed by fixed tissue macrophages 
(Fig. 25.12). Most of the CRI is also removed in the 
process, so in situations of continuous immune complex 
formation the number of active receptors falls rapidly, 
impairing the efficiency of immune complex handling. 

In patients with SLE, for example, the number of 
receptors may well be halved. With fewer complement 
receptors the complexes are cleared rapidly to the liver, 
but these complexes, which arrive directly rather than on 
red cells, are later released into the circulation again and 
may then deposit in the tissues elsewhere and lead to 
inflammation, 


Fig. 25.10 Antigen injected intradermally 
‘combines with specific antibody from the 
blood to form immune complexes. The 
‘complexes act on platelets and mast cells, 
‘which release vasoactive amines. Immune 
‘complexes also induce macrophages to 
release TNF and IL-1 (not shown). Mast 
cell products, including histamine and 
leukotrienes, induce increased blood flow 
and capillary permeability. The 
Inflammatory reaction is potentiated by 
lysosomal enzymes released from the 
polymorphs. The Arthus reaction can be 
seen in patients with precipitating 
antibodies, such as those with extrinsic 
allergic alveolitis associated with farmer's 
lung disease. 
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Effects of complement depletion on handling of 
immune complexes 
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Fig, 25.11 A bolus of immune complexes was infused into the 
circulation of a primate, In animals with a normal complement 
system the complexes were bound quickly by the CRI on. 
erythrocytes, In animals whose complement had been 
depleted by treatment with cabra venom factor, the 
erythrocytes hardly bound immune complexes at all 
Paradoxically, this results in slightly faster temoval of 
complexes in the depleted animals, with the complexes being 
deposited in the tissues rather than being removed by the 
spleen, (Based on data from Waxman F], et al. | Clin invest 
1984;74:1329-1340) 


Complexes can also be released from erythrocytes in 
the circulation by the enzymatic action of factor L 


Q. What action does factor | have in the complement 
system? 
A. It cleaves C3b and Cb into fragments (see Figs 4.7-4.9). 


‘This action leaves a small fragment (C3dg) attached to 
the CRI on the cell membrane. These soluble complexes 
are then removed by phagocytic cells, particularly those in 
the liver, bearing receptors for IgG Fe (Fig. 25.13). 


Complement solubilization of immune 
complexes 

It has been known since Heidelberger’s work on the 
precipitin curve in the 1930s that complement delays 
precipitation of immune complexes, though this infor- 
mation was forgotten for a long time. 

‘The ability to keep immune complexes soluble is a 
function of the classical complement pathway. ‘The com- 
plement components reduce the number of antigen 
epitopes that the antibodies can bind (ie. they reduce the 
valency of the antigen) by intercalating into the lattice of 
the complex, resulting in smaller, soluble complexes. In 
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Clearance of immune complexes in the liver 
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Fig. 25.12 "I-BSA/anti-BSA complexes were infused into a 
primate over a period of 120 seconds. Blaod was sampled 
from renal, portal, and hepatic veins, and the level of immune 
‘complexes bound to the erythrocytes was measured by 
radioactive counting. The levels of complexes in the renal and 
portal veins were similar to that in arterial blood. However, 
‘complexes were virtually absent from hepatic venous blaod 
throughout, indicating that complexes bound to erythrocytes 
are removed during a single transit through the live. (Based 
fon data from Cornacoft |B, etal | Clin Invest 
1983;71:236-247) 


primates these complement-bearing complexes are readily 
bound by the C3b receptor (CRI) on erythrocytes. 

Complement can rapidly resolubilize precipitated 
complexes through the alternative pathway (Fig. 25.14). 
‘The solubilization appears to occur by the insertion of 
complement C3b and C3d fragments into the complexes. 

It may be that complexes are continually being 
deposited in normal individuals, but are removed by 
solubilization. If this is the case, then the process will be 
inadequate in hypocomplementemic patients and lead 
to prolonged complex deposition. 

Solubilization defects have indeed been observed in 
sera from patients with systemic immune complex disease, 
but whether the defect is primary or secondary is not 
known. 


Q What evidence implies that defective solubilization of 
complexes is a primary cause of immune complex disease? 
A. Genetic deficiency of classical pathway components (Le 
primary defects) are associated with SLE and some other 
immune complex diseases (see Figs 4.16 and 16.11) 


Complement deficiency impairs clearance of 
complexes 

In patients with low levels of classical pathway com- 
ponents there is poor binding of immune complexes to 
erythrocytes. The complement deficiency may result 
from: 

+ depletion, caused by immune complex disease; or 

+ ahereditary disorder, a is the case in C2 deficiency. 


IMMUNE COMPLEXES ARE NORMALLY REMOVED BY THE MONONUCLEAR PHAGOCYTE SYSTEM 


Immune complex clearance 


Solubilization of immune complexes by complement 
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Fig. 25.13 (1) Immune complex clearance in a healthy normal 
subject. (2) Immune complex clearance in a patient with SLE. 
Radiolabeled soluble complexes were injected intravenously 
and immune complex localization monitored by dynamic 
imaging, In the normal subject complexes remained longer in 
the blood through binding ta CRI on red cells, followed by 
learance to the liver and the spleen, where immune 
‘complexes take part in immunoregulation. In the 
hypocomplementemic patient with SLE there was litle 
binding to red cells, but rapid clearance to organs such as the 
liver, with little localizing to the spleen, leading to impaired 
immunoregulation, which may be a factar in the persistence 
‘of autoimmunity 


‘This might be expected to result in persistent immune 
complexes in the circulation, but in fact the reverse occurs, 
with the complexes disappearing rapidly from the circu- 
lation, These non-erythrocyte-bound complexes are taken 
up rapidly by the liver (but not the spleen) and are then 
released to be deposited in tissues such as skin, kidney, and 
muscle, where they can set up inflammatory reactions 
(Fig. 25.15), 

Infusion of fresh plasma, containing complement, 
restores the clearance patterns to normal, illustrating the 
importance of complement in the clearance of immune 
complexes. 

Failure to localize in the spleen not only results in 
immune complex disease, but may also have important 
implications for the development of appropriate immune 
responses. This is because the spleen plays a vital role in 
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Fig. 25.14 Complement can solublize precipitable complexes, 
Invitro, Addition of fresh serum containing active complement 
to insoluble complexes induces solubilization aver about 15 
‘minutes at 37°C, Some of the complexes resist resolublization, 
Heated serum (56°C for 30 minutes) lacks active complement 
and cannot resolubilize the complexes. Intercalation of 
complement companents C3b and C3d into the complex 
causes their solubilization by disrupting antigen-antibody 
bonds. Complexes that have been artificially connected by 
covalent bonds cannot be solubilized by complement. 


antigen processing and the induction of immune 
responses (see Chapter 2), 


The size of immune complexes affects their 
deposition 

In general, larger immune complexes are rapidly removed 
by the liver within a few minutes, whereas smaller com- 
plexes circulate for longer periods (Fig. 25.16). This is 
because larger complexes are: 

more effective at binding to Fe receptors and at fixing 

complement, so binding better to erythrocytes; 

+ released more slowly from the erythrocytes by the 

action of factor 1. 

Anything that affects the size of complexes is therefore 
likely to influence clearance. 

It has been suggested that a genetic defect that favors 
the production of low-affinity antibody could lead to the 
formation of smaller complexes, and so to immune com- 
plex disease. 

Antibodies to self antigens may have low affinity and 
recognize only a few epitopes. This results in small com- 
plexes and long clearance times because the formation of 
large, cross-linked lattices is restricted. 

Affinity maturation is dependent on efficient somatic 
mutation and selection of B cells within germinal centers 
following binding of antigen. This process is far more 
effective when B cells are stimulated by antigen or immune 
complexes coated with complement. Patients with com- 
plement deficiencies are particularly prone to develop 
immune complex disease and recent evidence indicates 
that another way that this is brought about is through 
poor targeting of antigen complexes to germinal centers, 
so preventing affinity maturation, 
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Immune complex transport and removal 
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Fig. 25.15 In primates, complexes solubilized by complement 
-are bound by CRI on erythrocytes and transported to the liver 
‘where they are removed by hepatic macrophages. Complexes 
released from erythrocytes by factor | are taken up by cells 
{Gncluding macrophages) bearing receptors for Fe and 
‘complement. 


Immunoglobulin classes affect the rate of 

immune complex clearance 

Striking differences have been observed in the clearance of 

complexes with different immunoglobulin classes: 

+ IgG complexes are bound by erythrocytes and are 
gradually removed from the circulation; 

+ IgA complexes bind poorly to erythrocytes, but dis- 
appear rapidly from the circulation, with increased 
deposition in the kidney, lung, and brain. 


Q. Provide an explanation for the different patterns of 
localization of immune complexes containing IgG and those 
containing IgA. 

A. IgG-containing immune complexes activate the comple- 
‘ment classical pathway and can bind to CRI on erythrocytes. 
IgA does nat activate the classical pathway, but can bind ta Fea 
receptors on mononuclear phagocytes (see Figs 3.18 and 4.3). 


‘Complex clearance by mononuclear phagocytes 


— 


Fig. 25.16 Large immune complexes are cleared most quickly 
‘because they present an IgG-Fc lattice to mononuclear 
phagocyte cells with Fc receptors, permitting higher avidity 
binding to these cells. They also fix complement better than 
‘small complexes. 


Phagocyte defects allow complexes to 
persist 
‘Opsonized immune complexes are normally removed by 
the mononuclear phagocyte system, mainly in the liver 
and spleen, However, when large amounts of complex are 
present, the mononuclear phagocyte system may become 
overloaded, leading to a rise in the level of circulating 
complex and increased deposition in the glomerulus and 
elsewhere, 

Defective mononuclear phagocytes have been observed 
in human immune complex disease, but this may be the 
result of overload rather than a primary defect. 


Carbohydrate on antibodies affects complex 
clearance 

Carbohydrate groups on immunoglobulin molecules have 
been shown to be important for the efficient removal of 
immune complexes by phagocytic cells. 

Abnormalities of these carbohydrates occur in immune 
complex diseases such as rheumatoid arthritis, thus aggra- 
vating the disease process. IgG Fe oligosaccharides lack 
the normally terminating galactose residue, enhancing 
theumatoid factor binding. Recently, mannan-binding 
protein has been shown to bind agalactosyl IgG and 
subsequently activate complement. 


IMMUNE COMPLEX DEPOSITION IN 
TISSUES RESULTS IN TISSUE DAMAGE 
Immune complexes may persist in the circulation for 
prolonged periods of time. However, simple persistence is 
not usually harmful in itself; the problems start only when 
complexes are deposited in the tissues. 


IMMUNE COMPLEX DEPOSITION IN TISSUES RESULTS IN TISSUE DAMAGE 


“Two questions are relevant to tissue deposition: 

* Why are complexes deposited? 

* Why do complexes show affinity for particular tissues 
in different diseases? 


The most important trigger for immune 
complex deposition is probably an increase 
in vascular permeability 

Animal experiments have shown that inert substances 
such as colloidal carbon will be deposited in vessel walls 
following the administration of vasoactive substances, such, 
as histamine or serotonin. Circulating immune complexes 
are deposited in a similar way following the infusion of 
agents that cause the liberation of mast cell vasoactive 
amines (including histamine). Pretreatment with antihist- 
amines blocks this effect. 

In studies of experimental immune complex disease in 
rabbits, long-term administration of vasoactive amine 
antagonists, such as chlorpheniramine and methysergide, 
has been shown to reduce immune complex deposition 
considerably (Fig. 25.17). More importantly (from the 
point of view of disease prevention), young NZB/NZW 
mice treated with methysergide show less renal pathology 
than controls (Fig. 25.18). 


Effect of a vasoactive amine antagonist on immune 
complex disease 
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Fig. 25.17 Serum sickness was induced in rabbits with a single 
injection af bovine serum albumin. The animals were either 
Untreated, platelet depleted, of treated with drugs to block 
vasoactive amine action. The incidence of serum sickness 
lesions in the heart and lung was scored. Drug treatment 
‘considerably reduced the signs of disease by lowering vascular 
permeability and thus minimizing immune complex 
deposition. 


Effect of the vasoactive amine antagonist methysergide 
‘on kidney damage 
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Fig. 25.18 Kidney damage, assessed by proteinuria, was 
‘measured in NZB/NZW mice over 5 months. Untreated 
animals developed severe proteinuria, whereas methysergide- 
treated animals did nat. Methysergide blocks the formation of 
the vasoactive amine S-hydraxytryptamine (5-HT), and thus 
blocks a variety of inflammatory events (e.g. deposition of 
complexes, neutrophil infiltration of capillary walls, and 
endothelial proliferation), all af which produce the glomerular 
pathology. 


Increases in vascular permeability can be initiated by 
a range of mechanisms, which vary in importance, 
depending on the diseases and species concerned. ‘This 
variability makes interpretation of some of the animal 
models difficult. In general, however, complement, mast 
cells, basophils, and platelets must all be considered as 
potential producers of vasoactive amines. 


Immune complex deposition is most likely 
where there is high blood pressure and 
turbulence 

Many macromolecules deposit in the glomerular capil- 
laries, where the blood pressure is approximately four 
times that of most other capillaries (Fig. 25.19). 

If the glomerular blood pressure of a rabbit is reduced 
by partially constricting the renal artery or by ligating the 
ureter, deposition is also reduced. If the glomerular blood 
pressure is increased by experimentally induced hyperten- 
sion, immune complex deposition is enhanced as shown by 
the development of serum sickness. Elsewhere, the most 
severe lesions also occur at sites of turbulence: 

‘+ at turns or bifurcations of arteries; and. 
‘in vascular filters such as the choroid plexus and the 
ciliary body of the € 


Q. Why should the site of bifurcation in an artery be more 
susceptible to damage than other sites? 

A. This site is subject to high pressure and more erratic shear 
forces, which may affect the integrity of the endothelium (see 
Fig. 25.19). In addition blood cells and platelets are not 
segregated from the vessel wall by laminar flow (see above). 
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Hemodynamic factors affecting complex deposition 
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Fig. 25.19 Factors that affect complex deposition include 
ftration and high blood pressure, both of which occur in the 
{formation of ultrafiltrate in the renal glomerulus (1). 
Turbulence at curves or bifurcations of arteries (2) also favors 
deposition of immune complexes. 


Affinity of antigens for specific tissues can 
direct complexes to particular sites 

Local high blood pressure explains the tendency for 
deposits to form in certain organs, but does not explain 
why complexes are deposited on specific organs in certain 
diseases. In SLE, the kidney is a particular target, whereas 
in rheumatoid arthritis, although circulating complexes 
are present, the kidney is usually spared and the joints are 
the principal target. 

It is possible that the antigen in the complex provides 
the organ specificity, and a convincing model has been 
established to support this hypothesis. In the model, mice 
are given endotoxin causing cell damage and release of 
DNA, which then binds to healthy glomerular basement 
membrane. Anti-DNA is then produced by polyclonal acti- 
vation of B cells, and is bound by the fixed DNA leading 
to local immune complex formation (Fig. 25.20). The 
production of rheumatoid factor (IgM anti-IgG) allows 
further immune complex formation to occur in situ. 

It is possible that in other diseases antigens will be 
identified with affinity for particular organs. 

‘The charge of the antigen and antibody may be impor- 
tant in some systems. For example, positively charged 
antigens and antibodies are more likely to be deposited in 
the negatively charged glomerular basement membrane. 

‘The degree of glycosylation also affects the fate of com- 
plexes containing glycoprotein antigens because certain 
clearance mechanisms are activated by recognition of 
sugar molecules (e.g. mannan-binding protein). 

‘In certain diseases the antibodies and antigens are both 
produced within the target organ. The extreme of this 
is reached in rheumatoid arthritis, where IgG anti-IgG 
theumatoid factor is produced by plasma cells within the 
synovium; these antibodies then combine with each other 
(Gelf-association), so setting up an inflammatory reaction. 


Tissue binding of antigen with local immune complex. 
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Fig, 25.20 Endotoxin injected into mice increases vascular 
permeability and induces cell damage and release of DNA. The 
DNA can then became deposited (1) on the collagen of the 
{glomerular basement membrane (GBM) in the kidney. 
Endotoxin can also induce a polyclonal stimulation of 8 cells, 
‘Some of which produce autoantibodies such as ant-DNA and 
anti4gG ~ the latter are known as cheumatoid factors (RFS). 
‘Anti-DNA antibody can then bind to the deposited DNA 
forming a local immune complex (2). RFs have a low affinity 
for monomeric IgG, but bind with high avidity to the 
assembled DNA-anti-DNA complex (3) Thus further immune 
‘complex formation occurs in situ. 


The site of immune complex deposition 
depends partly on the size of the complex 
‘The fact that the site of immune complex deposition 
depends partly on the size of the complex is exemplified in 
the kidney: 

+ small immune complexes can pass through the 
glomerular basement membrane, and end up on the 
epithelial side of the membrane; 

* large complexes are unable to cross the membrane and. 
generally accumulate between the endothelium and the 
basement membrane or the mesangium (Fig. 25.21). 

‘The size of immune complexes depends on the valency of 

the antigen, and on the titer and affinity of the antibody. 


The class of immunoglobulin in an immune 
complex can also influence its deposition 
‘There are marked age- and sex-related variations in the 
class and subclass of anti-DNA antibodies seen in SLE. 


DEPOSITED IMMUNE COMPLEXES CAN BE VISUALIZED USING IMMUNOFLUORESCENCE 
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Fig, 25.21. The site of complex deposition inthe Kidney is 
‘dependent on the size ofthe complexes in the circulation, 
Large complexes become deposited on the glomerular 
basement membrane, whereas small complexes pass through 
the basement membrane and are seen on the epithelial side of 
the glomerulus. 


Similarly, as NZB/NZW mice grow older there is a 
class switch, from predominantly IgM to IgG2a. ‘This 
occurs earlier in females than in males and coincides with 
the onset of renal disease, indicating the importance 
of antibody class in the tissue deposition of complexes 
(Fig. 25.22). 


DEPOSITED IMMUNE COMPLEXES CAN 
BE VISUALIZED USING 
IMMUNOFLUORESCENCE 
‘The ideal place to look for immune complexes is in the 
affected organ. 

‘Tissue samples may be examined by immunofluo- 
rescence for the presence of immunoglobulin and comple- 
ment. The composition, pattern, and particular area of 


Antibody classes in immune complex disease 


Fig. 25.22 Immune complex disease is automatic in the 
NZB/NZW mouse and folows a class switch during early 
development, from IgM to IgG2a. The graphs show the 
proportions of anti-DNA antibodies ofthe lM and 1gG2a 
isotypes in females and males. Both the lass switch and fatal, 
renal disease occur ealer in the female mice of ths train, 


tissue affected all provide useful information on the 
severity and prognosis ofthe disease, Por example: 

* patients with the continuous, granular, subepithelial 

deposits of IgG found in membranous glomerulo- 

nephritis have a poor prognosis; 
+ in contrast, those whose complexes are localized in the 

‘mesangium have a good prognosis. 

Not all tissue-bound complexes give rise to an inflam- 
matory response; for example, in SLE complexes are 
frequently found in skin biopsies from normal-looking 
skin, as well as from inflamed skin, 

Assays for immune complexes in serum are more 
readily performed than in-situ immunofluorescence, 
although the results have to be interpreted carefully 
(Method box 25.1) 
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METHOD BOX 25.1 
Assays for circulating immune complexes 


Circulating complexes are found in two separate compartments: 
* bound to erythrocytes; and 

* free in plasma, 

Erythrocyte-bound complexes are less likely to be damaging, so 
itis of more interest to determine the level of free complexes. 
Care is required when collecting the sample — bound complexes 
‘can easily be released during clotting by the action of factor |. To 


‘An assay for soluble immune complexes based on 
polyethylene glycol (PEG) 


Fig, 1 Polyethylene glycol (PEG) is added tothe test serum 
Containing IgG complexes and lgG monomer. When the 
concentration of PEG reaches 2%, complexes are selectively 
precipitated; the free antibody remains in solution, The test 
{ube is then centrifuged and the complexes form a pelet at 
the bottom, The supernatant containing free antibody is 
removed, The precipitate is washed and redissolved so that 
the amount of complexed IgG can be measured (e.g. by 
‘Single radial immunodifusion, nephelometry, or 
radioimmunoassay (Fig. 2). 


obtain accurate assays of free complexes, the erythrocytes 
should be rapidly separated from the plasma to prevent the 
release of bound complexes. 

Circulating complexes are often identified by thelr affinity for 
complement Clq, using either radiolabeled C1q or solid-phase 
iq. Complexes can also be detected by their low solubility in 
polyethylene glycol (Figs 1 and 2). 


Radioimmunoassay for soluble immune complexes 


complex, 


Fig. 2 A three-layer radioimmunoassay for immune complexes 
based on the use of Clq, (1) Clq is linked to an inert soli 
phase support, usually a polystyrene tube or plate. (2) Serum 
Containing complexes is added. The complexes bind to the 
solid-phase Clq by means of the array of Fc regions presented 
to the Clq, (3) Radiolabeled anti-gG antibody is added. The 
amount of radioactivity remaining on the solid phase after 
‘washing is measured in a gamma-counter, and is used to 
calculate the amount of complex bound to the Clq, 
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Critical thin 
for explanations) 


‘An Byear-old boy with factor IX deficiency has had repeated 
episodes of bleeding into his jaints and skin, despite requiring 
administration of factor IX. Ten days after receiving a dase, he 
developed fever, swelling of multiple joints, and a skin rash, 
(On physical exam, his temperature was 39°C, he had a diffuse 
‘maculopapular skin rash involving his torso and extremities, 
and both elbows and knees were red, warm, and appeared, 
inflamed. His mother thought the appearance and distribution, 
‘were very different from the typical appearance after either 
minor trauma or bleeding into his joints, which he had, 


: Type Ill serum sickness after factor IX administration (see p. 503 


sustained on multiple previous occasions. His pediatrician 

ordered the following tests (results shown in Table 1) and 

prescribed a short caurse of corticosteroids, 

1. What immunalagic mechanisms ate invalved in this inflam- 
‘matory reaction after the bay received the factor IK? 

2. Why were corticasteroids prescribed? 

3 What isthe likelihood that this type af reaction will develop 
again? 

4 What measures would you take to prevent this reaction 
from accutring again? 


‘c3 (mg/dl) 38 85-155 
C4 (mg/dl) a 12-45 
‘anti-nuclear antibody negative 

hemoglobin (g/dl) n2 

white cell count (cells/mm®) 11000 

eosinophils (%) 1 


Table 1 


He responds to treatment and his symptams resolve, but 1 
year later his mother notices that his face is swollen in the 
maming and his feet are swollen at the end of the day. 
(Otherwise the boy feels well 

‘On physical exam, his blood pressure is elevated at 140/ 
90 mmbig and his ankles are very edematous. His joints do not, 
appear inflamed and the skin does nat show either evidence of 
recent bleeding or inflammation. Results of tests are shown in. 
Table 2 


5 What immunologic mechanisms are involved in this 
Inflammatory reaction after the boy received the factor IX? 
How do they differ from the previaus episode? 

6 What isthe likelihood that this type reaction will develop 
again? 

7 What measures would you take to prevent this reaction 
again? 


€3 (mg/dl) 142 85-155 
CA (mg/dl) 44 12-45 
‘ntisnuclear entibody negative 

hemoglobin (g/dl) 16 

white cell count (cells/mm?) 8600 

‘eosinophils (76) <1 

‘albumin (g/dl) 25 35-55 
urine protein (g/24 h) 8 <0.2 


Table 2 


Hypersensitivity 


(Type IV) 


SUMMARY 
‘+ DTH reflects the presence of antigen-specific CD4 T cells. 


‘+ There are three variants of type IV hypersensitivity 
reaction — contact, tuberculin, and granulomatous. 


+ Contact hypersensitivity occurs atthe point of contact 
‘with an allergen. Langerhans’ cel internalize and process 
epicutaneously applied hapten and migrate to the draining 
Iymph nodes where they presenti to antigen-specific T 
cells. Cytokines produced by immune-competent skin cells 
(eg, keratinocytes, Langerhans’ cells, T cells) recruit 
antigen-non-specificT calls and macrophages. 


‘+ Tuberculin-type hypersensitivity is induced by soluble 
antigens from a variety of organisms. It is useful as a 
diagnostic test for exposure to a number of infectious agents. 


+ Granulomatous hypersensitivity is clinically the most 
‘important form of type IV hypersensitivity. Persistence of 
antigen leads to differentiation of macrophages to 
epithelioid cells, and fusion to form giant cells. This 
pathological response is termed a granulomatous reaction 
and it results in tissue damage, Granulama formation is 
driven by T cel activation of macrophages, and is 
dependent on TNE Inhibition of TNF leads to breakdown in 
‘granulomas. 


+ Many chronic diseases manifest type IV granulomatous 
hypersensitivity. These include tuberculosis, leprosy, 
schistosomiasis, sarcoidosis, and Crohn's disease. 


DTH REFLECTS THE PRESENCE OF 

ANTIGEN-SPECIFIC CD4 T CELLS 

Delayed-type hypersensitivity (DH) is a T cell-mediated 

inflammatory response in which the stimulation of 

antigen-specific effector T cells leads to macrophage acti- 

vation and localized inflammation and edema within 

tissues, This effector T cell response is: 

* a normal component of adaptive immunity; and 

* essential for the control of intracellular and other 
pathogens. 

However, if the response is excessive it can damage host 

tissues. 

‘The T cell response may be made to exogenous agents, 
such as microbial antigens or sensitizing chemicals, or 
to self-antigens. Typically T cells are sensitized to the 
foreign antigen during infection with the pathogen or by 
absorption of a contact sensitizing agent across the skin. 


Q. Where in the body are T cells sensitized and how? 
A. Typically, T cells are sensitized in the T cell areas of secondary 
lymphoid tissues, by dendritic cells 


Subsequent exposure of the sensitized individual to 
the exogenous antigen, either injected intradermally or 
applied to the epidermis, results in the recruitment of 
antigen-specific T cells to the site and the development 
of a local inflammatory response over 24-72 hours. 


If the foreign antigen persists in the tissues, chronic 
activation of T cells and macrophages may lead to gran- 
tuloma formation and tissue damage. 

If the antigen is an organ-specific self antigen, auto- 
reactive T cells may produce localized cellular inflam- 
mation resulting in autoimmune disease, such as type I 
diabetes mellitus 

According to the Coombs and Gell classification, type 
IV or DTH reactions take more than 12 hours to develop 
and involve cell-mediated immune reactions rather than 
antibody responses to antigens. Some other hypersen- 

tivity reactions may straddle this definition with: 
+ a rapid antibody-mediated phase; and 
+ a later cell-mediated phase. 
For example, the late-phase IgE-mediated reaction may 
peak 12-24 hours after contact with an allergen, and cells, 
such as helper’T (T112) cells and eosinophils, contribute to 
the inflammation as well as [gE (see Chapter 22). 

In contrast to other forms of hypersensitivity, type IV 
hypersensitivity is transferred from one animal to another 
by T cells, particularly CD4 Tui cells in mice, rather than 
by serum, Therefore it can occur in antibody-deficient 
humans, but is lost with the decline in CD4T cells in HIV 
infection and AIDS, 

‘Type IV hypersensitivity reflects the presence of 
antigen-specific CD4T cells and is associated with pro- 
tective immunity against intracellular and other pathogens. 
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However, there is not a complete correlation between 
type IV hypersensitivity and protective immunity, and 
progressive infections can develop in the presence of 
strong DTH reactivity. 


THERE ARE THREE VARIANTS OF TYPE IV 

HYPERSENSITIVITY REACTION 

‘Three variants of type IV hypersensitivity reaction are 

recognized (Fig. 26.1) 

* contact hypersensitivity and tuberculin-type hyper- 
sensitivity both occur within 72 hours of antigen 
challenge; 

* granulomatous hypersensitivity reactions develop 
over a period of 21-28 days ~ the granulomas are 
formed by the aggregation of macrophages and Iym- 
phocytes and may persist for weeks ~ this is the most 
important type of type IV hypersensitivity response for 
producing clinical consequences. 

‘These three types of delayed hypersensitivity were 

originally distinguished according to the reaction they 

produced when antigen was applied directly to the skin 

(cpicutaneously) or injected intradermally. ‘The degree of 

the response is usually assessed in animals by measuring 

thickening of the skin. 


Q. What causes the skin to become thickened during a 
chronic immune response? 

A. The migration of lymphocytes and macrophages into the 
dermis, the proliferation of cells in the dermis in response to 
cytokines, and the deposition of new extracellular matrix 
components can all contribute to skin thickening, 


‘The local response is also accompanied by a variety of 
systemic immune responses, such as T cell proliferation 
and synthesis of cytokines including interferon-y (IFN}). 


CONTACT HYPERSENSITIVITY OCCURS AT 
THE POINT OF CONTACT WITH AN 
ALLERGEN 

Contact hypersensitivity is characterized by an eczema- 
tous reaction in the skin at the point of contact with an 
allergen (Fig. 26.2). Iris often seen following contact with 
agents such as nickel, chromate, rubber accelerators, and 


The variants of delayed hypersensitivity 


contact 48-72 hours 
tuberculin 48-72 hours 
‘granulomatous 21-28 days 


Fig. 26.1. Contact and tuberculin-ype hypersensitivity have a 
similar time course and are maximal at 48-72 hours. in certain 
circumstances (e.g. with insoluble antigen) granulomatous 
reactions also develop at 21-28 days (eg. skin testing in 
leprosy) 


Clinical and patch test appearances of contact 
hypersensitivity 


Fig. 26.2 (1) The eczeratous area at the wrist is due to 
“sensitivity to nickel in the watch-strap buckle. (2) The 
“suspected allergy may be confirmed by applying potential 
allergens, inthe relevant concentrations and vehicles, to the 
ppatient’s upper back (patch testing). A positive reaction causes 
2 localized area of eczema at the site ofthe offending allergen 
2-4 days alter application. 


pentadecacatechol, which is the sensitizing agent in poison 

ivy. This is distinct from the non-immune-mediated 

inflammatory response to irritants, 

‘The immunologically active components of sensitizing 
agents are called haptens. Haptens are: 

"too small to be antigenic by themselves, having a 
molecular weight often less than 1 kDa; 

+ lipophilic and penetrate the epidermis where they 
conjugate, most often covalently, to self proteins to 
form neo-antigens, 

‘The sensitizing potential of a hapten cannot reliably be 

predicted from its chemical structure, though there is 

some correlation with the ability of the molecule to 
penetrate the skin and the number of haptens attached to 
the carrier protein, 

Some potent haptens, such as dinitrochlorobenzene 
(DNC), sensitize nearly all individuals and can he used to 
assess cell-mediated immunity. DNCB applied to the skin 
binds to epidermal proteins and to MHC-linked peptides 
through the -NH, groups of lysine. 


Langerhans’ cells and keratinocytes have key 
roles in contact hypersensitivity 
The Langerhans’ cell is the principal APC 
Contact hypersensitivity is primarily an epidermal 
reaction, and the dendritic Langerhans’ cell, located 
in the suprabasal epidermis, is the principal ‘antigen- 
presenting cell (APC) involved (Fig. 26.3). 

Langerhans’ cells (see Chapter 2) are. specialized 
dendritic cells derived from bone marrow and express: 
+ CDI; 
‘+ MHC class II molecules; 
+ langerin; and 
+ surface receptors for Fe and complement. 
Electron microscopy shows Birbeck granules, which are 
‘organelles derived from cell membrane and are charac- 
teristic of Langerhans’ cells (see Fig. 26.3). 


‘CONTACT HYPERSENSITIVITY OCCURS AT THE POINT OF CONTACT WITH AN ALLERGEN 


Langerhans’ cells 


Us as 2 
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Langerhans’ cells are inactivated by ultraviolet B, which 
can therefore prevent or alleviate the effects of contact 
hypersensitivity 
Langerhans’ cells take up hapten-modified proteins by 
micropinocytosis, and under the influence of interleukin- 
1 (IL-1) and tumor necrosis factor (T'NF) from keratino- 
cytes and other cells: 
* undergo maturation; 
* increase the expression of MHC and co-stimulatory 
molecules; and 
* migrate to draining lymph nodes. 


Keratinocytes produce a range of cytokines 
important to the contact hypersensitivity response 
Keratinocytes provide the structural integrity of the epi- 
dermis and have a central role in epidermal immunology. 

Keratinocytes can be activated by a number of stimuli, 
including sensitizing agents and irritants. ‘They may 
express MHC class II molecules and intercellular adhesion 
molecule-1 (ICAM-1) in the cell membrane. 


Activated keratinocytes produce a wide range of 

cytokines, including: 

© TNE, IL-1, and granulocyte-macrophage colony 
stimulating factor (GM-CSF), which may activate 
Langerhans’ cells; 

+ IL-3, which can also activate Langerhans’ cells, co- 
stimulate proliferative responses, recruit mast cells, and 
induce the secretion of immunosuppressive cytokines, 
such as IL-10 and transforming growth factor-B 
(TGEB) - the latter dampen the immune response and 
may induce clonal anergy or immunological unrespon- 
siveness in THI cells. 


A contact hypersensitivity reaction has two 
stages - sensitization and elicitation 
Sensitization stimulates a population of memory 
T cells 

Sensitization takes 10-14 days in humans. 

‘Once absorbed, the hapten combines with a protein 
and is internalized by epidermal Langerhans’ cells, which 
leave the epidermis and migrate as veiled cells through the 
afferent lymphatics to the paracortical areas of regional 
lymph nodes. Here they present processed hapten-protein 
conjugates in association with MHC class II molecules to 
C4" lymphocytes, producing: 

+ effector/memory CD4" T cells; and 

‘regulatory CD4* T cells (Fig. 26.4). 

In addition, MHC class L-restricted CD8" cells are 
important in contact hypersensitivity responses in humans 
and mice and are the major effector cells for some 
allergens. For example, lipid-soluble urushiol from poison 
ivy can enter the cytoplasm of APCs and access the MHC 
class I processing pathway, leading to the activation of 
allergen-specific CD8" T cells. Activated T cells change the 
pattern of adhesion molecules on their surface by down- 
regulating the chemokine receptor, CCR7, and CD62L. 


Q. What effect will loss of CCR7 and CD62L have on T cell 
function? 

A. CD62L promotes adhesion of lymphocytes to high endothe. 
lial venules and CCR7 allows the cells to respond to CCL21 
expressed in secondary lymphoid tissues (see Appendix 4). 
Hence cells lacking these receptors will lose their propensity to 
traffic into lymph tissues. 


‘The expression of leukocyte functional antigen-1 
(LFA-1), very late antigen-4 (VLA-4), and the chemokine 
receptors CXCR3 and CCRS is increased. As a result the 
activated/memory T cells remain within the circulation 
rather than trafficking through lymphoid tissue, and are 
able to bind to adhesion molecules on the endothelium of 
inflamed tissues. 


Elicitation involves recruitment of CD4* 

lymphocytes and monocytes 

‘The application of a contact allergen leads to: 

‘+ rapid expression proinflammatory cytokines; and 

+ recruitment of effector T cells and monocytes to the 
site Fig 26.5). 

‘There is induction of mRNA for TNF, IL-1, and GM- 

CSF in Langerhans’ cells within 30 minutes of exposure 
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Sensitization phase of contact hypersensitivity 


hapten-carrier 


hapten 


Fig. 26.4 The hapten forms a hapten-carcier complex in the 
epidermis. Langerhans’ cells intemalize the antigen, undergo 
‘maturation, and migrate via afferent lymphatics to the 
pparacortical area of the regional lymph node where 
Ppeptide-MHC molecule complexes on the surface of the 
Langerhans’ cell can also be directly haptenated. As 
Interdigitating cells, they present antigen to CD4*T cells. 


to allergen, and increased transcription of mRNA. for 
IL-1a, macrophage inflammatory protein-2 (CXCL2), 
and interferon-induced protein-10. (CXCLIO) by 
keratinocytes. 

‘TNF and IL-1 are potent inducers of endothelial cell 
adhesion molecules, including: 

* E-selectin and vascular cell adhesion molecule-1 

(VCAM-1) within 2 hours; and 

+ ICAM-I within 8 hours (Fig. 26.6). 
VCAM-I and ICAM-1 are the receptors for VLA-4 and 
LAGI, respectively, on the surface of effector/memory 
TT cells and contribute to their recruitment across the 
endothelium. These locally released cytokines and 
chemokines also produce a gradient signal for the move- 
ment of mononuclear cells towards the dermoepidermal 
junction and epidermis. 

During this initial response to allergen, Langerhans’ 
cells migrate from the epidermis to the dermis, where they 
may activate any resident memory T cells in the dermis, 
and to the draining lymph nodes. 


‘The earliest histological change, seen after 4-8 hours, 
is the appearance of mononuclear cells around blood 
vessels, Macrophages and lymphocytes invade the dermis 
and epidermis, peaking at 48-72 hours (Fig. 26.7). 

‘The recruitment of memory T cells is antigen non- 
specific, with less than 1% of infiltrating lymphocytes 
bearing hapten-specific aB cell receptors. However, 
these hapten-specific T cells are stimulated by dermal 
Langerhans’ cells expressing hapten-peptide complexes to 
expand and to increase the expression of adhesion 
molecules. This leads to the retention of hapten-specific T 
cells at the inflamed site. 

‘Most infiltrating lymphocytes are CD4* Tul-like T 
cells secreting IFNy, with a small proportion of CD8"T. 
cells. The CD8* ‘cells contribute to inflammation by 
both a direct cytolytic effect on epidermal cells and the 
release of IFNy. 


'Q. What is the name of this class of cytotoxic cells? 
A. They are Tel cells (see Chapter 11). 


Effector af cells are essential for experimental 
contact sensitivity in mice, but NK 'T cells and 76 T cells 
also contribute to the induction and elicitation of the 
response. 

Interestingly, hapten-specific IgM antibodies from B-1 
cells are also important during the elicitation phase in 
mice by activating complement and recruiting cells to 
the challenge site. 

Experiments in gene-targeted mice show that selectins, 
ICAM-1, and the integrins, LFA-I and VLA-4, are all 
required for the elicitation of contact and delayed 
hypersensitivity. 


Suppression of the inflammatory reaction is 

mediated by multiple mechanisms 

‘The reaction to cutaneous application of sensitizer wanes 

after 48-72 hours. This is due to the removal of antigenic 

stimulus following degradation of the hapten-conjugate 

and a variety of inhibitory mechanisms (see Fig. 26.6) 

includin, 

+ macrophages and keratinocytes produce PGE, which 
inhibits IL-1 and IL-2 production; 

+ TGF from dermal mast cells, activated keratinocytes, 
and lymphocytes inhibits inflammation and blocks the 
proliferative effects of IL-1 and IL-2; 

+ IL-10 downregulates. MHC class IL molecule 
expression, and suppresses cytokine production and 
antigen-specific proliferation by THI cells, 

+ CD4 regulatory T cells directly inhibit effector T 
cells; 

+ external factors may also be involved ~ in mice UV light 
induces a specific inhibitor of IL-1 activity. 


TUBERCULIN-TYPE HYPERSENSITIVITY 

‘Tuberculin-type hypersensitivity is induced by soluble 
antigens from a variety of organisms. Tuberculin-type 
hypersensitivity was originally described by Koch. He 
observed that if patients with tuberculosis were injected 
subcutaneously with a tuberculin culture filtrate (antigens 


TUBERCULIN-TYPE HYPERSENSITIVITY, 


Elicitation phase of contact hypersensitivity 


ated Langerhans’ cat 


Fig. 26.5 Langerhans’ cells carrying the 
hapten-carrier complex (1) move from the 
‘epidermis to the dermis, where they 


ction 


present the hapten-carier complex to 
memory CD4°T cells (2). Activated CD4* 
“Tels release IFNy, which induces 
F1 expresion of CAM (3) and, later, MHC 
‘dass I molecules (4) on the surface of 
keratinocytes and on endothelial cells of 
-deemal capilaies, and activates 
keratinocytes, which release 
proinflammatory cytokines such as IL-1, 
IL-6, and GM.CSF (5). Non-antigen-specfic 
(CD4°T cells are attracted tothe site by 
‘cytokines (6) and may bind to keratinocytes 
via ICAM1 and MHC clas It molecules. 
Activated macrophages are also attracted 
to the skin, but this occurs later. Thereafter 
the reaction stats to downregulate. This 
dovinregulation may be influenced by 
eicosanoids such as prostaglandin € (PGE) 
produced by activated keratinocytes and 
macrophages (7) 


derived from the causative agent, Mycobacterium tuberculosis) 
they reacted with fever and generalized sickness. An area 
of hardening and swelling developed at the site of 
injection. 

Soluble antigens from a number of other organisms, 
including Mycobacterium leprae and Leishmania tropica, 
induce similar reactions in sensitized people. 

‘The skin reaction is frequently used to test for T cell- 
mediated responses to the organisms following previous 
exposure (Fig, 26.8). 

‘This form of hypersensitivity may also be induced by 
T cell responses to non-microbial antigens, such as 
beryllium and zirconium. 


The tuberculin skin test reaction involves 
monocytes and lymphocytes 

‘The tuberculin skin test is an example of the recall 
response to soluble antigen previously encountered during 
infection. Dendritic cells infected with M. tuberculosis in 
the lung undergo maturation and migrate to the draining 
mediastinal Iymph nodes where they activate CD4" and 
CDB* T cells. 


Q. How can dendritic cells activate CD8* T cells? 
A. This involves the process of crass-presentation (see 
Fig. 7.15). 


Following intradermal tuberculin challenge in a pre- 
viously infected individual, mycobacteria-specific memory. 


T cells are recruited and activated to secrete IFNy, which 
activates macrophages to produce 'TNFo. and IL-1. ‘These 
proinflammatory cytokines and chemokines from T cells 
and macrophages act on endothelial cells in dermal blood 
vessels to induce the sequential expression of the adhesion 
molecules E-selectin, ICAM-1, and VCAM-I. These 
molecules bind receptors on leukocytes and recruit them 
to the site of the reaction. 

‘The initial influx at 4 hours is of neutrophils, but this is 
replaced at 12 hours by monocytes and T cells. The infil- 
trate, which extends outwards and disrupts the collagen 
bundles of the dermis, increases to a peak at 48 hours, 
CD4" T cells outnumber CD8* cells by about 2 to 1. 
CDI cells (Langerhans’-like cells, but lacking Birbeck 
granules) are also found in the dermal infiltrate at 24 and 
48 hours, and a few CD4* cells infiltrate the epidermis 
between 24 and 48 hours. 

“Monocytes constitute 80-90% of the total cellular infil- 
trate. Both infiltrating lymphocytes and macrophages 
express MHC class I'molecules, and this increases the 
efficiency of activated macrophages as APCs. Overlying 
keratinocytes express HLA-DR molecules 48-96 hours 
after the appearance of the lymphocytic infiltrate. These 
events are summarized in Fig. 26.9. 

‘Macrophages are probably the main APCs in the 
tuberculin hypersensitivity reaction. However, there are 
CDI" cells in the dermal infiltrate, which suggests that 
Langerhans’ cells or other indeterminate dendritic cells 
may also participate, 
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Cytokines, prostaglandins, and cellular interactions Histological appearance of the lesion in contact 
in contact hypersensitivity hypersensitivity 
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Fig. 26.7 Mononuclear cells (M) infiltrate both dermis and 
‘epidermis. The epidermis is pushed outwards and 
‘microvesicles(¥) form within it due to edema (E). H&E stan, 
4130. 


macrophage 
activation 
land 
recruitment 


“ Langerhans’ 
call 


suppression Clinical and histological appearances of tuberculin-type 


sensitivity 


Fig. 26.8 The response to an injection of leprosy bacillus into 
a sensitized individual is known as the Fernandez reaction. The 


reaction is characterized by an area of firm red swelling ofthe 
skin and is maximal 48-72 hours after challenge (1). 
Histologically 2), there isa dense dermal ifitrate of 

Fig. 26.6 Cytokines and prostaglandins are central ta the leukocytes. HEE stain. > 80. 

complex interactions between Langerhans’ cell, CD4* T 

cells, keratinocytes, macrophages, and endothelial ells in 
contact hypersensitivity. The act of antigen presentation (1) 
causes the release of a cascade of cytokines (2). This 
cascade initially results in the activation and prolieraton of 
CD4*T cells 3), the induction of expression of ICAM-1 and Q What is the function of CD17 

ic ight selatiaaron keraiinocyierand atstlfianal ‘A. Itcan present lipoprotein and alycolipid antigens to T cells 
cells (4), and the attraction of futher T ces and (see Fig. 5.22), 

‘macrophages tothe skin (3,8). Subsequent PGE production 

by keratinocytes and macrophages may have an inhibitory 
effect on IL-1 and IL-2 production. Production of PGE, 


‘The circulation of immune cells to and from the 
regional lymph nodes is thought to be similar to that for 


binding of activated T cells to keratinocytes, and enzymatic _-~«contact hypersensitivity: ‘The tuberculin lesion normally 

and cellular degradation of the hapten-cartier complex all resolves within 5-7 days, but if there is persistence of 

cine tothe downregulation ef tha react antigen in the tissues it may develop into a granulomatous 
reaction. 
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Fig. 26.9 This diagram illustrates cellular movements 
following intradermal injection of tuberculin, Within 1-2 hours 
there i expression of E-selectin on capillary endothelium 
leading to a brie influx of neutrophil leukocytes. By 12 hours 
ICAM-1 and VCAM-1 on endothelium bind the integrins LFA-1 
and VLA-4 on monocytes and lymphocytes, leading to 
‘accumulation of both cell types in the dermis. This peaks at 48 
hhours and is followed by expression of the MHC class tl 
‘molecules on keratinocytes. There is no edema of the 
epidermis. 


ike DTH r 
in two ways 

First, reaction to soluble antigens from a pathogen 
demonstrates past infection with that pathogen. Thus, 
tuberculin reactivity confirms past or latent infection with 
‘M. tuberculosis, but not necessarily active disease. However, 
subjects with latent tuberculosis infection have an 
increased lifelong risk of 7-10% for the reactivation of 
active tuberculosis. 

Second, DTH responses to frequently encountered 
microbes are a general measure of cell-mediated immu- 
nity. ‘This can be tested with intradermal injection of 
single antigens from common pathogens or vaccine 
antigens, such as Candida albicans or tetanus toxoid, or a 
multipuneture device, which delivers multiple common 
microbial antigens in a standardized fashion, Loss of recall 
responses to specific antigens occurs in a wide range of 
diseases and infections, including HIV infection, which 
impair T cell function, and during therapy with cortico- 
steroids or immunosuppressive agents. 


GRANULOMATOUS HYPERSENSITIVITY 
Granulomatous hypersensitivity is clinically the most 
important form of type IV hypersensitivity. Granuloma- 
tous hypersensitivity causes many of the pathological effects 
in diseases that involve T cell-mediated immunity. It usu- 
ally results from the persistence within macrophages of: 
* intracellular microorganisms, which are able to resist 
macrophage killing; or 
‘other particles that the cell is unable to destroy. 
‘This leads to chronic stimulation of T cells and the release 
of cytokines. ‘The process results in the formation of epithe- 
lioid cell granulomas with a central collection of epithe- 
lioid cells and macrophages surrounded by lymphocytes. 
‘The histological appearance of the granuloma reaction 
is quite different from that of the tuberculin-type reaction. 
However, both types of reaction may be caused by TT cells 
sensitized to similar microbial antigens, for example the 
antigens of M. rubereulosis and M. leprae (Fig. 26.10). 


Role of the antigen-specific Tx lymphocyte in type IV hypersensitivity 
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Fig, 26.10 The tuberculin skin reaction 
(lower photograph, courtesy of Professor 
JHL Playfair is the classic diagnostic test for 
cell-mediated immunity ia tuberculosis 
there s continuous antigenic stimulation 
instead ofa single injection of soluble 
antigen, a granulomatous reaction (upper 
photograph, courtesy of Dr A du Vivier) oF 
contact hypersensitivity (middle 
photograph, courtesy of Dr D Shavit) 
follows. This granulomatous reaction can 
also occurif the macrophages cannot 
destroy the antigen 
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Electron micrograph of an epithelioid cell 


Swe ASS. eee 
Fig, 26.11 The epithelioid cel isthe characteristic cell of 
Granulomatous hypersenstviy. Compare the extent ofthe 
endoplasmic reticulum (E inthe eptheiid cel (1, x 4800) 


Granulomas occur with chronic infections associated 
with predominantly Tiil-like ‘T cell responses, such as 
tuberculosis, leprosy, and leishmaniasis, and with T112-like 
‘T cells, asin schistosomiasis. 

Immune-mediated granuloma formation also occurs in 
the absence of infection, as in the sensitivity reactions to 
zirconium and beryllium, and in sarcoidosis and Crohn's 
disease where the antigens are unknown 

Foreign body granuloma formation occurs in response 
to tale, silica, and a variety of other particulate agents, 
when macrophages are unable to digest the inorganic 
matter. These non-immunological granulomas may be 
distinguished by the absence of lymphocytes in the lesion, 


Epithelioid cells and giant cells are typical of 

granulomatous hypersensitivity 

Epithelioid cells are large and flattened with increased 

endoplasmic reticulum (Fig. 26.11). They: 

+ are derived from activated macrophages under the 
chronic stimulation of cytokines; 

* continue to secrete TNF and thus potentiate contin- 
ting inflammation, 

Giant cells are formed when epithelioid cells fuse to form 

multinucleate giant cells (Fig. 26,12), sometimes referred 

to as Langhans’ giant cells (not to be confused with 

the Langerhans’ cell discussed earlier). Giant cells have 

several nuclei, but these are not at the center of the cell 

‘There is little endoplasmic reticulum, and the mitochon- 

dria and lysosomes appear to be undergoing degeneration. 

‘The giant cell may therefore be a terminal differentiation 

stage of the monocyte/macrophage line. 


The granuloma contains epithelioid cells, 
macrophages, and lymphocytes 

An immunological granuloma typically has a core of 
epithelioid cells and macrophages, sometimes with giant 
cells. In some diseases, such as tuberculosis, this central 
area may have a zone of necrosis, with complete destruc- 
tion of all cellular architecture. 
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with that of a tissue macrophage (2, x 4800). (C, collagen; 
lysosome; M, mitochondria; N, nucleus; U, nucleolus) (Courtesy 
of Mj Spencer) 


Clinical and histological appearances of the Mitsuda 
reaction in leprosy seen at 28 days 


Fig. 26.12 (1) The resultant skin swelling (which may be 
Ulcerated) is much harder and better defined than at 48 hours. 
2) Histology shows a typical epithelioid cell granuloma (H&E 
stain. x 60). Giant cells (G) are visible in the center of the 
lesion, which is surrounded by a cuff of lymphocytes. This 
response is more akin to the pathological processes in delayed, 
hypersensitivity diseases than the self-resolving tuberculin-type 
reaction, The reaction is due to the continued presence of 
‘mycobacterial antigen. 


‘The macrophage/epithelioid core is surrounded by a 
cuff of lymphocytes, and there may also be considerable 
fibrosis (deposition of collagen fibers) caused by 
proliferation of fibroblasts and increased collagen 
synthesis, 
Examples of granulomatous reactions are: 
+ the Mitsuda reaction to M. leprae antigens (see Fig. 
26.12); or 


‘CELLULAR REACTIONS IN TYPE IV HYPERSENSITIVITY 


Delayed hypersensitivity reactions 


‘contact 48-72 hours. | eczema lymphocytes, later macrophages; 
edema of epidermis rubber, poison ivy) 
tuberculin | 48-72hours | localinduration | iymphocytes, monocytes, intradermal (e.g. tuberculin) 
‘macrophages 
‘granuloma | 21-28 days | hardening (e.g. skin | macrophages, epithelioid cell, | persistent antigen or antibody 
of lung) ‘giant cells, fibrosis ‘complexes or non- 
immunoglobulin stimuli (e.g. tale) 


Fig. 26.13 The characteristics of type IV reactions comparing contact, tuberculin, and granulomatous reactions. 


* the Kveim test, where patients who have sarcoidosis 
react to unknown splenic antigens derived from other 
patients with sarcoidosis. 

‘The three types of delayed hypersensitivity are summa- 

rized in Fig. 26.13, 


CELLULAR REACTIONS IN TYPE IV 
HYPERSENSITIVITY 
T cells bearing af; TCRs are essential 
Experiments with gene knockout mice have confirmed 
that T cells bearing a TCRs rather than 6 TCRs are 
essential for initiating delayed hypersensitivity reactions in 
response to infection with intracellular bacteria 
Sensitized of 'T cells, stimulated with the appropriate 
antigen and APCs, undergo lymphoblastoid. transfor- 
mation before cell division (Fig. 26.14). This forms the 
basis of the lymphocyte stimulation test asa measure of 
cell function. Lymphocyte stimulation is accompanied by 


‘Transformed lymphocytes 


Fig. 26.14 Following stimulation with appropriate antigen, T 
cells undergo lymphablastold transformation before cell 
division. Blast cells with expanded nuclei and cytoplasm (as 
well as one lymphocyte in the metaphase of cell division) are 
shown. 


DNA synthesis and this can be measured by assaying the 
uptake of radiolabeled thymidine, a nucleoside required 
for DNA synthesis. Lymphocytes from a patient are stim- 
ulated in culture with the suspect antigen to determine 
whether it induces transformation, Iris important to stress 
that this is a test for T cell memory only, and does not 
necessarily imply the presence of protective immunity. 

Following activation by APCs, cells release a number 
of proinflammatory cytokines, which attract and activate 
macrophages. These include IFNy, lymphotoxin-a, IL-3, 
and GM-CSE. 


Q. How can IFNy cause the attraction of macrophages to an 
Inflammatory site? 

‘A. It causes the production of chemokines, including CCL2, 
CLS, and CXCLIO, and induces adhesion molecules ICAM-1 
and VCAM-1 on the endothelium (see Chapter 6). 


‘This TuiI-like pattern of cytokines is enhanced by 
activation of the ‘cells in the presence of IL-12 and 
IL-23, which are released by dendritic cells on exposure to 
bacterial products. IL-12 suppresses the cytokine response 
of TH2 cells 


IFNy is required for granuloma formation in 
humans 

‘The role of individual cytokines can be analyzed in gene 
knockout mice deficient for a single cytokine. For 
example, IFNy gene knockout mice are unable to activate 
macrophages and control infection with M. tuberculosis 
(ig. 26.15). 

‘The absolute requirement of IFNy for granuloma 
formation in humans is confirmed by the syndrome of 
‘Mendelian susceptibility to mycobacterial disease, Subjects 
deficient in the IFNy receptor have markedly increased 
susceptibility to environmental mycobacteria and the 
vaccine strain, BCG, and fail to develop granulomas. 


TNF and lymphotoxin-c are essential for 
granuloma formation during mycobacterial 
infections 

‘TNF and the related cytokine, Iymphotoxin-c,, are both. 
essential for the formation of granulomas during 
mycobacterial infections (Fig. 26.16), and act in part 
through the regulation of chemokine production, 
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‘The importance of IFNy in the activation of 
‘macrophages 


Fig. 26.15 Mice deficient in IFNy (gene knockout [gko] mice) 
_are unable to activate macrophages in response to infection 
with an intracellular bacterium. Macrophages initially 
accumulate at the site of infection, but do not form typical 
granulomas. Uncontrolled infection (graph, left) causes: 
‘widespread tissue necrosis and death (graph, ight). (fu, 
colony forming units of infectious agent in the liver) 


Both macrophage- and T cell-derived TNF contribute 
to this process, but within granulomas activated 
macrophages become the major source of ‘TNE, driving 
the differentiation of macrophages into epithelioid cells 
and the fusion of epithelioid cells to form giant cells 
(Figs 26.17 and 26.18). The maintenance of granulomas is 
also dependent on TNF. Consequently, inhibition of TNF 
activity suppresses the granulomatous inflammation in 
Grohn’s disease and sarcoidosis. 


MANY CHRONIC DISEASES MANIFEST 
TYPE IV GRANULOMATOUS 
HYPERSENSITIVITY 
‘There are many chronic diseases in humans that manifest 
type IV hypersensitivity. Most are due to infectious agents 
such as mycobacteria, protozoa, and fungi, though in 
other granulomatous diseases such as sarcoidosis and 
Grohn’s disease no infectious agent has been established. 
Important diseases in this respect include: 
+ leprosy; 

tuberculosis; 
schistosomiasis; 
sarcoidosis; 


* Crohn's disease. 
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Fig. 26.16 Bacterial products stimulate macrophages to 
“secrete IL-12. Activation of T cells in the presence of I-12 
leads to the release of IFNy and other cytokines, lymphotoxin 
(C1), IL-3, and GM-CSF. These cytokines activate macrophages 
to kill intracellular parasites. Failte to eradicate the antigenic 
‘stimulus causes persistent cytokine release and promotes 
differentiation of macrophages into epithelioid cells, which 
“secrete large amounts of TNFa. Some fuse to form 
multinucleate giant cells, 


‘The importance of TNF in the formation of granulomas 
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Fig. 26.17 TNF is essential for the development of epithelioid 


cell granulomas. If BCG-injected mice are injected with anti- 
‘TNFa antibodies, they do not develop granulomas. 


MANY CHRONIC DISEASES MANIFEST TYPE IV GRANULOMATOUS HYPERSENSITIVITY 


Epithelioid cells in a granuloma from the lung of a 
patient with sarcoidosis 


Fig. 26.18 (1) The epithelioid cells and giant cells in the 
center have been stained with the specific antibody RFD-9. 
(2) Mature tissue macrophages surrounding the granuloma 
are stained with the antibody RFD-7; the exact specificity of 
the antibody is not known. (Courtesy of CS Munro) 


A common feature of these infections is that the pathogen 
presents a persistent, chronic, antigenic stimulus. Activa- 
tion of macrophages by lymphocytes may limit the 
infection, but continuing stimulation may lead to tissue 
damage through the release of macrophage products 
including reactive oxygen intermediates and hydrolases. 

Although delayed hypersensitivity isa measure of T cell 
activation, the infection is not always controlled, with the 
result that protective immunity and delayed hypersensi- 
tivity do not necessarily coincide. Therefore some subjects 
showing delayed hypersensitivity may not be protected 
against disease in the future. 


Leprosy is caused by infection with M. leprae 

Leprosy is a chronic granulomatous disease of skin and 

nerves caused by infection with M. leprae. It is divided 

clinically into three main types ~ tuberculoid, borderline, 
and lepromatous: 

* in tuberculoid leprosy, the skin may have a few well- 
defined hypopigmented patches, which show an intense 
lymphocytic and epithelioid cell infiltrate and no 
microorganisms; 

* by contrast, the polar reaction of lepromatous leprosy 
shows multiple confluent skin lesions characterized by 
numerous bacilli, ‘foamy’ macrophages, and a paucity 
of lymphocytes; 

* borderline leprosy has characteristics of both 
tuberculoid and lepromatous leprosy (Fig. 26.19). 

In leprosy, protective immunity is usually associated with 

cell-mediated immunity, but this declines across the 

leprosy spectrum towards the lepromatous pole with a rise 
in non-protective anti-M. leprae antibodies. 

‘The borderline leprosy reaction is a dramatic example 
of delayed hypersensitivity. Borderline reactions occur 
either spontaneously or following drug treatment. In these 
reactions, hypopigmented skin lesions containing M. 
Keprae become swollen and inflamed (Fig. 26.20) because 


‘The immunological spectrum of leprosy 


call: 
mediated 
immunity 


Fig. 26.19 The clinical spectrum of leprosy ranges from 
tuberculoid disease with few lesions and bacteria to 
lepromatous leprosy, with multiple lesions and uncontrolled 
bacterial proliferation, This range reflects hast immunity as 
‘measured by specific cellular and antibody responses to 

'M. leprae, and the tissue expression of cytokines. 


the patient is now able to mount a T cell response to the 
mycobacteria resulting in a delayed-type hypersensitivity 
reaction. ‘The histological appearance shows a more 
tuberculoid pattern with an infiltrate of IFNy-secreting 
lymphocytes. The process may occur in peripheral nerves, 
where Schwann cells contain M. leprae; this is the most 
important cause of nerve destruction in this disease. ‘The 
lesion in borderline leprosy is typical of granulomatous 
hypersensitivity (see Fig. 26.20), 

In patients with a tuberculoid-type reaction, T cell 
sensitization may be assessed in vitro by lymphocyte 
proliferation or the release of IFNy following stimulation 
with M. leprae antigens (Fig. 26.21). 


Tuberculosis is caused by M. tuberculosis 
In tuberculosis, the granuloma provides the microenvi- 
ronment in which lymphocytes stimulate macrophages to 
Kill the intracellular M. tuberculosis. The formation and 
maintenance of granulomas are essential to control the 
infection. 

In most (>90%) subjects with latent tuberculosis infec- 
tion, the mycobacteria remain dormant within small 
granulomas in the lung. There is, however, a balance 
between the effects of activated macrophages: 

+ controlling the infection on the one hand; and 
‘causing tissue damage in infected organs on the other. 
In those who progress to clinical tuberculosis, granulo- 
matous reactions lead to cavitation in the lung and spread 
of bacteria, The reactions are frequently accompanied by 
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Fig. 26.20 (1) A borderline leprosy reaction. This small nerve 
is almost completely replaced by the granulomatous infiltrate. 
2) Lepromatous leprosy. Large numbers of bacilli are present. 
(Courtesy of Dr Philip McKee) (3) Borderline lepromatous 
leprosy. There are gross infiltrated erythematous plaques with 
well-defined borders. (Courtesy of Dr S Lucas) 


extensive fibrosis and the lesions may be seen in the chest 
radiographs of affected patients (Fig. 26.22). 


@ What factors might affect the balance that controls a 
latent infection with tuberculosis? 

A. Immunosuppression by drugs or infection (e.g. AIDS) 
(ee Chapter 17) can allow reactivation of infection with 
tuberculosis, 


‘The histological appearance of the lesion is typical of 2 
granulomatous reaction, with central caseous (cheesy) 
necrosis (Fig. 26.23). This is surrounded by an area of 
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Lymphocyte stimulation test in leprosy 
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Fig. 26.21. During a borderline leprosy reaction, the 
Iymphocyte stimulation response to M. loro rises There is a 
fallin response when the reaction is treated successtlly with 
corticosteroids. The lymphocyte stimulation responses to 
sonicated M, leprae (measured by uptake of *H-thymidine) are 
shown for 17 patients who developed such reactions before 
starting treatment with ant-lepresy drugs (baseline); ding 
the reaction; and following successful treatment with 
corticosteroids. Medians are indicated by horizontal bas. 


Chest radiograph of a patient with pulmonary 
tuberculosis 


Fig. 26.22 There is extensive parenchymal streaking, 
predominantly in the upper fields of the lungs. These changes 
{are typical of chronic bilateral pulmonary tuberculosis. Some 
‘enlargement of the heart is also evident. 


MANY CHRONIC DISEASES MANIFEST TYPE IV GRANULOMATOUS HYPERSENSITIVITY 


Histological appearance of a tuberculous section of 
lung 


ig. 26.23 This shows an epithelioid cell granulorna (E) with 
ciant cells (G). Manonuelear cell infiltration can be seen (M). 
“There is also marked caseaton and necrosis (N) within the 
granuloma, HEE stan.» 75, 


epithelioid cells, with a few giant cells. Mononuclear cell 
infiltration occurs around the edge. 


Schistosomiasis is caused by parasitic 
trematode worms 

In schistosomiasis, which is caused by parasitic tremarode 
‘worms (schistasomes), the hast becomes sensitized to the 
ova of the worms, leading to a typical granulomatous 
reaction in the parasitized tissue mediated essentially by 
‘Tw cells (Fig. 26.24; see also Chapter 15). In this case 
the cytokines IL-5 and IL-13 are responsible for the 
recruitment of eosinophils and the formation of the gran- 
ulomas around the ova. When the eggs have been 
deposited in the liver, the subsequent IL-13-dependent 
fibrosis causes hepatic scarring and portal hypertension. 


Histological appearance of the liver in schistosomiasis 


+ Fa Sh ES 
Fig. 26.24 The epithelioid cell granuloma surrounds the 
Schistosome ovum (0) and eosinophils ae prominent. H&E 
stain. 300, (Courtesy of Dr Philip MeKee) 


The cause of sarcoidosis is unknown 
Sarcoidosis is a chronic disease of unknown etiology in 
which activated macrophages and non-caseating granu- 
Joma accumulate in many tissues, frequently accompanied 
by fibrosis (Fig. 26.25). The disease particularly affects 
Iymphoid tissue and the lungs, and enlarged lymph nodes 
may be detected in chest radiographs of affected patients 
(Fig. 26.26). No infectious agent has been isolated, though 
mycobacteria have been implicated because of the 
similarities in the pathology. 


Histological appearance of sarcoidasis in a lymph node 


Ps ee ged : 

Fig. 2625 The granuloma of sarcoidosis i typically composed 
of epthelioi cell (E) and mltinucleate giant cel (C), but 
without caseous necrosis. Ther sony a sparse mononuclear 
call infitrate(M) evident atthe periphery ofthe granuloma, 
HOE stain,» 240 


‘The chest radiograph of a patient with sarcoidosis 


Fig. 26.26 There is enlargement of the lymph nodes adjacent 
to the hilar (H) and paratracheal (L) areas of the lungs, with 
diffuse pulmonary infiltration characteristic of the disease. 
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One of the paradoxes of clinical immunology is that 
this disease is usually associated with depression of delayed 
hypersensitivity both in vivo and in vitro. Patients with 
sarcoidosis are anergic on testing with tuberculin; 
however, when cortisone is injected with tuberculin 
antigen the skin tests are positive, suggesting that 
cortisone-sensitive T’ inhibitory cells are responsible for 
the anergy. 


(Q. What effect does cortisone normally have on an immune 
response, and why does its effect here appear paradoxical? 
A. Cortisone would normally suppress delayed hypersensitivity, 
principally by its actions an macraphages. 


In sarcoidosis, granulomas develop in a variety of organs, 
most commonly the lungs, lymph nodes, bone, nervous 
tissue, and skin. Patients may present acutely with fever 
and malaise, though in the longer term those with 
pulmonary involvement develop shortness of breath 
caused by lung fibrosis. ‘The diagnosis is often suggested 
by the clinical pattern and radiographic changes and con- 
firmed by tissue biopsy. Angiotensin converting enzyme 
(ACE) and serum calcium levels are sometimes elevated 
because activated macrophages are a source of both ACE 
and 1,25-dihydroxy-cholecalciferol (the active metabolite 
of vitamin D). 


The cause of Crohn's disease is unknown 
Grohn’s disease is another non-infectious disease in which 
granulomas are prominent. 

Crohn's disease is a chronic inflammatory disease of the 
ileum and colon, in which lymphocytes and macrophages 
accumulate in ali layers of the bowel. The granulomatous 
reaction and fibrosis cause stricture of the bowel and 
penetrating fistulas into other organs. ‘The natures of the 
antigens or infections agents initiating and perpetuating 
this granulomatous reaction are unknown. 

‘Activated 'T cells, showing a restricted T cell receptor 
repertoire and a TH-like profile of cytokine production 
are responsible for macrophage activation and the release 
of inflammatory cytokines, such as TNF, reactive oxygen 
metabolites, and nitric oxide. These initiate and maintain 
the transmural intestinal inflammation. 

Inhibition of TNF activity with antibody or soluble 
“TNF receptor reduces inflammation in patients with 
Grohn’s disease, but this therapy may be associated with 
reactivation of tuberculosis in subjects with latent tuber- 
culosis infection and with other granulomatous infectious 
diseases 
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usp//asersipathoxacuk/-cholt/ — a home page describing 
‘macrophage biology and the role of macrophages in the host 
‘response to infectious disease 

uspu//www.tho.inv/lep/disease/iseasehtm — a home page 
describing leprosy infection 


Critical thinking: A hypersensitivity type IV reaction (see p. 503 for explanations) 


‘An Byear-old boy with recent weight loss and mild fever is 
found to have an enlarged lymph node on the right sie ofthe 
neck. He has no cough and his chest radiograph is normal 
‘Surgical biopsy of the lymph node reveals a granulomatous 
‘nfltrate with no evident acid-fast baci, The result of micro- 
biological culture for Mycobacterium tuberculosis is awaited. 
intradermal skin testing with tuberculin causes sweling and 
erythema of 20 mm in diameter ater 48 hours. 
1 What cell iypes make up the granulomasin the lymph node 
and what cytokines are involved in their formation? 
2 What is the pathology at the ste of the skin testing and 
how does it iter from that inthe lymph node? 


3 What type of Iymphacyte is responsible for the skin test 
‘reactivity? 

“4 What other conditions cause granulomas in Iymph nodes 
and how are they diagnosed? 

‘5 When the family members are tested, the boy's Syear-old 
brother is found to have a postive tuberculin reaction 
(18 mm at 48 hours), but he is well with a normal chest 
radiograph. What does this result indicate about his 
immune responses and what iis significance? 
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Critical Thinking 


Explanations 


SPECIFICITY AND MEMORY IN 
VACCINATION 

The immunological ‘memory’ induced by vaccination 
does nat depend just on the antibodies. Memory is due 
to long-lived memary lymphocytes, which persist in the 
lymphoid tissues for many years. They will be reactivated 
if the individual encounters the toxin or the vaccine on a 
later occasion. 

The tetanus toxoid is a stable molecule — it does not 
change or mutate, so antibodies and lymphocytes 
that recognize it continue to be effective, By contrast, 
influenza A mutates every year. Last year's antibodies are 
marginally effective or ineffective against this year’s virus. 
Researchers must identify newly emerging virus strains 
and prepare vaccine from those strains they think will 
produce new epidemics, Often they get it right, but not 
always 

Recommendations are based on practicality. It is impos- 
sible to prepare sufficient vaccine each year to immunize 
everyone against influenza. There is nat enough time to 
do it and not enough laboratory resources available. So 
the highest risk groups are targeted - health workers 
because they will likely be in contact with the disease and 
old people because the disease can lead to serious 
complications. 


Discussion point 
If we could immunize every person in the world against 
influenza A in 1 year, do you think that this would lead to total 
eradication of the disease? 
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DEVELOPMENT OF THE IMMUNE 
SYSTEM 

The total numbers of blood lymphocytes are drastically 
reduced, with T cells being virtually absent and & cells sig- 
nificantly reduced ~ B cells require T cells to complete their 
‘own development. The lymph nodes are much reduced 
in size, and this particularly affects the paracortex (T cell 
areas). Compare this with diGeorge syndrome. The animals 
have a reduced ability to fight infections, but this is 
selective, affecting particularly some viruses and parasites — 
possibly because there is stil good NK cell activity and 
macraphage-mediated antibacterial defenses. 

Adult thymectomy has very little effect on the individual's 
ability to fight infection. By adulthood, there is a large poo! 
‘of peripheral T cells that may to some extent self renew. 
‘The thymus progressively invalutes and becomes less 
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important as a site of T cell development in the adult. 
Because the lymphocyte precursors fail to make productive 
rearrangements of their antigen receptor genes, they die by 
apoptosis during development. This leads to a profound 
immune deficiency of all lymphocytes, which is analogous 
to severe combined immunodeficiency (SCID) in humans. 
Interleukin-7 is required for lymphocyte development in 
primary lymphoid organs. There is a profound reduction 
in thymacytes and peripheral lymphocytes and a total 
absence af 96 T cell 

The «4)}-integrin is required for binding of cells to adhe- 
sion molecules on the high endothelial venule (HEV) of gut- 
associated lymphoid tissue (GALT), so this knockout results 
in drastically reduced lymphacyte numbers in these tissues. 


THE SPECIFICITY OF ANTIBODIES 

In the presence of the antibodies, mutated variants of the 
virus ate selected that do not bind those antibodies, By 
detecting which of the virus proteins are mutated, one can 
infer that these are the proteins that normally would bind 
to the antibody. Neutralizing antibodies against viruses are 
generally directed against proteins in the capsid of the 
virus, particularly against the proteins that the virus uses to 
attach to the surface of its target cell. Antibodies cannot 
gain access to the inside of the virus, so neutralizing 
antibodies do not bind the core pratein VPA, 

‘The antibody VP1-a binds to an epitope that includes two 
closely spaced residues (91 and 95). This is a ‘continuous 
epitope’ and is lacated on a single external loop of 
polypeptide. By contrast, the epitope recognized by VP1-b 
is located in at least two distinct areas of the polypeptide 
chain (83-85 and 138-139). This is a ‘discontinuous 
epitope’: examination of the VP1 antigen shows that these 
residues are located on two adjacent areas of f-pleated 
sheet. 

‘A mutation of residue 138 does not affect the epitope 
recagnized by antibody VP1-2, so it continues to bind with 
high affinity to the antigen. This confirms that the epitopes 
recagnized by VPI-a and VP1-b are physically separate. The 
mutant with Gly at position 95 still binds the VPI-a anti- 
body weakly. Glycine is a smaller amino acid than aspar- 
tate, which is present in the wild type, hence the antibody 
‘can stil bind to the epitope, although the ‘it’ is less good, 
so the affinity of binding is lower. By contrast, lysine (Lys) is 
a larger residue than aspartate. It protrudes further aut into 
the antibody's binding site and completely disrupts the 
antigen-antibody bond. 
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CRITICAL THINKING: EXPLANATIONS 


4. COMPLEMENT DEFICIENCY 

4.1 Deficiencies af components of the classical or alternative 
pathways, particularly of C3, produce a reduced ability 
to opsonize bacteria, resulting in impaired phagocytosis 
by macrophages and neutrophils. Patients suffer fram 
repeated bacterial infections from Gram-positive bacteria 
(eg. staphylococci, streptococci). These children are 
tunable to clear bacterial infections because their phago- 
cytes do not take up bacteria efficiently, Deficiencies in the 
Iytic pathway components (C5-C9) can render patients 
more susceptible to neisserial infections because the lytic 
pathway can damage the outer membrane of Gram- 
negative bacteria such as Neisseria spp. 

4.2 There is a clear deficiency in C3 and components of the 
alternative pathway. Components of the classical pathway 
‘are on the lower end of normal. At frst this looks surprising, 
because the initial assay for lytic complement required the 
activity of the classical and lytic pathways. Nevertheless, 
both the bacterial infections and the lack of total hemolytic 
‘complement can be explained by the very low levels of C3. 
Note that the genes for C3, 1B, and fl are nat genetically 
linked, so we cannot explain this apparent multiple defi- 
ciency of alternative pathway components by some multi- 
ple gene deletion. The explanation lies in the alternative 
pathway amplification loop. Because the children lack fl, 
they cannot break down the alternative pathway C3 con- 
vvertase C3bBb, Therefore C3 is continuously activated and 
binds #8. All the fB is consumed, as is most of the free C3. 
The genetic deficiency of fl therefare leads to secondary 
deficiencies in the components of the alternative pathway 
and this then affects C3 and the function of the classical 
and lytic pathways. 

4.3. The children have a homozygous fl deficiency — both copies 
‘of the gene are missing. Replacing fl, ether by an infusion 
‘of normal serum or by providing pure fl, restores all the 
‘other components to normal levels and allows the children 
to clear bacterial infections. Antibiotic prophylaxis will help 
prevent bacteria infections. 


Discussion point 
‘What problem might occur if you inject a protein such asf! into 
an individual who lacks it due to a genetic deficiency? 


5. SOMATIC HYPERMUTATION 
55.1 There are at least three theories why TCRs do not undergo 
somatic hypermutation. 

1. T calls control most antibody responses - they therefore 
represent an important mechanism for maintaining self 
tolerance. According to this view, the immune system 
can afford to let immunoglobulin genes undergo 
somatic hypermutation because (non-mutating) T cells 
tetain control 

2. TCRs must retain the ability to recognize self (MHC), 
and therefore cannot be allowed to undergo somatic 
bhypermutation. 

3. The main purpose of somatic hypermutatian of 
antibodies isto give a more robust secondary response, 

In the case of T cells, as opposed to antibodies, itis possible to 
Increase the efficacy/avidity of the memory T cell by affecting 
TCR density, presence of co-stimulatory/inhibitory molecules, or 


‘ther aspects of the wiring of T cell signaling. Mutating the 
receptor is therefore simply not necessary because it is poten- 
tially dangerous as well. According to this theory, it is best 
avoided. 


5. THE SPECIFICITY OF T CELLS 
5.2 This is an example of genetic restriction in antigen pres- 
entation. The SM] T cells are primed with antigen on MHC 
‘molecules of the SM/} haplotype and will only respond to 
this combination of antigen-MHC. They do not recognize 
the same antigen presented by other MHC molecules. 
Because MHC molecules are co-deminantly expressed, the 
H-2v MHC molecules are present on the APCs from the FI 
animal and so they too stimulate the T cells. 
5.3 The minimum peptide needed to activate the T cells 
appears to be 80-94, which is 15 residues long and there- 
fore corresponds well to the expected size of antigen 
peptides that can fit into the MHC class Il binding site. This 
peptide is included within peptide 80-102, which also 
stimulates strongly. Peptides 84-98 and 73-88 lack the N 
and C terminals of the antigenic peptide, respectively, and 
therefore lack some of the anchor residues needed to hold 
them in the MHC peptide-binding groove, 
This is called a superagonist or a strang agonist peptide. 
‘Typically such a peptide will have a stranger binding affinity 
for the MHC molecule and/or the TCR, 


6. THE ROLE OF ADHESION MOLECULES 
IN T CELL MIGRATION 

6.1 IL-1 induces the expression of a number of adhesion 
‘molecules, including ICAM-1 and VCAM-1, both af which 
can potentially mediate leukocyte migration by their 
Interaction with the integrins LFA-1 and VLA-4, respectively 

6.2 Because it takes several hours to increase migration, and 
ICAM-1 and VCAM-1 appear to be involved in the process, 
‘one can infer that their expression is increased as a result of 
protein synthesis (which takes several hours) rather than by 
a relatively rapid release fram intracellular stores. 

63 Antibodies to ICAM-1/LFA-1 reduce migration of cells 
across unstimulated endothelium. Therefore, this pair of 
adhesion molecules is required for migration acrass resting 
endathelium, 

6.4 Antibodies to both ICAM-1/LFA-1 and VCAM-1/VLA-4 
reduce migration across IL-1-activated cells, therefore both 
pairs of adhesion molecules control this event. In practice it 
is known that ICAM-1 is present on unstimulated brain 
endothelium and is increased by IL-1, whereas VCAM-1 Is, 
Virtually absent from unstimulated brain endothelium, but 
‘may be synthesized following stimulation with inflamma- 
tory cytokines. 


ANTIGEN PROCESSING AND 
PRESENTATION 

7.1 Macrophages express both MHC class | and class Il 
molecules, and can therefore present antigen to either of 
the clones. Fibroblasts da nat generally express MHC class 
U molecules and one would nat expect them to stimulate 
the MHC class Il-restrcted clone. 
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Live flu virus infects the macrophages and flu virus 
polypeptides are synthesized in the cytoplasm ofthe cell, so 
the viral antigens are presented by the internal (MHC class 
1) pathway as well as the external (MHC class tl) pathway. 
Inactivated virus is taken up by the macrophage, processed 
and presented via the class I! pathway only ~ because there 
is no viral protein synthesis there is no presentation via the 
MHC class | pathway. 

Emetine blocks pratein synthesis, so no protein fragments 
are fed into the MHC class | pathway by the proteasames. 
Chloroquine prevents phagosome/lysosome fusion so 
endocytosed virus cannot be broken down into peptides. 
Consequently no peptides are available for the MHC class I! 
pathway. 

‘The MHC class Lestricted T cells express CD8 and the 
MHC class I-restricted cells express CD4 because CD8 and 
CD4 are co-receptors for MHC class | and class II molecules, 
respectively 


DEVELOPMENT OF THE ANTIBODY 
RESPONSE 

In a developing immune response to a TD antigen, B cells 
will switch from lgM production to IgG. Because the 
Antigen is continuously present as a depot, by day 14 the 
response has the characteristics af a secondary response - 
IgG antibody titers are climbing rapidly. 

Perhaps the two mice have already been infected by mouse 
hepatitis virus. By day 5 they are already making a second- 
ary IgG response. This could be a problem in the calany, 
though usually all animals housed together would become 
Infected. If these mice have been naturally infected it would 
be through the gut (unlike the vaccine) and one would 
therefore expect a stronger IgA response, 

IgA-producing clones tend to be located in the mucosa- 
associated Iymphoid tissues (see Chapter 2) and it is nat 
surprising that no IgA-producing clones were generated 
from the spleen. 

IgG-praducing clones at day 14 are likely to be of higher 
affinity than IgM producers. 


THE ROLE OF MACROPHAGES IN 
TOXIC SHOCK SYNDROME 
TNFa, IL-1, IL-6, IL-10. 
Lack of activity, rufing of fu, respiratory distress, possibly 
leading ta death within 24 hours. 
BCG activates macrophages via infection of APCs and 
induction of IFNy by NK and CD4* T cells, which primes 
macrophages. LPS delivers stimulus via LPS binding 
protein, CD4, Toll.ike receptors, and NFxB activation, to 
enhance proinflammatory cytokine release, TNFo: and IL- 
1, especially, act locally and systemically on vascular 
endothelium, neutrophils, and central nervous centers, 
causing hypotension and circulatory collapse. 
CD14 knockout mice are extremely resistant to septic 
shock, Scavenger receptor A knockout mice are mare 
susceptible to septic shock. IFNy knockout mice are 
relatively resistant to septic shack. 
CD14 is central to the LPS recognition and signaling 
pathway. SR-A clears LPS from the circulation to protect, 
the host. IFNy is needed to prime macrophages. 


9.6 Evaluate the kinetics of pro- and anti-inflammatory 
cytokine production to establish the endagenous regu- 
lation af macrophage activation. Use blacking antibodies 
for TNFa and other cytokines, and receptor knockout 
mice to establish the roles of each. Evaluate cytokine 
production by peritoneal macrophages taken from BCG- 
primed mice after LPS challenge in vitro. 

Septic shock is a major complication of Gram-negative 
(e.g. Neisseria meningitidis) infection. Therapeutic 
approaches include circulatory support, antibiotics, and 
possibly combinations of cytokine and receptor antag- 
conists (blocking antibodies, inhibitors of TNFa cleavage, 
soluble receptors) 
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9. THE DISTINCTION BETWEEN 
INFLAMMATORY RESPONSES AND 
HOUSE-KEEPING OF APOPTOTIC CELLS 

9.8 Use blocking antibodies for phagacytic receptors (e.g. 
vitronectin receptors) or cells from knackout mice, it 

available. 

Ligation and cross-linking of phagocytic receptors by 

apoptotic cells induce signaling pathways resulting in 

suppression of inflammatory and antimicrabial responses. 

Use antibodies and antagonists to receptors to study 

candidate inhibitory responses such as production of 

prostaglandin E, and TFB. 

Pathogens can exploit and induce the downregulation of 

inflammation by apoptotic cells to evade killing by host 

cells. This may be counteracted by the use af drugs to 
prevent inhibitory pathways, even in vivo. 


99 


9.10 


Relevant references 

Stein M, Keshav S, Haris N, Gordon 5. IL-4 potently enhances 
murine macrophage MR activity; a marker of alternative 
Immunologic macrophage activation. | Exp Med 
1992;176:287-292. 

Freire-de-Lima CG, Nascimento DO, Soares MBP, et al. Nature 
2000;403:199-203 


9. THE ROLE OF MACROPHAGES IN TH1 
AND TH2 RESPONSES 

19.12 Macrophage activation involves a complex pattern of 
altered gene expression, covering a spectrum of activities 
land not just polar opposites between activation (TH, 
IFN) and deactivation (TH2, 1L-10). IL-8 and IL-13, TH2 
cytokines, use common receptor chains to induce an 
alternative pathway of macrophage activation involved in 
humoral immunity and possibly repair (enhanced APC 
function via MHC class Il expression and MRs, as well as 
other effects on B cell production of antibody), IFNy and. 
1-10 regulate cellular immune effector functions. 
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9.13 Broaden the range of macrophage markers examined, 
Ultimately by DNA gene chip analysis, and look for 
consistency and reproducibility of similar patterns of 
altered gene expression by the cytokines above. Analyze 
macrophage functions in mice with knockouts of 
‘eytokines or their receptors 

9.14 Find model antigens (e.g. parasites) that induce TH2 
responses in vivo, and establish whether these are 
recognized by APC receptors that enhance IL-4/IL-13 or 
inhibit IFNy production by appropriate cell. 


10. MECHANISMS OF CYTOTOXICITY 

10.1 CTLs kill their targets using granule-associated mecha- 
nisms such as perforin, and by activating pathways of 
apoptosis — hence they praduce both cel lysis and DNA 
fragmentation. CTLs recognize allogeneic MHC class | 
‘molecules on the targets - the effectors and targets came 
{rom different individuals. Note that there is always a low 
level of cell damage in the controls that contain no 
effector cells 

10.2 Tumor cells typically show reduced expression of MHC 
molecules by comparison with normal cells, and as they 
do they become susceptible to damage mediated by NK 
cells. Because NK cells recognize several different types of 
MHC molecule, the fact that the targets are allogeneic is 
not so relevant. Antibody can crosslink the NK cells to 
their targets (K cell activity) via their Fe receptor (CD16). 
This moves the balance of activity towards activation of 
the NK cell, Note that antibody itself daes nat damage the 
targets in this type of assay because the culture medium 
does not contain functional complement. 

10.3 Purified perforin is extremely efficient at causing cell yi, 
bout does not activate the pathways of apoptosis, so there 
is no DNA fragmentation. 


11, REGULATION OF THE IMMUNE 
RESPONSE 

11.1 Overexcessive immune activation is harmful to the hast. 
‘An incorrect or excessive immune response can lead to 
‘autoimmunity or allergy. Anergy, cell death, and sup- 
pression by cytokines and regulatory cells are three ways 
ff inducing tolerance and preventing this. 

11.2 Antibody regulates the immune system through a number 
‘of feedback mechanisms. Antibodies can form immune 
‘complexes with antigen and these can lead to expansion 
‘or suppression of immune responses. Passive IgM can 
‘enhance an immune response, whereas passive IgG sup- 
presses the response through antibody blocking or 
receptor cross-linking. In addition, some immunaglab- 
Ulins are idiotypic and have an immunogenic sequence 
within them. During an immune response antibadies can 
be generated against this idiotypic sequence leading to 
downregulation of the response. 

11.3 Transfer of regulatory T cells into mice with autoimmunity 
‘can cause a reduction in the disease, but itis not known 
how this would affect other immune responses if the 
system was used in the treatment of human auto- 
immunity. It is possible that there could be a decreased 
immune response to viral and bacterial infections leading 
to.an increase in these diseases. 


11.4 If lymphocytes did not senesce they might begin to prolit- 
erate in an uncontrolled manner — this could cause 
cancers af the immune system and also lead to exagger- 
ated immune responses causing autoimmunity or allergy. 


12. IMMUNE REACTIONS IN THE GUT 
‘Oysters are a food item that is normally tolerated by the body. 
Eating an infected shellfish causes the antigens in the faod to be 
presented in association with components of the pathogen that 
‘can activate PAMP receptors, induce co-stimulatory molecules, 
and break tolerance. Additionally bacterial toxins may damage 
the gut epithelium again, enhancing antigen presentation and 
allowing antigens to access the gut-assaciated lymphoid tissues 
more readily. Once tolerance is broken the TH2-type response, 
which is characteristic of the gut, will lead to production of 
antigen-specific IgE antibodies, Consequently, eating another 
‘oyster, even a good one, will lead to an allergic reaction to 
antigen in the food. 


13. VIRUS-IMMUNE SYSTEM 
INTERACTIONS 

13.1 Features of a virus that enable it to evade host defense 
‘mechanisms include the following, 

‘= Antigenic variation, as seen far example in HIV and 
influenza virus. Evasion of antibody and T cell recog- 
nition by mutation arising in genes encading major 
antigenic targets. 

‘= Production of ‘decoy’ molecules that interfere with 
host immune defenses, in particular molecules target- 
Ing the interferon system, dawnregulating MHC class 
expression, subverting the function of cytokines and 
chemokines, and the action of complement. 

‘+ Establishment of virus latency, thereby avoiding detec- 
tion by the immune system (e.g. HSV-1 in sensory 
ganglia, EBV in B lymphocytes). 

13.2 Nan-neutralizing antibodies could function by mediating 
antibody-dependent complement-mediated lysis of 
infected cells, complement-mediated neutralization, 
antibody-dependent cellular cytotoxicity (ADC), or 
antibody-enhanced phagacytosis by macrophages. 

13.3 Experiments to support the conclusions could involve: 

‘= examination in vitro of whether complement mediates 
neutralization of virus in the presence of non- 
neutralizing antibodies; 

‘use of mice deficient in late complement components, 
(oe, C5-deficient mice); 

‘= analysis of whether IgG subclasses were able to 
‘mediate ADCC in vitro using virus-infected cell. 


14, IMMUNOENDOCRINE INTERACTIONS 
IN THE RESPONSE TO INFECTION 

14.1 The immune system cannot be understood in isolation 
from the rest of mammalian physiology. One of the many 
effects of stress is increased production of adrenacortica- 
tropic hormone (ACTH) from the pituitary. This in turn 
drives increased production of cortisol by the adrenal. The 
proof is that, in the animal models mentioned, the stressor 
can be replaced by mimicking the stress-induced levels of 
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cortisol (or the rodent equivalent, corticosterone) with 
implanted slow-release cortisol pellets. The cortisol 
downregulates cell-mediated immunity to tuberculosis. 
‘These observations provide clues as to why increased 
cortisol levels can lead to reduced immunity to tuber- 
Culosis. Raised cortisol levels cause APCS to release more 
ILA10 and less 1L-12, so newly recruited T cells tend to 
develop a Ti2 cytokine profile. Moreover, cortisol actually 
synergizes with some functions of TH2 cytokines, and 
enhances the ability of IL-4 to drive IgE production. It 
is interesting that BCG vaccination does not lead to 
protective immunity if the BCG is given to animals bear- 
ing cortisol pellets that mimic stress levels of cortisol 
Cortisol also reduces the antimycobacterial functions of 
macrophages 


“These points emphasize the need for a physiological approach 
to the understanding of infection. A narrowly immunological 
approach has solved some infections, but global emergencies 
such as tuberculosis, HIV infection and septic shock may require 
integrated physiological thinking as well as pure immunology. 


15. 
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IMMUNITY TO PROTOZOA AND 
HELMINTHS 

Protozoa replicate within the host, so there is usually a 
balance between the effectiveness of the immune 
response and the virulence of the parasite. With certain 
parasites the infections may be short-lived and may kill the 
host, but this may not be a disadvantage to the parasite it 
it has already been transmitted to a new host. A good 
example is falciparum malaria, which is potentially fatal, 
particularly in children in endemic areas whe have nat 
developed any immunity, but are likely to have been 
bitten during the course of the infection by mosquitos, 
‘which will ensure further transmission. Helminths, by 
contrast, do not replicate within the host and are 
generally long-lived chronic infections, Transmission is by 
the release of eggs and larvae fram an adult parasite, 
‘which may be excreted or be taken up by a vector. 

By adopting an intracellular made of existence parasites 
‘may be able to ‘hide’ from the immune response. A good 
example is falciparum malaria, which lives in mature red 
blood cells. Because this cell type has no nucleus it cannot 
express MHC class | molecules on its surface, so the 
parasite is invisible to CD8* cytotoxic T cells. Other 
parasites live in nucleated cells, which will express class | 
MHC molecules, but experiments have shown this to be 
downregulated in cells infected with some parasites. 
‘gondii avoids being killed by the macrophage by inhibiting 
the fusion of the lysosome with the phagosome; T. cruzi 
escapes from the phagosome into the cytoplasm af the 
cell; and Leishmania spp. can resist the low pH of the 
phagolysosomes and are resistant to lysosomal enzymes, 
Extracellular parasites can adopt a number of ways of 
avoiding immune attack. Parasites may ‘disguise’ them- 
selves, for example by undergoing antigenic variation 
(Atrican trypanosomes) or by adsorbing hast molecules or 
Undergoing molecular mimicry of the host (schistasomes). 
Parasites may ‘hide’ from the host immune response by 
becoming cysts (Entameba spp.) or by living in an 
immunoprivileged location (Toxoplasma in brain). They 
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‘may ‘resist’ attack by having a physical bartier (helminths) 
fr by producing enzymes that resist the oxidative burst or 
disable antibodies. Many parasites are able to ‘modulate’ 
the host immune response to their advantage. 


HYPER-IgM IMMUNODEFICIENCY 

‘Normal infants do not become infected with Preumocystis 
‘carini, The occurrence of this type of pneumonia suggests 
the presence of an immunodeficiency disorder. Her 
immunoglobulin levels point to an elevated IgM level 
Whereas the IgG, IgA, and IgE levels are very low. These 
findings almost certainly rule out the diagnasis of X-linked. 
agammaglabulinemia because in that case the IgM would 
bbe undetectable. The normal white blood cell count prob- 
ably rules out severe combined immunodeficiency (SCID) 
because an infant with SCID would have a very low 
lymphocyte count (< 3000/mm’). Had the IgD level been 
‘measured it would probably also be high, as is found in 
‘males with hyper-IgM immunodeficiency. 

‘A blood sample should be obtained to isolate the B 
lymphocytes. In hyper-lgM immunodeficiency the B cells 
Would stain only with fluorescent ant-lgM and anti-IgD. 
{In a normal infant 8 cells that stain with anti-IgA and anti- 
IgG would also be present in addition to IgM" and IgD* 
cells. Furthermore, the mononuclear cells from the blood. 
sample should be stimulated with phytohemagglutinin. 
After several hours of stimulation, the cells should be 
stained with fluorescent anti.CD40 ligand. Some 50% of 
‘normal T cells would stain positively whereas none would 
be positive in hyper-lgM immunodeficiency. 

Antibodies formed to tetanus toxoid immunization are of 
the IgG class. Because this child is incapable of under- 
going isotype switching she cannat make IgG antibodies. 
However, antibodies to the blood group substances are 
predominantly of the IgM class, which this child can 
‘synthesize. Furthermore the ischemagglutinins are so 
called TFindependent antibodies; their formation does not 
require T cell help. Isotype switching to 1gG, IgA, or IgE 
requires that the CD40 ligand on activated T cells engages 
CD40 on B cells. Ths isa critical fst step in providing T 
cell help to antibody formation by B cells, This infant with 
‘a genetic defect in the CD40 ligand cannot effect isotype 
switching, 

The child should be given intravenous gamma-globulin at 
regular monthly intervals to protect her against pyogenic 
infections. Intravenous gamma-globulin is virtually pure 
IgG. As this child is incapable of making IgG she will 
need lifelong infusions for passive protection. Intravenous 
gamma-globulin does not protect against intracellular 
‘microorganisms such as P.carinl. These and other micro- 
‘organisms that reside in macrophages are eliminated 
bby activating macrophages. Macrophages, like 8 cells, 
express CD40 and require interaction with the CD40 
ligand on activated T cells to become highly microbicidal. 
‘This child therefore remains susceptible to recurrent 
P. corinil infection despite the gamma-globulin therapy. 
If it recurs she would need treatment again with 
pentamidine. 

‘A normal result. The mather would exhibit random 
Inactivation af her X chromosomes. In X-linked agamma- 
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globulinemia non-random inactivation of B cells is 
‘observed in females who carry this X-linked disorder 
‘because the B cells that have the mutated btk gene cannot, 
expand clonally; only the B cells carrying the normal 
allele can. The same is true in X-linked severe combined 
immunodeficiency (SCID). The T cells of heterozygous 
{females which have a mutation in the common gamma 
chain cannot expand clonally; only the T cells with the 
normal allele can. The CD40 ligand is not required for 
<lonal expansion of T cells. This molecule is only expressed 
when T cells are activated. Thus females who must be 
heterozygous for hyper-lgM immunodeficiency are 
immunologically normal and the clonal expansion of T 
cells bearing the wild-type allele and the mutated allele is 
‘normal. 

It depends on the severity of the mutation in the child. If 
she has a missense mutation and expresses some mutated 
‘CD40 ligand on her activated T cell the prognosis is good. 
if she continues to receive intravenous gamma-globulin, 
However, if her mutation results in an inability to express 
any CD40 ligand, her future is uncertain because these 
affected females usually develop an extensive polyclonal 
‘expansion of IgM-producing B cells that invade the liver 
and other parts of the gastrointestinal tract and cause fatal 
‘complications (see Fig. 16.4). In this case a bone marrow 
transplant from a histoidentical donor should be recom- 
‘mended as this would have a favorable outcome and 
‘would essentially be a cure of the disease. 


SECONDARY IMMUNODEFICIENCY 

Approximately 959% of HIV-positive individuals serocon- 
vert within 3 months of infection. ELISAs for antibodies 
to gp, an HIV surface glycoprotein, and p24, a core 
protein, are the most widely used to detect HIV infection, 
Confirmation is obtained by Western blot analysis to 
decrease the rate of false-positive results. The Centres for 
Disease Contral and Prevention recommends that the 


A typical course of HIV infection 


blot should be postive for two of the p24, gp41, and 
{9p120/160 markers (gp160 is the precursor form of 
‘gp41 and gp120, the envelope protein). ELISAs for p24 
antigen can also be used, though the false-negative rate is 
hhigher. The PCR is a technique for amplifying specific 
sequences of DNA ar RNA to produce quantities that are 
readily detectable. The test in the context of HIV is highly 
sensitive and specific, but is more costly than ELISA 
techniques. 


17.2 The mother’s serolagical state should be tested by ELISA 


and confirmed by Western blot if positive. Around 
20-30% of infants born to HIV-positive mothers are 
Infected with the virus. Transmission can occur in utero ar 
very rarely by breastfeeding. Diagnosis presents a problem 
because maternal IgG specific for HIV antigens crasses the 
placenta and can be detected in the infant even if the 
infant has not become infected. The presence of HIV- 
specific antibodies of IgA and IgM classes in the infant 
should imply infection because they do not cross the 
placenta. Current tests lack sensitivity and remain in devel- 
‘opment. The method most widely used in the UK and USA, 
is the PCR, which demonstrates the virus directly. Below 
the age af 1 month the PCR may be negative in infected 
children. It has been shown that, in many children, HIV is 
sequestered into regional lymph nodes at this age. After 
establishing infection at these sites a viremia follows. 


17.3 The figure shows the change in a variety of indices of HIV 


infection over time. Acute seroconversion causes an infec- 
tious mononucleoss-ike iness in up to 50% of those 
Infected with HIV. Common symptoms are fever, Iym- 
phadenopathy, pharyngitis, rashes, and myalgia. At this 
point there Is a drop in the CD4 (and also CD8) 
lymphocyte count and a rise in plasma viremia and p24 
antigen concentration. Antibodies to HIV surface glyco- 
proteins gp120 and gp41 are produced from approxi- 
mately 6 weeks after infection and are intially of the IgM 
class. IgG antibodies of the same specificities follow the 
IgM response and persist during the latent phase. Viremia 
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and p24 antigenemia are generally ow during this period. 
Disease progression is heralded by a declining CD4 lym- 
phacyte count and a rise in plasma viremia. Clinically, CD4 
counts have become a widely used index of progression. 
Plasma viremia is the most accurate measure of disease 
progression, and is becoming a more commonly used 
method, 


18. VACCINATION 

18.1 Successful attenuation results in an organism still capable 
ff generating an immune response against the wild-type 
virulent organism, but no longer capable of causing 
disease. This is a delicate balance to achieve. In some 
instances (e.g. hepatitis B and C viruses) the organisms 
cannot be cultured, so attenuation by repeated in-vitro 
passage is impossible. 

18.2 There is no reason to believe that a vaccine cannot 
improve an nature. Many organisms express gene 
products that interfere with immune responses. Removal 
of these fram the vaccine may allow protective responses 
to be generated, 

18.3 Although smallpox was eliminated because there was no 
animal reservoir or cartier state, this is also the case for 
some other microorganisms and it should be possible to 
eliminate them. For other organisms, elimination will be 
difficult and maintenance of herd immunity will remain 
important. 

184 Vaccines are unlikely ever to replace antibiotics 
completely. Microorganisms evolve very rapidly and 
vaccine production against complex organisms, such as 
mycobacteria, has proved very dificult. In addition, 
immunodeficient individuals and the elderly remain at risk 
even after vaccination 

185 BCG clearly has multiple effects. Specific immune 
responses to BCG antigens can be detected, but cell wall 
and other components of the bacterium have potent 
immunomodulatory effects. The efficacy of BCG as a 
vvaccine has been suggested to depend on cross-reactions 
‘of BCG with environmental mycobacteria as well as 
Mycobacterium tuberculosis itself 

18.6 Strong immune responses may cause tissue damage in 
individuals with parasites already present. However, a 
vaccine that prevented establishment af infection would 
be unlikely to be damaging, 

187 Antigens that induce T cell immunity may be useful 
vaccine antigens. Molecules that contribute to virulence, 
such as toxins, may be the best targets for vaccines. 
Because the genomes of many pathogens have been or 
are being sequenced, searching homologous gene 
products may identify potential targets. 


19. TOLERANCE 

Lineage commitment in thymocyte 

development 

19.1 The presence of a constitutively active Lck molecule in 
developing thymocytes. This is revealed in the OT-1/dLGF 
experimental mouse. 

19.2 The presence of a catalytically inactive Lck causes a 
massive reduction in the number of CD4 SP cells that are 


selected in the AND mouse. There isa limited increase in 
the number of CDB SP cells. 

19.3. Yes, the results are consistent. Overexpression of Lek 
promotes CD4 cells and reduced expression of CD8 cells, 
regardless of the MHC restriction of the majority 
population of TCRs. 


The molecular basis of activation-induced 

cell death (AICD) 

[AICD is mediated by signaling through the Fas pathway. 
‘Activation of T cells with anti-CD3 fails to induce 
apoptosis in mice bearing defective Fas and FasL genes. 
19.6 Despite having a defective Fasl, the gld mouse has a 

normal Fas gene and ligation of this with the anti-Fas 

antibody is sutficient to cause apoptosis. 

19.7 This is an important way of controlling immune 
homeostasis. If cells were to keep on proliferating after 
antigen encounter the lymph nodes would explode! 

19.8. Thisis a good question! The answer is not yet known and 
obviously requires a lot more critica thinking, 


The role of regulatory T cells in peripheral 

tolerance 

199. This is because autoreactive lymphocytes exist as part of 
the normal T cell repertoire. CD25" clls clearly suppress 
these cells and prevent them from causing disease, 
Precisely how the CD25" cells work is nat yet known. 

19.10 it seems fkely that these cells arise in the thymus. 
Comparison of groups A-D shows that CD25" thymo- 
«tes can cause disease and that their activity is normally 
regulated by CD25" thymocytes. 

19.11 looks like tissues such asthe adrenal gland are relatively 
resistant to disease. This could be: (a) because the 
antigenic targets for autoimmune disease are more 
sequestered in these tissues; (b) because mechanisms 
that create immunologically privileged sites operate in 
these tissues to some extent, 


20. AUTOIMMUNITY AND AUTOIMMUNE 
DISEASE 
20.1. tis thought that free DNA filtered in the kidney fixes to 
the glomerular basement membrane and can then bind 
anti-DNA antibodies, which then form an immune com- 
plex in situ. Complement is then fixed, resulting in local 
damage 
This is a vexed question. Although DNA-anti-DNA com- 
plexes are found in tissues, efforts to find these com- 
plexes in the serum have failed. in addition, immunizing 
lupus-prone animals with DNA daes not praduce clinical 
lupus. However, introduction of transgenes encoding 
anti-ds DNA in mice can produce lupus. 
‘A possible explanation is that the mononuclear 
phagocyte system becomes saturated and is therefore 
Unable to clear the soluble complexes, which are 
thought to be mast likely pathogenic. Itis also possible 
that the reduction in the complement receptors on red, 
cells (complement receptor-1, CRI) might also 
predispose to poor clearance of complexes. 
20.4 Over 9596 of patients with SLE have ANA as the major 
autoantibody. Antibodies to extractable nuclear antigens 
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are also seen, but much less frequently. Anti-dsDNA 
antibodies are the mast specific to SLE because anti- 
single-stranded antibodies are found in a variety of ather 
situations, such as other autoimmune disease, a variety 
of infections, and inflammatory conditions. 


KIDNEY TRANSPLANTATION 

“There isa great shortage of donor organs. The supply of 
cadaveric argans depends on the deaths of healthy indi 
Viduals and the willingness of their relatives to allow 
donation. In addition, the available organs are given to 
recipients with the best HLA tissue match. At random 
there is less than a 1 in 20000 chance of finding a 
perfect match. In the case of kidney transplantation the 
blood group antigens must be taken into account. Mrs X 
is blood group B, which is uncommon (<10%), and will 
therefore have antibodies ta tissues from blood grup A 
donors. Blood group As the most common blood group 
(about 45% of individuals). 

Mrs X is HLA identical to her brother Fred and shares one 
HLA haplotype with her brother Gary. There is a 1 in 4 
chance of siblings inheriting the same mendelian 
characteristics from their parents. 

Like Mrs X and her brother Fred, Bert and Edna are HLA 
identical to each other. Of the five children of Mrs X, four 
have Mr X as their biological father. However, itis clear 
that Dave was fathered by a man other than Mr X! This 
Js not uncommon. Approximately 5-10% of children 
‘may be like Dave! 

HLA identical: Fred; HLA haplotype match: Anne, Bert, 
Chas, Dave, Gary; complete HLA mismatch: Mr X. 

If only HLA matching is considered, Fred would be the 
bbest donor because there would be no HLA mismatch 
between the danor and recipient. 

Mrs X is blood group 8, and therefore has antibodies to 
blood group A, thus excluding Mr X, Anne, Bert, Edna, 
and Fred. Only Chas, Dave, and Gary would be suitable, 
Because Mrs X is Rhesus positive (has antigen D) she will, 
‘not have anti-Rh antibodies, so typing for this blood 
{group can be ignored in this instance. 

Chasis first choice. He is HLA haplotype matched, he is 
‘ABO compatible, and is a young man. In general, 
‘younger kidneys last for longer than older kidneys, and 
‘younger people respond better to surgery. Gary might 
be considered. He too is haplotype identical and ABO 
compatible. In fact, in terms of his ABO blood group, 
being blood group © he isthe ‘universal donor’, having 
no A or B blood group antigens on his tissues. However, 
he is older and therefore not an ideal donor. Dave is tke 
his brother Chas, HLA haplotype identical and ABO com- 
patible with his mother. However, he is only 15 years of 
age and minors are generally excluded from this kind of 
surgery. 

‘The organ from Chas suffered hyperacute rejection. This 
is mediated by preformed antibodies in the recipient 
binding to antigens in the graft. The antibodies fix 
complement and initiate the process of graft thrombosis. 
Platelet aggregation in the blood vessels blocks blood 
flow and the graft dies from lack af oxygen (ischemia). 
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‘The main stimuli for antibodies that cause hyperacute 
rejection are rejection of a previous graft, blood translu- 
sions, and multiple pregnancies by the same partner. 
Mrs X has had four children by the same father, Mr X, 
‘and is likely to have become sensitized towards class | 
HLA antigens that Mr X has but Mrs X does not possess. 
In this case antibodies to either HLA-A3 or HLA-B7 could 
have been responsible for the hyperacute rejection 
Cross-match tests are used to detect anti-donor anti- 
bodies before transplantation. These tests are becoming 
more and more sensitive, but occasionally an antibody 
In low titer may go undetected. It appears that the 
cross-match test used at the time of the transplantation 
failed to detect an antibody to a HLA class | antigen. 
Fortunately this seldem happens today and hyperacute 
rejection is now very rare, 

There were three family members who were originally 
suitable for donation, Chas, Dave, and Gary. The kidney 
{from Chas was transplanted and rejected by Mrs X. Gary 
Is naw 60 and is less attractive as a donor. In any case he 
‘shares the HLA-B14 antigen with Mr X, which, because 
Mrs X is sensitized to Mr X, may be a target for hyper- 
acute rejection. The possibility that Mrs X has an 
antibody to HLA-B14 would have to be investigated very 
carefully! Dave has by now reached the age of majority 
and could be considered as a donor. He is HLA haplotype 
identical to his mother, and is ABO compatible. Further- 
more, because he has a different father, Dave is ess likely 
to express antigens that might be the target of hyper- 
acute rejection. It seems that Dave would be the most 
suitable donor. You might lke to consider the emotional 
pressure this puts on Dave, given the seriousness of his 
‘mother’s condition and haw his family are likely to react 
It he wants to change his mind about donation. 

‘Triple immunasuppression is standard in most transplant 
centers. It consists of corticosteroids plus either ciclo- 
sporin or tacrolimus and either azathioprine or 
mycophenolate. Some centers add other agents such as 
antilymphocyte serum or a monoclonal antibody to T 
cells (OKT3). 

About one-third of all transplant recipients suffer an 
episode of acute rejection in the first few weeks. This is 
mainly a cell-mediated immune response. 

The anti-rejection therapy often used is to give three 
large doses of corticosteroid on three consecutive days 
(ataling 2-3 g of corticosteroid). This causes apoptosis 
(programmed cell death) of activated lymphocytes and 
stops the rejection episode very effectively. Other anti- 
rejection therapies are used, such as OKT3 anti-T cell 
‘monacional antibody. 

Because of the immunasuppression, patients are mare 
prone to infection. The immunosuppressive drugs used 
can be toxic, soa dose reduction or a change in medica- 
tion may be required. In addition, transplant patients 
fan high doses af immunasuppression may develop a 
post-transplant Iymphaprolierative disorder caused by 
Epstein-Barr virus infection. Reduction of the dase usu- 
ally helps. In the longer term transplant patients have a 
higher risk of cancer because of depressed immune 
surveillance. 


CRITICAL THINKING: EXPLANATIONS 


21.16 Mes X finally last her kidney transplant to chronic rejec- 


22. 
221 


22.2 


22.3 


22.4 


225 


tion. This may involve both immunological and non- 
immunological damage. The damage initiates a repair 
process involving the praductian af grawth factors in the 
‘graft, None of the drugs in current use controls this 
process very well, so although the dactors change 
drugs and doses it is very dificult to cantrol chronic 
rejection. 


IMMUNITY TO CANCERS 
When animals are immunized prophylactically, an adap- 
tive immune response ta the tumors is generated. When 
the same animal is challenged with live cancer cells later, 
the pre-existing immune response is amplified rapidly 
and can eliminate the tumor challenge. In contrast, 
when a naive animal is challenged, the tumor has 
generally already grown to a considerable size by the 
time an immune response to itis generated. At the same 
time, this developing immune response is compromised 
by a number of immune downregulatory mechanisms 
(immunosuppressive cytokines, CD4" suppressor T cells, 
etc) that get activated in a host with a grawing tumor. 
‘Thus, even as the tumor keeps growing, the immune 
response to itis compromised, and the host succumbs to 
the tumor. 
The immunity elicited by HSP preparations does not 
derive from the HSP molecules per se, but from the 
antigenic peptides chaperoned by them. The HSPs 
isolated from tumors are associated with antigenic 
‘tumor-specific peptides in addition to the normal non- 
immunogenic peptides. in contrast, HSPs isolated from 
normal tissues are associated with only the non- 
immunogenic, normal peptides. This difference accounts 
for the lack of immunogenicity of normal tissue-derived 
HSPs and immunogenicity of tumor-derived HSPs. 
Tumor antigens have been defined by a number of 
methods, such as by their ability to elicit tumor rejection 
in animal models or by recognition by T cells or anti- 
bodies in animals or in patients with cancer. Altogether, 
‘tumor antigens may be classified inta the following classes 
* differentiation antigens, 
* cancer testes antigens; 
* unique mutated antigens; 
* common mutated antigens (including oncagene- 
‘encoded antigens); 
* viral antigens; and 
* heat-shock proteins (which act as cartiers of all of the 
above categories of antigen). 
‘Concomitant immunity is defined as the presence in a 
host of an anti-tumor immune response that is able to 
successfully eradicate a tumor at one site in the con- 
‘comitant presence of another tumor, which is apparently 
unresponsive to it. This phenomenon is a dramatic 
demonstration of the two opposing forces in cancer 
immunity - the immune response to a growing cancer, 
nd the subversion of that response. 
Several observations can be cited in support of down- 
regulation of immune response in the tumor-bearing 
state, as follows: 


(a) The phenomenon of concomitant immunity is clear 
evidence in this regard. Tumor-reactive and tumor- 
protective T cells can be isolated early during tumor 
growth. Ata later stage, ane can show the presence 
of immune-suppressive T cells in the same animal 
‘The CD4‘CD25* regulatory T cells have also been 
shown to play a dawnregulatary influence on the 
anti-cancer immune response. 

(b) The phenomenon that the same animal can 
reject a skin allograft while not rejecting a tumar 
expressing the same allo-MHC shows that there are 
local factors that make the tumar apparently 
resistant ta the existing systemic anti-tumor immune 
response. 

(©) The extensive murine and emerging clinical data 
that blocking of the CTLA-4 molecule (which 
transmits an inhibitory signal to activated T cells) 
leads to tumor regression or other farms of 
protection from tumor growth suggest strongly that 
the anti-tumor immune response in a cancer-bearing 
host is downregulated, 


SEVERE ANAPHYLACTIC SHOCK 
‘Traditionally, the term anaphylaxis has been used to 
deseribe a systemic clinical syndrome caused by IgE 
‘mediated degranulation of mast cells and basophils. 
Susceptible individuals exposed to a sensitizing antigen 
produce specific IgE antibodies, which bind to high- 
affinity IgE receptors (FceRI) found on mast cells and 
basophils, The receptor binds the Fc portion of the 
antibody, leaving the Fab binding sites available to 
interact with antigen. The avidity of this Fc binding 
reaction is high and therefore the dissociation of IgE from. 
the receptors is slow, with a long halt.lite. On subsequent 
exposure, the antigen is bound by the IgE-receptor 
complexes, which causes receptor-mediated activation 
ff the cells with release of preformed and de-novo 
synthesized mediators. Degranulation is rapid and com- 
pleted within 30 minutes. These mediators, released on 
a large scale, are responsible for the clinical mani- 
festations of anaphylaxis. The IgE-mediated mechanism 
‘at mast cell degranulation has been implicated in the 
pathogenesis of anaphylaxis triggered by a variety of 
agents. These include antibiotics (e.g. penicillins, 
cephalosporins), foods (e.g. milk, nuts, shellfish), foreign. 
proteins (e.g. insulin, bee venom, latex), and pharmaco- 
lagical agents (e.g. streptokinase, vaccines). Patients 
who have anaphylaxis may or may nat have a history 
tf atopy. Natural exposure to common allergens such 
as pollen or dust mites is only very rarely a cause of 
anaphylaxis. However, when patients who also have 
asthma develop anaphylaxis due ta venom, penicillin, oF 
food antigens, the reactions are more dangerous 
because they can include rapid onset of bronchospasm. 

Mast cell degranulation can accur by IgE-independent 
pathways. In these cases prior exposure is not a prereq- 
Uisite because specific IgE antibodies are not involved. 
‘Three putative mechanisms of anaphylactoid reactions 
are given below. 
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+ Blood, blood products, and immunaglabulins can cause 
‘an anaphylactoid reaction. The suggested mechanism. 
is the formation of immune complexes with subse- 
quent complement activation and production of 
(C3a and Ca, Both of these complement components 
(anaphylatoxins) are capable of degranulating mast 
cells directly. In addition, both components increase 
vasopermeability and may induce hypotension. 

‘Certain therapeutic and diagnostic agents such as 
opiates, muscle relaxants, and contrast media are also 
capable of directly causing mast cell degranulation 
and anaphylaxis. 

= 5.10% of asthmatic subjects produce a reaction to 
‘nonsteroidal antiinflammatory drugs (NSAIDs), such 
as aspirin or indometacin. Symptoms commonly 
include bronchospasm, rhinarrhea, and, rarely, vascu- 
lar collapse. The ability of these agents to cause 
anaphylaxis appears to correlate with their effective- 
‘ess in inhibiting prostaglandin synthesis. The mech- 
anism of this sensitivity is unknown, but increased 
leukotriene production occurs, which suggests that 
triggering of mast cells is part of the reaction, 

‘There is a great variation in the timing and nature of 

anaphylactic symptoms. The onset is usually within sec- 

fonds or minutes of exposure, though delays of an hour 
have been reparted. The following are common presen- 
tations, which may accur singly or in combination: 

* cutaneous - erythema, pruritus of hands, feet, and 
abdomen, urticaria, angioedema; 

+ respiratory — laryngeal edema causing hoarseness, 
which may progress to asphyxia, bronchoconstriction 
causing wheezing, rhinorrhea; 

= cardiovascular — hypotension, arrhythmias, tachy- 
cardia, vascular collapse; 

‘gastrointestinal — cramping abdominal pain, nausea, 
vomiting, diarrhea. 

‘The majority of cases of anaphylactic reaction are not 

fatal, It has been estimated that 1-29 of courses of 

peenicilin therapy are complicated by systemic reactions, 
but only 10% of these are serious. In the USA some 

400-800 people die annually from penicillin anaphylaxis, 

with a similar figure for contrast media - 70% of deaths 

result from respiratory complications (laryngeal edema 
and/or bronchospasm) with 25% resulting from cardio- 
vascular dysfunction. Prompt treatment of anaphylaxis is 
essential because death may occur rapidly. The patient is 
placed in the recovery position, oxygen is given by mask, 
and 0.5-1.0 ml epinephrine 1:1000 w/v is injected 
intramuscularly. This has the effect of raising the blood 
pressure, relaxing bronchial smooth muscle, and pre- 

Venting further mediator release. Intravenous antiista- 

mines (e.g. 10 mg chiorpheniramine) can be useful 

because histamine can cause vasodilation, cardiac 

arthythmias, and bronchaspasm. Corticosteroids (e.g. 

100 mg hydrocortisone) intravenously may help to 

reduce any late-phase response, 

“The first step isto obtain a thorough history of previous 

adverse reactions. The timing and nature of such 

reactions should be noted. Skin prick testing with insect, 
venom is a fast and sensitive method of detecting anti- 
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‘venom Ig. Radioallergosorbent tests can detect venom- 
specific IgE, but are positive in only 80% of those with 
significant reactions to venom skin prick tests. Immuno- 
therapy is best reserved for those With life-threatening 
systemic reactions to insect venom. The patient is given 
increasing subcutaneous dosages and then a monthly 
‘maintenance dose of 100 1g. The clinical protection rate 
isn the order of 98% for bath adults and children. 


BLOOD GROUPS AND HEMOLYTIC 
DISEASE OF THE NEWBORN 

Because Mrs Charestan has clearly becomed sensitized to 
Rhesus D, itis most likely that her fist child is RhD*. The 
alternative explanation, that she has become sensitized 
by a blood transfusion, is highly unlikely, because of the 
routine matching of this blood group when carrying out 
transfusions 

HDNB usually becomes more serious with successive 
pregnancies because the mather has become sensitized 
to the fetal red cells and successive sensitizations pro- 
‘duce progressively stronger responses in the mother, and 
‘more serious disease in susceptible children 

‘Anti-Rhesus D antibodies are given to the mother to clear 
the fetal RhD’ erythrocytes before they have a chance to 
sensitize the mother’s immune system, 

Ifthe antibodies are given pre-partum, they would crass 
the placenta and produce or exacerbate HDNE in the 
fetus. 

Rhesus prophylaxis is not always successful, but in this 
‘case there was no treatment after the frst pregnancy and 
Mrs Chareston was already sensitized to RhD. Preventing 
further responses in an individual who is already 
sensitized is less likely to succeed because of the nature 
‘of secondary immune responses —less antigen is required 
to trigger the response. 

‘The most likely explanation is that the child is Rh. 
Indeed this turns out to be the case. A Rh” child must 
have received a Rh” gene from both parents. Assuming that 
Mr Chareston isthe father of the fourth child, we can say 
that his genotype is RhD'/RhD- (heterozygote), and that 
the child received RD” genes from both parents. 
Antigens of the ABO blood group are carbohydrates and 
tend to induce IgM antibodies, which do not undergo. 
affinity maturation or class switching (see Chapter 8). 
IgM does not crass the placenta (see Chapter 3) and so 
does not produce HDNB, 

The second child was definitely not fathered by 
Mr Chareston because ABO blood groups are co- 
dominantly expressed. For a child to have the blood 
‘group B, one or both parents must have blood group B. 
‘As neither Mr or Mrs Chareston has this blood group, the 
B gene must have come from someone else 


TYPE II AHA OR AHA PLUS ITP WITH 
LUPUS 

There is clinical evidence for a systemic disease, with 
arthritis, thrombocytopenia, anemia, and dermatitis. The 
positive Coombs’ test indicates that there are serum 
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antibodies to RBCs, and she also has anti-platelet anti- 
bodies. These circulating antibadies bind to cell surface 
antigens. When autoantibody-RBCs and autoantibody- 
platelets enter the liver and spleen, their Fc regions 
‘engage FeRs on resident macrophages, and are removed. 
This is a consuming process, which is accelerated by 
complement activation on the surface of RBCs and 
Platelets, so that erythropoiesis and thrombopoiesis do 
not keep up with consumption, thus lowering the RBC 
and platelet counts, 

Immune complex formation in the joints results from 
deposition of autoantibady-autoantigen complexes 
(e.g. anti-DNA antibody-nucleosome complexes). Ths is 
facilitated by altered vascular permeability. In-situ 
immune complex formation may alsa be operative, with 
{ree nucleosomes entering the joint space and binding to 
cell surface antigens or matrix components through 
charge-charge interactions. In either case the tissue 
fixed immune complexes engage activating FeR (e.g 
FeRylll) to initiate inflammation. 

Because local vascular permeability in ather tissues was 
not altered, so immune complexes and activated inflam- 
matory cells could not traverse vessels walls (because 
Of size restriction). Alternatively, because autoantibodies 
specific for either cell surface antigens or matrix 
components were not present, inflammation was not 
‘observed within them. In some cases immune deposits 
may form in tissues, but, because vascular permeability s 
not altered or/and inflammatory cells are not stimulated, 
inflammation is not observed. 

Ideally one could target only those B cells that produce 
the autoantibodies, using therapy directed at the antigen 
binding regions of the antibodies. However, because the 
antigen-binding regions are likely to vary fram patient 
to patient, designing therapy for each individual is 
impractical. More general immunosuppression (¢.9. 
against B cells) is reasonable and should be initiated. 
Using drugs that alter the clearance of RBCs and platelets 
is also a good strategy and this could be accomplished 
by either enhancing the expression of the inhibitory 
FeRs or decreasing the clearance of the activating FcR. 
Intravenous immunaglabulin ([Vig) works through this 
mechanism and would be a reasonable therapeutic 
choice. 


TYPE II SERUM SICKNESS AFTER 
FACTOR IX ADMINISTRATION. 

This is a classic example of serum sickness induced by a 
“foreign protein’ factor IX because the boy does nat 
produce it. 

Corticosteroids were prescribed to decrease inflam- 
‘mation and for immunosuppression. 

The likelihood that this type of reaction will develop 
again is relatively high because a memory response will 
be produced; T cells and plasma cells will respond more 
rapidly during re-exposure ta the same foreign antigen 
(he, factor IX). 

Short courses of corticosteroids with/without transient 
immunosuppressian, 
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In this case, the clinical presentation is associated with an. 
apparent non-inflammatory process (inferred because 
there is only proteinuria and inflammation has not reduced 
the glomerular filtration rate). Although the precise patho- 
genesis is uncertain, itis thought that the administered 
factor IX gets madified (becomes more positively 
charged) in the circulation, Because of its charge, it 
becomes trapped during normal filtration between the 
negatively charged glomerular basement membrane and, 
glomerular epithelial cells, where it serves as a ‘planted 
antigen’ for circulating anti-factor IX antibodies. The Fe 
regions of local or ‘in-situ’ formed immune complexes 
activate the classical complement system, whereby 
C5b-9 causes sublytic injury to the epithelial cells, 
leading to their detachment. Because these cells nor- 
‘mally participate in maintaining the glomerular integrity 
and limiting protein filtration, this pathologic process 
causes loss of large amounts of protein in the urine. 
Inflammation is not observed because FcR engagement 
‘on circulating inflammatory cells is prevented by the 
intact basement membrane. Patholagically there is 
epithelial cell ‘effacement’ from the basement membrane, 
but a conspicuous absence of inflammation. By contrast, 
in acute serum sickness, when immune deposits form 
between the endathelium and the basement membrane 
(or on the basement membrane), the deposited IgG 
engages FcR on circulating cells, and inflammation (with 
cellular infiltration) is the predominant feature. 

‘The likelihood that this type reaction will develop again 
is relatively high because a memory response will be 
produced; T cells and plasma cells will respond more 
rapidly during re-exposure to the same foreign antigen 
(ie. factor IX), 

Immunosuppression until the proteinuria resolves to 
treat the present episode. Because the probability of 
immunologic recall is high, transient immunosuppres- 
sion with each factor IX therapy is indicated to reduce 
the production of antibodies to factor IK. 


A HYPERSENSITIVITY TYPE IV 
REACTION 

CGranulomas are composed of lymphocytes, macrophages, 
and epithelioid cells, The latter develop fram macrophages 
following chronic antigenic stimulation and may fuse to 
form multinucleate giant cells, typical of granulomas. 
Cytokines involved in this process include T cell-derived 
IFNy and TNF, both for the activation of macrophages 
and for the arganization of the granuloma. 

Histolagical examination at the site of a DTH reaction 
reveals edema of the dermis with an infitate af mono- 
cytes and lymphocytes. This resolves aver 1-2 weeks. 
Granulomas do not form at the sites of DTH reactions it 
soluble antigen, such as tuberculin, is used. By contrast, 
in the lymph node a chronic granulomatous response 
develops as the mycobacteria survive within macrophages, 
leading to persistent stimulation of T cells and chronic 
inflammation, 

CD4 T lymphocytes are the major cells respansible for 
the recognition of soluble recall antigens and the 
stimulation of DTH reactions. 
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Bartonella henselae, histoplasmosis, and tularemia, may 
‘cause granulomas in lymph nodes. These are diagnosed 
boy the clinical pattern and microbial cultures. Sarcoidosis 
‘causes non-caseating granulomas and is diagnosed by 
clinical features, histology, and the absence of an infec- 
tious cause. Granulomas may also develop in response to 
foreign bodies, such as tale and silica, oF exposure to 
berylium. 


response to soluble antigens fram M. tuberculosis. This 
indicates that he has been infected with M. tuberculosis, 
‘but does not mean that he has active tuberculosis disease 
lat present. Normally he wauld have investigations to 
exclude active tuberculosis, and if this is not present he 
‘wauld be considered for chemoprophylaxis to eradicate 
the infection and prevent progression to disease in 
later lite, 
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‘The major histocompatibility complex (MHC) is the most 
polymorphic gene locus known in humans. 

Originally the MHC class I and class I molecules from 
the principal loci (HLA-A, HLA-B, HLA-C, and HLA-D) 
were distinguished using specific antibodies, which could 
recognize polymorphic variants at these loci. For example, 
HLA-A? identifies a particular variant at the HLA-A. 
locus. These are termed serological HLA specificities. 

Later it became clear that the HLA-D region contained 
several class II loci (HILA-DP, HLA-DQ, and HLA-DR), 
and that some serological specificities were specific for 
variants at these loci 

‘As serological analysis became more refined, it was 
found that some specificities could be subdivided into two 
or more types, using newer antibodies, For example, 
HLA-A9 is made up of two subgroups, HLA-A23 and 
HLA-AM4, 

In some cases the designation of the serologically 
defined MHC molecules was not fully certain, so they 
were given provisional or workshop designations ‘w’ (e.g. 
HLA-DPw!). 


Later, sequence analysis of MHC genes was undertaken 
and the sequences could be related to the serological 
specificities. For example, the sequences termed HLA- 
B'301, HLA-B*1302, HLA-B'1303, HLA-B*1304, 
HLA-B*1305, and HLA-B*1306 are six different 
sequences, all of which encode HLA-B molecules, which 
can be serologically defined by anti-HLA-B13 antibody. 

Following the “*, the first two digits indicate the 
serological specificity, and the subsequent digits the 
sequence number associated with that specificity. Hence 
several genetic variants can have the same serological 
speciticity. : ' 

Finally, an additional two-digit figure may be added 
to identify different alleles that generate synonymous 
variants, 

‘The number of genetic variants is very large. A 
current list anuary 2006) can be viewed at hrep:// 
‘wowanthonynolan.com/HIG/lists. This site also_ gives 
information on the relationship of serological specificities 
and genetically defined variants. 


Filled box, molecule is expressed; open box, molecule not 
expressed ‘or not determined yet; half-filled box, sub- 
population only 

“, activated cells only 

B, basophil; G, granulocyte; B, B cell; Carb, carbo- 
hydrate; CCP, complement control protein domains; 
Clec, C-type lectin; CytR, hemopoietic cytokine receptor 
family; DC, dendritic cell; Ect, ectoenzyme; End, 
endothelium; Eo, eosinophil; IgSF, immunoglobulin 
supergene family; Inte, integrin alpha chain; IntB, integrin 
beta chain; LC, Langerhans’ cell; LSC, lymphoid stem 
cell, M, mononuclear phagocyte lineage; MC, mast cell; 
MSC, myeloid stem cell; Muc, mucin; N, neutrophil; 
FDC, follicular dendritic cell; NK, natural killer cell; P, 
platelet; Thy, thymocyte; p, precursor; RBC, red blood 
cell; RTK, receptor tyrosine kinase; TM4, tetramembrane 


Recognized CD 


Markers of 


Hemopoietic Cells 
and their Distribution 


pass family; PC, plasma cell; TMZ, seven- transmembrane 
pass; G protein- coupled receptor; $C, stem cell; TNF, 
TNF-like; Scav, scavenger receptors; ‘TNFR, TNF 
receptor/NGF receptor family; Sial, sialoglycan; T, T cell; 
‘ZoMP, zinc metalloproteinase. 

‘This gives principal family relationships only. Some 
molecules are composite. The designation ‘w’ (workshop) 
indicates a provisional assignment. Detailed information 
‘on many of the CD molecules is distributed as ‘CD guides’ 
from hrtp://www.nebi.nlm.nih.gov/prow. A further set 
‘of CD numbers were assigned at the 7th International 
Workshop in June 2000, numbered CD167-CD247. 
‘Minor refinements and corrections were also made to 

isting designations, The new designations can be seen at 
hhttp://gryphon jr2.ox.ac.uk/. 
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Recognized CD markers of hemopoietic cells and their distribution 


mol. wt ‘monocyte/ dendritic 
cD identity function family | (kDa) Teell Bell | NK cell | macrophage | granulocyte | platelet | cell other 
Dla presentation of igst | 49 Thy Lc 
lipids/alycolipids 
cDib presentation of igst | 45, Thy Lc 
lipids/alycolipids 
Dic presentation of Igst | 43, Thy pe 
lipids/alycolipids 
cold presentation of igst | 55 Thy 
lipids/alycolipids 
ble presentation of igst | 50 
lipids/lycolipids 
coz LEA-3 receptor igst | 50 
(adhesion) 
Es TCR signaling complex | igsF —_| 25,20,19, 
(ye) 16,22 
Guy igSF 
Ea MHC class receptor | igsF_ | 55 
cps co-stimulator Scav | 67 
(activation) 
Ea co-stimulator Scav | 105 
(activation) 
co7 signal transduction igst | 40 ise 
co MHC class I receptor | igsF_— | 36,32 
coo platelet activation t™s — | 24 Pp Eo, 
p10 neutral endopeptidase | ZnMp | 100 Pp Pp 
cpiia oe) inta | 180 
col cra inta | 165 
Continued 
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Listing of all recognized serological and cellular HLA specificities—cont’d 


mol. we monocyte dendritic 

co identity function family | (kDa) Teel | Bell | NKcell |macrophage| granulocyte | platelet | cell other 

cone | cra tata —| 150 

cbwi2 Piprot | 120 fo, N 

cbi13 aminopeptidase N zeme | 150 tnd 

cp14 LPS-binding protein 53.55 
receptor 

cpis sialyl Lewis Carb 

cDi6 FeyRIIA/FepRI gsr | 50-65 

cpieb | Feri gst | 48 

cpwi? | lactosyl ceramide cars | 120 

cps LFA-T/CR3/CRA itp | 95 

cD19 B cell co-receptor ‘gst | 95 Fe 
subunit 

cb20 Ga channel a | 33-37 

cp2i CRB cell coreceptor [Cccp | 140 ie 
subunit 

cb22 adhesion molecule gst | 130-140 

cD23 Feet Gee | 45 - * fo 

cD24 co-timulator 41,38 
(activation) 

eb25 L2R ce | 55 * - 

cb26 dlipeptidyl peptidase IV 120 * * 

cb27 binds CD70 twee | 55 

cb28 binds CD80, C86 gst | aa 

029 VAT VAG inp | 130 
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030 signal transduction TNFR] 120 * 
(apoptosis) 
cou PECAM.1 igsF | 140 End 
p32 Fell igsF | 40 
033 igsF | 67 Msc. 
cos binds L-selectin Muc | 105-120 End MSC 
035 cr ccp | 160-260 EON FOC 
036 adhesion molecule Scav | 88 End 
037 signal transduction t™s — | 40-52 
(activation) 
038 ribosyl cyclase Ect 45 Pc ise 
039 ecto-apyrase Ect 70-100 * FOC 
D4 binds CD14, Ture | 48 FDC 
co-stimulatory 
pai Plib adhesion to Inte | 120,25 
matrix 
cD42a GPIX adhesion 23 
D426 GPlba adhesion 135,23 
eDaze GPibp adhesion 22 
epaad PV adhesion 85 
CD43, Teukasialin Muc | 95 
(anti-adhesive) 
Daa Pgp-1 adhesion to 80-95 
matrix 
Das leukocyte common 200 
antigen (LCA) 
Continued 
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Listing of all recognized serological and cellular HLA specificities—cont’d 


mol. wt monocyte/ 
co identity/function family | (kDa) Tell Bell | NKcell | macrophage | granulocyte | platelet | cell other 
cD45RA | restricted LCA 220 
cp4sRB | restricted LCA 190,205 
cD45RO | restricted LCA 190 
p46 MCP (membrane cop | 66,56 
cofactor protein) 
pay igst | 47-52 
coag, binds CD2 (rodents) igst | at 
cb49a VIA adhesion to inta | 210 * 
matrix 
cD49B VLA2 adhesion to inta | 160 
matrix 
cD4ge VLA adhesion to Inta | 125 
matrix 
cD49d VLA-4 adhesion Inta | 150,80,70 tc 
cb4ve VIAS adhesion to Inta | 135,25 
matrix 
bast VIA-6 adhesion to Inta | 120,25 
matrix 
ps0 IcAM.3 igst | 124 Lc 
psi vitronectin receptora | inta ‘| 120,24 
ps2 Campath-1 21-28 
ps3 signal transduction T™4 — | 32-40 
ps4 IcaMA igst | 75-115 
cpss DAF (decay accelerating | ccp | 70 
factor) 
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cbs6 NCAM (neural cel igs] 220,135 
adhesion molecule) 
ps7 HNKA carb [110 
cose LFA binds CD2 gst | 40-65 
cbs9 protectin inhibits MAC 9 
Cbw60 | NeuAc-NeuAc-Gal Carb 
coe1 Vitronectin receptor itp | 105 End 
Subunit 
cpe2e | E-selectin Gee [ns End 
cpeat | Lselectin cee | 75-80 
cear | Pselectin Gee | 150 End 
cbe3 adapter ma | 53 * End 
cb64 Fol gsr | 70 
cb6s ceramide Carb 
dodecasaccharide 
66a | BGB-1 adhesion gst 180-200 
cp66b | was CD67 adhesion gst | 95-100 
cpese | NCAadhesion gsr | 90-95 
cpesd | CoM gsr | 30 
cpese | CEA(carcinoembryonic | igst | 180-200 
antigen) 
coest pregnancy-specific gsr | sae 
alycopratein 
cee macrasialin sev | 110 NB MC Sav 
cb69 activation induction Gee | 3228 Thy 
Continued 
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Listing of all recognized serological and cellular HLA specificities—cont’d 


activator 


‘mol. we ‘monocyte/ dendritic 
co identity/funetion family | (kDa) Teel | Beet! | NKcell | macrophage| granulocyte | platelet | cell other 
D70 binds CD27 TNE | 175,95,75 * * * 
co” transferrin receptor 95 * * * * * 
cD72 cee | 43,39 
cb73 ecto-S-nucleotidase [ect | 69 End FDC 
cp74 1 (MHC class I 41,35,33 
invariant chain) 
cb7s Lactosamine Carb 
cb75s 2,6 sialyl lactosamine | Carb 
co77 globotriaosyiceramide | Carb 
cb79a Iga gsr | 33 
co79b | igh gsr | 39 
Deo 87-1, binds Cb28 and | igsr | 60 * * 
cose 
cost TAPAB cell coreceptor [Ta | 26 End 
unit 
cba2 Signal transduction ma | 60 
cb83 antigen presentation [igst | 43 
cOwea | 7 co-stimulation gst | 74 
cas 
cr B7-2binds CD28and | igsr | 80 * 
coisz 
cba? urokinase plasminogen | 35-39 
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cae Sak ™7 [43 Me 
or Fea igst | 50-70 
90 Thy-t igs | 25-35 Thy 
coi ‘e2.macrogiebulin ior | 515,85 

receptor 
cb92 70 ind 
cb93 120 ind 
cba binds MHC class! ee | 70 
cD95 Fas signal transduction | TNER | 43 * 

(apoptosis) 
96 igst | 160 * 
cD97 binds CD55 corr | 75-85 * 
cb98 modulates intracellular 80,45 

Cat 
99 Muc | 32 
0100 | ? proliferation igst [150 
ebi01 igst [120 * 
D102 | ICAM-2 binds LFA igsF | 55,65 End 
D103 | ab? integrin ita | 150,25 
e104 | pa integrins ints | 220 End 
D105 | endoglin binds TGFB 90 End 
p10 | VcaMA binds Vlad [igsF | 90-110 End 
epio7a— | tampa 110 - End 
epio7 | tamp.2 120 * End 

Continued 
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Listing of all recognized serological and cellular HLA specificities—cont’d 


mol wt ‘monacyte/ 
co identity/function family | (kDa) Teel | Beetl_| NKeell | macrophage| granulocyte | platelet other 
co108 | adhesion 60 
D109. | platelet activation factor 170 * * tnd 
cons | csr 110-130 N 
cos | mcsrR gst | 150-130 
cpit6 | GM.CSFR a chain cn [60 N,Eo 
coy | ckitstemcelfactor — figsr | 145 Thy 5c 
receptor 
pia | IFNa/p receptor 
ep119 | IFNyreceptor 90-100 
cp120a | TNFR TNFR | 60 
ep120b | INFRA TNFR | 75-85 
epizia_ | LiRtypet gsr | 80 ind 
Cowi2ib | IL-1 type gst | 60-70 
D122 | 1-28 chain cn | 75 
epi23. | Lar cr [70 3c 
epi2a | Lar yr | 130-150 
pias | Ls cn | 55-60 * fo, B 
cpi26 | Ler ‘gsr | 80 * ind 
epi? [LR 68-80 Pre B ise 
D128 | IL-8 chemokine 1 [58 
receptor CXCRI 
cor30 [6k waiRcommon Yigse [130 * 
subunit 
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CDwi31 | 11-38, L-SRcommon — | cytk 140 sc 
subunit 
D132 IL2R, (LAR, IL7R, cyn | 64 
Lar, Lase 
cammon subunit 
p13 AC133 120 se 
D134 ? adhesion molecule Tr | 50 
cp13s growth factor receptor 155,130 sc 
cbwi36 | macrophage-stimulating | 180 
protein receptor 
cowi37 | co-stimulatory Turk | 30 
(activation) 
D138 syndecan binds type | 
collagen 
D139 228,209 Foc 
D140 PDGF receptor 180,180 End 
pia thrambomodulin cee | 105 End 
cp142 tissue factor 46 
procoagulant 
cp143 ‘ACE (angiotensin Zomp | 170-180 End 
converting enzyme) 
epia4 VE-cadherin adhesion 135 End 
cDwi4s 110,90,25 End 
D146 adhesion igst | 130 End 
co1a7 neurothelin, basigin IgsF | 55-65 End 
? adhesion 
cola contact inhibition 250 
Continued 
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Listing of all recognized serological and cellular HLA specificities—cont’d 


mol. wt monocyte/ dendritic 
cD identity/function family | (kDa) Teel | Beell | NKcell | macrophage | granulocyte | platelet | cell other 
cpwiaa | =cb47 ast | 47-52 
cowis0 | SLAM? co-stimulation 75-95 Thy End 
cpisi PETA ? signaling ™a | 32 End 
(adhesion) 
epis2 | cttaabindscoso— [igsr | 33 * 
and CD86 
0153 | cb301 binds CD30 TNE | 38-40 * * 
ep1s4 | cD401 binds CD40 TNE | 32-39 * 
0155 | polio virus receptor igst | 80-90 Thy 
coise | abame zomp | 60-70 N 
D157 | ADP-ribasyl cyclase eet | 42-50 P FDC End 
ep1s8a | p58.1,p50.1 binds MHC | igsr | 58,50 
class 1 (KIR) 
pists | ps8.2p50.2binas HC | igsr | 58,50 
class | (KR) 
e159 a 
cpi60 26 
core! NKRP-1 modulates Glee | 44 
gytotoxicty 
ep162 | Psci-t binds selectins [ue | 240 
pies | M30 sav | 130 
epi6s — | Mcc24adhesionto | Muc_ | 80 5C 
stromal cells 
D165 | AD2 adhesion to thymic 37 Thy 
epithelium 
0166 | ALCAM binds cbs igst | 100 * * 
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cpi67a__-| ODRI RIK | 120 

cores | RHAMM e488 Thy 

ep169 | Sialoadhesin siglee | 185 

epi70 | Siglec-s Sigiee | 140 

coi7i u FN/igsE | 200 

ci72a 10 5€ 

o173_—_| Blood gr. H@) Carb 

epi | Lewis ¥ Carb 5€ 

cos [ TN Carb sc 

epi7ss | sian Carb RBC 

0176 | Thomson-Fr. Antigen | Carb RBC 

coi77 | NB 56-62 

epi7e | Fas ligand TNE | 38-42 * 

epi79a_—_| Vpre beta gst | 16 

ep179 | Lambda-s igst | 22 

epi80 | Rp105/Bqp95 tur | 95-105 

cores | cxcrs ™ | 40 * End 

corsa | cxcrs ™ (| 45 

eoi9s | cca ™ | 45 

cowis7 | cca7 m™ (| 45 

ep200 | ox2 45-50 * 

0201 EPCR et [50 End 
Continued 
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Listing of all recognized serological and cellular HLA specificities—cont’d 


mol wt monocyte) dendritic 
© identity function family | (kDa) Teel | Beall | NKcell | macrophage | granulocyte | platelet | cell other 
cp202 | TEL/Tie2 aK | 150 3, End 
ep203e | E-NPPS tet 130-150 8 Megak 

0204 | Macrophage Scavenger R.| Scav | 220 

ep205 | Dec205 cee | 205 

0206 | Macrophage mannose R | Clee | 180 

0207 | Langerin ciec | 40 ic 

ep208 | DC-LAMP 70-90 

ep209 | oc-SIGN 4a 

ozo | tor 90-110 

coz | uta 100 * ~ 

epzizat | w13RAi 6 

ep2iza2 | -13R Az 6 

con7 [wim 120 

0220 | insulin receptor ark [140470 

221 IF receptor ark [140470 

0222 | IgF2 receptor 250 

cos (| tac igst [70 * * 

0224 | Yolutamyl wansferase [ect ‘| 27, 68 

cp225 | Leut3 v7 

p26 | DNAMA igs | 65 

co227 | muct Muc | 300 

0228 | Melanotransterrin 80-95 sc 
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cm —« ys igs | 95,110 
0230 | PrPe 35 

e231 TALLAA mma | 30-45 

cp232 | vesr 200 

5233 | Bands 90 RBC 
ep234 | dutty 7 | 35-45 RBC 
(€0235a | Giycophorin-a 36 RBC 
02356 | Giycophorin-8 20 RBC 
0236 | Giycophorin-cb 32/23 REC 
‘e0236R | Giycophoein-x 32 REC 
co23e | Kall 3 RBC 
0239 | Lutheran 78-85 aC 
ep2a0ce | Rhesus CE 30-32 RBC 
ep2a00 | Rhesus 30-32 RBC 
cai Rhesus 50gp 50 RBC 
cpa | cama gst [42 RBC 
ep23 | MpRi 180 sc 
coz | 24 igst | 70 

co2as | P220/240 220-240 

co246 atk — | 80 

0247 16 


For the mast recent adel 


1 ta the lit of recognized CD markers, 


see Prtein Reviews on the Wel at htp//mpenc.nih.gav/prow 
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The Major Cytokines 


macrophages, endothelium, | T cells, 8 cels, lymphocyte activation, macrophage 
LGLs, B cells fibroblasts, macrophages, stimulation, * leukocyte/endothelial 
astrocytes, etc. | endothelium, adhesion, pyrexia, acute phase proteins 
tissue cells 


2 Tells Tells T cell proliferation and differentiation, 


activation of cytotoxic lymphocytes 
‘and macrophages 


ey Tealls stem cells ‘multilineage colony stimulating factor 
La Tells B calls, T cells B cell growth factor, isotype selection, 
IgE, lg? 
Ls Tealls Bealls B cell growth and differentiation, IgA 
selection 
iLe T calls, 8 cells fibroblasts, B cals, hepatocytes 
macrophages phase proteins 
7 bone marrow | preB cells Teel | B celland T call proliferation 
stromal cells 
Ls monocytes fibroblasts neutrophils, chemotaxis, angiogenesis, superoxide 
basophils, T cells, _| release, granule release 
keratinocytes 
Lo Tealls ‘enhances T cell survival, mast cell 


activation, synergy with erythropoietin 


10 Tells Tul cells inhibition of cytokine synthesis 
a one marrow | hemopoietic ‘osteoclast formation, colony stimulating 
stromal cells, progenitors, factor, elevates platelet count in vivo, 
fibroblasts osteoclasts inhibits proinflammatory cytokine 
production 
a2 monocytes, Tells induction of THI cells 
13 activated T cells ‘monocytes, B cells | 8 cell growth and differentiation, 
inhibits proinflammatory cytokine 
production 
waa Tells stimulates proliferation of activated 
B cells, inhibits Ig secretion 
Las monocytes epithelium, Tcells, activated | proliferation 
muscle B cells 
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‘APPENDIX 3 


[ Sone 
jcytokine | source other cells | Principal targets | principal effects 
16 eosinophils, COB? ‘CD4"T cells chemoattraction of CD4* cells 
Teall 
ay €D4* T lymphocytes epithelium, Felease of 1L6, IL8, G-CSF, PGE, 
fibroblasts, enhances ICAM-1, stimulates fibroblasts 
‘endothelium to sustain CD34° progenitors 
is ‘macrophages hepatocytes, PBMC, cofactor in | induces IFNy production, enhances NK 
keratinocytes | TH! induction activity 
Lat T calls, mast calls Teall, B calls, mast | induces acute phase reactants, levels 
calls, eosinophils, | raised after LPS 
hepatocytes 
Lae activated T cells TH2 cells inhibits IL-4 production 
TGFBI most cell types downregulates inflammatory cytokine 
production, promotes wound healing 
Fesponses and scar tissue, growth 
inhibition 
TNFa ‘macrophages, mast macrophages, activation of macrophages, 
calls, lymphocytes granulocytes, tissue | granulocytes and cytotoxic cells, 
calls leukocyte/endathelial cell adhesion, 
cachenia, pyrexia, induction of acute 
phase protein, stimulation of 
angiogenesis, enhanced MHC class | 
production 
TNFA(LT) | lymphocytes a5 for TNFa 
iFNa leukocytes epithelia, tissue calls MHC class induction, antiviral state, 
fibroblasts stimulation of NK cells, antiproiferative, 
stimulates IL-12 production and Til 
cells 
TFNB fibroblasts, epithelia tissue cells MHC class | induction, antiviral state, 
leukocytes antipraliferative 
IFNy calls, NK cals epithelia, leukocytes, tisue | MHC class and i! induction, 
fibroblasts cals, TH2 ces macrophage activation, T endothelial 
celllymphocyte adhesion, MO cytokine 
synthesis, antiviral state, antiproliferative 
(at cells) 
MCSE ‘monocytes endothelium, proliferation of macrophage precursors 
fibroblasts 
Gc ‘macrophages fibroblasts stem cells stimulates division and differentiation 
cmcst | Teells, endothelium, proliferation of granulocyte and 
macrophages fibroblasts macrophage precursors and activators 
MIE Tells, macrophages ‘migration inhibition, macrophage 
‘macrophages activation, enhances T cell activation 
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Figure 18 


fis Aeymetzical Collapee Energy Density Get 


‘The table below lists the major human chemokine recep- 
tors and their principal ligands. Individual chemokines 
(eg. CCLS, RANTES) often bind to more than one 
receptor. Similarly, individual receptors (e.g. CXCLI) 
often bind to more than one chemokine. The systematic 
nomenclature has now superceded the descriptive names, 
although the older names are widespread in the scientific 
literature and are still sometimes encountered in recent 
papers. The table lists only the most-frequently used 
names; some chemokines have several names. 

BCA, B cell attracting chemokine; BRAK, breast and 
kidney expressed chemokine; CTACK, cutaneous T cell 
attracting chemokine; ENA, epithelial-cell derived neu- 
trophil activating protein; GCP, granulocyte chemotactic 


Human Chemokines 
and their Receptors 


filtrate CC-chemokine; 1-309, inducible protein-30 
8, interleukin-8; IP-10, inducible protein-10; I 
inducible T cell o chemoattractant; LARC, liver and 
activation regulated chemokine; MCP, monocyte chemo- 
tactic protein; MDC, macrophage-derived chemokine; 
MEC, mammary enriched chemokine; Mig, monokine 
induced by interferon-j, MIP, macrophage inflammatory 
protein; NAP, neutrophil activating peptide; MPIF, 
myeloid progenitor inhibitory factor, PARC, pulmonary 
and activation regulated chemokine; PF4, platelet factor- 
4 RANTES, regulated on activation, normal T° cell 
expressed and secreted; SCM, single-C-motif, SDF, 
stromal cell-derived factor; SLC, secondary lymphoid 
tissue chemokine; TARC, thymus and activation regulated 


protein; Gro, growth related oncogene; HCC, hemo- chemokine; TECK, thymus-expressed chemokine. 
ecu 1309 

cca McP-1 I 

ccs MiP I 

cla MIP-B I 
ccs RANTES I I 

cc McP.3 

ccs McP.2 

ecu Eotaxin 

ccu3 McP-4 

ecui4 HECA 

cus MIPS 

ccu6 HCA I 

ecu? TARC I 

cus PARC I | 
ccug MIP.3p I 
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‘APPENDIX 4 


Receptors, CCLI-CCLIO, 


Chemokine | Name Die = i of) lbs Ibe ne 
cci20 MIP-30 I 
ccu2t 6Ckine | 
cciz2 MDC 
cus MPIF-T I 
cis Eotaxine2 I 
ccias TECK I 
e126 Eotaxined Lid 
cuz TACK 
ccize MEC I 
Receptors CXCRI-6 
Chemokine | Name weal] Poa le 
xe Gro 
xe Grop 
xe Groy 
excl PFA I 
exes ENA 
exes ocp2 
xe NAP-2 
exes Ls I 
xe Mig 
cxcuio— fipao 
cxaut——fmac 
cxcu2 | Sor I 
exes | BAA I 
excii4 | BRAK 
oxaus |= I 
Chemokine Name Receptor 
xCLI Lymphotactin XCRI 
x2 SCM-Ib XCRI 
exact Fractalkine X3CRI 
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Glossary 


Acquired immune deficiency syndrome (AIDS). A progressive 
immune deficiency caused by infection of CD4 T cells with 
the human retravirus HIV. 

Activation-induced cytidine deaminase (AID). An enzyme 
expressed in activated B cells that causes somatic mutation in 
the immunaglabulin gene locus. 

‘Acute phase proteins. Serum proteins whose levels increase 
during infection or inflammatory reactions. 

ADC (antibody-dependent cell-mediated cytotoxicity). A 
cytotoxic reaction in which Fc receptor-beating killer cells 
recognize target cells via specific antibodies. 

Adhesion molecules. Cell surface molecules involved in the 
binding of cells to extracellular matrix or to neighboring 
cells, where the principal function is adhesion rather than cell 
activation (e.g. integrins and selectins) 

Adjuvant. A substance that non-specifically enhances the 
immune response to an antigen. 

AFCs (antibody-forming cells). Functionally equivalent to 
plasma cals, 

Affinity. A measure of the binding strength between an anti- 
genic determinant (epitope) and an antibody-combining 
site 

Affinity maturation. The increase in average antibody affinity 
frequently seen during a secondary immune response. 

Allelic exclusion. Occurs when the use af a gene from the 
‘maternal or paternal chromosome prevents the use of the 
other. This is seen with antibody and T cell receptor genes, 

Allergen. An agent (e.g. pollen, dust, animal dander) that 
causes IgE-mediated hypersensitivity reactions. 

Allergy. Originally defined as altered reactivity on secand 
contact with antigen; now usually refers to a type | 
hypersensitivity reaction, 

Allotype. The protein of an allele that may be detectable as an 
antigen by another member of the same species. 

Alternative pathway. The activation pathways of the cample- 
‘ment system involving C3 and factors B, D, , H, and I, which 
interact in the vicinity of an activator surface to form an 
alternative pathway C3 convertase. 

Amplification loop. The alternative complement activation 
pathway that acts as a positive feedback loop when C3 is 
split in the presence of an activator surface. 

Anaphylatoxins. Complement peptides (C3a and C5a) that 
cause mast cell degranulation and smooth muscle 
contraction, 

Anaphylaxis. An antigen-specific immune reaction mediated 
primarily by IgE that results in vasodilation and constriction 
ff smooth muscle, including these af the bronchus, and may 
result in death. 


Anergy. Failure to make an immune response following 
stimulation with a potential antigen. 

Antagonist peptides. Analags of antigenic peptides that bind 
to MHC molecules and prevent stimulation of specific clones 
ot T cells 

Antibody. A molecule produced by animals in respanse to 
antigen that has the particular property of combining 
specifically with the antigen that induced its formation, 

Antigen. A molecule that reacts with preformed antibody and. 
the specific receptors on T and B cells. 

Antigen receptors. The lymphocyte receptors for antigens 
including the T cell receptor (TCR) and surface immuno- 
‘globulin on B cells, which acts asthe B cell's antigen receptor 
(BCR). 

Antigen presentation. The process by which certain cells in the 
body (antigen-presenting cells) express antigen on their cell 
surface in a form recognizable by lymphocytes. 

Antigen processing. The conversion af an antigen into a farm 
in which it can be recognized by lymphacytes. 

Antigenic determinants. See ‘epitopes’ 

Antigenic peptides. Peptide fragments af proteins that bind to 
MHC molecules and induce T cell activation, 

Antiviral proteins. Proteins whose synthesis is induced by 
interferons. They become activated ifthe cell is infected by 
virus and limit viral replication. 

APCs (antigen-presenting cells). A variety of cell types that 
carry antigen in a form that can stimulate lymphocytes. 

Apoptosis. Programmed cell death that involves nuclear 
fragmentation and condensation of cytoplasm, plasma 
membranes, and organelles into apoptotic bodies. 

Arthus reaction. Inflammation seen in the skin some hours 
following injection of antigen. It is a manifestation of a type 
IM hypersensitivity reaction, 

‘Atopy. The clinical manifestation of type | hypersensitivity reac- 
tions, including eczema, asthma, rhinitis, and food allergy. 
‘Autocrine. This refers to the ability of a cytokine to act an the 

cell that produced it. 

Autoimmunity. Immune recognition and reaction against the 
individual’ own tissue. 

‘Avidity. The functional combining strength of an antibody 
with its antigen, which is related to both the affinity of the 
reaction between the epitopes and paratopes, and the 
valencies of the antibody and antigen. 

xMicroglobulin. polypeptide that constitutes part of some 
membrane proteins including the class | MHC molecules. 

7-1 (CD80), 87-2 (CD86). Two molecules that are present on 
ntigen-presenting cell. They ligate CD28 on T cells and act, 
as powerful co-stimulatory signals. 


GLOSSARY 


B cells. Lymphocytes that develop in the bone marrow in adults 
and praduce antibody, They can be subdivided into two 
(groups, 81 and B2. BI cells use minimally mutated receptors, 
‘which are clase to the germline immunoglobulin sequences, 
whereas 62 cells are the major responding population in 
conventional immune responses to protein antigens. 

B cell co-receptor complex. A group of cel surface molecules 
consisting of complement receptor type 2 (CD21), CD8I, 
‘and CD19, which act as a co-stimulatory receptor on mature 
B cells. 

B cell receptor complex (BCR). B cell surface immunoglobulin 
and its associated signaling molecules, CD79a and CD79b. 
Basophil. A population of polymorphanuclear leukocytes that 
stain with basic dyes and have important roles in the control 

of inflammation. 

BCG ((bacille Calmette-Guérin). An attenuated strain of 
(Mycobacterium tuberculosis used as a vaccine, an adjuvant, ar 
a biological response modifier in different circumstances, 

Bel-2. A molecule expressed transiently on activated B cells that 
have been rescued from apoptosis. 

Biozzi mice. Lines of mice bidirectianally bred ta produce low 
tr high antibody responses to a variety of antigens (originally 
sheep erythrocytes), 

Blood groups. Sets of allelically variable molecules expressed on 
red cells and sometimes other tissues that may be the target 
af transfusion reactions. 

Bradykinin, A vasoactive nanapeptide that is the most 
important mediator generated by the kinin system. 

Bursa of Fabricius. A lymphoepithelial organ that is the site of 
B cell maturation and is found at the junction of the hindgut 
‘and cloaca in birds 

Bystander lysis. Complement-mediated lysis of cells in the 
immediate vicinity of a complement activation site that are 
not themselves responsible for the activation. 

€ domains. The constant domains of antibody and the T cell 
receptor. These domains do not contribute to the antigen- 
binding site and show relatively little variability between 
receptor molecules, 

C genes. The gene segments that encode the constant portion 
‘of the immunoglobulin heavy and light chains and the «, fi, 
‘y,and 8 chains of the T cell antigen receptor. 

Kit (CD117). A receptor for stem cell factor, which is required 
for the early development of leukocytes. 

€1-C9. The components of the complement classical and lytic 
pathways, which are responsible for mediating inflammatory 
Feactions, opsonization of particles, and lysis af cell 
membranes. 

3 convertases. The enzyme complexes C3b,8b and C4b2a 
that cleave complement C3. 

Capping. A process by which cell surface molecules are caused 
to aggregate (usually using antibody) on the cell membrane. 

Carrier. An immunogenic molecule or part of a molecule that is 
recognized by T cells in an antibody response, 

Caspases. A group of enzymes that are particularly involved in 
the transduction of signals for apoptosis. 

Cathelicidins. A group of cytotoxic peptides produced by 
granulocytes. 

CD markers. Cell surface molecules of leukocytes and platelets 
that are distinguishable with monoclonal antibadies and may 
be used to differentiate different cell populations. 


CDRs (complementarity determining regions). The sections 
‘of an antibody or T cell receptor V region responsible for 
antigen or antigen-MHC molecule binding, 

Cell adhesion molecules (CAMs). A group of proteins of the 
immunoglobulin supergene family involved in intercellular 
adhesion, including ICAM-1, ICAM-2, ICAM-3, vascular cell 
adhesion molecule-1 (VCAM-1), mucasal addressin cell 
adhesion molecule-1 (MACAM-1), and platelet endothelial 
cell adhesion malecule (PECAM). 

Central tolerance, Tolerance of T cells or B cells induced during 
their develapment in the thymus or bone marrow. 

Chemokines. A large group af cytokines falling into four 
families, af which the main families are the CC and the CXC 
(group. Chemokines are designated as ligands belonging to a 
particular family (e.g. CCL2). Many chemokines have older 
descriptive names, for example CCL2 is macrophage 
chemotactic protein-1 (MCP-1). They act on G protein- 
linked, seven-transmembrane pass receptors and have a 
variety of chemotactic and cell-activating properties. 

‘Chemokinesis. Increased random migratory activity of cells. 

Chemotaxis. Increased directional migration of cells, partic 
ularly in response to concentration gradients of certain 
chemotactic factors. 

Cidlosporin. A T cell suppressive drug that is particularly useful 
in suppression of graft rejection, 

Class 1/1I/Il| MHC molecules. Three major classes of molecule 
are coded within the MHC. Class I molecules have ane MHC- 
encoded peptide complexed with By-micraglabulin, class I 
‘molecules have two MHC-encoded peptides which are non- 
covalently associated, and class Ill molecules are other 
‘molecules including complement components. 

‘Class 1/Il restriction. The observation that immunologically 
active cells will cooperate effectively only when they share 
MHC haplotypes at either the class I or class Il loc. 

Class switching. The process by which an individual 8 cell can 
link immunoglobulin heavy chain C genes to its recombined 
V gene to produce a different class af antibody with the same 
specificity. This process is also reflected in the overall class 
switch seen during the maturation of an immune response. 

Classical pathway. The pathway by which antigen-antibody 
complexes can activate the complement system, involving 
components C1, C2, and C4, and generating a classical 
pathway C3 convertase. 

Clonal selection. The fundamental basis of lymphocyte 
activation in which antigen selectively causes activation, 
division, and differentiation only in those cells that express 
receptors with which it can combine. 

CMI (cell-mediated immunity). A term used to refer to 
immune reactions that are mediated by cells rather than by 
antibody or other humoral factors 

Collectins. A group of large polymeric proteins, including 
onglutinin and mannan-binding lectin (MBL), that can 
‘opsonize microbial pathogens. 

‘Complement. A graup af serum proteins involved in control of 
inflammation, activation of phagocytes, and lytic attack on 
cell membranes, The system can be activated by interaction 
with the antibodies of the immune system (classical 
pathway). 

‘Complement control protein (CCP) domains (also called short. 
consensus repeats). A domain structure found in many 
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proteins of the complement classical and alternative path- 
‘ways and in same complement receptors and control proteins. 

Complement receptors (CRI-CR4 and C1gR). A set of four 
cel surface receptors for fragments of complement C3. CRI 
and CR2 have numerous complement control protein (CCP) 
domains, and CR3 and CR4 are integrins. C1gR binds C14, 

ConA (concanavalin A). A mitogen for T cells. 

Congenic. Animals that are genetically constructed to difer at 
‘one particular locus. 

Conjugate. A reagent that is formed by covalently coupling two 
molecules together, such as fluorescein coupled to an 
immunoglobulin molecule, 

Constant regions. The relatively invariant parts of immuno- 
Globulin heavy and light chains, and the , fi and & chains 
of the T cell receptor. 

Contact hypersensitivity, A delayed inflammatory reaction on 
the skin seen in type IV hypersensitivity 

Co-stimulation. The signals required for the activation of a 
lymphocyte, in addition to the antigen-specific signal 
delivered via their antigen receptors, CD28 is an important 
co-stimulatory molecule for T cells and CD40 for B cells. 

Cross.reaction. The sharing of antigenic determinants by two 
diferent antigens. 

CSFs (colony stimulating factors). A group of cytokines that 
control the differentiation of hematopoietic stem cells. 

CTLA-4 (CD152). A downregulatory signaling molecule of T 
calls that competes with CD28 for ligation by B7 on antigen- 
presenting cells 

Cytokines. A generic term for soluble molecules that mediate 
interactions between cal 

Cytotoxic T cells. Cells that can kill virally infected targets 
expressing antigenic peptides presented by MHC class | 
molecules, 

D genes. Sets of gene segments lying between the V and 
genes in the immunoglobulin heavy chain genes, and in the 
T call receptor f and 8 chain genes, which are recombined 
with V and J genes during ontogeny. 

Decay accelerating factor (DAF). A cell surface molecule on 
‘mammalian cells that limits activation and deposition of 
complement C3b. 

Defensins. A group of small antibacterial proteins produced by 
neutrophils 

Degranulation. Exocytosis of granules from cells such as mast 
cells and basophil. 

Dendritic cells. A set of cells present in tissues that capture 
antigens and migrate ta the lymph nodes and spleen, where 
they are particularly active in presenting the processed 
antigen to T cells. Dendritic cells can be derived fram either 
the lymphoid or mononuclear phagocyte lineages. 

DM molecules. Molecules related to MHC class ll molecules 
that are required for loading antigenic peptides onto class t 
molecules, 

Domain. A region of a peptide having a coherent tertiary 
structure, Both immunoglobulins and MHC class 1 and tt 
‘molecules have immunoglobulin supergene family domains. 

Dominant idiotypes. Individual idiotypes that are present on a 
large proportion of the antibodies generated by a particular 
antigen, 

DTH (delayed-type hypersensitivity). This term includes the 
delayed skin reactions associated with type IV hypersensitivity, 


Education of T cells. The process by which developing 
thymocytes are selected for those that recognize peptides on 
self MHC molecules, but not for those that recognize self 
antigenic peptides. 

Effector cells. A functional concept, which in context means 
those lymphocytes or phagocytes that produce an end effect. 

Eicasanoids. Products af arachidonic acid metabolism including 
prostaglandins, leukotrienes, and thromboxanes. 

Endocytosis. internalization of material by a cell by phago- 
cytasis or pinocytosis. 

Endothelium. Cells ining blood vessels and lymphatics. 

Endotoxin. Lipolysaccharide produced by Gram-negative 
bacteria that activates B cells and macrophages. 

Enhancement, Prolangation of graft survival by treatment with 
antibodies directed towards the graft alloantigens. 

Eosinophils. A population of polymorphonuclear granulocytes 
that stain with acidic dyes and are particularly invalved in 
reactions against parasitic warms and in some hyper- 
sensitivity reactions. 

Epithelioid cells. A population of activated mononuclear 
phagocytes present in granulomatous reactions. 

Epitopes. The parts of an antigen that contact the antigen- 
binding sites of an antibody or the T cell receptor. 

Epstein-Barr virus (EBV). Causal agent of Burkitt's lymphoma 
‘and infectious mononucleosis that has the ability to 
transform human B cells into stable cell ines. 

Fab, The part of an antibody molecule that contains the 
antigen-combining site consisting ofa light chain and part of 
the heavy chain; itis produced by enzymatic digestion 

Factors 8, P, D, H, and 1. Components of the altemative 
complement pathway. 

Fas (CD95). A molecule expressed on a variety of cells that acts 
‘a a target for ligation by Fas ligand (FasL) on the surface of 
‘cytotoxic lymphocytes, 

Fe, The portion af an antibody that is responsible for binding to 
antibody receptors on cells and the Clq component of 
complement. 

Fe receptors. Surface molecules on a variety of cells that bind to 
the Fe regions of immunoglobulins, They are antibody class 
specific and isotype selective 

Ficolins. A group of opsonins that recognize carbohydrate 
PAMPS, 

Flow cytometry. Analysis of cell populations in suspension 
‘accarding to each individual cell's expression of selected 
surface markers. 

Fluorescence-activated cell sorter (FACS). A machine that 
‘analyzes cells by flow cytometry and then allows them to be 
sorted into different populations and collected separately. 

Follicular dendritic cells (FDCs). Antigen-presenting cells in 
the B cell areas of lymphoid tissues that retain stores of 
antigen. 

Formyl-methiony! peptides. Prokaryotes initiate protein 
synthesis with Met, Peptides such as fMetLeu-Phe are 
highly chematactic for mononuclear phagocytes and 
neutrophils 

Framework segments, Sections of antibody V regions that lie 
between the hypervariable regions. 

Freund's adjuvant. An emulsion of aqueous antigen in oil 
‘Complete Freund's adjuvant contains killed Mycobacterium 
tuberculosis, whereas incomplete Freund's adjuvant does not. 
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Frustrated phagocytosis. A term to describe the events that 
‘accur when a phagocyte attempts ta internalize an antigen 
or antigenic particle, but is unable to do so (e.g. because of 
its size), 

78 T cells. The minor subset of T cells that express the #6 form 
of the T cell receptor, 

GALT (gut-associated lymphoid tissue). The accumulation of 
lymphoid tissue associated with the gastrointestinal tract. 
Genetic association. The condition where particular genotypes 
are associated with other phenomena, such as particular 

diseases. 

Genetic restriction. The term used to describe the observation 
that lymphocytes and antigen-presenting cells cooperate 
‘most effectively when they share particular MHC haplotypes. 

Genome. The total genetic material contained within the cel 

Genotype. The genetic material inherited from parents; not all 
of itis necessaily expressed in the individual. 

Germinal centers. Areas of secondary lymphoid tissue in which 
B cell differentiation and antibody class switching occur. 

Germline. The genetic material that is passed down through 
the gametes before it is modified by somatic recombination 
‘ar maturation, 

Giant cells. Large multinucleated cells sometimes seen in 
granulomatous reactions and thought to result from the 
fusion of macrophages. 

GPI (glycosylphosphatidylinositol) - linkage. A way in which 
proteins become attached to the outer leaflet of the 
phospholipid bilayer that forms the plasma membrane. 

Granulocytes. Neutrophils, eosinophils, and basophil. 

Granulomatous reactions. Chronic inflammatory reactions 
(often a manifestation of type IV hypersensitivity) caused by 
a failure to clear antigen 

Granzymes. Granule-associated enzymes of cytotoxic T cells 
and large granular lymphocytes. 

GVHD (graft versus host disease). A condition caused by 
allogeneic danar lymphocytes reacting against host tissue in 
an immunologically compromised recipient. 

1-2. The mause major histocompatibility complex. 

Hemagglutination. Clumping of erythrocytes caused by 
antibody. This forms the basis of a number af immunoassays 
and blood group typing. 

Haplotype. A set of genetic determinants located on a single 
chromosome. 

Hapten. A small molecule that can act as an epitope, but is 
incapable by itself of eliciting an antibody response. 

Helper (Ti) cells. A functional subclass of T cells that can help 
to generate cytotoxic T cells and cooperate with B cellsin the 
production of antibody responses. Helper cells recognize 
antigen in association with MHC class i! molecules. 

Heterologous. Refers to interspecies antigenic differences 

HEV (high endothelial venule). An area of venule from which 
lymphocytes migrate into lymph nodes. 

Hinge. The portion af an immunoglobulin heavy chain between 
the Fc and Fab regions that permits flexibility within the mal- 
ecule and allows the two combining sites to operate independ- 
ently. The hinge region is usually encaded by a separate exon, 

Histamine. A major vasoactive amine released fram mast cell 
‘and basophil granules. 

Histocompatibility. The ability to accept grafts between 
Individuals, 


HIV (human immunodeficiency virus). The causative agent of 
‘acquired immune deficiency syndrame (AIDS). 

HLA. The human major histocompatibilty complex. 

Homologous restriction factors. Complement components 
that restrict the action of the membrane attack complex on 
cells of the host. 

Humoral, Pertaining to the extracellular fluids, including the 
serum and lymph, 

Hybridoma, Cell ine created in vitro by fusing two different cell 
types, usually lymphocytes, ane of which is a tumor cel 

‘S-Hydroxytryptamine (serotonin). A vasoactive amine present 
in platelets and a major mediator of inflammation in rodents. 

Hypersensitivity. An inordinately strong immune response that 
‘causes more damage than the antigen or pathogen that 
induced the response. 

Hypervariable region, The most variable areas of the V 
domains of immunoglobulin and T cell receptor chains. 
These regions are clustered at the distal portion of the V 
domain and contribute to the antigen-binding ste. 

ICAM-1 (CD54), ICAM-2 (CD102), and ICAM-3 (CD50) 
(intercellular adhesion molecules). Cell surface molecules 
found on a variety of leukocytes and non-hematagenous 
cells that interact with leukocyte functional antigen-1 
(um). 

lecosomes. Immune complexes in the form of small inclusion 
‘bodies found in follicular dendritic cell, 

Idiotope. A single antigenic determinant on an antibody V 
region. 

Idiotype. The antigenic characteristic of the V region of an 
antibody. 

IELs (intraepithelial lymphocytes). A population of lympho- 
cytes defined according to location in which 7 T cells are 
strongly represented, 

Immune complex. The product of an antigen-antibody 
reaction that may also contain components of the com- 
plement system. 

Immune response (It) genes. Genes that affect the level of 
Jmmune responses. MHC class Il genes are very Important in 
controlling responses to specific antigens. 

Immunoblotting (Western blotting). A technique for iden- 
tifying and characterizing proteins using antibodies, 

Immunofluorescence. A technique used to identify particular 
antigens microscopically in tissues or on cells by the binding 
of a fluorescent antibody conjugate 

Immunogenic. Having the ability to evake B cell- andor T cell- 
‘mediated immune reactions. 

Immunoglobulins. The serum antibodies, including IgG, lgM, 
IgA, IgE, and IgD. 

Immunoglobulin supergene family (IgSF). Molecules that 
‘have domains hamolagaus to thase seen in immunoglob- 
ulins, including MHC class | and ll molecules, the T cell 
receptor, CD2, CD3, CD4, CD8, ICAMs, VCAM, and some of 
the Fe receptors. 

Immunological synapse. The closely apposed region plasma 
‘membrane in the interaction between T cells and antigen- 
presenting cells, centered on interacting TCRs and 
-MHC-peptide complexes. 

Induced fit, A description af the way in which an antigen can 
alter the normal tertiary structure of the binding site on a 
receptor following binding, by displacing amino acids. 
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Inducible nitric oxide synthase (INOS). An enzyme induced by 
inflammatory cytokines in macrophages that catalyzes the 
synthesis of nitric oxide (NO). 

Inflammation. A series of reactions that bring cells and 
molecules of the immune system to sites of infection or 
damage. This appears as an increase in blood supply, 
increased vascular permeability, and increased transendathe- 
lial migration of leukocytes. 

Integrins. A large family of cell surface adhesion molecules, 
‘some of which interact with cell adhesion molecules (CAMs), 
others with complement fragments, and others with 
components of the extracellular matrix. 

Interferons (IFNs). A group of molecules involved in signaling 
between cells of the immune system and in protection 
against viral infections, 

Interleukins (IL-1-1L-22). A group of molecules involved in 
signaling between cells of the immune system. 

Ir gene. A group of immune response (It) genes determining 
the level of an immune response to a particular antigen or 
foreign stimulus. A number af them are found in the major 
histocompatibility complex. 

Isotype. Refers to genetic variation within a family of proteins or 
peptides such that every member of the species will have 
each isotype of the family represented in its genome (eg. 
immunoglobulin classes). 

ITAMs (immunoreceptor tyrosine activation motifs) and 
ITIMs (immunoreceptor tyrosine inhibitory motifs). These 
are target sequences for phosphorylation by kinases involved 
in cell activation oF inhibition, 

JAKs (Janus kinases). A group of enzymes with two catalytic 
domains. They activate by cross-phosphorylation and are 
particularly involved in signaling from type | and Il cytokine 
receptors 

J chain. A monomorphic polypeptide present in polymeric IgA 
and IgM, and essential to their formation, 

J genes. Sets of gene segments in the immunoglobulin heavy 
‘and light chain genes and in the genes for the chains af the 
T cell receptor, which are recombined during lymphacyte 
ontogeny and contribute toward the genes for variable 
domains. 

K cells. A group of lymphocytes that are able to destroy their 
target by antibody-dependent cell-mediated cytotoxicity 
‘They have Fe receptors. 

(kappa) chains, One of the immunoglobulin light chain 
isotypes. 

Karyotype. The chromosomal constitution of a cell that may 
vary between individuals of a single species depending on 
the presence or absence of particular sex chromasomes ar on 
the incidence of translocations between sections of different 
chromosomes. 

Killer immunoglobulin-like receptors (KIRs). Receptors on 
INK cells that belong to the Ig superfamily, having either two 
or three extracellular damains. They may either inhibit or 
activate cytotoxicity, depending on their intracellular 
domains. 

Kinins. A group of vasoactive mediators produced following 
tissue injury. 

Knockout. An animal whose endogenous gene for a particular 
protein has been deleted or mutated to be non-functional, 

Kupfer cells. Phagocytic cells that line the liver sinusoids. 


A (lambda) chains. One of the immunoglobulin light chain 
isotypes. 

Langerhans’ cells. Antigen-presenting cells of the skin that 
‘emigrate to local lymph nades to become dendritic cells; 
they are very active in presenting antigen to T cells. 

Large granular lymphocytes (LGLs). A group of morpho- 
lagically defined Iymphocytes containing the majority of K 
cell and NK cell activity. They have bath lymphocyte and 
monocyte/macrophage markers. 

Lectin pathway. A pathway of complement activation initiated 
by mannan-binding lectin (MBL) that intersects the classical 
pathway. 

Leukotrienes, A collection of metabolites of arachidonic acid 
that have powerful pharmacological effects. 

LFAS (leukocyte functional antigens). A group of three 
molecules that mediate intercellular adhesion between 
leukocytes and other cells in an antigen non-specific fashion, 
LFAL1 is CD11a/CD1B, LFA-2 is CD2, and LFA-3 is CDSB. 

Ligand. A linking (ar binding) molecule. 

Line. A collection of cells produced by continuous growth of a 
particular cell culture in vitro. Such a cell ine will usually 
contain a number of individual clones. 

Linkage. The condition where two genes are both present in 
close proximity on a single chromosome and are usually 
inherited together. 

Linkage disequilibrium, A condition where two genes are 
found together in a population at a greater frequency than 
that predicted simply by the product of their individual gene 
frequencies. 

LPS (lipopolysaccharide). A product of some Gram-negative 
bacterial cell walls that can act as a B cell mitogen. 

Ly antigens. A group of cell surface markers found on murine T 
cells that relate to the differentiation of T cell subpopulations. 
Many are now assigned to the CD system. 

lymphokines. A generic term for molecules other than 
antibodies that are involved in signaling between cells of the 
immune system and are produced by lymphocytes (ct 
interleukins), 

lymphokine activated killer cells (LAKs). Cytotoxic cells 
‘generated ex vivo by stimulation with interleukin-2 (IL-2) and, 
possibly other cytokines, 

Lymphotoxins. A group of cytokines, related to tumor necrosis 
factors, that act on TNF receptors and mediate inflammatory 
reactions and leukocyte activation 

Lysosomes. Intracellular vesicles containing stored enzymes, 
‘adhesion molecules, or toxic molecules depending on the 
cell type. 

Lysozyme, An enzyme secreted by mononuclear phagocytes 
that hydrolyzes bonds present in bacterial cell walls. 

lytic pathway. The complement pathway effected by compo- 
nents C5-C8 that is responsible for lysis of sensitized cell 
plasma membranes. 

MALT (mucosa-associated lymphoid tissue). Generic term for 
lymphoid tissue associated with the gastrointestinal tract, 
bronchial tree, and other mucosas. 

Mannose receptor (MR). A lectin-ike receptor found on 
mononuclear phagocytes, 

MAP kinases. A group of intracellular enzymes involved in 
signaling cascades that lead to the activation of transcription 
factors. 
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Marginal zone. An area surrounding the splenic white pulp that 
separates the lymphoid areas from the surrounding red pulp. 

Mast cells. Cells found distributed near blood vessels in most 
tissues. These cells are full of granules containing inflam- 
matory mediators, 

Matrix metalloproteases. A group of zinc-containing degrada- 
tive enzymes that can break down components of the 
extracellular matrix (e.. collagenase). 

MCPs (macrophage chemotactic proteins). A group of 
chemokines 

Membrane attack complex (MAC), The assembled terminal 
complement components C5b-C9 of the lytic pathway that 
becomes inserted into cell membranes 

‘Memory cells. Longylived lymphocytes that have already been 
primed with their antigen, but have not undergone terminal 
differentiation into effector cells. They react more readily than 
naive lymphocytes when restimulated with the same antigen. 

MHC (major histocompatibility complex). A genetic region 
found in all mammals, the products of which are primarily 
responsible for the rapid rejection of grafts between 
individuals and function in signaling between lymphocytes 
and cells expressing antigen. 

MHC restriction. A characteristic of many immune reactions in 
which cells cooperate most effectively with other cells that 
share a MHC haplotype. 

Microglia. Mononuclear phagocytes resident in the brain and 
spinal cord. Microglial precursors colonize the human central 
nervous system early in gestation. 

MIF (migration inhibition factor). A group of peptides 
produced by lymphocytes that are capable of inhibiting 
‘macrophage migration. 

MIIC compartment. An endosomal compartment where MHC 
class I molecules are loaded with antigenic peptides. 

MIPs (macrophage inflammatory proteins). A group of 
chemokines 

Mitogens. Substances that cause cells, particularly lympho- 
cytes, to undergo cell division 

MLR/MLC (mixed lymphocyte reaction/mixed lymphocyte 
culture). Assay system for T cell recognition of allogeneic 
cells in which response is measured by proliferation in the 
presence of the stimulating cells. 

Mononuclear phagocyte system. The lineage of fixed and 
mobile long-lived phagocytic cells related to blood mono- 
cytes and tissue macrophages. 

Myeloid cells. The lineages of bone marrow-derived phago- 
cytes, including neutrophils, easinophils, and monocytes 
Myeloma. A lymphoma produced from cells of the B cell 

lineage that can invade bone. 

N regions. Gene segments present in recombined antigen 
receptor genes that are not present in the germline DNA. 

Neoplasm. A synonym for cancerous tissue. 

Neutrophils. Polymorphonuclear granulocytes, which form the 
‘major population of blood leukocytes. 

INF-xB. A transcription factor that is widely used by diferent 
leukocyte populations to signal activation ~ sometimes called 
the master-switch of the immune system. 

'NK (natural killer) cells. A group of lymphocytes that have the 
intrinsic ability to recognize and destroy some virally infected 
cells and some tumor cell 

Nucleotide oligomerization domains (NODS). Domains in 


intracellular receptors for pathogen-associated molecular 
patterns. 

Nude mouse. A genetically athymic mouse that lacks a tran 
scription factor, which is also requited for hair production 
COpsonization. A process by which phagocytosisis facilitated by 
the deposition of opsonins (e.g. antibody and C3b) on the 

antigen. 

PAF (platelet activating factor) A factor released by basophils 
that causes platelets to aggregate. 

PALS (periarteriolar lymphatic sheath). The accumulations of 
lymphoid tissue constituting the white pulp of the spleen 
Paneth cells. Cells present in the crypts of the small intestine 

that secrete antimicrobial peptides. 

Paracrine, The action of a cytokine on a cell distinct from the 
cell that produced it. 

Passenger cells. Donor leukocytes present ina tsue graft that 
‘may sensitize the recipient to the grat. 

Patch test. Application of antigen to skin on a patch to test for 
type IV hypersensitivity reactions. 

Pathogen. An organism that causes disease. 

Pathogen-associated molecular patterns (PAMPS). Biological 
‘macromolecules produced by microbial pathogens that are 
recognized by receptors on mononuclear phagocytes and 
some apsonins in serum and tissue fluids 

PC (phosphorylcholine). A commonly used hapten that is also 
found on the surface of a number of microorganisms. 

PCA (passive cutaneous anaphylaxis). The technique used to 
tect antigen-specific Igf, in which the test animal is 
injected intravenously with the antigen and dye, the skin 
having previously been sensitized with Igé antibody. 

Pentraxins. A group of acute-phase pentameric molecules 
present in serum that recognize PAMPs and opsonize 
bacteria for phagocytosis. 

Perforin. A granule-associated molecule of cytotoxic cals, 
homologous to complement C9. It can form pores on the 
membrane of a target cel, 

Peyer's patches. Collections of lymphoid cells in the wall of the 
‘ut that form a secondary lymphoid tissue. 

PFC (plaque forming cell). An antibody-producing cell 
detected in vitro by its ability to lyze antigen-sensitized 
erythrocytes in the presence of complement. 

PHA (phytohemagglutin). A mitogen for T cells. 
Phagocytosis. The process by which cells engulf material and 
enclose it within a vacuole (phagosome) inthe cytoplasm. 
Phenotype. The expressed characteristics of an individual (ct. 

genotype). 

Plasma cell. An antibody-producing B cell that has reached the 
tend ofits differentiation pathway. 

Plasmin system. One of the plasma enzyme systems that 
generates the fibrinolytic enzyme, plasmin, and also 
contributes to inflammation and tissue remodeling. 

Pokeweed mitogen. A mitogen for 8 and T cals 

Polymorphs. A common acronym for polymorphonuclear 
leukocytes including basophils, neutrophils, and eosinophil. 

Prick test. Introduction of minute quantities of antigen inta the 
skin to test for type ! hypersensitivity 

Primary lymphoid tissues. Lymphoid organs in which 
lymphocytes complete their intial maturation steps; they 
include the fetal liver, adult bone marrow, and thymus, and 
‘bursa of Fabricius in 
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Primary response. The immune response (cellular or humoral) 
following an initial encounter with a particular antigen, 

Prime. To induce an initial sensitization to antigen. 

Privileged tissues/sites. In the context of transplantation 
these are tissues that induce weak immune responses or sites 
of the body that are partly shielded from gaft rejection 
reactions. 

Prostaglandins. Pharmacologically active derivatives of arachi- 
onic acid. Different prostaglandins are capable of modu- 
lating cell mobility and immune responses. 

Proteasomes. Organelles that degrade cellular proteins tagged 
{for breakdown by ubiquitination, 

Protein A and protein G. Components of the cell wall af some 
strains of staphylococci that bind to Fc of most IgG isotypes. 

Pseudoalleles. Tandem variants of a gene: they do not accupy 
'@ homologous position an the chromosome (e.g. C4). 

Pseudogenes. Genes that have homologous structures to other 
genes, but are incapable at being expressed (e.g. /k3 in the 
mouse. 

Radioimmunoassay (RIA). A number of different sensitive 
techniques for measuring antigen or antibody titers using 
radiolabeled reagents 

RAG-1 and RAG-2. Recombination activating genes required 
for recombination of V, D, and | gene segments during 
{generation of functional antigen receptor genes. 

Receptor. A cell surface molecule that binds specitically to 
particular extracellular molecules, 

Receptor editing. A process by which immunoglobulin genes 
‘an undergo a secondary recombination event, in order to 
rescue B cells that are producing non-functional or 
autoreactive antibodies. 

Recombination. A process by which genetic information is 
rearranged during meiosis. This process also occurs during 
the somatic rearrangements of DNA, which occur in the 
formation of genes encading antibody molecules and T cell 
antigen receptors 

Recurrent idiotype. An idiotype present in the immune 
response of diferent animals or strains to a particular antigen. 

Relative risk. A number that expresses how much more likely 
(21) of less likely (<1) an individual isto develop a particular 
disease if they possess a particular genotype. 

Respiratory burst. Increase in oxidative metabolism of 
phagocytes following uptake of opsonized particles. 

Reticuloendothelial system. A diffuse system of phagocytic 
cells derived fram the bone marrow stem cells that are 
associated with the connective tissue framework of the liver, 
spleen, \ymph nodes, and other serous cavities. An old- 
fashioned term that is rarely used ~ mononuclear phagacyte 
system is the preferred term. 

ROIs/RNis (reactive oxygen intermediates/reactive nitrogen 
Intermediates). Bactericidal metabolites produced by 
phagocytic cells, including hydrogen peroxide, hypohalites, 
and nitric oxide. 

Rosetting. A technique for identifying or isolating cells by 
‘mixing them with particles or cells to which they bind (e.9. 
‘sheep erythrocytes to human T cells). The rosettes consist of 
‘a central cell surrounded by bound cells. 

Scavenger receptors, A group of receptors that recognize cell 
debris and are involved in the phagocytosis of apoptotic cells 
and some pathogens, 


SCID (severe combined immunodeficiency). A group of 
‘genetic conditions leading to major deficiencies or absence 
‘of bath B cells and T cells. 

Secondary response. The immune response that follows a 
second or subsequent encounter with a particular antigen. 
Secretory component. A polypeptide produced by cells of 
some secretory epithelia that is involved in transporting 
secreted polymeric Ig across the cell and protecting it from 

digestion in the gastrointestinal tract. 

Selectins. Three adhesion molecules ~ P-selectin (CD62P), 
E-selectin (CD62E), and L-selectin (CD62L) ~ involved in 
slowing leukocytes during theie transit through venules. 

Serotonin. 5-Hydroxytryptamine. 

SLE (systemic lupus erythematosus). An autoimmune disease 
{(non-organ specific) of humans usually involving anti-nuclear 
antibodies. 

Somatic mutation. A process occurring during 8 cell matu- 
ration and affecting the antibody gene region that permits 
refinement of antibody specificity 

Spleen. A major secondary lymphoid organ in the peritoneal 
cavity next to the stomach, 

STATS. A group of proteins that form components of tran- 
scription factors following activation by kinases. 

Stem cell factor (SCF). Also called Steel factor. A cytokine 
required for the earliest stages of leukocyte development in 
bone marrow. 

Superantigens. Antigens that stimulate clones of T cells with 
diferent antigen specificity but using the same TCR V genes. 

Suppressor (Ts) cell. Functionally defined populations of T cell 
that reduce the immune responses of other T cells or 8 cals, 
‘or switch the response into a different pathway to that under 
‘vestigation 

Surface plasmon resonance. A biophysical phenomenon that 
‘an be used to measure the association and binding con- 
stants of proteins in solution interacting with bound ligands. 

Synergism. Cooperative interaction 

Syngeneie. Stains of animals produced by repeated inbreeding 
40 that each pair of autosomes within an individual is 
identical 

T cells. Lymphocytes that ltferentiate primarily in the thymus 
‘and are central ta the control and development af immune 
responses. The principal subgroups are cytotoxic T cells 
(CTLs) and T helper cells (THO, Ts, and TH2). 

‘TAP transporters. A group of molecules that transport prateins 
and peptides between intracellular compartments 

TCR (F cell receptor). The T cell antigen receptor consisting of 
ether an a dimer (TCR-2) or a 8 dimer (TCR-1) associated 
with the CD3 molecular complex. 

Tdependent/T-independent antigens. T-dependent antigens 
require immune recognition by bath T and 8 cells to produce 
lan immune response. Tindependent antigens can directly 
stimulate B cells to produce specific antibody. 

TGFs (transforming growth factors). A group of cytokines 
‘identitied by their ability to promote fibrablast growth; they 
are also generally immunosuppressive 

‘Thoracic duet. Drains efferent lymph into the venous system. 

Thromboxanes. Products of arachidonic acid metabalism, 
some of which are involved in inflammation. 

‘Thymus. A primary lymphoid organ in the thoracic cavity over 
the hear. 
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Tissue inhibitors of matrix metalloproteases (TIMPs). A 
group of proteins released by cells in tissues, that limit the 
activity of matrix metalloproteases. 

Tissue typing. Determination of an individual's allatypic 
variants of MHC molecules. 

TNF (tumor necrosis factor). A cytokine released by activated 
macrophages that is structurally related to lymphotoxin 
released by activated T cells. 

Tolerance. A state of specific immunological unresponsiveness. 

Toll-like receptors (TLRs). A group of cell surface receptors that 
recognize molecules from pathogens (e.g. LPS). Some TLRs 
transduce signals for inflammation, 

Tensils. Paired lymphoid organs in the throat that form part of 
the mucosa-associated lymphoid tissue (MALT). 

‘Transformation. Morphological changes in a lymphocyte 
associated with the onset of division. Also used to denate the 
‘change to the autonomously dividing state of a cancer cell. 

‘Transgenic animal. An animal in which one or more new genes 
have been incorporated. These are often placed under 
specific promoters so that they are expressed only in partic- 
lar tissues for limited periods. 

Tumor necrosis factors (TNFs). A group of proinflammatory 
‘cytokines encoded within the MHC. 

\V domains. The N terminal damains of antibody heavy and 


light chains and the a, , , and 6 chains of the T cell receptor 
that become recombined with appropriate sets of D and J 
genes during lymphocyte ontogeny. 

Vaccination. A general term for immunization agains infectious 
disease, originally derived from immunization against 
smallpox, which uses the vaccinia virus. 

Vasoactive amines. Products such as histamine and 5- 
hydroxytryptamine (serotonin) released by basophils, mast 
cell, and platelets that act on the endothelium and smooth 
‘muscle of the local vasculature. 

Veiled cells. Cell of the dendritic cell ineage as seen in afferent 
lymph. They may be derived from Langerhans’ cells or other 
dendritic cell types. 

VIA-I-VLA6 (very late antigens). The set of integrins that 
share a common fi1 chain (CD29). 

Waldeyer’s ring. The secondary lymphoid tissues of the 
nasopharynx that includes the tonsils and adenoids. 

Western blotting. A technique for identifying and charac 
terizing proteins using antibodies. Synonymous with 
immunoblotting. 

White pulp. The lymphoid component of spleen consisting of 
periarteriolar sheaths of lymphocytes and antigen-presenting 
calls 

Xenogeneic. Refers to interspecies antigenic differences. 
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Preface 


Since the first edition of this book, new developments in forensic biology have led to a rapid 
expansion of the knowledge of the field. Therefore, it is necessary to create a new edition. This 
edition provides updates in most chapters of the original edition. Additionally, three new 
chapters (Chapters 2, 16, and 17) have been added and approximately 200 new figures have 
been created for this edition. Just like the first edition of this book, the new edition aims to 
inspire an undergraduate audience to tackle new challenges in the forensic biology field. It is 
written specifically to provide a general understanding of forensic biology and assist students 
in becoming more knowledgeable about the field of forensic biology and the wealth of available 
information, My readers should find that this edition of the book contains useful information, 
presented in a way that is more easily understood, Hopefully, it will be utilized by students, 
particularly those interested in forensic biology, to further enhance their education and training. 
will continue to be open to suggestions in the Future. 


Richard C. Li 
John Jay College of Criminal Justice 
City University of New York 

‘New York, NY 
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Introduction 


“This text defines forensic biology as analyses performed in the forensic biology sections of foren 
sic laboratories and thus focuses on forensic serology and forensic DNA analysis. The aim of this 
book is to emphasize the basic science and its application to forensic science in an effort to make 
the principles more understandable. In addition, it introduces the language of forensic biology, 
thus enabling students to become comfortable with its use, and it provides clear explanations of 
the principles of forensic analysis. 

To convey a general understanding of the concepts of forensic biology, it is necessary to 
include explanations of various techniques that are utilized in the field. The intent is to provide 
students with a scientific grounding in the area of forensic biology by offering an introduction to 
methods and techniques utilized by forensic biology laboratories. The techniques introduced in 
this text are accompanied by brief background descriptions and discussions of basic principles 
and techniques. Schematic illustrations are included where necessary. ‘The text also acknowl 
edges the benefits and limitations that apply to forensic biology techniques. Forensic techniques 
that were used in the past are also described. Learning past examples of forensic tests can help 
students to review historical forensic cases. 
text contains five modules, organized by section: Section 1, Biological Evidence 
(Chapters 1-4); Section II, Basic Techniques in Forensic Biology (Chapters 5-11); Section III, 
Identification of Biological Evidence (Chapters 12-17); Section IV, Individualization of 
Biological Evidence (Chapters 18-23); and Section V, Forensic Issues (Chapters 24-26). The 
26 chapters are designed to be covered in a single-semester course. 


xxi 


SECTION | 


Biological Evidence 


Crime Scene Investigation 
of Biological Evidence 


A forensic investigation involving biological evidence usually begins at the crime scene, The 
crime scene investigation process includes maintaining scene security, preparing documen- 
tation, and collecting and preserving physical evidence. A crime scene investigation requires 
teamwork and effort, Each team member should be assigned specific tasks (Figure 1.1) 


1.1 Protection of Crime Scene 

A crime scene investigation begins with the initial response to a scene (Figure 1.2). Securing 
and protecting the scene are important steps in a crime scene investigation (Figures 1.3 through 
1.6), and this task is usually carried out by the first responding officer arriving on the scene. The 
entry of authorized personnel admitted to the scene should be documented using a log sheet 
(Figure 1.7). Suspects, witnesses, and living victims should be evacuated from the scene. If a 
victim is wounded, medical attention should be sought. 

‘Appropriate supplies and devices should be used to prevent the contamination of evidence by 
investigators, Protective wear and devices including a face mask or shield, safety eyeglasses, a dis- 
posable coverall bodysuit, gloves, shoe covers, and a hairnet should be used (Figures 1.8 and 1,9). 
Exposure to bodily fluids may occur during a crime scene investigation. An investigator can be 
exposed to bodily fluids through the mucous membranes, skin exposure, and needlestick injuries 
(specially when investigating a clandestine drug laboratory scene). Therefore, biosafety proce: 
dures must be followed for the protection of personnel from infectious blood-borne pathogens 
such as the human immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus 
(HCV); infectious aerosol tuberculosis pathogens; and other biohazardous materials. 


1.2 Recognition of Biological Evidence 

A preliminary survey should be carried out to evaluate potential evidence. In particular, the 
recognition of evidence plays a critical role in solving or prosecuting crimes. The priority of the 
potential evidence at crime scenes should be assessed based on each item’s relevance to the sol 

tion of the case. Higher priority should be assigned to evidence with probative value to the case. 

For example, the evidence related to a corpus delict is considered to be of the highest priority. 
Corpus delicti isa Latin term meaning “body of crime.” In Western lav it primarily refers to the 
principle that in order for an individual to be convicted, it is necessary to prove the occurrence 
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Figure 1.1 A crime scene investigation team. (@ Richard C. Li.) 


Figure 1.2 Acrime scene unit Vehicle that is used to respond to crime scenes. This type of vehicle 
is usually outfitted with devices and supplies that investigators need when processing a crime 
scene, as well as evidence packaging materials, fingerprint collection kits, and DNA collection kits 
Additionally, it can be equipped with a workstation for computer access, a refrigerator for storing 
chemicals, and a compact fuming hood for processing latent fingerprints, as well as equipment 
cabinets and drawers. (© Richard C. Li.) 


Figure 1.3 Crime scene barrier tape is used to ensure that only investigators are admitted to the 
scene. (Courtesy of H. Brewster.) 


1.2 Recognition of Biological Evidence 


tee aS 


Figure 1.5 Crime scene privacy screen and tent, The screen (top) and the tent (bottom) are useful 
devices for shielding the evidence or body from viewing by unauthorized personnel. (© Richard C. Li.) 
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Figure 1.6 Barricades are set up to keep crowds at a distance from the scene. (@ Richard C. Li) 


of the crime, In a forensic investigation, it also refers to the physical evidence proving that a 
crime was committed. For example, when an individual is missing, a missing persons investi 
gation is usually initiated. If corpus delicti, such as a dead body or a victim’s blood at a crime 
scene (Figure 1.10), is discovered during the investigation, a homicide case can be established 
anda suspect can be charged with homicide. Higher priority should also be attached to evidence 
that can establish connections such as victim-to-perpetrator linkage. For example, items found 
in a perpetrator’s possession may be linked to a victim. This also applies to transfer evidence 
based on the principles of transfer theory, also known as the Locard exchange principle, which 
theorizes that the cross-transfer of evidence occurs when a perpetrator has any physical contact 
with an object or another person (Figures 1.11 through 1.14). Thus, trace evidence, such as hairs 
and fibers, may be transferred from a perpetrator to a victim or vice versa. This explains why it 
is important to ensure that perpetrators and their belongings are thoroughly searched for trace 
evidence. Likewise, victims and their belongings should be examined for the same reason. 
Victim-to-scene and perpetrator-to-scene linkages can also be established. Blood belonging 
to a perpetrator or a victim found at a crime scene can establish such a linkage (Figure 1.15). 
Additionally, reciprocal transfers of trace evidence from crime scenes can be used to link a 
suspect or a victim to a crime scene. A perpetrator may present a unique modus operandi (MO). 
‘Modus operandi, a Latin term commonly used in criminal investigations, refers to a particular 
pattern of characteristics and the manner in which a crime is committed. For example, Richard 
Cottingham, a serial killer known as “the torso killer,” dismembered his victims and took their 
limbs and heads with him but left their torsos at the scene, He then set the rooms on fire before 
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Figure 1.7 An example of a log sheet for documenting authorized personnel at a crime scene. 


(© Richard C. Li) 


fleeing the scenes. Evidence that provides information on the MO is also vital to an investiga 
tion. A distinct MO can establish a case-to-case linkage for serial offender cases. 


1.3 Searches 


Some investigations require a search for specific items of evidence such as biological stains, 
human remains, and all relevant evidence. A search usually has a specific purpose. Thus, the 
use of search patterns can be helpful, especially in cases involving large outdoor crime scenes. 
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Figure 1.8 Personal protection wear and devices that are used at crime scenes. (© Richard C. Li.) 
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Figure 1.9 Disposable glove (left) and glove with extended cuff (right). (© Richard C. Li.) 


Search patterns may include a grid, line, or zone (Figures 1.16 and 1.17). The method that is ul 
mately used depends on the type and size of the scene (Figures 1.18 through 1.20). Additionally, 
the points of entry and exit and the paths followed by a perpetrator should also be searched. 
Searching for biological stains usually utilizes devices such as an alternate light source (ALS); 
see Figures 121 and 1.22. An ALS either produces a single specific wavelength of light or a desired 
wavelength by using specific filters. Biological materials such as blood, semen, and saliva emit fluo- 
rescent light under an ALS, which can facilitate the locating of biological materials. Additionally, 


1.3 Searches 


Figure 1.11 An electrostatic dust print lifting device can be utilized for processing impression 
evidence such as footprints and tire tracks. (© Richard C. Li.) 


Vol _ 
Metalic side of 


_ lifting im 
rr 


luting film 


$a — Cound pte 


Figure 1.12 Basic components of an electrostatic dust print lifting device. The lifting film is 
placed on top of the item in question with the plastic side against the surface and the metallic side 
facing up. A ground plate is placed directly on the ground. The lifting film and ground plate are con- 
nected to the voltage supply apparatus. Once the charging voltage is turned an, the static charge 
transfers the dust particles from the surface to the plastic side of the lifting film. (© Richard C. Li.) 
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Figure 1.13 A high-intensity light-emitting diode (LED) device for locating evidence at a crime 
scene is particularly effective in highlighting trace evidence such as hairs, fibers, and shoe prints 
(© Richard C. Li) 


Figure 1.14 A hair found on a victim's clothing can be transferred evidence from a suspect 
(© Richard C. Li) 


Figure 1.15 Finding a victim's blood on a suspect's clothing can establish a link between them. 
(© Richard C. Li) 


1.3 Searches 


Figure 1.16 Grid search pattern for an outdoor scene. The investigators and anthropologists pres- 
ent are searching for human bone evidence within the grid. (Courtesy of H. Brewster.) 


Figure 1.17 Line search pattern for an outdoor scene. (Courtesy of H. Brewster.) 


Receiver Transmitter 


Figure 1.18 Using ground-penetrating radar (GPR) to locate clandestine graves of homicide victims. 
GPR uses electromagnetic waves emitted from a transmitter, which are detected by a receiver to locate 
clandestine burials and buried objects such as weapons embedded in soils. Images of the potential 
evidence ae typically obtained by moving the antenna of the GPR device oer the surface ofthe ground, 
(© Richard C. Li) 
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Figure 1.19 Using cadaver-sniffing dogs to alert investigators to the presence of buried bodies. 
‘The odor produced by the decomposition of the human body may be sensed by cadaver-sniffing 
dogs. Odor-absorbing pads absorb and retain the scent of decomposed remains and can be placed 
at the scene for several days. Upon sniffing the pads, a cadaver dog may indicate the presence 
of buried human remains or may indicate that human remains were once buried in that location. 
However, it is not clear that this technique is reliable. (© Richard C. Li.) 


Figure 1.20 Tracking dog for searching suspects. In a situation af processing a recent crime scene 
When the suspect may be in close vicinity to the scene, a tracking dog can be used. A tracking 
dog, such as a bloodhound, can potentially follow the scent fram items left at the scene to locate a 
suspect nearby. (© Richard C. Li) 
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Figure 1.21 Compact alternate light source devices, which are intended specifically for use at 
crime scenes, reduce search time and improve the recovery of evidence such as biological evidence 
and chemically enhanced latent fingerprints. (© Richard C. Li.) 


Figure 1.22 LED light sources provide illumination for locating evidence such as bodily fluid 
stains, har, of fibers. (© Richard C. Li.) 
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Figure 1.23 An example of a compact Rapid DNA device for pracessing DNA evidence in the field 
(© Richard C. Li) 
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Figure 1.24 An example of sketch documentation. (@ Richard C. Li) 
field tests and enhancement reagents can be used to facilitate crime scene searching (Chapter 12). 
‘These reagents can detect and identify biological evidence. The tests are very simple, rapid, and 
sensitive, and thus can be used at crime scenes, For example, phenolphthalin and leucomalachite 


green tests can be used for detecting blood evidence. Sometimes, minute amounts of blood may be 
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Figure 1.25 Sketches for documenting the sites of fingerprints. (@ Richard C. Li.) 


present atthe scene as a result of attempts to clean up blood prior to the investigation. These stains 
may not be visible with the naked eye. Enhancement reagents such as luminol and fluorescein, 
which emit chemiluminant and fluorescent light upon reacting with certain biological materials, 
respectively, can be used. Additionally, the enhancement reagents can detect faint blood-containing 
pattern evidence such as faint bloody fingerprints, footprints, and other pattern evidence of physical 
contact such as drag marks in blood. However, precaution should be taken since these reagents are 
not usually very specific to blood. Certain substances such as bleach, various metals, and plants may 
also lead to chemical reactions with the field tests and the enhancement reagents. In these cases, the 
evidence collected is further tested with laboratory examination and analysis. 

Recently, portable and field-deployable instruments have been developed that are capable 
of processing buccal swabs and potentially other evidence to produce a DNA profile on-site 
(Figure 1,23). It isa fully automated process, using the Rapid DNA technology (Chapter 8), that 


a al 


Figure 1.26 Areflected ultraviolet imaging system (RUVIS) imager for documenting close-up views 
of evidence such as latent fingerprints. (© Richard C. Li.) 
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Figure 1.27 Scales far photographic documentation, Regular scales (top) can be used with vis- 
ible light sources. Fluorescence scales (bottom) can be used for the documentation of fluorescing 
evidence after certain treatment, such as chemical enhancement, using alternate light sources. 
Richard C. Li.) 


can be completed within 2 h by a trained crime scene investigator or police officer. These instru 
ments may provide a new tool for expediting the identification of suspects and developing inves: 
tigative leads at the scene, Additionally, this technology can enable law enforcement agents to 
rapidly determine whether the crimes were isolated incidents or part of serial crimes committed 
by the same offender, such as in serial burglary and arson cases. It can also be used in the iden- 
tification of human remains in mass disasters. 


1.4 Documentation 

“The conditions at a crime scene, including both the individual items of evidence and the overall 
scene, must be documented to provide vital information for investigators and for the courts. The 
most common documentation methods are drawing sketches and taking photographs and vid: 
eographs. The sketch is to reflect the positions and the spatial relationships of items and persons 
with measurements using a scale, An investigator usually prepares a rough sketch first and later 
converts the rough sketch into a finished sketch (Figures 1.24 and 1.25). If bloodstains are pres 
ent at the scene, the location of bloodstain patterns should be emphasized, Prior to handling and 
moving evidence, photographs should be taken with different views: an overall view of the entire 
scene, a medium-range view showing the positions and the relationships of items, and a close-up 


1.5 Chain of Custody 


Figure 1.28 Photographic documentation of bloodstain patterns. (© Richard C. Li.) 


view showing details of the evidence (Figure 1.26). Photographs should also include a measuring 
device such as a scale (Figure 1.27) to accurately depict the sizes of items such as bloodstains or 
bite marks. This can be achieved simply by placing a ruler adjacent to the evidence when it is pho- 

tographed (see Figure 1.28). A photograph log sheet can be used to record the chronological order 
of crime scene photographs and to note filming conditions and any additional relevant informa- 
tion (Figure 1.29). Similar documentation should be prepared for videographs when appropriate. 
Additionally, written or audio-recorded notes can be used. Notes should include complete and 
accurate information of a crime scene investigation, stch as the case identifier number, the iden- 
tities of the investigators, and a description of the scene or items (e.g, location, size, and shape). 
Additionally, any disturbance of evidence occurring during crime scene processing should be 
noted. 


1.5 Chain of Custody 

Custody information should be recorded at each event when evidence is handled or transferred 
by authorized personnel. Usually, a custody form listing a specific evidence item is used to docu- 
ment the chain (Figure 1,30). Each individual who acquires custody of the evidence must sign 
a chain of custody document. An incomplete chain of custody may lead to an inference of pos- 
sible tampering or contamination of evidence. As a result, the evidence may not be admissible 
in court. 
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CAVITATING OIL HYPERSPACE ENERGY 
‘GENERATOR 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention is a hyperspace energy generator 
that uses cavitating oil bubbles within a magnetic field in 
‘order to create wormholes between space and hyperspace for 
the purpose of permeating the hull of a spacecraft with 
low-density, low-speed-of-light hyperspace energy. 


BACKGROUND OF THE INVENTION 


[0002] As shown by physicist Dr. John Archibald Wheeler 
Of Princeton University, there is a second term in Newton’ 
‘gravitational equation which includes an additional force 
‘depending on whether or not the body is spinning, 


Fagonia) 
[0003] _ where F is the force, m the mass, g the acceleration 
Of gravity, v the forward velocity of the body, and Q the 
angular velocity of the body. Referring to FIG. 1, a rotating 
cylinder (A) is moving with a velocity (B) while spinning 
‘counterclockwise as shown by the angular velocity vector 
(©). The velocity crossed with the angular velocity vector 
produces a force in the upward dieection (D), 


[0004] Referring to FIG. 2, a pendulum (A) held in the left 
hand over the right hand will spin in the counterclockwise 
<irection due to the hyperspace energy vortex (B) emanating 
from the palm of the right hand. This vortex arises because 
human beings are hyperspace energy beings that live in 
physical containers located in this universe. The vortex 
might be considered a wormhole between space and hyper- 
space. Notice that the angular momentum vector of the 
‘vortex points up out of the palm of the hand. Ifthe hand were 
spinning from left to right, then there would be a force 
exerted, a8 shown by the above equation, that would bring 
hyperspace energy into the right arm. 

[0003] Referring to FIG. 3, in order to test this hypothesis, 
a Chakra Vortex Accelerator was built for the purpose of 
spinning this hand vortex. The motor-driven machine has a 
base (A) on which is mounted a warehouse palletizing ring, 
and platform (B). A control column (C) has a speed control 
and on/off switch. A person (D) stands on the platform with 
his right arm outstretched and palm facing upward (E}). The 
platform spins from left to right. 


[0006] Referring to FIG. 4, the velocity vector (A) points 
to the right. The angular momentum vector of the rotating 
‘chakra energy vortex points up, The eross product AxB=C 
prodluces a force that brings in high permeability hyperspace 
‘energy into the arm. 


[0007] Referring to FIG. 5, after spinning 99 times per 
day for a few months, it was noticed that the right arm (A) 
‘would remain out at an angle @ from the body without 
‘making any exertion to do so. The left arm, which was not 
receiving the energy, remained at the side of the body. That 
is, the low-density byperspace energy in the right arm was 
making the arm lighter and producing a subsequent anti 
gravitational effect. The conclusion was that it might be 
possible to iavent some device which would produce large 
amounts of hyperspace energy. This would make possible 
relativistic electromagnetic fields which can be used 10 
prodluce the lift force for electromagnetic field propulsion 
vehicles. 


Oct. 14, 2004 


[0008] ‘Then in the February 1995 issue of Scientific 
‘American, an article appeared entitled Producing Light from 
4 Bubble of Air which gave the details for producing 
sonolumineseence from a cavitating bubble using a kit for 
sale containing the piezoelectric transducers. Referring to 
FIG. 6, the experimental setup includes a ring stand (A) with 
4 three-finger clamp (B) holding a 100 milliliter flask 
containing degassed! water produced by a Walsh vacuum: 
pressure pump. Piezoelectric drive transducers (D) are 
mounted on the sides of the flask in order to create sound 
pressure waves which create the cavitation bubble (M) in the 
center of the flask. The transducers are connected by insu 
lated wire (D) to & pair of inductors (E) having a mutual 
inductance between them. These inductors are driven by a 
frequency generator (H) connected to an audio amplifier (G). 
‘The oscillation signals are picked up by the aseilloscope (2) 
which is connected tothe resistors (F) using the probes (K). 
‘The piezoelectric drive transducers act electrically as capaci 
tors. The inductors are wired in series with the capacitance 
such that the combination resonates at the frequency at 
which acoustic resonance occurs. Bubbles introduced into 
the flask tend to coalesce in the center of the flask Above a 
certain sound intensity, the bubble will collapse and emit 
ddim light visible to the unaided eye in a darkened room, a 
process called sonoluminescence, 


[0009] Further research showed that there were some 
‘earlier doctoral theses available. One of them by Dr. Steven 
DeWitt Horsbungh entitled Radial Instabilities of a pulsating 
air bubble in water mentioned a most interesting observed 
phenomenon of the surface oscillations called a “beaconing 
clfect.” When a bubble exhibited a stable or long-lived shape 
‘oscillation lasting more than two minutes, the bubble had a 
tendeney to slowly precess. The precession rate was on the 
‘order of a few hertz which can be taken to mean around 3 
Hz. Visually, the beacon looked like a light house beacon. It 
‘was a very obvious effect and when the beacon erossed the 
photodiode, the output voltage increased by atleast an order 
cof magnitude. 


[0010] Upon reading this, it became apparent that sonolu- 
minescence is involved with gravitational byperspace phys- 
its. Einsteins theory says that inertia is « manifestation of 
‘the geometry of spacetime. It also says that geometry is. 
allected by the presence of matter to an extent proportional 
to te factor Gie* where G isthe gravitational constant and 
is the speed of light. The inverse of this factor isthe linear 
mass @ of the universe, A spherical shell of mass m with a 
radivs R will create a crag angular velocity ona pendulum 
equal 10 


[0011] The mass of the shell divided by the linear mass 
(mass per length) converts the mass into a length which is, 
then divided by the radius ofthe shell which is also a length 
‘The numerical factor 4/3 is found only by a detailed caleu- 
lation. The calculation, starting from a flat background 
spacetime manifold, showed the effect of the moving current 
of mass on the metric. Expressed in polar coordinates, the 
metric acquires a non-zero coefficient g,. Inserted into the 
equation for geodesic motion, this off-diagonal metric coef 
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Figure 1.29 Crime scene photography log. (© Richard C. Li) 


1.6 Collection of Biological Evidence 

Afier the crime scene documentation is completed, the collection of evidence can be initiated. 
Small or portable items, such as bloodstained knives, can be collected and submitted to a crime 
laboratory (Figure 1.31). Large or unmovable items of evidence (Figure 1.32) can be collected 
and submitted in sections, such as a section of wall where bloodstains are located. Table 1.1 
and Figures 1.33 through 1.38 summarize and illustrate representative collection techniques. 
Specific care is required for the collection of biological evidence in the following situations: 


% Bloodstain pattern evidence: It is especially important to thoroughly document the 
bbloodstain pattern evidence at a crime scene prior to collection. Bloodstain patterns 
can be especially useful in crime scene reconstruction, 


1.6 Collection of Biological Evidence 


Figure 1.30 Labels with the chain of custody that are used for marking the evidence contained in 
the packaging. (© Richard C. Li.) 


Figure 1.31 Handling sharp objects. Bloodstained knives collected and submitted to laboratories 
(top) and a box for packing sharp objects (bottom). (@ Richard C. Li.) 
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Figure 1.32 A section of bloodstained carpet is collected. (© Richard C. Li.) 


J) Multiple analysis of evidence: If multiple analyses are needed for a single item of evi- 
dence, nondestructive analyses should be carried out first. For example, a bloody fin- 
gerprint should be collected for ridge detail analysis prior to collecting blood for DNA 
analysis. 


‘Trace evidence: Trace evidence such as hairs and fibers can be present in bloodstained 
& 
evidence and should be identified and properly collected, 


4 Control samples: Control (known or blank) samples should be collected from a con- 
trol area (e.g., unstained area near a collected stain), 


% Size of stain: Polymerase chain reaction (PCR)-based forensic DNA techniques are 
highly sensitive and allow for the successful analysis of very small bloodstains. All 
bloodstains, even if they are barely visible, should be collected at a crime scene 


Wet evidence: Wet evidence should be air-dried (without heat) prior to packaging 
to prevent the degradation of proteins and nucleic acids, which are used for forensic 
serological and DNA analysis 


1.7 Marking Evidence 

‘The marking of evidence is necessary for identification purposes so that it can be quickly ree 
ognized even years later (Figure 1,39). An investigator's initials, the item number, and the case 
number are usually included in marking. Information can be marked on a tag, a label attached 
to the item, or directly on garment evidence. The marking of evidence should not be proximal to 
bullet holes or biological stains to prevent the mark from interfering with analyses. 


1.8 Packaging and Transportation 

Packaging is intended to protect and preserve evidence. All evidence should be secured and 
protected from possible contamination. Fragile items should be protected to prevent any dam- 
age during transportation, Exposure to heat and humidity should be avoided to protect bio- 
logical evidence from degradation during transport. Various packaging methods are available 
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1.8 Packaging and Transportation 


Figure 1.33 Evidence collection kits. Sexual assault evidence collection kit (top). Paternity 
evidence collection kit (bottom). (@ Richard C. Li.) 


Figure 1.34 Various types of swabs that are used for collecting biological evidence. (@ Richard C. Li.) 
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Figure 1.35 Fingernail swabbing for recovering evidence, Fingernail swabs are often collected 
from individuals who are involved in a struggle in violent crimes and in digital penetration in sexual 
assault cases. Fingernail swabs are sampled separately from both hands. (© Richard C. Li.) 


depending on the type of evidence handled (Figures 1.40 through 1.42). The following are gen- 
eral considerations related to the packaging of evidence: 


Evidence from different sources: To prevent the transfer of evidence from different 
sources, items of evidence should not be grouped in a single package. However, evi- 
dence may be packed in a single container if the items were found together, 


Folding of evidence: Folding of clothing, especially items with wet bloodstains, can 
transfer evidence from one part of a garment to another. Ifa large, dry garment must 
be folded, a piece of clean paper should be placed between different parts of the gar- 
ment to avoid direct contact between the different parts of the garment, thereby pre- 
venting the transfer of evidence. 


& Packing materials: Envelopes, bags, and boxes that are made of porous materials such 


as paper are appropriate for packaging dry biological evidence. Dry, bloodstained 
evidence should not be sealed in plastic bags or containers that trap moisture. 


% Liquid evidence: Tubes containing liquid such as blood should not be frozen because 
the volume of a liquid expands in freezing temperatures and this expansion may 
lead to cracking. Tubes should be placed in plastic bags to prevent leaks in case of 
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1.9 Final Survey and the Release of the Crime Scene 


Figure 1.36 Hand bags for protecting the hands of a decedent in an alleged suicide. Gunshot 
residue can be found on hands after fring a weapon (top). The bagging of the hands, using paper 
bags and wide rubber bands, prevents the loss of gunshot residue during the transportation of the 
body (bottom). (© Richard C: Li.) 


accidental breakage. Liquid evidence should be transported and submitted to a labo- 
ratory as soon as possible after the collection of evidence, 


Trace evidence: All such evidence should be wrapped in paper with a druggist’s fold 
(Figure 1.43), The wrapped trace evidence can be packed in an envelope. 


Packaged evidence should be properly labeled with a description of the evidence and sealed 
with evidence tape. It is important for the person packaging the evidence to initial and date 
across the seal to show authenticity (Figure 1.44). A seal should not be cut when a sealed evi- 
dence bag is opened. Instead, an opening can be created by cutting at an area distal from the 
existing seal, After analysis is complete, the evidence packaging should be resealed. Table 1.1 
summarizes additional steps for packaging evidence. 


1.9 Final Survey and the Release of the Crime Scene 
During a final survey, a discussion with all personnel in the crime scene investigation team 
should be carried out to thoroughly review all aspects of the search, It is important to ensure 
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Figure 1.37 Blood cards are typically used for collecting blood evidence from a known source such 
as a suspect or a victim (top). A manual hole punch can be used to create a blood card punch for 
DNA extraction. Blood samples are air-dried on blood cards for storage (bottom). (@ Richard C. Li.) 
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Figure 1.38 Application of Flinders Technology Associates (FTA) fer paper forthe collection of 
biological evidence. (a) Biological fluid with cells is applied to FTA paper. (b) Cells are lysed and 
DNA is immobilized on FTA paper. (c) Cellular materials are washed away and DNA remaining on 
the FTA paper can be used for forensic testing. (@ Richard C. Li.) 
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1.9 Final Survey and the Release of the Crime Scene 


Figure 1.39 Photographic documentation of a knife. Note the evidence tag. (© Richard C. Li.) 


Figure 1.40 Evidence containing dried bodily fluid stains is packed in a paper bag. (@ Richard C. Li.) 


Figure 1.41 Alleged diluted blood collected from a pipe (left) and placed in plastic containers 
(right). (@ Richard C. Li) 
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ficient gives rise 10 a precession according 10 the above 
‘equation. The numerical factor corresponds to a pendulum 
Jocated anywhere inside the rotating shell of mass. 


[0012] In other doctoral theses, books and physics articles 
‘on cavitation, light is emitted after the bubble starts to 
‘collapse. A very sharp peak of light is produced which lasts 
in terms of picoseconds. Thus this type of sonoluminescence 
is very different than the beaconing effect where the bubble 
remains stable for long periods of time. The beaconing elfect 
is actualy a rotating Wormhole between space and hyper- 
space. 


[0013] Briefly what happens is that there is fonized gas in 
the bubble which releases electrons. As the electrons spiral 
down through the wormhole from space into hyperspace, 
they give off light. This situation puts the electrons in cont 
‘with the charge of hyperspace, Space has a charge which is 
‘equal to the sum of the electron charge g, and the hyperspace 
‘charge q,. The charge of space q is equal to the Planck mass 
times a conversion factor between mass and charge. The 
Planck mass is equal to the Tinear mass @ of the universe 
times the bottom dimensional limit ofthe universe known as 
the Planck scale A. The conversion Factor is the square root 
of the gravitational constant G times the permittivity of 
space ¢. The permitivity is linear capacitance or capacitance 
peer unit length. Thus the charge of space is 


Gen@Gegety 

[0014] Because the electron comes in contact with the 
hyperspace charge, the drag angular velocity in the above 
‘equation has 10 be modified. Notice that if the angular 
‘velocity of the shell is modified by the electron fine structure 
‘constant ct, and! the mass involved is the mass of the electron, 
‘moving through a radius into hyperspace of the Planck scale 
A, then the drag angular velocity would be 


[0018] ‘The angular frequency of the shell is 2x times the 
electron frequency f.. 

acta, 
[0016] ‘The inverse of the electron fine structure constant 


‘cis equal to Planck’s reduced constant ftimes the speed of 
light c times the factor 47 times the permittivity of space « 
divided by the square of the charge of the electron 4. 


[0017] Planck’s constant is equal to the Planck scale A 
‘squared times the linear mass 2 times the speed of light 


hawae 


[0018] Notice thatthe fine structure constant has a square 
in it and Planck’s constant also has a square. If the electron 
‘change were traveling through the Planck scale into hyper- 
space, then there would be a linear charge equal to the 
electron charge divided by the Planck scale 


Oct. 14, 2004 


[0019] ‘The constant equal to the linear mass © times the 
‘permittivity times the square of the speed of light is actually 
the square of the linear charge 7 of space. So the fine 
structure constant can be written 


[0020] So the electron fine structure constant is related to 
the ratio of the charge of hyperspace to the charge of the 
cleciron, which is the reason that the equation had to be 
modified. The electron moving across the Planck scale 
‘wormhole is modified by the hyperspace charge itis see 
in a hyperspace codimension. This confirms that the beac 
coning elect is rotating wormbole into hyperspace. 


[0021] ‘The electron fine structure constant is actually the 
fastest velocity in the Bohr atom. The fine structure constant 
is the ratio of the electron orbital velocity to the speed of 
light. 


[0022] where the permitted quantized n orbital speeds are 
¥,/mor vil, ¥i2, /3 and so on. Using a value of v/3, the fine 
siructure constant would be 


[0023] which when substituted into the drag angular fre- 
quency equation 


sry aes 


ayia + 


[0024] The frequency of precession is 
ig = 28 0283 Me 


[0025] which is close to the 3 Hz observed in the experi- 
meat, The ionized electrons are moving at a slower velocity 
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Figure 1.42 Evidence pouch. The front ofthe pouch is transparent for viewing the content. The back 
of the pouch is made of breathable materials allowing wet evidence, such as swabs, to dry inside the 


pouch. (© Richard C. Li.) 


Figure 1.43 An example of a druggist’s fold. Trace evidence should be deposited in the center 
(colored area) of the paper. (@ Richard C. Li) 


1.10 Crime Scene Reconstruction 


Figure 1.44 Proper marking of sealed evidence. Note that the evidence packaging was cut a sec- 
ond time and resealed at a different location than that of the preexisting seal. (© Richard C. Li.) 


that the scene has been searched correctly and completely, and that no area has been missed or 
overlooked. All documentation including the chain of custody document must be complete and 
all evidence should be collected, packed, documented, and marked. Photographs of the final 
condition of the scene should be taken. Once the final survey is completed, the crime scene 
can be released. Reentry into the crime scene may require a search warrant after the scene is 
released. Crime scene release documentation usually includes the time and date of release, to 
whom itis released, and by whom itis released. 


1.10 Crime Scene Reconstruction 

Crime scene reconstruction is the scientific process of determining the sequence of events 
and actions that occurred prior to, during, and after a crime. Reconstruction is carried out 
based on the information from the crime scene observations and the laboratory examina. 

tion of physical evidence. The overall scientific process in reconstruction usually involves 
several steps. The process usually begins with the formulation of questions related to the 
problems that need to be solved. The questions can refer to the explanation of the specifics 
of the crime, for instance, “Where was the shooter's position when the shooting occurred?,” 
“Where was the victim's position when shot,” and "What is the muzzle-to-target distance 
during the shooting?” In order to conduct a thorough crime scene reconstruction, all useful 
information is collected for review, such as photographs, videotapes, notes, sketches, autopsy 
reports, and analysis reports of the physical evidence. A hypothesis is then constructed based 
on the information obtained, which may explain the events and actions involved in a crime. 

“The next step is making predictions that determine the logical consequences of the hypoth- 
esis, One or more predictions are selected for testing. The hypothesis is tested by conduct 

ing reconstruction experiments. One example of a reconstruction test is bloodstain pattern 
reconstruction in violent crimes (Chapter 2), Other examples of reconstruction may include 
trajectory and shooting, glass fracture, and accident reconstruction. ‘The final step is to ana- 

lyze experimental data and draw a conclusion. The experimental data are analyzed to see if 
the hypothesis is true or false. Additionally, the interpretation of physical evidence analysis, 
witness and confession statements, and investigative information should also be considered. 
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Figure 1.45 The scientific pracess of crime scene reconstruction. (© Richard C. Li.) 


If the results of the experiment are consistent with the hypothesis, a theory can be developed 
that is intended to provide valuable information to the investigation and future prosecution 
of a case. Sometimes, forensic scientists may find that the hypothesis is inconsistent with 
the test results. In that case, an alternative hypothesis needs to be constructed to initiate 
another reconstruction process. Figure 1.45 illustrates the scientific process of crime scene 
reconstruction. 
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Crime Scene Bloodstain 
Pattern Analysis 


Bloodstain pattern analysis is the application of scientific knowledge to the examination and 
the interpretation of the morphology, the sequence, and the distribution of bloodstains associ 
ated with a crime. These analyses may determine the sequence of events; the approximate blood 
source locations; the positioning of the victim; and the position, the intensity, and the number 
of impacts applied to the blood source. They also can assist in the determination of the manner 
of death and can distinguish between accidents, homicides, and suicides, Bloodstain pattern 
analysis provides critical information for crime scene reconstructions in violent crime investi- 
gations (Chapter 1), 


2.1 Basic Biological Properties of Human Blood 

Blood is a bodily fluid circulating within the body. An average adult has a blood volume of 
approximately 8% of his or her body weight. Blood consists of a cellular portion as well as a liq 
uid portion known as plasma (Chapter 12). The cellular portion consists of blood cells and plate~ 
lets. The plasma is mostly composed of water and other substances such as proteins, inorganic 
salts, and other organic substances. The mass density of blood is only slightly greater than that 
of water, Blood can form clots (or thrombi) that are the result of blood coagulation (Chapter 16). 
Coagulation begins after an injury occurs, stopping blood loss from a damaged vessel. ‘The nor 
mal coagulation time for 1 mL of venous blood in a glass tube is 5-15 min, The coagulation time 
can be affected by many factors such as blood volume and mechanical disturbance, 


2.2 Formation of Bloodstains 

“The formation of a blood droplet is a complex event that is influenced by viscosity, surface ten- 

sion, cohesion force, and gravity. Blood is viscous, and blood viscosity is a measure of the blood’s 
resistance to flow. The viscosity of blood is approximately five times greater than that of water. 
During the formation of a drop of blood, blood leaks out from a blood source. The surface ten- 

sion of the blood causes it to hang from the opening of a blood source and to form a pendant 
drop of blood (Figure 2.1). The molecules of a blood drop are held together by the cohesion force 
to maintain the shape of a blood drop (Figure 2.2). Surface tension causes liquids to minimize 
their surface, As a result, the formed blood drop is spherical. As the volume of the drop gradu: 

ally increases and exceeds a certain size, it detaches itself and falls. The falling drop is also held 
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‘Air resistance 


‘Gravity 


;O- 


Figure 2.1 Forming a blood drop from a blood source. The blood that leaks out of the blood source 
forms a pendant drop of blood. As the volume of the pendant drop increases, the drop stretches in 
a downward direction, Eventual, the drop detaches and falls. The falling drop is largely influenced 
by the force of gravity and air resistance. (@ Richard C. Li.) 


together by surface tension. A falling blood drop is influenced by the downward force of grav- 
ity acting on the drop and the air resistance that acts in the opposite direction as the drop is in 


motion (Figure 2.1). 
‘When a bloodstain lands on a surface, the shape and the size of the bloodstain is affected 
by the texture of the target surface, Bloodstains that land on porous or rough surfaces usually 


2.3 Chemical Enhancement and Documentation of Bloodstain Evidence 


Figure 2.2 The particles of blood are attracted to each other by cohesive forces that are responsi- 
ble for surface tension, As a result, a formed blood drop is spherical in order to minimize its surface 
area. Black arrow, cohesive force; white arrow, surface tension, (@ Richard C. Li.) 


Figure 2.3 The respective morphologies of falling blood drops that land on surfaces with different 
textures at 2 30° angle. (a) Tile, (b) cardboard, and (c) paper towel. (© Richard C. Li.) 


have more distortion around the edges of the stains than those that land on smooth surfaces. A 
comparison of blood dropped onto different textures of target surfaces is shown in Figure 2.3. 


2.3 Chemical Enhancement and Documentation of Bloodstain Evidence 
Many chemical reagents react with blood to exhibit a color, a chemiluminescent light, or a flu 
orescent light (Chapter 12). These tests are extremely sensitive and thus are used as chemical 
enhancement reagents for detecting bloodstains. For bloodstain pattern analysis, the enhance- 
ment reagent is primarily used for detecting latent bloodstains such as diluted bloodstains that 
are visible on enhancement. A commonly used chemical reagent isluminol, which can be used for 
locating bloodstains at the scene. Other reagents such as phenolphthalein, leucomalachite green, 
and tetramethylbenzidine are not often used as enhancement reagents but rather as presumptive 
tests for blood. The positive reactions of all these reagents indicate the presence of blood. 
Documenting bloodstain patternsat the scene isa major task ofthe investigation. Documenting 
bloodstain evidence can be done using a combination of photography, note-taking, and sketch- 
ing. The general principle of crime scene documentation is described in Chapter 1. In bloodstain 
pattern analysis, special attention must obviously be given to bloodstains. The photographic 
documentation of bloodstains may be performed by multiple means, including film and digital 
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in the bubble. The 1/3 ratio could also come from the 
‘subspace tetrahedron geometry where the tetrahedral angle 
is determined by this ratio 

asi( 31967122069" 


[0026] ‘This isan altemative possibility because this angle 
‘determines the charge of hyperspace according to the tetra- 
hedron diagram of Aphysics. In geometrical physics, all the 
‘constants of physics are determined geometrically by the 
tetrahedron, The tetrahedron diagram plots the natural loga- 
rithm of mass versus the natural logarithm of wavelength. 
‘The tetrahedron is circumscribed by a sphere which reflects 
the electron wavelength into the electron mass. Thus the 
diagram combines the dual reality of classical physics, 
involving point mass particles, and quantum physics, 

wolving wave-like particles, The scientific discovery that 
the electron and the proton are one and the same particle was 
made using this diagram, It also shows that hyperspace 


[0027] Referring to the tetrahedron diagram in FIG. 7, a 
line drawn at the tetrahedral angle produces the tetrahedral 
lines (A,B) along path (abe). This tetrahedron is circum 
scribed by sphere (C) with’ diameter (G). The electron 
‘wavelength (vertical dotted line D) reflects olf the sphere 
(G40) and returns as the electron mass (F), The distance (af) 
between reflection points is equal to the natural logarithm of 
the hyperspace charge. It can be shown that the electron 
‘charge is related to the geometry around the top of the 
sphere. Part of the geometry is outside the sphere which 
makes the charge immune to relativistic velocities. 


[0028] Referring to FIG. 8, a current-carrying solenoid 
(A) produces a magnetic flux (B) through the center of the 
coil. The end of the solenoid behaves like a magnetic 
monopole. One end has a positive magnetic charge density 
+a, and the other has a negative magnetic change density 
=Par One of Maxwells electromagnetic equations states 
that the divergence of the magnetic field is equal to the 
magnetic charge density 
VipatPa Pad 

[0029] Because the magnetic field is solenoidal, the sum 
‘of the charges in our spacetime is equal to zero, which isthe 
usual Maxwell equation. In the case of the wormhole, one 
pole of the magnetic flux is in our spacetime and the other 
pole is in @ co-limension of hyperspace. In our universe, 
there is a net magnetic charge density, and Maxwell's 
‘equation becomes, 


Vim 


[0030] When working with bar magnets, bringing two 
north poles together shows that there is a spring constant 
involved. The electrons on the surface of the pole spin in the 
‘same direction which creates an electrical current around the 
surface. The magnetic pole strength g is therefore a spy 
‘constant K divided by the current per area J. 


K kom isnt _ kent 
ar] 


[0031] ‘The magnetic charge density is then the pole 
strength per volume V oF 
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[0033] which are the unis of the magnetic charge density. 
"Notice that the units ean also be formatted as a pressure per 
clectrical current in the wire 


kgm _foxce 
eT 


[0034] The current flowing through the coils of the sole- 
noid, or around the pole face of the bar magnetic creates a 
pressure on spacetime, And it is this pressure that can punch 
‘through spacetime into hyperspace. Referring again to FIG. 
8, an electrical charge winding n times around the end of the 
spacetime solenoid, as seen by path (C), is equal to the 
charge divided by Planck's constant times the pole flux: 


[0035] which shows that the flux @ is quantized by the 


1g number 2 


[0036] where the flux is equal to the winding number m 
times Planck's constant h divided by the charge. Since the 
flux isthe pole strength in webers, the pole strength x has @ 
value of 


[0037] The magnetic charge density is the pole strength 
divided by the Planck volume or 


[0038] ‘The magnetic B field of space divided by the 
Planck length of the wormhole, acting as a linear magnetic 
field, times the winding number is equal to the magnetic 
charge density 
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photography, as well as videotaping. Photographs should be taken with an overall view followed 
bya medium-range and a close-up view of the bloodstain patterns, A scale of measurement must 
be included in the photograph, which is critical for bloodstain analysis. To avoid any distortion, 
the photographs should be taken with the camera lens parallel to the target surface where the 
bloodstains are located. An overall photograph provides an overall view of the scene including the 
bloodstain evidence (Figure 2.4a). A midrange photograph provides more details ofthe bloodstain 
pattern compared with that of the overall photograph (Figure 2.4b). Single bloodstains should be 
visible in midrange images. A close-up photograph, usually taken with a macro lens, provides a 
detailed image of single bloodstains, which is useful for spatter pattern analysis (Figure 2.40) 


Figure 2.4 Crime scene photographic documentation. (a) Overall, (b) midrange, and (c) close-up 
photographs. (© Richard C. Li.) 
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2.4 Analyzing Spatter Stains 

A spatter stain, based on the recommended terminology of the Scientific Working Group on 
Bloodstain Pattern Analysis (SWGSTAIN), is “a bloodstain resulting from a blood drop dis- 
persed through the air due to an external force applied to a source of liquid blood.” The patterns 
of spatter stains, including the shape and the size of the stains, are affected by the direction and 
the angle of impact (discussed in detail in Section 2.5.3) of the spatter stains that are projected. 
“This information can be obtained from an analysis of the patterns of the spatter stains. Thus, it 
is possible to determine the area of origin (discussed in detail in Section 2.4.4) where an external 
force was directly applied to the blood source. 


2.4.1 Velocity of Blood Droplets 

“The sizes of bloodstains are affected by the external force that is directly applied on a blood source. 
Increasing the energy of the external force will reduce the surface tension, thus decreasing the size 
of the droplets. Since these travelling blood droplets are driven by the energy derived from the 
external force, the higher the energy, the higher the velocities of the droplets. Bloodstains can be 
divided into three categories based on different travelling speeds. Low-velocity impact spatter is 
formed when a blood droplet is travelling at <1,5 m/s, The resulting stains are usually >4 mm in 
diameter (Figure 2.5a). As the travelling speed of blood droplets increases, the size of the spatter 
stain decreases, Medium-velocity impact spatter is formed when a blood source is subjected to a 
force associated with beatings or stabbings. The resulting stains range from 1 to 4 mm in diameter 
(Figure 2,5b). High-velocity impact spatter is formed when a blood source is subjected to a force 
associated with shooting using firearms. The resulting stains are usually <1 mm in diameter, 


2.4.2 Determining the Directionality of the Stains 

In this analysis, the effects of the directionality of the spatter stains projected are examined. 

SWGSTAIN defines the directionality to be “the characteristic of a bloodstain that indicates 
the direction blood was moving at the time of deposition.” This analysis is applicable when the 
blood source is projected onto a surface at an angle of between 0° and 90°. Under this condi- 
tion, the resulting spatter stain is an elongated ellipse (Figure 2.6), which is known as the parent 
stain. Additionally, satellite stains in the vicinity of the parent stain can be observed. As defined 
by SWGSTAIN, a satellite stain is “a smaller bloodstain that originated during the formation of 
the parent stain as a result of blood impacting a surface.” More importantly, a spine is observed, 
which is the pointed edge away from the parent stain. When such a pattern is observed, the 
pointed end of the spine always points toward the direction of travel of the bloodstains. 


Figure 2.5 Bloodstains can be categorized based on their travelling velocities. (a) An example of 
2 low-velocity impact spatter stain and (b) an example of a medium-velocity impact spatter stain 
(@ Richard C. Li) 
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Parent stain 


Figure 2.6 The morphology and directionality of a blood spatter stain. The arrow indicates the 
direction of travel, (© Richard C. Li.) 


2.4.3 Determining Angles of Impact 
SWGSTAIN defines the angles of impact to be “the acute angle (alpha), relative to the plane of 
a target at which a blood drop strikes the target.” The shapes of the spatter stains are affected 
by the angle of impact. When a blood drop lands on a surface at a perpendicular angle (90°), 
a circular parent stain is formed (Figure 2.7), where the length and the width of the stain are 
equal. When a blood drop is projected onto a surface at an angle of between 0° and 90°, the stain 
is elongated. As the impact angle decreases, the shape of the spatter stain is more elongated 
(Figure 2.7), in which the length of the stain is greater than the width, It is observed that the 
ratio of the width and the length of the parent stain is proportional to the sine of the impact 
angle, which is summarized in the following trigonometric equation: 


Figure 2.7 The effects of the impact angle on the shapes of blood spatter stains. Spatter stains are 
projected onto the surface of a ceramic tle at: (a) 90°, (b) 50°, (c) 20°, and (d) 10°. (@ Richard C. Li.) 
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In this equation, is the angle of impact, lis the length of the parent stain (major axis), and wis 
the width of the parent stain (minor axis). Thus, the angle of impact can be determined based on 
the relationship between the length and the width of the stain (Figure 2,8). Obviously, the mea. 

surement of the stain’s axes is critical to the accuracy of the calculation of the angle of impact. 
‘To produce accurate and reproducible measurements, bloodstain pattern analysis software can 
be used, which superimposes a scaled close-up image of an individual bloodstain and calculates 
the angle of impact. 


2.4.4 Determining Area of Origin 

SWGSTAIN defines the area of origin to be “the three-dimensional location from which spat 
ter originated.” Using simple trigonometry, the area of origin can be determined based on the 
measurements from multiple elongated spatter stains (Figure 2.9). This can be accomplished by 
using the string method or the tangent method. 


Plane of 
target surface 


Disettion of travel 
‘ofdroplet 


Figure 2.8 Impact angle, The angle between the path of a projectile and the plane of the target 
surface is shown. a, the impact angle; /, the length of the parent stain; and w, the width of the par- 
ent stain. (@ Richard C. Li.) 


Figure 2.9 Area of origin. The area of origin is determined using the string method. Only three 
representative bloodstains are shown. a, impact angle. (@ Richard C. Li.) 
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Figure 2.10 Determining the area of origin using the string method. (a) Selecting elongated spatter 
stains, (b} connecting strings, and (c) setting the path of the strings. (@ Richard C. Li.) 


In the string method, multiple (approximately two dozen) well-formed, elongated spatter 
stains are selected for analysis (Figure 2.10a). For each stain, the angle of impact is calculated. 
A piece of string is then connected between the stain and a surface with one end of the string 
precisely attached to the spatter stain (Figure 2.10b). The path of the string, indicating the trajec 

tory of the stain, is set using a protractor based on the calculated angle of impact (Figures 2.10 
and 2.11), This process is repeated until all the stains that have been selected are processed. For 
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Figure 2.11 Tools for finding the area of origin. (a) Laser trajectory pointer and (b) string and 
scales. (© Richard C. Li.) 


Area of org 
a iin 


Path of projectile 


Area of 
convergence 


™ Back: projected line 


Figure 2.12 Determining the area of origin using the tangent method. Only three representative 
bloodstains are shown. a, the angle of impact; H, the height of the area of origin; and D, the dis- 
tance from the spatter stain to the area of convergence. (© Richard C. Li.) 


a spatter pattern generated from a single impact event, the strings converge. The area where the 
strings meet is the area of origin. 

In the tangent method, the directionality of a single stain is determined first. A line is then 
back projected through the major axis of the bloodstain, Fora single impact event, approximately 
two dozen stains are processed to determine the area of convergence. Based on SWGSTAIN’s 
definition, the area of convergence is “the area containing the intersections generated by lines 
drawn through the long axes of individual stains that indicates in two dimensions the location 
of the blood source.” Next, the angle of impact of each stain is calculated. The distance from the 
bloodstain to the area of convergence is measured (Figure 2.12). The height of the area of origin 
is calculated using the tangent function as shown: 


H=D-tana 
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In the equation, « is the angle of impact, H is the height of the area of origin, and D is the dis- 
tance from the spatter stain to the area of convergence. 


2.5 Types of Bloodstain Patterns 
Bloodstain patterns can be classified into three basic categories: passive, transfer, and projected 
bloodstains. 


2.5.1 Passive Bloodstains 
A passive bloodstain is formed due to bleeding from wounds, and the blood is deposited on a 
surface by the influence of the force of gravity alone. For example, a drip stain is formed when a 
falling drop of blood from an exposed wound or a blood-bearing object lands on a surface. Ifa 
blood source is moving, a drip trail is formed. A drip pattern, which is distinct from a drip stain, 
is formed when a liquid drips into another liquid, where one or both of the liquids are blood 
(Figure 2,13). Asa result, secondary spatter stains are generated. As the dropping distance of the 
blood increases, the number of secondary spatter stains usually increases, and the size of these 
stains decreases. An approximate estimation of the dropping distance is possible. A splash pat- 
terns formed when a volume of blood spills onto a surface (Figure 2.14) Splash patterns usually 


Figure 2.14 A splash pattern. Peripheral, elongated bloodstains are shown. (® Richard C. Li.) 
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have large stains surrounded by numerous, peripheral, elongated bloodstains. A flow pattern 
is caused by the movement of a large volume of blood on a surface either due to gravity or to 
the movement of the target such as a victim or postmortem disturbance. A pool isa bloodstain 
resulting from the accumulation of liquid blood on a surface (Figure 2.15). Sometimes, air bub- 
bles in the blood may cause a bubble ring pattern (Figure 2.15). If blood is coagulated, gelatinous 
blood clots can be observed. Additionally, a serum stain, which consists of the liquid portion of 
the blood afier a clot is formed, may also be present. 


© faba we 


Figure 2.15 Pool and bubble ring patterns. (a) A pool pattern, (b) a disturbed pool pattern, and 
(cla splash pattern with a bubble ring, Bubble rings ae also present in (a) and (b) (@ Richard C. Li.) 
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2.5.2 Transfer Bloodstains 

A transfer bloodstain, based on SWGSTAIN, is “a bloodstain resulting from contact between a 
blood-bearing surface and another surface.” For example, a swipe pattern is “a bloodstain pattern 
resulting from the transfer of blood from a blood-bearing surface onto another surface, with char- 
acteristics that indicate relative motion between the two surfaces.” For example, bloody impressions 
can provide information about the shape, the size, and the pattern of the objects such as finger 
ridges, hands, and shoe soles, Examples of hand and shoe swipe patterns are shown in Figures 2.16 
and 2.17. A wipe pattern is “an altered bloodstain pattern resulting from an object moving through 
a preexisting wet bloodstain.” Examples of wipe patterns are shown in Figures 2.18 and 2.19. A 
‘perimeter stain, a type of wipe pattern, isa bloodstain that is disturbed before it is dried but it main- 
tains the peripheral characteristics of the original stain (Figure 2.20), Perimeter stain patterns can 
bbe useful for the estimation of sequential events of acts. The pattern can also be used to estimate 
a time frame between the time of bleeding and the subsequent act. However, the drying time of a 
blood drop varies based on the surrounding conditions. Therefore, it is necessary to carry out a 
crime scene reconstruction under similar conditions to those of the scene to make such estimations. 


2.5.3 Projected Bloodstains 
A projected bloodstain is formed when a volume of blood is deposited on a surface under a 
pressure or a force that is greater than the force of gravity. For example, an impact pattern is 


Figure 2.16 Bloody impressions. Bloody handprints are present on (a) a wall and (b) fabric. 
(© Richard C. Li) 
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Figure 2.17 Bloody impressions. Bloody shoe prints on (a) paper and (b) fabric; and (c) bloody 
footprints on tile. (© Richard C. Li.) 


formed when an object strikes liquid blood (Figure 2.21). A cast-off pattern is formed when 
blood drops are released from a moving blood-bearing object (Figure 2.22). Some spatter pat- 
terns are often associated with a wound penetrated by a projectile (Figure 2.23). A forward 
spatter is formed when blood drops travel from an exit wound in the same direction as a 
projectile, while a back spatter is formed when blood drops travel from an entry wound in 
the opposite direction of a projectile, Sometimes, internal bleeding caused by an injury may 
block the airway. An expiration pattern is formed when blood is forced by airflow through the 
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[0039] | Referring to FIG. 9, the wormbole (A), connecting 
space and hyperspace (D), is precessing (C) in the counter- 
clockwise direction with the angular velocity vector in the 
vertical z-direction. ‘The magnetic flux (B) through the 
‘wormhole is in the radial direction. The mouth of the 
‘wormhole is an area with a normal vector in the radial 
direction also, This arrangement creates an electri field 
‘which circulates around the interior periphery of the worm- 
hole. Maxwell's equation says that the curl of the electric 
field E is equal to the negative time rate of change of the 
magnetic B Field 


vee 


[0040] This equation is difficult to manage in differential 
form, As both Maxwell and Feynman have said, itis better 
touse the integral form involving Stokes’ theorem where the 
area da is converted into Tine integral ds which goes well 
with Maxwell's idea of flux linkage 


Sf mndon-. 
Inte 


Peetu 


[0041] ‘The flux &, which is precessing around atthe drag 
angular velocity calculated previously, is equal to the nega- 
tive of the electri field around the interior perimeter (E) of 
the wormhole. This is the reason that the beaconing effect 
lasts for such a long length of time. The force on the electron 
is equal to the charge of the electron times the electric fel. 
Because the charge is negative, the electron rotates coun- 
terclockwise in the opposite direction to that of the electric 
field. The electrons continuously circulate around the inside 
periphery of the wormhole, Quantum theory predicts that 
any radiated electromagnetic energy from an accelerated 
electron will give off one or more discrete quanta, or 
photons. The electron is accelerating because it is moving in 
a circular path. Because the water vapor is ionized in the 
‘cavitating bubble due to shock waves, surface oscillations 
and high temperatures, there are huge numbers of electrons 
available for producing an intense light which, as registered 
by the photodiode, inereased by an order of magnitude when 
the beacon rotated by the photodiode. 


[0042] From gravitational physics itis known that nega- 
five energy has to be produced in order to ereate a wormhole. 
Most experimenters are using collapsing spherical bubbles 
that do not produce negative energy and therefore do not 
prodluce the beaconing effect. This next background section 
shows that if the bubble collapses asymmetrically, then 
negative energy is produced. 


[0043] Referring to an experiment carried out by Fizeau, 
FIG. 10, water flows (B,C) in opposite directions in two 
tubes of water(A). A light beam from a lamp (D)is projected 
through both tubes using half-silvered mirrors (E). Fizeau 
measured an interference (F) between light propagating with 
the flow and light swimming against the curent, indicating, 
that the flow of the medium does affect light propagation. A 
moving medium tus out to drag light to an extent quan- 
tified by a dragging coefficient 
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[0044] where o is the index of refraction of the meclium. 
Einstein's addition theorem of velocities states 


[0045] _In the limit of slow flows compared with the speed 
of light in a vacuum, the effective velocity of light v in the 
medium flowing at a velocity u is 


va (Soni 2)= Eon 


[0046] The relationship between cavitating bubbles and 
light dragging is that when the bubble collapses, the surface 
has a tremendous acceleration and velocity which creates 
internal shockwaves that bounce back and forth within the 
medium, At the same time, the water vapor and air are 
ionized which creates short bursts of light. Thus there is light 
that is being dragged along by the collapsing surface of the 
bubble. This moving medium appears to light as a change in 
the metric of spacetime resembling, it turas out, a gravita- 
tional field. The velocity of the medium affects the elemental 
length ds* of spacetime as given by the metric for light 
dragging 

ada ads? 
[0047] where k is equal 10 


[0048] and dx is the elemental length in the fax,dy.dz} 
directions. The velocity w in the dot produet is equal to the 
velocities (ux.uy,uz} inthe x, y and Z<ireetions. Expanding 
the equation produces the foliowing metic 


aa 


(0049) where vloiy uz zero andthe speed of igh is 
equal to one. 


[0080] The di? energy density term is modified by one plus 
the k factor. Thus the index of refraction of the medium, the 
speed of light and the overall light dragging velocity u 
alfects the energy density. It can be shown that the speed of 
light in hyperspace is much lower. The difference of the 
squares of the velocities in the denominator creates the 
possibility for amplification of this term, 


[0051] ‘The factors of the elemental Iengths are then 
inserted into the g metric tensor which is then used 10 
calculate the spacetime distortion generated by the collaps- 
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Figure 2.18 Wipe patterns. (© Richard C. Li.) 


Figure 2.19 Awipe pattern caused by dragging a body through a pool of blood. (a) A pool of blood. 
Sections of the wipe pattern caused by dragging are shown in (b), (c), and (d). (@ Richard C. Li.) 


48 


2.5 Types of Bloodstain Patterns 


Figure 2.20 Perimeter stains. (a) Peripheral characteristics of the original stains are shown. 
Perimeter stains were created at different periods of time after the original stain was formed: 
(b) midrange view and (c) close-up view. (© Richard C. Li.) 


trachea and out of the nose or mouth (Figure 2.24). An arterial spurt pattermis associated with 
wounds damaging arterial blood vessels where bloodstains are driven by arterial pressure. 
Although the shape of arterial patterns varies, these patterns usually have a series of large 
spurts with fluctuations corresponding to the systolic and the diastolic blood pressures. At a 
crime scene, if the projectile of bloodstains is blocked by an object, a void pattern is formed, 
which exhibits an area where there is an absence of blood surrounded by continuously dis- 
tributed bloodstains, 
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Figure 2.22 Cast-off patterns. Spatter stains are projected onto (a) a covered wall and (b) a fab 
coat. (@ Richard C. Li) 


Figure 2.23 Forward and back spatter patterns. Arrow, the direction ofa projectile. (@ Richard C. Li) 
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Figure 2.24 An expiration pattern. (® Richard C. Li.) 
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Forensic Biology 
A Subdiscipline of Forensic Science 


Forensic laboratories provide scientific analysis, evidence evaluation, and consultations to vari 
ous criminal justice agencies for the investigation of criminal cases. Additionally, forensic labo- 
ratories provide expert testimony related to the resolution of criminal cases to the courts. 


3.1 Common Disciplines of Forensic Laboratory Services 

Many of the disciplines of the forensic laboratory services are commonly practiced in various 
municipal, county, state, and federal forensic laboratories in the United States. Forensic biol: 

ogy isa subdiscipline of forensic science. A full range of forensic laboratory services, known as 
“full service,” usually includes: crime scene investigation (Figure 3.1); latent print examination 
(Figure 3.2); forensic biology (Figure 3.3); controlled substance analysis (Figure 3.4); postmor 

tem toxicology (Figure 3.5); questioned document examination (Figure 3.6); firearm, toolmark, 
and other impression evidence examination (Figures 3.7 through 3.10); explosive and fire debris 
examination (Figure 3.11); and transfer (trace) evidence examination (Figures 3.12 and 3.13). 

‘Table 3.1 describes the services that are normally provided by a forensic laboratory with their 
respective analyses. 


3.2 Laboratory Analysis of Biological Evidence 

Forensic biology uses scientifically accepted protocols to analyze biological evidence. Laboratory 
analysis (Figures 3.14 and 3.15) utilizes scientific techniques for the examination of evidence, the 
reconstruction of a crime scene, the identification of biological fluids, and the comparison of 
individual characteristics of biological evidence 


3.2.1. Identification of Biological Evidence 

“The identification of biological evidence is the first step that is performed before further analy- 
ses are carried out. This includes the identification of biological fluids such as blood, saliva, and 
semen; this process is discussed in more detail in subsequent chapters (Chapters 12 through 
14), The identification is based on a comparison of class characteristics—a set of characteris- 
tics that allows a sample to be placed in a category with similar materials. By comparing the 
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Figure 3.1 Crime scene investigation. Recovery of fired casings at the scene can aid in determin- 
ing the position ofthe shoater. (@ Richard C. Li.) 


class characteristics of a sample with known standards of its class, biological samples can be 
identified, 


3.2.2 Comparison of Individual Characteristics of Biological Evidence 

Individual characteristics refer to the unique characteristics of both the evidence and a 
reference sample such as fingerprints, which share a common origin to a high degree of 
certainty, An example of biological evidence possessing individual characteristics is DNA 
polymorphisms. In the case of biological evidence, current forensic DNA profiling can 
compare individual characteristics of DNA evidence with a known reference sample. It is 
possible to determine that a biological stain originated from a particular individual, which 
is useful for human identification. The examination of individual characteristics of evi- 
dence can also exclude the possibility of a common origin. The specific methods utilized 
for the individualization of evidence are also discussed in subsequent chapters (Chapters 19 
through 23). 


3.2.3 Reporting Results and Expert Testimony 

After the analysis of evidence is completed, a report is prepared based on the results of 
the analysis, which may include sections discussing the specific evidence analyzed, the 
method of analysis used, the results obtained, and the conclusions drawn. In the case of 
DNA evidence, the strength of the conclusion is usually evaluated via statistical computa- 
tions (Chapter 25). A forensic scientist often serves as an expert witness whose testimony 
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Figure 3.2 Developing latent fingerprints by dusting methods. Using magnetic fingerprint powder 
(top) that is held by a magnetic applicator (middle). Fingerprints (bottom) dusted by magnetic fin- 
gerprint powder, tape lifted and preserved an a fingerprint card. (® Richard C. Li.) 


provides professional opinions about the evidence analyzed. Based on the federal rules of 
evidence, an expert witness is qualified based on his or her knowledge, skill, experience, 
training, or education, and may give an opinion to the court that is relevant to the analyses 
conducted. However, forensic scientists must also communicate their findings to attorneys, 
judges, and members of a jury. This requires the translation of technical information into 
layman's terms. 


55 


Forensic Biology, Second Edi 


Figure 3.3. A section of a forensic biology laboratory showing an automated electrophoresis instru- 
ment used for forensic DNA profiling (left). Processing biological evidence in a biosafety cabinet 
(right). (© Richard ©. Li) 


Figure 3.4 Gas chromatograph (top) and gas chromatograph-mass spectrometer (bottom) used for 
controlled substance analysis. (® Richard C. Li.) 
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Figure 3.5 Tissue samples (left) and gas chromatograph-mass spectrometer (right) for forensic 
postmortem toxicological analysis. (@ Richard C. Li.) 


Figure 3.6 A digital imaging system, using multiple illumination sources ranging from ultraviolet to 
infrared wavelengths, for examining altered and counterfeit documents (left). An electrostatic imaging 
system for detecting indented writing on questioned documents (right). This device generates an electro~ 
static image of indented writing, which is then visualized using charge-sensitive toners, (@ Richard C. Li.) 


Figure 3.7 Striation marks on fired bullets can be analyzed to match a bullet to a gun. (Courtesy 
of P, Diaczuk.) 


3.3 Forensic Science Services Related to Forensic Biology 

A number of specialized forensic science services beyond those provided by forensic laboratories 
are routinely available to law enforcement agencies. For example, forensic services related to 
biological evidence and those involving more specialized analysis are available. These services 
are important aids to a criminal investigation and require the expertise of individuals who have 
highly specialized skills, 
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ing bubble, The g metric tensor isa 4h matrix having rows 
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[0082] In Einstein's General Theory of Relativit 


‘curvaiure tensor, which is a 4x4 matrix having units of 
werse meter squared, is equal {0 a stress-energy-momen- 

tum T tensor that is calculated from the elect 

fields. The stress tensor T combines energy densi 

magnetic flux, and pressure terms in one matrix. 
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[0053] Most of the physics constants are linear constants 
such as linear mass which is mass per unit length. The 
permittivity of space ¢ is linear capacitance or eapacitance 
peer meter. The permeability of space sis linear induct 

‘or inductance per meter. The speed of light converts time 
into meters. What this means is that energy, pressure and 
momentum can all be converted into meters using these 
linear constants. The inverse squared of the length in meters 
fs the curvature which is measured in units of m”*, 


[0054] Referring to FIG. 11, a square bubble (A) in the xy 
plane collapses with a velocity in the x-direction (C), and a 
velocity in the y-direction (B). This produces a curvature in 
the vertical z-direction (D). The curvature in the z-direction 
is the curvature tensor component G,,.. which can be eom- 
puted directly from the g light dragging metric tensor. The 
result of the calculation is an equation in terms of the 
‘velocity, acceleration and the time rate of change of the 
acceleration, known as jerk 


[0053] Because the profile of the bubble radius expanding 
and collapsing with time has been published by those 
researching cavitation, it is possible to differentiate the 
profile to get the velocity, acceleration and jerk. These 
‘equations can then be inserted into the equation for the G 
‘curvature tensor 


[0086] The radius R of the bubble depends on the air 
‘density inside the bubble p, the viscosity of the water the 
pressure of the P of the environment, the surface tension 
Of the water, the ratio of specific heats 7, and the velocity R 
and acceleration R of the bubble radius. 


[0087] Referring to FIG. 12, the above equation for the 
bubble radius is shown ia the feedback simulation program, 
‘The diagram starts by solving the equation for the accelera- 
tion which is then integrated twice (1/S) to get the velocity 
and position. These variables are then fed back to the input 
through the various constants involving the viscosity, sur- 
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face tension, pressure and air density. The graph at the 
bottom ofthe simulation shows the bubble radius with time. 


[0058] Referring to FIG. 13, the bubble profile with time 
is reproduced from the Scientific American article mentioned 
previously. This profile was then fitted with a polynomial 
‘equation which is plotted in FIG. 14. By differentiating the 
equation, the velocity, acceleration and jerk are obtained 
which can thea be inserted into Einstein's G curvature 
tensor, 


[0059] Referring to FIG. 1, the curvature component in 
the vertical direction G., is plotted with respect fo time. In 
the Scientific American plot, the light flash occurs atthe end 
of the collapse marked "LIGHT FLASH” around 22 micro- 
seconds (FIG. 13). This corresponds to the two intense 
positive curvature G,, spikes atthe end of the collapse. This 
represents a symmetrical spherical bubble collapse where 
the velocities are the same in the x and y directions. 


[0060] The energy density component G,, for this sym- 
metrical collapse is given by 


itty 2d 
v= 


[0061] Looking a this carefully, notice that if the velocity 
in the x-direction u, isequal tothe velocity in the y-direction 
1, and the acceleration in the x-direction a, is equal to the 
acceleration in the y-direction, then the equation reduces t0 


[0062] which means that the symmetrical collapse with 
‘equal velocities does not produce any negative energy with 
which to create the wormbole. Only sharp pulses of light are 
‘emitted at the end of the bubble collapse where the intense 
positive curvature spikes are encountered. In order to get the 
rotating wormbole beaconing elfect, the velocities have to be 
different. 


[0063] Referring to FIG. 16, the bubble is given an 
‘asymmetrical profile as shown by the two curves. The upper 
‘curve is in the x-direction, and the lower curve is in the 
yydirection, The collapse in the y-direction is not as severe. 


[0064] Referring to FIG. 17, the asymmetrical collapse 
has the curvature spikes at the beginning similar t0 the 
‘symmetcical case of FIG. 18, Notice that there ate no spikes. 
at the end of the collapse. However, the energy density is 
much different. 


[0065] Referring to FIG. 18, the energy density G, is 
plotted asa function of time. Rather than being zero asin the 
symmetrical case, there is a lange region of negative energy 
density as the bubble collapses. This negative energy is what 
creates the wormhole. Because there are no large curvature 
spikes at the end of the collapse, the wormhole bubble is 
stable and precesses for a few minutes. 
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Figure 3.8 Fired hollowpoint bullets (.45 caliber ACP Winchester). Striation marks are visible on 
the side view of a bullet (right). (© Richard C. Li.) 


Figure 3.9 A comparison microscope is used for the simultaneous comparison of two items of 
firearm evidence side by side. (© Richard C. Li.) 


3.3.1 Forensic Pathology 

When a death is deemed suspicious or unexplained, medical examiners frequently perform 
autopsies to determine the exact cause (Figures 3.16 and 3.17). The manner of death is classified 
into one of five categories based on the circumstances: natural, homicide, suicide, accident, or 
undetermined. Additionally, a medical examiner participating in a criminal investigation is 
ofien responsible for estimating the time of death. 


3.3.2 Forensic Anthropology 
Forensic anthropology is the identification and the examination of human skeletal remains 
(Figures 3.18 and 3.19), Skeletal remains can reveal a number of individual characteristics that 
can be useful in attempting to identify an individual. An examination of bones may reveal an 
individual's origin, sex, approximate age, race, and the presence of a skeletal injury. A forensic 
anthropologist may also assist in creating facial reconstructions to aid in the identification of 
skeletal remains or may be called on to help collect and organize bone fragments in the course 
of identifying victims of mass disasters such as plane crashes as well as victims in mass graves 
discovered after wars or genocides. 
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Figure 3.10 Comparing the striations between evidence and reference samples using a compari- 
‘son microscope: casings (top) and bullets (bottom). (Courtesy of P. Diaczuk.) 


Figure 3.11 Scanning electron microscope used in the analysis of gunshot residue and explosives. 
(© Richard C. Li) 
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Figure 3.12 Trace evidence such as hairs can be transferred during the acts of a violent crime, The 
analysis and comparisons of these types of trace evidence can potentially establish a link between 
‘a suspect or a victim and a crime scene, Hairs from human (top), horse (middle left), deer (mile 
right), dog (bottom left), and cat (bottom right). (@ Richard C. Li 


Figure 3.13 Trace evidence: fibers. Cotton (le), nylon (middle), and polyester (right. (@ Richard C. Li) 


3.3.3 Forensic Entomology 

“The study of insects in relation to a criminal investigation is known as forensic entomology. 
“This forensic discipline is valuable for estimating the time of death when the circumstances sur- 
rounding the crime are otherwise unknown. The stages of development of certain insect species 
present in or on a body can be identified and allow a forensic entomologist to approximate how 
long the body was left exposed (Figure 3.20). 
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Table 3. Common Services Provided by US Forensic Laboratories 
a 


Crime scene Evidence recognition, Grime scene responses and related 
investigation documentation, collection, endeavors are diverse and vary with case 
and preservation and type of evidence 


Latent print | Analysis of friction ridge detail Alternate light sources, physical (powder) 
examination in fingerprints and chemical enhancements 
Activities include visualization, Direct lifts, photography, and digital imaging 
recording, comparison, storage, Use of an Automated Fingerprint 


and recovery of latent prints Identification System (AFIS) database 
Forensic Identification of biological Serological and biochemical methods 
biology fluids (blood, semen, and Polymerase chain reaction (PCR)-based 
saliva) methods 
DNA profiling for ‘Automated electrophoresis platforms 
individualization Use of Combined DNA Index System (CODIS) 
Controlled Identification and Microscopic, chemical, chromatographic, 
substance quantification of drugs and spectroscopic methodologies 
analysis present in submitted Gas chromatography-mass spectrometry or 
evidence infrared spectrophotometry 
Postmortem Determination of Immunoassays and chemical methods 
toxicology concentrations of substances Confirmatory techniques such as gas and 
and their metabolites in liquid chromatography-mass spectrometry 
biological fluids or tissues 
Questioned Investigation of forgeries, Macroscopic and microscopic comparisons 
document tracings, disguised Chromatographic and spectroscopic 
examination — handwritings, computer ‘methods 


manipulation of images, and 
recovery of altered documents 

Analysis of papers, inks, toners, 
Word processors, typewriters, 
copiers, and printers. 


Firearm and Identification of firearms, Microscopic comparisons of questioned and 
toolmark tools, and other implements authenticated impressions 
examination (expertise achieved ‘Comparison of striae on recovered bullets 
predominantly through Use of National Integrated Ballistics 
experience) Information Network (NIBIN) 
Explosive ‘Identification, recovery, and Microscopic, spectroscopic, and 
and fire detection of bulk explosives, chromatographic methods 
debris residues, debris, and Gas chromatography-mass spectrometry may 
examination _accelerants be needed to adequately characterize sample 
Trace Analysis of transferred Microscopic analysis of evidence with gas 
evidence evidence such as hairs, chromatograph-mass spectrometers, FTIR 


examination fibers, soil, paints, and glass microscopes, scanning electron 
microscopes, basic and advanced 
microscopy, and capillary electrophoresis, 
Source: Adapted from US Department of Justice, Office of Justice Programs, National Institute of 
Justice (NION), Forensic Science: Review of Status and Needs, 1999, US Department of 
Justice, Washington, DC. 
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Figure 3.14 Photographic dacumentation of a bloodstained shirt after visual examination. (© Richard 
Cli) 


Figure 3.15 A multiwavelength viewing and imaging device used for the examination of various 
types of evidence, including bodily fluid stains. (@ Richard C. Li.) 
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Figure 3.16 View of a forensic pathology facility. (Courtesy of G. Ledwell.) 


Figure 3.17 Photographic documentation prior to autopsy (left). Preparing specimens for histologi- 
cal sections for forensic pathological examination (right). (Courtesy of G. Ledwell.) 


Figure 3.18 Buried human skeletons recovered by forensic anthropologists. (Courtesy of H. Brewster.) 
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Figure 3.19 Human skull recavered at the scene. (Courtesy of H. Brewster.) 


Figure 3.20 Insects found on a dead animal (left). Blow fly specimen. This insect is commonly 
encountered at crime scenes (right). (Courtesy of K. Wendler.) 


3.3.4 Forensic Odontology 
Practitioners of forensic odontology participate in the identification of victims whose bodies 
are left in an unrecognizable state. The characteristics of teeth, their alignment, and the overall 
structure of the mouth provide evidence that can identify a specific person. Dental records such 
as x-rays and dental casts allow a forensic odontologist to compare a set of dental remains with 
an alleged victim. Another application of forensic odontology in a criminal investigation is bite 
mark analysis (Figure 3.21). A forensic odontologist can analyze the marks left on a victim and 
compare them with the tooth structures of a suspect to make a comparison. 
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Figure 3.21 A dental cast can be utilized for identifying bite marks, (@ Richard C. Li) 


3.4 Brief History of the Development of Forensic Biology 

‘The developmental history of modern forensic biology spans three stages: (1) antigen poly- 
morphism, (2) protein polymorphism, and (3) DNA polymorphism. Figure 3.22 illustrates this 
history. 


3.4.1 Antigen Polymorphism 

‘The human ABO blood groups were discovered in 1900 by Karl Landsteiner in a study of the 
causes of blood transfusion reactions, Landsteiner’s discovery made blood transfusions feasible, 
and he received the Nobel Prize in 1930 when he revealed the four groups of human blood cells 
designated A, B, AB, and O. By the 1960s, a dozen more blood group systems had been charac- 
terized, and at least 29 systems are currently known (Chapter 18). 
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Figure 3,22 A brief history of the development of forensic biology. (From Jobling, M.A. and Gil, ., 
Nat Rev Genet, 5, 739-751, 2004. With permission.) 
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Subsequent studies found that the blood types in the ABO system were inherited, and the fre 
quencies with which the four types appeared in specific human populations were found to differ. 
‘Thisled to the discovery of the first antigen polymorphic marker for use in human identification 
in forensic cases. In the past, forensic laboratories utilized blood group systems in a discipline 
known as forensic serology. While it is possible to exclude a suspect through the use of blood 
group typing, the evidence for the inclusion of a suspect is weak due to the high probability of a 
coincidental match between two unrelated persons. 


3.4.2 Protein Polymorphism 

Because of the limitations of antigen polymorphism, protein polymorphism was introduced 
for forensic identification (Chapter 18). Initially, a few polymorphisms in serum proteins and 
erythrocyte enzymes were reported. By the 1980s, however, approximately a hundred protein 
polymorphisms had been discovered. A few systems were commonly used in forensic laborato- 
ries, including the polymorphisms of erythrocyte enzymes, serum proteins, and hemoglobin. 
Blood groups and protein polymorphism analysis were combined in forensic investigations to 
lower the probability of a match between two unrelated individuals. However, more powerful 
methods were still sought. 


3.4.3 DNA Polymorphism 

‘The human genome contains all the necessary biological information for cellular and organ 
structure and function. It consists of the nuclear genome and the mitochondrial genome 
(Chapter 23 discusses the mitochondrial genome). The human nuclear genome, a set of 23 chro. 
mosomes, contains approximately 3 billion base pairs (bp). The Human Genome Project was 
initiated in 1990 to sequence the entire human nuclear genome. In 2003, 99% of the human 
genome, including the most important parts of the genome, was sequenced, Further analyses on 
the human genome sequences continue, The genome contains genes and intergenic noncoding 
sequences. 


3.4.3.1 Genes and Related Sequences 
Approximately 20,000-25,000 genes have been identified in the human genome, which encode 
the information for the synthesis of proteins. The functions of nearly half of these genes have 
been identified. Most encode the proteins that are responsible for the maintenance of the 
genome, the functioning of the cells, the immune response, and the structural proteins of cells. 

Most human genes are discontinuous. The coding regions of genes are called exons and are 
separated by introns. During gene expression, the precursor messenger RNA transcript (pre- 
mRNA), consisting of both the exons and introns, is produced. The mRNA is a template for 
protein synthesis in which the sequence is based on a complementary strand of DNA. Through 
the process of splicing, the introns are removed and the exons are joined, producing the spliced 
mRNA form, which can be used for protein synthesis via the translation process. Other gene~ 
related sequences include those responsible for gene transcription such as promoter sequences, 
those responsible for gene regulation such as cis-regulatory sequences (or enhancers); and 
untranslated sequences, which are transcribed but do not encode proteins. Figure 3.23 depicts 
the features of a representative human gene. 


3.4.3.2 Intergenic Noncoding Sequences 
More than 90% of the human genome sequence consists of intergenic noncoding sequences 
located between genes. The functions of these sequences are yet to be discovered. The intergenic 
noncoding sequences contain large quantities of various types of repetitive DNA, which falls 
into two categories: tandem repeats and genome-wide or interspersed repeats. 

Tandem repeats are repeat units placed next to each other in an array. One type is called sat- 
ellite DNA because of the observation of satellite bands containing DNA with tandem repeats 
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Figure 3,23 Gene structure. Transcription, which can be regulated by the cis-regulatory sequence, 
is initiated at the transcription start site (arrow) near the promoter. The exons, noncoding introns, 
and the untranslated sequences are also shown, ( Richard C. Li.) 


during density gradient centrifugation, Satellite DNA can be found at centromeres and telo- 
meres consisting of regions composed of long stretches of tandem repeats. Minisatellites and 
microsatellites are two other types of shorter tandem repeats. Minisatelites, also known as vari- 
able number tandem repeats (VNTRs), form arrays of tandem repeats with a repeat unit length 
from several to hundreds of base pairs. In a microsatellite, also known as a short tandem repeat 
(STR) ora simple sequence repeat (SSR), the repeat unit length can be 2-6 bp long. 

‘Mobile elements (interspersed repeats) are randomly located throughout the human genome 
(Figure 3.24). Two human types have been characterized: DNA transposons and retrotranspo- 
sons. The mobile elements change their locations, a process called transposition, by which these 
sequences are inserted into a new site in the genome, ‘The transposition of DNA transposons 
is through a “cut-and-paste” mechanism. During transposition, DNA transposons are excised 
from one site and inserted at a new site in the genome. In contrast, retrotransposons duplicate 
themselves during transposition and propagate throughout the genome, which is a copy-and: 
paste mechanism: a copy of the original retrotransposons is generated at the new site and the 
original copy is retained. Additionally, the transposition of retrotransposons requires an RNA 
intermediate, a process called retrotransposition, Retrotransposons have two subtypes: long ter- 
minal repeat (LTR) and non-LTR retroposons. The non-LTR retroposons can be further divided 
into two subtypes: long interspersed elements (LINEs) and short interspersed elements (SINES). 
‘Alu elements are the most abundant type of human SINE, There are more than one million cop- 
ies of Alu elements in the human genome (Figure 3.25). Some members of the Alu elements are 


Figure 3.24 Mobile elements classification. (© Richard C. Li.) 
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[0066] Experiments with the pendulum show that some 
people have much larger auras than others, The pendulum 
‘swings over the entire hand, One particular person who has 
‘enormous vortices was working in a television repair shop. 
When a television set is brought in to the shop, the lange 
‘capacitor has to be discharged first. The repairman with the 
large chakra vortices was standing behind a second repair- 
rman who was approaching the television set. As the second 
repaieman got closer tothe set, an enormous streaming blue 
spark sailed over his bead and zapped the first technician 
Hyperspace has a much higher permittivity than our space- 
time. The resistance of space R is equal to the square root of 
the permeability 4 over the permittivity 


[0067] Since the technician with the large chakra vortices 
was producing large quantities of hyperspace energy, his 
resistance was very much lower due to his larger permittiv- 
ity, The spark grounded on his body. ‘The free electrons, 
‘which are ereated by ionization of the hydrogen atoms of the 
water vapor, see a very Iow path of resistance and flow 
toward the wormhole, There they are trapped in accelerated 
‘motion due to the presence of the circular electri field and 
‘give off substantial numbers of photons which produces the 
beaconing lighthouse effect. 


[0068] The elemental length ds* in cylindrical coordinates 
{t,% 0,2} for a mass M is given by 
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[0069] The mass M distorts the radius r of the elemental 
Tength which is what gives the mass a curvature or gravi- 
onal field. Negative energy, which is produced at the end 
‘of the bubble collapse, is equal to a negative mass times the 
‘speed of light squared. Thus mass M in the equation goes 10 
negative mass, or M—>-M. Furthermore, negative energy 
inverts the mass factor so that the metric becomes 
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[0070] ‘The g metric tensor contains the factors of the 
‘elemental lengths along the matrix diagonal 
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[0071] As before, Einstein's G curvature tensor in the 
radial G,, angular Gyo, and vertical z-direction G,, 
calculated from this negative energy g metric tensor. 


[0072] Referring to the 3D G curvature plot in FIG. 19, 
the strength of the curvature is given by the length of the 
arrow, and the direction of the curvature is given by the 
arrow. The curvature in the radial direction G,, is along the 
botiom axis from the box corner origin to the right. The 
curvature in the angular direction Gg is the bottom axis 
from the origin to the left. The height of the box is the 
curvature in the vertical direction G,,. Notice in general that 
the curvature is perpendicular to the left face (Bz-plane) and 
then starts to curve to the right and begins to point toward 
the right face (r7-plane). On the bottom face (-plane) there 
is an upward vertical curvature. 


[0073] In cylindrical coordinates, the @z-plane is actually 
8 vertical tube of radius r. So at Small, the curvature is 
perpendicular to the tube. At langer radius, the curvature 
Starts to point in the @-liteetion, wrapping around the tube. 
‘At small radius there is also a vertical curvature parallel t0 
the sides of the tube. 


[0074] Referring to FIG. 20, the curvature in cylindrical 
‘coordinates is seen to be the structure of the wormhole, The 
‘wormhole (A) is formed due to the radial pressure (B) which 
pulls open the wormhole. One end of the tube connects t0 
hyperspace, and the other end connects to our spacetime. 
‘There is also a shearing pressure (D) along the sides of the 
tube which slices spacetime open and helps shape the tube. 
Moving outward along the radius, the curvature turns side- 
ways and produces a shearing pressure (D) inthe O-tirection 
which gives the wormhole a vortex appearance. ‘These 
‘wormholes can also be very large, enabling one to peer into 
a co-dimension as attested to by the invertor. 


SUMMARY OF THE INVENTION 


[0075] As described in the previous section, the cavitating 
bubble has to collapse asymmetrically in order to generate 
the negative energy which ereates the wormhole. In onder to 
collapse asymmetrically, the forces on the bubble surface 
have to be unequal The force on the bubble is given in terms, 
of thea dragging coeflicient, the bubble radius R, the surface 
charge density D,, the magnetic B field in spherical coordi 
nates {B,, Bp, By). The fields are integrated over the entire 
solid angie © of the bubble to determine the force F. 
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Figure 3.25 Structure of Alu elements, The name, Alu elements, was given since these elements 
usually contain DNA sequences cleaved by the restriction enzyme Alul, The Alu element is a dimeric 
structure including two regions separated by an A-rich sequence. The 5' region has boxes A and 
B containing RNA polymerase Ill promoter sequences. The 3° region contains a 31-nucleotide 
insertion, There is a shart polyadenylation tail located at the 3' end of the Alu element (terminal 
A-stretch). Full-length Alu elements are approximately 300 bp long. (@ Richard C. Li.) 
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Figure 3.26 Detecting Alu element insertion polymorphism for human identification, The Alu ele- 
ment insertion site is amplified using the polymerase chain reaction assay. The presence and 
absence of the Alu element at the site can be detected based on the length of the DNA fragment 
analyzed. F, forward primer; R, reverse primer. (© Richard C. Li.) 


polymorphic for the presence or absence of insertion that can potentially be used for forensic 
human identification (Figure 3.26), 


3.4.3.3 Human DNA Polymorphic Markers 

Most individual human genome sequences are very similar. However, variations in sequences 
do occur. The differences between individual genomes that occur at the DNA level are called 
DNA polymorphisms. In particular, a DNA polymorphism with alternative forms of a chromo: 

somal locus that differ in nucleotide sequence is known as a sequence polymorphism. A DNA 
polymorphism that differs in the numbers of tandem repeat units is known as a length poly- 
morphism, A DNA polymorphism can occur anywhere in a genome including genes and other 
chromosomal locations. Many DNA polymorphisms are useful for genetic mapping studies and 
hence are called DNA markers. DNA polymorphisms form the basis of forensic DNA profiling. 
“The focus of this text is on the human genome, but polymorphisms also occur in the genomes 
of other organisms. 

Most DNA polymorphisms are single nucleotide polymorphisms (SNPs) involving a single- 
base-pair change or a point mutation, Over one million SNPs have been identified. SNPs arise 
by spontaneous mutation, Most SNPs occur in noncoding regions of the genome, although some 
appear in coding regions as well. Other forms of DNA polymorphisms are tandem repeats such 
as STRs and VNTRs, Although their biological functions are unknown, STRs and VNTRs are 
very useful for forensic DNA analysis. Many are highly polymorphic, and the number of repeat 
units varies greatly among different individuals of a population. Itis unlikely that two unrelated 


68 


3.4 Brief History ofthe Development of Forensic Biology 


individuals will have exactly the same combination of STR or VNTR polymorphismsif sufficient 
markers are examined. Thus, a resulting genetic profile can be used for human identification. 
Alternative forms of DNA polymorphisms are called alleles. The same allele present in both 
homologous chromosomes is referred to as homozygous. Two different alleles present in homolo- 
gous chromosomes are referred to as heterozygous. A combination of alleles at a given locus is a 
‘genotype, In forensic analysis, the genotype fora panel of analyzed loci is called the DNA profile. 


3.4.3.4 Forensic DNA Polymorphism Profiling 

In 1984, Sir Alec Jeffreys (Figure 3.27) developed a DNA profiling technique using a VNTR tech- 
nique involving multilocus profiling and later followed by single-locus profiling (Chapter 19). 
‘This technique led to the solving of a double murder that had been committed in Leicestershire 
(United Kingdom) in the 1980s. The case was the first to apply DNA evidence to a criminal 
investigation. During the investigation, DNA profiling not only identified the true perpetrator 
but it also excluded an innocent suspect. This case demonstrated DNA profiling’s great potential 
in forensic investigations. 

DNA profling offered « number of advantages compared with caliee systema, ‘The most 
important is the ability of the technique to reveal far greater individual variability in DNA than 
can be revealed by antigen and protein polymorphic markers. The probability of two unrelated 
individuals having the same DNA profile is very low. The great variability of DNA polymor 
phisms has made it possible to offer strong support for concluding that DNA from a suspect and 
from a crime scene originated from the same source. This technique was subsequently imple- 
mented in forensic laboratories worldwide. 

In the mid-1980s, Kary Mullis and his coworkers developed the polymerase chain reaction 
(PCR) technique, which amplifies a small quantity of DNA. Mullis’s invention had a powerful 
impact on molecular biology and earned him a Nobel Prize in 1993. Since the introduction of 
PCR, new techniques have been developed for forensic DNA testing purposes. 


Figure 3.27 Sir Alec Jeffreys. (© Richard C. Li.) 
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‘The application of PCR-based assays makes forensic DNA analysis possible when only minute 
quantities of DNA can be recovered from a crime scene, for example, from hairs and cigarette 
butts. These assays have greatly increased the sensitivity of forensic DNA testing. The first forensic 
application of a PCR-based assay utilizing SNPs at the HLA-DQA/ locus (formerly called DQa) 
was developed in 1986 (Chapter 22). One major disadvantage of the assay was the high probability 
(approximately 1 in 4000) of a match between two unrelated persons. Amplified fragment length 
polymorphism (AFLP) at the D1S80 locus has also been implemented in forensic laboratories. 
‘The D1S80 locus isa small-size VNTR marker that can be amplified by PCR. The HLA-DQA1 and 
AFLP assays were used for some years until the introduction of STR assays. 

In the late 1990s, forensic laboratories started utilizing STR loci. STRs have a number of 
advantages compared with VNTRs. For example, STRs can be amplified by PCR because of 
their smaller size, which greatly increases the sensitivity of the assay. Furthermore, STR mark 
ers are as highly variable as VNTRs, With the application of multiple STR loci, the probability 
of a match between two unrelated persons becomes extremely low. As a result of DNA testing, 
perpetrators have been identified and wrongly convicted innocent people have been exonerated 
(Chapter 20) 

In 1995, the United Kingdom established the first national DNA database for criminal inves 
tigations. By the end of 1998, several other countries, including the United States, had created 
their own national DNA databases. The United States has selected 13 STR loci for the Combined 
DNA Index System (CODIS). These national DNA databases play important roles in solving 
criminal cases. 

‘Another technique known as mitochondrial DNA (mtDNA) profiling has also been used for 
forensic testing. mtDNA is maternally inherited genetic material and is therefore particularly 
useful for human identification. Each cell contains multiple copies of mtDNA. Thus, mtDNA typ: 
ing can be useful for analysis when nuclear DNA is severely degraded or present in very limited 
amounts, such as in cases involving decomposed human remains. Alternatively, polymorphic 
markers at the Y chromosome have also been utilized for forensic DNA testing. Y chromosomal 
markers are paternally inherited so they can be used for paternity testing. These markers are also 
‘very useful in analyzing DNA from multiple contributors in sexual assault cases. 
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Sources of Biological Evidence 


Biological evidence analysis is one of the standard forensic examinations in the investigation 
of a wide variety of crimes. In particular, DNA evidence facilitates investigators’ efforts to link 
offenders to crime scenes by matching DNA profiles. DNA evidence can also be used to eli 
nate suspects. The DNA evidence that is routinely encountered at crime scenes can often be cat- 
egorized into several groups or types. Table 4.1 lists sources of DNA that are frequently found on 
personal items. Figures 4.1 and 4.2 illustrate representative types of evidence that are processed 
and their success rates. 


4.1 Bodily Fluids 

Bodily fluids and their stains are useful biological evidence for forensic, serological, and DNA 
analysis and may be useful in solving crimes, The most common bodily fluids in forensic analy. 

sis are blood, seminal fluid, and saliva. Blood evidence, such as peripheral blood that circulates 
through the heart, arteries, veins, and capillaries, is one of the most common types of biological 
evidence that is found at crime scenes (Chapter 12). The fluid portion of blood is called plasma, a 
subcompartment of extracellular fluid, which is the bodily fluid outside cells. Blood contains var 

ious suspended blood cells. The cellular portion of the blood consists of erythrocytes (also known 
as red blood cells), leucocytes (also known as white blood cells), and platelets. Because mature 
human erythrocytes and platelets do not have nuclei, they are not useful sources of nuclear DNA. 

For forensic DNA profiling, the nuclear DNA in blood samples (Figure 4.3) is primarily isolated 
from leucocytes, which are nucleated. Besides peripheral blood, menstrual blood can be analyzed 
to investigate the possibility of the occurrence of a sexual assault crime (Chapter 16). 

Other bodily fluids are transcellular fluids. These fluids are considered to be a subcompart- 
ment of the extracellular fluid that is contained within epithelial-lined extracellular spaces. For 
example, seminal fluid (Chapter 14) and saliva (Chapter 15) stains as well as vaginal secretions 
are analyzed for the investigation of sexual assault crimes. Sometimes, urine stains and fecal 
materials (Chapter 16) are related to assault crimes as well. Sweat, which is secreted from the 
eccrine and apocrine sweat glands in the skin (Chapter 17), and cerumen, also known as earwax 
(a waxy substance secreted in the ear canal), can be potentially used for human identification. 
Fluids present in vomitus (Chapter 17) can be potentially important for forensic investigations 
of violent crimes. 


4.1.1 Extracellular Nucleic Acids 
Blood plasma and other various bodily fluids usually contain small amounts of nucleic acids 


(DNA or RNA) known as extracellular nucleic acids. The nucleic acids circulating in plasma 
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[0076] ‘The integration of the tangential components of the 
magnetic field such a8 (Bp, By} over the solid angle of the 
bubble will sum to zero. The Surface charge density D, and 
the radial mageetic field B, are the only fields which cia be 
used to create an unbalanced force. If there iS no surface 
‘charge density, then the force equation reduces 10 


[0077] where the conversion constant is the linear charge 
‘Squared divided by the linear mass of the universe 7° /Q,,. 


[0078] Io this invention, referring fo FIG. 21, the mag 
netic field is created by two cylindrical solenoids (A,B) 
‘which are wrapped around the fop and bottom ofthe glass 
‘container (C), The container has flat sides in the shape of an 
‘octagon. Each solenoid consists of continuous rll of very 
thin sheet copper which are separated by beaded mylar line. 
“The mylar beads separate the sheets electrically and provide 
air cooling to the coil which ean get rather hot. This makes 
iteasy to assemble the coil because the copper roll and mylar 
line are wound together as the solenoid is formed. The lines 
‘of magnetic flux low vertically through the container yet do 
not interfere with the transducers (D) which are mounted on 
the flat sides of the container. 


[0079] | Referring to FIG. 22, the cavitating bubble which 
forms in the liquid in the container experiences a vertical 
‘magnetic field (B) due to the two solenoids. These flux lines 
‘create a radial force on the top and bottom of the bubble 
(DC). The flux lines on the outside (E) do not create any 
radial force because they are tangential to the surface. The 
spherical bubble flattens into an asymmetrical ellipsoidal 
‘shape (A) which enables the creation of the wormbole and 
lighthouse beaconing effect. 


[0080] Referring to FIG. 23, the spacetime curvature of 
the wormhole (D) ereates a tunnel (C), known as the throat 
Of the wormhole, between flat space in our universe (A) and 
flat hyperspace (B) which exists in a co-dimension of our 
universe. In general, the co-dimensions have different phys- 
ics constants, Going back 10 the chakra vortices of the 
human energy field, the vortices remove energy from space 
and deliver it to several hyperspace co-timensions, This 
‘energy builds up human aura modules at different frequen- 
‘cies in astral space. Astral space has a very low speed of light 
and small linear mass. This is the reason that human beings 
‘can leave their bodies and pass through solid conerete walls, 
‘or project their spiritual eye to remote locations for viewing. 
On the other hand, the linear mass and speed of light of 
space is very much greater than hyperspace, Therefore, the 
pressure of the space is much greater than the pressure in 
hyperspace. In terms of the wormhole with a throat area A, 
the pressure would be the linear mass times the speed of 
light squared over the area 
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[0081] |The pressure of hyperspace on the other side of the 
wormbole is 
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[0082] Because the linear mass and the speed of light of 
hyperspace are lower than that of space, there is a positive 
nel pressure going into hyperspace. 
PeeP Pps 

[0083] This is the reason that the human vortices can 
‘obtain energy from this universe, Because the cavitati 
bubble produces negative eneray, the linear mass is negative 
‘on the side of space. The pressure equation is then given by 
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[0084] which shows that there is a reverse pressure going 
from hyperspace into our space. The asymmetrical cavitat= 
ing bubble generates hyperspace energy. The byperspace 
‘energy flowing into our universe also gives the light gener- 
ated by the wormhole a soft white misty 1ook. 


[0085] ‘There are many reasons for generating this hyper- 
Space energy. Electromagnetic fields are subject to the 
Lorentz transformation which involves comparing the frame 
velocity with that of the velocity of light. 


[0086] i of the velocity v tothe velocity of light 
© is close to unity, then buge relativistic fields can be 
produced. These fields ean curve spacetime to such an extent 
that a large lift force can be produced on the hull of an 
electromagnetic field propulsion vebicle. 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT. 


[0087] Not Applicable. 
ABRIEF DESCRIPTION OF THE DRAWINGS 


[0088] FIG. 1, Rotating cylinder demonstrating additional 
iA force. 


[0089] FIG. 2. Use of the pendulum. 


[0090] FIG. 3. The Ascension Machine, Chakea Vortex 
‘Accelerator 


FIG. 4. Hyperspace energy brought into body by 


[0092] FIG. 5. Antigravitational effect using low density 
hyperspace energy. 


[0093] FIG. 6. Sonoluminescence experiment. 


{0096] FIG. 7. Terahedon diagram showing hyperspace 
charge. 
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pee eee Common Items of Evidence 
Possible DNA Location Source of DNA 


___ bat Handle Skin cells, sweat, blood, 
tissue 

Hat, bandana, mask Inside surfaces Sweat, hair, skin cells, 
dandruff, saliva 

Eyeglasses Nose, ear piece, lens Sweat, skin cells 

Facial tissue, cotton swab Surface Mucus, blood, sweat, 
semen, earwax 

Dirty laundry Surface Blood, sweat, semen, saliva 

Toothpick Surface Saliva 

Used cigarette Butt (filter area) Saliva 

Used stamp, envelope seal Moistened area Saliva 

Tape or ligature Inside or outside surface Skin cells, sweat, saliva 

Bottle, can, glass Mouthpiece, rim, outer ‘Saliva, sweat, skin cells 

surface 
Used condom Inside surface, outside Semen, vaginal cells, rectal 
surface cells 

Bed linen Surface Sweat, hair, semen, saliva, 
blood 

Through-and-through bullet Outside surface Blood, tissue 

Bite mark Skin surface Saliva 

Fingetnail, partial fingernail Serapinas Blood, sweat, tissue, skin 
cells 


Source: National Institute of Justice. Using DNA to solve cold cases, Special Report, 2002, 
US Department of Justice, Office of Justice Programs, Washington, DC. 
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Figure 4.1 Representative types of evidence samples. Data compiled from the third quarter 2005 
Uuly-September) results for all police forces in England and Wales. (Adapted from Bond, 1.W., 
J Forensic Sci, 52, 128-136, 2007.) 
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4.1 Bodily Fluids 


Figure 4.2 Success rate of obtaining suitable profiles from processed samples for submitting to 
DNA databases. Data are from the third-quarter 2005 (July-September) results forall police forces 
in England and Wales. (Adapted from Bond, J.W., J Forensic Sci, 52, 128-136, 2007.) 


Figure 4.3 Biosafety cabinet for the extraction of DNA from biological evidence (left). Blood samples 
to be processed in a biosafety cabinet for DNA isolation (right). (@ Richard C. Li.) 


are referred to as circulating nucleic acids; the nucleic acids that are found in other body fluids, 
such as saliva and urine, are referred to as cell-free nucleic acids. Extracellular nucleic acids can 
remain soluble or form complexes with proteins and lipids. 

‘The potential sources of extracellular nucleic acids are extracellular vesicles (EVs). EVs are 
endogenous vesicular structures, containing proteins and nucleic acids that are secreted by most 
eukaryotic cells (Figure 4.4). There are many types of EVs, including exosomes and microvesicles, 
which can be detected in bodily fluids. Exosomes are one potential source of extracellular nucleic 
acids, Exosomes are derived from multivesicular bodies (MVBs), which are intracellular organ: 
elles of the endocytic pathway (Figure 4.4a). MVBs fuse with the plasma membrane. Asa result, 
the vesicles are released into the extracellular compartment as exosomes. Microvesicles, also 
called shed vesicles or ectosomes, are another possibility. Microvesicles shed from the plasma 
membrane and thus carry along membrane and cytosolic materials including nucleic acids 
(Figure 4.4b). Apoptotic bodies are a special type of microvesicle that is formed in apoptotic cells. 
During apoptosis, a process of programmed cell death, cells shrink and eventually form apop- 
totic bodies (Figure 4.5). Apoptotic bodies contain fragmented DNA by nucleolytic degradation 
that resembles similar characteristics to those observed in extracellular nucleic acids. However, 
messenger RNA (mRNA) within apoptotic bodies is protected from RNase degradation, These 
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Figure 4.4 Exosomes and microvesicles released from healthy cells. (a) Exosomes are derived 
from the endocytic pathway. In the endocytic pathway, clathrin-coated vesicles (CCV) are formed at 
the plasma membrane. The endocytic vesicles are then formed through endocytosis and are trans- 
ported to early endosomes. Multivesicular bodies (MVBs) containing intraluminal vesicles (ILVs) are 
then developed from early endosomes. Through the exocytic fusion of the MVB membrane with the 
plasma membrane of the cell, exosomes, containing cellular components including nucleic acids, 
‘are released to the extracellular space. (b) Microvesicles are derived from the budding of vesicles, 
from the plasma membrane. Microvesicles are then shed from the plasma membrane carrying along 
cellular components including nucleic acids that are present in the cytoplasm. (© Richard C. Li.) 


Figure 4.5 Apoptotic bodies released during apoptosis. During apoptosis, the preapoptotic cell 
(left) undergoes morphological changes. The early apoptotic cell (middle) shows deformation: the cell 
shrinks, the membrane blebs, and chromatin condense. The late apoptotic cells (right) are fragmented, 
releasing apoptotic bodies, which contain cytosol and organelles, and nuclear fragments. In addition, 
proteolytic enzymes are activated that cleave the genomic DNA into fragments. (© Richard C. Li) 
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4.2 Cells 


extracellular nucleic acids are potentially useful sources for the forensic identification of bodily 
fluids and for forensic DNA profiling 


4.2 Cells 

4.2.1 Cell Surface Markers 

Many of the forensic markers that are analyzed in forensic laboratories are from cells, the build. 

ing blocks of the human body. All cells have membranes, also known as plasma membranes, 
which constitute their outer boundaries (Figure 4.6). The functions of cell membranes include 
exchanges with the environment, signal transduction, and structural support. The cell mem- 

brane is a phospholipid bilayer containing lipids, proteins, and carbohydrates. Membrane pro- 
teins can act as enzymes, receptors, or ion channels. Many cells also have carbohydrate-rich 
molecules, including proteoglycans, glycoproteins, and glycolipids, on their membrane surfaces 
(Figure 4.6). Many of these molecules act as cell surface antigens (Chapter 18). 


4.2.2 Nucleated Cells, 

Probative biological evidence usually contains nucleated cells, ‘The nucleus (Figure 47) is sur 
rounded by a nuclear envelope and contains chromosomes and a nucleolus. A nucleolus is a 
dense, non-membrane-bound structure due to its high RNA content, The function of a nucleo- 
us is to transcribe ribosomal RNA and to form ribosomes. 

‘There are two types of cells in the body: sex cells (sperm and oocytes) and somatic cells 
(all other types). Spermatozoa and ova, which are formed by germ cells, are called gametes 
In humans, each gamete is haploid, containing 22 autosomes (chromosomes other than sex 
chromosomes) plus one sex chromosome. In ova, the sex chromosome is always an X, while in 
spermatozoa it may be an X or a Y. After fertilization, the zygote, which is the fertilized egg 
cell formed when two gamete cells are joined, becomes diploid as a result of the fusion of the 
haploid spermatozoon and ovum. Most of the other cells of the body, known as somatic cells, are 
diploid. ‘This means that they have two copies of each autosome plus two sex chromosomes, XX 
for females or XY for males. This results in a total of 46 chromosomes per diploid cell. The two 
chromosomes of a pair in a diploid cell are homologous chromosomes. One of the homologous 
chromosomes is inherited from the spermatozoon and the other from the ovum. 
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Figure 4.6 Cell membrane and carbohydrate-containing glycoproteins and glycolipids. (@ Richard 
ci 
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Figure 4.7 A cross-sectional view of a cell. 1, Microvilli; 2, cilia; 3, cytoskeleton; 4, centrioles; 
5, mitochondrium; 6, smooth endoplasmic reticulum; 7, ugh endoplasmic reticulum; 8, nucleolus; 
9, peroxisome; 10, vesicle; 11, Golgi apparatus; and 12, lysosome, (@ Richard C. Li.) 


Although most somatic cells are diploid, exceptions exist. Some differentiated cells such as 
red blood cells and platelets have no nuclei and are designated mulliploid. A few other cells have 
more than two sets of chromosomes as a result of DNA replication without cell division and 
are referred to as polyploid. For example, the regenerating cells of the liver and other tissues are 
naturally tetraploid, while the giant megakaryocytes of the bone marrow may contain 8, 16, or 
even 32 copies of chromosomes, 

‘The nuclear chromosomes of humans consist of complexes of DNA, histone proteins, and 
nonhistone chromosomal proteins. Each chromosome consists of one linear, double-stranded 
DNA molecule, The large amounts of DNA present in the human chromosome are compacted 
by their association with histones into nucleosomes and even further compacted by higher levels 
of folding of the nucleosomes into chromatin fibers. Each chromosome contains a large number 
of looped domains of chromatin fibers attached to a protein scaffold. 

‘The degree of DNA packing varies throughout the cell cycle. During the metaphase of mitosis 
and meiosis of the cell cycle, chromatin is the most condensed. Two forms of chromatin have 
been defined on the basis of their chromosome-staining properties. Euchromatin regions are 
areas of chromosomes that undergo normal chromosome condensation and decondensation 
during the cell cycle. The intensity of staining of euchromatin is darkest in the metaphase and 
lightest in the synthesis (S) phase. Euchromatic regions account for most of the genome and lack 
repetitive DNA. Usually, the genes within the euchromatin can be expressed. Heterochromatin 
comprises the chromosomal regions that usually remain condensed throughout the cell cycle. 
It contains repetitive DNA and can be found at centromeres, much of the ¥ chromosome long 
arm, and the short arms of the acrocentric chromosomes (chromosomes with centromeres near 
one end), Genes within heterochromatic DNA are usually inactive. 
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Figure 4.8 The ideogram of a human chromosome and cytogenetic banding nomenclature, The 
cytogenetic banding pattern is shown after chemical staining such as G-banding, which treats chro- 
mosomes with Giemsa dye, The short arm is designated p; the long arm is q. The centromere, p 
telomere (p-tel), and q telomere (q-tel) are also shown. G-bands at increasing resolution (from left 
to right) are shown. (® Richard C. Li.) 


Each human chromosome has a short arm, designated p (for petit), and a long arm, designated 
4q (for queue), separated by a centromere (Figure 4.8). Centromeres are the DNA sequences that 
are found near the points of attachment of mitotic or meiotic spindle fibers. ‘The centromere 
region of each chromosome is responsible for accurately segregating the replicated chromosomes 
to daughter cells during cell divisions. The ends of the chromosome are called telomeresand they 
help stabilize the chromosome and play a role in the replication of DNA in the chromosome. 

Chemical staining of metaphase chromosomes results in an alternating dark and light band: 
ing pattern (cytogenetic banding) that can be seen under a microscope. Fach chromosome arm 
is divided into regions based on the cytogenic bands. This process is known as cytogenetic map- 
ping. The cytogenetic bands are labeled pl, p2, p3, ql, q2, q3, and so on, counting from the centro 
mere out toward the telomeres. At higher resolutions, subbands can be observed. For example, 
the cytogenetic map location of a gene termed AMELY (amelogenin, Y-linked; Chapter 21) is 
Ypl1.2, which indicates its location on chromosome Y, p arm, band 11, subband 2, The visually 
distinct banding pattern gives each chromosome a unique appearance. Recently, the cytogenic 
map has been integrated with the human genome sequence to allow the determination of the 
positions of cytogenetic bands within the DNA sequence. 

Chromosomes can be identified on the basis of the size and the positions of the centromeres 
and cytogenetic banding patterns. The chromosome constitution is described as a karyotype 
and can be displayed as a karyogram, which includes the total number of chromosomes and 
the sex chromosome composition (Figure 4.9). Chromosomes are numbered in order of their 
size, with chromosome 1 as the largest (except chromosome 21 is smaller than 22), In the cases 
of chromosomal abnormality, the karyotype can also reflect the type of abnormality and allow 
visualization of the affected chromosome bands. 


4 
“The cytoplasm contains the cytosol fluid in which organelles are suspended (Figure 4.7). Multiple 
copies of mitochondria are located within the cytoplasm, Mitochondria are surrounded by phos: 
pholipid membranes that separate them from the cytosol. The mitochondria are responsible 
for energy production through aerobic metabolism by producing molecules containing high- 
energy bonds, such as adenosine triphosphate (ATP). Mitochondria have their own genome, 
which can be analyzed for human identification (Chapter 23) 
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Figure 4.9 Human karyogram. The chromosomes are numbered. Cytogenic patterns show alternat- 
ing dark and light bands (From www.genome.gov). Centrameres (in red) are shown. 


‘Two types of endoplasmic reticulum (ER) can exist within the cytoplasm: the smooth ER 
(SER) is involved in lipid synthesis; the rough ER (RER) contains ribosomes on its outer surface 
and forms transport vesicles. The Golgi apparatus is responsible for the production of secretory 
vesicles and new membrane components, and also for the packaging of Iysosomes (vesicles con 
taining digestive enzymes for the degradation of injured cells). Peroxisomes carry enzymes that 
neutralize potentially harmful free radicals. Other organelles found within the cytoplasm of 
eukaryotic cells include the cytoskeleton, microvilli, centrioles, and cilia, 


.4 Cytosol 
4.2.4.1 Messenger RNAS 

‘The chromosomal DNA contains genes that encode for specific proteins. The genetic code is 
read as an array of triplet codes, a sequence of three bases that specifies the identity of a single 
amino acid. As gene expression is activated, transcription occurs in which precursor mRNA 
(pre-mRNA) is produced from a DNA template. After transcription, the pre-mRNA is capped, 
polyadenylated, and spliced to form matured mRNA. Only the matured mRNA is transported 
from the nucleus to the cytoplasm. Tissue-specific mRNA can be potentially used for the iden- 
tification of biological evidence (Chapter 11). The proteins are synthesized in a process known 
as translation, in which amino acids are assembled based on the codons derived from the triplet 
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code of the DNA contained in the sequence of the mRNA strand. Various components including 
the ribosomal complex are involved in translation. The cytosol also contains many proteins that 
can be used for the identification of bodily fluids (Chapters 11 and 12). 


4.2.4.2 MicroRNAs 

MicroRNAs (miRNAS) are short RNA molecules that are 21-23 nucleotides in length. In 
eukaryotic organisms, miRNAs function as negative regulators of gene expression. They play 
roles in development and cell differentiation. Additionally, the altered expression of miRNAs 
can be detected in many human diseases. The biological function and the potential application 
of miRNAs in forensic biology are discussed in Chapter 11. 

It is estimated that the human genome may encode approximately 1000 miRNAS, Based on 
their genomic location and structure, miRNAs can be characterized into three types: intergenic, 
intronic, and exonic (Figure 4.10). Intergenic miRNA genes are distinct transcriptional units 
that are found in genomic regions, In humans, most of the intergenic miRNA genes have a 
transcription start site and a polyadenylation site. Intronic miRNAs reside within the introns of 
protein-coding and noncoding genes. The orientation of the intronic miRNAs can be the same 
as that of the sense (coding) strand of a host gene or that of the antisense strand (complemen- 
tary to the sense strand) of a host gene. Sense intronic miRNAs are transcribed from the same 
promoter as their host genes. The antisense intronic miRNAs are transcribed from their own 
promoters. Exonic miRNAs are rare in eukaryotic genomes and reside in genomic regions that 
overlap with an exon and an intron of a pseudogene, which is a noncoding gene or is no longer 
transcribed. These miRNAS are also transcribed from their host gene promoter. miRNAs can 
also be monocistronic or polycistronic. A monocistronic miRNA has a single transcriptional 
unit with its own promoter. In polycistronic miRNAs, several miRNAs reside as a cluster of 
transcriptional units with a shared promoter. 

‘The biogenesis of miRNAs begins in the nucleus, miRNAs are transcribed by RNA poly- 
merase II. Nascent transcripts, referred to as primary transcripts (pri-miRNAs), can be sev- 
eral hundreds to thousands of nucleotides in length. The pri-miRNAs have a hairpin secondary 


Figure 4.10 The genomic location and the structure of miRNAs. (a) An intergenic miRNA gene, 
() a sense intronic miRNA gene, (c) an antisense intronic miRNA gene, (d) an exonic miRNA gene, 
(e) a monocistronic miRNA gene, and (f) polycistronic miRNA genes. Exons (gray), introns (white), and 
miRNA genes (red) are shown. (@ Richard C. Li.) 
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structure that is approximately 70 nucleotides long with imperfect base pairing in the stem. 
miRNA processing is initiated in the nucleus (Figure 4.11). The hairpin region of a pri-miRNA 
is then cleaved from the pri-miRNA by the nuclear RNase III endonuclease, Drosha. Asa result, 
a pre-miRNA is formed. The pre-miRNA is transported from the nucleus to the cytoplasm bya 
nuclear transporter, Exportin 5, In the cytoplasm, a cytoplasmic RNAse I!I-like endonuclease, 
Dicer, cleaves the pre-miRNA to generate a double-stranded miRNA that isapproximately 21-23 
nucleotides in length. The mature miRNA strand is bound to the Argonaut protein to assemble 
the RNA-induced silencing complex (RISC). The complementary RNA strand is degraded. 

‘A specific miRNA is designated with a prefix. The prefix for a mature miRNA is a capi- 
talized “miR,” while the prefix for a pre-miRNA is an uncapitalized “mir.” The prefix “miR” 
is followed by a dash and a number (e.g., miR-135). Experimentally confirmed miRNAs are 
sequentially numbered and are deposited in the miRBase, which is a database that archives 
miRNA sequences and annotations. 
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Figure 4.11 The biogenesis of miRNAs. In the nucleus, the pri-miRNA (primary transcript) is pro- 
cessed by Drosha (nuclear RNase for double-stranded RNA) and DGCR (nuclear double-stranded 
RNA-binding protein), forming the pre-miRINA. The pre-miRNA is transported from the nucleus to 
the cytoplasm by the exportin. In the cytoplasm, the pre-miRINA is further processed by Dicer (cyto- 
plasmic RNase for double-stranded RNA) and TRBP (cytoplasmic double-stranded RNA-binding 
protein). The mature miRNA strand is bound to the Argonaut protein to assemble the RISC (RNA- 
induced silencing complex). (© Richard C. Li.) 
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4.3 Tissues 


logical evidence related to skin is important in forensic investigations, For example, fin- 
gerprints are ridge skin impressions that are usually collected at crime scenes, and shed skin 
tissue is a source of DNA for human identification. The skin covers the entire body surface. 

Additionally, the skin contains specialized structures that include sebaceous and sweat glands, 
hair follicles, and nails, The thickness of skin varies throughout the body. The skin of the dorsal 
area of the body is usually thicker than that of the ventral area of the body. The skin consists of 
different layers (Figure 4.12). The epidermisis the outer layer of the skin, The epidermis also con- 
tains melanocytes that produce the skin pigment melanin. The dermis is the middle layer of the 
skin, Its filled with fibrous collagen proteins secreted by fibroblasts and contains hair follicles 
and sweat glands. Additionally, it contains blood, lymph vessels, and nerves. The subcutaneous 
layer is the deepest layer of the skin. The subcutaneous layer consists of collagen networks and 
adipose tissue to prevent loss of heat. 

‘The epidermis is a multilayered tissue that includes a number of morphologically distinct 
zones: the basal, the spinous, the granular, and the cornified layers (Figure 4.12). The epidermis 
renews continually through the proliferation and differentiation of keratinocytes. The basal layer 
contains newly formed keratinocytes that are proliferative. Epidermal differentiation begins with 
the migration of the keratinocytes from the basal layer toward the outer layer of skin. Once the 
migrating keratinocytes reach the spinous and granular layers, the keratinocytes become nonpro- 
liferating and partially differentiated. As the cells reach the cornified layer, these cells are filled 
with keratin filaments and are differentiated into corneocytes, which are dead, and terminally 
differentiated keratinocytes. In the course of differentiation, the cells are flattened, and all organ- 
elles including the nucleus are lost, The corneocytes are then shed from the skin surface. 


4.3.1.2 Skin as Source of DNA Evidence 

Evidence from skin contact, also referred to as touched evidence, can be collected and used for 
forensic DNA analysis. One example of this evidence is shed skin cells that are found on worn 
clothing, which is frequently encountered in crime scene investigations, For instance, a perpe~ 
trator’s shed skin cells that are deposited on worn clothing are potential evidence to be collected. 
After collection, a DNA profile can be obtained from shed skin cells, providing the forensic evi- 
dence or “lead” that is required for the criminal investigation, Touched evidence becomes more 
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Figure 4.12 A sectional view of the skin. Multilayered epidermis tissues are shown. (© Richard 
ci) 
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[0095] FIG. 8, Magnetic monopole. 
[0096] FIG. 9, Precessing wormhole 

[0097] FIG. 10. Fizeau light dragging experiment 
[0098] FIG. 11. Asymmetrical velocity collapse of bubble 


ralius generates wormbole. 


[0099] FIG. 12, VisSim feedback simulation of the col- 
lapsing bubble. 


[0100] FIG. 13. Cavitating bubble radius as a function of 
time. 


[0101] FIG. 14. Digitized bubble radius of FIG. 13, 


[0102] FIG. 15. Spiking spacetime curvature of collapsing 
bubble, 


[0103] FIG. 16. Dual velocity profile required fo produce 
negative energy. 


[0104] FIG. 17. Spacetime curvature for dual velocity 
collapse. 


[0105] FIG. 18. Negative energy generated from asym- 
‘metrical collapse of bubble, 


[0106] FIG. 19. 3D plot of spacetime curvature using 
negative energy. 


[0107] FIG. 20, Wormhole vortex. 


[0108] FIG. 21. Perspective of cavitation tank equipped 
‘with magoetic coils. 


[0109] FIG. 22, Flattening of bubble by magnetic fie. 


[0110] FIG. 23. Hyperspace energy generated by reverse 
pressure gradient of wormhole. 


[111] FIG. 24. Solenoid and tansducer driving cite 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0112] 1. Referring to FIG. 24, the transducer driving 
Circuit uses a frequency generator (A) driving a linear 
amplifier (B) into a pair of variable inductors (C) which 
resonate with the capacitance of the transducers (D) attached 
to the sides of the octagonally-shaped glass container (H) 
Resistors (L.M,G) provides voltage measuring points for the 
‘oscilloscope 


[0113] A DC current source (1) drives the two solenoids: 
(Es whic produce a vertical magnetic field (J) through the 
‘container. The magnetic fell produces an. asymmetrical 
force on tbe bubble sutace (K) such thatthe collapsing 
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bubble produces negative enengy. The spacetime curvature 
produced by the light dragging of the collapsing bubble 
surface, together with the negative energy, create a worm- 
hole belween space and hyperspace. The negative spacetime 
energy produces a negative pressure which brings low- 
density hyperspace energy into our dimension 


Talaim: 
1. A hyperspace energy generator having: 
4) a glass container in the shape of an octagon acting as 
the resonating chamber; 
b) two piezoelectric wansducers, mounted and operating 
‘acoustically as a pair on opposite sides of item (La); 


‘6) an opagueoil-like liquid with a high index of refraction 
filling item (1a) acting asthe resonating iguid in which 
the eavitaing bubbles are formed 


4) two thin sheet copper solenoids, located on top and 
bottom of item (La), that produce a vertical magnetic 
field through items (1a) and (Ie); 


«) two variable induetance coils for ereating 4 resonant 
frequency with item (1b); 


£) a linear amplifier driving items (1b) and (1); 
2) a Variable frequeney generator driving item (Ie); 


current electrical generator driving item (1d); 
ion system which: 


8) produces one or more cavitating bubbles that collapse 
asymmetrically due to the differential force exerted on 
the bubble surface by the presence of a vertical mag~ 
netic field generated by item (Id) referred to above; 


b) generates negative energy due to light dragging of the 
collapsing bubble surface; 


«) creates wormboles between space and hyperspace due 
to the presence of item (1b); 


generates a negative pressure between space and hyper 
space that forces low-density hyperspace energy into 
cour dimension; and 

3. optional dual electrically-charged plates that: 


a) are mounted on the sides of item (La); 


b) create a differential electric charge density across the 
‘bubble surface for the purpose of creating an additional 
method of asymmetrical bubble surface collapse. 
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useful and important when no other type of evidence (e.g. fingerprint, bloodstain, or seminal 
stain) can be collected at the crime scene, especially for the investigation of certain criminal 
cases such as cold cases and property crimes such as theft and burglary (Figures 4.13 through 
4.15), Touched evidence usually contains minute quantities of nuclear DNA. DNA recovered 
from touched evidence is referred to as transfer DNA. However, the source of DNA transferred 
through physical contact is not well understood. Although the shed skin cells from touched evi 
dence lack nuclei, these cells may contain DNA remnants from partial degradation during the 
differentiation process, These can be a possible DNA source. Additionally, the sweat glands in 
the skin produce sweat. When the skin makes contact with an item, a residue of sweat is left on 
the surface of the item. It is known that sweat contains cell-free DNA. Thus, céll-free DNA from 
sweat is another possible source of DNA. Furthermore, a small number of nucleated cells can 
be observed in touched evidence. These cells possibly originated from sweat glands and ducts. 


4.3.2 Hair 
Hairs, including scalp and pubic hairs, frequently constitute biological evidence that is found 
at crime scenes, and their identification can be of great forensic importance. Formerly, the 


Figure 4.13 Evidence collection using swabbing. The evidence from skin contact for forensic DNA 
analysis is usually collected by swabbing. More DNA can be recovered when evidence is collected with 
a double swab method than with a single swab. The double swab method invalves applying a moist- 
ened catton swab fallowed by a second dry catton swab onto the same target surface of evidence, The 
target surface is swabbed using 2 moistened swab first. The moisture left by the first swab is absorbed 
by the second dry swab. Both swabs can be pooled for DNA extraction. (© Richard C. Li) 
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Figure 4.14 A worn glove as a source of DNA evidence. Shed skin cells on a worn glove can poten- 
tially generate DNA profiles. (© Richard C. Li.) 


Figure 4.15 A cigarette butt as a source of DNA evidence. Shed cells left behind on a cigarette 
butt can be a source of DNA. A portion (~1 cm) of the filter paper of a smoked cigarette butt can 
be cut for isolating DNA. (© Richard C. Li.) 


principal methods that were utilized in forensic hair analysis were limited to morphological 
analysis and comparisons, Since then, protein polymorphisms provide some potential for iden- 
tifying individuals from single hairs. However, human hairs contain DNA and as a DNA source 
they may be used for forensic analysis. The development of the polymerase chain reaction (PCR) 
amplification technique made it possible to analyze very small quantities of DNA in hair, and 
the use of hair as evidence of identification has become more significant. 


4.3.2.1 Biology of Hair 

‘The human hair shaft is a keratinized cylindrical structure (Figure 4.16). The center or core of the 
hair is called the medulla, which is present in the majority of hairs. The medulla is surrounded 
by a cortex, which is the outer layer of the hair shaft. The cuticle consists of overlapping layers of 
flattened keratinized cells that protect the hair. Hairs are produced in hair follicles (Figures 4.17 
and 4.18). Each hair follicle is located deep in the dermis (a skin layer beneath the epidermis) and 
opens onto the surface of the epidermis (the outer layer of the skin). The hair follicle is composed 
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Figure 4.16 A sectional view of a hair shaft. (© Richard C. Li.) 


Sebaceous gland 
Hair follicle 


Figure 4.17 Longitudinal section view of a scalp hair follicle with accessory structures. (@ Richard 
ci) 


of the bulge and the bulb regions. The bulge exports the stem cells that migrate down and give 
rise to bulb cells. The bulge also produces the stem cells that migrate up to form skin cells. The 
matrix cells, which generate the hair shaft cells, are located at the lower portion of the bulb. The 
dermal papilla is situated at the base of the bulb and contains cells that regulate hair growth, 
which are nourished by blood vessels and nerves. The growing hair shaft is surrounded by two 
concentric layers of cells, which are referred to as the inner root sheath and the outer root sheath, 
respectively. The entire hair follicle is surrounded by a connective tissue sheath. 

Human scalp hairs grow for a few years and shed according to the hair follicle cycle 
(Figures 4.19 through 4.21). A human scalp hair can grow at its highest rate of approximately 
1 mm per day. The growing phase of hair is called the anagen phase. The matrix cells undergo 
rapid proliferation and eventually become differentiated cells such as hair shaft cells. As a hair 
grows, it is pushed toward the surface of the skin and becomes longer. During the migration 
upward, keratinization occurs as cells are filled with fibril keratin proteins. In these keratinizing 
cells, nuclei are absent, However, mitochondrial remnants can be observed. By the time a hair 
approaches the skin surface, cell death occurs at the medulla, cortex, and cuticle, At the end of 
the anagen phase, the matrix cells enter the catagen phase and undergo cell death, thus leading 
to the regression of the bulb. Hair follicles then enter the telogen phase: the stage of rest. When 
another cycle begins, the follicle produces a new bulb and the telogenic hair, also known as the 
club hair, is pushed to the surface and shed. On average, an adult loses approximately dozens of 
hairs daily. 
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Figure 4.18 Structure of an anagen-phase hair follicle. The diagram shows the hair follicle struc~ 
ture including the dermal papilla, sebaceous gland, bulge, bulb, and hair shaft. Concentric layers 
of the outer root sheath (ORS), the Inner root sheath (IRS), and the hair shaft are also shown, 
(© Richard C. Li) 


4.3.2.2 Hair as Source of DNA Evidence 
“The isolation of DNA from intact hair roots is routinely used in nuclear DNA analysis. In com 
parison, the quantities of DNA in telogen hair roots are considerably less than the DNA that 
is found in the roots of anagen hairs. Nuclear DNA analysis is usually accomplished by using 
freshly plucked hair roots (Figures 4,22 and 4.23) because cells at the root region may contain 
nuclear DNA, Unfortunately, most human hairs recovered from crime scenes are shed naturally 
(in the telogen phase) and contain little nuclear DNA (Figure 4.24). Thus, multiple telogen hairs 
with roots are necessary to isolate enough nuclear DNA. However, shed hairs that are found 
at crime scenes may be derived from different individuals. Therefore, the ability to perform a 
forensic DNA analysis of a single shed hair would be highly desirable. Nuclear DNA isolation 
from hair shafts is still far less reliable because hair shafts contain very low amounts of nuclear 
DNA. In addition, variations in the amounts of DNA isolated from hair shafts are observed in 
a. comparison between different hairs from the same head and hairs from different individuals. 
‘A hair follicle cell contains multiple copies of mitochondria. As a result, mitochondrial DNA 
(mtDNA) can be successfully isolated from hair roots. Additionally, mtDNA is embedded in the 
keratin matrix of hair shaft cells, which protects the mtDNA molecules from degradation. Thus, 
mtDNA can also be isolated from hair shafts. A sequence polymorphism analysis of mtDNA from 
hhair can be carried out. mtDNA is maternally inherited, which is useful to identify maternal rela 
tives but cannot be used to perform paternity testing, Additionally, the mtDNA profiling results are 
not as discriminating as nuclear DNA profiling. Furthermore, mtDNA analysis is time-consuming. 
“Therefore, the typing of nuclear DNA from hair would be preferable for forensic DNA analysis. 
Sometimes, a mixture of more than one mtDNA sequence in the same individual is observed. 
“This heterogeneous pool of mtDNA molecules is referred to as heteroplasmy. In hair, it is 
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Figure 4.19 Diagrammatic representation of the scalp hair cycle. The morphological characteris- 
tics ofa hair follicle are shown in three distinct phases encompassing the entire hair cycle: anagen 
(including early and full anagen), catagen, and telogen. DP, dermal papilla; M, matrix; ORS, outer 
root sheath; SG, sebaceous gland. (© Richard C. Li.) 


believed that it is due to a mixture of mtDNA molecules from keratinocyte and melanocyte- 
derived mitochondria (Figure 4.25). Hair follicle melanocytes are formed at the beginning of 
each hair cycle and die at the end of the cycle, Melanocytes are located in the bulb hair follicle. 
Hair melanocytes play roles in hair pigmentation, which determine hair color. Melanin, which 
is produced by the melanocytes, is contained in an organelle called the melanosomre. The mela. 
nosomes are transferred to neighboring keratinocytes though dendritic processes. In addition 
to melanosomes, the melanocyte mitochondria can also be transferred to keratinocytes. Thus, 
the keratinized cells in the hair shaft may carry more than one type of mitochondria, one from 
the keratinocytes and the other from the melanocytes, As a result, heteroplasmy ofa mixture of 
different mtDNA molecules, with different DNA sequences, can occur in hairs, 


4.3.3 Bone 

4.3.3.1 Biology of Bone 

‘The bodies of human remains begin to decompose shortly after death. ‘The rate of decomposi- 
tion of human remains varies greatly with environmental conditions such as climate, bacterial 
growth, and the presence of insects and other animal scavengers. However, soft tissties may be 
lost first while more stable bone tissues may remain, Identifying human skeletal remains can be 
applied in a variety of cases including mass fatality incidents, missing persons, fires, explosions, 
and violent crime cases involving skeletal remains. 

An adult human skeleton consists of 206 bones (Figures 4.26 and 4.27), The shaft of a long 
bone, such as an arm or a leg bone, consists largely of an outer layer of cortical (or compact) 
bone, which is solid and strong. The shaft of a long bone forms a marrow cavity, which is filled 
with a specialized type of connective tissue called bone marrow. The portion at each end of a 
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Figure 4.20 Longitudinal section view of a scalp hair follicle during the hair cycle, (a) Early ana- 
gen, (b) full anagen, (c) catagen, and (d) telogen. (© Richard C. Li) 


@ ) 
Figure 4.21 Cross-sectional view of hair folicles. (a) Early anagen and (b) full anagen. Note that 
the new hair (arrow) and the club hair are shown. (© Richard C. Li) 


ong bone is called the epiphysis, which is composed largely of cancellous (or spongy) bone, and 
can bear the force of compression. A flat bone can have primarily either cortical or cancellous 
bone. For instance, a rib consists of primarily cancellous bone surrounded by a thin layer of 
cortical bone. A skull bone usually consists of largely cortical bone. 

Bone, which is a connective tissue, contains a matrix and cells. The bone matrix consists of 
an inorganic and an organic matrix. Calcium and phosphorus are the major components of 
the inorganic matrix, which consists mainly of hydroxyapatite crystals, Ca,,(PO,),(OH),. The 
organic matrix consists of collagens, primarily type I collagen, which are insoluble fibrous pro- 
teins. With the deposition of calcium hydroxyapatite crystals around the collagen fibrils, bone 
becomes a weight-bearing hard tissue. 
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Figure 4.22 Hair root of a pulled hair with visible soft tissue attached. (© Richard C. Li.) 


Figure 4.23 Pulled dreadlocks recovered from a crime scene. (@ Richard C. Li.) 


Developing bones contain small numbers of osteoprogenitor cells. These cells can divide to 
produce cells that differentiate into osteoblasts. Osteoblast cells regulate the calcification of the 
bone matrix. Osteoblasts that are embedded in the bone matrix are termed osteocytes and are 
the most abundant cells in bone. Osteocytes play a role in maintaining the surrounding matrix 
and repairing damaged bone. Another type of cell that can be found in bone tissues is osteo- 
clasts. These cells are giant cells containing 50 or more nuclei and are responsible for dissolving 
and recycling the bone matrix. 


4.3.3.2 Bone as Source of DNA Evidence 
A number of methods are used to identify human remains, for example: the identification of 
facial characteristics; the recognition of individualizing scars, marks, and other special body 
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Figure 4.24 Telogen hair roots. From left to right: telogen club root with no visible soft tissue; 
telogen hair root with some visible soft tissue; telogen hair root with visible soft tissue, (From 
Bourguignon, L. etal, Forensic Sci Int Genet, 3, 27-31, 2008. With permission.) 


Keratinocyte 


Melanocyte 


Figure 4.25 Scheme diagram of the melanasome transportation, Melanosomes are released into 
the extracellular space from the melanocyte dendrites thraugh exocytosis and subsequent endocy- 
tosis by keratinocytes. During the process, mitochondria originating from the melanocytes can be 
potentially transported to the keratinacytes. (@ Richard C. Li.) 


features; the matching of dentition with premortem dental x-rays; and the comparison of fin 
gerprints. In some situations, these methods cannot be used because of the extensive decom: 

position of the remains. The mass fatality terrorist attack on the World Trade Center in 2001 
(Figure 4.28) serves as an example of a situation where common identification techniques may 
not be useful, Large quantities of compromised human skeletal fragments were recovered at the 
fatality site. In these cases, DNA typing is a powerful tool for identifying human remains. 

Most DNA in cortical bone is located in the osteocytes. It has been estimated that there 
are approximately 20,000 osteocytes per cubic millimeter of calcified bone matrix. As a result, 
microgram quantities of DNA can potentially be obtained from a gram of bone. Thus, compact 
bone tissue should contain sufficient amounts of nuclear DNA for analysis. However, the skel- 
etal fragments recovered from burial sites are often subjected to decomposition (Figures 4.29 
and 4.30). During the decomposition process, both nuclear and mtDNA can be degraded. 
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Figure 4.26 Bone structure. An adult human consists of 206 bones. A long bone, such as an arm ora 
Jeg bone, consists of an outer cylinder of cortical bone surrounding a marrow cavity. Each end of a long 
bone is called the epiphysis, which is composed largely of cancellous bone. Flat bones have variable 
structures; for example, the skull consists mainly of cortical bone whereas the spine consists mainly of 
cancellous bone. (a) Diagram of a long bone. (b) A bone fragment. Cortical and cancellous bones are 
shawn. Blood vessels can be found in the Volkmann and Haversian canals, (© Richard C. Li.) 


Additionally, burial conditions with high humidity and temperature promote the degradation 
of DNA. Thus, the identification of partial DNA profiles or the complete failure to obtain DNA 
profiles can occur after samples from decomposed remains are analyzed. 

Processing bone samples for DNA extraction is a time-consuming task (Figure 4.31). Due to 
the potential for commingled remains and contaminants that interfere with forensic analysis, a 
bone sample initially must be cleaned prior to isolating DNA. The outer surfaces of bone frag 
ments are usually removed by using a mechanical method such as sanding, However, to avoid 
cross-contamination of samples, the bone dust that is generated by sanding must be removed. 
Additionally, special protective equipment and safety procedures are necessary to protect ana. 
Iysts from exposure to blood-borne pathogens. 

To obtain adequate quality and quantity of DNA from a bone sample, a high-yield DNA 
extraction method should be selected. ‘The bone samples can be ground to powder to aid in 
DNA extraction (Chapter 5). The osteocytes containing DNA are embedded in a calcified bone 
matrix, which is a barrier for extracting DNA from the osteocytes. The bone matrix must be 
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Figure 4.27 Cross-sectional view of cortical bone. (a) The functional unit of cortical bones is 
a cylindrical structure known as osteon. Haversian canals are shown in the center of the osteon, 
(b) Detailed view of an osteon, Osteocytes (arrows) are shown within osteons. (@ Richard C. Li) 


Figure 4.28 Sections of the Fire Department of New York City (FDNY) Memorial Wall, Memorial to 
the Fallen Firefighters of 9/11, at FDNY Engine Co. 10 an Liberty Street, New York, by Rambusch 
Studios. (© Richard C. Li) 
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Figure 4.29 Human rib bone fragments recovered from burial site. (© Richard C. Li) 


Figure 4.30 Skeletal remains, exhumed from Frombork Cathedral in Poland, are thought to be 
those of astronomer Nicolaus Copernicus (14731543). (From Bogdanowicz, W., et al., Proc Nat! 
Acad Sci U S A, 106, 12279-12282, 2009. With permission.) 


removed to improve the yield of DNA. A decalcification method can be utilized to dissolve 
calcium ions to soften the bone tissue, Additionally, the application of proteinase can be used to 
digest the matrix proteins, thus increasing the yield of DNA that is harvested from osteocytes. 


4.3.4 Teeth 

4.3.4.1 Biology of Teeth 

During embryonic development, two sets of teeth begin to form. ‘The first to appear are the 
deciduous teeth or primary teeth. Most children have 20 deciduous teeth, which are later replaced 
by 32 teeth known as the secondary dentition or permanent dentition (Figure 4,32). 
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Figure 4.31 Tools for cutting bone samples. Osteotomes and a mallet (top), and a rotary device 
(bottom). (© Richard C. Li) 


‘The bulk of each tooth consists of a calcified connective tissue called dentin (Figure 4.33). 
“The dentin of the crown is covered by a layer of enamel. The rest of the dentin is referred to as, 
radicular dentin and is covered by a layer of cementum, which separates the tooth from the sur- 
rounding jawbone. 

Similar to bone, tooth tissue contains a matrix. The inorganic matrix of tooth contains 
hydroxyapatite, a calcium phosphate in a crystalline form. The organic matrices of dentin and 
cementum are primarily collagens. In enamel, amelogenin is the major protein of the organic 
‘matrix, Other proteins include ameloblastin and enamelin, which are also the components of 
the enamel organic matri 

‘The interior chamber within the tooth surrounded by dentin is known as the pulp cavity. The 
dental pulp, found within the pulp cavity, is the connective tisstue made up of nerve fibers, blood 
vessels, and various cells. The blood vessels and nerves in the pulp cavity are innervated through 
the root canal, a narrow tunnel located at the root of the tooth. Incisor and cuspid teeth have 
single roots. Bicuspids have one or two roots. Molars typically have three or more roots. 

‘The columnar cell bodies of odontoblasts are located along the peripheral dental pulp. A 
single odontoblast process, arising from each cell body of the odontoblasts, projects into the 
dentinal tubule (Figure 4.34). Odontoblasts play important roles in the formation of den- 
tin. Odontoblasts secrete collagens and ground substances that are the components of the 
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Figure 4.32 A sectional view of an adult tooth. (@ Richard C. Li.) 
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Figure 4.33 Cross-sectional view of a tooth. (© Richard C. Li.) 


dentinal matrix. Additionally, odontoblasts regulate the calcification of the matrix of dentin. 
Cementoblasts are cells that play roles in forming the cementum. Cementoblasts secrete col- 
lagens and ground substances to form the extracellular matrix of the cementum. Through the 
process of forming cementum, cementoblasts become trapped in the extracellular matrix. The 
cementoblasts embedded in the cementum are referred to as cemeentocytes. Ameloblastsare cells 
that play a role in producing enamel and are subsequently lost during tooth eruption. 


4.3.4.2 Teeth as Source of DNA Evidence 

‘The characteristics of teeth, their alignment, and the overall structure of the mouth provide 
information for identifying a person. The use of dental records such as x-rays and dental casts 
can allow dental remains to be connected to a victim. Particularly in circumstances such as 
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Figure 4.34 Odontoblast processes. See Section 4.3.4.1. (@ Richard C. Li.) 
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Figure 4.35 Tools for dissecting teeth. (@ Richard C. Li, (a) A dental chisel and a mallet. (© Richard 
©. Li) (b) An amalgam well. (Courtesy of Dr. Ken Hermsen.) 


decomposition, an odontological comparison is possible since the dental evidence often remains 
intact, When no antemortem dental record is available for comparison, forensic DNA testing 
can be carried out for postmortem human identification, The mineralized dental structure pro- 
tects DNA from degradation in cases where it may be degraded in other tissues of the body. 
“Thus, teeth are an excellent source of DNA for forensic DNA analysis under such conditions. 
Dental pulp tissue contains various cells and is a suitable source of DNA. However, when 
tooth evidence has been exposed to high temperature and humid environments, decomposition 
of the pulp tissue can occur. Thus, cementoblasts within the cementum, containing both nuclei 
and mitochondria, can then be utilized as a source of DNA. Additionally, odontoblast processes 
within dentin, containing mitochondria, can also be used. Several different methods are used 
to obtain dental tissues for DNA isolation (Figure 4.35). A vertical section is cut along the long 
tudinal axis of the tooth, which allows the dissection of the pulp, dentin, and cementum tissues 
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Figure 4.36 Dissecting teeth far DNA isolation. Vertical cutting and dissecting of the pulp, den- 
tin, and cementum tissues (left) and horizontal cutting and dissecting of the root portion (right). 
(Courtesy of Dr. Ken Hermsen.) 
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Figure 4.37 Extraction of pulp tissue using endodontic access procedures: trepanning the occlu- 
sal surface of a tooth using a dental bur mounted on a turbine (a), creating a cavity for endodontic 
access (b), and extracting pulp tissue using a nerve broach (a). (@ Richard C. Li.) 


(Figure 4.36). A horizontal section is cut through the cementum-enamel junction of the tooth 
(Figure 4.36). The root portion can be pulverized to a fine powder for DNA isolation. The crown 
can be preserved for forensic odontological comparisons if needed. Additionally, the extraction 
of pulp tissue can be carried out by standard endodontic access (Figure 4.37). For calcified tis- 
sues such as dentin and cementum, a decalcification step is needed to soften the dental matrix, 
which facilitates DNA isolation, 
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SECTION ll 


Basic Techniques in 
Forensic Biology 


Nucleic Acid Extraction 


5.1 Basic Principles of DNA Extraction 

Deoxyribonucleic acid (DNA) is a linear polynucleotide consisting of four types of monomeric 
nucleotides. Each nucleotide contains three components: a deoxyribose, a nitrogenous base, and 
a phosphate group (Figure 5.1), The four bases for DNA are adenine (A), cytosine (C), guanine 
(G), and thymine (T) (Figure 5.2). The deoxyribose is attached to the nitrogen of a base. The 
phosphate group is attached to the deoxyribose. In a polynucleotide, individual nucleotides are 
linked by phosphodiester bonds (Figure 5.3). 

Interestingly, the first attempt to isolate DNA from humans, which involved the use of human 
leucocytes, was accomplished by the Swiss physician Friedrich Miescher in 1869, This study led 
to the discovery of the DNA molecule, which he referred to as “nuclein.” Over the years, various 
methods for isolating DNA from blood samples were developed. However, many protocols still 
use the basic principles Miescher developed more than 100 years ago. 

‘This chapter introduces basic techniques for DNA extraction used in forensic laboratories 
(Table 5.1). The commonly used methods isolate total cellular DNA, which is suitable for most 
forensic DNA analyses, However, DNA extraction procedures may vary according to the type of 
biological evidence, which can include cell types, substrates, the quantity of biological evidence 
collected, and the type of test that is being performed, Specific DNA extraction procedures for 
a sample of interest can be found in the literature. The extraction method of choice yields an 
optimal quantity, quality, and purity of DNA to satisfy forensic DNA testing needs. A sufficient 
quantity of DNA ensures the generation of a complete DNA profile. Poor quality of DNA, such 
as fragmentation due to DNA degradation, may result in a partial DNA profile or a failure to 
obtain a profile. Poor purity of DNA may cause interference during subsequent DNA testing. For 
example, DNA polymerase inhibitors interfere with DNA amplification (Chapter 7). Additional 
criteria for selecting proper DNA extraction methods include adaptability to automation, 
throughput potential, simplicity, the reduction of contamination risks, and cost-effectiveness. 
‘The most common DNA extraction protocols include basic components discussed below. 


5.1.1 Cell and Tissue Disruption 

In most DNA extraction protocols, enzymatic digestions, such as those with proteinase K, are used 
for cell and tissue disruption, The disruption process can also be carried out by boiling and by using 
alkali treatment and mechanical methods (Figures 5.4 and 5.5). Materials such as bone and teeth can 
be frozen in liquid nitrogen and then ground to a fine powder with a mortar or cryogenic grinder 
stich as the SPEX CertiPrep® freezer mill (Figure 5.6). In such specimens, cells containing DNA 
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Figure 5.1 Structure of a nucleotide. Each nucleotide in a DNA polymer is made up of three 
components: a deoxyribose, a nitrogenous base (adenine is shawn as an example), and a phosphate 
group. The 1’ carbon of the deoxyribose is attached to the nitrogen of a nitrogenous base. A phos- 
phate group is attached to the 5’ carbon of the deoxyribose. 
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Figure 5.2 Chemical structures of nitrogenous bases: (a) adenine, (b) guanine, (c) cytosine, and 
(4) thymine, 
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Figure 6.3 DNA polynucleotide chain. Individual nucleotides are linked by phosphodiester bonds 
between their 5° and 3' carbons. 
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5:1 Basic Principles of DNA Extraction 


Table 5.1 Three Basic DNA Extraction Methods 


Forensi DNA’ 
Method | Application Strand Throughput 


Solvent- RFLP: and High Double Large Time-consuming; Uses toxic 
based PCR-based stranded difficult to solvent; multiple 
assay adapt for transfer steps 
automation between tubes 
Boiling PCR-based Low Single Small ~30 minper _—_—No transfer 
assay stranded sample required 
Silica RFLP-and High Double Large 1h per sample; Minimum 
based PCR-based stranded amenable to transfer 
assay automation required 


— 


Figure 5.4 An automated mechanical disruption device for efficient disruption of tissues. It can 
be used for high-throughput applications involving sample preparation for the isolation of nucleic 
acids. (@ Richard C. Li) 


= 


Figure 5.5 Tissue disruption using a pressure-generating instrument also known as a barocycler. 
During the process, a barocycler is utilized to apply alternating cycles of high and low pressures onto 
specimens placed in single-use processing containers, The technique is known as pressure-cycling 
technology (PCT). (© Richard C. Li) 
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Figure 5.6 Tissue disruption using cryogenic grinding. A cryogenic mill (left), also known as freezer 
mill, can be used for the pulverization of hard tissue such as bone samples into fine powder prior to 
DNA extraction. During a grinding cycle, an impactor (right) maves back and forth, under a magnetic 
field, inside a grinding vial, grinding the sample to a fine powder. The grinding process is carried out 
at low temperatures (approximately ~196°C), using liquid nitrogen to protect temperature-sensitive 
analytes such as DNA. (© Richard C. Li.) 


are embedded in a calcified matrix that is responsible for the rigid structure of bone and teeth. In 
order to achieve a high yield of DNA extraction, it is necessary to remove the calcified matrix. A 
decalcification process removes calcium ions from the matrix, thus making the specimen suitable 
for DNA extraction. The most commonly used decalcifying agents for DNA extraction purposes 
are chelating agents such as ethylenediaminetetraacetic acid (EDTA), which sequesters the calcium 
ions, Decalcification isa lengthy procedure. Bone or teeth powder is usually treated with the decal 
fying agent overnight or for a longer period of time, depending on the size and source of the sample. 


5.1.2 Lysis of Cellular and Organelle Membrane: 

During orafier tissue disruption, membranes—including those ofcells, nuclei and mitochondria— 
are lysed in order to release DNAs, including nuclear and mitochondrial DNA. ‘The lysis can 
be carried out using salts and chaotropic agents (Section 5.2.3) such as guanidinium salts and 
detergents such as sarkosyl and sodium dodecyl sulfate (SDS). These substances can destroy 
membranes, denature proteins, and dissociate proteins such as histones from DNA. The lysis pro- 

cedure is usually carried out in a buffer, such as Tris, in order to maintain a pH where endog 
enous deoxyribonucleases (DNases) remain inactive. DNases are a type of nuclease that catalyzes 
the cleavage of phosphodiester bonds of DNA. Endogenous DNases are located in cytoplasmic 
lysosomes and play a role in degrading the DNA of invading viruses. When cells are lysed, the 
DNases that are also released can degrade the extracted DNA. Chelating agents such as EDTA or 
Chelex® (Section 5.2.2) can therefore be used to chelate the divalent cations that are the cofactors of 
DNases, in order to inhibit DNase activities. Furthermore, reducing agents such as mercaptoetha. 

nol or dithiothreitol (DT'T) can be used to inhibit the oxidization processes that can damage DNA. 


5.1.3 Removal of Proteins and Cytoplasmic Constituents 

Afier lysis, cytoplasmic constituents, such as proteins and liquids that interfere with DNA 
extraction, are removed. Proteins and lipids are usually removed by one or more rounds of 
extraction with organic solvents such as phenol-chloroform mixtures (Section 5.2.1), Another 
strategy to remove cytoplasmic constituents is to utilize the reversible binding of DNA toa solid 
material such as silica, which selectively binds DNA in chaotropic salt solutions. ‘The proteins 
and cytoplasmic constituents can then be removed through washing steps. 
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5.1.4 Storage of DNA Solutions 

Purified high-molecular-weight DNA is usually stored in TE buffer (10 mM Tris-HCl, | mM EDTA, 
pH.8.0). EDTA is usually included in storage solutions to chelate divalent cationsand thereby inhibit 
DNases. Such a DNA solution may be stored at 4°C or ~20°C. For long-term storage, 80°C is 
recommended. Frequent freezing or thawing cycles should be avoided because temperature fluctua. 

tions may cause breaks of single- and double-stranded DNA. Additionally, DNA containing impu: 

rities such as extracts generated via the Chelex method are much less stable. The presence of heavy 
metals, such as cadmium and cobalt, can cause breakage of phosphodiester bonds in the molecules. 

Additionally, unsuccessful removal of exogenous or intracellular free radicals, such as a hydroxyl 
radical (HO-), which have unpaired valence electrons, can cause DNA damage such as strand breaks. 

Furthermore, contamination by DNases may lead to subsequent degradation of DNA. 


5.1.5 Contamination 

Contamination is usually caused by the introduction of exogenous DNA to an evidence sample. 
It can occur between samples, between an individual and a sample, between other organisms 
and a sample, or between amplified DNA and a sample. Certain procedures can be utilized to 
prevent the occurrence of contamination. For example, evidence and reference samples should 
be processed separately in different rooms to avoid sample-to-sample contamination. In situ 
ations where space is limited, the evidence sample should be processed before the reference 
sample. Additionally, evidence samples should be processed and extracted for isolating DNA in 
separate areas (or at different times) from DNA amplification areas. 

Solutions and test tubes used for extraction should be DNA-free, and aerosol-resistant pipet 
tips should be used during the extraction process. Additionally, the levels of contamination 
should be monitored by using extraction reagent blanks (having reagents but no samples), which 
monitor contamination from the extraction. 


5.2 Methods of DNA Extraction 
5.2.1 Extraction with Phenol-Chloroform 
“This method is also called organic extraction. Major steps include the following: 


5.2.1.1 Cell Lysis and Protein Digestion 
“These steps can be achieved by digestion with proteolytic enzymes such as proteinase K before 
extraction with organic solvents. 


5.2.1.2 Extraction with Organic Solvents 

‘The removal of proteins is carried out by extracting aqueous solutions containing DNA with a 
mixture of phenol:chloroform:isoamyl alcohol (25:24:1). Phenol is used to extract the proteins 
from the aqueous solution, Although phenol has a slightly higher density than water, itis some- 
times difficult to separate it from the aqueous phase. Therefore, chloroform is utilized as it has 
a higher density than phenol. As a result, the phenol-chloroform mixture forms the organic 
phase at the bottom of the tube and is easily separated from the aqueous phase. Isoamyl alcohol 
is often added to the phenol-chloroform mixture to reduce foaming. During partition, DNA is 
solubilized in the aqueous phase, while lipids are solubilized in the organic phase. Proteins are 
located at the interface between the two phases (Figure 5.7) 


5.2.1.3 Concentrating DNA 

‘Two common methods for concentrating DNA are ethanol precipitation and ultrafiltration. In the 
first method, the DNA is precipitated from the aqueous solution with ethanol and salts. Ethanol 
depletes the hydration shell of DNA, thus exposing its negatively charged phosphate groups. The 
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Figure 5.7 DNA extraction using organic solvent. The DNA is contained in the aqueous phase, 
‘while cellular materials such as lipids are contained in the organic-solvent phase. Proteins remain in 
the barrier between the two phases. (@ Richard C. Li) 
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Figure 5.8 Concentrating DNA solutions using filtration devices. DNA samples are loaded into the 
reservoir. The liquid is filtered by centrifugation and the DNA becomes trapped in the membrane. 
The cartridge is then inverted to recover the trapped DNA by centrifugation. (© Richard C. Li.) 


precipitation can only occur if sufficient quantities of cations are present in the solution. The 
most commonly used cations, such as ammonium, lithium, and sodium, neutralize the charges 
on the phosphate residues of DNA, forming a precipitate. Ultrafiltration is an alternative to etha- 
nol precipitation for concentrating DNA solutions. The Microcon” and Amicon® are centrifugal 
ultrafiltration devices that can concentrate DNA samples (Figure 5.8). A proper Microcon® unit 
can be selected with a nucleotide cutoff equal to or smaller than the molecular weight of the DNA 
fragment of interest. Usually, the cutoff size is 100 kDa for forensic DNA samples. 
Phenol-chloroform extraction yields large, double-stranded DNA and can be used for 
either restriction fragment length polymorphism (RFLP)-based or polymerase chain reaction 
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(PCR)-based analysis. However, the organic extraction method is time-consuming, involves the 
use of hazardous reagents, and requires the transfer of samples among tubes. 


5.2.2 Extraction by Boiling Lysis and Chelation 
‘This technique, also called the Chelex” extraction method, was introduced in the early 1990s to 
forensic DNA laboratories. It usually includes the following steps: 


5.2.2.1 Washing 

‘This step removes contaminants and inhibitors that may interfere with DNA amplification. 
For example, heme compounds found in blood samples should be removed from blood sam- 
ples because it inhibits DNA amplification. 


5.2.2.2 Boiling 

Cells are suspended in a solution and incubated at 56°C, where DNases are not active, for 20 min. 

“This preboiling step softens cell membranes and separates clumps of cells from each other. The 
cells are then lysed by heating to boiling temperature in order to break open the membranes 
and to release the DNA. Additionally, the lysis of cells releases all of their cellular constituents, 
including DNases. The DNase degradation of the extracted DNA can be blocked by applying 
a chelating resin (Chelex® 100) during the extraction process, Chelex” 100 is an ion-exchange 
resin composed of styrene divinylbenzene copolymers, The paired iminodiacetate ion groups in 
Chelex® 100 act as chelators by binding to divalent metal ions such as magnesium. Magnesitim is 
a cofactor of endogenous DNases. Thus, sequestering magnesium in the solution using Chelex® 
100 protects DNA from degradation by DNases (Figure 5.9). 


5.2.2.3 Centrifugation 

Brief centrifugation is performed to pull the Chelex® 100 resin and cellular debris to the bot 

tom of the tube. The supernatant is used for DNA analysis. Carrying the Chelex” 100 resin over 
into the DNA amplification solutions should be avoided because the resin chelates magnesium, 
which is a necessary cofactor for DNA polymerases used for amplification. 
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Figure 5.9 Utilizing Chelex® for preparing DNA samples. (a) Cations such as Mg are required 
for the activity of endogenous DNase, which degrades DNA. (b) Chelex® prevents DNA degradation 
from endogenous DNase by sequestering the Mg’. (© Richard C. Li) 
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‘This method is simple and rapid and uses only a single tube for extraction, thus reducing the 
risks of contamination and sample mix-ups. However, the heating step of this method disrupts 
and denatures proteins and also affects the chromosomal DNA. ‘The resulting DNA extracted 
from the solution is fragmented single-stranded DNA. Thus, the DNA extracted is not suitable 
for RFLP analysis because RFLP requires double-stranded DNA samples. The DNA obtained by 
lysis and chelation can only be used for PCR-based DNA analysis. 


5.2.3 Silica-Based Extraction 

‘The method of adsorbing DNA moleculesto solid silica surfacesis used for extraction (Figures 5.10 
and 5.11). The method is based on the phenomenon that DNA is reversibly adsorbed to silica— 
silicon dioxide (SiO,)—in the presence of high concentrations of chaotropic salts. Chaotropic 
salts can disrupt hydrogen bonding, affecting the three-dimensional structures of macromol- 
ecules. These salts are used to denature proteins. Additionally, chaotropic salts can facilitate the 
adsorption of DNA to silica, 

In aqueous solutions, the hydration shells of nucleic acids shield the negative charges of 
phosphates at the phosphodiester backbone of nucleic acids. As a result, nucleic acids are usu: 
ally hydrophilic in aqueous solutions. In the presence of chaotropic salts, nucleic acids become 
hydrophobic. The dehydrating effect caused by chaotropic salts allows the phosphate residues to 
become available for adsorption to the silica surface. Common chaotropic salts utilized for DNA 
extraction include guanidinium salts such as guanidinium thiocyanate (GuSCN) and guani: 
dinium hydrochloride (GuHCl). GuSCN is a more potent chaotropic salt and also facilitates cell 
lysis and DNA adsorption. This technique usually includes the following steps: 


5.2.3.1 Cell Lysis and Protein Digestion 
“This is carried out by proteinase K digestion. The cell membranes are broken open, and DNA is 
released. 


5.2.3.2 DNA Adsorption onto Silica 

‘This step utilizes silica as the stationary phase in a membrane configuration to which the DNA 
in the cell lysate binds, Adsorption of the DNA to the silica occurs in the presence of high 
concentrations of chaotropic agents (some protocols adjust pH conditions to enhance adsorp- 

tion). Under these conditions, cellular materials and other contaminants that can inhibit DNA 
amplification reactions are not retained on the silica membrane. The adsorbed DNA is largely 
double stranded. 


Figure 5.10 A silica-membrane spin column. (@ Richard C. Li.) 


5.2 Methods of DNA Extraction 


Figure 5.11 Silica-based DNA extractions. (a) Cells are ysed in the presence of proteinase, The DNA 
then binds to the silica matrix. A washing step removes unbound cellular materials and salts from the 
matrix, The purified DNA is then eluted for use in downstream applications. (b) Using silca-coated 
paramagnetic particles for DNA extraction. The particle is added into a lysate, and then DNA binds 
to the silica surface of the particle. The particle is then captured by a magnetic field. Afterwards, the 
supematant is removed, and cellular materials are washed away. DNA elution follows. See Section 6.2.3 
(© Richard C. Li) 


5.2.3.3 Washing 

“This step removes chaotropic agents and other contaminants, An ethanol-based wash solution is 
used. This wash solution does not remove DNA from the silica. The chaotropic agents and con- 
taminants that are present in the solution can be removed using the ethanol-based wash solution. 


5.2.3.4 Elution of DNA 
‘The adsorbed DNA can be eluted by rehydration with aqueous low-salt solutions. The eluted 
DNA is double stranded and can be used for a wide variety of applications. 

Silica-based extraction methods yield high-quality DNA. Silica membrane devices can also be 
adapted for automation; for example, this can be done by using 96-well silica membrane plates and 
avariety of robotic platforms. Another type of device utilizes silica-coated paramagnetic particles 
that adsorb DNA in the solution (Figure 5.11b), A magnet is used for particle capture instead of 
centrifugation or vacuum filtration, The magnetic particles can be resuspended during the wash 
steps, and the solution containing contaminants and cellular materials is then discarded. DNA 
is eluted after washing. This device can also be adapted to automated, high-throughput methods. 

Over the years, high-throughput silica-based procedures have been developed to process 
large numbers of samples in parallel. Some of these methods are adapted for automated DNA 
extraction platforms (Figures 5.12 and 5.13), 
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Figure 5.12 Automated bench-top DNA purification systems that enable the isolation of genomic 
DNA from a wide variety of forensic samples. A low-throughput sample-preparation system that 
can process up to 12 samples (left) and a low-to-medium throughput sample-preparation system 
(Fight). (® Richard C. Li.) 


Figure 5.13 Integrated platforms enabling automated DNA sample preparation and liquid handling 
for subsequent assay setup. These systems utilize silica-coated bead chemistries and can achieve 
moderate to high throughput of processing (1-96 samples) with bar coding for sample tracking. A 
Hamilton (top) and a Qiagen system (bottom). (® Richard C. Li.) 
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5.2.4 Differential Extraction 
“This method is very useful for the extraction of DNA from biological evidence derived from sex- 
ual assault cases, such as vaginal swahs and bodily fluid stains. These types of evidence often con- 
tain mixtures of spermatozoa from a male contributor and nonsperm cells such as epithelial cells 
from a female victim. Mixtures of individual DNA profiles can complicate data interpretation. 
‘This method selectively lyses the nonsperm and spermatozoa in separate steps based on the 
differences in cell- membrane properties of spermatozoa and other types of cells. Thus, the DNA 
from spermatozoa and nonsperm cell fractions can be sequentially isolated 
First, the differential extraction procedure involves preferentially lysing the nonsperm cells 
with proteolytic degradation using proteinase, Sperm plasma membrane contains proteins 
cross-linked by disulfide bonds. The membrane exhibits a much higher mechanical stability 
than nonsperm cells and is thus resistant to proteolytic degradation. The nonsperm DNA is 
released into the supernatant and the liquid containing it (the nonsperm fraction) is extracted, 
jelding a fraction that predominantly contains DNA from nonsperm cells 
To lyse the sperm cells, it is necessary to cleave the disulfide bonds in addition to proteo 
lytic digestion, The application of DT'T, a reducing agent, is an approach that can be used for 
cleavage. In the presence of DTT and proteinase K, the sperm plasma membrane is then lysed 
(Figure 5.14), Subsequently, DNA from the sperm cells can be extracted (Figure 5.15). 
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Figure 5.14 DTT reaction. The breaking of disulfide bonds in cystine residues is carried out by 
adding a reducing agent such as DTT. 
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Figure 5.15 Differential extraction process used to separate sperm cells from nonsperm cells. 
Nonsperm cells are lysed in the presence of SDS and proteinase K (PK); sperm cells are resistant 
to such conditions, The nonsperm cell DNA is extracted. The sperm cells are then lysed separately 
in the presence of SDS and proteinase K plus DTT to extract the sperm DNA. (® Richard C. Li.) 
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‘This process isolates sperm and nonsperm cell DNA separately for obtaining DNA profiles 
from male and female contributors, respectively. However, the non-sperm-cell DNA and sperm- 
cell DNA may not be completely separated from one another; this can happen, for example, if 
the sperm cells have already lysed due to poor sample conditions. Some sperm DNA may be 
present in the non-sperm-cell fraction. Additionally, if a mixture has an abundance of non- 
sperm cells and fewer sperm cells, non-sperm-cell DNA may be detected in the sperm fraction. 
‘Thus, new methods that can overcome these problems are highly desired. 


5.3 Essential Features of RNA 

Like DNA, ribonucleic acid (RNA) is a linear molecule containing four types of nucleotides 
linked by phosphodiester bonds (Figures 5.16 and 5.17). However, certain properties of RNA dif- 
fer from those of DNA. Unlike DNA containing deoxyribose (see Figure 5.18), the sugar residue 


Ho OH 


Figure 5.16 The structure of ribonucleatide. Each ribonucleotide in a RNA polymer consists of 
three components: a ribose, nitrogenous base (uracil is shown as an example), and 2 phosphate 
‘Broup, The 1’ carbon of the ribose is attached to the nitragen of the nitrogenous base. A phosphate 
‘Broup is attached to the 5” carbon of the ribose, 
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Figure §.17 Chemical structure of RNA (polyribonucleatide) chain, 
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Figure 5.18 Comparison of (a) ribose and (b) deoxyribose. The hydroxyl group attached to the 2° 
carbon of ribose is replaced by a hydrogen graup in deoxyribose. 


of RNA isa ribose, which has a hydroxyl (OH) group at the 2’ carbon position. ‘Therefore, RNA 
has a lower pKa, which means that it is more acidic than DNA. RNA contains uracil (U) in the 
place of thymine in DNA (Figure 5.19). RNA is typically found in cells as a single-stranded mol- 
ecule, while DNA is double stranded. Polyribonucleotides can form complementary helices with 
DNA strands by base pairing (with the exception of uracil pairs with adenine) (see Figure 5.20). 

Total RNA contains all the RNA of the cells, including RNAs involved in protein synthesis 
and posttranscriptional modification, as well as regulatory RNAs. The RNA that carries codes 
from a DNA template is called messenger RNA (mRNA) and usually contains a cap and polyad: 
enine tail at the 5’ and 3’ ends of the molecule, respectively (Figure 5.21), 

‘The stability of RNA is an issue for mRNA-based forensic analysis. Single-stranded RNA is 
chemically less stable than DNA. The 2’ OH group of RNA can react with its phosphodiester 
backbone, potentially causing the nonenzymatic hydrolysis of an RNA molecule. Several factors, 
such as moisture, UV light, high temperature, and extreme pH, can facilitate the nonenzymatic 


Figure 5.19 Comparison of (a) uracil and (b) thymine, Thymine has a methyl group attached at the 
S-carbon position, 
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Figure 5.20 Base pairing of uracil (left) and adenine (right) 
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Figure 5.21 Structure of mRNA. Eukaryotic mRNA is modified at the 5’ end (cap) and 3° end 
(polyadenine tail) needed for protein synthesis. Start and stop codons are required for the initiation 
and termination of protein synthesis. (© Richard C. Li.) 


123 


Forensic Biology, Second Edit 


hydrolysis of RNA phosphodiesters, which leads to the degradation of RNA. Moreover, endog 
enous ribonucleases (RNases), present within cells, represent the major factor causing RNA deg. 
radation, Environmental microorganisms are also a common source of RNase contamination. 
RNases are very stable and usually do not require cofactors to carry out enzymatic reactions. 
Small amounts of RNases are sufficient to degrade RNA. RNA can be protected by adding RNase 
inhibitors such as diethylpyrocarbonate. Additionally, using RNase-free laboratory supplies and 
reagents and wearing disposable gloves while handling samples and reagents can reduce the 
risks of RNase contamination, 


5.4 Methods of RNA Extraction 

5.4.1 RNA-DNA Coextraction 

For most forensic applications, total RNA is usually isolated. ‘The procedure for isolating total 
RNAis simpler than that for mRNA. The total RNA isolated usually contains a sufficient amount 
of mRNA for subsequent reverse transcriptase PCR (RT-PCR; see Chapter 7). However, if the 
quantity of a target mRNA is very low, the procedures specifically for isolating mRNA should be 
used. There are a variety of protocols for isolating total RNA. However, RNA-DNA coextraction 
methods allow for the simultaneous extraction of high-quality DNA and RNA for forensic DNA 
analysis and bodily-fluid identification (Chapter 11), respectively, without the consumption of 
additional samples when extracted separately. 

Biological samples are first lysed in lysis buffer. The lysis buffer usually contains chaotropic 
salts that can facilitate the lysis of cells and denature proteins, thus inactivating endogenous 
RNases to protect RNA. ‘The lysate is then passed through a silica membrane column. A high- 
salt environment in the lysate allows selective binding of silica to genomic DNA over RNA. The 
column is washed, and purified DNA is then eluted. 

‘The extraction of RNA is achieved by utilizing a high concentration of chaotropic salts that 
are already present in the lysate, along with ethanol, in order to decrease the hydrophilic prop- 
erty of RNA and increase its affinity for silica. After ethanol is added to the flow-through that 
passed the first column, the sample is then applied to a second silica column, where total RNA 
molecules, longer than 200 nucleotides, bind to the silica membrane. RNA including mRNA is 
then eluted (Figure 5.22). This method does not isolate small RNAs such as miRNA, rRNA, and 
tRNA, which comprise 15%-20% of total RNA. 


5.4.2 miRNA Extraction 

miRNAs (Chapter 4) are low-molecular-weight RNAs ranging between 15 and 30 nucleotides in 
length. Conventional methods routinely used for extracting total RNA do not effectively recover 
small RNAs; thus, they are not suitable for isolating miRNA. One approach to extracting small 
RNA molecules including miRNA involves two steps: organic-solvent extraction to isolate total 
RNA and solid-phase extraction to enrich small RNA. 

To begin the process, tissues are disrupted and cells are lysed. ‘The lysis reagents also inacti 
vate RNases to protect RNA. The lysate is then extracted with an organic solvent, such as phenol 
and chloroform, with a high concentration of chaotropic salts such as GuSCN. The partitioning 
of DNA and RNA between the organic phase and the aqueous phase is determined by the pH 
during the organic extraction. At an acidic pH, DNA partitions to the organic phase. The pKa of 
RNA is usually lower than DNA; thus, RNA remains hydrophilic and is retained in the aqueous 
phase under this condition. This step removes most of the DNA, proteins, and other cellular 
components from the lysate into the organic phase. 

‘The second step, silica-based extraction, further purifies and enriches small RNAs. It is 
achieved by utilizing the high concentration of chaotropic salt that is already present in the 
lysate, along with ethanol. ‘The size-fractioning of RNAs is achieved using different ethanol 
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Figure 5.22 RNA and DNA coextraction using a silica-based method. See Section 5.4.1 
(© Richard C. Li) 


concentrations, At a low ethanol concentration, the solvent-extracted lysate is passed through 
a silica membrane filter. Large RNAs are retained on the silica membrane, while small RNAs 
are not and are collected in the filtrate. The filtrate is passed through a second silica membrane 
filter. Ata high ethanol concentration, the small RNAs are retained on the silica membrane, The 
small RNAs are then eluted in a low ionic strength solution (Figure 5.23). RNA less than 200 
nucleotides, including miRNA, can be obtained. 


After RNA is extracted, the small amounts of RNA can be quantified using a quantitative 


RT-PCR (Chapter 7) or fluorescent intercalating dye assay (Chapter 6). Purified RNA can be 
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Figure 5.23 Schematic illustration of an miRNA extraction method. See Section 5.4.2. 
(© Richard C. Li) 


stored at -80°C in RNase-free water or Tris-EDTA buffer (pH 7). Single-use aliquots are pre- 
ferred when possible to avoid multiple freeze-thaw cycles. 

‘The integrity of extracted RNA is a great concern for RNA-based forensic analysis. RNA 
quality is traditionally assessed using the 285:185 rRNA ratio. There are some conditions 
‘where this method has been shown to be inconsistent; that is, in which the 288:185 rRNA ratio 
does not reflect the true level of RNA degradation. Recently, the RNA integrity nuntber (RIN) 
has provided an effective method for determining RNA quality. RIN is a software algorithm 
that takes the electrophoretic RNA measurements into account in order to assign integrity 
values to RNA samples. RIN ranges from 1 to 10, with 10 being the most intact. Thus, the 
RIN method facilitates the assessment of the integrity of RNA samples. As reflected by RIN, 
RNA degradation has a negative influence on the reproducibility of the results of RNA-based 
forensic analysis. 
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DNA Quantitation 


Determining the amount of DNA in a sample is essential for polymerase chain reaction 
(PCR-based DNA testing (Chapter 7). Because PCR-based DNA testing is very sensitive, a nar 
row concentration range is required for amplification to be successful. If too much DNA tem- 
plate is used in PCR, the resulting artifacts may interfere with data analysis and interpretation. 
On the other hand, very low amounts of DNA template may result in a partial DNA profile or 
failure to attain a profile. Samples with poor purity may contain PCR inhibitors that lead to a 
failure of DNA amplification. Thus, a test that can measure the quality and quantity of the DNA 
template of a sample is desirable. 

‘Additionally, forensic samples containing DNA are often mixtures that may include nonhu 
man DNA. For instance, microbial DNA may be present. Thus, it is necessary to use human- 
specific DNA quantitation methods to selectively determine the amount of human DNA present. 
In the United States, quality-assurance guidelines require the use of a quantitation method that 
estimates the amount of human nuclear DNA in crime-scene evidence samples. 

Inthis chapter, the slot blot, intercalating dye, and quantitative PCR methods are introduced. 
‘The quantitative PCR method is the most sensitive of the three methods. It is the only method 
that can detect PCR inhibitors. Both the slot blot and the quantitative PCR methods can detect 
human and nonhuman primate DNA. Current technology cannot distinguish between human 
and nonhuman primate DNA. 


6.1 Slot Blot Assay 

Historically, the slot blot assay was used to detect human genomic DNA in a sample. 

Methodically, the slot blot assay works based on the following principles. Prior to the quan- 

titation, an alkaline solution is added to the genomic DNA sample, which denatures DNA. 

Generating single-stranded DNA is necessary for DNA to be cross-linked onto a nitrocellulose 
membrane. The DNA sampleis then spotted, using a slot blot device, onto a nitrocellulose mem- 

brane (Figure 6.1). The single-stranded DNA is then immobilized onto a nylon membrane. The 
targeted sequence is revealed by hybridization with a labeled 40-nucleotide probe complemen- 

tary to a primate-specific a-satellite DNA sequence at the D172! locus (Figure 6.2). In humans, 
the a-satellite DNA sequences are highly repetitive sequences located near the centromeres of 
chromosomes. These sequences are usually distinct for each chromosome. 

‘Three detecting schemes of the slot blot assay have been developed. Initially, the D17Z1 probe 
was labeled with radioisotopes that could be visualized by exposing the slot blot membrane to 
xcray film. The hazardous radioisotope detection method was then replaced by alkaline phos- 
phatase-labeled and biotinylated probes. The alkaline phosphatase-labeled probe can be coupled 
with chemiluminescent detection (Lumi-Phos Plus kit, Lumigen, Inc.). The biotinylated probe 
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Figure 6.1 A slot blot device. (@ Richard C. Li.) 


(QuantiBlot Human DNA Quantitation Kit, Applied Biosystems) can be coupled with either 
colorimetric or chemiluminescent detection. 

In colorimetric detection, the biotin moiety of the probe is bound to streptavidin. The strep: 
tavidin is conjugated with horseradish peroxidase, which catalyzes the oxidation reaction of tet 
ramethylbenzidine (TMB), a substrate, forming a blue precipitate. With the chemiluminescent 
detection method, the horseradish peroxidase catalyzes the oxidation reaction of a substrate 
such as luminol, emitting photons that can be detected by exposure to x-ray film. The sensitiv 
ity of chemiluminescent detection is slightly higher than that of the colorimetric detection. The 
detection mechanisms will be discussed in Chapter 9 

‘The detected signal intensity is proportional to the concentration of the DNA sample in ques 
tion. Quantitative measurements can be made by comparing an unknown sample to a set of 
standards with known DNA concentrations (Figure 6.3). 

‘The assay typically quantifies DNA over the range of 150 pg-10 ng, However, the quantitation 
results are manually read, and conclusions are based on subjective judgments. Additionally, the 
DI7Z1 sequences of humans and other primates share homology. The probe cannot distinguish 
between human and other primate genomic DNA. This is nota great concern because cases involy 
ing nonhuman primates are rare. Nevertheless, the probe does not cross-react with all other spe- 
cies. This assay has been replaced by recently developed quantitative PCR assays (see Section 6.3) 


6.2 Fluorescent Intercalating Dye Assay 
Small quantities of DNA can also be quantified by using a fluorescent intercalating dye method 
Intercalating dyes, usually planar molecules, can slide themselves in between base pairs of 
DNA without breaking the DNA double helix. The Quant-iT™ PicoGreen® dsDNA reagent 
(Invitrogen) is a fluorescent intercalating dye that stains double-stranded DNA (dsDNA) for 
quantitation in a sample (Figure 6.4a). The detection limit of this method is approximately 
250 pg. Intercalating dyes, not specific to human DNA, bind to all DNA molecules. Therefore, 
fluorescent intercalating dye assay can be utilized for the quantitation of known reference sam- 
ples. For instance, DNA database samples from known sources can be quantified using this 
method. The assay has also been adapted for automation and is, thus, a high-throughput method 
DNA samples are simply added to a solution containing the fluorescent intercalating dye, The 
fluorescence, proportional to the quantities of DNA (Figure 6.4b), is measured using a standard 
spectrofluorometer with excitation and emission wavelengths of the light source. A standard 
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Figure 6.2 Slot blot assay. Questioned DNA is immobilized onto a solid-phase membrane then 
hybridized with a biotinylated D17Z1 probe. The detection of the hybridization is carried out by 
(2) streptavidin (SA) and horseradish peroxidase (HRP) conjugate, and a colorimetric reaction is 
catalyzed by HRP using tetramethylbenzidine (TMB) as a substrate; (b) SA and HRP conjugate, and 
a chemiluminescent reaction is catalyzed by HRP using Luminol as a substrate; (c) immobilized 
DNA is hybridized with an alkaline phosphatase (AP)-labeled D17Z1 probe. The detection of the 
hybridization is carried out by a chemiluminescent reaction catalyzed by AP using Lumigen* PPD 
as a substrate. (© Richard C. Li.) 
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Figure 6.3 Human DNA quantitation using the slot blot assay. Standards with known amounts of 
human DNA are applied, and unknown samples and a set of standards are compared. The quantities 
in the unknown samples are estimated by visual comparison to the standards. (© Richard C. Li.) 
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Figure 6.4 DNA quantitation using intercalating dye. (a) Fluorescent dye intercalates into DNA. 
The fluorescence can be measured upon applying an excitation light source. (b) A standard curve 
can be constructed using known amounts of DNA standards. The amount of questioned DNA can 
be determined by comparing the standard curve. (@ Richard C. Li.) 
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curve is first created using samples containing known amounts of DNA. The assay is then per 
formed for the unknown samples and the quantities of DNA in the samples are determined by 
comparing the results to the standard curve. 


6.3 Quantitative PCR Assay 
Based on the principle of PCR amplification (Chapter 7), the amount of PCR product amplified 
correlates with the initial concentration of DNA templates. Thus, the DNA concentration of a sam- 
ple can be determined, There are two types of quantitative PCR methods, End-point PCR methods 
measure the quantity of amplified product at the end of PCR. Usually, the fluorescence is emit 
ted by the dyes that intercalate into the double-stranded DNA. The quantity of amplified DNA is 
measured from the amount of fluorescence emitted from dyes such as SYBR (Figures 6.5 and 9.1b). 
Real-time PCR methods can quantify the amplified DNA during the exponential phase of PCR 
(Chapter 7). The quantitation result is not affected to a significant extent by slight variations in PCR 
conditions. Thus, the precision of the quantitation of target sequences is improved with this method. 


6.3.1 Real-Time Quantitative PCR 

Real-time quantitative PCR (qPCR) was developed in the early 1990s, and it analyzes the ampli 
fication of a target sequence at each cycle of PCR. A fluorescent reporter is used to monitor 
the accumulation of amplified products during PCR. The fluorescence signals of the reporter 
molecule increase as amplified products accumulate with each cycle of PCR. qPCR is commonly 
used because of the following advantages: 


Better objectivity than the QuantiBlot method 
Increased sensitivity with a large dynamic range (30 pg-100 ng) 
More accurate measurements of small quantities of DNA in samples 
Fewer laboratory manipulations; amenable to automation, 


Ability to detect PCR inhibitors (Section 6.3.1.1) 
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Figure 6.5 End-point PCR using SYBR Green detection. During the extension phase of PCR, in 
which DNA synthesis occurs, the dye binds to the double-stranded amplicons. Upon excitation, the 
emission intensity of the dye can be measured. Pol represents Taq polymerase. (© Richard C. Li.) 
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‘The technique is amenable to multiplexing to detect more than one type of DNA target sequence 
in a single reaction, Commercial qPCR kits for human DNA and Y-chromosome DNA quantita 

tion are available. Additionally, the qPCR method for mtDNA quantitation is possible. qPCR uses 
commercially available fluorescence-detecting thermocyclers to amplify specific DNA sequences 
and measure their concentrations simultaneously. The fluorescent reporter can be a nonspecific 
intercalating double-stranded DNA-binding dye ora sequence-specific fluorescently labeled oligo- 

nucleotide probe (Chapter 9), The target sequences are amplified and detected by the same instru: 

ment, and the reporter fluorescence is monitored externally. Thus the reaction tubes do not need 
to be opened. This minimizes aerosol contamination and reduces the risk of false-positive results. 
A widely used qPCR probe technique is the TagMan method (Applied Biosystems). 


6.3.1.1 TaqMan Method 
“This method utilizes the 5’ exonuclease activity of Taq polymerase to cleave the probe during 
PCR (also known as the 5° exonuclease assay). The probe is designed to anneal to the target 
sequence between the upstream and downstream primers and is added to the PCR mixture 
together with primers (Figure 6.6). The probe T,, (melting temperature; see Chapter 7) should 
be higher than the amplification primer T,,.. A minor groove binder (MGB), such as dihydrocy- 
clopyrroloindole tripeptide, is often linked at the 3° end of the probe (Figure 6.6). A conjugated 
MGB binds to the minor groove of a B-form DNA helix (Figure 6.7), which is stabilized by van 


Figure 6.6 TaqMan probe. Each probe is labeled with a reporter dye (R) on the 5’ end and a 
fluorescence quencher (Q) on the 3’ end. MGB represents a minor groove binder. (@ Richard C. Li.) 
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Figure 6.7 DNA double helix. The double-helical structure of B-DNA, the most common form of 
DNA, is shown. With a helical diameter of 2 nm, each turn of the helix takes 3.4 nm, which cor- 
responds to 10 base pairs per turn. The major and minor grooves are shown. (© Richard C. Li.) 
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der Waals forces. Asa result, conjugating an MGB into a probe increases the T,, values, allowing 
for the use of shorter probes. As a result, having the probe T,, higher than that of the primers 
ensures that the probe is fully hybridized during primer extension. The oligonucleotide probe is 
labeled with both a reporter fluorescent dye, usually 6-carboxyfluorescein (6-FAM) or tetrachlo- 

rofluorescein (TET) at the 5’ end; and a nonfluorescent quencher moiety, such as tetramethyl 

thodamine (TAMRA), usually at the 3’ end or any thymine position. While the probe is intact, 
the quencher greatly reduces the fluorescence emitted by the reporter via fluorescent resonance 
energy transfers (FRET), FRET is a distance-dependent interaction between two molecules in 
which the excitation energy is transferred from a photon donor molecule (reporter) to an accep- 

tor molecule (quencher) without emission of a photon. During the extension phase of the PCR 
cycle, the 5” exonuclease activity of Taq polymerase cleaves the reporter dye from the probe. 
Because the reporter dye is no longer in close proximity to the quencher, the FRET is disrupted 
and the probe begins to fluoresce (Figure 6.8). The intensity of fluorescence can be measured 
(Chapter 9) and is proportional to the amount of target DNA synthesized during the PCR. 

In this assay, the rate of accumulation of amplified DNA over the entire course of a PCR is 
generated. The greater the initial concentration of target templates in a sample, the fewer cycles 
required to reach a particular quantity of amplified product. ‘The initial concentration of target 
templates can be expressed using the cycle threshold (C). Cy is defined as the number of PCR 
cycles required for the fluorescent signal to cross a threshold of amplification where the signal 
exceeds background level or baseline noise. A plot of C; against the logy, of the initial concen: 
tration of a set of DNA standards yields a straight line as a standard curve (Figure 69). The 
target sequences in an unknown sample can be quantified by comparing to the standard curve. 
Additionally, qPCR has the ability to detect PCR inhibitors (Chapter 7) that interact with DNA or 
with DNA polymerases. The presence of PCR inhibitors in the DNA extracts can be measured by 
monitoring the amplification of the internal positive control (IPC). Most human DNA quantita 
tion kits contain a known amount of exogenous DNA as IPC that can be fortified to the sample 
and amplified. Monitoring the amplification of IPC enables the detection of PCR failure due to 
inhibition when the IPC’s C; value is higher than that of an uninhibited PCR reaction. 
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Figure 6.8 Real-time PCR with TaqMan detection, The TaqMan probe is shown, During extension, 
the 5’ nuclease activity of Taq polymerase (Pol) cleaves the probe. Reporter dye is released during 
each cycle of PCR. (@ Richard C. Li.) 


139 


Forensic Biology, Second Edition 


| 
ws 
‘ | 
i aay 
m Guten 
« 
Ts 
z 
tags. ote 
te 
: ti 
F 
a 
al H 
Lees 
al 
© Capcom 


Figure 6.9 Real-time quantitative PCR. (a) Amplification curves for 2 dilution series of standards 
with known quantities of DNA. C; is the cycle threshold at which the amplification curve crosses, 
the threshold, as indicated by the red line. (b) A standard curve based an data obtained fram the 
amplification curves. The quantity of DNA in a questioned sample can be determined from the 
standard curve. (© Richard C. Li.) 
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Amplification by Polymerase 
Chain Reaction 


7.1 Denaturation and Renaturation of DNA 

‘The DNA double helix is stabilized by chemical interactions. Base pairing of the two strands 
involves the formation of hydrogen bonds that provide weak electrostatic attractions between 
electronegative atoms. An adenine always pairs with a thymine (two hydrogen bonds), and a 
cytosine pairs with a guanine (three hydrogen bonds) (see Figure 7.1). Base stacking involves 
hydrophobic interactions between adjacent base pairs and provides stability to the double helix. 

Double-stranded DNA is maintained by hydrogen bonding between the bases of complemen- 
tary pairs. Denaturation occurs when the hydrogen bonds of DNA are disrupted, and the strands 
are separated. A melting curve can be obtained from measuring DNA denaturation by slowly heat 
ing a solution of DNA. As shown in Figure 7.2, an increasing temperature increases the percent 
age of the DNA that is denatured. The temperature at which 50% of DNA strands are denatured 
is defined as the melting temperature (T.,). The value of T, is affected by the salt concentration of 
the solution, but can also be affected by nucleotide content, high pH, and length of the molecule. 

‘Nucleotide content affects the value of T,, because GC pairs are joined by three hydrogen 
bonds while the AT pairs are joined by only two, Increasing the GC content of a DNA molecule 
increases the T,,. Excessively high pH causes the hydrogen bonds to break and the paired strands 
to separate. Finally, the length of the molecule also affects the T., simply because a longer mol- 
ecule of DNA requires more energy to break more bonds than a shorter molecule. 

“The single strands in a solution of denatured DNA can, under certain conditions, reanneal into 
double-stranded DNA. ‘The process is called renaturation and two requirements must be met for it 
to occur, Fist, sufficient amounts of charged molecules, such as salts, must be present in the solu 
tion to neutralize the negative charges of the phosphate groups in DNA. This prevents the comple. 
mentary strands from repelling each other. Additionally, the temperature must be high enough to 
disrupt hydrogen bonds that formed randomly between the bases of DNA strands. However, exces- 
sively elevated temperatures can disrupt the base pairs between the complementary DNA strands, 


7.2 Basic Principles of Polymerase Chain Reaction 
“The polymerase chain reaction (PCR) allows the exponential amplification of specific sequences 
of DNA to yield sufficient amplified products, also known as amplicons, for various downstream 
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Figure 7.1 Base pairing between two DNA strands. (a) An adenine (right) pairs with a thymine 
(left). (0) A cytosine (left) pairs with a guanine (right). 
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Figure 7.2 Melting curve of DNA. The degree of DNA denaturation is increased by increasing the 
temperature. T,, and possible shapes of a DNA molecule are shown, (@ Richard C. Li.) 


applications. The technique is highly sensitive and can amplify very small quantities of DNA. 
“Therefore, it can be utilized for the analysis of samples of limited quantity. PCR-based assays are 
rapid and robust. Thus, PCR forms the basis of many forensic DNA assays such as DNA quan- 
titation (Chapter 6), short tandem repeat (STR) profiling (Chapter 20), and mitochondrial DNA 
(mtDNA) sequencing (Chapter 23). 

‘The concept of synthesizing DNA by a cycling process was first proposed in the early 1970s, In 
the mid-1980s, PCR technology was finally developed by Kary Mullis and his coworkers (Cetus 
Corporation) to amplify the fi-globin gene for the diagnosis of sickle-cell anemia. In the late 1980s, a 
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7.3 Essential PCR Components 


Plateaus 


Fluorescence 


Cycle number 


Figure 7.3 PCR amplification curve. A fluorescence signal results from the accumulation of ampli- 
con, The location of the signal threshold is indicated as a dashed line, The C; value for the curve is 
the cycle at which the amplification curve crosses the threshold, (© Richard C. Li.) 


thermostable polymerase from Thermus aquaticus was utilized for PCR. This step greatly increased 
efficiency and allowed the process to be automated. The result was a powerful impact on molecular 
biology. In 1993, Mullis was awarded the Nobel Prize for the invention of PCR technology. 

In the early 1990s, the technique for the simultaneous amplification and detection of the accu 
mulation of amplicons at each PCR cycle was developed, and the concept of real-time PCR was born. 
“This process allows the monitoring of amplicon production at each cycle of the PCR process. The 
fundamental processes were studied by characterizing the amplification kinetics of PCR using a 
graph that plotted the amount of amplicon yield at each cycle versus the cycle number (Figure 73) 

‘An S-shaped amplification curve is obtained and divided into an exponential phase, a linear 
phase, and a plateau. During the exponential phase, the amplicon accumulates exponentially. 
It was revealed that the amplicon accumulation during PCR was correlated to the starting copy 
number of DNA template. Thus, the amount of amplicon produced during the exponential 
amplification phase can be used to determine the amount of starting material. ‘This relation. 
ship can be further examined using a plot of cycle numbers versus a log scale of the serial dilu 
tion of the starting concentration of DNA template, which results in a linear relationship (see 
Chapter 6), It demonstrates that fewer cycles are needed if larger quantities of starting DNA 
template are present. The slope of this linear curve (Figure 6.96) is known as the amplification 
efficiency. The exponential phase continues until one or more of the components (Section 7.3) in 
the reaction become limited. At this point, the amplification efficiency decreases, the amplicon 
no longer accumulates exponentially, and PCR enters the linear phase of the curve. At the pla 
teau phase, no more amplicon is accumulated due to the exhaustion of reagents and polymerase. 


7.3 Essential PCR Components 
A PCR reaction requires thermostable DNA polymerases, primers, and other components, as 
described below (Figure 7.4) 


7.3.1 Thermostable DNA Polymerases 
A wide variety of DNA polymerases are available, They vary in fidelity, efficiency, and ability 
to synthesize longer DNA fragments. Nonetheless, Taq polymerase is the most commonly used 
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Figure 7.4 A liquid handling workstation for automated PCR assay setup. (© Richard C. Li.) 


enzyme for routine PCR applications (0.5-5 units per reaction). Currently, AmpliTag Gold™ 
DNA polymerase (Applied Biosystems) is the most common DNA polymerase for forensic 
applications. 

PCR reactions are usually set up at room temperature. Nonspecific annealing between 
primers and template DNA can occur, resulting in the formation of nonspecific amplicons. 
Additionally, annealing between the primers can occur to form primer dimers. Nonspecific 
annealing interferes with PCR amplification by reducing the amplification efficiency of the spe- 
cific sequences of interest. 

Such interference can be minimized by a hot-start PCR approach. The AmpliTaq Gold™ DNA 
polymerase, a modified enzyme, remains in an inactive form until activated with a pH below 7 
prior to the PCR cycling in which the inhibitory motif is inactivated. The pH of the butfer sys 
tem used in the PCR reaction is temperature sensitive; increasing the temperature decreases the 
pH of the solution. Thus, the activation of the enzyme can actually be carried out by a heating 
step at 95°C prior to the start of the cycling. During the heating process, the DNA strands also 
denature, which can prevent the formation of nonspecific PCR products 


7.3.2 PCR Primers 
PCR primers are the oligonucleotides that are complementary to the sequences that flank the 
target region of the template. A pair (forward and reverse) of primers (typically 0.1-1 uM) is 
required. Properly designed primers are critical to the success of a PCR reaction, Computer 
software such as Primer3 is available to assist and optimize the designing of primers. 

A primer must be specific to the target sequence; otherwise, nonspecific products that might 
interfere with the proper interpretation of a DNA profile might be produced. The primers within 
4 pair should have similar T,, values. The estimated T,, values of a primer pair should not differ 
by more than 5°C. ‘The T,, of an oligonucleotide primer can be predicted and calculated using 
the following equation. 


Try = 815°C +16.6(logu[K"]}+0.41(% ere) -(S 


where: 
[K*]_= concentration of the potassium ion 
[G-+C] = GC content (%) of the oligonucleotide 
n= number of bases in the oligonucleotide 
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7.4 Cycle Parameters 


‘This equation shows that the 7, can be affected by primer base composition (GC content) and 
primer length. The GC content of an oligonucleotide primer should be 40%~60%, and the length 
ofan oligonucleotide primer should be 15-25 base pairs, although longer primers can be used, 

‘A primer should not contain self-complementary sequences that may form hairpin struc 
tures interfering with the annealing of primers and the template. Additionally, the primers in 
a pair should not share similar sequences, to avoid the primers from annealing to each other. 
‘These annealed primers may then be amplified during PCR, creating products known as primer 
dimers, which compete with the target DNA template for PCR components. 

‘Multiplex PCR is the simultaneous amplification of more than one region of a DNA template 
in a single reaction to achieve high-throughput analysis. Multiplex PCR consists of multiple 
primer sets in a single reaction to produce amplicons of multiple target DNA regions. the prim- 
ers should be designed to yield proper sizes of amplicons to be resolvable in downstream separa. 
tion and detection procedures such as electrophoresis. To prevent preferential amplification of 
one target sequence over another, the annealing temperatures should be similar among multi 
plex PCR primer pairs. Additionally, the primers should lead to similar amplification efficien- 
cies among the loci to be tested. Forensic applications of multiplex PCR, such as autosomal and 
Y-chromosomal short tandem repeat analysis, are discussed in Chapters 20 and 21 


72.3.3 Other Components 
Essential components include template DNA with target sequences in either linear form (nuclear 
genomic DNA) or circular form (mitochondrial DNA). Both single- and double-stranded DNA 
can be used as a template for PCR. Typically, 1-2.5 ng of template DNA is utilized for forensic 
applications using PCR, 

Deoxynucleoside triphosphates (dNTPs) are the substrates for DNA synthesis. A PCR assay 
usually contains equal molar amounts (typically, 200 uM) of AATP, dCTP, dGTP, and aT TP. 

Divalent cations, such as Mg’, are required for the enzymatic activity of DNA polymerases. A 
PCR assay usually contains 1.5-2.5 mM Mg’, Monovalent cations, such as K* (50 mM), are usually 
recommended, anda buffer is often utilized to maintain pH between 8.3 and 88 at room temperature. 

Controls should be used to monitor the effectiveness of PCR amplification. A positive control 
shows that PCR components such as reagents and PCR cycle parameters are working properly 
duringa PCR. A standard DNA template should be used asa positive control and amplified with 
the same PCR components used on the rest of the samples. The amplification negative control 
and extraction reagent blank are discussed in Section 7.5.4. 


74 Cycle Parameters 
PCR cycling protocols may vary according to the type of analysis. Figure 7.5 shows representa. 

tive PCR cycling conditions commonly used by forensic DNA laboratories. PCR utilizes a num- 

ber of cycles for the replication of a specific region of a DNA template, During each cycle, a copy 
ofthe target DNA sequence is synthesized. A PCR cycle consists of three elements: denaturation, 
annealing, and extension. Precise and accurate temperatures at denaturation, annealing, and 
extension are critical to achieve a successful amplification, At the beginning of each cycle, the 
two complementary DNA template strands are separated at high temperatures (94°C-95°C) ina 
process called denaturation. The temperature is then decreased to allow annealing between the 
oligonucleotide primers and the template, The temperature for annealing is usually 3°C-5°C 
lower than the T,, of the oligonucleotide primer. 

‘The annealing temperature is critical. If it is too high, a very low quantity of amplicon is 
yielded because of the failure of annealing between the primer and the template. If the anneal 
ing temperature is too low, nonspecific amplification can occur. Next, optimal temperature for 
DNA polymerase is reached, thus allowing for DNA replication (extension). By the end of each 
cyele, the copy number of the amplicon is nearly doubled (Figure 7.6) 


147 


US 2003/0209637 Al 


ROTATING ELECTROSTATIC PROPULSION 
SYSTEM 


BRIEF SUMMARY OF THE INVENTION, 


[0001] The invention, which is the object of my present 
application, is a spacecraft propulsion system which devel- 
‘ops a spacetime curvature tension utilizing a combination of 
rotating radial electrostatic field and a fixed vertical 
electrostatic field, The two fields create a stress-energy T* 
gradient in the radially direction which is equal to force. The 
radial field is created on the side of a charged rotating 
ceylinder on the underside of the hull. The vertical field is 
‘created by an annular charged ring concentric with the 
cylinder. Three rotating cylinders are located in a trian 

the bottom of the hull in order to produce a force in any 
Jirection in the horizontal plane. 


REFERENCE PAPERS 
[0002] Gravitation, Wheeler, page 80. 


BACKGROUND OF THE INVENTION 


[0003] When working with Maxwell's equations in tensor 
rotation, it became apparent that a tensor can change iden 
tity depending on what permutation of variables is involved. 
For example, one single equation can involve both charge 
‘density and current density. Ane all of Maxwell’s equations, 
‘can be reduced to just two equations, 


[0004] In the tensor equation for momentum, if the lever 
arm is length then the equation is equal to the flow rate of 
angular momentum. If the lever arm is time, then you get 
Tinear momentum. And if the field rotates wit time, then the 
ime rate of change of linear momentum is a force which is 
the basis for this invention. 


[0008] Einstein said that mass curves space and space tells 
‘mass how to move. Ia this sense, generalized mass can be 
mass, electromagnetic fields, charge or angular momentum 
‘which create a spacetime curvature that produces a force on 
the spacecraft 


SUMMARY OF THE INVENTION 


[0006] The invention relates to a spacecraft utilizing a 
rotating lectrostatically charged cylinder and a concentric 
annular charged ring to create a siress-energy spacetime 
‘curvature in the horizontal plane on the spacecraft’s under- 
side hull. A motor drives the rotating eylinder which extends 
below the hull. A charged surface produces an electric field 
in the direction normal to the surface. The vertical and 
rotating electric fields combine to create a rate of change of 
linear momentum which creates a horizontal propulsive 
force on the hull 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 


[0007] Not Applicable 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0008] FIG. 1. Perspective view of spacecraft bull (A) 
‘with the three electrostatically charged rotating cylinders (C) 
surrounded by their annular charge rings (D) extending, 
down on the underside of the hull (B), 


Nov. 13, 2003 


[0009] FIG. 2. Perspective view of individual thruster 
showing rotating eylinder and ring, 


[0010] FIG. 3. Siress-energy tension created by two elee- 
Itic fields and having units of curvature. 


[0011] FIG. 4, Cylindrical spacetime coordinates {t 5, 0, 
2}. 

[0012] FIG. 5. Faraday electromagnetic F tensor contain- 
ing electric fields in the radial and vertical directions. 


[0013] FIG. 6. Stress-energy tensor T showing itis equal 
to the product of the two electric fields divided by 4x. 


[0014] _FIG.7. The tensor equation for flow rate of angular 
momentum S, 


[0015] FIG. 8. The units are linear momentum due to the 
time lever arm, 


[0016] FIG. 9. The rate of change of linear momentum is 
the horizontal force produced by the two electric fields. 


[0017] FIG. 10. The angular momentum flows through an 
‘area whose normal vector is in the radial direction, 


[0018] FIG. 11. Cylinder with only one electrostatically 
charged segment 


[0019] FIG. 12. Annular ring with three individual seg- 
ments which can be charged separately to ereate a force in 
‘a particular direction, 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0020] 1. Referring to FIG. 1, the spacecraft comprises 
an upper bull (A) with three rotating electrostatically 
charged eylindees (C) with their concentric annulae 
electrostatically charged rings (D) located on the space 
xafi's bottom bull (B) 


[0021] 2. In a closer view of one of the cylinders seen 
in FIG. 2, motor<triven rotating cylinder (A) has an 
electrostatically charged surface which produces an 
electric field (C) normal to said surface. The fixed, 
clecirostatcally charged annular ring (B), which is 
concentric with the cylinder, produces a vertical elec- 
tre field (D) normal its surface. This crossed file (E) 
creates a negative spacetime curvature tension which is 
the product of the two fies divided by 4x. as seen in 
the equation, FIG. 3 


[0022] 3. Notice that the equation involves the permit- 
tivity of space ¢, divided by the linear mass of the 
universe Q and the speed of light. This produces units, 
of inverse meter squared which is the spacetime cur- 
vature. Io Einstein's General Theory of Relativity, the 
spacetime curvature tensor is equal to the stress-energy 
tensor or Ga8xT where G is the curvature, and Tis the 
product ofthe electromagnetic fields. The problem with 
this equation, which has been resolved with this inven- 
tion, is that the linear mass Q times the speed of light 
is an enormous oumber, Even with the square of 
enormous electric fields, the curvature would be too 
small even to notice, and litle force would be gener 
ated, 


[0023] 4. In another patent application of mine entitled 
Magnetic Vortex Generator, it was shown that a rotating 
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Figure 7.5 Temperature parameters during thermal cycling of the PCR process. The first three 
cycles are shown. (@ Richard C. Li.) 
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Figure 7.6 First cycle of PCR. The amplified region is determined by the positions of the primers. 
The direction (5° to 3") of DNA synthesis is indicated by arrows. Pol represents Taq polymerase 
(© Richard C. Li) 


‘The number of cycles needed for PCR depends primarily on the number of copies of starting 
DNA template. ‘The relationship can be expressed as the following equation: 


Ny=Na(l+ 8)" 


X= number of PCR cycles 
N, = copy number of the amplicon after x cycles of PCR 
Nj = initial copy number of the template 

E = amplification efficiency of the Taq polymerase 


For example, in a 28-cycle PCR amplification, the DNA template can theoretically be ampli- 
fied by a factor of approximately 10". If the cycle number is increased to 34, a factor of 10! can 
theoretically be reached. 

PCR amplification can be carried out using an instrument known as a thermal cycler 
(Figure 7.7). Various types of thermal cyclers differ in the number of samples they can process, 
the sizes of the sample tubes, and temperature control features. 
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Figure 7.7 Thetmal cyclers. A thermal cycler can provide rapid temperature changes as desired to 
carry out PCR. A PCR thermal cycler (left) and a real-time POR instrument (right). (© Richard C. Li.) 


7.5 Factors Affecting PCR 

‘7.5.1 Template Quality 

It is important to prevent degradation of the DNA during the collection and processing of evi 
dence. Degradation causes DNA to break into smaller fragments, Ifthe damage occurs at a region 
to be amplified, the result can be failure in PCR amplification. In a degraded sample, the longer the 
amplicon length, the higher the risk of failure in PCR. Low copy number (LCN) of DNA template 
is often encountered in forensic samples. When amplifying very low levels (approximately 100 pg 
of DNA) of a template, the following phenomenon is often observed: one of the two alleles fails to 
be detected from a heterozygote and can falsely be identified as a homozygote. This phenomenon 
is also known as the stochastic effect in which the two alleles in a heterozygous individual are 
unequally detected at a low level of starting DNA template. Approaches such as increasing the 
cycle number, from 28 to 34 (Section 7.4), have been introduced to address the LCN problem. 


7.5.2 Inhibitors 

Inhibitors, if present, can interact with the DNA template or polymerase, causing PCR ampli 

fication failure, The presence of PCR inhibitors can be detected using an internal positive con- 

trol (Section 6.3.1.1). A number of PCR inhibitors commonly encountered in evidence samples 
include heme molecules from blood, indigo dyes from fabrics, and melanin from hai 
‘Thus, it is important to remove PCR inhibitors during DNA extraction. If PCR inhi 
not eliminated during the extraction process, additional procedures such as the use of centrifu 

gal filtration devices can be used. Centrifugal filtration devices can separate molecules by size. 
Afier the centrifugation step, small molecular weight inhibitors are filtered by passing through 
the membrane and are discarded. Alternatively, increasing the amount of DNA polymerase or 
adding bovine serum albumin (BSA) in the reaction can overcome the inhibition effects. 


7.5.3 Contamination 

PCR isa highly sensitive method; therefore, procedures that minimize the risk of contamination 
are necessary. To prevent contamination, pre- and post-PCR samples should be processed in 
separate areas or at different times. Additionally, reagents, supplies, and equipment used for pre- 
and post-PCR steps should be separated as well. Protective gear should include laboratory coats 
and disposable gloves. Facial masks and hair caps may be used if necessary. Aerosol-resistant 
pipet tips and DNA-free solutions and test tubes should also be used, 

‘The levels of contamination must be monitored using controls. Extraction reagent blanks, 
which contain all extraction reagents but no sample, monitor contamination from extraction to 
PCR. Contamination detected in an extraction reagent blank but not in an amplification-negative 
control indicates that the reagents used for extraction are contaminated. Amplification-negative 
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controls, which contain all PCR reagents and no DNA template, monitor contamination of the 
amplification. Contamination observed in an amplification-negative control but not in an extrac 
tion reagent blank indicates that the contamination occurred during the amplification step. 
Contamination observed in both an amplification reagent blank and an extraction-negative con- 
trol indicates that amplification reagents are contaminated, A collection of DNA profiles of each 
member of a laboratory should be readily available for comparisons. Sources of laboratory con- 
tamination can be identified by comparing results with an analyst's DNA profile. 


7.6 Reverse Transcriptase PCR for RNA-Based Assays 

“The pathway for the flow of genetic information is called the central dogma—a term coined by 
Francis Crick in 1956, According to the central dogma, parental DNA serves as the template for 
DNA replication. With RNA synthesis or transcription, the process is carried out using the DNA 
asa template, Conversely, RNA chains can be used as templates for the synthesis of a DNA strand 
of complementary sequence, in which the end product is referred to as complementary DNA 
(CDNA). Protein synthesis, also known as translation, is directed by an RNA template (Figure 7.8) 

‘The flow of genetic information from RNA to DNA is referred to as reverse transcription. It 
was discovered independently by David Baltimore and Howard Temin in 1970, and they shared 
the Nobel Prize for their work. Reverse transcription is carried out by a reverse transcriptase that 
forms the basis of reverse transcriptase PCR as described below. 

Reverse transcriptase PCR (RT-PCR) is highly sensitive and can be used to detect very small 
quantities of mRNA. It can be utilized to measure levels of gene expression even when the RNA 
of interest is expressed at very low levels, Detecting mRNAs of tissue-specific genes can be 
lized for bodily fluid identification in forensic investigations (Chapter 11). During an RT-PCR 
process, a single-stranded cDNA is synthesized from a template mRNA using reverse transcrip. 
tion, The cDNA is then amplified by PCR for detection and analysis. 


7.6.1 Reverse Transcription 
“The synthesis of single-stranded cDNA froman mRNA template is catalyzed by reverse transcrip- 
tase. Reverse transcriptases share many features in structure and function with DNA polymer 
ases. The catalytic function of cDNA synthesis requires a primer that anneals toa complementary 
mRNA template. The primer can be either RNA or DNA; however, DNA primers are more eff 
cient than RNA primers. During the elongation of the primer, reverse transcriptase incorporates 
the corresponding deoxyribonucleotide triphosphate according to the rules of base pairing with 
the RNA template. The RNA template is then degraded by an intrinsic RNase H activity of reverse 
transcriptase during the reverse transcription reaction. The retroviral RNase H isa domain of the 
viral reverse transcriptase enzyme. It is a nonspecific endonuclease that cleaves RNA. 

Several reverse transcriptases derived from retroviruses can be used to generate cDNA 
from an RNA template. The most common reverse transcriptases used for cDNA synthesis are 
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Figure 7.8 Pathway for the flow of genetic information. (© Richard C. Li.) 
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encoded by the pol gene from the avian myeloblastosis virus (AMV) and the Moloney strain of 
the murine leukemia virus (MMLV). These enzymes are genetically engineered reverse tran- 
scriptases but lack RNase H activity. Genetically engineered reverse transcriptases that are 
stable at higher temperatures (up to 60°C) are also produced. Increased thermal stability of 
reverse transcriptase allows the reverse transcription to be carried out at a higher than ambient 
temperature, which eliminates RNA secondary structures and improves the specificity of the 
reaction and the yields of the synthesis of full-length cDNA. 


7.6.2 Oligodeoxynucleotide Priming 

Oligodeoxynucleotide primers are an essential component for a reverse transcriptase reaction. 
Different priming strategies can be utilized to synthesize cDNA from a particular target mRNA 
or from all mRNA in a sample. Gene-specific primers are designed to hybridize to a particular 
mRNA sequence for the conversion of a specific gene sequence into cDNA. Universal primers 
can hybridize to any mRNA sequence in a sample to convert all mRNAs to cDNA. Two types of 
universal primers can be used: oligo (dT) and random hexamer primers. An oligo (dT) primer 
can hybridize to the 3’ termini poly (A) tails of eukaryotic mRNAS. Reverse transcriptases with 
oligo (dT) only synthesize cDNA from transcribed genes. Random hexamer primersare another 
type of universal primer. Random hexamers are nonspecific primers that can hybridize, at mul- 

tiple sites, to any RNA sequence including non-mRNA templates such as ribosomal RNA. 


7.6.3 Reverse Transcriptase PCR 
During an RT-PCR process, a single-stranded cDNA is synthesized ftom a template mRNA 
using reverse transcription. The cDNA is then amplified by PCR with a pair of oligonucleotide 
primers corresponding to a specific sequence in the cDNA (Figure 7.9). 

‘Two strategies of RT-PCR exist: a one-step and a two-step RT-PCR (Figure 7.10). One-step 
RT-PCR combines the reverse transcription reaction and PCR ina single tube. Only gene-specific 
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Figure 7.9. cDNA synthesis. The synthesis of a DNA strand transcribed from mRNA can be carried 
ut using a primer and reverse transcriptase. A gene-specific primer that amplifies a specific target 
sequence is shown. (© Richard C. Li.) 
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Figure 7.10 RT-PCR strategies. (a) One-step RT-PCR and (b) two-step RT-PCR. (© Richard C. Li.) 
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primers can be used for the reverse transcription reaction and PCR. RNAs from either total 
RNA or mRNA can be used. This approach simplifies the reaction setup as it is useful for pro- 
cessing large numbers of samples. The tubes are not opened between reverse transcription and 
PCR, thus minimizing the risk of pipetting errors and carryover contamination, 

During a two-step PCR, the reverse transcription reaction and PCR are carried out in sepa. 
rate tubes. Following the reverse transcription reaction, the cDNA is transferred to a separate 
tube for the PCR amplification. Either oligo (aT) or random hexamer primers can be used 
for the reverse transcription reaction, Total RNA or polyadenylated RNA can be used for the 
reverse transcriptase reaction. This allows for the ability to convert all the messages in an RNA 
sample into CDNA. The two-step RT-PCR is useful for analyzing multiple mRNA froma single 
sample. 

"Two types of PCR methods canbe utilized for analysing amplified produce," end-potat 
PCR method measures the amount of amplified product synthesized during PCR at the end 
of the PCR amplification. The detection of the amplified product indicates the presence of the 
mRNA of interest. With the real-time PCR method, the amplified product is quantified during 
the exponential phase of PCR. The hot-start PCR strategy is typically used to increase sensitiv 
ity, specificity, and yield, Usually, the hot-start strategy is carried out at a high temperature, for 
example 94°C, prior to PCR cycling. Under this condition, Taq DNA polymerase is activated. 
Additionally, the RNA-cDNA hybrid is denatured, and reverse transcriptase is inactivated 
at 94°C, Multiplex RT-PCR assays have been developed that can detect multiple bodily fluid 
mRNAs from single or mixed stains (Chapter 11), The commonly used RT-PCR for forensic 
identification of bodily fluids is the two-step RT-PCR. The end-point PCR is usually utilized 
with the forward primers labeled with florescent dyes at the 5’ end, The amplified products are 
separated and detected in a standard capillary electrophoresis instrament. 
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cylinder containing embedded and stacked bar magnets 
produces a negative mass and negative spacetime 
spring constant. It ean be shown that this combination 
produces a small wormhole or interdimensional con- 
nection between our space and hyperspace along the 
centerline of the rotating cylinder. Co-dimensions of 
hyperspace have dilferent physics constanis. A. low 
pressure region of hyperspace has a very low mass 
‘density and a very low speed of light. The wormhole 
allows this low density hyperspace energy fo enter into 
‘our space and permeate the cylinder and annular ring. 
‘The permittivity is proportional to the inverse of the 
speed of light squared. The byperspace speed of light, 
‘obtained from my tetrahedron physics diagram, is 8971 
meters per second. The speed of light in our dimension 
is 299792458 meters. per second. AS shown by the 
‘enclosed reference calculation, the hyperspace permit- 
tivity i about a trillion times larger. Because the force 
is equal to this new permittivity times the electre ields 
squared times the area around eylinder, the force is 
‘greatly amplified by this inerease in the permittivity of 
space. 


[0024] 5. It is pertinent to this invention how the stess- 
‘energy is created due to the two electri fields in the 
vertical and radial direction. In gravitational physics, 
there is a Faraday F tensor which contains all the 
components of the electromagnetic fields. Iisa 4 by 4 
matrix whose rows and columns correspond to the 
‘coordinates of spacetime which in cylindrical coord 
nates are {t,t 0, 2} where tis time, the radius, theta 
the horizontal angle and z the vertical height. ‘These 
‘coordinates are shown in FIG. 4 


[0025] 6. The radial electric E, field and the vertical 
‘electric E, field ean be inserted into the Faraday tensor 
seen in FIG, 8. The siga of the vertical field is positive 
because it points in the positive z-direction due to the 
fact that the annular ring bas a negative charge. The 
cylinder has a positive charge. This produces the nega- 
tive sress-energy tensor Tas drawn in FIG. 6. 


[0026] 7. In order to calculate the force on the eylinder, 
it is necessary to calculate the flow rate of angular 
‘momentum, Momentum is mass times velocity or mass. 
meter per second. Ifthe mass is moving in a cele, then 
there isa lever arm times the momentum which makes 
it mass meter squared per second. If this is different 
ated with respect to time, then a flow rate of angular 
momentum is produced ‘with units of mass meter 
‘squared per second squared. As mentioned previously, 
tensors have this dual nature where depending on the 
permutation of the variables, it means one thing or 
another. In this case, the lever arm will be time, rather 
than length which converts the flow rate of angular 
‘momentum into just linear momentum. If you change 
linear momentum with respect to time, then you get a 
force 


[0027] 8. The flow rate of angular momentum $ is 
‘shown in FIG. 7. The force has to be against the area 
‘whose normal vector is in the radial direction which is 
also the direction of the momentum, So $ has an r 
‘subscript indicating that it lows in the radial direction 
‘The permutation tensor € has three subscripts which 
keeps track of the tensor notation, The first subscript is 
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the same as the momentum subscript. Permutations of 
the coondinate variables which are inorder have a plus 
one sign, Permutations which arc in reverse onder have 
4 minus one sign. Permutations in which the variable 
are repeated are zero, For example, €,o,=€go, BoeaUSe 
the rand tate in reverse order in evlindrical cooxdi- 
nates, Because the permutation tensor stars with then 
‘we can have permutations such as {142} which is 
reverse order negative permutation, This negative sign 
cancels the negative sign of the siress tensor. The 
reason this permutation is chosen is because the first 
subseripton he stessenergy tensor is now z, Because 
the normal tothe area isin the radial direction, then the 
siressensor matches the electric fields that we have 
available, whieh are also in the erection. 


[0028] 9. In this case, the second subscript of the 
permutation tensor is time, rather than length. So the 
units become, as shown in FIG. 8, those of linear 
momentum, To me, this was very surprising. Then T 
realized that the radial electric field rotates with time 
which means the differential of the linear momentum 
prouees a force on the hull. In exponential notation, 
the radial electric field rotates with Expliot). This is 
multiplied by the time lever arm, so the term that has 
to be differentiated ist e**. The time lever arm saves 
the differentiation by making one term real so that the 
force is real. This is shown in FIG. 9. The units of the 
first term are real newtons. In the second term, the time 
1 multiplied by the frequency cancels out in terms of 
‘nits, so the units are still foree, but imaginary 


[0029] 10. There is an area involved in the foree equa 
tion whieh is depicted in FIG. 10. The changed rotating 
cylinder (C) located inside the charged annular ring (B) 
is driven by motor (A). The radial electric field (E) is 
normal fo the area (D) whose normal veetor is also in 
the radial direction. The angular momentum flows 
through this area which surrounds the cylinder. In 
doing s, it curves spacetime which produces the Force. 


[0030] 11. If the radial electric field is continuous 
around the eylinder, then the net fore is zero. Refercing 
to FIG. 11, one section (A) of the cotating eylindr is 
charged, which means that there is a force once per 
cycle in a selected dieeetion depending on when the 
annular ring is charged. The other option, referring to 
FIG. 12, is that the annular ring is divided up into two 
or three Sections with the featuee that the chagge can be 
tumed on (A) oF off (B) on a particular segment. As the 
rovating electric field goes around, one of the annular 
ring sections will have an electric field in order create 
a force on that side 


[0031] 12. Since there are three force cylinders, this 
allows for yaw motion cootrol so that the hull of the 
spacecraft can pivot to change direction, After the 
directional change, the two back cylinders can be 
synchronized to produce thrust inthe forward direction. 


[0032] 13. There could also be a polarity change for the 
vertical electric field such that a positive stress-energy 
is produced which would reverse the direction of the 
thrust. 


DNA Electrophoresis 


It is necessary to separate various sizes of DNA fragments so that the DNA fragment in ques- 
tion can be identified and analyzed. This can be achieved by electrophoresis, a process in which 
fragments are separated based on the migration of charged macromolecules in an electric field. 


8.1 Basic Principles 

DNA is a negatively charged molecule in an aqueous environment, with the phosphate groups 
of DNA nucleotides carrying negative charges. DNA molecules migrate from the negative elec~ 
trode (cathode) toward the positive electrode (anode) in an electric field during electrophoresis. 
“The electrical potential, a measure of the work required to move a charged molecule in an electric 
field, isthe force responsible for moving the charged macromolecules during electrophoresis. 

‘The electrophoretic mobility of macromolecules is primarily determined by their charge-to- 
‘mass ratios and their shapes. However, because the phosphate group of every DNA nucleotide 
carries a negative charge, the charge-to-mass ratio of DNA molecules is almost the same even 
if the length of the DNA fragment varies, Additionally, forensic DNA testing usually analyzes 
linear DNA molecules such as double-stranded linear DNA for variable number tandem repeat 
(VNTR) analysis (Chapter 19) and single-stranded DNA for short tandem repeat (STR) analysis 
(Chapter 20). The shapes of linear DNA molecules are similar, Therefore, the electrophoretic 
separation of different-sized DNA fragments, through a series of pores of the supporting matrix 
in which the fragments travel, is based more on their sizes than their shapes. 

Itis obviously easier for smaller molecules to migrate through the pores of a supporting matrix 
than larger molecules; this is why smaller molecules migrate faster through the matrix. Hence, the 
electrophoretic mobility increases as the size of the DNA molecule decreases. Conversely, larger 
DNA molecules migrate much more slowly because they experience more friction and collisions 
as they travel through the net of pores in a matrix. Therefore, the separation of DNA molecules 
with different sizes can be accomplished. Figure 8.1 depicts the models for DNA electrophoresis. 


8.2 Supporting Matrices 

Although the actual separation occurs in an aqueous phase, most variants of electrophoresis use 
a physical support material also called a matrix. As discussed in Section 8.1, the matrix can be 
used asa molecular sieve for the separation of DNA molecules, and italso reduces diffusion and 
convection during electrophoresis. Agarose and polyacrylamide are commonly used electro- 
phoresis matrices because of their good reproducibility, reliability, and versatility 
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Figure 8.1 Schematic illustrations showing some of the nucleic acid separation mechanisms. 
(2) Ogston sieving model for the separation of DNA fragments through electrophoresis. Based on 
this mode, the matrix used for gel electrophoresis consists of randomly distributed pores. DNA mal- 
ecules are considered to behave as globular objects. During the migration, smaller DNA molecules 
migrate faster than their larger counterparts through the matrix. However, this model does not apply 
to DNA molecules with a radius much larger than the pore sizeof the matrix. (b) A reptation mode! 
presents an alternative mechanism of gel electrophoretic separation of DNA molecules. Based on 
this model, DNA molecules are flexible and can migrate through the pores of the gel matrix through 
a reptation process that is driven by an applied electric field. This model can also apply to capillary 
electrophoresis separation of DNA molecules in entangled polymer solutions. +, anode; -, cathode; 
arrow, direction of migration. (@ Richard C. Li.) 


8.2.1 Agarose 

Agarose is linear polymer composed of alternating residues of D- and L-galactose (Figure 8.2). 
‘A gelatinized agarose forms a three-dimensional sieve with pores from 50 to 200 nm in diameter 
(Figure 8.3). DNA fragments ranging from 50 to 20,000 base pairs in size are best resolved in 
agarose gels. 


8.2 Supporting Matrices 
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Figure 8.2 Chemical components of agarose, a linear polysaccharide composed of alternating 
Units of D- and L-galactose. Often, the L-galactose residue has an anhydra bridge between the 3 and 
6 positions and is called 3,6-anhydro-L-galactose. 


Dissolved agarose Gelatinized agarose 


Figure 8.3 Agarose chains. Gelatinized agarose consists of a three-dimensional network in which 
chains of agarose form helical fibers that aggregate into supercoiled structures. (@ Richard C. Li.) 


‘The electrophoretic mobility of double-stranded DNA through agarose gel matrices is 
inversely proportional to the logy, of the size of DNA fragments ranging from 50 to 20,000 
base pairs. The electrophoretic mobility of a linear DNA fragment is also inversely proportional 
to the concentration of agarose in the gel. A low concentration of agarose in a gel forms larger 
pores, allowing the separation of larger DNA fragments, 


8.2.2 Polyacrylamide 

A polyacrylamide gel matrix is very effective for the separation of smaller fragments of DNA 
(5-500 base pairs). Additionally, a single nucleotide difference in the length of a DNA fragment 
can be resolved with this type of gel. Polyacrylamide produces much smaller pore sizes than 
agarose gels and thus has a much higher resolving power than agarose gels for low-molecular- 
weight DNA molecules. A polyacrylamide gel matrix is formed by polymerization and cross- 
linking reactions. 


8.2.2.1 Polymerization Reaction 

Long linear chains of polyacrylamide are polymerized from acrylamide monomers (Figure 8.4) 
‘This polymerization reaction is initiated in the presence of free radicals that are generated 
from the reduction of ammonium persulfate (APS) by N,N,N’,N’-tetramethylethylene diamine 
(TEMED), See Figure 8.5. 


8.2.2.2 Cross-Linking Reaction 
As shown in Figure 8.5, three-dimensionally cross-linked polyacrylamide chains can be formed 


with the use of cross-linking agents, such as N,N’-methylenebisacrylamide (BIS; Figure 8.4) 
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Figure 8.4 Chemical structures of (a) acrylamide, (b) N,V-methylenebisacrylamide (BIS), and 
(©) polydimethylacrylamide (a linear polymer for capillary electrophoresis). 


i) Ans 


06 Soi Womnt Lo A 
7 I 
Acrylamide Liner 4 ‘di x 
poljaccylamide t ¢ 


Cross-linking polyacrylamide 


Figure 8.5 Formation of polyacrylamide gel, Polymerization is followed by cross-linking in which the 
pore size of the gel is determined by its degree of polymerization and cross-linking. (© Richard C. Li.) 


“The porosity of the resulting gel is determined by the lengths of these chains and the degree of 
cross-linking between them. Therefore, the sizes of the pores that are formed can be adjusted by 
altering the concentrations of the acrylamide monomer and the cross-linking reagent. 
Polyacrylamide can also be used in a capillary electrophoresis matrix. It is very difficult to 
insert a cross-linked polyacrylamide matrix into a capillary. Therefore, a solution of a linear 
polymer (non-cross-linked) of polydimethylacrylamide (Figure 8.4) is used as a matrix for 
capillary electrophoresis. For instance, POP-4 (4% un-cross-linked polydimethylacrylamide 
polymer) is used for fragment analysis, such as forensic STR analysis (Chapter 18), in which fuo- 
rescently labeled DNA amplicons are separated using electrophoresis and are identified based on 
their sizes by comparing them with a size standard. POP-6 (6% un-cross-linked polydimethyl 
acrylamide polymer) is used for sequencing, such as mitochondrial DNA (mtDNA) sequencing 
(Chapter 21). These un-cross-linked polymers are commercially available (Applied Biosystems). 
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8.2.2.3 Denaturing Polyacrylamide Electrophoresis 

Polyacrylamide-based electrophoresis can be carried out with both double- and single-stranded 
DNA. Electrophoresis that is performed under the conditions of single-stranded DNA is called 
denaturing electrophoresis. Denatured DNA migrates through the gel as linear molecules at a 
rate independent of the base composition and sequence, With short single-stranded fragments, 
molecules differing in size by a single nucleotide can be separated. This extraordinary sensitiv 
ity to size is extremely useful for the separation of small DNA fragments that are used for DNA 
sequencing and STR analysis in forensic applications, The denaturing condition can be best 
achieved by adding chemicals such as urea or formamide to the matrix or by increasing the 
temperature or pH during electrophoresis. 


8.3 Apparatus and Forensic Applications 

Agarose electrophoresis is carried out in a slab gel. Agarose gel can be prepared in a variety of 
shapes and sizes and can be run in different configurations. The most common gel for forensic 
use is the horizontal slab. Polyacrylamide can be used either in a slab gel or in a capillary elec- 

trophoretic apparatus. 


8.3.1 Slab Gel Electrophoresis 

8.3.1.1 Agarose Gel Electrophoresis 

One forensic application of agarose gel electrophoresis is restriction fragment length polymor 
phism (RFLP) analysis of VNTR loci (see Chapter 19). An agarose gel is used to separate the 
DNA fragments by size ranging from 500 to 20,000 base pairs of commonly used VNTR loci for 
forensic testing. This type of electrophoresis is done under nondenatured conditions (double- 
stranded DNA). 

Figure 8.6 shows an example of the apparatus used for gel electrophoresis of DNA. A slab 
(3-4 mm) of agarose gel is prepared by allowing liquid agarose to gelatinize in a cast. The gel 
is submerged in a buffer tank filled with an electrophoretic buffer with proper ionic strength, 
which is necessary to achieve efficient electrical conductance, The gel contains small wells for 
loading samples. The DNA samples are mixed with a gel loading buffer prior to loading them 
into the gel. The gel loading buffer contains dyes that add color to the sample to facilitate the 
process of loading. Dyes such as bromophenol blue and xylene cyanol FF migrate toward the 
anode during electrophoresis. In most forensic applications, these dyes migrate faster than DNA 
fragments. The dyes are visible and can thus be used to track the progression of electrophoresis. 
“The electrophoresis can be stopped as the dye front reaches the bottom of the gel (anode side). 


Sample well, 


Figure 8.6 Horizontal agarose slab gel apparatus. The gel can be prepared by heating an agarose 
suspension to dissolve it. The agarose solution can then be poured into a gel cast and allowed to 
cool until gelatinized. An electrophoresis buffer is poured over the gel to submerge it. The samples, 
Usually mised with loading buffer containing dye to allow visualization, ae loaded into the wells of 
the submerged gel using a pipet. The electrodes are indicated. (© Richard C. Li.) 
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‘The samples are loaded into the sample wells situated proximal to the cathode. An electric 
field is applied and the negatively charged DNA molecules migrate through the agarose toward 
the anode. Slab gel electrophoresis is capable of running multiple samples simultaneously. The 
sample is made visible by using a fluorescent intercalating reagent that can make DNA fluoresce 
under ultraviolet (UV) light (Chapter 9), either using the fluorescent intercalating reagent incor 
porated into the gel or staining the gel after electrophoresis. The separated DNA samples appear 
as bands and the sizes of the DNA fragments can be estimated by comparing them with the sizes 
of standards run concurrently. 


8.3.1.2 Polyacrylamide Gel Electrophoresis 

“The forensic application of this apparatus is the separation of STR fragments and DNA sequenc 

ing reaction products of mtDNA. The sizes of DNA fragments that can be separated range from 
100 to 500 base pairs—much smaller than what can be separated efficiently with agarose gels. 
Single-nucleotide resolution to distinguish similarly sized fragments can be achieved with this 
technique under denatured conditions with only single-stranded DNA. Polyacrylamide thin 
slab gels (0.75-1.5 mm) are usually used. Samples are loaded into wells flanked by two pieces 
of glass. Therefore, polyacrylamide gels are usually run in a vertical configuration (Figure 8.7). 
“The detection of DNA bands in polyacrylamide gels will be described in Chapter 9, The sizes of 
DNA fragments can be calculated by including an internal size standard. As with agarose gel, 
polyacrylamide gel electrophoresis is capable of running multiple samples simultaneously and 
high throughput (a measurement of the rate that a sample is processed by a given analysis) can 
be achieved. However, caution should be taken to ensure that cross-contamination does not 
occur from the spilling of samples from adjacent wells. Additionally, polyacrylamide gels are 
more difficult to prepare than agarose gels. 


8.3.2 Capillary Electrophoresis 

Capillary electrophoresis (Figures 8.8 through 8.11) isa newer method than the slab gel method, 
and can be utilized to separate charged macromolecules, such as DNA, RNA, polysaccharides, 
and proteins 

(ne esental composient of the capiliney alactporens tnstnemnént ty the capes atta 
hollow tube made of fused silica (which typically has a diameter between 50 and 100 jim and 
a length between 10 and 50 cm). The capillary contains a translucent detection window for the 
instrument to detect signals from the labeled DNA fragments during electrophoresis. 

Linear polydimethylacrylamide is used as the matrix, Capillary electrophoresis is con- 
ducted under denatured conditions for forensic applications such as STR analysis and 
mtDNA sequencing analysis. The denatured condition is achieved by including urea in the 
electrophoresis matrix and formamide during sample preparation. The injection of samples 
into the capillary is performed by an autosampler using an electrokinetic mechanism (an 
Injection based on the charge of molecules). Only small quantities of sample are required 
for each injection, and any remaining sample can be saved in case an analysis needs to be 
repeated. 

During electrophoresis, the capillary is connected to buffer reservoirs that are connected to 
electrodes. The efficient heat dissipation property of thin capillaries allows the separation to be 
performed at higher voltages, as the electric field (typically 200-300 V/cm) is much higher than 
that of a slab gel platform. ‘Thus, the separation in capillary electrophoresis is rapid. During 
electrophoresis, DNA fragments migrate through the capillaries toward the anode. Similar to 
gel electrophoresis, DNA fragments are separated according to their sizes, with the shorter frag 
ments moving faster than the longer fragments. During capillary electrophoresis, linear poly: 
mers in the solution can act as obstacles to the migrating DNA fragments. Thus, electrophoretic 
separation models (Figure 8.1) developed for gels are applicable for capillary electrophoresis. 
Currently, capillary electrophoresis can separate DNA fragments of up to 1000 nucleotides with 
single-nucleotide resolution. 
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Figure 8.7 Vertical slab polyacrylamide gel. (a) Front and side view of vertical slab polyacrylamide 
gel apparatus. (b) Automated gel electrophoresis instrument, ABI PRISM 377° Genetic Analyzer, 
which was used in forensic laboratories but is now discontinued. (@ Richard C. Li) 


Capillary electrophoresis instruments are equipped with detection systems utilizing laser 
excitation sources that excite the fluorescently labeled DNA fragments. They also include fluo- 

rescence detectors that record the signals emitted from the labeled DNA fragments (Chapter 9). 
In capillary electrophoresis, samples can only be analyzed sequentially so the throughput is 
much more limited than with slab gels. This disadvantage can be overcome by utilizing capillary 
array systems that can run up to 16 capillaries at one time (Figure 8.10). 


8.3.3 Microfluidic Devices 

Forensic DNA analysis includes the extraction of DNA from a sample, DNA quantification, 
polymerase chain reaction (PCR) amplification, capillary electrophoresis, data collection, 
and genotyping. Various microfluidic devices have been developed for forensic DNA analysis. 
Microfluidic devices control the movement of samples and reagents in a small, geometrically 
constrained environment and carry out biochemical reactions and analysis. These devices are 
made using microfabrication technology. This technology fabricates miniature structures histor 
ically used for integrated circuit fabrication in semiconductor manufacturing. The microfluidic 
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Figure 8.8 Essential components of a capillary electrophoresis system. The system includes a 
capillary, buffer reservoirs, two electrodes, a laser excitation source, a fluorescence detector, and 
an autosampler that holds the sample. Sample injection, electrophoresis, and data collection are 
automated and controlled by a computer. (© Richard C. Li} 


Figure 8.9 A single-capillary electrophoresis instrument, ABI PRISM 310* Genetic Analyzer. This 
was used in forensic laboratories but is now discontinued. (@ Richard C. Li) 


devices can be classified as modular and integrated devices. Overall, the microfluidic device 
hhas many advantages compared with conventional techniques. The reaction volume required 
in microfluidic devices is usually in the nanoliter range, which decreases reagent and sample 
consumption. Additionally, due to the high surface area-to-volume ratio of the system, the eff 
ciency of the system is greatly improved. Lastly, it can be automated, which makes the device a 
potential new platform for forensic DNA analysis. 


8.3 Apparatus and Forensic Applications 


Figure 8.10 Photo of a multicapillary electrophoresis instrument. ABI PRISM 3500" Genetic 


Analyzer. (® Richard C. Li.) 


Q 


Figure 8.11 Components of the ABI PRISM 3500" Genetic Analyzer. A capillary array (left), elec- 
trophoretic buffer chambers (middle), and an autosampler (right). (© Richard C. Li.) 


8.3.3.1 Modular Microfluidic Devices 

‘The modular devices are separate devices for DNA extraction, quantitation, amplification, electropho- 
resis, and so on. Each processing step is carried out on different devices, The modular design is flexible, 
allowing laboratories to choose the best device suited to the procedure for each step. For example, 
an electrophoresis microfluidic device has been developed (Figure 8.12), The electrophoretic assay is 
carried out on a modular microfluidic chip format using the same basic principle of capillary electro 
phoresis. The single-use chip contains wells for samples, a sieving polymer matrix for electrophoresis, 
and size standards, The wells are connected through microchannels. When the interconnected wells 
and channels are filled, the chip becomes an integrated electrical circuit. Each wel is then connected 
to an electrode with an independent power supply. DNA molecules, carrying negative charges, are 


Figure 8.12 A modular instrument for gel electrophoresis. Left: Agilent 2100 Bioanalyzers contain 
16-pin electrodes that fit into the wells of a chip. Right: The chip can accammodate sample wells, 
gel wells, and a well for a size standard. (@ Richard C. Li) 
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What I claim as my invention is: 

1. Aspaceeraft propulsion system utilizing three electro- 
statically charged motor-driven eylinders each one of whieh 
rotates within a charged annular ring to prodice a spacetime 
sess curvature tension in the horizontal plane on the 
underside of the bul. 

2. Said rotating cylinder comprised of bar magnets 
‘embedded in the eylinder and stacked in groups at intervals 
around the periphery of the eylinder with the purpose of 
increasing the permittivity of space by permeating. the 
cylinder and ring with low linear mass, low speed of light 
hyperspace energy by means of a wormhole between our 
‘space and hyperspace. The larger permitivity isto increase 
the force. Said technique is contained in my patent appli- 
cations Magnetic Vortex Wormbole Generator and Magnetic 
Vortex Generator. 

3. Said rotating cylinder and annular ring having a suit- 
able metal surface for forming and maintaining the electo- 
statie charge. 
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4, Said rotating cylinder having one or more segments 
which can be clectrostatically charged individually or 
together to produce a force in a particular direction 

5, Said annular ring having one or more segments which 
‘can be elecirostatically charged individually or together to 
produce a force in a particular direction 

6. combination of three such thrusters providing a force 
in any particular direction or for yaw motion control 

7. Electric polarity switching of the fields in order 10 
reverse the spacetime curvature and therefore change the 
direction of thrust. 

‘8. The use of a magnetic vortex generator located above 
ceach thruster in order to permeate the cylinders and rings 
‘with low density hyperspace energy which would substitute 
for the embedded magnets in each cylinder. 
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Figure 8.13 Integrated instruments for rapid DNA analysis. Cartridges developed by IntegeneX 
(left) and Zygem (right). (© Richard C. Li.) 


electrophoretically separated based on their size. Smaller molecular weight fragments migrate faster 
than larger fragments, The polymer matrix contains fluorescent dye molecules that intercalate with 
DNA ina sample, which can be detected by laser-induced fluorescence, The duration of electropho- 

resis is approximately 30 min, ‘The sensitivity is approximately 0.1 ng/L; thus, sample consumption 
is small. The device provides the sizing and quantitation information of the nucleic acid fragment. 
In addition to DNA, the device can also be used for the analysis of RNA and protein. In the forensic 
laboratory, it has been used for the quantitation of amplified mtDNA product to monitor successful 
amplification and to normalize the quantities of DNA template for cycle sequencing 


8.3.3.2 Integrated Microfluidic Devices 

It is possible to integrate several different modular devices into a single device (Figure 8.13). These 
devices are also known as “micro-total analysis” systems. An integrated system is a fully automated 
process. It also reduces the risk of contamination from laboratory sources. Full integration of all the 
constituent steps required for forensic STR DNA analysis has been achieved by a rapid DNA instru 

‘ment. This instrument integrates various microfluidic devices including DNA extraction, PCR ampli 

fication, electrophoresis, detection, and genotyping steps into a single process on a cartridge. The 
cartridge, made from a variety of materials such as polycarbonate, incorporates pumps and valves 
controlling fluidic movement for the delivery of samples and prefilled reagents to the chambers for 
processing. DNA extraction usually utilizes silica-coated magnetic particles that can be collected by 
a magnet for DNA extraction. Microquantitative PCR utilizes the Tagman real-time quantitative 
PCR technique. During amplification, multiplex PCR is accomplished using commercial STR kits 

Additionally, the cartridge also integrates a microcapillary electrophoresis chip for the separation of 
amplified products. The fluorescently labeled DNA fragments are detected based on laser-induced 
fluorescence. Data analysis and genotyping are then carried out to produce a DNA profile, which is 
compatible with the CODIS DNA database (Chapter 24). Rapid DNA instruments are fully automated 
platforms that are designed to processa single-source sample such as a buccal swab to generatea DNA 
profile and database search in less than 2 h. ‘The goal is for these instruments to be deployed in field 
tests atthe scene or at the booking stations operated by trained law enforcement agents. 


8.4 Estimation of DNA Size 

8.4.1 Relative Mobility 

‘The relative mobility (R,) of a DNA molecule during electrophoresis can be calculated as 
the distance of band migration divided by the distance of tracking dye migration, The DNA 
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Figure 8.14 Measurement of the electromobility of DNA. Questioned DNA samples are analyzed 
concurrently with a set of standard DNA fragments of known size. The distances of DNA migration 
can thus be measured. The samples are usually mited with a gel loading buffer prior to loading 
samples to the gel. The buffer contains dyes that add color to the sample to facilitate the process of 
loading. Dyes such as bromophenol blue and xylene cyanol FF migrate toward the positive electrode 
during electrophoresis. They can be used for tracking purposes as wel. (@ Richard C. Li.) 


band migration is the distance from the sample origin to the center of the band. The track 
ing dye migration distance extends from the sample origin to the center of the dye band 
(Figure 8.14). To estimate the size of the DNA, standards containing DNA of known size 
and questioned samples are run on the same gel at the same time. The standards can be used 
to estimate the size of an unknown DNA molecule. A plot of log,, base pair of the standards 
versus Rfor a given gel can be constructed, A linear relationship, over a size range, between 
logy, base pair of the DNA molecule and the R,can be observed. The R,of the test sample is 
interpolated on the plot from which the size of an unknown DNA molecule can be deter- 
mined (Figure 8.15). 


Relative mobility (&) 


Figure 8.15 Estimation of the size of a DNA fragment. A plot of size standards versus relative 
migration during electrophoresis is shown. The size of the questioned DNA fragment can be esti- 
mated using this plot. (@ Richard C. Li.) 
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8.4.2 Local Southern Method 
“The size of a DNA fragment is determined by an internal size standard that isa set of synthetic 
fragments with known molecular weight. The standard is labeled with a different colored dye so 
that it can be spectrally distinguished from DNA fragments of an unknown size (Figure 8.16) 
‘The sample including the internal size standard is then mixed in with DNA samples and is 
analyzed by electrophoresis. To determine the sizes of DNA fragments, a standard curve using 
the internal size standards must be established based on the reciprocal relationship between 
the electrophoretic mobility and the sizes of DNA fragments. However, this relationship is not 
exactly linear; instead, it appears to be sigmoidal (Figure 8.17). Therefore, the Local Southern 
method, described by Sir Edwin Southern, is used to generate standard curves for determining 
the sizes of DNA fragments. The equation is as follows: 


bs 
M-™, 


DNA size (bp) 


50300 340.55q 400850. 500) 


2 

150 16g 200 06 
2 5 10 160 4 
Blsss0 7 139) 


Figure 8.16 Electropherogram of a synthetic molecular weight size standard, GeneScan" 500 size 
standard (Applied Biosystems). RFU, relative fluorescence units. (© Richard C. Li.) 
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Figure 8.17 Estimation of unknown DNA fragment sizes using the Local Southern method, The migra~ 
tion of ssDNA fragments (20-1200 base pairs) is not linear over the entire fragment size range and is 
somewhat sigmoidal. To determine the size af a DNA fragment in question, two curves are generated. 
‘The first curve is generated using three standard points: two points (a and b) that are smaller and one 
point (c) that is larger than the questioned fragment. As a result, a fragment size (L,) is determined. 
‘The second curve is then generated using an additional three standard points: one point (b) that is 
smaller and two points (¢ and d) that are larger than the questioned fragment. Thus, a fragment size, 
L, Is determined. The two values (L, and L,) are averaged to determine the size (L) of the questioned 
fragment. (Adapted from Southern, E.M.,Anal Biochem, 100, 319-323, 1979.) 
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In the equation, L is the size of the unknown fragment; M is the mobility of the fragment; 
and C, My, and L, are constants that are obtained from the fragments of known size. To 
determine the size of an unknown fragment, two curves are generated based on the equa- 
tion, Each curve utilizes three data points. The first curve utilizes two size standards that 
are smaller and one size standard that is greater than that of the unknown fragment. Asa 
result, size L, is obtained. The second curve utilizes a size standard that is smaller and two 
size standards that are greater than that of the unknown fragment. Thus, size L, is obtained 
Finally, the average of L, and L, is defined as the size of the unknown fragment, In this 
method, only the size standards that are in the proximity of the unknown fragment are analyzed. 
However, the accuracy of the standard curve relies on the proper separation of the standards 
during electrophoresis, 
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Detection Methods 


A variety of techniques are available for the detection of DNA fragments in forensic DNA analy- 
sis. For example, the direct detection of DNA fragments in a gel can be achieved via st 
“The detection of DNA probes in a hybridization-based assay can be performed with radi 
topes, colorimetric assays, and chemiluminescence labeling. For polymerase chain reaction 
(PCR)-based assays, DNA primers can be labeled directly with fluorescent dyes. 


9.1 Direct Detection of DNA in Gels 

‘This section describes two simple and rapid detection methods used for detecting DNA: stain- 
ing agarose gels with fluorescent intercalating dyes and staining denatured polyacrylamide gels 
with silver. 


9.1.1 Fluorescent Intercalating Dye Staining 

‘The location of DNA in an agarose gel can be determined directly by staining with low con- 
centrations of fluorescent intercalating dyes (Chapter 6) such as ethidium bromide (Figures 9.1 
through 9.3). These techniques allow the detection of DNA bands as small as 10 ng in agarose 
gels. Staining of DNA in agarose gels can be achieved by including an intercalating dye in the gel 
or staining the gel after electrophoresis in a dye-containing solution, followed by a washing step 
known as de-staining to reduce nonspecific staining. Historically, ethidium bromide-stained 
gels were photographed with a standard ultraviolet transilluminator at approximately 300 nm 
using a camera with an orange filter, whereas gels can currently be documented using digital 
techniques. When examining a DNA-containing gel under a UV lamp, the eyes and the skin 
should be protected from UV exposure. Ethidium bromide is a mutagen and a potential car- 
cinogen. Ethidium bromide should be handled according to the Material Safety Data Sheet and 
safety protection wear should be used while handling the chemical. Ethidium bromide waste is 
usually disposed of as hazardous waste and is handled in accordance with laboratory guidelines. 
Alternatives to ethidium bromide are available, for example, fluorescent dyes such as SYBR® 
stains (Molecular Probes; Figures 9.2 and 9,3). Some of these alternatives are less mutagenic and 
have better performance than ethidium bromide. 


9.1.2 Silver Staining 
Electrophoretically separated DNA fragments can also be detected with silver nitrate st 
Silver staining of palyacrylastide gels has been sed far the anplied fragment length poly 
morphism (AFLP; see Chapter 19) method of variable number tandem repeat (VNTR; see 
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Figure 9.1 Schematic illustration showing binding of an intercalating agent, ethidium bromide 
(EtBn to DNA. It intercaiates into the minor groove of DNA. (® Richard C. Li.) 
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Figure 9.2. Intercalating agents used as nucleic acid stains. (a) Chemical structure of ethidium 
bromide. Ethidium bromide has UV absorbance. The emission maximum of the DNA-dye complex 
in aqueous solution is approximately 590 nm. (b) Chemical structure of SYBR Green 1. The stain 
is a cyanine dye that binds to DNA and is used as a nucleic acid stain, The excitation and emission 
maxima of the DNA~dye complex are 494 and 521 nm, respectively. The stain preferentially binds 
to double-stranded DNA rather than single-stranded DNA and RNA. 


Chapter 19) profiling. ‘The sensitivity of silver staining is approximately 100 times higher than 
that obtained with ethidium bromide, and silver staining is less hazardous than ethidium bro- 
mide detection. Also, the developing chemicals are readily available at low cost. 

Silver staining involves processing a gel followed by exposure to a series of chemicals. First, 
the gel is submerged in a silver nitrate solution. Silver ions are positively charged, and DNA is 
negatively charged. Therefore, silver ions bind to the DNA and are subsequently reduced using 
formaldehyde to form a deposit of metallic silver on the DNA in the gel (Figure 9.4). A photo- 
graph of the gel with images of the silver-stained DNA strands is kept as a permanent record. 
Alternatively, the gels may be sealed and preserved for record purposes. One disadvantage of 
this method is that silver stains RNA and proteins along with DNA. ‘The presence of restric- 
tion enzymes and polymerase should therefore be minimized. Additionally, bands from both 
complementary DNA strands may be detected in a denatured polyacrylamide gel, which leads 
toa two-band pattern. 
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Figure 9.3 A DNA-dye complex emitting fluorescence on UV-light exposure. Ethidium bromide— 
containing agarose gel (left). SYBR Green 1-containing agarose gel (right). (© Richard C. Li) 
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Figure 9.4 Silver staining of DNA. Silver (Ag’) ions bind to DNA and are reduced to metallic silver 
(Ag) to form dark particles. (© Richard C. Li.) 


9.2 Detection of DNA Probes in Hybridization-Based Assays 
9.2.1 Radioisotope Labeled Probes 
Radioisotope probe labeling was used for early versions of VNTR testing and DNA quantita 
tion. Labeling can be accomplished in several ways (Figure 9.5). For example, nick translation 
incorporates labeled deoxyribonucleotides (NTPs) into double-stranded DNA. DNase lis used 
to introduce single-strand nicks within the DNA fragment to be labeled. Next, DNA Polymerase 
I recognizes the nicks and replaces the preexisting nucleotides with new strands containing 
labeled dNTPs, resulting in the generation of "P-labeled double-stranded DNA molecules. “P, 
with a half-life of approximately 14 days, is the most common radioisotope used in this tech: 
nique. Nick translation can utilize any dNTP labeled with =P. 

Prior to hybridization, the probe is denatured into single-stranded fragments by boiling for 
a few minutes followed by rapid cooling on ice, After the hybridization process, these probes 
can be visualized by exposing the DNA-containing membrane to an x-ray film. ‘The radioac 
tive object is commonly placed in an x-ray cassette, The energy released from the decay of the 
radioisotopes is absorbed by the silver halide grains in the film emulsion and forms a latent 
image. A chemical development process amplifies the latent image and renders it visible on 
film (Figure 9.6). Because most "=P emissions pass through the thin film emulsion without 
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Figure 9.5 DNA probe labeling using dNTPs. (a) Nick translation method, A DNase is utilized to 
create nicks along a DNA strand. Tagged nucleotides (one or more than one of the dNTPs) are then 
incorporated into the DNA strand using a DNA polymerase. DNA synthesis extends from the 5' to 
3’ end and the original strand is degraded. (b) Random primer labeling method. A template DNA 
is denatured and separated into single strands. A random mixture of hexameric deoxynucleotide 
fragments, as primers, is then annealed to the template strand. The tagged nucleotides are then 
incorporated by the Klenow fragment of the DNA polymerase. (@ Richard C. Li) 
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Figure 9.5 (Continued) (c) PCR method. DNA templates are denatured and then annealed to prim- 
ers flanking the region af interest. During the DNA synthesis phase of a PCR cycle (see Chapter 7), 
tagged nucleotides are incorporated into the DNA strand using a Taq DNA polymerase, producing 
new double-stranded DNA. The process is repeated for many cycles. Only the first cycle is shown. 
(© Richard C. Li) 
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Figure 9.6 Autoradiography. Exposure to radiation causes halide crystals to release electrons, thus 
reducing silver (Ag’) ions to metallic silver (Ag). (© Richard C. Li.) 


contributing to the final image, the detection process may require long exposure times. Signal 
intensity can be enhanced, however, by using intensifying screens at low temperatures. The 
screens emit photons upon receiving radioactive f-particles, thus further enhancing signals. 
‘Additionally, highly sensitive x-ray film can be used. One disadvantage of using "P is that it is 
asafety hazard. Additionally, autoradiography is a lengthy process. Therefore, nonradioisotopic 
detection methods have become popular alternatives. 
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9.2.2 Enzyme-Conjugated Probe with Chemiluminescence Reporting System 
“The use of alkaline phosphatase (AP)-conjugated probes with chemiluminescent substrates 
comprises a highly sensitive nonradioisotopic detection system, 

Alkaline phosphatase can cleave the phosphate groups from a variety of substrate molecules. 
Its enzymatic activity can be measured using dioxetane-based chemiluminescent substrates 
such as Lumigen® PPD (Figure 9.7). The Lumi-Phos Plus kit of Lumigen Inc. contains this sub- 
strate and can serve as a detection system for slot blot assays for DNA quantitation (Chapter 6) 
and RFLP assays for VNTR profiling (Chapter 19). AP catalyzes the cleavage of the phosphate 
ester of Lumigen® PPD, resulting in the release of a photon (Figure 9.8). The Lumigen® PPD 
substrate yields a long-lasting light emission that can be detected by exposure to x-ray film. This 
system provides a highly sensitive chemiluminescent detection method for AP-conjugated DNA 
probes in solution or on a solid matrix such as a membrane (Table 9.1), 


9.2.3 Biotinylation of DNA with Colorimetric Reporting Systems 

9.2.3.1 Biotin 

Biotin, also known as vitamin H, is a water-soluble molecule found in egg yolk (Figure 9.9). It 
can be incorporated onto oligonucleotide probes without interfering with the ability of probes 
to hybridize because of its small size (molecular weight: 244.31 u). Signals from a biotinylated 
probe can be detected with an enzyme-conjugated avidin system. Two steps are required to 
detect biotin-labeled probes. First, an avidin conjugate consisting of a reporter enzyme is added. 
“Then, the reporter enzyme is assayed with substrates. 


9.2.3.2 Enzyme-Conjugated Avidin 

Avidin isa glycoprotein found in egg white; it binds to biotin with extremely high affinity. Thus, 
a biotin-avidin complex is very stable. However, avidin detection has a high background due 
to nonspecific binding. The nonspecific binding can be reduced by replacing avidin with its 


Figure 9.7 Detection system using AP-conjugated probe. Chemiluminescence is generated by 
using the Lumigen® PPD as an AP substrate. (© Richard C. Li.) 
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Figure 9.8 Lumi-Phos Plus contains Lumigen® PPD (4-methoxy-4-3-phosphatephenyllspiro{1,2- 
dioxetane-3,2'-adamantanel, disodium salt). AP catalyzes the removal of the phosphate group of 
Lumigen® PPD and generates a chemiluminescent intermediate that is subsequently broken down 
to the excited state of methyl-m-oxybenzoate, The decay of the excited state end-product releases 
a photon. 
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Table 9.1 Forensic Applications of Enzyme Reporting Systems for Detecting DNA 


Reporter Detection Forensic 
Enzyme bling Mechanism Application 


AP ‘AP-conjugated Chemiluminescent  Lumigen*PPD RFLP; blot 
probe assay for DNA 
‘quantitation 
Horseradish Biotinylated Colorimetric! TMB/luminol Blot assay for 
peroxidase probe, chemiluminescent DNA 
(HRP) recognized by quantitation 
streptavidin 
conjugated 
with HRP 
Biotinylated Colorimetric T™B Reverse blot 
primer, assay for DAL 
recognized by typing and for 
streptavidin mtDNA typing 
conjugated 
with HRP 


@ 


Figure 9.9 Nonradioactive tags for labeling and detecting nucleic acids. (a) Chemical structure 
of biotin, also known as vitamin H. Molecular formula: CioH;cN203S. Molecular weight: 244.31. 
(b) Chemical structure of digoxigenin. Molecular formula: C,H,.05. Molecular weight: 390.51. 


streptavidin counterpart from Streptomyces avidinii. To detect binding, an enzyme-conjugated 
streptavidin such as horseradish peroxidase (HRP)-conjugated streptavidin can be used, HRP 
isolated from horseradish roots contains heme residues that catalyze the oxidation reactions of 
substrates (Chapter 12). 


9.2.3.3 Reporter Enzyme Assay 
HRP can be assayed with colorimetric, chemiluminescent, or fluorogenic substrates. One 
common colorimetric substrate for forensic DNA testing is 3,35,5'-tetramethylbenzidine 
(TMB), which is oxidized by the peroxidase to form an insoluble precipitate of intense blue at 
an acidic pH (Figure 9.10). Because the colored precipitate is difficult to remove from mem- 
branes, TMB is not suitable if reprobing for RELP analysis is required. This technique has 
been used for forensic DNA testing such as slot blot assays for DNA quantitation (Table 9.1). 
A chemiluminescent substrate such as a luminol-based reagent can also be utilized with 
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Figure 9.10 Detection system using biotinylated DNA prabes with colorimetric and chemilumi- 
nnescent reactions. (a) Biotinylated probe is incubated with a streptavidin (SA) and horseradish 
peroxidase (HRP) conjugate complex. (b) Biotin is recognized by the complex. Reporter enzyme 
assays can be carried out using either a colorimetric reaction with a TMB substrate (c) or 4 chemi- 
luminescent reaction using luminol analogs (d). (@ Richard C. Li.) 


HRP. ‘The peroxidase catalyzes the oxidation of luminol to form a chemiluminescent product 
(Figure 9.10) 


9.3 Detection Methods for PCR-Based Assays 

9.3.1 Fluorescence Labeling 

9.3.1.1 Fluorescent Dyes 

‘The advantages of fluorescence detection methods include a higher sensitivity and broader 
dynamic range than comparable colorimetric detection methods. Furthermore, they have the 
capacity for simultaneous analysis of complex samples such as multiplex PCR products with dif. 
ferent fluorescent labels (Figure 9.11), allowing the distinction of various amplicons. Commonly 
used fluorescent dyesin DNA labeling emit fluorescence in the range of 400-600 nm (Figures 9.12 
and 9.13). 


9.3.1.2 Labeling Methods 

Fluorescent dye labeling can be incorporated into a DNA fragment using a 5'-end fluorescently 
labeled oligonucleotide primer (Figures 9.14 and 9.15). The dye-labeled primer method is usu: 
ally used for STR profiling (see Chapter 20) in which only one primer from each primer pair is 
labeled; therefore, only one strand can be detected. The two-band pattern observed with silver 
staining does not appear with this method. Additionally, dye-labeled primers allow multiplex 
PCR amplifications in the same tube. 
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Figure 9.11 Emission spectra of common fluorescent dyes used for forensic DNA analysis. 
(@ Richard C. Li) 
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Figure 9.12 Examples of fluorescent dyes and their applications in STR kits. Note: Globalfiler 
and AmpFISTR Yiiler are manufactured by Applied Biosystems. PowerPlex Fusion system and 
PowerPlex® Y23 System are manufactured by Promega. 
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Figure 9.13 Chemical structures of representative fluorescent dyes. Fluorescein, 3'6”-cihydroxyspirol2- 
benzofuran-3,9-xanthenel-L-one; FAM, 5(6)-carboxyfluorescein; JOE, 6-carboxy-4’5"dichloro-2'7'- 
dimethoxy-fluorescein; TMR, 5-carboxytetramethylthodamine; ROX, 5(6)-carboxy-X-rhodamine; i, 
peak excitation wavelength (nim); yn, peak emission wavelength (ni 


Primer 


DNA polymerase 


inet labeled amplicon 
Figure 9.14 A fluorescent dye-labeled primer can be used for the amplification of DNA. The 
dye is conjugated at the 5° end of the primer. The amplified product is fluorescently labeled. 


(© Richard C. Li) 
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Figure 9.15 Direct labeling of nucleic acids with fluorescent dye, Labeled cytosine is shawn as an 
example. R, fluorescent dye. 


Alternatively, fluorescent dye labeling of DNA fragments can be carried out by incorporating 
fluorescently labeled dideoxynucleotides (4dNTPs) in the PCR product. This labeling method is 
ustally used in DNA sequencing such as mtDNA sequence profiling (Chapter 23) 


9.3.1.3 Fluorophore Detection 

“The fluorophore is a component of a florescent dye molecule that causes the molecule to be fluo 
rescent. First, a laser strikes a fluorophore covalently linked to the end of a DNA fragment. 
An electron of the fluorophore is then excited, rising to an excited state from a ground state. 
“The excited electron then descends to the ground state and releases a photon (Figure 9.16). The 
emitted photon has a longer wavelength (emission spectrum) than that of the excitation pho- 
ton (excitation spectrum). The wavelengths of excitation and emission spectra (Figure 9.17) are 
largely dependent on the chemical structure of the fluorophore. 

Lasers are commonly used as excitation sources because laser light emissions have high inten. 
sity and are monochromatic (single wavelength). The argon ion gas laser is frequently used in 
applications such as fluorescence-labeled STR and mtDNA sequence analysis because the excita 
tion wavelength of commonly used fluorescent dyes matches the wavelength of the argon laser. 

Optical filters are used to filter out undesired light and to allow only one particular wave- 
length to pass through. An essential optical filter consists of three components: an excitation fil 
ter, a dichroic beam splitter, and an emission filter. The excitation filter selectively transmits light 
from an excitation source. The light is then directed by the dichroic beam splitter to DNA mol: 
ecules labeled with fluorescent dyes. The light emitted from a fluorophore is also transmitted by 
the dichroic beam splitter toward the detector. The emission filter selectively blocks undesired 
light, thus transmitting a specific wavelength of the emitted fluorescence. The light intensity 
emitted from a fluorophore is detected using a photosensitive device such as a charge-coupled 
device (CCD). The signal from the fluorophore is collected and converted to an electronic signal 
expressed in an arbitrary unit such as a relative fluorescence unit (REU). Signals from multiple 
fluorophores in the same sample can be recorded separately using optical filters and a math: 
ematical matrix (liuorophore separation algorithm). The function of a matrix is to subtract the 
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Figure 9.16 A Jablonski diagram illustrating the absorption of a single photon and subsequent emission 
of fluorescence. During an excitation stage, a single photon with the appropriate energy excites 2 mol- 
cule tothe first excited energy level (S,). In fluorescence reactions, the energy is supplied by an external 
light source such as a laser, while in chemiluminescence reactions, the energy is derived from a chemical 
reaction. The excited molecule is not stable and relaxes to its lowest vibrational level in the excited state 
(G,). The molecule then returns to the ground state (S,), emitting a photon. (© Richard C. Li.) 


Stokes shift 


Absorption Emission 


Signal intensity 


‘Wavelength (nm) 


Figure 9.17 A fluorescence excitation spectrum. In fluorescence reactions, the energy of the pho- 
ton emitted is lower than that of the excitation photon. As a result, the wavelength of an emission 
photon is longer than that of an excitation photon, The difference in wavelength is known as the 
Stokes shift. (© Richard C. Li.) 


color overlaps of the various fluorescent dyes. The matrix can be established by the calibration 
of fluorescently labeled standards. 
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10.1 Serological Reagents 

10.1.1 Immunogens and Antigens 

A foreign substance that is capable of eliciting antibody formation when introduced into a host 
is called an immunogen. Natural immunogens are usually macromolecules such as proteins and 
polysaccharides. Other molecular structures can also act as immunogens, for example, glyco- 
lipids (such as A, B, and O blood group antigens) and glycoproteins (such as Rh and Lewis 
antigens). However, they must be foreign to their hosts. The molecular structure of an immu- 
nogen, usually a small portion recognized by an antibody, is called an epitope or determinant 
site. An immunogen usually consists of multiple epitopes and is thus considered multivalent 
(Figure 10.1), Each epitope can elicit the production of its own corresponding antibody. 

‘An antigen is a foreign substance that is capable of reacting with an antibody. All immu 
nogens can be considered antigens, but not all antigens can elicit antibody formation. Hapten 
is one example of a substance that is antigenic but not immunogenic. Haptens are chemical 
compounds that are too small to elicit antibody production when they are introduced to a host 
animal. However, a hapten can be coupled to a carrier, usually a macromolecule, to produce 
antibodies. A hapten-conjugated carrier can become immunogenic to elicit the formation of an 
antibody specific to the hapten. The resulting antibody can bind to free haptens. Certain con 
trolled substances such as cocaine and amphetamines are haptens and can be detected through 
corresponding antibodies for forensic toxicological analysis. 


10.1.2 Antibodies 
Antibodies, also known as intmunoglobulins, are capable of binding specifically to antigens and 
are designated with an Ig prefix. The five major classes of immunoglobulins are designated IgG, 
IgA, IgM, IgD, and IgE. Additionally, IgG immunoglobulins can be further divided into four 
subclasses (IgGl-IgG4) and IgA immunoglobulins can be further divided into two subclasses 
(IgA1 and IgA2). Thus, there are a total of nine immunoglobulin isotypes in humans. Isotypes are 
the immunoglobulins that differ based on the molecular variations in the constant domains of 
the heavy and light chains (Figure 10.2). IgD, IgE, and IgG are usually monomers. IgM can be a 
membrane-bound monomer or a cross-linked pentamer (secreted form). IgA can be a monomer, 
dimer, or trimer. In an immune response, an initial exposure to an immunogen elicits a primary 
response, producing IgM immunoglobulins. Further exposure to the immunogen can elicita sec- 
ondary response, producing IgG, IgA, IgE, and IgD immunoglobulins. [gG is the most abundant 
immunoglobulin in serum, A majority of serology tests are based on the IgG immunoglobulins. 
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Epitope B 
Epitope A 


Figure 10.1 Multivalent immunogen. A protein with two different epitopes is shown. (© Richard C. Li) 


Immunoglobulins have many similarities in their molecular structures. Figure 10.2 illustrates 
a diagram of the IgG molecule. The structures of immunoglobulins were first revealed by Gerald 
Edelman and Rodney Porter who shared a Nobel Prize in 1972. Immunoglobulins are composed 
of four polypeptide chains: two heavy (H) chains and two light (L) chains. The polypeptide chains 
are linked by disulfide bonds into a Y-shaped complex. The H chain can be divided into fragment 
antigen-binding (Fab) and fragment crystallizable (Fc) fragments. The L chain consists of a Fab 
fragment only. A typical antibody has two identical antigen-binding sites and is thus consid: 
ered bivalent. The antigen-binding activity is located within the Fab fragments. In particular, 
the N-terminal ends of the L and H chains together form antigen-binding sites. At the amino 
acid sequence level, both H and L chains have variable and constant domains (Figure 10.2). The 
variable domains are located at the N-terminal ends of the immunoglobulins. Additionally, three 
small hypervariable regions are located within the variable domain of each chain. 


Heavy chain pore 
Light chain 


Hinge 
region’ 
iypervariable 

regions 


Fe fragment 


Figure 10.2 Immunoglobulin IgG structure. Immunoglobulin IgG is composed of light and heavy 
chains that contain variable domains. The remaining portions of chains form the constant domains. 
The variable domains of both light and heavy chains contain three hypervariable regions that form 
the antigen-binding site ofthe immunoglobulin. (© Richard C. Li.) 
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‘The diversity in the amino acid sequences of these hypervariable regions determines the 
specificity of the antigen-binding sites. The hinge regions provide flexibility to the antibody 
molecule and are important for the efficiency of the binding and cross-linking reactions. The 
basal portion of the H chain consists of Fc fragment. 

‘The binding affinity and specificity of antibodies make them useful reagents for serological 
testing, Two types of antibodies are commonly used: polyclonal and monoclonal antibodies. 


10.1.2.1 Polyclonal Antibodies 

‘To produce an antibody, an immunogen is usually introduced into a host animal. A multiva 
lent immunogen is capable of eliciting a mixture of antibodies with diverse specificities for the 
immunogen. As a result, a polyclonal antibody is produced by different B lymphocyte clones in 
response to the different epitopes of the immunogen. Antibodies can be circulating (in blood or 
other bodily fluids) or tissue bound (in cell surface antibodies). Circulating immunoglobulins 
are referred to as humoral antibodies. 

‘The blood from an immune host is drawn and allowed to clot, resulting in the formation of a 
solid consisting largely of blood cells and a liquid portion known as serum containing antibod: 
ies (Figure 10.3). Such a preparation of humoral antibodies is also called a polyclonal antiserum. 
Depending on the type of animal used, the antibodies produced are classified as avian (B), rabbit 
(R), or horse (H) type. The characteristics of polyclonal antibodies may vary ifthey are produced 
from different individual host animals of the same species. Variations in reactions among differ 
ent sources of antibodies should be monitored by quality-control procedures. 


10.1.2.2 Monoclonal Antibodies 

‘To produce a monoclonal antibody, spleen cells are harvested from a host animal, such as a 
mouse, inoculated with an immunogen (Figure 10.4). Next, the plasma cells of the spleen, which 
produce antibodies, are fused with myeloma cells. Since only a small population of cells fuse, 
a selection step is needed to allow only fused cells to grow (Figure 10.4). The fused cells, called 
hybridoma cells, are immortal (proliferate indefinitely) in cell cultures. Pools of hybridoma cells 
are diluted into single clones and are allowed to proliferate. The clones are then screened for the 
specific antibody of interest. 


Serum 
Clotting 


Clot 


Whole blood 
(no anticoagulant) 


Figure 10.3 Serum component of blood. The blood of an immunized animal is collected in the 
absence of an anticoagulant and is allowed to clot. The resulting liquid portion of the blood is serum, 
(© Richard C. Li) 
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Figure 10.4 Preparation of a monoclonal antibody. A mouse is immunized with an immunogen, 
and its spleen cells are fused with myeloma cells to generate hybridama cells. The clone that syn- 
thesizes and secretes the monoclonal antibody of interest can then be identified. (© Richard C. Li.) 


‘The desired hybridoma clone can be maintained indefinitely, and it produces a monoclonal 
antibody that reacts with a single epitope. The hybridoma-derived monoclonal antibodies are 
specific and homogenous, and can be obtained in unlimited quantities. Monoclonal antibodies 
have been utilized in many serological assays, as discussed in Chapter 11. However, they have 
certain limitations in serology assays. For instance, monoclonal antibodies react with only a 
single epitope of a multivalent antigen and, therefore, cannot form cross-linked networks in 
precipitation assays (see Section 10.3.2.) 


10.1.2.3 Antiglobulins 

Immunoglobulins are proteins that can also function as immunogens. If a purified foreign 
immunoglobulin or a fragment of a foreign immunoglobulin is introduced into a host, the 
antibodies produced are known as antiglobulins. Antiglobulins that are specific to a particular 
isotype can be produced in laboratories. In addition to specific antiglobulins, it is possible to 
produce nonspecific antiglobulins, which recognize an epitope that is common to all isotypes of 
an immunoglobulin class, such as the Fe portion of the heavy chain of all subclasses of human 
IgG. Antiglobulins are important reagents in many serological tests. 
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Figure 10.5 Affinity is a measure of the interaction between a single epitope on an antigen and a 
single binding site on an antibody. (© Richard C. Li.) 


10.2 Strength of Antigen—Antibody Binding 

“The binding of an antigen to its specific antibody is mediated by the interaction between the epi 
tope ofan antigen and the binding site of its antibody. Noncovalent bonds can be formed during 
antigen-antibody binding. Various forces act cooperatively during antigen-antibody binding. 
“These include hydrogen bonding, hydrophobic interactions that exclude water molecules from 
the area of contact, and van der Waals forces arising from the asymmetric distribution of the 
charges of electrons. The binding process occurs rapidly and the formation of the antigen-ar 
body complex is reversible. Such binding occurs at short distances when the antigen and ar 
body are in close proximity. Additionally, the strongest binding occurs only if the shape of the 
epitope fits the binding site of the antibody. The strength of the interaction between the antigen 
and the antibody depends on two characteristics, designated affinity and avidity. 

Affinity is the energy of the interaction of a single epitope on an antigen and a single bind 
ing site on a corresponding antibody (Figure 10.5). The strength of the interaction depends on 
the specificity of the antibody for the antigen. Nevertheless, antibodies can bind with lower 
strength to antigens that are structurally similar to the immunogen, Such binding is known as 
cross-reaction. 

Avidity is the overall strength of the binding of an antibody and an antigen (Figure 10.6). 
Since an antigen is usually considered multivalent and an antibody is bivalent, the avidity 
reflects the combined synergistic strength of the binding of all the binding sites of antigens and 
antibodies rather than the sum of individual affinities. It also reflects the overall stability of an 
antigen-antibody complex that is essential for many serological assays, 


10.3 Antigen-Antibody Binding Reactions 

“The binding of an antigen to an antibody is an equilibrium reaction consisting of three types 
of reactions. The primary and secondary reactions form the basis for many forensic serological 
assays and will be discussed in the following subsections. The third type is called the tertiary 
reaction. It is used to measure int vivo immune responses such as inflammation and phagocyto- 
sis. Because most forensic serology tests are in vitro assays, the tertiary reaction is not commonly 
utilized in forensic serology testing and will not be discussed here. 


193 


Forensic Biology, Second Edit 


yr 


Figure 10.6 Avidity is a measure of the overall strength of the binding between antigens and anti- 
bodies. (@ Richard C. Li.) 


10.3.1 Primary Reactions 

A primary reaction is the initial binding ofa single epitope of an antigen (Ag) and a single bind 
ing site of an antibody (Ab) to form an antigen-antibody complex (Figure 10.7). This rapid and 
reversible binding reaction can be expressed as 


Ag+ Abe? AgAb 


Atequilibrium, the strength of the interaction can be expressed as the affinity constant (K,) that 
reflects the affinity of binding, where: 


x, Lee] 


*" Tag ab 


“The square brackets indicate the concentration of each component at equilibrium. K, is the 
reciprocal of the concentration of free epitopes when half the antibody-binding sites are occu. 
pied. Thus, a higher K, corresponds to a stronger binding interaction. 

‘Techniques such as enzyme immunoassays, immunofluorescence assays, radioimmunoas- 
says, and dye-labeled immunochromatography can measure the concentrations of antigen 
antibody complexes formed by primary reactions (Chapter 11). These techniques are the most 
sensitive for detecting the presence of an antigen and an antibody in a sample. Additionally, 
many forensic serology assays are based on the detection of primary reactions and will be dis 
cussed in Chapters 12 through 17. 


10.3.2 Secondary Reactions 

“The primary reaction between an antigen and an antibody is often followed by a secondary reac- 
tion. The three types of secondary reactions are precipitation, agglutination, and complement 
fixation. The techniques that detect secondary reactions are usually less sensitive but easier to 
perform than primary reaction assays. The precipitation and agglutination reactions form the 
basis for many serologic assays performed in forensic laboratories. These reactions will be dis- 
cussed in the following subsections in detail. The third type of reaction is called complement 
fixation. If an antigen is located on a cell surface, the binding of the antigen and the antibody 
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Figure 10.7 Primary reaction. Initial binding forms an antigen-antibody complex. (© Richard C. Li.) 


may activate the classical complement pathway and lead to cell lysis, also known as a complement 
fixation reaction. The detection of this type of reaction is not commonly used in forensic serology. 


10.3.2.1 Precipitation 
Ifa soluble antigen is mixed and incubated with its antibody, the antigen-antibody complexes 
can form cross-linked complexes at the optimal ratio of antigen-to-antibody concentration, The 
cross-linked complex is insoluble and eventually forms a precipitate that settles to the bottom of 
a test tube. Antibodies that produce such precipitation are also called precipitins. 

‘This precipitation reaction can be characterized by examining the effect of varying the relative 
ratio of antigen and antibody. If an increasing amount of soluble antigen is mixed with a constant 
amount of antibody; the amount of precipitate formed can be plotted. A precipitin curve (Figure 10.8) 


Prozone Postzone 


Amount of precipitate 


Increasing antigen concentration 
Figure 10.8 Precipitin curve, (© Richard C. Li) 
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illustrates the results observed when antigens and antibodies are mixed in various concentration 
ratios. The curve can be divided into three zones known as the prozone, the zone of equivalence, and 
the postzone, 

10.3.2.1.1 Prozone 

At this zone, the ratio of antigen-antibody concentration is low. In other words, the antibody 
is in excess. Each antigen molecule is rapidly saturated with antibody, thus preventing cross- 
linking (Figure 10.9a). No precipitate is formed at the prozone stage. 


10.3.2.1.2 Zone of Equivalence 
As the concentrations of antigen increase, the amount of precipitate increases until it reaches 
a maximum. The amount of precipitation depends on the relative proportions of antigens and 
antibodies present. The maximum precipitation occurs in what is called the zone of equiva- 
lence. In the zone of equivalence, the ratio of antibody to antigen concentration is optimal and 


vas 
io 


Figure 10.9 Antigen~antibody binding in (a) prazone, (b) zone of equivalence, and (c) postzone. 
(© Richard C. Li) 


10.3 Antigen-Antibody Binding Reactions 


precipitation occurs as a result of forming cross-linked networks (Figure 10,9b). Precipitation 
assays are usually carried out under the condition of the zone of equivalence, forming a suffi- 
cient quantity of precipitation to be detected 

10.3.2.1.3 Postzone 


With the addition of more antigens, the ratio of antigen-antibody concentrations is high. In 
other words, the antigen is in excess. The amount of precipitate decreases and eventually dimin- 
ishes, Each antibody molecule is saturated with antigen molecules (Figure 10.9¢). Cross-linkage 
cannot form, and precipitation does not occur. 


10.3.2.2 Agglutination 
‘As discussed in the previous subsection, precipitation reactions involve soluble antigens. If the 
antigens are located on the surfaces of cells or carriers (carrier cells such as sheep erythrocytes, 
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Figure 10.10 Agelutination reaction: (a) antigens are mixed with antibodies, (b) an antigen-antibody 
complex is formed during initial binding, and (c) the lattice is formed. (@ Richard C. Li) 
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bacteria, or latex particles), antibodies can bind to the surface antigens and can form cross-links 
among cells or carriers, causing them to aggregate. This aggregation is referred to as agglutina- 
tion. In agglutination, a visible clumping can be observed as an indicator of the reaction of the 
antigen and the antibody. If the antigen is located on an erythrocyte, the agglutination reaction 
is designated hemagglutination. Agglutination isa two-step process that includes initial binding 
and lattice formation (Figure 10,10). 


10.3.2.2.1 Initial Binding 
“The first step of the reaction involves antigen-antibody binding at a single epitope on the cell 
surface (Figure 10,10b). This initial binding is rapid and reversible. 


10.3.2.2.2 Lattice Formation 
“The second step involves the formation of a cross-linked network resulting in visible aggregates 
that constitute a lattice (Figure 10.10c). This involves an antibody binding to multiple epitopes 
because each antibody has two binding sites and antigens are multivalent. Lattice formation is 
a much slower process than the initial binding step. The cross-linking of cells requires physical 
contact. Additionally, an antibody must bind to epitopes on two different cells. The ability to 
cross-link cells depends on the nature of the antibody. Antibodies that produce such reactions 
are often called agglutinins. 

Additionally, a complete antibody is capable of carrying out both primary and secondary 
interactions that result in agglutination, An antibody that can carry out initial binding but fails 
to form agglutination is called an incomplete antibody. This type of antibody is believed to have 
only one active antigen-binding site and is thus not capable of agglutination. It is potentially 
caused by the presence of steric obstruction due to the conformation of the incomplete antibody 
molecule, preventing the binding of antigens at the second binding site. However, other incom- 
plete antibodies have two active sites but cannot bridge the distance between cells, thus failing 
to form lattices. Certain antibodies such as IgG are small and lack flexibility at the hinge region, 
and this may prevent agglutination. In contrast, the large IgM antibodies produce agglutination 
much more easily than IgG. Agglutination reactions have a wide variety of applications in the 
detection of antigens and antibodies. Such assays have high degrees of sensitivity and have been 
used for many years in forensic serology. 
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11.1 Introduction to Forensic Serology 
11.1.1 The Scope of Forensic Serology 
Forensic serology is the component of forensic biology that deals with the examination and iden- 
tification of biological evidence. In particular, it focuses on determining the presence and iden- 
tification of various bodily fluids such as blood, semen, and saliva in a questioned sample. 
Bodily fluid stains are commonly associated with violent criminal cases. For instance, the 
identification of blood evidence (Chapter 12) is often necessary for investigating cases involving 
homicide, aggravated assault, sexual assault, and burglary. Proving the presence of blood has 
probative value or may corroborate allegations of violent acts. This evidence can also be used 
for investigative purposes. For example, the forensic DNA analysis of evidence such asa victim’s 
blood on a suspect's weapon can establish a link between a victim and a suspect. The identifica- 
tion of semen (Chapter 14) and saliva (Chapter 15) is important for the investigation of a sexual 
assault case, For instance, a stain from a victim's clothing would be processed with forensic 
DNA analysis in a sexual assault case so that the DNA profile of the stain could be compared 
with that of an alleged suspect. Matching DNA profiles prove that the suspect's DNA was found 
on the victim's clothing, establishing a link between the suspect and the victim, Additionally, 
the identification of a biological stain as a semen stain through forensic serology testing proves 
that semen was found on the clothing taken from the victim and that the suspect is the source 
ofthe DNA from the semen stain, This evidence can then be used in court to support allegations 
that a sexual act occurred. Likewise, the presence of a suspect's saliva stains on a victim's genital 
area may corroborate an alleged oral copulation. ‘The identification of bodily fluids other than 
blood, semen, and saliva will be discussed in Chapters 16 and 17. 


11.1.2 Class Characteristics and Individual Characteristics of Biological Evidence 

“The identification of an unknown fluid sample is based on a comparison of the class character- 
istics (Section 3.2.1) of a sample with known standards of its class. Forensic identification typi 
cally involves bodily fluids, such as blood, semen, and saliva. If the presence of the bodily fluid 
is confirmed, the individual characteristics (Section 3.2.2) of the biological evidence are then 
determined to find out whether or not a bodily fluid sample has come from a particular individ- 
ual. Today, this analysis can be achieved through forensic DNA analysis. The most commonly 
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utilized forensic DNA analysis is the short tandem repeat (STR) analysis used for human iden: 
tification. Additionally, Y-chromosomal STR analysis is often utilized for the investigation of 
sexual assault crimes, Furthermore, mitochondrial DNA analysis is used for the identification 
of human remains, Therefore, establishing the probative value of a sample requires both the 
identification of its class characteristics and the individualization of its contributor. Therefore, 
the identification of bodily fluids cannot be replaced by forensic DNA analysis. 


11.1.3 Presumptive and Confirmatory Assays 

“The identification of bodily fluids can be carried out using presumptive and confirmatory assays 
to identify the type of bodily fluid in question. The advantages of prestomptive assays are that 
these assays are sensitive, rapid, and simple, A positive reaction of a presumptive assay indicates 
the possibility of the presence of the bodily fluid in question. However, presumptive assays are 
not very specific. Therefore, they should not be considered conclusive for the presence of a type 
of bodily fluid. In contrast, a negative assay indicates that the questioned bodily fluid is absent. 
‘Thus, presumptive assays can be used as a screening method and for narrowing down bodily 
fluid stains prior to other types of analyses, such as forensic DNA testing. Moreover, these assays 
can be used asa search method to locate bodily fluid stains at the crime scene. Additional assays, 
such as confirmatory assays, should be conducted afterward if necessary. 

Confirmatory assays are more specific for the bodily fluid in question. These assays are uti 
lized to identify bodily fluids with higher certainty than presumptive assays. For example, 
bloodstains are commonly associated with criminal investigations. A reddish-brown stain that 
has been identified through visual examination is usually tested by using presumptive assays. If 
the result of the presumptive assay on the alleged bloodstain is positive, the stain is then further 
analyzed by forensic DNA analysis. This approach indicates the presence of blood. Confirmatory 
assays are performed when a sample has to be identified as blood (Figure 11.1), Additionally, the 
human or animal origin of blood evidence can be determined if necessary and the techniques to 
do so will be discussed in Chapter 13. 


11.1.4 Primary and Secondary Binding Assays 

‘Traditionally, the detection and measurement of the antigen-antibody binding reactions serve 
as the bases of forensic serology. These assays fall into two categories: primary and second: 

ary binding assays. Recall that the primary binding assays involve the initial binding between 
a single epitope of an antigen and a single binding site of an antibody (see Section 10.3.1). 
“Therefore, they are very sensitive, Although the secondary binding assays are less sensitive 
than the primary binding assays, they are easier to perform than primary assays. The second: 

ary assays consist of precipitation-based and agglutination-based assays. Precipitation-based 
assays have been used for species identification. Agglutination-based assays are more sensitive 
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Figure 11.1 An example of work flow for processing blood samples. (@ Richard C. Li.) 
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than precipitation-based assays, Agglutination-based assays, which detect antigens located on 
the surface of cells or carriers, are normally applied to blood group typing, Recently, emerging 
techniques such as RNA, proteomic, and DNA methylation assays, and fluorescence as well as 
Raman spectroscopy can potentially be used for the identification of bodily fluids. 


11.2 Primary Binding Assays 

11.2.1 Enzyme-Linked Immunosorbent Assay (ELISA) 

An enzyme-linked immunosorbent assay (ELISA) is an immunoenzyme assay that can be used 
to detect and measure the antibody or antigen in question, The most common ELISA that is 
used in forensic serology is the antibody-sandwich ELISA (Figure 11.2). Itis utilized to detect 
the prostate-specific antigen (PSA) to identify seminal stains and amylase for the identification 
of saliva (Chapters 13 and 14), 

‘An antibody (usually monoclonal) coating is formed by nonspecific adsorption onto a solid 
phase such as the wells of a polystyrene plate. A sample containing the antigen to be tested is 
then added and binds to the solid-phase antibody. Subsequently, a second antibody is added to 
form an antibody-antigen-antibody sandwich complex. The second antibody binds to different 
epitopes of the antigen. Next, an enzyme-labeled antiglobulin (Chapter 10) is added to bind the 
sandwich, Subsequently, the excess enzyme-labeled antiglobulin is removed by washing and the 
bound antiglobulin can be detected. 

‘A number of enzymes such as alkaline phosphatase and horseradish peroxidase have been 
used as reporting enzymes (Chapter 9) to label the antiglobulin for ELISA. The enzyme catalyzes 
the substrate and produces colorimetric or fluorometric signals. The intensity of the signals can 
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Figure 11.2 ELISA assay. (2) Sample containing Ag (antigen) is applied to a sample well where 
Ab (antibody) is immobilized. (b) Ag binds to an immobilized Ab to form an Ag-Ab complex. (c) A 
second Ab to a different epitope is added to form an Ab-Ag-Ab sandwich. (d) Labeled antiglobu- 
lin binds to the sandwich. The bound antiglobulin can be detected by various reporting schemes. 
(© Richard C. Li) 
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be detected spectrophotometrically and is proportional to the amount of bound antigen. The 
amount of antigen can be quantified by comparing the standard with known concentrations. 
Recall that antiglobulin can recognize an epitope that is common to al isotypes within an anti 
body class (Section 10.1.2.3); the enzyme-labeled antiglobulin is a universal reagent regardless 
of the antibody used, as long as they are of the same class. 

Alternatively, antibodies in a sample can also be detected and may be quantified by an ELISA 
system in which the antigen is bound to a solid phase instead of the antibody. After an antibody 
ina sample binds to the solid-phase antigen, an enzyme-labeled antiglobulin is added to bind to 
the bound antibody. The bound antiglobulin can be detected and measured by the addition of an 
enzyme substrate, The enzymatic catalytic reaction is similar to the antibody sandwich ELISA 
procedure previously described. 


11.2.2 Immunochromatographic Assays 

Figure 11,3 depicts a test using an immunochromatographic membrane device. A dye-labeled 
monoclonal antibody is contained in a sample well and a polyclonal antibody for the antigen (or 
a second monoclonal antibody to a different epitope of the antigen) is immobilized onto a test 
zone of a nitrocellulose membrane, An antiglobulin that recognizes the antibody is immobi- 
lized onto a control zone. 

“The assay is carried out by loading a sample into the sample well. The antigen in the sample 
binds to the dye-labeled antibody already in the sample well to form an antigen-antibody com- 
plex. The complex then diffuses across the nitrocellulose membrane until it reaches the test 
zone. The antibody immobilized at the test zone traps the antigen-antibody complex to form 
an antibody-antigen-antibody sandwich. The presence of the antigen in the sample results in a 
colored vertical line at the test zone, (Figure 11.4) 

‘The immunochromatographic device also utilizes a control zone to ensure that the device 
works properly and that the sample has diffused completely along the test strip. Unbound 
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Figure 11.3 Immunochromatographic assay. (a) Sample containing Ag (antigen) is loaded in a 
sample well. (b) Ag binds to a labeled Ab (antibody) to form a labeled Ab-Ag complex. (c) At the 
test zone, the labeled Ab-Ag complex binds to an immobilized Ab to form a labeled Ab-Ag-Ab 
sandwich. (d) At the control zone, a labeled Ab binds to an immobilized antiglobulin and is captured 
at the control zone. (© Richard C. Li) 
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monoclonal antibodies diffuse across the membrane until they reach the control zone where 
they are trapped by the immobilized antiglobulin. This antibody-antiglobulin complex at the 
control zone also results in a colored vertical line (Figure 11.4). The test is considered valid only 
if the line in the control zone is observed. The presence of an antigen results in a line at both the 
test zone and the control zone, while the absence of an antigen results in a line in the control 
zone only (Figure 11.4). This method is rapid and simple and thus can be used as a screen: 
ing test in laboratories and as a field test at crime scenes to identify semen, saliva, and species 
(Table 11.1), 

However, a false-negative result may be obtained ifa sample containsa very high concentration of 
an antigen (Figure 11.5). Under this condition, the dye-labeled antibody will become saturated with 
the antigen to form antigen-antibody complexes. The unbound antigen will diffuse along with the 
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Figure 11.4 Immunochromatographic device, Positive and negative results are shown. (© Richard C. Li) 


Table 11.1 Common Immunochromatographic Assays for Forensic Applications 


Labeled Immobilized Forensic 
Assay Antibody Antibody Application 


ABAcard® Hemoglobin (Hb) Monoclonal Polyclonal Blood and 
HemaTraces antihuman antihuman Hb species 
(Abacus Hb antibody antibody identification 
Diagnostics) 

RSIO"-Blood Gilycophorin A Monoclonal Monoctonal Blood and 
(independent (GPA) antihuman ——_antihuman species 
Forensics) GPA antibody GPA antibody identification 

RSID™-Saliva Human salivary Monoclonal Monoclonal ‘Saliva 
(independent ceamylase antihuman —_antihuman identification 
Fotensics) (HAS) HAS antibody HAS antibody 

One-Step ABAcard Prostate-specific Monoclonal Polyclonal Semen 
PSA® (Abacus antigen (PSA) antihuman—_antihurman identification 
Diagnostics) PSA antibody PSA antibody 

RSID™Semen —__Semenogelin Monoclonal Monoclonal Semen 
(independent (Se) antihuman _antihumman Sg__ identification 
Forensics) Sg antibody antibody 


* The epitope recognized by the immobilized antibody is different from that of the labeled 
antibody. 
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Figure 11.5 High-dose hook effect of immunochramatographic assay. (a) Ag (antigen) in sample is 
foaded in the sample well. (b) Ag binds to a labeled Ab (antibody) to form a labeled Ag-Ab complex. 
(c) At the test zone, free Ag binds to an immobilized Ab to form an unlabeled Ab-Ag complex and 
prevents the formation of a labeled Ab-Ag-Ab sandwich. (d) At the control zone, a labeled Ab binds 
to immobilized antiglobulin and is captured at the control zone, (@ Richard C. Li.) 


antigen-antibody complex toward the test zone. At the test zone, the unbound antigen will compete 
with the antigen-antibody complexes for the antibody immobilized at the test zone. Since the anti- 
gen is in excess, the unbound antigen binds to the immobilized antibody, preventing the formation 
of the antibody-antigen-antibody sandwich. The resulting reading appears asa negative result. This 
artifact is known as the high-dose hook effect. To prevent the high-dose hook effect, a smaller volume 
of sample can be applied, or the sample can be diluted to reduce the amount of antigen applied. 


11.3 Secondary Binding Assays 

11.3.1 Precipitation-Based Assays 

“These techniques are based on the precipitation reaction and are used primarily for species iden- 
tification in forensic laboratories. 


11.3.1.1 Immunodiffusion 

Immunodiffusion is a passive method in which an antigen or an antibody or both are allowed to 
diffuse and therefore a gradient, from low to high concentration, is established for an antigen or 
an antibody or both. As a result, precipitation occurs due to the interaction between an antigen 
and an antibody. The assay can be carried out in a liquid or a semisolid medium such as agarose 
gel. The semisolid medium can stabilize the diffusion process and reduce interference such as 
convection, which is the movement of molecules within liquids. The two types are single immu: 
nodiffusion and double immunodiffusion. 


11.3.1.1.1 Single Immunodiffusion 
A concentration gradient is established for either an antigen or an antibody. One serology tech- 
nique based on this principle is radial immunodiffusion—a single diffusion method in which 
a concentration gradient is established for an antigen, The antibody is uniformly distributed in 
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the gel matrix (Figure 11.6). The antigen is loaded into a sample well and allowed to diffuse from 
the well into the gel until a precipitation reaction occurs. The precipitate ring around the well is 
observed; the area within the ring of precipitate is proportional to the amount of antigen loaded 
in the well. Standards using known concentrations of antigen can be included in the same assay 
along with the samples, and a standard curve can be plotted. The amounts of antigen in samples 
can then be quantified by comparing the results with the standard curve. 


11,3.1,1.2 Double Immunodiffusion 

“The second type of assay is double diffusion in which a concentration gradient is established 
for both an antigen and an antibody. The most common examples are the ring assay and the 
Ouchterlony assay. The ring assay can be performed in a test tube or capillary tube (Figure 11.7). 

An antiserum, a denser phase, is placed in a small tube. An antigen solution is carefully layered 
on top of an antibody solution without mixing. Both the antigen and the antibody will diffuse 
toward each other. In a positive reaction, a ring of precipitate can be observed at the interface of 
the two solutions. A negative reaction is indicated by a lack of precipitation. The assay requires 
positive and negative controls along with questioned samples. 
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Figure 11.6 Radial immunodiffusion assay. (a) Immunodiffusion of antigens from a well into an 
~ntibody-containing gel, (b) Standard curve based on results of standards with Known amounts of 
antigens. (@ Richard C. Li.) 
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Figure 11.7 Ring assay. (© Richard C. Li.) 
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‘The Ouchterlony assay is named after the Swedish immunologist, Orjan Ouchterlony, who 
developed it. The assay can be performed in an agarose gel supported by a glass slide or polyes- 
ter film (Figure 11.8). Wells are created by punching holes in the gel layer at desired locations. 
Often, a pattern with six wells surrounding a center well is used. ‘The antibody is loaded in the 
central well while the questioned samples and the controls are loaded in the surrounding wells. 
“The double diffusion of the antigen and the antibody from the wells is allowed to occur during 
incubation. Ifthe reaction is positive, a precipitate line between wells can be observed at the end 
of incubation. ‘The precipitate can be stained, enhancing visibility to aid observation. A single 
assay can compare more than one antigen to determine whether the antigens in question react 
the same way or differently with the antibody (see Chapter 7), This method is sometimes used to 
determine whether samples have come from the same or different origins. 


11.3.1.2 Immunoelectrophoretic Methods 
Diffusion techniques can be combined with electrophoresis to enhance test results. Electro: 
phoresis separates molecules according to the differences in their electrophoretic mobility. 


11,3.1.2.1 Immunoelectrophoresis 
Immunoelectrophoresis (IEP) is a two-step procedure that can analyze a wide range of antigens. 
“This technique uses electrophoresis to separate the antigen mixture prior to immunodiffusion 
(Figure 11.9). In the first step, the antigensina sampleare separated using agarose gel electrophoresis. 
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Figure 11.8 Ouchterlony assay. (® Richard C. Li.) 
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Figure 11.9 {EP assay. (a) Electrophoresis of antigens is carried out. (b) Various antigens are sepa- 
rated after electrophoresis. (c) Trough is cut. (d) Antibody is applied to the trough allowing diffusion 
to occur and forming precipitate lines. +, anode; ~, cathode. (@ Richard C. Li.) 
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“Then, a trough is cut in the gel parallel to the array of antigens separated by electrophoresis. In the 
second step, an antibody is loaded in the trough and the gel is incubated for double diffusion. An 
arc-shaped precipitate line can be observed for a positive reaction, Multiple precipitate lines can 
occur if more than one antigen reacts with the antibody. The shapes, intensities, and locations of the 
precipitate lines of a known control and a questioned sample can be compared, 


11.3.1.2.2 Crossed Immunoelectrophoresis 
Crossed immunoelectrophoresis (CRIE), also known as two-dimensional IEP, is a modifica- 
tion of IEP. ‘The first step utilizes electrophoresis to separate antigens contained in a sample 
(Figure 11.10). A strip of gel containing separated antigens is cut for the second round of elec- 
trophoresis. The gel including the gel strip is turned at a 90° angle and is further separated by a 
second-dimension electrophoresis. This drives the antigens from the gel strip into an agarose gel 
that contains uniformly distributed antibodies, Following the second-dimension electrophoresis, 
an arc-shaped precipitate line is formed. ‘The area of the arc can be measured, and a sample can 
be identified by comparison with a known standard. ‘This technique is more sensitive than IEP. 


11.3.1.2.3 Rocket Immunoelectrophoresis 
An antibody-containing agarose gel is used. The antigen is loaded into the well (Figure 11.11). 
Electrophoresis then drives the antigen from the well into the agarose gel, Ina positive reaction, 
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Figure 11.10 CRIE assay. (a) Electrophoresis of antigens is carried out. (b) Various antigens are 
separated after electrophoresis. A strip of gel containing separated antigens is excised and then 
used for second-dimension electrophoresis. (c) As shown, second-dimension electrophoresis is car- 
ried out to drive the antigens into an antibady-containing gel; (d) arc-shaped precipitate lines are 
formed as a result. (@ Richard C. Li) 
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Figure 11.11 Rocket immunoelectrophoresis assay. Antigens are driven from the wells into an 
antibody-containing gel forming precipitate lines. (@ Richard C. Li.) 
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a rocket-shaped precipitate line can be observed. The height of the rocket is in proportion to the 
amount of antigen in the sample. Quantitation can be achieved by comparing standards and the 
sample in the same gel, 


11.3.1.2.4 Crossed-Over Immunoelectrophoresis 
‘This technique is also known as counterimmunoelectrophoresis (CIE). Two arrays of opposing 
wells are created by punching holes in the agarose gel (Figure 11.12). The antibody and samples 
are loaded in opposing wells arranged by pairs. Electrophoresis is used to drive the antigen and 
the antibody toward each other. The wells containing the antibody should be proximal to the 
anode and the wells containing the samples should be proximal to the cathode. During gel elec 
trophoresis, the antigen, which is usually negatively charged, migrates toward the anode. The 
antibody migrates in the opposite direction as a result of electroendosmosis—a phenomenon in 
which the movement of molecules is caused by fluid flow. A precipitate line is formed between 
the opposing wells if the antigen reacts with its specific antibody. 


11.3.2 Agglutination-Based Assays 

Agglutination reactions can be used as forensic serological assays such as for blood group typing 
(Chapter 18) and menstrual blood identification (Chapter 16). Agglutination assays are qualita 
tive, indicating the absence or presence of antigens or antibodies. Semiquantitative results can 
be obtained by titration (diluting the antigen or antibody). Many types of agglutination reac- 
tions are available; only those used in forensic serology are discussed next. 

Direct agglutination assays involve reactions in which an antibody interacts with antigens 
originally located on cell surfaces. In a hemagglutination reaction (Figure 11.13a), an antibody 
binds to the antigens located on erythrocytes. This method is used for the identification of blood 
types, for example, the testing of erythrocytes for ABO blood group typing. The assay can be 
carried out on a glass slide and the agglutination, as indicated by forming cell clumps, can be 
observed under a microscope (Chapter 18). The assay can also be carried out in a test tube. In 
4 positive reaction, agglutinated cells are formed on the bottom of the test tube. Test tubes can 
also be centrifuged and then swirled to determine whether the cell clumps can be resuspended. 
Agglutinated cells cannot be resuspended. In a negative reaction, unagglutinated cells can be 
resuspended, 

Inagglutination inhibition assays, the presence of an antigen in question is indirectly detected 
(Figure 11.13b). Ifa known antigen is added to a mixture consisting of antigen-containing cells 
and antibodies, the added antigen will compete with the antigen located on the cell surfaces for 
antibody binding and inhibit the agglutination reaction. Another indirect agglutination assay 
is the absorption-elution assay (Chapter 18), which can be used for ABO blood group typing. 

Passive agglutination assays are different from direct agglutination assays, in which the 
antigen is coated on the surface of carrier cells such as tannic acid-treated sheep erythrocytes. 
“Tani acid is considered to be a fixative. Treating with tannic acid can stabilize the carrier cells, 
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Figure 11.12  Crossed-over immunoslectrophoresis assay. (© Richard C. Li.) 
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Figure 11.13 Agglutination-based assays. (a) Direct agglutination assay and (b) agglutination 
inhibition assay. Hemagglutination reactions are shown; antigens are located on erythrocytes. 
(c) Passive agglutination assay. (© Richard C. Li.) 
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fora subsequent coating of antigens. ‘The carrier cells are then incubated with samples contain. 
ing antigens. A coating of antigens can be formed on the surfaces of carriers, Such antigen- 
coated cartier cells can then be agglutinated using an antibody that is specific to the absorbed 
antigens (Figure 11.13c). 


11.4 DNA Methylation Assays for Bodily Fluid Identification 

In the eukaryotic genome, methylation occurs at the cytosine residues commonly in the CpG 
dinucleotide sequences of both DNA strands. The “p” in CpG refers to the phosphodiester bond 
between cytosine and guanine. Cytosine methylation is carried out in vivo by methyltransferase 
(DNMT). DNMT catalyzes the transfer of a methyl group (CH,) from S-adenosyimethionine 
(SAM) to the C* position of cytosine (Figure 11.14). As a result, cytosine is converted to 
5-methyleytosine. Cytosine methylation is observed throughout the eukaryotic genomes in 
both the coding and intergenic regions located between genes. However, cytosine methylation is 
rare at CpG islands, which are stretches of DNA containing a high frequency of CpG dinucleo- 
tides in the regulatory regions of genes (Figure 11,15). It is implicated that cytosine methylation 
alters the chromatin structure and causes chromatin condensation. Asa result, gene expression 
is usually inhibited by cytosine methylation. 

Genomic loci, known as tissue-specific differentially methylated regions (TDMRs), have been 
identified, TDMRs show differential DNA methylation patterns between different tissues, For 
example, semen-specific TDMRs are consistently hypomethylated in spermatozoa, which can 
be used to identify semen samples. Other TDMRs display varying degrees of methylation in 
different types of bodily fluids. This suggests that differential DNA methylation assays may be 
potentially useful for bodily fluid identification. 

‘The detection of DNA methylation can be carried out by a number of methods. Methylation- 
sensitive restriction enzyme digestion polymerase chain reaction (MSRE-PCR) can be used for the 
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Figure 11.14 Eukaryotic cytosine methylation catalyzed by methyltransterase. 


Promoter 
sequence 
5" Untranslated 
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Figure 11.1 Methylation at the cytosine residues in CpG dinucleotide sequences. Note that the 
(CpG dinucleotide sequences are usually unmethylated in the promoter regions. Black circle: methyl- 
ated. Clear circle: unmethylated. Gray circle: partial methylated. (© Richard C. Li.) 
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rapid detection of DNA methylation. This method utilizes the methylation-sensitive restriction 
enzyme (MSRE). MSREs cleave DNA at unmethylated restriction sites, but they are not able to 
cleave once a cytosine residue is methylated. Thus, the methylated DNA remains intact, After 
PCR amplification, the methylated DNA is amplified and the amplicon is detected. In contrast, 
the unmethylated DNA is cleaved by the MSRE and cannot be amplified (Figure 11.16). Bisulfite 
sequencing is another widely used method. ‘The genomic DNA is treated with sodium bisul- 
fite, which catalyzes the hydrolytic deamination of unmethylated cytosines (Figure 11.17), Asa 
result, unmethylated cytosines are converted to uracils, while methylated cytosines are resistant 
to conversion and remain unchanged. Next, uracils are replaced by thymines during PCR. After 
sequencing, the methylation sites can be deduced at a single-nucleotide resolution by comparing 
them with the reference sequence (Figure 11.18). Methyl-DNA immunoprecipitation (MeDIP) is 
a usefull method for isolating methylated DNA. In this method, DNA is first sheared into frag- 
ments. The fragmented DNA is then treated with an antimethylcytosine antibody that binds to 
methylated cytosines. Methylated DNA fragments can then be isolated by immunoprecipitation 
for further analysis (Figure 11.19). 
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Figure 11.16 Methylation-sensitive restriction enzyme digestion PCR (MSRE-PCR) for the detec- 
tion of DNA methylation. This method utilizes the methylation-sensitive restriction enzyme (MSRE) 
such as Hhal. Hhial cleaves DNA at the unmethylated sequence GCGC but is nat able to cleave 
once a cytosine residue is methylated (GCmGC). The Hhal-treated DNA is then PCR amplified. The 
Hhal uncleaved DNA results in an amplicon, indicating the presence of a methylated cytosine in the 
sequence. The Hhal cleaved DNA cannot be amplified, indicating the absence of methylated cyto- 
sine in the sequence, Me, 5-methylcytosine site; red artow, PCR primers. (Adapted from Frumkin, 
D. et al., Forensic Sci Int Genet, 5, 517-524, 2011.) 
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Figure 11.17 Bisulfite conversion of 5-methyleytasine. 
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Figure 11.18 Schematic illustration of bisulfite sequencing of cytosine methylation. In a deamina- 
tion reaction, unmethylated cytosines are converted to uracil. PCR and DNA sequencing are then car- 
ried out. The retention of C indicates that the site was methylated; the conversion of C to T indicates 
that the site was unmethylated in the DNA sample. Me, 5-methylcytosines site, (© Richard C. Li) 
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Figure 11.19 Methylated DNA immunoprecipitation (MeDIP) for the detection of methylated DNA. 
Genomic DNA is randomly and mechanically sheared into fragments. Fragments are then denatured 
to single-stranded DNA. The fragments containing the methylated region can be immunoprecipitated 
Using an antibody that specifically recognizes &-methyleytosine, The methylated DNA sequence in 
the immunoprecipitated fragments can then be determined by DNA sequencing and methylation 
analysis. Me, 5-methylcytosine site; 5mC Ab, 5-methylcytosine antibody. (@ Richard C. Li.) 


11.5 Forensic Applications of RNA-Based Assays and RNA Profiling 

11.5.1 Messenger RNA-Based Assays 

mRNA-based assays have been developed to identify bodily fluids for forensic investigation. In 
forensic pathological investigation, they can potentially be used for wound age estimation and 
the age of biological stains. The assays are based on the expression of certain genes in certain cell 
or tissue types. Candidate tissue-specific genes that may be useful for the identification of bodily 
fluids have been identified. Thus, the techniques that are used in the identification of bodily fluids 
are based on the detection of specific types of mRNA that are expressed exclusively in certain 
cells, The tissue-specific genes that are utilized for bodily fluid identification are summarized in 
‘Table 11.2. Additionally, reference genes that are constitutively expressed housekeeping genes are 
utilized as internal controls. The amount of mRNA can be assessed by normalizing the target 
gene to the expression level of the reference genes. Compared with conventional assays that are 
used for bodily fluid identification, the mRNA-based assay has higher specificity and is ame- 
nable to automation, However, one limitation is that the mRNA is unstable due to degradation by 
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Table 11.2 Representative Markers of mRNA-Based Assays for 
Bodily Fluid Identification 


Blood ALAS2 ‘Aminolevulinatesynthase 2 
AMICAI Adhesion molecule, interacts with 
GXADR antigen 1 
ANK1 Ankyrin 
p36 D3 gammamolecule 
e093 CD93 molecule 
HBAI Alpha 1 hemoglobin. 
HBB Beta hemoglobin 
PBGD Porphobilinogen deaminase 
SPTB Beta spectrin 
Saliva HTN Histatin 3 
muc7 Mucin 7 
STATH Statherin 
Semen KLK3 Kallikrein 3 (prostate-specitic 
antigen) 
PRMI Protamine 1 
PRM2 Protamine 2 
SEMGI ‘Semenogelin 1 
Toma Transglutaminase 4 


Vaginal secretions | CYP2B7P1 Cytochrome P450, family 2, 
subfamily B, polypeptide 7 


pseudogene 1 

DKka Dickkopf homolog 4 

FUT6 Fucosyitransferase 6 

HBD1 Beta defensin 1 

119 Interleukin 19 

muca Mucin 4 

myoz1 Myozenin 1 

SFTAZ Surfactant associated 2 
Menstrual blood MMP7 Matrix metalloproteinase 7 

MMPI1 Matrix metalloproteinase 11 
skin cDsN Comneodesmosin 

LOR Loricrin 


(continued) 
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Table 11.2 (Continued) Repre 
Assays for Bodily Fluid Ide 


‘Sources: Adapted from Bauer, M. and Patzelt, D., J Forensic Sci, 47, 1278- 
1282, 2002; Hanson, E.K. and Ballantyne, J., Sci Justice, 53, 
14-22, 2013; Lindenbergh, A., Maaskant, P., and Sijen, 
T., Forensic Sci Int Genet, 7, 159-166, 2013; Nussbaumer, 
C., Gharehbaghi-Schnell, E., and Korschineck, I., Forensic Sci Int, 
157, 181-186, 2006, 


endogenous ribonucleases, Additionally, bodily fluid stains collected from crime scenes are often 
exposed to ultraviolet (UV) light, moisture, and high temperature, which can promote mRNA 
degradation. Nevertheless, the successful detection of mRNA from aged samples is possible. 


11.5.2 MictoRNA-Based Assays 
“The biological function of microRNAs (miRNAS) is to regulate gene expression. The mature 
miRNA strand associated with the RNA-induced silencing complex (RISC) binds to its tar 
get mRNA. In animal cells, the mature miRNA forms a base pairing with its complementary 
sequence of the miRNA responsive element (MRE) within the 3’ untranslated regions (3/UTRs) of 
the target mRNA (Figure 11.20). A single miRNA can bind different mRNA transcripts encoded 
by multiple genes. Animal miRNAs usually form a base pairing with their target mRNAs through 
partial complementary sequences, which lead to translation repression to inhibit protein synthe- 
sis. Ifthe base pairing is exactly complementary to its target mRNA sequence, then the cleavage 
and the degradation of the target mRNA occurs. Asa result, the synthesis of the protein encoded 
by the mRNA is reduced. Thus, miRNAs play important roles in cellular function, 

miRNAs have potential applications in forensic identification, Recent studies have revealed 
that miRNAs can be detected from various bodily fluids such as blood, saliva, semen, vaginal 
secretions, and menstrual blood. ‘The type of miRNA expressed is not exclusively tissue- or 
cell-type specific, However, the expression patterns of specific miRNAs are unique for various 
bodily fluids. Thus, a bodily fluid in question can potentially be identified using multiple dif- 
ferentially expressed miRNAs as markers (Table 11.3). miRNA markers for bodily fluid iden- 
tification have their advantages compared with those of mRNA. Mature miRNAs are much 


Figure 11,20 Schematic illustration of the roles of miRNA in translational inhibition. In animal 
cells, miRNAs bind to 3/UTR of their target mRNA with partially complementary Watson—Crick 
base pairing. As a result, the binding of miRNA to the target mRNA inhibits translation of the target 
MRNA. Eukaryotic 408 and 60S ribosomal subunits are shown. (© Richard C. Li.) 
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Table 11.3 Differentially Expressed miRNA Markers for 
Bodily Fluid Identification 


miRNA Set 


Sci, 56, 1464-1470, 2011; Hanson, E.K., Lubenow, 
H., and Ballantyne, J., Anal Biochem, 387, 303-314, 
}; Wang, Z. et al., Forensic Sci Int Genet, 7, 
116-123, 2013; Zubakov, D. et al, Int J Legal Me 
124, 217-226, 2010. 


smaller, approximately 21-23 nucleotides in length, than mRNA. Asa result, miRNAs are less 
susceptible to degradation and more stable than mRNAs. Additionally, the sensitivity of the 
miRNA-based method is much higher than that of the mRNA-based methods. 


11.6 Proteomic Approaches Using Mass Spectrometry 

for Bodily Fluid Identification 
“The forensic application of proteomic approaches isto identify biomarker proteins derived from 
bodily fluids to determine the type of bodily fluid in question for forensic investigations. Mass 
spectrometry (MS) isa highly sensitive and rapid technique for protein identification from com- 
plex biological samples. 


11.6.1 Mass Spectrometric Instrumentation for Protein Analysis 

A mass spectrometer is an analytical technique to identify a molecule by measuring the ratio of 
the mass (m) to the charge (z) of a charged molecule (Figure 11.21). A typical mass spectrometer 
instrument analyzes ionized molecules while in its gas phase. A mass spectrometer consists 
of an ion source that converts analytes into gaseous phase fons, through a process known as 
ionization, by gaining a positive or a negative charge from a neutral species. The ions are then 
introduced into the mass analyzer of a mass spectrometer, where ions are accelerated under 
electric fields and separated based on their m/z ratio. The separated ions are detected by an ion 
detector that records the number of ions at each m/z value. The result of molecular ionization, 
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Figure 11.21 Diagram of tandem mass spectrometry. For the initial mass analysis of thermolabile 
analytes including peptides and proteins, soft ionization techniques such as matrix-assisted laser 
desorption ionization (MALDI) and electrospray ionization (ESI) can be used to produce original 
jons. MALDI utilizes a laser beam to trigger fonization and facilitate the vaporization of the analyte. 
In the ESI method, a fine mist of droplets is formed in the presence of a high electric field, praduc- 
ing charged ions. In the first round of mass analysis, ions are separated based on their m/ ratio. 
A particular ion, called a precursor ion, is then selected for fragmentation, generating product ions. 
‘The fragmentation can be carried out using collision techniques such as collision-induced dissocia- 
tion (CID) by multiple collisions with rare gas atoms. Additionally, a new fragmentation technique, 
electron-capture dissociation (ECD), can be used in which the fragmentation is induced through the 
capture of a thermal electron by a protonated peptide cation. The product ions are analyzed by the 
second round of mass analysis and detected by an ion detector. MS, mass analyzer. (© Richard C. Li.) 


jon separation, and ion detection is a spectrum that can be used to determine the mass (or 
molecular weight) and potentially the structure of the molecule. 

Furthermore, biomarker proteins can be identified by peptide sequencing using the tandem 
mass spectrometry (MS/MS) mode of operation in which a mass spectrometer uses two or more 
mass analyzers. After an initial mass analysis, individual peptide ions in the mass spectrum can 
be selected. The selected ions are known as precursor ions. A precursor ion is then subjected to 
a second round of fragmentation through collision and is broken into smaller ions known as 
product ions. The resulting product ions are further analyzed by MS. Thus, the corresponding 
protein can be identified through searching a protein database, based on the mass of a specific 
peptide obtained. 


11.6.2 Analysis Strategies for Protein Identification 

“To date, various MS-based protein identification strategies have been developed, which can be 
divided into two categories: “top-down” and “bottom-up” strategies (Figure 11.22). In the top- 
down strategy, intact proteins in a complex mixture are fractionated and separated into less 
complex protein mixtures or single proteins. Intact proteins are then analyzed using MS. A lig- 
uid chromatography-mass spectrometry (LC-MS) system can be used for such an application. 
“The advantage of this approach is that an entire protein is analyzed for identification purposes. 
However, the throughput and efficiency of this approach is still a major challenge for large-scale 
sample analysis in forensic applications. 

‘The bottom-up strategy is commonly used for high-throughput analysis of small peptides 
derived from highly complex samples. Current MS usually cannot resolve the mass measure: 
ment of large proteins; rather, MS is ideal for the analysis of small peptides. One approach is 
the sort-thenr-break approach in which proteins in a complex mixture are first isolated and then 
enzymatically cleaved. The target proteins are isolated from their complex biological source 
using I-D or 2-D gel electrophoresis (Chapter 18). The isolated proteins are then enzymatically 


216 


11.7 Microbial DNA Analysis for Bodily Fluid Identification 


sample 


Single 
proteins 


( 


(tess comple) 


Single >) (Small peptide 


Figure 11.22 Top-down and bottom-up strategies for MS-based protein identification. LC, liquid 
chromatography; MS/MS, tandem mass spectrometry. (@ Richard C. Li.) 


cleaved into small peptides, approximately 15 amino acids in length, using proteases such as 
trypsin. These peptides are then analyzed by peptide sequencing using tandem MS to identify 
the target protein. 

Break-then-sort, also known as the shotgun approach, is another approach of the bottom-up 
strategy. In this approach, proteins are cleaved first and the resulting peptide mixture is then 
separated by LC and analyzed by tandem MS (usually coupled to the LC). In a complex mixture, 
a peptide mass measurement alone is not sufficient for the identification of a target protein. 
Database searches are carried out utilizing sofiware that compares the observed MS peptide 
spectra against all candidate spectra of the proteins that are present in a protein sequence (or 
translated from genomic DNA sequences) database for possible matches. Thus, a biomarker pro- 
tein can be identified. 


11.7 Microbial DNA Analysis for Bodily Fluid Identification 

Human bodies harbor a large number of microbes. It is estimated that there are over 10 times 
more microbial cells than human cells in and on the human body, in the nose, mouth, throat, 
intestine, vagina, and skin. This microbial community is referred to as the human microbiota. 
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It is known that the microbiota has an important influence on human health, A decade ago, the 
concept of the microbiome was proposed by Nobel laureate Joshua Lederberg to identify and 
characterize the microbiota, their genomes, and their environmental interactions in a defined 
community. Traditionally, the studies of microbial genomes rely on cultivated individual spe- 
cies. The disadvantage of cultivation-based methods, however, is that large numbers of micro- 
bial species cannot be successfully isolated because many microbial species require specific 
growth conditions. Based on the advances in DNA sequencing technologies, a new approach, 
Known as metagenomics, has been developed. Instead of studying the genome of an individual 
cultivated microbial species, metagenomics allows the study of the microbial genome of com- 
plete microbial communities harvested directly from natural environments, Metagenomics has 
been a powerful tool to analyze the human microbiome. Recently, human microbiota have been 
surveyed, revealing that microbial diversity is greatest in the teeth and the intestines, intermedi 
ate on the skin and the inside surface of the cheek, and lowest in the vagina (Table 11.4). More 
interestingly, each habitat is characterized by a small number of highly predominant bacterial 
taxa. The predominant taxa of each habitat can potentially be utilized for the forensic analysis 
of biological evidence. Bodily fluids identification is an important task in the forensic analysis of 
biological evidence. The detection of predominant taxa of bacteria can aid in the forensic iden- 
tification of a particular type of bodily fluid (Table 11.4) 


Estimated 
Number of Potential 
Microbial | Predominent Forensic Further 


Body Habitats | Species Taxa Applications Reading 
Cheek 800 Streptococcus Saliva att Nakanishi 
spp. identification et al. 
(2011) 
Expirated att Donaldson 
blood et al 
(2010) 
168 Power et al 
rRNA (2010) 
Vagina 300 Lactobacillus Vaginal 168 ‘Akutsu et 
spp. secretion ‘RNA al. (2012) 
identification 165-238 Fleming and 
ISR Harbison 
(2010) 
Giampaoli 
et al. 
(2012) 
Gastrointestinal 4000 Bacteroides ‘Fecal matter rpoB Nakanishi 
tract spp. identification et al. 
(2013) 
Skin 1000 Staphylococcus Touched 168 Fierer et al. 
spp. evidence rRNA (2010) 


identification 
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Figure 11.23 Schematic diagram of an Escherichia coli rRNA operon. E, coll has seven rRNA 
operons. A typical rRNA operon is shown. The rRNA operon encodes for three ribosomal RNA 
RNA) genes: the 5S and 23S genes code for the large ribosomal subunit, while the 16S gene 
encodes for the small ribosomal subunit. E. coli encodes one tRNA gene in the rRNA operon. 
The intergenic spacer regions (ISRs) and the promoter and terminator sequences are also shown. 
The rRNA operon is transcribed into a single precursor RNA transcript that is cleaved into separate 
FRNA and tRNA transcripts, The diagram is not to scale to the physical map of rRNA operons. 
(© Richard C. Li) 


‘The detection of bacteria can be achieved by utilizing DNA markers. The most commonly 
used DNA markers are the essential genes present in all bacterial species. These markers have 
highly variable regions that can be used to distinguish various bacterial species. The DNA 
sequences within these variable regions can also suggest taxonomic relationships between dif- 
ferent taxa. Additionally, DNA markers contain conserved regions that are necessary for use as 
primer-binding sites for PCR-based detection. 

For example, the rRNA genes (Figure 11.23), encoding for the ribosomal RNA, are con- 
served in all living organisms including bacteria. The bacterial rRNA operon contains three 
TRNA genes: the 5S and 238 rRNA genes encode the RNA components of the large subunit 
of the ribosome, while the 16S rRNA gene encodes the RNA component of the small subunit 
of the ribosome. The 165 rRNA gene is the most commonly used marker for the taxonomic 
identification of bacteria. The bacterial 16S rRNA genes are similar in length, approximately 
1.5 kb. They contain highly conserved regions that can be used as primer-binding sites for the 
amplification of the adjacent DNA regions. Additionally, they contain variable regions that 
allow for taxonomic identification. In forensic applications, they are used as a marker for the 
identification of vaginal bacteria as an indicator of vaginal secretions (Chapter 16). However, 
the number of variable regions in the 16S rRNA genes of some bacteria species is limited. 
Furthermore, closely related species have high levels of sequence similarity to the 165 rRNA 
genes. Thus, the 165 rRNA gene marker is not adequate for distinguishing closely related 

IDNA soaker of basta Meatfcabin canalan be Iocamd ty osocuding ragiond of DNA, 
“The intergenic spacer region (ISR) between the 16S RNA and 235 rRNA genes in the +RNA 
operon is another commonly used marker, The 165-238 rRNA ISR contains both length and 
sequence variations between species. These variations are partially caused by the number and 
type of tRNA genes that this region of operon contains. For example, most gram-negative 
bacteria contain both a copy of the tRNA** and the tRNA" genes, while some contain only a 
copy of the tRNAt* gene. In contrast, most gram-positive bacteria have no tRNA gene; some 
contain either a copy of the t2NA* gene or the RNA‘ gene or both, Thus, heterogeneity in 
the length and in the sequence of the 165-235 rRNA ISR allows bacteria to be identified at the 
species level. 
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In addition to rRNA genes, many other genes are utilized as DNA markers for bacterial 
species identification. For example, the rpoB gene encodes the B subunit of bacterial RNA poly: 
merase and is used as a marker for the forensic identification of fecal matter (Chapter 17). The 
sequence variation of the rpoB gene allows the distinguishing of species when they are not dis 
tinguishable, using 16S rRNA gene sequences, Several oral streptococcal species that produce 
extracellular polysaccharides contain the gtf gene, which encodes glucosyltransferase. Thus, the 
tf gene is a useful marker for oral streptococcal species identification as a potential indicator of 
saliva in forensic investigations. However, this marker cannot be used to identify bacteria other 
than streptococcus, Nevertheless, combining several DNA markers can be used for the identifi 
cation of bacteria species. 


11.8 Nondestructive Assays for the Identification of Bodily Fluids 

Most of the bodily fluid identification techniques mentioned previously consume a portion 
of the evidence. When the amount of sample evidence is very limited, such destructive assays 
may consume the evidence that is also needed for subsequent forensic DNA analysis. Moreover, 
most of these tests are used for a single type of bodily fluid. Tests for multiple bodily fluids in 
question will consume additional amounts of the evidence. ‘Therefore, nondestructive identi 
fication techniques are highly desired. Additionally, it is important to develop an assay that 
can be utilized to test multiple types of bodily fluids, Furthermore, a portable device that can 
identify bodily fluids at a crime scene is very useful. It provides investigators with test results 
immediately to aid the crime scene investigations. Two techniques have been developed that 
can potentially be used for nondestructive bodily fluid identification: fluorescence spectros 
copy and Raman spectroscopy. 

Fluorescence spectroscopy is one example of a nondestructive technique. Fluorescence is 
the emission of light by a fluorophore. A fluorophore is a moiety in a molecule that fluoresces 
on absorbing the energy from an excitation light source or radiation. ‘The emitted light usu- 
ally has a longer wavelength and lower energy than the absorbed radiation. Constituents 
present in bodily fluids, such as nucleic acids, proteins, lipids, and metabolites, can exhibit 
fluorescence. The unique composition of a bodily fluid emits characteristic emission spec- 
tra, thus making it identifiable. Using multiple wavelengths of an excitation light source, 
fluorescent emissions at a wide range of wavelengths can be detected, which allows for the 
identification of various bodily fluids. This technique is sensitive and rapid, It does not uti 
lize chemical reagents and the detection does not require physical contact with a sample. 
After identification, the same biological sample can be used for forensic DNA analysis. 
Additionally, portable fluorescence instruments can potentially be used at a crime scene for 
bodily fluid identification. However, it is not clear if exposure to an excitation light source 
can damage DNA evidence. 

Raman spectroscopy is another example of a nondestructive technique. Raman spectroscopy 
utilizes a near-infrared excitation light source and measures the scattering of laser light caused by 
the vibrating molecules of a sample. A typical Raman spectrum provides information about the 
molecular structure and the “signature” based on the properties of the constituents of a sample. 
“Thus, itis possible to obtain unique Raman spectra for a particular type of bodily fluid. Raman 
spectroscopy is highly sensitive. The measurements can be carried out on very small amounts of 
sample, ranging from a few picoliters to femtoliters. This technique does not require any chemi 
cal reagent. Additionally, it does not consume the sample, which can be used for subsequent 
DNA analysis, Raman spectroscopy has been utilized for various forensic purposes including the 
identification of drugs, trace evidence such as fibers, and questioned document evidence such as 
inks and paints. It can potentially be used for the nondestructive identification of various bodily 
fluids. A portable Raman spectrometer will allow bodily fluids to be identified at crime scenes. 
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Identification of Blood 


12.1 Biological Properties 
Blood constitutes about 8% of the human body weight of a healthy individual. Plasma is the fluid 
portion of the blood. ‘The cellular portion of the blood consists of red blood cells, white blood 
cells, and platelets, all of which are suspended in the plasma (Figures 12.1 and 12. 


12.1.1 Red Blood Cells 
“These cells are also called erythrocytes. Their life span in humans is approximately 3~4 months. 

Additionally, mature human erythrocytes do not have nuclei, and therefore lack nuclear DNA. 

Erythrocytes consist of hemoglobin—proteins that are responsible for the transportation of 
oxygen. Most adult human hemoglobin consists of four polypeptide chains, two «chains and 
two fi chains. Thus, adult hemoglobin is designated as a,f),. Other forms of hemoglobin will be 
discussed in Chapter 18, Under normal physiological conditions, each hemoglobin subunit con- 
tains a heme moiety that binds to oxygen (Figure 12.3). A heme molecule consists of an organic 
component known as protoporphyrin IX and a ferrous (Fe) iron ion (Figure 12.4). A heme 
molecule is also known as ferroprotoporphyrin. The ferrous ion of heme forms four bonds with 
the nitrogens of protoporphyrin IX, along with a fifth bond with a hemoglobin chain and a sixth 
bond with a molecule of O,. Other chemicals such as carbon monoxide and cyanide also bind to 
the ferrous iron of the heme molecule and can cause chemical asphyxia. Heme groups are also 
present in the blood of various animals and in other proteins such as myoglobin in muscles and 
neuroglobin in the brain, 


12.1.2 White Blood Cells 
Also called leucocytes, white blood cells are subdivided into three types: granulocytes, lym- 
phocytes, and monocytes. White blood cells are involved in defending the body against 
infection, They have nuclei and thus represent the main sources of nuclear DNA from the 
blood. 


12.1.3 Platelets 
“These cells are also known as thrombocytes, and they play a role in blood clotting (Chapter 16). 
Platelets aggregate at sites of vascular and blood vessel injury. Like erythrocytes, they lack 
nuclei 
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Figure 12.1 Basic composition of blood. Blood can be separated into two phases in the presence 
of an anticoagulant. The liquid portion called plasma accounts for approximately 55% of blood 
volume, The cellular elements include erythrocytes, leucocytes, and platelets. (@ Richard C. Li.) 


Figure 12.2 Blood cells. (@ Richard C. Li.) 


12.2 Presumptive Assays for Identification 

12.2.1 Mechanisms of Presumptive Assays 

Presumptive blood assays are designed to detect traces of blood. ‘These assays are based on the 
basic principle of the oxidation-reduction reaction catalyzed by the heme moiety of the hemo- 
globin. Asa result, colorless substrates catalyzed by heme undergo an oxidation reaction, caus: 
ing either chemiluminescence, fluorescence, or a change of color. These assays are very sensitive 
and can detect blood in samples with 10-—10-*-fold dilutions. A positive reaction indicates the 
possible presence of blood. Additionally, most of these assays do not interfere with forensic DNA 
analysis, 
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Figure 12.3 Human adult hemoglobin, Four subunits, two « and two i chains, of human adult 
hemoglobin are shown. Each hemoglobin subunit contains a heme moiety. (© Richard C. Li.) 
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Figure 12.4 Chemical structures of heme and its precursor and derivatives. (a) Protoporphyrin IX. 
(0) Heme (ferroprotoporphyrin). (c) Hemochromagen, R=pyridine (pyridineferroprotoporphy- 
rin). (@) Hematin hydroxide, R=OH (ferriprotoporphyrin hydroxide); hematin chloride, R=Cl 
(ferriprotoporphyrin chloride). 
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12.2.1.1 Oxidation-Reduction Reactions 

Anoxidation-reduction reaction involves a change in the oxidation state ofa molecule. Specifically, 
the oxidation of a molecule means that the molecule has lost electrons, and the reduction ofa mol: 

ecule means that the molecule has gained electrons. Chemicals that can be reduced and therefore 
gain electrons from other molecules are called axidants. In contrast, reductants are chemicals that 
can be oxidized and therefore lose electrons to other molecules. In biochemical reactions, oxida 

tion often coincides with a loss of hydrogen. Figure 12.5 depicts an example of an oxidation-reduc 

tion reaction for blood identification. In presumptive assays, heme is utilized as the catalyst, and 
hydrogen peroxide is utilized as the oxidant for the reaction. In the presence of heme, a colorless 
substrate is oxidized, yielding a product with color, chemiluminescence, or fluorescence. 


12.2.2 Colorimetric Assays 

Many procedures are available for detecting heme in blood through color reactions. The most 
common agents are phenolphthalin, leucomalachite green, and benzidine derivatives, The color 
reactions produced by these assays can be observed immediately with the naked eye. 


12.2.2.1 Phenolphthalin Assay 

Phenolphthalein, a member ofa class of indicators and dyes, is used in titrations of mineral and 
organic acids as well as most alkalis. The phenolphthalin assay for blood identification is also 
known as the Kastle-Meyer test. Kastle published a study in 1901, presenting the results of a 
reaction in which phenolphthalin, a colorless compound, is catalyzed by heme with hydrogen 
peroxide as the oxidant (Figures 12,6 and 12.7). The oxidized derivative is phenolphthalein, 
which appears pink under alkaline conditions 


12.2.2.2 Leucomalachite Green (LMG) Assay 

Malachite green is a triphenylmethane dye, The leuco base form of malachite green is colorless 
and can be oxidized by the catalysis of heme to produce a green color. The reaction is carried out 
under acid conditions with hydrogen peroxide as the oxidant (Figures 12.8 and 12.9) 


12.2.2.3 Benzidine and Derivatives 
Historically, benzidine was used as an intermediate in dye manufacturing (Figure 12.10) 
Subsequently, it was used as a presumptive assay for the presence of blood after the discovery that 
the oxidation of benzidine can be catalyzed by heme to produce a blue to dark blue color (carried 
ut in an acid solution). Since the blue color may eventually turn brown, the reaction must be read 
Heme 
AH, + HO, “TL n+ 2,0 
(Coloriess) (Colon 


Figure 12.5 Oxidation-reduction reaction as the basis for presumptive assays for blood identifica- 
tion, AH., substrate; A, oxidized substrate, 
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Figure 12.6 Chemical reaction of phenolphthalin assay. 
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Figure 12.7 Photograph of phenolphthalin assay results. Negative (left) and positive (right) reac- 
tion, (@ Richard C. Li.) 
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Figure 12.8 Chemical reaction of leucomalachite green assay. 


Figure 12.9 Photograph of leucomalachite green assay results. Negative (left) and positive (right) 
reaction. (© Richard C. Li) 
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Figure 12.10 Chemical structures of benzidine and derivatives: (a) benzidine; (b) orthotolidine; 
(c) tetramathylbenzidine. 


immediately. Bentridine was found to be a carcinogen and is therefore no longer used for forensic 
testing. Orthotoliine isa dimethyl derivative of benzidine, Its oxidation reaction can be catalyzed by 
heme to produce a blue color reaction under acidic conditions (Figure 12.11). Orthotolidine is also 
considered a potential carcinogen based on animal studies, and for this reason it hasbeen replaced by 
tetramethylbenzidine. Tetramethylbenzidine (TMB) isa tetramethyl derivative of benzidine. The oxi 
dation of TMB can be catalyzed by heme to produce a green to blue-green color under acidic condi 
tions. TMB continues to be used. The Hemastix® assay kit (Miles Laboratories) isa TMB-based assay 
that utilizes a TMB-containing strip device. A testis carried out by applying a moistened sample to 
a Hemastix® strip. The appearance of a green or a blue-green color indicates the presence of blood. 


12.2.3 Chemiluminescence and Fluorescence Assays 

Other organic compounds whose oxidation products have chemiluminescent or fluorescent 
properties are utilized for testing. In the chemiluminescence assay, light is emitted as a product 
of a chemical reaction. In this category, luminol produces chemiluminescence when blood is 
present. In contrast, a fluorescence assay requires the exposure of an oxidized product, such as 
fluorescin, toa particular wavelength of an excitation light source. The fluorescence is then emit 
ted at longer wavelengths than that of the excitation light source. 

One advantage of chemiluminescent and fluorescent reagents is that they can be sprayed 
over large areas where latent bloodstains are potentially located. A positive reaction identifies 
blood and also reveals the patterns of bloody impressions such as footprints and fingerprints. 
“These methods are very sensitive and can pinpoint the locations of even small traces of blood. 
Additionally, they are useful for detecting blood at crime scenes that have been cleaned and 
show no visible staining. One disadvantage of chemiluminescent and fluorescent reagents is 
that precautions must be taken if stains are very small or have been washed. ‘The spraying of 
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Figure 12.11 Chemical reaction af arthotalidine assay. 
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presumptive assay reagents may further dilute a sample and thus lead to difficulty in isolating 
sufficient amounts of DNA for forensic DNA analysis. 


12.2.3.1 Luminol (3-Aminophthalhydrazide) 

Luminol is usually utilized as a chemiluminescent reagent. ‘The oxidation reaction of luminol 
catalyzed by heme produces light in the presence of an oxidant (Figures 12.12 through 12.14). 
“The light emitted from a positive reaction can only be observed in the dark, which limits the 


Ms 0 hu, 0 
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Figure 12.12 Chemical reaction of luminol assay. 


Figure 12.13 Results obtained from testing a drop of blood on a glass plate with luminol. From left 
to right: drop of blood; drop of blood after spraying with Iuminok drop of bload after spraying with 
luminol and viewing in the dark. A blue chemiluminescence indicates the presence of bload, (From 
Bergervoet, PW., et al., J Hosp Infect, 68, 329-333, 2008. With permission.) 


Figure 12.14 Detecting latent bloodstains on a floor with luminol, Left: with the light on; right: 
immediately after the light is switched off. A blue chemiluminescence indicates the presence of 
blood traces. (From Bergervoet, PW., et al., J Hosp Infect, 68, 329-333, 2008. With permission.) 
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applications of luminol. The photodocumentation of a luminol-enhanced pattern should be 
done immediately before it fades away. 


12.2.3.2 Fluorescin 
Fluorescin is another reagent that is used to test for the presence of bloodstains at a crime scene 
(Figures 12.15 and 12.16). When oxidized and catalyzed by heme, fluorescin demonstrates fluo- 
rescent properties. Usually, fluorescin-sprayed stains are exposed to light in the range of 425- 
485 nm using an alternate light source device. In a positive reaction, the oxidized fluorescin 
emits an intense yellowish-green fluorescent light, which indicates the presence of a bloodstain 
The light emitted from fluorescin-sprayed stains lasts longer than that of luminol. 


12.2.4 Factors Affecting Presumptive Assay Results 
The catalytic assays discussed in the previous sections are not specific to blood only, which can 
possibly lead to the observation of false-positive or false-negative results (Figure 12.17). 


12.2.4.1 Oxidants 

Chemicals that are strong oxidants may cause a false-positive reaction. Such chemicals can 
catalyze the oxidation reaction even in the absence of heme and result in a false-positive reac 
tion, Certain metal salts, such as copper and nickel salts, household bleaches and cleaners that 
contain hypochlorite ions, and hair-coloring products that contain hydrogen peroxide, work as 
oxidants, To address this problem, a two-step catalytic assay should be performed, The substrate 


Ieee! 


Figure 12.15 Chemical structure of fluorescein. 


Figure 12.16 Detecting diluted bloodstains on black cotton fabric with fluorescin (left) and Bluestar 
(right). (From Finnis, 1, Lewis, J, and Davidson, A., Sci Justice, 53, 178-186, 2013. With permission.) 


(1) Oxidant 
(2) Peroxidase 
AM, 4 HO, ————— A + 2H, 
(colorless) (3) Reductant (color) 


Figure 12.17 Factors affecting presumptive assay results. Strong oxidant and peroxidase may 
cause false-positive results; reductant may cause false-negative results 
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is applied first to the sample in question. A color change occurring before the addition of hydro- 
‘gen peroxide indicates a false-positive result due to a possible oxidant in the sample. If a color 
change is observed after the addition of hydrogen peroxide, the result isa true positive. 


12.2.4.2 Plant Peroxidas 
“Many types of plants such as horseradish contain peroxidases. Plant peroxidases may also cata- 
lyze oxidation reactions and lead to false-positive results, However, plant peroxidases are usu- 
ally heat sensitive and may be inactivated by high temperatures. Because the heme molecule is 
relatively stable at high temperatures, samples can be retested after heating. This will inactivate 
any plant peroxidases in a sample. 


12.2.4.3 Reductants 
Although not common, a false-negative result can occur when a strong reductant is present in 
a sample. Strong reductants such as certain metal ions including lithium and zinc may inhibit 
the oxidation reaction. 


12.3 Confirmatory Assays for Identification 

12.3.1 Microcrystal Assays 

Microcrystal assays apply chemicals to treat bloodstains, forming crystals of heme molecules. 
‘The morphologies of the resulting crystals are distinctive for heme and can be compared with a 
known standard using a microscope. A positive microcrystal assay strongly indicates the pres- 
ence of blood. However, confirmatory assays are usually not as sensitive as presumptive assays. 
Additionally, these assays cannot distinguish between human and animal blood. 


12.3.1.1 Hemochromagen Crystal Assay 
Hemochromagens are heme derivatives in which the ferrous iron of the heme forms two bonds 
with nitrogenous bases (Figure 12.4). The method for forming hemochromagen crystals was 
documented in 1864. Since then, various modifications have been reported. The Takayama crys- 
tal assay, published in 1912, has been the method preferred by many forensic laboratories. A 
bloodstainis treated with pyridine and glucose (a reducing sugar that is capable of reducing ferric 
ion) under alkaline conditions to form crystals of pyridine ferroprotoporphyrin (Figure 12.18). 


Figure 12.18 Microcrystal assays using the Takayama method, (© Richard C. Li) 
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Figure 12.19 Microcrystal assays using the Teichmann method. (From James, S.H., Nordby, J.J., 
and Bell, S., Forensic Science: An Introduction to Scientific and Investigative Techniques, 4th edn., 
CRC Press, Boca Raton, 2014. With permission.) 


12.3.1.2 Hematin Crystal Assay 

“This assay is also known as the Teichmann crystal assay. In 1853, Teichmann documented a 
method of forming crystals of blood specimens. When blood specimens are treated with glacial 
acetic acid and salts, and subsequently heated, hematin chloride (ferriprotoporphyrin chloride), 
a prismatic brown-colored crystal, is formed (Figure 12.19). Hematin (Figure 12.4) is a heme 
derivative; its iron is in the ferric (Fe") state. This hematin assay has a similar sensitivity and 
specificity as hemochromagen assays. ‘The hematin assay has the advantage of being more reli 
able than hemochromagen assays for aged blood samples. 


12.3.2 Other Assay: 
Additional techniques may be used to confirm the presence of hemoglobin. For example, chro- 
‘matographic and electrophoretic methods can identify hemoglobin by its mobility characteris 
tics. Spectrophotometric methods for identifying hemoglobin are based on measurements of the 


Table 12. Application of RT-PCR Assay for Blood Identification 


HBAL Hemoglobin al Hemoglobin «1 chain Waye and Chui (2001) 
(abundant in erythrocytes) 
PBGD: Porphobilinogen Erythrocyte-specific isoenzyme Gubin and Miller (2001) 
deaminase ‘of heme biosynthesis pathway 
SPTB -Spectrin Subunit of major protein of Amin et al, (1993) 
erythrocyte membrane 
skeleton 


Source: Adapted from Juusola, J. and Ballantyne, J., Forensic Sci Int, 152, 1-12, 2005; 
Nussbaumer, C., Gharehbaghi-Schnell, E., and Korschineck, |., Forensic Sci Int, 157, 
181-186, 2006, 

» Also knawn as hydroxymethylbilane synthase (HMBS). 
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characteristic light spectra, with peak absorbance at 400-425 nm, absorbed by hemoglobin and 
its derivatives. Finally, immunological methods utilize antihuman hemoglobin antibodies. This 
antibody can be used to detect human hemoglobin and thus indicate the presence of human 
blood (see Chapter 13). 

Recently, RNA-based assays have been developed to identify blood. ‘These assays are based on 
the fact that certain genes are specifically expressed in certain cell types (Chapter 11). Thus, the 
techniques used in the identification of blood are based on the detection of specific types of mes- 
senger RNA (mRNA) that are expressed exclusively in erythrocytes, These assays utilize reverse 
transcriptase polymerase chain reaction (RT-PCR; see Chapter 7) methods to detect the gene 
expression levels of mRNAS for blood identification. Table 12.1 summarizes the tissue-specific 
genes utilized for blood identification, Compared with conventional assays that are used for 
blood identification, the RNA-based assays have higher specificity and are amenable to automa- 
tion, However, one limitation is that RNA is unstable due to degradation by endogenous and 
environmentally born ribonucleases. 
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Chapter 12 discussed the principles of the identification of blood. Ifa stain is identified as blood, 
the evidence can be tested to determine whether the blood is of human origin. If the bloodstain 
is nonhuman, further analysis is usually not necessary. 

Before forensic DNA techniques were implemented, species identification was largely deter 
mined by serological methods. Currently, most forensic laboratories perform DNA quantita- 
tion prior to DNA profile analysis. The quantitation method specifically detects higher-primate 
DNA. ‘The presence of DNA measured by the quantitation assays concurrently identifies a sam- 
ple as being of human origin (since crimes involving primate blood are extremely rare). Thus, 
species identification is usually not performed in forensic laboratories. 

‘Nevertheless, species identification assays can be useful for screening to exclude or elimi- 
nate nonhuman samples unrelated to an investigation. Thus, itis practical for small laboratories 
to eliminate unnecessary analyses due to time and budget constraints. Additionally, species 
identification kits such as immunochromatographic devices allow field testing by crime scene 
investigators 

Tn caver avelving the ling, trading, and possession of products derived rom species that 
are protected from illegal hunting, it may be necessary to identify the animal species prior to 
further analysis. Species identification using DNA analysis can be performed using commonly 
used loct at the mitochondrial cytochrome b gene (C)), the cytochrome c oxidase I gene (COI), 
and the D-loop region. This type of identification is usually within the scope of wildlife forensic 
science and is thus not discussed here. 


13.1 General Considerations 

Most assays for species identification are based on serological techniques, including primary 
and secondary binding assays. The most common primary binding assays are immunochro- 
matographic assays, The most commonly used secondary binding assays are precipitation-based 
assays that rely on the binding of an antigen to an antibody, causing the formation of visible 
precipitation. These precipitation-based assays include ring assays, Ouchterlony assays, and 
crossed-over immunoelectrophoresis. These assays utilize antihuman and antianimal antibod: 
ies to identify human and animal species, respectively. 


13.1.1 Types of Antibodies 

An antihuman antibody that is used in the identification of human samples can be made by 
introducing human serum into a host animal, which then produces specific antibodies against 
the human serum proteins. Antibodies produced from different species of host animals may 
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produce variations in the characteristics of reactions. Since albumin is the most abundant pro- 
tein in human serum, the antihuman antibody that is produced reacts strongly with human 
albumin. Albumin is a protein that plays important roles in the maintenance of the vascular 
circulating fluid and the transportation of various substances such as nutrients, hormones, and 
metabolic products. Blood is drawn from the host animal and the serum portion is collected. 
‘The collected serum is a polyclonal antihuman antiserum containing a mixture of antibodies 
against various human serum proteins. Likewise, an antibody against animal serum proteins 
can also be made to identify animal species of interest. 

‘Other antibodies such as antihuman hemoglobin (Hb) antibodies can also be used to identify 
the human origin of a sample. Hb is an oxygen-transport protein that is found in erythrocytes 
(Chapter 12), Purified Hb can be used to generate monoclonal and polyclonal antihuman Hb 
antibodies, Likewise, antibodies recognizing glycophorin A (GPA), a human erythrocyte mem 
brane antigen (see Section 13,2.1.2), can also be produced in a similar manner. 


13.1.2 Titration of Antibodies 

Recall that the ratio of antigen to antibody is critical for the success of a secondary reaction 
(Chapter 10). An extreme excess of antigen or antibody concentrations can inhibit secondary 
reactions. The prozone and postzone phenomena must be considered, and the concentrations of 
antigen and antibody must be carefully determined for forensic serology assays. For instance, 
in the prozone situation, a false-negative reaction may occur due to the presence of a high con- 
centration of antibody. 

Quality-control procedures can be used to estimate the amount of a specific antibody 
that is present, often via titration (Figure 13.1). To titrate an antiserum, a series of dilutions 
are made and each dilution is then tested for activity using precipitation or agglutination 
methods. The reciprocal of the highest dilution giving a positive reaction is known as the 
titer. This reflects the amount of antibody in the antiserum. Additionally, the polyclonal 
antiserum is a mixture of antibodies; thus, the reaction of the antiserum may vary from 
animal to animal (of the same species). Each lot or batch of antiserum must be validated by 
titration. 


13.1.3 Antibody Specificity 
In addition to the titer, the specificity of the antihuman antibody must be tested. Most 
antihuman antibodies usually have cross-reactivity with higher primates. This is not a great 


Undiluted 1/2 ws ese 1/128 Negative 
contral 


Figure 13.1 Titration of antibodies. Serum is serially diluted and a constant amount of antigen is 
applied to each tube. The mixture is incubated, allowing agglutination to occur. The reciprocal of the 
highest dilution giving a positive agglutination reaction is 64 (the titer). (® Richard C. Li.) 
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concern because crimes involving nonhuman primates are very rare, Nevertheless, the antihu. 
man antibody must not cross-react with other commonly encountered animals. Antisera and 
positive control samples must be validated for cross-reactivity. Tissue specificity must also be 
validated. The antiserum against human serum is usually reactive with other human biological 
fluids such as semen and saliva. 


13.1.4 Optimal Conditions for Antigen-Antibody Binding 

A number of factors can affect antigen-antibody binding, For example, increasing ionic 
strength can inhibit the binding of an antigen and an antibody. Stronger inhibition is usu. 
ally observed for ions with large ionic radii and small radii of hydration. It is believed that 
the lower degree of hydration permits interactions of ions and the antibody-binding site, 
leading to inhibition. A proper buffer system must be selected in serological assays to ensure 
reliable results, The introduction of polymers can facilitate precipitation in secondary bind: 
ing reactions because the presence of a polymer in a solution decreases the solubility of pro- 
teins. Linear hydrophilic polymers with high molecular weights (e.g., polyethylene glycol) are 
preferred. Additional factors such as temperature and pH can also affect antigen-antibody 
binding 


13.2 Assays 
Samples can be prepared by cutting out a portion of a stain or scraping stains from a surface. 
A sample is usually extracted with a small volume of saline or buffer. The extracted sample can 
be tested using the assays described in the following subsections. Controls should be included, 
for example, by using a known human serum as a positive control and an extraction blank as a 
negative control 


13.2.1 Immunochromatographic Assays 

Immunochromatographic assays are rapid, specific, and sensitive and can be used in both labo- 
ratory and field tests for species identification. Two types of assays are discussed, including those 
based on the detection of human erythrocyte proteins. Chapter 11 discusses the principle of 
immunochromatographic assays in more detail. 


13.2.1.1 Identification of Human Hemoglobin Protein 

Commercially produced immunochromatographic kits such as the Hexagon OBTI (Human 
Gesellschaft fiir Biochemica und Diagnostica mbH, Wiesbaden) and the ABAcard HemaTrace” 
(Abacus Diagnostics, California) are available. They utilize the antibody-antigen-antibody 
sandwich method by using antibodies that recognize human Hb. The ABAcard HemaTrace 
assay utilizes a labeled monoclonal antihuman Hb antibody contained in a sample well, and a 
polyclonal antihuman Hb antibody immobilized at a test zone of a nitrocellulose membrane. 
Additionally, an antiglobulin that recognizes the antibody is immobilized onto a control zone 
(Figure 13.2) 

‘A sample can be prepared by cutting a small portion (2 mm diameter) of a stain or a swab. 
Each sample is extracted for 5 min in 2 mL of extraction buffer. A longer extraction time may be 
used for older stains. The samples are loaded into the sample well, and the antigen in the sample 
binds to the labeled antibody in the well to form an antigen-antibody complex, which then 
diffuses across the nitrocellulose membrane. At the test zone, the solid-phase antihuman Hb 
antibody binds to the antigen-antibody complex to form a labeled antibody-antigen-antibody 
sandwich, 

‘The ABAcard Hemalrace® uses a pink dye that is visualized in a positive result as a pink 
horizontal line at the test zone (Figure 13.3). In the control zone, unbound labeled antihuman 
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Figure 13.2 Immunochromatographic assays for the identification of Hb in human blood. (a) In 
a sample well, Hb in a blood sample is mixed with a labeled anti-Hb Ab. (b) The Hb binds to 
the labeled anti-Hb Ab to form a labeled Ab-Hb complex. The complex diffuses toward the test 
zone. (c) At the test zone, the labeled Ab-Hb complex binds to an immobilized anti-Hb Ab to 
form a labeled Ab-Hb-Ab sandwich. (d) At the control zone, the labeled anti-Hb Ab binds to an 
immobilized antigiobulin and is captured. Ab and Hb represent the antibody and hemoglobin, 
respectively. (© Richard C. Li.) 


Hb antibody binds to the solid-phase antiglobulin, This antibody-antiglobulin complex at the 
control zone also produces a pink horizontal line. The test is considered valid only if the line in 
the control zone is observed. The presence of human Hb results in a pink line at both the test 
and control zones. The absence of human Hb results in a pink line in the control zone only. A 
positive result can appear in less than a minute. 

‘Validation studies have revealed that the sensitivity of the ABAcard Hemalrace® can beas low 
as 0.07 ugiml of Hb, The normal blood Hb concentration is 14-18 and 12-16 g/dL among males 
and females, respectively. This assay is more sensitive than the Kastle~Meyer assay (Chapter 12). 
Additionally, the assay is responsive to aged stains and degraded materials. Specificity studies 
have shown that itis specific for blood of higher primates, including humans. However, its also 
responsive to seminal stains, and oral, vaginal, anal, and rectal swabs. It is believed that these 
biological fluids contain very low amounts of Hb, which can still be detected by highly sensitive 
assays. However, if the concentration of blood is too high, a false negative can result due to the 
high-dose hook effect described in Chapter 11 


13.2.1.2 Identification of Human Glycophorin A Protein 

Commercially produced immunochromatographic kits such as RSID™-Blood (Independent 
Forensics, Hillside, IL) use antibodies that recognize human GPA (Figure 13.4). A labeled 
monoclonal antihuman GPA antibody is contained in a sample well, and a second monoclonal 
antihuman GPA antibody, to a different epitope of GPA, is immobilized onto a test zone of the 
membrane, An antiglobulin that recognizes the antibody is immobilized onto a control zone 
(Figure 13.5). 
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Figure 13.3 Human blood identification using immunochromatic devices. Top: In an assay 
using an ABAcard HemaTrace device, the negative (left) and positive (right) results are shown. 
The “C" band indicates that the test is valid. The “T” band indicates the presence of human 
blood. The sample well is labeled “S." (© Richard C. Li.) Bottom: The positive (left) and nega~ 
tive (right) results are shown using a Hexagon-OBTI device. The “C” band indicates that the 
test is valid. The “T" band indicates the presence of human blood. (From Ramsthaler, F., et al., 
Postmortem interval of skeletal remains through the detection of intraosseal hemin traces. A 


comparison of UV-fluorescence, luminal, Hexagon-OBTI(R), and Combur(R) tests. Forensic Sci 
Int, 209, 59-63, 2011. With permission.) 


‘The sample can be collected by cutting out a small portion of a stain or a swab. The sample is 
then extracted overnight in an extraction buffer. The extract is removed and mixed with a run: 
ning buffer. The assay is carried out by loading the extracted sample into the sample well. Again, 
the presence of GPA results in a pink line at both the test zone and the control zone, while the 
absence of GPA results in a pink line in the control zone only. The test is considered valid only if 
the line in the control zone is observed. A result can be read after 10 min. 

Validation studies revealed that the sensitivity of the RSID kit can be as low as 100 nb of 
human blood. Species specificity studies showed no cross-reactivity with various animal spe- 
cies, including nonhuman primates. Biological fluid specificity studies revealed that the kit is 
not responsive to other human biological fluids such as semen, saliva, urine, milk, and amniotic 
and vaginal fluid. No high-dose hook effects were observed in samples containing up to 5 pL of 
blood. 
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Figure 13.4 Diagram of the structure of elycophorin (GPA) protein. GPA is a transmembrane pro- 
tein on the human erythrocyte membrane. A GPA dimer is shown. The extracellular domain of the 
GPA is glycosylated with carbohydrate side chains (red). Various GPA epitopes are antigenic deter- 
tminants of several blood group systems. (© Richard C. Li) 
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Figure 13.5 _Immunochromatographic assays for the identification of GPA in human blood. (a) In a 
sample well, GPA in a blood sample is mixed with a labeled anti-GPA Ab. (b) The GPA binds to the 
labeled anti-GPA Ab to form a labeled Ab-GPA complex. (c) At the test zone, the labeled Ab-GPA 
complex binds to an immobilized anti-GPA Ab to form a labeled Ab-GPA-Ab sandwich. (d) At the 
control zone, the labeled anti-GPA Ab binds to an immobilized antiglobulin and is captured. Ab and 
GPA represent the antibody and GPA protein, respectively. (© Richard C. Li.) 
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13.2.2 Double Immunodiffusion Assays 
13.2.2.1 Ring Assay 

Chapter 11 discussed the basic principle of ring assay in detail. In this double immunodiffu 
sion assay, an antihuman antibody reagent is placed at the bottom of a test tube and a blood: 
stain extract is placed on top of the bottom layer, as illustrated in Figure 13,6. The procedure is 
described in Box 13.1. In a positive reaction, a white precipitate between the two layers observed 
after several minutes indicates that a sample is of human origin, If the bloodstain extract is not 
human, no precipitation should appear. 


13.2.2.2 Ouchterlony Assay 
“The basic principle of this double immunodiffusion assay has also been discussed in Chapter 11 
“The procedure of the Ouchterlony assay is described in Box 13.2, In a positive reaction, a line 
of precipitate will form between each antigen well and antibody well. This assay can also deter 
mine the similarity of the antigens (Figure 13.7). During the diffusion process, different anti 
gen-antibody complexes migrate at different rates. Consequently, a separate line of precipitate 
will appear in the gel for each antigen-antibody complex. In an assay in which two antigens are 
loaded in adjacent wells and an antibody in the third well, the following results can be observed: 


If the two antigens are identical, the two lines will become fused. This phenomenon is 
referred to as identity. 

If the two antigens are totally unrelated, the lines will cross each other but not fuse; 
this is known as nonidentity. 

Ifthe two antigens are related (share a common epitope) but are not identical, the lines 
will merge with spur formation, The spurs are continuations of the line formed by the 
antigen due to its unique epitope. This phenomenon is known as partial identity. 


‘Thus, in a species test, a positive result is noted when the precipitate lines for the positive 
controls and the samples fuse. No spur formation should be observed. 


13.2.3 Crossed-Over Electrophoresis 

‘This method is a combination of immunodiffusion and electrophoresis (also see Chapter 11). 
“The procedure for the assay is described in Box 13.3. With this technique, a sharp precipitate 
band is visualized in a positive reaction (Figure 13.8). However, false-negative results can occur 
due to the postzone phenomenon, in which excess antigen may inhibit precipitation, In this 


Antigen 
solution 


Ring of precipitate 


Antiserum 


Figure 13.6 Ring assay. The antigen solution is carefully applied over the antiserum solution 
Incubation may be necessary in order to form a ring of precipitate. (® Richard C. Li.) 
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BOX 13.1 RING ASSAY PROCEDURE 


Sample preparation and extraction 
+ Extract a portion ofa stain with saline at 4°C overnight, 


Controls 
+ Include a positive control (known human serum sample) and a negative control 
(extraction blank) 


Loading of antibody and samples 
+ Spin the antihuman antibody in a microfuge and transfer the supernatant into 
test tubes or capillary tubes (depending on the volume of the stain and the anti- 
serum extracted). 
+ Place the sample carefully over the top of the antiserum solution, which is usually 
denser than the sample, 


Immunodiffusion reaction 
+ Carry out the reaction at room temperature, 
+ Ina positive reaction, white precipitate between the two layers can be observed 
after several minutes. This indicates that the sample is of human origin. No pre- 
cipitate is formed if a bloodstain extract is from a nonhuman origin. 


BOX 13.2. OUCHTERLONY ASSAY PROCEDURE 


Sample preparation and extraction 
+ Cut out a small portion (approximately 5x5 mm) of a stain or a portion of a 
swab. 
+ Extract at room temperature in 100 jiL of water for 30 min, ‘The extract can be 
diluted if necessary, Alternatively, a very small piece of the stain or swab can be 
inserted directly into the wel. 


Controls 
+ Positive (known serum) 
+ Negative (extraction blank) 
+ Substrate controls (extraction of substrate from unstained area) if applicable 


Agarose gel preparation 
‘Heat a suspension of agarose (4%) until liquefied. Cool the solution in a water bath at 55°C. 

Pour the agarose onto a piece of glass slide and let the gel solidify to a thickness of about 
2-3 mm. Alternatively, a polyester support film such as GelBond (Cambrex, New Zealand) 
can be used as a gel support. The agarose should be poured onto the hydrophilic side of a 
piece of GelBond film (6x9 cm). Punch wells consisting of a central well surrounded by 
four wells using a template. 
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Loading antibodies and samples 
+ Apply antihuman antibody to the central well. Apply the positive control to one 
of the surrounding wells. 
+ Apply the sample(s) in question next to a positive control. 
+ Apply negative and substrate controls to the remaining wells; only one negative 
control is needed per gel. 


Immunodiffusion reaction 
Incubate the plate overnight in a moisture chamber at 37°C, 


Staining 
Soak the gel overnight in saline solution and then soak it in deionized water for 10 min. 
Repeat once. Dry the gel between paper towels with a weight on top for 30 min. Dry in an 
oven for 30 min, Stain the gel with Coomassie blue. Stained precipitate bands appear blue. 
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Figure 13.7 Results of Ouchterlony assay. Ab indicates an antibody. Agl and Ag? are the antigen 
samples in question. (a) Identity. The two antigens are identical (fused line). (b) Nonidentity. The 
two antigens are unrelated (spur). (c) Partial identity. The two antigens are related but not identical 
(fused line with spur). (© Richard C. Li) 


situation, the sample can be diluted and the assay can be repeated. False-negative results can 
also occur due to simple mistakes made during electrophoresis: 
Electrophoresis is carried out in the opposite direction, which results in samples run- 
ning off the gel. 
Electrophoresis is carried out using an incorrect buffer system, affecting antigen— 
antibody binding, The amount of current applied during the electrophoresis is too 
strong and generates heat and denatures proteins. 
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BOX 13.3 CROSSED-OVER ELECTROPHORESIS PROCEDURE 


‘Sample preparation and extraction 
+ Cutout a small portion (-5%5 mm) of a stain or a portion of a swab, 
‘+ Extract at room temperature in 100 iL of water for 30 min. The extract can be 
diluted if necessary. Alternatively, a very small piece of the stain or swab can be 
inserted directly into the well. 


Controls 
+ Positive (known serum) 


+ Negative (extraction blank) 
+ Substrate (extraction of substrate from unstained area) if applicable 


Agarose gel preparation 
Heat.a suspension of agarose (4%) until liquefied. Cool the solution in a water bath at 55°C, 
Pour the agarose onto a piece of glass slide and let it solidify. Alternatively, a polyester sup- 
port film such as GelBond can be used asa gel support. The agarose should be poured onto 
the hydrophilic side of a piece of GelBond (69 cm). Punch small wells (about 1-2 mm) 
in rows using a template. 


Loading antibodies and samples 


+ Apply antihuman antibody in one row of wells. 
+ Apply samples in the other row of wells. Apply the positive, negative, and sub- 
strate controls. 


Electrophoresis, 


Submerge the agarose gel in an electrophoresis tank in proper orientation. ‘The wells con- 
taining antihuman antibody should be closest to the anode (positive electrode) and the 
‘wells containing samples should be closest to the cathode (negative electrode). During 
electrophoresis, the antibody in the antiserum should migrate toward the cathode while 
the antigen migrates toward the anode. Electrophoresis is carried out at 10 V/cm for 
20 min, 


Staining 
Soak the gel overnight in a saline solution and then soak it in deionized water for 10 min, 
Repeat once. Dry the gel between paper towels with a weight on top for 30 min. Dry in 
‘an oven for 30 min, Stain the gel with Coomassie blue. Stained precipitate bands appear 
blue, 
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Antichuman Ab @ @tHuman blood 
‘Anti-human Ab @ @Arimal blood 
Anti-animal Ab @ @Aximal blood 


Figure 13.8 Results of crossed-over electrophoresis. A precipitate line is formed between a human 
blood sample and an antihuman antibody. No precipitate line is formed when the antihuman anti- 
body is tested for an animal blood sample. A precipitate line is formed between the animal blood 
sample and the antianimal antibody. (© Richard C. Li.) 
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14.1 Biological Characteristics 

A typical ejaculation releases 2-5 mL. of semen, which contains seminal fluid and sperm cells 
(spermatozoa). A normal sperm count ranges from 10” to 10% spermatozoa per milliliter of 
semen. The spermatozoa are formed from spermatogonia in the seminiferous tubules of the tes- 
tes, This process of generating spermatozoa is referred to as spermatogenesis (Figure 14.1). The 
spermatozoa are then transported and stored in the tubular network of the epididymis where 
they undergo functional maturation (spermatogenesis and maturation take approximately 
3 months). The epididymis joins the ductus deferens, which transports matured sperm from 
the epididymis to the ejaculatory duct. From there, spermatozoa follow the ejaculatory ducts 
into the prostatic urethra where they are joined with secretions from the prostate. Figure 14.2 
illustrates the anatomy of the male reproductive system. 

Seminal fluid is a complex mixture of glandular secretions. A typical sample of seminal fluid 
contains the combined secretions of several accessory glands, Seminal vesicle fluid accounts 
for approximately 60% of the ejaculate, Various proteins secreted by the seminal vesicles play a 
role in the coagulation of the ejaculate. Additionally, seminal vesicle fluid contains flavin, which 
causes semen to fluoresce under ultraviolet light, often utilized when searching for semen-stain 
evidence. 

Prostatic fluid secretions account for approximately 30% of the ejaculate. The components of 
this fluid are complex as well. This portion of semen contains high concentrations of acid phos- 
phatase (AP) and prostate-specific antigen (PSA). Both are useful markers for the identification 
of semen in forensic laboratories. The epididymis and the bulbourethral secretions each account 
for approximately 5% of the ejaculate. 

‘A vasectomy is the surgical removal of a bilateral segment of the ductus deferens. The sur- 
gery prevents spermatozoa from reaching the distal portions of the male reproductive tract. 
However, a vasectomized male can still produce ejaculate that contains only seminal vesicle 
fluid, prostatic fluid, and bulbourethral fluid. The condition by which males have abnormally 
low sperm counts is known as oligospermia. Azoospermia is a condition that causes males to 
produce no spermatozoa. However, the secretion of seminal fluid is not affected in males who 
have these conditions. DNA derived from epithelial cells can be isolated from the seminal 
fluids of these individuals. 


14.1.1 Spermatozoa 
A human spermatozoon has three morphologically distinct structures: the head, the middle 
piece, and the tail (Figure 14.3). The head contains a nucleus with densely packed chromo- 
somes. At the tip of the head is the acrosomal cap, which is a membranous compartment 
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Figure 14.1 Spermatogenesis. In the seminiferous tubules (left) of the testes, spermatogonia 
(located at peripheral area of the seminiferous tubules) are differentiated to spermatids (located 
at the center of the seminiferous tubules). The spermatids are eventually differentiated to matured 
spermatozoa (right). (@ Richard C. Li.) 
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Figure 14.2 Male reproductive system and accessory glands (unilateral view). (© Richard C. Li.) 


containing enzymes essential for fertilization. The head is attached to the middle piece 
through a short neck where the mitochondria that provide the energy for moving the tail are 
located. ‘The tail or flagellum is responsible for spermatozoon motility. In contrast to other 
cell types, a mature spermatozoon lacks various intracellular organelles such as an endo- 
plasmic reticulum, Golgi apparatus, lysosomes, and peroxisomes. In a normal male, at least 
‘60% of spermatozoa have normal morphology, so morphological abnormalities can often be 
observed. 
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Figure 14.3 Structure of spermatozoan. (© Richard C. Li) 


14.1.2 Acid Phosphatase 

Acid phosphatase (AP) consists of a group of phosphatases with optimal activity in an acidic pH 
environment. The greatest forensic importance of AP is that the prostate-derived AP contributes 
most of the AP activity present in semen, AP levels in semen are not affected by vasectomies, AP 
isoenzymes are also found in other tissues (Section 16.2). 

‘The half-life of AP activity at 37°C is 6 months. However, the half-life is decreased if sample 
is stored in a wet environment. AP activity can be detected from dry seminal stains stored at 
-20°C up to 1 year. Low levels of prostatic AP are present in the sera of healthy males. Elevated 
levels of prostatic AP found in serum are useful in diagnosing and monitoring prostate car 
cinoma. Many AP tests utilized in clinical testing may be used to identify semen for forensic 
applications. 


14.1.3 Prostate-Specific Antigen 
Prostate-specific antigen (PSA) is a major protein present in seminal fluid at concentrations of 
0.5-2,0 mg/mL. PSA is produced in the prostate epithelium and secreted into the semen. PSA 
can also be found in the paraurethral glands, perianal glands, apocrine sweat glands, and mam- 
mary glands. Thus small quantities can be detected in urine, fecal material, sweat, and milk. 
PSA can also be found at much lower levels in the bloodstream. An elevated plasma PSA is 
present in prostate cancer patients, and it is widely used as a screening test for this disease. PSA 
is also elevated in cases of benign prostatic hyperplasia and prostatitis. The synthesis of PSA is 
stimulated by androgen, a steroid hormone. 

PSA is a protein that has a molecular weight of 30 kDa and is thus also known as P30, It 
is responsible for hydrolyzing semenogelin (Sg), which mediates gel formation in semen 
(Section 14.1.4), PSA is a member of the tissue kallikrein (serine protease) family and is encoded 
by the KLK3 locus located on chromosome 19. In addition to PSA, other tissue kallikreins 
encoded by KLK2 and KLK¢ loci are expressed in the prostate. The half-life for PSA in a dried 
semen stain is about 3 years at room temperature. The half-life is greatly reduced when a sample 
is stored in wet conditions. 


14.1.4 Seminal Vesicle-Specific Antigen 

Human seminal vesicle-specific antigen (SVSA) includes two major types, semenogelin I 
(Sgl) and semenogelin II (SgII), and constitutes the major seminal vesicle-secreted protein 
in semen. On ejaculation, SVSA forms a coagulum that is liquefied after a few minutes due 
to the degradation of SVSA by PSA. In humans, both Sgl and SgII are present in a number 
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of tissues of the male reproductive system, including the seminal vesicles, ductus deferens, 
prostate, and epididymis. They are also present in several other tissues such as skeletal 
muscle, kidney, colon, and trachea. They have also been found in the sera of lung cancer 
atients, 

Pte uae of Sg axa matker for seinen Wentcation tustead of BSA presente certain advange’ 
‘The concentration of Sg in seminal fluid is much higher than that of PSA, and this is beneficial 
for the sensitivity of detection. Sg is present in seminal fluid and absent in urine, milk, and 
sweat, where PSA can be found. Although Sg compounds are present in skeletal muscle, kidney, 
and colon, this is not a great concern because these tissue samples are not routinely collected for 
semen detection in sexual assault cases, 


14.2 Analytical Techniques for Identifying Semen 

“The location of semen stains is usually carried out through visual examination, Particularly, 
the application of alternate light sources (ALSs) can facilitate searches for semen stains. The 
presumptive identification of semen is largely based on the detection of the presence of prostatic 
AP activity in a sample, However, most presumptive assays cannot completely distinguish pros 
tatic AP from nonprostatic AP. Confirmatory assays for the identification of semen are available, 
including the microscopic examination of spermatozoa, the identification of PSA and SVSA, 
and the RNA-based assay. 


14.2.1 Presumptive Assays 
14.2.1.1 Lighting Techniques for Visual Examination of Semen Stains 

Lighting techniques can be used to aid in searching for semen stains. A dried semen stain fluo- 
resces under certain light sources such as ALSs or argon lasers. ALSs are most commonly uti 
lized for the visual examination of semen stains (Chapter 1; Figures 14.4 and 14.5). Excitation 
wavelengths between 450 and 495 nm can be used, allowing for the visualization of fluorescence 
with orange goggles. However, this approach is not specific for semen, Other bodily fluid stains, 
such as saliva and urine stains, can also fluoresce with less intensity. Additionally, the intensity 
of the fluorescence can be affected by different colors of substrates, and the material, such as 
clothing, where semen stains have been deposited. 


Figure 14.4 A tabletop ALS device (left) for the detection of semen stains (right). (® Richard 
cli) 
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Figure 14.5 Examining a garment far semen stains, (a) A potential semen stain (labeled) is found 
on a garment, and (b) the stain fluoresces when irradiated with an ALS device. (© Richard C. Li.) 


14.2.1.2 Acid Phosphatase Techniques 
14.2.1.2.1 Colorimetric Assays 

Colorimetric assays can be used for the presumptive identification of semen. The AP contained 
in semen can hydrolyze a variety of phosphate esters. It catalyzes the removal of the phosphate 
group from a substrate (Figure 14.6). Subsequently, an insoluble colored precipitate at sites of 
acid phosphatase activity is formed with a stabilized diazonium salt (usually in the form of zine 
double salts). 
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Figure 14.6 Reaction catalyzed by acid phosphatases (EC 3.1.3.2). The optimal pH of the reaction 
Js usually under pH 7. 
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However, interference during a test by nonprostatic AP isoenzymes (multiple forms of AP), 
such as contamination by AP commonly present in vaginal secretions (Chapter 16), can create 
problems in specimens collected from victims. Thus, it is desirable to be able to increase the 
specificity of the assay for prostatic AP. One solution is the application of substrates that are 
hydrolyzed rapidly by the prostatic enzyme and at a slower rate by the other forms of AP iso- 
enzymes. For example, «-naphthylphosphate and thymolphthalein monophosphate are more 
specific to prostatic AP than phenyl phosphate and 4-nitrophenyl phosphate (Figure 14.7). The 
most common method for forensic applications is the use of a-naphthyl phosphate as a sub- 
strate. In the presence of AP, a-naphthylphosphate is hydrolyzed to phosphate and a-naphthol. 
Subsequently, the Fast Blue B, a stabilized diazonium salt, is added to carry out an azo coupling 
reaction, producing a purple azo dye (Figures 14.8 through 14.10) 

Prostatic AP is water soluble. Thus, a moistened cotton swab or piece of filter paper can be 
used to transfer a small amount of sample from a stain by briefly pressing onto the questioned 
stain area, The a-naphthylphosphate reagent is added to the swab or filter paper followed by the 
addition of Fast Blue B reagent, Ifa purple coloration develops within 1 min, the test is consid: 
ered a positive indication for semen, Color that develops after more than 1 min may arise from 
the activity of nonprostatic AP. 

‘Additionally, the prostatic enzyme is strongly inhibited by dextrorotatory tartrate ions, Thus, 
these inhibitors, particularly tartrate, allow a distinction to be made between prostatic AP and 
other AP isoenzymes. Prostate and vaginal acid phosphatase can also be distinguished by using 
gel electrophoresis (Chapter 16). 
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Figure 14.7 Chemical structures of acid phosphatase substrates. (a) a-Naphthy! phosphate, 
(b) thymolphthalein monophosphate, (c) phenyl phosphate, (d) 4-nitrophenyl phosphate, and (e) MUP. 
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Figure 14.8 A colorimetric acid-phosphatase assay. In this assay, a-naphthylphosphate is 
hydrolyzed by acid phosphatase to phosphate and «-naphthol. The «-naphthol is subsequently 
converted into a purple azo dye with a diazonium salt such as Fast Blue B salt. AP, acid 
phosphatase. 
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Figure 14.9. AP colorimetric assay. (a) A small amount of sample from the stain is transferred 
Using a moistened cotton swab. (b) The substrate reagent is applied, followed by adding Fast Blue 
B reagent. (c) Purple coloration indicates a positive reaction. (@ Richard C. Li.) 
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Figure 14.10 Photo of a colorimetric acid-phosphatase assay using a-naphthylphosphate as a 
substrate. (@ Richard C. Li.) 
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Figure 14.11 The principle of MUP assay for detecting acid phosphatase activity. In the presence 
of acid phosphatase, 4-methylumbelliferone phosphate (MUP) is hydrolyzed, forming phosphate 
‘and 4-methylumbelliferone (MU), which fluoresces. AP, acid phosphatase. 


14.2.1.2.2 Fluorometric Assays 
Fluorometric methods are more sensitive than the colorimetric detection of AP and are used for 
semen stain mapping. AP catalyzes the removal of the phosphate residue on a 4-methylumbel- 
liferone phosphate (MUP) substrate (Figure 14.11), a reaction that generates fluorescence under 
ultraviolet light. A piece of moistened filter paper, marked for proper orientation and identifica- 
tion, is used for transferring the prostatic AP. The evidence to be tested, a garment for example, 
is covered by the filter paper. Gloved hands are used to press the filter paper onto the stained 
area, ensuring that the evidence is in close contact with the paper. The filter paper is lifted from 
the evidence and examined in a dark room using long-wave ultraviolet light to detect any back- 
ground fluorescence, which is then marked on the paper. ‘The paper can then be sprayed with 
‘MUP reagent ina fume hood. The AP reaction on the paper can be visualized immediately. Areas 
‘where semen is present can be visualized as fluorescent areas on the filter paper (Figure 14.12). 


14.2.2 Confirmatory Assays 

14.2.2.1 Microscopic Examination of Spermatozoa 

“The cells from a questioned stain on an absorbent material can be transferred to a microscope 
slide by extracting a small portion of a stain with water, followed by gentle vortexing. ‘The sus- 
pension is then transferred to a slide and evaporated at room temperature or fixed with low heat. 
Alternatively, it can be transferred by dampening the stain with water and rubbing or rolling it 
onto a microscope slide. 
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Figure 14.12 Fluorometric assay of acid phosphatase for focating semen stains. Evidence item 
(2) is closely covered by a piece of moistened filter paper (b) to allow transfer of a small amount of 
stain, The orientation of the paper is marked (c). The paper is lifted. The background fluorescence 
is marked under UV light (d). The filter paper is treated with MUP (e). The presence of fluorescence 
Under ultraviolet light indicates semen stains (¥). (© Richard C. Li.) 


Microscopic identification of spermatozoa provides the proof ofa seminal stain. Histological 
staining can facilitate microscopic examination. The most common staining technique is the 
Christmas tree stain (Figure 14.13). The red component known as Nuclear Fast Red (NER) is a 
dye used for staining the nuclei of spermatozoa in the presence of aluminum ions. The green 
component, picroindigocarmine (PIC), stains the neck and tail portions of the sperm. The acto: 
somal cap and the nucleus stain pink-red, and the sperm tails and the midpiece stain blue-green. 
Epithelial cells, if present in the sample, appear blue-green and have red nuclei. Additionally, 
fluorescent detection utilizing SPERM HY-LITER Fluorescent Staining Kit can facilitate the 
identification of spermatozoa 

Laser capture microdissection (LCM) has been shown to be an effective technique for sepa 
rating spermatozoa from nonsperm cells (.e., epithelial cells from the victim) on a glass slide 
(Figure 14.14), This technique involves using a thin layer of a thermosensitive polymer that is 
placed on the surface of an LCM cap. Once spermatozoa are identified on the slide under a 
microscope, a polymer-containing LCM cap is placed over the spermatozoa on the slide. An 
infrared laser melts the polymer and causes it to adhere only to the targeted spermatozoa. The 
spermatozoa are then lifted off the slide, This allows spermatozoa to be separated and placed 
into snap-cap tubes for forensic DNA analysis. 


14.2.2.2 Identification of Prostate-Specific Antigen 

Over the years, a number of methods have been utilized to detect PSA: immunodiffusion, 
immunoelectrophoresis, enzyme-linked immunosorbent assay (ELISA), and immunochro- 
matographic assays. ELISA and immunochromatographic assays have been found to be the 
most sensitive methods (Chapter 11) 


14.2.2.2.1 Immunochromatographic Assays 
Commercially produced immunochromatographic kits such as the PSA-check-1 (VED-LAB, 
Alencon), Seratec® PSA Semiquant (Seratec Diagnostica, Gattingen), and One Step ABAcard 
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Figure 14.13 Human spermatozoa stained with Christmas tree stain. (a) Staining spermatozoa on 
a microscope slide and (b) stained spermatozoa. (© Richard C. Li.) 


Figure 14.14 microscopic device for fluorescent detection utilizing SPERM HY-LITER Fluorescent 
Staining kit (left) and a laser-capture microdissection device for separating sperm cells from other 
types of cells (right). (@ Richard C. Li.) 


PSA® (Abacus Diagnostics, California) are available. These devices utilize antihuman PSA anti 
bodies. In the ABAcard PSA® assay, a labeled monoclonal antihuman PSA antibody is con- 
tained in a sample well, a polyclonal antihuman PSA antibody is immobilized on a test zone of 
a nitrocellulose membrane, and an antiglobulin that recognizes the antibody is immobilized on 
a control zone (Figures 14.15 and 14.16) 
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Figure 14.15 Immunachromatographic assays for identification of PSA in semen. (a) In a sample 
well, PSA in a semen sample is mixed with labeled anti-PSA Ab. (b) The PSA binds to the labeled 
anti-PSA Ab to form a labeled Ab-PSA complex. (c) At the test zone, the labeled complex binds to 
an immobilized anti-PSA Ab to form a labeled Ab-PSA~Ab sandwich. (d) At the control zone, the 
labeled anti-PSA Ab binds to an immobilized antiglobulin and is captured at the control zone. Ab 
and PSA represent antibody and prostate-specific antigen, respectively. (© Richard C. Li.) 


Figure 14.16 Semen identification using an immunochromatic device (ABAcard PSA). The negati 
(left) and positive (right) results are shown. The “C” band indicates that the test is valid. The “ 
band indicates the presence af human blood. The sample well is labeled as “S". ( Richard C. Li.) 
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‘The assay is carried out by loading an extracted sample into the sample well. The antigen 
in the sample binds to the labeled antibody in the sample well to form an antigen-antibody 
complex. The complex then diffuses across the nitrocellulose membrane. At the test zone, the 
immobilized antihuman PSA antibody binds with the antigen-antibody complex to form an 
antibody-antigen-antibody sandwich, The ABAcard PSA® uses a pink dye that allows for the 
visualization of a positive test with a pink line at the test zone. In the control zone, unbound 
labeled antihuman PSA antibody binds to the immobilized antiglobulin. This antibody-anti- 
globulin complex at the control zone also results in a pink line, The test is considered valid only 
if the line in the control zone is observed. 

‘The presence of human PSA results in a pink line at both the test and control zones. The 
absence of human PSA produces a pink line in the control zone only. A positive result can 
appear within 1 min; a negative result is read after 10 min, However, the high-dose hook effect, 
an artifact that may cause false-negative results (Chapter 10), occurs when high quantities of 
seminal fluid are tested, 


14.2.2.2.2 ELISA 
“The ELISA method can be used to detect PSA with anti-PSA antibodies. The most common 
method used in forensic serology is antibody sandwich ELISA, in which an antibody-antigen~ 
antibody sandwich complex is formed (Figure 14.17). The intensity of the signal can be detected 
and is proportional to the amount of bound antigen. The amount of PSA can also be quantified 
by comparing a standard with known concentrations. Although this method is specific and 
highly sensitive, it is time-consuming, Chapter 11 discusses the principle of ELISA in further 
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Figure 14.17 Use of ELISA for identification of PSA in semen. (a) Sample containing PSA is 
applied to polystyrene tubes in which anti-PSA Ab is immobilized. (b) The PSA binds to immobilized 
Ab to form a PSA-Ab complex. (c) A second anti-PSA Ab, specific fora different epitope of PSA, is 
added to form an Ab-PSA-Ab sandwich. (d) A labeled antiglobulin then binds to the Ab-PSA-AD 
sendwich, The bound antiglobulin can be detected by various reporting schemes. Ab and PSA rep- 
resent antibody- and prostate-specifc antigen, respectively. (© Richard C. Li.) 
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14.2.2.3 Identification of Seminal Vesicle-Specific Antigen 

14.2.2.3.1 Immunochromatographic Assays 

Commercially produced immunochromatographic kits include the RSID"-Semen test 
(Independent Forensics, Hillside, IL) and the Nanotrap Sg. In the RSID®-Semen assay, a labeled 
monoclonal anti-Sg antibody is contained in a sample well, and a second monoclonal anti-Sg 
antibody, to a different epitope of Sg, is immobilized on the test zone of the membrane. An a 
globulin that recognizes the antibody is immobilized on a control zone (Figure 14.18). 

‘The sample can be prepared by cutting a small portion of a stain or a swab and is extracted 
for 1-2 hin an extraction buffer (200-300 iL). Approximately 10% of the extract is removed 
and mixed with the running buffer. The assay is carried out by loading an extracted sample 
into the sample well. The antigen in the sample binds to the labeled anti-Sg antibody in the 
sample well to form a labeled antibody-antigen complex that then diffuses across the mem- 
brane. At the test zone, the solid-phase anti-Sg antibody binds with the labeled complex to 
form a labeled antibody-antigen-antibody sandwich. The antigen in the sample produces a 
pink line at the test zone. In the control zone, unbound labeled anti-Sg antibody binds to the 
solid-phase antiglobulin. This labeled antibody-antiglobulin complex at the control zone also 
results in a pink line, The presence of Sg generates a pink line at both the test and control 
zones, The absence of Sg results in a pink line in the control zone only. Results may be read 
afier 10 min. 

‘Validation studies have revealed that the sensitivity of the RSID-Semen kit for detecting 
seminal fluid can be as low as a 5% 10*-fold dilution. Species specificity studies have shown no 
cross-reactivity with various animal species including ruminants and small mammals. Bodily 
fluid specificity studies have also shown that the assay is not responsive to human blood, saliva, 
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Figure 14.18 Immunochromatographic assays for identification of semenogelin (Sg) in semen. 
(2) In a sample well, Sg in a semen sample is mixed with labeled anti-Sg Ab. (b) Sg binds to the 
labeled anti-Sg Ab to form a labeled Ab-Sg complex. (c) At the test zone, the labeled complex 
binds to an immobilized anti-Sg Ab to form a labeled Ab-Sg-Ab sandwich. (4) At the control zone, 
the labeled anti-Sg Ab binds to an immobilized antiglobulin and is captured at the control zone. Ab 
represents antibody. (© Richard C. Li.) 
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urine, sweat, fecal matter, milk, or vaginal secretions. The assay results are not affected by con- 
dom lubricants or spermicides such as nonoxynol-9 and menfegol. However, the high-dose hook 
effect occurs when more than 3 iL of seminal fluid is tested. 


14.2.2.3.2 ELISA 
Identification of Sg for semen detection has also been carried out with ELISA. Anti-Sg antibod- 
ies are utilized. An antibody-antigen-antibody sandwich complex is formed (Figure 14.19). The 
Intensity of the colorimetric or fluorometric signals can be detected spectrophotometrically and 
is proportional to the amount of bound antigen. The amount of Sg can be quantified by compar 

ing a standard with known concentrations. 


14.2.2.4 RNA-Based Assays 
RNA-based assays (Chapter 11) have been developed to identify semen. The assays are based 
on the expression of certain genes in certain cell or tissue types. Thus, the techniques used in 
the identification of semen are based on the detection of specific types of mRNA expressed 
exclusively in spermatozoa and in certain cells of male accessory glands. These assays uti- 
lize reverse transcriptase polymerase chain reaction (RT-PCR; see Chapter 7) methods to 
detect gene expression levels of mRNAs for semen identification. Table 14.1 lists the tissue- 
specific genes utilized for semen identification, Compared to conventional assays used for 
semen identification, the RNA-based assay has higher specificity and is amenable to automa- 
tion, However, one limitation is that the RNA is unstable due to degradation by endogenous 
ribonucleases. 
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Figure 14.19 Use of ELISA for identification of semenogelin (Sg) in semen. (a) Sample containing 
Sg is applied to polystyrene tubes in which anti-Sg Ab is immobilized. (b) Sg binds to immobilized 
Ab to form a Sg-Ab complex. (c) A second anti-Sg Ab, specific fora different epitope of Sg, is added 
to form an Ab-Sg-Ab sandwich. (d) A labeled antiglobulin then binds to the Ab-Sg-Ab sandwich. 
‘The bound antiglobulin can be detected by various reporting schemes. Ab represents antibody. 
(@ Richard C. Li) 
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Identification of Saliva 


15.1 Biological Characteristics of Saliva 

‘The human salivary glands produce 1,0-1.5 L of saliva daily. About 70% of saliva is produced 
from the submandibular salivary glands, 25% from the parotids, and 5% from the sublingual 
salivary glands (Figure 15.1). Although a continuous basal level of saliva secretion is maintained, 
large amount of saliva is produced during eating, Saliva is largely water containing small quan- 
tities of electrolytes, proteins, antibodies, and enzymes. The digestion of carbohydrates in the 
diet begins in the oral cavity, where amylase in the saliva breaks down carbohydrates such as 
starch. Thus, detecting amylase indicates the presence of saliva. 


15.1.1 Amylases 
Amylases are enzymes that cleave polysaccharides such as starches, which are composed of 
D-glucose units connected by al—4 linkages. Starches contain two types of glucose polymers: 
amylose and amylopectin (Figure 15.2). Amylose consists of long, linear chains of glucose resi- 
dues connected by a4 linkages. Amylopectin is highly branched and consists of linear chains 
of glucose residues connected by «tl—4 linkages with the branch points connected by «16 
linkages. Both linear amylose and amylopectin can be hydrolyzed by amylase by cleaving the 
chains at alternate cl—4 linkages. Amylase cleaves off one maltose (two glucose units) ata time. 

However, the ctl6 linkages at the branch points are not cleaved by the amylase. 

‘Two types of amylases are characterized, f-Amylases found in plant and bacterial sources 
cleave only at the terminal reducing end of a polysaccharide chain. The end of a chain with a 
free anomeric carbon (not involved in a glycosidic bond) is called the reducing end. Human 
-amylases cleave at ctl linkages randomly along the polysaccharide chain. 

Human a-amylases have two major isoenzymes (multiple forms that differ in their amino 
acid sequences). Human salivary a-amylase (HSA) is encoded by the Amy! locus, synthesized 
at the salivary glands and secreted into the oral cavity. Human pancreatic a-amylase (HPA), 
encoded by the Amy2 locus, is synthesized by the pancreas and secreted into the duodenum 
through the pancreatic duct. The amino acid sequences of the HSA and HPA are highly homolo- 
gous. Therefore, monoclonal antibodies against HSA also cross-react with HPA. However, HSA 
is inactivated by acids in the stomach, while most HPA is inactivated in the lower portions of the 
intestine, and some amylase activity remains in the feces. 

‘Amylase activity is found in various bodily fluids including semen, tears, milk, perspiration, 
and vaginal secretions. Most amylase present in normal serum consists of HPA and HSA. ‘The 
amylases are small molecules and can pass through the glomeruli of the kidney (Chapter 17). 
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Figure 15.1 Human salivary glands. (© Richard C. Li.) 
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Figure 15.2 Chemical structures of polysaccharides found in starch: (a) amylose and 
(b) amylopectin. 
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15.2 Analytical Techniques for Identification of Saliva 


‘Thus, the amylase present in urine is derived from plasma. Amylase can be inactivated under 
boiling temperatures and strong acidic and alkaline conditions. Based on various studies, its 
stability varies from a few weeks to several months. 


15.2 Analytical Techniques for Identification of Saliva 

“The use of alternate light sources facilitates the search for and the visual examination of saliva 
stains. The identification of saliva is largely based on detecting the presence of amylase in a sam- 
ple. Two types of amylase assays can be utilized. The first type measures the enzymatic activity 
of total amylase. This type of assay cannot distinguish HSA from other amylases including HPA 
and nonhuman amylases, such as those from plants, animals, and microorganisms. The second 
type of assay, which includes direct detection of HSA proteins and RNA-based assays, is more 
confirmatory than enzymatic assays. 


15.2.1 Presumptive Assays 
15.2.1.1 Visual Examination 

‘The lighting techniques used to search for semen stains can be utilized in searching for saliva 
stains. For example, a 470 nm excitation wavelength can be used with orange goggles to allow 
visualization of fluorescence. However, the fluorescence of a saliva stain is usually less intense 
than that of a seminal stain (Figure 15.3). Microscopic examination with proper histological 
staining can also be performed to identify the buccal epithelial cells, indicating the presence of 
a saliva stain (Figure 15.4). 


15.2.1.2 Determination of Amylase Activity 
15.2.1.2.1 Starch-lodine Assay 

Iodine (1,) is used to test for the presence of starch, The amylose in starch reacts strongly with 
iodine to form a dark blue complex, while amylopectin develops a reddish-purple color. In the 
presence of amylases, starch is broken down to mono- or disaccharides, Consequently, such 
colors do not develop when iodine is added, 


Figure 15.3 Examining saliva stains using an ALS technique. (@ Richard C. Li.) 
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Figure 15.4 Buccal epithelial cells, (@ Richard C. Li) 


A common configuration of the method is the radial diffusion assay (Figure 15.5), An agar 
gel containing starch is prepared. A sample well is created by punching a hole in the gel and 
an extract of the questioned sample is placed into the well. If amylase is present in the sample, 
it diffuses from the sample well and hydrolyzes the starch in the gel. The gel is then stained 
using an iodine solution, A clear area in the gel indicates amylase activity, and the size of the 
clear area is proportional to the amount of amylase in the sample. A linear standard curve 
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Figure 15.5 Radial diffusion assay for the identification of amylase. (a) Known amounts of amylase 
standards are applied to the well and allowed to diffuse. (b) The size of the clear area arising from 
‘amylase activity is plotted. The standard curve can be used to determine the amount of amylase in 
a questioned sample. (© Richard C. Li.) 


280 


15.2 Analytical Techniques for Identification of Saliva 


(in log scale) can be prepared using a series of standard amylases with known concentrations. 
‘The amount of amylase can be quantified by comparing the results with the standard curve. 
However, this assay is not specific to HSA and can produce false-positive results. Moreover, 
the quantities of amylase can be used for determining the amount of sample needed for Y-STR 
analysis (Chapter 19), which now can be determined by using Y-chromosome-specific quantita 
tive PCR assays (Chapter 6). 


15.2.1.2.2 Colorimetric Assays 
Dye-labeled amylase substrates such as dye-conjugated amylose or amylopectin are utilized. 
“These substrates are not soluble in water. In the presence of amylase, the dye-containing moi 

eties are cleaved and are soluble in water to produce a color. The degree of coloration, which can 
be measured colorimetrically by spectrophotometric methods, is proportional to the amount 
of amylase in the sample, Most of these assays are not HSA specific, although their specificity 
can be tested by using inhibitors that preferentially inhibit HSA, such as a-amylase inhibitors 
derived from the seeds of the wheat plant, Triticum aestivum. These amylase activity assays are 
considered presumptive, which means they are not conclusive for the presence of saliva in a 
sample. 

‘Whey brat are aval Maebet sbagent (Hhartancil te uel wed a fren 
siclaboratories. Produced in a tablet form, itis used to detect a-amylase in specimens for clinical 
diagnostic purposes. A small portion (approximately 3 mm®) of a sample is cut and placed in 
a tube and incubated for 5 min at 37°C, One Phadebas tablet is added to each tube and mixed. 
Samples are then incubated for 15 min at 37°C, and the reaction is stopped at an alkaline pH 
by the addition of sodium hydroxide. The amylase substrate is an insoluble blue dye conjugated 
to starch, Amylase hydrolyzes the substrate to generate a blue color that can be measured at 
620 nm using a spectrophotometer. The optical density of the supernatant is read and can be 
converted to amylase units by comparing to a standard curve. 

‘The amylase assay can also be used for amylase mapping asa method of searching for possible 
saliva stains (Figures 15.6 and 15,7). These assays are based on the principle that amylase is water 
soluble and can be transferred from evidence to filter paper and then analyzed via colorimetric 
assay. This procedure is also referred to as a press test. The sensitivity of the method is similar to 
that of the test tube method. 

‘The substrate can be prepared by evenly spraying the Phadebas reagent on a sheet of filter 
paper and allowing it to air-dry. The dried substrate-containing paper can be used immediately 
or stored until needed. To perform amylase mapping, a piece of paper is placed over the entire 
area to be tested (the item to be tested must be fairly flat to ensure good contact with the paper) 
‘The paper is dampened slightly by spraying with distilled water, An outline may be drawn on 
the paper to aid in locating stains. A piece of plastic wrap is placed on top to prevent the paper 
from drying during the assay, and a weight is applied to ensure close contact of substrate and 
evidence. The test is observed every minute for the first 10 min, and every 5 min thereafter up to 
40 min, when a positive reaction should appear as a light blue area. 

‘The SALIgAE® kit (Abacus Diagnostics), another commercially available colorimetric assay, 
has been validated for saliva identification (Figure 15.8), Its manufacturer also produces the 
SALIgAE spray kit, which can be used for amylase mapping 


15.2.2 Confirmatory Assays 

15.2.2.1 Identification of Human Salivary o-Amylase 

15.2.2.1.1 Immunochromatographic Assays 

Commercially produced immunochromatographic kits include the RSID® Saliva kit (Independent 
Forensics). A labeled monoclonal anti-HSA antibody is contained in a sample well. A second 
monoclonal anti-HSA antibody is immobilized onto atest zone of a membrane, and an antiglobu. 
lin that recognizes the antibody is immobilized onto a control zone (Figures 15.9 and 15.10). 
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Figure 15.6 Amylase colorimetric assay using Phadebas reagent. (a) A spot test for saliva and 
(b) amylase mapping result showing a saliva-stained area. N, a negative result; P, a positive result. 
(© Richard C. Li.) 
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Figure 15.7 Amylase mapping for saliva stains. (a) Amylase substrate is sprayed on a sheet of 
filter paper. (b) Substrate-containing paper is placed over the area to be tested. The orientation of 
the filter paper is marked to aid in locating the stain. (c) The filter paper is dampened by spraying it 
with water, and plastic wrap is placed on top to prevent the paper from drying. Blue color indicates 
a positive reaction. (© Richard C. Li.) 
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Figure 15.8 Saliva identification using SALIgAE reagent. P, a positive result; N, a negative result; 
S, a positive control. (@ Richard C. Li.) 


Figure 15.9 Identification of saliva using immunachromatographic assays. P, a positive result; N, 
2 negative result. (® Richard C. Li.) 


‘A sample can be prepared by cutting out a small portion of a stain or a swab. Each sample 
is extracted for 1-2 h in 200-300 pil of an extraction buffer. Approximately 10% of the extract 
is removed and mixed with a running buffer. The assay is carried out by loading an extracted 
sample into the sample well where the antigen in the sample binds to the labeled anti-HSA anti- 
body in the well to form a labeled antibody-antigen complex. The complex then diffuses across 
the membrane to the test zone, where the solid-phase anti-HSA antibody binds with the labeled 
complex to form a labeled antibody-antigen-antibody sandwich. 

‘The presence of antigen in the sample results in a pink line at the test zone. In the control 
zone, unbound labeled anti-HSA antibody binds to the solid-phase antiglobulin. The labeled 
antibody-antiglobulin complex at the control zone also results in a pink line. ‘The test is 
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Figure 15.10 Immunochromatographic assay for the identification of HSA in saliva. (a) Sample 
containing amylases is loaded in a sample well. (b) Antigen binds toa labeled anti-HSA Ab to form a 
labeled Ab-HSA complex. (c) At the test zone, the labeled complex binds to an immobilized antinu- 
man HSA Ab to form a labeled Ab-HSA-Ab sandwich. (d) At the control zone, the labeled anti-HSA 
Ab binds to an immobilized antiglobulin and is captured at the control zone. Ab, an antibody; HSA, 
human salivary a-amylase. (@ Richard C. Li.) 


considered valid only if the line in the control zone is observed. ‘The presence of HSA results 
ina pink line at both the test zone and the control zone, while the absence of HSA results in 
a pink line in the control zone only. A result can be read after 10 min. 

“The sensitivity of the RSID®- Saliva kit can be as lowas | pL of saliva. Additionally, the assay 
is responsive to samples extracted from saliva stains on both smooth and porous surfaces. In 
terms of species specificity, the kit has no cross-reactivity with various animal species, includ. 
ing monkeys (tamarin and callimico). As for bodily fluid specificity, it has also been shown that 
it is not responsive to human blood, semen, or urine. The high-dose hook effect, which cre- 
ates an artifact that may cause false-negative results as described previously (Chapter 11), is not 
observed when up to 50 pL of saliva is tested. This method is rapid, specific, and sensitive and 
can be used in both laboratory and field analysis. 


15.2.2.1.2 Enzyme-Linked Immunosorbent Assay (ELISA) 
“This method can be used to detect and to quantify a sample with the use of an anti-HSA anti- 
body. The most common configuration in forensic serology is the antibody-antigen-antibody 
sandwich (Figure 15.11). ELISA utilizes reporting enzymes to produce colorimetric or fluo- 
rometric signals. ‘The intensity of the signal can be detected spectrophotometrically and is 
proportional to the amount of bound antigen. ‘The amount of HSA can be quantified by com- 

parison with a standard of known concentration. This method is specific and highly sensi- 
tive in detecting HSA, but it is time-consuming. Chapter 11 discusses the ELISA principle in 
further detail. 


284 


15.2 Analytical Techniques for Identification of Saliva 


Labeled 
fs An HSA Ab sntgabalin 


(diferent epitope) vA 
ee 4 &Y | 
aaa 


[ 
@ ) cc) @ 


Figure 15.11 ELISA for identification of HSA in saliva. (a) Sample containing antigen is applied 
to polystyrene tubes where anti-HSA Ab is immobilized. (b) Antigen binds to immobilized Ab to 
form HSA-Ab complex. (c) Second anti-HSA Ab, specific for a different epitope of HSA, is added 
to form Ab-HSA-Ab sandwich. (d) Labeled antiglobulin then binds to the sandwich. The bound 
antiglobulin can be detected by various reporting schemes. Ab, an antibody; HSA, human salivary 
a-amylase, (© Richard C. Li) 


15.2.2.2 RNA-Based Assays 
RNA-based assays (Chapter 11) have been developed recently for the identification of saliva. 
‘They are based on the expression of certain genes in certain cell or tissue types. Thus, the tech 

niques used in the identification of saliva are based on the detection of specific types of mRNA 
expressed exclusively in certain cells in the oral cavity. These assays utilize reverse transcriptase 
polymerase chain reaction (RT-PCR; see Chapter 7) methods to detect gene expression levels 
of mRNAs for saliva identification, Table 15.1 summarizes the tissue-specific genes utilized for 
saliva identification. Compared to conventional assays used for saliva identification, RNA-based 
assays present higher specificity and are amenable to automation. However, one limitation is 
that the RNA is unstable because of degradation by endogenous ribonucleases. 


Table 15, Sa ation of R ee ee ation 
J Gene Symbol | Gene Product | Description | ‘Further Reading ‘| 


Source: Adapted from Juusola, J. and Ballantyne, J., Forensic Sci Int, 152, 1-12, 
2005. 
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Identification of Vaginal Secretions 
and Menstrual Blood 


“The identification of vaginal secretions and menstrual blood is important for the investigation 
of sexual assault cases. Such identification can help to corroborate allegations of sexual assault. 
For example, in a sexual assault investigation, a stain was observed after examining the suspect's 
clothing, Subsequently, forensic DNA analysis revealed that the DNA of the stain originated from 
the victim, establishing a link between the victim and the suspect. However, the defendant may 
assert that the victim's DNA originated from a sweat stain as a result of casual contact and deny 
any criminal act. If vaginal secretions were found in the stain, the evidence has probative value to 
corroborate an allegation of a sexual act. Additionally, postcoital drainage stains on clothing or 
bedding are often recovered at crime scenes. These stains usually consist of a mixture of semen 
and vaginal secretions, In such cases, the presence of vaginal secretions in these stains indicates 
the occurrence of sexual intercourse, Sometimes, vaginal secretions can be transferred onto a 
perpetrator during a sexual assault. For example, the presence of vaginal secretions on a suspect's 
genital area can indicate the occurrence of sexual intercourse. Furthermore, the presence of vagi 
nal secretions on an object can corroborate an allegation of vaginal rape with a foreign object. 

Ifa sexual assault victim is in menses when an assault occurred, blood evidence, such as the 
victim’s bloodstains located on the suspect's clothing, may be recovered at the scene. The defense 
may argue that the bloodstains resulted from an injury and deny that any sexual act occurred. 
In this case, the identification of menstrual blood would corroborate an alleged rape. Therefore, 
itis necessary to distinguish between peripheral and menstrual blood in investigations of sexual 
assault where blood evidence is found at the scene. 


16.1 Identification of Vaginal Stratified Squamous Epithelial Cells 

A normal human vagina is covered by the squamous mucosa, which is composed of stratified 
squamous epithelial tissue (Figure 16.1a). Lying under the squamous mucosa is the submucosa, 
which contains an abundance of connective tissue and capillaries. Below the submucosa is the 
‘muscularis, which is made up of smooth muscle. 

‘The squamous mucosa consists of multiple layers of cells (Figure 16.1b). At the basal layer of 
the squamous mucosa, basal cells are anchored to the basement membrane that separates the 
squamous mucosa from the submucosa, ‘The basal cells are small in size with relatively large 
nuclei and are highly proliferative. As the cells migrate up from the basal layer to the parabasal 
layer, the cells undergo differentiation, At the intermediate layer, the cells are flattened and their 
nuclei are compressed. As the epithelial cells reach the apical layer, the superficial layer, the cells 
are fully differentiated with small and dense nuclei 
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Figure 16.1 Histological structure of human vaginal tissues. (2) The squamous mucosa and the 
submucosa. (b) Multiple layers of cells in the squamous mucosa. (© Richard C. Li.) 


‘Vaginal epithelial cells do not accumulate keratin, which is different from skin cells (Chapter), 
‘The intermediate and superficial layer cells contain abundant glycogen in their cytoplasm. The 
presence of glycogen in these cells is an indication of normal development and the differen 
tion of the vaginal epithelial cells. The apical surface of the vaginal squamous mucosa is usually 
covered by mucus that is secreted from glands that are located deep in the epithelium. The cells 
of the apical layers are eventually sloughed and are continuously replaced by the cells of deeper 
layers. When the lining of the vagina is swabbed during the collection of evidence, glycogenated 
cells with small numbers of parabasal cells are usually recovered (Figure 16.2). In addition to the 
vagina, glycogenated squamous epithelial cells are found in the linings of the oral cavity, phar- 
ynx, esophagus, anus, and the apex of the urethra. The differentiation of the vaginal epithelial 
cells requires estrogen. However, in premenarche and postmenopausal women, estrogen levels 
are very low; thus, the vaginal epithelial cells only differentiate to the parabasal cells. Primarily, 
parabasal cells are found in specimens from these individuals. 


16.1.1 Lugo'’s lodine Staining and Periodic Acid-Schiff Method 

Lugol's iodine solution, named after the French physician Jean Lugol, is originally used as an 
antiseptic that is applied to skin or tissue to prevent infection, In forensic applications, it is uti- 
lized for the identification of glycogenated vaginal epithelial cells. The technique is based on the 
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Figure 16.2 Vaginal stratified squamous epithelial cells. (@ Richard C. Li.) 


principle that iodine reacts with intracellular glycogen to exhibit a color. Glycogen is the principal 
storage form of glucose in animal and human cells and is found in the granules in the cytoplasm 
of the cells of many tissues. In addition to squamous epithelial cells, glycogen is also found in 
hepatocytes, which have the highest glycogen content, as well as muscle cells, Glycogen is a poly- 
saccharide composed of D-glucose units. Similar to the amylopectin in plant cells (Chapter 15), 
glycogen isa branched polysaccharide consisting of linear and branched chains (Figure 16.3). The 
Deglucose residues of the linear chain are connected by ol—4 glycosidic bonds, while the branch- 
ing points are connected by «tl+6 glycosidic bonds. However, glycogen is more branched than 


Figure 16.3. Structure of glycogen. Glycogen is a highly branched polysaccharide composed of glu- 
cose. Glycogen has a similar structure to amylopectin in starch (see Chapter 15). However, glycogen 
is more branched than starch. Additionally, glycogen contains a protein known as glycogenin at the 
center ofits structure. (© Richard C. Li.) 
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amylopectin, Branch points occur approximately every 10 glucose residues in glycogen while 
they occur every 25 glucose residues in amylopectin. Lugol's stock solution is an aqueous solution 
of 5% iodine (I,) and 10% potassium iodide (KI), Potassium iodide allows the iodine to be soluble 
{in water through the formation of the triiodide ion. For staining the vaginal epithelial cells, 5% 
of the stock solution is usually used as the working solution. Iodine atoms fit into the helices of 
glycogen to form a dark brown glycogen-iodine complex (Figures 16.4 and 16.5). Vaginal epithe- 
lial cells can also be stained using the periodic acid-Schiff method. The cytoplasm of the vaginal 
epithelial cells is stained magenta, and the nucleus is stained purple. 


Figure 16.4 Diagram of a glycogen-iodine complex. In the complex, the glycogen chain forms a 
helix structure with six monosaccharide residues (red) per turn. lodine molecules (gray) fit in the 
helix to form the glycogen-iodine complex, extbiting a color. (@ Richard C. Li.) 


Figure 16.5 Epithelial cells stained with Lugol's iodine solution. (a) Vaginal and (b) buccal epithe- 
lial cells. (@ Richard C. Li) 


16.2 Identification of Vaginal Acid Phosphatase 


* 


o o o 


Figure 16.6 Staining of epithelial cells with Dane's method. The results abtained using methanol 
fixation followed by Dane's staining on skin (a), buccal (b), and vaginal epithelial (c) cells are shown. 
The arrows indicate red nuclei in buccal and orange nuclei in vaginal cells. (From French, C.E., 
et al., Forensic Sci Int, 178, 1-6, 2008. With permission.) 


16.1.2 Dane's Staining Method 

Evidence containing skin, buccal, and vaginal epithelial cells is often recovered in forensic 
investigations, particularly in sexual assault cases. Thus, it is necessary to distinguish between 
these cells. Skin, buccal, and vaginal epithelial cells belong to stratified squamous epithelium. 

Differentiated skin epithelial cells are keratinized and are classified as keratinizing squamous 
epithelial cells, while buccal and vaginal epithelial cells are nonkeratinizing squamous epithelial 
cells, Additionally, the skin epithelial cells lose nuclei and other cellular organelles during dif. 

ferentiation. In contrast, buccal and vaginal cells contain nuclei, Based on their morphology, itis 
possible to distinguish skin epithelial cells from buccal and vaginal epithelial ells. However, buc- 

cal and vaginal cells are morphologically indistinguishable from each other. Although Lugol's 
iodine solution and periodic acid-Schiff can stain vaginal epithelial cells, these stains cannot 
distinguish vaginal from other glycogenated epithelial cells in the oral mucosa and the urinary 
tract. Recently, Dane's staining method has been developed to distinguish all three types of 
cells, Skin cells are stained red and orange; buccal cells are stained predominantly orange-pink 
with red nuclei; and vaginal cells are stained bright orange with orange nuclei (Figure 16.6). 


16.2 Identification of Vaginal Acid Phosphatase 

Acid phosphatases are a group of enzymes that are capable of hydrolyzing a variety of small 
organic phosphomonoesters under acidic conditions. To date, atleast five different acid phospha- 

tase isoenzymes have been identified in human tissues: erythroid acid phosphatase (encoded by 
the ACPI gene), lysosomal acid phosphatase (encoded by the ACP2 gene), prostate acid phospha: 

tase (encoded by the ACPP gene, also known as ACP3), macrophage acid phosphatase (encoded 
by the ACPS gene), and testicular acid phosphatase (encoded by the ACPT gene). Human pros- 
tatic acid phosphatase is found in large quantities in seminal fluid and is used as a biomarker for 
semen identification (Chapter 14). The prostatic acid phosphatase is a homodimer containing 
two identical subunits with a molecular weight of 50 kDa, Small amounts of acid phosphatase 
can be detected in vaginal fluid, which is produced in normal cervical epithelial cells. However, 
the molecular characteristics of vaginal acid phosphatase are still not known. Historically, vagi 

nal acid phosphatase has been used as a biomarker for the identification of vaginal secretions 
using acid phosphatase catalytic assays (Chapter 14), In sexual assault investigations, its impor 

tant to distinguish vaginal acid phosphatase from prostate acid phosphatase originating from 
semen exposure, These two enzymes have identical molecular weights, enzymatic specificities, 
and responses to the same inhibitors. Nevertheless, vaginal and prostate acid phosphatases can 
be distinguished using agarose electrophoresis. Based on their electrophoretic mobility, bands 
of vaginal and prostate acid phosphatases can be separated. The prostate acid phosphatase 
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Figure 16.7 Distinguishing prostate and vaginal acid phosphatases using polyacrylamide gel 
electrophoresis. Bands of acid phosphatases are detected using 4-methylumbelliferyl phosphate 
(MUP). MUP is a substrate of acid phosphatases, resulting in a product that fluoresces in UV 
illumination (see Chapter 14). The prostate acid phosphatase has higher electrophoretic mobil- 
ity toward an anode (a positively charged electrode) than vaginal acid phosphatase. S, sem 
vaginal secretions; SV, mixture of semen and vaginal secretions; PAP, prostate acid phosphatase, 
VAP, vaginal acid phosphatase; MUP, 4-methylumbelliferyl phosphate; UY, ultravialet illumination. 
(© Richard ©. Li) 


has higher electrophoretic mobility toward an anode (a positively charged electrode) than the 
vaginal acid phosphatase (Figure 16.7). Thus, the presence of vaginal acid phosphatase can be 
determined. 


16.3 Identification of Vaginal Bacteria 

Lactobacillus can be found in the respiratory, the gastrointestinal, and the urogenital tract of 
healthy humans and animals. Lactobacillus taxa are the predominant bacteria in the vagina of 
‘women of reproductive age, and they play an important role in protecting the host against inva- 
sive pathogenic organisms. Lactobacillus consists of rod-shaped, nonmotile, and non-spore- 
forming gram-positive bacteria (Figure 16.8). Since these bacteria survive on carbohydrates, 
Lactobacillus bacteria produce lactic acid, As a result, a low pH environment is established in 


Figure 16.8 Vaginal Lactobacillus bacteria (circled). (® Richard C. Li.) 
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the lumen of the vagina, which restricts the growth of pathogenic organisms, Such vaginal lactic 
acid-producing bacteria were thought to be Lactobacillus acidophilus. In the 1980s, it was deter 
mined that L. acidophilus was not a single species, but actually a group of related species known 
as the L, acidophilus complex. ‘The species of the complex can now be distinguished based on 
their DNA sequences. The most frequently occurring Lactobacillus species found in the vagina 
are L, iners, L. crispatus, L. gasseri, and L. jensenii. Among them, L. iners is the most common 
species of Lactobacillusin women. Lactobacillus can be identified based on the sequences of DNA 
markers such as the 165 rRNA gene and the intergenic spacer region between the 165 rRNA and 
238 rRNA genes (Chapter 11), In forensic applications, L. iners, L. crispatus, L. gasseri, and L. 
jensenii can be detected in vaginal secretions. Thus, the identification of Lactobacillus taxa can 
potentially be utilized for the forensic identification of vaginal fluid. However, the presence of 
Lactobacillus taxa is not specific enough to vaginal fluid. Some studies show that Lactobacillus 
taxaare present in semen while others show that Lactobacillus can be found in female urine, The 
openings of the female urogenital system are in close proximity; thus, itis possible to have par 
tially overlapping microbiota between the urine and vaginal secretions. Thus, the identification 
of multiple bacterial species, at least the four Lactobacillus species previously mentioned, should 
be carried out to distinguish these samples. 


16.4 Outlook for Confirmatory Assays of Vaginal Secretions 

‘The identification of the vaginal stratified squamouss epithelial cells provides important proba- 

tive evidence in forensic investigations. However, the existing methods described earlier can 
sometimes give false-negative or false-positive results, In some situations, these assays also cross~ 
react with other types of bodily fluids. Thus, none of these assays is confirmatory. A useful iden- 

tification method for vaginal secretions should be able to distinguish vaginal secretions from 
other bodily fluids and should be easy to perform, For example, nondestructive confirmatory 
identification methods such as fluorescence spectroscopy and Raman spectroscopy (Chapter 11) 
can potentially be useful for the identification of vaginal secretions. Recently, the analysis of 
tissue-specific gene expression has been utilized for the identification of vaginal secretions. 

Using the reverse transcription polymerase chain reaction (RT-PCR) technique (Chapter 7), the 
mRNAs of the tissue-specific genes of vaginal epithelial cells can be detected. For example, 
two commonly used markers for vaginal secretion identification are MUC4 and HBDI. MUC4 
encodes a mucin protein that is a major component of vaginal mucus, and HBDI, the human 
defensin 1, encodes a vaginal antimicrobial peptide, Both MUC4 and HBDI are expressed in 
vaginal epithelial cells and are considered reliable markers of vaginal fluid. Additional mRNA 
and miRNA markers are described in Tables 16.1 and 16.2. 


16.5 Menstruation 

Menstruation is the periodic discharge of blood and the elimination of the degenerated lining 
of the endometrium from the uterus of nonpregnant women. From menarche to menopause, 
women may menstruate up to 400 times during their reproductive age. The uterus plays an 
important role in preparing the uterine endometrium for the possible implantation of a develop- 
ing embryo. The linings of the uterus are composed of the myometrium and the endometrium 
“The myometrium consists of the muscle fibers of the uterus. The endometrium consists of the 
simple columnar epithelium and the stroma (Figure 16.9). The simple columnar epithelium is 
formed by single-layered elongated cells located at the apical surface of the endometrium. The 
stroma consists of connective tissues as well as spiral arteries. Spiral arteries are small arteries 
that ascend through the endometrium and form a coil-like structure, which supplies blood to 
the endometrium, 
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Table 16.1 Representative Markers of mRN. 
Secretions and Menstrual Blood Identification 


Vaginal secretions CYP2B7P1 Cytochrome P450, family 2, subfamily B, 
Polypeptide 7, pseudogene 1 


ased Assays for Vaginal 


DKKa Dickkopt homolog 4 
FUT6 Fucosyltransferase 6 
BDL pDefensin 1 
119 Interleukin 19 
muca Mucin 4 
myozi Myozenin 1 
SFTA2 Surfactant associated 2 
Menstrual blood MMP7 ‘Matrix metalloproteinase 7 
MMP11 | Matrix metalloproteinase 11 


Source: Adapted from Bauer, M. and Palzelt, D., J Forensic Sci, 47, 1278~ 
1282, 2002; Hanson, E.K. and Ballantyne, J., Sci Justice, 53, 14-22, 
2013; Juusola, J. and Ballantyne, J., Forensic Sci Int, 182, 1-12, 
2005; Nussbaumer, C., Gharehbaghi-Schnell, E., and Korschineck, |., 
Forensic Sci Int, 157, 181-186, 2006. 


Vaginal secretions miR124a__ UAAGGCACGCGGUGAAUGCC 
miR372  AAAGUGCUGCGACAUUUGAGCGU 
miR617 — AGACUUCCCAUUUGAAGGUGGC. 
miRB91a  UGCAACGAACCUGAGCCACUGA 

Menstrual blood miR214  UGCCUGUCUACACUUGCUGUGC. 
miR412  ACUUCACCUGGUCCACUAGCCGU 
miR451  AAACCGUUACCAUUACUGAGUU 


Source: Adapted from Hanson, E.K., Lubenow, H., and Ballantyne, J., Anal 
Biochem, 387, 303-314, 2009; Wang, Z., et al., Forensic Sci Int 
Genet, 7, 116-123, 2013. 


‘The endometrium can be divided into two zones: the functionalis and the basalis (Figure 16.10). 
“The functionalis is the luminal part of the endometrium. It is the zone of cyclic changes in the 
endometrium and is shed during menstruation. The basalisis the basal part of the endometrium 
and is not shed during menstruation. This zone produces cells to regenerate the functionalis 


during the next cycle. 
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Figure 16.9 Uterus endometrium. (a) The proliferative phase and (b) the menstrual phase. 
(© Richard C. Li) 


During the uterine cycle, repetitive physiological changes occur in the functionalis 
(Figure 16.10). The cycle is divided into three phases: the menstrual, proliferative, and secre- 
tory phases. The first day of menstrual bleeding is considered the onset of the menstrual phase. 
During the menstrual phase, the functionalis degenerates and is sloughed off from the uterine 
wall and bleeding occurs, known as menses. During the proliferative phase, the functionalis, 
begins regeneration in which the spiral arteries are proliferated. During the secretory phase, 
the spiral arteries are further developed and coiled. In the absence of pregnancy, a decrease in 
the progesterone level leads to the constriction of the spiral arteries. Asa result, the functiona- 
lis becomes ischemic (insufficient blood flow), leading to hypoxia (low levels of oxygen in tis- 
sue). In addition, the activation of an enzymatic degradation process causes the destruction and 


‘Menstrual Proliferative ‘Secretory 
‘phase phase phase 


Figure 16.10 Changes in the functionalis of the uterine mucosa during a uterine cycle. D, day. 
(© Richard C. Li) 
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shedding of the functionalis during menses. Menstrual fluid contains blood, the functionalis 
layer tissue, and mucus, 


16.5.2 Uterine Endometrial Hemostasis 

‘The cessation of menstrual bleeding is achieved by endometrial hemostasis that is initiated 
‘when injury occurs due to the shedding of the endometrium (Figure 16.11). Hemostasis begins 
with platelet activation and aggregation to form platelet plugs atthe site of injury. Additionally, 
the blood coagulation cascade is activated to produce thrombin. Thrombin, a serine protease, 
converts soluble fibrinogen into fibrin, Fibrin, a protein involved in blood clotting, aggregates 
with the platelet plugs and leads to the cessation of bleeding by forming blood clots, known as, 
thrombi, Under normal physiological conditions, uterine endometrial hemostasis is a balanced 
process between blood coagulation and clot dissolution to control blood loss and to prevent 
clot accumulation within the uterus. As a result, the balance of these two processes allows the 
removal of tissue fragments from the uterus cavity in order to reduce the risks of infection. 
Blood clots are prevented from accumulating during menstruation by forming low amounts 
of platelet plugs and synthesizing coagulation factor inhibitors that inhibit blood coagulation. 
Additionally, fibrinolysis is activated, during which thrombus is broken down by a protease 
known as plasmin. Plasmin cleaves fibrin, generating soluble degradation products. As a result, 
fibrinolysis can inhibit blood clot formation. 


Site of injury Blood vessel lumen 


Figure 16.11 Diagram of hemostasis. Hemostasis occurs at the site of injury of a blood vessel. A 
platelet plug is formed as a result of the aggregation of platelets. The plug is further stabilized by 
the formation of a fibrin clot over the platelet plug. (© Richard C. Li.) 
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16.6 D-dimer Assay 
During fibrinolysis, cross-linked fibrin is cleaved by plasmin, producing a degradation product 
known as D-dimer (Figure 16.12). Assays for D-dimer fragments have been utilized in the foren- 
sic identification of menstrual blood, A number of different formats of D-dimer assays can be 
used. In an enzyme-linked immunosorbent assay (ELISA; Chapter 11), antibodies bind to the 
D-dimer antigens on the solid phase. The D-dimer-antibody complex is subsequently analyzed 
using an antibody-based detection system, This method is highly sensitive, but is time-consum- 
ing. Latex agglutination assays are based on the interaction of antibodies and D-dimers that are 
located on carriers to form aggregates during the agglutination process (Chapter 11). However, 
the magnitude of the agglutination response is manually read and conclusions are based on sub- 
jective judgments, Immunochromatographic assays (Chapter 11) utilize monoclonal antibodies 
specific to D-dimers, which have been developed recently (Figures 16.13 and 16.14). This immu. 
nochromatographic assay is very specific, sensitive, and rapid, and can be completed within 
minutes, The immunochromatographic devices are portable, and thus can potentially be used 
at crime scenes. The D-dimer assays can positively identify menstrual blood samples. Although 
peripheral blood contains low levels of D-dimer, these assays do not show positive reactions 
with peripheral blood. Thus, menstrual blood can be distinguished from peripheral blood using 
D-dimer assays. However, postmortem blood also contains these D-dimers, which are detected 
by these assays. Although the detection of postmortem blood would complicate the interpreta 
tion of results, postmortem blood is not often encountered in sexual assault cases. 
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Figure 16.12 The formation and the degradation of a fibrin polymer. The activation of coagu- 
lation ultimately generates thrombin, which catalyzes the conversion of fibrinogen to fibrin by 
cleaving the fibrinopeptides (gray). A fibrin monomer contains an E domain and two D domains. 
The fibrin monomers are held together by noncovalent bonds (dotted red) between the D domains 
and E domain to form a fibrin polymer. Fibrin polymers are then covalently linked (solid red) to 
form a cross-linked fibrin polymer, which plays a role n forming clots. During fibrinolysis, plasmin 
cleaves the cross-linked fibrin at multiple sites giving rise to fibrin degradation products including 
D-dimer. (@ Richard C. Li.) 
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Figure 16.13 Immunachromatographic assays for the identification of D-dimer in menstrual blood. 
(a) In a sample well, D-dimer antigen in a menstrual blood sample is mixed with labeled anti-D- 
dimer Ab. (b) The D-dimer binds to the labeled anti-D-dimer Ab to form a labeled Ab-antigen 
complex. (c) At the test zone, the labeled complex binds to an immobilized anti-D-dimer Ab to form 
a labeled Ab-antigen-Ab sandwich. (d) At the control zone, the labeled anti-D-dimer Ab binds to 
an immobilized antiglobulin and is captured at the control zone. Ab, antibody. (© Richard C. Li.) 
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Figure 16.14 Detecting D-dimer using immunochromatographic assays. The results obtained using 
the Clearview Simplify D-dimer devices (Alere, Cheshire, UK) on menstrual (top) and peripheral 
blood (bottom) are shown. A positive result (arrow) indicates the presence of D-dimer. (From Baker, 
D.J., Grimes, E.A., and Hopwood, A.J., Forensic Sci Int, 212, 210-214, 2011. With permission.) 
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16.7 Lactate Dehydrogenase Assay 

Lactate dehydrogenase (LDH) is an enzyme that plays an important role in glycolysis. In 
humans, LDH catalyzes the reversible reduction of pyruvate into lactate when the amount of 
oxygen is limited. LDH is a tetrameric enzyme consisting of three different types of subunits. 
‘The A subunit, also known as the M subunit, is encoded by the LDHA gene and is primar- 
ily expressed in skeletal muscle, The B subunit, also known as the H subunit, is encoded by 
the LDHB gene and is primarily expressed in cardiac muscle, The C subunit, encoded by the 
LDHC gene, is expressed restrictively in the testes. LDHs are found in various human tis 
sues, Five isoenzymes can be found in blood (Figure 16.15). LDH consists of four identical 
B subunits; LDH2 consists of one A and three B subunits; LDH3 consists of two A and two B 
subunits; LDH4 consists of three A and one B subunits; and LDHS consists of four identical 
A subunits. The five isoenzymes can be separated using electrophoresis (Figure 16.16) and 
detected using a colorimetric assay (Figures 16.17 and 16.18). According to their electropho- 
retic mobility, five bands can be identified. LDH! has the highest electrophoretic mobility 
(toward an anode that is a positively charged electrode) and LDHS has the lowest electropho- 
retic mobility. In peripheral blood, LDHI, 2, and 3 are the predominant forms of the isoen- 
zymes and LDH4 and 5 are the minor forms of the isoenzymes. In contrast, LDH4 and 5 are 
consistently the predominant isoenzymes in menstrual blood, while the amounts of LDH, 
LDH2, and LDH3 vary. Thus, menstrual blood can be distinguished from peripheral blood. 
LDH was historically used as a marker for the forensic identification of menstrual blood, 
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Figure 16.15 Isozymes of lactate dehydrogenase. Human lactate dehydrogenases are composed 
of four subunits. Five types of isczymes with their subunits are shown, A, LDH A subunit; B, LDH 
B subunit. 
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Figure 16.16 Electrophoretic separation of lactate dehydrogenase (LDH) isozymes. Extracted 
blood samples are loaded onto a cellulose acetate membrane. Electrophoresis is then carried out. 
Separated bands of LDH isozymes are detected using a colorimetric assay (see Figure 16.15). M, 
menstrual blood; P, peripheral blood. (® Richard C. Li.) 
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Figure 16.17 Detecting LDH activity using a colorimetric assay forming a colored dye. At the start 
of e cascade reaction, the LDH catalyzes the corwersion of lactic ac to pyruvic acid, Nicotinamide 
adenine dinucleotide (NAD*) is then reduced to NADH/H’. Subsequently, Meldola’s Blue (MB; 
8-dimethylamino-2-benzophenoxazine), an electron carver, transfers H/H: from NADH/H" to a tet- 
razolium salt. The pale yellow tetrazolium salt, nitroblue tetrazolium (NBT), is reduced to form a 


purple formazan dye. 
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Figure 16.18 The reduction and oxidation of Meldola's Blue. Meldola’s Blue is an electron carrier, 
which transfers hydrogen atoms (coupled to electron transfer), 


16.8 RNA-Based Assays 

Matrix metalloproteinase (MMP) genes are considered tissue-specific markers for human 
endometrium tissues. MMPs are zinc-dependent endopeptidases that degrade extracellular 
matrix components. Additionally, they cleave other proteins such as cytokines, chemokines, 
and growth factors. The extracellular matrix (ECM) is the extracellular space of tissue that 
is filled by macromolecules such as collagens, laminins, fibronectins, and proteoglycans. The 
ECM can be divided into two categories: the interstitial matrix and the basement mem- 
brane. The interstitial matrices are located in the intercellular spaces. The basement mem- 
branes are thin layers of macromolecule fibers that usually lie under the epithelium and the 
endothelium, Both the interstitial matrices and the basement membranes provide structural 
support to the cells. It is proposed that MMPs play an important role in the degradation of 
ECM, leading to the destruction of endometritim tissues during the uterine cycle. To date, 
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a total of 23 MMPs, divided into five subgroups, have been found in humans. The most 
commonly used markers for the forensic identification of menstrual blood are MMP7 and 
MMPI (Table 16.1). 

‘Many MMPs are expressed in human endometrium throughout the uterine cycle. ‘The pat- 
terns of the MMP gene expressions are correlated with their functions in endometrium tissue 
breakdown during menstruation, MMP7 is predominantly expressed in epithelial cells, while 
MMPI is expressed in the stromal cells of the endometrium. Both MMP7 and MMPI mRNA 
expressions are elevated at the menstrual phase and remain at high levels during the prolifera 
tive phase. It is also known that MMPs’ mRNA may be elevated in postpartum, wound healing, 
and metastatic cancer conditions, which may potentially lead to a false-positive identification of 
menstrual blood. 

In menstrual blood samples, among all of the MMP genes tested, MMPI is the most sensi 
tive and specific marker for distinguishing menstrual blood from peripheral blood. Using the 
RT-PCR technique (Chapter 7), MMPII mRNA can be detected in menstrual blood from the 
first to the eighth day of menstruation but it is absent in peripheral blood and vaginal secretions. 
“Therefore, MMPII can be used as a marker for the identification of menstrual blood. Likewise, 
‘MMP7 is also a useful marker for menstrual blood identification, However, the MMP7 mRNA 
level in menstrual blood is less than that of MMPII. Additional markers such as miRNA mark 
ers for menstrual blood identification are included in Table 16.2 


Bibliography 

Ablet, PJ, The kdentication of the precise conditions for seminal acid phosphatase (SAP) and vaginal 
acid phosphatase (VAP) separation by isoelectric focusing patterns. Forensic Sci Soc, 1983, 233) 
355-256, 

‘Adams, E.G. and Wraxall, BG. Phosphatases in body uid: The differentiation of semen and vaginal secre 
tion, Forensic Sc, 1974, 3:57-62. 

‘Alutsu, ‘Teta, Evaluation of latex agglutination tess for fbrin-flrinogen degradation products in the 
forensic identification of menstrual blood. Leg Med (Tokyo), 2012, 14(1}: 31-54 

Akutsu, et a, Detection of bacterial 16S ribosomal RNA genes for forensic identification of vaginal ui. 
“Leg Med (Tokyo), 2012, 143): 160-162 

Albrecht, K, etal, Immunchistochemical distribution of cyclic nucleotide phosphodiestease (PDE) iso 
‘enzymes inthe human vagina: A potential forensic value? J Forensic Leg Med, 2007, 145}: 270-274 

Alsawaf, K-and A:T Tu, sotachophoretic analysis of bloodstans: Differentiation of human, menstrual, 
bovine and ovine bloods. J Forensic Sci, 1985, 30(3) 922-930. 

Baker, DJ, E.A. Grimes, and AJ. Hopwood, D-dimer assays for the identification of menstrual blood. 
Forensic ei nt, 2011, 212(1-3): 210-214. 

Bauer, M.and D. Patel, Evaluation of mRNA markers for the identification of menstrual blood, J Forensic 
Se, 2002,47(6)- 1278-1282 

Bauer, M, and D, Patzlt, Identification of menstrual blood by realtime RT-PCR: Technical improvements 
‘and the practical value of negative test results. Forensic Sc In, 2008, 174(1}: 55-59. 

Benschop, C.C, et al, Vaginal microbial flora analysis by next generation sequencing and microarrays; can 
microbes indicate vaginal origin ina forensic context? Int J Legal Med, 2012, 126(2): 303-310 

Divall, G.. and M. Ismail Lactate dehydrogenase isozymes in vaginal swab extracts. A. problem forthe 
‘deniication of menstrual blood. Forensic Sci nt 1983, 21(2): 139-147 

Ferri, G, etal, Successful identification of two years old menstrual bloodstain by using MMP-11 shorter 
amplicons | Forensic Sci, 2004, 49(6): 13 

Fleming, Rand S. Harbison, The use of bacteria for the identification of vaginal secretions. Forensic Si It 
Genet, 2010, 4(5): 311-315 

French, C.E, etal, A novel histological technique for distinguishing between epithelial cells in forensic 
casework, Forensic Si Dnt, 2008, 178(1):1-6 
1, Tokunaga, and $1. Kubo, Forensic identification ofa vaginal fuid and salva mixture through 

DNA analysis. Acta Criminologiae et Medicina Legais Japonica, 2003, 69(2): 48-52. 


303 


Forensic Biology, Second Edition 


Giampaoli,S.,et al, Molecular identification of vaginal fluid by microbial signature. Forensic Sci but Genet, 
2012, 6(5}: 559-564, 

Gray, D,,N. Frascione, and B. Daniel, Development of an immunoassay for the differentiation of menstrual 
blood from peripheral blood. Forensic Sci Int, 2012, 220(1~3): 12-18, 

Hanson, E-K. and J. Ballantyne, Highly specific mRNA biomarkers for the identification of vaginal secretions 
in sexual assault investigations. Si Justice, 2013, 53(1): M22, 

Hanson, E.K., Lubenow, H., and Ballantyne, J, Identification of forensically relevant body fluids using a 
panel of differentially expressed microRNAs. Anal Biochem, 2009, 387: 303-314, 

Hausmann, Rand B, Schellmann, Forensic value of the Lugol’ staining method: Further studies on glycoge 
nated epithelium in the male urinary tract. Int J Legal Med, 1994, 107(3): 147-151 

Jakubowska, J, et al, mRNA profiling for vaginal fluid and menstrual blood identification, Forensic Sei Int 
Genet, 2013, 72): 272-278, 

Jones, E., The identification of semen and other body fluids, in R. Saferstein (ed), Forensic Science Handbook, 
‘pp. 329-399, 2005, Upper Saddle River, NJ Pearson Prentice Hall. 

Juusola, J. and J Ballantyne, Multiplex mRNA profiling for the identification of body fluids, Forensic Sci Int, 
2005, 152(1}: 1-12. 

Kaus, G. and V.K. Sharma, ‘The determination of esterase D in menstrual blood stains. Ali Tip Dergis, 1988, 
(1-2): 3-9, 

Metropolitan Police Forensic Science Laboratory, Biology Methods Manual, p. 5, 1978. London: Metropolitan 
Police Forensic Science Laboratory. 

Miyaishi, S., etal, Identification of menstrual blood by the simultaneous determination of FDP-D-dimer 
and myoglobin contents. Nihon Hoigaku Zasshi, 1996, 50(6): 400-403. 

Nussbaumer, CE, Gharehbaghi-Schnell, and I, Korschineck, Messenger RNA profiling: A novel method for 
body fluid identification by real-time PCR. Forensic Sci In, 2006, 157(2-3): 181-186. 
Omelia, El, ML. Uchimoto, and G. Williams, Quantitative PCR analysis of blood- and saliva-specific 
‘microRNA markers following solid-phase DNA extraction. Anal Biochem, 2013, 435(2): 120-1 
Peabody, A, RM. Burgess, and R.E. Stockdale, Re-examination of the Lugols iodine test, pp. 1-18, 1981 
‘Aldermaston: Home Office Central Research Establishment. 

Peri, S. and PK. Chattopadhyay, Differentiation of menstrual blood from other blood stains. J Forensic Med 
‘Taxicol, 2000, 17(1}: 6-11, 

Peri, S. and PK. Chattopadhyay, Studies on menstrual bloodstains: For sp 
J Med Taxicol Leg Med, 2000, 2(2): 1-8. 

Plac-Bobula, E. and B, Turowska, Identification of menstrual bloodstains by determination of lactate dehy. 
drogenase isoenzymes. Arch Med Sadowej Kryminol, 1979, 29(4): 263-267. 

Randall, B., Glycogenated squamous epithelial cells asa marker of foreign body penetration in sexual assault, 
J Forensic Sci, 1988, 33(2): 511-514. 

Sakurada, K, et al, Expression of statherin mRNA and protein in nasal and vaginal secretions. Leg Med 
(Tokyo), 2011, 13(6): 309-313. 

Sikirahytskaya, A.V. Sikirahytski, and LK, Lednev, Raman spectroscopic signature of vaginal fluid and its 
potential application in forensic body fluid identification. Forensic Sei Int, 2012, 246(1~3): 44-48, 

Simons, [Land S.K. Vintiner, Efficacy of several candidate protein biomarkers in the differentiation of vagi- 
nal from buccal epithelial cells. J Forensic Sci, 2012, 57(6): 1585-1590. 

Stomibaugh Jr, PM. and [J Kearney, Factors affecting the use of lactate dehydrogenase as a means of blood: 
stain differentiation, J Forensic Sei, 1978, 23(1): 94-105, 

Takasaka, T, et al, Trials of the detection of semen and vaginal fuid RNA using the genome profiling 
‘method. Leg Med (Tokyo), 2011, 13(3): 265-267. 

“Thompson, J. and K. Belschnes, Differentiation of various menstrual bloodstains using LDH. Calif Depart 
Justice Tie-Line, 1997, 21: 34-38, 

Wang, ¥X. etal, A new method of identifying the peripheral blood and the menstrual blood. Fa Yi Xue Za 
Zhi, 2012, 28(5): 359-361. 

Wang, Z. etal, Screening and confirmation of microRNA markers for forensic body fluid identification, 
Forensic Sei Int Genet, 2013, 7: 116-123, 

Whitehead, PH. and G.B, Divall, Assay of “Soluble fibrinogen’ in bloodstain extracts as an aid to identifica 
tion of menstrual blood in forensic science. Preliminary findings. Clin Chem, 1973, 19(7): 762-765, 

Yang, H. eta. Proteomic analysis of menstrual blood. Mol Cell Proteomics, 2012, 11(10): 1024-1035, 


ie origin and blood groups. Int 


304 


Bibliography 


Yao, ¥.N., H.L. Lu, and S, Chen, Preparation of anti-human MMP-11 polyclonal antibody for forensic app 
‘ation. Chin J Forensic Med, 2007, 22(5): 305-307, 310, 

Yao, Y.N,, etal, Detection of MMP-11 from menstrual blood using immunobistochemistey. Fa Yi Xue Za 
Zhi, 2008, 24(1): 32-33. 

Zhang, ¥.Q,, HLL, Lu, and Y.N. Yao, Detection of matrix metalloproteinase-11 in menstrual blood by 
‘enhanced chemiluminescence method. Fa Yi Xue Za Zhi, 2012, 28(2): 109-111, 

‘Zheng, J, H.L. Lu, and S. Chen, Menstrual blood identification and matrix metalloproteinase-11, Fa Yi Xue 
Za Zhi, 2006, 22(1): S1-S3. 


305 


Identification of Urine, Sweat, 
Fecal Matter, and Vomitus 


17.1 Identification of Urine 

“The identification of the presence of urine is useful for the forensic investigation of an alleged 
sexual assault and harassment involving urination. More importantly, the identification of urine 
stains can aid in the investigation of homicides involving either ligature or manual strangula- 
tion. In these incidents, strangulation victims often involuntarily excrete urine prior to death. 
“The locations of urine stains at the crime scene provide useful information to determine the site 
where the violence has occurred. 


17.1.1 Urine Formation 
Inhumans, the urinary excretory system eliminates soluble toxic wastes that are cellular meta. 
bolic by-products. The urinary system consists of the kidney, the ureter, the urinary bladder, and 
the urethra (Figure 17.1). The formation of urine takes place in the kidneys and, in particular, in 
the nephrons. The nephron is the basic structural and functional unit of the kidney (Figures 17.2 
and 17,3), Each nephron is composed of a glomerulus, a Bowman's capsule, and a renal tubule. 
“The glomerulus is formed by a network of capillaries and is surrounded by a Bowman's capsule. 
Filtration is the first step in urine formation. As blood flows through the glomeruli, much of 
its fluid, except cells and large molecules, is filtered through the capillaries into the Bowman's 
capsule. The glomerular filtrate, the preliminary form of urine, consists of water, salts (largely 
sodium and potassium ions), glucose, and waste products such as urea. The filtrate is then passed 
through the renal tubule where reabsorption occurs. During the reabsorption process, water, 
glucose, nutrients, and ions such as sodium are reabsorbed back into the blood. The last process 
of urine formation is secretion. Secretion occurs at the distal and the collecting tubules of the 
nephron where ions (such as hydrogen and potassium ions), ammonia, and certain metabolites 
are secreted from the blood into the lumen of the renal tubule to be eliminated in the urine. The 
urine is drained from the kidneys through the ureters and is stored in the bladder before it is 
finally excreted through the urethra. 

Urine is an aqueous solution consisting largely of water. Urea is the most abundant waste 
product in urine, resulting from the elimination of ammonia that is produced from the meta- 
bolic process of amino acids. The average urea concentration in human urine is approximately 
9 g/L. Other major components are creatinine, uric acid, and ions such as phosphate, sulfate, 
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Figure 17.1 Human urinary system. A longitudinal view of the right kidney is shown, (© Richard C. Li) 


chloride, sodium, and potassium. Healthy individuals also excrete a small amount of protein. 
Urine has a characteristic yellow color. Subsequent to excretion from the body, urine acquires 
an odor that results from the ammonia that is released from the breakdown of urea by bacteria. 


17.1.2 Presumptive Assays 

In forensic identification, urine stains can be located by visual examination based on the char 
acteristic yellow color of urine and the detection of the distinctive odor of urine stains, Under 
alternative light sources, urine stains emit a fluorescent light that facilitates the locating of urine 
stains in clothing and bedding. Chemical analysis can be carried out to detect the major inor 
ganic anions in urine such as phosphate and sulfate as well as the major organic compounds 
in urine such as urea, creatinine, and uric acid. These assays are summarized in Table 1711 
However, these assays are not specific to urine. Other bodily fluids, such as sweat, also contain 
these chemical components. 


17.1.2.1 The Identification of Urea 

‘The para-dimethylaminocinnamaldehyde (DMAC) assay is simple and rapid and is the most 
commonly used presumptive assay for the forensic identification of urine stains (Figure 17.4) 
‘The DMAC assay can be performed using two different methods: the colorimetric and the fluo 
rometric methods (Figure 17.5) 

In the colorimetric method, a portion of a stain (-1 cm®) is cut and is extracted with 1 mL. 
of distilled water. The extraction is transferred onto a piece of filter paper and is allowed to dry. 
One drop of 0.1% DMAC solution is then added to the filter paper. DMAC reacts specifically 
with urea, if present, producing a pink-colored (or magenta-colored) product. DMAC does not 
react with creatinine, ammonia, or uric acid, The appearance of a pink color within 30 min after 
applying the DMAC reagent is considered a positive reaction, No color change within 30 min is 
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Figure 17.2. Diagram of the human nephron. (© Richard C. Li.) 
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Figure 17.3. Section view of the human nephron. (@ Richard C. Li.) 
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Figure 17.5 Positive reaction of DMAC assay of a urine stain. (a) Colorimetric and (b) fluorometric 
method. (© Richard C. Li) 


considered a negative reaction. However, this method is not specific to urine, as other bodily flu- 
ids such as saliva, semen, sweat, and vaginal secretions can also give positive reactions. A diluted 
DMAC solution, from 0.1% to 0.05%, can maintain appropriate sensitivity to urine stains and 
minimize false-positive reactions caused by the detection of low levels of urea that are present 
in other bodily fluids. 

‘The fluorometric method is useful for locating urine stains on large pieces of evidence such as 
clothing and bedding (Figure 17.6). Additionally, this method can detect patterns of urine stains 
(Figure 17,7), which can be useful in crime scene reconstructions. In the fluorometric method, 
the evidence to be examined, such as a garment, is covered by a sheet of filter paper that has been 
preabsorbed with the DMAC solution. The evidence and the filter are then wrapped together in 
a sheet of aluminum foil and are left overnight in a press, ensuring that the evidence is in close 
contact with the filter paper. Alternatively, the layers can be heated for 30 5 using an iron. Using 
a light source at 473-548 nm, the DMAC-treated urine stain fluoresces. The fluoresced stain is 
best observed with a 549 nm filter. However, colored fabrics interfere with the assay since dyes 
and pigments can inhibit the fluorescence, 

In addition to the DMAC test, the identification of urea that is present in urine stains can 
be carried out by urease assays. Ureases catalyze the breakdown of urea, thus releasing ammo- 
nia and carbon dioxide (Figure 17.8). The ammonia is detected using an acid-base indicator, 
bromthymol blue, which exhibits a blue color. Alternatively, the ammonia can be detected by 
manganese and silver nitrates, which exhibit a black color. Additional assays such as micro- 
scopic crystal and chromatographic assays are summarized in Table 17.1. 
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Figure 17.6 Fluorometric DMAC assay of urine stains. Evidence item (a) is closely covered by a 
piece of moistened filter paper containing DMAC. The orientation of the paper is marked (b). The 
layers are pressed to allow the transfer of a small amount of the stain onto the paper and are heated 
Using an iron (c). The paper is then lifted. The DMAC-treated urine stain fluoresces under a light 
source at 473-548 nm (d). (@ Richard C. Li) 


Figure 17.7 Fluorometric DMAC enhancement of a footwear impression in urine on white cotton 
fabric. From left to right: urine impression, DMAC-treated urine stains under white light, and DMAC- 
treated urine stains using an excitation light source. (From Farrugia, K.J., et al,, Forensic Sci Int, 
214, 67-81, 2012. With permission.) 
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Figure 17.8 Biochemical reaction of urease. 
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17.1.2.2 Identification of Creatinine 

Creatinine is produced during normal muscle cell metabolism (Figure 179), During this metab- 
olism, phosphocreatine, an energy-storing molecule in muscle cells, breaks down to form cre- 
atine. Creatine is then metabolized to creatinine, which is released from the muscle cells into the 
blood. Serum creatinine is largely filtrated by the renal glomeruli. A small amount of creatinine 
is secreted by the renal distal tubules. The amount of creatinine excreted in urine is proportional 
to the muscle mass of an individual. However, creatinine is not only present in urine. Itis also 
present in other bodily fluids such as blood and semen, 

‘The creatinine present in urine can be detected using the Jaffe color test (Figure 17.10). In 
this test, picric acid is used to convert creatinine, under alkaline conditions, to form creatinine 
picrate, which is a bright red product. Additional tests for urine creatinine are summarized in 
‘Table 17.1. Recently, a Uritrace device (Abacus Diagnostics) has been made commercially avail 
able for the detection of creatinine. 
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Figure 17.10 Chemical reaction of Jaffe’s assay. 
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|.3 Confirmative Assays 

1 Identification of Tamm-Horsfall Protein 

Tamm-Horsfall protein (THP), also known as uromodulin, is the most abundant protein in 
urine, and accounts for 40% of the urine proteins. THP is exclusively synthesized in the epithe- 
lial cells of Henle’s loop. THP is secreted from the apical plasma membrane of the epithelial cells 
into the lumen, Under physiological conditions, an adult excretes 20-100 mg of THP into urine 
daily. The biological function of THP is not fully understood. It is speculated that it prevents the 
body from contracting urinary tract infections and from forming renal stones. 

‘THP is a urine-specific biomarker for forensic urine identification. It can be detected using 
an enzyme-linked immunosorbent assay (ELISA). More recently, it can be detected using an 
immunochromatographic assay, RSID-Urine, which utilizes a polyclonal rabbit antibody that is 
specific to THP (Figures 17.11 and 17.12). This test is rapid and simple and thus can be used as a 
screening test in laboratories and as a field test at crime scenes to identify urine. The detection 
limit of RSID-Urine for THP is 0.5 uL of urine. Although the sensitivity of RSID-Urine is lower 
than that of ELISA detection of THD, it is sufficient for forensic applications, These methods are 
specific to THP that is present only in urine while no detection is found in other bodily fluids 
such as plasma, saliva, semen, vaginal fluid, or sweat. 


17.1.3.2 Identification of 17-Ketosteroids 

In humans, urine contains derivatives of 17-ketosteroids such as androsterone, dehydroepi: 

androsterone (DHEA), and etiocholanolone. Androsterone is a steroid hormone with a weak 
potency of testosterone, DHEA isa metabolic intermediate in the biosynthesis of the gonadal ste 

roids, DHEA also has a potential function asa steroid hormone. Etiockolanolone is a metabolite 
of testosterone, These compounds are present in urine as conjugates, in which 17-ketosteroids 
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Figure 17.11 Immunochromatographic assays for the identification of THP in urine. (a) In a sample 
well, THP in a urine sample is mised with labeled anti-THP Ab. (b) The THP binds to the labeled 
anti-THP Ab to form a labeled Ab-THP complex. (c) At the test zone, the labeled complex binds to 
an immobilized anti-THP Ab to form a labeled Ab-THP-Ab sandwich. (d) At the control zone, the 
labeled anti-THP Ab binds to an immobilized antiglobulin and is captured at the control zane. Ab, 
antibody; THP, Tamm-Horsfall protein antigen. (® Richard C. Li.) 


315 


Forensic Biology, Second Edition 


Figure 17.12 Results obtained using immunochromatographic assays (RSID™-Urine; Independent 
Forensics, Lombard, IL} for the identification of THP in urine. From left to right: negative control, 
Undiluted, 1:10 diluted, and 1:100 diluted urine samples. A visible blue line at the test (T) zone 
‘and control (C) zane indicates a positive result. The blue line at the control zone only indicates a 
negative result. (From Akutsu, T., Watanabe, K., and Sakurada, K., J Forensic Sci, 57, 1570-1573, 
2012. With permission.) 


are modified in the liver through glucuronidation and sulfation. In glucuronidation, glucuronic 
acids are added to 17-ketosteroids while in sulfation, sulfates are transferred to 17-ketosteroids. 
Asa result, these conjugates, containing charged moieties, are more water soluble than the non- 
conjugated 17-ketosteroids. Thus, they are excreted into urine to be eliminated from the body. 
“The five major components of the 17-Ketosteroid conjugates present in human urine are andros- 
terone glucuronide, androsterone sulfate, DHEA sulfate, etiocholanolone glucuronide, and etio- 
cholanolone sulfate (Figure 17.13), Thus, the analysis of 17-ketosteroid conjugates in urine stains 
is useful for the identification of human urine stains, These five 17-ketosteroid conjugates can be 
identified using liquid chromatography-mass spectrometry (LC-MS). However, some of these 
17-ketosteroid conjugates are also detected in serum. Therefore, the presence of al five conju- 
gated 17-ketosteroids in a sample is required to identify a urine stain, Additionally, the profiles 
of the 17-ketosteroid conjugates are human specific and are distinguishable between humans 
and animals. 


17.2 Identification of Sweat 

Sweat is the least common bodily fluid analyzed in forensic laboratories compared with others 
that have been mentioned in previous chapters, However, sweat identification is still useful for 
forensic investigations. For example, forensic DNA analysis allows the generation of DNA pro- 
files from trace biological evidence such as fingerprints. Identifying sweat can be important for 
the analysis of these types of evidence, 


17.2.1 Biology of Perspiration 

Humans have two types of secretory sweat glands: the eccrine and the apocrine sweat glands 
(Figure 17.14). Eccrine sweat glands are distributed almost all over the body and are controlled 
by the sympathetic nervous system. Eccrine sweat glands play a role in regulating body tem- 
perature, When the body temperature rises, eccrine sweat glands secrete a watery sweat to 
the skin’s surface where heat is carried away through the evaporation of the sweat to main- 
tain normal body temperature. In humans, apocrine sweat glands, which are associated with 
hair follicles, are usually restricted to the underarm and genital areas and are controlled by 
emotional stress. Apocrine sweat glands are inactive until puberty. This type of sweat gland 
secretes an oily sweat that is odorous after being processed by skin bacteria. The majority of 
sweat evidence that is analyzed in forensic laboratories is sweat stains secreted from eccrine 
glands. Sweat contains water, minerals, lactate, and urea. Its biochemical composition varies 
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Figure 17.13 Structural formula of 17-ketosteroids and 17-ketosteroid conjugates present in 
human urine. UGT, UDP glucuronosyltransferase. (@ Richard C. Li.) 


among individuals and their physical activities. Sweat contains low levels of constituents that 
are also present in other bodily fluids such as urine. Thus, it has been considered a difficult 
bodily fluid to identify. 


17.2.2 Sweat Identification Assays 

Sweat evidence has been analyzed using presumptive assays (Table 17.1) such as elemental 
analysis using scanning electron microscopes coupled with energy dispersive x-ray spectros 
copy in the detection of lactic acid. Since sweat contains many inorganic and organic com- 
pounds that are also present in other bodily fluids, these assays are not specific to sweat. Raman 
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Figure 17.14 Diagram of the human eccrine and apocrine sweat glands. (© Richard C. Li.) 


microspectroscopy is potentially useful for the identification of sweat for forensic purposes, 
which is based largely on the profiles of lactate, lactic acid, urea, and single amino acids in urine. 

Recently, dermcidin has been identified as a potential biomarker of human sweat. Dermcidin 
belongs to a class of human antimicrobial peptides of the innate immune defense system and 
plays an important role in protecting epithelial barriers from infections. Dermcidin, specifically 
expressed in eccrine sweat glands (Figure 17.15), is secreted into the sweat and is transferred to 
the epidermal surface. In forensic applications, dermcidin can potentially be utilized as a bio- 
marker for the confirmatory assay of sweat identification. The detection of dermcidin in sweat 
stains can be performed using ELISA assays utilizing antibodies specific to human dermcidin. 
“This method is highly sensitive and is able to detect dermcidin in sweat samples that are diluted 
10,000-fold. Dermcidin is encoded by the DCD gene. Its mRNA can be detected using reverse 
transcription polymerase chain reaction (RT-PCR) assays (Chapter 7) that can detect DCD 
mRNA in 10 pL of sweat sample. Dermeidin assays are also specific to sweat as dermcidin is not 
detected in other bodily fluids such as semen, saliva, and urine. 


17.3 Identification of Fecal Matter 

‘The examination of feces has been used in criminal investigations for over a century. 
Specifically in 1948, a burglary case was reported using fecal analysis to link the shoes of a 
suspect to a crime scene. One of the aspects of fecal analysis is to determine a common origin 
of the reference sample and the fecal evidence, thus potentially linking a suspect to a crime 
scene. Today, the individual characteristics of a fecal sample can be effectively determined 
using forensic DNA analysis of sloughed intestinal epithelial cells that are present in fecal 
matter. The identification of fecal matter is valuable in providing important information for 
a criminal investigation. For example, the presence of fecal matter may corroborate a sexual 
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Figure 17.15 Localization of the dermcidin peptide in the sweat glands. Skin tissue sections are 
treated with a dermcidin antibody and stained. (a) Both the eccrine and apocrine sweat glands 
‘are shown. Only cells of the eccrine giand in the skin express dermcidin (brown stained). Arrows: 
eccrine sweat glands. Arrowheads: apocrine sweat glands. Scale bar: 100 ym. (b) Close-up view of 
the eccrine gland, The presence of the dermcidin peptide is observed (brown). Scale bar: 10 ym. 
(From Sagawa, K., et al., Int J Legal Med, 117, 90-95, 2003. With permission.) 


assault involving sodomy, assault with fecal matter, vandalism, and burglary during which 
the perpetrator defecated at the scene. 


17.3.1 Fecal Formation 

Feces are a type of waste matter that is the direct result of food that has been processed by the 
digestive system (Figure 17.16). Human feces contain undigested foodstuffs, sloughed intestinal 
epithelial cells, intestinal bacteria, bile pigments, electrolytes, and water. Feces are formed in 
the intestines during the last phase of digestion. Feces first enter the colon in liquid form. Most 
of the nutrients are absorbed on the surface area of the small intestine. In the large intestine, 
‘water, sodium, and chloride are absorbed on the surface of the lumen. The remaining luminal 
contents are converted into feces. Food stays for approximately 2-6 h in the stomach. It takes 
an additional 3-5 h to travel through the small intestine and 12-24 h to travel through the large 
intestine. 


17.3.2 Fecal Matter Identification Assays 
A fecal analysis includes macroscopic and microscopic examination, chemical tests, and fecal 
bacterial identification. 
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Figure 17.16 Diagram of the human digestive system. The esophagus, stomach, liver, gallblad- 
der, pancreas, small intestine (duodenum, jejunum, and ileum), and large intestine (cecum, colon, 
appendix, and rectum) are shown. (© Richard C. Li) 


17.3.2.1 Macroscopic and Microscopic Examination 

“The color and odor of human feces are useful characteristics for fecal identification. The nor- 

mal brown color of feces primarily results from the presence of urobilinoids, which are heme 
catabolic by-products. The characteristic odor of feces is caused by the metabolic by-products of 
the intestinal bacterial flora. Indole, skatole, and hydrogen sulfide are the compounds that are 
responsible for the odor of feces. 

‘When fecal stains are analyzed, the microscopic examination of the feces can be performed 
on an aliquot of fecal suspension. ‘The presence of characteristic undigested foodstuffs can 
indicate human feces. Fecal matter can be transferred from samples of clothing by scraping 
with a sterile stainless steel spatula, The fecal matter is then hydrated in 6% formalin solution 
for 24-48 h prior to microscopic examination. Undigested foodstuffs such as vegetable frag- 
ments and meat fibers are often present in human feces. Vegetable fragments (Figure 17.17) 
are often undigested vegetable dermal tissues that cover and protect the plant and fragments 
of vascular tissues that play roles in transporting water and nutrients throughout the plant. 
‘The types of vegetables can be identified by comparing the observed fragments with known 
plants. Meat fibers (Figure 17.18) are undigested animal skeletal muscle fibers. These fibers 
have characteristic striations, usually rectangular in shape, that are used for comparison with 
known animal tissues. 


11.3 Identification of Fecal Matter 


Figure 17.18 Cattle meat fibers. (@ Richard C. Li.) 
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17.3.2.2 Urobilinoids Tests 

“The forensic analysis of fecal matter often involves the identification of fecal stains on swabs and 
clothing from which small amounts of sample may be available. Chemical tests can be useful 
for the analysis of fecal stains. By far the most common chemical test performed on feces is the 
detection of urobilinoids. Urobilimoids, including urobilin and stercobilin, are generated from 
the degradation of heme and are excreted into feces, 

‘The average lifetime of erythrocytes is approximately 34 months. Erythrocytes are continu 
ously undergoing hemolysis in which erythrocytes are naturally broken down and are usually 
processed in the reticuloendothelial system of the spleen. Hemoglobin is released daily during 
the hemolysis process and is degraded into heme, globin, and iron. Other sources of heme are 
derived from the degradation of erythrocyte precursors in bone marrow and other heme-con- 
ing proteins such as myoglobin and cytochromes. In the peripheral tissues, heme undergoes 
catabolism to form bilirubin (Figures 17.19 and 17.20). Bilirubin is further converted to urobilino- 
gen in the intestine, A portion of urobilinogen is reduced to stercobilinogen. In the large intes 
tine, the spontaneous oxidation of urobilinogen and stercobilinogen results in the formation of 
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Figure 17.19 The formation of urobilinoids. Aged erythrocytes are disposed in the spleen, releasing 
hemoglobin that is broken down to heme, The heme is converted to biliverdin and is subsequently 
reduced to bilirubin. The bilirubin is then released into the bloodstream where it is bound to albu- 
‘min, which cannot be filtrated at the glomeruli. The bilirubin is transported through the bloodstream 
to the liver where itis conjugated with glucuronic acid, forming water-soluble bilirubin monoglucuro- 
ride and diglucuronide, The bilirubin glucuronides are excreted into the bile and are subsequently 
excreted into the small intestine. In the intestines, the glucuronic acid of the conjugated bilirubin is 
removed. The unconjugated bilirubin is metabolized by intestinal bacteria, forming urobilinogen. A 
portion of the urobilinogen is further metabolized to stercobilinogen. The urobilinogen and the ster- 
cobilinagen are oxidized by intestinal bacteria, forming urobilin and stercobilin, respectively, which 
are excreted into the feces. (© Richard C. Li.) 
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Figure 17.20. The formation of bilirubin glucuronides in the liver. UGT, UDP glucuronosyltransferases, 


urobilin and stercobilin (Figure 17.21), respectively. These compounds are brown colored and are 
responsible for the characteristic color of feces. 

‘The urobilinoids can be detected using the Schlesinger and Edelman tests. In the Schlesinger 
test, a sample is mixed with saturated zinc acetate in ethanol solution to form aurabilinoid~ 
zinc chelation complex that emits a characteristic green fluorescence under ultraviolet light. 
“The Edelman test is a variation of the Schlesinger test. A sample is treated with a mercuric salt 
solution to yield a pink-colored compound, Further treatment with a zinc salt produces fluores: 
cence. However, less fluorescence is observed in the Edelman test than in the Schlesinger test. 
Inconclusive and inconsistent results are often obtained using these tests where fecal material 
sometimes gives no visible fluorescence. Additionally, the intensity of the fluorescence observed 
varies between samples. The reliability and selectivity of the tests can be increased using a spec 
trometric measurement of the fluorescence detection of fecal urobilinoids based on the principle 
ofthe Schlesinger test. A dry sample is treated with 1 mL of zinc acetate solution (1% zinc acetate 
methoxyethanol solution and 0.2% Tris). The suspension is then sonicated for 5 min, heated at 
100°C for 10 min, cooled, and centrifuged. ‘The presence of urobilinoids can be detected using 
excitation and emission maxima at 507 and S14 nm, respectively. 

‘The disadvantages of the Schlesinger and the Edelman tests are their low species specificity as 
both tests cannot distinguish between human and other mammalian fecal materials. Moreover, 
under normal circumstances, up to 5% of urobilinogen is transported to the kidney and o: 
dized to urobilin in urine, Under some pathological conditions such as hepatic function disor 
ders, the level of urobilin in the urine can be very high. Both the Schlesinger and Edelman tests 
respond to the urobilin of urine stains as well. 
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Figure 17.21 Urobilinoids: urobilin and stercobilin, Arrow, site of reduction. 
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Figure 17.22 Intestinal bacteria. (@ Richard C. Li.) 


17.3.2.3 Fecal Bacterial Identification 

‘The human intestinal microbiota contains more than 4000 bacterial species (Figure 17.22). 
‘Traditional methods for detecting fecal materials utilize the cultivation of fecal indicator bacte- 
ria such as Escherichia coli or Enterococci spp. However, these fecal indicator bacteria constitute 
only a small portion of the fecal microbiota, and thus may not be adequate for forensic identi- 
fication purposes. Bacteroides, however, accounts for approximately 30% of fecal microbiota 
that are the predominant bacteria in human feces. Bacteroides can potentially be used for the 
forensic identification of feces. Bacteroides is a genus of rod-shaped, anaerobic gram-negative 
bacteria. These bacteria play a role in digesting complex carbohydrates and other substances 
that cannot be digested by human enzymes. The identification of bacteroides can be carried out 
by detecting specific DNA sequences of the rpoB gene, which encodes the subunit of bacte- 
rial RNA polymerase (Chapter 11). The presence of the species-specific DNA sequence can be 
detected by RT-PCR utilizing primers that are specific to the target species but not to other 
species. Thus, only a targeted species can be amplified if it is present. Two fecal predominant 
bacteroides species, B. uniformis and B. vulgatus, can be detected in feces. B. uniformis is not 
detectable in blood, saliva, semen, urine, vaginal fluids, or on skin surfaces, Therefore, B. unifor- 
‘isis considered as.a specific indicator bacterium for forensic fecal identification. Sometimes, B. 
vulgatus can also be detected in vaginal fluid samples. Therefore, precaution should be taken in 
interpreting the results obtained using a B. vulgatus assay. Additionally, this method alone can- 
not discriminate between human and animal feces. Furthermore, fecal microbial populations 
can be affected by the host's diet. Individuals who consume saturated fats and proteins, which 
are abundant in Western diets, have predominantly Bacteroides species in their feces. However, 
individuals who consume a low-fat and carbohydrate-rich diet have predominantly Prevotella 
species, also a genus of gram-negative bacteria, in their feces. 


17.4 Identification of Vomitus 

17.4.1 Biology of Gastric Fluid 

Gastric fluid can be found in stains derived from stomach wounds. Most often, gastric fluid is 
from vomitus found at a crime scene or as dried stains on clothing. Vomiting is the forceful 
expulsion of the contents of the stomach through the mouth (Figure 17.23). It is usually pre- 
ceded by salivation, sweating, and the sensation of nausea. Vomiting usually begins with a deep 
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Figure 17.23 Act of vomiting. The contraction of the diaphragm and the stomach during the phase of 
vomiting is shown (in red). Additionally, the positions of the epiglottis and the uvula during vomiting are 
shown (in red), As 2 result, the stamach contents are expelled through the mouth, (@ Richard C. Li.) 


inhalation and the closure of the glottis. Subsequent contractions of the diaphragm and the 
abdominal muscles compress the stomach. The gastric contents are then forced upward through 
the relaxed sphincters and the esophagus, and are expelled through the mouth. Since the glot- 
tis is closed, vomitus usually does not enter the respiratory tract. Although the uvula is usually 
raised to close the nasal cavity, vomitus sometimes enters the nose, Vomiting can be caused by a 
wide variety of pathological conditions. Vomiting may be a specific response to acute intoxica 

tion in homicidal poisoning cases or it may be caused by trauma in a violent assault. Thus, the 
forensic identification of the gastric fluid can corroborate a criminal act. 

‘The stomach stores ingested food until it can be emptied into the small intestines. When food 
enters the stomach, hydrochloric acid is secreted in large quantities, which facilitates the initial 
degradation of proteins. The stomach also secretes mucus that lubricates the gastric surface to 
protect the epithelium from acidic environments. Hormones such as gastrin, which are found 
in the gastric fluid, regulate acid secretion and gastric movement. A number of enzymes are 
secreted into the gastric fluid, including lipase, which plays a role in lipid hydrolysis, and gela 
tinase, which can hydrolyze gelatin. The stomach also secretes pepsinogens, which are enzyme 
precursors, into the gastric fluid. In the stomach, pepsinogens are activated by hydrochloric acid 
into pepsin, which is largely responsible for the digestion of proteins. 


17.4.2 Vomitus Identification Assays 

‘Vomitus is highly acidic and tends to be malodorous. The color of vomitus may be of forensic 
interest. Fresh blood in the vomit is usually bright red and suggests bleeding due to injuries, 
while dark red blood clots suggest bleeding in the stomach due to pathological conditions such 
as an ulcer. A microscopic examination (Section 17.3.2.1) can be performed to identify recently 
ingested food particles that are present in a sample. The presence of gastric fluid in vomitus can 
also be identified by the detection of pepsins secreted from the stomach. This identification test 
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Figure 17.24 The cleavage of polypeptide by pepsin. Pepsin cleaves polypeptide at sites of aro- 
matic amino acids. R and R' tryptophan, phenylalanine, or tyrosine, 


is based on the proteolytic activity of pepsins. Pepsins are endopeptidases that cleave primar 
ily on peptide bonds in the middle of the protein, Aromatic amino acids such as tryptophan, 
phenylalanine, and tyrosine are the preferred targeted amino acids for the cleavage reaction by 
pepsins (Figure 17.24). In the pepsin-proteolytic assay, fibrin blue is used as a substrate for pep- 

sin, Fibrin blue is an insoluble protein-dye complex that is colorless. In the presence of vomitus, 
pepsin cleaves fibrin blue and releases a chromophore that is soluble in water and exhibits a blue 
color. In the assay, a fibrin blue-containing agarose gel is utilized. The sample from vomitus is 
loaded onto the gel plate. Afier incubation, a blue ring around the sample can be observed as a 
result of the enzymatic reactivity of pepsin. The amounts of pepsin in a sample can be quantified. 
“The results on the gel plate can be photographed and the dried gel plate can also be preserved 
as evidence. This method can determine the pepsin content of fresh and aged forensic samples. 
Bodily fluids other than vomitus do not show positive reactions with the use of this method. 
However, this method cannot distinguish the vomitus of humans from that of other vertebrates. 
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REMOTE VIEWING AMPLIFIER 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention enhances the ability of a person to 
perform remote viewing by connecting the spiritual eye to 
the tetrahedral geometry of subspace. 


BACKGROUND OF THE INVENTION 


[0002] Remote viewing is the projection of spiritual mod 
ules of the human energy field to distant locations in order 
to see, communicate and interact with other entities who live 
in subspace, space and hyperspace eo-timensions of the 


[0003] One of my first remote viewings was made at 
to a distance of 10,000 miles on the sunlit side of the earth. 
My spiritual eye and body projected together while my 
mental facilities remained in my physical body. I found 
myself looking down on a palm tree from a height of about 
‘one hundred feet. The palm tree had several coconuts in it as 
seen in FIG. 1. I then gave the command to lower myself to 
the ground. At that moment I went sailing down past the 
coconuts, barely missing the tree! Finding myself on a 
pathway through the topical forest, I then came to an 
‘extremely long wooden bridge which crossed over a river 
gorge. On the other side of the bridge I could see three 
soldiers running toward me as shown in FIG. 2. The two 
soldiers in front were carrying rifles and wearing light blue 
berets. The man running behind them was wearing an 
‘oflicer's cap with a red band. My frst reaction was that I was 
‘going t be shot. [edged aver on the right side of the wooden. 
railing, They ran right past without seeing me. I then asked 
to see the building that these soldiers were guarding. Every- 
thing went dark, and then I found my spiritual eye peeking 
‘out ofthe floor of a computer room as seen in FIG. 3. There 
\as one man using a computer on the opposite side of the 
room near an open door. He got up from his ehair and came 
‘over to sit in front of a second computer located a few feet 
from where I was located. From the glare of the computer 
monitor, I could clearly see his face. Everything went dark 
as my spiritual eye and body projected back to my physical 
body. 


[0004] Another time my spiritual eye, spiritual body and 
mind were standing outside the closed front door of my 
condominium. Upon patting my legs with my hands, 1 
ccouldn’t find the keys in my trousers. When I looked down, 
realized I wasn’t in my physical body. I then shot through 
two solid walls of concrete and retumed to my awakening 
body. 

[0005] What these two examples show is that the human 
spiritual energy system is modular. The reason itis modular 
is because there are seven hyperspace co-dimensions, each 
vibrating at a slightly different frequency, which receive 
‘energy from space through seven vortices located along the 
physical body. Over a lifetime, these vortices build up the 
human aura, Because all energy systems have to be 
grounded, the remaining six modules are the legs, body, 
anms/hands, voice, eye and mind, When the entire group is 
‘out-of-body a a single entity, then the soul energy powers 
the body in a manner similar to battery. The soul looks like 
‘a two-inch diameter orange ball of plasma. If the soul is 
removed from the body, then the body becomes paralyzed 
‘except for a small movement of the eyelids, Upon death, all 
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these separate modules are assembled into a single energy 
being. A light cord from the soul provides the battery power 
and information required to join these modules together. A 
second light cord from the pituitary gland transfers the 
‘modules into the energy being for assembly. This energy 
information transfer is the reason that people in a near-death 
situation say they saw their entire life flash before them, 


[0006] Moving to a larger picture of things that are bap- 
pening in the galaxy, T was able to make contact with the 
Pleiadian Federation which is located about 400 light years 
from earth, The Federation is a group of over one hundred 
intelligent beings that were brought to the Pleiades from 
‘around the galaxy. One member of the Federation cals itself 
the Intelligent Insect Beings. They are the ones who fly the 
black triangles over Belgium and France for the purpose of 
‘evacuating human beings back to the Pleiades for relocation 
‘on a planet called Earth Il, The reason for this evacuation 
‘was that it was not known if it would be possible to win the 
battle of Revelations, which would take place about two 
years later here on earth 


[0007] As could be expected, the humans were angry and 
hysterical at being abducted. So the Intelligent Insect Beings 
asked me if I could calm them down. I was in telepathic 
communication with them, and they were in telepathic 
communication with their computer system, which meant 
that I could have my thoughts displayed to the humans on 
the computer monitor. It turned out that one woman Was 
from Central America and only spoke Spanish. The Intelli- 
agent Insect Beings didn't speak Spanish so they: thought 
there would be no way I could communicate with ber. So I 
told them that I would spell the Spanish words leter-by~ 
letter and she could then read my message. Since most 
Spanish people are Catholes, I thought a religious message 
‘would be of importance to her. spelied out the phrase, “Que 
Dios te bendiga." which means, "May God bless you." also 
asked the two beings to put their hands together in a form of 
prayer, and the woman followed suit, At that moment the 
Intelligent Inseet Beings were reading her mind to under- 
stand her emotional state. They said, "She is erying tears 

fier a slight but tense pause, they continued, “of joy!” 
‘They said the woman hada big smile on her face and Was 
suecesslly transitioned into her new Tite 


[0008] One year later, the Blond Aliens of the hundred 
‘member council of the Pleiadian Federation remote viewed 
‘me so that I could celebrate with them the success of their 
‘mission to earth, The Blond Aliens, which is not theie real 
‘name, fly the Beamship spacecraft. This hyperspace vehicle 
ccan teleport itself to any location in the galaxy. It demate- 
rializes into the black void for an instance and then re- 
‘materialize anywhere in the galaxy. This ship ean be seen in 

ly Meier's video from Switzerland along with a picture of 
envoy, Semjase. 


th 


[0009] Just recently I had a demonstration of the Beam- 
ship's ability. T heard an emergency distress call by 
commander of a spacecraft who said that they had a fire 
‘onboard their spacecraft. 1 immediately remote viewed a 
Federation maintenance mothership, they got the frequency 
and location of the ship, and dispatched the Beamship in 
time to reseue the commander. The burned-out cables, which 
hhad caused the fire, were repaired by the Federation and the 
commander arrived home safely on his planet in his own 
spacecraft 


Forensic Biology, Second Edition 


“Taylor, M.C. and [S, Hunt, Forensic identification of human urine by radioimmunoassay for Tamm-Horsfall 
‘urinary glycoprotein. J Forensic Sei Soc, 1983, 23(1): 67-72 

“Teutsumi, H,, et al, Mentification of human urinary stains by enzyme-linked immunosorbent assay for 
‘human uromucoid. J Forensic Sci 1988, 33(1): 237-243. 

Virkler, K_and LK. Lednev, Analysis of body fluids for forensic purposes: From laboratory testing to non. 
destructive rapid confirmatory identification ata crime scene. Forensi Sci Int, 2009, 188(1-3): 1-17. 

Wawryk, J. and M, Odell, Fluorescent identification of biological and other stains on skin by the use of alter. 
native light sources. Clin Forensic Med, 2005, 12(6): 296-301 

Yamada, S, et al,, Vomit identification by a pepsin assay using a fibrin blue-agarose gel plate. Forensic Sci Int, 
1992, 52(2): 215-221. 

Yan, P, etal, DNA-based species identification for faecal samples: An application on the mammalian survey 
in Mountain Huangshan scenic spot, Afr Biotechnol, 2011, 10(57): 12134-12141 

Zhang, SH,, et al, Genotyping of urinary samples stored with EDTA for forensic applications, Genet Mol 
‘Res, 2012, 11(3): 3007-3012. 


328 


SECTION IV 


Individualization of 
Biological Evidence 


Blood Group Typing and 
Protein Profiling 


18.1 Blood Group Typing 

18.1.1 Blood Groups 

For the purposes of this text, blood groups are defined as antigen polymorphisms present on 
erythrocyte surfaces, Human erythrocyte surface membranes contain a variety of blood group 
antigens. Transfusion reactions occur when an incompatible type of blood is transfused into an 
individual, which can lead to severe symptoms or even death. Karl Landsteiner discovered the 
first blood group, known as the ABO system, in the early 1900s, while studying transfusion and 
transplantation. The discovery made blood transfusions feasible, and Landsteiner was awarded 
the Nobel Prize in 1930. 

‘The International Society of Blood Transfusion currently recognizes 29 blood group systems, 
which include hundreds of antigen polymorphisms (Table 18.1). From the 1950s to the 1970s, the 
structures and biosynthesis pathways of many blood group antigens were determined. The genes 
for most of these blood group systems have been identified as well. The isolation of blood group 
genes has made it possible to understand the molecular mechanisms of the antigenic character 
istics of the blood group systems, 

‘The ABO system of antigens in human erythrocytes is the most commonly used blood group 
system for forensic applications. Forensic laboratories also use others, including the Rh, MNS, 
Kell, Duffy, and Kidd systems. 


18.1.2 ABO Blood Group System 
In the ABO blood group system, two types of antigens, designated A and B, give rise to four 
blood types: 


3 Type A individuals have the A antigen, 
% Type B individuals have the B antigen. 
3 Type AB individuals have both A and B antigens, 
3 Type O individuals have neither A nor B antigens. 

‘The antigens may be found in other bodily fluids as well as blood, such as amniotic fluid, 


saliva, and semen as well as many organs including the kidney, pancreas, liver, and lungs. 
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Table 18, 


02 
003 
004 
005 
006 
007 
08 
09 
o10 
ou 
o12 
013 
o14 
015 
016 


017 


ola 
019 
020 
021 
022 
023 
024 
025 
026 


027 
028 
029 


Blood Group Systems 


MNS MNS 
P PI 

Rh RH 
Lutheran Lu 

Kell KEL 
Lewis Le 
Duty FY 
Kidd JK 
Diego D1 
vt wT 

Xe XG 
Sclanna sc 
Dombrock DO 
Colton co 
Landsteine- LW 

Wiener 


Chidol = CHIRG. 
Rodgers 


H H 
Kx XK 
Gerbich GE 

Cromer GROM 
Knops kN 
indian IN 
Ok 0K 

Raph RAPH 


John Milton MH. 
Hagen 
I 1 
Globoside  GLOB 
Gill GIL 


43 


he nso 


GYPA, GYPB, GYPE 


RHD, RHCE 
Lu 
KEL 
FUT3 
fad 

SLO4IAI 
SLC4A1 
ACHE 
XG, MIC2 
ERMAP 
Do 
AQPI 
Icama 


4A, CAB 


FUTL 
XK 
avec 
DAF 
cRI 
044 
Bsa 
D151 
SEMATA 


GCNT2 
B3GALT3 
AQPS 


Chromosomal 
Location 


01 ABO ‘ABO 4 ABO 


9934.2 
4931.21 
22q11.2-ater 
1p36.11 
19913.32 
7934 
1913.3 
1923.2 
18q12.3 
1792.31 
7922.1 
Xp22.33, YpLL.3 
1p34.2 
12p12.3 
7714.3 
19p13.2 


6p21.3 


19913.33 
Xp21.1 
2914.3 
1932.2 
1932.2 
p13 
19p13.3 
11p15.5 
15924.1 


6p24.2 
3926.1 
9p13.3 


Source: Adapted from Daniels, G.L., et al., Vox Sang, 87, 304-316, 2004. 
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18.1.2.1 Biosynthesis of Antigens 

All individuals generate the O antigen, also known as the H antigen. The O antigen is synthe- 

sized by fucosyltransferase, a fucose transferase encoded by the FUT genes, which adds a fucose 
on the end of a glycolipid (in erythrocytes) or glycoprotein (in tissues). An additional monosac 

charide (Figure 18.1) is then transferred to the O antigen by a transferase encoded by the ABO 
locus. The specificity of this enzyme determines the ABO blood type (Figure 18.2): 


The A allele produces the A-transferase, which transfers N-acetylgalactosamine to the O 
antigen and thus synthesizes the A antigen. 


% The B allele produces the B-transferase, which transfers galactose to the O antigen and 
thus synthesizes the B antigen. 


% The allele has a mutation (small deletion), which eliminates transferase activity, and no 
modification of the O antigen occurs. 


Asa result, the A and B antigens differ in their terminal sugar molecules, Subgroups of blood 
types A and B have been described. The most important are the A, and A, antigens. Both A, and 
A, (and A,B and A,B) cells react with anti-A antibodies. However, A, cells react more strongly 
than A, cells. The apparent difference between A, and A, is that each A, cell contains more cop- 
ies of the A antigen than A, cells. 


18.1.2.2 Molecular Basis of the ABO System 

A- and B-transferases are encoded by a single gene, ABO, on chromosome 9, The ABO gene 
(approximately 20 kb) is organized into seven exons. Most of its coding regions are located 
in exons 6 and 7 of the ABO locus, including the domain responsible for catalytic activity 
(Figure 18.3). The gene products of the A and B alleles differ by four amino acid substitutions 
(Table 18,2). In particular, amino acid residues at positions 266 and 268 are more important in 
determining the enzymatic property of a transferase. 

‘The At allele and A? allele differ in a single nucleotide deletion upstream from the translation 
stop codon. The resulting reading-frame shift in the A? allele abolishes the stop codon, yielding 
a product with an extra 21-amino acid residue at the C-terminus. 

Subgroups of blood types O have also been reported. The sequence of the O* allele has a dele 
tion ofa single nucleotide at exon 6. This nucleotide deletion leads to a reading-frame shift gener 
ating a truncated protein, which lacks the catalytic domain. While the O" allele also has single 
nucleotide deletion, it differs from 0! by nine nucleotides within the coding sequence, O! and 
0” have identical phenotypes. There is also an O? allele, which is inactivated by a substitution 


fi 
(a) 7 Naw (b) fe) (a) y Now 


Figure 18.1 Chemical structures of (a) N-acetyiglucosamine, (b) galactose, (c) fucose, and (4) 
N-acetyigalactosamine, 
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Figure 18.2 Biosynthesis of ABO antigens. O-antigen biosynthesis is catalyzed by fucos- 
yltransferase, A-antigen biosynthesis is catalyzed by the Atransferase that transfers the 
N-acetylgalactosamine from the donor and uridine diphasphate (UDP)-N-acetylgalactosamine to 
the O antigen. B-antigen biosynthesis is catalyzed by the B-transferase that transfers the galactose 
from UDP-galactose to the O antigen. N-AcGlu, N-acetytglucosamine; Gal, galactose; Fuc, fucose; 
N-AcGal, N-acetylgalactosamine. (© Richard C. Li.) 


Figure 18.3 Structure of ABO gene and variants. Exons 6 and 7 are shown. The deletion mutation 
in A? and O° variants is indicated by an inverted triangle and leads to their A, and O phenotypes, 
respectively. (@ Richard C. Li.) 


Table 18.2 Amino Acid Substitutions at Four Positions 
Human ABO Variants 4’, B, and 0° 


‘Amino Acid Position 


[tne ists 
(®t Chenealene hee | 


18.1 Blood Group Typing 


mutation at glycine (position 268) by arginine. Additionally, a few dozen other rare 0 alleles, 
which yield inactive proteins, have also been documented. 


18.1.2.3 Secretors 
In addition to erythrocytes, individuals whose A, B, and O antigens can be found in other 
types of bodily fluids are referred to as secretors. Eighty percent of Caucasians are secretors. As 
described earlier, the O antigen is the substrate for the A- and B-transferase because the A~and 
B-transferase can only utilize a fucosylated substrate. The O antigen is synthesized by fucosyl 
ation of the terminal galactosyl residue catalyzed by the fucosyltransferase, which is encoded by 
FUT genes. 

Chromosome 19 contains two homologous genes: FUT and FUT2, FUT! is expressed in tis- 
sues of mesodermal origin (embryonic tissues that serve as precursors of hemopoietic tissues, 
muscle, the skeleton, and internal organs) and is responsible for the synthesis of the O antigen 
in erythrocytes. FUT2 is expressed in tissues of endodermal origin (embryonic tissues that are 
precursors of the gut and other internal organs); it is responsible for the synthesis of the O a 

en in secretions. 

bout 20% of Caucasin Individuals (nlled nonseerton) are hoensnygous for soneense 
mutation in FUT? at amino acid position 143, resulting in a truncated protein, Bodily fluids 
such as the semen of type A or B nonsecretors (who carry homozygous FUT2 mutations) con. 

tain no A or B antigens despite containing active A- or B-transferases (Figure 18.4). 
be a problem in investigating sexual assault cases when the blood type of the seminal 
needs to be determined, However, nonsecretors have O antigens on erythrocytes synthesized by 
FUT! and thus have A or B antigens in blood. Individuals carrying very rare homozygous FUT1 
mutations produce erythrocyte O-deficient phenotypes in which the erythrocytes express no 
O antigens and thus express neither A nor B antigens, regardless of ABO genotype, Individuals 


Knee Gal 


O antigen 


pong ee 


Erythrocytes 


| 
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Figure 18.4 Tissue-specific O-antigen biosynthesis by FUTI and FUT2 gene products. Tissue- 
specific O-antigen biosynthesis in erythrocytes is catalyzed by the FUTI gene product; in secretions, 
it is catalyzed by the FUT2 gene product. The mutations abolishing the biosynthesis of O antigens 
are indicated. The FUT2 mutation produces a nonsecretor phenatype. (© Richard C. Li) 
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who carry both FUT! and FUT2 mutations have no O antigens (nor A nor B antigens) in their 
erythrocytes and other bodily fluids and are known as Bombay (O,) phenotypes. 


18.1.2.4 Inheritance of A and B Antigens 

Aand Balleles are dominant, For AO and BO heterozygotes, the corresponding transferase syn 

thesizes the A or B antigen. A and B alleles are codominant in AB heterozygotes because both 
transferase activities are expressed. The OO homozygote produces neither transferase activity 
and therefore lacks both antigens. The inheritance of A and B alleles obeys Mendelian prin- 

ciples (Chapter 25). For example, an individual with type B blood may have inherited a B allele 
from each parent or a B allele from one parent and an O allele from the other; thus, an indi 

vidual whose phenotype is B may have the BB (homozygous) or BO (heterozygous) genotype. 
Conversely, ifthe blood types of the parents are known, the possible genotypes of their children 
can be determined. When both parents are type B (heterozygous), they may produce children 
with the genotype BB (B antigens from both parents), BO (B antigen from one parent, O from 
the other heterozygous parent), or OO (O antigens from parents who are both heterozygous). 
‘Thus, blood group typing can be used for paternity testing, 


18.1.3 Forensic Applications of Blood Group Typing 

“The application and usefulness of blood typing in forensic identification are based on the ability 
to group individuals into four different types using the ABO blood system, allowing individuals 
to be identified. For example, if one crime scene blood sample is type B and a suspect has type 
A, the crime scene sample must have a different origin. However, if both the sample and the 
suspect are type A, the sample may have come from the same origin or from a different origin 
that happened to be type A. 

Unfortunately, the probability that any two randomly chosen individuals have an identical 
blood type is very high. Approximately 42% of Caucasians have type A blood. The frequency of 
other blood types within the ABO system is shown in Figure 18.5. Multiple blood group systems 
were utilized to decrease the probability of a coincident match. 

‘The A and B antigens are very stable and can be identified in dried blood even after many 
years. They can also be found in semen and other bodily fluids of secretors. Thus, in sexual assault 
cases, for example, the ABO type of a semen sample can be examined to identify a perpetrator. 


18.1.4 Blood Group Typing Techniques 
“The most common assays used in forensic serology involve agglutination and include the Lattes 
crust and absorption-elution assays. 


1.1.4.1 Lattes Crust Assay 
In the early 1900s, Karl Landsteiner used his blood and blood obtained from his laboratory 
coworkers to test the effects of serum on erythrocytes. He discovered that naturally occurring 


‘Type 
47% 


3% 


Figure 18.5 Frequency distributions of ABO types observed in American Caucasians. Different 
human populations may exhibit different frequencies of the four blood types. (© Richard C. Li.) 
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antibodies in serum caused agglutination of certain erythrocytes, and the agglutination pat 
terns observed were designated A, B, and O. Each pattern indicated the presence or absence of a 
particular antigen on erythrocytes. 

Shortly after birth, newborn infants develop antibodies against antigens that are not present 
in their own bodies. For example, type A individuals develop anti-B antibodies, type B individu. 
als develop anti-A antibodies, type O individuals develop both types of antibodies, and type AB 
individuals do not develop anti-A or anti-B antibodies. When the plasma of a type A individual 
is mixed with type B cells, the anti-B antibodies from the type A individual cause the type B 
cells to agglutinate. This result forms the basis for blood group typing. 

‘The Lattes crust assay relies on the principles of Landsteiner’s experiments. It is an aggluti 
nation-based assay that utilizes the A, B, and O indicator cells to test the agglutination reaction 
with its corresponding naturally occurring serum antibodies in a questioned sample. The pro- 
cedure for the Lattes crust assay is described in Box 18.1 and illustrated in Figure 18.6. Typical 
results are summarized in Table 18.3 and illustrated in Figure 18,7. Type A blood contains nat 
urally occurring anti-B antibodies that agglutinate only with B cells. Likewise, type B blood 
agglutinates only with A cells, type O blood agglutinates with both A and B cells, and type AB 
blood does not agglutinate with any cells 

‘The Lattes crust assay is simple and rapid. However, one limitation is that the assay is not very 
sensitive and requires a large quantity of blood. Recall that successful agglutination reactions 
usually require intact cells, The agglutination assay of forensic samples is, therefore, difficult to 
carry out because blood cells lyse when they are dry. Therefore, this method is not reliable for 
testing old stains. 


BOX 18.1 LATTES CRUST ASSAY PROCEDURE 


1, Place small quantities of blood crust from a specimen on a microscopic slide and 
place a cover slide over the crusts. Prepare slides for A, B, and O cells separately. 

2, Prepare cell suspensions with saline (0,85% NaCl in phosphate buffer, pH 7.4) for 
the A, B, and O cells separately. 

3. Apply few drops of the A-cell suspension and allow the cells to diffuse under the 
cover slip. Repeat this step for B cells and O cells. 

4, Incubate the slides in a moisture chamber at room temperature for 2h. 

5, Examine results under a microscope. 


Indicator cells 


Figure 18.6 Lattes crust assay. (© Richard C. Li.) 
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[0010] ‘The Federation then received a message from the 
‘commander saying that he wanted his planet to join the 
Federation now that there was this type of communication 
available. So the Federation visited his planet for the signing 
‘ceremony, and I was invited to attend the proceedings by 
remote view. Word got around about this, and within three 
‘weeks another 20 planets joined the Federation forthe same 


[0011] At one ceremony, which was attended by Admiral 
‘Third Clas ofthe Pleiadian Defense Department, His Hizh- 
ness of the planet was signing the document of incoepora- 
tion, At that moment, I could see him signing, so 1 
‘exclaimed, “He is signing with his left hand.” The Admiral 
‘was almost apoplectic at hearing ths. After giving her the 
signed document, His Highness held up is hand and asked 
me how many fingers he was holding up. He had a fist o 1 
said none, Then he put his index finger out and I said one. 
He then made a fist again and I said none. Then he held out 
all fingers and Isai five. The Admiral said that he had a big 
smile on his face as he went to announce the agreemen 

because he knew, even though his planet was located 90,000 
light years away on the other side ofthe galaxy, he could 
instantly communicate any problems to the Federation. So 
this is the importance of developing inventions that can 
‘enhance our remote viewing ability because one day it will 
mean that we can become a vital part of the Pleiadian 
Federation 


SUMMARY OF THE INVENTION 


[0012] Referring to FIG. 4 the spiritual eye ofthe human 
‘energy system is located atthe pituitary gland in the fore- 
head. It has the shape of a hollow cone which is composed 
‘of the misty white energy of hyperspace. Light coming into 
this vortex is then transfered by a light cont to a visual 
‘energy module which is located in a co-dimension ofb 
space. Because these modules are interconnected by light 
‘cords the mind module is able to interpret the visual pattern 
the eye is sccing, More importantly, the mind can give 
Jogical instructions to this spiritual eye module for it to 
rofate around or move in a particular direction, 


[0013] ‘The reason that hyperspace has a white misty look 
to it is that the speed of light is very much less than the speed 
of light in our spacetime. The Lorentz transformation says. 
that the distance Lis shortened relativistically to a distance 
Lina way related tothe ratio ofthe velocity v of the object, 
to the velocity of light c. 


FE 


If the velocity of light is very low, then a small velocity 
‘eeates an enormous contraction in length. By moving 
through hyperspace, therefore, enormous distances can be 
traversed, And this is the reason that itis possible to project 
the spiritual eye, voice and hearing to remote locations in the 
galaxy. 

[0014] |The universe is composed of subspace, space and 
hyperspace which are co-dimensions of each other. Sub- 
space is defined by the geometry of the tetrahedron which is 
‘2 four-sided solid whose faces are equilateral triangles 
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having three 60° angles. Referring to FIG. 8, a tetrahedron 
‘whose sides are the square root of three (A), has a height of 
the square oot of two (B), and base length equal to the 
square root of one (C). This forms the basic number set {°T, 
¥2,.5}, 


[0015] Referring to FIG. 6, the tetrahedron (A) is cireum- 
seribed by the sphere (B). Rod (C) is the sphere radius. 
second rod (D), of equal length to rod (C), from the center 
of the sphere to the comer of the tetrahedron makes an angle 
got 
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So the four comers of the tetrahedron touch the sphere, 


[0016] ‘This tetrahedral geometry can be seen throughout 
the planets of the solar system Referring to FIG. 7, the 
islands of the Caribbean curve down from Puerto Rico to 
‘Venezuela forming an island vortex. The low density hyper- 
space energy releasing from the comer of the tetrahedron 
softens the rock mantle. The hot magma then rises through 
the rock with the least resistance. This creates a circular are 
of voleanie islands along the edge of the vortex. 


[0017] Referring to FIG. 8, the Giant Red Spot of Jupiter 
is located at a southern latitude of 19.5°. This vortex is so 
large that the entire earth can fit in i 


[0018] | Referring to FIG. 9, the Olympus Mons voleano is, 
Tocated at a northem latitude of 19.5° as shown by the 
‘marker. This volcano isthe size of France. Notice the fallen 
plume of volcanic debris toward the north east 


[0019] ‘The double harmonic of the tetrahedral angle is 
twice 19.5° or 39° which is the location of the Silver Bridge 
in Point Pleasant, West Va. A large wormhole opened up 
around the bridge during Christmas rush hour when the 
bridge was full of cars. Due to the low density hyperspace 
‘energy, the rivets holding the cables down popped loose and. 
all the cars were dumped into the river. A computer simu- 
lation using Schrodinger’ quantum mechanics equation for 
4 particle in a potential well shows that as the eneniy 
‘becomes less dense, the particle is no longer contained in the 
potential well. The electron jumps out. Thus the atomic 
‘bonds are broken which softens the rivets. This is the first 
time that there has been an understanding of the failure 
‘mechanism of this bridge, 


[0020] After downloading from the Internet several pages 
of the index of refraction of a wide range of materials 1 
noticed that the index of refration for Plexiglas was 1.50. 
“Another source sid it was 1.51, One of the Internet sites had 
‘4 movable flashlight which showed the incident ray and the 
refracted ray. For Plexilas, surprisingly enovah, the inci- 
lent ray was coming in at an angle of 60° to the normal, and 
the light was refracted at 35.26", both of which are tetahe- 
dral angles, The angle ofthe equilateral face ofthe tetrahe- 
dron is of course 60°. The angle at the top of tetrahedron is 
the are-cosine of the ratio of the height over the edge length. 
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Table 18.3 Representative Results of Lattes 
Crust Assay 


Agglutination 
Serum Antibody | Reaction Observed 


Figure 18.7 Diagram of Lattes crust assay results. (a) Indicator cells added before incubation. 
(b) Strong agglutination: large clumps are observed after incubation. (c) Negative agglutination: a 
cloudy background may be observed after incubation. 


18.1.4.2 Absorption-Elution Assay 

‘The absorption-elution assay is highly sensitive and can be used for testing dried bloodstains, 
“This method indirectly detects the presence of antigens. The antigens are immobilized in a solid 
phase (Figure 18.8). At low temperatures, the antigens bind to their corresponding antibodies: 
anti-A antibodies, anti-B antibodies, or anti-O lectins. (The anti-O lectin is isolated from plants 
and reacts strongly with the O antigen present in type O blood, but has some cross-reaction 
with the A antigen). The excess unbound antibodies are removed by washing, and the bound 
antibodies are then eluted at higher temperatures (recall that antigen-antibody binding can be 
affected by temperature; Chapter 13). The eluted antibodies can then be identified by an aggh 
nation assay using A, B, and O indicator cells. 

‘Typical results of an absorption-elution assay are summarized in Table 18.4. The blood 
stains containing the A antigen can bind to anti-A antibodies. The eluted anti-A antibody can 
form agglutination with A cells. Likewise, for type B blood, the eluted anti-B antibody can form 
agglutination with B cells; for type AB blood, the eluted antibodies can form agglutination with 
both A and B cells; and with type O blood, the eluted anti-O lectins can form agglutination with 
Ocells. 


18.2 Forensic Protein Profiling 

Because of the limitations of blood group systems, inherited protein polymorphic markers 
have been utilized to decrease the chances of matches between two unrelated individuals. The 
amino acid sequences of many proteins vary in the human population. An estimated 20%-30% 
of the proteins in humans are polymorphic. Some of the variations in amino acid sequences 
affect the function of proteins, but many of them exert little or no effect on protein function. 
‘Thus, individuals can be divided into groups based on the types of protein polymorphisms. 
A combination of the blood group systems and protein polymorphic markers can be used for 
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Figure 18.8 Absorption-elution assay. An antigen sample is immobilized an a solid-phase matrix. 
Antibodies (two different types are shown) are added. The antibody that is specific to the antigen 
binds. Unbound antibody is washed away. The bound antibody is then eluted. The eluted antibody 
is tested with indicator cells (two different types are shown). The indicator cell that is specitic to the 
antibody eluted shows a positive agglutination reaction. (© Richard C. 


criminal investigations and paternity testing. The probability that results for two unrelated per 
sons would match is decreased to one in several hundred through use of the blood-typing and 
protein-profiling techniques. 


18.2.1 Methods 
Identification of protein polymorphisms is performed through electrophoretic separation based 
on the molecular weights (Mr) and charges of the protein variants. 
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18.2.1.1 Matrices Supporting Protein Electrophoresis 

Electrophoresis of proteins is generally carried out in a support material, also called the matrix, 
to separate various macromolecules. The matrix also reduces the effects of diffusion and convec 
tion on the macromolecules. Historically, protein profiling for forensic application utilizes two 
types of matrices: papers such as cellulose acetate; and gels composed of starch, agar, agarose, or 
polyacrylamide. The first polymorphic protein marker, phosphoglucomutase, was characterized 
by starch-gel electrophoresis. However, agarose and polyacrylamide became more commonly 
used in electrophoresis due to good reproducibility and reliability (Table 18.5) 


18.2.1.2 Separation by Molecular Weight 

An electrophoretic method is frequently utilized to resolve various proteins based on their 
molecular weights. Native electrophoresis, also known as nondenaturing electrophoresis, can 
be used to isolate proteins for studying the functions of proteins. Biological activity of the pro- 
tein can be retained for further analysis. However, some proteins are not well separated in elec 
trophoresis in their native form. Thus, it may be necessary to denature the proteins in order for 
them to be resolved better during separation. This process is called denaturing protein electro- 
phoresis. The following additives can be used: 


18.2,1.2.1 Reducing Agents 
Itis common to include reducing agents such as mercaptoethanol (ME), dithiothreitol (DTT), 
or sodium mercaptoethane sulfonate (MESNA) to denature proteins. Reducing agents cleave the 
disulfide bonds of proteins, Asa result, protein shape becomes unfolded and linear. These agents 
can be used during sample preparation and can also be added to the electrophoresis bute. 


18.2,1.2.2 Detergents 
Detergents disrupt noncovalent interactions within the structures of native proteins, ‘The pro- 
cedure is generally performed with sodium dodecylsulfate (SDS), a strong anion detergent that 
binds to most proteins in amounts proportional to the molecular weight of the protein (approxi 
mately one molecule of SDS for two amino acids). The bound SDS contributes a large net nega. 
tive charge on the protein, which masks any surface charges of the native protein. As a result, 
the charge-to-mass ratio of the protein becomes a constant. As with reducing agents, the various 
native conformations of proteins change to a more uniformly linear shape when SDS is bound. 


Table 18.5 Properties of Matrices Supporting Protein Electrophoresis 
Supporting 


Note: Electroendosmosis (EEO) occurs when fixed charges of the supporting matrix cause liquid 
flow toward the electrodes. A matrix with high EEO may affect the mobilities and separation 
performances of proteins during electraphoresis. 
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Electrophoretic mobility in the presence of SDS, therefore, becomes based on Mr rather than 
both Mrand the charge. Smaller proteins move through the pores of the gel matrix more rapidly 
than larger proteins. Asa result, the larger the size of the protein, the smaller its electrophoretic 
mobility 

SDS gel eletrophoreals ca ala be uae to deteraine the Mf ofan unidentified protetn esed 
onits electrophoretic mobility on the gel. Standard marker proteins of known molecular weight 
are run on the same gel and allow the estimation of the Mr of an unknown protein. A linear plot 
of log Mr values of marker proteins versus relative migration during electrophoresis allows the 
molecular weight of the unknown protein to be determined from the graph. 


18.2.1.3. Separation by Isoelectric Point 

‘The isoelectric focusing (IEF) technique can be used to separate proteins according to their iso- 
electric points (pl). The pl is the pH value at which the net electric charge of an amino acid is zero. 
All proteins are composed of amino acids, and each has its own characteristic pl at which its net 
electric charge is zero and does not migrate in an electric field. 

In IEF electrophoresis, a pH gradient is created in a gel between the electrodes, and a pro- 
tein sample is placed in a well on the gel. With an applied electric field, proteins enter the gel 
and migrate until they reach a pH equivalent to their pl values, at which they lose mobility 
(Figure 18.9), IEF, based on molecular charge, is capable of producing sharper bands than dena- 
turing protein electrophoresis and thus has a higher resolving power. The technique can detect 
very low quantities of proteins in samples. A pH gradient in the gel is established by utiliz 
ing materials such as carrier ampholytes or immobilines that are dispersed in the gel. Carrier 
ampholytes are synthetic amphoteric compounds that contain multiple weak ionizable moieties 
acting as either acids or bases. To establish a pH gradient, a mixture of ampholytes with slightly 
different pls is directly added to an IEF gel. The pH gradient is generated by applying an electric 
field on the ampholyte-containing gel. Under the electric field, the negatively charged ampho- 
Iytes migrate toward the anode, and the positively charged ampholytes migrate to the cathode. 
Asa result, a gradual pH gradient is created between the anodal end of the gel (acidic) and the 
cathodal side of the gel (basic). Immobilines are a series of modified acrylamide monomers that 
can be acidic or basic. The pH gradient of an IEF gel can also be established using a gradient 
forming device that changes the proportion of the immobilines added to the gel matrix mixture 
as it is loaded into the gel-casting apparatus. 
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Figure 18.9 Isoelectric focusing. (a) A pH gradient is established by allowing low-molecular-weight 
organic acids and bases to distribute themselves in an electric field across a gel. A sample con- 
taining a protein mixture is loaded into a sample well. (b) During the electrophoresis, each protein 
migrates until it matches its pl. Proteins with different pls are separated. (@ Richard C. Li.) 
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18.2.2 Erythrocyte Protein Polymorphisms 

18.2.2.1 Erythrocyte Isoenzymes 

‘The human erythrocyte contains a number of isoenzymes, which are multiple forms of an 
enzyme that catalyze the same reaction but differ in their amino acid sequences. Individuals 
can be divided into groups on the basis of the different isoenzymes present in their erythrocytes. 
‘The isoenzyme type is also inherited according to Mendelian principles. 

‘The polymorphism of erythrocyte phosphoglucomutase (PGM) was first described in the 
1960s and was later successfully applied to the testing of bloodstains. PGM, an important meta- 
bolic enzyme, catalyzes the reversible conversion of glucose-I-phosphate and glucose-6-phos- 
phate. The PGM found in erythrocytes is encoded at the PGMI locus at chromosome 1. ‘The 
PGM encoded by PGMI can also be found in semen and thus can be utilized for the testing of 
semen samples in sexual assault cases. The protein polymorphisms of the PGM have two alleles, 
which result in three different phenotypes, depending on the combination of the two alleles. 
“The success in the forensic application of PGM led to the similar use of many other erythrocyte 
isoenzyme polymorphisms. The most commonly used erythrocyte isoenzyme systems are listed 
in Table 18.6. 


18.2.2.2 Hemoglobin 

Recall that the use of hemoglobin (Hb) in screening and confirmatory blood tests was discussed 
in Chapter 12, Adult human Hb consists of two at chains and two i chains. Each polypeptide 
chain contains a heme group involved in oxygen binding, A very small portion of blood pos- 
sesses.a form of the human adult Hb consisting of two «t chains and two 8 chains. 

More than 200 Hb variants have been identified and can be useful as markers for foren- 
sic applications. In particular, two types of human Hb variants are important in forensic test 
ing: fetal Hb and sickle-cell Hb (Hb S). Hb S is the factor responsible for sickle-cell disease 
(Figure 18.10). Hb variants can be resolved using electrophoresis (Figure 18.11). 


18.2.2.2.1 Fetal Hemoglobin 
Humans have three forms of Hb during their development: embryonic, fetal, and adult Hb. 
In adults, the Hb tetramer consists of two identical o and two identical f chains. Embryonic 
erythrocytes contain Hb tetramers that are different from the adult form. Each embryonic Hb 
consists of two identical a-like chains and two identical f-like chains. The embryonic Hb is 
gradually replaced during pregnancy (approximately 3 months after conception) by fetal Hb, 
which comprises approximately 70% of the Hb in fetal blood. The fetal Hb has two identical a 
chains and two identical y chains. 


TABLE 18.6 Common Isoenzymes Used for Forensic Protein 
Profiling 


Erythrocyte Isoenzyme Protein Symbol | Number of Alleles 


® Ten alleles can be observed using IEF electrophoresis, 
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COO Heme moiety COO Heme moiety 
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Figure 18.10 Normal and sickle-cell hemoglobin fs chains. (a) Normal hemoglobin ps chain contains a 
glutamic acid residue (Glu) at position 6 of the N-terminal of the protein. (b) At position 6 of the sickle- 
cell hemoglobin i chain, the glutamic acid residue is replaced by a valine (Val). (@ Richard C. Li.) 
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Figure 18.11 Hemoglobins resolved by isoelectric focusing electrophoresis, (© Richard C. Li.) 


‘The embryonic and fetal Hbs have higher affinities to oxygen, required to provide the 
embryo and fetus with sufficient amounts of oxygen taken from maternal blood. Fetal Hb 
is replaced by adult Hb approximately 6 months after birth. These Hbs are encoded by their 
corresponding genes located at the globin gene clusters. The detection of fetal Hb in a blood: 
stain via electrophoresis can provide important evidence in cases of infanticide and concealed 
birth. 


18.2.2.2.2 Hemoglobin S 
Hb S polymorphism has forensic importance in identifying individuals. The Hb S polymor 
phism is observed in high frequencies among those of African heritage and some Hispanic 
populations. Such a protein polymorphic marker can provide investigational leads for the indi- 
cation of the ethnic origin of a perpetrator. Hb S transports oxygen much less efficiently than 
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normal Hb, Individuals who are homozygous for Hb S usually die early after suffering from 
sickle-cell anemia and related complications. However, a heterozygous individual (an individual 
with a copy of the wild-type Hb allele from one parent and a copy of the Hb S allele from the 
other) can survive. This condition is known as the sickle-cell trait. 

In the 1950s, Vernon Ingram of Cambridge University discovered the molecular mechanism 
of the Hb $ defect. His work revealed that the Hb $ bears a mutation, which changes the glu- 
tamic acid in wild type to a valine at the sixth amino acid from the N-terminal end of the [\ 
chain, This substitution of amino acids causes a major change in the structure of the f chain, 
which in turn results in sickle-cell anemia, 


18.2.3 Serum Protein Polymorphisms 

‘The serum portion of blood consists of a large number of proteins. The work on serum pro- 
teins for forensic purposes started in the 1950, when variations in serum proteins were found 
useful for distinguishing individuals. Over the years, a number of serum proteins were char- 
acterized and applied for forensic testing. Haptoglobin (Hp) was the most widely used of the 
polymorphic serum proteins in forensic biology (Figure 18.12). Haptoglobin is a protein that 
binds and transports Hb from the bloodstream to the liver for the recycling of the iron con- 
tained in the Hb. 

Immunoglobulin (Chapter 10) accounts for approximately 15% of serum protein and has 
been found to be highly variable. Two immunoglobulin proteins are utilized for forensic 
application. The y chain protein (G,) is the heavy chain of immunoglobulin G and the x 
chain protein (K,,) is one of two types of the light chain of all immunoglobulins. Table 18.7 
lists common serum group systems, All exhibit genetic variations and can be detected in 
bloodstains. The variants of these proteins can be determined by electrophoresis or serologi- 
cal methods. 


Figure 18.12 Polyacrylamide gel electrophoresis of haptoglobin proteins, From left to right: Hp2, 
Hp2-1, Hp2, Hpl, Hp2, Hp2-1, Hpl, Hp2, Hp2-1. An anode is at the bottom. (From James, S. 
‘and Nordby, J.J, Forensic Science: An Introduction to Scientific and Investigative Techniques, CRC 
Press, Boca Raton, FL, 2005. With permission.) 
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According to Snell's law, the index of refraction n, times the 
sine of the angle sin(®,) of the ray leaving material m,. is 
‘equal to the index of refraction n, times the sine of the angle 
of refraction sin(@,) of the ray entering material m,. Refer- 
ring to FIG. 10, the equation is 
2 sin( en in) 

‘The index of air n, is equal to one. The index n, of Plexiglas 
is 1.50, Ifthe ineident ray is at 8,=60° to the normal, then 
the output angle is 


sae 


which is equal to the angle of the tetrahedron, 


[0021] ‘Then I recalled several months earlier that 1 had 
gone to the Subway restaurant to get a sandwich. T was 
sitting by the Plexiglas window communicating with the 
Admiral whose mothership was in earth orbit. She men- 
tioned that they were bringing two people aboard. At that 
moment I looked out through the window and I could see 
both of them clearly and easily through my spiritual eye. To 
my amazement, I saw both of the captives start to pull out 
suns from behind their backs. I then projected by spiritual 
hhands which resulted in preventing the attack on the security 
‘guards. To say the least, the Admiral was rather surprised at 
these events. She then asked me to look atthe design of the 
‘window because she thought it had something to do with my 
‘enhanced remote viewing capabilities. Looking atthe Plexi- 
alas, I noticed that on the edge of the large window pane 
there was a shorter piece of Plexiglas which was mounted 
parallel to the window pane. This smaller panel acted to 
protect the yellow neon fluorescent tube. 1 took the mea- 
surements of the design using a piece of paper that I found 
near the table. 


[0022] 1 then went home and designed up a mounting 
bracket with my 3D computer software. Thal already 
installed the stereolithography software that converts the 
design to the *.STL file format. How stereolithography 
‘works is that it slices the design into many thin horizontal 
sections. The machine has a platform which is mounted in a 
bath of liquid polymer. An ultraviolet laser, mounted on an 
xy-lable, then traces out the slice. Because the liquid poly- 
mer is light sensitive, it plymerizes immediately into so 

plastic. Then the platform is lowered afew thousandths of an 
inch and the second slice is added, This provess eventually 
builds up the complete 3D part. Using the Intemet, the 
* STL file is sent by e-mail to the stereolithography serv 

provider who retums the part overnight. So the next day I 
had the piece from which I made a plastic mold and several 
‘additional pieces for mounting the Plexiglas bracket on a full 
sheet of Plexiglas that I ordered locally. It never occurred 10, 
me fo measure the angles, 0 after I got the index of 
refraction for Plexiglas, | measured the incident angle and it 
turned out to be 61°. So then I realized that the spiritual eye 
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-was being diffcted across these two Plexiglas plates which 
connected it to the tetrahedral geometry of subspace. 
Because subspace is the foundation of space, this created a 
‘much more ellicient route for remote viewing. The result is 
tat tis invention has allowed me to make contact with 430 
alien civilizations. Since then I have been awarded the 
_Aphysies prize for my work in the invention and elaboration 
ofthe tetrahedron diagram of which there are now over 4000 
araphs. The scientific discoveries contained in the diggram 
are (1) the electron and proton are one and same particle, (2) 
the existence of hyperspace. (3) how mass can be taken out 
cof dimension, (4) cosmology determines the elementary 
particles, (4) all the physics constants and the tetrahedral 
‘Beometry are contained in the two 360° circles of the infinity 
‘symbol and (5) all the physics constants are determined 
geometrically and projected from a subspace manifold into 
cour dimension. For my work in Revelations, I was awarded 
four beautiful galloping riderless white horses of the Apoca- 
Iypse. 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0023] FIG. 1, Remote viewing the top of a palm tree 
containing several coconuts 


[0024] FIG. 2. Remote viewing three soldiers running 
across a wooden bridge. 


[0025] FIG. 3. Remote viewing computer buil 
Soldiers were guarding. 


[0026] 
[0027] 
[0028] 
[0029} 
[0030] 
(0031) 
[0032] 


[0033] 
tion. 
(0034) 
panel 
[0035] FIG. 13. Remote viewing angle. 

[0036] FIG. 14, A remote viewing session taking place on 
a planet located 90,000 fight years from earth on the other 
side of the galaxy showing His Highness signing with his 
left hand the document that allows his planet to become a 
‘member of the Pleiadian Federation, 


1g that 


FIG. 4. Spiritual eye of human aura, 
FIG, 5. Tetrahedron 

FIG, 6. Tetrahedron circumscribed by sphere. 
FIG. 7. Caribbean voleanic island vortex. 

FIG. 8. Giant Red Spot on Jupiter 

FIG. 9. Olympus Mons voleano on Mars 

FIG. 10. Snell’s Law of Refraction. 

FIG. 11. Perspective view of remote viewing sta- 


FIG. 12, Wedge-shaped spacers for diffraction 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0037] 1. Referring to FIG. 11, the remote viewing station 
is a rectangular box wooden frame (A) on which is mounted 
‘on one side a lange sheet of Plexiglas (B). The diffraction 
ppanel (C), made of a shorter length of Plexiglas, is mounted 
‘with acrylic glue on the Plexiglas sheet using clear polyoptic 
‘molded plastic spacers (D). 

[0038] Referring to FIG. 12, the wedge-shaped spacers 
(D) hold the diffraction panel (C) to the sheet of Plexiglas 
(B). The angle of the wedge is 30° which makes the incident 
angle 60° to the normal. 
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Variable Number Tandem 
Repeat Profiling 


‘Tandem repeats are abundant in the human genome. Minisatellites were first defined as a 
class of tandem repeats in the 1980s. Some of these repeats share a GC-rich core sequence. 
Subsequently, tandem repeats with higher AT contents of core sequence have also been charac 
terized. The minisatellites are also called variable number tandem repeats (VNTRs), as shown 
in Figure 19.1. The repeat unit length of a VNTR can range from several to hundreds of base 
pairs (bp). The tandem repeat arrays can be kilobases (kb, corresponding to 10° bp) long, and 
the numbers of tandem repeat units in some VNTR loci are highly variable, leading to variable 
lengths of DNA fragments. A genotype is defined by a particular number of tandem repeat 
units at a given locus. 

"Table 191 list the common VNTR loci used for forensic testing. To achieve high discrimi. 
nating power, the VNTR loci should not be linked, which means that they should be inherited 
independently of each other. For example, loci located on different chromosomes or far apart 
on the same chromosome can be used (Section 21.2). Many VNTR loci used for forensic appli 
cations are highly polymorphic, and as many as hundreds of different genotypes per locus can 
be observed among the population. The discriminating power of VNTR loci used for forensic 
testing can be measured by population match probability (P,; Chapter 25). The lower the P,., the 
less likely a match will occur between two randomly chosen individuals. A P,, of up to 10" can 
be achieved by testing several VNTR loci 


19.1 Restriction Fragment Length Polymorphism 

VNTR profiling utilizes RFLP—the first historical method used in forensic DNA testing 
(Figure 19.2). It utilizes restriction endonucleases that recognize and cleave specific sites along 
the DNA sequence. Cleavage ofa DNA sample with a particular restriction endonuclease results 
in a reproducible set of restriction fragments of various lengths, Appropriate restriction endo- 
nucleases should be selected so that the genomic DNA is cleaved at sites that flank the VNTR 
core repeat region. The resulting fragments are then separated according to their sizes by gel 
electrophoresis through a standard agarose gel (Chapter 9). 

‘The DNA is then processed using the Southern transfer and hybridization technique. The 
DNA is denatured and transferred from the gel to a supporting matrix such as a nylon or nitro: 
cellulose membrane. The DNA immobilized on the membrane is then hybridized with a labeled 
probe, Only bands of DNA that have complementary sequences to the probe are recognized 
by detection systems such as autoradiography (Section 19.1.4), Using the RFLP technique, the 
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Figure 19.1 VNTR locus 02844 (2q21.3-2q22). Each repeat unit consists of 31 bp. Haelll rep- 
resents the Haelll restriction site 


Table 19.1 Common VNTR Loy 
Chromosome | Repeat Unit | Haelll Fragment 
Location | Length (bp) | Size (kb) Probe 


Locus 


Source: Adapted fram Budowle, B., et al., DNA Typing Protocols: Molecular 
Biology and Forensic Analysis, Eaton Publishing, Natick, MA, 2000; 
Office of Justice Programs, Future of forensic DNA testing: Predictions 
of the Research and Development Working Group. National Institute 
of Justice, US Department of Justice, 2000. 


length variations among restriction sites can be detected. Most forensic applications focus on 
the length variations of VNTR regions located between two restriction sites, 

In summary, the RFLP method includes several steps: (1) genomic DNA preparation, 
(2) restriction endonuclease digestion of the genomic DNA into fragments, (3) agarose gel 
electrophoretic separation of the DNA fragments according to size, (4) transfer of DNA frag. 
ments using Southern transfer, (5) hybridization with locus-specific probes, and (6) detec- 
tion of locus-specific bands by autoradiography or chemiluminescence. 


19.1.1 Restriction Endonuclease Digestion 

Restriction endonucleases are enzymes that cleave the phosphodiester bond of DNA at or near 
specific recognition nucleotide sequences known as restriction sites. A restriction site usually is 
a short motif that is 4~8 bp in length. It often has a specific palindromic recognition sequence, 
that is, a segment of double-stranded DNA in which the nucleotide’s sequence is identical with 
an inverted sequence in the complementary strand. Thus, double-stranded DNA is required to 
be cleaved by most restriction endonucleases. As a result, both sticky ends and blunt ends of 
restriction fragments can be generated after the cleavage (Figure 19.3). 

To date, hundreds of restriction endonucleases have been described. They are traditionally 
classified into three types on the basis of subunit composition and enzymatic properties. Type II 
restriction endonucleases are most commonly used in molecular biology applications. Type II 
restriction endonucleases, requiring magnesium as a cofactor, usually cleave DNA at defined 
positions within their recognition sequences. The Enzyme Commission (EC) number of type II 
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Figure 19.2 RFLP. (a) Restriction digestion generates restriction fragments with various lengths of 
genomic DNA. (b) Restriction fragments are separated by gel electrophoresis. DNA is transferred to 
a solid phase and prabed. The signal is detected and the DNA fragment of interest can be abserved. 
Band patterns of heterozygous loci af individuals are shown. (© Richard C. Li.) 


restriction endonucleases is EC 3.1.21.4. The EC number is a numerical classification system of 
nomenclature based on the chemical reaction that is catalyzed by the enzyme. In contrast, type T 
(EC3.1.21.3) and type III (EC 3.1,21,5) restriction endonucleases cleave at sites remote from their 
recognition site, which are not utilized for RFLP applications. 

Restriction endonucleases are isolated from various bacteria. Each enzyme is named using a 
nomenclature system after the bacterium from which it was isolated. For example, in the restric 
tion enzyme Haclll, His from the genus name Haemophilus, ae is from the species name aegyp- 
ficus, and III stands for the third endonuclease isolated from the Haemophilus aegyptius bacteria. 

‘The restriction endonucleases play a role in protecting the bacteria from phage (bacterial 
virus) infections by using their endonucleases to destroy foreign DNA molecules. Bacterial DNA 
is usually methylated. In prokaryotes, the Dam methylase transfers a methyl group to the N6 
position of the adenine in the sequence GmATC and the Dem methylase transfers a methyl 
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Figure 19.3 Restriction sites for Haelll, Hinfl, and Pstl. Haelll digestion produces a blunt end DNA 
fragment. Hinfl and Pstl digestions produce sticky ends, N represents any nucleotide. (@ Richard C. Li.) 


group to the C5 position of cytosine in the sequences CmCAGG and CmCTGG. ‘The activities 
of restriction endonucleases can be influenced by DNA methylation. Many restriction endo- 
nucleases cannot cleave methylated DNA. ‘Therefore, bacterial DNA is distinguishable from for 
eign DNA by the bacteria’s restriction endonucleases. This phenomenon protects bacterial DNA 
from digestion by their own endonucleases. Note that because DNA methylation also occurs in 
the human genome (Chapter 11), it is important to choose the restriction endonucleases that are 
not affected by the methylation of human genomic DNA for RELP analysis. 

‘The type II restriction endonucleases were used in RFLP analysis for forensic DNA testing 
(Figure 19.3). In order to perform this analysis, the preferred restriction endonucleases for RFLP 
were those that cleave at the flanking regions of VNTR repeat units but not within the core 
repeat sequences of the VNTR. Most forensic laboratories used a single restriction endonucle- 
ase for a panel of VNTR loci because the DNA in evidence samples was often insufficient for 
performing multiple tests with different restriction endonucleases. For instance, Hinfl-based 
RELP was commonly used in European forensic laboratories, and HaellI-based RFLP was used 
in North American and some European forensic laboratories. Other restriction endonuclease- 
based RFLPs such as Pstl were also used, 

‘The use of these common restriction endonucleases allows the comparison of data of various 
laboratories. Several VNTR loci are suitable for RFLP analysis with these restriction endonucle- 
ases. For example, HaellI presents several advantages for forensic RFLP analysis. It recognizes a 
four-base sequence, 5-GGCC-3,, and cleaves the DNA between the internal G and C residues of 
the recognition site (GG/CC). Hinfl recognizes a five-base restriction site, and Pst recognizes a 
sixcbase restriction site, Hypothetically, four-base restriction sites are likely to occur more often 
than five- and six-base restriction sites in the human genome. Thus, Haelll restriction sites occur 
more frequently than Hinfl and Pstl sites. Asa result, HaelII-cleaved DNA fragments are smaller 
than those of Hinfl and Pstl. The HacIII-generated VNTR allele sizes are easier to separate using 
conventional agarose gels, also called analytic gel electrophoresis. After electrophoresis, a smear 
of various sizes of DNA fragments can be observed. The analytic gels then processed for Southern 
transfer. Moreover, the enzymatic activity of HacllI is not affected by the methylation of human 
genomic DNA. Its enzymatic activities also appear unaffected when a reaction proceeds under 
nonoptimal conditions. Additionally, low star activity is observed (Section 19.1.5.2.2). 


19.1.2 Southern Transfer 
Also known as Southern blotting, this technique was named after Sir Edwin Southern, who 
developed it in the United Kingdom in the mid-1970s. The method can be used to transfer 


19.1 Restriction Fragment Length Polymorphism 


DNA from an agarose gel to a solid matrix so that it can be detected with a hybridization probe 
(Section 19.1.3). This method is still used today in many research laboratories. Prior to the trans- 
fer of DNA, the DNA in the gel must be denatured, under alkaline conditions such as treatment 
with sodium hydroxide, into single-stranded DNA. The single-stranded DNA in the gel is then 
transferred by capillary action to a solid matrix such as a piece of nylon membrane. The single- 
stranded DNA fragments transferred can be immobilized on a nylon membrane by an ultravio- 
let cross-linking process (Figure 19.4, 


19.1.3 Hybridization with Probes 

A hybridization probe of RFLP isa small segment of labeled DNA that is usually several hundred 
toa thousand bases in length containing the VNTR sequence. Itis utilized to detect the presence 
of much longer target DNA sequences, in this case the VNTR sequences that are complementary 
to the nucleotide sequences of the probe. The probe is first denatured by heating or by exposure 
to alkaline conditions into single-stranded DNA. The hybridization process allows complemen- 
tary pairing between the probe and the target sequence. Two types of probe techniques were 
developed for VNTR analysis: the multilocus probe and single-locus probe techniques. 


19.1.3.1 Multilocus Probe Technique 
‘The multilocus probe (MLP) technique can detect multiple VNTR loci simultaneously 
(Figure 19.5). Some VNTRs in the human genome share a short GC-rich core sequence of 
10-15 bp. The MLP consists of this core sequence and hybridizes to multiple VNTRs that share 
these core sequences. As result, the utilization of MLP produces a complex bar-code-like band 
pattern from alleles of multiple VNTR loci (Figure 19.6). 

‘The MLP technique was pioneered by Sir Alec Jeffreys in 1984 at the University of Leicester in 
the United Kingdom and was called DNA fingerprinting. Because of its excellent discriminating 
power, the method was used for parentage testing in immigration disputes with great success. 
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Figure 19.4 Southern blotting. DNA in agarose gel is denatured into single-stranded DNA and 
transferred toa solid-phase membrane where the single-stranded DNA is immabilized by ultraviolet 
cross-linking. (@ Richard C. Li.) 


357 


US 2006/0072226 Al 


[0039] Referring to the top view perspective FIG. 13, 
Sitting on the wide bench, the remote viewer can adjust his 
sight along the wedge for proper alignment at an angle of 
60°. Due to the 1.50 index of refraction of Plexiglas, the 
spiritual eye is diffracted across the edge of the first panel 
‘and then refracted across the second panel atthe tetrahedral 
angle of 35.26", 
[0040] Referring to FIG. 14, the remote viewing image is 
seen superimposed on the large sheet of Plexiglas which acts 
as the viewing sereen, 
1 claim: 
1. A remote viewing station comprising: 
(a)a rectangular box frame made of wood having a length 
Of six feet, a width of four feet and a height of six feet; 
(b) a large sheet of quarter inch Plexiglas, having an index 
of refraction of 1.50, mounted on the right side of item, 
(lay, 
(©) several wedge-shaped clear plastic spacers, three 
inches in width and eight and a half inches in length, 
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having a wedge angle of 30° that are mounted on the 
interior right side of item (1b); 

(a) a shorter sheet of quarter inch Plexiglas, having a 
length of one and a half feet, mounted on item (1c) 
parallel to item (1b); 

() a wide bench on which the remote viewer sis so that 
the remote viewer can align his sight along the wedge 
angle of item (Ie); 

2. A remote viewing amplifier that 

(@) diffracts the spiritual eye of the remote viewer across 
the edge of item (1d) at an incident angle of 60° to the 
normal 

(b) refiacts the spiritual eye at 35.26° to the normal due 
to the refractive index of item (1a) according to Snell's 
Law of Refraction; and. 

(c) aligns the spiritual eye with the tetrahedral geometry 
of subspace due to the diffraction'refraction combina- 
tion of item (2a) and (26). 
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Figure 19.5 VNTR analysis using the MLP method. The technique can detect multiple VNTR loci 
simultaneously. Restriction sites are indicated by arrows. (@ Richard C. Li.) 


Probe: 33.15 Probe: 33.6 
XMBUUU MBUUU 


Figure 19.6 First application of DNA fingerprinting. The MLP method was used to analyze samples 
for an immigration case. M, mother, U, three undisputed children; B, male child in dispute; X, an 
Unrelated individual. All bands in B can be traced back to M or U. (From Jeffreys, A.J., Nat Med, 
11, 1035, 2005. With permission.) 


However, one of the disadvantages of the MLP approach is that the interpretation of a mixed 
DNA sample from more than one individual is nearly impossible due to its complex DNA finger 
printing patterns, Therefore, MLP analysis was not widely utilized in forensic DNA laboratories. 


19.1.3.2 Single-Locus Probe Technique 

To resolve the disadvantages encountered in the MLP technique, probes that recognize the 
genomic DNA at the flanking regions of specific VNTR loci can be used. The probe only hybrid- 
izes to a single VNTR locus and the technique is called the single-locus probe (SLP), as depicted 
in Figure 19.7. SLP generates a simple pattern called a DNA profile, consisting of one band for a 
homozygote and two bands for a heterozygote per locus. In order to improve the discriminating 
power of the test, SLP analyses of different VNTR loci can be performed by using different probes 
sequentially with a single locus at one time. SLP can analyze mixed DNA samples from two or 
more contributors. The sizes of fragments can be estimated and converted into a numerical form 
suitable for databasing, Therefore, DNA profiles can be compared among different laboratories. 


19.1 Restriction Fragment Length Polymorphism 


sup 
Figure 19.7 VNTR analysis using the SLP method. The technique can detect a single VNTR locus. 
Restriction sites are indicated by arrows. (© Richard C. Li.) 


‘This technique led to the solving of a double murder case in Leicestershire in the 1980s. The 
case was the first to apply DNA evidence to a criminal investigation. DNA profiling identified 
the true perpetrator and also excluded an innocent suspect (Figure 19.8). In 1983 and 1986, 
two girls were raped and murdered. Crime scene evidence suggested that the two cases were 
committed by the same perpetrator. A young local man, Richard Buckland, was the suspect. 
However, the DNA evidence revealed that the semen samples from both crimes did not originate 
from Buckland, To solve the crimes, an investigation was carried out in which $000 local men 
were asked to volunteer DNA samples for testing, Several months after the investigation, a wit 
ness tipped off police that a man named Pitchfork had paid someone for giving a blood sample 
as Pitchfork’s. In 1987, Pitchfork was arrested. It was discovered that Pitchfork’s DNA profile 
matched that of the crime scene evidence. He was sentenced to life imprisonment. This case 
demonstrated the great potential of DNA profiling in forensic investigations. Consequently, SLP 
became a common method in most forensic laboratories in the late 1980s-1990s. 


19.1.4 Detection 
‘To detect VNTR loci, a labeled SLP probe is hybridized to the target sequence of DNA, which 
has been immobilized on a solid matrix such as a piece of nylon membrane (see Southern 
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Figure 19.8 First application of DNA profiling ina criminal investigation using the SLP method. A, hair 
roots from the first victim; B, a mixture of semen and vaginal fluid from the first victim; C, blood from 
second victim; D, a vaginal swab from the second victim; E, a semen stain on clothing from the second 
Victim; S, blood from the suspect. Alleles (arrows) are matched with the profiles of the two cases but 
rot with the suspect profile, (From Jeffreys, A.J., Nat Med, 11, 1035, 2005. With permission.) 


Forensic Biology, Second Edit 


transfer, Section 19.1.2). Any unbound probes are washed away so that they do not interfere 
with the signal. Two types of detection systems are used for VNTR analysis. Radioisotope 
labeling, such as with a "P-labeled probe, can be used. The hybridized probe can be detected by 
exposing the membrane toa sheet of x-ray film to generate an autoradiograph. Alternatively, an 
enzyme-conjugated probe can also be used. Alkaline phosphatase (Section 9.2.2) isan example 
of an enzyme used in this type of probe. Its enzymatic activity can be detected with chemilu. 
minescent substrates. A chemiluminescent signal can be detected by exposure to x-ray film as 
well. 

In RFLP analysis, several loci are commonly analyzed sequentially using the same mem- 
brane. This approach has the advantage of not consuming additional DNA samples, which 
are ofien limited in forensic cases. When probing for multiple loci, multiple probes for each 
locus are sequentially hybridized and removed one at a time. Once the analysis of the first 
probe is completed, the probe is removed by a procedure called probe stripping, which is car 
ried out under conditions such as high-temperature washing to denature the DNA strands 
(Chapter 17). he probe for the next locus to be analyzed is then hybridized to the same 
membrane, and the process is repeated for each probe to be tested. 

‘Typically, a size standard is utilized on each gel. Band sizes can thus be estimated by com 
parison to these standards. However, the VNTR alleles that differ by only one or two repeat 
units are usually not distinguishable. For this reason, genotypes can be determined by bins 
but not discrete alleles. A bin is a range of DNA fragments that differ by only a few repeat 
units, A sample with a known VNTR genotype is also utilized on each gel as a positive con- 
trol where historically a genomic DNA sample from cell line K562 (a human erythroleukemic 
cell line) was used for the positive control, DNA samples to be compared can be loaded side 
by side on the same gel. As a result, the patterns of VNTR fragments can be compared from 
sample to sample, The following possible conclusions can be made, If the VNTR fragments 
are at corresponding positions (profiles match), they are considered to bea match (inclusion). 
Chapter 25 evaluates and discusses the strengths of the results. If the profiles are different, 
the two DNA samples are considered to have come from different origins (exclusion). 


19.1.5 Factors Affecting RFLP Results 

‘The accuracy of VNTR profiling results can be affected by certain factors such as sample 
conditions, genetic mutations, and experimental artifacts appearing during the procedure. 
Consequently, these factors can impact data interpretation and are explained in the following 
sections. 


19.1.5.1 DNA Degradation 

RELP analysis requires the genomic DNA to be intact. DNA degradation results in damage 
such as creating nicks and breaks in the strand. The more severe the degradation, the smaller 
the average size of the DNA fragments. When the average size of DNA fragments becomes too 
small, the allele may not be detected. Many VNTR tandem arrays can span several kilobases in 
length. In theory, large alleles are more likely to be affected by degradation than smaller alleles 
ata different locus. 

‘A two-banded heterozygous profile can be observed as a one-banded homozygous pro: 
file if the larger band is not detected due to degradation. This artifact could lead to a false 
determination of exclusion. However, DNA degradation can be detected prior to conducting 
RELP by the use of agarose gel electrophoresis, also known as a yield gel, used for evaluating 
the yield and integrity of the isolated genomic DNA. High-molecular-weight genomic DNA 
bands are usually observed for a typical genomic DNA sample. In contrast, a smear of low- 
molecular-weight DNA bands can be observed if DNA is degraded. The sizes of the DNA can 
be estimated by comparison to a size standard run on the same gel. Additionally, the yield of 
DNA can be estimated by comparing the intensity of the size standards with a known quan. 
tity of DNA. 
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19.1.5.2 Restriction Digestion-Related Artifacts 

19.1.5.2.1 Partial Restriction Digestion 

Complete restriction digestion should be achieved for RFLP analysis. If partial digestion occurs, 
the partially cleaved DNA strands are longer than the cleaved fragments (Figure 19.9), Thus, 
partial digestion results in a mixture of fragments with correct sizes and slightly larger frag 
ments. Under these conditions, a larger uncleaved band, usually lower in intensity than the true 
bands, can be observed. The multibanded pattern due to the partial digestion can be observed at 
multiple loci analyzed in the same nylon membrane. 

Detection of more than two bands in an RFLP profile may lead to a false interpretation and be 
incorrectly concluded to be a mixture. However, partial digestion can be detected after restric 
tion digestion. DNA cleavage by restriction endonuclease digestion can be examined using aga- 
rose gel electrophoresis. A small portion of a sample can be analyzed. After separation using 
electrophoresis, a smear of various sizes of cleaved DNA fragments can usually be observed if 
restriction digestion is completed. Conversely, high-molecular-weight genomic DNA can still 
be observed from partially digested DNA samples. Additionally, comparisons can be made 
between the sample and uncleaved and completely cleaved standard samples of DNA. This quick 
assay is also called a test gel, used to determine if the DNA was cleaved to completion. 

If partial digestion occurs, procedures such as additional purification of the DNA sample can 
be carried out. Additionally, optimal amounts of DNA, restriction enzymes, buffer, and proper 
incubation conditions should be used in achieving complete digestion. 


19,1.5.2.2 Star Acti 
Star activity refers to a deviation of the specificity ofa cleavage site ofa restriction endonuclease 
under certain conditions, such asa high concentration ratio of enzyme to DNA, the use of non- 
optimal buffers for restriction digestion, prolonged digestion time, the substitution of Mg®* with 
other divalent cations, and the presence of organic solvents such as ethanol and concentrated 
glycerol, For instance, HaelII cleaves at the GGCC DNA sequence. When star activity occurs, 
the enzymatic specificity is reduced and cleaves at a sequence slightly different from GGCC. 
If the start site is presented at an internal location of a VNTR locus, the enzyme would cleave 
the GGCC sequences and additionally cleave at the internal star site (Figure 19.10). This would 
result in an additional band smaller than the true alleles, although the intensity of this band is 
usually not the same as other bands. Thus, a multiband pattern is observed. However, the star 
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Figure 19.9 Effects of partial restriction digestion on the RFLP profile. Only the restriction fragments 
detectable by the probe are shown. Haelll restriction sites are indicated by arrows, (© Richard C. Li.) 
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Figure 19.10 Star effects on RFLP profiles, Only the restriction fragments detectable by the probe 
are shown, Haelll restriction sites and star sites are indicated by arrows. ( Richard C. Li.) 
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site presented externally to a VNTR locus cannot be detected by the probe and does not affect 
the profiling results. Star activity can usually be avoided by carrying out restriction digestion 
reactions under conditions recommended by their manufacturers. 


19.1.5.2.3 Point Mutations 
A point mutation is caused by the substitution, deletion, or insertion ofa single nucleotide. Point 
mutations at a restriction site within flanking regions may abolish the site, and the result is a 
band slightly larger than the true allele (Figure 19.11). The point mutation may also be present 
internally in a VNTR sequence. If such a point mutation creates a restriction enzyme site, the 
enzyme will cleave at the regular site and at the mutation site and yield two smaller bands. If 
the created restriction site is located internal to the probe binding region, both bands will be 
detected for that allele, These rare mutations obey Mendelian inheritance. 


19.1.5.3 Electrophoresis and Blotting Artifacts 
19.1.5.3.1 Partial Stripping 

If more than one VNTR locus is analyzed sequentially using the same membrane, a probe must 
be removed by the stripping process before the application of the next probe. Any probe remain- 
ing on the membrane due to partial stripping may generate additional bands when the next 
probe is analyzed. However, bands due to partial stripping are usually faint and have the same 
electrophoretic mobility as the previous autoradiograph. 


19.1.5.3.2 Separation Resolution Limits and Band Shifting 


Agarose gel electrophoresis cannot resolve restriction fragments that differ by one or a 
few repeat units, especially for high-molecular-weight fragments. These bands may not be 
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Figure 19.11 Effects of point mutations on the RFLP profile, Only the restriction fragments detect- 
able by the probe are shown, Haelll restriction sites are indicated by arrows. (a) Point mutation (in 
red) abolishes the Haelll restriction site, (b) A point mutation (in red) creates an internal Haelll 
restriction site residing within the probe-binding region. (c) A point mutation (in red) creates an 
internal Haelll restriction site residing outside the probe-binding region. (@ Richard C. Li.) 
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separated and will appear as a single band, This may lead to a false interpretation as a homo- 
zygous profile. Additionally, minor variations in the electrophoretic mobility of DNA frag 
ments, known as band shifting, can cause two samples from the same individual to appear 
different. 


19.1.5.3.3 Bands Running off Gel 
‘The commonly used VNTR loci generate bands from hundreds of base pairs to 20 kb in 
length. The small bands have higher electrophoretic mobility and may run off the front edge 
of a gel during electrophoresis and fail to be detected. This phenomenon may also lead to a 
false interpretation as a homozygous profile. To prevent these DNA fragments from running 
off the gel into the buffer tank, a longer gel can be used, Alternatively, the electrophoresis can 
be stopped before the dye front, the furthest extent that dyes migrate, reaches the front edge 
ofthe gel. 


19.2 Amplified Fragment Length Polymorphism 

‘The RFLP analysis of VNTR profiling does not perform well for degraded or limited quanti 
ties of DNA from crime scene samples. For these reasons, an improved VNTR method was 
developed. Some VNTR loci have relatively short alleles (<1 kb). These loci are suitable for PCR 
amplification. This technique is called amplified fragment length polymorphism (AFLP). One 
loctis, D1S80, was used by forensic DNA laboratories for AFLP analysis. Fragments in the range 
of 14-42 repeat units (16 bp per repeat) were amplified using the AFLP method (Figure 19.12). 
‘The amplified DNA fragments were commonly separated according to size using polyacryl 
amide gel electrophoresis and detected using a silver stain (Figure 19.13). 

DIS80 loci are detected as discrete alleles and thus can be compared directly to an allelic 
ladder (a collection of common alleles used as a standard) on the same gel. This technique rep- 
resented an improvement over the RFLP system. RELP allele sizing cannot be performed with 
precision and the resolution limits of agarose gel electrophoresis are much lower than those of 
the polyacrylamide gels 

‘The AFLP technique requires less DNA than the RFLP method and performs better for 
degraded samples. The AFLP method at the D1S80 locus can be analyzed in a multiplex fashion 
with an amelogenin locus (Chapter 21). The amelogenin gene is used for forensic sex-typing 
applications. Typing the amelogenin gene enables the determination of the sex of the contribu. 
tor of a biological sample, 

Due to the wide variation in allele sizes at the D1S80 locus, preferential amplification may be 
observed. Under certain conditions, the larger alleles may not be as consistently amplified as the 
small alleles, which may cause lower signal intensity of the larger allele. Additionally, only one 
locusis analyzed in this system. Furthermore, the D1S80 locus contains two alleles that are very 
common in some populations. Thus, the discriminating power is reduced compared to RFLP. 
D1S80 was gradually replaced by multiplex STR systems in the late 1990s, 
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GAGGACCACCAGGAAG 


Figure 19.12 VNTR locus D1S80 (chromosome 1p). Each repeat unit is 16 bp long. PCR primers 
are indicated to amplify the core repeat region. 
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Figure 19.13 AFLP analysis. (a) Heterozygous DIS80 loci amplified by PCR. PCR primers are indi- 
cated as arrows. (b) Silver stained polyacrylamide gel showing D1S80 amplicons along with allelic 
ladders. (@ Richard C. Li.) 
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Autosomal Short Tandem 
Repeat Profiling 


A short tandem repeat (STR) isa region of genomic DNA containing an array of short repeating 
sequences. STRs are also called microsatellites or simple sequence repeats. A STR repeat unit 
can be several base pairs (bp) in length. Arrays range from several to approximately a hundred 
repeat units, which are the component of repetition. The number of STR repeat units varies 
among individuals. The most commonly used STR loci are 100-500 bp in length, which are 
shorter than the smallest variable number tandem repeats (VNTRs) (approximately 1000 bp). 
“Thus, STR loci have many advantages compared to VNTR loci: 


STR loci can be amplified by PCR. 

% STR profiling can be carried out for degraded DNA samples. 

3 Preferential amplification is reduced at STR loci 

3 The resolution of electrophoretic separation of STR fragments is superior. 
STR loci are suitable for multiplex amplification, 


Additionally, STR profiling, as with VNTR profiling, is suitable for the interpretation of 
mixed DNA profiles from multiple individuals. Thus, STR loci are better candidates for forensic 
DNA testing than VNTR loci. This chapter will discuss autosomal STR profiling. Male-specific 
Y chromosomal STR will be discussed in Chapter 21 


20.1 Characteristics of STR Loci 

More than 10° STRs exist in the human genome. Many STRs have been characterized and used 
in various types of studies such as genetic mapping and linkage analysis, Some STRs have been 
characterized specifically for forensic DNA profiling 


20.1.1 Core Repeat and Flanking Regions 

“The core repeat region of each STR locus contains tandemly repeated sequences, The designation 
of genotypes for human identification is based on the number of tandem repeat units at a STR 
locus, which varies among human individuals (Figure 20.1). The flanking regions surrounding 
the core repeat region are also needed for STR analysis. PCR primers complementary to these 
flanking regions are used, allowing the core repeat regions to be amplified. 
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Figure 20.1 Core repeat and flanking regions of CSF1PO STR locus. It consists of eight repeating 
Units of tetrameric nucleotides (TAGA); thus, itis designated as allele 8. (© Richard C. Li.) 


20.1.2 Repeat Unit Length 

Repeat unit length isthe number of nucleotides ina single repeat unit. Dimeric, trimeric, tetrameric, 
pentameric, and hexameric repeat units appear in the human genome. For example, dimeric and 
trimeric repeats are very abundant, but they are not usually used for forensic applications. High fre 

quencies of stutter peaks (Section 20.4.2.1) that interfere with genotype interpretation are observed 
when dimeric and trimeric repeats are amplified. On the contrary, only a few thousand pentameric 
repeats and a few hundred hexameric repeats exist in the human genome. The pentameric and 
hexameric repeats are very polymorphic. Only a few pentameric and hexameric repeats are used 
for forensic applications because they are less abundant in the human genome. The human genome 
has atleast 10° tetrameric repeats representing approximately 9% of the total STRs, The STRs with 
tetrameric repeats are very polymorphic. When they are amplified by PCR, this category of STRs 
exhibits fewer frequencies of stutter peaks than STRs with dimeric and trimeric repeats. Therefore, 
the most commonly used STR loci for forensic DNA profiling are the STRs with tetrameric repeats. 


20.1.3 Repeat Unit Sequences 

STR loci compatible for forensic use can be divided into several classes based on their repeat unit 
sequences. Figure 20.2 shows representative examples of core repeat sequences. Simple repeats con- 

sist of tandem repeats with identical repeat unit sequences (Figure 20.2a). Allele designation is 
based on the number of repeat tnits in the core repeat region. For example, a DSS8I8 allele consist 

ing of ten repeating units of the tetrameric nucleotide sequence AGAT is designated as allele 10. 
Compound repeats consist of more than one type of simple repeat (Figure 20.2b). Complex repeats 
contain several clusters of different tandem repeats with intervening sequences (Figure 20.2c) 
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Figure 20.2 Examples of core repeat sequences. (a) A simple repeat in which D5S818 [AGAT],. 
js designated as allele 10, consisting of 10 repeating units of the tetrameric nucleotides, AGAT. 
(©) Compound repeats. Allele 14 of DBS1179 consists of two types of repeating units: [TCTAL, 
[ICTGh, and [TCTAl:. (c) Complex repeats. Allele 24 of D21S11 contains several clusters of if- 
ferent tandem repeats, [TCTAl,, [TCTGJ,, and [TCTAJ,, with a 43 bp intervening sequence: [TCTAI, 
TATTCTAl, TCA [TCTA], TCCATA. (© Richard C. Li.) 
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Nonconsensus alleles with partial repeat units also appear in the population. These noncon 
sensus alleles, also known as microvariants, differ from common alleles by one or more nucleo- 
tides. They are designated by the number of consensus repeats, followed by a decimal point and 
the number of nucleotides of the partial repeat, for example, the THOI allele 9.3 is 1 nucleotide 
shorter than allele 10. 

Another type of nonconsensus allele can result from a limitation of STR analysis. These alleles 
have the same number of tandem repeats as common alleles but contain different sequences. 
“These microvariants cannot be distinguished by STR profiling because their length is identical 
to the lengths of common alleles. 


20.2 STR Loci Commonly Used for Forensic DNA Profiling 

In the early 1990s, STR loci were initially utilized for genetic studies and were later applied 
to forensic DNA profiling, ‘The first STR multiplex system, known as the quadruplex, was 
developed by Forensic Science Services in the United Kingdom. It consisted of four STR loci 
(FI3A1, FES, THO1, and VWA) with a population match probability (P,,) of 10~* (Figure 20.3). 
P,, measures the discriminating power of an STR locus used for forensic DNA analysis. The 
lower the P,, (ie., the higher the discriminating power), the less likely a match will occur 
between two randomly chosen profiles from different individuals (Chapter 25). In 1995, the 
first national DNA database was established in the United Kingdom. It contained six STR loci, 
also known as the second-generation multiplex (SGM), consisting of D8S1179, DI8SS1, D21S11, 
FGA, THO1, and VWA, with a P, value of 10-7. The SGM system also included the amelogenin 
locus (Section 21.3.1) for determining the sexes of DNA contributors. Subsequently, four addi. 

tional loci were added to SGM with a P,, as low as 10" (SGM Plus). 

‘To allow for international data exchange, the European DNA Profiling Group (EDNAP) rec 
ommended the use of THO] and VWA loci for all participating European laboratories in 1996. 
In 1998, the European Standard Set (ESS) of loci was established and included THO1, VWA, 
FGA, and D2ISII for forensic use in Europe. Thereafter, D3S1358, D8S1179, and D18S51 loc 
were added to the ESS. Other loci are used as well, such as SE33, which is used in Germany's 
database. In 1998, the US Federal Bureau of Investigation established the Combined DNA Index 
System (CODIS). It contains 13 core STR loci plus the amelogenin sex-typing locus with a P,, 
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Figure 20.3 DNA profile obtained using the first STR multiplex system: the quadruplex. F13AL, 
FES, THOL, and VWA loci are shown. (© Richard C. Li.) 
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Table 20. 


CSFIPO 


FGA 


THOL 


POX 


SE33/ 
ACTBP2 


DIS1656 
028441 
281338 
381358 
Dss818 
78820 
8s1179 
plosi248 
128391 
138317 
D16S539 
D18ss1 
198433 
paisi1 
02281045 


Common STR Loci 


Repeat Motif 
TAGA 


{erTT tecTT1 


AATG 


TGAA 


AAG 


(cTG] ETCTAL 


(TAGA] [TAGC] 
[TCTAI [TCAAL 
(ace) rrTcc} 
(cTGIETCTAL 
AGAT 

GATA 

(TCTAI [TcTG) 
GGAA 

[AGAT] [AGACI 
TaTC 

GATA 

AGAA 

[AAGGI [TAG] 
(ICTAl [TcTG) 
aT 


Repeat 
Category 


Simple 


Compound 


Simple 


Simple 


Complex 


Compound 


Compound 
Compound 
Compound 
Compound 
Simple 
Simple 
Compound 
Simple 
Compound 
Simple 
Simple 
Simple 
Compound 
Complex 
Simple 


Cytogenetic 
Map Location 
on Chromosome 


5933.1 


4931.3 


11p15.5 


2p25.3 


6ql4 


12p13.31 


1942.2 
2pl4 
2935 

3921.31 

5923.2 

72111 

824.13 
1oq26 

12p13.2 
1331.1 
1624.1 

1821.33, 
19ql2 

2ig21.4 

22q12.3 


Distance 
from pter 
(Mb) 


149.4 


155.5 


22 


15 


89 


61 


125 
827 
86.4 
60.9 
30.4 
20.6 
375 


Source: Ensembl Homo sapiens version 75.37 (GRCh37). Mb, megabase, 
* Locus is not mapped to the assembly in the current Ensembl database, 
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Intron 6 of 
cfms 
protooncogene 


Intron 3 of 
fibrinogen a 
chain gene 


Intron 1 of 
tyrosine 
hydroxylase 
gene 

Intron 10 of 


thyroid 
peroxidase gene 


5! Flanking 
sequence of 
factin-related 
pseudogene 2 
gene 

Intron 40 of von 
Willebrand 
factor gene 


‘Anonymous 
‘Anonymous 
‘Anonymous 
Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
Anonymous 
‘Anonymous 
‘Anonymous 


20.2 STR Loci Commonly Used for Forensic DNA Profiling 


of 10°, As the database grows rapidly, the chances of finding incidental matches among DNA 
profiles are increasing. Recently, additional loci have been added to CODIS and ESS core loci 
to reduce the likelihood of adventitious matches, as well as to facilitate international data shar 
ing among law enforcement agencies and to improve the discrimination power of forensic STR 
analysis. 

Commonly used ST Teel charactertved for forensic DNA profiling ae summarized in 
‘Tables 20,1 and 20.2. To achieve low P,, in forensic STR profiling, desired STR loci should pos 
sess certain characteristics as described below. First, the alleles of STR loci selected should be 
highly variable among individuals. Second, if more than one locus is selected, the loci should 
not be linked to each other or inherited together (Section 21.2). The STR loci utilized are usually 
located at different chromosomes to ensure that they are not linked. However, loci that are far 


TABLE 20.2 Core STR Lo 


[TABLE 20.2 corestRtoct 
[tocus [sam] sam pus [ess] ss-tntensed ] coors | conis-txtended | 
a 98 a Fy 


Amel a 
CSFIPO a 
D1si656 a 
28441 a a 
0281338 a a 
0381358 a a a a a 
Dss818 a a 
78820 a 
D8si179 a a a a a 
1081248 a a 
128391 a 
0138317 a 
168539 a a a 
018851 a a a a cc] 
198433 a a 
p21s11 a a a a 
2281045 2 
bys391 a 
FGA a a a a a 
THOL a a a a 
TPOX a 1 
vwa a a a co] a 
SE33 3 


Source: Hares, D.R., Forensic Sci Int Genet, 6, €135, 2012; Gill, P., et al., Forensic Sci Int, 
156, 242-244, 2006, 
1, minimum required loci; 1-3, recommended loci in ranked order of preference. 
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enough apart on the same chromosome can still be used (Figures 20.4 and 20.5), since they are 
not linked. Additionally, STR loci with fewer amplification artifacts such as stutter products are 
desired. Stutters can complicate the interpretation of profiles derived from a mixed DNA sample 
from more than one contributor. Moreover, STR loci with short amplicon (amplified product) 
lengths are preferred for multiplex STR analysis and the testing of degraded DNA samples. 
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Figure 20.4 Cytogenetic map showing the locations of STR markers on chromosome 5. CSF1PO 
and D5S818 are separated by 26 Mb (megabases). (© Richard C. Li.) 


(19476 Mb) 


Penta 


(43.88 Mb) 


Figure 20.5 Cytogenetic map showing the locations of STR markers on chromosome 21. D21S11 
and PentaD are separated by 24 Mb (megabases). (© Richard C. Li) 
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20.3 Forensic STR Analysis 

STR loci are amplified using fluorescent dye-labeled primers. A multiplex STR system utilizes 
multiple fluorescent dyes to label each amplicon. The amplicons are separated via electrophoresis 
“The different fluorescent dye colors are resolved by the detector, and the signals corresponding 
to each DNA fragment are identified using specialized computer software. The data collection 
process generates an electropherogram that shows a profile of peaks corresponding to each DNA 
fragment. The positions of these peaks represent the electrophoretic mobility of the DNA frag- 
ments. A small fragment, migrating faster than a large one, peaks earlier in the electropherogram 
than a longer fragment. The DNA fragments are sized by comparison to an internal size standard 
(Figure 20.6; Chapter 8). Figure 20.7 summarizes the work flow ofa forensic STR analysis. 
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Figure 20.6 Electropherogram of GeneScan!™ 500 size standard (Applied Biosystems). RFU 
represents relative fluorescence unit. (@ Richard C. Li) 
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Figure 20.7 Capillary electrophoresis separation of amplified STR products. Fluorescent dye~ 
labeled amplification products are separated and subsequently detected. Various fluorescent dye 
colors are resolved by the detector. The peaks corresponding to each DNA fragment are identified 
(@ Richard C. Li) 
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‘The area or amplitude of the peak, expressed as relative fluorescence units (RFU) 
(Section 9.3.1.3), reflects the fluorescent signal intensity. The RFU value of peak height is pro- 

portional to the amount of DNA amplicons being analyzed. When the RFU value is very low, it 
is difficult to distinguish a signal from background noise. The manufacturer of commonly used 
instruments for forensic DNA analysis recommends 150 RFU as the threshold of detection. 
Peaks below 150 RFU should be interpreted with caution. Some forensic laboratories use lower 
thresholds, as low as 50 RFU, based on their own validation studies. In contrast, when the RFU 
value is too high, it saturates the sensitivity of an instrument as well as causing artifacts such as 
pull-up signals (Section 20.4.3.1). The maximum RFU allowed is usually 6000 RFU. 


20.3.1 Determining the Genotypes of STR Fragments 

As noted earlier, electropherograms are usually plotted as fluorescent signal intensity (in RFU) 
‘versus the sizes of the DNA fragments. The data in an electropherogram can then be converted 
into a genotype. The genotype for a specific STR locus is defined as the number of repeat units of 
the allele. STR genotype data generated from different laboratories can be compared easily and 
are suitable for databasing, 

‘The genotype is determined by using an allelic ladder, which is important to achieve accurate 
genotype profiling, An allelic ladder is a collection of synthetic fragments corresponding to com- 
mon alleles observed in the human population for a given set of STR loci (Figures 20.8 and 20.9). 
“The ladders are compared to data obtained from an electropherogram of a questioned sample to 
determine the genotype. Thus, each allele in a ladder must be resolved properly in order to deter 
mine correct STR alleles for a sample. The sizes of DNA fragments of a sample are correlated to 
sizes of fragments for each allele in an allelic ladder in order to determine the allele designation 
(genotype) of a questioned sample (Figures 20.10 and 20.11). Ifa rare allele fails to match alleles 
within an allelic ladder, itis considered an off-ladder allele. If an off-ladder allele is present, the 
sample should be reanalyzed. The presence of a rare allele can be confirmed by repeating the elec 
trophoresis process based on the characteristic electrophoretic mobility of the rare allele. 


20.3.2 Interpretation of STR Profiling Results 

General guidelines for the interpretation and the reporting of STR profile results were set by the 
Scientific Working Group on DNA Analysis Methods (SWGDAM) and the DNA Commission 
of the International Society of Forensic Genetics (ISFG). Typically, conclusions are categorized 
as inclusion, exclusion, or inconclusive result 


20.3.2.1 Inclusion (Match) 

Peaks of compared STR loci, such as those between the profiles of suspect and crime scene evi 
dence or victim and crime scene evidence, show identical genotypes. The strength of this conclu. 
sion can be evaluated via statistical analysis and is usually cited in the case report (Chapter 25). 


20.3.2.2 Exclusion 
“The genotypes of two or more samples differ, and the profile of the sample is determined to be 
an exclusion, meaning that the profiles originated from different sources. 


20.3.2.3 Inconclusive Result 
“The data do not support a conclusion of inclusion or exclusion. In other words, insufficient infor- 
mation is available to reach a conclusion. 


20.4 Factors Affecting Genotyping Results 
‘A number of genetics-, amplification-, and electrophoresis-related factors may alfect the accu. 
racy of genotypic profiles. 
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Figure 20.8 Electropherogram of the allelic ladder of the AmpFISTR® COfiler® PCR Amplification Kit 
(Applied Biosystems). AMEL, CSF1PO, 0381358, D7S820, D16S539, THOL, and TPOX loci are shown, 
(@ Richard C. Li) 


20.4.1 Mutations 

STR loci with low mutation frequencies are desired, in particular, for human identification in 
mass disasters and for missing person and paternity cases. However, STR mutations do occur, 
which can affect the profiling results. 


20.4.1.1 Mutations at STR Core Repeat Regions 

Mutations, usually resulting in a gain or a loss of a single repeat unit, are observed at STR loci. 
If mutation occurs in the germ cells (cells that form gametes), the mutant allele will be trans- 
mitted to and be present in all cell types of the progeny. This type of inheritable mutation in 
germ cell lineage is called a germ-line mutation. The frequency of germ-line mutation can be 
measured by the mutation rate, expressed as the number of mutations per generation (germ-line 
transmission). The average mutation rate of commonly used STR loci is about 10~t mutations per 
germ-line transmission. However, the mutation rate may vary among different STR loci. 
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Figure 20.9 Electropherogram of the allelic ladder of the AmpFISTR® Identifiler* Plus Kit (Applied 
Biosystems). AMEL, CSF1PO, D2S1338, D3S135, DSS818, D7S820, D&S1179, D13S317, D16S539, 
18851, 0198433, D21S11, FGA, THO1, TPOX, and VWA loci are shown. (© Richard C. Li.) 
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Figure 20.10 Individual DNA profile (Coffer). The genotype of the DNA profile is shown. AMEL: 
X,X. CSFIPO: 10, 12. D3S1358: 14, 15. D1I6S539: 11, 12. D7SB20:10, 11. THOL:B, 9.3. TPOX: 
8, 8. (© Richard C. Li) 


In contrast, somatic mutations involve the mutation of only somatic cells. The germ cells are not 
affected, and thus a mutant allele isnot transmitted to the progeny. A somatic mutation occurring 
at the core repeat region of an STR locus can be detected and compared to the wild-type allele, The 
ratio of the signal intensities of the wild-type and mutant alleles varies, depending on the number 
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Figure 20.11 Individual DNA profile (Identifiler). The genotype of the DNA profile is shown. AMEL: 
X, X. CSFIPO: 10, 10. D2S1338: 22, 23. 0381358: 15, 15. DSSB18: 12, 13. D7S82\ 
DBS1179: 13, 15. D13S317: 12, 12. D16S539: 10, 11. D1BS51: 16, 17. D19S433: 12, 12. 
D21S11: 28, 29. FGA: 9, 22. THO): 7, 7. TPOX: 8, 9. VWA: 17, 17. (© Richard C. Li.) 


of mutation-carrying cells in the tissue, Somatic mutations are usually tissue specific. STR profiles 
from different tissues of the same individual can be compared if somatic mutation is suspected, 


20.4.1.2 Chromosomal and Gene Duplications 
Duplicating one of the homologous chromosomes results in a total of three copies of a particular 
chromosome. This condition, called trisomy, is rare and often associated with genetic diseases 
such as Down's syndrome (chromosome 21 duplication). Duplications have also been observed 
in chromosomes 13, 18, and X. Other anomalies include duplication of a portion of a chromo- 
some and a single or group of genes instead of an entire chromosome. 

‘A duplication bearing a mutation within the STR core repeat region can affect the number of 
tandem repeat units. Ifthe duplicated locus is mutated, a triallelic or three-peaks pattern can be 
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detected ata single locus, but not a loci located at other chromosomes in a multiplex STR profile 
(Figure 20.12). The three alleles usually have equal signal intensity (peak amplitude or peak 
area). Triallelic patterns at STR loci commonly used for forensic DNA analysis have been docu: 
mented. Many occur at the TPOX, FGA, and CSF1PO loci. If the duplicate locus is not mutated, 
only two alleles will be observed in a heterozygote. However, the ratio of the peak amplitude of 
the alleles will be 1:2 (one copy vs. two copies including the duplicate) at that particular locus. 
However, STR profiles at the loci located at other chromosomes are not affected 


20.4.1.3 Point Mutations 

Point mutations involve the changing of a nucleotide sequence through nucleotide substitu: 

tion, insertion, or deletion. Insertion or deletion mutations affect the lengths of the core repeat 
regions and the amplified flanking regions of STR loci and thus affect STR profiles. Nucleotide 
substitution mutations (except those residing within the primer-binding regions) do not affect 
the length of DNA and thus do not affect STR profiles. 

However, mutations occurring at the primer-binding sequences of the flanking regions of 
STR loci may affect genotype results. Ifa mutation at a primer-binding sequence prevents the 
primer from annealing to the template, this leads to a complete failure of the amplification of 
the allele. This phenomenon is known as a mull allele or silent allele (Figure 20.13). To over 
come the consequences of a null allele, an alternative primer annealing to a flanking region 
away from the mutated sequence can be used. Additionally, a primer with the sequence that is 
complementary to the known mutation can also be used, If the mutation does not completely 
prevent the primer from annealing but reduces the efficiency of the amplification, the resulting 
signal intensity of the allele is usually decreased. This problem may be solved by modifying the 
condition of amplification for the mutant allele. 
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Figure 20.12 Tallele. In this example, the triallele is observed only at D21S11 and not at other 
STR loci. (© Richard C. Li.) 
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Figure 20.13 Null allele. An allele present in the sample failed to be amplified by one of the primer 
sets as a result of a rare mutation at the primer-binding sequence of the flanking region: (a) wild 
type and (b) mutation. (@ Richard C. Li.) 
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20.4.2 Amplification Arti 
20.4.2.1 Stuttering 

‘A stutter is a minor allele peak, also known as a stutter peak, whose repeat units are shorter or 
longer than the parental allele peak (Figure 20.14). Less stuttering is observed with pentam 
eric and hexameric repeat unit loci compared to shorter repeat unit loci. ‘The loci that contain 
complex repeat sequences usually exhibit reduced stuttering. At a given STR locus, large alleles 
appear to yield more stutter than smaller alleles. 

Commonly observed stuttersare one repeat unit shorter than the parental allele. It is believed 
that stuttering is due to the slippage of polymerase, which may have occurred during amplifica~ 
tion reactions (Figure 20.15). Stutters with repeat units longer than the parental allele peak can 
also be observed, but are very rare. The stutter ratio is defined as the area of the stutter peak 
divided by the area of the parental peak. The stutter ratio is usually less than 0.15. A ratio of 
greater than 0.15 should be interpreted with caution due to the potential presence of DNA from 
more than one contributor. 
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Figure 20.14 Stutter products. (® Richard C. Li.) 
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Figure 20.15 Proposed mechanism for stutter products. During the DNA synthesis step of PCR 
amplification, 2 DNA polymerase slips, and a region of the primer-template complex becomes 
unpaired, causing the template strand to form a laop. The consequence of this one-repeat loap is a 
shortened PCR product smaller than the template by a single repeat unit. (© Richard C. Li.) 
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20.4.2.2 Nontemplate Adenylation 

During PCR amplification, DNA polymerase often adds an extra nucleotide, usually an adenos. 

ine, to the 3-end of an amplicon. Such a phenomenon is referred to as a nontemplate addition 
resulting in an amplicon that is one base pair longer than the parental allele (designated the +A 
peak), as shown in Figure 20.16. Asa result, an amplicon has both the -A amplicon, which cor 

responds to the size of the parental allele, and the +A amplicon, which represents the amplicon 
with the nontemplate addition. To simplify the analysis, the most commonly used multiplex 
STR kits utilize amplification conditions that favor the adenylation of amplicons. Thus, most 
amplicons in a sample contain an additional adenosine at the 3’ end (+A peak). However, partial 
nontemplate addition can occur when too much DNA template is utilized in PCR amplification. 
Asa result, a mixture of -A and +A peaks is usually observed. 


20.4.2.3 Heterozygote Imbalance 
Heterozygote imbalance occurs when one of the alleles has greater peak area or amplitude than 
the other allele within the same locus in which the two alleles of a heterozygote are compared 
(Figure 20.17). It is believed that heterozygote imbalance may arise if the DNA sample contains 
unequal copies of DNA template of the two alleles for the heterozygote, or the two alleles ofa het 
erozygote are unequally amplified, a condition known as preferential amplification. Preferential 
amplification usually refers to an event where a smaller allele is amplified more efficiently than 
larger ones. As a result, the presence of heterozygote imbalance interferes with the interpreta. 

tion of samples with a DNA mixture derived from more than one contributor. 


20.4.2.4 Allelic Dropout 
Allelic dropout occurs when an allele, usually one of the heterozygote alleles, fails to be detected. 
“To date, our understanding of what causes the dropout is very limited. The occurrence of allelic 
dropout can be the result of an extreme situation of preferential amplification or heterozygote 
imbalance, Additionally, certain mutations leading to amplification failure (Section 20.4.1.3) 
can cause allelic dropout. 


DNA size (bp) 
100 no 120 0 140 150 


6000 


4000 a 


RFU 


3000 A 


2000 


Gu 
ry 


Figure 20.16 Nontemplate adenylation. OL represents the off-ladder allele. (© Richard C. Li.) 
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Figure 20.17 Heterozygote imbalance. The signal intensity of ane allele is greater than that of the 
other allele within the same locus. (© Richard C. Li.) 


20.4.3 Electrophoretic Artifacts 

20.4.3.1 Pull-Up Peaks 

A pull-up peak occurs when a minor peak of one color on an electropherogram is pulled up from 
a major allelic peak in another color (Figure 20.18) when the colors have overlapping spectra. 

For example, a green peak may pull up a yellow peak, or a blue peak may pull up a green peak. A 
pull-up peak may contribute to the inaccuracy of a profile ifthe position of a pull-up peak cor 

responds to the position of an allele. A pull-up peak often occurs when a sample is overloaded or 
a matrix file (a spectral calibration) is not updated. Thus, loading a proper amount of sample or 
installing an appropriate matrix file can prevent the occurrence of pull-up peaks. 


20.4.3.2 Spikes 

Spikes are sharp peaks, with similar signal intensities, that are present in all color panels of an 
electropherogram (Figure 20.19). Spikes are caused by air bubbles and urea crystals in the capil 
lary of an electrophoretic platform. Voltage spikes can also contribute to spike peaks. The spikes 
are electrophoretic artifacts and are not reproducible. Thus, electrophoresis can be repeated to 
verify that the spikes occurred in a previous electrophoresis result. 


20.5 Genotyping of Challenging Forensic Samples 

20.5.1 Degraded DNA 

Environmental exposure, such as high humidity and temperature, of biological evidence can 
lead to DNA degradation such as the breaking of DNA molecules into small fragments. The 
more severe the degradation, the more intensive the fragmentation. In forensic DNA analysis, 
the size range of STR amplicons is usually 100-500 bp in length. When a sample experiences 
some degradation, large alleles are less likely to be amplified than small alleles (Figures 20.20 
and 20.21). Asa result, the dropout of large alleles often occurs, leading to a partial DNA pro- 
file or even a failure in obtaining a DNA profile. To address this issue, the PCR primers can be 
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Figure 20.18 Pull-up peaks. The peaks with overlapping spectra observed in the top and middle 
panels ate not observed in the bottom panel. (© Richard C. Li.) 
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Figure 20.19 Spike peaks can be observed in various intensities. (© Richard . Li.) 


385 


Forensic Biology, Second Edit 


DNA size (bp) 
150 200 250 300 Ro 
Dssii79Daisit D7sa0 ——-CSFLPO. 
J | Il 
DNA size (bp) 
150 2200 250 300 Ho 
Dssii79 aust psa CSELPO. 


Figure 20.20 Diagram of STR profiles of samples: without DNA degradation (top) and with degra- 
dation (bottom). Arrow: allelic dropout. (@ Richard C. Li.) 


redesigned to anneal more proximally to the STR core repeat region than standard STR primers, 
yielding small amplicons also known as miniSTRs. Using the miniSTR strategy, more alleles 
can be detected in degraded DNA samples than using the standard STR primers. 


20.5.2 Low Copy Number DNA Testing 

Low copy number (LCN) DNA analysis involves the testing of very small amounts of DNA 
(<100 pg) in a sample. LCN DNA analysis is often needed for samples derived from evidence 
such as fingerprints and tools and weapons handled by perpetrators. STR analysis of extremely 
ow levels of human DNA can be achieved by increasing the number of PCR cycles (e.g.,increas- 
ing from 28 to 34 cycles) to improve the yield of amplicons, thus improving the sensitivity of 
the analysis. 

However, this approach also increases the appearance of artifacts that can make interpreta- 
tion difficult, For instance, the occurrence of allele dropout, heterozygote imbalance, and stut- 
tering is frequently observed in LCN DNA analysis. Additionally, allele drop-in can arise from 
contamination. The phenomenon of allele drop-in is usually not reproducible. In an LCN DNA 
analysis, genotypes can be determined if identical alleles can be detected from two independent 
amplification reactions. 


20.5.3 Mixtures 

Samples of DNA from two or more contributors are commonly encountered in forensic cases 
such as sexual assaults in which the evidence recovered from a victim is mixed with a suspect's 
bodily fluids (Figure 20.22). The interpretation of DNA profiles of mixed stains is known as 
‘mixture interpretation, which is described below: 

1. To determine the presence of a mixture: First, determine whether the source of the 
DNA in the sample came from one or more individuals by examining the number of 
alleles at multiple loci. The characteristics listed below usually indicate a mixture: 

a. Severe heterozygote imbalance. 
'b, Stutter ratio above 0.15 
©. Presence of three or more alleles per locus at multiple loci. 
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Additionally, caution should be taken to distinguish the presence of a mixture and various 

artifacts such as stutters and nontemplate adenylation, 

2. To determine the genotypes of all alleles and to identify the number of contributors: 
Note that the maximum number of alleles at any given locus is two per individual. In 
the case of homozygous or allele overlap, the number of alleles observed can be less 
than two per individual, 


3. To estimate the ratios of the contributions: Determine the relative ratios of the con- 
tributions to the mixture made by each individual by comparing the peak areas or 
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Figure 20.22 DNA profiles of mixed bodily fluids. (a) DNA profile of mixed stains from evidence, 
(b) DNA profile of the victim. (@ Richard C. Li.) 
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Figure 20.22 (Continued) (c) DNA profile of the suspect. 


4. To consider all possible genotype combinations: This may be done by pair-wise com- 
parisons to determine the allele combinations that belong to the minor contributor 
and those that belong to the major contributor. 


5. To compare reference samples: The final step is to compare the genotype profiles with 
the genotypes of reference samples from a suspect and victim. If the DNA profile 
of the suspect's reference sample matches a major or minor component of the mix- 
ture, the suspect cannot be excluded as a contributor. 


Detailed guidance for basic steps in mixture interpretation is provided in a number of pub- 
lished guidelines. For example, the Interpretation Guidelines for Autosomal STR Typing by 
Forensic DNA Testing Laboratories was recently established by the Scientific Working Group 
on DNA Analysis Methods (SWGDAM), which provides direction on DNA profiling and mix 

ture interpretation. Additionally, guidance for the statistical evaluations of the mixture analysis 
results is also provided. 
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Sex Chromosome Haplotyping 
and Gender Identification 


21.1 Y Chromosome Haplotyping 

21.1.1 Human ¥ Chromosome Genome 

‘The ¥ chromosome is inherited from the father and is passed on to all male offspring; this is 
known as patrilineage (Figure 21.1). Thus, the Y chromosome is unique to males. The chromo- 
some encodes dozens of genes required for male-specific functions, including sex determination 
and spermatogenesis. The human Y chromosome genome contains approximately 59 million 
base pairs (bp) and likely contains 50-60 genes. The Y chromosome can be divided into two 
regions: the pseudoautosomal region and the male-specific Y region (Figure 21.2), 


211.11 Pseudoautosomal Region 
“The pseudoautosomal regions (PARs) are homologous nucleotide sequences that are present on the 
X and Y chromosomes. There are two PARs on each X and Y chromosome: PARI and PAR2. In 
the Y chromosome, PAR! is located on the terminal region of the short arm. The PARI comprises 
2,6 Mb. Twenty-four genes have been identified within the PARI. The PAR2 of the Y chromosome is 
located at the tip of the long arm. The PAR2 comprises 320 kb, with only four genes identified so far. 
‘The PARs play an important role in proper segregation of the X and Y chromosomes dur- 
ing meiosis. During meiosis in males, the PARs allow the Y chromosome to pair with the X 
chromosome. Crossing over and recombination (Chapter 25) within the PARs of the X and Y 
chromosomes can occur. As a result, males can inherit an allele originally present on the PARs 
of the X chromosome, and females can inherit an allele originally present on the PARs of the Y 
chromosome. In particular, PAR1 plays a major role in X-¥ chromosome pairing, The deletion 
of PARI results in failure of pairing and leads to male infertility. PAR2 is much shorter than 
PARI, and thus shows a lower frequency of pairing than PARI. The deletion of PAR2 exhibits 
less severe phenotypes than that of PARI. 


21.1.1.2 Male-Specific Y Region 

‘The remainder of the ¥ chromosome is known as the male-specific ¥ (MSY) region. It was pre 
ously called the nonrecombining ¥ (NRY) region. The bulk of this region does not participate in 
homologous recombination. However, certain sections involve intrachromosomal gene conver 
sion, which is the nonreciprocal transfer of genomic DNA between a pair of repeated genes on 
a single chromosome; in this case, the Y chromosome. About 40 megabases (Mb) within the 
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Figure 21.1 Human family pedigree showing inheritance of the ¥ chromosome. Females and males 
are denoted by circles and squares, respectively. Red symbols indicate individuals who inherited the 
same ¥ chromosome. 
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Figure 21.2 Human ¥ chromosome structure. PAR, the pseudoautosomal region; MSY, male-specific ¥ 
region; ¥,, the short arm of the ¥ chromosome; ¥, the long arm of the ¥ chromosome. (@ Richard C. Li.) 


MSY region are heterochromatic (highly repetitive sequences) including the centromeric region 
and the bulk of the distal long arm. The euchromatic region, which comprises transcriptional 
active genes, is approximately 23 Mb. Certain sections of the euchromatic region share some 
homology with the X chromosome. For instance, X-transposed sequences of the Y chromo: 

some are 99% identical to sequences within Xq2I (a band in the long arm of the X chromo- 

some). The X-transposed sequences are the sequences, a total of approximately 3.4 Mb in length, 
that were transposed from the X chromosome to the Y chromosome several million years ago. 
Additionally, dozens of genes located in the euchromatic region share 60%-96% homology with 
their X chromosome counterparts, ‘The regions sharing homology with the X chromosome 
should be avoided when selecting Y chromosome-specific markers for forensic DNA profiling 


21.1.1.3 Polymorphic Sequences 

“The ¥ chromosome contains an abundance of polymorphic markers, DYF15SS1, also known as, 
MSY1, is the first characterized variable number of tandem repeats (VNTR) or minisatellite at 
the human Y chromosome, It consists of an array of AT-rich repeats at 25 bp per unit repeat. 
“The DYF1SSS1 locus is highly polymorphic. The unit repeat sequence varies through base sub- 
stitution. At least five different variant types of unit repeat sequences exist. Additionally, the 
numbers of these units also vary, ranging from 50 to 115 repeats. Thus, the length of alleles range 
from approximately 1200 to 2800 bp. DYF15SSI is of considerable interest as a potential marker 
in forensic testing. However, the analysis method is labor intensive, making it difficult to imple- 
‘ment in forensic casework, such as the investigation of sex crimes. Moreover, many single nucle. 
otide polymorphisms (SNPs) and mobile elements exist at the Y chromosome. However, the 
discrimination power of SNPs and mobile elements is considerably less than that of ¥ chromo- 
some short tandem repeats (Y-STRs). To date, Y-STRs are usually used for Y chromosome DNA 
testing due to the high-throughput analysis and good discrimination power (Section 21.1.2). 
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21.1 Y Chromosome Haplotyping 


21.1.2 Y-STR 

Y chromosome loci are very important for forensic DNA profiling, and this chapter will discuss 
such applications. For instance, the Y-STRs used in forensic DNA testing are male specific (for 
humans and certain higher primates) and are thus useful in the investigation of sexual assault 
cases involving male suspects. The evidence gathered in such cases usually consists of a mixture 
of high levels of female DNA and low levels of male DNA. The Y chromosome-specific loci can 
be examined without interference from large amounts of female DNA; differential extraction of 
sperm and nonsperm cells may not be needed. Furthermore, the Y-STR system is useful for deter 
mining the numbers of unrelated male perpetrators in sexual assault cases. The Y-STR loci used 
for forensic applications are located in the nonrecombining section of the Y chromosome so that 
patrilineage can be established. The technique can be used for paternity testing and the identifica 
tion of missing persons. Finally, data interpretation can be simplified by the use ofa single allele 
per Y-STR locus profile at most loci. Reference databases are available for estimating Y-STR hap- 
lotype frequencies among various human populations for statistical analysis of profiling results. 

‘The major disadvantage of Y-STR loci is that their discriminating power is lowerthan that of 
autosomal loci, Because ¥ chromosome loci are linked, the product rule for statistical calcula 
tions for profile probability does not apply. Chapter 25 discusses the statistical evaluation of the 
strength of the matches, Also, the current Y-STR profiling cannot distinguish individuals with 
the same patrilineage. 

‘More than 400 STR loci have been identified in the Y chromosome genome. ‘The precise 
locations of these loci have been sequentially mapped using human genome sequencing data. 
Most Y-STR loci, approximately 60% of the 400 identified, are located on the long arm of the 
chromosome; about 22% are located on the short arm and a few are found in the centromeric 
region (Figure 21.3). Y-STRs in the telomeric region have yet to be identified. Only about 5% 
of Y-STRs are located within 5’ untranslated or intron regions of protein-coding genes. The 
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Figure 21.3 Human cytogenetic map of the Y chromasome. The Y-STRs and positions are shown 
(b=megabase). Cytogenetic pattems with alternating dark and light bands are shown. (© Richard C. Li.) 
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Figure 21.4 Human Y-STRs with different repeat unit length. About 400 Y-STRs have been ident 
fied and categorized according to repeat unit length. (Adapted from Hanson, E.K. and Ballantyne, J, 
Leg Med (Tokyo), 8, 110, 2006.) 


repeat unit lengths of identified Y-STRs have been analyzed. Among the 400 Y-STRs, 6% are 
dimeric repeats, 39% are trimeric, 45% are tetrameric, 9% are pentameric, and 1% are hexameric 
(Figure 21.4), 

Fewer than half of the Y-STRs have been characterized. Some loci are polymorphic and are 
useful for forensic applications and developing new Y-STR multiplex systems. Since homologous 
recombination does not occur on the majority of the Y chromosome, alleles of Y-STR loci are 
linked (inherited together); they are referred to as haplotypes. As a result, the discrimination 
power of Y-STRs is much lower than that of autosomal STRs. The most commonly used Y-STR 
loci for forensic testing are described below. 


21.2.1 Core Y-STR Loci 
In 1997, the European minimal haplotype locus set, also known as the minimal haplotype loci, 
was recommended by the International Y-STR User Group for forensic applications (Table 21.1; 
Figure 21.5). This haplotype set includes a core set of nine Y-STR loci: DYSI9, DYS385a and b, 
DYS3891, DYS38911, DYS390, DYS391, DYS392, and DYS393, In 2003, two additional loci were 
recommended by the Scientific Working Group for DNA Analysis Methods (SWGDAM) for 
forensic DNA analysis, The SWGDAM loci include the European minimal haplotype loci plus 
two additional loci: DYS438 and DYS439 (Table 21.1) 

‘The application Y-STR for forensic casework has been expanded with additional Y-STR 
markers. The use of Y-STR loci has been facilitated by commercially available PCR amplification 


Table 21.1 Common Y-STR Core Loci 
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Figure 21.5 Electropherogram of Y-STR profile using an early generation af multiplex of four loci. 
‘The genotype of the DNA profile is shown (DYS19: 14. DYS3891: 10. DYS389II: 26. DYS390: 24). 
(© Richard C. Li) 


kits in multiplex Y-STR systems. To improve discriminating power, multiplex systems including 
new Y-STR loci are desired. Many new Y-STR loci are being characterized for developing new 
multiplex systems. Commercially available kits with more Y-STR loci are now available and have 
been validated for forensic use (Table 21.2; Figures 21.6 and 21,7). Some of the additional Y-STR 
loci are highly discriminating, allowing for further distinction between unrelated male indi 
viduals, Additionally, Y-STR loci, such as DYS570 and DYS576, with high mutation rates (see 
rapidly mutating Y-STR locis Section 21.1.2.3) are included, which are useful for the discrimina- 
tion of related individuals. 


21.1.2.2 Multilocal Y-STR Loci 
DYS385 and DYS389 are multilocal ¥-STR loci (MLL). The MLL designation refers to the pres 
ence of a particular STR at more than one site on the Y chromosome due to duplication. To 
date, about 50 such MLL Y-STRs have been identified. Further MLL subdivisions are designated 
bilocal, trilocal, and so on. DYS385 and DY$389 are bilocal 

‘The DYS385 locus has two inverted duplicated clusters and is separated by a4 10'bp inter 
tial region (Figure 21.8). It can be amplified by a single set of primers. One allele is observed if the 
duplicates are the same length, If the duplicated clusters have different lengths, they can generate 
two different alleles when amplified. The smaller allele is designated “a” and the larger allele is 
designated “b.” Moreover, the DYS389 locus has two duplicated clusters with the same orienta: 
tion (Figure 21.9) In a single set of PCR primers, there are two binding sites for the same forward 
primer at each 5’ flanking sequence of the core repeat region of DYS389. These binding sites 
between DYS3891 and DYS389II are about 120 bp apart. Therefore, two amplicons are produced. 
DYS3891 is designated for the smaller allele, and DYS389I is designated for the larger allele. 


21.1.2.3 Rapidly Mutating Y-STR 

Current Y-STR loci implemented in forensic casework have adequate resolution of males from 
different patrilineages. However, most Y-STR sets have limited abilities to differentiate related 
males who belong to the same patrilineage. Thus, current forensic Y-STR profiling is not able to 
exclude patrilineal relatives of the suspect. Recently, rapidly mutating Y-STR (RM Y-STR) loci 
have been identified and characterized. The mutation rates of RM Y-STR are above 10°, which 
is considerably higher than the average mutation rates of Y-STRs, The average mutation rate for 
the majority of the Y-STRs characterized, including the core Y-STR loci currently used in foren- 

sic casework, is approximately 10-!-10-' per generation, Due to the high mutation rates, RM 
Y-STRs can improve patrilineage resolution. For use in forensic casework, the RM Y-STR loci 
have potential abilities to differentiate both paternally related and unrelated males. 
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21.2 X Chromosome Haplotyping 

X-chromosomal STR (X-STR) profiling is a useful tool in kinship testing in forensic investiga 

tions. For example, males under usual circumstances have only one X chromosome; thus males 
are hemizygous for the X-STR loci on the X chromosome. Homologous recombination between 
the X and Y chromosomes is restricted to the homologous PARs (Figure 21.2). The paternal X 
chromosome is inherited by daughters as haplotypes. Thus, father-daughter kinship is easier to 
determine using X-STRs than autosomal STRs. In females, there are two copies of the X chro- 

mosomes. Homologous recombination can occur between two X chromosomes in the mother- 
child transmission, Although it is possible to determine mother-child kinship using X-STR 
analysis, the level of certainty is less than that of father-daughter kinship analysis. Nevertheless, 
sharing of rare X-STR haplotypes can strengthen an indication of kinship. The most useful 
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Figure 21.8 MLL Y-STR locus DYS385. At the DYS385 locus, note the two inverted duplicated 
regions of the Y chromosome with an interstitial region of 40 kilobases (kb), These inverted regions 
can be amplified with a single pair of primers (indicated by arrows) in one PCR reaction. The allele 
designations are described in the text. (© Richard C. Li) 
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Figure 21.9 MLL Y-STR locus DYS389. At the DYS389 locus, note the two duplicated regions of 
the Y chromosome with the same orientation. These duplicated regions can be amplified with a sin- 
gle pair of primers (indicated by arrows) in one PCR reaction. The allele designations are described 
in the text. (© Richard C. Li.) 


application of X-STR profiling, however, is in situations where autosomal STR profiling fails to 
determine kinship with high levels of certainty, and where Y-chromosomal or mitochondrial 
DNA profiling results are inconclusive. 

‘Many X-STR loci have been identified spanning the entire human X chromosome, Increasing 
the number of X-STR loci to be analyzed in the inherited region would increase the degree of 
certainty in determining kinship. However, it is necessary to take into consideration the link 
age between X-STR loci on the X chromosome. Based on Gregor Mendel’s first law, the different 
alleles of two loci segregate independently. This is definitely true for loci localized on different 
chromosomes. The segregation can also be observed for loci located on the same chromosome, 
including the X chromosome, due to homologous recombination and meiotic crossing-over. 
Generally speaking, the farther apart the two loci are on the chromosome in physical distance, 
the more likely those loci are to segregate independently. When two loci are very close to each 
other, the alleles of the two loci are inherited together as a haplotype, Therefore, including addi 
tional closely linked STR loci does not necessarily improve the discrimination power in kinship 
analysis. 

ommblousveoedbication evento xt diiron glans of the penome may actus with aide 
ent probabilities. Thus, the tightness of linkage between two X-STR loci cannot be accurately 
measured based on the physical distance. In order to determine how closely two different loci are 
linked, the recombination fraction (or recombination frequency) can be used, which is the per 
centage of recombinants resulting from chromosomal crossover between two loci during meio: 
sis among all the offspring, The recombination fraction reflects how often the loci are inherited 
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together or how ofien they are separated. The recombination fraction ranges from 0% to 50%. 
‘The minimum recombination fraction is 0, indicating perfect linkage (no recombinants). The 
maximum is 50%, meaning complete independence of the two loci (they are actually located on 
different chromosomes or on the same chromosome with great distance between them). 

Multiplex X-STR assays have also been developed. Commonly used X-STR loci can be grouped 
into linkage groups. Each linkage group is presumably transmitted independently from one another. 
‘These loosely linked loci can be treated as if they were located on different chromosomes. The dis 
tribution of alleles at these X-STR loci should be in accordance with the Hardy-Weinberg principle 
(Chapter 25). Within each linkage group, the occurrence of recombination is negligible. Thus, loci 
within groups are generally considered as closely linked and are thus treated as a haplotype. 


21.3 Sex Typing for Gender Identification 

Sex typing of a biological sample is useful in forensic investigation. For example, the applica 

tion of sex typing facilitates the identification of the victim and the offender's DNA evidence in 
sexual assault cases and the remains of victims in mass disasters or missing persons investiga 

tions. One commonly used sex-typing marker is the amelogenin (AMEL) locus. The use of mul- 

tiplex PCR systems with an additional amelogenin marker, a non-STR marker, leads to potential 
gender determination. 


21.3.1 Amelogenin Locus 
‘This region encodes extracellular matrix proteins involved in tooth enamel formation 
(Table 21.3). Mutations in the AMEL gene can lead to an enamel defect known as amelogen- 
esis imperfecta. Amelogenesis imperfecta is a disorder that causes abnormal formation of 
tooth enamel in both primary and permanent teeth. The formed tooth enamel is soft and thin; 
therefore it is easily damaged. The AMEL locus has two homologous genes: AMELX (Xp22.2) 
is located on the human X chromosome (Figure 21.10) and AMELY (Yp11.2) is located on the 
human Y chromosome (Figure 21.11) Although the genes constitute a homologous pair, they 
differ in size and sequence. The coding sequence of the AMELX gene has a size of 2872 bp and 
the AMELY gene has a size of 3272 bp in length. 

‘The most commonly used sex-typing method at the AMEL locus is the detection of a 6 bp 
deletion at intron 3 of AMELX (Figures 21.12 and 21.13). This deletion is not present in AMELY, 
Sex typing can be performed using primers specifically amplifying the region of the AMEL locus. 
Primer sets were developed to amplify both alleles in a single PCR, The two most commonly 


Table 21.3. Sex-Typing Makers and Homologous Genes on the Human X and Y 
Chromosomes 


Chromosomal ] Dis ‘am Chromosomal ] Distance from 
Gene Symbol | Location | Xpter(Mb) | Gene Symbol | Location | Ypter (Mb) 


Source: Ensembl Homo sapiens version 75.37 (GRCh37). Mb, megabase. 
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Figure 21.10 Cytogenetic map af the human X chromosome and sex-typing loci shown with physi- 
cal positions (Mb=megabases). Cytogenetic patterns with alternating dark and light bands are 


shown. (© Richard C. Li.) 
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Figure 21.11 Cytogenetic map of the human ¥ chramasome and sex-typing laci shown with physi- 
cal positions (Mb=megabases). Cytogenetic patterns with alternating dark and light bands are 
shown. (© Richard C. Li.) 


Exon Intron 


Figure 21.12 Structure of human AMELY gene, Exons 1 through 7 and introns 1 through 6 are 
numbered. (© Richard C. Li.) 
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Figure 21.13 Sex typing using AMEL markers. A 6-bp deletion in intron 3 is present in AMELX but 
rot in AMELY and can be resolved using electrophoresis as described in the text. (© Richard C. Li.) 


used amelogenin primer sets generate amplicons of 106 and 112 bp or 212 and 218 bp for 
AMELX and AMELY loci, respectively. ‘The amplicons generated from AMELX and AMELY are 
separated by electrophoresis. The observation of the AMELX fragment alone indicates a female, 
whereas the observation of both AMELX and AMELY fragments indicates a male (Figure 20.8). 
‘Nevertheless, DNA from primates and some rudiments can be amplified as well, but the ampli 

con sizes vary. The AMEL locus has been coamplified with other markers to provide a combined 
sex and identity test. Such combined tests have been used in historical D1S80 AFLP profiling 
(Chapter 19) and various current STR multiplex analyses. 

Cases of AMELY null mutations have been reported where only the AMELX fragment 
is detected in AMELY null males. Many of them are phenotypically normal but present the 
AMELX sex types of females. Various interstitial deletions at the Y chromosome short arm and 
point mutations within the primer-binding sites have been identified as the possible cause of 
some AMELY null sex typing, The frequency of AMELY null males is rare, but is higher in Sti 
Lanka and India, However, the mutations may lead to incorrect identification of sex if the muta. 
tions occurred in the DNA evidence of criminal investigations such as sexual assaults or in the 
identification of human remains in mass disasters. In the case of a female individual, an AMELX 
mutation, which is rare, usually affects one copy of AMELX; however, the wild-type copy of the 
AMELX is detected. Thus, the AMELX mutation is less problematic in females than the AMELY 
mutation in sex typing in males. 


21.3.2 Other Loci 

‘To solve the incorrect identification problem with null AMEL mutations, additional candidate 
genetic markers are used in combination with AMEL analysis (Table 21.3). One useful marker 
is the sex-determining region Y (SRY) gene located on the Ypli.31 of the Y chromosome. SRY 
encodes a transcription factor that plays a role in the regulation of sex determination toward 
male development. The SRY protein contains a DNA-binding domain known as the HMG box. 
SOX3, an SRY-related HMG box-containing gene, has been identified at Xq27,1 of the X chromo- 
some, which shares sequence homology with SRY. SR¥-specific amplification is achieved using 
SRY-specific primers. 

Another marker is the TSPY locus located on YpiL.2 of the ¥ chromosome. The TSPY locus 
encodes the testis-specific protein Y-encoded gene that is only expressed in the testis and may 
play a role in spermatogenesis. The TSPY structural gene is approximately 20 kb in length, con- 
sisting of 6 exons and 5 introns. The TSPY gene has multiple copies. A single Y chromosome 
contains several dozen copies of TSPY genes that are organized as a tandem array. The TSPY 
gene cluster shows copy number variation (CNV) between individuals in a population ranging 
from 23 to 64 copies. DYSH4 is a marker utilized for the characterization of the TSPY locus. The 
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DYSI4 locus includes the partial sequence of the first exon and intron of the TSPY gene and 
shares approximately 98% sequence homology with other members of the TSPY gene cluster. 

‘A TSPY-like (TSPYL) gene has been identified on the short arm of the X chromosome and is 
designated as TSPYL2. TSPYL2 is a single-copy gene per X chromosome and is 6.3 kb in length, 
consisting of 7 exons and 6 introns. TSPYL2 shares homology with TSPY, Additionally, several 
TSPYL genes have been identified on the autosomes. Primers are designed to amplify TSPY only 
and not amplify TSPYL2 and other TSPYL gene sequences. The sensitivity of detecting TSPY, 
due to multiple copies, can be considerably higher than any single copy genetic maker such as 
SRY. 

Furthermore, the DXYS156 locus, located at the pseudoautosomal region of both X and 


phic pentanucleotide STR. The DXYS156 Y alleles have an addit 
repeat units of STR. Thus, the DXYS156 Y alleles can be distinguished from the DXYS156 X 
alleles because of the insertion, Additionally, the DXYS156 alleles are ethnically distributed. 
‘The DXYS156 profiling may potentially indicate the ethnic origin of an individual as an inves 
tigative lead, 

* oceover, the steroid ellatne (978) gone encodes nn ennyroe that oatalyves the convertion of 
sulfated steroid precursors to biologically active steroids such as estrogens and androgens. The 
STS gene is located on the distal part of the short arm of the X chromosome within Xp22.31, The 
STS gene is 146 kb in length, consisting of 10 exons and 9 introns, The size of exons is between 
120 and 160 bp long. However, the sizes of introns vary greatly, ranging from 102 bp to 35 kb. 
“The entire coding sequence of the STS gene is 1542 bp in length. Deletions and point mutations 
of the STS gene have been associated with X-linked ichthyosis, a skin disease that affects males. 
“There is an STS pseudogene, 100 kb in length, on the long arm of the Y chromosome known as 
STSPI, Although STSPI shares some sequence homologies with the STS gene, the pseudogene 
does not encode a functional gene. Primer sets are designed to amplify the target sequences 
within the first intron (35 kb in length) of the STS gene and its homologous SSP! pseudogene 
sequence. Although the homology of these target sequences of the STS gene and STSPI pseudo- 
gene is approximately 80%, amplicons with two different sizes are produced to identify STS and 
STSPI alleles for sex typing. 
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22.1 Basic Characteristics of SNPs 

Human genomes contain sequence polymorphisms, which are the variations in nucleotide 
sequences among individuals. One type of sequence polymorphism is called single-nucleotide 
polymorphism (SNP). An SNP constitutes a single-base-pair change originating from a sponta- 

neous mutation that can be a base substitution, insertion, or deletion at a single site. An esti- 
mated 10 million SNPs may exist in the human genome, and among them, over a million SNPs 
have been identified. Thus, SNPs are the most frequent form of DNA polymorphism observed in 
humans. Most SNPs appear in noncoding regions and some SNPs are found in coding regions 
of genes (Figure 22.1) 

“The vast majority of SNPs are biallelic, although very rare triallelic and tetraallelic SNPs 
also exist. Ifan SNP originating from a spontaneous mutation occurs in the germ line, it can be 
inherited by offspring and can spread in the human population. As a result, both the wild type 
(the typical form of an allele occurring in nature) and a mutant allele are produced. This type of 
SNPs referred to as a biallelic SNP. Subsequently, a third mutation, a very rare event, may occur 
at the same nucleotide site. This SNP has a wild type and two different mutant alleles, which 
results in a triallelic SNP. It is also possible that a triallelic SNP is created by introducing two of 
the mutations simultaneously at a single site, which is also a very rare event. 

Generally speaking, there are a number of advantages to utilizing SNP loci as markers for 
forensic applications, First, SNPs are abundant within the human genome; therefore, a suff 
cient number of SNP loci that are suitable for human identification can be selected. Second, in 
SNP analysis, amplified fragments (amplicons) are usually 50-100 base pairs in length and are 
smaller than that in short tandem repeat (STR) analysis (Chapter 20). Therefore, SNP profiling 
can be more useful than STR for analyzing degraded DNA samples in which genomic DNA is 
fragmented (Section 20.5.1), Third, SNP loci have lower mutation rates than STRs andre, there: 
fore, useful for specialized human identification such as paternity testing. Lastly, itis possible to 
achieve high-throughput SNP analysis by utilizing multiplex SNP assays, which are amendable 
for automation. 

‘The application of SNPs for forensic DNA analysis also has some disadvantages, in that SNP 
loci are not as polymorphic as STR loci. It is estimated that the analysis of 50-60 SNP loci is 
needed to achieve a similar level of population match probability (P,,—the lower the P,, the 
less likely a match occurs between two randomly chosen individuals; see Chapter 25) using 13 
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Figure 22.1 SNPs fall into several classes. Most reside in the noncoding regions of DNA and are 
designated as noncoding SNPs (ncSNPs). A subset of neSNPs can also be found in introns. SNPs 
residing in exons are further divided into two types: The synonymous type (synSNP) is an exonic 
SNP that does not change the amino acid composition of the encoded polypeptide. Conversely, 
honsynonymous type (nsSNP) changes the encoded amino acid. SNPs in the promoter regions of 
the genome are known as promoter SNPs (pSNPs). Arrow: transcription start site. (© Richard C. Li.) 


STR loci in CODIS. Moreover, most SNPs are biallelic; therefore, itis difficult to resolve mixed 
DNA profiles when a shared common allele exists in a mixture of more than one individual. 
Furthermore, most DNA databases contain STR profiles instead of SNP profiles, which means 
that itis not possible to carry out a database search for a matching SNP profile in cases where no 
suspect has yet been identified. 


22.2 Forensic Applications of SNP Profiling 

22.21 HLA-DQAT Locus 

“The first use of SNP-based profiling for forensic application involved sequence polymorphisms at 
the HLA-DQA! locus (formerly called the DQa locus). The HLA-DQAI gene isa member of the 
human leukocyte antigen (HLA) family, which contains a large number of genes involved in the 
immune response in humans, The HLA-DQA! locusis located within human HLA gene clusters 
on chromosome 6. The region tested for forensic use is highly polymorphic and is located at the 
second exon of the gene (Table 22.1) 


22.2.1.1 DOvc AmpliType and Polymarker Assays 

‘The SNP profiling of the HLA-DQAL locus was carried out using the DQa Amplitype" kit. It 
was the first commercial kit, developed in the late 1980s by Cetus Corporation in Emeryville, 
CA. The HLA-DQAI panel can distinguish the following: alleles 1 (subtyped as 1.1, 1.2, or 1.3), 
2, 3,and 4 (subtyped as 4.1 and 4.2/4.3, in which the 4.2 and 4,3 alleles are combined and cannot 
be distinguished). Therefore, a total of 28 possible genotypes from combinations of these alleles 
can be distinguished. Although the P,, of this SNP profiling is high (approximately 5x 10), it 
is useful as a preliminary test to quickly exclude suspects. 

In addition to the HLA-DQA! locus, five additional loci—LDLR, GYPA, HBGG, D788, and 
GC—were utilized for forensic application in 1993 (Table 22.1). These loci were included in the 
second generation of the kit known as the AmpliType® PM PCR amplification and typing kit 
(also known as Polymarker), manufactured by Perkin-Elmer (Norwalk, CT). It consisted of one 
panel for the testing of HLA-DQAl and another panel for an additional five loci (Figure 22.2 
Among these five additional loci, LDLR, GYPA, and D7S8 each have two alleles (designated 
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Figure 22.2 Panels of immobilized probes in the Polymarker kit. Top: HLA-DGAl. Bottom: additional 
five loci (LOLR, GYPA, HBGG, D7SB, and GC). C and S represent threshold control dats. (© Richard C. Li.) 


Aand B), while HBGG and GC each have three alleles (A, B, and C). Asa result, the P,, of the 
Polymarker panels decreased to 10 

‘The DNA profiles of the Polymarker system have been accepted in US courts. The Polymarker 
system has a number of advantages, particularly compared to variable number tandem repeat 
analysis (VNTR; see Chapter 19). First, the Polymarker system is a PCR-based method and is 
capable of analyzing a small amount of DNA sample (approximately 2 ng per analysis). Therefore, 
itis more sensitive than the method used in VNTR analysis. Second, the Polymarker system is an 
SNP assay with short amplicon sizes and, therefore, can analyze degraded DNA samples, which 
is not possible in VNTR analysis. Third, the Polymarker system is more rapid and less laborious 
than VNTR analysis. Lastly, the amplicon sizes of alleles at a given locus have identical lengths 
and, therefore, this assay does not exhibit preferential amplification as in amplified fragment 
length polymorphism (Chapter 19). However, the Polymarker system has its limitations com- 
pared to VNTR analysis. For example, compared to the VNTR analysis, the P., of the Polymarker 
system is high, resulting in poor discrimination power in the comparison of two DNA profiles. 
‘Therefore, the Polymarker system is merely useful for excluding a suspect. Moreover, the SNP 
loci utilized in the Polymarker system are less polymorphic than VNTR loci. The limited number 
of alleles per SNP locus makes identifying the components of mixtures more difficult than with 
VNTR analysis in situations when contributors of a mixture sample share common alleles. For 
these reasons, the Polymarker system was replaced by STR profiling in the late 1990s, 
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2.2.1.2 Allele-Specific Oligonucleotide Hybridization 

Both DQa Amplilype” and Polymarker kits utilize the allele-specific oligonucleotide (ASO) 
hybridization technique. This technique analyzes single-nucleotide variations, such as SNPs, at a 
given locus. It is based on the principle that ASO probes, usually 14-17 bases in length, hybridize 
to their complementary DNA sequences to distinguish known polymorphic alleles. ASO probes 
for multiple alleles at several loci can be arranged on the same panel to establish the presence or 
absence of specific alleles in PCR-amplified fragments ofa DNA sample (Figure 22.3). Thus, the 
genotypes can be determined. 

In the DQa Amplilype® and Polymarker kits, the oligonucleotides representing different 
alleles are immobilized to a solid matrix consisting of nylon membrane strips. Each immol 
lized probe at a particular site on the membrane is utilized to detect corresponding SNPs. Since 
the probe rather than the target DNA (as with regular blot format; see Chapter 9) is immobilized 
to the solid phase, the configuration used here is known as a reverse blot format. 

‘The regions of the DNA in question are amplified by PCR. One of each pair of the primers 
is conjugated with biotin at the 5! end (Figure 22.4), Thus, the amplicons are biotinylated for 
purposes of detection. This kit established multiplexing of a six-locus system, allowing simulta 
neous amplification of the HLA-DQA1 locus along with LDLR, GYPA, HBGG, D7S8, and GC in 
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Figure 22.3 Hybridization with ASO. Two probes are incubated with the target DNA containing the 
SNP. Only the perfectly matched prabe-target DNA can hybridize under optimal conditions. 
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| ee PCR product 
Figure 22.4 Amplification of DNA using biotinylated primers. The biotin is conjugated at the 5° 
end of the primer. The amplified products are biotinylated, (@ Richard C. Li.) 
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a single reaction for each sample. Following the denaturation of the PCR product to separate the 
two complementary DNA strands of the amplicons, the biotinylated strands are hybridized to 
the immobilized probes. Hybridization and washing conditions are established to ensure proper 
hybridization of the ASO probe and its target sequence. Unbound amplicons are washed away. 

‘The presence of a PCR product bound to a specific probe can be detected by a colorimetric 
detection system (Figure 22.5). Since the amplicons are biotinylated, a horseradish peroxidase- 
conjugated streptavidin complex is utilized to bind to the biotinylated amplicons. The horse- 
radish peroxidase then catalyzes the oxidation reaction of the colorless substrate, tetramethyl 
benzidine (TMB), into a blue precipitate at a designated location on the membrane strip, allow. 
ing the genotype of the sample to be determined (Figures 22.6 and 22.7). 

“The kit uses a threshold control (C dot in the HLA-DQA! panel and S dot in the panel of the 
other five loci) to distinguish between signal and background noise and to determine whether a 
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Figure 22.5 Reverse blot assay. (a) The probe is immobilized onto a solid-phase membrane 
and hybridized with a biotinylated PCR product having the target sequence. (b) The detection of 
hybridization is carried out by streptavidin (SA) and horseradish peroxidase (HRP) conjugate. (c) 
Colorimetric reaction is catalyzed by HRP using TMB as a substrate. (@ Richard C. Li) 
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Figure 22.6 DNA typing of homozygous alleles at the HLA-DQAI locus using the reverse blot assay 
(Polymarker kt). The genotype of each sample is noted on the right. (@ Richard C. Li.) 
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Figure 22.7 DNA typing of heterozygous alleles at the HLA-DQAI locus using the reverse blot assay 
(Polymarker kit). The representative genotypes of the samples are noted on the right. (@ Richard C, Li.) 


sufficient amount of DNA has been amplified to detect all the alleles present in a sample. If the 
signal intensities of allele dots are greater than or equal to the threshold control, the alleles are 
considered true. If the allele dots are less intense than the threshold control, they are consid- 
ered inconclusive for the determination of full genotypes because an allele may not have been 
detected due to a low level of DNA template. 
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urrent NP Anal 
22.2.2.1 Application of SNP Analysis for Forensic Identification 

‘The applications of SNP analysis for forensic human identification are summarized in 
‘Table 22.2. Autosomal SNP panels can be used for the most common types of forensic test 
ing, including analysis of degraded DNA samples, The SNP panels for mitochondrial DNA 
(mtDNA) profiling are useful for identifying human remains by comparing the DNA pro- 
files in question to those of potential relatives. This approach may serve as an alternative 
method to the DNA sequencing method of mtDNA analysis, which is time-consuming and 
laborious. SNP loci on the Y chromosome are also potentially useful markers for paternity 
testing because of low mutation rates. SNP loci such as ancestry informative markers (AIM) 
can be used to determine the ethnic origins of questioned samples to generate leads for 
investigations. 


Table 22.2 Examples of Forensic Applications of SNP Profiling 
Candidate SNP Loci | Applicaton | Further Reading 


Identity ‘Autosomal SNPs Human identification Kidd et al. (2006); 
Sanchez et al. 
(2006) 


Human identification  Budowle (2004) 
via degraded DNA 


mtDNA SNPS Human identification Grignani et al. 
(2006) 
Y chromosome SNPs Paternity testing Hammer et al 
(2006) 
Biogeographical Ancestry informative Ethnic group Frudakis et al 
origin markers (AIMS) identification (2003); Shriver and 
Kitties (2004) 
Physical MCIR (melanocortin Hair color Grimes et al. (2001) 
characteristics 1 receptor gene) identification 
Ainvestigative lead) 
Pigene has role in Eye color Rebbeck et al. 
pigmentation) identification (2002) 
(investigative lead) 
Pathology KCNH2 (cardiac Detetmining catise of Lunetta et al. (2002) 
potassium channel sudden death from 
gene) cardiac arhythmia 
long GT syndrome 
SCNNSA encodes Determining cause of Burke et al. (2005) 
catdiac sodium sudden death from 
channel gene) cardiac arrhythmia 
long QT syndrome 
Toxicology CYP2C19, CYP206, Investigation of drug _Kupiec et al, (2006) 
CYP3A4, CYP2E1 _overdose (including 


(drug metabolizing death) 
enzyme genes) 
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2.2.2.2 Potential Applications of SNPS for Phenotyping 

One potential application of SNP analysisisin determining phenotypic information, also known 
as phenotyping (Table 22.2). The relevant SNP loci are usually nonsynonymous SNPs (nsSNPs); 
they reside in the exon and change the encoded amino acid, which leads to an altered pheno- 
type. Phenotyping of a questioned sample can reveal physical characteristics of an individual, 
such as hair and eye color, to provide leads for investigations. A number of SNPs residing within 
the melanocortin 1 receptor gene (MCIR) are associated with red hair, fair skin, and freckles, 
while SNPs residing within the P gene, which play a role in pigmentation, are associated with 
eye color variations, 

Phenotyping can also be employed in the area of forensic pathology. Cardiac arrhythmia long 
QT syndrome (LQTS) can cause sudden death. A number of LQTS-associated SNPs—for exam- 
ple, SNPs in KCNH2 and SCNSA genes—have been shown to correlate to such deaths, Thus, 
these SNPs are potentially useful for investigating the causes of death. Finally, phenotyping also 
has applications in forensic toxicology. A number of SNPs in genes, such as CYP2D6, that are 
responsible for metabolizing drugs can serve as potential markers for postmortem investiga 
tions of drug-overdose cases. 


22.3 SNP Techniques 

Over the years, various techniques of SNP analysis have been developed and can be divided 
into several groups based on the mechanisms used: allele-specific hybridization, primer exten: 
sion, oligonucleotide ligation, and invasive cleavage. In allele-specific hybridization, allele dis 
crimination is based on an optimal condition allowing only the perfectly matched probe-target 
hybridization to form. Primer extension methods are based on the ability of DNA polymerase to 
incorporate specific deoxynucleotides (NTPs) complementary to the sequence of the template 
DNA. Allele-specific oligonucleotide ligation is based on the condition that only the allelic probe 
perfectly matched to the target is ligated. In the invasive cleavage method, allelic discrimination 
is based on DNA sequence-specific cleavage by endonucleases. A number of detection methods 
can be utilized in SNP analysis, such as the measurements of fluorescence, luminescence, and 
molecular mass. Most assays are carried out in solutions or on solid matrices such as glass slides, 
chips, or beads. Table 22,3 summarizes the representative assays for SNP typing, 

For decades, Sanger sequencing, using chain-termination chemistry, has been the standard 
method for DNA sequencing (Chapter 23). In recent years, next-generation sequencing (NGS), 
a rapidly developing technology, has had a profound impact on biology. Compared to Sanger 
sequencing, NGS is advantageous in that it can achieve substantially higher throughput, and at 
lower cost, than the Sanger method. For example, a human genome can now be sequenced in 
several days using NGS technologies. Although NGS is not yet widely utilized for forensic appli 
cations, it has great potential for forensic DNA analysis, particularly in SNP analysis. 


22.3.1 Next-Generation Sequencing Technologi 
NGS technologies have two categories of application: de novo sequencing and resequencing. In 
de novo genome sequencing, uncharacterized genomes or characterized genomes with substan- 
tial structural variations are sequenced. Sequence reads are assembled without any reference 
sequence. In resequencing applications, characterized genomes are sequenced. Sequence reads 
are assembled against an existing reference sequence to identify sequence polymorphisms. Thus, 
resequencing can potentially be used for forensic applications to detect polymorphisms associ 
ated with human identification. Target resequencing is a useful method of resequencing that can 
be utilized for forensic applications. Prior to sequencing, the genomic regions of interest from 
a DNA sample are selectively isolated through a method known as enrichment. Several target 
enrichment strategies have been developed. PCR is the most widely used enrichment method. 
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‘The PCR-based approach is highly effective in targeting genomic regions that are small in size 
Nevertheless, a typical NGS involves several major steps, including sample, library, and template 
DNA preparation; template amplification; sequencing and detection; and base calling; as well as 
data analysis (Figure 22.8). 


22.3.2 DNA Samples, Sequencing Library, and Template Preparation 

For most sequencing applications, micrograms of purified DNA are needed, ‘This require- 
ment is still a challenge for forensic casework applications where nanograms of DNA are 
often obtained, Human autosomal genome sequencing usually requires converting a DNA 
sample into a sequencing library. Two types of sequencing libraries are usually used: mate- 
pair libraries and fragment libraries. A mate-pair library is often used in de novo sequenc- 
ing applications, while the fragment libraries can be used for resequencing and forensic 
applications. To construct a fragment library, a DNA sample is fragmented using mechani- 
cal methods such as sonication, nebulization, or shearing; endonuclease digestion; or a 
transposon-based method. Subsequently, sequencing adapters containing primer-binding 
sites for universal PCR primers are ligated to both ends of the DNA fragments. In rese~ 
quencing applications, multiplex sequencing of pooled samples is often carried out, which 
can improve the efficiency and reduce the costs of sequencing. For multiplex sequencing, an 
index tag containing a bar code can be ligated to each DNA fragment to allow it to be identi- 
fied after sequencing, Indexing can minimize the risk of sample mix-ups and contaminations 
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Figure 22.8 NGS work flow for potential forensic applications. (@ Richard C. Li.) 
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‘Most imaging systems of sequencing platforms are not equipped to detect single-molecule 
fluorescence. Thus, DNA templates are amplified using either emulsion or solid-phase PCR. In 
the emulsion PCR, single-stranded DNA templates are bound to beads. DNA-bound beads are 
suspended in a water-in-oil emulsion, where each bead is placed in a single aqueous droplet. 

DNA fragments are amplified using PCR. As a result, each bead is coated with thousands of 
copies of the same template sequence. Subsequently, beads carrying amplified DNA are depos: 

ited on a glass slide or into individual fiber-optic wells for sequencing. In solid-phase PCR, both 
forward and reverse primers are attached to a slide (Figure 22.9). DNA templates are hybridized 
to immobilized PCR primers. The extended primer bends and hybridizes to a second immot 
lized primer, forming a bridge. During the “bridge amplification,” the single-stranded template 
is amplified to form clusters. Solid-phase amplification can produce millions of spatially sepa. 

rated template clusters with free ends, allowing universal sequencing primers to hybridize for 
sequencing, 


22.3.3 NGS Chemistry 

‘The amplified template fragments are then sequenced. At present, there are two major catego: 
ries of NGS chemistry that are routinely used: sequencing by synthesis and sequencing by liga- 
tion. The pyrosequencing technology is one example of NGS using the sequencing-by-synthesis 
chemistry. During the pyrosequencing, each nucleotide substrate is introduced one at a time. 
Only the correct nucleotide corresponding to the template is incorporated, and a pyrophosphate 
is released (Figure 22.10a). Pyrophosphate is then converted to ATP, catalyzed by sulfurylase 
(Figure 22,10b). ATP is then utilized by luciferase to convert luciferin to oxyluciferin, and the 
reaction emits light that is detected by a charge-coupled device camera (Figure 22.10c). This 
technology allows the generation of sequences with long read lengths. Cyclic reversible termina~ 
tion is another example of NGS using sequencing-by-synthesis chemistry. In this method, chain 
terminators (fluorescent-labeled dideoxynucleotides) are used to extend a primer sequence 
complementary to the template DNA. Each of four nucleotides is labeled with a different fluoro- 
phore, Afier incorporation and fluorescence detection, the terminating and fluorescent moieties 
are cleaved and removed (Figure 22.11). Asa result, the next sequencing cycle is carried out. This 
process is repeated until the sequence is completed. This is the most commonly used method 
throughout the field of NGS. 

In the sequencing- by-ligation chemistry, probes (eight nucleotides in length) are utilized for 
ligation reactions. Each probe contains five specific nucleotides that are complementary to the 
template and three nucleotides that are universal. Probes containing all possible combinations 
of the first five nucleotides are utilized. Each probe is fluorescently labeled according to the first 
two bases of the probe so that it can be identified. During the first round of sequencing reac- 
tion, only the probe that is complementary to the template sequence can hybridize. The probe 
is then ligated to the 3’ end of the primer. After detection, three universal nucleotides, includ: 
ing fluorophore, are cleaved. The ligation process is repeated several times using a new set of 
probes each time. The newly made complementary DNA strand is then stripped off. In the next 
round of sequencing, new primers that are one nucleotide shorter than the previous primer are 
utilized, and the ligation reaction is repeated. In this round of sequencing, different nucleotide 
positions are read. ‘This process is repeated for several rounds with different primers, until all 
nucleotides in the template have been sequenced twice. Asa result, this sequencing method has 
alow error rate. 


22.3.4 NGS Coverage 

In NGS, sequencing reads are usually not distributed evenly over the genomic regions of interest. 
Asa result, some nucleotides will he covered by fewer or more reads than the average. Therefore, 
multiple reads for each nucleotide are necessary to obtain a reliable sequence. The average num. 
ber of times that each nucleotide in the genomic regions of interest is sequenced is known as the 
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‘TRIANGULAR SPACECRAFT 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention is a spacecraft having a triangular 
haull with vertical electrostatic line charges on each comer. 
‘The line charges create a horizontal electric field that, 
together with a plane wave emitted by antennas on the side 
of the hull, generates a force per volume providing a unique 
‘combination of both lift and propulsion, 


BACKGROUND OF THE INVENTION 


[0002] Referring o FIG. 1, the spaceeraft has a hull inthe 
shape of an equilateral triangle. A parabolic antenna (E) is 
cceatrally located in the bottom of the bull. An array of 
horizontal slot antennas is located along the side ofthe hull 
(A), Each back comer (FG) has a comer conducting plate 
Which is charged to a positive vollage +V. The forward 
comer (C) has a conducting plate charged to negative 
voltage -V: A motion control hemisphere (D) is located on 
the bottom surface in each ofthe three eorners 


[0003] Referring to FIG. 2, two planes (A.B) intersect at 
the ongin O at an opening angle B. Each plane (x) is 
‘charged toa voltage V. The potential at point Pis determined 
in polar coordinates {pp}. The Laplace equation for the 
potential @ in polar coordinates is given by’ 


Using a separation of variables solution, the potential is 
‘given as the product of two functions: 


ApHrRIOM 
“which when substituted into the Laplace equation becomes: 


ey 
Rap ap) Fa 


Since the two tems are separately functions of and 
respectively, each one has to be constant with the sum of the 
‘constants equal to er: 


Rap dp 


“These two equations have solutions: 
Ripyeap 
Woiatoat Bsn) 
thal angle ¢ is restricted to a value in the range 
The boundary condition is thatthe potential is 
‘equal to V for any radius p when g=0 and ep. This means 
that v has to be an integer value of so that the sine function 


soto = sin 


fi) = sie) =0 m= 1,2: 


Jul. 6, 2006 


which in tum means that the coeflicient A ofthe cosine term 
thas to be zero inthe solution above. Choosing b=0 makes the 
‘general solution for the potential equal to: 


isin Sear bitiarin 


which shows that when the angle is zero, the sine is zero and 
the potential is V. Ifthe angle is fi, then there is a multiple 
‘of x such that the sine is zero again. 
[0004] Because the series involves positive powers of the 
radius, for small enough p, only the first term m1 in the 
series is important, Thus around p=0, the potential is 
approximately 

HpsdeVva "Fak 
[0005] The electric field component 
tent of the potential: 


the negative gradi- 


is equal to 
the electric field perpendicular to the surface times the 
permittivity of space €,: 


oe) eB. 


Notice that if angle of intersection ft is less than x, then the 
‘equation says that there is a very small radins to @ positive 
power which means little charge density accumulation, 

[0006] Referring to FIG, 3, the value of Bin the case of 


the triangular hull, is equal to 360° less 60° for a total of 
300° or: 


which says that there is a charge density singularity to the 
‘wo fifths power for small radius. Thus, the comer plates on 
the hull ereate a huge Tine change density along the sharp 
vertical corner edge. The equation for the potential of 
ccharge density is given as: 


= 


where 2 is the charge per unit length in the vertical 2-di- 
rection, and x, and Yo are the location of the line charge in 
the xy-plane. 
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Figure 22.9 A photo of an NGS platform. A MiSeq (Illumna) desktop sequencer (top, a flow-cell 
device (middle) where DNA templates are distributed for PCR, and a reagent cartridge (bottom) are 
shown. (© Richard C. Li) 
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Figure 22.10 Pyrosequencing chemistry. (a) During the pyrosequencing, @ nucleotide substrate 
is incorporated, releasing a pyrophosphate. (b) Pyrophosphate is then converted to ATP. (c) ATP is 
utilized by luciferase, converting luciferin to oxyluciferin, which emits light. 
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Figure 22.11 Cyclic reversible termination. A single sequencing cycle is shown. The incorporation 
of a C is illustrated as an example. 


coverage or the sequencing depth, The level of coverage depends on the types of applications, For 
example, for human genome SNP analysis, the level of coverage is from 10 to 30. The coverage 
can be calculated using the following equation: 

IN 


ct 
G 


where: 


coverage 
G= haploid genome length 
read length 

number of reads 
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Currently, NGS has not been widely used in forensic applications. One disadvantage of NGS 
is that the error rate of NGS is higher than that of Sanger sequencing. Although the error rate 
of NGS is not yet acceptable for forensic casework analysis, it can potentially be overcome by 
increasing the sequencing coverage. 
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[0007] Referring to FIG. 4, the triangular hull (D) is 
plotted together with the potential contours (A) and the 
electric field arrows (B) created by the three comer Tine 
charges. The line charges are perpendicular to the paper 
Notice that the electric field arrows are parallel erossing the 
center parabolic antenna (C). The electric field is also 
Parallel to the sides (D) of the triangle, 


[0008] Referring to FIG. 5, along the side of the triangle 
(A), at. array (B) of horizontal slot antennas emit electro- 
magnetic waves that have a vertically polarized electric E 
field (C). These traveling waves interact with the electric 
field (D) produced by the line charges on the corners of the 
triangle. 


[0009] Using differential forms mathematics, this combi- 
nation of fields is represented by the Hodge star of the 
‘differential of the wedge product of the two fields. The 
antenna electromagnetic field is a combination ofa traveling, 
magnetic field B,., and electric field F,. The stationary field 
E created by the line charges is perpendicular to the traveling, 


force 
ohume 


saenbe tan’ « 


\here ¢ isthe linear capacitance of space and c is the speed 
of light. Thus there is a force per volume around the hull. 


[0010] This combination of fields produces a spacetime 
‘curvaiure as determined by Einstein's General Theory of 
Relativity. The traveling electric fickd has an amplitude in 
the vertical z-irection and travels in the x-direction 


Exas00iet) 
“The Faraday electromagnetic tensor contains all the electric 


‘and magnetic fields inal the {x.y,2} directions. The frst row 
‘and first column contain the two electric fields 


2) 0&0 Boosie 
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‘The stress exerted on spacetime occurs in the xx, yy and 
zz-direction as calculated from the stress-energy tensor T of 
‘gravitational physics 


ser arent Mange 


where g is the metric tensor for Cartesian space 
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where the diagonal components are the coeflicients of the 
elementary spacetime length ds squared 


daa? sas sayp a? 


‘The calculation produces three stresses TP and T™ in 
their respective {x.y,2} directions. 


[0011] Referring to FIG. 6 these three stresses are plotted 
togetlier as a 3D vector field animated over time in nine 
frames. The graphs show that there is lift foree as depicted 
by the vertical arrows as well as a force of propulsion as 
shown by the interspersed horizontal arrows. With the 
passage of time, these vectors exchange places with each 
other so thatthe lift becomes the propulsion and vice versa, 
creating a wavy stress-energy field around the hull 


SUMMARY OF THE INVENTION 


[0012] ‘This invention isa spacecraft witha triangular hull 
having charge flat plates on the vertical comers ofthe three 
sides, The two rear comers are charged to a potential V. The 
forward comer is charged to a potential -V. The 60° angle 
fon the comer ereates a line charge density singularity that 
procluces a huge horizontal electric field pointing from the 
back to the front of the craft which is also parallel to the 
sides of the triagle, An array of horizontal slot antennas 
located on the sides of the triangular hull produce an 
electromagnetic wave wit the electri field polarized in the 
vertical direction. This combination of fields produces a 
spacetime force in both the vertical and horizontal directions 
such that the spacecraft receives a lift force and a force of 
propulsion. 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0013] FIG. 1. Perspective view of triangular spacecraft, 


[0014] FIG. 2, Drawing of the intersection of two charged 
plates in order to calculate the charge density in the comer. 


[0015] FIG. 3, Perspective view of the comer angle f for 
the equifateral triangle. 


[0016] FIG. 4, Planar 2D graph showing the electric field 
produced by three line charges on the comers of the trian- 
szular hull. 


[0017] FIG. 5. Perspective view of electric field produced 
by the linear charge interacting with the traveling electro- 
‘magnetic wave produced by the slot antenna, 


[0018] FIG. 6. 3D vector animation of the lift and thrust 
force generated by the fields. 


[0019] FIG. 7. Perspective view of slot antenna, 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0020] Referring fo FIG. 7, the antenna (A) is made out of| 
sheet copper in which a rectangular horizontal slot (B) has 
been notched out using a die press and sheet metal fixture 
coaxial cable from the amplifier and frequency generator 
is attache! across the slot by soldering the outer cable (D) to 
‘one side of the slot and the inner cable (E) to the other side 
of the slot. This ereates the positive and negative changes 
across the gap which forms the vertical electric field (F) 
‘which radiates out perpendicularly to the copper sheet. 
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Forensic mitochondrial DNA (mtDNA) analysis is an important tool for human identification 
and is especially useful for identifying victims such as missing persons and individuals in mass 
fatality cases. Because mtDNA is maternally inherited, the mtDNA profiles of these individuals 
can be compared to those of their maternal relatives, and thus these individuals can be ider 
fied. Additionally, cells contain a much higher copy number of the mtDNA genome than that 
of the nuclear genome, Therefore, mtDNA testing is frequently used to analyze evidence sam- 
ples, such as hair shaffs, that contain low amounts of nuclear DNA. Furthermore, buried bones 
and decomposed tissues, in which nuclear DNA may be degraded, can be tested with mtDNA 
analysis, 


23.1 Human Mitochondrial Genome 

Mitochondria are cellular organelles that serve as the energy-generating components of cells 
(Figure 23.1). Each cell contains hundreds of mitochondria, which have their own extrachro- 
mosomal genomes separated from the nuclear genomes. Although each human mitochondrion 
contains multiple copies of the mtDNA genome, the exact copy number varies for each cell. 
However, it is estimated that hundreds of copies of the mtDNA genome exist in most cells. 


23.1.1 Genetic Contents of Mitochondrial Organelle Genomes 
‘The human mitochondrial genome was first sequenced by Fred Sanger’s laboratory at Cambridge 
University and was published in 1981; it is known as the Cambridge reference sequence (CRS). 
‘The sequence was largely derived from a placental sample from an individual of European 
descent and also partially from HeLa cells (a cell line derived from cervical cancer cells), as well 
as from bovine cells, It was later discovered, by resequencing the original mtDNA sample, that 
the CRS contains substitution errors at 10 nucleotide positions. The revised Cambridge reference 
sequence (rCRS) was published in 1999 and presented corrections to these substitution errors. 
‘Additionally, CRS contains a cytosine dimer at nucleotide positions 3106 and 3107, which is in 
fact a single cytosine nucleotide. This error is not corrected in the rCRS in order to retain the 
original nucleotide numbering system of CRS and thus to avoid inconsistency with the pre 
vious literature. The human mitochondrial DNA genome is circular with no beginning and 
end, which can make sequence comparison a potential problem. Therefore, the rCRS, with its 
nucleotide numbering system, is used as a reference when aligning with other mitochondrial 
sequences for comparison purposes. 

Organelle genomes are usually much smaller than their nuclear counterparts. The human 
mtDNA genome consists of 16,569 base pairs (bp) containing 37 genes (Figure 23.2). Thirteen of 
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Figure 23.2 Human circular mitochondrial genome. The transcription direction for the H (heavy) 
and L (light) strands are indicated by arrows (P,,, P,, respectively). The origins of replication are 
labeled 0,, for the heavy strand and Q, for the light strand, The mitechondrial DNA genome encodes 
genes. ND, NADH coenzyme Q oxidoreductase complex; CO, cytochrome c oxidase complex; CYTB, 
cytochrome b; ATP, ATP synthase; rRNA, ribosomal RNA. Transfer RNA genes are shown as indi- 
cated. (© Richard C. Li) 


these genes code for proteins involved in the respiratory complex, a main energy-generating com- 
ponent in mitochondria. The other 24 specify noncoding RNA molecules required for the expres- 
sion of the mitochondrial genome, The genes in the human mitochondrial genome are much 
more closely packed than in the nuclear genome and contain no introns. A control region, also 
known asa displacement loop (D loop), contains the origin of replication for one of the mtDNA. 
strands but does not code for any gene products (Figure 23.2). An asymmetric distribution of 
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Figure 23.3 Pedigree of a human family showing inheritance of mtDNA. Females and males are 
denoted by circles and squares, respectively. Red symbols indicate individuals who inherited the 
same mtDNA. 


nucleotides gives rise to light (L) and heavy (H) strands, The H strand contains a greater number 
of guanine nucleotides and a higher molecular weight in comparison to the L strand. 


23.1.2 Maternal Inheritance of mtDNA 

Maternal inheritance is typically observed for the mtDNA genome (Figure 23.3), which is inher 
ited differently from nuclear genes. The inheritance of the mtDNA genome does not obey the 
rules of Mendelian inheritance and is thus called non-Mendelian inheritance, 

‘The mitochondria of a spermatozoon are located in the midpiece (Chapter 14). At conception, 
only the head portion of a spermatozoon (containing a nucleus but no mitochondria) enters the 
egg. The fertilized egg contains the maternal mitochondria, which are transmitted to the prog 
eny. Occasionally, the paternal mitochondria can enter the cell. However, paternal mitochondria 
in the spermatozoon that enter the egg are usually destroyed by the egg cell after fertilization 
(Figure 23.4), Therefore, the coinheritance of maternal and paternal mtDNA in a single indi 
vidual is extremely rare in humans. The mtDNA sequence is identical for relatives within the 
same maternal lineage, a property that is useful when identifying individuals by comparing 
their mtDNA with that of maternal relatives. 

Homologous DNA recombination (Chapter 25) has not been observed in the mtDNA genome. 
‘Thus, an mtDNA profile also referred to as the mitotype, is considered a haplotype treated as a 
single locus. The mitochondrial genome has a higher mutation rate (up to 10 times higher) than 
its nuclear counterpart. The presence of mutations can be problematic in victim identification 
when comparing the mtDNA profiles of a victim with the relatives of the victim. 


23.2 mtDNA Polymorphic Regions 

23.2.1 Hypervariable Regions 

‘The most polymorphic region of mtDNA is located within the D-loop (Figure 23.5). The three 
hypervariable regions in the D-loop are designated hypervariable region I (HV1: 16,024-16,365; 
342 bp), hypervariable region II (HV2: 73-340; 268 bp), and hypervariable region III (HV3: 
438-574; 137 bp). The most common polymorphic regions of the human mtDNA genome ana- 
lyzed for forensic purposes are HV1 and HV2. 


23.2.2 Heteroplasmy 
Heteroplasmy occurs when an individual carries more than one mtDNA haplotype. Heteroplasmy 
may be observed with one kind of tissue and may be absent in other kinds of tissues; for example, 
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Figure 23.4 A model of uniparental mtDNA inheritance in humans. Paternal mitochondria occa- 
sionally enter the egg cell. Paternal mitochondria inside fertilized eggs are tagged by ubiquitin 
protein (Ub). It is proposed that the ubiquitination of sperm mitochondria leads to the degradation 
of paternal mitochondria in fertilized eggs. Tagged Ub can be recognized by proteasomes and lyso- 
somes, which are cellular degradation machineries. A polyubiquitin chain with at least four ubiquitin 
Units is needed to be recognized by the proteasomes. Ubiquitin with less than four ubiquitin units 
can be processed by the lysosomes. (@ Richard C. Li.) 
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Figure 23.5 Hypervariable regions of the D-loop in mtDINA (with nucleotide positions). (® Richard C. Li.) 


mtDNA heteroplasmy is commonly observed in hair samples (Chapter 4). Additionally, an indi 
vidual may exhibit one mitotype in one tissue and a different mitotype in another. Thus, it 
is necessary to obtain and process additional samples to confirm the heteroplasmy when it is 
observed in a questioned sample but not in a known sample or vice versa. The two types of het- 
eroplasmies are sequence and length heteroplasmy. 

Sequence heteroplasmy is defined as the presence of two different nucleotides at a single posi- 
tion shown as overlapping peaks in a sequence electropherogram (Figure 23.6). Heteroplasmy 
usually occurs at one position, but on rare occasions it can be observed at more than one 
position. Hot spots for heteroplasmy have been documented at both HV1 and HV2 regions. 
Heteroplasmy may complicate the interpretation of mtDNA results, but its presence can also 
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Figure 23.6 Electropherogram showing mtDNA sequence heteroplasmy at position 234R (A/G) as 
indicated by an arrow. N, unresolved sequence, (® Richard C. Li.) 
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KT CCR CAT CAAAACCCCCTCCCCATG CITA CANGCAAG 


KTCCH CAT CAA AACTCCCOCCCCCATGCINNNNNNNNN 


Figure 23.7 Length heteroplasmy. Electropherogram showing mtDNA length heteroplasmy at the 
C stretch of the HV1 region where position 16,189 is a T (top) and a C (bottom) as indicated by an 
arrow. N, unresolved sequence. (© Richard C. Li.) 


improve the strength of a match. Both HV1 and HV2 of the human mtDNA D-loop region 
contain homopolymeric cytosine sequences known as C stretches. The HVI region contains a 
C stretch between nucleotide positions 16,184 and 16,193, interrupted by a thymine at position 
16,189, Ifa base transition from TT to C occurs at position 16,189 (a variant present in approxi- 
mately 20% of the population), it results in an uninterrupted C stretch. A similar C stretch 
resides between positions 303 and 315 of the HV2 region. 

Length heteroplasmies are often observed at the uninterrupted C stretches in sequencing, in 
which sequencing products with various lengths of polymeric cytosine residues are present. Asa 
result, sequences downstream from the C stretch cannot be resolved (Figure 23,7). Itis not clear 
whether the length heteroplasmy is due to replication slippage at the C stretches or results from 
the presence of a mixture of length variants in the cells. If length heteroplasmy occurs, alterna. 
tive sequencing primers that anneal at the downstream of C stretches can be used to obtain the 
downstream sequences of the C stretches. 


23.3 Forensic mtDNA Testing 

23.3.1 General Considerations 

mtDNA analysis is often used on samples derived from skeletal or decomposed remains. The 
surface of the sample should be cleaned to remove any adhering debris or contaminants. Bones 
and teeth are pulverized to facilitate extraction of the mtDNA (Chapter 5). Duplicate extractions 
(eg, two sections of a single hair) are recommended if sufficient sample material is available. 
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mtDNA is extracted using a similar method to nuclear DNA (nuclear DNA is coextracted with 
mtDNA). The amount of mtDNA can therefore be estimated from the quantity of nuclear DNA 
obtained. Alternatively, mtDNA-specific quantization methods using real-time PCR (Chapter 6) 
can also be used to directly obtain measurements of mtDNA extracted. 

For mtDNA sequencing, the analysis of both strands of the mtDNA in a given region must be 
performed to ensure accuracy. Due to the high sensitivity of mtDNA analysis, itis essential to 
minimize risks of contamination during the procedure, Contamination must be strictly moni: 
tored using proper controls such as extraction reagent blanks (Section 7.5.3) and amplification 
negative controls (samples containing all reagents except DNA template). 

Finally, a positive control must also be used to monitor the success of the analysis. It should 
be introduced at the amplification step and remain through the sequencing process. A positive 
control consists of a DNA template of known sequence, such as DNA purified from the HL60 
cell line. 


23.3.2 mtDNA Screen Assay 

One example of the assay for screening mtDNA variations is the allele-specific oligonucleotide 
(ASO) assay. It allows initial screening of mtDNA sequence polymorphisms and has the poten- 
tial to reduce the number of samples required for mtDNA sequencing. This method is also 
useful for excluding or eliminating suspects from a case. However, HVI and HV2 sequencing 
should be performed to obtain complete sequence information for the targeted HV regions to 
confirm a match. 

‘The commercial Linear Array™ mtDNA HVI/HV2 region sequence typing kit (Roche 
Applied Sciences, Indianapolis) utilizes reverse ASO configuration with a panel of immobi 
lized ASO probes that detect common polymorphic sites (Figures 23.8 and 23.9). The mtDNA is 
amplified at both HV1 (444 bp amplicon) and HV2 (415 bp amplicon) regions and the forward 
primers are biotin labeled at the 5’ ends of the oligonucleotides. Thus, the amplified PCR prod: 
uct (amplicon) is biotinylated. A horseradish peroxidase-conjugated streptavidin complex then 
binds to the biotinylated amplicon (see Chapter 9). Finally, colorimetric detection is carried 
out with tetramethylbenzidine (TMB) as the substrate to produce a colored precipitate at the 
designated location. ‘The typing kit detects sequence variations in 19 positions within the HV1 
and HV2 regions. 
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Figure 23.8 Reverse blot assay employed in mtDNA screen. A probe is immobilized anto a solid-phase 
‘membrane, and then hybridized with a biotinylated amplicon of the mtDNA HV sequences. Hybridization 
is detected by a streptavidin (SA) and horseradish peroxidase (HRP) conjugate. A colorimetric reaction 
is catalyzed by HRP using tetramethylbenzidine (TMB) as a substrate. (© Richard C. Li.) 
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Figure 23.9 Linear array mtDNA assay results (top) and negative control (bottom). (@ Richard C. Li.) 


23.3.3 mtDNA Sequencing 
‘To sequence a specific region of mtDNA, a combination of PCR amplification and DNA sequenc- 
ing techniques is utilized to reduce the time and labor needed to obtain DNA sequences from 
genomic DNA templates, mtDNA sequencing usually consists of (1) PCR amplification, (2) DNA 
sequencing reactions, (3) separation using electrophoresis, and (4) data collection and sequence 
analysis (Figure 23.10). Chapter 25 describes the evaluation of the strength of the results via 
statistical analysis 


23.3.3.1 PCR Amplification 
“The extracted DNA samples must be amplified to yield sufficient quantities of template for sequenc 
ing reactions. PCR amplification of all or a part of the D-loop region can be carried out with vari 
us primer sets. Ifa sample contains intact mtDNA, the HV1 and HV2 regions can be amplified 
as two amplicons, each of about 350-400 bp in length. If an mtDNA sample is fragmented due to 
degradation, the hypervariable regions can be amplified as smaller amplicons. PCR amplification of 
mtDNA is usually done in 34-38 cycles. Protocols for highly degraded DNA specimens sometimes 
require 42 cycles. The use of higher PCR cycle numbers can improve the yield of the amplicons. 
Following mtDNA amplification, a purification step is necessary to remove excess primers 
and deoxynucleotide triphosphates (dNTPs). This step can be performed using filtration devices 
such as a Microcon" to remove small molecules from the sample or using nuclease digestion 
with shrimp alkaline phosphatase or exonuclease I to degrade remaining primers and dNTPs. 
‘The concentration of the amplicons is important for an optimal sequencing reaction in the next 
phase of mtDNA sequencing. The quality and quantity of the mtDNA amplicon must be evalu: 
ated to confirm the presence or absence of amplicons and their concentrations. This can be done 
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[0021] Although the invention has been deseribed with 
reference to specific embodiments, such as a particular 
antenna system, those skilled jn the art will appreciate that 
many modifications and variations are possible without 
‘departing from the teachings of the invention. All such 
modifications and variations are intended to be encompassed 
‘within the scope of the following claims. 

1. A spacecraft comprised of the following components: 

(@) triangular hull in the form of an equilateral triangle; 

(b) two copper plates attached on opposite vertical sides 
‘at each ofthe three comers of the bull (La) such that a 
sharp vertical edge is formed where they come 
together; 

(©) anelectrstatic generator used to charge the back two 
‘copper-cladked comers (1b) toa high positive voltage, 
and the third forward copper-cladded corner to a high 
negative voltage; 


Jul. 6, 2006 


(@) ahorizontal slot antenna array mounted-on the sides of 
the bull; and 


(6) a frequency generator, antenna and coaxial cables 10 

drive the antenna array (1d) 

2. To create, by claims (1a, 16, 1c), an intense vertical line 
change atthe comers (16) and a horizontal electric field that 
that is parallel to the sides of the hull (La); 

3. To create, by claims (Idle), an electromagnetic wave 
with a vertically polarized electric field traveling outward 
from the side of the hull (1a); and 

4. To create, by claims (2,3), an interaction of the elec 
‘rostati field (2) with the electromagnetic wave (3) such that 
a combined spacetime curvature pressure is generated on the 
hull in the upward and forward direction to produce lift and 
propulsion respectively, 
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Figure 23.10 Sanger sequencing work flow for the mtDNA HV regions. (@ Richard C. Li.) 


using an agarose yield gel to visualize the amplicons of the sample or via capillary electropho 
resis using a modular microfluidic chip device (Figure 8.12), a more informative method, for 
quantifying amplicons, 


23.3.3.2 DNA Sequencing Reactions 

“The best-known DNA sequencing techniques are the chain-termination method and the chemi 
cal degradation method developed by Sanger and Gilbert (who shared the Nobel Prize for their 
work), respectively, in 1977, Over the years, the chain-termination method has become more 
common because it issuitable for automation and does not require the toxic chemicals necessary 
for the chemical degradation method. 


23.3.3.2.1 Chain-Termination or Sanger Method 
Using the chain-termination method, an oligonucleotide primer that can anneal to a single- 
stranded DNA template is utilized. A sequencing reaction contains DNA polymerase and the four 
ANTPs in order to carry out extension, The reaction also contains small quantities of dideoxynu- 
cleotide triphosphates (ddNTPs, Figure 23.11). Thus, a sequencing reaction involves a combination 
of extension and termination of the chain (Figure 23.12). Ifa ddNTP molecule is incorporated into 
a growing DNA chain, the absence of a 3’ OH group in the ddNTP molecule prevents the forma- 
tion of a phosphodiester bond and thus disrupts the extension of the oligonucleotide chain. 

‘The ratio of ddNTPs to dNTPs has been optimized to result in a collection of DNA fragments 
varying in length by one nucleotide from the primer length to the full length of the sequencing 
reaction product. Asa result, the products of the sequencing reaction consist of a pool of various 
lengths of oligonucleotide chains terminated by ddNTPs. By using the four different ddNTPs, 
populations of DNA fragments are generated that terminate at positions occupied by every A, C, 
G, or T in the template strand, 

‘The sequencing product of chain termination can be labeled with the dye-terminator system, 
in which the terminator is labeled, or with the dye-primer system, in which the primer is labeled. 
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Figure 23.11 Chemical structures of dNTP and dNTP: (a) dNTP; (b) dANTP. Both hydroxyl groups 
attached to the 2° and 3° carbons of ribose are replaced by hydrogens. 


@) on 
Figure 23.12 Competition between extension and termination. (a) Growing chain in extension, 
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Figure 23.12 (Continued) (b) DNA strand with labeled ddNTP incorporated into a growing DNA 
chain that interrupts the incorporation of new nucleotides. The dNTP usually is labeled with a 
fluorescent dye used for detection, 


“The dye-terminator system is commonly used for mtDNA sequencing in forensic laboratories. 
With the dye-terminator system, the ddNTPs are labeled with four different fluorescent dyes, 
each with a distinct spectrum. Thus, the sequencing with all four ddNTPs can be carried out in 
a single reaction, The labeled products of sequencing reactions are then resolved during electro- 
phoresis and the sequencing data can be collected (Section 23.3.3.). 


23.3,3.2.2 Cycle Sequencing 
“The chain-termination reaction is carried out using a cycle sequencing technique commonly used 
in forensic laboratories for mtDNA sequencing. Cycle sequencing, developed in the late 1980s, 
utilizes thermal cycling to generate a single-stranded template for chain-termination sequenc- 
ing reactions. The application of thermal cycling in a sequencing reaction greatly increases the 
signal intensity and thus the sensitivity of the sequencing, 

‘The sequencing reactions are carried out with multiple rounds of thermal cycling. Each 
cycle consists of three steps: denaturation of the double-stranded DNA template, annealing of 
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a sequencing primer to its target sequence, and the extension of the annealed primer by DNA 
polymerase. Cycle sequencing utilizes only a single primer per reaction, During the extension of 
cycle sequencing, the extension of the strand is terminated with the incorporation of a ddNTP 
(Figure 23.13). The resulting partially double-stranded hybrid, consisting of the full-length tem- 
plate strand and its complementary chain-terminated product, is denatured during the first step 
of the next cycle, thereby liberating the template strand for another round of annealing, exten: 
sion, and termination, 


23.3.3.3 Electrophoresis, Sequence Analysis, and Mitotype Designations 
“The cycle sequencing products can be separated using electrophoresis in a 4% polyacrylamide 
denatured gel or a POP-6 polymer (Applied Biosystems) as the matrix for capillary electropho- 
resis (Figure 23.14). Following data collection, sequence data analysis can be performed with the 
Sequencher™ software (Gene Codes Corporation, Ann Arbor). Figure 23.15 shows sequence data. 
Sequencing of a region of the mtDNA genome should be performed twice. Additionally, 
both strands of a region of the mtDNA genome should be sequenced to reduce ambiguities in 
sequence determination. The sequences of evidence samples and reference samples such as that 
of the victim or suspect can be compared, The nomenclature used in reporting should be com- 
patible with International Union of Pure and Applied Chemistry (IUPAC) codes. 


23.3.3.3.1 Reporting Format 
“The rCRS is used as a reference standard to facilitate the designation of mitotypes. For reporting 
purposes, sequence differences relative to the rCRS are listed in data format. When a difference 
between an individual's sequence and that of the rCRS sequence is observed, only the position 
(designated by a number) and the nucleotide differing from the reference standard are recorded. 
In this format, nucleotides identical to the rCRS are not listed. For example, at position 228 
(HV2), the rCRS has a G. Ifa mitotype carries an A at position 228, the individual's mtDNA 
sequence is described as 228A. If an unresolved sequence ambiguity is observed at a position, 


DNA polymerase 


— 


remflte 
| ante 


Figure 23.13 Cycle sequencing reaction. The reaction requires DNA polymerase, a template, and 
primer, During DNA synthesis, the dNTP is incorporated by a new phosphodiester bond with the primer. 
‘The incorporation of dNTP blocks further DNA synthesis of the growing chain. (© Richard C. Li) 
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Figure 23.14 Diagram of the Sanger sequencing products. The DNA chain lengths are determined 
by the addition of ddNTP at different positions. The fluorescent dye-labeled cycle-sequencing prod- 
cts are separated using capillary electrophoresis. The fluorescent dyes are resolved by a detector, 
and the peaks corresponding to each DNA fragment are identified. (@ Richard C. Li.) 


the base number for the position is listed followed by an N. For example, 228N means an unre- 
solved sequence ambiguity was observed at position 228, 


23.3.3.3.2 Insertions 


“The insertion site is described by noting the position (at 5’ to the insertion) followed by a deci- 
mal point and a number. The number indicates the order of the insertions (e.g, 1 indicates the 
first insertion, 2 indicates the second, etc.). The base calling following the number indicates the 
inserted nucleotide (e.g, 524.1, 524.2C). 


23.3.3.3.3 Deletions 


“The deletion site designation is followed by the letter d. For example, a deletion at position 16,296 
is recorded as 16,296d. 


23.3,3.3.4 Heteroplasmic Sites 
‘The IUPAC codes for base calling can be applied to heteroplasmic sites. For example, an A/G 
heteroplasmy can be designated as R, and a C/T heteroplasmy can be designated as Y. 


23.3.4 Interpretation of mtDNA Profiling Results 
Interpretation guidelines are used when comparing sequencing results between evidence and 
reference samples. General guidelines were set forth by the Scientific Working Group on DNA 
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Analysis Methods (SWGDAM) and the DNA Commission of the International Society of 
Forensic Genetics (ISFG). In reporting mtDNA profiling results, the most common categories 
of conclusions are the following: cannot exclude, exclusion, and inconclusive result. 


23.3.4.1 Exclusion 

Ifthe sequences of questioned and known samplesare different, then the samples can be excluded 
as originating from the same source. It should be taken into account that higher mutation rates 
are found with the mtDNA genome than are found with the nuclear genome. ‘The SWGDAM’s 
guidelines define that the conclusion of exclusion can be made if there are two or more nucleo- 
tide differences between the questioned and known samples. Additionally, mutations seem to be 
more common in certain tissues, For this reason, the sources of the tissues analyzed should be 
taken into consideration. 


23.3.4.2 Cannot Exclude 
Ifthe sequences are the same, the reference sample and evidence cannot be excluded as arising 
from the same source. When an mtDNA profile cannot be excluded, it is desirable to evaluate 
the weight of the evidence. In cases where the same heteroplasmy is observed in both questioned 
and known samples, its presence increases the strength of the evidence. However, if hetero: 
plasmy is observed in a questioned sample but not in a known sample or vice versa, a maternal 
lineage still cannot be excluded. 


23.3.4.3 Inconclusive Result 
Ifthe questioned and known samples differ by a single nucleotide, and no heteroplasmy is pres- 
ent, the results are considered to be inconclusive, 
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SECTION V 


Forensic Issues 


Forensic DNA Databases 
Tools for Crime Investigations 


24.1 Brief History of Forensic DNA Databases 

Forensic DNA databases are networks for exchanging information among law enforcement 
agencies to assist in solving crimes. For example, forensic DNA databases allow forensic labo- 
ratories to search DNA profiles against the databases to identify criminals. In 1995, the United 
Kingdom established the world’s first national DNA database, NDNAD, in England and Wales. 
Scotland and Northern Ireland have their own databases but also submit their profiles to 
NDNAD. NDNAD demonstrated initial success in solving crimes. Three years later, the United 
States introduced its national Combined DNA Index System or CODIS. By the end of 1998, other 
countries (such as Austria, Germany, the Netherlands, New Zealand, and Slovenia) had also 
introduced national DNA databases, Table 24.1 describes some of these national DNA data. 
bases. This chapter will focus on CODIS, 


24.2 Infrastructure of CODIS 

In the United States, a pilot project of DNA databasing was initiated by the Federal Bureau of 
Investigation (FBI) and 14 participating state and local laboratories. Subsequently in 1994, the 
Congressional DNA Identification Act authorized the FBI to establish a national DNA data: 
base including “DNA identification profiles of persons convicted of crimes, and analyses of 
DNA samples recovered from crime scenes and from unidentified human remains.” By 1997, 13 
STR loci were selected and in 1998 were implemented as the core loci for the national database, 
known today as CODIS, All 50 states, the District of Columbia, the federal laboratories, the US 
Army Criminal Investigation Laboratory, and Puerto Rico contribute to CODIS. 

CODIS has three hierarchical levels: the Local DNA Index System (LDIS), the State DNA 
Index System (SDIS), and the National DNA Index System (NDIS) (Figure 24.1). The LDIS is 
maintained at crime laboratories operated by police departments, sheriff's offices, and local 
agencies. All forensic DNA profiles originating at the local level are stored in the LDIS and 
are transmitted to the SDIS and NDIS, Each state maintains a SDIS, which is typically oper 
ated by a designated state laboratory. An SDIS also stores the DNA profiles generated from 
state laboratories. The quality assurance standards for a qualified laboratory were set up by the 
DNA Advisory Board in 1998. The periodic revision of the standards is now carried out by the 
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Table 24.1 Characteristics of National DNA Databases 


Convicted 
Year Offender Entry 
Established Criteria Removal Criteria 
United Kingdom 1995 Any recordable Entered as ‘Never removed 
offense that leads suspect 
to imprisonment 
New Zealand 1996 No suspectsentered Relevant. Never removed 
offense unless 
(27 years in conviction 
prison) quashed 
Austria 1997 Any recordable Entered as Only after 
offense that leads suspect acquittal 


to imprisonment 
‘The Netherlands 1997 No suspects entered Offense leading 20-30 years 


except when to>4 years in after conviction 
suspect's DNA is prison 
tested for case 
Germany 1998 | Offense leading to. | After court After acquittal 
1 year in prison decision. or 5-10 years 
after conviction 
if prognosis 
00d 
Slovenia 1998 Any recordable Entered as Depends on 
offense that leads suspect severity of 
to imprisonment erime 
United States 1998 No suspects entered; Dependson Depends on 
under revision state law state law 
Finland 1999 Offense leading to Entered as Only after 
>1 year in prison suspect. acquittal 
Sweden 2000 | No suspects entered Offense leading | 10 years after 
to>2 years in release from 
prison prison 
Switzerland 2000 Any recordable Entered as After acquittal 
offense that leads suspect or 5-30 years 
to imprisonment after conviction 
France 2001 No suspects entered Sexual assaults 40 years after 
andsetious conviction 
crimes 


Source: Adapted from Jobling, M.A. and Gill, P,, Nat Rev Genet, 5, 739-751, 2004. 


Scientific Working Group of DNA Analysis and Methods (SWGDAM). The SDIS enables local 
laboratories within that state to compare DNA profiles. SDIS also serves as the communica 

tion path through which the LDIS and NDIS are able to exchange messages. Communication 
is mediated using a secured network with encryption. Only authorized personnel, approved by 
the FBI, have access to CODIS network terminals and servers. NDIS is the highest level of the 
CODIS infrastructure, which contains DNA profiles contributed by participating local and state 
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NpIs 
sols, SDIS, 
LDS, LDIS, LIS, LDIS, 


Figure 24.1 CODIS infrastructure. All DNA profiles originate at LDIS, and then enter SDIS and 
NDIS, SDIS allows laboratories within states to exchange DNA profiles. NDIS is the highest level 
of the infrastructure. It allows the participating laboratories to exchange DNA profiles on a national 
level. 


laboratories. Additionally, NDIS stores DNA profiles generated by federal laboratories, such as 
those generated by the FBI and the US Army Criminal Investigation Laboratory. NDIS enables 
qualified state laboratories to compare DNA profiles. Searches of DNA profiles can be conducted 
at the national level. All DNA profiles submitted to NDIS are automatically searched weekly 
against the DNA profiles from other states. NDIS is administered by the FBI, which provides 
software, training, and support for all participating laboratories. Many law enforcement labora. 
tories from other countries utilize the CODIS software for their own databases. However, labo: 
ratories in foreign countries do not have any access to the CODIS system. Nevertheless, a search 
through the CODIS database may be requested either from the FBI or International Criminal 
Police Organization (Interpol). Conversely, a search of an international DNA database can be 
arranged through Interpol. 


24.3 Indexes of CODIS 

‘The DNA profiles entered in CODIS are organized into categories known as indexes (Figure 24.2). 
‘The Convicted Offender Index contains DNA profiles of individuals convicted of crimes. The 
Arrestee Index contains DNA profiles of arrested individuals. It varies in SDIS databases based 
on each state's law permitting the collection of DNA samples from arrestees. The Forensic Index 
contains DNA profiles, also known as forensic profiles, derived from crime scene evidence, 
potentially originating from perpetrators but not including suspects. 

‘Additionally, the FBI also established the National Missing Person DNA Database (NMPDD) 
Program for the identification of missing and unidentified persons at the national level. The 
DNA profiles entered into the NMPDD are categorized into three indexes that can be searched 
against each other. The Missing Person Index and the Unidentified Human Remains Index con- 
tain DNA profiles from missing persons and unidentified human remains, respectively. The 
Biological Relatives of the Missing Person Index contains DNA profiles voluntarily contributed 
from relatives. This index may also store patrilineal or matrilineal DNA profiles from the rela 
tive such as a biological father, mother, or child of the missing person to assist investigations. 
Additionally, a pedigree chart (a diagram showing the relationship between the missing person 
and relatives) can be created. 
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Figure 24.2 Example of an SDIS maintaining the Forensic Index (red) and Corwicted Offender Index 
(blue). In this example, the New York State Police Forensic Investigation Center serves as the SDIS 
laboratory for New York State. LDIS sites: 1, Erie County Department of Central Police Services 
Forensic Laboratory, 2. Manroe County Public Safety Laboratory, 3. Nassau County Office of the 
Medical Examiner Division of Forensic Services, 4. New York City Office of the Chief Medical Examiner 
Department of Forensic Biology, 5. New York State Police Forensic Investigation Center, 6. Onondaga 
County Center for Forensic Sciences, 7. Suffolk County Crime Laboratory, and 8. Westchester County 
Department of Laboratories & Research Division of Forensic Sciences. (© Richard C. Li.) 


In 2010, the FBI established a Rapid DNA Progeam Office for the purpose of developing rapid 
DNA technology. Rapid DNA technology is a fully automated process of performing STR analy- 
sis within 1-2 h to generate a CODIS core STR profile from a reference sample such as a buccal 
swab (Figure 24.3), The Rapid DNA Index System (RDIS) is the proposed index of NDIS. It shall 
be an integrated system capable of applying rapid DNA technology and carrying out database 
searches from police custody or booking units by trained police officers. The entire process, 
including obtaining any match from a database search, shall take less than 2h. 

‘The forensic DNA analysis of a reference sample, taken from an individual, takes 2-3 days 
if processed immediately in a forensic laboratory. The entire process includes the extraction of 
DNA from a sample, DNA quantification, PCR amplification, electrophoresis, and data collec- 
tion and analysis. After being transported to a laboratory for processing, samples are usually 
stored and batched in laboratories prior to analysis. A typical turnaround time for analysis of 
such a sample is 1-3 months, While the sample is processed, the suspect is often released from 
custody. Perpetrators released on police bail may commit another crime, Thus, it is desirable to 
develop new technology that is capable of completing the forensic DNA analysis and database 
search while the suspect remains in custody. This technology would also facilitate rapid excl 
sion of a suspect, thus redirecting the investigation. 

Rapid DNA instruments are portable, compact instruments designed to be deployed into 
field testing, These instruments are fully automated for processing reference samples in order to 
generate a DNA profile in less than 2 h, Several versions of the instruments have recently been 
developed by manufacturers and some of them are currently commercially available, In addition 
to rapid DNA instruments, rapid DNA profiling may be achieved through alternative processes. 
First, it can be achieved through rapid services that offer a quick turnaround time (<2 h). Second, 
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Figure 24.3 A rapid DNA instrument. A compact instrument that is designed to process swab 
samples and to praduce DNA profiles within 2 h in the field, (@ Richard C. Li.) 


rapid DNA techniques can be applied using standard laboratory equipment but implementing 
specialized protocols to generate CODIS-compatible profiles in less than 2 h. 

‘The primary goal of the rapid DNA initiative is to produce a CODIS-compatible DNA profile 
of a sample taken from an arrestee in police custody and to search DNA databases during the 
booking process in less than 2h, This technology could be used, for example, to quickly identify 
other unsolved crimes or eliminate suspects, which can aid in investigative decision making. 
It can also potentially be useful for other investigations, such as identifying human remains in 
mass disasters; identifying detainees in counterterrorism applications; and, for immigration 
and border agents, confirming and verifying individual identifications or family relationships. 


24.4 Database Entries 
Currently, over 190 public law enforcement laboratories participate in CODIS across the United 
States. As of April 2013, CODIS contains the DNA profiles of more than 10 million convicted 
felons, over I million arrestees, and half a million crime scene samples. The proportion of the 
population represented in the database is approximately 3%, The NDIS is one of the largest DNA 
databases containing DNA profiles in terms of absolute numbers. Each CODIS entry consists of 
the DNA profile of the sample and the specimen identification number, as well as the informa. 
tion of the laboratory submitting the DNA profile and the laboratory analyst that performed the 
DNA analysis. The entry does not include case information or the personal information of the 
offenders or arrestees. Access to CODIS profiles is restricted to criminal justice agencies for law 
enforcement identification purposes. 

‘The SDIS database retains samples collected from convicted offenders after DNA profiles 
are obtained. State policies vary in the retention of samples and DNA profiles in situations of 
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dismissed charges, acquittal, or no charges forarrestees. Some states, such as Virginia, destroy the 
DNA sample and expunge the DNA profile from the database. Other states, such as California, 
require a petition to destroy the sample and expunge the DNA profile from the database. There 
are two major reasons for sample retention. First, the sample is needed for confirmatory pro- 
cesses for the purpose of quality assurance and control. In confirmatory processes, the DNA 
analysis of the original sample is repeated and compared against the prior analysis. Second, the 
retention of samples allows for possible retesting if new technology becomes available. It also 
allows retesting of a sample for purposes of updating with expanded loci. Considerable debate 
has surrounded the retention of samples. It can be argued from the opposite perspective that 
the database could reveal private genetic information that could then be misused. The objection 
is based on concern for the protection of privacy rights. If sample were made available to an 
unauthorized person, confidential information could be disclosed. 


24.5 Database Expansion 

Currently, all 50 states have authorized the collection of samples from convicted felons for DNA 
databasing. Over the years, the demand for the utilization of databases has increased sharply 
(Figure 24.4). More jurisdictions are incorporating more felonies into the lists of crimes that 
require DNA profiles, and some jurisdictions plan to include all felonies in such databases. 
Additionally, the database system is projected to include the profiles of minor criminals, because 
statistics show that most offenders found guilty of serious crimes were previously convicted 
for minor crimes. Broadening the size of the database and including samples from more types 
of crimes could lead to the assumption that the number of crimes solved would also increase. 
Although state laws vary, each state has its own statute governing the entry criteria of the data 

base samples. More and more states are authorizing the collection of additional types of DNA 
samples, including individuals convicted of misdemeanor crimes and adult felony arrestees who 
have not yet been convicted for the offense. It is known that offenders tend to commit multiple 
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Figure 24.4 Growth of the CODIS database, In 2000, 460,366 offender profiles and 22,484 
forensic profiles were entered, 
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crimes. Thus, including DNA profiles of arrestees in the database is beneficial in catching serial 
offenders and potentially preventing future crimes. Virginia is the first state to collect DNA 
from violent-felony arrestees, among other crimes, Over the years, more than half of states in 
the United States have amended their law to include all felony arrestees or a subset of arrestees 
for felonies that involve violence or sexual assault, 

In 2009, Alonzo King was arrested in Wicomico County, Maryland, on violent assault 
charges. Maryland’s DNA Collection Act authorizes law enforcement agencies to collect DNA 
samples from an individual who is arrested for violent crimes. During the booking process, 
under state law, King’s buccal swabs were collected for forensic DNA identification. When King's 
DNA profile was entered into Maryland’s SDIS, it matched to a crime scene DNA profile from an 
unsolved rape case in 2003. Based on the DNA evidence, King was indicted for first-degree rape 
by a grand jury. The defendant filed a motion to suppress the DNA evidence. King argued that 
using his DNA to investigate his connection to the 2003 rape was an unreasonable search and 
seizure under the Fourth Amendment, since the police had no reason to suspect his involvement 
in the 2003 rape. During the trial at Wicomico County Circuit Court, King’s motion was denied. 
He was convicted of rape and sentenced to life in prison. The Court of Appeals of Maryland, 
the state’s highest court, upheld that the DNA Collection Act was constitutional. The police had 
probable cause to arrest King on the assault charge, and thus collecting King’s DNA sample was 
a reasonable search. However, the court overturned the low court and reversed King’s convic 
tion, It stated that the DNA Collection Act was inappropriately applied to King in this case. 
‘Thus, investigating King without probable cause for the unrelated rape was unconstitutional 
‘To determine whether the Fourth Amendment permits states to collect and analyze the DNA of 
arrestees, a divided Supreme Court ruled 5-4 and reversed the Court of Appeals. The Supreme 
Court's judgment ruled that Maryland has the right to collect DNA evidence from individuals 
arrested for serious crimes. The ruling reflects the Supreme Court's view on the balance between 
the interest of criminal justice systems in solving violent crimes and an individual's interest in 
the Fourth Amendment, which protects them from unreasonable searches, 

Some jurisdictions, such as the United Kingdom, allow DNA samples to be taken from indi 
viduals suspected of committing recordable offenses that may lead to prison sentences. In con 
trast, DNA profiles from suspects are not eligible for entry into CODIS. In some jurisdictions, 
ithas been suggested that databases include many more offenders and suspects, as well as the 
general public. One advantage of including an entire population in a database is the ability to 
identify missing, kidnapped, and abducted individuals in addition to victims of major accidents 
and mass fatalities. Nevertheless, debates concerning the need to balance the benefits and dan- 
gers of developing a broader database will inevitably continue. 


24.6 DNA Profiles 

Currently, the CODIS software supports the storage and search of DNA profiles of short tan- 
dem repeat (STR), Y chromosome STR (Y-STR), and mitochondrial DNA (mtDNA). Y-STR and 
mtDNA profiles may only be searched within NMPDD-related indexes. The CODIS software 
no longer supports searches of DNA profiles generated by restriction fragment length polymor- 
phism (RELP) analysis, The 13 core CODIS STR loci are CSFIPO, FGA, THO!, TPOX, VWA, 
1D3S1358, DSS818, D7S820, D8S1179, D138317, D16S539, DI8S51, and D21SI1. DNA profiles 
are entered into one of the indexes, such as convicted offender, arrestee, forensic, unidenti 
fied human remains, missing person, or a relative of a missing person, There is a minimum 
loci requirement for each DNA profile entering CODIS: 13 core CODIS loci are required for a 
DNA profile entering the Convicted Offender Index and the Arrestee Index; 13 core CODIS loci 
and amelogenin, a sex-typing marker, are required for a DNA profile entering the Relatives of 
Missing Person Index; at least 10 CODIS loci are required (all 13 core loci must be tested) for the 
Forensic Index; and at least 8 loci and amelogenin are required (all 13 core loci must be tested) 
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for the Missing Person and Unidentified Human Remains Index. The DNA profiles must be gen- 
erated by an accredited and audited laboratory in accordance with the FBI's Quality Assurance 
Standards using approved commercially available kits, As the database is growing rapidly, the 
chances of finding incidental matches among DNA profiles is increasing. To increase discrimi 
nation power, it has recently been proposed that CODIS core loci be expanded to include 20 or 
more markers (Chapter 20). Additionally, the expanded core loci share additional loci compat 
ible with international standards for forensic DNA analysis, which facilitates the exchange of 
information with international law enforcement agencies. 


24.7 Routine Database Searches for Forensic Investigations 

“The ultimate goal of the database utilization is to provide investigative leads for law enforcement 
in solving crimes, particularly in cases where no suspect has yet been identified. Currently, DNA 
profiles uploaded to NDIS are automatically searched once a week (Figure 24.5). A hit is a match 
made from the information provided by comparing a target DNA profile against the DNA profiles 
contained in the database. There are two types of CODIS hits: an offender hit provides the identity 
ofa potential suspect of a crime, while a forensic hit reveals the linkage between two or more crime 
scenes. Once a hit is identified, the match is verified by the laboratories that originally processed 
the evidence. A verified CODIS hit can be utilized as probable cause to allow law enforcement 
to obtain a court order to collect a DNA sample from a suspect. Collecting DNA with a warrant 
ensures admissibility in court. Investigation-aided cases are those assisted by CODIS hits, includ: 
ing case-to-case matches as well as case-to-offender matches. The number of investigations aided 
isa useful measure of the successful application of the database (Figure 24.6). As of April 2013, 
over 207,800 hits had been made with CODIS assistance in more than 199,200 investigations. 


247.1 Case-to-Offender Searches 

Matches of profiles from the Forensic Index and the Offender Index reveal the identities of per 

petrators of crimes. For example, in 1998, a Florida man, Leon Dundas, became a suspect in a 
rape case but refused to provide his DNA reference sample for testing. Dundas was killed a year 
later in an illegal drug deal. Thus, a postmortem sample of Dundas was obtained and his DNA 
profile was compared with the Forensic Index of CODIS. It was discovered that Dundas's profile 
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Figure 24.5 Example of a weekly routine CODIS search. (© Richard C. Li.) 
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Figure 24.6 Number of hits and investigations aided by the CODIS database. 


matched the DNA sample found in the rape case. Additionally, his DNA profile was linked to 
several other unsolved rapes in Jacksonville and Washington, DC. Such cases can now be solved 
by utilizing DNA databases, 


24.1.2 Case-to-Case Searches 
A target DNA profile from a crime scene is also searched against the profiles stored in the 
Forensic Index ofthe database. Matches of profiles among the target profile and the profile in the 
Forensic Index can link separate crime scenes and aid in identifying serial offenders. This helps 
law enforcement agencies in multiple jurisdictions to coordinate their investigations and share 
leads. For example, in 1996, two young girls were abducted from bus stops in St. Louis. Both girls 
were raped and DNA samples were collected. Both DNA profiles pointed to the same perpetra. 
tor. In 1999, the St. Louis police decided to reanalyze the samples using new STR technology 
through the CODIS database. The database found a match to a different rape case, to which the 
perpetrator, Dominic Moore, had already confessed, thus identifying him as the perpetrator of 
the 1996 rapes. 


24.7.3 Search Stringency and Partial Matches 

Database searches are carried out using the CODIS software with three stringency levels, 
which allow the search of complex forensic profiles against offender profiles (Figure 24.7). A 
high-stringency match requires an exact match in which all alleles are matched at each locus 
between the target and candidate profiles. A moderate-stringency match, as defined by the FBI, 
isa candidate match “between two single source profiles having at each locus all of the alleles 
of one sample represented in the other sample.” In a moderate-stringency match, allelic drop- 
outs in a target or candidate profile are allowed, possibly resulting in a partial match at some 
loci, Asa result, high-stringency matches are automatically included in a moderate-stringency 
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Figure 24.7 Diagram of match stringencies. A heterozygote (allele 14 and 15) at locus D3S1358 
is ulilzed as the genotype for the forensic unknown profile, (@ Richard C. Li.) 


search, In a low-stringency search, both mismatches and allelic dropouts are allowed. Presently, 
NDIS searches are only carried out at moderate stringency. During forensic DNA analysis, DNA 
degradation may prevent full DNA profiles from being processed, producing only partial profiles. 
Additionally, mixture profiles derived from forensic samples containing DNA contributed by 
more than one individual may be encountered. Furthermore, due to mutations, null alleles may 
occur in the profiles produced with some primer sets but not other primers. Therefore, search- 
ing at moderate stringency allows the detection of matches under the situations described above. 
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Such moderate-stringency searches between the Forensic Index and Offender Index may occa 
sionally generate partial match profiles. Since a partial match is not an exact match of the two 
profiles, further investigation is needed. For instance, additional Y-STR and mtDNA analysis is 
needed to eliminate unrelated individuals. 


24.8 Familial Searches 
Familial search, initiated in the United Kingdom, is a new method of applying databases in 
criminal investigations. It is known that, in the United States, nearly half of prison inmates have 
close relatives who have also been incarcerated. Familial search is based on the assumption that 
close relatives share more alleles of DNA profiles than unrelated individuals, ‘Thus, databases 
may be utilized to identify perpetrators by finding a close relative, if the close relative has been 
convicted of a crime and is listed in the database. Familial search is an intentional search of 
a target crime scene profile against an offender database to obtain a list of candidate profiles 
that are similar to the target profile. This list may include the profile of a close relative of the 
perpetrator, who is the source of crime scene evidence. These matches most frequently involve 
siblings, parents, or children. ‘The investigative leads produced by familial searches allow law 
enforcement to conduct further investigations to identify the perpetrator. 

‘The first familial search leading to a successful prosecution was conducted in Surrey, England. 
In 2003, a truck driver was killed after a brick was thrown through his windshield from a bridge. 
‘The perpetrator’s DNA profile was obtained from the brick. A search of the UK's national DNA 
database revealed no match for the perpetrator. Next, a familial search of the database was con- 
ducted. The system identified a close relative that led police to identify the perpetrator, Craig 
Harman, who was then convicted of manslaughter. 


24.8.1 Legal and Ethical Issues of Familial Search 

“The use of forensic databases involves a balance of individual civil rights and the interests of 
the criminal justice systems. Many concerns have been raised, including the potential for these 
searches to violate the privacy of unrelated people whose genetic profiles happen to resemble 
those of individuals included in the databases. In the United States, the Fourth Amendment 
protects against unreasonable searches and seizures, The permissibility of familial searching 
under the Fourth Amendment is yet to be addressed by courts, The collection of biological mate- 
rial for the initial creation of a profile for law enforcement purposes is subject to the Fourth 
Amendment implications. In terms of familial searches, some legal experts argue that the bio- 
logical materials are not collected directly from the individuals for a familial search, and that 
these individuals may thus be protected under the Fourth Amendment. Others argue, however, 
that the Fourth Amendment protects the initial creation of the profile, including the sample 
collection, forensic DNA analysis, and the databasing. They argue that the Fourth Amendment 
may not protect subsequent investigations of DNA profiles during familial searches. In addition, 
the CODIS database consists of a high percentage of profiles from individuals of racial minor 
ity groups, including African Americans. Familial searches can disproportionately focus on a 
specific racial group. 

Familial searches are rare in the United States. Two jurisdictions, Maryland and the District 
of Columbia, have laws prohibiting the use of familial searches. Familial searches are not con- 
ducted at the NDIS, While familial searches are now being performed in several jurisdictions in 
the United States, policies on familial searches vary among jurisdictions. The major issues relate 
to criteria for privacy, information release, search approval, and the types of crimes eligible for 
familial searches. Currently, California, Colorado, Texas, and Virginia have state legislation per 
mitting familial searches. Familial searches are initiated when a specific suspect is not known, 
and the cause for the search needs to be justified. Familial searches are usually conducted for 
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crimes that pose a substantial threat to public safety, typically those cases involving the most 
serious offenses, Additionally, familial searches are only conducted after a routine search of a 
DNA profile has yielded no match in the database. 

In 2003, for example, a crime scene DNA sample of a closed rape and murder case, commit 
ted decades previously, was reanalyzed using forensic DNA techniques. The crime scene DNA 
profile was compared to the profile of a man, Darryl Hunt, who was then imprisoned for the 
crime, Surpr the crime scene DNA profile did not match either that of Hunt or those of 
convicted felons in the database, However, the database search revealed a close relative of the 
true perpetrator and thus led law enforcement to identify Willard Brown as the perpetrator. 
Brown was sentenced to life imprisonment. Additionally, Hunt was exonerated after 18 years in 
prison. 


24.8.2 Familial Search Strategies 

‘The familial search is usually carried out using specially designed software. Although the 
CODIS software is not designed for familial search, it can be used for familial search through a 
low-stringency search, which may result in a list of candidate profiles including close relatives of 
individuals, such as parent-offspring or full-sibling relatives. In a large offender DNA database, 
similar DNA profiles from unrelated people are often observed due to shared alleles. Therefore, 
the candidate profile list may also include unrelated individuals whose DNA profiles are similar 
to the target profile. As a result, a familial search can provide alist of potential candidates con- 
sisting of hundreds of profiles, which would be too labor intensive to pursue through further 
investigations. Several methods can be used to determine a cutoff analytical threshold in order 
to limit a pool of candidate profiles and exclude unrelated individuals from familial searches 
(Figure 24.8) 


24.8.2.1 Identity-by-State and Kinship Index Method 

“The identity-by-state (IBS) method compares the number of shared alleles and loci between a 
target forensic profile and the offender profiles in a database but does not take into account allele 
frequencies. The analytical threshold for a familial search is determined by a preset number 
of shared alleles or loci in order to prompt further investigation. For example, some states use 
15 shared alleles as the analytical threshold to be considered as a candidate, while other states 
require at least one shared allele for each locus. Additionally, this method can prioritize a pool of 
candidates based on the highest to the lowest number of shared alleles for investigation. 

‘The Kinship Index (K1) method is likelihood ratio-based method that evaluates the familial 
match by comparing the probability that two DNA profiles are from related individuals to the 
probability that they are unrelated. The KI method analyzes the allele frequency data, includ. 
ing all CODIS core loci, to calculate the Combined Kinship Index. The KI may vary based on 
the allele frequency data across the population. Thus, the accuracy of the KI method relies on 
the relevance of the population data set analyzed. False inclusions or exclusions may occur if 
nonrelevant population data are utilized. The KI method also allows the generation of a ranked 
candidate list according to the probability that the individuals are related. Generally speaking, 
the accuracy of the KI method is higher than that of the IBS method. However, using both IBS 
and KI methods is better than using a single method alone for familial search. 


24.8.2.2 Focusing on Rare Alleles 
During a familial search, target DNA profiles may contain rare alleles with low allelic frequen- 
cies. The chance of sharing rare alleles for two close relatives is higher than for two unrelated 
individuals. Ifa target profile carries a rare allele, it can be used to narrow the pool of candidates. 
For example, Jeffrey Gafoor, then 23, had been living in a suburban neighborhood in Cardiff, 
Wales. He had a reputation for being a loner. Besides working in his family-owned shop, he spent 
most of his time at home. On February 13, 1988, Gafoor entered 7 James Street in the Butetown 
area of Cardiff. The first-floor unit was temporarily occupied by Lynette White, a 20-year-old 
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Figure 24.8 Example of a familial search workflow. (@ Richard C. Li.) 


‘woman who was working asa prostitute in the area. Gafoor went there for the purpose of recetv- 
ing sexual services. He left the scene in the early hours of Valentine's Day. On Valentine's night, 
White's body was discovered. She suffered from more than 50 stab, cut, and slash wounds as well 
as defensive wounds on her hands. The body was dragged to the corner of the room adjacent to 
the bed, the only piece of furniture in the room. 

Gafoor left blood and semen evidence at the scene. He bled during the murder and deposited 
bloodstains at the scene. Additionally, he left seminal stains at the scene; the semen had no mea- 
surable level of sperm and most likely came from an individual who had a medical condition 
known as azoospermia (Chapter 1). After the murder, Gafoor lived at the same place as he did 
beforehand and kept the same job for many years. 

‘Two years later, three local men, known as the “Cardiff Three,” were convicted of White's 
murder and sentenced to life in prison, In 1992, however, their convictions were reversed by 
the court of appeal. Subsequently, the crime scene evidence was tested using new techniques 
in forensic DNA analysis that were not available in 1988. A DNA profile was obtained from 
the crime scene. A familial search revealed a similar profile from a 14-year-old boy in the UK 
‘National DNA Database. In particular, there was a rare allele match between the crime scene 
and the candidate DNA profiles. This search led to the further investigation of Gafoor, who was 
the uncle of the boy. Gafoor was charged with murder. 
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24.8.2.3 Excluding Candidates through Y-STR Screening 

“The vast majority of DNA profiles in CODIS come from males, Patrilineal markers, such as 
ire successfully utilized to screen the candidates to verify the relationship between 
two individuals. This analysis helps to identify first-order relatives as well as paternal half- 
siblings. STR loci beyond the CODIS core loci and maternal lineage makers, such as mito- 
chondrial DNA typing systems, can be used to narrow the pool of candidates and eliminate 
coincidental partial matches. One or more of these methods can be incorporated to evaluate 
highly ranked candidates. 

For example, Lonnie Franklin lived in a southern Los Angeles neighborhood. Throughout 
the 1980s, Franklin worked for the city as a maintenance worker and a sanitation truck opera. 
tor. His neighbors recalled that he often brought prostitutes to a camper parked in the backyard 
of his house. He also took photos of nude women, which he kept in his garage. Nevertheless, to 
many of his neighbors, Franklin seemed to be a friendly person who often chatted with them, 

Since 1985, the bodies of many women, most of which were prostitutes, had been dumped in 
an alley running along Western Avenue in a southern Los Angeles neighborhood. The victims 
had been shot and some had been strangled after sexual contact. DNA and ballistics analysis 
revealed that at least 10 of the murders had been committed by the same perpetrator. The per 
petrator was known to the general public as the “Grim Sleeper” because he had taken a 14-year 
break during the period in which these 10 murders had taken place. The crime scene DNA pro: 
file did not match any profile in the database. 

In 2008, the first familial search of the “Grim Sleeper” case was conducted by the California 
Department of Justice. California state law allows familial searches for high-profile cases if all 
other leads have been exhausted. However, all candidate DNA profiles were excluded through 
Y-STR screening. As a result, no candidate was identified as a possible relative of the “Grim 
Sleeper.” In 2010, a second search targeted partial matches that shared at least 15 alleles. It pro- 
duced a list of 100 candidate profiles ranked by the likelihood that they were related. Y-STR was 
used as a screen tool to identify possible patrilineal relatives. This time, the search generated a 
match toa new DNA profile of a felon, which had recently been entered into California's SDIS, in 
2009, ‘The search suggested that the candidate was a relative of the source of the DNA from the 
crime scenes. This search led to the identification of Franklin as a suspect in the "Grim Sleeper” 
murders. Police detectives conducted surveillance and collected a discarded slice of pizza and a 
cup used by Franklin at a local restaurant for DNA identification. The DNA profile was identi 
cal to the crime scene DNA profiles. Franklin was arrested and was charged with ten counts of 
murder and one of attempted murder. 
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25.1 A Review of Basic Principles of Genetics 

25.1.1 Mendelian Genetics 

‘Mendel’ first law is the principle of segregation of alleles. Each pair of alleles segregates from 
others in the formation of gametes (mature reproductive cells such as spermatozoa and oocytes). 
One-half of the gamete carries one allele, and the other half carries the other allele. 

‘Mendel’s second law is the principle of independent assortment of alleles. ‘The segregation 

of each pair of alleles is independent of the segregation of other pairs during the formation of 
ametes. 

1 Gnetes are formed duriage process enown as melodia which ls. with aplold chvow. 

some numbers (23 in humans) are produced by the division of cells with diploid chromosome 

numbers (46 in humans), A fertilized human egg thus contains a diploid number of chromo- 

somes. A diploid is composed of 22 pairs of autosomes and 2 sex chromosomes (XX in females 

and XY in males). 

Based on Mendelian principles, genes on different chromosomes assort independently 
of one another in gamete production. Genes residing very closely together on the same 
chromosome are usually inherited together. Thus, they do not assort independently and 
are called linked genes. Genes distant from each other on the same chromosome are usually 
inherited separately. This results from an exchange of segments between a pair of homolo- 
gous chromosomes when the chromosomes are paired during the early phases of meiotic 
division. These types of gene-exchange events on homologous chromosomes are collec: 
ly called crossing over, which results in the recombination of genes in a pair of chromo: 
somes (Figure 25.1). 

‘The Mendelian inheritances of genes can often be measured using probabilities. A prob: 
ability is the ratio of the number of actual occurrences of an event to the number of possible 
occurrences. Additionally, the probability of two independent events occurring simultane- 
ously is the product of each of their individual probabilities; this is known as the product rule 
of probability 

‘Mendelian principles apply to the inheritance of loci of the autosomal nuclear DNA 
genome commonly used for forensic testing. The Y-chromosomal genome is inherited 
paternally, which does not obey the rules for Mendelian principles. Mitochondria contain 
their own mitochondrial genomes and are inherited maternally. This maternal inheritance 
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Figure 25.1 Crossing over hypothesis. Chromosomes are replicated prior to the first meiotic 
division. Each duplicate is called a chromatid, which forms into tetrads in the prophase. A 
crossover event occurs between the maternal and the paternal chromatids. Each chromatid 
breaks at the point of the cross and fuses with 2 portion of its counterpart. Chromosomes 
are associated with the microtubules during metaphase | and are pulled toward the spindle 
poles during anaphase |. The maternal and paternal homologs of one chromasome are shown. 
(© Richard C. Li.) 


of mitochondrial genes also does not obey the rules for Mendelian prin 
tance of Y-chromosomal and mitochondrial genomes is referred to as non-Mendelian 
inheritance, 


25.1.2 Population Ge 
Population genetics studies the causes of patterns of genetic variations within and among 
populations. 


25.1.2.1 Allele Frequency 
Allele frequency (p) can be calculated directly by counting the number of alleles of one type at a 
given locus and dividing it by the total number of alleles at that locus in a sampled population. 
“This is called the gene counting method. 


25.1.2.2 Genotype Frequency 
Genotype frequency (P) observed at a given locus can be calculated by dividing the number of 
individuals with one genotype by the total number of individuals in a sampled population, Each 
genotype at the locus can be calculated separately. The summation of all genotype frequencies 
at that locus should equal 1 


25.1.2.3 Heterozygosity 
Heterozygosity is the proportion of alleles, at a given locus, that are heterozygous and is calcu. 


lated as 
yY 


h= 


(25.1) 


where: 
heterozygosity 
= allelic frequency of the locus for homozygotes 


‘The amount of heterozygosity at a locus in a sampled population is a measure of genetic 
variation. The higher the heterozygosity, the more variation there is at a given locus. 
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25.1 AReview of Basic Principles of Genetics 


25.1.2.4 Hardy-Weinberg Principle 

‘The Hardy-Weinberg (HW) principle, independently discovered by two scholars in the 
early 1900s, allows predictions of genotype frequencies to be made based on allelic fre- 
quencies. However, certain conditions must be met. The population must be large; mate 
randomly; and lack mutation, migration, and natural selection. If these conditions of the 
HW principle are met, the population will be in equilibrium, and the following results are 
expected: 


1. The frequencies of the alleles will not change from one generation to the next. 


2. Genotype frequencies can be predicted by the allelic frequencies (p* and q° for geno- 
type frequencies of homozygotes and 2pq for genotype frequencies of heterozygotes). 
‘The sum of the genotype frequencies should equal 1 


pi+2pq+q'=1 (25.2) 


Ifthe observed genotype proportions are different from those expected, one or more of the HW 
assumptions have been violated, 


25.1.2.5 Testing for HW Proportions of Population Databases 
‘To determine whether the genotypes of a population in question obey the HW principle, a popu- 
lation database can be constructed. Samples (ustially 100-200 samples for STR loci) are collected 
and analyzed at the loci of interest. Allelic frequencies are obtained by using the gene counting 
method. Table 25.1 shows the allelic frequencies of CODIS loci from a population database. 
‘The observed genotype frequencies at a given locus, as described earlier in Section 25.1.2.2, are 
calculated by dividing the number of individuals with one genotype by the total number of 
individuals in the population sampled. The expected genotype frequencies are calculated using 
P2pqand q*. 2 

‘The observed and expected genotype frequencies are then compared using a chi-square test. 
‘The significance of the differences between observed and expected genotype frequencies can 
then be determined. The chi-square is calculated using the following formula: 


(25.3) 


th observed genotype frequency 
th expected genotype frequency 
jotal number of genotypes 


Chi-square (72) is calculated as the stim of all genotypes of a given locus. 

‘The chi-square value and the degrees of freedom (the number of genotypes minus the num 
bers of alleles) are then used to obtain a p value (not to be confused with the allelic frequency 
designated p) from a table of p values, and such tables can be found at the backs of most statis- 
tics textbooks. Ifthe p value exceeds 0.05 (5% significance level), the deviation of the expected 
genotype frequencies from the observed genotype frequencies is not considered statistically 
significant. Thus, the null hypothesis that the observed genotype frequencies fit the expected 
genotype frequencies predicted by the HW principle is not rejected if the p value is greater 
than 0.05. 
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Table 25. Allelic Frequencies of 13 CODIS STR Loci 
Pane [—Alnicreaemay oo ———_| 
Ce ed 


381358 (N=210) | (N=203) _ (N=209) 


<12 0.476 0.000 0.000 
12 0.238 0.000 0.000 
13 1.190 0.286 0,239 
14 12.143 14.039 7.895 
15 29.048 24.631 42.584 
15.2 0.000 0.000 0.000 
16 30.714 23.153 26.555 
7 20.000 21.182 12.679 
18 5.476 16.256 8.373 
19 0.476 0.493 1,435 
19 0.238 0.000, 0.239 
WA (N=180) — (N=196)__ (N=203), 
n 0.278 0.000 0.246 
13 0.856 0.510 0.000 
14 6.667 10.204 6.158 
15 23.611 11.224 7.635 
16 26.944 20.153 35.961 
7 18.333 26.276 22.167 
18 13.611 22.194 19.458 
19 7.222 8418 7.143 
20 2.778 1.020 1,232 
21 0.000 0.000 0.000 
FGA (N=180)  (N=196) _ (N=203) 
<18 0.278 0.000 0.000 
18 0.833 3.061 0.246 
18.2 0.833 0.000 0.000 
19 5.278 5.612 7.882 
19.2 0.278 0.000 0.000 
20 7.222 14.541 7.143 
20.2 0.000 0.255 0.246 
21 12.500 17.347 13.054 


Table 25.1 
CODIS STR Loci 


25.1 A Review of Basic Principles of Genetics 


(Continued) Allelic Frequencies of 13 


[aicie | leis Frequency 
[i wes | can |_| 


212 0.000 0.000 0.246 

22 22.500 18.878 17.734 

22.2 0.556 1.020 0.493 

22.3 0.000 0.000 0.000 

23 12.500 15816 14.039 

23.2 0.000 0.000 0.739 

24 18.611 13.776 | 12.562 

24.2 0.000 0.000 0.000 

24.3 0.000 0.000 0.000 

25 10.000 6.888 © 13.793 

26 3.611 1.786 8.374 

27 2.222 1.020 3.202 

28 1.667 0.000 0.246 

29 0.556 

30 0.278 

330 0.278 

Dasl179 (N= 180) 

<3 0.278 

9 0.556 

10 2.500 

ial 3.611 

12 10.833 

13 22.228 

14 33.333 

15 21.389 

16 4.484 

7 0.833 

18 0.000 

p2isi1 (N=179)  (N=196) _ (N=203) 

24.2 0.279 0.510 0.246 

24.3 0.000 0.000 0.000 
(continued) 
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Table 25.1 (Continued) Allelic Frequencies of 13 
CODIS STR Loci 


[ace Tai Fequeney 00) 
Geen] 


26 0.279 0.000 0,000 
27 6.145 4.592 0.985 
28 21.508 16.582 6.897 
29 18,994 18.112 20.443 
29.2 0.279 0.000 0.246 
30 17.877 23.214 33.005 
30.2 0.838 3.827 3.202 
30.3 0.000 0.000 0.000 
31 9.218 7.143 6.897 
31.2 7.542 9.949 8.621 
32 0.838 1.831 1,232 
32.1 0.000 0.000 0.000 
32.2 6.983 11.224 13.547 
33 0.838 0.000 0.000 
33.2 3.352 3.061 4,187 
34 0.838 0.000 0.000 
34.2 0.279 0.000 0.493 
35 2.793 0.000 0.000 
35.2 0.000 0.255 0.000 
36 0.859 0.000 0.000 
336 0.559 0.000 0.000 
p1gs51 (W=180) — (N=196) _ (N=203) 
<ll 0.556 1.276 0.493 
1 0.556 1.276 1,232 
12 5.833 12.755 10.591 
13 5.556 12.245 16.995 
13.2 0.556 0.000 0.000 
14 6.389 17.347 16.995 
14.2 0.000 0.000 0.000 
15 16.667 12.755 13.793 
15.2 0.000 0.000 0.000 
16 18.889 10.714 11.576 


25.1 AReview of Basic Principles of Genetics 


Table 25.1 (Continued) Allelic Frequencies of 13 
CODIS STR Loci 


[aicie | leis Frequency 
[cance [cna | 


7 16.389 15.561 13.793 
18 13.056 9.184 5.172 
19 7778 3.571 3,695 
20 5.556 2.551 1.724 
21 1111 0.510 1.970 
212 0.000 0.000 0.000 
22 0.856 0.255 0.739 
322 0.556 0.000 1.232 
pssais (W=180) — (N=195)  (N=203) 
we 0.278 0.000 6.158 
8 5.000 0.000 0.246 
9 1.389 3.077 5.419 
10 6.389 4.872 6.650 
1 26.111 41.026 42.118 
12 35.556 35.385 29.064 
13 24.444 14.615 9.606 
14 0.556 0.769 0.493 
15 0.000 0.256 0.246 
315 0.278 0.000 0.000 
138317 (N=179) | (=196) | (N=203) 
i 0.000 0.000 0.000 
8 3.631 9.949 6.650 
9 2.793 7.653 21.921 
10 5.028 5.102 10.099 
nl 23.743 31.888 20.197 
12 48.324 30.867 21.675 
13 12.570 10.969 13.793 
14 3.631 3.571 5.665 
15 0.279 0.000 0.000 
D7s820 (N=210) | (N=203) | (N=209) 
6 0.000 0.246 0.239 
(continued) 
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Table 25.1 


CSF1PO 
6 


(Continued) Allelic Frequencies of 13 
CODIS STR Loci 


Allelic Frequency (%6) 


African American 


ona 
17.381 
15.714 
32,381 
0.000 
22.381 
0.000 
9.088 
1.905 
0.876 


(N=210) 


0.000 
4.286 
8.71 
3.333 

27.143 
0.000 

20.476 

30.000 
5.476 
0714 
0.000 


(N= 209) 


8612 
2.153 
36.842 
18.182 
9.330 
22.488 
2.392 
0.000 


(N=210) 


WN: 


1.724 
16.256 
14.778 
29.064 
0.000 
20.197 
0.000 
14,039 
2.956 
0.739 


(N= 203) 


0.000 
0.286 
0.493, 
1.970 

25.369 
0.286 

30.049 

32.512 
7.143 
1478 
0.493 


(w= 203) 


0.000 
0.286 
84.433 
12.315 
3.695 
25.369 
3.941 
0.000 


03) 


2.153 
9,809 
4.785 

30.622 
0.000 
28.987 
0.000 
19.139 
3.828 
0.478 

(N=209) 
0.000 
0,239 
0.000 
0718 

25.359 
0.000 
26.555 

39,234 
6.459 
0.957 
0.478 

(N=209) 
0.478 
0.478 

85.502 


3.349 
3.349 
27.278 
9.330 
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Table 25.1 (Continued) Allelic Frequencies of 13 
CODIS STR Loci 


Allelic Frequency (96) 


Source: Budowle, B.,et al., J Forensic Sci, 44, 1277-1286, 
1999. With permission, 


25.1.2.6 Probability of Match 

“The discriminating power of genetic loci used above can be measured by population match 
probability (P,). P,, is defined as the probability of having a matching genotype between two 
randomly chosen individuals. The lower the P,. the less likely a match between two randomly 
chosen individuals will occur. This is calculated as follows: 


n= SUF Sen 054) 


where: 
pand q = the frequencies of two different alleles 
P.,, can also be used to compare the discriminating powers of different loci 


‘Tables 25.2 through 25.4 show P,, values of loci commonly used for forensic applications, includ 
ing SNP, VNTR, and STR. 
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Table 25.2 Heterozygosity and P,, Values of 


‘Six SNP Low 
Fes [aie [inna | 
LOLR ey 0.493 0.379 


Source: Office of Justice Programs, National Institute 
of Justice, US Department of Justice, The 
Future of Forensic DNA Testing: Predictions 
of the Research and Development Working 
Group, 2000. 


Table 25.3 Heterozygosity and P,, Values of Six VNTR Loci 


DIST 28 0.945 0.0088 
passa (26 0.926 0.0103 

pasi39. «19 0.899 0.0184 

pios2a 24 0.943 0.0063 

pi4si3._— «30 0.899 0.0172 

p17s79. «19 0.799 0.0700 

Average 0.902 

Product 8.26%104(1 in 12x10") 


Source: Office of Justice Programs, National Institute of Justice, US 
Department of Justice, The Future of Forensic DNA Testing: 
Predictions of the Research and Development Working Group, 2000. 


25.2 Statistical Analysis of DNA Profiling Results 

It is desirable to evaluate the strength of DNA profiling results, particularly if two DNA pro- 
files match. A DNA profile from crime scene evidence and a profile from a suspect may be 
the same for two reasons: (1) the crime scene sample may have come from the suspect or (2) 
the suspect happens to have the same profile as the individual who left the evidence found 
at the crime scene. The significance of a match between DNA profiles can be evaluated by 
using statistical calculations that determine the rarity of a specific DNA profile in a rele 
vant population, The statistical evaluation of the significance can be included in a case report 
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25.2 Statistical Analysis of DNA Profiling Results 


Table 25.4 Heterozygosity and P,, Values for CODIS Loci 


a 
trav] |e | > 


CSFIPO cry 0.734 0.112 0.781 0.081 
TPOX a 0.621 0.195 0.763 0.090 
THOL a 0.783 0.081 0.727 0.109 
WA 10 0.811 0.062, 0.809 0.063 
Diess39 8 0.767 0.089 0.798 0.070 
D7S820 lL 0.806 0.065 0.782 0.080 
p13s317,— 8 o771 0.085 0.688 0.136 
Dsss18 10 0.682 0.158 0.739 0.112 
FGA 19 0.860 0,036 0.863 0.033 
D3S1358 10 0.795 0.075 0.763 0.094 
pasi179 «10 0.780 0.067 0.778 0.082 
D18s51 15 0.876 0.028 0.873, 0.029 
b2si1 20 0.853 0.039 0.861 0.034 
Average 0.7812 0.7866 
Product 1.738%10-5 1,092x10-5 
(Qin (1 in 9.161x10"4) 
5.753% 10") 


Source: Office of Justice Programs, National Institute of Justice, US Department of Justice, The 
Future of Forensic DNA Testing: Predictions of the Research and Development Working 
Group, 2000. 


(Figure 25.2). Guidelines for DNA profile interpretation such as those issued by the National 
Research Council, the DNA Advisory Board, and the European DNA Profiling Group can be 
consulted 


“The approaches to performing statistical analysis are (1) calculation of profile probability and 
(2) use of the likelihood ratio method. Although profile probability is the most commonly used 
method because of its simplicity, bth approaches lead to the same conclusion, 


25.2.1.1 Profile Probability 
Profile probability can be calculated based on the following steps: 


1. The locus genotype frequency can be calculated as follows; p and q are the allelic fre- 
quencies observed in the database for a given allele: 
Locus genotype frequency for homozygotes: 


ro (253) 
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Locus genotype frequency for heterozygotes: 


(25.6) 


2. Profile probability can then be calculated based on the product rule by multiplying all 
the locus genotype frequencies calculated as above. 


“The lower the profile probability is, the less likely that an individual chosen at random will have 
a coincident match with the DNA profile of the evidence sample, Table 25.5 shows calculations 
of profile probability from a DNA profile. 


25.2.1.1.1 Structured Populations 

‘The above calculation of profile probability is based on the assumption that a randomly 
selected individual is unrelated to a perpetrator. However, it is likely that the individual and 
the perpetrator are from the same subpopulation (groups within a population) and are thus not 
completely independent, Mating is more likely to occur within subpopulations than between 
subpopulations. As a result, the proportion of homozygotes increases and the proportion of 
heterozygotes decreases in a subpopulation because individuals in a subpopulation appear to 
be related. 


DEPARTMENT OF FORENSIC BIOLOGY 


LABORATORY REPORT 


[LAB NO: IQAS 2003, Lab # 259, 


SUSPECTS: Suspect 1, 2032 
Suspect 22033 
Suspect 32034 


SUMMARY OF RESULTS: 
‘Sement was found on the crime scone Semple 2031b, based the presence of P80 antigen and sporm, 


PCR DNA typing was done on crime stene sample 2031b. Results indicate the semen could have come 
fiom the suspest 1, This combination of DNA alleles would be expected to be found in approximately 


‘in greater than 1 ion Blacks™* 
‘in greater than 1 aiion Caucasians 
Vin greater thar | ilion Hispanics 
"in greater than | wilion Asians 
‘ThoDNA fiom crime seen sample 20318 could not have come fom suspect 2 or suspect 3 
Amylase, «component of sv, isnot foun on erie sexe sample 20318 
'No semen was found on the contol sample 2035 
(Crime scene sample 203 a was not analyzed 
"The DNA results in this case do not mateh any previous PCR (STR) DNA eases to date. 


‘Semen tate componente: he emia ple (ich uals He P0 aatigee) and spermatozoa, Seen ca be 
‘eed ty Sting eter P90 ape ser ser 


+ Gen St dts, Naas! esearch Cuno 1986) Pe Evaluation of Fazisc DNA Evidence, Nil Aid Fes 
‘Weshngon BC 
Figure 25.2 An example of a laboratory report. (® Richard C. Li.) 
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CSFIPO 


D3s1358 


Dssais 


D7s820 


D8s1179 


138317 


D16s839 


pigss1 


p2isi1 


FGA 


THOL 


POX 


25.2 Statistical Analysis of DNA Profiling Results 


Calculation of Profile Probability of STR Profile with 13 CODIS Loci 


‘Alle 
pees |r vr on ee 


12 
4 
15 
u 
u 
10 
u 
3 
3 
u 
u 


© See Table 25.1. 


0.25369, 
0.32512 
0.14039 
0.28631 
0.41026 
0.41026 
0.29064 
0.20197 
0.33929 
0.33929 
0.31888 
0.31888 
0.27228 
0.33911 
0.12788 
0.035710 
0.23214 
0.23214 
0.18816 
0.13776 
0.12562 
0.30542 
0.54433 
0.5aaaa 
0.26276 
0.22194 


2pq 


2pq 


2pq 


2pq 


2pq 


51 


0.165 


0.0691 


0.168 


0.117 


0.115 


0.102 


0.185 


0.00911 


0.0539 


0.0436 


0.0767 


0.296 


0.117 


Profile probability=2.76x 10 
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‘The effect of population structure should be considered and an appropriate correction should 
be made to estimate profile probabilities. The correction can be made by using the factor 0, Thus, 
the locus genotype frequency can be calculated as follows: 

Locus genotype frequency for homozygotes: 


[20+ (1-0) p) [30+ (1-0)p fee 
(+ (+20) 
Locus genotype frequency for heterozygotes: 
p -210+(!-8)p] fos (1-04 ban 


; Troylis 207 


“The 0 value is 0.01 for the majority US population and 0.03 for the Native American popula 
tion. Table 25,6 shows the calculation of profile probability with subpopulation correction using 
0=0.01. The profile probability is approximately three times higher than the value without the 
correction (Table 25.5). Additional corrections can be calculated for relatives, mixed stains, or 
database searches using formulas provided by the National Research Council's guidelines. 


25.2.1.2 Likelihood Ratio 
“The likelihood ratio (LR) method is an alternative for evaluating the strength of a match. The 
method allows the calculation of the probability of the DNA profile under two hypothesis: 
Hypothesis 1 (H,) ~The evidence and suspect profiles originated from the same source. 
Hypothesis 2 (H,) —‘The evidence and suspect profiles did not originate from the same 
source (i.e, the suspect happens to have the same profile as that of the individual who 
lefi the evidence). 
‘The LR is the probability of hypothesis H, divided by the probability of hypothesis H,. Where 
Pr, is the probability under hypothesis H,, and Pr, is the probability under hypothesis H,, this 
can be expressed as: 


fa 
Pe 


LR= (25.9) 


‘The greater the numerator (Pr), the greater the likelihood ratio becomes. The result favors hypoth- 
esis H, (the evidence and suspect profile originated ftom the same source). Pr, is equal to 1 (100%) 
when a match occurs, and Pr, is equal to the profile probability. A LR of 1000 indicates that the evi 
dence is 1000 times as probable if the evidence and suspect profiles originated from the same source. 


25.2.2 Haplotypes 
“The term haplotype was first used to describe very closely linked polymorphicloci. During meio 
sis, alleles at neighboring loci cosegregate (both alleles segregate as a single allele) because of the 
close linkage of loci. The term also applies to genetic regions within which recombination events 
are very rare, that is, within mitochondrial and Y-chromosomal DNA. The entire mitochondrial 
DNA (mtDNA) sequence can be considered to be a single locus or haplotype because of the 
absence of recombination. Likewise, Y chromosome loci can also be considered haplotypes. 
‘Where recombination is very rare, certain allelic combinations occur in populations much 
more frequently than would be expected. This phenomenon is called linkage disequilibrium. As 
a result, the HW principle cannot be applied. The two methods for evaluating the strength of 
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Table 25. 
Factor (0: 


CSFIPO 


p3si358 


Dssais 


D7s820 


D8s1179 


138317 


168839 


pigss1 


p2isi1 


FGA 


THOL 


POX 


va 


7 
18 


© See Table 23.1. 


0.25369 
0.32512 


0.14039 
0.24631 
0.41026 
0.41026 
0.29064 
0.20197 
0.33929 
0.33929 
0.31888 
0.31888 
0.27228 
0.33911 
0.12755 
0.03571 
0.23214 
0.23214 
0.15816 
0.13776 
0.12562 
0.30542 
0.54433 
0.54433 


0.26276 
0.22194 


25.2 Statistical Analysis of DNA Profiling Results 


2[0+(1-0)p] [0+ (1-0)q 
Tr oy 20) 
2[0+(1-0)p}|0+(1-0)q 
Toys 28) 

20 + (1-0)p}[30+(1-0)p 
(is 6)(1+ 2a) 
2[0+ (1-0)p) [0+ (1-0)q} 
(oy 2ay 
201+ (1-@)p] [30+ (1-0) 
( a)(i+ 2a) 

20 + (1-0)p} [30+ (1-0) 
(E+ a(t 2H) 
2[0+(1-6)p}[0+(1-0)q 
Toys 2) 
2[04(1-0)p] [0+ (1-0)q 
+ ols 20) 
20+ (1-8)p] [30+ (1-0) 
To 20) 
2[0+ (1-0)p] [0+ (1-0)q) 
Tay 2o) 
2[0+(1-0)p}[o+(1-0)q 
Trays 20) 

20 + (1~8)p] [30 +(1-8)p 
(+ ay(1+ 2a) 
2[0+(1-0)p][o+(1-0)q 


Ts oy 28) 
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Allelic Locus Genotype 
Frequency* Frequency 


0.168 


0.0734 


0.180 


0.121 


0.126 


0.113 


0.187 


0.012 


0.0630 


0.0473 


0.0815 


0.309 


0.120 


Profile 
probability=7.8x10- 
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a match between haplotypes are (1) mitotype frequency and (2) likelihood ratios. The current 
‘most common approach for interpreting mtDNA profiles is mitotype frequency carried out with 
the gene counting method, that is, the calculation of the number of occurrences of a particular 
sequence or haplotype. The interpretation of Y chromosome profiles is similar to the interpre- 
tation of mtDNA profiles. The estimation of the frequency of a mitotype can be calculated as 
shown below. 


25.2.2.1 Mitotypes Observed in Database 

Ifa mitotype is observed at least once in a database, Equation 25.10 can be used. P,. is the mito- 
type frequency, xis the number of observations of the haplotype, and mis the size of the database 
(the number of mitotype entries} 


x42 7 
Py SES (25.10) 

Any sampling error may be addressed by a confidence interval: 
25.) 


In this case, P,, is the mitotype frequency, and 1 is the size of the database, The conservative 
upper bound of the frequency is usually quoted. 


25.2.2.2 Mitotype Not Observed in Database 
If a mitotype has not been observed in a database, Equation 25.12 can be used to calculate the 
mitotype frequency; «is 0,05 for a 95% confidence interval and n is the size of the database. 


Po = 


(25.12) 
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Quality Assurance and Quality Control 


Quality assurance (QA) for forensic services requires certain processes to ensure that a service 
will meet laboratory requirements for the integrity of testing. A QA program must include com- 
ponents that address: 


Continuing education, training, and certification of personnel 
Specification and calibration of equipment and reagents 
Documentation and validation of analytic methods, 

Use of appropriate standards and controls 

Sample handling procedures 

Proficiency testing, 


Data interpretation and reporting 


Be bee oe fe Be oe poe oe 


Audits (internal and external) and laboratory accreditation, 
Corrective actions to address deficiencies and assessments for laboratory competence 


Over the years, many guidelines for quality assurance in forensic DNA laboratories have 
been established. These guidelines will be introduced in this chapter. 

Quality control (QC) for forensic services refers to the operational procedures necessary to 
meet quality requirements. QC procedures may include maintenance of calibration records for 
equipment and instruments as well as the testing of chemical reagents and supplies used in 
analysis to ensure reliable results. 


26.1 US Quality Standards 

DNA profiling methods were first used in criminal investigations in the 1980s. By the early 
1990s, emerging forensic DNA techniques had undergone detailed reviews by the National 
Research Council (NRC) of the National Academy of Sciences. In 1992, the first published NRC 
report included recommendations in the areas of (1) technical considerations, (2) statistical 
interpretation, (3) laboratory standards, (4) data banks and privacy, (5) legal considerations, 
and (6) societal and ethical issues related to forensic DNA testing. The NRC report attempted 
to explain the basic scientific principles of forensic DNA technology and made suggestions for 
applications and improvements. However, the report received negative criticism from both the 
forensic and the legal communities. 
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In 1996, a second NRC committee was formed “to update and clarify discussion of the prin. 
ciples of population genetics and statistics as they apply to DNA evidence.” Its report stated: 


“The central question that the report addresses is this: What information can a forensic scientist, 
population geneticist, or statistician provide to assista judge or jury in drawing inferences from the 
finding of a match? To answer this question, the committee reviewed the scientific literature and the 
legal cases and commentaries on DNA profiling, and it investigated the criticisms that have been 
voiced about population data, statistics, and laboratory error. Much has been learned since the last 
report, ‘he technology for DNA profiling as well as the methods for estimating frequencies and 
related statistics have progressed to the point where the reliability and validity of properly collected 
and analyzed DNA data should not be in doubt. The new recommendations presented here should 
pave the way to more effective use of DNA evidence. (The Evaluation of Forensic DNA Evidence also 
known as the NRC II report) 


‘The NRC II report consisted of (1) an introduction describing the 1992 report, changes made 
subsequent to that report, and the validity and application of DNA typing techniques; (2) assur 
ance of high standards of laboratory performance; (3) population genetics issues; (4) statistical 
issues; and (5) DNA evidence in the legal system. 

In 1995, The DNA Advisory Board (DAB) was formed as a result of the DNA Identification Act 
(1994) passed by Congress. The DAB served from 1995 to 2000 to develop guidelines for quality 
assurance in forensic laboratories. During that time, the DAB provided two sets of guidelines: 
Quality Assurance Standards for Forensic DNA Testing Laboratories (1998) and Quality Assurance 
Standards for Convicted Offender DNA Databasing Laboratories (1999). These standards describe 
the requirements to ensure quality and integrity of the data as well as competency of laboratories. 

‘These standards were built on the previous standards set by the Scientific Working Group on 
DNA Analysis Methods (SWGDAM). After the DAB’s assignment ended in 2000, the SWGDAM 
became responsible for providing guidelines to the US forensic community. The SWGDAM was 
established in 1988 by the FBI Laboratory. It was initially called the Technical Working Group 
on DNA Analysis Methods; the name changed in 1998. The SWGDAM comprises forensic scien- 
tists from DNA laboratories in the United States and Canada. Its purpose isto facilitate forensic 
DNA community discussions regarding necessary laboratory methods and to share protocols 
for forensic DNA testing. The FBI sponsors and hosts its meetings and plays an important role 
in its activities. 

‘The SWGDAM established and revised several guidelines including the Guidelines for a 
Quality Assurance Program for DNA Analysis, published in 1989, 1991, and 1995 (the vali 
dation section was revised in 2003); Quality Assurance Standards for Forensic DNA Testing 
Laboratories (2011); Quality Assurance Standards for DNA Databasing Laboratories (2011); 
Validation Guidelines for DNA Analysis Methods (2012); and SWGDAM Training Guidelines, 
published in 2001 and revised in 2013. 

‘The SWGDAM also formed subcommittees to provide guidelines in more specific areas of 
forensic DNA testing, for example, SWGDAM' Interpretation Guidelines for Autosomal STR 
‘Typing by Forensic DNA Testing Laboratories (2010), Y-chromosome Short Tandem Repeat 
(Y-STR) Interpretation Guidelines (2009), and Interpretation Guidelines for Mitochondrial 
DNA Analysis by Forensic DNA ‘Testing Laboratories (2013). The SWGDAM also organized a 
number of interlaboratory and validation studies for new techniques. 


26.2 International Quality Standards 

In the early stages of forensic DNA testing, the International Society for Forensic Genetics (ISFG) 
recognized the potential of DNA testing for criminal investigations and made a number of rec- 
ommendations related to the forensic application of DNA polymorphisms. 
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‘The ISEG provided various recommendations for forensic DNA testing of STR, mtDNA, and 
Y chromosome markers for the international community. It formed a working group called 
the European DNA Profiling Group (EDNAP) in 1991. ‘The EDNAP has investigated systems 
for DNA profiling, has organized a number of collaborative exercises for the evaluation of new 
methods, and has published reports of its studies. 

‘The European Network of Forensic Science Institutes (ENFSI) formed its DNA working group 
about a decade ago to address issues of quality and standards for forensic DNA testing, The 
Interpol European Working Party on DNA Profiling (IEW PDP) also makes recommendations for 
applying DNA evidence to criminal investigations in Europe. Based on the EDNAP exercises 
and recommendations by the ENFSI and IEWPDP, the European Standard Set (ESS) for auto- 
somal STR core loci was established. ‘The Standardization of DNA Profiling Techniques in the 
European Union (STADNAP) group has been working on the selection of forensic DNA profil: 
ing systems, methods for use among European countries, and the maintenance of European 
population databases, 


26.3 Laboratory Accreditation 

Accreditation is the process used to assess the qualification of a laboratory to meet established 
standards. During an accreditation process, the services and performance of a laboratory are 
evaluated, particularly in the areas of management, operations, personnel, procedures, equip: 
ment, physical plants, security, and personnel safety procedures. ‘The accreditation process 
generally involves several components such as self-evaluation, the preparation of supporting 
documents, on-site inspection and reports, and accreditation review reports, 

Accreditation in the United States is offered by the Laboratory Accreditation Board of the 
American Society of Crime Laboratory Directors (ASCLD/LAB) for forensic laboratories per- 
forming casework. The American Association of Blood Banks (AABB) provides accreditation for 
laboratories performing DNA parentage testing according to the ABB's standards. 

‘The accreditation of a forensic laboratory is granted for 5 years. To remain in compliance, a 
laboratory must undergo audits to evaluate its operation according to established guidelines. The 
EBIhas published the Quality Assurance Standards Audit for Forensic DNA Testing Laboratories 
(2011) and the Quality Assurance Standards Audit for DNA Databasing Laboratories (2011). The 
areas of operating protocols, instruments and equipment, and personnel training are evalu: 
ated based on guidelines. Problems identified during an audit must be documented and actions 
to resolve the problems must be addressed. Annual internal audits and external audits during 
alternate years are required under the guidelines. 


26.4 Laboratory Validation 

Validation is the process of confirming that a laboratory procedure is sufficiently robust, reli 
able, and reproducible. A robust method maintains successful performance and can cope with 
errors. A reliable method produces accurate results. A reproducible method achieves the same 
or very similar results each time a sample is tested, 

‘Two types of laboratory validations, developmental and internal validations, are used for 
modifying methods for forensic DNA analysis. An internal validation is required when adopting 
a procedure for forensic applications. Based on the SWGDAM's Validation Guidelines for DNA 
Analysis Methods, the internal validation is “an accumulation of test data within the laboratory 
to demonstrate that established methods and procedures perform as expected in the laboratory.” 
“The developmental validation “is the acquisition of test data and determination of conditions 
and limitations of a new or novel DNA methodology for use on forensic, database, known or 
casework reference samples.” For example, the characterization of a new genetic marker requires 
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studies in the inheritance, the genomic location, the detection method, and the polymorphism 
of the genetic marker. However, developmental validation studies in the same subject but from 
fields other than forensic DNA analysis may be acceptable for forensic applications. 

Additionally, the precision and the accuracy of the test are important criteria for develop 
mental validation, Based on the SWGDAM, precision “characterizes the degree of mutual agree- 
ment among a series of individual measurements, values and/or results. Precision depends only 
on the distribution of random errors and does not relate to the true value or specified value.” The 
measure of precision can be expressed asa standard deviation of test results, Accuracy is referred 
toas ‘the ability ofa measuring instrument to give responses close to a true value,” which can be 
assessed by a performance check, a quality assurance procedure monitoring the performance of 
instruments and equipment affecting the accuracy of forensic DNA testing, 


26.5 Proficiency Testing 
Proficiency testing is an important component of quality control and quality assurance, It 
evaluates a laboratory's performance of DNA analyses according to the laboratory's standard 
protocols. Proficiency testing also evaluates the quality of performance by individual analysts 
following laboratory protocols, 

Proficiency tests of DNA analysts must be conducted every 6 months based on DNA Advisory 
Board Standards. The testing usually involves mock forensic case samples including questioned 
bodily fluid stains and reference samples, The test is assigned to an analyst for processing 
according to the laboratory procedures. A report must be prepared and is then reviewed. The 
proficiency test can be administered as either an open or a blind test. In the blind test, the ana. 
lyst is not aware that he or she is being tested. Blind testing is considered a more effective means 
of evaluating performance. 

‘The tests may be administered internally or by any of a number of external testing organi 
zations. For example, Orchid Cellmark provides the International Quality Assessment Scheme 
(IQAS) DNA proficiency test, and the Collaborative Testing Services (CTS) Forensics Testing 
Program offers similar proficiency tests. These proficiency tests may include a selection of sam- 
ple types (neat or mixture) for serological tests and/or DNA analysis (autosomal STR, Y-STR, 
and mitochondrial DNA). The College of American Pathologists (CAP) has a paternity testing 
proficiency program offering external proficiency tests. In Europe, the German DNA Profiling 
Group (GEDNAP) provides proficiency testing for participating European laboratories. 


26.6 Certification 

Certification isa voluntary process that recognizes the attainment of professional qualifications 
needed for practice in forensic services. Certification is not required, but is desired by some 
laboratories. In 2009, a report entitled Strengthening Forensic Science in the United States: A 
Path Forward was published by the Committee on Identifying the Needs of the Forensic Science 
Community at the National Academy of Sciences. ‘The report recommends that certification 
should be mandatory for forensic science professionals, which includes written examinations, 
supervised practice, proficiency testing, and compliance to a code of ethics (Section 26.8). In the 
United States, the American Board of Criminalistics (ABC) offers three types of certification for 
forensic scientists. A diplomate must pass a general knowledge examination. ABC also requires 
a bachelor’s degree in a natural science and 2 years of experience in a forensic laboratory. To 
obtain fellow status (higher than diplomate status), an applicant must have 2 years of experience 
in his or her specialty and must have met the diplomate requirements in addition to passing a 
written specialty examination and a proficiency tes. 
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26.7 Forensic DNA Analyst Qualifications 


ABC has added a third certification that is completely separate from the other certification 
programs. The technical specialist certification for molecular biology was created to recognize 
the qualifications required for the analysis of biological materials through DNA profiling. An 
applicant must take a specialist examination containing questions from the general knowledge 
examination and a subset of questions from the forensic biology fellow examination, ‘This cer 

tification also requires a bachelor's degree in a natural science and 2 years of experience along 
with successfull completion of a proficiency examination within 12 months of taking the techni: 

cal specialist certification examination. 


26.7 Forensic DNA Analyst Qualifications 

DAB's Quality Assurance Standards for Forensic DNA Testing Laboratories require that an 
examiner or analyst have “at a minimum a BA/BS degree or its equivalent degree in a biology, 
chemistry or forensic science-related area and must have successfully completed college course 
work (graduate or undergraduate level) covering the subject areas of biochemistry, genetics and 
molecular biology,” as well as “course work and/or training in statistics and population genetics 
as it applies to forensic DNA analysis.” 

‘Additionally, SWGDAM Training Guidelines discuss the course work requirements in detail. 
At least nine cumulative semester hours are required for the course work covering the required 
subject areas. Particularly, the section in Fundamental Scientific Knowledge of the SWGDAM 
‘Training Guidelines defines required key elements to be covered in course work. The key ele 
ments also aid in evaluating the contents of the course work. 

Biochemistry “refers to the nature of biologically important molecules in living systems, DNA 
replication and protein synthesis, and the quantitative and qualitative aspects of cellular metab- 
olism,” and may include but is not limited to: 


Structure and function of cellular components such as proteins, carbohydrates, lipids, 
nucleic acids, and other biomolecules 


Chemistry of enzyme-catalyzed reactions 
3 Metabolism 

3 DNA and RNA 

% Protein synthesis 

3 Cell membrane transport 

% Signal transduction 


Genetics “refers to the study of inherited traits, genotype/phenotype relationships, and popula. 
tion/species differences in allele and genotype frequencies,” and may include but is not limited to: 


% Heredity 
% Function of genes, 
% Gene expression 
3 Recombinant DNA 
} Mitosis/meiosis 


‘Molecular biology “covers theories, methods, and techniques used in the study and analysis of 
gene structure, organization, and function,” and may include, but is not limited to: 


i Interrelationship of DNA, RNA, and protein synthesis 
% Central dogma 
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PERMANENT MAGNET PROPULSION SYSTEM 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention is a propulsion system for a train 
that utilizes spinning cylindrical magnets in order to create 
4 spacetime pressure distortion ahead of the vehicle that 
pulls the locomotive along the track. 


BACKGROUND OF THE INVENTION 


[0002] At the present time, refering to FIG. 1, proposed 
Permanent magnet propulsion systems use a dual railway 
track (A) supporting a series of coil windings (B) located 
along the track. The vehicle is attached to two permanent 
magnets (D) between steel pole pieces (C). The north pole 
‘of each magnet faces the interior pole piece such that the 
magnetic flux path (E) follows the center pole piece up 
through the railway bed and then back to the south pole of 
the magnet. As the magnets move along the track, the coil 
‘windings are activated at the correct time by Hall sensors, 
With the coil enengized as a north pole, the permanent 
‘magnet north pole is repelled Which drives the vehiele along 
the track The problem with this design, and other similar 
‘designs, is that itis not practical to wind huge numbers of 
sensor-activated electrical coils along a steel track 


[0003] From Einstein's General Theory of Relativity it 
known that a spacetime curvature pressure develops perpen- 
dicular to direction of vibration of the electric and magnetic 
field. As an example, the photon bas an electric field 
vibrating in the vertical y-direction and a magnetic field 
vibrating in the horizontal x-direction, The spacetime cur- 
vature pressure is therefore along the z-axis of radiation 
‘which pushes the negative mass of the photon along. Thus 
in order to create a spacetime curvature pressure in the 
zadirection along the track which would pull the train 
Forward, a magnetic flux density field is required in the 
radial direction. 


[0004] Referring to FIG. 2, four equally-spaced north 
Permanent magnets (B) surrounding a_centrally-located 
south permanent magnet (C) are mounted on an iron cylin- 
der which acts as the radial flux retum path. The magnetic 
flux density field (D) is in the radial direction from the north 
pole to the south pole. In order to provide strength, the 
magnets are molded onto a ste! shaft and coated with epoxy 
so that they don't rust. During the molding process, a 
‘capacitor-discharge magnetizer is used to create the mag~ 
netic field of the magnet. 


[0003] _In Cartesian coordinates (—ct,x,.7), the elemental 
spacetime length ds squared isthe sum of the squares of the 
incremental lengths {edt.dx.dy:dz} 


p 


“where the speed of light cis unity. The coefficients (-1,1.1.1) 
of this equation make up the g metric 44 tensor 


dg 2a aad 
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[0006] ‘The Faraday electromagnetic tensor contains the 
‘magnetic fields which determine how the spacetime length. 
ds is curved. For a magnetic flux density field in the 
xedirection, Bx, and a magnetic flux density field in the 
y-direction, By, the Faraday tensor is 


Joo 0 0 
sJo0 0 -a| 
yoo 0 me 
2/0 my -ar 9 


‘The stress-enemgy-momentum tensor T, which determines 
hhow space is curved, is calculated from the following 
equation 


aa = PK 


‘The stress-energy in the z-direction ahead of the locomoti 


where the sum of the squares of the fields in the x and y 

rections is the radial B field, In Einstein's General Rela- 
ity Theory, the curvature G tensor is equal to the stress- 
‘energy tensor divided by 8, The G tensor is the curvature 
of space having units of inverse radius squared. 


& 


‘Therefore the curvature G,, generated along the z-direction 
ahead of the twain is proportional to the square of the 
‘magnetic flux density field 


where G is Newton's gravitational constant (not t0 be 
confused with the curvature tensor), € is the linear eapaci- 
tance of space, and c is the speed of light. The linear mass 
of space @ is the speed of light ¢ squared divided by the 
‘gnvvitational constant G, so that the equation can be written 


Ea 


aisle 
als. 
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Forensic Biology, Second Edit 


% Transcription, translation, replication 
3 Recombinant DNA techniques 

B PCR 

% Cloning 


Course work that is similar in content and scope to those described above may be qualified as 
required course work. Compliance with the required course contents can be evaluated through 
transcripts, syllabi, and letters from the instructors. 

DAB's Quality Assurance Standards for Forensic DNA Testing Laboratories also describes 
requirements for an analyst to meet prior to initiating independent casework analysis using 
DNA technology. First, an analyst must have at least 6 months of forensic DNA laboratory expe: 
rience “including the successful analysis of a range of samples typically encountered in forensic 
casework.” Second, an analyst must have “successfully completed a qualifying test before begin. 
ning independent casework responsibilities.” 


26.8 Code of Ethics of Forensic Scientists 

Ethical codes for forensic scientists are used as guides for individuals making their decisions 
in distinguishing the difference between correctness and incorrectness. These codes are ust 
ally adopted by forensic organizations to regulate the profession. Failure to comply with a code 
of forensic practice can raise doubt in an individual's fitness for providing forensic services. 
Additionally, it may result in the expulsion of an individual from a forensic organization. 
A typical document of ethical codes for forensic scientists generally contains five sections: (1) 
ethics relating to the scientific method, (2) ethics relating to opinions and conclusions, (3) ethi 
cal aspects of court presentation, (4) ethics relating to the general practice of forensics, and (5) 
ethical responsibilities to the profession. 

For the first section, the ethical application of scientific methods is discussed in detail. True 
scientific methods should be utilized to adequately analyse all the evidence, Such analyses 
should not be conducted by secret processes. Conclusions should be drawn from the analyses of 
evidence that appears representative, typical, or reliable 

‘Moreover, ethical standards relating to opinions and conclusions are very important to the 
forensic profession. Conclusions should always be drawn from the application of proven scien: 
tific methods. The purpose of experimental design and the interpretation of results is to reveal 
facts. During an analysis, experimental controls should always be utilized. If necessary, the 
results of analyses should be verified by repeating the analysis or using additional techniques. 
Explanations should be provided where inconclusive results are obtained. The opinion provided 
by a forensic scientist should be unbiased and should not be influenced by matters unrelated to 
the specific evidence in question. A forensic scientist should not choose the interpretation that 
is in favor of the side of his or her employer. 

Pertaining to the courtroom, ethical standards relating to expert witness testimonies is a cru 
cial component for a forensic scientist. An expert opinion is defined as a formal consideration of 
a subject within an individual's knowledge, skill, education, training, and experience. A forensic 
scientist should not extend an opinion beyond his or her competence. Appropriate terms should 
be used to represent the degrees of certainty of an expert opinion. A forensic scientist should 
not only present the evidence that supports the view of the side of his or her employer. When 
testifying as an expert witness, language that can be understood by lay jurors should be used to 
avoid misinterpretation, 

Furthermore, in terms of the general practice of forensic science, afew things should be men. 
tioned here. A forensic scientist in private practice should set a reasonable fee for the services 
provided, which should not be rendered on a contingency fee basis. When a different opinion 
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presented by another analyst in the reexamination of evidence, both analysts should resolve 
their contradiction before the trial. A forensic scientist may serve, in an advisory capacity, either 
the prosecutor or defense in the cross-examination of another expert. 

Lastly, ethical responsibilities to the profession are an important component of ethical 
codes. Information regarding new developments or techniques of forensic analysis should 
be made available to other forensic scientists. Likewise, any information regarding methods 
in use that may appear unreliable should be brought to the attention of others. Individual 
forensic scientists should not seek publicity for the association of their name with specific 
cases, developments, publications, or organizations solely for the purpose of gaining per 
sonal prestige. 


Bibliography 

Andersen, J, et al, Report on the third EDNAP collaborative STR exercise. Forensic Sc Int, 1996, 78(2): 
$3-93. 

Balazc, J and, Zupanic, Quality control and quality assurance in DNA laboratories: Lega, civil and ethical 
aspects. Forensic Sc Tn, 1999, 103; S1-S5. 

Bar, W, etal, DNA recommendations. Further report ofthe DNA commission of the ISFH regarding the 
use of short tandem repeat systems. International Society for Forensic Haemogenetics. nt Legal Med, 
1997, 10(4): 175-178 

Buckleton, J, Validation isues around DNA typing of low level DNA. Forensic Sci Int Genet, 2008, 3(4: 
255-260 

Budowle, etal, A perspective on errors, bias, and interpretation in the forensic sciences and ditection for 
‘continuing advancement. Forensic Si, 2009, 4(4): 798-808, 

Cartacedo, A, etal, DNA commission ofthe International Society for Forensic Genetics: Guidelines for 
mitochondrial DNA typing Forensic Si Int, 2000, 110(2): 79-5. 

Carracedo, A. et al, Results of collaborative study of the EDNAP group regarding the reproducibility and 
robustness ofthe Y-chromosome STRs DYS19, DYS389 and Il, DYS390 and DYS393 ina PCR pen 
taplex format, Forensic Sci Int, 2001, 119(1): 28-41 

Cormier, KL. Calandro, and D,, Reeder, Evolution ofthe quality assurance documents far DNA laborato 
ries, Forensic Mag, 2005, 21); 16-19. 

Council, N.R..NRC I: The Evaluation of Forensic DNA Evidence, 996, Washington, D.C: National Academy 
Pres 

Coyle, HM, The importance of scientific evaluation of biological eyidence—Data from eight years of case 
"review Sci Justice, 2012, 52(4): 268-270, 

DNA Advisory Board, Federal Bureau of Investigation, US Department of Justice, Quality assurance stan 
dards for forensic DNA testing laboratories. Forensic Sei Commun, 2000, (3). Retrieved fram ht] 
‘witb go/about-usab/frensic-cience-communications/fscjuly2000/codis2a htm. 

Duewer, Di, KL. Richie, and D, Reeder, RFLP band size standards: NIST standard reference material 
2390. J Forensic Sci, 2000, 45(5): 1093-1105. 

Duewer, Di. tal, NIST mixed stain studies 1 and #2:Interlaboratory comparison of DNA quantification 
practice and short tandem repeat multiplex performance with muliple-source samples. J Forensic Sci, 
2001, 46(5): 1199-1210. 

Frank, WE et al, Validation of the AmpFISTR Profiler Plas PCR amplification kit for use in forensic case 
work. J Forensic Sci, 2001, 46(3): 642-646. 

Gill ® et a, Report ofthe European DNA profiling group (EDNAP)—Towards standardisation of short 
tandem repeat (STR) loc. Forensic St In, 1994, 65(1: 51-59. 

Gill P, etal, Report ofthe European DNA profiling group (EDNAP): An investigation ofthe complex STR 
loci D21S11 and HUMFIBRA (FGA). Forensic Sei Int, 1997, 86(1-2): 25-33, 

Gill P, etal, Report ofthe European DNA profling group (EDNAP)—An investigation ofthe hypervariable 
STRloci ACTBP2, APOAII and D11S554 and the compound loci D128391 and DIS16S6. Forensic Se 
In, 1998, 98(3) 193-200, 

Gill 2, etal, DNA commission ofthe International Society of Forensic Genetics: Recommendations on 
forensic analysis using chromosome STRs. nt J Legal Med, 2001, 114(6): 305-308. 


529 


Forensic Biology, Second Edition 


Gill, P, etal, DNA commission of the International Society of Forensic Genetics: Recommendations an the 
interpretation of mixtures. Forensic Sei Int, 2006, 160(2-3): 90-101 

Gill, P, etal, DNA commission of the International laciety of Forensic Genetics: Recommendations on the 
evaluation of STR typing results that may include drop-out and/or drop-in using probabilistic meth. 
‘ods. Forensic Sci Int Genet, 2012, 6(6): 679-688. 

Gusmao, L, et al, DNA Commission of the International Society of Forensic Genetics (ISG): An update 
of the recommendations on the use of Y-STRs in forensic analysis, Forensie Sei Int, 2006, 157(2-3) 
187-197. 

Holt, CLL, et al, TWGDAM validation of AmpFISTR PCR amplifi 
J Forensic Sei, 2002, 47(1): 65-96, 

Houck, M., et al, The balanced scorecard: Sustainable performance assessment for forensic laboratories. Sci 
Justice, 2012, 52(4): 209-216, 

Jarman, PG, S.L. Fentress, and D.E. Katz, Mitochondrial DNA validation in a state laboratory. J Forensic Sei 
2009, 54(1): 95-102. 

Kimpton, C, et al, Report on the second EDNAP collaborative STR exercise. European DNA profiling 
‘group. Forensic Sci Int, 1995, 71(2): 137-152. 

Kline, M.C, etal, lnterlaboratory evaluation of short tandem repeat triplex CT. J Forensic Sci, 1997, 42(5) 
897-906. 

Kline, M.C, et al,, NIST mixed stain study 3: DNA quantitation accuracy and its influence on shott tandem 
‘epeat multiplex signal intensity. Anal Chem, 2003, 75(10): 2463-2468. 

Kline, M.C, et al,, Production and certification of NIST standard reference material 2372 human DNA 
‘quantitation standard. Anal Bioanal Chems, 2009, 394(4): 1183-1192, 

LaFountain, M2, etal, TWGDAM validation of the AmpFISTR Profiler Plus and AmpFISTR COfiler STR 
multiplex systems using capillary electrophoresis, J Forensic Sci, 2001, 46(5): 1191-1198, 

Lanning, K.A.,et al, Scientific working group on materials analysis position on hair evidence. J Forensic Sei 
2009, 54(5): 1198-1202, 

Laux, DL, Development of biological standards for the quality assurance of presumptive testing reagents, 
Sei Justice, 2011, 51(3): 143-145, 

Levin, B.C., et al, Comparison of the complete mtDNA genome sequences of human cell ines—HL-60 and 
‘GM10742A—From individuals with pro-myelocytic leukemia and leber hereditary optic neuropathy, 
respectively, and the inclusion of HL-60 in the NIST human mitochondrial DNA standard reference 
‘material—SRM 2392-1. Mitochondrion, 2003, (6); 387-400. 

Lincoln, PJ, DNA recommendations—Further report of the DNA commission of the ISFH regarding the 
‘use of short tandem repeat systems. Forensic Sci Int, 1997, 87(3): 181-184, 

Marquee, M.C., Interpretation guidelines of mtDNA control region sequence electropherograms in forensic 
genetics, Methods Mol Biol, 2012, 830: 301-318, 

Micka, K.A. etal, TWGDAM validation of a nine-locus and four-locus fluorescent STR multiplex system. 
J Forensic Sei, 1999, 44(6): 1243-1257. 

Morling, N., et al, Paternity testing commission of the International Society of Forensic Genetics 
Recommendations on genetic investigations in paternity cases, Forensic Sei Int, 2002, 129(3); 148-157, 

(Ong, B.B. and N. Milne, Quality assurance in forensic pathology. Malays | Pathol, 2009, 31(1):17- 

Patterson, D-and R. Campbell, The problem of untested sexual assault kits: Why are some kits never submit. 
ted to a crime laboratory? J hnterpers Violence, 2012, 27(11): 2259-2275. 

Peterson, JL, etal, The feasibility of external blind DNA proficiency testing. 1, Background and findings. 
1 Forensic Sci, 2003, 48(1): 21-31. 

Peterson, |, eta, The feasibility of external blind DNA proficiency testing, II Experience with actual blind 
tests. J Forensic Sci, 2003, 48(1): 32-40, 

Presley, LA., The evolution of quality standards for forensic DNA analyses in the United States. Profiles 
‘DNA, 1999, 3(2): 10-11 

Prieto, L., etal, 2006 GEP-ISFG collaborative exercise on mtDNA: Reflections about interpretation, arte 
facts, and DNA mixtures. Forensic Sei Int Genet, 2008, 2(2): 126-133. 

Prieto, L, et al, GHEP-ISEG proficiency test 2011: Paper challenge on evaluation of mitochondrial DNA 
results. Forensic Sci but Genet, 2013, 7(1): 10-15, 

Pring, M,,etal., DNA commission ofthe International Society for Forensic Genetics (ISEG):Recommendations 
regarding the role of forensic genetics for disaster vietim identification (DVI). Forensic Sci Int Genet, 
2007, 1(1):3-12. 


jon kits for forensic DNA casework. 


530 


Bibliography 


Rand, SM. Schurenkamp, and B. Brinkmann, ‘The GEDNAP (German DNA profiling group) blind tial 
concept. Int J Legal Med, 2002, 116(4): 199-206 

Rand, S, etal, The GEDNAP blind trial concept part Il Trends and developments. Int J Legal Med, 2004, 
118(2): 83-89. 

Reardon, S., Faulty forensic science under fre. Nature, 2014, 506(7486): 13-14 

Reeder, DJ, Impact of DNA typing on standards and practice in the forensic community. Arch Pathol Lab 
‘Med, 1999, 123(11}: 1063-1065, 

Roewer, Land M. Geppert, Interpretation guidelines of a standard Y-chromosome STR 17-plex PCR-CE 
assay for crime casework. Methods Mol Biol, 2012, 830: 43-56, 

Schneider, PM. Scientific standards or studiesin forensic genetics. Forensic Sci It, 2007, 165(2-3): 238-243. 

Schneider, PM. et al, Results of collaborative study regarding the standardization of the Y-linked STR 
system DYS385 by the European DNA Profiling (EDNAP) group, Forensic Sci Int, 1999, 102(2-3): 
159-165. 

Scott, C.L., Believing doesnt make it so: Forensic education and the search for truth, Am Acad Psychiatry 
Law, 2013, 41(1): 18-32. 

SWGDAM (Scientific Working Group on DNA Analysis Methods), Revised validation guidelines, Forensic 
Sci Commun, 2004, 6(3) Retrieved from http:/wwwAbi.gov/about-us/lab/forensi-science-communi- 
cations/fsc/july2004/index htm/standards/2004_03_standards02.htm. 

Szibor, Ret al, Cell line DNA typing in forensic geneties—The necessity of reliable standards, Forensic Sci 
‘nt, 2003, 138(1-3): 37-43. 

, et al, Considerations by the European DNA profiling (EDNAP) group on the working practices, 

‘nomenclature and interpretation of mitochondrial DNA profiles. Forensic Sci nt, 2001, 124(1): 83-91 

etal, Results ofa collaborative study of the EDNAP group regarding mitochondrial DNA hetero- 

plasmy and segregation in hair shafts, Forensic Sci Int, 2008, 140(1): 1-11 

Wallin, J.M, etal, TWGDAM validation ofthe AmpFISTR blue PCR amplification kit for forensic casework 
analysis. J Forensic Sc, 1998, 43(4): 854-870, 

Welch, LA., etal, European Network of Forensic Science Institutes (ENFSI): Evaluation of new commercial 
‘STR multiplexes that include the European Standard Set (ESS) of markers. Forensic Sci Int Genet, 201 
6(6): 819-826. 


Tully, 


Tully, 


531 


FORENSIC SCIENCE 


FORENSIC 
BIOLOGY 


EDIT! 


Over the last several years, new research and developments in analysis methods and practice 
have led to rapid advancements in forensic biology. Identifying critical points of knowledge and 
new methodological approaches in the field, Forensic Biology, Second Edition focuses on foren- 
sic serology and forensic DNA analysis. It provides students and professionals with a scientific 
grounding in biological evidence —both the techniques utilized to identify it and the methodology 
to analyze it. 


This second edition: 


* Introduces the language of forensic biology, enabling students to become comfortable 
with usage and terminology 


* Provides clear explanations of the principles of forensic identification and analysis 
of biological evidence 


* Explains forensic serology and DNA techniques used in the field and the laboratory 
* Discusses the benefits and limitations that apply to various forensic biology techniques 
* Includes schematic illustrations to clarify concepts 

» Presents three new chapters (Chapters 2, 16, and 17) created for this edition 


* Adds more than two hundred new full-color figures 
Covering the full scope of forensic biology, the book uses an accessible, straightforward style 


designed to enhance students’ education and training so they are prepared, both in the laboratory 
and in the field. 
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Those who have dissected or inspected many bodies 
have at least learned to doubt, while those who are ignorant of 
anatomy and do not take the trouble to attend to it, are in no doubt at all. 


Giovanni Morgagni 16H2 
The Father of Morbid Anatomy 


Taceant colloquia. Effugiat risus. Hic locus est 
ubi mors gaudet succurrere vitae. 
(Let conversation cease. Let laughter flee. 


This is the place where death delights to help the living.) 


Latin proves 


Seldom say never — seldom say always! 


Forensic proverb 
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where the conversion factor is the square of the magnetic 
vector potential A 


‘which is actually the momentum per charge. Therefore the 
‘curvature equation can be written as 


Lee 
rl 


‘This equation shows that itis necessary to create a magnetic 
vector potential together with the radial magnetic flux den- 
sity field in order to create a curvature of space. Looking at 
the units of A shows that itis a mass momentum per charge 


‘or a mass m rotating with angular velocity e) per current 
along the radius. In terms of the invention, what this means 
fs that the mass of the iron cylinder has to be rotating and 
there has to be a radial electrical current [in onder to produce 
the linear charge along the radius. The differential mass dm 
depends on the circumference times the differential radius 
dd, the mass density p, and the length L of the eylinder 
dmepvridr 
so that the magnetic vector potential becomes 


* pasta 


Me ara Be 


‘The value of A for the iron cylinder is 


most? 


rae = (f= 18 


‘What makes this possible is that the new N-machines ean 
‘easily generate a minimum of 6 million amps which is twice 
the value of the electrical current above. 
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[0007] Referring to FIG. 3, the assembly consists of a 
large induction motor (A) mounted on the train's base plate 
(B) driving a motor shaft (C) attached to the iron cylinder 
(D). The shaft is held in place by two thrust bearings 
‘mounted in wo pillow blocks (F.F). The eurrent-generating 
[N-machine (Gi) is electrically connected by a copper bus (H) 
to a copper-beryllium brish (1) on the motor shaft with a 
similar retum brush (J) on the edge of the iron cylinder. The 
ccurent (K) flows through the motor shaft to the center ofthe 
rotating cylinder and then radially outward to the edge. The 
‘magnetic lux density flows from the north poles of the outer 
permanent magnets to the eeniral south pole, along the 
central magnet to the center of the rotating eylinder and then 
radially outward to the south poles of the outer magnets. 


[0008] |The thrust F developed is the radius of curvature of 
spacetime r, calculated above times the magnet ux density 
field times the current 1 


Using conservation of tensor coordinates, the radius of 
‘curvature isin the z-direction, the magnetic flux density field 
is in the radial direction and the current is in the radial 
direction 


Peer 


where the radial indices cancel, leaving the z-index as the 
direction of the Force. 


SUMMARY OF THE INVENTION 


[0009] It is the object of this invention to create a space- 
time curvature infront ofa train locomotive in order to pull 
the vehicle along the track It is known from gravitational 
physics that a spacetime curvature is generated perpendicu- 
Jar to the direction of vibration of the electric and magnetic 
field. A radial magnetic field, which can be produced by 
‘permanent magnets attached to the flat faces near the rim of 
iron cylinder rotating about the will create a 
curvature in the z-direction, Four eylindrical north-pole- 
oriented magnets produce a racial magnetic flux density 
with is channeled into a central cylindrical south-pole- 
oriented magnet. The flux lines then flow radially outward 
through the steel rotating cylinder and reconnect with the 
south poles of the four outer magnets, The rotating iron 
cylinder generates the equivalent of a magnetic vector 
potential when an electrical current flows from the center of 
the cylinder to the edge. This current is generated by an 
[Ne-machine current generator. The square of the magnetic 
flux density divided by the magnetic veetor potential is equal 
to the spacetime curvature, The square root of the inverse of 
the spacetime curvature i the radius of curvature, The thrust 
developed is this radius of curvature times the magnetic ux 
density field times the current 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0010] FIG. 1. Perspective view of proposed permanent 
‘magnetic propulsion system using coil windings on the steel 
track, 

[0011] FIG. 2. Perspective view of permanent magnet 
rotor assembly. 

[0012] FIG. 3. Perspective view of system showing motor 
drive, N-machine and permanent magnet rotor. 
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Preface to the third edition 


It is pleasant to record that the second edition of Forensic 
Pathology consolidated the international reputation of the 
original book as one of the foremost manuals of forensic 
pathology in the English language. This new third edition 
generally follows the same successful pattern, but there are 
some significant differences. 

The editorship is being transferred to Professor Pekka 
Saukko and this volume is the product of the collaboration 
with the original author. As with previous editions, the text 
hhas undergone a complete revision to update where neces- 
sary and add new material where relevant. A major change is 
the extensive use of colour to replace original monochrome 
illustrations and in numerous new illustrations, including 
micrographs, More than 300 colour illustrations have been 
added, of which 175 are completely new from the archives 
of both the Cardiff and Finnish institures, and others. 


Another major improvement has been in the reference 
material where both corrections and numerous additions 
have been made. ‘Further reading’ is intended for those 
readers who do not have access to electronic libraries and to 
offer an overview of the literature on a particular topic. 

The new edition maintains the philosophy of evidence- 
based forensic pathology with emphasis on the avoidance 
of overinterpretation, which regeettably still leads. 10 
instances of miscarriage of justice. 

It is hoped that the new edition of this well-established 
textbook, with its emphasis on practical procedures and 
common-sense evaluation of autopsy findings, will continue 
to be of assistance to forensic pathologists ll over the world. 


Pekka Saukko 
Bernard Knight 


Preface to the second edition 


The most gratifying reception accorded in many parts of 
the world to the first edition of this book has led co the need 
for an updated version less than five years later. No radical 
changes have been made in the format, bur like an airliner 
uring its periodic major service, every part has been scrut 
nised and replaced where it has become outdated or defective. 
In addition, new material has been added where appropriate, 

Forensic pathology, unlike its sister discipline forensic 
science, does not change quickly or have dramatic develop- 
ments such as the current DNA revolution. Indeed, because 
its base is the interpetation of autopsy findings, forensic 
pathology still rests largely on the principles of morbid 
anatomy founded in the nineteenth century and earlier. 
However, this is nor to say that it remains fossilised in the era 
of Viechow ~ new findings and techniques appear constantly, 
albeit ar a measured pace compared with other disciplines. 
The most useful of these advances have heen incorporated 
into this new edition, 

In particular, che sections on child abuse, head injuries and 
traumatic subarachnoid haemorthage have been amended or 
supplemented. Sixty new illustrations have been incorp- 
‘rated, and another area of attention has been the references 
and recommended reading, as there were some textual cita- 
tions not listed in the firs edition —and very many more have 
been added. However, the literature is now so vast, both in 
forensic journals and scattered profusely throughout other 
specialist publications, that ic is futile to try to capeure all of 
even the most seminal papers, which now need computerised 
and other modern library techniques for ther retrieval. 


‘One of the many reviewers of the previous edition com- 
plained thar many of the references were old, but 1 make no 
apology for this. The value of a publication isin its content, 
notin its date, as Harvey's De Motu Cardis and Morgagni’s 
De Sedibus clearly demonstrate! Some of the most valuable 
papers in forensic pathology were written decades or even a 
century ago; the critical writings of Moritz, Shapiro, Adelson, 
Helpern, Gonzales, Polson right back to Taylor and Tardieu 
in the nineteenth century ~ are examples of careful observa- 
tion and logical thinking which some modem pathologists, 
given co overinterpretation, would benefic from studying. 

‘The critical attitude to every autopsy finding has been 
maintained in this new edition. A number of recent criminal 
trials and Appeals have emphasised the vital need for expert 
medical witnesses to be toraly objective in their inter- 
pretation of physical findings. To quote from the new (1996) 
Practice Guidelines of the Policy Advisory Board in Forensic 
Pathology of the British Home Office: “The evidence should 
be objective: speculation should be avoided. Unwarranted 
conclusions can never be defended. The role of the expert 
witness is not to provide the evidence which supports the 
case for the Crown nor for the defence, unless that opinion 
is objectively reached and has scientific validity.” Perhaps, 
the interests of justice, an additional new forensic aphorism 
should be on the frontispiece: ‘If you cant prove it, donit 
claim i? 


Bernard Knight 
1996 
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Preface to the first edition 


‘This isa textbook of forensic patholagy, not forensic medi- 
cine. Though there isa considerable overlap, forensic met 

cine includes medical jurisprudence, the legal aspects of 
medical practice and many ethical matters, none of which 


are found ~ nor are intended to be found ~ in these pages. 

Such topics have marked geographical limitations, as 
a result of legal, ethnic, cultural, and even religious varia- 
tions from place to place. Even within che British Isles i is 
almost impossible to write a single book on medical juris- 
prudence that can do equal justice to the different legal 
systems of England and Wales, Scotland and Ireland. 

“The subject matter of this volume has no such geograph- 


ical constraints, as it is solely concerned with the examin- 
ation of the dead body for medicolegal purposes, Even in this 
limited sphere, police procedures and the habits of patholo- 
gists will vary considerably with country and with resources, 
but itis hoped thar the routines, techniques and philosophy 
offered in this book will offer a guide to good practice thar 
can then be modified according to local circumstances 

“The contents are intended to lead the pathologist ~ and 
in some countries, the non-pathologist ~ through the proce- 
dures that are needed in the examination of a body found 
under obscure, suspicious, or frankly criminal circumstances. 

In developed countries with sophisticated medicolegal 
systems, such autopsies will be performed only by forensic 
pathologists or by histopathologists with considerable experi- 
ence, but in many areas of the world ~ especially the develop- 
ing countries ~ lack of manpower and resources as well as 
considerations of distance and facilities mean that almost any 
doctor may be called upon to perform medicolegal examin- 
ations. For both of these classes of medical men and women 


this book aims to act asa guide and a source of reference 

"The subject matter follows a fairly conventional pattern, 
bur the treatment of each ropic is designed to offer practical 
advice linked with a philosophical approach that leads the 
doctor to analyse and question the interpretations drawn 
from physical findings. 

All roo often, dogmatic opinions are derived from an 
unsound factual base, learned from lectures or textbooks that 
repeat previous dogma with ltd sense of critical evaluation, 


In some parts of the world forensic pathology is learned 
by rote from teachers who studied it themselves in the same 
fashion, and who have litle or no practical experience in the 
hard schools of mortuary or witness-box. I hope that this 
book will at least stimulate trainee forensic pathologists co 
think ewice, question and disagree — not least about some 
of the material in the following pages. 

Some conventions have been discarded in the format of 
this book. The author feels chat ic is disruptive for ease of 
reading to have every line clogged with references to other 
authors, excepe where essential to the topic under discussion, 
Thus mose references have been consolidated into groups, 
placed at the end of the appropriate sections in each chapter. 
In addition to actual references, there are many suggestions 
for further reading on the same topic. Ics quite impossible 
to be comprehensive in offering relevant titles, as the amount 
published on forensic matters is now overwhelming, several 
hundred new titles appearing each month, A representative 
selection is offered, much of it quite recent ~ these papers 
themselves will chen offer a relevant bibliography, so char the 
topic can be followed in almost geometric progression 

“There is no discussion of forensic serology, as this is now 
a discipline ofits own. Similarly, the toxicology is confined to 
a detailed consideration of the pathologist’ role in obraining 
samples and interpreting the results from the analytical bora- 
tory. Though the most common poisons are discussed, this 
is purely from the autopsy aspect. Like serology, toxicology 
is now a vast subject that stands independently and it seems 
furile merely to scratch the surface in a text devoted to foren- 
sic morbid anatomy. 

“Another departure from the conventional text is that con- 
cise reminders of the forensic anatomy of important regions 
are given, adjacent to the topic under discussion, Many 
pathologists learned theie anatomy a long time ago and it can 
be useful before an autopsy, or writing the report, or appear- 
ing in court, to have a quick refresher about the relations of 
the aortic arch to the second rib or the exact structure of the 
laryngeal cartilages. Illustrations in forensic textbooks are 
traditionally profuse and often spectacular, The only justi 
fication for a photograph is that ic instructs, however, rather 
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than entertains or shocks. This book uses photographs only 
where a relevant point is displayed, with a full caption that 
stands alone without having to refer to the text. 

‘Many line drawings are used, as the author feels that chey 
ofien get the message across herter than a phorograph, which 
‘of necessity contains irrelevant and perhaps distracting fea- 
tures, Similarly, many books are replete with anecdotal cases; 
these can be valuable, but often are more intriguing than use- 
ful. The space devoted to these can usually be put to better 
use and they are employed sparingly in this text. 


‘Where the pronoun ‘he’ is used throughout this book, it 
is intended chat the word ‘she’ is equally applicable, unless 
obviously inappropriate from the context. 

Finally, an Appendix is offered with basic reference mater- 
ial on weights, sizes, temperatures, conversion tables and 
other useful facts. Histological and histochemical techniques 
relevant to forensic needs are given in detail. 


Bernard Knight 
1990 
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Though ‘necropsy’ is semantically the most accurate des- 
cription of the investigative dissection of a dead body, the 
word ‘auropsy’ is used so extensively that there is now no 
ambiguity about its meaning. 

“The term ‘post-mortem examination’ is a common alter- 
native, especially in Britain, where its meaning is never in 
doubt. Unfortunately, it suffers ftom a lack of precision 
abour the extent of the examination, for in some countries 
many bodies are disposed of afier external examination 
thout dissection, 

"The forensic investigation of deaths was introduced rela- 
tively eatly from the requirements of the judicial system. The 
earliest known forensic dissections took place in Italy, proba- 
bly in the middle of the thirteenth century, at the University 
of Bologna. The first one was recorded by William of 
Saliceto, a surgeon and a teacher on the medical faculty 
there. He lived from 1210 to 1277 and in his book Surgery 
hhe mentioned a case examined in about 1275. The principles 
of the modern medico-legal investigation were developed 
based on the codes of the sixteenth century Europe: the 
Bamberg Code in 1507, the Caroline Code in 1532 and 
later the Theresian Code in 1769. The hospital or clinical 
autopsy became meaningful first after the introduction of 


modem concepts of pathogenesis of diseases by Carl von 
Rokitansky (1804-1878) and cellular pathology by Rudolf 
Virchow (1821-1902). Further development of medico- 
legal autopsy has been greatly influenced by the judicial sys- 
tem adopted, the main emphasis in most countries being in 
the detection and investigation of criminal and other unnat- 
ural or unexpected deaths. 


AUTOPSY STANDARDS, 


Discussions about the quality of the autopsy started at the 
beginning of the nineteenth century. The Austrian decree 
of 1855 included, in its 134 paragraphs, very detailed 
instructions as to the performance of medico-legal auto- 
psies. The idea of quality control and quality assurance, 
first introduced into industrial production of goods in 
the twentieth century, found its way into medicine later 
via laboratory medicine. Although regional and national 
differences in this respect are huge and the pace of progress 
varies, there is need for standards in specialist education, 
continuing professional development, harmonization of 
investigative procedures and quality systems leading pethaps 
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eventually to some form of accreditation of individuals and 
In addition to the national measures to create guidelines 
and to harmonize the medico-Legal autopsy, there has been an 
increasing international interest in achieving harmonized 
and internationally recognized rules on the way autopsies 
should be carried out. In 1991, the General Assembly of the 
United Nations endorsed the Model Autopsy Protocol of the 
United Nations. The European Council of Legal Medicine 
(ECLM) document ‘Harmonisation of the Performance of 
the Medico-Legal Autopsy’ was adopted by che General 
Assembly in London 1995. ‘The latter document served 
largely as basis for the Pan-European Council of Europe ~ 
Recommendation Na. R (99) 3 On the Harmonisation of 
Medieo-Legal Autopsy Rules and lis Explanatory Memorandum ~ 
which was adopted by the Committee of Ministers in 
February 1999 (see Appendix 2, p. 610), Although the docu- 
ment is a ‘recommendation’ by nature, it has legal implica- 
tions, because Council of Europe member countries have to 
implement these principles into their national legislation, 


YPES OF AUTOPSY 


‘Though medical conventions and legal systems vary con- 
siderably from country to country, there are generally two 
main types of autopsy: 


© The clinical or academic autopsy is one in which the 
medical attendants, with the consent of relatives, seek 
to learn the extent of the disease for which they were 
treating the deceased patient. In most jurisdictions this 
type of autopsy should not be held to determine the 
nature of the fatal disease because, if chis was unknown 
to the physicians, the death should have been reported 
for medico-legal investigat 

1 The medico-Legal or forensic autopsy, which is 
performed on the instructions of the legal authority 
responsible for the investigation of sudden, suspicious, 
obscure, unnatural, litigious or criminal deaths, This 
legal authority may be a coroner, a medical examiner, 2 
procurator fiscal, magistrate, a judge, or the police, the 
systems varying considerably from country to country. 


In most systems the permission of the relatives is nor 
required, as the object of the legal investigation would be 
frustrated if the objections of possibly guilty persons could 
prevent the autopsy. 

In many jurisdictions the medico-legal autopsy is offen 
further subdivided into: 


those held on apparently non-criminal deaths, such as 
accidents, suicides, deaths from sudden natural causes, 


or associated with medical and surgical treatment, 
industrial deaths, and so on 

1S the truly forensic auropsy held on suspicious or frankly 
criminal deaths, usually at the instigation of the police. 
"These deaths comprise murder, manslaughter, 
infanticide and other categories that vary in different 
jurisdictions. 


“The type of pathologist that deals with these categories 
also varies from place co place but, as the systems are so 
diverse, theres litte point in discussing the derails. What is 
‘much more important is that whichever pathologist tackles 
each type of case, he or she should be trained and experi- 
enced in that particular field, Unfortunately, either from 
lack of stafFand resources or because the system is deficient, 
rmedico-legal autopsies ~ especially of major criminal cases — 
are frequently performed by pathologists inexperienced in 
forensic procedures. 

Another serious defect in many countries is che separ- 
ation of those who practise forensic pathology from those 
who profess ro teach it in universities, Ie is impossible to be 
a credible and convincing teacher unless one has continu- 
ing practical experience of the subject. 

Even more unfortunate is the performance of medico- 
legal autopsies by doctors who have no training in path- 
ology acall. Though lack of resources make this a widespread 
and inevitable practice in many developing countries, the 
same regrettable practice is seen in some parts of Europe, 
the Americas and elsewhere, This is to the detriment of 
the high standard of expertise that is vital for the support 
of law enforcement and the administration of justice. 
A poor opinion is often worse than no opinion at all, as in 
the latter case, the legal authorities will at least be aware 
of the deficiency in their evidence, rather than be misled 
by the often dogmatic inaccuracies of an inexperienced 
doctor. 


THE PROCEDURE FOR A 
FORENSIC AUTOPSY 


Though the actual performance of an autopsy is fairly uni- 
form whatever the nature of the death, there are a number 
of associated matters that vary according to the circum- 
stances. For example, the procedural precautions required 
in a murder are not necessary in a sudden natural death, 
and the dissection in a criminal abortion or fatal rape is dif- 
ferent from chat upon a drowned body. 

“There are, however, many facets of the autopsy thar are 
common to every death, These will be discussed in turn 
here, though the full significance of each item is discussed 
in detail in other chaprers. 


US 2006/0112848 Al 


[0013] FIG. 4, Perspective view of locomotive and rotor! 
magnet assembly. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[014] 1. The permanent magnets are made of neody- 
‘mium-iron-boron material which is heated to its melt 
temperature and injection molded around a steel shatt 
threaded at one end while at the same time a pulsed 
‘magnetic field is applied 10 the material using a charge 

ange magnetizer. Because of the iron in the material, 
‘coat of epoxy is applied to the magnet in order to protect 
it from the environment. Holes are drilled into the iron 
plate 90° apart near the rim, threaded, and then the steel 
shaft with the magnet is then inserted. Another hole is 
drilled and tapped in the center of the circular plate for 
attaching the south pole magnet which is used as the 
return path for the magnetic flux. 


[0015] 2. Another easier way to make the magnets is to 
[purchase short lengths of tubelar NaFeBs magnets and 
then stack them on the steel shat with a eylindrical ion 
pole piece on the end of the shaft. The pole piece then 
fos’ the magnets down in place when the shaft is 
threaded into the pat 


[0016] 3. Reterring to FIG. 4, the propulsion system is 
‘mounted inside the train cabin such that the rotor/magnet 
assembly extends out in front of the locomotive where the 
spacetime curvature is generated, 


1 claim: 
1. A train propulsion system consisting of the following. 
‘components: 


4. a rotating iron cylindrical plate rotor of high relative 
permeability driven by an induetion motor and hori- 
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‘zontal steel motor shaft mounted in pillow block thrust 
bearings 


». four cylindrical magnets, each molded to steel support 
shaft threaded into the iron plate at 90° intervals around, 
the rim of the plate with their north poles facing away 
from the plate; 


‘c.  fifth cylindrical magnet molded to a steel support 
shaft which is threaded into the center of the iron plate 
‘with the south pole facing away from the plate; 


d. an N-machine curent generator supplying a radial 
electrical current from the center of the rotating plate 
by means of a copper-beryllium brush on the motor 
shaft (1a) and another similar brush on the outside edge 
of the rotor, 


© a locomotive train on which the components are 
‘mounted such that the rotor/magnet assembly extends 
‘out in font of the locomotive with the rotor's angular 
velocity vector pointing along the track. 

2. a closed magnetic flux path along a radial path in air 
from the north poles of the four outer magnets (16) to the 
south pole of the central magnet (1c), through the center 
‘magnet and then radially outward through the rotor (1a), 
returning back through the four outer magnets, such that the 
flux and electrical current (1d) flow in the same outward 
radial direction through the rotor 

3. the creation of a spacetime curvature due to claims (La 
through 2) that produces a large force on the locomotive 
‘equal to the radius of the spacetime curvature times the flux 
times the current, 
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The objectives of an autopsy 


To make a positive identification of the body and to 
assess the size, physique and nourishment. 

i To determine the cause of death or, in the newborn, 
whether live birth occurred. 

i To determine the mode of dying and time of death, 
where necessary and possible, 

To demonstrate all external and internal abnormalities, 

ialformations and diseases. 

Bi To detect, describe and measure any external and 
internal injuries. 

To obtain samples for analysis, microbiological and 

histological examination, and any other necessary 

investigations, 

“To retain relevant organs and tissues as evidence. 

To obtain photographs and video for evidential and 

teaching use 

“To provide a full written report of the autopsy findings. 

1 To offer an expert interpretation of those findings. 

To restore the body co the best possible cosmetic 
condition before release to the relatives. 


Preliminaries to an autopsy 


Before the body is even approached, a number of prelin 
inaries are necessary. 


AUTHORIZATION AND CONSENT 


A medico-legal autopsy is carried out at the behest of the 
appropriate authority. The pathologist must not begin his 
examination until he is satisfied that such authority has 
been issued in respect of thar particular death, The means 
of delivering such authority will vary from place to place: 
it may bea written document, a verbal or telephoned me 
sage, ora tacit standing arrangement. 

‘Where two official organizations are involved, it must be 
lear who has the premier right to order an autopsy. For 
example, in England and Wales, the police may request a 
pathologist co examine a body externally at the scene of 
death, bur the right to order an autopsy isthe sole preroga- 
tive of the coroner. Though in serious incidents he or she 
should take the advice of the Chief of Police regarding the 
choice of a pathologist, the final decision remains that of 
the coroner: 

‘As stated earlier, in a medico-legal autopsy the relatives 
are not consulted for their consent to autopsy, as such 
permission cannot be withheld. As a matter of courtesy it 
is usual to inform them before the autopsy is carried our 
unless the circumstances are too urgent. In most cases, 
however, a relative will have attended to identify che body 


3 


before the examination begins. Pathologists should be cau- 
tious about performing autopsies where the authorization or 
consent aspects are nor clear. It sometimes happens that a 
‘consent document’ for a hospital death has been obrained 
bur the case has later been reported for medico-legal investi- 
gation. The pathologist should not then proceed under 
the ‘consent’ authority until the coroner or other official 
hhas decided whether to order his own autopsy (perhaps 
using another pathologist). If that official decides not to 
proceed, then usually the consent document becomes valid 

Permission for the retention of material from an auropsy 
(ranging from small fluid samples to che entire body, if nec- 
essary) is usually covered in a medico-legal case by the 
original authority issued for the examination, There is, 
however, considerable variation in the legal aspects of tissue 
and organ retention in different countries, and each path- 
ologist must become fully conversant with local regulations, 

In the legislation controlling the English coroner, it is 
not only permissible, but also obligatory, for the patholo- 
gist to retain any tissue that may assist in the Further invest- 
igation of the death, 

However, the coroner (or procurator fiscal in Scotland) 
has only 2 negative power to forbid the use of tissues or 
organs for purposes other than the investigation of the 
death, and so cannot give posit 
these for transplantation, teaching oF research; such pet- 
mission must be obtained from the relatives, if the coroner 
does not object, under the Human Tissue Act 1961 and the 
forthcoming Human Tissue Act 2005. 


consent for the use of 


Who may be present at an autopsy 


Once again, each nation or state has different legislation 
and regulations on che conduct of medico-legal examin- 
ations. Though itis pointless to try to survey these, it must 
be emphasized that every pathologist must learn and abide 
by the laws applicable to his or her position. 

Often the relatives of the deceased person, or an accused 
person, must be informed of the place and time of the 
autopsy so thar they may be represented by a lawyer or 
doctor acting on their behalf. In some jurisdictions, includ- 
ing Britain, there is nothing thac specifically forbids the 
relatives attending in person and the authors have had several 
experiences of this nature. It is open to the pathologist to 
refuse to conduct the autopsy if he objects to their presence, 

In many homicides, a second autopsy is performed by 
another pathologist acting on behalf of the defence lawyers 
representing the accused person. ‘This usually takes place at 
a later date, after the accused has been charged and granted 
legal representation, but sometimes the second pathologist 
will attend the original auropsy. This is quite in order and is 
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more valuable than a later exploration of extensively dis- 
sected and aucolysed tissues. 

"The permission for such attendance is granted by the 
coroner, medical examiner, or equivalent legal author 
“The first pathologist should grant his colleague every cour- 
tesy and facility in the expectation of similar behaviour 
when the roles are reversed, 

‘Others entitled to be present naturally include the officials 
tor deputies of the department ordering the autopsy ~ for 
example, a coroner, magistrate or judge. The police, includ- 
ing their technical teams, are also present if the death is 
criminal or suspicious. Whether other doctors and medical 
students are allowed depends upon the wishes of the official 
commissioning the examination. When the deceased has 
been under medical care before death, itis almost invariable 
practice to allow ~ and indeed encourage ~ the physician 
to be present, as he has the best knowledge of the medical 
history. 

In a criminal or suspicious case, the pathologist should 
try 10 limit the number of those present to a minimum. 
Nor only is there a greater risk of loss of confidentiality, but 
sheer physical numbers, especially of large policemen, can 
make the mortuary overcrowded. This hampers movement, 
causes distraction, and adds to the risk of infection and 
contamination, especially with the present concern about 
the various forms of hepatitis (B, C, D, E), tuberculosis and 
human immunodeficiency virus (HIV) infectivity. No one 
should be present merely as a casual observer, not even senior 
police officers not directly involved in the investigation. 
With the increased sophistication and complexity of foren- 
sicand police procedures, more and more people cram into 
the mortuary, cluttered with cameras, videos, recorders, 
scene-of-crime kits and so on, until there is hardly room for 
the pathologist to move. 

‘Whoever is present at an autopsy on a criminal or suspi- 
cious death should be listed and named by the pathologist 
fon the autopsy report. 


EXAMINATION OF THE SCENE 
OF DEATH 


In homicide, suspected homicide, and other suspicious or 
obscure cases, the pathologist should visic the scene of the 
death before the body is removed. 

‘Once again, local practice varies but any doctor chiming 
to be a forensic pathologist should always make himself 
available to accompany the police to the locus of the death 
“This duty is often formalized and made part of a contract of 
service for those pathologists who are either full-time or 
substantially involved in assisting the police. In England 


and Wales, the ‘Home Office Pathologists’ are permanently 
‘on cal for such visits and in many other jurisdictions, such as 
the medical examiner systems in the USA, and the European 
State and University Institutes of Forensic Medicine, there is 
usually 2 prearranged duty roster for attendance at scenes of 
death, The function of an experienced forensic pathologist at 
the scene of death is generally o assess the environment, the 
local circumstances, and the position and the condition of 
the body. In a large proportion of instances crime can rapidly 
be excluded in favour of accident, suicide or even natural 
causes, This is a most useful and cost-effective function, as 
a spurious murder investigation involving pethaps scores of 
police, many vehicles and other expensive public facilities, 
‘may be disbanded promptly when the pathologist recognizes 

“The pathologist should always have appropriate equip- 
ment ready to take to a scene investigation at a moment's 
notice, Further equipment may be carried if autopsies have 
to be carried out in places where good mortuary facilities 
are not available, Most forensic pathologists carry a ‘murder 
bag’ in their car and though every expert has his own choice 
‘of equipment, the following is a reasonable inventory: 


1 waterproof apron and rubber gloves 

thermometer, syringes and needles, sterile swabs 

autopsy dissection ser, including handsaw 

'S cutting needles and ewine for body closure 

IH swabs and containers for blood and body fluids 

formalin jars for histological samples 

IS plastic bags, envelopes, paper, spare pen and pencil 

IB printed body charts for recording external injuries 

i hand lens, electric torch, mini-tape recorder 

camera, usually 35 mm single-lens reflex with 
electronic flash, The recent advent of compact digital 
cameras or digital video cameras with the facility to 
take still pictures has made instant reviewing possible. 


‘The thermometer can be either a long chemical mercury 
type, reading from 0 to 50°C; of the more modern elec- 
tronic digital variety with a probe carrying a thermocouple. 
The amount of equipment varies with the facilities likely co 
be available. In developed countries there are likely to be 
good mortuary facilities available in a hospital or municipal 
mortuary and the police forces will have extensive scene: 
‘of-crime expertise with phorogeaphy, specimen containers 
and so on. In developing countries and the more remote 
areas of other states, the pathologist may have to be virru- 
ally self-sufficient in respect of both crime investigation 
and the subsequent autopsy. 

In addition to medical kt, the experienced forensic path- 
‘ologist will always have appropriate clothing such as rubber 
boots and rain- or snow-wear ready to hand for any call. 


Examination of the scene of death 


FiGURE L.1 The scene of nape-homicide, The attending pathologist must record the posture, sate of clashing and general relationship of the 


victim tothe surrounding, but limit the examination atthe scene to avoid any interference with the vital pracesof obtaining trae evidence 


Rectal temperatures should not be taken until all abs ave completed, usually in the mortuary. Temperatures can be taken inthe ear or deep 


nostril, hough with severe head injuries (as bere) even this mut be done with care 


‘When ar the scene of death, the pathologist's actions are 
dictated by the particular circumstances. Much will depend 
upon the availability or otherwise of police and forensic 
science assistance. In Britain, for example, several ceams 
converge on a scene of crime, including photographers 
and video operators, and Scene of Crime Officers (SOCOs) 
whose function is to collect trace evidence, Scientists from 
the nearest forensic laboratory ofien attend with their 
police liaison officers, as well as fingerprint officers and, 
of course, the investigating officers from the Criminal 
Investigation Department. 

‘Where no such backup is available, the pathologist must 
try co collect trace evidence himself, but he should remain 
within the limits of his own expertise 

The pathologist should accept the instructions of police 
officers in relation to the approach to the body so as to 
preserve the immediate environment as much as possible. 
Our-of-doors access is often limited to a single pathway 
marked by tapes, and in a building a track to che compse is 
usually pointed out by the detective in charge. 


The doctor should nor touch anything unnecessarily and 
certainly nor smoke or leave any object or debris of his or 
her own, Increasingly, those visting the scene of a crime are 
given disposable overalls and overshoes 10 wear, so that 
fibres, hairs and so on from the visitor are nor spuriously 
transferred to the scene 

Ifa forensic doctor has to act both as pathologist and clin. 
ical medico-legist or ‘police surgeon’ (that is, examining live 
Victims or suspects), he or she must change clothing or wear 
a new set of protective garments to avoid transferring trace 
evidence, such as fibres or hairs, from victim to suspect. 

The pathologist should observe a great deal, but do very 
litle. He or she should note the position of che body in rela 
tion to nearby objects and establish the plan of the premises 
if indoors. A sketch or his own photograph is sometimes 
useful, and some pathologists use a Polaroid, digital or video 
camera for instant recording of the death scene, 

Any obvious cause of death should be observed, and any 
blood pools or splashes noted in relation to the position of 
the corpse. ‘The shape of such splashes should be observed, 


1: The forensic autopsy 


protected by a shelter fram the weather and unauthorized on 


Ficune 1.3 Ata scene of crime, the position ofthe bady a the time 


of an asseuls can sometimes be clarified by observing the direction of 


1d splashing that may have been thrown offa weapon ar blood. 


stained hands. Blod striking vertically causes round or crenellated 


sex, while 


ing at an angle is lance-shaped with the 


narrow end ficing the direction of travel. There i often a preceding 


drop of blood in advance of the major sp 


th, forming an 


‘exelamation mark’ stain. 


as blood striking perpendicularly to a surface leaves a circu 
lar mark, whilst thar landing obliquely is pear-shaped, with 
the sharper end towards the direction of flight. 

When photographs have been taken of the body in its 
original position, the pathologi 


then approaches it, after 


checking with the investigating officers that itis appropriate 


2 Scene ofa hamicide-uicide where the lacus of bodies should be widely marked off by tape to restrict accet, and the actual body 


for him to do so, Close examination can be made and the skin 
felt to assess temperature. ‘The eyes, neck and hands can 
be examined and where necessary, clothing gently moved 
aside to look ar the throat or upper chest. Any relevant 
findings should be photographed by the police before 
further disturbance 

If forensic scientists or scene of crime officers require any 
samples at this stage, their wishes must be respected. They 
may want to ‘tape’ the body, that is, press adhesive tape 
across the skin and clothing to capture any loose hairs and 
fibres. The body can then be moved co look at the sides and 
undersurface, again with caution so thar no weapon, other 
“object or trace evidence is disturbed. No set routine can be 
advised, as each case has its own individual aspects. ‘The 
prime object is to assess the whole scene while causing the 
least disturbance to the body and clothing before the scien. 
tific teams have finished their tasks. 


Estimating the post-mortem interval 
at the scene 


The last sentence above raises the matter of estimating the 


time since death. The problem is fully discussed in Chapter 3, 


bur has relevance here in relation to the pathologists 
actions at the scene of death. 


Examination of the scene of death 


“The general warmth or coolness ofthe hands and face can 
be assessed by touch, and the degree of rigor mortis felt by 
gently testing the limbs. The ambient (environmental) tem- 
perature must be taken as soon as possible after the discovery 
‘of the body, preferably by police scene of crime officers who 
usually arrive at the locus before the pathologist. The am 
cent temperature should be taken as near to the body as pos- 
sible, as microenvironments can exist, even inside buildings 
‘or rooms. Information should be sought as to how much dis- 
turbance of the ambient temperature might have occurred, 
such as opening doors and windows, or turning fires or cen- 
tral heating on or off, so that some idea of post-discovery dis- 
tortions of temperature can be estimated later. The insertion 
ofa thermometer into the rectum at this stage in the investi- 
gation, as advocated by some textbooks, is controversial 

‘At a scene of death, this usually means either pulling 
down trousers oF pants, and otherwise disturbing clothing, 
often in cramped and ilblic places, frequently out in the 
‘open. It also risks contaminating the rectum and perineum, 
by introducing seminal fluid from the anal margin into the 
rectum, making subsequent examination of thar area (and 
taking swabs for semen) of reduced value. As so many violent 
crimes now have sexual or homosexual overtones, the prac- 
tice of taking rectal temperatures at the scene should be per- 
formed only if the forensic scientists or police scene of crime 
officers ate satisfied that trace evidence from the clothin 
‘swabs from the vulva, vagina and anus, etc, can be obsained 
satisfactorily before rectal thermometry is performed. 

In other words, a cost-benefit analysis must be made 
at the scene, to decide if the difficulties of taking a rectal 
temperature are worth the small potential advantage of an 
earlier measurement, In many cases, where the body has 
obviously been there long enough for the core temperature 
to have reached ambient ~ or where other circumstantial 


evidence has indicated that the time of death is known to a 
‘greater degree of accuracy thar can be hoped for by thermo- 
metry — then nothing is lost by postponing the procedure 
until the body arrives at the mortuary for autopsy, which, 
in British practice, is usually directly after the body is 
moved fiom the scene. 

If the autopsy is to be delayed for many hours owing to 
difficulties with transport or lack of facilities, then much 
more must be done ar the scene and temperature measure- 
iments are justified. 

‘An alternative is to use a place other than the rectum, 
The axilla and mouth give low readings, which cannot reli- 
ably be correlated with the deep temperature because of 
variable exposure to the air temperature, More useful is the 
auditory meatus or nostril, the thermometer or thermo- 
couple probe being inserted as deeply as possible. Reliable, 
reproducible readings can be obtained from these sites, 
which have the great advantage of being easily accessible 


without moving clothing, as well as nor being required for 
swabbing to investigate possible sexual assaults, The use of 
temperatures to attempt to calculate the post-mortem 
interval is discussed fully in Chapter 3 

When the pathologist has made the best examination 
possible in che circumstances, his next Function is to ensure 
that the corpse is removed to the mortuary for autopsy with 
the least disturbance and loss of evidence. He should super- 
vise the removal himself or at least delegate the duty to 
another person whom he knows is careful and competent. 
Each hand should be enclosed in a bag, secured at the wrist 
by adhesive tape or string. A similar bag should be placed 
over the head. ‘The packaging medium may vary, bur gener- 
ally paper bags are recommended. 

“The body should be placed gently in a "body-bag’, which 
hhas a zip closure, or maved on ro a large, new plastic sheet, 
atleast 2 metres square. Ifa sheet is used, the edges should 
be wrapped over the body and secured with adhesive tape. 
"The object of the exercise is to retain any loose objects, 
hairs and fibres that may be adhering to the body or the 
clothing. The sheet or bag is taken by the forensic labora- 
tory after the body is removed in the mortuary so that they 
‘may screen it for trace evidence. The transport of the body 
is the responsibility of the police or other agency such as 
the coroner or his officer. The body in its plastic wrapping 
should be placed in a rigid fibreglass ‘shell’ or ordinary cof- 
fin, and taken by hearse, van or police transport 10 the 
chosen mortuary. 

Physical damage during che removal should be avoided 
as much as possible, though in difficult or inaccessible sites 
this is easier said than done. In fires, the body may be 
seriously damaged before or during recovery, sometimes 
because its presence is nor suspected in the smoke-filled, 
often waterlogged, debris of a conflagration. ‘The author 
(BK) has experi 
over two bodies for several hours before it was realized that 
they were buried under burnt furniture and other debris. 
Handling brittle, charred, bodies can easily cause the 
splits at joints that may mimic ante-mortem injuries (see 
Chapter 12), 

In summary, the function of a pathologist at any scene of 
suspicious death is to observe the situation, to conserve 
any fragile evidence, to supervise the removal of the 
body and offer an opinion, based on experience, about the 
nature of death where this can reasonably be done. He is 
ror there to act as a latter-day Sherlock Holmes, voicing 
unsubstantiated theories on non-medical matters, nor 
attempting to overinterpret the situation from the flimsiest 
of facts, ‘The pathologist is part of a team of specialists, all 
experts in their own field, and ic is as a member of such a 
cooperative, coordinated group that his best contributions 
can be made, 


ce of such a scene where firemen walked 
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PROPERTY, CLOTHING AND 
IDENTIFICATION 


Whether or not the pathologist has been to the scene of 
a death, he should take notice of the clothing and other 
property of the body upon which he is to carry out an 
autopsy. This applies not only to every criminal or suspi- 
cious death, bur also to many traffic and industrial acci- 
dents, as well as ro the victims of falls from a height, drowning 
and so on. 

In many instances, there will be no opportunity to exam- 
ine the clothed body in the mortuary: if death has occurred 
in hospital or in an accident department, the clothing may 
have been removed before transfer to the mortuary. The 
pathologist should make a permanent request that a body 
from any traffic accident, or other case where trauma was 
the provisional cause of death, should be brought co the 
mortuary without having the clothing removed by police 
or nursing staff — unless of course the victim was still alive 
on arrival at hospital, and undressing was performed before 
attempted resuscitation or treatment. Asa second best, the 
removed clothing should accompany the body to the mor- 
tuary so that it can be examined, if necessary, for damage, 
stains and other evidence. Unfortunately, such clothing is 
frequently destroyed before it can be seen. 

“The mortuary staff should be trained to regard clothing, 
and property as important items of evidence, and a system 
should be established co retain, identify and store these, 
both from the evidential aspects and for the safety of valu- 
ables. The contents of the pockets, documents, keys and 
other items all assist in identification. Though primarily 
the task of the police, che pathologist will sometimes have 
an interest in this aspect. The clothes themselves, the styl, 
fabric, colour and labels all assist in identity 

In trauma deaths, the injuries on the body should be 
matched up with damage on the clothing, Tears, slashes, stab 
wounds and especially firearm wounds in the clothes must 
be compared with the position of extemal lesions on the 
body, making allowance for movement and displacement 
during life. Some selFinflicted wounds may be confirmed by 
the non-alignment of the clothing damage with the injuries 
(see Chapter 8) 

Blood, seminal, vaginal and other body secretions may 
be found on the clothing, and though this is primarily the 
responsibility ofthe forensic science laboratory, the patholo- 
gist may be the first or only person to detect their presence. 
In Firearm deaths, gunshot residues on the clothing may be 
vital evidence about the range of the discharge and the iden- 
tity of the ammunition. 

In traffic fatalities, tearing of the clothes, grease marks, 
road dirt, broken lamp or windscreen glass, and even 


metalic or paint fragments from the vehicle may all assist 
in reconstructing the event and in identifying the unknown 
vehicle in a ‘hit-and-run’ tragedy. 

Other objects associated with the body that may be help- 
ful include medicines, which may assis in determining the 
nature of the disease from which the deceased had suffered, 
for example, amyl nitrite or insulin, In some suicides, empry 
drug or poison containers may be with the body. Other 
helpful artefacts include such items as hearing aids, syringes, 
external pacemakers and inhalers. ‘The clothing must be 
removed carefully and, especially in criminal or suspicious 
cases, the pathologist should supervise and assist he mortu- 
ary technician, especially as some technicians are nor always 
aware of the importance of clothing in the reconstruction 
of events 

If the body is not bleeding or otherwise fouled, i is best 
to remove clothing in the usual way by pulling over the 
head and limbs, unless this might interfere with any 
injuries or soiling. If rigor is intense or if there is blood on 
the face or hands, it may be advisable to cut off some or all 
of the clothing. This should be done afier consultation 
with the forensic scientists, if they are present, so that the 
‘cuts will be made where they will least interfere with later 
laboratory examination. In any event, cuts should avoid 
passing through pre-existing damage or staining of the 
garments. Each item of the clothing should be placed 
separately into a paper bag to allow them to ‘breathe’ 


Identification of the body 


The identification of an unknown body is a major forensic 
exercise, and is fully discussed in Chapter 4. Here, however, 
‘we are concerned with the formal recognition of the subject 
of an imminent autopsy. Before a pathologist makes any 
examination (and certainly before he begins any mutilating 
dissection), it is essential thar he ensures that the corpse 
before him is indeed the correct person. 

In every medico-legal case, some responsible person must 
have identified the body: This is usually a relative or close 
friend of the deceased person, who looks at the face of the 
body and verbally certifies toa police officer, mortuary attend- 
ant or doctor thar it is indeed ‘John Smith’. Where the body 
is burned beyond recognition, mutilated or putrefied, 
attempts at identification must be made by showing the 
relative documents, or items such as clothing or jewellery: 

In non-criminal cases, such as sudden deaths and most 
accidents and suicides, the continuity of identity is carried 
‘on by a label or tag attached to the body by the police offi- 
cer, nursing staff or mortuary attendant, which carries the 
name, address, serial number and other relevanc details. 
This label may be tied firmly to a toe, or a durable wrist or 


The use of the history of the case 


ankle bracelet may be used. Some mortuaries write the 
name on the leg with an indelible marke 
smudged or obscured during autopsy. 

‘The pathologist should always satisly himself of the 
identity by comparing the documents authorizing the 
autopsy with che toe label or bracelet, The details should 
agree and, if they do not, he should nor proceed with the 
autopsy until the discrepancy is cleared up, if necessary by 
calling back che police officer or even the relative to make 
absolutely sure of the identity 

‘Many mistakes have been made in the past, with adverse 
publicity, embarrassing enquiries and even legal conse- 
‘quences. Autopsies on the wrong person, incorrect causes 
of death, relatives attending the wrong funeral and even 
ion of the wrong body are regularly reported as a 
result of laxity in identification, ‘To avoid confusion, the 
body should always be labelled as soon as it arrives in the 
mortuary. Labels on shrouds become detached and those 
‘on refrigerator doors are unreliable, as other parties (such as 
night porters) may shift occupants around without the 
knowledge of the pathologist or regular mortuary staff 

Some large mortuaries use special means of identity. One 
known to the authors has an automatic camera fitted in the 
ceiling of the mortuary entrance, Every new body wheeled 
in is photographed on its trolley with a serial number 
prominently displayed on a board placed across the upper 
chest, so that the face appears with the record number to 
resolve any later discrepancy. 

In serious cases such as homicide, the pathologist must 
not rely on second-hand evidence of identity such as a toe 
label. Before the auropsy, someone must verbally confirm 
to him that the body they are both then viewing is ‘John 
Smith’. ‘This person must be either a relative or the police 
officer to whom a relative has already formally identified 
the corpse. 

"The pathologist must record in his autopsy report the 
date, time and particulars of the person identifying the 
body to him, so that ‘continuity of evidence’ is ensured for 
legal purposes, which cannot successfully be challenged by 
the defence at a subsequent tril 


bur this can be 


THE USE OF THE HISTORY OF 
THE CASE 


As in clinical medicine, the history of the deceased ‘patient’ 
oo victim is a vital and indispensable part of the investiga- 
tion. The extent to which it should influence the pathologist 
in coming 10 a decision as to the cause of death, however, 
is more controversial, as is discussed below. 

In medico-legal autopsies ~ compared with hospital ‘clin- 
ical’ cases ~ the history is often scanty, absent o misleadin 


Ifa person has been found dead, having had no previous 
‘medical attendant, there may be virtually no information at 
all. In criminal deaths, the person who knows mast about 
the death may well be the perpetrator, who naturally may 
remain silent or give a distorted, misleading or torally false 
account of the circumstances. The forensic pathologist then 
ofien has to contend with a scanty or incorrect history 

Even when a story is given in good faith by relatives, the 
medical facts are often distorted because of incomplete 
knowledge and understanding. It may be further warped by 
transmission by a police officer or other non-medical per- 
son, so that only a garbled history reaches the pathologist 
‘The latter should attempt to supplement deficiencies in 
information by further requests to the commissioning 
authority, such as the coroner or the police, Wherever 
possible, the pathologist should try to contact the doctor 
who may have treated the deceased in the recent past. In 
the urgency of forensic work, however, frequently at night 
or weekends, the autopsy may have to proceed without any 
additional history: 

‘Though more detail may be obtained afterwards, the 
course of the auropsy might well have been different if such 
knowledge was available beforehand. For example, the 
author (BK) once performed an autopsy on a coal miner 
with no history other than a knowledge of his occupation 
and chronic chest disease. Autopsy revealed sufficient car- 
diopulmonary disease to account for death and the body 
was released for burial. It was not until the following day 
that the police in the rural area where the man had died, 
tardily produced the information that both an empty bortle 
of sleeping tablets and a suicide nore had been found with 
the body. Paradoxically, the history is often less important 
in violent deaths where the wounds are self-evident, though 
a good description of che circumstances may assist in inter- 
preting the direction of injuries, the nature of the weapon 
and other aspects 

In most autopsies the history directs the pathologist to 
the appropriate ancillary investigations, as should have hap- 
pened in the case described above. Some pathologists have 
in the past advocated that the autopsy should be performed 
‘blind’, so that the history does not prejudice the opinion 
of the pathologist. This is patently impracticable, for every 
autopsy would then have 10 be corally comprehensive, 
including such techniques as the removal of the spinal cond 
in every case, and all possible ancillary investigations, such 
as toxicology, microbiology, virology, radiology, diatoms, 
histology and so on, as there would be no means of knowing 
‘what was necessary and what was irrelevant. Apart from the 
intolerable burden of work, the expense of such an approach 
‘would be prohibitive, iFapplied to all autopsies. 

‘A particular difficulty often arises in relation 1 bodies 
recurned to a home country after death in a foreign state, 
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‘The problems vary greatly with the degree of both patho- 
logical and administrative sophistication of the foreign country. 
‘Where these are poor, then the problems of obtaining a good ~ 
or even any ~ history may be great, even after attempts at 
using international police or diplomatic channels. 

Sometimes, a ‘doctor-to-doctor’ approach by telephone 
or fax may be the best way of obraining information. Even a 
cause of death from the foreign country may be either 
unobtainable or so vague (such as ‘heart failure’) as to be 
useless, Previous autopsies may be incomplete, of poor qual- 
ity, or even fraudulent, such as finding a stitched skin inci- 
sion bur no underlying dissection of organs. Several surveys 
of such problem autopsies have been published, with a plea 
for some kind of International Death Certificate (Green 
1982; Leadbeatter 1991). 

Difficulties arise when objective autopsy findings are 
scanty or even absent, The pathologist then has the dilemma 
of choosing between a cause of death based on a subjective 
knowledge of the alleged history (which may be wrong) or 
admitting chat che cause of death is unascertained, 

‘This problem, fully discussed by Leadbeatter and Knight 
(1987), is by no means uncommon. For example, sufferers 
from epilepsy or asthma are known to die suddenly and 
unexpectedly, an autopsy usually revealing no adequate 
morphological cause for their death. Another prime 
example is the sudden infant death syndrome, discussed in 
Chapter 21, where by definition there are no significant 
autopsy lesions and the history is usually essentially barren, 

In hypothermia where the patient is warmed up in hos- 
pital but dies ina day or two, there may be nothing to find 
at autopsy, yet there is firm clinical history of a rectal tem- 
perature of 26°C. Moving to more forensic cases, a body 
may be recovered from a river after clothing and a suicide 
note have been found on the bank ~ yet at autopsy there 
may be no visible evidence of drowning whatsoever. 

In these cases, should the pathologist ~ in the absence of 
objective evidence of hypothermia or drowning ~ decline 
to offer a cause of death and pethaps be accused of being 
obstructive or perverse? Or should he certify ‘hypothermia’ 
or ‘drowning’, and perhaps be challenged in court by a 
lawyer who claims that the pathologist relied only on 
hearsay and has no objective evidence to offer? 

"The best course is for the pathologist, if he feels thar the 
history is sufficiently strong, to give the most likely and rea- 
sonable cause of death, but make it clear in his discussion 
in the autopsy repore that this opinion is based on a con- 
sideration of the circumstances and is not a dogmatic state- 
ment of the kind char could be offered if the victim was 
shor through the brain. Where a summary of the history 
prefaces the autopsy report, the pathologist should be ca 
ful to indicate what is ‘hearsay’ as far as he is concerned. 
‘Thus he should not say “The deceased was struck on the 
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head by two men’, bur ‘I was told that the deceased was 
struck on the head by ewo men. 

‘As is discussed later, the autopsy report should not be 
merely a bald recital of the anatomical findings, but should 
have a final commentary that includes a ‘differential diag- 
nosis’ where the cause of death is not clear cut, as well as a 
justification for the eventual opinion of an admission that 
there is no way of deciding between alternative possibilities. 

"The main difficulty arises with the actual ‘cause of death’ 
phraseology, which will be entered into the legal and 
national records in che format required by the World 
Health Organization. This gives no opportunity to express 
preferences or give explanations bur, on the ‘best-guess 
principle, the pathologist can do no more than enter his 
most reasoned choice or, with legitimate honesty, state that 
the cause is ‘undetermined’ 


PRECAUTIONS REGARDING 
POTENTIAL INFECTIVE 
CONDITIONS, 


Many forensic situations involve drug abusers and persons 
with promiscuous sexual behaviour, where the statistical 
risk of HIV and hepatitis infection is markedly greater than 
in the general autopsy population. This poses a risk to 
pathologists, mortuary staff, police and laboratory staff 
‘who may deal wich post-autopsy samples, A great deal has 
been written about such risks but no consensus has yet 
been reached, though an excellent survey has been pub- 
lished by the Royal College of Pathologists (1995). 

‘One school maintains that all autopsies should be car- 
ried out with toral precautions against infective risks, so 
thar it does not matter what case is handled. However, this 
is almost impossible to achieve in a busy coroner or medical 
examiner practice and does nor solve the problem of pos- 
sibly infected material being sent out to other laboratories. 

‘A more common regime is to carry out pre-autopsy test- 
ing for HIV and hepatitis, using blood from a femoral 
needle puncture, The result can often be returned within 
hours, when a decision may be made as how to handle the 
autopsy — or even whether to abandon i, if the risk-benefit 
aspect is high. More usually, a positive resule will resule in 
the autopsy being carried out with special care, additional 
protective clothing, visors, masks and metal gloves, with 
restriction of access to observers, choice of more senior 
technicians and warnings sent to laboratories liable co 
handle samples. 

In this respect, hepatitis is more ofa risk than HIV infec- 
tion, However, so far, about 100 health-care workers have 
acquired HIV infection from definite occupational expos- 
ture (Sidwell er a. 1999) and one pathologist is known co 
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have become infected from autopsy work (Johnson et al, 
1997). Also three morticians in the USA have possibly 
acted occupation-related HIV positivity: 

‘The time for which a corpse remains potentially conta- 
gious with HIV is variable. Infectious virus has been 
recovered from liquid blood held at room temperature for 
2 months and virus in high concentrations has been found to 
remain viable for 3 weeks (Cao er al. 1993). Bankowski 
«eral. (1992) found 51 per cent survival of virus in plasma and 
monocyte fractions from infected cadavers up to 21 hours 
post-mortem. Other series found survival in corpses from 
18 hours to 11 days afier death. Virus has been recovered 
from the spleen afier 14 days post-mortem. Refrigeration 
seems to make litte difference to viability. Douceron eal, 
(1993) cultured blood and effusions from refrigerated 
bodies and obained viable virus up to 16 days post-mortem 
and concluded that there was no safe maximum time at 
which corpses ceased to be an infective risk. In industri 
ized countries, it has become standard to offer post-exposure 
prophylaxis ater significant percutaneous exposure to blood 
or tissues of HIV patients. 

Other infections, such as tuberculosis, hepatitis viruses, 
anthrax, plague, CreurzfeldrJakob, Marburg, Green Monkey 
diseases, etc., are usually the subject of specific health and 
safety regulations, which vary fiom country to country, 


THE AUTOPSY: EXTERNAL 
EXAMINATION, 


In contrast to the ‘clinical autopsy’ performed to evaluate 
natural disease, che importance of the external examination is 
far greater in the forensic case, especially in deaths from 
trauma, In the latter, che medico-legal value of the external 
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description may be paramount, as it is often from the outer 
evidence thar inferences may be made about the nature of the 
‘weapon, the direction of attack and other vital aspects, Thus 
the forensic pathologist must spend all the time that is neces- 
sary ina careful evaluation of the body surface and not be to0 
impatient to wield the knife mainly to seek macerial for his- 
tology, which is more justified in the purely clinical autopsy. 
‘The routine for external examination will naturally vary 
according to the nacure of the case but certain general prin- 
ciples apply. The following procedure is 2 useful baseline 
and may be adjusted according to personal preference. 
Variations in criminal cases to accommodate the needs of 
the investigating and scientific teams are mentioned later, 


i Afier identification and removal of any clothing, the 
race and gender are noted. The apparent age is assessed 
in children by size and in adults by changes in skin and 
eyes, such as the loss of skin elasticity, senile 
hyperkeratosis, Campbell de Morgan spots, senile 
purpura and arcus senlis. Hair colour, tooth loss and 
arthritic changes are also obvious signs of ageing. The 
apparent age should be compared with the alleged age 
and enquiries made about any obvious discrepancy, in 
case it isthe wrong body, an error which plagues most 
autopsy rooms from time to time. 

18 The body length is measured from heel to crown (in 
infants, more derailed measurements are described later. 
Ensure that the attendant does not take the ‘undertaker’ 
height’ from toe to crown, as due to the plantar flexion 
of rigor, this can be a considerable number of 
centimetres more than the live standing height. 

Ir should also be appreciated that the post-mortem 
height may differ from the known living height by 
several centimetres. There are several opposing causes 
of variation, which do not necessarily cancel each other. 


Ficune 14 External examination must 
note every feature: bere there is obvious 
abdominal distension in a battered child 
swith facial bruising, The intestine had 
been ruptured by a blow, and axygen 
adininisered by the ambulance crew 
cexcaped to distend the peritoneal caving. 
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For example, muscle flaccidity allows joints to relax, 
unless rigor is present, but intervertebral discs appear to 
shrink, allowing shortening, 

The body weight in kilograms is measured if facilities 
are available; if not, it should be estimated. The weight 
of infants must always be measured. The general 
nutrition and physique is assessed in terms of obesity, 
leanness, dehydration, oedema, emaciation, and 

The state of cleanliness, personal hygiene, hair and 
beard length, toenail and fingernail state, and urinary 
and faecal soiling is noted. Any parasitic infestation, 
such as fleas oF lice, is combated hefore proceeding, 

The general skin colour is noted, especially hypostasis 
(discussed ar length in Chapter 2). Congestion or 
cyanosis of the face, hands and feet is sought. Localized 
discoloration, especially unilateral ina limb, suggests 
arterial embolism or incipient gangrene, Pink or 
brownish pink patches over the large joints may indicate 
hypothermia (Chapter 17), Other abnormal colours 
include the brownish hue of methaemoglobinaemia in 
some poisonings, the bronze speckling of clostridial 
septicaemia and the dark red of cyanide that somewhat 
resembles the cherry-pink coloration of 
carboxyhaemoglobin. Naturally racial pigmentation 
will modify the ease with which abnormal skin 
coloration can be seen. 

Congenital deformities of any type are recorded, from 
talipes equinovarus to spina bifida, from a naevus to 


Acquired external marks may be important for 
identification purposes or in relation to past injuries 
and disease. Tattoos, circumcision, amputations, 
surgical scars, old fracture deformities and scars of 
injuries, burns or suicidal attempts on the wrist and 
throat are noted, These are discussed further in Chaprer 3. 
Increasingly, artefacts ~ both external and internal ~ 
arise from resuscitation attempts and must be carefully 
distinguished from original trauma. This emphasizes 
the importance of the history, to determine whether 
cardiopulmonary resuscitation was attempted by 
trained or untrained persons. 

"The hands should be carefully examined for such signs 


as old and new injuries, defence wounds, bruised 


knuckles and electrical marks. The latter are often 
insignificant and difficult to see unless the rigor of 
flexed fingers is overcome, either by force or even 
cutting the flexor tendons ar the wrist. 
% Vom, froth or blood may be present at the mouth 
and nostrils, and faeces and urine may have been 
ded. ‘This must be correlated with the degree of 
post-mortem decomposition, which often leads to 
purging of fluids from orifices; most forensic 
pathologists have had the experience of being called 
by the police to the scene of 'a fatal haemorthage’, to 
discover only bloody fluid being purged by gases from 
a decomposing corpse 
‘Vaginal discharge or bleeding is noted and the ears 
examined for leakage of blood or cerebrospinal fluid. 
Post-mortem ejaculation of semen from the external 


FIGURE 1.5 Poat-martem artfict om the 
ody of a homicide victim. These are dae to 
sdefibyillasor paddles applied ina bospital 
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‘meatus is of no significance and can be seen in any type 
of death. It was shown by Mant (1984) nor ta be 
associated with sexual activity immediately before 
death. Itis not particularly associated with asphyxial 
deaths, as sometimes stated. 
“The degree of rigor morts is assessed by flexing the 
arms and legs to test the resistance. The significance of 
this and hypostasis is discussed in Chapter 2. 
Recent injuries (other than scars already noted) are 
carefully examined. In fact this part of the auropsy is 
often the most significant element of forensic cases. 
Injuries may be conveniently recorded in the 
‘mortuary by marking them on printed body 
diagrams, The forms can be secured on a clipboard and 
the data later transcribed into a written description for 
the autopsy report, The original diagrams should be 
retained, as their production may be demanded in 
court if there is controversy about any particular injury 
All traumatic lesions should be cleay differentiated 
into abrasions, bruises, lacerations, incised wounds, burns 
and so on, according to the definitions given in Chapter 
4, The shape and condition of the margins of each injury 
should be described where appropriate. It must be 
‘meticulously measured in terms of length, breadth, 
orientation to the axis of the body and the position with 
reference to surface anatomical landmarks. For example, a 
knife wound of the thorax might be described as follows, 
using ordinary language to explain any medical terms: 


A stab wound was present on the left upper chest, 
placed obliquely, with the inner end lower than the 
Upper outer end. The wound was 20 mm in length, 
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which extended to 22mm when the edges were 
‘opposed. The maximum width at the centre was 4mm. 
The centre of the wound was just below the line 
joining the nipples, being 6 cm from the midline, 7 em 
from the left nipple and 18cm below the centre af the 
left clavicle (collar bone). The wound was 132cm 
above heel level and was elliptical in shape, with the 
inner lower end slightly more sharply cut than the 
rather blunt uppar end. The wound was shelved in a 
downwards direction, with subcutaneous tissue visible 
along the inside of the upper edge. 


‘This description, along with police photographs, 
will convey an excellenc impression of the wound at 
any future date, including at che tial, which may be 
many months later. ‘The position of the injury is 
related to obvious anatomical points and the height 
above the ground may have relevance if the stature of 
the victim and assailant, and the angle of attack, 
become legal issues. On the scalp, the occiput and the 
tip of the ear can be used as reference points, together 
with che vertex and the centre line of the head. On the 
face, the obvious landmarks are the eyebrows, nasion, 
tip of nose, lips, point of chin and angle of jaw. Where 
large areas of abrasion or bruising are present, similar 
measurements of lesion size are needed, but more 
general descriptions of position may be sufficient, such 
as covering the external aspect of the lef thigh’ or 
‘extensive bruising 23cm by 18cm on the right side of 
the chest extending from axilla to costal margit 

‘Where widespread burns are present, an estimate of 
the toral area using the ‘Rule of Nine’ should be made, 
as described in Chapter 11 


E 
vital, including the interior ofthe mouth. 


LURE L.6 Full external examination is 


Here a lage number of amlobarbitane 
capsules offer a presumptive cause of death, 
‘though analytical confirmation issull 


rere. 
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Other injuries, such as firearm wounds, are described 
in the same manner, being careful nor to clean off any 
powder residues or other trace evidence before the 
forensic scientists have collected their samples. 

With head injuries, che scalp is examined in its original 
condition first and any trace evidence collected. Then any 
locted blood that frequently obscures the injuries can be 
gently removed, using a sponge and water. After this stage 
has been studied, it is usually necessary to shave off hair 
carefully around the wounds, so that the fall extent ofthe 
lacerations and especially the state oftheir margins can be 
assessed and photographed. This shaving is best carried 
‘out with a scalpel firted with a new blade, the blade being 
kept almost parallel with the surface to avoid making false 
‘cuts. The procedure should be carried out by the 
pathologist himself and not delegated to a mortuary 
technician. In chis way any artefactual curs can be 
recognized as such and not misinterpreted as part of the 
original wound. 

I The eyes must be examined carefully, especially 10 
detect petechial haemorrhages on the outside of the 


n 
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eyelids, conjunctivae and sclera. Though these do not 
necessarily indicate an asphyxial process, such petechiae 
requite an explanation. Petechiae should also be sought 
behind the ears and in the skin of the face, especially 
around the mouth, chin and forehead. Care must be 
taken to differentiate these fine petechiae from the 
more coarse intradermal blood spots often seen across 
the shoulders or upper chest, which are caused by post- 
mortem hypostasis in a body with marked agonal 
venous congestion ~ especially when that surface of the 
body has been dependent, Haemorrhages in postural 
hypostasis are of no diagnostic significance, as true 
ante-mortem bleedings can never be differentiated from 
those that commonly develop after death. 

"The size of the pupils is rarely useful, as rigor in the 
iris musculature can produce any degree of 
constriction, which may be unequal on either side (see 
Chapter 2). False eyes, contact lenses, lens opacity and 
other defects are to be noted. It is not possible to 
evaluate the degree of visual acuity during life from any 
type of post-mortem examination ~ though obviously a 


(o) 


FiGURE 17 ( b) Typical examples of the many anatomical diagram available forthe recording of external findings at auopry 
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significant defect such asa cataract or a large vitreous 
hhaemorthage is likely to affect vision, 

5 The mouth may reveal foreign bodies, drugs, damaged 
teeth, injured gums and lips (especially the ruptured 
frenulum of child abuse), and the bitten tongue of epilepsy 
‘or blows on the jaw. Dentures should be identified and 
removed before autopsy. Gastric contents in the mouth 
need not indicate ante-mortem regurgitation, as discussed 
in Chapter 14, but should be noted. Dried powder on the 
lips may suggest the recent taking of medicaments or 
poisons; corrsion of the mouth, lips and chin may be 
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seen in irritant poisons, Bleeding from mouth, nostrils, or 
cars must be recorded, and later investigated as to source 
from internal examination. Frothy fuid, sometimes blood- 
tinged, may be seen issuing from the mouth or nostrils, or 
both, in drowning and from pulmonary oedema due o 3 
variety of causes. Froth is sometimes pink or frankly 
blood-tinged. This has no particular significance unless 
708s, 2s in drowning, sudden infant death and other 
conditions with marked pulmonary oedema; rupcure of 
small pulmonary or even pharyngeal vessels can add alittle 
blood to colour the foam. 


Ficune 1.8 Examination and 
plborography of injures afer full 
preliminary examination and forense 
sumpling, the area is cleaned, shaved if 
necessary and photographed with a scale 
adjacent tothe injure. 


BiGUKE 1.9 Where there are numerous 
similar lesions, it asst the clarity af the 
autopsy repore if numbers used during 
photography match tote listed inthe 
autopsy protocol. 
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The external genitals require careful examination, as 
does the anus. The state of the latter can be misleading, 
asa widely open, patulous anus is often seen post- 
mortem, due to flaccidity of the sphincter. The inner 
mucosa is often visible through the orifice. This is also 
the case in infants and children, and a diagnosis of 
sexual abuse must nor be assumed without other 
corroborative evidence such as fresh mucosal tears or 
swabs positive for semen, 

The ‘funnel-shaped’ anus, beloved of traditional 
textbooks asa sign of chronic homosexual activity, is 
such an extreme rarity that its true existence is 
doubtful. A funnel shape is a normal anatomical 
variant, the anus being set deeply berween the 
buttocks, sometimes with a commissure of skin above 
it, making the approach seem even deeper. The alleged 
‘shiny, silvery hyperkeratinized skin of the habiual 
pederast’is also of litte diagnostic value as scratching 
from chronic irritation, often associated with 
haemorthoids, viral infections or threadworms, may 
lead to the same appearance. The only reliable criteria 
are fresh tears and old scars, as well as mucocutaneous 
eversion, though even these can arise from severe 
chronic constipation (see also Chapter 18) 

Examination of the vulva and vagina is made to 
exclude obvious injury and disease, unless the nature 
of the case suggests some sexual interference, when 
a far more detailed examination and a special autopsy 
technique is carried out (Chapter 18). Routine 
examination of the male genitals usually need only 
extend to general inspection of the penis, glans and 
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ne af rime officers 
recovering trace evidence from hands before 
at homicide autopsy. The pathologic must 
afer the vest ofthe team every facility t0 
complete their work befire be begins his 
dissection. 


scrotum, with palpation of the testes. Circumcision 
should be noted, as (rately) it may assist in 
identification. 


THE AUTOPSY: INTERNAL 
EXAMINATION 


The dissection in a forensic case is basically similar to any 
other autopsy, with variations according co the nature of 
the death and the needs of the particular investigation, 
whether it be a criminal case, a civil dispute or an accident 
investigation, 

‘There are a number of manuals devoted to the perform- 
ance of an autopsy (see Ludwig 2002 or Knight 1996, for 
example) as wel as one for the instruction of mortuary tech- 
nicians (Knight 1984). Only an outline of the technique is 
offered here for those unaccustomed to examining the dead 
who may have autopsies thrust upon them by circumstances. 
In addition, special forensic procedures are described, though 
these are also discussed in each of the chapters devoted to the 
various types of injury and death. The autopsy on infants is 
deale with in Chaprers 20-22. 

“The usual incision is an almost straight line from laryn- 
geal prominence to pubis, deviating to avoid the umbilicus. 
The upper end of this incision should not be prolonged 
above the larynx, as even a high-necked shroud will then 
fail to hide the subsequent suture line from relatives. 

Another common method isto cut from behind each ear 
toa point above the manubrium and continue downwards 
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in a ‘V-shape’. This is often done in infants and wherever it 
is desired to avoid disfiguring the front of the neck. In the 
USA in particular, the ¥-incision is favoured or even a deep 
“Us-shape’ carried across the upper chest. 

In strangulation, hanging, and any condition where the 
larynx might be damaged, the ¥-incision is to be preferred, 
as the skin of the upper neck can then be dissected off the 
mandible and raised clear to give a wide approach co the 
neck structures. Here, the incision should not be made until 
the skull-cap and brain have been removed, to avoid the 
congestive artefactual haemorrhages in the neck structures, 
described by Prinsloo and Gordon (1951), which can be 
confused with true ante-mortem trauma. Gordon et al 
(1988) have further suggested thar the brain be removed 
first in all autopsies so thac abnormal odours can be detected 
before being swamped by the smell from the opened 
abdominal cavity 

‘The Y-incision is also required when dissection of the 
face is necessary, to look for deep bruising or bony damage. 
In face the whole face can be dissected off completely from 
the skull and replaced with litle effect upon the cosmetic 
result, if careful dissection is employed. The Y-incision in 
the neck is made continuous with the transverse scalp inci- 
sion, joining hese behind each ear, so thar the anterior 
neck and facial skin can be removed in entirety 

Returning to the autopsy in general, the primary in 
sion should be shallow over the neck to avoid cutting 
underlying structures, especially the trachea, ‘The thorax 
can be cut down to the sternum, but care must be taken 
over the abdomen, where a light cut is made, sufficient to 
incise only skin and fat. A small puncture should then be 
made in the peritoneum and a finger inserted to lift it away 
from the intestines, The knife is then used to cur outwards 
along the length of the abdomen, to avoid penetrating the 

"The incision for access to the skull is made from behind 
‘ach ear, meeting over the crown of the head. It is well to 
keep this posterior to the actual vertex, again to make the 
stitching less obvious, especially where the hair is scanty or 
absent, With abundant hair ~ and especially in children ~ 
the hair should be wetted and then combed backwards and 
forwards from a transverse parting made in the line of the 
prospective incision. Hair is not then severed and can be 
combed back later to cover the stitching, 


Exposing the body cavities 


TThe skin, subcutaneous tissues and fat are flayed off laterally 
from the main incision, raking care not to let the edge or 
point of che knife come through the skin, especially in the 
neck area, where repair can be unsightly: The tissues are taken 
back to the lateral edge of the neck and to the outer third of 
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Avoid 
umbilicus 


FiGURE L.11 Aucopsy incisions: (a) standard midline, (6) ‘V-shape 
sand (c)subelavieular. 


the clavicles. Over the thorax, the tissues, including pectoral 
muscles, are flayed off to the midaxillary line in the upper part 
and even further posteriorly cowards the costal margin. 

‘The anterior abdominal wall is similarly separated. This 
can be done either in two stages, first stripping back the 
skin and fat to expose the muscles ~ or the full thickness of 
skin, far and muscle can he reflected together. The muscle 
must be cut from the costal margin and, if thick fat over- 
lies, then some transverse relieving in 
fon the peritoneal surface of the lower abdominal wall, 
taking care nor to come through to the skin. 


wns can be made 


Opening the thorax 


"The thorax is opened by first disarticulating both stern- 
oclavicular joints. This is carried out by moving the 
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shoulder tip with one hand, to identify the joint capsules, The 
point of a knife is then introduced vertically and cut lat- 
erally in a half-ctcle to separate the joints. If they are anky- 
losed, which often occurs in old age, then the clavicles can 
be cur through at che end of the next operation. This con- 
sists of the severing of the ribs and can be performed either 
with a handsaw or a rib shears. In children and many adults, 
the costal cartilages may be cut through with a knife, 
though this provides a rather narrow exposure of the chest 
contents. In infants, the soft cartilage can easily be divided 
with a scalpel: in older bodies, a stout knife should be kepr 
for the purpose to save blunting the knife that is needed for 
organ dissection. Often che fits rib has to be sawn through, 
even though the remainder are cut with a knife. 

When a saw is used, the ribs are cut through lateral to 
the costochondral junctions from a point on the costal 
margin to the sternoclavicular joints or nearby. Ifa saw is 
used, it must be kept ata low angle co avoid the tip lacerat- 
ing the underlying lung, especially if there are pleural adhe- 
sions. When the sternum and medial rib segments are free, 
the section is lified and dissected away from the medi 
astinum, keeping the knife close to the bone to avoid cut- 
ting che pericardium. ‘The sternal plate is examined for 
fractures or other lesions before it is put aside: damage 
caused by the considerable trauma of resuscitatory cardiac 
massage is frequently found at this point. 

“The whole of the thorax and abdomen is now open for 
inspection. The degree of inflation of the lungs should be 
assessed, noting complete or partial collapse, emphysema, 
overdistension and any asymmetry of inflation, 


“wr RATES 
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If a pneumothorax has been suspected beforehand, a 
post-mortem radiograph is the best confirmation. 
Alternatively, the chest wall can be punctured in the mid- 
axillary line after filling the reflected skin with water to 
observe if bubbles escape. This testis rarely successful and 
cannot succeed if there is a patent communication between 
the pleural cavity and the bronchial tree. If there is a 
marked tension pneumothorax, the hiss of escaping air may 
be heard when the tip of che knife penetrates the intercostal 
muscles and parietal pleura. ‘The pleural cavities are 
inspected for adhesions, effusions, pus, blood, fibrin and 
even gastric contents 


Examining the abdomen 


The abdomen is then inspected, though ascites, fueculent 
uid, pus and blood may already have escaped on first 
‘opening the peritoneal cavity 

‘The omentum may show inflammation or fat necrosis 
When moved aside, the loops of bowel are inspected for any 
abnormality, especially infarction, peritonitis and the disten- 
sion of ileus. Beware of mistaking post-mortem hypostasis 
forthe necrosis of mesenteric embolism or strangulated bowel. 
Though the dark colour may be similar, hypostasis usually 
has irregular segments when the gut is stretched out, whereas 
infarction occupies one continuous section ~ and if well 
established, che bowel wall will be lustreless and friable, 

“The bowel is gently moved aside to look at the posterior 
part of the abdomen: a retroperitoneal haemorthage from a 


ruptured aorta may be visible, or an aneurysm itself 


[FIGURE 1.12 The minima inctraments 
needed for performing an autopsy Any 


farther items may be usd but not esental 
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The collection of body fluid samples 


In a large proportion of forensic autopsies and virtually 
every one with criminal connotations, samples of blood 
and other body fluids and tissues are needed for laboratory 
examination. In relation to sexual offences, the taking of 
swabs and other samples is described in Chapter 18. Where 
blood and other fluids are required for toxicological, bi 
chemical, microbiological and. serological investigations, 
they are usually collected at the early stages of the autopsy 
(see Chapter 27). 

“The site of collection depends on the nature of the test. 
‘When samples for toxicological analysis are required, con- 
siderable care should be employed in sampling; this is more 
fully discussed in Chapter 27. 

It is not advisable to use visceral blood for sampling, 
especially for small molecule substances that can easily di 
fuse after death; these include alcohol and many pharma- 
ceutical products. Though older textbooks advocare the use 
of heart blood as a convenient source of samples, it may be 
contaminated by post-mortem diffusion from the stamach 
and intestine. Afier death, the cellular barrier of mucosa 
and serous membranes breaks down, and substances in the 
stomach, intestine and air passages can migrate to other 
‘organs in the main thoracoabdominal cavity, causing a false 
rise of the true ante-mortem blood level. 

Pounder (1985; see Chapter 27) found that a slurry con- 
taining alcohol and paracetamol, placed in the trachea after 
death to resemble gastric contents, gave rise to appreciable 
concentrations of those substances in blood samples taken 
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from thoracic vessels, whereas femoral blood remained 
uncontaminated. 

For substances such as carboxyhaemoglobin this does 
not matter, but alcohol is the prime example of a potential 
source of error if visceral blood is collected. ‘The better 
choices for collection sites are: 


I by needle and syringe punceure of the femoral 
before the autopsy dissection begins. This requires 
practice but, in adults, 20 ml can usually be aspirated 
without trouble. This is the method of choice ifonly an 
external examination is possible. 

18 from the subclavian or external iliac veins after the 
body has been eviscerated. By holding a small container 
under the cur end ofa subclavian vein and raising the 
arm, blood can be collected directly. If the flow is slow, 
the arm can be massaged towards the shoulder. 
Similarly — and preferably if volume is required — by 
cutting across the iliac veins at the brim of the pelvis, 

a container can be dropped into the pelvis with its 
‘mouth under the vein and blood massaged into it by firm 
pressure moved up the inner thigh. Asall these containers 
will be soiled externally, the blood should be decanted 
into afresh tube for transmission to the laboratory. 

1 when the skin is dissected off the neck, the internal 
jugular vein is exposed, especially if a sternomastoid 
muscle is divided and pulled aside, When cut, a 
copious flow of blood is usually obrained, which can be 
collected directly into a container. The only 
disadvantage of this method is that if the blood wells 


FIGURE 1.13. White shining fa droplets 
(chylomicrons) in mesenterial lymphatic 
eels suggesting postprandial rate. 
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up from the thoracic inlet via the superior vena cava, 
heart blood is likely to be admixed, with the possible 
errors mentioned earlier. Ifthe blood is collected from 
the upper segment of the jugular, then blood from the 
head is collected: this flow can usually be stimulated by 
raising and lowering the head during collection 


Samples for serology, microbiology and for analysis for 
substances such as carboxyhaemoglobin, which are not 
absorbed from the gastrointestinal tract, can be collected from 
any blood vessel, but blood should never be scooped up from 
the general body cavity after evisceration, as this can be con- 
taminated with any leakage from other structures, such as 
gastric or bowel contents, mucus, urine, pus or serous fluids 
Blood for microbiological culeure has traditionally been 
taken from the heart but there is no particular meri in this 
as opposed to peripheral blood. IF an infective endocarditis 
is suspected, ic is best to open the heart lacer with a sterile 
scalpel and excise the mitral or aortic valve cusps or vegeta 


tions for direct culture. Otherwise, blood for culture for a 


suspected septicaemia is taken from a peripheral vein 
Urine can be collected by catheter before autopsy or even 
by suprapubic puncture with a syringe and long needle. 
However, itis usualy obtained afier the abdomen is opened, 
bur before the organs are removed. Ifthe bladder is full, the 
fundus is penetrated, and urine collected either by syringe or 
directly into a container, almost empty and contracted, the 
fundus is gripped and pulled upwards so that it stretches, 
then is incised and the contents removed by syringe. Care 
should be taken not t0 contaminate the urine with blood. 
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Ibo office frensic science labora 


Ticcolgy hi ised by 


Contained in a plasic bag are a large liver 
‘tub, a smaller stomachs tub, two universal 


ml) containers, ane rubber-capped 


uoride vial for blod alcohol, and a syringe 


and two needle. 


The removal of vitreous humour and cerebrospinal fluid 
may be required for toxicology or for attempts at estimat 
ing the time since death by the potassium content (see 
Chapter 2). Vitreous humour must be aspirated with care if 
any reliable results are co be attained. A fine hypodermic 
needle attached to a 5 ml syringe is inserted into the outer 
canthus of the globe after pulling the eyelid aside. When 
released, the lid will cover the small puncture mark, hiding 
any sign of interference. The needle should be entered into 
the centre of the globe to avoid aspirating maverial near the 
retina, which has a markedly different chemical compos 
ition due to shreds of detached retina entering the aspirate. 
The fluid should be sucked off slowly and gently, and as 
much taken as possible to obrain a mixed fluid: both eyes 
should be used, as they often differ somewhat in theit 
After withdrawing vitreous, the 
globes can be re-inflated with water, to improve the cosmetic 


chemical composition, 


appearance of the eyes. 

Cerebrospinal fluid may be obtained in the same way as 
in living patients, by passing a needle into the theca 
between the lumbar spines. A baby can be held upright by 
an assistant in a fully flexed position; an adult must be 
pulled into Alexion whilst lying sideways on the autopsy 
table. An alternative technique is to perform a cisternal 
puncture chrough the atlanto-occipital membrane. 

As the 


fluid must be actively aspirated: somerimes all attempts at 


e is no pressure within the theca in a cadaver, the 


obtaining fluid by external puncture fail. The only course 
then is to try to puncture the ventricles through the 
exposed brain surface when the skull is opened. Attempting 
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to obtain clear cerebrospinal fluid ftom the interior of the 
skull after removal of the brain is generally useless: though 
blood-stained fluid can be centrifuged ro clarity, its chemi- 
cal composition is then uneeliable. 


Removal of the viscera 


Afier the body cavities have been inspected, the organs are 
removed en bloc by a modified Rokitansky procedure, more 
accurately described as Letulle’s method. First the intestine 
is removed, as follows. 

‘The omentum is lifted upwards to expose the coils of 
small intestine. The uppermost part of the jejunum is iden- 
tified, where it passes retroperitoneally to join the termin- 
ation of the duodenum, Here the mesentery is perforated 
with the knife and the gue cut through. If it is essential to 
retain the duodenal/gastric contents or the small intestinal 
ntents, two string surures may be passed through the hole 
and tied before cutting the gut between them, but litde con- 
tents are lost if this is noc done. The intestine is stripped out 
by cutting along the mesentery near the attachment with 
the bowel until the leocaecal valve is reached, 

‘The caecum is then mobilized medially using manual 
traction with minimum use of the knife, to avoid punceur- 
ing the lumen. When the hepatic flexure is reached, the 
‘omentum is pulled downwards to draw the transverse 
colon tense against the mesocolon, which is cut through, 
taking care not to open the adjacent stomach. ‘The splenic 
flexure is then pulled medially and downwards, and the 
descending and sigmoid colon separated from the posterior 
abdominal wall. The upper rectum is cut across, though 
some pathologists merely lay the gut outside the body, 
leaving the sigmoid and rectum attached. 


Removing the neck structures 


To make the removal of the neck structures easier, a block 
10-15em high should be placed under the shoulders of the 
cadaver. This allows the head to fall back and thus extends 
is should be done gently, as with all handling 
of the body, to avoid the well-known ‘undertakers fracture’, 
which is a subluxation of the lower cervical spine due to 
tearing of the intervertebral disc at about C6-C7. This 
can be misinterpreted as an ante-mortem injury, especially 
if the other common artefact of haemorthage over the 
anterior longitudinal ligament of the cervical spine is present 
(Prinsloo and Gordon 1951). The neck structures are then 
freed by passing a knife under the skin of the upper neck 
until it enters the floor of the mouth. ‘The knife is then un 
around the inside of the mandible to free the tongue. The 
tissues at the back and sides of the pharynx are divided, and 
the ronsillar area cur through. Fingers are then passed up 
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behind che mandibular symphysis to grasp the tongue, 
which is then drawn down, the remaining tissues behind 
the larynx being divided to release the neck structures. This 
should be done as far lateral as possible, so thar the carotids 
can be removed with the laryngeal structures. It is now 
advisable to look into the pharynx and glottis before any 
further disturbance, to see if any obstruction, bleeding or 
other abnormality is present in the upper airway. 


Removal of the thoracic contents 


"The subclavian bundles of vessels and nerves are divided by 
passing the knife from inside the thorax around the medial 
ends of the clavicles and first ribs to release the trachea and 
oesophagus, With gence traction, the neck structures are 
held up and pulled caudally, whilst carefully clearing all 
attachments to the thoracic spine with the knife, taking 
care to keep the blade on the bone and not stray anteriorly 
to damage oesophagus or aorta, 

‘Traction should be minimal and, as soon as the thorax 
is entered, the hand should move from the neck structures 
to place nwo fingers under the upper lobes of the lungs, lift- 
ing them and the mediastinum as the knife clears the 
midline structures down to the diaphragm. IF the neck 
structures are pulled too hard by using them as.a handle to 
dag our the thoracic viscera, they may be ripped off. In 
addition, the descending aorta may suffer transverse inti- 
mal tears from traction, which resemble the genuine ‘ladder 
teats’ seen in many traffic accidents (Chapter 9) 

Pleural adhesions may prevent clean removal of the 
lungs. If chere are only a few, they can be cut through. Ifthe 
whole pleural cavity is obliterated by adhesions, they may 
be pulled away by making a cleavage plane with che hand 
and stripping them off: Sometimes (especially in industrial 
chest disease and old tuberculosis) che adhesions are dense, 
tough or even calcified. Removal of the lung may then be 
achieved by running a knife down the whole length of 
the parietal pleura over the inner anterior aspect of the 
ribs, and forcing a hand ehrough the slit to form a cleavage 
plane to force the parietal pleura off the intercostal muscles 
and ribs. 


Removal of the abdominal organs 


‘When the chest organs are free, they are laid back in the 
thorax and the diaphragm incised. One hand should pull 
the liver and spleen medially, purting the left leaf of the 
diaphragm on the stretch, while the knife curs it through 
laterally, near the costal margin. ‘The cut curves posteriorly 
under the organs co reach the spine, where it must cut 
through the cruciate ligaments, then passes caudally behind 
the kidney, which is mobilized forwards. 
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“The knife cut then curves up over the psoas muscle and 
ends at the brim of the pelvis. The same is done on the 
‘opposite side, the operator moving around the body if neces- 
sary. The chest organs are then lifted and gently pulled 
forwards to carry the abdominal viscera towards the feet. 
Any resistance is usually due to incompletely severed crus 
ate ligaments, which must be transected. 

Eventually the organs will lay inverted across the pubis, 
secured only by the iliac vessels and ureters, which are cut 
through and the whole pluck of viscera taken away to the 
dissecting bench where running water and good illumin- 
ation must be available. 


Removal of the pelvic organs 


‘The treatment of the pelvic contents depends on the type 
of case. Where the presumed cause of death is unrelated to 
pelvic lesions, then in men the bladder may be opened 
widely and the mucosa and trigone inspected before the 
prostate is incised for examination, The testes are pushed 
upwards through the inguinal canals, which are widened 
with the knife. In women, the ovaries are incised and the 
tubes examined from above before the uterus is sliced in the 
midline from fundus to cervix. 

‘A more thorough examination of either gender may be 
made by enucleating the pelvic contents. The knife is 
passed circumferentially around the pelvic bow! afier 
pulling the bladder away from the pubis. When the walls 
are fre, the knife cuts through below the prostate and then 
through the lower rectum to allow the pelvic organs to be 
lifted out. In women the ovaries and tubes are mobilized 
forwards and the knife passed around the wall of the pelvic 
bowl, chen in front of and below the bladder. ‘The vaule 
of the vagina and rectum is transected, freeing the whole 
contents. In cases where sexual interference or abortion is 
suspected, a special technique described in Chapter 19 is 
employed. 


Removing the brain 


Attention is then tured to the head, The scalp is incised 
across the posterior vertex from a point behind the ear to the 
corresponding place on the other side. Where a Y-incision is 
used on the neck, the limbs of the Y may be continued right 
across the scalp, especially if face dissection is necessary. 
“The tissues are reflected forwards to the lower forehead and 
back to the occiput. The deep scalp tissues may peel off by 
traction, but often require touches of the knife to free them. 
Bruising is sought and, where head injuries are present or sus- 
pected, the scalp should be reflected right back to the nape of 
the neck, paying particular attention to the tissue behind and 
below each ear where injuries causing vertebrobasilar artery 
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FiGURE L.15 Angled saw-cuts for remanal of sull-cap ta avoid 
slippage during reconseructon. 


damage occur, Where there are facial injuries, the skin of the 
face may be peeled back from the jaw line and downwards 
from the forehead, restoration being excellent if care is taken 
not to perforate che Facial skin during removal 

‘The skull is sawn through, using either hand or power 
tools. The line of the cut should not be along a circumter- 
ence, as itis then impossible to reconstitute the head with- 
‘out unsightly sliding of the calvarium. ‘There should be an 
angled removal, with a horizontal cur from forehead co 
behind the ears joined by a second, which passes diagonally 
upwards at a shallow angle over the occipitoparietal area. 


Care must be taken not to place this posterior saw-cut too 
vertically (and thus anteriorly) on the skull, or the brain 
may be damaged by forcing its removal through too narrow 
an aperture. 

"The calvarium is then removed by leverage after com- 
plete cutting chrough. A mallet and chisel should not be 
used in forensic autopsies, even co ensure that the dura is 


kept intact. The risk of extending or even causing fractures 
by the use of excessive hammering is too great merely co 
justify an unmarked dural membrane. A cut dua is easily 
recognized as such by any competent pathologist. What is 
more important is to inspect the surface of the exposed 
dura and brain and assess any oedema, bleeding or inflam- 
matory conditions that may be present. ‘The skull-cap is 
carefully inspected for fractures and the dura peeled off the 
inside to study the inner skull surface. 

“To remove the brain, the dura is incised around the line 
of skull removal and two fingers slipped beneath each 
frontal lobe, With gentle traction the frontal lobes ate lifted 
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to expose the optic chiasma and anterior cranial nerves. 
TThe falx may have to be cut to free the brain, then a scalpel 
or blunt-pointed bistoury is passed along the floor of the 
skull to divide the cranial nerves, carotid arteries and pitu- 
itary stalk until the free edges of the tentorium are access- 
ible, A cut is made along each side of the tentorium, 
following the line of the petrous temporal bones to the lat- 
eral wall of the skull. Continuing with traction on che 
brain, but being careful not to impact the upper surface 
against the posterior saw-cut, the knife severs the remain- 
ing posterior cranial nerves and then passes down into the 
foramen magnum to transect the spinal cord as far down as 
can be reached. The hand is now slid under the base of the 
brain, which is rotated backwards for removal, any attached 
dura being severed where necessary. The brain is taken into 
a scale pan and weighed before either fixation or dissection. 

‘The floor of the skull is now examined and the basal 
dura stripped out with a strong forceps to reveal any basal 
fractures. Discarded dental forceps can be useful for this 
purpose. The venous sinuses ae incised to search for throm- 
boxis. Where appropriate ~ and always in infants — the pettous 
temporal bones are sawn, chiseled or cut with bone forceps 
to examine the middle and inner ears for infection. 


Removal and examination of 


the spinal cord 


It is nor an invariable routine to remove the spinal cord at 
autopsy unless there are indications that some lesion may 
be present. Where there i the slightest possibility of da 
age to the vertebral column, its blood vessels or the con- 
tents of the spinal canal, however, there should never be 
any hesitation in extending the autopsy to include this area, 

“There are several methods of removing the cord and for 
full details, the texts of Ludwig (2002) or Knight (1983) 
should be consulted, Briefly, there are two main approaches 
to the spinal canal, the anterior and posterior. 

In the anterior method, the vertebral bodies are removed 
afier complete evisceration of the body, by sawing through 
the pedicles by a lateral cut down each side. ‘The advantages 
are that the body need not be turned over on to its face and 
an extensive dorsal incision is avoided, which requires sub- 
sequent repair. The author finds this method more labori- 
‘ous, however, especially in the thoracic region where the 
heads of the ribs make the approach difficult. 

"The more usual posterior approach requires a midline 
incision from occiput to lumbar region, the paraspinal 
muscles being reflected along with subcutaneous tissues. 
‘Tivo parallel saw-cuts are then made down the length of the 
spine to divide the right and left laminae, and co give access 
to the spinal canal. ‘This is best done with an electric oscl- 
lating saw, taking care not to cut so deeply thae the spinal 


dura is penetrated. The strip of bone may be dissected off 
from below upwards to expose the spinal canal 

‘The cuts should be placed sufficiently lateral ro allow the 
cord to be removed without difficulty. When the canal is 
exposed, the dura is examined for haemorrhage, infection 
or other abnormalities, then removed ~ still within its dural 
sheath — by transecting the nerve roots and dural attach- 
‘ments, and peeling it out progressively from below upwards, 
"The dura is then carefully opened with forceps and scissors 
to examine the cord itself, Ie can be fixed in formalin, as 
with the brain, before cutting, or dissected immediately and 
samples taken for histology. Crushing, infarction, infection, 
hhaemorrhage and degeneration are the main lesions in a 
forensic context. ‘The empty spinal canal must be carefully 
examined for disc protrusions, tumours, fractures, haemor- 
thage dislocations and vertebral collapse. 

‘Where in any autopsy spinal damage is suspected, a good 
preliminary test isto slide the hands under the back of the 
eviscerated body on the autopsy table and lift the dorso- 
lumbar spine upwards, whilst watching the interior vertebral 
bodies. fa fracture or dislocation is present, abnormally acute 
angulation will be seen, instead of smooth bending. ‘The cer- 
vical spine can be tested by manual manipulation. If suspi- 
cious angulation is seen, a slice can be taken along with the 
anterior spine, through the vertebral bodies and discs, with an 
electric or handsaw. This will reveal the interior of the spine 
and exhibit any crushing, haemorrhage, or torn disc spaces: 
ifone of these is found, the cord must always be removed 
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Examination of viscera 


"The thoracic and abdominal viscera are laid on a cutting 
bench at a convenient height and under good illumination. 
Ample washing water should be available from a flexible 
pipe, to flush the tissues as dissection proceeds. Some 
pathologists maintain that this should not be done, as the 
water can have an effect on the quality of subsequent his- 
tological sections, but this has recently been disproved 
(Cotton and Stephenson 1988). In any case, the vastly infer- 
ior naked-eye examination that results if blood is not 
removed at frequent intervals greatly ourweighs any unsub- 
stantiated objections about the more exquisite details of cell 
structure, especially as in most forensic autopsies the gross 
appearances are usually far more important. 

‘The viscera should be laid so that the rongue faces the 
pathologist, with the aorta upwards. The same sequence of 
examination should be carried out whatever the nature of 
the case, so that a fixed routine will ensure that nothing is 
lef undone. 
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E\GURE 1.16 The two approaches tothe spinal canal forthe 
removal ofthe spinal cord ar autopsy. 


The neck structures 


‘The tongue is examined for disease and injuries, including 
bites suggesting blows in the jaw or epilepsy. ‘The tongue 
should be sliced to detect deep haemorrhages sometimes 
seen in strangulation. Such haemorrhage is seen mostly at 
the sides and centre of the mid-part of the tongue. Gross 
congestion, which may be due to either pressure on the 
neck or to other congestive modes of death, is usually in the 
posterior part of the tongue. The tonsils and pharyngeal 
walls are inspected, 

‘The glottis is examined for mechanical or infective 
obstruction, and the hyoid and thyroid hors palpated for 
factures. The oesophagus is opened with large (20 em) blunt- 
nosed scissors, which along with a very sharp 10-15cm 
bladed knife and a long-bladed ‘brain knife’, are the most 
useful tools for performing an autopsy 

"The carotid arteries on each side are opened, including 
the bifurcations and sinuses. If necessary, the upper portions 
of the carotids are explored in the body itself and followed 
to the base of the skull. IF thrombosis is suspected, the 
intracranial part should be examined in the cavernous sinus. 

Returning to the neck structures, the thyroid should be 
sliced and inspected, then the oesophagus opened almost to 
the cardia of the stomach and any suspect material such as 
capsules, tablets or powder retained for analysis. 

"The scissors are then passed down the posterior line of 
the larynx and trachea to the carina. If pressure on the neck 
of any type, such as strangulation, is suspected, then special 
examination should be made, as described in Chapter 14 

"The trachea and main bronchi should be inspected for 
disease and obstruction. Gastric contents are often found, 


bur the significance of this is discussed in Chapter 13 — it 
should not be assumed that ante-mortem aspiration has 
occurred merely from the presence of gastric contents in 
the air passages. 


The lungs 


The lungs are then removed, after careful exa 
their external surfaces for patchy collapse, emphysema, 
petechiae and so an. Almost every autopsy will reveal a few 
petechiae, especially around the hilum and in the interlobar 
fissures. Theit significance is also discussed in Chapter 13. 

"The lungs are removed from the thoracic pluck by passing 
a long-bladed knife (such as a brain knife) under the hilum 
with the blunt edge upwards. The knife is setled in the cor- 
rect position before turning the sharp edge upwards to cur 
through the hilum, Before doing this ic may be necessary co 
remove adhesions over the diaphragm and to cut through the 
pulmonary ligament, a thin sheet of tissue that ties the infer- 
ior medial edge of the lower lobe to the mediastinum. 

‘As the hilum is being cut, the pathologist must notice if 
any embolism is visible within the pulmonary arteries. It has 
happened that such an embolism has slid out and been 
‘washed unnoticed down the sink. Some pathologists insist on 
‘opening the main pulmonary trunk and even right ventricle 
before removing the lungs, 1 seek a saddle embolus. This is 
nor necessaty, as any large embolus will be readily visible on 
‘examining the heart and the lungs in the usual sequence. 

Both lungs are taken off and the hilum inspected before 
being laid aside for cutting. The lung should be weighed 
before cutting, as appreciable oedema fluid can run away dur- 
ing dissection. Then each is laid with the hilum down on the 
dissecting board, the opportunity being taken during hand- 
ling to evaluate weight and oedema, as well as emphysema. 

"The lung is held on the upper surface by the left hand of 
the operator (or by an interposed sponge) and the organ 
‘cur across in the sagittal plane from apex to base with the 
large brain knife, held parallel to che board. This produces 
an anteroposterior slice, the lower medial part carrying the 
hilum. The cut surfaces can now be opened like a book and 
the surface examined for oedema, tumour, pneumonias, 
infarction, trauma and so on. The smaller bronchi must be 
inspected for such signs as mucosal thickening, infection 
and blockage. The smaller pulmonary arteries may reveal 
thrombosis or embolism that was not visible in the larger 
vessel 
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INFLATING THE LUNGS WITH FORMALIN 


In some medico-legal autopsies, especially in industrial 
lung disease such as pneumoconiosis or asbestosis, one or 
both lungs need co he inflated with formalin for fixation 


Examination of organs 


before cutting. This preserves the shape and histology in 
excellent condition, but delays examination for at least 
several days. It is carried out by holding or tying a cannula 
into the bronchus while 10 per cent formol saline is per- 
fused through a tube from a reservoir held about 1 metre 
above the lung, The lung is then left in a bath of formalin 
covered with a formalin-soaked cloth to prevent drying. 


The heart and great vessels 


There are almost as many ways of examining the heart 
as there are pathologists, and each operator must decide upon 
the method that appeals most, In this summary there is no 
space for discussion of post-mortem angiography, which is 
moving from the field of research and special interest into 
routine use. A common and practical routine for examin- 
ing the heart is described here, 

First, the organ mass minus the lungs is rotated so that 
the lower end now faces the pathologist. The scissors are 
passed into the cut end of a common iliac artery and passed 
right up to the aortic arch and around to a few centimetres 
above the aortic valve, staying outside the reflection of the 
pericardium. The interior of the aorta is studied, especially 
for the degree of atheroma and for any aneurysms or 
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trauma, The inferior vena cava is opened from its lower end 
into the liver. The organ pluck is then turned over so that 
the heart is uppermost. The pericardium is inspected exter- 
nally for fluid and blood tamponade, then opened widely 
with scissors. The heart is delivered through the incision 
and inspected externally for pericarditis, adhesions, discol- 
oration of an underlying infarct and cardiac aneurysms, for 
example. In a child, the thymus would be inspected and 
dissected off at this stage 

‘The heart is then removed by holding it up with the left 
hhand so chat its attachment is tensed against the other 
organs. A long knife, such as a brain knife, is then passed 
horizontally across atthe reflection of the pericardium, cut- 
ting through the root of the aorta and other great vessels 
just above the atria, 

‘The now-detached heart is washed externally and placed 
in the anatomical position on the dissecting board, with the 
apex facing the operator and the anterior surfice upwards. 
Ir should nor be weighed until all the contained blood and 
clot is removed. The general size, shape and ventricular pre- 
ponderance should be noted. Any dilatation or thickening 
of the pulmonary conus should be noted as an index of 
right ventricular hypertrophy, especially if striae of trans- 
verse muscle fibres are seen crossing the conus. 


FIGURE 1.17 nition for opening the 
ear at aps (a) The right arin is 
slit with an incision (L) 10ainthe vena 
a tthe appendage; cut parallel othe 
interventricular septum is made on the 
anterior wall ofthe right venice 

2) passing up through the pulwonary 
conus (0) These eats are joined through 
the tricuspid aloe (3). () The heart is 
revere andthe ef arr opened by 
«ut (4) joining pulmonary seins. (4) On 
‘the anterior wall a et (5) i made parallel 
to the sepa though the mia vale and 
sined by (6) which pases shrough the 
aortic nae. 


1: The forensic autopsy 


atrium is then opened by introducing the scis- 
sors into the inferior vena cava and cutting across co the 
atrial appendage. ‘The interior of the atrium is examined 
and the septum and tricuspid valve inspected. 

“The interventricular seprum is then identified externally 
by the vessels running down the outside. With a knife a cut 
is made about 15mm to the right of and parallel co the 
septum, over the right ventricle. This should be deep enough 
to enter the lumen, but not enough to cut the posterior 
wall. The scissors are now introduced into the cut and run 
up through the pulmonary conus and into the pulmonary 
artery until they meet the transected end. ‘They are also 
extended downwards to the apex of the ventricle, The scis- 
sors are now put in midway down this linear cut and passed 
outwards at right angles, guided by the fingers of the left 
hhand passed into the tricuspid valve from the opened 
atrium. The whole of the right side of heart is now open 
and displayed. It should be washed our and the endo- 
cardium and valve examined, 

A similar routine is now employed on the left side. ‘The 
scissors are introduced into a pulmonary vein and passed 
horizontally across to an opposite vein, thus opening the 
atrium. Fingers are introduced down through the mitral 
valve to estimate its size and detect any stenosis. 

"The heart is then restored to the anatomical position and 
a cut made again parallel to the seprum, but on the left 
side, going deeper as the ventricle is thicker. Guided by the 
fingers still in the mitral valve, the cutis extended upwards 
through that valve and out at the top of the atrium. 

‘A finger is now passed up the outflow tract to the aortic 
valve to estimate its size. Then the scissors are passed up at 
the side of the mitral valve, and the aortic valve and aortic 
stump opened. The whole heart is now open and can be 
washed out and weighed, 

‘Various estimates of the normal heart weight exist and 
vary considerably (see the Appendix 1). It has been related 
to gender and body weight, though this is not altogether 
sound, as a fat person of moderate stature does not have a 
heare weight comparable with a large muscular person 
unless there is associated hypertension. This controversial 
matter cannot be pursued here, but as a rule of thumb the 
author (BK) accepts up to 380 gas normal in an adule man 
of average build, 

Afier weighing, the endocardium and valves are exam- 
ined, then the coronary arteries. Once again, controversy 
exists abour methods of opening the coronary vessels, but 
the weight of opinion now lies almost universally with 
those who cut serial interrupted cross-sections with a knife, 
rather than open them longitudinally with small scissor. 
‘The disadvantages of lengthwise opening are that percent- 
age assessment of stenosis oF the recognition of toral occlu- 
sion cannot be made once the vessel is flapped open, as 
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restoring the cut edges can never reproduce the original 
conditions. In addition, the tip of the scissors may dislodge 
thrombus or an intimal flap. Cutting across the vessels 
allows an estimate of the percentage stenosis. It is admitted 
thar this may not be the size of the lumen during life when 
normal blood pressure is operating, bur the same disadvan- 
tage applies to longitudinal opening. An estimate of luminal 
size is relatively constant, however, in that the collapsed 
abnormal can still be compared with the collapsed normal. 

"The coronaries are therefore cut across at frequent inter- 
vals, Before the first cut, che ostia are examined for congen- 
ital variations (which are Frequent) and for obstruction. The 
left coronary artery is then cut across from the epicardial 
surface, starting as close to the ostium as possible, as occlu- 
sion and severe stenosis can occur very near the origin, Serial 
‘cuts are then made at intervals of not more than 3mm, frst 
into the common crunk, then following the left circumflex 
laterally until the vessel becomes too small, usually when it 
dips down from the epicardium to become intramuscular. 
The anterior descending branch is then Followed down the 
front of the septum almost to the apex. 

“Turning to the right coronary artery, the proximal seg- 
ment is cut back from the point where the right ventricle 
‘was opened, transecting the artery in its mid-part. The cuts 
are made back to the aorta, then the distal segment is fol- 
lowed laterally until it becomes the posterior descending 
branch. During this process, the dominance of right versus 
left vessels is noted. 

Difficulty arises where severe calcification exists, as the 
knife either fails to cut through the artery or shatters it 
because of the excessive force required. ‘The lumen is 
crushed and the percentage stenosis is difficule or impos- 
sible 10 assess. Scissors may be used to exert more force 
than a knife, but the only real solution is to decalcify the 
vessels, Except for research purposes, it must be admitted 
thar the days or even weeks of delay occasioned by decalci- 
fication provide a formidable deterrent for the busy coro- 
ne’s pathologist unless the issues involved are important. 
Post-mortem angiography is the other alternative, though 
where autopsy caseloads are high, this can be difficult to 
arrange. 

‘Once the coronary arteries have been examined, the 
myocardium can be studied more closely. One useful tech- 
nique is the intramural or ‘sandwich’ cut through the thick- 
ness of the left ventricle, ‘This is easier when there is some 
ventricular hypertrophy, but can be carried out in any heart. 
The heart is placed open on the cutting board, with the 
endocardium downwards. A long knife such asa brain knife 
is passed carefully into the cut edge of the left ventricle and 
sliced right through the muscle, keeping equidistant 
berween endocardium and epicardium. The myocardium 
can then be opened out like a book, showing the interior 
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with any infarcts or fibrotic plaques. IF histological blocks 
through the entire wall are needed it is best to take these 
before slicing the heart as described, otherwise a full- 
thickness block will be hard to obtain. Some pathologists 
make a series of transverse heat slices about 8-10 mm thick, 
starting at the apex, before opening the heart. This displays 
the distal myocardium wall, but cannot expose the proximal 
part, as examination of the coronary arteries would then be 
compromised, 


Examining the abdominal organs 


The remaining organs are laid on the dissecting surface in 
the anatomical position, with the liver and stomach away 
from the pathologist, and the anterior surface upwards 

‘The stomach is opened and, if there is any question of 
requiring the contents for analysis, a suitable container 
should be ready. The stomach is washed externally with a 
stream of water and a small cut made in the greater curva- 
ture. IF the contents are to be saved, this can best be done 
with the edge of the stomach projecting over the raised cut- 
ting board or over the edge of the sink, so that the con- 
tainer can be held underneath. The contents are allowed co 
run into the container, then the greater curvature is opened 
widely with scissors, and any remaining contents drained 
‘or scraped out. If powder or other substance is adherent to 
the mucosa, this can be scraped off and added to the con- 
tainer, or kept in a separate tube for analysis. 

Some laboratories require the stomach wall 10 be 
retained for analysis as well as the contents. This can be 


done after the organ has been fully opened and the lining 
examined. If the contents are nor required ~ or when they 
have been collected ~ che organ is opened up from cardia to 
pylorus along the greater curvature. The lining is washed 
and inspected. ‘The scissors are now passed through the 
pylorus around the duodenum until they meet the point 
where the gut was detached earlier. The gall bladder may 
be squeezed to demonstrate the patency of the bile ducts. 
In some few cases, bile may be required for analysis, as in 
morphine or chlorpromazine overdose. 

‘The adrenals are examined nest, the right one being on 
top of its kidney, the left being on the medial side. If the 
right kidney is taken in the left hand and lifted against the 
weight of the liver, a single cut into the stretched tissues 
beeween liver and kidney will transect the adrenal. The left 
is buried in the tissue between pancreas, spleen and kidney. 
"The amount of cortical lipoid and the absence of bleeding 
or other abnormality is noted in each gland, 

‘The spleen is removed by cutting through its pedicle and 
is sliced after weighing. The pancreas lies under the stom- 
ach and should be cut lengchwise from the curve of the 
duodenum ro its tal lying against the splenic hilum. 

"The kidneys are exposed by incising their capsules, ofien 
after a thick layer of perirenal fat is traversed. The kidneys 
can usually be peeled our of their capsules unless these are 
adherent. 

‘The renal vessels were examined when the aorta was 
‘pened, but can be re-examined at this stage and the ureters 
inspected. ‘The organs can be detached at their hilum and 
weighed, then cut lengthwise 0 inspect the interior. The 
width of the cortex is important, being about Lem in a 


FiGune 1.18 Collecting stomach contents 
«at autopsy The exterior of the stomach is 
swathed fie from blood and the vecet 
‘moved to overhang the disecting band. A 
chermically clean receptacle ir held beneath 
the greater curvature while the latter is 
opened with scissors and the contents 
allowed to drain aut. The stomach is then 
pened, the mucosa inpected and any 
adherent material sraped into the 
container. The stomach wall should then be 
divested off and added tothe contents if 
the labonatary is able to deal with tistue 


analy 
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healthy subject, ‘The granularity of the surface and the 
clarity of the corticomedullary junctions is assessed, as well 
as the size of the renal pelvis, 

‘The small intestine may have been examined at the earl- 
ier stage of removal, bur can be inspected now. Ic is nor 
usual to open the whole length of the gut in a forensic 
autopsy unless there is any particular indication to do so, 
though ideally this should always be carried out. 


EXAMINATION OF THE BRAIN 


Afier weighing, a decision has to be made whether to exam- 
ine the brain immediately ~ the so-called ‘wet-cutting’ — or 
to suspend it in formalin until fixed, a process which takes 
at least several weeks, The advantage of fixation is, of 
course, that the firmness of the tissue allows thinner and 
more accurate knife-cut sections 10 be taken, as well as 
better histological preservation, Where neurological issues 
are involved, either traumatic or from natural disease, itis 
almost mandatory for the brain to be fixed before cutting, 
Even the impatience of the investigative authorities can 
usually be overcome if the advantages of a higher standard 
of opinion are explained. 

The technique of brain fixation is well known, but to sum- 
‘marize briefly the brain is suspended in a container of 10 per 
cent buffered formalin, the volume being at least 5 litres and 
preferably 8. The brain is removed with the dura leaving the 
parasagittal bridging veins and falx intact and suspending the 
brain in an upright position by the falx. An alternative 
method is to passa chread or metal paperclip under the basi- 
lar artery and tie it o a support across the mouth of the con- 
‘aie, so that the vertex is clear of the bottom. 

In the majority of autopsies there is no real need for fix- 
ation if no cerebral lesions are either expected or apparent 
oon external examination of the brain. Here, ‘wet-cutting! is 
sufficient, though if any unexpected lesions are found, the 
process can be stopped and the slices of brain fixed by pla- 
cing them in a large volume of formalin, on cotton wool 
pads, to prevent distortion, 

One lesion is better examined in the unfixed state, 
though the brain may be suspended later; this is subarach- 
noid haemorrhage. It is easier to wash away fresh, unfixed 
blood with a stream of water and blunt dissection than the 
hardened blood that develops during formalin fixation 
Further details are given in Chaprets 5 and 25. 

Whether the brain is examined ‘wer or fixed, the 
sequence is the same. ‘The weight is first considered, the 
normal fora young male adult being berween about 1300 and 
1450 g, che female equivalent being around 100. less. More 
details are given in Appendix 1. It should be noted that for 
malin fixation adds about 8 per cent to the original weight. 


FIGURE 1.19 A bain suspended in formalin for fsation before 
cutting. The tank is specially made of ibreglss, being cubical for 


stacking witha lid (not shown). There are lugs moulded into the sides 
to hold the suspensory string, which support che brain by means ofa 
paperclip booked under the basilar artery Thee sould be rufcient 
“fluid to allow the brain ta flat clear ofthe bottom of the receptacle 


‘The brain is first examined for surface abnormalities, 
which in forensic practice usually means haemorthage. Thisis 
dealt with in Chapter 5, but suffice to say here that meningeal 
bleeding is one of the most important lesions in forensic 
pathology, be it extradural, subdural or subarachnoid, This 
‘means that examination of the cerebral vessels, especially the 
arteries of the circle of Willis and che vertebral vessels, is 
vital — especially in the search for berry aneurysms, The general 
symmetry ofthe brain is then noted as well as any depression 
of the cortex from skull or meningeal masses. An estimate oF 
cerebral oedema is made, partly from the weight, but mainly 
from flattening of the gyri, filing of the sulci and evidence of 
hippocampal herniation through the centorial aperture. In 
lesser degree this may be seen as grooving of one or both unci, 
though a normal slight anatomical groove is ofien present. 
True uncal herniation is marked and often discoloured as a 
result of incipienc infarction. Similarly, herniation or coning 
of the cerebellar tonsils through the foramen magnum must 
be distinguished from che common anatomical pouting of 
many tonsils: true pressure coning is often discoloured by 
local infarction. Afier careful inspection of the basal vessels 
and the exterior of the brain, and palpation for any fluctuant 
masses under the cortex such as internal haemorthage, 
abscesses or cystic tumours, the organ is cut, 

‘The first cur should be made through the cerebral 
peduncles using a long, broad-bladed knife to separate the 
cerebrum from the brainstem and cerebellum. The cerebel- 
lum is then held in one hand with the cut stem upwards. 


Ancillary Investigations 


This is examined to assess the substantia nigra and aque- 


duct, as well as to note any primary or secondary haemor- 
rhage, the latter often being due to raised intracranial 
pressure. The cerebellum and pons are then cut down verti- 
cally and opened like a book to display the fourth ventricle, 
dentate nuclei and the interior of the cerebellum, ‘The 
lower pons and medulla can be further sectioned trans- 
versely or longitudinally, 

"The cerebral hemispheres are then placed base down on 
the cutting block and serial sections made in the coronal 
plane from the frontal lobes back to the occiput. The sec- 
tions should be about 1cm thick and each should be slid 
into a sequential place in rows along the cutting board so 
that orientation is preserved. Cuts should be made with care- 
ful bur bold sweeps of the knife as erratic sawing motions 
will leave an irregular surface on each section, which 
‘obscures a good view. Cutting afresh brain is less satisfactory 
than cutting a firmer fixed brain, especially if there is any 
post-mortem autolysis or softening as in a dead ischaemic 
brain after mechanical ventilation. 


ANCILLARY INVESTIGATIONS 


A wide range of samples may need to be taken either before, 
during or afier the gross examination is completed. ‘The 
nature of such ancillary investigations naturally depends 
upon the nature of the death, che history and the interests of 
the pathologist. 


FiGUne 1.20 An alternative methad of suspension is 
10 leave the fake intact and wse it 9 suspend the 
drain base down in formalin 


Microbiology 


“Though more common in clinical autopsies than forensic 
work, culture samples for ‘bacteriology’, virology and (rarely) 
fungi may be needed. Either plain swabs or swabs immersed 
in a transport medium can be employed for sampling a wide 
variety of sites at autopsy. Alternatively, tissue samples may 
be collected in sterile containers and this isthe usual method 
for virological culture of lung and brain, for example. Blood 
cultures may be desired, and it is best to take blood with a 
sterile needle and syringe from a large vessel, such as the 
femoral vein, before starting the autopsy with its attendant 
inevitably widespread contamination with putrefactive 
organisms. Alternatively, blood can be taken from a freshly 
‘opened heart chamber using sterile instruments. 

Inall autopsy investigations, unless culrures are performed 
soon afier death, there is often widespread contamination by 
organisms that travel rapidly through the dead tissues, espe- 
cially feom the gastrointestinal tact. It requires the expertise 
of an experienced microbiologist to advise on what is signifi- 
cane in the subsequent growth in the laboratory. 


Toxicology 


"This has already been mentioned and is further discussed in 
the later chapters of this book but, as far as the collection of 
specimens is concerned, it may be repeated here that sam- 
pling is extremely important if reliable analytical results are 
expected. Blood, urine, stomach contents, organs (especially 
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liver), intestinal contents, cerebrospinal fluid, bile and ocu- 
lar luid may be required. 

The containers in which specimens are collected must be 
chemically clean to a very high standard, They are offen 
supplied by the laboratory that will carry out the analyses. 
For example, the Home Office Forensic Science Service in 
Britain supply a kit containing two large plastic tubs with 
lids, several universal containers, fluoride tube, syringes and 
needles, together with instructions as to type and quantity 
of sample needed for various tests, 

The pathologist should submit a form with the samples 
indicating the analyses required, the personal details of the 
deceased person, a brief history with details of suspected 
toxic substances, and a statement as to whether the subject 
was known co suffer from any infective condition, includ- 
ing hepatitis or HIV infection. 


Histology 


In most autopsies and inevitably in all criminal or litigious 
cases, the pathologist will need to carry out a histological 
examination on a range of tissues, even if only to exclude 
the possibility of some occult natural disease. The Royal 
College of Pathologists as well as the 1999 Council of Europe 
recommendation on the harmonization of medico-legal 


autopsy recommend that histology be taken fiom every 
autopsy. This advice should be followed wherever possible, 
even though in some medico-legal autopsies, the cost of such 
techniques may provide difficulty if the coroner or other 
commissioning authority declines to fund the procedure 
Ir is customary to retain samples of liver, spleen, kidney, 
heart, lung, thyroid, adrenal, pancreas, muscle and brain as 
a minimum, Where there are indications to examine other 
parts ofthe body, these are retained in addition co the routine 
tissues. ‘The tissues are either sampled by raking relatively 
large pieces ar autopsy (which are later trimmed down co 
size) or by cutting blocks ofa standard size (such as 20 X 
12. 5mm) at the time of autopsy. 

‘The tissue is placed in a large volume of buffered 
formol-saline and allowed to fix for at least several days 
before processing. The volume of fixative should be six 
times the toral volume of issue: it is all roo common to see 
a mass of tissue squeezed into a small container, barely cov- 
ered with formalin, half-fixed and even semicdried, There 
are many specialized procedures also in use at present, such 
as histochemistry, fluorescent’ microscopy and immuno- 
histochemical examination; these are used especially in the 
pathology of sudden death where evidence of early myocar- 
dial infarction is sought. This is discussed in the chapter on 
sudden narural death (Chapter 25). 


REQUEST FOR TOXICOLOGICAL ANALYSIS 


Intestines, 


OTHER SPECIMENS 


Name. Age, 
Post Mortem No. Date of PM, 
Date of Death Pathologist. 
‘SPECIMENS SUBMITTED: __ Blood, Urine, Liver 


‘Stomach contents Kidney. 


Brain 


Any infective conditions suspected 


ANALYSIS REQUIRED 


BACKGROUND INFORMATION: 


FiGURE 1.21 Sample request farm for 


tasicological analy. 


Autopsy radiology 


AUTOPSY RADIOLOGY 


“The details of radiological findings are discussed in each 
appropriate chapter, particularly in relation to child abuse, 
gunshot wounds, identification and dentistry, In general, 
radiology is similar to photography in the autopsy room, 
though it requires more bulky apparatus, and someone to 
‘operate the equipment and process the films. 

"The quality of radiographic assistance available will vary 
widely from none to the most sophisticated techniques, 
even including computed tomography and even, in very 
few centres, magnetic resonance imaging (MRI). 

"The main difference is usually whether the autopsy is 
carried out in the mortuary of a well-equipped hospi 
where there is radiographic apparatus, radiographers to use 
it and radiologists 10 read the films — or whether the 
autopsy is performed in some remote public mortuary or in 
imakeshife premises far from clinical facilities 

In many developing countries, radiography may be scarce 
for living patients lec alone corpses, and the same standard of 
assistance for the pathologist cannot be expected. In larger, 
more affluent countries, remoteness may be the problet 
here mobile equipment is available and sometimes used by 
forensic pathologists. There are small, portable X-ray kits 
that can be carried in two suitcases, and can function feom 
an ordinary domestic power supply or from a portable petrol 
generator. In many instances a mortuary will have a small 
portable machine, sometimes one discarded ftom clinical 
use. This can be wheeled into position when needed, and 
films and technical assistance obtained from the nearest 
hospital, which is often adjacent, 


For isolated organs and tissues, cabinet-type radiographic 
equipment is available, which can be used without the assist- 
ance of trained radiographers. 

Where there isa large forensic institute, then full radio- 
logical facilites with the stafF and equipment 0 operate 
and process plates will be available at all times. Where 
research projects involving radiology, such as post-mortem 
coronary angiography, are being carried out, there will usu- 
ally also be ample facilities for routine use. 

‘The stage at which radiology is employed in an autopsy 
will vary according ro the individual circumstances, but is 
likely to be after the external examination is complete, but 
before dissection begins. Straight radiographs for bony injury 
are not ofien required, as the skeleton can be inspected 
directly by dissection in major trauma, The exception is child 
abuse, where, as fully described in Chapter 22, a full skeletal 
survey is needed before autopsy: Indeed, many forensic and 
paediatric pathologists would consider radiology essential in 
all infants who did not die of some obvious disease, 

Suspected air embolism, pneumothorax, barotrauma, 
{gunshot and explosive deaths should have radiological exam- 
ination before the autopsy, and when a traumatic subarach- 
‘noid haemorrhage is suspected, vertebral artery angiography 
ight be necessary, as described in Chapter 5. 

“Mutilated remains, especially chose from mass disasters, 
‘may need to be X-rayed, as may victims from fies where the 
external damage makes dissection difficult. Where bombs or 
explosive devices are involved, it is essential to have radio- 
graphs to detect any parts of the mechanism that are embed- 
ded in the tissues. 

‘Though the films are usually taken before the autopsy 
begins, some lesions may be better demonstrated on isolated 


FiGURE 1.22. Radingraphy i estential before 
same autopsies. Here itis being used to X-ray 
12 gunshot wound of the chest, 
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organs or structures, In child abuse, the callus of old frac- 
tures of posterior ribs may be better visualized on X-ray if 
the chest cage is dissected our, and radiographs taken with- 
our the soft tissues and the obscuring structures of sternum 
and anterior ribs. Similarly, a block of upper cervical spine 
may better reveal fractures of transverse processes carrying 
the vertebral artery, or a larynx may show fractures of the 
hyoid or thyroid comnuae more clearly when they are 
X-rayed outside the body. 


FORENSIC PHOTOGRAPHY 


Many forensic pathologists rake their own photographs of 
both scenes of death and of autopsy appearances. Others 
rely on professional photographers such as the police and 
hospital medical photographers. 

“The standard of expertise amongst some doctor photo- 
graphers is excellent, and their pictures grace many lectures 
and textbooks. Iris to the more inexpert camera operators 
thar these few general tips are offered, 

"The type of camera most favoured is the 35 mm single- 
lens reflex, of which there is now a vast range available, in 
all grades of sophistication and price. Some means of exact 
focusing is essential (either automatic or split-screen, for 
example) as picture sharpness is of prime importance. 

‘The type of lens is a matter of personal choice, as some 
will prefer interchangeable lenses of various focal lengths. 
‘The standard 50 mm is most useful, but for scenes of crime 
or taking a full-length shor of a body in cramped conditions, 
a wide-angle lens of 28 or 30mm is needed. A longer focal 
length of up to about 80mm can be useful for close-up pic- 
‘tures of small lesions, but telephoto lenses of 100-200 mm 
are not requited, though extension tubes, some with lenses, 
can be obtained for macrophotography. 

Many pathologists, including the authors, prefer to 
combine lenses into a single variable-focus ‘zoom lens of 
28-80 mm range. This saves time spent in changing lenses, 
and the image resolution of good-quality equipment is 
Virtually indistinguishable from fixed focal length lenses 

Ilumination is usually by electronic flash now often an 
integral part of the camera body, and the use of automatic 
thyristor control means that no complicated calculations 
about range are needed. For very close-range work, a flash 
attached to the camera may be unsatisfactory, so an extension 
cable isa useful and cheap accessory to keep the flashgun ata 
distance. Alternatively, the flash can be ‘bounced’ off the ceil 
ing in the autopsy room or a ‘ring-flash’ around the lens used 
«0 avoid camera shadow. 

Some will prefer tungsten light rather than flash, though 
this is more cumbersome unless a fixed station is installed 
in the autopsy room for taking photographs of organs. It is 
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impracticable to use floodlights at the autopsy table or ata 

“The type of film depends on the nature of the illumin- 
ation. Speeds of 100 or 200 ASA are more than adequate 
for most flash work, though 400ASA is now frequently 
used. Some keen medical photographers carry a separate 
‘camera body loaded with high-speed 1000 ASA film for spe- 
ial circumstances, 

Ultraviolet (UV) and infrared sensitive film has been 
used to demonstrate surface lesions that are not visible co 
the human eye, It has been claimed that occult bruising can 
be revealed by UV photography, such asin child abuse, but 
care must be taken and experience gained to eliminate arte- 
factual false positives. 

‘Most doctors will want transparencies for projection at 
lectures, which can be made into prints, either colour or 
monochrome, If prints are specifically wanted for black 
and white publication in books or journals, itis berter to 
take them originally on monochrome film, as colour nega- 
tives do nor provide quite the same quality reproduction in 
black and white. 

Some pathologists use Polaroid cameras either alone or 
together with conventional film. The advantage of instant 
prints is that a record of the scene of death can be obtained 
before the autopsy is carried out, and any Findings checked 
back against the original surroundings. For example, if 
some linear mark is seen on the leg at autopsy, the patholo- 
gist can immediately refer to his Polaroid prints to check 
whether that leg had been resting on some object. Again, 
where multiple injuries exist, their number, position and 
size can be checked when writing the autopsy report, with- 


‘out waiting days or even longer for the police album to 
arrive. Correlation of wounds with blood splashes may also 
be useful. Such Polaroid pictures can be duplicated and 
‘even turned into transparencies, but itis preferable to have 
a conventional camera for these purposes. 

Recent advances in electronics are revolutionizing photo- 


‘graphy, and have wide application and porential for forensic 
and autopsy work. Electronic cameras of varying grades of 
sophistication, resolution and cost, can now instantly store 
images on a small internal ‘memory stick’ or CD-ROM, 
which can chen be viewed immediately on a computer VDU 
oor printed on a colour laser printer. These images can be 
manipulated in many ways to enlarge sections or correct 
colour balance, sent via modems to distant loca 


incorporated within textual material and reports, At present, 
{good resolution can still be obtained more cheaply with slver- 
based film stock bur this situation is changing in favour of 
the digital photography. Altematively, photographs and 
slides can be electronically scanned within minutes, che optical 
image being digitized into electronic storage for similar 
manipulation, 
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All electronic images can also be stored on CD-ROM or 
DVD equipment, which offers huge storage and retrieval 
capacities for record-keeping and educational display pur- 
poses. In addition, single frames from video camera recot 
ings can be captured as still pictures and electronically 
stored. 

In relation to the actual photography, a marked improve- 
ment in the pictorial quality can be achieved with a little 
care in composition. Ar scenes of death the viewpoint is 
often limited and the surroundings have to be photo- 
‘graphed as they exist, without modification, The camera 
position can, however, usually be chosen to cut out as much 
extrancous background as possible, In the autopsy room, 
considerable improvement can be made by using the opti- 
mum viewpoint and by modifying the background, Many 
photographs are spoiled by having irrelevant and distracting 
“objects in the background such as observers, buckets, boots 
and the other extraneous paraphernalia of the autopsy 
room. The picture frame should be filled as completely as 
possible with che object under display. A close shor should 
be taken to limie the irrelevant margins though, where neces- 
sary, anatomical landmarks should be included to orientate 
the viewer. The camera should be at right angles to the 
lesion being photographed, whenever possible. Tangential 
shots may foreshorten the required feature and, where size 
needs to be displayed, may distore both shape and length 
because of the foreshortening, A ruler or special white adhe- 
sive tape with centimetre markings should be placed very 
near the lesion of wound to provide a size reference. 

‘Where a feature is obscured or insignificant, it may be 
pointed out by a probe or finger held in the appropriate 
position, Where part of the picture area consists of the 
metal or porcelain autopsy table or dissection bench, allow- 
ance should be made in exposure, as these very reflective 
areas may give a false reading in the light meter of the 
‘camera and thyristor of the flashgun, 

If a full length or half shor of a body is requited, an 
untidy background may be avoided by turning a mobile or 
rotatable table so that a blank wall forms the backdrop. IF 
this is not possible, assistants can hold up a sheet behind 
the table to screen the distant confusion, 

‘When photographing viscera, the camera should be near 
‘enough for the frame to be almost completely filled by the 
required object. The shor should be vertical ro the lesion 
and ic is often necessary either to place the dissecting board 
‘on the floor, or for the photographer to stand on a stool or 
some elevation to gain the required height. 

‘Where isolated organs are being photographed, they 
should be placed on a green or blue cloth, such as a dis- 
carded operating gown. White can be used, though it may 
affect the exposure meter if much is visible around the 
periphery. The organ should be placed on the cloth in one 


‘movement and not moved thereafter, otherwise a wer dark 
stain will obtrude on the green or blue background, The 
organ should nor be oozing blood onto its surface or onto 
the background. It should be dabbed with a dry cloth or 
sponge just before the photograph is taken to remove shiny 
wer highlights 

Ideally a special stage for organs should be used, such as 
a glass-topped table with a coloured (usually green) back- 
ground set sufficiently far below the glass to be out of 
focus. Tungsten lights can be used ro advantage on such a 
fixed stage. 


THE AUTOPSY REPORT 


Equally important as the autopsy itself isthe report that the 
pathologist provides for whoever commissioned the exam- 
ination. An aucopsy i of litte value ifthe findings and opinion 
of the forensic pathologist are not communicated in the 
most lucid and helpful way. The report is an integral parc of 
the procedure and should receive as much attention as any 
physical procedure in the autopsy room, Unfortunately, 
some pathologists treat the process of making a report in a 
somewhat cavalier manner, which diminishes the expertise 
that they may otherwise posses. 

‘The autopsy report is a permanent record of the findings 
and is especially vital for medico-legal purposes, when 
every word may be dissected in a court of law months or 
even years afterwards, and when all recollection of the 
examination has been driven from the mind of the pathol- 
ogist by hundreds of subsequent autopsies. In a clinical 
autopsy in a hospital, he dissection may be demonstrated 
and discussed at the time with the interested physician. 
However, the report of a forensic autopsy becomes a legal 
document of possibly vital significance, and every effort 
must be made at the time to make it as comprehensive and 
useful as possible, 


‘The form of the autopsy report 


Reports fall into two main types described below, and local 
practice and indeed legislation may determine which is 
used, irrespective of the wishes of che pathologist. The 
choice is, however, often dictated by the nacure of the case. 


BA five-style ‘essay’, which usually adheres to a 
conventional sequence, but leaves the pathologist fee 
to expand on various aspects according to his estimate 
of their importance. This type is usually used in 
criminal deaths and cases in which litigation is likely. 
Ithas the advantage that any part of the autopsy can be 
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expanded without constraint; also the form of the 
report can be turned into a legal statement or a 
deposition for the court with litle alteration. 

A printed proforma, in which the various sections of 
the examination and organ systems are already set out 
by title, leaving blank spaces for the insertion of the 
findings. The advantage includes the fact that this 
‘shopping list acts as an aide-mémoire to those 
pathologists who do not conduct large numbers of 
autopsies ~ and also the non-medical recipient is more 
able to follow the set pattern of the report. One 
disadvantage is that the spacing prevents flexibility of 
description unless the proforma is large, when much of 
the space may be left blank. Also there is rarely enough 
space at the end of the form for an expansive discussion 
and opinion about the preceding factual findings. This 
type of form is commonly used for non-litigious 
autopsies ~ for example, the usual coroner's cases of 
sudden death and suicide. 


Concentrating upon the more serious cases, the report, 
whatever the format, must contain certain information in 
some logical order. Consecutive numeration, computer 
codings and other administrative aspects are naturally con- 
ditioned by local practice, bur the following matters must 
be catered for in all autopsy reports, though not necessarily 
in this sequence: 


1 Full personal details of the deceased subject, unless 

unidentified, This includes the name, gender, age, 

‘occupation and address 

"The place, date and time of the autopsy. 

"The name, qualifications and status of the pathologist. 

Persons present at the examination. 

Usually, the authority commissioning the autopsy. 

A record of who identified the body. 

The name and address of the deceased subject's regular 
(or last) medical attendant. 

1 The date and time of death, where known, 

The history and circumstances of the death. The 

inclusion of this on the actual autopsy protocol may 


not be permitted in some jurisdictions as it is hearsay 
evidence, but unless expressly forbidden it should be 
included, as it remains a record for the pathologists 
‘own files. It also justifies his eventual cause of death in 
those cases where the morphological findings are scanty 
or even absent, as his conclusions will be strongly 
influenced by his pre-knowledge of the mode of death. 
When the autopsy report is converted to a statement or 
deposition for legal use, this history may be omitted by 
those legal authorities responsible for transcribing the 
document, 

1 External examination, 


Internal examination, 
A list of specimens and samples retained for further 
examination. Those handed to other agencies, such as 
the forensic science laboratory, should be formally 
identified by means of serial numbers and the name of 
the person to whom they were handed. 

“The results of further examinations such as histology, 

microbiology, toxicology and serology. When the main 

report is issued soon after the autopsy, these will not 

yet be available and a supplementary report will be 

necessary. 

A summary of the lesions displayed by the autopsy 
(often coded for departmental computer retrieval) 

i Discussion of the findings, if necessary in the light of 
the known history. 

An opinion as to the definite or most likely sequence of 
events leading to the death, 

A formal cause of death, in the format recommended 
by the World Health Organization, suitable for the 
completion of a death certificate. 

The signature of the pathologist. 


‘The ‘external examination’ should record those details 
described earlier in che chapter, the major items being: 


The height, weight and apparent state of nutrition. 
"The presence of natural disease such as oedema, 
abdominal swelling, curaneous disease, senile changes, etc 
Identifying features such as skin colout, rattoos, scars, 
congenital or acquired deformities, dentures, eye colour 
and hair colour. When identity is an issue, narurally 
this section will be greatly expanded. 
1 presence of rigor, hypostasis, decomposition and 
abnormal skin coloration. Body and ambient 
temperature should be recorded where appropriate, 
with calculations concerning the estimated range of 
times since death, though this aspect may well be 
deferred until the final ‘Summary and Conclusions. 
‘The condition of the eyes, including petechiae, arcus 
senilis, pupil sie, and the condition of iris and lens, 
Condition of mouth and lips, including injuries, veeth 
and presence of foreign macerial 
Condition of external genitals and anus. 
SH Listing and description ofall external injuries, recent 
and old, 


‘The internal examination records all abnormalities, 
usually in a conventional sequence such as: 


1 Cardiovascular system: heart weight, any dilatation, 
ventricular preponderance, congenital defects, the 
pericardium, epicardium, endocardium, valves, 
coronary arteries, myocardium, aorta, other great 
vessels and peripheral vessel. 


The autopsy report 


1 Respiratory system: external nares, glottis, larynx, 
trachea, bronchi, pleural cavities, pleura, lungs 
(including weight) and pulmonary arteries. 

Gastrointestinal system: mouth, pharynx, oesophagus, 
peritoneal cavity, omentum, stomach, duodenum, small 
and large intestine, liver (weight), pancreas, gall bladder 
and rectum, 

1 Endocrine system: pituitary, thyroid, thymus and 
adrenals 

1 Reticuloendorhelial system: spleen (weight) and lymph 
nodes. 

1 Genitourinary system: kidneys (weight), ureters, 
bladder, prostae, uterus, ovaries and testes. 

| Musculoskeletal system: skull, spine, remaining 
skeleton and musculature where necessary. 

5 Central nervous system: scalp, skull, meninges, cerebral 
vessels, brain (weight), middle ears, venous sinuses and 
spinal cord (when examined), 


The timing of the report 


‘As with the formar, there are two schools of practice in this 
respect. One advocates the issue of as full a report as possi- 
ble on the gross findings as soon as the autopsy is com- 
pleted, usually within a day or nwo. Obviously this can only 
be a preliminary, provisional report, as it may have to be 
modified (sometimes radically) by the results of ancillary 
investigations that may take days or weeks to return. 
Virological cultures, for instance, may take up to 6 weeks 
before a growth can be reported. 

In a large proportion of forensic cases, however, espe- 
ally those due to violence, the gross findings are unlikely 
to be substantially amended by ancillary investigations, 
though the possibility must always be left open until data 
have been gathered in. 

"The other philosophy will delay any report (except per- 
haps a provisional oral opinion) until everything is ro hand, 
‘when a single final document is provided. 

Whichever course is adopted, one aspect is vital co both, 
The descriptive facts must be recorded at or immediately 
afier the completion of the autopsy. It is vital that no 
significane interval ~ certainly no more than few hours ~ 
be allowed berween the physical performance of the exami 
ation and the setting down of the objective findings. The 
words ‘setting down’ are chosen carefully as the report may 
be handwritten or typed, or may be dictated to a secretary 
or into a tape recorder or other audio system, What is 
vital is that ic is not consigned to the pathologists’ memory 
for a few days, even reinforced by notes written on scraps 
of paper. 

In Britain and many other jurisdictions, the court may 
demand to see any contemporaneous notes and even tapes 


from a tape recorder. Any diagrams, notes or rough drafts 
_must be preserved for production on demand of the judge, 
coroner ar advocates in court. Where the report is dictated 
(cither to a secretary or into a tape recorder), then the first 
typed (or word-processed) draft constitutes the ‘original 
report, along with any contemporaneous notes including 
body sketches. 

“The use of printed body sketches can be a very useful aid 
in the autopsy room. Many versions exist from the simple 
frone and back views of the whole body used in clinical 
neurology t© multiple sketches portraying every possible 
view of the body surface. Separate diagrams are available 
for the male and female perineum, and for the different 
body proportions of infants, Used on a clipboard these dia- 
grams can be most useful, especially where chere are mul- 
tiple injures, or large areas of burns or abrasions. Each lesion 
can be drawn in, with a measurement noted alongside each 
indmarks recorded. ‘The 
data from the sketches can be transposed to written form at 


and distances from anatomical 


the end of the examination, 


Discussion and conclusions in 
an autopsy report 


Some pathologists, usually those not normally concerned 
with criminal and litigious cases, claim that an autopsy 
report should be a bare recitation of the physical findings, 
with no discussion or interpretation of the significance of 
those findings. In the authors’ opinion, this isan abdication 
of the pathologists responsibility because, especially in crim- 
inal deaths, it is these conclusions that are of most interest 
and use to the investigating officers, lawyers and courts. 

After the detailed description of the external and internal 
appearances, a short resumé should be offered of the major 
positive findings and their relationship to the cause of 
death. In many cases this will be obvious, as in a gunshot 
wound of the head. Matters such as the probable type of 
‘weapon, the range, the direction and the likely rapidity of 
death, however, should also be discussed. 

‘When the findings are less clear cut, or are multiple, chen 
the alternatives should be discussed, giving a differential 
diagnosis of the cause of death and detailing the possible 
sequence of events, IFit is possible, a ranking order of prob- 
ability of the various alternatives can be offered. Time of 
death and the limitations of accuracy in this particular case 
should be set out when the issue is relevant to the investiga- 
tion. What is really required is as full an interpretation as 
possible, without venturing into the undesirable fields of 
unwarranted speculation or Sherlock Holmes style of over- 
interpretation, which was the bane of forensic pathology in 
former years and is still practised too much even today, t0 
the detriment of the good reputation of the speciality. 


1: The forensic autopsy 


POST-MORTEM ARTEFACTS 


Forensic pathology can only be learned by experience but 
no account would be complete without drawing attention 
fo common artefacts found at autopsy, which can mislead 
the pathologist with insufficient forensic experience and 
even lead co a miscarriage of justice 

Some of the ‘classic’ mistakes were described many years 
ago by Shapiro (1954) and Moritz (1942), but each gener- 
ation of pathologists discovers them a new ~ or what is 
worse, fails to discover them. Most artefacts are described 
in the various chapters dealing with specific lesions, but a 
reminder of some of the most important i given here: 


1 The pancreas is one of the first organs to undergo 
autolysis, because of the proteolytic enzymes within it 
"The autolysed tissue is often haemorthagic and can 
easily be mistaken for acute pancreatitis, though 
histology will rapidly resolve the problem, 

Patches of haemorrhage, sometimes quire large and 
confluent, can occur in the tissues behind the 
‘oesophagus in the neck. These lie on the anterior 
surface of the cervical vertebrae and are caused by 
distension and leakage from the venous plexuses that lie 
in this area, They were described well by Prinsloo and 
Gordon (1951) and are sometimes known by this 
name. Their importance lies in confusion with deep 
neck bleeding in strangulation (and sometimes with 
spurious neck fractures), which is why the skull should 
be opened before the neck in any suspected 
strangulation or hanging, co release the pressure in the 
neck veins before handling the tissues. 

1 Aurolytic rupture of the stomach can occur post- 
mortem in both child and adult, described by John 
Hunter in the eighteenth cencury. This so-called 
‘gastromalacia’ appears as a slimy brownish black 
disintegration of the fundus with release of the 
stomach contents into the peritoneal cavity. 
Sometimes, the lef leaf of the diaphragm is also 
perforated through a ragged fenestration, with escape 
of gastric contents into the chest. 

Heat fractures of the bones, either skull plates or long 
bones, may be seen in victims of severe fires, but are 
not evidence of ante-mortem violence. Also in 
conflagrations, the ‘heat haematoma’ within the burned 
skull can resemble an extradural haemorthage of ante- 
mortem origin, The sie is often at the vertex or 
‘occiput; however, unlike the usual parietal 
haemorrhage, there is no fracture line crossing the 
middle meningeal artery, he usual cause of a true 
extradural bleed. The frothy brown appearance of the 
false clot, together with heating effects in the adjacent 
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brain, should indicate the true diagnosis. Shrinkage of 
the dura due to heat may cause it to spit, with 
herniation of the brain tissue into the extradural space. 
Severe burns of the body surface may lead to heat 
contractures of the limbs with tears over joints such as 
the elbow. These must not be confused with ante- 
mortem lacerations or incised wounds, 


‘The bloating, discoloration and blistering of a 
putrefying body must nor be misinterpreted as disease 
(on injury. Blisters are quite unlike chose of burns and 
dark blackish areas of discoloration must be 
distinguished from bruising. The latter can be difficult 
and incision into the tissues to seek blood in the dermis 
is advised. Histological sections may help but, where a 
body is badly decomposed, special stains for blood 
traces in the histological sections may assist, such as 
alpha-glycophorin to detect red cell envelopes. 
However, often itis quite impossible to differentiate the 
discoloration of decomposition from true bruising, 

8 Blood or bloody fluid issuing from the mouth may be 
due to putrefaction, even if the body surface is not 
overtly decomposed. IF the lungs and air passages are 
discoloured and filed with sanguineous liquid, chen 


this must be taken to be cause of the purging from the 
mouth and nostrils 

Dark red discoloration of the posterior part of the 
myocardium is usually due to post-mortem, 
gravitational hypostasis, not early infarction, Similarly, 
segmental patches of dark red or purple discoloration of 
the intestine is hypostasis, nor infarction, The latter 
tends to be a single continuous length, the serosa being 
dull and the gue wall friable 

Hi Large petechiae or ecchymoses, sometimes with raised 
blood blisters, are often seen in the dependent skin of 
persons who have died a congestive death or where the 
upper part of the body has been hanging down after 
death. The usual place where these are seen is aver the 
front of the upper chest and across the back of the 
shoulders, though in dependent heads the face may be 
shot with haemorthages. 

i Resuscitation artefacts are of increasing importance to 
the forensic pathologist and are discussed later, 


EXHUMATION 


Exhumation is the retrieval of a previously buried body for 
his is usually followed by a 
first autopsy or a re-autopsy following new information. 


post-mortem examination, 


The term ‘exhumation’ is usually applied to the removal of 
a body buried in a legitimate fashion in a cemetery or 


Exhumation 


graveyard (inhumation’), rather chan the recovery of an 
uuncoffined, clandestinely buried victim of a suspicious 
death. The latter is really a true ‘scene of crime’ and the 
pathologist should treat it as such. 

Exhumations are required for one of the following 


Where all or part of a graveyard has to be moved for 
some development of the ground. Often no special 
examination of each body is made unless there is some 
historical or anthropological interest. 

© Where some civil legal matter needs to be investigated, 
stich as personal injuries for insurance or civil litigation 
for negligence ~ usually after a road, industrial or other 
accident. 

© Where new information or substantiated allegations 
arise to suggest thar a death was due to criminal action, 
either from injury or poison. 

In ancient or historical circumstances to investigate 

either the individual or a series of individuals for 

academic interest, A number of such investigations 
have been carried our on medieval and later 
inbumations in England, to study disease patterns 
and nutritional states in old populations ~ though 
many of these have been from dry vaults, rather than 
earth burials 


“The legal procedures authorizing an exhumation do not 
concern us here, as they vary greatly from country to 
country, In all jurisdictions, however, chere must be strict 
safeguards 10 identify the grave and the coffin, so that 
no mistake can be made. The grave must be positively 
identified by the cemetery authorities by reference to plans 
and records: an official must personally point out the grave 
to be opened. 

‘Traditionally, exhumations are carried out at dawn but, 
except to avoid spectators and publicity, chere is no real 
need to stumble about in a dark cemetery before first light. 
A better plan is for the grave to be dug down to just above 


coffin level by a mechanical digger or workmen on the 
previous day so that, the following morning, the police, 
coroner, pathologist and others can arrive in time to see 
the final exposure of the coffin, ‘The coffin nameplate must 
be cleaned and read to confiem the identity, and, if possi- 
ble, che funeral director who carried our the original burial 
should be present to identify the coffin and the plate, 

If there isa suspicion of poisoning, samples of earth should 


have been taken from the surface of the grave, from other 
parts of the cemetery and from immediately above the coffin 
When the coffin has been removed, further samples should 
be obrained from the sides and beneath the coffin, but these 
matters will usually be attended to by Forensic scientists 
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‘When the coffin is lifted to the graveside itis as well for 
the lid to be loosened a little by slackening he holding 
screws or prising the lid loose. This allows foul gases to 
escape into the open air, rather than in the mortuary. The 
coffin is then transported co the mortuary; iit is in a bad 
state of decay, it may have to be supported on a rigid base 
such as a trestle, or placed inside an extra large coffin or 
fibreglass shell. Excess earth and mud should be removed 
before transportation to avoid excessive fouling of the 
autopsy room. Where criminal action is suspected or has 
been alleged, a full photographic record must be kept (usu- 
ally by the police) of every stage from identification of the 
grave to the findings during the autopsy. 

Ac the mortuary, the coffin lid should be completely 
removed and the contents again identified, if possible by 
the funeral director who originally buried the body. He can 
again confirm the coffin plate, bur also identify the internal 
coffin fittings, such as fabrics and shroud. When the body 
has nor been buried for too long, he may be able to identify 
the features of the corpse from personal knowledge. 


FiGuRe 1.23. Evhumation: a police officer making the final 


approach ta the cofin. A metal cassiom is lowered to protect the 
_gravesides, The grave must be identified by the cemetery 
superintendent. 


1: The forensic autopsy 


If poisoning is suspected, samples of the shroud, coffin 


trimming and any loose material such as packing or fluid 
should be retained for analysis. The body is then removed, 
undressed and a full autopsy carried our, as far as the condi- 
tion of the body allows. Putrefaction, adipocere and mummi- 
fication complicate the examination — sometimes, all three 
‘ay be present in the same body. 

TThe pathologist is sometimes asked by the authorities or 
by lawyers whether a proposed exhumation is worth carrying 
our, because of doubts about the usefulness of the result 
Certainly the balance berween the potential advantages must 


icin 1.24. Kidhumation: when the 
coin is expose it st be identified by the 
funeral director and the enfin place 
checked, If death from poisoning is 
smapected, samples of earth from above, 
below and the sides of the coffin as well 
«froma distant part ofthe cemetery 

must be taken together with a sample of 


any grave water, 


Ficune 1.25 Following exhumation, the 
body is transported 10.4 mortuary for full 
autopsy. The former practice of autopsy in 
inadequate premises near the cemetery ino 
longer justified. Here the original rotted 
infant coffin is placed within new coffin 


for tant. 


be weighed against the cast, publicity and distress to relatives 
that might be caused. In general, however, itis surprising 
how much information may be gained even when the body 
has been buried for many months or even a few years. Much 
will depend on che actual environment of the grave: a gravel 
‘or sandy soil, especially in an elevated position, will allow a 
body to remain in a much better state of preservation than 
‘one in the waterlogged loam ofa valley. The author (BK) has 
seen burials only 20 years old with empry coffins containing 
silt, bur no soft rssue or even bones (due co a constantly rising 
and falling water table) in an area of acidic peat. 


The autopsy on the putrefied corpse 


Even negative information gained at exhumation, such 
as the absence of alleged or suspected fractures, may be of 
considerable legal value. Some poisons, especially heavy 
metals, may persist for many years in a buried body and be 
detectable ar exhumation. Even some organic chemicals may 
survive for a long time; bat 
7 years in a buried body. In all cases of suspected poisoning, 
itis vital that ample control samples are taken from the grave 
and its surroundings, to avoid the later accusation that any 
abnormal substances found were environmental artefacts or 
‘were unassociated with the corpse. 


rates have been found after 


THE AUTOPSY ON THE 
PUTREFIED CORPSE 


In forensic work, decomposed bodies are commonplace, 
especially in warm climates. Though the value of an auropsy 
is progressively reduced as the state of putrefaction advances, 
no short cuts should be taken by the pathologist mer 
because of the unpleasant nature of the examination. 
However bad the condition of the corpse, every effort should 
be made to carry out the autopsy as near to the usual routine 
as possible Iris ofien surprising ~ as with an exhumation ~ 
how much information can be gained. The interior of the 
body is often far better preserved than the outward appear- 
ances would suggest, so a policy of defeatism that leads to a 
skimped examination should never be adopred. 

Externally, putrefaction hides bruising to a variable degree, 
the greenish black coloration of the skin masking the usual 
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EiGURE 1.26 When the coffin i first 
opened in the mortuary, the coffin fitting 
sand fabrics should again be identified by 
the funeral director, ac well as the body and 
its clothe, if they ean be recollected. This 
infant bas been buried for 3 years, The 
upper part ofthe coffin bas leaked, 
allowing liquid mud ta cover and 
substantially destroy the head. 


features of contusion. Abrasions, lacerations, incised wounds 
and gunshor wounds may, however, survive severe degrees 
of decomposition, Loss of bloody fluid from the mouth and 
nostrils (the so-called ‘purging) is often mistaken by public, 
police and even some doctors as evidence of haemorthage, 
but loss of serous, bloody or frothy fluid from any body ori- 
fice is common in the advanced stages of putrefaction, 


Peeling and slippage of skin may hide some abrasions, 
though they may be visible when the desquamated epidermis 
is removed and the underlying skin examined. Marks around 
the neck from the cissues swelling with gas and becoming 
embedded in a collar have been mistaken for strangulation, 
Where maggot or other insect infestation is present, 
some may be taken for expert entomological examination 
to help in assessing the post-mortem interval, as described 
in Chapter 2. As stated above, the external examination 
should be conducted as near as possible to the routine for a 
fresh body, and the back and perineum not neglected 
because of physical difficulties in handling the body. 
Identity may be a problem when the facial features are 
too bloated for visual recognition, The usual procedures 
described in the next chapter may be employed where neces- 
sary. Fingerprints may be required by the police to assist in 


identity, bur decomposition may seriously destroy the fi 
gertips. These may become swollen and desquamate, or 
may shrivel and become leathery. Several methods of 
restoring the amputated tips have been described: some 
recommend a simple method of immersing the tips in 
20 per cent acetic acid for 28-48 hours, when the shrivelling 
will swell (9 normal size. Others recommend immersion in 
alycerine. 


1: The forensic autopsy 


Internally, much will depend on the state of decay. The 
abdominal and chest organs may be in a better state of 
preservation than the exterior. ‘The subcutaneous tissues 
may be distended and crepitant with gas, as may be the 
swollen abdomen. Judicious penetration of the peritoneum 
with the tip of knife may be needed to release the pressure 
of gas. The technique of lighting the escaping methane 
with a burning newspaper may be spectacular and some- 
times near explosive, but does little to reduce the smell and 
is not to be recommended. 

Examination of the organs follows the usual pattern, modi- 
fied according to state of putrefaction. ‘The heart may be 
limp and discoloured, with haemolysis staining of the endo- 
cardium and vessels. The coronary arteries are often very well 
preserved, especially if atheromatous or calcified, or both 
Anre-mortem thrombi may persist even after the muscle is 
semiglutinous. The larynx may be discoloured, but the hyoid 
and thyroid horns can be examined for fractures and may 
need to be X-rayed. It may be difficult to detect ante- 
mortem bleeding at the Fracture sites. Fractures elsewhere in 
the skeleton naturally persist and may require radiography 
for their detection, as may foreign objects such as bullets. 

“The brain ofien decomposes early, and all too often is 
merely a pinkish-grey paste within the dura. Gross lesions 
like a large meningeal or intracranial haemorthage may 
survive for examination, but the trauma of removing the 
calvarium and attached dura may seriously damage a semi- 
fluid brain. In Belgium, where exhumations are common 
due to the very low primary autopsy rate, a technique was 
developed in the University of Gent whereby the head of a 
decomposed body was removed from the body and deep 
frozen until solid. The head was then cut across in the coro- 
nal plane with a band-saw, leaving the brain in two halves 
within the cranium. These were then immersed in a large 
volume of formalin until fixed, when they could be 
removed in a relatively solid state for examination, 

Internally, the detection of true subcutaneous bruising 
may be very difficult due to the discoloration of putrefaction 
Histology is often highly unsatisfactory because of cellular 
lysis and degeneration; stains for haemoglobin may help in 
revealing focal collections of lysed blood, but are often dif- 
fusely positive even in control areas. Claims have been made 
for staining for glycophorin A to detect red cell envelopes, 
as opposed to diffuse haemolysis (Kibayashi eral. 1993). 


RESUSCITATION ARTEFACTS 
AT AUTOPSY 


In recent years, the advent of effective, bur often aggressive 
and invasive, resuscitation procedures has made the task of 
the pathologist more difficult. At autopsy, injuries and 
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abnormalities are now often found that could be due to ter- 
minal and even post-mortem resuscitatory measures. Where 
the pathologist is made aware of these, he can ofien exclude 
the damage being due to non-resuscitatory injury, though 
even when he is informed of the procedures they can stil 
mask or mimic more sinister trauma. When he is not made 
aware — or such information cannot be made available~ then 
the difficulties of interpretation are compounded. 

‘There are now many publications describing resuscita- 
tion artefacts, including the review of Leadbeatter and 
Knight (1988). ‘The following are the main categories of 
damage, for which the pathologist must always be alert: 


1 Bruising of the anterior chest wall, haemorrhage into 
the subcutaneous tissues and pectoral muscles, fractures 
of the sternum, fractures of the ribs, haemothorax, 
bruised lung, lacerated lung, pericardial haemorrhag 
and even fractured dorsal spine, following energetic 
external cardiopulmonary resuscitation (CPR). 
"Thoracic cage fractures are rare in children, however, 
because of the pliability of the ribs and costal cartilages, 
but it cannot be denied that they sometimes occur. The 
differentiation is nacutally of vital interese where child 
abuse is being alleged. 

Internally all types of damage to the heart may occur, 
including rupcured atria and even ventricles, septal 
rupture and valve damage. The great vessels can suffer 
severe trauma, as described in the now extensive 
publications on resuscication artefacts, Fat and bone 
‘marrow emboli in the pulmonary vessels have also been 
reported after cardiac massage (Mason 1993). 

Pecechiae in the eyes and intra-ocular haemorthages 
can occur after CPR, as wel as after violent sneezing or 
coughing: they are well known co occur during 
whooping cough. 

Bruising of the face and neck, finger marks and nail 
‘marks on the face and neck, and damage to the lips and 
inner gums from mouth-to-mouth resuscitation, when, 
the face and neck have been gripped by hands. Damage 
to lips, gums, teeth and pharynx can occur from the 
introduction of an artifical airway or endotracheal tube, 
especially in difficult, hurried emergency situations. 

Injuries to the larynx, even including fracture of the 
hyoid and thyroid cornuae, can occasionally occur 
from these procedures, which are difficule 0 
distinguish From manual strangulation if the 
circumstances are obscure. 

Puncture marks for venepuncture may be 

confused with injection marks in drug dependence. 
‘The introduction of intravenous cannulae into veins 
in the neck may cause large haematomata and more 
diffuse bleeding into the tissues alongside the larynx, 


Mass disasters - the role of the pathologist 


Similar bruising may occur around puncture sites 

in the arms and groin. Intracardiac injections leave 

‘marks on the chest wall and may lead to a slight 

haemopericardium. The effects of injected 

noradrenaline and electrical defibrillation on the 
histological appearance of the myocardium are well 
recorded, with contraction bands being the most 
obvious artefacts which can be mistaken for pre- 
existing myocardial ischaemia, 

Damage to the mouth, palate, pharynx and larynx 

can occur from attempts to introduce a laryngoscope 

or airway. Even fracture of the mandible has been 
caused in this way. In infants, even digital clearance 
of the pharynx can cause mucosal damage. Damage 
to the pharyngeal mucosa may cause bleeding, 
which can seem sinister co police or relatives; this 
may be mixed with the fluid of pulmonary oedema 

to produce copious pink, bloody froth, seen in a 

‘number of cases, including sudden infant death 

syndrome. 

Electric defibrillator pads make marks on the chest, 

though these are usually easy to interpret, except where 

there is an unusual shape, Defibrillators and injected 

Beadrenergic catecholamines such as noradrenaline 

can, however, cause widespread histological damage 

to the myocardium, consisting of coagulation necrosis, 
and contraction bands, which can be confused with 
infarction or electrocution. When both defibrillation 
and catecholamines have been used to resuscitate, 

the myocardial changes are even more marked 

(Karch 1987). 

During the Heimlich manoeuvre to clear an airway 

obstruction, rupture of the oesophagus, stomach and 

intestines have been reported. The oesophagus can be 
perforated by an incorrectly inserted airway. In the 
abdomen, external cardiac massage may cause rupcured 
stomach, ruptured liver, and damage to spleen and. 
pancreas. 

Gastric contents in the air passages may have 

reached there by spontaneous agonal regurgitation 

or by pumping the chest and upper abdomen 

during resuscitation attempts. This makes the 

Finding of vomit in the larynx and trachea of even 

less significance as a cause of death, as discussed in 

Chapter 14, 

The administration of oxygen by mask or tube may 
cause damage, as can overenergetic mouth-to-mouth 
resuscitation, Ruprures of oesophagus and lung have 
occurred, and other types of barotrauma include 
ruptured stomach and intestine. Where a pre-existing 
gut lesion exists, the administered gas may escape into 
the abdomen. The diagnosis of a pre-existing 
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pneumothorax may be impossible where forced 
ventilation has been administered. 

© In the central nervous system, subarachnoid 
haemorrhage has been described after external cardiac 
‘massage, and from hyperextension of the neck to pass 
an airway or perform mouth-to-mouth resuscitation, 
‘The forced posture can tear the vertebral arteries, 
‘making another source of confusion for the forensic 
pathologist in this difficult area of potential trauma to 
the neck (Chapter 5). 

BE Myocardial and pulmonary bone marrow embolism 
has been reported following cardiac massage (Daiecol 
etal, 1992) 

BH Retinal haemorshages, classically a sign of raised 
intracranial pressure and of head injury, have also been 
described in whooping cough and after CPR. 

Bi Miscellaneous artefacts of which every pathologist 


should be aware include: skin maceration from a body 
lying in urine, kerosene, etc., post-mortem burns from 
adjacent radiant heat or hot-water bottles; and 
petechiae and larger haemorchages in the face from 
postural hypostass. 


MASS DISASTERS — THE ROLE OF 
THE PATHOLOGIST 


With che exception of the more dramatic murders, the 
activity which focuses most public attention on the work of 
forensic pathologists is the mass disaster, Unfortunately, 
such tragedies are becoming more common with the 
increase in terrorism, the expansion of travel facilities and 
the larger size of passenger aircraft. Recent years have seen a 
tragically frequene need for the expertise of mass disaster 
teams, following such events as the Zeebrugge and Estonian 
ferry capsizes, football tragedies like Ibrox Park, Heysel, 
Moscow and Hillsborough, crush tragedies at Mecca, and 
‘numerous massive aircraft crashes, such as ‘Tenerife, Air 
India, Japan, Lockerbie and most recently the terror attacks 
in the USA. Mass disaster management is a discipline in 
itself and only the briefest summary can be offered here, 
together with useful references atthe end of the section. 


Forward planning 


‘Many pathologists will chankfully spend their entire careers 
without having to participate in a major mass disaster; a 
commonly accepted definition is the death of more chan 
12 victims in a single event. No one can predict when such 
a tragedy might occus, however, as typified by the 1988 


1: The forensic 


Pan Am sabotage, when almost 300 bodies fell out of the sky 
oon a quiecand unsuspecting Scottish village, Iris thus essential 
that every forensic insticute, department and individual 
pathologist should make some forward provision for such 
an eventuality. In Britain, the Royal College of Pathologists 
(1990) have published a useful booklet on the role of the 
pathologist in these disasters. 

In most advanced countries each region now has a Mass 
Casualty Plan covering medical and hospital services, fire 
service and police. This is often very detailed, covering every 
aspect of transfusion, drugs, casualty transport, emergency 
surgery and anaesthesia. The plans are clinically orientated, 
bur often completely ignore provision for the dead ~ or they 
have some cursory statement at the end such as Mortuary 
accommodation will be provided’ with obviously no thought 
given to how several hundred corpses are to be accommo- 
dated and examined, Though clinical planning is, of course, 
vital ~ especially in rail disasters, multiple motorway crashes 
and urban bomb outrages ~it has to be appreciated that, in 
many air crashes, there are few if any survivors, and that all 
the clinical planning may be redundant, leaving a massive 
and unprepared crisis in relation to the dead. 

It is therefore essential chat forensic pathologists should 
ensure that, in che area for which they are responsible, there is 
cooperative preplanning that includes adequate provision 
for collection, accommodation, examination and disposal of 
large numbers of dead victims. Naturally the pathologist is 
usually in no position to do this alone, but he is often the 
person with the most foresight and professional knowledge to 
act as the stimulus and catalyst between the major agencies 
responsible for overall planning. These are usually the police 
and the local health administration. When a Mass Casualty 
Plan does exist, but has serious omissions in respect of dealing 
with the dead, or where no such plan exists, the forensic 
pathologist should energetically stimulate the responsible 
authorities into making a comprehensive plan. This entails a 
series of meetings to identify danger areas in the region (such 
as airports, motorways, railways and military installations), 
and to discuss potential buildings for temporary mortuaties, 
the provision of materials such as markers, plastic bags and 
labels, which may be needed in large quantities ata few hours 
notice. Communications between such groups as police, 
pathologists, mortuary and laboratory technicians, radiogra- 
phers, and dentists also need to be established in advance. The 
expertise of international funeral directors with experience in 
mass disaster fatalities is invaluable. 

"The objects of pathological investigation in mass disas- 


to retrieve and reconstruct bodies and fragmented 
bodies decently 
Sco establish personal identity 
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autopsy 


to conduct autopsies on some or all of those bodies 
to establish the cause of death in some or all, especially 
air crew and drivers, and to assist in reconstructing the 
cause of the disaster 

to obtain material for coxicological analysis (especially 
alcohol and carbon monoxide) where appropriate 

to seek evidence of the cause of the disaster from 
autopsy examination, such as bomb or detonator 
fragments thar may be embedded in the bodies. 


Outline of necessities in mass disaster 
planning 


PROVISION OF PATHOLOGISTS AND OTHER STAFF 


Depending upon the scale of the tragedy, it may be neces- 
sary to recruit other pathologists to assist, In large cities, 
there may be sufficient persons with expert forensic know- 
ledge, but elsewhere, hospital pathologists may be able to 
assis; forensic pathologists fom a distance may also volun- 
teer, Ithas to be remembered that really large disaster may 
need many days or even weeks of work, and therefore per- 
sonnel may be unavailable for the whole period. In add- 
ition, whatever che degree of willingness and unselfish 
devotion offered by doctors and all other staff, the physical 
and especially psychological stresses of this harrowing work 
mean that strictly limited periods of work should be 
imposed. Apart from the deleterious effect upon the doctor, 
the standard of work declines dramatically with fatigue and 
therefore itis in che interests of the investigation ~ as well as 
of the pathologists ~ that sufficient staff be recruited. This 
may, however, be easier said than done. One person must be 
in overall charge of the investigation. Usually a senior police 
officer has the ulsmate responsibility, but che medical 
aspects should be firmly under the control of a senior 
pathologist, though he must delegate extensively to avoid 
being swamped by less important tasks and thereby being 
rendered totally inefficient. Again, all chese aspects are 
modified by the scale of the disaster. Proper facilities for 
meals, est and washing must be established, and again for- 
ward planning is essential for these mundane, but vital, fea- 
tures. Forensic dental and radiological expertise will be run 
independently by their own specialists, but there must still 
be a nominal chief in the form of the senior pathologist 
who acts as overall coordinator and arbiter of medical 

‘When a disaster, almost always an aircraft crash, occurs 
in some remote place or abroad where there are no satisfac- 
tory forensic or pathological services, itis the usual practice 
for a team from the country of origin of the aircraft ~ or a 
volunteer team arranged at governmental level ~ to fly to 
the scene and provide expertise co the local authorities. 
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Figure 3 


Mass disasters - the role of the pathologist 


In many advanced countries, especially Britain, the armed 
services have permanent aviation pathologists who deal 
with all service aircraft crashes anywhere in the world and 
who are often available to deal with, or attend as advisers, 
any civil air disaster, 


PROVISION OF MORTUARY FACILITIES 


Mose hospital mortuaries and even larger public mortuaries 
have limited storage capacity for bodies, and even smaller 
provision for performing simultaneous autopsies. It must 
also be appreciated that the normal business of a mortuary 
has to continue even through a mass disaster, so the massive 
increase in work is an addition 10, not a substitution for, 
the normal handling facilities. Where more than about ten 
bodies are involved, most mortuaries cannot cope with these 
problems, especially when it has to be remembered chat 
some of the corpses may have to be retained for considerably 
longer periods than usual if identification cannot be made 
rapidly. Thus external facilities will have to be provided in 
some temporary accommodation. When the disaster is a 
long distance from the regular mortuary, transport and other 
logistic considerations may make it imperative to store and 
examine the bodies nearer to the crash site. Again forward 
planning is essential ro identify hangars, storehouses, empty 
factories, halls and other buildings near potential danger 
spots such as airports. Whenever possible, all bodies should 
be taken to one site, as the separation of identification sites is 
a recipe for inconvenience, delay and mistakes. It is some- 
nes necessary, especially in remote regions, to set up tented 
‘mortuaries, but ths isa last resort as facilites cannot be laid 
‘on with the same degree of efficiency. Where the crash is 
tonally remote, it is usual for che authorities or the armed 
services to bring out the dead by helicopter or other trans- 
port to an urban site. A prime example was the Mount 
Erebus crash in Antarctica, where the dead were flown back 
to New Zealand, Ifa warehouse, or factory or building of 
similar size, can be used, certain minimum facilities are 
needed. Good electric lighting, portable lights for close 
inspection, and power points for radiographic equipment 
and electric instruments are required. Adequate piped water, 
and washing and toilet facilities are essential, IFany of these is 
deficient, then portable generators and water tankers must 
be supplied by the armed services or the police. ‘Telephone 
and, if possible, telex and fax facilities should be available for 
the input of identifying dara, 

In hot climates, or in the summer in temperate climates, 
body refrigeration is vital, not only for the decent preserva- 
tion of the dead bur for retention of tissues awaiting identi- 
fication. Ifa disaster is too large to be handled in the usual 
mortuary, then some form of cooling is required. The rent- 
ing of refrigerated trucks used for the transport of foodstuls 


is the usual answer and, again, preplanning is necessary to 
discover sources of such facilities. Sometimes portable air- 
conditioning units can be installed in part of the mortuary, 
if chis is sufficient to cool the storage area to an acceptable 
level. In disasters where there are both living and dead vic- 
tims, the mortuary should be sited away from the clinical 
facilites or screened in some way to avoid the distressing 
sight of bodies arriving being visible to survivors or their rela- 
tives, and the press. 

‘The temporary mortuary should be large enough for the 
expected load, and the area to be used for examinations and 
autopsies should not be oo congested. No one should be 
allowed in who does not have direct business there, no mat- 
ter of what eminence or rank, Security of admission should 
be tight, this being the responsibility of the police, Flooring 
should be waterproof and capable of being hosed down. It 
can be protected against blood, mud and burned fragments 
by covering with polythene from large rolls. ‘Tables for 
examination can be wooden trestles, covered with polythene. 
"These should be in rows one metre apart, with 2 metres 
between rows. 


Retrieval of bodies 


"This is the task of the police or armed services, but must be 
carried out in a manner approved by the forensic identifying 
team. It is essential that every body is first certified as dead 
bya doctorat the scene. Ofien, volunteer casualty surgeons 
may be the first medical persons at the scene, whose 
primary duty is to rescue living survivors and co confirm 
death in the remainder. 

Each body or fragment should be flagged with a sequen- 
tial and unrepeatable serial number and marked on a grid 
plan, being photographed in sitw wherever possible. It is 
then bagged and aken with its numbered label co the mor- 
tuary. Different teams will have different methods of dealing 
with the logistics of handling data and, increasingly, cis is 
being performed on either microcomputers or on terminals 
linked to a central computer. The police have responsibility 
for these aspects, as they collect and record the clothing and 
petsonal belongings that play such an important part in 
pessonal identification, 

Either the same serial number is used from the recovery 
stage ora different ‘pathology’ number is begun in the mor- 
tuary, which must be matched up with the previous serial 
number. Everything thar has come from that body, includ- 
ing clothing, wallets, ings, eth and jewellery, must carry 
the same number 

‘The pathologist and lay assistants undress the clothed 
bodies, and dictate a description of what is found as accom- 
panying artefacts. The clothes are stored in strong paper 
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bags to avoid the fungal growth that inevitably appears on 
damp fabric kepr in plastic bags. 

Many items will have been found loose ar the site, but 
they must all be ragged and an attempt made to relate them 
to a nearby body, though this is obviously fraught with 
error. The objects found on a body are recorded on an 
inventory form and a separate form (usually the Intexpol 
document) used for the purely medical and anatopatholog 
ical aspects, The latter data are acquired by meticulous and 
systematic external examination, followed by an internal 
autopsy if this is to be carried out 

Whether or notan autopsy is to be performed on some or 
all of the victims will depend upon facilities, availability of 
pathologists, the legal direction and the system prevailing in 
the particular country. The wishes of the egal authority, such 
as coroner, judge, medical examiner or police, will be the 
deciding factor in determining how many victims are sub- 
jected to autopsy. The pathologist should exert his influence 
where there is reluctance to sanction any autopsies, empha- 
sizing the benefit to the crash investigators of autopsy data 
con key victims. Pathology findings may often be of use 
hhas even been claimed that victims can be separated into 


smokers and non-smokers by finding ‘smoker cells’ in the 
Jungs (Reiter and Risser 1994). 

‘As mentioned, the aircrew or other persons in charge of 
a vehicle or train should always have a full examination and 
analysis of body fluids as part of che accident investigation. 
Full photography of the clothing and bodies should be 
taken, and then all physical features such as height, weight, 
gender, race, colouring, scars, tattoos and deformities muse 
be recorded. The forensic dental examination is then carried 
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Temporary coffins used ro 


mangport victims of the mle Estonia disaster 


farm the archipelago to the autopay facility 


out on those bodies where obvious identity cannot be 
established by non-medical or dental means. 

Radiological examination will almost always be required co 
assist in identification from osteological features and dental 
and pethaps also to seek foreign bodies that may 
assist in accident reconstruction, such as metal fragments 
blown upwards into the thighs and buttock in a hold explo- 
sion in an aircraft bomb 
pecially in land-hased terrorist attacks. 
Toxicology should be taken as extensively as possible, 


aspects 


or even parts of the bomb or det- 
‘onator itself, more 


even from some of those bodies that are not to have an 
autopsy. The data acquired from this painstaking work is 
then forwarded to the police bureau who have been collect 
ing personal data from the records and relatives of the 
victims, and efforts are made to march the rwo sets of data 
This is increasingly being performed by computer, and 
many efforts have been made by international agencies 
such as Interpol to set up universally compatible systems so 
thar data can be acquired and exchanged electronically via 
telephone systems and modems from any part of the world. 

In 1990, che Royal College of Pathologists published a 
definitive guide for pathologists to the problem of mass 
disasters, which is strongly recommended as a standard set 
of procedures. 


THE OBSCURE AUTOPSY 


Several surveys in various countries have shown chat where 
a physician offers a cause of death without the benefit of 
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autopsy Findings, the ervor rate is of the order of 25-50 per 
cent, even in deaths in hospital. Thus the value of an 
autopsy in improving the value of death certificates is 
undoubted, bur it still has to be conceded that the autopsy 
is by no means infallible in revealing the true cause of 
death, Estimates of the frequency with which autopsies fail 
to deliver an adequate or even any cause of death vary from 
pathologist to pathologist, as well as with definitions of 
‘what type of case ais included in such series. For example, 
the sudden infant death syndrome (SIDS) could be con- 
sidered to provide ‘negative autopsies, in that by defini 
no significant findings are discovered. 

Even excluding SIDS, there is probably at least a 5 per 
cont ‘failure rate’ in autopsy series from large medical centres 
and forensic pathology departments. This rate will also vary 
according to the habits, personality and seniority of the 
pathologists involved, Contrary to what might be expected, 
a higher rate of negative conclusions will originate from 
older and more experienced pathologists than from juniors 
The younger pathologist is often uneasy about failing co 
provide a cause of death, feeling that it reflects upon his 
ability, whereas the more grizzled doctor, enjoying the secur- 
ity of tenure and equality with — or even seniority over — his 
clinical and legal colleagues, is less inhibited in his admi 
sions of ignorance when the cause of death remains obscure. 

"These ‘obscure autopsies’ are more common in the 
younger age group. Even apart from SIDS, many autopsies 
‘on infants, especially neonates, are less than satisfactory in 
terms of definite morphological lesions discoverable in the 
autopsy room or the laboratory. ‘The deaths often have a 
biochemical or hypoxic basis and, though inferences can be 
made from the clinical history, even expert paediatric 
pathologists have to make do with minimal or even absent 
findings in a significant proportion of cases. In teenagers 
and young adults, up to the age of about 35 years, there isa 
higher proportion of negative autopsies than in the older 
‘group, which provides the vast majority of the autopsy 
workload. An example is the obscure syndrome seen in East 
Asia, where Thai construction workers in Singapore sud- 
denly die with no demonstrable pathological cause, similar 
‘cases occurring in China, Japan and Hong Kong. 

"This preponderance in the young may carry an inherent 
fallacy, even though there may be an absolute increase in the 
incidence of obscure fatal causes. The young adult does not 
have the almost universal overlay of degenerative cardiova 
‘cular disease that is seen in the older group. Thus i is prob- 
able thar the same occult disease processes occur in that 
folder group as in the young, but as the latter do not have 
other lesions thar can be grasped (usually quite legitimately) 
as. valid cause of death, then nothing presents itself to the 
pathologist. For example, on one auropsy table might be the 
body ofa man of 22 who dropped dead shortly after taking 


45 


part in a football match. ‘There may be no adverse medical 
history, che gross examination revealed nothing abnormal 
and subsequently full histology with special stains, full toxi- 
cological screening, and microbiological and virological stud- 
ies, were unrewarding. No cause of death can be extracted 
from these negative findings and the case must be recorded 
as ‘unascertained’ — or, as Professor Alan Usher of Sheffield 
points out, as ‘unascertainable, if the pathologist is feeling 
particularly omnipotent! 

(On the next table in the autopsy room, however, may be 
a man of 60 who has been found dead with no available his- 
tory. On examination he is found to have 60 per cent sten- 
osis of the anterior descending branch of his left coronary 
artery, but no recent or old damage to the myocardium, 
Histology may well he performed, with no further informa- 
tion obtained. ‘The cause of death is likely to be recorded as 
‘coronary artery disease’ by most pathologists, yet he might 
well have died fiom the same obscure cause as the young 
man, bur because he has just sufficient arterial degenerative 
disease to prove fatal, che latter is accepted as the most likely 
cause of death, This feeling of disillusion may be reinforced 
by che presence on the third autopsy table of another man of 
660 who has been killed by a fiearm, yet who has 80 per cent 
stenosis of all three coronary vessels, this obviously having 
played no part in the death 

‘Whatever the philosophical aspects of this problem, the 
practical difficulty remains of the pathologist's course of 
action when faced with negative findings in an autopsy. 

‘Ac the end of the gross examination in the autopsy room, 
as the depressing realization increases that nothing signifi- 
cant has been found, further action will depend partly 
upon the facilities available to the pathologist, especially in 
relation to toxicological, biochemical, microbiological, 
virological and histological laboratory service. 

Before proceeding further to review the dissection, atten- 
tion must be paid to obtaining adequate samples for ancillary 
investigations. In many cases, especially where the history 
alerts the experienced pathologist chat this might be a diff- 
cule case ~ and usually always in young people ~ samples of 
blood, urine and stomach contents will have been taken as 
routine during the removal and first dissect 

If a blood sample has nor already been taken, it should 
now be obtained, preferably from a peripheral vein such as 
the axillary or femoral co avoid contamination from the 
‘now empry trunk cavities. IF urine was nor retained from 
the bladder, a few drops may still be found in thae opened 
organ by suction with a syringe, Stomach contents may 
well have been lost, bur the liver can be retained for toxico- 
logical analysis, Ie might be useful to take vitreous humour 
if urine and stomach contents have been last. 

Some blood may be used for inoculation of blood culture 
bottles and swabs can still be taken for microbiological 


of the viscera, 
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investigations. IF lung infection is possible, then either a few 
grams of lung tissue can be removed into a sterile jar, or 
‘swabs can be taken from peripheral bronchi or from the lung 
parenchyma itself. As the surface of all cur organs will have 
been contaminated during the first dissection, cuts should be 
made into the surface of the lung using a new sterile scalpel 
so that relatively fresh tissue is obtained for culture. At the 
same time, a cube of lung ~ or other organ if desired ~ should 
be taken into a sterile container for virus studies. 

Before tissue for histology is taken, a full review of the 

more vital parts of the dissection should be reviewed. Even 
in younger victims the first area to be studied again is the 
coronary system, and in older obscure deaths it is essential 
to re-examine these vessels. Although the coronaries should 
have been transected at short intervals (not more than 3 mm 
apart) on the frst examination, i is prudent to retrace each 
vessel carefully from the aortic origin distally, looking again 
at each cut segment and, where the interval appears too 
large, to make further intermediate cuts. In addition, it may 
be wise to join the segments longitudinally between cuts, in 
case a small isolated thrombus is lurking in the lumen, This 
should be done for common left trunk, anterior descending 
branch, let circumflex and tight coronary artery. 
This review of the coronary system sometimes pays 
dividends, especially in the middle-aged group that at first 
sight appears to have good coronary vessels. A tiny segment 
may be occluded or severely stenosed over a distance of 
only 2 or 3mm, either by pure atheroma or by a subintimal 
haemorrhage, ruptured plaque or a localized thrombosis. If 
nothing is found, then afier a quick review of the valves and 
great vessels, he myocardium can be sliced more extensively 
and a number of representative blocks taken for histology, 
to seek myocarditis or some obscure cardiomyopathy 

"The other organs should be examined again, the pul 
monary arteries being scrutinized for pulmonary emboli in 
the smaller branches. This is rarely productive, but the author 
(BK) has on several occasions found multiple small emboli 
in more peripheral lung vessels, although whether these 
were a valid cause of death was debatable, The brain should 
be looked at once more, with special attention being paid to 
the basal arteries. These should be opened with coronary 
scissors and the dissection carried up into the middle cere- 
bral arteries where they lie in the Sylvian fissures, I is also 
always worthwhile looking in the carotid arteries in the neck, 
though these should always be opened routinely at the first 
dissection from the aorta to a point just distal ro the carotid 
sinuses; even the difficult area above this at the base of the 
skull has provided some surprises in the past. It is a place 
rarely examined, except by neuropathologists, bur forensic 
pathologists should add ie to their ‘repertoire’, as occasionally 
total chrombotic occlusion may be found, especially following 
some undisclosed neck injury. 
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When a complete review of the gross pathology has 
proved fruitless, then a full histological survey is required, 
especially of the myocardium. Special stains such as phos- 
photungstic acid-haemaroxylin, dehydrogenase enzyme 
histochemistry (which requires unfixed, frozen sections), 
acridine-orange fluorescence stains and any other tech- 
nique that the pathologist favours. Admittedly, where no 
cardiomegaly or coronary artery stenosis is present, the 
chances of finding an abnormality are slight, but an iso- 
lated myocarditis is an outside chance 

“Toxicology may be difficult and expensive if there is no 
‘cause to suspect any particular drug or poison. A screen for 
unknown substances can be time consuming for the labora- 
tory, which means a large expense to public funds. An 
alcohol estimation and a sereen for acidic and basic sub- 
stances, however, though not comprehensive, can at least 
exclude most common poisons. Microbiology and virology 
ly point to a previously unsuspected fatal disease 
process unless the patient had clinical signs and symptoms 
before death. 

‘When all the results are available, which may take several 
weeks (especially in the case of virus cultures), the case 
must be reviewed and an honest opinion offered as co 
whether any positive findings are sufficient to have caused 
death. In the experience of the authors, these ancillary inves- 
tigations more often provide no help, than the times when 
they offer some assistance, bur they must be carried out 
whenever possible in order to exclude such causes and to 
prevent allegations thar the death was nor investigated as 
fully as it should have been. 

If ac the end of the process no cause of death is apparent, 
then the appropriate investigating authority must be 
informed that no opinion can be offered in the present 
state of medical and scientific knowledge. It can be added, 
however, that the absence of injuries, evidence of poison- 


ing, lethal infection or well-recognized natural disease is in 
itself significant negative evidence in that it confirms what 
the deceased did not die of, and the assumprion is then that 
the balance of probabilities is thar it was natural causes, 
rather chan some unnatural external event. 

“There must be complete honesty on the part of the 
pathologist and a readiness to admit that che cause of death 
cannotbe determined. The use of some meaningless euphem- 
ism such as ‘heart failure’ or ‘cardiorespiratory arrest’ is 
pointless and merely confuses the issue for non-medical per- 
sons such as police or magistrates. As mentioned above, there 
is a tendency on the part of some younger pathologists or 
histopathologists who rarely become involved in medico- 
legal cases to assume some unwarranted disease process oF 10 
attribute significance to insignificant findings. A mode of 
death is useless in lieu of a cause of death, so isthe dangerous 
practice of using some agonal event such as ‘inhalation of 
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vomit’ where there is no eyewitness confirmation of such an 
event taking place during life, Ic is also useless and positively 
dangerous to guess at some totally unprovable process, such 
as vagal inhibition’, ‘reflex cardiac atest or ‘suffocation’, just 
because these conditions are thought to leave no traces and 
therefore a death with no traces must be due to such a cause 
This is illogical thinking and has led to several miscarriages 
‘of justice in che past, as well as to far more Family anguish. 

‘As the pathologist increases in experience and maturity, he 
‘or she is more ready to concede that he cannot find a cause of 
death, and this is far more satisfactory. In forensic work, this is 
not ‘abrogating responsibilities’ but being objective, sensible 
and just. There s no point in producing a speculative cause of 
death if that cannot be substantiated in later court evidence or 
legal statements, It is, of course, quite justifiable and indeed, 
part of the pathologist's responsibilities, to discuss the range 
Of possible causes with the authorities responsible for investi 
gating the death, but to be dogmatic about a single cause 
‘where the grounds for such a decision are tenuous does not 
help anyone and can lead to unfortunate consequences, 
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‘Mose of the discussion concerning the definitions of death 
belongs to the field of legal medicine and even that of ethics, 
rather than forensic pathology, Notwithstanding this, a 
{quick review of this complex problem is appropriate here, as 
when we come to describe the various post-mortem phe- 
‘nomena, some appreciation is necessary of the zero point 
from which such changes are timed. 


TYPES OF DEATH 


Ic is conventional ro describe two types of death: 


BW somatic death, in which the person irreversibly loses its 
sentient personality, being unconscious, unable to be 
aware of (or to communicate with) its environment, 
and unable to appreciate any sensory stimuli or to 
initiate any voluntary movement, Reflex nervous 
activity may, however, persist, and circulatory and 
respiratory functions continue either spontaneously o 
with artificial support so that the tissues and cells of the 
body, other than those already damaged in the central 
nervous system, are alive and functioning. 

1H cellular death, in which the tissues and their 
constituent cells are dead ~ that is, they no longer 
function or have metabolic activity, primarily aerobic 
respiration. 
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Cellular death follows the ischaemia and anoxia inevitably 
consequent upon cardiorespiratory failure, but itis a process 
rather than an event, except in the exceptionally rare circum 
stance of almost instantaneous total bodily destruction, such 
as filling into molten metal or a nuclear explosion. Even frag- 
‘mentation of a body by a bomb does nor ill ll cells instantly. 

Different tissues die at different rates, the cerebral cortex 
being vulnerable to only a few minutes’ anoxia, whereas 
connective tissues and even muscle survive for many hours, 
even days afier the cessation of the circulation. 


Brain death 


‘Without trespassing too far into clinical medicine, it may be 
further nored thar somatic death is virtually equated with 
brain death. When the higher levels of cerebral activity are 
selectively lost, either from a period of hypoxia, trauma, or 
toxic insult, the victim will exist in a ‘vegetative state. Here 
the survival of the brainstem ensures that spontaneous 
breathing will continue and therefore cardiac function is not 
compromised. The victim can remain in deep coma almost 
indefinitely — certainly for years — though debilitating 
complications such as postural skin necrosis, muscle contrac- 
tures, and secondary chest infections may well shorten life. 
Such vegetative patients are not considered ‘dead’ by most 
standards, though there is a faction of the medical profes- 
sion who claim that, because of the irreversible loss of their 
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The indications of death 


awareness of themselves and the world around them, they 
can no longer be considered “human beings. 

As they are not on life-support machines, however, there is 
nothing short of euthanasia that can be done about their con- 
dition, Attitudes are changing, however, as evidenced by the 
case of Tony Bland, who declined into a persistent vegetative 
state, with functioning respiration, after hypoxia caused by 
crush asphyxia during the Sheffield Hillsborough football 
disaster. Afi several years in this persistent vegetative stae, 
his family obtained the consent of the courts in 1993 to allow 
nutrition co be withdrawn and natural death to supervene. 

Ie is another matter when brain death spreads below the 
tentorium. When the brainstem (specifically the midbrain, 
pons and upper medulla) suffers neuronal damage, the loss 
of the ‘vital centres’ that control respiration, and of the 
ascending reticular activating system that sustains conscious- 
ness, cause the victim nor only to be irreversibly comatose, 
but also to be incapable of spontaneous breathing. Withour 
medical intervention, hypoxic cardiac arrest inevitably 
follows within minutes and then the usual progression of 
‘cellular death’ ensues. This invariably occurred in the past, 
before the advent of sophisticated devices that allowed the 
support of respiration after spontaneous function has ceased 
Because of continued oxygenation, the heart continues to 
function, though it has been pointed out by Pallis (1983) 
that the vast majority of brainstem-dead patients suffer a 
cardiac arrest within 48-72 hours, even when adequately 
oxygenated. 

“This then is the state of ‘brainstem death’, and almost all 
doctors and most jurisdictions now accepr thar, once in 
versible damage to the brainstem has been proved, the 
patient is ‘dead’ in the somatic sense. They are, however, not 
yer dead in the cellular sense and it is through this ‘physio- 
logical window’ that the spectacular advances in cadaver 
donor transplant surgery have been made, 


MEDICO-LEGAL ASPECTS OF BRAIN DEATH 


In relation co forensic pathology and criminal procedure, 
these matters have now a largely historical relevance in thar 
several decades ago a number of fatal assaults were defended 
in court on the basis that the original head injuries led to 
the victims being placed on life-support machines that were 
later disconnected when brainstem death was diagnosed 
The defence was that the assailant did not ‘kill’ the vi 
because ‘death’ was caused by the action of the doctors 
switching off the machine. Several judicial decisions have 
disposed of this defence, however, as it was accepted, first, 
that death was diagnosed by the doctors before discontinu- 
ing artificial ventilation and, second, that the criminal act 
that initiated the train of events was not remote enough to 
avoid culpability for the death. 
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Here the signs of somatic death are considered, as those of 
cellular death are manifested by post-mortem changes, to 
be discussed in later sections. When cardiorespiratory arrest 
occurs, brain function ceases within seconds as a result of 
the collapse of cerebral blood pressure and consequent cor- 
tical ischaemia, Within minutes, this loss of brain function 
becomes irreversible, The actual number of minutes for 
which roral anoxia will cause cortical damage is controver- 
sial; it was formerly held that 3 minutes was sufficient, but 
this time has been extended to 7 or 9 minutes. Even much 
longer times of total hypoxia, such as immersion under 
water, has been survived without brain damage. In these 
cases, an element of hypothermia is usual, which reduces 
the oxygen needs of the tissues, Thus 20 or even 40 min- 
tutes of hypoxia has been claimed as not leading to brain 
damage. All that can be said is thar the period is very vari- 
able and that 3-4 minutes of cardiac arrest or failure of 
respiratory gas exchange carries the risk of cortical damage, 
even though three or four times this period may sometimes 
be survived without illeffets 


i Unconsciousness and loss of all reflexes occurs, and, 
there is no reaction to painful stimuli, Rarely, there may 
be post-mortem coordinated muscle group activity for 
up to one hour after death, possibly due to surviving 
calls in the spinal cord (Nokes e¢ al. 1989). 

|S Muscular flaccidity occurs immediately upon failure of 
cerebral and cerebellar function. All muscle tone is lost, 
though the muscles are physically capable of 
contraction for many hours. 


[Mrummiication 


i + ‘Animal predators | ASsist 


—— 


‘Skelatalization) 


Assist 


Complete dissolution 
{unless fossilized) 


FiGuRe 2.1 The fate ofa body afer death. 


2: The pathophysiology of death 


Eye signs include loss of the corneal and light reflexes 
leading to insensitive comeas and fixed, unreactive 
pupils, Though the iris responds to chemical 
stimulation for hours after somatic death, the light 
reflex is lost as soon as the brainstem nuclei suffer 
ischaemic failure. The pupils usually assume a mid- 
dilated position, which is the relaxed neutral position of 
the pupillary muscle, though they may later alter as a 
result of rigor. There may be a marked difference in the 
degree of dilatation of each pupil, but this has no 
significance asa diagnostic sign either ofa brain lesion 
‘or of drug intoxication. In conditions such as morphine 
poisoning, where the pupils may be contracted during 
life, death may allow this to persist or the pupils may 
dilate to the ‘cadaveric position. 

In addition to irregular size, che pupils may lose their 
circular shape after death as.a result of uneven relaxation. 
This is usually easy to differentiate from the more 
obvious irregularity caused by ante-mortem abnormality 
of the iris. The eye globe tension decreases rapidly, as itis 
dependent upon arterial pressure for its maintenance. 
The eyeball feels progressively softer within minutes and 
the cornea soon loses its normal glistening reflectivity 
because of laxity and failure of lachrymal moistening. 
Normal tension was measured by Nicati in 1894, who 
found thar ic halved at death, fell to as low as an eighth 
in 30 minutes, and was nil by 2 hours after death. The 
eyelids usually close, bu this is commonly incomplete, 
the flaccid muscles failing to produce the full occlusion 
that occurs in voluntary closure. Where the sclera 
remains exposed, two yellow triangles of desiccated 
discoloration appear on each side of the cornea within 
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few hours, becoming brown and then sometimes almost 
black, giving rise to che name ‘tache noire. 

‘When viewed with an ophthalmoscope, the retina 
provides one of che earliest positive signs of death. This 
is the well known ‘trucking’ of blood in the retinal 
vessels, when lass of blood pressure allows the blood to 
break up into segments, similar to trucks in a railway 
train, This phenomenon occurs all over the body, but 
only in the retina is it accessible to direct viewing 

The test is nor easy to carry out, as che retina of a 
conpse seems far more difficult to visualize than in a 
living person. Many observers have described the agonal 
and early post-mortem appearances of the retina, 


though some of their accounts are rather contradictory 
and of litle practical value, especially when they 
attempt to use them to estimate the time since death. 
“Mose observers ~ for example, Kervorkian (1956, 1961) 
and Salisbury and Melvin (1936) ~ confirm that the 
blood flow slows and becomes irregular in density 
before breaking up into segments. This was apparent 
within 15 minutes of death as assessed by other means 
Kervorkian claimed that colour changes in the retina 
were closely related to the post-mortem interval. Tomlin 
believed that segmentation was more indicative of 
cerebral death than cessation of the circulation, and 
agreed with others in accepting that ‘trucking! was of 
grave prognostic 

‘One of the best investigations into the phenomenon 
was by Wroblewski and Ellis (1970), who studied 
retinal and corneal changes at death in 300 patients. 
About a third of the total exhibited trucking, most of 
them within an hour of death, Part of the difficulty in 


nificance, 


Figur 2.2. Post-mortem change in the 
<6 the so-called ache nore: Thee are 
Drown areas of scleral drying caused by 
failure ofthe lids ro clase afer death 


Hypostasis 


examining the remainder was that clouding of the 
‘comea occurred in 75 per cent of patients within 
2 hours of death, ‘They concluded that segmentation 
was a purely post-mortem change and any intravascular 
movement of blood, however irregular, was an 
indication for continued resuscitation, 
Cessation of the heart beat and respiratory movements 
was the primary marker of death until che advent of 
mechanical cardiorespiratory support as i led to 
immediate ischaemia and anoxia ofall other tissues 
Determination of cardiac arrest may be made by 
prolonged auscultation of the chest to exclude heart 
sounds though, asin life, a feeble heartbeat may be 
muffled by a thick chest wall. The electrocardiograph is 
uunchallengeable in confirming cardiac arrest. 
Respiration is more difficult to confirm, especially in 
deep coma such as barbiturate poisoning, and prolonged 
listening with a stethoscope over the trachea or lung fields 
is necessary. All archaic procedures such as saucers of water 
‘on the chest, feathers before the nostrils and tourniquets 
around the fingers are only of historical interes. 


The mode versus the cause of death 


Confusion often arises, especially among students and 
younger doctors, abour the distinction between the mode 
of death and its cause. ‘This is particularly important in 
relation to the documentary certification of deaths, but the 
same confusion sometimes occurs among_ pathologists, 
especially those who are not habitually involved in medico- 
legal cass. 

“The mode of death refers to an abnormal physiological 
state that pertained at the time of death: for example, ‘coma, 
‘congestive cardiac failure’, ‘cardiac arrest’ and ‘pulmonary 
oedema’. These offer no information as to the underlying 
pathological condition and should not be used as the defini- 
tive cause of death unless further qualified by the more fun- 
damental aetiological process. 

In most cases, the mode is unhelpful and immaterial in 
describing and understanding the cause of death, and some 
‘modal terms are quite useless, such as ‘syncope’ or ‘cardio- 
respiratory failure’, Even ‘bronchopneumoni’is such a com- 
mon terminal event in numerous diseases that, used alone, 
it conveys no information about why the patient died, The 
British Registrar General has recently requested that it 
should be omitted from death certificates, the basic condi- 
tion being preferable and sufficient for statistical purposes. 

In addition co the mode and cause of death, here is also 
the manner of death, which is nor really a medical deci- 
sion. Manner refers to the circumstantial events, such as 
“homicide, suicide, accident or natural cause’ and is a legal 
or administrative categorization. 


‘The recommendations of the World Health Organization, 
as given in its publication The medical certification of death, 
should be followed to improve both the comprehension 
and statistical accuracy of the cause of death, Even this 
booklet is inconsistent with the practice of certification in 
‘many advanced countries, in that it requests the doctor to 
enter the ‘manner’ of death (for example, homicide, acci- 
dent or suicide) which, for example in the UK, is the pre- 
rogative of the legal authorities after full investigation (see 


POST-MORT 
JRENSIC 


M CI 
IMPOR 


To the Forensic pathologist a number of post-mortem changes 
are of interest and potential usefulness, mainly in relation to 
the estimation of the post-mortem interval, possible interfer- 
‘ence with the body, and an indication of the cause of death, 


HYPOSTASIS 


Post-mortem hypostas 


is known under a variety of older 
rnames, such as ‘lucidity’, ‘staining’ or ‘cogitation’, but the 
current title is most suitable as it indicates the cause, 
lation. ceases, as arterial 
propulsion and venous return then fal to keep blood moving 
through the capillary bed, and the associated small afferent 
and efferent vessels 

Gravity then acts upon the now stagnant blood and pulls 
itdown to the lowest accessible areas. The red cells are most 


Hypostasis occurs when the cir 


FiGune 2.3. Bltchy post-mortem bypostasis, forming inthe early 
‘ours after death. The patchy dispasition has no significance and this 
tually sinks down and becomes confluene in the mast dependent 


areas within a few more hours 
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affected, sedimenting through the lax network, but plasma 
also drifis downwards to a lesser extent, causing an eventual 
post-mortem ‘dependent oedema’, which contributes to the 
skin blistering chat is part of early post-mortem decay. 

The arrival of erythrocytes in the lower areas is visible 
through the skin as a bluish red discoloration, ‘hypostasis 
It often begins as blotchy patches on both lateral and 
dependent surfaces, but also on the upper surfaces of the 
legs, especially thighs. These soon coalesce and slide dawn 
to the lowest areas 


The distribution of hypostasis 


The pattern of hypostasis depends on the posture of the 
body after death. It is most common when the deceased 
body is lying on its back, with the shoulders, buttocks and 
calves pressed against the supporting surface. This compresses 


the vascular channels in those areas, so hac hypostasis is 
prevented from forming there, che skin remaining white 
‘When the body lies fora sufficient time on the side or face 
the hypostasis will distribute itself accordingly, again with 
white pressure areas at the zones of support. 

If the body remains vertical after death, as in hanging, 
hypostasis will be most marked in the feet, legs and to lesser 
extent in the hands and distal pare of the arms, In addition 
to pallor of the supporting areas, any local pressure can 
exclude hypostasis and produce a distinct pattern in contrast 
to the discoloured area, Examples include the ieregular li- 
car marks made by folds in rumpled bedlinen, the pattern of 
fabric from coarse cloth, the pressure of tight belts, brassigne 
straps, pants| elastic and even socks. According to Bonte 
ct al. (1986), when electrocution takes place in water (usu- 
ally a bathtub), the hypostasis is sharply limited co a hori- 
onal line corresponding to the water level. 


EiGURE 24 Por-mortem hypostascin the 
normal distribution. The pale areas are the 
result of pressure against a hard supporting 


FiGURE 2.5 Post-mortem bypostasisin a 
death froms hanging. The discoloration of 
the shin isin te lege and hands, due to the 
vertical posture after deat, 


Hypostasis 


The colour of hypostasis 


‘The usual hue is a bluish red, but variation is wide. This 
depends partly on the state of oxygenation at death, those 
dying in a congested, hypoxic state having a darker tint as 
a result of reduced haemoglobin in the skin vessels. This is 
an unsure indicator of the mode of death, however, and 
no reliance can be placed on a cyanotic darkening of 
the hypostasis to indicate a hypoxic death in the sense of 
‘asphyxia’. Many natural deaths from coronary or other 
disease have markedly dark hypostasis. Often the colour of 
the hypostasis varies from area to area on the same body. 

Sometimes a rim of lighter colour may be seen along the 
margin of the lower darker area and sometimes there isa def- 
inice contrast between a bluish zone and a pink margin. This 
‘may appear and change as the post-mortem interval length- 
ens. Often the whole area of hypostasis is pink or bright red 

‘When death has been due to hypothermia or exposure t0 
cold in the agonal period, such as drowning, the colour may 
assist in confirming the cause of death; again this is relatively 
non-specific because bodies exposed to cold afier death 
(especially in mortuary refrigeration) may cum pink after an 
initial stage of normal bluish-red tint. 

"The mechanism is nor understood, butis obviously a result 
of oxyhaemoglobin forming ar the expense of the darker 
reduced haemoglobin. ‘This is understandable in hypother- 
where the reduced metabolism of the tissues fils to take 
up oxygen from the circulating blood, but its frequent forma- 
tion in the post-mortem petiod is difficult co explain. 

Several researchers have investigated the colour of 
hypostasis in relation to time since death. Schuller et al 
(1987) noted an increasing paleness between 3 and 15 
hours post-mortem, measuring this as a change in wave- 
length from 575nm at 3 hours at an average rate of 2am 
per hour, Vanezis (1991) has used tristimulus colorimetry 
to study colour changes and secondary shifting of hypos- 
‘asis, and claimed thar there isa linear relationship berween 
the fading colour and time during the first 2 hours after 
death, following which changes are unpredictable, Inoue 
tal. (1994) have also described measurement of hypostatic 
colour as a measure of time since death. 

It may sometimes be noticed that originally bluish 
hypostasis becomes pink along the upper part of the hori- 
zontal margin, the lower parts remaining dark, so a quant 
tative change probably occurs, the haemoglobin being 
more easily re-oxygenated where the erythrocytes are 
packed less densely in the upper layers of hypostasis. 

‘Other changes in the colour of hypostasis are more useful 
"The best known is the ‘cherry-pink’ of carboxyhaemoglobin, 
which isa unique colour and is often the first indication to the 
pathologist of carbon monoxide poisoning. Cyanide poison- 
ing is said to have its own characteristic dark blue-pink hue, 


but it is really an index of the congested, cyanotic, mode of 
death and, if the pathologist was nor already aware of the 
potential cause from the history — and pethaps the odour of 
cyanide — iris doubtful whether hypostasis would bea primary 
indication of the nature of the death. The hypostasis may be a 
brownish red in methaemoglobinaemia and may be various 
shades in aniline and chlorate poisoning. In deaths from septic 
abortions where Clostridiuon perfringens isthe infecting agent, 
a pale bronze mottling may sometimes be seen on the skin, 
though this is not confined to the areas of hypostass, 

Skin haemosthages, varying in size from small petechiae 
to large blotches and even palpable blood blisters may 
develop in areas of hypostasis. The most common place is 
the back of the shoulders and neck, though they may appear 
‘on the front of the chest, even on a body lying on its back. 
They are more common in cyanotic, congestive types of 
death and become more pronounced as the post-mortem 
interval lengthens. ‘Their importance is in not being mis- 
taken for the so-called signs of ‘asphyxia. They appear in the 
most gross form when a body dies or is left with the head 
downwards: the confluent petechiae and ecchymoses may 
be so marked that they virtually blacken the face and neck. 


‘The timing and permanence of 
hypostasis 


Too much has been claimed in the past for the usefulness 
of hypostasis as an indicator of the time of death and 
post-mortem disturbance of the body. The phenomenon 
appears at a variable time after death ~ indeed, it may not 
appear at all, especially in infants, old people or those with 
anaemia, It may be so faint as almost to escape detection, 

Hypostasis can appear within half an hour of death or it 
may be delayed for many hours. Its variability is such that 
it is useless for any estimation of the time since death, 
Ic is claimed thar hypostasis can sometimes be observed in 
the living if the heart action is failing or if venous return 
is impaired by the immobility of deep coma. The latter is 
certainly associated with skin blistering caused by depend- 
ent oedema, 

‘Once hypostasis is established, there is controversy about 
its ability 1o undergo subsequent gravitational shift. IF the 
body is moved into a different posture, the primary 
hypostasis may either: 


remain fixed 
lS move completely to the newly dependent zones or 
5 be partly fixed and partly relocated, 


“Thus ifa corpse is found with the hypostasis in an obvi- 
ously inappropriate distribution related to the present 
posture, it must have been moved afer death. This fact may 
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have important significance in the investigation of criminal 
deaths, such as the return of the culprie or some other per- 
son to the scene, It may also migrate either partly oF com- 
pletely, however, thus negating its diagnostic usefulness 
Older theories about ‘fixation’ of the staining after a certain 
time are not tenable, as there is no constant interval when 
this occurs. 

Mallach (1964) analysed data including onset, confluence, 
maximum intensity, displacement and shifting, taken from 
publications between 1905 and 1963. These are summarized 
in Table 2.1, ‘thumb pressure’ meaning displacement by 
thumb pressure, ‘Table 2.2 shows the variable opinions on 
hypostasis culled from standard textbooks 

‘A considerable amount of research has been devoted 10 
the investigation of clotting of post-mortem blood, its sub- 
sequent lysis and inhibition of coagulation by fibrinalysins, 
bur this cannot be translated into practice. Formerly, it was 
held thac if body had remained in its original posture for a 
certain minimum length of time, the blood would coagulate 
in the hypostatic areas, so that secondary shifting could not 
then occur if the body was moved. ‘This is nor true in the 
majority of instances, as there may be partial or complete 
secondary gravitation at any time— at least, until crue stain- 
ing of the tissues due to haemolysis begins as part of early 
decomposition, which is nor until the second or third day in 
temperate conditions. 

Suzutani et al (1978) examined 430 bodies by pressure 
oon hypostatic areas, finding thar the colour could not be 
squeezed our in 30 per cent where death had occurred 6~12 
hours previously. More than 50 per cent were fixed after 
12-24 hours and no fading occurred in 70 per cent of those 
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FIGURE 26 Extensive confluent shin 
‘haemorrhages macy accur within the 
dependent bypestss. They waren asthe 
post-mortem interval lengthens and mast not 


be taken to indicate called physi 


Taste 2.1 Hypastass elated to che time of death (hpm) as derived 
from previous literature 


Limits 
‘Standard 
Stage Mean deviation Lower Upper 
Begining om 05 0% 3 
Confiuence 250 10 woo 4 
Maximum 95045 30016 
Thunb pressure 55060 190 0 
Complete shifing am 10 20006 
Incomplete shiting = «110045 4004 


Taste 2.2 Time of onset of bypastass as stated by previous authors 


Reference Onset Maximum 
Adelsan a0 min-4h 
Plsor Gee, Knight 0 min-2h 
Spitzand Fisher Ih 
Tylor (ed Simpson) Oh 

Tor (ed Mat) th 
Grado (ed. Camps) 20-80 min 
Giaster Brash - 

DiMaio 30 min-2h 
Sydney Smith Oh 

Mant Oh 
Gordon and Shapiro “ew'h 


dead for more than 1-3 days. However, in a significant 
number, hypostasis was still mobile for at least 3 days. 

Fechner et al, (1984) found no linear relationship 
between fixation and time of death and also observed vari- 
ations in fixation according to storage temperatures. 
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Hypostasis in other organs 


Just as blood settles in dependent skin, so it does in other 
tissues and organs. ‘The importance in forensic autopsy work 
is the differentiation of organ hypostasis from ante-mortem 
lesions. In the intestine, dependent loops of jejunum and 
ileum may be markedly discoloured and mislead the inex- 
petienced pathologist into suspecting mesenteric infarction 
or strangulation. This hypostasis is discontinuous, however, 
revealing interrupted segments when the gut is laid out. 
Often loops in the pelvis are worst affected, because of their 
lower position, 

The lungs almost always show a marked difference in 
colour fiom front to back, the anterior margins being pale 
and the posterior edges lying in the paravertebral gueters 
being dark blue. This is often accompanied by an obvious 
difference in fluid content, congestion and oedema being 
more marked posteriorly. The myocardium often shows a 
dark patch in the posterior wall of the left ventricle char 
must not be mistaken for early infarction, 

One of the most important hypostatic artefacts is haemor- 
shage behind the oesophagus a the level of the larynx. This 
hhas many times been confused with the trauma of strangula- 
sion, bur the true narure was best investigated by Prinsloo 
and Gordon (1951). Areas of congestion developing into 
hhaemorthage appear in the loose tissues on the back of the 
‘oesophagus lying on the anterior longitudinal ligament of the 
cervical spine. They may be prominent, sufficient to produce 
actual haematomas, They arise in the veins and venous plexus 
ton the front ofthe spine, and can be avoided in cases of stran- 
gulation and suspected strangulation by draining the neck of 
blood before starting the dissection. ‘This can be achieved 
either by removing the brain first or by opening the chest and 
incising the great veins in the superior mediastinum. 


Differentiation between hypostasis and 
bruising 

This is rarely a problem in fresh bodies, but when decom- 
position begins the two conditions become blurred. In fresh 
‘material the appearance of hypostass is of a regula, diffuse 
engorgement of the surface vessels, the colour varying 
between purple-red and bright pink. The density varies from 
place to place bur there are no sudden changes in colour nor 
any sharply circumscribed areas as occurs in bruising. As 
mentioned above, in the early stages of hypostasis there may 
be mottled blue areas, which later coalesce. This mocting is 
unlikely to be confused with bruising by any but the most 
inexperienced pathologist. The position in dependent areas 
is also characteristic, giving a generally horizontal orienta 
tion. Bruises may be anywhere on the body, are often discoid 
or have an irregular margin, but rarely cover a large area with 


59 


Ficune 2.7 White patcher within the bypostaix on the face merely 
indicate pressure again the supporting rurface afer a fce-down 
position. Ar in this case, hey are usually pst-mortem and are nat 
indicator of euffcation 


uniform density ~ and do not have a horizontal margin. 
Abrasions may be topographically associated with a brui 
bur not with hypostasis. When there is difficulty in differe 
tiating between the cwo — usually where there is racial 
pigmentation or really deep, cyanotic hypostasis that obscures 
possible bruises ~ the classic testis to incise the suspect area 
to see if the underlying blood is intravascular (hypostasis) or 
infiltrating the tissues outside che vessels (contusion). 

Fresh bruises may also be swollen and slightly raised above 
the surface. If post-mortem pressure mark (such as from a 
belt or tight clothing) crosses an area of hypostass, there will 
be a pale bloodless zone, but a bruise will not be affected 
Hypostass is in the most superficial layer of the dermis and 
any exuded blood can be wiped or washed away from the 
incised surface. A bruise is often deeper in the skin or under- 
lying tissues and is fixed, being infiltrated through the tissues 
outside the ruptured vessels. An exception is intradermal 
bruising, bur this is usually patterned or linear and rarely can 
be confused with hypostasis. Histological examination may 
be necessary finally to decide the matter. 

‘When post-mortem autolysis has developed, the diffusion 
‘of haemolysed blood from vessels makes the differentiation 
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between hypostasis and bruising difficult and eventually 
impossible. Even histological examination may be of little 
help when the tissues become markedly degenerate. 


RIGOR MORTIS 


Unlike hypostasis, the stiffening of the muscles after death 
hhas some relevance in determining the post-mortem inter- 
val. It has been known since antiquity thar immediately 
after death there is general muscular flaccidity, usually fol- 
lowed by a period of partial or toral rigidity, which in curn 
passes off as the signs of decomposition appear. The timing 
of this sequence of events isso variable, however, that itis a 
poor indicator of the time since death. The usual range of 
times when rigor appears can be summarized as follows. 


The flaccid period immediately after death is variable, 
bur commonly extends to berween 3 and 6 hours 
before stiffening is first detected, depending on 
environmental temperature and other Factors. Rigor is 
first apparent in the smaller muscle groups, not because 
i begins there, but because the smaller joints, such as 
the jaw, are more easily immobilized. The sequence of 
spread of rigor is also variable but tends co affect the 
javy facial muscles and neck before being obvious in the 
wrists and ankles, then the knees, elbows and hips. 

The usual method of testing is by attempring to flex 
or extend the joints, though the whole muscle mass 
itself becomes hard, and finger pressure on the 
quadriceps or pectorals can also detect the change 
‘The onset of rigor may be markedly accelerated or 
retarded by the factors mentioned below, so that 
stiffness may develop within halfan hour of death 
(even excluding cadaveric spasm) or may be postponed 


almost indefinitely, Some subjects, usually infants, the 
cachectic and the aged, may never develop recognizable 
rigor mortis, mainly because of the feebleness of their 
musculature 
Rigor spreads co involve the whole muscle mass, 
again within a variable period but in ‘average’ 
conditions it might be expected to reach a maximum. 
within 6-12 hours. This state then remains constant 
until the muscle mass begins to undergo aurolysis, 
which releases rigor gradually ata stage before overt 
post-mortem changes are visible externally, except 
pethaps for a commencing discoloration of the lower 
abdominal wall 

"The duration of full rigor may be 18-36 hours, until 
i begins to fade in roughly the same order of muscle 
groups as it appeared. However, there are many 
exceptions to this rather misleading generalization, 


Factors affecting the timing of 
rigor mortis 


‘Asa chemical process, the speed of onset and the duration 
of rigor is modified by temperature. The colder the envit- 
‘onment the slower the process and vice versa. In near freez~ 
ing conditions rigor will be suspended almost indefinitely. 
‘The author (BK) has attended a scene ourdoors in winter 
where the body was quite flaccid one week after death, 
rigor developing rapidly as soon as che coxpse was brought 
into the comparative warmth of the mortuary. Conversely, 
hor weather or tropical conditions can speed up the whole 
cycle so that rigor appears within an hour or even less. Toral 
stiffness develops rapidly, then fades during the first day as 
decomposition supervenes. 

The other modifier of the speed of onset of rigor is phys- 
ical activity shortly before death. As will be seen when the 


FicunE 2.8 Full rigor mortis 12 hours 


post-mortem 
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physicochemical basis of the phenomenon is discussed, 
the availability of glycogen and adenosine triphosphate in 
the muscle is a crucial element in rigor formation, Muscular 
exertion affects the interaction of these substances and has- 
tens the onset of rigor. Cadaveric spasm, deale with later, 
may well be an extreme variant of this accelerated rigor. 

In view of the wide range of times at which the various 
stages of rigor appear and fade, itis a poor determinant of the 
time since death, compared with estimations of body tempera- 
ture, Niderkorn’s early work (1874) on 113 bodies showed a 
range of 2-13 hours for rigor to be complete, the main clus- 
ter being from 3 t0 6 hours afer death, a shorter period than 
would be accepted now. Mallach (1964) compiled a table 
from 150 years of published data, which suffered from gross 
variation in observer methodology (Table 2.3). 

"The following is a reasonable ‘spor check’ for use in aver- 
age temperate conditions: 


I the body feels warm and is flaccid, it has been dead 
less chan 3 hours 

SE lfche body feels warm and is stiff, ic has been dead 
from 3 to 8 hours. 

I the body feels cold and is stiff, it has been dead from 
8 10 36 hours. 

I che body feels cold and is flaccid, it has been dead 
more than 36 hours. 


‘This crude estimate should never be used as a definitive 
starement in legal proceedings, as it is only meant as a 
rough guide ‘on the spor. 


Rigor mortis in other tissues 


Rigor occurs in all muscular tissues and organs, as well as 
the skeletal muscles, The iris is affected so that ante-mortem 
constriction or dilatation is modified. The rigor may be 
‘unequal in each eye, making the pupils unequal, confirming 


the fact that the post-mortem position is an unreliable indi- 
cator of toxic or neurological conditions during life. 

In the heart, rigor causes the ventricles to contract, which 
may be mistaken by the inexperienced pathologist for left 
ventricular hypertrophy; this can be excluded by measuring 
the toral weight, estimating the relative size of the left side, 
measuring the ventricular thickness (admittedly a rough 
guide) and — where the issue is important ~ by dissection 
and differential weighing of the two ventricles. 

Rigor in the dartos muscle of the scrotum can compress 
the testes and epididymis which, together with the contrac- 
tion of muscular fibres in the seminal vesicles and prostate, 
‘may lead to post-mortem extrusion of semen from the ureth- 
ral meatus. This has been wrongly attributed to sexual activity 
and orgasm just before death in cases where a defence of 
provocation against a homosexual advance has been put 
forward. Mant showed that many corpses dying from a 
variety of causes have seminal fluid either at the meatus or in 
the penile urethra (Mant 1953, 1967: Mant and Furbank 
1957). Iris also said, without much foundation, that deaths 
from hanging and ‘asphyxia’ are commonly associated with 
post-mortem seminal emission, 

Rigor in the erector pili muscles attached to the hair fol- 
licles ean cause a pimpling or ‘goose-flesh’ appearance with 
elevation of the cutaneous hairs. This may have given rise 
to the persistent myth thar the beard grows after death, 
though an additional explanation is that post-mortem des- 
iccation and shrinkage of the skin allows the hair stubble to 
appear more prominent. 

Studies by Krompecher and Bergerioux (1988) have 
shown that rigor also sets in more quickly in deaths From 
electrocution — and that it passes off more rapidly. 


The biochemistry of rigor mortis 


Though this has litle direct forensic relevance apart from 
the association of the early onset of rigor with muscular 


TOL 2.3 Time coure of cadaveric rigidity ac sated by previous literature 


Hours post-mortem. 
Limits of 95.5 per cent 
Mean with probability (2s) Variations Number of 
standard publications 
Rigor phase deviation(s) Lowertimit_UpperlimitLowerlimit_Upperlimit evaluated 
Delay period 29 - 7 <u 1 6 
Revestablshment possible Upto - - a 8 - 
Complete rigity Bet 6 10 Q 20 8 
Persistence Bre14 2 % 8 96 n 
Resolution T6232 12 140 2 192 nu 
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exertion, the muscle chemistry of the phenomenon has 
been studied in great detail 

Szent-Gyorgi (1947) discovered thar the essential con- 
tractile substances in muscle were the two proteins actin and 
myosin, arranged in interdigitating filaments. ‘They form a 
loose physicochemical combination called ‘actomyosin’, 
which is physically shorter than che two substances uncom- 
bined (Hanson and Huxley 1955). If energy is supplied to 
the latter pait, the subsequent combination contracts. This 
energy is obtained by the splitting off of a phosphate com- 
plex from adenosine triphosphate (ATP) which chen 
becomes adenosine diphosphate (ADP) (Erdos 1943). The 
free phosphate then engages in a phosphorylation reaction 
that converts glycogen to lactic acid, high energy being 
released in the process. Some is used to resynthesize the ATP 
from ADP, by the donation of a phosphate group from 
creatine phosphate: the remainder goes to activate the 
actin-myosin reaction. 

In addition to supplying energy, ATP is responsible for 
the elasticity and plasticity of the muscle. The lactic acid is 
leached away back into the bloodstream and is returned to 
the liver for reconversion into glycogen. All these reactions 
are anaerobic and can continue afier death, albeit in a dis- 
torted form. 

In life there is a fairly constant concentration of ATP 
in the muscular tissues, there being a dynamic balance 
between utilization and resynthesis. At death, however, 
the ADP to ATP reaction ceases and the triphosphate is 
progressively diminished, with lactic acid accumulating, 
‘Afier a variable period, depending on temperature and the 
amount of ATP remaining, the actin and myosin become 
rigidly linked into a rigid, inextensible gel, with consequent 
stiffening of the muscle (see Bate-Smith and Bendall 1947; 
Forster 1964), 

“The resynthesis of ATP is dependene upon the supply of 
lycogen, which is depleted by vigorous activity before death; 
this explains the rapid onset of rigor in these circumstances. 
Normally there appears to be an initial period soon after 
death when the ATP level is maintained or even increased as 
a result of phosphate liberation by glycogenolysis. 

Rigor is initiated when the ATP concentration falls to 
85 per cent of normal, and the rigidity of the muscle is ar 
maximum when the level declines to 15 per cent (see Bate- 
Smith and Bendall 1949). 


Gross effects of rigor mortis 


“There has been some controversy over whether rigor only 
stiffens the muscles or actually shortens them. Sommer, as 
long ago as 1833, claimed thar muscles contracted after 
death and the changes were actually known as ‘Sommer's 
movements. ‘There have always been semi-apocryphal tales 
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of corpses moving in the mortuary and there seems little 
doubt thar, ifa limb happens to be poised in unstable equi- 
librium on the edge of a tray or table, the developing 
tension may occasionally cause it to spring off as rigor 
supervenes. The author (BK) has seen athetoid writhing of 
the foot ofa corpse, which lasted for 40 minutes, more than 
an hour after death, 

"There seems to be no doube that some shortening does 
‘occur; but the noticeable effects are slight because both flexor 
and extensor muscle groups oppose each other across most 
limb joints. Bate-Smith and Bendall (1949) decided chat 
shortening only occurred when there had been marked 
depletion of glycogen by activity before death, bur Forster 
(1964) was of the opinion that, when a muscle was under 
some tension, it did shorten. His experiments showed that 
‘when the muscle was unloaded there was no change in length 
when rigor set in. Forster further showed thara high environ- 
mental temperature and poisons that increase muscle tone, 
such as parathion, lead to more shortening during rigor. 

‘When fully established, rigor is broken’ by forcible move- 
‘ments of the limbs or neck, then it will not return, a phe- 
nomenon utilized daily by mortuary staff and undertakers 
when preparing a body for a coffin. If rigor is still develop- 
ing, it will continue in the new posture of the limbs afier 
they have been stretched. ‘Breaking’ fully established rigor is 
an accurate description, as the rigid, inelastic fibres are 
physically ruprured ~somerimes tearing the muscle insertions 
from the bone, Rarely, rigor can assist in showing thar a body 
has been moved between death and discovery. If'an arm or 
leg is found projecting into free space without support, in & 
posture that obviously could not have been maintained dur- 
ing primary post-mortem flaccidity, then it must have been 
rolled over or otherwise moved, In these cases, a simple 
restorative movement (after the scene has been fully exam- 
ined) can usually indicate the original atitude quite simply. 

Conversely, it can never be assumed thar the posture of 
rigor in which a body is found was that which obtained at 
the time of death, as any amount of movement during the 
period of primary flaccidity will not be mirrored in the sub- 
sequent rigor 


Cadaveric spasm 


‘This topic has received a disproportionate amount of 
notice in textbooks compared with its practical import- 
ance, No doubt this is because of its curiosity value rather 
than its usefulness. Cadaveric spasm is a rare form of vireu- 
ally instantaneous rigor that develops at the time of death 
with no period of post-mortem flaccidity 

Krompecher (1994), a major authority on rigor morts, is 
extremely sceptical about the existence of true cadaveric 
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FiGURE 2.9 Caudavere spasm, an instantaneous form of rigor in 


the victim of a fall into wiater: The victim wa recovered within a 
short time (as can be seen from the absence of skin maceration) but 


hed gras from the river bank: firmly clutched inthe hand. 


spasm, but many forensic pathologists claim to have seen 
such a phenomenon far too soon after death for it to be 
normal rigor mortis. The authors retain a healthy scepticism 
about the controversy, believing that most cases are miste- 
ported because of errors or uncertainties about the true time 
of death, so that early normal rigor could have supervened. 
However, one or two cases within BK’s experience seem to 
be genuine enough to be remarkably early for true rigor. 

Ir seems confined to those deaths thar occur in the midst 
of intense physical and/or emotional activity, though how 
the latter can lead to instant post-mortem rigor is quite inex- 
plicable. It presumably must be initiated by motor nerve 
action, but for some reason there isa failure of the normal 
relaxation. The phenomenon usually affects only one group 
of muscles, such as the flexors of one arm, rather than the 
whole body. 

I was shown in the earlier section on the biochemistry of 
rigor that marked depletion of glycogen stores in the muscle 
by violent exertion immediately before death can hasten the 
onset of muscular rigidity. Most cases of cadaveric spasm 
occur in similar circumstances and it was said to be particu- 
larly common on the battlefield amongse soldiers slain in 
combat. In the civilian sphere it is most often seen in per- 
sons who fall into water or drop some distance down a pre- 
cipitous slope such as a cliff. ‘They may clutch at some 
nearby object, such as grass or shrubs, in an effort to break 
their fall and such material may be found held tightly in 
their Fingers, even when the body is examined within a few 
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Another possibility, more common in detective fiction 
than in practice, is the gripping of a pistol with the finger 
still tightly flexed on the trigger, as evidence of true suicide 
rather than a ‘planted’ weapon in a homicide where an 
attempt has been made to simulate selfshooting. ‘The 
chances of this actually being encountered by a pathologist 
are less than once in several professional lifetimes. 

If found in the victim of drowning, or of a slide from a 
height, it has some value in confirming that the person was 
alive atthe time of the fall, thus excluding the post-mortem 
disposal of an already dead body. OF course the body must 
be examined before ondinary rigor might be expected to 
have developed, or the presence of cadaveric spasm cannot 
then be assumed. 


HEAT AND COLD STIFFENING 


Acextremes of temperature the muscles may undergo a fase 
rigor. In extreme cold, well below zero, once the intrinsic 
body heat is lost, the muscles may harden because the body 
fluids may freeze solid ~ as in the commercial or domestic 
preservation of meat in a freezing cabinet. The temperature 
hhas to be below -5°C. for cold stiffening to occur and is usu- 
ally much lower, Part of the apparent stiffness is also due to 
solidification of the subcutaneous fat. When the body is 
warmed up, true rigor may supervene, though it may fil to 
appear as a result of intracellular damage caused by cell 
membranes being punctured by ice crystal. 

Heat applied to the body also causes stiffness of the 
muscles, asthe proteins of the tissues become denatured and 
coagulated as in cooking. The degree and depth of change 
depends on the intensity of the heat and the time for which 
itwas applied. Ar auropsy the muscles may be shrivelled and 
desiccated, even carbonized on the surface. Beneath this 
there is a zone (which may be total) of brownish-pink 
‘cooked meat’ and under that, ifthe process has not pene- 
trated, normal red muscle. Marked shortening occurs, caus- 
ing the well-known ‘pugilistic attitude’ of a burned body. 
This is because of the greater mass of flexor muscles com- 
pared with extensors, which forces the limbs into flexion 
and the spine into opisthoronus. These changes are purely 
post-mortem and are no indication of burning during life, 
as similar distortions occur during cremation. 
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Hypostasis and decomposition occur relatively soon after 
death when somatic death has occurred, but cellular death is 
incomplete. As discussed earlier, death is a process not an 
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event and, while the cells of some tissues are still alive and 
even capable of movement (such as fibroblasts, leucocytes and 
muscle), others are dying or dead, The process of decompos- 
ition begin in some cells while others are still alive, and this 
overlap continues for several days in temperate climates, 

Decomposition is a mixed process ranging from autolysis 
of individual cells by internal chemical breakdown to tissue 
autolysis fom liberated enzymes, and extemal processes 
introduced by bacteria and fungi fom the intestine and 
outer environment. Animal predators, from maggots to 
mammals, can be included in the range of destruction, 
Decomposition may differ from body to body, from envir- 
onment to environment, and even from one part of the 
same corpse to another. Sometimes one portion of a corpse 
may show leathery, mummified preservation whilst the rest 
is in a state of liquefying putrefaction, 

In addition, che time scale for decomposition may vary 
greatly in different circumstances and climates, and even in 
the same corpse: the head and arms may be skeletalized, 
whilse the legs and crunk, pethaps protected by clothing or 
other covering, may be moderately intact. All permutations 
may be found, making it even more difficult to estimate the 
probable rime since death 

Within the general description of ‘decomposition’ there 
are several subclasses, which, as just stared, may merge into 
each other or may be uniform throughout the same 
cadaver. Most unembalmed bodies undergo putrefaction, 
in which the tissues become moist and gas-ridden, and 
eventually liquefy down to the skeleton. 

Alternatives are dry decomposition, termed mummifica- 
tion, or a conversion to waxy substances, called adipocere; 
rarely, tannin occurs by the action of acid, protein-precipitating 
fluids in the anaerobic conditions of a peat bog. In some 
saillbirchs an aseptic aurolysis of a fetus dead in utero is 
known as maceration 
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PUTREFACTION 


"The usual process of corruption of the dead body begins at 
a variable time after death, but in an average temperate cli- 
‘mate may be expected to begin at about 3 days in the unre- 
Frigerated corpse. 

Even in temperate zones there can be a wide range of 
ambient temperatures, from below freezing to near blood 
heat. In the tropics, far higher temperatures are common- 
place, but in high latitudes or elevations, deep-freeze condi- 
tions can keep decomposition at bay indefinitely, as in the 
case of modern discoveries of prehistoric mammoths and 
medieval Esquimaux. Ir is therefore futile to attempt 10 
construct a timetable for the stages of decomposition, except 
to point our salient markers for an undisturbed body in an 
‘average’ indoor environment of about 18°C. in temperate 
climates. From this approximate baseline the pathologist 
must then extrapolate for local variations appropriate to his 
climatic and geographical conditions, 


Sequence of putrefactive changes 


Whatever the time scale, the general order of corruption 
is similar, though the degree of advancement may vary 
berween different areas of even the same corpse, 

Usually the first external naked-eye sign is discoloration 
of the lower abdominal wall, most often in the right iliac 
fossa where the bacteria-laden caecum lies fairly super- 
ficially. Direct spread of organisms from the bowel into 
the tissues of the abdominal wall breaks down haemo- 
globin into sulphaemoglobin and other pigmented sub- 
stances. This discoloration spreads progressively over the 
abdomen, which in the later phase begins to become dis- 
tended with gas. 


Ficune 2.10 Moderately early changes of 
decomposition, showing gaseous distension 
of cratum and abdomen, and skin slippage 
and blistering in dependent areas. This was 
after about one week since death, but the 
changes wary greatly with environmental 


temperatures 


Putrefaction 


‘Ar about this time, more generalized spread of bacteria 
begins to discolour the more moist tiswes, which ofien 
comprise those dependent areas that show hypostatic col 
oration and oedema. The face and neck become reddish, and 
begin to swell. The purrefactive bacteria, which largely origin. 
ate in the intestines and lungs, spread most easily in fluid so 
they tend to colonize the venous system, haemolysing the 
blood chat stains the vessel walls and adjacent tissues. This 
gives rise to ‘marbling’, a branching outline of arborescent 
red, then greenish pattern in the skin, seen most clearly on 
the thighs, sides of the abdomen, and chest and shoulders. 
This stage may be abour one week in the ‘baseline’ timetable, 
where the corpse isin air at 18- 

Ar or even before the stage of marbling, skin blisters may 
appear, at frst on the lower surfaces of trunk and thighs 
where hypostatic oedema has loaded the tissues with fluid 
The upper epidermis becomes loosened, the so-called ‘skin- 
slippage’ giving rise to lage, fragile sacs of clear, pink or red 
serous fluid. These may become so large that they are pen- 
dulous and soon burs, leaving areas of slimy, pink epider- 
mis. Where this skin change occurs in hairy parts, such as 
scalp, axilla and pubis, the hair becomes detached and will 
slide off on slight pressure. Gas formation will now become 
marked, with increased tension in the abdomen. 

The scrotum and penis may swell up to remarkable size 
and the neck and face will become grotesquely bloated, 
making visual identification difficult or impossible. The 
pressure may cause the eye globes and tongue to protrude. 


Purging of urine and faeces may occur due to the intra- 
abdominal pressure and, occasionally, a uterine prolapse 
may be extruded. There are recorded instances of pregnant 


women having a macabre post-mortem ‘delivery’ of the 
fetus, from the same cause. Bloody uid, which is tissue 
liquefaction stained by haemolysis, may leak from any ori- 
fice, especially the mouth, nostrils, rectum and vagina. By 
this stage, some 2-3 weeks may have elapsed since death. 

To the inexperienced, this may suggest evidence of some 
lethal haemorthage and many pathologists have been called to 
scene of ‘crime’ because ofthe understandable concern of an 
investigating police officer that such bloody purging may be 
exidence of a violent mode of death, Pressure inside the chest 
due to gas formation in the abdomen may expel ait, so that 
the fluids of decomposition in the trachea and bronchi may be 
blown into a bloody froth from the mouth and nostril 

After several weeks, the reddish-green colour of the skin 
may deepen to a dark green or almost black, but there is 
marked variation in this aspect. Heavy maggot infestation 
will almost certainly have supervened except in winter condi 
tions, and the destruction of skin by innumerable maggot 
holes and sinuses gives better access to other bacteria that 
may invade from the environment. ‘The maggots secrete a 
proteolytic enzyme that speeds up the destruction of the 
tissues, in addition to the direct loss from the voracious 
appetites of these predators. Skin slippage causes shedding of 
the outer layers of the fingers and toes, making identification 
by fingerprints more difficult, Finger- and toenails last 
longer than the surrounding skin, but they too become loose 
and eventually fall out. Skin slippage may allow tattoos 
become more visible and colourful fora time until the moist 
underlying dermis itself decomposes. 

Internally, decomposition proceeds more slowly chan at 
the surface. It is often quite surprising how valuable an 


FIGURE 2.11 Post-mortem decomposition 
of about 2 week’ duration in water in a 
suminer temperature, There is' marbling’ of 
the skin where breakdown products of 
haemoglobin have stained the venous 
hares 
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autopsy on a putrelying corpse can be, asthe internal organs 
may be in far better condition than the exterior would sug- 
gest. Organs putrefy at markedly different rates. The lining 
of the intestine, the adrenal medulla and the pancreas autol- 
yse within hours of death, yer the prostate and uterus may 
still be recognizable in a partially skeletalized body a year 
later. The brain soon becomes discoloured, being a soft 
pinkish-grey within a week and liquefying within a month 


Meningeal haemorthage and haemaomata persist well, but 
apart from some tumours, non-haemorthagic lesions in the 
brain substance vanish quite eatly. 

"The heart is moderately resistant, and examination of the 
coronary arteries for the degree of atheromatous stenosis may 
be well worthwhile for many months, though staining of the 
vessel walls by haemolysis makes recognition of mural throm- 
bosis difficult. Complete occlusion by firm ante-mortem 


FiGURE 2.12 Post-mortem decomposition showing puerefictive changes in the face, arme and trunk afier one week in a warm room. 


The illustration shows the contrast sometimes seen between one part ofthe body and another, asthe legs are hardly 


red. The face, neck 


and hand are swollen with gas, and the clothing is stained by leaking shin blisters. The tongue i protruding becanse of gas pressure from the 


tices below Death was due ta carban monoxide paitoning caused by faulty installation of a room heater. 


FiGuine 2.13 Almore complete detruction 
of the facial of issues by maggots. Pest- 
mortem time about 2 weeks in a centrally 


ented apartment. 
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Putrefaction 


thrombus persists well. The heart may show a curious white 
granularity on the epicardial and endocardial surfaces, seen 
either during putrefaction or even on exhumation afier a long 
interval. The nodules are a millimetre or less in size and are 
often called ‘miliary plaques’. They were investigated by 
Gonzales et al. (1954) who found that microscopically they 
consisted of calcium and soapy material. The origin is 
obscure, but they seem co be confined to the heart and to be 
some degenerative product of the cardiac tissue 

In obese people, the body fat (especially perirenal, omen- 
tal and mesenteric) may liquefy into a translucent, yellow 
fluid thar fills the body cavities between the organs, and 
makes autopsy even more difficult and unpleasant. 

Later putrefactive changes lead to the breakdown of the 
thoracic and abdominal walls, often hastened by the 
perforations of maggots and sometimes larger predators, 
such as rats and dogs. In some tropical countries, such as 
India and Sri Lanka, bodies lef in the open are attacked by 
many animals, including monitor lizards, and in other 
parts of the world che indigenous fauna all contribute to 
the natural cycle thar returns the body fats and proteins to 
the food chain, 

‘Afier several months, the softer tissues and viscera pro- 
gressively disintegrate, leaving the more solid organs, such 
as uterus, heart and prostate, together with the ligamentous 
and tendinous tissues attached co the skeleton, Often some 
areas of skin persist, especially where protected by clothing 
or under the body against the supporting surface. Much 
depends upon the environment, as a corpse in the open air 
will suffer far more from rain, wind and especially animal 
predators, compared with one in a locked room, 


Eventually, the body will be reduced co a skeleton, but for 
some time, ligaments, cartilage and periosteal tags will sur- 
vive. The season of year and the location will make a great 
difference to the time scale of skeletalization: a body dying 
‘outdoors in the late autumn will ‘survive’ longer through the 
ccold winter and spring than one dying in the early summer. 
The effects of animal predators are profound in terms of 
removing soft tissues from the bones, In broad terms, a 
corpse outdoors in a temperate climate is likely ro be con- 
verted to a skeleton carrying tendon tags within 12-18 
months, and 10 a ‘bare-bone’ skeleton within 3 years; there 
are, of course, numerous exceptions, depending mainly on 
the local environment. In closed conditions indoors, a body 
may never skeletalize, often being converted toa dried, partly 
putrefied, partly mummified shell 


Decomposition in immersed bodies 


The old rule-of-thumb that bodies decay twice as fast in air 
as in water is grossly inaccurate, but emphasizes the slower 
rate of decomposition of immersed compses. Though in 
mortuary practice ‘drowners' are generally regarded as 
being the major source of offensively rotten bodies, this is 
usually because discovery and recovery is far later chan in 
deaths on dry land, Water, in fact, slows up putrefaction, 
mainly because of the lower ambient temperature, and pro- 
tection from insect and small mammal predators 

"The water also affects the usual processes of decay in that 
the epidermis becomes macerated and eventually detached, 
as described in the Chapter 16, Gas formation is the reason 


Ficune 2, 


4 Bloating of fice and effsion 
of bload-tinged fluid from the nostrils and 
‘mouth. A body recovered from water, past 


‘mortem sine approximately 11 days 
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Ficune 2.16 Adlipocere formation in a body after 3 months in the 


sea, Subcutaneous fit has been released from crustacean biteron the 
shin and has been converted into adipacere, which has been rlled by 
wave action within the clothing to farm ovoid mae 


for the inevitable flotation of an unweighted body, chough 
the time of reappearance at the surface is extremely variable 
and certainly does not follow the speculative timetable of the 
older textbooks. The usual posture ofa freely floating body is 
face down, as the head is relatively dense, and does nor 
develop the early gas formation in the abdomen and thorax. 
This lower position favours fluid gravitation and hence more 
marked decomposition, so that the face is often badly putre- 
fied in an immersed body, making visual recognition diffi 
cule or impossible at an early stage. As stared, temperature is 
the major determinant of the rate of putrefaction. Though it 
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EiGune 2.15 Marine predation in a body 
after 3 months inthe North Sea. The 

victim was from an oil rig and had floated 
it. Much of the 
shin har been removed by cruntaceans, and 


om the surface ina lif 


the arin muscle by larger fish wha have 


cleaned out most ofthe body cavity 


is usually claimed that the nature of the water in respect of 
sewage, for instance, isimportant, itis a minor factor as most 
of the micro-organisms responsible for decay come from the 
alimentary canal and respiratory passages of the body itself 


Decomposition in buried bodies 


The rate of decay of bodies buried in earth is much slower 
than of those in either air or water. In fact the process of 
putrefaction may be arrested to a remarkable degree in cer- 
tain conditions, allowing exhumations several years later to 
be of considerable value. In this respect the prospect of an 
exhumation should never be dismissed on the grounds that 
because of the lapse of time, ir is bound to be worthless. 
Ic may turn out to be of litle value, but this cannot be 
anticipated, and not infrequently the condition of the body 
may be surprisingly good. 

The speed and extent of decay in interred corpses depends 
fon a number of factors. IF the body is buried soon afier 
death, before the usual process of decay in air begins, putre- 
faction is less and may never proceed to the liquefying 
corruption usually inevitable on the surface. A lower tempera- 
ture, exclusion of animal and insect predators, and lack of 
oxygen are important factors, Although most bacteria 
originate in the intestine, there is less access for secondary 
invaders and the restriction of oxygen inhibits aerobic organ- 
isms. Ifthe body is rotting before burial chen, although the 
process slows down, ic will still severely damage the corpse, as 
enzymatic and bacterial growth have had initial encourage- 
ment from a higher ambient temperature and free access 
of air, thereby producing conditions in which secondary 
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Ficune 2.17 Decomposition in a body buried in a shallow grave for 6 months (sce Figure 1.2). The sil ad collapsed into cavities around 
the corpee, partly due tothe weight of actors passing over it. This allowed acces ta fle and discovery bya dog. The body is partly pusrefed, 


ur has some adipocere 


invaders (including anaerobes) can continue their work in a 
good culture medium that is already partly liquefied by the 
earlier stages. 

Deep burial, as in the usual cemetery interment, pre- 
serves the corpse better than the shallow grave seen in some 
concealed homicides. The deep burial is colder (except in 
extremely cold weather), it excludes air better and, unless 
waretlogged, is nor directly affected by rain, 

"The nature of the soil is not directly relevant except in its 
drainage and aeration properties. Heavy clay will exclude 
air and, if well above che water table, will exclude percolat- 
ing surface water. By contrast, light sandy soil may allow 
access of both air and rainwater, but will drain more effect- 
ively. The soil factor is less important than the topography 
in which it lies~ in a valley floor or below the water table, 
waterlogging is inevitable, but on a well-drained hillside 
the grave may remain relatively dry. 

Another factor that aids the preservation of legitimately 
buried corpses is the coffin, Though modern coffins are 
often of wooden laminate or chipboard, which rapidly dis- 
integrates when wet, any kind of coffin helps to exclude 
water and air for a time. A substantial, sound jointed coffin 
say last for years and the modern rarity of a sealed metal 
liner can keep a body in an excellent state of preservation 
for a long time. 
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‘A major factor that helps to slow decomposition is, of 
course, the absence of animal predation in burials. Again, 
if a corpse is buried before insect eges ae laid, the profound 
effect of maggot infestation is avoided. Rodents and larger 
‘mammals can only reach shallow burials, and in deep incer- 
ments the coffin has to be breached hefore even the limited 
fauna of thar stratum can gain access 

‘As in all puttefaction, i is unrealistic to try to construct a 
timetable for che stages of decay in burials The permutations 
of factors mentioned above make it impossible, especially 
where adipocere formation takes place, as described below. 
The author (BK) has exhumed a chapel cemetery in the 
waterlogged peat of a Welsh valley and found nor a trace 
of body, even skeleton, in graves with headstones confirming 
death only 20 years previously. By contrast, other bodies 
elsewhere were perfectly recognizable — and a standard 
autopsy could be carried out—one and a half years after death. 

‘When bodies are buried in coffins in vaults, rather than 
in earth, then again there can be a variable rate of decay. 
‘Some bodies may develop adipocere, others may wholly or 
partly mummify. 

‘There are many publications on this subject, mainly 
derived from the examination of historical sites or church 
‘crypts thar have had to be cleared. The subject is of consid- 
erable interest but of limited forensic relevance. 
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FORMATION OF ADIPOCERE 


‘An important and relatively common post-mortem change 
is the formation of adipocere, a waxy substance derived 
from the body fat. ‘The name was given to it by Fourcroy in 
1789, being derived from ‘adipo’ and ‘cite. to indicate its 
affinity with both fat and wax. In most instances the change 
of adipocere is partial and irregular, though occasionally 
almost the whole body may be affected. In small amounts, 
adipocere is more common than usually thought in buried 
or concealed corpses. It is caused by hydrolysis and hydro- 
genation of adipose tissue, leading to the formation of 
greasy or waxy substance if of recent origin. After months or 
years have passed, adipocere becomes brittle and chalky. The 
Colour can vary from dead white, chrough pinkish, toa grey 
or greenish-grey. The substance itself is off-white, but stain- 
ing with blood or products of decomposition can give it the 
red or greenish hues. The smell was accurately described by 
WED Evans (1962, 1963a, b) as being ‘earthy, cheesy and 
ammoniacal’ 


The chemistry of adipocere has been studied extensively 
It contains palmitic, oleic and stearic fatty acids together 
with some glycerol, though the latter may have been leached 
out in older adipocere. These form a matrix for remnants of 
tissue fibres, nerves and muscles, which give some slight 
strength to the fats (see Mant and Furbank 1957). Crystals 
with radial markings can be found in the adipocere. Body 
far atthe time of death contains only about half of I per cent 
of fatty acids, but in adipocete, this may rise to 20 per cent 
within a month and more than 70 per cent in 3 months. 
The formation of adipocere, as an alternative co otal 
putrefaction, requires certain environmental conditions. 
A body left exposed in air, unless the conditions are condu- 
cive to mummiification, will undergo moist putrefaction if 
the temperature remains above about 58°C. In burials, 
immersion in water, and in incarceration in vaults and 


crypts, adipocere ofien forms toa greater or lesser extent. 


Ie is usually taught thar moisture is necessary for che 
process, and it is undoubtedly a fact thar most adipocere 
formation occuts in immersed bodies and those in wet graves 
and damp vaults, Numerous cases have been described, how 
ever, in which dry concealment also led co adipocere forma- 
tion and here it must be assumed that the original internal 
body water was sufficient for the hydrolysis to proceed, 

Ic is said that some warmth is necessary for adipocere 


formation, but the process seems to occur even in deep 


FiGuit 2.19 Conversion of facial and orbital fer into adipocere 
fier several mantha in water, There is alo a penetrating wound 
onthe forehead, obviouly ante-mortem fiom the healing margins 
The body was eventually identified by obtaining hospital 
radivgraphs of the person suspected of being the victim: these 
‘matched past-mortem radiographs in respect ofthe injury and 
frontal sinus outlines. 


FIGURE 2.18 Camplete conversion of a 
body 0 adipacere. The body was recovered 
Fram a deep lake 8 years afer dicappearing 
‘na boating accident during a heavy storm. 


Farmation of adipocere 


Figure 


10 Almost complete conversion of an inf body ta 
adipocere, The body ws exhumed after 3 year burial and was 
found to consie of a hollow shell of iff adipocere with the eeletal 
clement loose within. 


FIGURE 2.21 Aalpocere formation i body lf in dry sewer unnnel 


for about 2 years. External water ir not necesary fr adipocere 
‘formation, as body fluids may be suficiens hydrolysis of ft 


a 


‘graves and in cold water. Early activity by anaerobes such as 
Clostridium perfringens assist in the reaction, as the bacteria 
produce lecithinase which facilitates hydrolysis and hydro- 
genation (see Mant 1967). Such bacteria need some warmth 
in the initial stages to reproduce and metabolize and Mant 
suggests thar rapid cooling soon after death, such as by immer- 
sion in water, may actually retard the Formation of adipocere: 

‘The frequency with which adipocere forms may be 
‘gauged by the observations of those who have exhumed old 
cemeteries and vaults, as well as the victims of wartime 
slaughter (see Evans 19633; Mant 1967; Polson ef al. 1975; 
Evans 1963a), The latter found that over half the occupants 
of dry vaults had some adipocere. It was present in 63 per 
cent of women and 45 per cent of men. 


‘The importance of adipocere 
formation 


TThe process is more than a biochemical curiosity as, once it 
is formed, adipocere may persis for decades or even centuries. 
The usual dissolution of putrefaction is replaced by a perman- 
ent firm cast of the fatty tissues and, although distorted 
compared to the immediate post-mortem shape, it allows the 
form of the body and sometimes even of the facial features to 
be retained in recognizable form. Injuries, especially bullet 
holes, may be preserved in a remarkable fashion (Mant 
1967). Though adipocere mainly affects the subcutaneous 
fat, it may also preserve the omental, mesenteric and peri- 
renal adipose deposits; in addition, organs containing fat 
through pathological or degenerative processes may be pre- 
served by adipocere forming in their parenchyma. 

‘The time required for the production of adipocere has 
been a matter of controversy. The old authors claimed that 
3-12 months were required, and Casper (1862) suggested 
6 months, but itis obvious that the process can occur much 
faster than this. 

"There seems little reason to doubr that hydrolysis of 
body fat begins soon after death, as crystals of fatty acids 
have been found in infant bodies lying in water for only a 
week. This process is usually overtaken by liquefying putre- 
faction, however, which allows the fat, especially in obese 
persons, to collect as extracellular pools and pockets of 
triglycerides in the body cavities. 

If the putrefactive process is slowed by burial or immer- 


n, then hydrolysis and hydrogenation can outpace putte- 
faction, In addition, adipocere formation actually inhibits 
putrefaction, asthe increasing acidity of tissues and the dehy- 
ration caused by the consumprion of water in hydrolysis 
slow the growth and spread of the usual putrefactive organ- 
isms, The point at which adipocere becomes visible to the 
naked eye varies greatly, bur it has been observed as early as 
3 weeks, though 3 months isa more typical period. Adipocere 
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is often mixed with the other forms of decomposition. Even 
within a coffin or other place of sequestration, there may be 
several different ‘mini-environments'. One end of the body 
may be putrefied or skeletalized, whilst other parts may be 
mummified or in adipocere, Certain areas tend to develop 
adipocere, such as the cheeks, orbits, chest, abdominal wall 
and buttocks, Only rarely is the face preserved well enough 
by adipocere to be genuinely recognizable, as disintegration 
of the eye globes and shrinkage of the tissues around the nose 
and mouth obscure che most characteristic features. 


MUMMIFICATION 


‘The third type of long-term change after death is mumn 
fication, a drying of the tissues in place of liquefying pus 
faction. Like the other modes of decomposition, this can be 
partial and can coexist with them in different areas of the 
same body. It is, however, more likely than the others to 
extend over the whole compse. 

Mummification can only occur in a dry environment, 
which is usually, but not exclusively, also a warm place 
Mummificarion can occur in freezing conditions, partly 
because of the dryness of the air and partly because of the 
inhibition of bacterial growth. The most widely known forms 
of mummification are those in hor, desert zones. The process 
of artificial mummification practised for millennia in Egypt 
was an imitative process founded on che natural mummifica- 
tion of bodies in predynastic times, The essential requirement 
for mummification is a dry environment, preferably with a 
moving air current. IF sterility of the tissues can be attained, 
as in a newborn baby, then putrefaction is held at bay whilst 
drying occurs, The appearances of mummification display 
desiccation and brittleness of the skin, which is stretched 
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tightly across anatomical prominences such as the cheekbones, 
chin, costal margin and hips. The skin is discoloured (usually 
being brown), though secondary colonization by moulds 
may add patches of white, green or black, 

The skin and underlying tissues are hard, making 
autopsy dissection difficult. The condition of the internal 
organs is variable, depending partly on the length of time 
since death. They may be partly dried, partly putrefied ~ 
and adipocere is not uncommon. In fact, slight adipocere 
formation is common in mummification, and perhaps the 
two are related in that the utilization of body water co 
hydrolyse fat in curn helps to dehydrate the tissues. ‘The 
major factor, however, is evaporation from the surface in 
dry conditions. 

Like adipocere, facial recognition may be possible in some 
instances, though the shrunken distortion and loss of eyes 
and full lips considerably alter the Features, Mummification 
is likely to occur in temperate climates when the body is 
left undisturbed in a dry, warm place. These include closed 
rooms and cupboards, haylofis, attics and beneath floor- 
boards. Because concealment favours mummification, a 
‘number of these bodies are hidden homicides — one of the 
best known being the ‘Rhyl mummy’ in North Wales, when 
a strangled woman was concealed in a cupboard for many 
years, whilst her pension continued co be claimed. Other 
instances are where a natural death has been concealed For 
some purpose. The author (BK) has also seen two deaths 
in hay barns, where the corpses were undisturbed for over 
a year. 

Most experienced forensic pathologists are familiar with the 
mummified fetus or newborn infant, concealed in domestic 
circumstances, such as a house loft, where complete mum- 
mification has taken place, Wich small bodies such as these, 
evaporation is faster and more complete, and may extend 


FiGUne 2.22 Mummifcation in a man 
lea ina lacked room far 10 weeks, The 
corps is dey and leathery. with very litle 
mie putrefiction. 
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Figure 6 


Post-mortem damage by predators 


to all organs, especially as there would have been no inva- 
sion of puttefactive micro-organisms from the gut. 

The timing of mummification is not well documented, 
as most mummified corpses have been concealed so well 
thar discovery does not occur until long afier che process 
hhas reached its maximum effect. It certainly takes some 
weeks and the early stages are often mixed with a degree of 
putrefactive change, especially in the internal organs. 

fier complete drying has taken place, the body may 
remain in that state for many years, Eventually, mould for- 
mation and physical deterioration progress, che dried tissues 
becoming split and powdery and gradually disintegrating, 
This process is usually hastened by animal predation. Even in 
the shelter of a barn or house, moths, beetles, mice and rats 
will wreak damage on the corpse. It will eventually skeltalize, 


though tough, leathery shreds of skin, tendon and ligament 
may persist for many years. Mummification allows major 
injuries to be preserved, chough as in the putrefied body, the 
detection of bruises and abrasion may be difficult or impos- 
sible to differentiate from discoloration, artefacts and fungal 
damage. The stiff tissues can be softened for better examina- 
tion and histology, by soaking in a 15 per cent solution of 
glycerine for several days (see Evans 1962). 


POST-MORTEM DAMAGE BY 
PREDATORS 


Animal predation is part of the natural food chain, which 
returns the proteins, fats and carbohydrates of dead bodies 


Ficune 2.23. The mummified body ofan 
absconder from a mental hospital who was 
found a year later in a bay barn. The dry 
environment had inbibited wet 


decomposition 


FiGURE 2.24 Extensive mould formation 
and lack of putrefactve change ina child 
who accidentally locked himself in a bas 
and asphyeiated. The body was net found 
for 6 week 
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to other animals, some of it passing back to the vegetable 
kingdom through soil nutrition. All ypes and sizes of animal 
are involved, the largest seen by the author (BK) being a 
‘near-miss’ by a Malayan tiger, who dragged a sleeping soldier 
from his tent, Most animal damage is more mundane, the 
beasts varying from ants to foxes, and from bluebortles to 
‘monitor lizards. Foxes can drag parts ofa body away to a dis- 
tance of at least 2 miles 

The type of predation varies greatly with geography, 
season, and whether the dead body is indoors or out in the 
open. IF iris lying in the countryside, large predators will 
cause prompt and severe damage, even complete destruc- 
tion being possible in a short time. In temperate countries, 
foxes and dogs form the main agents, and the body may 
be dismembered and scattered over a wide area, especially 
if advancing putrefaction makes disarticulation easy. IF 
conpses are in inland waters, damage from water rats and 
fish is possible, as well as attacks From dogs and foxes, if the 
body lies exposed on the bank of a river or a lake. 

The type of damage from canine and rodent predators is 
usually obvious, a the local removal of large amounts of flesh 
is usually accompanied by evidence of teeth marks. Rats and 
cats leave a crenated edge to fairly clean-cut wounds, the post- 
mortem nature of which is obvious from the lack of bleeding 
or an inflamed marginal zone. Mice rarely attack bodies, but 
may help to remove the dried, crumbling issue of a mummi- 
fied corpse. The most active tissue removers are maggots, the 
larval stage of bluebottes (Calliphora) and flies (Musca). The 
use of the life cycle in timing death is deale with elsewhere, 
bur here we are concerned with their destructive effects on 


FiGURE 2.25 Lows of al sft tues of head 
and neck, in areas not covered by clothing 


by post-mortem animal predation, 


FicUie 2.26 Post-mortem nit bites ofthe orbit. Such injuries are — 
not unnaturally — often regarded with suspicion bythe police. The 
complete abtenceof bleeding or reddening af the wound margins, at 
swell as he unlikely shape and situation of the injury. make its pas 
mortem origin obvious 


cconpses. In temperate zones their activity is seasonal, but in 
hor countries their predatory work is ever present. The adult 
insects lay eggs on the fresh corpse (or even on a debilitated 
live victim), choosing wounds or moist areas such as the 
eyelids, lips, nostrils and genitalia. Once skin decomposition 
begins, che eggs can be deposited anywhere. The eggs hatch 
ina day oF so, and several cycles of maggot develop, shedding 
their cases at intervals, depending on the species. 


Post-mortem damage by predators 


HE 2.28 A post-mortem animal bite that was mistaken fara 


criminal asaule. The old lady was found locked in with a cat, 
having died from a gastric haemorrhage. The wound bas not bled, 
the margins are nat reddened and tooth erenations can be seen 
round ite edge 


A body recovered from the 
Baltic Sea with numerous superficial skin 
defects on the face and neck due to post 
‘mortem predation, probably bythe 
crustacean Saduria entomon, shown in the 
inserted picture with a smaller crimp in 
the middle 


The maggots are voracious and energetic, first exploring the 
natural passages, such as mouth and nostrils, hen burrowing 
into the tissues. They secrete digestive fluids with proteolytic 
enzymes that help soften the tissues, burrowing beneath the 
skin, and making tunnels and sinuses that hasten putrefaction 
by admitting air and access to external micro-organisms. 
Successive waves of eggs are laid, producing new generations 
‘of maggots. Eventually, loss of tissue and drying make the 
host cadaver unattractive to egg-laying insects, and the later 
stages of decomposition become fiee from maggots. 

Beetles and many other types of insect and arthropod 
join in the destruction, but one particular insect must be 
mentioned. ‘This is the ant, which can attack the body soon 
alter death before putrefaction begins. A common place for 
ant attack is around the eyelids, lips and on the knuckles. 
The lesions are superficial ulcers with scalloped, serpiginous 
margins. They can be mistaken for ante-mortem abrasions, 
but their position, margins and lack of bleeding or inflam- 
matory changes usually make them easily recognizable. 
Shapiro, however, has documented cases where extensive 
linear ant lesions have resembled ligature abrasions around 
the neck (Shapiro et al, 1988). 

Tropical ants can de 
and, although stories of soldier ants reducing horses co 


ur tissues to a considerable extent 


skeletons within minutes are apocryphal, predation by 
large numbers of insects can be extensive 

In water, all manner of aquatic animals can mutilate 
immersed bodies, as well as land mammals if the corpse is 
in shallow water or grounded on a mudbank or the beach. 
Large fish can be torally destructive, especially in tropical 
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waters, but even in temperate seas severe damage can occur. 
Some of the victi 
Ireland in 1985 were ravaged by sharks. Large gouges from 
the wound edges, punctures from teeth and extensive tissue 
loss, even with fractures of large bones such as the femur, 
characterize shark attacks 

Smaller fish can wreak severe damage, the prime example 
being piranhas, though many species will devour both fresh 
and decomposing bodies. Crustaceans are also predatory 
and can remove circular areas of skin to expose the subcuta- 
neous fat, which may detach inside the clothing to form 
masses of adipocere. Birds also cause damage, usually to the 
dead, though crows may mutilate ive lambs. The habits of 
carrion birds, such as the vulture, are well known, but 
smaller birds will inflict injury on exposed bodies, espe- 
cially when putrefaction softens the tissues. 

All animal predation varies in appearance according to 
the size and shape of the teeth or jaws of the predator, but all 
such post-mortem injuries have features in common. There 
is no bleeding apart from the minute quantity actually in 
the vessels of the damaged part, and certainly no active 
haemorrhage into the wound margins. Naturally, there is no 
oedema or reddening of the edges as might be seen in an 
ante-mortem wound earlier than the perimortal period. 
Crenation of the edges is a useful guide where small rodents 
or other animals are involved, though large carnivores can 
make totally irregular tears in the tissue. Some animals, such 
as dogs and foxes, may leave punctured wounds adjacent to 
the damaged edge where sharp teeth have penetrated, On 
bones, the incisor teeth of rodents and larger carnivores can 
leave parallel gouges, which must not be mistaken for illicit 
hhuman activities. In domestic surroundings, pets may inflice 
drastic post-mortem injuries if they are locked in with 
dead person. Dogs and cats can cause injuries that puzzle 
those, such as the police, who are unaware of the possibility. 
Complete decapitation by Alsatian dogs has been seen by 
both of the authors, as well as genital injury. 


i of the Air India aircraft disaster near 


THE ENTOMOLOGY OF THE 
DEAD AND POST-MORTEM 
INTERVAL 


‘This is a highly specialized subject and, when the issue of 
time since death is important, such asa criminal investiga- 
tion, it is essential that, wherever possible, the pathologist 
has the assistance of an entomologist with forensic experi- 
ence. As in forensic toxicology and serology when serious 
medico-legal issues are at stake, there is no place in forensic 
entomology for the “occasional expert’ who dabbles in the 
subject when the opportunity arises. Having said this, itis 
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helpful co know sufficient about the topic to recognize 
when expert help is required, and to understand what 
information and specimens need to be obtained. 

“The rationale of forensic entomology is that after death 
invasion of an unprotected body by sarcosaprophagous insects 
and other small fauna comes in successive waves. Different 
species of arthropods colonize the cospse at different periods 
after death. In addition, some species (including the most 
common blowilies) pass through complex life cycles that can 
be used to determine at least the minimum time since death 
by studying the stage of maturation of the insects. The science 
is inexact and is modified by a number of factors, both cli 
‘matic and geographical, but in expert hands can sometimes 
yield useful information about the date of death at a period 
‘when other indicators have ceased to function. These methods 
have been used since the middle ofthe eighteenth century, but 
“Megnin placed forensic entomology on a sound basis with his 
publication of La fine des cadaines in 1894. There are now a 
substantial number of publications on the subject, though 
most of them need specialist zoological knowledge for the 
interpretation of the species involved and their complicated 
‘maturation cycles, Irs essential thatthe entomologist has the 
fullest possible information about the nature of the environ- 
ment in which the body was found and, if possible, he should 
visit the scene himself Iris also vital to have accurate data on 
the weather, especially che ambient temperature of the area 
during the petiod in which the body had been lying there, as 
the maturation times of insects (especially blowlies) are 
markedly altered by climatic conditions. 

The most common insect found on relatively fresh 
corpses is the blowily, a colloquial name for a group of fly- 
ing insects of the order Diptera, with almost worldwide 
distribution. ‘They mainly comprise the bluebortles, the 
grcenbottles and the housefly: There are numerous species, 
with variations in life cycles that are altered by climatic 
conditions. The bluebortle (Calliphora) is the most com- 
mon, especially Calliphont vicina Robineau-Desvoidy 
(Calliphora erythrocephala Meigen), the most frequent 
invader of dead flesh. These are large, bristly flies abour 
6-14 mm long, with iridescent blue abdomens. 

“They do not fly in the dark and thus eggs are laid only in 
daylight, This means that a cospse found at night or in the 
morning with eggs upon it, almost certainly died the previ- 
‘ous day. Bluebortes rarely fly in winter, but may do on fine 
days, though when the temperature is below 12°C: they are 
unlikely to lay eggs. Rain is also a marked deterrent co egg. 
laying, except in the case of the Sarcophagidae. Blucbortles 
prefer fresh rather than decayed carrion and lay their eggs 
soon after death, which may be of medico-legal significance, 
Indeed, they may lay eggs on the living, especially when the 
victim (man or animal) is debilitated or wounded. A single 
bluebortle may lay up co 300-2000 eggs in clusters of 
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30-150, The eggs are laid on moist areas, such as the eyelids, 
canthi of the eyes, nostrils, lips, mouth, genitals and anus. If 
there are any open wounds or weeping abrasions, these may 
also be colonized. The eggs are yellow and banana-shaped, 
about 1.7 mm in length 

"The many tables and diagrams available for the succes- 
sion of sarcosaprophagous insects on corpses must be read 
in the knowledge that the environment, especially the tem- 
petature, makes a marked difference ro the time span of the 
larval and pupal stages. As Nuorteva et al, (1967) state: 


(Crimes do not occur under experimental conditions and 
standardized food supplies. Flies, as medico-legal 
indicators, must therefore be used in conjunction with 
the records of meteorological conditions existing at the 
time subsequent to the presumed orime. 


‘Thus the following examples, mainly taken from Glaister 
and Brash’s (1937) account of the notorious Ruxton mur- 
det, muse be read with this caution firmly in mind ~ and 
wherever possible, the pathologist must enlist the aid of an 
experienced entomologist. 

‘Adult blucbortles will begin to lay eggs about 4—5 days 
after emergence from pupation. Eggs will not hatch ar 
temperatures below 4°C, but they will develop at 6-7% 
“The time from laying to hatching is 8-14 hours, depending 
on the temperature, 

"The first maggor stage (frst instar) tries to penetrate the 
tissues or enter any nearby body cavity such as the mouth 
or wounds. Maggots have powerful proteolytic enzymes 
that aid dissolution of the tissues and facilitate penetration. 
“The first larval instar persists for another 8-14 hours, then 
the outer skin is shed and the second larger instar feeds for 
another 2-3 days 

‘Afier a final moult, the third instar spends about 6 days on. 
the body before leaving it to migrate some distance to hide in 
the ground or under some other cover (even a carpet) to 
pupate. The pupa is a brown leathery capsule in which the 
insect metamorphoses into the winged ly after abour 
12 days. ‘The new bluebortle emerges and leaves the empty 
pupa case behind, ready to begin the cycle over again, which 
thus lasts about 18-24 days from egg to adult, ‘The greenbortle 
(Lucilla caesar) and the sheep maggot fly (Lucilla seriata) 
have life histories that are similar to that of the bluebottle, 

“The common house fly (Musca domestica) is different in 
that, unlike the bluebortles, it prefers wo lay its eggs on 
already decomposed flesh, though it is more attracted to 
garbage and manure than to cadavers. The eggs are much 
smaller and white rather than yellow, Hatching time is 
8-12 hours, the first instar at about 36 hours, the second 
instar at 1-2 days and the third ar about 3-4 days. Pupation 
lasts up to 7 days, less in warm weather, The whole cycle 
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is thus about 14 days at about 22°C, chough again it must 
be emphasized that variations in ambient temperature make 
considerable differences to the speed of maturation. A table 
by Busvine (1980) shows that the total cycle length varies 
from 9 days ar 40°C to 32 days at 16°C. 

Entomologists have constructed tables of variation in 
larval length according to age and temperature; expert know- 
ledge and strict identification of the species is needed before 
definite opinions upon minimum times since cadaver death 
are offered. Some of the times quoted above were taken 
from the extensive entomological work performed on the 
Ruxton case in 1935, bur do not correspond to the cycle 
periods published by Kamal in 1958. The rotal maturation 
times that he found in experimental conditions at 22°C: are 
much longer, being 14-25 days (average 18) for Cilliphona 

In many of the published cases where Calliphont have 
assisted in the estimate of the time since death, ic is an 
assessment of the age of larvae that is made from their size, 
Of course this can only be a minimum estimate, especially 
if mixed generations are present as a result of successive 
‘waves of fies laying eggs at different times, As already said, 
however, bluebortles do nor favour decomposed tissue for 
oviposition, so egg-laying is likely to cease within a couple 
of days of death. If pupa cases are seen either on or near the 
body, then any larvae present may be from later waves ~ 
even second- or third-generation insects 

In addition to maggots on the body, other fauna in the 
soil beneath a corpse leave the area and a reduction in the 
number of species of normal soil insects may be a marker 
for the site of a body, even for some time after the later has 
been removed. The minimum population of arthropods under 
a corpse is reached after about 2 months; it chen revives, but 
with quite a different range of insects from the original 
inhabitants. ‘The absence of eggs or maggots on a body may 
sometimes be of use, as it may indicate that a body has been 
in a sheltered place inaccessible to flies, even if it was later 
moved out, Where a body has been buried, even a shallow 
covering of soil may protect it from oviposition; where part 
of the body protrudes, this may wel be the focus of maggot 
infestation 

Different types of insects invade the body afier the moist, 
putrefaction stage that is associated with blowfly maggots 
has passed. Ar different seasons, diferent insects may be preva- 
lent so that the finding of say, Phoridae and Sphaerocerdiae 
in Europe would suggest that the body had been there in 
the summer months. Larder beetles (Dermeste)) may arrive 
3-6 months afier death; house moths may attack dried 
tissues such as mummies and can dispose of keratin such as 
hair and beard. Beetles (Coleoptera) are late arrivals and are 
usually found in dried or adipocerous corpses. These and 
many more are related more to season than time, so again 
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the considered opinion of an expert is necessary. The absence 
of insects in certain climates may indicate that death took 
place in the winter months when no active colonization was 
occurring. 


Collection of material for 
entomological study 


“To the practising forensic pathologist, the main concern in 
this context is the careful collection and dispatch of speci- 
mens to an entomologist with forensic experience. 

First, the entomologist needs to know all available facts 
about the environment in which the body was found — 
preferably he should visic the locus himself ifthe matter is of. 
legal importance. He should be told the temperature of the 
maggot mass and ambient temperature around the time the 
body was found. If no actual temperature measurements 
were taken by the pathologist at the scene — and even if they 
were local records should be obtained from the nearest 
meteorological centre, Without this information the prob- 
able maturation rate cannot be estimated. ‘The nacure of the 
locus should be described, in terms of vegetation, trees and 
undergrowth if outdoors. Where maggots are present, some 
should be placed live in a tube and, if there is delay in tran- 
sit to the entomology laboratory, a fragment of meat should 
be included for food. Any adult fies, other insects and eggs 
should also be collected without preservative. 

In addition, some maggots, adults, pupae, empry pupa 
cases and eggs should be sent afier fixation, They can be 
placed directly into 80 per cent alcohol, but preferably in 
three parts 80 per cent alcohol with one part glacial acetic 
acid. Even etter is Pimple’ fluid, which is six parts 35 per 
cent formalin, two parts glacial acetic acid, 15 parts 95 per 
cent alcohol and 30 parts water. Formol saline 10 per cent 
(as used for histological fixation) should not be used. 

If there are different insects on the body, they should be 
placed in separace tubes — especially if they are alive—as some 
may devour the others before they reach the laboratory. 

‘Whatever is sent should be labelled or numbered accord- 
ing to a key thar records where on the body they were 
found. IF outdoors, the soil beneath the body should be 
sampled and, where a full cycle has occurred, pupae or 
cases should be obtained by shallow trenching in radii 
around the body. 

‘When the body has been recovered from water, any 
insects or crustaceans should be recovered. Body parasites 
may occasionally be useful, Fleas and lice can survive toral 
immersion for some hours, but the advice of an entomolo- 
gist should be sought if parasites are found on an immersed 
body to determine the minimum survival time of that 
particular species under the existing circumstances, 
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ESTIMATION OF THE TIME SINCE 
DEATH BY BODY COOLING 


"Though the study of the rate of cooling of the dead human 
body is essentially an exercise in physiology, its porential 
use in determining the time since death have made it the 
‘most frequent topic for research in forensic medicine. 

For more than one and a half cencuries, papers have been 
published devoted to refining the problem further, which 
has obvious and important connotations in che investiga- 
tion of criminal deaths. Unfortunately, the vast amount of 
labour in this direction has not been rewarded by compar- 
able improvements in accuracy because of the permutations 
of factors thar defeat exact calculation of the post-mortem 
interval. The history of this research is in itself extensive 
(Knight 1988) bur a few cardinal points might be men- 
tioned here to mark the various phases of investigation, 

"Though the fact that a dead body becomes progressively 
colder after death has naturally been known since earliest 
times, scientific measurements were first published in the 
nineteenth century. Dr John Davey in 1839 recounted 
experiments with dead soldiers in Malta and Britain, using a 
mercury thermometer. Though this pioneer made no prac- 
tical contribution to the problem, some of his comments are 
remarkably pertinent across a gap of more than 150 years: 


Much judgement, however and nice discrimination 
may be requisite on the part of the medical man, in 
appreciating the circumstances likely to modify 
‘temperature, s0 as to enable him when called upon 
for his opinion (of the time of death), to give one 
hich will be satisfactory to the legal officers - and to 
himself ~ on reflection 


‘These cautionary words are just as applicable nowadays 
when, unfortunately, some doctors offer a time of death 
«with a confidence often inversely proportional to their experi- 
ence, In 1863, Taylor and Wilkes wrote a classic paper 
which introduced many of the current concepts, such as the 
initial temperature plateau, the core temperacure, heat gra- 
dient and the effect of insulation. ‘Taylor was, of course, 
Alfred Swaine Taylor of Guy's Hospital, author of the text- 
book that remained the definitive work on forensic medi- 
cine for almost a century. Later in the nineteenth century, 
Rainy of Glasgow first applied mathematical concepts to the 
problem and produced a formula for calculating the time of 
death. He also pointed out thar Newton's Law of Cooling 
did not apply to the human body. In 1887, Womack first 
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used centigrade units, though his use of the now familiar 
temperature graphs was anticipated by Burman in 1880, 

In this century, the most quoted papers were those by 
De Saram in Ceylon (De Saram et al, 1955; De Saram 1957), 
who published careful and detailed measurements of con- 
trol cases obtained from executed prisoners, His data are still 
being studied and reworked. The names Fiddes and Pacten 
are known to all those interested in this subject as, in 1958, 
they produced a paper that was a classic, as Taylor's had been 
in the previous century. Using repeated temperature meas- 
urements they devised 2 percentage cooling method and 
explored complex theoretical aspects, such as the ‘infinite 
cylinder’ model, for the human body. 

Marshall and his collaborators dominated the publica- 
tions in the 1960-1970 period, with papers thar explored in 
depth the mathematical aspects and confirmed the double 
exponential or ‘sigmoid’ shape of the rectal cooling curve. In 
the last decade or so, many more papers and new techniques 
have been produced, with computer assistance increasingly 
used. Amongst these, Henssge and Madea in Germany have 
been predominant, Microwave and infrared thermography 
have been explored and the physics and mathematics of 
body cooling probed in such depth that ofien the scientist 
in the research group has difficulty in explaining the 
concepts to his medical collaborator. In spite of all chis 
activity, practical methods of determining the time of death 
continue to lack accuracy. Though some recent publications 
offer firm advice and describe methods, they can do no 
more than provide a ‘time bracker of probability within 
which death is thought to have occurred. 


Post-mortem cooling 


Except where the environmental (ambient) temperature 
remains at or even above 37°C, the human body will cool 
after death. A uniform, homogeneous laboratory ‘body’ will 
cool according to Newton's Law of Cooling, which states 
thar the rate of cooling is proportional co the difference in 
temperature between the body surface and its surroundings. 
Graphically represented, this will display the curve of a single 
exponential expression, not a straight line. A human body 
does not obey Newton's Law, though the size of the discrep- 
ancy varies according to several fctors. When death occurs, 
heat transfer within the body chrough the circulation ceases. 
Metabolic heat production, occurring mainly in the muscles 
and liver, does not cease uniformly and some heat generation 
continues for a variable time. As soon as the supply of 
warmed blood ceases with cardiac arrest, the skin surface 
immediately begins to lose heat. ‘The rate is variable because 
of clothing, posture and shielding against the supporting 
surface and, of course, the environmental temperature. 


ince death by body cooling 


‘The centre or ‘core’ of the body cannor begin r0 cool 
until a ‘temperature gradient’ is sec up by the cooling ar the 
skin surface, As the tissues are poor heat conductors, this 
gradient cakes a variable time to become established and 
therefore a thermometer placed near the core (usually in 
the rectum) will nor register a fall for some time. This is the 
well-known ‘plateau’, which forms the upper flattened or 
slightly sloping part of the double exponential curve when 
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FiGURE 2.29 Cooling curves: the Newtonian single exponential 
curve (a) doesnot occur in practice, except om the surfice ofthe body. 
Because ofthe variable plateau (), the true curve for deep core 
temperature (b) assumes a double exponential shape. 
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FiGune 2.30. Diagrammatic representation oftome variables in 
brody cooling curves: (a) average bad (b) obeie body (c) heawily 
clothed bady,(d) thin bods, (e) naked body (f) Iyposhermic body 
and (@) febrile body. 
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rectal temperatures are measured. If skin temperatures are 
used, as in some of the nineteenth century research, no 
plateau is found, and, using cranial temperatures taken 
through the nose, ear or skull, the plateau is less, asthe core 
is neater the surface. 

‘The central part of the cooling curve approximates 10 
Newtonian principles, being faiely straight or only a shal- 
low curve. As the temperature differential between the 
body and environment approaches zero, the graph again 
lactens off into a lower shelf. Unlike the laboratory body, 
the human body rarely reaches the ambient temperature 
unless the latter is at or near freezing. ‘This is probably 
because enzyme and bacterial action starts during early 
decomposition and, much as a compost heap warms up, 
the temperature may actually rise a few days after death. 

‘The typical rectal cooling curve then, isa‘sigmoid’ shape 
or ‘double exponential’ curve. ‘The part that is of use in 
forensic medicine is the central section showing the steepest 
fall, ‘Theoretically, if one assumes that the body tempera- 
ture at the time of death was 37°C, then finding the point 
con this section corresponding to the measured rectal tem- 
perature should allow extrapolation back to the 37°C point 
which is at zero on the time scale, thus giving the post- 
mortem interval 

Unfortunately, a number of variables make this attractive 
proposition impossible to attain in practice. Nor only are 
there variables, but the variables themselves often vary dur- 
ing the period before the body is discovered and examined. 
For example, the ambient temperature may change 
markedly ~ perhaps several times ~ and often this may nor 
be known to the examiner. Even opening doors and allow- 
ing draughts co play on the body will have profound effects 
on the cooling curve, which cannot be detected or corrected 
retrospectively. 


Factors affecting the cooling curve 
INITIAL BODY TEMPERATURE, 


‘This cannot be assumed to be 37%C and in fact is incapable 
of ever being measured in retrospect. Not only is there a 
difference between the rectal, liver, brain, avillary, mouth 
and skin temperatures in the living person, but the absolute 
values vary slightly from person co person and from time to 
time, even in health, 

If the oral temperature is taken to be 37°C, then that in 
the axilla will be several degrees lower and that in the rec- 
tum atleast one degree higher. There is a diurnal variation 
of almost 1°C, the temperature being lowest berween 0200 
and 0600 and highest between 1600 and 1800. Strenuous 
exercise raises the temperature by up to 3°C, which persists 
for up to 30 minutes afer returning to rest. 
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When there is illness or trauma, much wider variations 
‘occur, which again are impossible to detect retrospectively. 
In febrile illness from micro-organisms or parasitic infec- 
tions, the temperature may be 4 or 5°C higher. In the foren- 
sic context, infected wounds or a septic abortion are obvious 
examples. Cerebral (especially pontine) haemorthage may 
also cause hyperthermia, as may some drug reactions. It is 
traditionally stated in many textbooks that asphyxia and 
strangulation cause agonal hyperthermia, but there is very 
litdle hard evidence for this, apart from anecdotal opinions 
passed from one author to another, One explanation may be 
that a homicide victim struggling desperately for life against 
strangulation will generate muscular heat as in any violent 
exercise, irespective of an asphyxial mode of death, 

‘Ar the other end of the scale, hypothermia is common 
even in temperate winters. Many victims of criminal assault 
may be left exposed before death and their temperature 
‘may be as much as 10°C. lower than normal 

‘As virtually all methods and formulae for calculating 
the time of death depend upon the body temperature 
being 37°C, even a slight variation can introduce a funda- 
‘mental error. 


‘THE BODY DIMENSIONS 


"The temperature gradient, which drives cooling, varies with 
the mass of the body and the surface area as well as with the 
conducting properties of the tissues. Some more complex 
calculations correct for mass:surface area ratio by means of 
nomograms (for example, those served by Henssge), bur 
these can only be an approximation, ‘The height and weight 
‘of the body must be known, which is often impossible at the 
scene of discovery. The amount of subcutaneous and abdom- 
inal far will affece the insulating properties and hence the 
temperature gradient, but there is no way of assessing or 
correcting accurately for obesity. Oedema and dehydration 
both have a marked effect because of the high specific heat 
‘of water (see James and Knight 1965). In general, thin person 
cools more quickly because of both the mass:surface area 
ratio and the lack of fatty insulation. Children have a larger 
surface area fora given body weight. 


POSTURE 


“The loss of heat from the skin thar drives the temperature 
gradient is affected by the access of air to the skin and che 
‘opportunity for radiation and convection. A body curled 
into a feral position will expose much less surface than one 
in an extended, spread-eagled posture. Another factor is the 
amount of skin resting on the supporting surface and the 
nature of that surface. A body lying full length on its back 
will lose heat by conduction faster than one resting semi- 
prone, though radiation and convection may be facilitated. 


Estimation of the time since death by body cooling 


A body on a metal mortuary tray will cool more quickly 
than one lying on straw, 


CLOTHING AND COVERINGS 


All too obvious isthe effec of external insulation by clothing 
or other coverings, even a hat. Radiation is a minor path- 
way for heat loss because of the low biological remperarures 
involved, but convection and conduction are markedly 
reduced by coverings. Even more confusion may be added 
when coverings actually contribute heat, such as an electric 
blanket left on afier death. A duvet or ‘continental quile 
will markedly retard cooling and in fact will accelerate 
decomposition co a considerable degree. Wet clothing will 
accelerate cooling, compared with dry coverings, because of 
the uptake of heat for evaporation. 


‘THE AMBIENT TEMPERATURE 


‘This is, of course, che major factor in cooling and, as was 
said ar the outset, a body will not cool after death if the 
temperature of the environment is higher than the nominal 
37°C, in face, it may warm up. This may be climatic and 
seasonal, as in large areas of the world, not necessarily in 
the tropics. It may also be due to local heating, usually in 
dwellings or other buildings. ‘This includes radiant hear 
from fires left burning near the body after death, electric 
blankets, or death in a house or vehicle fire. Where a victim 
dies in a warm bath then the whole cooling process is 
grossly distorted, the opposite of when immersion takes 
place in the cold water of baths, rivers, lakes or the sea. 


AIR MOVEMENT AND HUMIDITY 


Most skin cooling takes place by convection and conduc- 
tion with the adjacent ait as the transporting medium. In 
still conditions, a layer of warm air clings to the skin, espe- 
cially if clothed or hairy, blocking the temperature differen- 
tial, Any air movement brings fresh cooler air into contact 
with the skin and encourages the gradient from the core. 
“The humidity isa less active factor, but damp air conducts 
heat more readily than dry. A body in a small space will cool 
more slowly than one exposed to the open air, as transfer of 
heat to the small volume of air will reduce the temperature 
differential 


‘THE MEDIUM AROUND THE BODY 


‘This is usually air, but when it is water or (rarely) another 
fluid, skin cooling is far more effective, A body immersed 
in water, especially the moving water of a river or the sea, 
will rapidly lose heat, as is all oo familiar during life when 
fatal hypothermia can occur within minutes in a cold sea. It 
is commonly stated chat cooling is less rapid in contaminated 
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water (auch as sewage) than in clean water, but this is hard to 
believe, given the same temperature for each type of medium, 
‘As mentioned above, death in the warm water of a bath- 
tub reduces the cooling rate and may even elevate the tem- 
perature, making any attempt at estimating the time of 
death futile 


HAEMORRHAGE 


Iti traditional ro say that severe haemorthage shortly before 
death causes more rapid cooling. As the estimation of the 
time of death is fraught with such inaccuracy, itis difficult 
to see how this opinion can have been derived. The volume 
of blood lost will reduce the mass of the body, bur only in a 
minimal fashion, It may be that terminal bleeding may 
cause a shutdown of cutaneous circulation in an effort to 
maintain blood pressure and that this might encourage 
the early formation of the temperature gradient ~ but such 
vasoconstriction would relax immediately ar death and play 
‘no part in post-mortem cooling. 


Methods of measuring body 
temperature 


Estimation of temperature by touching with the hand is a 
useful first manoeuvre when at the scene of a death. A hand 
placed on the forehead, face or exposed hand may givea first 
impression of whether death occurred recently or not, Even 
if these exposed areas are cold, feeling inside the clothing co 
touch the chest, abdomen or axilla may detect some heat, as 
may sliding a hand under the body where itis in contact 
with the supporting surface. ‘These crude methods are com- 
bined with an estimate of rigor mortis to provide a prelim- 
inary screening of a recent, as opposed to a remote, time of 
death. ‘Though conditions vary enormously, a body indoors 
will fel cold on exposed areas in 2~4 hours and in protected 
areas afier some 6-8 hours. The traditional method of tak- 
ing the post-mortem temperature is by placing a mercury 
thermometer in the rectum, This must bea chemical thermno- 
meter (not a clinical instrument) or thermocouple, ideally 
reading from 0 to 50°C. The tip must be inserted to at least 
10cm above che anus, the instrument preferably having 
most of its gradations stil visible when in situ, It should be 
left in place for several minutes for the reading to stabilize 
before being recorded. Where possible, it should be left in 
situ for multiple readings at intervals, though in operational 
circumstances (especially in criminal deaths) this may be 
difficult to arrange. There is considerable controversy about 
when such measurements should be carried out. It is often 
recommended that a doctor at the scene of death should 
measure the rectal temperature at once but logistic dificul- 
ties exist. Many cases where estimation of the time of death 
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FIGURE 2.31 Measuring the rectal temperature atthe scene of a 


‘murder, Vhis should be done only afier forensic procedures such as 
rectal swabbing have been completed. Normally che temperature 
should be taken at the mortuary where removal of elthing can be 
carried out with ful photographic and forensic science monitoring. 
Jn tis case the body was unclothed atthe scene and the 
circumstances did not warrant rectal swabbing. 


is important are criminal or suspicious deaths. ‘These will 
ofien be associated with at least the possibility of sexual or 
homosexual assaults, and it may not be practicable to inter- 
fere with clothing in the perineal area or to contaminate the 
anal and vaginal region before full race evidence procedures 
are carvied out, usually by police scene of crime officers or 
forensic scientists, which may include adhesive taping of the 
clothing and skin, and the retention of underclothes for 
seminal stains, etc. 

“To wrestle with tight clothing, pethaps at night, in 
inclement weather and in confined spaces, and to try t0 
introduce a thermometer into the rectum in these circum- 
stances might ruin vital evidence of more importance than 
the admittedly uncertain calculations about time of death. 
However, many pathologists and police teams do carry out 
this manoeuvre as a routine, but each pathologist must 
decide in every individual case, whether ic is preferable to 
wait until the body is taken co the mortuary where proper, 
controlled undressing is possible, 

This applies where pathology and criminalistic expertise 
is readily available, but it is acknowledged that in less ideal 
circumstances, when no such expertise is likely to appear 
within a few hours (ifat all), then some doctor at the scene 
should take a temperature. The procedure must be tailored 
to the individual circumstances but where there isa possibil- 
ity of sexual interference, the rectum (and vagina) should 
be avoided until after full swabbing for semen and other 
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examinations are completed. Alternatives are 10 use the 
axilla, deep nasal passage or external ear for the insertion of 
a thermometer. 

‘The technique of introducing a mercury or ‘rorotherm! 
thermometer through a stab wound in the abdomen co 
measure liver temperature is never justified. It inevitably 
leads to blood contamination of the skin and clothing and 
also leads to intraperitoneal bleeding that might be con- 
fused with existing internal injures. 

‘More modern measuring devices include thermocouples, 
which register temperature accurately with minimum stabil- 
ization time. They may be part of a compact electronic 
instrument, which has a digital readout, or they may be 
connected to a computerized recorder that can analyse several 
other sites at regular intervals (see Morgan et al. 1988) 
Microwave thermography of brain and liver (see Al-Alousi 
etal, 1986, 1994) and infrared monitoring of skin tempera- 
ture are at present research tools that may lead to practical 
devices in the Future. 


The use of thermometry in estimating 
the post-mortem interval 


In spite of the great volume of research and publications 
already mentioned, accuracy in estimating the time since 
death from temperature remains elusive, The old rule-of- 
thumb was thar the temperature fell at about 1.5°F/hour, 
something under 1°C/hour, Another rule-of-thumb was 
that the fall in °C: from 37°C, plus three (to arbitrarily alow 
for the plateau), was equal to the time since death in hours 
For example, ifa rectal temperature was found to be 32°C, 
then 37 — 32 + 3 gave a post-mortem interval of 8 hours. 
“The only confidence that one could place in these methods 
was thar they were almost always wrong and that, if the 
answer happened to be correct, it was by chance rather than 
science! ‘To hope for a linear fall was against all the princi- 
ples of heat loss alluded to earlier. The first method took no 
account of the ‘plateau’ when rectal temperatures were 
used. This upper part of the double exponential curve is of 
variable length. If the body has been dead for some hours, 
serial temperature recordings fal to identify it, as the meas- 
‘urements begin on the steeper part of the curve, but where 
thermometry is begun soon after death, there isa variable 
flac area at the top of the sigmoid graph. 

“The length of the plateau has been discussed by several 
authors (see Shapiro 1965; Nokes et all1985). Shapiro in 
particular has drawn attention to the invalidation of many 
formulae by che unknown length of the plateau. He claims 
that this can be as much as 4 hours ‘and is possibly consid- 
erably longer’. Marshall and Hoare (1962) admit that che 
plateau may be as long as 5 hours. ‘The plateau is the result 
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Stomach emptying as a measure of time since a death 


of the lag in conducting heat from the core to the skin that 
is caused by the insulating properties of human tissue. This 
delays the establishment of the temperature gradient that 
must be in operation along the radius of the “infinite cylin- 
der’, which is the model for the human body, before the core 
can begin to lose heat to the exterior. ‘There may also be a 
small element of continuing heat production in the liver 
and musculature, as a number of investigators (including 
the first) noted that the body temperature could actually rise 
soon afier death. As the length of the plateau is unknown in 
any particular case when there isa delay in starting measure- 
‘ments, most methods begin within this inbuilt inaccuracy. 

‘Ac the lower end ofthe sigmoid curve, measurements again 
become almost useless, as when the temperature is within 
about 4°C of the environment, the rate of cooling becomes so 
slow that it provides no separation in time (see Fiddes and 
Patten 1958), Another empirical rule-of-thumb was devised 
by James and Knight (1965) to include variation in ambient 
temperature, The fill rom 37°C was multiplied by a factor 
of 1, 1.25, 1.5, 1.75 oF2 for ambient temperatures of 0,5, 10, 
15 0r 20°C, respectively to give the time since death in hours. 
Asanother linear method, this was doomed to inaccuracy and 
was found 10 provide too short a post-mortem interval, 
though the authors emphasized that it was meant to be modi- 
fied in each case by an appreciation ofall other factors such as 
physique and clothing, 


Nomogram method 


‘At present one of the most useful practical guides is the 
nomogram published by Henssge. Based on conventional 
calculations such as those of De Saram and Marshall and 
backed up by a great volume of experimental data, Henssge 
hhas produced a method which can be carried out either bya 
simple computer program or by a nomogeam. Adjustments 
are built in for body weight, ambient temperature, dry or 
wet clothing, still or moving ait, or still or lowing water. The 
result is given within different ranges of error, with a 95 per 
cent probability ofthe true time of death falling within these 
ranges, which vary from 2.8 hours each side at the best esti 
mate, down to 7 hours at worst. As with most methods, the 
difficulties arise in estimating the strength of the variable 
factors, Ir also cannot allow for variation of these Factors over 
time, especially changes in ambient temperatures during the 
petiod before the body was examined. Henssge and Madea 
have recently refined their method co reduce the standard 
deviation of their nomograms so that the confidence range 
becomes smaller, by a whole battery of methods not depend- 
ent on temperature, such as electrical stimulation of muscle 
and che reaction of the eye pupils to drugs 

‘Another graphical method is that developed by Al-Alousi 
(1987) in Glasgow: In addition to his publications on 
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microwave thermography, Al-Alousi has published a simple 
method based on rectal temperatures. He has constructed 
cooling curves for both naked and covered bodies, using the 
concept of ‘temperature ratios. The accompanying cooling 
‘curves may be used from a knowledge of the rectal tempera- 
ture, ambient temperature and whether or not the body sur- 
face was covered. Again no correction is made for body size, 
posture or other variables, but the author claims hae such 
factors made lite difference to che standard errors, which 
he gives as shaded errors on each side of his graphs. 


Multiple-site serial measurement 


methods 


In an effort o reduce or eliminate the effect of the external 
variables when calculating the post-mortem interval, 
Morgan et al, (1988) have developed models using multiple 
sites in the body for temperature estimations. These are 
then taken serially at frequent intervals over a period using 
highly sensitive thermocouples and computerized data 
acquisition, and calculation, which is miniacurized suffi- 
cently for use at scenes of crime. 

“The method also attempred to use the deep ear canal and 
nasal passages for temperature measurements, which avoids 
the problems of perineal contamination that occur when 
the rectum is used at scenes of death, ‘The results were not 
encouraging, but recently French workers have revived the 
ear method, with claims of relative success. These methods 
have not been in routine use for sufficiently long to evalu- 
ate their operational accuracy: 


STOMACH EMPTYING AS A 
MEASURE OF TIME SINCE A. 
DEATH 


With one exception, this controversial topic could be dis- 
missed summarily as being quite irrelevant. For many years 
pathologists have argued over the reliability of the stare of 
digestion of gastric contents as an indicator of the time 
between the last meal and death, the leading case in modern 
times being thar of Truscott in Canada. There is now almost 
consensus that with extremely circumscribed exceptions, 
the method is too uncertain to have much validity 

“The original hypothesis was founded on the belief that 
food spent a fairly uniform time in the stomach before being 
released into the duodenum, In addition, it was daimed chat 
its physical state was progressively altered by gastric juices 
and movements so that its appearance and volume was a 
measure of the time since it had been swallowed. Therefore, 
if the time of the last meal was known from circumstantial 
evidence, the time of death could be estimated. 
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PERMISSIBLE VARIATION OF 95% (2h) TEMPERATURE-TIME OF DEATH 
RELATING NOMOGRAM 


For ambient temperatures up to 23°C 
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Gun 2.32 Henuget nomegram method fr estimating the sime since death from a single rectal temperature, where the environmental 
temperature is below 23°C. (From Hensig etal, 2002.) 
Test 
‘The nomogram express the death time () by: Tiss Tea. 
cis Or aT 


=1.2815 (kg) 40.0286 


25 exp(Br)~0.25 exp(5Br): 


‘The nomogram is related to the chosen standard, tha i, naked body extended lying in stil air. Cooling conditions difering from 
the chosen standard may be proportionally adjusted by corrective factors of the real body weight, giving the corrected body weight 
by which the death time is to be read off. Factors above 1.0 may correct thermal isolation conditions and factors below 1.0 may 


‘correct conditions accelerating the heat loss af a body. 
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Stomach emptying as a measure of time since a death 


How to read off the time of death 

1 Connect the points ofthe scales by a straight line according to the rectal and ambient temperature, Ir erosses the diagonal of the 
nomogram ata special point. 

2. Draw asecond straight line going through the centre of the circle, below lef ofthe nomogram and the intersection of the Fist 
line and the diagonal. 


TThe second line crosses the semicircles, which represent the body weights. At the intersction ofthe semicircle ofthe body weight the 
time of death can be read off. The second line touches segment of the outermost semicircle. Here can be sen the permissible variation 
of 95 percent. 

Example: temperature ofthe rectum 26.4°C; ambicne temperature 12°C; body weight 90 kg. Result: time of death 16 * 1,8h, 
Statement: the death occurted within 13.2 and 18,8 (13 and 19) hours before the time of measurement (with a reliability of 
95 per cent) 

‘Note: if the values of the ambient temperature and/or the body weight (sce ‘corrective factors) are called into question, repeat the 
procedure with other values chat might be possible. The range of eleath time can be seen in this way: 


Empire corective factors ofthe body weight 


Wet trough 

Dry cothing/ Conectve __Clothing/covering 

covering Inair factor wet body surface In air/water 
038 Naked Flowing water 
050 Naked Sil water 
070 Naked Moving air 
70 1-2hin ayers clang Moving ar 

Naked Moving 075 

1-2 thn layers elting Moving 90 2ot more thicker lating Moving air 

Naked Stil 190 

1-2 thin layers dating Stil 110 2 thicker ayers thing Siar 

2-8 hin ayers dthing 120 More than 2 thicker layers cothing Stila 

1-2 thicker ayers clang Maving or sti 120 

34 hin ayers dotting 130 

Mae thevthcker ayers clthng Wihoutinfuence 140 
180 

“Thick bedspread + ching combined 240 


Not: fr the slectin ofthe corctve facta of any cas, ery ha ting ox covering of the lover turks lean. 
Personal experience i needed, nevertheless, this uc achieved by consistent usa of the metho. 


Requirements for use 
No strong radiation (for example, sun, heater, cooling system). 
[No strong fever or general hypothermia 
[No uncertain’ severe changes ofthe cooling conditions during the periad berween the rime of death and examination 
(For example, the place of death must be the same as where the body was Found). 
[No high thermal conductivity of the surface beneath the body! 


* Kowa changes cam be then int account: change ofthe ambica temperate ci of he alsin (ir example conc the weather ein ue the mean 
abn enperatue f the pasion quenion. Changs by the operations of the eta (or cxmpl tke any ovr ff) ne nding che body ae ali ake 
cetera eer 

"Meare she empertie af he wre oneth the body ako sha a giant dines eenecn the temperate of he ir andthe uae temperate soe 
ioe 
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2: The pathophysiology of death 


PERMISSIBLE VARIATION OF 95% (ih) ‘TEMPERATURE-TIME OF DEATH 
RELATING NOMOGRAM 


28h For ambient temperatures above 23°C 


jo 20 40 60 0 100 120 160 200 
KILOGRAM 


Ec4omn 


FIGURE 2.33. Henmget namogram metld for etimating the time since death from a single rectal tempentture, where the environmental 
temperature is above 23°C, (From Henge eta. 2002.) 

f, 

Seen sient = 1.11 exp(Br)— 0.11 10Ae); # =~ 1,281: 5°) + 0.0284 
Sr ese ANG 3} 5 (kg) 

“The difference between this nomogsim and that for ambient temperatur up ta 23°C concerns only the relative length af the ‘post- 
his 
rnomogram for higher ambient temperatures was developed according to the data from De Sarum, which were obtained in ambiene 
temperatures between 27 and 32°C. These data show a relatively shorter length ofthe ‘post-mortal platcau’ than our own data of 


“The nomogeam expresses the death time () by: 


‘mortem plateau. Iris shorter in higher ambient temperatures (above 25°C) than in lower ones (¢hat nomogram: up to 23°C). 


body cooling in lower ambient temperatures. Our own practical experience af the cooling of bodies in high ambient temperatures 
and therefore in using this nomogram, is small. Irs recommended that the same permisible variation of 95 per cent as given in the 
rnomogram for lawer ambient temperatures is taken, 
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FicuRe 2.34 Cooling curve for estimation of the post-mortem inter 
«a allows, Asurne that the body tempenarure (rectal) is 36.6°C atthe 


a the sime af examination (T, and T,). Then the “temperature rai’ 
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Hours after death 
sal, In AL-Alowsis temperature ratio’ method, the graph above are wed 

time of death (T,). Measure the environmental and rectal temperatures 
is T, ~ T/T ~ T,. This ratio is then found om the vertical scale ofthe 


rectal graph, using either the graph for naked! or covered as appropriate. The time since death ix the point on the lower scale where a 
perpendicular fll from the point an the graph where a horizontal line meee it fom the tempensture rato evel. The shaded area indicates the 
limits ofa 68 per cent probability at that particular point, Bar example ifthe rectal temperature is 23.4°C and the air temperanure 19°C, 


then the temperature rata is 0.25. Ifthe bady is naked, then this giver 18 hours asthe time since death, with a margin of plus 2.5 hours 


sand minus 5 hours. (Reprinscd with permission from Al-Alousi LM, Anderson RA. 1986, Microwave thermography in forensic medicine. 


Police Surgeon, 30:30-42.) 


Ie was assumed that the physiological process of digestion 
of an ‘average’ meal lasted some 2-3 hours. This is based on 
the consumption of a test meal of gruel, however, hardly a 
representative example of a modem mixed diet. Moreover, 
the subjects of experimental work were healthy and presum- 
ably free from sudden stress during the experiments, More 
elaborate descriptions of digestion times of various foods 
have been drawn up, but they are of dubious value, As an 
example of the great variations offered, Modi (1957) gives 
4-6 hours for a meat and vegetable meal and 6-7 hours for 
a farinaceous meal. Adelson (1974) stated that che stomach 
begins to empty within 10 minutes of swallowing, that a 
‘light’ meal leaves the stomach by 2 hours, ‘medium’ meal 
takes 3-4 hours and a large, heavy meal takes 4~6 hours, He 
noted that the head ofan ‘ordinary’ meal usually reached the 
ileocaecal valve berween 6 and 8 hours after ingestion. All 
these values, however, are subject to considerable variation, 
More modem methods of investigation have used 
radioisotope techniques and have shown some interesting 
facts. When a solid meal is eaten and water drunk with it, 
the water leaves the stomach quickly irrespective of the 
nature or calorific content of the solid part. However, 


calorific liquids stay longer in the stomach (Brophy et al 
1986). The emprying rate also increases with the weight of the 
meal, a5 long as the calorific content remains constant. IF the 
latter is increased, then the pyloric opening is delayed. Further 
work by Moore et al, (1984) again emphasized the marked 
variability of emprying times, even in normal circumstances. 

“The following factors frustrate the use of gastric empty- 
ing as a measure of time since death: 


Digestion may continue for some time afier death. 
"The physical nature of a meal has a profound effect on 
emprying time: the more fluid the consistency, the 
faster the emptying, Liquids entering an empty 
stomach pass through without any appreciable pause. 
"The nacure of the food modifies emptying time, notably 
fatty substances, which markedly delay the opening of 
the pylorus Strong alcohol, such as spirits and liqueurs, 
also irritate the mucosa and tend to delay emprying. 
Importantly, any nervous or systemic shock or stress, 
mediated through the parasympathetic (vagus) system, 
can slow or stop gastric motility and digestive juice 
secretion as well as holding the pylorus firmly closed. 
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2: The pathophysiology of death 


"The intestine, as opposed to the stomach, may increase 
its motility with psychogenic upsets, as noted by De Saram 
in his auropsies on hanged criminals. 

"The state of digestion, as opposed to the volume and exit 
of food from the stomach, is almost impossible 10 asses. 
Variations in the type of food eaten make vast differences to 
the dissolution rate, Hard objects, such as nuts and seeds, 
resist digestion and may even be voided intact per rectum, 
whereas soft carbohydrates can liquefy almost immediately. 
The size and dispersion of particles is crucial, including the 
amount of chewing and admixed saliva. The efficiency of 
the teeth and gastric acid, enzymes and motility are also of 
prime importance, as is the amount of liquid either in the 
original food or drunk during the meal, Fat and oil in the 
meal slow up pyloric opening, and all these variables make 
it impossible to time the rate of digestion. 

‘One of the most important factors in the forensic 
context is the effect of a physical or mental shock or stress 
during the digestion process. As stared, this can completely 
inhibit digestion, gastric motility and pyloric opening. ‘The 
author (BK) recalls a victim of a traffic accident who lived 
in a coma for a week after a mortal head injury. Ar eventual 
autopsy, the large volume of gastric contents looked as Fresh 
as iFit had just been swallowed. 

Even if one accepts an ‘average’ gastric transit time of 
an ‘average’ meal as being of the order of 2-3 hours, the 
assumption thac death cook place within this time can only 
be valid ifthe death was quite sudden and unexpected, with 
no stressful prodromal event. For example, if an unsuspect- 
ing person was suddenly shor or eun down without warning 
and died almost immediately, then one can assume that the 
undisturbed physiological processes of digestion — albeit 
with its many variables — had taken place. If, however, a 
domestic dispute or a developing altercation culminated in a 
strangling or stabbing, che antecedent stresses would almost 
certainly affect gastric function and render invalid any inter- 
pretation of the condition of stomach contents at autopsy. 

‘Whar is valid is the nature of the last meal, which may be 
helpful in establishing the time of death. IF it was known to 
the investigators thar the deceased person ate a certain type 
of meal at a certain time, whether it be chicken curry or 
green beans, the identification of such food in the stomach 
would be persuasive evidence that he died afier taking thar 
food and that it was his final meal, before any other sub- 
stantial food of a different type was taken. 


THE USE OF VITREOUS HUMOUR 
CHEMISTRY IN TIMING DEATH 


‘This topic has been the subject of considerable research in 
forensic medicine over the last 30 years. It has never gained 
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EiGuRE 2.35 Obtaining vitreous humour for analysis. The lids 
sould be retracted and the needle inaroduced near the outer 
<canthas, so that the hole will be covered when the lids are released. 
Fluid should be withdrawn slowly keeping the tip of the needle in 
the centre of the globe ro avoid disadging she retina. Water can be 
reintroduced shrough the nel to restre the tension inthe globe 
for cosmetic reasons 


sufficient acceptance to become a routine tool, remaining a 
controversial procedure in spite of the large number of 
reports that now exists. 

“The most common chemical estimation performed on the 
vitreous fluid in the context of the post-mortem interval is 
that of potassium, There is a marked and progressive rise in 
the potassium concentration after death, the controversy 
revolving around whether this rise is simply linear or whether 
iis biphasic. ‘The degree of confidence is also in dispute and 
the effect of variable Factors is another contentious matter 
(see works by Coe, Sturmer, Lange and Madea). First, the 
potassium values from either eye often differ, sometimes by a 
considerable amount. ‘The sampling methods are then 
<itical, as small or marginal samples vary greatly; if aspira- 
tion is forcible or from too near the retina, cellular fragments 
dlistore the values, because the potassium reaches the vitreous 
by leaching ou from the retina. ‘The effect of temperature 
changes post-mortem is also undoubtedly important. In 
addition, different analytical techniques used to estimate the 
potassium give different results, the older flame photometric 
methods producing a different range of values compared 
with modern selective-clectrode procedures. 

With all these variables, i is little wonder that different 
authors suggest widely different standard errors, varying 
from 1~7 houts to 26 hours either side of the true time of 
death. In addition, the errors seem much greater in persons 
dying of chronic illnesses, with nitrogen retention, com- 
pared with sudden deaths, presumably because of the pre- 
mortal electrolyte disturbances in patients with metabolic 
disorders. 

"The rise in infants seems much faster than in adults ~ yet 
another variable ~ though in both adults and children the 
most potent influencing factor seems to be the post- 
mortem body temperature. The most popular calculation 


Post-mortem chemistry 


for estimating the time since death from vitreous potassium 
is that devised by Sturner, in which post-mortem 
interval =7.14 X potassium concentration (mEq/l) ~39.1. 
This seems most satisfactory when the body has lain in an 
ambiene temperature of not more than 10°C. (50°F). ‘The 
95 per cent confidence limic during the first day is likely to 
be at least 4.7 hours either side of the true time and prob- 
ably greater. Taking a sample from one eye at a later time 
than the first co attempt to calculate the rate of rise does 
not seem to add any accuracy to a single estimation method 
(see Adjutantis and Coutselenis 1972) 

Hypoxanthine estimation in vitreous humour has also 
been used to attempt to time death, but more often as a 
marker of hypoxia. The results are nor convincing, but 
there is an accumulating literature on the subject, more 
recent contributions being Madea et al. (1994) and also 
Rogaum et al. (1991). 


POST-MORTEM CHEMISTRY 


‘The analysis of physiological chemical constituents of the 
body, as opposed to toxic substances, is often useful in 
investigating deaths from metabolic and biochemical 
disturbances, 

Unfortunately, the concentration of many natural chem- 
ical substances in the dead body is rapidly distorted by 
post-mortem autolysis. Cell membranes become permeable 
to small molecules soon after the cells suffer ischaemic or 
anoxic damage, and agonal changes themselves may grossly 
alter the biochemical environment, even in the few minutes 
of the dying process. Thus both terminal and early post- 
mortem changes may render many of the analyses that are 
commonplace in clinical practice of little value — and 
indeed, quite misleading - when applied to body fluids 
obtained at autopsy. Some substances are more stable, how- 
ever, and when results are carefully interpreted, consider- 
able information can be obtained. Urea and creatinine are 
stable post-mortem, with little variation even up to 100 hours 
after death, so the diagnosis of ante-mortem nitrogen 
retention is quite reliable, The normal urea nitrogen range 
found in post-mortem serum is from 4.9 to 5.5 mmol/l, 
creatine being ftom about 70.7 to 212.2 moll 

In the context of post-mortem chemistry the work of 
John Coe is best known in forensic pathology and his writ- 
ings should be consulted for detailed information. Another 
very useful source is Madea, especially for vitreous fluid 
‘The vitreous humour is much to be preferred co blood for 
post-mortem chemical analyses. Although still influenced 
by temperature changes, the vitreous is far less contam- 
inated by body autolysis and is remote from the large 
organs and blood vessels of the abdominothoracic cavity. 
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There is a lange body of literature on vitreous potassium, 
much of ic centred around the controversy over the in viv 
concentration of potassium, which can naturally rarely be 
measured directly in healthy persons, and the slope of the 
regression graph for relating potassium levels with post- 
‘mortem interval 

Afier death, intracellular potassium leaches from the 
retina through the now permeable cell membranes, into the 
vitreous body, naturally with an uneven distribution 
depending on the distance from the wall of eyeball (which 
is why all ora substantial proportion of the fuid should be 
withdrawn for analysis, to obtain a mean level). IF frag- 
iments of retina are aspirated by the syringe, due to excessive 
suction, then a falsely elevated potassium measurement will 
be obtained. 

Differences in the recommended regression gradient are 
observed between various workers: Madea states that 
0.19 mmol/I/hour should be used, whereas Sturner claims 
0.14 is preferable. The literature should be consulted for 
derals (as in the 2002 book by Hennsge er al); it is also 
pertinent to note that che methods of analysis can make a 
difference to the calculations. Generally speaking, the vitre- 
‘ous potassium method is of most use after the first 24-36 
hours, when other methods have ceased to have applica- 
tion, Although the errors are great, some information can 
be derived for up to 100 hours post-mortem. 

Caution must be used when interpreting results, as 
different analytical techniques provide different values. For 
instance, in relation to electrolytes, Coe and Apple (1985) 
state that flame photometric methods yield values about 
5 mmolil less for sodium, 7 mmol/l less for potassium and 
10 mmol/l less for chloride, compared with more modern 
specific electrode methods. Electrolyte concentration dif- 
ferences between left and right vitreous humor samples 
were studied by Pounder ef al (1998) in 200 medico-legal 
autopsies using an ion-specific electrode system. Between- 
eye concentration differences of sodium and chloride were 
tolerable using this methodology, whereas differences in 
potassium, even in biochemically nonputrefied cases 
(potassium <15 mmol/l), were 0-2.34 mmol/l (0-21.8 per 
cent of mean) averaging 0.37 mmolll (3.3 per cent), 
undermining the usefulness of vitreous potassium in esti 
‘mation of time of death. 

In relation to other vitreous electrolytes, the concentra- 
tion of sodium and chlorides decrease after death, while 
potassium rises. The latter can be used as a check on the 
reliability of the others, as if potassium is <15 mmol/l, chen 
the sodium and chloride concentrations may be acceptable. 
Chlorides decrease at less than I mmol/I/h and sodium by 
about 0.9mmol/l/h, so the loss of this and sodium is 
insignificanc in che first few hours, differing from potassium, 
which rises appreciably. 


thus 
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With the analysis of glucose in autopsy material, five 
different methods yielded five different results, presumably 
because interfering substances were included in varying 

Returning to vitreous electrolytes, in mmol/l measured by 
flame photometry (in mmol), sodium >155, chloride > 
135 and urea >40 is a reliable indication of ante-mortem 
dehydration. When sodium and chloride are normal but 
the urea exceeds 150, a diagnosis of uraemia is acceptable. 
‘These values can be distinguished from post-mortem 
decomposition, in which sodium is <130, chloride <105 
and potassium >20. 

In relation to glucose, a common problem is the autopsy 
diagnosis of uncontrolled diabetes and of hypoglycaemia, The 
vitreous glucose usually falls after death and can reach zero 
within a few hours. In 6000 analyses, Coe (1973) found thar 
a vitreous glucose of more than 11.1 mmol/l wasan invariable 
indicator of diabetes mellitus.'The agonal or post-mortem rise 
in blood sugar is not reflected in the vitreous concentrations. 
In relation to hypoglycaemia, a vitreous glucose of less than 
1.4 mmol/l was taken by Seurner etal (1972) to be an indica- 
tion of a low ante-mortem blood sugar, but others feel thar 
whatever the concentration, no reliable interpretation can 
be made. In hypothermia there is also an elevated vitreous 
glucose, bur never greater than 11.1 mmol/L 
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TThe identity of che dead is an essential part of post-mortem. 
examination, for various reasons. These include: 


© the ethical and humanitarian need to know which 
individual has died, especially for the informacion of 
surviving relatives 

to establish the fact of death in respect of that 
individual, for official, statistical and legal purposes 

to record the identity for administrative and ceremonial 
purposes in respect of burial or cremation 

to discharge legal claims and obligations in relation to 
property, estate and debts 

to prove claims for life insurance contracts, survivor's 
pensions, and other financial matters 

to allow legal investigations, inquests and other tribunals, 
such as those held by coroners, procurasors fiscal, medical 
examiners, judges and accident enquiries to proceed with 
a firm knowledge of the identity of the decedent 

to facilitate police enquires into overtly criminal or 
suspicious deaths, as the identity of the deceased person 
is a vital factor in initiating investigations, 


‘The establishment of identity has many facets, some of 
which have no medical content, such as the recognition of 
clothing, documents and personal property. Some aspects, 
though primarily the responsibility of the police, have a 
medical content, including identification of fingerprints 
and personal property such as hearing aids, spectacles, 
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medicines, trusses and surgical prostheses, False dentures 
have such central importance that they will be considered 
in the section on odontology. 

Identification from anatomical and medical features 
comprises two major aspects: 


The establishment of certain broad groupings, such as 
sex, stature, race and age. These may be determined 
solely from che available bodily remains, though 
corroboration may be obtained fiom other evidence. 
‘An obvious example would be sex determination from 
clothing and jewellery, though even this may no longer 
be absolutely reliable. 

Comparison of the remains with ante-mortem 
information and records from those thought ro be the 
vietims, which restricts the method by making it 
dependent upon the existence or availability of such 
comparable material, 


The establishment of identity may be required upon: 


Intact fresh corpses. Here visual recognition, directly 
or by photography, may be made. Hair colour, skin 
pigmentation, scars and rattoos can be examined 
without difficulty. 

Decomposed corpses. Many surface features may be 
partially or wholly lost, but more information can be 
obtained than from a skeleton. Direct measurement of 
body height, for example, may be possible, as well as 


Characteristics useful in identifying the dead 


serological investigations and organ abnormalities, such 
as past surgical intervention, may be found, 
Mutilated and dismembered corpses. Depending on 
the degree of mutilation and the amount of tissue 
missing, identification may be hampered, Ifthe remains 
are fresh, facts such as racial pigmentation may be 
determined, but direct measurement of stature may be 
Impossible. Selective mutilation in some homicides may 
be deliberately directed at frustrating identification, 
such as the removal of teeth and finger-pads. 
 Skeletalized material. If all soft tissues are absent, 
identity depends solely on osteological examination 
and measurements and the recognition of any 
pathological or anatomical abnormalities in bone. 


CHARACTERISTICS USEFUL IN. 
IDENTIFYING THE DEAD 


Facial appearance 


Even in perfectly fresh bodies, recognition may be difficult 
because oF alterations in the feacures caused by death. Ie is a 
‘common occurrence in mortuary viewing rooms for a clase 
relative, even a parent or spouse, to have doubts about — or 
even to deny or mistakenly agree to ~ the identity of the 
deceased person. Though distress and emotion play a part, 
changes in the fearures may be profound. Hypostasis, con- 
tact flattening, oedema, muscle flaccidity and pallor may 
all combine to distort the face. Recognition in the living is 
partly a dynamic process, aided by facial muscle tone and 
especially eye contact and movement, all of which are absent 
in the compse. 


Eye colour 


In the fresh corpse, eye colour corresponds with the living 
state, but it quickly deteriorates. Loss of intraocular ten- 
sion and clouding of the cornea develops progressively 
within a few hours, making the iris harder co observe. 
Collapse of the front of the globe occurs within a day or 
‘two and, with developing decomposition, alli 
darken to brown. It is unsafe to depend on eye colour as a 
criterion of identity later than a few days following death ~ 
for even much sooner where environmental conditions 
hasten decomposition, 


es tend (0 


Skin pigmentation 


In undamaged, unputtefied bodies, the major ethnic differ- 
ences in skin pigmentation are obvious, though the slight 
melanin increase of the misnamed ‘yellow’ races of Asia 
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may be impossible to differentiate from Mediterranean or 
‘Middle Eastern races. The onset of deathly pallor and post- 
mortem hypostasis is more profound than slight variations 
berween sunburnt White people, northern Asians or 
Semitic races. When putrefaction sets in, skin slippage 
progressively removes the pigmented layers and eventually 
pigmentation becomes unavailable as a marker of identity, 
though histologically melanin may still be visible in the 
basal ayer of any surviving epidermis 

Burnt bodies may also lose pigmented skin, either by 
hear destruction or by deposition of soot and other com- 
bustion products on the surface, though itis rare for this to 
be so complete as to obscure all evidence of pigmentation. 


Hair colour 


‘The head, pubic and axillary hair is one of the most resist- 
ant identifying features, sometimes lasting millennia in 
favourable environments. The original colour may, how- 
ever, alter after burial, becoming a brownish-red or ‘foxy’ 
colour within as short a time as 3 months, The colour may 
be obscured by dirt or staining and expert treatment (usu- 
ally by a biologist or museum technologist) may be 
required to restore the original colour. The possibility of 
deliberate chemical coloration or bleaching before death 
may have to be considered and again expert chemical 
analysis in a forensic science laboratory may be needed to 
confirm or eliminate this if the hair colour conflicts with 
other positive evidence of identity 


Hair structure 


‘This is more the province of the forensic biologist or 
anthropologist, bur factors such as whether the hair ends 
have been cut or are naturally pointed may sometimes have 
importance in identity. Racial features exist, Negroid head 
hair being dark and having a spiral ewist with a flattened, 
elliptical cross-section. Mongoloid hair is less pigmented 
and is straight with a cylindrical cross-section. Caucasian 
hair is round or ovoid in cross-section, but shows great 
variation in colour and morphology compared with the other 
two major ethnic groups. Though head hair in Caucasians 
is round to ovoid in section, eyebrow hair tends to be 
triangular and pubic hair flattened. Where a hair root is 
present, blood grouping and other serological criteria can 
be determined. Grouping of the shafts of hairs has been 
repeatedly attempted and success claimed by some workers 
"The cells of the hair root can give a DNA profile and mito- 
chondrial DNA (mtDNA) has been detected even in a 
sample from a single hair shaft. 

Microscopic examination of the hair can assist in deter- 
mining the species, if not human. Human hair has broad 
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‘groupings when viewed microscopically. However, the topic ‘The general applications require a knowledge of ethnic, 
of individual identity from hair is now the province of foren- national, culeura, religious and social practices, so that the 
sic biologists, and has a specialism and literacure ofits own, tattoo can be assigned ro some particular group of people. 

In Western society, the popularity of tattooing changes 
Weses from time to time. Former statements that tattoos are seen 

mostly in the “lower social classes’ have litte current valid- 
Deliberate ornamentation of the skin by introducing pig- ity, chough it is obvious that bankers and parsons are less 
ments under the epidermis has been practised for millennia likely to sport rattoos than seamen and truck drivers. Ie is 
and in all parts of the world, ‘The word ‘tattoo’ comes from also now totally anachronistic to claim that most women 
the Polynesian ‘a tau’ 


neaning ‘to mark’. Some races such with tattoos are prosticutes, hough the nature and position 
as the Ibans of Sarawak may be tattooed over much of their of the tattoo is obviously relevant. 
body surface, but many men and some women in most Certain tattoos have had particular significance such as a 
countries have localized tattoos, which can be of considet- number, often ‘13’, inscribed inside the lower lip of drug 
able assistance in identification. Many different pigments are pushers or the bluebird on the extensor surface of the web 
used, as well as more unusual substances such as soot or of the chumb in homosexuals. The latter design is now so 
‘gunpowder. The colour is pricked into the upper dermis with common as to be of litle significance. 
a sharp instrument, usually a needle used manually, or by an “Tattoos are of most use when individual enough to be 
electric vibrator. compared with known designs on a missing person. The 
‘Once under the outer skin, the material persists for a design is often supplemented by actual names, though 
long time. Colours such as blue, green or red may be scav- these are mostly forenames rather than family names. 
cenged by tissue cells and leached into the lymphatic system Designs are by no means unique and a professional cat- 
after a number of years or decades. Black pigments, usually rooist may turn our hundreds of identical decorations, so 
carbon particles in the form of Indian ink, are so resistant names are a bonus when trying to achieve identity. 
asto be vierualy lifelong, though some may be transported Initials may be used, but these can be misleading due tothe 
to regional lymph nodes. ‘Thus an original pattern of dif use of nicknames and diminutives, such as °B’ for Bill, rather 
ferent colours may fade differentially over years, the black chan William. In general, men have the names of girls on cheir 
areas standing out in strong relief, tattoos, but initials are usually their own, Conversely, women 
"The patterns are so diverse as to defy classification, with tattoos almost always display the names of sweethearts, 
though much has been written on the subject. From the rather chan eheir own. Some tattoos may be numbers or 
point of view of identity, tattoos may be useful in both 2 unadorned names, the most tragic examples being those from 
general sense and for comparison with potential victims. Nazi concentration camps during the last war, 


FiGURE 3.1. Individualstie tattoos may 


asset the identification of unknown peront 
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Characteristics useful in identifying the dead 


The photography, distribution and matching of tattoos 
is police business, but the pathologist's duty is to make 
them accessible and clear to the police, Where decompos- 
ition has set in, attoos may be obscured by wrinkled, peel- 
ing epidermis, but often this can be wiped off co reveal 
tattoos that are more vivid than on fresh skin, Once the 
tissues become green and slimy, chen the pattern progres- 
sively vanishes, but early decomposition is no barrier to 
recognition. Where skin pigmentation may hide a design, 
skin slippage may actually enhance che clarity, especially 
of the weaker colours like blue, red and green, Attempts at 
the deliberate removal of tattoos are common, either from 
regret at having disfigured the body during youthful or 
drunken euphoria, or to remove evidence of identity. Many 
methods have been used, from surgical excision to scarifica- 
tion with sandpaper and from caustic soda to electrolysis 
All methods depend upon damage to the epidermis and 
dermis, with consequent inflammation and scar formation. 
‘The tattoo can certainly be removed, but always by replacing 
it by a cicatrix to a greater or lesser extent, which will itself 
indicate that something pre-existed at that ste. 

I has been suggested (PA Edwards, personal communica- 
tion) that the chemical nature of tattoo pigments might be 
used in identification, Although all manner of substances have 
been used t0 tattoo, most rattooists use black pigments con- 
taining carbon, green pigments containing potassium dichro- 
mate and red pigments containing mercuric chloride. Others 
use aniline-based dyes, so that microextraction and analysis in 
a forensic science laboratory might confirm or exclude the tat 
‘oo having been executed by a particular artis in the locality 
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Finger, palm, foot and lip prints 
The science of fingerprints, their classification, retrieval 
from records and methods of recording lie in the domain of 
police procedure, and, as with tattoos, the pathologist's role 
is merely to facilitare the taking of prints by police officers. 
Sometimes when a strange print is found at a scene of 


me, the police may wish to take the fingerprints of doc- 
tors who visited the locus «0 eliminate them from their 
enquiries and there is obviously nothing objectionable 
about this. Indeed, some forensic pathologists who habit- 
ually asise che police leave their prints on file so chat they are 
permanently available for exclusion. When called to a scene 
of death, the doctor should take care to avoid handling 
objects and furniture to reduce the need for such laborious 
screening of prints 

“The doctor need know nothing about fingerprints except 
for his own interest, though it is as well to be prepared for 
the inevitable questions ~ no two fingerprints have ever been 
found to be identical and even identical ewins have different 
prints. Howeves 
prints areso similar that che criteria usually accepted as proof 


some recent claims point out that some 


fof congruence may not be sulfcient. Police usually attend 
the mortuary co cake full sets of Fingerprints in the usual way 
by rolling ink on to the finger-pads and pressing the pulps 
against record cards, 

"The pathologist may help when there is strong igor 
present, by either forcing the flexed fingers back or even by 
slitting the flexor tendons, though this has the danger of 
fouling the fingers with blood, 


Eicune 3.2. Shoulder region of a 
decomposed body recovered from the rea 
rowing tattoo wits Cyrilic letters 

(A 1.8) and a flag with a ster and 
‘hammer and sickle suggeting «connection 
with the Russian Baltic Flee, 
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When the body is putrefied, the doctor can again assist by 
removing desquamated casts from the Fingers For the police. 

‘These may need to be preserved or hardened up so that the 
decaying tissue does nor lose further definition from the 
ridges chat form the prints. The skin may be placed in for- 
malin, alcohol or glycerine solution, especially where macer- 
ation in an immersed body has caused swelling and blurring 
of the epidermis, An alternative is immersion in 20 per cent 
aqueous acetic acid for 2-8 hours. Rarely, a criminal may 
attempt to obliterate his fingerprints by scarring the finger- 
pads. To be effective, this must be drastic enough to damage 
the underlying dermis and the consequent cicatrices will be 
more obvious than the original prints. Surgical grafting of 
skin from elsewhere on the body has been reported as a 
means of removing fingerprints, but again the result is sef- 
evident proof of nefarious intent. 

‘As with fingerprints, the skin pattern of palms, soles and 
even lips are said to be unique and have been used in ident 
fication, but again this is really police business. The pattern 
of veins on the back of hands is also said o be characteristic 


to one individual 


Identifying scars 


‘These can be important in the identification of unknown 
bodies, even when some degree of putrefaction exists. The 
author (BK) used a cholecystectomy scar and scars of old 
surgical incisions on the legs to identify the body of a homi- 
cide victim submerged in a river for 6 weeks and many other 
cases are on record where scars provided similar vital infor- 
mation. Probably the best known instance is the Crippen 
case of 1910 in which much forensic controversy was gener- 
ated over the distinction between a surgical scar and a skin 
crease on a piece of abdominal wall, 

Scars on the skin may arise from any previous injury thar 
has breached the epidermis, as superficial injuries to the 
upper layer of skin will heal without a trace. Where the der- 
mis has been entered, healing occurs by organization of the 
plug of blood clor and/or granulation tissue, as described in 
Chapter 4. IF the wound is narrow, such as that inflicted by 
a surgical instrument, sharp knife, razor or glass then if the 
edges are kepr together, especially by stitches or dressings, the 
resulting scar will be narrow and insignificant. Gaping or 
Infection will widen the scar and obviously larger lacerations 
or burns will result in similarly greater scarring, In relation to 
identification, scars are of use only if those thought to be the 
victims are known to have similar scars, both in nature and 
position. The specificity of scars varies greatly, as many people 
may have appendicectomy scars, and many women have 
had hysterectomies or other gynaecological operations that 
leave lower abdominal scars. As always, scar evidence must 
be taken in conjunction with all other details of identity, 


bur where a cicatrx is unusual or even unique in nature oF 
position, its value is greatly enhanced, 

‘Tuning co traumatic scars other than surgical, the 
pathologist may be able to recognize the cause, which can 
assise in identity, Naturally the vast majority of non-surgical 
scars are the result of accidental trauma and where family, 
friends, photographs or medical records indicate the exis- 
tence of specific scarred sites on the body, then confirmation 
of identity may be greatly assisted or confirmed. 

Some scars are deliberately produced as part of some ethnic 
or religious tradition, such as the facial scars in some African 
tribes, as well as deformed or perforated ear lobes or lips. 
Regrettably, another class of scars is becoming more common 
in many parts of the world, due to physical torre; this is dealt 
with in Chaprer 10. Linear scars, cicatrices of burns, keloid 
‘overgrowth (especially in negroid races), hyperpigmentation 
oor depigmentation and other persistent lesions may assist in 
identity in the appropriate circumstances. Much depends on 
the accuracy of the information concerning the person 
thought to be the victim; relatives are nororiously vague and 
inaccurate about medical matters and frequently confuse dif- 
ferent surgical operations, chus misleading the investigators 
about scars. Sometimes surgical scars may be almost invisible. 
The author (PS) once worked as surgical assistant in a private 
hospital where one of the surgeons used to perform appen- 
dicectomy (in non-acute cases) through a I cm wide incision, 
losing the wound, for cosmetic reasons, with subcutaneous 
catgut sutures. Mast of these wounds healed with virtually no 
scar whatsoever, unless the person had a tendency to keloid 
formation, Wherever possible, old hospital records or the 
notes ofa family physician should be obtained. 

"The old scars of wrist- or throat-slashing indicate previous 
attempts at suicide, Large areas of scarring on the trunk or 
limbs that have parallel grooves and marginal extensions sug- 
gest severe brush lacerations, probably from a traffic acci- 
dent, Knife stab wounds may scar in an elliptical fashion, 
sometimes even with a blunt and a sharp end indicating the 
position of a single-edged blade. Bullet wound scars may 
persist —and in 1989, became a matter of politcal controversy 
‘over the identity of Nazi war prisoner Rudolf Hess, who was 
alleged to have been an imposter because he had no scar 
from an old rifle bullet wound through the chest. Burns may 
provide good evidence of identity, especially if they are wide- 
spread cicatrices that may have been quite noticeable during 
life. Many scars on the fronts of the lower legs may indicate 
the repeated stumblings of a chronic alcoholic, who fre- 
‘quently walks into or fills over furniture, 


The age of scars 


‘The age of a scar is very difficule co assess and, once it 
becomes mature, no change will occur for the rest of the 


102 


Patent Application Publication Aug. 17,2006 Sheet 9 of 17 US 2006/0180473 A1 


Figure 9 


Characteristics useful in Identifying the dead 


person's life. When a linear wound is inflicted, be ita surgi- 
cal operation or a knife slash, the edges become mechan- 
ically strong within a week, assuming that no infection or 
hhaemacoma develops. The wound is brownish red at this 
stage and remains vascular for several months, depending 
upon its width, The pinkness of contained blood vessels 
‘gradually fades and a narrow surgical incision may be white 
by 4-6 months. The avascular collagen tends to shrink for 
a year or so, but is white-silver after a year and remains in 
this state indefinitely. ‘These times are variable depending 
‘on the nature of the skin, its pigmentation and the part of 
the body involved. Where a wound crosses a skin crease 
that is frequently flexed or extended, it tends to gape and 
widen, the subsequent scar following suit 

Histology does nor contribute much to the examination 
‘of scars, except to confirm that a skin mark actually is a 
scar. Stains for collagen or elastin may confirm the discon- 
‘inuity in the dermis. Scars do not carry hair follicles, sweat 
glands or sebaceous glands, though an occasional accessory 
skin structure may be present as a result of the inclusion of 
a viable fragment of original skin in an irregular wound ~ 
tor where surgical repair has detached or invaginated a piece 
of the margin, 


Occupational stigmata 


Formerly given prominence in most textbooks, distinctive 
physical marks of occupation have decreased in incidence 
and importance. They are still of use in certain areas, but 
local knowledge of occupations and industries is required. 
“The Victorian days of pen callosities in clerks and shoe- 
maker's kyphosis have gone, but many other occupations 
have their stigmata, though most are relatively non- 
specific. The best known is the ‘blue scar’ of coal-miners, an 
involuntary tattoo caused by dust entering small lacerations 
oon the hands and face. Some miners and quarrymen also 
have small facial scars due to rock splinters scattered during 
blasting. Steel workers and foundry men may have tiny 
burn scars on exposed areas from the spattering of hor meta. 
In more general terms, examination of the hands will 
indicate whether the deceased was a manual worker or 
involved in more sedentary occupations. Cuts, scars callasi- 
ties and hyperkeratosis of the hands are obvious indicators 
of rough work. 

Internally, black, dust-laden lungs — with or withour 
pneumoconiosis ~ points to mining, as coal trimmers no 
longer exist as dock workers. Thickened, pearly plaques on 
the parietal pleura and diaphragm are caused by exposure 
to asbestos, though in recent years the widespread use of 
this substance in so many industries makes it less helpful 
in identifying the occupation. 


FicuRe 3.3 Carefi external examination may yield evidence shat 


can assist identification, The small ‘blue sar’ on this forehead 
establishes that the deceased bad been acoal-miner: coal dust enters 
‘small lacerations and remains visible after healing. Virtually every 
coal-worker has such marks on hands or face, 


‘The stature of an intact body 


‘The stature of a corpse is not necessarily exactly that of the 
person measured during life. In the mortuary, care must 
be taken to measure the body from heel to crown, and not 
to accept the mortuary attendant’s or funeral disector’s 
‘coffin measurement’, which is made from toe to crown, 
Because of the usual plantar flexion of the foor, this latter 
height may be as much as 10cm longer than the heel 
crown length. 

‘The height of a dead body may differ from the height 
during life in either direction, being slightly longer or shorter, 
though lengthening is much more common. In addition, the 
‘measured height may change alittle a different periods after 
death, Because of the complete loss of muscle tone in the 
fisse stage of laccidity, relaxation at large joints, such as the 
hip and knee, together with the lost tensioning effect of 
paraspinal muscles on intervertebral discs, the body may 
lengthen by up to 2-3em. Rigor mortis may then replace 
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the muscle tone, shortening the body and tending co flex the 
legs a little. When rigor passes off and decomposition sets 
in, joints become lax. Loss of tension in the intervertebral 
discs tends to shorten the spinal column and hence the total 
height by a centimetre or so, According to ‘Trotter and Gleser 
(1958, 197), the average increase is about 2-5 em, The errors 
in getting a really accurate post-mortem length include the 
difficulty of locating the measuring device exactly at the heel 
and the crown of the head, as well as fully extending the 
limbs, spine and neck of a body in rigor. 


Determination of sex in non-skeletalized 


bodies 


‘This is usually obvious and rarely presents problems. The 
issue of intersex and hermaphroditism is so rare as to be 
discounted in most forensic practice, except in some areas, 
such as South-east Asia, where deliberace transsexualism in 
‘men, aided by surgical intervention to feminize the genitalia 
and breasts occurs more frequently. Where this problem 
arises, expert advice must be sought. In general, the external 
genitalia remain recognizable until a late stage of putrefac- 
tion. In addition, breasts and general body shape, as well as 
the pattern of pubic hait, reveal the sex, Female pubic hair 
usually grows low on the abdomen, the upper margin being 
a horizontal or semicircular edge above the mons veneris 

“The male pattern rises more in the centre line, sometimes as 
far as the umbilicus. There are, however, always exceptions 
to these generalizations. The presence or absence of cir- 
cumeision should be noted, as it may help in identification 
of certain ethnic and religious groups such as Jews and 
Muslims. Naturally ic is of assistance here in eliminating 
only those where the prepuce is present, as many men of 
other religions are circumcised. 

Clothing, hair length, hair style, hair coloration, earrings 
and other jewellery are no longer the reliable guide to sex 
thar they once were. In certain cultures and religions there 
are obvious criteria that can assist in the determination of 
sex, but these are rarely needed as the more apparent 
anatomical differences can be used, Where putrefaction is 
advanced, examination of the internal pelvic organs may still 
reveal unequivocal evidence of sex. Internal viscera are often 
in better condition than the outside of the body: The uterus 
is the organ in the body most resistant to decomposition, 
though the prostate is also quite persistent 

Where almost toral dissolution exists, then radiology of 
the pelvis or the criteria used in skeletal assessment can be 
used. Cytological examination of cell nuclei may indicate 
sex where only tiny fragments are available ~ such as tissue 
found on a road o rail vehicle where impact with a body is 
suspected. Usually i is the species rather than the sex that is 
the first consideration, and this is done by species-specific 
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serology. When sex is to be determined, much depends on 
the state of preservation. When stained microscopic smears 
can be prepared or when tissue can be processed for his- 
ological sections, chen sex-indicating nuclear chromatin 
may provide a definitive test. The ‘drumsticks’ of polymor- 
phonuclear leucocytes, and the marginal chromatin masses 
or ‘Barr bodies’ in epithelial cells, such as the buccal 
mucosa, may indicate the sex, buc in decomposed material 
this may be impossible, 

‘The recent remarkable developments in cytogenetics and 
DNA analysis now give additional powerful cools in sexing 
and determining the human origin of sub-anatomical frag- 
‘ments, which will partly or wholly replace the older tech- 
niques mentioned above. 

Other more recent techniques include counting the sex 
‘material within the nucleus stained with a fluorescent dye 
and viewed with ultraviolet light; this may be performed on 
neurones in a brain smear or in cells from the kidney. 


Age of non-skeletalized bodies 


Determining the personal age of a corpse is far harder than 
determining its sex. Ageing a living person can be difficult 
and a wide margin of error exists, especially as age advances, 
so the same exercise in a corpse can be expected to be even less 
exact, Where the body is relatively intact, the usual criteria 
known to the man in the street are applied to make a general 
estimate. Hair colour is of general applicability, chough every 
‘one knows of someone whose hair is grey at 25 or someone 
who is dark haired a 70. The loss of elasticity in the skin, its 
thinness and hyperkeratosis and its red Campbell de Morgan 
spots are indicators of senility. ‘These days teeth are less useFul 
than in the past from the point of view of extractions, clear- 
ance, full dentures and oral hygiene, but the general impres- 
sion remains. The objective determination of age from tooth 
attrition is a matter for a specialist forensic odontologist (see 
Chapter 26) 

“The eyes are useful, in that a grey or white ring around the 
pupil ~ the ‘arcus senilis'— is rarely seen below 60 years. In 
infants and children, the height and weight may be com- 
pared with standard tables, bur developmental defect, dis- 
cease and malnourishment may introduce considerable errors 
Internally, the evolution of degenerative changes such as arte- 
rial atherosclerosis and arthritis, may give a general impres- 
sion, bur personal variation is so great that it offers litle 
more than a distinction between ‘young’ and ‘old’. Where a 
distinction has to be made in a double death between wo 
people of markedly different ages, however, then these gener- 
alities may be of considerable use. Up to the age of about 
20-25, teeth, ossification centres and epiphyseal fusion are 
good indicators, bur these are described in the section on 
skeletalized material 


Characteristics useful | 


Recent research, aimed mainly at skeletalized bodies but 
available for any corpse, is the determination of the racem- 
ization ratio of amino acids in teeth, as the preponderance 
of laevo- and dextro-compounds appears to be a function 
of personal age. 

In addition, the Gustafson technique on teeth, described 
later, is also applicable co a non-skeletalized body, if ageing 
is important. 


Racial and ethnic characteristics 


Much of the identification of race depends on common 
knowledge and recognition of various ethnic traits, and is 
not primarily a medical problem. Everyone can recognize 
the deep pigmentation of a West African the epicanthic 
folds of the Mongoloid races, the red-haired Celt and the 
pale blond common in Scandinavia, There is a wide and 
almost continuous range of biological variability, however, 
not only because of extensive ethnic interbreeding, but also 
because of marked variations even within a coherent racial 
group. 

In the intact or only partially decomposed body, the 
following factors may be used as pointers to ethnic classifica- 
tion, but the non-specificity of most of these must always 
be borne in mind: 


1 Clothing, omaments and other associated objects. 

‘A vast catalogue can be assembled (such as the string 
around the wrist in Hindus), bur ic must be borne in 
mind that other races may adopt these through choice, 
marriage or deception. 

Hair texture, style and length and beards. Examples 
are the hair of the Sikh, the beard of the orthodox Jew, 
the crinkly hair or ‘peppercorn’ (clumped growth) 

‘of some Negroids, the multiplaiting of Rastafarian 
West Indians, the straight black hair of Asians and 

the ginger hair most common in Celtic people. With 
affected styles and convincing modem coloration 


and texture alteration, however, these features can be 
most misleading. Forensic science techniques may be 
needed to detect and identify bleaching and dyeing 
changes in hair. 
Physical artefacts include penile and vulval 
icumcision, nose and ear piercing, lip perforation, 
tribal facial scars, and earlobe distension in East 
Afficans and some tribes in Sarawak, More bizarre 
forms, such as neck-stretching by rings, are now rare. 
"Tatoos (mentioned elsewhere) may have an ethnic 
basis, as in the Ibans of Sarawak. 
IB Facial appearance is, of course, a major criterion with 
the high cheek bones and epicanthic folds of the 
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Mongoloid peoples, and the prognathism and nasal 
differences in Negroid peoples. So many intermediate 
forms exist, however, such as the Slav and the 
Polynesian, that only the classic groupings can be 
identified with confidence. 

IS Body size gives rise to the same uncertainty, especially 
as racial differences have lessened with better nutrition 
in some groups. Iris obvious, however, that Japanese 
are generally smaller than northern Europeans and that 
in Negroid bone structure the femora are proportionately 
longer and less curved than those of other races. Teeth 
are discussed later, but the concave upper central 
incisors of the Mongoloid races can be helpful on 
occasions, though they are nor absolutely specific. 


Finally, skin pigmentation can obviously differentiate 
the Negroid races from the other main groups, though 
again there is a continuous range of skin colour. ‘To a lesser 
extent the slighter melanin content of the skin of Mongoloid 
races is recognizable, but merges into the variable tints of 
Semitic, Asian and Mediterranean peoples. 

Ic may well be thar, in the near future, genetic DNA 
studies will revolutionize this aspect of identification, They 
are also likely to do the same for personal identification, 


Identification by DNA characteristics 


One of the most revolutionary advances in identification in 
recent years is the so-called ‘DNA profiling or fingerprint- 
ing’. This isa technique devised by Alec Jeffreys of Leicester 
in which virtually unique sequences of bases in 


the DNA strands of chromosomes are used to compare one 
blood or tissue sample with another, and co investigate 
genetic relationships. The details of the technique are com- 
plex and require highly specialized reagents and apparatus. 
"The method needs highly trained forensic scientists for its 
application to medico-legal problems. All that the patholo- 
gist needs is a basic knowledge of the principles of the tech- 
znique and how it can be applied in a forensic context. 

“The deoxyribonucleic acid (DNA) that forms genetic mate- 
rial is composed of two strands of sugar and phosphate mole- 
ccules thar are twisted into a double helix, which is bound 
together by links formed from adenine and thymine and cyto- 
sine and guanine. Each helical ewist has ten such links, like 
rungs on a twisted ladder. A single DNA molecule may have 
millions of such links and the permutations of the bases in 
each adjacent link create the genes, the segments of the DNA 
that carry genetic information. A gene consists of a segment 
containing some hundreds or thousands of links, but separat- 
ing these discrete genes are segments that seem to have 0 
{genetic Function, being redundant. There is about a metre of 
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DNA in each human nucleus, but only 10 per cent is used for 
genetic coding, the rest being redundant. OF these silent seg- 
ments (sometimes called ‘stuters), there may be 200-14 000 
repeats of each identical sequence on each DNA strand. 

‘During investigations into a specific gene (that for synthe- 
sizing myoglobin), Jeffreys found that the adjacent redun- 
dant segments varied greatly in base sequence, but that they 
were constant fora given individual and that they were trans- 
mitted from parents in a regular fashion. In other words, 
they formed ‘signature’ chat was vierually unique for every 
individual person, except identical (uni-ovulas) wins, in 
whom they must be the same as they share the same DNA in 
the fertilized ovum. The chance of two persons sharing the 
same sequence is, according to Jeffreys, about one in a mil- 
lion billion. Even among siblings, the chances are only one in 
ten thousand billion. 

“To identify the redundant segment (ofien called the 
‘minisatllte’ or “hypervariable regions), a minute amount of 
human tissue containing nuclear material is required. A 
small volume of blood containing leucocytes is sufficient, or 
a semen sample, pulp from a tooth or a hair with some 
sheath cells at the root. The DNA from the contained 
nuclear material is broken up into fiagments by enzymes 
called ‘restriction endonucleases’ thar cleave the DNA 
strands at predetermined spots. ‘The fragments are then 
separated by gel electrophoresis, which spreads the fragments 
into bands, transferred to nylon or nitrocellulose sheets and 
subjected to a ‘DNA probe’. This is a single strand of DNA 
labelled with radioactive phosphorus-32. This latches on to 
the separated minisatellite fragments and ~ by microradio- 
graphy ~ the position of each band is rendered visible on an 
Xray plate, 

"The end result isa series of parallel bas, similar in appear- 
ance to the ‘bar code’ printed on goods in a supermarket. 
However, more recently the bar pattern from multilocus 
probes has been supplemented or replaced by simpler pat- 
terns from single-locus probes, chough the principles remain 
the same. From the presence of different bars in given pos- 
itions, comparisons can be made with other samples, so thisis 
a classic forensic technique of comparison. The test is useless 
without something to be compared with, but the blood on a 
‘weapon in the possession of a suspect can be matched with 
Virtually complete confidence against the blood of the vic- 
‘tim, Seminal fluid in the vagina ofa victim of a murder/rape 
can be matched against the blood DNA pattern of a suspect ~ 
there is no need to match semen against semen, as all the 
DNA ina given person must, by definition, be identical. A 
few hair roots found on a blunt instrument in the possession 
of a suspect from a murder can be matched against the 
autopsy blood sample. In sexual crime cases, a great advan- 
tage of DNA testing over conventional blood-group secretor 
tests is that DNA can distinguish berween mixed semen and 


vaginal fluids from a swab, which can confuse or negate 
blood-group techniques 

Another wide medico-legal use is in paternity testing 
where, unlike blood group, haptoglobin and enzyme tests, 
2 positive identity of parents can be made, rather than a 
mere exclusion. Every bar in the ‘bar-code’ must have come 
from either mother or father, half the number from each, 
In testing, the coding is made from child, mother and 
father. The bars in the child's code are first matched with 
those in the mother's pattern. The remaining bars then 
must correspond with those from the father ~ if not, he 
cannot be the father. 


SAMPLES REQUIRED FOR DNA TESTING 


Although amplification techniques, such as polymerase 
chain reaction (PCR), etc., now allow minute samples to be 
tested, the larger the sample, the better the chance of a suc- 
cessful DNA test 

Post-mortem material is inferior co live blood and tissue 
for DNA fingerprinting if any significant post-mortem 
change has proceeded enough co break down nuclear chro- 
matin, Plain blood samples should be taken, however, 
though leucocytes may have already disintegrated. Some 5 ml 
of blood is taken into an EDTA tube, which extracts 
meaallic ions and nor only prevents clotting, but inhibits 
enzymes in blood or micro-organisms, which may break 
down DNA during storage. The best material is said to be 
muscle or the spleen and, if decomposition is advancing, 
the bone marrow is recommended. At least 0.5 g of tissue 
should be cut from the parenchyma of an organ and placed 
in a small plastic cube with no fixative or preservative. This 
should be frozen at ~20°C if there is likely to be the 
slightest delay in cransmission ro the laboratory. 

In sexual offences associated with homicide, as much 
material as can be obtained from the vagina should be 
collected, either fluid by pipette or multiple swabs from 
vagina, rectum and mouth. These again should be frozen if 
there is more than a few hours delay in transit to the labora- 
tory (see also Appendix 1) 


IDENTIFICATION OF 
SKELETALIZED REMAINS. 


(One of the classic problems of forensic pathology, the iden- 
tification of a whole oF partial skeleton, involves techniques 
and expertise that span a number of disciplines from 
anatomy to radiology, from archaeology co dentistry. It 
often overshadows the equally important need to identify 
intact or decomposed corpses, but the disproportionate 
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amount of space occupied by skeletal identification in most 
textbooks can be partly justified by the fact that bones can 
survive for decades, centuries or millennia, so that the 
cumulative reservoir of material is vast. As was observed in 
relation to intact bodies, the procedure for identifying 
bony remains falls into two distinct sections: 


I allocting che bones to general categories based on 
absolute criteria concerning species, race, sex, stature, 
age and date 

comparative studies, where the remains are matched 
against ante-mortem data derived from those people 
who might be potential victims 


‘The general categorization of 
skeletal remains 


‘When objects thought to be skeletal remains are found, the 
following questions need to be asked and, where possible, 
answered: 


Are they bones? 
Are they human bones? 

BE Whar is the sex? 

BE Whar is the searure? 

BE Whar is the race? 

BE Whar is the age? 

I How long have they been dead and/or concealed? 
HE What was the cause of death? 


‘Are the remains actually bones? 


“This question is not as facetious as it may seem, as untrained 
petsons may provide objects that falsely resemble bones. The 
author (BK) has been offered shaped stones, plastic and even 
hard wood, which were thought to be bones. The mistake is 
even more common when these objects are mixed with 
undoubted bones, usually animal in origin, which may be 
found buried or mingled with rubble, 

Recognition is usually easy, by the shape, texture and 
especially weight of the objects. Greater difficulty may be 
experienced when simulated human ‘bones’ are found, such 
as the ‘radius’ brought to the author (BK). This originated 
from a medical student’s anatomical skeleton and was made 
from plaster coated with a plastic polymer. Visually it was 
indistinguishable from a real bone, but the abnormal light- 
ness indicated the true nature. 


‘Are the bones of human origin? 


‘The recognition of species is important, but deciding on a 
human origin is usually easy, unless marked fragmentation 


Ficus 3.4 All Boner are not human —and not all ‘boned are 
‘bones, The smaller bones are animal, bu the central ‘ridin is from 
sn ersatz student skeleton, made fram plastic material, but thought 
by the police 1 be evidence of a eriminal death. 


hhas occurred, Many animal bones are found by the general 
public and police who are not qualified to decide whether 
they are human, Extensive rebuilding programmes and the 
renovation and demolition of old sites reveal many caches 
of bones, bur in the authors’ experience the majority are of 
animal origin, ofien originating from butchers’ debris. 

First, the size is assessed and many small, slender bones 
excluded on obvious grounds, Even a turkey thigh cannot be 
mistaken for a metatarsal, nor a beef rib for human. The 
‘gross anatomy is then studied, and even if the pathologist 
rakes no pretensions to being a comparative anatomist, the 
‘majority of intact animal bones can be recognized from their 
lack of correspondence to any human bone, Difficulties arise 
‘with smaller bones from some animals, especially the hands 
and feet, where digits, metatarsals and metacarpals require 
careful study to distinguish them fiom the human. Several 
ervors have been made in respect of bear paws, which closely 
resemble the human hand. 

‘When bones are incomplete or fragmentary, the prob- 
lems escalate rapidly. If che ends of longer bones are pre- 
sent, then their non-human shape may be more readily 
determined, but cylindrical segments of the central shalt 
have litle in the way of distinguishing features, apart From 
size, Burnt bone fragments offer similar problems, added to 
which isthe possibility of hear distortion and shrinkage. 

‘The advice of an anatomist is needed in such cases, 
preferably one with forensic experience and enthusiasm for 
the project. Unfortunately, every anatomist is nor necessar- 
ily an osteologist and ic may be more effective for the bone 
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to be examined by a pathologist who has both enthusiasm 
and the relevant reference books. 

Histological examination may offer a species differenti- 
ation — or at least co exclude a human origin. The Haversian 
architecture is different in many animals, bur the few spe- 
cialist papers on this subject must be consulted for details. 

‘Where the animal species is relevant to the enquiry, then 
a veterinary or comparative anatomist must be consulted. 
If the bones are too fragmentary to provide any anatomical 
data, then serological investigations must be attempred. 
"These depend on species-specific proteins being extracted 
from the bone into solution where they can be tested against 
specific antisera prepared by immunizing animals (usually 
rabbits) against a range of animal proteins, usually derived 
from blood. Thus the testis essentially seeking plasma con- 
stituents within the bone, the recognition being carried out 
by techniques such as electrophoresis or gel diffusion, DNA 
can now identify human tissue, if not the alternative species. 

‘The drawback of such serological tests is that they can- 
not be applied to bones that no longer have extractable 
proteins, and these include burnt or cremated bone and bone 
that has been dead for some years. The length of time for 
which identifiable protein persists is variable, but a negative 
result is usually co be expected after 10 years following 
death, though DNA techniques may be more sensitive. 


THE DETERMINATION OF SEX 


The accuracy of determination of the sex of skeletal remains 
varies with the age of the subject, the degree of fragmenta- 
tion of the bones and biological variability (Table 3.1). 
Parricularly when studying the skull and pelvis, a subjective 
impression by the experienced observer defies complete analy- 
sis, yet objective measurement may be no more accurate: in 
other words, the processes comprise morphological traits ver- 
sus morphometry. The determination of sex is statistically the 
‘most important criterion, as it immediately excludes approxi- 
‘mately half the population whereas age, starure and race each 
provide points within a wide range of variables. Obvious sex 
differences donot become apparent until after puberty, 


TAB 3.1 Pfitner sable of bodily dimensions in the female 
compared with the male (percent of male dimensions). The common 
generalization thatthe female ix 94 per cent ofthe male size varies 
in different ares of the body 


Statue 935 ‘Ann length o15 
Head breadth 980 Siting heght 945 
Face breadth 940 Head cicumference 960 
Faceheight 900 Head height 960 
Head length 955 Leg length 930 
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usually in the 15-18-year period, though specialized measure- 
‘ments on the pelvis can indicate the sex even in fetal material 
Sex and age are linked, especially where body size and weight 
are concerned. Similarly, race confuses sexing, for example, 
the size of the supraorbital ridges in a normal negroid female 
‘may exceed those in the average Caucasian male. 

The accuracy of sexing is hard co estimate, as various 
loading factors exist, Krogman comments that he scored 
100 per cent accuracy using the whole skeleton, 95 per cent 
oon pelvis, 92 per cent on skull, 98 per cent on pelvis plus 
skull, 80 per cent on long bones and 98 per cent on long 
bones plus pelvis. He admitted, however, that, as most 
anatomy department material has a sex ratio of about 15:1 in 
favour of men, marked bias could be introduced by assigning 
all doubtful bones to the male category. 

Stewart records that, for the whole skeleton, one can 
expect a 90-95 per cent success rate and for che skull alone 
only 80 per cent, but, if the mandible is also present, chis 
rises 10 90 per cent (Hrdlicka 1939). In general, adult female 
skeletal measurements are about 94 per cent that of the male 
of the same race, but different measurements may vary from 
91 co 98 per cent. 


The skull 


The following features develop afier puberty and are modi- 

fied by senility, so are applicable only between about the 20th 

and the 55th year. Age as wel as race hasa profound effect. 

1S General appearance. ‘The female skull is rounder and 
smoother than the rugged male, 

IH Size, Male skulls are larger, with an endocranial volume 
some 200 ml greater. 

I Muscle ridges are more marked in male skulls, 
especially in occipital areas where larger muscles are 


Brogma 


Glabella. \ Lambda 


Nasion. 
Anterior 
nasal spine” 
Alveolare 
-Zygomaxilare 
Infradentale sien 
Gnathion 
FiGune 3.5 Anatomical landmarks of the skull 
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attached to the nuchal crests and in temporal areas for 
larger masseter and temporalis muscles, 

© Supraorbital ridges are more marked in male skulls 
and may be absent in female. The glabella (central 
forehead eminence above the nose) is small or absent in 
the female, and prominent in the male, though this is a 
poor discriminant. 

Bl Mastoid process. This is larger in male skulls (see Hoshi). 

1S Frontal and parietal eminences. These are more 

prominent in female skulls, which resemble the shape 

in an infant more than in a male. 

Palate. This is larger and of a more regular U-shape in 

men. ‘The smaller female palate tends to be parabolic. 

Bl Orbits are ser lower on the face in the male skull, wich 


. 


‘more square and less sharp edges (especially upper 
edge) than the female. 
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Nasal aperture. This is higher and narrower in the 
‘male skull and has sharper edges. ‘The nasal bones are 
larger and project further forward to meet at a more 
acute angle than in the female, 

Forehead. This is high and steep in the female 

skull, with a more rounded infantile contour than 

the male 

‘Teeth are smaller in the female skull, molars usually 
having four cusps. The male often has a five-cusp lower 
first molar 

‘Zygomatic process. ‘The posterior ridge projects back. 
beyond external auditory meatus in the male skull. The 
zygomatic arches bow outward more than the female, 
where they remain more medial 

Mandible. This is large in the male skull, with a squarer 
symphysis region. Female jaws are more rounded and 


rT 


FicUne 3.6 Tivo recovered and reassembled 
skeletons, Afier cleaning, the bones should be 
lid out i correct anatomical position, 0 
sin an apprsimate direct measure of the 
stanure, allowing as well a possible ar lst 
aft tue. The upper skeleton, obviously 


male, shes the iequent lass of mall hand 


and foot bones, but no injuries. The lower 
remains, from a iden 40-year-old 
Ihnmicide, reveal thatthe body woe sao into 
si sections, there being cuts above the keer 


sand through pine capula and humeri 


Ficune 3.7 and 


ger ore 


Frontal view of mal 
female sul. The male (ef) i 


‘massive and has beawier eyebrow ridges. 


‘Dhe chin is squarer and the mandible 
Ioeavier, The fomale hat relatively larger 


ight orbits, a smoother cranium, and 


faller frontal and parietal eminences 
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project less at the anterior point. The vertical height at 
the symphysis is proportionately greater in the male. The 
angle formed by the body and the ramus is more upright 
in the male, being less than 125°. The condyles are larger 
in the male skull, as is the broader ascending ramus, and 
there isa more prominent coronoid process. 


These sex variations represent the ‘typical’ White and, to 
a great extent, Asian skull. There is considerable overlap, 


FiGune 3.8 A ppical male ull, with a 
sloping forehead and prominent occipital 
idgesfor large muscle attachment 
Probably the best male feature is the lange 
mastoid proces ale, the sygomatic process 


extends well behind the auditory meatus, 


FiGuRE 3.9 A ppical female skull, fom a 
murder victim hidden for 40 year in 
ctv. The cvanium iz high, round and 
mouth with incignificane ridges for muscle 
atuachnient, The mastid isting, ane ofthe 
best dlicriminants. The pat-zygomatic 
ridge doesnot continue behind the auditory 
meatus and there are wo rupraorbital ridges 
The chin is round and smooth. 


especially in subjects from the Indian subcontinent, where 
osteological sex differences are much less marked. The criteria 
and 
are less valid for those outside che 20-55 age group. For 
methods of sexing by discriminant function analysis, the 
work of Giles and Elliot (1963) should be consulted. 
In recent years craniometry has been applied to sexing the 
skull and multiple accurate measurements berween discrete 
anatomical points have been used to produce discriminant 


set out above exclude prepubertal and senile person 
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function analysis. ‘The papers of numerous authors must 
be consulted for details of this sophisticated and difficule 
technique that is accurate in 83-88 per cent of cases. The 
frequency of correct sexing is no greater than more subject- 
ive methods, bur commands a greater degree of confidence 
level in respect to its accuracy, 


Sex characteristics in the pelvis 


‘The post-pubertal female pelvis is wider and shallower than 
the rather upright male girdle to allow for the passage of the 
fetus during childbirth, Though as always there isan overlap 
of the appearance and measurements in the least characteris- 
ticindividuals, the usual variations are sufficient ro allow sex- 
ing of the adult pelvis to be made with about a 95 per cent 
confidence rate (see work by Genovés) In the pelvis, unlike 
the skull, there are differences, albeit subtle, in immature 
(even feral) pelves that allow sexual differentiation, ‘The fol- 
lowing features provide the most useful criteria, One must 
not be used in isolation, however; as many as possible must 
be assessed together. Sex features are independent of each 
other and one may even contradict the other in the same 
pelvis. Iris often a first subjective impression by an experi- 
enced eye thae determines the answer, though where the sex 
differences are slight, careful measurements may be needed 
to resolve the problem, 

Asin the skull, the male pelvis is more rugged because of 
the attachment of stronger muscles, It stands higher and 
more erect than the smoother, flatter, female pelvic girdle. 
“The subpubic angle, measured at the medial intersection of 
two lines drawn along the best approximation of the lower 
border of both inferior pubic rami, approaches 90° in the 
female pelvis, but usually about 70° in the male, 

‘This is often a subjective measurement, however and 
depends in turn upon the shape of the pubic bone itself, 
‘When the line of the inferior ramus is projected medially 
and intersected with a horizontal line laid across the upper 
border of the superior ramus, the reverse size of angle is 
seen, the male being wider than the female, 

“The body of the pubic bone, the block lateral to the 
symphysis, tends to be triangular in shape in the male, 
whilse the female pubis is more rectangular (Phenice 
1969; Iscan and Derrick 1984). Certain sexual variations 
in the pubis have been used by Phenice. In the female 
these are: 


a bony ridge (ventral are) running down the ventral 
surface from the pubic crest 

a concavity of the lower margin of the inferior pubic 
ramus immediately lateral to the lower border of the 


symphysis 


Male 


Female 


FiGUuRE 3.10 Sexdiffirences in the human pelvis. The most 
noticeable features are the narrower suprapubic angle and the higher 
iliae blader in the male pelt. 


a ridge of elevated bone on the medial aspect of the 
ischiopubic ramus, immediately lateral co the 
symphysis; in the male this area is broad and flax. 


‘The ‘ischiopubic index’ devised by Washburn may be 
helpful, in which che pubic length (100) is divided by the 
ischial length, ‘The measurements must be carefully made, 
the pubic length being from the plane of the symphysis to 
the reference point in the acetabulum and the ischial length 
being from the same point to the most distal edge of the 
ischium. The reference point isthe site of fusion of the three 
elements of the immature innominate bone, usually marked 
bya notch in the articular surface ofthe acetabulum (Schultz 
1937). Ifthe ischiopubic index (in White races) is less than 
‘90, the pelvis is male; if over 95, ivis Female. The acetabulum 
is larger in che male, being an average of 52.mm in diameter, 
‘compared with 46 mm in the female. The male joint cup also 
faces more laterally chan that of the female, which tends 
to look more forward. Naturally, acetabular size is related 
to that of the femoral head, which will be considered later. 
The greater sciatic notch is an important criterion, being 
deep and narrow in the male, wide and open in the female, 
“The angle formed by the margins approaches closer to aright 
angle in the woman than it does in the man. Harrison (1968) 
and Hedlicka (1939) both fele that the greater sciatic norch 
‘was one of the best discriminants for ses, the latter claiming 
275 percent success rate using this criterion alone. 

‘The obrurator foramen is somewhat ovoid in the male, 
bur triangular in the female, The pre-auricular sulcus, which 
marks the attachment of the anterior sacroiliac ligament, lies 
just lateral to the sacroiliac joint and is usually well marked 
in women but often absent in males. The pelvic inlet, looked 
at from above, is more circular in the female, the male being 
heart-shaped as a resule of the protrusion of the sacrum into 
the posterior brim (Greulich and Thomas 1938). A number 
‘of other pelvic ‘indices’ have been devised by various authors 
(see, for example, the work of Turner, Greulich and Thomas, 
Caldwell and Molloy, Straus, and Derry), 


sue 
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FicUne 3.11 The greater sciatic notch is narrower inthe male 


innominate bone, 


Sex characteristics in the sacrum 


“The sacrum is functionally part of the pelvis and shares in 
its sex variations. The female sacrum is wide and has a shal- 
low curve, again related to the larger pelvic canal for child- 
birth. Ie is shorter in the female and the curve is limited 
almost entirely co that distal part below the centre of the 
third sacral vertebra. The male sacrum may have more than 
five segments, which is rare in the female. The curve in the 
‘male is continuous down the whole bone and there may 
even be a slight forward projection of the coccyx. Fawcett 
(1938) compared the transverse diameter of the first sacral 
vertebra (CW) with thar of the base of the sacrum (BW) 
‘The formula CW X 100/BW averaged 45 in the male 
and 40 in the female, Kimura (1982) has developed a 
“base wing indes’, where the relative widths of the wing and 
base provide discriminant function coefficients for sex 
determination, 


Sexing from the long bones 


‘The femur is the most useful, its length and massiveness 
themselves being significant, ‘There is, as usual, consider- 
able overlap of all long-bone sex characteristics, but Brash's 
series showed that the maximum (oblique) length in the 
male femur was around 459 mm, while that of the female 
was only 426mm. Other figures from Pearson and Bell 
(1917) suggested mean values of 447mm for men and 
409 mm for women. Using the trochanteric oblique length, 
they suggested a range of 390-405 mm for women and 
430-450 mm for men, though there was the usual overlap 
in the middle, Race and nutrition (which is related to the 
cera and the place in which the samples were obtained) must 
be allowed for in such measurements. 


Male Female 


FiGURE 3.12 The variation in shape of the male and female 
sacrum. The female is broader and more triangular 


EAs 3.2 Dusight table for sexing from humeral and femoral 


ed diameters (in mm) 


Vertical Transverse Vertical 
humeral humeral femoral 
Female 4267 3698 4ga¢ 
Male 4876 4466 4968, 
Difference 609 568 584 
ante 3.3. Person and Bells table forthe mathematical sexing of 


the femur The area of uncertainty extends in inerosing degres off 
confidence outwards from the central column to the mare definite 
omits on each side. Measurements are given in millimetres 


Male Male or female Femi 
Verical diameter ofhead © >456 495-418 <8 
Pople length S145 114-182 <106 
Bicondyar with 378 ThT6 <M 

blue trechanteiclength ->450 405-430 <200 


‘The size ofthe femoral headsis claimed to be a better dis- 
criminane of sex, the vertical diameter being said by Pearson 
and Bell to be greater than 45 mm in the male and less chan 
411mm in the female, though again there isan overlap in the 
distribution curves around the 43mm size (Table 3.2), 
Maltby (1917), however, measured 43-56 mm in the male 
and 37~46mm in the female. Femoral head size is part of 
Pearson's ‘mathematical sexing of the femur’, which incor- 
poraces several measurements (Table 3.3). Dwight (1904) 
studied the size of both femoral and humeral heads, claim- 
ing chac they were more useful than bone length. Once 
again, discriminant function sexing has been carried out, 
using a number of measurements. Details should be sought 
in the work of Black and of Iscan and Miller-Shaiviez 
Another sex trait in the femur is the angle chac the shaft 
makes with the vertical. Because che pelvis is relatively 
wider in the female, the shafts have to slope more t0 con- 
verge at knee level, so that che condyles at the lower end of 
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TOL 3.4 Long-bome lengths (mm) in White men and women of different stature 


Men Women 
Humerus Radius Ulna Stature Femur Tibia Fibula Humerus Radius Ulna_ Stature Femur Tibia Fibula 
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Maite by Krogran and scan (7986) rm Hcka (1930), 


the femur sit horizontally on the tibial plateau, Thus when 
a female femur is seated on its condyles on a flat surface, 
the angle the shaft makes with that surface is of the order of 
76°, while a male bone is more upright, the angle being 
around 80°. The angle of the neck on the shaft ofthe femur 
(the ‘collodiaphyseal angle’) was studied by Godycki (1957), 
the results suggesting that a bone with an angle of less than 
40° had an 85 per cent chance of being male, while if the 
angle exceeded 50°, there was 75 per cent chance of it being 
from a female (Table 3.4). 

Most workers have worked with dry bone specimens; 
when methods using fresh bone are used, allowance must 
be made for articular cartilage where relevant. For example, 
the vertical diameter of a femoral head is 3 min less in the 
dried specimen. 


Sex determination from other bones 


‘The sternum may be helpful in char the length of the 
manubrium in the female may equal or exceed half the 
length of the body, while the manubrium of the male is less 
than half the body length (Table 3.5). This was claimed in 
the nineteenth century by Hyrtl, but was denied by 
Krogman and by Dwight. The latter claimed that the ratio 
of manubrium: body was 52:100 in women and 49:100 in 
men, a poor discrimination. However, the method has 
been rehabilitated by lordaniis (1961), who alleged a suc- 
cess rate of 80 per cent using the sternum alone, Stewart 


Taste 3.5 Sex determination from the sternum. Mean (range) 
lengths of manubrium and sternal body (rom) 


Male Female 
Manubéal length 51,7 (41-73) 484 (9-61) 
Body length 96.4 (74~122) ‘75 (69-95) 
Combined length 147 (181-180) 197 (107-140) 


Tak ror et al (1980) Noth dan poultin 


and McCormick (1983) used a radiographic technique and 
claimed total accuracy in stating that a sternal length of less 
than 121mm must be female and over 173mm must be 
‘male 

the scapula has been studied extensively, but mostly in 
relation to age. ‘There are relatively poor sex variations in 
the vertical diameter of the glenoid cavity: the threshold, 
according to Dwight, is 36 mm, those smaller being female, 
lordanidis made an extensive study of scapular measure- 
ments and concluded that scapular height was the best 
discriminant, the male usually being greater than 157 mm, 
the female less than 144 mm. 

“The humerus, radius and ulna yield little helpful sexing 
evidence, apart from overall size. The presence of a perfor- 
ated olecranon fossa ar the lower end of the humerus occurs 
more often in females and more commonly on the left 
side, there being a 3.7:1 ratio compared with males. Godycki 
studied this and other characteristics of the arm bones as 
sex determinants, but their value is poor. 
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FIGURE 3.13 Determination of tex of femur by angulation of the 
shaft. The condyles are set on flat surface and the angle ofthe shaft 
‘measured. Because of te greater til caused by the relatively wider 
pelos, the female angle is usualy less than 80°. 


There are many reports on sexing from limb and girdle 
bones and the best approach seems to be a multiple assess- 
‘ment using the data for discriminant function analysis, 


Evidence of pregnancy from the 
skeleton 


More accurately, parturition causes some changes in the 
pelvis as a result of the local trauma of childbirth, which is 
reinforced by multiple pregnancies. These include ‘pubic 
scars from the tearing of tendon insertions and periosteum 
around the pubic bone, The dorsal pubic surface and the 
pre-auricular sulcus are best indicacors, but most authorities 
agree that it is nor possible to determine the number of 
births from osteological appearances. The papers of Angel 
and of Ulrich are most useful in this respect. 


ESTIMATION OF STATURE FROM 
SKELETAL REMAINS 


When a full skeleton is available, chen obviously direct 
measurement of the correctly assembled bones will give the 
original height within a few centimetres. Allowance has to 
be made during assembly, however, for the loss of cartilage 
in joint spaces and especially for missing intervertebral 
discs. The accuracy achieved with direct measurement is 
nor great, in thar even with an intact body there can be a 
lengthening of up to 2.5cm compared with the live height. 
‘The skeleton needs scalp and heel soft tissue thickness 
added ~ and with the obvious uncertainty about the cumu- 
lative allowances for disc thickness and joint cartilage, itis 


unrealistic to expect accuracy of less chan about 4-Bem 
compared with the living height, 

‘When incomplete skeletal material is available, caleula- 
tions have to be made on the basis of one or more bones. 
Where possible, all available bones should be used and a con- 
sensus of results assessed, though the accuracy derived from 
different bones varies and the result from ~ say, a femur ~ is 
more reliable than that from an ulna, The descending order 
of usefulness is: femur, tibia, humerus, radius 

Many formulae have been constructed for the decermi- 
nation of stature from che length of long bones. The fol- 
lowing cautions must be appreciated before they are used: 


The tables were constructed from differing ethnic 
‘groups and at different times, so that racial and 
nutritional factors introduce significant variations, The 
table most appropriate to the bones under investigation 
should be used, though by definition the exact 
provenance of these bones may be unknown, even 
including their ethnic origins. 

There isa marked sex difference in stature estimation 
and ageing of the person also reduces statute relative to 
long bone length. Trotter and Gleser (1958) found in 
855 bodies thar there was a 1.2cm loss of height for each 
two decades of age over the age of 30, a loss of height 
equivalent to about 0.6mm a year after the fourth 
decade, The same investigation showed thar the length of 
the cadaver was about 2.5.cm longer than the known 
height during life. The maximum stature (at leas in 
‘American men) was found in 1951 to be reached ar the 
age of 23 years, a change from earlier estimates in which 
the peak was found to occur berween 18-21 years of age 

The bone lengths must be measured in exactly the same 
‘way as that used by the author of the tables. 

Old dry bones are slightly shorter than recent material, 
even when one excludes the loss of articular cartilage. 

Telkki (1950) stated thar 2mm must be deducted 
from the length of fresh bone before the calculation is 
made, as most tables are based on dried skeletons. 
These differences, however, are slight compared with 
the greater errors likely if incorrect measuring methods 
are employed. 

There are inbuilt errors, which are expressed in the 
formulae. These standard errors are given as ‘plus or 
minus’ a certain figure, which applies only when the 
length of the bone is near the mean of the usual range 
of length for that particular bone, When the bone is 
near the extremes of the range (that is from a very tall 
‘or very short person), then the standard deviation must 
be doubled in order to stay within the same range of 
confidence of accuracy. The same holds good if the 
tables used are not from the same ethnic group as those 
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te 3.6 The stature tables of Trotter and Gleer. The upper table represents ther original 1952 figures, the lawer their madifiation of 


1977, as quad by Krogman and lean (1986) 


Male Whites 


Male Negroes 


Statue 
Stature 
Statue 
Statue 


(6305 + 1.1 (femur fla) = 363em 
6709 + 1.26 (femur + tia) * 374em 
‘7850 + 260 fila + 386em 
6553+ 232 femur 394em 

Stature = 81.99 + 249 tia + 400cm 

Stature = 6787 + 1.82 (humerus + radius) +431 cm 
Statue = 6698 + (humerus + ulna) + 437cm 
‘Stature = 7810 + 289 humerus = 457 

Stature = 7940 + 379 radus + 468, 

Stature= 7685 + 476 una * 472 


Female Whites 


Female Negroes 


‘Stature = 60.12 + 068 humerus + 1.17 femur-+ 
1.18 thia* 851 cm 

Stature = 6320 + 1.39 (femur + tia) = 365em 

Statue = 6307 + 148 femur+ 1.28 tia = 355 em 

Statue = 5961 +293 fava = 367 em 

‘Stature = 6159 + 290 tba * 366 em 

Stature = 527 + 136 humerus + 1.96 tia * 367 cm 

Stature = 5410+ 247 femur =272cm 

‘Stature = 5403 + 474 radus * 44cm 

Stature = 5776 + 427 una 400m 

Stature = 5797 +336 humerus + 445em 


‘lature = 56.38 + 044 humerus ~ 0.20 radius + 
1.46 femur + 086 tba = 322m 


‘Slature= 5854 + 1.53 femur +096 tia + 223.cm 
Stature = 5972+ 1.26 (lemur + bi) + 38cm 
‘Stature = 59°76 + 228 femur =341 cm 

‘Stature = 6280 + 1.08 humerus + 1,79 tibia 268m 


090 + 2.49 fibula = 380em 
57 + 308 humerus + 425em 


White males se Black males se 
208 Humerus + 7045 405 396 Humerus + 62.10 443 
78 Radius + 790° 432 ‘242 Radius + 8186 430 
3.70 Una + 7405 432 396 Una + 79.29 442 
238 Femur + 61.41 307 211 Femur + 7035 394 
282 Tibia + 7862 337 219 Tibia + 8602 378 
268 Fibula +7178 399 219 Fibula + 8665 408 
1130 (Femur + Tibia) + 6829 299 5.18 (Femur + Tia) + 71.04 353 
142 Femur + 1.24 Tibia + 5988 299 (06 Femur + 1.52 Tibia + 76.13, 349 
(0.93 Humerus + 1:24 Ta + 6920 396 080 Humerus + 1.78 Tia +71.29 349 
(O77 Humerus + 12 Femur+ 1.16 Tibia + 8857 299 (089 Humerus ~ 1.01 Radius +028 Femur+ 192Tiba+ 7456 338 
White females se Black females se 
96 Humerus + 5797 445 208 Humerus +6467 495 
474 Radus +5493, 424 67 Radus + 71.79 459 
427 Una + 8776 430 331 Una + 7538 43 
247 Femur + 64.10 3m ‘298 Femur + 5976 341 
290 Tibia + 61.63 366 245 Tb + 7265 370 
293 Fibua + 6961 357 249 Fibula + 7090 380 
1139 (Femur + Tibia) + 8220 355 4126 (Femur + Tis) + 88.72 398 
1148 Femur + 1.8 Tibia + 8307 355 1153 Femur + 096 Tibia + 5864 333 
1135 Humerus + 1.95 Tha + 627 367 1108 Humerus +179 Tb 358 
(88 Humerus + 1.17 Femur + 1.18 Tibia + 80.122 351 (44 Humerus ~ 020 Radus + 146 Femur +OB6 Tika + 5623 322 


‘Allegis aren centimetres, val ony for Americans batwean 18 and 30 yeas of age. Femur and bia re manu lang, tarda ere 


being estimated. Krogman indicated that 295 percent OF the many available systems of calculation, those of 


confidence rate applies only if twice the standard error 


is accepted each side of the favoured height ~ in an 
average man, this means a latitude of over 12cm, which Older tables include those of Rollet whose measurements 


is too great to be of much use in identification 


“Trotter and Gleser are most widely used, being based on 
(Caucasian and Negroid Americans from the 1950s (Table 3.6) 


of French people were later reworked by Manouvrier and 
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TaMLe 3.7 Pearson’ (1899) regression tables for calculating starure 
ions dried long boner 


Taste 3.9 Telbhit table for calculating sarure of Finnish men 
and women 


S=72B44 + 1.945 Femur 
‘T1476 + 2754 Humerus 
ATTA +2360 Tia 
81.204 + 8343 Radius 
69.164 + 1.126 (F +1) 
69561 + 1.117 E+ 1.1257 
69011 + 1628 (H +R) 
‘70542 + 25621 + 02818 
67496 + 1399F + 1007 
67487 + O7BDE + 1.1207 


T3664 + 3378 Tha 
15905 + 3271 Radius 
1272+ 189 (F +1) 
ad] + 1.200F + 1.0807 
855 + 1730(H +R) 
9.788 + 2769 H + 0.1968 
297 + 1.030 F + 1557 H 
77049 + 0913 F + 0600 


by Pearson and quoted in a review by Hrdlicka (1939), 
Pearson allowed a standard addition of 2.5cm to com- 
pensate for the difference between dead and living height 
(Table 3.7), More modern tables include those of Dupertuis 
and Hadden (1951) and ‘Tromer and Gleser (1958), 
from American subjects. The latter used casualties from 
‘World War II and later from the Korean War to construct 
their tables (Table 3.8). Other calculation systems include 
Breitinger (1937; Getmans), ‘Telkkii (Finns) (Table 3.9), 
Allbrook (1961; Aftican Negroids and English), Shiati 
(1983; Chinese), Mendes-Correa (1932; Portuguese) and 
Stevenson (1929; Chinese). Modern critics of the accuracy 
of the estimation of starure from long bones include Wells 
(1959), who suggested thar even the preferred method 
of Trotter and Gleser has less accuracy than is generally 
acknowledged. 

Estimation of starure from bones other than the major 
limb bones is far more inaccurate, Measuring the spinal 
column (from the tip of the odontoid to the bottom of the 
fifth lumbar vertebra) has been used by Krogman and by 
Dwight; Fully and Pineau (1960) used the spine plus a long 
bone. Tibbetts (1981), in his more modern study on the 


Men se Women se 


1694 +28 (Humenus~329) 60 
1694+34¢(Radus~297) 50 
1694+39(Una~231) 52 
1694 +21 (Femur 455) 49 
1694421 (Tibia~366) 46 
1694425 Fibula~36.1) 44 


1868 +27 (Humes ~307) 39 
1568+31 (Radus-208) 45 
1568+33(Una-213) 44 
1568+18 (Femur—418) 40 
1568+19(Tbia~331) 46 
1568+23 (Fitua~327) 45 


spine, measured 23 individual vertebrae and produced a 
regression formula for both men and women. However, the 
results were far superior when long bones were used. 
Others have employed the clavicle (Jit and Singh 1956) and 
the scapula (Olivier 1969). 

The use of fragmentary bones and those immacure bones 
from which the epiphyses have been lost have been studied, 
the survey by Krogman and Iscan being the best account of 
the techniques employed by researchers such as Steele and 
McKern (1969) and Muller (1935). The estimation of the 
heights of infants and fetuses is even more difficult when 
‘working with skeletal material, as substantial parts of these 
bones may be detached and missing because of non-fusion 
of epiphyses and non-appearance of ossification centres. 
Mehta and Singh (1972) have specifically addressed this 
problem, as well as others summarized by Krogman and 
scan (1986). 


ESTIMATING THE SUBJECT’S AGE 
FROM SKELETAL STRUCTURES 


“The age of the subject ar death is usually more important 
shan the stature and rivals the sex asthe most vital indication 


TABLE 3.8 Dupertuis and Hadden’ (1951) tables fr estimating stature frm bones. The length ofthe bones 
(icasured in centimetres according tothe author criteria) i mukiplied by the factor inthe table and added t0 


‘te constant in the righthand coluan to give the dy eth (om) 


Men om Women om 
2938 (Femur) + 69089 2317 (Femur) + 61412 
2399 (Tisa) + 81.688 2533 (Tibia) + 7872 
2970 (Humerus) + 73570 3.144 (Humerus) +6497 
30650 (Radius) + 80.405 3876 Radus) + 73502 
1.205 (Femur + Tibia) + 69994 11233 (Femur + Thi) +65213 
1.728 (Humerus + Ralus) + 71499 1.984 (Humerus + Rats) +5579 
1.429 (Femut)+ 1.082 (Tiba) + 6 1657 (Femur) +0879 (ibis) + 5959 


1.789 (Humerus) + 1.841 (Radius) 
11998 (Femur) 0568 (Humerus) 
1.442 (Femut) +0931 (Tia) + 
(0083 (Humerus) +0480 (Radus) + 58006 


+ 68400 
+ 64505 


2.164 (Humerus) + 1525 (Radius) + 60344 
2009 (Femur) +0566 (Humerus) + 57600 
1544 (Femur) + 0764 (iia) + 

(0.196 (Humerus) +0295 (Ratus) + 67495 
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of identity. The estimation of skeletal age falls into various 
groups, which have marked differences in both method and 
accuracy: In general, the greater the personal age the less the 
confidence quotient, There are many publications on the 
subject, many of them arising from archaeological rather than 
forensic interest, as the age structure of a skeletal population is 
of great interest to social anthropologists and historians, 


‘Osteometric board 


FIGURE 3.14 Osteometrc board for accuntte measurement of bone 
engoh. There isa central sarin the headboard ta accommodate 


‘The fetus and young infant 


It is more usual co have to estimate fetal and neonatal age 
‘on the intact dead body, rather than the skeleton, as che 
immature bones are so easily dispersed, lost and destroyed 
compared to the more robust bones of older subjects. Both 
in archaeology and forensic pathology, however, such fetal 
and immature remains are sometimes present. 

“The major dating indices are the appearance of ossifica- 
tion centres in growing cartilage but, as stated above, these 
are rarely available in dried bones as the cartilage disinte- 
grates within weeks or months and small ossification centres ~ 
both in diaphyses and epiphyses rarely survive. The bones 
have to be examined with the cartilage still attached to offer 
much hope of ageing the remains, Radiology may provide 
more information than visual inspection, 

Specialized books such as the classics by Fazekas and Kosa, 
Krogman and Iscan, and by Stewart and the numerous 
papers and monographs on the subject (a selection of which 
are listed a the end of this chapter) must be consulted where 
fetal issues are complex and important. Once again the help 
of interested anatomists and radiologists can be invaluable, 
especially as biological variation poses a constant trap for the 
inexperienced who slavishly follow printed tables without 


‘he tibial head spines the knowledge to appreciate their limitations. Stewart has 
Lateral 
‘condyle 
\ 
Siyoid 
Medial Madi V 
condyle smalicouls 
Femur Tibia Humerus Padus 
{anterior upwards) (posterior upwards) 


Ficune 3.15. Dimensions of dried bones for estimations of tature (Trotter and Gleser, Dupertuis and Hadden). The right side bone i wed 
for preference. Femur: With the bone lying anterior surface upwards, the maxim length is measured from she medial condyle to the most 
pprasimal part ofthe head. Tibia: Maina lengoh between tip of medial malleolur and face of lateral condyle. The intercondylar eminence 
i noe included. Humerus: Masimum overall length from the posterior margin ofthe trochlea tothe upper edge of the bead. Radius: From 
the tip ofthe styled process tothe head, lying with the posterior surface upward. All bones should be measured either with an osteometric 
board or, ifone isnot available, on a flat bench with the maximum lengths taken between two vertical, parallel board: placed in contact with 
the bone ends. Ifthe bones are not dry but have articular cartilage in place the following should be subtracted from the measured length 
before applying the formulae (Boyd and Trevor): radius and humerus 31m each, tibia Sm and femur 7mm. 
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produced a useful nomogram that relates feral femoral lengeh 
{0 crown-rump length and hence to approximate gestational 
age. Teeth are discussed in Chapter 26. Fazeka and Kosas 
book is particularly useful to che pathologist (as bone lengths, 
etc. are directly related to fetal and infant age), as are the pro- 
fuse illustrations 


Skeletal age in the child and young adult 


‘There is no break in the methods used for the fetus 
and small infant and the older child and young adult 
‘The appearance of ossification centres is complete by 
around 5 years and after this stage the fusion of epiphyses 
acts as a calendar up to the age of about 25, when the 
medial clavicular epiphysis is usually the last evidence of 
such fusion. 

Lists and diagrams such as those shown here are the 
usual method of tracing the maturity of the skeleton, 
Several cautionary points must be appreciated and where 
possible the advice of a radiologist be obtained if there are 
important issues at stake. The paper by McKern and 
Stewart gives a valuable commentary on personal variation 
in skeletal age determination (Table 3.10). 


Maturity is not synonymous with calendar age. There 
are both sexual, racial, nutritional and other biological 

1 Females are almost always in advance of males, and 
maturity tends to be accelerated in hotter climates, 
though the latter may be tempered by nutritional 
disadvantages, 

1 There is a marked range of closure dates in epiphyseal 
union, and the year suggested in some charts is merely, 
the midpoint of chat range, 

1 Union is a process, not an event, It may be different 
radiologically from gross inspection; it may also be slow 
in completion, so that it may be difficult to pinpoint a 
date that is needed to refer to published data, An 
‘example is the one thar is usually the last co fuse, the 
medial end of the clavicle, which may slowly close 
during any period from about 18 to 31 years. Finally, as 
‘emphasized by Krogman and Iscan, multiple criteria of 
skeletal age should be used, dependence not being 
placed upon any single measurement. 


Skeletal ageing in later years 


‘The eruption of the third molar teeth and the fusion of the 
last epiphysis occurs approximacely in che middle of the third 
decade. This is a watershed in skeletal dating, as the more 
objective markers of age are almost all on the younger side of 


this ime. From around 25 years uncil old age, there are no 
dramatic events such as tooth eruption oF the appearance oF 
ossification centres. There are more subtle changes available 
for specialized interpretation, but the general decline through 
middle age to senility prevents assessment of age to within the 
nearest half-decade. 

"The major advances in this difficult period have been the 
use of the pubic symphysis and sternal ribs and the radiology 
‘of cancellous bone. However, dental technology may further 
refine the assessment of age 


Pubic symphysis and age 
‘The opposing faces of the ewo pubic bones have been 
extensively studied by Todd (1920, 1921), by MeKern and 
Stewart (1957) and by Gilbert and McKern (1973), who 
related the changing topography of the symphyseal faces to 
age. The technique is complex and requires bones that are 
free of cartilage, but nor so eroded by drying and damage 
that the surface fearutes are blurred. 


ASSESSMENT OF AGE FROM THE MALE PUBIC 
SYMPHYSIS 


As always, the details given in the original publications 
should be studied and practice gained by examining bones 
of known age. The method as originally devised by Todd 
has been radically modified by McKern and Stewart so that 
the technique is now the most useful in assessing the age of 
post-marure material. It must be noted thar their method 
applies only to males and was not applied to female mater- 
ial until the work of Gilbert and McKern. 

In summary, the face of the symphysis is analysed by 
reference to three ‘components’, each being scored on a scale 
of 6. In component I, che dorsal half of the face is assessed 
fon a scale of 0-5; in component Il, the ventral half is 
assessed; and in component III, the whole surface is con- 
sidered in relation to different criteria to the preceding two 
stages. 

‘Component I (the dorsal plateau) is scored as follows 


0: dorsal margin absent 

SL slight margin formation appears in the middle third 

of the dorsal border 

2: dorsal margin extends along whole dorsal border 

3: grooves filled in with resorption of ridges to form 
an early plateau in the middle third of the dorsal 
demifice 

4: e plateau, still with vestiges of billowing, extends 
over most of the dorsal demiface 

Im 5: billowing vanishes and the surface of the demiface 

becomes flat and slightly granular 
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Table 3.10 Time of appearance of major oxification cemees 


(a) Healthy Caucasian boys 
Birth 12 months 20 montis years 1 month 
Ccaneus Second nger-fret pala Fest oer phalnx Ferman eat rochaner 
Tas Fourth Singer hicane Nile una Patel 
Femur dtl Fret finger second phalane ars 
24 manths yea 3 months 
Ta proximal 
This reins “id fehl pha Faurh metal 
a Tid oer plac Fearn fnger- i phalanc yeas 4 months 
Second etacapal Nayar of ot Fith oe-thed pala 
2 months Mecil inet Fifth oe-rst pala yeas, 7 months 
Copii ee gigs Tete hla 
imate montis Fourth ne~hed phalanx 
(el efor Foul be et hat Fas nlc babs ee 
Saris Second oe palanc ta yea 8 months 
# Frith toe~second phalanx 23 months BU ct 
Femur head ‘Second fingered phaane 
Capitulum 18 months as Saree Pe 8 years, 10 months 
‘Tig ital Thid metacarpal 2 years Radius, proximal 
6 months Second oe-second ghsane Fh ger-second phan ypetinaete 
Fil, dt Finger phan Linde ie: 
7 months. 16 months 2 years, 2 monks 4 years, 4 months 
Humerus, greater tuberosity Fourth toe second phalanx Second metatarsal Navcular, hand 
Rais, dtl Feurh metacarpal 2 year § montis 4 yeas 8 months 
10 mont jena Second fgehrd phalanx ‘tangas mins 
Tiga Second fngersecond pane Pith fingertid plan 5 year+ 
11 montis Tid nger second hans 2yea, 11 montis Humerus medial eicnd 
“id fnger- fr plane Feurh Srger-seconé paint ‘Thre meatal Una dal 
Fest ine-second plan Fith metacarpal Fula grown Fith ne-second plane 
(b) Healthy Caucasian girs 
Birth 8 months 14 mons 2 years 
Cacaneus Second ngerfret pala Fest metacarpal Linate 
Tas Fret fnger second hale Fest oer phalanx Tid ned plan 
Femur stl Tid nee plan Fithnger- iret phan Faurhtoe-hed phalanx 
Tia, proxnal “ide td plane Fb proxinal 
Cobo 9 months Feurth geri phalanc Femur gree tochanter 
Hamers head Tid toe-secnd phan Naval of ot 
Fourth toe~first phalanx Middle cuneform 2 years, 2 months 
2 months Medial cuneiform First metatarsal ‘Second toe-thid phan 
fais Fourth metas 
Hamate 10 months 15 months 2 years, § months 
Lateral unlirm Second metacarpal Fist ingerir plan Fath etal 
Second oe-secnd phaans Fithnger-second phalanx 
months Fourth toe~second phalanx 2 years, 8 months 
Femur head Tid ataceral in int Mitanguate mj 
Capitulum ‘Second toe-firt phalanx Second fngerthird phalanx ‘yet 9 conte 
Tact Tq Fithfnger-tid phan Fert alec 
4 months 11 months 19 months: ‘years 
Humerus, greater tuberosity Fourth metacarpal Sect setabicsal Reds, proximal 
Fith Singer phone Mutangute minos 
8 months i clea were 
Ful dst 12months me is ears 2 mon 
Radius distal Fourth inger-second plane i nee ata Naviular hand 
Thitd nga second phan 22 months aac breuile 
‘Tmonths Pagid 
Fst toe~second phalanx 13 months ‘Wel meteerse Mina tal 
“id fnger ire plane Fith metacarpal 23 manths 5 yeast 
Fourth fingers palane Second finger-secondphalarx atoll Fith ne-second plane 


‘Ar Francs and Wet (1089), 
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‘Component II (the ventral rampart) is scored as Follows: 


0: no ventral bevelling 

1: ventral bevelling only at the superior end of the 
ventral border 

2: bevelling extends along whole ventral border 

3: ventral rampant starts as bony extensions from either 
or both extremities 

1 4:extensive rampart, but still gaps, especially on the 
upper two thirds of the ventral border 

1B 5: complete ventral rampart 


‘Component III (symphyseal rim) is scored as follows: 


0: no symphyseal rim 

partial dorsal rim visible, usually at the upper end of 

the border: itis round, smooth and elevated above the 

surface 

complete dorsal rim with beginnings of ventral rim, 

which starts at no particular site 

: complete circumferential symphyseal rim, enclosing 
a finely grained, slightly undulating surface 

4; the rim begins to break down, no longer smooth but 
sharply defined, Some lipping on ventral edge 

5: further breakdown of rim, especially along 

superior ventral edge. Rarefaction of symphyseal face, 

Disintegration and erratic ossification of ventral rim, 


In practice, a three-figure score is made from evaluation 
of each component and added together. For example, com- 
ponent I = 3, component II = 4, component III = 1.’Thus 
the score is 3 + 4 + 1 = 8 and by reference to the tables, 
the age suggested is berween 24 and 28. 

Since the work of Gilbert and McKern, a method has been 
offered to assess age in both males and females, Stewart has 
pointed out that, although ‘Todd fele that the same criteria 
could be applied to females, there was risk of overestimation 
of age in women because pelvic trauma during parturition 
could deform the dorsal border of the symphysis in a manner 
likely to: mimic age changes. 

‘The other limitation of the method is that the upper 
limit is 50 years, so that a large segment of the range is not 
considered, Also the scoring is naturally subjective, depend- 
ing on the experience and training of the observer. In spite 
of these drawbacks, the method remains the most useful 
ageing technique for post-mature males. 

Gilere and McKern established standards for females 
in 1973, The same three components are used, but the 
description of the symphyseal faces is different. Details must 
be sought in the original publications or in Krogman and 
Iscan’s invaluable book. Gilbert concluded that, if the male 
criteria were used for females, the age assessment would 
be underestimated by about a decade, as the female pubis 
reaches full macurity about 10 years later than the male. 


identity of human remains 


Several tests of the accuracy of this method have been 
made by Suchey (1979) and Meindl ef al (1985). There 
have been many reports on the subject, but it would seem 
that ‘Todd’s system remains the most accurate. Overall 
accuracy obtained by experienced observers lies in the 
range of 5~7 years around the true age. 


The sternal rib methods 


“The castochondral junction has been studied by a number 
of physical anthropologists using different techniques. 
Michelson (1934) found thar calcification in the first 
costal cartilage did not occur under 11 years and that 
afier 16 years, males calcified much more quickly until 66, 
when the sexes again became uniform, Iscan and Loth 
(1986) made detailed studies of the shape of the rib end 
adjacent to the cartilage and constructed complex criteria 
for age-relared changes. The original publications must be 
consulted for details as well as more recent developments 
stich as those by Loth, Iscan and Sheuerman (1994), 


Skull sutures and age 


“The use of skull surure fusion as an index of age has had 
a chequered history, beginning in the first century AD with 
a comment by Celsus. It is now generally discredited, 
except in the most broad rerms, 

Iv is common knowledge that most adults have at least 
part of their sucuse lines closed and thar this tends to become 
more widespread as age increases. There are many exceptions 
and the rate of closure is nor linear with time. This generality 
can be useful when skull fragments are found, as any visible 
fusion will atleast indicate that che skull came from a mature 
individual, a ic is unlikely below the age of 20 (Brothwell). 

‘The claims of Dwight (1890), Parsons and Box (1905) 
and Todd and Lyon (1924, 1925) (who stated that sagittal 
fusion began at 22 and was complete by 35) for the use of 
fasion asan ageing cool, have been refuted by Singer (1953), 
Cobb (1952), McKern and Stewart (1957) and Genovés and 
Messmacher (1959). McKern and Stewart found that 25 per 
cent of 18-year-old males had begun closure of their sagittal 
sutures and thar by 31-40 years, 90 per cent had some 
fusion. Yet many had no fusion at considerably older ages. 
Since these criticisms were made, much further work has 
been carried out, recorded by Krogman and Iscan's book in 
its 1986 edition, They concluded from the accumulated evi- 
dence of many publications chat surure closure is not affected 
by sex, race or right/left differences. Only endocranial fusion 
must be studied, as that on the outer side is far more erratic. 
Even so, determination of age from suture closure is unsafe: 
they feel that in the 20-50 age range, it may be possible co 
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Ficumt 3.16 A guide tothe age of epiphyseal union in the major 
centres. The commencement and completion of union takes several 
years. The table is only a guide for male subjects (female slightly 


carler) in non-tropical climates the ewo dates are partial and 


complete union (year) 
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place a skull within the correct decade only, older material 
being even more variable 

‘The basisphenoid synchondrosis cannot be included in 
this class, as its fusion is a relatively reliable indicator of 
a minimum age of about 20 years, ‘The metopic suture, 
between the two halves of the frontal bone, usually closes at 
about 2 years of age, but occasionally persists into adult life. 

Radiology can also assist in the determination of age, 
from the intemal structure of the cancellous bone and 
cortical thickness of the head of the humerus, for example. 
Schranz. (1959) developed a combination of external visual 
‘examination and radiographic features, indicating that the 
head of the humerus was a better determinator than the 
corresponding part of the femur. He produced a list of 
criteria thar helped to age a skeleton from about 15 years 
‘of age up to one in excess of 75. This was pursued by 
Nemeskeri and later by him in conjunction with Acsadi 
(Acsadi and Nemeskeri 1970), to include the proximal 
parts of both humerus and femur, taking into account the 
radiological thinning of the cortex and the progressive 
rarefaction of the apex of the medullary cavity in the head 
of the bone. The original papers or their full synopsis in 
Krogman and Iscan's book must be consulted for details. 

Histological structure has also received attention and 
remodelling of Haversion systems seem porentially useful 


Head of Femur 
Greater trochanter 
Lesser trochanter 
Head of humeras 
Distal humerus 
Medial epicondyle 
Proximal radius 
Proximal ulna 
Distal radius 
Distal ulna 
Metacarpals 


16-19 
19 
16-19 


‘Acromion 
Distal femur 
Proximal tibia 
Proximal fibula 
Distal sibia 
Distal fibula 


Metatarsals 


Iliac crest 


FiGURE 3.17 The interpretation of cranial suture closure ar an 


Primary clements pelvis 14-16 
Seernal clavicle 
Acromial clavicle 1821 


index of age is aug with enor. This person was 23 of age and, as 


woul be generally expected, mo segment of fusion are shawn on the 
exterior of the ul. 
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Ficune 3.18 Dagenenarive disease can asist in providing a general 


estimate of age, or at least exclusion of younger age groups, This 
_groaly arhritc humerus assisted in distinguishing the near 
shelecaliced bodies ofa 66-year-old man and his 22-year-old son 


for the estimation of personal age. Eriksson and Westermark 
(1990) have claimed that amyloid inclusions in the choroid 
plexus can be used asa simple technique. 

Chemical methods for assessing personal age lie partly 
within the field of forensic dentistry, such as the racemization 
of amino acids in teeth. This has also been applied to bone 
and depends upon the progressive conversion with advancing 
age of aspartic acid fiom the dextro- to the laevo-isomer 
(Obani 1994; Ritz etal. 1994), 


DETERMINATION OF RACE FROM 
SKELETAL REMAINS 


‘This is more difficult than any of the preceding investiga- 
tions, partly because racial traits are not so marked and 
partly because so much ethnic mixing has taken place, 
especially in the large-scale immigrations into Europe and 
North America in recent year 

‘As usual, those at the extr 


ends of the osteological 
range present litle difficulty, as Brochwell (1972) remarks 


when comparing Eskimos with Australian Aboriginals 
Unfortunately, chere is a large proportion of racially neutral 
skeletal material and also some that presents apparently clas- 
sical racial features but turns out to be totally atypical, s0 
providing a quite incorrect diagnosis. The following criteria 
are offered, but the usual warnings about dogmatic opinions 
are even more important in this fel. 

"There are three main racial groups: Caucasian, Mongoloid 
and Negroid. All others are derived from these and skeletally 
cannot be distinguished, though when archaeologists and 
anthropologists are working within a major race, there may 
well be local criteria that can distinguish racial subgroups 
with varying degrees of confidence. Most work has been per- 
formed in North America and thus most available data are 
derived from Caucasian and Negroid Americans, and Native 
Americans. 

"The skull offers the best evidence on racial origins: 
Krogman and Iscan claimed that race can be determined in 
90-95 per cent of cases. The mandible is excluded from 
this, aparc from the teeth, which will be dealt with in another 
chapter. It may be mentioned here, however, that one of 
the most useful pointers to a Mongoloid skull isthe present 
of posteriorly concave, ‘shovel-shaped’, upper incisors, which 
may be grooved on the rear surface. ‘These were found 
by Hanihara (1967) co be present in up co 93 per cent of 
Japanese, 85 per cent of Chinese and 68 per cent of 
Eskimos, being absent in Caucasians and occurring in only 
up to 15 per cent in Negroid Americans. 

"The wide zygomatic arches thac give the typical high- 
cheekboned features of the Mongoloid races can sometimes 
produce a skull in which, uniquely, the transverse facial 
width is greater than the width of any other pare of che head. 
Krogman provides a useful table (lable 3.11), outlining 
the major racial differences in the skull. Elsewhere he sub- 
divides the Caucasian geoup into its three main subgroups 
Nordic, Alpine and Mediterranean. He points out once again 
thar these describe the ‘stereotypes’ of each group and that 
there isan extensive grey zone of more neutral characteristics. 
Subjects in the Negroid group tend co be long headed 
(dolichocephalic) and broad headed (brachycephalic) in che 
Mongoloid group, with the whole range occuring in the 
Caucasian group. The Negroid orbits lower and wider, com- 
pared with the higher, rounder eye socket of the Mongoloid 
The Negroid nasal aperture is wide, and the prognathism of 
the lower face and jaw relatively marked. 

“There are racial differences in the pelvis, bur specialized 
measurements as described by Todd and Lindala (1928) 
must be made in order to detect these. Iscan suggests that 2 
79-83 per cent success rate can be achieved in differentiac- 
ing between Caucasian and Negroid subjects (see References 
and further reading). The long bones offer some assistance, 
especially the femur. This is straighter in Negroid groups, 
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the anteroposterior bowing being less, ‘Together with 
other long bones, especially those of the lower limb, 
Negroid bones are longer than those of Caucasian or 
Mongoloid skeletons, even for equal total body length, the 
leg. proportions being greater. The radius and tibia are 


TABLE 3.11 General racial features nthe skull (afer Krogman 
1939) 


White 

(Caucasoid) 

(excluding 
Feature Alpine) Negroid —__ Mongoloid 
Height of skull High Low Medium 
Length of sll. Lang Lang Long 
Breadth of skull Naraw Narrow Broad 
Breadth of face Narrow Narow Wide 
Height of face Hgh Low High 
‘Sagal contour Rounded Flat Arches 
Nasal opening Naraw Wide Narow 
Orbital opening ‘Angular Rectangular Rounded 
Lower nasal margin Sharp roughed Sharp 
Nasal profi Straight Slanted down Straight 
Palatal shape Naraw Wide Medium 


telatively longer (Table 3.12). Several writers offer various 
indices of relative bone lengths, such as those of Modi 
(1957), Munter (1936) and Schultz (1937). The scapula 
has been extensively studied, but seems a poor discrim- 
inator of race. 


PERSONAL IDENTITY FROM 
SKELETAL MATERIAL 


Afier the general groups of race, sex, stature and age have 
been investigated, che bones must be examined for any 
idiosyncratic features that give them a personal identity. 
‘This is invariably a matter of matching up such feature(s) 
with known pre-existing conditions, and depends upon a 
potential match being available, Circumstances are infin- 
itely variable and che ways in which this suspected matter 
comes to the examiner’s knowledge are legion. Sometimes 
there may be one ‘good bet’ and, indeed, the potential 
identity may be virtually certain from the circumstances, 
the anatomical confirmation being almost a formality. In 


ante 3.12 Selected anthropometric dimensions (num) in White and Black* American 


Men Women 
White Black White Black 
Mean so Mean 50 Mean sp Mean so 

Body 

Stature 176 = 605 1s 608 1697 TA 1586 649 
Tata arm length 70 202 mB AID 65 Bl 713 307 
Upper arm length 333164 mo (219 302 0 2B 308188 
Forearm length mo 128 269 18D 205 167 27 147 
Hand length 187 93 199128 1m 13 1m 102 
Leg lengin (anterior supine) 938400 84 4a ai 512 80248 
Thigh ength 4743 BI 5 481 316 467-249 
Lower fg length 375198 401-237 a2 5B 385 198 
Foatlength ms 119 26 © 139 25 186 mB 
Biriac breadth m2 169 2 (185 2 5 oT (AT 
Brspinous breadth us 72 otal m2 20 995 
Head 

Maximum length 188 18 18 I 182 65 186 0 
Maximum breadth 154 66 49 6! 145 88 144 «62 
‘Auricular eight 120 8) 126053 118 63 10 48 
Face 

Baygomatic breadth 139 67 13990 120 0 132 a7 
Mandibular breadth 110 4 109 a7 108 a9 105 119 
Interoculr breadth EA 36 3% OT 31 28 3% 93 
Total morphological height 122 97 15 18 13 5 6 116 
Upper face height @ 63 n 56 66 a o 45 
Nasal height 5a 47 4B 52 38 mad 
Nasal breadth 35 37 4 37 2 43 4 4 


"Fro Ted nd Lindl (1928) Caml by Kegan al can (1966). 


3: The establishment of identity of human remains 


F\GURE 3.19 Adentfication of a homicide victim, buried for almost 2 years in a garden, was achieved by matching thie callus from a previous 


“femoral facture, with the medical notes and radivgraphs obtained from a hospital. The shape and sizeof the calls, together with the oxcous 


sgrur dae ta muscle traction, wats identical ro follow-up films taken during life 


FiGURE 3.20 Identification of sheletalized body war achieved by matching this callus from a previous ulnar facture, with the medical moter 


ana radiographs obtained frm a hospital. The shape and size of the call, uses identical follow-up fas tl 


other cases there may be alist of hundreds of potential cases 
to search through in the hope of finding a match. 
Individual characteristics may be of two main types. 


Si Anatomical shapes that can be matched by radiology, 
‘measurement or other means. Examples would be 
frontal sinus comparison, craniometry and radiological 
bone architecture. 

Discrete abnormalities such as healing fractures, metal 
prostheses, bone disease or congenital defects. Some 
artefacts, such as drill holes or wite, may immediately 
indicate that the bone is an anatomical specimen, 


Anatomical marching depends upon accurate and 
detailed information about the living subjece who is thought 
to correspond with the skeleton. Such information is usually 
radiographic and is derived from clinical records. ‘The 
examples par excellence are dental charts and radiographs 
obtained from the dentise of the potential match; this is 
discussed in Chapter 26, Where skull films are available 


uring if 


from ante-mortem sources, identity can be almost assured, 
‘The lateral view of a head can be matched with similar views 
taken of the skull, and both obvious anatomical landmarks 
compared and cranial measurements taken, ‘The macter is 
further discussed later in relation to radiology, but the pro- 
file of the pituitary fossa as well as various intracranial dia- 
‘meters can rapidly exclude a match. In fact, a cursory glance 
can ofien confirm that the two skulls are dissimilar; making 
a positive correlation takes more time and requires accurate 
orientation of the radiographs. 


Frontal sinus identification 


This has been extensively studied since Schuller suggested 
the technique in 1921, as itis particularly useful in mutilated 
or burnt bodies, such as those from mass disasters like air 
crashes. The sinuses are well protected from all but the most 
extreme damage and are unique in that ~ as first pointed out 


Personal identity from skeletal material 


by Poole in 1931 — no two persons (nor even identical ewins) 
have the same profile of these air spaces. They appear in the 
second year of life and increase in size for the first two 
decades. ‘They are absent in about 5 per cent of persons and 
unilateral in another 1 per cent. For the sinuses to be used, 
an ante-mortem anteroposterior skull radiograph must be 
available, the most common source being from a previous 
hospital admission or examination, usually fora head injury. 
The cadaver skull or head must be X-rayed in exactly the 
same orientation and degree of enlargement, so that some 
superimposition technique can be employed. The ‘forchead— 
nose’ position was recommended by Schuller (1943), with 
the tube axis positioned level with the supraorbital margins 
The scalloped upper margins of the sinuses are used for 
comparison, these being smaller and more numerous in the 
female, Asherson’s thesis of 1965 recommends using the 
Caldwell occipitomental plane for the radiographs, used 
clinically for investigation of the nasal sinuses. This is prefer- 
able to the Wallers occipitofiontal view and the «wo proj 
tions are not necessarily identical in terms of sinus profile. 
Asherson recommends outlining the sinus shape in black ink 
oon the film or tracing it onto a sheet of paper. ‘Turpin and 
Tisserand (1942) projected their films on to a cardboard 
screen and cut out a template, weighing these from both 
ante- and post-mortem films to determine whether they 
were identical. Computed tomography of the sinuses is 
recommended by Reichs (1993). 

Other radiological methods of comparing identity include 
matching of hand and wrist films, marching the profile and 
structure of the first rib and clavicle, and the craniometric 
methods of Sassouni (1959) and of Voluter (1959). ‘The 
methods must be sought in either the original papers or 


FiGUne 3.21 Personal identity of thie 
almost sheltalized fre vitim war 
cextabliched from this healed callus on the 
tibia, the site of a well documented feacrure 
several years before death 
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Fugue 3.22. The facial anal enamial skeleton is unigue to every 


person. Ifante-mortem radiography cam be obtained for the person 
likely robe che victim, matching of the frontal sinus pattern can 
provide absolute identification. This body, which was wached up on 
the beach, was eventually matched with hospital radiographs 


through the sinus pattern seen atthe top edge of the picture 


surveys such as the textbook by Evans and Knight (1983). 
However, in general, ic may be said thar, wherever ante- 
mortem X-rays are available, especially of skull, thorax, hip 
‘or shoulder, then radiological comparisons of the dead 
material can almost always exclude an identity and, in many 
circumstances, can confirm it. 


3: The establishment of identity of human remains 


THE DATING OF SKELETAL 
REMAINS 


(One of the issues in identity, as well as in estimating the time 
since death, is the date (as opposed to the age) of human 
bones. A knowledge of the time of death, measured in years, 
decades or even centuries, can assist the investigating author- 
ities considerably. In fact, where skeletal remains are shown 
to be of considerable antiquity, no investigation ar all is 
required, as even if the death was criminal, che culprit may 
Jong since have died. ‘This threshold of investigative interest 
lies at around 70 years and material older than this may be 
of concern only to historians and archaeologists. 

I is che marginal cases chat present difficulties, especially 
as the methods of dating in this period are so approximate. 
For example, the skeleton shown in Figure 3.6 was dis- 
covered 41 years after the woman had been murdered. When 
the police went searching for the suspected killer, they 
found that he had died peacefully 3 years before the dis- 
covery, of coronary disease ~ thus qualifying for the ‘perfect 
murder, 

“The major problem in dating bones is that the environ- 
ment is far more potent than time in changing the state of 
the bone. In Wales, a historic country where a spectrum of 
skeletal material has been found dating back some 18000 
years, fequent opportunities present for examining bones 
from many periods and many conditions of environment 
Some Roman or even Bronze Age material, which had been 
concealed in dry sand dunes or in well-drained ancient 
burial mounds, appeared almost as pristine as an anatomical 
demonstration skeleton, On the other hand, modern mater- 
ial buried in coffins in graves marked with headstones only 
20 years old have completely vanished because acidic, peaty 
water repeatedly eluted the bone as the water table in marshy 
ground rose and fell. An even more striking demonstration 
of the effect of local conditions was the observation that 
‘some limb bones buried vertically in a rock fal in a cave were 
in excellent condition at the upper ends, yer the lower parts 
were torally eroded where they had been surrounded by 
damp rubble. 

"These facts emphasize that vast errors can be made in 
dating bone merely by the gross morphological appearances 
and —asii so often the case ~ che less experienced the exam- 
incr, the more dogmatic his incorrect opinions are likely to 
be, The following schedule can therefore be nothing more 
than a rough guide, which must be modified where pos- 
sible, by a knowledge of the environment in which the bones 
lay. Certain physicochemical rests are of assistance, bur 
even these are themselves dependent on the environment, 
with the exception of radiochemical tests that are of little 
value in the period of forensic concern 


Physical appearance 


Recent bones will have soft tissue remnants adhering, in the 
form of tendon and ligament tags, especially around the 
joint ends, Periosteum may be visible as fibrous material 
dlosely adherent to the shaft surface. Cartilage may also be 
present on articular surfaces. The time for which these 
remnants persist is variable, according to the conditions in 
which the bone has been left. Animal predators may rapidly 
remove all soft tissue and cartilage, sometimes within days 
‘or weeks. If che body has been left in a protected place, such 
asa vault or closed building, then dried tissue can remain 
for many years. In temperate climates, bodies left out in the 
‘open usually become substantially skeletalized within the first 
year, though tendon rags and periosteum may survive for 
5 or more years. If a body dies in the autumn, then the 
preservation is likely to be longer through the colder winter 
‘months than ifit died in the spring or summer. 

“Afier all soft tissue has vanished, recent bones may still be 
differentiated from old material by the density and feel of 
the bone. Fora variable period, depending on storage condi- 
tions, a bone will eel slightly greasy to the fingers for several 
years, sometimes up to a decade if kepr indoors. It will also 
feel heavy compared with older skeletal material because of 
the preservation of the organic stroma. On sawing a recent 
bone, it will be hard (especially che shafis of limb bones such 
as the femur) and will be uniform through the whole thick- 
ness. A smell of burning organic tissue will be obvious if 
Vigorous sawing produces heat. In an old bone, the loss of 
the collagenous stroma will lighten the bone and make it eas- 
ier to cut. The outer cortex and — toa lesser extent ~the zone 
around the marrow cavity, will lose the stroma frst, so a 
‘sandwich’ effect may be seen in which a central ring of hard 
collagenous bone is layered on each side by a zone of more 
porous, crumbling material. ‘This is not seen in less than 
several decades ~ and sometimes centuries ~ unless the bone 
has been exposed to the sun and other elements. The fragile, 
brittle appearance of old bones is usually fist apparent on 
the ends of long bones, adjacent to the joints, such as the 
tibial plateau or the greater trochanter of the femur. This is 
‘often because the outer layer of compact bone is thinner 
there than in the shaft, so chat the soft cancellous bone of the 
extremities is more readily exposed. This occurs within a few 
decades if the bone has been outside, but may not develop 
for a century in protected material. ‘The aged cortex will fel 
rough and porous and, in really old material, can be crum- 
bled or pitted with a fingernail, 

Another factor that markedly affects the rate of decay of 
bones is the size and type of the bone itself. Whilst thick, 
dense bone, such as femoral or humeral shaft, may last 
for centuries, smaller and thinner items may disintegrate 
rapidly. Skull plates, arsal and carpal bones, digits and the 
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thin bones of the facial skeleton will ror more quickly, as 
will the small bones of fetuses and infants. 


Physical tests 


In parallel with the physical appearance of the sawn bone, 
fluorescence in ultraviolet light can be a useful preliminary 
test. IF a shaft is cur across and inspected in the dark under 
ultravioler light, such as that from a Wood’s lamp, recent 
bone will shine with a silvery-blue tint right across the 
whole section. As the bone ages, the outer rim will cease 
to fluoresce and this will progressively deepen towards the 
centre. As with visual and tactile examination, a similar zone 
will work its way outwards from the marrow cavity until 
only a thin sandwich-filling will survive. ‘This then frag- 
ments and eventually vanishes so that all the cut surface is 
non-fluorescent. The time that this process takes is variable, 
but total loss of ultraviolet fluorescence takes somewhere 
of the order of at least 100-150 years to complete. Other 
physical rests have been described, including density and 
specific gravity measurements, ultrasonic conduction and 
thermal behaviour when heated under special conditions. 
All these criteria depend on the loss of organic stroma and the 
development of a calcified matrix with a porous structure. 


Serological and chemical tests 


Positive tests for the presence of haemoglobin may be 
obtained for a variable time on either the bone surface or 
powelered bone, this being partly dependent on the sensitivity 


(a) 


) ic) 

FicuRe 3.23 Alorescence of bone in ultaviole light asa function 
loftime since death. A fredly sawn croce-secton of a dense bone such 
a fmol shaft to be prefered. Upto several decades after death 
the whole cut surface fluorsces a bluish colour (a). From 3 t0 

80 year, greatly depending upon the environmental conditions the 
outer sane and the zone around the marrow cavity progresively loce 
Huarescence(b). After a century or mare, the residual fluorescence 
cantracts to a narrowing central sandwich (c) before vanishing 
completely nthe second century. Other methods of attempted dating 
include microscopic examination. Yshino etal. (1991) clsim that 
microradiography and electran microscopy reveal vacuoles in 
compact bone lef in si for 5 or 6 years. 


skeletal remains 


of the technique. Using the dye-peroxide methods (benzidine 
is most sensitive, but is now proscribed by Health and Safety 
regulations, so that the less satisfactory Kastel-Meyer test 
must be used), positive results may be obtained up to about 
100 years 

Serological activity lasts only a shore time in bones 
exposed to the weather. Bone powder eluted with weak 
ammonia and vacuum concentrated, may give a positive 
reaction with antihuman sera, such as Coombs reagent, for 
only about 5-10 years ~ again depending greatly on che 
environmental conditions. 

‘The recent development of DNA techniques has led to 
both bone and bone marrow being used to produce profiles 
for identification. There seems to be a wide range of times 
during which this is successful. The author (BK) dealt with a 
cease where DNA testing was successful after 8 years’ burial, 
bur other more recent skeletons did not yield such succes. 
However, far older archaeological material has given DNA 
profiles, so, at present, the DNA criteria cannot be used for 
dacing, 

Chemical testing seeks to measure the degradation of the 
proteinous stroma, so knowing the toral nitrogen and amino 
acid content can be useful, Fresh compact bone contains 
about 4.5 per cent nitrogen, which progressively diminishes 
with time. IFa bone contains more than about 4 per cent 
nitrogen, itis unlikely co be older than 100 years, but if it 
has 2.5 per cent oF less, iis likely to be older than 350 years. 

Estimation of the racemization of amino acids in teeth 
(laevo/dextto proportions) is being used to determine age, 
and there is some evidence thar it also changes linearly with 
post-mortem interval, Its use on skeletal structures other 
than teeth is being investigated, 

Residual protein can be converted to its constituent amino 
acids by prolonged heating in 6M hydrochloric acid. The 
digest can then be analysed, either by autoanalytical methods 
‘or by two-dimensional chromatography. Fresh bone contains 
about 15 amino acids, mostly derived from collagen. Glycine 
and alanine are predominant, but proline and hydroxyproline 
are more specific markers for collagen, ‘The later two tend to 
vanish in about 50 years (as always, depending on the storage 
environment), so they are useful markers for the time thresh- 
old of forensic relevance. The other amino acids diminish 
‘over the succeeding scores and hundreds of years, so thar a 
bone containing only four or five amino acids is likely to be 
relatively ancient. Glycine persists for millennia, being found 
in palaeolithic material 

Paradoxically, che methods available for archaeologists to 
use on ancient skeletal remains are proportionately more 
accurate, but of lite or no use in forensic science, The radio- 
carbon test, which measures the loss of carbon-14 afier death, 
cannot be applied t0 material less than a couple of centuries 
‘old, as the loss of radioactive carbon, which has a half-life of 
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well over 5000 years, is too small to be measured in the half- 
century or so that interests the forensic pathologis. 

Another radioisotope technique is the subject of current 
research at Aberdeen University, where Maclaugblin-Black 
tal (1992) are measuring tadiostrontium in skeletal remains, 
the principle being that pre-1945 bones should be fiee of 
endogenous strontium-90, derived from nuclear weapons 
and atmospheric tests, which was at a maximum in the 
environment in the early 1960s. The possibility exists thar 
atmospheric contamination with other isoropes laid down in 
bone from dated tests and nuclear accidents may provide a 
profile that could bring forward the latest date during which 
the person must have been alive 


PHOTOSUPERIMPOSITION 
TECHNIQUES FOR 
IDENTIFICATION 


‘Where potential candidates) for the identity of a skull are 
known to the investigating authority and photographs taken 
during life are available, a well established technique used for 
identification is ‘phorosuperimposition’. In this method, 
photographs of the skull are taken in exactly the same orien- 
tation in three planes as the available photograph, These are 
then enlarged to exactly the same dimensions as the phoro- 
graph, and either the negative or a positive print is made on 
transparent film, This is then laid over the photograph and 
adjusted in an attempt to match up the major anatomical 
landmarks such as nasion, supraorbital ridges, angle of the 
jaw, nasal aperture, external auditory meatus and, especially, 
teeth. The actual anatomical markers will depend on what is 
Visible, in frontal, laceral or oblique views. The test is mainly 
an exclusory one, in that, ifthe match cannot be made, then 
the skull is nor that of the person in the photograph, IF the 


match is good, even excellent, then the two could be the 
same person, though the standard of proof is low unless 
some individualistic Feature, such as a distinct dental charac- 
ter, is apparent. 

"The photofit method has been used for many years, one 
of the most familiar examples being that reproduced in 
many forensic textbooks, of the skull and face of the wife of 
Dr Buck Ruxton, a notorious murder in 1935 investigated 
by Glaister and Brash in Scotland, 

‘A more modern variant of the photosuperimposition 
technique is with the use of video cameras where two images, 
‘one of the photograph and the other of the skull, are mixed 
con one video display unit. By altering the camera angles and 
the degree of magnification of the images, superimposition 
can be rested quickly without the need for laborious photo- 
‘graphic processing. This method was used in 1994 to identify 
a number ofthe 12 victims of the notorious ‘House of Horror’ 
in Gloucester. This is a rapidly developing field of forensic 
interest, where even the relatively poor-quality images from 
security cameras can be matched with suspects. 


RECONSTRUCTION OF THE 
FACIAL APPEARANCE FROM 
THE SKULL 


‘The reconstitution of the visage from the skeletal base has 
been a goal for workers in many different fields in recent 
years. The advantages of such a technique are obvious as, 
‘when a skull is discovered one prime method of identifi 
tion would be a reliable reconstruction of the face, so that 
direct recognition could be obtained from relatives, friends 
and photographic records 

‘The first methods were as much artistic as scientific and 
depended to a great extent on the sculpturing ability of the 
operator. Gerasimov (1971) was a Soviet pioneer of this 
method, though much of his work was archaeological and 
historical, rather than forensic. 

“The method depends on a pre-knowledge of the usual 
tissue thickness at a multitude of points on che normal 
skull, an anatomical exercise that now has quite a large 
database. Modelling clay is laid on to the unknown skull 
in layers corresponding to these standard chicknesses, then 
more imaginative modelling added to ‘humanize’ the basic 
shape. The obvious defects in this technique are the lack 
of knowledge about eyes, lips, nase, ears and head hair, all 
of which contribute greatly to individual characteristics 
Similar methods have been used by graphic artists, rather 
than sculptors, who use their portraiture talents to create 
a face on the two-dimensional base provided by the skull 
profile, plus a knowledge of tissue thicknesses at many 
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anatomical points, Additional information has been pro- 


vided on tissue thicknesses by radiography of heads. 
"The method was used with success in the 1988 invest 


gation of the murder of Karen Price in Cardiff. Skeletalized 
after being buried for 8 years in a carpet beneath a garden, 
medical artist Richard Neave rebuilt her face upon a skull 
with sufficient accuracy for its display on public television 


to be recognized by her parents, 


Recently, considerable progress has been made by the use 
of computer graphic techniques, both in drawing reconsti- 
‘tured heads and in gathering tissue thickness data (Vanezis 
ct al, 1989). Some devices are mechanical, measuring the 
profile of the skull with a device thar converts angles and 
distances into digital data, More recently, a combination of 
Video and laser equipment has allowed 20000 measure- 
ments to be taken and stored within 30 seconds. ‘The data 
from an unknown skull are then electronically ‘clothed’ 
with standard soft tissues from the memory bank and 
modified on screen to produce various images. These can be 
rotated electronically so that various profiles can be seen. 

A variety of stored eyes, ears and noses can be added, and 
any feature altered almost instantaneously to give a viewer 
a number of opportunities to recognize the missing person. 

‘As with so many techniques in forensic medicine and 
science, the technology is one for super-specialists at pres- 
ent, but the forensic pathologist should be aware that such 
methods exist and are increasing in availability and accuracy. 


REFERENCES AND 
FURTHER READING 


Acsadi G, Nemeskeri J. 1970. History of human lifespan 
and mortality, Akademiai Kiado, Budapest. 


Allbrook D. 1961. The estimation of stature in British and 


East African males; based on tibial and ulnar bone 
lengths. J Forensic Med 8:15-28. 

Angel JL. 1919. The bases of paleodemography. 
Anthropology 30:425-38. 

‘Angel JL, Suchey JM, Iscan MY, et al, 1986. Age at death 
from the skeleton and viscera. In: Zimmerman MR, 
Angel JL (eds), Dating and age determination in 
biological materiabs. Croom Helm, London, 
pp. 179-220. 

Asala SA. 2001. Sex determination from the head of the 
femur of South African whites and blacks. Forensic Sei 
Int WY7:15-22. 

Asala SA. 2002, The efficiency of the demarking point of 
the femoral head as a sex determining parameter. 
Forensic Sci Int 27-14-18, 


Asherson N. 1965. ldentification by frontal sinus print: 
4 forensic medicine pilot survey. HK Lewis, London, 

Baccino E, Ubelaker DH, Hayek LA, et al 1999. 
Evaluation of seven methods of estimating age at death 
from mature human skeletal remains. J Forensie Sei 
44:931-6. 

Barbet JP, Houette A, Barres D, er al. 1988. Histological 
assessment of gestational age in human embryos and 
fetuses. Am J Farensie Med Pathol 9:40-4, 

Berg S. 1963. The determination of bone age. In: Lundquist F 
{ed.), Methods in forensic science. Interscience 
Publications, New York, pp. 231-52. 

Black'TK. 1978, A new method for assessing the sex of 
fragmentary skeletal remains: femoral shaft 
circumference. Am J Phys Anthropol 48:227-31. 

Bostrm K. 1973. Identification from roentgenograms of 
sinus frontalis and sella turcica. Proceedings of Fifth 
Meeting Scandinavian Society of Forensic Medicine. 

Boucher BJ. 1957. Sex differences in the fetal pelvis. 

Am J Phys Anthropol 15:581-600. 

Boyd JD, Trevor J. 1953. Problems in reconstruction. In: 
‘Simpson CK (ed.), Modern trends in forensic medicine. 
Butterworth, London. 

Breitinger E, 1937. Zur Berechnung der Korpethihe aus 
den langen Gliedmassenknochen. Anthropol Ans 
14:249-74 

Brothwell D. 1972. Digging up bones, 2nd edn. British 
Museum, London. 

Brown TC. 1950, Medical identification in the Noronic 
disaster. Fingerprint Ident Mag 63-12. 

Burnham JT, Preston Burnham J, Fontan CR. 1976, The 
state of the art of bone identification by chemical and 
microscopic methods. J Forensic Seé 21:340-2. 

Caldwell WE, Molloy HC, 1933. Anatomical variations in 
the female pelvis. Am J Obstet Gynecol 26:479-505. 

Castellano MA, Villanueva EC, von Frenckel R, 1984. 
Estimating the date of bone remains: a multivariate 
study. J Forensic Sei 29:527-34. 

Cattaneo C, Smillie DM, Gelsthorpe K, et al. 1995. 

‘A simple method for extracting DNA from old skeletal 
material. Forensic Sci Int 742167~74. 

Cattaneo C, Craig OF, James NT, et al 1997. 
Comparison of three DNA extraction methods on 
bone and blood stains up to 43 years old and 
amplification of three different gene sequences. 

J Forensic Sci 42:11 26-35. 

Cattaneo C, DiMartino S, Seali Set al 1999, 

Determining the human origin of fragments of burnt 


129 


3: The establishment of identity of human remains 


bone: comparative study of histological, immunological 
and DNA techniques. Forensic Sei Int 102:181-91 

Cattaneo C, Ritz-Timme S, Schurz HW, etal. 2000. 
Unidentified cadavers and human remains in the EU 
an unknown issue. Jn / Legal Med 113:N2-3, 

Cheevers LS, Ascensio R. 1977. Identification by skull 
superimposition, Int J Forensic Dent 4:14-16. 

Christie AL, 1949, Prevalence and distribution of 
‘ossification centres in the newborn infant. Am J Dis 
Child 77:355-61 

Cobb WM. 1952. Skeleton. In: Lansings AL (ed.), 
Cousdrys problems of ageing. Williams 8 Wilkins, 
Baltimore, 

Colonna M, Pesce Delfino V, Introna F, Jr. 1980. 
[Identification by superimposition of the skull on face 
photography using television: experimental application 
of a new method.| Boll Soc Ital Biol Sper 56:2271-7. 

Colonna M, Introna F, Jr; Potente F, et al. 1984, 

Computer-aided skull-face superimposition by 

analytical procedures, Acta Med Leg Soe Liege 
34:139-49. 

Culbert W, Law F, 1927. Identification by comparison of 
accessory nasal sinuses and mastoid processes. J Am 
Dent Asoc 88:1634. 

Davidson WM. 1960. Sex determinati 
methods. Br Med / 4:1901-7. 

Derry DE. 1909. Note on the innominate bone in the 
determination of sex. J Anthropol 43:266-76, 

Derry DE. 1924. On the sexual and racial characters of 
the lium, J Anat 4:71-83, 

Dixon AD. 1956, Postmortem persistence of sex 
chromatin. J Forensic Med 3:161-8. 

Dixon AD. 1957. Sex determination of human tissues 
from cell morphology. J Farensie Med 4:11-17. 

Dodd BE. 1985. DINA fingerprinting in matters of Family 
and crime [news]. Nature 318:506~7. 

Dupertuis CW, Hadden JA. 1951, On the reconstruction of 
stature from long bones. Am J Phys Anthropol 9:15—54, 


diagnostic 


Dutra F, 1944, Identification of person and determination 
of cause of death from skeletal remains. Arch Pathol 
38:39. 

Dwight'T, 1889, The sternum as an index of sex, height 
and age, J Anat Physiol 24:527-35, 

Dwight T, 1890. The closure of the sutures as a sign of 
age. Boston Med Surg J 122:389-92 

Dwight T, 1904. The size of the articular surfaces of the 
Jong bones as characteristic of sex. J Anat 4:19-32 

Earls J, Hester R. 1967. Tattoed sailors: 
Sociopscychological correlates. Milit Med 132:48. 


Eckere W, 1985. The forensic investigation of Josef 
Mengele [editorial]. Am J Forensic Med Pathol 6:187. 

Eckert WG, Teixeira WR. 1985, The identification of 
Josef Mengele, A triumph of international cooperation, 
‘Am J Forensic Med Pathol 6:188-9\ 

Eckert WG, Willey LR, Blakeslee DJ. 1986. Identification 
by identi-kie composite from skull appearance. 
Combined efforts of the anthropologist, forensic 
pathologist, and criminal investigators. Am J Forensic 
Med Pathol 7:213-15. 

Eliakis C. 1967. Estimating height from the measurement 
of long bones. Aun Med Leg 212:251-4. 

Eliakis EC, lordanidis PJ. 1963. Determination of sex 
from the medullary indices of long bones. Am Med Leg 
43:326-9, 

Eriksson L, Westermark P. 1990. Amyloid inclusions in 
choroid plexus epithelial cells A simple autopsy method 
to rapidly obtain information on the age of an unknown 
dead person. Forensic Sci Int 48:97-102. 

Evans KT, Knight B. 1983. Forensic radiology. Blackwell 
Scientific Publications, Oxford. 

ara M, Cook SE. 1957. Amino-acids in fossil bone. 
Science 126:8-86, 

Facchini F, Pettener D. 1977. Chemical and physical 
‘methods in dating human skeletal remains, Am J Phys 
Anthropol 47:65-70. 

Fawcett E, 1938. Sexing of the human sternum. J Anat 
72:633-7. 

Fazekas G, Kosa E1978. Forensic 
‘Akademiai Kiado, Budapest. 

Flecker H. 1942, Time of appearance and fusion of 
ossification centers as observed by roentgenographic 
methods. Am J Roentgenol 47:97—105. 

Francis GC, Werle PP, 1939. The appearance of centers of 
ossification from birth to 5 years. Am J Phys Anthropol 
24:273-86. 

Fukushima H, Hasekura H, Nagai K, 1988, Identification 
of male bloodstains by dor hybridization of human 
Y chromosome-specific deoxyribonucleic acid (DNA) 
probe. J Forensic Sci 33:621~7. 

Fully G, Pineau H. 1960, Detemination de la starure an 
moyen du squelette. Ann Med Leg 40:3-11 

Garn SM. 1958. The sex difference in tooth calcification 
J Dent Res 37:561-72. 

Gatliff BP. 1984, Facial sculprure on the skull for 
identification. Am J Forensic Med Pathol 5:327-32. 

Gatliff BP, Snow CC. 1979. From skull ro visage. 

J Biocommun 6:27~30. 

Genovés S. 1954. The problem of sex of fossil hominids, 

JR Anthropol Inst 8413-6. 


etal asteolay. 


130 


References and further reading 


Genovés $1, Messmacher M, 1959. Valor de los patrones 
‘nudicionales para la determinacton del edad por me las 
suturas eraneos mexicanos, Serie anthropol. No. 7. 

“uadernos de Instit de Hist., Mexico City, Mexico, 
Vol. 7, pp. 7-53. 

George RM. 1987. The lateral craniographic method of 
facial reconstruction. J Forensic Sei 32:1305-30. 

Gerasimov MM. 1971. The face finder. Lippincott, 
Philadelphia. 

Gilbert BM, MeKern TW, 1973. A method for aging the 
female as pubis. Amt J Phys Anthropol 3831-8. 

Giles E, Elliot ©, 1963. Sex determination by 
discriminant function analysis of erania, Am J Phys 
Anthropol 21:53-68 

Gill GW. 2001, Racial variation in the proximal and distal 
femur: heritability and forensic utility. J Forensic Sei 
46:791-9. 

Glaister J, Brash J. 1937. The medicolegal aspects of the 
‘Ruston case. Livingstone, Edinburgh. 

Godycki M. 1957. Sur la certitude de determination se 

sexe aprés le femur, le cubitus er humerus, Bull Ment 

Soc Anthvop Paris Serie 10:405~10. 

aves WW, 1922. Observations of age changes in the 

scapula: a preliminary note. Am J Phys Anthropol 5:21-3. 

Greulich WW. 1960. Value of X-ray films of hand in 
human identification. Science 1341:155~62, 

Greulich WW, Pye SL. 1959. Radiographic atlas of the 
shelecal development of the hand and wrist, 2nd edn. 
Stanford University Press, Stanford, 

Greulich WW, Thomas H. 1938. The dimensions of the 
pelvic inlet of 789 white females. Anat Rec 72:45-51 

Greulich WW, Thomas H. 1939. A X-ray study of the 
male pelvis. Anat Ree 75:289-99, 

Hanihara K. 1967. Racial characteristics in the dentition. 
J Dent Res 46:923-6, 

Harrison R, 1968. In: Camps F (ed.), Gradwohl’s legal 
medicine, 2nd edn. John Wright, Bristol. 

Hellman H. 1929, Racial characteristics in the human. 
dentition. Am Phil Soe 67:157-74, 

Herrman L, 1953. Fingerprints and twins. / Forensic Med 
1101-5, 

Hill A. 1939, Fetal age assessment by centers of 
‘ossification, Am J Phys Anthropol 24:25. 

Hoshi, H. 1962, Sex differentiation in che shape of the 
mastoid process in norma occipalis and its importance 
to sex determination of the human skull. Okajima’ 
Faia Anat Jpn 38:309-17. 

Howard JD, Reay DT; Haglund WD, er al. 1988. 
Processing of skeletal remains. A medical examin 
perspective, Am J Furensic Med Pathol 9:258-64. 


Hedlicka A. 1920, Shovel-shaped teeth, Am J Pls 
Anthropol 3429, 

Hrdlicka A. 1939. Practical anthropometry. Wistar 
Institute Press, Philadelphia, 

Hunt EE, Gleiser 1955, The estimation of the age and 
sex of pre-adolescent children from bones and teeth, 
Am J Phys Anthropol 3:479-87, 

ordanidis P. 1961. Determination du sexe par les os du 
squelerte (atalas, axis, clavicle, omoplate, sternum). 
Ann Med Leg 41:28-91 

Iscan MY, Derrick K. 1984. Determination of sex from the 
sacroiliac; a visual assessment technique. Hla Sei 47948, 

Iscan MY, Loth SR. 1986. Determination of age from the 
sternal rib in white males: a test of the phase method, 

J Forensic Sci 31:122-32, 

Iscan MY, Miller-Shaivite P. 1984, Discriminane function 
sexing of the tibia. J Forensic Sci 29:1087-93. 

Iscan MY, Miller-Shaivice P. 1984, Determination of sex 
from the tibia. Am J Phys Anthropol 64:53-7. 

Iscan MY, Loth SR, King CA, et al. 1998, Sexual 
dimorphism in the humerus: a comparative analysis of 
Chinese, Japanese and Thais. Forensic Sci ut 98: 17-29. 

Iscan MY, Steyn M. 1999, Craniometric determination of 
population affinity in South Africans. Int J Legal Med 
112:91-7. 

Iten PX. 1987. Identification of skulls by video 
superimposition. J Forensic Sci 32:173-88, 

Janez RL. 2001. Cranial change in americans: 1850-19735. 
J Forensic Sci 46:784-7, 

Jedrzejowska ZK. 2001. Craniometry and mathematical 
calculations as a method for viscero-cranium profile 
determination, Forensic Sei Int 117:145-51 

Jit 1, Singh S. 1956, Estimation of stature from the 
clavicles. Indian J Med Res 44:137-55. 

Jie 1, Jhingan V, Kulkarni M. 1980. Sexing the human 
sternum, Am J Phys Anthropol 53:217-24. 

Keen J. 1950. A study of the differences between male and 
female skulls, Am J Phys Anthropol 8:65. 

Keen JA. 1950. Sex differences in skulls. Am J Phys 
Anthropol 8:479-87. 

Kerley ER, 1965. The microscopic determination of age in 
human bone, Am J Phys Anthropol 23:149-63. 

Kerley ER. 1969. Age determination of bone fragments 
J Forensic Sci 14:59-67. 

Kim MA, Bier L. 1972. Identification and location of the 
y body in interphase by quinacrine and giemsa. 
‘Humangenetit 16:261-5. 

Kimura K. 1982, Base wing index for sexing the sacrum, 

J Anthropol Soe Nippon 90(Suppl}:153~62. 


131 


3: The establishment of 


Knight B. 1969, Methods of dating skeletal remains, Med! 
Sei Law 9:247-52. 

Knight B. 1985, The examination of skeletal remains, In: 
Weeht C (ed.), Legal Medicine Annual, 1985 edn. 
Praeger Scientific, New York 

Knight B, Lauder I, 1967. Practical methods of dating 
skeletal remains: a preliminary study. Med Sei Law 
7:205-8, 

Knight B, Lauder I, 1969. Methods of dating skeletal 
remains. Hium Biol 41:322-41 

Kobayashi K. 1964, Estimation of age at death from pubic 
symphysis for prehistoric human remains in Japan. 
Zinruig Zassi PANG, 

Kobayashi R, Nakauchi H, Nakahori Y, ef al. 1988. Sex 
identification in fresh blood and dried bloodstains by a 
nonisoropic deoxyribonucleic acid (DNA) analyzing 
technique, J Forensic Sci 33:613-20. 

Koelmeyer TD. 1982. Videocamera superimposition 
and facial reconstruction as an aid to identification. 
Am J Forensic Med Pathol 345-8. 

Konigsberg LW, Hens SM, Jantz LM, etal. 1998, Stature 
estimation and calibration: Bayesian and maximum 
likelihood perspectives in physical anthropology. 

Am J Phys Anthropol Suppl 2765-92. 

Krogman WCA. 1939. A guide to the identification of 
human skeletal material. FBY Law Enforcement Bull 
83. 

Krogman WCA. 1946, The skeleton in forensic medicine. 
Proc Inst Med V6:154. 

Krogman WCA, Iscan MY, 1986. The human skeleton in 
forensic medicine, 2nd edn. Thomas, Springfield, 

Loth SR, Iscan MY, Schewerman EH, 1994, Intercostal 
variation at the sternal end of the rib. Forensic Sci Int 
65:135-43. 

Lundy JK. 1985. The mathematical versus anatomical 
methods of stature estimate from long bones. Am J 
Forensie Med Pathol 673-6, 

Maclaughlin-Black SM, Herd RJ, Willson K, et al, 1992. 
Scrontium-90 as an indicator of time since death: 
pilot investigation, Forensic Sei Int 5751-6. 

Mall G, Graw M, Gehring K, er al. 2000, Determination 
‘of sex from femora, Forensic Sei Int 113:315-21. 

Mall G, Hubig M, Butener A, etal. 2001. Sex 
determination and estimation of stature from the long 
bones of the arm. Forensic Sei Int 117:23-30. 

Maltby J. 1917. Some indices and measurements of the 
modern femur. / Anat 52:363-82. 

Mann RW. 1998, Use of bone trabeculae to establish 
positive identification. Forensic Sei Int 98:91-9. 


identity of human remains 


Manouvrier L. 1893. Le determination de la taille apres les 
grand os des membres, Mem Sac Anthropol Paris 
4:347-402. 

‘Maresh MM. 1940, Paranasal sinuses from birth to 
adolescence. Am J Dis Child 60:55-78. 

‘Mayler J. 1935. Identification by sinus prints. VA Med 
‘Mon 62:517-19. 

McBride DG, Dietz MJ, Vennemeyer MT, etal 2001 
Bootstrap methods for sex determination from the os 
coxae using the ID3 algorithm. J Forensic Sci 
46427-31 

McCormick WE, 1980. Mineralization of the costal 
cartilages as an indicator of age: preliminary 
observations. / Farensie Sci 25:736-41. 

McCormick WE. 1981. Sternal foramena in man. 

Am J Forensic Med Pathol 2:249-52. 

McCormick WF, Nichols MM. 1981, Formation and 
‘maturation of the human sternum, 1. Feral period, 
Am J Forensie Med Pathol 2:323-8 

McKechan HE. 1970. The restoration of desiccated 
cadaveric fingers for the purpose of identification. 

J Forensic Sci Soe W115. 

McKern TW, Stewart TD. 1957. Skeletal age changes in 
‘young American mater, analyzed from the standpoint of 
‘identification, Headg. QM Res & Dev Command, 
Natick, MA. 

‘Mehta L, Singh HM. 1972, Determination of crown- 
‘rump length from fetal long bones: humerus and 
femur. Am J Phys Anthropol 36:165-8. 

Meindl RS, Lovejoy CO, Mensforth RP, etal. 1985, 

A tevised method of age determination using the 

os pubis, wich a review and tests of accuracy of other 
current methods of pubic symphyseal aging. Am J Phys 
Anthropol 68:29-45. 

Mendes-Correa AA, 1932. La taille des portugais d'aprés 
des os longes. Anthropology (Prague) 10:268-72. 

‘Messmer JM, Fierro ME, 1986, Personal identification 
by radiographic comparison of vascular groove 
patterns of the calvarium. Am J Forensic Med Pathol 
7:159-62. 

Michelson N. 1934. The calcification of the first costal 
cartilage in whites and negroes. Hum Biol 6:543-57. 

Miller KW, Budowle B. 2001, A compendium of human 
mitochondrial DNA control region: development of an 
international standard forensic database. Croat Med J 
42:315-27. 

Modi JP. 1957, Medical jurisprudence and toxicology. 
‘Tripathi, Bombay. 

‘Montanari GD, Viterbo B, Montanari GR. 1967. Sex 
determination of human hair. Med Sei Law 7:208-10. 


132 


Patent Application Publication Aug. 17,2006 Sheet 12 of 17 US 2006/0180473 A1 


Figure 12 


References an: 


Moore KL, Barr ML, 1955, Smears from the oral mucosa 
in the detection of chromosomal sex. Lancet 2:57-8. 

Moss JP, Linney AD, Grindrod SR, et all 1987. Three- 
dimensional visualization of the face and skull using 
computerized tomography and laser scanning, 
techniques. Eur J Orthod 9:247-53. 

Miller G, 1935. Zur Bestimmung der Linge beschiidigeer 
Extremititenknochen, Anthropol Anz. 12:70-2, 

Munter AH. 1936, A study of the lengths of long bones of 
the arms and legs in man, with special reference to 
Anglo-Saxon skeletons, Biometrika 28:84-122 

Myers JC, Okoye MI, Kiple D, et al. 1999. Three- 
dimensional (3-D) imaging in post-mortem 
‘examinations: elucidation and identification of cranial 
and facial fractures in victims of homicide utilizing 
3-D computerized imaging reconstruction techniques. 
Int J Legal Med 113:33-7. 

Nagamori H, Ohno Y, Uchima E, eta, 1986, Sex 
determination from buccal mucosa and hair root by 
the combined treatment of quinacrine staining and the 
fluorescent feulgen reaction using a single specimen, 
Forensic Sei Int 31:119-28, 

Navani S, Shah JR, Levy PS. 1970. Determination of sex 
by costal cartilage calcification. Am J Roentgenol 
Radium Ther Nucl Med \OB:77 1-4. 

Nemeskeri J, Harsanyi L, Acsadi G. 1960, Methoden zur 
Diagnose des Lebensalters von Skelettfunden. Anthropol 
Anz 24:70-95. 

Niyogi S. 1971. A study of human hairs in forensic work, 
_] Forensic Sci 16:76. 

Norris SP. 2002. Mandibular ramus height as an indicator 
of human infant age. J Forensic Sci 47:8-11 

Oettle AC, Steyn M. 2000. Age estimation from sternal 
‘ends of ribs by phase analysis in South African blacks 
J Forensic Sci 45:107 1-9, 

Ohtani S. 1994, Age estimation by aspartic acid 
racemization in dentin of deciduous teeth. Forensic Sei 
Int 68:77-82. 

Ohtani S, Matsushima Y, Kobayashi Y, etal. 2002. Age 
estimation by measuring the racemization of aspartic 
acid from total amino acid content of several types 
of bone and rib cartilage: a preliminary account. 

J Forensic Sci 8732-6. 

Olivier G. 1969. Pructical anthropology. Thomas, Springfield. 

Olivier G, Pineau H. 1958. Determination de V'age du 
foetus et de Vembyon, Arch Anat Pathol 6:21-8 

Parsons FG, Box CR. 1905. The relation of the cranial 
surures to age. J R Anthropol Inst 35:308. 

Pearson FG, 1920, Sex differences in the skull. J Anthropol 
54:58-65. 


\d further reading 


Pearson K, 1914. On the problem of sexing osteomettic 
‘material. Biomedicine 10:479-87. 

Pearson K, 1926. On the coefficient of racial likeness 
Biometrika 18:105, 

Pearson K, Bell JA. 1917. A study of the long bones of the 
English skeleton. 1. The femur. In: Drapers Co Res 
“Mem, Biomedicine, Series X. University of London, 
London, Chapter 14. 

Perper JA, Patterson GT, Backner JS. 1988. Face imaging 
reconstructive morphography. A new method for 
physiognomic reconstruction. Am J Forensie Med 
Pathol F:A26~38. 

Pesce Delfino V, Colonna M, Vacea E, etal. 1986. 
‘Computer-aided skull/face superimposition. Am J 
Forensic Med Pathol 7201-12. 

Phenice TW, 1969. A newly developed visual method of 
sexing the os pubis. Am J Piys Anthropol 30:297-301 

Pounder DJ. 1984. Forensic aspects of aboriginal skeletal 
remains in Australia, Am J Forensic Med Pathol 5:41—52. 

Rao NG, Pai LM. 1988, Costal cartilage calcification 
pattern ~a clue for establishing sex identity. Forensic 
Sci Int 38:193-202, 

Reichs KJ. 1993. Quantified comparison of frontal sinus 
patterns by means of computed tomography. Forensic 
Sci Int 61:141-68. 

Reynolds E, 1945. The boney pelvic girdle in early infancy: 
a roentgenomettic study. Am J Phys Anthropol 3321-54. 

Reynolds E. 1947. The boney pelvis in prepubertal 
childhood. Am J Phys Anthropol 5:165~200. 

Rhine JS, Campbell HR. 1980. Thickness of facial tissues 
in American blacks, / Forensic Sei 25:847—58. 

Rhine JS, Moore CE, 1982, Facial reproduction tables of 
‘facial tissue thickneses of American caucasoids in forensic 
anthropology. Maxwell Museum, Albuquerque. 


Rho YM. 1985. Importance of examination of the clothed 
victim, Fingerprine identification of assailant from skin 
fragment on knifing victim’ clothing. Am J Forensic 
Med Pathol 619-20, 

Richardson L, Kade H. 1972, Readable fingerprints from 
‘mummified or putrefied specimens. J Forensic Sci 
17325-8. 

Turzynski A, Schutz HW. 1994, Estimation of age 
at death based on aspartic acid racemization in non- 
collagenous bone proteins. Forensic Sci nt 69:149-59. 

Ross AH, Konigsberg LW. 2002. New formulae for 
estimating stature in the balkans. J Forensie Sei 
715-7. 

Ross AH, Jantz RL, McCormick WE. 1998. Cranial 
thickness in American females and males, J Forensic 
Sci 43:267-72. 


3: The establishment of 


Sanders CE, 1966, Sexing by costal cartilage calcification, 
Br J Radiol 39:233-7. 

Sassouni V. 1959. Cephalometric identification: a proposed 
‘method of identification of war dead by means of 
soentgenographic cephalometry. J Forensic Sei 4:1-10. 

Scammon RE, 1937. Two simple nomograms for 
determining the age and some of the major external 
dimensions of the human foetus. Anat Rec 68:221-32, 

Scheuer L. 2002, Application of asteology to forensic 
medicine. Clin Anat 15:297-312. 

Schranz D. 1959, Age determination fiom the internal 
structure of the humerus. Am J Phys Anthropol 1273-8 

Schuller A. 1921. Das Réntgengramm der Stienhiible 
Monatsschr Obrenbeilkd 55:1617-20. 

Schuller A. 1943, Note on the identification of skulls by 
‘X-ray pictures of the frontal sinuses. Med J Aust 1:554-6, 

Schulz A. 1937. Proportions, variability and asymmetry 
of the long bones of the limbs and clavicles in man and 
apes. Hum Biol 9:281-328. 

Sen NK. 1962. Identification by superimposed 
photographs. Jnr Crim Police Rev 162:284-6. 

Sharif R, Chandra H. 1972, Histological differentiation as 
to the origin of bones. J Indian Acad Forensic Sei 2-23-30, 

Shiati M. 1983. Estimation of stature by long bones of 
Chinese male adults in South China, Acta Anthropol 
Sinica 280-5, 

Simpson E, Henneberg M. 2002, Variation in soft-tissue 
thicknesses on the human face and their relation to 
craniometric dimensions. Am J Phys Anthropol 
118:121-33. 

Singer R, 1953, Estimation of age from cranial suture closure; 
a report on its unreliability. J Forensic Med 1:52-9. 

Snow CC, Williams J. 1971, Variation in premortem 
statural measurements compared co statural estimates 
of skeletal remains, / Forensic Sei 16:455~64, 

Snow CC, Gatliff BP, McWilliams KR, 1970. 
Reconstruction of facial features from the skull: an 
evaluation of its usefulness in forensic anthropology. 
Am J Phys Anthropol 33:221-8. 

Hartman S, Giles E, eal. 1979, Sex and race 
determination of crania by calipers and computer: a 
test of the Giles and Elliot discriminant functions in 
52 forensic science cases. J Forensic Sei 24:448-60. 

Steele D. 1970. Estimation of stature from fragments of long 
Jims bones, tn: Stewart T (ed.), Personal identification 
in mass disaster, National Museum of Nature History, 
Washington DC, pp. 85-7. 

Steele DG, McKemn TW, 1969. A method for assessment of 
‘maximum long bone length and living stature feom 
fragmentary long bones. Am J Phys Anthropol 31:215-27. 


Snow Ci 


identity of human remains 


Stephan CN. 2002. Facial approximation: globe 
projection guideline falsified by exophthalmometry 
licerature. J Forensic Sci 47:730-S, 

Stevenson PH, 1929. On racial differences in stature long 
bone regression formulae with special reference to 
stature reconstruction formulae for the Chinese. 
Biometrika 21:303-18. 

Stevenson PM, 1924. Age order of epiphyseal union in 
man, Am J Phys Anthropol 753-93. 

Stewart JH, McCormick WE. 1983. The gender predictive 
value of sternal length, Am J Forensic Med Pathol 
4:217-20. 

Stewart TD. 1948. Medicolegal aspects of the skeleton. 
Ain J Phys Anthropol 6:315-21 

Steware TD. 1952, Hnlicka’s practical anthropometry, 
4th edn, Wistar Institute, Philadelphia 

Steware TD. 1957. Distortion of the pubic symphyseal 
surface in females and its effect on a determination, 
Am J Phys Anthropol 15:9. 

Steware TD. 1959, Bear paw remains closely resemble 
human bones. FBY Law Enforcement Bull 28:18. 

Stewart TD. 1962, Anterior femoral curvature; its utility 
for race determination, Hum Biol 34:4-57. 

Stewart TD. 1968. Evaluation of evidence from the 
skeleton, In: Camps F (ed.), Gradwohl’ legal medicine, 
2nd edn. John Wright, Bristol, p. 425. 

Stewart TD. 1968. Subject: skull sutures and age. In: 
‘Camps F (ed.), Gradiwohl’ legal medicine, 2nd eda. 
John Wright, Bristol, p. 132. 

Stewart TD. 1979. Esential of forensic anthropology: especially 
1s developed in the United Sites. Thomas, Springfield, 

Steware TD, Trotter M. 1954, Basie readings on the 
identification of human skeletons estimations of age 
Wenner-Gren Foundation for Anthropological 
Research, New York. 

Steyn M, Iscan MY. 1998, Sexual dimorphism in the 
‘rania and mandibles of South African whites, Forensic 
Sci Int 98:9-16. 

Steyn M, Iscan MY. 1999. Osteometric variation in the 
humerus: sexual dimorphism in South Africans. 
Farensie Sei Int 1067-85. 

Straus WL. 1927, The human ilium: sex and stock. Am J 
Phys Anthropol W1:1-28, 

Suchey JM. 1979, Problems in che aging of females using 
the os pubis. Am J Phys Anthropol 51:467-70. 

Suzuki K, Tauchihashi Y. 1970, New attempt of personal 
identification by means of lip print. J Jndian Dent 
Assoc 42:8-9. 

Swift B, Lauder 1, Black S, er al. 2001. An estimation of 
the post-mortem interval in human skeletal remains: a 


134 


References and 


radionuclide and trace element approach. Forensic Sei 
Int 17-73-87. 

“Teixeira WR, 1982, Sex identification utilizing the size of the 
foramen magnum. Am J Forensic Med Pathol 3:203-6. 

“Teixeira WR. 1985. The Mengele report. Am J Forensic 
‘Med Pathol 6:279-83. 

‘Telkki A. 1950. On the prediction of human stature from 
long bones. Acta Anal 9:103-17. 

‘Thomas H, Greulich WA. 1940, A comparative study of 
‘male and female pelves. Am J Obstet Gynecol 39:56-62. 

‘Thompson DD, Galvin CA. 1983. Estimation of age at 
death by tibial osteon remodeling in an autopsy series. 
Forensic Sei Int 22:203-11 

‘Thomsen JL. 1977. Sex determination of severely burned 
bodies. Forensic Sei 10:235-42 

‘Thomsen JL. 1979. Y-chromosome bodies in brain and 
kidney: the normal variation and an unexpected 
finding in sudden infant death syndrome. Med Sci Law 
19:104-7. 

‘Tibbets GL. 1981. Estimation of stature from the vertebral 
column in American blacks, J Forensic Sei 26:7 15-23. 

“Tobias PV. 1953. The problem of race determination. 

J Forensic Med 1:113-23. 

“Todd TW. 1920, Age changes in the pubic bone. Am J 
Phys Anthropol 3:285-334 

“Todd ‘TW. 1921, Age changes in the pubic bone I-IV. 

Am J Phys Anthropol 4:407. 

‘Todd TW, Lindala A. 1928. Dimensions of the body; 
whites and American negroes of both sexes. Am / Phys 
Anthropol 12:35-119. 

“Todd ‘TW, Lyon DW. 1924, Endocranial surure closure; 
its progeess and age relationship. Pare 1. Am J Phys 
Anthropol 7325-84, 

‘Todd TW, Lyon DW. 1925, Cranial suture closure its 
progress and age relationship. Parc IL. Am J Phys 
Anthropol 823-5. 

“Todd TW, Lyon DW. 1925, Cranial suture closure; its 
progress and age relationship. Parts II-LV. Am J Phys 
Anthropol ®:47-71, 149-68. 

“Trotter M, Gleser GC. 1958. A re-evaluation of the 
estimation of starure based on measurements of stature 
taken during life and on long bones after death. Am J 
Phys Anthropol V6:79-8. 

“Trotter M, Gleser GC. 1977, Corrigenda to ‘estimation of 
stature from long limb bones of American Whites and 
Negeoes', American Journal Physical Anthropology 
(1952). Am J Phys Anthropal 47:355-6. 

“Turner W. 1886. The indes of the pelvic brim as a basis 
of classification. J Anat Physiol 20:125-43, 


further reading 


‘Turpin R, Tisserand M. 1942, Etude correlative de sinus, 
ER Soe Biol 136:203-10. 

‘Tyler MG, Kirby LT, Wood S, eral. 1986, Human blood 
stain identification and sex determination in dried 
blood stains using recombinant DNA techniques. 
Forensic Sei Int 31:267-72. 

Ubelaker DH, 2001. Artificial radiocarbon as an indicator 
of recent origin of organic remains in forensic cases. 

J Forensic Sci 86:1285-7, 

Ubelaker DH, Volk CG, 2002. A test ofthe phenice method 
for the estimation of sex. J Forensic Sei 47:19-24, 

Ullrich H. 1975. Estimation of fertility by means of 
pregnancy and childbirth alterations at the pubis, ilium 
and sacrum. Oisa 2:23-39. 

‘Vaneris P, Blowes RW, Linney AD, etal. 1989. 
Application of 3-D computer graphics for facial 
reconstruction and comparison with sculpting 
techniques. Forensic Sci Int 42:69-84 

Voluter G. 1959. The °V" test. Radiol Clin Basel 28:1~32, 

‘Wahl J, Graw M. 2001. Metric sex differentiation of the pars 
petrosa ossis temporalis,Jnt J Legal Med 114:215-23. 

Walker GE. 1976. The computer and the law: coordinate 
analysis of skull shape and possible methods of 
postmortem identification. J Forensic Sci 21:357-66. 

‘Warren MW, Schultz J]. 2002, Post-cremation taphonomy 
and artifact preservation. J Forensic Sci 47:656-9. 

Washburn S. 1948, Sex differences in the pubic bone. Am 
J Phys Anthropol 6199-298. 

Wells LH. 1959. Estimation of stature from long bones; 

a reassessment. J Forensic Med 6:171~7. 

‘Wescott DJ. 2000, Sex variation in the second cervical 
vertebra. J Forensic Sci 45:462-6. 

Wescott DJ, Moore-fansen PH. 2001. Metric variation in 
the human occipital bone: forensic anthropological 
applications. J Forensie Sci 46:1159-63. 

Williamson MA, Nawrocki SP, Rathbun TA, 2002, 
Variation in midfacial tissue thickness of African- 
American children. / Forensic Sci 4725-31. 

Wiredu EK, Kumoji R, Seshadri R, er al. 1999. Osteometric 
analysis of sexual dimorphism in the sternal end of the 
rib in a West Affican population. J Forensic Sci 44:921-5, 

Yoder C, Ubelaker DH, Powell JF. 2001. Examination of 
variation in sternal rib end morphology relevant co age 
assessment. J Forensic Sci 46:223-7. 

Yoshino M, Kimijima T, Miyasaka S, etal, 1991. 
Microscopical study on estimation of time since death. 
in skeletal remains. Forensic Sci Int 49:143-58. 

Yoshino M, Miyasaka S, Sato H, et all 1987. Classification 
system of frontal sinus patterns by radiography. Its 
application to identification of unknown skeletal 
remains. Forensic Sei Int 34:289-99, 


= 135 


CHAPTER 4 


The pathology 


of wounds 


I Definition of a wound 136 MI Lacerations 150 
I Mechanism of wounding 136 I Blunt penetrating injuries 153 
Nl Classification of wounds 137 IB Incised wounds 153 
NI Forensic anatomy of the skin 137 IME Dating of wounds by histology and histochemistry 166 
i Abrasions 138 Mf Survival period after wounding 169 
[ Contusions or bruises 143 ll References and further reading 171 
IB Kicking 149 

DEFINITION OF A WOUND Of course, the weapon can be anything, including the body 


A wound or injury can best be defined as “damage to any 
part of the body due the application of mechanical force’. 
Some jurisdictions have a legal definition of a ‘wound’, 
which usually requires the integrity of the body surface to 
be breached, As this obviously excludes bruising and damage 
to deep organs, itis unrealistic in a medical sense, but there 
is always some legal alternative, such as ‘causing serious 
bodily harm’, which covers any injury co any tissue or organ. 
Other jurisdictions grade wounds nor by theit physical 
nature, but by the perceived risk to life or health of the vic- 
tim; this can be an extremely difficult prognostic exercise. 


MECHANISM OF WOUNDING 


"The human body is constantly subjected to mechanical forces 
during the normal course of life, varying from unceasing 
gravitational forces to the forceful impacts of a sporting 
contest. The body usually absorbs such forces either by the 
resilience and elasticity ofits soft tissues or the rigid strength 
of its skeletal framework, It is only when the intensity of the 
applied force exceeds the capability of the tissues to adapt 
oor resist that a wound or injury occurs. 

‘The intensity of the force obeys the usual laws of 
physics, in char the Force varies directly with the mass of the 
“weapon’ and directly with the square of velocity of impact. 


itself, as i often seen in the violent deceleration of a fall or 
in a waffic accident. 

‘The well-known formula: kinetic energy = mass x 
velocity?, means that a one kilogram brick pressed against the 
scalp will cause no injury, bur the same brick thrown against 
the head at a velocity of 10m/s may smash the skull. ‘This 
principle is reevane nor only in relation to blunt injury and 
firearm missles, but also to stab wounds, as i discussed later 

Another factor of importance is the area over which the 
force acts. IF a plank of wood is struck against che skin, the 
damage to the tissues will be far greater if the narrow edge 
is used, than if the impact is from the lat surface. Obviously, 
the force derived from the same mass and velocity is applied 
over a smaller area, thus delivering a greater impact to any 
given unie of tissue. This again is relevant to stab wounds, 
asall the kinetic energy of a moving knife is concentrated 
into the tiny area of the tip of the blade; the same energy 
delivered by the large surface area ofa cricket bat might not 
even cause a bruise 

‘The effect of excessive mechanical forces on the tissues 
of the body can cause compression, traction, torsion, and 
tangential (shear) and leverage stresses. The resultant dam- 
age depends not only on the type of the mechanical insult 
bur also on che nature of the target tissue. For instance, 
violent compression (as in an explosion) may do litle harm 
to muscle, but may rupture lung oF intestine, while torsion 
‘ay leave adipose tissue unaffected, yet cause a spiral frac- 
ture in a femut. 
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Forensic anatomy of the skin 


The transfer of kinetic energy from the relative move- 
‘ments of the body and the weapon is the source of damage 
to the tissues. If the attacking object comes to rest in the 
tissues, then all its kinetic energy must have been trans- 
ferred. A bullet which passes clean through the tissues thus 
fails to exchange all its energy into trauma production, which 
is the reason for the illegal ‘dumdum’ or more recent, 
explosive-tipped bullets, the object of which is to expand 
the missile and prevent its exit from the body, so increasing 
its stopping power’ (see Chapter 8). IF such energy transfer 
can be slowed down or spread over a wider area, then the 
intensity of force applied to the tissues per unit of time is 
less. This is part of the function of a seatbelt in a vehicle 
crash, where the stretching of the belt fabric extends the time 
of energy exchange and the considerable area of the belt 
surface is a preferable alternative to transferring all the 
kinetic energy via a few square centimetres of forehead 
against the windscreen, 

(Other ways in which the transfer of kinetic energy may 
be modified is in moving the body in the direction of the 
force. When a car strikes a pedestrian, that proportion of 
the momentum of the car that is used in projecting the 
victim along che road is nor then available for damaging 
the tissues. 

Similarly, if boxer ‘rides the punch’, he is reducing the 
differential velocity between his head and his opponents 
fist, as well as extending the time over which energy trans- 
fer occurs. With a high-speed impact, such as a bullet and 
— toa lesser extent stab or violent blow ~ the inertia of the 
victims body prevents any significant loss of energy trans- 
fer by movement. If the force does not strike in a linear 
fashion, bur leads to a tangential impact ~ as in a glancing 
blow causing a ‘graze’ ~ chen only part of the kinetic energy 
is transferred and the damage will be proportionately less. 


Blunt 
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CLASSIFICATION OF WOUNDS 


‘This is quite arbitrary, bur when writing medical reports 
(especially for legal purposes) itis essential that every doc- 
tor should use a standardized nomenclature when des- 
cribing wounds, All too often reports are seen — especially 
from clinicians who are not used to medico-legal work ~ 
where ‘laceration’, ‘incised wound’ and ‘abrasion’ are used 
loosely, the accompanying descriptions making it obvious 
thar no clear distinction between them was appreciated by 
the doctor. 

‘Wounds may also be categorized by the motivation of 
their infliction, such as ‘suicidal or accidental’ (the ‘manner’ 
index of the WHO International Classification of Disease, 
ICD E-codes), but a pathologist should classify chem by 
their appearance and the method of causation, such as “lac- 
eration’ or ‘incised wound’. The most useful classification is: 


1 Abrasions ~ colloquially ‘grazes or scratches. 

1 Contusions ~ colloquially ‘bruises. 

SB Lacerations — colloquially ‘cus or tears. 

 Incised wounds — colloquially ‘cuts, ‘slashes’ or ‘stabs’ 


FORENSIC ANATOMY OF 
THE SKIN 


[As most wounds involve the body surface, a reminder of 
the structure and nomenclature of the skin and subcuta- 
neous tissues is appropriate, Most superficial is the kera- 
tinized dead layer of cells, the stratum corneum, which varies 
greatly in thickness from one part of the body to another. 
“That on the soles and palms is the thickest, while char on 
protected areas such as the scrotum and eyelids measures 


Sharp 


Abrasion 


Inteadermal 
bruise 


Bruise 


Ficunt 4.1. Tjpes of iyjury tothe skin 
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only a fraction of a millimetre. ‘This has forensic relevance 
in the amount of injury that is needed to penetrate the skin 
and allow bleeding from the underlying tissues. 

The living layers of the skin combine with che horny 
layer to form the epidermis, which has no blood vessels in 
its thickness. ‘The epidermis is generally corrugated, the 
under surface by papillae that dip into the dermis, The 
degree of undulation also varies greatly from place to place, 
the thinner skin tending to have a flatter junction between 
dermis and epidermis. The dermis (or ‘corium’) consists of 
mixed connective tissue carrying the skin adnexae, such as 
haar follicles, sweat glands and sebaceous glands. It has a 
rich network of blood vessels, nerves and lymphatics, and 
has numerous nerve endings of various types for tactile, 
pressure and heat sensing, The lower zone of the dermis has 
adipose tissue and — depending on the site in the body ~ 
deep fascia, fury tissue and muscle will form strata below 
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FiGuRE 4.2 General structure of skin, 
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ABRASIONS 


An abrasion is the most superficial of injuries and, in the 
most restrictive of definitions, is one that does not pene. 
trate the full thickness of the epidermis, ‘Thus the pure 
abrasion does not bleed, as blood vessels are confined to 
the dermis. Because of the corrugated nacure of the dermal 
papillae, however, many abrasions enter the corium and 
bleeding commonly occurs, 

Another definition (all of which are arbitrary) would 
describe an abrasion as a superficial injury to ‘the skin’, 
which would allow penetration of the upper dermis rather 
than only the epidermis, so that bleeding would fall within 
the definition 

Abrasions are known in lay terms as ‘scratches’ or 
‘grazes', though the former usually indicates a linear mark 
and the latter a ‘brush’ abrasion caused by wider tangential 
impact. Where these brush abrasions ae the resul of scraping 
contact with the ground, the lay term is a ‘gravel rash’. There 
are many causes of abrasions, which are common every- 
day lesions, especially in children whose legs are rarely free 
from some scratches and bruises. Any contact that rubs across 
the epidermis and removes the keratinized layer and under 
lying cells will cause that area to become discoloured and 
moistened by exuded tissue fluid, even if bleeding does not 
‘occur from abraded dermal papillae. 

When death ensues soon afierwards, the abrasion 
becomes stiff, leathery and of a parchment-like brown 
colour as a result of the drying of the moist exposed sur 
face, This is classically seen, for example, in the ligature mark 
of hanging or strangulation, Iris impossible to tell whether 
a superficial abrasion occurred immediately before or after 


Pica 4.3 Simple abrasion ofthe skin 
cased by am almost perpendicular impact 
af the hea against the ground. There i 
only light tangential sufing though most 
abrasions have some clement of idewayt 


contact that damages the epidermis. 
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Abrasions 


death if there was insufficient time for any inflammatory 
reaction to occur at the margins, Post-mortem abrasions 
are common, especially after autopsy when the body is 
re-examined, because mortuary instruments and the mov- 
ing of bodies into reftigerators and coffins can often make 
marks, ‘These abrasions commonly appear yellow and 
translucent, and are absolutely devoid of any colour change 
atthe edge, 


‘Tangential or brush abrasions 


‘Most abrasions are caused by a lateral rubbing action rather 
than vertical pressure, Where this tangential component is 
marked, the direction of the force can often be determined 
by tags of epidermis dragged to the terminal end of the 
abrasion. For example, in the ‘brush abrasion’, which is 
common in childhood falls and pedestrian accidents, the 
skidding of the body across a rough surface scrapes linear 
furrows across the skin. Strands and tags of epidermis may 


Direction 


stings 


be peeled along these furrows to the further end where con- 
tact ceased, Visual examination, using 2 lens if necessary, can 
Indicate the direction of movement of the body. Similarly, if 
a victim is struck a glancing blow with a rough object such 
as a stone or brick, similar epidermal tags may indicate the 
direction of the blow. 

The same type of grooved abrasions can be caused when 
a victim is dragged along the ground, either in a vehicular 
accident or by an assailant. Ir may be important, though dif- 
ficult, to attempt to differentiate such drag marks as being 
ante-mortem or post-mortem, a problem which is discussed 
in another chaprer. 


Crushing abrasions 


Where the impact is vertical to the skin surface, no scraping 
or tangential marks occur, Instead the epidermis is crushed 
and an imprint ofthe impacting object is stamped on the sur- 
face. If the impact is substantial and the area of contact small, 


FiGune 44 A linear abrasion or graze: 
confined to the upper layers ofthe skin. The 
‘tangential direction of impact ofthe 
vecapon wa: from above downwards (along 
the longitudinal axis ofthe upper arm), as 
can be determined by the shred of 
«epidermis peeled towards the lower end. 


FiGURE 4.5 Determination ofthe direction of impact in an abrasion caused by a tangential force. The epidermal tags raised by the 


impact tend to pile up atthe distal end. 
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iGURE 4.6 “Brush abrasion’ or frtce 
caused by tangential conzact ofa moving 
body with a rough surface, Although mast 
are seen in tvafic accidents from contact 
swith the road surface, this example is fom 
«murdered woman dropped down a mine 
safe. There are grazes rasming in n00 
directions at right angles, indicating that 
she must have struck the wall neice, in 
diffrent postures: 


FiGURE 4.7 Brash abrasion from skidding contact with the road 
surface during a drunken scuffle. The lesion ix partly abraded and 
partly bruied. The direction of movement can be discerned, asthe 
snatches begin mare abruptly and deeply near the ruler and tal off 
sperficialy at the opposite ede. 


4 punctured wound will be made, but otherwise a crushed Fic 4.8 Drag marks om the back ofa murder victim. Death 
abrasion will occur. The lesion is slightly depressed below the was caused by a stab wound ofthe front ofthe chest ~ the body was 
surface unless an underlying bruise or local oedema bulges pulled along the ground fora short distance, obviously inthe 

the tissues. These abrasions are the ones that most clearly direction of the fet, asthe seratch near the wait is deeper near the 
reproduce the pattern of the injuring object. An example fet end and uti off tthe appaite end. 
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would be the marks of a vehicle radiator on a pedestrian 
Victim or the pattern of a floor grid on co which a person has 
fallen. If the impact is forcible, then the dermis may also be 


injured: an area of bruising may underlie the abrasion 


Fingernail abrasions 


‘These are important because of their frequency in assaults 
especially child abuse, sexual attacks and strangulation. 
Often associated with focal bruises, fingernail abrasions are 
most often seen on the neck, the face, the upper arms and 
the forearms. They may be linear scratches if the Fingers are 
dragged down the skin, or short, straight or curved marks 
when the skin is gripped in a static fashion. As women tend 
to have longer, sharper fingernails than men, they are natur 
ally more often associated with causing such abrasions 
A victim resisting a sexual or other attack may rake her nails 
down her assailants face, causing linear, parallel scratches 
that may be several millimetres wide and placed a centi- 
metre oF two apart. The expected pattern may be fragmentary, 
however, as is often seen on the neck when a victim of either 
‘manual or ligature strangulation attempts to tear away the 
attacking fingers or cord. These marks are usually vertic 
opposed to the more random marks that may be inflicted by 
the nails of the assailant in manual strangulation. 

The upper arms are a frequent site for gripping and 
restraint, both in adult assaults and child abuse. Bruising is 


‘mast common, but fingernail marks may be superimposed. 
Static Fingernail abrasions may be straight or curved, often 


ua 


FIGURE 4.9 Abrasions in mannal 
srangulation. The area is more extensive 
han ie usually sen in such circumstances 
The la 


epidermis is caused by sliding movements 


rea of superficial damage 


of the asailants bands, the area having 
become dried and leathery during the pos 
imartem interval. The smaller marks are 


fingernail snatches: 


about half to one centimetre long. The direction of curvature 
must be interpreted with care if one wishes to decide which 
way the hand was held at the time of infliction. 

Although it is natural co assume that the concavity of the 
mark indicates the orientation of the fingertip, experiments 
by Shapiro et al (1962) have shown that this is often not 
the case, Because the skin is pur under lateral tension when 
itis indented by the nals, it may distort, so that when the 
tension is released the elasticity of the skin causes it t0 
return to its original position, carrying the nail mark with 
it. The curve may then reverse to form either a straight line 
ora convexity. The shape of the free edge of the fingernail 
also affects the mark, as pointed nails are more likely chan 
those with straight edges co give these paradoxical results 
‘Once again, the pathologist has to be wary of incorrect 
interpretation when, for instance, deciding if nail marks on 
a neck were made by hands approaching from the front or 
passing around the back of the neck, However, personal 
experiments with the Shapiro et a, contention have shown 


that it by no means always applies. 


Patterned abrasions 


Formerly it was often claimed thar abrasions retained the 
pattern of the impacting object more accurately than other 
injuries such as bruises and lacerations. Though abrasions 
undoubtedly do preserve such patterns well, many of the 
examples were not in fact true abrasions, but were intra 
dermal bruises, mentioned in the next section. 
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Ficune 4.11 Leeterned abnason ofthe forehead. The victim was srack 


he 


hich bad embossed concentric circle moulded nto the g 


an the hed ina public hows y gla ashonay the bottom of 


Patterned injuries occur when the force is applied at or 
near a right angle to the skin surface, rather than with the 
skidding impact of a graze. If a weapon with a patterned 
surface strikes the skin — or the body falls against a pat 
termed surface ~ the abrasion of the epidermis follows the 
ridges of the object if it has a profile of varying height. Not 
only may the epidermis be damaged, bur the skin may be 
compressed into the cavities of the pattern, with consequent 
capillary damage leading to an intradermal bruise. Probably 


the best example of this is seen when a motor tyre passes over 


Ficune 4.10 Estentive abrasion of the 
Aces and shins, in a drunk who stumbled 
amongst furniture before dying of a bead 
injury The damaged skin has exuded tissue 
uid, wwhich has dried post-mortem to 


produce the dark, leathery appearance, 


FIGURE 4.12 Abnsions and intradermal bruiting on the forehead 
of swimming bath attendant. He ws found drowned when there 
were na witnees, but the spacing of the mark esactly matched the 
ridged tiles atthe 


slipped and struc 


eof the bat, soit was presumed that he had 
is head before falling un 


teonscious into the water 


the skin, leaving a pattern where the skin has been squeezed 
into the grooves of the rubber tread. 


There is lite point in trying to lst alld 
that can be distinguished in abrasions on a body, but a few 


e possible patterns 


42 


Patent Applicatic tion Aug. 17,2006 Sheet 13 of 17 US 2006/0180473 Al 


Figure 13 


Contusions or bruises 


1 Patterned abrasion on forehead due to falling down 
cd by 


tangential force, but imprinted directly by impact at aright angle 


acpeonto a metal grid, Here the abrasions are not produc 


tthe skin 


have particular medico-legal significance. In former years the 
honeycomb grid of a motor-vehicle radiator provided many 
examples of pattemed abrasions, but changes in vehicle 
design have relegated these to historical interest. There may 
still be projections on vehicles that cause damage, but these 
are more likely to inflice bruises and lacerations. The muzzle 
of a firearm can imprint an abrasion on the skin, which is of 
importance in that it confirms that the discharge was contact 
in nature. Impact against ribbed ceramic tiles in a bathroom 
or swimming bath may assist in reconstructing unwitnessed 
events, Blows from a weapon with a recognizable surface may 
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E 
the back edge ofa serrated Rambe' knife 


URE 4.13. Patterned abvazions from 
B) Measuremente and photographs with a 
scale should always be obtained toast in 


‘the identification of the weapon. 


help to identify thar weapon, such asa plaited rope or leather 
whip, or a solid object with an embossed pattern. Abrasions 
fiom objects with a recurring pattem, such as bicycle chain 
used in gang fights, or a serrated knife, can readily provide a 
clue to the nature of the weapon, 


Post-mortem abrasions 


Unlike post-mortem bruises, artefictual abrasions are com: 
mon. They may have been inflicted after death from a variety 


‘water. Some post-mortem animal injuries also resemble abra 


of causes, including dragging a corpse or buffeting in movin, 


sions such as insect bites, especially by ants 

Other damage may be caused following autopsy. As the 
post-mortem interval increases, so the skin becomes more 
fiagile. Even the normal procedures of post-autopsy recon- 
struction and handling in che mortuary may cause dermal 
damage, especially after washing with hot water Ifthe path 
ologist recums fora later examination, or if he is retained to 
perform a second autopsy for the defence, the appearances 
should be checked with the original description or photo 


graphs, if some injuries suggest a post-mortem origin 


CONTUSIONS OR BRUISES 


Although ofien combined with abrasions or lacerations, a 
pre bruise lies beneath an intact epidermis and consists of an 
extravascular collection of blood that has leaked from blood 
vessels damaged by mechanical impact. An extravasation of 
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blood thar is (arbitrarily) larger than a few millimetres 
in diameter, is usually termed a ‘bruise’ or ‘contusion’. ‘This 
size overlaps the older and now litle used term ‘ecchymosis\ 
which is really a small bruise 

Even smaller is the ‘petechial haemorthage’, which is the 
size ofa pin head or less. Both ecchymoses and petechiae are 
not usually caused by direct mechanical rauma and are often 
seen on serous membranes and conjunctivae as well as on 
skin, However, moderate pressure, impact or, especialy, suc- 
tion on the skin can produce a patch of localized petechiae. 

Bruises are caused by damage to veins, venules and small 
arteries. Capillary bleeding would be visible only under a 
microscope and even petechiae originate from a larger order 
of blood vessel than a capillary. 

“The word ‘bruise’ usually implies that the lesion is visible 
through the skin or present in the subcutaneous tissues, 
whilse a ‘contusion’ can be anywhere in the body, such as 
the spleen, mesentery or muscles. The nwo words are often 
interchanged at random, however, though ‘bruise’ is to be 
preferred when a doctor gives reports or evidence to a non- 
medical audience, 


Intradermal bruises 


ese are important but rarely mentioned in most texts 
‘The usual bruise from a blunt impact is situated in the 
subcutaneous tissues, often in the far layer. When viewed 
through the overlying corium and epidermis, the bruise is 
somewhat blurred, especially at the edge. When a bruise 
is made by impact with a pattemed object, however, the 
hhaemorchage may be far more sharply defined, if ic lies in 


logy of wounds 


the immediate subepidermal layer, ‘The amount of blood is 
relatively small, but because of its superficial position and 
the translucency of the thin layer that overlies it, the pattern 
is distinee. 

Such bruises are especially likely to occur when the 
impacting object has alternating ridges and grooves, as the 
skin will be forced into the grooves and be sharply dis- 
torted. Intradermal bleeding will occur here and the areas 
in contact with the raised ridges may remain pale, as the 
pressure forces the blood from the small vessels. A good 
example is that of a motor tyre running across the surface, 
Impacts from whips with patterned thongs may also show 
the same phenomenon, as do the ribbed rubber soles of 
‘einer shoes. 


Factors affecting the prominence 
of a bruise 


Several factors influence the apparent size and prominence 
of a bruise and, because of these, it is not possible co be 
dogmatic about the amount of force needed to produce any 
given bruise 


As iv isa leakage of blood from a vessel, there must be 
sufficient space outside that vessel for free blood to 
accumulate. This explains the ease with which bruising 
appears in lax tissues such as the eye socket or scrotum 
and its rarity in the sole of the foot or palm of the hand, 
where dense fibrous tissue and restrictive fascial planes 
prevent accumulation of blood. Because of the greater 
volume of soft subcutaneous tissue in fat people, they 


FIGURE 4.15 Jnentdermal Bruising 
sowing the pattern of rubber sles of 
‘trainer shoes on the neck and Tshirt of a 
homicide victim 
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tend to bruise more easily chan thin ones, other Factors, 
being equal (such as vessel fragility and senile changes). 
The apparent prominence of bruise beneath the skin 
varies with the amount of blood in the extravasation. 
The size of the haemorrhage depends partly, but not 
entirely, on the intensity of the injuring force. The size 
and density of the vascular network varies from place 


to place and the amount of damage that a given blow 


causes 0 local blood vessels is partly a matter of chance. 

H Resilient areas, such as the abdominal wall and 
buttocks, bruise less with a given impact chan a region 
where underlying bone acts an anvil with the skin 
beeween the bone and the inflicting force. The head, 
chest and shins are examples. 


Ficure 4.1 


abuse. The bruises are ofthe fingertip’ ype eaused by heavy 


Multiple bruiser on he trunk of victim of child 


prodding by adult fingers. The child died of @rupeured liver 


The depth at which the bruise is placed affects the 
apparent severity. A bruise may be placed superficially 
in the dermis to form the well-patterned intradermal 
bruise mentioned in the previous section; here, a 
minute amount of blood will be obvious. Most bruises 
c in the subcutaneous tissues above the deep fascia 


and will therefore be fairly obvious, but others can be 
confined below deeper fascial membranes so that the 
free blood has to be viewed through the skin and 
underlying adipose tissue. Fora given size of extravasation, 
this bruise will be less prominent. Some bruises 

are confined ro deep fascial compartments and never 
become visible without dissection 

For a given impact, the volume of blood lost into 

the tissues can depend upon the fragility of the 

blood vessels and the coagulability of the blood. 

In old persons, vessel fragility may be extreme and 

a large bruise may develop from the slightest of 

knocks. Children tend to bruise more easily than 
adults, presumably because of the softer tissues and 

the smaller volume of protecting tissue that overlies 

the vessels. Any bleeding diathesis resulting from 
disease, a toxic condition, or certain medication, will 
also retard the normal clotting process that heals 

the breach in the bleeding vessels. Those with scurvy 
and chronic alcoholics bleed easily but, in contrat, 
certain people (such as boxers) seem able to avoid 
bruising from blows that would severely damage 

other people 

Ie is common knowled; 


among lay people, as wel as 
doctors, that a bruise may ‘come out’ ~ that is, become 
‘more prominent with the passage of hours or days. This 
is partly caused by continued bleeding from the 
ruptured vessels, but mainly by percolation of free 
blood from its origin deeper in the tissues upwards 
towards the epidermis. Another factor may be 
haemolysis, when the freed haemoglobin is able to stain 
the tissues in a more diffuse way and become more 
noticeable chan intact red blood cells. This later 
mechanism is certainly the reason not only for the well: 
known post-mortem phenomenon of bruises becoming 
more prominent afier death, but of new bruises 
appearing later where none was visible at an autopsy 
performed soon after death, This is Further considered 
in the chapter on post-mortem changes, but is repeated 
here because of the importance of recognizing the 
differences in appearance that can occur between two 
autopsy examinations spaced a few days apart. The 
second, usually for a defence opinion, may find new 
bruises not recorded by the first pathologist, but if the 


phenomenon of delayed appearance is apprecia 


potential disputes may be avoided, 


4: The pathology of wounds 


Movement of bruises 


A bruise may appear at a different place on the surface from 
the point of impact. When the bruise is superficial, espe- 
cially intradermal bruising, the lesion appears immediately 
— or at least rapidly ~and is ar the point of infliction, When 
blood extravasates in the deep tissues, however, it may take 
time to reach the sueface (if it ever does), and this may be 
some distance away because of deflection and obstruction 
by fascial planes and other anatomical structures. 

In addition, bruises may move under gravity. The most 
frequent example is a bruise or a bleed under a laceration 
oon the upper forehead. If the victim survives for at least 
some hours, then the subcutaneous haemorthage can slide 
downwards over the eyebrow ridge and appear in the orbit, 
to givea ‘black eye’, which might be misinterpreted as direct 
trauma, Similarly a bruise of the upper arm or thigh may 
surface lower down around the elbow or knee. 


Alteration of bruises with time 


As already mentioned, bruises often become more promin- 
ent some hours or days after infliction because red cells or 
haemoglobin diffuse closer to the translucent epidermis, 
There is another temporal series of changes in bruises in the 
living person, this being part of the healing process. Fresh 
extravasation of blood is obviously dark red, though when 


Figune 4.17 Patterned abrasion and 
intradermal bruising ofthe face during a 
fatal armed robbery. The watchman was 
struck in the fice by am assailant wearing 
«a hard-corded driving glove with a coarce- 
weave pattern 


viewed chrough the skin this may be purple or almost black 
in appearance. In racially pigmented victims, a bruise may 
sometimes be undetectable from the surface, apart from 
swelling caused by a haematoma and tissue oedema. 

‘With the passage of time, the haematoma breaks down 
under the influence of tissue enzymes and cellular infilra- 
tion. ‘The red-cell envelopes rupcure and the contained 
haemoglobin undergoes chemical degradation, which causes 
a sequence of colour changes. The haemoglobin is broken 
down into compounds including haemosiderin, biliverdin 
and bilirubin, which lead the colour changes through a spec- 
trum of purple co bluish brown, to greenish brown to green 
to yellow, before complete fading. 

‘A small skin bruise in a healthy young adult might be 
expected to pass through all these stages and vanish in 
about a week, bur there is a tendency to overestimate the 
length of time needed as shown by Roberts (1983), who 
observed that ‘love bite’ bruises in sexual offences could 
become yellow and vanish within a couple of days. Langlois 
and Gresham (1991) reviewed the literature on this subject, 
indicating the wide variation in opinion. ‘They also made 
careful photographic records of the macroscopic appearance 
of bruising on 89 subjects, aged between 10 and 100 years. 
They concluded that the most significant change was the 
appearance of a yellow colour (in persons less than 65 years 
of age), which indicated thar che bruise could nor be less 
than 18 hours old, Blue, purple and red did not assist in 
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Contusiens 


FIGURE 4.18 Kicking and stamping injury to the face. The nose is 
bruised frome a kick and the patterned rubber sole ofthe shoe har 


imprinted intradermal bruiing on the forehead. Iti exental 0 
cobain accurate photographs and measurements ofthe shae-tread 
pattern, to allow identification of the footwear 


dating bruises; brown was held ro be a mixture of colours 
and was not considered as useful 

In the present authors’ experience, itis impossible to com- 
mene on the age of a bruise less than 24 hours since inflic- 
tion, except to say that itis fresh’ as no visible changes occur 
in chat ime, 

It is not practicable to construct an accurate calendar of 
these colour changes, as was done in older textbooks, as 
there are to0 many variables for this to be reliable, These 
include: 


the size of the extravasation — changes begin at the 
margin and a larger bruise will take a longer time to be 
absorbed. A large old bruise may contain all the colours 
possible — from purple in the centre to yellow at the 
edges 
the age and constitution of the victim, Aged persons 
may not heal their bruises at all and carry them for the 
remainder of thei lives 
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or bruises, 


FicuRE 4.19. Extensive bruising ofthe face due to hitting, kicking 
and stamping 6 days earlier. The victim had multiple eacture 
of the facial bones, bilateral serial rib feaceares and a tension 


pnewmotborax 


a personal idiosyncrasy in the rapidity with which such 
changes occur in any one person, including coagulation 
defects. 


Even histological examination is unreliable in the accurate 
dating of bruises, as is discussed later in this chaprer. The 
appearance of stainable iron, in the form of haemosiderin, 
however, does not usually appear within the First 2 or 3 days, 
though Simpson suggests thac it may be found as early as 24 
hours. In meningeal haemorthage, it seems to appear from 
around 36 hours 

Haematoidin, another breakdown product of blood pig 
ment, can appear in old bruises and haemaromas a 


the 
first week, 

Though an absolute date cannot therefore be placed 
upon a bruise, the following observations are legitimate. 


Ifa bruise appears fresh over all its area, with no 
observable colour change, itis unlikely to have been 
inflicted more than about 2 days before death, except 
in old persons. 

IF the bruise has any geeen discoloration, it was inflicted 
not later than 18 hours before death (Roberts 1983; 
Langlois and Gresham 1991), 


4: The pathology of wounds 


Ficus 4.20 Bruises frum a beating with a broom handle, They 
are approsimately parallel and sever, especialy the lowermost 


show a double ‘tram-line appearance typical ofthe impact ofa 
round or square-sction rod. The pressure in the centre compres the 
cvesele so that they do not bleed. 


8 IF several bruises (of roughly comparable size and site) 
are present and are of markedly different colours, then 
they could not have been inflicted ar the same time. 
"This is particularly important in suspected child abuse, 
‘where intermittent episodes of injury have important 
diagnostic significance. 


Bruising of special significance 


Certain types of bruise and bruises at particular sites have a 
specific significance. Clusters of small discoid bruises of 
about a centimetre in diameter are characteristic of finger- 
tip pressure from either gripping or prodding. These 
‘groups are often seen in child abuse, when an adult hand 
igrips the infant by a convenient ‘handle’. Once called ‘six- 
penny bruises’ from their size, the lesions are commonly 
seen on the forearms or upper arms of the child, or some- 
times around rhe wrist or ankle, though they can occur on 
the abdomen. Similar bruises from fingertips may be seen 


FiGURE 4.21 Suction marke in the left breast of 22-year-old 
bomicide victim, who was killed by manual and ligature 
strangulation 


oon the neck of children or adults in manual strangulation, 
though there is ofien additional diffuse bruising caused by 
a sliding grip on the neck. 

‘When the skin surface is struck by a rod or rectangular 
sectioned object such as a cane or lath, the consequent 
bruising may be of the ‘tramline’ or ‘railway line’ type. 
‘This appears as two parallel lines of bruising wich an 
undamaged zone in the centre. The mechanism of this 
double line is thar the weapon sinks into the skin on impact 
so that the edges drag the skin downwards and the traction 
tears the marginal blood vessels. The centre compresses the 
skin, which, in the absence of underlying bone, causes little 
or no damage to the vessels, When the momentary impact 
is released, blood flows back into the injured marginal 
zones and leaks into the tissues. Impact from broom han- 
dles, narrow planks and wood or metal rods can all cause 
this characteristic lesion. 

‘As with abrasions, bites can result in bruises; this is deale 
with in Chapter 26, It might he noted here that the so-called 
“love bites’ are often bruises, with or without associated 
abrasions, being a shower of small petechial lesions caused by 
oral suction on the skin 

“The common ‘black eye’ is dealt with under ‘Head injuries 
in Chapter 5, but again icis worth repeating thar nor all black 
eyes are true bruising from a blow in the orbit. Some are from 
fractured orbital roofs and others are the result of gravita- 
tional movement of a forehead injury. 

A bruise below the ear in a death from subarachnoid 
hhaemorthage needs careful examination of the upper cervical 
spine and basilo-vertebral arteries, again as discussed under 
“Head injuries'in Chaprer 5. 
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Ficune 4.23 A black eye (peri-orbital haematoma) of. live victim 
fram a direc fit blo, which has alo bruited the bridge ofthe 


nse and laceated the corner ofthe eye (sutured). 


KICKING 


The shod foot may leave a patterned bruise on the body, 
most often on the abdomen or chest, though it may be 
recognizable on the neck or face. A glancing kick is more 
likely to cause scuffed abrasions and bruising, and a kick 
from a toecap, a curved abrasion or even laceration. A ver- 
tical stamping action may imprint an intradermal bruise 
corresponding to the sole pattern, especially in these days 
of rubber ‘trainer’ shoes. As with a motor tyre, the skin can 
be forced into the slots in the sole, creating an accurate pat- 
tern of superficial bruising. There may also be more diffuse 
deep bruising if the impact is severe, but this is less useful 
in delineating an identifiable sole pattern. 

Kicking has become increasingly common with the 
violence and vicious hooliganism in so 
heavy footwear fashionable among some of the least respon- 
sible citizens adds to the severity of the lesions. 

“Though most kicking injuries end up in hospital casualty 
departments, an increasing number reach the pathologist. 


increase iety. The 


me EiGURE 4.22 Formation of tram-line bruising 
from the application ofa rectangular or cylindrical 


object. 


Nor all vietims are drunken youths, as many assaults upon 
old people by intruders and muggers involve severe kicking, 

Obviously, most kicks are delivered with che victim 
already lying or sitting on the ground, having been brought 
there by some other means of violence, including push- 
ing, tipping and fist punches, Once prostrate, the ‘boot is 
put in’ cowards the most convenient targets, which tend 
to be the concavities of the body. The loin, the groin, the 
neck and the face are ofien attacked, and — when the victim 
assumes a ‘fetal position’ on his side for protection — swings 
may be taken into the abdominal area. As an alternative 
to swinging kicks, the foot may be brought vertically 
down on the prone victim, the heel being the most damaging 
part, rather than the toecap. A grinding motion can also be 
added, which may tear the skin and cause ragged lacerations. 

Yet another variant is standing on the body or actually 
jumping onto ic with one or both feet. ‘The chest is the 
most common target for this practice and fractured ribs or 
sternum, a flail chest and cardiac injuries can result, 

‘The major characteristic of most kicking injuries is the 
severity of bruising and underlying damage. Even if the 
toecap does not cause lacerations, there may be large haem- 
aromata and intramuscular contusions from heavy kicks 
Abdominal and thoracic viscera can be ruptured and the 
genitalia are also vulnerable, especially the scrotum and 
sometimes urethra 

A common danger with kicking to the face is fracture 
of either (or both) mandible and maxilla, nasal bones and 
zygoma, though the cranial vault is seldom fractured and 
kkicks to the vertex of the head seem less common. With 
such facial injuries, death may occur from filling of the 
pharynx and air passages with blood. A kick on one side of 
the face can completely detach the lower maxilla — with the 
upper dental arch and palate ~ from the rest of the maxilla 
A unilaeral kick of the jaw can fracture both rami of the 
mandible, there being no necessity for kicks on either side. 


Post-mortem bruising and other 
artefacts 


Icis possible co cause what appears to be a bruise by delib- 
erate violence to a dead body, but the amount of force 
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4: The pathology of wounds 


FiGune 4.25 Bruising ofthe interior ofthe lip fam a blow in the 
‘mouth. The lip has ben impacted on the underlying teth, bur 
not sufficiently hard t0 cause a laceration, 


required is great, As there is no inter 
‘small vessels that have to be ruptured, bleeding is a passive 
ooze rather than an active extravasation, so the size of the 
haemorrhage is slight in relation to the amount of effort 
expended. Thus, post-mortem skin bruising is of little 
practical significance to the pathologist ~ in most instances 
he can be reassured that new or more obvious bruising 
apparent when he returns several days later for a second 
examination of a body is genuine. Post-mortem abrasions 
are common, especially after a fist autopsy and additional 
handling of the body in the mortuary, but these procedures 
rarely produce artefactual bruises. 

‘More important than dermal artefacts are spurious 
bruises inside the body: Especially in congestive deaths, such 


pressure in the 


Figure 4.24 A foormark 
imprinted in superficial 
bruising on the back. There is 
another partial mark at waist 
evel, both being made by 
stamping withthe flat of afoot 
through thin clothing rather 
shan by swinging hic. 


as pressure on the neck, the venous system may be engorged 
at death and a number of artefactual haemorthages may 
‘occur. One particularly important area described fally else- 
where isthe neck, in which collections of blood between the 
esophagus and cervical spine may simulate bruising from 
manual strangulation, ‘These were fully investigated by 
Prinsloo and Gordon (1951) and, where neck trauma is sus- 
pected, itis advisable to remove the brain before dissecting 
the neck region co allow drainage of the engorged venous 
plesuses that give rise to the artefact. This phenomenon 
appears to be related to the post-mortem interval and is 
‘more likely to arise if chere isa delay in autopsy 


LACERATIONS 


“The third major type of blune injury is the laceration, in 
which the full thickness of the skin is penetrated, 
Lacerations differ from incised wounds in that the con- 
tinuity of the tissues is distupred by tearing rather than clean 
slicing, but the distinction is often blurred because some 
lacerations are caused by jagged projections ripping into the 
skin in much the same manner asa blunt knife or axe. 
Unless great force is used, most lacerations require a firm 
base to act as an anvil for the skin and underlying tissue to 
be pinned against. Ic is unusual for a blunt impact to lacer- 
ate the abdomen or buttock, bur the scalp, shins, shoulder, 
face and —to a lesser extent — the thorax, ae all prone to lac- 
erated injury. Where a soft area such as buttock, thigh, calF 
oor forearm is lacerated, the lacerating agent is either a pro- 
jecting point or edge, or a completely blunt object is pulled 
obliquely against the tension of the skin uncl ic tears 
Because of the crushing and rearing components of lacera- 
tion, there is usually associated abrasion and bruising, 
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Lacerations 


FiGUnE 4.26 Lacenetion of 
the eyebrow with surrounding 
bruising. The wound ie stellate 
sara result of rushing against 
the underlying bane, The 

victim fel from a low cliffon 


te rocks, The sea has washed 


away the original bleeding 


though these may be minimal if the lacerating force acts at 
right angles to the surface. 

The scalp offers the best example of a laceration, as the 
skin and subcutaneous tissue lie over the bony platform of 
the skull and are crushed against it when the force impacts. 
Infact, scalp lacerations can resemble incised wounds, because 
this “sandwich effect’ is so pronounced that a blow from 
a blunc instrument can cleanly spl the tissues against the 
skull, leaving a linear wound that appears to the inexpet 
enced to be a knife or chopper cut 

A laceration can be distinguished from an incised 
wound by 


the bruising and crushing of the margins, though this 
may be a very narrow zone, requiring inspection 
through a lens 

the persistence of tissue strands actoss the interior of 
the wound, including fascial bands, vessels and nerves. 
In a wound from a sharp weapon these are divided 

the absence of a sharply linear injury in che underlying 
bone, especially ifitis the skull. A knife or axe is likely 
to chip or score the base of the wound 

if the area is covered with hair, as on the scalp, intact 
hairs will survive to cross the wound; an incised injury 


would divide them, 


FicURE 4.27 Mulbple homicidal lacestions of the scalp. The 


A flac impact may cause a laceration, especially on the wntsual shape is difiuls oinserpret, but che were caused by a 
scalp. Ifthe head falls to the ground or is hit by a wide, flat claw hammer. Tio are riangular, the upper and lower show ts 
‘weapon, the skin and subcutaneous tissues are compressed bridges because ofthe gap between the tw clas. 
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oon the anvil of the skull and may split sideways, often with 
a zone of surrounding bruising. 

Other lacerations are caused by the impact of an edged 
object, be this.a rod, a brick, the edge of a kerbstone or the 
wing mirror ofa vehicle, Though the impact may be vircu- 
ally perpendicular to che skin surface, there is usually some 
tangential element and this can cause one edge of the 
wound co differ from the other. Where there is a glancing 
clement, one edge will be relatively clean-cut, whereas the 
other will be ripped away from the first, suffering more 
tearing of the margin and often showing undercutting of 
the edge. If the impact is significantly asymmetrical, then 
this undercutting may be pronounced enough co form a 
flap of skin and underlying tissue, which is peeled off the 
underlying bone or deep fascia. 

In extreme forms, this produces a ‘laying injury’, where 
a large area of skin and subcutaneous tissue is rolled off a 
limb, almost always by the rotary action of a revolving 
motor wheel. A similar injury can occur on the scalp again 
from a rotating wheel ~ though a similar scalping’ lesion 
can be caused by traction from hair being trapped in 
machinery. This was formerly a common industrial acci- 
dent and was the reason for the ‘snood’ hairnet being worn 
by women factory workers during the last wat. 


Patterned lacerations 


Lacerations do not reproduce the shape of the injuring agent 
neatly as well as do abrasions and intradermal bruises. As with 


Figure 4.28 Lac 


ation ofthe salp from 


4 30. long heavy torch (insert). The skin 


aver the shoulders is reddish due to fir 
sand second-degree burns, The victim was 

bie othe bead while sleeping in bed, afer 
which the husband poured petrol over the 


ey 


bboy and se it on fre 


Ficne 4.29 Hlmnicidal lacerations ofthe scalp penetrating the sul. 


Alesough sore of the injuries rxemble incized wounds, their margins 
are crushed, and bars aa se strane ers the injuren. The damage 


suas probaly inflicted with a metal rd with sharp edge. 
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Incised wounds 


FIGURE 4,30. Crushing impact of a blunt abject om skin supported 
dy bone, such ax scalp on ull. The skin ic sandwiched berween 
weapon and bone and this causes a lacerated split that has bruised 


margins and bridges of hair and ticeue in the wound, 


Piqua 4.31 A healing shallow laceration of the forehead, about 
one week after infliction. The base ofthe injury as filled with 
granulation tissue and the surrounding skin shows puckering due to 
‘uneaction of the cena sca 


skull fractures, the magnitude of the force needed to cause a 
blune tearing of skin leads to blurring of the impact shap 
often with radiating or totaly irregular tearing. Sometimes 
the shape is recognizable and probably the best example is a 


hammer blow to the head. A circular face may punch out a 
circle or an arc of circle, which may also be reproduced in an 
underlying depressed skull fracture, ‘The exact size of the 
hammer face may not be accurately reproduced in the lacer 
ation, which may be slightly lager than the hammer: 

Kicks may cause lacerations, especially if a heavy boot 
with a hard toecap is used. These tend to be tangential and 
may peel up a flange of tissue. They can be clean-cut and are 
sometimes mistaken for knife wounds. Stamping injuries are 
more likely to cause abrasions and bruises than lacerations, 
unless the violence is extreme. A heavy focal blow may cause 
a linear or a stellate laceration, the latter radiating out from 
the focus of impact. ‘The surface may be abraded and the sur- 
rounding tissue deeply bruised, so the final lesion is complex. 

Firearm wounds are a special form of laceration and will 
be deale with separately 


BLUNT PENETRATING INJURIES 


"These ‘puncture wounds’ are a hybrid between lacerations 
and incised wounds, and have more of the features of the 
latter. Such injuries can occur from metal spikes, wooden 
stakes, garden or farm forks, and a variety of vehicular and 
industrial accidents. ‘They are occasionally seen in homi- 
cides or suicides when weapons like screwdrivers are used 
as daggers. The interpretation of such skin wounds can be 
difficult, as in the Yorkshire Ripper’ cases, when some small 
stellate stab wounds were thought to have been caused by a 
Phillips-type screwdriver. A number of fatal wounds, some 
‘of them homicidal, have been caused by chisels, usually very 
sharp woodworking tools with one face of the edge ground 
toa straight line. The edges of the chisel are squared off and 
the resulting skin defect may be rectangular. 

‘When a blunt spike is driven through the skin, there will 
be inversion and abrasion of the edges, though the former 
may vanish if che weapon has been withdrawn, Foreign mater- 
ial such as rust, dire or splinters may be left in the wound, 
and must be carefully preserved for forensic examination if 
the weapon has nor been recovered, 


INCISED WOUNDS 


Injuries caused by sharp objects are classified as ‘incised’ 
wounds, though the nomenclature is again somewhat 
confused. Some authors make these a subcategory of lacer- 
ations and, when the weapon is relatively blunt (as in some 
axe or spike injuries), there may be sufficient crushing and 
bruising of the wound margins to make differentiation 
beeween incised and lacerated wounds difficult. 


153 
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The term ‘incised wound’ usually covers all types of 
injury from, for example, a knife, sword, razos, glass or 
though some writers would make stab wounds a 
separate category, reserving incised wounds for injuries thac 
are longer than they are deep. These semantic variations are 
not important in themselves, but can lead to confusion in 
medical and autopsy reports, as well as in oral testimony if 
the doctor fails to clarify his meaning, The essential feature 
of all incised wounds is the clean division of the skin and 


sharp axe 


underlying tissues so that the margins are almost free from 
any damage. Microscopically there is always a narrow zone 
of injury, bur this is minimal compared with the dssue 
destruction caused by blunt injury. Healing is affected, as 
well as the extent of subsequent scarring 


Cuts or slashes 


When an incised wound is longer than ic is deep, it may be 
referred to as a ‘cut’ or ‘slash’, though a ‘cur’ may also be 
used by lay persons to describe a laceration. Such slashes 
when inflicted by knife, sword, razor, cleaver, parang, 
machete, panga, broken glass or bortle, are typical ofa fight, 
when the assailane strikes out with a swiping action, rather 
than the thrust of a stabbing attack, They are common in 
gang fights and bar-room brawls and the weapon may be 
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Ficune 4.32. Thamsection ofa 
body into 100 balverat waist 
level. The victim jumped fram 
at high-rise building and 
landed on a fence 


swung at ars lengeh ina horizontal are so that iit contacts 
a body it will slice the skin and tissues as it passes by: ‘They 
are also seen in suicidal injuries, usually on the wrist or 
throat, The characteristics of any given wound are a matter 
of a chance and relative positions. The slash may be deeper 
at the entry end or the exit point, though it seems true that 
many such injuries tend to dig in near the point of first con- 
tact and become progressively more shallow as the wound 
approaches the distal end. ‘There may be a superficial ‘ail’, a 
shallow scratch, running out of the termination of the slash, 
as the weapon rises out of the wound and is drawn across 
the skin surface before leaving the body altogether. 

There is a tendency among advocates to visualize a fight 
as a static confrontation and to attempr to reconstruct 
events as if the two participants were standing still, the 
assailant merely moving his arm. This is an unrealistic 
interpretation, as all fights are dynamic, with constant 
relative movement of the bodies and limbs of both parties. 
Therefore any relative angles and depths of contact between 
the victim and che weapon can occur and overinterpretation 
and simplification should be avoided. 

Slashed wounds are less dangerous than stabs, as the rela- 
tive shallowness of the wounds is les likely to affect vital 
‘organs — especially as the arms and face are the common 
targets. The rib cage and skull protects the chest organs and 


Incised wounds 


Ficune 4.34 A knife slash ofthe back showing regular scratches 
along the margin. This war inflicted with a ‘Ramba' knife, which 


‘has deep serrations along the back edge that have somehow marked 


the shin on withdrawal. 


brain and the more vulnerable abdomen is seldom the 
target for a swung knife. Wounds of the neck are the mast 
dangerous and are discussed below. Bleeding is che most 
serious complication of any slashed wound, though it will 
be external and more amenable to immediate treatment 
than the hidden internal bleeding of a stab wound 

A particular form of slashed wound arises from ‘glassing’ 
thacis, the use of broken drinking glass or bottle asa weapon. 
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Figune 4.33. Homicidal slashed wounds 
aus by kif: the length is greater than 
the depth, unlike stab wounds. The long. 
taile are detache knife rising from the 
skin, thu indicating the direction of 

the slash 


"The glass may sometimes be broken prior to the attack, to 
produce edges that are exquisitely sharp. There may alo be 
spikes of glass, which can inflict deep, almost stab wounds. 
Where, more commonly, a glass or bottle is used as a blunt 
instrument, it may shatter on impact with a victim's head, and 
the resulting injuries may both be blunt and incised. 


Stab wounds and penetrating injuries 


"These are of major importance in forensic pathology, as 
they are extremely common in homicide. In Britain, stab- 
bing with a knife is easily the most frequent mode of mur- 
der and manslaughter, primarily in domestic disputes and 
street violence. A stab wound is an incised wound that is 
deeper than it is wide. Though many penetrate only the 
skin and subcuta- neous tissues, those seen by forensic 
pathologists are most often fatal, having entered vital deep 
structures. Several aspects of this important topic need 
discussion. 


‘THE NATURE OP STABBING WEAPONS 


Knives are the weapons most frequently involved and theie 
physical characteristics are important in shaping the wound, 
A pathologist called upon to examine a knife that may have 
been used in an assault should note and measure: 


1H the length, width and thickness of the blade 

BE whether itis single or double-edged 

Bi the degree of taper from tip co hile 

IH the nature of the back edge in a single-edged knife (for 
example, serrated or squared-off) 


4: The pathology of wounds 


IH the face of the hile guard adjacent to the blade 

& any grooving, serration or forking of the blade 

1 most importantly, the sharpness of the edge and 
especially of the extreme tip of the blade. 


Other knife-like weapons include scissors, chisel, swords, 
open razors and sharp tools of many kinds, including 
deliberately modified tools such as sharpened screwdrivers. 
Larger cutting instruments such as axes, choppers, parangs, 
machetes and pangas and agricultural implements such as 
shears, bill-hooks, hay-knives and many others have been 
used as stabbing weapons when used by the point rather 
the long edge. 

Spiked instruments come in many forms, from icepicks 
10 hay-forks, from case-openets to fire-irons. The appear- 
ances of their wounds vary with the physical nature of the 
implement. Some weapons are exquisitely sharp and the 
wounds made by them exhibit extremely fine division of 
the tissues. To razors and razorblades may be added surgical 
and craft knives, often with a disposable blade, together 
with carpet and general utility and hobby tools, such as the 
“Stanley’ knife. Equally sharp is broken glass and sometimes 
porcelain. Both sheet glass and smashed glass utensils can 
provide edges thar equal or exceed surgical scalpels in their 
cutting ability. 

‘A common weapon ina bar-room fight is a smashed beer 
tankard, which when held by the intact handle provides a 
formidable weapon for both slashing and stabbing. Smashed 
china, such as cups and mugs, can also provide sharp cut- 
ting edges. ‘The external glaze can project, if the fracture 
line is oblique, producing a glass-like edge. From personal 
experiment, the author (BK) has shown thar broken china 
can easily slice through the full thickness of skin and thus 
validate a defence that injuries were the result of fling on 
a broken mug, 


Ficune 4.35 A sab wound and the 
inflicting knife. The wound i lightly 
shorter dan the wide ofthe blade at the 
depth of penetration because of rideways 
guping and the contractile elasticity of 
the shin. 


aus 


FIGURE 4.36 Tivo knife wounds in the back. The wounds have 
at sarper lower edge compared toa rounder upper ede, due to 
ce-edged blade, 


THE CHARACTERISTICS OF A STAB WOUND. 


The surface and internal appearances ofa stab wound allow 
the pathologist to offer an opinion upon: 


the dimensions of the weapon 
the type of weapon 
the caper of the blade 
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Incised wounds 


1 movement of the knife in the wound 
IH the depth of the thrust 
the direction of the thrust 


the amount of force used. 


Dimensions of the weapon 
‘The dimensions of the knife may be a vital part of the 
investigation of a homicide when the weapon has been 
removed from the scene by the assailant. The pathologist 
can sometimes assist the investigators by telling them, 
within limits, what size and type of knife to seek. When 
suspect weapons are recovered, his inspection of them may 
indicate whether or not they are consistent with having 
caused the wounds in question. As always in Forensic medi 
cine, however, caution must be employed and the cardinal 
sin of overinterpretation avoided. 


nt 


Ficune 4.37 A sab wound gapes across its wideb and shorten 


in length, expecially whew across skin or mace planes, 


‘The length of the wound should be measured to the 
nearest millimetre as it lies undisturbed on the skin, In 
‘most instances the wound will have gaped across the centre, 
to form a long ellipse. The extent of gaping will depend on 
the anatomical situation, for example, over joints or in the 
axilla or groin, and whether the axis of the stab is in line 
with or across the tension of Langer's lines or underlying 
muscle bundles 

‘When the edges are gently opposed, the length of the 
wound may then extend slightly and should be measured 
again in this position, which more accurately approximates 
to the lengch when the blade was in stu. 

‘An important additional factor, however, must always be 
taken into account because, when the knife is withdrawn the 
elasticity of the skin causes it to retract, making the wound 
smaller than when the blade was én situ. This mechanism 
may be amplified by contraction of the underlying muscles, 
which, ifar right angles to the axis of the wound, may cause 
the wound to shorten from end to end, while gaping more 
widely ar the centre. Using wound measurements to predict 
the size of the knife blade, one must take into account the 
other matters discussed below, such as movement of the 
blade in the wound, the taper of the blade and the depth 
of penetration, 


‘Type of weapon 
"The type of blade usually refers to whether it had a single 
or double cutting edge. Most knifes have a single sharp edge, 
the back edge being blunt or otherwise machined. A few 
dagger-like weapons have both edges ground to sharpness, 


Fe 
Ss 
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Figure 4.38 Mulhple sas am the back 
from the same knife. showing differing 


shapes and sizes. 
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Ficune 4.39 A stab wound showing a unilateral fish-eal split 
caused by the blunt back edge of the knife blade, This ie sometimes 
bilateral due to tearing of the tssuer. The other end of the wound is 
pointed due to he cuting edge of the blade. 
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some have only the distal part of the back of the blade sharp- 
ened. On inspecting the skin wound, the pathologist fie- 
quently finds that borh ends of the defect appear sharply cut, 
coming to a fine ‘V-point’ at the extremities. Unfortunately, 
this does not necessarily indicate that a knife with two sharp 
edges was used, asthe skin often splits behind the blunt edge 
{0 produce a symmetrical appearance. 

If, however, there is an obvious difference between one 
sharply pointed end and a rounded or even square-cut 
opposite extremity, chen it can be said with some confidence 
that a single-edged knife was employed. 

A kunife with a thick blade that is squared off to a flat 
surface on the edge opposite the cutting edge, may some- 
times he identified from the wound, where a definite double 
right-angled end to the skin defect is apparent. The skin 
may split back slightly from each of these corners, forming 
the so-called fish-tail’ appearance. 

‘Where a knife with a serrated back edge has been used, 
such as is found on some boy scout or other Bowie-type 
knives (or the recently fashionable ‘Rambo’ weapons), the 
back edge of the wound may be torn or ragged and ~ on 
some occasions where the knife has entered very obliquely ~ 
serrated abrasions may be seen on the skin adjacent to the 
end of the wound. 

IF the knife has been plunged into the full extent of the 
blade, then there may be a hile bruise or abrasion on 
the skin surrounding the wound. This may even reproduce the 
pattern of the guard at the base of the hily, if there is one. 
Careful photography, sketches and measurements are needed 
to capture the exact outline of such a mark, which are, admit- 
edly, unusual, 


Ficune 440 Multiple sab wounds fom the same knife, 
showing variations in the sie and shape of the injuries. With 
‘multiple injuries it ic advisable t0 murnber each to facilitate 
easy reference in the autopsy report and when giving evidence in 


‘Taper of the blade 
“The taper of the blade is naturally related to wound size, 
If a tapered blade is inserted to 4cm, then the length of the 
wound (ignoring skin retraction for the moment) will 
be that of the width of the blade ar thar level. IF the 
taper continues to the 8cm level, then the wound will be 
correspondingly longer. Only when the blade edges become 
parallel will the wound size remain constant for further pen- 
exration of the knife, 


‘Movement of the knife in the wound 
Movement of the knife in the wound can result in loss of 
evidence as to the size of the blade, but can also add other 
information. Where a knife is stabbed directly into the 
body and withdrawn along the same track then, within the 
limits discussed above, the size of the wound will indicate 
the minimum width of the blade at the maximum depth of 
penetration, 

If, however, the knife is ‘rocked’ in the wound, the skin 
defect will be enlarged, sometimes considerably. The term 
‘rocking’ means a leverage or angulation in the plane of the 
wound, so thar the cutting edge extends the incision, This 
rocking can occur either by the knife being actively moved 
in the wound by the assailant ~ or by the body moving rela- 
tive to the knife ~ or by a combination of the two. 

Ic is sometimes a misapprehension among both doctors 
and (especially) lawyers, thar stabbings and other assaults 
‘occur in static circumstances, with the victim standing in 
the anatomical position. Directions of wounds are all too 
often interpreted as if the only movement came from the 
hand of the assailant, whereas in most fatal assaults the 
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Incised wounds 


Ficune 4.41 A slashed facial wound from a knife showing 
undercutting or shelving’ on the edge nearest the mouth, indicating 
the angle ofthe knife relative tothe surface. The tailed nature ofthe 
lower end also indicates char that knife was drawn downwards 


across the face 


Ficune 4.42 Rorible subbing can indent she body rurfce so that 
deep structures can be injured that appear to be beyond the reach off 
the kif 


victim bends, turns and nwists, and the assailant often follows 
with similar gyrations, Thus a knife that is thrust into the 
body may itself move or the body may move against it 
before i is withdrawn. 


‘This relative movement may extend the wound in a 
linear fashion, as described above or there may be ewisting of 
the blade in the wound, In the latter case, the resulting skin 
incision may be V-shaped or torally irregular. Rarely, a single 
stab may produce multiple skin wounds, such as a tangential 
stab of the arm, which passes through the superficial tissues 
and then re-enters the chest wall. Another instance isa stab 
through a female breast where, especially ifthe breast is sag- 
ging, the knife can pass right through the edge before re- 
entering the thorax. 


Depth of the thrust 
"The depth of a stab wound may be important in artempr- 
ing to assess the lengch of a missing weapon. Again there 
are pitflls to be avoided. First, iF knife is driven in up to 
the hilt, the depth of the wound as measured at aucopsy 
‘may be greater than the true length of the blade. ‘This is 
common in the abdomen and to lesser extent in the chest, 
because the impact ofa forceful stab may momentarily indent 
the abdominal or chest wal so chat the tip of the knife pene- 
trates tissues that apparently should have been out of reach, 
"This is particularly so when the hile guard of the weapon 
impinges on the skin. For example, the author (BK) has seen 
the tip of a broken knife embedded in a thoracic spine, 
where the distance from that tip to the anterior skin wound 
was less than the length of the blade when recovered. 

As with direction, discussed below, the pathologist must 
also allow for differences in the position of internal organs as 
‘measured at autopsy in a supine body, compared with their 
position in the living body, ofien in the upright posture, 
Such variations in the in vivo distance from the skin wound 
1 the organs penetrated must be taken into account when 
assessing the depth of a wound. In the chest and abdomen, 
visceral relationships vary with the stage of respiration. The 
lower ribs move upwards and laterally, and increase the 
distance berween the skin and deeper structures. 


Direction of the thrust 
"The direction of a stab wound is often a matter of con- 
tention in homicides, especially as tial lawyers (and theie 
‘medical advisers) sometimes tend to overinterpret the facts 
when trying to reconstruct the scene of the fatal assault 

‘As mentioned above, a stabbing incident is often moving 
and dynamic, and the victim is rarely ina static, anatomical 
position. For example, a wound that enters the upper part 
of the left side of the chest and travels steeply downwards, 
is nor inevitably the result of the killer being taller or situ- 
ated above the victim, using a downward blow. The victim 
could equally well have been bending or crouching, the knife 
then entering on a horizontal plane relative to the floor. All 
that the pathologist can do is to determine the direction 
of the wound relative to the axis of the body ~ itis then a 
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Ficui: 4.43 Multiple sub wounds fram the same knife. Aldough those atthe bottom eft are obviously spuare-endad, the more central ones are 


salmort equally sharp at ce extremities — lsat the dangers of being too degmatic about describing a ising knife tothe investigators. 


EiGURE 444 Homicidal stab wounds mizdiagnozed by an 


attending doctar at haematemesc or epitis. The lower right 
wound clearly shows evidence ofa single-edged blade. The wound in 
the loft axilla is V-shaped because ofthe twisting kif 


matter of non-medical evidence to relate that to the posture 
of the victim when struck. 

Determination of the direction relies on both the appear- 
ance of the skin wound and the track in the deep tissues. 


Where a knife penetrates the skin with the plane of the 
blade at appreciably less chan a right angle to the surface, the 
wound is ofien ‘undercut’, being shelved so thar subcuta- 
neous tissue is visible below one edge of the wound. Where 
the knife is plunged in obliquely, but the plane of the blade 
remains perpendicular to the surface, no such shelving can 
be seen at the sides of the wound though it may just be vis- 
ible at the end of the wound. 

‘More information about direction comes from careful 
examination of the track of the stab wound. ‘This is an 
anatomical exercise during autopsy, the layers of tissue being 
examined in sequence from the surface downwards and 
damage to deep structures and organs compared with the 
position of the surface wound. For example, a stab wound 
of the chest may lie below the left nipple. Dissection of the 
subcutaneous tissues and muscles may reveal that the defect 
in the chest wall lies in the sixth intercostal space and that, 
inside che thorax, the right ventricle of the heart has been 
transfixed, and thar there is a wound in the diaphragm that 
terminates in the liver just to the right of the midline, ‘This 
information obviously indicates that the direction of the 
‘wound was downwards and from lef to right. Similar deduc- 
tions can be made for all other sites, but caution must be 
exercised, as mentioned earlier, in allowing for the change in 
position of organs in the supine post-mortem posture com- 
pared with the erect, living state. A thorough knowledge of 
surface anatomy is required, especially of the thorax, as well 
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Incised wounds 


FiGURE 4.45 Multiple homicidal knife wounds, all inflicted withthe same weapon. This shows the marked variation in wound sis from the 
samme knife, caused by racking and wining movements of either weapon or victim. 


as diagrams of the position of internal organs mapped out 
in relation to surface markers; samples of such diagrams are 
given in this book. 

‘Attempts have been made to delineate the track of a stab 
wound before dissection either by filling the defece with a 
radio-opaque fluid before taking X-rays, or by filling with 
a plastic or even metallic substance that will harden to forma 
«ast. In practic, these methods appear to have little advantage 
‘over careful dissection. When radio-opaque liquids or pastes 
are used, there is often leakage from the stab wound into the 
thoracic or abdominal cavities, leading to a confusing radio- 
logical picture. Recently, magnetic resonance imaging (MRI) 
has been used to visualize the wound track, bur such facilities 
are rarely available for dead victims. 


Estimation of the degree of force used in stabbing 
‘The amount of force required to inflict any given stab 
‘wound is ofien a marter of extensive debate in criminal tials. 
‘The prosecution naturally gains from showing that a stab- 
bing was inflicted with ‘considerable force’, sometimes 


even using pejorative terms such as ‘violent’ or ‘frenzied’. This 
tends to confirm the intention to stab, whereas the defence 
proposition is often that the victim inadvertently fell or 
‘was pressed against a weapon held passively by the accused. 
An expert medical witness has difficulty in replying to the 
almost inevitable question by counsel: ‘Whar amount of force 
‘was necessary to cause this wound, doctor?” 

‘Assessment of force is subjective and cannot be quantified 
in any satisfactory way that is meaningful to the court. 
Physical units such as dynesiem?, even if they can be meas- 
ured, mean nothing to a judge and jury. The only measure 
thar the medical winness can offer isa broad grading, based on 
common sense knowledge, such as slight pressure’, ‘moderate 
force, ‘considerable force’ and perhaps ‘extreme force’, che lat- 
ter being reserved for exceptional cases where the knife has 
impacted in dense bone, penetrated the skull, or left a marked 
bruised impression of the hile guard on the skin. A number of 
investigators, including the author (BK), have carried out 
‘measurements on the force needed to inflice stab wounds, 
both in animal, cadaver and surrogare tissues. The usual 
‘method is to attach some type of dynamometer or transducer 
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toa knife, which records the maximum force applied during 
penetration, preferably with the duration of impact. 

From this work, the following useful generalizations 
can be made. 


1H Apart from bone or calcified cartilage, the tissue most 
resistant to knife penetration is the skin (Knight 1975), 
followed by muscle where large muscle bundles 
underlay che fascia 

The sharpness of the extreme tip of the knife is the 
‘most important factor in skin penetration. The cutting 
edge of the knife, once the tip has penetrated, is of 
relatively minor importance. 

{8 The speed of approach of the knife is particularly 
important in achieving penetration. A knife held 
against the skin, then steadily pushed, requires far more 
force to penetrate than the same knife launched against 
the skin like a dart. As in blunt injury, this is an 
example of the physical aw that requires that the force 
varies directly not with the mass of the weapon, but 
also with che square of the velocity. 

1H Stretched skin is easier to penetrate than lax skin, 

"The chest wall, where skin tends to be intermittently 
supported by underlying ribs, is relatively easy to 
puncture with a sharp knife as the skin and tissues are 
stretched over intercostal spaces in the manner of a 


drum membrane. 


(Sl Though the thick skin of the palms and soles is much 
tougher than on the rest of the body, the variation in 
resistance of the rest of the skin to a sharp knife is of 
little importance compared with other factors. 
Similarly, the skin of the aged, or of women, is not 
appreciably less resistant to a sharp point than that 
of men or young persons. 

When a knife-poine impacts against skin, the latter 
dimples and resists until penetration suddenly occurs, 
‘The tension developed in the stretched skin appears to 
act as an ‘elastic reservoir’ and, when the threshold of 
resistance is exceeded, the knife falls through the 
subcutaneous tissues without any further force being 
imparted to it unless impeded by bone or cartilage. Thus 
no additional effore is needed by che assailant to achieve 
deep or even full penetration up co che hilt, Ie is 
sometimes incorrectly claimed by the prosecution that a 
deep stab wound must imply extreme force or continued 
pushing after penetration. This is not so and experiments 
have shown that once penetration occurs, it is difficule or 
even impossible to prevent deep penetration because of 
the suddenness of the breakthrough, 

1S When the knife penetrates the skin rapidly, for example, if 
the body falls or runs on to the blade, the knife does not 
need to be held rigidly in order to prevenc it being pushed. 
backwards. Its inertia, ifthe tip is sharp, is quite sufficient 
to hold it in place while the body spears itself on the blade. 


Ficune 446 A stab wound of the centre af he chest. Achough each end ofthe wound is identical, the weapon was a single-edged kitchen 
Inife. The end ofthe wound adjacent tothe back ofthe blade har split making it imposible to say if vingle- or double-edged knife was wid. 
The sternum beneath was penetrated to reach the heart, s considerable farce must have been wed. 
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Incised wounds 


Ichas been wrongly argued against a defence of filling or INJURIES BY WEAPONS OTHER THAN KNIVES 
running onto a knife, that the hile would have had to have 
been supported against, for example, the hip of the person 
holding the knife to immobilize it against the advancing 
body. Experiments have shown that this theory is invalid, 

Bi Uncaleified cartilage, especially chat in the costal cartilages 
of young and middle-aged persons, is easly penetrated by 
a sharp knife, though naturally more force is required 
than if the blade passed through an intercostal space 
Caleified fib and bone provide a much more resistant 
barrier, but a forceful stab from a strong, sharp knife can 
easily penetrate rib, sternum or skull. Firm tissues like 
‘myocardium, liver and kidney are easily traversed by all 
bur the most blunt of weapons, and their resistance is far 
less than that of cartilage or skin, 


The general features of injuries from knives apply equally 
to other sharp objects that cause incised and stab wounds. 
Razors and broken glass have extremely sharp edges so that, 
when applied tangentially or ar a small angle to the skin, 
undercutting may be a marked feature. The wound may 
appear as a shallow slice which bleeds profusely and, in a 
hairy area such as the scalp, it will reveal cur hair bulbs on 
the shelved surface. Deliberate wounds with razors or sharp 
knives may exhibit patterns or even words; these may occur 
in gang fights or sadistic homicides. 

Glass can be employed as a cutting weapon, again typic 
ally in bar fights or gang vendettas, where a broken bortle may 
be beld by the neck or a smashed beer tankard by the handle 


FicuRe 4.47 Three wound from a single 
tal with a kif, which was in place when 
‘the body was discovered. The knife had 
entered obliquely through the inner side of 
the right reat, emerged inta the cleawage 
and re-entered the mid-line Ifthe knife 
‘had not been in sty, interpretation could 
ave bees mare difficult 


FiGune 4.48 Homicidal stab wounds of 
the throat and bead showing the 
pleomorphism of injuries caused by the 
sae knife. The wound under the chin is 
Vishaped caused by twisting ofthe weapons 
the large throat wound consi of several 
auperimposed thrusts and over the 
manubrita there is a tail’ camed by the 
tip ofthe knife slipping aut ofthe wound 
on withdrawal 


FiGURE 4.50 A wound over the eyebrow caused by impact from a 


broken drinking las. lchough this location is commonly the ste of 
laceration fron blunt blows, this jury is sharp-edged and has 
sunbruised margins, indicating that it san incised weund. There is a 
aociated abrasion frum non-cutting contact and there i bleeding inta 
the upper gelid, probably om gravitational seepage from the wound, 


Official estimates in Britain suggest that between 3400 and 
5400 offences occur annually in which glass is used as a 
weapon. Surveys in London and Bristol by Shepherd er al 
(19903) and Hocking (1989) showed thar bar drinking 
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Bicone 4.49 Multiple homicidal sa 
and incited wounds inflicted with various 
Aitchen utensil 


{glasses were the most common weapons, and that 75 per cent 
Of these were from straightsided pint glasses. Unexpectedly, 
this research showed thar most of the glasses were intact until 
thrown or thrust ar the victim ~ they had nor been smashed 
prior to the assaults, Most of these non-fatal injuries were 10 
the face. The fragility of these glases varies greatly from man- 
tufacturer to manufacturer, so that there can be a sixfold dif- 
ference in theie propensity o smash on impact. 

"Though these formidable weapons are usually used for 
slashing, long slivers of glass can act ~ sometimes inadvert- 
ently — as stabbing agents, ‘The sliver may break off and 
remain in a deep wound, which may be overlooked if the 
entry is small 

‘As many casualty surgeons have learned to their cast ~ or 
to the cost of their medical protection society or medical 
insurers — glass is almost invariably radio-opaque, even 
though this is either unknown or even denied by the doctor. 
Numerous civil actions for negligence have occurred — 
though usually is 
the first person to find a deep fragment of glass in a vital 
position has been a forensic pathologist. 

‘As mentioned earlier, broken china and porcelain, as 
from a smashed cup, mug or plate, may have a sharp edge 
‘on the exposed glaze and can easily cause a slashed wound. 


non-fatal circumstances ~ but, on occasion, 


INJURIES FROM SCISSORS 


Stabbing by a pair of scissors is nor uncommon and is seen 
most often in domestic circumstances where a woman uses 
a weapon upon her husband or consort which is borh famil- 
iar and near to hand. The appearances of the wound will 


Incised wounds 


aN 
E 
_ypical of those inflicted by a sharp-edged weapon rather than a 


UURE4.51 Incite wounds, which inspite oftheir large ize are 


crushing laceration, The instrument wat a butcher cleaver, 
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Ficunt 


Various profiles made by scissors stabbed through the 
shin, The cross shapes are caused by blade screws or rivet: the ane on 
the right ica ful penetration of one blade ofan open pair of ciscors, 
the other blade impinging flat on the skin 


differ according to whether the scissors were used open or 
closed. If open and one blade is stabbed into the victim, 
then the appearances will be virtually indistinguishable 
from a knife wound, Some modern scissors, however, have 
a two-part blade in which a steel cutting edge is riveted to a 
carrier continuous with the handles, This may produce a 
stepped wound that may show a notch or variation in lin. 
earity in the margin of the stab wound, 
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More characteristic is the wound produced when both 
blades of a closed pair of scissors are plunged through the 
skin, Some scissors have a double-sharp point, but most 
domestic, tailors’ or dressmaking scissors are fairly blunt at 
the tips when closed, so considerable force is needed to drive 
them through the skin ~ tending to work against a defence 
of an accidental movement against a passively held weapon. 

The skin wound made by closed scissors is typically 
shaped like a flat ‘Z’ or the usual impressionist sign for a 
flash of lightning. ‘The offset of the two blades gives this 
shallow zig-zag pattern, which is unmistakable when pres 
ent. Some scissors, however, especially long narrow ones in 
which the blades close almost completely over one another 
may not reproduce this appearance and the wound may 
look more like that from a thick knife 
are small lateral splits in the wound centre from a project 
ing hinge screw. 


Sometimes, there 


DEFENCE WOUNDS 


In assaults of any kind, the natural reaction of the victims is 
to protect themselves. ‘The limbs used for protection can 
themselves be injured and chese defence wounds may be 
of considerable medico-legal significance, as they indicate 
that the victim was conscious, at least partly mobile and 
not taken completely by surprise. Defence wounds can be 
sustained from attacks by fists, feet and blunt or sharp instr 
ments. The classic position for them is on the forearms and 
hands, which are instinctively raised to protect the eyes, face 
and head. Other defence injuries may be inflicted on the 
thighs, when attempts are made to shield the genitals. 

With attacks from blunc instruments or fists, bruises are 
the hallmark of defence attempts. They are common on the 
outer sides of the forearms, the wrists, the backs of the 
hands and knuckles, The size and shape of the bruises 
naturally depends upon che attacking object. Abrasions may 
accompany the bruises bur the latter are more common 
Fractures of the carpal bones, metacarpals and digits may 
occur. Ifthe arm is held in front of the face, the inner (pal: 
mat) side of the forearm may also receive blows. There may 
also be defence bruises and abrasions on the thigh, as blows 
or kicks aimed ar the lower part of the body cause the 
victim, especially men, to protect the genitals. The leg may 
be brought across the other or the thigh raised, so that its 
outer side may receive blows or kicks 

The most obvious defence injuries are seen in knife 
attacks, as the victim often attempts to ward off the thrusts 
by seizing the weapon, When the fingers are closed around 
the blade, its withdrawal cuts across the flexures of the 
phalanges, slicing through the skin and perhaps tendons, 
‘or sometimes all four fingers. This may be seen in one, any, 
or even all of the three sets of flexures. 


Fx 


an attempt ta fend ofa blue instrument inthis cae a metal poker 


4.54. Defence injurier bruising on the back of the hand in 


‘shat was used to inflict fatal bead injuries, Such injuries confirm 
that che victim was conscious and active during the attack, and that 
it was not made coverly while the victim was unaware 
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wounds by closed scissors 


‘The other rypical knife defence wound is in the web 
between the base of the thumb and index finger, when the 
blade is grabbed in an attempced pincer action. Other knife 
wounds can be on the backs of the hands or fingers from non- 
‘grasping movements trying to ward off the weapon. Defence 
‘wounds from knives are often sharply sliced, as che blade is 
<drawn across che tightly applied skin. They are often markedly 
‘shelved, with loose flaps of skin and copious bleeding, 

Defence wounds also occur in fitearms injuries, where an 
arm is raised in a desperate attempr to shield the trunk or 
head from the blast. This accounts for some shooting deaths 
‘where there is an entrance and an exit wound in (ofien) the 
upper arm, the missile(s) then repenetrating the trunk, 


DATING OF WOUNDS BY 
HISTOLOGY AND 
HISTOCHEMISTRY 


There are many publications on this subject, as it is a 
favourite topic for research, As with time of death, it can be 
an important matter in forensic medical investigations co 
determine whether a wound found at autopsy was inflicted 
before or after death and, if inflicted ani 
long before death i was sustained. 
Unfortunately, as with so many problems, biological 
variability introduces a wide margin of uncertainty, so that 
a range of probabilities can be offered, bur never a definite 
time interval, Much of the experimental work has been 
performed on animals and the results are not transferable 
to man —a common defect in all animal work. The smaller 


mortem, how 
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Dating of wounds by histology and histochemistry 


the animal, che mote rapid the tissue scavenging and repara 


tive changes: more primitive animals have far greater 
powers of regeneration than man, both in wounds and in 
regrowing organs and even limbs. 

The changes will also vary according to the size of a 
wound, the type of wound (bruise, abrasion, incision or 
laceration), the tissue (epidermal or mesodermal), whether 
there is infection and the age and health of the victim. 

The subject is complex and often contradictory and the 
following schedule of events is offered only as a guideline 
The original papers should be consulted if any particular 
criterion is to be followed; histological appearances, 
including fluorescence studies may be backed up by histo- 
chemical and biochemical assays, The sequence of changes 
in bruises is far les distincr than in abrasions or lacerations 
and histology is much less helpful. The most useful criterion 


FiGline 4.55 Defence wound on the 
bhack of te band frm trying to ward 
off the knife 


E 


victim of knife atack. In grasping the 


LURE 4.56 Typical defence injuries in a 


blade to deflect it here have been cuts 


across the palmar surfaces of the 


ager 
and 


firefinger together with a cut at the base 


joints and a slash between the thura 
of the tur 


ina bruise is probably Petl’s reaction for haemosiderin, which 
becomes positive abour 3 days after infliction — though 
some workers claim an earlier appearance, even down to 
12 hours. Haemolysis of red blood cells is irregular and 
patchy, many intact cells being seen in some bruises after 
many days, so their rupture and ghosting cannot be used as 
an index of age. 


Chronological histological changes 
after wound infliction 


30 MINUTES-4 HOURS 


Margination of polymorph leucocytes in dilated small ves 
sels may occur, a feature which is often completely absent. 
Ics also not a reliable sign of ante-mortem infliction, as 
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24-72 HOURS 


Leucocyte infiltration reaches a peak at about 48 hours; 
repair begins concurrently with many fibroblasts appear- 
ing, but rarely before 72 hours. New capillaries then begin 
to bud from vessels, che vascular, infiltrated stroma becoming 
‘granulation tissue’ 


3-6 Davs 


Repair is proceeding apace: collagen begins ro form and giant 
cells may be visible around necrotic debris and foreign 
matter. The epidermis is actively growing if che wound 
involves the surface: in animals, it grows laterally ar about 
200 pm/day. Haemosiderin becomes stainable from about 
the third day onwards, if there is a bruise or any bleeding 
into the wound, but is often not obtainable by Perl's reac- 
tion until the fifth day even though some claim it can appear 
con the First or second day 


Ficune 457 Defence wounds of hand in attempts to ward off an 


sasiaule with a meat cleaver 
10-15 Days 
Cellular reaction. subsides in small wounds. Vascularity 
leucocytes may congregate for many hours after death, decreases and the cell population drops, especially leucocytes. 
especially in skin and around aspirated material in the lung. Fibroblasts are most active, with collagen being laid down, 
‘Some extravascular emigration may begin at the end of ‘The epidermis becomes thin and flar, but no papillae Crete 
this period, but a significane number of polymorphs usually pegs) are reformed for many weeks. Elastic fibres are searce 
delay for many more hours. Polymorphs tend to appear fora long time and less than in adjacent undamaged tissue. 
earlier in the subcutaneous fat than in the upper dermal 
layers. Basophilic ‘mast cells lose their granules. Fibrin appears TWO WEEKS TO SEVERAL MONTHS, DEPENDING ON 
in the wound within a few minutes, but this also occurs in siZE AND OTHER FACTORS 


eee ae Consolidation of the healing tissue continues. The inflan 


matory response has vanished, unless the wound has 
become infected, Collagen and elastin increase and a vascular 
Leucocyte infiltration is likely to be more definite, still scar is formed, which gradually becomes more dense and 
mostly polymorphs, bur some mononuclear cells as well. avascular. The epithelium remodels and dermal papillae 
‘A scanty mixed population of lymphocytes and poorly reappear unless the wound is wide and irregular, Skin 
differentiated ‘monocytes’ appears, usually after 12 hours. — adnexae do nor reappear in the scar unless islands of viable 
Tissue oedema and swelling of vascular endothelium occurs. skin survive within the wound area, 

In small wounds involving che skin, the stare of epithelial 

regeneration may be seen at the sides atthe level of the basal 

layer of epidermis. Histochemical changes in injured 

tissues 


4-12 HOURS: 


12-24 HouRS Histochemical and immunohistochemical methods have 


Leucocytes tend to demarcate the area of the wound by form- been studied widely in recent years, again mainly on animals, 
ing a marginal palisade. The polymorph response declines and the transfer to the human situation being suspect in some 
the macrophage and mononuclear cell population increases cases. A wide variety of markers have been claimed as reliable 
fiom now on. Removal of necrosed tissue begins, with for both the differentiation between ante-mortem and post- 
macrophages evident and a basophilic tinge to the ground mortem injuries and for dating of ante-mortem wounds. 
substance. Miroses are visible in fibroblasts from about Electrolytes, such as sodium, zinc, magnesium and 
15 hours. The epidermis begins o spread across the surface of calcium, serotonin, esterases, glycophorin A and especially 
the scab and down the sides ofa cut into the wound. histamine have been used for this purpose. 
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Survival period after wounding 


Mainly as a result of the pioneering work of Jyrki 
Rackallio in Finland, the histochemical sequence of events 
in wounds has been actively pursued in recent years. Some 
techniques need frozen sections, others can be carried out 
oon fixed tissue. Estimations of histamine or serotonin are 
usually ‘tube’ methods, rather than microscopic, though 
some fluorescent techniques have been developed. Betz 
and his co-workers have also published extensively on the 
immunohistochemistry of wound dating 

‘Ar the present time these methods still remain mainly 
in the realm of the research laboratory, apart from a few 
enthusiasts who employ them in casework. For the histo- 
chemical novice, it would be unwise to put such procedures 
into evidence without first gaining extensive experience 
of control material, Experience emphasizes thar stricdly 
standard conditions are required for the production of such 
histochemical sections, the end result depends largely on 
laboratory procedures ~ ‘change your technician and you 
change the answer’, 

A lise of standard procedures for some of these reactions 
is given in Appendix 1 

‘The following are some of the histochemical wound 
changes described by Rackallio and others: 


Bi Ina wound through the skin surface there isa central 
zone 0.2-0.5 mm wide thar will become necrotic and 
in which enzyme activity rapidly decreases. This may be 
termed ‘negative vital reaction’. Immediately beyond 
this layer, isa 0.1-0.3 mm zone of reaction and 
eventual repair, where a number of enzymes and other 
substances become increased in concentration during 
the reparative process, compared to the normal level in 
the areas outside the wound. Enzymaticaly, this can be 
called ‘positive vital reaction’, as no such zone develops 
in a post-mortem wound. 

1 Within one hour after injury, esterases and adenosine 
triphosphatase increase in the positive zone. At around 
2 hours, aminopeptidase activities increase and, at 
4 hours, acid phosphatase activity increases. Alkaline 
phosphatase activity is delayed another hour or so 
though, of course, all these times are relative and 
subject to the usual biological variability. 

Where death occurs at some stage of this process, the 
enzyme pattern is frozen’ at that point and post-mortem 
changes do not substantially alter the reactions within a 
few days after death, especialy if autolysis is kepe at bay 
by refrigeration. Senility, severe illness and cachexia, as 
well as widespread multiple injuries, may distort the 
usual pattern by reducing the ability to produce these 
reparative enzymes. In contused wounds, the reactions 
are less useful than in cutaneous injuries, as the damage 
is more diffuse and there are no definite ‘zones. 


Inall wounds, lack of reaction cannot be taken as 
indisputable proof of a post-mortem origin, though, ifthe 
‘opposite occurs, postive increase in the outer zone must 
only be the result of a vital reaction. Other enzymes have 
been used for wound dating: the review by Janssen (1984) 
in his authoritative book on forensic histology should be 
consulted for details, as well as the work of Betz. 
issue cathepsins are said to increase almost immediately 
if the stroma is damaged, being demonstrable within 
5-10 minutes. Two other substances ae of use in 
establishing that wounds are ante-mortem and giving 
some idea as to their age. Both are produced during the 
inflammatory response that accompanies tissue damage ~ 
histamine and serotonin (5-hydroxytrypramine). They 
tend to be complementary to the enzymes, as they 
appear soon after infliction, within the hour or so before 
adenosine triphosphatase and esterases become detectable. 

"These vasoactive amines appear in maximum 
concentration about 10 minutes (serotonin) and 20-30 
minutes (histamine) afier wounding, One of the first 
demonstrations of this forensic aid was by Fazekas and. 
‘Varagos-Kis (1965), who showed thar a ligature mark in 
hanging revealed increased serotonin; presumably the 
hanging was atypical and the victim took 10 minutes to 
die which is rather unusual. For the employment of the 
test in human autopsy work, about 2 grams of skin freed 
from subcutaneous fat ate sampled, together with a 
similar control sample from a nearby normal area of skin 
from the same cospse. This is to allow for the markedly 
different amounts found in different people and, 
indeed, in the same persons at different times. 

"To establish that a wound was ante-mortem rather 
ted after death, the level of histamine in 
the wound must be at least 50 per cent greater than the 
control sample ~ and, for serotonin atleast, ewice the 
concentration of the control skin 


than int 


SURVIVAL PERIOD AFTER: 
WOUNDING 


A pathologist is often asked either by police during an 
investigation, or by counsel at trial, what was the probable 
interval berween the fatal injuries and death? A supplemen- 
rary query is how long would the victim have been active, 
even if sill alive? 

"These are extremely difficule questions to answer, as a 
‘number of variables enter the estimation. The doctor should 
never give a dogmatic answer, unless the nature and severity 
of injuries are obviously incompatible with continued life or 
activity. 
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4: The pathology of wounds 


‘A person who has his brainstem destroyed by a penetrat- 
ing injury, or his aortic arch completely transected, will be 
inactive and clinically dead almost immediately. It would 
not necessarily be the case if his frontal lobes were damaged 
or his abdominal aorta was crushed by a railway wheel 
Extraordinary instances of survival in both these latter 
instances are on record. 

‘An opinion should always err on the side of caution in 
expressing opinions on this subject, as victims ean do far more 
than might be expected afer injury. The author (BK) once 
deale with a homicide in which the victim was stabbed through 
the heart, yet ran more than a quarter of mile before collapsing. 
‘A wound in the left ventricle can partly sel itself by the con- 
traction of the muscle around the defect and collapse may only 
‘occur when sufficient blood has leaked into the pericardium to 
form a tamponade. Wounds of the right ventricle are often 
more rapidly faal as, although the pressure of contained blood 
isless, che thinner wall is noc so effective in preventing the leak. 

Head injuries can present many paradoxical instances of 
prolonged survival, depending partly on whae part of the 

ain is injured. As mentioned, frontal lobes seem remarkably 
resistant to damage and it is ofien the generalized head 
impact, rather than focal damage to this area, that causes most 
harm, For example, a Finnish man who committed suicide 
made a home movie of himself fring a pistol into his brain, 
‘There was immediate collapse but, just at the end of the 
44-minute film, the victim opened his eyes and raised his head, 
finally dying some uncertain time after the spool ran our. 

In the more usual stabbing, head injury, cut throat or 
shooting, the pathologist must try to assess the nacure and 
severity of the physical damage, and relate that to the age, 
health and environment of the victim. ‘This is naturally an 
imprecise exercise. A senile old lady, or someone with severe 
cardiac or respiratory disease, is les likely to survive multiple 
injuries for as long as a robust young person ~ though if the 
nature of the injury is grossly life-threatening, these factors 
will make lite difference. 

A.cut artery will lose blood faster than a vein of the same 
general size, especially if ic is only partly severed so that it 
cannot retract. Other factors, such as the possibility of air 
embolism occurring in a cut jugular vein, might alter the 
usual pattern of expected events. The heart is less vulner- 
able than great thoracic vessels in many stab wounds, as 
mentioned above. Many wounds of the ventricles are sur- 
vivable. The author (BK) has twice been warned by police 
of an imminent autopsy on victims admitted for emer- 
gency surgery ~ only to hear later char, thankfully, chey had 
walked out of the hospital after a successful operation, One 
had a through-and-through stab wound of the left ventricle 
that transfixed the heart from front to back. 

‘Where a wound has transected a major coronary arte 
then prolonged survival is unlikely, as is one chat interrupts 


major branch of the conducting system. Other than injusies 
to the brain or to a large blood vessel, most other injuries can 
rarely be declared to have caused sudden death or rapid loss of 
function. In criminal cases, it may bea point of some impor- 
tance to decide whether the victim could have continued 
fighting, have run away, have resisted, or even have inflicted 
injuries on someone else before collapsing and dying. Ie is di 
ficult to swear thar at least some activity was not possible in 
the great majority of instances. In the adrenaline response of 
‘fight or flight’, the shock element of pain is greatly sup- 
pressed — many soldiers have been quite unaware of having 
sustained severe or lethal wounds until they notice the blood 
‘or the battle is over. Thus the usual ‘shock’ effect may be 
damped down considerably in an assault and only the sheer 
physical and haemodynamic sequelae of the injury will even- 
tually lead to a slowing down, then collapse and death. In 
the interval, injured victims may be able to perform normal 
physical activity, sometimes to an astonishing degree, albeit 
followed by sudden deflation of their capacity for exercise. 

‘As in most aspects of forensic medicine, it is unwise of 
the doctor to be too definite about these matters ~ the old 
forensic aphorism ‘Seldom say never ~ seldom say always is 
even more true here than usual. 

‘Most issues of this nature revolve around periods of a 
few minutes, the perimortal or agonal time when few 
morphological signs are available. ‘The more sophisticated 
enzyme and serotonin techniques mentioned elsewhere in this 
chapter may give some clue about the survival period, but 
are rarely unequivocal enough to be used as hard forensic 
evidence. If survival is longer, then both gross and histolog- 
ical changes of ‘vital reaction’, such as thrombosis, inflam- 
mation, infection and healing may be useful, but they 
usually require hours or even days of survival to appeat 

"The accepted wisdom of wound dating is that polymorph 
leucocytes begin to appear in wounded tissue within a few 
minutes, bur it has been shown that this can happen even 
several hours after death, as all leucocytes do not become 
immobile with cardiac arrest. A good, conventional inflam- 
matory response must be a vital reaction, however, though 
several hours survival is needed for i to be convincing, The 
author (BK) has seen a dramatic red flare caused by post- 
mortem burning at least 30 minutes after undoubted death 
from strangulation. 

“Another problem with differentiating ‘ante-mortem’ from 
‘post-mortem’ injuries is the definition of the moment of 
death, Again, lawyers, judges and coroners tend 0 assume 
that death is an event, whereas, in realty, it is a process 
(Chapter 2). Though in most criminal or accidental deaths 
the moment of death is conventionally ~ and reasonably — 
taken to be the moment of cardiac arrest, and thus collapse of 
blood pressure and cerebral circulation, the cells of the body 
are still alive and remain so fora variable time ~ only minutes 
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in the case of neurones, but leucocytes and muscle cells sur- 
vive for many hours, and connective tissue cells, such as 
fibroblasts, for days. ‘Thus, it is unreasonable to expect dra- 
‘matic changes within minutes in skin wounds, etc. until pro- 
gressive hypoxia alters biochemical processes and enzyme 
activity, Leucocytes may be motile for more than 12 hours 
and can aggregate around chemotactically active material, 
such as gastric contents aspirated into the air passages. This 
makes the ‘vital reaction’ a dubiously valid phenomenon in 
the perimortal period. Much more research is needed into the 
histology, histochemistry and biochemistry of the perimortal 
petiod to clarify these issues, but in the mean rime, less do 
‘matic reliance must be held upon the old 
and ‘post-’ mortem phenomena and the" 
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(Ofall regional injuries, those of the head and neck are the 
most common and most important in forensic practice. 
‘Adelson (1974) gives these sound reasons for this dom- 
inance of head injuries: 


[Sl The head is the target of choice in the great majority of 
assaults involving blunt trauma. 

Sl When the victim is pushed or knocked to the ground, 
he often strikes his head. 

I The brain and its coverings are vulnerable to degrees of 
blunt trauma that would rarely be lethal if applied to 
other areas. 


A sound practical understanding of the neuropathology 
of trauma is more essential to the forensic pathologist than 
any other aspect of his subject, as head injuries provide the 
‘major contribution to death in assaults, falls and trans- 
portation accidents, 


INJURY TO THE SCALP 


‘The scalp is often, though by no means invariably, dam- 
aged in trauma thar causes injury to che underlying skull 


and brain, The usual range of abrasions, contusions and 
lacerations may be inflicted, though a modifying factor is 
the presence of hair, which may deflect a tangential blow or 
partly cushion a direct impact. 

‘When an injury is visible on the forehead, the back of 
the neck, the lower temple or on a bald area, the examin- 
ation is no different from elsewhere on the body. In hait- 
covered areas, care must always be taken at autopsy to 
palpate the scalp in any case in which there is a possibility 
of injury, otherwise abrasions, swelling, bruising and even 
lacerations may be missed, When a lesion is found or sus- 
pected, the hair must be carefully shaved away to expose 
the scalp for further examination and photography. 


Forensic anatomy of the scalp 


Superficially, che skin carries hair follicles, sebaceous glands 
and sweat glands. The skin is attached to the aponeurosis 
(sce below) by vertical strands of fibrous tissue thar break 
up the subcutaneous layer into pockets filled with fat. The 
blood vessels and nerves lie in this layer, above the epicra- 
nial aponeurosis (formerly called the 'galea aponeurotica)., 
‘This is a dense sheet of fibrous tissue that lies in the deep 


Injury to the scalp 


layer of the scalp over che whole cranium, It is really a la- 
tened tendon uniting the frontal and occipital bellies of the 
occipitofrontalis muscle. 

Deep to the aponeurosis isa thin layer of loose connect- 
ive tissue that separates it from the pericranium, which is 
the exterior periosteum of the skull, the dura being the 
internal counterpart. Some veins traverse all the layers 
from the superficial fascia to the pericranium, and go on to 
penetrate the skull and communicate with the intracranial 
venous sinuses, thus forming a route for meningitis and 
sinus thrombosis from infected injuries of the scalp, 


Abrasion of the scalp 


Brush abrasions are less common than in other sites because 
of the protective effect of the hair, which also tends to pre- 
vent or blur the patterned effect of less severe impacts 
Impact abrasions from a perpendicular force are imprinted 
as usual on to the scalp, chough again the intervening hair 
may reduce the severity. Unless the hair is carefully removed 
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FicUne 5.1 Anatomy of the sap 


at autopsy, with a sharp scalpel or razor, and care taken not 
to cause artefactual cuts, lesser degrees of abrasion will 
inevitably be missed. 


Bruising of the scalp 


Bruising may be difficult to detect until the hair has been 
removed, Marked swelling is a common feature of exten: 
sive bruising, as the liberated blood cannot extend down: 
ward because of the rigidity of the underlying skull 
However, this subsides, or at least diffuses, after death. 
Commonly, a severe head injury leads to a thick, swollen, 
indurated layer of blood beneath the scalp, which may 
extend over a wide area. The blood is sometimes below the 
aponeurosis, the tough fascial layer of che scalp, butis more 
ofien between this and the epidermis. 

Blood may also be present beneath the pericranium, the 
periosteum that is closely applied to the outer surface of the 
skull. This is often seen in head injuries in infants, usually in 
association with skull fractures, as the source of the blood 
is from the fracture line itself. The close attachment of the 
pericranium co the suture lines in infants may sharply cie- 
cumscribe the extent of the bleeding. 

In addition to frank bleeding beneath the scalp, marked 
oedema may occur after injury and the layers of the scalp 
may be greatly swollen and thickened by a jelly-like infiltra- 
tion of tissue fuid, 

As will be discussed under ‘black eye’ bleeding under the 
scalp may be mobile, especially under gravity. Thus a bruise 
or haematoma under che anterior scalp may slide down: 
wards within hours ~ even minutes ~ to appear in the orbit, 


Ficune 5.2 A laceration ofthe ralp 
cnsed by a blow from an iron bar. The 
edges are crushed and bruied, with srande 
af connective tissue and hairs crossing the 
up. indicating that it was not cansed by a 
shearp-edged weapon. 
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spinal 


injuries 


FiGune 9.3 Lacerations af the scalp from an iron bar. The margins 
are bruiced and the scalp tzue is extruding in placer. The generally 
parallel direction of the five wounds indicater thatthe asailant 
probably delivered the blows in rapid succesion with lie change of 


orientation weapon and head. 


FicUnE 5.4 Stellate laceration ofthe slp cauced by a heavy blow 


swith a piece of timber. The support ofthe underlying ull ha 
caused the vissue 0 split widely. At autopsy, ill clearance ofthe hair 
‘must be made tallow detailed examination and photograph 


simulating a black eye from direct trauma, Similarly, a 
temporal bruise may later appear behind the ear, suggesting 
primary neck impact. As with bruises elsewhere, those under 
the scalp may be obvious immediately after infliction ~ or 
their appearance may be delayed, either during life or as a 
post-mortem phenomenon. They may first become evident, 
or much more prominent, some hours ~ or even a day or 


so ~ afier death. This is caused either by movement of the 


incied cuts, but having edges and tissue bridges within the wounds 


liberated blood through tissue planes or by haemolysis 
spreading outwards to stain the subcutaneous tissues, making 
it always advisable to return to examine the body a day or 
two following the autopsy 

The shape of an inflicting weapon or object is poorly 
reproduced on the scalp, again due to the padding effect 
of the hair, Where the scalp is feee of hai, as in the upper 
forehead or bald areas, all traumatic lesions are similar to 
elsewhere on the body, with the exception thar blunt impact 


may cause very sharply defined lacerations, 


Laceration of the scalp 


Lacerations of the scalp bleed profusely, and dangerous and 
even fatal blood loss can occur from an extensive scalp injury 
if itis nor checked by treatment. The most gross injury is 
avulsion ofa large area of scalp, which can be torn from the 
head, thereby exposing the aponeurosis or skull. ‘This may 
happen if the hair becomes entangled in machinery, as was 
formerly not uncommon in women working in factories. 
A more common cause nowadays isa traffic accident, where a 
rotating vehicle tyre comes into contact with the head, caus 
ing a ‘laying’ injury similar to that seen on limbs. 

Scalp injuries may bleed profusely even after death, espe- 
cially ifthe head is in a dependent position. A post-mortem 
injury to the head may bleed considerably if inflicted soon 
after death and these facts may sometimes cause confusion 
abour the ante-mor 


im of post-mortem nature of the 
wound, or about the length of time of survival following the 
injury. There is no reliable way of resolving this dificult: 
Lacerations of the scalp may reproduce the pattern of the 
inflicting object, even though a random splitting is so com- 
‘mon, Severe blows fiom shaped objects such as hammers or 
heavy tools may reproduce the profile of the Weapon torally 
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Injury to the scalp 


or in part. A circular-faced hammer may punch a circle in 
the scalp, but more often only an arc of a circle is seen, In 
such cases, the position of the edge thae digs in most deeply 
‘may give an indication of the angle of the blow. There may 
be a depressed fracture of the underlying skull of the same 
shape and size, though the interposition of the dense scalp 
may cause the skull defect to be slightly larger than the 
weapon. A depressed fracture in these circumstances is not 
inevitable, however, and one or more linear fractures may 
radiate from the impact site. 


EiGURE 5.6 Deep linear incited wounds due toa heavy, sharp 
cleaver. The depth of penetration varies, the large wound overlying 
extensive ull fractures. The wounds om the neck are due to light 


contact with the edge ofthe same blade. 


A major problem in scalp injuries is the differentiation 
between incised wounds and lacerations from blunt injury. 

‘The scalp is the best example of a surface tissue lying 
over an unyielding bony support. Violent compression will 
crush the scalp against the underlying skull, soa blow from 
a blunt rod-like weapon may split the skin and underlying 
tissues in a sharply demarcated fashion, which may appear 
remarkably like a slash from a sharp instrument. Close 
examination, using a lens if necessary, will show thac this 
blunt laceration has: 


bruised margins, even though this zone may be narrow 
|W head haits crossing the wound, which have not been cut 
1S fascial strands, hair bulbs and perhaps small nerves and 
vessels in che depths of the wound. 


Scalp injuries from falls 


Ic is vital for the pathologist ro appreciate that falls on to a 
flat surface, or a blow from a wide, flat object such as a 
plank or paving stone, may sometimes leave no external 
mark whatsoever on the exterior of the head, but commonly 
such an injury will cause a ragged split which may be linear, 
stellate or quite irregular. 

Such injuries on the back point of the head are com- 
monly caused by falling, especially in inebriaced victims 
Falls backwards against a ridge, such as a wall or pavement 
kerb, may cause a transverse laceration, which may be 
undercut and partly detached from the underlying bone so 
that a flap of scalp is loosened feom the skull 

Falls usually injure che occipital proruberance, the fore- 
head or the parietotemporal areas. Injuries on the vertex 


FiGURE 5.7 Sliced incited wound of the 
sealp, from a large knife. The wound is 
markedly undercut, turning a wide flap of 
with «lack of any 
abrasion or bruising indicate the sharpnest 


scalp. The clean 


of te weapon, 
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should always raise che suspicion of assault, as itis unusual 
to fall upon the top of the head, even from a considerable 
height. Occasionally, a fall backwards that just happens to 
reach a vertical surface, such as a wall or piece of Furniture, 
can cause damage to the top of the head, but there is then 
usually an obvious grazing component to the lesion. 


FACIAL INJURIES 


Damage to the face is common, burt unless gross, with 
skeletal damage, is rarely faral in itself unless it leads to 
bleeding into the air passages. Iris often ancillary 10 fatal 
cranial damage, or it may be the route by which severe 
trauma reaches the brain, 

The usual range of injuries may be present externally, but 
all degrees of underlying damage may also occur in the facial 
skeleton, Because of the complex contours of the face, the 
various prominences of chin, nose, cheekbones, eyebrows, 
ears and lips may intercept impacts, with consequent char- 
acteristic damage, The eyebrow is particularly vulnerable, 
being exposed during falls and blows. A blunt impact on the 
brow often splits the skin and may cause an underlying 
frontal fracture that can involve the orbital margin. 

The distal part of the nose is flexible and often escapes 
serious damage, though abrasion is common, The bony 
bridge of the nose is often fractured, which may be detected 
by movemenc and crepitus during extemal palpation ~ and 
by dissection at autopsy. Bleeding in the nose is more 
important than structural damage, as profuse haemorthage 
in an unconscious victim may pass back through the poster- 
jor nares into the throat and cause fatal airway obstruction, 

‘The maxillae and mandible may be fractured by direct, 
blows and again cause dangerous intra-oral bleeding from 
associated sofi-tissue damage. A heavy blow or kick to one 
side ofthe jaw can cause ipsilateral, bilateral or even contra- 
lateral fractures. Gross injury to the face, seen in kicking 
and some transport accidents, may actually detach the facial 
skeleton from the base of che skull. The lower part of the 
‘maxilla, carrying the palate and upper teeth, may be com- 
pletely separated from the rest of the skull, At autopsy, the 
best view of the facial skeleton may be gained by dissecting 
the whole facial skin upwards from the neck incision and 
reflecting it as far as the orbits, if necessary. Good restora- 
tion can be achieved as long as the skin is not penetrated by 
the knife. 

Injuries to the mouth and lips are very common in "beat- 
ing-up’ incidents, including child abuse. ‘The lips may be 
bruised or lacerated, much of the damage arising from 
compression of the lips against the teeth or bony gums 
Lacerations on the gingival aspect of the lips may often be 
exactly matched with the edges of teeth and, as discussed in 


spinal injuries 


FiGUne 5.8 Facial injuries caused by kicking, The upper lip iesplit 


and the muasilla fractured on that side. The face and orbital region ie 
grand salen and bruiced. Death was canced by blockage of be air 
passages by blood. 


(Chapter 22, rupture of the frenulum inside the upper lip of 
a child is virtually pathognomonic ofa sideswipe across the 
‘mouth, if damage from clumsy and forceful attempts at intro- 
ducing a feeding bottle, dummy or airway can be excluded. 


Kicking 
Kicking of the face is regrettably common and again the 
prominences suffer most. Bruising, laceration and fractures 
may result from kicking under the side of the jaw: similar 
lesions occur on the maxillary area and the eyebrows. 
Patterned abrasions from boot soles may be seen or crescentic 
marks from toecaps. Brush abrasions from glancing kicks 
may be present on the cheeks or forehead as the sole of 
the shoe scrapes across the skin, It is uncommon to suffer 
a ‘pure’ black eye from a kick without other facial injuries, 
such as scuffed abrasion on the cheekhones, o 
the brows or bridge of the nose. Teeth may be loosened, 
broken or detached by both kicks and heavy punches and 
black eyes and fractures of the nose are common. A kick on 
the side of the jaw may cause bilateral jaw fractures or even 
a single contralateral fracture. 

Ic may be difficult or impossible to differentiate in every 
«ase, between injuries (especially to the face) caused by kicks 


rks on 
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Facial injuries 


Ficune 5.9 Black ye from a direct impact int the orbit from a 


punch. Thisis the third mechanism of production of a periarbital 


/naemasorn, the others being a fracture of the anterior base of the 
sell and a frontal sap wound. 


and those from blows from a blunt object. Toecap marks are 
not all that common, especially since the more flexible 
rubber ‘trainer’ shoes have become almost universal footwear. 

In stamping, there is che chance that che sole pattern 
may leave an imprint, bur a swing from a toe may leave a 
non-specific abrasion, bruise or laceration. It may be that 
the severity of the injury, including underlying bone dam- 
age, may be a better indication of a kick than the shape of 
the injuries, as the force delivered by a swinging foot ar the 
end of a muscular leg is greater than that from a fist. 


Black eyes 


The usual periorbital haematoma or ‘black eye’ is usually 
caused by a direct punch or kick into the eye-socket, but 
the pathologist must always consider the several alternative 
explanations, A black eye may be the result of 


direct violence, which may or may not be associated 
with abrasion or laceration on the upper cheek, 
eyebrow, nose or other part of the face 

gravitational seepage of blood beneath the scalp from a 
bruise or laceration on or above the eyebrow. Survival 


FIGURE 5.10 Black eye ara result of gravitational seepage of blaod 
downward: from a forehead injury The woman was struck with a 
rack othe frontal area and eyebrow, blood then descending during 


the few hours of coma before death occured. 


and at least a partially upright posture of the head must 
have been maintained for at least some minutes, usually 
longer, between the time of injury and death. When the 
scalp lesion is high up on the frontal region, this time 
will probably be measured in hours 

IB percolation of blood into the orbit from a fracture of 
the anterior fossa of the skull. ‘This is often from a 
contrecoup injury caused by a fall on to the back of the 
head, leading to secondary fracture of the paper-thin 
bone of the orbital roof. Iris invariably associated with 
contrecoup contusion of the frontal lobes of the brain, 
as described lacer in this chapter: 


A simple fall onto the face on a flat surface does not usu- 
ally cause a black eye, as the prominences of the eyebrow, 
cheekbone and nose prevent damage to the orbit, 


Damage to the ear 


The external ear often suffers from blows to the head and is 
an obvious target in child abuse. Bruising and laceration of 
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Figure 5.11 Bilateral black eyes caused by leakage of blood into 
the orbits chrough comminuted fractures inthe flor of the anterior 
fsa, This homicide victim wat struck on the head with a shovel 
«and survived far some days, Brain tsce i excaping from the nostrils 
through basal skull facture 


FiGne 5.12 The production of a black ee: (1) A direct blow into 
‘the orbit. (2) An injury tothe front ofthe slp, draining down over 
‘the supraorbital ridge. (3) A face ofthe base af the skull (direct 
or contrecoup) allowing meningeal haemorrhage to excape through 
the orbital roof 


the pinna is obvious on examination and — in severe trauma — 
the root of the ear may be detached from the head, usually 
by atear at the posterior margin where the ear joins the head. 
‘Where gross damage is present, especially with partial avul- 
sion of the pinna, kicking must be considered. 

‘The ear may be bitten and even partly detached, a fate 
which occasionally is suffered by the nose. In such cases the 
advice of a forensic odontologist may be invaluable, as 
teeth marks may form vital evidence. 


FALLS 


Falls are extremely common, the severity not necessarily 
being directly related to the distance that the person falls. 
Many people die after falling from a standing position, yer 
others sometimes survive a fall of many metres 

Falls from a standing position can occur if a person is 
drunk, from an assault, during illness (such as a fit or faine) 
and for many other reasons. Death can fallow from a head 
injury, especially onto the back of the head. An occipital 
scalp laceration or a Fracture of the skull is not necessary for 
cerebral damage (ofien frontal contrecoup) to occur. There 
may also be a subdural or (less often) an extradural haem- 
orthage, the latter more common from a fall on to the side 
of the head 

“The vexed question of head injury from falls in children 
is discussed in Chapter 22, but here it may he stated hae, 
although fatal head injury from a fall usually requires 
drop of a number of feet, there are well-authenticared 
instances of skull fractures and brain damage from trivial 
falls, including some medically witnessed falls from tables 
and settees, The experimental work of Weber (see Chapter 
22) showed that the skulls of small infants could be frac- 
tured against a variety of floor surfaces from passive fills of 
only 34 inches. It is thus invalid for medical witnesses to 
claim it cannot happen, as even one authenticated case cre- 
ates a precedent, In adults fractures have certainly occurred 
from falls onto very hard surfaces from only a foot or so 
One such case was a drunk lying on concrete; equally 
drunken friends attempted to life him but allowed his head 
and shoulders to fall back from about half-sitting position, 
causing occipital fracture. 

Falls in old people very frequently cause fractures of the 
post-cranial skeleton ~ especially the neck of femur — 
though ribs, arms and pelvis may also suffer. Osteoporosis 
is the major reason for the large number of such injuries 
from fall 
each year in Britain, with a 25 per cent mortality rate, 
mainly from subsequent pulmonary embolism or broncho- 
pneumonia. 


More than 47000 fractured femora occur 
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Falls from a height 


Falls from a considerable height, usually from a building, 
are common in suicide and in some accidents, especially to 
children. Occasionally deaths from a high fall may be 
homicidal, again especially in children, 

‘When a person falls or jumps from a height, che trajectory 
is downwards and ourwards, and the distance thar the body 
strikes che ground fiom the jumping point is variable. 
Gooneilleke (1980) has published some research on how far 
from the wall a body is likely to land. Much depends on 
whether the victims fell passively from near the wall or pro- 
jected themselves ourwards ar the top. The body may 
fall whilse maintaining the same orientation to the ground, 
bur usually curns and twists in an unpredictable manner, the 
amount of alteration of posture partly depending upon the 
height of che fall and so the time available for turning. ‘This 
means that the body may strike the ground in a number of 
different attitudes — and may also strike some obstruction part 
of the way down, making interpretation of injuries difficult, 

"The primary impact is usually the site of the most severe 
injury, bur this is nor always the case, as it may strike two 
areas simultaneously, such as the head and shoulder ~ or it 
may bounce or ricochet so that two or more major impacts 
occur in quick succession. The amount of kinetic energy 
acquited during the fall has to be fully expended by the 
time the body comes to rest so that, if only one impact 
‘occurs, itis likely 10 be more damaging than a series of 
lesser impacts, such as a bouncing, rolling strike. 

If the body falls on co che head, there is likely to be a mas- 
sive fracture, ofien (but not always) a scalp laceration and 
possibly extrusion of brain. Both vault and base can fracture 
and sometimes the base is driven down over the cervical 
spine, the later projecting into the posterior fossa. The lar- 
ter injury is, however, more common with high falls onto 
the feet when the impact is transmitted up the spinal col- 
umn and the upper vertebrae — together with a ring of bone 
around the foramen magnum ~ are incruded into the skull, 
causing the classic ‘ring fracture’ of the occipital bone. 
Where the fill is onto the feet, the deceleration stress can 
break the axial skeleton at a number of points. ‘The legs 
can be broken at any point, at tibial or femoral level, often 
bilaterally. The femoral necks can be snapped off, the hip 
joints can dislocate and over-ride, or the pelvis may fracture. 
‘The latter is often through the sacroiliac joints, the upward 
force (or more accurately, downward force of the body on to 
the legs) driving the sacrum down asa wedge into the pelvis 

If the lower limbs and pelvic girdle remain intact, the 
transmitted force may then fracture the spine, often at 
mid- or upper thoracic level. 

‘Where the fall occurs onto the side of the body, any 
combination of injuries can occur. Multiple rib fractures, 
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shoulder girdle or arm fractures, lacerations of back, but- 
tocks or limbs and severe abdominal injuries can occur, 
with consequent internal lesions, such as ruprure of che 
liver, lungs, heart or spleen. 

In falls from high-rise buildings, the injuries can be 
extreme, asin a suicide from the twentieth floor seen by the 
author (BK), where the victim fell onto a fence and was 
completely t: 

Ic must also be remembered that biological and circum- 
stantial variability allows for some remarkable escapes from 
falls; some persons, including children, have fallen from 
‘great heights yer have virtually walked away unscathed, Once 
again, it is very unwise to over-interpret the relationship 
between observed injuries and the likely length of the fall. 


sected at waist level 


FRACTURES OF THE SKULL 


Forensic anatomy 


The cranium and facial bones are laid down from mem- 
brane in fetal life. The anterior fontanelle clases functionally 
erween 9 and 26 weeks after birth, though is not tightly 
sealed until about 18 months. ‘The posterior fontanelle 
closes berween birth and 8 weeks of age. Suture lines close 
by interdigitation during childhood and osseous fusion 
‘occurs iregularly at variable dates during adule life. 

“The adult cranium consists of two parallel cables of com- 
pact bone called the ‘diploé’, the outer being about twice 
the thickness of the inner. They are separated by a central 
zone of soft cancellous bone, which is often misnamed the 
diplog. This zone is interrupted at suture lines and vanishes 
where the bone becomes particularly thin, especially in che 
floor of the skull. 

‘The cranium varies in thickness in adults and varies 
from place to place, thin plates being reinforced by stronger 
buttresses, such as the petrous temporal, the greater wing of 
the sphenoid, the sagital ridge, the occipital protruberance 
and the glabella. ‘This tensile architecture of the skull has 
been well described and illustrated by Rowbotham (1964). 
The more vulnerable chin areas lie in the parietotemporal, 
lateral frontal and lateral occipital zones. 

The average frontal and parietal thickness in a young 
‘male is between 6 and 10mm, The thinnest area is in the 
temporal bone, where it may be only 4mm, while in the 
occipital bone in the midline it may be 15mm or even 
more. The thickness of the skull is sometimes an issue in 
courtroom propositions about the special vulnerability of 
a victim but, unless it is abnormally thin, such theorizing 
has litle forensic relevance as it is well known that fatal 
brain damage can often occur with an intact skull. It has 
even been claimed that a thin skull is less likely to Fracture, 
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as itis more flexible and can return to normal afier distor- 
tion without cracking; this is certainly true of the skulls of 
infants. This may be irrelevant when assessing intracranial 
damage, however, which is the major issue in head injuries. 

Icis rarely the skull fracture itself that is a danger to 
life, but the concomitant effect of transmitted force 
upon the cranial contents. The presence of a skull fracture 
is, however, an indication of the severity of the force 
applied to the head and ir is uncommon for a head injury 
that is sufficiently severe co crack the skull nor to cause 
some intracranial effect, even if itis only transient concus- 
sion, though, once again, there are many remarkable excep- 
tions to this generalization, 

In skeletal material, fractures of the skull are often seen 
and the differentiation between ante-mortem injury and 
post-mortem damage can sometimes be difficult or even 
impossible in the absence of any soft tissues. Artefactual 
damage to a skull may be caused during recovery or 
exhumation, and even stones in the soil can cause erosion 
and even cracking of the softened, degenerate bone after 
Jong burial. Zuo and Zhu (1991) have described scanning 
electron microscopic details of microfractures and collagen 
damage, which can differentiate ante- from post-mortem 
injury, but these are unlikely ro assist in old decayed 
material 


The mechanics of skull fracture 


“This subject has been extensively studied in living animals, 
isolated human heads and dried skulls. For derals, the 
writings of Gurdjian, Webster and Lissner (1949, 1950), 
‘Weber (1984) and Rowborham (1964) should be consulted; 


spinal injuries 


Pericranium 


‘Thicker outer table 


Diplo’ 


‘Thinner inner table 
Meningeal artery 


Venous sinus 


Pa mater 


‘Arachnold mater 


FiGURE 5.13 Forensic anatomy of ull and 
meninges 


= 


FiGURE 5.14 The ier hoop’ illuration of impact on the skull 
‘There isa momentary deformation, with the area of impact bending 
‘inwards and compensatory bulging elewhere. Ths sets up stresses in 
the inner and outer tables, 
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Fractures of the skull 


a concise summary has also been provided by Shapiro et al 
(1988). These and other workers have shown that: 


I When the skull receives a focal impact there is 
‘momentary distortion of the shape of the cranium, the 
extent of which may be surprisingly large, though 
transient, Infant skulls, which are more pliable and have 
flexible junctions at suture lines, may distort much more 
than the more rigid skulls of adults, The area under the 
point of impact bends inwards and, as the contents of 
the skull are virtually incompressible, there must 
consequently be a compensatory distortion or bulging 
of other areas — the well-known ‘struck hoop! analogy. 

Both these intruded and extruded areas can be the 
site of fracturing if the distortion of the bone exceeds 
the limits of is elasticity. 

I When the skull is deformed, compression occurs on the 
concavity of the curved bone and tension (tearing) 
forces on the convexity. Ifthe later exceed the elastic 
threshold, then fracturing takes place, Thus the inner 
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FiGURE 5.15 The aul is more susceptible to tnaction forces than 
compresion, s0 thas convesites tend ro facture during the distortion 
ofthe ‘truck hoop! 


table will fraccure where che skull is indented and the 
‘outer table will fracture ar the margins of the deformed 
area. If che forces are great enough, a depressed 
comminuced fracture will occur. 

In the more common circumstance of a wider impact 
from a blunt injury, the deformation of the skull is les 
localized bur, where the force is sufficient, fractures can 
still occur from the same mechanism of exceeding the 
clastic limits. The fractures may be remote from the area 
oF impact, following lines of structural weakness — or 
may extend from the area of impact, or even commence 
ata distance and run back to the impact ste. 

By using skulls coated with a brittle varnish, Gurdjian 
showed thar stress lines developed in the cranium when 
irwas struck and thar these corresponded with the 
fractures that occurred with heavier impacts. 

Blows in certain areas of the skull constantly give rise wo 
fractures in specific localities — for instance, impact on the 
Upper temporal or parietotemporal areas cause fissured 
fractures running obliquely downwards across the 
temporal area. If heavier, another fracture line tends to 
run obliquely contralaterally across the vault of the skull 

‘A heavy impact on the side or top of the head often 
leads to the vault fracture running into the base of the 
skull, usually across the floor of the middle cranial Fossa 
along the anterior margin of the petrous temporal 
bone, to enter the pituitary fossa. In major injuri 
fracture line may often cross the floor of the skull 
completely to form a ‘hinge fracture’, separating the 
base of che skull into rwo halves. These fractures do not 
start at the point of impact unless there is also local 
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Ficune 5.16 Linear facture of the 
posterior fsa, due toa fll on the occiput 
The fincture typically roses the thinner 
one, avoiding the central buteese and 
ends near the foramen magnum 
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depressed fracturing; they are initiated at a distance due 
to the compensatory deformation, but usually run back 
towards the impact site. 

When the frontal area is struck, the usual course for a 
linear Fracture is vertically down the forehead, turning 
around the orbital margin to run backwards across the 
floor of the anterior fossa, perhaps into the cribiform 
plate or air sinuses, oF both. A blow or fall onto the 
‘occiput may produce a fracture that typically passes 
vertically or obliquely downwards just to the side of the 
midline of the posterior fossa, commonly reaching the 
foramen magnum. In addition, the contrecoup element 
of an occipital fall may cause fractures of the orbital 
plates in the anterior fossa, asa result of transmitted 
force through the brain itself, hough the mechanism is, 
not fully understood. 

‘When severe local impact causes focal and general 
deformation, a combination of depressed fractures and 
sadial Fracture lines may form a ‘spider’s-web’ pattern, 
‘When the focal impact is severe, the depressed fracture 
‘may follow the actual shape of the impacting object, 
such as a hammer-head. The shape may follow only 
that part of the object that drives into the skull — for 
example, the circular head of the hammer may strike at 
an acute angle, so only a semicircle of bone will be 
punched inwards, the opposite edge sloping downwards 
from an irregular crack. 

‘The deepest part of the depression will indicate 
where the weapon fist struck; there may be ‘terracing’ 
of the margins, The author (BK) has seen a recent 
instance where a victim was struck with a hammer 
through thin plastic bag enveloping the head. Parallel 
terracing cracks had opened for a fraction of a second 
during the blow, sufficient to trap lines of plastic into 
the multiple defects in the outer table, Where the 
impact is from a narrow edge or ring, only the outer 
table may be fractured, being punched into the softer 
centre without depression of the inner table, 

“The presence of hair and scalp markedly cushions the 
effects of a blow, so that a far heavier impact is required 
to cause the same damage, compared to a bare skull 
‘The pattern and nature of the skull fractures are, 
however, the same. It should be nored that the 
interposition of scalp and hair may slightly alter the 
dimensions of the skull lesion from a focal blow. For 
example, the padding effect of the scalp may add a few 
millimetres in diameter to the depressed fracture caused 
bya hammer, compared with the actual measured 
diameter of the hammerhead, 

‘Where two or more separate fractures occur from 
successive impacts and meet each other, the sequence of 
injuries may be determined by ‘Puppe's rule’, which is 
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First fracture 


‘Second 
fracture 


FicuRe 5.17 Diagram to illustrate Puppe’ rule far the sequence of 
iactures. Th course ofa later facture will be interrupted by am 
carlen pre-existing fracture line 


really eponymous common sense. The later fracture will 
terminate at (that is, nor cross) the earlier Fracture line, 
‘which nacurally interrupts the cranial distortion which 
precedes fracturing (Figure 5.17) 


‘Types of skull fracture 


Arising from the mechanisms described above, its conven- 
tional to classify skull fractures as follows. 


LINEAR FRACTURES 


‘These are straight or curved fracture lines, often of con- 
siderable length. They either radiate our from a depressed 
zone, ot arise under or at a distance from the impact area, 
from bulging deformation. They may involve che inner or 
outer rable, bur commonly traverse both. 

Depending on che stress contours of that part of the 
skull and the localization of the impact, they may occur 
anywhere in the skull, bur are especially common in the 
weak unsupported plates. ‘The temporal, frontal, parietal 
and occipital plates may all carry single or multiple linear 
fractures, ‘They may extend downwards into the foramen 
magnum, across the supraorbital ridges, or into the floor of 
the skull. A common basal linear fracture is one that passes 
across the floor of the middle fossa, often following the 
petrous temporal or greater wing of the sphenoid bone into 
the pituitary fossa. This frequently continues symmetrically 
across the other middle fossa separating the base of the 
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Fractures of the skull 


‘Secondary fracture in 
anterior fossa floor 


Tansverse 
‘hinge’ 
fracture 


Ring fracture 
‘around foramen 
magnum 


(a 


E 8 Typer of sul facture: (4) linear feature: (B) spider» 
web’ fencture (c) depresed facture: and (d) base fractures. 


skull into two halves, usually being caused by a heavy blow 
on the side of the head; this lesion was sometimes called the 
‘motorcyclist’, fracture’ for obvious reasons. Linear iactures 
may follow a horizontal course around the skull, usually 
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FiGuME 5.19 Linear 


cure of he alin chil base, Bn mpace 
ear the eres bas caused double fete torn down the parietal 
toe are continue nt the temporal arc, the coure ofthe ctre 
eng deteroined by ine of res and woke the kl. Th cent 
sorb os frthe surgical ection of subse hacmorbae 


from one temporal area to the other via the occiput rather 
than around the front. 

In children and young adults, a linear fracture may 
pass into a suture line and cause a ‘diastasis! or opening of 
the weaker seam berween the bones, This is mast often seen 
in che sagittal surure between the two parietal bones, but 
the interfrontal line of weakness left by the earlier fusion 
of the metopic suture can also reopen under mechanical 
stress, In infants, especially in the child abuse syndrome, a 
linear fracture of a parietal bone may reach the sagittal 
suture and continue across it into the opposite plate. The 
continuation may be direct or may be ‘stepped’, so that 
the two fractures are not in line. ‘This appearance usually 
means a blow or fall onto the vertex, and the two fractures 
may be simultaneous but nor continuous, explaining the 
‘stepping. 


RING FRACTURES 


These occur in the posterior fossa around the foramen 
‘magnum and are most often caused by a fall from a height 
onto the feet. IF the kinetic energy of the fall is nor 
absorbed by fractures of the legs, pelvis or spine, the impact 
is transmitted up the cervical spine. This may be rammed 
into the skull, carrying a circle of occipital bone with it 


POND FRACTURES 


This is mi 


a descriptive term for a shallow depressed 
fracture forming a concave ‘pond’. It is more common in 
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FiGRt 5.21 Commminted lull fcr with depression ofthe 


contri area. This could alo be terme pond facture in tha there it 
«an ovoid depresed zone with radiating linear frctures. The head wat 
struck with a heavy piece of wood along the line of the depresed ares. 


the more pliable bones of infants and, indeed, a depression 
can occur in the absence of a Fracture akin to the distortion 
produced by squeezing a table-tennis ball, 


MOSAIC OR SPIDER'S-WEB FRACTURES 


Asalready described, a comminuted depressed fracture may 
also have fissures radiating from it, forming a spider's-web 
or mosaic pattern, The degree of actual depression may be 
minimal or even absent. 
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Ficune 5.20. Pond facture 


DEPRESSED FRACTURES 


Focal impact causes the outer table to be driven inwards 
and, unless absorbed in the diplog, the inner table will also 
usually be intruded into the cranial cavity with all the 
dangers of direct damage to the contents. Even sharp-edged 
‘weapons, such as heavy knives and axes, which may eause a 
clean-cut defect externally, usually split and deflect flaps 
downward from the inner table. 

‘With axes and heavy cutting weapons such as swords, there 
is a characteristic lesion in the bones, whether skull or else- 
where. The initial impact slices cleanly through the bone on 
‘one edge, ofien bumishing the bone to an ivory-like gloss. The 
rebound removal ofthe weapon is ata slightly differenc angle, 
either from deliberate intent, or fom relative movement 
between bone and blade. This cracks off an iregular fragment 
‘of bone of the opposite fice so that the residual defect has one 
smooth and one rough edge. Its often seen in historical and 
archaeological material from battles or massacres 


The force required to cause fractures 


of the skull 


Unlike les reliable subjective estimates of the force required 
to cause other injuries, objective quantitative measurements 
have obtained for adult skull fractures. Again, the publica- 
tions of Gurdjian, Webster and Lissner should be consulted 
for detailed information. ‘The following useful facts arise 
from their investigations: 


5 The tensile strength of the adult skull is ofthe order of 
100-150 p.s.i., the compressive strength varying from 
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Fractures of the skull 


Ficune 5.22 A depresed facture of the 
shall from a blow with a heauy club 
harimer. The deft is wedge shaped with 
«curved anterior border cated by the 
hammer striking at an angle. The 
depression is concentrically terraced, with 
the lowest fagmentslacerating the surfice 


ofthe brain 


5000 10 31.000 p.s.i. (Gurdjian et al. 1949), A simple 
fissured fracture of the skull can be sustained by walking 
into a fixed obstruction (Kerr 1954). This requires 
force of about 5 foot-pounds (73 N). Fast sunning into 
an obstruction produces about 70 fi-lb (1020), Falling 
to the ground from an erect posture also develops atleast 
60 fc-lb (873 N) and can easly produce skull fractures. 
A.small stone or golf ball weighing about 100 g (4.02) 
‘may also cause a linear fracture when thrown with 
‘moderate force against the temporal region (Graham 

and Lantos 2002). 

The adule head weighs between 3 and 6kg (7-14 Ib), 
averaging 4-5 kg (101b). When falling through about 
tone metre (3 fe), so that the frontal area strikes a hard 
surface, impact energy of about 35 fi-lb (510 N) 
develops. This can cause one or two linear fractures 
ora mosaic fracture (Guedjian er al. 1950). 

Only a small additional amount of energy above that 
needed to cause a single crack is required to produce 
multiple fractures. 

In spite of these experimental data, it must never be 
Forgotten that, like all biological phenomena, great variation 
isencouncered and skull Fractures, though they may be caused 
by as litte as 5 fi-lb (73 N), may be absent when the impact 
exceeds 90 ft-lb (1314 N). The area of the skull struck, the 
thickness of the skull, scalp and hair, the direction of the 
impact and other imponderables all affect the outcome. 

‘As further discussed in Chapter 22, Weber carried out 
experiments in which he dropped the bodies of dead 
infants from a fixed height of only about 85 em (34 inches) 
onto various hard and soft surfaces. A high proportion Fictint 5.23 Springing ofthe sagittal suture ofthe seul of an 


sustained skull fractures, both of the parietal and occipital infime. Though there mesmo skull facture, she suture line has 
areas, some of them crossing suture lines widened after a fall dat caused a subdural haemorrhage. 
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FIGURE 5.24 Distasi or Springing’ ofthe sagireal suture of @ 
young adult who fell fom a height anto the vertex of is head. The 
pening ofthe interparetaleuture has extended anteriary along the 
line of weaknes of the fused metopic suture between the tw halves 
ofthe frome bone 


1 feeze-up of the brain sinlating inta-oital dell facture 


25, Post-mortem diastasis ofthe sutures at an artefact due 


FiGURE 5.26 A hinge’ fincture ofthe bate ofthe ul where the 
fracture line runs from side to side across the floor ofthe middle 


‘cranial fossa, passing through the pituitary fosa in the midline, 
following the course of least seructural resistance, The victim wae a 
young pedestrian who wats hit bya car and then sustained secondary 
injuries by striking the left side ofthe head on the ground. This 
“injury is common in raad accidents and is sometimes called the 
‘moeorcyelin' fcture 


Dangers of fractures of the skull 


I has been emphasized that, in the majority of cases, 
the significance of a fractured skull is an indicator of a sub- 
stantial insult to the head, with possible injury co the vital 
contents, rather than the fracture itself being 2 danger 
wo life 

There are occasions, however, when the fracture itself has 
dangerous sequelae. The most common is when the crack 
passes through an embedded meningeal artery, causing a 
meningeal haemorthage, which is considered later. A 
depressed fracture may impinge upon the brain and its 
membranes, and bone fragments may lacerate or penetrate 
the brain tissue 


TRAUMATIC EPILEPSY 


A late effect ofa depressed skull fracture may be ‘traumatic 
epilepsy’. This is of great medico-legal significance, especially 
in the field of civil litigation where an accident oF assault 
may result in lifelong neurological disability for which very 
large monetary compensation may be awarded. 
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Forensic anatomy of the brain membranes 


“Traumatic epilepsy usually manifests as tonic and clonic 
fits, which may be difficult to differentiate from idiopathic 
epilepsy ifthe injury occurred in early life. When fits begin 
within weeks, or a year or two of a major head injury in a 
mature person who had never had fits before, the diagnosis 
easier, butall cases need expert neurological examination, 
‘There must have been a substantial head injury, usually 
with a depressed fracture impinging on the underlying cor- 
tex, often in the parietoremporal area. The epilepsy appears 
usually within a range of a few weeks to up to 2 years. Iris 
more common in open head injuries when infection has 
occurred, or when a spicule of bone has penetrated the 
meninges, as the mesodermal scarring of the cortex that 
results is more likely to irritate che brain than the astrocytic 
reaction found in closed head injuries. 


INFECTION FOLLOWING SKULL FRACTURE 


Other complications may occur, even in the absence of 
depression or comminution. The most common is infection 
of the meninges, or the development of a brain abscess, or 
both, Infection can gain access via skull fractures 


IH by direct spread through a compound fracture, 
especially where there isa contaminated scalp injury; 

& by spread from the nasal cavity when a fracture of the 
cribriform plate has allowed communication with the 
anterior fossa. This fracture is not uncommon as part of 
‘contrecoup’ lesions, described lan 
cribriform plate is ruptured by objects entering a nostril 
and carrying infected material into the cranium: the 
author (BK) has seen two such fatalities, one from an 
umbrella ferrule and another from a dirty bamboo garden 
cane, Another case was seen by PS where a suicide attempt 
‘was made with a small calibre pistol. ‘The bullet penetrated 
the right temple and went through the skull just above the 
anterior cranial fossa, which was fractured and caused a 
leakage of the cerebrospinal fluid through the nose. The 
victim recovered well bur, inspite of prophylactic 
treatment with antibiotics, died one year later from 
purulene meningitis 

IH by spread from fractures that involve a paranasal sinus, 
such as the Frontal or echmoid, or from the mastoid air 
cells or middle ear cavity, Basal fractures may allow 
these spaces, which communicate with the infected 
outside environment, to reach the meninges, especially 
when the latter are torn by the traumatic event. A 
history of leakage of cerebrospinal fluid from the nose 
for ear must alert both clinician and pathologist to the 
possibility of communicating basal fractures. In any 
autopsy on a suspected head injury, however slight, 
care must be taken to remove the dura from the interior 


smetimes the 


of the vaule and base so that a close inspection for 
fracture lines can be made, 


NIAL INJ 


The contents of the skull are the most fragile of the vital 
organs, necessitating their enclosure in the strong bony box 
of the cranium. Damage may occur either to the neural tissues 
orto the rich vasculature thar surrounds and penetrates those 


FORENSIC ANATOMY OF THE 
BRAIN MEMBRANES 


The pachymeninges consist of the dura mater and the 
leptomeninges, the arachnoid and the pia mater (see Figure 
5.13). The dura is formed of two layers of tough col- 
lagenous tissue, the outer of which is firmly attached to the 
skull and acts as its internal periosteum. ‘The inner layer 
‘merges with the arachnoid, so that in reality there is no true 
subdural space, only a potential cleavage plane 

"The dura forms the falx and tentorium, and the cranial 
venous sinuses run within it, Branches of the meningeal 
arteries course over and through its substance. The dura is 
penetrated by bridging veins, especially along the vertex 
and at the tips of the temporal lobes, also to a lesser extent 
at the frontal and occipital poles, as well as by random ves- 
sels elsewhere, Polypoid invaginations of the dura penetrate 
the inner walls of the venous sinuses, especially the sagital 
sinus, to form the ‘arachnoid granulations. 

‘The arachnoid is a thin, vascular meshwork that is 
intimately applied to the inner surface of the dura by means 
of the ‘boundary layet’ so that no subdural space exists in 
‘normal conditions, though their junction is so tenuous that 
they are easily split apart. Sheaths of arachnoid follow ves- 
sels into the brain as they penetrate into the neural surface. 
These vessels and thin strands of connective tissue anchor 
the brain within the subarachnoid space. ‘This is filled with 
cerebrospinal fluid and the width of the space varies From 
less chan a millimetre in the young to a centimetre or more 
in the old, in whom cerebral atrophy has developed. This 
means that the anchoring strands and the bridging vessels 
are longer and more vulnerable co shearing and rotatory 
stresses. Even though anatomically in the subarachnoid 
space, rupture of these bridging vessels often. manifests 
itself in the subdural space. 

"The pia is not a true membrane, but a surface felework of 
sil fibres thar are inseparable from the underlying brain. 
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EXTRADURAL HAEMORRHAGE 


Also known as ‘epidural haemorshage’, bleeding berween 
the inner surface of the skull and the dura macer isthe least 
common of the three types of brain membrane haemor- 
shage. According to Rowbotham (1964), only about 3 per 
cent of head injuries have an epidural haemorrhage large 
enough to be of surgical significance; a similar figure of 
between 1 and 3 per cent was recorded by ‘Tomlinson 
(1970). OF che 635 fatal head injuries investigated by 
‘Adams (see References and further reading) in Glasgow, 
10 per cent had extradural haemorrhages. The mortality rate, 
even with surgical intervention, averages about 11 per cent 
under the age of 20 years, rising to between 18 and 40 per 
cent in later life 

The dura is closely applied co the interior of the skull, 
forming the endocranium or periosteum. It is so tightly 
applied to the base of the skull that, except in the posterior 
fossa, extradural bleeding does not occur over the skull 
floor. In the vault there is a potential space berween the 
dura and the bone, which can be separated by both arterial 
and ~ less often — venous leakage. Most extradural haemor- 
rhages are associated with fractures of the skull, but about 
15 per cent occur in intact skulls (McKissock 1960). 
According to Harwood-Nash et al, (1971), the incidence in 
children without a fracture is only 1 per cent, though 
‘Adams found that half che children wich extradural bleeds 
in his series of over 600 fatal head injuries had no fracture. 
About 10 per cent of extradural haemorrhages are associ- 
ated with subdural haemorthages. Bilateral epidural haem- 
orrhages are rare, but have been recorded. 

The usual site is unilateral in che parietotemporal area, 
caused by rupture of a branch of the middle meningeal 
artery where the latter is transected by a fracture line. The 
posterior branch of this vessel is most commonly involved 
as it courses diagonally backwards across the squamous 
temporal bone on the lateral wall of the cranium. The anter 
ior frontal) branch is rarely the source of bleeding, occurring 
only twice in Rowbothams series of 33 cases. The vessel 
usually lies in a deep osseous groove in the first part of its 
course, It has been claimed that almost all ruptures occur 
where the artery is completely roofed over in a bony tunnel 
so that it is unable to escape damage from a fracture, but 
observation does not confirm this contention, 

Leakage of the high-pressure arterial blood strips back 
the underlying dura with progressive accumulation of a 
haematoma, which can reach a volume of several hundred 
milliltes and cover an appreciable part of the hemicranium. 
Adams suggests thar a minimum volume of 35:ml is needed 
before clinical signs are apparent, though other writers sug- 
gest 100ml is usually the minimum associated wich fatalities, 
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In the less common occipital and frontal sites, smaller 
branches of meningeal arteries may be involved or the 
bleeding may be from torn venous sinuses, in which case 
there need not be a fracture. When bleeding is venous, the 
hhaematomas rarely reach a large size as the pressure is insuf- 
ficient to tear back much of the dura. 

TThe clinical signs of an epidural haemorthage are classic- 
ally those of a ‘lucid’ or ‘latent’ interval, as there may be 
recovery from the initial phase of concussion (see below) 
before sufficient blood accumulates to cause raised intra- 
cranial pressure and consequent relapse into unconsciousness 
“This clasic picture isso frequently absent, however, that no 
diagnostic reliance can be placed upon i. The coma from the 
increasing space-occupying lesion formed by the bleed may 
follow the period of concussion without a break so that there 
is no temporary phase of recovery, Only 27 per cent of 
MeKissock’s series showed the clasic history. 


Fracture line 


Haematoma 


Meningeal artery 


PiGURE 5.27 Formation ofan extradural haemorrhage 


ce temporaparietal extradural haemorrhage. The 
under surface ofthe seal on the right shows bruising atthe point of 
impact. There wie linear fracture of the sul passing through the 

right middle meningeal artery 
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The latent interval may be of variable duration and, as 
just noted, may nor occur if either concussion is prolonged 
or other brain damage coexists. Half an hour may be 
enough for the formation of a significant arterial 
haematoma, though some slow bleeds have taken more 
than a day to become clinically apparent. In Rowbotham's 
series, che range was from 2 hours to 7 days, but most were 
apparent after 4 hours. 

More recent investigations using computed tomography, 


quoted by Adams, suggest thar the old concept of worsen- 
ing clinical symptoms being caused by the progressive 
accumulation of blood is incorrect, as computed tomo- 
grams show thar the major volume of blood may appear 
soon after the injury and that, as with many space-occupying 
lesions, clinical signs resule from other factors, such as ce 


bral oedema or diffuse neuronal injury: 


al considerations of 
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A medico-legal danger is that a victim may be discharged 
from the cate of a doctor or hospital casualty department 
when he recovers from his transient concussion only to 
deteriorate and perhaps die at home; negligence may then 
be alleged againse the unsuspecting doctor. Unfortunately, 
even when the diagnosis is made, the results of surgical 
intervention are not good, there being a fatal outcome in 
more than half the cases operated on, Part of the reason for 
this poor prognosis is that many victims of extradural haem- 
corthage also have other damage such as cerebral contusion, 


‘When a victim of a head injury recovers from concussion 
and then lapses into coma within the frst 24 hours, the dif 
ferential diagnosis is between an extradural or subdural 
haemorthage, or cerebral fat embolism, especially if there is 
other skeletal damage. At autopsy the lesion is self-evident, 
as most haematomas lie in the temporal or parietal areas, 


and are opened when the usual saw-cut is made to remove 


Fe 
This is an unusual sie fortis ype of ein, as most ccur in the 


{5.29 An extradural haemorrhage in the posterior fs 


temporal or parietal area asa rele of tering ofthe middle 


meningeal artery. ln this cae a fcture line pared down d 
posterior fa towards the foramen magnum, but na blecding pone 
could be identified. 


Ficune 5.30 A fresh extradural 
‘haemorrhage in she temporoparietal area 
fron a fencture crossing the middle 
‘meningeal artery. Abou 85 per cent of 
such haemorrhages are associated with 


shall foetus 


191 


5: Head and 


the calvarium, IF in the posterior fossa, the dark blood is 
seen through the raised dura, Wherever it is situated the 
dimensions and approximate volume should be measured 
and an estimate made of the inward projection, ‘The brain 


surface will be flattened or otherwise distorted if the 
haematoma is of significant size and may have given rise to 
the usual appearances of raised intracranial pressure, 
described later. The midline of the brain may be shifted lat- 
erally if the bleed is large. 

Extradural haemorthage is never a ‘contrecoup! injury, 
this being purely a cerebral tissue lesion 


HEAT HAEMATOMA 


One well-known artefact mimics an extradural haemor- 
shage. When a head has been exposed to severe external 
heat sufficient to burn the scalp and perhaps the skull, 
blood may be extruded from the diplo# and venous sinuses 
into the extradural space to produce a ‘heat haemacoma. 

The mechanism is obscure, but may be the result of 
blood being ‘boiled’ from the diploic layer of bone through 
or shrinkage of the brain may aspirate blood 
from the skull. The false haematoma is brown and friable, 
and the adjacent brain shows hardening and discoloration 
from the heat. 

The importance of the artefact is that it may be mistaken 
for a true epidural bleed from a head injury, and may 
mislead the pathologist and investigators into thinking that 
the Fire was started criminally to cover up a fatal assault. 
[As most instances are seen in conflagrations in buildings, 


emissary vein 
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FIGURE 5.31 Fire victim with extensive 
defect ofthe carbonized skull showing 
reddish-brown ‘heat haematoma’ on the 
inuner surface ofthe skull and shrunken 
brain with brain tue onzng aut through 
at split in the dura 


there is ofien a significant level of carboxyhaemoglobin in 
the body ifthe death occurred when the fie was in progres. 
This should be of the same concentration in the heat 
haematoma as in the peripheral blood; if the victim suf 
fered a head injury before the fire started, then there should 
be litle oF no carboxyhaemoglobin in the haematoma, 


SUBDURAL HAEMORRHAGE 


Bleeding beneath the dura is much more common than 
extradural haemorthage. It is also proportionacely less often 
associated with a fractured skull, but in absolute numbers 
far more fractured skulls cover subdural than extradural 
haemorrhages. The Glasgow series of 635 fatal head 
injuries described by Adams included 18 per cent of sub- 
dural haematomata 

The lesion is traditionally classified into three types: the 
acute, the subacute and the chronic. It is unhelpful ro 
subdivide the acute type, however, and only acute and 
chronic haemorrhage need be considered 

Subdural haemorrhage can occur at any age, but is com. 
mon at both extremes of life. It is one of the major causes 
of fatal child abuse and the rediscovery of that syndrome 
by Caffey (1946) consisted of an association of subdural 
haemorrhage with long bone fractures. In old people they 
commonly exist in a chronic form and can be mistaken 
either for ‘strokes’ or for senile dementia. The condition is 
always due to trauma and there is probably no such entity 
as ‘spontaneous subdural haematoma’. Even in states of 
vascular fragility, such asin senility and in bleeding diatheses, 
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WATER ENERGY GENERATOR 


BRIEF SUMMARY OF THE INVENTION, 


[0001] | This invention is an energy generator that uses the 
transition through wormboles of the hydrogen atoms of 
‘water molecules to break the bonds ofthe atoms and convert 
the protons into photons and electrons which can be col- 
Tected for energy. 


BACKGROUND OF THE INVENTION 


[0002] A molecule of water consists of two hydrogen H. 
‘toms and one atom of oxygen O which has the chemical 
formula 

Ho 
‘The hydrogen atoms can be separated from the oxygen atom 
by electrolysis. In this process, a direct current of electric 
such as from a battery, is passed through water decomposing, 
it into hydrogen and oxygen. Pure water, however, isa poor 
‘conductor of electricity. It is therefore necessary to add some 
substance to form a solution that will conduet an electric 
‘current. Such a solution that will conduct electric current 
called an electrolytic solution. A small amount of sulfrie 
‘acid or sodium hydroxide is added to the water to form an 
electrolytic solution. Water clectrolyzed yields hydrogen 
plus oxyen 


Water-shydmgentonygea 
280-2150, 

Because this invention is to be used on spacecraft, the 

‘oxygen can be used for breathing and the hydrogen can be 

used to produce energy that will be used to create the 

‘electromagnetic fields which provide lift and propulsion, 


[0003] Referring to FIG. 1, a single hydrogen atom con 
sists of one proton (1) in the nucleus and one electron (2) 
moving in an orbital (@) around the nucleus. In quantum 
physies notation, there is ony one main K shell and one 

tal containing a single electron in the 1s subshell. An 
“orbital is an energy level containing one or two electrons in 
‘a subshell of an atom. Only a total of two electrons may be 
placed in one orbital with the added. constraint that the 
‘electrons spin in opposite directions. Looking at the 1 s 
“orbital, it can be seen that only half of it is occupied. What 
this means is that itis possible to add another hydrogen atom 
in which its electron occupies the other positon inthe orbital 
‘o from the hydrogen molecule H 


[0004] In 1925, a physicist by the name of Edwin Schro- 
<dinger developed a wave equation, which bears his name, 
that models the hydrogen atom, Even though the classical 
picture of FIG. 1 showing a distinet electron orbiting the 
proton is easy to visualize, in reality the electron is a 
‘wavefunction W whose square indicates the probability of 
finding the electron at a particular point. This then was the 
start of quantum physics where it was found that the electron 
‘energy can only take on certain discrete values. 


[0005] traveling wave moving the positive x-tirsetion 
‘can be represented by the function W(x) ofthe form 


Wye coseaixre-v 9) 


where x is the distance along the x-axis, A the wave 
‘amplitude, 2 the monochromatic wavelength, v the velocity 
of the wave and t time. 
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[0006] similar monochromatic wave moving to the left 
can be represented by 

Woes on2ai/hen 
‘where the sign of the velocity is reversed. The superposition 
of these traveling waves results in a standing wave, or 
stationary waves, of the form 

atte cos2a07) esta) 
which is now a product of a spatial-ependent term A 
cos(2zmvh), and a time-dependent term cos(2zv t), Taking 
the partial derivative of W twice with respect to x 


‘The momentum p of a particle is equal to Planck’s constant 
I divided by the mass m of the particle 


pane 


where h bar is the reduced Planck constant. Thus Schrod- 
inger’s equation can be written as 


aoe 


For a particle whose potential energy is V(x), the total 
energy is the kinetic energy K plus the potential energy 


Eakin 
Therefore, 
Pa miED), 

‘and Schrodinger's equation becomes 


wey 
LOY even 


‘The potential V is just the Coulomb potential of the product 
of two charges e divided by the radius r between them 


where ¢ is the linear capacitance of space. A general wave- 
function can be separated into a radial R part and a spherical 
harmonies part Y 
Wak Mn) 

‘where the first term is called a radial wavefunction which 
deseribes the “in-out” motion of the electron. When Schro- 
<inger’s equation is separated, itis found that the radial part 
of the wavefunction, R, must be a solution of the quantized 
differential equation 


Subdural haemorrhage 


some minimal trauma must precipitate the bleeding even if 
it was too trivial to be recorded in the history. Iris almost 
certain that minor subdural bleeds, insufficient to give rise 
to any neurological or clinical symptoms or signs other 
than a transient headache, occur with the trivial knocks of 
everyday life. Only when the bleeding is extensive enough 
to become either a cortical irritant or a space-occupying 
lesion (probably between 35 and 100 ml) does it become 
clinically apparent. OF course, many subdural haemor- 
shages exise in combination with both subarachnoid bleed- 
ing and with cerebral damage, making its contribution to 
the overall symptomatology impossible to assess. 

‘As with the extradural haematoma, the position of a sub- 
dural can never be interpreted as a ‘contrecoup’ lesion and 
is thus of no use in differentiating a blow from a fall 


Acute subdural haemorrhage 


‘This isa common sequel to any substantial head injury, and 
the presence or absence of a fracture is immaterial except as 
an indicator of trauma to the head. Unlike extradural bleed- 
ing, a fracture plays no part in the pathogenesis of the haem- 
orrhage, which arises from torn communicating veins that 
traverse the subdural space berween the cortical vessels and 
the dural sinuses. Less often the sinuses themselves give rise 
to the haemorshage. 

‘Naturally in an open head injury or when comminuted 
Fractures penetrate the membranes and perhaps the brain 
itself, subdural bleeding is merely pare of a complex that 
includes subarachnoid bleeding, and cerebral laceration 
and contusion, 

The lesion is often pure, however, being associated with 
a closed head injury where the only other signs may be 
scalp bruising — or even nothing at all, as blunt impacts 
may leave no signs in che scalp, externally or incernally, and 
no skull Fracture. 

‘The latter situation is probably the explanation in most 
of the cases formerly attributed to shaking of the infant. 
‘Many paediatricians and pathologists have enthusiastically 
adopted the shaking aetiology when there was no overt 
sign of impact (or sometimes even where there was such 
evidence!) to such an extent that itis Frequently proffered 
as the favoured diagnosis. However, the concept of the 
shaken-baby subdural has been strongly challenged recently, 
as it has been shown that the shearing force (required 
to rupture subdural vessels) is of the order of 50 times 
less in shaking than in impact (Duhaime et al, 1987). Thus 
it is very probable cha pethaps the majority of allegedly 
shaken babies have, in fact, had an occult head impact, 
which has not left any signs on the scalp, subscalp tissues 
or sll 
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Fuptured bridging vein 
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Ficune 5.32 Formation of «subdural haemaroma. 


Subdural bleeding arises from shear stresses in the upper 
layers of the cerebrum, which moves the communicating 
veins laterally sufficiently to ruprure their junctions at 
either the cortical veins or the sinus surfaces. It is very 
rarely possible to identify the bleeding points. Subdural 
bleeding is most often over the lateral surface of a cerebral 
hemisphere, high up in the parasagittal area. 

‘As with most intracranial damage, the mechanical cause 
is a change of velocity of the head, either acceleration or 
deceleration, almost always with a rorational component. 
Where a blunt impact strikes the skull, the subdural bleed 
need not be situated directly under the impact area ~ it need 
not even be on the same side of the head. It is sometimes 
tempting to attribute a localized subdural to either a ‘coup’ 
or to a ‘contrecoup’ effect (see below), but this is an unsafe 
interpretation. In addition, a subdural haemorthage — 
unlike an epidural ~ is quite mobile, Lesions that have obvi- 
ously originated high on the patietal area commonly drain 
down under gravity and cover the whole hemisphere, with a 
large accumulation in the middle and anterior fossas, and 
even through the tentorial opening into the posterior fossa. 

The haemorrhage may remain fluid or may clor into a 
firm mass: both modes are commonly present. IF che bleed- 
ing is relatively slight, then a ‘thin-film’ subdural may be 
found. If the thickness of blood is less chan a few mill 
metres, it cannot be claimed to be a space-occupying lesion, 
even if the area covered is quite large, as the cerebrospinal 
fluid in the adjacent subarachnoid compartment can be 
displaced sufficiently 1 accommodate an equivalent yol- 
ume of blood. 

‘Again, Adams suggests that, as in any intracranial spac 
occupying lesion, a minimum volume of about 35 ml is 
required to cause neurological signs, though other writers 
prefer a larger volume, such as 100 ml 

Whether this film of fresh blood is a sufficient irritant to 
cortical activity ~ as it undoubredly is in a subarachnoid 
haemorrhage ~ to be a danger to life, is uncertain. Iris dif- 
ficult to claim that a thin layer of blood in the subdural 


space is the sole cause of death, but almost inevitably the 
force thac caused the bleeding will aso have had a delete 
ous effect on the brain tissue, even if this is macroscopically 
occult such as diffuse axonal damage. 

‘As with the extradural haemorrhage, there may be a 
latent interval before clinical signs and symproms appear. 


After the almost inevitable concussion, which may be very 


brief, the victim may recover, then relapse into deepening 
stupor and coma when intracranial pressure rises as the 
subdural bleeding proceeds. Associated brain damage 
may, however, cause uninterrupted coma from the time of 
injury 

When there is a lucid interval, this may be longer than 
the average 4 hours of the faster arterial bleeding of the 
epidural haemorrhage, In fact, there is no upper limit to 
this interval, as the acute subdural haemorthage merges 
into the chronic condition, which may recur after weeks or 
even months. In severe acute bleeds, as are commonly 
encountered in criminal cases, such intervals tend to be 


Chronic subdural haematoma 


This lesion is most often found in old people, frequently as 


an incidental finding at autopsy where death was caused by 


some untelated condition, 
The gross appearance varies with age; recent lesions up 


co several weeks old ate tan of red-brown with a gelatinous 


membrane covering the surface, The contents are thick but 
liquid and may have areas of redder, more recent bleeding. 
An older haematoma, up co months or even a year old, is 
firmer, with a cough membrane around both surfaces 
resembling a rubber hot water bore filled with jelly oF oil 
The contents are liquid and may be brown or even straw 


coloured. Sometimes the interior may be much firmer and, 
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Head and spinal injuries 


Ficune 5.33. Chronic subdural 
haemorrhage in an old person. Brown 
liguid escaped from the encapsulated lesion 
adherent tothe meninges leaving a 
gelatinous onter membrane, asren. The 
surfce ofthe right cerebral hemisphere ir 
n from old altered blood and 
there i some compresiion of the hemisphere 


stained bro 


swith a midline shift tothe lef. There was 


nw history of a head injury and no 


significant neurological deficit. 


FicUne 5.34 A chromic subdural haemorrhage discovered a an 


incidental finding at an autopsy on an old person dying of an 


unrelated cause, The bloed was brown and gelatinous, but there was 


no membrane 


variegated in colour due to bleeds of different ages. 
Loculation is common, with different coloured fluids or 
ch locule. ‘The underlying brain will be depressed 
if the haematoma is large (more than 50-100 ml), and is 
often stained brown or yellow from altered haemoglobin. 


Subdural haemorrhage 


Many such subdural bleeds in old people are small and 
obviously gave rise co no neurological abnormality: the 
‘mere finding of such a small lesion at autopsy should not 
be used t0 provide a cause of death, which should be 
sought elsewhere in the body. Some subdurals are sub- 
stantial, however, reaching a volume of 100-150 ml, They 
may still have been asymptomatic, but others give rise 0 
neurological symptoms that may have been ascribed to 
some other pathological cause. Examples are ‘strokes’, when 
unilateral signs were thought to be caused by a cerebral 
thrombosis or haemorthage: disordered behaviour of the 
old person may have been blamed upon senile confusion or 
dementia, whereas in fact a space-occupying haematoma 
was really responsible, 

‘The chronic haematoma may become large and press 
down on the cerebral hemisphere sufficiently to dent and 
distore the surface. ‘This may progress, as does the large 
acute haemorthage, to cause signs of hippocampal and 
cerebellar tonsillar herniation and all the attendant dangers 
to the vital centres in the brainstem. The chronic haemat- 
‘oma arises from the acute lesion, which, afier an interval, 
becomes sheathed in a capsule of connective tissue. ‘The 
haematoma may eventually absorb, it may remain dormant 
at the same size, or it may enlarge at any later date. 

‘The mechanism of the enlargement is controversial. One 
common explanation, which seems the most reasonable, is 
that ic occurs from repeated further bleeding, perhaps from 
new blood vessels that penetrate the mass as part of the 
healing process. The other theory involves osmosis, said to 
operate because the centre of the haemorrhage commonly 
liquefies, forming a haemorrhagic fluid that osmotically 
attracts into it the cerebrospinal fluid from outside the 
capsule, which acts asa semipermeable membrane 

“The first mechanism seems more likely, as areas of fresh 
bleeding are often found inside a substantial haematoma 
but, whatever the cause, the final effect is a worsening of 
the space-occupying effect. 


‘The dating of a subdural haemorrhage 


‘An estimation of the date of onset of a subdural haematoma 
‘may have considerable forensic significance, especially if the 
lesion is obviously mature, ‘There may have been one or 
‘more episodes of trauma on record, any of which may have 
criminal or civil connotations and the opinion of the 
pathologist will be sought to relate or to eliminate the lesion 
found feom che potential causative event, 

For example, in one of the author’ cases an old lady was 
struck on the head by incruders and died several weeks 
later. At autopsy, a large chronic subdural haematoma was 
the main finding, bur the defence sought to show that the 
haematoma must have been present before the assault by 


claiming that the woman's confused behaviour over the 
previous year was caused by the pre-existing intracerebral 
lesion. Furthermore, in accidents of any type, there may be 
doube about whether the subdural haematoma arose as a 
result of the injury, or whether a pre-existing lesion caused 
uunsteadiness that may have precipitated the accident. 

Unfortunately; in spite of several claims to reliable methods 
of dating subdural haemaromata, such estimations are of 
doubtful value, partly because repetitive bleeding results in 
varying ages within the same haemacoma, 

‘A subdural haematoma gradually changes from dark red 
to brownish colour, frst being apparent not before 5 days 
and sometimes not obvious for 10-12 days (Crompron 
1971, 1985). 

Reaction to subdural bleeding begins within a few hours of 
onset, when cellular infiltration begins from the dural surface, 
A delicate ‘neomembrane, histologically composed of thin- 
walled capillaries and fibroblastic granulation tissue, grows 
from the periphery to cover the outer (dural) surface of the 
clot during the next few days and weeks. If no further enlarge- 
ment occurs, this capsule becomes more and more fibrous, 
though rarely does it completely absorb the haematoma by 
fusing with che outer capsule. According to Crompron, the 
presence of a membrane firm enough to be picked off with 
forceps makes the subdural haemorrhage at least 12 days old. 

Although claims have been made for accurate dating of 
subdural haematomas by histological criteria (Munro and 
Merritt 1936), these cannot be depended upon, especially 
afiera few months, as there is considerable personal variation 
in healing rates. Also, because of the frequency of repeated 
subsequent fresh bleeding, attempts at estimating the date 
of the original bleed are unrealistic. As they are of some use 
as an approximate guide to age, Munro and Merri’ histo- 
logical criteria are summarized briefly here: 


IN Fibroblasts appear at the margin of the clot within 
36 hours and in 4 days the neomembrane adjacent to 
the dura isa few cells thick. From 5 to 8 days, the 
membrane hecomes well established and fibroblasts 
migrate from it into the clo. 

IH By 8 days the membrane is 12~14 cells thick and is 
visible to the naked eye. From a few days after onset, 
there is progressive red-cell lysis and afver 5 days 
haemosiderin-laden phagocytes are present, which may 
be stained by Perl’, reaction. 

Hl From 11 days the clot is subdivided by strands of 
fibroblasts. By 15 days a membrane is also present on 
the under surface of the clot and the outer 
rneomembrane is half to one-thied the thickness of 
the dura itself. By day 26 it equals the thickness of 
the dura, but the inner membrane is still only 
half as thick. 
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BH Berween 1 and 3 months the membrane has lost many 
fibroblast nuclei and is becoming hyaline. By 6-12 
months the membrane becomes thick and fibrous, 
resembling the dura itself 
A number of later writers have pointed to marked vari- 

ations in this chronological scheme. Within the First couple 

of months large sinusoidal vessels appear in the newly 
formed connective tissue 

From gross appearances, a rough guide is that brown 
colour changes occur between the first and second week, 
when a discrete surface membrane becomes obvious, After 
a month or so a firm capsule develops, forming a cystic 
cavity containing dark brown, watery fluid. According to 
Munro, liquefaction of the contents does not occur in less 
than 3 weeks. Some haematomas remain solid with an 
organizing blood clot within, often with areas of fresher 
haemorrhage of different ages. 

When a substantial subdural bleed has occurred, the 
underlying cerebral cortex may be infarcted, caused by 
either a natural infarct having bled through the arachnoid 
into the adjacent subdural space or, more often when there 
hhas been a head injury, the pressure of the haematoma on 
cortical blood vessels (Crompton 1971, 1985). 


SUBARACHNOID HAEMORRHAGE 


‘The third type of brain membrane bleeding is even more 
common than subdural haemorrhage, but has mixed aeti- 
ology. Whenever there is damage to the cortex, there will 
be some degree of subarachnoid bleeding, so all penetrating 
injuries of the brain, as well as many blunt injuries that 


spinal injuries 


Bigune 5.35 Subanachnoid haemorrhage 
from a tiny berry aneurysms (arrow) ofthe 
right middle cerbral artery. 


give rise to extradural or subdural haemorthage, will be asso- 
ciated with traumatic subarachnoid bleeding 

Ic is nor common, though not unknown, for traumatic 
subarachnoid bleeding to occur asa pure lesion where there 
is no cortical contusion, no neck injury, no deep brain 
lesion and no other membrane haemorthage. Slight sub- 
arachnoid bleeding probably occurs very frequently afier a 
moderate impact upon the head (as with slight subdural 
bleeding), bur as the vast majority of such victims survive, 
no autopsy evidence is forthcoming. The increased sensitiv- 
ity of medical imaging techniques, especially nuclear mag- 
netic resonance, can demonstrate such minor bleeds which 
hitherto went undetected, 

‘The other complicating issue with subarachnoid bleed- 
ing is thar ir frequently occurs-asa result of natural disease, 
especially rupcure of vascular malformations of several types. 
When trauma is also present, che complex association of 
either the trauma precipitating the rupture or a rupture 
causing 2 fall or other accident leading to the trauma, has to 
be considered. This is discussed in a later paragraph. 

Although the pathology of subarachnoid haemorrhage 
is of prime forensic importance, because of the relationship 
to ruptured berry aneurysm, much of the description is 
offered in the chapter on sudden natural death (Chapter 
25), and only the interaction between trauma and this type 
of bleeding is discussed here, 


Appearances and mechanism of 
formation 


"The appearance of subarachnoid haemorthage caused by 
trauma varies greatly according the nature and extent of the 
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Subarachnoid haemorrhage 


FIGURE 5.36 An extensive banal subarachnoid haemorrhage arising 


from a raumatic tear of baslovertebral artery caused by a blow 
con che side ofthe neck 


injury. Where it is secondary to laceration of the brain or 
extensive cortical contusion, then its localization and severity 
depend upon the primary injury. Where it arises from a 
blunt impact, with or without other membrane bleeding 
or cortical bruising, its position is not a good localizing 
sign. Once again, its position cannot be interpreted in the 
same way as contrecoup contusion of the cortex, though 
some pathologists use its position to claim thata head injury 
was sustained either from a fall or from a blow to a mobile 
head; this is unjustified. Alchough where the circumstances 
are known, the meningeal bleeding may be seen in the cor- 
rect location, this is fortuitous and is equally often sited 
elsewhere, 

Blood in the subarachnoid space mixes with the cere- 
brospinal fluid, which dilutes it, makes it ess ready to clor 
and allows more mobility. ‘Thus bleeding high over the 
cerebral hemispheres readily slides down to cover the brain 
and enter the basal skull fossae, but usually nor in a con- 
centration sufficient to form a thick clot. The sulci tend to 
collect more blood, especially in the insula, Unlike those with 
subdural bleeding, survivors ftom subarachnoid. haemor- 
shages rapidly dispose of the blood. Haemolysis turns the 
cerebrospinal fluid a xanthrochromic yellow and, within 
weeks, the blood is gone. There may be some residual brown 
or yellow staining of the pia or arachnoid, similar to that 
seen when a slight dural bleed leaves its signature on the 
inner surface of the dura. A positive Pets reaction for haemo- 
siderin can develop within 36 hours and may remain for 
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BiGUKE 5.37 Cereal arteries (‘circle of Wills) and common sites 


for aneuryms 


months or even years, even after macroscopic discoloration 
of the membranes has vanished. 

‘This forms a trap for those attempting to date both 
subdural and subarachnoid haemorshage in infants, as the 
common bleeding arising from head-moulding during 
childbirth may leave a positive haemosiderin reaction for 
at least a year. Thus if a suspected child abuse head injury 
‘occurs in the first months of life, histological attempts to 
date the bleeding by Perl’s reaction may be affected by 
residual haemosiderin from parturition. 

Bleeding in the subarachnoid space is caused by the same 
mechanism as that in the subdural space, as shear stresses 
and rotational movements of the brain, described in a later 
section, shear or ruprure che bridging veins thar leave the 
cortex and penetrate the arachnoid en route for the large 
draining veins and sinuses that lie in the dura, In addition, 
small cortical arteries may contribute much of the leakage. 
Where laceration, contusion or infarction of the cortex is 
present, bleeding will come from cortical veins and small 
arteries directly into the subarachnoid space, It may also 
arise from intracerebral bleeding breaking out through the 
cortex. The subarachnoid haemorrhage allegedly caused by 
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damage to the vertebral arteries near the foramen magnum 
will be discussed under spinal injuries, 

"The relevance of a subarachnoid haemorthage in causing 
death may be difficult to decide, though this is of more 
importance in the natural variety caused by a ruprured 
aneurysm. 

In head injuries, death is far more likely to be the result 
of the other concomitant associated injuries to the brain 
substance than to a moderate amount of blood in the 
subarachnoid space. 

In the uncommon instances when @ substantial sub- 
arachnoid haemorthage seems to be the only sequel of a 
faral head injury it must be accepted as the cause of death, 
though cerebral oedema and microscopic diffuse axonal 
injury should be excluded as competitors even though this 
exclusion may be difficult or impossible when death fol- 
lows rapidly after injury. It is indisputable, however, thar 
sudden death can occur from massive natural subarachnoid 
haemorrhage in the absence of any traumatic lesions so, 
by analogy, the pure traumatic bleed — if severe enough — 
cannot be excluded as a sole cause. 

Death can be remarkably rapid when a profuse haemor- 
shage occuss into the subarachnoid space. The mechanism 
is not understood, but seems to be confined to those cases 
where the brainstem is suddenly exposed to a large volume 
of blood bathing the brainstem in the posterior fossa, ust- 
ally from a ruptured aneurysm or from a torn basilar or 
vertebral artery. Numerous instances of victims virtually 
dropping dead are on record, though many more exhibit 
the familiar signs of headache, neck stiffness, vomiting and 
progressive failure of consciousness, before dying at a vari- 
able period after the haemorthage. 


FORENSIC IMPLICATIONS 
OF BRAIN MEMBRANE 
HAEMORRHAGE 


Because of its common occurrence, certain medico-legal 
problems associated with bleeding into the brain mem- 
branes must be considered. 

First, che latent of ‘lucid’ interval in both extradural and 
subdural haemorthage may lead to civil suits for negligence 
where a doctor ~ usually in a hospital emergency depart- 
ment ~ discharges an apparently well patient who later dies 
at home or is readmitted in extremis. ‘The clinical aspects 
cannot be considered here, but suffice to say that itis highly 
unlikely thar such patients would nor have suffered concus- 
sion, albeit transient. Radiology of the skull is not manda- 
ory ifthe clinical indications are nor present, but failure to 
say can bea legal impediment for the defence. A subdural 


spinal injuries 


haemorshage is commonly present with an intact skull, 
though this is uncommon with extradural bleeding. 

‘Asalready mentioned, the dating of subdural haematomas 
may be crucial in both criminal and civil cases when it is 
being either maintained or denied that a particular episode 
of head injury causes the haematoma. Dogmatic adherence 
to any accurate histological dating regimen is unjustified, 
though broad distinctions in terms of days, weeks or months 
may be justified 

‘The possibility of a previous bleed being the precipitat- 
ing factor in some later accidental injury, which then 
caused further bleeding, must be kept in mind, 

Using a membrane haemorshage to localize an impact can 
be subject to over-interpretation, An extradural haematoma 


is almost invariably on the same side asthe blow, but because 
of the distortion of the skull described eater, the fracture 
that traverses the meningeal artery can be some distance 
from the point of impact. Using Gurdjian’s work, however, 
a reasonable estimate of the zone can be offered. 

‘Where subdural or subarachnoid bleeding is concerned, 
it can be misleading co offer dogmatic opinions about the 
nature and position of che impact, unless there is scalp or 
skull damage, Though sometimes it is clear from the pres- 
ence of a scalp injury that the haemorrhage is either ‘coup’ 
or ‘contrecoup’, there are so many exceptions when the 
bleeding is unrelated to the site of the blow, char a firm 
opinion is not justified. 


RUPTURED BERRY ANEURYSM 
AND TRAUMA 


‘A major cause of medico-legal problems is the association of 
trauma and subarachnoid haemorshage from a ruptured 
“berry’ aneurysm. The pathology of the later is described in 
another chapter, bur here we are concemed with the allega- 
tions chat an injury led to rupture of a pre-existing aneurysm. 

Several variations of this scenario exist. Most commonly, 
an assault is rapidly followed by the signs of subarachnoid 
bleeding and subsequently death. Occasionally death may 
be extremely rapid, as previously described. The question 
of causation then arises, the prosecution claiming that the 
head injury mechanically ruptured the aneurysm. Whether 
this is actually so is virtually beyond absolute proof. 
“Aneurysms of the circle of Willis are remote from the skull 
surface and lie deeply protected under the buffer provided 
by the mass of the brain. However, itis hard to deny that a 
heavy blow to the head, jaw or neck could not rupcure, 
split or weaken the fragile wall of a large, chin-walled 
aneurysm, but when the bleeding comes from a tiny sessile 
bulge the evidence is nor so convincing. 
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The rapidity of death in subarachnoid haemorrhage 


“The complicating factor is that most assaults occur in 
‘fight or flight’ conditions in which both aggressor and victim 
are physically and emotionally active, so that the adrenal 
response is likely 1o he present. Muscle tone, heart rate and 
blood pressure are increased by catecholamines, and it is 
likely that raised internal blood pressure in a weak 
aneurysm is a fir more potent reason for rupture than a 
blow on the head. 

A second possibility is thar a person with an already 
spontaneously leaking aneurysm may have a rapidly develop- 
ing neurological or even behavioural abnormality that leads 
him into conflice with another person, or into a dangerous 
physical position, such as a fall or traffic accident. Ifall this 
occurs over a short period of time, autopsy may not be able 
to distinguish the sequence of events and the aneurysmal 
rupture may be blamed on the trauma instead of the 
reverse. This may have profound civil as well as criminal 
legal consequences. 


SUBARACHNOID HAEMORRHAGE 
AND ALCOHOL 


‘A factor that is ofien said to increase the chance of rupture 
is alcohol, though there is no objective proof of this claim. 

A high blood alcohol is said to facilitate bursting of an 
aneurysm because i dilates cerebral blood vessels, increases 
cerebral blood flow and raises blood pressure. 

‘The latter is not true because alcohol does not raise 
systolic pressure, though the pulse pressure ~ the difference 
between systolic and diastolic ~ may widen. The fibrous 
wall of an aneurysm is incapable of dilating, neither can the 
‘major basal arteries do so to any appreciable degree, as they 
possess little muscle in their walls. The pharmacological 
evidence that alcohol has any significant effect on the cere- 
bral circulation is extremely weak. There is no evidence 
thar alcohol is associated with completely natural subarach- 
noid haemorthage from a ruptured aneurysm, though 
intense physical activity, such as sport or coitus, certainly 
does predispose to rupture. 

Where alcohol and ruptured berry aneurysm are con- 
cerned, a more likely explanation is that the association is 
coincidental — as most altercations resulting in ‘Right, fight 
and fisticuff' are catalysed by alcohol. Many of the cases of 
ruptured aneurysm and violence occur within and on the 
pavements outside bars and clubs, where a high blood 
alcohol is virtually inevitable ~ but not necessarily causative. 

"The other aspect of alcohol is that it may cause or con- 
tribute to unsteadiness, a fall or some other traumatic 
event, which itself might lead to ruprure of a fragile 
aneurysm. Ataxia and hypotonia are a feature of acute 


drunkenness and, together with the aggressive behaviour 
and alcoholic environment of most physical violence, seem 
sufficient to account for their circumstantial association, 


THE RAPIDITY OF DEATH IN 
SUBARACHNOID HAEMORRHAGE 


‘The immediacy of death is sometimes surprising, especially 
in association with trauma. Ir is general clinical experience 
that the victim of a spontaneous rupture of a berry 
aneurysm suffers a severe headache, neck stiffness and 
vomiting, which may resolve or which may progress 
over hours or days to coma and death, Sudden death is cer- 
tainly the exception in these clinical cases ~ bur these are 
from a hospital population, which, by definition, excludes 
the rapid deaths that reach che mortuary rather than the 
wards. 

In forensic practice, much more rapid demise is not 
uncommon. For example, the author (BK) recollects that as 
two men involved in a violent argument in a public house 
emerged through the outer door 
heavy blow on the head. The victim fell o the ground and 
never moved again, being certified dead a few minutes 
later. Ar autopsy, a typical fresh subarachnoid bleed from a 
ruptured aneurysm was displayed. 

"The amount of blood present in most subarachnoid 
haemorthages, from whatever cause, often seems insuffi 
ent to constitute a space-occupying lesion, especially as, 
unlike subdural bleeding, it is able to diffuse more widely 
over the brain and displace cerebrospinal Muid into che 
spinal theca. The toral volume may be considerable, how- 
ever, and where survival for some hours has occurred, then 
the typical appearances of raised intracranial pressure may 
be seen at autopsy, though some of this may be contributed 
by progressive cerebral oedema. 

‘Most rapid deaths exhibie substantial bleeding into the 
basal cisterns at autopsy, the brainstem and cranial nerve 
roots being bathed in a thick layer of blood and clor. As 
blood in the subarachnoid space seems irritant even in 
small quantities, it seems possible that such sudden in 
tion of the medulla may lead to a rapid cardiorespiratory 
failure. Where the haemorrhage appears less extensive, the 
mechanism of death is more obscure. 
fompton points out the sensitivity of cerebral arterioles 
during surgical operations, when a slight touch upon the 
cortex leads co blanching spasm of the vessels. Sub- 
arachnoid bleeding is undoubtedly irritant and a possible 
reason for the sudden collapse and death is a widespread 
vascular spasm, which may have an effect on vital centres in 
the brainstem, 


fone struck the other a 
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5: Head and spinal injuries 


ROTATIONAL TRAUMA TO THE 
HEAD AND UPPER NECK: 
BASILOVERTEBRAL ARTERY 
INJURY 


During the last few years ic has been recognized that blows 
to the side of the neck and/or head can give rise to fatal 
subarachnoid bleeding. ‘This has been artributed to tearing 
or dissection of a vertebral artery, allowing blood co track 
along the upper part of che vessel and enter the cranial cav- 
ity where the artery penetrates the dural membrane at the 
for 


nen magnum, 
The evolution of this concept of traumatic subarachnoid 
bleeding is interesting. Originally, it was thought that most 
cases had a fracture of the transverse process of the first 
cervical vertebra, thus damaging the artery contained in the 
tunnel-like foramen in this bone ~ indeed, it was often 
called the ‘CV-One syndrome’ 

"The hypothesis was that a blow to the side of the neck 
caused deep injury, usually manifested by skin bruising and 
bleeding into the muscles deep in che upper neck. ‘This 
same injury was considered to fracture the transverse 
process and lead to tearing or dissection of the wall of the 
contained vertebral artery; blood then racked upwards and 
medially to penetrate the dura and emerge inside the sub- 
arachnoid space of the posterior cranial fossa to cause a 
faral haemorrhage. 

Soon cases were being described with no such atls vertebra 
fracture, but it was still accepted that mechanical forces, espe- 
cially of a tilting and rotational nature, could damage the 
vertebral artery within the foramina of the upper cervical 
spine and lead to the same dissecting lesion, and hence to fatal 
subarachnoid haemorrhage. Until very recently; this was the 
theory ~ which is sil strongly held by many pathologists ~ 
that satisfied the aetiological needs ofthis injury: 

However, though it is likely that this classical mechanism 
does account for some of the deaths, there are several prob- 
lems with universal acceptance of the hypothesis 


BE Many pathologists ~ including the authors ~ find it 
hard to believe that a tiny dissection of a small artery 
like the vertebral artery — a lesion which often needs 
serial microscopic sections to confirm ~ could allow the 
torrent of blood necessary to enter the cranial cavity 
and produce a massive haemorthage (sometimes well in 
excess of 100.ml) which may cause death within 

1 Several instances of damaged vertebral vein have been 
reported in association with subarachnoid haemorthage. 
Because of the very much lower intravascular pressure in 
vein compared with an artery, the possibility of this 
causing a massive intracranial bleed by percolation 


through the dural fenestration is even less credible chan 
in the case of the artery 

Increasing numbers of cases are being described with 
positive evidence of a blow on the side of the neck or 
head and a large fatal subarachnoid haemorthage, but 
with completely intact vertebral arteries. 


‘Thus, if sudden tilting and rotational forces acting on 
the upper spine and head can lead co subarachnoid haem- 
orthage without damage to the vertebral vessels, then the 
causative link is destroyed. Even where vertebral damage is 
demonstrable, this may be merely a concomitant event, 
the mechanical forces which primarily led to subarachnoid 
haemorrhage by direct injury to intracranial vessels also 
having caused the vertebral artery damage. In other words, 
the two lesions may in some cases ~ or for all we know, 
every case ~ be a parallel phenomenon, not a cause-and- 
effect situation, There may well be a further concomitant 
effect, in thar direct occult brain damage, manifested later 
by diffuse axonal injury, is the major cause of cerebral dys- 
function, both the subarachnoid haemorthage and the ver- 
tebral artery lesion (if there is one) being merely markers of 
a heavy impact. 

In these deaths ~ and certainly where no lesion at all is 
discernible in the upper spinal vessels ~ we need to look 
elsewhere for an explanation of the subarachnoid bleeding, 

Occasionally this is quite obvious and is situated in the 
intracranial vertebrobasilar vessels, For example, the author 
(BK) has seen a wide split in the wall of a vertebral artery 
within the posterior cranial fossa, and another where the 
vertebral artery was torally avulsed and transected at the 
internal side of the dural perforation. Both these cases arose 
as.a result of trauma to the side of the neck, and both had 
a massive subarachnoid haemorthage with no damage to 
vessels outside the cranium, 

Bostrom, Helander and Lindgren (1992) published 
details of two cases of rupture of the posterior inferior cere- 
bellar artery due to blunt basal head trauma, and proposed 
thar the term ‘traumatic subarachnoid haemorthage’ be 
abandoned and replaced by the nature and localization of 
the bleeding site. 

‘The demonstration of intracranial bleeding from the 
vertebrobasilar system is difficult, as the very process of 
opening the skull ar autopsy and removing the brain, 
however carefully performed, inevitably causes vascular 
damage. These artefacts cannot be distinguished from orig- 
inal bleeding points due to ante-mortem trauma 

‘The use of post-mortem angiography by the injection 
of radio-opaque constrast medium into the lower vertebral 
and carotid arteries has not lived up to its original claims. 
‘There is almost always diffuse leakage of contrast medium 
from apparently artefactual defects, and localization of true 
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Rotational trauma to the 


bleeding points is often obscured by a haze of contrast 
opacity. However, occasionally the method reveals a spe- 
cific leak, usually within the posterior cranial Fossa 

The original descriptions of and claims for vertebral 
artery damage as the cause of traumatic subarachnoid 
haemorrhage were published by Cameron and Mant 
(1972), Coast and Gee (1984), Contostavlos (1971, 1995), 
Simonsen (167, 1976) and others, Leadbeatter (1994) drew 
attention to the problems of a universal cause-and-effect 
relationship; Contostavlos (1995) refued these claims, but 
did not satisfactorily dispose of the concomitant hypothe- 
sis, Pathologists, both from their dissection experience 
and reading of the literature must make up their own 
minds on che matter, but should make a critical evaluation of 
the practicality of a massive subarachnoid bleed appearing, 
sometimes within minutes, from a tiny dissection of a small 
artery outside the dural membrane, 

‘As many pathologists still adhere to the original concept 
of a subcranial vertebral artery causation for traumatic 
subarachnoid haemorrhage (and in a small number of 
Instances, the evidence is persuasive), the topic is further 
pursued here, with the over-riding qualification that most 
traumatic massive meningeal bleeds are due to intracranial 
causes consequent upon a tilting, roratory impact upon the 
head and/or neck, with or without concomitant damage to 
a vertebral vessel. 


Forensic anatomy 


The two vertebral arteries arise from each subclavian artery 
in the region behind the sternoclavicular joints. Each artery 
ascends behind the common carotid to reach the transverse 
process of the sixth cervical vertebra. It enters the foramen 
in that process and passes upwards through each similar 
foramen until ic emerges from the upper edge of the second 
(axis) vertebrae. The artery then bends laterally and enters 
the final foramen in the atlas vertebrae. Emerging on the 
upper surface, the artery bends back and medially around 
the superior articular process, and penetrates the postero- 
lateral aspect of the atlanto-occipital membrane and the 
underlying spinal dura and arachnoid, emerging on the 
lateral side of the spinal canal just below the foramen 
magnum. Both arteries then ascend and converge on the 
ventral surface of the medulla and pons to fuse in the mi 
line to become the basilar artery. Each vertebral artery is 
ofien of markedly different size, 


Autopsy appearances 


With the caveats expressed earlier, che possibility of vertebral 
artery trauma, concomitant or otherwise, should always be 
bome in mind when an external bruise is seen on the 
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head and upper neck 


Foramina in 
transverse 


FiGune 5.38 The agin and course ofthe vertebral arteries. They 
arise from the subclavian arteries atthe level of the sternoclavicular 


Goins and ascent via the foramina in the transvere proces, 


side of the neck of the vietim of a fatal assault. A blow from 
a fist, foot or blunt weapon may land in the region between 
the angle of the jaw to the side of the back of the neck, 
the area below the ear being the mast common place to 
find an injury. 

"There may be no external sign atall, but on dissection of 
the neck, a subcutaneous or deep bruise may be found. 
Unfortunately this is an area that is not routinely dissected 
at autopsy, the usual incision for che removal of the neck 
‘organs being too far anterior to reveal many of these 
injuries, which usually lie in the strong neck muscles, This 
is probably why the syndrome was nor recognized until 
few years ago ~ and also an explanation why so many sub- 
arachnoid haemorthages were said to be due to a berry 
aneurysm that could nor be found because the bursting had 
destroyed it. No doubr a number of subarachnoid bleeds 
are due to rupture of non-aneurysmal vessels or to an 
aneurysm too small to find, but equally, unrecognized head 
trauma, with or without vertebral artery damage, must 
have accounted for some of the remainder, 

In some autopsies, there is no external neck injury and 
the cause of death is unknown until the cranium is opened, 


5: Head and spinal injuries 


and a fresh subarachnoid haemorthage discovered. A deci- 
sion then needs to be made whether to remove the brain to 
search fora ruptured berry aneurysm — or begin specialized 
techniques to seek a rupture of a vertebral artery (described 
below). If there is a history of assault or other trauma, as 
opposed to a presumed natural death, then particular 
methods should be employed, The two avenues are nor 
mutually exclusive, as long as the pathologist is aware of his 
objectives. The vessels can be clamped off at the base of 
the brain and the brain removed for a search for an 
aneurysm or other bleeding-point without spoiling the 
other techniques. 


Mechanism of vertebral artery trauma 


‘When a head is rapidly rotated by a blow that lands at the 
junction of the head and the neck, there may be a sudden 
lateral rocking (citing sideways) at the atlanto-occipital 
joint, accompanied by roration of the head. There may also 
be an element of hyperextension or hyperflexion, the whole 
episode forming a complex pattern of sudden abnormal 
movement at the atlanto-occipital junction. It may be that 
the unexpected impact may allow more unrestrained rota- 
tion and angulation of the head, due to absence of antic 
muscle tensing in the large paravertebral and 
is may be exacerbated by alcoholic 
intoxication causing slow protective responses, as most of 
such episodes occur during altercations related to drinking 

“The mechanics are not fully understood and probably 
differ from case to case but, whatever the mechanism, the 
vertebral artery can become damaged either: 


in the canal within the first cervical vertebra (whether 
‘or nor the transverse process is fractured) 

I just below the axis, in the space between the transverse 
processes of the axis and alas 

Was ir emerges from the exit of the canal in the atlas to 
penetrate the spinal dura just below the foramen 
magnum 

1 probably much more frequently within the 
subarachnoid space above the foramen magnum or 
‘even higher in its course towards the confluence with 
the basilar artery ~ and even the basilar itself. The type 
‘of damage is usually a tear or dissection of the wall of 
the vertebral artery. 


Vertebral artery damage was originally said to allow 
blood to track under arterial pressure within the adventitia 
and to appear in the subarachnoid space after the vessel has 
penetrated the dura and arachnoid, though, as discussed 
above, the likelihood seems slight of these minute lesions 


Ficume 5.39 Most vulnerable point for ranma tothe vertebral 
arteries: (1) at penetration of dura: (2) at exit from atlas ranseere 


process (3) in aseous canal in atlas, 


allowing the large volume of blood seen in most subarach- 
noid haemorrhages co flow through the small periarterial 
window in the dura. 


Autopsy demonstration of 


basilovertebral artery damage 


When circumstantial evidence suggests a subarachnoid 
haemorthage following trauma or where a bruise is seen on 
the side of the neck, vertebral artery damage should be sus- 
pected, then confirmed or eliminated. The first intimation 
thar it may have occurred may be when the skull-cap is 
removed and a subarachnoid haemorthage is discovered. 

If the view is taken thar most subarachnoid haemorthage 
following upper neck trauma is due to intracranial vascu- 
lar damage, then logically it is unnecessary to use time- 
consuming and laborious procedures which slow up che 
completion of the case. In many such deaths, there will be 
zo lesion in the upper cervical spine or extracranial vertebral 
arteries and even if there is, iis likely to be a concomitant 
lesion, occurring synchronously, but with no cause-effect 
relationship with the intracranial vessel rupture. 

However, there may be academic satisfaction in demon- 
strating the concomitant neck lesion, even if it played no 
role in producing the subarachnoid haemorrhage. In such a 
case, when the deceased has been in a fight or had some 
violence applied to the side of his neck, the same routine 
should be employed. 
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‘This can be expressed in a simpler form by defining the 
function 


fk 
which is then found to satisfy the equation 


eae 
EEE eve =0 


where the effective potential is given by 


ae 
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‘where the 1s are the quantum orbital numbers. For s orbitals 
‘equal {0 1=0, the effective potential is just the electrostatic 
potential of the mucleus. For 1 greater than zero, the first 
term is equal to the kinetic energy owing to the angular 
motion of the electon at a distance r and with angular 
momentum V1(Ie1)h. 


[0007] Referring to FIG. 2, the effective potential is 
graphed asa function of radius rand the orbital numbers, For 
‘orbital number I=0, which is the lower of the three curves, 
the potential does’ not provide a stable position for the 
electron (black disk) and the negatively-charged electron 
just crashes into the positively-charged proton nucleus as 
shown by the arrow. For orbital Ie1, the first term is called 
the centrifugal repulsion which together with the electro- 
statie potential provides for a stable position for the electron 
as seen inthe middle curve. The potential energy is negative 
which ereates a slight valley in which the electron obtains a 
stable orbit. Higher orbital numbers I=2 produce a similar 
valley potential further out on the radius. The lel orbital 
«does not allow the electron to come near the proton which 
provides for a stable hydrogen atom. So the key to this, 
invention is how to destabilize this hydrogen atom enersy 
system and produce usable enenzy which can propel the 
‘electromagnetic spacecraft and run other hyperspace inven 
tions. Reler to my patent applications such as Dipole 
Moment Spacecraft, Dual Potential Hull Spacecraft, Photon 
Spacecraft, Flectromagnetic Field Propulsion System, Full 
Body Teleportation, Magnetic Vortex Wormhole Generator, 
Electric Vortex Wormhole Generator, Sulfur S8 Wormhole 
Generator, Cavitating Oil Hyperspace Enemy Generator, 
Rotor Inductance Propulsion System and Triangular Spa 
raf 


[0008] Many of these patent applications involve worm 

Iyperspace Which are not well-known concepts in 
tific community. Hyperspace consists of those 
ns Which are co-dimensional with our spacetime. 
‘The reason I know about hyperspace is because (1) I have 
been in hyperspace on a number of occasions and have 
experienced Einstein's time dilation according to his Gen- 
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eral Theory of Relativity, (2) I have experienced more than 
‘one full-body hyperspace teleportation over a distance of 
100 meters, (3) we have been able to create a wormhole 
between space and hyperspace with the magnetic vortex 
‘wormhole generator in which smoke was blown through one 
side of the coil into hyperspace, a first contact verified by the 
Grey Aliens, (4) [have seen the green mist associated with 
‘moving out of dimension and crossing over into hyperspace, 
(5) I have looked into another dimension and have seen, 
another building, a car and a man who waving at me in the 
presence of an arifcially-intlligent Cyborg with the “high- 
tech look” from the Pleiadian Defense Department, (6) I ean 
remote view through hyperspace subgeometry to distances 
‘of 100,000 light years fo the edge of the galaxy and have 
‘made first contact with around 500 extraterrestrial civil 
tions involving the use of patent applications such as 
Remote Viewing Amplifier, Quantum Dot Enenzy Cylinder 
and Walking Through Walls Training System, (7) Tam the 
only person on Earth who has communicated with the 
designers of the erp cireles found in England and explained 
‘their design to them in terms of subspace geometry, (8) lean 
‘walk through walls as a hyperspace energy being, and (9) 1 
have discovered how anti-gravity is possible using low 
density hyperspace energy, not to mention all the other 
research Work on these electromagnetic field propulsion 
vehicles. For my work in developing the geometry of the 
subspace manifold known as the tetrahedron diagram, Iwas 
tziven the Aphysies award by the Admiral, who is third in 
line to the Admiralty of the Pleiadian Defense Department. 
For my work in Revelations, she awarded me four beautiful 
galloping white riderless horses of the Apocalypse. The 
reason thatthe Pleiadian Defense Department was involved 
‘was that the Admiral had the task of ereating the eneray’ 
being that would protect the subspace manifold during the 
battle of Revelations which took place in the year 2001. So 
these are some of my personal experiences in the field of 
hyperspace physics 


[0009] As to the scientific aspect of hyperspace physics, 
observations of the solar system have noted that lange 
vortices occur on the planets ata latitude of #19.5°. On the 
planet Jupiter, for example, the Giant Red Spot vortex, 
which is the size of two planets like Barth, is located at 
195° latitude. 


[0010] Referring to FIG. 3, the Olympus Mons volcano, 
Which is the size of France, occurs in the northem hemi- 
sphere at 19.5°. The plume of voleanie ash can be seen being 
Down to the upper right. 


[0011) Here on Barth, just north of me at +19.5° in the 
Caribbean, there isa slow moving roek mantle vortex that 
curves the islands down toward Venezuela, Since the tetra- 
hhedron has three comers, another eomer occurs at 120° to 
the west where the Marshall Islands are located. ‘The reason 
thatthe volcanic islands form is that low density hyperspace 
energy softens the atoms and molecules to such an extent 
that the atomic bonds are broken. The hot magma from the 
‘core has an easier path tothe surface through the soft rock. 
compared to the hart rock of surrounding areas. As the 
vortex rotates, the rising hot magma creates volcanoes 
‘which form the chain of islands 


[0012] As another example of this, the Silver bridge, 
‘which is located at a double harmonic of 39° between Ohio 
and West Virginia, collapsed because a lange wormhole 


Rotational trauma to the head and upper neck 


Different pathologists have different procedures, bur the 


following would be a reasonable method of investigation: 


18 Radiographs of the upper cervical region, both 
anteroposterior and lateral, should be taken as these 
may (rarely) reveal a Fracture of the transverse process of 
the atlas vertebra. Such a fracture is, however, present in 
only a minority of vertebral artery injuries — and even 
when present, straight X-rays may not reveal it 

1 Post-mortem angiograms should be taken if facilities 
exist. There are several methods of performing these. 
The lower neck is carefully dissected to reach the 
origins of the vertebral arteries. The best method is to 
open the subclavian vessels and identify the ostia of the 
vertebrals, which are the first (most medial) branches of 
the subclavian arteries. ‘These can be cannulated and 
contrast media injected, one side at atime, while 
cervical and skull radiographs are taken. ‘This method 
tends to fill many intracranial vessels and produce a 
confused, blurred picture 

More satisfactorily, the brain should be carefully lifted 
from the skull and, as soon as the basilar artery is 
accessible, it should be clamped off with surgical forceps 
and/or ligated and the brain completely removed as 
usual afer the b 


artery has been transected just 
above the clamp, Alternatively, each vertebral artery can 
be clamped or ligated in its terminal course. The 
angiogram is now performed, either by perfusing up 
one vessel and forcing contrast medium back down the 
other via the clamped basilar, or by consecutive 
injections on either side. Only sufficient medium to fill 
the system should be introduced to avoid spillage from 
small branches which obscure the films. The object is to 
detect any significant leakage from a vertebral vessel in 
its upper course, usually within the foramen of the atlas 
oor just outside the atlanto-occipital membrane or within 
the spinal theca 
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HAs by definition, there will have been a substantial 
subarachnoid haemorrhage, this sometimes makes it 
difficule vo identify and ligate the basilar or vertebral 
vessels, The brain should be minutely examined for berry 
aneurysms or other vascular malformations as, if they are 
present (and ruptured), then further investigation of 
vertebral artery damage is pointless, Assuming no such 
bleeding point is found, the upper cervical region is 
dissected to determine whether the vertebrals have been 
injured. When no X-ray or angiographic facilities exist, 
this isthe only method available 


The upper cervical spine should be exposed by a poster 
ior approach, which is continued up to meet the transverse 
scalp incision. The spine should be freed from the sur 
rounding muscles, taking care to detect and record any 
muscular bruising in the vicinity. It should then be sawn 
through at about C4 level or lower 

The occipital bone should then be cut through on each 
side from the transverse skull saw-cut and prolonged down 
‘on each side of the foramen magnum, and then across the 
clivus to release the central part of the floor of the posterior 
fossa, carrying the foramen magnum and attached upper 
spine, Alternatively, using a power saw with a wed 
shaped blade, a square may be cut out of the floor of the 
posterior fossa to detach the spinal block. IF possible, 
X-rays should be raken of the detached portion, as it may be 


possible to see a fracture of che transverse process of 
the atlas better than in the intact body. 

The block of bone removed should then be decalcified 
by prolonged immersion in a large volume of 10 per cent 
formic acid 

Afier a week, the spine will be soft enough to slice with a 
scalpel, so that the lateral parts of the transverse processes 
can be shaved away, taking care not to get near the arterial 
foramina. The block is then retumed to fiesh decalcifying 
fluid for a further week. 
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‘Once the bone has been softened enough to be cur easily 
by a sharp knife, the transverse processes can be further 
shaved down on each side to the level of the foramina, so 
exposing the artery in its whole course, Both sides should 
be so dissected, the last stages being taken deeper and 
deeper with extreme care to remove the lateral walls of the 
canals without damaging the underlying vessel. Naturally, 
the crucial area is in the upper one or two vertebrae, but 
though laborious, this method provides the most elegant 
and convincing demonstration, 

Specimens should be taken of any obvious or suspicious 
breach in the wall for histological examination. The usual 
type of damage is either a frank tear of the intima and 
media, or a dissection that allows blood to track through 
the adventitia, 

"The papers by Vanezi 
Mant, among others, should be consulted for further 
details of the recommended procedures, but the above is 
a practical approach to demonstrating vertebral artery 
lesions. Once again, the relationship must be assessed of 
any tiny dissection, to the volume of blood found in the 
cranial meninges ~ and a decision made as whether this is 
more likely to be a concomitant injury to intracranial ves- 
sels rather than a solitary external vertebral artery lesion. 


jimonsen, and Cameron and 


HEAD INJURIES IN BOXERS 


It has become increasingly apparent in recent years that 
persons who indulge in boxing are at risk of both acute and 
chronic damage to their brains. In some countries, includ- 
ing parts of Scandinavia, both professional and amateur 
boxing is banned for this reason. The acute injuries are less 
common but occur during or soon after the fight itself 
‘A number of boxers have died in the ring or after removal 
to hospital and, in these fatalities, by far the most common 
lesion is a subdural haemorthage. Extradural bleeding 
almost never occurs, because boxing injuries rarely cause 
skull fractures. Occasionally a subarachnoid haemorthage 
may occur in rare cases where a berry aneurysm is present. 

Much attention has been paid to the chronic changes in 
boxers’ brains, which are very common and give rise to 
what is generally known as the ‘punch-drunk’ syndrome. It 
appears that the length of time for which a boxer has been 
involved in fighting is more important than the number of 
serious traumatic events he has suffered. It is a cumulative 
process and many episodes of minor head injury add up to 
produce the typical lesions described in the now extensive 
publications on the subject. 

"There are both anatomical and microscopic lesions in 
such brains, both in professionals and amateurs exposed 
vera number of years. The clinical symptoms do not concern 


the pathologist, but they are explained by the morphological 
abnormalities. Grosely affected brains may show some cortical 
atrophy and slight hydrocephalus; the septum pellucidum is 
characteristically perforated with enlargement of the cavum 
and tearing of the septal leaves. The fornices and adjacent 
corpus callosum may be thinned or torn, and throughout 
the brain substance there may be scars and patches of gliosis. 
Neurones are lost from the cerebellum and the substantia 
nigea, the latter often losing pigment. 

‘Another change that has intrigued neuropathologists is 
the development of an Alzheimer’-like condition, with 
neurofibrillary tangles throughout the cerebral cortex and 
brainstem, though no senile plaques are present. 


CEREBRAL INJURIES 


“Though bleeding or infected scalp injuries, depressed frac- 
tures, meningitis and substantial meningeal haemorthage 
can themselves cause death, in most fatal head injuries itis 
damage to the substance of the brain itself that is lethal 

In medico-legal practice itis sometimes difficult to con- 
vince lawyers that, in most instances, a victim does not die 
ofa simple fractured skull, but thar the fracture is evidence 
only of a substantial head injury, being a ‘marker’ for con- 
comitant brain damage, which was the real lethal lesion, 
Similar problems of communication exist with a fracture of 
the hyoid bone in strangulation, lay persons often being 
under the misapprehension that a broken hyoid isa mortal 
injury, instead of merely being an inconstant marker of 
pressure on the neck, 

“The neuropathology of brain damage isa large and com- 
plex subject, the more subtle varieties requiring both spe- 
alist techniques for demonstration and expert knowledge 
for interpretation. ‘The textbooks of Graham, Adams and 
Leestma are recommended for detailed description and dis- 
cussion of cerebral trauma. 

The mechanisms of production of some traumatic 
lesions are matters of conflicting theories, but the forensic 
pathologist still has to be aware of the general principles of 
causation in order 10 offer some interpretation of the 
injuries, 

‘As always, caution has to be employed, as both the 
pathological and clinical manifestations of a head injury 
may appear to be at variance with the degeee of force 
applied to the head. There isa wide range of lesions from a 
given insult co the head and itis dangerous to be too dog- 
matic in theorizing about the magnitude of an injury that 
gave rise the demonstrable lesions. 

Ic is similarly unwise to hypothesize too firmly about 
what clinical features must have occurred when the head 
injury was sustained — for example, quite severe head 
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injury (Reproduced from Greenfield's Neuropathology, 7th edn, 
2002 by kind permision of Armald.) 


injuries have been known to be unaccompanied by concus- 
sion, while other apparently slight damage has often been 
followed by prolonged unconsciousness even ending in 
death. The well-known aphorism of Munto (1938) must 
be kepe in mind that: ‘Any type of head injury can give rise 
to any type of intracranial damage.” 


The mechanism of brain damage 
‘The brain may be injured in the following ways: 


IH by direct intrusion, either by a foreign object such as a 
penetrating weapon, bullet or other missile — or 
fragments of skull in a compound fracture where the 
skull is disrupred. In these open wounds the 
mechanism of the damage to the brain is obvious, 
though of course it may be compounded by the second. 
type of injury described below 

1 by deformation of the brain in closed head injuries. 
Here the mechanism of injury is complicated and 


variable, with several competing theories of causation 
that have been put forward since the eighteenth century 
(Ledran 1751, Morgagni 1761). A public debate was 
held in 1766 in Paris, where rival theories of coup and 
contrecoup brain damage were hotly defended ar the 
Academy of Surgeons. 


‘The brain is almost incompressible and purely axial impact 
may give rise to litle or no damage. It is extremely rare, 
however, for an impact not to impart some rotatory 


movement and it seems agreed thar this component is the 
main culpric in causing brain damage, What is now clear is 
thar no actual blow or fall need be suffered by the head to 
cause severe and even fatal brain damage. Icis the change in 
velocity ~ either acceleration or deceleration ~ with a rora- 
tional rather than solely axial element, that leads to dam- 
age. The surface of the head need never contact any hard 
object or surface, though recent research indicates that the 
quantum of energy delivered by impact is of a far greater 
order of magnitude that non-impact violence, which les- 
sens the former conviction that shaking, as in child abuse, 
is a common and potent mechanism in the production of 
intracranial damage. 

In most head injuries ~ notably traffic accidents and fills— 
there is marked deceleration of the moving head on contact 
with a fixed surface but, in many criminal and combat 
injuries, the head is accelerated by a blow, In either case the 
initial sudden change in velocity is applied to the scalp and 
skull, the latter then transmitting the change co the brain 
via the anacomical suspensory system within the cranium, 
“This system is slightly flexible and consists of the falx and 
tenrorium, which divide the cranial cavity into three major 
compartments; these contain the two cerebral hemispheres, 
the cerebellum and the brainstem. When violent relative 
movements take place between the brain and the dura, 
forming the partitions of the cranium, the cerebral tissue 
can become damaged against both the sharp edges and the 
flac surface of these membranes. In addition, vessels travers- 
ing the subdural and subarachnoid spaces can be corn by 
such relative movements, especially in old people where 
cerebral atrophy may have widened these spaces. 

Among the competing theories of impact brain dam- 


age are: 


the rorational shear force theory 
the pressure gradient theory 

the vibration theory 

the transmitted wave force theory 
the brain displacement theory 
the skull deformation theory. 


"These hypotheses overlap and most are correct in some 
aspect. Because experiments on primates and mechanical 
models have been pursued vigorously in recent years, it is 
now widely accepted that there are marked pressure changes 
within the cranium on impact (Yanagida etal. 1989). When 
a head falls against the ground, pressure momentarily 
increases at the impact poine but falls co a negative value dia- 
metrically opposite. As these suction or cavitation effects are 
‘more damaging to neural and meningeal tissue than pressure, 
this is good evidence for claiming that contrecoup dam: 
largely a result of this vacuum effect. 
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‘The actual physical disruption of cerebral tissue is 
caused, according to both Gurdjian and Holbourn, by one 
tor mote of the following processes: 


1 compression of the constituent units, by their being 
forced together 

2. tension of the units, which pulls them apart 

3 sliding or ‘shear’ strains, which move adjacene strata of 
tissue laterally. ‘The usual homely example is given of a 
pack of playing cards being displaced, so that each card 
slides upon its neighbour. 


‘Transient deformation of the skull almost certainly con- 
tributes to brain damage (Rowbotham 1964). The area of 
the skull beneath an impact becomes momentarily depressed 
even ifit does not fracture and therefore may impinge on the 
underlying brain causing compression, as in 1, above. This 
is responsible for the typical cone-shaped contusions on the 
cortex, with the base atthe surface, asthe impact — possibly 
via short-lived oscillations of decreasing amplitude — injures 
the cortex and passes a diminishing force down into the 
deeper layers. 

Simultaneously, other areas of the skull must bulge out- 
ward to accommodate the deformation — the so-called 
‘struck-hoop’ action ~ when itis suggested thar a ‘rarefac- 
tion’ remote from the impact may cause tension damage, as 
in 2, above, 

More important is 3, being laminar deformity or “shear 
stress caused by the angular rotation of the head. As the head 
is pivoted on the first cervical vertebra, almost any impact on 
jaw, fice or cranium will produce an angular momentum, 
the acceleration being conveyed first to the skull 

Alternatively, if the head is moving and is suddenly 
arrested, then the skull will decelerate first and the momen- 
tum of the brain will cause it to continue in motion, again 
almost certainly with some rotatory component. 

In either the deceleration or acceleration mode, the skull 
and brain cannot change their velocities simultaneously 
and the brain will speed up or slow down only by virtue of 
the restraint provided by the dural septa and the configue- 
ation of the interior of the skull. In other words, the brain is 
either retarded or set into motion secondarily by the skull, 
especially by the dural septa and the bony prominences. 

“This restraint will occur first ~and with maximum effect— 
oon the most superficial layers of the cortex. These in turn 
will drag on the next deepest layer and so on until the dif- 
ference in velocity is equalized ~ but this will have been at 
the expense of laminar tearing of che cerebral tissue and its 
associated blood vessels. In addition to this shearing dam- 
age, the brain may be forced against the sharp edge of the 
tentorial opening and the lower edge of the fals, causing 
damage to the base of the cerebrum, the corpus callosum 
and the brainstem, Impact against the side wall of the skull 


and against the falx may cause diffuse contusion of the 
cortex. The cerebellum tends to suffer less damage, as itis 
‘much smaller and lighter than the cerebrum and there is less 
room for relative movement in the more rightly enclosed 
posterior fossa, The configuration of the interior of the cra- 
nium is thought to be partly responsible for the common 
localization of cerebral damage at the tips and undersurface 
of the frontal and temporal lobes. The rough floor of the 
anterior fossa, the sharp edge of the wing of the sphenoid 
and the massive bar of the petrous temporal bone are in 
contrast to the smooth inner surface of the vault of the skull. 


Cerebral contusion 


When cither linear or, more often, laminar stresses are 
applied to the cortex, this soft rissue may disrupt, Part of the 
injury is directly upon che neurocellular structure, but dam- 
age to vessels is an important component. If the cortex still 
retains its shape, but is bruised and swollen, this constitutes 
‘contusion’. A greater degree of disruption, sufficient to pro- 
duce macroscopic tearing, is termed ‘laceration’, but the dif- 
ference is only one of degree. In gross head injuries, such as 
crushing, missile wounds and other major penetration, the 
degree of laceration may lead to partial or even complete 
extrusion of the brain from the cranial cavity. 

In the usual type of cortical contusion seen in a closed 
head injury, the cortex is blue or red from haemorrhage, 
though if survival has lasted for some time, there may be 
added discoloration from associated cortical infarction, 
‘The haemorrhage may be diffuse or may be punctate and 
is often a mottled purplish red when confined to the cortex. 
Extension into the underlying white matter tends to be 
pure red in fresh lesions. ‘The lesion is often wedge-shaped, 
with the base on the surface, tapering away into the deeper 
layers 


Cerebral laceration 


Lac 


jon of the cortex is an extension in severity of contu- 
sion in which mechanical separation of the tissue can be 
seen. When widespread, but relatively superficial 
appears to have a ‘red velvet’ appearance, which becomes 
progressively more tatered as the severity increases. 


the cortex 


‘When ic is even more severe, the cerebral surface becomes 
fissured, fragments of cortex may detach and deep lacer- 
ations run into the depths of che hemisphere, sometimes 
reaching even the deep ganglia or ventricles. There may be 
deep haemorrhage and - especially in the frontal and tem- 
poral lobes ~ the lacerations may be continuous with areas 
of traumatic haemorthage. In cerebral lacerations and most 
contusions, the pia mater and often the arachnoid are torn, 
40 that blood fiom damaged cortical vessels leaks into the 
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subarachnoid and even subdural spaces. ‘The corpus callo- 
sum is commonly torn, especially at its posterior end. This 
must be distinguished from damage caused by clumsy 
removal of the brain ar auropsy (as must teats of the cerebral 
peduncles), bur when genuine, may represent either a guil- 
lotine effect of che free lower edge of the falx or differential 
lateral movement of one hemisphere relative to the other, 
again because of unilateral restraint by the falx. Lacerations 
and contusions are most often found in those areas of the 
brain where the cortex is most likely to come into contact 
with irregularities in the internal profile of the skull. The 
undersurface of the temporal lobes and the orbital surface of 
the frontal lobes suffer most often, 


‘Traumatic intracerebral haemorrhage 


Substantial areas of haemorrhage, either infiltrating the 
brain tissue of forming actual haemaromas, are common 
in severe head injuries. Some are primary, occurring at the 
time of impact or soon afterwards; others are secondary 
and caused by changes in intracranial pressure or bleeding 
into infarcts caused by vascular damage. These are all seen 
more often since artificial ventilation has been available, as 
victims of severe head injuries now survive longer so that 
there is time For secondary lesions to become apparent. 

In the cerebral hemispheres, deep haemorthage can be 
caused by coup of contrecoup mechanisms (see below) and 
may be situated anywhere within the hemispheres, They 
may rupture into the ventricular system or through the 
overlying cortex, In some severe contrecoup lesions, there 
say be large haematomas in one or both frontal lobes with 
overlying cortical contusion and laceration. ‘These may 
rupture through the cortex into the meningeal spaces, 
forming what is sometimes called a ‘burst lobe’. Such 
haemorrhages sometimes pose a problem for the patholo- 
gist when they occur in older subjects, especially those with 
hypertension and perhaps cerebral atherosclerosis. When a 
scalp injury is present ~ and perhaps even a fractured skull 
~ it may be difficult to decide if a head injury (such as a 
fall) was responsible for the cerebral haemorrhage, or 
whether a sudden ‘stroke’ caused by a natural cerebral 
haemorrhage resulted in the fll. The problem is discussed 
further in the chapter on natural death, but briefly, che 
presence of lefe ventricular (cardiac) hypertrophy, a history 
of hypertension and the site of the (usually solitary) haem- 
orthage tends to point to a natural bleed. This is especially 
so if the large size of the lesion seems inconsistent with the 
degree of head injury sustained, Hypertensive lesions tend 
to be in the thalamus, external capsule, pons and cerebel- 
lum, and are more ofien occipital than frontal or temporal. 
Having said that, on occasions ic can be impossible to dif- 
ferentiate the two conditions. 


Primary brainstem haemorrhage 


Secondary brainstem bleeding is dealt with under ‘cerebral 
‘oedema’ so here we are concerned with haemorrhage that 
‘occurs atthe time of injury. As mentioned above, hyperten- 
sive haemorthages not associated with trauma can occur in 
the midbrain, especially the pons. These tend to be large, 
explosive lesions that greatly swell the pons and disrupt the 
central part of the stem, usually with a ragged rim of white 
matter around the periphery. Traumatic haemorthage in 
the brainstem is often a wel-circumscribed lesion, some- 
times rounded, which lies laterally in the tegmentum, the 
shape of the midbrain being undistorted (unlike a second- 
ary bleed into an elongated stem), 

“The typical site is between the aqueduct and the outer 
end of the substantia nigra, Primary stem haemorrhages are 
usually associated with occipital impacts and the victim is 
‘often unconscious from the time of the injury, as opposed 
to the lucid interval and gradual decline of those who suffer 
secondary stem lesions because of a developing cerebral 
‘oedema or space-occupying meningeal haematoma, 


Coup and contrecoup damage 


Whatever the underlying mechanics of cerebral damage, 
‘one aspect is of considerable practical importance to the 
pathologist. When a mobile head is struck with an object, 
the site of maximum cortical contusion is most likely to be 
beneath or at least on the same side as the blow, This is the 
so-called ‘coup’ lesion. When a moving head is suddenly 
decelerated, as ina fall, though there might still be a ‘coup’ 
lesion ar the site of impact, there is often cortical damage 
‘on the opposite side of the brain ~ the ‘contrecoup’ lesion. 

"The mechanism of the ‘coup’ and ‘contrecoup’ injuries 
hhas long been debated — at least since the time of the 
Famous Paris meeting of 1766. The controversy has been 
continued, especially by Courville (1942) and by 
Holbourn (1943), but no satisfactory resolution has been 
agreed though the work on intracranial pressures by Yanagida 
eral. seems to provide proof that a ‘Yacuum’ occurs at the 
contrecoup site 

‘The following practical points should be considered: 


‘There may be no coup damage at all, only contrecoup. 
I There need be no fracture of skull, even in the presence 
of severe coup and contrecoup lesions. 

‘The most common site for contrecoup injury isin the 
frontal and temporal lobes. It is often at the tips and on 
the undersurface of these lobes, and may be 
symmetrical, ifa fall on the occiput has occurred, 

1H In temporal or parietal impacts, the contrecoup lesions 
are likely to be diametrically opposite on the 
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 Icis virtually unknown for a fall on the frontal 


region to produce occipital contrecoup. This is thought opposite side of the ipsilateral hemisphere from impact 
to be due to the anatomical configuration of the against the fabs cerebri 
floor ofthe cranium, but che reasons are by no means Ml ‘The degree of contrecoup damage may be severe, 
understood sufficient to cause blood-filled cavitation in the deep 
Ina temporal impact, the contrecoup damage may be cortex and underlying white matter, especially in the 
not be on the contralateral hemisphere, but on the frontal lobes and tips of the temporal lobes. 


Cerebral injuries 


BE With severe frontal contrecoup from a fall on the 
‘occiput, the transmitted force may be sufficient to 
fracture the thin bone of the floor of the anterior fossa. 
Such cracks in the roofs of the orbits may allow 
meningeal haemorrhage to seep into the orbits and 
appear as ‘lack eyes’ In assaults where a fall has 
occurred, care must be taken nor to artribute such 
periorbital bleeding co direct punches. 

Though contrecoup contusion is classically caused by 
deceleration ofa falling head, it can also occur when a 
fixed head is struck, Ifthe victim is already lying on the 
‘ground or against some other unyielding surface, a 
heavy blow on the upper side may cause typical 
contrecoup lesions either in the contralateral temporal 
‘or parietal cortex, or against the falx on the inner side 
of the ipsilateral lobe. In these circumstances, there is 
often coup damage as well. No external scalp injury 
need be visible. 

© The interpretation of contrecoup lesions is most 
reliable in the form of cortical contusions or 
lacerations, Meningeal haemorrhage, either subdural or 
subarachnoid, may also arise in association with a 
contrecoup lesion, but its diagnostic value is virtually 
nil compared with cortical damage when interpreting a 
falling or fixed head injury. Where no associated 
cortical contusion is present, itis quite unsafe to rely 
upon a unilateral meningeal haemorthage as an 
indicator of the type of head injury. 


Concussion 


Concussion is a clinical, not a pathological entity, but the 
pathologist must consider it, as it is related ro intracranial 
lesions and he is often questioned about it in court pro- 
ceedings. Concussion, according co Wilson (1946), is ‘a 
disorder of cerebral function which follows immediately 
upon the impact of a force to the head’. A more full defini- 
tion is offered by Trorter (1914): 'a transient paralytic state 
due to head injury which is of instantaneous onset, does 
not show any evidence of structural cerebral injury and is 
always followed by amnesia from the actual moment of the 
accident. 

Some neurologists would also include post-concussion 
symptoms within the definition of concussion, even in the 
absence of initial coma, following a head injury. There may 
also be evidence of depressed medullary function, which can 
affect cardiorespiratory action, Denny-Brown and Russell 
(1941) showed that the rate of change of velocity of the 
head was important in producing concussion, which rarely 
developed if the speed threshold was less than ~8.5 m/s 
(28 fils) 


Iisan extremely common, but not inevitable, sequel to any 
significance mechanical insult to the brain, Though in general 
terms its duration is loosely related to the severity of the injury, 
there are many exceptions. Gross skull and brain damage have 
occurred with litle oF no apparent concussion, though con- 
‘cussion may be so transient that che subject may not even fall 
to the ground. Relatively minor head injuries have gives 
prolonged unconsciousness so, once again, ic is most unwise to 
be dogmatic about retrospective estimates of concussion, 


‘There is considerable controversy about the cause of 
concussion, from the unacceprable ‘traumatic neurosis! on 
the one hand (which cannot be true) to claims for the 
inevitable demonstration of physical lesions on the other. 

Courville (1953) has discussed the condition in depth 
and there seems to be no reason to doube that some 
‘mechanical process does temporarily disrupr the function, 
iF nor necessarily the structure, of the neuronic apparatus. 
Changes in the nucleus and cytoplasm of neurones, the 
composition of the cerebrospinal fluid and in the electro- 
encephalograph have all been inconstantly reported (see 
“Diffuse neuronal and axonal injury’ below). 

“True concussion may last for seconds or minutes. If pro- 
longed unconsciousness extends into hours, days or longer, 
then there is likely to be some structural brain damage. 
Occasionally what appears to be simple concussion proves 
to be fatal, causing respiratory paralysis, though at autopsy 
no significant lesions are found. 

‘Where a victim of ‘simple’ concussion dies of some inci- 
dental non-neurological condition, autopsy usually reveals 
no macroscopic damage, though sometimes there is slight 
cerebral oedema and scattered non-specific petechial haem- 
orthages may be found. There seems to be a connection 
between concussion and rotatory movements of the head, 
‘which are usually responsible for obvious structural damage 
because, when a head is fixed before impact, loss of con- 
sciousness may not occut. ‘The classic example is trapping 
ofa head against a wall or being jammed between buffers. 

"Thar shear stresses are instrumental in causing neurone 
damage seems confirmed by the frequency in which concus- 
sion occurs in boxing contests, where a blow on the jaw is the 
ultimate in producing a rotational movement of the cranium. 

‘Concussion may he followed by a ‘post-concussion state’ 
characterized by headaches, unsteadiness and anxiety. This 
seems a genuine phenomenon, though it has been pointed out 
thac it may be overlain by a ‘compensation syndrome’ whilst 
<ivil litigation is in progress over responsibility for the acci- 
cent, which often clears up rapidly once the claim is settled. 

Retrograde amnesia is almost inevitably associated with 


concussion, though, like concussion itself, it may be so 
transient as to escape notice. A protective mechanism, it 
seems to he caused by loss of sensory input before the latter 
is transferred to permanent memory storage in the brain, 


209 


5: Head and spinal injuries 


Though commonly only of minutes’ duration, it can 
extend to several days before the head injury. Though 
there is often a later recovery of much of this lost period, 
the memory of events immediately before the incident 
rarely returns, which may fortuitously be a protective 
device. Concussion has been attributed to several causes, 
including the undoubted vasomotor disturbances that take 
place after a head injury. Another theory is the impaction 
of the brain into the foramen magnum or tentorial open- 
ing, bur the most acceptable hypothesis is ‘diffuse neuronal 
injury’ 


DIFFUSE NEURONAL AND AXONAL INJURY 


According to Graham et al, (2002), diffuse brain damage 
exists in four principal forms: diffuse vascular injury, dif- 
fuse axonal injury, hypoxic brain damage and diffuse brain 
swelling. Diffuse vascular injury consists of multiple small 
haemorthages throughout he brain and is. vietually 
restricted t0 patients, who die within 24h, whereas the 
latter three are encountered in patients who survive long 
enough to reach the hospital, Recent research and new 
immunohistochemical methods have shown that traumatic 
axonal injury is much more common than previously realized, 
and that axons can also be diffusely damaged by other 
processes than head injury. Therefore, Geddes er al. (2000) 
suggested new definitions of the terminology to get rid of 
the incoherent use of terms in the literature: 


Axonal injury (AD) is a non-specific term referring to 
damage to axons of any aetiology. 

Traumatic axonal injury (TAL), is a damage co axons 
caused by trauma, which may vary from small foci of 
axons to more widespread brain damage, diffuse TAI is 
the most severe form of traumatic axonal damage 
(originally termed "DAL). 

(Diffuse axonal damage (DAl), first described as a 
clinicopathological syndrome of widespread axonal 
damage throughout the brain, including the brainstem, 
should not be used as a term without reference to the 
aetiology, because axonal injury may be caused by other 
pathological processes. 


Experimental work has suggested that diffuse axonal injury 
is primarily a non-impact rotational acceleration-deceleration 
phenomenon, deformation by stretching probably being the 
‘most significant factor. A low level of injury causes transient 
changes in the permeability of the axolemma, gradually lead- 
ing to ionic changes, accumulation of fluid and axonal 
swelling and eventually, with an increasing grade of injury, 
intracellular Ca** accumulation, proteolysis and collapse of 
the cytoskeleton, 


The disruption of axons leads to bulbous and clubbed 
“retraction balls or globes’ on the axons in the cerebral hemi- 
spheres, cerebellum and brainstem. Disturbance of axonal 
transport causes accumulation of substances in damaged 
fibres, thar can be demonstrated immunohistochemically. 
At present, B-amyloid precursor protein (BAPP) is consid 
ered to be the most reliable indicator of axonal damage, 
revealing axonal injury within 2-3 hours of che insult, 
whereas it takes about 12-18 hours for axonal bulbs to 
become visible on routine oF silver stains. However, one 
should keep in mind that BAPP is nor specific to head 
injury but is an indicator of derangement of fast axonal trans- 
port, which has also been demonstrated in other pathological 
conditions. 

It's preferable to examine the brain after proper fixation, 
usually after 10-14 days in 4 per cent buffered formalde- 
hhyde and, where possible, consultation with a neuro- 
pathologist with experience in forensic practice. Due to the 
diffuse nature of the axonal injury, extensive and systematic 
sampling is essential, as the diagnostic yield is directly 
relaced t0 the number of blocks taken. In addition to any 
obvious focal pathology, the minumum set of samples should 
include corpus callosum and parasagittal posterior frontal 
white matter, splenium of the corpus callosum, deep grey 
matter to include posterior limb of the internal capsule, 
cerebellar hemisphere, midbrain including the decussation 
of superior cerebellar peduncle, and pons including superior 
or middle cerebellar peduncles. In addition to these, it may 
also be advisable to include corpus callosum and parasagittal 
anterior frontal white matter and temporal lobe including 
hippocampus (Geddes etal. 2000). 

Retraction globes are most numerous in the corpus callo- 
sum, che superior peduncles, the parasagittal white matter, the 
medial lemnisci and the corticospinal tracts, but can be seen 
anywhere in the white matter. The retraction globes or axonal 
bulbs have been shown to lose positive staining for BAPP afer 
about a week but to persist in adjacent varicose axons up to 
30 days. After some weeks in those who survive long enough, 
clusters of microglia, presumably part ofa repair process, con- 
gregate at the site of ruptured axons. These are best seen in 
201m thicker sections stained with cresyl violet. One prob- 
lem with the microscopic evidence of both microglial clusters 
as well as diffuse axonal injury (as demonstrated by BAPP 
expression), is that neither of them is specific as a marker for 
trauma: retraction globes may also be seen around the periph- 
ery oF natural lesions such as cerebral infarcts and. haemor- 
rhages and microglial clusters have been reported in viral/ HIV 
encephalitis, previous global hypoxia and far embolism, 
Geddes et al. (2000) conclude in their excellent review that 
‘the demonstration of traumatic axonal damage is likely to be 
Of limited use in most forensic situations, except perhaps to 
cconfiem that there has been a head injury. 
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Swelling of the brain tissue may be a local phenomenon 
around almost any lesion, be it contusion, laceration, 
tumour oF infarct, but here we are more concerned with 
generalized oedema. Swelling of the brain is extremely 
common after a substantial head injury, especially in chil- 
dren, Though itis an almost inevitable accompaniment of 
almost all intracerebral damage as either a local or general 
phenomenon, it can occur as the sole abnormality ~ and 
not infrequently prove fatal, particularly in young victims. 

‘Oederna may well be related to diffuse neuronal injury and 
{0 concussion itself. It is the most common cause of raised 
intracranial pressure, being seen more often than localized 
space-occupying lesions such as haemaromas and tumours, 
though of course these often coexist with cerebral oedema 

As with concussion, its cause is obscure and hence is the 
source of considerable controversy. The amount of fluid in 
the brain increases and the total weight may increase by at 
least 100 grams, mainly in the white matter. The site of the 
excess fluid is obscure, as the cut brain surface does nor 
appear wet as do connective tissues elsewhere in an oedema- 
tous body. It was formerly thought thar there was no true 
extracellular space in neural tissue and thar the fluid must 
therefore be intracellular, but electron microscopic studies 
have revealed an extracellular compartment, which is much 
wider in the white matter (up to 801m) than in the grey 
matter (up 10 20m), which explains the preference of 
oedema for the white matter. 
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"The autopsy features of cerebral oedema are readily recog- 
nized. On removing the calvarium, the dura is stretched and 
tense, the brain bulging through the first incision in the 
membrane, The gyri are pale and flattened, and the sulci 
filled, giving che normally corrugated cerebral surface a 
smoothness that can easily be felt at autopsy. The cut sur- 
face is pale and, especially in children, the ventricles may be 
reduced to sits by che swelling of the adjacent white matter. 

Severe cerebral oedema causes the larger volume cerebral 
hemispheres to press down upon the tentorium and herni- 
ate through the midbrain opening. ‘The hippocampal gyrus 
‘may impact in the opening, lesser degrees causing grooving 
of the unci, Both these effects may lead to haemorrhage 
and necrosis at the sites of pressure, especially where the 
sharp edge of the tentorium cuts into the cerebral tissue. 
‘The tonsils of the cerebellum may be impacted or ‘coned? 
into the foramen magnum, and sometimes are forced down 
into the upper part of the spinal canal. ‘The pathologist 
must be careful not to mistake the normal anatomical 
‘grooving thac ofien exists around the cerebellar tonsils for 
‘coning’. There should be other signs of brain swelling and 
true tonsillar herniation will show discoloration or even 
necrosis of the ischaemic, trapped tissue. 

Cerebral oedema may be the only intracranial abnormal- 
ity found at autopsy after a substantial head injury has 
occurred. ‘This seems to be more commonly found in chil- 
dren and, in the absence of any other demonstrable lesions, 
the cause of death has to be attributed to this swelling of 
the brain, compressing the vital centres in the brainstem, 


Obviously, many other cases of cetebral oedema resolve 


either spontaneously or with treatment, so that fortunately 
‘no opportunity arises to prove its existence by post-mortem 
examination. Such oedema is, however, not infrequently 
found during surgical exploration for a meningeal haemor- 
shage, the latter sometimes being presented though often 
only brain swelling is demonstrated. 

Cerebral oedema may be self-potentiating, in that once 
i begins as a resule of direct brain trauma, the consequent 
rise in intracranial pressure then impairs the venous return 
from the intracranial sinuses. ‘The pressure is insufficient to 
restrict the arterial inflow, so further congestion and 
swelling occur. ‘This may lead to worsening cerebral 
hypoxia and oedema to the stage of actual cerebral infarc 
tion and brain death — again, a distressing common syndrome 
seen especially in child victims of head injuries, usually 
from road accidents 

In addition to mechanical damage, cerebral oedema can 
be caused or worsened by hypoxia. Many head injuries may 
be associated with damage to other parts of the body, such 
as the thorax — and because the airway may be compromised 
in many unconscious victims, there may be an element of 
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brains 


hypoxia in a considerable proportion of cases of cerebral 
oedema. Capillary permeability may be increased in a 
number of states, leading to weakening of the so-called 
blood-brain barrier’ formed by the capillary endothelium 
and basement membrane, together with the astrocyte foor 
plates. Cerebral oedema, either traumatic or hypoxic, can 
develop with surprising rapidity, especially in children 
Macroscopic evidence of brain swelling can be seen at 
autopsy in cases where the interval between trauma or 
onset of hypoxia and death was less than one hour 

Several methods are available co reverse oedema, includ. 
ing hyperventilation, which acts by providing full oxygen: 
ation and reducing the peripheral carbon dioxide tension, 
thus causing constriction of arterioles and a reduction in 
brain volume and transudation, 


HISTOLOGICAL DIAGNOSIS OF 
EARLY CEREBRAL HYPOXIA 


Unfortunately for the pathologist, most of the hypoxic 


conditions seen in forensic practice cause death too quickly 
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‘opened up and flooded the bridge with low density byper- 
space energy. The metal rivets softened and pulled out of the 
plates holding down the suspension cables. Thus the road- 
‘way tilted to one side and all the cars fell into the river. 


[0013] | Ifyou look at the quarried granite polygonal mega 
Iithie stone blocks that were used to build Machu Picchu, the 
blocks are put together as though they were soft putty. They 
fit together perfectly. Machu Piechu, or Great Picchu, is the 
‘Quichua name fora sharp peak which rises ten thousand feet 
above the sea. How this was achieved is described in my 
patent application Rotating Magnetic Vortex Generator 
Which shows that rotating permanent magnets can ereate a 
‘wormbole between space and hyperspace. The low density 
hyperspace energy then floods the block as to make it 
‘weightless. The block is then floated up from the quarry 
‘which is 2500 feet below Machu Picchu. The hnge 1000-ton 
blocks found in the platform at Baalbek in the Cedar 
Mountains of Lebanon were also lifted into position in this 


[0014] Using a technique called Chi Kung breathing, not 
necessarily known tothe Chinese, one of our researchers has 
been able to levitate himself to a height of six feet. He might 
have gone higher but he lost his balance and his arm touched 
‘2 nearby metal pipe. He then floated back to the ground 
‘Contracting the abdominal muscles causes hot air o rise in 
the lungs while at the same time cold air is inhaled through 
the nose, This combination of hot and cold air mixing 
together creates environmental oscillators having a tempera- 
ture fluctuation. This changes Planck's constant such that the 
body goes out of dimension and low density hyperspace 
‘energy fills the body. 


[0015] ‘The final example comes from Biblical times. Jesus 
‘and his father Joseph were both carpenters. A chair that 
Joseph had made for a client was found to be too small. So 
Jesus placed his hands on either side of the chair and 
stretched the chair to fit, The phrase in Spanish is “mas sila” 
which means that Jesus made more ebair. Inthe dictionary, 
the Spanish word for putty is “masilla.” The reason that 
Jesus could do this is that he passed hyperspace energy 
through his hand vortices which softened the wood. See my 


nal K field that can rotate pendulum 
‘around in circles. This solenoidal field corresponds to the 
magnetic H field. The electric field corresponds othe linear 
sravitational g fied The equations ae identical for both sets 
Of fields. I Jeamed that Jesus actually reineamated here on 
Earth in onder to identify the planet on which the battle of 
Revelations would take place 


[0016] In summary, these are some examples as to how 
Tow density hyperspace energy can soften and break the 
bonds of atoms and molecules. 


[0017] As mentioned previously, the astronomical obser- 
vations suggest thatthe structure of the universe is related to 
the tetrahedron. Referring to FIG. 4, the comers of a 
tetrahedron circumscribed by a sphere, touch the sphere at 
‘an angle of 19.47122063°. The ratio of the area-to-volume 
ratio of the sphere to the area-to-volume ratio of the tetra 
hhedron is Y4 which is the magic ratio in physics. The 
aresin() is 19.47%. 


[0018] Inonder forall the physics constants to be projected 
into our universe and the co-imensional hyperspace dimen- 
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sions, there has to be a tetrahedral subspace manifold. The 
‘only mathematical function which allows multiple rotations 
‘of the complex plane is the logarithmic function Log{z} 


[0019] Referring to FIG. 5, the complex number z in the 
‘complex plane is equal to x#1 y where x and y are real 
constants and F=-1. The complex number z can also be 
‘written in terms of a radius and an angle 


sor tall 0) 


Because the angle can rotate more than once in 2 m 
multiples, the complex number z is actually 
sor Expl 0028 0} 
Teking the logarithm of z 
LoglshLoglH@+2am) 

[0020] Referring to FIG. 6, it can be seen that it is not 
possible fo go around multiple times on the same surface due 
to a branch cut along the origin where Log{0] is undefined 
‘What happens is that as you rotate around on surface (4) and 
eet fo the origin, you go down along the branch (5) to the 
next hyperspace plane (6). Thus the universe is composed of 
‘many hyperspace co-dimensions. From personal experience, 
Testimate that the distance separating the two dimensions is 
about 3 meters when I was looking into another dimension 
at the man waving at me. The physies is even more com- 
plicated because there is @ Lorentz dimensional transforma 
tion in which higher dimensions appear smaller and lower 

fimensions appear lager. Inone case [was looking at ahuge 
‘mothership at a much higher dimension and it looked like a 
tiny toy model spacecraft, They fired a laser cannon at me, 
and I then curved space which made the beam change 
course. You ean see why I was awarded the four horses. 


[0021] ‘The antilog of Log{7] is 


clvagatl 


where the angle is the angular frequency « times the time t 
‘The subspace geometry remains stationary or fixed, but the 
projection of the antilog into our dimension generates @ 
system which is frequency dependent. This is Why We get 
‘oscillating fields. 


[0022] From Einstein's General Theory of Relativity, iis 
known that various kinds of energy can curve spacetime 
such as mass, electromagnetic fields, angular momentom 
and electrical charge. The elemental spacetime length ds in 
cylindrical coordinates {13.0.2}, known as the Schwarzs- 
child metic, shows that spacetime can be curved using mass 
M and charge Q 


‘where you can see that the elemental 
‘mass M and the elementary radius dr is reduced. 1 have 
actually experienced this time dilation in which, as I was 
{jumping into hyperspace, I was hit by a car which broke my 
‘shoulder. When I eame back into dimension which appeared 
to bea few seconds later, I found that I had an 8-inch blood 
ring down the right side of my chest. My shoulder blade, 
‘which sticks up about two inches, is still broken to this day 


Secondary brainstem lesions 


for any recognizable histological changes to develop. Acute 
deaths from strangulation, suffocation and choking occur 
within minutes or less, even excepting the sudden vasovagal 
type of cardiac arrest. 

"There are, however, occasions when a longer period of 
survival occurs after an acute hypoxic episode and in some 
of these there may be the opportunity to detect histological 
changes in the central nervous system. Probably ami 
imum of 2-4 hours of survival is necessary for unequivocal 
changes to be observed, though some neuropathologists 
claim co detect signs after as litle as 1 hous, More cautious 
investigators prefer 4 hours as the minimum. A short post- 
mortem interval is a considerable advantage in searching 
for these changes, as they are subtle and can be overlaid by 
post-mortem autolysis, even if the later is slight. 

Ic may be helpful co seek the assistance of a neuropath- 
ologist in detecting or confirming the relatively minor 
changes seen in a brain affected by hypoxia, bur with 
experience, a good knowledge of the normal appearances 
and a laboratory that is able ro turn out constantly good- 
quality sections and uniform staining, any forensic patholo- 
gist can build up a considerable expertise in this localized 
aspect of neuropathology. ‘The parts of the brain most sui 
able for seeking evidence of hypoxic damage are the hip- 
pocampus (especially Sommer’s area), the cerebellar foia, 
the globus pallidus in the basal ganglia, and the boundary 
aones of the cerebral cortex where the grey matter is most 
vulnerable because it lies at the terminal reaches of the 
arterial supply (for example, at the occipitotemporal junction 
where che watershed berween middle and posterior cerebral 
arteries lies). The third and fourth cortical layers are best for 
displaying the histological changes of hypoxia 

The following isa summary of the stages and changes that 
may be seen using different staining methods. The brain 
should be prefixed by suspension in formol siline for several 
weeks, though if chs is impossible, small blocks should be 
‘wer-cut from the target areas of the brain mentioned above 
and immediately fixed in a large volume of formalin. 


Stage 1 


‘The earliest change is microvacuolation in the neurone 
cytoplasm, which may be seen in 2~4 hours. The cell out- 
line remains smooth and its size is normal but, internally, 
small vacuoles appear in the cell body, and che proximal 
parts of the axon and dendrites. ‘There may be a slight 
eosinophilia in haematoxylin and eosin stains and a violet 
colour in Luxol Fast Blue 

the microvacuolar change is said co begin ea 
‘small neurones and last for a shorter time, being present for 
up to 4-6 hours afier insult in large cells and 2—4 hours in 
cerebellar Purkinje cells, though these times are arbitrary. 


Stage 2 


In the next stage, more prolonged hypoxia causes distortion 
in che shape of the neurones, the cell body becoming 
shrunken and staining darker with aniline dyes. ‘The Niss! 
‘granules become fine and are dispersed more widely through- 
‘out the cell, Some vacuoles remain, the cytoplasm shows 
marked eosinophilia in haematoxylin and eosin, and is bright 
blue to mauve in Luxol Fast Blue stain, ‘The nucleus becomes 
triangular and may be placed eccentrically in the cell body. 
The nucleolus becomes obscured and the nucleus stains a 
darker blue than normal with Luxol Fast Blue. This change is 
seen afier up co 6 hours survival or later in large cells, 


Stage 3 

The ischaemic cell stage, described last, becomes worse 
during the following day or two if survival continues. The 
cell shrinks further, becoming narrow and tapered in many 
cases. Eosinophilia and blueness when stained with Luxol 
Fast Blue persists, but small spherical or irregular bodies 
begin to adhere to the exterior of the cell membrane. These 
incrustations persist longer than the remnants of the cyto- 
plasm, which vanish, leaving the bare nucleus. ‘The dark, 
shrunken nucleus becomes more apparent and survives for 
a number of days before karyolysis occurs. 


Stage 4 


Homogenizing cell damage is best seen in the Purkinje cells, in 
which the cytoplasm is uniformly eosinophilic with no Niss! 
‘granules, The nucleus stays dark and triangular unc ic vanishes 
and leaves pale ‘ghost’ ofthe cell body with a vague perimeter. 

‘There are parallel changes in the glial elements as well asin 
the neurones, From 4 to 12 hours aftera hypoxic insult there 
may be an increase in the number of astrocytes around dam- 
aged neurones. There is a proliferation of astrocytes (which 
show mitoses) some 4-6 days later if the patient survives 
This is most noticeable in the cerebellum and persists for 
10-14 days. Fibrous astrocytes proliferate, but not the oligo- 
dendroglia, Microglia transform inco rod cells, which may lie 
at right angles to the edge of the cortex, radially in the hip- 
pocampus and in the molecular layer of the cerebellar cortex. 
A later stage of cerebral hypoxic damage isthe accumulation 
Of lipid droplets and scavenging of myelin. Groups of 
microglia around dead neurones (neuronophages) may be 
obvious even ar lower powers of the microscope. 


SECONDARY BRAINSTEM LESIONS 


When severe brain swelling (or a space-occupying lesion 
such as a large subdural or extradural haematoma) causes 


5: Head and spinal injuries 


raised intracranial pressure above the tentorium, amongst 
the possible sequelae is compression of the midbrain against 
the free edge of the tentorium. This may be unilateral, ca 
ing grooving of a cerebral peduncle (called “Kernohan's 
notch’) associated with subpial petechial haemorrhages and 
often hemiplegia. When symmetrical, the oedema forces the 
undersurface of the cerebrum against the tentorium so that 
the hippocampal gyrus is squeezed into the opening. This 
elongates the midbrain in an anteroposterior direction as 
well as grooving the uncus and, in extreme cases, infarcting 
part of che parshippocampal gyrus. In addition, the distor- 
tion stretches, and compresses the paramedian and nigral 
vessels thar supply the midbrain, leading co haemorrhages 
and infarcts in the upper pons and midbrain, Damage to 
cranial nerves and 10 the circulation of the cerebrospinal 
fluid may be added complications. The calcarine cortex on 
the medial aspect of the occipital lobe may be infarcted by 
the posterior cerebral artery being trapped around the edge 
of the tentorium by the cerebral herniation. 

Secondary lesions are almost exclusively midline or para- 
median haemorrhages, or haemorrhagic necrosis placed cen- 
rally in the upper pons and midbrain, though some may be 
obliquely placed in the substantia nigra. They may be difficule 
to distinguish from primary brainstem haemorrhages that 
arise at or soon afier the original head injury — the secondary 
lesions tend to obscure the primary, rather than the converse. 
In children, the typical stem haemorthages may not be 
present as in adults, but instead the medulla oblongata may 
be buckled or kinked due co fixation of the upper spinal cord 
by the denticulate ligaments (see work by Crompton). 


SPINAL INJURIES 


‘The spine and head should be thought of as part of the 
same system in relation to trauma. In recent years, a closer 
association ~ both skeletal and neurological — has been 
acknowledged between the two structures. For instance, 
interruption of ascending fibres in the cervical cord has been 
shown to be associated with neuronal chromatolysis in the 
brainstem and Spicer and Strich have shown that haemor- 
shage into spinal root ganglia may be associated with head 
injury. Electroencephalographic changes have been shown 
0 occur in half the victims of cervical spine whiplash injury. 

‘Though all segments of the spine are vulnerable co 
trauma, the cervical part holds the most interest for the 
forensic pathologist, mainly because of its close association 
with head injuries and vehicular accidents, The upper two 
cervical vertebrae provide mast of the rotational movement 
of the head, whilst the lower neck allows flexion and exten- 
sion. Violent force applied to the head tends to damage 
those parts of the neck corresponding with this functional 
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distincti 


|. Spinal damage may be caused by compres- 
sional, hyperflexion and hyperextension stress, 


Compression damage 


‘This occurs when the victim falls rom a height either onto 
his feet or his head, though in the latter case, head injuries 
may overshadow damage to the spine, as well as absorbing 
‘most of the impact. 

When a person fills a long distance onto the feet, the 
kinetic energy of the deceleration may be absorbed by frac- 
tures of the feet, legs and pelvis, bur can be transmitted up the 
spinal column. This can be fractured at one or more points, or 
the force may cause the upper cervical spine to impinge on the 
base of the skull and cause a ‘ring fracture’ around the fora- 
‘men magnum as the spine is rammed into the posterior fossa. 

A fall onto the head may also cause the ‘burst atas'injury, 
where the impact of che occipital condyles in an axial direc- 
tion wedge the superior arlantal articulating facets apart and 
split the ring of the vertebra. The posterior arch can also be 
fractured in hyperextension by compression between the 
‘occiput and the posterior spine of the axis. 

Compression fiactures of vertebral bodies may occur, 
most commonly in the lower dorsal and upper lumbar zone, 
particularly 12 and Lt. ‘There is less chance of spinal cord 
injury compared with the angulation injuries described 
below, unless posterior extrusion of a disc or backward dis- 
placement of fragments of a disrupted vertebral body occurs. 


Hyperflexion and hyperextension 
injury 


Of the two, hyperextension is much more dangerous in caus- 
ing spinal damage, possibly because flexion is protected by 
contraction of the strong posterior neck muscles, whereas the 
‘weak anterior longitudinal ligament is incapable of preserving 
the integrity of the cervical spine during hyperextension. In 
frontal or rearward motor vehicle crashes, which comprise 80 
per cent of accidents, there is usually a hyperflexion and hyper- 
extension component to the spines of the occupants, though 
head restraints and seatbelts restrict the range of movement, 

‘Where a car undergoes violent frontal deceleration, the 
subject's head will swing down into hyperflexion and, 
unless restrained, will chen strike the fascia or windscreen, 
and rebound into hyperextension, 

‘When the vehicle is struck from the rear, the head will 
fly into hyperextension first unless a head-rest is available; 
such collisions often then smash the vehicle into the one in 
front, when a deceleration hyperflexion takes place. 

‘Whatever the cause, a whole range of lesions can follow, 
both in the cervical, and to a lesser extent into the thoracic 
and lumbar segments, Bleeding into the surrounding muscles, 


Spinal Injuries 


FicuRE 5.46 Crushing of a thoracic vertebral body with 
disintegration ofthe adjacent dire following a violent hyperflesion in 
«a car driver sustaining a deceleration injury. These lesions are bert 
displayed at aucopsy by curing a longitudinal slice down the 
anterior aspect ofthe spinal cluran with an electric sans 


rupture of the anterior longitudinal ligament, and tearing of 
intervertebral discs and of the annulus fbrosus may occu. 

Nerve roots may be torn or compressed, and the spinal 
canal may be narrowed, distorted or even almost oblit 
ated by fracture dislocations of the vertebrae. Compression, 
ischaemia, haemorthage and even pulping of the spinal 
cord is the most serious complication. In older persons 
with cervical spondylosis, further narrowing of the canal by 
trauma may cause neurological effects that would nor occur 
in younger subjects. 

‘The most common part of the spine to be injured is the 
region of the upper two cervical vertebrae. In a series of 
fatal motor car accidents reported by Mant (1978), 35 per 
cent of passengers and 30 per cent of drivers suffered cervi- 
cal spine damage. Of hese the most common was a dis- 
location of the arlanto-occipital joint and Mane claims that 
one-third of all victims of fatal motor vehicle accidents 


suffer this lesion, even though it is often undetected at 
autopsy. The mechanism of Fracture of the atlas is said to be 
an axial impact via the head, when the occiput is held 
rigidly in line with the spine by contracted neck muscles. 
This most frequently occurs when the vertex of the lowered 
head violently strikes the windshield of a decelerating 
vehicle, Fracture or dislocation of the atlas or fracture of the 
‘odontoid of the axis can all occu fiom this type of impact. 
Hyperextension injuries tend to force the vertebral body 
forwards and, if there is significant displacement, the arch 
is intruded into the spinal canal with the consequent risk 
‘of cord damage. In addition, hyperextension — especially in 
the presence of cervical cord enlargement ~ can cause the 
ligamentum flavum to corrugate and intrude into the 
anterior part of the spinal canal ro impinge upon the cord. 
When the injury is due to hyperflexion, dislocation of a 
vertebra causes it (or its fragments) to tlt backwards, again 
compromising the lumen of the spinal canal 

Dislocation of cervical vertebra can occur under many 
conditions. An anterior dislocation can be caused by a 
fall onto the back of the head and a unilateral dislocation 
is common when a head strikes a windscreen. Posterior 
dislocation may be caused by blows to the jaw or face that 
jolt the head backwards with a hyperextension element. 
Falling onto the face, especially from a height (such as down 
a staircase), isa likely cause. Fracture of the odontoid peg of 
the axis can occur from a variety of violent movements of the 
head on the neck, and is sometimes associated with fracture 
of the skull or mandible, Where gross injury to the spinal 
column is inflicted ~ such as a relatively high-speed motor 
vehicle or railway accident — the cord may be transected by a 
{guillotine action of the two displaced fragments. ‘This is most 
‘often seen on the upper or mid-thoracic region, from direct 
impact or gross ‘whiplash’ effects. ‘The thoracic aorta at this 
level is ofien torn at the point where che descending arch 
meets the spine, even in the absence of a spinal fracture, 

Damage to the cervical spine in hanging is rarely seen in 
the usual suicidal hangings in which sudden death is caused 
by carotid compression or ~ much less often ~ asphyxia, The 
drop in such cases is small or even absent, the subject merely 
slumping his weight against the neck restraint. Spinal dam- 
age can occasionally occur, however and the author has seen 
a fractured neck when a heavily built soldier stepped from a 
lavatory seat with the rope attached to the overhead cistern. 

Judicial hanging with a long drop causes a severe fracture 
dislocation (rather than fracture) of the cervical spine, often 
‘with complete severance of the pwo fragments and transection 
‘ofthe spinal cord. Where such hanging is carried out with the 
knot of the suspension point beneath the chin, a violent 
hyperextension is produced thar often fractures the axis and 
dislocates it from the third cervical vertebra, With a heavy 
person and a long drop, there may be complete decapitation, 
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5.47 Crushing and transection of the lower spinal cord 


lowing a byperflesion facture of the lower thoracic vertchnae. The 


spinal cord end at abo 


ower border of the first lumbar 


vertebra, the cauda equina occupying the remainder ofthe lumbar 
before death, and the 
ae 


‘be pinned out and fised 


spinal canal. This injury occurred several y 


dura is constricted and adherent tothe remnante ofthe 


autopsy the cord and its membranes dl 


fora proper examination to be made 


Spinal cord injury 


Most damage to the spinal cord arises from intrusion of 
some patt of the spinal column into the canal, be it bony 
fragments or displacement, ligamentum flavum, dise ann: 


lus or extruded nucleus pulposum. 


spinal injuries 


There may be bleed 


ig into the space outside the spinal 
dura causing a space-occupying lesion in che canal that can 
compress the cord, or bleeding may occur within the dura, 
either from ruptured vessels or from haemorrhage in the 
cord itself, Damage to the cord may also occur in the 
absence of any apparent intrusion into the canal, in a man. 
ner similar to that seen in the brain in closed head injuries 
withour a fracture, Haematomyelia and oedema may 
develop without any obvious mechanical defect at that level 
in the spinal column. Such injuries must be attributed to 
some momentary collision of the cord against the wall of 
the canal or a transient deformity of the profile of the canal 
thar did nor exceed the chreshold for either fracture, dis 
location or ligament rupture of the vertebral column, 

The damage in the cord may extend for several segments 
above and below the point of impact. A haemorrhage within 
the cord tends to occupy the central prey matter more than the 
White columns, because of the softer and more vascular nature 
of the former tissue. Infarction of the cord can occur either 
in association with contusion, or because the local blood 
has been damaged 
‘An originally firm cord may undergo liquefaction 


supply — often the ancerior spinal artery 


(onyelomalacia’) over several days or even longer, with pro: 
gressive worsening of neurological symptoms. 
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be inflicted on any part of the body. In forensic practice 
certain areas are particularly vulnerable or have special 
medico-legal significance. Head injuries are so important 
that they have been discussed in a special chaptes 
consideration will he given to other regions, especially the 
chest and abdomen, 
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Damage can be sustained to either the chest wall or to the 


FORENSIC ANATOMY 


‘The most important aspect is the relationship of the vis 
ceral contents to external landmarks, This is best described 
by reference to diagrams, where the relationship of pleural 
cavities, lungs, heart, mediastinum and diaphragm is 
depicted, It should be appreciated chat, from the forensic 
aspect, the spleen and most of the liver and stomach are 
thoracic organs in thar they lie largely beneath the costal 
margin, and are vulnerable to both stabbing and blunt 
Injury co the chest. 

Penetrating injuries, especially by knife to the lower lateral 
wall of the thoras, may enter the peritoneal cavity as well as 
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FIGURE 6.1, Surface anatomy of heart, lungs and neck structure. 
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[0023] Referring to FIG. 7, fat space (7) can be curved (9) 
by a massive body (8) such as a planet. For example, the 
mass ofthe Earth gives space a negative curvature such that 
“objects tend to fall toward the center of the mass (bowl). On 
the other hand, using electromagnetic field, it is possible to 
produce a positive curvature such that a spacecraft rises by 
falling upward. 


[0024] Referring to FIG. 8, if the fields are intense 
‘enough, then a wormhole (12) forms between space (10) and 
hyperspace (11). This depiction is called an embedding, 
diagram because there is no open space going through the 
‘wormhole. An object traversing the wormhole moves along 
the surface from one dimension to another. In order to open. 
the throat (12) ofthe wormhole, negative energy is required. 

Referring 10 my patent application Dual Potential, Hull 
Spacecraft, negative energy is produced by the interaction of 
‘a microwave beam with an oscillating magnetic H field. In 
terms of differential forms mathematies, this is given as the 
Hodge Star * of the differential d of the wedge © product of 
the magnetic H field with the electromagnetic wave {B.E} 


UAB BO) = 


which says that there is an increasing rate of change of 
negative energy (-p). Due the presence of negative eneny 
together wit the spacetime curvature pressure produced by 
the electromagnetic fields, wommholes open up between 
space and hyperspace. There is a positive gravitational 
potential between hyperspace and space because the low 
‘density hyperspace energy is more dense than the negative 
‘energy inthis dimension. Thus the hyperspace energy flows 
ino our dimension which reduees the mass of the spacecraft 
“The upward spacetime pressure stress over the hull due to 
the electromagnetic fields ereates a lift force on the nearly 
massless vehicle, Because the hyperspace energy has @ 
speed of light equal to one meter per second, the electro- 
magnetic fields become relativistcally strong since they 
‘obey the Lorentz transformation. Due tothe low mass, high 
spacetime lit pressure and strong EM fields, the vehicle can 
attain very high rates of acceleration, 


[0025] Another method to produce a wormhole is to use 
bucking magnetic fields which is described in my patent 
application Magnetic Vortex Wormhole Generator a gra 
tation physics, the Faraday F tensor, which is a 4x4 space- 
time metric {1.x3.2}, contains all the components of the 
‘electromagnetic fields in the various spatial directions {x, 
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where contravariant index a refers fo the rows, and the 
covariant index f) refers to the columns. For example, the 
‘component FE, is the electric field in the x-direction. If 
there were two maignetic bucking fields in the x-direction the 
Faraday tensor would be 
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which says that the Faraday tensor is zero. Thus no spac 
time curvature is generated from two bucking magnet 
fields at the same position. On the other hand, if the two 
bucking magnetic fields are concentri at different radii, then 
the Faraday tensor becomes 
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which is not zero due to the presence of the Kronecker & 
delta function which locates the fields at different positions. 
‘The spacetime stress-enengy-momentum tensor T is then 
computed from the following equation 


AT = PF = Le Fag 


where g isthe metric tensor containing the coefficients of the 
<lemental spacetime length ds. With the mass M and charge 
Q term equal to zero, there being just electromagnetic fields 
involved, the g metric tensor in cylindrical coordinates 
becomes 
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[0026] Referring to FIG. 9, the magnetic vortex generator 
has two concentric, thin, fat cylindrical silcon-ion cores 
(13,14, cach consisting of a stick of three 0.020 inch thick 
transformer laminations wrapped with insulating tape. Using 
insulated magnetic wire, a flat helical coil (16) is wrapped 
counterclockwise around the outer kaminations. The edit 
receives power through connection (18). The winding then 
continues around the core until coil (17) where the wire (18) 
is extended tothe inner core and the wrapping of coil (19) 
proceeds in the clockwise direction. The inner core wraps 
Ping terminates on coil (20) with the extension ofthe second 
power connection (21). Because the coils are wound in 


Injuries to the chest wall 


the pleural spaces, perforating the diaphragm en route. The 
stomach, being largely within che rib cage, may often be 
penetrated. The common stab wounds of the heart may also 
include diaphragmatic and upper abdominal injuries. A knife 
can enter the front of the lower thorax, passthrough either or 
both ventricles, and exit through the pericardial surface of he 
diaphragm to enter the upper surface of the liver. The orien- 
tation of the hearts often not appreciated after itis removed 
asan isolated organ, asthe tendency is to visualize it as hang 
ing with the apex downwards, In fact, it sits flat on the 
diaphragm on the lateral edge of the right ventricle, with 
the inferior vena cava passing immediately downwards into 
the abdomen. 


INJURIES TO THE CHEST WALL 


Respiration is dependent on the integrity of the rigid chest 
wall and, if the expansion is prevented or severely limited, 
then air entry will be correspondingly diminished. ‘The 
integrity can be compromised either by severe mechanical 
failure of the rib cage or by penetration of the pleural cavities. 

Fractures of ribs are common, but do not greatly embar- 
1259 respiration unless: 


they are so numerous that they prevent expansion of 
the thorax 

broken ends penetrate the pleura and lungs 

pleural and muscular pain limit respiratory effort. 


‘Where many bilateral fractures are present, especially on 
the anterolateral sides of the thorax, the condition of ‘ail 
chest! may be present, usually with multiple fractures of 
some ribs and sometimes with added fracture(s) of the ster- 
num. Asa resule of loss of rigidity of the chest cage, attemprs 
at expanding the thoracic volume during inspiration are 
impaired. ‘The loose section is sucked inwards during inspit- 
ation, this clinical sign being known as ‘paradoxical respir- 
ation’. Dyspnoea and cyanosis may develop and extreme 
degrees of flail chest are rapidly incompatible with life 
because of progressive hypoxia 

“The fil chest is caused by frontal violence, most ofien sus- 
tained in motor vehicle accidents — where the victim is thrown 
against the steering wheel or fascia ~ or in stamping assaults, 
where the shod foot is violently applied to the supine body: In 
any substantial chest injury, broken rib ends may be displaced 
inwards, the jagged tips ripping the parietal and visceral pleura, 
This may cause a pneumothorax or a haemothorax, or both, 
from penetration of the lungs, with the formation of a bron- 
chopleural fistula. In gross chest injuries there may be com- 
pound fractures of ribs that allow a pneumothorax to form 
from external communication with the atmosphere, but this is 
sae in civil practice, chough common in battle casualties. 
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FiGURE 6.2 Anterior view of trunk showing surface relations off 


are and anres 


Rib fractures are most ofien seen in the anterior or poster- 
ior axillary lines caused by falls onto the side, ‘The upper ribs 
are less often fractured, except by direct violence from kicking, 
heavy punching or traffic accidents. The fracture sites almost 
always show bleeding beneath the periosteum or the parietal 
pleura if the fractures occurred during life ~ though ic must be 
admitted that (rarely) undoubred ante-mortem fractures may 
be totally bloodless, whereas some post-mortem cracks may 
exhibit slight oozing from the marrow cavity into the adjacent 
tissues. Attempts at resuscitation, especially external cardiac 
massage, now provide a common cause for extensive rib frac- 
tures (up to 40 per cent) and make the rask of the pathologist 
much more difficult when trying to differentiate original 
trauma from the effects of enthusiastic frst aid (Leadbeatter 
and Knight 1988). Bleeding may or may not be seen in these 
resuscitation fractures and, as the attempts at revival are, by 
definition, perimortal in timing, iti often impossible to say if 
they were immediately ante-mortem or post-mortem, 

As the bracing action of adjacent intercostal muscles may 
conceal any mobility of the ribs when being examined at 
autopsy, it is a useful procedure to slic all the intercostal 
muscles wich a knife when chest injury is suspected to allow 
any mobility to be detected more easily. Inthe osteoporosis 
‘of senility and some diseases, the ribs may be so fragile as to 
be breakable by finger pressure. Allowance must be made 
for this fragility in interpreting the cause of the fractures. 
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FIGURE 64 Estensoe brasing ofthe chest canced by kicking and 


stamping, resulting in matipe vil and sternal fractures. Over the lft 
tal margin there ie. aterm suggetve ofthe sole and heel ofa shoe 


In infants, especially victims of child abuse, rib fractures are 
common and may be an important diagnostic sign of abuse in 
doubtful cases, Where a small infantis squeezed fiom side to 
side, as when adult hands are clamped in each axilla or lower 
on the lateral sides of the chest, the hyperflexion can easily 
break ribs in their posterior segments, usually near their necks. 
The ribs are levered against the transverse processes of the 
vertebrae by excessive anterior flexion, which explains the 
tendency to fracture in the paravertebral gutter. Fresh fractures 
will be obvious, both on radiography and at autopsy. Within 


224 


jomninal injuries 


PiGURE 6.3. Extensive abrasions and 
deformity of the chest in a man found by 
the roadside. All his ribs and sternum were 
fractured, resulting in a flail chest’ fe was 
thought t0 bea road accident until bovine 
‘baie were found on hie cling, He bad 
been crushed bya bull and then taxed over 
the field wall 


about 2 weeks (though this is very variable), callus will form 
and be visible both on X-ray and by direct post-mortem 
inspection. Iris extremely difficult ro date such callus 

Ic is said by paediatricians and radiologists chat anterior 
rib fractures are rare in infancy other than from child abuse; 
though this is probably generally correct, care must be taken 
to exclude bony injury from the now almost universal 
attempts at resuscitation (even though infant ribs are very 
pliable). In very young infants, the possibility of older frac- 
tures dating back to birth injury cannot be dismissed, 
though again these are rare. 

The sternum may be fractured by stamping or other 
frontal impacts, but far more force is necessary than with 
ribs. IF posterior displacement of a fragment occurs, the 
underlying heart or great vessels may be severely damaged. 


HAEMORRHAGE AND 
INFECTION IN THE CHEST 


Any injury to the chest wall or lung surface that breaches 
blood vessels and the pleural lining can lead to a haemotho- 
rax, Intercostal and, less often, mammary arteries can bleed 
into the pleural cavities, but most massive haemorthage 
comes from large vessels in the lung or mediastinum. The 
lung hilum can be torn or penetrated by stabs wounds. 
Another obvious source of a haemothorax isthe heart itself, 
though there must also be a defect in the pericardial sac 
before the blood can reach the chest cavity. Several litres of. 
blood may accumulate in the chest, either as liquid or clot, 
oor usually a mixture of both. Death may occur from loss of 
circulating blood volume, even if there is relatively little 
external bleeding. 

‘Many intrathoracic haemorrhages may be fatal with virtu- 
ally no external blood loss, a fact that the police often find 


Pneumethorax 


FicURE 6.5 Penetrating sab wound of chest, which has eaversed 
the lang. The blade has pased through the upper lobe, cased the 
interlobar fisure and re-entered the lower labe. Death was caused by 
«a haemothorax from severed branches ofthe pulmonary veele 


within the lang. 


hard to credit if there is litle blood at the scene of a fatal 
stabbing. A knife thar passes obliquely into the chest hrough 
intercostal muscles may puncture a great vessel or heart 
chamber, allowing a fatal cardiac tamponade or haemo- 
thorax, yet the valve-like overlap of the tissues after with- 
drawal of the blade may seal up the external wound almost 
completely and prevent significant bleeding, especially as the 
blood inside the chest is nor under any appreciable pressure. 

The same may apply to a gunshot wound, where bleeding 
can be virtually absent if the wound is uppermost after death, 
Where the body lies above the wound, of whatever type, then 
considerable post-mortem gravitational leakage can take place. 

Whatever the source of the bleeding, post-mortem haem- 
orthage can add very considerably to the volume found in the 
chest at autopsy. Due to the great variability of post-mortem 
coagulation ~ and subsequent lysis ~ much of che blood 
found at autopsy may not have been there ar the moment of 
death, It is impossible to quantify this additional leakage in 
retrospect, but the ever-present possibility makes it unwise to 
be dogmatic about the amount of blood loss prior to death. 

Infection following a chest wound is uncommon in 
forensic practice, as most deaths occur from haemorthage 
within a relatively shore time before infective sequelae 
have time to be established. Where survival is longer, chen 
effective medical care usually prevents secondary infection. 
However, cellulitis, pleural inflammation and even empyema 
may supervene, especially where some dirty weapon is used, 
or where clothing or other foreign material has been carried 
into the wound. Infection may be of many types, but 
staphylococci, Proteus, coliforms and Clostridium perfringens 
are commonly found on culture 


PNEUMOTHORAX 


There are three types of pneumothorax: 


1a simple type where a leakage through the pleura 
allows air to enter the pleural cavity, but where the 
communication rapidly closes. The lung partly 
collapses, but if death does not supervene the air is soon 
absorbed. If the communication remains open, then a 
bronchopleural fistula ensues with air in the pleural 
cavity bur, as itis nor under pressure, like ty 
not bubble out when the autopsy ‘water test’ is 
attempted, Radiology is then the best means of 
demonstrating the air in the pleural caviy 

2 when the leak in the pleura (or rarely the chest wall) has 
a valve-like action, ar is sucked into the pleural cavity at 


2, ie will 


each inspiration, bur cannot escape on expiration. ‘This 
pumping action leads to ‘tension pneumothorax’, 
which causes complete collapse of the lung onto its 
hilum and a shift of the mediastinum to the opposite 
side. I is this type of pneumothorax that may be 
demonstrated at autopsy by penetrating an intercostal 
space under water, though radiology is a much etter 
method of detection of all types of pneumothorax. 

3 when an injury of the chest wall communicates with 
the pleural cavity, a ‘sucking wound’ may form with 
direct passage of air from the exterior. This type is most 
ofien seen in milicary surgery, and may be complicated 
by haemorrhage and infection, 


‘A common traumatic cause of pneumothorax is a stab 
wound of the chest that allows direct communication with 
the exterior, though usually the layered skin and intercostal 
muscles closes the track when the weapon is withdrawn. 
‘The knife often enters the lung, however, so that air can 
enter the pleural cavity from the bronchi. 
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FLGURE 6.6 Common causes of pneumatboras 
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Natural disease can also cause a pneumothorax, which can 
lead to sudden death. Common causes area ruptured emphy- 
semarous bulla, a tuberculous lesion ar the lung periphery, or 
a tear at the site ofa fibrous pleural adhesion. This n 
tially appear suspicious, asin a case seen by the author (BK) in 
which a teenage boy bent down to tie shoelace and fell dead 
‘Ar autopsy the only finding was a pneumothorax that had 
been caused by a single pleural adhesion that had corn the vis 
ceral pleura. This illustrate the fact that sometimes pneumo- 
thorax can cause sudden unexpected death, presumably via 
some vagal cardioinhibitory mechanism. 


INJURIES OF THE LUNGS 


Bruising of che lungs is common in both open and closed 
chest injuries. Any substantial impact on the chest can con- 
tuse the lung surface or deeper parts. This may be beneath the 
area of impact or ‘contrecoup’ damage on the opposite sur- 
face. Deceleration injuries are seen in falls and traffic acci- 
dents, most commonly along the posterolateral surfaces 
where a vertical line ofsubpleural bruising occurs, often in the 
paravertebral gutter. ‘The outline of ribs may be imprinted in 
lines of contusion on the pleural surface of the lungs. Bruising 
may be so severe as to form subpleural blood blisters, which 
‘may rupture to release blood or air into the pleural cavities 

In ll severe chest injuries the central parts ofthe lung may 
show bleeding, sometimes sufficient to form actual haet 
atomas with breakdown of lung tissue. Osborn describes ‘pin- 
cer contusions’ of the lung, where the expanded lower margins 
of the lungs become trapped in the narrow costophrenic angles 

Laceration of the lung can occur in blunt injuries and 
even lobes or parts of a lobe may be detached, ‘The hilum 
may tear and the pulmonary ligament below the hilum is 2 
frequent site of haemorrhage. Vessels in the hilum (especially 
pulmonary veins) or those more peripherally, may be ripped, 
causing severe intrapleural or mediastinal haemorthage. 
In children, lung injuries can occur without fracturing of the 
ribs, because of the greater elasticity ofthe later and the abil- 
ity of the chest wall to deform, 

Penetrating injuries of the lungs are common, usually 
from stabbing by knives. The wounds may end in the lung 
parenchyma or in large vessels, or may be ‘through-and- 
through’ injuries thar emerge to cause further damage to 
the heart or great vessels. They assist che pathologist by 
delineating the track and the direction of the stabbing, but 
due allowance must be made for the marked variation in 
topography during inspiration, compared with the col- 
lapsed state seen at autopsy. 

Blast injury is deale with elsewhere, but the lungs are the 
most vulnerable organs to this type of injury due to their 
large tissue-air interface, 


INJURIES OF THE HEART 


‘The heart is vulnerable to both penetrating and blunt 
injuries. A common form of homicide is a stab wound of 
the chest which penetrates the heart. The entry point may 
be anywhere over the praecordium or adjacent areas if the 
angulation of the track is sufficient. Sometimes the ster- 
num is penetrated by a forceful blow that reaches the 
underlying heart, but most stab wounds enter via the inter- 
costal spaces, or through a rib or costal cartilage 

Rarely, an upward stab from the abdomen reaches under 
the costal margin to penetrate che diaphragm. ‘The right 
ventricle is often injured by a stab wound as it presents the 
largest frontal area, but the anterior interventricular septum 
and the left ventricle are also vulnerable. A shallow stab 
wound may enter the myocardium and not reach the 
lumen of the ventricle. In such a case there may be little 
disability unless a coronary vessel is severed, which may 
either cause death from myocardial insufficiency (if major 
artery is transected) or cardiac tamponade 

More often ~ especially in the right ventricle — the knife 
passes into the cavity, In the chin right ventricle this usually 


FicuRe 6.7 Even a small penknife can inflict «fatal wound. This 


injury wats cased by a bay ta police officer when the latter was 
ce, Though the blade was 


only about Gcm lng, thie sufficient to enter alongride the stermurm 


“apprehending him for some minor of 


and puncture the ventricular wall 
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leads to copious bleeding into the pericardial sac even 
though the intraventricular pressure is relatively low 
because of the inability of che thin wall co close the defect 
by muscle overlap and contraction 


FIGURE 6.8 Shah wound penetsating he pericardium (reflected 
upusards) with a wound in the corresponding point om the heart 
Death was caused by cardiac tamponade from leakage of blood fram 
the ventricular lumen, 


In the left ventricle, the contraction of the layered chick 
wall may partly or wholly seal the wound, and bleeding can 
be slight. Iris, however, more common for persistent bleed: 
ing to occur and, if the drainage from the pericardial 
wound is less than the leakage from the ventricle, eventu: 
ally a tamponade will develop. ‘These variables make it 
impossible to calculate how long the victim was able to 
carry on with his activites, often a matter of dispute at a 
criminal trial, In general, wounds in he right ventricle are 
more dangerous than in the left because of the absence of 
the muscular ‘self-sealing’ effect. 

Many stab wounds of the heart are transfixing or 
“chrough-and-through’ injuries, the knife entering one wall 
and emerging through another. If the left ventricle carries 
both wounds, the rapidity of bleeding may still nor be tor 
tential, Some of these wounds pass downwards and transfix 
the heart, then exit through the lower wall of the right ven: 
tricle and pass on via the diaphragm to end in the liver: 

Blunt injuries of the heart are seen in civilian practice 
mainly in traffic accidents, falls from a height and in 
stamping assaults, though any heavy impact (including a 
punch) can cause fatal damage. There are usually multiple 
rib and sometimes sternal fractures, with or without a flail 
chest. Occasionally there can be heart damage in an intact 
chest cage, especially in a child with a pliable thorax. Fatal 
bblune damage of the heart may occur, however, without a 
‘mark on the skin of the thorax nor damage to the bony 
chest cage. The cardiac injuries are usually on the front of 
the organ, especially ta the right ventricle, chough posterior 
bruising and laceration can occur if the heart is compressed 
against the thoracic spine, asin stamping assaults and steer 
ing wheel impacts 

All degrees of damage can occur, from mere epicardial 
‘bruising to lacerations thac open the ventricular lumen widely 


FIGURE 6.9. Ruptured interventricular rptum 
«as veule of impact on the from ofthe chest 
The septurn can tear without damage tothe 


outer walle ofthe heart, 
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Internal damage tothe heart may be present, without external 
signs of injury to either the heart or the external chest wall 
‘The interventricular septum may be ruptured as a sole lesion, 
the mechanics of which seem obscure. In gross injuries, such 
as aircraft crashes, the whole heart may be avulsed from its 
root, to be found lying loose in the thorax. Histological dam- 
age, especially contraction band necrosis, can be found even 
when there is no macroscopic abnormality. A comprehensive 
review of cardiac contusions has been made by Sagall (1971). 


HAEMOPERICARDIUM AND 
CARDIAC TAMPONADE 


Bleeding into the pericardial sac may occur from the sur- 
face or the cavities of che heart, or from the intrapericardial 
segments of the roots of the great vessels, particularly the 
aorta and pulmonary artery. Most causes of haemoperi- 
cardium are from natural disease, such as a ruptured 
myocardial infarct or a ruptured dissecting aneurysm of the 
aorta (Chapter 25), but it is nor an uncommon sequel to 
injury to che chest. When the damage has been caused by 
a stab that has perforated the pericardial sac, bleeding 
can escape into the pleural cavities, mediastinum or even 
abdomen if the diaphragm is penetrated. Death may occur 
from sheer blood loss if the haemorrhage can escape from 
the confines of the pericardium, but another common 
lethal condition is ‘cardiac tamponade’. 

In the tamponade, blood accumulates in the pericardial 
sac faster than it can escape, either because the bleeding 
rate exceeds the drainage or because the exit hole in the 
pericardium becomes blocked by blood clot. In cases where 
the bleeding is from a contusion or laceration of the heart, 
there is no escape route from the sac. When sufficient 
blood accumulates, the pressure in the pericardial sac 
increases and begins to prevent the passive filling of the 
atria during diastole. ‘The cardiac output falls, as does the 
systemic blood pressure and the venous pressure rises. If 
unrelieved, death will follow, though the time that this 
takes is variable and almost impossible to calculate retro- 
spectively on pathological findings. It has been stared 
(Moritz 1942) that about 400-500 ml of blood is sufficient 
to cause death, though this seems a greater volume than is 
usually seen in tamponades Where trauma to the heart 
coexists, iis difficult co apportion the relative contribution 
to death of the tamponade as opposed to the other injuries. 


INJURIES TO GREAT VESSELS 


“The most vulnerable vessel is the aorta, which most com- 
monly suffers injury in deceleration trauma from both road 


Rupture site 


“Ladder-rung? 
tears 


FiGURE 6.10 The usual site of rupture of the aorta in deceleration 
injury 


and air accidents, as well as from falls from a height. When 
the thorax is suddenly decelerated, the heart ~ being rela- 
tively mobile in the chest ~ attempts to continue in the 
original direction, This causes severe traction on the root of 
the heart, and a common sequel is complete or partial rup- 
ture of the aorta in the descending part of its arch. In falls 
from a height, Fiddler (1946) claims that the lesion is the 
result of the abdominal and thoracic viscera being forced 
caudalwards by the abrupt deceleration when landing on 
the feet or buttocks. ‘Tannenbaum and Ferguson (1948), 
however, postulate thar the mechanism is a sudden rise in 
intra-aortic pressure. Lasky (1974) has reviewed the biomech- 
anics of impact injury of the aorta. 

According to Fiddler, euprure occurs almost constantly at 
point 1.5m distal to the attachment of the ligamentum 
arteriosum, the remnant of the ductus. The lower thoracic 
aorta is closely bound to the anterior longitudinal ligament 
‘on the front of che dorsal spine, uncil it reaches che termina- 
tion of the arch, where it curves forwards. This appears to be 
the weak point and transection occurs at this level, some- 
times so cleanly that it looks likea surgical incision. ‘The tear 
is annular and at right angles to the axis of the aorta 
Sometimes, chere may be multiple parallel intimal tears near 
the main transection, the so-called ‘ladder-rung tears\. In 
deceleration trauma, these incomplete tears, which affect 
only the intima and inner media, may be found without 
major transection; where death is delayed, false aneurysms 
and dissections may be diagnosed on aortograms. 

‘The pulmonary artery is much less vulnerable to blunt 
trauma than the aorta but, in stamping assaults and steering 
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FiGuRe 6.11 Complete onansection ofthe aorta in the distal part 
of the arch, The victim was a car driver who suffered a severe 


ddeeler 


ton impact. There ir ala some light pulmonary bruising 
the lung are asthmatic. 


wheel impacts, it may be damaged by depressed rib cage and 
sternal fractures. ‘The pulmonary artery and vein branches 
may also be damaged in the root of the lung, where hilar 
tears are not uncommon. The great vessels ae ofien involved 
in penetrating injuries, notably stab wounds. Stabs of the 
upper part of the chest may pass directly into the arch of the 
aorta, especially on the right side of the sternum. Here even 
a shallow injury may reach the aorta and the authors have 
seen several cases in which a short-bladed penknife has 
caused death in this way. 

Stabs that are either too high, or are directed roo laterally 
to puncture the chambers of the heart may penetrate the 
ascending aorta or the pulmonary artery. If the wound is 
below the reflection of the pericardium, a haemoperi- 
cardium and perhaps cardiac tamponade may result 
Other stab wounds may injure the heart valves or may enter 
the root of the lung to penetrate the large primary branches 
of the pulmonary artery or veins, causing gross bleeding 
into the corresponding pleural cavity or the mediastinum, 
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‘As with the thorax, the damage caused by blunt and pene- 
trating trauma of the abdomen depends upon the location 
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FiGune 6.12 


Surface anatomy of iver, stomach and heart 


of the injury. In addition, the large area of the anterior 
abdomen occupied by the intestine provides a target for per- 
foration with consequent chemical or infective peritonitis. 

Open or penetrating wounds need little description, 
as they follow the characteristics of stab-like injuries in 
general. The liver, and especially the spleen, may bleed 
extensively, causing a haemoperitoneum. The intestine and 
mesentery are the other major targets, wounds often being 
multiple, because of che overlapping nature of the coils and 
their mesentery. The stomach, being partially prorected by 
the rib margin, i less ofien penetrated from the abdomen, 
bur is not uncommonly involved in chest stabbings that 
pass downwards through the diaphragm, The kidneys are 
rarely stabbed except from a thrust in the back. 

Closed or blunt injury to the abdomen is common from 
both accidents and assault. Impact on the abdomen by a 
car steering wheel was more common before the wide- 
spread use of safety-belts and air-bags and still occurs in 
severe deceleration accidents. The liver, intestine, spleen 
and mesentery are most vulnerable. Crushing between two 
vehicles, or between a vehicle and a wall is another mech: 
anism for abdominal trauma, and may also be seen in ral- 
way and industrial accidents where squeezing between two 
opposing surfaces occurs. In homicides, assaults and child 
abuse, kicking, stamping and heavy punching can also 
cause blunt injury to the abdomen. 

Whatever the mechanism of infliction, the following 
features may be present: 
1S Bruising of the abdominal wall, both of the skin and 

the underlying muscles, is often (but by no means 
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FIGURE 6.13 Pateriar view af trunk to show surface relations of 


organs 


invariably) seen in abdominal trauma. Where 
subcutaneous bleeding is profuse it may track from the 
iniial area of impact to become more diffuse and may 
cover a large area of abdominal wall, especially in the 
lower segment. Blood may track down the inguinal 
canal and appear in the scrotum or labia. 

More often there are discrete bruises on the 
abdominal skin, associated in some instances with 
surface abrasions, Kicks will usually leave scuffed 
abrasions if tangential, unless protected by clothing. 
ngertip or knuckle bruises may be seen, especially 
in child abuse, In infants, bruises may be seen on the 
sides of the abdomen where adult fingers have forcibly 
gripped or lifted the child, though these are more 
common in the axillary line of the chest. 

Severe or fatal intra-abdominal injury may be 
without any mark on the skin. This 
can occur if clothing protects or iFa blunt impact is 
applied over, a relatively large surface, In child abuse, 
for example, the liver, mesentery or duodenum can be 
ruptured with no external sign whatsoever. 

Extensive bleeding into the peritoneal cavity, usually from 
rupture ofa solid viscus or bleeding from the mesentery. 
Bruising or rupture of the stomach and diaphragm, 

The stomach is less vulnerable chan the intestines, but 


present, howe 
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FLGURE 6.14 Injury or rupture of intestine or mesentery in violent 
‘low tothe upper central abdomen. Because of ts small size and the 
‘thin abdominal wal, che infant duodenum is especially vulnerahle 


may be lacerated by a heavy blow in the upper abdomen, 
especially when full of food or fluid 

“The intestine and its mesentery are frequently damaged 
in abdominal trauma, Extensive bruising of the gut and 
its vascular mesentery may occur, mainly from being 
crushed against che prominent lumbar vertebrae in the 
midline. The duodenum and jejunum are particularly 
vulnerable to transection from being compressed 
against the spine, especially in children, where a heavy 
blow in the central or upper abdomen can cut through 
the third part of the duodenum almost as cleanly as a 
scalpel. Laceration of the mesentery is not uncommon 
both in traffic accidents and assaults. The same 
‘mechanism of compression against the lumbar spine 
causes bruising and tearing of the central parts of the 
‘mesentery, which usually occurs towards the intestinal 
‘margin of the membrane. Multiple fenestrations may 
be seen, presumably because folds of mesentery overlie 
each other and are injured when in apposition. 

Severe and intractable bleeding can occur in 
circumstances where surgical treatment is ofien not 
offered because the condition is unrecognized. Kicks 
and punches in the abdomen may be sustained by 
drunken persons who may be apparently unaware of 
the seriousness of their injuries until collapse and death 
supervene perhaps hous later. 

In a case seen by the author (BK), a man was 
involved in a fight and then allegedly assaulted the 
police. He was forcibly restrained and may have been 
struck in the abdomen by a knee. He remained 
apparently well, though drunk, in a police cell for more 
than 5 hours, before collapsing and dying on his way 
to the lavatory, never having complained of any 
abdominal pain. Autopsy revealed several litres of blood 
in his peritoneal cavity, which had escaped from several 
large tears in the mesentery. Similar bleeding from 
‘mesenteric lacerations has been seen in abused infants, 


Abdominal injuries 


where the thin abdominal wall provides little 
protection from blows on the abdomen 

Injury to the mesentery may damage local arteries, 
without causing severe bleeding, but may occlude or 
thrombose them, with infarction of the bowel as a 


consequence, Perforation may be delayed for a day or 
two and in children and old people there need not be 
the dramatic symptoms of the onset of peritonitis that 
is usually seen in clinical surgical practice. 

The colon is rarely injured unless the abdominal 
injury is gross. One well-known lesion is rupture of the 
rectum or sigmoid by a high-pressure air hose being 
placed in or near the anus asa practical joke. 

Ruprure of the spleen is a common surgical emergency 
after trauma but may be first found at autopsy if 
undiagnosed, or if death occurs from lack of speedy 
surgical treatment, or if other injuries made recovery 
impossible, An enlarged spleen is more vulnerable and. 
‘more fragile than a normal organ. Malaria, glandular 
fever and other infections increase the risk of rupture. 
The ‘stiletto’ dagger was specifically designed in 


231 


FiGune 6.15 Lacenation ofthe spleen 


wing 


lower chest impact during a road traffic accident. 


EiGURE 6.16 Abdominal wall braising 
swith fetal ineraperitoncal baemarrhage 
from a ruptured mesentery There i alo a 
large hacmatocele frome a gang attack in 


which repeated kicking occurred. 


medieval Italy for puncturing the enlarged malarious 
spleen by an upward blow under che left costal margin. 

The spleen can be damaged either from impact on its 
surface or from traction on its pedicle. The rupture 
may be immediate or may be delayed if a large 
subcapsular haematoma and underlying tear are held 
intact for a time by the capsule. This delay can last for a 
‘number of days or even weeks. 

Rupture of the iver is also a common lesion following, 
serious abdominal trauma, such as fall from a height or 
a crush injury between two wagons. Iris seen especially 
in traffic accidents, either from impact of the driver 

‘on the rim or centre of the steering wheel or by the 
unrestrained passenger being thrown against the fascia 
A pedestrian can also suffer a ruptured liver either as a 
primary impact from a vehicle or as secondary damage 
from being thrown ¢o the ground, 

‘A more recent cause of liver injury is enthusiastic 
external cardiac massage. Even if death has already 
taken place, there may still be a significant amount of 
blood oozing from the liver tears into the peritoneal 


6: Chest and abdominal injuries 


cavity, Moritz (1942) has described six varieties of 
hepatic laceration, but such a differentiation is of licde 
practical use. The liver may show one or more linear 
cracks, most afien on the convex upper surface, which 
may be of any severity from superficial subcapsular 
tears to complete transection of the organ. Not 
infrequently, several roughly parallel rears are seen on 
the upper surface, obviously from the same type of 
mechanical stress. The surface lacerations may extend 
deeply into the liver and may even appear on the 
opposite surface. Occasionally, there may be internal 
tears that do nor communicate with the surface. As in 
the spleen, a subcapsular haematoma can reach a large 
size before bursting into the peritoneal cavity, causing a 
delay in collapse or death. 

Infants readily suffer liver damage from trauma and 
it isa well-known component of the child abuse 
syndrome. Liver tears can occur during the process 
of birth, particularly in breech presentation, 

Injuries o the kidney. Being deeply situated at the back of 
the abdomen in the paravertebral gutter, the kidneys are 
rarely damaged by frontal trauma, but may be involved in 
{kicks or heavy blows to the loin. "Traffic impacts, mainly 
in pedestrians, can damage the kidney, but kicking is 
another cause ofthis rather uncommon injury. When a 
victim is lying on the ground, a swinging boor can 
conveniently enter the slightly raised arch between the rib 
‘margin and hip, where the kidney is situated. 

Perirenal haemorthage is much more common than 
damage to the actual organs themselves, but when they 
are injured, all grades of damage from comminuted 
pulping through transection to shallow surface lacerations 
may be seen, Like the mesentery and spleen, damage to 
vessels may lead to post-injury infarction, The suprarenal 


FiGURE 6.17 Complete bisetion ofthe liver i 
«highspeed deceleration during a traffic 
accident, The abdomen of the driver was hurled 
‘agains che steering wheel as he wax projected 
‘through the windscreen. 


vessels can be damaged by impact and, statistically, he 
tight suprarenal artery is more often involved in traffic 
accidents in Britain because the direction of traffic tends 
to favour lesions on that sie. It is, however, difficult co 
differentiate direct trauma to the suprarenal vessels from 
the common post-stess haemorthages, often bilateral, of 
the Warerhouse-Frederichsen type. These occur quite 
commonly a few days after any trauma, surgical operation 
infection, and are rarely diagnosed by clinicians 
(Knight 1980) (see Chaprer 13). 


FOREIGN BODIES IN THE GUT 


‘Though not usually a feature of trauma, foreign bodies 
and material are not infrequently found in the alimentary 
system in forensic practice, both clinically and at autopsy. 

Disorders of the mental state may lead to extraordinary 
numbers of objects being swallowed, which may be present 
anywhere from mouth to anus, but especially in the stom- 
ach, Betz er al, (1994) describe two such deaths, where, in 
‘one, 2000 cm? of debris, including broken glass, was in the 
alimentary tract; the other suffered intestinal obstruction 
due co ingestion of a large quantity of his own hair. 

Similar aberrations may lead to insertion of foreign 
objects into che rectum, urethra, bladder and vagina. The 
authors have seen large objects of various types, e.g. pota- 
toes in the rectum, lengths of broom handle and wood in 
the colon (one penetrating the liver) and a banana and a 
beer can in the vagina, Sexual perversions, masturbation 
and heterosexual or homosexual activities may account for 
these, as well as frank mental abnormality. 

In recent years, the smuggling of narcotics through 
ports and airports has commonly been accomplished by 
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‘opposite directions, the generator produces two bucking 
magnetic fields at different radii (22,23). 


[0027] According to Maxwell's electromagnetic equa- 
tions, the curl of the magnetic flux density B field times the 
square of the speed of light squared is equal to the rate of 
‘change of the electric E field 


oe 
ern E 


Multiplying both sides by the elemental area of the core and 
integrating over the area 


"ponent 


canna? [rntr~2 


“The curl of the field can be converted into a Tine integral 
‘around the core contour using Stokes’ Theorem 


[0028] The magnetic flux density B field oscillates with 
angular frequency « 


Beaye™ 


‘Substituting this into the equation and integrating over time 
for the inner core field 


aetna canteen 


This can be solved for the electric E field that is produced by 
the oscillating magnetic flux density B fiekd 


“The electric field for the outer core is the same equation 
‘except that the opposite sign of the magnetic fix density B 
field and the radius rh 


Adding these two fields together isthe total electric field E 
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‘The electrostatic energy of the field is equal to half the linear 
capacitance of space times the summation over the volume 
Of the dot product of the electric field with itself 


¢ fess 


Because the electric field points in the z-direction out of the 
coil, the dot product is actually the square of the electric 
field. 


[0029] Referring to FIG. 10, the energy U per volume is 
plotted as a function of time with a radius ratio f/f, of 3/1. 
‘AS the graph shows, the magnetic vortex wormhole genera- 
tor produces mostly negative energy which is required in 
onder to create the wormholes. Because the stress-energy- 
‘momentum TT tensor is also the square of the electric field, 
this graph gives the spacetime curvature pressure. Thus the 
clectre field produces both the pressure and negative energy 
required to open up wormboles between space and hyper- 
space. 


[0030] Going back to the effective potential equation, 


can be seen that the fist term is divided by the mass ofthe 
particle. In current gravitation physics, the mass of the 
particle is invariant with velocity. It does not obey the 
Lorentz transformation, The mass is related to the energy E 
of the particle and its momentum p by 

wap 
In iferent inertial frames moving witha relative velocity v, 
the enengy and the momentum obey the Lorentz transfor- 
mation, but no matter what the relative motion, the mass of 
the particle is constant, In the first tem of the effect 
potential, the mass is constant whieh leaves just Plane 
constant 


[0031] Having worked for over ten years on the subspace 
‘manifold, known as the tetrahedron diagram, I found a most 
incredible intersection on the diagram when working with 
the water molecule. The water molecule has two hydrogen 
‘toms and one oxygen atom as mentioned previously, The 
atomic weight of one atom of hydrogen is 1,008 atomic 
‘weight units (awu). The atomic weight of oxygen is 16.000 
wu. Therefore the molecular weight of water is 


Weight of 10 atoms of hysiogen 2.008 au = 2.016 amu 


16.040 on 


Weight of oe stom of oxygen 1% 16.000 amir Soot 


‘The gram molecular weight is the atomic weight expressed 
in grams, so there are 18.016 grams in Avogadro's number 
‘of molecules. So the mass per molecule in logs is 
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“body-packing’, the drugs being concealed in condoms, which 
are then either swallowed ot, les often, inserted into the rec- 
‘um or vagina, Deaths have occurred in these body- packers, 
usually by rupture of a package within the gut, so that a mas- 
sive dose of heroin or cocaine i released with all the attendant 
toxic effects, Rarely, the mass of illicit material may cause intes- 
tinal obstruction, leading to a surgical emergency, which the 
carrier does nor wish to be investigated, for obvious reasons, 


INJURIES TO THE PELVIS AND 
VIC ORGANS 


‘The bony pelvis suffers a variety of fractures and disloca- 


IE Where great pressure is applied to the front of the 
abdomen or pubic area —as in running over by a 
vehicle wheel ~ the pelvis may be splayed open, the 
symphysis parting and one or both sacroiliac joints 
becoming dislocated, 

An impact from the side may shatter the superior and, 
less often, the inferior pubic ramus, and again dislocate 
the sacroiliac joint on that side. 

A fall from a height onto the feet may transmit the force 
up the legs either to dislocate the hips or even to drive 
‘one or both femoral heads through the acetabulum. 

If che hip joints remain intact, the pelvic girdle may crack 
and again the sacroiliac joints may be sheared apart. 

A kick or heavy fll onto the base of the spine may 
fracture the coceyx or sacrum, 


‘The pelvic organs with the exception of che bladder are 
generally protected from all bur the most severe trauma, 
‘When itis full, the bladder can be rupruted by heavy blows 
or kicks on the lower abdomen. ‘The empry bladder is rarely 
injured by blunt trauma, The male urethra is also vulner- 
able to direct trauma, such as filling astride a solid object 
like a gate, or being kicked in the crutch, both of which 
compress the urethra against the undersurface of the pubis. 

“The external genitals may suffer injury, apart from the 
sexual assaults discussed in Chapter 18. The scrotum is 
vulnerable to severe bruising, especially from kicks: a large 
hhaematocele may develop. Scrotal and vulval injus 
occur from falling astride an object of in trafic accidents. 
Impact of a bicycle wheel berween the legs is one such cause. 


COMPLICATIONS OF 
ABDOMINAL INJURY 


‘The most common fatal sequel to intra-abdominal t 
hhaemorchage fiom any of the contained organs. The spleen 


and mesentery tend to bleed most copiously and quickly, 
though even here there can be a delay of many hours before 
serious symproms are obvious ~ and, in che case of a subcap- 
sular laceration of the spleen, the time can be far longer. The 
liver tends to o02e more slowly unless a major injury opens 
large vessel or an extensive area of hepatic tissue. 

‘The mesentery contains numerous blood vessels that are 
not covered by parenchymatous tissue as in the liver or 
spleen, so bleeding is usually brisk from significant tears — 
although, as illustrated by the case described above, even 
this injury can lead to delayed death, 

Because all bleeding in the abdomen, unless itis from a 
wound of the aorta, rakes time to accumulate, restriction of 
the victim's activity immediately after the injury need be 
minimal or absent unless there are other factors involved. It 
is never safe for a pathologist ro declare that rapid immobil- 
ity must have ensued, unless there are other gross injuries. 

‘As mentioned in relation to intrathoracic bleeding, some 
of the blood found at autopsy within the peritoneal cavity 
may have accumulated there after death, adding to the true 
ante-mortem volume, 

In spite of common surgical experience, even severe intra- 
abdominal injuries leading to bleeding need not necessarily 
be painful, especially in the commonly associated circum 
stance of the victim being under the influence of alcohol 

Perforation of the gastrointestinal canal is another serious 
complication of trauma, though often death ensues from the 
totality of injuries before infection can become established. As 
in natural perforated peptic ulcer, penetration of the stomach 
‘or duodenum will cause a chemical peritonitis that can be a 
cause of severe and immediate shock — perhaps a major factor 
in a rapid death, Rupeure ofthe small or large intestine is less 
damaging but, if survival continues, will inevitably lead to 
generalized peritonitis unless vigorously treated. Open 
‘wounds of the abdomen, including stabbing, will introduce 
“organisms from the outside into the peritoneal cavity. In addi- 
tion to infection, trauma to the intestine may cause an 
intractable ileus; if the pancreas is damaged, there may be 
‘widespread far necrosis in the mesentery and omentum, 
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Self-inflicted injury 
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Injuries that are deliberately self-inflicted are common and 
their examination is a frequent task for both pathologists 
and clinical forensic practitioners. ‘These events consist of 
suicide, attempted suicide and suicidal gestures, che latter 
lacking the intention ro kill though death may inadvert- 
ently ensue. In addition, there is non-suicidal selF-inflicted 
trauma, as described below. 

One of the most difficult decisions that can face patholo- 
gists, medical examiners and legal authorities, such as 
coroners, isthe differentiation berween homicide, suicide, 
accident and other self-inflicted injury. Though it is not 
the legal function of a pathologist to attribute motive, his 
experience and training are often the factors that lead the 
official authority to make a decision as to the classification 
of the manner of death or injury. One such situation is fatal 
auto-erotic activities, described in Chaprer 15, 

In addition, when a pathologist is assisting the police in 
the early stages of a death investigation, his opinion and 
decision about the manner of the death may be crucial in 
initiating or aborting a homicide investigation ~ an oner- 
ous decision which may have serious and expensive conse- 
quences if wrong. Iris therefore a most important function 
of the forensic pathologist to decide on the evidence of a 
death scene and subsequent autopsy whether murder, sui- 
cide or accident is the most likely explanation, 

SelFinflicted injury, when not suicidal, is often not faral 
and the pathologist is usually nor consulted unless he also 
includes clinical forensic medicine in his work. The patholo- 
gist may, however, be asked for his opinion, as he is a spe- 
cialist in trauma and may be able to provide the most 
useful opinion available. In other cases, selE-inflicted injury, 
which the victim did nor intend to be fatal, may end in 
death from a variety of causes and thus the pathologist will 
be directly involved. 
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SUICIDAL INJURIES 


‘This discussion is confined to physical trauma, self-poison- 
ing being considered later in the book. 

Suicides may injure themselves in many different ways, 
some bizarre in the extreme. The pathologist must always be 
alert to the possibility that such injuries are not true sui- 
«ides, but some manifestation of peculiar practices that have 
taken a course unintended by the victim, A prime example 
is masochistic asphyxia, which is still sometimes mistaken 
for suicide (Chapter 15). Even more setious is the homicide 
that appears to be a suicide, though the reverse also occurs. 

Suicides, apart from poisoning, may use one (or even 
more) of the following methods, though the list is by no 
means exclusive: 


5 stabbing and cutting 
Firearms and explosives, 

© jumping from a height 
jumping into water 

© burning 

SB suffocation, e.g. plastic bag 
© hanging and strangulation 
Bi electrocution 

Broad and railway injuries. 


Most of these modes are discussed in the appropriate chapters, 


Suicidal knife wounds 


Many incised and stab wounds are selE:inflicted, either from 
motives of self-destruction, from mental aberrations or delib- 
rately for some form of gain. These must be differentiated 
fiom each other, and from accidental and homicidal wounding. 


7: Selt-inflicted injury 


Sometimes the distinction may be difficule and even impos- 
sible, but the experience of the forensic pathologist is pa 
‘mount in assisting investigative agencies to come tothe correct 
conclusion. Suicide, attempted suicide and suicidal gestures 
commonly employ cutting weapons as the means of injury. 
‘There are certain features that are quite reliable pointers to 
these motives, though they are by no means infallible: 


1S Suicidal knife wounds favour certain ‘site of election’, 
which are predominantly the throat, the wrists and che 
front of the chest. As with most violent methods, cut 
throat and chest stabbing is predominantly seen in men — 
though cutting wrists is nor uncommon in women, 

1 Suicidal wounds are typically multiple, often being 
characterized by a number of preliminary trial cuts, 
called “tentative incisions. These are most often seen on 
the throat and wrists, where the person often makes a 
series of shallow incisions, presumably hesitating while 
gaining courage to make a final decisive cut. In many 
suicidal attempts the subject abandons this method 
after a few trial incisions and uses some other method 
of self-destruction, Although the presence of tentative 
incisions is strong presumptive evidence of suicide, 
exceptions do occur, and the pathologist must take all 
other aspects of the scene into account before giving an 
‘opinion to the investigators, Infact, the almost absolute 
statements of some older textbooks that tentative 
incisions must indicate suicide, is to be disregarded, 
"The author (BK) has dealt with two recent murders in 
which ‘typical’ suicidal injuries were present on wrist or 
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FiGURE 7.1 Sites of election in wialene suicide 


throat causing considerable doubt to the investigators 
until other factors clarified the situation. 

SA suicidal cur chroat usually has these tral inci 
there may be only one or two, or there may be scores of 
trial cuts, IF successful, there will be one or more deep 
incisions superimposed, which may destroy some of the 
previous shallow cuts. The classical description of the 
cut throat is of incisions starting high on the let side of 
the neck below the angle of the jaw, which pass 
obliquely across the front of the neck to end at a lower 
level on the right. This assumes thar the victim is right- 
handed, he obliquity being reversed in a lefi-handed 
person. The cuts are said to be deeper at their origin, 
becoming shallower as they cross the throat, tailing off 
into surface cuts atthe extremity, 

“This description, though hallowed by repetition in 
many textbooks, is often incorrect and many cut throats 
have horizontal cuts that show no variation in depth at 
either end. Most suicides appear to raise the chin to 
provide better access to the throat, so that the skin is 
stretched when cut. This tends to cause straightedged 
incisions, rather than the jagged cut (the so-called 
“dentele toothed incision) seen when a knife is drawn 
over loose skin. ‘Throwing back the head moves the 
carotid bundle under the protection of the 
sternomastoid muscles and, ifthe cuts are confined to 
the centre of the front of the neck, only the larynx or 
trachea may be damaged, rather than large blood vessels. 

Death from a cut throat depends on the nature and 
extent of local damage to the neck, Severe haemorrhage 


BicUie 7.2 Homicidal eur ehroar, showing single slash with no 


tentative cuts. Clean-cut edges with no sign of epeitve strokes, 
severing muscles args and rome large veel, 
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Suleidal injuries 


from the jugular veins, or less often the carotid arteries, 
may lead to death from exsanguination, IF the larynx or 
trachea is opened, then even relatively minor 
hhaemorthage from local vessels may cause blockage of 
the airways by blood and clot, though many slashed 
air-passage victims survive, A rare cause of death is air 
embolism, caused by aspiration into cut jugular veins 
while standing or sitting with the neck at a higher level 
than the thorax. The possibility thar the victim of a cut 


throat may have died from some unrelated cause must 
always be borne in mind. Many suicides either use 


Ficune 7.3 Gaping laceration in fons of neck of a mencal patient, 
who on leave from a paychineic hospital, had used a fume saw t0 


commie suicide (xe alo Figure 7.4) 


Ficure 7, 


Back of nec showing marks of the sass teeth around 


the laceration and medulla at the bottom (arrow). Mental patent 
who, om leave from a pychiaeric hospital had used a fame saw to 
commit suicide (ee ale Figure 73). 


multiple methods of suicide to ensure success ~ or may 
abandon the pain of a cut throat for some other mode, 
such as poison ora fall from a height. 


IH Deliberate cutting of the wrists is rarely effective as the 


sole method of suicide, but itis a common injury. 
‘Many suicides from other causes are seen at autopsy to 
have scars on the wrists from previous unsuccessful 
attempts or gestures. The usual site is on the flexor 
surface at the level of the skin flexion creases. As with 
the neck, chere may be a number of shallow tentative 
incisions, but commonly several deep gashes are made 
without trial cuts, The left wrist is the more common 
target, because of right-handed dominance (86 per cent 
in men, 93 per cent in women), 

‘As with the neck, there is a tendency for the vietim to 
hyperextend the wrist before making the cut, which 
causes the radial artery to slip into the shelter of the 
lower end of the radius, The knife cuts may then miss 
‘major blood vessels and merely divide flexor tendons, 


though many cuts are too shallow to cause anything, 


Ficuie 7.5 Homicidal eur throar, simulating a suicide, There are 
several apparently temtatie cute, but the deep penctrating central 
laceration and adjacent stab wound i atypical, The fae is congested 


and shows some petechiae from prior presure on the neck, 


7: Self-inflicted injury 


FiGURE 7.8 Knife wounde of writs in «suicidal attempe. Even 
though these are more severe than usually sen, no damage tothe 
ial arteries wae effected and death war the reuls ofa subrequent 
cut throat, The vii was @ waman of 31, unusual in thas cut 


wrists aid throat are much more common annong mie. 


FIGURE 7.6 Suicidal cut throat. The wounds are horizontal, rather 
han the more commen sloping-dawn fro lef to right in a right 
banded person, The nurmerous ‘tentative cuts are the hallmark of 

self infliction, though there are rare exceptions, The lary has been 
centered and death was due to aspiration of blood into the air 


patcages. The great veel in the neck were undamaged. 


FicUne 7.9 Suicidal tab wound of heart. The front ofthe chest is 


one of the suicidal sites of predilection; multiple stabs do not exclude 
self infliction 


FiGURE 7.7 Numerous self inflicted cus om the wrist, as part of a 
furile suicide attempt, Most ofthese attempts fil and the person 
turns to another method of elf destruction. 


bur superficial damage. Most cur wrists are but an 
accompaniment to other more effective methods of 
self-destruction, Once again, the presence of tentative 
cuts, though very significant, cannot be 
unquestioningly accepted as an exclusion of homicide. 
1S Suicidal injuries of the chest are almost always stab 


wounds, Sometimes linear incised cuts are made aver 


the precordium or more widely over the front of the 
chest; these may be multiple, 
criss-cross, but rarely do any serious damage. Stab 


parallel and sometimes 


wounds are usually over the left side of the chest where 


common knowledge places the heart, but they may be 
alongside the sternum or even on the right side. The 
wound is often single, but multiple wounds are not 
uncommon. Though naturally a series of severe wounds 
always raises the presumption of homicide, many 
undoubted suicides can inflict a number of injuries 
upon themselves, each potentially fatal. The author 
(BK) has seen a suicide in a doctor, where eight severe 
knife wounds of the lower chest had created a large 
external defect and detached a portion of liver. 

Suicidal knife wounds are not often made in the 
abdomen, though they do occur, sometimes to the 
extent of disembowelling. ‘The author (PS) has seen a 
suicide of a person, who removed several meters of the 
gut through a single and relatively small incision before 
dying of exsanguination. There is usually frank mental 
abnormality present in these cases, which merge into 
the self-mutilation described below. 

Stab wounds of the neck are uncommon in suicide, but 
are recorded (such as those described by Gee and Watson 
1989, where actual transfixion of the neck was achieved), 


Suleidal injuries 


I The position of the clothing in suicidal knife wounds is 
equivocal. Iris more common for the selfstabber to lift 
the garments to expose the area of chest or abdominal 
skin to be attacked, bur exceptions are common and 
the poine has little diagnostic significance. 


Suicidal firearm wounds 


‘The characteristics of gunshot wounds are fully discussed 
in Chaprer 8 but, as far as suicide is concerned, the follo 
ing salient features may be repeated: 


HE Women rarely shoot themselves. In Britain, a shor 
woman is a murdered woman until proved otherwise, 
though ~ as always — exceptions do occus, especially in 
communities where firearms are commonplace, such as 
farming or hunting areas. 

The weapon must always be present. 

I The range must be within arm's length, depending 
upon the nature of the weapon and excluding some 
mechanical device to fire the gun, The pathologist may 
be asked if'a dead person could have reached the trigger 
of a rifle or long shorgun, which may have been placed 
against the neck, head or chest. Having first established 
that the entry wound was close contact, the length of 
the gun from muzzle co trigger can be measured and 
‘compared with the distance from wound to tip of 
finger. It must be remembered, however, that the lengeh 
of the limb after death, especially if rigor is present, is 
not necessarily che same as in life when mobile joints 
and muscles may have allowed a slightly longer reach 
than that measured after death, Allowance must also be 
made for lateral or other flexion of the trunk, and 
mobility of the shoulder girdle before declaring 
dogmatically that the victim could not have fired the 
‘gun and therefore did not shoot himself. 

I Sites of election are the temple, the neck, the mouth 
and the chest, Suicides rarely shoot themselves in the 
eye or abdomen. ‘The lifting of clothing to expose bare 
skin, usually in the chest, is very variable, and has even 
less significance in differentiating suicide from 
homicide or accident than in knife wounds, 

© Shooting in anatomically inaccessible sites cannot be 
suicide 

IH Ieis not crue that suicides always shor themselves in 
the head on the same side as their dominant hand, 

I Icisdifficule to differentiate homicide from accident, 
even though the circumstances may be suggestive. The 
distance of discharge may be beyond arms reach in 
both, the weapon may be missing in both, inaccessible 
sites may be shor in both and sites of suicidal election 
may not be used in both, 


FiGURE 7.10 4 cambination of two suicide methods, by firearm 
sand hanging. The man had sood on a stool with a nooce around his 


nck and then shot himself trough the forebcad. The entrance 
wound is seen in the forehead (white arrow) and the dauble ligature 
‘mark around the neck shows ecchymoes on the ridge between the 


tw ferrows (black arrow). 


Suicide by submersion 


This is a common mode of selF-deseruction, in both men 
and women. It has a marked geographical variation as a 
favoured method of self-destruction, naturally depending 
oon the availability of water ~ itis relatively infrequent in 
Egypr, bur very common in the west of Ireland. 

Eicher large bodies of water, such as rivers, lakes or seas 
may be used ~ or the bathtub, The pathology of immersion 
deaths are dealt with in Chapter 16, bur the following 
features will assist identifying suicides: 


1 Other means of self-destruction may also be present, 
such as drug overdose: in baths, associated electrocution 

is not uncommon, especially in the former West 

smany (Bonte 1983). 

Suicide notes may or may not be present, but those 

who kill themselves usually remove top clothes, hats 

and spectacles that may be left on the river bank; as 

usual, exceptions are commonplace. 

1 Other injuries on the body may be the result of agonal 
for post-mortem damage in the water. 


Suicide by burning 


Heat injuries are dealt with in Chapter 11, but suicide from 
burns has recently increased in Western countries (where it 
‘was formerly almost unknown), though in Asia it has always 
been relatively common. ‘The spread to the West followed 
political self martyrdom modelled on that practised by 
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some Vietnamese protesters. There are no particular medical 
features to distinguish suicide from accident or homicide, 
this being a circumstantial matter. I is almost invariable, 
however, for some container of inflammable accelerant to 
be within reach. The myth of ‘spontaneous combustion’ is 
discussed in Chapter 1. 


Suicide by ‘asphyxia’ 


‘The pathology is described in Chapters 14 and 15, bur the 
following facts are pertinent to suicide: 


The masochistic or sexual asphyxias must be carefully 
distinguished from homicide and suicide. Some 
asphyxial deaths with sexual aspects appear to be 
suicidal in narure ~ or at least, the inevitability of a fatal 
‘outcome must have been apparent to the victim 
(Knight 1979), 

1 Hanging, though nor usually truly asphyxial, isa 
common mode of suicide, especially (though not 
exclusively) in men. [cis also common as a sequel to 
homicide, especially in domestic murders, where the 
perpetrator often commits suicide by this means. 

I Plastic bag suicide is increasing in incidence, the means 
being universally available, 

© Suicidal ligature strangulation is not uncommon and 
sometimes causes difficulty in differentiation From 
murder. The winding of several turns of ligature and 
the tying of multiple knots is still consistent with 
suicide, even though ic is hard to understand hovw, in 
some cases, death appears to have been caused by reflex 
cardiac arrest rather than the more florid ‘asphyxial! 
mode of death. 

Sometimes a stick or other object is inserted under a 
ligature and pwisted to tighten the cord against the 
neck, This is called a ‘Spanish windlass, the stick 
becoming jammed against the body to prevent the 
tightened ligature from becoming loose once the 
twisting is completed, Though usually suicidal, chis 
device is sometimes used for murder. 


Jumping from a height 


‘Precipitation’ — jumping from a height ~is another mode of 
suicide where the circumstances rather than the autopsy find- 
ings determine the motivation. It may sometimes be possible 
to deduce, by measuring the distance from the jumping point 
to where the body strikes the ground, the fact chae the victim 
must have actively projected himself ourwards rather than 
fallen close to the wall or cliff face. Some experiments on 
this aspect have been carried our (Goonetlleke 1980). ‘The 


injuries may be variable, depending on the attitude of the 
body when striking the ground, contact with obstacles dur- 
ing the fall and the height of the drop. 

‘Head injuries are common and are described in Chapter 5. 
If the fall is onto the feet, damage may occur at any point 
from the ankles to the skull. The legs may fracture, the hip 
joints may impact, the pelvis may split, che spine may be 
fractured (especially vertebral body compression, hyper- 
flexion or hyperextension lesions), or the base of the skull 
may be imploded as a ring fracture. 

I is extremely difficult, to the point of impossibility, to 
deduce the height of the fall from the nature and severity of 
the injuries, as was evident from the medical testimony in 
the Helen Smith inquest in Leeds in 1982, 

Some persons will be killed from a fall from a standing 
height, whilst other may make remarkable escapes without 
injury from a very high fall. The rare survivals in falls from 
a great height — usually when some cushioning effect, such 
as snow, exists ~ may still defy mechanical explanation. 


SELF-INFLICTED INTURIES 
OTHER THAN SUICIDE 


‘Two main classes exist: those where some abnormality of 
mind leads the victim to mutilate his body — and those in 
which deliberate injuries are inflicted for motives of gain, 
"Those caused by mental aberration are usually bizarre in 
either cheir multiplicity or their site, 

Some mentally disordered persons may inflict hundreds 
of small wounds upon themselves, which may be additional 
to the actual cause of death, if death has taken place. 
Forensic physicians, such as police surgeons, may be called 
upon to examine living victims of this type. 

‘The arms may be covered with scores of parallel superfi- 
cial incisions from a knife, razor or broken glass. These may 
cross each other in groups and again are more frequent on 
the non-dominant side, usually the left, Small stabs may be 
‘made on the chest or temples. In a case seen by the author 
(BK), there were more than 200 knife-paint stabs on each 
temple and the centre of the forehead. Another well-recog- 
nized syndrome is self-mutilation of the genitals, almost 
invariably by men. Paranoid schizophrenics, often with a 
strong religious flavour to their delusions, are known to 
attack themselves in this manner. The penis, scrotum and 
testes may be removed, and death from intractable haemor- 
rhage can follow. In one of the cases illustrated, there was 
alo perforation of the eyehalls and 40 stab wounds on the 
top of the head, as well as a complete circumferential cut- 
ting of the throat, all with the same blunt scissors that per- 
formed the castratio 


"The forensic implications arose from 
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FiGURE 7.12 Selfmusilation thought by the police to bea biearre 


homicide, The genitals have been amputated, the throat cut through 
360", the eyeballe punctured and the scalp stabbed many timer, all 
twit scizars, The dead man had parnoid delusions of a religious 


the initial suspicions of the police that a sadistic homicide 
had taken place. 

Self-inflicted injuries, usually non-fatal unless some 
complication has arisen, may be motivated by some form of 
gain. The most common is fabrication of injuries o simulate 
an assault, either to divert attention from the person's own 


theft or to arouse sympathy. Fabricated accidental injuries 


other than suicide 


Ficuae 7.1 


the scrotum and penis with ster 


Complete selfamputation of 


are usually a form of malingering, asin the armed forces, or 
in fraudulent attempts to obtain compensation. In other 
ceases, the ‘victim’ may claim that a specific person assaulted 
them, from motives of hate or spite. Others may injure 
themselves and then waste police time by insisting on a 
futile search for a non-existent assailant, the motive often 
being impossible to discover, even by a psychiatrist. 

Though these matters are usually seen by the clinical foren- 
sic physician, the pathologist may be asked for an opinion 
where no other medico-legal doctor is available, or if death 
supervenes. The so-called "Miinchausen syndrome’ consists 
of repeated simulations of illness or the infliction of 
repeated minor injuries, with the object of gaining admis 
sion to hospital, or obraining medical care and attention. 

The following features assist in the recognition of 
selEinflicted incised injuries 


The cuts are usually superficial and rarely any danger to 
life, unless they become infected. Occasionally, they 
‘may penetrate the full thickness of the skin, but not in 
sensitive areas like the fac. 

The incisions are regular, with an equal depth at origin 
and termination, unlike more serious wounds thac cend 
to be deeper at the start and tail off to the surface 

The cuts are usually multiple and often parallel. They 
avoid vital and sensitive areas like the eyes, lips, nose 
and ears, usually being drawn on the cheeks and jaws, 
temples and forehead, sides of the neck, chest, 
shoulders, arms and backs of hands and thighs. This 

is inconsistent with an attack by another person, as 

the victim is unlikely to stand stil o allow chese 
‘multiple delicate and uniform injuries to be carefully 
executed. 

In right-handed persons, most of the injuries are on the 
lefi side, especially the sides of the face and left hand. 
‘When the incisions are made on areas covered by 
clothing, the relevant garments may show either no 
cuts or cuts that do not match the injuries in position 
or direction, 
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Figure 7, 


circumference of te neo 


3 Selfinflicted scisors injury around the fil 


Ficure 7, 


4 Self nfliced injury in an attempt to prodace an 


excuse during shop-breaking. Surprised by che police, he eut himself 
swith broken glae to claim that he had been asaulted by the robbers 
while trying to defend the premises. There were similar shallow, 
straight cuts on the other side of the face and on the backs of the 
hands 


Aci oye Paral untormly 
nose, mouth _ alow es 
and ears (Amor ona so) 


Mostly an back or 
palm of least 
dominant hand 


ight 


Forehead, neck, jaw 
and cheak (mare 
‘on let side) 


FiGure 7, 


(6 Guts on the backs ofthe hands in the man shown in 


Figure 7.14, He was right handed and mast ofthe shallow incisions 
are on the left hand, 


In summary, the whole range of injuries and surround: 
ing circumstances may suggest to the experienced patholo- 
gist thar the lesions do nor constitute a genuine assault 
This diagnosis may be vierually immediate on fist looking 
at the ‘victim’ and may be almost intuitive after some 
experience ~ though this is of lite use when giving legal 
testimony, when every opinion has to be backed up by hard 
fact and reasoned opinion, 
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[0032] Referring to FIG. 11, the tetrahedron diagram plots. 
the natural logarithm of mass versus the natural logarithm of 
‘wavelength. The reason for this is that mass times wave- 
length is equal to Planck's constant divided by the speed of 
light ¢, known on the diagram as the base constant. At the 
present time there are over 4000 diagrams which are copy 
righted in the Library of Congress. In logarithms, the 
product of two numbers isthe sum of the two numbers. This 
‘means thatthe sum of the mass and the wavelength are equal 
to the base constant which has a value of 

Inf} efc 9591586344 constant 
‘Our dimension has a lower limit on mass and length knowa 
respectively as the Planck mass and the Planck wavelength, 
‘The Planck mass is the linear mass © of the universe times 
the Planck scale A. The Planck wavelength is circumference 
ofa circle of radius Planck seale. In terms of logs, the Planck 
mass and Planck wavelength are 

Planck mass, 2A} 17.68290101 

Planck wavelengthel(24A}=-7827286243 
[0033] When these values are plotted on the tetrahedron 
diagram shown in FIG. I, the Planck box (abed) is formed. 
‘which are the boundaries of our dimension in subspace. The 
line numbering is as follows 


anck mas 
Planck seventh 

mass of water molsule 
Speed of ight squared cle 
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‘The energy of the water molecule, circle (37), is equal to the 
sum of the water molecule mass (29) plus the speed of light 
squared circle (30). The energy circle (37) intersects the 
mass of the water molecule (29) at the Planck wavelength. 
(28, point e), which is the boundary between space and 
hyperspace. What this means is that the mass is equal to the 
‘energy at the Planck box boundary. The only way that this 
is possible is if the speed of light c is equal to one meter per 
second 


Bom 2am col meterscond 
A water molecule traversing a wormhole into hyperspace 


undergoes a change in the speed of light from 299792458, 
mys to | mis 


[0034] | Planck's constant fis equal to the Planck mass 2A. 
times the Planck scale A times the speed of light c. 


faane 


By having the speod of light go to 1 m/s, the orbital term in 
the effective potential Va is reduced by a factor of the speed 
of light squared equal to 9x10". This unbalances the 
‘equation to such an extent that only the Coulomb potential 
term remains. 
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‘coulomb em 


ron is attracted to the proton nucleus because the 
fugal term no longer provides a stable orbit for the 
‘electron, Thus the atomic binding is destroyed and the water 
‘molecule becomes sofi as putty. 


[0035] Referring to FIG. 12, the collision of the electron 
with the proton together with the enormous change in the 
proton’s energy causes the proton p to become unstable and 
decay. According to the Standard Model of particle physics, 
the elementary particles are composed of smaller particles 
known as quarks. The six quarks have been named up u, 
down d, strange s, charm ¢, top t, and bottom b. The 
subscript on the quark indicates one of three colors {red r, 
bine b, green g). As shown in the diagram, the proton is, 
composed of three quarks (u, Uy, da}, to of which are up 
quarks of which one is red and the other green, and a third 
blue down quark. The proton p decays into a positron e* 
‘which is an electron with a positive change, and a neutrally- 
charged pion x” particle through the exchange of an X boson 
particle. The pion has a mass between the electron and the 
proton 


os 
[0036] Referring to FIG. 13, the pion 2° then decays into 
f proton p and antiproton p which annihilate each other to 
produce two photons shown on the right by the traveling 
‘waves, So the overall eneray exchange is 


where hv is the energy per gamma photon with frequency v. 
‘The electron of the hydrogen atom would then annihilate the 
positron for additional photon energy. 


[0037] Referring to FIG. 14, the hydrogen H atom is 
‘composed (38) of the proton and electron as seen in the 
upper left comer. The proton decays (39) into the neutral 
pion and a positron. ‘The electron from the hydrogen atom. 
and this positron form one electron pair (40). The pion then 
decays (41) into two gamma photons which produce an 
electron pair produetion enengy cascade into 132. pairs 
(42.43) fora total of 133 electron pairs. These electrons can 
then be captured electrostatically and used for the produc 
tion of electricity 


[0038] Referring to FIG. 15, the electrons are captured 
‘with the water droplet injector . The phinger (46) of @ 
spring-loaded cylindrical solenoid (44) is attached to a 
tapered piston (47). By means of ring collar and bolts (45), 
the solenoid is bolted to the injector (48). A supply of 
purified water is attached to the water inlet connection (49). 
When the solenoid is activated, it pulls back slightly so that 
‘water can enter the valve. When the solenoid is deactivated, 
the piston forces the water droplet out through the nozzle 
(0) into a cylindrical glass vacuum chamber (52). Two 
cylindrical glass disks (81) hold the nozzle in place. On the 
other end of the vacuum chamber is the sealed-tube con- 
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FiGURE 7.17 SelPinfliced injury in the living. The ‘vice alleged 
that he bad been attacked and robbed. The superficial, uniform, 


‘mostly parallel rratches avoid she eyes, nose and mouth. 


Ficune 7.18 Extensive self inflicted euts on the chet. The youth 
persistently claimed to the police that he had been attacked, but the 
‘cuts in bis shir were horizontal. He later confessed. explaining that 


‘he wanted to get his father’ sympathy over some domestic ers, 


‘The so-called ‘Miinchausen 
‘Miinchausen syndrome by proxy’ lie within the realm of the 
forensic psychiatrist, but a pathologist or clinical forensic 
physician may be called upon to confirm ~ or even first 
detect ~ that the injuries are selE-inflicted. 

‘The Miinchausen syndrome refers to adults who injure 
themselves or feign signs of illness, in order to gain medical 
attention and often admission to hospital. They can be 
plague ro casualty departments until recognized. More sin- 
ister is the Miinchausen syndrome by proxy, where a parent 
will repetitively injure her child ~ occasionally fatally ~ to 
gain the same attention from doctors and medical facilities. 
‘The relationship with child abuse, of which it is a variety, 
must be recognized. 


syndrome’ and the 
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Though the majority of missle wounds are caused by 
firearms, other devices such as crossbows, captive-bolt guns, 
air weapons and even catapults can launch lethal projectiles 
In the bombing deaths now so commonly associated with 
terrorism, missile fragments cause more deaths than the blast 
effects, so, overall, an understanding of projectile trauma is 
essential 


THE MECHANICS OF MISSILE 
INJURY 


With the exception of deceleration injuries, all mechanical 
trauma, whether punching, stabbing or kicking, is caused by 
the transfer of energy from an external moving object to the 
tissues and nowhere is this more obvious than in shooting. 
For damage to occur, some or all of the kinetic energy of the 
missile has to be absorbed by the target tissues, where itis 
dissipated as heat, noise and mechanical disruption, When a 
missile passes completely through soft tissues, it may retain 
much of its original kinetic energy and fail to transfer any 
appreciable amount to the tissues, which may remain rela- 
tively intact apart from the immediate bullet track. If the 
latter is in a limb muscle, chere may be no serious effects if 


_major blood vessels are nor involved, though the same track 
in brain, lung oF heart may prove fatal 

“To ensure transfer of energy to the tissues, some missiles are 
especially designed or modified co slow up or stop within the 
body. Sofi-headed bullets will flatten on impact and some are 
designed to fragment. The ‘dumdum’ bullet, which has a 
scored nose, and the military missile with an air-cavity within 
the tip are intended to splay open on impact to increase the 
‘braking’ or deceleration effect, and transfer more energy for 
disruption. Explosive-tipped bullets, such as those used in the 
assassination attempt on President Reagan, are not designed 
to cause damage by the tiny detonation, but drastically to 
deform the missile to cause maximum deceleration, Weapons 
designed co be fired in confined spaces, such 2s those for com- 
boating hijack attempts in an aircraft, may be of relatively low 
velocity and have a deceleration feature incorporated to ensure 
the absence of an exit wound, and thus limited travel of the 
missile to avoid puncture ofthe pressurized passenger cabin. 

‘The trajectory of the missile also determines how much 
and how fast its energy is given up to the target. Shorgun 


pellets are spherical, so the orientation of impact is not rele- 
vant, but all conical bullets may acquire an erratic course 
in the tissues. They may tumble end-over-end, especially 
when nearing the limit of range; chey may ‘wag’ or ‘yaw’ 
from side to side of their axial trajectory; the base may 
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rotate around the axis, with the tip remaining on the 
straight path; and they may ‘precess’ or ‘nutate’ with com- 
plex spiral or circular movements about the axis. 

‘Whatever the deviation, it offers more contact between 
the projectile and the tissues, allowing more transfer of 
energy and thus greater tissue damage. The amount of 
kinetic energy possessed by a projectile accords to the famil- 
iar formula of half the product of the missile mass and the 
“square of its velocity. Modern military science takes advan- 
tage of the squaring of the velocity to develop weapons thar 
have a missile of small mass but exceedingly high velocity to 
provide the maximum kinetic energy for tissue damage. 

"The mode of injury depends on the velocity ofthe missile. 
Relatively slow projectiles are those travelling at up to the 
speed of sound in air (340 metres/second or 1100 feet! 
second), which of course includes all non-explosively pro- 
pelled missiles like crossbow bolts and air-rfle pellets, as well 
as most revolver bulles. These mechanically thrust aside the 
tissues along a track only slightly wider than the missile. The 
tissues are lacerared or crushed, secondary damage occurs 
from rupture of blood vessels and orher structures, and sec- 
ondary and tertiary damage is caused by displaced bone and 
cartilage fragments 

Above the speed of sound in ais, a missile passing 
through tissue sends a shock wave of compression ahead 
of the laceration track, this wave being propagated at about 
the speed of sound in water (1500 metres/second or 4800 
feer/second). Though this wave lasts only fora brief period, 
it raises the tissue pressure to extreme values, up to thou- 
sands of kilopascals. In tissues like brain, liver and muscle, 
this can cause severe disruption within a wide zone around 
the bullet track, and can be propagated down hollow fluid- 
containing vessels to cause distant vascular damage. 

High-velocity projectiles produce yet another phenom- 
enon, that of cavitation. The missile accelerates the molecules 
of the tissues adjacent to the track, so that they continue to 
move centrifugally ourwards even after the missile has trav- 
elled onwards. This forms a cavity around the track that is Far 
wider than the diameter of the projectile, It reaches a max- 
imum size within milliseconds and then pulsites with 
decreasing amplitude so that fusiform cavity rapidly follows 
in the wake of the bullet. When the bullet stops or leaves the 
organ, the cavity rapidly subsides, buc the track of damage 
persists ina tubular zone much wider than the actual 
missile. In high-velocity bullets from military weapons ~ for 
example, 980 metres/second (3185 feet/second) this cavita- 
tion effect is the most damaging mechanism; in addition to 
the physical damage, the near-vacuum sucks infected dirt 
and clothing fibres into the depths of the wound (Owen- 
Smith 1981). Solid organs such as brain and liver are affected 
more than spongy matrices like lung. Those tissues that con- 
tain most water are most severely damaged by penetrating 


missiles and high-velocity missile damage is proportional co 
the specific gravity ofthe tissue injured, 

In most of the shooting cases seen by forensic patholo- 
gists, death will have occurred rapidly but, where it is 
delayed, secondary damage from infarction, local necrosis 
‘of muscle and organs, and infection must always be borne 
in mind, High-velocity weapons in particular can cause 
vascular damage ar a distance from direct trauma, stretch- 
ing and thrombosis, leading in turn to ischaemic lesions 
such as infarcts. 


TYPES OF WEAPON 


TThe nature of firearm wounds varies considerably with the 
type of weapon employed. A general knowledge of the 
main features of the various types of gun in common use is 
essential, though there is no need for the pathologist to 
master the unnecessary mass of detail on firearm construc- 
tion offered by some forensic medicine textbooks. Indeed, 
much of this is solely the province of the firearms examiner, 
not the doctor. The inordinate amount of detail sometimes 
provided is perhaps symptomatic of the fascination which 
firearms hold for many men — but rarely women, 

In the contest of wounding, guns are of cwo main 
vypes. 


The smooth-bore weapon or ‘shorgun’ 


A shorgun consists of one or more metal barrels of relatively 
‘wide diameter, which are smooth on the inner surface. They 
fire a variable number of spherical lead shot (pelles), which 
emerge from the end (muzale), from where they gradually 
diverge in the form of a long, narrow cone. Exceptionally, a 
shorgun may fire a few large projectiles or even a single slug, 
bur these are rarely met with in forensic practice, the usual 
load of pellets totalling scores or hundreds. Special types of 
projectile are described later. A shotgun ofien has 1wo bar- 
rels, either side by side or ‘up-and-under’. One barrel may be 
parallel sided (che ‘ylinder’) and the other slightly rapered 
towards the muzale (the ‘choke’). The latter will produce a 
narrower cone of shor and this affects estimates of range 
derived from the size of the wound, There are several grad- 
ations of choke, such as ‘improved cylinder’, ‘modified choke’, 
“half-choke’ and ‘fullchoke. 

Some modern weapons have the facility for removing 
‘one particular type of barrel and replacing it with another 
degree of choke, Modern accessories can convert a cylinder 
barrel to a choke barrel ~ for example, variable choke such 
as Poly-Choke, Kutts Compensator and Weaver-Choke are 
available, especially in the USA. 
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Types of weapon 


Double-barralled 
12-hore shotgun 


410 shotgun 


Pump gun 


FiGUKE 8.1 Tipe ofsmooth-bore weapon. 


FIGURE 8.3 Varione types of ammunition. From the right there are 
‘wo twelve-bore shotgun cartridge, .22 rifle, 38 automatic pstal 

sand 45 revolver bullets and two military rifle shells. On the leis a 
cannon shell which is unlikely 0 be encountered in civilian forensic 


pathology 


8mm or) 12-bore 


FicUne 8.2. Relive calibre of comman weapons 


Another typically American modification is the ability to 
fire a single projectile through the smooth bore. A number 
of devices intended for hunting are available, but they may 
be involved in a human fatality. One of the older types is the 
solid round ‘pumpkin ball’ or the Brenneke rifled slug, but 
more recent devices include the Foster rifled slug and the 
French Blondeau, which is a dumb-bell-shaped projectile. 

Shotguns come in two main sizes, which determine the 
nature of the wound, The first is the ‘rwelve-bore’, usually 
called ‘rwelve-gauge’ in North America, which has a dia- 
meter of about 19mm or 0,738 inches. The other is the 
smaller four-ten’, usually single-barrelled with a diameter 
‘of 10.6 mm or 0.410 inches. 


SHOTGUN AMMUNITION 


The ammunition for the shotgun is a cartridge made of a 


cardboard or plastic cylinder fitted into a metal base 


his 


— 


FiGURE BA Thpe of weapon and ammunition. 


carries a percussion detonator that is struck by the spring- 
loaded firing pin when the trigger is pulled. The cartridge 
contains a charge of propellant, above which are ‘wads’ or 
pistons of felt, and cardboard or plastic discs, or both. 
Above these is the charge of shor, which varies greatly in 
number and size finally covered by a card or plastic dis. 
‘This description is of the old, classical cartridge but 
modern ammunition has a variety of devices incorporated 
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into the cartridge to improve efficiency and accuracy. These 
include the Power Piston, proprietary name for one of a 
class of cartridges which holds the shor inside a polythene 
cup and which itself may contribute to the wound at short 
range. Other modern cartridges may have plastic granules 
asa filler between the shor; this brightly coloured material 
may be found inside the wounds. 

“Tampering with the contents of cartridges may markedly 
alter the spread and other characteristics of che shot and 
hence the resulting wound. ‘The shot may be fused into a 
mass by pouring paraffin wax or even molten pitch into the 
cartridge. The cardboard or plastic cylinder may be partly 
cut through at the level of the wads, so thar, on firing, che 
upper part of the casing is blown out to restrain the diver- 
gence of the pellets. 

‘The propellant has also changed in recent years, so that 
the old black gunpowder has been largely replaced by 
cleaner explosives that do not produce the same volume of 
soot and unburnt propellant, which may be deposited in 
and around the close-range wound, 


‘Country’ guns 


In developing countries, in some rural and poor areas of 
other countries, in subversion and rerrorisn 
in juvenile hands, weapons and ammunition may be ‘hom 
made’. These are common in India, where the name ‘coun- 
try gun’ is well understood; they are also made in Sri Lanka 
and other Asian areas, but may be encountered anywhere. 

"The author (BK) had experience of such weapons in the 
terrorist campaign in Malaya in the 1950s, where crude 
‘weapons were made in the jungle from pieces of water-pipe 
attached to roughly carved wooden stocks, with a primitive 
firing mechanism. The guns were muzzle-loaded with black 
powder and the projectiles were often wood-screws, nuts 
and bolts and irregular fragments of metal or even stones. 

In civilian practice in Britain, two similar weapons have 
been seen, both made by juveniles our of electrical conduit 
pipe, using potassium chlorate-sugar propellant. In one, the 
user was killed when the device exploded; the other one suc- 
cessfully propelled a small screwdriver across several fields to 
(slightly) injure a cow. 

“Terrorists in Northern Ireland have also manufactured 
some of their own weapons, but these were relatively 
sophisticated, being made in clandestine but well-equipped 
workshops. 

“The problem for the pathologist with such guns is thar 
few of the criteria to be described apply to the injuries, 
especially where random, irregular missiles such as wood- 
screws are employed, Local knowledge and experience are 
essential for the interpretation of these wounds. 


and sometimes 


The rifled weapon 


Handguns, rifles, ar rifles and military weapons differ from 
shotguns in that they fire one projectile at a time through a 
thicker barrel thar has spiral grooves machined on its inner 
surface, The elevations berween the grooves are the ‘lands’ 
which grip the bullet as it passes down the barrel and give it a 
rotatory movement. This hasa gyroscopic effect that increases 
the stability of the buller’s trajectory and hence the accuracy. 

Handguns, which cause over 50 percent ofall homicides 
in the USA, comprise the revolver and the automatic pistol 
The revolver has a rotating cylinder carrying a variable 
‘number of shells, which are brought inco the firing position 
‘one by one, each time the tigger is pulled. The revolver has 
a low muzzle velocity of the order of 500 feet/second (150 
metres/second). The ‘automatic, more accurately called a 
‘sel-loading’ pistol, has its shells in a spring-loaded maga- 
zine, each spent round being ejected and a new one posi- 
tioned by means of the gas pressure developed at each 
discharge. The muzzle velocity may be 1000-1200 feet 
second (300-360 metres/second). 

Rifles are long-barrelled guns that may be single-shor, 
bolt-loaded or self-loading and used for hunting, carger- 
shooting or for military purposes. Military weapons come 
in a vast range of types, most of them now either ‘self. 
loading’, which means thar the trigger has to be pulled for 
each shot — or truly ‘automatic’, when the weapon will con- 
tinue to fire while the trigger is depressed until the maga- 
tine is empty. ‘The muzzle velocity varies greatly, from 1500 
to 5000 feev/second (450-1500 metres/second). 


AMMUNITION FOR RIFLED WEAPONS 


The variety of types of rifled ammunition is even greater than 
the range of weapons designed to fire them, but all conform 
to a general pattern. There is a metal cylinder, closed at one 
end, which is the ‘shell’ or cartridge, carrying a percussion 
detonator in the base, either centrally or peripherally. The 
shell is loaded with explosive propellant such as nitrocellulose 
and the bullec is firmly clamped into the open end. The bul- 
ler may be composed of a variety of metals, often compound. 
A lead core may be covered in a nickel or steel jacket, but 
there are many other variations. ‘The detonator may contain 
elements such as barium, bismuth mercury or antimony. 

Borh shorgun and rifled weapon ammunition have a 
common purpose when detonated ~ to produce large vol- 
umes of hot gas under pressure that expel the bullet or shot 
from the barrel. One gram of black powder produces about 
3000 ml and nitrocellulose produces some 13000ml of 
428, which consists of carbon dioxide, monoxide, nitrogen, 
hydrogen sulphide, hydrogen, methane and many other 
substances, all at high temperacures 
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Wounds inflicted by a smooth-bore shotgun 


Though the construction and performance of weapons is of 


terest to the Forensic firearms examiner, the relevance 
to the pathologist is concentrated in chose aspects which 
affect the nature of the wound: 


1 whether the weapon is smooth-bore or rifled: 
 ifrrifled, the muzzle velocity of the weapon; 
the nature of the projectle(s); 

IW the nature of the propellant; 

the degree of choke, if any; 

the range of discharge; 

the angle of discharge, 


WOUNDS INFLICTED BY A 
SMOOTH-BORE SHOTGUN 


The following constituents of the cartridge emerge on 
the discharge of a shotgun and all may contribute to the 
wound: 


lead pellets 

IB soot in the form of smoke and debris 

S unburne and burning propellant particles 
IS flame and hot gases under pressure 
carbon monoxide 

Sl wads ~ either felt, cardboard or plastic 
detonator constituents 

fragments of the cartridge case. 


id fe fe 


‘When a shotgun is fired, a compact mass of shor emerges 
from the muzzle and then begins to disperse, the divergence 
increasing progressively as the distance lengthens. A tongue 
of flame and hot gas follows the shor. High pressure and 
temperature exists just outside the muzale, but this rapidly 
expands and cools. This gas is composed of oxides of nitro- 
gen, carbon dioxide, hot air and other compounds, but the 
‘one of interest to the pathologist is carbon monoxide. Soot 
from the combustion of propellant is expelled, along with 
some flakes oF grains of propellant that may be still burning, 
"The wads ae also expelled, their nacure depending upon the 
type of cartridge. Some modern ammunition may contain 
other devices that may contribute to the wound. 

‘Chemical traces of the elements in the detonator or percus- 
sion cap cannot be seen, but may be vital laboratory evidence, 
where barium, antimony and other metals can be recovered 
‘on analysis or by means of the scanning electron microscope. 
Fragments of the cartridge case may also be ejected, especially 
if has been tampered with, as described earlier. 

‘The most important deduction that a pathologist is asked 
to make is the estimation of che range of discharge of the gun, 
as this may substantially influence the distinction between 
accident, suicide and homicide. The appearance of the wound 
is greatly modified by variation in range and itis convenient to 
describe them in terms of increasing range of discharge. 


Shotgun contact wound 


SHAPE 


‘Where the muzzle is placed tightly against the surface of the 
abdomen, thorax, limb or neck, the consequent wound will 
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FiGURE 8.5. Variation in appeanance of «shotgun wound at increasing range of discharge: Ifa), spc wound from contact over bone: 


1(0), usual round contact wound: 


close but not contact range up t0 about 30cm (variable); 3, ‘ra-bole wound from 30cm t about a 


‘metre (variable); 4, satellite pellet holes appearing over a metre; 5, spread of shor increases, central hale diminishes; 6, uniform spread with 


no central bole over about 10m, All these ranges vary greatly with barrel choke, weapon and ammunition. 
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be single and circular, of a size approximately equal to the 
bore of the weapon, though a 410 wound may be smaller 
because of the relatively greater effect of elastic contraction 
of the skin. The edges of the wound may be crenated by 
individual shor, but usually this feature is nor noticeable 


SOILING AND BURNING 


In a tight contact wound, the skin forms a seal around the 
muzzle, preventing much escape of hot gas and soot, so that 
soiling and burning are minimal or absent. ‘The recoil, which 
takes the muzzle away from the skin, may, however, loosen 
the seal and, if che muzale is nor pressed firmly, lame, gas and 
soot may escape sideways and affect the skin in the immediate 
Vicinity. Where clothing is interposed berween the muzzle 
and skin, soot is much more likely to escape sideways and 
‘may be found in each layer of fabric, as well as on the under- 
lying skin. ‘The cloth may he singed at the edge of the hole 
and there may be ring of burning around the skin wound. 


MUZZLE IMPRESSION 


There may be a muzale impression in a tight contact wound 
made by firm mechanical pressure or impact of the metal rim 
against the skin. Many textbooks quite wrongly arribute this 
to ‘recoil’, though of course recoil takes the muzzle away from 
the skin, nor cowards it. The true explanation of a muzzle 
mark is either that the assailant physically kept the weapon 
pressed hard against the skin or ~ more often ~ that the sub- 
cutaneous expansion shortly co be described, lifts the skin 
forcibly up against the muzzle. A muzzle mark is a most use- 
ful indication co the pathologist of a contact wound. Actual 
bruising can occur around che muzzle imprint, though this is 
more likely to be the result of deep contusion from the effects 
of the blast. Rarely, a double-barrelled weapon may make a 
sing like mark adjacent co the entry wound. 


FIGURE 8.6 Soor-soiling of hand chat had grasped a shotgun barrel 


CARBON MONOXIDE 


Carbon monoxide in the gases combines with haemoglobin 
and myoglobin to give pink coloration to the interior of the 
wound track and adjacent tissues. ‘This diminishes in con- 
centration along the track, but can still be present in its 
depths—and even aran exit wound, if there is one. The pres 
ence of carboxyhaemoglobin and myoglobin has been advo- 
cated as a test for distinguishing the exit from the entrance 
wound, especially where decomposition has blurred the 
morphological appearances. This test must be used with cau- 
tion, though if quantitative measurements are made it can 
still bea valid exercise 


CONTACT WOUNDS OVER BONE 


‘When the wound is made over a site with underlying bone, 
the wound may have a different appearance. Especially in 


FiGURE 8.7 Homicidal firearm wound with a wweloe-bore shotgun 


‘The wound shows clear muzzle inopresion, the barrel having been 
preted againat the sin at dicharge, There i almost no smoke sailing, 


the nauzele having forced a frm seal against the thin shire and shin 
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the scalp, but also over the back of the neck, sternum, 
shoulder, hip and other areas where the soft tissue lies 
thinly over bone, the large volume of discharge gases can- 
not dissipate, as they can into the abdomen, chest, or mass 
of muscle, When the gas is forced through the skin, itis 
reflected back by the underlying hard layer and momentar- 
ily raises a dome of skin and subcutaneous tissue. ‘This 
is rammed back against the muzzle to increase the pressure 
of contact further, sometimes producing a muzzle mark. 
‘When the gas volume is large, as with a rwelve-bore gun, 
this dome may then split, causing a cruciate, stellate or 
ragged wound, with skin flaps. This is less likely with a 
A1O because the cartridge is smaller, but it can occur, as 
‘of course it can with rifled weapons. 


The close discharge of a shorgun 


When the muzzle is held near the skin, bur nor actually in 
contact with it, a number of helpful signs are produced. 
Once again the appearance is naturally modified by cloch- 
ing, which must always be carefully preserved and sub- 
jected to forensic scientific examination. Where clothing is 
present, then it will rap most, but not necessarily all, of the 
soot and powder grains. Ie will reduce the flame effects, 
though if the fabric is ignited even momentarily, this can 
diffusely scorch the skin. 

Assuming that the body surface is uncovered, a close 
discharge ~ one between actual contact and about 15cm 
6 inches) ~is likely to show the following feacures: 


i Singeing of hairs around the wound, unless the skin is 
hairless. The fine downy haits of the trunk and limbs 
‘may be burnt away, though this is unlikely with dense, 
long, head hair. Where the distance is greater, the 
keratin of the hair may melt with the flame and then 


FIGURE 8.8 Suicidal firearm wound from a twelve-bore shotgun, 
The wound shows a muzzle impresian with soot roiling, the double- 
bharrelled shotgun having been presed against che skin at discharge. 


solidify on cooling, causing a ‘clubbed’ appearance of 
the hairs because of rounded bulges at the tips. 

{© Burning of the skin, unless protected by head hair. 
‘There may be a wide flare or narrow rim of hyperaemia 
or even blistering from the flame of incandescent gas 
blown from the muzzle. 


FicURe 8.9 Firm consact wound from a teeloe-bore shotgun. The 
cloghing has prevented any sot sling, bus there are minor peripheral 
abrasions from impact ofa belt. Ac the abdomen was dicensble, the 
_g2s expansion has nor caused spliting ofthe skin atthe wound edges. 


FiGURE 8.10 Contact wound fiom a twelve-boreshoggun fired 
‘through clashing. There is some abrasion of the wound edges, but no 
‘regularity fom the close-packed pellets, which have not begun to 
disperse, The clothing has protected the skin fom smoke and powder 
sailing, The circular wound indicates discharge at right angle to 
the body surfe, 


+2516 


8: Gunshot and ex 


IH The tissues within and around the wound may be 

cherry-pink from absorption of carbon monoxide. 
© There will be ‘smoke soiling’ or “soot staining’ of the 
skin, from carbon deposition. This spreads more widely 
than powder tattooing, but does not carry as far as the 
heavier propellant grains. This effect is much less or 
even absent with modern ‘clean’ propellants. 

This soot or smoke soiling is easily washed off the 
skin, and care must be taken at autopsy to obsain all 
photographs and trace samples before allowing the 
bloodstains to be washed from the body: Tattooing will 
not wash off, though adherent unburne propellant may 
be physically detached from the tiny burns during any 
washing or swabbing process. 

Burning, partly burnt and unburne propellant flakes and 
‘gains may pepper the surrounding of the wound. As 


stated above, these carry further than smoke staining, 
bur usually spread over a smaller area. The incandescent 
particles cause small burns on the skin, but the unburne 
flakes (such as nitrocellulose) may be seen as small 
glistening particles on the skin, sometimes coloured. 
The wound will be circular if the weapon is held at 
right angles to the skin and elliptical if slanted, often 
with undercut edges on one side, Depending partly on 
the size ofthe pellets, ‘nibbling’ or crenation of the 


edge may he seen, though this is usually imperceptible 
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in clase discharges. The edge of the wound will be 
blackened and there will be soor in the exposed tissues 
There may be annular bruising around the wound and 
distanc bruising a few centimetres away as a result of 

tissue damage from the entry of gases. Other bruises or 


abrasions may be seen in the vicinity from objects such 


FiGune 8.12 Suicidal noelve-bore shotgun wound. Th 


in one ofthe ‘iter of election’, in the neck, and the circu 


fouling indicated a close or even contact dircharge 


E 
shotgun wound of the 


URE 8.11. Cla 


ge rwelve 
ad. This homicidal 


discharge was made through thick layers af 
fabric, which has filtered out any smoke or 
ipousder sling. However there isa witde zone 
af kin burning due to the muzslegaser. The 
downward 


wound i oval due t 


angulation ofthe wespon. 
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nection (S6,57,58) tothe vacuum pump. In the middle of the 
vacuum chamber, two metal plates (53) are attached through, 
sealed glass collars (54) to electrical pins (58). The plates are 
‘electrostatically-charged with opposite charges so as to form 
‘a capacitor. This creates an electrical field between the plates 
‘which attracts the electrons to the positively-chamzed plate 
[0039] Referring to FIG. 16, the vacuum tube and water 
injector (61) are mounted along the centerline of the inner 
(60) and outer (89) magnetic vortex wormhole generator 
coils. The low density hyperspace enengy traversing. the 
wormhole along the centerline of the coils causes the 
injected water molecules to soften and decay into a cascade 
of electrons. The oscillating electric field along the eenter- 
Tine causes the electrons to vibrate back and forth. The 
crossed electric field between the charged capacitor plates 
‘causes the electrons to flow toward the positively-charze 
plate in onder to produce electricity 
[0040] Referring o FIG. 17, the vacuum tube is connected 
to the vacuum pump through « hose connection to the pump 
air inlet (64). A'5 Hp electri motor (62) drives dual rotating, 
flights of screws which trap the air and move it toward the 
‘exhaust outlet (68) shown with no muller. On a spaceeralt 
‘operating in the vacuum of outer space, this component 
‘would not be needed. 
‘SUMMARY OF THE INVENTION 

[0041] It is the object of this invention to generate elec- 
tricity by using low density hyperspace energy to soften 
‘water molecules such that the atomic binding is broken 
‘which causes the hydrogen mucleus to decay into a cascade 
of electron pairs. These electrons are then collected on a 
positively-charged plate in onder to produce electricity. The 
Water molecules are softened by flooding them with low 
density hyperspace energy that is produced by magnetic 
vortex wormhole generator. The generator creates negative 
‘energy and a spacetime curvature along the centerline of two 
‘concentric coils. This combination opens up wormholes 
along the centerline. Because the gravitational potential of 
Jow density hyperspace energy is greater than the negative 
‘energy, the hyperspace energy flows through the wormhole 
from hyperspace into our dimension. The hyperspace energy 
has a speed of light equal to one meter/second, This causes 
a change in Planck's constant h such thatthe proton orbitals 
of the hydrogen atom are unable to produce a centrifugal 
repulsion which keeps the electron in orbit. The Coulomb 
potential term dominates and the electron is attracted to the 
proton, Due to the vast change in the speed of light, and the 
collision ofthe electron with the proton, the proton becomes 
tunstable and decays into a neutral pion and a positron. The 
Pion then decays into two gamina photons which produce a 
large cascade of electron pairs 
[0042] A water injector, consisting of a solenoid-activated 
valve and nozzle, injects water droplets into a vacuum 
‘chamber which is positioned along the centerline of the two 
‘concentric coils where the wormholes form. Due to the low 
density hyperspace energy passing through the wormholes 
into our dimension, the water molecules soften and decay 
into electrons which are collected on an electrostatically- 
‘charged capacitor plate having a positive charge Tocated in 
the glass vacuum chamber 

A BRIEF DESCRIPTION OF THE DRAWINGS 


[0043] FIG. 1, Perspective view of hydmgen atom K 
shell 
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[0044] FIG. 2. Graph showing potential binding energy of 
hydrogen atom. 

[0045] FIG. 3. Perceptive view of Olympus Mons volcano 
at +19.5° Mars latitude. 

[0046] FIG. 4. Perspective view of tetrahedron inscribed 
in sphere. 


[0047] FIG. 5. Graph showing complex plane. 


[0048] FIG. 6. Perspective view of hyperspace co-dimen- 
sions of logarithmic manifold. 

[0049] FIG. 7. Perspective view of embedding diagram 
showing curvature of space caused by a mass. 

[0050] FIG. 8. Perspective view of wormhole embedding 
sliagram. 

[0051] FIG. 9. Perspective view of coils of magnetic 
Vortex wormhole generator 

[0052] FIG. 10. Graph showing that generator produces 
negative energy. 

[0083] FIG. 11. Tetrahedron diagram showing that the 
speed of light at the Planck box boundary at the water 
‘molecule is one meter/second. 

[0054] FIG. 12. Perspective view of proton decay into 
neutral pion and positron. 


[0055] FIG. 13. Perspective view of pion decaying into 
two gamma photons. 
[0056] FIG. 14, Diagram showing decay of the hydrogen 
atom into electrons 


[0087] FIG. 15. Perspective view of water injector and 
‘vacuum chamber. 


[0058] FIG. 16. Perspective view of vacuum chamber 
‘mounted along centerline of magnetic vortex wormhole 
‘generator. 


[0059] FIG. 17. Perspective view of vacuum pump used to 
evacuate vacuum chamber. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0060] 1. The coils of the magnetic vortex wormhole 
‘generator are made of three stacks of 0.020 inch silicon-iron 
‘wansformer laminates, These are washed to remove the oil, 
‘and then wrapped with insulating tape in order to keep the 


laminations together. Using a very long beach made of 
‘wooden planks and 2x4 sawhorses, the outer coil is wrapped 
counter-clockwise right to left using a lange spool of 14 
AWG magnetie wire. A thin spacer is used between wind- 
ings in order to reduce the winding capaci 


coil which is wrapped clockwise, leaving enough wire 
between coils such that when the coils are mounted in the 
‘wooden frame, the coil is one continuous winding having an 
input and output connection. Using an inductance meter, the 
inductance of the coil is measured. Using a standard fre 
quency of 60 Hz, the capacitance of a sheet metal capacitor 
is calculated such that the generator is electromagnetically 
resonant at this frequency. The generator is connecied to the 
Tine voltage by a 1:1 isolation transformer which is con- 
nected to a small primary coil wrapped on a toroidal core 
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as buttons or buckles being husled against the skin by 
the gas pressure. 

Any felt or cardboard wads or plastic cups from the 
cartridge will be within the depths of the wound. 


FIGURE 8.13. Suicidal tweloe-bore shogun wound. The entrance 


is one of the sites of election’ nthe neck (ie Figure 8.14). 


1 


25, 


Short- to mid-range shorgun discharge 


From about 15cm (6 inches) to 2m (6 feet), considerable 
variation occurs in the appearance of the wound. The shorter 
range will provide a similar picture to that of close discharge, 
bur the soot soiling diminishes and over 20~40cm it may 
vanish, Powder tattooing near the wound periphery may 
persist for somewhat further than this, 

At the upper end of this range the edges of the wound will 
ed, especially with larger shor. 
This is sometimes called the ‘rat-hole’ or ‘rat-nibbling’ fiom 
its resemblance to rodent teeth marks. From 2m upwards, 
the number of satellite pellet holes will progressively increase 


become crenated and scallo 


around the main wound, 

Ie must be emphasized that these are useful generaliza 
tions, but that marked variations occur between different 
‘weapons, different barrels of the same weapon and different 
ammunition fired from the same gun. Only test firing can 
give a measure of the length of the flame, the distance and 
pattern of soot staining and powder tattooing, the begin- 
ning of pellet spreading and che distance over which the 
wads are projected. As a rough rule-of-thumb, which is 
ofien incorrect, hair singeing occurs over the first 30cm 
(1 foot), soor staining can be seen for the first half-metre 
(20 inches) and a single large hole persists for at least 1m 
G fer). 


Mid- to distant-range shorgun wounds 


Here, test firing is even more vital for an estimate of range, 
as the variation is great. The choke as opposed to cylinder 
barrel on the same gun will provide different appearances at 


FIGURE 8.14 Suicidal contact entrance 
woud inthe neck, One barel ofa 
double-barreled shotgun was wed, the 
sunied barrel causing a muzzle mark 


ee Figure 8.13) 
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Ficus 8.15 Suicidal rwelve-bore shotgun wound. Not all such 


wounds are circular — this one ha torn a large defct in the chest wall, 


because of its tangential orientation. The smoke smudging is extensive, 
having overshot and been deflected from the wound interion The 
recordin is another ste of election for ruicidal shooting 


the same range. Once beyond 2.m, there will be no burning 
or smoke staining, rarely will there be powder tattooing 
and the presence of the wads will be variable. Sometimes 
the latter fall away within 2m, but they can sometimes be 
found in a wound up to 5m distant. Often the wad takes a 
lower trajectory and may strike the body below the shorgun 
wound. It may penetrate the skin, causing a second lacer- 
ated wound or it may only bruise the skin, Some of the 
plastic cup devices now used open up in flight to form a 
‘square-edged star or capital "X’ shape, This can strike the 
skin at or near the shotgun wound and produce a charac- 
teristic bruise of abrasion of a similar shape. The spread 
of pellets, which usually begins at a metre or two range, 
increases progressively, the central ‘rat-hole’ diminishing ar 
the same rate 

“There isan old (and extremely inaccurate) rule-of-thumb 
which states that the diameter of the spread in inches is 
roughly equal to the range in yards (metric: one-third of the 
spread in centimetres equals the range in metres). This of 
course applies to a circular wound or the narrow diameter of 
an oblique elliptical wound; it is of no use other than a 
quick first check to indicate if suicide can be excluded, but 
expert examination and testfiring are essential 

‘Ar distant ranges, beyond 6-10 m, the central hole may 
shrink co nothing. There will naturally be no wad injuries, no 


FGURE 8.16. Chantcterstic capital shaped braive canted by 


opening up of the plastic cup containing the shotgun pellets and 
surrounding the circular entnance wound from a homicidal 
short-range dicharge. 


smoke, flame or tattooing, and no way of determining range 
‘except to say that it must be within the maximum discharge 
distance of that particular weapon, which may be 30-50 m. 
‘Ac such ranges the shor will nor be lethal and the pellets, if 
they penetrate the skin, will lie justin the subcutaneous tis- 
sues. Death may occur, however, from an unlucky shot in 
the eye or from natural disease precipitated by pain and shock. 


The direction of a shotgun injury 


I has already been stated that, where the discharge has been 
at right angles to the body surface, the shape of the wound 
will be symmetrical and circular. A shotgun blast traces out a 
shallow cone from the muzzle and simple geometry demands 
thar where this cone intersects a plane (the skin), a circle will 
result only when the cone is at 90° to the plane. In all other 
positions an ellipse will be traced our, its elongation increas- 
ing as the angle berween them decreases. This pattern applies 
not only to the pelle spread but to soot deposition and pro- 
vides a ready indication of the direction, In addition to the 
surface features, the internal wound assists in orientating the 
discharge: 


5 The wound edges may be shelved, the tissues being 
undercut below the margin distal to the origin of the 
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FiGUne 8.17 Shotgun wound from a eweloe-bore weapon, The 
circular outline indicates thatthe discharge war perpendicular tothe 


skin surfice, The central bole wes caused by the entry of a confluent 
amas of shot, though dere were no wade in the woud. The diameter 
ofthe peripheral pellet pattern was about 12crn, which suggest that 
“apprasimately, che range wats about 4m. Test firing must always be 
carried ont, however, to obtain a more ext extimate, Whatever the 
actual range, i is clear that it could not be suicidal 


discharge. The appearances are similar to those seen in 
some knife wounds, where an oblique stab leaves tissue 
visible ar one edge and undercut on the other, In 
firearm wounds this is better seen in injuries from a 
single rifled projectile than from the more diffuse mass 
of shorgun pellets, but is still sometimes apparent in the 
latter 

i The track of the wound in the deep tissues can be 
established and this line projected backwards to 
indicate the discharge direction relative to the body. 
Again, a missile from a rifled weapon usually gives a 
clearer picture than those from a shorgun, but a general 
estimate can be obtained from a knowledge of the 
positions of the surface wound and the mass of pellets, 
Examination of a radiograph may be of more assistance 
that the laborious search feom pellets at autopsy 
‘Whatever the type of missile(s), considerable deviation 
caused by deflection by bone and other tissues can 


Ficuse 8.18 Homicidal closenange shotgun wound from a rwelve- 


bore weapon. 


‘occur, so that the final resting place of the projectile 
‘may be far off the initial track. Thus the actual path 
through the tissues before ricochec must be established, 
if possible 


Other features of shotgun wounds 


Ml Exic wounds are uncommon in the trunk as the energy 
possessed by each pellec is small because ofits tiny size 
and the relatively low muzzle velocity of the weapon. 
The ‘four-ten’ will almost never exit and even the 
twelve-bore rarely causes a through-and-through 
wound of the adult chest ar abdomen. The pellets 
ofien penetrate the distal chest wall, bur are held up 
beneath the skin of the further side of the trunk 
Commonly a bruise may be seen in the deep tissues of 
the frustrated exit site and lead shot may be felt under 
the skin, which is tough enough to prevent the final 
exit phase 

In the head, neck and limbs, and in children and 
smal thin adults, the twelve-bore commonly causes an 
exit wound which may be extremely large and ragged, 
with geoss tissue destruction exposed. One of the most 
common is that seen when a twelve-bore is discharged 
suicidally into the mouth; this may disrupt che head, 
and expel most of the brain through a massive skull 
and scalp defect ~ the so-called ‘burst head’ 
The internal track is more diffuse than that caused by 
a rifled weapon, though where the discharge is contact 
or close, the compacted mass of shor travels 2s a unit 
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FIGURE 8.20 Tangential shotgun wound of fice. The edge ofthe 
ispercal cone of pellets and gas has ploughed through the cheek 

sand removed the ear. The facial bones and base ofthe skull wer 
fractured. 


odes 
ry 


Shelved wound 
edge 


FiGuRE 8.21 Sheleing and undercutting of entry wound in oblique 
discharge 
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FiGURE 8.19 Peller injuries from a distant 
nwelve-bore shotgun diccharge. The range 
twas about 25m and the sha lies just under 
the skin. Death was cased by coronary 
rear ditease,eardiae arrest being 
provipitated by the shack of injury 


for some distance into the tissues before dispersing 

In general, the internal damage caused by a shotgun is 
diffuse and is caused by direct mechanical disruption 
by the gas and shor, which enter at relatively Low 
velocity. There is no cavitation effect as is seen in 
high-velocity injuries, the tissue being physically 
smashed by the impact of heavy load of pellets and, 
in the case of near discharges, by the large volume of 
hot propellant gases 


Secondary damage is caused by the mass of pellets 


striking bone and releasing fragments that then act as 
secondary missiles, damaging adjacent tissues and 
sometimes emerging to form exit wounds, These may 
sometimes cause confusion to inexperienced observers, 
including police officers, who may wrongly suspect, 
multiple shots or the use of some other type of weapon, 
‘Wad wounds can be caused by the non-metallic 
contents of a shotgun cartridge. These can vary from 
trivial bruises to fatal lacerations. The latter may occur 
when a blank cartridge is discharged ar close range, the 
wad and accompanying gas breaching the body susface. 
‘As mentioned earlier, the new devices now often used 
in shotgun ammunition may cause characteristic 
wounds, such as the square cruciate mark from the 
wings of the opened plastic cup which contains the shor. 
Felt and plastic wads travel a variable distance from 

the gun muzzle, depending on many factors, such as the 
type of cartridge, che amount of propellant load and the 
nature of the wads. ‘The wads fall away much more 
quickly than the lead shor because of their low weight 
and high air resistance, Ac contact and close ranges 


Wounds inflicted by a smooth-bore shotgun 


they will almost always enter the wound and should 


be recovered at autopsy in order co assist in identifying 
the type of ammunition. 

Beyond a metre or two, the wad may drop 
sufficiently to miss the main wound and strike the skin 
ata lower point. From 2 to 5m, the wads may or may 
not strike the body, and further than this distance i is 
almost certain that the wads will ill to che ground, As 
with all variables associated with firearm wounds, 
however, itis essential for test firing to be performed 
wherever possible. The pathologist should not be 


Ficune 8.22 A tangential 
shotgun wound of the side of 
the che 


sas frst found it was not 


When the victim 


appreciated that he had been 
shot, The discharge pasted 
ly abducted 
«arm, injuring the upper arm 


under the alight 


as well a the thorax, Though 
most of the dot pased tothe 
rear ofthe victim, come were 


found inthe pleural cavity 


FIGURE 8.23 Radingraphy should be 
carried out before antopey in all death 
from firearm, The extent of dispersal of 
sho can be astesed ~ asin this fb and, 
‘in single bullet injuries, the postion and 
possible foxgmentation can be detected in 


order to asst in recovering the mise. 


dogmatic or impracticably precise about distances, but 
offer a bracket of reasonable probability 

Tangential wounds can offer considerable difficulty in 
recognition to the inexperienced observer. Some 
pathologists, as well as clinicians and police officers, have 
attributed certain wounds to knives or blunt injuries, 
when in fact they have been gunshot wounds, The 
shallow cone of a shorgun discharge may pass any part of 
the body so thar the central axis is clear ofthe tissues, but 
the periphery strikes the body surface tangentially. The 
‘most common position is probably the side of the chest, 
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in the lower axilla, Ifthe arm is raised it may escape 
damage, but sometimes an opposing injury is seen on the 
chest wall and inner part of the upper arm. Another area 
is the side of the face, where a glancing gun blast may 
‘gouge the face and perhaps carry away an eat 

The appearance of the wound depends, of cousse, on 
the range and the depth to which the cone of shot and 
‘gas penetrates, On the side of the chest, a large 
elliptical area may be ripped from the surface to expose 
underlying muscle and ribs. Ifa close discharge, then 
the nature of the injury will be clear from the usual 
burning and soiling of the muzzle gases, but a more 
distant shot may cause a clean wound that can give rise 
to doubt about causation. Radiography will usually 
reveal lead shot in the tissues, unless the contact is 
extremely superficial 

In the chest ~ even if shor penetration is minimal ~ 
severe damage to the pleura and lungs may occur from 
the impact, and death may occur from a haemothorax 
with of without lung laceration or contusion, When the 
side of the head is hit, shattering of skull or facial bones 
can occur and intracranial damage is common, even 
though no metallic projectiles enter the cranium. Rifled 
weapons can also cause tangential wounds and some 
features of skidding across the surface and re-entry 
wounds have been mentioned earlier. There is not 
usually che wide gouging of tissue seen in smooth-bore 
injuries, but the glancing passage of a high-velocity 
missile can open up a severe longitudinal laceration. 
TThe lateral transfer of energy can cause severe internal 
damage in both chest and skull, even though the missile 
does not enter the cavities. The skull may be extensively 
fractured, with widespread underlying damage, and in 
the absence of any projectile and a deficient knowledge 
of the circumstances, some such injuries have 
erroneously been ascribed to blunt trauma 


WOUNDS FROM RIFLED 
WEAPONS 


Injuries from rifled weapons vary greatly according to the 
velocity of the projectile, as discussed at the beginning of this 
chapter, but there are some characteristics common to all 
types. Unlike shorguns there is only one missile in each dis 

charge, though an automatic weapon may well cause mul- 
tiple wounds in close succession which impact upon the same 
area of the body. Occasionally, because of some defect in the 
weapon, two bullets may be Fired at once, or a fragment of 
metal may detach from cartridge, bartel or bullet, so that wo 
missiles may strike simultaneously; this is described later 


FiGURE 8.24 Lead pellets and fle cartridge wads fiom a 
taveloe-bore shotgun wound. Ite important ta recover at leat a 
sample of pees and the snads sa that the type of cartridge can be 
identified. 


FiGURE 8.25 Pelle injuries rom a dict twelve-bore shotgun 
discharge see ali Figure 8.26). The child had been walking behind 


st hunter carrying a shatgun on his shoulder, the barrel pointing 


down. When the hunter was ducking to avoid branches of. tee the 
saogur was triggered by a branch, 


Contact wounds 


When a weapon is fired in contact with the skin, the 
appearances can vary according to whether the muzzle was 
firmly pressed againse che surface so as to form a tight seal — 
or whether it was merely held in loose contact, so that the 
backward jerk of recoil can permit a small gap to appear 
Yee another permutation is when clothing is interposed 
between the muzzle and the skin. 

‘When a rifled weapon is held firmly against the body sur- 
face during discharge, che resulting wound is in many 
respects similar to that from a shotgun. A twelve-bore wound 
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FIGUIE 8.26 Pelle injuriee puncturing the exophagus and both 


25), 


ange (ice alo Figure 


Ficune 8.2 


Hunting accident i which the man wa hie by four 


pellets from a distant twelee-bare shotgun discharge. Pellet no. 1 
punceured the abderninal skin and was found in the subcutencons 
fit: pellet no. 2 braced the righ wrist; pellet no. 3 penetrated the 
chest wall and wiae fone in the pericardial fa risue without any 
injury to the heart: pelle no, 4 hit the corner of the eft eye and 


sravelled through the lft cerebral hemisphere, causing death, 


is usually much larger, bur a 410 can closely resemble a large 

calibre rifled weapon injury. Over deep soft tissues, such as 
the limbs, abdomen, neck and usually chest, the wound will 
besmall and circular. There will be burning and blackening of 
the immediate wound edges, but ifthe seal between muzzle 
and skin is tight, there will be litle or no sideways escape of 
flame and soiling unless clothing is interposed. 


Ficune 8.2 


9mm pital (ce 


8 Suicidal contace wound with muzzle marke fromm a 


tha Figure 8.29 for corresponding exit wound). 


FiGURE 8.29 Suicidal exit wound from a 9mm pista (ee aleo 


Figure 8.28 for corresponding entrance wound) 


FIGURE 8.30 Numerous teas in the lps due to expansion of mu 


_gaset fiom a Sram pistol fired in the month. 
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Within the wound, there will be some flecking with soor 
in the tissues, the amoune varying with the ‘eanliness’ or 
otherwise of the particular ammunition. Most rifled weapon 
ammunition is ‘clean’, compared with many shotgun car 

ridges, so that soot may be absent altogether, There is usually 
an areola of hyperaemia that extends beyond the diameter of 


the muzzle and carbon monoxide will be absorbed by the 


FiGUnE 8.31. Slightly deformed full jacheted bulls in che middle of 
the cone-shaped exit wound ontop ofthe skull. Homicidal entrance 


wound under the chin. 


haemoglobin and myoglobin in the vicinity of the skin 
wound and in the deeper track. There may be bruising, some. 
times extensive, though this is rarely symmetrical and is often 
absent. ‘The expansion of the tissues by gas entry tends to 
force the skin even harder against the end of the barrel and a 
‘muzzle imprint’ may be formed. In rifled weapons, especially 
handguns, there are more features at the end of the barrel 
than in shotguns, so complex imprints may be made of fore 
sights and mechanisms for self loading in ‘automatics 

If the contact wound is over a bony support, especially 
the skull, chen the same phenomenon occurs as in shorgun 
wounds. The muzzle gases entering the subcutaneous tis 
sues cannot expand by displacing adjacent soft structures 
and are reflected from the bone to raise a dome of gas that 
‘often splits the entry hole. This results in a linear, cruciate 
or stellate tear that may well destroy the original puncture. 
As the volume of gas produced is usually less than that 
formed by the large mass of propellant in a twelve-bore 
shotgun cartridge, the tear is smaller~ though the charge in 
some older rifles and sporting guns may be comparable. 

When the contact is loose, burning and soiling in the 
again modi- 
fied asin the case of shorguns, by the interposition of cloth: 
ing berween muzzle and skin. ‘The fabric allows a lateral 
passageway for diffusion of soiling, as the muzzle cannot 


immediate vicinity of the muzzle may occur 


rake such a good seal as against skin, 
If the skin of the gun hand remains in firm contact with 
the weapon steel for a longer period of time, rust stains may 
develop as seen in Figure 8,34. In experiments carried out 
by Ulrich and Zollinger (2001) in the living as well as 
corpses, the formation of rust stains depends on the firn 


ress of the contact, humidity of the skin and the enviton- 


ment, contact time and the state of the weapon surface 
The shortest period of time necessary for the formation of 
rust under the most favourable circumstances, as reported 
by Ulrich and Zollinger, was 135 minutes for a corpse and 


27 minutes for a living person. 


Ficune 8.32. Wrst af homicide victim, 
who had raised her lef hand to ward off 
the attack, showing a ‘lean’ exit wound 
of full jacketed bulletin the middle and 
soot soiled entrance wound beneath it. 
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Blow back into the barrel ~ 
‘back spatter’ 


Contact wounds ~ and also close-range discharges ~ may 
cause blood and tissue fragments to enter the muzzle, 
sometimes penetrating for several centimetres, this being 


EiGURE 8.33 Intravital CT sean ofa 23-year-old male who in the 


course of a Racin roulete' shot himtefin the right temple with a 


357 calibre Magnum revalver, Extensive injury ofthe cranium and 
rain with several X-ray postive particles probably due tothe 
disintegration ofthe bullet, (Frome the files ofthe Deparement of 
Radiology of Turku University Hospital reproduced by kind 


permisian of Professor M Korman.) 


FIGURE 8,34. Rust stains om the gun-and ofa suicide 
corresponding tothe shape of the grip. 


called "back spatter. There appears to be a momentary suc 
tion effect after the pressure of the gas blast subsides, pos 

sibly as a result of rapid relative cooling in the barrel. This 
seems to aspirate material into the muzzle and pieces of 
skin, hair and adipose tissue have been found inside the 
‘weapon. Sometimes blood and tissue may soil the hand or 
arm of the person firing the gun, a matter of considerable 
significance in forensic science 


Close-range wounds 


When there is a short distance beeween the muzzle and 
body surface, the appearances of the wound will vary 
accordingly co the type of ammunition used. ‘The wound 


Bone 


FiGune 8.35 A firm contact discharge against risue overlying bone 
(ouch as the sul) causes gas to rebound from the rigid base. This 
raises dome under the skin that can split 0 give a raged entrance 
wound This efit it by no means invariable 


Figune 8.36 Suicidal contact wound in the neck (arrow) fram a 


7.62 calibre rifle with destruction of the head. 
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will almost invariably be circular as the tearing due to gas 
incrusion is unlikely to occur. The wound edges may be 
inverted, but at close range the rebounding gases may level 
up or even evert the margins. As will be described in 
medium-range wounds, there will be an abrasion collas. 


Burning 


Modern propellant produces less flame than the black pow- 
der of older shorgun cartridges, but within a few centimetres 
of bare skin there is likely co be burning of the skin with 
singeing of hairs. Even where hairs are not destroyed, they 
may be ‘clubbed’, that is, the keratin melts at the tip and 
resolidifies as a tiny blob, Hyperaemia around the wound 
is usual and some bruising can occur, which may be more 
evident as the post-mortem interval increases. 


Ficusk 8.37 Appicalslitslie exit wound of a homicidal firearm 
teow froma hunting rifle with entrance wound in the back 


‘skin 
stretched 

before 
penetration We_ 


- Elastic skin] 
retracts to 
small hole 


Entrance 


Ficune 8.38 Enounce and exit wounds 


Ieis sometimes claimed that the flame effects extend from 
the muzzle a distance equal to the length of the barrel, but 
the truth of this rule-of-thumb is doubtful, though it may 
bea very rough approximation, 


Soot or smoke soiling and 
powder tattooing 


Though most propellant is now ‘lean’, some soot may be 
seen around the wound. In addition, there will be ny burns 
from specks of incandescent propellant, the so-called ‘pow- 
dr tattooing’. These may pepper the vicinity of the entry 
hole ina roughly symmetrical pattern, which may assist in 


FIGURE 8.39 Entrance wounds frm a 7.65 calibre automatic 
pista in the forehead and right tide of the face (arvow) af « homicide 


iti, with soo soiling, 


skin 
Unsupported 
outside 


Exit 
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‘whose similar secondary coil is connected to the sheet metal 
‘capacitor and inductance coil. Resonance is achieved by 
adjusting the spacing and overlap of the sheet metal 
[0061] 2. The vacuum chamber is made of a glass tube 
‘with Sufficient wall thickness to withstand the vacuum 
pressure. A number of glass blowing techniques are used to 
make the glass-electrode connection for the capacitor plates. 
‘Then circular pieces of glass plate are cut out and ground 10 
the inside diameter of the tube, fitted with the nozzle and 
vacuum connection, and then heat sealed t0 the chamber. 
‘The chamber and water injector are then attached to a 
‘wooden bracket mounting which is doweled and glued to the 
‘wooden frame of the generator, 


claim: 
1. A water energy generator system comprising the com- 
ponents: 


‘@ magnetic vortex wormhole generator and driving reso- 
nant electrical circuit; 


‘a water droplet injector; 
‘vacuum chamber and vacuum pump; and 


an electrostatic electron capture system, 

2. By means of claim (1), a magnetic vortex wormhole 
xenerator comprising two concentric cylindrical coils of 
‘different radii wound in opposite direetions, made of thin 
sheet silcon-iton transformer laminations wound with one 
‘continuous length of magnetic wire providing a single input 
‘and single output connection to the driving electrical circuit 

3. By means of claim (2), a coil winding method and 
scilating driving circuit producing bucking electric fields 
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along the centerline of the generator normal to the coils 
which create a spacetime curvature pressure and negative 
energy. 

4. By means of claim (3), the generation of wormholes 
between space and hyperspace along the centerline of the 
‘generator such that low density, low speed of light hyper- 
space enengy flows through a positive gravitational gradient 
from hyperspace to space 

5. By means of claim (1), a water injector comprising a 
solenoid-activated water valve, water supply connection, 
seal and nozzle for injecting water droplets into the vacuum. 
chamber. 

6, By means of claims (8) and (4), the softening and 
particle decay of the water molecules by the hyperspace 
energy into neutral pions, positrons, gamma photons and 
finally a cascade of electron pairs. 

7. By means of claims (6) and (1), the capture of the 
clectrons on electrostatically charged capacitor plates 
located in the vacuum chamber for the purpose of producing 
electrical energy. 

8. By means of claims (1) and (2), a resonant electrical 
driving circuit comprising a line isolation transformer con- 
nected to a primary coil wound on a toroidal coil whose 
secondary output coil is connected to a capacitor and the 
inductance coil ofthe generator such that the capacitance of 
the capacitor and the inductance of the coil form a highly 
resonant electrical circuit. 


Wounds from rifled weapons 


determining the angle of impact. Particles of propellant carry 
further than smoke, so tattooing around the entrance wound 
in the absence of soot indicates a greater distance. The soot 
rarely carries more than 15em (6 inches) from a pistol, 
whereas powder grains will travel 30-45 cm (12-18 inches) 

"These distances are approximate and can be doubled for 
a rifle compared witha handgun. The lengch of the barrel is 
another variable and a rule-of-thumb for pistols in this 
respect states that the distance from which powder residues 
can teach the skin is about ewice the length of the barrel, It 
must be emphasized once again char test Firing is essential 
for any hope of accuracy. 

‘Fouling’ refers to tiny lesions around the entry wound 
‘caused by fragments of metal expelled by the discharge. These 
come either from the surface of the missile or from the inter- 
ior of the barrel, Fiction between the bullet and the rifling 
may gouge off pieces of lead, jacket, or barrel steel and hurl 
them ar the skin, where they become embedded. These par- 
ticles, like powder burns, will not wipe off at autopsy, whereas 
soot soiling can easily be removed with a damp sponge. Even 
fragments of the shell case may become detached and blown 
‘out of che barrel, 

“Minute flakes of unburnt explosive or inet filer may land 
‘on the same area of skin; these tend to glisten and may be 
‘orange or blue, depending on the manufacturer. It is import- 
ant that a forensic scientist or police scene of crime officer 
has the opportunity co retrieve these before the wound is 
‘washed. If no such person is availabe, the pathologist should 
swab the area with a watet-damped plain swab, or preferably 
‘cut out the skin around the wound and preserve it unfixed 
(teftigerated if necessary). These specimens should be sent 
for expert forensic examination, as they may indicate the 
nature of the ammunition and may be matched to that in the 
possession of a suspect. As with contact wounds, carboxy- 
haemoglobin and myoglobin will be present in the wound 
track in diminishing concentrations as the range increases. 

“The estimation of range is dealt with later, but here it is 
again emphasized that until test firing is carried out with a 
similar weapon and ammunition, only an approximate esti- 
mate can be offered from the appearances of the wound 


Medium-distance wounds 


Unlike the shorgun, once the discharge of a rifled weapon is 
‘greater than a metre, there is nothing to indicate increasing 
range, until pethaps the erratic trajectory of extreme distance 
suggests maximum range. From perhaps less than half metre 
to up to several kilometres the entry wound ofa high-velocity 
rifled weapon appears the same. The typical appearance of the 
entry wound has been likened ¢o that caused by ‘driving 
dirty pencil through the skin. ‘The central aperture is circular 


and may be inverted ~ that is, the margins are driven inwards 
by the passage of the missile ~ though this fearure is often 
absent. 

‘The size of the hole is rarely equal to the diameter of the 
missile and therefore the calibre of the weapon cannot 
instantly be determined by inspection of the wound ~ in 
spite of the apparent ease with which television drama 
doctors and detectives can instantly spot ‘a thirty-two! or 
a ‘thiry-eight’, When the bullet strikes the skin, che latter 
is stretched for a minute fraction of a second until penetra- 
tion occurs, so thae the missile perforates expanded skin, 
Immediately after entry, the skin undergoes elastic recoil and 
the resulting hole is usually smaller than the diameter of the 
bullee unless the range is so close that gas entry ~ or gas 
rebound ~ contributes to the size of the defect. 


The abrasion collar 


‘The skin immediately around the central hole is dis- 
coloured, the so-called ‘abrasion collar’. This may be only a 
narrow rim or may be equal in width to the central defect. 
"The collar is due to the inversion of the skin during pene- 
tration by the missile so thar the sides of the bullet are 
‘wiped! by a tiny tube of skin, the epidermis of which is 
abraded by heat and fiction, 

‘The width of the abrasion collar is determined by the 
degree of inversion and hence the lengeh of the skin tube. 
"The collar is caused by friction and heat as the missle chafes 
the skin. 


Ficune 8.40 Clese-range pistol entrance wound. The eyelid and 
lower forehead show tiny burns from propellant flakes landing on 
the skin. The eye are blackened by fractures ofthe floor of the 
anterior fossa 
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Ficune 842. Entrance ofa 


rifle bullet at afew inches range 
There ie slight smoke siling around the wound, which has a well- 
marked abrasion collar In fact, two shots were fed in quack 


succestion through the same hole, which is lightly ovoid because of 


the non-congruence of the two shots (ce Figure 8.49). 


In addition to the true abrasion collar, there is often a 
slightly wider circle of peeled keratin, where the stratum 
corneum of the skin is raised to form a slightly frayed edge 
around the entry wound. This appears due to mechanical 
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8.41 Multiple entry wounds from 
ary elfloading weapon. The wounds 
are in line and approximately evenly spaced 
ach is atypical entry, with an inverted 
appearance and are abrasion collar. There 
were mative exit wounds on the back, 
cased by 303 bullets fons a Bren gun 
sed by a Malayan patrol, 


Ficune 8.43 Enmnence oft 


rifle bulletin a shooting a 


separation of the outer layer, due co the impact of the bullet 
knocking the deeper layers down away from the keratinized 
surface 


‘The grease ring 


The inner edge of the abrasion collar may be black, asa result 
of heating effects and to the rubbing-off of dirt, lubricating 
oil, or grease and metal particles from the bullet. This is often 
called the ‘grease ring’ or ‘ring of dirt, and may be absent if 
the missile was clean 

There may also be bruising around the wound from 


mechanical damage to adjacent subcutaneous blood vessels, 


Wounds from rifled weapons 


FicunE 8:44 Enmnence wound in the back of. rifle bulet 


fired fom across oon. There is thus na burning or soiling, and 


only minimal bruising atthe margins of an almost circular 


inverted entry 


bur no other features, apart from the keratin ring, are present 
in the surrounding skin. No burns, soot or povider can be 
found beyond a variable distance that will not exceed a metre 
in the case ofa rifle, and half that distance with a handgun, 


Extreme trajectory wounds 


(Over most of their flight path, rifled weapon missiles main- 
tain a fairly constant attitude. Soon afier emergence from 
the muzale, the bullet may ‘precess, with the tip on the axis 
of travel and the base rorating in a diminishing circle about 
the axis. This soon settles down and causes no observable dif- 
ference in the contact wound. For most of the distance of 
travel, the bullet remains steady, with only minor variations 
from axial stability. When the extreme range is approached, 
however, the reduced velocity allows instability of the flight 
path. The bullet begins to wobble and yaw, and may even 
tumble, that is, turn end-over-end. If the missile strikes the 
body in this phase, the impact may be sideways or even back- 
wards, as well as being in an irregular lateral motion. A bullet 
striking sideways may leave an almost rectangular entry 
wound. The wound will then be similarly irregular, and there 
may be difficulty in recognizing it as a firearm wound or in 
differentiating it From a laceration caused by other means. 


The direction of discharge 


As with smooth-bore weapons, a close range discharge may 
provide information about the angle of the shot because 
of the geometry of any smoke soiling, powder tattooing, or 


FiGURE BAS Disintegration af the head of young female terrariet 


Jn the Malayan emergency fama single bullet entering the external 
sanitory meatus. The wespon was a FN rife with «high mucole 
telaciy the impact ofthe mise om the base of the kul inset 
converted the kinetic energy int a virtual explesion. 


burns on the skin. An impact ar right angles will produce a 
circular zone of discoloration on the skin, while an oblique 
angle will resule in an elliptical mark, the length of which 
increases as the angle decreases. As rifled weapons produce 
relatively ltd soiling except at close range, this clue is of less 
assistance than with shorguns 

Again as with smooth-bore guns, the edges of the wound 
may be shelved or ‘undercut’ when the discharge enters at an 
oblique angle. Tissue may be seen in the floor of the wound at 
one side, 


Jhich indicates the direction from which the bullet 


came, Muscular contractions may distort chis picture, how. 
ever and it is not always present, though minute inspection 
(using a lens if necessary) may reveal shelving in the deeper 
layers of the skin rather than in the tissues below. More useful 
is the shape of the abrasion collar, which will be asymmetrical 
if the bullet enters at an angle, even through the central hole 
ofien remains circular. The other means of determining direc 
tion, which is nor usualy available with shorguns, is the tra 
jectory between entrance and exit wounds. These can be 
joined and projected in direction of approach to indicate the 
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site of discharge. ‘Two important conditions attach to this 
interpretation, however 


Lf che bullet strikes a solid object, either bone or even a 
firm organ, it may be diverted within the body to exit 
well off the original trajectory. 

The posture of the victim’s body at the instant of impact 
must be taken into account, [tis too often assumed, 
especially by lawyers, that all persons are injured ~ in 
‘whatever fashion — whilst standing passively in che 
‘anatomical position’. Nothing is further fom the truth, 
as people, especially in conditions of fight, fright or 
flight, may be moving or dodging in a variety of 
postures, which change by the second, For example, in 
‘one of the author’ (BK) cases, a woman accidentally 
shot by a police officer had the anterior entrance wound 
much higher than the exit in her back. This did not 
mean that she was shot from above, but thar she was 
leaning forward when the bullet hit her. Much more 
bizarre examples occur from time to time, such as 
another case seen by the author (BK) in which a 
puzzling high-angle wound in the chest was later 
proved to have been fired from an upstairs window as 
the victim was knocking on the front door below. 


Bullet wounds in bone 


‘Where a bullet passes through bone, especially the thin bone 
of the skull, che well-known pattern of ‘cratering’ can usually 
be seen, though there are exceptions. Using the cranium as 
the best example, the initial contact of che missile punches a 
clean hole through the outer table of the skull. Where the 
buller emerges internally, the inner table is then unsupported 
and a cone-shaped plug is detached, forming a crater that is 
appreciably larger than the external hole. If the bullet ta- 
verses the cranium and penetrates the opposite side, the same 
pattern occurs, this time with the small hole on the inner 
table and the crater on the outside. In addition to these penet- 
rating defects, there are often fissured, sometimes commin- 
ured, factures cunning away from the central holes. 

However, though this is the classical picture, a number of 
exceptions have been reported in the literature, where the 
cratering has been reversed or is otherwise atypical (Bhoopat 
1995). 

A shotgun usually destroys a large area of the skull, bur 
similar shelving may be seen on the edges of bone frag- 
ments if a bolus of shot strikes the bone. Individual pellets 
rarely penetrate, bur the massive cranial damage from close 
range of contact shorgun discharges is largely the result of 
the rapid and violent increase in intracranial pressure 
caused by the entry of a large volume of gas, as well as the 
bolus of shor and wads. 


FIGURE 8.46 Bullet entrance wound, showing the removal ofa 
ready 


wide area of sin for forensic examination, the hair haw 


been removed and preserved before phoregraphy. The autopsy 


incision around the wound is wide, ta include any discharge residue 
and burned skin. The shape of the incision is obviously 
asymmetrical, ta indicate the orientation of the sample afier removal 


fiom the body 


‘Where several bullets have struck the cranium, the sequence 
‘of shots can usually be determined using Puppe rule, which is 
applicable to any multiple blune force causing skull fractures. 
Madea and Sraak (1988) have developed this rule in relation 
to bullet injuries: the test depends on the observations of the 
fracture lines either when they intersect each other or when 
they intersect a cratered lesion, so that one can determine 
which crack or defect must have been formed frst. 

‘Where bones other than skull are hit by a bullet or shot, 
comminuted fractures are frequent and may be the cause 
of extensive secondary injury. Part of the kinetic energy of 
the missile is transferred to che bone and fragments may be 
violently displaced into the adjacent tissues. They may be 
extruded from the body altogether, leaving secondary exit 
‘wounds in the skin, These may give rise to difficuly in inter- 
pretation, as both lay persons and doctors may mistake them 
for lacerated or even stab wounds, unrelated to the firearm 
incident. Fractures of bone from gunshot impact may be of 
any variety, and radiography is necessary to detect and orien- 
tate fragments of bone and differentiate them from missiles 
and missile fragments 
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x a 
Ficune 8.47 The entrance wound of  bulle into a skull 
Externally the defect is clean-cut and slightly ovoid because ofthe 
oblique impact ofthe missile, Internally, the inner table of the 
nani is coatered, he bevel being caused by lack of support from 
the diple. The ext bole on the opposite side of the skull showed a 
reveral ofthis pattern, with the cratering on the exterior surfe 


EXIT WOUNDS 


When a gunshor wound completely traverses the part of 
the body struck, an exit wound will result 


Shotgun exit wounds 


When smooth-bore weapons are involved, the residual 
energy of the individual pellets (which have a small mass and 
a relatively low intial velocity) is usually insufficient for them 
to emerge through the wider parts of the body, such as the 
hese and abdomen. Wounds of the limbs, neck and head 


FiGURE 8.48 Cone-shaped exit wound of theo 
radial feactures in left parietal bone, 


may well be ‘through-and-through’ with a ewelve-bore shot 
‘gun and occasionally, though rarely, with the small ‘four-ten 

The range has an effect on the possibility of a shotgun exit 
wound, as contact or close-range discharge will allow the 
compacted mass of shor to act like a single bolus~ in addition 
to which, the large volume of intruded gas assists in distupr- 

ing the tissues and clearing a path for the missles, especially 
in the head. A shotgun blast inta the mouth may well remove 
much of the back of the head as an exit wound, but this is 
in part caused by the explosion of the cranium by the gas, 
the so-called “burst head’, which can occur in any gunshot 
‘wound of the head, whether into the mouth or elsewhere. 

The appearance of a shorgun exit wound is torally ran: 
dom, depending on the anatomical part injured and the 
addition of any bone or tissue fragments blown out in the 
discharge. Typically, it isa jagged, irregular laceration with 
everted edges thar exposes deep tissues and comminuted 
bone fragments beneath. A shorgun injury of the chest or 
abdomen often just fails to exit on the opposite side, 
because the toughest obstruction, other than bone, is the 
skin, Ic is not uncommon to be able co palpate lead shot 
under the skin in the contralateral position after it has tra 
versed the body and been trapped by the skin, 

As a contact shotgun discharge may produce a large, 
ragged, entrance wound, this may resemble the exit 
‘wound, if present. Differentiation is usually simple, how. 
ever, because of the burning and soiling present around 
the entrance, It has been said that the presence of carbon 
monoxide in the tissues marks the entrance wound, even in 
decomposed bodies, but carbon monoxide can in fact be 
detected right through a close shorgun discharge, though 
the concentration should be greater near the entrance. 
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Ficunt 849 The ext wounds in the fality shown in Figure 8.42, 


‘The rwo ballets have diverged inside the head from their comma 
entrance wound and emerged separately. The exit wound are 
ypically stellate, everted and clean. With small-calibre rise, such 


12s .22, there is offen no exit wound, but here the small bead and 


thin skull provide les resistance to complete tnversing 


Exit wounds from rifled weapons 


Asstated above, many wounds from rifled guns are ‘through- 
and-through, especially from high-velocity military weapons. 
The muzzle velocity is important in determining whether 
a single bullet will completely traverse the body. A high- 
velocity missile (of the order of 800 metres/second or 3000 
feev/second) is likely to pass right through the body unless 
it strikes a large bony structure like che spine, large limb 
bone or base of the skull. As discussed ar the beginning of 
the chapter, this may be inefficient in terms of wounding 
capability, as much ofthe kinetic energy fails to be transferred 
to the tissues to cause damage, although the cavitating effects 
of a high-speed missile in vital tissues may be extremely dam- 
aging. Much modern military ammunition consists of a small 
bullet with a lage propellant charge to provide maximum 
muzzle velocity. This, by the familiar physics equation, 
provides substantial kinetic energy: The bullet is designed to 
fragment on impact, so that all the energy is transferred and 
an exit wound may not occur. In some shootings of this 
nature the pathologist may have difficulty in retrieving any 
metalic missile material, even after identifying ic radiograph- 
ically, as the fragmentation may reduce the bullet ro granules 
and dust. If che missile does nor strike bone or cartilage, itis 


Ficune 8.50 Apical slit-like exit wound of a 7.65 cal. bullet 
(cee alea Figure 8.39), 


likely co emerge on the other side of the body, even through 
the thickness of the chest or abdomen. OF course, in many 
cases where bone is penetrated (especially the skull or ribs), 
the bullet will sill emerge, bur this is considered below: 

If a fairly intact bullet emerges, not having been seriously 
deformed or fragmented, the exit wound is likely to bea small 
ceverted defect, either circular or with torn edges. ‘The classical 
description is of a stellate wound, with triangular skin flaps at 
the margin, where the bullet has pushed out against unsup- 
ported skin. Many wounds may be cruciate or linear slits, 
however, and others are as circular as the entrance wound, 
which can give rise to some difficuly in interpretation. 

Ic is narurally important to confirm the direction of the 
shot, but where a bullet has come from any distance between 
half'a metre and near the extreme range of the weapon, then 
both entrance and exit wounds can look remarkably similar 
There will be no burning or soiling to indicate the entry and 
identification will depend upon the close examination of the 
margins of the wounds. Where the entry was covered by 
clothing, fibres of fabric may have been driven into the 
‘wound, which can never occur at the exit. 

"Though the exic is usually everted, this may nor occur 
if the skin is supported ar the moment of penetration. A 
firm brassiére band or an elasticated trouser waistband can 
press on the skin and prevent eversion, as can a plaster or 
fibreboard wall, ifthe victim was leaning against it. In these 
instances, there may even be a spurious ‘abrasion collar’, 
which is rally caused by the emerging bullet slamming the 
wound periphery against the resisting surface, In difficult 
cases the pathologist or a deputy should examine clothing 
and the scene, to see if there are any such factors that will 
help in arriving at a definite answer as to direction. 

Usually, che abrasion collar and frayed keratin ring of the 
entrance wound will be of diagnostic significance, as itis 
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Figure 8.51 Tjpical exit wound from a 9 mam bullet. The wound 
in the ralp is everted, tellate and quite clean, the mise having 
been wiped by its panage through the tissues. 


FiGune 8.52 Bait wound of a 91mm pistol fred into the mouth. 


absent in the exit wound, excepe as detailed above. Occa- 
sionally, however, the abrasion collar of the entrance wound 
is merely a narrow sim that needs close inspection to d 
Where the bullet has struck bone or fragmented, the exit 
wound may be of any size or shape, and may be multiple, If 
bone is shattered, pieces can be driven out through the skin, 
‘causing wounds that may be mistaken for lacerations From 


Ficune 8.53 Bie wound of the bullet responsible for the wound 
seen in Figure 8.46, showing the classical everted, split edger, with 


un sailing of the surrounding tin. 


blunt or even incised weapon violence. Where the bullet 


has hit bone within the body, the bullet may emerge side- 


‘ways causing a longer or otherwise distorted exit wound, 
(Of the many bizarre findings in gunshot wounds, re-entry 
can pose some problems. One case seen by the author had 
two entrance and one exit wounds, with a single bullet in 
the body. The victim had been standing against a wall when 
shot from the front: the bullet emerged through his back, 
ricocheted from the wall and re-entered his body. 
Penetration of two parts of the body is quite common, a 
single missile causing several wounds. The mast usual is 
the buller 
then re-entering the abdomen or chest. Placing the limb in 


a through-and-through wound of the arm or le 


the appropriate position immediately clarifies the situation 
and can considerably aid an estimation of direction. 


Glancing or tangential rifled weapon 
wounds 


"Though che large gaping wounds caused by a glancing blast 
from a shotgun are rarely seen with rifled weapons, some 
strange wounds can occur. A bullet may strike the body 
surface at a shallow angle, enter and then re-emerge some 
distance away, having travelled superficially under the skin. 
Within the skull, 2 missile may enter, follow the internal 
curve of the calvarium and exit some distance away. Cases 
are on record of such wounds causing relatively little 
damage, having traversed the meninges, rather than the 
brain substance 

‘When the body surface is irregular, such asthe breast, but 
tocks or groin, several re-entries and exits can take place 
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Bullet sistorted 
and diverted 


Mutipie 
secondary 
@ ext wounds 
‘rom bone 
fragments 


FicURE 8.54 Diversion af rajectory of bulls an striking bone, The 
secondary eft cam be more damaging than those fram the mia, 


In chese instances, extensive bruising may mislead examiners 
into assuming that some blunt injury has occurred, if the 
firearm nature of the wound is overlooked. 

A bullec striking at a small angle with the surface may 
follow the curvature of the skull or a rib and emerge some 
distance away after having made a track in the subcuta- 
neous tissues, Alternatively, a bullet can pass tangentially 
across the surface, causing a linear graze or even a lacera- 
tion, which may lead to great difficulties in interpretation if, 
the circumstances are unknown. Gunshot wounds in the 
anilla or across the side of che thorax may gape widely, look- 
ing quite unlike a firearm injury to an unsuspecting med- 
ical examiner. 


FIREARM DAMAGE TO INTERNAL 
ORGANS 


‘This may be of any nature, bur broadly falls into ewo 
categories: 


1 Contusion and laceration from low-velocity impact. 
‘Where a mass of shorgun pellets and gas strike tissues 
‘oran organ the damage is simple mechanical disruption, 
with widespread haemorthage from local vessels. 
Similar, though less extensive, damage is likely from 
a low-velocity rifled bullet or slug, which pushes the 
tissues apart as it ploughs through an organ or muscle. 
Secondary damage can occur from fragmentation of 
bone or bullet, which produces further traumatizing 
missiles within the tissues, The danger to life char ensues 
naturally depends upon the target tissues ~ a clean 
wound through the thigh may cause only temporary 
disability, whereas the same wound through heart or 
brain may well be rapidly fatal. 

 High-velocity missiles produce disproportionate 
damage relative to their diameter because of cavita 
effects, described at the beginning of the chapter. T 


is particularly damaging in solid organs, such as the brain 
and liver. The track may be many times wider than 

the diameter of the bullet, and may consist of pulped 
and haemorthagic tissue left behind by the pulsating 
cavitation effecc caused by the lateral transfer of energy 
as the missile passes through. 


ESTIMATING THE RANGE OF 
DISCHARGE 


This is one of che most important aspects of the interpret- 
ation of firearm wounds, Though guidelines can be offered, 
it cannot be emphasized too strongly that every weapon 
and batch of ammunition will vary, so that medical opinion 
must always defer to the results of test firing with the same 
‘gun and similar shells. Allowance must also be made for the 
effect of interposed clothing, 


Rifled weapons 
‘TIGHT CONTACT OVER SOFT TISSUES 


BW Possible muzzle impression. 
Circular hole with abrasion collar, 

& Bruising 

Bi Local reddening from heat and monoxide. 

Bi Little or no surface burning, 

i Litde or no propellant soiling or powder tattooing, 


‘TIGHT CONTACT OVER UNDERLYING BONE 


Split or cruciate wound, 
Hi Local reddening and monoxide. 

Bruising, 

Lite or no surface burning oF propellant soiling, 
i Abrasion collar partly lost on skin tags. 


DISCHARGE FROM LESS THAN 15M (6 INCHES) 


WW Circular hole wich abrasion collar, 
i Flame burn on surrounding skin. 

© Burne hairs. 

Soot and smoke soiling (depending on ammunition). 
© Small punctate burns from propellant eattooing, 

© Unburnt propellan flakes. 

i Litdle or no monoxide in tissues, 


DISCHARGE FROM 15 TO 30M (6-70 12 INCHES) 


No soot, but perhaps powder tattooing, depending on 
barrel engeh, 
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Airgun injuries 


No monoxide. 
1 Rarely, lame burns, 


DISCHARGE FROM MORE THAN 40-60 CM 
(16-24 INCHES) 


i Circular hole wich abrasion collar 
© No burning, soiling, burnt hairs or monoxide, 


FAR DISTANT DISCHARGE AT LIMIT OP RANGE 


Larger, irregular hole with irregular abrasion rim caused 
by cumbling bullet, 
No other features. 


Smooth-bore shotguns 


‘TIGHT CONTACT DISCHARGE OVER SOFT 
‘TISSUES. 


Wi Single circular wound about diameter of muzzle 

& Smooth margin, 

S Often muzzle imprine. 

Hi Blackened edge. 

No surrounding smoke soiling unless clothing allows 
leakage. 

Bi Deep bruising. 

Bi Pink tissues. 

© Wads in wound. 


‘TIGHT CONTACT DISCHARGE OVER SKULL OR 
BONY AREA 


As last type, but wound may be ragged and split from gas 
rebound. 


DISCHARGE WITHIN A FEW CENTIMETRES 


i Circular wound, unless oblique discharge. 
1 Smooth or slightly crenated margin, 
No satellite peller holes. 

1 Surrounding soot soiling, 

S Punctate powder burns, 

HE May be unburnt powder flakes. 
Burning of surrounding skin. 

Burne hairs. 

1S Pink monoxide in tissues, 

1 Wads in wound. 


DISCHARGE FROM 30 CM (12 INCHES) 


Circular ‘rat-hole’ wound with nibbled margins, 
No satellite pellet holes. 


B Soot soiling may persist. 
1 Powder tattooing present 

& Litde oF no monoxide. 

© Siill burning of skin and hairs. 
BH Wads in wound, 


DISCHARGE FROM 1 TO 5M (39 TO 
195 INCHES) 


Central rat-hole’ wound. 
Satellite pellet holes around periphery. 

Bi No burning 

BE No soot. 

Maybe slight tattooing at Im. 

No monoxide. 

BE Wads not in wound at upper part of this range. 


DISCHARGE OVER 5 M (1195 INCHES) 


1 Diffuse pellet pattern 
Probably no central hole. 
HE No burning, soor, tattooing, monoxide, no wads. 


All the foregoing data are very variable, being dependent 
upon the individual weapon and ammunition. Test firing 
must be used to validate the pathological interpretation. 


AIRGUN INJURIES 


Air rifles and pistols produce wounds that have some of the 
characteristics of both shotguns and explosive rifled weapons. 
"The missle is single and fired through a rifled barrel, but is 
small and resembles a shaped (waisted) shoxgun pellet. 

‘The muzzle velocity is relatively low, but some more 
sophisticated rifles, such as the German Weirauch, can pro- 
duce more than 12 foot-pounds of energy and the pellet can 
easily penetrate a wooden door ~ and the human skull. 

‘Two calibres are common, the .177 and the .22 inch, 
the later naturally being the more dangerous. The .177 can, 
however, penetrate the thin temporal bone ofa child. Wounds 
from an air weapon are rarely fatal except when the head is 
struck — and children are the usual victims. The pellet can 
enter the skull and traverse the whole width of the brain, 
bur never produce an exit wound, being usually found in 
the contralateral meninges. The track may be surprisingly 
wide for such a low-velocity missile. 

‘Apart from fatal head wounds, a number of eye injuries 
‘occur from airguns, the pellet lodging within the globe, the 
orbit or the adjacent air-sinuses. Radiology is obviously of 
prime importance in locating the missile, prior to surgical 
removal 
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8: Gunshot and explosion deaths 
There are no particular features of an air weapon wound, 


effects of an explosive gun. The entry wound is small, but 
may show an abrasion ring, ‘There is never an exit wound, 


unless the tissue traversed is extremely narrow, 


4 Be HUMANE (VETERINARY) KILLERS 
ex AND INDUSTRIAL ‘STUD-GUNS 
- Explosive weapons of a specialized type are used in abat- 
> ‘ cae and by waerinarysargene to disc lange seal 


FicuRE 8.55 Track thr 
air-rifle pele (arrowed) 


Jha child's brain made by @ 177 inch 


ha relaively low-velocity isle 


ck is much wider han the pelle fram lateral tanfer of 


inet energy FIGURE 8.56 Airgun pelle in brain tiene 


FiGURE 8.57 Radingraphy can ase in 
locating a misile before autopsy, sa that 
random searching dos not cause instrament 


damage tthe delicate seriation pattern ured 


far weapon identification. Here there ita 
lead pelle in the occipital lobe, with a bone 


defect nthe extreme front of she skull 
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Humane (veterinary) killers and industrial ‘stud-guns 


They may be of the ‘captive-bolt’ type, which consists of a 
metal rod, the distal end of which is propelled for a few 
centimetres from the muzzle of the weapon by a blank cart- 
ridge inserted in a chamber behind the proximal end. ‘The 
captive bolt inflicts a clean, penetrating injury, about Sem 
deep, which can be mistaken for a stab-like injury 

Another variety consists of a metal barrel on the distal 
end of which is a heavy lange, which is placed against the 
head of the animal. A cartridge carrying a 0.31 inch (8 mm) 
bullet is inserted into the proximal end of the barrel and a 
firing pin struck with a mallet. ‘The injuries from this resem 


ble a contact wound from a conventional weapon, though 
the base of the flange may have embossed concentric circles 
to prevent slipping, which may produce an unusual pat 
terned imprint on the skin surrounding the wound. 
Another type is the Webley veterinary pistal, which is of 
32 calibre and is virtually identical with a conventional 
gun. Humane killers may cause injuries on humans either 
accidentally or suicidally, homicide being rare, The nature 
‘of the weapon will almost always be apparent from the ci 
‘cumstances, including the presence of the weapon, Death 
may be delayed due to complications, as in one case seen by 
the author (BK) where a farmer died of tetanus afier acci- 
e with a humane killer 


dentally shooting himself in the kn 
Devices used in industry and especially the building trade, Ficus 8.59 Suicidal contact wound from a umane veterinary 


are similar to humane killers. These are the ‘stud-guns used ile ie alo Figure 8.60). 


FIGUNE 8.58 A relatively unucual photggraph in Britain, in shat the suicide is ofa woman and an automatic pstl is used. Note the mastve 


haemorrhage on the floor, which illustrates the posible exten of pest-marten bleeding. 
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FicUnt 8.60 Defect of the right frontal bone (arrow) from a 
‘numane veterinary Biller (se also Figure 8.59). 


for driving a hardened metal pin or threaded stud into 
masonry, oF other wood or metal structures as a rapid and 
convenient means of attachment. An explosive cartridge, 
often of .22 calibre, is used to drive a piston that acts as a 
hammer on the pin or stud. Many accidents and the occa- 
sional suicide have occurred from these tools, which resem- 
ble a long pistol, with a flat faceplate attached to the muzzle 
for pressing against the structure, Some accidents occur 
because the guns are used on relatively flimsy partitions, and 
the stud traverses the structure and flies on to injure or kill 
someone on the other side. 


RUBBER AND PLASTIC BULLETS 


relatively recent innovation in firearms is the use by police 
and security forces of projectiles for riot control. Originally 
rubber bullets were used, being compressed into smooth- 
bore weapons, ‘These have been abandoned in Britain in 
favour of baton rounds, more commonly known as ‘plastic 
bullet. They have been used in large quantities in Northern 
Ireland, some 43 000 having fired up to 1985. These projec- 
tiles have not yet been used in the mainland of Britain, 
though many police forces hold stocks, Elsewhere in the 
world, they are used extensively for riot control. 

TThe baton round is a solid cylinder of polyvinylchloride 
38 mm in diameter and 10cm long, weighing 135g. When 
fired from a smooth-bore weapon it has a muzzle velocity of 
about 250km/hour and an effective range of 50-70. It 
should not be fired ata person under about 20m range, itis 
used to disperse riots and discourage stone-throwers by st 
ing them sufficiently hard to cause pain and bruising, but no 
the bullet is abour the same weight as a 


serious injury. 


cricket ball, bur travels ewice as fist as the best bowler could 
deliver it. In Britain, che bullets were made by Pains-Wessex- 
Schermuly, bur later by Brocks Fireworks and also by the 
Ministry of Defence. Many injuries and some deaths have 
been reported from their use. Fractures ofthe face and skull, 
eye damage including blinding, broken ribs and limbs, and 
contusions of liver, ung and spleen have occurred. 

Police are instructed to fire at the lower half of the body, 
to avoid the more serious injuries arising from hitting the 
head or chest. The death rate is said to be 1/1800 rounds 
fired, compared with rubber bullets which had a mortality 
rate of 1/4000 rounds. 


DEATHS FROM EXPLOSION 


Deaths from the effects of explosive substances or devices 
‘occur in both civil and ‘military’ circumstances, though the 
latter now include a considerable proportion of terrorist 
activites rather than conventional wars. Civil tragedies are 
usually industrial, as in individual incidents in mines and 
‘quartes, or on a larger scale, such as the detonation of chem- 
ical stores, ships or factories, 


The nature of explosive trauma 


Several different factors cause injury following an explosion, 
and the relative importance of each varies considerably with 
the type of detonation, For example, pure blast effects are 
far more important with high-explosive projectiles designed 
for purely military use than with the home-made terrorist 
bombs, the lethality of which may be primarily caused 
by flying fragments, Death and injury from explosives is 
caused by: 


blast effects 

i impact of projectiles derived from the explosive 
device 

impact from surrounding objects and debris impelled 
by the explosion 

1 burns from hot gas and incandescent objects 

5 secondary injuries from falling masonry, beams and 
furnishings dislodged by the explosion. 


A blast consists of @ wave of compression passing rapidly 
through the air — or water in the case of a submarine explo- 
sion, such as a mine. The velocity ofthe shock wave depends 
‘on the distance from the epicentre, being many times the 
speed of sound at the start, bur rapidly decreasing as it 
spreads out. The compression wave i followed by a transient 
zone of low pressure (below atmospheric), so that a rapid 
double change in pressure is suffered by the body. The 
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magnitude of the blast varies with the energy released and 
also with the distance from the epicentre, the intensity obey- 
ing the inverse square law. With all bur powerful military 
high explosives, the blast effects of most terrorist devices fll 
off so rapidly with distance that only those in the immediate 
vicinity will suffer severe damage from blast. Not uncom 
monly, this type of victim is the bomb-setter himself, when a 
premature detonation occurs. 

‘A blast causes the most damage at an interface between tis- 
sites in contact with the atmosphere, which is why the lung 
usualy suffers che most, About 100 b/inch? (690 kPa) is the 
minimum threshold for serious damage to humans. The 
shock wave can pass through solid, homogeneous tissues such 
as liver and muscle, causing litle or no damage, but in the 
lung there is marked variation in density beeween the alveolar 
walls and the contained ait so that damping of the shock wave 
‘occurs and energy is absorbed, with disruptive effects, 

"There is controversy about whether pulmonary damage 
‘occurs from direct transmission of the shock wave through 
the thoracic wall, or through the oronasal orifices and air 
passages. In any event, che autopsy signs are of subpleural 
patchy haemorthages, often in the line of the ribs, intrapul- 
‘monary haemorshage and bullae at the lung margins, The air 
passages may be filled with bloody froth causing airway 
‘obstruction and hypoxia in addition to the primary damage. 

“Microscopically the alveolar walls can be shredded by the 
acceleration and consequent tearing of the ait-sac wall when 
the shock waves traverses the lung. Desquamated alveolar and 
bronchial epithelium is seen lying free. Large areas of haemor- 
rhage are seen, with either the alveolar pattern still visible o 
the architecture completely disorganized. Pulmonary haem- 
‘orrhage in explosive incidents is often not caused solely by the 
bast, but may be from direct impact on the chest from flying 
‘objects, aspiration of blood from nasopharyngeal injuries and 
from bleeding following aspiration of stomach contents. 

"The ear may suffer severe damage from a blast, but this is 
not easily discernible at autopsy. Clinical examination and 
testing (obviously in the living) reveals many lesions, but 
these are of litte relevance to the pathologist. 

"The gastrointestinal system suffers from the effects of a 
blast because, like the lung, it contains air and gases, and is 
thus nor 2 uniform medium for transit of the shock wave. 
(Once again haemorrhage is the most common lesion, usually 
smal foci of the order of a centimetre in siz. They may form 
circumferential bands around the intestine or may be con- 
fined to the serous coat as focal haemorrhages. ‘The caecum 
and colon are more often injured than the ileum, jejunum 
and stomach, probably because they ae larger and often con- 
tain more gas. Occasionally rupeures of the gut occur if the 
bast is violent and the victim in near proximity 

Victims of explosions in water suffer a reverse order of 
gastrointestinal 10 lung damage. The former is more 
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common and may be manifested as haemorthages under the 
serous coats and mucosa, Perforations may occur and, in 
survivors, peritonitis is not uncommon. ‘The perforations 


a often mpl and in any par of the intestine. tang 
lamage is less common in water and some instances may 
caused by impact transmitted up through the diaphragm. 


Missile injuries in explosions 


Icisagain emphasized that unless a sophisticated high-explosive 
military device is involved, or if the victim is virtually 
adjacent to a lower energy terrorist bomb, blast effects will 
rarely be the sole cause of death. The body will, however, be 
‘vulnerable to impact from solid fragments originating from 


the bomb casing or a container or conveyance, such as a 
car in which the bomb was concealed. Fragments of merals, 
from tiny splinters to large chunks or sheets, will be pro- 
jected at high speed. The smaller ones will not travel more 
than a few metres, bur larger, heavier pieces can fly over con- 
siderable distances and can cause serious or fatal injuries in 
just the same way as projectiles from a firearm, In the open, 
debris is scoured away, including dust and dirt, which ean 
impinge on the body to injure and discolour it. At autopsy 
the body may appear pigmented from this dust blasting, the 
clothing causing a shadow effect similar to bathing suit pro- 
tection from sunburn. A more common appearance isa ‘pep- 


peting’ as a result of the numerous small missiles causing 
bruises, lacerations and abrasions. The lacerations are often 
puncture wounds, of varying size and depth. Burns may also 
discolour the body, especially those areas unprotected by 
clothing. Flash burns from the bomb itself only affect those 
nearby unless the device is massive, though singeing of hair 
and eyebrows is nor uncommon, Other burns may be caused 
by ignition of clothing, or by the building or vehicle catching 
alight from the bomb effects ~or from gas or petrol ignition. 

‘A massive bomb, or one where the victim is virtually on 
top of the device, may torally disrupe the body and fling 
unidentifiable pieces over a wide area. Alternatively, part of 
the body may be rotaly destroyed, sometimes the remainder 
of the victim being remarkably intact. ‘The legs may be 
blown off or the abdomen disrupted, or the hands and arms 
tom away. In terrorist attacks these effects may be seen in 
the person who was planting the bomb or carrying it to the 
place chosen for detonation. A premacure explosion, some- 
times during the act of setting the timer, may cause these 
localized injuries 

‘The pathologist may be able to assist in reconstructing 
the events, as localized severe trauma obviously indicates 
the relative position of the bomb and the victim at the time 
of detonation. IF the lower legs are destroyed, then the per- 
son was standing near the device that lay on the ground. 
Punctured wounds and bruises on the front of the thighs 
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and trunk will indicate char he was facing the bomb, If the 
thighs, pelvic region and abdomen are damaged, the bomb 
may have been carried on the lap ~ and if the hands, chest 
and face are the most affected areas, the deceased may have 
been bending over the device. 


‘The autopsy in explosion deaths 


The salient features have already been described and much 
of the autopsy is directed at listing the injuries, as in any 


FicUune 8.61 Localized injury by am explosive device. The sldier 
picked up an apparently ‘dud’ smoke shell, which then detonated. 
He lived for rane weeks, the injury having partly healed, shou 
part ofthe face and skull were detrayed. 
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other trauma death, The interpretation outlined above, how- 
ever, may be most important for the investigators. 

“There are some more specific matters in an explosion death 
which the pathologist must bear in mind. Firstly, trace evi- 
dence may be vital to the forensic scientists and bomb 
experts, who are trying to trace the maker of a terrorist device. 
X-tays should be taken of ll bodies before autopsy to identify 
any radio-opaque objects, Nor only will chs assist in detecting 
lethal missiles not visible from the surface, but it may reveal 
small metal objects that form part of the bomb mechanism, 
such as small springs or contacts from the timer or detonator. 
TThese may be invaluable in allowing the experts to recognize 
the handiwork ofa particular bomb-maker or terrorist group. 
Such radiography may also reveal the unexpectes 
the past has included a bullet che victim having been blown 
up after death from shooting. Even prior to radiography, 
there may be much that the pathologist has to do. Though 
many explosion victims are relatively intact, where extensive 
disruption has occurred, the fragments have to be collected 
and sorted out in the mortuary. 


which in 


‘A major inital problem isto discover how many bodies are 
represented and to ty to allot the correct fragments to the 
right individuals. Where there are a number of victims and a 
lange pile of small fragments, this task may be difficule or 
impossible, but it is naturally of paramount importance 10 
determine how many victims are involved and to determine 
the sex of each. This is largely an anatomical exercise, akin 10 
the sorting of multiple skeletal remains. Careful identification 
of all recognizable structures, such as prostate, uterus, breasts, 
scalp, eyes, for example, is needed in addition 10 more gross 
sorting of limb and trunk fragments. Radiology may again 
assist in matching contained skeletal structures, but much of 


icone 8.62 Numerone wounds and 
peppering by debris projected in a trrarst, 
tou blast, Blae injuries accu only 
lore prasimity tothe device ~ most 
Anja is cased by fling projectiles 
(Reproduced by kind permision of 
Profesor TK Marshall) 
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the debris accumulated after a large explosion consists mainly 
of skin and attached tissues. 

In spite of the most thorough police search of the scene, 
considerable proportions of some bodies are never recovered, 
having been disrupred into tiny fragments and mixed with 
the masonry and other debris of the bomb site. The collected 
fragments have to be washed clean from the inevitable dirt 
that coats them and sorted into groups by anatomical simi- 
larity. Non-human tissue is discarded, as animal material is 
not uncommonly admixed. The completed piles of tissue are 
then resorted by any apparent similarity, such as racial pig- 
mentation, hair colour and sex, Limbs and large joints are 
then sorted, allotting them o left and right from anatomical 
considerations. 

"The difficulties of such a task was emphasized by 
Professor TK Marshall, whose experiences in Northern 
Ireland make his writings on the subject the definitive guide to 
such tragedies. In one of his incidents, eight victims were 
accounted for, when a single penile fragment forced the inev- 
itable conclusion that there were in fact nine victims, not 
eight, though no other recognizable part of this ninth man 
was ever discovered. He had presumably been the bomb- 
cartier and had been completely disintegrated. 
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CHAPTER 9 


Transportation injuries 


I The dynamics of vehicular injury 281 Bl Injures to pedestrians 201 
IB Pattern of injury of vehicle occupants 282 ME Cause of death in trafic accidents 295 
IN The effect of seatbelts 287 lif Suicide and homicide by motor vehicle 297 
The vulnerability of children in vehicles, 289 if Railway injuries, 297 
IB Injuries to motorcyclists, 290 Ill References and further reading 298 
IB Injuries to pedal cyclists, 291 
Injuries and fatalities occur in all forms of transportation Ml During acceleration or deceleration the tissue damage 
but numerically road traffic accidents account for the great _produced will depend upon the force applied per unit 
‘majority worldwide. In developed counties, they are the area, just asa sharp knife penetrates more easily than a 
‘most common cause of death below the age of 50 years, lun one used with the sime force. Ifa car driver is 
and in young men this trend is even more marked, ‘The brought to rest from 80km/hour by striking 10cm? of 
pattern of injury, fatal and otherwise, varies considerably his head on the windscreen frame, the damage will be 
depending upon whether the victim is a vehicle occupant, _vastly more severe than if the same decelerative force 
a motorcyclist, a pedal cyclist or a pedestrian, was spread over 500 cm? of a safety belt. 

1 Beeween 60 and 80 per cent of vehicular crashes (either 


THE DYNAMICS OF VEHICULAR 
INJURY 


A number of elementary physical facts help to explain the 
complex pattern of traffic injuries, especially those sus- 
tained by the occupants of a vehicle 


Si Tissue injury is caused by a change of rate of 
‘movement. A constant speed, however rapid, has no 
effect whatsoever as is evident from space travel or the 
rotation of the earth. It is the change of rate that is 
‘traumatic — thar is, acceleration or deceleration 

1H Change of rate is conveniently measured in ‘gravities’ or 
“G forces. The amount that a human body can tolerate 
depends greatly on the direction in which the force act, 
Deceleration of the order of 300 G can be sustained 
without injury and even 2000 G can be survived for a 
short ime, iFit acts a right angles to the long axis of the 
body. The frontal bone may resist 800G without fracture 
and che mandible 400.G, as can the thoracic cage. 
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into a fixed structure or into another vehicle) are 
frontal, causing violent deceleration. Another 6 per 
cent are rear impacts, which accelerate the vehicle and 
its occupants. OF the remainder, about half are 
sideswipes and the rest ‘roll-overs. 

In the common frontal impact, there is never instant 
arrest of the vehicle, even when it runs into a massive, 
immovable structure. ‘The vehicle itself deforms from 
the front so that there is always a deceleration distance 
and time, albeit small. In fact, much of the 
manufacturers’ design research now goes into making 
deliberate provision for the crumpling or ‘concertinaing’ 
of the front and rear of the car, leaving a central rigid 
cell that comprises the passenger compartment. The 
object is to extend the stopping distance and time, so 
thar the G value acting on the occupants is reduced. 
The value of the G forces can be calculated from the 
formula: G = C(V2)\(D, where Vis velocity in 
km/hour, D is the stopping distance in metres after 
impact, and Cis a constant 0.0039. (IF Vis in mph and 
Dis in feet, C becomes 0.034.) For example, ifa car 
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Cervical spine injury 


Face and head injury 
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FiGURE 9.1 Major points of tjury to an unresnsined driver ofa 


Petvic 
fracture 


Braced log fracture 


ehicle in deceleration impact. 


travelling at 80 km/hour runs into a stone wall chat it 
penetrates for 25m, plus 50cm crumpling of the front 
of the car, the deceleration would amount to about 
33G. IFan occupant was rigidly belted into his seat 

(a practical impossibility), he would also suffer the same 
deceleration, which would be survivable. If, however, 
he was unrestrained, he would continue forwards 
momentarily at 80 km/hour and suffer massive G 
forces, the magnitude of which would depend on his 
deformation stopping distance (a few centimetres of 
tissue compression) when he struck the internal car 
structures in front of him 


PATTERN OF INJURY OF VEHICLE 
OCCUPANTS 


The type of vehicle (other than motorcycles) in theory 
makes litle difference to the mechanism of injury, but 
most statistical surveys divide them into cars and light vans 
under 1.5 ronnes, on the one hand and heavier vehicles, 
such as trucks and buses, on the other, though the latter 
have different features more akin to passenger aircraft 

Heavy goods vehicles naturally suffer less than cars and 
light vans in crashes because of their far greater mass and 
strength, and also due to their height above the ground 
Structural damage from impact with other smaller vehicles 
is less and ofien sustained below the level of the driver. 
Given smaller deceleration forces, however, the cab occu- 
pants are vulnerable to the same injury patterns. 

Light vans are virtually identical to cars with respect to 
the front-seat occupants. In fact they may be more at risk, 
as modern vans tend to be flat-fronted and thus have little 
or no ‘crumple’ potential co increase the stopping time. 
Concentrating on cars, he most common vehicular casualty, 


Ficune 9.2. Facial lacerations rom a shattered windscreen in an 
unrestrained driver. The toughened gla breaks into smal fagment, 
which produce the characteristic iparrow-foot marks. The laceration 


tom the forehead war made by the windscreen rim. 


the pattern of injury varies according to the position of 
the occupant. 


The driver 


Numerous investigations have been made by road research 
organizations and car manufacturers using dummies and 
actual corpses, together with sophisticated recording equip- 
ment and high-speed cinematography: These have established 
a detailed picture of the sequence of events in automobile 
crashes. When the most common event ~ frontal impact ~ 
occurs, the unrestrained driver first slides forwards so that 
his legs strike che fascia/parcel-shelf area, and his abdomen 
or lower chest contacts the lower edge of the steering wheel 
"The body then flexes across the steering wheel and begins 
to rise. The heavy head goes forwards, and there is flexion 
of the cervical and thoracic spines. The upward and for- 
ward component causes the head to strike the windscreen, 
the upper windscreen rim or the side pillar. The windscreen 
is often perforated by the head ot face, and the whole body 


282 


tion Aug. 3, 2006 Sheet 1 of 18 US 2006/0168937 A1 


Pattern of injury of v 


may be ejected through the broken glass, to land on the 
bonnet or even on the roadway ahead, 

Another factor causing injury is the intrusion of structural 
parts into the passenger compartment. Though modern cars 
are designed to maintain a rigid central passenger compart- 
ment, if the impact is grass, the engine or front-wheel assem- 
bly may be forced back into the seating area, intruding upon 
the driver, Similarly, the roof or front comer pillar (the 
so-called ‘A’frame) may cave in on top of the driver, 

(One effect of column, engine, or gearbox intrusion may 
be to force the floor up and backwards against the driver's 
feet and legs. The control pedals also take part in intrusion, 
and, in the usual desperate braking and declutching, the 
reflex pressure of feet on rising pedals and floor may cause 
transmitted force up the legs and into the pelvic girdle. The 
steering column was formerly a more dangerous item for 
intrusion, being forced back to ‘stab’ or crush the driver's 
chest or abdomen. Modern design has reduced this danger 


FiGURE 9.3. Ring facture around the foramen magnum cansed by 
«an impact on the crown of the bead in a car driver whe lost the 
cantrol of his webicle and enashed into tree 


Intrusion of root 


ehicle occupants 


by making the column telescopic, hinged or otherwise col- 

lapsible, but injuries still occur ~ sometimes from the wheel 

itself breaking and penetrating the chest. Additionally, the 
door may burst open and the driver, if uncestrained, ejected 
sideways onto the road, especially in a crash that has a roll- 

‘over component. 

In a rear impact, the driver is violently accelerated and, 
if no rigid head restraine is fitted co the seat, severe hyper- 
extension of the neck occurs, often followed by the sequence 
of deceleration events when the car is cannoned into che 
vehicle or other obstruction in front, causing the popular, 
ifinaccurate name of whiplash’. 

In side impacts, the injuries depend upon the amount of 
intrusion of the driver's door and side panels, Restraint 
devices can offer no protection, though modern vehicles 
‘usually have strengthened side-impact bars built within the 
doors. 

“This range of traumatic events can produce the follow- 
ing lesions in drivers not wearing seatbelts or protected by 
airbags: 

Impact against the fascia can cause abrasions, 
lacerations and fractures of the legs around knee or 
upper shin level 

i Pressure of feet on the floor, especially when itis 
intruded by the engine, can cause fractures anywhere 
from foot to femur. The leg can also be injured by 
violent contact with the fascia or dashboard and the hip 
joint may be dislocated posteriorly. Not uncommonly 
the pelvis is fractured, often at one or both sac 
joints. In Mants (1978) series of 100 driver farali 
there were 22 pelvic injuries and 31 of che lower limb, 

Si Impact of the abdomen and chest against the steering 
wheel may cause severe internal injuries, usually 
rupture of the liver (50 per cent) and, less often, spleen 
(36 per cent). There may be bruising of the skin 
susface, bur this is often absent even in the presence of 


— 
Intrusion of engine 
‘and front suspension 


FiGURE 9.4 When vehicle structures impinge on the occupants even belt restrain ofr little protection. The engine, front suspension, roof 


and ‘frame are frequent intruder, 
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E 
cr driver in a frontal impact 


LURE 9.5. Bruising, laceration and bilateral lo fractures of 


severe internal injuries. Laceration of the skin is rare 
unless the steering wheel snaps and penetrates the 
trunk. Other steering-wheel lesions include bruising of 
the lungs, fractured ribs and sternum, cardiac contusion 
and haemothorax or pneumothorax or both, Almost 

70 per cent of Mant’ series had broken ribs. 

Upper limb injuries are less common but may occur 
from transmitted force through gripping the steering 
wheel or from impact against the windscreen, pillars, 
intrusive roof, bonnet or ground when held up in a 
reflex protective position, Only 19 per cent of Mant’s 
series had arm injuties 

The most obvious injuries are often those to the face 
and head as a result of projection against and ejection 
through, the windscreen. The unrestrained driver rises 
and flexes forwards so that his forehead and skull are 
likely to contact the up 
leading to lacerations. The face Frequently suffers 


tim of the windscreen, 


multiple cuts from contact with the shattered safety 
glass. In most European vehicles the glass is of the 
toughened, nor laminated, variety and, when broken, 
ir shatters into small cubes with relatively blunt edges. 
These still cause superficial lacerations, often in short 
"V-shaped! or ‘sparrow-foor’ patterns. In themselves 
they are not a danger to life, but indicate an impact 
sufficient to hurl the driver on or through the glass, 
Damage to the eyes is common, 
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lon injuries 


E\GURE 9.6 Racial injurie in a car driver unrestrained by a 


seatbelt Fllowing a deceleraron impact bi face struck the 
windscreen, causing the typical small cuts from broken safety glas 
sand lacerations ofthe temple from striking the windkereen rim ar 
i fame 


IB The impact against the windscreen rim or corner 

pillar ~ or afer ejection ~ can cause any type or degree 
of head injury, including scalp laceration, fractured 
skull, intracranial haemorrhage or brain damage. In 
Mant's series there were 42 skull Fractures in 100 drivers, 
This was less than in the front-seat passengers, a figure 
at variance with Eckert's (1959) series of 300 in the 
USA, where drivers suffered twice as many head injuries 
as the passenger, though it is not stated how many 
accidents were to vehicles occupied only by the driver 
Hyperflexion of the cervical spine when the head 
swings can cause fractures or dislocation. There is often 
a double component in that the hyperflexion of 
deceleration is followed by a rebound hyperextension 
when the head strikes an obstruction in front. Rear 
impacts also cause the double ‘whiplash’ effect, as 
already mentioned. 

‘One injury that is frequently overlooked at autopsy is 
the atlanto-occipital dislocation, which Mant found in 
a third of his series. Other fractures can occur anywhere 
in the cervical spine, often at about C5~6, Seatbelt 
restraint cannor prevent cervical spine damage, though 
a rigid head restraint can reduce injuries resulting from 
hyperextension. ‘The thoracic spine is less often 
damaged, but in unrestrained drivers the same 
‘whiplash’ effect can fracture or dislocate the upper 
dorsal spine, often around T5-6-7. 


Pattern 


of injury of vehicle occupants 


Fx 
con collision. Death wat caused by ruptured aorta 


ne 9.7 Mixed injuries in a restrained car driver from a head. 


A more common thoracic injury associated with 
deceleration is the ruprured aorta, It may be associated 
with a severe whiplash effect on the thoracic spine, 
as the aorta is tethered co the anterior surface of the 
vertebrae where the distal arch joins che straight 
descending segment. Probably the most common 
reason for aortic rupture, however, is the ‘pendulum’ 
effect of the heart within the relatively pliable thoracic 
contents. When the thorax is violently decelerated, the 
heavy cardiac mass attempts to keep moving ahead and 
may literally pull itself off its basal mountings, the most 
rigid part of which is the aorta, Separation takes place 
ar the point where the aorta is attached to the spine at 
the termination of the arch, 

The appearance of the aortic ruprute is often of a 
clean-cut circular break, almost as sharp as if it had 
been transected with a scalpel. Sometimes there are 
additional transverse intimal tears adjacent to the main 
rupture, the so-called ‘ladder tears’ as they can 
resemble the rungs of a ladder, These may be present 
when no actual rupture has occurred and may be found 
asan incidental finding at autopsy. Sometimes they are 
deep enough to allow a local dissection of blood to seep 
into the intima, when death has nor been virtually 
instantaneous. Rarely, a major dissection may lead to 
delayed death some hours or even days later. Ruprured 
aorta is a common lesion in trafic accidents ~ in a 
two-car crash, the author (BK) has seen three 
transected aortas among the four fatalities. 

The frequency of such tears is common enough for a 
‘warning always to be offered to the autopsy prosector 
not to use undue force on the neck and thoracic 
sructures when removing the organ pluck from the 
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seatbelt, suffered severe deceleration. Aorta has torm in the nswal place 


LURE 9.8 Ruprared aorta in which car ccupant, unrecenned by 


the distal arch where the curve ofthe vesel meets the thoracic spine 


body. Rough handling during this stage can produce 
artefactual ladder tears in the aorta, 
Other chest injuries can be caused by impact with the 
steering wheel, ejection through the windscreen or 
impace with the road. There may be bruising or 
laceration on the chest from the steering wheel, though 
padding, collapsible columns, less fragile wheels, 
airbags and seatbelts have reduced the incidence of this 
formerly common lesion. Beneath the skin, sternal and 
rib fractures are common, though fatal visceral injuries 
can occur without rib fractures in young people because 
their ribs are mote pliable. 
The heart may be damaged even in the absence of 
external marks or thoracic cage fractures. Bruising of 
the epicardium and underlying myocardium is not 
uncommon and the posterior surface may be damaged 
from impact against the spine. In high-speed impacts, 
the heart may be completely avulsed from its base and 
be found lying loose in the chest. Less severe degrees of 
damage may lacerate the ventricles or atria, and cause 
gross haemorthage. Coronary artery thrombosis has 
been described following contusion over a coronary 
artery. Penetrating injuries from sternum, ribs or 
external objects may lacerate the heart directly. 
Subendocardial haemorthages on the left side of the 
interventricular seprum and opposing papillary muscles 
are not a sign of impact, but an index of catastrophic 
hypotension. They are also seen in head injuries; they 
can occur within the space ofa few beats, as the author 
(BK) has seen these prominent lesions in an avulsed 
heart after a military aircraft crash. 
1S The lungs are frequently injured, either from stabbing 
by fractured ribs penetrating the pleura or from blunt 
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impact, The latter often leads to a line of bruising down 
the posterior part of the lung where it lies in the 
paravertebral gutter. There may be ait bullae or blood 
blisters under the pleura overlying che bruised areas and 
4 pneumothorax or haemothorax may result. The 
interior of the lung may be pulped even in the presence 
‘of an intact visceral pleura, from transmitted force or 
massive variations in intrathoracic pressure during the 
impact. The lung often shows areas of bleeding under 
the pleura, which may be from direct contusion, fom 
aspiration of blood from other damaged areas of lung, 
or from blood sucked down the air passages from 


FiGURE 9.9. Penetration af the writ and chest by a wooden 
component ofa bus seat. The victim drove bis carat speed inta a bus 


and part of the resulting debric penetrated his lft ventricle. 
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IB The major abdominal injury is a ruprured lives, which 
may be damaged in any part. A common lesion is 
central tearing of the upper surface, which may extend 
deeply and even transect the organ. Less serious damage 
is often seen in the form of shallow, sometimes 
‘multiple, parallel tears on the upper surface of the right 
lobe. Subcapsular tears can occur with the formation of 
a subcapsular haematoma, which can rupture later. The 
spleen also shows shallow tears in some accidents, often 
around the hilum; in rare cases, it may be avulsed from 
the pedicle, The mesentery and omentum often show 
bruising and, rarely, chere is laceration and fenestration 
sufficient to cause a lethal haemorshage. 

Ejection injuries are common, and lethal in both driver 
and passengers. This is particularly likely to happen in 
roll-over accidents. Much research has been pursued by 
manufacturers to develop anti-burst door locks, which 
have improved safety. Where there has been considerable 
distortion of the vehicle frame, however, nothing can 
prevent the doors from opening or even being torn off. 
Ichas been shown by Moore and Tourin’s study (1954) 
at Cornell that ejection injuries followed steering-column 
lesions as the second most frequent type of trauma and, 
ifa victim was ejected, there was a fivefold greater chance 
of dying chan iFhe was retained in the vehicle. Moore 
and Tourin found that when doors burst open a third of 
the car occupants were ejected. 

Almost any kind of injury, usually multiple, may be 
sustained after ejection, either from contact with the 
road surface or (in a significant proportion) from being 
struck by other vehicles, especially on motorways 


PK 
haemorrhage ofthe liver in a driver who 


W910 Lange subeapeular 


struck the rim ofthe steering wheel during 
severe deceleration, Such subcapsular lesan 
‘an remain intact for hours even days 


then rupture inta the abdanminal cavity 


The effect of seatbelts 


FiGURE 9.11 Anterior ear through the fall dicknes of the liver 


ther is aleoa haemorrhage around the suspensory ligament. The 
victim was a car driver who was impacted againse the steering wheel 


ina fromal crash 


‘The front-seat passenger 


In Western countries, far more drivers than passengers are 
killed or injured, bur this reflects che fact that a high propor- 
tion of cars contain only a driver ~ a third in Mant’ series. 
In countries with a lower ratio of vehicles to population the 
converse is rue and indeed many accidents are due to grass 
overcrowding of passenger vehicles. The pattern of injuries is 
similar to that of the driver, bt this position in the car is even 
more dangerous, as indicated by the ttle ofa safety film made 
by the French Michelin Tyre Company ~ Lat place da mort 
Though there is no steering wheel to impact into the 
chest its absence also denies the slight protection offered to 
the driver in reducing the collision with the windscreen, 
pethaps by giving him something to brace against. Another 
factor may be that the driver gives his attention constantly 
to the road and so has momentary warning of an impend- 
ing crash, compared with the passenger who may be oblivi- 
ous of imminent disaster and fail to ‘brace up’ ready for the 


impact. This may explain the greater number of skull fractures 
and brain damage in unrestrained passengers in Man's 
series, the percentages being 55 per cent and 42 per cent, 
compared with 64 per cent and 53 per cent, respectively 
However, these figures were compiled before seatbelts and 
airbags became commonplace or even mandatory 


Rear-seat occupants 


Before the more widespread use of front seatbelts — now 
mandatory in many countries ~ it was thought that the 
rear-seat position was fairly safe, as indeed it is compared 
with the front seats, 

When the widespread use of seatbelts dramatically 
reduced the deaths and serious injuries amongst front-seat 
occupants, the dangers of the back seats became much 
more obvious. One series showed that 49 per cent of rear- 
seat passengers in car crashes sustained serious or moder- 
ately serious injuries. Campaigns and legislation similar to 
the previous crusade were waged on behalf of the rear-seat 
occupants, and the use of these has now become manda- 
tory in Britain and some other countries. 

During violent deceleration, unrestrained occupants in the 
rear are projected forwards and strike the back of the front 
seats, including head-rests where fitted. ‘They may be thrown 
‘over the seats, striking and adding further injuries to the front 
seat occupants and may even be ejected through the wind- 
screen, which is broken by them or by the people infront. 

In roll-over accidents, they share in the general trauma oF 
being churned inside the passenger compartment, when 
multiple injuries can occur from contact with fitments, 
such as mirrors, door handles and window winders, Design 
changes have reduced these hazards by making handles 
smoother or countersunk and mirrors that easily snap off 
their mountings. Ejection is another common cause of death 
and serious injury in rear-seat occupants, a wide range of 
head, chest and limb injuries being seen. 


THE EFFECT OF SEATBELTS 


As stated, many countries now have legislation making the 
wearing of front and rear seatbelts mandatory. Where no 
laws exist, persuasion seems to have litle effect, in spite of 
the face thar itis uncontested that their use reduces deaths 
and serious injury by a factor of 20-25 per cent, as seen in 
the Australian experience in Victoria and New South 
Wales. A similar reduction was attained in Britain after the 
introduction of mandatory laws. Not only did the death 
rate drop substantially, but facial injuries and especially 
eye damage was dramatically reduced. 
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Seatbelts are now almost all of the lap-strap and shoulder 
diagonal type, the so-called ‘three-point attachment bel. 

‘The simple lap-strap is now Fited only in aircraft, where i is 
really only of token effectiveness. Most car belts are now of 
the ‘inertia-reel’ type, which allow slow movement but jam 
at a sudden rug. The advantage, apart from the comfort, 
is thar they automatically tighten up around the body, as a 
slack beltis nor only less effective but can actually constitute 
a danger, More complex restraints, such as double shoulder 
hharess and crotch strap, are fired only in light aircraft 
sliders and racing cars. Though far mote effective, their use 
would be socially unacceptable in ordinary road vehicles, 
as would head-band restraints, which are almost the only 
way of preventing hyperflexion damage to the cervical spine. 

TThe various forms of strap restraints act by: 


Holding the occupant back against the seat, so that 
forward projection against the steering wheel, 
windscreen and corner ‘A’ frame is prevented. The head, 
though still subject to hyperflexion, is prevented from 


FicUne 9.12 Tipes of seatbelt reseraint: (a) simple lap-strap 
(dangerous to aorta), (b) diagonal only (can sip underneath), 


(6) diagonal plas lap-srap (usual ear spe), and (d) shoulder harness 


(ase inairerafi and racing car). 


smashing through the glass and the body cannot be 
projected through the screen onto the bonnet or 
roadway. The belt cannot cope with backward intrusion 
of the engine, floor, roof or corner pillar if those 
structures reach the occupant sitting in the original seat 
position. The effectiveness of the belt is also dependent 
con the secure Fixation of the seat to the vehicle floor. 

The belt restrains the occupants within the vehicle in 
the event of a door bursting, as ejection greatly 
increases the risk of death or serious injury. A bele is 
relatively ineffective in a side impact, except in chat it 
reduces injuries from ejection. It has been reported, 
however, thar head injuries were fewer in restrained 
victims of side-swipes, though the reason is nor clear. 

Ichas been claimed (mainly in insurance disputes) 

that seatbelts can worsen this sore of injury by holding 
the occupant in more dangerous proximity to the 
intruding impact. There would seem few occasions, 
however, in which even the unrestrained occupant 


could voluntarily escape From any significant degree of 
sudden lateral intrusion from a speeding vehicle. 

Extending the deceleration time and distance by 
substantial stretching of the belt fabric, which may 
lengthen by many centimetres during a violent arrest. 
‘To be effective the belt must be held tightly against the 
body to get the maximum restraint, either by adjusting, 
the buckle or using an inertia reel. The belt should 
never be used again, as it cannot stretch further and 
‘may break on the next application of tension. 

IN Spreading the area of application of deceleration forces. 
As stated earlier, the body has to absorb whatever 
G forces are applied to it, as calculated by the 
G= CLV?)ID equation, IF these are absorbed by a focal 
impact covering a few square centimettes over the skull, 
fara injury may well ensue. The same deceleration 
diffused against the thorax and abdomen by 500 cm? of 
belt may leave no injury or merely surface bruising. 


Seatbelt injuries 


‘There is no doubt that seatbelts can themselves cause 
injury, occasionally of considerable severity. This was one 
of the arguments of the vociferous anti-seatbelt lobby that 
opposed legislation in several countries, but i is largely ilog- 
ical, because an impact that causes seatbelt injuries would 
almost invariably have caused even worse injuries or death 
if no seatbelt had been worn, 

‘Another invalid criticism of restraints was that they impede 
escape fiom a burning vehicle, Fires involving passenger car 
crashes are, however, quite rare, A report by Bako t al. (1970) 
from Canada showed that, of 1297 vehicle fatalities, only 24 
"were from burns, a mere three in passenger cas. 
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The vulnerability of children in vehicles 


Incorrectly adjusted or positioned straps such asa ewisted 
belt, which reduces the area of contact, can increase the dan- 
ger of injury. Loose straps allow the body to move relative 
to the belt before sudden restraint occurs, decreasing the 
distance between the passenger and facing structures 

‘Where the person is too small for the harness, such as a 
child ora small woman, the body may slide from under the 
strap ~ the so-called ‘submarining’ ~ or it may act as a gar- 
rotte around the neck. Some women find that the diagonal 
strap compresses the breast even in normal use, so that the 
greatly increased tension during deceleration is likely to 
injure the gland. 

Pregnant women also have problems with belts bur, 
although uterine and fetal injuries have been recorded in 
accidents, the incidence is relatively low and without the belt 
the consequences would have been as bad or probably worse. 

Injuries from seatbelts can vary from the trivial co the 
faral. Bruising is the most common and may be seen either 
under the diagonal or the transverse component of the three- 
point belt. Iris more common with the single aircrafi-type 
lap-strap because of the smaller area of pressure. Bruising 
may occur in the abdominal or chest wall, but the danger- 
ous lesions ae visceral. ‘The abdominal contents suffer most, 
especially from single lap-straps. Rupture of the mesentery, 
or the small or large intestine, usually occurs from acute 
flexion over a lap-strap. ‘The full bladder can be rupnured as 
can the caecum. The abdominal aorta can be crushed and the 
lumbar spine suffer a compression fracture or be dislocated 
through a disc in the midlumbar region. The posterior arch, 
pedicles or transverse processes may also be damaged. 

‘The diagonal strap usually prevents serious abdominal 
injury as ic prevents hyperflexion, but it may contribute to 
thoracic injury. Bruising of the skin and underlying muscles 
and fractures may accompany a broken clavicle oF sternum 
where the bel crosses them. Several authors (listed at the end 
of this section) have made detailed studies of seatbelt injuries. 


Airbags 


In recent years, the use of airbags has spread from only the 
most expensive vehicles to many standard production cars 

“The device consists of a large fabric bag, which is normally 
folded into the steering-wheel hub in the case of the driver 
position and into the fascia in front of the front-sear 
passenger. 

A sensitive deceleration device triggers the ignition of 
sodium azide, a solid and highly toxic explosive propellant, 
which is converted in milliseconds to nitrogen gas. The 
deploying airbag can reach speeds up co aver 300km/h 
(>200 mph), Deflation is also rapid, so chac residual car 
control and escape from the vehicle is not impeded, 


‘The inflated bag is designed co interpose itself between 
the occupant and the frontal structures of the passenger 
cabin, to cushion the impact and prevent forceful contact 
and hyperflexion. 

In addition to the life-saving capabilities, airbags can also 
cause serious and even fatal injuries either by the airbag 
itself or the module cover overlying it in the steering wheel 
for in the fascia on the passenger side. Injuries can be 
inflected arany stage of the deployment process, depending 
‘on the posture and possible objects between the occupant 
and the deploying airbag or the module cover. They vary 
from facial bruising, partial or complete amputation of 
fingers to dislocated and fractured arms or cervical spine 
and fatal head injuries. Eye injuries are common and range 
from mild corneal abrasions and chemical burns from con- 
tact with unburned sodium azide or the alkaline byprod- 
ucts of combustion, which are released into the passenger 
compartment, to globe rupture from blune trauma or pet- 
foration by interposed objects. 


THE VULNERABILITY OF 
CHILDREN IN VEHICLES, 


This is a particular problem with several aspects, Many 
countries have brought in laws to protect children in cars 
because of their special vulnerability 

First, it is an understandable, but highly dangerous, 
indulgence for adults to allow small children co travel unte- 
strained in the front seat of a car, Some parents even allow 
them to stand gripping the fascia edge immediately below 
the windscreen, an invitation to facial and eye damage even 
in minor accidents. The seating of a child on the mothers 
lap is hazardous, as on violent deceleration either mother 
and child pitch against the windscreen ~ or the child Flies 
out of the arms ofa belt-restrained mother. The close prox- 
imity to the fascia and windscreen causes many deaths and 
facial injuries, especially to the eyes. 

‘Adult-secured seatbelts will not properly accommodate a 
child (or ever a small adult), because the fixation point on 
the door pillar is too high even if the straps can be short- 
ened sufficiently ro be made tight. The diagonal may pass 
across the throat and, unless special drop-plates are fitted to 
the door pillars, the restraint is often worse than useless 

‘Though some European countries already forbid chil- 
dren under 14 years to travel in front seats, the medical 
profession in Britain campaigned for similar legislation, as 
they had done for motorcyclists to wear helmets many 
years before. 

As discussed above, a similar campaign has been success- 
fully waged for rear-seat restraints for children and adults 
Banished from the front, children were thought to be safe in 


289 


9: Transportation injuries 


the back of the car, but many have died and far more have 
been injured from being projected against the seat backs, 
front passengers and internal fitments, Special seats secured 
oon cop of the regular seating are required and, for a baby, the 
cot must be lashed down with equally robust restraints, In 
1988, legislation was introduced into the British Parliament 
to make compulsory the restraint of children in rear seats 
from 1991, this law also became applicable to adults, 


INJURIES TO MOTORCYCLISTS, 


Though there are fewer motorcycles than four-wheeled 
vehicles, especially in developed countries, the rate of injury 
and death amongst motorcyclists is far higher than among 
car drivers. For example, in England and Wales in 1989 there 
were more deaths amongst male motorcyclists between the 
ages of 16 and 24 than with comparable car drivers (343 
compared with 323) even though the ratio of motorcycles 
to cars is very small in Britain. In the 25~44 age group, 1 
motorcyclists died compared with 381 car drivers 

The two extremities of the body suffer most in motor- 
cycle accidents, though Larsen and Hardt-Madsen's analysis 
in Denmark in 1988 also showed high injury rates for chest 
and abdomen, 


Because the rider inevitably falls co the ground, head 
injuries are common and often severe, causing 80 per 
cent of deaths according to Bothwell (1962). Though 
crash helmets are mandatory in most counties, the 
severity of the impact often defeats the protective effect 
of the helmet. 

Impace with the road surface or another vehicle at 
speed causes skull fractures at any part of the head, but 
often temporoparietal. A common complication is a 
basal skull fracture, especially a ‘hinge’ fracture, This 
transverse crack across the floor of the skull, crossing the 
petrous base or behind the greater wing of the sphenoid 
bones through the pituitary fossa to the opposite side, 
has also been called ‘the motorcycist’s fracture 

Another type is the ring fracture around the foramen 
‘magnum in the posterior fossa caused by an impact 
con the crown of the head. The neck suffers quite often 
and Mant found cervical spine fractures in over a quarter 
of his series, Brain damage may be severe, even with a 
hhelmer in place, Cortical contusion and laceration, 
sometimes contrecoup, may be gross enough to cause 
brain tissue to extrude through compound fractures of the 
skull, In Mane’ series of motorcyclists, 60 per cent had 
skull fractures and almost 80 per cent had brain damage. 

1S The legs are often injured, either by primary impact 
with another vehicle or fixed road structures, or by 


FIGURE 9.13 Sewere Bruch abrasions or friction burts'in a 
motorcycle, who carne off hie machine and skidded across the road 
surfice. 


wlided 


swith a truck and was hurled into a signpost. Death was caused 


FIGURE 9.14 Pulmonary contusions in a motorcyclist, 


bya cranial facture and raultple injuries ofthe internal organs 


becoming trapped by part of the motorcycle frame, 
Lacerations, friction burns and fractures ~ often 
compound ~ are common. Mant recorded leg or pelvic 
fractures in 55 per cent of his cases, 

IB Any part of the body may suffer injury, but less often 
than the extremities, Falling from the machine, 
especially at speed, can cause rib fractures and visceral 
damage, especially eupeure of the liver and spleen. 

1B An injury common with motorcycles is the ‘tailgating’ 
accident, where a rider drives into the back of a truck 
so that the machine passes underneath, but the head of 
the motorcyclist impacts upon the tail-board. 
Decapitation may occur in the most extreme cases, but 
severe head and neck injuries are almost inevitable. 
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FiGuRe 9.15 A pedestrian 
struc by the front of a car 
‘may be projected forwards or 
lifted onto the vebicle, 


‘Trucks in many countries muse now have strong bars 
fitted ar the rear to prevent this “ail-gating’, which may 
also happen to motor cars, the rear of the truck 
smashing into the windscreen and driver. 

Safety helmets act both by providing a rigid barrier 
against impact, which depends partly on the shock 
absorbing padding within the helmet and by providing 
a smooth surface, which is designed to skid across the 
road surface, thus lengthening the stopping distance 
and time to reduce the G force of deceleration. Their 
strength is designed to be finite to control the rate of 
deceleration but in massive impacts seen at high speeds 
the helmet may be penetrated or the head and brain 
damaged by the transmission of blunt force, Crash-bars 
are another safety measure on motorcycles, being fitted 
in front of the engine to project on each side and 
protect the legs ifthe machine fills over. Unless extremely 
strong, however, such bars can themselves trap the legs 
if they bend backwards on impact. 


INJURIES TO PEDAL CYCLISTS 


‘These form a less severe counterpart of motorcycle lesions, 
as the pedal cycle has the same instability bur far lower 
speeds. Once again, head injuries figure largely in acci- 
dents, as the height above the ground is considerable and 
the rider suffers from the passive fall, added to by any for- 
ward motion or projection from impact by a motor vehicle. 
Helmets are now worn by many cyclists and naturally 
afford considerable protection, 

‘Other injuries are from the primary impact from a strik- 
ing vehicle, which may hit the rider around thigh, hip or 
chest level. Secondary damage to the shoulder, chest and 
arm may occur from striking the ground, when friction 
grazes are common. (A unique injury, though nor fatal, was 
entrapment of the leg berween wheel spokes with compres- 
sion of the soft tissues of the calf, when the leg penetrated 
the wheel.) 
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INJURIES TO PEDESTRIANS 


Worldwide these are easily the most common road fatal- 
ities, probably accounting for more than 50 per cent of the 
third of a million road deaths each year. In the densely popu- 
lated areas of the globe where vehicles are greatly outnum- 
bered by people, such as Southern Asia, parts of Africa, and 
the Middle East and Central America, pedestrian casualties 
form a significant part of the toral mortality. 

‘Most pedestrians are struck by motor cars or trucks, and 
the type of vehicle makes a difference to the dynamics of 
the impact, which ~ unlike injuries to vehicle occupants ~ 
is an acceleration nor a deceleration process 

Primary injuries are caused by the first impact of the 
vehicle on the victim, while secondary injuries are caused 
by subsequent contact with the ground. Some writers 
also use the term ‘tertiary injuries’ to describe the impact 
with the ground, reserving ‘secondary’ for additional con- 
tact with the vehicle, as when the pedestrian is hurled up 
against the windscreen. The usual sequence of events is as 
follows 


‘The height of the car bumper bar (fender?) is well 
below the centre of gravity of the adule pedestrian, 
which lies in the abdominal region. Thus the frst 
impact tends to knock the legs from under the victim 
and rotate them towards the oncoming vehicle. 
Depending on the profile of the front of the car, the 
struck pedestrian is either thrown forwards in the 
direction of travel ifthe bonnet-feont is high and blunt ~ 
or scooped up onto the bonnet top, as with many 
slope-fronted modern vehicles. 

If thrown forward, secondary injuries will he suffered as 
a result of striking the ground, as well as the primary 
impact on legs and often the hips. Ifthe car speed is 
appreciable (anything over 20 km/hour is sufficient), 
the body can be thrown into the air or knocked down 
flat with a severe impact. The secondary injuries may 
fracture the skull, ribs, pelvis, arm or thigh, 


9: Transportation injuries 


‘A further hazard is being run over by the vehicle if 
the victim is projected directly in front. Sometimes he 
may be dragged by the under-belly of the car, and 
seriously soiled and injured, perhaps appearing at the 
rear if the vehicle does not stop quickly. Many impacts 
are on the front corner of the car and the pedestrian 
may chen be knocked diagonally out of the path of the 
car, IF thrown into the centre of the roadway, the 
person can be run down by a different vehicle 
overtaking in another lane or by one coming in the 
opposite direction on a single carriageway. 
If scooped up, the victim will land on either the bonnet 
‘or against the windscreen or corner-supporting pillar 
(the 'X’ frame). The flat bonnet usually does relatively 
licele damage, though linear abrasions, brush grazes, or 
friction burns may be seen. Violent contact with the 
windscreen, especially the rim or side pillars, is che 
most frequent cause of severe head injury from primary 
impact. 

Scooping-up can occur at speeds as low as 
23 km/hour (about 15 mph; below 19 km/hour the 
body will usually be projected forwards). Ifthe speed is 
high, the victim can be thrown up onto the car roof, 
sometimes somersaulting so that the head strikes the 
roof, He can then slide or be flung right aver che back 
of the car, landing behind it in che roadway. This is 
more likely to happen if the car does not brake, but 
literally drives from under the body. 
In most cases, the scooped pedestrian falls or is lung 
off on one side of the car or the other, again to suffer 
secondary injuries in the road and pethaps be run over 
by another vehicle. The usual pattern of events is that, 
ar the instant of contact ~ or even slightly before ~ the 
driver will apply the brakes violently. The scooped-up 
victim will acquire the speed of the car by the time he 
lands on the bonnet, but then the vehicle decelerates. 
As the adhesion to the shiny surface is small, the newly 
acquited velocity of the body will cause it to slide off 
the front of the car as the latter brakes. The victim then 
hits the ground in frone of the car, sustaining secondary 
injury — and may even be run over during the residual 
motion of the vehicle before it finally stops. 
Ina high-speed impact, which may be anything over 
50 km/hour (31 mph), the body can be flung high in 
the air and for a considerable distance, either to the side 
‘rin the path of the car —or even backwards over the 
roof. In general, the severity of the injuries — both 
primary and secondary ~ will be the more severe the 
higher the speed. 

Ic is impossible to estimate the speed of impact from 
the nature of the injuries. These can be fatal even at 
slow speeds of the order of 10km/hour (6 mph), yet 


FiGURE 9.16 Ar speeds of over 23 kmihour (15 mph) a pedestrian 
can be ‘conped up’ onto a car, suffering head injuries against the 
windscreen, He may then fill off rdewayso” — at higher 
spoeds—be thrown over the reef, 


1. Bcoopingsup 


Velociy stil V 


‘Stal decelerating 
velocity = V— 2 


Decalertes to velaty 


7 Ranaing over 


FIGURE 9.17 Sequence of events when a carved pedestrian is 
projected forwards during braking 


‘occasionally high-speed impacts can produce only minor 
damage. In Ashton’ (1975, 1978) series half the deaths 
‘occurred at speeds less than 48 km/hour (30 mph). 

In child victims, although the general pattern of 
injuries is simila, their shorter height and smaller 
‘weight affects the mechanics of impact. The primary 
contact is higher up their body, so they tend to be hit 
forwards rather than rotated upwards, though many do 
become scooped up onto the bonnet. Children tend to 
be projected Further by impact and may be hueled in 
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Figure 2 


Injuries to pedestrians 


the air at lower speeds than with adults. They are also 
more prone to be run over by reversing vehicles, 
especially trucks, as they often play between parked 
vehicles and ~ being small ~ are less visible to the 
driver. Recent safer 
audible reversing warnings that are automatically 
linked to the gear-shift lever 

When a pedestrian is struck by a larger vehicle, such as a 
van, truck oF bus, the initial point of impact is higher 
and may cause primary damage to pelvis, abdomen, 
shoulder-girdle, arm or head. Because of the profile of 
these vehicles, there is no scooping-up effect, and the 
victim is usually projected forwards to suffer secondary 
damage from road contact and sometimes to be run over 

The nature of pedestrian injuries reflects these dynamic 
effects 


measures on trucks include 


The most common trauma is to the legs, some 85 per 
cent of pedestrian casualties having lower limb injuries 
Abrasions and lacerations to the upper shin and knee area 
are typical of car bumper contact, and fractures of the tibia 
and fibula, often compound, are so common that they are 
present in a quarter of fatalities, according to Eckert. The 
femur is fractured less often, but is no rarity. The midshafe 
may be broken or the head may be driven into the acetabu. 
lum, together with a fractured pelvis, In children, because 
of their small stature, the femur may be fractured by the 
low bumper bar. Ar autopsy, the skin of the lower legs should 
be incised to seek deep bruising, as the clothing often procects 
the surface from obvious marking, 

When a bumper (fender) strikes a leg, the tibia is often 
fractured in a wedge-shaped manner, the base of the wedge 
indicates the direction of the impact (often from behind), the 
fone of the wedge pointing away from the side of contact. 


FIGURE 9.18 Primary injury 0. 
pedestrian sruck by a car. There is damage 
to bath loge at about the same level, with a 
compound facture of the right le. These 
are sometimes called “humper facture 
The heigh ofthe injuriee above heel level 


should always be measured at autopsy 


a 


FiGURE 9.19 Abnasions and laceration at knee level in a pedestrian 
struck bya car bumper. Their anterior postion indicates that the 

victio was facing the vebicle at che moment of contact, but tis may 
bbe a last-intant turm daring final aware 


a af the car prosimty 


If che leg is weight-bearing ar the time of the impact, the 
tibial fracture tends to be oblique, whereas if not stressed, 
as when being lifted during walking, the fracture line is 
ofien transverse. When both shins are damaged, the level 
may be different on each sides this indicates that the person 
was moving at the time, with one leg raised in walking or 
running. Sometimes the level of injury appears too low for 
the normal bumper height of most cars, but this may indi 

cate that the vehicle was braking violently at the moment of 
impact, going down on its suspension as the front wheels 
decelerated or locked, unless dip compensators were fitted. 
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Because of impact with the windscreen, pillars and roof, 
together with secondary contact with the ground, the head is 
the next most frequently damaged region — and the one 
which leads to most causes of death. Any type of injury may 
be sustained, as described in Chapter 5. Tiaffic accidents 
are the most frequent cause of skull fracture, especially of the 
base. Fractures of chest, arm and pelvis and injuries to the 
abdomen follow in frequency. Often the injuries are concen- 
trated on one side, usually on the opposite side to the point 
of primary impact, because the body was thrown down onto 
the road, Because of rotation and the variable posture from 
being thrown off the car structure, however, the injuries are 
often widespread and may show no particular pattern, 

Soft tissue injuries are common and, apart from abra- 
sions, bruises and lacerations, muscle laceration and crush- 
ing can occur. A characteristic lesion from running-over, as 
opposed to knocking-down, is the ‘laying’ injury, where a 
rotating motor wheel tears the skin and muscle from a limb 
or head. The rotatory effect against a fixed limb may strip 
off almost all tissue down to the bone. When a wheel passes 
over the abdomen or pelvis, multiple parallel striae or shal- 
low lacerations may occur near the contact area because of 
sipping cension in the skin, 

When a wheel passes over the pelvis, abdomen or head, 
there may be great internal damage with litte surface injury. 
The weight of a large vehicle can virtually flatten a head, 
crushing the cranial vault. Ofien the brain is extruded 
through scalp lacerations, as may be the intestine through 
an abdominal wound. The pelvis may flatten out when run 
over, the symphysis oF superior rami breaking, and one or 
both sacroiliac joints becoming detached. Any type of intra- 
abdominal injury may occur from ruptured liver and spleen 
to perforated intestine, lacerated mesentery and fractured 
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FIGURE 9.20 Injuries caused by being run 
cover by a bus. The large rotating wel has 
“Hayed' the right leg stripping the skin and 
subcutaneous tissues fom the muscles. The 
passage ofthe adjacent double wheel aver 
the abdomen has extruded the intestines 


through the perineum. 


lumbar spine. In the chest ribs, sternum and thoracic spine 
may fracture, and heart and lung damage occur from crush- 
ing or laceration from jagged ribs. A ‘lal chest is sometimes 
produced when a heavy wheel runs across the supine body, 
breaking all the ribs on each side in the anterior axillary line, 
Patterned injuries may be important, in that they can 
assist the police in identifying a vehicle in a ‘hit-and-run! 
accident, The most common is a tyre pattern outlined in 
intradermal bruising and these should be measured carefully 
and photographed. These marks are usually caused by the 
skin being forced into the grooves of the tyre tread, the edge 
of the raised rubber tracing out the pattern. ‘The elevated 
parts do not leave bruises, bur may imprint dirt on the skin. 
Paint fragments and glass shards are also trace evidence 
thar must be carefully retained, asthe forensic laboratory may 
be able to identify the make and model of vehicle involved, 
and match the fragments when a suspect car is examined. 
Parts of the vehicle may leave patterned imprints on the 
skin, such as headlamps, mirrors or other components 
Safety regulations for manufacturers have now almost ein 
inated the dangerous devices such as bonnet mascots, pro- 
jecting door handles and non-flexible mirrors that used 10 
adorn older cars. Metallic and plastic objects may still be 
found in the tissues from time to time, however; the author 
(BK) has recovered a door handle from the interior of the 
liver and a chromium bonnet insignia from a cerebral h 
sphere, Any such artefacts must be preserved for the police 
in cases in which the identity of the vehicle is nor known. 
In Britain, where traffic drives on the left side of the 
road, iris more common for pedestrians to be struck on the 
right side as they walk off the pavement. Many, however, 
are struck facing the vehicle, from curning during last- 
minute awareness, and some are hie from behind. 


Cause of death In traffic accidents 


These factors will all affect the distribution of injuries, 
bur it is too hazardous to try to reconstruct unwitnessed 
events in any derail from a scudy of the injuries. Suprarenal 
haemorrhage is more common in the right gland than the 
left after a traffic injury in Britain (Johnson, unpublished 
communication), but this observation must be modified by 
the fact that many such haemorthages occur several days ater 
the trauma and are usually the result of general systemic 
effects, rather than direct impact. 


CAUSE OF DEATH IN TRAFFIC 
ACCIDENTS 


d 


head with extrusion of brain or rupture of the aorta. Often 


In gross injuries this is often obvious, as in the crush 


Ficuns 9.21 A patterned injury in a 
pedestrian struck by a ruck. The circular 
brute and abrasion aver the front ofthe 
shoulder are from a headlamp rin. There ie 
alco a wellsdemarcated imprint around the 
Left xe from some other projection on the 
ehicle. 


Ficune 9.22 Primary pedestrian injury 
The patter i caused by the bumper bar 
striking the leg, The ight fom the heel 
should always be measured forthe police to 
compare with the vebicle though during 
extreme braking, many vebicles will dip 
down at the font, thus lowering their 


bumper heigh 


multiple injuries make ie difficult to decide which was the 
most serious and mortal lesion, but in such cases itis quite 
acceptable to use the term ‘multiple injuries, preferably 
listing several of the most lethal 

‘When death occurs on the road or soon afterwards, there 
is usually macroscopic evidence of gross musculoskeletal or 
‘organ damage, severe haemorrhage, blockage of air passages 
from blood, or traumatic asphyxia from fixation of the chest 
caused by crushing some part of a vehicle. 

Delayed death can be caused by continuing bleedin, 
secondary haemorrhage, renal failure from hypotension and! 
oor extensive muscle damage, fat embolism, local infection, 


chest or other systemic infections, myocardial or cerebral 
infarction and other sequelae discussed in Chapter 13. 
The presence of natural disease is always an important con. 


sideration in all transportation deaths, as a possible cause or 
contribution to the accident. In pedestrians, a sudden collapse 


295 


9: Transportation injuries 


FIGURE 9,23 Jnenadermal bruising on the forehead of alive bay 
swho was found wandering in the street with amnesia for recent 
events, He bad been struck by a tiesand-run’ car, which left 
‘identifiable tyre marks on the skin, An astute casualty officer had a 
photograph taken ar the marks faded ina fw hours 


in the roadway may lead to fatal injuries when a vehicle comes 
along — or even a dead body being run over by the next cat. 

‘Similarly, defects in sight or hearing may have contributed 
to the accident, though this is almost never detectable at 
autopsy, unless there are gross corneal or lens abnormal- 
ities. OF course, the possibility of drug or alcohol intoxica- 
tion in the pedestrian victim must always be considered. 

‘Where drivers or pilots are concerned — or even shipmas- 
ters ~ the presence of disease or intoxication may be a vital 
clement, with both civil and criminal connotations possible. 

Generally speaking, sudden natural disease does not 
‘often cause road vehicles to go out of control, as there seems 
to bea sufficient warning in most instances of cardiac or cere- 
bral disablement, to allow the driver to pull over and stop. 

Even the regular medical checks on older drivers legally 
enforced by some countries are no warranty that sudden 
collapse will not occur the very next day. ‘The same applies 
to air pilots, as the VC-10 crash at London Airport proved 
some years ago, when the hypertensive pilor with coronary 
artery disease collapsed on take-off after an altercation with 
his co-pilot. 

Schmidt et al, (1990) analysed 39 deaths at the wheel in 
Germany and found that 97 per cent had cardiovascular 
disease and 90 per cent had coronary heart disease. ‘This 
was confirmed in a more recent retrospective study cove 
ing a 15-year time period in Munich, Germany, ranging 
from 1982 until 1996, Ischaemic heart disease was the 
underlying cause of death in 113 (84%) of the 147 natural 
deaths at the wheel. Morild (1994) found that 14 of 133 
traffic deaths in Norway had died of natural disease, again 
predominantly coronary atherosclerosis, 


The autopsy ona road traffic death 


‘The autopsy is in general identical to the usual procedure, 
bur with special attention to the following points: 
HAs criminal proceedings against a driver may 
follow, legal matters such as identity of the body and 
continuity of evidence must be assured, as discussed 
in Chapter 1 
Si The body should be seen clothed, if brought dead to 
the mortuary or hospital, so that injuries can be 
‘matched against soiling and damage to the garments, 
Often this is not possible, especially if temporary 
survival allowed admission to a hospital or accident 
department, but where practicable the clothing should 
be preserved and examined by the pathologist. In any 
event, the clothes should be retained by the police for 
submission to the forensic science laboratory, usually 
when criminal proceedings are likely. 
|S Blood samples must be retained for blood grouping and 
‘now perhaps even ‘DNA fingerprinting’ in case a 
‘hit-and-run’ vehicle is found with blood or tissue traces 
upon it. Sometimes hair samples may be required for 
the same purpose. Where death occurs within 12 oF 
even 24 hours of the time of the accident, blood 
analysis for alcohol is essential, whether in the driver or 
pedestrian (see Chapter 28). Where possible, screening 
for drugs of dependence and common medicinal 
substances that might have caused drowsiness should be 
carried out. In combination with alcohol, even low 
levels of sedative, hypnotic and antihistamine drugs 
‘may be relevant in the causation of an accident. In 
certain cases, where leakage of carbon monoxide is 
suspected, the circumstances will suggest analysis of the 
blood for carboxyhaemoglobin concentration. 
‘The external examination, as in all trauma deaths, is 
vital and should be detailed, accurate and fully recorded, 
‘The height of major or patterned injuries above heel 
level must be noted, in order to compare these against 
dimensions of a vehicle. Patterned injuries must be 
photographed with a scale in view. Any foreign bodies 
or particles, either in the clothing, hair, on the skin or in 
the wounds, must be carefully retained or forensic 
science examination, especially in a ‘hit 
accident, where the identity of the vel 
viel 
All types of trace evidence may be found by a 
pathologist, from paint flakes and glass debris (which 
‘may be traced to a certain make, age, type and even. 
individual vehicle) to parts of the vehicle structure. In 
past years, the author (BK) has retrieved a Renault door 
handle from inside a liver and an Austin bonnet 
insignia from within a brain. 


d-run! 
may be 
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Railway 


A full autopsy must be carried out, not merely a 
catalogue of injuries. The presence of any natural 
disease is relevant, especially if it might have 
contributed to the accident, either by causing a driver 
to lose control or ability to drive, or a pedestrian to 
exercise proper caution or behaviour in the roadway. 
(Old and recent cardiac and cerebral lesions are 
particularly important, as is any evidence of a fit, 
such as a bitten tongue, or old meningeal adhesions 
over cortical damage. It is almost impossible to assess 
visual acuity at autopsy, but obvious lesions such 
as lens opacities must be noted. Similarly, itis 
virtually impossible to give any opinion on 
acuity of hearing from autopsy findings unless 
there isa gross neurological abnormality in the 
auditory tract. 


SUICIDE AND HOMICIDE BY 
MOTOR VEHICLE 


‘There is lite that the pathologist can contribute to the elu- 
cidation of motivation in traffic accidents, as it is circum 
stantial and sometimes forensic-laboratory evidence that is 
more likely to reveal a non-accidental cause. Homicidal traffic 
deaths are rare, though the author (BK) has been involved 
in one incident where racial hatred led to the running-down 
of youths of one ethnic group ~ and another where a man 
repeatedly crashed the near-side of his own car in an effort 
to kill his passenger (his wife). There are no specific patho- 
logical features that can assist, except that the incident is 
likely to occur ar relatively high speed, without braking 
effects. The victims of homicide by other means ~ or per- 
sons rendered unconscious first~ may be deliberately placed 
in motor vehicles which are chen crashed, preferably with a 
subsequent fire, The author (BK) dealt with one such case 
where a husband placed the body of his strangled wife in his 
car and secretly pushed it over the edge of a mountain road. 
Unfortunately (for him), he left the ignition key in che ‘of?’ 
position. This faking of a vehi 
homicide is by no means unknown, the author (BK) being 
involved in another case where a police officer disposed of 
the body of his wife who died in suspicious circumstances, 
by crashing her car and smashing the windscreen with a 
hammer to add to the effect. 

In such circumstances, the pathologists role is to match 
the injuries with a traffic accident, to detect any which are 
atypical. For instance, focal depressed fractures of the skull 
of the type caused by a weapon are unusual in a car occu- 
pant unless there was a localized intrusion of the vehicle 
oof. The ante-mortem nature of the injuries should be 
demonstrated, though this is nor always possible. When 


lar ‘accident’ to conceal 


Injuries 


there is a fire, some evidence of ante-mortem burns, soot 
inhalation or carbon monoxide absorption should be sought, 
though~as mentioned in Chapter 11 ~ some flash petrol fires 
‘may kill before any monoxide is absorbed. Where the victim 
‘was unconscious though nor dead, no such differentiation 
is possible. Full analysis for alcohol and stupefying drugs 
must be made if there is any suspicion, 

Attempts at deliberate self-destruction by the use of a 
motor vehicle are said co be not uncommon (Selzer and 
Payne 1962), though this is difficult co prove in most cases. 
‘Once again, the evidence is more likely to be based on cit- 
‘cumstantial rather than medical evidence —a matter for the 
investigating authorities rather than the pathologist. Driving 
at speed into the path of an oncoming truck or into a solid 
obstruction at the roadside are the methods employed, 
though ic is hard co prove in the absence of definite evi- 
dence. It has been said that the imprint of the accelerator 
pedal on the undersurface of the shoe may be an indica- 
tion, though this can never be the only indication. A wit- 
nessed lack of other causative factors may offer some 
corroboration, but this is police business, not pathology. 


RAILWAY INJURIES, 


These are no uncommon, especially in countries with 
many ‘level crossings (called ‘grade crossings’ in the USA), 
where a public road crosses a railway track with either no 
barrier at all or with only a flimsy lifting pole, Many vehicles 
are struck each year by passing locomotives. 

Few rail passengers are killed or injured in moving trains 
compared with accidents to railway staff and to other types 
of accident on railway property. rack workers may be run 
down and some die from electrocution from ovethead cables 
The pathology ofall these is no different from accidents else~ 
where, che interest lying in the occupational epidemiology 
and preventive aspects, 

‘One worrying development in recent years is the mali- 
cious damage caused to trains, either by placing objects on 
the tracks, which may cause a derailment, or the dropping 
of objects from bridges. The author (BK) has conducted an 
autopsy on a driver killed by a concrete block dropped 
from a bridge, which smashed through che windshield of 
his cab 

‘The other fairly common railway fatality is the suicide 
who lays himself in front of an approaching train. Decapi- 
tation is the most common injury and the obvious feacures 
are the local tissue destruction, usually with grease, rust or 
other dirt soiling of the damaged area. 

"The usual search for alcohol and other drugs must be 
made, as suicides often employ multiple methods to ensure 
self-destruction. As well as lying down before a locomotive, 
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another common method of suicide in large cities is to 
jump from the subway platform of an underground ‘tube’ 
to ‘metro’ system. Here injuries are sometimes complicated 
by high-voltage electrical lesions, as the typical traction 
voltage of an electric railway is in excess of 600 volts, 
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Abuse of human rights: 
deaths in custody 
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Regrettably, abuse of human rights is so widespread on a 
global scale that some reference must now be made in foren- 
sic pathology texts to che physical manifestations of torture. 
Ic is stated by Amnesty International (2001) chat in a third 
of the member states of the United Nations torture of one 
kind or another is practised, in spite of them being signa- 
tories to United Nations resolutions banning hese atroci- 
ties. According to Amnesty International’ worldwide report 
‘on torture based on a 3-year investigation (2000), currently 
more than 150 countries routinely torture people compared 
‘with 98 countries in their previous report in 1984, 

Although most rorture does not result in death, there are 
sufficient cases of physical abuse of human rights that 
progress to fatality that a number of organizations offer 
expertise when any alleged case needs to be investigated, 
usually calling upon forensic pathologists to assist chem in 
such circumstances. These include Amnesty International 
(based in London), Physicians for Human Rights (PHR), 
the Medical Foundation for the ‘Treatment of Victims of 
‘Torture (London) and many others. 


EVIDENCE OF FATAL PHYSICAL 
ABUSE 


In many instances the autopsy appearances of fatal abuse are 
no different from those by any other homicide, and the con- 
firmation of lethal torture must depend upon circumstantial 
and other corroborative evidence, which is no concem of 
this book. For example, if a political detainee is kicked to 
death, the physical findings may be identical to those of a 
murder by kicking in a street crime, Similarly, head injuries, 
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shooting and suffocation may show no variation from the 
same modes of death outside a political context. 

Certain features may arouse suspicion or provide definite 
evidence that the death had political overtones. The word 
‘political’ is used in a wide sense as many abuses of human 
rights are not directed or even condoned by higher levels of 
government, though often there is an indifference to being 
informed about such activites. Many instances of illegal 
death and injury are perpetrated by the military or the 
security forces ~ and even here, the level of command that 
directs or condones the abuse varies greatly. In general, the 
civil police and the regular prisons are usually nor the pet- 
petrators of gross abuse, though there are many exceptions. 
I tends to be the armed forces, clandestine security police, 
and special detention camps that are most often guilty of 
torcure and illegal executions. 

(One of the features thar characterizes torture and abuse is 


thar the victim is usually either in detention or some form of 
custody, or is temporarily in the power of the authorities, 
even if thar means that soldiers have just burst into a private 
house. All deaths in custody ~ discussed later in the chaprer ~ 
should be examined with care, as much to ensure that the 
guardians are cleared of any suspicion of ill-treatment as to 
discover any ill-treatment itself. The fatal event may be quite 
different from the non-fatal abuse, as a victim who is beaten 
may be disposed of by shooting. As in all forensic work, 
the pathological investigations can only be part of the overall 
enquiry, another example of cooperation and teamwork 
between all disciplines. 

One of the major differences ~ and great problems ~ in 
the investigation of torture and abuse of civil rights is that 
the authorities in the state where it occurred may be torally 
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uncooperative and, indeed, wholly hostile to impartial 
enquiry. Iris through respected international agencies, such 
as the Red Cross, Amnesty International and Physicians for 
Human Rights, that pathologists have the best chance of 
being allowed access to the relevant material, and the organ- 
izations mentioned above are willing to undertake or assist 
legitimace investigations anywhere in the world 

‘One particular problem associated with human rights 
abuse isthe frequent long delay before being able ro examine 
the victim. In the living, they may have been detained for 
months or years after the ill-treatment, or may have been 
exiled or in hiding before they have the opportunity to be 
seen by an impartial medical observer, by which time acute 
injuries will have healed, bruises absorbed and wounds 
and burs scarred over. In the dead, long-term post-mortem 
changes are common: the body may have been buried and 
exhumed before examination 

Even skeletal material is all that is sometimes available, as 
in the ‘lost children’ of Argentina or in the killing fields of 
Uganda. Problems of identification are often difficult. Con- 
temporary photographs of injuries are often of poor quality 
and the facilities for autopsy are primitive in some of the less 
developed countries. When the suspicion, lack of cooperation 
and often open hostility of the local authorities is added, the 
task for the visiting pathologist is formidable indeed. 

The following types of injury may confirm or arouse sus 
picion of torture, though, as stated, virtually any type of 
injury can be inflicted deliberately to extract information, 
punish or degrade the victims or to exterminate them. 
Repetition of a particular injury, such as ‘tramline’ bruises 
from beating, is suspicious, because in ordinary assaults 


and homicides such excessive and perhaps regularly placed 
repetitive lesions would be unusual 


1S Beating is one of the most common forms of torture and 
can take many forms, varying both with the weapon 
used and the part of the body injured, Blows both to the 
head and co other parts of the body were present in all 
the cases reported by Hougen (1988). Unless severe and 
repeated, beating is not often the sole cause of death, 
though this can occur from haemorthage, sepsis, injured 
internal organs, or from sheer exhaustion and pain in an 
already debilitated victim. The blows may be inflicted by 
fisc or foot, bur are more often applied with a weapon. The 
use of a whip or lath-like instrument is common, but 
metal oF wooden bars, clubs, batons, rifle burts or belts 
may be used. More recently, lengths of plastic hosepipe 
or tubing have come into favour in some parts ofthe 
world. 

Many of these produce a characteristic skin lesion, 
namely a single- or double-edged linear bruise. 

‘The bruise may be a line of confluent petechial 
haemorthages or a continuous mark of red skin. The 
“cramline’ bruise is a double line of parallel marks with 
a pale unbruised zone between them, caused by the 
impact of a rectangular or circular-sectioned object 
‘This is described in more detail in Chapter 4. 

The bruising may be intradermal, when it reproduces 
the pattern of the weapon wel. Ifa leather whip with, 
for example, plaited thongs, is struck against the skin, 
the pattern may be imprinted clearly on the skin, 
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BiGUKE 10.1 A sear about one year afer the original injury 


The female ition was shot while excping from an East African 
concentration camp, The wound wa opened surgically and healed 
iperfecy with keloid formation. Theater surgical incision sof 
mare recent origin. Such scars wll remain unaltered fr if, apare 


_from posible increate in the hela formation 


Fi\GURE 10.2 Recent bruising inflicted within the previous 
2 days, fom blows by length of plastic tubing about 15mm 
wide. The injuries show parallel ‘ramdining’ ypical of impact 
from a cylindrical weapon. The assailants were vigilantes 
‘adminicering a punichment beating to an alleged collaborator in 
a Middle Eastern councry 
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Buckles on belts and other recognizable artefacts may 
occasionally be useful in identifying the weapon. Where 
the bruising is deeper, no such pattern is likely. The skin 
‘may be broken, causing abrasions or lacerations and, if 
the full thickness is breached, healing will cause scars, 
which may even be recognizable as ‘ramlines 

Repeated beating leaves multiple marks, which 
though overlapping and often criss-crossing, may have 
a generally similar orientation that indicates that the 
attacker stood in a relatively fixed position co the victim, 
For example, lashing across the back may leave marks 
running from top right wo bortom left, suggesting thar a 
right-handed perpetrator stood to the lefeof the victim. 

The use of a multi-thonged whip, such as a 
‘car-o'nine-tails will leave a series of marks, again 
generally in the same orientation. ‘The thongs tend co be 
narrow and may cause linear marks with tramlining. 
There may be metal tags or knots on the end of each 
thong, which can cause focal damage. The back is the 
‘most frequent target, but whipping and beating may be 
applied to the buttocks, thighs, front of chest, breasts 
and abdomen, lower legs, soles of the feet, and even 
perineum and genitals, 

Beating of the soles of the feet with canes or rods is a 
torcure rooted in antiquity and this so-called ‘falange 
‘may leave relatively litte to see, even though ic is, 
extremely painful and debilitating. The tough tissue 
and thick fascial planes of the foot do not readily reveal 
bruising, though it may be found on deep dissection in 
victims who have been killed by some other means. 

If injuries were inflicted months before examination, 
litle oF nothing may be Found unless the skin was 
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African torcure camp. Thougls mare than a year old, the ‘ramline 


10.3. Soars fiom beating with a thin metal rod in an East 


ruarureof ne ofthe scars is outlined in keloid 


al physical abuse 


broken, when scarsing will have taken place. Sometimes, 
however, fant red lines may be seen in pale-skinned 
people and in those with appreciable racial melanin 
pigmenc chere is often hyperpigmentation along the 
lines of injury. Where severe damage has heen caused 
and sometimes where there is scar tissue, depigmentation 
may be seen, 

Burns are unfortunately common and may be either 
the actual cause of death or visible as recent or scarred 
evidence of previous torture. All kinds of burns may be 
suffered. The author (BK) has seen extensive burns 
from molten rubber dripped onto victims from motor 
tyres suspended overhead, hor irons applied to skin, 
ignited kerosene-soaked rags wrapped around limbs 
and numerous burns from cigarettes pressed into the 
skin, Knowledge of local practices, such as the burning 
motor tyre ‘necklace’, can help identify burns in typical 
sites. Where molten liquids have been dripped from 
above onto a bound-up vietim, there may be shadow 
areas that indicate the direction of contact, which 
makes any innocent explanation highly unlikely. In 
survivors, scarring occurs in all but the most superficial 
burns, and may lead to large, unsightly cicatrized areas 
In victims of Aftican origin, large keloids may form, and 
further complicate the damage and attempts at surgical 
Cutting and stabbing may be inflicted with a variety of 
weapons, but wounds from knives and bayonets are 
most common in the context of torture and 
extrajudicial execution. ‘The features are identical to 


F\GURE 104. Keloid sears from extensive burns during orture, The 


elderly lady wasted ta a chair and a burning mator tyre suspended 
caver ber. The shadowed area between the breast indicates the 
downward trickle of molten burning rubber. Her fice was abo 
extensively scarred. 
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FiGURE 10.5 The scar ofa bayonet stab wound inflict 


ed many monthr earlier in a Ugandan torture camp. Thowgh scar are usually of ltd 


Ielp in interpreting the caute of the injury, bere the elliptical shape of the original sb wound can till be sen ata keloid scar and even the 


sharp upper end of the blade edge, as opposed to blunter lower end. 


those described in Chapter 4, The site on the body may 
be anywhere, but the chest and upper arms seem to be 
favourite targets. The scars of old stab wounds, such as 
those from a bayonet, may still be recognizably 
elliptical many months or years after infliction. 

1S Clubbing and blunt injury is extremely common, either 
to cause death or asa form of abuse, I is sometimes 
dispensed almost casually, as when guards lay about 
themselves with rifle butts against the inmates of 
detention camps. Again the features are non-specific 
and are described in the chapter on wounding. ‘The 
head is the most common target, but the legs and knees 
are also often struck. Blows on the back or side of the 
neck can be particularly lethal from vertebrobasilar 
artery damage (Chapter 5). 

1S Deaths from suffocation and drowning are not common, 
though non-fatal practices of this kind are well-known 
methods of abuse. Repeated dipping of the victims head 
under water or even foul liquid such as sewage is called 
“submarining’, and may cause drowning, air-passage 
occlusion or a later pneumonia. Enveloping the head in 
an opaque plastic bag is more a means of disorientation 
than physical torture, but partial suffocation by similar 
‘means may eventually prove fatal 

18 Electrical torture is common and well documented. 
Either mains voltage of 110 or 240 V is used ~ which 
carries the risk of fatal cardiac archythmia as well as 
local burning ~ or a magneto delivering high voltage, 
which is painful but not lethal. The latter will not leave 
any significanc skin marks, as the amperage is so low. 

The later demonstration of electrical injury is 

difficult as healed lesions have few characteristic 
features. The acute injuries which may cause burns and 


FicUne 10.6 Extensive keloid scare fllowing deliberate burning of 


4116 -year-od student in an East Afican concentration camp. An 
clectric ho plate wa presed against his neck and kerorenesoaked 


age were ignited om bis arm. 


death are described in Chapter 12. Karlsmark and his 
co-authors have made a special study of the pathology 
of electrical torture. The current may be applied 
anywhere, but the genitals are sites favoured by 
torturers, especially the penis and scrotum, The female 
nipples are also targets 

IE Injuries to the ears can rarely be demonstrated ac 
autopsy, but a favourite torture isthe ‘telefono’, 
consisting of repeated slapping of the sides of the head 
by the open palms of the assailant. This may ruprure 
the tympanic membranes and injure the inner ear 
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1H Suspension is a common torture, though again not 
often fatal in itself, IF the victim is seen relatively soon 
after the ordeal then abrasions, bruises and chafing 
marks may be found at ligature sites, usually on legs, 
arms and sometimes genital, 
Shooting is not a method of torture in the accepted 
sense, but is a common means of execution or of non- 
faral punishment, such as che ‘knee-capping’ 
perpetrated in Northern Ireland, where opponents and 
suspected traitors are shot ether through the knee joint 
or the lower thigh. 
© Sexual abuse is also common and in women, rape ~ 
sometimes multiple ~ may leave physical signs as 
described in Chapter 18. 


Medical examiners of alleged victims of torture must be 
careful not to misinterpret non-torture lesions as evidence of 
abuse, as such lapses will be seized upon by opponents wish- 
ing to discredit the medical opinion, either for political or 
immigration reasons. Forrest’s guide (Forrest er al. 1995) lists 
‘most of these, which include innocent occupational, sporting 
or other accidents, tribal marks, skin infections, variations in 
pigmentation, traditional scarfication, healing marks, stretch 
smatks, etc 


EXTRAJUDICIAL EXECUTION 


Many hundreds of thousands ~ indeed probably millions ~ 
of victims have been assassinated in recent years by govern- 
mental agencies acting quite outside the legal system. 
Because of ethnic origin, tribal feuds or political views, 
whole sections of populations have ‘disappeared’ on a scale 
sometimes amounting to genocide as in Rwanda, 
Cambodia, Bosnia and Kosovo, It is common knowledge 
thar these disappearances are usually explained by murder, 
either on a mass scale or by continuous individual or group 
extermination by ‘extermination squads’. Specific instances 
are not the concem of a textbook, but as recent years have 
shown, severe excesses have taken place in most continents 
leading to several forensic exercises directed towards identi- 
fication of victims and proving methods of torture. 

When vanished people have been presumed to have been 
killed by troops or security agencies, the evidence is usually 
very late in coming to light, so that forensically, much of the 
work consists of skeletal identification and investigations 
into causes of death. Where the bodies have decomposed or 
skeletalized, shooting or head injuries may be the only mode 
of death 10 leave any telltale evidence on exhumation. 
Autopsy examination may resemble mass-disaster proce- 
dures where there are large numbers of victims, The talents 
of odontologists and anthropologists, and che techniques of 
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archaeology may be needed in such cases, as described by 
Clyde Snow in relation to the ‘lost children’ of Argentina 
‘or more recently in Bosnia and Herzegovina, Croatia and 
Kosovo. The vast numbers of skeletal remains in the Lowero 
triangle of Uganda have so far had no such attention. 


DEATH IN CUSTODY 


The occurrence of death while a person is either in the cus- 
tody of the police, or the inmate of a prison, raises public 
interest and emotions that require careful handling and 
investigation. ‘There is often an immediate complaint or 
rumour of ill-treatment by the relatives or the media. A meti- 
culous autopsy isa necessary part of the investigation needed 
to dispel ~ or sometimes confirm ~ allegations that an act of 
‘commission or omission on the part of the custodians has led 
to, or contributed to, the death. ‘This applies in all counties 
and has no relationship to the preceding section, when 
political issues may be suspected as a cause of the death. The 
‘wo aspects are not always totally separate, however, as coun- 
tries with excellent human sights records have sometimes 
been suspected of occasional lapses of standards where custo- 
dial deaths are concerned, 

“Most of the cases dealt with by a forensic pathologist will 
concern civil police forces and the regular prison service, 
Many countries, including Britain, have strict legislative 
rules that make all deaths in custody, whether police or 
prison, reportable for medico-legal investigation by the 
appropriate law officer (che coroner in England and Wales), 
in addition to a searching internal enquiry by officers from 
a different police force (e.g. in Finland the National Bureau 
of Investigation). 

An autopsy will inevitably be held, regulations in UK 
making this a case for an accredited forensic pathologist. It 
is sometimes helpful if the pathologist visits the scene of the 
death, especially if it was caused by hanging or some form 
of mechanical trauma, 

‘There are several situations in which death may occur in 
custody. The deceased may die during or soon after arrest 
by police offices, as there is often a struggle in which the 
offender is resisting arrest, sometimes violently. It may be a 
physical struggle, especially when police officers are attempt- 
ing to control or overpower a resisting offender. In these 
situations, the use of so-called personal defence sprays has 
increased, as they have been shown to be very effective in 
incapacitating an aggressor. They cause acute ocular irritation, 
lachrymation, conjunctivitis, blepharospasm and extreme dis- 
comfort. Most of these sprays contain o-chlorobenzylidene 
malononittile (CS), 2-chloroacetophenone (CN), oleoresin 
capsicum (OC), oF a combination of these ingredients as the 
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active agent, Capsacain (8-methyl-/V-vanilly-6-nonenamide) 
is a neurotoxin component of cayenne pepper. Ie stimulates 
excitatory afferent sensory neurones, causes hypothermia, 
neurogenic inflammation and pain, followed by subsequent 
desensitization. Although these sprays have been considered 
to be relatively safe, unexpected deaths have been reported 
after the exposure co oleoresin capsicum (OC) spray devices. 
Pepper spray has been suspected to induce bronchoconstric- 
tion. Chan and co-workers (2002) tested the effect of (OC) 
spray inhalation on respiratory function in 35 healthy sub- 
jects by itself and combined with restraint but could nor 
find evidence of hypoxaemia or hypercapnia in either group. 
OC exposure did not result in abnormal spirometry, hypox- 
aemia, or hypoventilation when compared 10 placebo in 
either sitting or prone maximal restraint position. In another 
study on clinical toxicity of OC, in Kansas, Watson et al 
(1996) reported on 81 emergency department patients who 
had been investigated after exposure to OC, Ocular burning 
and redness were the most common presenting symptoms. 
None of the patients required hospitalization due to OC tox- 

ity. Corneal abrasions and respiratory symptoms occurred 
in seven and six patients, respectively. In case of death after 
OC exposure, a thorough autopsy; with ancillary investiga- 
sions, including complete histology and toxicological analysis 
with assessment of the citcumstances and symptomatology, is 
necessary to assess whether the exposure 10 OC spray has 
been causative, contributory, or unrelated to death, 

On other occasions, the offender may threaten police 
officers with a knife, gun or blunt weapon, and the police 
have to subdue him either by sheer physical force — 
truncheons or riot sticks ~ oF by the use of firearms. ‘The 
most common event is the arrest of a drunken offender and 
this poses extra problems, discussed below, Other drugs, 
such as cocaine, cannabis, amphetamine and hallucinogens, 
rather than opiates such as morphine, heroin and barbiturates, 
may also be involved. 

‘The physical overpowering ofa suspected offender poses 
definite risks to health and life, and has been che subject of 
‘numerous controversial enquiries and litigation in many coun- 
tries. The police usually outnumber the offender, sometimes 
by a considerable margin, but even a one-to-one struggle 
can be dangerous for either party. The following risks exist, 
though the list is by no means comprehensive. 


Traumatic asphyxia may occur where several policemen 
fall upon a resisting subject to overpower him. The 
author (BK) has dealt with several deaths where a 
‘number of large police officers piled on top of a prison 
fighting maniacally, vo apply handcufls. When they gor 
up, the man was not breathing and died in hospital 
shortly afterwards. Death was caused by traumaric 
asphyxia, the weight of the men on top of him causing 


chese compression and prevention of respiratory 
‘movernents, ‘The appearances are described in Chapter 14 

Si Arm-locks or neck-holds applied by police officers to 
resisting persons are other causes of deaths during, 
arrest. These have been particularly notorious in the 
USA, where police officers have been trained to apply 
neck-holds as a form of restraint, but similar deaths 
have been seen elsewhere. The arm-lock is applied 
either from behind or with the head of the offender 
tucked under the police officer's arm against his waist 
The dangers are compression of the front or sides of the 
neck, and death can occur either from reflex cardiac 
arrest or cerebral ischaemia during carotid compression, 
or asphyxia from airway obstruction, though the 
latter is unlikely as the sole mechanism. According to 
‘American writers such as Reay and Eisele (1982, 1986), 
there are two types of neck-hold ~ the ‘bar arm control’ 
and the ‘carotid sleeper’. The former is alleged to be 
‘more dangerous; the officers forearm is pulled across 
the front of the larynx to occlude the airway. The 
carotid sleeper uses the two sides of the "V’ formed 
by the flexed upper and lower arm to compress the 
carotids and produce transient cerebral ischaemia, 
Both varieties are dangerous, however, as there is the 
ever-present hazard of reflex cardiac arrest from 
vagal stimulation from the carotid sinus and sheath, 
as well as the potential danger of neck traction and 
hyperextension causing subarachnoid haemorrhage 
from vertebrobasilar artery damage. 

1H Postural (positional) asphyxia has been reported to have 
caused sudden deaths in persons after the use of the 
“hogtie’, ‘hobble’ or prone maximal restraint and even 
in situations where a person has been placed in a prone 
position in the rear compartment ofa police car. In an 
experiment with healthy subjects, the restraint position 
resulted in a restrictive pulmonary function pattern but 
did not cause clinically relevant changes in oxygenation 
or ventilation. It has been postulated thar the hogrie 
restraint position by itself does not cause respiratory 
compromise to the point of asphyxiation but other 
factors, e.g. acute intoxication by alcohol or drugs, are 
responsible for the sudden deaths of individuals placed 
in this position. 

1S Blunc injury may occur from the use of fist, arm or leg ~ 
or the use of a weapon such as a truncheon, rior stick 
or pistol butt. During a struggle, usually with one or 
‘more police officers who are attempting ro subdue a 
fighting offender, injuries may be received by either 
side. All types of blunt injury may be sustained, some 
potentially fatal and these are discussed in Chapter 4. 
Head injuries may occur during a scuffle from falls 
either against the ground, or against a wall or other 
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obstruction. A heavy punch in the face may cause 
nasopharyngeal bleeding that can block the air 
passages, especially in a person affected by alcohol, A 
blow on the side of the neck can cause reflex cardiac 
arrest or a subarachnoid haemorrhage from 
vertebrobasilar vascular damage. 

‘A backward blow fiom the point of an elbow can be 
damaging, ific strikes the fice, neck or abdomen, Kicking 
and stamping are unusual, bur not unknown, in custodial 
deaths, A blow in the abdomen can also be serious if 
delivered with sufficient force, Though in an adult a fist 
blow is noc very likely to cause serious harm, it can in a 
slighter young person. The use of the elbow, knee or a 
head butt can deliver extreme force, especially from a fit, 
‘muscular police officer, as well as from an offender. 

"The author (BK) has seen fatal intraperitoneal 
bleeding amounting to three litres in a drunken man 
arrested after a scuffle with two police officers, in which 
there were allegations that one struck or fell on the 
rman with his knee. Several hours later the prisoner 
collapsed and at autopsy there were several large tears 
in the mesentery, 

Alcohol isa frequent cause of death in custody. Nor only 
is it the major factor in provoking aggression and violent 
resistance, with the consequences mentioned above, but 
it can have other effects which lead to death while in the 
care of the police, Acute alcoholic poisoning, described 
‘more fully in Chapter 28, may lead to death while the 
victim is thought to be ‘sleeping it of? in a police cell 
When blood alcohol levels rise o above 350 mg/100 ml 
there isan increasing risk of coma and central respiratory 
depression, Although most responsible police forces have 
standing orders about placing drunken prisoners in the 
semiprone position and observing them at frequent 
intervals, a quiet drunk may still slip into irreversible 
‘coma and respiratory arrest. 

Ac lower blood alcohol levels there is still the risk 
of aspiration of vomit and choking on gastric contents. 
Though drunken prisoners are placed in the safest 
posture for drainage, they can still vomit and choke 
‘when unobserved, berween visits by the often busy 
police station officers. At autopsy, caution must be 
‘observed before ascribing death to aspiration of vomit, 
as this isa common agonal phenomenon in deaths 
from other causes, Where an otherwise healthy person 
dies with a high blood alcohol concentration in these 
circumstances, however, gross blocking of the trachea 
and bronchi with vomit forms one of the most 
convincing arguments for acceptance of aspiration as 
the cause of death if no other factors can be identified, 

Alcohol also contributes to accidents during custody, 
especially head injuries, which come about because of 


falls to the ground, falls down steps and stairs, and 
being run over by traffic, as a result of the ataxia and 
incoordination of the drunken state, Falls onto a hard 
surface are often on the occiput and the frequent 
finding of frontal and temporal contrecoup brain 
damage at autopsy is good evidence of a deceleration 
injury rather than an assault with a weapon, 

Some falls may occur during custody or in transit 
from the site of arrest ro the police station ~ others 
have happened before arrest, but the ill-effects and 
death may become manifest during the stay in the 
police cell, when the police are often blamed either 
for allowing or causing the injury ~ or for not 
summoning or providing urgent medical attention, 
Drugs, especially those causing excitement, such as 
amphetamine, cocaine or hallucinogens, may also lead 
to physical damage, but alcohol remains by far the 

‘Drugs are commonly available within prisons and 
overdose or hypersensitivity deaths are occasionally seen 
amongst prisoners, as they are in the outside world. 


Ficune 10.7 Suicidal hanging in a prison cell. This san 
infrequens but regular raged which, in spite of srenuous efforts by 
prison officers and designers of cells, acurs because of the 
determination of the prisoner to defeat the safguareds. The bele wed 
as ligature has been removed and lies on the bed. 
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I Suicide in custody is not uncommon, and often leads to 
accusations and recriminations from the relatives over 
lack of supervision. There has recently been a spate of 
such deaths in Britain, especially amongst young, 
offenders on remand awaiting trial. Ir is such a well- 
recognized hazard of custody that most police Forces 
deprive the prisoner of any objects, such as belts, braces 
(suspenders), cord or even bootlaces, that could be used. 
to hang himself in his cell. In addition, the police cell 
may be specifically designed to avoid any convenient 
suspension points, such as hooks, bars or even internal 
door handles. In spite of these precautions, prisoners 
regularly manage to find some means of killing 
themselves. Strips of bedding material, sleeves of clothing 
and handkerchiefs have al been used for selé-suspension. 
As described in Chapter 14, hanging can be successfully 
accomplished by traction on the neck at low levels and 
need not occur from high suspension points, so prisoners 
have killed themselves by attaching ligatures to bed- 
heads, chairs and other unlikely objects in the cell, 

Accusations that apparent suicidal hangings were in 
reality homicides by the custodians can usually be 
resolved by the autopsy showing no signs of bruising, 
abrasions or a struggle. It would seem impossible to 
hang a conscious person against his will withour 
leaving some signs of restraint, The proposition thar 
the hanging was a ligarure strangulation is usually 
disproved by the rising angle of the ligature mark, 
which most commonly sets under the angles of the jaw 
and has a defect in the skin mark where the suspension 
point pulls the ligature away from the surface. A 
homicidal strangulation usually encircles the neck and. 
a cross-over point is often seen. The level is lower, 
nearer the horizontal (Chapter 14). 

Where a true hanging mark is caused by a ligature 
with a slip-knor, there may also be a full circle of skin 
abrasion and compression. If the suspension point is 
low, as might happen in a cell using a doorknob or a 
bed-frame, then the direction of pull can be oblique. IF 
the body also leans over against the direction of pull, 
the resultant mark can be virtually horizontal and, 
unless the situation is fully assessed — preferably by a 
visit co the scene with the body fn situ — confusion can 
‘occur, as with the controversy over the death of 
Rudolph Hess in 1988, whilst an inmate in Berlin's 
Spandau prison. 

Death may be from purely natural causes, usually 
cardiovascular in origin, which happened to have 
occurred during detention. It must be admitted, though 
iris almost impossible to provide objective proof, that 
the emotional and sometimes physical upset of being 
arrested and confined may have affected rhe blood 


pressure and heart rate sufficiently, by an adrenaline 
response, to have precipitated an acute cardiac crisis in 
the presence of severe pre-existing disease 

‘The presence of diabetes, epilepsy, asthma or other 
diseases that can potentially cause sudden or 
unexpected death should be sought by medical history 
and autopsy appearances (Chapter 25), 
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Damage to the tissues arising from the application of heat 
is commonly encountered in forensic pathology and some- 
times provides a challenging problem in the distinction 
berween ante-mortem and post-mortem burning, which 
may have serious criminal aspects. 


HEAT INJURY 


‘This may arise following a defect in body temperature 
control or, more commonly, from the external application of 
heat. Mammalian tissues can survive only within a relatively 
narrow range of temperatures, approximately 20-44°C. 

‘When external heat is applied, the extent of damage 
depends upon: 


© the applied temperature 

the ability of the body surface to conduct away the 
excess heat 

IS the time for which the heat is applied, 


‘The temperarure/time relationship is important, for itis 
sometimes forgotten that relatively low temperatures, even 
aslittle as 44°C, can cause damage if sustained long enough. 
‘This is attested by many negligence lawsuits concerning 
unconscious patients burned by forgotten hot-water bottles. 

"The degrees of thermal damage were investigated by 
Moritz and Henriques (1947), who found that the lowest 
temperature thar would cause damage was 44°C, though it 
required no Fewer than 5 hours before a burn appeared. Only 
3 seconds was needed, however, if the object was at 60°C. 


Radiant heat can also cause severe damage, as is obvious 
from overexposure to sunlight or artificial sunlamps. ‘The 
long-term effects also include malignant changes, now more 
important because pollution-induced changes in the strato- 
sphere are allowing more ultraviolet radiation to reach the 
earth's surface. In forensic practice itis more often seen when 
an old or disabled person falls unconscious within close 
range of a gas, electric or coal fire, those areas of skin unpro- 
tected by clothing becoming burned, often to a blistered 
state, It can be difficult or impossible to tell how much of 
such a condition is ante-mortem or post-mortem, as the pres- 
ence of reddening and blistering cannot always be depended 
oon as criteria of vital infliction, Mottled pigmentation and 
reddening of the fronts of the legs (erythema ab igne) is a 
familia sign in chose addicted to sitting before an open fire 


CLASSIFICATION OF THE 
SEVERITY OF BURNS 


An arbitrary, but useful, classification is used (mainly for 
surgical purposes) ro denote the severity of both burns and 
scalds. The older six-stage classification of Dupuytren has 
given way to Wilson's three-stage nomenclature: 


IM First degree: erythema and blistering without loss of 
dermis. There is capillary dilatation and transudation 
of fluid into the tissues, causing swelling. A split may 
occur in the epidermis to form a blister with an upper 
cap of pale skin enclosing fluid, surrounded by a zone 
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Moist thermal damage — scalds 


of hyperaemia, Ifsmall (<1 cm) this blister may resorb, 
otherwise it will burst, leaving a reddened base. A 
first-degree burn will heal without scarring 

1 Second degree: destruction of the full thickness of skin, 
"The epidermis is coagulated or charred, and a central 
zone of necrotic tissue is surrounded by first-degree 
burns or a zone of hyperaemia, or both. ‘The central 
necrosis sloughs in due course and the epidermis grows 


in from the margins. ‘The injury cannot heal without 
scarring, which usually contracts during the healing, 
process, causing puckering and distortion of the surface. 

Ni Third degree: destruction of deeper tissues below the 
skin, This can be of any severity, from damage to 
subcutaneous fat to loss of muscle, bone and even a 
whole limb. 


FIGURE 11.1 The ‘Rule of Nine for calculating the area burned. 
4 dues not apply to infants whose body proportions are different 
from adults, About 60 per cent surface burns can be survived by 
children and young people up to 20 years of age bue this rapidly 
sdereases with advancing age. 


The area involved is traditionally estimated by the surgi- 
cal ‘Rule of Nines’, which is sufficient for prognostic pur- 
poses, though for the pathologist a more precise anatomical 
description of the areas burned is essential for his autopsy 
report. 

If the burns are widespread, then large areas of skin may 
be damaged and functionless. A large area involved may be 
more dangerous to life than a deeper, more localized burn. 
Icis generally considered that 30-50 per cent involvement 
of the coral body surface is incompatible with survival. Old 
people can die at considerably lower percentages than this, 
while children appear more resistant, 


MOIST THERMAL DAMAGE — 
SCALDS 


A ‘scald’ refers to tissue damage from hor liquids, usually 
water. Other hot fluids include oils, molten rubber, other 
liquid chemicals and steam. Molten metals are usually at such 
a high temperature that the results are similar to dry burns 
"The water scald is a common domestic accident, especially to 
children and old people, that group at the extremes of life 
who are vulnerable to so many types of accident. 

A scald, unless from some superheated oil, does not cause 
charting, carbonization or singeing of surface hairs, as does 
dry heat. It resembles a first-degree dry buen (see lates) in 


FiGuRe 11.2. Fit and seondedegre burns onthe right thigh and 
scrotum ofa S-yearold diabetic bid, who had ben treated by a 
quack who had promised the parents to cure the cil by hat baths 


Death was caused by the untreated diabete. 
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that there is reddening, desquamation and blistering, but 
the shape of the scald tends to be different. There is usually 
a sharply demarcated edge, corresponding to the limits of 
contact of the fluid. IF due to immersion in hor water, such 
asa bath, there will be a horizontal fluid level, though this 
may be made irregular by splashing, When tipped or 
splashed, the hot liquid runs under gravity so that trickle 
patterns may be seen, which may enable the medical exam- 
iner to determine the posture of the victim when scalded 
“The intensely red base of a severe scald may at first be 
covered by wrinkled, macerated epidermis. The scalded skin 
may swell and exude serum. Infection may supervene but 
‘where the burns are extensive, death usually results from the 
systemic effects of shock, fluid and electrolyte disturbance, 
and secondary chest infections, The severity of a scald 
depends on the duration of contact with the skin, as well as 
the temperature. When hot water is splashed, tipped or 
thrown, it has only a momentary contact, falling away under 


Figure 11.3 Sealds or wet burns in a child accidentally lef in a 
shot bath while her mother went 49 answer the telephone. This 
lluseraes that time, as well as temperature, is. factor in casing 


beat damage to skin. The child died some day later from an 
intercurrent chest infection. 
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gravity. The large surface area allows rapid cooling, so damage 
‘must occur in a short time, which necessitates the tempera- 
ture being high if severe damage is to be caused, Often the 
‘water i boiling, especially in the kitchen accidents that, sadly, 
occur t0 children with such regularity. The interposition of 
clothing may have two opposite effects; ic may procect the 
underlying skin fiom the hor liquid, especialy if poorly per- 
meable, but it may also hold the hor liquid in contact with 
the skin for a longer time, especially if the fabric is absorbent. 

“The appearance of scalds may resemble dry burns except 
for the distribution and the fact that, if due to immersion, 
the severity of the skin damage is usually uniform over the 
whole of the burnt area up to the sharply demarcated mar- 
gin, When hor or boiling water has been poured or splashed 
conto the body, the worst scalds will be at the area of initial 
contact where the fluid was hottest, but decrease in severity 
as the cooling liquid runs away. In children who pull con- 
tainers of hor liquid down on themselves, the scalds tend to 
be on the face, neck, chest and arms, with ‘shadow areas’ of 
undamaged skin in the axillae and on the back. 


BURNS FROM DRY HEAT 


‘More common than scalds, burns due co dry heat may be 
caused by high temperature applied to the body surface by 
conduction or radiation. Convection is merely a variant of 
conduction in this respect; as hor gas impinges on the sur- 
face, the molecules transfer their high energy in a similar 
fashion to the direct contact of a hor solid 

Radiation causes damage through the conversion of 
infrared frequencies into thermal heat on absorption at the 


FIGURE 11.4 A burm on the inner sides of each upper thigh ina 


young woman. These are suggestive ofthe application ofa bor-water 
bottle in an attempt at reuscitationafiera criminal aburtion. The 
victim died of air embolism following the use of a Higginson syringe. 


Gross appearances at autopsy 


skin interface. As with scalds, the tissue damage is a func 
tion of temperature and time, A warm water-pipe will 
cause a burn if left long enough in contact with the same 
area of skin, but the vast majority of dry burns are due to 
high temperatures acting for a shorter time, 

‘Where the time is extended beyond that needed for 
initial burning, the tissues may be charred, carbonized or 


completely destroyed, as in cremation. 


The severity of dry burns 
The Wilson classification of severity of burns is given above, 
with three degrees according ro the depth of tissue damage 
1 Exythema leads to redness and swelling of the skin 


Blisters may form either within che thickness of the 
epidermis or at the epidermal-dermal junction. 


15. Keloid tissue (dente collagenous avergroseth) more 


often fllows burns than other injures Isis expecially prevalent and 
profs in negro persons. This Bae African youth was tortured in 
4 political camp with bot metal and burning kerosene, resulting 
mont later in exuberant keloid 


Destruction of the full chickness of the skin, which 
may be toral or incomplete. If epidermal structures 
survive, such as the deeper parts of hair follicles, chen 
epithelialization may occur from islands within the 
burned area. [F nor, slow coverage with more probability 
of extensive scarring will occur from invasion of 
epidermis at the periphery: 

I Destruction of subcutaneous tissues, such as fat, muscle 
and even bone, is the most serious grade of burning, 
though, as mentioned elsewhere, ic may be less dangerous 
to life chan larger areas of more superficial burns 


GROSS APPEARANCES AT 
AUTOPSY 


The body may presene a wide range of damage from mere 
reddening over wide areas to almost toral cremation, in 
which a search may have to be made ar the scene of the fire 
to collect or even discover the remnants. 

Usually, where leathery coagulation or charring has not 
occurred, ante-mortem burns will be reddened and often 
blistered. ‘The latter have a marginal red zone of variable 
width, usually 520mm across. Blisters may be present 
either in the main burn or as islands beyond the periphery. 
Most ante-mortem blisters will have a bright red base when 
burse and an erythematous areola, The whole of the burned 
area may form one large blister or be a coalescence of blis 
ters. These are usually collapsed at autopsy, so thar sheets 
and shreds of white epidermis lie across an angry red base. 

Where the burns are more severe, the skin may be stiff. 
ened, yellow-brown and leathery, a half-way stage to actual 
carbonization. Drying after death of areas that were weep- 
ing serum leads to a stiff, parchment-like surface, Post 
mortem heating and deposition of smoke may mimic or 
overlie the ante-mortem appearances, the surface offen 
being blackened by soot deposition. 

Hair is singed or completely burnt away in severe burns. 
In lesser degrees it may survive and the ends of the hairs may 
be ‘clubbed’. Here the keratin melts at the distal end nearest 
the heat, then resolidifies on cooling, forming a terminal 
blob on the shaft like an unlit match. Eyelashes, eyebrows, 
pubic, axillary and general body hair may all suffer chis 
scorching. Where skin has actually ignited, the subcutaneous 
far acting asa fuel, black brittle masses will occupy the tissues 
merging into cooked, dry muscle beneath, which in turn 
grades into more moist and normal-looking soft tissue at 
greater depths. Beneath burns of any degree, the deeper tis 
sues may be affected, especially muscle, which becomes pale, 
brownish and obviously ‘part-cooked’. This is often a post 
mortem phenomenon caused by the dead body remainin 
in a heated environment and such cooked muscle may 


Foun 


1.6 Second and third degree burns and singeing of hair 


om a suicide who doused himself with peel and et hiruself to fre 


extensively underlie normal skin, which shows no evidence 
of ante-mortem burning, especially if protected by clothing, 
I is the general high temperature of the environment over a 
relatively long period which produces this ‘parboiled’ appear- 
ance, similar to the cooking effect ofa slow oven, 

Where heat has been intense and continuous, all sof tissue 
down to bone may be consumed and the bone itself may be 
blackened. ‘The most extreme stage is conversion of the bone 
to brite greyish-white splinters, sometimes with loss of skel- 
eral structures, leading to absent feet, hands or limbs, eis rare 
for the whole body to be completely consumed, even in delib- 
erate cremations, but only a fraction of the original body mass 
may remain, often almost inseparable from the bumed sur 
roundings. Where much smoke has been generated, as in 
most house fires, the skin will be discoloured where exposed 
Sharply demarcated areas of soot deposition may coincide 
with burning from hor gas. Even the thinnest layer of cloth 
ing may protect completely from both these effects. 

‘Muscle contractures are common where substantial heat 
has reached the body. ‘This is almost always a post-mortem 
occurrence, as deep-heating effec sufficient to cook muscle 
are incompatible with lif. ‘The muscle becomes shortened by 
dehydration and protein denaturation. ‘The Alexors, being 


Burns and scalds 


E 


and investigators. Death was shown ta have occurred after the 


LURE 11.7 Dead bodies in fires pose a problem for parholegists 


fire began from soot in the lunge and carboxyhaemoglobin in the 
blood. There were no ante-mortem burns and there war a high 


blood alcohol concentration. 


bulkier than the extensors, contract more and force the limbs 
into a position of general flexion, the so-called ‘boxer’! or 
‘pugilstic’attirude. Contraction of the paraspinal musculacure 
ofien causes marked opisthotonos. Froth, often pink-stained, 
may appear at the mouth and nostrils asa result of pulmonary 
‘oedema caused by heat irritation of the air passages and lungs 
TThe tongue frequently protrudes and may be scorched. 


SPURIOUS ‘WOUNDS’ IN BURNS 


Heated skin contracts markedly and splits often appear. This 
may lead inexperienced observers (such as police) to suspect 
that ante-mortem wounds have been inflicted, the fire being 
used to cover up a criminal offence. These splits may be any- 
where, but are especially seen over extensor surfaces and 
joints, as well on the head, Some, especially those at elbows 
and knees when the limbs are flexed across brite skin, are 
caused by firemen handling the body during recovery 

The possibility of true wounds being present must 
always be kepr in mind, as many homicides have been con- 
cealed in fires, The false split will show no bleeding in the 
deeper tissues and its position is usually suggestive. The dif 
ferentiation may be difficult or even impossible, however, 
especially when severe heat damage in the area makes 


examination of the underlying tissue impracticable. 
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Ante-mortem versu: 


Is post-mortem burns 


E 
and w 


LURE 11.8 Heat flecures of the limbs, part way towards the jpugil 


set fire ta hie cin during a bout of heavy drinking 


The other major false lesion is the “heat haematoma’ in the 
extradural space, When severe heat is applied to the cranium, 
a mass of blood resembling a true extradural haematoma 
may form between the skull and the dura, ‘This may arise 
either from venous sinuses or be virtually ‘boiled’ out of the 
diploic space in the skull through emissary venous channels 

The blood is spongy from gas bubbles and tawny or choc- 

late brown. ‘The exterior of the skull overlying the 
haematoma is usually charred and the scalp burnt away. IF i 
is a purely post-mortem phenomenon, the heat haematoma 
will have a similar evel of carboxyhaemoglobin to the blood, 
whereas if it was an ante-mortem lesion sustained before the 
fire began, it will be free from monoxide, as discussed in 
more detail below. Where the heat is intense the spurious 
haematoma may be outside a grossly shrunken dura, which 
compresses the brain into a cooked mass. The dura may split 
under the tension and allow brain tissue to o02e out into the 
large space within the cranium, where it may form a mass of 
frothy paste (Kondo and Ohshima 1994), ‘These changes 
may be present without a haematoma, but the latter is often 
present. In the absence ofa skull fracture, other than one due 
to heat, this haematoma should nor be ascribed to trauma. 


ANTE-MORTEM VERSUS 
POST-MORTEM BURNS 


In severe conflagrations, either in buildings or vehicles, 
the terminal state of the body often does not reflect the 


istic attitude formed when the arms are raced higher The elbows, k 


az are strongly fleced because muscle contraction is stronger in the flsor groups. The victim wa the captain ofa Rasiian ship who 


condition at the time of death, Indeed, many deaths will 
have occurred before any heat reaches the body, death 
being caused by the inhalation of smoke. It may be difficult 
or impossible for the pathologist o determine the extent of 
ante-mortem damage if the ensuing fire later reaches the 
body and causes post-mortem burning. The exposed skin 
surface may be reddened in both ante-mortem and post- 
mortem burns, the classical distinction of a ‘red flare’ or 
Vital reaction’ being unsafe as an index of infliction before 
death. The author (BK) has seen several cases of undoubted 
post-mortem burns, one atleast 30 minutes after Fatal stran- 
gulation, where an extensive ‘red flare’ was caused during 
attempts at disposal of the body by fire. 

Blisters can form post-mortem, but are pale yellow 
unless on scorched skin. There is rarely a red base or ery- 
thematous areola, though this sign cannot be depended 
upon absolutely. ‘The contained fluid is thin and clear 
Traditionally most authors claim that differentiation can be 
made between an ante-mortem and a post-mortem blister 
by an analysis for procein and chloride in the fluid. The 
blister formed in life is said co contain more protein and 
chlorides, bur no absolute figures are offered and the 
authors have yer to meet a pathologist who does this as 
a routine. One suspects thar the test is another of the 
apocryphal procedures that have been handed down from 
textbook to textbook without verification: 

‘Mose useful of all in fatalities is the presence of carbon 
‘monoxide in the circulating blood and carbon particles in 
the air passages and lungs, and this is deale with in the 
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section on inhalation of fumes. They do nor necessarily 
prove thar any burns were ante-mortem, but that the vie 
tim was still alive when the fire was in progress, which is 
nor the same conclusion, ‘The extradural heat haematoma 
may be investigated in a different way to determine its time 
of origin. IFit isa true traumatic lesion produced before the 
fire began, it should contain no carboxyhaemoglobin. A 
spurious heat haematoma is formed from blood that will 
contain carboxyhaemoglobin if the victim has absorbed 


this gas during the fire, Ie must be appreciated, however, as 


FiGune 11,9 Sabrtantial destruction ofthe body by fire. The upper 
lf ofthe victim has virtually vanished, including skeletal 
structures, leaving the lower part intact. The gas stove was ignited 


swith « match after a delay while gas was e 


sping, causing a near 
explosion that consumed the upper part of the body, the fat burning 
swith clothing acting ara wick’ Such events have given rive to the 


myth of Spontaneous combustion 
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FIGURE 11.10 Post-mortem injuries caused by heat simulating 
eal injuries. The fre service were concerned abaut an apparent 
preconflagration assault, but such skin splits are cormmonly seen as 
result of heat contracture of the tisues. The salp on the top of the 
Ihead has been burned througls and the skull is charted. Beneath this 
isa spurious eat haematoma’ sometimes confuced with a 


sraumatic extradural haemorrhage 


Fx 11. Postmortem burns 


in a victim recovered frm a howe 


fire. Note the raised arms caused by 
‘eat contractures and the complete 
inde 


bay clang am the lege. There it 


protecion against burn 


extensive shin slitting on the chet 


Fumes and fires 


discussed below, thar not all persons alive during a fire 
accumulate carboxyhaemoglobin in their blood. 

If there is carboxyhaemoglobin absorption, then the heat 
haematoma will also yield it on analysis. The use of this 
test, again related in most classical texts, is, however, 


extremely limited. 


FUME: 


AND FIRES 


The majority of fatal dry burns in civilian practice oceur in 
conflagrations in buildings, rather than in vehicles or aircraft. 
In many of these tragedies death is not caused by burns, but 
‘0 inhalation of fumes produced by the combustion of the 


building structure and contents. Indeed, most burns seen by 
forensic pathologists are post-mortem, either because the 


victim was already dead from smoke inhalation or because 


severe post-mortem burning obliterates the lesser degrees of 
burns present up to che moment of death. 
Death from inhaling fumes may be caused in several ways: 


"Thermal damage to the air passages and lungs from the 
direct effect of hot gases. At autopsy the tongue, pharynx 
and especially glottis may he scorched, lesser degrees 
causing a greyish-yellow blanching of the mucosa. The 
interior ofthe larynx, trachea and main bronchi may be 
thickened and blanched, or reddened and inflamed, if 
the temperature is to0 low actually to burn the lining 


Figune 1 
differentia 
‘mortem burns when they are sustained near tothe 


12 Iecam be diffcule or imposible to 


between ante-mortem and post- 


time of death. ere the biter with no erythema at 
the baze could either be post-mortem or ante- 
‘mortem, as reddening ofthe margins and adjacent 
shin cam occur frat least as hour afier death, Ie is 
preferable to call doubifl lesions per- mortal 


FiGUnE 11.13 Post-mortem smoke wiling and 
superficial urns on the leg of bowsefire victim who 
died of smoke inhalation. Note the complete 
protection ofthe skin, which had been covered only 


bya sock 
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FiGURE 11.15 Lary af howsefire victim showing beat 

‘lanching ofthe epiglottis and glotal entrance fram breathing hat 
62s, The lower cut end ofthe trachea shows copiour soat-containing 
‘mucus, ali indicating respiration during the fre 


Heat effects on the pharynx and epiglottis can occur 
post-mortem through passive percolation of hor gas 
through the open mouth. The lungs usually respond to 
heat damage by marked pulmonary oedema, though this 
is often present in Fire victims even when the inhalation 
of hor gas has been insufficient ro cause visible damage 
to the bronchial cree. 

Carbon monoxide poisoning is an important aspect of 
‘most fires— indeed it is the major or even sole cause of 
death in many victims of conflagrations, especially in 
house fies. When any combustible material burns in 


FiGURE 1114 Paaomortem burn on the arm and 
chest caused by a hot-water borde being lft ver the 
Ihart in an attempt at resuscitation. The lesion i 

sharp-odged, there is no engthematous margin, and 
the surface i brown and leathery from post-mortem 


drying. 


1.16 A small bronchus froma fre victim, showing 


histological evsdence of rot deposition, together with desquamation 
ofthe epithelium and plugging wih cellular debris, (Van Gieson 
original magnification %.10,) 


dioxide, Carbon monoxide is also produced, however, 
and, where the access of oxygen is limited or exhausted 
by the ongoing combustion, larger volumes of the 
monoxide are produced. Slow, smouldering fires with 
little lame are likely to produce more monoxide, as 
with burning bedclothes and mattresses. Ar the other 
extreme, rapid flash fires with flames fanned by moving, 
draughts and those involving volatile fuels, such as 
petrol or kerosene, produce relatively little monoxide — 
though much depends upon the free access of ar. 


In many house fires, where the seat of the fire is originally 


air, most of the carbon in organic material, such as remote from the victim, death may occur from carbon 


timber, fabric and furnishings, is converted to carbon _ monoxide poisoning long before the flames reach the body. 


Fumes and fires 


FicURE 11.17 Charred body at the scene of ire showing the 
pugilstie attitude and post-mortem skin split on the chet 


A person may be asleep in an apartment or house, and die 
without ever waking if large volumes of monoxide creep 
through the rooms. Burns are often post-mortem in such 
cases and, where extensive charring occurs, the differentiation 
between ante-mortem and post-mortem damage may be 
impossible, 

I is often a comfort for bereaved relatives to be told that 
their loved ones were either already dead or unconscious 
before the agony of burning reached them, and the pathol- 
gist may be able to emphasize this ar any inquest or 
inquiry 
positions obviously indicating escape or concealment, such 


Unfortunately, where the bodies are found in 


an explanation loses its conviction ~ though even then it 
may well be that coma from monoxide poisoning overtook 
them before burning began. 

The pathology of carbon monoxide is dealt with in 
another section of this book, but it may be repeated here that 
the autopsy signs are primarily thar of a cherry-pink col 
oration of the skin, blood and tissues. Where smoke staining 
or extensive charring has occurred, there may be little skin to 
examine, chough there is usually some in a protected posi 
tion under the body. The blood and tissues usually have the 
characteristic colour but, when the person is anaemic or 
exsanguinaced, this may be hard to detect. A high saturation 
with monoxide is usually unmistakable ar autopsy, though 
sometimes certain types of artifical light in the autopsy 
room, such as some fluorescent tubes, make the cherry-pink 
colour difficult to confirm. The colour may be better seen if 
blood is diluted with water against a white background, such 
asa porcelain autopsy table or sink. Nothing replaces labora 
tory analysis ofa sample, however, and this must be done in 


Ficune 11.18 The finding ofa body 
ina burnt car is alsaye suspicions 
but is usualy acidental or ricidal 
Radiography should always be carried 
out ro exclude firearm injuries, 
Carboxyhacmoglobin levels are often 
low or even absent in a rapid flash 
gasoline fre sis makes the diagnosis 
of being alive during the fre difficult, 
especially when there mary ali be lie 
oot to fal the air pasages. 
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every case of death from fire, ierespective of the subjective 
appearance of the skin, blood and tissues. 

The saturation of haemoglobin with carbon monoxide 
varies greatly from one faral case to another. Many variable 
factors exist such as the concentration in the atmosphere, 
the time of exposure and local changes in oxygen content 
‘When carbon monoxide is the sole cause of death, a blood 
saturation of at least 40 per cent is requited, except in old 
and debilitated persons where deaths have been reported at 
25 per cent. Many fatalities will display 50-60 per cent 
saturation, though levels in general are less than in pure 
carbon monoxide poisoning, such as car exhaust suicides 
or industrial exposure, where concentrations of up to 80 per 
cent may occur. In fires, additional factors such as other 
toxic fumes and reduction of the atmospheric oxygen may 
operate, resulting in death at lower carboxyhaemoglobin 

Yoshida tal, (1991) published data from 120 house-fire 
victims in Japan, in which only nine people had carboxy- 
haemoglobin (HBCO) concentrations below 10 per cent, 
the range being from 1 t0 95 per cent saturation. OF 31 vic- 
tims in whom cyanide analyses were made, two had high 
cyanide and low HBCO. 

‘The variability of monoxide poisoning may be illustrated 
by the fact that two bodies lying side by side in a burned 
house may have widely differing blood saturations ~ indeed, 


way have a zero blood monoxide sat- 
uration. Children often have much lower levels than adults 
in the same situation, but even two adults may differ in their 
carboxyhaemoglobin concentrations, the explanation being 
unclear: Local variations in draughts, levels above the floor 
and respiration rates may account for these anomalies. 

‘Carbon monoxide in the blood is valuable indicator that 
the victim was alive after the fire began. Where a dead body 
is disposed of by arson no absorption can take place, as the 
gas can gain entry only through the pulmonary interface. 
‘Thus the presence of more than a smoker's level of5 per cent 
saturation of the blood with carboxyhaemoglobin means 
that breathing occurred after the fire began. Itis vital, however, 
{0 appreciate that the converse is not true. The fact that a 
body in a fire does NOT have carboxyhaemoglobin in the 
blood does NOT mean that they must have been dead 
before the fire began. ‘The records of all forensic depart- 
ments have examples of this occurrence and therefore it is 
illogical ~ and sometimes legally dangerous ~ to draw the 
unwarranted inference thar such a victim must have been 
already dead before the fire began, however common the 
generalization may be. In rapid flash fires, especially where 
gasoline or kerosene are involved, the monoxide level is more 
likely to be low or even negative, than in the slower confla- 
gration with restricted access of oxygen that occurs in a burn- 
ing building. 


‘Toxic substances in fumes 


In recent years it has been appreciated that a number of toxic 
substances other than carbon monoxide may be present in the 
fumes from fires. Cyanides are predominant and the blood of 
fire victims may ofien be shown to have high evel ofthis toxic 
compound. Nitric oxide, phosgene and other more complex 
substances may be liberated, especially when modern plastic 
polymers are burned. Furnishings, upholstery, paints, lacquers, 
varnishes and actual structural components are increasingly 
‘made from polystyrene, polyurethane, polyvinyl and other 
plastic materials. These are particularly liable to generate toxic 
{gases when ignited (Anderson et al 1981, 1982). 

Caution must be employed when interpreting the analysis 
of cadaver blood for cyanide, as this substance can be pro- 
duced in significant concentration by post-mortem decom- 
position. Particular care must be taken in preservation of 
samples, which should have fluoride added, and in ensuring 
there is no delay before analysis so that further decom- 
position is kept to a minimum. Where cyanides, oxides of 
nitrogen and other toxic substances are inhaled during a fire, 
carbon monoxide is inevitably absorbed as well. It then 
becomes difficult o apportion the relative blame for the death 
among these different roxic agents — and where there are also 
ante-mortem burns, the differentiation may be impossible. 
If the pathologist considers thar he cannot identify any 
ante-mortem burns, then the most logical cause of death is 
“inhalation of smoke Ifvital burns are present then, according 
to the circumstances, these can be given as the cause of death, 
‘with or without the addition of ‘carbon monoxide or smoke 


inhalation’ 


INHALATION OF SOOT, 


As well as the inhalation of carbon monoxide, victims in 
fire usually breathe in carbon particles presen in the sooty 
smoke. Once again this is more pronounced in a building 
fire than a vehicle blaze, though the 
“The combustion of timber floors, roofs, Furniture, and che 
fabric of furnishings and carpets produces large volumes of 
dense black smoke. Every pathologist attending the scene 
of a house fire is aware of the thick layer of soot than clings 
to every surface and may hang in fronds from the ceilings. 

Ie is litde wonder that such material suspended in the air 
finds its way into the respiratory passages of the victims. 

‘As a marker of ante-mortem inhalation, it is almost as 
useful as carbon monoxide. Soot particles may enter the 
‘open mouth of a corpse, stain the tongue and pharynx, and 
may even passively reach the glottis. No significant amount 
can pass the vocal cords and enter the trachea after death, 
however, so carbon in the lower respiratory tract isa certain 


ce many exceptions, 
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Atypical localized burning and ‘spontaneous combustion’ 


iGURE 11.19 Soot in the racheal mucus, a sign of breathing while 
the fre was in progres. Though soot can passively reach the glostis 
after death ifthe mouth is open, it cannot reach the ower air 
pases in any sgnificane quantity. Histology ofthe smaller 
bronchi offers complete proof of active respination. 


FIGURE 11.20 Sove in aeophagus of howse-fire victine indicating 


espinaton daring the fre. 


indicator of breathing during the fire. Histological demon- 
stration of soot in the more peripheral bronchi, out as far as 
the terminal bronchioles, is absolute proof of such respira- 
tory function. ‘The carbon is usually mixed with mucus 


adherent to the tracheal and bronchial walls because of heat 
invitation of the mucosa. Ofien there is swallowed soot and 
mucus in the stomach, and again this is evidence of life 
during che smoky phase of the fire. 


ATYPICAL LOCALIZED BURNING 
AND ‘SPONTANEOUS 
COMBUSTION’ 


Some v 


y strange instances of fatal burning occur and 
‘most experienced forensic pathologists have recollections of 
apparently inexplicable cases 

‘A human body may sometimes burn away almost com- 
pletely, yet the surrounding fire damage is minimal, These 
almost invariably occur near a hearth or open fire-grate or 
chimney. The burning may be confined co the body, its 
clothing, and a narrow zone of floor or carpet. ‘The author 
(BK) has seen a circumscribed hole burned through a 
hearthrug and the floorboards beneath, with an ashed body 
lying in the space under the floor, He also remembers a pair 
‘of undamaged house slippers, with feet still within, the legs 
burned offarankle level and no remaining body above, apart 
from ashed material lying on the adjacent floor. Both these 
deaths occurred in front of a fireplace with an open chimney. 

Ir seems extraordinary thae virtually a whole adult body 
can be consumed, including the skeleton, with minimal 
surrounding fire damage, but many such cases are on 
record and have helped co substantiate the myth of ’sponta- 
‘neous human combustion’ 

Experiments carried out many years ago by Professor 
David Gee (personal communication) indicated that body 
far can burn slowly, using the clothing asa ‘wick’, similar co 
acandle flame. 

Most cases have in common the fact that there was a 
source of ignition in an open fire and a chimney which can 
provide a constant updraught — and often the victims are 
alcoholics. Though it is nor suggested that alcohol plays 
any part in the burning process, the confusion, instability 
and lack of judgement which goes with inebriation may 
well precipitate the ignition process 

‘As indicated above, the myth of ‘spontaneous combus- 
tion’ is one which refuses to go away, as endless unsubsta 
tiated reports, and newspaper, magazine and television 
features have continued to fascinate a credulous public ever 
since Charles Dickens included a description of a case in 
his novel Bleak Howse. 

Numerous allegations have been made of people bursting 
into flames as they walk down the street, but as yet, no 
photographs or film has been produced: in fact, the majority 
‘of the retrospective claims for this phenomenon have been of 
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bodies next to some source of ignition and where alcohol was 
involved ~ as indeed was Dickens original example. 
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‘The passage of a substantial electrical current through the 
tissues can cause skin lesions, organ damage and death. 
‘This injury is commonly called ‘electrocution’, though 
some would use this term only if death occurs. Fatalities 
are usually accidental, in both a domestic and industrial 
environment. Suicides from electricity have increased in 
recent years, especially in Germany. Homicide is rare but 
is recorded and, in the USA, electricity has again become 
a means of judicial execution. 


PHYSICAL FACTORS 


The severity of tissue damage ‘including death’ is directly 
related to a number of physical factors, which include cur- 
rent, voltage, resistance and time. For biological damage to 
occur, the body must be incorporated into an electrical cie- 
cuit, so thar there is a passage of electrons through the tis- 
sues, A mere accumulation of electrons in the form ofa static 
charge can do no harm; scientists in the ball of a Van de 
Graaf static generator may be at a potential of more than a 
million volts (V), but experience nothing other than their 
hair standing on end. Similarly, a person outdoors in a 
thunderstorm may accumulate a high charge from the 
capacitance effect of an overhead cloud but, unless che insula- 
tion of the air breaks down to allow a lightning strike at or 
near the person, no ill-effecs will occus. 


In electrocution there must be a pathway for electrons 
across part of the body which, in fatal cases, contains vital 
structures. The current enters at one point (most often a 
hand being used co hold, touch or manipulate some elec- 
trical device) and then leaves the body at an exit point, usually 
to the earth or the neutral conductor of the electricity sup- 
ply. The pathway of the current will depend mainly on the 
relative resistance of various potential exit points. It tends 
to take the shortest route between entry and best exit, iere- 
spective of the varying conductivity of different internal 
tissues. IF a person places a finger on a 240V conductor 
while standing with damp shoes on a wet concrete floor, 
then an appreciable current will pass feom hand to feet, with 
possibly fatal results If, however, the person is standing on 
a carpeted upstaits wooden floor, the poor earth return will 
allow only a small current to flow and all thar may be 
suffered is a painful muscular spasm, 

In another variane of the upstairs scene, should che new- 
tral wire of the supply be touching the skin of the same Fin- 
gera few centimetres away from the live conductor, a severe 
Tocal burn may occur but no danger to life, because the high 
resistance through the feet to earth will prevent any signifi- 
cant current flow passing through the thorax. 

Should the person upstairs happen to be turning a bath 
tap with the other hand, the contact with the opposite Fin- 
ger would allow a current to pass to earth via the tap and 
metal water-pipes from hand to hand across the thor 
an extremely dangerous position 
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FIGURE 12.1. Paehwaye of current in electrocution. 


The pathologist is concerned with fatal electrocution 
and three major events may occur, which are a threat to life: 


I The most common is the passage of a current across 
the heart, usually when a hand is brought into contact, 
with a live conductor, and the body is earthed either 
through the feet or the opposite hand. It has been 
claimed that the most dangerous is contact with the 
right hand and exit through the feet, as this causes the 
current to pass obliquely along the axis of the heart. 
Compared with the other variables of voltage, skin 
resistance and time, this hypothesis seems immaterial, 
though this route increases the current actoss the heart 
by a factor of 1.5-2.5 compared with lei-hand entry 


“The fatal process is a cardiac dysthythmia, usually a 
ventricular fibrillation ending in asystole. 

Less often, che passage of a current across the chest 
and abdomen may lead to respiratory paralysis from 
spasm of the intercostal muscles and diaphragm, 

© Rarely, the current passes through the head and neck, 
usually in circumstances when the head of a worker 
con overhead power lines comes into contact with the 
conductor, In such instances, there may be a direct 
effect on the brainstem so that cardiac or respiratory 
centres are paralysed, 


I is commonly said that tolerance can be gained to elec- 
tric shock and that professional electricians often work on 
live 240 V conductors with impunity. It seems more likely 
that expectation of a shock decreases sensitivity, bur only 
for brief contacts, less than would be required for physio- 
logical or structural damage. 


ELECTRICAL CONSIDERATIONS 


Electrons are moved around a circuit by the ‘potential dif- 
ference’ between two points, which may be looked upon as 
the ‘pressure’ of the electricity, measured in volts (V). The 
number of electrons flowing constitutes the ‘current, 
analagous to the volume of electricity and is measured in 
amperes, though in the present discussion, milliamperes 
(mA) are more relevant to biological effects. The tissues 
also have ‘resistance’ co the electrical flow, ‘There is a math- 
‘ematical relationship between potential difference, current 
and resistance ~ the well-known Ohms law ~ in which 
the current varies directly with the voltage and inversely 
with the resistance. This law has considerable relevance 
to biological electrical damage. 


Alternating and direct current 


In spite of the folklore of electricians there is no doube 
thar direct current (d.c) is less dangerous than alternating 
current (a.c.); a current of 50-80 mAa.c. can be fatal in 
seconds, whereas 250mAd.c. for the same time is often 
survived. Alternating current is four to six times as likely to 
cause death, partly because of the ‘hold-on' effect described 
below, which is the result of tetanoid muscle spasm and 
prevents the victim from releasing the live conductor. 

Alternating current is also much more likely than direct 
‘current to cause cardiac arthythmias. The passage of a. at 
100mA for only one-fifth of a second is likely to cause 
ventricular fibrillation and arrest. High amperage dic. (above 
4A) may even cause an arrhythmic heart to revert to sinus 
rhythm, as in medical defibrillation, 
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“The usual frequency of acc. is 50 cycles/second (cps), 
though some American and European systems run at 60 cps. 
‘Alternating current between 40 and 150cps is most dan- 
gerous in terms of ventricular fibrillation, and regrettably 
the usual mains supply lies in the centre ofthis range. Above 
150 cps, fibrillation is progressively es likely a the frequency 
increases: at 1720 ps the heart is 20 times less likely to 
fibrillate chan at 150 ps 


Current 


‘The degree of damage to the tissues is proportional to the 
actual quantity of electricity flowing through chem. ‘This 
quantity is expressed by the number of electrons per unit 
time and strictly speaking should be measured in ‘coulombs, 
which is the product of amperes and seconds, chough 
amperes are usually accepred as an index of the current flow. 
According to Ohms law, current depends on the applied 
voltage, the resistance of the tissue and, for tissue damage, 
the time for which the current is lowing 

In forensic pathology, we are concemed with fatal elec- 
trocution and, as most deaths are the result of cardiac dys- 
shythmias, the most important measure of current is that 
which leads to acute heart failure. Estimates vary among 
authors, but it is generally considered that the passage of 
50-80 mA across the heart for more than a few seconds is 
likely to cause death, The most that can be tolerated vol- 
untarily by most people is 30mA applied co the hand, 
which results in painful muscle contractions. Conscious- 
ness is likely to be lost at about 40 mA and, as stated, cur- 
rents sustained for some seconds at over 50-80 mA carry 
a substantial risk of death, 


Voltage 


“To produce a porentialy fatal current across the chest, a cer- 
‘ain minimum voltage must be applied to the skin surface. 
‘As the latter has a relatively high resistance (see below), 
Ohms law dictates thar an appreciable voltage is required 
to produce the 50 mA or so needed for ventricular fibril 
tion, Mose fatalities occur with the domestic voltage of 
240, though the common alternative in parts of the USA 
and Europe of 110 V is still lethal in many instances. 

It is uncommon to encounter deaths at less than 100, 
mainly because there are few sources of supply beeween 110V 
and the 12V or 24 V used in vehicle electrical systems. These 
are almost always innocuous, though Polson (1963) has 
reported a fatality at 24V in a man pinned beneath an elect 
cal vehicle for several hours. That case emphasizes the import- 
ance of the time element in electrical injury. Extremely 
high voltages, such as those encountered in power transmission 


systems and in electronic equipment, may paradoxically 
be safer on some occasions, asthe shock may physically fling 
the subject off the conductor, thus reducing the contact time 
below the threshold for cardiac damage. 


Resistance 


"The major barrier to an electrical current is the skin, which 
hhas a far higher resistance than internal tissues. ‘That is why 
skin electric burns occur, as the resis 
fer from the electron flow to the skin, Once inside the dermis, 
the semi-fluid cytoplasm, and especially the vascular system 
filled with electrolyte-rich fluid, passes the current through 
the body quite easily. The resistance of skin varies greatly 
according to the thickness of the keratin-covered epidermis; 
thar on the soles and finger-pads is greater than the thin skin 
clsewhere. The average resistance is between 500 and 10000 
‘ohms for areas other than the horny hand and foot pads, 
which may offer I milion ohms resistance when dry. 

A more potent factor is the dryness or dampness of the 
skin, which greatly affects its resistance. While dry palm 
skin may have a resistance of the order of 1 million ohms, 
when werted this may fall 10 only 1200 ohms. Jellinek 
(1932) found the horny skin of a workman to have a dry 
resistance of from 1 to 2 million ohms; Jaffe (1928) stared 
that sweating could reduce skin resistance from 30000 co 
2500 ohms. When the current begins to pass, chere isa fur- 
ther marked drop in resistance, as a result of electrolytic 
changes in the skin, which may fll to only 380 ohms. Thus 
for a fixed voltage, such as the mains supply of 240V, the 
resultant current will be far greater if the skin is wet from 
‘sweating or external moisture. This emphasizes the dangers 
of bathrooms and using electrical equipment in damp 
surroundings. Where alternating current is concerned (as in 
most forensic cases), resistance is replaced by ‘impedance’, 
but this is nor relevant to the pathological aspects 


fny causes energy teans- 


EFFECTS UPON MUSCLE 


‘One effect of electricity chat has practical implications is the 
spasm that occurs in skeletal muscle if the current reaches 
between 10 and 40 mA at 50.cps. When, as most often hap- 
pens, the entry points in the hand, the stronger flexor muscles 
of the arm go into spasm and cause a ‘hold-on’ effect. 
This means that any object being held in the hand is invol- 
untarily clenched and, as iis likely to be the faulty electrical 
appliance or a wire, the object cannot be released and the 
‘current thus continues to flow. This adds to the time element 
and progressively worsens the risk of both cutaneous 
burns and the risk of cardiac or respiratory arrest. ‘Tingling 
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smay be fel in the skin with a current of only 1 mA and ‘hold- 
oon’ can begin ata current as low as 9-10 mA. 


MODE OF DEATH 


‘Asalready stated, most deaths from electricity are from car- 
diac arrhythmias, usually ventricular fibrillation ending in 
arrest, This is caused by the passage of current through the 
myocardium, especially in the superficial epicardial layers 
and possibly across the endocardium. The current has a pro- 
found effect directly upon the myocardial syncytium, the 
possible dislocation of the pacemaking nodes and conduct- 
ing systems being ill-understood. When death occurs from 
cardiac arrest, the body remains either pale or only slightly 
congested, the autopsy appearances being unhelpful apart 
from the presence of any external electrical marks 

"The second (and far less common) mode of death is resp 
tory arrest, in which the passage of current through the 
thorax causes the intercostal muscles and diaphragm to go 
into spasm, or become paralysed. In either case, respiratory 
movements are inhibited and a congestive-hypoxic death 
occurs. ‘The brainstem is affected rarely, when the current 
enters through the head. Either cardiac arrest or respiratory 
paralysis can then supervene. 

Many electrical deaths are not observed, the person being 
found dead later, so that the mode of death is unknown, 
Sometimes the witnessed mode of death is hard to explain on 
physiological grounds, in that there appears to be a delay 
(often some minutes in duration) berween the shock and the 
death. In the interval, the victim may be conscious and even 
apparently recovering. It is difficult to know why a sudden 
cardiac arrest should take place after the current is switched 
off, bur presumably some fundamental damage has been 
caused on an intracellular level to cardiac or neural tissue. 

Finally, when discussing the mode of death, ic must always 
be remembered thar non-electrical trauma is quite common, 
In a series reported by Bissig (1960), some 15 per cent of cases 
had injury from fills and other associated trauma. In indus- 
trial accidents and when working on power lines, victims of 
shock may be thrown from a height, or suffer violent muscu- 
lar spasms tha may lead to fractures and other serious injury. 


THE CUTANEOUS ELECTRIC 
MARK 


‘The poine of contact on the body surface may leave skin 
lesions, which are either called ‘electrical burns’ or ‘electrical 
‘marks’, chough the term ‘Joule burn’ is gaining in popularity 
‘These are the sites of entry of the current, but another mark 
oor marks may also appear where the body was earthed or 
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‘grounded’. Ir must be emphasized here that fatal electrocu- 
tion may occur with no skin mark whatsoever, making the 
diagnosis entirely dependent upon the circumstances of the 
death, An extreme example is electrocution in the bath, when 
the large surface area for entry plus the low skin resistance 
caused by the water abolishes the possibility of a focal bum. 

‘An electrical mark may not be externally obvious, as the 
‘current can be applied to the genitals, anus or abdomen in sex- 
ual perversions or through the mouth, especially in children. 
Infants may place a live plug berween their lips and sustain 
clectrcal burns on the tongue or buccal mucosa, which may 
not be readily apparent on external examination at autopsy. 

‘When a current passes, there may or may not be a visible 
lesion, depending upon: 


the density of the current passage in terms of skin 
area and 
the conductivity, usually varying with the moisture 


“The skin lesion is a thermal burn from heating of the epi- 
dermis and dermis as the current passes. Theoretically, the 
heat generated can be determined from the formula 
"2R4.187, where GCis the heat in gram calories per 
second, C is the current in amperes and 2 the resistance in 
‘ohms. IF the electron flood passes through a relatively wide 
area, then the resistance per unit area is small (especially ifthe 
skin is damp) and thus the heating effect is proportionately 
diminished. For example, a person resting che palm of the 
hand on a flat metal plate which is elecrified will pass afar 
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FIGURE 12.3. Firm contact electric marks on a fingertip. 


bers have ben formed by the heat af local skin rexicance hey 


dave collaped on cooling 


smaller curtent per square centimetre of skin than another 
touching the plate with the ip of a finger. The first is likely to 
have no demonstrable lesions, while the second will have 
blistered burn or a keratinized nodule, depending on the 
firmness of the contact. 

The temperature in the tissues directly under the con- 
tact point can easily reach 95°C. Tissue damage can occur 
within 25 seconds when the temperature reaches a mere 
50°C. The focal electric mark is largely a thermal burn and 
even some of the histological features to be described late, 
which were once thought co be peculiar to the electrical 
current, are now generally ascribed to thermal effects. There 
are some features, however, which are characteristic of an 


electrical cause. 


1 When the skin has been in firm contact with an 
electrical conductor, the passage of the current through 
the high skin resistance heats up the tissue fluids and 
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E 
240V mains supply. The victim was holding a faulty electric drill 


URE 12.4. Firm contact blister and adjacent spark burn fom 


There were na ather marks on the bray 


produces steam. This may split the layers of the 
epidermis or the epidermal-dermal junction and. 
produce a raised blister, This may rupeure if the 
current continues or if the area is relatively large. 

‘When the current ceases, the blister cools and 
collapses, giving the familias appearance seen at autopsy. 
The collapsed blister is often annular, producing a 
raised grey or white ring with an umbilicated centre 
The mark sometimes reproduces the shape of the 
conductor, especially where this isa linear wire or a 
shaped metal abject. Where the tip of a wire or rod is at 
right angles to the skin, a focal pit is created, sometimes 
penetrating quite deeply into the skin. 

‘Where the contact is less firm, so that an air gap 
(albeit narrow) exists berween skin and conductor, che 
current jumps the gap asa spark. In dry air 1000 V 
will jump several millimetres and 100 kV about 35.cm, 
This is at extremely high temperatures (about 400°C), 
as in the sparking plug of a petrol engine, and causes 
the outer skin keratin to melt over a small area. On 
cooling, the keratin fuses into a hard brownish nodule, 
usually raised above the surrounding surface, the 
so-called ‘spark lesion’. 

In many electrical burns these two types ate 
combined, as.a result of movement of the hand or 
body against the conductor and sometimes because of 
irregularity of the shape of the conductor. Where the 
time has been prolonged, the voltage is high, or the 
conductor is large, the burn may be correspondingly 
severe with large areas of peeled blistered skin, charred 
keratin, and a mixture of hyperaemia, deep scorching 
and shed epidermis, 
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The cutaneous electric mark 


FIGURE 12.5 Collapsed blisters and a spark burn from holding 
1 faulty power too, 


FIGURE 12.6 Muliple electrical burns ona hand, with blisters 


showing the ypical pale raised margins and areas of peeling 
pidermis. There is blackening from metallization asthe current 
twas passing for several bows; the victim was an electrician who 


fell nto an air-conditioning plant 


BA characteristic feature of the electric mark, which is 
the most useful indicator of the nature of the lesion, is 
the common occurrence of an areola of blanched skin 
ar the periphery. Presumably because of arteriolar 
spasm from the direct effects of the current on vessel 
wall musculature, the pallor survives death and is 
Vireually pathognomonic of electrical damage. Often 
there is a hyperaemic border outside the blanching, 
though reddening may also be seen inside the pale 
aone, as the outermost rim of the heated burn area 
Occasionally, an alternating spectrum of blister- 
reddening-pallor-reddening can be observed 
centrifugally from the centre of the lesion. When the 
burn is linear, such as that from a bare wire pressed 
against the skin, the ‘areola’ rakes the form of a pale 
apne parallel co the central burn, 


IE When che marks are minimal, all that may be seen are 
tiny white discs representing minute flac blisters where 
the epidermis has split, but no reddening or areola has 
formed ~ or at least, has not persisted until the time of 
autopsy. These can be hard to find and, as they are 
likely to be present on the palmar surface of the hands 
(che usual site from grasping an electrical appliance), 
the strong flexion of rigor mortis may bring the fingers 
down to the palms, so obscuring any lesions. Iris 
essential in all aucopsies to examine the flexor surface 
of the fingers by forcible breaking of the rigor ~ and, 
where electrocution is a possibility, minute inspection 
of the hands must be carried out, even ifthe flexor 
tendons at the wrist have to be cut to release the rigor 
clenching of the fingers. 

IB In high-voltage burns, such as those sustained from 
high-tension grid transmission cables, where the 
voltage isin the multi-kilovolt range, sparking may 
occur over many centimetres. This can cause multiple 
spark lesions giving rise toa ‘crocodile-skin’ effect. 
Both linesmen and copper thieves working on high 
pylons may suffer non-electrical injuries from being 
thrown to the ground, or they may sustain gross 
charring burns or even limb fractures from both direct 
electrical energy and the muscle spasm caused by 
a massive bolt of electricity 

IB Earthing or ‘grounding’ lesions are nor often seen, 
bur should be looked for on the contralateral hand 
and on the feet. ‘The lesions may be similar, though 
less severe. In a case seen by the author (BK), in which 
a workman pushed a metal wheelbarrow over a live 
cable lying in a pool of water, the entry burns were on 
the hands, bur on the soles of both feet the electrical 
burns marched the metal studs in his boots where the 
current earthed through damp socks and leather 

In another case, a homicide in a bath, there wet 
no entry burns but the current went to earth by 
contact of the breasts with the metal raps. 

When che current has flowed for an appreciable time, 
even at a domestic voltage of 240, the effects may be 
severe. Charring and more extensive peeling and 
blistering of skin may occur, with deep muscle 
damage and cooking of the tissues. This is partly 
because of the fact thar che initial damage lowers 
skin resistance so that progressively more current 
flows and therefore more burning and necrosis, 
follows 


Much of this damage seen at autopsy may have occurred 
post-mortem, if death from cardiac arrest occurs early in 
the event and, where the victim is alone, there is no one to 
remove his body from the source of the current. It has been 
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FIGURE 12.7 Muiple burns fom high-voltage (multi-kilovols) 
supply lines ofthe grid sytem. The appearance i sometimes called 


‘rocedil kin’ and ir caused by arcing of the current ow 


considerable distance, The victim was a bay who went bind-nesting 


amongst the switch gear of a power station. 


Foun 


2.8 Reconstruction of a fal electrocution. While 


replacing a bulh « workman dropped dead, even though the light 
ae not illuminated. The circuit had been improperly wired 
through’ that is the switch had been placed in the neutral wire 
instead of the live, The porcelain holder was broken so that bis litle 
finger touched the bras base of she bulb, thus completing the cireuit 
across the chest tothe ther band, which held an earthed baseplate, 
The only electrical mark was on the litle finger 


conclusively shown by Polson and others that post-mortem 
burns can be inflicted on a dead body, the appearances 
being similar in terms of blistering and burning, though 
the red flare of ‘vital reaction’ will be absent if death has 


occurred some time before, 


PATTERNED ELECTRIC MARKS 


As with many other injuries, a pattern of the shape of 
the causative object may sometimes be identified. When 
the electrical conductor is a wire, a linear burn may occur 
The shape and spacing of electrical plugs or contacts may 
be seen, and faulty electrical equipment may impress its 
shape into the skin, ‘These marks may be useful when the 
pathologist tries to reconstruct the events ~ and indeed, 
may indicate for the first time that the death was caused by 
electricity, when the unwitnessed 


nts are particularly 
obscure. 

As electric shock and burns are commonly seen in tor 
ture victims in abuse of human rights, a pattern may be 
useful in determining whar object was used and give evi- 
dence of deliberate repetition, The deliberate use of a male 
pin plug connected ro the mains supply, then pressed 
against the skin, may give a series of regularly spaced marks, 
consisting of hyperaemia, blistering, areola formation or 
even charting, 


METALLIC TRACES IN 
ELECTRICAL MARKS. 


When a current passes from a metal conductor into the 
body, a form of electrolysis occurs so that metallic ions are 
embedded in the skin and even in the subcutaneous tissues 
This occurs with both d.c, and a.c. because of the combin- 
ation of metallic ions with tissue anions to form metallic 
salts. ‘These may be invisible co the eye, but detectable by 
chemical, histochemical and specteographic techniques. 
They persist for some weeks during life and resist a moder- 
ate amount of post-mortem change. Where gross they may 
be observed directly on the skin, and where copper or brass 
conductors are involved a bright green imprint may be 
obvious. Where an electric arc forms, vaporized metal may 
be deposited on the skin, often extensive enough to be vis 
ible to the naked eye. In high-voltage contacts, the skin of a 
wide area may be brown or greyish, partly from heat effects, 
bur partly from metallization 

Recently, using the scanning electron microscope, it has 
become passible to see tiny globules of molten metal on the 
skin at and near an electrical mark, deposited there by the 


almost inevitable ‘mini-arcing’ chat accompanies any electrical 
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Figure 6 


Electrocution in the bathroom 


contact. Chemical tests for metalic deposits include that 
devised by Adjutantis and Skalos (1962), which isa simple 
touch-test using elution on strips of filter paper. Copper, 
iron, aluminium, zinc oF nickel are dissolved in nitric or 
hydrochloric acid, and the solution tested with a variety of 
simple but specific reagents. 


INTERNAL APPEARANCES 


In fatal electrocution, gross findings in the internal organs 
ay be absent and even histological changes are a matter of 
controversy, Because the internal rissues are largely aqueous 
and contain conductive electrolytes, the current pathway is 
usually t00 diffuse to cause thermal damage. The absence 
of visceral damage is made up for by physiological and 
functional abnormalities, mainly in muscle and nervous 

"The usual mode of death is cardiac arrhythmia leading 
to ventricular fibrillation and arrest. In these deaths there is 
litle to find at autopsy apart from the skin lesions. It is 
claimed thar epicardial petechiae may occur, but these are 
to0 non-specific to be of any use, The body is either pale or 
only slightly congested, in contrast to the few deaths that 
occur from respiratory paralysis. 

In the latter group the intercostal muscles and diaphragm 
go into spasm or are paralysed, which leads to marked con- 
gestion and cyanosis of the face, with similar changes in the 
lungs. There may be some petechiae on the pleura, though 
this again is such a non-specific finding, as to be unhelpful 
asa diagnostic sign. Ar autopsy, the usual signs of a congest- 
ive death are found, with dark blue-red post-mortem 
hypostasis, 

‘A number of other signs of electrocution have been claimed, 
but they are rarely confirmed by personal experience. These 
include intracerebral petechiae, which are probably part of 
the general congestive stae in respiratory paralysis. 


HISTOLOGICAL APPEARANCES 


‘These are rather controversial, as some changes formerly 
claimed to be specific for electrical lesions have been shown 
to be thermal. 

“The skin mark consists of vacuolation in the epidermis 
and sometimes dermis, caused by the gas spaces from the 
heated tissue fluids spitting the cells apart. The affected tis- 
sues become more eosinophilic. The cap of epidermis may 
be detached and raised into a blister, with a large space 
beneath. The cells ofthe epidermis are often elongated, with 
the nuclei of the lower layers orientated and horizontally 
stretched; this was once claimed to be an electromagnetic 


effect, but the same appearance can be seen in purely ther- 
mal burns and in hypothermic lesions. 

‘Changes in the brain have been described, even when 
the cause of death was cardiac. Focal petechial haemor- 
rhages, spaces around small blood vessels and tears in white 
matter have been described. Electron microscopy reveals a 
variety of changes, especially in the nuclei of skin cells, 
which are deformed with clumped chromatin. Janssen 
(1984) hhas compiled a review of electrical histological 
lesions in his book on forensic histology, but it seems evi- 
dent that there is litte chac is absolutely pathognomonic of 
electrical as opposed to purely thermal burns. 

Histochemical reactions for metallization can also be 
carried out, though, again, metals can be transferred into 
the skin by purely thermal means if hot metallic objects are 
pressed against the skin. 

Scanning electron microscopy appears to be the best way. 
of distinguishing between electrical and thermal damage, as 
the punctate nature of the deposition and the possibility of 
chemical analysis by electron microprobes offer a sophisti- 
cated means of identifying the metallic deposit. Internal 
organs reveal no true diagnostic lesions of electricity. 
"The wavy appearance of the myocardial fibres and their 
fragmentation may be suggestive, but by no means diag- 
nostic, Contraction bands within the fibres, especially of a 
“bark-like’ appearance, have been described but, again, are 
non-specific, though they are often seen in the subepicar- 
dial myocardium after resuscitation that includes electrical 
defibrillation, However, they are identical ro catecholamine 
effects on the myocardium and so may not be electrical 
in origin. 


ELECTROCUTION IN THE 
BATHROOM 


The bathroom is a common site for electrical tragedies. 
Accidents, suicides and even homicides occur there because 
of its vulnerability to electrical shock. The bathroom is elec- 
trically the most dangerous place in a house as there is a 
moist atmosphere, ample water, good earthing through 
metal raps and pipes, and a wet, unclothed body ~ all of 
which are conducive to low electrical resistance and hence 
high vissue currents. Accidents are common, usually as a 
result of the careless use of electrical appliances, such as 
hairdryers and room heaters. Most European countries have 
strict regulations about electrical installations in bathrooms 
because of the danger. In Britain, no wall switch is permisted 
for the light, a ceiling switch operated by an insulating cord 
being mandatory. No power sockets are allowed excepr for 2 
shaver socket which incorporates a step-down transformer 
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FiGURE 12.10 Suicide by electricity Both writs were wired in this 
fiahion to a 240 V supply socket, the circuit being completed from 


‘arm to arm across the chert. 


circumstances are rarely in doube excepr that some less 
sophisticated cases may be difficult to differentiate from 
the many other accidents that occur in bathrooms. Rarely, 
other more bizarre deaths associated with electricity occur, 
as seen in Figure 12.11 


HOMICIDE BY ELECTRICITY 


FIGURE 12.9 Homicidal electrocution in the bath, An electric 


Ahater was dropped into he water with the wire tothe earth 
terminal deliberately diconnected. The 240 V supply entered the Homicide is occasionally committed by electricity, the 
author (BK) having dealt with two such incidents and his 
co-author (PS) with one. The first took place in the bath 
and provided good illustrations of the electrical aspects of 
fatal shock, A young woman was found dead in her bath, 
slumped forwards in a kneeling position with one breast 
resting against a chrome tap. The left arm was trailing over 
the edge of the bath, in which was the usual level of water 
plus an electric fan-heater immersed near the feet, ‘The 
heater was connected by a long cable to a 240V 13A 
socket in an adjacent bedroom. Significantly, the third 
‘earth’ wire had been deliberately disconnected from the 
earth pin inside the plug. Subsequent forensic tests showed 


body diffusely through the water and completed the circuit by 
carding through contact with the breasts again the metal t 
leaving eletrctl marks on the skin, 


with a low maximum current output. In spite of this, people 


unwisely use extension leads or plug into light sockets to 
‘operate a variety of appliances. 


SUICIDE BY ELECTRICITY 


There has been a remarkable increase in the number of sui- 


cidal electrocutions in recent years, especially in the bath 
Bonte etal, (1986) have described an increasing number of 
cases in the former West Germany, drawing attention to 
the unusual demarcation of post-mortem hypostasis in 
such deaths, where the water level during electrocution 
appears to limit the subsequent appearance of the hyposta- 
sis, Various circuit arrangements are made by suicides in 
baths: these range from the pulling of an electrical appli- 
ance into the water to complex connections to metal soap 
dishes and wiring up contacts on the body. There may even 
be arrangements to break the circuit when the bathroom 
door is opened to safeguard those who find the body. The 
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thar the enamel lining of the metal bath was an excellent 
insulator so that earthing of the current through the bath 
water could only occur via the chrome waste pipe. The cir- 
cuit was completed, however, with fatal results, by the 
‘woman falling (or being pushed) against the rap, so that she 
sustained an electrical burn on the breast. She also had 
another typical burn on the inside of her left arm near the 
axilla, where the insulating enamel of the bath ceased at the 
tumed-over edge. Forensic tests showed that there was a 
progressive gradient of voltage down the bath from over 
200 near the heater to virtually zero near the earthed 
waste pipe. The current had preferentially taken a course 


Homicide by 


(@) 


Ficne 12.11 (a) The deceaced man had electrical marks on hic finger 
Aras fittings ofthe table lamp. (Bb) In addition, be had a metal cnn rest 


lamp socket. No circumstantial evidence of suicidal intent could be discon 


through the victim’s body from feet to exit through breast 
and arm, rather than through the higher resistance of the 
fresh water. 

I was also shown that, when the earth safety wire was 
reconnected, the voltage at the top of the bath fell wo negl- 
gible levels, even though the fuse did not blow. The woman's 
husband, afer several denials, eventually confessed to drop- 
ping the heater into the bath —and also to borrowing a book 
from the public library the previous day entitled The do-it 
yourself home electrician! 

The other homicide, which could not be proved for lack 
of evidence or a confession, concerned the wrapping of 
bare electric wires around a woman's neck. The wire was 
thick 30A cooker cable with 40.cm of insulation stripped 
except for the extreme tips. ‘The woman's husband, a pro- 
fessional electrician, provided the unlikely explanation that 
hhe was using this to tes his electric shaver! 

TThe third homicide went first undetected as the perpetra 
tos, the husband of the victim, had staged it as an accident. 
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electricity 


() 


and lips, which were seined green fram metallization fram the 
fing aver a large electric burn ow his abdomen, alzo wired up tothe 


pred and some matochisicexerie wa suspected. 


The wife was supposed to have been ironing in the kitchen 
early one morning and been electrocuted by a faulty cord of 
the iron, the water-pipe of the sink providing the contact to 
the earth, In addition to the SOCs, an electrician, but not the 
pathologist, was called to the scene to investigate the faulty 
device, but nothing suspicious was detected. Ironically, in 
spite of the clumsy way in breaking the insulation of the cord 
and leaving only a couple of millimetres of the naked wire 
Visible, a picture of the faulty cord and iron landed in a text- 
book for electricians, pointing out the dangers of faulty 
household appliances. Ar autopsy the only finding was an 
electrical burn on the chest. Eight years later, when the hus- 
band was in detention in the course of an investigation due 
toa stolen money transport, he wrote a very detailed confes 
sion of the murder of his wife, He had attached two copper 
electrodes to an extension cord and, while the wife was 
asleep, pressed them to her chest. In court, in spite of the 
withdrawal of his confession, he was sentenced to a long 
imprisonment, Several details, which came out in the course 
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FicuRe 12.12 Elecrcal burn around the nek froma mains 
wire being held against the skin. The typical pale areola and peeled 
shin bliering can be sen, There was suspicion of homicide, but 

it could not be proved. 


of the criminal investigation, implied, although it was never 
proven, thar the man had first attempted co kill his wife by 
feeding her diazepam tablets without her knowledge, and 
when this had failed, electrocuted her. It is hindsight and 
fruitless to contemplate what might have happened if the 
pathologist had been to the scene. The lesson of the case is, 
however, that if electrocution is suspected, it certainly is 
worthwhile to take a look at the scene of death. 

In tropical and subtropical countries deaths From light- 
ning are not uncommon and, even in higher latitudes, 
occasional tragedies occur where numbers of people are 
killed or injured in single episodes. An example was at the 
Ascot race meeting in 1955. ‘The physics of a lightning 
strike are complex and not fully understood. Gigantic vole- 
ages and amperages are involved when a highly charged 
thundercloud discharges via a huge arc to the ground. 

Lightning deaths cannot be other than accidental and 
provide no real problems for the forensic pathologist 
Occasionally the nature of the death may be uncertain ifa 
dead body is discovered in the open with no marks upon it, 
bur usually there will be reports of a lightning strike nearby 
and artefacts, such as torn and scorched clothing and mag- 
netized metallic objects in the pockets, may assist in 
explaining the event. 

Ir is well known that injury from lightning is capricious 
and unpredictable. ‘Two people can stand side by side dur- 
ing a flash and one may be mutilated and killed while the 
other is unharmed. ‘The physical damage in fatal cases can 
vary from virtually nil to gross burning, fractures and tissue 
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12.13 The ferm-lie, arboreque pattern sen over the 


srouldersand chest ina vii of lightning stroke. Alhough ths is 
stluuy: mentioned in descriptions of lightning deaths, it ixseen only 
in a small minority of cases, 


destruction. Cutaneous marks may be present, the well- 
known Yern-like’ or ‘arboresque’ pattern, also referred to as 
Lichtenberg’ figures (because of their similarity 10 the 
pattern described by a German physicist, Georg Christoph 
Lichtenberg, in 1777) being much less common than the 
standard cexts suggest. Irregular red marks, often linear 
first-degree burns, may follow skin creases, especially if 
damp from sweating. ‘These marks may be many inches 
ong and generally follow che long axis of the body towards 
the ground. Frank blistered or charred burns are also 
present in some cases. 

‘An excellent picture of the Lichtenberg figures was taken 
by Domart and Garet, published in the New England 
Journal of Medicine in 2000, showing a 54-year-old man 
struck by lightning. With the exception of numbness and 
paraesthesia of the left shoulder, lank and leg, he fele well 
fon the arrival ar the emergency department, ‘The serum 
creatine kinase and myoglobin concentrations were slightly 
clevated. After a 24-hour observation period, the patient 
‘was sent home and two days later, on a follow-up visi, the 
fern-leaf pattern of marks had disappeared. 

The clothing may be corn off and this can sometimes 
raise the suspicion of foul play if the lightning aspect is 
obscure. The clothing is typically ripped open as if by an 
internal explosion, and belts and boots may be similarly 
ruptured. Metal objects in the pockets may be fused or 
magnetized, as may be metal buttons and tooth fillings. 
Burns on the skin may be adjacent to metal objects in or on 
the clothing. 
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‘There is often a smell of singeing or burning about the 
body and its clothing. ‘The hair may be scorched and there 
is often a head injury, caused either by the lightning strike 
itself or by falling to the ground, 
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Serious bodily injury, from whatever cause, may either lead 
to virtually instantaneous death from destruction of vital 
‘organs and structures, or may cause delayed death from 
‘complications ofthe original injury. This delay may be short, 
as in torrential haemorthage or acute respiratory failure, oF 
it may be progressively longer, stretching into hours, days, 
‘weeks or even years. For example, the author (BK) dealt with 
a death in which a glider crash 15 years previously had to be 
implicated as the sole reason for the death, as the victim 
suffered a fractured spine, a paraplegia, paralysed bladder 
and recurring ascending urinary infection leading to death 
in renal fullure from bilateral pyelonephritis 

Many even more delayed deaths can be found in che 
records of most experienced forensic pathologists. As long as 
a direct chain of events can be traced from the injury to the 
death, then the former must be considered to be the basic 
cause, a fact which may have profound legal implications 
both for civil compensation and criminal responsibility. Some 
of the most difficult problems in forensic pathology ~ and 
some of the most arduous testimony and cross-examination 
in court ~ concern deaths from which post-traumatic com- 
plications are dispured as being causative factors. 


HAEMORRHAGE 


Bleeding may occur externally through lacerations and 
incised wounds or via natural passages, such as the bronchi 
and trachea, oronasal passages, ears, vagina, urethra or 
rectum, Internal bleeding comprises contusions, which are 
leakages of blood into tissue spaces from rupture of vessels 


and fice bleeding into body cavities, notably the peri- 
cardium, peritoneum, pleura and cranium. 

‘The volume varies greatly, from the tiny petechiae of 
ruptured venules to the massive amounts seen in a rup- 
tured aorta. As a primary cause of death it is nor only the 
total volume that is lethal, bur the rapidity and the site of 
the bleeding, When the leakage is slow the body can com- 
pensate for the loss ofa far greater volume, both by adjust- 
ment of the vascular bed and by restoration of the blood 
volume by transfer from other aqueous compartments. 

‘As to site, it is obvious that a small quantity of bleeding. 
into the brainstem is likely to be lethal, whereas the same 
volume exuded into the pleural cavity would be of lite 
consequence. Bleeding usually begins at the time of injury, 
though there is often a momentary delay at the instant of 
infliction, When a sharp blade cuts the skin, it is a matter 
of common observation that the blood may hesitate for a 
second or so before welling out. This is caused by transient 
spasm of local vessels from the stimulus of the injuring 
object. Bleeding then continues until normal haemostasis 
plugs the vessels 

In some injuries involving arteries, the musculoelastic 
vessel may retract and its wall invaginare, so that an almost 
immediate seal prevents copious haemorrhage, Occasionally 
even gross injuries, such as the amputation of a limb by a 
railway wheel, may be almost devoid of significant bleeding, 
because the crushing effect may combine with arterial wall 
retraction to seal the cut vessel effectively It can sometimes 
be more dangerous partly to transect an artery than 10 
divide it completely, as retraction cannot then take place, 
Failure of haemostasis is a haematological matter, but may 
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have medico-legal connotations if an injury (which includes 
a surgical procedure) is performed on someone who has a 
hhaemorthagic diathesis either from natural disease, or from 
therapeutic anticoagulane treatment, such as heparin or 
warfarin, 

Delayed bleeding may be seen in a number of conditions. 
In trauma, especially waffic accidents, organs, such as the 
lives, spleen or (sometimes) lung, may be injured within their 
capsules or covering membranes, which initially remain 
intact. A good example is a subcapsular haematoma of the 
lives, which may be large and grow even larger as continued 
bleeding strips more capsule from the parenchymal surface. 
Eventually, the blister may rupture and the now unrestrained 
bleeding area can pour into the peritoneal cavity. Trauma can 
also weaken the wall of an artery or vein, leading to a false 
aneurysm, which can later rupture. An arteriovenous fistula 
can also form and later burs. 

Infections can also develop in trauma sites and involve 
vessels in the vicinity, so that an abscess or cellulitis can sec- 
ondarily lead to severe haemorthage when the vessel wall is 
eroded. This is rare except among poorly treated accident 
or battle casualties, as are mycotic aneurysms that result 
from infected emboli impacting in a branch of an artery 
and causing local septic necrosis. 

It is sometimes difficult to know how much of a haem- 
orthage found at autopsy may be accounted for by post- 
mortem bleeding, ‘There is little doubr thar the volume may 
increase after death, but, except in serous cavities, such as 
the pleura and peritoneum, or externally from the body 
surface, in most cases this is a small proportion of that 
which leaked under arterial pressure during life, due to the 
tissue pressures opposing passive bleeding 

However, a haemothorax fom a ruptured aorta may 
amount to several litres and much of this may be in the 


FIGURE 13.1 Massive intri-abdominal bleeding from a subcapsular 


haematoma uf the liver die to blunt abdominal rtuma. 


form of a large shaped clor. A clor can form post-mortem, so 
its presence cannot be taken as an index of in vivo forma- 
tion, but the source of the bleeding will usually be obvious 
and any post-mortem addition will nor affect the interpret- 
ation. Copious external bleeding can continue after death, 
especialy from the scalp, particularly if the head is depend- 
cent afer death 


INFECTION 


Infection used to be so common after open wounds that it 
was the norm rather than the exception. Prior to the intro- 
duction of sulphonamides and antibiotics, many criminally 
inflicted wounds, which in themselves were nor a danger to 
life, became fatally infected so that an assault became a 
homicide. This illustrates the fallacy of comparing murder 
rates in the last century with today, as the survival rate 
because of rapidly available ambulance and resuscitation 
services, blood transfusion, emergency operations and anti- 
biotis is vasely greater now than in former times, when even 
a trivial injury was often fatal 

"The types of post-traumatic infection are legion and vary 
greatly from country to country. Purulent wound infection 
from Gram-positive cocci, Gram-negative bacilli, anaerobes, 
such as Clostridium perfringens, and. other more common 
organisms, is the most frequent, but in some countries 
tetanus and anthrax are common dangers. The whole matter 
is one of clinical microbiology, and the main Forensic rele- 
vance is to prove a chain of causation berween the original 
injury and a death from intercurrent infection, There may be 
rmedico-legal issues involved, such as failure to give or delay 
in giving antibiotic coves, which can have both civil and 
criminal legal consequences. A criminal assault that ends in 
death because of a neglected infection does not exonerate the 
perpetrator from all responsibility, even though there has 
been a novus actus interveniensin the form of defective med- 


PULMONARY EMBOLISM 


‘This isa most important topic in forensic pathology, as the 
‘medico-legal implications of a fatal pulmonary embolus are 
common and profound. Pulmonary embolism is the most 
underdiagnosed cause of death where no autopsy is per- 
formed: it has been estimaced that, in the USA ~ and prob- 
ably elsewhere — less than half of fatal pulmonary emboli 
are recognized clinically. 

As with infection, an originally non-lethal injury may end 
in death because of venous thrombosis and pulmonary 
embolism, making what might be a simple accident or a 


340 


Pulmonary embolism 


common assault into a grave legal issue, The victims of many 
forms of trauma are at risk from pulmonary embolism 
because: 


1S Tissue trauma increases the coagulability of the blood 
for several weeks, the peak being berween one and 
nwo weeks, 

Injury to the tissues, especially the legs or pelvic region, 
may cause local venous thrombosis in the contused 
‘muscles or around fractured bones. 

© The injury may confine the victim to bed, either because 
‘of general shock and debility (especially in old people) 
‘or because the trauma itself necessitates recumbency, as 
in head injuries, severe generalized trauma or injury 
affecting the legs. In either case, recumbency leads to 
pressure on the calves and immobility causes reduced 
‘venous return and stasis because of lesened muscular 
massage of the leg veins. The common result is, 
thrombosis of the deep veins of the legs, which can 
‘extend proximally into the popliteal and femoral vessels, 
forming a dangerous source of venous thromboemboli 
Small emboli may break offand impact in more 
peripheral branches of the pulmonary arteries, 
sometimes causing pulmonary infarcts that may be 
precursors of a massive embolus that impacts in the 
major lung vessels and causes rapid death, 


At autopsy, such large emboli are readily visible and can 
usually be easily distinguished from post-mortem clot. The 
latter is dark red, soft and jelly-like, with a shiny, glistening 
surface. It is often separated into ‘chicken-far’ plasma clor 
and dark red-cell clot by sedimentation after death, When 
pulled out ofthe vessels i forms a cast of the branches, albeit 
shrunken by clot retraction. It is less evident in peripheral 
branches and, when the lung is sliced post-mortem, clot 
does not pour out of cut small vessels. 

Conversely, ante-mortem embolus (especially if a num- 
ber of days old) is firm, though brittle and has a dull, mart, 
striated surface from fibrin lamination, Older thrombus 
tends to be greyish-red and varies in colour from place 
to place. Although it may appear to be a cast of the large 
vessel in which it is impacted, it may often be unravelled 
‘0 form a long length that obviously originated in a leg vein 
Side branches, or the stumps thereof, may be seen that do 
not correspond to the branches of the pulmonary artery in 
which they lie. 

Post-mortem clot may be adherent to the ante-mortem 
embolus and sometimes forms a sheath around it, so that 
the true nature is obscured unless a careful examination is 
made, On cutting the lung with a knife, ante-mortem emboli 
may be seen in the more peripheral vessels, often standing 
up slightly ‘proud’ above the surface, ike toothpaste coming 
from a tube 
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‘The importance of the differentiation berween ante- 
mortem emboli and post-mortem clot is emphasized, as 
the legal issues hanging upon the unequivocal diagnosis 
may be very important. Histological confirmation of an 
ante-mortem origin must be made if there is any doubt. 
Pulmonary infarction does not occur from fatal massive 
pulmonary embolism, as death is too rapid. There may be 
infarcts present in the lungs but these must be caused by 
previous smaller emboli, at least a day earlier and probably 
much longer. 


Medico-legal aspects of pulmonary 
embolism 


Pulmonary embolism is the most underdiagnosed condition 
in British death certification, frequently being unsuspected 
as the cause of death by clinicians, Several investigations into 
the medico-legal aspects have been made (Knight 1966; 
Knight and Zaini 1980; Zaini 1981) and the peak incidence 
at about 2 weeks afier trauma confirmed. In Knights survey, 
more than three-quarters of the victims had predisposing 
factors such as injury, surgical operation or immobility in 
bed, bur the remaining 20 per cent were ambulant and appar- 
cently healthy. This has imporcant medico-legal implications 
because, if fatal pulmonary embolism can strike an apprecia- 
ble proportion of the population who have not suffered one 
of the recognized predisposing factors, then the cause-effect 
relationship after trauma is weakened. If the standard of 
proof in criminal trials must be ‘beyond reasonable doubt, 
then the fact chat up to 20 per cent of pulmonary embolism 
deaths have not followed trauma or immobility must surely 
remove the cause-effect relationship from near-certainty to 
mere probability, which is sufficient for a civil decision, but 
not for a criminal conviction. This is a legal matter for the 
judge, however, who may or may not lec the matter go to the 
jury — and if it does, for the jury to decide. There is marked 
variation in these decisions from case o case. 

‘After the lung appearances have been examined and 
pulmonary embolism confirmed, the source of the embolus 
must be sought. In almost all cases this will be found in the 
vessels draining into the femoral veins, though rarely pelvic 
vessels are involved (usually in relation to pregnancy or 
abortion). Here pelvic veins may be thrombosed, with 
extensions into the iliac system and exceptionally into the 
inferior vena cava. An even more rare source is from jugu- 
lar thrombosis, sometimes seen as extensions of intracranial 
venous sinus thrombosis. Axillary and subclavian vein throm- 
bosis is equally unusual, che legs accounting for the vast 
majority of emboli 

In the usual leg vein thrombosis, various autopsy tech 
niques are available co seek the site of obstruction. Extensive 
dissection is favoured by some, in which the femoral vein is 
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exposed through a skin incision, this being continued dis- 
tally as far as necessary to find the residual thrombosis. OF 
course, after a massive pulmonary embolus, by definition a 
large part of the source thrombus has been detached and 
therefore the pathologist has to search further distally to 
find the remnants. This makes dissection an extensive and 
disfiguring process, so alternative techniques can be used. 

~Zaini found chat many thrombi begin far distally, even in 
the dorsum of the Foor. He used a flexible wire with a blunt 
terminal knob (a Bowden cable from a bicycle brake) 
inserted down the femoral vein until it was arested, then cur 
down from the skin at that point to examine the peripheral 
veins, Alternatively, transverse or longitudinal incisions can 
be made into the calf of the leg 0 examine the deep veins. 
‘The soleus and gastrocnemius muscles are transected to view 
their contained veins, but often the thrombus is found in the 
interosseous veins becween tibia and fibula. IF ageing of the 
thrombus is attempted histologically, then it should not be 
expressed from the vein, bur the vein should be taken our 
with adjacent muscle, asi is the junction herween thrombus 
and vein wall that offers the most information about the 
maturity of the thrombus, 


Dating of pulmonary emboli and 
deep vein thrombi 


‘As discussed above, it can be a matter of considerable 
medico-legal importance to know if a pulmonary embolus 
arose prior £0, oF subsequent to, some traumatic event. A 
major difficulty is that the embolus may be the most recent 
addition to an extending venous thrombosis that is consid- 
erably older. 

Ic is also difficult to use histological criteria to date the 
free embolus from the lungs, as its the thromboendothelial 
junction that provides the most information, The best 
method, therefore, is 10 examine the residual chrombus, 
almost always in the leg veins, to see if the oldest part could 
have formed as far back in time as the suspected traumatic 
event, For this, the vein wall with the contained thrombus is 
required. A segment of thrombosed vein, if necessary with 
adjacent muscle, should be dissected out of the leg. The 
presence of thrombus will have been confirmed prior to 
removal by transverse cuts across the calf or thigh muscles 
containing the veins, Sometimes the original site of throm- 
bosis may be as far distal as the dorsum of the foot. 

‘The thrombus-containing vein is processed in the usual 
way and subjected to various histological stains. Though 
accuracy about dating is impossible, the following is a use- 
ful scheme to provide at least an approximate idea of the 
duration of thrombosis in the section of vein under study ~ 
remembering always that other segments or other veins 
may have thrombi of different dates. 


Platelet and red-cell appearances give no useful 
information. Red cells begin to haemolyse between 
24 and 48 hours to form amorphous masses, but many 
intact red cells survive for weeks. 

I Using phosphocungstic acid-haemaroxylin stain 
(P'TAH), fibrin can be seen as purplish strands on the 
first day, bur they aggregate into small masses with a 
meshwork of thicker strands and sheets by 4 days. After 
2 weeks, the fibrin becomes more deeply purple 
stained, but begins to be absorbed by about the ewenty- 
fifth day. Using Martius Scarlet Blue stain (MSB), the 
early pink fibrin strands become fringed by scarlec in 
about a week, 

1 Endothelial proliferation is most useful in che first 
week, as buds begin to arise from the vessel wall about 
the second day and proliferate during the frst week. 
Clefis lined by endothelium are seen around the 
periphery of the thrombus against the vein wall 
‘Artefactual contraction caused by fixation shrinkage 
must be excluded by seeking endothelial nuclei. These 
endothelial buds anchor the thrombus to the vein wall, 
and represent the first stage of healing and 
recanalization. They are usually noticeable by about the 
fourch day when they begin growing into the fibrin 
‘mass and breaking it up into compartments 

1 Collagen fibres do not appear for about 5-10 days, 
often much later. Fibroblasts may be seen as early as 
2 or 3 days, but tend to appear towards the end of the 
first week and reach a maximum at 2 or 3 weeks, 
teaching a maximum at about 4 weeks. Elastic fibres 
appear late, not before 28 days and often much later. 
They reach their maximum density in about 2 months, 

inly in the walls of recanalizing vessels. 

Sl Hacmosiderin, blue granules demonstrated by Perl's 
reaction, may be seen by the end of the first week and 
teach a maximum in 3 weeks. It does not seem to be 
present as early in thrombi as in extravascular 
haemorrhages, such as bruising or meningeal bleeding, 
where it can be seen in 2 or 3 days 

|S Capillaries begin to appear on the second day as 
endothelial buds, but do not contain red cells until 
about 2 weeks. Over the next 3 months, substantial 
canalization occurs by widening and merging of these 
channels. The full lumen may be restored within 6-12 
‘months, but endothelial thickening and haemosiderin 
deposits in the vein wall may form permanent evidence 
ofa former thrombus. 

lB Leucocytes, both polymorph and mononuclear, are 
inconsistent markers; sometimes they do not appear at 
all, Polymorphs may be seen within the first day ~ 
sometimes in profusion ~ but they vanish rapidly, often 
by the next day when mononuclears take their place. 
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Fat and bone marrow embolism 


“overing of the thrombus surface by endothelium is 
rapid and may begin on the first day and be complete 
within a few days. Various authors have given 24~72 
hours as the time required, Naturally, che siz of the 
thrombus surface is a variable factor. Also, only sections 
taken where the thrombus does nor fully fill the vein 
Jumen will provide an opportunity for observing the 
endothelial covering, 


FAT AND BONE MARROW 
EMBOLISM 


Another important sequel to trauma ~ fat embolism — is 
the subject of considerable controversy about the source of 
the lipoid; this does nor, however, detract from the autopsy 
significance of its detection. 

‘A great deal has been written about the pathophysiology 
of fat embolism and it is now evident that itis nor just a 
simple extrusion of marrow or adipose tissue material by 
mechanical trauma. ‘The work of Sevitt (1962), Bergentz 
(1961), Edland (1971), Ellis and Watson (1968), Buchanan 
and Mason (1982), and many others must be studied for 
detailed accounts of the suggested pathogenesis. 

Wherever the fat comes from, embolism is most ofien 
seen afte injury to bone or faty tissue. In simplistic terms, 
where skeletal structures containing fatty marrow are dam- 
aged or where subcutaneous fat is compressed or lacerared, 
fa globules commonly appear in the pulmonary capillaries — 
and where they are numerous they somehow leak through 
the lungs into the systemic circulation where they can cause 
severe disability or death from impaction in vital organs, 
such as brain, kidney or myocardium. Not only far, but cel- 
lular haematopoietic tissue from bone marrow, can be liber- 
ated into the venous system and reach the lungs. 

‘The clinical manifestations of fat embolism depend on 
the volume of fat reaching the lungs, If substantial, vencila- 
tory problems can ensue because of vascular obstruction and 
pulmonary oedema. The most dramatic symptoms occus, 
however, with systemic fat embolism when globules reach 
the brain and cause a range of neurological abnormalities, 
usually coma and death from brainstem involvement. 

"There is usually a delay between trauma and cerebral fat 
embolism while fat builds up in the lungs, so chac a lucid 
interval’ occurs, which may be confused clinically with the 
development of an extradural or subdural haemorrhage. 
Sevire stated thar of patients with multiple bone fractures, 
no fewer than 45 per cent had pulmonary fat emboli and 
14 per cent had cerebral embolism. 

Fat embolism is also associated with burns, barotrauma, 
soft tissue injury, osteomyelitis, diabetes, surgical operations 


‘on fatty tissues (especially mastectomy), septicaemia, steroid 
therapy, acute pancreatitis and the fatty liver of alcoholism, 
though fractures remain the most potent cause of the condi- 
tion, In burns, there is some doubr whether pulmonary fat 
embolism isa true ante-mortem process, or whether fat can 
be melted out of issues and organs in the perimortal period. 
Mason's (1968) experience in rapid ait-crash fires was that 
far embolism was nor present, but Sevitr's hospital series 
revealed embolism in 47 per cent of deaths from burns. 


Pulmonary fat embolism 


Afier trauma, fat commonly appears in the lungs and can be 
demonstrated there histologically in the majority of cases oF 
fractures and injury to fatty parts of the body such as the 
buttocks. Indeed, Lehman and Moore (1927) showed that 
half of a series of non-trauma deaths had histological evi- 
dence of fat in the lungs. Mason found fat in the lungs of 
20 per cent of his series of non-trauma deaths, but emphasized 
that quantitatively che amount was small in contrast to that 
found in cases of fatal trauma, He used a simple scale for 
assesing the histological severity of embolism as seen in 
Oil Red-O frozen sections of lung: 


Si Grade 0: 
Grade 1 
Grade 2: 
Grade 3: 
SB Grade 4: 


no emboli seen 
emboli found after some searching, 
emboli eas 
emboli present in large numbers 

emboli present in potentially fatal numbers 


In systemic fat embolism, no such grading is possible; 
they are either absent or scanty, or they are abundant. 

In most instances, pulmonary fat embolism is merely a 
phenomenon and nota clinical syndrome and the difference 
erween the ewo seems closely related to the amount of 
far impacted in the lung vessels. When clinically manifest it 
appears as acute respiratory insufficiency, the incidence being 
up to 2 per cent in long bone fractures and as much as 10 per 
cent in multiple fractures, especially with pelvic injuries, In 
small to moderate amounts, fat in the lungs gives rise to no 
disability, bur large amounts, easily seen by a cursory glance 
at any field of a fat-stained histological section, give rise t0 
acute respiratory distress. Marked pulmonary oedema is the 
pathological marker for this syndrome, but caution must 
be employed, as cerebral fat embolism can also cause pul- 
‘monary oedema by its effect upon the brain. 


Systemic fat embolism 


Here the fat penetrates the lung capillaries and appears in the 
major circulation, so thac it can be carried to any organ or 
structure, including the skin, where it can cause petechial-like 
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Ficune 13.2 Pulmonary fat embolism (Oil Red-O frozen section of 
Lungs original magnification X20) 


lesions. Systemic fat embolism is the fatal manifestation, 
except where pulmonary loading is so great that it causes 
respiratory distress. The brain, kidneys and myocardium are 
the most vulnerable target organs, the brainstem being the 
tone that is most likely to lead to death from impaction of 
far globules in it capillaries. 


Autopsy findings in far embolism 


When fat is released chrough the lungs into the systemic 
circulation, a number of target organs and tissues exhibit 
abnormalities demonstrable at autopsy, either by gross or 
histological examination, 

Pecechial haemorthages ae the typical lesion, caused by the 
impaction of far droplets in small venules. These may be seen 
in the skin of any part of the body; bur especially over the 
front of the chest and on the face and eyelids, Internally they 
can be widespread but are classically seen in the white matter 
of the brain, both cerebral and cerebellar hemispheres, as well 
as the brainstem, Microscopically, when frozen sections are 
stained by Oil Red-O or other fat stain, the cerebral petechiae 
will show a central fat globule or globules, and others will be 
visible without haemorthage. 

In the myocardium, fat may be seen in the interfibre 
capillaries and in the kidney glomeruli may be stuffed with 
stained fat. There can be fat in the retina and in the optic 
nerve, which, in survivors, can cause visual impairment. 

Fat embolism is markedly underdiagnosed, both clin- 
ically and at autopsy. The more often and the more thor- 
oughly it is sought, the more often ir is found. Mild to 
moderate degrees of pulmonary fat embolism, without 
systemic overspill, however, must not be given as a cause of 
death unless there are corroborative clinical features. 


FiGuRe 13.3 Pulmonary bone marrow embolism (van Gieson 


staining original magnification % 10) 


Bone marrow embolism 


Bone marrow embolism is almost wholly a pulmonary phe- 
nomenon, as only in quite exceptional circumstances can 
cellular material penetrate the lung capillaries. It is quite 
common in association with fractures of long bones or in 
multiple bone injuries, though again the frequency with 
which ic is seen is directly related to both awareness and the 
thoroughness of the search, Where marrow is found, the 
degree of fat embolism is usually substantial. The common 
concurrence of fat and cellular embolism is strong evidence 
of a marrow source for embolic fit, as pointed out by 
‘Mason, who found marrow cells in 81 per cent of his cases 
that had a grade 2 or more lung loading with fat, on a scale 
oF 0-4, According to both Sevite and Mason, the finding of 
both substantial fat and marrow emboli in the lungs is def 
inite evidence of ante-mortem infliction of any discovered 
‘trauma, For these elements to reach the lungs there must be 
a competent circulation, albeit for a short time after the 

With the possible exception of burns, any injury inflicted 
afier cessation of effective cardiac function cannot transmit 
fat or marrow to the pulmonary capillary bed. This is there- 
fore a useful forensic marker on some occasions, such as 
differentiating berween ante-mortem and post-mortem 
fractures ina body recovered from water. Systemic embolism 
is not seen in rapid deaths following trauma: there is an 
interval averaging 24 hours before lung percolation takes 
place, 


Foreign body embolism 


A number of other objects may be found as emboli during 
forensic autopsies and histology. The lung granulomata of 
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Disseminated intravascular coagulation 


FicUne 13.4 Small foreign body granuloma with giant cells and 
bineringent particles as sen in polarized light in the lung of a drug 
addict (HE, original magnification X20) 


tale, etc,, seen in the lungs of intravenous drug users, are 
emboli fiom contaminants introduced into the venous 
system by syringe and needle. Shorgun pellets and bullets 
‘may enter the circulation via tissue damage and embolize to 
various sites including coronary arteries. In fat and bone 
‘marrow embolism, even fragments of bone and cartilage have 
been found as emboli in the lungs. 
Amniotic fluid embolism is discussed elsewhere. 


ADULT RESPIRATORY DISTRESS 
SYNDROME 


Following severe lung injury, such as gross impact upon the 
thorax or blast injury from explosion, or from aspiration of 
‘gastric contents, infections, coxins, systemic shock, irritant 
gases, near-drowning and many other causes, the lung 
epithelium may suffer “diffuse alveolar damage’. Clinically 
the victim may suffer marked dyspnoea and progressive 
respiratory failure, becoming hypoxaemic, Pathologically 
the lungs show a stiff oedema that progresses toa rigid, infil- 
trated lung if survival is long enough. At autopsy the lungs 
are hard and retain their shape after removal, having a ‘ 
oedema’ appearance, being almost double in weight in some 

Histologically the initial changes are shedding of type 1 
pneumocytes with intra-alveolar exudates, the formation 
of hyaline membrane and patchy alveolar haemorthage. This 
destructive phase is then replaced after a few days with a 
proliferative stage, when type II pneumocytes begin to fill 
the alveoli and a mononuclear response infiltrates the inter- 
stitial areas, ‘The alveolar proliferation organizes, if survival 
continues, and eventual pulmonary fibrosis may seriously 


incapacitate the half who survive. A typical progression is 
seen in paraquat poisoning, though here there are virtually 
tno long-term survivors. 

A condition that is similar to the appearances of adult 
respiratory distress syndrome is the so-called ‘respirator 
lung’, which develops when a patient dies after an apprecia- 
ble period of mechanical ventilation. It may appear within 
few days, but usually supervenes after many days or weeks 
fon a ventilator. The gross appearances are of a stiff, rigid 
lung, which, though heavy, does not usually appear obvi- 
‘ously oedematous. Microscopically, proteinaceous fluid and 
a mixture of proliferative cells may be seen in the alveoli. 


RENAL FAILURE FOLLOWING 
TRAUMA 


Known for many years, this is a common sequel to exten- 
sive muscle damage or to burns that affect considerable 
areas of skin, as well as from certain poisons. It was for- 
erly ascribed most often to ‘acute tubular necrosis, but 
recent experimental work has thrown some doubt upon 
this as an accurate clinicopathological entity. When muscle 
is crushed, severely torn or otherwise rendered ischaemic, 
where extensive burns are suffered, or where poisons, such 
as mercuric salts or carbon tetrachloride are given, destruc- 
tion of the renal tubular epithelium may be seen. 

Unfortunately for histological diagnosis, a similar change 
‘occurs during post-mortem autolysis. In burns and muscle 
damage, the tubules may also be blocked with brown casts 
‘of myoglobin and these two changes of distal tubular necro- 
sis and casts were thought to cause the profound oligusia 
‘or anutia often associated with trauma and burns, In biopsy 
as opposed to autopsy material, however, the tubular damage 
has been found to be minimal and the casts may be a sequel 
to reduced filtration rather than co tubular damage, so the 
validity of ‘acute tubular necrosis’ as an explanation of renal 
failure following trauma has been questioned. The true 
mechanism is still obscure, but may well involve the justa- 
‘glomerular apparatus and the renin-angiotensin system, as 
‘well as disseminated intravascular coagulation effects on the 
glomeruli. 


DISSEMINATED INTRAVASCULAR 
COAGULATION 


‘The importance and frequency of this condition has been 
increasingly recognized in recent years, as it may follow 
whole range of traumatic, infective and other acute events, 
Widely known as ‘DIC’, it has a number of other names 
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indicating that itis a consumption coagulopathy associated 
with the blood clotting mechanism, 

In DIC there is an abnormal activation of the coagula- 
tion process within the blood vessels caused by a wide var- 
iety of factors related to the blood itself, che vessel walls and 
to blood flow. Damaged tissue from trauma and burns can 
trigger thromboplastin-initiated coagulation: entey of tis- 
sue cell elements, especially from erythrocytes, brain and 
placenta are particularly porent, Particulate matter such as 
micro-organisms or microemboli of all types (including far 
and air emboli, especially chose from decompression) can 
precipitate coagulation via factor XIL, Vascular endothelial 
damage and stasis of blood flow can have a similar effect. 

Whatever the causes ~ and they are extremely complex — 
fibrinogen is consumed and fibrin precipitated in vessels, 
leading to both vascular obstructive effects and to a haem- 
orthagic diathesis from depletion of the coagulation sys- 
tem, Platelets are also consumed, adhering to che fibrin 
thrombi. Fibrinolysis is activated and there is a dynamic 
contest between intravascular coagulation and its removal 

‘fier death there can be post-mortem fibrinolysis (Mole 
1948), which lessens the ease with which fibrin deposits 
can be detected: staining techniques are also an imperfect 
method of visualizing the fibrin, so that a careful search 
must be made in autopsy histology for fibrin remnants. 
Lungs, kidney, liver and adrenals are the most likely organs 
to yield positive results. 

Microvascular obstruction, leading sometimes to frank 
infarction as well as reduced function, together with bleed- 
ing, form the major dangers of DIC in a forensic context, 


AIR EMBOLISM 


Most examples of air embolism have a medico-legal signifi 
cance as the entry of air into the circulation usually comes 
about as a result of trauma, sometimes surgical or thera- 
peutic, from barotrauma or from criminal intervention, 

Air embolism consists of an interruption of the circula- 
tory system by bubbles of air (ar other gas) that gain access 
to the circulation, usually through the venous side. It is an 
‘airlock’, familiar to plumbers and owners of diesel engines, 
where the normal flow of liquid through tubes is wholly or 
partially blocked by air. 

In the animal body the major disability isin the heart, as 
air is compressible and the contractions of the heart ful 
to move on the bolus of gas, being designed to pump an 
incompressible liquid. The air must enter on the venous side 
to be sucked towards the heart, causing pulmonary air 
embolism. The air usually remains in the right side of the 
heart, pulmonary trunk and arteries, and in the pulmonary 
vessels, rarely emerging on the pulmonary vein side, Death 


is usually immediate, bur can be delayed by up co about 
Dhours. 

In the surgical context, aspiration of air into neck veins 
may occur while operating on the head or neck (especially 
thyroid and neurosurgical operations) with the patient in a 
sitting position, When the atria are below any breach in a 
vein, there is a suction effect that can draw in air; this can 
also happen in suicidal or homicidal cut chroat. Refilling 
of a therapeutic pneumothorax has also led co fatal air 
embolism, either because the lung is punctured or an adhe- 
sion has torn the visceral pleura. In either case air under 
pressure may enter an exposed vein. 

Some accidents have arisen during transfusion or infu- 
sion, and may form the basis for a medical negligence 
action. Now that flexible, collapsible fluid or blood con- 
tainers are widely used the danger is less, bur where rigid 
bottles are still used, the need for a vent tube may allow air 
to enter the connecting tubing when a bottle is allowed to 
empry completely. This in itself is innocuous, but ifa fresh 
bottle is then connected, the new flow will drive all the air 
in the tubing into the vein. 

Even more dangerous is the practice of connecting pres- 
surized air or oxygen to the vent in order to hasten the 
transfusion speed: if the borde is allowed to empty, gas 
under pressure enters the vein. 

Arterial air embolism is rare, but can occur in lacerations 
of the lungs, refilling of an artificial pneumothorax or in 
some forms of barotrauma where the lung is ruptured in 
a diver who ascends too rapidly from a great depth. The 
“bends are also a type of gas embolism, in which dissolved 
nitrogen appears in gaseous form in the blood. ‘This is 
caused by a sudden release of pressure on the return of 
diver to atmospheric conditions after being supplied with 
air at high pressure. Death can be the result of air locks in 
the cerebral vessels or of ventricular fibrillation from coro- 
nary air embolism (Moore and Braselton 1940). 

Criminal abortion accounted for many deaths feom air 
‘embolism in former years (and still does in some parts of the 
world), from the insufflation of the uterus by a Higginson 
syringe (Chapter 19). ‘Though therapeutic abortion by 
suction aspiration of the uterine contents is an extremely 
safe procedure, several somewhat inexplicable deaths have 
‘occurred from ait embolism. The mechanism is obscure but 
may have been caused by muscular rebound of the uterus 
sucking air into che cervix. Some homicides, including 
‘mercy killings’ committed by doctors, have been caused by 
deliberate injection of air into peripheral veins. The volume 
fair needed to cause fatal embolism has been hotly debated 
for years, but no real consensus has emerged, estimates 
varying from 10 to 480ml (Polson 1963). If the volume 
Of the right side of the heart is accepted as the minimum 
space that has co be filled, about 100 ml would appear to be 
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a reasonable volume. In the rare event of air gaining access 
to the arterial system, presumably much less would be 
required to be effective; it would have to be introduced into 
a carotid artery to be of much danger, as this is the only way 
i could gain access to the cerebral circulation. ‘To reach the 
coronary vessels ~ always mentioned in books, but virtually 
never seen ~ the blood would have co enter the pulmonary 
veins to reach the root of the aorta via the left side of the 
heart. Virtually all of the few cases of arterial air embolism 
have arisen in relation to dysbarism, where bubbles have 
either been generated within the vessels by decompression, 
or have entered the arterial system in the lungs from tears in 
the lung tissue. 

Certainly air injected into a limb artery would do no 
hharm at all, especially as most of the gas is likely to be 
absorbed very rapidly by the tissues. ‘Thus the ingenious 
plot in Dorothy L Sayer’s novel, Unnatural Death, where 
‘a hypodermic of air was injected into an artery’ would have 
failed on two counts: site and volume! 


The autopsy in suspected 
air embolism 


When the circumstances indicate the possibility of fatal 
air embolism, special precautions must be taken over the 
autopsy. A pre-autopsy chest radiograph must be taken, as 
this is by far che best way of demonstrating air in sufficient 
quantities to be Fatal. A chest radiograph is also essential in 
any kind of barotrauma as it may also indicate a pneumo- 
thorax, a lesion so ofien the cause of air embolism. 

Almost the only mechanism of death is ‘pump failure’ 
of the right side of the heart. Air fills che great veins, right 
atrium and right ventricle, causing a froth that cannot be 
pumped on by the heart in systole because air is compres- 
sible. It is unlikely thar air will penetrate the pulmonary 
capillaries in any quantity, unless some vascular shunts are 
present, so froth is unlikely to be seen in the let side of the 
heart, except in dysbarism. 

Following radiography ~ in place of it, as second-best ~ 
the body must be carefully inspected for any tissue swelling, 
especially in the upper thorax and neck region, where crepi- 
rant gas bubbles may form surgical emphysema from leakage 
from lung damage or pneumothorax, or both, in dysbarism. 

‘The head should be dissected first, nor to detect air 
bubbles in the cortical veins, as almost every textbook 
erroneously states, but 10 look for air in the cerebral arter- 
ies, Descriptions and photographs of air segments in the 
cerebral veins are part of the mythology of forensic pathol- 
ogy, handed on uncritically from one book and one author 
to another There is no way in which air bubbles can reach 
the pial veins on the brain surface, They cannot get there 


via the venous system, as there is no way in which they 
could struggle against the flow in the jugular veins, pass 
through the complex arrangement of intracranial venous 
sinuses retrograde to the circulation and dispose themselves 
over the cortical surface, Neither can they reach the same 
veins by penetrating the capillary bed of the brain, in the 
rare instances of arterial air embolism. As was demon- 
strated almost 30 years ago, these bubbles are artefacts and 
can be seen in many routine autopsies where there can be 
no question of air embolism. 

‘The basal arteries should be inspected for air, however, 
which can reach them during episodes of dysbarism where 
air gains access to the arterial system in the lungs during 
decompression. ‘The calvarium is removed gently and the 
dura opened, ‘The brain is carefully lifted and small artery 
forceps clamped on the intracranial part of both internal 
carotid arteries and vertebral arteries. The vessels are then 


cut below these before the brain is removed from the skull 
in the usual manner. ‘The whole pluck can then be sub- 
merged in water and the ends of the vessels watched for 
escaping bubbles when the clamps are removed. 

“The thorax is opened in the fashion appropriate for the 
detection of a pneumothorax, with puncture of an incer- 
costal muscle beneath a pool of water supported by the 
reflected skin flap. This is done on each side, remembering 
thar a positive result can only be expected in a tension 
pneumothorax. 

‘The abdomen should next be examined, especially where 
air may have gained access through the uterus, The intes- 
tines should be gently displaced and the mesenteric veins 
examined for air bubbles. The inferior vena cava, the com- 
mon iliac veins and the various pelvic veins should be scru- 
tinized, and, if necessary, opened under water by pouring 
water into the opened abdominal cavity, 

"The sternum and costal cartilages are then removed care- 
fully, preferably keeping the manubrium and upper ribs 
intact at this stage to avoid damage to the great vessels in the 
thoracic inlet. The superior vena cava should be inspected 
for bubbles. The pericardium is opened and the right and 
left ventricles punctured under water 

Bajanowski et al. (1998, 1999) consider that an aspirom- 
eter has to be used for the detection, measurement and 
storage of gas originating from the heart ventricles. It 
should be filled completely with distilled water containing 
two drops of ‘iveen 80 to reduce the surface tension of the 
water to prevent adherence of small air bubbles to the wall 
of the aspirometer. Subsequently the gas should be analysed 
by gas chromatography and the results assessed according 
to the criteria defined by Pierucci and Gherson (1968, 
1969) before che diagnosis ‘air embolism’ is justified, 

If air embolism substantial enough to have caused death 
is present, frothy blood will be quite evident oozing from 
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FIGURE 13.5 An aspirometer should be wied to recover air from the 


heart ventricles for subsequens analysis by gas chromatography 


FIGURE 13.6 Leucocyte and platelet accumulation around an 


empty space ‘sir bubble in blood, considered by some authors as 
evidence of venous air embolism, (Reproduced by kind permission 
of Profesor E Lignitz.) 


the ventricular lumen, almost invariably the right. If this 
is apparent, however, it will almost certainly already have 
been seen on the pre-autopsy radiograph. 

If there has been a considerable delay between death and 
autopsy, the air can dissipate, presumably dissolving into 
the tissues. Any degree of decomposition of the body negates 
a diagnosis of air embolism, because of the production of 
gases of putrefaction, 


SUBENDOCARDIAL 
HAEMORRHAGE 


A scriking feature of many forensic autopsies, especially on 
victims of severe trauma, is the presence of well-marked 


haemorthage under che endocardium of the left ventricle, 
“This is often so striking as to provide an indication of some 
catastrophic event shortly before death, 

Though the haemorrhages have been described since the 
last century, they were specifically studied in the 1930s 
by Sheehan in cases of abortion and acute haemorrhage 
associated with pregnancy; they were formerly known as 
Shechan’s haemorthages. 

“The lesions ae seen in the left ventricle, on the interven- 
tricular septum, and on the opposing papillary muscles and 
adjacent columnae carneae of the free wall of the ventricle, 
The haemorthages are flame-shaped and confluent, not 
petechial, and tend to occur in one continuous sheet rather 
than patches. The bleeding is in a thin subendocardial layer, 
bur when severe may actually raise the endocardium into a 
flat blister that can be palpable on the smooth septum. The 
mechanism of production is obscure, bur they are com- 
monly seen in the following circumstances: 


1 Afier sudden, profound hypotension, either from severe 
blood loss or from ‘shock’ in the widest sense 

i Afier intracranial damage, from head injuries, cerebral 
‘oedema, surgical craniotomy or large intracranial 
tumours. Sudden intracranial decompression also seems 
to be associated with subendocardial bleeding. 

1 Obstetric catastrophes seem particularly prone to 
produce these haemorrhages, as found by Sheehan. 
Death from ante-partum or post-partum haemorrhage, 
ruptured ectopic gestation, abortions of various types 
and ruptured ucerus often reveal these lesions. 

Various forms of poisoning, especially acute heavy- 
‘metal toxicity, particularly arsenic, The most profound 
subendocardial haemorrhages ever seen by the author 
(BK) were in a massive suicidal poisoning wich 
arsenious oxide: the endocardium was raised into a 
large blood blister on the interventricular septum. 


“The haemorrhages can appear extremely rapidly, within 
a few heart beats. The author (BK) has seen well-marked 
lesions in a heart that was avulsed from its base during the 
crash of a military aircraft, obviously causing virtually instant- 
aneous death. The common factor seems to be sudden 
hypotension and i has been suggested thar, ifthe intraven- 
tricular pressure drops precipitously, the existing blood pres- 
sure in the coronary system is then unsupported across the 
endocardium by an equal pressure within the ventricular 
lumen, so that rupture ofthe superficial vessels occurs. There 
are flaws in this theory, one being the common incidence in 
intracranial lesions. Experimental work in goats has shown 
that prior vagotomy prevents the occurrence of subendocar- 
dial haemorshages, suggesting thar the phenomenon is 
mediated by the autonomic nervous system, ‘To support 
this hypothesis, chey are known to be part of Virchows triad 
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of ‘pulmonary oedema, gastric erosions and subendocardial 
haemorrhage’ seen in head injuries and cases of raised intra- 
cranial pressure. 


SUDDEN DEATH FROM 
SUPRARENAL HAEMORRHAGE 


‘Though not common, haemorthage into the adrenal 
glands is a well-recognized terminal event, usually after 
some trauma to the body not related to direct injury to the 
suprarenal vessels themselves. 

Originally these haemorrhages were thought to be con- 
fined to meningococcal septicaemia in children, the lesion 
being called the ‘Waterhouse-Friderichsen syndrome’ Iris 
now recognized that adrenal haemorthage is part of a gen- 
eral response to stress, of which meningococcal infection is 
only one of a wide range. 

In a recent 5-year period, the author (BK) found 16 
cases of ‘adrenal apoplexy’ (to give it its old name) in the 
autopsy records of a forensic pathology service that per- 
formed 4890 autopsies in that period, giving an incidence 
of about 0.3 per cent. 

(Of these 16 cases, more than half (9) were bilateral. There 
were more male than female subjects, probably because of 
the greater amount of trauma in men. Three were infants, 
all with meningococcal infections. 

None of the adule cases was diagnosed or even suspected 
clinically. Most were traffic accidents, the remainder being 
post-operative, other trauma or poisoning, together with 
several cases of hypertension and che 
‘most frequent common denominator was trauma, whether 
thar trauma was direct injury or surgical trauma. The sud- 
den collapse and rapid death usually occurred a few days 
after the trauma, varying from 2 to 21 days. 

‘Ar autopsy one or both of the adrenal glands are found 
to be swollen, sometimes to the size of a large walnut 
(3-5em) the cortex being rightly stretched around a large 
haematoma occupying the medulla. The haemorrhage is 
usually dark red and fairly fresh, though occasionally an 
area of brown bleeding indicates a previous episode. 

"The late Professor Hugh Johnson, of St Thomas’ Hospital, 
London, collected between 150 and 200 autopsy cases of 
suprarenal haemorthage (unpublished) and considered that 
they fell into six main groups: 


jc renal failure. The 


© Trauma of all types. Johnson was of the opinion that 
the predominance of right-sided gland haemorthages 
was a result of the frequency of right-sided impacts on 
pedestrians in Britain because of the side of traffic flow 

1 Perinatal, newborn or stillborn infants, especially when 
they were breech births or had feral anoxia 


Bi Infancy and childhood, especially meningococcal and 
disseminated intravascular coagulation, 

(S Infective and post-operative septicaemia, often with 
Gram-negative organisms. Sometimes there was direct, 
susgical trauma to the gland, as in gastric surgery. 

| Tumour: haemorthage into a secondary deposit or 
invasion of adrenal vasculature. 

1 Thrombosis of central vein with adrenal infarction, 
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"Though traditionally every textbook of forensic medicine 
hhas a chaprer entitled ‘Asphyaia’, i isa partial misnomer, as 
‘many of the conditions described under this heading are 
not truly asphysial in nature, Iris dificult to find a succinct 
alternative, however, unless each subcondition is described 
individually ~ and some deaths have a mixed aetiology. The 
conventional ttle is therefore retained in this book, though 
i is emphasized chat ‘asphyxia is both inappropriate and 
inaccurate when applied to many of the mechanisms of 
death formerly ascribed to this cause. 


THE NATURE OF ‘ASPHYXIA’ 


Common usage has led to the term ‘asphyxia’ being 
equated with ‘lack of oxygen’, though etymologically the 
word means ‘absence of pulsation’. Interestingly — if 
forcuirously ~ this original sense is sometimes more accu- 
rate in certain deaths associated with pressure on the neck, 
where cardiac arrest — certainly a prime reason for absence 
of pulsation ~ is the fatal mechanism, rather than hypoxia. 

Reverting to the usual meaning of asphyxia, a whole series 
of disturbances can lead to lack of oxygen. ‘The basic purpose 
of respiration is to convey atmospheric oxygen to the periph- 
eral tissue cells. Anything thae interferes with oxygen transfer 
‘ean be called ‘asphyxia’, hough other terms such as “hypoxia 
fr ‘anoxia’ are more accurate, and should be preferred. The fol- 
lowing conditions may legitimately be considered to be defects 
in the chain of espiration and hence are examples of asphyxia: 


i Absence or reduction of oxygen tension in the external 
atmosphere, such as reduced baromettic pressure or 


352 


replacement of oxygen by an inert gas, such as nitrogen 
or carbon dioxide 

Obstruction of the external respiratory orifices, asin 
smothering or gagging. 

Ml Blockage of the internal respiratory passages, at either 
pharyngeal, laryngeal, tracheal or bronchial level. 

Restriction of the respiratory movements of the thorax, 
preventing the inspiration of air through patent 
respiratory passages, as in che so-called ‘traumatic 
asphyxia’ or in paralysis from brainstem or cord 
damage, or the use of curare-like drugs. 

[Disease of the lungs that prevents or reduces gaseous 
interchange. Extensive pneumonia, pulmonary 
oedema, adult respiratory distress syndrome, diffuse 
fibrosis and many other conditions may lead to 
hypoxia, bur these are rarely of forensic concern. 

lH Reduction in cardiac function leading to impairment of 
the circulation of oxygenated blood may be considered 
as a type of ‘asphyxia’, sometimes called ‘stagnant 
anoxia’. Again, the condition is rarely relevant to 
forensic problems. 

A reduced ability of the blood to transport axygen can 
also be thought to be asphyxial in nature, such as severe 
anaemias and the replacement of the oxygen-combining 
power of haemoglobin by carbon monoxide. 

1H Finally, an inability of the peripheral tissue cells to 
utilize the oxygen delivered to them by the bloodstream 
is seen in conditions such as cyanide poisoning, where 
the cytochrome-oxidase enzyme systems are inactivated. 


Several schemes of classification of asphyxia have been 
devised, such as those of McIntyre (1969) and Shapiro (1988), 
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Figure 8 


The classic signs of ‘asphyxia’ 


MECHANICAL ‘ASPHYXIA’ 


“The usual relevance of asphyxia in a Forensic context is in 
mechanical asphyxia, rather than some of the internal con- 
ditions mentioned above, which are more likely to arise as a 
result of natural disease o toxic conditions. 

"The normal oxygen content of blood varies according to 
the age and health of the subject. Young to middle-aged 
adults have almost complete saturation of their arterial 
blood with oxygen, ata level of 90-100 mmFlg (1213.53), 
whilst persons over 60 may drop to between 60 and 
85 mmblg (8-10kP3), These normal values in the younger 
group may be contrasted with those sufferers from mild 
hypoxia of about 60 mmHg (8 kPa), and those in severe to 
fatal hypoxia when oxygen tension falls to between 40 and 
20 mmHg (5-3 kPa). 

Unfortunately for pathologists, post-mortem analysis of 
‘oxygen levels in the blood is of no value in the retrospective 
diagnosis of hypoxia, as changes soon after death rapidly dis- 
tort the distribution of gases and make the results meaningless 


Definition of terms 


‘A number of different names have been used to describe 
the various types of mechanical ‘asphyxia’, some of which 
are confusing or inexact: 


Suffocation is a general term used to indicate death 
from deprivation of oxygen, either from lack of the gas 
in the breathable environment or from obstruction of 
the extemal air passages. 

1 Smothering is more speci 
blockage of the external air passages, usually by a hand 
or soft fabric. A variety of suffocation may be called 
gagging where fabric or adhesive tape occludes the 
‘mouth to prevent speaking or shouting. While the nasal 
passages remain patent, air can enter, but later blockage 
by mucus or oedema may lead to death 

Bl Choking refers co blockage of the upper airways by 
some foreign body, but is also used for manual 
strangulation. 

Bi Throttling refers co strangulation, usually by hand, the 
word rately being applied to ligature strangulation 

& Strangulation is the most specific term, indicating the 
use either of the hands or a ligature as a means of 
applying external pressure to the neck. Garrotting has 
been used for ligature strangulation, but more 
accurately refers only to a Spanish method of judicial 
execution. Other methods exist in various parts of the 
world, such as the Indian technique of pressing a 
flexible stick or “lathi’ across the front of the neck. 


that it indicates 


Mugging originally meant the application of pressure 
to the neck by means of an arm crooked around from 
the rear, but more recent American usage has widened 
the term to mean any kind of robbery with violence. 
More recently still the arm-lock has been used as 
‘means of restraint by law enforcement officers, 
sometimes with fatal results. 


‘Asan aside, in some deaths during arrest, usually where a 
violent struggle occurs berween several police officers and a 
drunken or drugged offender, the death of the latter occurs 
where no neck or chest pressure can be implicated. Though 
the mechanism is obscure and impossible to demonstrate 
objectively at autopsy, it has been provisionally ascribed 
to a catecholamine-induced cardiac arrhythmia from an 
exaggerated adrenal response. 

‘As most of these victims are given energetic cardiopul- 


‘monary resuscitation, any markers of this catecholamine 
effect, such as contraction-band necrosis in the myocardium, 
cannot be differentiated from resuscitative artefacts 


THE CLASSIC SIGNS OF ‘ASPHYXIA’ 


For many years the autopsy diagnosis of an asphyxial death 
was made by reference to a se of findings that have come to 
be known as the ‘classic signs of asphyxia. Unfortunately, itis 
now quite clear that most of these signs are so non-specific 
thar little reliance can be placed on them in the absence of 
other confirmatory evidence. They are scathingly referred to 
by Lester Adelson (1974) as the ‘obsolete diagnostic quintet. 

In many cases of undoubted fatal hypoxia these signs are 
absent and, conversely, chey are often present in some degree 
in conditions that can be shown to be non-hypoxic in origin. 
‘The major difficulty for the pathologist is thac ‘asphyxia’ can- 
not reliably be equated with ‘hypoxia’. There are no truly dis- 
tinctive autopsy signs of pure hypoxia and most of the alleged 
criteria are caused by factors other than a lack of oxygen. 

“To confuse the issue further, some apparently hypoxic 
states lead ro sudden or rapid death before chere is time for 
oxygen lick to take effect, such as often happens when a vic~ 
tim enters a space devoid of oxygen, has the trachea suddenly 
blocked by food or has a plastic hag pulled over the head. 

Each of the ‘classic Features’ must be looked at in depth. 


Petechial haemorrhages 


‘These are small pin-poine collections of blood lying in the 
skin, the sclera or conjunctivae and under thoracic serous 
‘membranes such as the pleura or pericardium. They vary in 
size from a tenth of a millimetre ro about two millimetres. If 
larger than this, they are more accurately called ‘ecchymoses. 


14: Suffocation and ‘asphyxia’ 


Petechiae are often known as “Tardieu’s spots’, but this 
eponym should be restricted to hose lying in the visceral 
pleura, where they were described by the Parisian Professor 
Ambroise Tardieu in 1866, in the bodies of infants who he 
claimed had been ‘overlain’. A further common error is to 
attribute the petechiae to the rupcure of capillaries, whereas 
they actually emanate fiom small venules ~ capillary bleeding 
would be invisible ro the naked eye, 

Petechiae are caused by an acute rise in venous pressure 
thar in curn causes overdistension and rupture of thin-walled 
petipheral venules, especially in lax tissues, such as the eyelid, 
and in unsupported serous membranes, such as the pleura 
and epicardium. It is traditionally claimed that hypoxia of 
the vein wall is an added factor, but there is no experimental 
proof of this conjecture, which seems unlikely considering 
the rapid formation of these lesions when venous pressures 
rise; for example, petechiae can appear almost instantly after 
violent sneezing or coughing before any hypoxia is possible. 

Petechiae are seen most often in the face and eyes of vic- 
tims of compression of the neck or fixation of the chest. In 
the former, where strangulation by either hand or ligature 
has occurred, occlusion of the jugular veins prevents venous 
drainage from the head, whilst almost always allowing the 
arterial supply to continue via the more deeply placed and 
much less compressible carotid and vertebral arteries. There 
is a rapid rise in venous pressure in the head, leading to 
engorgement of the veins. The consequences are swelling of 
the tissues, both from an increase in intravascular volume 
and from rapid transudation of fluid into the tissues, fol- 
lowed by showers of petechial haemorrhages in unsup- 
ported areas, such as the skin of che upper eyelids, the 
forehead, the skin behind the ears, the circumoral skin, and 


the conjunctivae and sclera of the eye. The same venous 


Ficume 14.1. Petechial haemorrhages inthe eye in manual 
_rangulation. There are also some petechiae on the facial skin 


‘engorgement ofien leads to frank bleeding from the nasal 
mucosa and the external auditory meatus. 

In the internal tissues and organs, petechiae are most 
‘often seen on serous membranes in the thorax, where the 
presence of a body cavity leads to lack of support for the 
superficial venules and hence predisposes to rupture when 
venous pressure rises. They are almost never seen in the 
peritoneal serosa and it has been postulated that, in the 
chest, attempts at breathing against a closed airway may lead 
toa sudden extreme decrease in intrapleural pressure causing 
petechiae in the same way as suction on the skin can cause a 
shower of pin-poine haemorthages. As described by Tardieu, 
petechiae in the thorax are often seen on the visceral pleura, 
especially in the interlobar fissures and around the hilum, 

Petechiae are also common on the surface of the heart, 
especially on the epicardium around the atrioventricular 
‘groove, particularly on the posterior surface, though these 
have been shown to appear oF worsen as a post-mortem phe- 
nomenon. In infants and children, the thymus or thymic 
remnants may show numerous petechiae. It is claimed that 
in the sudden infane death syndrome these are confined co 
the cortex, whereas in other ‘asphyxial’ conditions they are 
scattered throughout the gland; this is doubtful. 

Pecechiae are rarely seen in the parietal pleura or the 
peritoneum except in haemorthagic diatheses. In the brain, 
petechiae occur in the white matter and there may be larger 
patches of bleeding in the subarachnoid space where super- 
ficial vessels have ruptured because of acute venous 
engorgement. The same mechanism often produces pro- 
fuse petechiae and ecchymoses under the scalp. In regard co 
the scalp, caution must be observed as numerous haemor- 
rhages can be caused as a common autopsy artefact during 
the reflection of the scalp flaps. 


Ficune 1. 


feral haemorrhages im manual strangulation, These 
are larger shan the usual perechiae, but the later are present inside 
the lower lid. 
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The classic signs of ‘asphyxia’ 


Petechiae may also disappear with lengthening post- 
mortem interval, Betz et al, (1994) have shown that in 
putrefiction and freshwater immersion, conjunctival 
petechiae may vanish. 


THE SIGNIFICANCE OF PETECHIAE 


A number of factors cause difficulty in the interpretation of 
petechial haemorthages. First, there is no doubt that both 
cutaneous and visceral petechiae, especially the latter, can 
both appear and enlarge as a post-mortem phenomenon, 
Gordon and Mansfield (1955) have shown that the pres- 
ence and number of petechiae is a function of the post- 
mortem interval, in common with other haemorrhagic 
artefacts such as those found behind the larynx by Prinsloo 
and Gordon (1951). 

Posture also has an effect on the appearance of haemor- 
shages. They are commonly seen, along with larger ecchy 
ses, on the front or back of corpses who have died from a 
variety of causes in which mechanical asphyxia is absent. 
They are ofien present in normal post-mortem hypostasis, 
especially where the mode of death was congestive as in 


Ficune 


4,3 Subpleural petechial haemorrhage the true “Tardieu 


spots'—in manual strangulation. These are no longer considered to 


bbe specific for ‘asphyxia and a fw peteciae ca freuensly be foun 


in many autopsies unasociated with asphyxia 


many types of natural heart disease, ‘Their appearance in 
the hypostatic areas is also time-related, the longer the post- 
‘mortem interval, the more likely ~ and more prominently ~ 
they are to occur. 

‘Where some abnormal posture is present ~ such as the 
deceased being slumped out of bed or otherwise found 
with the head lower than the body ~ marked congestion, 
cyanosis and petechial haemorthages are common. 

Occasionally the abnormal posture may have occurred 
uring life, such as in overdose victims, drunks and senile 
persons, who have fallen into a position with the upper part 
of the body lowermost. This may embarrass respiration and 
contribute to death and the ante-mortem component may 
be difficult or impossible to distinguish from post-mortem 
accentuation of the congestive-petechial appearances. 

Another problem in the autopsy interpretation of 
petechiae is thar nor all punctate lesions in the pleura are 
petechiae. Zaini and Knight (1982) showed that many 
such apparent petechiae were either intravascular venous 
pools, subpleural microbullae or pigment foci 

In summary, petechial haemorshages are highly unreli- 
able indicators of an asphyxial process, raking this to mean 
a hypoxic state. They are the result of venous engorgement, 
usually from mechanical obstruction of venous return to 
the heart — or in the thorax, from attempts to inspire 
against a blocked airway. Petechiae and ecchymoses are 
common non-specific autopsy findings and many are post- 
mortem in origin, especially in dependent positions. They 


FiGUnE 14.4 Dene confluent skin haemorrhage in the fice ofan 
ol lady who bad slipped from ber bed and was found wit her 
Jnead on the flor and her legs on the bed. The signs of thi postural 


asphycia’ may well have been accentuated by post-mortem worsening 
of the bypostatic haemorrhages. 
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14: Suffocation and ‘asphyxia’ 


may occur in many non-asphyxial stares and, in the lungs, 
some petechiae can be found in the interlobar fissures and 
around the hilum in most routine autopsies. 

‘Conversely, in some types of death where oxygen depriv- 
ation is to be expected (such as drowning, plastic-bag suf- 
focation and entering an atmosphere devoid of oxygen), 
petechiae are seldom demonstrable, 

“The most significance must be placed on facial and ocu- 
lar petechiae, because showers of pin-paint haemorthages 
in che eyelids, conjunctivae, sclera and facial skin require 
urgent explanation unless the body was face down or head 
down. 


Congestion and oedema 


“The next ‘classic’ sign of asphyxia is congestion. This is 
even more non-specific than petechiae and once again 
is the result of obstructed venous return. When the neck is 
compressed, the face, lips and tongue become swollen and 
reddened. The true colour change of congestion is usually 
darkened by the onset of cyanosis. Internal organs also 
become congested and in strangulation this is most notable 
in the tongue, pharynx and larynx above the level of venous 
obstruction. In pressure on the chest, failure of respiratory 
movements cause an intense rise in venous pressut 

panied by cyanosis, 

Congestion is often associated with tissue swelling if the 
venous obstruction continues. The oedema is the result of 
rapid transudation through capillary and venule walls, 
again mainly a function of back pressure in the venous sys- 
tem, Hypoxia of the vascular endothelium is alleged to 
allow increased permeability, but generalized hypoxia from 
other causes does not produce the tissue swelling seen in 
strangulation 
issue fluid also escapes rapidly into the brain in strangu- 
lation thar continues for even a few minutes, though here 
the well-known effect of hypoxia might be an added factor. 
Pulmonary oedema, causing excess fluid to enter the alveoli, 
is often found in hypoxic deaths. Here the mechanism is 
more obscure, but is probably a combination of hypoxia 
and raised pulmonary vessel pressure. In strangulation, froth 
‘may sometimes be s0 profuse as to emerge from the mouth 
and nostrils ~ yet in other throttlings, it may be absent. 
Pulmonary oedema is such a common and non-specific 
phenomenon in a whole range of fatal conditions that it has 
litle diagnostic significance. 


Cyanosis 


‘The colour of blood depends upon the absolute quantity of 
oxyhaemoglobin and reduced haemoglobin present in the 


erythrocytes, ‘The normal pink colour of well-oxygenated 
skin may change to purple or blue when oxygen is lacking ~ 
indeed, the word ‘cyanosis is derived from the Greek, mean- 
ing ‘dark blue’. Cutaneous cyanosis, however, depends on 
the absolute amount of reduced haemoglobin, rather than 
the proportion of reduced haemoglobin to oxyhaemoglo- 
bin, Ieis not apparent in marked anaemia, even if the ratio 
of oxyhaemoglobin to reduced haemoglobin is low. There 
‘must be at least 5g of reduced haemoglobin per 100 ml 
blood before cyanosis becomes evident, irrespective of the 
total amount of haemoglobin, 

In the common forensic event of constriction of the 
neck, cyanosis almost invariably follows congestion of the 
face, as venous blood containing much reduced haemoglo- 
bin after perfusing the head and neck is dammed back and 
becomes more blue as the blood accumulates. Ifand when 
the airway becomes blocked, then impaired oxygenation in 
the lungs leads to a diminution in the oxygen content of 
arterial blood. This will lead to a darkening of all organs 
and tissues, and will accentuate the cyanosis of the face. This 
does nor happen in the first phases of strangulation, how- 
ever, and depends on complete or substantial occlusion of 
the airway, or restriction of the respiratory excursions of the 
chest 

Cyanosis produced during life may be partly or wholly 
overshadowed by hypostasis, which may be a deep purple or 
blue, and may be mistaken for true cyanosis ~ indeed, some 
pathologists refuse co use ‘cyanosis’ in respect of the dead, 
claiming that it cannot reflect the ante-mortem situation, 


‘Engorgement of the right heart 
ded Huliey of the blood 


Descriptions of an abnormal fluidity of the blood seen at 
autopsy in asphyxial deaths are part of forensic mythology 
and can be dismissed with little discussion. Post-mortem 
clotting in the heart and venous system is a most erratic 
process, as is the eventual dissolution of those clots by the 
action of fibrinolytic enzymes (Mole 1948). Ic is irrelevant 
in the diagnosis of asphyxia. 

Engorgement of the chambers of the right side of heart 
and the great veins is also a non-specific autopsy observa- 
tion, useless as a marker of an asphyxial process. Any type 
of congestive death, including primary heart failure from 
many diseases, leads co terminal engorgement of the right 
ventricle and atrium as part ofthe generalized rise in venous 
and intracardiac pressure. 


The autopsy diagnosis of ‘asphyxia’ 


"Thus there are no specific autopsy findings for ‘asphyxi 
taking this in its hypoxic sense. As stated earlier, the 
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Suffocation 


so-called ‘classi 


’igns’ have been well described by Adelson 
(1974) as the ‘obsolete diagnostic quintet’. He goes on to 
observe that ‘the co-existence of these findings, in them- 
selves, does not prove that death resulted from mechanical 
asphyxia, All these phenomena are non-specific and are in 
no way peculiar to this mode of death, Inasmuch as they 
are observed frequently in deaths arising from unques- 
tioned natural disease, they are of no value in proving that 
death resulted from mechanical asphyxia. 

‘Other salutary cautions on the significance of ‘asphyxial 
signs’ may be found in the important publications of 
Gordon and Turner (1951), Camps and Hunt (1959), 
Shapiro (1953) and Swann and Brucer (1949), 

It is impossible co make a post-mortem diagnosis of 
acute hypoxia by measuring the blood gases, as rapid 
changes after death — and indeed agonal changes ~ make 
analysis worthless, Only by a careful assessment of the his- 
tory and circumstances of the death, exclusion of other 
causes and a cautious evaluation of the signs described above 
can any conclusion be reached. Most important of all isthe 
finding of a cause for airway obstruction or other local 
trauma, such as prolonged pressure on the neck or chest, 
obstruction of the airways, postural causes or occlusion of 
the external respiratory orifices 

Ircannot be emphasized too strongly that the mere find 
ing of any of the non-specific features, such as congestion 
and petechiae, without firm circumstantial or preferably 
physical evidence of mechanical obstruction of respiration, 
is quite insufficient to warrant a speculative diagnosis of 
asphyxia. If such collateral evidence is not forthcoming, 
then the cause of death must be left undetermined. 


Histological and biomechanical diagnosis 
of anoxia/‘asphyxia’ 


Many attempts have been made to find markers of hypoxia, 
anoxia and ‘asphyxia’ by means of laboratory techniques, 
including histology, histochemistry and various biochem- 
ical methods. Although many claims have been made for 
their usefulness, the fact that such tests are virtually never 
pur forward in criminal or civil litigation makes it self 
evident that they are not reliable. 

‘This is hardly surprising, given the vague and contentious 
nature of the ‘asphyxial’ condition, where the mechanisms 
are diverse and even the nomenclature is unstandardized. If 
the target for esearch is narrowed down to severe hypoxia at 
a tissue or cellular level, then perhaps more success might be 
expected, by being able to demonstrate cellular damage by 
tone or more of the great battery of techniques now avail- 
able. However, even this limited objective is nor yee attained 
with the degree of reliability requited for legal purposes. The 


extensive strangling, drowning and gassing of legions of 
small animals may have produced many theses and papers, 
bur has had no practical impact upon a long-standing prob- 
lem in forensic pathology. Cell death, especially in neurones 
‘or myocytes, due to ischaemic/hypoxic damage is the most 
common focus for research, but the problem in a forensic 
context is that a considerable period of hypoxia ~ usually a 
minimum of many minutes or even hours ~ is needed 
before changes can be detected, even in experimental cir- 
‘cumstances. In human autopsy material, the ever-present 
post-mortem and agonal changes interfere with the subrle 
early signs of hypoxic damage. 

Histological changes in the lung and also chemical mark- 
ers in blood o vitreous, such as hypoxanthine, have been 
claimed to indicate generalized hypoxia, but the application 
‘of such techniques in routine practice has not been fruitful. 


SUFFOCATION 


Although not a specific term, suffocation usually refers to a 
death caused by reduction of the oxygen concentration in 
the respired atmosphere, formerly called a ‘vitiated atmos- 
phere’. Iris less often used to include smothering or chok- 
ing. Reduction of atmospheric oxygen may occur in a wide 
variety of situations. Decompression, such as cabin failure 
of aircraft at high altitudes, causes a dramatic fall in the 
partial pressure of oxygen and hence reduced penetration 
of the gas through the alveolar wall. Other factors, however, 
such as the direct effects of a partial vacuum and often 
mechanical trauma from the near-explosive situation may 
overshadow the hypoxic aspects 

‘More common is the reduction of oxygen in the atmas- 
phere by physical replacement by other gases, or chemical 
‘changes such as combustion. In fires, the loss of respirable 
air may be a potent factor in causing death, though other 
complications, such as the presence of toxic gases stich as 
carbon monoxide, cyanide and many other poisonous sub- 
stances liberated by the burning of plastics, may cause death 
more quickly than pute hypoxia. Carbon dioxide, which 
though not itself poisonous, is respirable and may accu- 
rmulate in fires, and in wells and shafis in limestone, In 
former years, vagrants seeping for warmth near limekilns were 
sometimes suffocated by this heavy gas creeping over them. 

Carbon dioxide is also the cause of deaths in a more 
modern agricultural setting ~ the grain silo, Here, many 
tons of grain are stored in gas-tight towers; the seed pro- 
duces carbon dioxide that settles to the bottom of the 
tower. When a blockage occurs in the gravity discharge, 
farm workers may enter the tower to clear the obstruction, 
Although safety precautions demand venting before the 
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men enter, some workers still suffer a sudden death on 
encountering an atmosphere rich in carbon dioxide. 

A similar hazard exists in ships’ tanks or other industrial 
metal chambers, in which oxygen is replaced by nitrogen. 
This happens because the damp steel walls become rusty 
and use up much of the contained oxygen in forming ferric 
oxides. In all these deaths associated with replacement of 
oxygen with an inert gas, rapid death is common before 
hypoxia can have had any physiological effect. For example, 
the author (BK) has dealt with two deaths in which seafarers 
entered closed ships’ tanks and virtually fell dead off the 
entry ladder. ‘The presumed mechanism, which was far 100 
quick to be hypoxic, was considered to be some overstimu- 
lation of the chemoreceptor system, leading to a parasys 
pathetic ‘vasovagal’ cardiac arrest 

Even where death was not witnessed as sudden, the ‘clas 
sic signs’ of asphyxia are almost always absent. In domestic 
circumstances, death may be seen where a heating apparatus 
has removed oxygen from the atmosphere in the absence of 
ventilation, Though oxides of carbon are usually formed, a 
kerosene or natural gas appliance may kill from pure 
hypoxia, especially where left burning all night in a small 
room where the occupants lie sleeping. The effect may be 
accentuated by the victims having blocked up cracks in the 
doors and windows to keep our draughts. An open wood or 
coal fire does not present the same hazard, as it requires a 
flue oF chimney in order to burn, In all such deaths, carbon 
monoxide poisoning must frst be excluded by blood analy- 
sis, as itis a common accompaniment to lack of oxygen, 
especially as the reduction in oxygen availability tends to 
make the heat source produce progressively more monoxide 
than dioxide during combustion. 

In a different variety of hypoxic death, persons — especially 
children — may asphysiate by being confined in a small air 
tight space, Examples include boxes and discarded refriger- 
ators; the danger of the latter isso well known that in Britain 
it is illegal to dump a refrigerator in a place with public 
access, unless the self-locking handle is rendered inoperative. 

Inall such *hypoxic’ deaths (though some are patently due 
to vasovagal cardio-inhibitory mechanisms) itis very rare to 
find any petechial haemorrhages, as these are mainly the 
result of yenous obstruction, which is absent in these 
circumstances, In the true hypoxic deaths, there may be 
congestion and cyanosis, though even these are offen 
absent and the autopsy findings are essentially negative. 


SMOTHERING 


‘This term refers to death from mechanical occlusion of the 
mouth and nose, though sometimes ‘suffocation’ is used to 
include this class of death. The smothering agent is usually 


fabric, an impervious sheet or a hand, though occasionally 
(especially in industrial accidents) a mobile solid, such as 
sand, mud, grain or flour may be responsible for blocking 
the air passages. In the 1966 Aberfan disaster in South 
‘Wales, more than 140 victims ~ almost all children — were 
smothered when semi-liquid coal slurry from a collapsing 
imine tip swept over their school. 

In smothering, death may occur either by the occluding 
substance pressing dawn upon the facial orifices, or by the 
passive weight of the head pressing the nose and mouth 
into the occlusion. Deliberate homicide is seen usually in 
the old, che debilitated and in infants. It is extremely diffi 
cule to prove homicide from objective findings. 

In relation co infants, the matter will be further discussed 
in the chapter on sudden infant death syndrome, but it is 
essential to appreciate that the smothering of babies, whether 
intentional or accidental, is both rare and difficult to prove 
The so-called ‘classic signs’ of asphyxia, for what they are 
worth, are rarely present in proven suffocation ~ and as 
intrathoracic petechiae are common in undoubted ‘cor 
deaths’, these signs cannot therefore be accepted in isol- 
ation as evidence of suffocation. 

Pressure marks on the face can rarely be distinguished 
from post-mortem postural changes, where citcumoral and 
circumnasal pallor is caused merely by passive pressure of 
the dependent head afier death, preventing the geavita- 
tional hypostasis From entering these areas. 

Even where the head is found supine, variation in colour is 
still common on the face, with contrasting white and pink 
patches, which usually change as the post-mortem interval 
lengthens, Unless there are bruises or abrasion on the cheeks, 
around the mouth, lips or lesions within the lips or mouth, it 
is dangerous to overinterpret mere colour variations from 


FIGURE 14.5 Smothering from towel bring ted over the face. 
Death wis comeributed to by head injuries, ali inflicted by the aged 


Iushand, who died within afew hours of natural causes from 


Iypertenive heart dieace. 
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alterations in the amount of blood in the facial capillary bed, 
which is almost always a post-mortem phenomenon. 

Eyen a confession from the mother is not always reliable ~ 
cases are on record where a mother has falsely confessed to 
smothering her child co rationalize the inexplicable events 
of a true sudden infant death syndrome fatality. 

AA similar situation exists with the elderly, who may be 
victims of a ‘mercy killing’, often a euphemism for the 
exhaustion of patience of long-suffering caring relatives. A 
pillow placed over the face ofa sleeping octogenarian leaves 
no signs, unless a struggle develops, when protracted 
attempts at respiration against obstruction may lead to 
congestion, cyanosis and sometimes facial and conjunctival 
petechiae. 


‘Overlaying’ of infants 


This alleged condition has an ancient pedigree, being 
mentioned in the Old Testament, In Chapter IIL of the First 
Book of Kings, Solomon has co adjudicate between two 
women who both claim the same child, as the other infant 
was ‘overlain’. This event, some 3000 years ago, has been 
mentioned at intervals through history, as in Wales in AD 
1188, when Giraldus Cambrensis records that the Lord 
punished a woman for preventing her husband joining the 
“Third Crusade, by causing her infant son ‘to be overlain in 
the night’ 

When an infant was found dead in the morning in the 
maternal bed (as separate cots or cribs are a relatively mod- 
ern invention), 
over onto the baby in her sleep and suffocated it. When 
infants began to be placed in cots, the deaths continued 
‘unabated and it seems obvious that most of these were vic~ 
tims of the sudden infant death syndrome (SIDS). Whether 
or not overlaying really exists is doubtful and seems incap- 
able of proof, given that any infant found dead in bed with 
‘no physical signs at autopsy could, by definition, be a SIDS. 

The recent marked decline in numbers of SIDS in 
Britain has coincided with a campaign to discourage mothers 
from putting their infants to sleep face down ~ but, as yet, 
no definite cause-and-effect relationship has been proved, 
so any consequent strengthening of the ‘overlaying’ hypoth- 
esis cannot be substantiated 


was assumed that the mother had turned 


Plastic bag suffocation 


Although an increasingly common form of suicide in 
Britain, plastic bag suffocation may also be homicidal or 
accidental, In all these types, the essential mechanism is 
that a hood of impervious substance, usually polythene or 
other plastic, is placed over the head down to neck level. 


The plastic is usually in the form of an open-ended bag, 
either transparent or a ‘supermarket’ shopping bag. 

Although many suicides tie the open end of the bag 
around their neck with cord or a tie, this is not necessary 
for a fatal result. Indeed, even flat sheets of polythene have 
killed infants when placed on the face, ‘The mechanism is 
nor understood, asic was formerly but erroneously thought 
to be the result of the clinging effect of static electricity. 

Plastic hag suffocation can be rapid and leave no signs 
whatsoever, In the author's (BK) series of accidental, sui- 
cidal and three homicidal deaths from plastic bags, not one 
had any petechial haemorrhages or, indeed, any signs of 
‘asphyxia’ ar all, the faces being pale and uncongested. In 
another case, a person was convicted of murder by plastic 
bag, yet was only arrested after a spontaneous confession 
Gyweeks after an autopsy that had revealed no signs whatsoever 
of an asphysial cause of death. As with hypoxic atmospheres, 
it seems thar the mechanism of death in plastic-bag facial 
occlusion is some rapid cardio-inhibitory mode, rather 
than a purely hypoxic process. This conclusion is strengeh- 
ened by the causes mentioned above, where flat sheets of 
plastic, not bags, have killed infants by clinging to the face, 
which of necessity must have been rapid deaths. 

Ar autopsy, unless the bag is still present, these cases can 
present great difficulty. In fact, as in the homicide men- 
tioned above, unless a confession or other corroborative evi- 
dence is forthcoming, the pathologist may never even know 
that he has dealt with an occule suffocation, Where the bag 


FICUnE 14.6 Plame bag suicide, The bag ic sometimes ted around 


‘the neck, asin this eae, but this is wat necessary for a fatal outcome, 
The deaths are not asphysial inthe bypaxie sense: facial congestion 
and petechiae are almost always abrent. 
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Ficune 14.7 Plastic bag suicide, with 
an open bag placed lovely over the 


Ioead. As usual there are no congestive 


petechial signs in the face. 


is sil in place, a search must be made for other indications Smothering may occur accidentally where a person who 
of suicide, such as drug analysis and futile injuries, such as is incapacitated from one of a variety of causes lies face 
slashed wrists, Masochistic activites, described later in this down on a surface that is impervious to air. Drunkenness, 
chapter, are sometimes, though not often, associated with epilepsy, drug overdose, coma or stupor from natural dis- 
plastic bag suffocation. cease, may lead ro this. Though it has long been proved in 
It is sometimes said chat moisture seen inside the bag connection with ‘cor death’ that woven fabrics of most 
indicates that it was put on during life, the water being types can still admit enough air to support quiet respiration 
from respiration. Ie is rare for this to be an important issue, when placed over the mouth and nose, fabric that becomes 
as placing a bag on a corpses head would seem excessively saturated with saliva, nasal mucus or vomit may form an 
unusual; in any event, the test is invalid, as evaporation impervious seal that ceases to allow the passage of ait. The 
from the skin, nose and mouth can produce beads of mois- weight of the inert head also distorts the nose and presses 
ture inside, whether the victim is dead or alive. the nostrils and mouth so hard against a martress or pillow 
that this adds to the airway stenosis. 

In these instances, congestion and cyanosis are common, 

Autopsy signs of suffocation but when the body is examined afier death, some of these 
findings may be postural and hypostatic in nature. As 
always, however, it must be recognized that skin haemor- 
thages often appear post-mortem in dependent hypostasis 


Where smothering is suspected, local signs must be sought 
to ty to substantiate pressure on the face. Such signs 
include bruising around the mouth, chin and nose, though 
these are rarely seen except in the more violent incidents. 
Pressure of the lips on the teeth or dentures may cause the 
buccal surfaces to be bruised or abraded, though lacera- 
tions are rare unless a blow has been administered. It must Smothering may also occur where a pad or gag is Fixed over 
be remembered that as small infants and many old people the face, as sometimes happens in robbery with violence. A 
have no teeth, these injuries are less likely. The dangers of householder, caretaker or night-watchman may be tied up 
accepting areas of facial pallor as ‘pressure marks’ when the and silenced by having a scarf, tie or other fabric tied 
face shows post-mortem hypostasis has already been men- around his face. Ar first chis admits ar, but when it becomes 
tioned, In the early stages of post-mortem discoloration of progressively soaked with saliva or mucus it may become 
the skin, variable colouring may not be truly ‘hypostatic’ as impervious and lead to an asphyxial death, again usually 
mottling and patchy variation is common due to uneven without any petechiae in the face or eyes. 

vasodilatation after death. It takes some time for gravity to A similar situation arises when a gag is chrust into the 
pull cutaneous blood down to lower levels. mouth to silence a watchman or security officer. Another 


Gagging 
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variant is adhesive tape applied over the mouth. ‘Though 
the nasal airway may originally be quite patent, any later 
obstruction from oedema and mucus, or movement of the 
gag backwards into the nasopharynx, may cause an unfore 


seen death and curn a robbery charge into a homicide. 


CHOKING 


This term refers to blockage of the internal airways, usually 
between the pharynx and the bifurcation of the trachea 
Death can be the result of pure hypoxia from occlusion of 
the airway, when all che attendant signs of congestion, 
cyanosis and perhaps petechiae may be present, usually 
where the victim struggles to breathe for an appreciable 
petiod, As described below, however, a large proportion of 
deaths occur suddenly before any possible hypoxic manifest 
ations have time to take effect; chese fatalities must be 
caused by neurogenic cardiac arrest, either purely neuro: 
genic or accelerated by excess catecholamine release from 
the adrenaline response. 


Causes of choking include the following, 


Foreign bodies 


Objects such as gags, dummies, small toys, table-tennis balls 


and a multiplicity of objects may be placed in the mouth 
and inhaled, usually by children and the mentally retarded. 
Occasionally adults will do the same, accidentally or by 
design: an example of the latter was a suicide seen by the 
author (BK), who died (without any asphyxial signs whatso- 


ever) by pushing a closed pill-bortle into his pharynx. 


Dentures and haemorrhage 


False teeth (especially partial plates), extracted large teeth, 
blood clots, and frank haemorshage following dental or ea, 


nose and throat operations such as tonsillectomy 


Acute obstructive lesions 


Lesions of the glottis or larynx, such as the oedema of acute 
hypersensitivity (including insect stings), irritant vapours, 
inhalation of hor gas and acute infective conditions. The 
most dangerous of the latter is diphtheria or Haemophilus 
influencae epigloctitis in children, which is a medical 
emergency sometimes requiring an immediate tracheostomy 
to relieve the airway obstruction. At autopsy, great thicken. 
ing of the epiglottis and aryepiglottic folds by jelly-like 
oedema and inflammatory tissue will be found occluding 
the entrance to the larynx. 
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FiGune 14.8 Imp extnacted molar teat in the lary 


Though now uncomman with modern dental and anaesthetic 


practices it cam sill happen in less ratisfictory circumstances. Blood 


ear, nose and 


clot from dental exntcton, tons 


throat surgery can aleo block the airway 


Food material 


This is an important topic, as the cause of death ‘aspiration 


of vomit’ is used too often without real justification, Food 
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Ficune 14.9 Blockage ofthe lary by a complete small orange 
in a mentally disturbed patient. The frit had ju been 
swvallowed and was not regurgitated fiom the stomach. The face 
was pale and death was rapid, unaccompanied by symptoms af 


choking. 


may be drawn into the larynx either as it is being taken 
down from the mouth in the act of swallowing, or it may 
be regurgitated from the stomach 


1 The first instance is rarely misinterpreted, as whole 
undigested food may be found in the air passages and 
there is usually a history of death taking place while 
eating. Though most commonly encountered in old 
persons and the mentally disturbed, it can occur in any 
age group. A notable example was the so-called ‘café 
coronary’ syndrome, which received considerable 
publicity in che USA some years ago. The most frequent 
victims were well-nourished businessmen, who died 
suddenly and unexpectedly during a meal with no signs 


FiGURE 14.10 Blockage ofthe lary: by meat, The victim was 
«an old perian with senile dementia who gulped fied and who 
eventually died suddenky withouasphysial signs from refles 
cardiac arrest 


of respiratory distress or any of the ‘classic signs of 
asphyxia’, Initially thought to be coronary heart disease, 
autopsy revealed a bolus of food, often steak, lodged in 
the pharynx or larynx. In any choking on food, the bolus 
can be quite large, such as a whole pancake, a whole 
tangerine o masses of meat, fruit or vegetable. Senile 
persons in retirement homes and mentally retarded 
children in institutions are also vulnerable. In such 
faalities, the history and mode of death gives no hint 
ofa hypoxic mechanism. Many cases have been observed 
where the victim merely sits back in their chair, dead ~ 
the mode clearly being cardiac arrest, presumably from 
overactivity of the parasympathetic nervous system 
from stimulation of the laryngeal or pharyngeal 
mucosa ~ the so-called ‘vasovagal reflex’ or ‘reflex 
cardiac inhibition’ 

‘The finding of gastric contents in the air passages is by 
‘no means as significant as the presence of freshly 
swallowed food, First, difficulties can arise in 
distinguishing gastric contents from fresh food 

‘material if digestion of the former has nor proceeded 
far — which is not always a function of the time since 
the last meal, as any physical or psychological 
disturbance can retard or completely halt digestion. 

The history, if available, is a better guide, unless the 
‘material is obviously partly or wholly digested. In cases 
of doubr, the smell and acid reaction to pH indicators 
may be useful 


Gastric contents are commonly found in the larynx, 
trachea and bronchi at autopsy when no other evidence of 
aspiration exists, and when there isa clear and unconnected 
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Figure 9 


Traumatic 


cause of death. Knight (1976) found that no less than a 
quarter ofa series of 100 consecutive autopsies on both adults 
and children contained some gastric contents in the ar pas- 
sages, and Pullar (1984) observed that chis was a low Figure 
compared with his series. These findings were obviously 
caused in the great majority of cases by agonal or post- 
mortem spillage. 

Gardner (1958) described experiments in which barium 
was placed in the stomachs of recently dead patients while 
still in bed in the hospital wards. When X-rays were taken 
after they were first moved to the mortuary and thence into 
the autopsy room, most had barium in their tracheobronchial 
taee, confirming that overspill was common asa post-mortem 
phenomenon. Even histological evidence of leucocyte duster- 
ing around foci of gastric contents deep in the bronchi was 
shown by Gardner to be an early post-mortem event, not a 
‘Vital reaction’. Leucocyte migration in the skin up to 
16 hours post-mortem was demonstrated by Ali (1986). 

Almost the only definite evidence of aspiration of gastric 
contents is either reliable witnessed observation during life 
or the histological finding of an advanced ‘ital reaction’ 
with infection, necrosis and a definite inflammatory reac- 
tion. This is a relatively late change and cannot be seen 
where death occurred within a few hours of aspiration. 
Finding a few Foci of leucocytes around a bronchiole is of 
no evidential use. There is therefore no reliable method of 
distinguishing agonal or even early post-mortem overspill 
from true vital aspiration, unless clinical or other witnessed 
evidence is available, In most instances, it is not justifiable 
for a pathologist co claim that death was caused by inhal- 
ation of stomach contents without such confirmatory €\ 
dence. Unfortunately, where other lesions are absent or 
unconvincing at autopsy, especially in the sudden infant 
death syndrome, many pathologists use the presence of gas- 
tric contents in the air-passages as the primary and often 
the only cause of death. ‘This unwarranted assumption may 
have distressing consequences, both in the field of medical 
negligence, deaths in custody and especialy in the sudden 
infanc death syndrome, where mothers may be misled into 
thinking that some negligence on their part in failing to 
observe vomiting, may have caused the death 

‘The only circumstance where a firmer opinion may be 
held is in acute alcoholism, though even here certainty is 
usually elusive. Where an undoubredly drunken person 
(usually with a blood alcohol of at east 150 mg/100 ml) is 
found dead with massive blockage of his air passages by 
copious gastric contents and where other causes of death 
can be excluded by autopsy, then it might be reasonable to 
assume that regurgitation may have killed him, especially if 
there is other evidence of external vomit on the clothing or 
immediate surroundings. However, it is not an autopsy 
diagnosis to be made lightly. 


‘asphyxia’ 


TRAUMATIC ‘ASPHYXIA’ 


This condition is unfortunately misnamed, as the word 
‘traumatic’ could equally be applied co hanging or strangula- 
tion. Iris well recognized now, however, as meaning mechan- 
ical fixation of the chest, and is important both because ofits 
frequency in accidents and because it provides the most 
‘extreme demonstration of the ‘classic signs’ of asphyxia. 
‘Whereas other types of mechanical asphyxia may cause 
obstruction of air entry into the lungs, ‘traumatic asphyxia’ 
acts by restricting respiratory movements and thus prevents 
inspiration, It was termed ‘traumatic’ because gross mechan- 
ical forces are usually the eason for the fixation of the thoracic 
cage. Traumatic asphyxia occurs in two main conditions 


i The chest and usually the abdomen are compressed 
by an unyielding substance or object, so that chest 
expansion and diaphragmatic lowering are prevented, 
Burial in earth following the collapse of an excavation 
isa common cause and may kill workmen even if their 
heads remain above the fallen soil. Similarly, burial in 
grain, sand, coal or minerals, may have the same effect, 
and is usually encountered in industrial, marine or 
agricultural accidents. An avalanche in a silo, hopper, 
or other large-scale storage container may bury the 
worker up to neck level and, unless rescue is rapid, 
asphyxia will prove fatal, Similar restriction of chest 
‘movement may be caused by the victim being pinned 
under an overturned vehicle, or by falling timber or 
‘masonry. Many fatalities have occurred on farms, 
especialy in hill country, by the toppling ofa tractor, 
pinning the driver underneath, Protection in the form 
ofa ‘roll-bar' over the driving position or the provision 
of a rigid cab on a tractor was specifically designed to 
avoid such accidents, 

1 Crushing in crowds also leads to traumatic asphyxia, 
and this has caused some mass disasters, the largest 
probably being in Mecca. Most of the football-ground 
tragedies such as Bolton, Ibrox Park (1971), Lima 
(1964), Hillsborough (1989) and the Heis| Stadium in 
Belgium (1986) have been the result of crushing in 
crowds out of control. A similar mechanism led to 173, 
deaths in wartime London, when a panic on the stairs 
of Bethnal Green underground station, used as an air- 
said shelter, caused the crowd to fall on those beneath, 


‘Other forms of chest crushing arise from trapping between 
a vehicle and a wall, or between the butfers of two railway 
trucks 

Individual cases of traumatic asphyxia can occur when 
‘one person allows the whole weight of his body to fall upon 
another for a protracted period. This may happen in sexual 
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intercourse, especially when one or both parties are inca- 
pacitated by drink or drugs. 


Features of traumatic asphyxia 


The appearances just mentioned are the hallmark of tau- 
‘matic asphyxia and in no other condition, apart from pos- 
tural dependency, is the degree of congestion and cyanosis 
so marked. When the chest is fixed, the face, neck and 
shoulders down to the thoracic inlet are grossly dis- 
coloured. Sometimes this colour is more red than purple. It 
can extend lower than the clavicles, Polson er al (1985) 
being of the opinion thar it often reaches down to the level 
of the third rib, 

The conjunctivae are grossly congested and haemorrhagic. 
Rather than the petechiae seen in pressure on the neck, the 
conjunctivae and sclera may be so engorged with blood thar 
the haemorrhagic tissue actually bulges out through the lids, 
completely obliterating the whites of the eyes. The face, lips 
and scalp may be swollen and congested, being dotted with 
petechiae and ecchymoses. There may be copious bleeding 
from the ears and nostils. The whole picture is commonly 
an exaggeration of the appearances seen in slow death from 
‘manual strangulation, but local injury is absent and the signs 
extend down 0 or beyond the root of the neck, Where 
the compression has been caused by pinning under a solid 
object — as opposed to soil, sand or squeezing in a crowd ~ 
there may be local bruises and abrasions from the weight of a 
vehicle or heavy beam, bur these are unrelated to the margin 
of the congestive-haemorthagic zone. 

Internally, che congestion is less marked than on the sur- 
face, but the lungs are usually dark and heavy and may well 


have subpleural petechial haermorshages, the true “Tardieu 
spots’. The right heart and all the veins above the atria are 
markedly distended. There may be injuries to the chest wall 
from the trauma of the fixating object. 

Iris not clear why there should be such gross venous con- 
gestion, bur itis usually explained rather unconvincingly by 
the failure of the pulmonary circulation consequent upon 
the cessation of the normal expansion and collapse of the 
pulmonary vasculature. Shapiro suggested that the pressure 
‘on the chest forces blood back into the great veins and, asthe 
venous valves in the subclavian vessels prevent displacement 
is forced up the valveless 
jugular system ro congest the head and neck. 


into the arms, the extra vous 


FIGURE 14.12 Gras conjunctival haemorrhages in traumatic 
ssphyzia, The victioe was a workman who was buried up to his 


chest in an avalanche of ach 


FicUne 14.11 Tanumatie asphyxia showing gras congestion of 


confluent petecial bacmorrluages of the fice and parts of the 
shoulder, The victim bad been buried up tothe asilla in an 
avalanche of irom ore ina factory bunker 


FIGURE 14,13 Traumatic aphysia showing roe congeston of the 
fice anal red bled-tnged froth exding from the nosis and 
mouth, The cto had lott control of the tractor he was driving, 


fll out of the cab and wae comprened under the overturned vehicle, 


References and further reading 


POSTURAL ASPHYXIA 


Closely allied co traumatic asphyxia is the so-called ‘pos- 
tural asphyxia’, whose description as a separate entity is 
quite recent. When a person remains in a certain position 
for an extended time, either due to being trapped, or being 
in a drunken or drugged state, there may be a mechanical 
impediment to adequate respiratory movements. In addi 

tion, the normal yenous retum to the heart may be 
impaired. 

Such positions usually entail inversion, either of the 
whole body or of the upper half; che syndrome and the 
pathophysiology are described well by Madea (1993), 
though most forensic pathologists will have had experience 
of such situations from time to time. 

Persons who have been trapped upside down or even 
only in a ‘jack-knife’ position, with the upper half of theit 
body bent acutely downwards from the waist, may have 
such impairment of their respiratory movements chat 
they become hypoxic and suffer marked disturbance of 


Ficuae 14.1 


Postural asphysia in an incbriated man attempting 
0 climb through a fanlight windows His fet slipped fom the sll 
and he was unable to make sufficient mspiatory movements against 


the weight of his body. Note she marked difference in congestion and 
cyanotic lividity between his two hand, the face and lower band 
being discoloured atleast partly from post-mortem hypostsis, 


their circulatory system, especially the venous return to the 
heart 

"The author (BK) has seen two cases in which a victim has 
become stuck whilst crying to climb through the upper part 
‘of a window, one asa thief, the other in trying to get into a 
house without his key. Others have been seen where, in a 
state of drunkenness or other disability, they have slipped 
‘out of bed, so that their head and shoulders are on the floor, 
with the legs and pelvis sill at a higher level on the bed. 
These may also suffer the same disturbance of respiratory 
‘movements, which when prolonged may lead co death. 

Inversion may occur during torture: crucifixion has an 
element of postural asphyxia. In the case of inverted cruci- 
fixion, asin the death of Se Peter, it would be the major Factor, 
as inspiration would be impeded by the weight of abdom- 
inal viscera upon the diaphragm, 
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‘This provides one of the most complex and controversial 
areas of ‘asphyxial’ deaths, as the mechanism is uncertain 
and the frequency of such deaths makes them a common 
problem for both forensic pathologist and jurist. 

Pressure on the neck may arise from manual strangula- 
tion, ligature strangulation, hanging, direct blows, arm-locks 
and a variety of accidental lesions, such as entanglement 
«with cords or falling onto the neck. 

Strangulation was formerly thought to be a pure 
asphyxia as a result of ‘cutting off the air’ by occlusion of 
the airway during the constriction of the neck. Since the 
end of the nineteenth century, however, it has been recog- 
nized that the rapidity of death in many cases made it 
impossible for hypoxia to be the sole or even major cause. 
‘Many victims died almost immediately and exhibited none 
of the so-called ‘classic’ signs of asphyxia. 

Others, though showing these signs, still died too 
quickly for it to be reasonably argued thar lack of oxygen 
hhad proceeded to a fatal stage. It was common knowledge 
that most people could hold their breath for over a minute 
and that some pearl divers could be physically active and 
yet not breathe for at least 3 minutes, so the much more 
rapid onset of death seen in many cases required further 
explanation, 


MECHANISM OF DEATH IN 
PRESSURE ON THE NECK 


A number of anatomical and physiological factors must be 
considered in analysing the effects of pressure on the neck. 
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Airway occlusion 


‘This may occur either from direct compression of the 
larynx of trachea, or fiom a lifting of the larynx so that 
the pharynx is closed by the root of the congue being 
pressed against the soft palate and roof of the mouth. 
‘The latter explanation is far more likely, as the strong 
cartilages of the larynx will resis all but the most extreme 
compression. Various experiments have been attempred 
to quantify the force needed to close the airway and 
blood vessels, bur it is difficult co translate the often 
conflicting results to che degree of violence actually used 
in fatal events. For example, Brouardel (1897) calculated 
thar the force needed to close the trachea was of the order 
15kg, far more than thar required to occlude the blood 
vessels 


Occlusion of the neck veins 


This factor is almost solely responsible for the appear- 
ance of the ‘classic’ signs of congestion, cyanosis, oedema 
and petechiae above the line of constriction, The external 
jugular system is most vulnerable, but any significant pres- 
sure encircling the neck will also obliterate the lumen of 
the internal jugular system, causing a rapid rise in venous 
pressure in the head, especially if the carotid arteries are 
still patent, which is usually the case, Brouardel’s experi- 
‘ments suggest that a ligature with a tension of 2kg blocks 
the jugular return; Reuter (1933) found an even lower 
figure 
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FiGURE 15.1 Causes of mechanical asphyxia 


Compression of the carotid arteries 


‘This is much less common than venous occlusion, as the 
hhigher internal pressure of the carotid arteries resists 
occlusion and they are situated much more deeply. ‘The 
carotids are largely obscured by the sternomastoid muscles 
If bilateral occlusion of the carorids is achieved, almost 
immediate unconsciousness will ensue, as the supply of 
arterial blood to the brain by the vertebral circulation is 
insufficient to maintain cortical function, which depends 
mainly upon the anterior and middle cerebral arteries that 
arise from the carotid supply. Occlusion of the vertebral 
arteries by neck compression seems virtually impossible 
despite some claims to the contrary. 

If che caroxid circulation is torlly occluded for an uncer 
‘ing period of 4 or more minutes, then irreversible cerebral 
damage may occut. ‘The time for this to happen is variable 
and the minimum has been disputed for many years, bue the 
consensus of opinion is that permanent brain damage is very 
unlikely ifthe supply has been cut off continuously for less 
than 4-5 minutes. ‘Total recovery has often been recorded 
after total ischaemia of considerably longer than this, even in 
normothermic conditions, with 9-14 minutes being quoted, 
Where the body has been subjected co low temperature, far 
longer times have been recorded, including an anecdoral case 
of a boy falling into the cold water of a Scandinavian harbour 
and being totally submerged for 40 minutes, with toral recov- 
ety of cardiac and cerebral function. 
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Ficune 15.2 Pasibl effets of pressure on the neck: (A) carotid sinus 
‘fle lading to cardiac arn: (B) jugular venous compresion leading 


10 cyanosis and petechiae: (C) carotid artery compresion leading to 
unconsciousness and (D) airway obstruction lading to hyposia. 


Nerve effects 


Pressure on the baroreceptors situated in the carotid 
sinuses, the carotid sheaths and the carotid body, can result 
in bradycardia (slowing of the heart), or in total cardiac 
arrest. This is an example of the physiological mechanism 
that monitors and adjusts blood pressure and heart rate, 

‘This mechanism acts through @ reflex arc in which the 
afferent (sensory) nerve impulses arise in the carotid com- 
plex of nerve endings, bur not ~ as is sometimes alleged in 
the vagus nerve trunk itself 

“These impulses pass up to the brain via the glossophar- 
yngeal nerves to the tenth nucleus in the brainstem, then 
return via the vagus (efferent) supply to the heart and other 
‘organs. This reflex arc acts through the parasympathetic 
side of the autonomic nervous system and is independent 
of the main motor and sensory nerve pathways. It is often 
claimed, admittedly without much concrete evidence, that 
fear, apprehension, struggling and possibly the effect of 
drugs such as alcohol, may heighten the sensitivity of this 
vagal mechanism. ‘The release of catecholamines during 
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such adrenal responses may well sensitize the myocardium 
to such neurogenic stimulation, 

"The vagal reflex has profound implications in relation to 
pressure or blows on the neck. Sometimes called ‘vagal 
inhibition’, ‘vasovagal shock’ or ‘reflex cardiac arrest’, the 
rapid onset of heart stoppage may antedate any evidence of 
congestive or ‘asphyxia’ signs, causing death immediately 
or within seconds, or at any time thereafter. 

Ic isa matter of some dispute as to whether this reflex ean 
cause immediate cardiac arrest or whether there has to be a 
period of marked slowing of the heart with negligible car- 
diac output ~ or whether an arrhythmia such as ventricular 
fibrillation precedes such an arrest. Probably any combin- 
ation can occur, but it is an indisputable fact thar collapse 
and apparent death can occur immediately on the applica- 
tion of pressure to the neck. Overstimulation of nerve end- 
ings in the carotid sinus or adjacent arterial sheath may be 
brought about by direct pressure from fingers, or from liga- 
ture during strangulation or hanging — or from a blow 
directed at the side of the neck. Severe pain, such as a blow 
oon the larynx or genitals, may also trigger a ‘vagal response. 


‘THE FREQUENCY OF VAGAL CARDIAC ARREST 


‘Though different authors vary in the proportion of such 
deaths that they attribute to reflex cardiac arrest, they all 
admit to the existence of such a mechanism. In the author's 
(BK) own series of fatal pressure on the neck from a variety 
of causes, the ‘classical signs’, denoting vascular and perhaps 
sometimes airway obstruction, were present in slightly less 
than hal the cases. The remaining deaths presented with an 
absence of congestion, cyanosis and petechiae, the pale faces 
indicating tha cardiac arrest had taken place before the 
congestive signs had time to appeat. 

‘One aspect which is uncertain ~ and virtually incapable 
of experimental proof in humans ~ is whether vagus- 
mediated cardiac arrest can be spontaneously reversible. 
‘Where an arrhythmia leads to arrest, resuscitation by car- 
diac massage or direct current electrostimulation has an 
excellent chance of revival ~ though in most forensic situa- 
tions, such assistance is often lacking ar too late. 

However, itis not known whether cardiac arrese caused by 
the vasovagal reflex, can spontaneously revert 10 normal 
shythm some minutes later ~ or whether it inevitably leads to 
death if no timely resuscitation is offered. This may have 
forensic relevance, as the author (BK) has been involved 
in several cases where pressure on the neck has lead to a 
comatose, but heart-heating victim, who later dies on arti 
ventilation from irreversible brain damage. In che absence of 
‘medical data, the problem then arises as to whether the brain 
damage was caused by prolonged carotid artery occlusion 
from neck pressure ~ or was the resule of momentary neck 
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FiGURE 15.3. Clascal features of srangulation when cardiac arrest 


i delayed. 


pressure which caused reflex cardiac arrest, with spontaneous 
reversion to normal rhythm more than five minutes later, by 
which time irreversible cerebral damage had occurred. 


Medico-legal aspects 


‘This phenomenon has considerable legal as well as medical 
significance, as sudden death from ‘vagal inhibition’ can 
occur with coral unexpectedness even with relatively slight 
pressure to the neck. Keith Simpson and Polson recorded 
ceases many years ago in which a soldier at a dance playfully 
“eweaked’ his partner's neck and was mortified to see her 
drop lifeless to the floor. Many such cases are on record and 
every forensic pathologist of any experience has examples 
in his own records, Where i can be shown that the death 
occurred rapidly and without prolonged manual gripping 
of the neck, the defence may be raised that neither death 
nor serious injury was contemplated by the accused. It 
would be much harder to establish this lack of intent if the 
{grip was maintained long enough to lead to florid conges- 
tion and petechiae in the face. 


A combined mechanism of injury and 
the duration of neck compression 


Ic is important to remember that the cardiac arrest mode 
‘of death may be mixed with the congestive-petechial mode 
in that, chough the fist stages of pressure may continue for 
long enough for congestive-asphyxial signs to appear (per- 
haps a minimum of 15-30 seconds), a change in grip may 
then allow the fingers to impinge on the carorid structures 
and lead to reflex cardiac arrest. Thus the progression of the 
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pure ‘asphyxial’ process may be abruptly terminated at any 
point along its pathway to death by the superimposition of 
‘vagal inhibition’, so that the intensity of the congestive 
changes may be of any degeee in any given death. 

“The duration for which pressure must be maintained is 
often a contentious issue in criminal trials, asthe ‘inadve 
tent squeeze’ which causes rapid vasovagal cardiac arrest is 
likely to be viewed as less culpable than a prolonged, 
unremitting gripping of the throat. 

It is virtually impossible to measure the average min- 
imum time of gripping that will produce congestion, 
cyanosis and petechiae from venous occlusion. As so often is 
the case in forensic medicine, animal experiments are useless 
for this purpose and obviously few cases of strangulation 
homicide are ever reliably witnessed, especially by some dis- 
passionate observer with a stopwatch! Even in non-fatal 
cases — which incidentally, can produce far more florid 
examples of facial and eye haemorrhages than deaths ~ there 
is almost never any independent, accurate measurement of 
the time for which the neck was compressed. 

Ichas been arbitrarily suggested that 15~30 secondsis prob- 
ably the minimum period which will giv rise to petechiae in 
the eyelids, conjunctivae and facial skin, bur this really is ‘pick- 
ing a figure from the ar’, with lite scientific justification. 

‘Some years ago, the British Home Office and the Royal 
College of Pathologists set up a small working party to study 
this problem, composed of several experienced forensic 
pathologists and a respiratory physiologist ~ but the project 
was soon abandoned because of a total lack of reliable data 

"Though it is easy to demonsteate thar facial congestion 
develops within a few seconds of rotal jugular occlusion, 
petechiae ~ the only lasting sign after the venous return is 
re-opened ~ do not appear as quickly from neck pressure. 
However, they can occur from sudden, transient rises in 
venous pressure, such as sneezing or coughing - whooping- 
cough is a well-known example ~ and during the Valsalva 
experiment of forcibly trying to expire against a closed glot- 
tis, Eye petechiae and retinal haemorthages can also occur 
during che chest compression of energetic cardiac massage 
during resuscitation, 


(CAUSES OF REFLEX CARDIAC ARREST 


‘Vagal inhibition of the heart from stimulation of the carotid 
neural complex may occur in any form of pressure on the 
neck, but is much more common in manual strangulation 
than with a ligature, hanging excepted. Fingers seem more 
prone to dig deeply and find the structures under the anter- 
ior edge of the sternomastoid muscle, Pethaps the move- 
ments of the fingers, especially during the shifting postures 
ofa struggle, more readily impinge upon the carotid bifur- 
cation than the more static position of a ligature, 


‘The majority of hangings, however, present with a pale 
face, ree from congestive-haemorthagic signs. 

“This seems to be caused by the more precipitate impact 
of the noose on the carotid structures when the victim's 
‘weight abruptly bears down, though Polson favoured actual 
carotid occlusion and hence cerebral ischaemia as the com- 
mon cause of death in hanging. The scarcity of carotid inti- 
mal damage in suicidal hangings does not favour this view, 


Blows to the throat 


Another cause for sudden cardiac arrest is a blow to the 
neck or throat. This is the basis of the so-called ‘commando 
punch’ and some of the oriental martial arts also contain 
this in their repertoire — often forbidden because of its 
potential lethality. The edge of the hand is brought forcibly 
across the side of the neck or the front of the larynx. 

Direct violence to the carotid region naturally causes 
gross stimulation of the afferent nerve endings. Blows 
directly to the larynx indirectly stimulace the sinus region 
or the laryngeal sensory nerve endings may themselves trig- 
ger the cardio-inhibitory reflex. 

Icis well known chat the hypopharynx and larynx are pa 
ticularly sensitive to stimulation, which accounts for the sud- 
cen deaths from impaction of food in the larynx, or from the 
swith cold water thar causes some sudden immersion 
The testicles and uterine cervix also have a similar 
reputation for leading to sudden cardiac death, if unexpect- 
edly overstimulated, especially when the myocardium is pre- 
sensitized by catecholamines released by fear or emotion, 


MANUAL STRANGULATION 


‘A common method of homicide, manual strangulation is 
‘most often encountered when the physical size and strength of 
the assailant exceeds that of the victim, It is most commonly 
seen in domestic homicides when a husband kills his wife, in 
sex-related murders when the victim is again a woman, and in 
child killings, when the killer is an adult. Manual strangula- 
tion is rarely commited by a woman except on a child and a 
‘man rarely kills another man of equal physique. 


Autopsy appearances in manual 
strangulation 


The autopsy findings fall into two groups, namely, the local 
signs of violence, and the signs of the mechanism of death, 
where discernible. 


1 Bruising on the neck: is the result of the assailanc’s 
attack, whereas abrasions may be from either victim or 


15: Fatal pressure on the neck 


FiGURE 15.4 Classical manual srangulation with fingernail marks 
and abrasions-on the neck, cangeston ofthe face, slighe protrusion 


of the tongue and bleeding from the noe 


FIGURE 15.5. Braaing on the neck and jaw margin in manual 
angulation. Separate brutes along the aww are due ta high finger 
presiure — where a larger area of abrasion ar raising is present in 
this region, consideration must be given to pressure fam an 
armlock, 


assailant. The bruises are mainly discoid, but may run 
together into larger areas of confluent bruising. ‘The 
discoid marks are from finger-pads and are about 
1-2cm in size, though where the fingers skid across the 
skin surface, longer, irregular marks may occur, 
especially along the jaw margins. The bruises tend to 
luster at the sides of the neck, often high up under the 
angles of the jaw. Some may overlap the jaw line and 
trespass on the chin, but others can be lower on the 
neck spreading down to the inner ends of the clavicles, 
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‘Asa resule of the shifting grip, often caused by the 
struggles of the victim, bruising can be anywhere, even 
at the posterolateral sides of the neck, and on the upper 
chest over the sternum and collar bones. Some may be 
seen in the grooves on either side of the larynx, over the 
anterior edge of che sternomastoid. They are also 
common over the prominence of the larynx and at che 
level ofthe cricoid. 

As in most of the cases seen by a pathologist, death 
will have taken place at or about the time of the attack, 
most bruises will be fresh, being dark red or purple. 
Some may be so severe as to form actual superficial 
hhaematomas raised slightly above the skin surface. 
Bruises may often be seen in an asymmetrical pattern, 
with just one or two on one side of the neck, and a 
larger group on the opposite side. This may well 
suggest that a thumb was applied on one side and a 
group of fingers on the other; this may well be correct, 
bur is nor necessarily so and may be fortuitous if a 
shifting grip caused several reapplications of fingers. 

Ics sometimes tempting to use such asymmetrical 
grouping to decide ‘handedness, that isto suggest that 
cone bruise on the right side of the victims neck and a 
group on the left means that a right-handed assailant 
tipped from the front. The grouping may not be 
genuine, however, and because it can be fortuitous, it 
cannot be definitely determined that it was the right 
hhand nor that it was not placed around the neck from 
the back. Overinterpretation must be avoided, as in all 
fields of forensic medicine and ‘Sherlock Holm 
opinions as to the handedness, size of hand, and 
orientation of attacker and victim in strangulation 
must be suitably restrained if both justice and the 
credibility of pathologist are to be preserved, 

Abrasions on the neck: scratches may be caused by the 
assailant or the victim, usually from fingernails. As with 
bruising, rough finget-pads (especially from a male hand 
oon the delicate skin of a female neck) may abrade the 
epidermis and underlying bruises may be overlain by 
diffuse abrasions, again often seen along the margin of 
the jaw line 

Linear scratches are the hallmark of fingernails and, 
when a woman strangles a child, the often longer nails 
of the woman may leave obvious marks. Whether male 
or female, the scratches are of two types: when the 
pressure is static, straight or curved marks up to a 
centimetre in length are made; when the nails skid 
down the skin, linear lines may result, sometimes 
several centimetres in length, 

A static nail mark is ofien semi-lunar in shape, but 
caution must be used in interpreting the posture of the 
hand from this shape. Though it would seem obvious 
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that the concavity of the mark should face the Finger- 
pad, experiments by Shapiro etal. in 1962 showed that 
the converse may be true. This is caused by fixation of 
the skin ar the centre where the nail digs in, with escape 
at the margins, so that when the traction relaxes, the 
‘mark appears inverted, with the convexity facing the 
finger-pad, However, experiments by others, including 
the author (BK), show that this phenomenon is by no 
‘means invariable and often the marks are the result of 
the nails being applied in che expected direction, 

Scratches are the result of the victims attempts at 
pulling away the strangling hand. As most victims are 
‘women, the nails may be long and the scratches more 
severe than those from the assailant, which are often 
absent altogether. These defence scratches may run in 
parallel lines from grouped fingers and run in a vertical 
direction in the long axis of the neck, though they are 
often random. 

In the autopsy on a strangled victim it is good 
practice to take fingernail scrapings or clippings for Full 
forensic science investigation. These should be 
preserved and labelled so that each clipping or scraping. 
is individually identified — or failing thar, at least the 
lefi- and right-hand material should be kept separate. 
Skin fragments or blood under these nails may provide 
blood typing or DNA characteristics that can be 
matched to an alleged assailant — and other valuable 
trace evidence, such as hairs and fibres might be 
trapped in a torn fingernail ~ though admittedly, the 
number of occasions when such evidence has been 
gained is extremely small. 

The alleged assailant should always be examined 
‘medically to correlate any injuries that may have been 
inflicted on him by the fingernails of the victim, such as 
facial or hand scratches. IFhe is examined soon after the 
offence, his own fingernail scrapings should be taken, 
especially ifthe victim has neck abrasions, so that 
comparison studies can be made between any debris 
found and the tissue types of the victim, 


Internal appearances in manual 
strangulation 


Internally, che bruises described above may be visible to a 
greater or lesser extent in the tissues of the neck. Often they 
are quite superficial and are confined to the dermis, but 
some may be visible to an appreciable depth in the muscles 
and other structures in the neck. 

The plarysma muscle may be bruised, but the ster- 
nomastoid and the deeper strap muscles thar run vertically 
along the larynx may show patchy bleeding, nor always 
corresponding exactly co the position of surface bruises 


FiCUNE 15.6 Manual srangulation with bruising rom the asilant 


and fingrail abrasions frome the victim. The face i pale aa recut of 


rapid easonagel cardiac arrest before congestive signs could develop 


‘They may contain infiltrated blood or even frank haem- 
atomata, especially the sternomastoid. 

‘Ar autopsy, it is essential ro release the blood in the 
‘venous system before dissecting the neck ro avoid or reduce 
artefactual haemorshages that can occur in the region. It 
may be easiest to reflect the scalp and remove the brain 
before dealing with the neck, to release venous engorge- 
ment, Alternatively, after the skin of the neck has been 
carefully flayed off in a wide 'V" incision, the internal jugu- 
lar vessels can be incised before any further manipulation to 
release the venous pressure, but removal of the skull is 
preferable. 

Radiography of the neck may be carried out before any 
dissection to determine the state of the cervical spine and 
the laryngeal cartilages, though the author (BK) has never 
found this to be particularly helpful, preferring to X-ray the 
isolated larynx before dissection 


15: Fatal pressure on the neck 


When examination of the deep neck structures begins, 
careful removal of the overlying tissues layer by layer is 
required, seeking genuine haemorthage as each set of 
muscles is exposed. There may be bruising into the thyroid 


capsule and into any of the strap muscles, The vascular 
bundles must be handled carefully and the large veins 
‘opened with scissors. The carotids can be opened én situ, or 
afier the laryngo-oesophageal pluck has been removed. 


Figune 15.7 Manual strangulation, showing scattered bruises from Euciint 15.9 Abrasion and bruising in mannal strangulation. The 
the fingers ofthe assailant, but alo a pattern of abrasions under the 
chin and below the lary, caused by the nail of the victim whilt 


ateerapting to pull off dhe strangling fingers 


fice is pale, indicating a rapid sudden death: much ofthe skin 
daraged ie directly over the postion of the underlying carotid sus 


FiGURE 15.8 Mlurration ofthe need for all doctors to 
bbe observant and vigilant, This lady wa seen in bed 
bay a family doctor and pronounced a are attack 
victim, Later examination revealed ficial congestion 
fingernail marks on the neck and the impression of 


om the skin by strangling hands 
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Spurious bleeding behind the 
larynx 


Bleeding over the front and sides of the larynx is usually 
genuine, if the venous pressure has been released before 
hand, but great caution must be employed in interpreting 
bleeding behind the larynx and pharynx. 

In any autopsy, substantial haemorrhage may be seen 
over the posterior surface of che oesophagus and on the 
anterior longitudinal ligament of the cervical spine. This is 
a common post-mortem artefact, described fully by 
Prinsloo and Gordon (1951) and sometimes known by 
their name. In the absence of any other neck lesions, espe: 
ally bleeding in the lateral and anterior parts of the neck, 
no reliance can be placed on this haemorrhage. It tends to 
develop more as the post-mortem interval lengthens and 
even releasing the venous pressure in the neck by 
removal of the brain, ar opening the jugulars early, does not 
ensure its absence. To avoid the Prinsloo and Gordon arte 
fact, a special technique of dissecting the neck is recom: 
mended by Shapiro (1988). Another artefact in the neck, 
much easier to recognize as false, is ‘banding’ of the 
‘oesophagus, especially when the tissues are congested, 
These bands are pale areas in the mucosa caused by past- 


mortem hypostasis being prevented from settling by the 
FicURE 15.10 Mucmalbacmerrbage inthe interior ofthe ryme external pressure of adjacent anatomical structures, includ. 
ing parts of the larynx, trachea and aortic arch. Banding is 


immediately below the vocal cords, in manual strangulation. Thie it 


common in routine non-trauma autopsies, but has been 


«common finding and the mechanism is uncertain. It can occur at 


pe 


ere =n the whee africa anh misinterpreted by inexperienced pathologists as evidence of 


chil changes — 


and appears tobe caused by local trauma. strangulation. 


FiGURE 15.11 Diztction of the neck in 


<a victim of manual strangulation. There 
are extenive areas of bleeding inthe 
strip muscles the lower part ofthe 
laryns and on the submandibular gland 
and jaw margin, Removal of the brain 
before disection of the neck reduces the 


risk of atefactural bazmorvhages inthis 
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FiGune 15.12 Artfictual pose 


posterior sufice of the oesophagus in a natural death, This was fly 


rartems haemorrhage on the 


described by Prinslaa and Gordon, and isa renon for dining the 
‘ood fram the venous system of the head and neck befare beginning 
to disect 


Forensic anatomy of the larynx 


The larynx consists of a large ‘V-shaped thyroid cartilage, 
which has a prow-like prominence anteriorly and is open 
at the back. Below this is the smaller cricoid cartilage, 
which is narrow ar the front, bur expands posteriorly to 
occupy the lower part of the space left by the open thyroid 
cartilage 

At che upper margin of the posterior wing of the thyroid 
ton each side, are the superior horns or ‘cornuae’, which are 
connected by the thyrohyoid membrane to the greater 
horns of the hyoid bone which lies immediately above. 
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LURE 15.13. The forensic anatomy of the laryns. The byoid and 


‘raction from the thyrabyoid membrane when itis compresed. 


The hyoid bone lies atthe root ofthe tongue, and consists 
ofa central horizontal ‘body’, to which are attached two long 
‘greater horns, which sweep backwards and slightly upwards 
above the upper margin of the chyroid cartilage and superior 
homs. ‘The hyoid often has natural joints, sometimes even 
with synovium, which lie at the junction of the body with 
the greater horns 

There are two lesser horns on the upper surface of the 
body that have no forensic anatomical significance. ‘The 
hyoid calcifies at variable times: the body is usually cali 
fied, bur the horns may calcify irregularly, both in space 
and time. In teenagers and young adults they are usually 
cartilaginous and the joints mobile, In middle and later life, 
the hyoid and thyroid horns calcify and become more brie 
tle. The cricoid cartilage is a modified upper tracheal ring 
bur can also become partly calcified as age increases; no 
meaningful ages can be placed on any calcification, but 
traumatic fractures can occur at any time except in children 


and most teenagers, in whom fractures are rare 


Injury to the larynx 


During manual strangulation the larynx may become dam- 
aged in various ways. ‘The pressure is mainly bilateral, so 
that the sides of the larynx are squeezed. Particularly vulner- 
able structures are the four ‘cornuae’ or horns, which protect 
backwards to maintain the patency of the airway around the 
glottis. Lateral pressure of the fingers can displace any of the 
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FIGURE 15.14 The hyoid bone. 


four horns inwards, either by direct pressure or by pressure 
oon the thyrohyoid membrane, which then drags the horns 
medially. In young persons, the horns are so pliable thar 
they return to their normal position on release of the pres- 
ssure but, variably beyond the third decade, they may be 
sufficiently calcified co fracture. 

“The appearance of a fractured horn is of a loose or even. 
flapping termination. ‘The horn usually displaces medially, 
but is held by the thyrohyoid ligament, At autopsy it is 
advisable to cur down this ligament carefully between thy- 
roid cartilage and hyoid co destroy the ‘splinting’ effect thar 
may support a broken horn, As will be discussed later, 
however, there will be a haemorthage ar the fracture site thar 
will make the lesion obvious. In the case of the hyoid, care 
must be taken nor co misinterpret a natural joint asa frac- 
ture. These are more medial than the usual site of fracture, 
which is likely to be within a centimetre of the tip. ‘The 
jagged edge of the fracture ine may be exposed, especially in 
an older person with a brittle hom, Radiography before dis- 
section is an excellent way of confirming a fracture, identify- 
ing natural joints and detecting any other fractures in the 
thyroid or cricoid cartilage 

“Though the hyoid bone has received most attention in 
publications as being the marker of violence to the larynx, 
in fact the chyroid horns are far more vulnerable. Simpson 
(1985) found thar, in 25 successive deaths from manual 
strangulation, there were 22 fractures of thyroid horns but 
only one fractured hyoid. Though this ratio is nor typical of| 
the experience of most pathologists, chere is no doubt thar 
the superior horn of the thyroid is much more fragile and 
more vulnerable than the greater horn of the hyoid bone. 
Although fractures of the horns are more common with 
advancing age, they can on rare occasions be found even in 
teenagers. Care must be taken, however, not to confuse 
mobility at natural joints with a fracture (Evans and Knight 
1982 

Conversely, undoubted severe violence to the neck in 
older persons does nor necessarily cause horn fractures. The 
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Frequent persistence of joints at the base of the geeater 
horns of the hyoid may allow movement and so avoid frac- 
tures when compressed. The ericoid and the main ala of the 
thyroid cartilage may be cracked, but this is an index of 
much greater pressure from strangling fingers. The plates 
‘may break in a spiral or oblique fashion and the cricoid 
may crack anteriorly through the narrow bridge rather than 
at the wider posterior plate, Fractures of these larger areas 
are also found in direct blunt violence such as punching, 
kicking or arm-locks, often as part of general severe damage 
and disruption of the entire larynx. 


Significance of laryngeal fractures 


Laryngeal cornual fractures ate, of course, merely indicators 
of pressure applied co the neck and are nor themselves 
relevant in terms of a threat to life, This is sometimes 
misunderstood by laymen, especially police and lawyers, 
who have been misled by the importance chat patholo- 
gists attach to the finding of a fractured horn into thinking 
thar the injury itself is a significant contribution to the 
death, 

Such fractures, if proved to be genuine, are certainly sig- 
nificant in proving the application of violence to the neck, 
bur certain precautions must be observed in their interpret- 
ation. The sole finding of a fractured horn, where there is 
ro other injury co the skin, subcutaneous tissues, muscles 
oor rest of the larynx is of litle value unless there is firm 
circumstantial evidence of violence to the throat. 

‘When a fracture of a laryngeal horn is found, 
first be proved to be ante-mortem in origin. Post-mortem 
fractures undoubtedly occur, either from mishandling the 
body during transit or from incorrect autopsy techniques — 
though the Frequency of the latter has been overestimated. 

Icis certainly possible to damage the larynx post-mortem 
by allowing che neck to fall against a hard surface or sharp 
edge during removal from the place of death, or during 
handling in the mortuary. Such damage, however, is more 
likely to occur to the laryngeal plate of the thyroid cartilage 
or to the cricoid, rather than to the laterally placed horns, 
though these can be broken. Damage at autopsy is usually 
caused by an inexperienced pathologist or autopsy-room 
technician, especially when forensic expertise is lacking. 
‘Clumsy removal of the tongue and neck structures can 
break the thyroid or hyoid cornuae, especially in old per- 
sons where they ate calcified and brittle and when any nat- 
ural joints are ankylosed. 

‘This may be one justification for radiography before 
autopsy, but probably che danger of artefactual breakage 
has been overestimated, especially where a gentle removal 
technique is employed. 
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15: Fatal pressure on the neck 


Proof of ante-mortem laryngeal fracture 


‘This must be obtained by demonstrating haemorrhage at 
the fracture site. It is usually obvious to the naked eye and 
can be confirmed histologically. Sometimes the bleeding is 
prominent, with a blood bleb under the periosteum or peri- 
chondrium ar the fracture line, and the broken end of a cal- 
cified horn may be palpable and even slightly crepitant. 
‘Where no macroscopic evidence of bleeding is found, care- 
ful histology of the fracture site will almost always reveal 
some red-cell extravasation, but this evidence is of less value 
because microscopic— and even slight macroscopic ~ oozing 
can occur from a post-mortem fracture of horn, Bleeding 
is therefore a ‘one-way’ criterion: if there is no haemorrhage, 
the fracture must be post-mortem, but if there is a small 
bleed, then the lesion can be either ante-mortem or post- 
mortem, Naturally the Findings must be taken in conjunc- 
tion with other evidence of neck injury and, if there are 
surface bruises, scratches, muscle bleeding, intralaryngeal 
and tongue haemorrhage, then a minimal bleed at a frac- 
tured horn can be accepted as probably ante-mortem. 

‘Conversely, it must again be emphasized that the solitary 
finding of a fractured laryngeal horn, even with slight asso- 
ciated bleeding, is not in itself sufficient evidence of ante- 
‘mortem trauma to the neck. 


Other causes of fractured laryngeal 
horns 


‘The hyoid and thyroid horns can be broken other than by 
‘manual strangulation. Ligature strangulation and hanging 
can certainly cause these lesions, though not as ofien as man- 
ual chrottling. Direct violence can alo break the cornuse, 
but usually only as part of more diffuse laryngeal damage. A 
punch or kick in the throat can disrupt the larynx and break 
the horns as part of general damage. Even wide, blunt pres- 
sure can fracture the horns, however, such as an arm-lock 
from behind squeezing the larynx against che cervical spine. 
Ithas been said that such direct violence from the front tends 
to splay the fractured horns laterally, whereas in manual 
strangulation the horn tends to fall inwards ~ but this is too 
tenuous a claim to be of much practical value. 

In accidents, the larynx can be damaged. In falls, the lar- 
ynx is usually protected by the prominences of the chin and 
chest, but if the fall is onto a ridged object, such as gate 
or chaie-back, then a focal impact can injure the chroat 
‘The author (BK) has seen a death in a housebreaker, who 
slipped when trying to climb through a sash window. He 
fell with his throat across the top of the window-frame and 
died — presumably of a vagal cardiac arrest ~ being found 
suspended by his neck next morning with fractures of the 
laryngeal cartilages 


Other laryngeal injuries in strangulation 


Other injuries to the larynx include splitting of the ala of 
the thyroid cartilage, ofien either in the midline or 
‘obliquely across the left or right plate, This may be part of a 
violent strangulation, seen by Green (1973) in 12 per cent 
of his series— but is more often seen in blows to the front of 
the neck, either by fist or the edge of the hand, ora kick or 
any other kind of substantial trauma directed ar the front of 
the neck. 

“The cricoid cartilage, a circle shaped like a signet ring 
that lies below and partly within the thyroid cartilage, may 
also be fractured by manual throttling when pressure is 
applied rather lower than usual. Again, this cartilage tends 
to break either across the front midline or obliquely. 
‘Though an uncommon injury, a severe displacement of 
broken cricoid especially iFaccompanied by mucosal tear- 
ing and bleeding ~ may project backwards into the airway 
and cause a partial obstruction, 

‘The interior of the larynx may also show indications 
of pressure on the neck, This usually takes the form of 
haemorthage into the mucosal lining and is most often 
seen immediately below the vocal cords. Bleeding may be 
intense here, but its cause is obscure. It can occur with no 
other damage to the cartilages of the larynx and it is then 
hard to equate it with direct physical pressure as it lies on 
the protected inner surface. 

Similar, burless intense, haemorrhage is sometimes seen on 
the surface of the epiglotis, which more often shows a shower 
of petechial haemorthages if the death was not sudden. 

Such haemorthage inside the larynx is often a bright, 
fiery red, unlike the dark cyanotic discoloration that is seen 
in the pharynx, root of rongue and larynx in congestive 
asphysial deaths, and is caused by obstructed venous return 
rather than direct trauma. At autopsy the base of the 
tongue should always be sliced, as deep haemorchages may 
be present, usually at the sides of the tongue, deep conges- 
tion being more central or across the whole posterior part 
of the tongue 


Damage to the carotid arteries 


“Though the sudden ‘vagal inhibition’ type of death caused 
by pressure on the baroreceptors of the carorid sinus and 
sheath is quite common, it is unusual to find anatomical 
confirmation of injury to chese structures 

‘There may be deep haemorrhage in the neck tissues sur- 
rounding or adjacent to the bifurcation of the common 
carotid artery, but this is often absent in these cases of car- 
diac arrest ~ and conversely, such bleeding may be found in 
the slow ‘asphyxial’ deaths, as part of the generalized diffuse 
bleeding into the tissues. 
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Strangulation by ligature 


Rarely, careful dissection of the carotid arteries may reveal 
an intimal tear or bleeding into the walls of the vessels at 
oor near the carotid sinus. A delicate technique is required 
and artefuctual damage must be carefully excluded, espe- 
cially that from the point of scissors used to slit open the 
artery. Such tears are more often found when a forcible 
impact or a more focal pressure has been applied, such as 
from a thin ligature that can cut deeply and abruptly into 
the neck, especially in hanging. Generally, litte or no mor- 
phological confirmation is 0 be expected in the cardiac 
arrest type of death, following pressure on he neck. ‘The 
diagnosis is one of exclusion, based on the absence of any 
congestive-cyanotic-petechial appearances, together with 
some circumstantial history of sudden death whilse pressure 
is being applied to the neck. 

Asalready mentioned, one problem is thar pressure may be 
‘maintained for long enough — perhaps a minimum of 15~30 
seconds — to produce these signs, yet not cause death, but 
death chen supervenes abruptly because a vagus-mediated 
cardiac arrest is superimposed on the early asphyxial mode. In 
the absence of any structural damage to che carotid apparatus, 
autopsy cannot differentiate berween the cwo mechanisms 
and only the history (which is rarely available for obvious rea- 
sons) can assist in interpreting the sequence of events. 


STRANGULATION BY LIGATURE 


Pressure on the neck may be effected by constricting all or 
part of the circumference of the neck by a ligature. This is 
sometimes called ‘garrotting’, chough strictly this refers to 
the tightening of a noose around the neck by twisting a 
rod within the ligature, a form of judicial execution once 
employed in Spain, from which also comes the description 
of the twisting device as a ‘Spanish windlass.. This method 
hhad a refinement in which the back of the neck was forced 
against a sharp spike which penetrated che spinal cord, 

In forensic practice, if hanging is excepred as a separate 
entity, most ligature strangulations are homicidal. Some are 
suicidal and a few accidental, usually in children. 


‘The nature of the ligature 


The ligature may consist of a wide variety of objects, some 
not obviously suitable for the purpose, yet effective in caus 

ing death. Cords, wires, ropes and some belts are strong and 
relatively thin, so char chey tend to cut deeply into the neck if 
the tension is great. Softer fabrics, however, in the form of 
scarves, ties, rowels, stockings, tights and even strips of bed- 
linen may be used and may cause some problems in inter- 
pretation if they are removed fiom the scene before the 


FiGURE 15.15 Ligarure mark from a nylon scarf Alshough the 
fubric was broad, the tension bands frm the tightly stretched 
‘material have produced a definite line that could be mistaken for 
a cord or wire 


FiGURE 15.16 Ligarure smangulation with a generally horizontal 


course for the two strands of cord that diverge frum the ski at the 
back ofthe neck 


investigation begins. The ligature may be applied as one curn 
around the neck ~ or even less, as homicides have been per- 
petrated by the assailant pulling a U-shaped ligature against 
the front and sides of the neck, while standing ac the back. 
yen a flexible rod, such as bamboo cane or ~ in India~a fla 
lathi’, can act asa ligature ifthe nwo ends are forcibly pulled 
back fiom behind against the frone of the throat. 

In the majority of cases, however, the ligature is crossed 
‘over itself afier passing a full circle around the neck ~ and 
several turns may be wound around, secured with one or 
more knots. ‘These multiple turns are not uncommon in 
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Figune 15.17 


Fracture ofthe left laryngeal horn (arrow) with 
haemorrhage, The body war recovered frm a lake based on the 
confesion of the perpetrator. Further findings were haemorrhage in 
the fractured ericoid cartilage, bruising on the neck and petechiae in 
the conjunctinae and lary 


FIGURE 15.18 Typical appeanance of congested, cyaosed forehead, 


swith multiple petechiae in the skin, in a woman srangled manually 
and by ligature, Circular bruising probably due to knuckle blows. 
The scarf tied around the neck initially suggested only ligature 


strangulation. 


suicide, where two, three, or even more circles are wound 
around, often with complex knots. The presence of these 
‘more complicated ligatures by no means confirms homicide— 
in fact they are more common in suicide, where the deter- 
mined victim is eager to succeed. The ligature may be tight- 
ened even further by means of the “Spanish windlass 
mentioned above, which consists of some rod-like object, 
which may bea ruler, stick or screwdsiver inserted between 
the ligature and the skin, and ewisted around several times. 
The rod may be held in position by being wedged under the 


a 


LURE 15.19. J the case shown in Figure 15.18. When the scarf 


E 
twas removed, rpical bruise and abrasions of manual strangulation 


were se in addition tothe ligature mark 


chin or against the shoulder or chest. This device may be 
seen in either homicides or suicides. 


The ligature mark 


“The appearance at autopsy naturally depends on the nature 
and texture of the ligature. When there is a pronounced 
pattern, such as the weave of a cord or the plaiting of a 
thong, the same pattern may be imprinted into the skin. In 
homicide, where the ligature has been removed by the 
killer, such a pattern may be of great value in tracing its ori- 
gin. When a fabric has been used, such as a scarf or towel, 
the marks on the neck are more difficult to interpret. A 
broad, flat band may leave no mark whatsoever, but it usu- 
ally leaves one or more linear marks on the skin of the neck, 
ofien discontinuous. These may fade ifthe body is nor seen 
soon after death and if the surface has nor been abraded. 

A fabric ligature may leave a sharply defined mark, 
which may be misinterpreted as being caused by a narrow 
cord or wire. The reason for this is that when a broad piece 
of cloth is tightly stretched, one or more bands appear that 
are under greater tension than the rest. Ie is these that mark 
the skin, and no sign may be lee chac a wider area was lying 
oon either side of the most tensed band, ‘These marks are 
usually less well demarcated ar the edges than a cord or 
rope, but can cause confusion, 

‘When the ligature is still in position when the body is 
examined, it may appear to be deeply embedded in the 
skin, sometimes almost out of sight, and on removal a deep 
groove may be seen in the skin. ‘This embedding may be 
accentuated by oedema of the tissues, especially above the 
ligature, which initially may nor have been applied so 
tightly, The swelling can continue to develop to some 
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Ficun 


5.20 SelPstramgulation by ligature, with ree turns 


around the nec and a complex knot. There was no dowlr from the 
cincumatances thatthe deceased man had deliberately killed 
hhimelf with thie telephone cord but the mechanism of apparent 
xaconagel death before any congestive changes could appear remains 
obscure 


extent even afier death, accentuating the depth of the 
groove. Presumably some passive transudation of tissue 
fluid continues even afier the circulation has stopped. In 
suicides, multiple turns and knots may have been applied 
and obviously, the degree of rightness as seen later at 
autopsy could not have been present during the application 
of the ligature, otherwise incapacity would have been so 
rapid that the process could not have been completed. In 
such cases, itis remarkable how often the mode of death 
still seems to be of the non-asphyxial cardiac arrest type. Ie 
might be expected that vagal stimulation could not have 
occurred once the expected static position was attained 
with the completion of ligation — bur experience indicates 
otherwise, the mechanism remaining obscure. 

The skin mark may remain red, especially if che ligacure 
was of softer material such as cloth, but cords, ropes and 
wires tend to abrade the surface, which larer becomes yel- 
low or brown and parchment-like. This is seen particularly 
in hanging, when the friction and chafing may be greater 
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FiGune 15.21, Ligarure strangulation by means of ‘Spanish 


windlass A penknife has been rust through the kot to ewise the 


ligature eight. 


The stiff, brownish-yellow appearance occurs post- 
mortem and tends co become more pronounced as the 
interval lengthens after death, ‘The mark may be slightly 
wider, narrower or the same width as the actual ligature, 
depending partly upon how deeply it cur into the skin. 
There is often a narrow zone of reddened hyperaemia at 
either margin of the mark. This used to be taken to indicate 
thar the ligature must have been applied during life — 
though by analogy with the spurious ‘vital reaction’ some. 
times seen as a post-mortem development at the margin of 
burns (see Chapter 11), this sign is of doubeful reliability 
Experiments by Pollak (personal communication) confirm 
this by the production of similar marginal reddening by 
applying ligatures soon after death — i seems to be due to 
lateral displacement of blood from the squeezed area 
immediately below the ligature. 


THE POSITION OF THE LIGATURE MARK 


The geometry of the mark is important in interpreting che 
fatal events. In strangulation, unlike hanging, the mark tends 
to encircle the neck horizontally and ata lower level. Typically 
ic crosses immediately above or below the prominence of the 


15: Fatal pressure on the neck 


Ficune 


5.22 Ar autopsy on a victim of ligature strangulation, the 
ligature should be cut well away from the knot, ifone is present. The 
not should never be untied, but preserved for forensic examination, 
If the ligature isin danger of unravelling, it should be tied at two 
places and divided between these points, (Reproduced with 
permission from Robert Hale Publishers) 


larynx and passes back to the nape of the neck. In homicide, 
where a single turn is used, there is often a cross-over point 
where the two ends of the ligature mark overlap. This may be 
at the front, side or back of the neck, depending on the rela 
tive positions of assailant and victim, 

When a knot is tied, it may leave a mark on the skin and, 
of course, if multiple loops are present, some or all of these 
will be represented on the skin, Unless the killer is pulling 
upwards, the mark will not be seen to rise nor will there be 
a gap in the mark at the highest point, as seen in most 
hangings. 

In the later section on hanging, the point will be made 
that sometimes a hanging mark may resemble a ligature 
mark, but the converse is almost unknown, 


Other signs of local injury in ligature 
strangulation 


There may be scratches on the neck, but these are usually 
caused by the attempts of the victim to pull away the liga- 
ture. Fingernail marks, sometimes linear and vertical, may 
be pr 


int as in manual strangulation, but not focal abra- 
sions or bruises. Internally there may be superficial haem- 
orthage under the ligature mark, though this is often 
minimal. Depending on the force with which the ligature 
was applied, there may be deep damage in the muscles of 
the neck, but this tends to be less than in manual strangu- 
lation, Similarly, there may be laryngeal injury, but less 
severe than feom pressure from the hands, The hyoid bone 
and thyroid horns may be fractured, especially where the 
ligature rides ar the level of the thyrohyoid ligament, but 
damage to the laryngeal cartilages is much less common 
than in manual strangulation. Gonzales found in 24 fatal 
manual strangulations, four hyoid fractures but nine thy- 
roid and cricoid fractures. In 25 deaths from manual stran- 
gulation, Simpson found only one hyoid fracture but 22 
with thyroid horn fractures. It is rare for the main thyroid 
plate or the cricoid to be fractured unless gross violence was 
applied with excessive pressure by a strong. ligature 
Uncommonly, a narrow wire may be used, the so-called 
‘cheese-cutter’ method. Here, strong pressure over a small 
area ~ such as that delivered by a piano wire ~ may actually 
lacerate the skin, and even cut into the deeper tissues 
and cartilages. 

‘Where much bruising and abrasion is seen, especially if 
scattered and away from the actual ligature mark, then the 
possibility of a combination of manual and ligature stran- 
ulation must be considered. This is not uncommon, the 
handling of the throat either preceding or accompanying 
the application of the ligature, Fractures of the laryngeal 
structures may be caused by this element, rather than the 
associated ligature. A deeply sunken narrow ligature 
applied with force may damage the carotid arteries and 
focal injury to the intima may rarely be found on careful 
dissection. 


The mode of death in ligature 
strangulation 


TThe mode of death is more often the ‘classic asphyxia’ picture 
than in manual strangulation, where sudden cardiac death is 
common before congestive-petechial changes have time to 
‘occur. The contrast in the appearance of the skin immedi- 
ately above and below the ligature mark is often striking, 
with pale skin below, and a puffy, oedematous, congested, 
cyanotic and haemorthagic surface above. Petechise may 
abound in che eyelids, conjunctivae and facial skin, and there 
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Hanging 


may be bleeding from the ear and nose. This is by no means 
invariable, and many ligature strangulations die rapidly from 
vagal reflex cardiac arrest before any congestive signs have 
had time to appear. 

This can occur in both homicide and suicide and, 2s men- 
especially where the 
Victim ~ bent on self-destruction — has been able to complete 
multiple loops around his neck and tie several knots before 
dying. 

Accidental ligature strangulation ~ which may be actual 
hanging if the body weight is thrown wholly or partially 
upon the ligature ~ is seen in che tragedies than occur to 
young children, who may become entangled in blind or cur- 
tain cords, usually when their cot or playpen is left too near 
awindow. 


tioned earlier, the mechanism is obscut 


ARM-LOCKS AND ‘MUGGING’ 


The original meaning of ‘mugging’ has now been confused 
by its application, especially in North America, to any form 
of robbery with violence, The term strictly means throt- 
dling by pressure from an arm held around the throat. The 
attack is usually made from behind, the neck being trapped 
in the crook of the elbow. Pressure is then exerted either on 
the front of the larynx, oF at one or both sides by the fore- 
arm and upper arm. The mechanism is further discussed in 
Chapter 10, as an arm-lock (or ‘choke-hold’) is a method of 
restrainc used by police officers for law enforcement, but it 
is rapidly losing favour because of the number of inadvert- 
ent fatalities due either to ‘asphyxia’ or co reflex cardiac 
arrest. Following several fatalities during police arrests in 
the early 1990s, the Association of Chief Police Officers in 
Britain have issued recommendations that arm-locks be 
avoided during the restraint of violent prisoners. 

The autopsy features are those of ligature strangulation 
with a broad object, in that signs may be minimal. Some 
diffuse abrasion may be seen, especially along che margin 
of the jaw or lower face, sometimes over a considerable 
area, caused by the friction of the forearm. Internally there 
may be diffuse bruising, bur this again may be slight or 
even absent. The larynx may also escape damage, though if 
it is pressed backwards against the spinal column the thy- 
roid horns and even the hyoid may fracture (see also 
Chapter 10). 


HANGING 


Hanging is a form of ligature strangulation in which the 
force applied to the neck is derived from the gravitational 
drag of the weight of the body or part of the body: 


EGURE 15.23 Fjpical posture in hanging with the surpension point 
rising tothe ear, tilting the head to she opposite side. The tongue it 
projecting because of upward prenure on the lary and rot ofthe 
tongue. There are no congertive appearance. As aslip-noose wat 
sed, the rope i in cansact with the skin throughout the full 


circunnference ofthe neck 


Judicial hanging 

The modern form of judicial execution is unrelated to the 
usual suicidal hangings seen in routine forensic practice, as 
it depends upon severe mechanical disruption of the neck 
structures, Until the nineteenth century judicial hanging in 
Britain was carried out even more barbarically by ‘ordinary’ 
hhanging, where the victim was strangled at the end of a 
rope by his own weight. Ar the infimous ‘Tyburn execution 
site near the present Marble Arch in London, tens of thou- 
sands were dispatched, the usual method being the placing 
‘of a rope noose around the neck of the condemned person, 
who stood on a cart or ladder, ‘This support was then 
removed leaving the victim suspended. Some contempo- 
rary accounts suggest that many died with lietle Further 
movement, but this was not the case for a considerable 


umber and it was nor unusual for the victims’ relatives to 
pull on the victims legs to shorten the agony. It appears to 
have been a desire to increase the rapidity with which death 
‘occurred that ‘improvements’ were made, principally the 
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use of a drop effected suddenly by means of a trapdoor. The 
use of a drop required che placing of the ‘knot’ — really a 
brass eyelet and rubber washer ~ under the left ear where it 
was less likely to be pulled over the head chan at the 
occiput, a traditional site, The aim was that, when the rap- 
idly falling body was suddenly arrested, the cervical spine 
would he dislocated resulting in traction on the spinal cord 
with consequent spinal cord or brainstem disruption. 
Exhumation of persons executed by this method shows that 
fracture was not usual but post-mortem accounts of find- 
ings indicate that cervical spine dislocation ~ occurring at 
various levels ~ was common with resulting cord or brain- 
stem damage, However, the effects do seem to be variable 
with decapitation occusring at drop heights, which, in oth- 
es, judging by contemporary descriptions of the execution, 
appear not even to have caused rapid unconsciousness. 
Though cerebral function presumably ceased immediately 
oon cord or brainstem damage, the heart usually continued 
to beat, sometimes for up to 20 minutes until hypoxia 
caused arrest 


Suicidal and accidental hanging 


Apart from the now rare ‘lynching’, hanging is almost 
always suicidal or accidental, che former being by far the 
most common. Hanging has many features in common 
with ligature strangulation. Death is, however, more often 
caused by reflex cardiac arrest from pressure on the carotid 
structures. Many mote victims of hanging are found to 
have pale faces, rather than the congested, haemorrhagic 
appearance of the slower asphyxial type of death, James and 
Silcocks (1992), in a 15-year survey of hangings in Cardiff, 
found congestive-petechial features in 27 per cent, being 
relared to the completeness of suspension, 

Polson suggested thar the usual pale face in hanging is 
caused by cerebral ischaemia from bilateral occlusion of the 
carotid arteries rather than a vasovagal effect, though this 
seems incapable of proof. In either event, the death can be 
taken to be rapid ifno asphyxial signs are present. 


Methods of hanging 


Most hangings are sel suspension. ‘This may be carried our 
by a wide variety of methods, but a typical method of sef- 
suspension is to attach a thin rope to a high point such as 
a ceiling beam or staircase. The lower end is formed into 
either a fixed loop or a slipknot, which is placed around the 
neck while the intending suicide stands on a chair or other 
support. On jumping off or kicking away the support, the 
victim is then suspended with all or most of his weight 
upon the rope. 


FiGURE 15.24 Saacidal hanging with the feet fla an the flor. The 
deceased man stepped off the low stol, bu the stretching ofthe clth 


ligature prevented total sepension. Many suicidal hangings are 
succesful at much lower levels, suchas doorknobs and bed 
headboard 


‘The many variations of this involve either the ligature 
or the height of suspension, Wires, string, pyjama cords, 
belts, braces (suspenders), scarves, neckties, stockings and 
humerous other devices may be used, depending on avail- 
ability. In prison or police custody considerable ingenuit 
may be employed to defeat the efforts of the custodians to 
remove anything thar could be used for self-destruction: 
shoelaces, stockings and torn bed-sheets have been used in 
prison cell 
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Suicidal hanging by means ofa necktie, The 


ddoceated ma had suspended his neck fram a hook on the back of a 


door by tying two neckties together The hook had pulled out and be 


uae foud om the floor. Note the 


sted face, indicating 


rapid cardiac arrest 


Suspension is often not high enough to keep the victim's 
feet clear of the floor. Commonly, when the person steps 
from his support, the stretch in the ligature rope is sufficient 
wallow the feet to reach the ground, but this by no means 
prevents fatal outcome. The weight of the upper part of the 
body leaning into the noose is often more than enough to 
cause death, Successful hanging can occur from low suspen- 
sion points, where che person is merely slumped with part of 
his weight into the ligature. Hanging can take place from 
doorknobs, bedposts and any other convenient low securing 
point. The body may be merely slumped against the door or 
bed or chair, with the legs and buttocks supported on the 
floor, s0 chat only the weight of the chest and arms is con- 
tributing to the fatal pressure within the noose. One ‘hang 
ing’ seen by the author (BK) was successfully achieved by 


Figure 15.2 


This 


carol bay tok his leave fromm bis playmates and hanged himeelf 


Hanging deat in children are very ran 


from a bedpse under their very eye: 


FiGURE 15.27 Hanging with a fived knot in the cord so that there 


is a segoment of shin fee from the mark where the cardi 


the knot, This was part ofthe common murder-muicide pattern in a 


domestic homicide 


merely leaning the neck into the shallow curve of a low 
clothesline stretched berween two posts in a garden, 

Ie is unusual for a suicidal hanging to be sufficiently vio- 
lent for damage to the cervical spine to occur as the length 
of drop is usually 100 short. Only occasionally will a person 
jump ftom a roof or other high place with a rope around his 
neck — here severe injury can occur, even decapitation if the 
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15: Fatal pressure on the neck 


Ficune 


5.28 This inmate had torn up a sheet and attached both 


ends toa water tap (not shown) and ir leaning into the lop in 
sitting position with sparing of the back of te neck 


rope is strong enough. More ofien the jump will be from an 
attic trapdoor or 2 tree, sufficient to damage the vertebrae or 
atlanco-occipital joint, The author (BK) once saw a frac- 
tured cervical spine when a heavily built soldier jumped off 
a lavatory seat after securing a rope to the overhead cistern, 
bur this is unusual 


‘The hanging mark 


The mark on the neck in hanging can almost always be dis- 
tinguished from ligature strangulation, The circumstances 
will usually indicate the fact of hanging, bur sometimes the 
rope will break or become detached, and the deceased will 
be found lying with a ligature around his neck. There may 
then be doubt as to whether he was hanged or strangled. 
Obviously a search of the locus for a suspension point and 
signs of rope attachment will be the task of the investigators. 
The hanging mark almost never completely encircles the 
neck unless slipknot was used, which may cause the noose 
to tighten and squeeze the skin ehrough the full circumtfer- 
ence of the neck. In most instances the point of suspension is 
indicated by a gap in the skin mark, where the vertical pull of 
the rope leaves the tilted head to ascend to the knot and 
thence to the suspension point. This gap is usually seen ar 
one or other side of the neck or at the centre of the back of 
the neck. Much less often itis under the chin. The knor itself 


LURE 15.29 A deep hanging mark showing the high postion 


under the chin rising to the back ofthe neck, The spiral weave ofthe 


rope is clearly imprinted in the skin. The dark tint of the face is 


i noe congestive. 


FiGURE 15.30 A perfcly horizontal mark around the neck in a 


man who banged himeelf fom a saicace A slipknat was ued, 
which tightened so thatthe usual rising line of a hanging mare did 
not occu, illustrating the danger of aswming thatthe usual is 
invariable 


may be impressed into the skin, especially ifat the side of the 
head, above the gap where the anterior matk begins 

The hanging mark, che features of which resemble those 
described earlier in strangulation, is usually deepest at the 
side diametrically opposite che suspension point where the 
maximum load-bearing occurs. Like ligature strangulation, 
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FiGUne 15.31 A hanging mark showing the plaited imprint of a 
sixcstrand cable. There isa central line of abrasion, within a zone of 
pallor caused by vascular compresion, ouside which is narrow 
band of byperaemia. The mark is horizontal due to leaning 
forwards 


the mark may be abraded, brown and dried to a parchment- 
like consistency after death, There may be a narrow red 
ither above or below (or both sides) the ligature 
mark. This is not an indicator of vial reaction, as explained 
in relation to ligature strangulation, but is due to displace- 
ment of blood laterally from under the zone of maximum 
pressure 


THE POSITION OF THE HANGING MARK 


The hanging mark is situated higher on the neck than in 
strangulation, usually being directly under the chin anteri- 
oly, passing round beneath the jawbones and rising up at 
the sides or back of the neck to the usual gap under the 
knor. 

‘An exception may be seen where the suspension point is 
low and part of the body is supported. For example, the 
vietim may sit or slump on a chais, bed or floor with the 
rope attached toa point only slightly above neck level. Then 
the pull on the rope is almost at right angles to the axis of 
the body when the latter slumps away, so that the resulting 
mark may be almost horizontal and set ata lower level than 
usual on the neck. In such cases, if the body is cut down 
before investigators arrive, it may be much more difficult 
distinguish hanging from strangulation, a fact which. has 
been argued in more than one criminal trial or controversial 
death, such as thar of Rudolf Hess in Spandau Prison, Berlin 
in 1987. 

On tare occasions, hanging will take place with the sus 
pension poinrat or above the poine of the chin with the rope 
cutting into the back of the neck. Where the rope passes 


) 


© 
FiGUiRe 15.32 The poition ofthe hanging mark on the neck 

(a) Usual position with feed noose and high suspension paint 

"The mark rvs igh 10a gup. (6) fa slipknot is wed, te tightness 
af the deeply imped lop tends to find the male circtfernce om 
the nck, and may be lower and mare horizontal.) If the sopensan 
point itl and the subject lean any the mark can be horizontal 


across the jaw margins co a knot in front of the face, the 


geal 


region suffers little or no compression. Fatalities, however, 


mechanism of death is somewhar obscure as che laryn 


certainly do occur, presumably as there is still opportunity 
for pressure on the carotid. 


Autopsy appearances in hanging 


Apart from the appearances of the hanging mark, there are 
some other features to note, Fitst, post-mortem hypostasis 
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Fatal pressure on the neck 


Ficune 15.33. The back af the vic 


tring ofthe wrins. This does not indicate a homicide, unless the 


sture could nat have been self applied. Some persons bent am self 


ction wi ha they do not arterape tors 


themieloen. A 


re was lf in thi case: 


will occur in the legs and hands if the body has been in the 
vertical position for at least a few hours. When the body is 
cut down and lid horizontal for a considerable time 
some or all ofthis appearance may flow back into the usual 
pattern 

Petechial haemorthages are the exception rather than 
the rule, most series reporting them in approximately 
25 per cent of cases, Such petechiae appear to occur more 
frequently in incomplete suspension but are frequently 
present in the absence of significanc congestion. Congestion 
itself s far less usual chan a pale face 

In the neck tissues there may be surprisingly little to find 
with an absence of laryngeal fracture or strap muscle haem. 
orthage being a common finding, especially if a soft liga 


ture has been used. However, che literature suggests thar an 


average figure for the incidence of soft tissue haemorthage 
would be about 20-30 per cent of cases and for laryngeal 
fractures approximately 35~45 per cent of cases, Fractures 
of both the hyoid and thyroid may be seen. 

Damage to the intima of the carotid arteries, often in the 
region of the sinuses, may sometimes be found on careful 
dissection, In hangings with an unusually long drop, severe 
disruption of the larynx can be found 


Ike 15.34 Suicidal hanging with the rope ina frontal positon, 


Even though the lary cannot be compressed, death is due t9 


‘esphyial’gns 


Mechanism of hanging 


There are a number of mechanisms by which hanging 
may cause death, which may act independently or in 
concert. These include: stretching of the carotid sinus 
causing reflex cardiac arrest; occlusion of the carotid (and 
possibly vertebral) arteries; venous occlusion; airway 
obstruction resulting from pushing the hase of the tongue 
against the roof of the pharynx or from crushing of the 
larynx or trachea; and finally spinal cordbrainstem 


disruption, 


\Whilse hanging shares some features with manual 


lation, the majority of victims of hanging are seen with pale 


faces rather than the congested, haemorthagic appearance 
associated with the slower death resulting from pressure on 
the neck. This probably reflects a different mechanism, with 
reflex cardiac arrest and carotid occlusion more prevalent in 
hanging 
rapidly, with unconsciousness resulting from bilateral carotid 


than in strangulation, Such mechanisms cause death 


occlusion 3-11 seconds after the application of circumtferen- 
tial pressure 

However, the precise interplay of different mechanisms, 
which themselves appear only partially dependent on the 
completeness of suspension and the location of the noose 
is impossible co determine from the pathological findings 


alone. 
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The sexual asphyxias: autoerotic or masochistic practices 


FiGURE 15.35. Hanging by frontal suspension. A leather nooe has 


ben used s0 thas compression har occurred round the whole 
periphery ofthe neck. The imprint of the metal ring on the jaw ir 
swell sen 


Accidental and homicidal hanging 


Though most hangings are suicidal, accidental hangings 
occur from two main causes. The first is entanglement in 
ropes or cords; this is relatively uncommon, and is usually 
seen in infants and children, ‘The straps of a baby harness, 
used to support or restrain an infant, have led to death on a 
number of occasions, the child becoming entangled in 
leather or plastic reins when no adult was present. Any 
other cords may present a similar hazard, as in several cases 
seen by the author (BK), where infants standing in a cor 
near the bedroom window became entangled in a noose 
formed by the control cords hanging from a nearby blind 

On rare occasions, similar tragedies have befillen adults 
in factories, farms or ships, where a trip or fall has precipi- 
tated the victim head-first into machinery or structures, 
where ropes or cords have caused hanging or strangulation. 

More commonly, a totally different situation causes fatal 
hanging or strangulation, almost exclusively in men and 
most often in young men, which is described in the next 

Homicidal hanging is very rare, outside abuse of human 
rights and ‘lynching’. For one individual to hang another, 
there must be either a disparity in their sie and strength — or 
the victim must be drugged, drunk or otherwise incap- 
acitated by fear illness or senility, For a conscious, presum- 
ably unwilling, victim to be hanged by another, there will 
inevitably be signs of resistance, such as grip bruises on the 
arms due to restraint, or signs of binding the arms, wrists 
or legs 


THE SEXUAL ASPHYXIAS: 
AUTOEROTIC OR MASOCHISTIC 
PRACTICES 


Though not all of this group are hangings or strangulations, 
this well-recognized phenomenon is conveniently considered 
here. The sexual asphyxias occur almost exclusively in men 
and only a few reports exist of women indulging in this dan- 
sgetous habit, though Byard et al. (1990) have been able to 
contrast the death scenes in the two sexes, indicating that 
males tend co use more apparatus, whilst females are usually 
found naked with only a ligature in evidence. 

TThe age of the male victims can vary widely, but is most 
ofien seen in young to middle-aged adults. ‘The deaths that 
occur ate obviously a small proportion of the total inci- 
dence of this strange practice. A fatal outcome is usually 
because of some failure of the equipment and this empha- 
sizes the accidental nacure of most of these deaths 


Features of the sexual asphyxias 


The basic mechanism of the sexual asphyxias is the produc- 
tion of cerebral hypoxia, which in some men appears to 
produce hallucinations of an erotic nature 

‘This hypoxia is most often achieved by constriction of 
the neck by a ligarure, which can be voluntarily tighten 
to produce vascular obstruction and perhaps airway steno- 
sis, It would seem reasonable to think that vascular obstruc- 
tion, either by blocking venous return ~ or even carotid 
flow — to the brain was the most likely explanation, as 
this would occur early. ‘The production of cerebral hypoxia 
by anoxaemic anoxia through airway narrowing would 
surely be painful, distressing and slow in onset — hardly 
features which persons intent on sel-gratification would 
welcome. 

Some autoerotic procedures use other means of hypoxia, 
such as anaesthetic agents and a variety of volatile substances, 
tapering into ‘solvent abuse, discussed elsewhere (Chapter 
34), Whatever the mechanism, when cerebral hypoxia occurs 
with its attendant erotic sensations, progressive loss of volun- 
tary control as consciousness fades allows the constrictive 
device to slacken, so that the subject recovers. As some fatal 
cases show clear evidence of repeated previous escapades, itis 
‘obvious thar che mechanism usually functions quite success 
fully and chat death was the resule of some unforeseen 
complication. 

A common practice is to place a fixed noose around the 
neck, so that compression will cease as soon as muscular 
tension on the free end is relaxed. ‘This free end may be 
passed down the front or back to be fastened to the ankles, 
so that by extending the legs, the noose around the neck is 
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15: Fatal pressure on the neck 


FIGURE 15.36 Hanging in circumatancee which suggest a 
sexual-masochistc motive, The young man showed na signs of 


previous depresion or suicidal tendency. He was found naked, with 


arms and lege tied together with wire. Though homicide wa 
suspected at ft, the bonds were lose and easily elf applied. No 
savsfcary explanation ws frhcoming 


tightened. Compression may also be attained by passing 
the rope over a support and hanging a weight on the end to 
produce tension. 

Other men may secure the end to an ovethead support 
and achieve constriction by slumping against the pull of the 
rope. In these and similar cases, iis dificult to understand 
how death can be avoided once consciousness is lost, but 
evidence of repetition on previous occasions indicates chat 
enough voluntary control must be retained 10 allow the 
petson to retrieve the situation after obtaining his erotic 
satisfaction, 

Similar hypoxia may be produced by placing the head in 
« plastic bag, by pushing the head into a confined space, by 
postural contortions (often associated with bondage) chae 
constrict the airway, or a host of other ingenious methods. 
One case seen by the author (BK) deliberately constructed 
a large sack made from impervious material, into which he 
crawled to attain his hypoxia. Certain features of these 


FiGURE 15.37 A banging in which i was not clear ifthere was a 
true sesual-masochistc element. The victim was suspended by 
electric cable from an attic rapdoor with his face plastered with 
surgical tape and the writes tied together. Homicide could be 
cesclued. In some deathe with an undoubted sesual element, the 
means used would inevitably lead to a fatal outcome, so there sems 
ta be an overlap between masochism and suicide. 


FiGune 15.38 Katalseeual explain an engineer with a rubber 


fitich. He wae found dead connected toa dental anaesthetic 


‘machine, with a rubber face mask stripped on over a rubber teat in 


the mouth, pornographic material devoted to dentistry wat 
inthe vicinity. (Figure reproduced by Kind permission of 


DrS Leadbeatter) 


deaths make them fairly easy to differentiate from suicides, 
a distinction which is important, though some cases are 
impossible to separate from deliberate attempts at self- 
destruction (Knight 1979), 

Bondage is common, with sometimes elaborate and 
bizarre methods of restriction. The wrists and ankles may be 
tied together with cord, wire, chains, padlocks or handcuffs, 


for example, and it is vital for the investigators t0 ensure 
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thar such bondage could have been secured by the deceased 
himself ro exclude the possibility of homicide, usually by a 
heterosexual or homosexual partner involved in the ritual 

The bonds may be sexually orientated, with straps 
around the crutch or constricting the genital organs. In 
cases seen by the author (BK), one had made a metal sheath 
for the penis that was padlocked in place and another 
clamped the penis within a metal shackle. 

Masks and gags may be in place, again a manifestation of 
restraint. The mouth may be sealed by adhesive plaster and 
the eyes blindfolded. Rubber or leather often features in the 
masks, which may have eye-slts or completely envelope the 
face. ‘Transvestism is common, female attie being worn 
either overtly or under male clothing. False breasts and nip- 
ples may be fabricated or brassidres padded with cloth. ‘This is 
a common phenomenon, however, without sexual asphyxia, 
as any coroner’ autopsy service will reveal some men (often 
elderly) as hidden transvestites, wearing female undercloth- 
ing beneath their suits. Fetishism is often seen, especially rub- 
ber or shiny plastic or leather. Female wigs and make-up are 
encountered, though the syndrome does not seem 
to be overtly associated with homosexual activity 

Pornographic literature is often within view and may be 
spread around the body at the scene of death. The act is 
sometimes performed before a mirror and masturbation is 
common, The mete emission of semen found at autopsy 
does not confirm sexual activity in itself, however, as post- 
mortem discharge of semen from the meatus is common 
in any type of death, not only in asphyxia (as used co be 
commonly alleged by standard textbooks). Occasionally, 
lewd writings are left near the body and even upon the 
body surface. The author (BK) has seen one where obscene 
graffici were written with a ball-pen on the abdomen and 
around the glans penis. 

Perhaps more importantly, overt suicide notes are never 
present, helping to distinguish the cases from definite self- 
destruction, Another important piece of evidence against 
suicide isthe fact that, in some neck ligatures, the rope may 
be padded by fabric to avoid leaving a telltale mark on the 
neck —an act incompatible with an intention of suicide. 
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FIGURE 15.39 A presumed intance of 
sesual asphyxia, The deceased was naked 
and had enveloped himselfin a large 
impervious bag, which he had made 
brinaelf, Ie seemed imponible for him to stve 
bimuelf once unconsciousness had occurred, 
but there appeared to be no suicidal 
tendencies in the history 


FiGune 15.40 A clasial sexual asphyxia where the deceased bas 
sued a dog collar round the neck (removed before photography), the 
chon pausing down to the ankles, which provide temporary tacton. 
The common features of rubber fetishism and penile bondage were 
presen. 


Rarely, autoerotic gratification may be achieved by the 
application of electric current, usually low voltage applied 
to the genitals, Electrical faults, such as in a transformer, 
may lead to a fatal outcon 


Medico-legal aspects of the sexual 
asphyxias 


Though all these Features make the true nature of the death 
clear to the medical examiner, it can sometimes be difficult, 


15: Fatal pressure on the neck 


FIGURE 15.41. A sexta asphyxia from a buckled bele applied 
tighely ro the neck and a metal shackle on the penis. Obscene phaser 


were written om the glans and abdomen 


to convince the police, the coroner or judge ~ and espe- 
cially the relatives ~ that death was accidental. The stigma 
still attached to suicide and the revulsion felt at the per- 
verted sexual element may cause the relatives to prefer 
homicide as the cause. The judicial authorities ofien lean 
towards suicide, especially when they are unaware of the 
existence of this strange syndrome of the masochistic or 
sexual asphyxias. The doctor is often the only person able 
to explain the relatively common occurrence of this phe- 
nomenon and assist in reaching the correct conclusion. It 
has to be admitted, however, that in a small minority of 
these deaths, it seems inevitable that the victim must have 
been aware of the fatal outcome, as the mechanics of the 
asphyxia are such thar no escape could have been foreseen. 
In these instances the circumstances are such that a mixed 
motivation must have existed. For example, hanging by the 
neck in free suspension from a tree or from the trapdoor of 
an attic isa situation from which escape is impossible, even 
though sexual attributes such as nudity, bondage and mask- 
ing were present (Knight 1979) 

‘Where the victim is young, motivation is again less clear. 
Youths of 12 or 14 years are sometimes found hanged, usu- 
ally without the secondary sexual or bizarre attributes listed 
above. There is usually nothing in the history to suggest sui- 
cide, and quite often the coroner or other legal authority 
will decide that death was due to ‘experimenting with 
ropes’, sometimes alleging that it followed watching lynch- 
ing in cowboy films on television. It is probable that most of 
the obscure deaths are also associated with aberrane sexual 
even if more positive evidence is lacking. Recog- 
nition of the true nature of most of these deaths is vital for 
as spurious homicide investigations 
may be initiated if they are misinterpreted. More commonly 


the medical examin 


a false suicide verdict may result, which can have financial 
implications in respect of life insurance. A mistaken belief in 
suicide may be preferred by some families, however, rather 
than the shame of a publicised sexual aberration. 
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‘Many corpses are recovered from wares, but not all have 
drowned. OF those that have drowned, pathological proof 
is often difficult or even impossible to obrain. The autopsy 
diagnosis of drowning presents one of che major problems 
in forensic medicine, especially when there is delay in recover- 
ing the victim. 

Bodies retrieved from water may have: 


1S died from natural disease before falling into the water 
IH died from nacural disease while already in the water 
Wi died from injury before being thrown into the water 
died from injury while in the water 

IS died from effects of immersion other than drowning 
Wi died from drowning. 


All the above may show signs of immersion on examin 
ation, but this is rarely helpful, other than confirming that 
they had indeed been in water, It does not assist in differ- 
entiating the mode of death 


SIGNS OF IMMERSION, 


MH Maceration of the skin begins within minutes in warm 
water, such as death in a bathtub, but in cold water is 
visible aier a variable time, the minimum probably 
being 4 or 5 hours depending upon temperature. 
Polson's (1962) experience suggests a much longer 
time, from 12 0 48 hours, but sodden skin on the 
hands can undoubtedly occur much earlier than this. 


395 


‘The fits signs tend to be on areas with an appreciable 
keratin layer (such as the fingertips, palms, backs of the 
hhands and later the soles) where the surface becomes 
‘wrinkled, pale and sodden ~ the so-called ‘washer- 
‘woman's skin, for obvious reasons. Areas protected by 
clothing develop these changes later than exposed parts 
so that the hands usually reveal more marked 
‘maceration than the feet during the first few days 

Afr prolonged immersion, wide areas of skin 
assume the same appearance, especially where the 
strarum corneum is thick or naturally creased, such as 
the extensor surface of knees and elbows. After some 
days in warmer water and up to several weeks in cold, 
the thick keratin of hands and feet becomes detached 
and eventually peels off in ‘glove and stocking’ fashion, 
The nails and hair become loosened at about the same 
time. Problems of obtaining fingerprints in such 
circumstances are dealt with later 

1 Cutis anserina ~ or 'goose-flesh’ —is a common finding 
in immersed bodies, but is related to cold rather than 
warm water. The erector pilae muscles attached to each 
hair follicle can contract in any type of death and cause 
a generalized pimpling of the skin. It is often stated 
that rigor mortis can produce this goose-flesh 
appearance, bur this is doubsful, as rigor does nor 
shorten muscles appreciably. From whatever cause, 
however, agonal contraction of the erector pilae is 
common and in immersed bodies has no diagnostic 
significance, 


16: Immersion deaths 


he distribution of post-mortem hypostasis i also of no 
value in immersed bodies. According to Bonte etal 
(1986), electrocution in the bath seems cause the margin 
of hypostasis to correspond with the horizontal line of 
the water level (see Chapter 12). It is usual for most 
‘corpses to float or hang in the water with burtacks 
uppermost, and the head and limbs hanging down, but 
‘water movements often roll the body constantly unless in 
placid lake or wide river. Other corpses may float upon 
the back, and gravitational staining of the skin may 
therefore be in any pattern if the body is subject to 
frequent changes or posture. ‘The hypostasis of bodies 
from cold water is frequently pink, but this has no 
diagnostic value. The reddish colour is caused by the 
presence of unreduced oxyhaemoglobin in the superficial 
blood vessels and is the result of cold, whether ance 
‘mortem or post-mortem. It may be seen in any body 
taken from a mortuary refrigerator or found in a cold 


FIGURE 16.1 The diagnostic problems asaciated with bodies 


recovered from the water na death ruch as this, where a body i eff 
dy the falling tide, ic may be dificult or ven impossible to prove 
drowning especially if the port-mortem periad ic long 


environment, irespective of immersion, In immersion, 
however, it does not have the typical distribution over 
extensor surfaces and large joints, nor the rather dusky 
tinge that is seen in true ante-mortem hypothermia 

Mud, coal-slurry ol, silt or sand may be present on or in 
the body, as well as other artefacts such as seaweed, water 
weed, algae and small aquatic animal life of many types 
‘Mud may be adherent to the whole body surface and 
clothing, or may be retained in the hair, mouth, nostils, 
ears and other more protected sites. In appropriate 
circumstances, such deposits should be retained for 
scientific examination, if they might help establish where 
the body has travelled from in marine of riverine waters, 
Sand may be found deep in the respiratory passages and 
stomach, especially ifthe body has been rolled by the 
waves on a beach. Such deep penetration is not evidence 
of live aspiration. Where a body is decomposed and 
partly skeletalized, molluscs may colonize the bones. The 
author (BK) has had several cases recovered from the sea 
where mussels and barnacles filled the eye sockets and 
other crevices of the skull 


ESTIMATION OF DURATION OF 
IMMERSION 


‘This is another difficult problem and one that is often too 
dogmatically answered by doctors with insufficient experi- 
ence to appreciate the potential errors. ‘The over-riding 
variable factor is water temperature, which has the most 
effect upon decomposition. Water pollution has little wo do 
with speed of putrefaction, as most of the decomposing 
organisms come from the gut of the body itself 


FiCURE 16.2. Waterlegged skin (washer-womant: hands) after 


2 weeks immersion in a temperate climate, Fingerprine can sill 
bbe obtained fiom hands like these, with appropriate techniques 
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Natural death whilst in the water 


When a body falls into water in average temperate 
climates, che following is an approximate guide to timing, 
in conjunction with he other usual signs, such as rigor 


i if no wrinkling of the finger-pads is present, less than 
a few hours 


1S wrinkled fingers, palms and feet, progressively from 
halfa day 1 3 days 

carly decomposition, often first in the dependent head 
and neck, abdomen and thighs: 4-10 days 


FicURe 16.3 Waterlagged skin after ane weeks immersion in a cold 


climate. 


(CURE 164 Peeling ofthe epidermis in a ‘tacking’ fusion after a 


eck mmersion. The nate at which such changes occur ies 


variable, because af environmental fictrs, that no timetable can be 


offered to attempe ta date desth, In a tempenate-zane sume, this 
stage would require atleast 2 weeks and probably much longer. 


IS bloating of face and abdomen with marbling of veins 
and peeling of epidermis on hands and feet, and 
slippage of scalp: 24 weeks 

IS gross skin shedding, muscle loss with skeletal exposure, 
partial liquefaction: 1-2 months. 


These times may be reduced or exceeded by wide margins 
according to animal predation, climatic changes and bodily 
build 


DEATH FROM NATURAL 
CAUSES BEFORE ENTERING 
THE WATER 


This is relatively uncommon, but does occur. The victim may 
suffer one of the many causes of sudden natural death, most 
commonly a cardiovascular catastrophe, in circumstances 
where he involuntarily falls into the water. The last such 
ance dealt with by the author (BK) was a. man returning 
to his yacht in a rubber dinghy, alone and in the dark. ‘The 
dinghy was found empty and a search recovered the body, 
autopsy revealing a well-established myocardial infarct with 
no evidence of drowning, though the later is never conclusive 
(Other instances have involved persons collapsing from natural 
disease while on boats, a canal tow-path ora river bank. 


OF course, in the absence of witnesses it is difficult to 
separate such cases from those who first fall into the water 
and then suffer a natural death. The autopsy must be directed 
towards identifying the pathological lesions and ro exclud- 
ing, as far as is possible, any evidence of drowning. 


NATURAL DEATH WHILST. 
IN THE WATER 


As discussed above, it may well be impossible to determine 
whether a person recovered from the water, with a potentially 
fatal natural disease, suffered this before or after immer- 
sion. Because of the problems (to be described later) of posi- 
tively diagnosing drowning, ic is difficult ro exclude this as 
either the primary or contributory cause in someone with a 
lethal disease. 

Cardiovascular disease is the most common reason for 
death in the water. A pre-existing condition may be exacer- 
bared either by the physical exertion of swimming or strug- 
gling, or by the effects of cold. ‘The common belief that 
swimming afier a heavy meal is dangerous probably has 
some basis in fat, because of circulatory changes such as the 
‘splanchnic shunt’. When an acute cardiac episode occurs, 
such as sudden myocardial insufficiency oF an arrhythmia, 
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death may follow either from the cardiac lesion itself, or 
from drowning because of sudden physical incapacity 


INJURIES SUSTAINED BEFORE 
TERING THE WATER 


The disposal of a murdered corpse in water is by no means 
uncommon, as it provides a convenient means of conceal- 
ing the body, of transporting it from the scene of the crime 
by means of currents in river or sea, and ~ if discovery is 
delayed — of preventing identity by post-mortem decay and 
damage. Occasionally, accidental or suicidal injuries may 
be infliceed on a person before he or she enters the water. In 
marine, air or (rarely) road transport accidents, the victims 
may be injured or killed before entering the water. Persons 
falling from docks, bridges or ships may strike masonry or 
solid obstructions before hitting the water. Suicides may suffer 
in the same way or in exceptional circumstances, may stab 
themselves or cut their throats in a position where they fall 
into water immediately afterwards. 

Whatever the means, the difficulties for the pathologist 
are the same, in that he must try to differentiate them from 
injuries sustained in che water before death occurs ~ and 
from post-mortem injuries. Often this is an impossible 
task, as such injuries are sustained perimorally, so thatthe time 
span involved is far too short for any of the usual criteria of 
ante-mortem infliction to be applied. 

When the nature ofthe injuries is such that they could nor 
hhave occurred in water, the isue is clear. Burns, missile 
wounds, the effect of explosions (other than compression 
injury) and patterned injuries may be incompasible with 


Ficune 16.5 Tying ofthe lege in a body removed fiom the water is 
suspicious, but not absolute proof of foul play. Some suicides who are 
goad swimmers deliberately te their lege to prevent instinctive self 
preseroation. In this illatraton, however, the bonds were used t9 
secure a heauy weight after homicide 


infliction in water, and must therefore be related to the effects 
(fa previous assault or some accident on board ship or aircraft 


INJURIES SUSTAINED IN THE 
WATER 


As stated, this category is ofien impossible to differentiate 
from injuries inflicted before entering the water. Trauma in 
the water is common, as both an ante-mortem and a post- 
mortem phenomenon. Before drowning or another mode 
of death can supervene, the victim may be washed by waves 
or current against any kind of obstruction, from bridge pier 
to wharf, from rocks to weirs. Contact with the rough bor- 
tom of a river or a stony beach is another common cause of 
trauma, Damage from boats, ship's propellers, and marine 
or animal predators is frequent. 

‘The issue usually becomes one of attempting to distin- 
guish injuries sustained during life from those after death. 
‘Water complicates the problem by washing away surface 
bleeding from open injuries, A laceration inflicted during 
life will, however, usually show some bleeding into the tis- 
sues under the margins of the wound, at least until post- 
mortem decomposition blurs the appearances. Many 
decomposed bodies from water reveal green or black areas 
under the skin, especially in the scalp. It can be difficult or 
impossible to decide whether these are areas of altered 
blood, or merely aucolytic changes. Even histological exam- 
ination is often unhelpful in this respect, A similar problem 
exists with bruises in a decomposed body, which are often 
mimicked by discoloured areas of putrefaction. Post-mortem 
damage from animal predators is common in water and is 
discussed in the chapter on post-mortem changes. 


FIGURE 16.6 Decomposed head and fiactured skull ofa person 


twho disappeared inthe auturnn before the river was covered with 


ce. The injuries have posibly been caused past-mortem bythe ice 
pucks whem the body surfaced in the spring 
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In cold climates, if a body enters the cold water in kate 
autumn, the gas formation due to putrefuction may be so 
slow thar the sea, lake, o river will be covered with ice before 
the body surfaces and this takes place first in the spring when 
the ice is melting, In rivers, additional injuries may occur 
if the body gets pinned down between moving ice blocks. 
Internally, there is no particular problem distinct from 
the examination of injured bodies in general, until post- 
mortem decomposition begins to obscure the appearances 
This is more common in immersed bodies because of the 
frequent prolonged delays before the body is discovered 
Bodies that have been suspended in shallow water may bear 
post-mortem damage from being dragged against the 


FIGURE 16.7 Marine predator injuries on a body from the sa 
The cireular defects nthe skin are probably made by crustaceans 


such as abe 


La 


ca 


F\GURE 16.8 Post-mortem injury tothe back ofthe hand in a 
drowned person. Bodies usually hang supendd in the water with 
the back upwards and the knes, bead and arms hanging down, 

Jn shallow water these areas may be dragged against che bottom, 
ausing injuries similar to those shown here. 


bottom, A common posture is with the head, hands and 
knees hanging downwards, so hac these areas (especially 
the backs of the hands) may suffer extensive abrasions 
against a rough stone or gravel bottom, 

‘Damage from the propellers of ships and smaller boats is 
common in commercial waterways and where pleasure 
craft abound. ‘The screw of a large vessel may inflict serious 
damage ~ even dismemberment ~ on a body, but more 
characteristic is that caused by a small, high-speed pro- 
peller, such as an outboard motor or the out-drive of 
motor cruiser, These injuries are becoming more common 
with the increase in water-skiing, and the number of other 
small pleasure boats on rivers, lakes and off beaches. The 
characteristic lesions are parallel wounds set a few centi- 
rmettes apart, ofen ofa sliced, undercut incised nature, usually 
con the head or back. 


DEATHS FROM IMMERSION 
OTHER THAN DROWNING 


Irrespective of natural disease or injury, some persons who die 
after falling into warer do not drown, in the accepted physio- 
logical sense. ‘The great problem for the pathologist is that, 
even in true drowning, there may be no autopsy signs, espe- 
cially ifany appreciable delay has occurred before recovery of 
autopsy, or both. Therefore it may be difficult or impossible 
forhim to say whether a death isa true drowning or one from 
the non-drowning mechanisms. All that can then be offered 
is that death was due to ‘immersion’ — and even then such 
diagnosis is usually one reached by exclusion of natural dis 
ease, trauma or toxic conditions, using hearsay circumstantial 
evidence to arrive at a pathological diagnosis. This is why 
drowning and immersion deaths present one of the most dif- 
ficult problems for the forensic practitioner. 

In certain circumstances, death may be extremely rapid 
alee falling into water, there being insufficient time for 
drowning to occur. The typical occasion is familiar to any 
forensic pathologist with a harbour or dockside within his 
area, A seaman (ofien the worse for drink) recurns to his ship 
ar night, misses the gangway and falls into the water. The 
night-watchman immediately raises the alarm and the victim 
is pulled from the water within a minute or two, but is dead 
Acaucopsy, none of the typical signs of drowning are present. 

Other witnessed accidents ofa similar nature are relatively 
common, in which rapid, almost instantaneous death must 
be presumed, in circumstances where true drowning can be 
excluded by history and lack of autopsy findings. The mech- 
anism muse be attributed ro a reflex cardiac arrest, of a type 
similar co "vasovagal inhibition’, which is discussed elsewhere. 
Powerful stimulation of sensitive nerve endings can induce 
sudden overactivity of the parasympathetic system, inducing 
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bradycardia and triggering cardiac arrest via the tenth cranial 
nerve nucleus and its vagal outflow. The afferent arc of this 
reflex varies from case to case, but is probably either 


1 sudden immersion in cold water, causing intense 
stimulation of cutaneous nerve endings. Alcohol is 
known to potentiate such effects, perhaps by the 
general vasodilation of skin vessels — which would 
make the contrast with cold water all the more severe ~ 
and possibly by some central effects on the vasomotor 

IB sudden entry of cold water into the pharynx and 
larynx, and perhaps nasal passages can produce 
powerful stimulation of nerve endings in the mucosa 
A bolus of water entering the trachea can also cause 
reflex cardiac arrest before there is time for airway 
insufficiency to have any effect. 


[As with any reflex cardiac arrest, there will be nothing to 
find at autopsy, a situation hac forces this diagnosis to be 
speculative and based on the circumstances and exclusion 
of other conditions. Another mechanism that is often pos 
tulated as a cause of non-drowning immersion death is 
“laryngeal spasm’, leading to a hypoxic death from closure 
of the airway. The evidence for such a condition is renuous, 
as such closure would have to operate for many minutes for 
hypoxia to kill, all the time keeping the larynx closed to 
prevent entry of water. 
of immersion deaths and in its absence it is difficult to see 
how laryngeal spasm could be differentiated from ‘dry-lung 
drowning’ or vasovagal cardiac arrest, the latter being a 
more reasonable diagnosis in those found dead after rapid 
recovery from the water. 


fanosis is an uncommon feature 


Fioune 


9. The bifrcation ofthe 
tmachea and main bronchi at autopsy on 
«tbody recovered frum a beach, The air 
passages are full of sand, but shi is not 
proof of vital aspiration of water, as 
foreign material can enter the bronchi 


dy passive percolation after death 


Deaths in the bathtub 


Fatalities in the bathroom are common, from a variety of 
‘causes, some unconnected with immersion. For example, 
Schmidt and Madea (1995) reported no fewer than 215 
deaths in bathtubs from their Cologne Forensic Institute in 
13 years, including 11 homicides. 

Many suicides take place in the bathroom, from slashing, 
of the throat or wrists, in or our of the bath. The bathroom 
cabinet or cupboard commonly holds razors for cutting 
and medicinal poisons for overdose. Electricity is more 
likely to be faral in wer surroundings and a number of self: 
killings from electricity occur in the bathroom. Accidents 
include falls on slippery; wet floors or bath lining, with hard 
ceramic surfaces to cause head injuries. 

Where gas appliances are used to heat water, the risk of 
carbon monoxide toxicity from faulty equipment is greater, 
as is also the case with electrical appliances such as hair-dryers, 
heaters and other devices. Although most countries have 
strict regulations about the electrical supply in bathrooms, 
people often defeat these safety measures by various means. 
Natural deaths from many causes may occur in the bath- 
room, but epileptics having unsupervised baths may have a 
fit and fall or drown. 

Even homicide may be committed in bathrooms, by 
almost any means, but also from electricity and forcible 
immersion, ‘The notorious multiple murders of “The Brides 
in the Bath’ perpetrated by George Joseph Smith early this 
probably accomplished by sudden pulling of 
the feet of the three women, so thar their heads slid under 


century w. 


the water, There is now a considerable literature about 
death in the bathtub, and all deaths in these circumstances 
must be investigated with particular care. 
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DEATH FROM DROWNING 


During the past five decades, views on the mechanism of 
drowning have undergone a radical change and pethaps the 
pendulum of opinion has swung a litle too far. Until che 
researches stimulated by the Second World War, when large 
numbers of seamen and airmen were exposed to the risks of 
cold water, the clasic view of drowning was that the victim 
was plunged into an airless medium and died of lack of oxy- 
gen. Following the experiments of Swann and many others 
(see below and references and further reading), it was recog- 
nized that, in animals, fluid and electrolyte disturbances had 
a major role in causing acute myocardial failure. ‘The 
hypoxic element was relegated to such a secondary role thar 
some commentators on drowning seemed to ignore the Fact 
thar the victims may have suffered 10 or more minutes 
without drawing a single breath of air. This criticism by no 
means disputes the undoubted role of fluid and electrolyte 
changes in drowning, bur the effects of hypoxia must be 
considered in parallel when discussing the pathophysiology 
of drowning. The biochemical findings in the experimental 
animals did not seem to be matched by constant changes in 
hhuman subjects and, in delayed and neat-drowning victims, 
the electrolyte changes in aspiration have been shown to 
differ considerably from those in experimental animals, 

‘A number of investigators long before Swann showed 
that blood and plasma were radically affected by drowning, 
In 1902, Carrara used specific gravity and other methods 
to demonstrate marked dilution of left heart blood in fresh- 
water drowning and its absence in seawater, work repeated 
by Planck the following year with similar density tech- 
niques. Freimuth in 1955, however, used such specific 
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FiGURE 16.10 Dest inthe bash i not 
uncommon and always requires carefil 
‘investigation. Jn tis case, the water is 
blood-stained, due to a suicidal cutthroat 


after commiting murder 


gravity methods and found similar differences in non- 
drowning deaths. 

The classical work of Swann and his colleagues (Swann 
et al. 1947; Swann and Spafford 1951) and others was 
conducted on conscious dogs imprisoned in cages and 
immersed totally under water ~ which, as pointed out by 
Crosfil (1956), does not accurately reflect human drowning, 
in which submersion is intermittent at frst, prolonging the 
process and altering the physiological effects. In summary, 
the findings of Swann were that in freshwater drowning 
there was a massive absorption of water through the alveolar 
membranes, which could amount to 70 per cent of the orig- 
inal blood volume within 3 minutes, ‘This haemodilution 
‘caused a relative anaemia and myocardial hypoxia, as well as 
rapid overloading of the cardiac capacity by hypervolaernia 
Ir was also suggested that haemolysis of red cells released 
potassium, a powerful myocardial roxin ~ yer in dogs, unlike 
man, sodium is the main electrolyte in the erythrocyte. In 
fact, because of the hypoxia and haemodilution, there was a 
fallin plasma potassium and sodium, which led to early ven- 
tricular fibrillation in dogs that did nor occur in seawater 
Such fibrillation is said co be rare in man (Rivers et al, 1970). 

In seawater the hypertonic medium caused a withdrawal 
‘of water from the plasma into the lungs and a rise in plasma 
sodium concentration, ‘This was less deleterious to heart 
function and helped ro explain the longer survival time in 

Pulmonary oedema developed in both types of aqueous 
medium but was slight and inconstant and, where abnor- 
imal, rapidly returned to normal. Death in freshwater typic- 
ally took some 4-5 minutes, whilse seawater drowning was 
delayed for 8-12 minutes. Occasional instances have been 
reported of remarkably long periods of total submersion in 
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the sea, always in cold water where oxygen uptake is 
reduced: these periods may exceed 20 minutes, and at least 
cone authenticated survival exceeded 40 minutes. 

Modern commentators on the researches of Swann, such as 
Giamonna and Modell (1967), have pointed out the inconsis- 
tencies berween animal and human responses, and empha- 
sized the tole of hypoxaemia as a resul of interference with the 
blood-air interface in the alveoli, This once again indicates 
the dangers of transposing the results of animal experiments 
to man and poses the question of how many dogs died in vain. 


THE AUTOPSY SIGNS OF 
DROWNING 


Ar autopsy much depends on the delay, both in recovering 
the body from the water and in starting the post-mortem 
examination, Where a considerable period has elapsed 
between death and retrieval of the body, the positive signs 
of drowning progressively fade. Depending on tempera- 
ture, a period of several days in the water is likely to minim. 
ize most changes and, once significant putrefaction has 
occurred, then (apart from the controversial diatom tests) 
there is little hope of finding positive signs of drowning, 

Eyen when a fresh body is recovered, delay in perform- 
ing the autopsy reduces the amount of evidence. ‘The 
author (BK) has seen several drowned bodies soon after 
retrieval in which a large plume of froth has been present at 
the mouth, yet when commencing the autopsy several 
hhours later, such froth had vanished and was present only 
in the deeper ait-passages. 


FiGURE 16.11 Broth exuding from the mouth of'a drowned person. 
Froth disappenre with increasing post-mortem intro, though it 
persists in the internal air-pasages far a:meuch longer time, 


Froth in the air passages 


“The positive signs of drowning, as opposed to mere immer- 
sion, are scanty and not absolutely specific, The most use- 
ful, has just been mentioned ~ the presence of frothy fluid 
in the air passages — which in fresh bodies, often exudes 
though the mouth and nostrils, sometimes in the form of 3 
plume. The froth is oedema fluid from the lungs, and con- 
sists of a proteinaceous exudate and surfactant mixed with 
the water of the drowning medium. It is usually white, but 
may be pink or red-tinged, because of slight admixture 
with blood from intrapulmonary bleeding. It is similar in 
appearance to the oedema of left ventricular failure that is 
commonly seen in deaths from cardiac disease such as 
hypertension, though some drownings exhibit a column of 


FiGURE 16.12 Red-tinged oth exuding from the nostril ofa 
drowned perton 


FIGURE 16,13 Frothy fluid in the tsachea and matin bronchi of 
4 person who was frst stanled and subsequent fill or was 
thrown into rand drowned. 
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Figure 13 


The autopsy signs of drowning 


froth that is rarely, if ever, seen in natural pulmonary 
oedema. The froth extends into the trachea, main bronchi 
and smaller air passages. The lungs themselves in such cases 
will inevitably be waterlogged, and frothy fluid will exude 
from the bronchi when the lung is squeezed and from the 
cut surfaces when they are sectioned with a knife. 

Unfortunately, although such oedema can be taken as diag 
nostic when combined with the appropriate ciscumstances 
and lack of other lethal pathology, the absence of waterlog 
ging by no means excludes true drowning. The so-called 
‘dry-lung drowning’ is nor uncommon, in which the lungs 
appear normal in all respects, presumably because all the 
aspirated water has been absorbed through the alveolar 
walls into the plasma. 

Ir has been suggested thar this is more likely to occur if 
cardiac arrest rakes place after removal from the water or if 
laryngeal spasm supervenes to prevent further water entry, so 
that continued circulatory function is able to clear away 
intra-alveolar fluid into the plasma. This theory, however, 
often fails to conform to the available facts of the drowning 
episode. 


Nov all finch around the mouth i from droning. 
‘This lady ded in bed fram hypertens 
pulmonary oedema. 


Ioeart diease with prefiwe 


Copeland (1985) measured lung weight in non-drowning, 
deaths and deaths from salt-water and freshwater drowning. 
TThere was no significant difference in the weights of the last 
‘wo, though 10-20 per cent of undoubted drownings were 
‘dry-lung’ cases with no excess weight. Generally, he weights 
of a lung in drowning were around 600-700 g, whilst che 
non-drowned were in the 370-540 g range ~ though there 
was a considerable overlap in the two groups. ‘The lung 
weights were also studied by Kringsholm et al. (1991) who 
claimed that the duration of submersion is related to lung 
weight. They found that 7 per cent of cases were ‘dry-lung 
drownings with a combined lung weight of less than a kilo 
‘gram. In the remainder, the average weight of both lungs was 
1411 g, compared to 994g in controls. This was where the 
body was in the water less than 24 hours. After this, lung 
‘weight decreased, but pleural transudate increased. By com- 
bining the weight of lungs and transudate, more than 75 per 
cent of the cases lay between 1000 and 2200 g, up to 30 days 


Overinflation of the lungs 


Apart fiom generalized waterlogging, the lungs may be 
markedly overinflated, filing the thoracic cavity when the 
sternum is removed. ‘The normally bare area over the heart 
may be covered and the lungs may bulge upwards, meeting in 
the midline to obliterate the anterior mediastinum, The tex- 
ture is rather pale and crepitant, superficially resembling that 
shown in asthma — for the same reasons. The older name for 
this condition is ‘emphysema aquosum’. ‘True pre-existing 
emphysema may partially mimic the distension of drowning 
bur in the latter, bullae are never present. ‘The oedema fluid 
in the bronchi blocks che passive collapse that normally 
‘occurs at death, holding the lungs in the inspiratory position, 
In addition, there is offen an element of over-distension 
caused by the valvular action of the bronchial obstruction — 
again similar to asthma, In drowning this may be sufficient to 
mark the lateral surfaces of the lungs with the impression of 
the ribs, leaving visible and palpable grooves after removal of 
the organs from the thoras. This may be one of the most 
valuable positive signs of drowning to be gained at autopsy. 
There may be some areas of intrapulmonary haemor 
rhage, which give the red tinge to the oedema fluid. These 
areas are seldom large or intense, and the general oedema 
and distension tend to minimize their prominence. Some 
may lie near the pleural surface and can be seen as rather 
blurred blotches on the exterior of the lung, the blurring 
being partly the result of spreading haemolysis. There are 
almost never subpleural petechial haemorrhages in drown: 
ing, apart from the few non-specific spots that can be 
found in the fissures and around the hilum in vircually 


every autopsy, no matter what the cause of death, 
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FIGURE 16.15 Overinflaion ofthe lungs (emphysema aguosum) in 
drowning with overlapping ofthe anteriar margins and 
haemorrhages in the right middle lobe. 


FIGURE 16.16 A ppical plume of fot from the mouth of a 
recently drowned bay. This will vanish as the past-mortem interval 


extend, 


Other organs in drowning 


‘There are no other reliable autopsy changes in drowning. 
‘The heart and great veins have ofien been said to be ‘dilated 
and engorged with fluid blood, especially the right side’ 
but this is such a subjective and non-specific finding as to 
be useless, meriting no further consideration. 

‘Many pathologists have for centuries claimed that the 
blood remains more fluid in drowning, and che physio- 
logical researchers of this century have confirmed the 


hhaemodilution in freshwater drowning. As a gross sign at 
autopsy, however, itis totally subjective and unreliable. 

“The stomach may contain watery fluid or even foreign 
material feom the water, such as silt, weed or sand, but this 
cannot be accepted as a positive aid to the diagnosis. Many 
undoubted drownings show no water in the stomach, yet 
other cases in which a dead body was immersed reveal copi- 
‘ous water in the stomach. ‘The limiting factor is the tone in 
the oesophagus and cardiac sphincter, not the drowning 
process. The same applies co foreign materials in che 
trachea. Haemorthage into the middle ears has been post- 
ulated as a positive sign of drowning, bur in the author's 
(BK) own experience, i is totally unreliable. It can occur in 
any type of death where drowning can be definitely 
excluded, yer in classic instances of drowning, such bleed- 
ing may be absent. It has been said to be related to the 
depth to which the body sinks because of the hydrostatic 
pressure within the ear, bur even this does not accord with 
the experience of most pathologists (Niles 1963). 


CHEMICAL CHANGES IN THE 
BLOOD IN DROWNING 


Because of the marked haemodilution thar occurs in fresh- 
water drowning and the electrolyte shifts in salt-water 
drowning, it is reasonable to expect that chemical analyses 
of the plasma should provide reliable evidence of drown- 
ing. Unfortunately, these theoretical hopes have not been 
realized in practice, mainly because of the biochemical 
chaos that occurs soon after death from any cause, in which 
the ability of live cell membranes to partition fluid and 
electrolytes is rapidly lost. Gettler (1921) published results 
of analyses of chloride content from the left and right 
sides of the heart, suggesting that the haemodilution From 
freshwater drowning would differentially reduce the plasma 
concentration on the left side, a difference of 25 mg/100 ml 
being significant, Salt-water drowning was said to produce 
the opposite effect. Gertler’ claims have often been refuted 
and they are now no longer accepted. It has been shown 
that post-mortem changes in blood chloride concentra- 
tions occur irrespective of drowning and thar the rate of 
change may be different on each side of the heart, Even 
the differentiation berween freshwater and seawater drown- 
ing was discredited by the work of Durlacher etal. (1953), 
who found no reliable changes in sodium, potassium and 
chloride concentration, Similar results were found by 
Fuller (1963). 

Electrolyte measurements in surviving victims of near- 
drowning showed no regular pattern, according to Rivers 
er al, (1970). Moritz (1944) attempred to use magnesium 
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Histological chan; 


FIGURE 16,18 Suicide in the bath. The head war enveloped in a 


plastic bag and an (unused) electrocution device wa alo 
present, illustrating the feguent prsence of alzernative methuds in 
suicide. 


asa similar marker in drowning, but the unreliability of 
such analyses has prevented their being used as a routine 
procedure. Once again, the hazards of extrapolating the 
results of animal experiments to humans is highlighted by 
these results, as even other mammals like dogs have quite 
different responses to the same environmental changes 
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ges In drowning 


FIGURE 16.17 Bilateral haemorrhages 
within the petrous temporal boner in 
drowning. Though claims have been made 
forthe usefulness ofthis observation, its 
‘occurrence seme random, sometimes being 
present in non-drowning and absent in 


‘proven drowning 


Other chemical substances have been used as markers of 
drowning, such as strontium. Azparren er al, (1994) claim 
thar differences in the strontium concentration of blood 
from left and right heart are always greater than 75 ug/l in 
seawater drowning, 


HISTOLOGICAL CHANG: 
DROWNING 


IN 


Much has been written abour both light and electron 
microscopy of the lungs in immersion deaths, especially in 
continental Europe, ‘The accounts are confusing, however, 
and sometimes contradictory, the consensus of opinion 
being that such changes are inconstant and unteliable. 

Much of the work has tried to confirm histologically the 
genuineness of ‘emphysema aquosum’ in both fresh and 
decayed bodies, but the dilatation and rupture of the cer- 
‘minal ar spaces can occur not only asa resul of drowning, but 
of passive immersion in water deeper than 4m. Dilatation 
of the alveoli, thinning of the walls and compression of the 
capillaries are easy to observe, but the significance is always 
ambiguous. Reh (1976) classified such lungs on the basis of 
reticulin fibres, but Heinen and Dotzauer (1973) showed 
similar changes in undrowned material. Janssen (1984) has 
reviewed the subject and concludes that though histo- 
logical evidence may be helpful and indicative, it is never 
probative. 

The number of macrophages in the alveoli, adjusted to 
the size of the alveoli where distended, was studied by Berz 
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et al. (1993), who claimed a diagnostic usefulness of the 
method as long as no autolytic changes were present. 

“The weight of the spleen has been used by Haffner eta. 
(1994) as a diagnostic marker in drowning. Compared 
with other modes of ‘asphyxia’, about an 18 per cent reduc- 
tion in weights and spleen-liver ratios was recorded, with a 
stiggestion that stress, hypoxia, alcohol and cooling were 
responsible. 

“The skin changes in maceration are also well recorded, 
and some have been claimed to have use in dating the period 
of immersion (Okros 1938; Dietkes 1938). Schleyer (1951) 
is pessimistic on the reliability of such histological criteria 

“The early formation of adipocere can be detected micro- 
scopically after 3~4 weeks; this is dealt with in che chapter 
‘on post-mortem changes, 


DIATOMS AND THE DIAGNOSIS 
OF DROWNING 


Few topics in forensic pathology have given rise to so much 
argumencas the use of diatoms in the diagnosis of drowning. 


Live entry into 


Revenstorf in 1904 was the first ro attempe to use diatoms 
as a test for drowning, though he stated that Hofmann in 
1896 was the frst to discover them in lung fluid. An excel- 
lent review of the diatom controversy was published by 
Peabody in 1980, 

The basic premise is that when a live person is drowned 
in water containing diatoms (microscopic algae with a 
silicaceous exoskeleton), many diatoms will penetrate the 
alveolar walls and be carried to distant target organs such 
as brain, kidney, liver, and bone marrow. After autopsy, 
samples of these organs can be digested with strong acid 
to dissolve the soft tissue, thus leaving the highly 
resistant diatom skeletons to be identified under the 
microscope. Alternatively, blood can be used to seek the 
organisms. 

When a dead body is deposited in water or when death 
in the water is not due to drowning, then, although 
diatoms may reach the lungs by passive percolation, the 
absence of a beating heart prevents circulation of diatoms 
to distant organs. 

The great advantage of the diatom test, iFit was reliable, 
would be thar a positive diagnosis of drowning could be 
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FicUnt: 16.19 The principle of the diatom test for drowning. When a dead body enters the water, diatoms cannat progres further than the lungs 
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Diatoms and the diagnosis of drowning 


made even in the frequently putrefied bodies thar are 
recovered, where no hope of anatomical recognition of 
drowning is possible. In addition, evidence of the site of he 
drowning might be obtained from the ecological typing of 
the diatoms, 
locations. 


pecially in relation to salt-water or freshwater 


Meticulous attention ro technique must be employed at 
autopsy to recover suitable samples of tissue, which must 


not be contaminated by the body surface or instruments, 


before digestion is commenced. (Technical details are given 
in Appendix 1.) 
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Diatoms belong to the class of plants known as 
Diatomaceae and consist of a box ot ‘frustule’ composed of 
two valves thar fir cogether to enclose the cytoplasmic con- 
tents. They have either radial symmetry (‘centric’ diatoms) 
or are elongated (‘pennate’ diatoms). The valves are highly 
complex in shape and are extremely resistant ro decay, fossil 
diatoms from Jurassic times being abundant, The floor of 
the oceans have an area of 11 million square miles of thick 
diatomaceous ooze and upraised beds on land may be 
hhundreds of feet thick, which emphasizes the vast amount 
of potential contaminant available, 


FIGURE 16.20 Diatonne seem ander dark 
ground illumination (ariginal 
magnification % 350). These are from 


water, There are atleast 10000 diferent 


eh 


pes and, where identification of locus of 
likely origin is required, the help of a 
biologist with expert knowledge is enential 


Scanning electron 
micrograph ofa diatore (original 
magnification %-4000, 20KV). 
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"There are at least 10000 species, and the identification 
of the various types is a matter for an experienced botanist 
or biologist, but the following general classification is 
useful: ‘oligohalophilic’ diatoms live in freshwater with a 
salinity less than 0,05 per cent, and ‘mesohalophilic’ and 
‘polyhalophilic’ diatoms live in brackish water and seawater 
with a salinity higher than 0.05 per cent. 

"The critics of the diatom test point to certain problems: 


1 Diatoms are ubiquitous, being present in soil, water 
supplies and in the ait. Many commonly used minerals, 
such as kieselgub, are largely fossil diatoms. 
Manufactured substances like board-chalk and 
abrasives ~ even toothpaste ~ contain diatomaceous 
raw materials, Mant, however, examined the filters of 
the air-conditioning system of Guy's Hospital in 
London and found no diatoms taken from the city 
atmosphere. 

1 Though entry into the body is thought to be mainly 
through the lungs, there seems no reason why 
they cannot penetrate the intestinal ining, and 
gain access to the bloodstream and hence any body 

1 Certain foods, notably shellfish, contain vast quantities 
of diatoms that may enter the circulation and reach 
the tissues. 

Examination of the tissues of both animals and man 
reveal the presence of diatoms when the cause of 
death is other than drowning. Schellmann and Sper! 
(1979) found them in the tissues of 15 out of 16 
non-drowned bodies, but other workers found no 
diatoms in 33 out of 34 bodies, including two 
drownings. 


Foged (1983) made a detailed investigation into 
drowned and non-drowned bodies in Denmark, and con- 
cluded that the diatom test was quite invalid. He quoted 
many references both for and against the reliability of the 
technique, and no doubr the controversy will continue. It 
seems probable that there may be a quantitative difference 
between the numbers of diatoms recovered from the tissues 
in drowning and non-drowning deaths, and a careful 
analysis of the species identification in relation to the locus 
and circumstances of the death may be useful. At the pres- 
ent time the diatom test should be used only as an indica- 
tive aid and nor as legal proof of drowning. Recently, other 
water organisms have been advocated as tests for drowning, 
including soft-bodied protozoa and crustaceans. 

Japanese workers have used other methods to digest 
autopsy tissues to seek diatoms because it has been shown 
thar strong acid digestion markedly reduces the yield. The 
new methods introduced for diatoms, such as enzymatic 


and detergent digestion, allowed sofi-bodied microscopic 
organisms to be recovered and claims for better specificity 
for drowning have been made (Matsumoto and Fukui 
1993; Funayama er al. 1987, 2001). Chinese workers have 
claimed that the spectrofluorophorometric detection in the 
lungs of chlorophyll derived from plankton is diagnostic, 
bur it is nor clear how this can be differentiated from 
plankton passively entering the lungs after death (Qu and 
‘Wang 1992), 
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‘Though, tragically, starvation is one of the most widespread 
scourges of our planet, we are here concerned with individual 
neglect with which starvation is often associated, either as a 
potentially criminal acto as-a manifestation of self-neglect. 
‘As with so many conditions, the extremes of life are most 
affected, rather than the middle years. Infants and children 
are at the mercy of their parents or guardians for the provi- 
sion of care and sustenance, The old are prey to senile 
dementias and other disorders of the mind, as well as often 
being devoid of spouse or caring relatives ~ or sometimes 
even the financial means to stay warm and adequately fed. 
Many countries have legislation designed to protect chil- 
dren, on the basis that they are totally dependent upon 
adults for the necessities of life. In Britain, the Children 
‘Act places a responsibility upon parents, guardians or the 
community to care for children. The minimum require- 
ments laid down by law are the provision of food, clothing, 
shelter and education. Unfortunately, these requirements 
are evaded in spite of official supervision and, from time to 
time, scandals explode in the public eye when a child has 
died, not from physical abuse, but from sheer neglect. 
‘Voluntary organizations, such as the National Society 
for the Prevention of Cruelty to Children (NSPCC) were 
founded in the nineteenth century 10 combat the wide- 
spread neglect of children consequent upon the population 
explosion of the Victorian industrial revolution, ‘Their 
present-day role, however, has changed radically so that 
now most of their efforts are directed against physical, sex- 
ual and mental abuse, rather than starvation and neglect. 
Notwithstanding this change of emphasis, deaths still occur 
from deliberate or negligent lack of provision of proper care 


and nutrition of children, In general ~ though there are many 
exceptions — nutritional neglect and physical battering tend 
to be mutually exclusive. The abused child is usually well 
nourished and the emaciated child is usually uninjured, 
Neglect and starvation are not synonymous, but are so 
ofien closely associated thar the two conditions are usually 
considered together. When fatal, hey may come to the arten- 
tion of the pathologist either as a potentially criminal death 
‘or, when selfinflicted, in the usual course of coroners’ or 
similar enquiries. Rarely, victims will starve from being iso- 
lated in some catastrophe, such as a mining incarceration or 
shipwreck, bur these days a more common occurrence is a 
hunger strike or voluntary fast for some politcal or similar 


GENERAL FEATURES OF 
NEGLECT AND STARVATION 


‘The obvious and outstanding appearance is of emaciation 
caused by an inadequate intake of food. A minimum of 
about 1500-1900 calories is needed to maintain body 
cin active adults. Life is threatened when more than 
40 per cent of the original body weight has been lost, 
though the speed of loss is relevant. ‘Total deprivation of 
food will obviously kill faster than a severe reduction. ‘Total 
lack of food is likely to cause death in about 50-60 days as 
long as adequate water is available, bur this depends on 
‘weather and temperature as well as the original fimess ~and 
fatness — of the individual. Deprivation of water will kill in 
about 10 days ~ or less in higher ambient temperacures 
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Figure 14 


General features of neglect and starvation 


In the numerous cases of fatal and non-fatal starvation 
seen at the end of the 1939-45 war in Nazi concentration 


camps, ewo main types were seen. These were the ‘dry’ type, 


in which there was emaciation, but only leg oedema, with a 
body weight up co half the normal. Alive, these showed 
marked hypotension, feeble pulse and cyanosis. The other 
‘wer’ group had marked oedema of face, trunk and limbs, 
with ascites and pleural effusions, The oedema of hypopro- 
teinaemia is caused by protein being diverted to produce 
energy when carbohydrate and fat ae grossly deficient in the 
diet. In some victims, the skeleton accounted for 50 per cent 
of the total body weight, instead of the usual 15 per cent. 

Other features are secondary to this nutritional deficiency, 
such as intercurrent infections, avitaminoses, skin disorders 
and nutritional oedema. Dehydration, hypothermia and 
actual necrosis of the extremities are the most severe mani- 
festations that contribute to death 
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FIGURE 17.1. Death from 
neglect and byporhermia in 
an old wornan. The 
discoloration of the fet and 


hands was enema 


Ficune 17.2 Fatal neglect and starvation 
in an infint, The limbs are emaciated, the 
abdomen caphoid and the bead appears 
relatively large. The back shows estensive 
pressure ulceration. The sunken eyes and 
cheeks from malnutrition and delyaration 


constitute the ‘Hippocratic facies 


Most fatally neglected infants are under one year of age 
Ar autopsy great care must be taken to measure, not estimate, 
the full indices of size and weight. Crown-heel, crown-rump, 
head diameter, foot length and exact weight muse be meas- 
tured accurately, so that comparison may be made with stan- 
dard paediatric percentile growth charts, consonant with age, 
birth weight, sex and race 

The diameter of limbs at major landmarks such as wrists 
and ankle should be measured with a flexible tape. Photo- 
graphs should be taken in all major views, using colour 
to record skin tints and lesions, as well as the general aspect of 
the emaciated body. The words ‘cachexia, ‘emaciation’ and 
‘marasmus’ are all synonymous as used today, though ‘maras 
mus’ is confined to the description of infant victims. ‘The so- 
called ‘Hippocratic facies is not confined ro the emaciation of 
neglect, as cachexia from any cause ~ such as an obstructive 


carcinoma of the oesophagus ~ can give rise to the same 
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appearance. The skin of the face is stretched tightly across the 
cheekbones, the cheeks are sunken and the lines of the jaw are 
obtrusive. The eyes are deeply sunken from loss of orbital fat, 
though dehydration may conteibute to this manifestation, 

(On the trunk the ribs are prominent, with concavities 
in the intercostal spaces and sunken supraclavicular fossae. 
‘The abdomen is of the classical ‘scaphoid’ shape, being 
concave from costal margin to iliac crests, the latter sticking 
up like wings. The limbs are almost skeletal from loss of fat 
and muscle, and the head may appear deceptively large by 
contrast with the narrowed neck. 

"The skin surface may present differing appearances 
according to the length of time that nutritional loss has 
been suffered and the qualitative defect in the diet, espe- 
cially of certain vitamins. The skin may be pale, lustrous 
and semi-translucent, wich an almost blue tinge in infants, 
partly asa result of the loss of subcutaneous fat. It may also 
be coarse and rough, however, with flaking hyperkeratosis, 
though this is more often seen in aged persons, partly as a 
result of senile changes, Pigmentation, either diffuse or of a 
punctate nature, is sometimes seen. 

Dehydration is a common feature, especially in infants 
and may be the major contribution to death. The skin is 
dry and wrinkled and, when pinched berween the fingers, 
remains ridged because of loss of subcutaneous fat and fluid 
‘The fontanelles may be depressed from loss of pressure of 
cerebrospinal fluid. In chronic starvation, hypoproteinaemia 
can lead co oedema, though this is rarely seen in forensic 
practice. In famines it may be widespread, associated with 
other nutritional disorders such as kwashiorkor. 

Skin infections are common, partly as a result of nucri- 
tional loss of resistance to infections and partly because of 
neglect in care and hygiene, especially in infants, Pressure 
sores on buttocks, heels and spine may occur in both infants 
and old people who are lying inert because of weakness, 
and, in infants, urine dermatitis and lack of any skin care 
after defecation worsens these. Sores may be seen on any 
pressure or friction points, such as the elbows, knees, shoul- 
dets and occiput. Apart from pressure areas, any part of the 
skin surface may develop infected lesions, which often crust 
over after partial healing. Sores on the lips, blepharitis and 
conjunctivitis may also occur, The hair is dry and brittle, 
sometimes becoming depigmented and even gingery with 
chronic malnutrition, 

Internally, the same loss of adipose tissue will be evident 
both subcutaneously and in the internal fa stores, such as the 
omentum, mesentery and peritenal area. The organs will be 
small (except the brain) and it is therefore important to 
weigh the major viscera to compare them with standard 
tables for sex and age. Organ atrophy will be more apparent 
in old people, but the problem then exists of distinguishing 
weight loss caused by nutritional defects from the usual 


senile atrophy. The differentiation is one of degree, a chronic 
starvation can reduce organs to unusually low weights. More 
specific internal signs will include an empry gut, which may 
be gas-filled and translucent from stomach to colon. Any 
faeces in the rectum are likely to be inspissated, especially if 
there has been fluid restriction and dehydration. Faecoliths 
may ulcerate che intestinal lining. In infant starvation, how- 
ever, the stools may be fluid and offensive unless dehydra- 
tion was severe. The gall bladder is distended in starvation 
if there has heen no recent meal to stimulate emptying. The 
tongue may be thickly coated, but this is such a non-specific 
finding that itis of no practical use. 


MEDICO-LEGAL PROBLEMS 


In infants there may sometimes, if rarely, be physical abuse 
associated with neglect, so radiography prior to autopsy is 
essential —in fact the whole procedure must be conducted on 
the lines indicated for the ‘battered child’ (Chapter 22). In 
both children and adults, a major problem is cause and effect, 
especially where some pathological disease process is found, 
Did a cancer lead to cachexia or is it an incidental finding? 
Did pulmonary tuberculosis cause the emaciation or was the 
infection secondary to the nutritional deficiency? ‘The rele- 
vance of diseases such as diabetes, Addison’ disease, chronic 
infections and neoplasms must be evaluated. Particularly 
important in children are familial metabolic diseases that 
may be associated with failure o thrive and frank emaciation. 

‘Where death from a wasting condition is alleged to be the 
‘result of malnutrition, ether from wilful withholding of food 
or from indifference about its provision, a defence may be 
raised against criminal prosecution that the condition was 
caused by a natural disease. Indeed, such a claim may be 
true on occasions. Both the prosecution and defence med- 
ical advisers muse undertake a thorough investigation using 
all anatomical, histological and biochemical means at their 
disposal to discover any such metabolic or pathological 
cause for fatal wasting, before attributing the death to sheer 
‘malnutrition. 


INJURY CAUSED BY COLD: 
HYPOTHERMIA 


Until about 40 years ago, injury and death from the effects 
of low temperature was thought to occur almost exclusively 
among those subjected to extremes of climate out of doors 
‘Mountaineers, polar explorers and those exposed in some 
disaster on sea or land were considered co be the prime 
candidates for frostbite and ‘freezing to death’. Only after 
some noteworthy medical publications, such as those by 
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F\GURE 17.3. Hypothermia in a woman of only 56. She lived in 
extreme squalor, with no beating and broken windows, even though 
she baa been a state regitred nurse. The knees, hands and feet 


showed hypothermic dicoloration aswell a dirt, 


Emslie-Smith (1958), Duguid etal. (1961) and others, was 
it generally appreciated char hypothermia was a common 
and widespread danger in temperate climates and indoors. 
Recognition was rapid and Special Committees of both the 
Royal College of Physicians and the British Medical Associ- 
ation produced reports on hypothermia in the 1960s. 


‘Asin so many other conditions, the aged and the infants 
are most vulnerable, especially as the condition is insidious 
and may nor be suspected in time by those more active per- 
sons who are the potential guardians of those at the two 
extremes of life 


Factors involved in hypothermia 
LOW ENVIRONMENTAL TEMPERATURE 


No precise figures can be given in degrees Celsius for tem- 
as other factors 
and the personal vulnerability of different individuals vary 


peratures potentially dangerous to lif 


considerably. Certainly the air temperature need be nothing 


FiGuRe 17.4 A death from hypothermia showing brownich-pink 


discoloration over the hip and elbow, 


like as low as was thought in former years, when profound 
Frost was considered essential for the production of lesions. 
Air temperatures below 10°C are probably low enough to 
cause hypothermia in vulnerable persons, but air move- 
ments such as external wind or internal draughts will make 
things worse by markedly increasing the rate of body cool- 
ing. Damp conditions, especially of clothing, will also aid 
cooling from the latent heat of evaporation. 


AGE AND PHYSIQUE 


As stared, the elderly and che young are at greatest risk. The 
old person may have poor musculature and a lack of mobil- 
ity, thus depressing heat production from muscular activity. 
Often thin, there may be a lack of insulating subcutaneous 
fat, Poor thyroid function is common, especially in old 
women, and is discussed below. Cerebral dysfunction — 
often from degenerative arterial disease ~ may lead to poor 
central heat regulation, a disinclination to move around, 
and apathy concerning personal nutrition, hearing and 
general well-being. Depression and mental illness are not 
uncommon, as in the early cases reported by Emslie-Smith 
and by Duguid er al, 

In infants, the body mass is small and the surface area:mass 
ratio large, so that heat is lost more easily. In small infants, 
there is nacurally complete dependence on others in regard 
to clothing and environment. 


HYPOTHYROIDISM 


Myxoedema, either occult or obvious, is an important fac- 
tor in hypothermia. Many elderly women have a thyroid 
deficiency and this is a potent factor in vulnerability to 
cold. The majority of victims are women over 70 and the 
environmental conditions in which thyroid dysfunction 
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isa factor may be little below optimum. Cases were first 
reported in the 1950s by Marquand, soon followed by the 
paper of Angel and Sash (1960), In hypothyroid subjects, 
certain drugs may have a deleterious effect by precipitating 
hypothermia, even when the environment is relatively nor- 
mal. Imipramine, chlorpromazine and diazepam are particu- 
larly hazardous. Barbiturates, phenothiazines and alcohol 
are also dangerous in this respect. 


LACK OF FOOD, ADEQUATE CLOTHING AND INDOOR 
HEATING 


These are factors that may be social or financial, but are 
ofien related co the depressed, apathetic state of many old 
people, especially those with cerebral atherosclerosis. Cause 
and effect are often hard to separate, as the effects of cold 
may bring on or worsen mental sluggishness and confusion. 


‘The manifestations of hypothermia 


The clinical manifestations are not the concern ofthe forensic 
pathologist, though when unsuspected before autopsy 
the history may give a clue to the fatal process. 

It is sometimes claimed that hypothermia in the elderly 
never occurs unless there is some predisposing disability, 
such as cerebrovascular disease, hypothyroidism, alco- 
holism or diabetes, for instance. This seems too restrictive 
an attitude, though in general is probably true. The rectal 


temperature is used as the measure of severity in hypother- 
mia, Between 37°C and 32°C there are no ill-effects 
beyond the normal subjective feeling of being cold, with 
shivering and constriction of blood vessels. 


» ; 
( | 
ral: 
sua 
FICune 17.5. Fabio he kl afer bing if wncencins 


luring winter in Wales. It doce not require Artie tempenttures to 
stuse tisue damage or death. 


‘When the core temperature falls further below 32°C to 
24°C, there is dulling of consciousness, a fallin respiration 
and heare rate, and a lowering of blood pressure. IF main- 
tained without relief, death will ensue and recovery is rare if 
the rectal temperature fills below about 26°C, though one 
remarkable case reported by Laufman (1951) recovered 
afier falling to 18°C, albeic with severe mutilating frostbite 


Autopsy findings in hypothermia 


There may be no signs whatsoever at autopsy in a death from 
hypothermia and thus the history may be all-important. 
The usual difficulties chen arise as vo how much the patholo- 
{ist is entitled to rely upon hearsay evidence ~ as opposed 
to the objective findings of his own examination — when 
deciding on a cause of death. This is more fully discussed in 
the first chapter of this book. 

Hypothermia, like some cases of epilepsy, asthma and 
drowning, provides some of the more difficult pathological 
dilemmas when there are slight, non-specific or absent 
autopsy findings. When a victim of hypothermia has 
been admitted to hospital and ‘warmed-up', death may 
supervene at any time up to a few days later, In such 
circumstances the autopsy may reveal no positive findings 
The skin changes will almost certainly be absent, but intra- 
abdominal signs may persist. 

In a classical death from hypothermia the body will usu- 
ally be that of an old person —almost half the Royal College 
of Physicians’ series was over 65 years of age: most will be 
women, The exterior of the body may present suggestive 


bies 


FiGURE 17.6 Bright red divcoloration ofthe cheeks and nose fom 
Iypothermia. The viv suffved from mitral stenass (where malar 
flush is one of the clinical signs) and was in bed in an anbeated 
roan during a Weld winter. The viemer of the nose were virtually 


rierotc, amounting t actual frostbite, 


416 


Injury caused by cold: hypothermia 


signs of hypothermia, in thar patches of pink co brownish: 
pink discoloration may be seen in certain areas, They are most 
ofien present over extensor surfaces and large joints, such 
as the outer sides of the hips, the elbows and the knees, and 
less ofien on the flanks and face. 

The colour is similar to that seen in bodies exposed in cold 
water or in severe outdoor cold ~ and to the post-mortem 
pinkness that often develops in mortuary reffigeracors. In 
hypothermia, however, the distribution over the lang 
is distinctive, in addition to the pinkness of hypostasis. There 
may be pink patches on the cheeks, chin and nose, especially 
in victims who already had impaired cardiac function, such 


as the ‘malar’ flush of mitral stenosis. The sight brownish 
tinge ofien seen in the pinkness and the rather indefinite 
blurred edges of the patches suggest that some haemolysis 
‘may have occurred, pethaps in the early post-mortem period 
as well as during the terminal stages of life. The colour is pre 
sumably due to persistent oxyhaemoglobin in the skin capil 
laries, which, because of the low metabolic activity of the 
cold tissues, fail co take up the delivered oxygen. Pooling of 
blood in surface vessels from the breakdown of normal vaso- 
motor control allows this unreduced haemoglobin to show 
through the skin. Why a normally coloured body placed 
after death in a mortuary refrigerator should also become 
pink has never been satisfactorily explained 

In addition co pink areas of skin, the extremities may be 
cyanosed of they may be white, Sometimes the feet are blue 
to the ankles, above which is pale. ‘The hands may show 
blueness of the fingers or nail beds. Oedema may be seen, 


most often in the feet and lower legs, but many of the victims, 


of hypothermia already have pre-existing congestive cardiac 
failure, Rarely there may be blistering of the skin, usually in 
spendent parts such as the buttocks, backs of thighs and 


FIGURE 17.7 Bata child neglect. The infant has extensive skin 
ulceration and was underweight. Death was the result of an 


intercurrent chest infcton. 


Ricune 17.8 


ied af neglect, Iypathermia 


This infant 


and frstbite, having been lef 
in an unheated farmbonse 
bedroom, the cardboard bes 
thet acted asa cot having 
crystals of fos 
bedcloches. After death the 


child was dropped down the 


urine in the 


faron well thi sack 
brick asa weight 
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upper arms. This may or may nor be in pink areas and seems 
to be caused by skin oedema which then breaks down. 

"The face, especially of an elderly woman, may show 
appearances suggestive of myxoedema or hypothyroidism, 
with coarsening of the features, puffy eyelids and loss of 
eyebrow hait. Internally there may be nothing specific to 
note, even if the external skin changes are obvious. Signs of 
pre-existing disease are common, especially if one subscribes 
to the view that hypothermia in the elderly never occurs in 
the absence of systemic disease, Degenerative arterial disease, 
senile myocardial degeneration, hypertension, chronic renal 
lesions and obstructive airways disease are common, More 
specific lesions are considered below. 


ACUTE GASTRIC EROSIONS 


In the authors view, these are found much more often than 
pancreatitis. ‘The stomach mucosa is frequently studded 
with numerous shallow ulcers, the floor of each containing 
a dark brown plug of altered blood. Frank haemaremesis is 
rare, but the stomach contents sometimes contain dark 
acid-affected blood. 


ACUTE PANCREATITIS 


‘This is the lesion most often quoted in textbooks, but is 
present in less than half the deaths from proven hypother- 
mia. It may have been diagnosed before death from an 
increase in serum amylase activity. ‘The most obvious fea- 
ture may be areas of stiff, yellow, fat necrosis when the pan- 
cteas is sectioned at autopsy. There may be adjacent areas of 
far necrosis in the omentum and mesentery. Haemorthage 
into the gland may occur, but caution has to be employed 
hete, as post-mortem autolysis of this organ commonly 
gives a haemorthagic appearance in many other modes of 


FIGURE 17.9. Gastric mucosa from a hypothermia death showing 


death seen at autopsy. Histologically, necrosis, leucocyte 
infiltration and fat necrosis may be confirmed in some 
instances, but in others the pancreas, even if haemorrhagic, 
yields little information on microscopy. 


PULMONARY OEDEMA 


‘This is common, but as itis such a common finding in any 
death from cardiac failure, its diagnostic value in hyporher- 
mia is almost nil 


PERIVASCULAR HAEMORRHAGES 


"These have been described in the brain, especially in che 
walls of the third ventricle, bur again they are not particu- 
larly specific, especially in an autopsy population that has a 
high incidence of cerebrovascular disease. Sludging of 
blood in peripheral vessels may occur, partly from cold 
agglutinins. This contributes to skin oedema and necrosis, 
though peripheral vasoconstriction is the main cause of the 
infarction of frostbite. Microinfarcts are common in many 
‘organs in hypothermia, presumably from cold agglutinins 
blocking small vessels. Deep vein thrombosis in the legs 
and pulmonary embolism are occasionally found, but again 
cause and effect is hard to establish. 

Ir is said char the good preservation of tissues when 
examined histologically is characteristic of hypothermia, as 
autolysis is retarded by the low temperature. In the experi- 
ence of the authors, this claim is not justified 


THE ‘HIDE-AND-DIE’ SYNDROME 


‘There is a peculiar aspect to some cases of hypothermic 
death in that itis associated with the victim undressing and 
hiding away from sight. The subject is usually an old person, 
‘man of woman, When found dead (usually, but not always 
at home), the body may be partly or even totally naked, even 
though the environment is cold, In addition, the victim 
may have burrowed his or her way into some corner or cup- 
board, or alternatively pulled down furnicure and household 
articles into a heap on top of the body. In fact, the house 
may be in such a state of disorder that when the police break 
in and find a compse amongst such chaos they may naturally 
suspect a homicide and robbery. 

“The author (BK) has seen old people who have crawled into 
small cupboards, the bottom of wardrobes, under low shelves, 
and into comers of pantries and outhouses. ‘They have been 
found under piles of books pulled from a bookcase, or hidden 
‘under a mound of old clothes, newspapers and other debris, 

“The signs of hypothermia are usually present and the 
problem then arises as to whether the victim became 
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hypothermic first, which led to mental confusion that caused 
the strange behaviour, or whether ~as a result of some men- 
pethaps related to senility or other cerebral 
episode ~ they began behaving abnormally, including shed- 
ding their clothes and so became fatally hypothermic. 

Though some geriatricians claim that hypothermia is 
almost always precipitated by some natural illness, includ- 
ing cerebral vascular episodes, the experience of most 
pathologists is that itis not common to find definite lesions 
of such predisposing factors at autopsy: 

Biochemical markers of hypothermia have been investi- 
gated, and catecholamines appear in the blood and then 
urine in the early stages, bur then decline, as che adrenals 
become exhausted (Hirvonen and Hurtunen 1995). There 


tal aberratior 


is a variation in the adrenaline:noradrenaline ratio, all these 
changes being manifestations of stress induced by low 
temperature 


FIGURE 17.10 Frostbite ofthe fot fram the infant shown in Figure 
178. The distal part ofthe foot is infarcted and a line of separation 
‘har appeared between the distal slough and the rest of the lib 


FiGURE 17.11. Frombite on left auricle of @ man whe, heavily 


intoxicated by alcohol, lefi for home at night in the Arctic winter, 


but lst his way at —40°C and was found dead the fllowing day. 


DEATHS FROM EXPOSURE 


Fatal hypothermia can occur in healthy adults, as well as 
infants and old people. This is caused by purely environmen- 
tal conditions, which need not be extreme. One common 
‘group, especially in more northern countries is the inebriated 
person who becomes exposed to even moderate cold. The 
typical circumstances are a person who gets drunk and either 
falls asleep outdoors in his drunken state or sustains some 
accident ~ such as a fall or even mild head injury ~ which 
incapacitates him for long enough for him to become 
hypothermic, Alcohol seems to have a secondary effect, apart 
from causing incapacity and immobility. Its vasodilating 
effect on skin allows heat loss to be more rapid and in higher 
concentrations it may have a direct action on the heat- 
regulating centres. Apart from drunken victims, many other 
classes of person may fall prey to hypothermia. Hill-walkers, 
climbers, yachtsmen and dinghy-sailors, swimmers, and other 
classes of sportsmen and women can become cold and 
exhausted. Every year sees deaths and rescue escapades in the 
hill country of Britain, even when the weather is far from 
Arctic in severity, Naturally the risks in colder countries and at 
high altitudes almost anywhere in the world are much greater. 
For the pathologist, the fearures are similar to domestic 
hypothermia, bur there may be the added lesions of frostbite. 


LOCAL INJURY DUE TO COLD: 
FROSTBITE, 


There are a number of different clinical lesions caused by 
the effect of prolonged cold on the extremities. ‘Immersion 
foor’ and ‘trench foot’ refer ro damp cold damage, whereas 
rostbite’ is caused by dry conditions below zero, In the 
context of forensic pathology, they may be found in victims 
of fatal hypothermia, bur rarely kill in themselves unless ts 

sue necrosis becomes infected. Severe damage with slough- 
ing and separation of toes, or part of the foot is likely to be 
seen only in survivors or victims of some catastrophe on sea 
‘or mountainside, but the author (BK) has seen one case 
where a neglected infant was left in a urine-soaked cot at 
temperatures below zero for many days. When it died of 
a mixture of hypothermia and chest infection, the parents 
placed it in a sack with a brick and dropped it down a well. 

‘On recovery of the body, separation of the necrotic distal 
part of a foot was seen, with a red zone of inflammatory 
tissue on the proximal margin, Frostbite may affect only 
the skin or may extend deeply into the underlying tissues. 

Lesser degrees are reversible, but infarction and necrosis may 
ensue if the blood supply is cut off by vasoconstriction, 
sludging and thrombosis, for a sufficient time. 
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‘The examination of living victims of sexual assaults is 
the province of the forensic physician os ‘police surgeon’, in 
places where such doctors exist. In many countries, any 
physician may be asked by the police to examine the vietim 
of an alleged sexual offence, but this difficult and onerous 
task in the living victim is outside the experience of many 
pathologists ~ though in some jurisdictions, this function 
is combined with that of the forensic pathologist. 

In this book, attention will be confined to those cases in 
‘which a sexual assault leads to death, almost always rape and 
homicide. Regeettably, a significane proportion of non- 
domestic homicides are asociated with sexual offences, death 
occurring either because the woman rejects the sexual 
approaches or because a sadosexual motive colours an 
intended murder. ‘The most common mode of killing is 
either pressure on the neck, head injuries, ot, less often, stab- 
bing. In some instances death may be the result of violence 
associated with the sexual activities themselves, especially in 
child victims when pelvic trauma may be the immediate 
«cause of death. In this chapter, only the sexual aspects are dis- 
cussed, as other modes of violent death are covered elsewhere. 


EXTERNAL FINDINGS IN FATAL 
SEXUAL ASSAULTS 


‘As with most forensic autopsies, a meticulous external exam- 
ination is as important ~ and usually more important ~ 
than che internal dissection. ‘The study of the body surface 
in sexual assaults is similar in both the living and dead and 
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may be divided into general appearances and those of the 
perineum. ‘The whole body surface should be searched for 
sexually orientated injuries. 


Mouth and lips 


Bruises may be found on the lips and especially inside on the 
buccal surfaces, from rough kissing, The lips may have been 
forced back on to the edges of the teeth, causing abrasions, 
bruises and even laceration of the buccal surface. Swabs 
should be taken fiom the mouth in every case before sub- 
stantial manipulation for examination, to seek evidence 
of seminal fluid from oral penetration, Though such swabs 
rarely yield a positive result as to the presence of spermato- 
20a, modern analytical methods may be able to detect other 
components of the seminal fluid or the presence of male 
epithelial cells, 


Bites 


Other bruises may be found on the neck, shoulders, breasts 
and buttocks from oral suction or biting. These are some- 
whar euphemistically termed ‘love bites’ and may range 
from minor lesions inflicted from enthusiastic passion 10 
‘mutilating bites of a sadistic nature. 

Suction lesions may comprise a circular or oval area of 
bruising, in which the damaged zone consists of many 
small intradermal petechial haemorthages caused by suck- 
ing the skin into the mouth, the reduced air pressure 
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rupturing the small vessels. There may be semilunar marks 
at the periphery from the lips, and there may be associated 
teeth indentations or abrasions. Such suction marks are 
ofien seen at the sides of the neck, below the ears, on the 
upper shoulder, and on the upper part of the breasts and 
around the nipples 

‘Actual bites may accompany suction marks or may be 
independent. The characteristics are described in Chapter 
26, but the main features are abrasions or bruises matching 
the dental arches, ofien with discrete marks from each 
tooth, These may be linear ifthe teeth are scraped down the 
skin in closing the jaws. They may be superficial or deep 
enough to penetrate the skin as lacerations. The latter are 
especially common at the nipples in sexual assaults, and the 
nipple and part of the areola may even be partly or wholly 
amputated 

In sexual homicides, iti essential to obtain expert forensic 
odontological advice, if at all possible. In any event, phoro- 
graphs and measurements must be taken of these injuries and, 
if practicable, a cast of any teeth indentations for later com. 
parison. Before any handling of the lesions, swabs should be 


FIGURE 18.1. Sexual asaultc are sometimes associated with extreme 


ce, ofen ofa sadistic nature. Her, rape has been followed by 
tere head injury fromm the large rack seem near the central gutter af 


this back lane 


taken of the surfice in an effort to recover saliva, which — if 
the assailant was a‘secretor’— may be tested for blood-group: 
specific substances. 


General bruising and abrasion 


Apart from bruises thar may be associated with the fatal 
assault, such as throar or head injuries, some bruises are 
indicative of the sexual motivation. ‘The breasts are often 
manually squeezed and manipulated, causing discoid 
bruises of 1-2cm on any part, especially around the nip: 
ples. Linear abrasions, usually from fingernails, may also be 
present. Bruises may also be seen on the thighs and bur 
tocks, from struggles to achieve intercourse. Both the outer 
and inner sides of the thighs may be bruised and scratched: 
a typical area is the inn 


aspect of the upper thigh, where 
the legs are manually forced apart. There may be bruising 
around the anus from fingers opening the buttock cleft to 
achieve either anal or posterior vulval penetration. 

‘Where the assaule takes place on a hard or uneven sur 
face, bruises and abrasions may be seen on the back, espe- 
cially the shoulders and buttocks. Ifoutdoors, there may be 
marks from stones or sticks and remnants of vegetation, 
such as leaves, and grass and green staining may be adher- 
ent to the skin, together with earth or dirt. Examination of 
the clothing is usually a function of the forensic scientist 
(criminalise), but when che pathologist examines the body 
in stu, he will naturally note damage, disarray and foreign 
material on the garments, 


FiGURE 18.2 Jn fal rape the pathologist must note atthe scene, or 


at che mortuary the postion and condition of clothing and presence 
of foreign material an the skin. Full cooperation with scene of crime 


officers or forensic scientists is vital in eallecting trace evidence. 
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Figure 15 


External findings in fatal sexual assaults 


Other general injuries 


The hands should be carefully examined, as in all assaults 
The fingernails, especially the often longer and manicured 
nails of younger women, may be broken from a struggle. 
Occasionally, there are haits or fibres trapped in nail splits, 
which may have come from the assailant or his clothing. Ac 
autopsy, the nails should be cur closely to the junction with 
the fingers and all parings carefully collected for forensic 
laboratory examination, It is rarely necessary 10 collect 
those from each finger in individual packets, bur each hand 
should be identified separately. Some pathologists or scien- 
tific officers prefer to scrape out the space under each nail 
with a pointed orange-stick or toothpick, carefully retain- 
ing any debris. ‘The reason for this interest, especially in 
sexual assault victims, is that chey may have scratched their 


assailants and have blood, or even skin parings, under the 


Foun 
ground debris on the back ofthe victim of rape, This is an 


8.3 Multiple euperficial abrasions from undergrowth and 


indication of pressure ofthe unclothed body om the ground. There is 


4 ligature mark around the neck with a cras-over point visible 


nails that can be identified as to blood group or individu. 
ally specific DNA characteristics. 

Signs of head injury and throttling are dealt with else- 
where, bur some fatal trauma may be sexually orientated, 
especially knife injuries, Sadistic cutting or stabbing may be 
inflicted on sexually significant areas, especially the breasts, 
buttocks, perineum and lower abdomen. The vulva itself 
may be mutilated. These may be slashes or deeply penecrat- 
ing stabs, often multiple and indeed numerous. They may be 
arranged in a pattern or may be mutilating, as when whole 
breasts are amputated. Decapitation is sometimes performed 
and rirual acts may be performed, with objects placed in def- 
inite sites near the body. The nororious ‘Jack the Ripper 
murders in London in 1888 exhibited the arrangements of 
disembowelled organs and this type of mutilation is another 
feature of some sadistic sexual homicides. Intestine or uterus 
may be removed, either through abdominal wounds or manu- 
ally through the vagina. General injuries may be continuous 
with genital trauma, as in knife or broken bortle wounds of 
the abdomen and perineum, 


Genital injuries 


Once the pathologist has examined all the external general 
injuries, attention should be turned to the perineum. As 
with the clinical examination of sexual offences, a set rou 
tine should be used, as the incorrect order may lose valu- 
able forensic evidence, 

The vulva and anus should be inspected externally and 
laceration, swelling, bruising, bleeding and discharge noted. 
Any blood or suspected semen stains anywhere on the body 
or clothing should be sampled either by the pathologist or 
by the forensic scientist or scene of crime police officer. The 
pubic hair should be examined for foreign material, hais, 
vegetation and dried seminal stains, and samples of hair and 
combings taken. The hair may be combed using a fine 
comb with the base of the teeth packed with cotton-wool to 
trap any loose fibres. Dried stains on hair may be cut away 
and placed in clean folded paper in an envelope, or plastic 
bag for transit to the laboratory: ‘The vulval labia may show 
clear signs of trauma, especially in children, In Forcible rapes, 
especially in young persons, chere may be external signs 
of perineal ears, with laceration of the margin of the vaginal 
introitus or anus, sometimes causing a complete rip between 
the two orifices. 

Caution must be used in interpreting the degree of dilata- 
tion of the anus in a dead body, as the sphincter can become 
patulous and wide open as a normal post-mortem change 
Unless the dilatation is very marked, the sole finding of an 
‘open anus in the absence of abrasion, bruising, or semen is 
difficult co sustain as proof of anal penetration. ‘This applies 
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to children as well as adults; in fact, post-mortem dilatation 
of the anus is particularly noticeable in children. 

Once external examination and assessment has been 
made, samples should be taken for forensic biological test 
ing, for the presence of semen and venereal infection, as well 
as samples for DNA profiling, which may be able to distin. 
guish berween any semen present and the vaginal secretions. 
Fany fluid is running from the vulva or anus, it should be 
picked up with clean pipettes and preserved in the smallest 
available tube, to prevent drying from evaporation. ‘Then 
cotton-wool swabs on sticks (ensuring thar those used for 
semen detection are plain swabs, nor those containing albu- 
min or other media) should be used to take the following 
samples by touching gently on to the mucosal surfaces: 


the interior of the vulval labia and around the vaginal 
orifice 

the margins and interior of the anus 

the mid-vagina, using a speculum or broad handle of a 
dissecting forceps to part the lower vaginal walls gently 
tw allow the swab to reach the area without contamination 
from the lower vagina 

1 the upper vagina, cervix and posterior fornix, again 
using 2 spatulate instrument to open the canal 1 give 
access to the swab, If more fluid contents are seen 
higher in the vagina, either now or during the later 
dissection, they should be recovered by pipette. 

Afier samples are raken, the interior of the anus, vulva and 
vagina, as far as can be seen from the exterior, should be 
examined, Lacerations, abrasions, bruises and bleeding may 
be evaluated, though they can be seen in more detal at dis 
section, The presence and condition of a hymen is noted, 


with sexual offences 


FIcURe 18.4 Some homicides have 
obvious sexual connotations even if there is 
no genital interference This circle of tab 


sounds i centred on a brea 


E 


wll ofthe vagina in a rexwalascaule asocated with fatal head 


LURE 18.5. Fre bleding and mucosal abrasion on the lower 


injuries in an old lady. 


‘with any evidence of recent tearing. Where injuries are gross, 
especially in children, fistulae between the vagina and the 
rectum or even peritoneal cavity may be seen, There may be 
extrusion of intestine. 


INTERNAL EXAMINATION 


The order of the autopsy may be determined by the nature 
of the death. The fatal injuries, such as strangulation or head 


Interpretation of minimal findings 


injuries, may be deale with first oF the pelvic region may 
command prime attention. ‘The autopsy incision should be 
similar to that described for the examination of deaths asso- 
ciated with pregnancy, with an incision circumscribing the 
perineum, removal of the anterior part of the pelvic bones 
and the extraction of all che pelvic organs in continuity from 
ovaries to vulva and anus, This block of tissue is then dis- 
sected separately. Before this is done, the bladder should 
first be emptied of urine (either by catheter or through 
4 small incision in the fundus) and the fluid retained for 
toxicological analysis, especially for alcohol 

‘The vagina should be opened with large scissors, the 
track of the cut depending on the assessment of any injuries 
seen on external examination. IF there are tears or bruises in 
the vulva or vagina, the cut should be orientated to avoid 
them wherever possible; the anus is later dealt with in a 
similar way. The vagina is laid open to the posterior fornix 
and all injuries carefully examined and photographed. The 
cervix and uterus are examined in the same way. 

Injuries may be of all types, from mere reddening or 
‘swelling to complete disruption of the vaginal canal. This 
may occur in small children from sheer brutality of pene- 
tration, especially if there is gross disproportion berween 
the adult penis and infantile canal. It may also occur from 
instrumental injury, as it is by no means uncommon for 
deliberate incised wounds to be made. The author (BK) 
has seen abdominal knife wounds carried over the pubis 
into the vagina in a murdered prostitute; another murder 
rape was found co have a broken milk bortle high in the 
vagina, to the porential hazard of the examining fingers. 
‘Vaginal injuries, especially by instrument, may continue 
up into the abdominal cavity, either via the posterior fornix 
or lateral vaginal walls. ‘This will have been examined 


FIGURE 18.6 Stab wounds (arrows) in che vaginal 


wall of homicide victim (U, uterus 


through the abdominal autopsy incision before removal of 
the pelvic organs, 


INTERPRETATION OF MINIMAL 
FINDINGS 


As in clinical forensic practice, there is linle difficulry in 
interpreting gross sexual interference, but problems arise 
‘when only minimal evidence is present in a death (traumatic 
oor otherwise) where the circumstances suggest some sexual 
offence or activity. In such cases, the following questions 
need to be answered, in che light ofall che available findings 
at the end of the autopsy and ancillary investigations: 


i Is chere any evidence of sexual intercourse at any time —~ 
that is, absence of virginity as determined by an intact 
hymen? This does nor exclude sexual activity short of 
penetration and technically rape can occur from even 
the minimal passage of a glans berween the labia, which 
does not affect the hymen. Old intercourse may be 
assumed from healed hymenal tears with epithelialized 
‘carunculae my 
prolonged use of tampons and manual manipulation 
can also tear a hymen. Evidence of previous pregnancy, 
such as abdominal striae, old damage to the cervix and 


iformes' at the margins, though the 


breast changes are almost incontrovertible evidence of 
previous sexual intercourse, 

IW Is there evidence of recent sexual intercourse? A recently 
ruptured hymen, with swelling, a raw unepithelialized 
edge and bleeding may be found, though admittedly itis 
relatively uncommon except in children and previously 
Virginal young persons, The labia may be red and 
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Ficune 18.7 External genitals ofa live 8-year-old girl victim of 
repeated sexual abute by an adult living in the neighbourhood. The 
Jack of intact hymen, reddened and larger than normal orifice ofthe 
‘gina as well as thickened skin and ulcers perianally (nat shown) 
are in keeping with abuse, 


inflamed with slight oedema of the vaginal ineroicus if 
iis the firse episode, or if there is disproportion between 
anadule man and a young person, even in voluntary 
sexual connection. The presence of semen on swabs is 
the best evidence, though with the use of condoms it 
‘may be absent. After vasectomy, though no sperms 

will be present, chemical and enzyme tests for semen 
remain positive, The presence of venereal disease, 
especially gonorrhoea, is presumptive evidence of 
Intercourse, though it can be contracted other than 

by sulficiene penile penetration to constitute rape. 
Frecent intercourse has taken place, was it by force? 
‘This may be all roo obvious in the presence of gross 
injury, especially in small children, Where vaginal or 
rectal tearing has occurred, or where there is obvious 
abrasion, bruising or laceration of the vulva, anal 
margins or perineum, then this can hardly be 
compatible with voluntary intercourse. The possibility 
of sexually motivated injury without actual penile 
penetration must be considered when no semen can be 
recovered, as equally severe damage can be caused by 
digital or instrumental trauma. All kinds of foreign 
objects can be forcibly introduced into the vagina and 
rectum, and are not infrequently employed by sadistic 


FIGURE 18.8 Extensive bleeding from inner lacerations of the 


tneginal wall in a fital rape, Blod ir pooling in the posterior part of 
the vaginal canal. A full autopsy disection is required, beeping the 
perineuon en bloc with the genital tact ta dicplay any injuries and to 


clude natural disease asa contribution tothe bleeding 


and perverted killers. The author (BK) has seen candles, 
bottles, a banana, broken glass and knives introduced 
into the vagina, and broom-handles and poratoes lying 
in the rectum, 

‘Where injury is relatively slight and confined to 
hyperaemia and oedema of the vaginal or anal 
entrances — and where abrasion and bruising of the 
vulva is slight (even including fingernail scratches), 
although the presumption is that intercourse was by 
force, the possibility still exists chat it was voluntary 
though overenthusiastic, unless, of course, the victim 
was a small child, 


TESTS FOR SEMEN 


In countries with sophisticated forensic science o police 
laboratories, the pathologist will nor be called upon to 
carry out the actual techniques for the detection of seminal 
fluid. His role is to be a careful collector of the original 
samples ar autopsy and, to some extent, to be able to inter- 
pret the results for che benefit of the police and the courts 
He should be conversant with the general principles of the 
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Tests for semen 


tests and aware of any porential shortcomings. In places 
where forensic science facilities are deficient or their avail- 
ability may be delayed, the pathologist may have to conduct 
the more simple tests himself and the technical details are 
given in Appendix 1, The detection of semen depends upon 
the following methods 


Naked-eye and lens recognition is a screening method 
which may identify suspicious stains on clothing, skin 


FIGURE 18.9. Rape and buggery ofa small girl who was thew sranled, 
‘The tule basa slight posterior tear and there is large vaginal tear 
internally he canal being filled with blaod. The anus is widely ripped. 


especially posteriorly Swab were positive for termen in bot crifice. 


and pubic hair. Liquid semen leaking from the vagina 
or anus may be obvious, though leucorthoeic vaginal 
discharge may be mistaken for seminal fluid. Dried 
seminal stains are stiff and rather silvery, depending, 
upon the nature and colour of any fabric they may be 
upon, On the skin they flake off readily and can easily 
be lose if nor carefully lifted with a blade or needle into 
a container, Dried stains on hair should be retrieved by 
cutting away the clump on which they lie, Suspect 
smears on skin may be collected by gentle rubbing with 
a plain cotton-wool swab that has been moistened with 
water or saline. All material should be examined as, 
soon as possible after collection. 


1B Examination under ultraviolet light causes seminal 


stains to fluoresce a bluish-silver, but many other 
biological fluids and vegetable juices give false-positive 


E\GURE 18.11. Extensive bruising from fingers during a multiple 
anal and vaginal rape. Though penetrated by several mien in a shore 
space of time, the anus shows no injury 


FiGuRe 18.10 A chronically dilated anus in an 
habitual pasive homesexual Afier death any anus 
cam appear open and patulous, but this example is 
00 large ta be accepted as within normal limit. It 
also as keratinized, chronically abnided margins 
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FiGURE 18.12 The anus ofa girl who has suffered penetration, The 
sphincter is overated. there is clight tearing ofthe anal margin, 
and some epidermal tags ave been abraded fram the surface. However 
this degre of dilatation in a dead subject should not be sed as the 
sale indication of buggery ax the post-mortem anus can be parulous 
in quite innocent circumstances 


results, Many detergents, such as washing powders, also 
produce a confusing background fluorescence. The 
method is a useful screening process bur cannot be used 
as definitive evidence of the presence of semen. Areas 
thar fluoresce, especially on fabric, should be outlined 
to identify chem for more specific testing. 

1S Enzyme reactions are valuable, and though not 
absolute proof, are strong presumptive evidence of the 
presence of semen, They depend on detecting high 
concentrations of acid phosphatase originating in 
prostatic secretion. Acid phosphatase activity in semen 
is 500-1000 times greater than in any other normal 
bodily fluid. Also, vaginal fluid contains endogenous 
acid phosphatase showing considerable variation in 
activity depending on various factors, which 
complicates the interpretation of the findings. There 
are several methods of detecting phosphatase, including 
a rapid commercial ‘spot test, which should nor be 
used as hard evidential proof, 

| Immunological methods, where animal antihuman 
semen sera are set up against extracts of the stain. ‘These 
techniques can only be used by trained laboratory staff 

Prostate-specific antigen (PSA, p30) isa glycoprotein 

produced by the prostatic gland and is found in 
seminal plasma, male urine and blood, bur nor in any 


tissues or fluid of the female body. A positive PSA 
finding is a reliable indicator of semen regardless of the 
presence of spermatozoa or elevated acid phosphatase 
level. Simple and sensitive methods have been 
developed for analysis of the presence of PSA. 

Other serological techniques may be able ro determine 
the blood group of the semen ifthe ejaculacor was one of 
the 80 per cent of the population who are ‘secretors — 
those who pass blood-group antigens into their saliva, 
sweat and semen, A problem for the forensic serologist is 
the admixture of semen with biological fluids from the 
victim, in the form of vaginal secretion and blood, but 
this is a complex technical matter that is usually ourside 
the remit of the forensic pathologist, chough he needs to 
be aware of the potential difficulties. 

Recent developments have now added the DNA 
technique to the armamentarium of the forensic 
biologist; this isa remarkable advance, especially in sexual 
offences, as the previous problems of blood group and 
enzyme typing caused by the admixture of semen and 
vaginal secretion can now be solved in many instances. 
‘The sensitivity of detection and identification has also 
been enormously enhanced by amplification techniques, 
such as PCR (polymerase chain reaction). Y-chromosome 
short tandem repeat (STR) markers have been succesfully 
used to analyse mixed stains with a male component. 

Until recent years, the only absolute proof accepted by 
the courts was the demonstration of spermatozoa in stain 
extracts and it remains the best evidence, though some of 
the sophisticated laboratory techniques such as serological 
and DNA identification are now equally reliable. One 
modern problem in using spermatozoa retrieval is the 
widespread and increasing incidence of vasectomy a8 2 
‘method of male contraception, so the seminal fluid 
contains no sperms; this also occurs nacusally in 
azoospermic men, The phosphatase and some serology 
tests are unaffected by vasectomy. Fluorescent in situ 
hybridization (FISH) has been suggested as a sensitive 
and specific test for the detection of male epithelial cells 
in the post-coital vagina up to one week. Y-chromosome- 
positive epithelial cells have been identified in vaginal 
swabs even in cases with no ejaculation, 


HOMOSEXUAL OFFENCES 


[As with heterosexual offences, the cause of death in fatal 
ceases is almost always some form of general trauma, such as 
strangulation or head injuries. Homosexual activity, how- 
ever, may be a parallel event; itis a fact that some of the 
most violent homicides seen by pathologists are among 
‘male homosexuals. In addition, quite a number of fatal 
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Further reading 


altercations arise because a heterosexual man becomes vio- 
lent when importuned by a homosexual. 

‘The pathologist's attention will almost always be directed 
to the anal region of the passive participant, as the other 
partner or assailant is rarely dead, and any examination will 
be carried out by a police surgeon or clinical doctor. The 
examination of the victim follows closely on that for a 
female subject of rape, in that general injuries are sought 
first — including the one that caused death ~ together with 
any sexually orientated marks such as scratches anywhere on 
the body, bur especially down the back, on the buttocks or 
oon the thighs. Bruising around the anus and in the cleft of 
the buttocks is significant, especially if discoid finger bruises 
are seen. The anus should be inspected and the warning 
given earlier about the degree of dilatation in corpses should 
be heeded. Though most marked in children, a patulous 
anus can be seen in any adult post-mortem. Unless it is 
grossly dilated, an open anus cannot be used in isolation as 
an index of homosexual penetration, In recent or forcible 
anal intercourse, especially by a large penis upon a ‘virgin’ or 
young person, the margins of the anus may be reddened, 
sometimes abraded, and occasionally torn, especially in a 
child, There might be some eversion of the lower rectal 
mucosa through the sphincter. In gross anal ‘rapes’, espe- 
cially on a young person, there may even be severe perineal 
tearing, Ar autopsy, swabs must be taken from the anal mar- 
gin, and deeper in the anus and rectum, Mouth swabs 
should also always be raken. The presence of blood or lubri- 
cant should also be sought. 

"The classic description of the chronic passive homosexual 
hhas been passed down from textbook to textbook over the 
years, but isa rarity: The so-called funnel anus is usually an 
anatomical variant. Some men and women have a deeply set 
anus as an anatomical variant, sometimes with a bridge of 
skin dorsally across the cleft of buttocks. This causes the anus 
{o appear as if ie was at the bottom of a funnel, but has no 
significance. ‘The other classic feature was said to be silvery 
thickening of the skin outside and ar the margins of the 
anus ~ but this is often due to chronic scratching from pruti- 
tis, rather than from prolonged friction during homosexual 
activities. In life, a lax anus, prolapsed mucosal rim and thick- 
ened anal margin may well be genuine signs to the experi- 
enced clinical eye, but at autopsy only acute damage and the 
presence of semen or lubri 


nt is of much evidendal value. 
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pregnancy 


I Deaths associated with abortion 431 


[Hl The autopsy in abortion deaths 435 


‘Though not usually a forensic problem, deaths associated 
with pregnancy (other than criminal abortions) are inten- 
sively investigated in a number of counties. In Britain, the 
Department of Health has had an ongoing “Confidential 
Enquiry into Maternal Deaths’ running for many years, 
which publishes valuable reports at 3-yearly intervals that 
have helped to clarify both the clinical and pathological 
aspects of the problem. 

The pathologist has an important role in furthering the 
understanding of the causes of death in pregnancy and after 
childbirth. A good autopsy is essential, with fall histological 
examination and other ancillary investigations where neces- 
sary. Only in chis way can the fll range of causes of death be 
recognized, especially amniotic fluid embolism, which is a 
histological diagnosis. 

To give an example of the range of fatal conditions thar 
‘occur in association with pregnancy, the following causes are 
taken from the ‘Confidential Enquiry’ from Britain pub- 
lished in 1998, the figures referring to death during preg- 
nancy and within 6 weeks of parturition in the years 
1994-1996, Altogether 376 deaths were reported co or iden- 
tified by the enquiry in the UK during that period. Of the 
376, there were 134 (36 per cent) direct and 134 (36 per 
cent) indirect maternal deaths. The number of underlying 
causes of death of the direct maternal deaths is shown in 
“Table 19.1 

According to a recent estimation, about 26 million legal 
and 20 million illegal abortions are carried out yearly 
throughout the world. Forensic pathological interest in preg- 
nancy revolves almost exclusively around deaths associated 
with abortion, either criminal or legally induced. The term 
‘therapeutic abortion’ is used in many countries, including 
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TASLE 19.1. Number of rect maternal deaths by cause, 

United Kingdom 1994-1996 

Cause of death a Percentage 
Thrombosis ad thromboembolism 48 958 
Hypertensve disease of pregnancy 20 4g 
‘Ait id embsm 7 127 

ary pregnancy deaths? 18 112 
Sepsis 14 10 
Haemonhage 12 90 
Genital rac trauma 7 52 
Anaesthesia 1 a7 

Tate 134 1000 


*Eetapcpegnany spline aborten er trmnaon of ragnangy Beare 
2 weak! esa, 


Britain, where there is no abortion on demand, as in some 
countries, The description ‘legal retmination of pregnancy’ is 
1 wider definition forall bur illegal (that is, criminal) abor- 
tions, The autopsy investigation of deaths from legal abor- 
tions has much in common with thar into fatalities 
associated with surgical and anaesthetic procedures 


DEATHS ASSOCIATED WITH 
ABORTION, 


‘Though in many countries medical termination of preg- 
nancy (therapeutic abortion’) is legal, a large area of the 
world still prohibits any form of abortion, either totally or 
‘except for the preservation of life of the pregnant woman. 
Even in those states where legal termination is possible, 
criminal abortions are still carried out, albeit on a small scale. 
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“The reasons for chis survival are varied, butare either because 
of restrictive grounds for legally available termination or to 
some sections of society that do not wish to avail chemselves 
of the legal provisions. Whatever the cause, criminal abor- 
tion is associated with a considerable risk of both morbidity 
and mortality, especially in countries with a lower level of 
medical and social care. 


Legal termination of pregnancy 


‘When carried out with proper facilities, legal abortion has 
an extremely low mortality rate, being less than the mean 
death rate associated with pregnancy. The usual methods 
are vacuum aspiration, dilatation and curettage, or hystero- 
tomy in later pregnancy. A few deaths are reported from 
time to time, the causes including: 


& pulmonary embolism from leg vein thrombosis 

I mishaps associated with anaesthesia 

disseminated intravascular coagulation and cerebral 
damage (including ‘butterfly’ haemorrhagic infarction 
in the basal ganglia) when abortion was induced by 
intrachorionic injection of hypertonic saline or glucose 
after the twelfth week (Cameron and Dayan 1960) 

BH air embolism following vacuum aspiration — only wo 
ceases have been reported and the mechanism is obscure, 
‘one theory being that ‘elastic rebound! of the aspirated 
ucerus sucked air into the cavity 

IB bleeding or infection, which failed to respond to 


Death from illegal abortion 


‘This has a much wider range of causes. The risks vary 
according to the skill, experience and facilities of the abor- 
tionist. When this is carsied our by a doctor with aseptic and 
antiseptic methods, together with antibiotic cover if needed, 
the risk may be small compared with the crude methods of a 
lay person using makeshift instruments, The most common 
methods together with the associated dangers to health and 
life are as follows. 


INSTRUMENTAL INTERFERENCE 


‘The intention is to disturb the pregnancy sac so that, once 
damaged, it will be expelled by uterine contractions. This 
usually consists of dilatation of the cervical canal, which in 
itself also tends co dislodge the pregnancy. All manner of 
instruments have been used, from surgical dilators to 
bicycle spokes. A favourite in the hands of paramedical 
abortionists is the bougie or stiff catheter, When used by 
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doctors or nurses with anatomical knowledge and sterile 
instruments, the risk is small, but lay persons often have no 
idea of the relationship of uterus to vagina. The instrument 
is then often pushed into the posterior fornix in che mis- 
guided belief that the cervix lies axially with the vagina, 
“The vault of the vagina can be perforated and the instru- 
ment may even be passed through coils of intestine as far as 
the liver. Penetration of the lower or mid-vagina can also 
‘occur. If the cervix is entered, then the canal may be punc- 
tured and the instrument emerges through the side. 

"The external os may be badly injured by repeated, clumsy 
attempts to introduce too thick an object into the undilared 
canal. IF successfully passed into the cavity of the uterus, it 
may be pushed right up through the fundus, again to dam- 
age the contents ofthe peritoneal cavity. 

"The dangers of such instrumentation are bleeding and 
infection. Perforation of the wall of vagina or uterus may 
cause severe bleeding, which may be internal or external, 
Sepsis can supervene in the peritoneal cavity or pelvic tissues 
either directly from a dirty instrument or from transfer of 
vaginal, skin or bowel organisms. 

‘Another less common danger of the use of instruments 
(including syringes) is cervical shock, The mere act of dilating 
the cervix with an instrument in an unanaesthetized patient 
may trigger a vagal reflex, the efferent pathway being via the 
parasympathetic nervous system, causing a cardiac arrest. 
This is known to be a more potent mechanism in states of 
fear, apprehension and nervous tension, which obviously will 
apply to many candidates for a criminal abortion, 


INSUEFLATION OF AIR 


In Europe, this is becoming more of historical interest, but 
‘occasional cases still occur A rubber pump, usually a 
Higginson enema syringe, is used to introduce fluid under 
pressure into the cavity ofthe uterus. This strips the chorionic 
sac from the wall of the uterus, exposing the placental bed. 
If sufficient detachment is achieved, then abortion will occur, 
Iwas formerly a popular method of abortion, both by women 
themselves and by abortionists'The main danger ~ part from 
the usual risks of bleeding and infection from damage to the 
tissues by the stiff nozzle — was air embolism, and in the fist 
half of this century it was a major cause of abortion deaths. 
TThe intention was to incroduce a fluid such as water-soap 
solution or disinfectant through the cervix by means of the 
syringe nozzle, the other end, which carried a one-way valve, 
being dipped in a receptacle ofthe fluid. 

As the level in the receptacle dropped, the inlet tube rose 
above the surface and the syringe began to inject air instead 
of fluid, often as soapy foam, In addition ro this danger, 
unless the bulb of the pump was primed with fluid before 
use, che first ejection would be the appreciable volume of air 
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Figure 16 


Deaths associated with abortion 


FicUne 19.1 The sudden unexpected death of a woman of cild- 
bearing age should always arouse the consideration of complication 
of pregnancy. This woruan insulated her uterus with a Higginson 
sgringe and had time to clean up the equipment before collapsing 
swith air emboliom, This photograph was taken before the British 


Abortion Act of 1967, ar such events are mows wncommon. 


FIGURE 19.2. Buns fiom a hot-water botle an the inner side ofthe 


upper thigh in an atterapt to resuscitate the victim of a criminal 
athortion who died form air emboli 


contained in the empty syringe, which in itself was enough 
to cause a fatal embolism. Under the considerable pressure 
available from the instrument (as much as 28 em of mercury 
according to Teare 1958), this air was forced into the exposed 
vascular channels of the placental bed and from there into 
venous sinuses and pelvic veins to cause cardiac embolism. 
Though this occurred almost immediately in most 
instances, some delay was possible ~ pethaps because con- 
tained air was further squeezed by contraction of the uterus. 
Some victims were able to leave the premises of an abortionist 
and survive for up to 2 hours or more before the embolism 


‘occurred (Simpson 1951). ‘The addition of various sub- 
stances, such as phenol, formalin, alcohol and turpentine, 0 
the fluid introduced a toxic element, and in some cases these 
fluids were extruded into the peritoneal cavity through the 
uterine tubes, causing a chemical peritonitis, 


DILATATION OF THE CERVIX 


Another crude method was to introduce a ‘tent’ into the cer- 
vical canal, This was.a strip of substance chat absorbed water 
and became greatly enlarged, such as Laminaria digitale or 
slippery elm (Ulu: falna Michs). These vegetable materials 
are hard and compact when dehydrated, so that a strip about 
3-8cm long could be slid into the cervix. When water was 
absorbed from the surrounding tissues, che cervical canal 
became widely dilated and abortion might take place, The 
risks were perforation of the cervix and also infection, espe- 
ally ifthe strip tore into the tissues. The substances used, 
ofien crude vegetable material, could be the source of infect- 
ing micro-organisms including anaerobes. 


PHYSICAL VIOLENCE 


‘Women anxious to lose their pregnancy have resorted to 
‘extremes of physical activity and even violence in efforts to 
dislodge the Fetus, Frenzied exercise, horse-riding and severe 
purging with laxatives were usually ineffective, and some 
unfortunate women went on to seek violent treatment from 
husbands or consorts. Punching and kicking of the abdomen 
‘were most common, and death from visceral rupture, such 
as liver, spleen or intestine, has been reported. Ironically, the 
uterine contents were usually undisturbed. 


SYRINGE ASPIRATION 


The suction method most often used in therapeutic abor- 
tion has also come to be used for illegal operations, mainly 
by medical or nursing personnel. A large syringe attached co 
a catheter or length of plastic tubing can produce suction 
within the uterus sufficient to rupture the chorionic sac and 
precipitate abortion, The method is safe as long as aseptic 
methods are used, though, ifevacuation is incomplete, some 
products of conception may be left behind that can form a 
niidus for infection. 


INTRAUTERINE INFECTION 


‘Whatever method is used to evacuate the uterus, the risk 
of haemorrhage or sepsis is always present. Where an 
instrument, tent or syringe is used, any remaining frag- 
ments of placenta or other products of conception may 
form a substrate for infection. The organisms involved in 
sepsis are varied, the most dangerous being non-haemolytic 


= 433 


19: Deaths associated with pregnancy 


formaldehyde and oxalic acid. All have their own dangers, 
both from local corrosion and systemic effects if absorbed. 
A necrotic pseudomembrane may form in the vagina and 
severe damage to the cervix may also ensue. 

Potassium permanganate was a substance that appeared 
during the last war and persisted for some years, 650 cases 
being reported up t0 1959, though only a few were fatal. I 
‘ean cause local necrosis in the vagina and, if absorbed, can 
have fatal systemic effects including renal failure, Perman- 
ganate can cause profuse vaginal bleeding from necrosis, 
which may give the impression that abortion is threatened 
and lead an unsuspecting doctor to carry out a curettage 
‘Utus paste’ is a mixture of soap, myrrh resinoid and potas- 
sium iodide, and was used earlier in the century for legitimate 
abortions, but soon became popular with the criminal abor- 
tionist. Another similar product containing elemental iodine, 
is “Interruptin’; both were used for late abortions and the 
induction of labour when the fetus was dead. These pastes are 
squeezed into the cervical canal through an applicator and the 
halogen component acts as an irritant which causes eventual 
expulsion of the chorionic sac. Used medically, they are rela- 


FicUune 19.3 Sep, necrotic aera fllowing an inrummenal 
criminal abortion. The endometriaon, containing some retained 
product of conception is chocolate brown and fout-smeling. the 


predominant organism on culture being Clostridium perfringens. 


streptococci and Clostridium perftingens, though coliforms 
and staphylococci may also be responsible. 

The uterus becomes swollen, spongy and discoloured, 
The serosal surface seen at autopsy may be brownish ~ espe- 
cially in clostridial infections — and the endometrium may 
be ragged, foul-smelling and even purulent. Signs of septi- 
caemia may develop with an enlarged, soft spleen, promi 
ent lymph nodes and hepatorenal failure. ‘The kidneys 
may show bilateral cortical necrosis in extreme cases. In 
clostridial septicaemias there may be a characteristic bronze 
coloration of the skin. This may have a mottled o ‘rain- 
drop’ appearance. 


THE USE OF DRUGS AND CHEMICALS 


A wide vi 


jety of substances, applied locally or taken by 
mouth, have been used since time immemorial to induce 
miscarriage. Some have a sound pharmacological basis, 
others are dangerous, and yet more lie in the realms of folk 
medicine. Substances applied locally include phenols and 
Lysol, mercuric chloride, potassium permanganate, arsenic, 


434 


tively safe (Barns 1967; Berthelsen and Ostervaard 1959), but 
fatalities can occur from air or fat embolism or from the toxic 
effects of absorption. 

Substances taken by mouth or injection are legion, The 
old classification into ‘echolics’ and ‘emmenagogues' is now 
‘quite redundant and most of the lists of substances are of his- 
torical interest only, as their efficacy is either nil or the dose 
needed to produce abortion is perilously near the fatal level. 
These include pennyroyal, tansy, ue, savin, laburnum, colo- 
cynth, aloes, castor oil, nutmeg, hellebore, cantharides, cor- 
ton root, wintergreen and turpentine. Many of these may 
‘cause purging, gastrointestinal irritation and general illness if 
taken in quantity, but have no specific action whatsoever on 
the uterus, There are other substances that have more chance 
of causing uterine contractions, though many of them are 
effective only on a late pregnancy, not at che usual time of 
1-3 months when most abortions are sought. 

Quinine can be dangerous, as the dosage required for any 
effect on the uterus is likely 10 cause cinchonism, Ergo- 
mmetrine has been known from ancient times to lead to abor- 
tion, though like most drugs its effectiveness is greater later in 
pregnancy. Excess dosage may cause peripheral vascular spasm 
and gangrene. Its availabiliry to doctors and mid-wives is 
similar to pituitary extract, oestrogens, and — more recently ~ 
prostaglandins. Heavy metals, particularly lead, were used 
for abortion in the past. Plasters coated with a lead com- 
pound ‘diachylon’ were scraped to recover the metalic sub- 
stances and ingested. Though abortion sometimes occurred, 
illness and death from acute and subacute lead poisoning was 
more common; this method has also become of historical 


interest only. Ic has been well said thar most substances chat 
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Ficune 19.4 Dangers of. criminal abortion 


are successful in killing the fetus are likely co kill the mother 
as well 

‘A wide variety of medical substances have been used for 
abortion, including aminopterin, steroids, antimitotic drugs, 
such as vincristine and ergocornine, and other cytotoxic 
drugs used in malignant diseases. Even monoamine oxidase 
inhibitors have been reported as abortifacients, In all these, 
the autopsy findings in fatal cases will be non-specific or neg 
ative, and the history and toxicology provide virtually all he 
available evidence. 


THE AUTOPSY IN ABORTION 
DEATHS 


‘Where a death in pregnancy or the puerperium occurs, every 
effort should be made to obtain an autopsy, even if the death 
does not fll within the usual category of death reportable for 
smedico-legal investigation, When a criminal abortion is sus- 
pected, then virtually every jurisdiction will requite necropsy. 

‘The usual full autopsy is performed, bur a number of 
additional measures are required, varied to suit che particular 
circumstances. ‘The fullest possible history is required and, 
where che death has taken place under medical care, a prior 
discussion with the clinician is vital. A careful external exam- 
ination must be carried out, noting especially 


1 Abnormal coloration of the skin, such as in the 
bronzing of clostridial septicaemia and the jaundice 
of liver damage. 

© Signs and duration of pregnancy, such as abdominal 
swelling and breast changes. 

Signs of injury, including bruising or abrasion of the 
vulva from instrumentation, and vaginal bleeding, 


435 


bortion deaths 


Burns on the abdomen or inner sides of the upper 
thighs may indicate efforts at resuscitation by hot-water 
bottles when a woman has suddenly collapsed during 
an illegal abortion. 

The vagina should be examined for signs of recent oF 
current pregnancy, and attempred or successful recent 
abortion, Any fluid should be removed by pipette to be 
examined for soap and chemicals, such as antiseptics. 
‘A swab should be taken for microbiological culeure. 

1 Where any possibility of air embolism is considered, 
pre-autopsy radiology of the chest and abdomen must 
be performed. Some pathologists would consider this 
obligatory in any death associated with pregnancy, 
as iis the best method of detecting air embolism by 
visualizing air bubbles in the heart, great veins in the 
thorax, inferior vena cava, peritoneal cavity and — 
possibly — pelvic veins. In the few centres where MRI 
for computed tomography is available for autopsy 
‘material, this may greatly increase the chance of 
detecting air in the vessels 


‘Where radiology is not possible, air must be sought by dis- 
section methods, which are not so reliable, ‘The thorax is 
‘opened carefully, making sure that removal ofthe costal cartl- 
ages and sternum does not damage the underlying medi- 
astinum or open any of the veins at the thoracic inlet, The 
cardiovascular system is first examined for the presence of ait. 
The classic method, discussed elsewhere in this book, is to 
‘open the heart chambers in situ under water poured into the 
pericardial sc. Escaping bubbles are then said to be indicative 
‘of air embolism, though the technique is by no means as reli- 
able as past authors have claimed. In fact, ifthe post-mortem 
interval is short, in terms of a few hours, then any fatal air 
embolism will almost always be quite apparent from the 
fiothy contents of the right ventricle when itis opened in the 
usual way. Appreciable delay allows absorption of ait, as can 
be proved by the failure to find air in the heart on dissection, 
even afier radiology has clearly indicated its presence. OF 
‘course, where any degree of decomposition has set in, which 
may be on the first day after death in hor countries, gases of 
putrefaction completely negate any chances of proving air 
embolism, 

Before the organs are disturbed, the great veins of the 
abdomen should be inspected for bubbles, then the pelvic 
veins, The uterus itself may be crepitant and bubbles may be 
seen under the serosal surface or even under the parietal pesi- 
toneum of the pelvis. On opening the uterus, gas bubbles 
may be evidenc in the wall or placental bed, bur this is later 
in the examination, ‘The usual instructions in most forensic 
textbooks for opening the head first, carefully removing the 
calvarium and minutely inspecting the cerebral veins for air 
bubbles, can be orally disregarded, as this is yer another 
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Ficune 19.5 Ruptured suba in (ectopic) pregnancy. Death due to 
‘massive intraperitoneal haemorrhage. (Repraduced by kind 
permision of Profesor E Lignitz.) 


FiGURE 19.6 Fetus and placenta in the abdominal cavity affer 
ruptured tubal (ectopic) pregnany. Death due to massive 


intraperitoneal haemorrbage. (Reproduced by kind permision 
of Profesor E Lignite) 


example of forensic mythology repeated from one book to the 
next, without critical evaluation. As discussed in Chapter 13, 
air embolism cannot occur in the cerebral veins and it was 
proved many years ago thar air bubbles in those veins are 
artefacts caused by removing the calvarium. 

“The thorax and upper abdomen should be examined as 
usual, with particular attention to signs of infection, Blood 
cultures, and peritoneal and other swabs should be taken as 
indicated by the circumstances. 

“The pelvic organs should be removed en blac, as in the 
examination of fatal rape victims. The lower end of the 


abdominal incision is carried on each side around the labia 
and into the cleft of the buttocks to meet beyond the anus, 
TThe dissection is taken along the superior pubic rami, which 
are then carefully sawn chrough a few centimetres laterally 0 
the symphysis on each side, the cuts being continued down 
through the inferior rami, The central block of bone is 
removed and the perineal incision dissected deeply, so chat 
the vagina, rectum and anus, uterus, cubes and ovaries can be 
lifted our in continuity, and removed for detailed dissection. 
"The vagina is carefully opened along one side to avoid over- 
running any midline injuries. Abrasions, bruises, lacerations 
and any foreign material are noted in che vagina, and any 
samples kept for chemical or microbiological testing. Any 
abnormality of the cervix is noted, especially instrament 
marks, such as forceps or volsellum teeth. The state of dilata- 
tion of the cervical canal is noted and the uterus opened, 
again keeping away from the midline if possible. The colour, 
size and texture of the uterus is noted, and the state of the 
interior is naturally vital. Ifthe chorionic sac is still present, 
its integrity and the attachment to the deciduae are noted. 
Ifa fetus is present, this is examined separately for maturity 
and damage. 

If no fetus is present, products of conception are sought 
and the state ofthe placental bed noted. Infection, bleeding 
and air crepitancy are all sought, and the appropriate ancil- 
lary investigations made. ‘The cubes are then opened and 
any foreign Muid collected. The ovaries are examined and 
the state of any corpus luteum recorded. Finally, extensive 
histological specimens are taken from all organs and special 
stains employed where necessary, such as those for seeking 
amniotic squames in lungs and other organs. Blood, urine, 
liver and stomach contents are retained for analysis, should 
this be indicated. 


AMNIOTIC FLUID EMBOLISM 


Some deaths associated with childbirth or pregnancy are 
caused by the entry of amniotic fluid into the maternal cicu- 
lation. ‘The fluid contains fetal squames, lanugo, lipoid from 
the vernix, meconium, cells from chorion and amnion, and 
other cellular detritus. The solid elements are usually impacted 
in the lung capillaries, bur rarely have been found in the sys- 
temic citculation, including embolization into the kidney, liver 
and brain, In addition co the solids, the actual fluid itself 
(which is nacurally undetectable histologically) is blamed for 
the ‘allergic’ response that may cause such profound collapse, 
leading to death, Amniotic fluid embolism is also one of the 
most potent causes of disseminated intravascular coagulo- 
pathy, mentioned also in Chapcer 13. 

‘A variety of causes exist apart from the pelvic trauma of 
parturition, including rupture of the uterus, but instrumental 
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interference late in pregnancy may also allow opening of the 
sinuses in the placental bed with consequent escape of amni- 
otic fluid. Further details of the causes and mechanisms must 
be soughe in obstetric works, but from the autopsy point of 
View, it is important borh to bear the possibility in mind and 
to have techniques that will reveal the embolism after auropsy. 
“The diagnosis is histological and depends upon identifying 
the squames detached from the fetal epidermis, which float 
fieely in amniotic fluid. These can be seen in ordinary haema- 
toxylin and eosin stained sections of the lung, bur are much 
better visualized and a greater yield obsained if special stain- 
ing methods are used, as described in Appendix 1. Fibrin 
deposition in many organs may occur as a result of the dis- 
seminated intravascular coagulation and careful search for 
this must be made, using fibrin stains. Immunohistochemical 
techniques have also been used in the lung sections ro dem- 
onstrate human keratin-, meconium- and amniotic fluid- 
derived mucin as well as isolated trophoblastic cells in deaths 
due to AFE (amniotic fluid embolism) syndrome. 
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Historically infanticide has by no means always been a crime, 
and has been practised as a social and economic necessity 
since the dawn of humanity. ‘The pathologist, however, has to 
deal with the practicalities of infanticide as they exist today. 
Though legal definitions vary among different countries, the 
medical concepe of infanticide is uniform, being the deliber- 
ate killing of a newborn infant by the mother, In England and 
‘Wales, infanticide was not accepted as a legal entity in the 
criminal law until 1922. Before then all child killing was 
‘murder and the convicted mother was liable to be sentenced 
to death unvil the Infanticide Act, which was re-enacted in a 
more satisfactory form in 1938 (see account by Kellece 1992), 

In many other countries there is no specific infanticide 
legislation — even Scotland did not adopr the English 
stature, having a separate crime of ‘child murder, but long 
before 1922 thar country had held a more enlightened 
attitude towards the mentally stressed mother, In Japan, 
Funayama et al. (1994) have described cases of multiple, 
tepeated infanticides by five mothers 

“This book generally avoids territorial legal comparisons, 
bur the foregoing facts serve to illustrate that the killing 
ofa young child by the mother isa well-recognized medical 
and psychiatric phenomenon that distinguishes it from 
other types of homicide, The penalties should therefore be 
different and there is a profound responsibility laid upon 
the forensic pathologist called to examine such infants, to 
investigate the death with particular caution, 

‘The substance of infanticide that has relevance to the 
pathologist is well set out in the English Infanticide Act 
1938 (Section 1): 


‘Where a woman by any wilful act or omission causes 
the death of a child being under the age of 12 months, 


but atthe time the balance of her mind was disturbed by 
having given birth or the effect of lactation, she may be 
dealt with as it she had committed manslaughter. 


Irshould be noted thar: 


Only the mother can benefit from this alternative to 
murder — not the father or any other person, 

I The child has to be less than a year old, though in fact 
the majority of infanticides occur within hours or even 
minutes of birth, 

I Ichas to be a ‘child’ ~ chat is, a person with a separate 
existence living independently fully outside the 
mother’s body. 

1M Ie must have died because of a wilful (deliberate) act of 


All these provisos have an effect on the pathologist’ task, 
Even in those jurisdictions where there is no formal infanti- 
cide legislation, there is usually recognition that the acts of 
woman soon after childbirth, often in adverse condi 
are different from common murder. 


STILLBIRTH 


To clarify later definitions, a stillbirth is defined in English 
Jaw and, from a medical point of view no doubr has a 
broadly similar description in other jurisdictions. In 
England and Wales, a baby is stillborn if after 24 weeks’ 
gestation, ‘it did nor ar any time after being completely 
expelled from its mother, breathe or show any other sign 
of life. Theoretically, this is a medically unsatisfactory def= 
inition, as ic could be alive when its head was born but die 


439 


20: Infanticide and stillbirth 


EiGURE 20.1 Newborn baby with umbilical cord and placenta, 
abandoned in a car park It was wrapped in a curtain and though 
the head was ina plastic hag no signs of suffcation nor of live birth 
could be detected. The mather was never identified. 


before completion of expulsion, and therefore legally be a 
stillbirth. However, in practice this would be rare, as most 
stillbirths either die in utero or during the earlier stages of 
parturition, Stillbirths occur in about one in every 18 legit- 
imate pregnancies in Britain, and are more frequent in illegit- 
imate bieths and socially disadvantaged families. 


FUNCTIONS OF THE 
PATHOLOGIST IN INFANTICIDE 


To assist in identifying the mother, 
if she is unknown 


Newborn infants found dead (especially in clandestine cie- 
cumstances) are not necessarily the victims of infanticide. 
‘Those stillborn or dying naturally or from unintentional 
lack of care may be hidden or abandoned, a minor crime in 
Britain called ‘concealment of birth’. ‘The autopsy, as well as 
artefacts discovered with the body, such as bags, blankets 
and newspapers can assist co a greater or lesser degree in the 
police search for the mother. 

The apparent ethnic group of the child will be disclosed 
and blood grouping can be performed, which may assist by 
eliminacing or helping to confirm the consanguinity of any 
putative mother. In the furure, DNA profiling will add 
greatly to identification, ‘The appearance of the cur end and 
any ligation of the umbilical cord (see below) may help to 
decide whether the birth was one where medical, nursing 
or only amateur attention was available. In spite of these 
clues, most abandoned newborn corpses fail to be linked to 


Figune 20.2 Ful-tern newborn found wrapped in a blanket 


inside a shopping bag ina refce container The cord had been cut 
swith «sharp instrument, but the child was not washed or fed. 


The lunge showed no positive evidence of respination 


the mother, delay in discovery making both identification 
and evidence of live birth unattainable, 


To estimate the maturity of the child 


“Though any newborn infant, whatever the length of gesta- 
tion, can be the victim of infanticide if born alive, iis obvi- 
ously relevant to this issue if the fetus is to0 immature to 
have survived birth, In another context [Infant Life 
(Preservation) Act 1929, concerning child destruction), the 
age of viability in English law was taken as 28 weeks’ gesta- 
tion, though this has now been reduced to 24 weeks as even 
younger fetuses can now survive with intensive medical 
support. Ifa child is shown to be that premature, there is 2 
strong presumption that it would nor long survive a birth 
away from medical attention. 


To determine whether or not the child 
was stillborn and whether it had a 
separate existence 


‘There is a presumption in English law chat all infants are 
stillborn and, when a woman is charged with infanticide, 
the burden of proof is upon the prosecution to demonstrate 
that the child had a separate existence. Adelson (1974) 
states thar the same legal situation exists in the USA, and 
gives the following useful and interesting commentary: 


Unless the pathologist has incontrovertible criteria of 
post-natal survival, e.g. well-expanded lungs, food in the 
‘stomach or vital reaction in the stump of the umbilical 
cord, he is legally bound not to diagnose live birth. 
Convictions for infanticide have been set aside when 
there has been any doubt whatsoever that the child was 
born alive, Many courts have pushed this propasition to 
the extent that the State has been given the burden of 
proving that the baby was born alive beyond any 
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FiGune 20.3 A stillborn child concealed by dhe mather after birth 
The injuries around the neck were viewed with suspicion by the 


police, but are the resule of fingernails being used in an attempt 
ta ast selP-delvery in an unattended bith. 


possible doubt rather than beyond any reasonable 
doubt, the latter being the general evel of proof 
required in a criminal prosecution. 


Herein lies the most difficule task for the pathologist, one 
which has given rise to considerable controversy in forensic 


pathology 


FicURE 20.4 A pusrefied newborn infin dipped of tna plastic 
‘bag in the counerside. There is no hope of determining whether it 
was live or sllborn with this degree of post-mortem decomposition. 
There was a strip of fabric knotted around the neck, bur iti 
impossible tn decide if that war related to the death, ifthe child was 


not stillborn, 


20.5 A decomposed newborn infin found in a 


rubbish dump. 


To determine whether its death was _ 
due to natural causes or to any act of 
omission or commission 


Where the pathologist claims to have proved separate exist- 
ence (or at leas, live birth), he has an additional burden in 
that he must show thar death occurred from an act of com: 
mission or omission, ‘The ‘wilful’ aspect is a matter for 
the lawyers, but it is for the pathologist either co demon. 
strate lethal injuries or to prove that some lack of care led to 
the death ~ often an impossible task. There is a consider- 
able burden upon the investigating authorities when find: 
ing a hidden newborn infant if they wish to pursue an 
infanticide charge 
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First, they must find the mother ~ ofien another impossi- 
ble task. Then the pathologist must prove live birth, which 
is often impossible, especially in a decomposed body. ‘To 
prove a separate existence is even more difficult and is earely 
a purely medical decision. ‘The firm diagnosis of death from 
wilful inattention is equally hard co make. 

I is small wonder that only a small proportion of suspi- 
cious neonatal deaths ever reach the court — where few 
women are convicted, and those who are, rightly receive 
lenient and sympathetic treatment, usually consisting of 
probation and psychiatric support. 


DEFINITION OF ‘LIVE BIRTH’ 
AND ‘SEPARATE EXISTENCE’ 


‘There is no definition of live birth in English law, excepe 
by inference from the defined ‘stillbirth’, given earlier. Using 
the live birth as the converse of a stillbirch, the infant 
should have attained the gestational age of 24 weeks, but 
this is nor a factor in “separate existence’ with which live 
birth is almost synonymous. 

A child with a ‘separate existence’ would be an infant 
that had issued forth from its mother irrespective of its ges- 
tational age, and who breathed or showed any other signs 
of life after being completely expelled from the maternal 
passages ~ though the child could still be attached to the 
placenta within the mother. This is almost synonymous 
with a live birth, though medically all would agree that a 
child thar was crying lustly, but with a foor still in the 
vagina, was undoubtedly live born even though it did not 
satisfy the legal criteria of a ‘separate existence’ 


Viability 
Yet another medical and legal concept is that of viabil 
which is the potential ability of an infanc to survive after 
birth, An immature fetus may be born alive, but be incap- 
able of maintaining an independent existence. Naturally 
the stage of gestation at which this occurs varies not only 
with the condition of the particular fetus, but also with the 
state of medical knowledge and the facilities available a the 
relevant time and place. 

In English law, a period of 24 weeks is fixed for the onset 
of viability, for the purposes of the Infanc Life (Preser- 
vation) Act, 1929, 


CONCEALMENT OF BIRTH 


Mentioned easlier, this is a relatively minor crime in most 
jurisdictions and is basically an offence against registration, 


and pethaps public decency, in that the body of an infantis 
neither notified to the authorities nor accorded a proper 
burial or other form of disposal. ‘The crime is the hiding of 
the body to conceal the fact of birth. It does not depend at 
all on live bieth, separate existence or viability, and the law 
is not concerned about the cause of death or whether it was 
stillborn. One problem is the stage of gestation at which 
the ‘child’ becomes noticed by the law ~ obviously an early 
abortion is of no concern to anyone, except the family: 

‘Though not specified in relation to concealment of 
birch, English law takes no regard of products of concep- 
tion under 24 weeks’ gestation. In a judicial decision (Rv 
Maithews), it was held that a charge of concealment of 
birch could nor be sustained at an age where the law did 
‘nor require the (stillbirth to be registered. 

‘Whatever the legal ramifications, the forensic pathologist 
is not infrequently asked to examine dead infants in which 
he can neither prove live birth nor a wilful act that might 
have caused death. ‘The only remaining charge, if he can 
show an age above that of viability, is ‘concealment of birt 
This is the end result of the discovery of most decomposed 
babies, in the minority where che mother can be traced, 


THE AUTOPSY ON A SUSPICIOUS 
DEATH OF A NEWBORN INFANT 


‘A number of important matters need specific attention, 
‘over and above the ustial meticulous autopsy procedure on 
any infant. 

“The coverings and any other associated articles with the 
infant must be examined and retained. ‘Though this is 
mainly police business, the pathologist usually has the task 
of unwrapping the baby — often in a decomposed and 
offensive stare ~ from the coverings of newspaper, plastic 
bags, rags or blankets, He must recover any foreign material 
for objects that may assist in the identification of the 
mother when the disposal has been clandestine. 

When the baby has been found in a house or other 
building, he may need co visit che scene, preferably with 
the child still in situ. Numerous cases are on record of the 
infant being in a lavatory pan and, if there are head injuries 
or drowning, the circumstances must be evaluated, 

“The external examination is, as always, important. It is 
vital to assess the degree of putrefaction because ifiis in any 
way decomposed, it will almost certainly be impossible to 
determine whether live birth had occurred, Decomposition 
must be distinguished from intrauterine maceration, as the 
latter is definite proof of stillbirth, If death occurred within 
2-3 days before expulsion from the uterus, the appearances 
‘may be fairly normal, apart from general softening and histo- 
logical evidence of general cellular autolysis, 
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The autopsy on a suspicious death of a newborn infant 


When it has been dead for many days, the macerated 
fetus is usually a brownish-pink, rather than the greenish 
hue of putrefaction. ‘The surface is slimy, blistered, desqua- 
mating and sometimes almost jelly-like. The joints are 
grotesquely loose and the cranial plates may be virtually 
detached beneath the scalp. Their over-riding, radiologically 
seen as ‘Spaulding’ sign’, is characteristic, so thar the head 
is shapeless. Rarely, a macerated fetus ~ which is normally 
sterile ~ may become infected if not expelled after the 
membranes rupcure; it will then be born in a putrefied 


External examination will next be directed at the cord 
and placenta, if present. The latter must be measured and 
weighed to estimate the maturity and any abnormalities, 
such as placental infarcts, noted as possible reasons for fetal 
death, The cord is important as an indicator of separate 
existence, if survival has been for an appreciable period 
Even where early putrefaction renders evaluation of breath 
ing impossible, vital signs in the cord may indicate live 
birth if survival reached 24-48 hours. Until this period, no 
evidence of cord separation is reliable, but after a day or so, 
a ring of reddening appears around the base of the cord and 
adjacent abdominal skin. ‘This becomes more marked in 
the succeeding few days as the cord dries and shrivel, 
detachment taking place between 5 and 9 days. As most 
infants die or are killed within hours of birth, however, 
these signs are rarely of much prac 

TThe severed end of the cord should be examined, as it 
‘may indicate whether the cord had been broken or actually 
cut. This is occasionally important if death is the result of 
head injuries and the defence on behalf of the accused 
mother claims that the child fell ro the ground head first 
during a precipitate delivery. The length of the cord must 
be measured, especially ifthe placental segment is available, 
so that the distance from the vulva to the floor can be cal- 
culated, The average cord length is about 50cm, but more 
than twice this length is nor uncommon, as are much 
shorter ones. Naturally, ifa ligature is present it indicates 
either the attendance of a professional or at least know- 
ledgeable person, bur this is rare in these cases. The severed 
end may be examined in the hand, but may also be floated 
cout in water, to better study the derail of the detachment. 
Morris and Hunt (1966) conducted experiments on cords 
and determined that they could easily be broken by hand 
traction. A broken cord can show a clean transverse ter 
nation, but is usually ragged. If cut by a sharp instrument 
such as knife or scissors the cut may be clean, but may also 
be ragged if the instrument is blunt. 

IF the baby is examined as found, either at che scene or 
undisturbed in wrappings, it should be noted if the cord 
was coiled around the neck. Although itis usually unsafe to 
claim that death during delivery was from pressure on the 
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neck from the cord, the fact must be noted and evaluated 
along with all ocher findings. 

“The skin may still have vernix cascosa present. This is 
nor a useful observation but, if none is present, it may indi- 
cate that the child had been washed, which suggests sur- 
vival for some time after birth, 

Measurements are vital for an estimate of maturity 
Weight, crown-heel, crown-rump, head circumference, and 
foot length are required 

Abnormalities incompatible with continued life may be 


“obvious, such as anencephaly, severe spina bifida or abdom- 
inal ectropion, It is, however, often unsafe to assume that 
actual live birth, as legally defined, could not have taken 
place. 

Inj 
of the ‘act of commission’, though most newborns seen by 


ies are obviously of prime importance as evidence 


the pathologist will be free of such trauma. The types of 
injury perpetrated by distraught mothers are numerous: 


'S Scrangulation presents the usual features of bruises and 
abrasions on the neck, though these may be minimal 
The classical features of facial congestion, cyanosis, 
‘oedema and petechiae may be present, but are often 
absent, presumably because of the ease with which the 
vulnerable infant dies. Abrasions on the neck, however, 
‘may also be caused by the frantic efforts of the mother 
to deliver herself, leaving finger-nail marks on the 
infane’s neck. A ligature may be used, which may still 
be in place. Again caution must be employed, as the 
fact of some object around the neck, though suggestive, 


FIGURE 20.6 Remains ofa newborn infnt, who wae born during 


<a weekend when the mather, «schoolgirl, was alone in her room in 
«a oardinge school. After the birch she wrapped the cild ina plastic 
bag, The following day she left for home and tried to burn the body 
ina stove but when that did not suceed she buried the partly 
bumed body in a snowdrifi where it was later found by a dog 
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FIGURE 20.7 Definite infmticide, she child having fly respired 
before having this severe incised wound of the neck made with a 
itch knife. 


is not absolute proof of strangulation unless 
corroborative evidence of congestive and petechial signs 
in the face or skin, and tissue damage beneath the 
ligature is demonstrated, The explanation has been 
advanced in the past that a cloth ligature around the 
neck was an attempt co assist self-delivery by the 
woman in an obstructed labour. 

Smothering is almost impossible to prove, asthe infant 
will almost never show conjunctival petechiae or other 
signs that may be seen in strangulation. Only ifexcessive 
pressure is applied, so that marks are left on the lips and 
face, can any evidence be retrieved. These must be 
definite intradermal or deep bruises, abrasions or marks 
within the lips and mouth ~and not shadowy, vague 
variations in post-mortem staining. ‘The arguments 

about criteria of suffocation in infants are further 
discussed in Chapter 14. Choking by the internal 
obstruction of the pharynx by various mat 
described in old reports, but itis excessively uncommon 
these days 

Cutting and piercing is well known as a means of 
infanticide. Stabbing with scissors either in the chest or 
neck, has been seen or even cutting the throat with a 
blade. ‘The defence may be offered that the wounds 

were inflicted accidentally during frenzied efforts by the 
mother to cut the umbilical cord. ‘Though nor seen in 
Europe, deliberate infanticide has been described in 
India by clandestine stabbing by a long needle or pin 
into the spine, fontanelle, eye, or nose. 


ils has been 
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Pict 20.8 A putreied newborn infine with a scarf knuted 
tig around the nck. (Reproduced by kind permission of 


Profesor E Lignite,) 


IS Head injuries are relatively common. The mother may 
throw the child to che floor, or dash its head against a 
wall or other obstruction, sometimes by swinging ic by 
the legs. This mode of death is similar to child abuse in 
older infants. The defence may be raised that the child 
fell co the ground, either from the mother’s arms, but 
especially during a precipitate birch from the standing or 
crouching position. Though this defence sounds like a 
desperate excuse, the author can attest ~ no doubt in 
common with all doctors who have practical experience 
of childbirth — that some deliveries, especially in 
‘multiparous women, can occur with considerable 
speed and force. This is why the length of the cord 
needs to be measured, asi is obviously an effective 
brake on such a descent. There is no doubr, however, 
thar cords have broken during precipitate birth, a 
reason for a careful inspection of the severed ends at 
every autopsy. 

‘The lavatory pan has special significance in this 
respect, 28 many unexpected births have taken place 
whilst the woman is siting on the toilet. A common 
story is that the pregnant woman, often a teenage girl ~ 
is unawate that she is pregnant and goes to the coilet 
under the misapprehension that she has stomach pain 
from constipation. There is no doubt thar some naive 
girls are genuinely ignorant of their gravid condition, 
and are shocked and devastated to the point of blind 
panic when a baby emerges into the pan, 

"The question may then arise as to whether fatal head 
injuries on the infant can be accounted for by the 
descent into the lavatory. Itis unlikely to produce the 
severe fracturing sometimes seen ~ and falling to the 
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FicuRe 20.9. Frozen newly born infant found in a freezer by 
the children of the family, The child and placenta were packed 


and frozen in separate plastic bags, the umbilical cord still 
attached. The family had moved twice after the birth ofthe 
cil. 


floor in a precipitate delivery is also unlikely to produce 
fatal damage. Much depends on the severity and nature 
(ofthe scalp and skull injury, and although it cannot be 
said that ic is impossible fora fatal head injury to be 
‘caused in this way, it must be a rare event. Minor 
fractures ofthe parietal bones may occur in natural 
delivery if there is excessive head moulding, These are 
usually unassociated with internal brain or meningeal 
damage, and naturally there is no associa scalp 
damage. 

Drowning is another unusual form of infanticide, but is 
more often a way of disposing of an already dead child, 
either stillborn, a natural death or the victim of some 
other mode of infanticide. It may take place in any 
form of water, from a washbasin to the open sea. Most 
often the mother will use a household receptacle such as 
bowl, bucker or bath, but the infant may be taken out 
and disposed of in any source of open water, where 
delay in recovery may add decomposition to the 
pathologists difficulties. Ina recent case seen by the 
author (BK), the young parents admitted that the child 
was live born. After some hours, they wrapped the 
infant in a blankee with a brick and dropped it into a 
river, The partial remains, largely converted to 
adipocere, were recovered some 3 months laer, there 
obviously being no prospect of offering any opinion 
upon either live birth or the cause of death. ‘The only 
objective, but equivocal evidence, was the recovery of 
diatoms from the femoral bone marrow, which 
resembled those in the river water. Returning to the 
lavatory pan once again, cases are on recond where the 
birth into the toiler led not o head injuries, but to 
drowning. 


INFANTICIDE BY OMISSION, 
TO OFFER PROPER CARE 


This is both rare and almost outside the province of the 
pathologist’ examination. Ifthe infancis older than newborn, 


then deliberate starvation will leave obvious signs, but the 


proof of lack of care immediately after birth will be a matter 
‘of witnesses and clinical opinion. The only possible signs 
which the autopsy might reveal would be hypothermia 
(Chapter 17), and obstruction of the air passages by mucus or 
amniotic fluid. 


PROOF OF A SEPARATE 
EXISTENCE 


Strictly speaking, the pathologist can never demonstrate 
evidence of a separate existence in the English legal sense of 
complete expulsion from the mother, but itis usually taken 
to mean proof of live birth, specifically che attainment of 
breathing ait. In the slightly older child the presence of 
food in the stomach would obviously prove a separate exist- 
‘ence, but most autopsies are upon the recently newborn 

‘Changes in the cord have already been mentioned, but 
are of no use in the immediate post-partum period. Polson 
eral, (1985) make mention of the presence of ‘extraneous 
material’ in the deeper (secondary) bronchi as evidence of a 
stillbirch, on the grounds that, if this material, such as soil 
or sand, gained entry after respiration had commenced, the 
air in the deeper areas ofthe lung would prevent its ingress. 
"The practicality of this appears suspect. 

The unequivocal demonstration of breathing in a new- 
born infant is fraught with difficulty. Along with the esti- 
mation of the time of death, ic has probably provoked more 
discussion, printed words and controversy than any other 
topic in forensic medicine, ‘The controversy revolves 
around the ‘hydrostatic test’ on the lungs, in which it has 
been claimed since medieval times that, if the lungs float in 
water, then the infant breathed. There are modifications of 
technique, buc this is the thrust of the claim, The authors 


attitude must be stated at the outset: the test is of limited 


value, whatever modifications are made and it can at best 
be a suggestive pointer, but never a definitive test in itself 
There are too many recorded instances when control tests 
have shown thar stillborn lungs may float and the lungs 
from undoubtedly live-born infants have sunk, to allow it 
be used in testimony in a criminal trial. Even one such fail- 
ure negates the whole history of the test and the authors are 
saddened to contemplate the number of innocent women 
who were sent to the gallows in previous centuries on the 
testimony of doctors who had an uncritical faith in this 
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crude technique. As this is such an important issue and one 
thar is still contested today, the words of the late Professor 
Polson may be recalled from his notable textbook: 


The test was suspect even in 1900 and requires no 
detailed discussion, because it is now known to have no 
value. The lungs of the live-born, even those who have 
been known to lve for days, may sink [Ditworth 1900; 
Randolph 1901] and those which float are not 
necessary those of live-born infants... tis therefore 
pointless to apply the hydrostatic test, which will impair 
the material for other and more important investigations, 


Before dismissing the test so absolutely, there are some 
points both for and against its use as part of the feeble 
armamentarium that the pathologist has in determining 
this vital issue. First, the slightest degree of post-mortem 
decomposition immediately negates any interpretation of 
the flotation test. As so many potential infanticides are 
found hidden, buried or submerged, decomposition is 
more the rule rather than the exception, so the test cannor 
even be considered in a large proportion of cases. Even 
when obvious putrefaction with gas formation is not appar- 
ent, slight decomposition will still begin to produce gas on 
a microscopic scale from the second unrefrigerated day in 
temperate surroundings ~ and much earlier in hor climates. 
In recent years the advent of resuscitation artemprs make 
of breathing even more difficult or even 
The use of mouth-to-mouth revival, external 
cardiac massage and the administration of oxygen, com- 
pletely negate any of the already fragile tests for respiration 
in a newborn infant, 

‘On the positive side ~ assuming fresh tissue ~ the floar- 
ing of the whole pluck of thoracic organs in water makes 
tone tend to accept that respiration had taken place. ‘This 
means that the attached heart, mediastinum and neck 
structures are also buoyed up by the lung ~ but in this case, 
it is almost invariable that the lungs are sufficiently aerated 
for this to be obvious on naked-eye inspection. 

This is about the roral extent of che usefulness of the 
hydrostatic test. The complicated instructions offered in 
many textbooks concerning cutting the lung into lobes and 
then into pieces, squeezing them with knife blades and even 
pressing them underfoot on the mortuaty floor before float- 
ing them, all smatter of black magic and are a complete waste 
of time, Worse, they can simulate a false sense of scient 
validity and even to an eventual miscarriage of justice. 

“The best way of seeking proof of respiration is to look at, 
to feel and to listen to the lungs. The lungs ofa stillbirth are 
dark, small, heavy and liver-like, even though they may still 
float. They lie contracted against the mediastinum, though 
when the body is intact they must still fll he thoracic cav- 
ity, as the pliable rib cage pulls inwards and the diaphragm 


FIGURE 20.10 A positive finding iv a baby whose body was 
abandoned afier death. Respiration bad ocurred but, on 
examination of the cvaniunn a teat inthe tentoriurn was fond with 


«an adjacent meningeal hacmorrhage, presumably caused by excesive 
moulding of the head during precipitate delivery 


rises to eliminate the free space in the chest. Though this 
fact is seldom considered, it must be obvious that there can 
be no free space in the pleural cavities until the thorax is 
‘opened at autopsy. As soon as this is done, air enters the 
pleural sacs and the lungs then appear much smaller chan 
the expanded chest cavity chan is seen when the sternal 
plate is removed. 

Unrespited lungs appear smaller than those that have 
breathed for a significant time, though there is a continu- 
‘ous range of expansion. According to Polson et al. (1985), 
unrespired lungs weigh something of the order of one- 
seventieth of the body weight; when aeration begins, the lung 
‘weight increases because of the increased vascular volume 
and become about one-thirty-fifth of the body weight. This 
seems at variance with actual measurements at autopsy as 
the combined weight of both lungs in an infant of average 
birth weight is about 40 g and, although there is a fairly wide 
variation between individuals, no combined lung weights 
approach 85 g, which would be one-thirty-fifth the weight 
‘of a 3000 g baby. 

‘The texture of an unrespired lung is rubbery and uni- 
form, with no paler, crepitant areas at the margins, which 
tend to be sharply angled. On slicing, the interior is uni- 
form in colour and texture, being moist and resembling 
stiff strawberry jelly. On rubbing a small piece between the 
fingers close to one's eat, no ctepitation is heard, 

‘The lung chat has respired will change quantitatively 
from the above appearances depending on the length of 
time and the depth co which breaths have been taken. 
Feeble or brief respiration will affect only the margins, 
whilst more robust or prolonged breathing may lead to 
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‘otal expansion. Even a single good breath can unfold some 
of the fetal pulmonary tissues ~ and of course, resusci 
tion, whether by mouth-to-mouth, chest compression or 
administration of oxygen, will actively inflate the lungs, 
dead or alive, Even ordinary handling of the dead baby may 
aspirate air inco the lungs. Fully respired lungs will be ob 
ous on inspection, The organs are pink or mottled, the 
medial edges overlapping the mediastinum and part of the 
pericardium, though not as fully as in the older neonate. 
“The weight is greater, but not as much as recorded by 
Polson and colleagues, as described above. The edges of the 
Jung, including the interlobar fissures, ate more rounded by 
the expansion, compared with the angular margins of the 
uuntespired organ, 

"The major change is in the colour and texture. It may be 
pink all over the surface or there may be patches of darker 
atelectasis under the pleura. ‘The lung is spongy and resem- 
bles the familiar adule tissue. On cutting, the aerated 
texture is apparent, and on holding a piece to the eat, typi- 
cal crepitance is heard on rubbing gently berween the 
fingers. 

‘The problem arises with the minimally respired lung, 
where the changes are intermediate berween the two 
extreme states described above. The anterior margin best 
shows partial expansion, the areas such as the lingula, anter- 
ior diaphragmatic margin and the medial edge of the lower 
lobe sometimes being pinker and more expanded than 
the posterior parts. The most sensitive criterion is the ear 
crepicance test, but itis all a matter of degree as to whether 
the pathologist is impressed enough ~ having excluded any 
possibility of decomposition or resuscitation artefact ~ to 
consider that significant respiration has occurred. 

Any doubts must be resolved in the direction of no 
breathing and, even in doubsful instances when che path- 
ologist decides — on balance ~ that respiration has occurred, 
he should convey his uncertainty in the body of his report. 
As to the corroborative role of the flotation test, if per- 
formed, when the whole chest pluck floats, che descriptions 
of the lungs given above will usually indicate clearly char 
the lungs had breathed. A sinking lung will never corres- 
pond with a pink crepitant appearance, but what appears to 
bea dark, feal lung may float. The test unfortunately tends 
to mislead more in one direction than the other, in that 
almost all lungs float irrespective of their appearance. ‘To 
repeat the advice of Lester Adelson, whose experience and 
clarity of expression makes his voice one of the most 
respected in forensic pathology: 


Unless the pathologist has incontrovertible criteria of 
post natal survival, e.g well-expanded lungs, food in the 
stomach or vital reaction in the stump ofthe umblical cord, 
he is legally bound not to diagnose lve birth. Convictions 
for infanticide have been set aside where there was any 


doubt whatsoover that the child was born alive, Many 
‘courts have pushed this proposition to the extent that the 
state has been given the burden of proving that the baby 
‘was bom alive beyond any possible doubt rather than 
beyond any reasonable doubt, the latter being the general 
level of proof required in a criminal prosecution 


Histological appearances of 
newborn lungs 


Histology is nor as helpful as might be expected in the 
problem of demonstrating the onset of breathing, It was 
formerly thought that the shape of the alveoli and the 
height of che lining epithelium would indicate whether 
they had been expanded by the passage of air, but this has 
proved to be a disappointing exercise. According to Shapiro 
(1977), the height of the epithelium and the shape of the 
alveoli are more a measure of fetal maturity than respiration 
at birth. The lung parenchyma develops in the fetus as a 
branching ramification of the trachea and at an intermedi- 
ate stage — around 800g body weight or 4 months’ gesta- 
tion ~ appear as gland-like structures with a cuboidal or 
columnar cell lining, The evolution to the chin-walled 
adult-type alveolus is complete before full term, or when 
the fetal weight is about 2500 g. The alveolar spaces may be 
found substantially distended even in fetuses who could 
not have breathed air, such as the one described by Shapiro 
that was found free in the maternal abdomen after rupture 
of the uterus. No intra-alveolar epithelium was visible and 
the lung could not be distinguished histologically from that 
ofa child that had breathed. 

Other authors have described the maturation of the fetal 
lung (Kuroda ef af, 1965; Parmentier 1962; Ham and 
Baldwin 1941) and it is undisputed chat fully expanded 
alveoli can be present before full term, even in infants who 
have not inspited air. After che fifth month, the glandular 
nature of the air sacs of the lumen are filled with amniotic 
fluid. In fact, there is evidence that amniotic fluid may be 
produced by the nascent pulmonary lining, because it is 
present even in cases of congenital bronchorracheal atresia. 
When breathing starts, the alveoli further enlarge, and the 
fluid is partly expelled through the bronchi and partly 
absorbed back into the pulmonary circulation, Ham 
(1950) and Shapiro (1947) poine our that the finding of 
open alveoli with no cuboidal or columnar epithelium 
means that the fetus has passed the two-thirds stage of its 
‘maturation process, not that it has respired air, 

Further proof is found in the histological appearance of 
sequestrated parts of lung tissue in infants, which were not 
connected to the bronchial system but which still showed 
alveolar ducts and alveoli (Potter and Bublender 1941; 
Potter 1952). Fetal lung transplanted into the anterior 
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chamber of an animal eye also developed alveoli with termi- 
nal bronchioles (Waddell 1949). Post-mortem handling has 
also been incriminated for the entry of air into feral lungs. 
Apparently respited alveoli have been found in lung sections 
from a dead infant taken from the uterus of a dead mother. 

Janssen (197) agrees that resuscitation will lead to post- 
mortem aeration of the lungs, but claims that such artificial 
respiration cannot cause the alveoli of stillborn neonates to 
be perfectly and uniformly aerated. Against this view, how- 
ever, is the undoubted patchy appearance of the lung 
expansion of many infants who have undoubtedly breached 
for some time, so it is difficult ro see how the two situations 
could ever be differentiated. Janssen’s statement about the 
histological appearances is reasonable: 

‘According to the present level of knowledge and 

possibilities for examination, ventilation of the lungs 

alone cannot be taken as a certain indication of a lve 
birth. Under various circumstances, lungs originally 
aorated can become devoid of air: conversely, the lungs 
of siillom neonates can appear aerated. itis not 
possible to be certain in all cases. 

In general, an infant who has breathed strongly for some 
time ~ probably hours in most cases — will have lungs thar 
histologically resemble the older child with full, uniform, 
expansion of alveoli, In many infants who undoubtedly 
have lived and breathed for an appreciable time, however, 
there may be only patchy expansion, which corresponds to 
the uneven aeration seen macroscopically under the pleural 
surface, The difficulty arises when paradoxical appearances 
are seen, examples of which are illustrated in many text- 
books. Thus an undoubred stillbirth may reveal quite exten- 
sive alveolar expansion, whilst a baby that unequivocally 
lived for some time may show totally collapsed air sacs. 

In medico-legal work, though it is quite in order to refer 
to the usual stare of affairs, when a criminal crial is in 
progtess, the standard of proofis ‘beyond reasonable doubt 
and the well-documented exceptions just mentioned (as 
with he floration test) make it unsafe to be dogmatic over 
a histological opinion. 


ESTIMATION OF MATURITY 


‘This is a necessary part of the autopsy, both as matter of 
record of the size and presumed age of the infant, but also 
as a legal requisite in those jurisdictions chat require proof 
of viability before either stillbirth can be recorded or a 
charge of infanticide brought. 

First, ic must be accepted that as at any time of life ~ 
morphological measurements are by no means infallible 
indicators of chronological age. Personal variations are 
compounded by sex, race and nutritional factors to prevent 


accuracy. The time of appearance of ossification centres is 
no longer as uniform as once thought. As with so many 
biological conditions, there isthe typical ‘bell-shaped curve’ 
of probability, so that though most subjects will lie in 
the large central zone, there will be a progressively dimin- 
ishing number at each extreme of the graph. It should be 
remembered that a female infant is usually at least 100g 
less in weight ac full term han the male, though individual 
differences in either sex can be far larger than this statistical 
variation. Twins, even those going to full term, are each 
lighter than a singleton child. The full-term singleton fetus, 
a 40 weeks’ gestation, will have the following vital speci- 
fications, subject to the above cautions: 


Ba weight of between 2550 and 3360 

1S crown-heel length of 48-52cm 

'S crown-rump length of 28-32cm 

IW head circumference of 33-38.em 

IB the ossification centre in the lower end of the femur will 
almost always be present, being about 6mm in diameter 

i Lanugo is absent or present only over the shoulders; 
head hair is about 2~3 cm long 

IS the testes are palpable in the scrotum; the vulval labia 
closes the vaginal opening 

(the umbilicus is midway between xiphisternum 
and pubis 

1 there is dark meconium in the large intestine 

Wan ossification centre in the upper end of the tibia will 
be present in 80 per cent of full-term infants. The 
length of finger and toenails is an unreliable guide 
More detailed information may be obtained from 
obstetric and paediatric texts 


‘At 36 weeks, the crown-heel length is about 45cm and 
the weight around 2200 g. There will probably be ossifi 
tion centres in the cuboid and capitate bones, often in the 
lower end of the femur and perhaps also in the upper end 
of the tibia. 

Ar 28 weeks, the fetus is likely to be about 900-1 1008 in 
weight, have a crown-heel length of 35cm, a crown—rump 
length of 23 em, and a foot length of 8 cm. 

“The old Haase rule-of-thumb for fetal age and size was 
that, up to the ewentieth week, the lengeh in centimetres 
was the square of the gestation period in (lunar) months. 
Beyond the twentieth week, the length in centimetres 
divided by five represents the age in months. 

Examination of the ossification centres may be per- 
formed radiographically, which requires the advice of a 
radiologist, as the time of appearance may not be synchro- 
‘nous with visual identification of the centres. At autopsy it 
is usual to seek them directly, as follows: at the knee, the leg 
is flexed and a lengthwise cut made over the patella. The 
bones are pushed forwards through the cut, and transverse 
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Ficune 20.11 The pluck of thoracic organs frown a known suillbire 
in hospital. The lange are firm and heay with no erepitation when 


squeezed. Margin portions of lng flated in soater, however, 


dlemonseratng the fallacy ofthe flotation test 


4om 2mih 


Ficune 20.12 Fetal maturitgs up tothe rwenieth week the length 


ofthe fers in centimetres i approximately the square of the age in 
‘months (Haase rule) 


slices made with a knife through the cartilage of the lower 
end of the femur. Ifthe ossification centre is revealed, the 
cuts should continue through plain cartilage above it until 
the diaphyseal centre is reached. This isto avoid mistaking 
the lower margin of the diaphyseal bone for the separate 
epiphyseal centre. The upper end of the tibia is then deale 
with in a similar way. 

In the foot, a cut is made in the axis of the limb up 
between the third and fourth toes into the ankle joint, to 
seek the cuboid bone. The talus and calcaneum can be 
entered by cuts across the upper dorsum of the foot when 
the latter is plantar-flexed. The centre in the calcaneum 
appears at about 7 months’ gestation, char in the talus ar 
about 7 months, and the cuboid ac fall term. 


Ficune 20.13 etal maturity: by Haze’ rule this 180m 
cronne—eel frue i about 4,5 months old. 


Ficune 20.14 Fetal maturity: this infant is 30cm erown-beel 
length, which is approsimately 6 months gestation, as the length 
in centimetres beyond the fifth month is about five timer the age 
in months, 


In assessing skeletal age in the fetus, the reference book 
of Fazekas and Kosa (1978) is invaluable. Other non- 
‘osseous methods of estimating maturity exist, such as the 
progressive development of surfactant-producing alveolar 
type II cells in feral lungs (Berz etal. 1992). 
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“This distressing condition has a variety of names and abbre- 
viations. The one now most generally accepted isthe ‘sudden 
death in infancy syndrome’, ofien shortened to (and pro- 
nounced as) ‘SIDS’. An older tile was ‘SUD’, standing for 
“sudden unexpected death’, bur this in itself did nor denote 
the infant connotations. Colloquially, SIDS is known as ‘cor 
death’ in Britain and ‘crib death’ in North America. 


DEFINITION OF THE SUDDEN 
INFANT DEATH SYNDROME (SIDS) 


Following one of the international conferences on the con- 
dition (held in Seattle in 1969) the following useful defi 

ition of the syndrome was proposed by Beckwith and is 
now generally accepred: ‘the sudden death of any infant or 
young child which is unexpected by history and in whom a 
thorough necropsy fails to demonstrate an adequate cause 
of death’. Other definitions have been proposed later, eg. the 
definition by che National Institute of Child Health and 
Human Development (NICHD) in 1989 emphasizing the 
necessity of the scene of death examination, and a three- 
tiered definition by Beckwith 1992 in Sydney, during the 
Second SIDS International Conference, dividing the SIDS 
into three different categories according to the age, the 
occurrence of similar deaths in siblings or other close rela- 
tives, and the presence of petechial haemorthages and 
inflammatory lesions or other abnormalities found during 
the autospy. The ‘Stavanger definition’, proposed during the 
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‘Third SIDS International Conference in Stavanger, Norway 
1994, lays stress on the importance of the investigation of 
the circumstances of death: sudden death in infancy unex- 
plained after review of the clinical history, examination of 
the circumstances of death and post-mortem examination. 
However, when put to the vote during a subsequent SIDS 
Global Strategy Meeting in Stavanger, the original defin- 
ition from 1969 received the most votes. 


INCIDENCE OF SUDDEN 
INFANT DEATH 


Until recent years, national death statistics were totally unre- 
liable in providing data on the incidence of SIDS, as the 
nomenclature was confused, and the certifying habits of 
different pathologists and clinicians were extremely variable. 
According to a recent review by Rognum (1999), the per- 
centage of sudden deaths in infancy that are diagnosed by 
various authors as pure SIDS varied between 2.5% and 70%. 
This situation still applies in many countries, especially chose 
where high infant mortality from many causes overshadows 
sudden infant deaths. In advanced countries, the progressive 
and often dramatic reduction in coral infant mortality since 
the beginning of the century has eliminated many infective, 
nutritional and congenital diseases to the point where the 
“law of diminishing returns’ has flattened out the mortality 
curve to alow level. Until 1990, there was litle evidence that 
the SIDS rate had changed significantly for centuries or even 
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millennia, so che pre-1990 straight-line incidence of SIDS 
became a far greater proportion of the coral infant deaths 
compared with the early years of this century. In many 
advanced countries, SIDS is still che most common single 
cause of infant mortality after the perinatal period. 

Until abour 1990, Britain had a SIDS rate of about 2 per 
1000 live bieths, but the risk varied considerably in various 
sections of the population. Golding er al. (1985) give a 
comprehensive table in their book of known variations in 
worldwide incidence before the recent dramatic decline, For 
example, in the USA there was an overall rate of 2.3/1000, 
though again this varies considerably from place to place, 
and among different ethnic and social groups, In Chicago 
the rate in 1969 was 3.4 compared with 1.4 in upstate 
‘New York in 1974, There is far more variation amongst ethnic 
groups in che USA, the rate being much higher among 
non-White infants, In Nebraska, for instance, the rate was 
1,9/1000 Whites and 5.9/1000 in non-Whites. ‘There is 
other evidence, however, that social differences are the pre- 
dominant factor rather than any intrinsically ethnic cause. 

‘As noted above, in Britain and several other European 
countries the SIDS rate has dropped remarkably in the past 
few years, In France there was a stagnation for post-neonatal 
mortality between 1979 and 1993 followed by a sharp 
decrease to 2/100 in 1995, In England and Wales there was 
69% fall in the sudden infant death rate between 1988 
and 1992 from 2.01 to 0.63 and further down to 0.3 in 
2000 (see Table 21.1). 

"The cause for this is obscure. It almost coincides with a 
vigorous publicity campaign by the Department of Health 
and the Foundation for the Study of Infant Deaths, which 
advocated sleeping babies on their back, nor on the face 
and in avoiding overheating and smoking near the baby, as 
well as exhortations to seek medical advice whenever the 


infane was unvell 
However, the fall slightly antedaced this campaign, so 
that the contribution of sleeping position, etc. to the decline 


PALE 21.1 foe mortality rater (per 1000 live births) in 
England and Wales in 1996-2000 


Infant mortality 1996 1997 1998 1999 2000 No. 
Silrth 64 62 63 53 53 3003 
Infant(under t year) G1 «5ST BB BB 3809 
Early neonatal 86 83 82 82 82 1760 
(under 1 week) 

Neonatal (under 4139 38 a9 ag 9835 
4 weeks) 

Past neonatal 20 30 19 19 18 1084 


(4wesks=1 yea) 
SIDS underhingcause 06 08 04 O4 03 208 
(4 weeks1 yea) 


Soure Of fer Natonal Sates, Heath lasts Quarterly 05, Sping 2000, 


is not fully understood, though there is other evidence 
from ‘The Netherlands that recommendations about sleep- 
ing supine favourably affects the death rate. However, these 
same years have shown a series of very mild winters, which 
may also be a Factor. 


FACTORS INFLUENCING THE 
RISK OF SIDS 


Age 
“The age range in which sudden infant death occurs follows 
the usual ‘bell-shaped curve’ of most biological phenom- 
ena. As the Seattle definition stated, the ends of the curve 
lie at 2 weeks and 2 years, but these boundaries are far 100 
wide for the great majority of victims. The peak incidence 
occurs at around 3 months and the time bracket of 2-7 
‘months will encompass most cases. It is rare after 9 months, 
bur deaths can occur well into the second year which, by all 
the criteria, can only be called ‘cot deaths. 

Similarly, afew small infants die unexpectedly and inexplic- 
ably before the first month, but it must be accepted that true 
SIDS is not a condition of the neonatal period. ‘There is 
almost always a gap between the deaths thar must be attrib- 
tured as being.a sequel to birth, and those thar suddenly occur 
subsequently in babies who have apparently weathered that 
dangerous period successfully. It is obvious, however, that 
such an absolute distinction cannot be made, as premature 
and underweight infants have a higher risk of SIDS, and 
some perinatal deaths are indistinguishable from SIDS in 
thar autopsy may reveal the same negative findings, 


Sex 


‘There is a slight but definite sex bias in the syndrome, 
showing the usual slight weighting against the male infant, 
which is a common feature of many conditions and at all 
ages. Most surveys have shown a ratio of 1:1.3 or thereabouts, 
with an excess of male infants, Some other investigations, 
however, have indicated equal numbers and one survey 
actually showed a slight excess of girls, 


‘Twinning 
"There is a marked excess of deaths in a member of a twin pair 
as opposed to singletons. Figures have varied in different 
surveys, but the risk is at least ewofold. In the author's (BK) 
‘own hospital districe (South Glamorgan), where a coral bieth 
survey is maintained, some years ago the increased risk was five 
times that for single babies. The reason for the excess among 
twins lies partly in the fact thac physically disadvantaged 
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The scene of death and external findings 


infants, such as premature births and those of low birth 
weight are at greater risk; these two factors are often present 
in twins. There is no difference in incidence berween identical 
or binovular twins. There have been at least ten reports of 
both twins having died of SIDS on the same day, and obvi- 
ously reported cases are but a small fraction of those occur- 
ring. Some pathologists, almost exclusively in the USA, claim 
thar simultaneous death in twins is indicative of homicide, 
but this view is not generally accepted. 


Seasonal incidence 


‘There is a marked seasonal variation in SIDS, the excess 
occurring in the colder, wetter months in temperate zones. 
In Europe and North America, most SIDS die berween 
October and April, whilst in Australasia the monthly in 
dence is reversed, In tropical and subtropical zones, no 
clear pattern emerges, partly because many of the countries 
in these latitudes are relatively underdeveloped so have 
both high infant mortality, and often death certification 
and statistical records of lesser accuracy. SIDS undoubtedly 
occurs in the tropics, however, bur the incidence is often 
swamped by that of more obvious disease, Returning to 
temperate zones, many efforts have been made to relate 
SIDS to changes of temperature and the incidence of respi 
tory infections in the community. The results are confli 
ing, bur there seems little doubt that respiratory infections are 
a precipitating trigger in SIDS, 


Social class and housing 


‘This is nor the place to expand upon the social epidemi- 
ology of cor death, but there is ample evidence that lower 
levels of social disadvantage, as measured by occupation 
and housing quality, are strongly related to the incidence 
of SIDS. Iris difficult to reconcile these epidemiological 
factors with the numerous pathological theories and the 
few facts concerning the aetiology of sudden infant death, 


THE CASE HISTORY IN SUDDEN 
INFANT DEATH 


‘The history is usually brief and remarkably similar from 
case to case. The infantis either quite well on the preceding 
day or (in about half the victims) has trivial symptoms, 
usually of upper respiratory infection or a bowel upset. 

Even these symptoms may be overstated, as the history is of. 
necessity taken retrospectively from distraught parents try- 
ing to rationalize the tragedy. 


“The story usually records that the infanc was put to sleep 
in the evening and was found dead in the morning when 2 
parent first visited it. Alternatively, the baby was given an 
early morning feed when it appeared well, but was later 
found dead in its sleeping place. Most infants are found 
dead in the first half of the day, before mid-morning. A 
minority die (or are found dead) in the afternoon and 
evening, Death can be rapid and silent. Though most vietims 
die unobserved, the author’ (BK) experience can confirm 


that a number of cases indicate that an infant observed co 
be quite well at a given moment can be found dead within 
5 minutes, and cases are on record of SIDS occurring in 
hospital and even in a physician's arms. 


THE SCENE OF DEATH AND 
EXTERNAL FINDINGS 


The scene of the death is rarely available for examination in 
its original state. When found, the child is naurally either 
rushed to a doctor or a hospital, or an ambulance team arrives 
and attempts resuscitation, again usually hurrying to a hos- 
pital casualey department. 

‘When found, a few children have slight oedema fluid 
exuding from the mouth. This may sometimes be blood- 
tinged, and frank bleeding ~ apparently from a congested 
mouth or pharyngeal vessel — is occasionally seen, 

Stomach contents may be present in the mouth, nostrils 
‘or on the face, bur this must nor be assumed to be a cause 
of death (From aspiration), as is discussed below. The hands 
of the child are ofien found co be clenched around fibres 
from the bedclothes, a if there were spasmodic agonal grasp- 
ing movements. 

Some children are found under the bedclothes, even 
huddled upside down at the foot of the cor. Again, this has 
no significance, as thousands of healthy infants habitually 
sleep in this way without suffering SIDS. 

‘A number of infants have been found moist with sweat 
and even with a raised body temperature, ‘The significance 


of this is nor known, but part of the recent preventative 
advice given in Britain, is to avoid overwrapping and aver- 
heating. 

‘There are no external findings of significance. The face 
may be pale or slightly cyanosed or congested: there are no 
petechial haemorthages in the face or eyes. ‘The posture at 
death is nor necessarily relevant, even if the inital sleeping 


position is important in the aetiology ~ some are found face 
down and may have a pallid area around the mouth 
and nose where pressure has prevented post-mortem 
hypostasis from settling. ‘This develops after death and on 
no account must be misinterpreted as a pressure mark indi- 
cating suffocation. 
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AUTOPSY APPEARANCES 


“These have given rise to much controversy over the years. 
Essentially the gross findings are nil, almost by definition. 
IF any significant pathological lesion is found on naked-eye 
examination, the death ceases to be a true SIDS, and is cat- 
egorized as whatever lesion was discovered. The proportion 
of ‘explained’ cot deaths varies greatly with the pathologist, 
though this variation is more in relation to microscopic than 
gross findings. OF all babies found dead in cheir sleeping 
place, that is, ‘cor deaths’, most will be true SIDS, but a few 
will have a significant pathological condition. ‘The relative 
proportions of these two subsets varies from pathologist to 
pathologist. Many would accept thar about 15 per cent 
reveal some pathological lesions ar autopsy, though this is nor 
to say that chose lesions ~ sometimes slight — were a factor in 
the death, For example, some mild congenital heart lesion or 
the presence of Down's syndrome is occasionally revealed, 
but this is nor to say that they were causative. Thus almost all 
SIDS are cot deaths, but not all cor deaths are SIDS. 

“The external appearances have already been discussed 
and are essentially negative, apart from inconstant froth at 
the lips and nostrils, and fibres sometimes clenched in the 
fists, The lengch, weight and other physical measurements 
are of no direct relevance, though naturally they must 
always be carefully recorded as in any other infant autopsy, 
for it may transpire that the death was not a typical SIDS. 

Internally, che findings are again non-specific in a typical 
SIDS. A large number of reports now exist on the micros- 
copy, microbiology and biochemistry of the syndrome, but 
no diagnostic criteria have yet been confirmed. The Follow- 
ing naked-eye features may be present at autopsy: 


IM Petechial haemorthages on the visceral pleura 

1H Petechial haemorthages in the thymus gland. 

i Petechiae or larger ecchymoses on the epicardial surface 
of the heart especially posteriorly. These petechiae have 
been the subject of intense controversy since they were 
first described in infant deaths by Tardieu in 1855, but 
they are almost certainly agonal in origin, One 
explanation suggests thar they are the result of forced 
inspiratory efforts against a closed airway, the later 
being either from laryngeal spasm oF from a collapsed 
pharynx in hypotonic infants, bur neither of these 
hypotheses has been substantiated. Petechiae in the 
thorax are found in about 70 per cent of true SIDS 
infants. Thymic haemorrhages are often prominent, the 
organ being studded with both petechiae and larger 
cecchymoses: it has been claimed recently that in SIDS 
as opposed to mechanical suffocation, the 
hhaemorthages are in the thymic cortex, rather than the 
medulla, but few pathologists accept this. 


EiGURE 21.1 Subplenral haemorrhages — the original “Tardieu 
spots. These are far more pronounced than thore seen in adalt lungs, 
being taken from a case of SIDS, in which 70 per cent of caves 
cechibi these lesions 


Gastric contents, usually milk-curds, in the air passages. 
All t00 ofien this has been used by some pathologists as 
the definite cause of death, but there is no evidence that 
it is the reason for the death. Iris either an agonal 
regurgitation or even a post-mortem phenomenon. In a 
series of 100 consecutive autopsies, including adults 
and children, the author (BK) found gastric contents in 
greater of lesser amount in no less than 25 per cent of 
cadavers, almost all of which had quite satisfactory 
pathological lesions to account for death, ‘This aspect is 
discussed in more detail in Chapter 14 

Respiratory infections in the form of inflamed laryngeal 
or tracheobronchial mucosa are not common, but are 
macroscopically evident in some SIDS victims. If the 
infection is severe enough to produce pus and especially 


if there are obvious inflammatory changes in the lung 
parenchyma, then the death is removed from the SIDS 
category into a fatal chest infection group, The finding 
of minimal ‘inflammatory’ cells on microscopy muse be 
viewed with caution, Some pathologists undoubtedly 
lay too much emphasis on sparse or small collections of 
leucocytes in the peribronchial zones. In control 
infants, small foci of lymphocytes are common and can 
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Theories of causation 


be disregarded. Ic is usually the lung histology thar 
‘causes the variations in the proportions of ‘cot deaths 
that are classified as true ‘SIDS’, 

1 Pulmonary oedema is common, though usually 
moderate in intensity. The surface of the lungs often 
shows patchy sublobular partial collapse, with areas of 
blue lung alternating with better-aerated pink zones, 


In some infants dying unexpectedly, abnormalities 
such as Down's syndrome, congenital heart disease or other 
chronic systemic disease are found. The problem then is to 
decide whether the death should be ascribed to "SIDS' or to 
the obvious disease, even though there is no evidence that 
such a disease should have suddenly caused death. There is 
a natural temptation to use an established lesion to explain 
the death, especially as both doctors and parents tend to be 
less unhappy with a specific disease process than with the 
rather nebulous diagnosis of ‘SIDS’ 

In most cases, however, there is no real reason why an 
infant with Downs syndrome, perfectly well one night, 
should be found dead the following morning ~ and many 
relatively mild (and ofien previously undiagnosed) congeni- 
tal defects similarly are unlikely to cause death in such an 
abrupt manner. It is probably more logical to assume that 
SIDS has occurred in a child with Down's or a sepral defect, 
or whatever, It may be accepted thac this defect may be one 
factor among the many involved in SIDS, and therefore itis 
probably reasonable to enter ‘SIDS’ in Part I of the cert 
and add the other lesion in Pare I, asa contributory cause 


HISTOLOGICAL FINDINGS IN SIDS 


Again a huge and controversial topic, there have been 
numerous papers on the microscopic appearances in SIDS. 
‘Much of this is pure research material and is often irrepro- 
ducible by other workers, 

Most interest has focused on the lung changes and espe- 
cially evidence of pulmonary inflammation. ‘The fiequency 
with which positive findings are made depends upon the cxi- 
teria threshold of the observer, as mentioned eatier. Peri 
bronchiolar cell infiltration is the main finding and some 
workers claim to find an abnormal cellular response in the 
majority of SIDS material. Others, more used to the less 
equivocal appearances in adults, fal wo attach significance to 
‘marginal increases in cell population in the peribronchial zone. 

Many of the other findings are inconstant and claimed 
by a variety of researchers. For example, Richard Naeye 
(1973) supported his hypothesis of chronic hypoxia by Finding 
thickened pulmonary artery walls, gliosis in the brainstem, 
retention of brown fat in the adrenals and abnormalities in 
the carotid body. Changes in the myocardium, adrenals, 
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parathyroids and liver have all been described, but have 
either nor survived critical assessment, appear incompatible 
with clinical and epidemiological data, or fail to be repro- 
ducible in subsequent investigations. 


THEORIES OF CAUSATION 


Since the mid-1970s more than 5000 articles have appeared 
concerning sudden infant death and one now needs review 
papers, such as those published by Valdes-Dapena, merely 
to keep up with mainstream research. ‘Theories include 
allergy to cow’s-milk proteins, house-mite allergy, deliberate 
suffocation, spinal haemorthages, botulism, calcium defi- 
ency, selenium deficiency, biotin deficiency, vitamin E 
deficiency, vitamin C deficiency, vitamin D deficiency, thia- 
mine deficiency, hypoglycaemia, hypothyroidism, magne- 
sium deficiency, carbon monoxide poisoning, carbon 
dioxide poisoning, overlaying, pharyngeal hypotonia, nasal 
obstruction, tracheobronchitis, respiratory syncytial virus, 
prolonged sleep apnoea, deficient or abnormal pulmonary 
surfactant, cardiac conduction defects, sodium overload in 
feeds, narrow foramen magnum, hyperthermia, hypother- 
mia, influenza infection, metabolic enzyme defects, immuno- 
deficiency, hypogammaglobulinaemia and many others. 

In 1989 and again in 1994, press publicity in the UK 
drew considerable attention to claims that fungal growth on 
certain antiflammable chemicals used on cot mattress covers 
produced gases containing arsenic and antimony, and some 
chemical analyses showed tha antimony could be demon- 
strated in some SIDS tissues. However, a causative link has 
not been proven and the theory fails to fit the epidemiology 
= especially as SIDS has been occurring for hundreds and 
probably thousands of years before mattress covers existed. 
Reports of cot deaths can be found in sources as ancient as 
the Old Testament and ewelfih century Welsh literature. 

In the 1970s and early 1980s, one hypothesis gained 
widespread favour and was beginning to gain general 
acceptance. This was the claim that some infants, with poor 
respiratory drive, suffered from exaggeration of the normal 
periods of apnoea that all infants have during sleep. A com- 
plex mechanism was buile up in which progressive hypoxia 
and failure to respond adequately to hypercapnia and 
hypoxia drove che sleeping infant into a descending spiral 
of hypoxia-apnoea-hypoxia, which ended in bradycardia 
and cardiac arrest. Respiratory infections, sleep, and nasal 
obstruction contributed to an acute-on-chronic state of 
hypoxia, which histological findings claimed to substantiate. 

‘This attractive theory was largely deflated, however, 
when prospective studies of infants with sleep apnoea and 
other respiratory problems were found to have no greater 
risk of SIDS than normal controls, ‘The theory led to a 
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great popularity of apnoea alarms, which parents of sub- 
sequent children following a SIDS loss have insisted on 
using, ‘There is no evidence thar they have any beneficial 
effect, other than reassurance of the parents; indeed, in 
some instances, the stress of waiting for the alarm to sound 
and the many false alarms, have led to marital problems. 

In the present state of knowledge, it seems that SIDS is 
the final common pathway that leads to death in infants who 
have been compromised by a number of deleterious factors, 
which have t0 come together in one baby at one time in 
order to summate to a fatal outcome. The factors may be 
quite different in each case, but all manifest themselves in 
terminal acute cardiorespiratory failure. 

Some of the factors are known such as sleep, which 
depresses the brainstem, and virus infections ~ especially 
of the respiratory tract ~ which provide a viraemia, reduce 
oxygenation and may narrow the effective airway lumen by 
mucus and exudate. Other factors are ‘constitutional, in 
that many SIDS victims are physically compromised in 
some way, often since feal life, being premature and of low 
birth weight (though most SIDS are neither of these). 
(Other factors from the long list given above may operate in 
certain circumstances, such as botulism which may be 
relevant in some 5 per cent of SIDS in California 

Ie is thus futile to search for ‘the cause’ of cot death, as 
there is no single cause, but a galaxy of fictors that vary 
from death to death, though the mediating terminal mech- 
anism appears to be the same. 

‘One of the mose difficult aspects is the failure of patho- 
logical explanations to be compatible with epidemiological 
findings. It has been shown that non-specific health-care 
improvements reduce the incidence of SIDS, such as in the 
excellent ante-natal and post-natal services of countries 
such as Finland and Holland, which have the lowest SIDS 
rates — and the Sheffield project, where it was shown thar 
the strongest factor in reducing incidence was the use the 
family made of the health services. 

As far as the pathologist is concerned, his function is to 
perform a meticulous autopsy, to exclude any overt natural 
disease or injuries, and to offer sympathetic advice to those 
parents who want an explanation of the syndrome in 
comprehensible lay terms. There are several highly proficient 
counselling charities in Britain, the USA and other coun- 
tries, who can provide literature and direct help to parents— 
and who also usually support _most of the ambitious 
research schemes now operating 


THE SIDS AUTOPSY 


‘The routine foran autopsy on a sudden infant death follows 
that for any infant and is lite different from that in suspected 


child abuse. Indeed, exclusion of child abuse isa prime con- 
sideration as, although there is no aetiological connection 
between the two conditions, sometimes occult abuse ~ or 
sometimes genuine accident ~ may present as a ‘cot death’ 
Some pathologists, both forensic and paediatric, insist on a 
whole-body radiological survey before commencing the 
autopsy and, where such facilities exist, cis is a wise precau- 
tion, Full measurements of the infant are essential, as in all 
paediatric autopsies, to monitor the size-for-age of the child 
and to compare i with centile graphs, provided the birth 
‘weigh is known, 

‘The gross examination is the standard meticulous 
scrutiny of all external surfaces, orifices and organs. A full 
histological survey is vital, with even more blocks being 
taken than may be the norm for many forensic pathologists. 
"The lungs in particular should be extensively sampled and 
six blocks isa bare minimum for these organs. In addition to 
histology, swabs should be taken from the major air passages 
and the lung parenchyma for microbiological culture, and 
heart blood may also be cultured. The middle ears should 
always be opened and a swab taken if infection is suspected. 
A separate piece of lung should be sent for virological cul- 
ture. Where there has been any history of gut upset before 
death, a sample of ileal contents should be cultured. It has to 
be said thar the return on such microbiological and viro- 
logical studies is poor in terms of positive Findings, both 
because of the post-mortem interval and because many of 
the micro-organisms found may be indistinguishable from 
commensals oF post-mortem contaminants, 

Similarly, by the very definition of SIDS, significant histo- 
logical findings are absent. If a definite pathological lesion 
capable of causing death is discovered, the case is removed 
from the SIDS category and classified according to the 
disease process discovered. The problem arises when ‘signifi- 
cant or definite’ has to be defined, as the criteria threshold 
of different pathologists varies considerably, especially 
where the diagnosis of an inflammatory condition in the 
lungs is concerned, 


MEDICO-LEGAL PROBLEMS 
IN COT DEATHS 


Differentiating SIDS from external 
suffocation 


‘This is the oldest problem in cot death and one that is vie- 
tually insoluble on purely pathological grounds. The 
of infant suffocation are usually nil and the signs of SIDS 
are nil, so in a completely negative autopsy no reliable cxi- 
teria exist. The presence of intrathoracic petechiae has little 
or no diagnostic value, in spite of one recent report that 
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claims to distinguish SIDS from mechanical suffocation by 
the confinement of petechiae to the thymic cortex in SIDS. 
In any event, they are usually absent in known suffocation, 
such as those caused by a plastic bag over the head, yet 
some 70 per cent of SIDS have serosal petechiae. 

In Britain, there are about 1000 cot deaths each year and 
probably up t0 10000 in the USA. The majority of these 
were found dead with the face uncovered, and in a posture 
where the mouth and nose are not obstructed. No one 
believes that all these children have been smothered by their 
parents; therefore, as petechiae are valueless for differenti- 
ation, itis not possible for an autopsy to state or even suggest 
thar any particular child has been suffocated. This naturally 
presupposes the absence of facial bruising, scratching or 
other positive signs that would immediately remove the case 
from the SIDS category. 

It is possible for circumstantial or other non-medical his- 
tory to suggest or confirm deliberate suffocation, though 
this is extremely rare and not the concern of the patholo- 
gist. A caution must be offered about maternal confessions 
of smothering, however, as several instances are known 
where such a confession has proved torally false, the desper- 
ately bereaved woman in her grief and recrimination delud- 
ing herself in order to rationalize an inexplicable tragedy. 


Multiple sudden infant deaths 


Again, these pose a formidable problem for pathologist, 
paediatrician and investigating authority. Statistically, a 
mother will suffer a second cor death in her family every 
quarter of a million bieths, but a number of families are 
reported where three or even four siblings have died inexplic- 
ably. ‘There is always the possibility of foul play in such 
circumstances, though some familial metabolic or other 
genetic disease — albeit obscure ~ is more likely. Even where 
no trace of the latter can be detected by the most exhaustive 
medical investigations, ifthe autopsies reveal no positive evi- 
dence of mechanical suffocation or other demonstrable 
cause of death, the pathologist cannot then substantiate any 
allegation of mechanical suffocation. He can ~and should ~ 
express his concer to the investigating authorities but, if 
their investigations produce no corroborative evidence, itis 
pointless for him to continue to support a hypothesis that 
cannot be substantiated by any pathological evidence. 


Counselling of parents 
Many families, primarily the mother, have an intense desire 
to know why their baby died, a need chat is often unfulfilled 
by any official contacts, such as with a coroner. Once any egal 
processes are complete, there is no reason why a pathologist 


should not meet and offer explanations to the parents of a 
child upon whom he has performed an autopsy. Ofien an 
earlier line of counselling is provided by a paediatrician, 
but some mothers wish to alk to the pathologist. Both 
Adelson (1974) and Knight (1983) have advocated that 
the pathologist should make himself readily available for 
this purpose, though some pathologists shelter behind an 
imaginary legal barrier to avoid what should be an ethical 
obligation. 


ADDRESSES OF COUNSELLING 
ORGANIZATIONS, 


“The Foundation for the Study of Infant Deaths, 
Artillery House, 1119 Artillery Row, London, SWIP 
IRT, UK (Tel: General enquiries: +44 020 7222 8001; 
24-hour helpline: +44 020 7233 2090; Fax: +44 020 
7222 8002). hetp://wwwsids.org.uk/ 

National Sudden Infant Death Syndrome Resource 
Center (NS ire 450, 
Vienna, VA 22182, USA (Tel: (703) 821 8955; 

Fax: (703) 821 2098). sids@circlesolutions.com 

IDS International (SIDSD). 

heep://www.sidsinternational. minerva.com.aul 
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“There is now a vast collection of publications on the child 
abuse syndrome, including international journals devoted 
to the topic. Most of this interest concerns the clinician, as 
child abuse is now a major concern in paediatrics. When no 
intervention i offered, an abused child has up to a 10 per cent 
risk of having eventually fatal injuries, so unfortunately the 
forensic pathologist will be involved in this tragic problem 
from time co time. This chapter will deal solely with the 
physical manifestations of the child abuse syndrome as seen 
at autopsy, though naturally these will in large measure 
coincide with the non-fatal injuries seen by clinicians. 


GENERAL ASPECTS OF CHILD 
ABUSE 


"Though the modern phase of recognition of the syndrome 
dates only from the middle decades of this century, almost 
all the classical features were described by Tardieu in 1860 
(see Knight 1986). In 1946, Caffey published his well-known 
first paper and, from then on, an avalanche of articles led 
to the present intense awareness of the problem chat throws 
into stark contrast the apparent unawareness of the medical 
profession during the previous century. 

‘Though definitions are variable, it can be said thar the 
‘child abuse syndrome’ (also known as the "battered baby’ 
or ‘non-accidental injury in childhood’) exists when an 
infant or child suffers repetitive physical injuries inflicted 
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bya parenror guardian, in circumstances that exclude accident. 
‘Most of the fatal victims are young, more than two-thirds 
being under 3 years of age (Kempe et al. 1963; Lauer et al. 
1974; Brown 1976; Helfer etal. 1977). 

‘The syndrome includes, of cousse, psychological and 
sexual abuse, but the forensic pathologist can only be con- 
cerned with physical damage, some aspect of which has led 
to death. Though all homicides of children are ‘child abuse’ 
in the broad sense, the term is usually reserved for a fatal 
outcome in those who have suffered repetitive ill-treatment, 
though admittedly some cases span the borderline between 
chronic injuries and a single episode of trauma. 

‘The definition of ‘child abuse’ is itself controversial, as 
whar is unacceptable now may well have been considered 
valid and even desirable discipline in Victorian times, 
However, serious physical injury must be wrong, irrespective 
of societal attitudes. 

Even so, for a pathologist to label an injury as ‘child 
abuse’ or ‘non-accidental injury (NAD)’ is to be rather 
pejorative and judgemental, so perhaps ‘adult-induced 
injury’ might be a more neutral description, which leaves 
decisions as to motivation ro those who possess a wider 
picture of the whole circumstances, Having said thar, the 
more gross forms of injury are self-evidently ‘abuse’ but, in 
lesser degrees of trauma, it may be impossible to differentiate 
deliberate battering from inexpert rough handling, albeit 
contributed to by exasperation, panic or even attempts at 
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Though it is vital co recognize non-fatal child abuse, 
because of the need for intervention to prevent the 60 per cent 
recurrence rate and 10 per cent mortality rate, it can be 
almost as tragic to falsely accuse and/or convict parents or 
guardians where the injuries were non-culpable 

There has sometimes been perhaps some excess of zeal 
oon the part of paediatricians, radiologists, accident sur- 
geons and pathologists to overinterpret injuries and scen- 
arios that had an alternative and less sinister explanation. 
Though it is narural and vital for doctors to protect chil 
dren and their siblings, medical opinion has to remain free 
from emotive bias and be confined within the bounds of 
what can be proved in each individual case, or injustice 
may be done. Some years ago, a situation developed where 
even innocent parents were afraid to take their accidentally 
injured child co a doctor, for fear of the euphemism ‘non- 
accidental injury’ being applied 


MODES OF DEATH IN 
CHILD ABUSE 


The majority of deaths are caused manually, either by hit- 
ting or beating with the hands, shaking, throwing, drop- 
ping and by burning or suffocation. It is 
exceptional for death to be caused by the impact of a blunt 
instrument, though non-fatal bruises from beating with a 


strap, for instance, ate sometimes seen, Shooting, stran- 


less often 


sling and stabbing are characteristic of classical homicide, 
which is distinct from the child abuse syndrome. 

The most common mode of death is head injury. Next in 
frequency is rupture of an abdominal viscus, leaving a wide 
range of miscellaneous injuries to account for the small 
remainder. 


THE RANGE OF INJURIES IN 
CHILD ABUSE 


Concentrating on autopsy findings, the various types of 
trauma will be described, though many will nor in them- 
selves have caused or even contributed to death. Their 
recognition is none the less vital as, at the end of the exam. 
ination, they may well be the decisive factors thar may dis 
tinguish an accident from deliberate maltreatment. 


SURFACE BRUISING 


One of the classic aphorisms in the study of child abuse was 
stated by the forensic pathologists, Cameron, Johnson and 


FiGURE 22.1 Mulhiple fingertip brutes on the chest and 


abdominal wall of an infan lef with a male babysitter: The child 
will on the mother’ return and died during advniion to a 
). 


Irspitalcarualry department (ve also Figures 224 and. 


Camps (1966), who said: "The skin and bones tell a story 
which the child is either too young or too frightened co tel 
‘Skin bruising is the most common injury and may be 


seen almost anywhere on the childs body. There ae, however, 
certain sites of predilection which help co strengthen the 
diagnosis of abuse: 


1 Bruising around the limbs, especially the wrist and 
forearms, upper arms, thighs and — in smal infants — 
around the ankles. These places form convenient ‘handles 
for an adult to grip the child. In che small infant the 
lower leg bruises may indicate thar che child has been 
held by the leg or ankle in order to swing it ~ and may be 
associated with head injuries. The older child, as an adult, 
may be gripped by the upper arms in order to be shaken. 

The buttocks are a frequent site of bruising from hand 
smacks or beating with a strap. Bruises on the thigh are 
less common, but on the outer side may signify slaps 
and on the inner, possible sexual interference. 
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MAGNETIC MONOPOLE SPACECRAFT. 
BRIEF SUMMARY OF THE INVENTION, 


[0001] ‘This invention is a spaceeralt propulsion system 
that generates afield of wormholes which are threaded with 
4 magnetic field. Acting as two attracting magnets, the 
spacecraft’s north magnetic field is attracted to the con 
stantly regenerating south magnetic monopoles of the worm- 
holes which provides lift on the bull 


BACKGROUND OF THE INVENTION 


[0002] According to one of Maxwell's electromagnetic 
‘equations, the curl of the electric E field is equal to the 
negative time rate of change of the magnetic flux density B 
field. 


‘The curl can be thought of as a circulation around a closed 
Joop specified by the right-hand rule where the fingers curl 
in the direction of the eletrc field and the thumb represents 
the changing magnetic fox density field through the area of 
the loop. Atno time isthe electric field diverging around the 
Joop. That is, the divergence of the curl is zero which is a 
well-known veetor operation 


a 
veal = 2a =0 


“The partial derivatives of eivB are ero at all points in space 
Performing the integration, therefor, the divergence of B is 
‘equal to a constant 
Ay Besontnt 

[0003] Referring to FIG. 1, the following discussion is 
made in eylindrical coordinates {5.0}, In eylindrical coor- 
dinates, the divergence of the radial B field, div B, is equal 
to a constant C 


ane HE 


‘where the prime () represents differentiation with respect to 
the radius r. The solution to this equation resides in deter- 
mining the constant C. In the vacuum of space without any 
‘wormboles, the constant C is zero, Because the spacecraft is 
surrounded by a field of wormholes, there is @ magnetic flux 
density field threading each one. That is, each wormbole is 
actually a magnetic monopole, and therefore the entire field 
‘of monopoles constitutes large magnet with one pole in 
this dimension and the other pole in the hyperspace dimen- 


[0004] The concept of the wormhole involves @ new type 
of scientific thinking involving the creation of a gateway 
between our spacetime and that of a hyperspace co-dimen- 
sion. The gateway is ereated electromagnetically as shown 
by my patent applications Rotating Magnetic Vortex Gen- 


Aug. 3, 2006 


‘erator, Magnetic Vortex Wormhole Generator, and Sulfur 8 
Wormhole Generator. The gateway can also be created 
ultrasonically through bubble cavitation as shown in my 
patent application Cavitating Oil Hyperspace Energy Gen- 
‘erator. In one experiment, smoke was blowa through one 
side of the coil of the magnetic vortex wormhole generator 
‘and no smoke came out the other side. The smoke was blown 
‘through the wormhole into another dimension, 


[0005] The existence of hyperspace is not generally 
‘known in the scientific community. The reason it exists can 
‘be thought of in the following manner. Referring to FIG. 2, 
the comers of a tetrahedron (2) circumscribed by a sphere 
() touch the sphere at an angle (3) of ~19.47°. Looking at 
the planets ofthe solar system, the Giant Red Spot vortex of 
Aupiter, which can hold two planets the size of Earth, is 
Tocated at this angle, On Mars, the Olympic Mons voleano, 
which is the size of France, is located at north 19.5° Here in 
the Caribbean there is a slow moving rock mantle vortex at 
north 19.5° that curves the islands down toward Venezuela. 
So the geometry of space is related to the tetrahedron. What 
this suggests is that there is a subspace manifold whose 
tetrahedral geometry projects all the constants of physics 
into our dimension. 


[0006] Referring to FIG. 3, this subspace geometry is 
shown in the fetrahedron diagram which plots the natural 
Togarithm of mass on the vertical axis versus the natural 
logarithm of wavelength on the horizontal axis. With this 
diagram, it is possible to visualize the entire universe on a 
single sheet of paper. Triangle (4) is the tetrahedron whose 
vertical centerline shown by the small x circle (a) is equal to 
Planck's constant h divided by the speed of light, known 
a the base constant. The hase constant in logs is equal to 
-95.91546344. Line (8) isthe diameter of the sphere (6). 
cirele (7), centered on (a), with a radius equal to the speed 
of light squared, is tangent to the tetrahedron. It can. be 
shown that all the constants of physics, such as the speed of | 
Tight squared and the Planck mass and the Planck wave- 
length, are determined geometrically by this logarithmic 
subspace tetrahedral geometry. 


[0007] Referring to FIG. 4, the complex plane consists of 
«a real horizontal axis, and a complex vertical axis where the 
‘value of the complex number 2 is given by a radius rand an 
angle ® 
‘The logarithm of z is 

Lode Loebi(0+200) 
‘where mis an integer ma0,1.2 ... corresponding to multiple 
rotations of 2x, What this means in terms of the tetrahedron 
diagram, referring to FIG. 8, is that there are multiple 
diagrams separated by 2 rotations, Each multiple is another 
hyperspace dimension. Only the log manifold has this char- 
acteristic. Referring to FIG. 6, the hyperspace dimension, 
shown as 2x circular surface (8), has a cut (9) on the 
undefined Log{0] origin line such that another hyperspace 
dimension is created below it (10). 


[0008] Referring to FIG. 7, this branch cut does not bring 
‘one back to the original surface nearing the origin. It takes 
fone down to another level of the universe into another 
hyperspace dimension. I can attest personally that I have 
been able to look into another hyperspace co-dimension as 
‘well as jump into another dimension, 


Surface bruising 


‘ris and back of the hand after 


‘maltreatment by mentally ill mather (se also Figures 22.3 
and 22.6) 


Ficunt 22.5 Bruising of upper extremity affer maltreatment by 


‘mentally ill mother (ee aloo Figures 22,2 and 22.6). 


IS The face is often bruised, especially the cheeks and 
mouth area, from slaps, which may also be present on 
the forehead and ears. Associated damage to the mouth 
and eyes is common. Bruising of the scalp is harder to 
see because of the hair, but is often part of deeper head 
injury. 

1S Bruises on the chest, abdomen and neck are usually 
from finger pressure rather than slaps or blows. Those 
‘on the abdomen and lower chest may be associated with 
deep visceral injury. Bruises may be of any size or type, 
bua common variety in child abuse isthe small discoid 
lesion about 12cm in diameter; these were once called 


an infant lefe with a 


Injuries found at autopsy 


male babysitter showing a genenlized baemoperitaneutn. 


sixpenny bruises’ from the size of coinage at that time. 
These are caused by impact or pressure from the Finger- 
pads of adults, and may be seen in groups around the 
limbs and on the neck, chest or abdomen. 


Bruises from slapping or punching may be larger and 
irregular. Occasionally, a partial or even almost whole 
handprint may be seen outlined in bruises on the buttocks 
or trunk, 

The age of bruises is an important issue in child abuse 


because: 


The observed age may be at variance with the history 
given by a patent, so increasing the suspicion of a 
non-accidental event. 

IB Bruises of different ages indicate episodes of injury ar 
different times, one of the hallmarks of child abuse that 
usually continues over a period. 


Though ic is impossible to be accurate about the absolute 
age of a bruise, those of markedly different colours cannot 
have been inflicted during the same episode. The interpret- 
ation of patterns and the ageing of bruises are more fully con- 
sidered in Chapter 4, bur any bruise with yellow coloration 


must be more chan 18 hours since infliction, 
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Ficune 22.5 The infine shown in Figures 22.1 and 22.4 showing 


a ful-shicknes tear estending through the liver. Rupture ofan 
abdominal virus isthe second mast common mode of death 


in child abuse, bead injury being the mas frguent. 


SKELETAL DAMAGE IN 
CHILD ABUSE 


This is the second part of the aphorism about battered 
children as, both clinically and pathologically, diagnosis is 
largely a radiological matter. Just as a whole-body survey is 
needed in the live victim, so itis essential before an autopsy 
oon a suspected fatal case of child abuse. Some pathologists 
would recommend a radiological skeletal survey on all 
infants prior to autopsy if they had not been under constant 
clinical care for some well-recognized natural disease. This 
would include all sudden infant deaths but, because of lack 
of facilities and finance, many pathologists have to confine 
their requests for such extensive radiology to those deaths 
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Id abuse 


in which there was some possibility of abuse, though this 
decision may lead to injuries being missed. 

The range of skeletal injuries seen in child abuse is 
wide and there are very extensive publications on the 
subject, including at least one textbook by 
Rae (1975) and a section on the radiology by Evans and 
Knight (1981). 

Worlock et al. (1986) compared fractures in 35 abused 
children with 826 controls and found thar the abused were 
all under 5 years old, whereas 85 per cent of the others were 
more than 5 years. The abused infants were more likely to 
have multiple fractures, and to have bruising of the head 
and neck. Rib fractures were almost confined to abused 
children, when major chest trauma was excluded. Spiral 
fractures of the humeral shaft were more common, though 
classical chipped metaphyses were uncommon. They con- 
cluded that one in eight infants under 18 months of age 
with a fracture had been abused. 

The following is a summary of the more important bony 
lesions. 


‘ameron and 


Fractures of the skull 


Skull fractures are common in fatal child abuse, often in 
association with intracranial haemorrhage, usually sub- 
dural, though numerically less than half of infants with 
subdural haematomara have skull fractures (Harwood- 
Nash er al). He found that of 4465 childhood head injuries, 
1187 hhad skull fractures, bue that there was litle correl- 
ation with neurological signs and intracranial damage, sub- 
dural haemorrhage (SDH) being twice as frequent in the 
nhon-fracture cases 

Fractures have been discussed in relation to head injuries 
in Chapter 5, but some particular fearures in child abuse must 
be mentioned, as itis a controversial subject, especially when 
such cases come to trial 

The most common fracture lies in the occipitoparietal 
area, but the differentiation from accidental fills is impos. 
sible on anatomical or radiological grounds alone, in spite of 
the dogmatic claims of some radiologists. An infane’s skull is 
more flexible than thar of an adult and may absorb some 
impacts without fracturing, Occasionally, a parietal bone 
may ‘dimple’ inwards without cracking, much as a table- 
tennis ball may be dented with a thumb, The skull ofa child 
is much thinner chan thar ofan adult, even though the brain 
size and weight is greater relative to the posteranial mass. 
This means that there are two opposing factors operating: 


1S Because of the thin skull, less force is required for 
fracturing 

IH Because of the elasticity or ‘springiness' of the skull, 
recovery from distortion caused by impact is greater, 50 


Skeletal damage in child abuse 


‘Though many paediatricians will deny that a passive fall 
from adult waist level — or even higher ~ can cause either 
skull fracture or intracranial damage, there is experimental 
proofand witnessed cases on record where this has occurred. 

In respect of skull fractures, Weber (1984) experimentally 
dropped dead infants ftom a horizontal position at only ‘able 
height’ (82cm, 34 inches) onto a variety of surfaces and 
found chat fractures were common. Fifieen infants less than 
8 months old were dropped passively from a horizontal posi- 
tion onto concrete, carpet and linoleum; all developed cranial 
vault fractures in various positions. Though most fractures 
‘were in the parietal bones, some extended into the occipital 
bone. In 1985, Weber again dropped dead infants from 82cm 


cums 22.6 Frtctured sul of an infin after repeated blows against 


the floor by mentally ill mother (se also Figures 22.2 and 22.3). 


more force is needed to fracture the pliable bone, 
relative to its thickness 


Nonwithstanding the flexibility, however, it remains a fact 
that an infant skull will fracture with the application of 
much less mechanical force than would be needed to fracture 
mature skull. In addition, because the cranium is more eas- 
ily deformed, a momentary depression ofthe skull can impinge 
upon the underlying brain (including membranes), damage 
itand retumn to its original shape so that, even in the absence 
of a fracture, brain damage is more likely to occur 

TThere is now a large literature on infant fractures (espe- 
cially of the skull) in relation to child abuse, some of it 
contradictory. 

One aspect that arouses much controversy is the height 
of passive fall which can (a) fracture a child’s skull and 
(b) cause brain damage. The two injuries are certainly nor 
synonymous, as ic is clear that most fractures, both in 
infants and adults, are not accompanied by any brain dam- 
age or neurological effects, However, forces that can cause 
a skull fracture certainly can ~ though not must — cause 
brain or meningeal lesions, and ic is impossible to forecast 
what will happen following a fll of even minor magnitude 
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(4 inches) onto soft cushioning, such as 10cm (4 inches) 
thick foam mar and 8em (3.2 inches) thick double blanket. 
Fractures were much less frequent, as was to be expected, but 
still one occurred on the thick foam and four out of 25 drops 
‘onto the folded blanket, all from only 82 cm (34 inches) 

Reichelderfer er al (1979) indicated that serious head 
injuries in playgrounds can occur when the impact force 
exceeds 50 G; a fall of only 7.5m (3 inches) onto concrete 
can generate 100-200 and one of 0.3 m (a foot) no less 
than 475-5006. 

In 246 falls of infants under 5 years from bed or low struc- 
tures less than 90cm (36 inches) high, Helfer et al (1977) 
found no serious injuries or deaths, OF these, 161 occurted at 
home and 175 had some injury, including two skull fractures. 
In 85 hospital falls, there were 28 injuries, with one skull 
fracture, Nimityongskul and Anderson (1987) investigated 
76 childhood fallin hospital, 75 of which were younger than 
5 years. The height of fall was beoween 30 and 91cm 
(1 and 3 feet), and only one doubeful skull fracture occurred. 

OF 398 falls studied by Williams (1991), 106 were 
‘observed by independent witnesses. There were 14 severe 
injuries in falls between 4.5 and 12.20m (15 and 40 feet), 
bur below 3m (10 feet), there were no life-threatening 
injuries, hough three skull fractures were detected, Similarly, 
Reiber (1993) found three skull fractures in infants who had 
died after witnessed short falls of less chan 1 m (3 feet). This 
‘was fiom a series of coroners’ cases where all had intracranial 
bleeding. One 21-month infant fell 1.5-1.8m (5-6 feet) 
and had a subdural haemorrhage, but no skull fracture. 
Another 17-month child fell only 0.6-0.9 m (2-3 feet), but 
suffered a sub-dural and cerebral contusion. Reiber gives a 
good short survey of the competing literature, indicatin 
that opinions fall into two groups ~ the ‘major injury-major 
fall’ set and the ‘major injury-minor fall’ camp. 

Hall er al’s (1989) series confirms thar severe or fatal 
damage can occasionally arise from low falls. In a 4-year 
study, there were 18 deaths following falls from less than 
0.9 m (3 feed). Two of these were witnessed by medical care 
persons, excluding abuse as a covert reason. Sixteen other 
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similar deaths were not so witnessed, but abuse was nor 
corroborated as a cause 

Chadwick etal. (1991), analysing 317 childhood fills, saw 
seven deaths in 100 falls From less than 1.20m (4 feet), but 
doubted the veracity of the histories, as there was only one 
death in those who fell between 3 and 13,7 m (10 and 45 
feet). Hobbs (1984) studied 89 children with skull fractures, 
29 thought to have been abused. Of 20 deaths, 19 were 
abused. The characteristics of the battered infant fractures 
were multiplicity or complex configuration; depressed, wide 
and ‘growing’ fiactures, the latter meaning widening of the 
fracture line after infliction; accidental fractures were fele 0 
be narrow, linear and single, usually in the parietal area. 

Leventhal ef af, (1993) investigated 104 infant skull 
fractures and concluded that abuse was the cause in 
34 per cent, accident in 62 per cent, the rest being doubt- 
ful, Billmire and Myers (1985) claimed that 64 per cent 
of all infant head injuries, excluding simple fractures, 
were caused by abuse and that of serious intracranial dam- 
age, 95 per cent were from abuse, These varying figures 
emphasize the lack of consensus in the literature. 

‘Though the immature skull has more flexibility, once its 
elastic limit is exceeded during deformation, it will fracture. 
‘The pattern of fracturing is similar to thar in the adult, but 
there are some variations because of the presence of open 
sutures and fontanelles, Fracture lines tend to end ar surures, 
bur chey cross them there is frequently a lateral displacement 
so that the two limbs of the fracture are not in line. Mast 
instances where what appears to be a fracture line crossing a 
suture with a 'side-step’ are really two independent fr 
either approaching or receding from each other, the origins or 
terminations being slightly offset. The most common example 
is seen in a child who has been dropped on the vertex of the 
head. Both parietal bones may then deform and crack trans- 
versely from the vertex anterior to the point of impact, the 
bilateral fracture lines running downwards towards the pari- 
eral bosses, The upper ends of both fractures terminate in the 
sagittal surure, bur may be ‘staggered! by a centimetre or so 

‘Another common fracture is a horizontal crack running, 
backwards from the frontoparietal surure, which courses 
across the parietal bone, often turning down towards the 
base of the skull. This can be caused by a blow or fll on the 
side or top of the head. Such fractures can occur bilaterally, 
which is then an indication of an impact on the vertex of 
the skull, which causes marked depression of the top of the 
skull with crack fractures along the lines of maximum stress 
‘These are then more marked on the outer aspect than the 
inner table ~ though the diploé of infants’ skulls are absent 
or only partially formed, according to the age. OF course, 
such bilateral fractures can also be caused by two separate 
impacts on each side of the head; here multiple bruises on 
or under the scalp may assist in interpretation, 


The frontal bone is less often involved than the parieto- 
temporal area, the frontal suture that is still present in 
young infants giving more flexibility than in the fused older 
bone. Occipital fractures may occur from falls onto the back 
of the head, bur again these are much less common than 
cracks at the vertex or sides of the cranium, though, as the 
experiments of Weber showed, occipital bone cracks can 
‘occur from simple low-level falls in small infants. Wherever 
the vault fractures, if itis severe enough, extension lines may 
run down into the base of the skull, but this is not a fre- 
‘quent finding in child abuse injuries 

Sucural ‘diastass' separation) may occur with or without 
fractures, the loosely knit skull plates being easily parted by 
distortion of the calvarium when struck. As mentioned 
above, some fractures widen after infliction (sometimes due 
to rising intracranial pressure). ‘These so-called “growing 
fractures’ are thought by some writers to be more likely 0 
be associated with abuse, though logic would relate it more 
to severity of impact rather than to motivation. 


Limb fractures 


"These provide some of the most characteristic signs of child 
abuse, as injuries are common around the metaphyses and 
epiphyses of growing bones, as well as being the cause of 
periosteal lesions, Most ofthe limb injuries are indirect, that 
is, the bone damage is caused by stresses from abnormal 
angulation, torsion or traction, rather than from a direct 
impact upon the bone, Swinging the child by the wrists or 
ankles, dragging it by an arm or shin and violent shaking 
using the limbs as ‘handles’, are the usual mechanisms. 

Avulsion of the metaphysis or chipping of the edges of 
the metaphyses or epiphyses may occur, with small frag- 
ments seen isolated on radiographs. Swinging, wrenching 
‘or twisting actions can fragment the metaphysis. Small pieces 
of the adjacent cortex and parts of the provisional zone of 
calcification may be avulsed from the shaft. The epiphysis 
may even separate from the metaphysis. Cameron and Rae 
(1975) suggested that metaphyseal fragments are virtually 
pathognomonic of child abuse 

‘The periosteum in infants is only loosely attached co the 
bone and easily lifts where there is shearing or traction 
injury. Blood accumulates under the raised periosteum and 
this rapidly calcfies (usually within 7-14 days) to give a 
characteristic radiological picture of a bony shell extending 
along the shaft, often thicker at the extremity, having a 
lumpy, irregular profile (Evans and Knight 1981). In almost 
half the cases, this may be seen radiographically within one 
week (Cameron 1970). ‘The calcified rim may extend 
around the end of the metaphysis and epiphysis, or between 
the two, giving a‘bucket-handle’ loop effect around the end 
of the bone, especially the lower end of the femur. 
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Skeletal damage in child abuse 


In early infancy it must be appreciated thar some breech 
deliveries have legs thar radiologically show long, smooth 
periosteal thickening secondary to subperiosteal bleeding 
caused by handling during delivery. Iris also accepred that 
mere growth can produce faint subperiosteal calcification, 
bur this is symmetrical and limited to the central parts of 
the shaft, keeping clear of the metaphyses. 

A spiral Fracture of the diaphysis of a long bone must be 
considered a suspicious injury in infants, as such a lesion is 
likely to be the resule of a twisting strain, unlikely to occur 
in accidental circumstances 

The lower end of the shaft of a long bone may be 
‘squared-off’, as described by Caffey (1946), by metaphyseal 
fragments reuniting. Damage to the epiphyseal cartilage may 
cause permanent growth defects, sometimes with increased 
growth from hyperaemia following injury. ‘The axis of 
growth may be deviated and cupping of the metaphysis may 
‘occur because of retarded longitudinal growth in the centre. 

Although the metaphyseal and epiphyseal lesions 
described above ate classically those seen in child abuse, 
transverse and spiral fractures of the diaphysis are also co 
‘mon. In a series of 100 cases reported by Kogutt etal (197: 
these fractures were more common than the injuries to ends 


of the bones, 


Damage to the chest cage 


Apart feom occasional perinatal fractures during delivery 
(Polson, Gee and Knight 1985), accidental fractures of ribs 
are very uncommon in infants, though the incidence is a 
‘matter of considerable controversy: Once again paediatricians, 
radiologists and pathologists may have differing views and 
experience 

In child abuse, ribs are commonly fractured, often sev. 
eral consecutive bones being affected on one or both sides. 
The damage may be fresh or old, giv 
logical appearances. The most characteristic picture of old 


different radio. 


fractures is of sequential callus formation seen in a vertical 
line down one of both paravertebral gutters. These form a 
string-of-beads’ appearance on X-ray (Figure 22,7), where 
the ribs have been fractured near their angles, a sufficient 


time previously for new bone formation to occur — probably 
a minimum of 10 days, though dating is notoriously vari 
able, and even the claims by experienced radiologists to 
date fractures have been confounded by a knowledge of the 
actual time of breakage 

These multiple posterior fractures are more common in 
small infants who have been picked up by adule hands 
under the armpits and squeezed from side to side. Whether 
o not such fractures can be caused by innocent handling, 
albeit rough or robust, as opposed to angry or impatient 
violence, is again a matter of dispute, beyond the competence 
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of doctors to resolve — although this does not deter some 
from expressing strong opinions based on weak facts 

These fractures, a centimetre or so from the head of the 
ribs, are due to the rib being levered against the transverse 
process until breaking poine is reached. They may be very 
difficult or impossible to see as iesh lesions on radiographs, 
if the fracture line is nor exactly in line with the X-ray beam. 
This explains the occasional discrepancy beween the radiolo- 
gists and the pathologist's report; the fractures are much 
more visible afier a week or two, when callus is present. 

If such injuries are recent (probably less than 10 days) no 
visible callus is formed, bur the fractures may be seen on 
X-ray and confirmed at auropsy. However, as with fractures 
elsewhere — and perhaps mote often in ribs than skull ~ che 
radiological and dissection diagnosis sometimes does 
hot concur. Fractures seen at autopsy may not be visible 
radiologically 
films may not be discoverable at autopsy, even after the 


and conversely, alleged fractures seen on 


most diligent dissection, 


Rib fractures in the axillary line are likely co be the result 
of anteroposterior pressure, rather than side-to-side squeer 
ing, bur this mechanism is nor exclusive. With fresh frac 


cures found at autopsy, the possibility of chest compression 
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PiCURE 22.8 Recent fractures of ibs ofan abused infant. These 
‘breaks are near the necks ofthe ribs in the paravertebral gusrer, 
caused by side-to-side squeesing ofthe chest. 


during cardiopulmonary resuscitation must always be con- 
sidered, even though some paediatricians and radiologists 
will strenuously deny the possibility of this happening. The 
literature has different opinions on this matter, though it is 
admittedly very uncommon. As with other aspects of child 
abuse, the published material seems to flow more from those 
who lean towards abuse in the majority of injured children, 
rather from those who retain a more cautious approach and 
admit co the possibility of an innocene explanation, 

It must be conceded thar pliable infant ribs are unlikely 
to be broken by proper cardiac massage, which in infants 
should be performed with finger pressure; however, ay per- 
sons, especially in the panic of apparent collapse and death, 
‘may forcibly pump the small chest using techniques intended 
for adult resuscitation, 

ractures elsewhere are more likely to arise from direct 
Impact such asa fist blow or kick. The clavicle is sometimes 
broken, usually from indirect stress from swinging by an 
arm. Fractures of the scapula or sternum are rare and arouse 
the probability of ‘parental infliction’ if some obvious 
trauma such as a traffic accident can be excluded. 

Wherever the site of bony injury, the cardinal features 
that arouse suspicion are multiplicity and variation in fracture 


age. Though children often sustain accidental fractures, these 
are usually single lesions, unless some pathological bone 
disease is present, Similarly, the radiological demonstration 
‘of multiple fractures of varying ages must be accepted as 
evidence of abuse until proved otherwise. 


Dating of fractures 


As in the case of skin bruises, though the absolute dating of 
healing fractures by the state of callus formation is far from 
accurate (Evans and Knight 1981), marked differences in 
appearance on radiology usually indicate that the injuries 
were not sustained ar the same time, As it can be shown, 
however, in control material, thar the same person reveals 
callus of different extent and maturity in different but similar 
bones fractured contemporaneously, ic becomes impossible 
to be dogmatic about radiological healing rates. Bone healing 
is rapid in healthy children and within months the abnor- 
malities may have completely resolved, depending on the 
severity of the original damage. 

Histological appearances are also very unreliable in pla- 
cing an absolute date on fractures, in spite of assertions that 
this can be done with accuracy. 


BONE DISEASES AND INFANT 
FRACTURES 


Both in the differential diagnosis of childhood fractures and 
in the defence of allegations of child abuse, the several ‘brit- 
tle bone diseases’ that can cause abnormal skeletal 
‘must be considered, on the grounds that lesser force, within 
‘normal parental handling or even spontaneous movements 
of the infant, could give rise to the observed fractures. 

Ie has to be said at che outset that only a small minority 
of injured infants can be shown to have such abnormalities. 
When this possibility is being run as a defence in a criminal 
trial or child protection proceedings, itis essential to have 
an opinion from a radiologist or paediatrician with special- 
ist knowledge of these conditions, 

Ic is also important to have original radiographs, not 
copies, as the latter may not show marginal, indistinct 
abnormalities visible on the originals. 


Osteogenesis imperfecta 


‘This isa bone dysplasia with four types, numbered 1, 11, 11 
and IV, of which there are several subgroups. The disease is 
an inherited disorder of connective tissue, with abnormal colla- 
‘gen, resulting in varying degrees of bone fragil 
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Head injury In child abuse 


laxity, skin fragility, sometimes blue sclera, hearing defects 
and dental abnormalities. 

‘Types I and III have obvious bone disease and can 
hardly be confused with child abuse lesions. 

“Type I forms 70 per cent of cases and isthe clasical variety 
with a family history, blue sclera, Wormian bones and often 
dental changes, which again is handly likely to be confused 
with abuse, Iris type IV (only aboue 5 per cent of the over- 
all disease incidence) that may cause difficulties in diagnosis, 
though it must be said that ofall che medico-legal occasions 
in which this disease is postulated as a reason for brittle 
bones as a defence against allegations of abuse, the times 
‘upon which it can be proven are few indeed. 

“Type IVB, the larger subgroup, has dentinogenesis 
imperfecta. Type IVA has no family history of the disease, 
no osteoporosis, a high incidence of skull fractures and 
metaphyseal fractures and normal sclera. Subgroup IVA has 
‘Wormian bones, like IVB, but it has been postulated that 
some alleged cases of type IVA were really abuse. 

I has been calculated that the incidence of type IV 
osteogenesis imperfecta in infants under one year, with 
fractures, no family history, no Wormian bones or dentino- 
genesis imperfecta is one in 1-3 million, A case would 
occur in a city of half a million population only once every 
100-300 years. 

Recent techniques of fibroblast culture and collagen 
analysis can provide evidence of defective connective tissue 
in the absence of overt clinical signs, but this is not neces- 
sarily synonymous with brittle bones. The case report by 
Ojima et al. (1994) gives a useful survey of the problem. 
Bone strength in otherwise normal SIDS infants has been 
measured by Morild et a (1993) to obrain a baseline for 
comparison with alleged osteogenesis where this is raised as 
a defence against child abuse. 


Infantile cortical hyperostosis (‘Caffey's 
disease’) 

Here there is extensive new periosteal bone laid down 
around the diaphyses, che bones most involved being the 
ribs, ulnae, clavicles and especially che mandible. The condi- 
tion is rarely seen over the age of 3 years. 


Congenital syphilis 


‘This can mimic the changes seen in child abuse, though the 
condition is extremely rare in most Western communities. 
‘The periosteal thickening is similar co that of trauma, but 
tends 10 be symmetrical. ‘The metaphysis may be fractured 
and even separated, the shaft adjacent to the metaphysis being 
porotic. 


Copper deficiency 


Again rare, this condition has radiological features in which 
periosteal thickening of the shafts of the long bones may be 
accompanied by symmetrical spurring of the metaphyses, 
‘osteoporosis, fractures and cupping of the metaphyses 
Abnormalities of the hair may be present in this deficiency 
disease that is caused by lack of copper impairing the 
enzyme lysyl oxidase. ‘The radiological appearances may 
cause confusion with child abuse, Other clinical feacures 
include psychomowor retardation, hypotonia, pallor, hypo- 
pigmentation of the skin and hait, prominent scalp veins, 
sideroblastic anaemia and neutropenia. 


Menke’s syndrome (‘kinky 
hair’ syndrome) 

This is another rare condition also associated with copper 
deficiency in which there are abnormal metaphyses. It 


affects males only, with abnormal hais, Wormian bones in, 
the skull and mental retardation, 


HEAD INJURY IN CHILD ABUSE 


The most common cause of death in abused children is 
intracranial damage, with or without skull fracture, As well 
as being the most frequent fatal condition, brain trauma is 
responsible for the common tragedy of severe, and often 
permanent, neurological impairment. 

‘The classic head injury associated with bartered children 
is subdural haemorthage, which formed part of "Caffey's 
syndrome’ that he described five decades ago, It was also 
noted in Tardiew’s famous publication of 1860, when he 
described bleeding on the side of the cerebrum and other 
classical features (Knight 1986). Subdural haemorthage is 
most common at the extremes of life, the topic being discussed 
fully in Chapter 5. In infants, it most often occurs from 
direct impact on the skull ~ as in a blow or fall. For some 
years, ic has been held chat vigorous shaking, without an 
impact, is also a common cause of subdural bleeding, This 
is a view strongly held by many paediatricians, who may 
prefer this mode as a first choice over a blow or fall, but 
recent research has thrown doubt on the common acceptance 
of this mechanism, 

For example, the excellent textbook of DiMaio and 
DiMaio (1989) observes: 


Many forensic pathologists have doubted that the 
shaken baby syndrome exists [Norton 1983]. Most have 
‘elt that the injures to the brain, including the retinal 
haemorrhages, are due to undetected direct impact 
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injuries. In all cases seen by the authors in which there 
has been retinal haemorrhage associated with subdural 
cr subarachnoid bleeding, or some other brain trauma, 
direct impact injury to the head has been identified. 

"The forces generated in the cranial cavity by shaking 
have been shown to be of the order of 50 times less than in 
the deceleration stresses of an impact (Gennarelli_ and 
“Thibault 1982; Duhaime eral, 1987). ‘These authors inves- 
tigated 13 fatalities alleged ro have occurred from shaking, 
bur though 7 showed no external head injury, all 13 
revealed evidence of impact at autopsy. In infant models, 
they then compared impact with violent shaking; the mean 
tangential acceleration for 69 shaken babies was less chan 
10G, whereas for 60 impacts, the mean was 428G, some 
50 times greater. The mean time for shakes was 106 mi 
seconds, but for impacts was only 20 milliseconds, 

Ie is che rare of change and the duration of deceleration — 
the ‘strain rate’ ~thatis most damaging, rather than a steady 
deceleration. A head impacting on an immovable surface 
after a fall isan example of a high strain-rate injury, whereas 
low strain-rate injuries are those where the head decelerates 
cover a longer period of time. Non-impact shaking of the 
head isa low strain-rate mechanical insult, Subdural bleed- 
ing from bridging veins is likely to occur from high strain- 
rate injury, even though this may be a low-energy injury, 
insufficient to cause cerebral tissue disruption. By contrast, 
low strain-rate injuries are more likely to cause cerebral 
contusion, with vascular damage only if concomitant high 
energy is generated (Howard et al. 1993) 

Geddes and Whicwell (2004) have recently pointed out 
thar there have been no formal systematic neuropathological 
studies of infant head injury and the evidence base for dif- 
fuse axonal injury (DAL) being a common finding in infant 
head injury is poor. In fact the idea of the presence of DAL 
in these cases was widely accepted before the advent of the 
moder diagnostic methods and before the diagnostic cri 
teria for DAI had been established. Moreover, the findings 
of Shannon eta, (1998), the firs formal study of microscopic 
damage in non-accidental injury (NAD, suggesting thar 
axonal injury in such cases had been ischaemic or vascular in 
origin, had been largely ignored or misunderstood. In their 
recent series of 53 fatally injured infants (Geddes ef all 
2001a, b), diffuse axonal injury was present in only wo 
children, both of whom had multiple skull fractures and 
severe head injury, whereas the most frequent histological 
finding was global hypoxic damage in 84 per cent of the 
cases, In 11 of these cases (21 per cent), however, there was 
gross and microscopic evidence of injury to the cranio- 
cervical junction and concomitant axonal damage in the 
caudal brainstem long tracts in 8 subjects. This finding is in 
keeping with cervical hyperflexion/hyperextension injury 
pattern in adults and suggests as a possible mechanism of 


death: brainstem injury, apnoea and hypoxic brain swelling. 
In another systematic study of dural bleeding in 50 paedi- 
atric cases, including intrauterine deaths up to infants of 
5 months of age, but without head injury, Geddes et al 
(2003) found fresh haemorthage into the layers of dura in a 
‘majority (36/50) of cases. ‘The authors believe that this is a 
manifestation of severe hypoxia similar to the haemorthages 
found in internal organs in birth asphyxia or premacurity, 
rather than being caused by trauma, and postulate that 
hypoxia is sulficient to cause extravasation of significant 
amounts of venous blood both in and under the dura, 

‘Although shaking presumably may cause subdural haem- 
orthage (SDH), ic is likely thar i isa relatively uncommon 
‘cause, compared with impact. This situation may well have 
arisen because a blunt impact upon the head of infant, if 
spread over a wide area following contact with a lat surface, 
can leave no external scalp mark, no subscalp bleeding and 
no fracture of the skull ~ yer the transmitted forces can still 
be sufficient co cause high strain-shearing stresses within the 
cranium leading to subdural bleeding. In addition, as has 
been discussed elsewhere in this book, death is often not 
due to the inrtative or space-occupying effects of the sub- 
dural, but is due co che intrinsic brain damage beneath, even 
if chi is occult. Diffuse axonal injury, cerebral oedema and 
consequent circulatory disturbances are likely to be the fatal 
consequences, but detecting neuronal damage may be diffi 
cult or impossible histologically, due to the relatively rapid 
death of the child within 12-24 hours. Also, the micro- 
scopic features of diffuse axonal injury seem to be less com- 
mon and less distinct in infants compared with adults, 
though the use of immunocytochemical methods, such as 
the demonstration of f-amyloid precursor protein (BAPP), 
described in Chapter 5, may provide a marker of use within 
the first few hours after injury. These factors combine to 
negate any proof of an impact injury and thus the shaking 
theory, which requires none of these criteria to be demon- 
strated, isan easier option 

Howard er al. (1993) looked at 28 instances of SDH in 
infants under 18 months of age. All had a history more con- 
sistent with an impact rather than shaking. Six Caucasian 
infants fell less than 0.9 m (3 feet), such as from a chair or 
standing adult, Eight non-Caucasians fell from a sitting or 
standing position or rolled off a bed onto a carpeted floor. 
“There was a history of shaking in three, but these also had 
signs of impact, the shaking being resuscitation attempts after 
falling. Of these, 47 percent of the Caucasians and 20 per cent 
of the non-Caucasians had a skull fracture. ‘The authors 
‘Our findings do not support shaking as the only cause 
of SDH and also suggest that non-accidental injury is less 
‘common cause of SDH than iti believed to be. 

There is a suggestion in several papers that Asian chil- 
dren are more susceptible to SDH from minor trauma; 
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Japanese infants have been reported with SDH after falling 
from only a sitting position (Aoki and Masuzawa 1984; 
Rekate 1985). 

Most direct impacts in child abuse are caused by the 
moving head striking a fixed object, rather than the fixed 
head being struck. The latter certainly occurs, butis usually 
from an open-handed slap, albeit often of considerable 
force. Iris unusual for the child’s head to be struck with a 
weapon or for a direct punch to be given with the clenched 
fist. The moving head injury either arises from a fall in 
circumstances which are non-accidental, or by deliberate 
swinging or throwing of the child against a hard surface, 
ofien with added momentum being gained by holding the 
infanc’s ankles or wrist. For example, one such case seen by 
the author (BK) was a month-old baby whose father 
grasped it by the ankles to dash its head against stones at 
the edge of a canal, after which it was stripped so that its 
clothing could be sold in a street market, the body then 
being chrown into the canal 

Several other mechanisms of head injury have been 
described, including some seen by the author (BK) in which 
fathers were throwing their baby up in the air in a catching 
game called ‘up-and-away’, but for some reason missed the 
child on the downward return, allowing io fall ro the floor. 
‘When unwitnessed, this situation can give rise to accusations 
of deliberate malice, which are difficult to disprove, 

Presumably, as vigorous shaking can sometimes rupture 
vessels in the subdural space, this must still be accepted as an 
alternative to impact in the causation of subdural haemor- 
shage. In an infant, the head is relatively large and heavy and 
the neck musculature undeveloped and often hypotonic. 
“Thus repetitive shaking of the body ~ often attained by 
grasping under che armpits ~ can lead to unrestrained flexion 
and extension movements of the head with rotational move~ 
‘ments of the heavy cerebral hemispheres relative to the skull 

Extradural haemorthage is uncommon in child abuse, 
pethaps because the meningeal arteries do not run in deep 
grooves or even tunnels in the immature skull, as they do in 
the adult. Subarachnoid haemorthage is, as always, an 
inevitable accompaniment of cerebral cortical contusion. 

Brain damage may be of any type, as catalogued in 
Chapter 5, but as in any childhood head injury, cerebral 
oedema is more common than in the adult. Indeed, a sig- 
nificant proportion of deaths after a head injury in a child 
are caused by raised intracranial pressure without skull 
fracture, meningeal haemorthage or visible brain injury. 
‘The typical autopsy indications may be found consisting of 
a heavy brain, flattened gyri, obliterated sulci and slitlike 
ventricles. The more florid signs seen in adults, such as 
herniation of the hippocampal gyrus through the tentorial 
gap, secondary brainstem haemorrhages and coning of the 
cerebellar tonsils are seen less frequently in children, 


child abuse 


‘When there has been a severe head injury, with or with- 
our a fractured skull, cerebral contusion or laceration may 
occur. The position of this damage is usually related to the 
site of external impact. Although many episodes of child 
abuse involve dropping oF throwing to the floor, classical 
contrecoup lesions are not as common as in similar adult 
injuries, They certainly do occus, but are often absent when 
the circumstances would indicate that contralateral concu- 
sion might be expected, The smoother internal profile of 
the infane skull may be a factor. 

The distance of a fall sufficient to cause head injury has 
been mentioned earlier and is a matter of considerable con- 
troversy in the literature and amongst expert medical wit- 
nesses. ‘There is no doubt, both from reliable anecdotal 
evidence and from experimental data, such as that by 
Weber, that skull Fractures can occur in infant skulls from 
very low passive fills, including heights not exceeding chair 
or table level (Weber 1984: 82 em; 34 inches). However, as 
catalogued above, skulls often fracture without any sig- 
nificant internal brain damage — although the reverse is also 
true. The evidence that low falls may cause brain or 
‘meningeal lesions is much less convincing than that proving 
skull fractures ~ bur the possibility exists and cannot be dis- 
missed by inflexible, dogmatic opinion. ‘The problem with 
assessing the mechanical basis of head injury is that human 
experimentation is virtually impossible ~ Weber's work on 
dead infants probably could not be repeated in the present 
ethical climate ~and obviously no data can be derived from 
the living. Animal models are useless, so the frequent diffi 
ceulties for pathologist, lawyers and the courts have to rest on 
available statistical evidence — which can never give a defini- 
tive answer in any one case. IF a phenomenon has definitely 
occurred once, then it can occur again, whatever the stais- 
tical weight is against its Frequency, as a precedent has been 
established which cannot be gainsaid as a possibility 

‘One of the problems is the ‘standard of proof’, as in the 
criminal courts, itis ‘beyond reasonable doubt’, whereas in 
vil matters, ic only has to pass the test of ‘balance of prob- 
abilities’, where statistical evidence is far more persuasive, 

“To rely on the ‘experience’ of medical witnesses is also 
fraught with difficulty, as their anecdotal memories of pre- 
vious cases will provide unsatisfactory data in respect of the 
causation of che injury. Where adults are accused of malice 
or neglect, they are very likely to fabricate or distort the 
circumstances of the injury, and claim thar the infant fell 
from the chair, the arms or the bed. Even in genuine acci- 
dents, feelings of guilt, clouded recollection from grief and 
panic, will often lead to an inaccurate account of the cir- 
cumstances, so the doctor's past experience is often of lesser 
value than the accused adults, che lawyers and che court 
imagine, due to inadequate or false knowledge of the true 
circumstances of previous cases. 
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VISCERAL INJURY IN 
CHILD ABUS! 


Damage co internal organs is almost always confined to the 
abdomen, as the heart and lungs are rarely injured. As stared 
earlier, rupture of an abdominal viscus is the second most 
common cause of death in child abuse after head injury. 
Forcible impacts on either the lower chest or the abdominal 
wall are responsible. Direct punching or heavy ‘prodding? 
are the usual mechanisms rather than being dropped or 
thrown, which is a common cause of head injury. Often 
there will be an excuse thar the child fell or tripped upon 
some protruding obstruction, stich asa toy or piece of Furni- 
ture; occasionally this may be true and it is a matter of Fact 
and interpretation as to whether the circumstantial evidence 
is compatible with the medical findings. The liver is fre- 
quently injured, the most common lesion being a deep tear 
in either lobe, sometimes being a complete penetration os, 
‘more rarely, actual detachment of hepatic tissue. A haemo: 
peritoneum results and in fatalities, may be the proximate 
cause of death. A heavy blow over the lower ribs or xiphi- 
sternal area is the most likely site of impact 

The small intestine is the other common target organ, the 
duodenum or jejunum being the most frequent site of dam- 
age. The second part of the duodenum is vulnerable to blows 
in the central abdomen, as beneath this area, the duodenum 


crosses the midline and is liable to be ‘sandwiched! berween 
the compressed anterior abdominal wall and the promontory 
of the lumbar spine. As the tissue thickness is small in a 
child, the gue can be virtually ‘guillotined’ at chis point and 
may be completely transected, appearing almost as clean-cut 
as Fit had been done with a surgical knife. Alternatively the 


{gue wall may be damaged and, though it may not leak or 
rupture at the time of impact, ischaemic and necrotic changes 
dover the next few hours or even days may lead to a delayed 
rupcute, with the later onset of peritonitis 

The same lesions, though rarely as sharply cut, can occur 
in the jejunum, offen accompanied by laceration of the 
mesentery and haemorrhage into the peritoneal cavity 
instead of —oF in addition to — leakage of intestinal contents. 

Rupture of the stomach can occus, but must be carefully 
differentiated fiom gastric ruprure from non-traumatic 
causes and (these days) especially from external cardiac 
massage, which produces linear tears in the mucosa and 
even ruprure of the complete wall 


DAMAGE TO EYES, EARS AND. 
MOUTH 


As part of general facial damage, black eyes, and scleral and 
conjunctival haemorthages are often seen, but damage to 
the interior of the globe is much less apparent at autopsy 
Some considerable time after the general recognition of the 
child abuse syndrome, it was discovered that a considerable 
proportion of victims, both live and dead, had significant 
internal damage to the eyes. Direct violence to the head 
and allegedly shaking, can cause bleeding into the vitreous 
humour, dislocation of the lens, retinal detachment and 
retinal haemorthages (Gilliland er al, 1994) 

‘The latter can also be caused by cardiopulmonary resus 
citation, where vigorous compression of the chest has been 
applied; the literature on this topic is controversial, but 


numerous references confirm this mechanism, yet others, 


BiGURE 22.9 A rupnured duodenum in an 
alse child who rffred a blowin the 
central abdomen, This relatively common 
made of death in fatal child abace i 
caused by the duodenum being guillatined 
against the lumbar spine by an impact that 
indents the thin anterior abdominal wall 
The gut may be severed immediately or 
‘mary become infrcted because of damaged 
blood supply over the ensuing few days, 
then rupture into the peritoneal cavity. 
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[0009] Furthermore, Dr. Stephen Hawking of Cambridge 
University has shown that our dimension is connected to a 
‘wormhole through complex time. That is, the hyperspace 
‘dimension is rotated forward by 90° which makes it orthogo- 
nal to us, While this is the mathematical explanation as to 
‘why there are hyperspace co-dimensions, I can attest per- 
sonally tothe fat, as described in my patent application Full 
Body Teleportation, that I was teleported through hyper 
space and returned to our dimension over a distance of 100 
meters. Because hyperspace exists, itis then possible, using. 
‘electromagnetic fields, to open wormholes between our 
«dimension and other hyperspace dimensions. 


[0010] Referring to FIG. 8, the constant Cin the magnetic 
flux density B field equation is detemmined as follows. The 
‘end of a solenoid (11) is equivalent to a local magnetic 
source of flux ® which represents the wormhole, A change 
(12) encircling the soleno‘d has the same value at P, and P, 
but there is a phase difference of 2 x n where nis an integer 
‘equal to the number of times the charge encircles the 
solenoid. The change in phase is equal to the chanke q 
divided by Planck's reduced constant times the flux for a 
solenoid of radius r=R 
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Solving for the magnetic flux density field threading the 
‘wormhole 


2h 
oe 


‘The differential equation becomes 


Equating this Br field 
€{2] constant 


th the B field and solving for the 


j= 2H-Bg ech 


Substituting for C{2}, the C[1] constant drops out and 
therefore the wormhole magnetic flux density field becomes, 
‘2 constant inside the throat radius R. 
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but the divergence moving from outside to inside the radius 
is a constant due to the discontinuity 


[0011] Reterring o FIG. 9, the wormhole has a constant 
<ylindsically-shaped magnetic field of radius R with a nega 

south pole due to the negative charge on the electron, 
Using a wormbole radius equal to one hundred times the 
clectron radius with n equal fo 10 tums the magnetic fax 
density B field has @ magnitude of 14%10° tesa, 


[0012] Referring to FIG. 10, the wormhole surface (14) is 
fa connection through a throat area (20) between space and 
hyperspace (13) to another surface in hyperspace (1S). The 
clectron path (19) is actualy spiraling down the surface of 
the wormhole. ‘The magnetic fhux density Field (18) points 
into the wormbole such thatthe eoss product of the electron 
velocity (16) with the feld (vx) points towaed the outside 
rim of the wormhole. Because the electron has a nega 
charge, the foree (17) on the electron (-g vB) is inward 
toward the centerline of the wormhole. Since one pole ofthe 
field isin space, and the other pole is in hyperspace, the 
‘Womnbole appears tous as a magnetic monopole, The key to 
this invention is how to generate this magnetic wormhole 
field 


[0013] Referring to FIG. 11, the aluminum spacecraft is 
constructed of a flattened, shallow spherical lower hull (21), 
a cireular upper hull with a flat sloping surface (22), a 
spherical dome cupola (23), and a cylindrical section (24) 
housing a circular array of radial microwave wavegui 
Surfaces (22) and (23) are electrically charged, using 
‘voltage transformers, to an altemating electrostatic potential 
such that the potential on the dome is +V when the sloping 
hull has a =V_ potential and vice versa. This creates an 
electric field fiom the positively charged surface to the 
negatively charged surface. 

[0014] Referring to FIG. 12, the dome (28) is charged to 
4 positive potential. The spherical potential lines (26) ema- 
nate from the dome and curve around toward the sloping 
hull. The negative gradient of this potential field is the 
electric F field (27) which is perpendicular to the potential 
lines. The electric field lines from the dome then terminate 
‘on the sloping hull which can be seen in the lower right hand. 
‘comer of the graph. 


[0015] Looking down from above at the top of the dome, 
referring to PIG. 13, the oscillating electric field generates 
2 circular oscillating magnetic field around the hull at 
various elevations, The last two graphs in the right-hand 
‘comer are near the top of the dome as seen by the smaller 
radius contour lines. 


[0016] Referring to FIG. 14, the oscillating eleotic field 
Tines (28) are between the dome and the sloping bull. The 
oscillating magnetic field (29) encircles the hull atthe level 
of the microwave waveguides. 


[0017] From gravitation physics, its known that negative 
‘energy is required to open up the throat of the wormbole. In 
terms of differential forms mathematics, the negative energy 
is created by wedging the magnetic field with the radial 


Damage to eyes, 


such as Gilliland and Luckenbach (1993), deny it. Once 
again, there are horly contested viewpoints in the position 
taken by different doctors over the aetiology of various 
lesions in child abuse, both by clinicians and pathologists. 

‘They are also, of course, often secondary co raised intracra- 
nial pressure from head injures, rather than due to primary 
direct violence. During life, these can be diagnosed by oph- 
thalmoscopy, but at autopsy they must be sought by dissec- 
tion. As disfigurement of the body of a child must be 
avoided wherever possible, examination for eye lesions may 
be achieved either by enucleation and replacement with 
glass prostheses ~ or by opening the orbits from the anter- 
jor cranial fossae and removing the posterior two-thirds of 
the globes. 

Injury to the external ear is frequent, as abuse of a child 
is ofien directed at the obvious targets, such as face, head, 
arms, buttocks and ears. The pinnae may be bruised or 
even laceraced, usually by an open-handed slap. Damage to 
the internal ear from heavy impacts on the head may be 
diagnosed clinically, though often in retrospect from later 
deafness. At autopsy, damage to such minute structures is 
rarely visible, though sometimes haemorthage into the 
petrous temporal bone may be found when routinely exam- 
ining this area for middle-ear sepsis. 

Injury to the lips and mouth is so common as to be one 
of the prime diagnostic signs of the bartered child. Infants 


Ficune 22.10 Bruising ofthe lipe child abuse caused by 
macking in the mouth, When the child ir old enough to have teeth, 


lacerations may accur inside the lps, The fremulum behind the 
midline ofthe upper lip (nat shown) was ruptured inthis child, a 
trong pointer ta a blow across the upper lip. 


ears and mouth 


and older children are commonly slapped across the mouth, 
the swipe usually having a tangential component that 
moves the tissues laterally. This causes the mast reliable 
indicator of child abuse, the torn frenulum (or ‘frenum’) 
beneath the upper lip. ‘This small median band of mucosa 
thar joins the upper gum to the upper lip is ripped as the 
lip is jerked sideways, and is virtually pathognomonic of 
battering. ‘The other possible cause of a ruptured feenulum 
is the forcible entry of a feeding bortle teat into the mouth 
ofa reluctant infant. Instead of entering between the gums, 
the teat is rammed up between the gum and lip, causing a 
tear. The lesion heals rapidly, as do all injuries in the mouth 
and, within a few days, nothing may be seen except perhaps 
loose mucosal tag or an absent frenulum, or both, 

Damage to the lips themselves is common, the type of 
injury varying somewhat according to whether or nor the 
child is old enough to have teeth. In any event, bruising, 
swelling, abrasion and sometimes external laceration may 
be seen. The inner mucosal aspect of the lips may be bruised 
even if the child has no teeth and, ifthe blow is hard enough, 
laceration can occur. This is far more likely to happen if the 
lips are forced against the teeth, especially the cutting edge 
of the incisors 

‘The teeth themselves may be damaged, especially in 
‘older children. Total avulsion from the sockets, loosening 
and breakage may occur. In small infants, developing teeth 
may be forced back into the sockets, like pegs into holes. 
Expert dental advice should be sought wherever possible 
when injuries to reeth and jaws are found, both in live children 
and at autopsy. 


FicuRe 22.11 Tearing ofthe fremulum of the upper li 


ofa child, a 


clastcal injury from a tangential slap across the mouth. 
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BURNS IN CHILD ABUSE 


Unfortunately, thermal injuries are by no means uncom- 
mon in abused infants. ‘These may be moist scalds, dry 
burns or, exceptionally, electrical injuries. 

Scalds result from dipping in hor fluid and often involve 
over-hor bath water. The line between accident and abuse 
may be blurred in some cases, but it can occur as a form of 
chastisement. In one case, a child was deliberately held in 
water ar over 80°C as a punishment for persistently com- 
plaining about being cold. Other scalds may be from boiling 
water from a kettle or saucepan deliberately being poured 
cover the child, 

Dry burns can be inflicted in innumerable ways as a delib- 
erate and sadistic act. Children have been forcibly sat on elec- 
tric cooking rings and horplates, branded with hot shovels 
and electric soldering-irons, or pressed against the bars of a 
fire. A particular type of burn seen relatively often in abused 
children is never the cause of death but may be found inci- 
dentally, This isthe cigarette burn, seen most often on skin 
not normally covered by clothing, such as the hands, arms, 
neck and head. Such burns are usually circular, but nor 
always: if the cigarette has been held obliquely against the 
skin, the mark may be triangular. ‘The regular shape and size 
usually indicate the narure of the burn, though some skin 
diseases may simulate an old burn, such as a small patch of 
impetigo. Fresh cigarette burns are red, sometimes with a 
narrow rim of a deeper red, When healing, they become pink 
and later have a silvery sheen on the surface 


BITE MARKS IN CHILD ABUSE 


Most bites on the skin surface are seen either in sexual 
offences or in child abuse. In the author's own experience, 
all bitten infants have had these inflicted by the mother, 
though published reports indicate that both male and 
female guardians can bite theit infant charges. The topic is 
discussed in more detail in Chapter 26, but as they are rela- 
tively common in child abuse, a summary is repeated here. 

Bites may be seen anywhere on the child’s body. The arms, 
back of the hands, cheeks, shoulders, buttocks and abdomen 
are favoured sites. A bite mark usually consists of two oppos- 
ing semicircles, which may be incomplete, Individual teeth 
marks may be visible or the dental arch may be represented 
by a continuous line. The mark is either an abrasion or a 
bruise, or a combination of both. There may be confluent 
petechiae in the centre caused by suction, but this is much 
‘more common in sexual assaults~ che so-called ‘love bite. In 
child abuse, the centre is more often undamaged. ‘The size 
of the dental arch should be carefully measured to determine 
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FiGURE 22.12 Bite mark on bay arm in a cae of child abuse 
‘The culprit wie the mother The teeth marks are deficient over one 


quadrant, the gap on the otber side being smaller than usual 


whether it was formed by an adult, another child or even an 
animal, as is sometimes alleged in defence. 

In older children, the possibility of self-biting must be 
bore in mind ~ the author has seen multiple selbites all 
the way up one arm in a young person. 

‘As with all dental matters, the advice of a dentist experi- 
enced in forensic problems is highly desirable. Nor only can 
he confirm or exclude doubtful lesions, bur he can identify 
individual teeth marks, make casts of any residual impression 
in the skin and take swabs for saliva identification, He can 
also examine any suspects to compare their dentition with the 
marks ~a common excuse of the parents is that another child 
oor even the family dog caused the bite. If no forensic odon- 
tologist is available, however, the pathologist must make the 
best examination possible and details are given in Chapter 26. 


OTHER INJURIES IN CHILD ABUSE 


A variety of injuries, some bizarre and sadistic, oceur from 
time to time in battered children. The hair may be pulled 
‘out in clumps (epilation), leaving pseudoalopecia on the 


The autopsy in child abuse 


scalp. Fingers may be broken by hyperextension and finger- 
tips crushed by blows or other means. Pacterned marks 
from straps and ropes may be seen on the skin, usually on 
buttocks, thighs and abdomen. ‘Pinch’ or ‘tweaking’ marks 
are not uncommon, made by the skin being nipped 
between adult fingernails. ‘These appear as two small 
opposing semi-circular or triangular bruises, often with a 
clear zone beeween them, 


THE AUTOPSY IN CHILD ABUSE 


This follows the usual routine for any forensic autopsy, 
bur certain additional matters must be given close attention. 
Because of the emotive nature of child abuse, especially 
where a fatality is concerned, the pathologist must pay 
meticulous attention to all aspects of his examination and 
report. A full description of the auropsy in child abuse may 
be found in the chapter by Knight in Paediatric Forensic 


FicunE 22.13 A child with mumerous 
Irises om the body totalling 80 on the 
face, neck, abdomen, back and legs 

The male aduls in the house claimed that 
she had ‘lipped while being bathed’ 

At autopsy, there was a massive 
Inaemoperitoneuna arising from multiple 


ruptures of the meienter 


Pathology (Kaight 1989). ‘The following matters must be 
borne in mind: 


“The scene should be visited wherever possible, though 
usually che child will already have been removed, 
usually to a hospital accident department, Even a 
retrospective visit can be helpful, however, to assess 
such matters as the nature of the floor and its coverings, 
where falls are alleged, the height of settees and chairs, 
and the general size and space between walls, doors and 
furniture, as claims of colliding with household 
structures are a constant line of defence ~and may well 
be true in some instances 

‘The child should be examined in its original clothing 
where possible. 

‘The appearances before washing and other cosmetic 
‘manoeuvres should be recorded; when children die in 


hospital accident departments, such compassionate acts 
‘may remove useful evidence, and the balance between 
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sympathy and justice can sometimes be hard to 
reconcile. 

Careful enquiries should be made about any 
resuscitatory attempts, as these can introduce a number 
of artefacts 

‘Where any suspicion of abuse is present, a Full 
radiological skeletal survey should be carried out before 
the autopsy is begun, 

Full physical measurements must be made including 
weight, crown-heel length, crown-rump length, foot 
lengeh and head diameter. 

‘A meticulous external examination must be made, 
covering every squiare centimetre of the body, including 
all body orifices. The interior of the mouth and lips 
must be searched. 

A fall photographic record must be made of any 
abnormality discovered. Where bruising is suspected, 
bur not definitely apparent, the use of both infrared- 
and ultraviolet-sensitive film has been advocated, 
though experience is requited in theie interpretation, as 
artefacts are common. 

Extensive dissection of subcutaneous tissues is required 
wherever bruising is seen or suspected. Incisions must 
be made into doubrful areas or the skin flayed away to 
reach such areas, if disfigurement is o be avoided. 

Full sampling of blood, urine, stomach contents, liver, 
ocular luid and cerebrospinal fluid must be taken, 
according to the circumstances, It is best to be liberal 
with the range of samples ~ it is easy to discard 
unwanted samples, bur difficult or impossible to obrain 
them ata later date. 

‘Where appropriate, skin samples for fibroblast culeure 
and swabs for microbiological culture are taken. Blood 
samples for grouping and other blood characteristics 
‘may be needed and a sufficient amount for DNA 
testing. 

Bite marks may need to be swabbed for saliva and casts 
made of tooth indentations. ‘The cooperation of a 
forensic odontologist is then vital (see Chapter 26). 

A fall internal dissection of all organs is required, with 
full sampling for histological purposes. Further 
radiographs may need co be taken on isolated bones or 
‘on the chest cage. The latter can be removed entirely by 
careful dissection if multiple rib fractures are present. 
X-rays can then he taken of the detached thoracic cage 
free of soft issue and further histological blocks raken 
for decalcification in an attempr to date the lesions. 

I there is obvious or suspected brain damage, the 
should be removed carefully and suspended in formalin 
until firmly fixed. On no account should ‘wer cutting’ 
oedema is 


take place if intracranial damage or cerebs 
present, 


The globes of both eyes should be removed for 
histological examination: they can be taken entire and 
false eyes replaced for cosmetic purposes — or the 
posterior three-quarters of the globes can be removed 
via a superior approach through the base of the 
anterior fossa 
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In most jurisdictions, deaths that occur during or within a 
short time afier surgical operation, invasive diagnostic proce- 
dure or an anaesthetic, become the subject of a medicolegal 
investigation. Similarly, any death thought to be caused or 
contributed 10, by any of these procedures ~ irrespective of 
the interval ~ may be enquired into if the medical artendants 
or the relatives consider that a causal relationship exists. To 
be effective such investigations must include an autopsy, and 
the pathologist involved in these has a difficult and often 
professionally sensitive task, 

‘The pathologist should, wherever possible, he independent 
ofthe institution in which either the death occurred or which 
carried out the procedure. ‘This is partly why the services of 
a forensic pathologist should be retained by the investigating 
authority, eather than a clinical or histopathologist belonging 
to the hospital, or associated institution. Itis importanc that a 
separation should exist ~ and be seen to exist ~ between the 
loyalties of these two elements, nor because there is any sub- 
stantial likelihood of collusion, but because the public and 
private interes is best served by displaying the independence 
Of the pathologist. In addition, there may be professional 
embarrassment when a close colleague of a surgeon or anaes- 
thetis is placed in a potentially critical position within the 


It is also sometimes useful to have the technical advice 
and expert opinion of an independent clinical consultant 
who is unconnected with the hospital, and who is nor a 
colleague of the team involved in incident. 


THE AUTOPSY ON DEATHS 
ASSOCIATED WITH SURGERY 
AND ANAESTHESIA 


A number of difficulties exis, that are peculiar to this type 
of death, The following matters need particular attention: 


The morphological findings, especially in so-called 
‘anaesthetic deaths’, may be minimal or even absent so, 
more than in any other type of case, expert advice and 
full clinical information are essential, 

Technically the autopsy on a post-operative death may 


be difficult asa result of che surgical intervention and 
its sequelae, especially in abdominal and thoracic 
procedures. Exudate, sepsis, adhesions, haemorrhage, 
oedema and distortion of the normal anatomy may 
make the dissection difficult, especially ifthe details of 
the surgical procedure are not fully known. Post- 
mortem changes can further complicate the 
appearances: for example, recent suture lines in the 
Intestine or stomach may appear to be leaking, but this 
may be caused by autolysis, and even handling the 
tissues ar autopsy may tear devitalized and autolytic 
structures even further. 

ll Numerous surgical and anaesthetic devices may have 
been introduced into the patient during the procedure, 
such as airways, endotracheal tubes, indwelling needles, 
intravascular cannulae, self-retaining catheters, wound, 
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drains, chest cubes, monitoring electrodes, and metal or 
plastic prostheses. It is essential thar none of these be 
removed before autopsy, as their proper placement and 
patency may need to be checked. Standing orders 
should be issued to hospitals within the jurisdiction of 
any coroner or medical examiner to the effect that no 
post-mortem interference with the body be made by 
members of the medical, nursing, technical or 
portering staf, as it has happened in the past that the 
single vital piece of evidence about some technical 
mishap has been discarded by some well-meaning. 
person. 

& Before any further disturbance of the body is made (For 
instance, by turning it over to look at the back) and 
certainly before a knife is picked up, the position of any 
endotracheal tube that may remain after anaesthesia 
must be checked. Ifthe clinical information raises any 
doubt whatsoever about its malposition, then a pre- 
autopsy radiograph should be obtained, both 
anteroposterior and lateral 

Oesophageal intubation is notall that uncommon in 
anaesthetic mishaps and should be investigated 
careflly. The tube may be palpable through the skin if 
properly in the trachea — if there is doubr, a small 
primary incision in the midline of the neck with a 
further careful cut into the trachea can resolve the 
matter, Sometimes the intubation has been into the 
oesophagus, then been rectified after the damage has 
been done. Here the pathologist may find a ring of 
oedematous oesophageal mucosa still present ata level 
equal to that of the cube in the trachea, When nitrous 
oxide or other anaesthetic gas has previously been 
passed down a tube in the oesophagus there may be 


FIGURE 23.1 Aort-oesaphageal fistula (arrow) due to ruptured 


anastomosis casing fatal haematemesis 18 day after replacement of 
the chonacic aor with a prosthesis 
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distension of the stomach and intestines, A sample of 
the contained gas may reveal che agent on analysis. 

© The hospital laboratory should be requested to retain any 
ante-mortem blood or body-fluid samples sent ro them 
so thar they remain available for analytical checks, such 
as blood grouping in transfusion mishaps, or creatine 
phosphokinase activity in malignant hyperthermia 

1 Even more chan usual, the fullest information is needed 
before beginning the autopsy. The patient's notes are 
essential, together with any other relevant information, 
Sometimes the nursing records may be more helpful 


Figune 23.2. Gue serangularedshrowgh the handle of frceps ef in 
the abdomen during surgery and detected during an unrelated 
autopsy sx weeks later for preumocontassasessment. 


FiGURE 23.3 Bronchial obstruction by the cover ofa ballpoint pen, 


sued by a midwife to hold down the tongue ofa pregnant worvan, 
who died days after childbirth frm pnetmonia 


23: Deaths associated with surgical procedures 


than the medical notes, as they are frequently more 
detailed and recorded at shorter intervals. 

Equally important is the attendance of clinicians at 
the autopsy. Indeed, in deaths associated with 
anaesthesia, cis is usually more useful than the post- 
mortem dissection, which frequently reveals litle or no 
morphological evidence. Sadly, attendance at autopsies 
has declined markedly in recent years, as have requests 
for clinical autopsies, bur every effort should be made 
to secure the presence of someone who knows the 
circumstances of the case well and who can point out 
to the pathologist che procedures that were carried out. 
A discussion across the autopsy table is of paramount 
importance and it is of litte use ifa junior doctor is 
delegated to attend, especially ifhe confesses to 
knowing litle or nothing about the patient. 

Especially in anaesthetic-related deaths, this dialogue 
with a clinician —in this ease, the anaesthetist ~ may 
provide virtually all the data upon which to base a 
cause of death, Discussion between pathologist, 
surgeon and anaesthetist may arrive at an amicable 
conclusion that will be the best consensus of opinion to 
offer the investigating authority in cases where a bare 
autopsy might reveal little or nothing upon which to 
base any interpretation of the fatal processes 

BE During the autopsy, care must be taken to detect any 
surgical emphysema, pneumothorax or air embolism. 
‘When surgical operations have been conducted with 
the patient in the sitting position, as in posterior fossa 
neurosurgery or some thyroidectomies, the possibility 
of air aspiration into open veins or venous sinuses 
always exists, 

‘Where infusion or transfusion mishaps may be a 
possibility, especially where gas pressure has been used 
to hasten the infusion rate, the possibility of aie 
embolism must always be borne in mind, 


THE MODE AND CAUSE OF 
DEATH AFTER SURGERY 
AND ANAESTHESIA 


"The rather loose terms ‘operative deaths’ and ‘anaesthetic 
deaths’ are usually inaccurate descriptions. When used with- 
‘our due consideration, they may lead to medico-legal enquiries 
and even civil litigation, which is no justified by the actual 

Fatalities associated with surgical intervention or invasive 
diagnostic procedures can be separated into several categories: 


IH those directly caused by the disease or injury for which 
the operation or anaesthetic was being carried out 


IH those caused by a disease or abnormality other than 
that for which the procedure was being carried out 

IH those resulting from a mishap during, or a 
complication of, the surgical or diagnostic procedure 

IH chose resulting fiom a mishap during, or a 
complication of, the anaesthetic being administered. 


‘These groups must be considered in more detail 


Deaths directly caused by disease or 
injury for which surgery is performed 


Many deaths during a surgical or diagnostic procedure or 
an anaesthetic are caused by the disease process or injury 
for which the procedure was being performed, ‘The death 
may be virtually inevitable in some ‘heroic’ operations 
where urgent intervention is the only hope of saving lif 
Presumably there must have been some chance of success 
or even palliation, otherwise the intervention would not 
have been justified, bur the decision not to operate may be 
difficult. When death occurs from the effects of such dis- 
case oF injury, some medico-legal systems will certify the 
original condition as the cause of death and omit any refer- 
ence to the intervention, 

The American Society of Anesthesiologists have a classi- 
fication system for deaths during surgical procedures, as 
follows: 


ASA 1: those with no serious disease 

ASA 2: those who may have a serious disease, but have 
no limitations on their activities 

HL ASA 3: those with serious disease and some limitation 
of their activities 

ASA 4: those with a serious disease that isa constant 
threat to their health and that limits their activities 

HL ASA 5: those with such serious disease chat their death 
can be expected within 24 hours, with or without 


‘The Society recommended that classes 1-3 require full 
investigation, as they were expected to survive; those in 
class 4 that were elective and not emergency procedures, 
with no expectation of death, are also included. The gen- 
eral principle is chat unexpected deaths are investigated, 
though in the British coroner and Procurator Fiscal sys- 
tem there are no exceptions to such investigations, once 
reported by doctors to the appropriate legal authority 
Pathologists in some jurisdictions have problems in the 
nomenclature of certification following an autopsy. The 
strict test to be applied should be: ‘Would death have 
occurred when ic did, ifthe operation had not taken place?” 
Sometimes this is impossible to answer and the balance of 
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microwave beams of the waveguides, This generates an 
increasing time rate of change of negative energy p as shown 
by 


Base + Eri) 


where (*) is the Hodge Star operator, (d) the differential 
‘operator andl (") the wedge operator which joins the circular 
magnetic flax density B field with the electromagnetic wave 


Barwer Fave) 


[0018] | Referring to FIG. 15, the interaction of the circular 
magnetic field (33), generated by the oscillating electric field 
(G4), interacts with the radial electromagnetic field of the 
microwave beams (31) of the waveguides (30) to generate 
negative energy (32) over the sloping hull (35). 


[0019] ‘This combination of fields also creates the worm- 
hole field over the hull. The spacetime curvature pressure T 
in the vertical z-direction is equal t0 the square of the 
circular magnetic flux density field 


Ie 


‘This siress-energy-momentum tensor can be thought of as a 
spacetime curvature proportional tothe inverse of the radius 
squared, or as a pressure term which acts on the surface area 
‘of the hull, Thus there is the combination of a pressure stress 
‘and negative energy which creates the wormhole field over 
the sloping bull, Even though the magnetic flux density B 
field is oscillating, it is the square of the field which creates 
the stress. Thus the tension is still in the positive vertical 
z-direction, 

[0020] Due to the low speed of light of hyperspace, the 
hyperspace energy is low density, Thus there is a positive 
gravitational potential between hyperspace and our dimen- 
sion such that the hyperspace energy flows through the 
‘wormboles and onto the hull of the spacecraft. When this 
happens, a white mist forms over the hull. The effect of the 
hyperspace energy is to lessen the mass of the spacecraft, 
and relativistically increase the strength of the electromag 
netic fields due to the smaller speed of light 


[021] Referring to FIG. 16, the circular magnetic flux 
‘density field (36) is interacting with the magnetic monopole 
(37), The monopole acts as one pole of a magnet and 
therefore has a magnetic moment equal to the area times the 
‘electrical current circulating through it as the electrons move 
from our dimension into hyperspace. The great physic’ 
Maxwell (1870) pointed out that the eneray associated with 
‘charges and poles is potential energy and that therefore these 
‘objects tend to move in a direction that will decrease the 
potential energy, similar to a brick sliding down an inclined 
plane. Now to reduce the potential energy is the same as to 
reduce the field which gives a measure of the potential 
‘energy. If two like charges are brought together they 
strengthen one another's field, while opposite charges 
reduce one another's field, Thus like charges repel and 
unlike ones attract 
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[0022] However, the enengy associated with electric cur- 
rents is not potential but kinetic in origin, because it is 
associated with moving charges. Now in mechanies itis well, 
known that bodies move in a direction to increase their 
netic energy, if there is a source of extemal energy. The 
‘magnetic field of currents is a measure of kinetic energy and 
currents will try to move in a direction that will increase the 
field. Thus similarly-directed currents attract and unlike 
currents repel. In FIG. 16, the monopole will act $0 as t0 
increase the field of the circular magnetic B field generated 
by the spacecraft. The monopole will then rotate into align- 
‘ment with the fax tube. This increases the field strength of 
the flux tube. There isa torque t on the monopole equal to 
the cross product of the magnetic moment with the B field 


se 
[0023] Referring to FIG. 17, when the monopole is 
aligned with the flux tube, the eross product is zero and there 
is zero torque on the monopole. Notice that even if the 
oscillating B field points in the opposite direction, there is 
still zero torgue since the torque depends on the sine of the 
angle between them, The sin(0") or sin(180°) is the same 
zero value, With the monopole aligned with the fix tube, the 
kinetic energy is now maximized. That is, both the flux tube 
and the monopole point in the O-direction. 


[0024] ‘The magnetic B field can be represented as.a vector 
hhaving three components. The only component is in the 
angular direction 

Bo(B By B.3=(0, Be). 0} 
‘where the field varies, as was seen in FIG. 13, inthe vertical 
zdlirection, The magnetic monopole field also points in the 


lvl.) 

where there is a negative gradient of the monopole field in 
the zdirection due 10 the location of the microwave 
‘waveguides near the sloping hull. 


[0025] ‘The force F on the monopole is the gradient of the 
‘monopole’s magnetic moment yt with the magnetic flux 
density B field 


Foe, 0p Bul *Be te) 

which says that there is a fore on the monopole in the 
‘zlirection equal to the magnetic moment times the gradient 
‘of the magnetic field in the z-direction plus the magnetic 
field times the gradient of the magnetic moment in the 
‘zairection 


[0026] Referring to FIG. 18. differentiating the magnetic 
field in the z-direction shows that the gradient is negative 
‘outside the hull. This ean also be seen visually in FIG. 13 
‘where the graphs decrease in intensity. 


[0027] A negative gradient for both the magnetic moment 
fand the field means that the force on the monopole is 
negative. The force on the tube connected to the hull is 
therefore the negative of a negative, yielding. positive lift 
force, 
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‘which says there is an upward lift force on the hull due to the 
combination magnetic monopole and flux tube, This lift 


The mode and cause of death after surgery and anaesthesia 


probabilities may be evenly poised. Ifa patient has a leak- 
ing aortic aneurysm, which catastrophically ruptures whilst 
the surgeon is still making his skin incision, most would 
agece that the original disease process was the primary cause 
of death. Even here, however, it may be argued that the 
added disturbance of preparation and anaesthesia con- 
tributed something to a possible slight rise in blood pres- 
sure that further split the aneurysm wall. 

‘Where a person dies of a pulmonary embolus 7 days 
after an elective gastrectomy for peptic ulcer, the connec- 
tion beeween the operation and the death can hardly be 
denied, even though in up to a fifth of fatal pulmonary 
embolisms, depending on the study, no predisposing fac- 
tors have been found (see Chapter 13). 

‘When both trauma and surgical operation have taken 
place, then it can be impossible to separate the relative 
contributions of each to a death. A common example would 
be death a few days after the pinning of a fractured neck or 
femur in an old person. A fatal bronchopneumonia, pul- 
monary embolism or acute cardiac failure might all be 
caused either by the original trauma, by the stress of oper- 
ation or by the subsequent immobilization in bed. 


Death due to a disease or disability 
other than that for which surgery is 
performed 


Where death is due to a disease or disability other than that 
for which the operation was performed, a distinction has to 
be drawn between those conditions thar were known before 
the operation and those which were unsuspected. 

‘When some disease is known beforehand, it must be 
evaluated in deciding whether or not the operative pro- 
cedure is justified. For example, a patient with a non- 
obstructing hernia who has chronic obstructive airways 
disease might be thought to be too poor a risk for an elect- 
ive, prophylactic operation. If that same patient's hernia 
becomes strangulated and he develops potentially fatal 
intestinal obstruction, however, the risk:benefit ratio dra- 
matically changes and the danger of a perioperative death 
may have to be accepted, Naturally, operative and anaes- 
thetic techniques may have to be modified to take account 
of the known adverse conditions. 

It is different when an occult disease process is nor 
suspected by the clinicians, It may be that they had no 
diagnostic means of appreciating the risk ~ such as an 
unsuspected phaeochromocytoma ~ but a medico-legal 
problem can arise if they rook no reasonable precautions in 
detecting common risk factors, such as hypertension, lung 
disease or ischaemic heart disease, which in retrospect 
could have been diagnosed, 


Death as a result of failure of surgical 
technique 


Exceptionally, death is che result of a failure of surgical tech- 
nique. This may be inadvertent, from a true ‘accident, some- 
times caused by unusually difficule operative circumstances, 
to anatomical abnormalities or even failure of equipment. 
‘When it is the result of error or incompetence, then a legal 
action for negligence may ensue and the pathologist must be 
even more meticulous than usual in producing a detailed, 
‘objective and impartial report. In all these cases, the presence 
of the surgeon is essential, so that agreement can be reached 
‘on what actually was found at autopsy. 


ath 
Ficune 23.4 Calefcasion of myocardium and vascular 
endosheliurs (arrow) due to postoperative rhabdomyolytic 
myoglobinuria and acute renal failure after reconstructive hand 
surgery and the interruption of blood circulation ta the 
corresponding arm for the time ofa nerve reconstruction. (Von 
Kossa staining, original magnification X 100.) 


FiGURE23.5 Lmmunabistachemizldemansraion of myoglobin inthe 
renal ubuli with An Hunan Myoglobin (Dakopats a, Denmark) 
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23: Deaths associated with surgical procedures 


When a failure of equipment may be responsible, chen 
expert examination and advice is essential, Anaesthetic 
machines, gas supply, compatibility of connections and all 
the sophisticated hardware of operating theatres must be 
subjected to the most rigorous inspection if a malfunction 
is suspected, This is no part of the pathologist's concern 
but, ashe is responsible for the eventual decision abour the 
cause of death, any conclusions about an equipment failure 
must be communicated to him. 


Deaths due to anaesthetic administration 


‘The foregoing categories account for mast perioperative 
deaths and fatalities following surgery, even if delayed. True 
‘anaesthetic deaths’ are comparatively rare, but have such 
potential medicolegal importance that they must be dis- 
cussed in more detail, 


DEATHS ASSOCIATED WITH, 
ANAESTHESIA 


Even more than is the case with surgeons, any autopsy on 
an anaesthetic-related death must be a cooperative process 
with the anaesthetist. Not only are the objective autopsy 
findings in true anaesthetic deaths meagre or absent, but 
the pathologists training and experience of the complex 
techniques of modern anaesthesia is insufficient for him to 
appreciate, analyse and criticise constructively withour the 
expert knowledge of the anaesthetist. 

Most anaesthetic-related deaths are not caused by the 
anaesthetic agent itself, but due to other aspects of the pro- 
cedure. Patients have anaesthetics because they have some 
significant — often very serious ~ disease or injury and, as has 
already been discussed, itis more likely chat the fatality was 
the result of these or of some co-existent condition rather 
There is a tendency on the part of 
relatives ~ and sometimes their lawyers ~ to assume that 
because someone died ‘under’ an anaesthetic, then this must 


than the anaestheti 


be the major or even sole factor in the death because it was 
so closely related in time. 

‘When factors other than anaesthesia can be excluded, 
certain features can be identified, A survey was conducted 
by Lunn and Mushin (1982) for the Association of Anaes- 
thetists, This indicated that, although 1 in every 166 patients 
died within 6 days ofa surgical operation, only 1 in 10000 
die solely as a consequence of the anaesthetic. Anaesthesia 
contributed co (but not totally caused) the death of 1 
in every 1700 patients, many of these deaths being poten- 
tially avoidable, 


The survey also showed that che causes have not changed 
significantly during the last 30 years, in spite of marked 
changes in anaesthetic technology and that anaesthesia may 
contribute to deaths that occur more chan 24 hours after 
the administration, Many patients suffer ftom intercurrent 
disease unrelated co their surgical condition, but the in 
cations for the anaesthetist are all too ofien ignored. The 
major causes of true anaesthetic fatalities include inexperi- 
enced and insufficiently supervised junior staff. Allowing 
periods of hypoxia to occur appears to be one of the com- 
‘mon faults leading to a fatal outcome. 

‘As far as the pathologist is concerned, the survey com- 
plained that the auropsy is of limited value in investigating 
the death, All too often irrelevant findings are offered, such 
as ‘bronchitis. Ischaemic heart disease was recorded in 
39 per cent of the series. Ie was emphasized that the investiga- 
tion of such deaths cannot be the sole province ofthe patholo- 
ist, bur must rely heavily upon clinical data and cooperation 
with other doctors. Earlier investigations indicated that acute 
cardiovascular failure was the most common cause of unex- 
pected death during anaesthesia. Lahey and Ruzicka in 1950 
measured the risk of death during anaesthesia as about 
1/1000, from all causes, Cardiac arrest was the most com- 
mon single mode of death, being seen on average once or 
twice a year in most busy operating suites even under the 
‘most careful surgical and anaesthetic regimens, The autopsy 
js usually unhelpful in determining the cause, if coronary 
insufficiency can be excluded. Most cardiac arrest occurs 
under relative light anaesthesia and thus tends to occur at 
either the star or finish of the surgical procedure. 

Reid and Brace (1940) showed that the arrest is mainly 
neurogenic and that any irritation of the respiratory tract, 
such as laryngoscopy or intubation, may cause a lightly 
anaesthetized patient to have a cardiac arrest. Inexperienced 
anaesthetists may not keep the patient at a level of uncon- 
sciousness appropriate to the manipulations of the surgeon, 
as it has been shown that such procedures can also precipi- 
tate arrest during light anaesthesia. 

Hypoxia is also a potent precipitating factor in cardiac 
arrest. Deaths from respiratory fullure also occur, and hypoxia 
is again a prime example — either from faults in the apparatus 
‘or more commonly to inexperience of the anaesthetist, espe- 
cially in handling equipment with which he is not familiar. 
‘An overdose of the anaesthetic agent may depress the res- 
piratory centres and begin a descending spiral of hypoxia. 
Excessive premedication and the use of muscle paralysing 
agents may also predispose towards respiratory failure unless 
appropriate measures are taken, such as assisted respiration. 

Airway obstruction is another danger ~ from blood, 
teeth, dentures, faults in the connecting tubing, laryngeal 
spasm, swabs and an abnormal posture of the neck. Though 
regurgitation of gastric contents is real danger, the use of 
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Malignant hyperthermia 


Ficune 23.6 Birefingent material inthe aleoli due to contrast 
medium aspiration (bariuom sulphate) 


cuffed endotracheal rubes has greatly reduced the hazard. 
From the pathologist's point of view, the finding of gastric 
contents in the airways must be backed up by some clinical 
evidence of its ante-mortem origins, as a quarter of bodies 
have some gastric contents in some part of the ar passages at 
autopsy, mostly as a result of agonal or even post-mortem 
transfer that is a consequence of the dying process, not a 
cause (Chapter 14), 

Rarely, some physical fault in the anaesthetic equipment 
may cause death, Mention has been made of faults in the 
connecting tubing, which may be internal delamination, 
not visible from outside, Flow-meter errors occur, but a 
more common one is the confusion of bottled or piped gas 
supplies, and the inadvertent use of the wrong substance 
or the connection of an empty cylinder. Two such fatalities, 
where the wrong gas was introduced into the theatre piped 
supply, occurred in Hong Kong in recent years. 

Fires are not uncommon, the most frequent danger 
being the ignition of spirit-based skin antiseptics ignited by 
cautery. Any electrical apparatus is potentially dangerous, 
and defective cauteries, defibrillators and diathermy equip- 
ment have all caused death, 

Explosions from inflammable gases and vapours, such as 
cyclopropane and ether, have been catastrophic on occasions. 


Hazards of local and epidural anaesthesia 


Local anaesthetics rarely cause death, though the overall rate 
of complications is about 1/2000. Hypersensitivity and 
escape of contained adrenergic drugs form the major fatal 
hazards, Iis said chac most cases of ‘hypersensitivity’ are really 
overdosage, bur there are undoubtedly some patients who 
have an abnormal sensitivity to the cocaine-like active con- 
stituents, Legal actions have been brought against doctors for 


failure o give a test skin dose before injecting the major quan- 
tity. Diffusion away from the operative site of adrenaline-like 
substances used to vasoconstrict the area and thus retain the 
anaesthetic effect may cause a sudden cardiac arrest. 

Epidural and spinal anaesthesia has returned to favour, 
especially in obstetrics, after a period in which spinal injec- 
tion of anaesthetic agents fll into disrepute because of a 
number of lawsuits brought because of spinal cord damage 
asa result of contaminants or excessive dosage. 

‘The upwards diffusion of the active agents may cause 
paralysis, and the effect upon the vasomotor system may 
lead to a precipitous fall in blood pressure. ‘Total spinal 
anaesthesia from upward diffusion blocks all sympathetic 
efferent impulses so, if the concentration of the anaesthetic 
agent in the upper thoracic and cervical spinal fluid level is 
high enough, efferent transmission to all motor fibres of 
the respiratory muscles will be blocked. 

Epidural anaesthesia has now replaced intrathecal 
administration, bur even this has occasional tragedies, and 
is said to have a 1/10000 incidence of permanent nerve 
paralysis. This usually comes about either from an overdose 
‘or from puncture of the theca, instead of the anaesthetic 
solution remaining in the epidural space. In the rare autop- 
sies on such deaths, a sample of cerebrospinal fluid should 
be taken for analysis to ascertain the concentration of 
anaesthetic substance, An attempt should be made to find 
the puncture in the dura, which is easier said than done. IF 
lural catheter is still in place for continuous adminis- 


tration of the active agent, dye or Indian ink can be 
injected to see if it enters the subdural space. 


MALIGNANT HYPERTHERMIA 


‘This isa familial condition in which certain agents, includ- 
ing some anaesthetics and muscle relaxants, precipitace a 
metabolic change in skeletal muscle with the production of 
‘energy, and hence a rapid and sometimes fatal rise in tem- 
perature, The basic condition is an autosomal dominantly 
inherited trait associated with sudden uncoupling of oxida- 
tive phosphorylation, accompanied by massive energy pro- 
duction from the muscles with consequent overheating. 
‘When malignant hyperthermia is diagnosed, the family 
members should be investigated, preferably by muscle 
biopsy, to assess the risk of their suffering a similar crisis if 
subjected to anaesthesia, In 70 per cent of carriers, the creat- 
ine phosphokinase and aldolase activities are elevated, 
though the basic abnormality appears to be a defect in 
calcium transfer and phosphorylation within the muscle 
fibres. This is one reason why hospital laboratories should be 
asked to retain any pre-mortem blood samples, as the creat- 
ine phosphokinase activity can be estimated retrospectively. 
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23: Deaths asseclated with surgical procedures 


Suxamethonium and halogenated anaesthetic agents 
seem particularly prone to precipitate the condition. 
Halothane is one of the agents associated with malignant 
hyperthermia, either alone or in combination with suxam- 
ethonium, The condition occurs about once in every 10000 
anaesthetics, with various estimates ranging fom 1/5000 to 
1/70 000. There are virtually no autopsy features of any sig- 
nificance and the diagnosis is made on clinical grounds. The 
features of malignant hyperthermia include a sudden rise in 
temperature, sometimes reaching 43°C, with stiffening of 
the skeletal muscles, rapid heart rate and respiratory distress. 

Halothane anaesthesia has acquired the reputation for 
causing liver injury known as halothane hepatitis and, 
rarely, a fulminant hepatic filure. Its incidence varies 
berween 1/3500 and 1/600 000 and if halothane anaes- 
thesia is repeated within one month, 1/6000-1:220000. It 
isa typical example of immune-mediated adverse drug 
reactions. Other drugs used in anaesthesia are occasionally 
responsible for death, Barbiturates used in induction, such 
as thiopentone, may give rise to cardiorespiratory failure, 
often because the quantity used has been excess 
“Tiichlorethylene and atropine have been involved in fatal- 
ities, the usual mode being sudden circulatory failure. 


AUTOPSY PROCEDURE 


In most autopsies on deaths during anaesthesia, toxicological 
investigations are generally unrewarding, except where over- 
dose with specific drugs such as barbiturate or adrenaline is 
involved. It is usually impossible to make any quantitative 
assessment of the amount of volatile agents present, such as 
nitrous oxide, halothane or cyclopropane, even though some 
‘American writers advocate clamping a main bronchus and 
retaining a lung ina plastic —or preferably nylon —bag, so chat 
hhead-space gas can be analysed, Neither is it practical to try to 
prove hypoxia by post-mortem measurement of blood gases. 
Usually the Function of the autopsy is to discover or exclude 
natural disease, and mechanical blockages, as the pharmaco- 
logical aspects are usually beyond investigation. Even when it 
seems obvious that a surgical error has taken place, one should 
be careful and nor jump to conclusions nor let chis distract 
fiom a thorough investigation, A full cange of specimens for 
histological examination should be taken to exclude occult 
conditions such as a lymphoma or myocarditis, as well as to 
investigate the severity of the disease for which the surgical 
procedure was being performed. This includes aso the investi- 
gation of any surgical specimens taken during the operation 
and sent to the histopathologist. Histological examination of 
the brain (fixed before cutting wherever possible) must be 
carried out, Though most mishaps will have occurred 100 
quickly for much hope of any stigmata of cerebral hypoxia to 


be seen, changes can classically occur in Sommers area of the 
hippocampal gyrus. Pethaps an even better marker is the distal 
parts of the cerebellar folia, where pallor and rapid loss of 
Purkinje cells can be seen within a few hours 

The work of Plum (Plum and Posner 1984) is relevant in 
this respect, as he found morphological changes in the brains 
of victims of only slight hypoxic periods who survived for 
long periods after an anaesthetic. At autopsy he recorded dif- 
fuse, severe leucoencephalopathy of the cerebral hemispheres, 
with sparing of the immediate subcortical connecting fibres 
and — usually ~ of the brainstem. Demyelination and obliter- 
ation of axons was observed and sometimes infarction of the 
basal ganglia. ‘The cortical neurones were spared, however, 
and the damage appeared confined to the white matter. Plum 
attributed this damage to greater glycolysis in the white mat- 
ter during hypoxia, compared with the gr 

Some new immunohistochemical techniques have been 
used in animal experiment to demonstrate structures of the 
cytoskeleton, eg. in detecting ischaemic/hypoxic damage, 
Great caution must be exercised, however, when using these 
methods in autopsy material and it is therefore crucial to 
examine alterations occurring inthe cytoskeleton asa result of. 
post-mortem delay before conclusions can be drawn from the 
possible changes observed. Irving er al. (1997) investigated 
the post-mortem distribution of microrubule-associated pro- 
teins (MAP) in various regions of rar brain using immuno- 
histochemistry. ‘They showed that each MAP underwent 
unique changes thar were dependent both on post-mortem 
interval and the brain region examined. Following long post- 
mortem delays, some of the changes in these proteins were 
similar ro chose seen in rodent models of cerebral ischaemia. 
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Damage to the body from changes in external pressure usu- 
ally lies in the province of specialized occupational or 
armed services medicine, rather than that of the forensic 
pathologist. The major exception is recreational and sport- 
ing diving, using SCUBA (Gelf-contained underwater 
breathing apparatus) equipment. When death occurs in 
such circumstances, however, though criminality is rarely a 
factor, there is usually some form of official enquiry, be it 
quasi-judicial or an internal investigation. Civil suits for 
compensation may arise and in these circumstances a 
forensic pathologist may well become involved as the expert 
‘wimness providing the autopsy evidence. 

Injurious pressure effects are virtually always the result of 
decrease in atmospheric pressure from a previous level. ‘This 
can occur either from a decrease of high pressure to normal 
atmospheric pressure or a decrease from normal co low pres- 
sure. An example of the frst is the decompression of a diver 
ascending to the surface, while the second is seen in depres- 
surization of an aircraft at high altieude, The first i by far the 
‘most common as source of injury and death, mainly because 
of the great increase in recent years of diving activity associ- 
ated with che offshore oil industry, which in Briain now 
forms the most dangerous type of commercial employment. 

Dysbarism is a term thar covers all adverse effects of 
pressure, while barotrauma describes the mechanical dam- 
age from gas released into the tissues. 

In diving, each 10m depth of water increases the 
pressure on the body by one atmosphere ~ 101 kiloPascals 
(KPa) ~ so thar, in a non-rigid diving suit che air supply has 
to be provided ar the appropriate pressure relative to the 
working depth, ‘This depth depends on the equipment 
used and is limited by legal constraints ~ for example, in 
Britain, dives of more than 50 m (164 fe) are not permitted 
using 2 nitrogen/oxygen mixture, a gas such as helium 
being mandatory. Similarly, surface decompression is only 
allowed at less than this depth of 50 m (164 f). 
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When air is supplied at increased pressure, the contained 
nitrogen (and, to a much lesser extent, carbon dioxide) will 
progressively dissolve in the plasma and tissue fluids, the 
amount being governed by Henry's law (the solubility oF a gas 
in a liquid is proportional to its partial pressure). This itself 
can produce nitrogen narcosis, a state resembling drunken- 
ness in which orientation, judgement and rational behaviour 
‘may be diminished. This can occur at depths greater than 
30m, A more physical danger, however, is when a diver who 
has been at high pressure for long enough to have appreciable 
nitrogen dissolved in his tissues is returned too quickly to 
normal atmospheric pressure. The dissolved gas will then 
come out of solution, almost as champagne effervesces when 
the cork is released. Gas bubbles appear in the circulation, tis- 
sues and joint cavities, and can cause ‘decompression sickness 
with a wide range of clinical signs and symproms, 

Bubbles in the circulation can cause gas emboli chat 
block small vessels and give rise to infarction, especially 
in the central nervous system, such as the spinal cord. In 
addition, such bubbles can interfere with the coagulation 
system, causing plateler aggregation and disseminated 
intravascular coagulation, Subcutaneous emphysema can 
appear as a result of gas under the skin. 


PHYSICAL DAMAGE 


When sudden, or too rapid, decompression occurs, there 
may also be physical damage from volume changes. The 
gas in body cavities expands markedly as the diver rises 
and, unless these can be progressively vented to the exterior, 
pressure effects from the contained gas will occur, Such 
effects may develop in the paranasal sinuses, if blocked, 
and even in the teeth, ifsmall vacuoles of gas are trapped in 
the pulp cavities. The middle ear may also be involved and 
ruptures of the drum can occur. None of these lesions in 
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themselves is likely to be fatal, however, unless the pain and 
disability interfere with performance ~ then drowning is 
the usual cause of death. 

‘A more serious volume effect is in the thorax because, if 
the arin the lungs is not vented as the diver rises, the alveo- 
lar walls may be ruptured by the gas pressure. This leads to 
interstitial emphysema ~ air bursting through the respira- 
tory membranes into the interalveolat, interlobular and 
interlobar septa. Bullae may appear on the pleural surface 
and, if these rupture, a pneumothorax is formed. Air may 
reach the mediastinum and track up the tissues to appear in 
the neck. Apart from a disabling pneumothorax, air can 
break into the lung capillaries and veins with the danger of 
air embolism to the left side of the heart, as it cannot move 
back down the pulmonary arteries. The filling of the left 
atrium and ventricle interrupts cardiac pump function and, 
if che volume is sufficient, can be Fatal in itself 

Even though this does not occur in most cases of air 
entry, smaller volumes will be swept into the systemic arter- 
ial circulation and impact in the arterioles and capillaries 
of target organs, especially the myocardium, spinal cord and 
brain, causing microinfarcts, haemorthagic necrosis and 
loss of function of viral tissues. This pulmonary baro- 
trauma is not necessarily confined to deep diving, and may 
occur in onl 

Many incidents occur to sporting divers, rather than to 
professionals, in relatively shallow water, The SCUBA diver 
is now a ubiquitous user of the seas, especially in the 
warmer, clearer waters of many parts of the world. It is esti 
mated that there are about 80 000 recreational divers in the 
UK who complete more than two million dives each year. 
In 1987 there were 600000 dives, which produced 162 
incidents serious enough to be reported. OF these, 115 were 
of a ‘medical’ narure and included 8 deaths. There were 
6 instances of air embolism, 69 of decompression sickness, 
4 of hypothermia, 4 of nitrogen narcosis and 4 cases of ear 
damage. ‘The incidence of medical incidents was 1/5000 
dives, with I death in every 75 000 dives. 


‘or 3m of water. 


THE AUTOPSY IN DYSBARISM AND 
BAROTRAUMA DEATHS, 


Many of the vast quantity of reports on this subject deal 
with the clinical effects, Most deaths associated with diving 
are caused by drowning, chough dysbaric disablement may 
have caused or contributed to the drowning. The autopsy 
must be directed co investigating the drowning aspect 
(Chapter 16), and to excluding or confirming any evidence 
of dysbarism or barotrauma, 

“The autopsy should not begin until some expert advisers 
are present, including someone with derailed knowledge of 


the equipment. IF the victim has died in hospital or in a 
decompression chamber, then obviously much original 
information will be lost, as no fr situ examination of the 
suit and breathing apparatus is possible, In any event, as 
few forensic pathologists are likely to be expert in this spe- 
alized field, every effort should be made to have the attend- 
ance of a naval or commercial person who is an authority 
‘on the equipment being used at the time of the death. 

Ie has been recommended that the autopsy itself should 
be conducted in a decompression chamber in order to pre- 
vent the post-mortem dissipation of gas that must take 
place ifthe body is brought into atmospheric pressure. This 
is hardly likely to be a practical procedure except where the 
autopsy takes place under the aegis of armed-service or spe- 
alized commercial facilities, who have expert medical staff 
‘who are well versed in such procedures. 

However, it must be recognized that the very act of 
decompression is likely o allow bubbles to form within the 
body, even if they were not there when death took place. 
‘This is an insurmountable difficulty for the pathologist 
unless, as just mentioned, the autopsy itself can be per- 
formed under pressure. Thus the finding of gas in the ves- 
sels and tissues has to be interpreted in the knowledge that 
they may be an artefact; part of the differentiation is quan- 
titative, asa mass of froth distending the heart is unlikely co 
have accumulated post-mortem merely from the static fluid 
and tissues in the immediate vicinity, and is therefore more 
likely to have been brought there to form an ‘airlock’ by a 
vital circulation, 

The autopsy should nor begin — nor the body be 
undressed ~ until all necessary examination is made of the 
diving apparatus by an expert, Full photography at every 
stage, and radiology of the chest and major joints is essential 
before any dissection is artempted. It has been recommended 
that air samples should be taken by external lung puncture 
ng a greased syringe so thar chemical analysis can be per- 
formed to determine the oxygen:nitrogen ratio. This should 
only be performed under expert guidance. Externally, atten- 
tion should be paid to the skin colour, as hypothermia is 
sometimes an associated hazard of diving. Unfortunately, 
many bodies recovered from water have a bright pink colour 
that may be post-mortem in origin, much as refrigerated 
bodies often have a pink hue. Red linear marks may be seen 
in those who have suffered ‘squeezes’ inside a neoprene dry- 
suit when the external pressure has become excessive. 
Crepitance of the skin — usually of the head, neck and thorax — 
is an indication of barotrauma. ‘The eardrums should be 
examined with an oroscope to detect any recent ruptures. 

The brain should be removed before opening the body 
cavities, using a special technique co detect air in the cere- 
bral arteries. Artery forceps should be placed on the middle 
cerebral, basilar and vertebral arteries before they are cut 
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through; the brain should then be placed under water and 
the clamps removed to observe whether air bubbles escape 
from the cut ends of the vessels. ‘The detection of air bub- 
bles in the cerebral veins is of no significance, always being 
an artefact, as it is impossible to remove the calvarium 
without aspirating some air into che pial vessels. In any 
case, there is no way in which air in che arterial side of the 
cerebral circulation can penetrate the brain capillaries in 
sufficient volume to be visible in the cortical veins. 

In the central nervous system, petechial haemorrhages 
may be seen in any pare of the system, including the spinal 
cord. Ifthe victim survives for a day or more, early infarcts 
may be seen. Histologically, ring-shaped haemorthages 
around yessels may be seen in the white matter. In lon 
term survivors, living for some weeks, softening of the lat- 
eral and dorsal columns of the thoracic spinal cord may be 
seen if air emboli have impacted there, 

Subcutaneous, mediastinal, retroperitoneal and sub- 
pleural emphysema must be sought. In the lungs, rupcure 
of alveolar membranes allows air to track through the inter- 
stices from where ir either enters the circulation or reaches 
the periphery of the lung to form subpleural bullae, or 
both. Ie can cross to the other lung via the hilum; in add- 
ition, local bronchial stenosis may trap air in a single lobe, 
causing a local distension. 

"The chest should be examined for pneumothorax, first 
by radiology and then by puncturing an intercostal space 
under a pool of water held in the lateral skin flap. Similarly, 
the heart should be examined radiologically for the pres- 
ence of bubbles. If the air has emerged from che general 
tissue mass, it will have been conducted centrally by the 
venous drainage and so more air will be found in the right 
chambers than in the left side of the heart. IF lung damage 
has occurred, then entry into the pulmonary venous system 
will bring ic to the left side, It is hardly worth attempting to 
open the heart under a pericardium full of water, as froth 
in the chambers will be readily apparent if in sufficient 
volume to have caused death. Some authorities, however, 
advocate placing clamps on all the major thoracic vessels 
and the trachea before removing the thoracic pluck of 
organs. This is then placed under water and the clamps 
released to see ifand from where air bubbles emerge. 

Histologically, there are no particularly specific changes 
in spite of some claims. Lipoid-containing tissues, such as 
adipose tissue and adrenal cortex, may show microbubbles 
with a foamy appearance. There may be fatty change in the 
liver, possibly from air emboli. In lungs in which baro- 
trauma has taken place, oedema, patchy haemorthage, torn 
alveoli and focal emphysema confirm the macroscopic 
findings. The myocardium may show small foci of necrosis 

Farembolism may occur, both in post-descent shock and 
in decompression in both water and high altitude. Nor 


only far, but cellular bone marrow may be found in target 
organs such as lung, myocardium, brain and kidney. There 
is controversy over the origin of fat emboli in decompres- 
sion states, some claiming that it is caused by air-bubble 
disruption of far depot tissues, while others favour a more 
complex genesis involving a redistribution of blood lipids, 
inter-relating with fibrin production and disseminated 
intravascular coagulation, 


FURTHER READING 


Brown CD, Kime W, Sherrer EL, Jr. 1978, Postmortem 
intravascular bubbling: a decompression artifact? 
J Forensic Sci 23:51 1-18, 

Busuttil A, Obafunwa J. 1995. A review of the forensic 
investigation of scuba diving deaths. Sei fustce 35:87-95. 

Calder IM. 1985. Autopsy and experimental observations 
oon factors leading to barotrauma in man, Undersea 
Biomed Res 12:165-82. 

Calder IM. 1985. A method for investigating specialised 
accidents with special reference to diving. Forensic Sei 
Int 27:119-27. 

Calder IM. 1986. Dysbarism, A review. Forensic Sei Int 
30:237-66. 

Calder IM. 1987. Use of postmortem radiographs for the 
investigation of underwater and hyperbaric deaths. 
Undersea Biomed Res V4:113-32. 

Davis OD. 1961. Physiological hazards of skin diving. 
Med J Aust 2:1035-41 

Elliott D, Davis J. 1982. The causes of underwater 
accidents. In: Bennett PB, Elliott D (eds), 

Physiology and medicine of diving. Baillibre Tindall, 
London. 

Fryer DI. 1962. Pathological findings in fatal 
subatmospheric decompression sickness. Med Sei Law 
2110-14, 

Giertsen JC, Halvorsen JE, 1972. [Fatal scuba diving 
accidents. A discussion of 8 fatal cases.) Tidsskr Nor 
Laegeforen 12:924-8. 

Giertsen JC, Sandstad E, Morild 1, et al. 1988, An 
explosive decompression accident. Am J Forensic Med 
Pathol 94-101. 

Goldhahn RT, 1976, Scuba diving deaths: a review and 
approach for pathologists. In: Weche C (ed.), Legal 
‘medicine annual 1976, Appleton Century Crofis, 
New York. 

Hart AJ, White SA, Conboy PJ, eral. 1999. Open 
water scuba diving accidents at Leicester: five 


+490 


Further reading 


years’ experience, J Accid Emerg Med 
16:198-200. 

Hayman J. 1985. Autopsy method for investigation of 
fatal diving accidents. South Pacific Underwater Med 
Soe J 15:8-16. 

Morild 1, Mork SJ. 1994. A neuropathologic study of the 
ependymoventricular surface in diver brains. Underset 
Hyperb Med 21:43-51 


‘Obafunwa JO, Busuttil A, Purdue B. 1994. Deaths of 
amateur scuba divers. Med Sei Law 34:123-9. 

Smith N. 1995. Scuba diving: how high the risk? / Jnsur 
Med 2715-24, 

Williamson JA, King GK, Callanan VI, et al 1990. Fatal 
arterial gas embolism: detection by chest radiography 
and imaging before autopsy [see comments]. Med J 
Aust 153:97-100. 


“491+ 


CHAPTER 


25 


The pathology of 


sudden death 


I Sudden or unexpected deaths 492 
(Ml Sudden death from cardiac disease 493 
Il Coronary atherosclerosis 493 
IB Sites of coronary stenosis and occlusion 495 
| Myocarcial infarction 495 
Complications of myocardial infarction 502 
BE Cause of death in coronary insufficiency 503 
Bl Hypertensive heart disease 505 
IMI Sudden death in aortic valve disease 5808 
| Sudden death from the cardiomyopathies 507 
(NE Death in old age — the senile myocardium 509 


(BE Sudden death from rupture of an aneurysm 509 
Pulmonary thromboembolism 513 
HE Sudden death in epilepsy 514 
IE Sudden death in bronchial asthma 515 
I Respiratory obstruction 515 
BE Haemoptysis, 516 
I Gastrointestinal haemorrhage 516 
Fatal abdominal catastrophes 516 
& Genitourinary system 517 
The relationship between trauma and disease 817 
I References and further reading 520 


Virtually all forensic pathologists deal not only with criminal, 
suspicious, accidental and suicidal deaths, but with a wide 
range of deaths from natural causes. Many of these are sud- 
den, unexpected, clinically unexplained or otherwise obscure, 
even though there need be no unnatural element in their 

Ie is good thar such a large substrate of natural deaths is 
available to most forensic pathologists: the situation where 
they deal exclusively with trauma and crime is professionally 
unhealthy, as they become progressively more out of touch 
with morbid anatomy, and lose daily contact with disease 
processes and uninjured tissues and organs, Involvement 
with natural death means frequent professional intercourse 
with clinicians and non-forensic pathologists, with all the 
consequent benefits of cross-fertilization of knowledge and 
ideas. ‘To work in a torally Forensic vacuum is to lose touch 
‘with pathological and clinical reality, which is essential for a 
rmedico-legal expert to retain a sense of proportion and an 
awareness of contemporary medical advances. 

Another indispensable benefit of sustained experience in 
natural disease is the fact chat some of the most difficult 
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problems in criminal and litigious cases arise not out of 
goss, rapidly fatal, rauma, but in deaths where concurrent 
natural disease or complications after trauma lead co a fatal 
outcome. The assaulted victim thar dies later from a stroke 
or the negligent minor accident that has a fatal pulmonary 
embolism ~ these can pose far greater difficulties over caus- 
ation than a gunshot wound or a stabbing. 

In this chapter no attempt is made to duplicate the 
detailed descriptions of disease processes provided in a 
score of illustrious textbooks of pathology, but a survey will 
be offered of the spectrum of causes of sudden or unex- 
pected death as commonly encountered by forensic and 
‘coroners’ pathologists. 


SUDDEN OR UNEXPECTED 
DEATHS 


‘The definition of a sudden death varies according to author- 
iy and convention, The World Health Organization defin- 
ition is of death within 24 hours from the onset of 
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force isin addition to the vertical lif force generated by the 
spacetime curvature ereated by the electromagnetic fields 
themselves, 


SUMMARY OF THE INVENTION 


[0028] This invention is a spacecraft propulsion system 
that uilizes electromagnetic fields and microwaves to gen- 
‘erate negative energy and a spacetime curvature over the 
hull. The hull consists of a hemispherical dome, a circular 
array of radial microwave waveguides, a sloping flat hull, 
and a shallow spherical hull on the bottom. Alternating 
‘current high voltage transformers connected to the dome and 
the sloping hull generate a curving oscillating electric field 
between the dome and the sloping hull, Due to this oscilla- 
tion, a horizontal circular oscillating magnetic fux density B 
field is created around the dome. 


[0029] By firing the microwaves at right angles to the B 
field, negative energy is created over the hull. The negative 
‘energy and spacetime curvature pressure generate worm- 
holes between space and hyperspace. Because hyperspace 
has a low speed of light and positive gravitational potential, 
low density hyperspace enengy flows through the wormholes 
and onto the hull. The effect of the hyperspace energy is to 
lessen the mass of the vehicle and to increase the strength of 
the electromagnetic fields. Because the resistance of hyper- 
space is less than the resistance of space, electrons spiral 
down the wormboles into hyperspace. This creates a mag- 
netic field through the wormhole with one pole in our 
dimension and the other pole in hyperspace, Thus a field of 
magnetic monopoles is ereated over the hull 


[0030] The magnetic monopoles, which represent kinetic 
‘energy, align themselves with the magnetic flux tubes in 
‘onler to maximize the total magnetic field, Because there is 
‘a gradient of the monopoles and field in the vertical direc- 
tion, a negative force develops on the monopoles equal to 
the gradient of the dot product of the magnetic moment of 
the monopole with the B field. Thus the opposite reaction is 
‘a positive force on the flux tubes attached to the hull which 
is equivalent to bringing the north pole of a magnet together 
with the south pole of a second magnet. Because the hull 
‘constantly regenerates the wormhole field, the hull experi- 
‘ences a constant upward lift force, This is in addition to the 
Tift generated by the spacetime curvature pressure which is 
proportional to the square of the magnetic flux density B. 
field. 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] FIG. 1. Perspective view of eylindrical coordinate 
system {r, 8, 7}. 


[0032] FIG. 2. Perspective view of tetrahedron cireum- 
scribed by sphere. 

(0033] FIG. 3. Tetrahedron diagram showing speed of 
light squared is determined by the tetrahedron. 


{o0s4] FIG. 4. Complex numer 2 representation inthe 
‘complex plane. 


[0035] FIG. 5, Perspective view showing multiple log 
manifold hyperspace dimensions, 


[0036] FIG. 
‘dimensions. 


Perspective view of orthogonal hyperspace 
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[0037] FIG. 7. Perspective view of Log{z] showing cut 
along origin 


[0038] FIG. 8. Perspective view of change phase shift 
around a magnetic flux. 


[0039] FIG. 9. Perspective view of wormhole magnetic 
flux density B field. 


[0040] FIG. 10, Perspective view of magnetic monopole 
‘wormhole. 


[0041] FIG. 11, Perspective view of spacecraft. 


[0042] FIG. 12. Graph showing electrostatic potential and 
‘electric field over dome. 


[0043] FIG. 13. Animation showing circular magnetic 
field around dome at increasing elevation. 


[0044] FIG. 14. Perspective view of electric and magnetic 
fields around hull. 

[0045] FIG. 18, Perspective view of generation of nega- 
tive energy. 

[0046] FIG. 16. Perspective view of monopole misaligned 
‘with flux tube with torque. 


[0047] FIG, 17. Perspect 
with flux tube at zero torque. 


‘view of monopole aligned 


[0048] FIG. 18. Graph showing negative gradient of ux 
tube in the z-direction, 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0049] _1. The aluminum hull is made by a technique called 
stretch forming which uses hydraulic eylinders to stretch a 
large sheet of aluminum to its yield point. This makes the 
aluminum sheet soft and pliable. Using adie which has been 
‘ENC machined to the desired hull profile, the sheet is then 
dle pressed into a very rigid, smooth and lightweight struc 
ture requiring no other support, There are actualy three dies 
consisting of a spherical dome, sloping hull, and shallow 
spherical dome. 


[0050] 2. The rest of the hull consists ofa eylindrical hull 
‘with a radius equal to the upper dome. A segment ofthis hull 
is designed on a 3D computer graphics program and stored 
as a stereolithography *.st file. The file is then transmitted 
cover the Internet to a server who prints up the part on an 
xy-plotter with an ultraviolet laser and ultraviolet light 
sensitive polymer bath. The computer model is sliced by a 
special program into many thousands of slices which are 
printed one over the other until the part is completed. The 
server returns the part next day by Express Mail. Several 
parts are then molded using liquid plastic such as to form the 
‘complete ring. A sand mold is then constructed from all the 
molds to form a plastic cylindrical hull having the 
‘waveguide slots molded into it. The waveguide silver-coated 
aluminum boxes are then installed inthe slots and connected 
to the frequency generators and amplifies, The purpose of 
the plastie waveguide cylinder is to separate the electrostatic 
ccharges on the dome and the sloping hull In this particular 
case we used a dome from another spacecraft design which 
saved on the cost of the die, 


Coronary atherosclerosis 


symproms, but this is much too long for many clinicians and 
pathologists; some will only accept death within one hour 
from the onset of illness. We have to also bear in mind that a 
death may appear sudden and unexpected to an outsider but 
need nor have been so from the point of the pathological 
disease process. The deceased may have been symptomless 
and utterly unaware of his chronic disease or he may have 
had symptoms but interpreted them as harmless. Also, feat, 
lack of human contact or his own disposition may have pre- 
vented him mentioning symptoms 0 anyone, including a 
doctor. 

In many jurisdictions, deaths may only be certified by an 
attending physician if he has seen the patient recently and is 
satisfied chat the death was caused by a potentially lethal dis- 
ease from which he was aware the patient suffered. ‘The fact 
thar, without autopsy, this physician is wrong in his belief in 
between 25 and 50 per cent of cases cannot concern us at the 
moment, but the relevance is chat, where a clinical doctor 
cannor so certify, the death is usually reported for medico- 
legal investigation. In many countries such notifications 
form by far the largest proportion of medico-legal autopsies, 
and in England and Wales they account for some 80 per cent 
of coroner’ autopsies, the remainder being suicide, accident 
and homicide 

"The description ‘sudden’ or ‘unexpected’ is not always 
accurate, as ‘unexplained’ is an equally common reason for 
medico-legal investigation, Here the clinician is unable to 
offer a cause for the death, though the patient was under 
medical care, Even afier autopsy, the cause of death may still 
not be revealed and this problem of che obscure autopsy is 
discussed elsewhere 

In sudden death, the immediate cause is almost always to 
be found in the cardiovascular system, even though topo- 
graphically the lesion is not in the heart or great vessels. 
Massive cerebral haemorrhage, subarachnoid bleeding, rup- 
tured ectopic pregnancy, haemoprysis, haematemesis and 
pulmonary embolism, for example, join with heart disease 
and aortic aneurysms to contribute most of the vascular sys- 
tem reasons for sudden, unexpected death, 


SUDDEN DEATH FROM 
CARDIAC DISEASE, 


Ischaemic heart disease is easily the most common cause of 
sudden death in Western nations. The term is employed 
rather loosely and inaccurately often being used as if it was 
synonymous with ‘coronary atherosclerosis.. Certainly the 
latter is the largest contributor to ischaemic heart disease, 
bur not to the exclusion of other conditions. 

‘As a further complication of nomenclature, ‘coronary 
atherosclerosis’ or ‘coronary atheroma’ is the proper ttle of 


the common degenerative disease that causes most deaths, 

bur the term ‘coronary artery disease isso ingrained into pop- 

lular usage that ic is accepred as synonymous with coronary 

atherosclerosis, even though there are other coronary diseases 
Ischaemic heart disease comprises: 


coronary atherosclerosis, 
hypertensive heart disease 

Bi aortic valve disease 

% anomalies of the coronary circulation 

BH other coronary artery diseases, such as polyarteritis 
cardiomyopathic enlargement 

some congenital heart disease. 


CORONARY ATHEROSCLEROSIS 


‘Sometimes called ‘the Captain of the Men of Death, this is 
certainly the most frequent cause of sudden death in Western 
societies. The basic mechanism is stenosis or occlusion of one 
‘or more major branches of the coronary arteries by athero- 
mmatous lesions, or one of the complications of such a lesion. 
TThe severity of stenosis before death occurs is debatable: car- 
diac pathologists claim that at least 80 per cent ofthe normal 
lumen must be lost before myocardial necrosis occurs. Most 
forensic pathologists would admit to blaming coronary 
atheroma for death in auropsies where a significantly smaller 
percentage of the lumen was lost, when the symptomatology 
and circumstances were strongly suggestive. Areas of myo- 
cardial fibrosis and — rarely — even recent infarcts, may be 
seen in the presence of relatively small degrees of coronary 
atheroma. Part of the problem lies in quantifying che 
amount of stenosis at autopsy. Because of the empry vessels 
lacking the normal intraluminal blood pressure, the walls are 
lax, collapsed and unstretched, During life, the same lumen 
will be larger and only fixation at arterial pressure will reain 
a semblance of the original siz. ‘The pathologist sees all cor- 
‘onary arteries in the dead state, however, so the relative 
degree of stenosis is still a reliable observation, as both normal 
and diseased vessels can be compared, even if their absolute 
luminal size is incorrect. 

Coronary atheroma may be focal, with irregular plaques 
that vary both in size and in stenosing effect from place to 
place. They may be few and localized, with a virtually nor- 
smal lumen in the rest of che system, his means that every 
part of the major vessels must be examined ar autopsy, with 
transverse cuts at no more than 3mm intervals. Ics unjust 
fable co make a few cuts at wide intervals and claim that this 
provides a reliable estimate of the state of the coronary sys- 
tem. A coronary artery is like a chain ~ just as the latter is 
only as good as its weakest link, so a vessel is only as good as 
its narrowest point. 
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“Two cuts, if even halfa centimetre apart, may pass either 
side of a grossly stenosing plaque or a thrombus. Opening 
the vessels lengthwise obviates this danger, but this is out- 
weighed by the disadvantage of not being able to measure 
accurately che degree of stenosis by making frequent cross- 
cuts. A compromise is the best answer to this dilemma, as 
described in Chapter 1 

Plaques are ofien eccentric, leaving a crescentic residual 
lumen, bur another variety of coronary atheroma is a more 
diffuse lesion, where the vessel is concentrically narrowed by 
a more longitudinal degeneration, forming a tube-like seg- 
ment with a narrow, sometimes ‘pin-hole’ central lumen. 
‘The author (BK) has the impression thar this is more com 
mon in younger victims and that such lesions seem less 
likely to be ulcerated and calcified. Both types of lesion are 
ofien found in the same patient and there is presumably no 
fundamental difference in their pathogenesis. 


Complications in coronary atheromatous 
lesions 


ULCERATED PLAQUES 


‘The simple endothelial thickening develops to involve the 
media and usually becomes infiltrated with lipids. Whilst 
the covering endothelium remains intact, the danger to life 
is confined to the luminal reduction from the bulge of the 
enlarging plaque. When the fibroendothelial cap begins to 
break down under the pressure and erosion of the central 
necrosing process, the plaque may rupture into the lumen, 
‘This has several consequences, which may precipitate acute 
symptoms or even death, 

Firs, a large plaque may suddenly disgorge its pultaccous 
contents into the lumen. This can mechanically block the 
vessel or seriously stenase it. Thrombosis may be precipitated 
at that spot by the slowed blood flow plus thrombogenic tis- 
sue elements. The cap of the plaque may be projected across 
the lumen, forming a sudden and perhaps complete occlu- 
sion. This will be more dangerous ifthe open end of the rup- 
tured plaque faces ‘upstream’ into the direction of the blood 
flow, so thar the intimal cap is lifted up, causing a valve-like 
obstruction, When the blood flow sweeps across the cap in 
the opposite direction, the cap will not be displaced, chough 
the soft, grumous contents of the plaque will be washed 
downstream. Sometimes the flap can be seen in histological 
sections, though ic is difficult co know if this is a processing 
artefact. Iris best demonstrated directly at autopsy, when wo 
cuts are joined longitudinally and the intima examined with 
a lens or low-power microscope. 

‘The contents of the plaque may be washed downstream 
by the blood flow, eventually impacting in small branches 
and occluding them, These can be seen histologically using 
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lipid stains and the multiple small infirets thar ofien ensue 
can be seen either in classical histological sections or, more 
readily, by enzyme or fluorescent techniques. They are prob- 
ably responsible for many of che small fibrotic areas com- 
monly seen in che myocardia of sufferers from long-standing 
coronary disease. 


HAEMORRHAGE 


Hacmorrhage often occurs within an atheromatous plaque, 
usually into the softened, necrotic centre. his ‘subintimal 
hhaemorthage’ may give rise to a sudden reduction in the 
blood-carrying capacity of a coronary artery and cause sud- 
den death. The source of the bleeding is somewhat contro- 
versial, bur the best explanation is that it comes from rupture 
‘of small blood vessels in the periphery of a plaque. A normal 
coronary artery does not have a blood supply to the intima 
but, in the disorganization frequently associated with the dis- 
torted microanatomy of a diseased coronary artery, such ves- 
sels may lie within the intima and be eroded by extension of 
the degenerative process. 

Haemorrhages, both fresh and old, can often be demon- 
strated in histological sections of atheromatous plaques. It is 
reasonable to presume that such a bleed may be precipitated 
by some sudden rise in blood pressure from exertion or emo- 
tion, though, if a vessel is sufficiently eroded by atheroma, 
such a precipitation is nor strictly necessary for such an event 
to take place. 

“The sudden release of blood into an atheromatous lesion 
can rapidly enlarge it and may raise the cap of the plaque 
towards the other side of the already stenosed lumen. It may 
‘even rupture the plaque: some subintimal haemorrhages may 
track circumferentially, causing a ‘minidissection’. Subintimal 
hhaemorthage as a factor in acute coronary occlusion was 
investigated many years ago by Patterson (1938), who 
believed that they played a major part in coronary throm- 
bosis. In the same year, Wartmann demonstrated occlusion 
by subintimal haemorthage without rupcure of the overlying 
intima. Though English and Williams (1943) doubted if 
haemorthage could compress the lumen against arterial pres- 
sure, other authors, including Davies and Pomerance (1975) 
believe that the haemodynamics within the coronary vessels 
are such thar the pressure varies markedly from place to 
place, and that there may even be a contributing factor to 
subintimal haemorthage by a suction effect in certain condi- 
tions, Other authors, such as Drury (1954), consider that the 
blood within the plaque is nor caused by haemorshage from 
mural vessels, bur from blood percolating from the lumen of 
the coronary artery ac the time of rupture of a plaque. This 
seems a minority opinion, however, as many haemorrhages 
ean be seen (some older ones containing haemosiderin) 
«within plaques which have a perfectly intact overlying intima, 


Myocardial 


Whatever the precise origin ofthe blood, ic is clear that subin- 
timal haemorthage is potent factor in rapidly reducing the 
available lumen of a coronary artery ~and sometimes preci 
tating thrombosis by further stretching and damaging the 
overlying intimal cap, 


CORONARY THROMBOSIS 


‘The atheromatous plaque may not undergo these more dra- 
matic changes, but progressive internal necrosis may erode 
the luminal surface and expose the fibrofatty contents, This 
loss of normal covering endothelium then forms a nidus for 
thrombus formation, which may gradually accrete in layers 
so further reducing the lumen or even occluding it, especially 
ifa combination of lesions causes the plaque to expand at the 
same time as roughening the surface. ‘Thus mural thrombus 
may completely block or severely narrow the residual lumen, 
with all the consequences of reduced blood flow to the distal 
myocardium, 

‘A narrow lumen is by no means essential tothe formation 
of thrombosis, as it may occur in the abnormally wide, virtu- 
ally aneurysmal, coronary arteries sometimes seen in aged 
people. ‘The lumen may be up to a centimetre wide yer be 
firmly thrombosed, presumably solely because of damage to 
the intima, ‘Thrombosis often occurs in recanalized vessels, 
secondary thrombosis taking place after organization and 
re-establishment of a lumen through the previous block. 
Multiple coronary thromboses are by no means unusual 
Many are post-infurct, the original thrombus causing myocar- 
dial necrosis and the resulting stasis in circulation, together 
with the thrombogenic effect of tissue damage leading to 
sluggish flow of readily coagulable blood. 

Tehas also been noted that coronary thrombosis may be 
accompanied by thrombotic lesions elsewhere in the body. 
For example, a coronary thrombosis may be followed by a 
pulmonary embolus from thrombosed leg vein ~ and the 
converse may also occur in non-fatal pulmonary embolism. 
‘The coagulability of the blood, together with circulatory 
stasis, aided by immobility in bed, are obvious factors 


SITES OF CORONARY STENOSIS 
AND OCCLUSION 


“The whole length of the coronary arterial system is not uni- 
formly vulnerable to atheromatous lesions. First, the major 
trunks are most affected where they lie subepicardially, 
ofien in the fatty surface tissue, Once the arteries dip down 
into the myocardium, these more distal intramuscular 
branches become much less prone to significant atheroma, 
especially of the grumous, degenerative type, though 
intimal thickening may still be sen. 
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Infarction 


Second, there are sites of predilection in the three major 
arteries. The most common site of occlusion is in the first 
2em of the anterior descending branch of the left coronary 
artery, which is more frequent than in the common trunk, 
The next most frequent site is in the right coronary artery, 
but here the thrombosis is more distal than in the left vessel, 


usually seen as the vessel courses around the right margin of 
the heart in the atrioventricular groove part-way between 
aorta and the beginning of the posterior descending branch. 

"The third most common place is the proximal part of the 
left circumflex artery, soon afier the bifurcation from the 
common trunk. The latter is then the next most frequent 
site, in the short segment (sometimes absent) between the 
aorta and the birfucation into descending and circumflex 
branches. At autopsy, it is always necessary to transect the 
proximal part of both coronary arteries right up to the cor- 
‘onary ost as occlusion can sometimes be present in the frst 
few millimetres. 


MYOCARDIAL INFARCTION 


There isa different emphasis aid upon myocardial infarction 
by the forensic pathologist and by the clinician. ‘To the latte, 
the clinical signs of chest pain and shock mean an infarct and 
certainly, a much higher proportion of patients who reach 
hospital beds do have myocardial infarcts compared with 
those who are taken straight to the mortuary. Recently the 
Joint European Society of Cardiology/American College of 
Cardiology Committee for the Redefinition of Myocardial 
Infarction produced a consensus document examining the 


scientific and societal implications of a new definition for 
myocardial infarction from seven points of view: pathology, 
biochemistry, electrocardiogeaphy, imaging, clinical trials, 
epidemiology and public policy. 

In the pathology of sudden death, overt infarcts are the 
‘exception, rather than the rule. ‘The incidence in autopsy 
material from sudden deaths varies considerably, partly 
because of the different methods of demonstrating the 
muscle necrosis, but speaking of obvious naked-eye infarct, 
the author (BK) would estimate that, in his material consi 


erably less than a quarter of deaths attributable to coronary 
atherosclerotic disease have myocardial infarction. In Finnish 
autopsy material of the author (PS) the 5-year average 
(1987-1991) of infarcts among deaths due to coronary 
atherosclerotic disease was 13.5 per cent. The relevance of 
this observation in relation ro the mechanism of sudden 
cardiac death is discussed later. 

Almost all myocardial infarcts are caused by atheromatous 
lesions and their complications. A few are che result of other 
types of coronary obstruction, such as polyarteritis, other 
vasculitides, embolism of various types, ostial occlusion by 
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syphilis, severe aortic stenosis, some congenital anomalies of 
the coronary arteries or great vessels, dissecting aneurysms at 
the aortic root, and tumour or sarcoidosis affecting the cor- 
onary vessels 

Mose infarcts are caused by super-added coronary throm- 
bosis, but even this statement needs further analysis. A pro- 
portion of infarcts have no demonstrable thrombus in the 
supplying vessel, but this proportion can be reduced by a 
‘more careful search. There is no doubt, however, thar muscle 
necrosis can follow severe narrowing of the supplying vessel 
by subintimal haemorrhage, a ruptured plaque or simple 
severe stenosis from atheroma. In addition, grumous debris 
from a ruptured plaque can produce embolic occlusions with 
“microinfarces in the distal myocardium. The fact that some 
thromboses are post-infaret has already been mentioned. 

It is said thar the original lumen must be reduced to 
20 per cent or less before the ischaemia in the distribution zone 
is sufficient to cause myocardial necrosis. Most pathologists 
with considerable experience of sudden death aucopsies will, 
however, have numerous experiences of undoubted infarc- 
tion in the absence of an 80 per cent stenosis. ‘The embar- 
rassing situation occasionally occurs where an infarct exists 
with vireually normal coronary arteries. 

"The contrary is much more common: the finding of 
complete thrombosis of a major vessel with no sign of 
infarction, In this cas, either an effective collateral circula- 
tion provided an alternative blood supply ~ or the victim 
died before signs of infarction had time to develop. 

“There are several types of myocardial infarct recognizable 
ar autopsy 


A laminar infarct in which the subendocardial region 
of much ~ or even all ~ of the lefe ventricle is involved, 
sometimes extending through half or more of the 
thickness of the wall. This is due to a reduction in 
perfusion pressure co the inner zones, as all the coronary 
supply comes from the epicardial surface. Laminar 
infarcts are the result of generalized stenosis in the major 
branches of the coronary vessels, bur there is usually a 
second factor, in thar a drop in blood pressure or the 
‘oxygenation of the blood compromises the already poor 
supply so thar the outer zones of the ventricular wall 
consume the available oxygen and nutrients, leaving 
litle for the inner zone. This is discussed further under 
hypertension and aortic stenosis. 

A regional or focal infarct is more common in pure 
coronary artery disease, and is caused by a localized 
‘occlusion or severe stenosis in a coronary artery. These are 
true myocardial infarcts, as the definition of an infarct 
requires occlusion of the vascular supply, which strictly 
‘excludes some laminar infarcts when perfusion pressure 
oo relative insufficiency is caused by hypertension, or 


aortic valve disease The regional infarct is a topograph- 
ically demarcated zone of muscle necrosis, the size and 
position depending on the site of vascular occlusion, 
though any collateral supply may modify chese. Almost 
all infarcts are in the left ventricle, Wartmann and 
Hellerstein (1948) found char beoween 6 and 9 per cent 
involved the right ventricle and that 7 per cent involved 
the atria, hough Cushing’ (1942) figure was 17 percent 
for aia. Most of these infarcts, however, were 
overlapping from infarcts in the let ventricle. 


‘The relative immunity of the right ventricle and atria is 
presumably because of the relatively thin walls, which do nor 
require so much blood, do not have the perfusion gradient of 
the thick lef ventricle and which can more easly obrain oxy- 
‘gen and other constituents from the blood in the lumen of 


the ventricle. ‘The presence of a conus artery, small branches 
to foci, such as to the sinus node, and the presence of anasto- 
motic channels between the left circumflex and right cor- 
‘onary arteries must all contribute to the better survival of 
these areas. The site of a left ventricular infarct does not 
always correspond strictly to the site of the coronary occlu- 
sion or thrombus because of the presence of a collateral 
culation, 

Iewas also shown by Wartmann and Souders (1950) thar 
many infarcts involve only certain layers of muscle, which 
cannot be supplied by a particular vessel, There is obviously 
no simple explanation for the topography of a myocardial 
infarct ~ this is further confirmed by the patchy nature of 
myocardial damage on microscopic study, as the alternate 
necrosis and survival of adjacent fibres or even segments 
of the same fibre cannot be explained solely by coronary 
perfusion, 


“The auvopay diapadsip plead 
cciyOcardul tajury Said aeactGn: 


“The autopsy demonstration of an acute lesion in the heart, 
such as an early myocardial infarct, can have profound 
‘medico-legal implications. In a fatal traffic accident, or 
even sail or air crash, the proof of an acute disabling 
myocardial lesion in the driver may be vital in the investi 
gation of the event and the apportionment of legal liability. 
In potentially criminal deaths, the presence of a recent 
infarct again may be relevant in causation or as a contribu- 
tion to the death. It is thus important to make a full histo- 
logical search for evidence of myocardial fibre damage, 
using all the methods available, including, histochemical 
and fluorescent techniques. 

“The macroscopic appearances of myocardial infarction are 
described with a considerable lack of uniformity in most 
pathology texts, partly because of the varying ages of infarct 
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that the authors depict. The age of an infarct is notoriously 
difficult to establish in che human, as the onset of clinical 
symptoms, however dramatically abrupt, are often much 
later than the onset of the pathological lesion precipitated by 
4 coronary occlusion. In animal experiments, a coronary ves- 
sel can be ligated ar zero time and serial sacrifices made at dif- 
ferent intervals to gain an accurate estimate of the age of the 
infarct. 

In the human, the time of chest pain and shock cannot be 
used in a similar fashion. When a victim of coronary disease 
dies say, 8 hours after the onset of acute symproms, though 
tone might expect an early infarct to be visible histologically 
or histochemically, not infrequently a demarcated yellow or 
tigroid area of necrosis is present, which must be several days 
old. ‘The following appearances are typical of the stages of 
myocardial infarction, though marked divergences fiom this 
time scale are not uncommon: 


IS For the first 12-18 or even 24 hours, no definite naked- 
eye changes are visible. The first sign towards the end of 
this variable period is oedema of the affected area of 
muscles, which causes pallor as the swollen fibres squeeze 
the blood from the vessels thar lie berween them. ‘The 
normal moist lustre of the cut surface becomes more 
‘granular and dull when cur by a sharp knife. Caution 
must be used with this fearure, because if che scissors are 
used to cut even normal muscle, the crushed edges of 
the fibres will give a similar dry, matt appearance. 

From about the end of the frst day progressively 
through the second and third, the area becomes better 
demarcated and turns yellow. With breakdown of the 
myocytes, streaks of red appear, being both dilated 
vascular channels and areas of interfibre haemorshage. 
‘This gives a‘tigroid’ appearance suggestive of tiger stripes 
across the area, though sometimes the yellow element is 
Virtually uniform or the red streaks may fade after a few 
days, 

Demarcation becomes more sharply apparent and 
there may be a red zone in the less damaged muscle 
around the periphery. ‘The sizeof the infarct depends on 
the means with which itis visualized; the naked-eye size 
is less than the area detectable by classical histology and 
this in turn is smaller than that demonstrable by enzyme 
studies, where the more peripheral fibres are sick but 
potentially recoverable. 

After a few days, progressing through weeks, the infarct 
becomes softer and more friable, justifying the old 
name ‘myomalacia cordis. Iris at this stage, from about 
the second or third day onwards, that ruptures occur 
into the pericardial sac, Some pathology textbooks are 
in ertor in stating that such cardiac rupture occurs in 
early infarcts. 


1B From the third week and later, che centre of the infarct 
becomes gelatinous, the colour Fading to a translucent 
grey that often subsides below the level of the cut 
surface. This rather mucoid stage may still have old 
haemorrhage within it, buc the stage of healing slowly 
develops and, during the next month or two, depending 
upon the siz of the infarct, fibrosis replaces the dead 
muscle to form a scar, Even after this stage, there is 
ofien a narrow zone around the young fibrous tissue 
thar shows muscle necrosis, though special staining or 
enzyme techniques may be needed to demonstrate this, 


‘The laminar infarct goes through the same cycle of 
changes, but this is often less intense. Eventual fibrosis may 
be widespread but remains thin, often subendocardial, espe- 
ally on the left ventricular aspect of the interventricular 
septum where a wide glistening sheet may obscure the 
underlying muscle, ‘The apex also may show widespread 
fibrosis and all muscle may be replaced in this region, some- 
times leading to a cardiac aneurysm on the free wall. Infarces 
may be transmural, extending from epicardium to endo- 
cardium, or they may be confined to the inner zone. It is 
almost impossible to have an infarcted area confined to the 
‘outer subepicardial zone because of the topography of the 
coronary supply. The papillary muscles are usually involved, 
being particularly vulnerable to ischaemia as they are at the 
end of the line of coronary supply, The central part of the 
muscle may necrose and even rupture. Infarction usually 
spares the immediate subendocardial zone, the three or four 
most superficial layers of fibres surviving, even chough they 
may show ischaemic damage. They presumably receive 
‘enough oxygen and nutrients from the ventricular blood to 
survive, though this does not seem to prevent deposition of 
‘mural thrombus over the infarcted area. 


Microscopical appearances of 
myocardial injury and infarction 


There are a vast number of publications on this subject 
dealing with morphological changes, classical histological 
methods, enzyme histochemistry, fluorescent studies, 
immunohistochemical methods and transmission and 
scanning electron microscopy. Only a brief summary can 
be offered here, though some of the methods of detecting 
very early infarction are detailed in Appendix 1. 


MORPHOLOGICAL CHANGES 


TThere is marked variation from case to case, just as in the 
{gr055 appearances. ‘The same difficulties exist abour assessing 
the time of onset and hence the age of the infarct. This may 
sometimes have considerable medico-legal_ importance, 
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Ficune 25.1 Enzyme histochemistry of early myocardial damage 


This photomicrograph shows strong succinate delydrogenase reaction 
inn the myofibres adjacent to the endocardium and moderate decrease 
of mation elsewhere suggesting early injury. (Original 
magnification % 100.) 


Figure 25.2 Fresh myocardial infarction with B-bypdaxybutyrate 
delydrogenase staining showing postive rection in the myofibres 
adjacent to a larger veel seen above as an empty space. The lower 
part ofthe picture shows infarcted myofibres with some lipofuscin 
‘bur na eneyme reaction. (Original magnification X160.) 


especially when cardiac disease may have caused a traffic or 
other wansportation accident ~ and is sometimes relevant in 
criminal circumstances. In animal experiments, changes in 
myocaniial fibres become apparent within 30 seconds of 
coronary ligation, the First change being a loss of glycogen as 
the cell shifts from aerobic to anaerobic respiration. This can- 
not be observed in human material, for obvious reasons. "The 
first observable change is subjective and different pathologists 
given the same material will offer different opinions on 
‘whether or not ischaemic damage is visible. Some of the earli- 
est changes are mimicked by autolysis, especially granularity 
of the cytoplasm. The infarcted area becomes swollen, so that 


Ficune 25.3. Contraction bands in myocardium. (HE, original 
magnification X 500.) 


the interfibre clefts become obliterated, and the overall 
appearance is pinker and more solid in routine sections. Care 
must be taken to assess sections of uniform thickness, as 
material from other laboratories may not conform to the 
‘observers usual quality. Along with swelling, the cytoplasm 
becomes granular, the ‘cloudy swelling’ of the old texts 

Early morphological changes seen in light microscopy 
are unspecific: intetstitial oedema, congestion and small 
haemorthages. An overstretching of myofibres with a sar- 
comere length of about 2.51 jum is possible only when the 
fibre is injured. In experimental infarction in the rat and 
the dog sarcomere, overstretching has been observed 
15 minutes after coronary ligation, Cellular infiltration is 
variable and neutrophil infiltration is seen in most infarcts 
during the first few days being replaced by a mononuclear 
response within a week or so 

Contraction bands, known also as myofibrillar degener- 
ation, and coagulative myocytolysis, are commonly described 
in connection with different pathological conditions. The 
change signifies ireversible myocyte injury. Contraction 
bands are irregular, dense and in haematoxylin and eosin 
(HE) staining eosinophilic transverse bands alternate with 
lighter staining granular zones in the myocyte, possibly firstly 
described by Smith (1904) in the periphery of myocardial 
infarction. ‘These lesions have been observed in various forms 
‘of experimental heart muscle injury and have been also seen, 
eg. in association with potassium deficiency, magnesium 
deficiency, in cases of malignant hyperthermia, in the hearts 
of drug addicts and in cases of sudden cardiac death. 

“They may also be seen after blunt trauma to the chest or 
even cardiopulmonary resuscitation, both where mechanical 
massage has been applied and especially where cardiac stim- 
ulants like noradrenaline have been injected. In fact, cat- 
echolamines seem able to cause this fibre disruption, which 
may also appear during electrocution and other conditions 
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Fictne 25.4 Conmaesion bands in fresh myocardial infarction. 
(PTAH, original magnification X250.) 


of cardiac stress, In sections stained with haematoxylin and 
eosin, pale areas in the fibre are common asa result of fibro- 
cytolysis and the sarcolemma is often seen to be deficient at 
these sites. Although the change signifies fresh and irre- 
versible myocyte injury and is more frequently observed in 
cardiac deaths, itis not specific to the cardiac death, 
‘Contraction bands are best seen by phosphorungstic acid 
haematoxylin stain and all myocardial sections should be 
stained in this way as well as ~ or even in preference to ~ 
haematoxylin and eosin. Phosphotungstic acid haematoxylin 
stain does nor reveal ischaemic damage at an earlier stage, but 
renders it far more obvious. Large areas can be scanned under 
low power of the microscope and the danger of missing 
abnormal areas is far less than with haematoxylin and eosin. 
‘The striations become distorted and break up, forming either 
a general ‘sandy’ appearance or the striking ‘contraction 
bands’ where fragmentation occurs in transverse lines across 
the fibre. The contractile material aggregates into thicker, 
darker _masses, sometimes like ‘Chinese writing’, at frst 
within an intact sarcolemma, but later the cell membrane 
ruptures and the basophilic contents scatter extracellularly. 
Zonal lesions occur as a region of supercontraction of 
myocytes at the intercalated discs. ‘These lesions have been 
observed both in the dog and in humans afer haemorthagic 
shock and the changes have been considered ubiquitous in 
and pathognomonic for hypovolaemic shock. These possibly 
reversible changes have been observed in experimentally 
duced shock in animals 15 minutes afier the induction. 
“The presence of catecholamines is also considered necessary. 
Fragmentation of myocardial fibres is, at least to some 
extent, practically always present in adult hearts and more 
frequently in the wall of the left ventricle. Although it has 
generally been associated with post-mortem changes, it has 
also been shown to be more frequently seen in myocardial 
samples from sudden cardiac death victims. Early injury 


FiGURE 25.6 Fragmentation of myocardial fibres. (HE, original 
magnification 250.) 


possibly increases che britdeness of myocardium, resulting in 
increased fragmentation of myofibres after the fixation and 
‘cutting process. This phenomenon has, however, no value as 
2 positive marker of myocardial injury. 

Waviness of fibres was noted by Glogner (1903), who 
saw corkscrew-shaped myofibres in che heart and skeletal 
muscle in some cases of beri-beri. Similar patchy deform- 
ation of myofibres in a wavelike fashion was seen in associ- 
ation with fatty degeneration of the myocardium and in early 
and also more advanced human myocardial infarction, Both 
in cardiac deaths and non-cardiac deaths it can be observed 
more frequently in the wall of the right ventricle, It has no 
diagnostic significance as to the cause of death and it signifies 
‘only agonal injury. 


LATER STAGES 


The later stage of infarction follows the 18-24-hour period 
and, as by now macroscopic changes will be apparent, the 
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histology is merely a confirmatory procedure, Even here, there 
js great variation in appearances, especially in cellular inflea- 
tion, There isa progressive degeneration ofthe fibres, best seen 
in longitudinal section, Eosinophila becomes stronger for a 
time until the internal architecture breaks down. The cellular 
toedema subsides and interfibre oedema takes over, separating 
the myofibres, a process that becomes more marked asthe la- 
ter shrink and Fragment, 

Loss of nuclei is not an early phenomenon but, by the see- 
ond to fourth days, the nuclei become hollow, shadowy and 
eventually ghostlike, chough nuclear remnants can sometimes 
siill be seen in completely necrotic infarcts. Cellular infil 
tion is variable and sometimes does not occur at al, again in 
contradiction to the established descriptions in most text- 
books. In general, however, there is neutrophil infiltration in 
‘most infarcts during the first Few days, which subsides grad- 
ually and is replaced by a mononuclear response within a week 
or so. These are mainly macrophages clearing up the debris 
and fibroblasts coming in to lay down new collagen during 
sepait 

By the end of the first week, disintegration of muscle fibres 
is well under way, and new capillaries and fibroblasts are 
appearing, though there are many exceptions to this timetable. 
In general, infarcts are older than most observers think, so thar 
their age is usually underestimated. By the fourth week, 
depending upon the total sizeof the infarct ~ early fibrosis is 
evident but still with lacunae of necrotic, unrepaired muscle, 
which heals unevenly and slowly. From this point on there isa 
variable population of cells, leucocytes diminishing in favour 
of fibroblasts, macrophages and new vessels, 

Ic is difficult, if not impossible, to date such an infarce 
even within weeks, and different parts of the same infarce 
may show quite differenc appearances. Only when sufficient 
time has elapsed forall the lesions to catch up with the end 
stages of firm fibrosis can one say thar probably a minimum 
of about 3 months has elapsed ~ though again this is depend 
ent on the size and other more imponderable factors, such as 
age and other concomitant disease. 


lin and eosin (HE) staining, increased cyto- 
philia is an early form of cellular injury 
partially resulting from increased binding of eosin by eyto- 
plasmic proteins. Ar the pH conventionally used in staining, 
cosin is negatively charged. The binding may increase because 
of greater exposure of positively charged reactive sites along 
polypeptide chains after their denaturation, The loss of cyto- 
plasmic basophilia usually reflecting detachment and scatter- 
ing of polysomes from rough-surfaced endoplasmic cisternae 
is considered as another cause for the increased eosinophilia, 


‘The intensity of eosinophilia increases, sometimes uni- 
formly, bur often in patches with advancing injury. Iris earlier 
and more distinctly seen in HE-stained cryosections and can 
be enhanced by placing a green filter in che light path of the 
microscope. Patchy hyperchromasia can be observed in all 
kinds of deaths and therefore it is of limited diagnostic value. 
‘Care must be taken to exclude he occasional thickened areas 
made by cutting artefacts, which look pinker because of a 
«gcater depth of cytoplasm. These early changes are not usu- 
ally visible in the first 8-12 hours after the (presumed) onset 
of infarction, 

‘Acid fuchsin (AF) was suggested to be useful for dem- 
‘onstration of early myocardial infarction in man or in ani- 
mal experiments, but was found to be inconsistent and 
misleading. 

Haematoxylin/basic fuchsin/picric acid stain (HBEP) was 
claimed to demonstrate early myocardial ischaemia and to be 
unaffected by post-mortem autolysis In experiments with isol- 
ated cardiac myocytes in suspension made anoxic by complete 
‘oxygen deprivation, basic fuchsin was taken up by contracted 
‘or damaged myocytes, which, according to their morphology 
in suspension, revealed irregular contractions, but neither by 
undamaged nor necrotic myocytes. However, alter the first 
promising reports, contradictory results started to accumulate 
and the method has been shown to produce inconsistent 
resultsand to be unreliable and non-specific and without value 
for diagnostic purposes 


FLUORESCENT METHODS 


Fluorescent methods have been applied to demonstrate 
early myocardial infarctions and myocardial degeneration 
in animal experiments as well as in human heart either by 
using a fluorescent dye, e.g. acridin orange to stain unfixed 
‘cryostat sections or paraffin sections or utilizing the fluor- 
escent properties of eosin in the HE-stained myocardium, 
Intravenously or intraperitoneally injected tetracycline has 
also been used in experimental infarction for demonstra- 
tion of the perfused region in myocardium. Carle (1981) 
claimed that only hypereosinophilic cells autofluoresced, 
but Badir and Knight (1987) found that myocardium that 
had normal eosinophilic staining also fluoresced yellow in 
ultravioler light; this has been confirmed by Saukko and 
Knight (1989), 

Acridin orange stained cryosections of intact myocardium 
show golden brown fluorescence which curs into geeenish 
fluorescence with increasing ischaemia time whereas eosin 
fluorescence of normal myocardium in paraffin-embedded 
samples show olive-green fluorescence which curns into yel- 
low in injured tissue. Post-mortem autolysis does not seem 
to have any significant effect on the fluorescence but the 
high percentage of wrong positive samples indicates that at 
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least eosin fluorescence is obviously too sensitive injury 
marker capable of demonstrating agonal ischaemic changes. 

‘A major handicap common to all classical histochemical 
staining methods is that the basis of these colour reactions is 
poorly understood. Considering the possible legal implica- 
tions, iris not reasonable to use such diagnostic methods for 
medico-legal purposes, when their diagnostic significance, to 
say the leas, is questionable and one does not know for sure 
what the methods are actually measuring, 


ENZYME HISTOCHEMISTRY 


Afier Rutenburg etal, (1953) had found large amounts of suc- 
cinate dehydrogenase in the myocardium of various species 


FiGUne 25.7 Bright yellowish eosin fluarescence of damaged 
-myofbres (a) corresponding exactly with eosinophilia ar-seen in the 


HE stained eryosection (b) ofa fresh myocardial infarction. 


lal Infarction 


using blue tetrazolium as hydrogen acceptos, this method 
‘was also applied to autopsy material and the inactivation of 
histochemically demonstrable succinate dehydrogenase was 
observed in human myocardial infarction. The enzyme histo- 
chemical methods became soon widely applied in animal 
experiments and also to diagnose early human myocardial 
infarction in autopsy material, Various oxidative enzymes were 
demonstrated either by incubating thick myocardial slices in a 
medium containing a tetrazolium salt with or without exo- 
‘genous substrare and coenzyme (macromethods) or to stain 
cryosections observed under the microscope (micromethod) 

I was assumed that enzyme histochemistry might be, at 
least, a‘semi-quantitative’ indicator of the actual biochem- 
ical activity of a given enzyme and, therefore, a scientifically 
more solid biochemical indicator of myocardial metabolism 
and injury than the previously discussed traditional histo- 
chemical methods. In all, the results between individual 
authors and laboratories have been extremely variable, sug- 
gesting that the situation is not that simple. Hiltunen et al 
(1985) assessed the enzyme histochemical methods, used by 
the author (PS) in autopsy material, comparing the enzyme 
histochemical reaction with the actual biochemical activity 
of the enzymes in a global ischaemia model in an animal 
experiment. The results pointed out that, although the 
‘enzyme histochemical methods have been named after the 
enzymes, the enzyme histochemical reactivity need not 
necessarily correlate with the actual biochemical activity of 
the enzyme at all, suggesting thar other factors, such as the 
presence of auxiliary enzyme systems or other co-factors of 
the histochemical reaction, may be rate-limiting. This brings 
about the same dilemma as with the conventional histo- 
chemistry: unless the biochemical basis of any given enzyme 


FiGURE 25.8 The size ofa myocardial 
injury depends upon the method used 10 
display it These are four serial sections of a 
hear fom autopsy, stained in diferent 
sways. Hazmatoxylin and eosin stained 
cexyuecton (a) doesnot reveal any damage 
the adjacent section (b) is stained for 
malate dlydrogenase activity and shows 
trong and uniform reaction. Section (c) is 
stained for sucinie debydrogenate and 
reveal a varying degree of enzyme ls in 
alos all the section, the section (d) an the 
righ stained for B-bydraybutyrate 
dehydrogenase activity reveae lightly larger 
«area of damage. (Original 

magnification * 100,) 
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Ficune 25.9. Patchy ls of malate dehydrogenase reaction 
siulating early injury. In fact, te injury was cansed by artificially 
prolonged agonal period due to respiratory tretment and cardiac 
pacing. Ie was equally well visible in HE staining emphasizing the 
necesity of control staining with conventional methods alwayt 
when more sensitive methods are uted. 


histochemical method is thoroughly understood, i is precar- 
Jous to use it for medico-legal purposes. 


IMMUNOHISTOCHEMICAL METHODS 


‘The advances in immunohistochemistry and good results 
in clinical pathology as well as the availability of a great 
number of new antibodies have resulted in numerous publi- 
cations reporting on potential markers of early myocardial 
injury in both animal experiments and autopsy material. As 
i has been shown that ischaemia damages cell membrane, 
contractile proteins, cytoskeleton and subcellular organelles 
of the myocardium relatively quickly, the search for better 
diagnostic methods has been directed to various components 
of the myofibre, eg. basement membrane (collagen IV, flbro- 
nectin, laminin), cytoskeletal proteins (actin, desmin, alpha- 
and beta-tubulin), cell-matrix focal adhesion molecules 
(Vinculin,talin), membrane-associated proteins (dystrophin, 
spectrin), terminal complement complex (C5b-9) and fatty 
acid binding protein (FABP), among many others. In spite 
of the plethora of publications, the results have been rather 
contradictory and/or their practicability difficult to assess 
due to shortcomings in test material or design. 

In spite of better insights into che pathophysiology of 
myocardial injury, the practical problem as to its diagnostic 
significance as a cause of death has not changed: whenever 
myocardial injury has been detected, either macroscopically 
or by using whatever conventional or more sophisticated 
methods, it does not necessarily prove that the injury is 
the cause of death, unless other causes of death have been 
excluded. ‘The rule-of-thumb is char the more sensitive 
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methods are used the greater the probability thar agonal 
period and aucolytic changes may be difficult o differentiate 
from intravital changes. 


COMPLICATIONS OF 
MYOCARDIAL INFARCTION, 


Ruptured heart 


Ruptured heart isthe most common cause of a haemoperi- 
cardium and cardiac tamponade, the rupture always occur- 
ring through an infarct. The softened, necrotic muscle gives 
way from the internal pressure of the ventricular blood 
during systole, there being no equalizing rise in external pres- 
sure. Hypertension will increase the risk, but a more potent 
factor isa senile, soft myocardium, so that the elderly woman 
is a common victim of a ruptured heart, ‘This by no means 
excludes younger men if the infarct is extensive and trans- 
‘mural. ‘The most common area for rupture is the more distal 
part of the free wall of che left ventricle, ‘The seprum occa- 
sionally ruptures and the consequent left-right shunt, whilst 
the patient survives, provides a classical diagnostic sign for 
the stethoscopes of clinicians. 

"The rupture does nor take place in the eatly stages of a 
new infarct, but after a day or two when necrotic softening is 
‘well established. The blood usually tracks through tortuous 
channels berween muscle bundles, rather chan bursting a 
direct fistula from ventricle to pericardial sac. The infarcted 
area may not always be obvious, as the haemorthagic patch 
may obscure it, but histologically the ragged tissues and the 
periphery may be seen to be necrosed. 

Haemopericardium is the pathological condition found at 
autopsy and is not quite synonymous with ‘cardiac tampon- 
ade’, which isa clinical stare caused by the progressive accu- 
‘mulation of blood within the closed pericardial sac. As the 
‘external pressure rises, the heart cannot fully expand in dia- 
stole to allow filling from the great veins, As input volume 
falls, so does stroke output. The venous drainage is dammed 
back so that congestion and cyanosis of the face and neck 
‘occut, until a fatal endpoint is reached. 


Mural thrombosis 


‘Mural thrombosis almost inevitably occurs when an infarct 
is based upon the endocardium of the le ventricle. Though 
there is usually a thin layer of viable (though sick) cells 
immediately beneath the endocardium, they do not seem to 
prevent deposition of platelets and fibrin, 

“The thrombus is often entwined berween the muscular 
bands lining the distal ventricle, which aids its adherence 
When extensive, the thrombus may fill the entire apical area 
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I claim: 
1. A spacecraft propulsion system consisting of the fol- 
owing components 
4 lower hull made of aluminum sheet having a shallow 
spherical profile: 


circular flat sloping hull made of aluminum sheet 
attached to the top of the lower hull on the periphery; 


aan electrically-insulated plastic-molded tubular eylindri- 
‘cal hull containing slots for mounting an array of radial 
microwave waveguides, attached 10 top of the flat 
sloping hull: 

1 hemispherical cupola in the shape of a dome made of 
‘aluminum sheet mounted on top of the insulated cylin- 
<rical hull; 


‘an array of rectangular microwave waveguides mounted 
in the waveguide slots of the cylindrical hull; 


@ high-voltage alternating current transformer with one 
side electrically attached to the upper dome and the 
other side electrically attached to the flat stoping hull; 
and 


fa frequency generator and amplifier to drive the micro- 
wave waveguides 

2. By means of claim (1), an oxellating electric field is 
created between the upper dome and the sloping hull using 
the high-voltage altemating current transformer. 

3. By means of claim (2), an oscillating circular magnetic 
flux density field is generated around the sloping hull and 
upper dome 
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4, By means of claims (1) and (8), negative energy is 
skenerated by the radial microwave beams of the waveguide 
array impinging on the circular magnetic flux density field 
around the hull 

5. By means of claim (3), a postive spacetime curvature 
pressure constituting a lift force is developed over the hall, 
in the vertical direction proportional to the square of the 
field 

6. By means of claims (4) and (8), afield of wormholes 
between space and hyperspace are generated overt al 

means of claim (6), due to the positive gravitational 
seleuil raonn pecans tntopare nde 
space energy flows through the wormholes onto the hull to 
reduce the mass of the spacecraft and strengthen relat 
tically the electromagnetic fields. 

8. By means of claim (6), electrons, emitted by the 
changed hulls, spirafing down the wormholes, generate a 
field of magnetic monopoles with one pole in space and the 
other in hyperspace. 

9, By means of claims (6) and (3), the magnetic mono- 
poles maximize their kinetic field energy by aligning with 
the magnetic fux tube. 

10, By means of claim (9), the gradient in the vertical 
direction ofthe dot product of the magnetic moments of the 
‘monopoles with the magnetic flux density field is a negati 
force on the monopoles and an equal but opposite positive 
Tift foree on the magnetic flux tubes attached to hull 

1. By means of claims (10) and (8), a dual method of 
providing apositive lift foree on the spaccerat is constituted 


Cause of death in coronary insufficiency 


of the ventricle, The layers nearest the endocardium are natu- 
rally the oldest, and visible strata (lines of Zahn) are often vi 
ible. The youngest layers on the surface are less organized and 
more friable, so fragments tend to break off and form emboli 
that enter che arterial circulation, and can cause infarcts in 
kidney, brain, spleen and even the myocardium itself, 


Pericarditis 


Pericarditis occurs with full-thickness (transmural) infarcts 
that form the most common cause of pericarditis in 
Western communities. The visceral pericardium becomes 
purple-red asa result of the infarct beneath, with a vascular 
blush on the surface. Granular fibrin deposit causes the sur- 
face to lose its glistening sheen, and strands of fibrin may 
link che visceral and parietal layers together. When healed, 
fibrous adhesions may form which can obliterate part or 
even all of the pericardial sac. 


Myocardial fibrosis 


Myocardial fibrosis has already been described, healed 
infarcts being replaced by dense collagen, as new muscle 
cannot be formed. Large plaques from healed infarcts can 
be anywhere in the left ventricle, depending on the vessel(s) 
that were occluded. The septum and the posterior wall are 
more common sites than the anterolateral wall, though the 
later is by no means exempt. Often the fibrotic plaques are 
multiple or irregular, being scattered throughout the ven- 
tricular wall 

Diffuse fibrosis is common in elderly people, even when 
there is negligible coronary narrowing. This may be in part 
the result of ventricular hypertrophy in hypertension, which 
causes a relative ischaemia, but many old hearts with no 
enlargement (indeed, atrophy) reveal patchy fibrosis, either 
macroscopically or microscopically. In the latter case, the 
fibrosis is often perivascular in situation. 


Cardiac aneurysms 


Cardiac aneurysms occur where a large area of fibrosis 
replaces a previous transmural infarct, usually on the distal 
part of the free wall ofthe left ventricle. During systole, the 
cavity blood presses ourwards onto the unsupported area 
and gradually herniates it into the pericardial sac, A saccu- 
lar aneurysm develops and may undergo various changes, 
including calcification of the wall, adherence to the parietal 
pericardium, or filling with laminated thrombus. ‘The 
aneurysm wall is tough and fibrous and, though lacking in 
elasticity, almost never ruprures—again contradicting some 
of the dicta of pathology textbooks, 


Fiqune 25.10. An infarc ofthe lateral wall of the lf ventricle of 
between 5 and 10 hour duration. lr bas been rendered visible by 


staining the heart slice with riphenylterazolium chloride, which 


colours the normal myocardium red by she activity of issue 
delydrogenaces: The infarcted area remains unutained. The infer is 
virtually ansmural, hough some subepicardial fibres survive; the 
pupillary muscles particularly vulnerable, being atthe dial end of 
the coronary suppl 


CAUSE OF DEATH IN CORONARY 
INSUFFICIENCY 


Most sudden deaths from coronary insufficiency do not have 
myocardial infarction, even when the most sophisticated 
techniques are employed for its detection. Neither do the 
majority have a coronary thrombosis, though severe cor- 
‘onary stenosis is by definition present. 

“The rare case of myocardial infarction with only moderate 
‘or even minimal coronary atheroma has to be relegated to 
the realms of mystery in the present state of knowledge, 
unless some embolic cause can be found. Some pathologists 
invoke ‘spasm’ of the coronary arteries when the vessels show 
‘minimal atheromatous stenosis, but chs is @ hazardous diag- 
nosis for a pathologist to make. Though spasm is certainly 
seen by clinicians when performing cardiac catheterizations 
oor cardiac operations, it can never be a morphological diag- 
nosis at autopsy, for obvious reasons, 

In most sudden ‘coronary’ deaths, the usual autopsy find- 
ing is of severe, long-standing stenosis sometimes with foci of 
complete occlusion from a ruptured plaque or a subintimal 
hhaemorshage. There may ofien be partial thrombosis, in chat 
a plaque or narrow segment may have mural thrombus that 
further narrows the lumen, though does not roally occlude it. 

“Thereis macroscopic and microscopic evidence of myocar- 
dial fibrosis in many of these cases. This may either be a large 
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plaque of scar tissue at the site of a previous focal infarct or 
more diffuse fibrosis. There may be fibrosis subendocardially 
and in the papillary muscles, In many of these sudden deaths 
there is no naked-eye or even microscopic evidence of any 
new lesion in the coronary system or myocardium, so why do 
they die? 

Death must be ascribed to a shythmical defect, rather chan 
loss of mechanical pumping power. Myocardium and espe- 
cially the pacemaking and conducting system, is vulnerable 
to ischaemia and hypoxia, Disturbances of rhythm, from 
ectopic beats to atrial fibrillation through to ventricular ib- 
rillaton and cardiac arrest, may occu, as well as heart block 
and the many other clinical manifestations of ischaemic heart 
disease from whatever cause. In addition, many victims are 
hypertensive and left ventricular hypertrophy exacerbates 
their relative coronary insufficiency. Anyone with a heart 
weighing more than 450g is a candidate for sudden death, 
with or without coronary artery stenosis. The mechanism of 
this sudden type of death, where there is no large infarc, 
seems to be a state of electrical instability from chronic 
hypoxia, so that sudden stresses (such as exercise or emotion) 
can suddenly cause the arrhythmias mentioned above, 
though it must be said that death can occur without any of 
these factors while the victim is asleep or at rest. It is known 
that the myocardium is sensitive to catecholamines, this being 
a physiological response 0 intrinsic adrenergic hormones. 
Excess catecholamines given parenterally can cause arrhyth- 
‘mias and even contraction-band damage to the myofibrils. 
Certain other drugs, such as organic solvents, can sensitize the 
myocardium to even physiological amounts of noradrenaline, 
leading to ventricular fibrillation and sudden death, 

“Those with fibrosis in the myocardium may have the 
additional risk of interruption of the conducting system, 
which may give some degree of heart block or defect in the 
spread of the contraction impulse, rendering them more 
prone to arthythmias and arrest. This is especially so where 
a large fibrotic plaque occupies the interventricular septum, 
as here the left bundle branch penetrates to supply the 
apical region and may be strangled by dense fibrosis. 

‘Where there isa recent coronary thrombosis, the absence 
of an infarct may mean that insufficient time has elapsed for 
ito become apparent, but of course the pumping efficiency 
will be compromised and the risks of electrical disturbance 
will already be operating, so that all the problems listed 
above exist, The other reason for lack of an infarct is an 
adequate collateral circulation but, even though necrosis is 
avoided, a new coronary occlusion can only further worsen 
the ischaemic and hypoxic state of the myocardium, with all 
the potential consequences of electrical instability 

If there isan infarct, then again all the above dangers exist, 
bur there is the added liability of loss of mechanical pump- 
ing function, which, with a large infarct, may bea substantial 


Ficune 25.11 Extensive myecardial fibrosis ccupying the 


interventricular septum and apes ofthe heart with severe ovclurve 
Aiscae of the anterior descending branch ofthe left coronary artery 
Near the apex all the muscle has been replaced by scar tissue. This 
ype of lesion ix particularly prone to cause sudden death, as well ax 
clinically apparent dysrhythmias, asthe sepal fibrosis interrupts the 
efi bundle bnanch ofthe cardiac conducting system. 


proportion of the whole cardiac output, leading to overt 
Jow-output failure during which sudden death can supervene 
at any time, In addition, the risks of sequelae of myocardial 
infarction, such as rupture and embolism, are ever present. 
"The role of the conducting system in sudden cardiac 
deaths is one which is attracting increasing interest, espe- 
ally as new histological and immunohistochemical tech- 
niques are becoming available. A revised sampling 
technique, described by Song et al. (1997), uses longitudi- 
nal sectioning, reduces the workload and allows observa- 
tion of continuity berween different components of the 
cardiac conduction tissue. It demonstrates the sino-atrial 
(SA) node, the atrio-ventricular (AV) node and the distal 
part of the His bundle and the bundle branches of the car- 
diac conduction system in 4~5 blocks. However, although 
a significant number of abnormalities can be recognized, 
is usually difficult or impossible to relate morphology co 
function, The fact that an AV or SA node, or the bundle of 
His or its branches shows fibrosis or some other lesion, 
does nor necessarily mean that this played any part in the 
death. It has been shown that the conducting system is 
remodelled with advancing age ~ and many deaths from 
obvious extracardiac causes reveal lesions in the conducting 
system when studied at autopsy. Nevertheless, new know- 
ledge now being accumulated about the conducting system 
may become useful in investigated sudden cardiac deaths, 
as it is obvious that a high proportion of these fatalities, 
which have no recent acute lesion demonstrable in the 
coronary arteries or myocardium, are due to archythmias 
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and functional arrest, in which abnormalities of the propa- 
gation of the pacing impulse may be important. James 
(1996) has suggested that apoptosis, the programmed cell 
death, might be a logical explanation and responsible for 
histological abnormalities of the cardiac conduction system 
in sudden deaths due to progressive development of com- 
plete heart block and various arshythmias 


HYPERTENSIVE HEART DISEASE 


Hypertension may kill in a number of ways, such as by 
renal failure, ruprured aneurysm or cerebral haemorrhage, 
bur here we are concerned wich primary heart failure, a 
quite common cause of death. During life, che clinical syn- 
drome of ‘cardiac asthma’ or ‘paraoxysmal nocturnal dys- 
pnoca’ is caused by pulmonary oedema from hypertensive 
lefe ventricular failure. The same oedema is a marked fea- 
ture of the autopsy on fatal hypertensive heart disease. 

Because there is an aetiological connection. between 
hypertension and coronary atheroma, the two conditions are 
often present together in a victim of sudden death, making 
it difficult to separate the myocardial consequences of each 
component, Sufficient ‘pure’ deaths from hypertensive heart 
disease are available where there is no concurrent coronary 
disease, however, to establish the effect of the former on the 
myocardium. When the left ventricle has to work against a 
higher pressure in the systemic arteries, the muscle fibres 
hypertrophy. ‘They cannot increase in number, but they 
increase in length and thickness, with irregularity and 
enlargement of nuclei, ‘This fibre enlargement leads to 
increase in the mass of the left ventricle, the well-known 
‘concentric hypertrophy’ of hypertension. 

IF 360-380 g is taken as the upper limit of heart weight 
for an average size man, then hypertensive disease may 
produce hearts of 500-700 g. Hearts larger than this usually 
have some other cause, such as valvular disease or a car- 
diomyopathy. ‘Though it is sometimes denied that hyper- 
tension can cause sudden death, most forensic pathologists 
would strongly disagree, all having performed numerous 
autopsies where no other reasonable explanation existed. 
‘The usual picture is of marked pulmonary oedema fluid 
running freely from the cut surfaces of the lungs because of 
a terminal failure of the left ventricle slightly prior to right 
ventricular arrest. This causes a rapid rise in pulmonary 
artery pressure and consequent transudation across the 
pulmonary alveolar membranes. 

"There may not always be evidence of hypertension in the 
often sparse history available ar sudden death, but the pre 
ence of concentric hypertrophy in the absence of valve disease 
or a cardiomyopathy ~ together with characteristic changes 
in other vessels and organs, such as the kidney ~ is strong 


FiGURE 25.12 Canceneric bypertrophy of the left ventricle im a 
person with cardiomegaly fom hypertension. The slice bas been 
stained with riphenyletrazolium chloride to reveal debydrogenase 
activity some mle arcas, expecially inthe septum, show pallor 
From reduced enzyme activity asa recut of relative ischaemia of the 
increased muscle mass. 


evidence of raised blood pressure, Sometimes the overall 
‘weight of the heart may be normal, yet there is relative left 
ventricular thickening: this again suggests hypertension. In 
the hearts of aged people, the usual atrophy ~ with tortuous 
surface vessels may be concealed by a left ventricular hyper- 
trophy, keeping the heart at normal weight. 

"The existence of hypertensive heart disease as a specific 
entity was strengthened by some investigations published by 
the author (BK) in 1973, in which i was shown that gross 
enzyme deficiencies exist in the inner part of the wall of the 
hypertrophied left ventricle, This lesion is not specific to 
hypertension, but is seen whenever the left ventricle is 
enlarged, notably in aortic valve disease, In severe instances, 
the defect in dehydrogenase activity extends from endo- 
cardium almost to the epicardium, there being only a narrow 
one of normal activity. In some ways this defect is similar to 
the ‘laminar infarce’ of coronary artery disease. 

In pure hypertension and aortic valve disease, the cause is 
a relative ischaemia of the inner zone of the ventricular wall 
‘caused by insufficiency of coronary blood supply compared 
with the demands of the thickened ventricular mass. The 
reason for the laminar distribution is the anatomy of the 
coronary supply, graphically described by Farrer-Brown 
(1968, 1977). ‘The various levels or strata of the ventricular 
‘wall have different arterial patterns. The subendocardial zone 
is supplied by arteries with many branching terminations 
that provide a profuse and concentrated blood supply. A sec- 
‘ond set of vessels passes straight through the ventricular wall 
«without division ~all the coronary supply coming, of course, 
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from the epicardial surface, ‘This set serves the papillary 
muscles and trabeculae carnae, while a third group tends to 
run circumferentially parallel and below the epicardium, giv- 
ing branches both outwards and inwards. 

Farrer-Brown found that the termination of these vessels 
were of two types, as they divided into arterioles and chen 
capillaries The direction of the ree-like branching in the sub- 
endocardial zone continued in the general ine of che main 
artery. The area of myocardium supplied by these branches 
was small. ‘This was in contrast co the pattern in the mid- 
zone of the wall, where the branches turned ar an angle co the 
main artery and then divided to supply a much wider area of 
myocardium that was supplied by the terminal branch in the 
subendocardial zone. These anatomical differences suggest 
that the vessels in the mid-zone each have to supply 
a larger volume of muscle than in the other layers. This 
sight well explain the greater vulnerability of this central 
zone to hypoxic changes, as indicated by reduced enzyme 
activity and che occurrence of laminar necrosis. In actual 
practice, the inner zone also suffers, apart from the immedi- 
ate subendocardial layers, but che superficial subepicardial 
zone is almost always spared. The rationale of damage to the 
myocardium in hypertensive heart disease, as in aortic steno- 
sis, would appear to be a relative coronary insufficiency. In 
pure coronary artery disease, part of a normal-sized myocar- 
dial mass is rendered ischaemic by localized reduction of 
blood flow by a coronary stenosis or occlusion, the resulting 
necrosis being distributed in a focal partern according to the 
location of the block. 

In hypertensive heart disease, normal coronary arteries 
attempt to supply a much larger muscle mass, so that there is 
the same imbalance between supply and demand. As there is 
no focal blockage, however, the resulting lesion is diffuse and 
the areas that suffer most are those in the mid- and inner 
ones, probably because of the microanatomy of the vessels 
described above. The same type of lesion may be seen in any 
severe sustained hypotensive episode of extracandiac cause, 
though the early onset of death in many of these will pre- 
clude the development of morphological evidence of laminar 
myocardial damage. 


SUDDEN DEATH IN AORTIC 
VALVE DISEASE 


A similar situation exists with aortic valve disease in which 
stenosis rather than incompetence can lead to sudden death 

Most of the lesions are primarily degenerative, the common- 
est being ‘idiopathic calcific aortic stenosis, most often seen 
in elderly men. Aortic stenosis of theumatic origin always 
affects the mitral yalve before the aortic, so solitary aortic 
lesion cannot be ascribed to rheumatism and is therefore of 


Ficune 25.13. Guleife aortic stenosis a common cause of sudden 
sunespected death especially in older men. Though the stenosed valves 
are often biscuspid, the stenosis often deforms normal waves, asin thie 


illustration. Marked left ventricular hypertrophy usually ensues, the 
Large muscle mass becoming ischaemic, especially in she inner layers. 


the primary degenerative type. Rheumatic valve disease is 
becoming rare, both with the decline in rheumatic fever and 
the frequency with which valve lesions are created surgically 
at an earlier stage, before marked ventricular hypertrophy and 
its myocardial lesions are evident. 

In the common calcific disease, the valve is thickened and 
rigid, with fusion of the commissures in most cases. There 
may be large, irregular excrescences on the cusps and in the 
sinuses behind. At a later stage, the whole valve may be an 
almost unrecognizable, chalky mass, with a lumen barely 
«wide enough co admit a pencil. This type of valve may have 
been biscuspid from birth, a condition thar undoubtedly 
encourages cakific degeneration. Many stenotic and appar- 
cently bicuspid valves are not truly bicuspid, however, but 
appear so because the degenerative process has destroyed or 
obliterated one of the commissures between the cusps. This 
may ofien be demonstrated by the fact that a trace of the 
commissure may still be seen, or by the fact that the two sur- 
viving cusps are nor equal in size, the commissures being 
placed at 120° rather than 180°. 

‘A tight aortic valve, from whatever cause, obstructs the 
outflow tract of the left ventricle and causes the muscle to 
hypertrophy in order co eject the same stroke volume 
through a narrower orifice. In addition, if chere is associated 
regurgitation, further extra work has to be performed co 
attempt to throw out the refluxed blood. 

"The effect of a severe aortic stenosis in relation to sudden 
death is to enlarge the left ventricle to sizes even greater 
than those seen in hypertension. Some of the biggest hearts 
(excepting some cardiomyopathies) are seen in aortic valve 
disease, going up to 800g or ~ exceptionally ~ 1000 
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Another effect of a tight valve is to lower the perfusion 
pressure in the coronary arteries, which is made worse if 
there is also an element of regurgitation, It is the diastolic 
pressure in the proximal aorta that feeds the coronary sup- 
ply, as during systole the contraction of the heart prevents 
flow in the intramural arteries. A less common effect may 
be the distortion of the coronary ostia by calcific masses in 
the sinuses of Valsalva and the wall of the roor of the aorta, 
which can partly block che entry into the coronary vessels. 
‘The combination of a large myocardial mass and decreased 
coronary flow is ofien made worse by concomitant coro- 
nary atherosclerosis, so the propensity of victims of aortic 
valve disease to drop dead is considerable. Elderly men are 
the most frequent victims. Lesions of other heart valves 
seldom cause sudden death as an isolated cause, though the 
more chronic cardiac dysfunction ~ mainly congestive 
cardiac failure ~ caused by them may end life rather abruptly 
fon occasions. Rheumatic mitral stenosis is one such lesion, 
bur pethaps a more direct mitral cause of sudden death is 
the floppy’ valve usually seen in old age. 


SUDDEN DEATH FROM THE 
CARDIOMYOPATHIES 


‘There is a heterogenous group of diseases of myocardium 
associated with cardiac dysfunction known as the ‘cardiomy- 
opathies, which, though of mixed and often uncertain aeti- 
ology, have sufficient in common pathologically to merit a 
special identity. As they account for the second largest num 
ber of sudden deaths after coronary artery disease, i.e. about 
10-15 per cent of all sudden deaths of cardiac origin, they 
are briefly described here, though specialized texts and 
papers on cardiac pathology should be consulted for details. 
‘The outstanding feature is a large heart in the absence of 
hypertension or valve lesions. The victims are usually young 
adults, partly because in older geoups in which there is athero- 
sclerotic coronary disease and also hypertension, these over- 
lay the cardiomyopathy and make the diagnosis difficult or 
impossible. The only exception is if there is definite histo- 
logical evidence ori the heart weight is excessive (over 700 g) in 
the absence of a valve defect. Cardiomyopathies are the most 
common cause of heart failure and are an important cause of 
death in children and adults. According to the Report of the 
1995 World Health Organization/Intemnational Sociery and 
Federation of Cardiology ‘Task Force on the Definition and 
Classification of Cardiomyopathies, they are classified into 
the following main types: dilated, hypertrophic, estricive and 
arshythmogenic right ventricular cardiomyopathy. 

Dilated cardiomyopathy (DCM) is the most common 
cause of congestive heart failure. The annual incidence 
varies, depending on the diagnostic criteria, from two to 


FIGURE 25.14 Myafile disarray in hypertrophic cardiomyopathy. 


ight cases per 100.000, Around 30-40 per cent of them are 
familial (FDCM), bur it may also be idiopathic, viral, 
immune or toxic, eg. alcoholic, Idiopathic dilated cardio- 
myopathy (IDCM) is characterized by dilated ventricular 
chamber and reduced contractility without coronary, valvular 
‘or pericardial disease. Histology is non-specific; however, viral 
‘gentome has been identified in 1034 per cent of patients with 
dilated cardiomyopathy. 

Hypertrophic (obstructive) cardiomyopathy was first 
described in medicolegal autopsy material by a Lonclon foren- 
sic pathologist, Donald ‘Teare, in 1958, Although he nored 
and described asymmetrical hypertrophy of the interven- 
tricular septum, so thar a bulging pad of myocardium partly 
obstructed the left ventricular outflow tract, this candio- 
myopathy is predominantly (75 per cent) a non-obstru 
disease and, hence, hypertrophic cardiomyopathy (HCM) is 
now the preferred name. Itis a primary sarcomere disorder 
characterized by left and/or right ventricular hypertrophy 
and, in most cases, inherited as a predominantly autosomal 
disease, Iris caused by mutations of any of the genes encoding 
the proteins of the cardiac sarcomere 

Berween 20 and 30 per cent are familial, and che condi- 
tion may occur at any age from infancy co senility, though 
the majority of deaths occur in early middle age. The weight 
of the heart may range from a high normal ar 400 g, o 800 g 
oreven a kilogram. More striking than the toral weight isthe 
left ventricular preponderance, which is often maximum in 
the proximal seprum, as described above. 

Histologically che myocardium shows irregularsized, 
large fibres with nuclear pleomorphism. ‘Though once 
thought to bea rhabdomyoma or a hamartoma, of aberrant 
adrenergic tissue, the septal bulge usually shows a bizarre pat- 
tem of fibres, with loss of the orderly strata and replacement 
by a criss-crossing, confused architecture of muscle bundles. 
Interstitial fibrosis is common, and ~ though there may be 
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an increase in interstitial cellularity ~ inflammatory infiltrate 
is not seen, as it would be in an active myocarditis 

Restrictive cardiomyopathy is, according to the WHO 
report, ‘characterized by restrictive filling and reduced dia- 
stolic volume of either or both ventricles with normal or 
near-normal systolic function and wall chickness. Increased 
interstitial fibrosis may be present’. It may be idiopathic or 
associated with other diseases such as cardiac amyloidosis, 
cardiac haemochromatasis or endocardial fibroelastosis with 
or without hypereosinophilia 

Arthythmogenic right ventricular cardiomyopathy (ARVO) 
is a primary myocardial disorder characterized by progressive 
fibrofacty degeneration of right ventricular myocardium, 
arshythmias and risk of sudden death, In addition co familial 
autosomal-dominant disease with variable penetrance and 
polymorphic phenotype, two autosomal-recessive forms of 
ARVC are known. 

"The WHO classification includes further two groups of 
cardiomyopathies: 


IS specific eardiomyopathies that are associated with 
specific cardiac of systemic (ischaemic, valvular, 
hypertensive, inflammatory, metabolic, general systemic 
e.g. connective tissue or neuromuscular disorders) and 

unclassified cardiomyopathies, which do not fir 
readily in any group, e.g. ibroelastosis or isolated 
non-compaction of the ventricular myocardium 
(INVM), a rare disorder characterized by excessively 
prominent trabecular meshwork, ventricular 
arrhythmia and systemic embolism. 


Myocarditis 


Many infective diseases produce an acute myocarditis, 
which may be the immediate cause of death. A prime 
example is diphtheria, but this has virtually no forensic 
relevance. More important is isolated myocarditis, where 
the condition is primary and usually of unknown aetiology. 
Ir was formerly [and some recent results from an ongoing 
study by the author (PS) suggest, that it still is] a much- 
used and overused autopsy diagnosis, especially where no 
‘gross lesions could be found. Known by a variety of names, 
such as ‘Fiedler’s or ‘Saphir’ myocarditis, its incidence was 
said co be appreciable in victims of sudden death ~ and it 
was incriminated as the cause of accidents on the road and 
in the air that had been attributed to driver or pilot incap- 
acity. In forensic pathology some 20-30 years ago, it 
became a ‘fishionable’ diagnosis on rather equivocal histo- 
logical criteria. It was then found thar many victims of 
trauma where death was rapid and where cardiac incapacity 
could not possibly be a causative factor in the accident, also 
had foci of mononuclear cells in the myocardium. 


FiGURE 25.15 Severe diffse mphocytic myocarditis with 
destruction of myocytes. (HE, original magnification * 10.) 


Stevens and Ground (1970), alter finding six cases of 
myocarditis in 263 air pilots, when none of them could 
have been affected by a cardiac event, looked at a consider- 
able number of other accident victims in circumstances in 
which disease was obviously unrelated to the trauma. ‘They 
found about 5 per cent of young men had lesions otherwise 
histologically acceptable as ‘myocarditis’ and concluded 
that ic was an unsafe diagnosis to use for the cause of death, 
‘Their histological minimum criteria for acceptance was one 
focus of 100 of more cells or many foci of half that size, 
Groups of lymphocytes, especially subepicardial of 40 or 
fewer cells, were disregarded. 

In Australia, Tongue eral, (1972, 1977) did similar seud- 
ies, bur used whole transverse sections of ventricles at up to 
18 levels in each heart. Their results showed thar the more 
extensive the search, the greater the number of foci dis- 
covered in deaths that had no circumstantial relation to a 
sudden cardiac death, Using 18 full sections, chey found 
that 90 per cent of the accident victims had ‘myocarditis 
lesions and suggested that, if the search was extensive 
enough, it could probably be brought up to 100 per cent. 

‘The Dallas Classification System was proposed by eight 
cardiac pathologists in an attempt to provide che practicing 
pathologists with easily applicable and uniform criteria for 
the diagnosis of myocarditis in endomyocardial biopsies 
(Aterz et al. 1987), By this definition, the diagnosis of myo- 
carditis can be made only if myocyte necrosis or degener- 
ation or both are associated wich an inflammatory infiltrate 
adjacent to the degenerating or necrotic myocytes. A semi- 
‘quantitation of the amount of inflammatory infiltrate was 
suggested as mild, moderate, or severe and its distribution 
characterized as focal, confluent, or diffuse. The composition 
of inflammatory infiluate, ie. che presence of lymphocytes, 
neutrophils, eosinophils or giant cells was suggested for 


= 508» 


Sudden death from rupture of an aneurysm 


differential diagnosis of the aetiology. According to Feldman 
and McNamara (2000) the Dallas criteria probably under- 
estimate the true incidence of myocarditis. 

‘Among the great variety of infectious agents, viruses have 
been considered as important cause of myocarditis. The 
molecular biological techniques such as polymerase chain 
reaction (PCR) and in stu hybridization have provided new 
diagnostic possibilities and viral genome has been detected 
both in myocardial biopsies as well as in autopsy material 
However, the detection rate and the viruses identified have 
varied markedly according to the study. In addition, drugs 
‘may cause myocarditis, either through direct toxic or immune- 
mediated mechanism 

Probably, the position now to be accepted is thar unless 
multiple, lorid foci are found, with myofibril necrosis seen, 
using special stains if necessary, bland mononuclear foci thar 
are purely interstitial and not involving muscle fibres must 
be disregarded. ‘The presence of myofibre necrosis, however 
localized, would appear the most important confirmatory 
criterion, Where stenotic coronary artery disease exists itcan 
be difficult or impossible to differentiate the resulting cellu- 
larity, fibrosis and fibre necrosis from thar of myocarditis 

‘A disease process that may well have been underestimated 
in the pathology of sudden death is cardiac sarcoidosis. Unless 
routine histology is carried our on every sudden death, chis 
diagnosis will be missed (Fleming 1988) as will a considerable 
umber of myocardial amyloidoses, which need special stains. 


DEATH IN OLD AGE ~- THE SENILE 
MYOCARDIUM. 


In many autopsies on old persons, no specific lesions can be 
discovered that provide a clear cause of death. In the increas- 
ingly aged population of the developed nations, this problem 
becomes a more frequent task for the pathologist. The history 
of the mode of death then becomes particularly important, 
as it may give some clue as to which area of the indeter- 
inate lesions should be given priority in deciding on a cause 
of death, For instance, if there is moderate coronary artery 
disease, then ifthe person died with sudden breathlessness or 
chest pain, rather than slowly fading away, more credence 
would be given to the coronary lesions. Many old people have 
good, patent coronary arteries, however, even ifthe walls may 
be cakified ~ if they did not have such good vessels, they 
probably would not have lived to 88 or 95 years, anyway. 
‘Where nothing other than general senile atrophy of most 
organs is found and the history is unhelpful as to a specific 
mode of death, as long as the pathologist can exclude any 
‘unnatural cause, then itis quite legitimate to ascribe the death 
to ‘myocardial degeneration due to senility’. The WHO's 
ICD-10 (International Statistical Classification of Diseases 


and Related Health Problems, Tenth Revision, Geneva 1992) 
provides a code for such a disease even though many cardiac 
pathologists seem reluctant to agree to its existence, wishing 
always 10 find some more specific disease process. In the 
authors’ view, senile myocardial degeneration is quite accept- 
able, given exclusion of other causes. Senile hearts are usually 
small, but hypertension may have enlarged the ventricles long 
ago and the residual effect of this may be to sustain the heart 
ata normal weight. More important is the appearance of the 
heart, which is brown on the surface and in the muscle and is 
flabby and soft. The thumb can be pushed into such muscle 
at autopsy withour difficulty. ‘The weight may be down to 
300 gor even 250g, if no previous hypertrophy has existed. A 
‘good indication of cardiac atrophy is the presence of tortuous 
coronary vessels on the epicardial surface, especially the anter- 
ior descending branches, ‘These may meander markedly, as 
the myocardium has shrunk, the apex has contracted nearer 
the base and so the vessels have to corrugate to fit into the 
diminished space. 

Microscopically, the myocardial fibres are uneven in size, 
there may be a fine, diffuse fibrosis, which is not ischaemic 
in origin and the nuclei of the myocytes have prominent 
clumps of lipofuscin pigment at theie poles. Unfortunately, 
none of these Features is diagnostic of the cause of death, as 
other old persons dying of quite unrelated causes, such as 
trauma, might have equally poor heart muscle, 

"The justification for considering that senile myocardial 
degeneration isa valid cause of death comes from the species 
life span of different animals. Even without lethal specific 
disease, each species has fairly uniform life span, the human 
being some 70-90 years. No one lives to 150 years, so there 
must be some limiting factor; as cardiac function is the most 
immediate arbiter of survival, it seems reasonable to indict 
heart contractibilty asthe primary Factor. All tissues age, but 
senility of the spleen or thumbs does not have the immediacy 
for life support possessed by the myocardium, 


SUDDEN DEATH FROM RUPTURE 
OF AN ANEURYSM 


TThe most frequent extracardiac cause for sudden death aris- 
ing in the cardiovascular system isa rupture of an aneurysm, 
almost always ofthe aorta ora cerebral vessel. Aortic aneurysms 
are of three types, all capable of catastrophic rupture. 


The atheromatous aneurysm 


The atheromatous aneurysm is the most common and is 
seen mainly in the abdominal segment of the aorta, Though 
atherosclerosis affects the whole length of the aorta, it is 
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usually worse below the diaphragm, probably because of the 
haemodynamic effects of the larger branches that come off 
in this segment. Turbulence and ‘Venturi’ effects are known 
to localize the development of fatty streaks and atheroma- 
tous plaques, as they are seen first around the ostia of the 
intercostal vessels and become particularly severe at the 
major bifurcation into common iliac arteries. ‘Though 
aneurysms can develop at any point in the aorta, mose are 
below the diaphragm, Excepting dissecting aneurysms, 
however, any aneurysm in the thoracic segment is still more 
likely to be atheromatous than syphilitic, even though 
syphilis is virtually confined to the aortic arch. Most athero- 
‘matous aneurysms are fusiform or saccular, the bulge being 
either symmetrical about the axis of the vessel or more 
commonly bulging out more on one side than the other. 
Progressive destruction of the media by the fibrolipid 
degenerative processes of atherosclerosis leads to weakening 
of the aortic wall, Bulging caused by the continuous internal 
blood pressure begins, aided by the hypertensive tendencies 
of later life. ‘The damage or complete destruction of the 
intima leads to platelet and fibrin deposition, so that mural 
thrombosis is laid down in the expanding aneurysm. This 
may partly or wholly fil the sac, being many centimetres 
thick in some instances, with well-marked. stratification 
called the ‘lines of Zahn’, The wall of the aneurysm may 
contain calcific fragments similar to the adjacentartery wall 

Most aneurysms remain intact throughout life and are 
found as incidental findings at autopsy. Naturally the inci- 
dence of ruptured aneurysms is greater in medico-legal autop- 
sies by reason of the selective population of sudden deaths. 
‘When rupture occurs, the weakest point of the wall is pene- 
trated by the contained blood and this usually leaks out into 
the retroperitoneal tissues, rather chan Free bleeding into the 
peritoneal cavity. The blood tracks behind the root of the 
mesentery and around the kidney. A large perieenal haem- 
atoma may form but, more often, the obvious site of bleeding 
is in the centre of the back of the abdomen. The diagnosis is 
usually quite obvious as soon as the autopsy begins for, as 
soon as the abdomen is opened and the intestine moved 
aside, a dark red mound may be seen projecting forwards over 
the lumbar spine, bulging at the roor of the mesentery. 

“The development of a successful technique for the repair 
of many such arterial defects has reduced the death rate, 
though there is a substantial perioperative mortality, 
because the patient is virtually moribund when the operation 
begins, or because gross calcification and degeneration of the 
remaining aortic wall makes it technically impracticable 


often 


The dissecting aneurysm 


Rupture of a dissecting aneurysm of the aorta is much less 
common than the atheromatous variety and seems to have 


decreased even more during the past decade. Irs tll by no 
means an uncommon cause of sudden death, however, and is 
the second most frequent cause of a haemopericardium and 
cardiac tamponade. Whereas atheromatous aneurysms are 
usually in the abdomen, the dissecting aneurysm can span 
the whole length of the vessel from iliac artery to aortic valve, 
though the main effects are usually manifest in the thoracic 
segment. 

“The basic lesion is a degeneration of the aortic media, the 
so-called ‘medionectosis. ‘The thick elastic media becomes 
degenerate and cystic in the central layers, producing a vessel 
wall like a sandwich with a soft cleavage plane in the middle. 
This defect is of unknown aetiology and affects both the 
elastic and muscular elements of the media, Ic is relatively 
‘common over the age of 50, especially in men. Many aortas 
seen at autopsy have this degeneration, but no aneurysms, as 
they never develop because the blood fails ro enter the poten- 
tial cleavage space from the lumen of the aorta, 

In most cases where a dissecting aneurysm has caused 
death, the blood has broken through from the lumen through 
a tear in an atheromatous plaque, which isa quite separate dis- 
‘ease process existing in parallel with the medionecrosis. When 
blood enters the medial cleft under high arterial pressure, the 
‘wo layers of the media are split apart and the dissection may 
rapidly travel both upwards and downwards in the aortic wall. 
The upper component may split its way around the arch and 
beyond the attachment of the pericardium. Here, just above 
the aortic ring, the dissecting haemorthage often bursts 
through the remaining outer media and adventitia into the 
pericardial sac. This causes a massive haemopericardium and 
the cardiac tamponade described earlier in relation to rup- 
tured myocardial infarct. ‘The distal extension may travel 
down to the iliac and even femoral arteries, sheathing them in 
blood. Rarely, in a patient who survives a dissection, the sec- 
‘ondary lumen formed in the cleavage plane may rupture back 
into the main aortic lumen, thus forming a ‘double-barelled’ 
aorta, a curiosity occasionally found at autopsy. Death usually 
‘occurs from cardiac tamponade, but some dissections do not 
burst into che pericardium, Here death is by a less obvious 
mechanism, which may be partly the sudden narrowing of the 
aortic lumen and pressure on the coronary ostia and roots of 
the coronary arteries. In persons under 50 years of age, there 
isa much less common alternative cause of medionectosis, 
known as Endheimis degeneration. ‘This is sometimes called 
‘mucoid medial degeneration’ and is associated with Marfan's 
syndrome, an inherited condition characterized by arachn- 
‘odactyly and optic, aural and bony lesions. 


The syphilitic aneurysm 


Syphilitic aneurysms are now uncommon, because of the rela- 
tive rarity of tertiary lesions as treatment is available for the 
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FiGURE 25.16 Sudden unexpected death cansed by a mycoma ofthe 


Lefeatrnom, The bal shaped mucoid tumour impacted in the mitral 


salve during a postural change. No ather cause of death nxt discernible, 


earlier stages of the disease. In some areas of the world, how- 
ever, tertiary syphilis is nor the rarity ithas become in Europe 
and America, 

TThe syphilitic aneurysm of the aorta is almost always in 
the thoracic segment and usually in the arch. Syphilitc aor- 
titi, which precedes an aneurysm, may be recognized in the 
lining of the thoracic and abdominal aorta by its irregular 
corrugated pattern, though admixture with atheroma can 
obscure the classical appearances. There tend to be sinuous 
linear folds, like coarse wrinkles, which have been likened to 
the bark of an oak tree. If che aorta dissected free of adherent 
connective tissue is held up 10 a strong light, ‘Gough’s test 
may be applied, in which translucent windows can be seen 
in the media. When confluent, these weak patches allow the 
internal blood pressure to blow out an aneurysm and the 
syphilis bulge can be the largest of all, sometimes almost 
filling the upper part of the chest. The wall is thin and frag- 
le, and there may be several separate bulges from overlap- 
ping aneurysms. 

Pressure may erode bronchi, oesophagus, pulmonary 
vessels, lung and even the thoracic cage. The latter may allow 
the aneurysm to become subcutaneous and, in former years, 
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the external bursting of a pulsating chest cumour must have 
been a dramatic event. The usual mode of rupture is into the 
pleural cavity or into the oesophagus or bronchus, giving rise 
to a sudden, massive haematemesis or haemoptysis. Histo- 
logically, it may be impossible to confirm syphilitic aortti, 
as the reactive phase of the disease may have been long burnt 
‘out, bur the gross pathological appearances are diagnostic in 
themselves. 


Fatal aneurysms of other vessels 


Fatal aneurysms of other vessels are rare, apart from the 
cerebral arteries. Atheromatous bulges can occur on the 
iliac and femoral vessels, and sometimes in the mesenteric 
arteries, Polyarteritis nodosa can produce mini-aneurysms 
from the inflammatory process eroding the wall, but death 
is not caused by the direct effects of ruprure, but by vascu- 
lar problems in the coronary, renal and other arteries 
Infective mycotic aneurysms are rare in civilian practice, as 
are traumatic arteriovenous fistulae, but are not uncom- 
mon in war casualties. 


Sudden death from ruptured cerebral 
aneurysm 


The relationship of head and neck injury to subarachnoid 
hhaemorthage is discussed in Chapter 5, but here we are 
concerned solely with spontaneous rupture of an aneurysm 
of the circle of Willis at the base of the brain. This is one of 
the most common causes of death in young to middle-aged 
adults, if coronary disease is excluded. In women, who are 
relatively immune from coronary occlusion up to the fifth 
decade of life, ruptured berry aneurysm is proportionately 
much more common than in men. Ie is a useful rule-of- 
thumb, when presented with the sudden death of a woman 
of child-bearing age, to consider a complication of preg- 
nancy, sel poisoning, pulmonary embolism and subarach- 
noid haemarthage as the first choices. 

Subarachnoid bleeding can cause virtually instantaneous 
death, even though the mechanism is obscure. Numerous 
‘eases have been described where a previously fit person was 
seen to collapse and was apparently already dead when 
attended by onlookers. There must be an element of cardiac 
arrestin these examples, caused by the sudden bathing of the 
brainstem in blood from a jet of arterial blood impinging on 
the base ofthe brain. As with coronary disease arterial spasm 
has been invoked as a cause of the sudden death in rupcured 
berry aneurysm, without any proof. Most cases of subarach- 
noid haemorrhage have a much longer course, with clinical 
symptoms and signs allowing either surgical intervention or, 
ofien, spontaneous resolution. 


25: The pathology of sudden death 


We are by definition here, however, concerned with sud- 
den or rapid fatalities, In the usual coroner's case, the victim 
is either found dead with no available history, or has died 
rapidly and inexplicably, or has expired after suggestive 
symptoms like severe headache and rapid coma. Many die 
after physical or emotional exertion, especially sexual inter- 
course or strenuous sporting activity: Those thar occur dur- 
ing or soon after some assault or altercation are deale with in 
the chapter on head injuries (Chapter 5), and can pase a 
major forensic problem concerning causation. 

Ar autopsy, the diagnosis of subarachnoid haemorthage 
is self-evident. As che usual point of bleeding is in the 
circle of Willis, che most dense haemorrhage will be over 
the base of the brain, especially in the basal cisterns. The 
blood usually spreads laterally and may cover the whole 
surface of the cerebral hemispheres, the hindbrain and 
down into the spinal canal. This will be bright red in a fresh 
bleed; if survival lasts a week or so, a brownish tinge 
will appear as the haemoglobin undergoes changes. 
Haemosiderin can be detected by Peil’s stain after about 
3 days. 


FiGURE 25.17 A dene basal subanachmoid haemorrhage that 
catwsed rapid death. The blaod clot filling the basal cisterns conceal a 
ruptured berry ancuryem ofthe circle of Willis: at atopy thie mast 


be removed under a stream of water, using careful blunt dltsection 


to.avid further damage tthe wees 


"The detection of the source of the haemorthage is some- 
times difficult. An aneurysm is present in about 85 per cent 
of spontaneous subarachnoid haemorthages, but the remain- 
der reveal no aneurysm, even after an exhaustive search. This 
may be because of destruction of a small aneurysm at the 
time of rupture, but it is just as likely to be a leak from a 
vessel without an aneurysm, as a result of the existence of a 
point of weakness as described below: 

A relatively rare cause of bleeding, especially in children, is 
the presence of a vascular malformation in the arterial sy 
tem, such as an angioma, an arteriovenous anastomosis, or 
an aberrant vessel in the meninges. Post-mortem angio- 
‘graphy may be of assistance in tracing intracranial bleeding 
from nacural lesions, as in trauma. Karhunen er a. (1990) 
describe the techniques required. 

‘Though berry aneurysms are often called ‘congenital’ 
they are not themselves present at birth, but a defect in the 
wall of a cerebral artery is probably present from late fetal 
life. ‘The circle of Willis condenses out of an irregular 
embryonic meshwork of arteries over the base of the brain 
by unwanted vessels undergoing atrophy. Where these 
redundant vessels originally joined the surviving main 
arteries, a ‘window’ in the elastic and collagenous coat is 
lefi, usually athe junction of two vessels. This window is a 
‘weak point where rising blood pressure in adult life may 
begin to form a ‘blow-our’, a thin-walled aneurysm, which 
may be single or multiple. At a certain stage, any sudden 
extra rise in blood pressure or flow rate may rip the already 
tense sac, and cause extravasation of blood at full arterial 
pressure into che subarachnoid space. Where there is no 
aneurysm, it must be assumed that a weak point in a vessel 
wall has given way ab initio, without the prior formation of 

“The search for a small aneurysm at autopsy may be diffi 
‘cult because of the thick layer of blood clor that is trapped 
in the meninges and vessels. Blunt dissection should be 
used, employing the handle ofa scalpel or the nose of a pair 
of forceps. The blood should be constantly washed away in 
a continuous stream of water. It is possible to inject water 
into one of the cur ends of a vertebral artery, having care- 
fully tied or clamped the other vessel and the two cut termi- 
nations of the carotid arteries, to see where the water leaks 
from. The leaks are often multiple, however, from artefact- 
ual tearing of small yessels during autopsy removal of the 
brain, The search for an aneurysm is best carried out on the 
fresh unfixed brain, as formalin fixation hardens the blood 
clot so much thar it cannot be removed without the danger 
of tearing the underlying vessel and any aneurysm. It is 
essential to carry out blunt dissection progressively in a con- 
tinuous stream of water, Aneurysms are most often found 
at the bifurcation of the middle cerebral and posterior com- 
rmunicating arteries, atthe bifurcation of the basilar arteries, 
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Pulmonary thromboembolism 


Sylvian fissure, on the anterior 


communicating artery, or where the posterior communicat- 
ing artery joins the posterior cerebral vessels. An aneurysm 
is sometimes on the cortical aspect of the artery and may be 
part-buried in che cerebral surface, making it hard to find. If 
the swelling (which may be completely collapsed at autopsy, 
especially when ruptured) is not seen on superficial exar 
nation of the circle of Willis, the vessels should be gently 
lifted away from the brain surface with a blunt elevator so 
thar the underside can be inspected. Sometimes a buried 


aneurysm will rupture mainly into the cortex, causing 
lesion that may be mistaken for an intracerebral haemor- 
shage. Berry aneurysms are frequently multiple and of 


FIGURE 25.18 Adrenal haemorrhage occurring several da 


after moulripleinjurie sustained ina traffic accident. There 
was no apparent abdominal injury. The haemorrhage i fresh 
ana occupies the medulla, with the cortex stretched around the 
periphery 


varying size, from a few millimetres to several centimetres, 
though the usual diameter is of the order of 3-8 mm. 


PULMONARY THROMBO- 
EMBOLISM 


This is discussed fully in Chapter 13, but here it i sufficient 
to emphasize that pulmonary embolism is the most under- 
diagnosed cause of death, according to Cameron and 
McGoogan (1981). Their figures show that less chan half the 
deaths shown at autopsy to have been caused by a pulmonary 
embolism were so diagnosed by the attending clinician 
Paradoxically, many other presumed deaths from this condi- 
tion were found at autopsy not to have been embolic. Thus 
the overall statistics are not so much in error ~ but in relation 
to the wrong victims! 

Pulmonary embolism is more common with advancing 
age, with obese subjects and in the majority of instances there 
is a predisposing factor such as trauma, surgical operation, 
confinement to bed or immobility from another cause. Even 
prolonged sitting can lead to deep vein thrombosis, as was 
seen in persons sleeping in deckchairs in air-raid shelters in 
the last war and, more recently, it has been described as a 
hazard of long air flights. 

A significant proportion, however, estimated by the 
author (BK) at up to 20 per cent, occur unexpectedly in the 
absence of any of these usual factors, making the legal 
problem of causation difficult. This is especially so in 
criminal cases where a high standard of proof has to be 


FiGURE 25.19 A nae cause of pulmonary 
embolism. Metatasiing embryonal 
carcinoma + seminoma ofthe terts (a) 
and thrombosis atached to the wall of 
inferior vena cava due ta metastases of the 
Jacl lymph nodes (b) and (c) pulmonary 
metastasis (white arrow) and massive 
pulmonary embolion (white X) 


513 


The pathology 


25.20 A large recent intracerebral haemorrhage ina person 


swith bypert 
al. 


ay then broken through into the posteriar harm of the lateral 


ion. The bleeding has ariginated in the region of the 


puule from a lenticulostriate branch of the middle cerebral 


ventricle 


attained, rather than the balance of probabilities required 
fora civil action, 


SUDDEN DEATH IN EPILEPSY 


Every coroner’ pathologist or the equivalent in other jurisdic 
tions, has experience of sudden deaths in epileptics, when no 
morphological lesion can be found at autopsy. Epileprics can 
die unexpectedly without being in status epilepticus — or 
indeed, nor even in a typical fit. It is true thar many such 
deaths are not witnessed to prove that no such fit occurred, 
but sufficient evidence exists to indicate thar a rapid sudden 
death can certainly occur 

There are, of course, many deaths in epileptics where the 
mode is apparent, such as asphyxia during a fir in bed when 
the face is pressed into the pillow; and saliva and mucus form 
an airtight seal against the fabric around the nose and mouth 
Epileptics also drown in the bathrub and suffer other tra: 
‘atic deaths because of fits occurring when they are in some 
vulnerable position, 


of sudden death 


E 


UR sand the 


ath with a hictory of epilepsy. 


21. Two fibrinogen postive Purkinje 


sll in a sudden w 


(Perasidace- DAB immunostaining, orginal magnification %20.) 


These causes apart, the victim of epilepsy seems to be 
able to die with no apparent immediate cause and the 
mechanism is obscure. It has been suggested that some 
massive cerebral electric discharge or neurone storm occurs, 
leading to cardiac arrest, but this is mere hypothesis. When 
all investigations have been completed (including toxico- 
logical screening for antiepileptic drug overdose), after an 
essentially negative autopsy, then the pathologist is justified 
in recording ‘epilepsy’ as an acceprable cause of death 

The autopsy should always include a search for bites on 
the tip and distal sides of the tongue, which suggest a fit 
A careful examination of the brain is essential, to search for 
any cause of post-traumatic epilepsy. In some epileptics, 
without coronary stenosis, patchy myocardial fibrosis has 
been recorded (Falconer and Rajs 1976), said to be the 
result of episodic hypoxia from apnoea during fits. Based 
con the observation of Sokrab et al, (1988) that Purkinje 


cells become labelled by plasma proteins in exper 
mental blood-brain-barrier (BBB) breakdown, Ikegaya etal, 
(2003) investigated immunohistochemically the presence 
of fibrinogen-positive Purkinje cells in 50 sudden 
unexpected deaths. ‘There were 24 subjects with and 26 
withour known history of epilepsy. Regarding =30 per 
cent of fibrinogen-positive Purkinje cells as diagnostic limit 
indicating recent major BBB breakdown, they found that 
22 of the 24 cases with high percentage of fibrinogen. 
positive Purkinje cells had a history of epilepsy. One of the 
‘wo remaining high-fibrinogen subjects had unknown leuco- 
encephalopathy and the other had essential hypertension. 
Only two of the low-fibrinogen cases had a history of 
epilepsy: The immunopositivity of Purkinje cells is nor spe 
cific for epilepsy bur can occur in any conditions causing 
BBB breakdown, most likely due to uptake of fibrinogen 


Respiratory obstruction 


Ficune 25.22 Cros-setion ofa bronchus in sudden asthma death 
showing cell-laden mucus, folding ofthe soft tcuer ofthe bronchial 
small, thickening of the basement membrane and hypertrophy af the 
‘muscle. (HE, original magnification X 10.) 


from the cerebrospinal fluid irrigating che cerebellar sur- 
face. The time interval needed for the protein accumula- 
tion in man is nor known. Ieis probable that, in addition to 
fibrinogen, other plasma proteins can also be used as a 
marker and an auxiliary method in assessing the probability 
of epileptic seizures contributing to the cause of death in 
sudden unexpected deaths. 


SUDDEN DEATH IN BRONCHIAL 
ASTHMA: 


As in epilepsy, sufferers from bronchial asthma may die 
suddenly and unexpectedly, without necessarily being in 
status asthmaticus or even in an acute asthmatic attack. 
‘The mechanism is obscure, but experience proves that such 
faralities are not uncommon, About 20 years ago, there was 
a marked increase in sudden deaths in asthmatics, but it 
‘was recognized thar this was caused by the overuse of 
inhalers containing bronchodilators. These adrenergic drugs, 
used in excess, have a direct action upon the myocardium 
causing tachycardia, arrhythmias and ventricular fibrillation. 
‘Awareness among prescribing doctors rapidly reduced this 
danger bur sudden deaths still occur, even when these 
substances are not used to excess. 

"The question of sudden death in asthma was discussed 
by Morild and Giertsen (1989). They considered that a 
number of factors contributed to death, Hypoxia and 
respiratory acidosis occur in asthma and increase myocar- 
dial irritability. Drugs such as theophylline and sympath- 
omimetic agents can provide ventricular fibrillation. The 


By-antagonists so commonly used for the relief of bron- 
chospasm are not so prone to cause cardiac arrhythmias, 
bur they are by no means safe drugs in this respect. OF the 
11 deaths in this Norwegian series, seven victims were 
found dead with a By-inhaler still clutched in their hands. 
‘Overdosage of the substance appears to be common. The 


use of theophylline derivatives combined with sympath- 
‘omimetic agents tends to accentuate the cardiotoxicity of 
the bronchodilators. 

‘Some of the deaths appeared to be in instances where the 
drug had been exhausted from the inhaler, but che propellant 
‘was still active. This may be another possible mechanism for 
some of these deaths, similar to che vagal inhibitory fatalities 
seen in butane misuse, where cold gas impinges on the 
pharynx. 

Ar autopsy litle or nothing is found, except confiema- 
tion of the chronic asthmatic state, On opening the chest 
cavity, the lungs are seen to fill he thorax, not collapsing as 
is usual and they have a pale spongy rexture, forming stable 
pits when pressed with che fingers. The cut surface may 
reveal thick-walled prominent bronchi, often plugged with 
thick, clear mucus. This is not an explanation for the sud- 
den collapse and death, however, and the mechanism remains 
obscure. 

"The topic of sudden death from asthma in childhood 
thas been investigated by Champ and Byard (1994), who 
consider that it occurred only in children with significant 
chronic disease, 


RESPIRATORY OBSTRUCTION 


Mechanical obstruction by foreign bodies is dealt with in 
Chapter 14, but some rapid ~ if nor actually sudden — 
deaths can be due to fulminating natural disease. 

Rupture of a retropharyngeal abscess (quinsy’), when 
pus and necrotic material pour into the pharynx and lar- 
ynx, is now a rare cause, Diphtheria is also virally 
unknown in advanced countries so that the toxaemia, a 
fatal myocarditis and the possibility of laryngeal obstruc- 
tion from a detached pharyngeal membrane ate rarely con- 
sidered by most doctors. 

More common — and a cause of legal actions for negli- 
gence against doctors — is the fulminating epiglottitis 
caused by Haemophilus influeneae in children. This is a 
‘major paediatric emergency and any child with stridor of 
recent onset should be seen urgently by a paediatrician and 
anaesthetist. The gross infective oedema of the laryngeal 
entrance can lead to death within hours of onset of the ill 
ness, and may require rapid intubation or tracheostomy to 
save life. 
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HAEMOPTYSIS 


Now that pulmonary cuberculosis is less common and treat- 
able in advanced countries, deaths from haemoprysis are 
rare, a5 most massive respiratory haemorthages were from 
this cause, However, warning signals are now evident about a 
revival of tuberculosis, even in ‘advanced’ countries. Part of 
the return of this scourge is due to opportunist infection in 
HIV-infected persons, but AIDS apart, phthisis seems to be 
con the march again, with worrying concerns about increas 
ing resistance to the drugs, which revolutionized its treat- 
ment 30-40 years ago, 

Bronchial rumours rarely cause fatal haemopryses, unless 
a large vessel is eroded; syphilitic aortitis perforating the 
aorta or other large vessel is now almost a matter of history. 

The bleeding rarely causes death from exsanguination 
except where the aorta is eroded, but smaller bleeds may fill 
the air passages, and cause an asphyxial-type death or a ‘vagal 
inhibition’-type death from sudden flooding of the larynx. 


GASTROINTESTINAL 
HAEMORRHAGE 


Bleeding may take place at any point along the alimentary 
tract and though modern transfusion and resuscitatory 
methods make deaths unusual these days, some are seen in 
medico-legal practice when people living alone or otherwise 
remote from assistance, die without any medical intervention 
Bleeding from surgical operations in the mouth or phar- 
ym, such as tooth extraction or tonsillectomy, rarely causes 
death, but can occasionally do so from blood and clor 
blocking the airways. In the oesophagus, a penetrating car- 
cinoma may erode the aorta or other great vessel in the 
mediastinum, but the most frequent sources of bleeding are 
varices at the lower end, caused by the portal hypertension 
associated with hepatic fibrosis, Ieis often difficult to identify 
the varices at autopsy, as they have collapsed, but the absence 
of gastric or duodenal ulceration, and the congested, bluish 
vessels around the cardia often give away the lesion, espe- 
cially in the presence of liver cirrhosis and splenomegaly. 
Other causes of massive gastrointestinal bleeding are gas- 
tric and duodenal peptic ulcers, which can erode large vessels 
in their base. Acute erosions, though shallow; can produce 
considerable blood in the stomach and may require surgical 
resection. They are rarely the cause of lethal bleeding. 
Carcinoma of the stomach can reach a large size and the 
crater variety may perforate a major vessel to produce severe 
hhaemorshage. Bleeding from the small intestine is rare, except 
in certain haemorrhagic diatheses. More common is bleeding 
from colonic lesions, such as carcinomas and ulcerative colitis. 


FiGURE 25.23 Maive lethal bleeding from eroded veal ofa 
gastric ulcer 


Polyps, sometimes malignant, may also give rise to melaena 
and even massive bleeding per rectum, though these are now 
rarely fatal unless medical intervention is delayed or absent. 


FATAL ABDOMINAL 
CATASTROPHES 


“Though usually surgical emergencies, some abdominal con- 
ditions go untreated because the victim is either a solitary 
person living alone with no opportunity to call for help, or 
declines to seeke medical assistance. ‘They may well be found 
dead with no history to suggest a cause of death, 

Mesenteric thrombosis and infarction is one such condi- 
tion, The thrombosis may in fact be an embolus, rather 
than a thrombosis in situ, the most common cause of both 
being atherosclerosis of the aorta and its mesenteric 
branches. The length of small intestine supplied by the ves- 
sel becomes dark and necrotic, and may involve almost the 
whole length of che jejunum and ileum. Even if precipi- 
tated by an embolus, much of the rest of the arterial system 
may then thrombose and, on cutting into the mesentery at 
autopsy, the cut ends of arteries may show plugs of firm 
ante-mortem thrombus. The gut will be blue-red or even 
almost black, with loss of the serosal lustre and a friable 
necrotic wall 

Scrangulated intestine is yet another condition that may 
present as sudden or rapid death, where medical attention is 
lacking, and even sometimes when ic is negligently offered. 

Hernias, both femoral and inguinal, and internal stran- 
gulaion beneath fibrous bands in the peritoneal cavity, 
may all ewist the intestine so thar its blood supply is cut off, 
with subsequent necrosis. The gut above may develop ileus 
and become paralysed and dilated 
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Ficun 


24 Great distension of colon due to volvulus of sigmoid 
clon. Deceased found dead with history of abdominal pain. 


Caution is needed at autopsy to differentiate the dark 
red colour of loops of intestine due to post-mortem 
hypostasis from true infarction. Hypostasis is seen 10 be 
interrupted when the gut is stretched out, due to alternate 
dependent loops, whereas real necrosis is usually continu- 
fous and the serosa is dull and friable. 

Fulminating peritonitis may be seen in a variety of 
causes, again leading to death if undiagnosed or untreated 
Death from acute appendicitis and appendix abscess is now 
uncommon, but perforation of the colon through a diver- 
ticulum, whether inflamed or merely distended and eroded 
by faecoliths, is common, 

Tearing of the senile gut where it is adherent to other 
structures, such as uterus oF tube, can also lead to peritonitis, 
and a carcinoma (often difficult to differentiate macroscop- 
ically from chronic diverticulitis) may also lead to perfor- 
ation with loss of intestinal contents into the peritoneum. 

A perforated peptic ulcer, usually duodenal, leads 10 a 
chemical peritonitis. The autopsy appearances are straightfor- 
ward, turbid fluid being found in the peritoneal cavity, which 
may show early inflammatory changes, if the perforation 
occurred many hours previously. The perforation is most 
commonly found on the posterior surface of the duodenum. 


GENITOURINARY SYSTEM 


There is very litte in the urinary system chat can give rise o a 
sudden or rapid death, bur the female genital organs certainly 
make up for this. Complications of pregnancy are discussed 
elsewhere (Chapter 19), but it should be repeated here tha 
ectopic pregnancy, usually in the tubes, can rupture with mas 
sive intraperitoneal haemorthage. Induced abortions, unless 
under reputable medical control, are another source of death 


FiGURE 25.25 A masive pontine haemorrhage in a pert with 
Iypertenson. The circumstances and the irregular distribution ofthe 
bleeding within the brainer distinguish this primary haemorrhage 
fiom the secondary lesions sen in raised intracranial pressure 
‘Sometimes a natural intracranial haemorrhage may precipitate an 
accidental fall or traffic accident, however, and che resulting hea 
injury may make it mare difficult to identify she narure ofthe brain 


acmorcbage. 


from haemorthage, air embolism, perforation of vagina or 
ucerus, infection and che use of toxic substances. 


THE RELATIONSHIP BETWEEN 
TRAUMA AND DISEASE 


One of the most difficult problems in forensic medicine 
‘occurs when a death takes place in a person who has suf 
fered trauma but who has either pre-existing natural disease 
‘or where some apparently natural disease has supervened 
after the trauma. The relative contributions of trauma and 
disease may then become an acute medico-legal problem. 
For example, the author (BK) conducted an autopsy on 
an old man of 82 years, previously in excellent health, who 
had been tied up and slightly injured by robbers of a sub- 
post office, Within 2 hours of release from his bonds the old 
gentleman became ill and then hemiplegic, dying of a mas- 
sive cerebral haemorthage shortly afterwards. The attackers 
‘were charged with homicide, in addition to robbery, bur that 
charge was rejected by magistrates on the grounds that a 
cerebral haemorthage could be a natural disease, unrelated 
to the assault. The prosecution obtained a private Bill of 
Indictment co cecumvent the magistrates, and at the Crown 
Court the accused were convicted of manslaughter on the 
grounds thar the physical and emotional stress of being 
assaulted and tied up probably (beyond reasonable doubt) 
led to an elevation of blood pressure that precipitated a 
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cerebral haemorrhage in a previously fit person, within such 
a short rime span 

"This marginal case illustrates the problems thar can 
occur when trauma and natural disease coexist in the same 
petson. A common dilemma exists in relation co subarach- 
noid haemorshage from a ruptured berry aneurysm when 
there has been a head injury. 

In autopsies when an injury has been sustained by a per- 
son with substantial narural disease, the following problems 
must be addressed: 


IB whether death was caused entirely by the disease and 
would have occurred irrespective of the injury 

I whether death was caused entirely by the injury and 
would have occurred whether or not the disease was 
present 

I whether the death was caused by a combination of 
these two processes 


In practical terms, che most common situations involve 
coronary artery disease, pulmonary embolism and sub- 
arachnoid haemorthage. 


Coronary atherosclerosis 


“The disease has invariably been present for months or 
probably years before the traumatic episode, and ic is there- 
fore indisputably obvious that the trauma can have no rela- 
tionship to the genesis of the disease ~ though relatives and 
some lawyers are often hard to convince on this point 

Furthermore, unless there was a direct blow onto the front 
of the thorax, which could physically have damaged the 
heart surface and caused a direct traumatic lesion of the cor- 
onary system (by dislodging an atheromatous plaque ~ but see 
end of this section — causing a subintimal haemorrhage or 
precipitating a coronary thrombosis, a rare event), there is 
no way in which the injury can be accused of worsening the 
state of the coronary arteries. IF the state ofthe coronary sys- 
tem was already poor, thus it could justifiably be claimed by 
the defence that death could have occurred at any time. The 
standard of proof in criminal cases is high and must be 
proved ‘beyond reasonable doubr', whereas in civil disputes, 
only ‘the balance of probabilities’ muse be attained. 

‘As opposed to showing that the trauma direcdly worsened 
the physical state of the coronary vessels, itis easier to claim 
that the physical and emotional stress associated with the 
traumatic event caused increased demands upon a weakened 
heart and caused it to fil. Recent investigations (see end of 
this section) have strongly confirmed the association between 
acute myocardial infarction, cardiac arrest and exertion. 

“The adrenal response of ‘fight or flight’ may be invoked, 
it being accepted that released endogenous catecholamines 


such as noradrenaline can send a chronically hypoxic heart 
into ventricular fibrillation and arrest. ‘There may even be 
morphological evidence in some cases, by the finding of 
contraction bands in the cardiac myofibrils, especially in 
the superficial subepicardial ayers. 

Ieis often an assessment of the circumstances, in addition 
to the autopsy findings, thac decides a courts attitude to the 
relationship of trauma to disease. Where a man who has had 
1no previous cardiac symptoms drops dead immediately after 
some assault or strenuous activity, the court is more likely to 
assume an association than with some cardiac cripple, who 
has been hovering on the brink of heart dysfunction for a 
long time before the traumatic event. 

"The average jury is likely to decide that it would be too 
much of a coincidence for an assault to cause a man to drop 
dead on the spot, even if it was shown that his coronary 
artery stenosis had been there for several years. Much 
depends upon the individual circumstances, especially where 
there is only a short interval between the traumatic episode 
and death, 

“The strice tes is: “Would he have died when he did die if 
the assault had nor aken place? This is often unanswerable on 
medical grounds, but the court is entitled to rake a common- 
sense view of coincidence in terms of immediacy in time and 
apply the ‘beyond reasonable doubt test to it 

"The face that a person is in a parlous state of health and 
might die from relatively minimal trauma is no defence in 
lav, which stares chat ‘an assailant must take his victims as he 
finds them’. In other words, it is immaterial whether the 
attacker knows that his victim is ill or not ~ if death results 
from an illegal act against him, the charge of homicide may 
stand, This dictum is not adhered to slavishly by public pros- 
ecutors, however, as itis a matter of practical politics whether 
a criminal prosecution can be maintained with any chance of 
success (using public funds), against an energetic defence 
that can show medically chat the victim had such a degree 
‘of natural disease that he might have dropped dead spon- 
taneously at any time. The prevalence of coronary disease is so 
widespread that a close association in time must be shown 
before any causal connection can be accepted. ‘The actual 
death itself need not occur very soon after the assault, how- 
ever, ifccan be established thatthe latter could have precipi- 
tated an infarct in a myocardium already compromised by 
coronary stenosis. It is not only a blow or some physical 
trauma that may precipitate a myocardial infarct or arthyth- 
‘mia; as stated above, even the emotional upset that accom- 
panies injury, or even the threat or fear of an injury, can lead to 
death, The blow may never actually be struck or it may fail to 
land, yer the threatened person may suffer transient hyper- 
tension or tachycardia that may precipitate a subintimal 
haemorthage, arrhythmia, or cerebral or subarachnoid 
hhaemorshage that leads co death, Such an event, however, 
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with litle oF no morphological evidence to be presented as 
evidence, has a poor chance of acceptance in court unless the 
circumstances are clear-cut. These cases pose a problem for 
police and pathologist in thar it may be difficule to decide 
whether to arrest and charge the porential culprit with a 
criminal offence 

‘A typical case was once seen by the author (BK) in which 
an elderly man was involved in an altercation with another, 
concerning parking a car. ‘There was a scuffle, in which only 
trivial blows were exchanged, but one participant immedi- 
ately developed chest pain and breathlessness, and soon died 
‘The other man was arrested, but as autopsy showed marked 
cardiac enlargement, extensive myocardial fibrosis and gross 
occlusive coronary atherosclerosis, the prosecution decided 
to offer no evidence and the charge was dropped, even 
though the answer to the ‘acid test’ of whether the victim 
would have been likely to die at that particular time had the 
altercation not raken place was probably in the negative. 

In civil matters, considerable sums of money may hang 
upon such decisions by way of damages and insurance pay- 
ments. Here the standard of proof is much lower, as the 
plaintiff only has to show thar there was a 51 per cent or bet- 
ter chance of the association being present, rather than the 
much higher standard of criminal liability. 

‘An actual example of the civil problems was a workman 
who was removing a truck wheel from his employer's vehicle 
with a wheelbrace. Under full pressure, the threaded stud 
in the hub suddenly snapped and the man was thrown to 
the ground under the force of his own muscular effort. He 
was shocked and soon developed chest pain and died the 
next day. Autopsy revealed no fresh infarct, but there was 
longstanding left ventricular hypertrophy, myocardial fibro- 
sisand stenosing coronary atheroma. The employer’ liability 
was disputed, bur eventually a compromise settlement was 
reached. 

Recent very careful and statistically meticulous research 
oon large cohorts, both in the USA and Germany, have 
shown an indispurable relationship between exertion and 
sudden cardiac death. Mittleman er al. (1993) investigated 
1228 patients with acute myocardial infarcts and showed 
thar there was a sixfold increase in the incidence of infarc- 
tion during or within one hour of heavy physical exertion, 
such as snow shovelling, jogging or sexual activity. In 
Germany, Willich et al. (1993) researched 1194 patients 
with the same condition and showed a twofold increase in 
risk, Both surveys showed that the risk was greater in those 
who were otherwise sedentary and that long-term moder- 
ate exercise was undoubtedly associated with a reduced risk 
of infarction (Curfman 1993), Several mechanisms were 
proposed for the increased risk during sudden severe exer- 
tion, including the splitting and dislodgement of an athero- 
matous plaque. It was also claimed that increased platelet 
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activation occurred in sedentary people who suddenly 
exerted themselves. In an earlier publication, Siscovick 
et al, (1984) showed the same trend in primary cardiac 
arrest, exertion in otherwise sedentary persons increasing 
the risk, whilse habitual exercise protected. 


Subarachnoid haemorrhage 


Subarachnoid haemorshage is another difficult area in which 
trauma and natural disease interact. When a berry aneurysm 
‘on the cerebral arteries ruptures, the allegation is often made 
that some traumatic occurrence precipitated that event. The 
matter is discussed in Chapter 5, but co recapitulate here, the 
problem isto decide whether the trauma itself was a mechan- 
ical factor in causing che arterial blister to burst. 

‘A rupture is a relatively common event without external 
trauma, this cause of death being well-known in young 0 
middle-aged persons who are not indulging in any strenuous 
activity whatsoever. It is known to occur, however, during 
innocent activities, such as jogging, intercourse and sporting 
exertion, probably because of a transient rise in blood pres- 
sure and pulse rave. Once again, a potent element may be in 
the adrenal response, catecholamines pushing up the blood 
pressure, Thus when a ruptured aneurysm occurs during or 
shortly after a fight or altercation, itis arguable whether 
mechanical blow to the head or merely the emotional stress 
of a dispute is the most potent factor in causing ruprure. 
There has been much medical argument about the role of 
trauma in causing the rupture, as many would maintain that 
the aneurysm is so deep-seated within the skull that internal 
pressure from hypertension is far more likely to be the 

Certainly, where a small aneurysm a few millimetres in 
size breaks, it is difficult to accept that a blow could have 
caused a tear, but in the more exceptional cases of a large tis- 
sue-thin globule, then itis easier to accept chat intracranial 
stresses may have played a significant part. ‘The role of alco- 
holic intoxication ~ another hotly disputed aspect has been 
discussed in Chapter 5. The legal problem is similar in berry 
aneurysm deaths to that in coronary disease, ‘The time inter- 
val is naturally important, though in most instances, bleed- 
ing occurs immediately or soon afterwards. 

‘Autopsy is nota chat helpful in asessing the relative con- 
tribution of assault versus pre-existing disease. Unless the 
aneurysm is found to be large and fragile, the morphological 
findings are mainly of use in confirming the diagnosis, evalu- 
ating any injuries and excluding any other contributory dis- 
‘ease. It used to be the usual practice in England and Wales 
nor to prosecute assailants when an aneurysm was demon- 
strated ar autopsy, though in Scotland and on the continent 
of Europe no such reluctance was evident. Following a case 
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in Gibraltar in 1978, however, in which a British sailor was 
convicted of homicide after kicking another in a drunken 
brawl, the latter eventually dying of subarachnoid haemor- 
shage from a ruptured aneurysm, such charges are now 
usually brought (Knight 1979). 


Pulmonary embolism 


‘The other major example of the interaction of trauma and 
natural disease is pulmonary embolism. This is discussed in 
Chapter 13, but is so important in medico-legal casework 
that the forensic aspects may be repeated here with advantage. 

Deep vein thrombosis, almost always in the leg veins, is a 
common sequel 10 injury and consequent immobility. 
Virchow's tiad of slowing of the circulation, local injury to 
vessel walls and increase in blood coagulabilty are the major 
factors, though deep vein thrombosis can occur in the 
absence ofall three. When the leg isthe site of the injury itis 
more likely to occur in the ipsilateral limb, though it can 
‘occur contalaterally or bilaterally ‘The fac chat fatal embolus 
came fiom the contralateral limb when the other leg has 
been injured by no means rules out a causative element 

Pulmonary embolism typically occurs about 2 weeks after 
an injury of surgical operation, bur the range of time during 
which a cause-and-effect mechanism operates can be any- 
thing from about 2 to 90 days. It becomes progressively 
more difficult to maintain a causative relacionship, however, 
when the interval exceeds a few weeks 

Forensically, itis vital to show that the deep vein throm- 
bosis post-dated the traumatic event, iFan association is 10 be 
established. IF a person suffers a fatal embolism a week after 
injury, yet histologically che deep vein thrombosis appears to 
be several weeks old, then obviously the injury could not have 
initiated the process. ‘The embolus may, however, be much 
younger than the most distal part of the leg vein thrombosis 
(which may be as far down as the foot) as progressive prox- 
imal extension of a deep vein thrombosis undoubredly occurs. 
I could still be argued, therefore, chat although the original 
thrombosis antedated the injury, the later encouraged ext 
sion and hence the eventual breaking off of an embolus. The 
case becomes weaker, however, than if the whole process was 
entirely subsequent to the traumatic event. 

Histological dating of the embolus should always be 
undertaken, though it is less rewarding and more difficult 
than that ofthe leg vein thrombi, which must always be taken 
for microscopy with the vein wall intact. Ici the chrombo- 
‘mural junction that gives the most information about the age 
of any thrombus. Thrombosis ofthe deep leg veins i far more 
common than pulmonary thromboembolism, In 100 consecu- 
tive coroner’ autopsies, Knight and Zaini (1980) found 
32 instances of deep vein thrombosis, but only 10 had pul- 
monary emboli, not all fatal 


“The legal problem, outlined in Chapter 13, is that though 
trauma, surgery and immobility are potent factors in the 
development of deep vein thrombosis, the larter condition 
frequently occurs in the absence of all chree. ‘Thus itis diffi 
‘cult to maintain that any traumatic event was the cause of a 
subsequent fatal pulmonary embolism, as many fatal emboli 
‘occur in the absence of trauma. In a series of coroner's and 
hospital autopsies studied by Knight (1966), 25 per cene of 
fatal pulmonary emboli came ‘out of the blue’ in ambulant 
people who had no previous history of trauma or surgical 
‘operation, Later, Knight and Zaini studied 38000 autopsy 
reports and found that 10 per cent of deaths due to pul- 
monary embolism had no history of any predisposing fac- 
tors, The discrepancy in these proportions is caused by the 
variable standard of history reports and also by marked alter- 
ations in pathologist's reporting habits over the years — in 
fact, in the large series mentioned above, there was nota sin- 
gle fatal pulmonary embolism recorded in the 20 years from 
1908 until 1928! 

Even disregarding the dubious statistical value of such 
investigations, there can be no doubt that a significant pro- 
portion of fatal pulmonary emboli cannot be related to pre- 
vious trauma. This provides a line of defence in those cases 
where the prosecution allege that a ‘cause-and-effect’ rela- 
tionship exists between some criminal assault and death. Ir 
becomes a matter of law for the judge to decide whether he 
will le the issue go to the jury, and a matter of fact for the 
jury to decide whether this relationship can be ‘beyond rea- 
sonable doubt’ in circumstances where even conservatively, 
at least 10 per cent of pulmonary emboli are not related to 
trauma. Several court cases are within the author's (BK) 
experience in which quite different verdicts have been 
reached on essentially identical pathological evidence, 

In civil cases, usually related to road trafic accidents o 
industrial personal injuries, the burden on the plaintiff is 
‘much lighter, as the ‘balance of probabilities’ test can be much 
more readily satisfied. 
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Forensic odontology — the application of dentistry to 
forensic problems is a discipline in itself and requires spe- 
cial dental expertise not possessed by pathologists qualified 
only in medicine. It is therefore imperative that, wherever 
possible, problems involving the teeth and jaws are referred 
to a dentist ar an early stage, preferably at the time of the 
original autopsy or other examination of the subject. 

‘A number of different circumstances need 10 be taken 
into account in this respect, however. First, it has 10 be 
accepted that by no means all dentists are either interested or 
competent in forensic problems. It is the same with patholo- 
gists, anatomists or any other specialists, in thar the lack of 
enough motivation and experience can make their participa- 
tion in legal marters of litte value. A forensic odontologist 
naturally provides the best expertise, as he is professionally 
involved in the subject and will have training or experience, 
or both, of dento-legal problems, even though few forensic 
odontologists are occupied full rime in this super-speciali 
most being teachers or researchers in some other branch of 
dental science. 

{In many parts of the world, there are no forensic odontolo- 
gists available, In developing countries there may be no 
forensic dencists at all ~ or che only expert is in the medical 
school of the capital cty, inaccessible to distant areas. Even in 
more advanced states, problems of distance and travel may 
make it impracticable to call an odontologist to examine the 
body in situ. Dental expertise may be made available later, 
if material is retained for examination for transmission to the 
expert, In yer other circumstances, many problems of avail- 
ability, cast and the lack of perceived importance of the case 
may make it impossible o involve an odontologist at an early 
stage oF even atall, In all these instances the pathologists or 


other medico-legal doctor may have no choice but to handle 
the dental aspects as best he can, either in the initial stages or 
even throughout the investigation, 

‘This chapter is meant to be nothing more than a guide 
for the doctor placed in this position and is certainly not 
intended to encourage pathologists ro attempt to replace or 
dispense with a good odontological opinion, tt cannor be 
sufficiently emphasized that, where the issues are serious, 
every effort should be made to obtain expert forensic dental 
assistance. The remainder of this chapter must be looked on 
solely as a first-aid primer’ for cases in which the ideal inves- 
tigation cannot be attained for one reason or another. If no 
expert dental advice can be obtained at the outset, then the 
pathologist should do all he can to assemble and preserve 
both detailed records and physical specimens, which can be 
examined later by a forensic odontologist, if one can be 
found further along the investigative pathway. 

‘The assistance that dentistry can render falls into wo 
broad headings: 


the interpretation of bite marks 
personal identification, either individually or in the 
context of mass disasters, 


BITE MARKS 


One of the two major interests of forensic odontologists is 
cone that has direct relevance to pathologists in that it con- 
cems the interpretation of trauma co the body surface, For 
the sake of completeness, however, mention must fist be 
made of bite marks on inanimate objects, usually Foodstuffs. 
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‘This is mainly wichin the province of forensic science in 
the sense of ‘criminalistics,, where dental evidence is used 
to identify the perpetrators of a crime who happen to have 
Jefe their teeth marks in some substance left at the scene. 


‘This rarely concerns forensic pathologists, excepr in the rare 
instance of their being asked by the police to examine an 
object, such as an apple or piece of cheese, to see if some 
obvious dental abnormality of a suspect could have caused 
the unusual bite mark, 

“The doctor may also be asked how the bite mark may be 
best preserved until the object can be examined by a forensic 
odontologist a a later date. Where the substance is ‘plastic’, 
such as butter, cheese, lard, wax or chocolate, for instance, 
it should be stored in a refrigerator to prevent melting or 
gradual flowing. It should nor be deep frozen, as this may 
cause britdeness and cracking, Forensic science advice should 
be taken if at all available. Fruit, especially apples, seems 
prone to be bitten at scenes of crime, and Marshall et al 
(1974) recommend preservation in Campden solution, a 
metabisulphite fluid used for fruit bortling, Alternatively, 
5 per cent acetic acid in 40 per cent aqueous formaldehyde 
solution can be used. Ordinary histological formalin is nor 
satisfactory ~ nor is refrigeration, which allows the fruie to 
shrivel. Whatever preservation is recommended to the police, 
the object should be adequately photographed with the 
film plane at right angles to the bite and a scale placed in 
the focal plane. If appropriate, swabbing for saliva traces 
should be carried out (see below) and then the fruit pre- 
served for furure examination. 

Returning to the human body, bites re relatively common, 
especially in cases of child abuse and in adult sexual assault 
In the former, bites may be anywhere on the infant, favourite 


try for the pathologist 


FiGURE 26.1 Bite mark on skin. The 00 
opposing bruises from the upper and lower 
dental arches are separated as usual by a gap, 
«as only the frane pans of te two archer 


contribute to the injury 


sites being the arms, hands, shoulders, cheeks, buttocks and 
trunk. In the author’ (BK) experience almost all bites on 
small children have been inflicted by the mother, but this is 
by no means invariable in the generality of child abuse. A 
common excuse from the parents is that the infanc was bitten 
by another sibling or by the family dog — and occasionall 
this explanation may be true. Others may be self-inflicted. 
I is therefore vital thatthe bite mark be properly examined to 
decermine whether ic is of a size consistent with adule denti- 
tion, or whether it is small enough to have come from another 
child ~ or is ofa different shape, indicative of an animal, 

The other common circumstances in which human bite 
marks occur are rape or other sexual offences. Here the pathol- 
gist will need to examine bites as part of the autopsy in a sex- 
tual murder — or even sometimes in live victims of an assault, 
if is part of his duties co deal with clinical examinations or 
where no ‘police surgeon’ or forensic physician is available, 

In this type of crime, bites may be sexually orientated or 
be distributed on any part of the body. Common sites are 
the breasts and nipples, bur the neck, shoulders, thighs, 
abdomen, pubis and even vulva may be attacked. As noted 
in the chapter on sexual homicide, care must be taken co 
recognize that some so-called ‘love bites’, especially with 
suction petechiae, may be part of acceptable (if over- 
enthusiastic) sexual intercourse, but where real damage 
occurs, especially to breasts and nipples, then a violent or 
sadistic element is likely. 

Bites may also be inflicted on police officers when 
attempting to arrest resisting offenders. They are also suf- 
fered in sporting events, especially foorball and some forms 
of wrestling, and during assaults when the victim manages 
to bite the assailant. In these instances bites may be 
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FiGURE 26.2 Bite mark on a nipple during sexual homicide. The 
injury isto small for any dental matching, but a saliva sample 


might provide the blood group of he assailant, ife isa secretar 


inflicted anywhere, bur the hands, fingers, nose, forearms, 
ears and even lips may be the targets. 

Some bite marks are self-inflicted; falls onto the face or a 
fic may cause the tongue and lips to be badly bitten. Other 
petsons deliberately bite themselves, sometimes to fabricate 
injuries for a variety of motives ranging from gain to psy- 
chiatric disorder. Multiple bite marks (especially of the 
suction type), which are seen on accessible areas of the 
shoulder and arms, raise the suspicion of self-infliction, 
especially in older children and teenage gils, 


The nature of the bite mark 


“Though called a ‘bite mark’, some of the components of the 
application of the mouth to skin may nor be from the actual 
teeth, The lips can transiently mark the skin if forcibly 
nipped, especially on children, though the marks are short- 
lived and rapidly fade in life, nor persisting after death 
unless associated with petechiae. Suction can produce a crop 
of punctate haemorthages, either small petechiae or larger 
ecchymoses merging into a confluent central bruise 


marks 


FicuRE 26.3 Bite marks made during a seeual assault, The upper 


‘mark shows no specific features but its positon is pical of 
sexually orientated bite. The other shows central confluent petechiae 
and re bruising from suction and tongue presure, There ia lower 
semi-circular pale zone corresponding withthe lower lip, but the 
ssrikng feature isthe group of linear abrasions at the top of the 
‘mark made by the npper incizors dragging across the skin asthe jaw 
i closed. Both bites are surrounded by zones of diffise bruising 


‘A human bite mark may present only a small part of the 
dental arcade, caused by the front teeth from canine to canine 
with an almost invariable gap at either side representing 
the separation of upper and lower jaw. A human bite is near 
ircular or a shallow oval. A deep parabolic arch or a 
"U-shape’ can only be animal in origin. The teeth may cause 
clear, separate marks or they may run into each other to form 
2 continuous or intermittently broken line, As time passes, 
originally clear oth marks spread out and blur, progressively 
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losing their definition ~ though abrasions on the skin surface 
retain cheir shape until scabbed healing is complete. 

"Teeth marks may be abrasions, bruises or laceration ~ or 
a combination of any two or three. The clarity ofa bite mark 
depends on a number of factors. If the contour of the part 
bitten is irregular or markedly curved, then only part of the 
dental arch may contact the tissues. IF the bite is forcible, 
then extensive subcutaneous bruising may spread lareraly 
and blur the outline. IF the bite was inflicted many days 
before, then healing of abrasions and lacerations, and 
absorption of bruising will leave progressively less derail 
‘Where reeth have been forcibly applied, the typical appearance 
is of two ‘bows’ with their concavities facing each other and 
a gap at each end, Within this may sometimes be suction 
petechiae, which are often present without teeth marks, in 
the so-called ‘love bite. ‘They are caused by the firm appli- 
cation of the lips, which form an airtight seal against the skin, 
then a sucking action reduces the air pressure over the centre. 
"This causes a shower of petechial haemorthages to appear 
from rupture of small venules in the superficial layers of the 
subcutaneous tissues. If forcible, the petechiae are confluent 
and a frank bruise, or even haematoma develops. Added to 
this is pressure from the tongue, pushing the tissues against 
the palate. This type of lesion is most often seen on the side 
of the neck and on the breasts of women, either in love play 
or afier a sexual assault. ‘They are by no means rare in child 
abuse, however, and are sometimes selFinflicted. Such a suc- 
sion lesion must be human in origin and the claim that one 
is caused by a household per can be immediately discounted 

Bites may be inflicted by the teeth closing down on a rela- 
tively flat skin surface, but there is usually an element of 
indrawing into the mouth, so that the teeth close down 
onto a parallel-sided or elliptical block of skin. In sexual 
bites, especially of the breast or nipple, the tissue may 
be actually sucked into the mouth before the jaws close 
upon ic. This will nacually affect che shape of the resultant 
bite mark when the skin is released and flattens out once 

Occasionally, the bite mark may nor be ewo opposing 
arches, but more linear in pattern, This is seen especially 
where the upper incisors are scraped dawn the skin, leaving a 
series of parallel tracks, sometimes several centimetres long, 

"The lower incisors may leave either a curved line of static 
‘marks, ora straight or interrupted line below the upper inci- 
sor scrapes, as the lower teeth dig in and anchor the skin 
whilst the upper teeth gouge downwards cowards them, 
during the act of closing the mouth. 

“The major problem with bite marks is the identification 
of the perpetrator and hence the problem cannot really be 
tackled without the expertise of a dentist fully experienced 
in this specialist task. Unless the dentition has some really 
characteristic features, especially in the incisors and canines, 


then a non-dentist is a poor witness if the matter comes to a 
legal dispute. Some odontologists would claim tha a bite 
‘mark can only be identified in a negative sense ~ thar i, sus- 
pects can be excluded if their dentition is obviously incapable 
of inflicting the bite mark under investigation, bur that no 
positive match can be claimed. Though many forensic 
odontologists would dispute this conservative claim, it is 
probably the best atvirude for a pathologist involved in such 
a problem, unless there is some really spectacular and unique 
feature in che front teeth of a suspect. 

Missing teeth, grossly displaced eeth and substantially 
damaged teeth may suggest a march with a person — or the 
‘mark may be quite inconsistent, which is helpful co the 
investigators if they eliminate a person or persons, espe- 
ially in the restricted range ofa family in which a child has 
been abused. 

Ic is probably best for a pathologist to realize his limita- 
tions in this field, however, and to confine himself to taking 
the best physical evidence for later study by a forensic 
‘odontologist, where this is at all possible 


‘The investigation of a bite mark 


As stated, every effort should be made to obtain the best 
evidence for urure specialist examination. Firs, the bite mark 
should be carefully and fully photographed. If police facil- 
ities are to be used, the pathologist ~ as in other aspects of 
forensic pathology — should direct them as to the important 
features required on film, Ofien such photographers, though 
“otherwise expert in the technical aspects of their craft, do not 
appreciate the problems that inadequate or inappropriate 
views can cause ~ especially at a later date, when experts 
reviewing the case and lawyers presenting i in court have 0 
rely on photographs without the benefic of having seen the 
original lesions. 

"The photographs should be taken from several different 
angles, but especially from a directly perpendicular view- 
point, wich the plane of the film at right angles to that of the 
lesion. Some police photographers persist in taking tangen- 
tial shots thar foreshorten the true shape. An accurate scale 
should always be adjacent to the lesion, as close as possible, 
bur not impinging upon it or obscuring any detail 

Bites are ofien on a curved surface, such as the face, breast 
‘or arm, and thus can never be reproduced exactly on a flat 
surface, as there is bound co be slight foreshortening at the 
ends, bur several views ar slightly different angles can over- 
come this problem. Small lens apertures and short focal 
lengths will obviate che blurring that results from the lesion 
‘curving our of the focal plane, Too short a focal length will 
itself produce image distortion. 

‘The lighting is important, as perpendicular lighting 
may lead to a flat rendering with no caprure of detail, Side 
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FIGURE 264 A clear bite mark on the shoulder a few daye after 


infliction, This w 


fram political abuse of human rights, there 


ale being linear bruiveson the shoulder and back frum beating 


swith a hose-pipe 


lighting may throw small ireegularties inco relief, especially if 
there are tooth indentations in the skin, Both monochrome 
and colour photographs should be taken, with particular 
attention to sharp focus and correct exposure. The use of 
infrared-sensitive film has been recommended to reveal 
occult bruising, but it also appears to demonstrate artefacts 
‘The lesion should almost fill the camera frame in some shots 
to capture as much detail as possible, either by short lesion- 
to-camera distance or the use of long-focus lenses. More 
general, wider shots should also be taken, however, to orientate 
the bite mark in relation to anatomical andmarks. Dur- 
ing photography, care should be taken not to heat up the skin 
by the close proximity of high-power tungsten lamps. These 
should be placed at a distance or used only for short periods. 
Flash illumination will obviate this danger of heating the 
skin, which can distore che bite mark. 

When photography is completed, swabs of the bite 
should be taken to try to recover saliva, Though nor often 
successful, this technique can occasionally be vitally import- 
ant in helping to identify or exclude the assailant, 
she is one of the 80 per cent of people who are ‘secretors, 
that is, who exude their blood-group substance in their 
saliva, Plain cotton-wool swabs are gently rubbed onto the 
bite — some experts recommend slightly moistening them 
firse with water or saline, They should then be deep frozen 
unless sent straight to the serology laboratory. 

Following photography and swabbing, there is usually 
litle more that the pathologist can do in the absence of a 


he or 
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dentist IF facilities are available and someone has the expertise, 
an impression of the bite can be made. This consists of laying 
a plastic substance over the bite mark, which then hardens, 
s0 as to produce a permanent negative cast of the lesion. It 
is usually made with a rubber- or silicone-based medium 
containing a catalytic hardener. Less satisfactory substances 
are warer-based pastes, such as plaster of Pars, which are put 
‘on wet and allowed to dry before removal. These have the 
disadvantage of potential damage to the actual bite, if that 
is required for further evidential examination. Though ic is 
unlikely chara pathologist will be able to carry out these pro- 
cedures, it may be that a non-forensic dentist or a forensic 
scientist used to making casts of other evidence may be able 
to make satisfactory impressions that can then be preserved 
for later examination by an odontologis. 

Afier autopsy, ivis also possible for the whole area of skin 
carrying the bite to be removed and preserved in formalin 
for furure examination. The shrinkage and distortion that 
are virtually inevitable, however, make these specimens of 
limited value for detailed tooth matching, though if good 
photographs with accurate scales are also available, they 
may be a useful addition to the dental evidence. 

It's recommended that, as with all bruises and abrasions, 
the body be re-examined a few days after the frst autopsy, 2s 
the appearances may be markedly enhanced. In a bite mark, 
fainc or even absent original lesions may become more promin- 
ent, or even appear for the irs time a day or two afier deach, 
“The removal of skin carrying the lesion should be delayed 
if ir is wished to see if this enhancement will occur, unless 
dlimatic conditions or lick of refrigeration would make this 
delay undesirable. 


Matching the bite mark with the 
suspect's dentition 


For a pathologist, this is such a specialist enterprise that it 
would rarely be attempted, unless there was no prospect 
whatsoever of a forensic dentist being available, even at a 
later date. As mentioned earlier, unless there is a striking 
dental feature in the bite mark or in the teeth of the suspect, 
the bese that can be done is to try to exclude limited number 
of potential assailants on the basis of lack of correspondence 
of their dentition with the bite mark. If neither mark nor 
teeth show any particular distinctive appearances, then even 
this should be avoided, without expert dental opinion. 
Where circumstances dictate tha only the pathologist will 
ever be available to help the investigation, he should confine 
himself to the following routines: 


1 The teeth of those who are either suspected by the 
police or who had access to the victim should be 
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‘examined. In most jurisdictions itis vital char fully 
informed consent should be obrained from the person 
beforehand. The doctor must explain what he intends 
doing and the reason for doing it. It must be made 
clear that this is to be done for the purposes of a legal 
investigation and that any information gained might be 
used as evidence — and that itis nor related to diagnosis 
or treatment for the subject's own welfare, 

Any refusal must be a bar to any further action, Where 
children are concerned, usually in the setting of child 
abuse, the consent of the fully informed parents oF 
{guardian must be obtained. All such consent is preferably 
obtained in writing and many police forces have special 
forms for the purpose. IF not written, chen a dubious 
second best is getting oral consent; at least one witness 
10 this must be obtained, if possible from independent 
persons other than relatives or police officers 

‘With consent, the dentition is then examined and the 
following points determined and recorded by diagram 
and writing. Photographs should also be taken if there 
is an issue of possible correspondence between the teeth 
and the bite ~ or where exclusion is legally important. 

= The presence of full or partial denture — and, if so, 
‘were they worn at the time of the incident? 

"The number of teeth in upper and lower jaw. 

A charting of any missing teeth, especially incisors 
and canines, 

‘An estimate of the bite overhang, or whether there is 
edge-to-edge occlusion or an undershoot projection 
of the lower teeth 

Recording of any broken teeth or teeth with 
significant individual abnormalities; these must be 
charted and described. 

A record of any irregularity or marked variation in 
the cutting edge profile of any front teeth. 

‘An evaluation of the size and prominence of any 
teeth, especially in the canines and incisors and any 
developmental abnormalities, such as an extra 
interposed front tooth, 

Recording of any abnormality in the orientation of 
any tooth or teeth, such as twisting (rotation) in the 
anteroposterior tilting or double row of teeth. Gaps 
and irregular spacing are vital Factors 


‘Though ic is unlikely thar a pathologist will have either 
the expertise or materials to make an impression of the bite, 
this might be attempted if no dental assistance of any kind 
is available ~ though the aid of a local dental practitioner 
‘would be useful in obtaining a wax or other bite registration 
IF this is impossible, then a bite impression into any available 
plastic substance might be attempted, The use of such sub- 
stances as modelling clay, Plasticine, or beeswax might be 


better than nothing ifsome unique feature required demon- 
stration, Finally, whether ic be from visual inspection of the 
teeth or from comparison with a cast, an attempt should be 
made to compare the characteristics of the bite mark with 
the dentition of the suspect or suspects Iris assumed chat an 
animal bite will have already been excluded by this stage. 

‘This comparison can be performed in various ways, dif- 
ferent odontologists having their own techniques. Where 
marked abnormalities exist in the teth, these may be present 
in the bite mark if the affected teeth happen to have regis- 
tered in the lesion, Some forensic dentists prefer to match 
photographs of the mark with photographs or tracings of 
the teeth, the former being printed to a 1:1 magnification. 
“Tracings can be made from positive casts of a bite impres- 
sion, inking the cutting edges of the front teeth and trans- 
ferring these to transparent sheets, which can then be laid 
over the photographs to determine correspondence. Others 
use a negative photograph of the teeth laid over a positive 
photograph of the bite, again ensuring exact correspond- 
ence of magnification, 

Ina bite mark itis said thar a tooth impression is better 
evidence than an absent mark — in other words, the presence 
‘ofa tooth mark means thar the tooth was actually in the jaw, 
‘whereas a gap in the injury could either mean that che tooth 
‘was missing or merely that the occlusal edge had not marked 
the skin, perhaps because of slight shortening, unevenness or 
‘wear. In all matching procedures between a bite mark and 
the suspect teeth, allowance must be made for distortion of 
the skin surface during the biting process and the angle of 
attack of the teeth. Again itis emphasized that exclusion is 
probably 2 much safer exercise than an allegation of positive 
matching, unless there is some unique feature in the denti- 
tion. Unlike fingerprint, fewer points of definite correspond- 
ence are required to claim correspondence. This applies only 
in the hands of experts, where the number needed for a con- 
fident identification depends on the strength of the idio- 
syneratic features, but may be inferred from three or four 
identical points 

In practice, ic is the six upper and six lower front teeth 
that give the most information. ‘The canines may provide 
particular help when prominent and pointed. Premolars 
and molars are rarely useful, as might be expected fom their 
lower profile and posterior position in the jaws. 


IDENTIFICATION OF THE DEAD 
FROM THE DENTITION 


“The major contribution of forensic odontology is in the field 
offidentification, especially in mass disasters, such as aviation 
and marine catastrophes, In air crashes, dental investigation 
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is the most successful single procedure leading to identifica- 
tion of mutilated and burned bodies, as che passenger 
manifest lists provide a circumscribed population for whom 
dental records can be obtained in che majority of cases. In 
such disasters the involvement of dentists is imperative, but 
the size of the subject is far too large to be attempted in a 
book of this nature 

Apart from mass casualties, forensic odontology is fre 
quently used in problems of individual identity that are the 
direct concern of the forensic pathologist, as accident, suicide 
and murder form the majority of such unidentified bodies. 

As with skeletal remains (of which dental evidence is 
part), discussed in Chapter 3, there are two prime avenues 
of investigation: 


general or reconstructive identity, which attempts to 
classify the unknown person by age, sex and race 

© comparative methods, which confirm or exclude the 
personal identity of the individual against ance-mortem 
dental records 


Once again, the pathologist can only act for the dentist 
in a ‘second-best’ way, when no forensic odontological 
expertise is available, Unlike bite marks, the material is 
likely to be much more permanent and, wherever possible, 
the pathologist should retain photographs, chartings and 
even the actual dentition against che time when expert den- 
tal opinion might become available, When time presses in a 
criminal inves-tigation, however, or where no dental help is 
ever likely to be forthcoming, then the pathologist has to 
do the best he can, though many special techniques such 
as radiology or tooth sections may be quite beyond his 
capabilites. 


General or reconstructive identity 


Unlike skeletal remains, the human origin of dental mater 
ial is rarely in doubt. In badly decomposed or skeletalized 
bodies the jaws usually survive intact, though in dry skel 
etons, teeth may become loose and fall out, especially the 
single-roored canines and incisors, 

Even in fragmented bodies and skeletons, che jaw rem. 
nants and teeth are readily recognizable, even by lay persons. 
‘Where teeth have dropped out and been recovered inde 
pendently of a body, they are stil usually recognizable as 
human, as opposed to most domestic or farm animals. In 
countries where large primates exist, there may be some 
confusion, but this i a are problem 

Having established the human origin, the next determin. 
ation is sex and here teeth have a poor discriminating value, 
though the intact jaw is more helpful, as discussed in 
Chapter 3. Male teeth are usually larger, bur this is generally 
unhelpful. The difference in size between the upper lateral 
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shaped’ and have a depresed groove on their pasterinr nurface. This 
strongly suggets thatthe deceased was of mongoloid race. 


and upper central incisors is often greater in women, the 
male incisors being more equal in size. The female canines 
are usually smaller and more pointed relative to the male, 
more especially in the mandible than the mauilla, Git!’ teth 
tend to calcify and erupt earlier than boys. If the skeletal 
age is known, then more advanced tooth eruption in young 
persons is an indication of being female, though in these 
circumstances there are usually far beter indicators of sex 
the skeleton. The mandibular fist 
h cusp in the female, which is almost 
always present in the male, Extraction of pulp tissue from a 


available elsewhere 


molar often lacks a f 


tooth, even up to many months afer extraction or death, can 
ale 


provide material for fluorescent staining for the 
intranuclear F-body, as described in Chapter 3, bur this 
has now been superseded by sex determination via DNA, 
if recoverable from the pulp. 

Race is also a difficult criterion to determine from teeth 
The best-known feature is che ‘shovel-shaped! upper central 
incisors of Mongoloid races, first described in Leipzig by 
Muhlreiter in 1870. The posterior surfaces of these teeth 
havea depression centrally, with two marginal bars, causing 
the back of the tooth to appear like a coal shovel with 
tumed-up edges. ‘The fearure is found mainly amongst 
Chinese, Mongols, Eskimos and Japanese, but is also found 
amongst non-Mongoloid races in lesser numbers. Some 


91 per cent of Chinese, Japanese and Tibetans have such 
teeth, 95 per cent of Native Americans, 84 per cent of 
Eskimos, 46 per cent of Palestinian Arabs — and 90 per cent 
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of Finns. It is rare amongst Negroids and Australian Abori- 
ginals. In Caucasian races, the lateral incisors in the upper 
jaw are usually smaller than the central, especially in women, 
a feature absent or less marked in Negroid or Mongoloid 
races, Caucasians also have long pointed canine roots, a fea- 
ture nor seen in Mongoloids. Enamel pearls, small nodules of 
enamel on the tooth surface, are much more frequent in 
Mongoloid teeth, Small nodules on the lingual surface of 
maxillary molars, called ‘Carabell’s cusp’, are most common 
in Caucasian races and rare in the other major racial groups. 

The condition of bull-tooth or ‘taurodontism’ is most com- 
mon in Mongoloid peoples: here the pulp cavity of molars 
is wide and deep, and the roots are fused and bent. A con- 
genital lack of the third upper molar is most common in 
Mongoloids, but can occur in any race. Negroid races tend to 
have large teeth and often have more cusps on their molars, 
even up to eight, with two lingual cusps on the mandibular 
first premolars as an additional common finding, 

The age of the person is one of the most useful findings 
disclosed by the teeth, especially in the first two decades of 
life. The sequence of deciduous or milk’ reeth is well known, 
overlapping the appearance of the permanent dentition, 
shown in Figure 26.6. This is only an average timetable, 
however, and is modified by several fctors, such as sex, race 
and climate. Again, dental expertise is needed to refine the 
accuracy of such estimations. The determination of age from 
fetal teeth is also a matter for embryologists or dentists with 
specialized knowledge of this period. After the third molar 
hhas erupted in the third decade of life, then age determin- 
ation becomes much more difficult, Much research has been 
expended in forensic odoncology and the name of 
(see references and further reading) is well known in this 
respect. His criteria for age in adult life comprised six 
factors 


ustafion 


occlusal attrition of the tip of the tooth 

secondary dentine deposition in the apex of the pulp 
cavity 

apical migration of the attachment of the periodontal 
membrane 

1 increase in root transparency ~ the best single indicator 

1 ro0r resorption 

1 accumulation of cementum around the root. 


This method, as later modified by Johanson (1971), is said to 
give an age accuracy within 5 years either side of the true age. 

Ir seems pointless to rehearse these methods in advice to 
pathologists, however, as specialized techniques, equipment 
and knowledge are needed for these procedures. The standard 
textbooks on forensic odontology and original papers should 
be consulted for the details. Returning to general features 
of age, obvious pointers are the state of the teeth in respect 
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FiGUnE 26.6 (a) Dates of eruption of deciduons teeth (average times) 
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FiGURE 26.7 Severe aclusalateritian ina jaw frome the early 


nineteenth century. The crowns are worn down to expose the dentine 
by a rough dies shat probably cansained sane sus nthe flour from 


contemporary milling methods 
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of wear, hygiene and colour, which may deteriorate with 
advancing age. Much depends upon the care with which 
they have been maintained, however, hough marked occlusal 
attrition tends to go with increasing age, unless a rough diet 
has accelerated the wear, In Western Europe, gross occlusal 
attrition, sometimes down to gum level, is seen in old skeletal 
‘material. This usualy indicates char the bones and teeth came 
from someone alive in the mid-nineteenth century or eatlies, 
before modern milling methods removed abrasive stone dust 
from flour, 

Edentulous jaws also suggest advancing age but, espe- 
cially in former years before more conservative dentistry, 
even young adults often had toral tooth clearances for caries 
(Once the teeth have gone, there is a general atrophy of the 
alveolar margins, but this is a poor criterion of age because 
of the great variability in the time when teeth are lost. 

Newer techniques for age estimation include the vari- 
ation with age of racemization of amino acids, especially 
aspartic acid, bur this isa very specialized area. 


Comparative identification from teeth 


Establishing personal identity requires the matching of 
observed fearures with pre-existing dental records, the latter 
almost always obrained from previous diagnostic and thera- 
peutic surveillance. For this method to be applied, there 
must be: 


1 Some collateral evidence to indicate either who the 
unknown body might be, so thar records can be sought. 
Alternatively, a circumscribed population must be 
searched for records that may match the unknown, 
Such a population may be the known passengers on an 
aircraft or ship or a cohort of missing persons 
maintained on some register. It is manifestly impossible 
to search a large population, such as a whole country or 
even a city, Attempts were made in Britain to 
computerize dental records from the National Health 
Service so that a wide search could be made, bur the 
completeness and quality of data was such thar the 
scheme was found to be impracticable. 

‘The unknown person must have had dental attention 
in the past. The dentist or hospital must be known; the 
records must be traceable and, when found, must 
contain sufficient clinical information to provide 
adequate identifying features. The recovery of dental 
radiogeaphs is a most useful adjunct. Unfortunately, 
these criteria are nor always satisfied. 


‘The dental records are needed to provide a description 
of the dentition and jaws at a date as late as possible before 
the finding of the body. Work may have been done on the 
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deceased during life since che last record was made, if the 
person had been treated elsewhere and the information not 
recorded. Where a record does not conform to the dental 
state of a body who was expected to be a match, itis obvi- 
‘ous that such discrepancies can be of two types: 


1 Ifthe record indicates some condition that is 
irreversible but which does nor exist in the body, then 
that excludes matching. For example, ifthe record 
states that certain teeth have been extracted, yet they 
are still present in the jaws, then any hope of 
correspondence must be abandoned. 

IF fillings are present in the teeth, which are not 
shown in the records, then these may have been made 
later and not recorded. Of course, no discrepancies of 
point | must be present for those of point 2 to be 
acceptable. 


Charting the teeth 


In the absence of a forensic odontologist, the next best 
person to record the state of dentition of a dead body would 
naturally be a dental practitioner, to whom this task would 
be an everyday routine. The chart made by him could then 
be used for future reference in any identification procedure. 
This chapter is concerned with the imperfect yet some- 
times inevitable circumstance where the pathologist is the 
only person available. Unfortunately, there are a host of 
different methods of charting the contents of the jaws, and, 
in spite of sustained efforts, no universal internationally 
accepted system has yet been adopred. For our purposes, 
any careful record of the number, position and state of the 
teeth made by a pathologist can be converted into whatever 
system of charting is required ata larer stage. 

“Two main methods of recording data are in use: the frst 
is a diagrammatic chart commonly used in large dental 
services such as the British National Health Service, seen in 
Figure 26.8. The other system uses a more pictorial repre- 
sentation of the teeth, so that all features can be recorded in 
a more exact topographical manner, Both systems, as well 
as many variants, have a notation which describes the 
position of the teeth, almost always in four quadrants, right 
upper, left upper, right lower and left lower. Unfortunately, 
there is considerable variation in the sequence of numer- 
ation, especially where the transition points from left to 
right, and from upper to lower are concerned, these being 
confusing and often not interchangeable. The pathologist 
need nor concern himself too much with this problem, as 
his graphic representation can always be turned into what- 
ever system of numeration is required at a later time. For 
example, ifan unknown body has its teeth charted on one 
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FIGURE 26.8 Tiow ofthe many typer of chart used for recording dental charactevstce. The upper is the ‘Odontognam’ designed for Interpol. 
‘The chart displays each surface ofeach toath including the deciduous teeth. The lower chart is that ued in he British National Health 
Service, which isa simpler design. tn booh charts che buccal aspects are atthe top and bottom and the lingual sides of the teeth face 


each other centrally 


of the common diagrams and later the dental records of 
a potential “identitee’ become available, the chart can be 
transposed into the same system as the clinical records 
‘The notation derived from this can then be transmitted by 
telephone, telex, fax or other form of communication, if 
the records are not available at the place where the body 
lies. This is particularly importanc in transportation fat 
ties such as air crashes, where the home base of the victims 
may be far removed from the scene of death 

On the diagrammatic or anatomical charts, each tooth is 
represented by a pictorial symbol that provides the same 


umber of tooth surfaces as those on the same teeth in the 
mouth, The incisors and canines have four surfaces repre- 
sented, while the premolars and molars have an additional 
facet, the occlusal surface. On these diagrams, the positions 
of fillings, crowns, caries and damage are marked, and, of 
course, missing teeth are deleted, 

In charting the teeth, the pathologist needs good access to 
the mouth and this presents the first problem, Rigor mortis 
in a relatively fresh cadaver may make it impossible 10 open 
the mouth without great effort, Excessive force should not be 
used, especially leverage with a metal instrument, because of 
the danger of damaging the teeth, Whete the rigor cannot be 


broken by sustained firm pressure on the chin ~ or where 
time prevents waiting for rigor to pass off ~ it may be neces- 
sary to extend the autopsy incision into a neck “V" and dis- 
sect the skin off the lower part of the face, to gain access to 
the masseter and temporalis muscles, which can then be 
divided above their insertion into the mandible, to allow the 
fe must be taken not co disfigure 
the face during this procedure, 

‘When the body is decomposing, no rigor will be present. 
If badly rotted, then cosmetic considerations will not apply 
and more radical removal of the jaws may need co be per- 
formed. ‘The same holds for badly burned bodies, where heat 
contraction of the facial muscles may make it impossible 


jaw co become mobile. C: 


to open the jaws without dissecting away tissues. In both 
these instances, where identity isa prime consideration, both 
mandible and maxilla may need to be removed for retention 
and later examination. The mandible can be disarticulated 
at the temporomandibular joints and removed intact. The 
lower maxilla, comprising the tooth-bearing jaw, the palate 
and the inferior part of the facial skeleton, can be removed 
afier the mandible has been taken. This is done by sawing 
horizontally across the maxilla at the level of the lower mar- 
{gin of che nasal aperture, taking cate ro saw above any tooth 
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FiGURE 26.9. Use of dentures ta identify a decampased body from 
the sea. Some dental proithees carry maker: or patient record 
numbers embedded in the plate material. The ls of tswe around 
yes and mouth was caused by marine predators. The cut shroat was 
made bya nylon haweser that threw this ship’ officer overboard 


roots. After photography and charting, the jaws can be pre- 
served in formalin or a freezer. With modern serological 
and DNA identification techniques, the need to keep some 
unfixed tissue for serology and other investigations should be 
borne in mind. Naturally, the presence of any full or partial 
dentures or any other type of dental prosthesis will have been 
recorded and the prosthesis carefully retained for examin- 
ation. Even edentulous persons may show signs of having 
worn dencures by the presence of pressure marks on gums or 
palate, Wherever possible, radiographs should be taken of 
the head of an unidentified body (as discussed in Chapter 3) 
where non-dental considerations apply, such as craniometry 


oor frontal sinus visualization, At the same time, the radio- 
‘graphs may show unexpected foreign bodies in the head and 
some of these may have unique dental importance, such 
as broken drill, broken roots or congenital abnormalities, 
which may be matchable with clinical films, or a note in the 
ante-mortem records. Radiography has a special place in 
forensic odontology, but specialist techniques and know- 
ledge are likely to lie outside the abilities ofa pathologist. 

‘When, by whatever means necessary, the dental arches 
have been made available for examination, che following 
features are sought and recorded on the chart: 


Extractions — whether recent or old ~ should be noted. 
from the condition of the socket. 

Fillings ~ their number, position and composition. 
Artificial eth ~ gold, porcelain or stainless steel 
Other prosthetic work in the mouth, such as 
bridgework or braces 

Crowned teeth. 

Broken teeth, 

Pathological conditions in teeth, jaws or gums. 
Congenital defects such as enamel pearls, Carabelli’s 
cusps or ectopic teeth, 

Malpositioned teeth ~ rotated or tilted for example. 
“The general state of care and hygiene including caries, 
plaque, tobacco staining and gingivitis. 

Racial pointers, such as shovel-shaped upper central 
incisors or multi-cusped molars 


‘When all available information has been discovered and 
entered on the chart, the process of comparison with any 
ante-mortem records can be made, Much will depend on 
the quality and the date of these records, which are fre- 
quently less detailed and exact than the autopsy charting, 
Allowance must be made for the clinical records to be 
substantially our of date on occasions, as mentioned earlier 
"The process of matching is again really the work of an 
experienced dentist, but the major rask of checking che 
above list against the previous records can be carried out 
adequately in respect of missing teeth, filling, prostheses 
and major trauma and other anomalies. 

Anything on the clinical chart that is nor represented in 
the actual jaws almost always excludes a matching ~ fillings 
cannot go away and extracted teeth cannot return, even 
though some remarkable feats of dental rreatment now exist. 
TThe degree of correspondence that is acceptable fora positive 
match is a matter of common sense, and naturally other 
rnon-dental aspects must be taken into account — itis useless 
trying to claim a match on a woman's dental characteristics if 
other information clearly indicates that the missing person 
was a man, Finally, and at the risk of being aver-repetitive, 
ic must again be emphasized that, chough the pathologist may 
bea collector of data and physical evidence, where the issues 


537 


26: Forensic dentistry for the pathologist 


Fx 10 A shortcut in excluding homicide, A skeleton war 
found buried in a suburban garden. Initial suspicions were allayed 


when the nemus of the mandible war seem to carey a branze wire for 


attaching a spring to suspend the jaw from the skull. Police enquiries 
confirmed that the honse had previously belonged toa member ofthe 


medical school teaching safe 


FIG 26.11 A mandible from a seltlized bady found in suspicions 


circuomtances Mdentty wi etabliced solely frm dental features, such 


1s the gold bridge and acrylic tooth an the rghe side ofthe jaw and the 
mumerous amalgam flings. Comparison of dental ruiggrapls obtained 
{From a bospital confirmed the correspondence. Te aw, with the 

‘prominent square smploseal region, rpially male 


are vital (asin a homicide investigation), every effort must be 
made for the material to be evaluated by a forensic odontolo- 
gist, even ifthe details have to be sent by air mail to another 


Ficune 26.12 Pink teeth. The jaw came from a decomposed body 
clumped in the countryside after death from narcotic overdose. No 

carbon monoxide was present in the body, the pinkness being caused 
by haemoglabin products sining the dentine, (Reproduced by kind 


permision of Professor David Whittaker) 


PINK TE 


TH 


‘Ar autopsy on puttefied bodies, the teeth are sometimes 
seen to be a marked pink colour, especially near the gum 
line. Considerable research has been carried out into this 
interesting phenomenon and itis clear that the colour is the 
result of the dentine being stained by haemoglobin prod: 
uucts. It was ance thought thar carbon monoxide played a 
part in the coloration, but this has been disproved. Claims 
that the phenomenon is a pointer to an asphyxial death can 
be discounted, though possibly a very ‘congestive’ mode of 
death — albeit a very non-specific condition ~ encourages 
pinkness because of retention of blood in the pulp. 
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“Toxicology has a number of different aspects and, in such a 
hhuge subject, various specialists have different interest, 
‘The clinical toxicologist is most concerned with diagnosis 
and treatment of the living patient; the analytical roxicolo- 
gist has the complex task of laboratory investigation; and 
the pathologist is concerned with evaluating poisons as a 
cause or a contribution to death, Though obviously linked, 
these various aspects are substantially different and few 
people can claim to be proficient in all three, As far as the 
pathologist is concerned, his main task is to exclude or con- 
firm other non-toxic factors in the death. He has then to 
collect suitable samples for analysis and, when the labora- 
tory results are available, to interpret them in the light of 
his knowledge of the history, clinical features and autopsy 
appearances 

‘The pathologist inevitably needs the expertise ofthe labora 
tory analyst and the latter’s knowledge of the therapeutic, 
toxic and fatal levels of the substances under consideration. 
Such dara must, however, be evaluated in the knowledge of 
other pathological and physiological conditions present, so 
that itis the pathologist rather than the laboratory toxicolo- 
gist, who should provide the final opinion upon the proxi- 
‘mate cause of death. This does nor always happen and 
some laboratory report forms may be seen that unequivo- 
cally ~ and unwisely ~ state that a particular drug caused 
the death, 

‘Where, as so often happens, the toxic levels found at 
post-mortem are not in a potentially fatal or even toxic 
range, chen the pathologist should seek the advice of a clin- 
ical toxicologist to determine whether any of the symptoms 
or signs during life may assist in deciding on the cause of 
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death. As so often happens in forensic problems, the inves- 
tigation of a fatal poisoning must be a cooperative effor 
especially between pathologist and laboratory analyst. Even 
in apparently obvious cases, such as a blood saturation of 
50 per cent carboxyhaemoglobin, itis not for the analyst to 
declare a definite cause of death, as the victim may also 
have had a fractured skull — but equally, the pathologist has 
an obligation to provide the laboratory with the best pos- 
sible samples in the best possible condition, as well as good 
information about the circumstances of the case. 


THE CONCEPT OF THE 
FATAL DOSE 


Many persons, including some doctors, are under the firm 
misapprehension that, for most toxic substances, there are 
relatively constant quantities that will cause death. Not 
only the lay public, but lawyers, police, coroners and others 
assume that there is a more or les linear relationship berween 
the amount of poison thar enters the body, the resulting 
levels in blood and tissues and the degree of disability 
caused ~ the ultimate disability being death, 

In addition, it is often thought that back-calculation 
from blood and tissue levels can arrive at a definite assess- 
ment of how much poison was originally administered. 
‘This aspect is of particular concern to coroners and similar 
officers, who have to decide on motive in potential sui- 
cides, where the magnitude of any overdose may assist in 
distinguishing between accident and self-administration. 


27: Poisoning and the pathologist 


“The pathologist has his own difficulties in respect of ‘the 
faral dose’, as quantitative results from the laboratory have 
to be matched against a knowledge of published blood and 
tissue levels for that substance in relation to its potential 
toxicity. Though numerous tables of toxic levels have been 
published, there is considerable variation between the levels 
recorded. Reasons for this are explored later. I is obvious 
thar there is no ‘fatal dose’ in the sense of a single threshold 
concentration above which a person dies and below which 
he survives. Instead, there isa range of levels, the upper and 
lower margins of which vary from one authority to another, 
which encompasses most deaths ~ but even here there are 
many exceptions, instances being recorded where survival 
‘occurs well above the upper limit and death occurs below 
the lower margin. In such cases, che task of the pathologist 
~ which cannot always be satisfactorily discharged ~ is to 
evaluate all other non-toxicological data to see if they can 
modify the circumstances sufficiently to allow an accept- 
able explanation for the death. It is sometimes difficult to 
explain these concepts of great biological variation to law 
yers and police officers, who expect more definite decisions, 
and might even feel that the pathologist is being evasive 
or obstructive 

"The concept of the ‘LDsy’ is sometimes raised by the 
more knowledgeable lawyer, bur this does not assist materi- 
ally in any individual case, The LDsq is a device used by 
pharmacologists and toxicologists in a statistical sense in 
animal experiments. Over a large number of tests, it 
provides a oxic level at which half the animals will be 
expected to die. Though the indicative value in a general 
sense in comparing the toxicity of one substance against 
another, there is no way of knowing whether the human 
crim of poisoning lies at the upper or lower end of the 
classical bell-shaped curve that characterizes most bio- 
logical responses. 

Far more useful is the cumulative record of actual labora- 
tory results from toxicology centres that deal with human 
poisoning, which progressively build up a large database of 
blood and tissue levels, and correlate these with records of 
the clinical state, toxic effects and fatal outcome. Even here 
the variations are wide, as the many published tables testify 
but at least general guidance can be obtained. 


VARIATIONS IN PUBLISHED FATAL 
POISON CONCENTRATIONS 


In the many publications that offer therapeutic, toxic and 
lethal ranges for a wide variety of poisonous substances, there 
is considerable variation in the quoted levels. These can be 
«source of confusion and sometimes dismay to the patholo- 
gist who, even with the advice of his local toxicologist, may 
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find ic difficult to decide whether a death can justifiably 
be attributed to a particular drug or other toxic substance, 
Even if he can so satisfy himself, he may be subjected to 
keen questioning, interrogation, doubt or criticism from 
colleagues, coroners, police, lawyers and others, who have 
access to different versions of roxic and fatal levels. The 
ultimate challenge may come in a criminal court, where 
opposing counsel may openly defy the pathologist's incer- 
pretations in crass-examination, 

Dr A RW Forrest, Chemical Pathologist and Toxicologist 
at Sheffield’s Royal Hallamshire Hospital (personal com- 
munication) points out some reasons for the variations 
found in such published data. He expresses the view that it 
is rather surprising that the order of disagreement is not 
greater, given the opportunities for disparity 

First, many of the published series are small, some being 
only individual case reports. Statistically, this is not a good 
foundation for establishing reference ranges, which are much 
better obtained from a database derived from the cumulative 
results of a large laboratory service, such as the British Home 
Office Forensic Science Service, which maintains a central 
‘computer store of all results from its laboratories. 

Second, analytical techniques vary widely, both in 
method and accuracy. The specificity varies from labora- 
tory to laboratory so that there may be a lack of uniformity 
about what is actually being measured. For example, para- 
cetamol may be measured by a non-specific method that 
picks up its metabolites as well as che native drug, which 
will chen offer a different blood level in a fatal case from 
that found by more specific methods. In other words, one 
is not comparing ‘like with like’ 

"Third, as discussed elsewhere in this chapter, the site of 
sampling may introduce wide errors, With some substances, 
a several-fold variation in concentration may be found 
berween femoral vein and cardiac cavity blood. 

Last, errors occur because a ‘fatal’ level may be attributed 
to one substance without raking into account the level ~ or 
even the existence ~ of other toxic substances that the 
deceased may have taken, and of which the pathologist or 
analyst may not even have been aware. For example, the 
ewer more potent benzodiazepines may be missed in a 
simple toxicological screen, but could well have con- 
tributed to the toxicological overload that caused the 
patient to die. In such a case, the level of the recognized 
drug would be blamed for the death, whereas in fact it may 
rnor have been a lethal dose in itself, chough was recorded as 
stich in any database or tables. 

These facts highlight the dangers of limiting a request 
for analysis solely to the substance known or thought 10 
have been taken. Often an efficient screen for other sub- 
stances will reveal other unsuspected compounds, some- 
times more toxic than the one originally suspected 
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METHOD OF GRAVITY DISTORTION AND TIME 
DISPLACEMENT 


FIELD OF THE INVENTION 


[0001] |The present invention relates to the use of technical 
time displacement devices, which operate by the modifica 
tion of gravitational fiekls. These drive systems do not 
‘depend on the emission of matter to ereate thrust t0 take 
‘advantage of time dilation, but rather ereate a change in the 
‘curvature of space-time, in accordance with general relat 
ity, This allows travel across topologies by warping space- 
time, to produce a topology change from one spacelike 
boundary to the other in accordance with Geroch’s theorem 
(Geroeh 1967) 


‘THEORETICAL BACKGROUND OF THE 
INVENTION 


[0002] ‘The concept of gravity should be examined in the 
light of quantum gravity and in tum as a component of 
‘quantum physies itself ‘The fundamental minimal quantum 
‘of enengy in quantum physics is Planck's constant; h, Thus 
in accordance with the energy equivalence formula E=me*, 
the fundamental minimum quantity of mass (m,) ean there- 
fore be derived, from known constants by; m,elve* (1). 
‘Taking this minimal mass, itis possible to show that the 
formation of all matter, the forces of nature and indeed 
space-time itself derive from this single quintessential quan- 
tity. 

[0003] Thus ifthe number of quintessences in a system is 
ngemim,: then the total Energy of the system is more 
logically given by, the energy of a single quintessence (h); 
directly multiplied by the number of quintessences (n,) in 
that system, thus 


wa, 
[0004] Furthermore, this minimal mass, termed quintes- 
sence, can form the basis of the existence of a quantum 
‘gravitational field in the form of a space-time latice, from 
‘which quantum gravity may be derived from first principles. 
Furthermore, the conglomeration of these quintessences also 
accounts for the formation of the elementary particles and 
the forces acting between them, as in superstring theory. 
‘This concept explains the formation of matter and the forces 
‘of mature ‘on a quantum mechanical basis and directly 
‘explains the existence of wave particle duality. Thus as 
nyemim,: the frequency of light and matter (P) is deter 
mined, directly, from the number of constituent quintes- 
sences, This leads automatically to the fundamental equa- 
tion, derived from (1), fen,=E¢h, where n, is the number of 
‘quintessences, which leads directly tothe frequency of both 
light and matter. This in tur leads directly to a Universal 
wave equation for matter and light A=ciPny=he/BE (2), 
where Bis the relative directional velocity, vie. As the 
momentum, pafixE/e, then this equation also gives the 
standard de-Broglie wave equation, .=hip in agreement with 
‘current theory and experiments! 


[0005] Using the Universal wave equation, the standard 
‘equation for special relativity, m'=m,/(-B)'2, derives 
{rom first principles. Also from these observations, a modi- 
fied Dirac wave equation may be derived, Eypa(-jB-V+ 
mj) (2a), the results of which have been recently verified 
by a paper in which the orbitals of electrons were experi 
mentally directly visualised’, Moreover, a fundamental 
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‘equation for general relativity can be formulated, where G is 
the gravitational constant and r, is the given radius of 
quintessence: G=9(,)'e7ABE (3), such that the Universal 
‘wave equation sin direct agreement with general relativity’ 
‘Thus special and general relativity and quantum mechanies 
can be unified 


[0006] From here itis possible to proceed in a number of | 
‘ways: the geometric structure of the electron and the forees 
‘of Nature may be derived trom firs principles and in tum the 
stricture of the quarks, including the top and bottom, 
otherwise known as truth and beauty can be seen. Moreover, 
the presence of a space-time lattice results in an understand- 
ing of quantum EPR effects, By allowing a theoretical flow 
‘of energy through the space-time lattice it ean be shown that: 


[0007] nergy is not bound by space-time 


[0008] Thus logically accounting for phenomena such as 
entanglement and quantum tunnelling. Quintessence can 
also be used to explain, logically, the inner physies of a black 
hole, the missing mass of the Galaxy, the continuing expan- 
sion of the Universe, Guth’s inflationary theory and the Big 
Bang, Hence, it is now possible to understand the Universe, 
including space-time, matter and the forces of nature from 
the radius, mass and vibration of a single quantity, quintes- 


[0009] With this understanding of space-time, matter and 
the forces of Nature, and in particular gravity, itis possible 
to demonstrate that the modification of gravitational fields, 
‘and in turn the warping of space-time, can be technically 
readily achieved, 


[0010] Using standard equations for special relativity, 
m'=my/(1-B?)"2, it ean be demonstrated that by differen: 
tially increasing the velocity of electons, by applying a 
differential current, their mass can be increased in a specific 
‘way. In tum by inereasing the mass of electrons, by general 

the number of gravitons emitted from these elec- 
be modulated. By multiplying this effect using an 
ultracentrifugational device the differential graviton emis- 


‘with general relativity, will cause a change in the curvature 
of space-time 


[0011] This effective warping of space-time does not, of 
necessity, imply superluminal velocities, but does allow the 
creation of warp drive systems, which do not depend on the 
creation of thrust by the ejection of material as used in 
current space technologies. 


Part 1—Fundamental Laws of Physics 
[0012] Quintessential Mass 


{0013} The quan piled, mine compommin vf 
tere is Puke cosine a deine eal coe 
Foc of tae, tos Oa eae ces cq 
formula; E=mc?, such a minimal mass (m,) would be 
ceed bs lore he val outtalon ts el) The 
total mass of a system (m) would then be; m=ngm,, where 
(n,) is the number of these minimal units. Thence, the total 
Ghepst  cesion: be eave! tema mieten cea: 
multiplied bythe number of hse energy units) Thos 
elect er siso Perse ma eueatone ele 
nergy equivalence formal has the more logical formala- 
tion; E=hn,(1a). Thus the energy of a system is equivalent 


The collection of autopsy samples for toxicological analysis 


It has to be recognized, however, that, in many jurisdic- 
tions, the availability and expense of toxicological inves 
gations may make it impossible to pursue a full analytical 
survey, especially if this isto be undertaken on a speculative 
basis rather than for quantification of a known or strongly 
suspected toxic agent. A full screen may only be practicable 
and justified in a suspected homicide, iflaboratory facilities 
and fiscal support are severely restricted, In many countries 
homicide by poison is relatively rare and the Funds to i 
tigate accidental, suicidal and iatrogenic poisoning exhaust- 
ively may just not be available, 


THE AUTOPSY IN SUSPECTED 
POISONING 


‘The autopsy in these circumstances can be amongst the 
‘most difficult of problems faced by a forensic pathologist ~ 
not in the technical procedure of the examination, but in 
the final evaluation of all the available informacion, 

"The nature of the poisoning autopsy in Western countries 
hhas changed dramatically since the last century, when poison- 
ing was a common method of homicide. ‘There has been a 
‘marked change in the nature of poisons used in murder, sui- 
cide and accident. The corrosives, heavy metals and alkaloids 
commonly ingested in former years became relatively easy to 
detect, either by gross autopsy appearances or by straight- 
forward analytical methods. Further refinements of toxicolo- 
gical techniques, instead of the old methods in which large 
‘samples had to be tested because of the insensitivity of labor 
tory tests, allow the detection of nanogram quantities. 

Acids, alkalis, phenols, arsenic, antimony and strychnine, 
for example, became easy to detect, and in the Western world 
these gave way to compounds that leave litle or no gross, or 
even histological changes in the body. Most are pharmaceut- 
ical or agrochemical substances, active in low dose compared 
to the old ‘blockbuster’ poisons. As for the majority of drugs 
used in legitimate medical therapy, an added problem arises 
when low post-mortem levels are found ~ is chis merely a 
therapeutic dase or the rail-end of a declining lethal dose? 

In some parts of the world, such as South-east Asia, 
Africa and the Indian subcontinent, poisoning remains 
common and more physically damaging substances con- 
tinue to be seen that leave obvious autopsy lesions, Some of 
these are described under the appropriate headings in the 
succeeding chapters, bur in most poisonings the major 
function of the autopsy is co evaluate any other conditions 
present, both from trauma and natural disease ~ but also to 
collect suitable material for laboratory analysis. The proper 
retention of optimal samples, their correct preservation and 
dispatch to the toxicologist are of such fundamental import- 
ance that they are discussed in derail. 


POISONING DEATHS IN HOSPITAL 


A considerable proportion of those who die from suspected 
poisoning will have died in hospital, and it is of prime 
importance that the medical records be obtained and stud- 
ied before the aucopsy begins. Even if poisoning was not 
confirmed or even suspected by the clinicians treating the 
patient, later information may have come to the patholo- 
gist t0 raise this possibility. Whether known or not, the 
results of ante-mortem investigations may be of consider- 
able use to the pathologist. IF poisoning was known or sus- 
pected before death, there may well have been toxicological 
analyses performed and the results of these may be of great 
value. 

‘Whether poisoning was suspected or not, there may still 
be ante-mortem blood or urine samples (taken for bio- 
chemical or haematological rests) stored in che hospital 
laboratory, which may be rescued for retrospective analy- 
sis, Such ante-mortem samples are likely to be of greater 
use than fluids drawn off at autopsy, because of sampling 
defects, post-mortem changes and because toxic levels are 
likely to have been higher during life, representing more 
accurately the maximum toxic concentrations. 

In addition, many patients dying in hospital from drug 
overdoses will have indwelling catheters in place, Iris the 
common practice for the nursing staff to remove these at 
death and discard the urine. If itis possible to establish a 
practice in the wards where such terminal urine samples are 
saved, valuable material for analysis can be obtained, 


THE COLLECTION OF AUTOPSY 
SAMPLES FOR TOXICOLOGICAL 
ANALYSIS 


The investigation of a death from suspected poisoning may 
stand or fall upon the correctness or otherwise of the 
sampling of fluids and tissues from the body. Unsuitable 
samples, inadequate amounts, incorrect sampling sites, poor 
containers, inadequate preservation methods, and delayed 
or unsatisfactory storage and transport to the laboratory 
may frustrate or distort proper analysis. The final outcome 
may be wrong, either in failing to detect a poison actually 
present, in measuring only part of that originally present 
or ~ in some cases ~ even producing falsely high results 
that then lead to an incorrect cause of death. Not only 
must samples be in the optimal condition, bur the accom 
panying information from the pathologist to the analyst 
needs to be as accurate and comprehensive as possible, 50 
thar che most appropriate techniques are used, and allowance 
made for any interfering substances that may be present. 
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In decomposed bodies infested with maggots, and in the 
absence of tissues or fluids normally taken for toxicology, 
Diptera and other arthropods can be used as alternative 
specimens for toxicological analyses, This relatively new 
field of forensic entomology is called entomoroxicology. 


‘The time of sampling 


It is obvious that the shorter the delay berween death and 
the removal of samples, the better. Though some toxic sub- 
stances, such as carbon monoxide, form stable compounds 
in the body, many others (especially volatile substances 
and some pharmaceutical products) will be broken down 
by post-mortem autolysis and decomposition. When an 
autopsy cannot be performed quickly after death, in terms 
of a few hours, then mortuary refrigeration is the first line 
of defence to slow up putrefactive and autolytic processes 
If delay is foreseen, usually because of administrative prob- 
lems in obtaining consent or authority for autopsy, it may 
be possible to obrain a sample of blood through the body 
surface, such as puncturing the femoral vein by needle and 
syringe. The blood can then be kept in optimal conditions, 
with preservative where needed, and pethaps with the 
serum or plasma separated from the cells to avoid haemoly- 
sis, Similarly, urine could be drawn off by catheter or even 
suprapubic puncture, unless strict regulations forbid this as 
anticipating autopsy permission, 

In some jurisdictions, authority for autopsy may be 
particularly hard to obtain, from religious, financial or 
administrative reluctance, Where poisoning is suspected, 
permission may be granted only for external examination 
and sampling; here venous blood, urine and perhaps vitre- 
ous humour may have co suffice for all investigations 


Information supplied to the laboratory 


‘When samples are submitted to the toxicologis, chey should 
be accompanied by the best possible information relevant to 
the case, It is both counterproductive and an unprofessional 
discourtesy merely to record the personal details of the 
deceased and list the samples, with a terse demand such as 
‘Any poisons? on the request form, Such a demand could 
legitimately be refused by the toxicologist, asi is quite inad- 
equate information upon which he can be expected to func- 
tion effectively and safely. The following information should 
be supplied and where necessary, supplemented by direct 
discussion either in person or by telephone: 


1 The personal details of the deceased, including age, 
sex and where thought relevant, the occupation 
(especially if in agriculture or industry) 


nd the pathologist 


Brief details of symptoms, if any, and lengeh of 
illness 

The post-mortem interval before samples were 
obtained, and the actual date and time of sampling, 

The name, address and telephone number of the 
pathologist. 

A lise of all samples provided, with an indication of the 

sampling site for each, 

‘The nature of any preservative in each of the samples. 

IH If there has been a delay in submitting or transporting 
the samples, a nore of the condition under which they 
have been stored (for example, reftigeration or 

deep- freeze) 

Any special risk associated with the samples must be 
communicated to the laboratory. The most obvious are 
infective conditions, especially hepatitis B or C virus or 
HIV infection in the deceased, though other diseases 
such as tuberculosis, tetanus, anthrax, gas gangrene or 
any other bacterial or viral condition must also be 
specifically reported. In relation to hepatitis and HIV, 
even if these are not definitely confirmed, the 
toxicology laboratory must be told if the deceased was 
in a high-risk group, such as a drug addict or a 
homosexual. In many areas, including Britain, some 
toxicology laboratories will nor accept samples from 
such high-risk groups until a blood sample has been 
screened for hepatitis B and HIV antibodies: if positive, 
they may decline to carry out the analysis or perform it 
only under strictly controlled conditions. 

Similar warnings must be given to the analyst if there 
is any possibility of certain harmful substances, such as 
radioactive isotopes or certain war gases, being present 
in the samples 
‘When a death has criminal aspects, such as a murder or 
‘manslaughter, then the usual strict precautions must be 
taken for continuity of evidence. Each container must 
be carefully labelled and preferably countersigned by 
the pathologist. Some jurisdictions will require actual 
seals on the containers themselves or the package into 
which they are placed for transport, or both. 
Accompanying signed ‘exhibit labels with serial 
‘numbers corresponding exactly with numbers on the 
jars may be required. The containers must be given by 
the pathologist ro a named person, usually the 
“exhibits officer’ of the police investigating team (or to 
forensic scientists if they attend the autopsy). The 
police officer must hand the samples personally to a 
member of the laboratory staff and a record of this, 
chain of evidence must be kept, so thar there can be 
no criticism levelled at anyone when the matter comes 
to court, raising doubts about the correct identity of 
the sample, 
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Preservatives in samples. 


CONTAINERS FOR 
TOXICOLOGY SAMPLES 


‘There will be considerable local variation in the type of 
containers used for the collection and transmission of sam- 
ples to the laboratory. Some laboratories will issue their 
own kits, an example being those provided by the Home 
Office Forensic Science Service in England and Wales 
“These consist of a plastic bag containing a sheet of instruc- 
tions abour the most suitable samples, together with a large 
plastic pot with rightly self-sealing lid for liver, a smaller 
one for stomach contents, several plastic or glass 30 ml uni- 
versal containers for blood and urine, a small vial contain- 
ing fluoride for blood-alcohol estimation and a sterile 
syringe and several needles. Variations of such kits may be 
provided by different laboratories, but the general nacure of 
the containers is the same. In other areas, the pathologist 
will provide the containers himself and they should con- 
form to the following general specifications: 


I They should either be new os, if previously used for 
other samples, have been rigorously cleaned and 
sterilized. Even when they are new, itis preferable for 
containers to be washed and sterilized before use unless 
the manufacturer's specifications clearly make this 
unnecessary, All containers must be chemically clean, 
not just apparently clean co the naked eye. This applies 
particularly to any rubber, plastic or other seal within 
the lid or cap, which may be a trap for any debris or 
‘even residue from a previous sample. 

Blood should be collected in screw-capped universal 
containers of about 30 ml ot, where less will suffice, in 
plastic-capped tubes of about 5 ml. Urine is best held 
in 30-ml universal containers, a is bile. Stomach, 
contents may be retained in glass or plastic jars wich 
volume of atleast 250 ml, the lid being either a tight 
screw-thread with a cardboard or plastic liner, and a 
selfsealing plastic top. Some laboratories require the 
stomach wall as well as the contents, as toxic 
substances may be held in higher concentrations in 
the rugae and crypts of the mucosa, or even in the 
blood in the actual stomach wall. The size of the 
container may need to be larger if the organ itself is 
retained. Liver is usually required, preferably a piece 
‘weighing a few hundred grams, rather than the whole 
organ. The total weight of che liver should be 
communicated to the laboratory if only pare is sen. 

Ir may be preserved in a larger glass or plastic container. 
When the laboratory wishes the whole organ, this 
container needs to be large enough to hold about 

3 litres. Ifonly small samples are needed, such as 
vitreous humour or cerebrospinal fluid, bijou bottles 


of 5 ml capacity or small cubes of similar size, are 


needed. 


In Britain, the government forensic laboratories pro- 
vide special bortles for blood-alcohol estimations, for use in 
both drink-driving offences in the living and for autopsy 
samples, ‘These are short, wide bottles of about 10m! 
capacity, with a fixed top consisting of a plastic diaphragm 
secured by a metal flange with a central aperture. They are 
filled by syringe, the needle being pierced through the 
diaphragm, bur have the disadvantage of building up pres- 
sure when the blood is injected, so that, when the needle is 
removed, blood may spurt back and even contaminate the 
‘operator ~ the reverse of the intention of these vials to be 
safe, The danger can be avoided by either inserting a sec- 
ond needle through the diaphragm to equalize the pressure, 
or to suck out air from the bottle with the empty syringe 
and needle before taking the sample so thar the introduced 
blood replaces the lost ai. Intestinal contents, with or with- 
cour the gur itself, can be placed in large jars or plastic pots, 
similar to those used for liver. 

Plastic containers, especially polypropylene, are increas- 
ingly used and have the advantage of not smashing when 
dropped. S 
plasticizer in either the container wall or the cap — cocaine 


me analyses, however, may be affected by the 


is an example. ‘The advice of the toxicologist with whom 
each pathologist normally collaborates should be sought in 
respect of his individual preferences for containers, Where 
lungs oF other tissues are to be submitted for analysis for 
volatile substances, as in solvent abuse, ordinary polythene 
bags are not suitable containers. Nylon bags (such as those 
used by arson investigators) should be used, as they are 
not permeable to such substances. 


PRESERVATIVES IN SAMPLES. 


Though many samples for analysis are best sent in their 
original state, others require additives to maintain them in 
optimum condition until they reach the laboratory. In 
addition to such preservatives, some require anticoagulants 
to keep the blood fluid. ‘The prime example of sample 
preservations is that for blood alcohol, as improper care of 
samples may distort the original alcohol level in either an 
upward or downward direction. ‘The usual preservative is 
sodium or potassium fluoride, which is essential if the 
sample is not to be analysed within a few hours of with- 
drawal from the body. 

Errors caused by post-mortem changes before the sample 
is removed cannot be avoided. These are variable, depend- 
ing partly on the conditions of the post-mortem environ- 
ment and partly on the microbiological population of the 
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corpse, In warm conditions, fermentation by yeasts and other 
alcohol-producing flora can produce appreciable quantities of. 
alcohol: it has been reported chat as much as 150 mg/100 ml 
have been generated within 24 hours after death. 

Once the blood or urine has been withdrawn from the 
body, however, further changes can be arrested by preserva- 
tives. Much has been published on this subject and a var- 
iety of concentrations of fluoride have been recommended 
by different authors. Glendening and Waugh (1965) used 
100mg of sodium Muoride/10ml blood and found no 
change in the alcohol content when samples were kept at 
room temperature for up to 3 months. Plueckhahn (1968) 
found chat at least 5 mg/ml of sodium fluoride was required 
to inhibit alcohol dehydrogenase activity, which destroys 
alcohol, He found, however, that this concentration failed 
to inhibit alcohol-forming organisms completely, such 
as when yeasts were introduced into the samples. Together 
with Ballard, he investigated the use of mercuric chloride 
as a preservative (Plueckhahn and Ballard 1968). This sub- 
stance was also used by Bradford (1966) who added 0.5 mg 
of sodium citrate and 0.1 mg of mercuric chloride/ml of 
blood to ensure that che samples remained liquid and ster- 
ile, When he replaced the mercury by fluoride, significant 
changes occurred, usually a loss of alcohol, though occa- 
sionally it increased, 

In most cases the delay before analysis is relatively short, 
being measured in day's ~ often with refrigerated storage ~ 
so the long-term experiments mentioned here do not apply. 
When the ambient temperature is high, much more cau- 
tion needs to be used. It would seem that for general use, a 
concentration of 10 mg/ml of sodium or potassium fluor- 
ide is satisfictory. Fluoride should also be added to urine 
and vitreous humour if alcohol estimations are required. 
Cocaine and its metabolites are also labile in vitro, and 
fluoride should be added to samples submitted for analysis 
for this drug, 

Cyanide may be formed in considerable quantities in 
plain blood samples, which are of litte use for cyanide e 
mation. Fluoride should be added to such specimens, as 
well as for carbon monoxide (carboxyhaemoglobin) if the 
analysis is to be delayed. In all analyses for pharmaceutical 
drugs, two samples of blood should be submitted, one plain 
in large volume of atleast 25 ml and another smaller sample 
in fluoride. 

‘When insulin assay is requited on a blood sample, spe- 
cial precautions should be taken. Haemolysis of the red 
cells releases enzymes which will reduce che S~S bonds in 
insulin and destroy its immunoreactivity, so che sample 
should be centrifuged as soon as itis obtained ro separate 
the serum. A heparinized sample should also be taken for 
glycosylated haemoglobin estimation and fructosamine 
assay. Vitreous humour, blood and urine samples should be 


placed in fluoride and sent for glucose estimation, as well as 
tissue samples from around any putative injection site, 
together with a control tissue sample from a site elsewhere 
con the body where insulin is unlikely to have been recently 
injected. 


THE SITE OF SAMPLING FOR 
TOXICOLOGICAL ANALYSIS 


Ie is now obvious that, in the past, serious errors were made 
in toxicological analyses from lack of care or consideration 
concerning the source of body-fluid samples. Significant 
variation can be found in the concentration of many sub- 
stances depending on the place from which sampling was 
carried out. In life there may be variations when arterial as 
‘opposed to venous blood is used, as tissues may take up the 
compound from the arterial supply, the concentration then 
being lower in the venous return, Similarly, portal blood 
may have a substantially higher concentration of a sub- 
stance that is being absorbed from the intestine, before it 
is extracted by passage through the liver. After death, most 
variation is caused by uneven destruction by enzymatic and 
microbiological activity ~ and by diffusion from sites of 
higher concentration. ‘The barriers formed by living cell 
membranes break down afier death and small molecules in 
particular may move easily chrough the tissues into vascular 
channels 

Post-mortem levels of many substances are unreliable 
because of this diffusion effect, making the interpretation 
of physiological components, such as sodium, potassium, 
calcium, glucose, urea and many others extremely difficult, 
if not impossible. Applying these facts to toxic compounds, 
the concentrations may vary considerably according to the 
sampling site. Asan illustration, the Moorgate Tube disaster 
in London showed that blood-alcohol levels may vary widely 
between different sampling points. The driver of an under- 
ground train was killed, along with a number of passengers, 
bur his body could not be recovered from the warm envit- 
‘onment for several days. Asit was obviously vital to know if 
drink had contributed to the accident, four samples were 
taken from various sites in the body. On analysis, a fourfold 
variation from between 20 and 80 mg/100 ml was obtained, 
presumably because of variable rates of putrefactive alcohol 
production, as there was no evidence to show that the driver 
had imbibed alcohol before death. 

‘Most research in respect of sampling variation has been 
directed at alcohol. One point of dispute, which is relevant 
even when post-mortem changes are minimal, is whether 
alcohol in the stomach can diffuse after death co neigh- 
bouring organs and produce a falsely elevated alcohol 
concentration in blood a those sites. 
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“The relevance is clea, in that, if person drinks alcohol 
immediately before death, there will be insufficient time for 
it to be absorbed. Thus ethanol remaining in the stomach 
after death cannot have contributed co his ante-mortem 
blood-alcohol level, and hence his cerebral Function and 
consequent behaviour, If however, analysis of a sample of 
blood taken from the heart cavities is contaminated by 
post-mortem diffusion from the adjacent stomach, then a 
falsely high reading will be obtained, which may have ser- 
ious legal implications, ifthe error is not appreciated. 

Several workers have investigated this problem, with con- 
flicting results. Gifford and Turkel (1956) introduced alcohol 
into the stomachs of cadavers and found that subsequent 
heart blood levels increased by 25 up to 106 mg/100 ml 
‘They then compared femoral vein blood with heart blood 
voided into the pericardial sac in alcohol-positive autopsies 
and found that the concentration in the latter was higher. 
Plueckhahn and Ballard (1968), however, criticized this 
work on the grounds that pericardial fluid alcohol was usu- 
ally abou 20mg/100 ml higher than that in the heart or 
peripheral vessels. Plueckhahn went on to instil alcohol 
into the stomach of cadavers, taking multiple site samples 
at times from 6 to 50 hours later. His results indicated thar 
there was a significant diffusion of alcohol to the pericardial 
and pleural fluids, bur that the increase was minimal in 
intraventricular heart blood. 

Pounder and Yonemitsu (1991) carried out experiments 
with dead bodies in which they introduced a slurry con- 
taining alcohol, dextropropoxyphene and paracetamol into 
the trachea to simulate aspiration of stomach contents. 
Afer a delay of 48 hours, an autopsy was carried out and 
drug concentrations measured in samples taken from vari- 
fous sites. Whilst femoral vein blood remained clear of these 
substances, samples from vessels in the thorax showed up to 
130:mg/100 ml of alcohol with a mean of 58 in a pul- 
monary vein ~ and up to 1934 mg/l of paracetamol (mean 
9369), both obviously spurious due to post-mortem diffu- 
sion. This situation could have occurred from agonal regur- 
gitation of stomach contents wich recently swallowed drugs 
back into the air passages and shows the dangers of 
inappropriate sampling sites, with the femoral the place 
of choice, 

‘Winek ef al (1995) have shown that, in the sampling 
practice of transthoracic needling, especially in cases of 
trauma where the gastrointestinal tract has been damaged, 
false elevations of blood alcohol can occur. These workers 
used heart blood as cheir control, which itself seems suspect 
as a satisfactory autopsy sample. 

For the reasons given above, peripheral vein blood 
should be used whenever possible, avoiding heart blood as 
4 potential source of error for alcohol and presumably other 
easily diffusible substances. 


THE TECHNIQUE OF OBTAINING 
AUTOPSY SAMPLES 


Blood 


‘There are several ways of obtaining blood samples at autopsy 
and pethaps the most useful advice is what not to rake, 
Blood should never be obtained from body cavities after 
evisceration, as itis almost certain to be contaminated with 
other body substances. The practice of scooping ‘blood’ — 
for more accurately, bloody fluid ~ from the paravertebral 
gutters or the pelvis is always unacceptable, as urine, intes- 
tinal contents, gastric contents, Iymph, pleural and ascitic 
fluid and general tissue ooze will always find their way into 
such a sample and negate the reliability of analysis. 

‘When a large haemothorax or haemopericardium is pre- 
sent, it may be grudgingly acceptable to use such blood or 
lor, if clean sample is taken immediately on opening the 
chest, before any dissection or disturbance of organs is made, 
This is only second best to obtaining intravascular blood — 
and, in the case of alcohol and other diffusible substances, 
the results cannot be relied upon, as the sample may be con- 
taminated by post-mortem diffusion from the stomach, as dis- 
«cussed in the preceding section, Carbon monoxide estimations 
may also be made on clean cavity blood, if nothing ese is avail 
able, as sometimes happens in a badly incinerated body. Asi is 
absorbed through the lungs, it cannor diffuse from the gastro- 
intestinal tract to give a false result. Even so, itis rare autopsy 
thar cannot provide a small sample of blood from some 
peripheral vein, if enough care and persistence is used. 

“To retuin to the general state of affairs, the most satisfac- 
tory way of obtaining venous blood sample is venepuncture 
‘of the femoral vein by direct puncture in the groin before the 
autopsy begins. Practice is required as, unlike a living patient, 
the vein is not usually palpable. Once the lumen is entered, 
25 ml can usually be drawn off without trouble, though a 
slow flow may be improved by massaging the leg to drive 
blood proximally or the leg may be raised, if rigor allows 
"Though less satisfactory than a leg vein, for reasons dis- 
cussed earlier, a neck vein can also be punctured through the 
skin, and even after death the jugular may sometimes be both 
visible and palpable, especially in congestive deaths. The 
subclavian vein can also be tapped. 

‘When collecting blood samples by percutaneous puncture, 
some pathologists prefer to use a needle designed for aspirat- 
ing samples from rubber-capped vials, rather than a needle 
meant for clinical aspiration or injection, The same needles 
can be used for collecting vitreous humout. An example of 
this type of needle is the Becton Dickinson purple-hubbed 
16 gauge one-inch ora similar American equivalent. 

In some jurisdictions, especially in countries where the sys- 
tem allows only a low autopsy rate, transcutaneous sampling 
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is virtually che only post-mortem investigation possible and 
the doctors in these areas become adept at cadaver venepunc- 
ture, Many pathologists, the authors included, have been 
brought up co obrain blood samples during the actual per- 
formance of autopsy and this can be as satisfactory as external 
venepuncture, as well as saving the expense of a new syringe 
and needle every time. A common procedure afier eviscer- 
ation is to hold a container (such asthe 30 ml universal) under 
the severed end of the subclavian vein, within the upper part 
of the empty thorax. The arm is then elevated and massaged if 
necessity, to express blood into the container. Similarly, and 
pethaps preferably, the femoral or external iliac vein may be 
transected near the brim of the pelvis, and a container held 
under the cur while the leg is elevated, or massaged, or both, 

Either of these methods will provide ample, clean, peripheral 
venous blood, though care must be taken to avoid any con- 
tamination fom the body cavities, This initial collection 
should be transferred into one or more new tubes, with pre- 
servative added if appropriate, as the first receptacle will be 
soiled externally during the collection process. 

An alternative method of collecting a venous sample, 
which always gives a copious flow of blood, is to incise the 
internal jugular vein during the initial stages of the autopsy. 
‘As soon as the main autopsy incision is made, the flaps of 
the neck skin can be dissected aside and the jugular exposed, 
if necessary by dividing the sternocleidomastoid muscle. As 
in the previous technique, a bortle can be held against the 
vein as it is transected and the flow collected directly ino it 
‘The blood may overflow into the pouch formed laterally by 
the reflected skin, which forms a reservoir where a consider- 
able volume may collect. If the flow is scanty, it can be 
improved by raising and lowering the head, which will cause 
blood to return from the upper venous drainage areas. 

Even more can be expressed by pressing on the chest, bur 
here there is che potential disadvantage of forcing up blood 
through the superior vena cava from the heart, which may 
distort the value of alcohol and other drugs thar may have dif- 
fused port-mortem from the stomach. Blood should not be 
taken from the heart cavities, the inferior vena cava, or the 
portal or hepatic veins, as these may also give concentrations 
that are at variance with those in the peripheral vascular sys- 
tem. A full 30 ml of blood should be submitted to the labora- 
tory wherever possible, together with a 5 or 10 ml fluorided 
sample. 


Urine 


Prior to, of in the absence of, an autopsy, urine can be 
obtained by catheter or suprapubic punceure with syringe and 
long needle, At autopsy itis usual to wait until evisceration 
hhas been carried our before dealing with the bladder. A sam- 
ple can be obrained by puncturing the fundus with syringe 


and needle. Alternatively, the bladder can be stretched by 
pulling the fundus upwards with che fingers, chen a sagittal 
incision made with a knife on the ventral surface, which must 
be fiee fiom blood soiling. ‘The urine thar wells out can be 
collected directly into a small container such as a 30-ml uni- 
versal. IF only a small amount is present, then the incision 
may have to be enlarged and the residual urine sucked out 
under direct vision, using a syringe without a needle, 


Bile 


‘This can be useful for some analyses, such as those for 
morphine and chlorpromazine, which are concentrated by 
the liver and excreted into the gallbladder. Direct collection 
into a bottle is advised, as bile is usually too viscous to be 
sucked through a needle. 


Cerebrospinal fluid 


‘This is not often required for toxicological analysis, though 
it may be needed for microbiological and virological scud- 
ies, Ifneeded, it should be collected by lumbar or cisternal 
puncture, as in the living patient. Ic can be difficult or 
impossible to obtain in this way because of the lack of any 
intrathecal pressure, 

‘The body should be turned on to its side before the 
autopsy begins and flexed as much as possible by an assistant. 
If-an infant, it should be sat up and again flexed forwards to 
curve the spine as much as possible. A needle on a syringe 
should then be passed between two lumbar or lower thoracic 
spines, and stopped as soon as any penetration of the theca is 
felt. Moderate suction should be maintained on the syringe 
piston co compensate for the lack of internal pressure. 
Alternatively, the needle should be passed into the midline 
just below the occipur and advanced upwards until the skull is 
‘contacted just posterior to the foramen magnum. The needle is 
slightly withdrawn and re-advanced until it slips through the 
posterior part of the atlanto-occipital membrane into the 
basal cistern when cerebrospinal fluid may be aspirated, Ie is 
of little use taking cerebrospinal fluid from the bowl of the 
posterior fossa after the brain has been removed as the con- 
centration of many substances is different in blood compared 
with the fluid, so blood contamination distorts any results 
Clear cerebrospinal fluid may, however, sometimes be 
‘obtained from the lateral ventricles, either by needle puncture 
‘or cutting down through the cortex. 


Vitreous humour 


‘This is sometimes useful, especially in bodies with appre- 
ciable post-mortem decomposition, as the fluid in the eye 
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resists putrefaction longer than other body liquids. Viereous 
fluid is also used for estimating the time since death (see 
Chapter 2) 

‘A puncture should be made through the sclera at the 
outer canthus with a fine-gauge needle, ‘This should be 
placed as far laterally as possible, pulling the lid out, so thar 
when released ir returns to cover up the puncture mark for 
cosmetic reasons. The fluid should be sucked out by syringe, 
but it will often come only slowly because of its viscosi 
IF the best restoration is needed, water should be reinjected 
through the same needle to reinflate the globe, which tends 
to collapse on suction, 


Stomach contents 


‘As stated earlier, these can be collected directly into 
wide-mouth glass or plastic por of at least 250 ml volume. 
“To collect them, the exterior of the stomach should be 
washed clean of blood and other contamination, and pulled 
with attached organs to the edge of the dissecting board or 
sink. The greater curvature should be opened cautiously 
with large scissors, and che jar held underneath so that the 
contents flow directly into it. When most have been 
expressed, the greater curvature can be opened up fully 
and the gastric lining examined. Any further contents are 
scraped out and any powder, capsule or tablets picked off, 
and either added co the main jar or placed in a separate 
small container. Such focal deposits form a more concen- 
trated sample for the laboratory. Any undissolved rablets or 
capsules should be carefully preserved, as the laboratory or 
a pharmacist may be able to identify them by their appear- 
ance and colour. After the mucosa has been examined, 
including thar of the duodenum, the stomach wall can be 
dissected off, Some laboratories requite this for theit analy- 
sis, either added to the jar of contents or sent separately 
‘The wishes of each individual toxicologist should be dis- 
covered in advance. 


Intestinal contents 


‘These are not routinely required for analysis unless some 
particular gastrointestinal poison is suspected, such as one 
of the heavy metals. Again, the toxicologist should be con- 
sulted. If required, both ends of the small gue should be 
ligated by string surures at duodenum and ileum, The intestine 
is cut through ar these points and stripped out by cutting 
through the mesentery in the usual way. The intact gut 
can be sent to the laboratory in a large container (such as 
tha used for liver) or ~ if the mucosa needs to be examined 
first ~it should be opened in a large clean tray. One sucure 
can be cut and the contents milked from one end co the 
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other into a suitable ja, the gue then being opened and sent 
with the contents to the laboratory. The large intestine and 
contents are rarely requited, as most toxicology laboratories 
are not keen on handling and storing large volumes of fuecu- 
lent material, In heavy-metal poisoning, such as arsenic and 
antimony, however, some analysis may be required. 


Vomit 


This is rarely collected at autopsy, unless a large quantity 
has been found in the air passages. However, vomit is not 
infrequently collected by ambulance crews and police at the 
scene of the illness or agonal event, and brought with che 
deceased to hospital or the mortuary. If thought relevant in 
a case of suspected poisoning, it should be properly con- 
tained, labelled and forwarded with other samples for coxi- 
ological examination. 


Other fluids 


Other Muids are rarely collected, but on occasions may 
be useful, especially if clean blood cannot be obrained. 
Pericardial uid, synovial fluid, pleural effusion and ascitic 
fluid can be used for qualitative analysis to identify a range 
Of substances, though these levels can rarely be related to 
established ranges of blood concentrations. They may be 
collected and transported in the same type of container and 
with the same preservatives as vitreous humour. 


Analysis for volatile substances 


In solvent abuse and deaths from gaseous or volatile sub- 
stances, the toxic material may be isolated from a whole 
lung. As soon as the thorax is opened at autopsy, a lung is 
‘mobilized and the main bronchus tied off tightly with a 
string ligature. The hilum is then divided and the lung 
placed immediately into a nylon bag, which is sealed and 
sent as soon as possible to the laboratory. Ordinary plastic 
(polythene) bags are nor suitable for this task, as they are 
permeable o volatile substances. Nylon bags, as used by arson 
investigators to collect samples that may have volatile accel- 
erants, do not suffer from this defect. 

In collecting blood samples for volatile substances, plastic 
tubes or tube/syringe combinations of the ‘monovette’ ype 
are unsuitable, as the concentration of such compounds as 
toluene or other solvents will decrease considerably over a 
few days in storage. Vials with a rubber septum as a seal are 
also unsuitable, asthe volatile substance can escape through 
the rubber, Suitable tubes are made of glass with 
rminium foillined cap or a polytetrafluorethylene (1 
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liner. This type of tube is often used in laboratories for scin- 
tillation counting and can be employed for the collection of 
solvent samples. Such tubes should be available in any busy 
autopsy room where solvent abuse deaths may be handled 

‘The tubes should be filled to the top to avoid loss of vola- 
tile substances into the head space and should be stored at 
4°C, rather than being frozen solid, 


Body tissues 


Body tissues may be needed for some toxicological analyses 
Liver is the most usual, as it concentrates many substances 
and their metabolites, which may then be recoverable long 
after the blood and urine levels have declined. Either the 
whole organ is saved oF an aliquot of 50-100, according 
to the wishes of the particular laboratory. If only a part is 
retained, it should be taken from the periphery, away from 
major vessels and bile ducts 

Brain and kidney may sometimes be requited and again 
250-100 aliquot is usually sufficient. As with lives, the 
total original weight of the organ should be recorded and 
notified to the toxicologist. 

Where a toxic substance may have been injected into the 
subcutaneous tissue oF muscle, these tissues should be excised 
and submited to the laboratory: The usual method of iden- 
tifying the site is from a needle puncture mark, and a zone 
of skin and tissue should be removed circumferentially 
around this or an ellipse cut away, so thar the defect can be 
sewn up on the body. A few centimetres in diameter around 
the mark is usually sufficient. The depth of the sampling 
depends on how deeply the needle track extends and may 
need to go into the underlying muscle. Radiography may 
assist in rare cases, as in the George Markov murder in 
London, where a political assassination was carried out by 
the introduction of a tiny sphere, presumably injected from 
an air weapon concealed in an umbrella. The sphere, drilled 
out to carry a potent toxin, probably ricin, was located by 
X-ray at autopsy after a small skin puncture was found. 
‘Where an injection site is sampled, itis essential that a con- 
trol area from a remote part of the body is also sent to the 
laboratory. It is usual to take this from a symmetrical zone 
on the contralateral side, but caution must be used, as in 
both drug dependence and insulin usage, alternate sides 
may be used at frequent intervals for injection, so another 
more remote site might be preferable. 

"The substances which may have been injected are numer- 
ous, bur insulin, morphine, heroin, cocaine and other illicit 
drugs are most common. In the notorious Coppolino case 
in the USA, products of succinylcholine (suxamethonium) 
were identified from around a needle track in the buttock 
ofan echumed body of a woman, leading to the convi 
of her anaesthetist husband for murder. 
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Ethyl alcohol is the most commonly used drug in the world 
and has such numerous points of contact with medico-legal 
pathology that it has to be considered separately from 
all other substances. Its abuse is a prime factor in many 
accidents ~ transport, domestic and industrial ~ and the 
majority of homicides are catalysed by alcohol intake. Ie acts 
san adjuvant to many other toxic substances, combining 
to cause a fatal outcome where often the other drug alone 
would not have caused death, ‘The chronic abuse of alcohol 
leads nor only to definite pathological changes in a number 
of target organs, but also contributes to deaths from neg- 
lect, hypothermia and burns 

This central role in forensic practice makes it imperative 
that a comprehensive knowledge of its metabolism and 
effects is held by every forensic pathologist, not only for an 
understanding of autopsy appearances, but to be able to assist 
investigative authorities to place the death into its alcoholic 


MODE OF ACTION OF ALCOHOL 


Ethanol isa small molecule that is easily miscible with water 
and therefore quickly diffuses through the whole of the 
aqueous compartment of the body. 

"There are slight variations in the intracellular concen 
tration in different tissues ~ for instance, the red blood 
cells contain somewhat less alcohol than plasma, so that a 
whole-blood concentration is slightly less than that in sep- 
arated plasma or serum. Most serous fluids are in equill 
rium, however, though Plueckhahn (1968) claims that 
pleural and pericardial fluids have a higher concentration 
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than that of plasma. The aqueous humour of the eye is in 
equilibrium with blood, as is cerebrospinal fluid, given 
sufficient time for equilibration, 

I is said above that alcohol disperses rapidly through the 
aqueous compartment and this excludes the adipose tissues, 
as ethanol is almost insoluble in fat. This fact has important 
practical significance, as people with large fat stores will 
produce a higher blood-alcohol level for a given intake of 
alcohol than persons of the same weight who are lean, as the 
aqueous compartment is smaller. This is particularly relevant 
t women, who, by virtue oftheir panniculus adiposus, may 
develop blood-alcohol concentrations at least 25 per cent 
higher than men of the same body weight after similar drinks 
‘This must be allowed for in all calculations that attempt to 
relate blood-alcohol levels to intake of drink 

“The behavioural effect of alcohol is caused by its action 
oon brain cells and isa function of the concentration in the 
blood, the alcohol readily passing the ‘blood-brain barrie 
to bathe neurones via the cerebral extracellular fluid. ‘The 
action of alcohol is entirely depressant, a fact not always 
appreciated by those who observe the apparent excitant 
effect of drinking. Alcohol acts on neural cells in a way simi- 
lar to hypoxia, reducing their activity. In lower concentra- 
tions, chis action is confined to the more specialized and 
sensitive cells of the cerebral cortex, leaving lower brain 
functions relatively unaffected. The consequent depression 
of these higher areas releases their inhibitory tone and 
thus ‘takes the brakes off” more primitive and unrestrained 
behaviour. This was aptly described by Thomas de Quincey 
(1785-1859) when he wrote that ‘sobriety disguiseth man! 

With increasing concentrations of ethanol, progressively 
lower levels of brain function are depressed and, when the 


US 2006/0073976 Al 


to the minimal energy unit b, muitiplied by the number of 
those minimal eneray units (n). 


[014] Taking this minimal massienergy, itis possible to 
show that all matter, the forces of nature and space time can 
be constructed from this single quintessential quantity. 
Moreover, using this quantity the laws of physies ean be 
<derived from first principles. Thus, a priori, all components 
of the physical universe, including space-time, can be co 
structed from this minimal mass component, termed qui 
essence. 


[0015] Wave Particle Duality 


[0016] IF the presence of quintessence accounts for the 
structure of matter and if matter itself forms from the 
number of quintessences, then the frequency of matter and 
thus wave particle duality directly arises from first prin- 
ciples. Specifically the wavelength of matter derives from 
the vibration of quintessence fiom which itis constituted. 

‘Thus the frequeney () and in turn the wavelength of light 
and matter is directly equivalent t0 the number of quintes- 
sences contained within it. We find thatthe actual frequency 
‘of light can be directly derived from first principles from the 
‘effective mass of the photon (m.,) and thus by the number of 
‘quintessences (a,) it contains. 


[0017] Thus for tight conventionally: 
pe 

[0018] and if E=me?, and hem, 
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[0019] ‘Thus the formula forthe frequency of ight E=bt'is 
now readily explained by the observation thatthe frequency 
is determined quite directly from the number of quintes- 
sences n, within the photon. 
[0020] The wavelength is thus also given by: 

acter hip 
[0021] We ean now show that the frequeney of matter also 
has the same derivation from quintessence, as has the 
frequency of light. The frequency of matter is again equiva- 
lent to the number of quintessences it contains. Thus the 
‘wave particle duality of matter itself can be explained by its 
composition from quintessence. The amount of quintes- 
sences contained within a electron sphere will depend on the 
number of quintessences constituting the electron and those 
passing through it as a result of its relative velocity f* 
(where iav/c effectively its relativistic momentum (p). The 
frequency will then be related to the total number of quin- 
tessences, Thus for matter, 


Fn, a) 
[0022] Thus it is possible to derive the conventional de 


Broglie wave equation for matter from firs principles. Thus, 
as Ravi, we have: 


auieg 6 
[0023] thus as ny=E/h 
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[0024] and as conventionally BE/e=p, then for matter: 
delip 

[0025] Provided that in the de Broglie equation, the 

‘momentum of the object is calculated using the relativistic 

‘mass, thus accounting for the total number of quintessences 

rn, in an objec, this gives an accurate value for the wave 

length of matter! 


[0026] ‘Thus the wavelength of matter follows directly 
from its constituents, quintessence. As matter is made of 
quintessence, similarly to light, its frequency depends on the 
‘numberof quintessences n, within it, traveling relative to the 
speed of light. Moreover, h=be/BE, underpins a fundamental 
relationship between wavelength and energy. Furthermore, 
this is mathematically the same as the term 2=hy/B"E, giving 
a relativistic expression for the wavelength of matter, from 
‘hich the relativistic equations may be directly derivel 
[0027] Wave Equations 

[0028] The derivation of wave particle duality from first 
principles also now allows the derivation of a modified wave 
equation for matte. 

[0029] To derive his wave equation Shrodinger com- 
‘enced with the de Broglie equation using momentum (p). 
For lower enengies the momentum of an electron is conven- 
tionally derived from the kinetic energy of the electron and 
the mass of the electron mg, Thus conventionally 
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[0030] and conventionally, the de Broglie equation can 
also be written as 

dabipab EIA 
[0031] In tum the Shrodinger wave equation directly 
derives from the square of the above classical non relativ= 
istic term for kinetic enemy: 


[0032] However, the Shrodinger equation, may be refined 
by taking into account relativity: Thus the true values for the 
‘energy are given by the relativistic momentum (p). 


[0033] A fundamental relativistic wave equation for 1p, 
‘and its logical derivation may now be developed through the 
concept of quintessence as a findamental constituent of 
‘matter, 


Absorption of alcohol 


vital centres in the midbrain and medulla are affected, there 
is a danger of fatal cardiorespiratory failure. Alcohol also 
causes changes in the heat regulatory mechanism, both cen- 
tally and by a vasomotor effect. Generalized vasodilatation 
occurs, especially in the skin, which may lead to marked 
heat loss and dangerous hypothermia. There is an increase 
in heart rate with low concentrations but, when alcohol levels 
approach che dangerous ranges in excess of 300 mg/100 ml, 
bradycardia may develop. A slight and inconstant increase in 
blood pressure may occut, more ofien in the systolic level, 
which increases the pulse pressure between systolic and 
diastolic. There is no evidence to support the contention 
that alcohol dilates the coronary arteries and claims that 
ic causes dilatation of cerebral arteries (and thus worsens 
intracranial haemorthage) are also equivocal. Alcohol also 
has a diuretic effect and, when combined with large quan- 
tities of fluid, as in excessive beer drinking, may lead to 
electrolyte disturbances. In healthy test subjects short-term 
alcohol administration causes transitory hypoparathyroidism, 
accounting, atleast in part, for the transient hypocalcaemia, 
hypercalciuria and hypermagnesiusia. In alcoholic patients 
especially hypomagnesaemia is common, 


ABSORPTION OF ALCOHOL 


For all practical purposes, it may be assumed that the only 
route of absorption of alcohol is by mouth as, although it 
can be inhaled, situations where this occurs must be rare 
indeed. One case is known to the author (PS), in which a 
man suffering from a tumour of the base of the tongue, 
probably causing difficulties in swallowing, had instilled 
fruit brandy rectally via a plastic cube using a pump, and 
dying as the result of acute alcohol poisoning 

Almost as soon as the alcohol is swallowed, it begins 
to be absorbed into the blood — and as soon as that blood 
reaches the liver, the alcohol begins to be eliminated. There- 
fore the blood level (and hence the brain concentration) is 
a dynamic balance between absorption and elimination, 
the peak determining the maximum behaviour effect. Such a 
balance is often represented graphically by the ‘blood-alcohol 
curve’ (BAC), which indicates the intensity and duration of 
physiological effect. 

Ethanol is capable of being absorbed by any part of the 
gastrointestinal canal, bur in practice this is confined to the 
stomach and upper small intestine, as only a litle alcohol 
remains to pass through the wal ofthe ileum or colon. When 
alcohol is taken with food, however, there seems to be a 
deficit in the amount absorbed, as some never appears in 
the bloodstream, Some of this lost alcohol may be excreted 
in the faeces, but when absorption is slow, more may be 
destroyed by the liver directly from the portal blood, never 


surviving to enter the systemic circulation, Nickolls (1956) 
estimated this lose alcohol taken with food to be between 
17 and 20 per cent and Alha (1951) gave the range as 
10-20 per cent, Recent studies suggest that it is probably 
much less, around 5 per cent. 

‘Owing to a thinner mucosa, a better blood supply and a 
larger surface area, the upper small intestine ~ the duodenum 
and jejunum — has the maximum capacity for absorption, 
‘compared with the gastric mucosa. This has practical imp! 
cations, as drink taken by mouth will be absorbed more 
‘quickly when: 


a gastrectomy oF gastroenterostomy has been carried 
‘out previously, as the drink will pass rapidly chrough 
to the upper small intestine 

the stomach is empry, as fluid will pass through the 
pylorus with almost no delay. 


Conversely, when the stomach contains food, the drink 
will be held up until digestion has proceeded sufficiently for 
the contents to be released into the duodenum, A fatty meal 
will slow this process down even more and milk feed also has 
a marked delaying effect. Obviously some absorption will 
sill occur in the interim via the gastric mucosa, but not at 
the same high rateas in the duodenum and jejunum. As well 
as delaying emptying, a full stomach will retard absorption 
by mixing with the alcohol and physically reducing its access 
to the gastric lining where transit into the blood takes place. 

“Another factor in the speed of absorption is the concen- 
tration of the alcohol. A strength of about 20 per cent is 
‘optimum for rapid absorption, which is mer (in an empry 
stomach) by sherry or port wine, or spirits diluted with a 
‘mixer’, such as gin and conic or whisky and soda, Iris also 
said that carbonated drinks (chose containing dissolved 
carbon dioxide, such as champagne, tonic or soda water, or 
Iemonade) hasten absorption, perhaps because the bubbles 
greatly increase the surface area carrying alcohol. 

Dilute drinks, such as beer (with a concentration of 
about 4 per cent alcohol) will be absorbed much more 
slowly — probably because the large volume impedes access 
of the alcohol molecules to the stomach lining. Beer may 
take twice as long to absorb as stronger drinks, though part 
of the delay is caused by contained carbohydrates, which is 
another factor that slows absorption. For example, when 
whisky is diluted co the same strength as beet, absorption is 
more rapid and the peak is higher than drinking che same 
amount of alcohol in the form of beer. 

Very strong drink slows the rate of transfer into the 
bloodstream. Neat spirits or liqueurs, which may be in excess 
‘oF 40 per cent alcohol, cause: 


1 pyloric spasm and hence retarded emptying into the 
duodenum 
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IW irritation of the gastric lining, forming a barrier of 
mucus, which slows absorption 
& reduced gastric motility, which also retards emprying. 


Given an empty stomach and an optimum concentration 
of alcohol, most of the drug will have entered the blood- 
stream berween 30 and 90 minutes after drinking. According 
to research by Wilkinson et al, (1977), the average times 
to reach peak blood concentration were 22, 40, 55 and 
60 minutes afer drinking 11, 22, 36 and 45 g of alcohol in 
a bolus of similar volumes. 

It has been calculated that 98 per cent of alcohol drunk 
would be absorbed within 10 minutes ifit went straight into 
the small intestine ~ most of the delay is due to hold-up in 
the stomach, Rates vary greatly among different people and 
even in the same person at different times, irrespective of 
food being taken, but an acceptable mean time would be 
that 60 per cent of the imbibed alcohol would be absorbed 
within 60 minutes and 90 per cent within 90 minutes. 

Food in the stomach can, however, atleast double these 
times and a large fatty meal can delay total absorption for 
a number of hours. This has an important effect on the 
dynamic state between absorption and elimination, as the 
rate of the later is relatively constant (see below) and can 
therefore deal with the slow delivery of alcohol from the por- 
tal blood so effectively chat the peak of the blood-alcohol 
curve is low ~ indeed the curve becomes a long shallow curve 
instead ofa sharp hillock, Where there isa legal threshold for 
blood alcohol in relation to driving, the taking of food can 
easily cause one person who has hadi large meal to remain 
well under this limit, whereas another person who drank the 
same amountarthe same time may rapidly exceed the thresh- 
old if he drank on an empty stomach. Incidentally, the same 
effect can occur, notwithstanding food, where a man and 
woman drink the same amount, as described eal 

Some drugs will affect absorption rates, by modifying 
the speed of stomach emptying. Atropine, chlorpromazine, 
tricyclic antidepressants, procyclidine, amphetamines, mor- 
phine, antidiarthoea compounds (e.g, Lomotil), codeine, 
methadone, heroin, pethidine, etc. will delay gastric tran- 
sit, whilst the antiemetics cisapride and metoclopramide, as 
well as the antibioric erythromycin, will hasten stomach 
emptying, 


ELIMINATION OF ETHANOL 


Almost all alcohol is detoxified by the liver, only 2-10 per 
cent being excreted unchanged. This means that a heavy 
drinking session places a great metabolic burden upon the 
liver and is the cause of hepatic damage afier long-standing 
drinking. The elimination mechanism is an oxidation of 
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alcohol by liver enzymes, through acetaldehyde to acetate. 
"The first stage is performed by the enzyme alcohol dehydro- 
genase but, as che second stage is much more rapid, litle 
acetaldehyde has time to accumulate, ‘The acetic acid is 
rapidly oxidized further to carbon dioxide and water. Some 
may also be broken down by a microsomal oxidase system. 

‘The rate of elimination is of crucial importance to the 
shape of the blood-alcohol curve, the height of its peak and 
to the duration of the alcoholaemia. It is also central to any 
attempts at retrospective calculations of blood, breath or 
urine levels, as discussed later. Whereas the rate of absorption 
is variable and is affected by a number of factors, the speed 
of detoxification in the liver 
tively independent of external influences. This is not to say 
thar itis fixed and immutable, even in the same person at 
different times, but it is capable of reasonable approxima- 
tion, Much experiment and research has been devoted to 
this topic and the results, though variable, lie within a fairly 
narrow band. 

Holford (1987) reviewed 11 different studies and found 
average rates varying between 12.6 and 26.8 mg/100 ml/ 
hour. Neuteboom and Jones (1990) looked at levels in 1300 
drivers stopped by the police, and calculated rates between 
12 and 38mg/100ml/hour in 95 per cent of subjects 
Several had rates over 48 mg/100 ml/hour, The elimination 
rate appeared to increase as the net blood concentration 
increased, for which several explanations are possible. 

‘Asa generalization, it has traditionally been assumed that 
blood alcohol declines, after the peak is reached, at a rate of 
around 15 mg/100 ml/hour, but more recent research, espe- 
ally that of Holford, indicates thar this should be raised to 
187. This applies to healthy adults who are not habituated 
drinkers, and includes light to moderate drinkers and those 
“binge drinkers’ who may indulge heavily but intermittently. 
The enormous number of publications on alcohol must be 
consulted for details of the range of variation, but basically, 
elimination can vary from about 12 co 27 mg/100 ml/hour. 

“Taking the mean as around 18 mg, a man of average size 
can therefore destroy about 9g alcohol/hour, with a range 
variation of between 7 and 16g. This is about the same as 
the ‘unit’ of alcohol, a concept devised for convenience in 
estimating the daily or weekly intake of drinkers. A ‘unit is oF 
10g and is contained (approximately) in half a pint of beet, 
cone single measure of spirits, ora standard glass of table wine. 

The habituated drinker, the ‘chronic alcoholic’, can eli 
inate far faster than the average person, atleast until he suf: 
fers severe liver damage in the later stages of his addiction, 
"Though there is some controversy about the experimental 
evidence, workers such as Bonnichsen (1966) have shown 
thar the rate is greater in older people, at higher blood- 
alcohol levels, and in habituated drinkers. ‘The rate in che 
latter may be in excess of 40 mg/100 ml/hour and work at 


much more constant and rela- 


Alcohol concentrations: u 


Lion Laboratories in Wales, who manufacture equipment 
for breath testing, have found rates over 50 mg/100 ml/hour 
in chronic alcoholics, 

Berween 90 and 98 per cent of ingested alcohol is removed 
from the blood by the liver, leaving a small residue co be 
excreted unchanged by the kidneys, lungs, sweat, salivary 
and mammary glands. The ethanol in glomerular filerate is 
in equilibrium with plasma, but as water is absorbed in the 
renal tubules, the urine concentration is higher than the 
blood level a che time of filtration, the ratio being approxi- 
mately 123:100, ‘This means, for example, that the legal 
limit for driving in Britain of 80 mg/100 ml blood is taken 
to be 107 mg/100 ml in urine. 

Unfortunately, it is obvious that, except in the highly 
unlikely circumstances of ureteric catheterization, the urine 
concentration can never accurately represent the blood con- 
centration at any given time, ‘The blood concentration is 
almost never static, but is either rising or falling, so the 
amount of alcohol in the glomerular filtrate is also constantly 
varying, Ic is being mixed in the bladder, however, with pre- 
viously filtered urine and will also have thac which is filtered 
later added to it, until the bladder is empried — so it can only 
provide an average concentration for the time between 1wo 
micturitions. An added error is thar urine produced before 
drinking began (and which was therefore alcohol-free) may 
have already been in the bladder and will dilute the alcoholic 
urine, In many countries, where urine is used for drink~ 
driving testing, the subject is instructed by the police to 
empty his or her bladder before collection is made over the 
subsequent hous, in order to avoid the dilution factor 

Breath is now used by many jurisdictions to measure 
alcohol intake, either asa screening test before blood is taken 
for analysis, or as an evidential method instead of blood or 
urine. Thete is still some controversy over the scientific 
accuracy of this method, but usually the results are so high 
that errors are immaterial ~ or in marginal results, more 
accurate blood testing is indicated. 

Alveolar air at 37°C is in equilibrium with the pulmonary 
capillary plasma alcohol, the ratio being about 2300:1, vol- 
lume to volume, for blood as against breath. ‘There is some 
dispute as to the true ratio, which lies somewhere berween 
2100 and 2400. If sufficiently deep exhalation is made to 
drive out dead-space air, then the collected sample can be 
analysed to give a measure of the blood alcohol, though 
slight errors occur if there is incomplete elimination of dead 
space air and a drop in temperature asthe ai travels through 
the dead space. In most countries using evidential breath 
testing, however, the offence is not in having a breath-alcohol 
level in excess of an equivalent blood level, but in having 
excess alcohol in the breath. This obviates defence ploys thar 
would attempr to throw scientific doubr on the relationship 
between the nwo concentrations. 
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ALCOHOL CONCENTRATIONS: 
UNITS AND VARIOUS DRINKS 


The concentration (ofien called the ‘level’) of alcohol in 
blood, urine and breath is expressed by a variety of metric 
units, which may lead to some confusion. The index most 
widely used for blood, urine and other body fluids is the 
‘weight of alcohol per volume of diluent — for example, milli- 
‘grams per hundred millilites (mg/100 ml). The expression 
“decilitre’ may be used instead of 100 ml (mg/dl). In some 
countries in continental Europe, alcohol concentration is 
expressed as ‘pro mille’, which is grams per litre (g/), equiva- 
lene to milligrams per milllitre (mg/ml). Elsewhere, espe- 
<ially in the USA, a ‘percentage’ system is common, but can 
be ambiguous as ic does not intrinsically state whether the 
percentage is volume/volume, volumelweight, weight/weight 
or weight/volume. Unless otherwise stared, itis assumed to 
be a weight/volume. 

Breath is almost universally measured as micrograms per 
hundred millilitres (.g/100 ml), The matter of weight and 
volume is important in respect of alcohol concentrations. 
“The specific gravity of alcohol is 0.79, the compound being 
appreciably lighter chan water. In alcoholic drinks, the 
manufacturer's description and labelling is almost always 
‘Volume/volume’ (v/v), but physiological calculations are 
‘made via the weight of alcohol in a given volume of body 
fluid (w/v). ‘Therefore, especially for stronger alcoholic 
drinks, a conversion has o be made, For example, many 
spirits, such as whisky, may be labelled as 40 per cent v/v, 
bur this would be only about 32 per cent weight/volume. 
For weak drinks, such as beer, ic is hardly worth correcting 
the 4 per cent vy, as calculations have a far greater intrinsic 
error fom other Factors. 

Approximate strengths of common drinks are as follows 
{all viv) 


beer, lager, stout: 3-5 per cent 

cider (variable): 5 per cent 

Stable wines (unfortified): 9-12 per cent 

(fortified wines (sherry, port, vermouth): 
18-20 per cent 

spirits (brandy, gin, whisky 
37-42 per cent 

IH liqueurs (variable): 15-55 per cent. 


rum, vodka): 


“The practice of using ‘units of alcohol’ has become popu- 
lar in recent years, not so much for calculating concentra- 
tions, but for approximate estimates of intake, in relation co 
excessive drinking and the long-term medical consequences 
of alcohol consumption. A ‘unit’ is of the order of 10 per 
cent ethanol and very approximately delivered by ‘one 
drink’, where this is either a half pint of beer, one glass of 
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table wine or one small measure of spirits. For example, it 
has been recommended that men should not exceed abou 
20 units per week and women 14, avoid the risk of liver 
damage, It has recently been claimed chac from statistical 
analysis of forensic autopsy material, the risk of coronary 
heart disease can be reduced by drinking 2 units a day 
(Thomsen 1995), 


Calculation of blood levels from drink 
taken and the converse 


‘The most important statement in this respect is co stress 
the utter unreliability and inaccuracy of attempting back- 
calculations in either direction. Only geass approximations 
can be achieved and no pretence at accuracy must be 
offered. In this book, we are nor concerned with the con- 
troversial problems of trying to estimate blood or breath 
level in living vehicle drivers at some time prior to an acci- 
dent or other event, but with similar problems thae can arise 
in fatal cases, especially in relation to drink and driving. In 
both criminal and civil disputes, evidence is often sought as 
to the alcoholic state of the deceased at some material time, 
based on calculations made from blood or urine alcohol 
analyses taken at autopsy. Less often, aviation, railway, div- 
ing and industrial fatalities may present the same potential 
problem. Criminal proceedings may arise because of alleged 
reckless driving on the part of another, when the drunken 
state of the deceased victim may offer some defence. In civil 
matters, often involving insurance companies, a significant 
blood-alcohol level may be used as contributory negligence. 

Whatever the reason, the pathologist must offer inter- 
pretations of alcohol levels found at autopsy with caution, 
especially where retrospective calculations are requested 
Less often, the pathologist may be asked what blood or 
urine levels might be expected ata certain time (For example, 
at the time of death) given a description and timetable 
of alcoholic drinks taken by the deceased, The same cau- 
tions against overprecise calculations must be offered here. 
In calculating approximate blood levels from a knowledge 
of the drink taken, there are several methods in use: either 
the well-known ‘Widmark factor’ or other calculations, 
which are really modifications or simplifications of the 
Widmark technique. 

‘Widmark, in 1932, produced his well-known formula 
for calculating the total amount of alcohol in the body, 
from which knowing the body weight and assuming equi 
bration throughout the water compartment, the blood- 
alcohol level could be derived. 

“The Widmark equation is: A= RX PX C, where A is 
the coral body alcohol, C the blood concentration, P the 
body weight in kilograms and Aa factor, which is 0.68 in 


men and 0.55 in women, The sex difference is due to the 
different fat-warer ratios, men having about 54 per cent 
and women 44 per cent water partition by weight, 

Much research and modification of Widmark’s factors 
hhas been carried out, Hume and Fitzgerald (1985) claimed 
that the use of body water distribution was too com- 
plex. Gullberg and Jones (1994) have published data on a 
re-evaluation of the Widmark equation, in which they 
claim to be able to estimate fom a single blood-alcohol 
determination, the amount of alcohol consumed, within an 
error of +20 per cent. Pounder and Kuroda (1994) claim 
that the use of vitreous fluid (which is sometimes used 
in decomposed or damaged bodies in place of blood) to 
predict the blood-alcohol concentration, is too variable to 
be of practical use. 

‘A useful approximate calculation, derived from Widmark, 
is thar an intake of 0.2 g of alcohol per kilogram body weight 
is likely to result in a blood-alcohol concentration in men 
‘of about 25 mg/100 ml. 

"The following Facts are of use: 


I The average rate of decline of blood alcohol after the 
peak of the curve is reached, may be taken as about 
15 mg/100 ml/hour, though recent research suggests 
18 as more accurate, 

The weight of alcohol imbibed may be calculated from 
knowledge of the v/v strength of the liquor and the 
amount taken. For example, ifa double’ British 
measure of 40 per cent v/v whisky is drunk, chen 15 ml 
will contain (40 % 0.8) = 32 per cent alcohol w/y in 
15ml = 4.85. 

The weight of alcohol/kg body weight is calculated. 

A ratio of 0.2¢ alcohol/kg body weight will produce a 
blood level of approximately 25 mg/100 ml in a man, 
assuming an empry stomach. 

In women, the level so produced may be 20-25 per 
cent higher. 

1 Ifonly beer is drunk, the peak will be considerably less, 
sometimes only 50 per cent that produced from wine 
or spirits 

Drinking during or afier a meal markedly flattens the 
blood-alcohol curve. 


PHYSIOLOGICAL EFFECTS OF 
ALCOHOL 


‘The pathologist is frequently asked in either written opin- 
ions or in court testimony to give an estimate of the behav- 
ioural stare of a victim at a certain level of blood alcohol or 
afier having taken a specified amount of drink. Though he 
is usually nor qualified as an expert on alcoholism in any 
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Chronic alcoholism 


aR 28.1 General spectrum of behaviour (rg/100 ml of leabol 
in blood) 


Abave 30 
0-0 


Impaiment of complex sils suchas diving 
Define deteriratin in dein abilty 


50-100 Objective signs such as loquacausness, progressive loss of 
inhibtons lughter and some sensory disturbance 

100-150 Shred speech, unsteadines, possible nausea 

150-200 Obvious drunkenness, nausea, staggering gat 

200-300 Stupor, vomiting, passily coma 

300-350 Stupor ar cama, danger of aspirating vomit 

Over 350 Progressive danger af death rm respiratory 


centre paralysis, 


clinical sense, he will be a medical practitioner with general 
knowledge and some personal experience of alcoholic 
behaviour, from his pre-pathology years. He thus can givea 
general opinion to assist the court, but unless he has special 
experience of the matter, he should not extend himself into 
detailed clinical expositions, which are the province of the 
psychiatrist with an interest in alcoholism, a police surgeon 
or a casualty officer, all of whom deal frequently with 
drunken patients, A general level of knowledge can be 
offered to the lawyer, police or court, however, especially in 
respect of the usual level of capability and consciousness at 
different blood-alcohol levels (able 28.1). 

"The lise in Table 28.1 is probably ‘worst case’ in nature, 
as many people show less effects at given blood levels 
Women ate usually more affected at lower levels, though 
the ‘world record!’ for survival may be a woman who sur- 
vived a blood alcohol of 1510mg/100ml (Johnson et a 
1982). Many drivers stopped by the police at random road 
blocks in Australia had blood levels over 500 mg/100 ml 


MODES OF DEATH IN ACUTE 
ALCOHOLISM. 


level may reasonably be incriminated as the probable cause. 
Many such fatalities occur during police custody, when con- 
siderable outcry, publicity and disciplinary investigations are 
the usual outcome. 

Drunken persons are ofien involved in fatal trauma, 
which may be of many types. The majority of homicides are 
triggered by che aggressive behaviour engendered by alco- 
hol. Road accidents, either caused by drunken drivers (often 
upon themselves) or by drunken pedestrians walking into 
traffic, are commonly related to alcoholic vulnerability. Falls 
are extremely frequent and often fatal. Drunken persons may 
fall down stairs or steps and suffer head injuries. Falls from 
high places are less common, bur do occur from drunken 
carelessness or unsteady gait — exemplified by the notorious 
inquest on Helen Smith in Leeds in 1982 

Death from burns or carbon monoxide poisoning may 
occur in drunken persons who smoke when intoxicated, 
A common scenario is for a drunk to go to bed and fall 
asleep whilst smoking, the cigarette igniting the bedclothes. 
Sometimes, a gas, electric or kerosene heater may be knocked 
‘over during drunken staggering, which again starts a 
fatal fire, 

Drowning is seen occasionally, especialy in river or dock- 
land areas, A typical happening is for a drunken sailor co 
return to his ship late at night, and fall from a bridge or 
¢gangway into che water. Death is sometimes nor caused by 
drowning, but by sudden vagal cardiac arrest from the shock 
of hitting cold warer or having cold water suddenly flood 
the pharynx and larynx. The drunken state seems to sensitize 
the victim to such vasovagal shock, pethaps because of the 
marked cutaneous vasodilatation encouraged by alcohol, The 
author (BK) has seen a number of such tragedies in Cardiff 
dockland, including a sailor and his woman companion, 
who both fll off the ship after carousing, 


CHRONIC ALCOHOLISM. 


Death from alcoholic poisoning is not uncommon and can 
occur at blood levels in excess of about 300 mg/100 ml 
Johnson et al. (1982) claimed that some deaths could be 
attributed to alcohol ar even lower concentrations. Death 
can be caused either by the direct depressive effects upon 
the brainstem, mediated via the respiratory centres — or 
through secondary events such as aspiration of vomit. As 
discussed in Chapter 14, the use of ‘aspiration of vomit’ as 
a cause of death must be used with great caution unless there 
is ante-mortem eyewitness evidence. The major exception 
to this proviso is in acute alcoholism, where if copious 
inhalation of stomach contents right down to the secondary 
bronchi is confirmed, then in the absence of significant 
natural disease, injury or other toxicity, a high blood-alcohol 


The pathological features ofthis condition are extensive and 
can only be surveyed briefly here. In this context, chronic 
alcoholism refers co the steady, regular abuse of drink, rather 
than intermittent ‘binge’ drinking, which gives the tissues 
time to recover between bouts of acute alcoholism. 

‘Ar autopsy, there may be signs of general neglect and 
malnutrition, but many chronic alcoholics are obese or 
even oedematous, the latter because of chronic heart fail- 
ure. The specific lesions are in che liver, heart and brain, 
though they may be difficult to identify as unequivocally 
caused by alcohol. The early stages of liver damage cause 
fay change, usually with enlargement. The normal weight, 
according to the sex and build, is between 1300 and 
1600, bur a fatty liver may be well in excess of 2000 . 
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‘The surface is pale and greasy, though this may not be 
uniform change, especially in early or less severe cases. 
Patchy yellowish areas may be visible within normal hepatic 
parenchyma, 

IF the abuse continues, chen the fatty change may even- 
tually give way to fibrosis, the liver surface becoming rippled 
beneath its capsule, Such cirthosis is fairly fine, with nodules 
of the order of 5-10 mm in diameter. In the later stages the 
liver becomes smaller and contracts to a hard, greyish-yellow 
block of only 800-1200 g, 

Without a history of long-term alcohol abuse, itis diff- 
cule or impossible to be definite about che aetiology purely 
fon autopsy appearances, though suspicion may be strong, 
A similar liver may develop as a sequel to hepatitis ~ and 
less often as an end result of certain dietary or metabolic 
defects, ‘The spleen may be enlarged and firm, and portal 
varices may be present at the gastro-oesophageal junction, 
bur these are both manifestations of portal hypertension 
and do not assist in determining the precise aetiology of the 
hepatic fibrosis. A useful index of liver damage and the pro- 
gression or remission of alcoholic impairment is the level 
of the enzyme --glutamyl transpeptidase in the serum 
Normal levels are less than 36 units, whereas liver damage 
can elevate this by a factor of many times. Alcoholic car- 
diomyopathy is certainly a real entity and can be diagnosed 
clinically. Whether it can be definitely identified on histo- 
logical appearances alone is a matter of dispute. The heart 
is enlarged and shows patchy fibrosis with a variable mixed 
cellular infiltrate, hyperteophy of muscle fibres, patchy 
necrosis, hyalinization, oedema and vacuolization, Nuclear 
enlargement and polymorphism complete the range of 
changes, but none of these are specific, being found in hyper- 
tensive heart disease, coronary stenosis and other types of 
myocarditis. Combined with a definite history of chronic 
alcoholism, however, these relatively non-specific changes 
can be ascribed to alcohol if other causes can be excluded 
(ee also Chapter 25). More specific myocardial damage has 
been caused by cobalt added to commercial beers and several 
outbreaks are on record. Systemic fat embolism has also been 
recorded in victims of alcoholic fatty liver. Microinfarcts in 
myocardium and brain are possible, though this aspect has 
so far been rather neglected in research. Fat stains are not 
usually employed in routine investigations and it is nor 
known how the victims of a fatty liver compare with con- 
tuo subjects in respect of diffuse target organ embolism. 
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CAUSES OF CARBON MONOXIDE 
POISONING 


Afier alcohol and some pharmaceutical drugs, carbon 
monoxide poisoning is probably the most common toxic 
condition to be met with in routine forensic pathology: 
"The widespread introduction of natural gas (which con- 
tains no carbon monoxide) as a replacement for ‘coal gas’ as 
a heating fuel has removed a major source of the poison. 
‘Monoxide still provides lethal dangers in many other ways, 
however. It is produced whenever fossil fuels are incom- 
pletely oxidized to carbon dioxide and, because of its great 
affinity for haemoglobin, even low concentrations can be 
cumulative. 

‘There are a vast number of publications on carbon 
‘monoxide toxicity, both in an environmental and indus- 
trial context. Once again, this discussion is confined to the 
pathologist’ involvement in fatalities. A body coming to 
autopsy with suspected (or sometimes unsuspected) carbon 
monoxide poisoning, will have suffered that toxic condi- 
tion by the following means. 


Motor vehicle exhaust gases 


Since the replacement of coal gas (containing up to 7 per 
cent monoxide) with natural gas, a major means of suicide 
hhas been removed. ‘Putting the head in the gas oven’ was the 
‘most common form of self-destruction in Britain and many 
other countries undl this changeover. In 1961 in the UK, 
for example, there were 2711 suicides and 1014 accidental 
deaths from carbon monoxide. Since then, suicides have 
obtained carbon monoxide to kill themselves from the 
incernal combustion engine, Petrol (gasoline) engines produce 
up to 5-7 per cent carbon monoxide in their exhaust fumes, 


and more if the engine is idling, defective or improperly tuned. 
Diesels produce far less monoxide than petrol engines. 
Normally, the exhaust pipe vents the gases into the atmos- 
phere, where it may contribute to considerable low-level 
‘monoxide contamination in large cities, such that policemen 
oon traffic duty may have up to 10 percent saturation of their 
haemoglobin. When the exhaust fumes are confined to a 
‘small space, then a dangerous or lethal level ean build up ina 
short space of time, It is calculated thar a 1.5 litre petrol 
engine, idling in a closed single garage, can produce a lethal 
concentration in the atmosphere within 10 minutes. 

Some suicides will merely sit in the garaged car with a 
window open and allow the gas to overtake them. More com- 
monly, some device is fitted to pipe the gas into the interior 
of the car and this may be done outside a garage, often in 
a remote parking spot. The flexible tube from a vacuum 
cleaner seems a favourite means, though ordinary hose-pipe, 
pushed inside the tail-pipe and led in through a window, is 
a common alternative. Apart fiom suicide, accidental poi- 
soning sometimes occurs in relation to internal combustion 
engines. A mechanic or car owner may work on a vehicle in 
a closed garage, especially in cold weather, and be overcome 
by monoxide before he is able to remove himself from the 
danger. The insidious nature of the toxic effects may make 
hhim unaware of the supervening stupor and coma. 

Carbon monoxide can also affect drivers of a moving 
vehicle, usually because of a defective exhaust system, which 
allows gas to percolate through the floor or engine bulkhead 
into the interior. Rarely, a strong following wind blows the 
external exhaust gas into the open doors of a van or truck. 
Another motoring cause isa leak in the heat exchanger in 
those vehicles that use a direct air supply from around the 
exhaust manifold to provide passenger heating 

In airceaft— usually light planes with the engine immedi- 
ately adjacent to the cockpit ~a leakage of exhaust gas from 
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the motor compartment can lead co disablement of the pilot 
and death from a crash rather chan from fatal toxicity. The 
same applies to thase road-vehicle drivers who are avercome 
by the gas to an extent thar makes them incapable of driving 
safely. ‘The differential diagnosis in survivors is between 
carbon monoxide and alcohol, as the clinical symptoms of 
both are quite similar at one stage of the toxic process. 
Deaths have also been reported in ‘scuba’ divers, whose 
air cylinders have been contaminated with carbon monox- 
ide during refilling from faulty pecrol-driven compressors 


Domestic appliances 


Domestic heating appliances can produce carbon monox- 
ide in addition to the usual dioxide from a restriction of 
their air supply, so that incomplete combustion of the fuel 
takes place. The fuel can be natural gas, which, though 
itself free from monoxide, is only partially oxidized from 
some defect of design, maintenance, or patency of the 
exhaust flue. Solid-fuel boilers used for central heating may 
have some restriction of air entry or a partial blockage of 
the chimney system. Paraffin (kerosene) heaters may burn 
with inadequate oxygen ingress and any other form of 
hydrocarbon fuel appliance can malfunction so that part of 
the products of combustion are monoxide. 

The author (BK) has dealt with several deaths that 
occurred because the faulty installation of natural-gas fires 
led to absent or inadequate ventilation, causing monoxide 
to back-diffuse into living rooms. Gas appliances, especially 
water heaters, are one reason why the bathroom is such a 
dangerous place. Apart from the extra hazards of electricity, 
bath for drowning, wer surfaces for slipping, tablets in the 
cabinet and sharp inscruments such as razor blades, the 
small-sized room and the frequent installation of a gas 
water heater or ‘geyser’ makes this room a frequent locus 
for unnatural death. Blockage of the exit or ‘flue’ pipe is a 
common fault, sometimes from bad installation or because 
ir becomes blocked by soot or by birds’ nests 


Structural fires 


A common cause of monoxide deaths arises from struc- 
tural fires in houses and other buildings. As described in 
Chapter 11, the majority of deaths in house conflagrations 
are caused not by burns, but by inhalation of smoke, These 
fatalities are largely caused by carbon monoxide poisoning, 
though other lethal gases such as cyanide, phosgene and 
acroleins are partly responsible. Many victims of house fires 
die remote from the flames, and may be overcome in differ- 
ent rooms or even on different floors, the monoxide perco- 
lating considerable distances and killing persons either 
asleep or trapped elsewhere in the building 
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FiGURE 29.1 Carbon monoxide poisoning in a chronic alcoholic. 


This ea relatively common event when a draoken person collapas 
vith a lie cigarette acrass bis bed (note the ashtray and cigarette 
packet), The burns are post-mortem, death being caused by a high 
Level of carbosyhacmoglobin generated by the smouldering bed 


Industrial processes 


Many industrial processes may lead to monoxide poisoning, 
especially in iron and steel works, where producer gas and 
water gas are deliberately formed and stored as part of the 
‘manufacturing process. Water gas can contain up t0 40 per 
cent carbon monoxide and in former days was added to 
town gas for the domestic supply, which geeatly enhanced 
the monoxide content of some 7 per cent from coal gas. 
Many other industrial processes, such as the Mond method 
of nickel production, use carbon monoxide, as well as the 
universal danger of any heating process producing the gas 
during combustion, In coal-mining, carbon monoxide is one 
of the gases that presents a constant threat; it escapes From 
the coal seams themselves but is also produced from the fre- 
«quent small fires that smoulder in the recesses of the mines. 


Incomplete combustion 


Incomplete combustion of a gas flame from any gaseous 
fuel can produce carbon monoxide. Where such a flame 
impinges on a cold metal surface or where that surface is 
coated with soor, partial oxidation of the fuel supply leads 
to monoxide production. In appliances fuelled from the 
common butane or propane cylinder sources, as in caravans, 
campers and boats, maladjustment or restriction of ventilation 


28: Carbon monoxide poisoning 


can lead wo slow but insidious production of monoxide. 
Deaths of whole families have occurred under such circum- 
stances, as they are exposed overnight to slow accumulation 
of carbon monoxide from refrigerators and other appliances. 


THE AUTOPSY IN CARBON 
MONOXIDE POISONING 


As always, an adequate history may give the clue to the 
cause of death. Where the circumstances are obvious, such 
asa death in a car with a tube leading from the exhaust, the 
pathologist's attention will be directed towards carbon 
‘monoxide feom the outset, ‘There are many other circum 
stances, however, in which the history may be obscure, and 
only the vigilance of the pathologist and his staff will pick 
up the possibility of chis type of toxicity. In fact, many a 
case has first been recognized by the mortuary technician 
who commented on the colour of the skin or tissues. A 
‘number of fatal monoxide poisonings have already been 
certified as ‘natural causes’ by uncritical clinicians (espe- 
cially in general practice) when in fact carbon monoxide 
poisoning, either suicidal or accidental, was the true reason 
for the death. Failure to examine the body fully is the usual 
cause, as the pink coloration may only be noticeable in the 
areas of postural hypostasis not normally visible in a body 
in bed, though the sides and back of the neck are reason- 
ably accessible even to cursory examination. The author (BK) 
recollects at least one suicide where the relatives placed the 
body back in bed and had it certified as ‘coronary throm- 
bosis’ by an unsuspecting family doctor. 

Ac autopsy the most striking appearance of the body is 
the colour of the skin, especially in areas of post-mortem 
hhypostasis. The classical ‘cherry-pink’ colour of carboxy- 
haemoglobin is usually evident ifthe saturation of the blood 
exceeds about 30 per cent. Below this, Familiarity and good 
lighting are needed and below 20 per cent, no coloration is 
visible. As these low concentrations are rarely fatal, how- 
ever, little is lost. Sometimes, darker cyanosis tends to mask 
the skin colour, bur the margins of the hypostasis and the 
internal tints are usually apparent. 

‘When the victim is anaemic, the colour may be faint or 
even absent because insufficient haemoglobin is present to 
display the colour. In racially pigmented victims the colour 
may obviously be masked, chough may stil be seen on the 
inner aspect of the lips, the nail-beds, tongue, and palms 
and soles of the hands and feet. It is also seen inside the eye- 
lids, but rarely in the sclera 

Rarely, there may be blistering of the skin of dependent 
areas, such as the calves and buttocks, and around wrists and 
knees, similar to the so-called ‘barbiturate blisters’ These are 
‘not specific to carbon monoxide toxicity and are the result of 


cutaneous oedema in any profound coma where there is toral 
immobility and lack of venous return from muscle move- 
‘ment. As most carbon monoxide deaths are relatively rapid, 
such blisters ae rare, Internally the most noticeable feature is 
again the colour. Blood and muscle will be pink 2s a result of. 
carboxyhaemoglobin and carboxymyoglobin. In relatively 
low concentrations, in poor light and in some artificial light- 
ing in autopsy rooms, the cherry-pink colour may be difi- 
cule to see. Ir can be enhanced by diluting the blood with 
water against white background, as in a porcelain sink oran 
enamel scale-pan, when the pinkness will be more evident. 
‘The pinkness of hypothermia or refrigeration is a different 
colour. Unfortunately, some pathologists have a red-colour 
visual impairment, which makes it difficule for them co dif- 
ferentiate berween subtle changes in redness, so laboratory 
analysis is always required for objective confirmation and 
quantification of the monoxide concentration, Other sug- 
gestive indications of carbon monoxide are that, when tissues 
are placed in formol saline for preservation of histology they 
do not decolourize as quickly as normal tissues and remain 
pink for a long period. IF carbon monoxide poisoning is sus- 
pected at autopsy, a quick testis ro add a few drops of blood 
to some 10 per cent sodium hydroxide solution on a white 
tile of ina tube against a white background. The normal 
blood will immediately become brownish-green but, if sig- 
nificant monoxide is present, the colour will remain pink, as 
‘no methaemoglobin is formed. One has to bear in mind 
though, that unlike adult blood, fetal blood up to the age of 
6 months is more resistanc to alkali and the colour change 
can take hours to develop. Another simple est, mentioned in 
1857 by Hoppe, is to take 3m blood into a test tube and 
dilute it with 6 mil tap warer and to heat it for a shore while 
with care in a water bath. Carbon monoxide blood turns 
brick red whereas control blood becomes greyish-brown. 
However, these crude tests are not recommended as an alter- 
native to proper analysis, 

Other signs at autopsy are non-specific. Pulmonary 
‘oedema is usually present. The author (BK) has the impres- 
sion that the white macter of the brain remains unusually 
firm and that the whole brain after removal from the skull 
keeps its shape better, being rather stiff and rigid. This may 
be caused either by oedema or by some minimal fixation 
change in the brain tissue 

None of these rather idiosyncratic tests can replace proper 
laboratory investigation, however. Blood should be taken 
for analysis in che usual way, preferably from a peripheral 
vein. In contrast to most toxicological investigations, even 
foul samples can still be useful for carboxyhaemoglobin 
estimations, Heart blood, blood from body cavities and even 
from bone marrow when the bones are split open, can 
still provide valid material for estimating the percentage of 
haemoglobin converted to carboxyhaemoglobin. I is the 
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[0034] ‘The amount of quintessences in the electron is 
determined by the number of quintessences forming the 
electron at rest, plus the amount of quintessences passing 
through it due to its relativistic velocity, which will deter 
mine the relativistic momentum (p) of a particle. 


[0035] The frequency of matter can now be readily cal- 
culated from first principles to give a more accurate result 
“Thus as matter is made of quintessence, similarly to Hight, its 
frequency is equal to the number of quintessences n, within 
it. The wavelength will depend on its velocity travelling 
relative to the speed of light and thus multiplied by the 
relative velocity compared to e(B=vic): 


[0036] Hence for matter as previously shown: 
ee 2 
[0037] And conventionally 
epcamse)? 
[0038] Using these equations, we can now, also, reformu- 
Jate the Shrodinger wave equation, which has the advantage 


that relativity can be eated in a quantum mechanical way. 
‘Thus if the wave energy of matter is defined as: 


pees 


Be 


thus 


B= VPP Fmt 


[0039] which in complex space generalises to 
Epc ib Vey co 
[0040] As the term, 


also represents the ground state ratio of the velocity of the 
‘election to ¢, Thus ct=Bavieml/137, 


[0041] | Thus, also 

Etch Vein 
[0042] This is thus the standard relativistic equation that 
rac was able to construct from the Shrodinger wave 
‘equation. This relativistic equation can be derived from the 
modified wave equation. This takes into account the relative 


mass enengy which the quintessential wave equation con 
tains. 


[0043] Where importantly the term fim is the mass m, 
‘multpliod by the ratio ofthe relative velocity to light B=vie, 
and the term a is also essentially the relative velocity of the 
electron. 


[0044] The Dirac equation was an empirical formula 
which worked mathematically, nevertheless even Dirac 
‘admitted it was not logically understood. The importance of 
these equations is that they show that the existence of 
‘quintessence allows the waveparticle duality of matter to be 
explained and mathematically derived from first principh 
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‘Thus the frequency of matter or even light is simply deter- 
ined by the number of quintessences it contains. 


[0045] Indeed, a recent publication in Nature has sug- 
‘gested that the direct visualisation of the orbitals of electrons 
shows that these are in very close agreement with theory. 
However, there isa significant departure from theory, in the 
interstitial molecular regions, suggesting that the higher 
velocities of the electrons obey the modified Dirac equation. 
‘Thus these orbitals were in keeping with the modified Dirac 
equation, which itself may be derived from the wave equa- 
tion above, A=he/pE 


[0046] The Shrodinger wave equation will approximate to 
the comect values until v approaches ¢. Indeed the Shrod- 
inger equation will give similar answers as that derived from 
‘equation, under most experimental conditions. 


[0047] However, equation 2 and its derivative may have 
‘advantages over standard Shrodinger theory with relativistic 
speeds. Furthermore, equation 2, conceptually shows that 
the wave particle duality of matter derives from the principle 
that the frequency of matter is directly equal to the umber 
‘of quintessences it contains. Importantly it also mathemati- 
cally allows relativity and quantum mechanies to be united. 


[0048] With vec, the modified Dirac equation will yield 
‘more accurate resuts, particularly compared with the Schro- 
<inger equation. We ulso find that the equation A=be/BE is 
‘equivalent to the de Broglie wave equation, A=h’p, provided 
wwe use the relativistic mass in the de Broglie equation. 
Given this, these equations yield accurate experimental 
results, 


[0049] Thus we find that the modified formulation of de 
Broglie wave equation A=he/BE leads directly to a modified 
Dirac relativistic wave equation and is supported by recent 
experiments which measure the wavelength of matter and 
demonstrate the electron orbitals experimentally from these 
‘wave equations for matter. 


[0050] Wave Particle Duality and Relativity 


[0051] From here itis possible to proceed in several ways 
using the relativistic wave equation. It is apparent that the 
reintroduction of the term for relative velocity into the wave 
equations will enable the reintroduction of special relativity 
into quantum mechanics. In particular we should now be 
able to derive the term 


‘8 a special case of quantum mechanics. 
[0052] Thus if: 


Ae he) RE 


as b= Ve emi ssguing 
Be 
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Blood 


Ficune 29.2 Bal ganglia degeneration after carbon monoxide 


poisoning. The patient survived fora number of weeks, but 
‘succumbed ta bronchopneumania, There are gti lesions in the 
lobe area of bots cereal hermispheres, 


ratio of haemoglobin to the carboxy-type that is required, 
rather than an absolute concentration in the blood, so virtu- 
ally any blood-containing fluid will provide this answer. 
‘When a body has been badly damaged by fire, fluid blood 
may be hard to obtain, so that any sanguineous body fluid 
or bone marrow can provide material for analysis. IFanalysis 
is to be delayed more than a day, it is recommended thar 
fluoride be added asa preservative. 

TThere are no other autopsy features in acute deaths, which 
form the majority seen by forensic pathologists. Where sur- 
vival occurs there are a number of neurological lesions thar 
follow severe carbon monoxide exposure. Necrosis and cavi- 
tation of the basal ganglia in the brain, notably the puramen 
and globus pallidus, has been known for well over a century. 
Within about 5 days, histological changes occur here, with 
‘gitterzellen’ scavenging cellular debris, the foam cells and 
microglia presenting an appearance characteristic of tissue 
breakdown in the central nervous system. There may also be 
damage in the substantia nigra of the brainstem. In delayed 
deaths, petechiae and ring-shaped haemorthages may occur 
in the cerebral white matter. All these changes, together with 
the clinical symptomatology, are exhaustively described in 
neurological publications 

There are also tiny focal necroses in the myocardium in 
delayed deaths from this cause, and similar lesions were 
described by Korb and David (1962) even in acute deaths. 
Frank myocardial infarction has ofien been reported afier 
severe monoxide exposure and relative hypoxia, usually in 
the presence of pre-existing coronary disease, is probably 
the reason, 


analysis 


BLOOD ANALYSIS 


Carbon monoxide has an affinity for haemoglobin that is 
becween 200 and 300 times greater than oxygen, Therefore 
even small concentrations of monoxide in the inspited air 
will progressively displace oxygen from the erythrocytes 
and this will lower the oxygen-carrying capacity of the 
blood. It was formerly thought that all the toxic properties 
of carbon monoxide lay in this hypoxic action, but more 
recently it as been shown to interfere with other ferropro- 
teins such as myoglobin and various enzymes including 
members of the cytochrome family. 

“The major effect is undoubtedly the reduction in oxygen 
nsportand, for this reason, itis the percentage saturation 
of the toral available haemoglobin thar is important rather 
than an absolute quantity of carboxyhaemoglobin in the 
blood. Anaemic persons will not show the external cherry- 
pink colour if insufficient haemoglobin is available for the 
monoxide component to become visible. Ic is the residual 
non-combined haemoglobin still available for oxygen trans- 
port that is important in maintaining life. For example, an 
anaemic person with only 8g/100 ml of haemoglobin hav- 
ing four of those occupied with carbon monoxide (50 per 
cent saturation) is in much worsea state than a person with 
a total of 14g of which four are monoxide-occupied. There 
are many tables available that relate saturation levels to the 
clinical sympcoms, There is a wide margin of variation in 
these, as there is with lethal levels, 

Broadly speaking, the saturation levels found in fatal 
cases reflect both the physical state of the victim and the 
rapidity with which the poisoning took place. Robust, 
healthy adults under 60 years of age rarely die at saturation 
level under 50-60 per cent unless the concentration of car- 
bon monoxide in the inspired air was so great thar death 
occurred before gas exchange in the lungs was able to 
progress sufficiently to enter all available monoxide into the 
red cells, Death may then supervene with post-mortem 
saturation levels of as low as 40 per cent. Where absorption 
is slow and life persists longer (for there seems to be arelation- 
ship between air concentration of monoxide and length of 
survival), aucopsy samples may show 80 per cent saturation, 

(Old people may die at relatively low concentrations, such 
as 30 per cent and, in some cases, no other cause can be 
found when the carboxyhaemoglobin level is only 25 per 
cent. This may be the result of anaemia, so that there is less 
reserve for oxygen carrying when part of the haemoglobin is 
‘occupied by monoxide, In many cases, the senile myocardium 
is already in a fragile state and any extra hypoxia will cause 
it to fail, Infants also seem to die at relatively low levels, 
pethaps because their higher respiration rate allows a more 
rapid absorption, ‘The variation in fatal concentrations is 
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wide and quite irregular, ‘This is best exemplified when wo 
or more victims have died together in the same environ- 
ment. The catboxyhaemoglobin concentrations of bodies 
lying alongside each other can sometimes be totally differ- 
ent, even in persons of the same age group and physical 
health, Any disease process can contribute to death at lower 
monoxide concentrations. Coronary artery disease, respira- 
tory insufficiency and other debilitating conditions allow 
death to occur earlier, when the toxic level is still relatively 
low. Conditions that are worsened by hypoxia, such as 
myocardial insufficiency or obstructive airway disease, are 
particularly pocent. In addition to disease, any separate toxic 
state is additive, such as hypnotic drugs or alcohol 

“The method of analysis has traditionally been by rever- 
sion spectroscopy, but this is a crude technique in which 
accuracy cannot be attained to within 10 per cent of the 
true value. For most purposes related to fatalities, this is 
good enough, as more exact results do not add anything to 
the investigation. The only problem can be at the lower 
end of the scale, when i is difficult to be certain about positiv- 
ity under about 15 per cent. Modern analytical methods 
include non-dispersive infrared. spectrophorometry and 
gas chromatography. Carboxyhaemoglobin is stable and can 
be detected even in putrefied bodies a long time after death, 
as long as sophisticated laboratory techniques are used 
Monoxide cannot enter a body post-mortem to any signifi- 
cant extent, Bodies burnt after death do not absorb any 
monoxide and thus a significant level (more than 10 per 
cent) in a body from a fie means that respiration must have 
been proceeding whilst the conflagration was in progress. 
Asemphasized in Chapter 11, the converse is often not true, 
in that deaths from rapid fires, especially flash fires caused 
by petrol, for example, may have no catbosyhaemoglobin 
in the blood. The possibility of carboxhaemoglobin being 
formed in the blood post-mortem has been investigated as a 
possible source of error (Kojima et al. 1982) and fluorided 
‘samples are recommended. 

A. minor source of local carboxyhaemoglobin and 
myohaemoglobin is gunshot wounds, where the propellant 
gases (which are rich in the compound) are blown into the 
wound from contact or short-range discharges. The tissues 
absorb monoxide, especially around the entrance wound. It 
has been claimed that this is a way of differentiating the 
entrance from the exit wound, but in fact the whole track of 
the missile(s) may be sheathed in a zone of monoxide trans- 
fer into blood and muscle from a near-discharge, though 
theoretically there should be a gradient of concentration 
from one end of the track to the other (see Chapter 8). 

Many other war, military and terrorist circumstances are 
associated with exposure to carbon monoxide. Large quan- 
tities are released from the firing of guns and, in enclosed 
spaces, can become a hazard. Detonation of explosives in 


places where there is litle ventilation also allows monoxide 
to accumulate and it may persist long after the physical 
dangers of the explosion have passed. 
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In the last half century there has been a technological revolu- 
methods, which has spread to almost all parts, 
of the world. The developing nations (who in terms of area 
of land usage and proportion of the population who work on 
that land, are numerically greatest at isk) suffer most and 
this is sometimes exacerbated by the less stringent controls 
and less safe working methods that exist in those counties. 

“The potent chemicals used in agriculture may harm per- 
sons by accidental exposure, either during their application 
to crops, a due to incorrect or careless storage. Another 
major source of human poisoning is through self-adminis- 
tration, when the easly available substances are used for sui- 
«ide. For example, in Sri Lanka many thousands of hospital 
admissions each year are for agrochemical poisoning (16649 
in 1983) with over a thousand deaths annually (1521 in 
1983). Of these, about three-quarters were selfadministered, 
the remainder being accidental and occupational. 

"The main dangers from agricultural chemicals lie in the 
pesticides, especially organophosphorus compounds, such 
as parathion and herbicides, such as paraquat. 


tion in farmis 


PARAQUAT POISONING 


Paraquat is a herbicide that is sprayed on unwanted weeds 
and other vegetation before planting crops. It is absorbed 
by the foliage and rapidly kills the plant, but is inactivated 
when in contact with the soil, so cannot harm the seeds o 
young plants that are placed in the same ground a short 
time later. Paraquat (and the less popular diquat) are 
dipyridyl compounds, paraquat chemically being 1,1'- 
dimechyl-4,4'-bipyridyldiylium. It is produced commer- 
cially asa brownish concentrated liquid of the dichloride salt 
at 10-30 per cent strength, under the trade name Gramoxone 
and, for horticultural use, as brown granules called Weedol 
at about 5 per cent concentration, 
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“Toxicity occurs almost exclusively through ingestion, 
though some cases are reported where inhalation through 
spraying has led to a fatal outcome. A suicide from intra- 
venous injection of paraquat has been reported by 
Fernandez et al (1991) 

Only about 5 per cent of the substance is absorbed orally. 
Poisoning usually occurs either by deliberate selFingestion 
of the liquid concentrate, or by accidental drinking from 
unmarked or incorrectly marked bottles. It is said chat one 
swallowed mouthful of Gramoxone will almost always be 
fatal and certainly 5ml has caused death, ‘The decanting of 
the concentrate from the original manufacturer’ containers 
leads to many accidental deaths. Because of the relatively 
hhigh cost, paraquar is often taken from the large containers 
and kept in lemonade or other soft drink bottles, Such 
decanting is illegal in some countries such as the Republic 
of Ireland, because of the dangers of unlabelled bottles. 
Unsuspecting people, especially children, then take a drink 
from such bottles and immediately suffer the effects of the 
potent toxin. 

Paraquat in concentrated form, is ieritanc to all epithelial 
tissues. The lips, mouth, pharynx and oesophagus are super- 
ficially eroded, though there is nothing like the dangerous 
structural damage of strong acids or alkalis. The major danger 
of paraquat is co the lungs and liver. The lungs are affected 
mainly by direct aspiration, either as the irviative substance 
is swallowed or by regurgitation from the stomach during 
vomiting. 

Of that absorbed through the gastrointestinal tract, the 
‘major danger is to the liver, where paraquat causes a cen- 
trilobular necrosis, with giant mitochondria and crystalline 
inclusion bodies seen on electron microscopy. In the 
renal failure may develop within 2 or 3 days from diffuse 
tubular damage. 

‘The striking lesion, almost characteristic of paraquat, is 
in the proliferative damage to the lungs. IF rapid death 


Organophosphorus pesticides 


from acute hepatorenal failure does nor occur, either 
because of low dosage or energetic clearance of the residual 
poison, then progressive lung damage may still lead to 
death within the next 2 weeks. When paraquat reaches the 
distal air spaces, diffuse pulmonary oedema and haemor- 
shages occur, followed by stimulation of the alveolar lining 
cells, Prior to this, in the first day or two, there is damage 
to the pneumocytes with vacuolation, desquamation and 
necrosis. A hyaline membrane is often visible. ‘The mech- 
anism appears to be that paraquat reacts with tissue elements 
to produce peroxides, including hydrogen peroxide, which 
is responsible for the damage, which can be worsened by 
‘oxygen therapy. 

‘Within a few days repair begins, the mesenchymal inter- 
stitial cells and the alveolar lining cells dividing rapidly and 
filing the alveoli. Both granular and membranous pneumo- 
cytes (types I and Il) are involved. Within the first week, gas 
exchange begins to suffer as the air spaces become occluded 
by mononuclear cells forming rounded-up “fibroblasts. IF 
survival continues, the alveoli begin to fibrose, with retic- 
ulin and collagen being laid down to form a rigid, stiff lung, 


The autopsy in paraquat poisoning 


‘There may be ulceration around the lips and mouth from 
escape of paraquat concentrate. The mucosa of the mouth 
say be reddened or desquamated, and the oesophagus may 
show worse changes, including casts of shed epithelium. 
None of these changes is by any means inevitable, however, 
and the upper gastrointestinal tract may be normal 

Similarly, the stomach may show erosion and patchy 
haemorrhages, or may be unremarkable. ‘The liver may 
show pallor or mottled fatty change to the naked eye. Ic is 
unusual for any gross charges to be visible. Other organs 
show no specific changes, apart from the lungs; the kidneys 
‘may reveal cortical pallor if there is renal failure. 

If the victim has lived a week or mote, then the lungs may 
reveal typical changes in that they are large and stiff, keeping 
their shape when removed from the chest, ‘There may be a 
fibrinous pleurisy and sometimes slight bloody pleural effu- 
sions. The cut surface reveals oedema and patchy haemor- 
shage, though this may have subsided in cases thar survive for 
some time. The main appearances are microscopic and, 
unless the history is known, the lung may be mistaken for 
a diffuse pneumonia. The author (BK) saw a homicide by 
paraquat, in which the victim was in hospital for 2 weeks 
with a presumptive diagnosis of ‘virus pneumonia’, until a 
confession revealed the true cause of the lung changes. 
Samples required at autopsy, apart from full histology, 
include the usual blood samples, urine, stomach contents, 
Jung and liver. 


In most instances, the relative slowness ofthe death allows 
the diagnosis to be made on history and clinical grounds, 
so thar ante-mortem roxicology is usually well documented. 


Toxicology interpretation 


Blood levels of paraquat of 0.2 mg/l are sufficient to cause 
lung damage. Survival has been recorded, however, with 
plasma levels of up to 1.6mg/l. Paraquat is excreted over a 
long period and can be detected in urine at autopsy many 
days afier ingestion. Concentrations in excess of 0.07 mg 
have been found 26 days later. 

"The concentrations found on analysis afier autopsy nat- 
urally depend upon the dose taken and the time that has 
lapsed since ingestion. On the first day, ranges from 0 to 
63mg/l (average 15) have been found in the blood, with 
urine levels of 20-1210 mg/l (average 462). Seven days later, 
the blood level comes down to an average of 0.8 mg/l with 
45 in the urine. Two to three weeks afier ingestion, the blood 
concentration averages 0.5 and the urine level 0.6 mg/l. 


ORGANOPHOSPHORUS 
PESTICIDES 


Used in huge quantities throughout the world, these sub- 
stances cause thousands of deaths in southern Asia, Africa 
and elsewhere. ‘The major example is parathion, with 
malathion and dichlorvos used far less extensively. These 
chemicals act on insects and other arthropods by inhibiting 
cholinesterase and their toxic effects on man are caused by 
the same mechanism. 

Parathion (nitrostigmine) is extremely toxic and can be 
absorbed through the skin, conjunctiva, lungs and gut. 
Because of the inhibitory effect on plasma and erythrocyte 
cholinesterases, acetylcholine builds up at neuromuscular 
junctions and other neurotransmitter sites, resulting in 
hyperexcitability of both voluntary and involuntary muscle. 

Other organophosphorus compounds include malathion, 
which is much less toxic than parathion and is used more 
in horticuleure: dithion, diazinon, hexaethyltetraphosphate 
(HETP), tetrethylpyrophosphace (TEP), octamethylpy- 
rophosphamide (OMPA) and demeton are other pesticides 
of this group. 

“Toxic signs and symptoms appear when the cholinesterase 
level drops to 30 per cent of its normal activity, Fatalities 
begin to occur after the ingestion of 125-175 mg, though 
ingestion of much larger amounts can be survived. Death 
can occur in less than an hour afier ingestion, though 
usually several hours elapse in those who are not going to 
survive 
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Autopsy appearances are more helpful chan with many 
other compounds, in that parathion is dissolved in a 
kerosene base, which can often be detected by its smell, A 
greenish colouring agent is often added to the commercial 
products. The stomach therefore may be seen to contain an 
oily, greenish scum. The gastric mucosa may be haemor- 
shagic, though this is too non-specific to be of much use, as 
is the common finding of haemorthagic pulmonary oedema, 

‘The author (BK), when practising pathology in South- 
east Asia, nored a useful diagnostic sign in some less mod- 
en mortuaries that were infested with flies and bluebortles. 
‘When these insects alighted on an opened cadaver at autopsy, 
many fell dead or dying onto the autopsy table when the 
case in progress was a parathion poisoning. 


Toxicology interpretation 


Post-mortem toxicology is usually conclusive in acute poi- 
soning. ‘The substance resists post-mortem autolysis well 
and can be recovered from putrefied bodies. ‘The range of 
blood parathion concentrations in fatal cases may be from 
0.5 to 34 mg/l with an average of 9.0. Urinary excretion 
ranges from 0.4 to 78 mg/l with an average of 10 mg/l. The 
liver may contain from 0.1 to 120 mg/kg, averaging 11 

Malathion is much less toxic but deaths certainly occur 
given a greater dose. Blood levels in fatalities ingesting from 
25 10 70g malathion ranged from 100 to 1880 mg/l with a 
‘mean of 815. The liver contained from 200 to 1700 mg/kg, 
with an average of 1300, 

Other pesticides and insecticides include chlorinated 
compounds such as aldrin, DDI (dicophane), lindane 
(Gammaxane) and dieldrin. Other types include the 
carbamates (opxymyl, landrin and aldicarb), dinitrophenols, 
pyrethrum and derris. ‘The phenolic pesticides include 
DNOC. (dinitro-orthocresylphosphate) and. dinierobutyl- 
phenol, None of these has any specific autopsy features and 
the diagnosis rests upon the history, circumstances, and post- 
‘mortem analysis of blood, urine and liver. 
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GENERAL CONSIDERATIONS 


In most countries, especially those with advanced economies 
and relatively sophisticated medical services, poisoning with 
‘medicinal compounds is common. In many such countries, 
poisoning with therapeutic substances exceeds deaths from 
‘other types of toxic agents, especially in suicidal and acciden- 
tal poisoning, 

‘This is explained by the ease of access of such substances, 
whether they are obtainable from a doctor on prescription or 
‘on demand across the counter of a pharmacy. Where state- 
sponsored health services exist, the cost to the recipient may 
be minimal or absent and this ease of access contributes 10 
‘opportunities for sel-poisoning, whether it be deliberate 
self-destruction, suicidal gestures or accidental ingestion ~ the 
latter especially in children. Unfortunately, overprescribing or 
the supply of too great a quantity of drugs at one time allows 

cessive stocks of drugs to be easily available to the public. 
sough only a minority of victims of medicinal poison- 
ing fail to recover, there are still an appreciable number of 
deaths, These come to the attention of the investigative 
authorities and hence to pathologists. The autopsy investi- 
gation ofa fatality from a therapeutic substance can be dif- 
ficult, fora number of reasons: 


The nature of the substance may be uncertain or 
unknown, 

I There may be more than one such substance involved. 

There may be a delay between ingestion and death 
sufficient to allow blood, urine and tissue 


concentrations to decline below fatal, toxic or even 
therapeutic levels. 

Analysis may be difficult to arrange because of lack of 
facilities 

I Information about fatal levels may be unobtainable, 

I Most medicinal poisons leave virtually no characteristic 
features at autopsy, so diagnosis depends upon 
laboratory findings. 

[Post-mortem changes may make analysis difficult, 
Inaccurate or impossible 

I Where death is delayed afier taking the substance, none 
may be recoverable from the stomach (which has, 
emptied) or even from the intestine 

The original substance may be rapidly metabolized into 

cone or more breakdown products, adding to difficulties 

in identification and interpretation. 


AUTOPSY APPEARANCES 


‘The lack of characteristic autopsy appearances is often 
very frustrating for the pathologist. Unless there is an 
indicative or suggestive history as to which drug was taken ~ 
a matter for the investigators in respect of circumstances 
and recovery of containers ~ then an autopsy may have to 
be performed ‘blind’. Where no significant morpholog 
lesions can be discovered, then a full toxicology screen 
must be considered, which in some jurisdictions may 
be difficult or impossible to obtain, or be extremely 
expensive, 
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Analgesics 


"The majority of modern medicinal substances are, by 
design, bland and non-iritant to the tissues and gastro- 
intestinal tract. Most of those met with in forensic practice 
are taken orally and, though the active constituents may be 
potent in their pharmacological effect on target organs and 
tissues, che medicine will cause no erosion or damage to the 
alimentary tract, Thus litte or no physical evidence can 
be obtained from a gross or even microscopic examination 
of the gastrointestinal tract or other organs. Much of the 
physical bulk of modern tablets or capsules is merely che 
vehicle for introducing the active component into the body 
and is thus unlikely to have any adverse effect. 

‘When a medicinal compound causes death, the mode of 
death is most often some form of cardiorespiratory failure, 
ofien secondary to depressive effects on the central nervous 
system, This mode of death causes only non-specific 
changes discernible at autopsy, which are usually of no use 
in indicating the basic reason for the death, Acute congest- 
ive cardiac failure, pulmonary oedema, sometimes cerebral 
oedema, generalized organ congestion, scattered petechiae 
‘on serous membranes — none of these is of any real use to 
the pathologist, who has to rely on the results of taxico- 
logical analysis for a definitive answer. 

"There are some therapeutic substances, which, though 
not the cause of specific lesions, may suggest themselves 
from their autopsy appearances. An example is the wide- 
spread membrane ecchymoses sometimes seen in aspirin 
poisoning, This could nor in any way be sufficient to pro- 
vide a legally acceprable cause of death, however, unless 
absolutely reliable circumstantial evidence existed, together 
with the finding of a large bolus of undissolved tablet rem- 
‘nants in the stomach, Even then it might be contested that 
the substance was not aspirin — or not aspirin alone ~ unless 
analytical confirmation was obrained. 


RESULTS OF LABORATORY TESTS 


‘As discussed in Chapter 27, the investigation of fatal 
poisoning is a collaborative investigation berween pathologist 
and toxicologist. The autopsy excludes, confirms or evaluates 
any trauma or natural disease, and provides suitable material 
for analysis, The toxicology laboratory conducts the technical 
assays, and produces qualitative and quantitative results. The 
toxicologist/analyst interprets those results to the pathologist, 
by providing an indication of the therapeutic, toxic and fatal 
ranges of concentrations in various body fluids and tissues, 
and by pointing our problems such as decline from post- 
ingestion survival, conversion to metabolites and many others. 
"The pathologist then collates this information with his 
‘own knowledge of the history and autopsy findings to 
offer the best interpretation of the investigation for judicial 
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authorities. Most problems arise either because the informa- 
tion about the medicine (especially iFitis newly developed o 
‘where its toxicity is low) is incomplete in terms of toxic blood 
and tissue levels ~ because post-ingestion survival has allowed 
the originally lethal levels to have subsided ro therapeutic 
or even lower limits. What is offered in the remainder of this 
chapter isa digest of information abour such potentially lethal 
levels, culled from a variey of sources. The ranges are often 
wide as most of the data are of necessity derived anecdotally, 
and the problems of uncertainty of dosage, variation in post- 
ingestion survivals and wide individual biological variation 
‘make it impossible to lay dawn strict thresholds between thera 
peutic, toxic and fatal concentrations, 

Wherever possible, the advice of the analytical toxicolo- 
gist should be taken about each case ~ but where this is 
impracticable, then the following data and similar material, 
which is constantly being updated in forensic and toxico- 
logical publications, may be of assistance. The choice of 
substances is arbitrary, but represents the most common 
medicines seen in suicidal and accidental poisoning 


ANALGESICS 


Aspirin (acetylsalicylic acid) 
and salicylates 


Aspirin is the most widely used therapeutic drug, being 
inflammatory. It was for- 
merly very common as an agent of self-poisoning, both 
accidental in children and suicidal in adults. In Britain in 
the last two decades, its use as a self-poisoning agent has 


analgesic, antipyretic and ani 


declined remarkably, so chat fatalities are now rarely seen. 
‘The therapeutic dose is usually 325-975 mg, that is, 1-3 

tablets. Rarely, persons with an aspirin hypersensitivity may 

become ill or even die afier therapeutic doses, suffering 


urticaria, angioneurotic oedema, hypotension, vasomotor 
disturbances and laryngeal and glottal oedema. 

Patients on long-term salicylate therapy for arthritic or 
sheumatic diseases may take 3-5 g/day and slowly reach 
blood concentrations which would be in the lethal range if, 
caused by acute overdoses. Those on 3g/day have blood 
levels varying berween 44 and 330 mg/l 

‘Apart from deaths caused by hypersensitivity, death in an 
adult is unlikely with che ingestion of fewer than about 
50 tablets, that is, about 16g. The blood concentration 
(measured as total salicylate), from a medicinal dose of 
10 100 mg/l (with a mean of 
there isa rapid fall co around 


975 mg, ranges from about 

77) 2 hours after ingestion, 

25 mg/l some 8 hours later. 
‘At autopsy, aspitin is one of the few medicines that 


‘may cause some gross abnormalities, though they are not 
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particularly specific. Externally there is nothing to see, 
unless vomiting has taken place, when dark or even red, 
bloody gastric contents may be expelled. Rarely, there may 
be some haemorthagic manifestations in the form of skin 
petechize 

Internally, the stomach may still contain a mass of fused, 
unabsorbed tablets. These tend to stare dissolving and then 
aggregate into a grey or dirty-white mass if large number 
(several hundred) have been swallowed. The gastric mucosa 
‘may be eroded by the irtitative, acidic substance. This may 
be localized in the stomach or spread widely across the fun- 
dus and cardia. ‘The lining may be dotted with acute ero- 
sions, sometimes causing bleeding that may amount to a 
frank haematemesis. Black altered blood may lie in the 
stomach and pass into the intestine to form a melaena if 
survival is long enough. Mucosal petechiae and ecchymoses 
in the stomach, without actual erosive destruction, may be 
seen as part of a haemorshagic result of the anticoagulant 
action of aspirin. Similar petechiae may be spread through 
other organs and especially serous membranes, particularly 
oon the parietal pleura and epicardium. Even single tablets 
may cause a small ulcer if they stick to the stomach lining ~ 
this is sometimes seen incidentally at autopsy in non- 
poisoning cases, where a tablet has been swallowed shortly 
before death. 

Post-mortem toxicology requires the usual samples of 
blood, urine, stomach contents and liver, The mass of 
aspirin in the stomach may remain for several days in life, 
forming 4 partly insoluble concretion that may retard the 
absorption of the drug. This is why 
ing out the stomach ofa live victim, asa large proportion of 
the aspirin may be removed before it can cause systemic 
effects. With the advent of soluble aspirin oF effervescent 
preparations, this aspect is lost as no such insoluble bolus 
forms. Ar autopsy, part of such a mass can be sent for analy- 
sis, whilst quick ‘spot’ tests can be carried out on another 
part. Such quick chemical confirmation may be performed 
in the autopsy room itself, by using a 10 per cent solution 
of ferric chloride, If a small quantity is added to a urine 
sample or to the surface of the tablet mass, an immediate 
purple-blue colour suggests aspirin. This is by no means 
specific, bur is merely suggestive. If negative, however, then 
aspirin can be virtually discounted. ‘These are only rapid 
screening methods and by no means replace proper labora- 
tory analysis 

Toxic blood levels (measured as total salicylate) begin at 
about 300-500:mg/l, though both death and survival are 
consistent with far higher or lower levels. Blood concentra- 
tions in fatal cases may range from about 60 to 7300 mg/l, 
some authorities suggesting thar 500 mg/l is an average 
‘minimum level. ‘The liver concentration in fatalities varies 
from 2.5 to 1000 mg/kg and urine salicylate from 20 to 


is always worth wash- 


1350 mg/l, emphasizing che wide levels that are compatible 
with life, Salicylate has a rather slow clearance rate from 
the blood, the halflife being up to a day in some massive 
overdoses. 

Aspirin poisoning is dangerous in that sudden cardiac 
arrest can occur in the absence of any toxic symptoms. This 
accounts for the deaths that take place after patients have 
been discharged fir from the emergency departments of 
hospitals. ‘They may have seemed quite well and symptom 
free, bur suffer a fatal collapse up to a day or so later, Fatal 
cardiac arshythmias can supervene without warning and 
make it advisable, where possible, to admit patients with 
aspirin overdoses for observation for a day or so. 


PARACETAMOL 


Paracetamol is also known as acetominophen, N-acetyl-p- 
aminophenol or 4’-hydroxyacetanilide. It is an analgesic 
and antipyretic, without the an 
of aspirin, for which it is often used as an alternative 
because of the lack of gastric irritation. 

In wide use, especially in combination with other drugs 
such as codeine and dextropropoxyphene, paracetamol is 
one of the most common agents in self-induced poisoning 


inflammatory properties 


by medicinal products. It is used alone in therapeutic doses 
of up to 500 mg. Overdoses of 20 g or more are potentially 
lethal, bur much less is needed in combination with other 
drugs, such as propoxyphene. Paracetamol is a potent liver 
poison, as a small proportion is converted by the liver 
enzyme ‘P450" (microsomal mixed function oxidase) into a 
toxic compound, probably N-acetyl-p-ben2oquinone. 
Normally, glutathione and other sulphydryl compounds 
detoxify this substance, but in overdose, these are exhausted 
and the toxic agent causes a profound centrilobular hepatic 
necrosis. The concurrent administration of other drugs, 
such as phenobarbitone or phenytoin in epileptics or chronic 
alcoholism, activate the P450 enzyme and worsen the toxicity 
through this mechanism, 

‘At autopsy there is nothing specific to observe in the 
gastrointestinal tact. In massive overdosage, there can rarely 
be rapid death from a direct depressive action on the cen- 
tral nervous system, but most deaths are delayed 2-4 days 
whilst liver failure develops. At autopsy, the liver may be 
enlarged, but is often under the normal weight of 1500, 
It may be pale yellow or tan, or the damage may be only 
visible histologically, when a centrilobular necrosis is seen 
Renal changes in the form of tubular necrosis may also be 
present and occasionally myocardial fibre damage may be 
visible histologically 

‘Analytically, the therapeutic range of plasma concentra 
tions 6 hours afer a 324 mg dase is 2-6 mg/|, though some 
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[0053] Thus this derivation now allows relativity as a 
tuniversal case of the quintessential wave nature of matter. 


[0054] ‘The original premises on which special relativity 
‘was based were: that the speed of light isa constant and that 
all observers are equal. As the speed of light has dimensions 
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‘of length and time but not apparently of mass, the relativistic 
change in mass is not accounted for. Using quintessence 
logically and directly accounts for the relativistic: mass 
changes. 

[0085] Moreover, relativity can be derived from the de 
Broglie equation, and visa versa, directly, thus linking 
relativity and quantum mechanics by taking into aecount the 
existence of quintessence mass. 


[0056] Hence, itis now possible to derive the relativistic 
‘equations for mass and in tum for space and time from the 
‘quintessential wave equation, thus deriving special relaiv 

as a universal case of quantum mechanics and thus uniting 
special relativity and quantum mechanics. This now allows 
2 further understanding of the nature of space-time. 


[007] The Space-Time Lattice 


[0058] ‘The understanding of the true nature of space-time 
and how itis formulated in three dimensions of real space is 
cencial. To simply assume that space-time exists, and thence 
not to question the nature of that existence, denies a deeper 
understanding of the universe. 


[0059] In order to understand the nature of space-time 
itself, atthe quantum level a further look atthe nature light 
and the photon is necessary. Since Einstein's description of 
light as a particle (the photon) and the description of the 
photoelectric effect, the standard picture of light as simply a 
‘wave can, no longer be applied. If light was to exist as a 
photon, it could not exist in one dimension, as ondinary 
‘waves do, it would need to be three dimensional, with the 
addition of time. Let us suppose, in this case, that a photon 
is a three dimensional helical ringlet of ight, travelling in 
the x vector, and spinning around the x-axis. Conventionally 
this ringlet has a radius; r=A/2m. The ringlet itself would be 
‘vibrating inthe y and z vectors. The vectors x,y and 7 would 
represent the photon, the substance of which, would be 
travelling in the x direction and oscillating in the y and 7 
‘vectors, which would represent oscillatory enengy. This in 
tum would allow it to act as a wave, and create oscillatory 
electromagnetic fields 


[0060] It is important to re-examine space-time itself in 
this light, this would have one directional vector with two, 
‘vector dimensions of energy, one of capacitance and one of 
electrical permeability, thus accounting for the well known 
constants of free space; the permittivity of free space (€) 
and the permeability of fee space (jj) respectively. The 
vector dimension of direction x, would be the direction of 
travel and those “quintessences™ travelling in an outwardly 
direction would account for none other than the expansion of 
the universe. Three of these quintessences would naturally 
constitute three dimensional visible space-time. These con- 
stituents of space-time would interact with the generations 
of the other vector dimensions reciprocally. Thus one quin- 
tessence would sweep out one vector of permeability and 
fone vector of permittivity, through which the other two 
quintessences could travel, and vica versa, ereating a three 
dimensional space-time lattice. 


[0061] The perminivity of free space, (,) which is equiva- 
Tent 10 capacitance, would as with capacitance plate, be 
determined by the elfective separation between quintes- 
sences. The permeability of free space(s intact a force, 
measured as 4010-7 N/A, would result from the force 
produced by the vibration of quintessence and would be 


The barbiturates, 


TABLE 31.1 Fatal concentrations of ome antidepresants(mgil or 


msi) 


Tawi 31.2 Fatal concentrations of tree benzodiazepines (megll or 


angle) 


Blood (average) Urine (average) Liver (average) Blood Urine Liver 
Amitiptyine 27-47 (87) 04-7984) 13-817 (190) Chladazepoxide 20 8 10 
Dothiepn = 03-25(16) —O4-B1(89) 20-1418) Ciazepam 5-19 3 16 
Imipramine «6-B5(73) 06-54 (20) 33-88) (166) _Nirazepam 12-90 1-10 07-40 
Tranycypromine 37 250 73 


records claim peak levels of up to 25 mg/l. ‘The plasma half- 
life is a guide to hepatotoxicity, it being dangerous to have 
a half-life of more than 2 hours at a level of 300 mg/l ar 
4 hours after ingestion. Typical blood levels in overdoses 
when ar least 10-15. have been taken are 100-400 mg/l, 
with an average around 250, The urine may contain 
150-800 mg/l, bur all levels depend on dose and survival 
‘ime, Paracetamol may exhibit post-mortem redistribution. 

"The inclusion of other drugs, especially dextro- 
propoxyphene (and, of course, alcohol), may markedly 
reduce the level needed for a fatal outcome, Paracetamol was 
the most frequently detected substance in a compilation of 
post-mortem femoral blood concentrations of drugs (Druid 
and Holmgren 1997) based on a selection of 15800 sam- 
ples sent to the Department of Forensic Chemistry in 
Linkoping, Sweden, during 1992-95. In their series of 139 
fatal intoxications with paracetamol in combination with 
other drugs and/or alcohol, the median concentration of 
paracetamol was 170 mg/l (range 90-320). 


ANTIDEPRESSANT DRUGS 


‘The tricyclic antidepressants are Frequently involved in 
selF poisoning, partly associated with the type of patient 
for whom they are prescribed, 

Amitriptyline, dothiepin, doxepin and ttimipramine 
have additional sedative properties. Those with litle or no 
sedating action include protriptyline, nortriptyline, imipra- 
mine, clomipramine, iprindole, lofepramine, desipramine and 
butripryline. 

"Tetracyclic antidepressants include maproriline and 
mianserin, Other types include the monoamine oxidase 
inhibitors, which are well known co have dangers related 
to the concurrent ingestion of other drugs and foods, espe- 
cially those wich sympathomimetic action and tyramine 
content, such as rich cheese, yeast extracts, red wine and 
beans. Dangerous hypertension may ensue with the risk of 
cerebrovascular haemorrhage. Drugs of this class include 
phenoxypropazine, tranyleypromine, isocarboxazid and 
phenelzine. 


Taste 31.3 Fatal concentrations of teo phenothiazines (mgil or 


malt) 


Blood (average) Urine (average) Liver (average) 


Chicrmetiazole 10-214(55) B-114(43) 42-190 (94) 
Chicrpramazine 66 12 84 


THE BENZODIAZEPINES 


These widely used drugs are employed for their sedative 
and tranquillizing effects. A large number of both 1,4- and 
1,5-benzodiazepines are available, divided into short- 
acting, intermediate-acting and long-acting compounds. 
Long.acting benzodiazepines include: flurazepam, nitra- 
zepam, diazepam, ketazalam, chlordiazepoxide, clobazam, 
chlorazepate, medazepam and alprazolam. Intermediate- 
acting benzodiazapines include: loprazolam, lormetazepam, 
temazepam, flunitrazepam, lorazepam, bromazepam and 
‘oxazepam. A short-acting benzodiazepine is tiazolam. 


THE PHENOTHIAZINES 


This group of tranquillizer drugs includes: haloperidol 
(butyrophenone), chlormethiazole, chlorpromazine, fluphen- 
azine, diphenylburylpiperidine, promazine, trifluoperazine 
and prochlorperazine. 

“The autopsy appearances are non-specific and toxicology 
may resolve any diagnostic problems if the death has 
‘occurred fairly soon after ingestion ~ which may often not 
be the case, when history and ante-mortem investigations 
can provide the only answer. 


THE BARBITURATES. 


The massive problem posed by therapeutic administration 
of barbiturates until about 20 years ago has largely abaced 
in countries with a responsible medical profession, which 
voluntarily reftained from the prescription of these drugs 
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except where specifically indicated. Their use as sleeping 
tablets and general soporific sedative agents led to wide- 
spread abuse, so thar at one time they were easily the most 
common agent of drug addiction, The development of 
non-barbiturate hypnotics, such as the benzodiazepines, 
helped co remove the need for the older and more lethal 
compounds. Unfortunately, barbiturates are still widely 
available on the illicit marker, either alone or in combin- 
ation with other substances such as amphetamines. 

Barbicurates exist in many forms, the best classification 
(which relates co their degree of roxicity) being their speed 
of action: 


1 Long-acting barbiturates: barbitone, phenobarbitone 
and phenytoin, which is stil prescribed for epilepsy. 

i Intermediate-acting barbiturates: amylobarbitone, 
sodium amytal, pentobarbitone, allobarbitone, 
butobarbitone and pentobarbitone. 

I Short-acting barbiturates: hexobarbitone, 
cyclobarbitone, secobarbital and thiopentone. 


Much lower blood levels will be found in fatal poison- 
ings in the short-acting group as death may occur more 
quickly fiom the usual mode of action, a central depression 
of the respiratory centres. The author (BK) has knowledge of 
a death within 20 minutes of taking a massive overdose 
of ‘Seconal’ 

Ar autopsy, the signs are of general cardiorespiracory fail- 
ure, with often a cyanotic, congestive appearance, ‘Though 
non-specific, probably the congested lungs in acute bar- 
birurate poisoning are more intense than in any other cons 
tion. These organs may be almost black and the whole 
venous system is engorged with dark, deoxygenated blood. 
‘There may be ‘barbiturate blisters’ on dependent parts of 
the skin surface, especially buttocks, backs of thighs, calves 
and forearms, though as discussed in the chapter on carbon 
monoxide poisoning, these blisters are common to all states 
of deep coma. 

Internally chere may be local signs of erosion from the 
ddrug itself. The gastric mucosa may be badly damaged from 
the alkaline artack of drugs such as sodium amyral which, 
being the sodium sale of a weak organic acid, hydrolyses in 
the stomach. ‘The fundus may be thickened, granular and 
haemorrhagic. The cardia and lower oesophagus may be 
eroded from reflux and, if che victim regurgieates, then 
black, altered blood may appear at the nose and mouth, 

"The capsules of certain barbiturates also leave character- 
istic traces in the mouth, oesophagus and stomach, ‘The 
colour varies with the manufacturer, but the curquoise 
blue of sodium amytal capsules may stain the stomach con- 
tents and even he visible through the wall of the intestine 
when the abdomen is opened. Other pigmented gelatine 
capsules can be red, yellow or blue. As with so many 
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Tate 31.4 Fatal concentrations of barbiturates (gil or mig) 


Blood Urine Liver 
Phenabatbitne ses =~ 
Arylbaritone 2-68 © 210-106-680 
Secobatitone (orqunlbabtone) 5-82 = 15-380 


other drugs, combination with alcohol greatly increases the 
dangers of a fatality 


INSULIN POISONING 


Formerly a rarity, death from parenteral administration of 
insulin is now nor uncommon. The Beverley Allite case in 
Britain in recent years showed thar multiple deaths can 
occur, especially where medical or nursing staff are con- 
cerned, as well as those in proximity to diabeties, as both 
groups may have access to insulin. 

“Another change is the relative ease with which analysis of 
body fluids and tissue can be carried out now, compared 
with the great technical difficulties of only a few years ago, 
so that fewer such deaths may be missed from lack of reli- 
able insulin assays. 

Fatal insulin toxicity may be accidental, suicidal or 
homicidal. ‘The accidental fatalities are usually examples of 
‘medical error, mostly from misreading the label on the box 
‘or ampoule, A former student of the author (BK), on the 
fourth day of her first intern post, gave ten times the dose 
of insulin co a patient during a pituitary function test, by 
wrongly assuming that the stated number of units written 
on the box were the total ampoule contents, instead of 
being the strength per milllitre. 

Suicide by insulin is noc uncommon; the author (BK) 
has seen it given into a saline drip by a doctor and also 
injected into the abdominal wall by a non-diabetic who 
stole it from her diabetic neighbour's refrigerator. 

As stated, homicide and attempted homicide have given 
tise to some notorious cases, both in UK and the USA. In 
‘one case known to the author (PS), a previously healthy 
48-year-old man was delivered unconscious to the emergency 
unit because of a suspicion of decompression sickness. The 
treatment was aborted as the patient was found to be hypo- 
glycaemic (nadir serum glucose 0.3 mmol/l) and treatment 
and diagnostics of hypoglycaemia commenced. Serum 
samples drawn at admittance were stored frozen, whereby it 
‘was possible to show retrospectively that, while the concen- 
tration of insulin in serum was high (75 mU/I, increasing 
further to over 240 mUIl in the next few hours), concen- 
tration of C-peptide was low (below detection limit of 
0.1 nmol/l at the hypoglycaemic stage, suggesting that the 
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patient had received exogenous insulin somehow; and the 
police were informed. Due to severe hypoglycaemic brain dam- 
age, the patient remained in a vegetative state for 2 months 
before dying of multiorgan failure, Circumstantial evidence 
obtained during the ensuing criminal investigation was 
considered by the court to prove the patient's wife (a nurse) 
guilty of murder (Koskinen ef al. 1999), 

Insulin is, oF course, inactive orally and has to be given by 
injection to perform its hypoglycaemic effect. At autopsy, 
where either from the circumstances or the finding of needle 
marks, insulin is a possibility, peripheral blood samples and 
skin and underlying tissue from the injection site should 
be carefully preserved, together with control skin from 
another sie. 

‘The fine needles usually used by diabetics may leave 
Virtually no mark on the skin. The author (BK) has tested 
some such needles on cadaver skin and found that, often, 
the mark cannot be seen immediately after withdrawal, 
unless a small vessel has been damaged. 

Although insulin has been recovered many days, even 
weeks, after death, the sooner the better as far as collecting 
samples is concerned. Serum should be separated from red 
cells and the former frozen until sent to the analysts, unless 
whole blood can be sent straight away. Skin and tissue sam- 
ples should either be frozen or kept in the refrigerator — not 
fixed. Porcine or bovine insulin can be detected as such but, 
if therapeutic insulin is of human origin, then it cannot be 
distinguished on analysis from the patient's own insulin, As 
well as immunoassay of the insulin itself, the measurement 
of C-peptide, produced on a one-to-one basis by the pa 
creas, assists in distinguishing endogenous from exogenous 
insulin, All such interpretations are a matter For specialists 
in this field, upon whose advice the pathologist must rely 

Attempting co prove insulin-induced hypoglycaemia by 
measuring glucose levels in human post-mortem fluids is 
impracticable, due to the unreliability of such estimations 
after death. 

Very low vitreous humour glucose levels may strongly 
suggest hypoglycaemia, but are nor absolutely acceprable, 
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"These substances are discussed solely from the point of view 
of the pathologist dealing wich faral cass. 

Drugs of dependence may be absorbed orally, by intra- 
venous, subcutaneous of ~ rarely ~ intramuscular injection, 
by smoking, or by nasal sniffing. The routine at autopsy, in 
respect of obtaining samples for toxicological analysis, is 
altered according to the route of administration. As mixing 
of drugs and addition of non-narcotic drugs is common, it 
is the usual practice to take a wide range of samples even if 
the primary route is known with some degree of certainty. For 
example, an addict dying ‘on the needle’ where intravenous 
injection is obvious, will still have stomach contents taken 
for investigation, ‘The standard samples should be taken, as 
described in a previous chapter, comprising several samples 
of venous blood (one with fluoride), stomach and contents, 
liver and urine. In some circumstances, additional samples 
such as bile, cerebrospinal fluid and vitreous humour may be 
taken, as well as brain or kidney. ‘The great advances in the 
analytical echniques allow the analysis of drugs also in other 
biological samples, such as saliva, sweat and hait, Hair analy- 
sis can also provide evidence of long-term exposure to drugs 
(weeks, months or years), because most drugs, if nor all, 
inconporate in hair and are relatively stable, At least 50 mg 
of hair should be collected, cutting about a pencil thickness of 
strands of hair as close to the skin as possible from the back 
ofthe head, dried and stored im a sealed plastic bag or tube at 
room temperature. 
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‘When the drug has been injected, then an ellipse of skin 
around the injection mark, extending down through the sub- 
cutaneous tissue to the muscle, should be excised, along with 
a control area of skin from another non-injected site, ‘These 
should be refrigerated, not fixed in formalin, until delivery to 
the laboratory can be arranged. Full histology should always 
be taken, especially if drugs have been injected, as foreign 
substances may be discovered as embolic particles, especially 
in the lungs. Pulmonary granulomata are wel-known histo- 
logical features of ‘mainlining’ addicts taking impure drugs 
intravenously, as the lung capillaries filter out coarse particu- 
late matter used to dilute the active narcotic. Tale is particu- 
larly prone co form granulomata, sometimes with foreign 
body giant cells. Under polarized light, doubly refractile 
particles may be seen in the centre of the reactive nodules. 
Sometimes, strands of cotton may form foreign bodies, 
derived from the cloth strainer used to filter particles crudely 
from the drug solution before injection. 

Siderophages were also claimed to be increased in these 
lungs, compared with healthy young adult controls. How- 
ever, Lockemann and Paschel (1993), studying lungs stained 
for iron with Perl’ reaction, found conflicting results in 
‘two large series and conclude that the pathognomonic value 
of these cells in drug takers is uncertain, 

If drugs may have been taken by the nasal route, such as 
cocaine and heroin, then dry swabs from each nostril should 
be taken, 
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MORPHINE AND OTHER 
OPIOID DRUGS 


Morphine is the major representative of the general group 
of opioids, which comprise natural opium and a whole series 
of chemically related derivatives. They may be taken orally 
or injected and several, such as crude opium and heroin — may 
be absorbed by inhaling smoke. Morphine itself is poorly 
absorbed from the gastrointestinal tract; heroin can be taken 
via the nasal mucosa 

The group consists of opium, morphine, heroin 
(diacetyl morphine), codeine (dimethyl morphine), dihy- 
drocodeine (DF 118), etorphine (Immobilon), methadone, 
papaverine, pethidine, dipipanone, dextromoramide, de 


tuopropoxyphene, pentazocine, cyclazocine, diphenoxylate, 
buprenorphine, tramadol, fentanyl and many more 


Autopsy appearances 


The autopsy findings in deaths from all these drugs are 
relatively non-specific. Toxicological analysis and expert inter- 
pretation of the results are necessary for the proper 
elucidation of the deaths, but certain features can be useful 
pointers. ‘The first is the presence of injection marks. When 
fiesh, they look just like any other needle mark commonly 
seen fiom therapeutic or diagnostic procedures. ‘They are 
commonly on the arms, either in the classical position in the 
antecubital fossa on the font ofthe elbow, or into one of the 
prominent veins of the forearms or dorsum of the hand. The 
left side is favourite as most people are right-handed, but in 
habitual users, sclerosis of the veins may lead to the arms 
being used randomly. The veins ofthe dorsum of the foot may 
be used when the hands and arms have become unusable 
because of thrombosis and scarring. Less common sites ae in 


the thighs bur here, as with the abdominal wal, the injections 
may be subcutaneous, rather than intravenous. ‘This mode of 
Injection is known as ‘skin-popping’ and can lead to areas of 
subcutaneous sclerosis, ft necrosis, abscesses and, if the injec- 
tions are deeper into the muscle, o chronic myositis 

Other external signs may be tatoos, often bizarre and con- 
nected with the drug subculrure, One specific type is tattoo- 
ing, often of numerals, such as ‘13’, on the buccal (inet) 
surface of the lower lip. Where chronic addiction has taken its 


coll, che body may be emaciated, dirty and show signs of infec- 
tion, especially in the form of skin ulceration. Rarely, there 
‘may be necrosis or even loss of phalanges from thrombotic or 
septic emboli. Old injection marks, sometimes with asociated 
bruising, may be found, the bruising undergoing the usual 
spectrum of colour changes if not recent. The veins may show 
overlying fibrosis where phlebitis has occurred, or old venous 
n cord-like vessels under the skin 


thrombosis with f 


1 Fresh injections marks on the arm of a drug addict. 


a 


FicURE 32.2 Tatton inside the lower lip of a narcotic drug dealer 


‘Where sudden death has occurred in habituated addicts, 
there may be gross pulmonary oedema, with a plume of 
froth exuding from the mouth of nostrils, suggestive of 
drowning. As Polson et al, (1983) point out, chis may cause 
some confusion when the victim is found dead in a bath- 
room, a common venue (along with toilets) for drug admin- 
istration, This pulmonary oedema is sometimes a striking 
feature of rapid death in those who are habituated co opioid 
drugs, especially heroin. Ie does not seem to occus in novices 
to the habit, who tend to die in a different way, from a 
sudden primary cardiac arrest. The oedema may be blood- 
tinged, again causing confusion with drowning. The cause 
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Toxicological results 


is not known, but is often attributed to some ‘allergic’ phe- 
nomenon, a rather unsatisfictory explanation. Ir has been 
claimed that it sometimes may be caused by adulterants in 
the drugs, such as quinine, but chs is doubeful 

“The death may be so rapid that the needle may still be 
found in che vein when the body is discovered, often in a 
public lavatory or sometimes in the presence of other 
addicts, who may then be charged with criminal offences in 
relation co the death as well as with possessing and using 
illcic drugs. 

“There are no other more specific autopsy appearances. 
‘Though clinically, a constricted pupil is a prominent sign of 
morphine administration, after death, any kind of pupil 
alteration may occur. They may remain small, dilate, or 
become quite unequal — this applies to any form of death, so 
no specificity exists for opioid poisoning. 

‘Among new recruits to drug dependence, some die at the 
first injection of a parenteral dose of heroin or morphine. 
‘The mode of death appears to be a cardiac arrest following 
an arrhythmia and ventricular fibrillation, but no morpho- 
logical signs can be found. It may be related to sensitization 
of the myocardium 0 catecholamines by the drug, the 
excitement and apprehension being similar to the triggers 
thar seem to cause sudden death from falling into cold water 
or having a criminal abortion. 

“The other aspect of autopsies on drug-dependent victims 
is the risk of infection to pathologist and mortuary staff 
Addicts form a high-risk group for both hepatitis B and C, 
HIV and AIDS, The way in which such autopsies are dealt 
with in different jurisdictions must vary widely, but ic is 
common practice for HIV and hepatitis testing to be carried 
out prior to autopsy, unless the policy of the particular 
autopsy service is to accept all cases with appropriate safery 
techniques. ‘The analytical laboratory must be informed of 
any high-risk samples being sent to them, and some will be 
reluctant to handle blood or tissue samples with positive 
serology. The pathologist may well refuse to carry out an 
autopsy on a suspect body until a negative result has been 
returned on a sample of blood taken (with adequate precau- 
tions) from the femoral vein. If positive for hepatitis B or C 
virus, and especially if the victim shows any signs of hepatic 
involvement such as jaundice, then many pathologists would 
decline to carry our a full autopsy unless there are pressing 
reasons. In that case, scrupulous safety precautions must be 
taken (see Chapter 1), 

In elation to AIDS and HIV positivity, opinions and 
practices vary widely in the present state of knowledge. It 
seems obvious that the HIV virus is not in the same category 
of infectivity as hepatitis, Though autopsies on patients 
dying of clinical AIDS are routinely performed, there is 
a difference in the potential risk of a literally ‘cold’ autopsy 
being performed on a hospital death afier a day or two in the 


mortuary refrigerator, compared with the urgent activities 
‘fa forensic pathologist who may be called upon to conduct 
an autopsy on a stil-warm compse within a few hours of a 
suspicious death. However, as mentioned in Chapter 1, HIV 
may remain viable for many days afer death, 


TOXICOLOGICAL RESULTS 


‘As with all deaths from toxic substances, the interpretation 
of laboratory analytical results may present considerable di 
culties. There may be a long delay between the administra- 
tion of the drug and death, during which time the blood, 
urine and even tissue levels may decline, or even disappear. 
Many drugs break down rapidly in the body and their 
metabolites may be the only recognizable products of their 
administration, In some cases, data on lethal blood levels 
may be imperfecdy known and great variations in personal 
susceptibility may make the range of concentrations found 
in a series of deaths so wide as to be rather unhelpful 

As mentioned above, some persons die rapidly after che first 
episode of taking a ‘normal’ dose of a drug because of some 
ill-understood personal idiosyncrasy and here quantitative 
analysis may not assist 

Where habituation and tolerance has developed, drug 
users may have concentrations in their body fluids and tissues 
far higher than lethal levels published for non-habitués. In 
general, the great usefulness of toxicological analysis is both 
qualitative and quantitative. The former will show whac drugs 
have been taken in the recent past; the length of time that 
drugs or their metabolites — persist in different fluids and 
tissues varies widely 

“The quantitative analysis can be useful, especially when the 
results reveal high levels ~ into the toxic or lethal ranges. 
These ranges are usually obtained anecdorally from surveys 
ofllarge numbers of deaths but, a stated, can differ in terms of 
minimum and maximum values from different laboratories. 
‘The problems of idiosyncratic sensitivity and tolerance cause 
such published ranges to act only as a general yardstick and 
deaths that occur outside the ranges (usually off the lower 
end) cannot he excluded from having been caused by the 
drug in question if other factors may have been involved. 
Such factors include the presence of other drugs or alcohol, or 
both, delayed death and abnormal sensitivity. 

"Thus the analysis is nor the final arbiter of the cause of 
death, although ic isa highly important component of the 
whole range of investigation, The pathologist has the duty 
to correlate and interpret all known facts. He must fit che 
Circumstances, the presence of natural disease, trauma and 
other toxic substances with the laboratory findings, to arrive 
at the most reasonable cause of death, 
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“The advice of the toxicology laboratory is vital in this 
process, especially in relation to known lethal ranges and 
the significance of metabolites, bur the analysts should nor 
become the sole arbiter of the cause of death, 


METHADONE 


Methadone has come to be used primarily asa treatment for 
established heroin dependency, but unfortunately appears 
to substitute one form of addiction for another, albeit some- 
what less lethal, chough recent experience in Scotland (1995) 
hhas shown that deaths from methadone may exceed those 
from heroin, whose use it was intended to supplant. Its clin- 
ical uses are as an analgesic more powerful than morphine, 
with the advantage thar i is almost as potent by oral admin- 
istration as by injection, It has strong and often undesirable 
sedative properties, however, and is virtually as addictive as 
the other opioids 

Many deaths occur from its misuse, when obrained either 
legitimately for the replacement of heroin dependency or 
oon the large illegal market. Most deaths follow oral admin- 
istration and appear to be due to lack of tolerance, in the 
absence of which even 50mg may be lethal, though some 
recipients appear to die at the outset of the replacement 
treatment (Drummer eta. 1992), 

In post-mortem samples, the liver has the highest con- 
centration. ‘The fatal levels found on analysis overlap those 
found in persons on maintenance doses for heroin replace- 
ment, making interpretation difficult. The blood levels 
published by Manning in 10 fatal cases showed: blood ~ mean 
1Omg/l (range 0.1-1.8); liver — mean 3.8mg/l (range 
1,8-7.5); bile ~ mean 7.5 mel (range 2.9-18.0); and brain ~ 
mean 1.0 gf! (range 0.5=1.4), 


HALLUCINOGENS 


Few of the hallucinogenic drugs are primary causes of death, 
bur some may lead ro traumatic deaths because of the 
abnormal behaviour of the person who is under their influ- 
ence. For example, the victim of a lysergic acid diethylamide 
(LSD) ‘trip’ may be under the impression that he can fly 
and thus project himself from a high window. Some drugs, 
however, may have direct toxic effects, though, as with so 
many drugs of dependence, the autopsy findings are negative 
or totally non-specific. 


Phencyclidine 


Chemically this is 1-(-phenyleyclohexyl) piperidine 
hydrochloride, known as PCP or ‘angel dust’ among many 


Taste 32.1, Blood and tisue concentrations (mgll or hg) of narcorie 
drugs from various serie of fatalities (Baselt etal. 1975; Stead and 
Moffat 1983) 


Baselt eta 
Range Mean Stead and Moffat 

eran 

Blood 005-30 03-04 >0.1 (mean 0.43) 

Urine 07-86 5-18 

Bile a2-119 

Morphine 

Blood 02-23 07 © >02(mean 07) 

Urine 418 40 

Liver asia 52 

Cocaine 

Blood 09-21 52 31 (one case) 

Urine 14-215 47 

Liver ai-20 43 

Amphetamine 

Blood 05-4) 86 05 

Urine 25-700 237 

Liver 43-4 30 

Phencycliine 

Blood 03-2 48 «= >03(mean29) 

Urine 4-120 35 

Liver aa-170 23 

Pathe (meperaine), oly 

Blood 8-20 12 >2(mean 14) 

Urine 160180 

Liver e107 


other nicknames. It is often used in combination with 
other drugs of addiction, A number of deaths have been 
reported from its use, a variety of modes including hyper- 
thermia, intracranial haemorthage and high output cardiac 
failure 

Phencyclidine is excreted in the urine for a long time 
afier ingestion and autopsy samples may be positive for up 
to aweek, 


Lysergic acid diethylamide (LSD) 


“The well-known LSD, which rakes its acronym from the 
German ‘Lysergsiurediathylamid’, is a powerful hallucino- 
genic which is nor fatal in itself, as mentioned above. It is 
an indole alkaloid derivative, of which other members are 
psilocybin and psieocin, contained in the Mexican mush- 
room (Philocybe mexicana). 

‘Mescaline, obtained from the cactus Lophophora williamsit 
of central America, is chemically rimethoxyphenethylamine, 
again notin itself lethal substance. 
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CANNABIS 


Cannabis, with all its various names in different parts of the 
world, has at least six active chemical constitutents, the most 
important of which is one of the tetrahydrocannabinols 
“Though its effects area matter of controversy, there seems to 
be general agreement that used alone, it cannot be blamed 
for a single death. Proof of the intake of cannabis can be 
obtained from analysis of urine, blood, and swabs from lips 
and fingers, 


THE AMPHETAMINES 


Now rarely used in reputable medical practice hecause of the 
undesirable side effects, the amphetamine group of drugs 
was formerly employed for the abolition of fatigue and for 
the suppression of appetite. Methylampheramine sulphate 
and dexamphetamine were the commonest analogues of 
amphetamine itself and are still widely available on the illicie 
market. Death is uncommon from overuse of the amphet- 
amines alone. At autopsy there are no specific findings, apart 
from the rare possibility of a cerebral or subarachnoid 
hhaemorthage from the induced hypertension. 

"Toxicology data suggests that after a therapeutic dose 
of 10mg, the blood concentration at 2 hours is abour 
0.035 mg/l. Afier 30mg, a peak plasma level of abour 
0.11 mg/l was observed at 2-5 hours, declining to 0.084 mgy/ 
ar 4.5 hours. Chronic abusers consuming large amounts may 
have blood levels of up to 2-3 mel In the rare fatalities, cere 
isa wider range of blood levels at autopsy, from 0.5 to 41 mg/l 
(average 8.6), depending on the size of the overdose and the 
time until death, Liver levels of 474 mg/kg (average 30) and 
high urine excretion, ranging from 25 to 700 mg/l, with an 
average of 237 mg/l, are common, 


Methylenedioxymethamphetamine 
(MDMA) or ‘ecstasy’ 


In recent years, new derivatives of amphetamine have 
appeared in the drug abuser’: pharmacopoeia, though the 
substances have been available for medical use for many 
years. The most commonly encountered is MDMA (3,4 
methylenedioxymethamphetamine), known as. ‘ecstasy, 
XTC’ or ‘ADAM’. Others of the groups are MDA (methyl 
3.4-methylenedioxyamphetamine) and MDM. (-methyl- 
MDA). MDMA or ‘ecstasy’ was developed as long ago as 
1914 and for some time had a role in psychotherapy as a 
consciousness-altering agent. It is now widely used as an 
illegal hallucinogenic drug, and though deaths have een few, 
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they are now being reported from both the USA and Britain, 
The author (BK) conducted an autopsy on the first fatality 
in the British Isles, in a man who swallowed a considerable 
supply on being challenged by the police. There were no 
autopsy signs apart fiom a marked generalized cyanotic 
congestive state and the diagnosis was made purely on toxi- 
cological evidence 

Since the first edition of this book, MDMA deaths have 
increased markedly due to its ubiquitous availability co 
young people, especially ar ‘rave’ parties: hyperthermia, 
dehydration and myocytolysis are some of the potentially 
fatal consequences. 


COCAINE 


Along with heroin, cocaine and its associated drugs like 
‘crack’ form the core of the hard-drug problem, from which 
faralities are likely co arise. As cocaine is rapidly destroyed 
when given orally, itis usually taken by injection or sniffed. 
Recently, a fatality has been reported from absorption from 
administration via the rectum. This is in addition to some 
deaths in which cocaine smugglers have died after packets 
of the drug hidden in their alimentary tract have broken, 
causing massive overdose. In India, cocaine has been used by 
means of urethral instillation and may also be used in the 
vagina by prostitutes, 

In areas where cocaine usage is common, a significant 
proportion of fetal deaths are associated with the 0: 
In a series reported in New York by Morild and Stajie in 
1990, of 103 feral deaths, toxicology revealed cocaine in 64 
The study suggested that fetal death, abruptio placentae and 
abortion were caused by maternal use of the drug, 

Death has been recorded by as little as 20-30 mg being 
applied to the nasal mucosa, but a gram taken by mouth 
may not be lethal, As with other narcotics, marked habicu- 
ation and tolerance occurs in chronic users, making estimates 
of dangerous dose levels difficult to forecast. Intravenous 
doses ate ofthe order of 100 mg, a common lethal dose being 
10 times greater, though far larger amounts can be tolerated 
by habitual users. Absorption via the nasal mucosa is less 
effective and larger doses are needed for the same effect 
than when used parenterally. Though ulceration and even 
perforation, of the nasal septum in chronic users is mentioned 
in most standard texts, they are extremely rare lesions 

Death may occur with considerable rapidity in cocaine 
overdose of hypersensitivity. Ir may be quite sudden, from 
cardiac artest, in first-time users, 

‘At autopsy, there are no specific features. The pulmonary 
oedema ofien seen in heroin deaths is not present with 
cocaine, though the mode of death is also a dysthythmia, 
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“The diluent used in ‘cutting’ che drug for steer sale may be 
found in the injection sites, the regional lymph nodes, in 
the lungs and in other organs. Adulterants may be similar to 
those used with heroin and include talc, starch, quinine, 
lactose and dextrose. Particles of cocaine itself may also be 
found as microemboli, Strychnine has been used because 
of its bitter taste, like quinine, Deliberate poisoning by a 
supplier has been known by either increasing the strychnine 
content or by supplying pure cocaine or heroin, leading to a 
massive overdose 

Cocaine is an excitanc and stimulator of the autonomic 
nervous system. Sudden dramatic rises in blood pressure can 
‘occut, sometimes to over 300 mmHg and cerebral haemor- 
shage isa possible complication of this acute hypertension, 

‘As with the opioids, auropsy may reveal complications of 
the septic methods used for injection, apart from the already 
stared risks of virus infection, such as hepatitis and HIV. In 
former years, in New York and California, transmission of 
malaria was a well-known problem amongst those who 
shared syringes and needles ~ indeed, one suggestion for 
the use of quinine as a diluent, was as a treatment for the 
Plasmodivom. 

Pyogenic infections are most common, with phlebitis 
and distant embolic abscesses occurring. ‘The injection 
sites may uleerate, there can be regional lymphadenitis, but 
more serious sequelae that may be fatal include endocarditis. 
‘This can affect any heart valve, including those on the right 
side, which are nor usually affected in post-rheumatic endo- 
carditis. Many organisms are involved, mainly haemolytic 
and non-haemolytic streptococci, Streptococcus faecalis, 
Staphylococcus aureus and Preudomonas aeruginosa and some 
fungi. Post-mortem blood cultures frequently show such a 
mixed flora fiom contamination that isolation of the true 
causative organism may be difficult, but a heavy predom- 
inant growth may be significant. The advice of a microbiolo- 
gist should be enlisted in assessing the relevance of a positive 
blood culture. 

Any drug used intravenously, if it has particulate matter 
admixed, such as starch or talc, may cause foreign-body 
granulomata in the lungs, when the undissolved components 
are filtered out in the pulmonary capillary bed. Such granu- 
lomata are characteristic of intravenous drug abusers ~ when 
viewed under a polarizing microscope, refractile elements 
may be easily visualized. 

Ascocaine is so commonly used by sniffing, swabs should 
always be taken from each nostril using a plain coton-wool 
‘swab. An unused swab should be sent to the laboratory as a 
control. The full range of blood, urine, stomach contents, 
liver and vitreous samples should routinely be taken ar 
autopsy. Blood levels in fatal cases vary widely, but typical 
ranges extend from 1 t0 21 mg/l, with a mean of 5.2mgil 
according to Basel etal, (1975) 
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‘dependent on the density of quintessence, Hence these two 
parameters would be reciprocal and thus the product of these 
‘wo would therefore be a constant, which is recognised as 
none other than the speed of light, 


[0062] This space time lattice would in effect be created by 
‘quintessences travelling in all directions with a speed of © 
within the lattice, The quintessences ofthe space time lattice 
‘would in effect produce a non-static ether. A non-state ether 
is fully compatible with special and general relativity 
Indeed such an ether explains how space time can be curved 
fas in general relativity. Furthermore, the existence of a 
non-static ether, was espoused by Einstein in his University 
of Leyden lecture on general relativity of May 5, 1920. In 
Finstein’s own words; 


[0063] “According to the general theory of relativity space 
‘without ether is unthinkable.” 


[0064] Recent evidence fom a number of sources now 
strongly support the presence of this non-static ether, in the 
form of quintessence. An editorial from a major journal 
states “combined with other observations such as those of 
distant Supernova, the QMAP results corroborate the pre- 
vailing theory of inflation with the twist that the Universe is 
‘only one third matter (both ordinary and dark) and two thirds 
‘quintessence, a form of energy possibly inherent in empty 
space”, 


[0065] If we take into account the existence of quintes- 
sence and as such a three dimensional space-time lattice, 
matter which is intrinsically made of constituents of change 
‘would interact with this lattice to produce the effects of 
mass. Mass would be perceived as a result of matter (whose 
‘constituent particles appear to contain charge) interacting 
‘ith this lattice directly due to the inhibition of motion by 
the lattice’s electrical permeability and permittivity vectors, 
which would form the existence af complex space. These 
‘quintessences would in the direction in the y and z vectors 
prodyce small vibrations of the order of the Planck length. 
(10” m), whilst passing through the vectors of permeability 
and permittivity, thus producing the effects of mass 


[0066] The vibration would endow quintessence itself a 
(non rest) mass m, equivalent, to the minimal mass of: 

mehr 79X1 bees w 
[0067] The presence and magnitude of Planck's constant, 
(h) and especially the speed of ight (c) is thus explained. 
Indeed, the speed of light 


is not in itself @ fundamental quantity 
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[0068] As the energy equivalence formula is B=me?, the 
‘minimal mass of a single quintessence, would thus be the 
‘minimal mass, We, hence again: 


meheeaiabiPT S740" pe a) 
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[0069] Its postulated by general relativity that the shape 


‘oF space time itself can be altered, indeed the presence of the 
space time lattice now allows this to be altered by altering 
the density of quintessence. It is further clear that if quin- 
‘essences underly the structure ofthe space-time lattice, they 
‘may also underly the structure of matter itself. 


[0070] With regards a single quintessence, this passing 
through an energy veetor of the space-time lattice would 
appear as a vibrating tring. Ina similar way to sting theory, 
the conglomeration of these quintessences would produce 
the constituents of ordinary matter. Thus the general equa 
tion for the number of quintessences (n,) in an object of 
‘mass (m) would be 

[0071] ‘The mass of the electron (m,) for example, would 
be directly determined by the number of quintessences in the 
electron, multiplied by the mass of quintessence. 


[0072] Quintessence and Complex Space 


[0073] Quintessence is postulated to constitute the funda- 
‘mental nature of space-time. Three quintessences each teav- 
cling in theie respective x vectors at 90° to each other would 
create three dimensional real space-time, These quintes- 
sences would in the direction in their respective y and z 
‘vectors produce small vibrations of the order of the Planck 
length (10° m), this would create the vector dimensions of 
permeability and permittivity. The result would give spac 
time 9 dimensions of space as in superstring theory. How: 
ever, unlike superstring theory the six hidden dimensions 
would not be “curled up so as to be so small as to be 
invisible” these six dimensions would be present in complex 
space. Thus, only three of these dimensions would represent 
condinary three dimensional particulate space time i. three 
«dimensional objects. The other six dimensions produced by 
the vibrations of quintessence would form complex space. 


[0074] The mathematics of complex space, using imagi- 
nary V1 or j) numbers, is assumed in the standard formu- 
lation ofthe Shrodinger wave equation, Thus the presence of 
‘complex space is an integral part of quantum mechanics. 


‘of modern electronic and control engineering. Indeed it has 
been well recognised for some time that each direction 
vector in electronic engineering can, be associated with 
‘complex vectors. 


[0076] As this complex space consists of the veetors of 
permittivity and permeability it would only be “felt” by 
charged particles as in the electron. Nevertheless, as all 
particles are fundamentally composed of changed particles 
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“Toxicology isa vast subject, most of it concerned with the 


nature, occurrence, symptomatology, biochemistry, mode 


of action and treatment of a wide range of poisonous sub- 
stances. Many forensic medicine textbooks, especially those 
from Asia, devote a major part of their text to all these 
aspects of hundreds of toxic substances, many of which are 
seldom ~ if ever ~ encountered by a pathologist in most 
parts of the world, As the autopsy appearances of most 
poisons are non-specific, it seems fruitless to offer a repeti- 
tive catalogue, and therefore the descriptions selected here 
refer to some of those that either have specific features or 
are encountered more often. This chaprer describes the 
autopsy appearances in a range of poisons that can broadly 
be classed as ‘corrosive’, even if this is not necessarily their 
‘main lethal mode of action. In addition, several coxic heavy 
metals will be discussed, again from the point of view 
of autopsy findings and relevant toxicological laboratory 
findings. 


CYANIDE 


Cyanide is a relatively common poison, both in suicide, 
accident and, occasionally, homicide, It forms part of lethal 
toxicity of many fires in buildings, where smoke inhalation 
kills the majority of victims, rather than burns (Chapter 
11). Although the autopsy diagnosis of acute cyanide 
poisoning is rarely in doubr, toxicological analysis may be 
difficult to interpret because of both the destruction and 
production of cyanide in the dead body and even in stored 
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blood samples awaiting analysis, Acute cyanide poisoning 
is most often self administered (70 per cent in one series), 
in which case usually the sodium or potassium salt is 
swallowed. Ir may be accidental or industrial, in which case 
either salts may be involved, or it may be the free gas liber- 
ated from some commercial process 

Homicidal poisoning is rare, except for the mass homi- 
cides which still occur, such as the Jonesville tragedy in 
Guyana, or the use of cyanide as a weapon of war against 
civilians in the Middle East. It has also been used for judi- 
cial execution in parts of the USA, a practice which seems 
to be reviving in recent years. 

Cyanide acts only as free hydrogen cyanide and therefore 
swallowed salts need to meet either water or gastric acid 
before liberating hydrocyanic acid, a process that takes only 
a few seconds. The fatal dose of cyanide is small, of the 
order of 150-300 mg, which allowed it to be used as hid- 
den suicide pills by prominent Nazis at the end of the last 
war, Recovery has been recorded from far greater doses, 
however, such as 24g of potassium cyanide. Much 
depends on the purity of cyanides, as they tend to decom- 
pose in storage and old samples may contain only half the 
as active cyanide. 


Autopsy findings in cyanide poisoning 


Cyanide acts by linking with the ferric iron atom of 
cytochrome oxidase, preventing the uptake of oxygen for 
cellular respiration. Cyanide cannot combine directly with 
haemoglobin, buc can do so through the intermediary 
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compound methaemoglobin. 
corrosive through their alkaline nature, causing local tissue 
damage that is unrelated to their more general toxicity via 
enzyme inhibition. 


Cyanides are moderately 


Externally there can be wide variations in the appear 
ance. Traditionally, the hypostasis is said co be brick-red, 
due to excess oxyhaemoglobin (because the tissues are pre 
vented from using oxygen) and to the presence of cyan- 
methaemoglobin, Many descriptions refer to a dark pink or 
even bright red skin, especially in the dependent areas, 
which can be confused with carboxyhaemoglobin. The few 
cases seen by the authors have shown a marked dark cyan- 
otic hypostasis, pethaps caused by lack of oxygenation of 
the red cells by paralysis of the respiratory muscles. There 
may be no other external signs apart from the colour of the 
skin and possibly black vomit around the lips 

There may be a smell of cyanide about the body, though 
it is well known thar many persons cannot detect this, the 
ability being a sex-linked genetic trait. This may be of 
importance to pathologists and mortuary staff, as corpses 
dead of cyanide poisoning can present a health hazard. A 
former colleague of the author (BK) became ill and was 
temporarily disabled shorty after conducting an autopsy on 
a suicide who had swallowed a massive amount of potas 
sium cyanide. Presumably he had inhaled hydrogen cyanide 
from the stomach contents when examining the viscera 

Internally the tissues may also be bright pink caused by 
the oxyhaemoglobin that cannot be utilized by the tissues ~ 
which is probably more common than the presence of eyan- 
methaemoglobin. ‘The stomach lining may be badly dam- 
aged and can present a blackened, eroded surface, by altered 
blood staining the stripped mucosa. This is mainly because 


FIGURE 33.1. Hemorrhagic gastric 


‘mucosa in cyanide poisoning 


of the strongly alkaline nature of the hydrolysed sodium or 
potassium salts of cyanide; hydrogen cyanide itself causes 
no such damage. In les severe cases, the stomach lining will 
be streaked with dark red striae, where the rugae have been 
eroded while leaving the intervening folds relatively 
unharmed. The stomach may contain frank or altered blood 
from the erosions and haemorthages in the walls. If the 
cyanide was in dilute solution, there may be litle damage 
to the stomach, apart from pinkness of the mucosa and per 
haps some petechial haemorthages. ‘There may also be 
undissolved white crystals or powder, with the almond-like 
smell of cyanide mentioned above. 

‘As death is usually rapid, little of the contents will have 
passed into the intestine. The oesophagus may be damage 


especially the mucosa of the lower third, though some of 
this may be a post-mortem change from regurgitation of 
the stomach contents through the relaxed cardiac sphincter 
alter death. The other organs show no specific changes and 
the diagnosis is made by history, smell and the reddish 
colour of the internal tissues, and often skin, 


Toxicological analysis 


The usual blood, stomach contents, urine and any vomit 
should be submitted to the laboratory, taking particular care 
thar the samples present no hazard to those packing, trans- 
porting or unpacking them. The laboratory should be warned 
in advance that a possible cyanide case is coming their way. 

If death was possibly caused by the inhalation of hydro- 
‘gen cyanide Fumes, a lung should be sent intact, sealed in a 
nylon (not polyvinylchloride) bag. 
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Corrosive acids, 


Ic is important to get the samples to the laboratory as 
soon as possible (in terms of days) to avoid the spurious 
formation of cyanide in stored blood samples. his usually 
occurs at room temperature so, if there is to be a delay, 
refrigeration is essential, By contrast, some positive samples 
may actually decrease on storage, as described by Curry 
(1969). Up to 70 per cent of the cyanide content may be 
lost after some weeks, from reaction with tissue compon- 
ents and conversion to thiocyanate, 

The amount found on analysis naturally depends on the 
amount taken and the time between administration and 
death. Though the latter is usually measured in minutes, 
low dosage ~ or trearment ~ may allow survival for hours or 
even days. 

Assuming that no spurious cyanide is formed, any signifi- 
cant amount found is evidence of cyanide ingestion, which 
in itself is abnormal and presumably confirmatory evidence 
of poisoning. However, Karhunen et al, (1991) have 
reported a case in which post-mortem burning of a homi- 
cide victim led toa blood cyanide level of 10 mg/l, presumably 
due to passive diffusion of cyanide through body cavities 
opened by the Fire. 

Typical blood levels in one series of fatal cases Following 
ingestion of the poison range from 1 to 53mg/l, with an 
average of 12 mg/l. The spleen always has the highest tissue 
concentration, presumably because it contains so many red 
cells; in the same series, the spleen level was between 0.5 
and 398 mg/l, with a mean of 44 mg/l. In another series, 
mean blood levels were 37 mil 


CORROSIVE ACIDS, ALKALIS AND 
PHENOLS 


Conosive poisons were formerly common suicidal agents, 
though they are now relatively rare in Western countries, 
probably because of the ease of obtaining less painful sub- 
stances, In some parts ofthe world, mineral acids are still ofien 
used for homicide, assault (vitriol-throwing’) and suicide. In 


alkalis and phenols 


Figune 33.2 


in burns on a victon of 


‘ral suicide, The trickle pattern makes it 
obvious that the man was either standing 
or sisting erect when he drank the fluid. 
Lysol burs are usually leathery and 
brownish purple, 


Malaya, reagents used in rubber production, such as formic 
and acetic acids, were often taken as a means of self-destruction 
by young women, especially Tamil rubber workers. 

In Britain, acids and alkalis are now almost unknown as 
agents of death. Even the occasional use of sulphuric ‘battery 
acid’ asa weapon of assault rarely causes death. The phenolic 
corrosives, however, such as carbolic acid and lysol, are 
‘occasionally encountered as suicidal agents. Toxicologically, 
none of these presents much problem, as the damage is 
often structural rather than poisonous, unless the victim 
survives long enough to have complications such as renal 
failure or chest infections, All the corrosive substances have 
the following features in common: 


There may be spillage of the fuid on the exterior of the 
body, corroding the skin in a pattern which may be 
helpful in reconstructing the posture of the vietim at 
the time of drinking the substance. The lips may be 
burnt, and trickle and splash marks may run from the 
mouth down the chin, neck and chest. The pattern of 
burns at the mouth may sometimes indicate the shape 
of the container from which the poison was drunk, as 
the wide brim of a cup may mark the cheeks, while a 
bottleneck may sit more cleanly in the mouth, Ifthe 
person was standing or sitting, then these runnels of 
fluid may pass down the chin onto chest and abdomen. 
flying, then they may run across the face and cheeks 
and pass to the back of the neck. Further spillage may 
come from the nostrils due to spluttering and gagging. 
“The hands may also be affected if the hands are 
instinctively brought up to the face. 

‘The interior of the mouth may be eroded, and the 
tongue swollen or shrivelled, according to the nature of 
the corrosive agent, The pharynx, larynx and 
‘oesophagus are all eroded, and if survival lasts more 
than a few minutes the glortis area may become 
oedematous, Spillage into the larynx and air passages 
may allow the respiratory mucosa to be damaged, and 
aspiration of liquid oF vapour into the lungs can cause 
rapid pulmonary oedema and haemorthages. 
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The lower oesophagus and stomach rapidly become 
damaged, with discoloration, desquamation and 
sometimes perforation. Attempts at passing a stomach 
tube may themselves penetrate the softened wall of the 
‘oesophagus or stomach. IF survival lasts long enough, 
some corrosive may pass through to damage the small 
intestine, but this is rare because of the time factor and 
spasm of the pylorus. 

All may cause death by pulmonary oedema from 
spillage into the lungs: if survival lasts a day or more, 
then a fulminating bronchopneumonia may be the 
terminal event. 


‘The different corrosive agents have different actions on soft 
tissues, which can sometimes be differentiated by appearance 
and smell, chough the mineral acids are not all that different. 
“The phenolic compounds can usually be detected by smell 
alone. Strong acids act by dehydrating the tissues, coagulating 
the proteins and converting haemoglobin to haematin. 

Sulphuric acid, in concentrated form, isextremely corrosive 
and produces great heat in contact with water or tissues. 
‘The tissues are grey co black, rather dry and dehydrated. 
“They may actually be charted into a blackened crust by the 
generated heat. The gastric lining may be geey, dark brown 
or black, or mixtures of all colours, depending upon che 
amount of altered blood in each part. Perforation may occur 

‘The oesophagus and stomach may be grey and swollen, 
depending on the amount of acid and the amount of food 
already in the stomach. The tongue may be grey or black and 
distorted. 

Nitric acid is similar, but has a brownish-yellow cas to its 
mucosal damage. There may be yellow or brown sharp-edged 
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FiGune 33.3. Corrosion of laryns, 
esophagus (a) and stomach (b) in suicidal 
ingestion of concentrated lydrochloride 
acid with alcohol 


patterns on the skin burns of che face, with the usual trickle 
‘marks coming down from the comers of the mouth. Yellow 
fumes may arise from the stomach contents if a consider- 
able quantity is present. The internal appearances are of 
yellowish-brown sloughing, though perforation seems less 
common than with sulphuric acid. 

Hydrochloric acid has similar effects especially on mucous 
‘membranes, bur is not so injurious to intact skin as sulphuric 
and nitric acids. The stomach may be converted into a slimy, 
softened mass and can perforate. The colour is greyish to 
black, depending on the amount of altered blood. 

Sodium hydroxide in concentrated form is also a corro- 
sive, but sof, slippery slime is the characteristic appearance 
and fe! to tissues damaged by caustic soda. The colour is dirty 
white to grey. 

Phenol and lysol are also damaging and affect the tissues 
in much the same way as acids and alkalis, Carbolic acid 
(pure phenol) tends to stiffen the tissues and bleach them 
so that hard, cracked, whitish surfaces are seen on the face 
and skin, Intemally, the same stiffness is noted in the 
‘oesophagus and stomach. Lysol isa soapy solution of phenol 
and cresols. Ir discolours the tissues a brownish purple, but 
is otherwise similar to phenol in its action. 


OXALIC ACID AND OXALATE 
SALTS 


‘These are not so corrosive as the mineral acids, but are 
poisonous and often act quickly, death occurring within 
minutes or the hour, from shock or hypocalcaemia. The acid 


Metallic poisons 


is locally corrosive, but also has a systemic effect chat may 
well be fatal even if the local damage is non-lethal. 

‘Ac autopsy, if an appreciable amount of either the white 
caystals of a strong solution has been swallowed, the local 
effect is a bleaching, the mucosa of mouth, pharynx and 
esophagus being white, though local haemorrhage can 
streak this with red. The stomach contains altered blood 
from the damaged mucosa and is dark brown or black from 
acid haematin, the wall studded with acute erosions. Calcium 
oxalate crystals may be seen in the stomach contents or in 
scrapings from the mucosa. 

In those who have survived the acute phase, death may 
be caused by abnormalities of the muscle function (includ- 
ing the myocardium) from the hypocalcaemia, caused by 
the precipitation of body calcium as insoluble calcium 
oxalate, More common is renal failure, death occurring 
2-10 days later, The renal tubules suffer necrosis, primarily 
in the proximal convoluted tubules. ‘This is not caused by 
the presence of calcium oxalate crystals, though these can 
be demonstrated histologically in the kidney. 


ETHYLENE GLYCOL POISONING 


‘Though in no sense a corrosive poison, ethylene glycol has 
certain features in common with oxalate poisoning and is 
0 common relative to death from mineral acids that it 
cannot be omitted. The glycols are used widely as antifreeze 
agents in motor engines and as solvents in industey, so they 
are easily available. Because of their chemical inclusion in 
the alcohol group, they are abused as a source of intoxica- 
tion, as well as being accidental and suicidal agents. Ar least 
40-60 deaths a year are reported and this is probably an 
underestimate. The compounds involved are ethylene, 
diethylene, propylene and hexylene glycols. These do nor 
have the same toxic effects (in fact, propylene glycol is 
Virtually non-toxic), bur ethylene glycol is the most com- 
monly encountered. When drunk in excess of 100-200 ml, 
it is almose certain to be fatal unless specific treatment is 
given, such as dialysis and competition with alcohol. 

"The first effects resemble drunkenness, bur this passes 
into coma and death often within the first day. The glycol 
is metabolized in the body, a small bur significant amount 
(abour 1 per cent) being converted to oxalic acid, via the 
process glycol-glyoxal-glycolic acid—formic acid-glyoxylic 
acid-oxalic acid, It is not clear which of these compounds 
causes the most damage to the tissues. 

‘At autopsy there is no local damage, but widespread 
precipitation of the sheaf-like doubly refractile crystals of 
calcium oxalate into the tissues can be rendered visible 
microscopically by the use of polarized light. Iris a matter of 
controversy whether this crystal deposition is the cause or 


Figure 334 Birefingent calcium oxalate erytals in kidney 


ethylene glycol poizoning as seen in polarized light under a 


microscope 


merely aside effect of the lethal action of glycols. There may 
be cerebral oedema and a chemical meningoencephalitis 
In the kidney there is a tubular necrosis similar to that in 
‘oxalate poisoning, and the crystals can be sen in the interstitial 
tissues and the tubules. Diffuse liver damage can also occur. 


Laboratory analysis in ethylene glycol 
poisoning 

‘The blood levels naturally depend on the time that has 
elapsed since ingestion, It is usually greater than 300 mg/l 
and the mean is as high as 2400 mg/l in samples taken 
before the second day. The brain may contain from 300 to 
4000 mg/kg and the urine from 600 to 10 000 mg/l, with a 
‘mean of 5700 mg/l. 


METALLIC POISONS 


‘There is a whole range of metalic poisons, most of them 
from the upper teaches of the Periodic'Table, accounting for 
their usual description as “heavy metals. The vast majority 
of toxic effects come from environmental and occupational 
poisoning, both chronic and acute. Acute poisoning by sui- 
cide, accident and homicide is becoming much less com- 
mon, both because of the availability of other toxic agents, 
and because of greater awareness and controls on the envit- 
‘onmental and industrial hazards of heavy metals. In former 
years, especially the nineteenth century, heavy-metal poi- 
soning was common in homicide, but is now rarely seen in 
Western countries, mainly because they are now known 0 
be easily detectable. 
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83: Corrosive and metallic poisoning 


[As the subject is dealt with in geeae detail by so many 
textbooks and monographs, only one such poison ~ arseni 
will be discussed, together with a mention of any signi 
cant differences with other metals. 


Arsenic 


A constituent of all animal tissue, arsenic is the rwelfth 
‘most abundant element on earth. This emphasizes the need 
for strict controls when making analysis for arsenic in 
hhuman fluids or tissues, asthe excretion of a healthy person 
ton a diet rich in fish (especially shellfish) can exceed thar 
seen in chronic arsenical poisoning. Similarly, where an 
exhumation is performed after allegations of poisoning, full 
control samples of soil and grave water must be taken to 
ensure that arsenic found in the body could nor have arisen 
from local contamination (Chapter 1). 

Arsenic metal is not poisonous, only its compounds. 
“These interfere with cellular respiration by combining with 
the sulphydryl groups of mitochondrial enzymes, especially 
pyruvate oxidase and certain phosphatases. Arsenic has a 
particular target in vascular endothelium, accounting for 
the many lesions caused by increased permeability, tissue 
oedema and haemorthage, especially in the alimentary 
canal, 

Arsenical poisoning may arise from the ingestion of 
arsenious oxide, a tasteless white powder ~ from copper, 
sodium and potassium arsenites, arsenates of lead and 
calcium, arsenic sulphides and gascous arsine (confined to 
industry). In forensic practice, the rare cases of arsenic poi- 
soning are now usually from arsenious oxide or one of the 

Arsenical poisoning may be acute or chronic, the latter 
being the presentation of most environmental and occup- 
ational toxicity. Suicides are obviously invariably acute, 
whereas the uncommon homicidal cases may be either acute 
or chronic, 


FATAL DOSAGES IN ARSENICAL POISONING 


IF taken on an empry stomach, especially in solution, only 
about 150mg may be fatal, but usually some 250-300 mg 
are needed as a minimum lethal dose. Much larger quan- 
tities have been survived and there is some evidence that 
tolerance to arsenic can be attained. With large doses, 
much may be vomited. Death can be rapid — within hours 
from ‘shock’ and cardiorespiratory failure - or may be 
delayed for many days, when hepatorenal failure is the 
mode of death. In chronic poisoning, no lethal dosage can 
be indicated, as if the ingestion exceeds the small normal 
excretion rate, then a cumulative build-up of arsenic will 


Autopsy findings 


In acute poisoning the findings may be minimal, if death 
‘occurs within hours, ‘There may be some mild irritation of 
the upper gastrointestinal tract, such as reddening of che 
gastric mucosa, especially along the top edges of the tugae. The 
description of ‘red velvet’ has been applied to some stomach 
linings in acute arsenic poisoning. There may be mucus coat- 
ing and granules of the poisonous agent may be trapped on 
the lining ~a reason for sending both contents and stomach 
wall for analysis, as in most suspected poisonings of any type. 

The intestines are usually normal in acute poisoning 

‘The only other lesion commonly seen is subendocardial 
hhaemorthage on the left ventricular wall. This, of course, isa 
‘common finding in any severe shock condition when sudden 
hypotension occurs. ris seen in any gross injury, with loss of 
blood volume, blood pressure and neurogenic shock. Head 
injuries and raised intracranial pressure are other conditions 
in which these lesions are prominent (Chapter 13).’The phe- 
nomenon can be rapid, the author (BK) having seen them in 
the victims of military air crashes where the heart was avulsed 
from its base at the moment of impact. One of the best 
descriptions of subendocardial haemorrhages was given by 
Shechan in 1940 in obstetrical carastrophes. ‘The haemor- 
rhages are situated on the upper part of the interventricular 
septum and on the opposing papillary muscles. The most 
severe the author (BK) has ever seen was in a massive suicidal 
‘overdose of arsenious oxide, where the haemorrhages were 
actually raised blood-flled blisters under the endocardium, 
These suggested the true diagnosis before analysis was 
carried out, albeit with an element of speculative good luck. 

In chronic arsenical poisoning, the picture is quite differ- 
ent, though unless some suggestive history or circumstan- 
tial evidence is available, the diagnosis may be extremely 
difficult. As many a clinician has discovered to his chagrin 
in the past years, many a chronic arsenical poisoning has 
been misdiagnosed as a gastroenteritis. 

Part of forensic mythology surrounds the alleged preser- 
vation of corpses dying from arsenic poisoning, ‘This has 
been endlessly discussed, bur there is no real evidence that 
itis true, A mote likely explanation is that the dehydration 
from diarrhoea in chronic poisoning retards the usual moist 
putrefaction. 

Extemally there may be a diffuse abnormality of the 
skin, with a dry, scaly, hyperkeratoric surface. Clinically, 
there is a ‘rain-drop' punctate pigmentation, but this may 
not be apparent afier death unless really marked. It is more 
common in skin flexures and over the forehead and neck, 
“There may be some hait loss. Pufly thickening and oedema 
of the face has been described, suggestive of myxoedema. 

Internally the stomach may be normal or may show a 
chronic gastritis with thickening of the mucosa and subserous 
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coats. Mucus formation may be noticeable and there may bet 
patchy inflammatory redness of some ofthe rugae. Sometimes 
there is a haemorthagic gastritis with acute and chronic ero- 
sions. The small intestine is dilated and generally reddened, 
with thickened mucosa, the whole picture being of a non- 
specific congestion oedema so commonly seen in any enteritis, 
"There is rarely any mucosal ulceration, ‘The contents 
may be copious and fluid, the usual description of ‘rice- 
water’ being applied. The large intestine may show mi 
imal changes or be normal: the contents may be fluid and 
similar to the small bowel. ‘The liver may reveal fatty 
change or more severe necrosis, sometimes at the periphery 
of the lobule. Severe liver damage may be associated with 
externally apparent jaundice, ‘The kidney is damaged in 
chronic toxicity, there being non-specific tubular necrosis 
‘The myocardium may also show myofibril damage, inter- 
stitial collection of cells and sometimes fatty degeneration, 


TOXICOLOGY SAMPLING AND ANALYTICAL RESULTS 


In acute poisoning, the major requirement is the stomach 
and contents, and preferably the small intestine, tied off at 
each end. Blood, urine and liver should also be taken. 

In chronic poisoning, especially if the diagnosis is nor 
firmly established from circumstantial and gross autopsy 
findings, a much wider range of samples is needed: 


[S blood from peripheral veins 

stomach and contents, 

small intestine and contents 

sample of large bowel contents 

urine 

B bile 

1B whole liver 

Bone kidney 

1B nail clippings or whole nails 

I hair samples ~ whole length of atleast 20 hairs, 
including roots. 


Arsenic levels in blood are elevated only for a shore time 
following absorption, unless exposure is continuous. ‘The 
highest concentrations of arsenic are found tissues rich in 
ssulphydryl (SH-) groups, such as skin, hair and nail. Typical 
levels of arsenic found in healthy persons unexposed to extra 
amounts over and above thar normally (but variably) present 
in their environment are as follows: urine, <2-20 g/l 
blood, <0.5-4 yg/k liver, <60 g/kg (dry weight); nails, 
<10 pg/kg (dry weight). 

I was formerly thought that it took a week or ewo for 
ingested arsenic to find its way into the keratinized tissues 
such as hair and nails. More sensitive analytical techniques 
have, however, shown that it can appear there within hours 


Taste 33.1 Levels acute arsenious axde poisoning from 
49 fualities (Rehling 1967) 


Range ‘Average 
Blood (mg) 06-93 33 
Liner (mg/h) 20-190 a0 
Kidney (ma/kg) 02-70 150 
Spleen (ra/kg) 05-89 ag 
Bian (mg/kg) 02-40 W 


of ingestion by mouth, ‘The explanation was originally 
offered that arsenic was rapidly secreted into sweat, and 
spread to the hair and nails by surface diffusion. ‘This has 
recently been disproved by neutron activation analysis and 
the mechanism remains obscure. The test for estimating 
the timing and duration of arsenic administration by 
analysing different lengths of the hair shaft has thus been 
vindicated. Arsenic can remain stored in keratin for several 
years after administration ceases. 


Antimony 


Antimony is similar to arsenic in many respects. Apart 
from industrial exposure, the usual vehicle of poisoning is 
‘tartar emetic’, antimony porassium tartrate. This has been 
used suicidally and homicidally, as well asin some acciden- 
tal deaths. The pathology and toxicology are similar to that 
of arsenic, the minimum fatal dose of the tartrate being 
about 150mg, though this was formerly the normal intra- 
venous dose in the treatment of bilharzia. Vastly greater 
amounts of tartar emetic have been survived, so the min- 
imal lethal dose is not a particularly useful concept, as with 
‘many other poisons 

Occupationally unexposed people have either zero or 
nor more than 0.01 mg/l of antimony in their blood and a 
tenth of this concentration in their urine 

Baselt (2002) quotes a case of acute poisoning from 
antimony trichloride where the following concentrations 
(in mg/l or mg/kg) were found on analysis: blood, 4-6; 
liver, 45; kidney, 325 hile, 404, 


Thallium 


‘Though other heavy metals have declined in forensic import- 
ance aver the past century, thallium has several times been 
used homicidally in recent years, sometimes for multiple poi- 
sonings. Thallium is used as a rat killer and widely employed 
in industry, especially in glass manufacture. I has curious 
aspects in relation to forensic pathology, in that it can be seen 
iologicaly in che intestine and deposited in the liver, so in 
the rare event of a pathologist suspecting thallium poisoning, 
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ante 33.2 Fatal challiom concentrations (mg/l or mgikg) 
callected by Baselt (2002) 


Average 
Blood 40 
Urine 52 
Kidney 110 
Liver 150 


‘X-rays ofthe body should be taken before autopsy: The other 
unique aspect is that ic is probably the only homicidal agent 
to be confirmed afier cremation. In the Young case in Britain 
in 1971, where two people died and several others were 
non-futally poisoned by Young, thallium was detected retros- 
pectively in the ashes of one of his victims. 

“The fatal dose is somewhere about | g, depending upon 
the type of thallium compound employed, as there are 
several different salts available, such as the acetate, sulphate 
or nitrate. The estimates vary from 6 to 40 mg/kg body 
weight, with an average of about 12. mg/kg. 

‘Autopsy appearances are variable and non-specific, but 
pallor and streaking of a pale, degenerate myocardium have 
been recorded. Hair loss is one of the clinical signs thar 
arouses suspicion of thallium poisoning, as it was formerly 
used as a depilatory: This effect begins abour a week after 
administration, but may not be noticeable for twice thar 
time. Large tufts tend to come away, rather than a general 
thinning. Loss of the outer third of the eyebrows is said to 
bea significant sign, though these are also che areas that are 
lost in hypothyroidism. 

Examination of the roots of surviving hairs may show a 
black coating, caused not by the challium itself, bur by an 
excess of melanin, Liver necrosis and renal tubular necrosis 
are non-specific findings in those who survive for some time. 
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the effects of complex space would be felt by endowing 
these particles with mass and in turn kinetic energy. 


[0077] In conventional complex space, a 2 dimensional 
‘Cartesian Argand diagram is mathematically used, However, 
in order to formnlate the equations for particles a three 
‘dimensional Argand diagram is essential. This will have 
three dimensional vectors, one real vector and two imagi- 
nary vectors. Three of these diagrams will be required to 
fully describe the nature of particles, each with a real vector 
the x, ¥ and z, vectors, respectively. Nevertheless, in the 
tance below the real vector is the x vector and the two 
waginary vectors are given by (2) 
[0078] The Three Dimensional Argand Diagram 


[0079] ‘The beauty ofa three dimensional Argand diagram 
is that the complex conjugate (ie. the mirror image which 
confers mathematical reality on the coordinates) is formed 
by the value of the minus coordinate in the other complex 
vector dimension. Thus the complex conjugate of (Cy!7+ 
612462") is (6,!4,6,"46,"). These two sums when 
‘nltiplied thus give a feal mimber solution 


[0080] Furthermore it is clear that nine dimensions of 
space time are necessary in the general relativistic equations. 
By including complex space we thereby create the nine 
‘dimensional spacial metrictensor and the metric enengy 
tensor of matter necessary for computations for general 
relativity From here we can begin to understand the true 
structure of matter. 


[0081] Enengy and the Space-Time Lattice 


[0082] The presence of numerous experimental data for 
‘quantum tunnelling. and indeed the recent observations by 
Nicholas Gisin, on the entanglement of distant photons now 
returns us to EPR experiments. 


[0083] Using the quintessential modification of the de 
Broglie wave equation, gives us an insight into these tele- 
Portation and EPR effects. 


[0084] As 
abc BE e 
an 
Extn, ay 
then 
iectin, ob) 
[0085] Importantly, as indicated by equation (2b), enenzy 


having no quintessence; would have a wavelength of infin- 
ity. Specifically pure energy containing no quintessences, 
would have a lambda of infinity. According t quantum 
mechanics an infinite wavelength would result ia the prob- 
ability of that energy being anywhere. As energy itself has 
1no electrical charge it would not be impeded by the permit- 
tivity and permeability of the three dimensional space-time 
lattice. Moreover, energy would not be detectable in three 
‘dimensional space-time, unless it interacted with matter, as 
in the EPR experiments. Indeed, enemy is not observed 
‘when not bound to any form of mass or particle, Thus 
‘equation 9d, takes us to our original assertion 


[0086] Energy is Not Bound by the Space-Time Lattice 


[0087] Thus, as the EPR experiments suggest the exist- 
‘ence of energy separate from matter and thus separate from 
the three dimensional space-time lattice, itis interesting to 
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find that experiment suggests the existence of free energy in 
‘continuum separate from space time to produce the effects 
‘of quantum teleportation 


[0088] This is not, however, teleportation across an addi- 

nal dimension, this is a term to describe in partially 
familiar terms the dissociation of energy from the three 
dimensional space-time lattice. As time is inextricably 
linked t0 each dimension of space, the effects of energy 
‘would be inextricably linked to the events, such as the 
creation of virtual particles, we see interacting within space- 


[0089] It is unlikely that observers have any direct day to 
day experience to explain quantum events, Nevertheless, 
quantum physics may have given us a window into the 
hitherto hidden workings of the Universe. Thereby, the 
mystery of the uniformity of the Universe, across distances 
which the speed of light could not apparently traverse, 
readily explained by the fact thatthe free energy contained 
in the Universe is not bound by the space-time lattice. 


[0090] In the case of light, due to the exceedingly small 
‘asses involved, there would be relatively easy exchange of 
‘matter with free energy within a photon, This would make 
the photon the ideal experimental tool to look for energy 
‘which is not bound by matter and in tum energy which is not 
‘bound in space-time. Indeed, very recently Furusawa et at. 
hhave reported to have observed the transference of energy as 
photons from A to B, without those photons traversing 
space-time, This finding which has been supported using 
other experimental techniques, is very important as it sug- 
‘gests the existence of such a quanturn continuum. 


[0091] We have already seen strong experimental data 
Using photons, atomic spins and other data for quantum 
teleportation which have recently been published which 
support these findings. According to the above equations the 
teleportation would vary in a predictable fashion, as with 
photons, in line with the wavelength of the light used, 
relative to the size of vibration of quintessence. AS regards 
‘matter, the results do confirm that the effect of quantum 
tunnelling is indeed dependant on the wavelength of matter 
‘and the size of that matter, 


Part IlParticle Physics 
[0092] Electron Structure 


[0093] Understanding the electron is fundamental to the 
understanding of the elementary particles. The hidden nature 
of the electron may recently have been revealed through 
observations by Horst Stormer, Daniel Tsui and Robert 
Laughlin for which a Nobel prize has recently been awarded. 
‘They describe a quasi electron particle of charge Ye. This 
has been described on a quantum basis as a vortex of energy, 
bound as a quasi particle in one dimension x, but not bound 
in the other two dimensions y and 2, allowing dispersion in 
space-time as a vortex. What is more intriguing are the 
experimental conditions in which this occurs. First of all a 
‘two dimensional electron gas is created and held between 
‘wo capacitance plates. A magnetic force is then applied in 
the remaining dimension, virtually creating a one dimen- 
sional passage through which only a quasi electron appears 
10 be able to pass. 


[0094] Given the presence of charge of Ye, then three of 
these quasi electrons could form an entire electron in three 
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‘A wide range of organic compounds used in industry and 
in the home as solvents may cause injury or death, espe- 
cially when used carelessly or for improper purposes. Other 
organic substances, often gaseous, can also be fatal when 
used or abused in the same circumstances. 


SOLVENT ABUSE 


‘This phenomenon arose, spontaneously and independ- 
ently, in several parts of the world in the 1960s. It consists 
of deliberately inhaling a variety of substances, especially 
organic solvents, in order to achieve a distortion of con- 
sciousness. The effects vary from a state resembling alco- 
holic intoxication through euphoria (sometimes of an 
erotic nature) and distortion of perception, to actual hallu- 
cinations. The practitioners of this activity are predom- 
inandly, though by no means exclusively, male and most are 
berween the ages of about 14 and 22 years, though again 
there are a few beyond either end of this age range. The 
majority of deaths occur in solitary users, some 70 per cent 
being reported by Anderson er al. (1985) as having hap- 
pened when the young person was alone. Sniffing can cer- 
tainly be a group activity, however, as is seen in schools and 
even the streets of some cities 

‘At first, the most common substance inhaled was a 
toluene-based adhesive and therefore the name “glue- 
sniffing’ soon became attached co the habit, though in fact 
‘many substances now used are not adhesives. ‘The more 
accurate title of ‘solvent abuse’ has now been applied to this 
widespread and dangerous habit. Although (like the sexual 
asphyxias, with which there is some cross-relationship) the 
ratio of deaths to non-fatal escapades is relaively small, the 
large number of children and young people who indulge 
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in the habit means that a considerable death toll occurs 
annually. 

“The usual method of abuse is for a quantity ofthe solvent 
or other chemical to be placed in a plastic bag ~ which may 
be any kind from a large black polythene garbage sack to a 
used porato-crisp packer. ‘The open end is then placed 
against the nose and mouth, and the air inside re-breathed. 
‘The warmth of the hand holding the bag, as well as the 
warm breath, encourages vaporization of the solvent, which 
enters the tidal air stream and is absorbed through the 
pulmonary membranes into the blood. When the substance 
is nora viscous glue, it may be placed on a handkerchief or 
tag, and inhaled direct as pad over the nose and mouth 

"When gaseous substances are abused, they may he intro- 
duced directly into the mouth or nose, A common variety 
is butane or propane, taken from either a large cylinder 
used for camping, heating and cooking, or from the small 
ampoule cylinders sold for refilling gas cigarette lighters, 
Others are used directly from pressurized aerosol cans, 
including pain-relieving sprays used for the relief of mus- 
cular conditions. Yet again, sniffing may be attained by 
merely inhaling directly from the neck of a container, 
‘Tins, jerry-cans and the petrol-fillers of motor vehicles may 
be used in this way. Some fire extinguishers contain an 
organic bromine derivative which is also abused for inhal- 
ation. This has a particular propensity for sensitizing the 
myocardium to catecholamines. 


Dangers of solvent abuse 
SUDDEN DEATH 


The major cause of death appears to be sudden cardiac 
arrest, following an arrhythmia, Any of the solvents appears 
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to have the ability to sensitize the myocardium to the 
action of catecholamines, such as noradrenaline, Any 
sudden ‘fight-or-fight’ stimulus, even some considerable 
time afier sniffing solvents, has che ability to precipitate 
ventricular fibrillation and hence sudden death. A recent 
instance seen by che author (BK) involved a youth whose 
hhabi was to steal fire extinguishers from trains parked in 
sidings and inhale the bromine-based contents. Having 
been in trouble with the police before, he took fright on 
seeing a constable approaching, though in fact the officer 
was merely walking his dog. The boy ran from his group 
of friends and did not reappear, being found dead in some 
bushes some time later, though he had nor ‘sniffed’ char 
day. The autopsy and toxicology were negative, apart from 
residual traces of organic substance in his blood. 

In addition to this physiological mechanism, actual 
myocarditis can occasionally occus, as in a 15-year-old giel 
who dropped dead whilst inhaling from the petrol tanks 
of vehicles. At autopsy all thar the author (BK) could find 
was a florid, diffuse interstitial myocarditis with minimal 
myofibril necrosis. 


CHEMICAL EFFECTS 


‘The mechanical means of obtaining concentrated solvent 
vapour is in itself dangerous. Persistent rebreathing can 
produce hypoxia and hypercapnia, which is additive to the 
toxic effects of the solvent itself. When large plastic bags are 
used, the abuser sometimes places his head within the bag 
and this risks the dangers of rapid death from plastic bag 
asphyxia (Chaprer 14). Ic is difficult to know if some of 
these cases are at least partially instances of erotic hypoxia, 
the effects of both oxygen lack and the hallucinogenic 
effect of the solvent combining to give both sexual pleasure 
and a heightened tisk of death. 

Another potent risk is vomiting while the effects of the 
solvent incapacitate the victim sufficiently to prevent his 
reflexes from protecting or clearing his glottis or air pas- 
sages. The usual warning must be given, however, about 
uuncricically accepting the finding of gastric contents in the 
air passages at autopsy. This may well have been an agonal 
regurgitation in a victim who was dying of the common 
cardiac (ventricular fibrillation) effect of solvents on the 
myocardium. ‘This has medico-legal relevance in that a 
fellow abuser or even some other bystander may be accused 
of failing to render assistance in clearing the ait passages, 
when in fact this was the effect, rather than the cause 
of death. This is not to say that aspiration of vomit cannor 
be the cause of death, as in alcoholic intoxication, but 
the autopsy finding should be backed up with some 
circumstantial evidence that it occurred before the agonal 
petiod, 


PHYSICAL DANGER 


‘When gaseous substances are used, such as butane or 
propane from cylinders, or propellants from aerosol cans, 
a physical danger is added to the chemical effects. The gases 
are commonly directed or sprayed into the open mouth 
while inhalation is performed. The release of high-pressure 
gas causes rapid cooling by the ‘refrigerator effect’ and che 
impact of this on the palate, pharynx and larynx may cause 
a reflex cardiac arrest. The author (BK) has dealt with nwo 
such cases, one in a school yard, where the users of small 
propane refuellers virtually dropped dead in the presence 
of other youths, The mechanism of this phenomenon is 
disputed, bur freezing of the sensitive pharyngolaryngeal 
area is surely a parallel to the sudden deaths seen when cold 
‘water enters the nasopharynx in sudden immersion deaths. 


DANGER TO LONG-TERM USERS 


Long-term users can suffer liver damage, typical of halo- 
genated hydrocarbon exposure, with fatty change in the 
liver and sometimes associated renal damage. 


SUBSTANCES USED IN ABUSE 


Toluene 


“Toluene was one of the first substances recognized as giving 
tise to ‘glue-sniffing’, asi is the solvent for many adhesives, 
such as the proprietary glue “Evostick’. It is an aromatic 
petrol hydrocarbon used widely in industry asa solvent and 
thinner for adhesives and paints. It resembles benzene in 
many of its properties, another substance that can be used 
in solvent inhalation. Toluene can cause acute and chronic 
intoxication in industrial situations. Exposure to relatively 
high concentrations in the air, berween 10000 and 
30000p.pm. can cause drunkenness, mental confusion 
and coma within a few minutes. 

In non-fatal toluene abuse, blood levels of 0.3-7.0 mg/l 
were measured by Bonnichsen et al (1966), with urine 
excretion of up to Smell. Those with blood concentrations 
of 1.0-2.5 mg/l showed some sign of intoxication, while half 
of those berween 2.5 and 10 mgil were admitted to hospital 
with marked symptoms. ‘Those who were unconscious or 
dead had blood levels in excess of 19 mg/l. Nomiyama and 
Nomiyama (1979) found blood levels of between 50 and 
80 mg/l in three fatalities. Basele (2002) quotes a fatal range 
of berween 10 and 48 mg/l with an average of 22 mg/ml for 
fatalities, the average in the lung being 12 mg/l and in the 
brain 47 mg/l, Brain damage has been reported in long-term 
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abusers, with electroencephalographic changes, encephalo- 
pathy and occasional cerebral atrophy. 


Petrol (gasoline), xylene and benzene 


‘These closely resemble toluene in behaviour, though ben- 
zene is said to be more potent in causing intoxication. As 
with toluene and most other solvents, they can burn the 
skin if left in contact with it for some time, The odour 
threshold for benzene has been reported as 1-5 p.p.m. in 
air, In chronic exposure, benzene can cause bone-marrow 
depression and fatal aplastic anaemia, but this is not a fea- 
ture of the shorter exposures in solvent abuse. 


Methylene chloride and 
ethylene dizchloride 


‘These are found in paint strippers and, as these solvents, in 
many other products. One used for abuse is the solvent for 
typewriter correction fluids, such as Tippex. 


Butane and propane 


‘These have been mentioned earlier, being used direct from 
pressurized containers. They are light hydrocarbons, being 
the upper fractions of oil distillation 


Fluorocarbons 


“These are the substances now blamed for having the worst 
effect on the ozone layers of the upper atmosphere. They 
are widely used as refrigerants and propellants in aerosol 
containers. It is in this latter role that they are widely 
abused for euphoric and hallucinatory effects. The various 
compounds are numbered, rather than named, ewo fluor- 
ine atoms being incorporated into molecules that otherwise 
resemble carbon tetrachloride. Those used for propellants 
are FC-11 and FC-12. 

A similar compound incorporating bromine instead of 
fluorine is used as a fire extinguisher, as is carbon tetrachlor- 
ide itself As long ago as 1970, Bass published a series of 
110 sudden deaths, including many from fluorocatbons. 
‘As mentioned earlier, these substances sensitize the 
myocardium to circulating catecholamines. The range of 
blood concentrations in fatal cases in respect of FC-12 is 
0.6-12 mg/l, with a mean of 3.0mg/l and for FC-11, 
1.2-32:mg/l, with a mean of 12 mg/L. In the lung, FC-12 
may be present at levels of 0.9-134 mg/kg, with a mean 
of 33mg/kg; for FC-11 the corresponding figures are 
5.8-94 mg/kg, with a mean of 43 mg/kg. 


Carbon tetrachloride 


Used as a degreaser, dry-cleaner and fire extinguisher, car- 
bon tetrachloride is easily available from retail outlets as a 
spot remover. It is quite toxic, though it (unwisely) used to 
be used in human pharmacy to treat intestinal worms, As 
litele as 3-5 ml can be fatal. Much of its toxicity is indus- 
trial, bur it has also been used in suicide and solvent abuse. 
Chronic exposure can cause liver and renal damage, 
worsened by the simultaneous use of alcohol. Addiction 
can occur, even from initial exposure during industrial use. 

‘As with most halogenated hydrocarbons, the liver suffers 
from exposure to retrachloride, There is a centrilobular 
necrosis, usually preceded by fatty change if che poisoning is 
low level and lasting, In fatal cases there may well be virtu- 
ally total acute yellow atrophy. The liver damage is markedly 
worsened by a high alcohol intake. Renal changes consist 
of a tubular necrosis and diffuse fatty degeneration in the 

Post-mortem blood levels vary greatly, but a fatal case 
has been recorded with a concentration of 260mg 
Korenke and Pribilla (1969) found tissue levels at autopsy a 
week after inhalation as being 142 mg/kg in the liver and 
39 mg/kg in the lung. 


Other halogenated hydrocarbons 


Other halogenated hydrocarbons have similar effects to car- 
bon tetrachloride, but the level of toxicity varies with the 
number of chlorine atoms in the molecule, ‘The ascending 
‘order of danger is methyl chloride, richlormethane, chloro- 
form and carbon tetrachloride. Others include trichlor- 
ethylene, used widely in both anaesthesia (Iiilene) and in 
dry-cleaning. Several other similar compounds have been the 
‘cause of fatalities in industry as well as in solvent abuse. The 
pathological fearures are similar in most of them, the effects 
being on the central nervous system in acute massive over- 
dose, whether by ingestion or inhalation, and upon the liver 
and kidneys in more chronic intoxications. 


THE AUTOPSY ON FATAL 
SOLVENT-ABUSE VICTIMS 


The scene should be visited if possible, though it is rare to 
find the body there, as strenuous resuscitation and removal 
by ambulance is always a prime consideration in children 
and young persons found apparently dead. The parapher- 
nalia of sniffing may be seen in its original state, 

‘At autopsy, the clothing should be examined, even 
though it has almost always been removed for resuscitation 
attempts. Any soiling with adhesive or solvent stains should 
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be detected and, though volatile, should be kept for foren- 
sic science investigation, The best means is to pack them as 
soon as possible in a nylon bag to retain any vapour; these 
solvents will penetrate a polyvinylchloride bag and be lost. 
Externally, the face should be inspected for any signs of 
chronic or recent solvent abuse. ‘The act of holding a bag 
against the lower face, often contaminating i with glue or 
solvent, may leave skin lesions, ‘These can be red erythema- 
tous pimples or actual excoriations from the irritant action 
of the solvent. ‘The lesions may become infected or 
scratched, becoming crusted. The rest of the autopsy may be 
tunrewarding fiom the point of view of gross pathology. 
Rarely, there may bea fatty liver from long-standing damage 
from the solvent, especially the halogenated hydrocarbons. 
ull samples for histological examination should be taken to 
determine the state of the myocardium, liver and brain 
‘More immediate is the need to obtain samples for analysis 
Vigorous resuscitation, including mouth-to-mouth and 
chest compression, together with mechanical ventilation and 
oxygen administration, will obviously blow off much of the 
solvent in the lungs. IFit has already been absorbed, however, 
some will come back into alveolar air from the lung tissue 
and the sensitivity of che head-space gas chromatography 
used for its detection is often sufficient to identify the sub- 
stance, which can also be detected in blood and tissues. 
Blood samples should be taken in the usual manner, 
including a tube with fluoride for alcohol, which is some- 
times also present. A lung should be taken intact for the 
laboratory: It was formerly the practice to aspirate air from 
the trachea before removal of viscera, using a 50 ml syringe, 
which was then sealed and sent to the laboratory. This is 
impracticable, and the best method is to open the pleural 
cavity and pass a string ligature round che hilum of a lung, 
pulling ir tight to occlude the main bronchus. This is chen 
drawn tight and che hilum transected. In actual fact, litle is 
lost if the lung is cut off without this procedure, as long as it 
is pur straight into a nylon bag without delay and withour 
“squeezing out the contained air. The nylon bags ae those that 
arson investigators use to save material for fi 
examination, as they are impervious to organic solvents 
‘A urine sample, and unfixed tissue from liver and brain 
should also be supplied to the toxicology laboratory, 
though local discussion should be made to determine the 
requirements of each laboratory. 
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STAINING TECHNIQUES 


Periodic acidSchiff (PAS) for 


myocardium 


In established early infarcts of probably ar least 28-24 
hours’ duration, damaged myofibres stain a pale purple- 
blue with PAS, compared with the pinker colour of healthy 
fibres, This stainable material is diastase resistant and is 
probably a mucoprorein, 


(a) Bring sections to water. 
(b) Immerse in 1 per cent periodic acid for 5 minutes, 
(©) Wash in water for 5 minutes. 

(4) Rinse in distilled water. 

(€) Immerse in Schiff’ reagent for 10 minutes. 

(6) Wash in water for 10 minutes. 

(g) Stain in haematoxylin for 30 seconds. 

(b) Blue in tap water and mount in usual way. 


Malic acid dehydrogenase (MDH) 


Enzyme histochemistry is the most reliable method of detect- 
ing early myocardial infarction. Suecinic, lactic, malic, B- 
hhydroxybutyric dehydrogenases and cytochrome oxidase are 
among those used by many workers and each has its advo- 
cates. The author (BK) prefers malate dehydrogenase, though 
B-hydroxyburyrateis also recommended, Fixed tissue cannot 
be used, as frozen cryostat sections are required. The method 
for malate dehydrogenase is given, though the technique for 
other enzymes is similar, using different substrates; details are 
found in standard histochemistry texts. 


MALATE DEHYDROGENASE METHOD FOR 
MYOCARDIUM. 


Normal myocardium stains dark blue-black, mostly con- 
centrated on intracellular mitochondria, wich some stain- 
ing of the cytoplasm. Fibres damaged by anoxia or ischaemia 
progressively lose their staining properties and may be 
completely devoid of colour when torally infarcted. There 
is almost always perivascular survival ofa few layers of cells 
and the subendocardial and subepicardial layers usually 
also survive: this acts as a built-in control for the staining 


Stock solutions 
Buffer 

0.2. for pH 7.0 (store at 0-4°C). 

Solution A: 2.4 trometamol (TRIS) in 100 ml 


distilled water 25 ml 
Solution B: 0.1M hydrochloric acid 45ml 
(Use ANALAR concentrated HC! diluted 1/12 for 

‘molar, then dilute further 10 times for 0.1 M) 

Distilled water 30ml 


Malic acid substrate 
1-Malic acid 6.7 in 50 ml distilled water. 
Add 12g TRIS to buffer to pH 7.0. 

Store frozen. 


Sodiuin cyanide 
0.1 M solution: weigh out 0.25 g sodium cyanide in 
100 ml distilled water. 

Add 8-8.5 ml M hydrochloric acid to buffer at pH 7.2. 
Store at 0-4°C. 
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Staining techniques 


‘Tetnseolium sale 
Make up nitroblue tetrazolium ac 1 mg/ml strengeh in dis- 
tilled water. Keep frozen. 

Nicotinamide adenine dinucleotide (NAD) — keep solid 
desiccated in freezer. 


Method 
Cur cryostat sections from myocardium frozen either in 
liquid nitrogen or in isopentane/solid carbon dioxide 
slush, 


* incubator. 


(a) Place slides carrying sections in 37% 
(b) Make up incubating medium as follows: 


Sodium cyanide solution (0,1M at pH7.2) 0.1 ml 
NAD coenzyme mg 
Nitroblue tetrazolium solution 0.25 ml 
TRIS buffer pH 7.0 0.55 ml 
Malic acid substrate (1M at pH 7.0) o.tml 


(Check pH and adjuse with a small amount of TRIS) 
‘Warm the incubating medium to 37°C and place 
sufficient on each section with a pipette, covering 
the section completely. Leave for 30 minutes, 
mount in glycerine jelly or an aqueous mountant, 

‘A negative control can be set up as required by 
‘omitting the malate substrate from the incubating 
medium, 


) 


Haematoxylin-cosin (H and E) 
autofluorescence 


Routine formalin-fixed H and E sections can be examined 
under ultraviolet light for autofluorescence of those fibres 
thar have anoxic of ischaemic damage. Fibres with early 
infarction show a shift of their secondary emission towards 
the yellow, away from the usual olive-green of healthy 
fibres. It has been said thae only fibres chat reveal increased 
eosinophilia in ordinary tungsten light will fluoresce in this 
way, but the authors and co-workers have noted yellow 
shift in fibres that cannot be detected in tungsten light as 
being eosinophilic. 


Actidine-orange fluorescent stain for 
myocardium 


Either formalin-fixed paraffin sections or unfixed frozen 
sections can be stained by this technique. The former must 
be brought to water first, After staining and mounting 
in water (no other mountant can be used, not even 
Fluormount), the sections are examined immediately under 
ultraviolet light. They can be photographed if required. 
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IF the cover-slip is removed and the sections allowed to dry, 
however, they can be retained indefinitely. To review, they 
need only be wetted and a cover-slip replaced, Normal 
myocardium is a golden brown or sometimes yellowish 
brown depending on the optical system used, Damaged 
fibres show a colour shift to green when viewed under 
ultraviolet 


Method 
A stock solution of 1 per cent acridine-orange in water is 
kept refrigerated. This lasts for several months. For use, itis 
diluted 1/10 with distilled water 


(a) Bring sections to water, 

(b) Agitate in the 0.1 per cent stain for approximately 
5 seconds, though the time is not critical. 

(6) Briefly wash, wipe off the excess water from around 
the section, 

(4) Apply a coverslip. 


‘They are then ready for immediate examination. ‘The pH 
of the washing water is not critical and tap water can be 
used if the pH range is between 6.0 and 7.0 


Martius scarlet blue (MSB) stain for 
fibrin 


This trichrome stain is useful for examining thrombi and 
emboli and for seeking fibrin in disseminated intravascular 
coagulation. 


(a) Bring sections to water. 

(b) Stain with celestine blue for 3 minutes and Mayer's 
haematoxylin for 1 minute, 

(©) Blue in water. 

(d) Rinse in 95 per cent ethanol and then stain for 
2 minutes with 0.5 per cent Martius yellow in 
95 per cent ethanol containing 2 per cent 
phosphotungstic acid, 

(©) Rinse in warer and stain with I per cent brilliant 
crystal scarlet in 2.5 per cent glacial acetic acid for 
10 minutes. 

(6) Rinse in water and treat with 1 per cent aqueous 
phosphotungstic acid for 5 minutes. 

(g) Rinse in water and stain with 0.5 per cent soluble blue 
(Acid Blue 93) in 10 per cent aqueous acetic acid for 
10 minutes. 

(h) Rinse and mount. 


‘This method stains fibrin red, erythrocytes yellow and 
collagen blue. 


Appendix 1 


Lendrum’s stain (phloxine-tartrazine) 


"Though this stain has 2 number of applications, such as the 
demonstration of viral inclusion bodies, its major forensic 
use is in the detection of amniotic fluid embolism deaths 
associated with pregnancy. The fetal squames are rendered 
visible much more readily than in haemaroxylin-cosin 


(a) Stain with Mayer's haematoxylin for 6 minutes and 
sinse in running water for 5 minutes. 

(b) Stain with 0.5 per cent phloxine in 0.5 per cent 
calcium chloride solution for 20 minutes in a 
Coplin jar. 

(©) Rinse in water and drain almost dry 

(d) Flood with a saturated solution of tartrazine in 
cellusolve (C,H gO; ethylene glycol monomerhyl 
ether), which differentiates counterstain. T 
about 7 minutes and should be monitored 
microscopically so that red cells appear red-brown. 

(©) Rinse by two changes in 95 per cent ethanol and two 
changes in absoluce ethanol. 

(6) Transfer stright co xylol and moune. 


is takes 


‘The keratin of amniotic squames is stained red; nuclei blue 
and cytoplasm yellow. 


The ‘WHO’ method 


‘The ‘WHO method is similar for demonstrating keratin, 
and mucin-like substances in amaiatic fluid embolism, 


(a) Bring sections co water. 

(b) Stain with celestine blue/Mayer's sequence, rinse, 

(©) Differentiate quickly in 0.5 per cent acid-alcohol, 
then blue. 

(4) Stain with erythrosin (1 per cent) for 5 minutes and 

(€) Differentiate quickly in 95 per cent alcohol, rinse, 

(6) Stain, wich alcian green solution for 5 minutes. 

(g) Rinse ~ the section should now be slightly pink. 

(h) Rinse and treat with 95 per cent alcohol. 

(Stain with ethanolic saffron for 5 minutes. 

() Mount wichour going through water. 


‘The alcian green is made by mixing 50 ml of 1 per cent 
aqueous solution of alcian green with 50 ml of 1 per cent 
acetic acid then adding 20mg of thymol and filtering. 
Ethanolic saffron is made by cutting up strands of saffron 
and warming in 95 per cent alcohol until no more will 
is should be a deep yellow solution. 


DIATOM TECHNI 
SUSPECTED DRO’ 


UE IN 
ING 


‘There are several versions of this method, each with its own 
advocates. More recent methods have used suction of the 
filtrate through @ millipore membrane to trap the diatoms, 
bur the author (BK) has encountered early clogging of the 
membrane by debris and prefers the older centrifugation. 
References to the published methods will be found in 
Chapter 16. 

‘Take a sample of water from the site where the body 
was recovered or where the immersion was first thought to 
have occurred. Several litres should be collected in a clean 
container and allowed ro settle overnight. The top 90 per 
cent volume is then carefully decanted and the remainder 
centrifuged. The deposit should be examined under phase- 
contrast or dark-ground microscopy to see if any diatoms 
are present. If not, itis pointless to examine the autopsy 
tissues. If present, they should be retained for species 
comparison, 

IF the water contains diatoms, then the material retained 
at autopsy can be processed. ‘The following procedure 
should have been followed: 


(a) ‘The sternum or a long bone such as the femur, or 
both, should be removed from the body in the 
usual way. Ir should be taken co a part of the mortuary 
ora side room distant from the cadaver 
and well-washed externally in a clean bowl or sink, 
"Tap water can be used, ifit is checked at intervals 
to ensure that itis diacom-fiee. Some water supplies at 
irregular times contain a few diatoms, though 
these are rarely numerous enough to cause problems 
in interpretation. 

‘When the exterior of the bone has been well 
washed to remove any contamination feom the 
exterior of the body, a clean saw (nor used in thar 
autopsy) is employed to open the marrow cavity of 
femur or sternum, With a clean scalpel or gouge, 
several grams of marrow are removed into a glass 
universal (30 ml) container. Obtain red marrow if 
possible, as fatty yellow marrow causes problems 
during digestion. 

(b) Whole kidney, lung, liver or brain is also washed in 
this way and 1X 1 em cubes (several from each organ) 
ccut with a clean scalpel from the deeper tissue. The 
‘organs can then be returned ro the autopsy area for the 
usual grass examination. 

(©) Each container, holding its separate tissue, is placed 
in a fume cupboard and covered with five times 

If metal caps 

are used on the containers, they may need to be 


the volume of concentrated nitric ac 
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dimensional visible space time, Nevertheless, each would 
have energy and hence a wave function which would be 
present in the other vectors. This electron could thus follow 
the probability functions as described by the Shrodinger 
‘wave equation for w (otherwise termed as “essence” by 
Shrodinger) 

[0095] Ifthe mass ofthe electron (m,) is constinuted from 
‘quintessence, using the formula: 


[0096] Then an electron would be constituted from: 


BAL KIO RE ass 9 
SS #1285110" imonasets, 


[0097] Thus taking into account the mass-energy content 
‘of quintessence (m,) itis independently possible to derive 
the magnitude of the charge of an electron (@) using the 
following equation. 


[0098] ‘This isin close agreement with the experimentally 
‘observed charge on the electron of 1.602x10"” C. 


[0099] Interestingly substituting m,=h/3c? in the above 
‘equation we have: 


= © 


= wo 


[0101] Equation (6) has @ number of very special impli- 
cations, if re-examined, fisly three of these quasi electron 
spheres appear to be required to constitute the charge of the 
clectron, More intriguingly, it indicates that the change is 
related fo the volume of a sphere with an apparent radius of 
. Thirdly if indicates that the square of the charge of an 
electron (e) is proportional tothe permittivity of free space 
(Go). The charge given from equation (3) is in close agree- 
ment with the measured charge of the electron. Furthermore 
‘a more exact value for the charge of the electron (to seven 
‘decimal places) can be deduced by taking into account the 
gnivitational field of the Earth (see Gravity and the Charge 
‘of the Electron). Furthermore the charge ofthe electron (€) 
‘can now be derived from first principles. Thus, equation (3) 
‘corroborates the evidence that the electron is indeed com- 
posed of three quasi electrons in Keeping with ecent experi- 
mental findings 
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[0102] ‘The significance of the electron, composed of three 
spheres each with a radius ofc isnot immediately clear, but 
can be understood ifthe frequency of rotation ofthe electron 
is taken into account. Thus if the diameter of the electron 
‘was approximately 10”! m, then its spin would need to be 


L 
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‘m approx. eq. 10° eycles/see. Thus given a very high rotation 
rate an electron could have an effective radius of 1/e and still, 
‘occupy subatomic sizes. Indeed these observations might be 
used fo estimate the rate of rotation of the quasi electron and 
its size (see Appendix 1). 


[0103] With regards a single quintessence, this passing 
through an energy veetor of the space-time lattice would 
appear as a vibrating string. In similar Way to string theory, 
the conglomeration of these quintessences would produce 
the constituents of ordinary matter. The electron, for 
example, would be constituted from approximately 1.235%. 
107° quintessences. 


[0104] |The dimensions of the equation forthe electron can 
bbe readily resolved by considering each of the three vector 
dimensions, The exact dimensions of the equation need to be 
considered in the light of the nature of space: Mf 
‘These dimensional equations help explain the nature of 
‘matter. Indeed the equation for the electron may be neces- 
sary for the full understanding of gravity 


[0105] Complex Space and Electron Structure 


[0106] ‘The presence of complex space also now further 
‘explains the conformation of the electron, and its formula 
tion at the quantum level, and the presence of particles, 
anti-paticles and their spin up and spin down characteris- 
ties. 


[0107] _ Indeed the short form equation for the charge ofthe 
electron (-e) can now be rewritten as a metric tensor with 
three dimensions in real space and six in complex space. 


[0108] Thus if three of the x, y and z vectors are in real 
spaice and six veetors in complex space, where ¢ is the speed 
‘of light in the real space vector, is the speed of light in the 
‘complex vector and _¢ is the complex conjugate of ,¢, thus 
the electron can be mathematically represented by the equa- 
tion: 


eae (Se)? eG 
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Useful conversion tables 


shielded by polythene sheet to prevent dissolution. 
Digestion is allowed to proceed at room temperature 
for 1-2 days or, if the matter is urgent, they can be 
heated in a water-bath fora number of hours or 
overnight. When the solid cubes have dissolved into 
a slurry the containers are gendly centrifuged, the 
supernatant acid poured off and replaced with distilled 
water. This process is repeated twice more to dilute the 
acid, knocking up the deposit, and recentrifuging, the 
final spin being as hard as possible to produce a small 
button of deposit. This may require transferring to a 
smaller conical centrifuge tube. 

(d) A portion of this is transferred by pipette or loop to a 
slide and covered with a cover-slip to examination 
under phase-contrast or dark-ground illumination, 


A prolonged search under medium power of the micro- 
scope is required before the sample is declared negati 
‘The lung sample should be examined first, as if it is nega- 
tive iris unlikely thar other organs can be truly positive, for 
diatom-containing water can percolate passively down the 
air-passages even after death, 

Opinion is divided about how many diatoms can be 
accepted as presumptive evidence of drowning when found 
in distant organs like brain, bone marrow and kidney. One 
solitary organism is certainly insufficient and the author 
(BK) requires five as a minimum under one coverslip 
before acceptance, ‘The tissue examined may make a 
difference to the yield. Peabody strongly recommends 
brain as the choice and condemns femoral marrow, but 
bone marrow was the tissue used by the pioneers of 
the technique and seems to the authors to be satis- 
factory. The type of diatom found in the tissues should 
correspond to those found in the water sample, though 
it must be admitted chat most diatoms seem to the non- 
botanical eye to be ovoid or boat-shaped. Expert advice 
from a suitable biologist should be soughe if the issue is 
important. 


USEFUL CONVERSION TABLES 


Tans ALO Conversion fctors 


Tocconvert from To Multiply by 
Centinetres Inches a9 
Inches Cenfimetres 2540 
Grams Paunds ‘boo 
Pounds Grams 463602 


TaRie ALLL Approximate weigh of bodies 


Stones Pounds Kilograms 

1 4 63 

2 8 127 

a 2 190 

4 66 4 

5 0 317 

6 cn 381 

1 98 448 

8 12 510 

9 196 510 

10 140 630 

" 154 70 

12 168 760 

13 1a2 820 

4 196 B90 

15 08 920 

18 280 1140 

Tante ALD Height of bodies 

Feet and inches Inches Centimetres 
5a" 1480 
5a" 1415 
or 1500 
er 1525 
er 1550 
ea 1515 
ey 1600 
6 1625 
cy 1650 
or 1615 
os 1700 
or 1725 
7 1780 
” 1715 
2 1800 
cy 1825 
mu 1850 


TaALE ALLS Approximate breath-blood-alcohal equivalents 


149/100 breath mg/100 ml blood 
10 Py 
0 rd 
30 68 
0 31 
50 114 
6 137 
0 60 
80 182 
90 208 

100 28 


Ta conertCentiade to Fateh ally by {and add 32. 
Toconvert Foetal lo Cetra svat 32 and Side by 12, 


1 ng/100 ml breath =22% mg/100min bond 
1 ig/ 100 bond = 043/700 in eth 
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Appendix 1 


TAM ALA Length conversion of wounds te: TABLE ALLS Normal range of biochemical blood analyes 
Inches Centimetres Sodium 183-147 mmol 
Potassium 34-5Ommol/ 
025 063 Urea 25-25mmolh 
06 17 Calum 22-26mmol/ 
10 254 Chloide 96-106mmai/ 
15 381 Bicarbonate 22-28 mmol 
20 508 Glucose (fastng) 36-B6mmol/ 
25 636 Lactate 08-20 mmol/ 
30 162 Phosphate (norganic) 08-14 mmol 
40 1016 Nognesium 06-10 mmol 
50 1270 Serum prea) 60-809/ 
‘Aburin 35-48 9/1 
Bnbin upto 17 mol 
‘Alkaline phosphatase 30-2010/1 
‘Amylase "70-3010 
50-100 ual 
Upto 2401U/ 


‘Vane ALG Body weight and length 15-30 years.*In this table, three weights (without caching) are given for each body length: (1) weight 
fr persaneof average build ~ middle entry: (2) weight for lightly buile persons ~ tap entry: (3) weight for heaily baile pereans = bottom 


entry 
Women Men 
Weight (a) Weight (a) 
Bodylength (cm) 15yrs 20 yrs 5yrs_— BO yrs ——Bodylength (cm) | 15yrs_—0yrs, 25 yrs 30 ys 
1425 408 4304408 160 47 4B 416494 
43 8 = 490803 482 60768048 
i a 516 an 9316 
145 m2 435486 1625 426 467485603 
48 8485S an 815689657 
B16 «839 BBD 530 680 OT) 25 
1415 a7 444 BTL 185 435 416 48812 
462494 BOT BDL 485 a 
52 587 BT Bad Bed 63 «184 
150 49604834 1815 449 489 «SOT 621 
a 503 «B18 S880 498 44582880 
a0 «6B ROBB 562 62052 
1525 49502487 aT 485 160 482 60362135 
485 20 51BH BQ 512 657 5D 93 
Cy a 55 a5 62GB 
155 4g 00S aB5 0B 1625 a6 e169 653 
4980830839 530 815 sg G12 
53RD 593 eB 78 
1815 462 489 BBD 165 apa 635 SBT) 886 
rn) BAB a3 i830 
515 e258 616 666 083 OT 
(continued) 
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Useful conversion tables 


TABLE A1.G Body weight and length 15-30 year.* (continued) 


Women Men 
Weight ka) Weight (ka) 
Bodylength (cm) 15ys 20 yrs_—5yrs_— 30 yrs Bodylength (em) Sys -20yrs_—25yrs BO st 
160 4 603 B12 1678 a12 663 ST 88 
250859 Bad 566 61244 
5930625 634 e971 729 
1625 489 612. 82889 170 625 666 582.5. 
bad aT 5a4 9B 584 68058288 
612649 8H 687 m7 78h TAT 
165 sor = 680A BT 1705 oAe sae 60218 
562689 02 Cr cr! 
a4 8B] SB 675 i) 
168 ut 649 BHT 118 687 og a21 89 
580 G07) ga @21 66 = 689. TOT 
62 68401 98 uml 7793 
170 Ce ne a) 118 680 Cn 
598625. 643 684071 729 
o 86 70218 TRA i) 7 RT 820 
1725 5308S 180 ag 689 B10 
66 89H BD 666 707A TST 
3 «7207387. ur m3 dD 
175 eal Ce rr) 183 621 7 = a4 707 
a4 7H 689 ma Tl Td 
NS 3B Tr 710 18 ln ) 
18 53607 Na 1885 639 e071 29 
7 «0ST MM 2 7B ald 
739 TB 7% 739 77 m3 gas 
180 612630 1a8 661 e830 TT 
e808 TOs cc 7 Bl 8B 
Ta a TTB a8 go 8 M4 


+ Frm Bae JR Geigy AG, 1558 Waseca abel p. 198.8) person 
"Fath decade weigh hou be mantaiad auhast 


Tante ALL7 Weight of fetus (g) in relation to age (month) Tan ALS Lengoh (cm) of fetus in relation to age (month)* 
‘Seammon and Crown-rump length Crown-heel length 
Lunar month Streeter Calkins a 
Lunar Seammon ‘Seammon 
Second 1 35 month Streeter and Calkins Dietrich and Calkins 
Tried 142 144 
Furth 1080 868 Second 28 - a0 - 
Fifth 3160 2609 Ted Ts 51 Ey i) 
‘Sach 6300 5818 Forth 18. 107 180155 
Seventh 10460 oe ith 264 155 20 207 
Exghih 16800 15190 Sith 208 197 315292 
Nath 23780 2196.1 Seventh 247 236 311 350 
Tenth 34050 20988 Eighth == 283 Pal 425 40d 
Ninth 321 305 470 454 
* Fram Potar EL 1961. Phalgy of los andinant rd ed Chiage, Year Tenth 32036 500802 


Bock Wael Phar By persion 
*Fom Ptr EL 196. Paty of fens and lat nd dn, Cheng 
‘ir Bok Medel Piss, By porn, 
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Appendix 1 


Tate ALO Weights ofthe organs at narious ages (in grams)” 


Lungs Brain Heart Kidneys Liver ‘Spleen 
Men Women Men Women Men Women Men Women Men Women Men Women 

Newbon 817.«s«sO9 HAT. 1D mm 12415 a 6 
0-3 min eB 86085 - = - - 
3-6mh 941 933 60D A - -  - - - 
6-Omh = 19851147 

cet yy aa oo 82 300 4085 
1-2yr 1703 1753 Tt kB 2 6 400 39035 
2-8 yr 2469 2443 «1078112. 8B 460 4500424 
B-4yr 3047 95551171 TT 93 at 510 800 48a 
4-5yr 3142 3117 1290s 115G_—(w D1 a a 
S-6yr 3606 3199 «127. «106_— HDS 10D 695505 RST 
Tyr 3095 3575 «1819120508100. 60 680] 
T-8yr 3664 4044 18881985118 10018 665 685 tT 
8-8) 4050 3821 1984 108-122 198 1B 135 7 7% 6&8 71 
Q-l0yr 8764 BBA 1860 1206-18401 7 30 3 7 
W-liy = 445 BTID.-S137BSOMKT_—144 1518088 850 8800 «2B 
‘i=12y 4656 5850134819596 18M 180 950 950 © 9198 
121dy = 4588 GBT = 13831958180 18878195 10H. 18D 1108 
1at4y, BOA 6023138710432 198 210150180119 
\4-15y = 6928 BIT 1386.-«1918S 288 BID 902101100 
1-16 = 6177088407171, 2588 OH 30 BIS 1880188127 
1G-I7y = 7473 BDBB_ 1419190028243 OMA 788 13RD 13804513 
17-18 = 7769841401254 = 80047980240 140188012140 
1819 = 7478541461312 810 50ST Dak 1101805148 
19-20y 10386 7851480128431 25 582287) 1580 140516015 
Pi = 880 TB a a ee a  ) 


* Boyd E 1962 in: Altman and Ditier (de), Gowth cing epecctin ard morphol dovel 


spernatal Bog, Washnglo, pp. 246-8 


Tate A110. Heart: men and women, weight in relation to body weight by ses 


ent Balog Handbook, Federation of American Sais fot 


Men Women 
Body weight Heart weight (a) Body weight Heart weight (a) 
Pounds Kilograms Mean Range Pounds Kilograms Mean Range 
0 0 162 136-193, 
95 43 7 143-204 
100 45 180 150-215, 
105 a 206 165-241 105 a 189 158-208 
10 50 215 173-268 10 50 198 165-237 
16 52 205 181-264 15 52 oT 179-248 
120 54 235 190-276 120 56 216 180-259 
125 56 285 198-287 125 56 205 188-258, 
130 5 pa: 206-299 130 58 234 195-277 
135 60 265 213-310 135 @ 244 203-288 
140 63 om 221-392 40 a 263 211-295 
145 65 24 239-323 M5 6 260 219-304 
180 68 204 237-345 160 ae on 205-313 
(contnwed) 
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Useful conversion tables 


TABLE AL.10 Heart: mem and women, weight in relarion to body weight by sx* (continued ) 


Men Women 
Body weight Heart weight (g) Body weight Heart weight (a) 
Pounds Kilograms Mean Range Pounds Kilograms Mean Range 
155 0 904 245-386 185 70 282 933-222 
160 a 313 253-368 160 i] 78 ‘240-230 
165 u 38 261-370 165 7 aT 247-337 
170 u 333 268-371 170 7 306 368-243 
175 ic) 343 280-372 175 a 315 283-380 
180 a 3 268-373 180 8) 308 301-386 
185 a3 363 206-382 185 83 333 309-361 
190 86 a3 304-302 190 85 342 317-366 
195 38 380 312-400 195 8 351 325-371 
200 90 392 300-412 

‘Average weight of adult male heart: 294 g ‘Average weight of aduit female heart: 260 q 


* Data om Sh HL 1928 The lain ol he weigh the hat oe weight the body an he weight the heat aye. Am Hee 47-28, 
NB Thar canal variation npublaha abs of het weighs ob peti arts aecaurt ft some of he wpe anges ‘oral, Howe he 
autora publeaton of Margarine tal ges consieraby higher aomal maxmum weights (Hangar Marley, Whitshad A Thomas A, Davies M1985, The 
assert of eardac hypertrophy al aulopy Histopathology 8 7295-306) 


“TABLE ALLL Heart: normal weight in relation to body length 


Heart weight (@) Heart weight (o) Heart weight (a) 
Males Females Males Females Males Females 
Body length Body length Body lenath 
(cm) e=240 @=*30 (em) o= 240 @= +80 (em) a= +40 
135 254 219 187 296 258 179 338 27 
136 286 220 158 298 959 180 340 299 
137 258 299 159 300 361 181 342 300 
138 260 308 160 302 96a 182 34 302 
139 262 226 161 304 265 183 346 304 
0 284 on 162 306 267 18s 38 306 
141 286 209 163 308 268 185 349 307 
a 258 231 164 310 70 186 351 309 
143 270 333 165 ait mm 187 353 an 
ae on 235 166 313 mu 188 355 313 
145 ona 236 167 315 5 189 357 315 
146 25 238 168 3i7 om 190 369 316 
ur on 240 163 319 a9 191 361 318 
148 on m9 170 321 281 199 363 320 
49 281 m3 m 328 283 193 355 322 
150, 283 m5 172 35 234 196 367 323 
151 285 oT 13 aT 286 195 368 395 
152 om 29 14 39 288 196 370 307 
159 289 251 175 330 290 197 an 329 
156 201 959 176 330 1 198 374 331 
155 20 254 17 334 233 199 316 332 
156 24 356 178 336 295 300 378 334 


«r= standard deviation 
From Zeek PM. 1042 Heat weg The weight of he noma het Ach Pato 94200-20 
Copyright 1942, American Medel Assit 

[NB Bul soaks Hangartar ea 1985 (eas above. 
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Appendix 1 


TABLE AL.A2 Brain: adult” 


Brain weight (9) 

Men Women 

Mean Range Mean Range 
1340 1170-1597 1042 1190-1490 
1396 «(1188-1600 193410571865 
1365 «1075-1685 «= «1283 (1038-1440 
1386 = 1080-1605 1240 1543 
1375 1113-1665 «1200 80-147 
1393 «1018-1610 1178 900-1372 
1279 1030-1488 1121 22-1370 


* Data am Sunderman FY, Beare F 1949, Neal vale neil medina 
WEB Saunders Company Phladalnia. 


TaBLe A113. Brain: children* 


Body length Brain weight 
‘Age (cm) @ 
Bth-3 days 49 35 
3-7 days 49 8 
THanks 59 382 
3-5 wks 59 413 
BT wks 53 422 
7-8 wks 58 482 
3 mths 6 516 
4 mihs 9 540 
SB mihs 81 44 
8 mihs 2 660 
T mks 68 er 
Bmihs 6 na 
9 mths 7 750 
10 mths a 809 
11 mths ct 2 
12 mis B 5 
14 mths 7% 4d 
16 mis n 1010 
18 mths B 1042 
20mths nm 1080 
2amths 82 1089 
Dems Be 1084 
Byte 88 141 
4yts 99 nat 
Bye 106 1237 
bys 109 1243 
Tys na 1263 
Byts 9 1973 
Oy 125 1275 
10 ys 130 1290 
ys 135 1320 
125 139 1361 


* Data rom Sunderman Foe F 1949. Namalvalues incline madna 
EB Surders Comin, Phladalhia 


SAMPLES AND CONTROLS 
NEEDED FOR DNA PROFILING 


‘The essence of DNA profiling in forensic work is compari- 
son between two samples. One is the ‘test’ sample from the 
living or dead subject (or objects with which he or she has 
been in contact, such as clothing) and the other the ‘con- 
trol’, a somewhat inaccurate term for che samples obrained 
from a suspect, a group of suspects or a screening pro- 
gramme which may have hundreds or even thousands of 

Since the beginning of the DNA analysis, significant 
advances have been made in methodology allowing forensic 
identification of individuals from minute amounts of 
DNA. Microgram amounts of relatively undegeaded DNA 
is required for multi-locus typing of the restriction frag- 
‘ment lengeh polymorphism (RFLP) analysis and hundreds 
of nanograms for single-locus typing, Polymorphic DNA 
sequences can be detected from the root of shed or freshly 
plucked single human hairs using the polymerase chain 
reaction (PCR). Mitochondrial DNA (mtDNA) has been 
detected even in a sample from single hair shaft 


Blood 


As red cells have no nuclear DNA, sufficient blood must be 
obtained to extract DNA from the much sparser leucocytes. 
‘Ac least Lm and preferably Sml are taken into an EDTA 
tube, which extracts metallic ions and not only prevents 
clotting, but inhibits enzymes in blood or micro-organisms, 
which may break down DNA during storage. 

"The blood sample, in a plastic (nor glass) rube, should be 
frozen solid in a deep-freeze or the ice-making compartment 
of an ordinary reftigerator. As frozen blood is useless for 
some other forensic investigations, the DNA sample should 
be clearly marked as such. Other samples, for grouping and 
‘many other serological and toxicological tests, must be taken 
and stored at only 4°C, 

Ifa blood sample isto be taken directly to the laboratory 
for DNA profiling, then freezing is nor necessary, but 
wherever there is delay, either freezing or, at second best, 
effective cooling should be carried out. 

‘Most of the laboratories are using nowadays FTA paper 
forthe collection of blood samples. FTA paper is an absorbent 
cellulose-based paper thar contains chemical substances 10 
protect DNA molecules from nuclease degradation and 
preserve the paper from bacterial growth (Seah and Burgoyne 
2000), As a result, DNA on FTA paper is stable at room 
temperature over a petiod of several years. The use of FTA 
paper simply involves adding a spot of blood to the paper 
and allowing the stain to dry. 
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Samples and controls needed for DNA profiling 


Blood stains, as opposed 10 liquid blood, should either 
be sent intact on surfaces, kept as cool as possible before 
and during transit to the laboratory ~ or rubbed with a cor- 
ton-wool swab moistened with water. This swab is then air- 
dried without heat and frozen, Although nor required for 
DNA testing, always provide the laboratory with control 
swabs for conventional blood grouping, including swabs 
rubbed on an area of the fabric away from obvious stains, as 
well as an unused swab. 

Dried blood stains on hard surfaces can be scraped off 
with a scalpel into a small plastic container and sent as they 
ate, kept as cool as possible. 


Buccal cells 


A disposable toothbrush may also be used for collecting 
buccal cells in a non-threatening manner. This method can 
be very helpful when samples need to be collected from 
children and this is the method actually used for most of 
paternity testing labs, After the buccal cells have been col- 
lected by gently rubbing a wet toothbrush across the buceal 
surface, the brush can be tapped onto the surface of FTA 
paper for sample storage and preservation, 


Seminal and vaginal fluids 


Swabs from vagina, rectum, mouth, etc., should be air- 
dried as quickly as possible, but nor heated, They should 
then be stored in deep-freeze, unless sent straight to the 
forensic science laboratory. Liquid semen found in the 
vagina or elsewhere should be recovered with a fine pipette, 
placed in a small plain tube and frozen solid. 

Seminal stains on small items of fabric or any other small 
objects may be frozen or kept as cool as possible during 
transit. Bulk clothing cannot be frozen and should merely be 
kept cool, transit to the laboratory being made as soon as 
possible, using strong sterilized paper bags, not impervious 
polythene, which encourages mould formation. Alternatively, 
damp swabs may be taken of suspect stains, which are then 
dried and frozen. As with blood, suspect dried seminal 
stains on hard surfaces may be scraped off and transmitted 
dry to the laboratory. 

Mouth swabs may be taken either to seek semen in sus- 
pected oral intercourse (though positive recoveries are very 
rare) or to obtain buccal mucosa for DNA identification. In 
the latter case, the yield is small, so at least three to Four swabs 
must be rubbed hard against the inside of the cheek ~ or the 
‘mouth lining scraped with an instrument and then smeared 


‘onto a swab, All such swabs should be frozen in che usual 


Hairs — head, pubic, etc. 


Collection of hairs — head, pubic, eyebrow, axillary ~ from 
the victim or at the scene of crime is extremely important as 
cm piece of single hair is actually sufficient for mtDNA 
analysis. It is of paramount importance to avoid cross- 
contamination and to submit the hairs in sterilized paper 
bags, well identified. 


Autopsy tissue samples 


Atleast 0.5 g of tissue should be cut from the parenchyma of 
an organ and placed in a small plastic rube with no fixative or 
preservative. This should be frozen solid. Spleen is std to be 
‘one of the best organs for DNA recovery, though liver, muscle, 
kidney and brain may also be used. The fresher the tissue 
the better, and toxally putrefied material was formerly of little 
use, as the nuclear chromatin was degraded, However, rap- 
idly developing new techniques are allowing the recovery of 
recognizable DNA from old material 

For identification of skeletal remains using DNA tech- 
nology, a well-preserved tooth is the tissue of election. In 
addition, long bones (femur) or ribs can also be used. 


Other general remarks 


The sensitivity of DNA technology is changing the strategy 
of sample collection. Very sensitive low-copy-number 
DNA methods are being developed allowing the detection 
of subnanogram amounts of DNA. For this reason, it is 
extremely important to avoid cross-contamination from 
the personnel collecting the samples. 

DNA can even be obtained from personal objects, finger- 
prints, sweat and of course from saliva recovered from bite 
marks, 

Finally, as for other type of forensic evidence, the chain 
of custody must be extremely well-preserved, 


FURTHER READING 


Badir B, Knight B, 1987. Fluorescence microscopy in the 
detection of early myocardial infarction. Forensic Sci 
Int 34:99-102, 
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Council of Europe 
Committee of Ministers 
Recommendation No. R (QQ) 3 


I Recommendation No. R (99) 3 of the Committee 610 
Cf Ministers to Member States on the 
harmonisation of medico-legal autopsy rules 


© Appendix to Recommendation No.R (99) 616 


ECOMMENDATION NO. R (99) 3 
OF THE COMMITTEE OF 
MINISTERS TO MEMBER § 


ON THE HARMONISATION OF 


MEDICO-LEGAL AUTOPSY RULES! 
(Adopted by the Committee of Ministers on 2 February 1999 
«at the 658th meeting of the Ministers’ Deputies) 


"The Committee of Ministers, under the terms of Article 
15.b of che Statute of the Council of Europe, 

Considering that the aim of the Council of Europe is to 
achieve a greater unity between its members; 

Having regard to the principles laid down in the 
Convention for the Protection of Human Rights and 


Fundamental Freedoms and, in particular, the prohibition 
of torrure or inhuman or degrading treatment or punish- 
ment, and the right to life; 

Conscious that it is normal practice for autopsies to be 
carried out in all Council of Europe member States to estab- 
lish the cause and manner of death for medico-legal or other 
reasons or to establish the identity of the deceased; 

Considering the importance of compensation for vice~ 
tims and families in criminal and civil proceedings; 

Underlining the need for investigation, description, 
photographic documentation and sampling during medico- 
legal autopsy to follow primarily medical and scientific 
principles and simultaneously consider legal requirements 
and procedures; 

Conscious that the increasing mobility of the population 
throughout Europe and the world, as well as the increasing 
internationalisation of judicial proceedings, require the 
adoption of uniform guidelines on the way autopsies are to 


" When this recommendation was adopted, the Representatives of 
Denmark and the Netherlands, in application of Article 10.2c of 
the Rules of Procedure for tha meeting of the Ministre’ Deputies, 

ed tha right oftheir Governments ta comply or nat with 
paragraph 2 (scope of the recommendation) af the prosent 
recommendation, 

‘When this recommendation was adopted, the Representative of 
Germany, in application of Article 10.2c ofthe Rules of Procedure 
for the meeting ofthe Ministers’ Deputios, reserved the right of 
his Government ta comply or not with paragraph 2 fand haf the 
present recommendation. 


be carried out and on the way autopsy reports are to be 
established; 

Considering the Council of Europe Agreement on the 
“Transfer of Corpses (European ‘Treaty Series No, 80) and 
having regard to the difficulties often experienced by the 
receiving country when a dead body is repatriated from 
fone member state to another; 

‘Aware of the importance of proper autopsy procedures, 
in particular with a view to bringing to light illegal execu- 
tions, and murders perpetrated by authoritarian regimes; 
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Principles and rules relating to medico-legal autopsy procedures 


Underlining the need to protect the independence and. 
impartiality of medico-legal experts, as well as to make avail- 
able the necessary legal and technical facilities for them to 
carry out their duties in an appropriate way and to promote 
their training: 

Considering the importance of national quality control 
systems to ensure the proper performance of medico-legal 
autopsies: 

Underlining the need to strengthen international 
co-operation with a view to the progressive harmonisation 
of medico-legal autopsy proceduses at a European level; 

Having regard to Recommendation 1159 (1991) on the 
harmonisation of autopsy rules adopted, at its 43rd Ondinary 
Session, by che Parliamentary Assembly of the Council of 
Europe; 

Having regard to the Model Autopsy Protocol of the 
United Nations, endorsed by che General Assembly of the 
United Nations in 1991; 

"Taking into account the ‘guide on disaster vietim identi- 
fication’ adopted by the International Criminal Police 
Organisation (Interpol) General Assembly in 1997, 


1 Recommends the governments of member states: 

@) to adoptas their internal standards the principles 
and rules contained in this recommendation; 

(i) to take or reinforce, as the case may be, all 
appropriate measures with a view to the 
progressive implementation of the principles and 
rules contained in this recommendation; 

(ii) co set up a quality assurance programme to ensure 
the proper implementation of the principles and 
rules contained in this recommendation. 

2 Invites the governments of member states to inform the 
Secretary General of the Council of Europe upon his or 
her request of the measures taken to Follow up the 
principles and rules contained in this recommendation. 


PRINCIPLES AND RULES 
RELATING TO MEDICO-LEGAL 
AUTOPSY PROCEDURES, 


Scope of the recommendation 


1 In cases where death may be due to unnatural causes, 

the competent authority, accompanied by one or more 

medico-legal experts, should where appropriate 

investigate the scene, examine the body and decide 

whether an autopsy should be carried out, 

2 Autopsies should be carried our in all obvious or 
suspected unnatural death, even where there is a delay 
berween causative events and death, in particular 


on 


a homicide or suspected homicide; 
b sudden, unexpected death, including sudden infant 
death; 

violation of human rights such as suspicion of 
torture or any other form of ill treatment; 

suicide or suspected suicide; 

suspected medical malpractice; 

accidents, whether transportational, occupational or 
domestic; 

occupational disease and hazards; 
technological or environmental disaster 
death in custody or death associated with police or 
military activities; 

j_ unidentified or skeletalised bodies 

Medico-legal experts must exercise their functions 
with oral independence and impartiality. They 
should not be subject to any form of pressure and. 
they should be objective in the exercise of theit 
functions, in particular in the presentation of their 
results and conclusions 
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Principle I — Scene investigation 


A. Genenal principles 
1 Incase of obvious or suspected unnatural death, the 
physician who first attended the dead body should 
report to the competent authorities, the later 
deciding whether an examination should be carried 
out by a qualified medico-legal expert or by a 
physician familiar with medico-legal examination, 
Particularly in cases of homicide or suspicious death, 
‘medico-legal experts should be informed without 
delay and, where appropriate, go immediately to the 
place where the body is found and have immediate 
access there. In this respect, there should be an 
adequate structure of co-ordination among all 
persons involved and, in particular, among judicial 
bodies, medico-legal experts and police 
B Examination of the body 
1 Role of the police 

"The following tasks, among others, should be carried 

out by police officers: 

record the identities ofall persons at the scene; 

'b photograph the body as it is found 

© make sure chat all relevant artifacts are noted, and 
that all exhibits, such as weapons and projectiles, 
are seized for further examination; 
in agreement with the medico-legal expert, 
obrain identification of the body and other 
pertinent information from scene witnesses, 
including those who last saw the decedent alive, 
where available; 
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protect the deceased!’s hands and head with paper 
bags, under the control of the medico-legal expert: 

F preserve the integrity of the scene and 
surroundings; 

2 Role of the medico-legal expert 

‘The medico-legal expert should without delay: 

a be informed of all relevant circumstances relating 
to the death; 

'b ensure thar photographs of the body are properly 
taken; 

record the body position and its relation to the 
state of the clothing and to the distribution 
pattern of rigor mortis and hypostasis, as well as 
the state of post-mortem decomposition; 

4 examine and record the distribution and pattern 
of any blood stains on the body and at the scene, 
as well as other biological evidence; 

fe proceed to a preliminary examination of the body: 

F except where the body is decomposed or skeletal, 
‘note the ambient temperature and deep-rectal 
temperature of the body, and estimate the time of 
death by recording the degree, location and 
fixation of rigor mortis and hypostasis, as well as 
other findings: 

1g make sure thar the body is transported and stored 
in a secure and refiigerated location in an 
undisturbed state. 


Principle II — Autopsy physicians 


Medico-legal autopsies should be performed, whenever 
possible, by two physicians, of whom ar least one should be 
qualified in forensic pathology. 


Principle III — Identification 


In order to ensure that proper identification of the body is 
carried our in accordance with the disaster victim identi- 
fication guide adopted by the General Assembly of Interpol 
in 1997, the following criteria should be considered: visual 
recognition, personal effects, physical characteristics, dental 
examination, anthropological identification, fingeeprines and 
genetic identification. 


1 Visual identification 
‘Visual identification of a body should be carried our by 
relatives or persons who knew and have recently seen 
the decedent. 

2 Personal effects 
A description of clothing, jewellery and pocket 
contents should be recorded. ‘These may assist correct 
identification, 
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3. Physical characteristics 
Physical characteristic should be recorded through an 
external and an internal examination. 

4 Dental examination 
Where appropriate, the examination of teeth and jaws 
should be carried our by a dentist with medico-legal 
experience, 

5. Anthropological identification 
‘Whenever human material is skeletised oF in an 
advanced stage of decomposition, an anthropological 
identification should be carried out, if necessary. 

6 Fingerprints 
‘Where appropriate, fingerprints should be taken by 
police officers. A close collaboration should exist 
between all experts involved. 

7 Genetic identification 
‘Where appropriate, genetic identification should be 
carried out by an expert in forensic genetics. 


Ic is appropriate to rake biological samples from the 
deceased in order to assist genetic identification, Measures 
should be taken in order co avoid contamination and 
guarantee appropriate storage of biological samples. 


Principle IV — General considerations 


1 Medico-legal autopsies and all related measures must be 
carried out in a manner consistent with medical ethics 
and respecting the dignity of the deceased. 

2 Where appropriate, the closest relatives should be given 
an opportunity to see the corpse, 

3 Before beginning the autopsy, the following minimum 
rules should be applied: 

a record the date, time and place of autopsy: 

b record the name(s) of the medico-legal expert(s), 
assistant(s) and all other persons present at the 
autopsy with indication as to the position and role of 
each one in the autopsy; 

take colour photographs or video, where appropriate, 
ofall relevant findings and of che dressed and 
undressed body: 

undress the body, examine and record clothing and 
jewellery, verify che correspondence between injuries 
‘on the body and clothing: 

€ where appropriate, take X-rays, particularly in cases 
of suspected child abuse, and for identification and 


location of foreign objects. 

4. Where appropriate, before beginning the autopsy, body 
orifices should be appropriately swabbed for the 
recovery and identification of biological trace 
evidence, 
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[0109] Which now elegantly gives the real number solu- 
tion 


[0110] Where ene,, is given as the permittivity of fee 
space for a single quasi electron Equation 4 represents a 
“complex” tensor 


[0111] Whilst the wo dimensional Argand diagram has 
Tour quadrants, the three dimensional Argand diagram has 
‘eight cubic sectors. Two of these cubic sectors are diametric 
‘opposites and can represent “real” particulate objects. These 
have the primary coordinates x, y, 7; as in the electron 
deseribed above, and the =x, ~y, 7, with the real vector x now 
having a minus sign. These two “real” cubic sectors, there 
fore, mathematically represent particles and their anti-par- 
ticles. 


[0112] The mathematical presence of the two primary 
diagonal mirror images (x, y,~zand -x, ~y, 2) now allow the 
introduction of the concept of antiparticles. This extension 
Of the maths into a three dimensional Argand diagram thus 
results in the automatic formulation of the maths of anti- 
particles. Thus the charge of the positron (“e) is formulated 
by the shortened form equation, where the real vectors now 
‘each have the minus sign, and therefore exist in the -x, 
z sector of the three dimensional Argand diagram, 


[0113] ‘The three dimensional Argand diagram also 
‘accounts for chirality and indeed the up and down spin of the 
electron. There are {0 other “real” primary coordinates in 
the Argand diagram, these are themselves the partial mirror 
images of the above coordinates (i.e. x, ~¥,z.and =x, y, ~2) 
In panicular the y axis is of the opposite sign, thus in 
Particles the y axis is in the downward direction, to form 
‘down spin particles and in anti-particles in the up direction, 
to form the antiparticle The up spin electron is given by eq, 
8 and hence the down spin electron (~e\J 5) is given by the 
‘equation 


» 
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[0114] Thus the three dimensional Angand diagram 
Accounts directly for the presence of antiparticles and the 
spin up and spin down particles seen in nature. It also 
accounts for the necessity of the electron to form a square 
root spherical object, as complex space depends on V=1, 
‘otherwise known as j 


Apr. 6, 2006 


[0115] Electron Pairing and Superconductivity 


[0116] As the quintessences making up the electron are in 
4 square root conformation, each of these quasi electrons 
‘would have a tendancy to pair to form an entire sphere 


[0117] The square root sphere structure of electrons with 
‘up and down spins can now superimpose to produce a 
‘complete sphere of varying extents, This produces electron 
pairing as seen at the atomic and molecular levels. It also 
‘accounts for the Pauli exclusion principle. This pairing thus 
accounts for the reactivity of the valence electrons and the 
electron probability densities, which in tum accounts for the 
existence of chemistry. 


[0118] Furthermore, it is possible to account directly for 
Superconductivity from first principles. For if both the 
complex and real vectors of the electron combine com 
pletely, the product of an up and down spin electron form a 
perfect superimposed sphere with radius e, with a charge of 
2.5910 C, denoted by the formula 
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[0119] As with standard superconducting theory, super- 
conductivity can be explained by the formation of “Cooper” 
electron pairs, where the electrons are forced to pair by the 
presence of positive crystal charge in particular formation, at 
supercooled temperatures. In addition the electron pair now 
forms a stable entity whose angular momentum cancels, 


[0120]  Itadditionally becomes clear that the charge of two 
separate electrons (2e) is 3.210~" C, but the change of the 
combined electrons (€) is 2.59x10"™ C, This electron pair 
thus appears to have 19 orders of magnitude less charge than 
the electron and in tum 19 orders of magnitude less resis- 
tance. It is this effective reduction in change and in tum 
resistance, which may account for superconduetivity. When 
‘observed directly any electrical interaction with the Cooper 
electron pair will, however result in the release of the fll 
charge of both electrons, so that the full electrial charg put 
in will be equal to that coming out of the apparatus 


[0121] ‘The Fine Structure Constant 


[0122] _Intruiginty from our knowledge of the electron we: 
‘can further define the term .alpha., the fine structure con- 
stant; from the structure ofthe electron, Thus as the standard 
tem 
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Principles and rules relating to medico-legal autopsy procedures 


5. Ifthe decedent was hospitalised prior to death, 
admission blood specimens and any X-rays should be 
obtained as well as hospital records 


Principle V — Autopsy procedures 
1 EXTERNAL EXAMINATION 


1 The examination of the clothing is an essential pare of 
the external examination and all findings therein are to 
be clearly described. This is especially important in 
those cases where the clothing has been damaged or 
soiled: each area of recent damage must be described 
fully and relevant findings are to be related co the site 
of injuries on the corpse. Discrepancies in such 
findings are also to be described. 

2. The description of the body following an external 
examination must include: 

‘a age, sex, build, height, ethnic group and weight, 
‘nutritional state, skin colour and special 
characteristics (such as scars, tattoos or 
amputations); 

'b post-mortem changes, including details relating to 
‘igor and post-mortem hypostasis ~ distribution, 
intensity, colour and reversibility ~ and putrefaction 
and environmentally induced changes; 
findings on a primary external inspection and 
description which, if required, include sampling of 
stains and other trace evidence on the body surface 
and a reinspection after removal and cleaning of the 
body: 

4 inspection of the skin of the posterior surfaces of the 

corpse: 

¢ description and careful investigation of the head and 
the facial orifices includes: colour, length, density 

and distribution of hair (and beard); nasal skeleton; 

‘oral mucosa, dentition and tongue; ears, retro- 


auricular areas and external meati; eyes: colour of 
irises and sclerae, regularity and appearance of 
pupils, sclerae, conjunctivae; skin (presence and 
absence of petechiae to be described); if fluids have 
been evacuated from facial orifices, their colour and 
odour; 

F neck: checking for excessive mobility, presence and 
absence of abrasions, other marks and bruising 
(including petechiae) over the entire circumference of 
the neck; 

thorax: shape and stabi 
and pigmentation; 

hh abdomen: external bulging, pigmentation, scars, 
abnormalities and bruising; 

i anus and genitals; 


: breasts; aspect, nipples 
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extremities: shape and abnormal mol 
abnormalities: injection marks and scars; palmar 
surfaces, finger and toe nails; 

k material findings under fingernails. 

All injuries, including abrasions, bruises, lacerations 

and other marks have to be described by shape, exact 

‘measurement, direction, edges, angles and location 

relative to anatomical landmarks, Phorogeaphs should 

be taken. Bite marks shall be swabbed, and casts made 

where necessary. 

Signs of vital reaction around wounds, foreign particles 

inside wounds and in their surroundings and secondary 

reactions, such as discolouration, healing and 

infections must also be described, 

‘The investigation of cutaneous and sub-cutaneous 

bruising may require local skin incision. 

‘Where appropriate, specimens from wounds must be 

removed for further investigations, such as histology 

and histochemistry. 

All signs of recent or old medical and surgical 

intervention and resuscitation must be described. 

‘Medical devices must not be removed from the body 

before the intervention of the medico-legal expert. 

A decision has to be taken at this stage as to the strategies 

of investigation and the necessity of documentation by 

X-rays and other imaging procedures. 


INTERNAL EXAMINATION 


General 
All relevant artifacts produced by the dissection and. 
from sampling procedures, must be documented. 

All three body cavities ~ head, thorax and abdomen — 
must be opened layer by layer, Where appropriate, the 
vertebral canal and joint cavities should be examined. 
Examination and description of body cavities include: 

an examination for the presence of gas (pneumothorax), 
‘measurement of volume of fluids and blood, appearance 
of internal surfaces, intactness of anatomical boundaries, 
external appearance of organs and their location; 
adhesion and cavity obliterations, injuries and 
haemorthage, 

‘The demonstration and dissection of the soft tissues 
and musculature of the neck have to be components of 
all medico-legal autopsies (see the paragraph 
concerning special procedures). 

All organs must be examined and sliced following 
established guidelines of pathological anatomy. This 
includes opening of al relevant vessels, for example, 
intracranial arteries, sinuses, carotid arteries, coronary 
arteries, pulmonary arteries and veins, aorta and vessels, 
of the abdominal organs, femoral arteries and lower 
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limb veins. Relevant ducts have to be dissected, for 
example, central and peripheral airways, biliary ducts 
and ureters All hollow organs have to be opened and 
their content described by colour, viscosity, volume 
(samples should be retained, where appropriate). All 
organs have to be sliced and the appearance of the cut 
surface described. IF injuries are present, the dissection 
procedure may have to vary from the normal one: this, 
should be appropriately described and documented. 

6 All internal lesions and injuries must be precisely 
described by size and location. Injury tracks must be 
described in order to include thei direction as regards 
the organ anatomy. 

7 ‘The weight of all major organs must be recorded 


B Detailed 
1 Head 

Before opening the skull, che periosteum must be 
scraped off in order to display or exclude any fractures. 

b The head examination procedure must allow the 
inspection and description of the scalp, external and 
internal surfaces of the skull and of the temporal 
muscles, 

The thickness and appearances of the skull and 
sutures, the appearances of the meninges, the 
cerebrospinal fluid (CSF), the wall structure and 
contents of cerebral arteries and sinuses must be 
described. The description of the bones must also 
include an examination of their intactness, including 
the connection between the skull and the first ewo 
vertebrae. 

In obvious or suspected head injury (for example, if 
a detailed examination is required or ifautolysis or 
putrefaction is present) fixation of the whole brain is 
recommended before its dissection. 

Middle ears must be always opened and nasal 
sinuses where indicated, 

£ The soft tissue and skeleton of the face is dissected 
only in relevant cases, using a cosmetically 
acceptable technique. 


2 Thoras and neck 
“The opening of the thorax must be performed using 
a technique which allows the demonstration of the 
presence of pneumothorax and the inspection of 
the thorax walls, including the postero-lateral regions. 
In situ dissection of the neck must display the details of 
its anatomy. 


3 Abdomen 
“The opening procedure of the abdomen muse allow an. 
accurate examination of all ayers of the walls, including, 


the postero-lateral regions. Jn stu dissection is necessary 
in certain cases, particularly for the demonstration of 
injury tracks and evacuation of fluids. Dissection of 
organs should observe anatomical continuity of systems, 
where possible. The whole intestine muse be dissected 
and its contents described. 


4 Skeleton 
a The examination of the thoracic cage, the spine and 
the pelvis must be part of the autopsy procedure. 
b_ Where appropriate traumatic deaths need a precise 
dissection of the extremities, possibly complemented 
by X-ray examination, 


5 Special procedures 

a. If there is any suspicion of neck trauma, the brain 
and thoracic organs are to be removed prior to the 
dissection of the neck, to enable derailed dissection 
to take place in a bloodless field 

b If there isa suspicion of air embolism, pre-autopsy 
radiology of the thorax must be performed. The first 
stage of the auropsy in such a case must be a careful 
partial opening of the thorax and dislocation of the 
lower three-quarters of the sternum with the 
subsequent opening of the heart under water, allowing 
the measurement and sampling of escaping air or gas. 

¢ For the demonstration of particular injury patterns, 
deviation from the normal procedure of dissection 
hhas to be accepted, provided that such procedures 
ate specifically described in the autopsy report. 

The dissection in traumatic deaths must include a 
full exposure of the soft tissues and musculature on 
the back of the body: The same procedure must be 
applied to the extremities (so called ‘peel-off” 
procedure) 

In suspected or overt sexual assaults, the sexual 
organs are to be removed en bloc together with the 
external genitalia, rectum and anus, before they are 
dissected. Relevant swabs of orifices and cavities 
‘must be taken prior to this procedure. 


6 Sampling 
"The scope of the sampling procedure is to be case- 
dependent. However, the following minimum rules 
should be applied: 


a imall autopsies, the basic sampling scheme includes 
specimens from the main organs for histology and 
peripheral blood sampling (such as for aleohol and 
drug analyses and genetic identification), urine and 
gastric contents, All blood samples must be peripheral 
blood and not heart or thoracic; 

bb if the cause of death cannot be established with the 
necessary degree of certainty, sampling includes 
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Principles and rules relating to medico-legal autopsy procedures 


additional specimens and fluids for metabolic studies 
and thorough toxicology. This includes blood, 
vitreous humour, CSE, bile, hair samples and further 
relevant tissues; 

‘©. iftdeath is related to physical violence, sampling 
includes the injuries, for example to determine wound 
age and any foreign materials in the wounds; 

dif reconstructions are desirable, the removal of bones 
and osseous compartments may become necessuy; 

€ if identification is the predominant aim, the removal 
of jaws and other bones may be necessary: 

£ if strangulation or the application of physical force 
to the neck is suspected or diagnosed, the entire 
neck structures, musculature and neurovascular 
bundles must be preserved for histology. The hyoid 
bone and the laryngeal cartilages must be dissected 
very carefully; 

& biological samples must be collected in tightly closed 
jars, properly preserved and placed under seal and 
transported to the laboratory in perfect safety; 

‘h certain specimens and fluids need to be sampled in a 
special way and analysed without delay. 

7 Release ofthe body 

Afier a medico-legal autopsy has been carried out, 

medico-legal experts should ensure that the body is 

returned in a dignified condition. 


Principle VI — Autopsy report 


1 ‘The aucopsy report is as important as the auropsy 
itself, as the latter is of litle value if the findings 
and opin 
‘communicated in a clear, accurate and permanent 


ns of the medico-legal expert are not 


document. The autopsy report should be an 

integeal part of the autopsy procedure and be 

drafted carefully. 

2 The report should therefore be: 

4 fall, derailed, comprehensive and objective: 

bb clear and comprehensible nor only 10 other doctors, 
bur also to non-medical readers; 

written in a logical sequence, well-structured and 
easy to refer to in various sections of the reports 

be in legible and permanent form, with hard paper 
copy even if is ret 

fe be written in a discursive ‘essay’ style; 


ined in electronic storage; 


3. When drafting an autopsy report, the following 
minimum content should be included: 
legal preface to fulfil starutory requirements, ifneeded; 
'b serial number, computer retrieval coding and 
International Classification of Disease Code 
(ICD) code; 
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€ full personal details of deceased (including name, 
age, sex, address and occupation) unless unidentified: 

d date, place and time of death, where known; 

€ date, place and time of autopsy; 

F name, qualifications and status of medico-legal 
expert(s); 

8g persons present at the autopsy and their functi 

fh name of the authority commissioning the autopsy: 

i person(s) identifying the body to the medico-legal 
experts 

j name and address of the medical attendant of the 
deceased; 

ka synopsis of the history and circumstances of the 
death, as given to the medico-legal expert by the 
police, judges, relatives or other persons, as well as 
information contained in the file, where available; 

1 description of the scene of death, if attended by the 
‘medico-legal expert; reference should be made to the 
provisions contained in Principle I above; 

m external examination; reference should be made to 
the provisions of Principle V above: 

1m internal examination by anatomic systems, together 
with 2 comment on every organ. Reference should 
bbe made to the provisions of Principle V above; 

6 a lise of all samples retained for toxicology, genetic 
identification, histology, microbiology and other 
investigations should be included; all such specimens 
should be identified and attested by the medico-legal 
expert according to the legal system of the state 
concerned, for continuity of evidence: 

Pp results of ancillary investigations, such as radiology, 
odontology, entomology and anthropology should 
be included, when such results are available; 

4 one of the mast important parts of the autopsy 
report is the evaluation of the significance of the 
accumulated results by the medico-legal expert. 

Afier termination of the autopsy, evaluation is 
usually provisional because later findings and later 
knowledge of other circumstantial facts can 
necessitate alteration and modification. Medico-legal 
experts must interpret the overall findings so thar the 
maximum information and opinion can be offered, 
‘Also questions that have not been raised by the 
competent authority must be addressed if they could 
be of significance; 

based on the final interpretation, the cause of death 
(in the International Classification of Disease should 
be given, Where several alternatives for the cause of 
death exist and the facts do not allow a 
differentiation beeween them, the medico-legal 
expert should describe the alternatives and, if 
possible, rank them in order of probability. If this is 
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‘nor possible, then the cause of death should be 
certified as “Unascertained’; 

«the report should be finally checked, dated and 
signed by the medico-legal expert(s) 

4 The date of the autopsy and the date of the provisional 
report should never be more than a day or two apart, 
The date of the autopsy and the date of the final report 
should be as close rogether as possible. 


-?PENDIX TO 
RECOMMENDATIO! 


SPECIFIC PROCEDURES. 
(SELECTED EXAMPLES) 


1. Constriction of neck (banging, manual and ligature 

strangulation) 

“The examination of the scene where the body was 

found is extremely important: for example the presence 

ofa chair or similar platform; fastening of the 

strangulation device; technique of tying of the knot; 

adhesive taping of hands and objects for trace evidence: 

— Strangulation marks: depth, wideh, intermediate 
rings, direction, suspension point, raised ridges of 
skin, zones of hyperaemia, presence of duplicate 
strangulation marks; further specific neck injuries: 
dried excoriations due to slippage of the implement, 
‘marks due to textile weave pattern and structure, 
distribution of petechiae in the skin, bruising, 
scratch marks, blisters in the strangulation ma 

— Bleeding from facial orifices. Differences in widths 
of the pupils, localization of hypostasis, presence and 
distribution of congestion. 

— Injuries due to convulsions, defensive injuries, 


injuries due to being held forcibly. 
Dissection of the soft tissues, of the musculature and 
of the organs of the neck in a bloodless field is essential. 


2 Drowning/immersion 
Nore carefully the following findings: foam at the 
mouth, cutis anserina, maceration, mud and algae, 
lesions due to water animals, injuries due to 
surroundings (for example rocks and ships), loss of 


nails, skin, localization of livor mortis, 

“Technique: sampling of gastric contents, precise 
description of the lungs (weight, measurement, extent 
of emphysema), sampling, lung fluid, liver and other 
tissues, for the possible demonstration of diatoms and 
other contaminants. 

If required, sampling of drowning medium (for 
example river, bath water) should be carried ou. 


3 Sesually motivated murder 
“The inspection and documentation of the scene of crime, 
eg, relative to the injury pattern, is especially important. 
All injuries must be photographed together with a scale. 
Frequired, the body surfaces must be investigated under 
UV light and taped. Search for and sampling of foreign 
biological material must include pubic hairs and 
secretions on the body surface as for instance originating 
from bites. Such material must be preserved carefully for 
DNA investigation and protected against contamination. 
“En bloc dissection of the genital organs is strongly 
recommended. Iris also necessary to proceed to the 
careful removal and sampling of material under the 
fingernails and control hai. 


4. Death from child abuse and negleet 
State of nutrition and general care, thorough 
description and documentation of external injuries and 
scars, thorough examination for bone fractures (X-ray), 
must be evaluated, 

Consider the removal of a variety of tissues: for 
example all injuries, regional lymph nodes in 
‘malnutrition, endocrine organs, immuno-competent 
tissues, specimens from different parts of the intestine, 


5 Infntcidelsill-birch 
Special techniques of dissection are necessary to expose 
the fal cerebri and the tencorium cerebellis describe the 
site of caput succedaneum; remove all fractures ‘en bloc’: 
investigate all bone centres of ossification (size and 
presence). Special care is to be applied to the thoracic 
organs: degree of inflation of the lungs, flotation test 
“en bloc’ and 'en detail’. However, the limitations of the 
flotation test must be appreciated. All malformations 
must be described. As regards abdominal organs, gas 
content of the intestine must be investigated, The 
‘umbilical cord and che placenta must be subject 10 
‘morphological and histological examination. 


6 Sudden death 
A subdivision into three main categories relative to the 
further strategy after gross examination is useful: 

a findings that obviously explain the sudden occurrence 
of death (for example haemopericardium, aortic 
rupture). Cases belonging to this category can usually 
be regarded as sufficiently solved; 

b findings thar could explain the death bur allow other 
explanations. Cases belonging co this category 
necessitate the exclusion of , for example,. poisoning 
and possibly histological proof of recent or chronic 
alterations relative to the cause of death; 

findings are either nil/minimal or do not explain the 
occurrence of death. Cases belonging to this category 
will usually require extensive further investigations, 
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Specific procedures (selected examples) 


This is especially so with sudden infant death cases, 
In such cases a more comprehensive investigative 
scheme is essential 


Shooting fatalities 

The following should be carried out: 

— extensive account on the scene of the incident, of 
weapons involved, of types of bullets, of sites of 
‘environmental’ damage, of cartridge cases and of 
relative positions of persons involved: 

— thorough examination of the clothing and 
description of relevant damage and careful sampling: 

— thorough investigation and documentation of any 
blood (splashes) on the body surfaces (including 
clothing and hands); 

— precise description of bullet entry and exit wounds 
relative ro anatomical landmarks and distances from 
the soles ofthe feet and bullet tracks within the body: 

— description of any impression marks of the muzzle; 

— excision of uncleaned skin specimens surrounding 
entry and exit wounds; 

— X-ray hefore andlor during autopsy (where necessary); 

— determination of bullet tracks and their direction(s); 

— final determination of direction(s) of fire, of the 
succession of shots, of intra-vital occurrence, of the 
victim's position (s) 


Death caused by explosive devices 

a As well as evaluating the cause of death, autopsy is 
essential to assist in reconstructing the nature of 
the explosion and identifying the type and maker of 
the explosive device, especially in aircraft sabotage or 
other terrorist actions. 

'b Full X-ray of the body must be made ro detect and 
localise any metallic objects, such as detonator 
components, which may lead to the identification of 
the explosive device. 

‘© The pattern of injury may indicate thar the dead 
person was a perpetrator of the explosion, for 
example maximum injury in the lower abdominal 
region suggests that he or she carried the device on 
his or her lap during a premature explosion. 

4 Ac autopsy, all foreign objects in the tissues, 
identified on X-rays, must be carefully preserved for 
forensic examination. 

e Samples of issues, clothing, etc., must be retained for 
chemical analysis to identify the type of explosive. 


Blunt andlor sharp force injuries 

The following should be carried our: 

— examination of the weapons or objects that are 
possibly involved (especially their dimensions); 


— extensive examination and inspection of clothing 
(including damage, stains); 

— careful dissection and description of all racks (layer 
by layer) including their dimensions and weapon- 
related traces, signs of vitality. 


10 Fire Deaths 

‘The following should be carried out: 

— examination of remains of clothing, - specific types 
and shapes of skin combustions; 

— search for heat-related alterations and peculiarities; 

— demonstration/exclusion of fie accelerants.; 

— search for signs of vitality: carbon monoxide, 
HEN, soot inhalation, skin lesions. 


11 Suspicion of intoxication (General Outlines) 
11.1 Where anatomical findings do not reveal a cause 
‘of death andlor there is vague suspicion of 
poisoning, basic sampling should include 
peripheral blood, urine, stomach contents, bile, 
liver and kidney. 
11.2 If specific suspicion arises, sampling should be 
group-related as follows 
~ hypnotics, sedatives, psycho-active drugs, cardiac 
drugs and analgesics, pesticides: as 
aforementioned under (11.1); 
~ drugs of abuse: as aforementioned under (11,1) 
and additionally cerebrospinal fluid, brain tissue, 
injection marks, haies; 
~ volatile fat-soluble substances such as fire 
accelerant and solvents: as aforementioned under 
(11.1) and in addition: blood from left ventricle, 
brain tissue, subcutaneous fat tissue, lung tissue, 
lothin, 
= nutritional intoxication: as aforementioned 
under (11.1) and in addition: intestinal 
contents, if possible taken from 3 different 
~ suspicion of chronic intoxication (heavy metals, 
drugs, pesticides etc) as aforementioned under 
(11.1) and in addision: hairs (rus), bones, fa 
tissue, intestinal contents. 


12 Decomposed bodies 
‘The presence of decomposition does not remove the 
need for a full autopsy. 

Radiological examination will exclude bony injury, 
the presence of foreign bodies, for example bullets 

Toxicological studies (particularly estimation of 
alcohol concentrations) should be carried out but 
interpreted with great caution, 
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References to autopsy, death and homicide are limited in the index, as these are major subject of the book. Readers are advised to seek 
more specific references. us denotes differentiation oF comparison, 


abdomen septic 97, 432 
anatomy, forensic 229 skin colour 346 
bruising in child abuse 463, sudden death due to 517 
compression, traumatic ‘asphyxia! in 363 therapeutic 346, 431 
examination in air embolism 347, 435-6 abrasion collar 263-4, 268-9 
exposure/incisions at autopsy 17 abrasions 137, 138-43, 
internal examination at autopsy 18 in bruising rs hypostasis 59 
kicking injuries 230 bbrush (tangential) 139, 140 
jn neglect/starvation 413, 414 face 178 
surface relations of organs 229 motorcyclists 290 
abdominal injuries 229-33 scalp 175 
child abuse 230, 463, 472 crushing 139-40 
closed/blunt 229 defence wounds 165-6 
complications 233 definitions and lay terms 137, 138 
foreign bodies 2 fingernail se fingernail, abrasions 
hhaemorthage 230, 232, 233, footmarks 144, 150 
illegal abortion 433, impact, of scalp 175 
‘openipenctrating 229 intradermal bruising with 140, 141, 142, 146 
suicidal knife wounds 238 linear (geazes) 138, 139 
in vehicular accidents 286 neck 
drivers 283-4 infanticide 441, 443 
pedestrians 294 strangulation 140, 372 
abdominal organs 229 patterned 141-3, 144 
camination at autopsy 18, child abuse 475 
‘removal at autopsy 21-2 facial 178 
abdominal wall, bruising 229-30 firearms muzzle 143 
abortion pedestrians 294, 295 
autopsy 435-6 tyres, vehicular injuries 142, 143, 294, 296 
external examination 435 post-mortem 139, 143, 149-50 
internal findings 435-6 putrefied corpse 39 
criminalfllegal 431, 432 sealp 175 
airembolism 346, 432-3, 434, 435, sexual offences 422 
causes of death 432-5 strangulation marks 141, 148, 372-3 
cervix dilatation 432, 433 acceleration injuries 205, 281, 291 
dangers 435 accidents see trauma: vehicular accidents 
ddrugslchemicals 434-5 acetabulum, sex differentiation 111 
infections 433-4 acetaminophen (paracetamol) poisoning, 572-3 
infections/bleeding 432 acetylsalicylic acid se aspirin poisoning 
instrumental interference 432 acid fuchsin (AF) staining, 500 
intrauterine infection 433-4 acid phosphatase 428 
physical violence 433 acquired immunodeficiency syndrome (AIDS) 579 
syringe aspiration 433 acridine-orange fluorescent stain 601 


deaths associated. 431 


actin 62 
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actomyosin 62 
acute tubular necrosis $45 
ADAM (Ecstasy) 581 
adenosine diphosphate (ADP) 62 
adenosine triphosphate (ATP) 61, 62 
adipocere 
chemistry/characterstcs 70 
decomposition forms mixed with 72 
definition 64, 70 
formation 68, 70-2 
bacteria 71 
in drowning 406 
importance 71-2 
timing 71 
adipose tissue 
decomposition see adipocere 
los, in neglect/starvation 414 
‘adrenal apoplexy’ 349 
adrenal glands, autopsy 27, 349 
adrenal haemorrhage 349, 513 
adrenaline:noradrenaline ratio 419 


Br-adrenergic antagonists 515 
adule respiratory distress syndrome 345 
‘Afvican features 122, 123 
age 
hypothermia relationship 415, 
infant, sudden infant death syndrome and 452 
age estimation 
by dentition 534-5 
external examination at auropsy 1 
eyes 104 
infants 440, 443, 448-9 
‘non-skeletalized bodies 104-5 
skeletal remains 116-22 
adule 118 
child/young adult 118 
factors affecing 118 
fetus/young infant 117-18, 449 
later years 118 
pubic symphysis 118-20 
radiography/radiology 117, 121 
shall sutures 120-2 
sternal rib methods 120 
teeth 104-5, 534-5 
agrochemical poisoning 566-9 
‘organophosphorus pesticides 567-8 
paraquat 345, 566-7 
AIDS 579 
see alo HIV infection 
in diving 488 
insufflation in illegal abortion 432-3, 435 
‘movement, effect on cooling curve 81 
airbags 289 
aircraft 
carbon monoxide poisoning 560-1 
crashes 
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identification of dead from dentition 532-3, 
necessities in planning 42-3 
pilots 296, 508 
airembolism 346-8 
airvolume for 346-7 
arterial 346 
spirometer 347, 348 
autopsy in 347-8, 435-6 
barotrauma 346, 488, 489 
in cerebral veins, myth 347, 435-6, 490 
in cut throats 237, 346 
divers 488 
gas chromatography 347, 348 
homicide 346 
illegal abortion 346, 432-3, 434 
autopsy findings 435, 
legal termination of pregnancy 432 
‘mechanism of death 346, 347 
smedico-legal aspects 346 
rndiograph 347 
transfusion/infusion/surgical accidents 346 
air guns 271 
injuties 271-2 
aicilles, injuries 271-2 


damage, resuscitation artefacts 41 
froth in, in drowning 40: 
gastric contents in 36; 
obstruction 
aanaesthetic-relared deaths 484-5 
choking 361-3 
gagging 360-1 
infections 361 
presure on neck causing 368 
ccclusion, fatal pressure on neck 368, 369 
thermal damage 319- 
Al-Alousis ‘temperature ratio’ method. 83, 87 
alcohol 552-9 
absorption 552, 5534 
drugs affecting 554 
food eflecr 553, 554 
behavioural effect 552, 556-7 
binge drinkers 954 
blood-alcohol curve (BAC) 554 
blood levels 19-20, 553, 
ante-mortem 2 post-mortem 546-7 
calculation from drinks 556 
deaths in custody 307 
peripheral vein blood 547 
road traffic deaths 296, 557 
sample collection/containers 20, 545 
sample preservation 545, 546 
women 552 
breath 555 
cathon monoxide poisoning and 557, 560, 561 
cardiomyopathy associated. 558 
choking association 363, 
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alcohol (contd) 
chronic abuse $52, 557-8 
concentrations af drinks 553-4, 555-6 
deaths from exposure 419 
deaths in custody 307 
as depressant 552-3, 
diffusion (post-mortem) and sampling concerns 546-7 
driving and 554 
legal imit in UK 555 
urine levels 555 
climination/excretion 554-5 
hheat regulation changes 553, 
hypothermia and 553 
hypoxia 552 
‘metabolism 554 
mode of action 552-3 
‘modes of death 557-8 
acute alcoholism 307, 557 
chronic alcoholism 557-8 
physiological effects 552-3, 556-7 
putrefactive production 545-6 
spontaneous combustion association 323 
subarachnoid haemorrhage and 199,519 
sudden death from berry ancurysm and 199, 519 
sudden immersion in cold water 400, 557 
units 554, 555-6 
specific drinks 555-6 
volume/volume 555-6 
alcoholism 554-5 
acute 307, 957 
chronic 552, 557-8 
falls 557 
alkali, deaths from 587-8 
alkaline phosphatase 169) 
alveoli 
alcohol levels in air 555 
in newborn lung 447-8 
in paraquat poisoning 567 
Alcheimer'like condition, in boxers 204 


ambient temperature se temperature, ambient 
‘American Saciety of Anesthesiologists 482 
amino acids 
dating of bones 122, 127 
in teeth 105, 935 
amitriptyline 573 
ammunition 247 
rifled weapons 248 
shotgun 246, 247-8 
see alo bullets 
amnesia, etrograde 209-10 
‘Amnesty International 301 
amniotic fluid embolism 436-7 
amphetamine abuse 580, 581 
Beamyloid precursor protein 470 
anaemia, carbon monoxide poisoning in 562, 563 
anaerobes, adipocere formation 71 
anaesthesia-related deaths, medico-legal aspects 482, 483 
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ansesthetic-related deaths 480-5 
airway obstruction 484-5 
autopsy procedure 480-2 
cardiac arrest 484 
causes 4824 
equipment failure 485 
histology 483, 485, 486 
hypoxia in, brain changes after 484, 486 
incidencelrise 484 
local/epidural anaesthesix 485 
mode/eauses of death 482-4 


analgesics, poisoning 571-2 
anal intercourse 427, 428-9 
anatomy, forensic 

abdomen 229 

chest 222-3, 223 


circle of Willis $12, 513 
cranium 181 

heart 223 

larynx 376, 377 

sealp 174-5 

skin 137-8, 174 


skull and meninges 108, 181-2, 182, 189 
‘vertcbeal arteries 201 
aortic 509-10 
atheromatoiss 509-10 
diagnosis 510 
dlssecting 510 
fasiform/saceular 510 
berry see berry aneurysm 
cardiac 503 
cerebral arteries 196, 512-13 
rupture $1113 
circle of Willis 197, 198, 511 
mycotic SUL 
rupture, sudden death 509-13, 519-20 
syphilitic 510-11 
angel dust (phencyclidine) 580 
angiography, post-mortem 26, 200-1, 203, 512 
animal bones 107, 108 
animal predation 
buried body decomposition 69 
dating of bones and 126 
immersion deaths 396, 397, 398 
maggot infestation 65, 66, 74-5, 77 
marine predation 68, 75-6, 396, 398, 399 
‘mummified corpse 73 
post-mortem damage 73-6, 74, 75-6, 126 
pputrefied corpse 67 
typestypes of damage 74 
see aba insects 


anoxia 52, 53 
stagnant 352 

ante-mortem 1s post-mortem injury 
burns 317-19, 320 
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in fre 7 
fractures 182, 344 
joint spliss 7 


laryngeal fractures 378 
slell fractures. 182 
“undertaker's fracture’ 21 
wounds 167-9, 170-1 

anthropometric dimensions 123 

anticoagulants 545 

antidepressants, poisoning 573 

antifreeze agents 589 

antimony poisoning 591 

ants, post-mortem damage 75 


bruising 
homosexual offences 429 
sexual offences 422, 427 
dilatation 
homosexuals 427 
interpretation 423-4, 428 
sexual offences 427, 428 
amination at autopsy 16 
fannclshaped 16, 429 
in homosexuals 427, 429 
injuries, in sexual offences 423 
patulous 427, 429 
anatomy 223 
ancturyams see aneurysms, aortic 
atherosclerosis 509-10 
deceleration injuries 228, 
double-barrelled 510 
examination at autopsy 2 
impact injury 228, 229 
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injuries 228, 
vehicular accidents 285, 289 
“adder tears! 21, 228, 285 


‘medionecrosis 510 
ruptured 228, 340 
vehicular accidents 285 
transection 228 
aortic valve disease 506-7 
sudden death 506-7 
aortic valve stenosis 506-7 
sorttis, syphilitic 511 
aorto-oesophageal fistula, surgical procedures, deaths asociated. 481 
apex, myocardial infarction 497 
apnoea, in sudden infant death syndrome 455-6 
apnoea alarms 456 
sponeurosis 174-5 
apoptosis, conducting system, sudden death due to. 505 
appendicitis, acute 517 
appendix abscess 517 
arachnoid 189 
arachnoid granulations 189 
arcus senilis 104 
arm, injuries in vehicular accidents 284, 286 


arm-locks 353, 383, 
deaths in custody 306 
fractured laryngeal horns 378 
arrest, deaths afier/during 305-7, 353, 
se alto custody, deaths in 
arrhythmias see cardiac archythnias 
arsenical poisoning 590-1 
acute/chronic 590 
autopsy findings 590-1 
blooditissue levels 591 
corpse preservation 590 
faral dosages 590 
sources 590 
toxicology sampling/results 591 
arscnious oxide poisoning 590, 591 
artefacts se post-mortem artefacts; resuscitation artefacts 
arterial spasm 503, 
arteriovenous anastomosis 512 
arthritis 104 
asbestos/asbestosis 24-5, 103 
‘asphyxia! 352-67, 368, 369 
autopsy diagnosis 356-7 
cautions on diagnosis 397, 358, 368 
classic signs 353-7 
absent in suffocation 358 
‘cautions on use 353, 357, 368 
congestion and oedema 356 
cyanosis 356 
engorgement of right heart 356 
fluidity of blood 356 
petechial haemorshage 353-6, 364 
conditions/examples 352 
definitions/terminology 352, 353 
histological/biomechanical diagnosis 357 
hypostasis colour confusion 57, 58, 356 


ligature strangulation 382 
masochistic 235, 240 
‘mechanical 353, 369 
.e alia choking; smothering; strangulation; suffocation 
nature of 352 
‘obsolete diagnostic quintet! 353, 357 
plastic bag 390, 391, 596, 
postural (positional) 355, 365 
deaths in custody 306 
sexual se sexual asphyxia 
in solvent abuse 596 
sudden death in epileptics 514 
suicide by 240 
raumatic 352, 363-4 
cyanosis 364 
deaths in custody 306 
aspiration, gastric contents se gastric contents 
aspirin poisoning 571-2, 
hypersensitivity 571 
spot texts 572 
spirometer, autopsy in air embolism 347, 348 
assaults, berry aneurysm rupture and 198, 519-20 
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asthma, sudden death 515 
astrocytes, in cerebral hypoxia 213 
athernsclerasis 104 
aortic 509-10 
coronary se coronary atherosclerosis 
atlanto-occipital dislocation, in vehicular accidents 284 
atria, examination at autopsy 25 
auditory meatus temperature 7 
‘Austrian decree 1 
autoerotic procedures 389-92 
see also sexual asphyxia 
autolysis 36, 59-60, 89 
carly myocardial infarction os 498 
past-martem 345, 500-1 
automatic pistols 247, 248, 273 
automatic weapons 248, 
autopsy 
clinical (academic) 2 
forensic ze autopsy, medico-legal 
history 1 
legislation 2 
types 2 
autopsy, medico-legal 
abortion 435-6 
abrasions caused by 143 
in air embolism 347-8, 435-6 
in ‘asphyxia! 356-7 
attendance at 3-4 
authorisation/consent 3 
blind 10 
brain examination 28-9 
bruise development 145, 
burns 315-16 
case history 9-10 
child abuse 475-6 
computed tomography (CT) 31 
consent documents 3 
consent issues 2 
in decompression chamber 489 
dentures examination 15 
DNA profiling simple 604 
drowning see drowning, autopsy signs 
epilepsy 514 
examination of organs see individual organs 
extemal examination se external examination at autopsy 
failure rates: 45 
fatal abuse, evidence 301 
Inszards for staff 10-11 
cyanide poisoning 586 
HVihepatits infection 4, 10-11 
identification of body 8-9 
incisions 16-17, 17, 425 
infanticide 442-5 
internal examination see internal examination at autopsy 
legislation 2 
‘magnetic resonance imaging (MRI) 31 
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mass disasters 44 
objectives 3 
obscure 44-7, 493 
mode of death 46-7 
samples 45-6 
syndrome 45 
photography see photography 
plastic bag suffocation 359-60 
post-mortem artefacts se post-mortem artefacts 
precautions 10-11 


procedures 2-4 
putrefied corpse 39-40 

se ala patrefied corpse 
radiology se radiographyiradiology 
reasons 493 
Recommendation No. R (99) 3 610 
report 33-5 


body sketches 35 
‘cause of death 10 
differential diagnosis 10 
discussions/conchusions 35 
cexternal examination 34 
formatlinformation 33-5 
information required 34 
intemal examination 34-5 
‘original,’ legal requirements 35 
timescale 35 
resuscitation artefacts see resuscitation artefact 
retention of tssues/organs 3 
samples/ancillary investigations 2 
standards 1-2 
axonal injury diffuse 
in child abuse 470 
concussion in 210 


back injuries, in human rights abuse 303 
“back spatter’ 261 
bacteria 
adipocere formation 71 
in putrefaction 64-5, 68 
“barbiturate blister’ 562, 574 
barbiturates 486, 573-4 
poisoning 573-4 
barium, in tracheobronchial tree 363, 
baroreceptors 369 
barotrauma 346, 488-91 
airembolism 346, 488, 489 
autopsy 30, 489-90 
definition 488 
physical damage 488-9 
pulmonary 489 
Barr bodies 104 
basal arteries 46, 347 
‘hase wing index’ 112 
basilar arcery 201, 203, 
see ali basilovertebral arcery injury 
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[0123] For brevity we may represent the quasi electron 
structure as (4/3)xe"=8; to signily its threefold symmetry, 
thus 


0) 
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[0124] Indicating that the fine structure constant of the 
‘electron (a) is indeed related to its dimensional structure 
Again taking into account the effects of gravity the fine 
structure constant can be derived from first principles to nine 
‘decimal places (see Gravity and the Charge of the Electron. 


[0125] Fundamental Forces and Particle Structure 


[0126] In order to understand the fundamental forces and 
the nature of fundamental particles, an overview is required 
‘Thus, there are three major forces; strong, electro-weak and 
aravity, each mediated by three force particles the gluon, 
photon and graviton respectively. These in tum, influence 
three types of particle, the quark, lepton, and by general 
relativity space-time itself. Each of these are composed of 
particles with multiples of charge of 14, which are them- 
selves in three generations, and are present in three dimen- 
sions of real space. Its important that comprehensive view 
of nature explains this threefold symmetry. 


[0127] Using the Standard Model of particles, itis well 
accepted there exist quark particle changes of ~)s 
+ and 4% in quarks. and Ks 

particle is made up of three quarks the presence of these 
fractional charges support the association of the fractional 
‘charges in this way to form three dimensional charged 
particles. In stable particles each of the three quarks would 
have a vector in one dimension, giving the three quarks 
together an existence in three dimensional visible space 
time. The particles that bind the quarks (gluons) are them 
selves required, in stable particles, to have three different 
in each dimension, for the particle 
in three dimensional space-time. Furthermore, there 
‘are three generations of quarks (and indeed leptons). 


[0128] The Standard Model (or a modification of this) and 
in particular the observation of quarks and indeed quasi 
clectrons with fractional charge of /5 and 2 in both cases, 
indicates that particles are constituted from the equivalent of 
three ofthese quasi particles to form an electron and quarks 
to form baryons. In the normal three dimensions the enerey 
‘would be carried by the particle, However, because each 
particle is constituted of three quasi particles and in each. 
‘quasi particle or quark one visible dimension would be the 
<irection vector, in the other two hidden dimensions of each 
vector the waves would carry energy. Thus exch particle 


Apr. 6, 2006 


‘would be associated with vibration, which would account 
for wave particle duality and Hleisenberg’s uncertainty prin- 
ciple in three dimensional visible space-time, 


[0129] These observations lead us directly tothe previous 
postulate that the structure of the electron is composed of 
‘none other than three (root) spheres, and that this equation 
for the electron allows the determination of the charge of the 
electron from fist principles, thus: 
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[0130] In addition the mass of the proton (m,) can be 
directly calculated from the ratio of the mass (m,) of the 
electron, given by the equation: 


ay 


=545x104 <3. 


[0131] Strictly we should write, 


Me asayes 


which is much more elegant, 


[0132] Which now gives 


48620107 


[0133] This is in very close agreement with the experi- 
‘mentally derived ratio of the proton to electron masses 
‘which is also; 5.446210" 


[0134] Thus the correlation factor between theory and 
experiment bas a maximum error <0,00001 


[0135] 


‘and equation 13: 


If'we combine equation 3: 
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basilovertebral artery injury 200-4 
autopsy appearances 201-2 
hypothesis and problems with 200 
see alo vertebral artery 
basisphenoid synchondrosis 121 
bathroom, deaths in 400, 401, 405 
clectrical fatalities 326, 333-4, 334-5, 400, 405 
homicide 400 
baton sounds 274 
battered baby see child abuse 
battery acid 587 
beard, growth after death 61 
beatings, torture and human rights abuse 302-3 
beetles 7-8 
behaviour, alcohol effect 552, 956-7 
bends! 346 
benzene abuse 597 
benzidine 127 
benzodiazepines, poisoning 542, 573 
berry aneurysm 196 
autopsy 512 
‘congenital’ 512 
smultipllsizes 512 
ruptured 511 
alcohol and 199, 519 
traumaldisease interaction 198- 
spontancously leaking 199) 
sudden death from, mechanism 198-9, 199, 
Su 
beyond reasonable doubr' test 341, 471, 918, 520 
bile, sample collection 548 
biochemistry 
post-mortem interval 89-90 
rigor mortis 61-2 
viereous humour 88, 89-90, 575 
birds, post-mortem damage 76 
birth 
concealment 440, 441, 442 
live, deinition/proving 440-1, 442, 443 
newborn, lungs 447-8 
bitesbite marks 527-32 
autopsy/re-examination 528, 531 
bruises associated 146 
child abuse 474, 476, 528 
common sites 528 
ear 180) 
in foodstuffs 527-8 
identification of waspece $30 
impression/casts of mark 531 
investigation 530-1 
love bites 146, 421, 474, 528, 530 
‘matching with suspects dentition 532 
‘multiple 529 
nature of mark 529-30 
nipples 528, 529, 530 
photography 528, 530-1, 532 


519, 520 
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preservation 528 
sample collection $28, 531 
selEinflicted 529 
in secual offences 421-2, $28, 529, 530 

black eye, causes 178, 179, 180 
dicect violence 149, 179 
fractures of anterior fossae of skull 179, 180 
gravitational seepage 179 
‘movement oF bruises 146, 148, 175-6, 179 

bladder 
injuries 233, 289 
urine collection at autopsy 548 

base injury 226, 274-5 

bleeding 
absence in crush injuries 359 
deaths in custody 307 
in illegal abortion 432 
post-mortem 225, 233, 340 
scalp injuries 175, 176 
spurious, behind larynx 58, 150, 375 
se alia hacmorthage 

blisters 
barbiturate 562, 574 
in burns 315, 

first degree 312-13, 
post-mortem/'peri-mortal’ 315, 317 
in carbon monoxide poisoning 562 
in electrical fatalities 330, 331 
post-mortem artefacts 36 
in putefaction 64, 65 

blood 

alcohol levels se under alcohol 


in carbon monoxide poisoning 562, 563-4 
.e alia catbon monoxide 
cathoxyhaemoglobin see carboxyhaemoglobin, 
changes in drowning 404-5 
clotting 58, 341-2, 356 
culture, simples 29 
DNA profiling 106, 604 
flow. retinal, sign of death 54 
fluidigy in asphyxia 356 
groupe 428, 440 
from mouth/nostil, post-mortem artefacts 12, 
36 
pooling, in hypothermia 417 
pressure, alcohol effect 553 
purging in putrefaction 36, 39, 65 
sample collection see sample collection, blood, 
sample preservation 546 
sludging, in hypothermia 418 
splashes 5-6 
‘exclamation mark 6 


spurious formation of eyanide 587 
volume in cardiac tamponade 228 

blood-aleohol curve (BAC) 553, 554 

‘blood-brain barrier 212 
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blood vessels 
calcification 26 
see alo calcification 
cxamination at autopsy 25-7 
blowily 76 
blucbottles 76-7 
tblue scar of coal-miners 103 
blune injuries 
abdomen 229 
deaths in custody 306-7 
dhuman sights abuse 304 
penetrating 153 
scalp 17 
slell fractures. 177, 183 
se al abrasions; bruises/bruising 
body 
buried see buried bodies 
clothed, examination at autopsy 8, 296 
dimensions 
effect on cooling curve 80 
smaleffemales (tables) 108 
race determination 123 
fate after death 53 
fluids, sample collection 19-21, 549 
fragments, in explosion deaths 275-6 
identification se identification 
internal examination at autopsy 16-23 
labelstags 9 
lengeh/beight see height length 
posture, hypostasis pattern 56 
retrieval at mass disasters 43-4 
scene of death se scene of death 
size, racial/ethnic characteristics. 105 
sketches, autopsy report 35 
transection 154 
weight see weight 
body bag 7 
body secretions 
clothing 8 
purging, in putrefction 36, 39, 65 
release, external examination of body 12 
sample collection see sample collection 
in sudden infant death syndrome 453 
see alo frothy fluid: specific secretions 
bombs, injures from 274-5 
bondage, autoerotic procedures and 391 
bones) 
animal origin. 107, 108 
bouller wounds 266-7, 270 
decay, factors affecting 126-7 
density dating of bones 126 
dlisease, infant fractures due to 468-9 
lied, stature determination 114, 117 
fragments, identification 107-8 
hhaversian architecture 108 


human origin, determination 107-8 
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injuries, bone marrow embolism 344 
long 

lengths in women/men (table) 113 
3 


race determination 1 
sexing 112-13 
statute determination 114 

recent rsold, differentiation 126 

recognition and confirmation 106-8 

sex determination from 108-14 

shotgun contact wounds over 250-1 

stature determination from 114-16 

wormian 469 

‘wounds from rifled weapons 266, 267, 270 
see alo Fractures; skeletal remains; specific bones 

bone dysplasias 468-9 

bone marrow embolism 344 

baxers, head injuries 204 

“boxers attitude’ 316 

boxing, kinetic energy transfer 137 

bradycardia. 369 

brain 

air gun pellets 272 
autopsy 
examination 28-9, 46 
fixation 28, 29, 512 
meningeal bleeding 28 
3,150 
serial rections preparation 28-9 
weight 28 
weteutting 28 

in barotrauma/dysbarism 489-90 

in carbon monoxide poisoning 562, 563 

cerebral aneurysms 512-13 

damage 204 

carotid artery occlusion 369 
child abuse 192, 205, 465, 471, 476 
impace, theories 205 
‘mechanism 205-6 
motorcyclists 290 
pressure on neck causing 370 
se ala cereal injuies 
deformation 
closed head injuries 205, 206 
laminar 206 


transient 206 


removal 2: 


in electrical fatalities 333 
petechine 354 
putrefied corpse 40 
sample collection 550 
swelling see cerebral oedema 
tee alo entries begining cerebral 
brain death 52-3, 212 
medico-legal aspects 53 
‘brain membranes 
forensic anatomy 181, 189 
hhacmorthage 28, 188, 190. 
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Index 


forensic implications 198 
see ali extradural (epidural) haemorrhage; subarachnoid 
haemorrhage; subdural haemorthage 
infections 189 
brainstem 
damage 53 
death 53 
in electrical fatalities 327, 329 
hhaemorthage 207, 214, 339 
lesions, secondary 213-14 
breasts 
bites 528, 529, 530 
bruising, in sexual offences 422 
breath, aleohol levels 555, 603 
breathing, evidence in newborn 445-8 
brittle bone diseases 468-9 
bromine, abuse 597 
bronchial asthma, sudden death 515 
bronchial obstruction, surgical procedures, deaths asociated 481 
bronchial sumours 516 
bronchodilators, 515 
bronchopleural fistula 223, 225 
bronchus, thermal damage in fires 320 
bruses/bruising 143-50 
abdominal 229-30 
abrasions with 140, 141, 142, 146 
alteration with time 145, 146-8 
bite marks 148, 530 
cerebral 206 
chesthheary/fice, resuscitation artefacts 40 
in child abuse 148, 462-3, 475 
age of bruises. 148, 463 
fingertip 145, 148, 462, 463 
colour changes 147 


‘coming out 145 
lating variables affecting 147 
defence wounds 165, 166 
definition 143-4 
dlepthisize and severity 145 
development 145 
factors affecting promincncelsize 144-5 
fingertip 145, 148, 462, 463, 
hhacmosiderin reaction 167 
hile of knife causing 158 
hhypostasis differences 59-60 
post-mortem of 59-60 
in immersion deaths 398 
intradermal 140, 141, 142, 144, 146 
bbuman rights abuse 302-3 
kicking causing 147, 149 
lacerations with 150-1, 151 
lips 150 
in sexual offences 421 
lungs 226 
‘movement 146, 175-6 
see al black eye 


muzzle imprint in shotgun wounds 250 
necle 
ligature strangulation 382 
manual strangulation 371-2, 374 
post-mortem artefacts 13, 36, 149-50 
prominence after death/autopsy 145, 176 
putreied corpse 40 
scalp 175-6, 463, 
seatbelts causing 289 
in sexual offences 421, 422, 427 
sispenny 148, 463 
of special significance 148-9 
subcutaneous tissue 144-5 
‘amine’ (‘railway line) 148, 149, 302-3 
vessel fragility affecting 145 
vessels involved 144 
brush abrasions se abrasions, beush 
buccal cells, DNA profiling sample 604 
“bucker-handle’ effect, femur 46 
buggery 427 
bullets 
dumdum 137, 245 
cexplosivetipped 137, 245 
‘modifications for kinetic energy transfer 137, 245 
‘processing’ 265 
rifled weapons 248 
rubber and plastic 274 
soft-headed 245 
wounds see gunshot wounds; rifled weapons, wounds 


‘bumper fractures 293 
burial, traumatic ‘asphyxia’ in. 363, 
buried bodies 
decomposition 68-9, 126 
deep burial 69 
burning 


atypical localized (spontaneous combustion) 323-4 
wcide by 239-40 
burns 312-25 
in acute aleoholism 557 
ante-mortem 315 
post-mortem burns ey 317-19, 320 
autopsy appearances 315-16 
child abuse 474 
classification of severity 312-13 
corrosive acids/alkalis 587 
deaths from lightning 336 
dry hear 314-15 
severity 315 
clectrical 329-32 
fires 316, 318 
fiese degree 312-13 
flash 275, 
fiction see abrasions, brush 
hhot water bottle 314, 320, 433, 435 
bbuman rights abuse 303, 
identification of body 99 
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burns (contd) 
infections 314 
‘missile injuries from explosions 275 
‘moist heat (scalds) 313-14 
‘molten rubber 303 
muscle stiffening of body 63 
past-martem 331 
renal failure after 345, 
in rifled weapon wounds 259, 262 
“Rule of Nines! 13,313 

in identification 102 


second degree 313 
shotgun wounds 250, 251, 252 
spurious ‘wounds! 316-17 
temperature/time relationship 312 
third degree 313 
burnt bone fragments, identification 107-8 
‘burst alas injury 214 
‘burst head’ 255, 267 
tbarst lobe’ 207 
butane 561, 595, 597 
butcher's cleaver, wounds 165 
buttocks, bruising, in child abuse 462, 463, 


cachexia 413, 
cadaveric spasm 61, 62-3, 
‘ale coronary’ syndrome 362 
Caffey’s syndrome 469 
caleification 
aortic valve 506, 507) 
coronary arteries 26 
cricoid cartilage 376 
under periosteum 466 
calcium oxalate 589 
Calliphora 77 
callus, in identification of remains 124, 125 
callus formation 224, 467, 468 
347 


calvarium, removal 2 


cameras 32-3 
see alo photography 
Campbell de Morgan spots 11, 104 
cannabis 581 
capillaries 
bleeding (invisible to eye) 144 
dating emboli/theombi 342 
permeability 212 
capsaicin, injury 306 
‘aptive-bolt weapons 272-4 
Carabeli’s cusp 934 
carbolic acid 987, 588 
carbon dioxide, suffocation associated 357-8 
carbon monoxide 
blood analysis 563-4 
sample collection 547 
sample preservation 546, 563 
blood levels 
anaemia 562, 563, 


Index 


burnsifires 317, 
road traffic deaths 296 
se abo carboxyhaemoglobin 
in flash fies: 320, 322, 564 
haemoglobin saturation 322, 5634 
inhalation in fires 320-2, 561 
alive when fire started 564 
death due to 320-2 
poisoning 320, 560-5, 
in aircrafe 560-1 
alcoholics/leoholism 557, 560, 561 
autopsy 562-3 
in bathroom 400 
blisters 562 
causes 560-2 
cherry-pink hypostasis 57, 321, 562 
children 322 
coal-mining 561 
divers 561 
elderly and infanes 563, 
neurological lesions afer 563 
signs 321 
sodium hydroxide rest 562 
suffocation in 357-8 
suicide 560 
vehicle drivers 560-1 
post-mortem formation 564 
in shotgun wounds 250, 252, 267 
ources 560-2 
Fires 561 
heating appliances 560, 561 
incomplete combustion 561-2 
industrial processes 561 
‘motor vehicles 560 


carbon tetrachloride 597 
carboxyhaemoglobin 563-4 


analytical methods 564 
cathon monoxide poisoning 322, 562-3 
levels 

dleaths in fires 562 

hheat haematoma/peripheral blood 192, 317, 318, 319 
samples 20 
in shorgun wounds 250, 564 


cardiac aneurysm 503 
cardiac arrest 53, 55, 
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anaesthesia asociation 484 
asphyxia in 353, 
aspirin poisoning 972 
choking due to food 362 
in electrical fatalities 328, 329 
‘manual strangulation es 374, 378-9 
reflex 358, 362, 369-70, 370-1 
carotid artery damage 378-9 
causes 371 
criminal abortion 432 
deaths in custody 306 
frequency 370 


hanging andlor 384, 388 
immersion deaths 400, 403, 
solvent abuse 595-6 

cardiac arthythmias 

aspirin poisoning 572 
catecholamines 504, 579, 596 
clecricl fatalities 327, 328, 329, 333 
sudden death due to 503 

cardiac asthma 505 

cardiac massage, external 231-2 

cardiac sarcoidasis 509 

cardiac tamponade 228 

aortic aneurysm rupture 510 
chest and heart injuries 227, 228 
‘myocardial infarction complication 502 

cardiomegaly 505 

cardiomyopathies 

alcoholic 558 
arthythmogenic right ventricle 508 
definition 507 
dilated 507 
familial 507 
idiopathic 507 
heart weight 507 
hypertrophic obstructive 507 
sudden death 507-9 
World Health Organization clasification 508 
cardiopulmonary resuscitation (CPR) 
child abuse er 467-8, 472-3 
‘myocardial contraction bands after 498-9 
see alo resuscitation artefacts 
cardiorespiratory fallure 52,53 
sign of death 53, 55 

cardiovascular disease, death whilst immersed in water 397-8 

carotid arteries 


compression 369 
damage 
in hanging 388 
in manual strangulation 378-9 
reflex cardiac arrest 378-9 
cxamination/ dissection 24, 379 
carotid sinus reflex 369 
‘carotid sleeper’ 306 
cartilage 
dating of bones 126 
stab wounds 163 
case history, in autopsy 9-10, 453 
catecholamines 41, 361, 419 
arthythmias eaused by 504, 579, 596 
resuscitation artefacts 41, 353 
sudden death from subarachnoid haemorthage 519 
cathepsins, in wounds 169 
‘eat-o'nine-tals’ 303 
Caucasian features 122, 123, 534 
cause of death see death, cause 
cavitation, high-velocity missles/projeciles 246, 270 
cellular death 52, 63-4 
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central nervous system, in barotrauma/dysbarism 490 
cerchellar tonsils, herniation/coning 211 
cerebral aneurysm, rupture 511-13 
se ali berry aneurysm 
cerebral arteries 197 
cerebral arterioles, sensitivity 199 
cerebral contusion 206 
cerebral dysfunction, hypothermia with/and 415 
cerebral fat embolism 643 
cerebral haemorthage see intracetebral haemo 
cerebral hypoxia 212-13 
histology 212-1 
in secual asphyxia 389 
stages and changes 213 
cerebral infarction 214 
cerebral injuries 20412 
in child abuse 192, 205, 465, 471, 476 
concussion after 209-10 


hag 


coupleontrecoup damage 207-9 
deceleration 205, 206 
intracerebral hacmorchage 207 
mechanism 193, 206 
oratory movements of head and 209 
se alo brain, damage 
cerebral lacerations 206-7 
cerebral oedema 211-12 
autopay features 211 
cause 211 
child abuse 470, 471 
bypoxia in 212 
cerebral veins, air embolism myth 347, 435-6, 490 
cerebrospinal fluid 
anaesthetic-elated deaths 485 
leakage 189 
sample collection method 21, 548 
in subarachnoid haemorthage 197, 199 
cervical shock, in illegal abortion 432 
cervical spine 
autopsy 21, 203 
damage/dislocation in hanging 215, 384, 385 
hyperflexion/hyperextension injuries 214-15, 215, 284 
seatbelt damage 284 
vertebral artery trauma 203 
cervical vertebrae 
dislocation 215, 384, 386 
injuries 214-15, 215 
dilatation, in illegal abortion 432, 
perforation 433 
chemicals illegal abortions 434-5 
chemical tet, dating of bones 12) 
chest 
bruising, in child abuse 463 
compression, traumatic ‘asphyxia! in 363 
crushing 3634 
flail 223, 224, 294 
forensic anatomy 222-3 
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chest (contd) rndiography/radiology 32, 476 
hhaemorthage 224-5 sib fractures 224, 467-8 
external bleeding absent 225 sample collection 4 
infection 224-5 sealds 474 
injuries 222-9 scalp 463 
cardiac tamponade 227, 228 scene of death visit 475 
self-inflicted 243, seual 461 
vehicular accidents 283-4, 285 anal dilatation 423-4, 428 
sadiogsaph, in air embolism 347 anal rapes 427, 429 
stab/sucking wounds 2 internal examination 425 
se ala tab wounds rape 425-6, 427, 429 
suicidal knife wounds 238 shaking and subdural haemorrhage 192, 193, 469, 470, 471 
se alo thorax skeletal damage 464-8 
chest wall chest cage 224, 467-8 
damage, in child abuse 4 dating of fractures 468 
injuries 223-4 limb fraceures 466-7 
sib fractures se rib fraceures rib fractures 224, 467-8 
‘chicken-fut plasma clot 341 skull fractures: 185, 464-6 
child abuse 11, 414, 461-79 se abo sell Fractures 
abdominal injuries 230, 463, 472 subdural haemorrhage 192, 193, 469, 470, 471 
abrasions, patterned 475 teeth, avulsion/breakage 473 
autopsy 475-6 visceral injury 472 
idiology 32, 476 children 
axonal injury diffuse 470 accidental hanging 389 
bites/bite marks 474, 476, 528 accidental injury, child abuse concerns 462 
bbone diseases 1s Fractures due to 468-9 adult-induced injury see child abuse 
bruising cee under bruises/ bruising age estimation from skeletal remains 118 
bums 474 air gun injuries 271 
cardiopulmonary resuscitation 1s 467-8, 472 cathon monoxide poisoning in fires 322 
chest wall damage 467-8 cerebral oedema 212 
cigarette butns 474 hanging in 385 
definitions 461 head injury from falls 180 
duodenum ruprure 472 neglect 412, 417 
cyefear/mouth injuries 472-3, 476 pedestrians, injuries 292-3 
facial injuries 178, 463, 472-3, sealds 314, 474 
falls ee 465 seatbelts 289 
fractures 224 shall fractures 180, 185, 466 
dating in 468 suffocation 358 
spiral 467 vulnerability in vehicular accidents 289-90 
general aspects 461-2 see aly nant 
Ihaemoperitoneum 463, 475 china, stab/slash wounds from 156, 164 
haar pulled, in 474-5 chisel wounds 153 
head injuries 193, 469-71 chlordiazeponide 573 
brain damage 192, 205, 465, 471, 476 chloride 89, 317, 404 
extradural hacmorthage 471 chloroform 597 
mechanisms 469-70, 471 chlorophyll 408 
moving 471 chlorpromazine 548 
subarachnoid haemorthage 197, 470-1 choke-holds se arm-lacks 
subdural haemorrhage 192, 193, 469, 470, 471 choking 361-3 
injuries 462-3 causes 361-3 
miscellancous 475-6 deaths in custody 307 
liver damage 232, 472 definition 353 
‘medico-legal aspects 471 haemorthage 361 
modes of death 462 infanticide 443-4 
‘non-fatal 462 suicide 361 
periosteum shearing 466 cholinesterase, inhibition 567 
paychological 461 cigarette burns, child abuse 474 
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circle of Willis 197, 198, 512, 513 
se alo beery ancurysm 
circumcision 104, 105 
cirthosis oF iver 558 
cisternal puncture 548 
civil eases, disease and trauma 519, 520 
clavicle 
fractures, in child abuse 468) 
‘medial end, epiphyseal fusion 118 
clay, modelling. 128 
clinical axicologist 541 
Clostrdinom perfringens 57,434 
adipocere formation. 71 
clothing 
body secretions on 8 
body temperature measurement and 82 
effect on cooling curve 81 
sexual offences 422, 423 
solvent abuse 597-8 
inadequate, hypothermia and 416 
pathologist’ 4 
position in suicidal knife wounds 8, 239 
racelethnic characteristics, in identification 104 
removal methods & 
ripped, in deaths from lightning 336 
road traffic accidents 8, 296 
scene of death 8 
soiling/burning in shorgun wounds 8, 250, 251 
spontancous combustion 323 
vehicular accidents 296 
cloting, blood 58, 341-2, 356 
clubbing injuries, in human rights abuse 304 
coagulative myocytolysis 498 
coal-mining, carbon monoxide poisoning 561 
blood/tissue levels 580 
deaths associated 581-2 
toxicological sample preservation 546 
coffin 
decomposition of bodies 69, 72 
exhumation 37, 38 
‘measurement 103 
‘cogitation' see hypostasis, post-mortem 
cold 
injury caused by 414-18 
see alia bypathermia 
local injuries 416, 419 
muscle sifening 63, 
collagen 168, 342 
collateral circulation 496 
collodiaphyseal angle 113 
colon 
perforation 517 
removal at autopsy 21 
colour of skin se hypostass; skin, colour 
coma, epidural haemorrhage 190, 191 
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combustion, spontaneous 
‘commando punch 371 
‘comparisons, technique of 106 
complications of injuries 339-91 
adule respiratory distress syndrome 345 
airembolism 346-8 
disseminated intravascular coagulation 345-6 
fat and bone marrow embolism 343-5 
haemorrhage 339-40 


infections 340 
pulmonary embolism 340-3 
renal iilure 


subendocardial haemorrhage 348-9 
suprarenal haemorshage 349 
see alo under individual complications 
compression wave, explosions 274 
‘computed tomography (CT) 31 
gunshot wound 261 
‘computer graphic techniques, facial appearance reconstruction 
18-9 
concealment 
birth 440, 441, 442 
‘mummification in 72 
conception, products of 434, 436, 442 
‘concussion 209-10 
diffuse neuronal/sxonal injury 210 
extradural haemorrhage and 190, 191 
conductors, electrical 326 
congenital deformities 12 
congenital heart disease 455 
congestion, in ‘asphyxid 356 
traumatic 363 
conjunctival haemorrhage 472 
containers, sample collection 30, 545 
continuity of evidence 8, 544 
contrecoup lesions 179, 189, 207-9 
black eyes and 179 
contusion 207, 209 
subdural haemorrhage 193 
vacuum effect 205, 207 
contusions 59, 137, 143-50 
cerebral 206 
contrecoup 207, 209 
definition 143-9 
firearm wounds 270 
see alo bruises bruising 
conus artery 496 
conversion tables 603-4 
cooling, post-mortem 79-80 
‘core’ temperature 79 
curves 79) 
factors affecting 79, 80-1 
omogram method 83 
plateau 79-80, 82-3 
historical aspects 78-9 
‘measurement methods 1-2 
smultple-site serial measurements 83 
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cooling, post-mortem (contd) 
rectal temperature 79-80 
“temperature ratio! concept 83, 
see abo post-mortem interval; temperature, body 

copper deficiency 469 

Coppolina case 550 

corium (dermis) 138 

comea, signs of death 54 

comeal reflex 54 


cornuse se under laryns 
coronary artery 
examination at autopsy 26, 46 
in hypertensive heart disease 506 
Iuminal size estimation 493 
occlusion 494, 495 
spasm 503 
stenosis 493, 503 
thrombesis 285, 495, 496, 503, 
‘without infarction 504 
veuel types 505-6 
wounds, survival period after 170 
coronary artery disease 493 
coronary atherosclerosis 493-5 
atheromatous plaques 493-4, 495 
erection 493-4 
complications 494-5 
haemorrhage 494-5 
thrombosis 285, 495, 496, 503 
ulcerated plaques 494 
diffuse disease 494 
in elderly 509 
haemorrhage 494-5 
hypertension and 505 
‘mechanism/pathology 493-4 
sites 495 
trauma relationship 518-19 
“beyond reasonable doubt’ text 518 
time asociation 518 
violence/ehreats precipitating, 518-19 
see abo myocardial infarction 
coronary insufficiency 505 
cause of death 503-5 
coroner 3 
corpus callosum, torn 206-7 
corrosive acids, deaths from 587-8 
costochondral junction, in age estimation 120 
cot deaths se sudden infant death syndrome (SIDS) 
coulombs 328 
counselling, in sudden infant death syndrome 456, 
457 
‘country guns’ 248 
coup lesions 207-9 
coverings, body, effect on cooling curve 81 
crack cocaine 581 
cranial surure closure 120-1 
craniometry 110-11, 124-5 
cranium, anatomy 181 


Index 


cratering, bullet wounds 266 
creatinine 89 
edges of bites 75, 76 
shotgun wound edges 251, 253, 
crib deaths see sudden infane death syndrome (SIDS) 
crbiform plate, ruptured/fractured 189 
cricoid cartilage 376 
displacement 378 
in strangulation 376, 378, 382 
crocodile-skin 331, 332 
crown-heel length 448, 449 
crown-rump length 118 
crucifixion 365 
crushing, crowds, traumatic ‘sphysis' in 363 
crushing abrasions 139-41 
crush injuries 
abdominal 229 
bleeding absent 339 
crustaceans 76,78 
custody, deaths in. 305-8, 353, 384, 386 
alcohol intoxication 307 
blunt injuries 306-7 
drugs 581 
hanging 308, 384, 386 
natural causes 308 
suicide 308 
see ali torvare 
cutis anserina 395 
cuts 154-5, 444 
human rights abuse 303-4 
cur throats 236-7, 238, 
homicidal 236, 237 
CV-One syndrome 200 
cyanide 
in furs from fires 322 
inhalation 586 
poisoning 585-7 
autopey findings 57, 585-6 
homicide 585 
sample collection 586-7 
suicide 585 
toxicology 586-7 
sample preservation 546 
smell 586 
spurious formation in blood 587 
cyanmethaemoglobin 586 
cyanosis 356 
carbon monoxide poisoning 562 
electri fatalities 333 
fatal pressure on neck 368 
bypothermia 417 
immersion deaths 400 
traumatic asphyxia’ 364 
cytochrome PA50 572 
cytological examination, sex determination 
108 
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Index 


ddagger, ‘stiletto! 231 decomposition 63-78 
damp conditions, hypothermia in 415 adipocere formation se adipocere 
dartos muscle 61 buried bodies 68-9, 126 
dating changes in 64 
bruises, variables affecting, 147 charting teth and 536-7 
cembolifthrombi 342-3, 520 coffin 69, 72 
fractures 468 damage by predators 67, 69, 73-6 
‘myocardial infarction 496-7 dry (mummification) ee mummification 
pulmonary embolism 342-3, 520 identification of corpse 99 
skeletal remains 126-8 immersed bodies 67-8, 396-7, 398-9 
environment effect 126 infant 441, 442-3, 446 
physical appearance 126-7 maggot infestation 65, 66, 69 
physical tests 127 mixed forms in body 72 
serological/chemical ress 127-8 putrefaction se puttefaction 
subdural haemorrhage 195-6, 197 tatoos in identity establishment 100-1 
wounds 166-9, 170, 171 time scale 64 
death decompression 
brain see brain death aircraft 357 
cause 9-10 divers: 488, 489 
mode 15 55 physical damage 488-9 
obscure autopsy 45-7 decompression chamber, autopsy in 489 
cellular 52, 63-4 decompression sickness 488 
in custody see custody, deaths in deep vein thrombosis 341, 513 
fate of body after 53 dating 342-3, 520 
gunshovlexplosive, ridiology 31 in hypothermia 418 
indications 53-5 smedico-legal aspects 341-2, 520 
interval berween injuries and. 169-71 sudden death from pulmonary embolism 51 
‘manner 55 520 
mode 46-7, 55 defence wounds 165-6, 167, 168 
pathophysiology 52-97 defibrillator, post-mortem artefacts 12, 36, 41, 
scene of se scene of death degenerative disease, age estimation 122 
signs 53-5 dehydration, in neplct/starvation 414 
somatic 52,53 delayed deaths 339, 563 
sudden see widen death ‘ee ali complications of injuries 
time offsince see post-mortem interval dental records 535 
traumatic 8 diagrammatic/anatomical charts 535-6 
types 52-3 features to record 537 
death certificates 10, 95, 341 odontogram 536 
death certification, by physicians 493 dentine, staining 538 
decalcification 203 dentistry, forensic 527-40 
decapitation bite marks 474, 527-32 
hanging 384 see alo bites/bite marks 
railway suicides 297 identification of dead 532-8 
sexual offencer 423 age determination 122, 534-5 
“tail-gating‘ mororeyele acident 290 charting teeth 535-8 
deceleration 281 _general/reconstructive identity 533-5, 
G forces 281 human origin 533, 
seatbelts effect 288 ‘mass disasters 44 
deceleration injuries 214, 215, 281, 287 personal identity/comparative 535 
sorta 228, 229 positive match 537 
cerebral 205, 206 race determination 533-4 
liver 232 sex determination 533 
lungs 226 need for expert odontologists 527 
spinal 214, 215 photography role 937 
subdural haemorrhage 193, 470 pink teeth 538 
tissue damage 281 rdiography role 537 
see alo vehicular injuries see al teeth 
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Index 


dentures 
choking due ta 361 
examination at autopsy 15 
identification by 537 
dermis 138 
diabetes mellitus, post-mortem interval estimation 90 
"Diachylon’ 434 
diastasis of surure lines 185, 187, 188, 
diatoms, types/species 407-8 
diatom techniques re under drowning, 
diszepam 573 
DIC (disseminated intravascular coagulation) 345-6, 432, 436, 
37 
diethylene 589 
digestion 85, 86-8 
diphtheria 361, 508, 515, 
diploe 181 
Dipters 76 
diquat poisoning 566 
disasters see mass disasters 
discoloration se skin, colour 
discriminant function analysis 110 
disease, natural 
deaths before immersion 397-8 
deaths in custody and 308 
deaths whilst in water 397-8 
‘trauma relationship 198-9, 517-20 
vehicular injuries and 295-6 
see also individual diseases 
dismembered corpses, identification 99 
dissection techniques. 16-23 
see alo autopsy, medico-legal 
disseminated intravascular coagulation (DIC) 345-6, 432, 436, 
437 
diversidiving 488 
“bends! 346 
carbon monoxide poisoning 561 
pressure changesleffcces 488, 489 
DNA 105 
hair root calls 99 
hypervariable regions 106 
probes 106 
redundant segments. 106 
DNA fingerprinting/profiling, 105-6 
dating of bones 127 
‘hit-and-run’ accidents 296 
identity establishment 105-6 
infanticide 440 
‘method 106 
sampledcontrols 106, 604 
seminal/vaginal fluids 106, 42: 
sex determination 104, 533 
doctors, Fingesprines 101 
dogs, post-mortem damage 74 
dothicpin 573, 
Down's syndrome 455 
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drag marks 140 
divers, medical checks 296 
drowning 10, 401-2 
in acute alcoholism 557 
adipocere formation 406 
autopsy signs 402-4 
froth in air passages 402-3, 404 
other organs 404 
overinflaion of lung, 403, 404 
barotrauma and 489 
cadaveric spasm and 63 
chemical changes in blood 404-5 
decomposition of bodies 67-8 
diagnosis and diatom test 406-8, 602-3 
problems/crticisms 408 
techniques 406-7, 408 
rung’ 400, 403 
dlectrolytes changes in 401, 404-5 
in epilepsy 514 
freshwater 401 
hhaemodilution 401, 404 
haemorrhage 404 
histological changes 405-6 
bbuman rights abuse 304 
infanticide 445 
lungs 402-3, 404, 405 
mechanism of death 401-2 
petechial haemorshage 403, 
pulmonary hacmorthage 403 
seawater 401-2 


sodium, release in 401 
se aia immersion deaths 
drug) 
alcohol absorption and 554 
deaths in custody and 307, 
legal abortions 434-5 
overdose, in hospital 543 
Poisaning/overdose se under poisoning 
drug adictlabuse 577-84 
autopsy appearances 578-9 
autopsy risks For pathologist 579 
intravenous 577, 582 
‘mainlining’ 577,582 
see abn specific drugs 
dig of dependence 577 
“dum buller 137,245 
dluodenal ule, perforated 517 
duodenum 
rupture, in child abuse 472 
transection 230 


Dupertuis and Hadden’s table, stature estimation 116 
dura mater 189 
dust blasting 275 
Dwight’s table, sex determination 112 
dysbarim 488-91 
autopsy 489-90 


US 2006/0073976 Al 


the positive charge of the proton (¢,) is given by: 


oo a snes a ” 


[0136] ‘The stable nuclear proton conformation ean thus be 
represented by the short form equation: 


paNETRAaRNe) o 
[0137] This forms a stable 3x3 conformation as with the 
Stable electron structure. 


[0138] Importantly the term (x/¥@) is the 90° solution to 
the Shrodinger wave equation for an electron confined in a 
space with radius ¢! 


[0139] Thus the standard equation foran electron confined 
in a one dimensional box is given by: 


[0140] If the one dimensional box has a length 2L. the 
‘quantum amplitude (A) can only be non zero between x=0 
‘and X=2L, and the standard solution for the amplitude is 
none other than: 


ace?) 


[0141] ‘Thus in one dimension the standard solution to the 
Shrodinger wave equation is 
‘vie )Sin 

[0142] Thus not only is the electron charge derived from 
the equation for three spheres each with a radius of ¢ (eq. 3); 
but the proton mass and charge can also be derived from the 
standard solution to the Shrodinger wave equation for aan 
‘electron confined in a space of radius e! 


[0143] The term (zie?) itself would thus most logically 
represent the gluon which is present in the proton, These 
aluons would bind the quasi electrons together to form the 
Fundamental particles 


[0144] The masses of all the known particles, including, 
the up and down quarks, the W boson, the muon, charm, 
strange, the tauon, truth and beauty can thus also be derived 
from first principles in this fashion, and have the 
‘electron as their basic constituent particle (see Appendix 1). 


[0148] Thus the structure of the muon (jt) can also be 
derived from the ratio of the mass of the electron (m,) and 
the mass of the muon (m, ): 


mdm 107-9 
The 
clamor tomcat) 
[0146] Where the charge of the muon isin this equation 
‘equivalent to that of the electron e. In this case (wie!) can 
be considered to represent a specific high energy photon. 
“Thus the structure of the muon, waitten in short form is: 


pas anc ee, 
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[0147] Moreover the structure of the tauon ean be caleu- 
lated from the ratio of the mass of the electron and that of 
the Tavon (1.79 Mev); 
[0148] Thus 

(S11 Mewi.79 Govan Asai 

dma! ai)! "=2 8510-4 
[0149] As the charge of the tauon is equivalent to the 
charge of the electron, hence the structure of the Tauon is, 
siven by the above equation 

conga ine) ?atae) "(alae 
[0150] This equation accurately predicts the charge -1; 
and mass of the Tauon (~1.78 Gev). Thus the structure of 
the Tauon can in short form be given by the equation 

restate a 
[0151] Furthermore a more exact value for the mass of the 
ion and tauon can be deduced by taking into account the 
‘eravitational field ofthe Earth ina similar way to identifying 
the exact charge of the electron. In addition it may be 
necessary to take into account a possible mass value of the 
neutrino to arrive at a precisely accurate mass value of the 
‘muon and tauon, Nevertheless, the mathematical proof of 
these short form equations lies inthe fact that they can very 
closely identify the charge and the masses ofthese particles, 
from first principles, as in equations 


[0152] Overall the mathematical geometrical structure of 
all the particles can be derived ffom the quasi electron, 
‘which is in tum derived from quintessence. Thus, the short 
form particle strictures can now be derived fom first 
Principles. This inches the quasi lectton (ge) and electron 
(¢), from which the quarks (u,d) and in turn the stable proton 
(p) and stable neutron (n) and alpha particle (a) respectively 
sre derived. The general siete of the force ct 

bosons the photon. (g)and the gluon and th intermediate 
vector boson (W) can be given. I will sso itrigningly be 
possible to derive, according to their goneraton, the sirac= 
fore ofthe strange (s) charm (c), beauty (b, or bottom) and 
truth (tor top) quarks directly from the structure of the muon 
(it) and Tauon (t) respectively. 


[0153] Using the term @=(4/3xc"), where, ~+ represents 
the charge of the quasi electron, we find 
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[0187] Particle Gluons (2): 
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definition 488 
physical damage 488-9 


hraroeraums 488, 489 
bites 180 
base injuses 275, 
Ibrize below 148 
Inaemorchage, in deowning 404 
injuries 179-80 
child abuse 473 
human sights abuse 304 
car erepitance rst 447 
‘echolics! 434 
ecchymoses 144, 353 
see ala bruiseslbruisings petechial haemorshage 
‘ecstasy’ 581 
ectopic pregnancy 436 
elderly 
carbon monoxide levels in blood 563 
chronic subdural haematoma 194, 195 
falls 180 
hypothermia 415, 416-17 
neglect 412 
subdural hemorthage 192-3, 
sudden death (senile myocardium) 509 
tearing of gastvintestnal ace 517 
electrical conduit pipe weapon 248 
electrical aliies 326-38 
inbathtoom 326, 333-4, 334-5, 400, 405 
cardiac arrhythmias 327, 328, 329, 333 
cutaneous burns/marks 329-32 
areola ofblanched skin 331 
charing 331 
carthing/ grounding’ lesions 331 
firm contact (listers) 329, 330, 331 
high-voltage 331 
histology 333 
spark-burn 329, 330, 331 
temperature and heat generaon 329-30 
cyanosis 333 
effects on muscle 328-9 
electrical considerations 327-8 
histological appearances 333, 
homicide 334-6 
hhypostas, post-mortem 56, 333 
inernal appearances 333 
rmeuallic races in marks 332-3, 335 
mode of death 329 
son-lectrieal aura in 329 
pathway for curene 
patterned electric marks 332, 336 
petechial haemorrhage 333 
physical factors 327 
posemortem hypostass 56, 333 
requirements forleventsin 327, 
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resistance of skin 328 
rigor mortis timing 61 
suicides 239, 326, 334 
time, importance 327, 528, 331 
clectrical torture, in human rights abuse 304 
lectrc current 327-8, 328 
alternating (AC)/direce (DC) 327-8 
application to genitals 391 
frequency 327 
mA leading to death 328 
electric shock 326, 327 
tolerance to 327 


clectrocution 326 
see ala electrical fatalities 
clectrolytes, changes in drowning 401, 404-5 
clectronic cameras, use at autopsy 32-3 
electrons 326, 327 
cemaciation 412, 413, 
‘emboli, sources: 343 
embolism 341 
aire air embolism 
amniotic fluid 436-7 
bone marrow 344 
fa ee fat embolism 
foreign body 344-5 
pulmonary see pulmonary embolism 
‘emmenagogues) 434 
emphysema 
in barotraumaldysbarism 490 
interstitial 489 


‘emphysema aquosum 403, 405 
‘enamel pearls om teeth 534 
endocarditis, pose-theumatic 582 
endothelial proliferation 342 
‘endotracheal tube, position 481 
‘energy transfer, kinetic 137, 245, 246 
English Infanticide Ace (1938) 439 
entomology 76-8 

collection of material 78 

insect succession 76 

insect types 76 

ritionale 76 

tee ala insects 
enzyme histochemistry 498-9, 500, 501-2 
‘enzymes 

dating of wounds 169 

in myocardial infareion 498 
cosinophilia, myocardial infarction 498, 500 
epicardial petechiae 333 
cpicranial aponcurosis 174-5 
epidermis 138 

tage 139) 
cpidural anaesthesia, deaths relared 485 
cpidural haemorshage se extradural (cpidural) hacmorthage 
piglottis, haemorrhages 378 
epigloitis 361, 515 
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epilation 474-5 
epilepsy 
autopsy 514 
sudden death 514-15 
Purkinje cells in 514-15 
‘raumatic/post-traumatic 188-9, 514 
epiphyseal fusion, age estimation 118 
epiphyseal injuresllesions, in child abuse 466, 467 
equipment 
failure, surgical/anaesthetic deaths 484, 485 
internal examination 18 
scene of death 4-5 
Endheim’s degeneration 510 
exgometrine, illegal abortions 434 
erythema, in burns 315 
erythema ab igne 312 
ethnic characteristics 
hai structure 99, 105 
identity establishment 105 
scats 102 
skin colour 99 
stature estimation from skeletal remains 114 
tattoos 100, 105 
see al race 
ethyl alcahal se alcohol 
ethylene 589 
ethylene chloride 597 
ethylene glycol poisoning 589 
Europe, sudden infant death syndrome in 452 
execution, extrajudicial 305 
exertion, sudden death and 519 
exhumation 36-9, 68 
arsenical poisoning 590 
coffin identification 37, 38 
legal procedures 37 
photography 37 
poisoning 38-9 
reasons for 37 
transportation 38 
exit wounds se rifled weapons, wounds; shotgun wounds 
explosions 
anaesthetic-related deaths 485 
deaths from 274-7 
autopsy in 276-7 
body fragments 275-6 
identification 276-7 
missile injuries 275-6 
nature of trauma 274-5 
radiography/radiology 31, 276 
explosives, detonation, carbon monoxide poisoning 563 
exposure, death from 419) 
external examination at auropsy 11-16 
age/racelsex 11 
anatomical diagrams 14 
extemal matks 12 
procedures/routine 11-16 
report 34 


Index 


vomit/secretions 12. 
weight/length 11-12 
external jugular occlusion 368 
extradural (epidural) haemorrhage 190-2 
blood volume 190 
in child abuse 471 
clinical signs and latent interval 190-1, 198 
formation and sites. 190 
heat haematoma es 192, 317 
incidence/mortality rate 190 
“lucid (latent) period 190, 191 
smedico-legal aspects 191-2, 198 
in posterior fossa 191-2 
post-mortem artefacts resembling, 192 
extradural space, heat haematoma 317 
eyels) 
in age determination 104 
black se black eye 
colour, identity establishment 99 
examination 14-15 


globe tension decrease at death 54 
injury, in child abuse 472-3, 476 
laceration of eyebrow 151 
petechial haemorthages 354, 371 
signs of death 54-5 
in traumatic ‘asphyxid 364 

«eyebrow, injuries 151, 178 

eyelids, sign of death 54 


face/facal appearance 
abrasions 178 
bloating in putrefaction 65 
bruising, in child abuse 463 
congestion 370 
examination, in solvent abuse 598 
external examination 13, 
features in adipocere formation 71, 72 
in hanging 384 
hypothermia 416, 417 
identity establishment 99 
in ligature strangulation 380 
petechial haemorshages 354, 395, 356 
pressure marks 358, 360 
in putrefiction 65 
racial/ethnic characteristics 105 
recognition in mummification 72 

9 


reconstruction from skull 12 
facial injuries. 178-80 
brain removal at autopsy 22 
in child abuse 178, 463, 472-3 
from kicking 149, 178-9 
self-inflicted 242, 243 
in vehicular accidents 282, 284 
facces, purging, in putrefaction 65 
faccaliths 414 
“Falanga’ 303 
falls 180-1 
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acute aleoholism and 557 fibrin 
contrecoup lesions 208 amniotic fluid embolism 437 
deaths in custody 307 dating of embolifthrombi: 342 


elderly 180 staining 342, 601 
hhead injuries 181, 471 fibrinogen 346 
hhead injury in children 180, 187, 465 fibrinolysis 346 
from height fibroblasts 168, 195, 
brain damage in children 465 fibula, cures 293 
cadaveric spasm and 63 Fiedler's myocarditis 508 
injuries 181, 240 fight or flight response 170 
injury to aorta 228 fights, dynamic nature 154 
canto feet 181, 214, 240 Finger, desquamated casts 102 
tonto head 181, 471 Fingernail 
pelvic injuries 233 abrasions 141 
skull fractures 184, 187 concavity of mark 141, 373 
suicidal 240 ccurvatureforientation 141 
hip, dislocation in 233 ligature strangulation 382 
focipital, skull fractures: 184 manual strangulation 141, 372-3, 373, 
scalp injuries 177-8 examination, in sexual offences 423, 
spinal injuries 181, 214 putrefaction 65 
from standing position, injuries 180 scrapinglclippings 373, 423 
njectory 181 Finger pads, scarring 102 
fals, mechanism of brain damage 207 ingerprines 
fr ddesquamated casts 102 
alcohol insolubility 552 identity establishment 101-2 
effect on cooling curve 80 putrefying corpse 39, 102 
ptrefaction 67 immersion deaths 395, 396 
farembolism 343-5 Fingertips, bruising by 148 
autopsy Findings 344 in child abuse 144, 462, 463, 
in barorrauma/dysbarism 490 fire 
cerebral 343, anaesthetic-elated deaths 485 
in chronic alcoholism 558 ante-mortem # post-mortem injury 7 
conditions associated 343 autopsy appearance after 315-16 
marrow source 344 carbon monoxide poisoning 320-2, 561, 564 
ptechial hacmorthage 344 cause of death 319-20, 322 
pulmonary 343 deaths, carboxyhaemoglobin levels 562 
systemic 343-4 evidence of being alive at 322, 564 
feet, beating of soles 303 flash 320, 322, 564 
femoral heads, sexing from 112 hheat haemaroma 191, 192, 317 
femoral vein, blood samples. 19-20, 547 injuries to body 7 
femur suffocation in 357 
fractures, in pedestrians 293 vehicular accidents 288, 297 
sexing from 112-13, se alo burns; smoke 
‘mathematical sexing! 112 firearms 246-8 
shaft and angle 112-13 air guns 271 
stature timation 114, 115, 117 calibre 247 
fetishism 391 country guns 248 
fetus ‘muzzle, impression/ patterned abrasion 143, 
age estimation from skeletal remains 117-18, 449 250 
deaths, cocaine use 581 range of discharge estimation 270-1 
decomposition 64 rifled weapons 248 
delivery afer death 65 shoxguns (smooth-bore) 246-8 
‘maturity estimation, ossification centres 444, 445 veterinary pistols and ‘stud-guns) 272-4 
‘measurements 448, 449 ‘wounds see gunshot wounds 
‘mummified 72-3 see alo bullets; rifled weapons; shotguns 
skeletal age 449) fire extinguishers 595 
see also infanticide; sillbirth ‘ail chest 223, 224, 294 
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‘laying’ injury 152, 176 
scalp 176 
vehicular accidents 294 
flotation test 445-6, 447 
fluid, body se body secretions 
fluorescence 127 
‘myocardial infarction 500-1 
sex determination 104 
Muorocarbons, abuse 597 
fontanelles, anterioe/posterior 181 
food 
alcohol absorption and $53, 554 
bite marks 527-8 
choking due ta 361-2 
diatoms in 408 
lack, hypothermia and 416 
total deprivation 412 
foot, beating oF sole 303 
footprints 
abrasions/bruises 144, 150 
identity establishment 101-2 


362 


foramen magoum, ring fracture around 181, 185, 214, 283, 290 


force 
assessment, stab wounds 161-3 
intensity in wounding 136 
in skull fractures 186-7 
forchead, sex determination fiom skull 109 
forehead injury, movement of bruises 146 
foreign bodies 
abdominal injuries 232-3 
choking due to 361 
embolism 344-5 
in gue 232 
respiratory obstruction 515 
sand/mud in immersion deaths 396, 404 
in vaginalrectum 426 
forensic autopsy se autopsy, medico-legal 
formalin fixation 28, 29, 30 
formalin inflation, lungs 24-5 


fractures 


ante-mortem ts post-mortem 182, 344 
“bumper! 293 
child abuse 224 
acing 468, 

in child abuse 468, 
heat, post-mortem artefacts 36 
infant, bone diseases causing 468-9 
‘motor cyclist’? 185, 188, 290 
spiral, in child abuse 467, 
undertakers: 21 
in vehicular accidents 283, 284, 293 


see also other specific fractures: lp fraceure; skull fraceures 


frenulum of lip, rupruteltearing 178, 473 
fiction burns te abrasions, brush 
frontal lobe 

“burst lobe? 207 

contrecoup lesions 208, 209 
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frontal sinus identification 124-5 
frostbite 416, 419 
frothy fluid, from mouth/nostrils 
barns 316 
drowning 402-3, 404 
‘morphine addicts 578 
sudden infant death syndrome 454 
fruit, bite mark preservation 528 
fume inhalation 319-22 
causes of death 319-26 
toxic substances 322 


see alo smoke 


sexing 352, 353, 360-1 
‘gags in sexual asphysia 391 
gle aponcurotica 174-5 
gill ladder 
‘examination at autopsy 27 
in sarvation 414 
garroting 353, 379 
see al strangulation, ligature 
388 appliances, carbon monaxide poisoning 
561-2 
gas chromatography 598 
autopsy in air embolism 347, 348 
gs formation 66 
decomposition of immersed bodies 68 
putrefaction 64, 65, 435, 
gasoline 560, 597 
gastrectomy 553 
gastric contents 
agonal regurgitation 547 
aspiration 362-3, 557 
in anaesthesia 484-5 
medicolegal aspects 596 
sudden infant death syndrome 453, 454 
examination at autopsy 24 
mouth examination 15 
resuscitation artefacts 4 
sample collection 27, 545, 549 
containers 545 
gastric emprying 
alcohol absorption and 553, 554 
factors effecting 87-8 
investigation methods 87 
post-mortem interval estimation 83, 85, 87-8 
‘gastric erosions, acute, in hypothermia 418 
‘gastric lining, alcohol irritation 553, 
‘petri transit time 88 
gastroenterostomy 553, 
_getrointestinal haemorrhage 
gavrointestinal tract 
barbiturate poisoning 574 
bolas injuries 275, 
foreign bodies 232 
paraquat poisoning 566 
perforation 233,517 


sudden death 516 
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tearing in elderly persons 517 
sce ala intestine; stomach 
gastromalacia 36 
genitals 
examination at autopsy 16 
injuries 233, 
sexual offences 423-4 
sample collection, in sexual offences 423, 424 
self-mutilation 240, 241 
genitourinary system, sudden death 517 
G forces 281-2, 288 
glass, wounds from 155, 156, 163-4 
‘lassing’ 155 
glottis, examination at autopsy 24 
glucose 89-90, 575 
‘glue-sniffing’ 595, 596 
-y-plutamyl transpeptidase 558 
glycine 127 
glycogen 61, 62 
depletion 63 
lycol poisoning 589 
lycophorin A 40 
"goose-flsh’ appearance 61, 395 
Goughis test 511 
grade crossings, injuries at 297 
gun silo, suffocation in 357-8 
_grimoxone 566 
‘granulation tissue 168 
gravel rash 138 
privity 281 
iprazes 137, 138, 139, 142 
see alo abrasions 
grease ring 264-5 
great vessels, injuries 228-9 
(punpovrder 248 
‘gunshot esidues, clothing 8 
‘gunshot wounds 249-77 


ammunition see ammunition; ballets 
carbon monoxide levels 250, 252, 267 
computed tomography (CT) 261 
contusions 270 

defence wounds 166 

exit 267-70 

‘external bleeding absent 22% 
internal organs 270 
‘mechanics 245-6, 268 
radiology 31,276 

range of discharge estimation 270-1 
seats 102 


shock wave from missile 246 
suicidal 239, 252, 253, 254, 255 
velocity of missile 246, 258, 268 
weapons 246-8 


se also missile injuries rifled weapons, wounds; shorgun 


wounds 
Gustafion technique 105 


Index 


Haass rule 448 
Ihacmatoidin 147 
haematoma 146 
hheat 191, 192, 317, 318, 319 
peri-orbital se black eye 
perirenal 510 
subcapsular liver 286, 340 
‘haematoxylin basic fuchsin 


hacmatoxylin-cosin (HE) staining 500 
‘hacmodilution, in drowning 401, 404 
‘haemoglobin. 57 

carbon monoxide saturatian 563-4 

dating of bones 127 

degradation in bruises 145, 146 

lyeosylared 546 
‘haemolysis, in subarachnoid haemorshage 197 
‘haemopericardium 228, 229, 502 

blood sample collection 547 

dissecting aortic aneurysm 510 
‘haemoperitoneum, child abuse 463, 475 
Haemophilus influensae 361, 515 
Ihacmoptysis, sudden death from 516 
haemorrhage 339-40 

abdominal 230, 232, 233, 

adrenal 349, 513 

autopsy in strangulation case 373 


behind oesophagus, hypostasis artefact 59, 150, 375, 


brainstem 207, 214, 339 
chest 224-5 
choking due to 361 
in coronary atherosclerosis 494-5 
delayed deaths due to 339-40 
drowning 404 
epidural ser extradural (epidural) haemorrhage 
cpiglonis 378 
infections, due to 340 
intracerebral see intracerebral hacmorthage 
intracranial se ineracranial hacmorthage 
laryngeal, in manual strangulation 377, 378 
laryngeal fractures 378, 380 
mesenteric 230-1, 233 
perirenal 232, 510 
perivascular 418 
petechial se petechial haemorthage 
post-mortem 225, 233, 340 
post-mortem artefacts 57, 59, 150, 
pulmonary 275, 286, 403 
Shechanis 348 
spinal cond 216 
subarachnoid see subarachnoid haemorchage 
subdural ee subdural baemorthage 
subendocardial 285, 348-9, 590 
subjntimal 494 
suprarenal 232, 295, 349 
see alo bleeding 

haemorshagic diatheses 145, 354, 516 
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eric acid (HEP) stain 500 
hhacmatoxylin-casin (Hi and E) autofluorescence 601 


bacmarthagic shock, zonal lesions 499 
hhacmosiderin 147, 167, 168 

dating emboli/theombi 342 

subarachnoid haemorrhage 197, 512 
haemostasis, failure 339-40 
haemothorax 224, 225, 258, 340 

blood sample collection 547 

source 224 
baie 

arsenical poisoning 591 

clubbed 251, 262, 315 

colour 


age determination 104 

identity establishment 99 
in copper deficiency 469 
DNA prafile 99 

sample 604 
drugs of dependence 577 
cffect on sll fractures 184 
los, in thallium poisoning 592 
microscopic examination 99-100 
pubic see pubic hair 
polled in child abuse 474-5 
tacialfethnic characteristics 99, 105 
scalp injuries and. 174, 175, 176 
shaving M4 
singeing 315 

deaths from lightning. 

shotgun wounds 251, 253 

‘wounds from rifled weapons 262 
structure, identity establishment 99-100 
in identification 105 

wetting 17 
bait fallicles, rigor mortis 61 
hallucinogens, deaths from 580 
halogenated hydrocarbons 597 
halothane 486 
handedness, determination 372 
handguns 248 
hands 

examination 12,16 

sexual offences 423 

slEinflicted injuries 242 

sudden infant death syndrome 453 
hanging 383-9 

accidental 384, 389 

autoerotic procedures and 390, 392 

autopsy appearances 387-8 

carotid arteries damage 388 

cervical spine damage 215, 384, 385 

in children 385 

in custody 308, 384, 386 

decapitation 384 

homicide 389 

hhypostasis, post-mortem 56, 387-8 

judicial 383-4 

knots 384, 385, 386 


Index 


laryngeal fracture 388 
marks 308, 381-2, 386-7 
position 387 
mechanism of death 388 
methods 384-6 
petechial haemorthage 388 
serotonin from ligarure marke 169 
signs 371 
suicidal 240, 384, 388 
head 
in air embolism 347, 435-6 
rotational ersurma 200-4 
‘weight 187 
hhead injuries. 174-221 
airgun 271,272 
in bonsts 204 
cerebral oedema see cerebral oedema 
child abuse zee child abuse 
closed 206 
deaths in custody 306-7 
examination at autopsy 14 
falls 181, 471 
infanticide 444-5 
ingracranial se intracranial injuries 
nature of impact, and haemorthages 198 
ptechial haemorthages 14 
post-mortem 176 
post-mortem heat injuries e317, 
sexual offences 423 
shogun wounds 258 
subarachnoid haemorrhage and 196-8 
survival petiod after 170 
vehicular accidents 283 
divers 284 


‘motor eylists 188 
pedestrians 294 
hhead-moulding, in childbirth 197 
heart 
air embolism 346, 347 
anatomy 223 
avulsion 228, 285 
in barotraumaldysbarism 490 
bruising, in vehicular accidents 285 
conducting system, sudden death due to 504-5 
in drowning 404 
in electrocution 327 
examination at autopsy 25-7 
incisions ae autopsy 25 
injuries 226-8 
‘lune 227 
cardiac tamponade 227, 228 
stab wounds 223, 226-7, 229, 238 
valves 229 
orientation 223, 
‘pendulum’ eect 285 
petechine 354 
pputrefaction 66-7 
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shythm disturbances see cardiac arshythmias 

sight, engorgement 356 

rigor martis 61 

rupture 502 

sudden infant death syndrome 454 

suicidal sab wounds 238 

weight 26,505, 507, 509 

cardiomyopathies 507 

wounds, survival period after 170 

see also entries beginning cardiac; left ventricle; ight ventricle 
heat 


convection/radiation 31415 

flexures 317 

generation, cutaneous electric marks 329-30, 

injuries 312 

see alia bens; Fire; sealds 
loss by body 79, 80-1, 81 
se al cooling, post-mortem 

muscle sifening 63 

sadiant, injuries 312 

‘regulation, alcohol effect 553 
heat fractures, post-mortem artefacts 36 
hheat haematoma 191, 192, 317,318, 319 
heating, inadequate, hypothermia and 416 
heating appliances, carbon monaxide poisoning 560, 561 
heavy metal poisoning 549, 585, 589-92 
height 

body 603 

estimation from skeletal remains 114-16 

identity establishment 103-4 

see also length 
Heimlich manoeuvre, resuscitation artefacts 41 


helmets, eyclise/motorcyclists 290, 291 
Hengys law 488 
Henssge’s nomogram 83, 84-5, 86 
hepatitis B, risk 4, 10-11, 544, 579 
herbicides, poisoning 566-7 
hermaphroditism 104 
hernia 516 
heroin 580 
hexylene glycol 589 
hide-and-die’ syndrome 418-19 
Higginson syringe 432, 433, 
high-velocity projectiles missles 246,270 
high-voltage electrical burns 331 
hip, dislocation in falls 233 
Hippocratic facies 413-14 
histamine, in dating wounds 169 
histochemistry 498, 499, 500 
enzyme 498, 501-2 
‘myocardial infarction 498-9, 500 
wounds 168-9 
histology 
asphyxia diagnosis 357 
cerebral hypoxia 212-13 
changes aftr wound infliction 167-8 
sample collection 30 


Index 


sudden infant death syndrome 455, 456 
surgical/anaesthetic-related deaths 483, 485, 486 


history of case in autopsy 9-10, 453 
“hit-and-run! accidents 8, 294, 296 


HI 
Hi 


IV, infectivity 11,579 
IV infection 

pre-autopsy tet 10 

risk at autopsy 4, 10-11, 579 

risk in toxicology samples 544 
tuberculosis and sudden death in 516 


Home Office Pathologists 4 
homicide 


acute alcoholism 557 
airembolism in 346 

in bathrooms 400 

cyanide poisoning 585 

lectrocution 334-6 

‘faking’ of vehicular accidents 297 
hanging 389 

injuries before immersion in water 398 
insulin poisoning 5745 

ligature strangulation 379 

scalp lacerations 152 

second autopsy 3-4 

sexual offences 421, 423, 424 

shotgun wounds 250, 252 

slash wounds 155 

smothering 358 

stab wounds 155, 160, 161, 163 
suicide es 235, 236, 238, 239 
vehicular 297 

see al srangulation 


homosexual, anus in 427, 429 
homosexual offences 428-9 
hospital, poisoning deaths 543 
housefly 77 

humane killers, weapons 272-4 


human immunodeficiency virus see HIV infection 
human rights abuse 301-11 


evidence of fatal abuse 301-5 
extrajudicial execution 305, 
organizations 301, 302 

see alo custody, deaths in 


Human Tissue Act 1961 3 
humeral head, sexing from 112 
humerus 


sexing from 113 
stature estimation 117 


humidity, effect on cooling curve 81 
hunting accident, twelve-bore shorguns 259 
hyaline membrane 196 

hydrocarbons, halogenated 597 
hydrochloric acid 588 

hydrogen cyanide 586 

hydrogen peroxide 567 

hydrolysis, fr 70, 71 

hydrostatic rest 445-6, 447 
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hydroxyproline 127 
hygiene, examination at autopsy 12 
hymen 424, 425 
hyoid bone 376-7, 377 

fracture se larynx, fractures 

{in manual strangulation 377 
bypersemia, in rifled weapon wounds 260, 262 
hypercapnia, in solvent abuse 596 
hyperchromasia 500 
byperestension injuries 214-15 
hyperflexion injuries 214-15, 284 
hyperkeratosis 414 
byperpigmentation, human rights abuse 303 
hypersensitivity 

anaesthetics 485, 

aspirin 571 
hypertension 

evidence 505-6 

intracerebral haemorthage 207 
hypertensive heart disease 505-6 
hyperthermia 

cffect on cooling curve 80 

‘malignant 485-6 
hypertrophic obstructive cardiomyopathy 506 
hypocalcaemia 588, 589 
hypoptotcinaemia 414 
hypostass, post-mortem 55-60, 

abdominal catastrophes or 517 

artefact, haemorthage behind oesophagus 59, 150, 

375 

‘asphyxia confusion 57, 58, 356 

bloschy patches 55 

bruising vr 59-60 

cherry-pink, carbon monoxide poisoning 57, 

562 

clotting of blood 58 

colour 57, 99, 562 

cyanide poisoning 57, 586 

distribution 56, 57 

clectrocution 56, 333, 

in hanging 56, 387-8 

immersion deaths 396 

organs 18, 59 

petechial hacmorthage 355 

skin colour 99 

skin hacmorthages in 57 

sudden infant death syndrome 454 

testing 59-60 

timing/permanence 57-8, 58 
hypotension, in subendocardial haemorthage 348 
hypothermia 10, 414-18 

alcohol consumption and 953 

autopsy findings 416-18 

skin colour 416, 417 

biochemical markers 419 

blood pooling 417 

case history 10 


Index 


cyanosis 417 
death in hospital after 416 
fect on cooling curve 80, 81 
elderly 415, 416-17 
face/facial appearance 416 
factors involved 415-16 
in ‘hide-and-die' syndrome 418-19 
infants 415 
manifestations 416 
thrombosis 418 
vitreous glucose 90 
hypothyroidism, hypothermia in 415-16, 417 
hhypovolaemic shock 499 
hhypoxaemia in drowning 402 
hypoxanthine 89 
hypoxia 352, 353 
acute-on-chronic 455 
alcohol effect 552 
anaesthetic-elated deaths 484, 486 
cerebral ee cerebral hypoxia 
cerebral oedema and 212 
in coronary insufficiency 504 
episodic, myocardial fibrosis in epilepsies 514 
oedema in asphyxia 356 
post-mortem diagnosis dificuley 357 
solvent abuse 596 
suffocation in airtight spaces 358 
total 53 
see ala ‘asphyxia 


identification 8-9, 98-135 
callus 124, 125 
characteristics used in 99-106 
coffin, eshumation 37, 38 
corpses/material requiring 98-9 
dentition sed in se under dentistry, forensic 
DNA characteristics 105-6 
explosion deaths 276-7 
facial, after reconstruction from skull. 128-9 
fatal abuse 302 
fingerprints zee fingenprints, identity establishment 
general groupings and personal identity 98-9 
mass disasters, serial pathology numbers 43 
cof mother 440 
ned for, reasons 98 
nnon-skelealized bodies 
age determination 104-5 


racial/ethnic characerinice 105 


sex determination 104 
stature 103-4 
photosuperimposition techniques 128 
pputrefied corpse 101, 102 
skeletal remains se skeletal remains 
tattoos 100-1 
see ali age estimation; sex determination; stature 
iliac veins, blond samples 20 
imipramine 573 
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immersion deaths 395-411 
in bath 400, 401 
cooling curve 81 
cyanasis 400 
death from natural causes before 397 
deaths from immersion 399-400 
decomposition of bodies 67-8, 396-7, 398-9 
estimation of duration 396-7 
fingerprints 395, 396 
hhypostasis, post-mortem 396 
injuries before entering water 398 
injuries sustained in water 398-9 
low temperature 369, 397, 400 
maceration 395, 397, 406 
mode of death 400 
‘natural death whilst in water 397-8 
pasition of body 399 
predator damage 396, 397, 398 
reflex cardiac arrest 400, 403, 
sand/mud in 396, 404 
signs 395-6 
sudden immersion in cold water 400 
suicidal 239 
se ala drowning 
immobility, venous thrombosis in. $41, 520 
immunocytochemistry, axonal injury 210 
‘myocardial infarction 502 
immunological methods, semen testing 428 
impedance 328 
incised wounds 137, 153-66 
ceutsslashes: 154-5 
lacerations es 150, 151, 17 
stabslpenetrating 155-66 
se aha sab wounds 
industrial processes, carbon monoxide poisoning 561 
infant 
accidental hanging. 389 
agelmaturty estimation 440, 443, 448-9 
from skeletal remains 117-18 
carbon monoxide poisoning 563 
decomposition 441, 442-3, 446 
hypothermia 415 
live birch determination 440-1, 443 
‘measurements 448-9 
neglect 412, 413, 414, 417 
plastic bag suffocation 359 
sample collection 21 
separate existence 445-8 
sul flexibility 183, 
smothering (overlaying) see smothering. 
sudden death see sudden infane death syndrome (SIDS) 
viabiliey 440, 442 
vitreous humour chemistry 88 
see abo children 
infanticide 439-50 
auropsy 442-5 
choking 443-4 


immunohistachemist 


Index 


concealment afbirth 440, 441, 442 
death by act of omission/commission 441-2, 443, 
445 

decomposition of infant 441, 442-3, 446 
DNA fingerprinting/profiling 440 
drowning 445 
evidence of breathing 445-7 
functions of pathologise 440-2 
head injuries 444-5 
identification of mother 440 
infant maturity estimation 440, 443, 448-9 
injuries 443 
investigations, pathologists role 440-2 
lavatory pan and 444-5 
“tive bith! 440-1, 442, 443 
methods 443-5 
by omission to offer care 441-2, 445 
respiration determination 445-8 
“separate existence’ 440-1, 442, 443, 

proof 445-8 
stillbirth determination 440-1 
strangulation 443-4 


infantile cortical hyperostosis 469 
infections 


alter skull fractures 189 
airway obstruction 361 

burns 314 

chest 224-5 

delayed deaths due to 340 
haemorrhage due to 340 

in illegal abortion 432, 433-4 
smedico-legal aspects 340 
post-traumatic 340 

risk at autopsy 4, 10-11, 579 
skin, in neglec/starvation 414 
see alio HIN infection. 


infinite eylinder model 79, 83, 
inflammatory response after injuries. 170 
infrared monitoring, temperature 82 
infusion accidents 482 

inhumation 36-7 

insecticides, poisoning 567-8 


insufllation of a 


infestation of putrefied corpse 39 
laeval length 77 

life histories 76, 7 

post-mortem damage 74-5, 75, 76 
sample collection 78 

types and succeision 76 

see alia entomology 


insulin 546, 574-5 
insurance, trauma/disease relationship 519 
intercostal muscles 224-5 


internal examination at autopsy 
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abdominal organ removal 21-2 
body cavity exposure 17 


internal examination at autopsy (contd) 

body fluids se body secretions; sample collection, 

dissection techniques 16-23, 

equipment 18 

incisions 16-17 

neck structures removal 21 

pelvic organs removal 22 

report 34-5 

thorax 17-18, 21 

se alo specific anatomical regionslorgans 
International Death Certificate 10 
interpol document, mass disasters 44 
“Ioterruptin’ 434 
intersex 104 
interstitial fibrosis 507-8 
interventricular seprum, rupture 227, 


child abuse injuries 472 
contents, sample collection 549 
examination at autopsy 28 
injuries 230-1, 231, 233 
obstruction, narcotics eausing 233 
removal at autopsy 2 
rupture 233 
strangulared 516 
see also colon; gastrointestinal tract 
intracerebral haemorthage 207, 513, 514 
ccacaine addicts 582 
traumatic 207 
intracranial haemorthage 517 
in child abuse 192, 193, 464, 469-70 
intracranial injuries 189-215 
child abuse 193, 466, 469-71, 476 
subendocardial haemorshage in. 348 
see also individual injuries 
intracranial pressure, ssised 211, 212, 213-14, 473 
intrapulmonary haemorthage 403 
intrauterine infection 433-4 
intubation 481 
iris, changes after death 61, 99 
iron works, carbon monoxide poisoning 561 
ischaemia 52, 496, 506 
iachaemic heart disease 493, 505-6 
see also aortic valve disease; coronary atherosclerosis 
iachio-pubic index 111 


jaw 
edentulous 535 
fractures 178 
see alo mandible; maxilla 
jejunum, injures, in child abuse 472 
joine splits, ante-mortem injuties 7 
joule burn 329 
judicial hanging 383-4 
jugular veins 
blood samples 20, 548, 
ue 236-7 
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jugular venous compression 368, 369 
jumping from heights, suicide 154, 240 


Kastel-Meyer test 127 
keloid formation 304, 315, 
Kemohans notch 214 
kerosene heaters 561 
kicking injuries 149 
abdominal 230 
bruises/abrasions 149 
facial 178-9 
kidneys 232 
lacerations 153 
kidney 
in ethylene glycol poisoning 589 
examination at autopsy 27-8 
failure, afer trauma 345 
injuries 232 
paraquat poisoning 566 
sample collection 550 
kinetic energy transfer 137, 245, 246 
kinky bair syndrome 469 
“knee-capping’ 305 
kenife 
blade type 157-8 
dimensions from stab wound 157 
‘ecamination and measurements 155-6 
‘movement within wounds (rocking) 156, 158-9, 161 
penetration of skin 162-3 
serrated edge 158 
stab wounds by 156 
see alo stab wounds 
taper of blade 158 
kknife wounds 155, 156 
defence 165-6, 167 
‘dentele toothed incision 236 
scary from 102 
slashed 154-5, 155 
sticidal 236-9 
‘tentative incisions! 236, 237, 238 
see alo stab wounds 
Iewashiorkor 414 


labels/tags, body identification 8 
laboratory toxicology see toxicology 
lacerations 137, 150-3 
cerebral 206-7 
firearm wounds 270 
incised wounds oy 150, 151, 177 
lung 226 
patcemed 152-3, 176-7, 294, 295 
‘sandwich effect’ 151 
scalp 151, 152, 175, 176-7 
stellate 176 
types of impact causing 151-2 
‘vehicular accidents 284 
lactic acid 62 
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[0160] | Stable* Proton: 
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[0161] | Stable* Neutron: 

Stable * Neutron: 
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* Stable ucleonie neutron and proton conformations differ 
slightly from the Standard Model, this is due to the sharing 
fof quasi electron and quasi positron particles within the 
nucleus, which allows stabalisation of these particles by the 
formation of stable 3%3 structures. The Standard eonforma- 
tions which describe non-auecleonic neutrons and protons ate 
‘additionally given in Appendix 1 


[0162] Alpha particle (ce: 


912.28!) (91 
Alpha pase (a) = (3°91! 2!) [370]? 
[9119 20!%). [9]? 


[0163] The mathematical proof for these structures and 
their decay mechanisms is lengthy and is thus fully con- 
tained in Appendix 1. All the particle structures are accu- 
rately mathematically defined by the masses of these par- 
ticles, 

[0164] The structure ofthese particles all contain the quasi 
‘electron and thus the metric tensor structure necessary in the 
formulation of the gravitational equations is sustained. The 
respective forees created by the gluon and the photon are 
important as they tell us the behaviour of matter and also 
Jead to the likely structure of the graviton 


0165] Particle Spin and Size 


[0166] |The significance of the electron, composed of three 
spheres each with a radius of Lic, is not immediately clear, 
but can be understood if the frequency of rotation of the 
‘electron is also taken into account. Knowing the structure of 
the electron has led us to deduce its charge and thus may lead 
us estimate its size and spin. Thus these observations might 
be used to caleulate the radius and rate of rotation of the 
electron 
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[0167] Let us suppose, that nature is truly beautiful, and 
that the radius of the fundamental quasi electron is indeed 
Ve, and in turn the radius was balanced by the velocity of 
rotation 2rve. This ean be directly confirmed mathematically 
bby taking into account the known spin ofthe electron, biz. 

‘Thus the actual spin ofthe electron may be calculated form 
the known energy of the spin. 


[0168] |The radis ofthe electron isnot up till now known, 
but the radius of a quark has been estimated, and this is the 
radius derived from deep inelastic collisions of the proton. 
‘Those estimates reveal a radius of approx. r,-1-18x10""* m 
‘This value may be used to assist in confirming the spin ofthe 
proton in revolutions per sec. (revs) and in tuen the spin and 
size of the electron. Firstly we may proceed to estimate the 
spin of the proton. Thus as h=Et (Joulesxsec) and heEt= 
Fedt (Joulesxsec), then the spin; 

hamaPate ew 


[0169] As F=ma, where am(revs-22)"r, and mathe mass of 
the proton, then 


scorers 2a? 


[0170] The actual distance (d) traveled in a cirele of hal 
integer spin in 1 second is: revs, thus: 


Maeve 242 
[0171] Hence: 
resent 


[0172] Taking the effective mass the proton as 1.6726x 
107” kg, then the rate of spin of the proton in revolutions! 
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[0173] From the frequency of the specific rotation of the 
proton, given the half integer spin associated with the 
proton, we can thus mathematically confirm the relationship 
between the radius of a particle and its spin: 
ryprosavle 

[0174] Furthermore, the fundamental radius of He seen in 
‘geometric structure the quasi electron, is also reflected in the 
rotation rate and radius for the proton, thus as above /e+!s 
revs=1.85<10""* m. Moreover, this means the actual half 


integer velocity of rotation is none other than 2rve in 
‘metres/see. So that the particle is in harmonic balance. 


[0175] Using the fundamental formula h/4x=Fdt, itis 
possible to obtain accurate estimates ofthe radius and spin 
rates ofthe electron, or indeed any particle, using the same 
principle of harmonic balance. Using the formula 
resent 

[0176] It appears there are two unknowns, the radius ifthe 
electron and its revolution rate, however, in accordance with 
the equation, ry=2/c-revs, which gives the revolution rate of 
the proton, the same principle may also be used for the 
electron, by substituting r,=2/c.revs, such that 


roy 


reek 2)" 


[0177] ‘Taking the mass of the electron 9.109382x10 
kg, the rate of revolution of the electron is: 
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ladder tears’ aorta 21, 228, 


dating of wounds 167-8, 170, 171 


Laminaria digiale 433 sex ifernces 104 
lanugo 448 level cron, injuries 297 
lander betes 78 lifeppt machines 53 
laryngeal spasm 400, 403 ligamentum aneriosim 228 
lary ligature strangulation strangulation, lgarre 
blockage 362 lightning, deaths from 336-7 
being around, in manual strangulation 372 limbs 
chimprenton 368 tsi, in child abuse 462 
cornue (horns) 376-7, 377 diameter in negleclsavation 413 
forensic anatomy 376, 377 Fence de Bnces 
Etnies oF horns lenge afte death 239, 
ante-mortem, proof 378 sec abo leg 
atopy damage causing 377 lips 
bleeding. 378, 380 stops findings i sexual fences 421 
canes 378 bnssesbnsing 150 
in hanging 388 in child abuse 178, 473 
ligature strangulation 378, 382 feeoulum of rupeuelcaring 178, 473 
manual angulation 377 injuries 178 
post-mortem 377 pore maths 360 
sigificance 377 prints 101 
hacmorthages 378 liver 
smanual tangolation 377, 378 alcohol devoifcation 554 
mucosal 375 ceotral/ paral tars 286, 287 
sojarier in chronic alcohoism 557-8 
Higature strangulation 382 cinthosis 558 
manual tangulaion 376-7 fay changes 557-8 
spurious bleeding behind $9, 15 injoies in child base 232, 472 
thermal damage in Fires 320 necrosis halothane icin 486 
lavatory inficide 444-5 paracetamol poisoning 572-3 
laxatives, illegal abortions 433, paraquat poltoning 566 
LD50 542 rupture 231-2, 252, 286 
lead poisoning 434 sample collection 545, 550 
lead shoe (pellets) 246, 255,256, 258, 259 insolvent abuse 596 
lefcircumfles artery 495 subcapsular haematoma 286, 340 
lefccoronary anery 495 temperate 82 
lee ventricle vehicular injuries 231, 232, 286,287 
sori tenois 506-7 livin se bypoutatin, pot arte 
in arenical potoning 50 love-bited 146, 421-2, 474, 528, 530 
hypertrophy 61,504, 505 cid incr 343 
stab wounds 227 lumbar puncte $48 
wounds 170 hunts) 
leg atopy, examination 24 
injures in pedal cycle accents 291 in bartraumaldysbarism 489, 490 
inter in velar acidenas diatoms in 406 
divers 283, 284 in drowning. 402-3, 404, 405 
rmotoreyelints 290 “depedern} in ado esprasry dmv spacrome 345 
pedestrians 298-4, 295 ficin 34 
ser ails feral, maturation 447-8 
Lendeum’s rain 602 formalin inflainn 24-5 
length gpanulams, in cocaine aces 52 
assesment 11-12, 103-4 hacmorthage se pulmonary haemorrhage 
see alibi hyponasis 59 
Letlles method, cramination of viscera tsutopsy 21 injures 226 
eneoeyies Thing 226 
airembotinm 348 deceleration 226 
dhasing embolithromb 342 penetrating 226 
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fangs) (contd) 
injuries (contd) 
‘pincer contusions'/lacerations 226 
vehicular accidents 285-6 
newborn 447-8 
covetinflation 403, 404 
paraquat poisoning 566-7 
postmortem aration in newborn 447 
sample collection, for volatile substances 549, 
598 
siillbinh 4467 
sudden death in asthma 515 
surgical/anaesthetic-related deaths 486 
thermal damage 320 
weight 403 
see also entries beginning pulmonary, respiratory 
JLreol Fase Blue sain 213 
lynching 384 
lysergic acid diethylamide (LSD) 580 
lysol 587, 588 


maceration 64, 442-3, 
immersion deaths 395, 397, 406 
macrophage 168, 405-6 
maggot infestation 65, 66, 74-5, 77 
se alt animal predation 
magnesium 404-5 
‘magnetic resonance imaging (MRI) 31, 161 
malar flush 416, 417 
malate dehydrogenase 502 
malathion 567, 568 
malic acid dehydrogenase (MDH) 600 
mandible 
fractures 178 
race determination from skeletal remains 122 
removal/examination 536 
sex determination 108, 109-10 
marasmus 413 
marbling 65 
Marfanis syndrome 510 
marine predation 68, 75-6, 396, 398, 399 
see also animal predation 
Martius scarlet blue (MSB) stain 601 
masks, in sexual asphyxia 391 
‘masochistic practices. 389-92 
see also sexual asphyxia 
Mass Casualty Plan 42 
mass disasters 
autopsy 44 
forward planning 41-2 
identity establishment 
from dentition 532-3 
frontal sinus comparison 124-5 
interpol document 44 
‘mortuary, facilites 42, 43, 
necessities in planning 42-3 
pathologist's role 414 


Index 


pathology investigations 42-3 
retrieval of bodies 43-4 
Royal College of Pathologists guidelines 44 
temporary mortuaries 43 
toxicology samples 44 
mastoid proces, sex determination 109 
masturbation 391 
‘maternal deaths see abortion; pregnancy 
munilla 
fractures 178 
kicking injuries 149 
removallexamination 536-7 
MDMA (methylenedioxymethamphetamine) 581 
meals, post-mortem interval estimation and 85, 87-8 
‘mechanical forces, wounding 136-7 
‘medical records, poisoning deaths 543 
‘medico-legal aspects 
airembolism 346 
aspiration of gastric contents 596 
borin death 53 
child abuse 471 
extradural (epidural) haemorshage 191-2, 198 
infections 340 
myocardial infarction 496, 518-19 
neglect/starvation 414 
pressure on neck 370 
pulmonary embolism 340, 341-2, 520 
sexual asphyxia 391-2 
solvent abuse 596 


subarachnoid haemorrhage and berry aneurysm 198-9, 


519-20 
sudden infane death syndrome (SIDS) 456-7 
surgery/anaesthesia-related deaths 482, 483, 
trauma and disease relationship 517-18 

‘medico-legal autopsy see autopsy, medico-legal 

medionecrosis 510 

meningeal haemorchage 188, 190-2, 197 

meninges re brain membranes 

rmeningocaccal septicaemia 349 

Menkes syndrome 469 

mentally disordered persons, self-inflicted injuries 240 

‘mercuric chloride 546 

mercy killings 346, 359 

‘mescaline 580 

‘mesentery 
haemorrhage 230-1, 233 
infarction 516 
Injuries in vehicular accidents 286, 289 
lacerations/injuries 230-1, 231 
rupture 289 
thrombosis 516 

‘metallic ions, in electrical marks 33 

‘metallic poisons 589-94 
see ala arsenical poisoning 

metaphysis, avulsionilesions 466, 467 

‘methadone, misuse 580 

‘methaemoglobinaemia 57 
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methylamphetamine sulphate 581 
methyl chloride 597 
methylene chloride 597 
methylenedioxymethamphetamine (MDMA) 581 
retopie suture 121 
microbiological culture, autopsy samples 20 
ricrobology samples 20, 45-6 
collection at autopsy 29 
contamination a auopsy 29 
see ala sample collection 
ricrovacuolation 213 
microwave thermography 82, 83 
riddle meningeal artery, in haemorshages 190, 192 
riliary plaques 67 
nilitary weapons 248, 
rivera, distomaccaus materials in 408 
miner, dent establishment 103 
minisatellite DNA regions 106 
rise injuries 
in explosions 275-6 
mechanics 245-6, 268 
tusjctory of misile 245-6 
velocigy oF missile 246, 258, 268 
see ab fscarms, gunshot wounds 
mical stenosis 507 
molluscs 396 
Mond method 561 
Mongoloid races 122, 123, 533,534 
rmosphine 548, 578-80 
autopsy appearances of addicts 578-9 
blood/tiswe levels 580 
sudden death 578 
srortuary, mats disartcrs 
facilis 42, 43 
temporary 43 
rmororeyeles, modern safety features 290 
motorcyclist, injuries 290-1 
‘motor cyclists facture 185, 188, 290 
smovor vehicle acidents se vehicula injures 
motor vices 


‘carbon monoxide sources 5600 
see alo vehicles 
mociing, in hypostasis 59 
‘mould formation, mummified corpse 72,73 
mouth 
autopsy Findings in sexual offences 421 
blood from, post-mortem artefacts 12, 15, 36 
child abuse 473, 
examination at autopsy 13, 15, 
injuries 178, 473, 
paraquat poisoning 566, 567 
shotgun wounds 267 
mucoid medial degeneration 510 
mucosal ecchymoses, in aspirin poisoning 571, 572 
‘mucus formation, in arsenical poisoning 591 
mud, on body, in immersion deaths 396 
‘mugging’ 353, 383, 
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mummification 64, 72-3 
adipocere with 72 
antificial 72 
factors affecting 72 
injury preservation 73 
timing 73 
Munchausen syndrome 241, 243 
Munchausen syndrome by proxy 243 
muscle 


cadaveric spasm 62-3 
contractures, burns 316 
damage, renal filure after 345 
clectrcity effects on. 328-9 
Alaccidity as sign of death 93, 60 
hheat/cold stiffening 63 
rigor mortis 60, 61 
sample collection 550 
shortening, rigor mortis 62, 103-4 
spasm, electric current effect 328-9 
mutilated corpses 31, 99 
mutilation, in sexual offences 423 
mycotic aneurysms 511 
‘myelomalacia 216 
myocardial failure, in drowning, 401 
‘myocardial fibre, in electrical fatalities 333, 
myocardial fibrosis 497, 503, 504, 509 
cause of death 503-4 
diffuse 503 
in epilepsy 514 
myocardial infarction 493, 495-502 
ageldating 496-7 
atheroma/thrombos causing 495-6 
autopry diagnosis 496-7 
cause of death 503-4 
complications 502-3 
aneurysms 503 
‘mural thrombosis 502-3 
myocardial fibrosis 503 
pericarditis 503 
ruptured heart/tamponade 502 
enzyme histochemistry 498, 501 
fluorescent methods 500-1 
histochemical methods 498-9, 500 
immunohistochemical methods 502 
incidence 495 
laminar 496, 497 
macroscopic appearances/stages 496-7 
medico-legal aspects 496, 518-19 
‘microscopic appearances 497-502 
morphological changes 497-9 
nucle lose 500) 
regionalfocal 496 
sages 497 
topography 496 
transmural 497 
transportation injuries 496, 498 
‘rauma/exertion relationship 518-19 
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‘myocardial infarction (contd) 
types 496 
see alo coronary atherosclerosis 
myocardial ischaemia 496, 506 
myocardial necrasis 496, 563 
myocarditis 508-9 
chronic alcoholism 558 
solvent abuse 596 
myocardium 
blood supply 505-6 
contraction bands 498-9 
discoloration, post-mortem artefacts 36 
cxamination at autopsy 27 
fatembolism 344 
arty degeneration 499 
fragmentation of fibres 499 
hypertrophic obstructive cardiomyopathy 507 
hypostasis 59 
senile 509 
staining 498, 499, 500, 600-1 
waviness of fibres: 499 
myocytes 499 
‘nuclei 509 
myofibrillar degeneration 498 
myosin 62 
myxocdema 415-16, 417 
myxoma 511 


nails ee fingernail 
narcotic drugs, deaths from 577-84 
autopsy appearances 578-9 
idiosyncratic senstivity/tolerance 579 
mode of death 579 
toxicology 579-80 
narcotics, body-packing 233 
nasal aperturefbones, in sex determination 109) 
nazi concentration camps 413 
neck. 
abrasions, manual strangulation 372-3 
bruising 
child abuse 463 
ligature strangulation 382 
‘manual strangulation 371-2, 373, 374 
constriction, cyanosis 356 
dlissection, manual strangulation 375, 377 
examination at autopsy 21,24 
fal pressure on 368-94 
cyanonis 368 
duration effece 370-1 
smedico-legal aspects 370 
petechial haemorshage 371 
se abo banging, strangulation 
fatal pressure on, mechanism of death 368-71 
airway occlusion 368, 369 
carotid artery compression 369 
combined/duration 370-1 
nerve effects 369-70 
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reflex cardiac arrest 369-70, 370-1 
haemorrhage, manual strangulation 378 
injury to side of, vertebral artery trauma 201, 202 
post-mortem artefacts 59, 150, 375, 377 
putrefaction 65 
rotational ersuma 200-4 
sclEinflicted injury 242 
suicidal stab wounds 238 

rneck-holds, deaths in custody 306 

necropsy see autopsy 

negative autopsy see autopsy, medico-legal, obscure 


reeglect 412-14 
children 412, 417 
elderly 412 


general features 412-14 
infants 412, 413, 414, 417 
smedico-legal problems 414 
negligence, medical 483 
surgical procedures, deaths assaciated. 481 
Negroid features 534 
nerves, pressure on neck and 369-70 
Netherlands, sudden infant death syndrome prevention 452 
neurological lesions, carbon monoxide, poisoning 563 
neuronal injury, diffuse 209-10, 470 
‘neurones, in cerebral hypoxia 213 
Newton's Law of Cooling 79 
nickel production, carbon monoxide poisoning 561 
nipples, bite marks 528, 529, 530 
Nil granules 213 
nitrazepam 573 
nitric acid 322, 588 
nitrocellulose 248 


niteogen, dating of bones 127 
nitrogen narcosis 488 
nitrostigmine (parathion) 567, 568 
‘non-accidental injury in childhood se child abuse 
nortriptyline 973 
bleeding 178 
blood from, post-mortem artefacts 12, 15, 36 
fracture of bridge 178 
nuclear chromatin, in sex determination 104 
nylon bags, for simples 545, 549, 586, 598 


obscure autopsy see under autopsy, medico-legal 
obscure syndrome 45 
obstetric catastrophes, subendocardial haemorchage 348 
sobgurator foramen 111 
‘occipital bone, ‘ring fracture’ 181, 185, 214, 283, 290 
‘occupational stigmata, identity establishment 103 
odontogram 536 
odontologists, forensic 527 
‘odontology, forensic ze dentistry; forensic 
oedema 

in ‘asphyxia! 356 

in hypothermia 417 

myocardial 500 
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pose martem dependent 56 
see alo cerebral oedema; pulmonary oedema 
‘esophagus 
artefactual hacmorshage behind 59, 150, 375 
“banding’ 375 
carcinoma 516 
corrosive acidsallalis effect 587, 588 
cyanide poisoning 586 
intubation 481 
soot inhalation 323 
vatices 516 
Ohm’ law 327, 328 
Oil Red-O 343, 344 
leoresin capsicum (OC) 306 
‘omentum, injuries 286 
opioids 578-80 
organic solvents se solvent abuse 
organophosphorus pesticides, poisoning 567-8 
organs 
atrophy, in neglece/starvation 414 
amination at autopsy 23-8 
firearm damage 270 
hypostasis 59 
position in stab wounds 159 
putrefaction 66-7 
ossification centres 117, 118, 119, 121 
fecal maturity estimation 444, 445 
time of appearance (table) 119 
osteogenesis imperfecta 468-9 
costeometric board 117 
osteoporosis 180 
oxalate salts, deaths from 588-9 
oxalic acid, deaths from 588-9 
oxygen 
blood content 353 
deprivation 352, 357-8 
coxygeninitrogen ratio 489 
oxyhaemoglobin 356, 396, 586 


pachymeninges 189 
pancreas, post-mortem artefacts 36 
pancreatitis, acute, in bypothermia 418 
papillary muscles, myocardial infarction 497 
paracetamol poisoning 572-3 
paradoxical respiration 223 
paraffin heaters 561 
paraquat poisoning 345, 566-7 
parathion 567, 568 
paroxysmal nocturnal dyspnoea 505 
paternity testing 106 
pathologists 2 

fingerprints 101 

infanticide investigations 440-2 

sudden death examination 492 

surgical procedure-related deaths 480 
patient's notes 481-2 
patterned abrasions see abrasions, patterned 
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patterned electric marks 332, 336 
patterned lacerations 152-3, 176-7, 294, 295 
PCP (phencyclidine) 580 


Pearson and Bell’ table, ‘mathematical sexing of femur! 112 


Pearsons table, stature calculation 116 
pedal cyclist, injuries 291 
pedestrians 
ddrug/alcohol intoxication 296 
injuries 291-5 
children 292-3 
primary/secondary/tertiary 291 
scooping-up 291, 292 
sequence of events 291-2, 292 
speed of impact 293 
types 293-4 
pelvic ‘indices’ 111 
pelvic organs, removal at autopsy 22, 436 
pelvis 
fractures 233 
injuries 233, 294 
race determination from skeletal remains 122 


sex differentiation 111-12 
Penetrating injuries 155-66 
penis, in patrefiction 65 
penknife, wounds 226, 229 
Peppering, in explosions 275 
Pepper spray injury 306 
peptic weer, perforated 517 
peribronchiola cll infiltration 455 
pericardial sa, bleeding into 228 
pericarditis 503 
pericardium, examination in air embolism 347 
pevieranium 175 
periodic acid-Schif (PAS) sin 600 
periosteum 
blood and calcification under 466 


dating of bones 126 

shearing, in child abuse 466 
petirenal haemorrhage/haematoma 232, 510 
peritoneal cavity, bleeding into 230 
peritonitis 233, 517 

chemical 433 
perivascular haemorthage, in hypothermia 418 
Perl's reaction 167, 197 
persistent vegetative state 93 
personal defence spray, injury 305-6 
personal identity, from skeletal remains 123-5 
pesticides, onganophosphorus 567-8 
petechial haemorchage 144 

‘asphysia’ 354-6, 304 

as unreliable indicator 355 

barotrauma/dysbarism 490 

causes 354 

distribution 354 

drowning 403 

clectric fatalities 333 

facial appearance 354, 355, 356 
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petechial haemorthage (contd) 

fatal pressure on neck 371 

fatembolism 344 

in hanging 388 

hhead injuries 14 

love bites 528, 530 

Jungs, examination 24 

post-mortem artefacts 36 

posture affecting 355 

scleral/eye 354 

significance 355-6 

strangulation 354, 382-3, 

subpleural 355, 403, 

sudden infant death syndrome 454, 

‘traumatic ‘asphyxia’ 364 
pethidine, blood/issue levels 580 
petral 560 
pts, post-mortem damage 76 
Pfitner’s table, bodily dimensions 108 
pharynx, thermal damage 320 
phencyclidine 580 
phenols 588 

deaths from 587-8 
phenothiazines, poisoning 573 
phloxine-tartrazine tain 602 
phosgene, in fumes from fires 322 
phosphorungsticacid-haematoxylin stain (PTAH) 342, 499 
photography 

atautopsy 13,15, 32 

bite marks 528, 530-1, 532 

cameras 32-3 

child abuse 476 

exhumation 37 

film type 32 

identification by dentition 537 

illumination 32, 530-1 

scene of death 6 


composition 33 
photosuperimposition techniques 128 
physical abuse 
in custody see custody, deaths in 
faral, evidence 301-5 
see abo child abuse 
physical activity 
cadaveric spasm and 63 
sudden death and 519 
timing of rigar mortis 60-1 
physique, hypothermia relationship 415 
pial veins 347 
pia mater 189 
piercing, infanticide 444 
pigmentation, mottled, in heat injury 303, 304 
pistols, injuries 271-2 
placenta, examination in infanticide 443 
plastic bag, 
seaual asphyxia 390, 391, 596 
suffocation 359-60, 96 


Index 


plastic bullets 274 
plastic containers for samples 545 
plastic polymers, fumes from fires 322 
platelets 342, 346 
platysma muscle, bruising, 373 
pleural adhesions 21, 225, 226 
pneumoconiosis, formalin inflation of lungs 24-5 
ppncumonia, paraquat poisoning 1 567 
pneumothorax 223, 225-6 

autopsy 18, 31 

barotrauma/dysbarism 489, 490 

causes 225 

natural/anespected deaths 226 

resuscitation artefacts 4 


‘sucking wound’ 225 
rypes 225 
poisoning 541-51 
agrochemicals 566-9 
antimony 591 
arsenic se arenes poisoning 
autopsy 543 
corrasive acids/alkalis and phenols 587-8 
cyanide 585-7 
detection of poison/chemical 543 
drugs of dependence 577 
ethylene glycol 589 
exhumation 38-9 
fatal concentrations, variations 542-3 
fatal dose concept 541-2 
hallucinogenic drugs 577-84 
hospital deaths 543 
medicines 8, 543, 570-6 
autopry appearances 570-1 
autopsy difficulties 570-1 
laboratory test results 571 
‘mode of death 571 
see alo specific drugslmedicines 
metals 589-92 
narcotic drugs 577-84 
organophosphorus pesticides 567-8 
oxalic acid and oxalate salts 588-9 
paraquat 566-7 
icin injection 550 
sample collection see sample collection 
samples, ‘exhibit labels exhibits officer’ 544 
subendocardial haemorrhage in 348 


thallium 591-2 
polaroid cameras, use at autopsy 32 
police 


autopsy request 3 
bite marks on 528 

police cell, suicide in 308 

police surgeons 421 

polis, human rights abuse and. 301 

polyareritis nadoss S11 

polymerase chain reaction (PCR) 428 
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polymorphonuclear leucocytes, infiltration 168, 170 post-mortem overspill 363 
polyps, sudden death from 516 postural asphyxia 355, 365 
pontine haemorrhage 517 posture 
post-concussion state 209 drunken prisoners 307 
post-mortem artefacts 36 cffect on cooling curve 80-1 
abrasions 139, 143, 149-50 petechial haemorshages and 355 
aortic ears 285 sudden infant death syndrome 453 
bleeding behind larynx 59, 150, 375, potassium 88, 89 
bilisters/bloating/discoloration 36 release in drowning 401 
blood from mouth/nostrls 12, 15, 36 potassium cyanide 585, 586 
bruises bruising 13, 36, 149-50 potassium fluoride 545, 546 
bums 331-2 potassium permanganate 434 
defibrillators 12, 36, 41 pre-auricular suleus 111 
epidural hacmorthage 1 192 precipitation (jumping from height) 240 
gastromalacia 36 predators, post-mortem damage see animal predation: 
hhaemorthage 57, 59, 150, 375 insects 
haemorrhage patches 36 pregnancy 65 
myocardium discoloration 36 deaths associated 431-8, 517 
neck, haemorthage 59, 150, 375, 377 «eal abortion 
pancreas 36 ectopic 436 
petechiae 36 evidence from skeleton 114 
petechial haemorthage 36 legal termination 431, 432 
putrefied compe 36, 65 seatbelt problems 289 
resuscitation see resuscitation artefacts premedication, excessive 484 
post-mortem bleeding 225, 233, 340 pressure, adverse elfects 488-91 
post-mortem blood clots 341 pressure marks 359, 360 
post-mortem changes 56-63 pressure sores 414 
burns 317 Prinsloo and Gordon artefact 59, 150, 375 
hypostasis 56-60 procurator fiscal 3 
immersion deaths 67-8, 396-7, 398-9 propane 561, 595 
ssurgery/anacsthesia-relared deaths 480 propellerinduced injuries 399 
toxicological 545-6, 547 property, personal 8 
see alo decomposition; hypostsis, post-mortem; mass disasters 43-4 
rigor mors see alia clothing 
post-mortem cooling se cooling, post-mortem propylene 589 
post-mortem dependent oedema 56 prostaglandins, ilegal abortions 434 
post-mortem examination see aurapsy protein 
post-mortem hypostasis ze hypostasis, post-mortem ante-mortem #s post-mortem burns 317 
post-mortem interval dating of bones 127 
cerebral hypoxia diagnosis 213 identification of bone fragments 108 
entomology and 76 pubic bone, see differentiation 111 
see aleo entomology pubic hair 104 
estimation 78-90 examination in sexual offences 423 
body cooling/temperature 7, 79-83, pubic scars 114 
gastric empeying 83, 85, 87-8 pubic symphysis, age estimation 118-20 
multiple site temperatures 83 ‘Pugilistc’arcude 63, 316, 321 
post-mortem chemistry 89-90 pulmonary artery, injuries 228-9 
rectal cemperature 81-2 pulmonary barotrauma 489 
retinal changes 54 pulmonary damage, explosions 275 
avscene of death 6-7 pulmonary embolism 24, 340-3, 513,520 
‘semperatute ratio’ concept 83 after legal termination of pregnancy 432 
thermometry 82-4, 83 after surgery 483, 520 
vitreous humour chemistry 88-9, 89-90 appearances 341-2 
se ali cooling, post-mortem: rectal temperature dating 342-3, 520 
hypostasis relationship 57 medico-legal aspects 340, 341-2, 520 
rigor mortis and 60, 61 post-mortem blood clot 34 
“spot-check’ for 61 predisposing factors 341, 520 
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pulmonary embolism (contd) 
tare causes 513 


sources of embolus 341, 520 
sudden death, deep vein thrombosis 513-14, 520 
‘rauma/disease interaction 340-1, 341, 520 

pulmonary fat embolism 343 

pulmonary granuloma 577 

pulmonary haemorrhage 275, 286 
drowning 403 
vehicular accidents 286 

pulmonary inflammation 455 

pulmonary ligament 226 

pulmonary oedema 343, 356, 455 
carbon monoxide poisoning 562 
deaths from corrosives 587 
drowning 402-3 
hypertensive heart disease 505 
hypothermia 418 
‘morphine addicts 578-9 

pulmonary thromboembolism 513-14, 520 

pulmonary tuberculosis, sudden death 516 

pulsation, absence 352 

‘punch-drunk’ syndrome 204 

punching, in child abuse 472 

puncture marks, autopsy resuscitation artefacts 40-1 

puncture wounds 153 

pupils 
‘cadaveric position! 54 
‘morphine administration effect 579 
sign of death 54 

Puppe's rule 266 

purging of body fluids 36, 65 

Purkinje cells, sudden death in epilepsy 51415 

pputtefaction 64-9 
bacteria 64-5, 68 
blisters 6, 65 
definition 64 
facial bloating 65 
fingernail 65 
ga formation 64, 65, 435 
inhibition by adipocere formation 71 
internal organs 66-7 
purging due to 36, 65 
sequence of changes 647 
timing 64, 67, 69 

temperature effect 64, 67, 68 
see ala decomposition 

puttefied corpse 
bruising, glycophorin A detection 40) 
externalfinternal examination 39-40 
fingerprints 39, 102 
identification 39, 101, 102 
insect infestation 39 
post-mortem artefacts 36, 65 
sex determination 104 

pyloric spasm 553 

pyogenic infections in encaine addicts 582 
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quinine, illegal abortions 434 
quingy 515 


race I 
determination 
dentistry, Forensic 105, 533-4 
from skeletal remains 122-3 
identity establishment 105, 
sex determination 108, 110 
skull features 110, 122, 123 
subdural haemorrhage in child abuse 470-1 
see alo ethnic characteristics 
radiation, burns 314-15, 
radiocarbon test 127-8 
sadiography/radiology 
age estimation in skeletal remains 117, 121 
air gun injuries 272 
ante-mortem, identity establishment 125 
in barotrauma 31 
bouller wounds 266 
child abuse 32, 476 
gunshot/explosion deaths 31, 276 
identification by dentition 5 
identification in explosion deaths 276-7 
mass dissters 44 


smedico-legal autopsy 32 
mutilated remains 31 
neck, in manual strangulation 373-4 
pneumothorax 31 
‘vertebral artery rauma 203 
radiostrontium 128 
tadius, in stature estimation 117 
railway injuries 297-8 
Rambo knife 143, 155 
rape 
anal 427, 428, 429 
children 425-6, 427, 429 
deaths associated 421 
evidence 425-6 
genital injuries 424 
see alia sexual offences, deaths associated 
tats, post-mortem damage 75, 
razors stabfincised wounds 163, 
rectal temperature 
cooling curve 79-80 
in hypothermia 416 
‘measurement methods and controversy on 
B12 
post-mortem interval estimation 81-2 
Henssge’s nomogram 83, 84-5, 86 
avacene of death 7, 81-2 
‘cemperatute ratio! concept 83, 87 
forcign bodies 426 
rupture 231 
ted flare’ 317 
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reflex cardiac arrest see cardiac arrest, reflex 
refvigeration, infectivity effect 11 
‘refrigerator effect’ 596 
relatives 
attendance at autopsy 3 
information on autopsy 3 
renal fulure, alter trauma 345 
report, autopsy see autopsy, medico-lega, report 
respiration 
cessation assign of death 55 
changes in lung in infants 446-7 
chest wall injuries and 223 
evidence in newborn 445-8 
obstruction, foreign bodies 515 
“respirator lung’ 34 
respiratory arrest, in electrical fatalities 328 
respiratory infections 454, 456 
respiratory insufficiency in fat embolism 343 
respiratory paralysis, in electrocution 327 
resuscitation artefacts 36, 40-1, 224, 353 
{B-adrenergic catecholamines 41,353, 
airway damage 41 
bruising chest/hearelface 40 
categories oF damage 40-1 
defibrillators 12, 36, 41 
gastric contents 41 
hhacmorthages 40, 41 
Heimlich manoeuvre 41 


pneumothorax 41 

puncture marks 40-1 

see abo cardiopulmonary resuscitation (CPR) 
rete pegs 168 

child abuse 472-3 

sign of death 54 
retinal haemorshages 41, 472-3 
retinal vessels, ‘trucking’ 54-5 
recraction bally/globes 210 
retrograde amnesia 209-10 
reeropharyngeal abscess, rupture 515 
revolvers 247, 248 

see also tifled weapons, wounds 
sheumatic valve disease $06, 507 
‘Rhyl mummy’ 72 
rib fractures 223-4 

callus formation 467, 468 

child abuse 224, 467-8 

pneumothorax 223 

respiration affected 223, 

‘sering of beads’ 467 

vehicular accidents 285, 290 
icin 550 
rifled weapons 248 

ammunition 248 

barrel length 263, 

muzzle velocity 268 

test Firing 263, 270 
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rifled weapons, wounds 258-67 
abrasion collar 263-4, 268-9 
blowback into barrel (back spatter) 261 
in bone 266, 267,270 
bburning/blackening 259, 262 
cloge-range 261-2 
contact 258-60 
direction of discharge 265-6, 268 
entrance wounds 262, 264, 265, 266, 267 
exit wounds 260, 262, 263, 268-9 
extreme trajectory 265 
fouling 263 
gas rebound 263 
grease ring (ring of dire) 264-5 
hhyperacmia around 260, 262 
‘mechanics 245-6 
smedium-distance 263 
smuzle gases 259 
mule imprint 260 
posture affecting 266 
powder tattooing 262-3 
range of discharge estimation 263, 270-1 
rust stains 260, 261 
shelving/undercutting 265 
soot/smoke soiling 262-2 
stellate 268 
sticidal 259, 261 
tangential/glancing 269 
‘chrowgh-and-through’ 268 
unburnt explosivefiler on skin 263, 
tifles 247, 248 
right coronary artery 495 
right ventricle 
hypertrophy 25 
stab wounds 226 
rigidity, cadaveric se rigor mortis 
rigor mortis 60-3 
biochemistry G1-2 
“breaking! 62 
charting teeth and 936 
duration 60 


clectrical fatalities 61 
external examination 13, 
false, heat and cold stiffening 63 
fingerprint taking 101 
sgoose-flesh in 61, 399 
gros effects 62 
height of body 103-4 
inseantlcadayeric spasm 63 
movement of body afier 62 
nnon-skeletal muscle/tssues 60, 61 
removal of clothes 8 
testing 60, 61 
timing/sequence 60, 61 

factors affecting 60-1 
‘ing fracture’ 181, 185, 214, 283, 290 


road trafic accidents see vehicular accidents; vehicular injuries 
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Royal College of Pathologists 30, 44 
rubber bullets 274 
"Rule of Nines! 13,313 


sacrum, sex characteristics 112 
salicylate poisoning 571-2 
saliva, samples 422, 528 
sample collection 
in abortion deaths 436 
atautopsy 19-21, 547-50 
bile 548 
bites/bice marks 528, 531 
blood 19-20, 547-8 
containers 545 


for cultures 29 
far DNA testing 106, 604 
road traffic deaths 296 
sites not suitable 19-20, 547 
sites/procedures 19-20 
body fluids 19-21, 549 
cerebrospinal fluid 21, 548 
in child abuse 476 
containers for 30, 545 
in cyanide poisoning 586-7 
in drug overdoses 543-4 
centomalogical 78 
exhumation 37 
intestinal contents 549) 
‘microbiological 20, 29, 45-6 
‘microbiological contamination 29 
obscure autopsy 45-6 
in poisoning deaths 38-9, 543-4 
retention, legal issues 3 
saliva 422,528 
scone of death 6 
semen 106, 423, 424 
in vexual offences 106, 423, 424 
in solvent/volatle substance abuse 549-50, 597-8 
stomach contents 27, 545, 549 
in sudden infant death syndrome 456 
in surgical/anaesthetic-related deaths: 486 
tissues 550 
toxicological 29-30, 46, 486, 543-4 
avoiding operator contamination 545 
containers 30, 545, 
information for laboratory 544 
mass disasters 44 
post-mortem changes 545-6, 547 
preservation 544, 545-6 
request form 30 
sampling site 546-7 
timing 544 
toxicology kit 20 
548 
vitreous humour 20-1, 88, 548-9 
vomit 549 
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samples 
acilay investigations 29 
DNA profiling 106 
isolgy 30, 46,486 
Labeling and contin of evidence 544 
tirobologcl culture 20 
post-mortem changer 545-6, 547 
tape 5 
sand, in bod, in immersion dene 396,404 
Saphire myoantis 508 
sarod caine 509 
sav invert eration of hore 18 
scale 312-14 
child abuse 474 
saalp 
Bleeding 176 
after death 176 
bleeding below 175 
in child abuse 463 
focensic anatomy 174-5 
injures 174-8 
abrasions 175 
bring 175-6 463 
fiom fills 17-8 
“Aaying’ 176 
Iacerations 151,152,175, 176 
petechine 956 
scayinginjuier 152,176 
seaming sti mlcrsenpy 992-3 
sapule 
faces 468 
sexing fe 113 
age of 102-3 
appestance/coloration 102, 103 
cihnic differences 102 
histology 103 
thuman righ abuse 102 30% 
idemityenablshment 102-3 
kaif and blr wounds 102 
surgi 102 
traumatic 102 
sexne of death 4-7 
atvendance by pathologie 4 
body 
ood splahes 5-6 
lechinghpeoperry 8 
postion 5 
roel 7 
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equipment/thermometers 45 
examination 47 

personnel at 5 

photographs 6, 33, 

protection 6 

samples 6 

solvent abuse 597 
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[0178] Which gives a predicted radius of the electron as 
6. 336410-" eyclelee 
[0179] So the half integer rotation velocity (revs:xe) is 


2c, for the electron in keeping with the harmonic balance 
of the electron. 


[0180] The same principle may be used to obtain an 
accurate estimate of the spin and radius of the muon, or any 
‘other particle. Using the above formula 

ressebciin 8 on 
(0181] ‘Then as the mass of the muon is 1,8823x10"* ke 
then the revs of the muon fy=5.070%10"" eyelessee and the 
radius ris thus 1.316x10"" m. 


[0182] It is now possible to begin to explain how the muon 
and the other subatomic particles are formed. If a quasi 
‘electron is complexed with another structure the total geo- 
metric structure needs to maintain harmonic balance. So the 
frequency of rotation would need to match geometric struc- 
ture with which the quasi electron was complexed 


[0183] Intriguingly we find asymptotic convergence for 
the formulas for frequency and mass occurs, when the 
eometric structure complexed with the quasi electron has, 
the structure represented by (vle") [ziving the frequency 
divided by two, because the single integer spin of the force 
‘carrying particles compares to a half integer spin for the 
muon}. So that 


anny 
[0184] When the ratio of the masses of the electron (m,) 
‘and muon (m,) are related, such that: 


mate" um, 
[0185] Indeed we find that (allowing for the neutrino) this 
ratio is very close to the actual ratio of the mass of the 
‘lection to the mass of the muon, determined experimen- 


tally 


[0186] Furthermore, we have seen that these geometric 
structures, representing harmonies of the speed of light, 
Which either match the frequeney or the amplitude of 
Vibration of the quasi electron, mathematically define the 
masses ofthe particles and the fundamental forees of Nature 


Part 1—Quantum Gravity 
[0187] Quantum General Relativity 


[0188] Given the overall energy “complex” energy tensor 
structure of the electron and the metric tensor, assumed in 
general relativity, the quantum nature of gravity itself ean 
now be explored. The spherical complex tensor for the 
electron and the positron give the mathematical quantum 
structure and energy tensor for all the other particles. 
“Together with the time dimension these nine space dimen- 
sions account for the 10 parameters present in the metric 
tensor necessary to formulate the equations for gravity using 
Riemann geometry and thus forms the basis of quantum 
gravity. Intriguingly the metric tensor at each point in space 
time is required to consist of a collection of ten numbers, 
‘Consequently, ten dimensional space-time hypotheses, such 
4a this or superstring theory, do automatically yield general 
relativity 


[0189] Furthermore, the mathematical representation of 
the graviton and the gravitational constant may be directly 
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estimated from the knowledge of the mass and radius of 
quintessence. Thence, the forve of the vibrations of quin- 
tessence lead directly to quantum gravity, 


[0190] The radius of quintessence should be approxi- 
‘ately in keeping with the Planck length estimate (¢), which 
is conventionally derived from the standard dimensional 
equation: 


ace co 


[0191] Given the nine spacial parameters present in the 
‘metric tensor, used in general relativity we find that the 
‘actual formula for r is mathematically in agreement with 
theory when: 

ie 


on 


[0192] ‘This again supports the 9 dimensional view of 
space and the size ofthe vibrations of quintessence can thus 
be estimated. 


63) 
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[0193] This value isin agreement with the Planck length 
Indeed ifthe above equation is correct then we find that we 
can derive the standard equation for the general relativistic 
increase in radius, ¢, (eq, 34) directly from first principles 
and arrive at a more fundamental equation for quantum 
aravity. AS 


eM? 


[0194] By substituting eg. 33) into equation 34, a funda- 
‘mental relationship between r and M is obtained. 


OME Gh Meh 


[0195] And substiuting the quintessential equation, 
heme? (eq. 1) then: 
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HargoMimgonde 
[0196] _ Hence the ratio ofthe change in radius to that ofthe 
radius of quintessence squared, is proportional, by a factor 
of ¢, to the ratio of the mass M of an abject to that of the 
mass of quintessence, elfectively the number of quintes- 
sences. Thus the change in radivs, 7 due to gravita 
related to none other than the ratio ofthe mass and radius of 
aan object to the mass and the square of the radius of 
quintessence. Thus again the gravitational change in radius 
is directly related to the number of quintessences. 


[0197] Naturally, this would be exactly what would be 
logically expected if quintessence, like the equation for the 
charge of the electron (eq. 6) forms from a root sphere. Thus 
the change in spacial radius of a normal sphere is dependant 
‘on the square of the quintessential radius. 


05) 


[0198] This increase in apparent radius represents none 
other than the (gravitational) binding energy for quintes- 


[0199] ‘The meaning of the above dimensional equation 
G3) might itself be further understood by substituting the 
mass of quintessence (Where my=h/e*) into the equation 
‘Thus in nine dimensions the gravitational constant (G) may 
‘be more logically given as, 


StarZimne 


[0200] Where :x, is the cross sectional area of quintes- 
sence and m, isthe effective mass of quintessence, and thus 
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sudden infant death syndrome 453 
time since death estimation 6-7 
see alo post-mortem interval, estimation 
sciatic notch, greater 111 
scissors, injuries from 164-5, 166 
scleral haemorrhage, in child abuse 472 
scratches 137, 141 
see alo abrasions; fingernail, abrasions 
screwdriver wounds 153 
injuries 233, 
putrefaction 64, 65 
rigor mortis 61 
SCUBA diving 488, 489, 561 
season, putrefaction timing 64, 67 
seasonal incidence, sudden infant death syndrome 453 
seatbelts 287-9 
cervical spine damage despite 284 
children/small persons 289 
criticisms 288 
injuries due co 288-9 
injury reduction 287-8, 288 
kinetic energy transfer reduced. 137 
lap-strap type 287, 288 
legislation 287 
‘mechanism of action 287 
pregnancy 289 
types 287, 288 
selE-biting, in children 474 
self-inflicted injuries 235-44 
nnon-suicidal 235, 240-3 
characteristics 242 
features assisting recognition 241 
for gain 241 
‘wound position and clothing 8 
selémartyrdom 240 
callection/sampling 106, 423, 424 
post-mortem ejaculation 12-13, 61, 391 
testing 106, 424, 426-8 
‘spor’ test 428 
seminal fluid, DNA profiling sample 604 
seminal stains 427-8 
senile myocardium 509 
septicaemia, in illegal abortion 433-4 
septum, ruptured 502 
serological rests, bones/bone fragments 108, 127-8 
serotonin, in dating wounds 169 
sex determination 11 
bodily dimensions 108. 
cytological examination 104 
dentistry forensic 533, 
DNA analysis 104, 533 
uorescence 104 
identification from teeth 533 
‘non-skeletalized bodies 104 
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skeletal remains 108-14 
accuracy 108 
bone length 112, 113 
long bones 112-13 
other bones 113-14 
pelvis characteristics 111-12 
pregnancy evidence 114 
sacrum characteristics 112 
sleull 108-11 
teeth 109 
sex differences 
infant, sudden infane death syndrome and. 452 
stature estimation 114 
sexual asphyxia 389-92, 596 
features 389-91 
‘mechanism 389 
smedico-legal aspects 391-2 
plastic bag 390, 391, 596 
suicide rs 390 
sexual intercourse, evidence 425-6 
sexual offences, deaths associated 421-30 
bitesfbite marks 421-2, 528, $29, 530 
bruising 421, 422, 427 
children 106, 
se abi child abuse, sexual 
decapitation 423 
DNA profiling 106, 424, 428 
external examination/findings 421-4 
fingernail examination 423 
homicide 421, 423, 424 
homosexual 427, 428-9 
human rights abuse 305 
internal examination 424-5 
interpretation of minimal findings 425-6 
rectal temperature cautions 82 
sample collection 106, 423, 424 
semen testing 106, 424, 426-8 
shaken-baby syndrome 193, 469-70, 471 
shaking, subdural haemorrhage after 193, 469-70, 471 
shark attacks 76 
shaving, head 14 
shear stress. 193, 206, 209 
Sheehan's haemorthage 348 
ships, suffocation in tanks 358 
shock 170 
shock waves, explosions/missiles 246, 275 
shooting, human rights abuse 305 
shotguns 246-8 
ammunition 246, 247-8 
cylinder and choke barrels 246 
test firing 253 
swelve-bore 247 
shotgun wounds 249-58 
appearance 249, 251-3 
burns 250, 251, 252 
carbon monoxide levels 250, 252, 267 


255-8 


* 653+ 


shotgun wounds (contd) 
cartridge constituents contributing 249 
close discharge 251-3 
contact wounds 249-51 


entrance osexit wound 267 
muzzle impression 250, 251 
overbone 250-1 

direction of discharge/injury 254-5, 

exit wounds 255, 259, 267 

255-8 
foreign body embolism 345 
hair singeing 251, 253, 
internal tract 255-6 
‘mid-to-distant range 253-4 
radiography 257, 258 
‘ange of discharge estimation 249, 
“rat-hole’ appearance 2: 
secondary damage 256 
shape 249-50, 254 
shelving/undercutting 254-5, 256 
short-o-mid-range discharge 253 
seul 266, 267 
soiling/burning 249-50, 251, 252 
suicidal 253, 254, 255 
tangential 256, 257-8 
tattooing in 252 
‘through-and-through’ 267, 
track 2: 
twelve-bore shotguns 251, 252, 253, 254, 255, 256, 258 

bunting accident 259 
wad wounds 254, 256-7 

siderophage 577 

SIDS see sudden infant death syndrome (SIDS) 

sixpenny bruises 148, 463, 

skeletalization 67 

skeletal remains 106-8 
age determination from see age estimation 
are the remains bones? 107 


features 251 


dating sr under dating, 
evidence of pregnancy from 114 
extrajudicial execution 305 
facial appearance reconstruction 128-9 
faral abuse 302 
general categorization 107 
hhuman origin, determination 107-8 
identification 99, 106-8, 537 

personal identity 123-5 

see aloo under dentistry, Forensic 
photosuperimposition techniques 128 
3 


sex determination see sex determination 


race determination 1 


statute estimation see under stature 
skeleton, reassembly and layout 108 
skin 

in age determination 11, 104 

blisters se blisters 

burning see burns 
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colour 12 
abortion deaths 346 
barotrauma 489 
burnt bodies 99 
carbon monoxide poisoning 57, 562 
cyanide poisoning 586 
cthnic characteristics 99 
hypostass effect 99 
hypothermia 416, 417 
putrefaction 64, 65 
crepitance 489 
destruction, second degree burns 313 
forensic anatomy 137-8, 174 
haemorrhages, in hypostasis 57, 58 
bheated, splits in 316, 318 
infections, in neglect/starvation 414 


in mummification 72 
in neglect/starvation 413-14 
pigmentation, in identity establishment 99, 105 
“rain-drop’ punctate pigmentation 590 
resistance to electrical current 328 
stab wounds 162-3 
structure 138 
temperature 79, 82 
thickness, stab wounds 162 

‘skin popping’ 578 


skin-slippage 64, 65, 99 
sell 


bulle/shorgun wounds 266, 267 
children 464-5, 466 
examination at autopsy 22 
facial appearance reconstruction 128-9 
flexibility, in infants 183, 
forensic anatomy 108, 181-2 
identification from 
age estimation 120-2 
personal identity 124-5 
race determination 110, 122, 123 
sex determination 108-11 
muscle ridges 109 
removal at auropsy 19 
stress lines 183 
suture lines 120-2, 181 
dliastass springing) 185, 187, 188 
tensile strength 186-7 
thickness 181-2 


sell fractures. 181-9) 
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ante-mortem os post-mortem 182 
anterior fosse, black eyes 179, 180 
axes/custing weapons 186 

basal linear 184-5 

base of skull 185 

blood below pericranium 175 
blunt injuries 177, 183 

child abuse 185, 464-6 

children 180, 185, 466 


comminated, bullet wounds 266, 267 

comminuted depressed 183, 186 

dangers 188-9 

depressed 177, 184, 186, 187, 188 
traumatic epilepsy after 188-9 

extradural haemorrhage associated. 190-2, 

falls 184, 187 

force required for 186-7 

frontal bone 466 

‘growing’ 466 

‘hinge’ 183-4, 188, 290 

horizontal cracks 466 


infections 189 
linear 183, 184-5 
‘mechanics 1824 


“struck hoop’ analogy 182, 183, 206 
‘meningeal hacmorchage after 188 
motorcyclists 185, 188, 290-1 
occipital 184, 466 
coccipitoparietal 464 
pond fracture 185-6, 186 
Pappe's Rule 184 
“ring fracture! 181, 185, 214, 283, 290 
shotgun wounds 258 
significance 182, 204 
sites 183-4 
“spider's web’ (mosaic) 184, 186 
‘seaggered’ 466 
stepped 185 
types 184-6 
vehicular accidents 188-9, 284, 287 

sashes: 154-5, 155 

slippery elm 433 

smoke 
autopsy appearance of burns 315-16 
inhalation 317, 322 
soiling 252 
see also fame inhalation 

smothering 358-61 
accidental 360 
definition 353 
infants 358, 359, 444, 456-7 

cot deaths wr 456-7 

sodium 89 
release in drowning 401 

sodium fluoride 545, 546 

sodium hydroxide, burns 588 

sodium hydroxide rest, carbon monoxide poisoning 562 

soft tissue injuries, pedestrians 294 

soil, decomposition of buried bodies 69 

solvent abuse 595-9 
asphyxia 596 
autopsy 597-8 
chemical effects 596 
dangers 595-6 
effects 595 
facial examination 598 


Index 


medico-legal aspects 596 

‘methods of abuse 595 

physical danger 596 

reflex cardiac arrest 595-6 

substances used 589, 596-7 

sudden death 595-6 
somatic death 52,53 
Sommer's movements 62 

inhalation 322-3 

staining, of skin 252, 262-3 
space-occupying lesions, intracranial 193 
‘Spanish windlass’ 240, 379, 380, 381 
spark burnsllesions 329, 330, 331 
spasm, cadaveric 61, 62-3 
Spaulding’s sign 443 
specimen collection see sample collection 
spermatozna, retrieval 428 
spiked instruments, stab wounds 156 
spinal anaesthesia, deaths related 485 
spinal column, stature estimation 116 
spinal cord 

haemorrhage 216 

byperflesion/hyperextension injuries 216 

infarction 216 

injuries 216 

removallexamination at autopsy 23, 24 
spinal injuries 214-16 

compression damage 181, 214 

deceleration 214, 215 


examination at autopsy 23 
fraceures in fills 181, 214 
hyperflexion/hyperextension 214-15 

splanchnic shunt 397 

spleen 
cyanide poisoning 587 
damage, in chronic alcoholism 558 
examination at autopsy 27 
hacmorthage 231, 233 
injuries 231, 286 
rupture 231 
vehicular accidents and 286 
‘weight, in drowning 406 

spontancous combustion 323-4 

stab wounds 153, 155-66 
amount of force used 161-3 
characteristics 156-64 
chest 160, 162, 222-3, 225, 226-7 

Ihaemothorax and 224-5, 225 
heart 223, 226-7, 229, 238 
hung injuries 226 
suicidal 238 
depth 159 
direction 158-9, 159-61 
homicide 155, 160, 161, 163 
human rights abuse 303-4 
infanticide 444 
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stab wounds (contd) 
kinetic energy transfer 136 
kitchen utensils. 164 
knife dimensions and blade type 156, 157-8 
length 157 
‘movement of knife within (‘rocking’) 156, 158-9, 
161 
multiple 157, 158, 160 
nature of weapons 155-6 
‘non-suicidal selE-inflicted 241 
pneumothorax 225 
suzorsiglass 163-4 
sexual offences 423, 
‘shelving’ (undereur) 159, 160 
skin 162-3 
skin thickness 162 
suicidal 238 
see ala suicidal injuries, knife wounds 
survival period after 170 
‘through-and-through’ 226, 227 
track 160 
‘unilateral fish-tail split 158 
“Veshaped’ 160 
‘stagnant anoxia! 352 
‘staining’ se hypostass, post-mortem 
saining techniques 600-2 
scamping injuries 147, 149, 153 
ail chest 2: 
great veniels 228-9 
head 179 
heart 227 
sarvation 412 


“dry /ivee’ types 413, 
general features 412-14 
infanticide 445 
‘medico-legal problems 414 
estimation from skeletal remains 114-16 
caleulation systems 115-16, 117 
dried bones 114 
fragmentary bones 116 
lengeh of long bones 114,115, 116 
spinal column 116 
intact body, identity establishment 103-4 
tables, female/male 115, 116 
‘Stavanger definition, sudden infane death syndrome (SIDS) 
451 
steel workers, identity establishment 103 
steel works, cathon monoxide poisoning 561 
steering wheel injuries 223, 229, 283, 287 
abdominal 229 
sternal rib methods, age estimation 120 


autopsy in air embolism 347 
Fractures 224, 468 
sexing from 113 


Index 


siillbinh 439-40 


decomposition of fetus 64 
definition 439 

determination 440-1 

legal criteria 440-1 

proof of separate existence and 445, 446 


stomach 


in aspirin poisoning 572 
in barbiturace poisoning 574 
carcinoma 516 

contents se gastric contents 

in cyanide poisoning 586 

deaths from corrosives 588 

in drowning 404 

emptying se gastric emprying 
examination at autopsy 27 

injuries 229-30 

in paraquat poisoning 566, 567 

‘red velvet in arsenical poisoning 590 
rupture 230, 231, 472 


strangulation 369 
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abrasion marks 141, 148, 372-3 
cricoid cartilage 376, 378, 382 
deaths in custody 308 
definition 353 

features: 370 


bhypostatic artefacts of oesophagus 1s 59, 373 


infanticide 443-4 
ligature 353, 379-83 
accidental 383 
asphyxia 382 
embedded 380-1 
facial appearance 380 
hanging mark os 381-2, 386 
homicide 379 
infanticide 443-4 
knots 382 
laryngeal horn fracture 378, 782 
ligarure marke 141, 308, 379, 380-2 
mode of death 381, 382-3, 
nature of ligature 379-80, 381 
position of mark 381-2 
signs of local injury 382 
suicidal 240, 380 
manual 371-9 
autopsy appearances 371-3 
bruising on neck 371-2, 373, 374 
cardiac arrest 374, 378 


9 
carotid artery damage 378-9 
Fingernail abrasions/marks 141, 373 
internal appearance 373-4 
laryngeal fractures. 377 

laryngeal fracture significance 377 
laryngeal injuries 376-7, 378 
spurious bleeding behind larynx 375, 
vagal inhibition 371, 378 
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petechial haemorthage 354, 382-3 
scleral haemorrhage in. 354 
coronary atherosclerosis and trauma 518 
cffect on digestion 88 
ruptured berry aneurysm and 199, 512 
sroke, cerebral haemorrhage and 207 
strontium 405 
seruck-hoop' action 206 
‘srud-guns’ 273-4 
subarachnoid haemorrhage 196-8 
alcohol and 199 
appearances/mechanism 196-8 
bleeding sources 197, 512 
blood volume 199 
bruise below ear 148, 
in child abuse 470-1 
haemolysis 197 
investigation methods 203, 
‘mechanism and relevance 198 
‘medico-legal implications 198-9, 519-20 
rapidity of death 198, 199, 511 
resuscitation artefacts 41 
rotational trauma to head/neck 200, 202 
ruptured berry aneurysm 198-9, 511, 519-20 
sudden death due 9 196, 198, 511-12, 519-21 
‘trauma and 196-7, 198, 519 
‘rauma/disease interaction 519-20 
vertebral artery injury 200, 202, 203, 
subarachnoid space 189) 
subclavian veins, blood samples 20, 548 
subcurancous fat, in burns 315 
subcutaneous tissue 
bruising 144-5 
sample collection 550 
subdural haemorrhage 192-6 
acute 193-4 
blood volume 193 
in boxers 204 
child abuse 192, 193, 469, 470, 471 
chronic 194-5 
clargement mechanism 195 
closed head injuries 193 
colour changes 194, 196 
dating 195-6, 197 
elderly 192-3, 
forensic implications 195, 198 
formation 193, 195 
latent interval and coma 194, 197-8 
‘neomembrane’ formation 195 
racial aspects 470-1 
shaking causing 193, 469-70, 471 
‘spontaneous’ 192 
subdural space 189 
subendocardial haemorchage 286, 348-9, 590 
‘submarining’ 289, 304 
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subpleural petechial haemorshage 355, 
succinate dehydrogenase 498, 501 
succinylcholine 550 


sucking wounds, chest 2: 


suction lesions, bites in sexual offences 421-2 


suction petechiae 530 


love bites 148, 42 


2, 474, 528, 930 


sudden death 492-526 


abdominal catastrophes 516-17 
abortion 517 
ancurysm rupture 509-13, 519-20 
aspirin poisoning 971, 572 
bronchial asthma 515 
cardiac disease 493-511 
aortic valve disease 506-7 
cardiomyopathies 507-9 
coronary insufficiency 503-5 
exertion relationship 519 
hypertensive 505-6 
myocarditis 508-9 
senile myocardium 509 
trauma relationship 518-19 
se ao coronary atherosclerosis; myocardial infarction 
definition 492-3 
cfectrical fatalities 329 
in epilepsy 51415 
gastrointestinal hacmorchage 516 
genitourinary system S17) 
haemoprysis 516 
in morphine addicts 578 
in old age (senile myocardium) 509 
pathologists 492 
pneumothorax causing 226 
pulmonary thromboembolism 513-14, 520 
respiratory obstruction 515 
solvent abuse 595-6 
subarachnoid haemorrhage 196, 198, 511-12, 519-20 
suprarenal haemorshage 349, 510 
‘rauma/diveate relationship. 517-20 
tuberculosis 516 
vagal cardiac arrest 370 
women of child-bearing age S11 


sudden infant death syndrome (SIDS) 451-60 
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autopsy 
failure 45, 456-7 
procedure 456 

autopsy findings 359, 360, 454-5 
‘external 453, 
histological 455, 456 

body secretions 453 

cease history 10, 453 

causation theories 455-6 

congenital disorders and 455, 

counselling 456, 457 
‘organizations 457 

definition 451 


sudden infant death syndrome (SIDS) (contd) 
factors influencing risk 452-3 
gastric contents in air passages 363 
histology 455, 456 
incidence 451-2 
‘medico-legal problems 456-7 
multiple 457 
negative autopsy 45, 456 
petechiae 354 
petechial haemorthage 454, 456-7 
posture at death 453, 
publicity campaigns and 452, 455 
scene of death 453, 
seasonal variation 453 
smothering of infants and 359 
“Stavanger definition! 451 
suffocation vs 456-7 
symptoms 453 


sudden unexpected death (SUD) see sudden infant death 


syndrome (SIDS) 
suffocation 352-67 
autopsy sigas 360 
carbon monoxide, poisoning 357-8 
children 358 
cot deaths of 456-7 
definition 353, 357 
‘human rights abuse 304 
plastic bag 359-60, 596 
suicidal gestures 235, 
suicidal injuries 235-40 
fire-arm wounds 239 
automatic pistol 273, 
rifled weapons 259, 261 
shotguns 239, 252, 253, 254, 255 
‘humane veterinary killer 273 
jumping from heights 240) 
knife wounds 236-9 
abdominal 238 
chest 238 
clothing. 8, 239 
cut throats 236-7, 237 
neck 238 
‘wrist 237-8 
‘multiple methods 237, 239 
sites 236 
stab wounds 238 


“tentative incisions! 236, 238 
suicide 
agrochemical poisoning 566 
‘asphyxia’ 240 
in bathroom 400, 401, 405 
burning 239-40 
carbon monoxide poisoning 560 
choking due to foreign bodies 361 
corrosive poisons 587, 588 
in custody 308 
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cyanide poisoning 585 
electrical fatalities 239, 326, 334 
falls from height 240 
hanging 240, 385, 388 
homicide» 235, 236, 238, 239 
injuries before immersion in water 398 
by insulin 575 
ligature strangulation 240, 380 
medicine averdose 8 
methods 235 
by motor vehicle 297 
multiple methods 297 
notes 239, 391 
plastic bag suffocation 359, 360 
railway 297-8 
sexual asphyxia rs 390, 392 
submersion 239 
sulphuricacid 588 
supraatbital ridges, in sex determination 109 
suprapubic angle 111 
suprarenal artery, damage 252 
suprarenal haemorthage 232, 295, 349, 510 
suprarenal vessels, damage 232 
surgical procedures, deaths associated. 480-7 
autopsy 480-2, 486 
bronchial obstruction 481 
classification system 482 


disease process causing 482-3 
histology 483, 485, 486 
medico-legal aspects 482, 483 
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barotrauma 489 

contents, removal at autopsy 21 

internal examination at autopsy 18 
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(,2/m,) represents the effective mass per unit area which 
quintessence exerts. This equation reduces to: 
or2imale on 
[0201] From this we may derive the standard general 
relativistic relationship forthe apparent change in radius (¢) 
around a mass (M), from an understanding of the mass my 
‘and number (n,) of quintessences. As m,=M/n,. tht 
Sram, os 
[0202] Then if 
rong oy) 
[0203] thus directly substituting for n, in eq. 38: 
reeune 64 


[0204] The importance of this is that the gravitational 
‘change in radius now logically derives from equation 36, 
which describes the gravitational force as resulting directly 
from the mass of quintessence exerted/per unit area of 
quintessence. 

StarZin acne 66 
[0205] Thus equation 34 is the conventional equation for 
the general relativistic increase in radius (#) in a gravita- 
tional field, which is here derived from the underlying nature 
‘of quintessence. Thus the gravitational constant is derived 
from the mass and radius of vibration squared of guint 
sence from first principles. 


[0206] Indeed it is apparent that a more fundamental 
‘equation for gravitation now exists, for equation (39) is 
mathematically accurate and numerically agrees with eq. 4: 


rimngonde 09) 
[0207] These equations may be readily mathematically 
Verified. in accordance with standard general relativity, the 
‘apparent increase in radi ¥ is: 

reeune oH 
[0208] ‘Then given that the mass of the Bart is 5.974Sx 
10" kg; 

Pearse? 
[0209] Accordingly if r=3r,2-ny/e: (eq. 39). Given the 
rhumber of quintessencesn, cofstiiting the Earth is My/m,, 
then 

eS IT4SRLPHT STIRS 
[0210] As r2=1.823«10-” (eq, 33a) then: 

Pek aeat0-t 
[0211] Thus equation 39 gives the same answer as the 
standard equation and may be understood on a logical bass. 
Indeed the meaning ofc inthe equation may be understood 
‘as it has been previously shown as being the basis forthe 
radius of matter (eq. 6). Hence the general relativistic 
‘change in radius, ¢, is none other than the effective binding 
‘energy for quintessence. 
[0212] Quantum Gravity and Wave Panicle Duality 
[0213] Quantum gravity ean now be readily linked with 
‘quantum mechanics, indeed any observations which are self 
‘consistent must be able to do so easily 
[0214] The frequeney of light has been previously derived 

btn, 
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[0215] Thus the formula for the frequency of light (=hf) 
haas previously been explained theoretically by the simple 
‘observation thatthe frequency is determined quite directly 
from the number of quintessences (n,) Within the photon. 
‘The same principle has also been shown to apply to matter. 


[0216] Let us now follow these equations for matter by 
calculating the wavelength of a photon from the Gravita- 
tional constant as an example; and also as a test of these 
‘observations and to demonstrate that the gravitational equa- 
tions can also apply to the quantum world, 
fo217] 1 
nereare 690) 
[0218] where r is the general relativistic increase in 
radius, and r, is the radius of quintessence (eq. 33). Where 
. substituting for n,, then the frequency of the 
photon f where Bl) is given by: 


fereng 


[0219] Using the staard equation, #=GMI3e* (eq, 34): 
swe may substitute fore, thus we have: 


& 


Mire 15 Ths 


papa adn eta 


or a 


Indeed 98 = Ghjo then f, = Bh 


[0220] It is possible to also demonstrate that the same 
relationship holds for the wave equation for matter. If we 
take the relativistic wave energy of matter, which has been 
previously derived, 

An, 
[0221] ‘This includes the term for the number of quintes- 
senees flowing through the electron, inthe complex vectors 


Oo space-time, to give the relativistic electron momentum (p) 
and a term for the rest mass, thus substituting into (40) 


or cy 
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The fourth edition of The Eye is upon us and, in the 
intervening years since the third edition, much has 
happened in the life sciences which have a direct 
hearing on the basic science of the eye, For instance, 
the massive strides being taken by the new genetics 
and functional genomics based on the Human Genome 
Project, the new understanding of how the microbi- 
ome affects all aspects of immunology, the remarkable 
new imaging technology which is applied to anatomy 
and neurophysiology, the exciting new molecular, and. 
other, diagnostic methodologies being used in micro- 
biology and pathology, have collectively brought a 
wealth of new knowledge to students and practition- 
ers in the fields of ophthalmology and visual science. 
For these reasons alone, we have felt that there is 
strong need to update the text and allow our continu 
ing and new readership to view these developments 
as they inform the various scientific disciplines in how 
they affect the eye and its workings 

‘And so, The Eye Fourth Edition has been extensively 
revised with much new text as well as many new 
figures, The aim of the book, as always, has been to 
provide a concise text which provides as much infor- 
mation in the simplest and most readable format 
which can be used by a diverse readership. This 
includes optometrists and ophthalmologists in train- 
ing, and in practice, as well as new recruits to visual 


and ophthalmic science who are embarking on a 
career in the basic science of the eye. We expect 
readers will take from the text those aspects of know!- 
edge and information which are directly relevant to 
them and hope that they will also dip into areas which, 
might not seem so immediately important to them but 
remain part of the whole. As indicated in the preface 
to the third edition, the purpose is to produce a “basic 
science of the eye” handbook which is readily 
accessible, 

The book retains its familiar overall organisation in 
terms of subject matter, Excitingly, however, in this 
internet dawn, The Eye is also being produced as an 
online text, with links to additional information as 
well as video clips prepared by the authors which are 
aimed to help explain and expand on aspects of the 
basic science. We hope that our new, as well as our 
previous, students and readers enjoy the new product, 
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Paul G. McMenamin. 


Fiona Roberts 


Eric Pearlman 
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Anatomy of the eye and orbit 


Anatomical terms of reference 
Osteolagy of the skull and orbits 

Structure of the eye 

Orbital contents 

Cranial nerves associated with the eye and orbit 
Ocular appendages (adnexa) 

Anatomy of the visual pathway 


Anatomical terms of reference 


‘The internationally accepted terminology for 
description of the relations and position of struc- 
tures in the body requires reference to a series of 
imaginary planes (Fig. 1-1), Thus, relative positions 
of anatomical structures are referred to in terms of 
medial (nearer the median or mid-sagittal plane) 
and lateral (away from this plane); anterior and 
posterior refer to the front and back surfaces of the 
body; superior (cranial or rostral) or inferior (caudal) 
refer to position in the vertical; superficial and deep 
specify distance ftom the surface of the body. A 
combination of terms can be used to describe the 
relative position of structures that do not fit exactly 
any of the other terms, e.g. ventrolateral, postero- 
medial, ete 


Osteology of the skull and orbits 


GENERAL ARRANGEMENT AND 

FEATURES OF THE SKULL 

The skull is divided into two parts: an upper part 
shaped like a bowl, which contains the brain, 
known as the cranium or neuracranium; and a lower 
part, the facial skeleton ot viscerocranium. The 
cranium can be further subdivided into the cranial 
vault and cranial base. 


The skull is composed of a large number of separate 
bones that are united by sutures (ibrons immovable 
joints). The cranium consists of eight bones (only two 
are paired), the facial skeleton consists of 14 bones, of 
which only two are single (Fig, 1-2A,B). The skull 


contains a number of cavities that reflect its multiple 
functions: 
+ cranial cavity —houses, supports and protects the 
brain 
+ nasal cavity — concerned with respiration and 
olfaction 


+ orbits — contain the eyes and adnexa 
+ oral cavity ~start of gastrointestinal tract, respon- 
sible for mastication and initial food processing; 
houses taste receptors. 
Many of the cranial bones contain air-filled spaces, the 
paranasal sinuses (Fig, 1-3), Most of the anatomical 
features of the whole skull relevant to the study of the 
eye and orbits are indicated in Figure 1-2A and B 
(norma frontalis and norma lateralis). (See video 1-1). 


OSTEOLOGY OF THE ORBIT 


The orbital cavities, situated between the cranium and 
facial skeleton, are separated from each other by the 
nasal cavity and the ethmoidal and sphenoidal air 
simuses (Fig, 1-3A-C). Each bony orbit accommodates 
and protects the eye and adnexa, and serves to trans- 
mit the nerves and vessels that supply the face around 
the orbit. Parts of the following bones contribmte to 
the walls of the orbit: maxilla frontal, sphenoid, zygo- 
matic, palatine, ethmoid and lacrimal (Figs 1+ and 
1-5A.B). Each orbit is roughly the shape of a quadii- 
lateral pyramid whose base is the orbital margin and. 
whose apex narrows at the optic canal. Each orbit has 
a floor, roof, medial wall and lateral wall (Fig. 1-#) 


(See video 1-2). f 
1 


2 1. Anatomy ofthe eye and orbit 


Median 
‘midesagta plane 


Corona lane 


FIGURE 1-1 Diagram lustrating anatomical planes of reterence 


The floor tapers olf before reaching the apex: therefore 
the apex of the pyramid is triangular in shape, The 
orbit is widest approximately 1.5 cm behind the 
orbital margin, The medial walls are approximately 
parallel to the mid-sagittal plane, while the lateral 
walls are oriented at an angle of approximately 45° 
to this plane. The orbital aperture is directed forwards, 
laterally and slightly downwards, a characteristic of 
primates and indeed predators which require bin- 
ocular vision, Nerves and muscles passing from the 
apex into the orbit pass forward and laterally (Fig. 
1-3A.B). The orbit is approximately 40 mm in height, 
40 mm in width and 40 mm in depth, The volume 
is approximately 30 mL, of which one-fifth is occu- 
pied by the eye 


The walls of the orbit 


The bones that make up the roof, floor and medial 
and Iateral walls are summarized in Figure I-4 


Features of the orbital roof 

+ Fossa for the lacrimal gland: lies in the anterola- 

teral aspect of the roof behind the zygomatic 
process of the frontal bone. 

+ Trochlear fossa fovea): lies in the anteromedial 
aspect of the roof, 4 mm from the margin, and 
is the site at which the trochlea (small pulley) is 
attached. The tendon of the superior oblique 
passes through the trachlea, 


+ Anterior and posterior ethmoidal canals Positioned 
at the junction of roof and medial wall above the 
frontoethmoidal suture (Fig. 1-5A). They trans- 
mit the anterior and posterior ethmoidal nerves 
and vessels, 

Relations. The roof, which is thin and translucent 
except at the lesser wing of the sphenoid, separates 
the orbit from the anterior cranial fossa and frontal 
lobes of the brain, Anteriorly, the frontal sinus lies 
above the orbit 


Features of the medial orbital wall 

+ This wall is oblong in shape and thin (0.2 

0.4 mm), The four bones that comprise this wall 

are separated by vertical sutures (Figs 1-4 and 
1-54). 

+ Lacrimal fossa for the lacrimal sac: it is bound by 
anterior and posterior lacrimal crests and is con- 
tinuous below with the nasolacrimal canal (Fig, 
1-58). 

Relations. This is the thinnest of the walls and is 
largely transparent or semitransparent — the ethmoidal 
air sinuses can easily be seen through this wall in a 
dried skull (Fig, 1-5A,B). Medial to this wall in an 
anterior to posterior sequence lie the anterior, middle, 
posterior ethmoidal air cells and the sphenoidal sinus, 


Features of the orbital floor 
+ The floor slopes slightly downwards from the 
‘medial to the lateral wall 
+ Itiscrossed by the infraorbital groove, which runs 
forward from the inferior orbital fissure. Before it 
reaches the orbital margin this fissure becomes 
the infraorbital canal, which opens as the infraor- 
ital foramen 4 mm below the orbital margin on 
the anterior surface of the maxilla (Figs 1-3C, 
1-4 and 1-54). 
Relations. The floor separates the orbit ftom the 
maxillary sinus, the bone being only 0.5-1 mm in 
thickness (Fig, 1-3C) 


Features of the lateral orbital wall (Fig. 1-4) 

+ Spina rect lateralis: small bony spine on the 
greater wing of the sphenoid near the apex of the 
orbit which gives origin to part of the lateral rectus, 

+ Zygomatic Joramen: transmits zygomatic nerve 
and vessels to temporal fossa and cheek (zygo- 
‘maticotemporal nerve and zygomaticofacial 
nerve) (Fig, 1-58), 
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FIGURE 1-2 Osteology ofthe skull Two views of the skal: (A) norma fronals; and (B) norma lateralis to ilustrate the individual bones and 


important anatomical landmarks. 


+ Lateral orbital tubercle: forms the attachment of 
the check ligament of the lateral rectus, suspen- 
sory ligament (Lockwoods) of the eye, superior 
transverse ligament (Whitnalls) and aponeurosis 
of levator palpebrae superioris, 

+ Foramina for small veins that communicate with 
middle cranial fossa. 


Relations. Laterally~skin, temporal fossa and middle 
cranial fossain an anterior~posterior sequence (Fig, 1-3A). 


Orbital margin, fissures and optic canal 


Orbital margin. This isa thickened rim of bone that 
helps protect the orbital contents. It is made up 
of three bones: the frontal, zygomatic and maxilla 
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[0223] Then the equation again reduces to: 


o 


(0224] Equations 3, 40 and 41 are important as they show 
thatthe quantum wavelength of any particle of rest mass m 
‘can be derived from the gravitational constant G. ‘Thus 
Jinking quantum mechanies to quantum gravity 


[0225] It is therefore important to confirm the numerical 
accuracy of the above equation (40). We can do 
‘comparing the result to the standard computation of the de 
Broglie equation, in a range where de Broglie itself is likely 
to be most accurate; which according to these observations 
is in the low energy range (see section on Wave Particle 
Duality), 


[0226] If we take an electron with an energy of 0.1 KeV 
the wavelength is conventionally given (where the kinetic 
‘energy of the election Fy is given by the product of the 
‘charge of the electron (C)-and the potential applied eV=O.1 
Key), by the standard equation: 


Aship= hi; 2m! ts 
21 668.10 11.602 10-1 10180 x 


eos 
Aa L.23% 10m Using 


G0) 


[0227] At 0.1 Key, electron velocity is 610° r/see, thus 
e210" and y=1/(1-vie")'*=1.0002. Thus: 


9x 4.820 10° 80.781 
% AR LUD 


arena SRF 


L2be10-%m 


[0228] Divergence between the de Broglie equation and 
the above equation (2) occurs at intermediate and high 
‘energies where it is generally accepted thatthe standard de 
Broglie equation may be less accurate, The values for eq. 2 
and de Broglie are compared t0 recent experiments, which, 
‘demonstrate a relativistic curvilinear plot for wavelengths of 
matter in keeping with eg. 40. 


[0229] ‘The de Broglie equation in the non-relativistic 
format yields a simple logllinear scale, which is not in 
keeping with relativity; whereas eq, 3 is dependent on 
relativity and mathematically accounts for both relativity in 
calculating the wavelength. Indeed recent experiment on 
‘quantum tunnelling through a wire mesh strongly sugges 
that the relationship between energy and wavelength is 
relativistically curvilinear" Furthermore equation 3a 
suggests a fundamental relationship between energy (E), 
relative velocity (vies), gravity (G) and the quantum 
wavelength (2) 
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[0230] equation 2 is the very same as the Universal wave 
‘equation derived form first principles for the wavelength of 
tight and matter, which allowed a relativistic solution to the 
equations for wave particle duality (see Wave Particle Dual- 
ity). This now indicates that these quintessential equations 
fare compatible with relativity, quantum mechanics and 
quantum gravity 


[0231] Graviton Structure 


[0232] | From these observations, ifthe value forthe gravi- 
{ational constant is substituted into the equation (35) we may 
‘now estimate the probable geometric structure of the gravi- 
tation, which is the force particle mediating gravity by acting 
‘on quintessence. Thus the Gravitational constant has been 
previously derived from the vibration of quintessence by the 
equation: 


Gexonitarn) 09 
[0233] This is in accurate apreement with the value for 
G(6.67%10 | N m* kg). This suggests that the most prob- 
able mathematical representation of the graviton (Q), the 
third force carying particle is 


mae) rey 
[0234] Thus the gravitational constant (G) can be given by 
the mass and radius of quintessence and the structure of the 
graviton 

aba, « 
[0235] ‘This shows the gravitational force to be related t0 
the fundamental radius of quintessence space time, and the 
graviton. 
[0236] Quantised General Relativity 


[0237] The classical general relat 
by Einstein is 

Ro UAT, 
[0238] Where R is effectively the curvature of space-time, 
R,, denotes the contracted Riemann tensor of eurvature and 
‘The is the “energy tensor” of matter.) 
[0239] If we substitute the energy tensor matrix of the 
electron (eg. 9)xtime, for the energy tensor of matter T,.: 
and the metric tensor of the space-time latticextime for the 
contracted Riemann tensor we can arrive at the same solu- 
tions for general relativity. 
[0240] Furthermore, in his published paper on General 
Relativity, Binstein. defined the constant x as: 

webaGie 


ic formula, as given 


[0241] Therefore Binstein’s equation should be written as 


co 
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‘Anatomy of the eye and orbit 


BOX 1-1 CLINICAL CORRELATES 
Orbital cellulitis 


‘This condition may be a consequence of infection 
spreading from the air sinuses to the orbit via the 
paaper-thin medial wall (lamina papyracea) that separates 
the two, An example is shown of a patient with orbital 
Cellulitis following creation ofa drainage fistula (A) 
‘Accoronal CT (B) illustrates the communication with the 
ethmoidal sinuses and nasal cavity (arrow), 


(images courtesy of Dr Alan Mtb.) 


FIGURE 1-3 Transverse (A,B) and coronal (C) computed tomogra- 
pity (CT: Aand 6) and magnetic resonance imaging (MI: B) scans 
of the head displaying the major relations of the orbits. Features 
Identifiable inthe scans include ethmoid air cellssinuses (ES), maxi 
lary sinus (MS), sphenoid situs ($8), nasal cavity (NC), inferior nasal 
concha (IC), extraocular muscle (EOM), optic nerve (ON) and cavern- 
‘us sinus (C8) 


‘Suprartital natch foramen) 
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FIGURE 1-4 Osteology ofthe orbit. The central diagram ilustrates the anterior view of the intact let arb, the four surrounding diagrams 
(‘exploded orbit’ ~ see inset, top let) show the individual bones which form the root, floor, medial and lateral walls and other noteworthy 
features. Roof orbital paté of the frontal bone and small area of lesser wing ofthe sohenoid. Medial wal fontal proces ofthe maxi, lacrimal 
bone, orbital plate ofthe ethmoid and the body ofthe sphenaid, Floor: orbital pate ofthe maxilla, orbital surface ofthe 2ygama and the orttal, 
process ofthe palatine bone. Lateral wall: orbital surtaces of grater wing of sphenoid posteriorly and zygomatic bone anteroty 


(Figs 1-4 and 1-5A,8), The lateral margin does not 
reach as far anteriorly as the medial margin (see Figs 
1-28 and 1-5B), The medial margin is sharp and dis- 
tinct in its lower half because of the anterior lacrimal 
crest, but is indistinct superiorly (Figs 1-4 and. 1-5B). 
Superior orbital fissure. This communication 
between the orbital and cranial cavities lies between 
the roof and lateral wall of the orbit and is bounded 
by the lesser and greater wings af sphenoid (Figs 1-4, 


1-5A and 1-6), It is wider at its medial end and nar- 
rowest at its lateral end. It is around 22 mm long and 
is separated from the optic foramen above by the 
posterior root of the lesser wing of the sphenoid. The 
part of the common tendinous ring that gives origin to 
the lateral rectus spans between the narrow and wide 
parts ofthe fissure, Structures passing above or outside 
the tendinous ring or annulus include the lacrimal 
nerve, frontal nerve, trochlear nerve, superior oph- 
thalmic vein and recurrent branch of the lacrimal 
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FIGURE 1-5 (A) Anterior view ofthe bony orbit showing important 
osteologica features ofthe apex including the relation ofthe superior 
orbital fissure (SOF), optic canal (QC) and inferior orbital fissure 
(IOF). 106, inferior orbital groove; L, lacrimal bone; EF, anterior and 
posterior ethmoldal foramina; SN, supracrbital notch; FB, frontal 
bone; NB, nasal bone: Max, maxis. (B) Lateral view ofthe orbit. 2, 
zygomatic bone; PIM, pteryoomaxilay fissure; GIWS, greater wing 
of the sphanoid; ZFS, zygomaticofrontal suture; ZFC, 2ygomaticots- 
‘lal cana LC, lacrimal crest: E,ethmold bone; Mx, maxilla 


artery. The latter anastomoses with the orbital branch 
of the middle meninge 


snonly travel in a small cranio-orb 


ery and may more com: 
al foramen lateral 


to the superior orbital fissure, Structures passing 


within the ring, and thus within the apex of the muscle 
cone, include the oculomotor nerve (superior and infe- 
rior divisions), abducent nerve, nasociliary nerve, 
sympathetic root of the ciliary ganglion, and variably 


the inferior ophthalmic vein (Fig. 1-6). 


BOX 1-2 CLINICAL CORRELATES 
Orbital blow-out fractures 


‘The floor, athough thicker than the medial wall, is more 
‘often involved in orbital blow-out fractures, probably 
because it lacks the buttress-like supports of the ethmoidal 
air cells and the protection ofthe nose. Tumour spread to 
‘or from the maxillary sinus may occur via the floor ofthe 
orbit. 


‘An example of ocular motility being compromised in 
left eye following blow-out fracture (A) and a coronal CT 
(8) showing the herniation of orbital contents into the root 
‘of the maxillary sinus (arrow), 


(images courtesy of Dr lan Mtb.) 


Inferior orbital fissure. This fissure lies hewes 
wall and floor of the orbit below the superior 
in between the 


later: 
orbital fissure. It forms a communicat 
orbit and the infratemporal fossa and pterygopalatine 
fossa. It runs forward and laterally for approximately 
20 mm and ends 20 mm from the orbital margin (Fig 

+ and 1-5). The fissure is narrowest in the middle 
section and in life is covered by periorbita and a sheet 
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FIGURE 1-6 Schematic diagram of the superior 
ital fissure and optic canal in the right obi 
Note the origins of the extraocular muscles fram 
the cammon tendinous ring and the relative position 
of the cranial nerves and vessels as they enter or 
fit the orbit. GS, greater wing of sphenoid; LS, 
lesser wing of sphenoid; F, frontal bone; E,ethmoid 
The postions of the veins are variable. The first 
letlers of each of the structures passing through 
the superior orbital fissure (LFTSNIA) form a well 
known mnemonic. 


of smooth muscle of unknown function, the orbitalis 
or ‘muscle of Maller’ It transmits the infraorbital 
nerve, zygomatic nerve, branches from the ptery- 
gopalatine ganglion and the inferior ophthalmic vein 
may communicate with the pterygoid venous plexus 
below. 


Optic canal. This is a bony channel in the sphenoid 
that passes anteriorly, inferiorly and laterally (36°) 
from the middle cranial fossa to the apex of the orbit. 
The canal is formed by the two roots of the lesser wing 
of the sphenoid. The optic canals are 25 mm apart 
posteriorly and 30mm anteriorly, Each is funnel- 
shaped and narrowest anteriorly where its opening 
into the orbit is oval with sharp upper and lower 
horders and a prolonged roof (10-12 mm in length). 
The opening at the cranial aspect is oval with a pro- 
longed floor, The sphenoidal and posterior ethmoidal 
air sinuses are important medial relations, and the 
olfactory tracts are superior relations of the canal. The 
canal transmits the optic nerve with its meningeal cov- 
erings and the ophthalmic artery, which lies below and. 
then lateral to the nerve within the dural sheath for 
part of its course (Fig. 1-6). Sympathetic nerve fibres 
accompany the artery. 


PARANASAL SINUSES 


GA The paranasal sinuses (Figs 1-3, 1-7 and Video 1.3) 
comprise the frontal, ethmoidal, sphenoidal and 


Levatorpalpabrae 


‘Superior dvson of 
Nasoctary nerve (Vs) 
Inferior vison of 
Abducent nerve VI) 


mawillary sinuses, They are air-filled cavities in the 
skull that are in communication with the nasal cavity 
via a series of apertures. Infection commonly spreads 
from the nasal cavity into the sinuses, The sinuses 
function to warm and moisten the air, add resonance 
to the voice and lighten the skull. They vary in size 
and shape between individuals 

Additional content available at hitps://expertcon @ 
sultinkling.comy 


CRANIAL CAVITY (FIG. 1-8A,8 AND EFIG. 1-1) ® 
The cranial cavity houses the brain, cerebral vessels, 
the meninges, meningeal vessels and the intracranial 
portions of the cranial nerves, The base of the cranial 
cavity can be subdivided for descriptive purpases into 
three fossae: anterior, middle and posterior. Accounts 

of the detailed anatomy of these fossae can be found 

in any standard anatomy text; therefore only features 

of relevance to the eye and orbit in the anterior and 
middle cranial fossae will be described 


For discussion of posterior cranial fossa see htps:// 
expertconsult.inkling. com/. 


Cranial fossae 
Anterior cranial fossa, The anterior cranial fossa is, 
limited in front and laterally by the frontal bone and 
posteriorly by the lesser wing of the sphenoid, Its floor 
is formed by the orbital plate of the frontal bone, 
the cribriform plate of the ethmoid (with a median 


FRONTAL SINUSES (FIGS 1-# AND 1-7) 
‘The frontal sinuses are paired and lie behind the supercili- 
ary arches within the frontal bone (eFig 1-1). They are 
separated from each other or further subdivided by thin 
bony septa that are not necessarily in the miclline. The 
sinuses may extend as far laterally as the zygomatic process 
of the frontal bone. Each is approximately tangular and 
extends highest above the medial end of the eyebrow (Fig 
1-7), Each sinus opens into the middle meatus of the nasal 
cavity, either through the ethmoidal infundibulum or 
directly via the frontonasal duct. The mucosal lining is 
supplied by the supraorbital nerves and vessels; hence, 
referred pain from frontal sinusitis is experienced along the 
‘course of the supraorbital nerve. 

Recent geometric morphometric studies (elliptic 
Fourier analysis) of the outlines of frontal sinuses from 
lange numbers of radiographic images have confirmed a 
long-held belief that each individuals frontal sinus is dis- 
tinct and unique. This may have important applications 
for personal identification in the contest of forensics. 


EruMowat Sivuses (AiR C115) 
(FIGS 1-3A-C AND 1-7) 

These thin-walled sinuses are forthe most part situated in 
the lateral mass of the ethmoid, although frontal, maxillary 
lacrimal, sphenoidal and palatine bones contribute to the 
walls. They are varable in number and are grouped into 
anenor, middle and posterior. The general pattem of 
drainage of the sinuses 1s as follows: the anterior opens 
into the hiatus semilunaris, the middle on co the bulla 
ethmoidalis (both middle meatus) and the posterior into 
the superior meatus, They are related to the frontal sinus 
antenorly, the sphenoidal sinus posteriorly, the nasal cavity 
‘medially and below, and laterally the orbit (Fig. 1-7A) 
SSPHENOIDAL SINUS (FIGS 1-34,B AND 1-7) 

his sinus les within the body of the sphenoid bone and 
possesses an indented roof because ofthe pituitary fossa 
that les above and houses the pituitary gland (Fig. 1-8). 
1 may be divided by a variable midline seprun. A tans- 
verse ridge in the lateral wall marks the position of the 
inernal carotid anery (within the eavernous sinus). Other 
important relations of the sinus include the optic chiasma 
and nerves above, the nasal cavity below, the ethmoidal 
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‘sinuses anteriorly, and the paired cavernous sinuses lat 
ally (Fig. 1-9C). The sphenoidal sinus drains into the 
superior meatus or sphenoethmoidal recess. Surgical 
access to the pituitary gland may be gained via the nasal 
cavity and sphenoidal sinus; hence, surgeons must be 
aware of the above-mentioned relations 


[MAXILLARY SINUS (FIGS 1-3 AND 1-7) 
“These are the largest of the paranasal air sinuses, They are 
pytamidal in shape and lie within the body of the maxilla 
The base forms part of the lateral wall of the nasal cavity 
and the apex is within the zygomatic process. Each sinus 
's in communication with the middle meatus of the nasal 
cavity via an aperture, the mavallary Iatus, om 1 base, 
Which empties into the lower part of the hiatus semiluna- 
ris, The opening is positioned high on this wall and there- 
fore does not facilitate gravitational drainage in the upnght 
position. The nasolacrimul duct lies in a thin bony canal in 
the anterior part of the base, The orbital plate forms the 
1o0fof the sinus and floor of the orbit. 

Onsrrat FLoow FRACTURES 

Rapid traumatic compression of the orbital contents, such 
as occurs during squash ball injures, can lead to blow-out 
fractures; orbital contents may herniate into the maxillary 
sinus, It was once thought that orbital contents, including 
extraocular muscles, became trapped inthe fractured floor, 
thus restricting range of movement and explaining the 
diplopia suffered by these patients, However, recent studies 
have indicated that in many cases only orbital fbroadipose 
tissue 1s tapped in the damaged floor of the orbit 
Gee p. 6) 

The floor of the maxillary sinus is formed by the alveo- 
lur process housing 4 variable number of the roots of the 
first and seconel molars that protrude into the sinus, and 
‘may be separated from the sinus by only a thin covering 
of hone or mucous membrane. Thus sinusitis may present 
as referred pain such as toothache and vice versa. In addi- 
tion, abscesses in the maxillay sinus may result from 
infection ofthese roots. The anteriorlateral wal 1s directed 
‘onto the face, and access for drainage of maxillary obstruc- 
tions or other surgical procedures in the sinus may be 
gained by this route. The posterior wall faces the tnfrater- 
poral fossa 
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POSTERIOR CRANIAL FOSSA 
This is the deepest of the three cranial fossae, its floor 
lying below the level of the middle fossa, Its roof is 
formed by the tentorium cerebelli. I lodges the hind- 
‘brain’ the cerebellum, pons and medulla oblongata, The 
fossa is bound antenorly by the superior border of the 
petrous temporal bone and the dersum sella, and sur- 
rounds the foramen magnum, the cerebellum being 
housed in the cerebellar fossae on the squamous part of 
the occipital hone, Features and openings on the floor of 
the posterior cranial fossa are not as relevant to the eye 
and orbit as those in the anterior or middle fossie; 
however, readers should be able to identify the following: 
foramen magnum, jugular foramen, hypoglossal canal, 
Internal acoustic meatus, grooves for the sigmord and 
transverse sinuses, internal occipital protuberance and 
clivus (Fig, 1-84). 


8 1. Anatomy ofthe eye and obit 


Coronal section 


Fel corte 
Frontal lobes 
ist gal 

Frontal sinus 


Eye an extraocular muscles 
Ethmoid sinuses 

Midae concha 

Masia hiatus 

Nasal cavity 

Inferior concha 


Malay sinus 


ide meningeal artery 


Frontal lobe 


poral lobe 
Frontal sis: 


Ethmoid sinus 


Masry snus i 


ge, the crista galli, which forms the lobes of the cerebral 


rior attachment of 


he falx cerebri), and the le 
nterior part of the body 


sphenoid, The perforations of 


wings and Gjugum) of the posteriorly from the | 


th 


cribniform plate 
transmit the olfactory nerves, The orbital plate of the 
frontal bone separates the orbit below from the frontal 


cranial fossa and give 


cerebelli 


gyri cause surface impressions on the bone. Projectin 


interior clinoid processes that aves 


FIGURE 1-7 (A aga of 
coral section ofthe esd 
revesing moto the pra 
SS siniser except the spe 
tai sins, (8) 30 viualaton 
from anor aspect and 
(6 aera aspect, Sein. 
‘ee aueom chou edudtms 
“intmer3D pumanin or @ 
‘https-//expertconsult.inkling, 4 
Com’ far 30 pat movies. ot 
sol and more ets of pare 
rasa ni asta 


emispheres, whose sulci and 


henoid are 
z the middle 


tachment to the free edj 


ser wings of the s 


Middle crani 
at a lower plane than the anterior cranial fossa but is 
higher than the posterior cranial fossa, Its floor is 
shaped like a butterfly, with a narrow central or median, 
part and expanded lateral parts. It is bound anteriorly 
hy the posterior free edge of the lesser wing of the 
sphenoid, the anterior clinoid processes, and the ante- 
rior margin of the sulcus chiasmaticus (Fig. 1-8A.8). 
Posteriorly it extends to the superior borders of the 
petrons temporal hones and dorsum sellae of the sphe- 
noid, and laterally it is bound by the squamous part 
of the temporal bone, part of the parietal bones, and. 
the greater wings of the sphenoid, Features and 
foramina of the floor of the middle cranial fossa and 


fossa, The middle cranial fossa lies 


the structures that they transmit are summarized in 
Table 1-1 


Pituitary fossa. The pituitary fossa (hypophyseal 
fossa) is an indentation in the roof of the body of the 
sphenoid bone in the middle cranial fossa. It is bound 
anteriorly by the tuberculum sellae, in front of which 
lies the sulcus chiasmatica, and posteriorly by the 
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dorsum sellae, a ridge of bone at either end of which 
lies the posterior clinoid processes. The pituitary fossa 
houses the pituitary gland or hypophysis cerebri. This 
is connected by a thin stalk ~ the pituitary stall: (or 
tuber cinereum) — to the brain, The fossa is roofed by 
a sheet of dura mater, the diaphragma sella (Fig 
1-9C,D) which is attached in front to the tubereulum 
and behind to the dorsum sellae, The pituitary stalk 
passes through a small opening in the roof, The right 
and left cavernous sinuses are important lateral rela- 
tions (Fig, 1-9C), 


‘The meninges (Fig. 1-94,8 and eFig. 1-24) 
The brain and spinal cord are surrounded by three 
layers of meninges: a tough pachymeninx, the dura 
mater, and the leptomeninges consisting of the arach- 
noid mater and pia mater, Between the arachnoid and. 
pia is the subarachnoid space filled with cerebrospinal 
fluid. 


Dura mater, The dura mater is theoretically ‘divided 
into an endosteal layer (really the periosteum on the 


FIGURE1-8 Osteology of the cranial cavity. (A) The boundaries af the anterior (ACF), middle (MCF) and posterior (PCF) cranial fossae together 
vith majo foraminae and important landmarks onthe base of the skull. HF, hypophyseal fossa: DS, dorsum sella; SC, sulcus chiasmaticus 
{AU internal auditory meatus; JF, ugular foramen and fossa; ACP, anterior clinoid pracess; PCP, pastetir cna pracess FL, foramen lcerum 
(8) Photograph of cranial cavity to ilustrate features shown in (A): EC, emissary canal 
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{FIGURE 1-2 (A) Scanning electron micrograph ofthe meninges and cortex ofthe brain showing the arrangement ofthe arachnoid trabeculae 
(AT) supporting the cereral arteries (CA) as they course through the subarachnoid space (SAS) (x 100). (B) Schematic diagram ofthe dural 
Venous sinuses and thelr cannections with cerebral veins. 
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TABLE 
Fealure/loramen 


Position 


1 Summary of features on the floor of the middle crai 


fossa 
Relevance 


‘Sulcus chiasmatious ‘Between the two optic canals: 
‘anterior to tuberculum sella 


Soll tureioa (Turkish Cental part of sphanoid body 


saddle’) between the two cavernous 
Optic canal Botwoen the two roots of the 


lesser wing of the sphenoid 
‘Superior orbital fissure 
wings of the sphenoid. Lies 
apex of cavernous sinus 
Foramen ratundum 


Foramen ovale 


Foramen spinasum 


Foramen lacerum 


‘Trigeminal impression Anterior surtace of petrous 
lacerum, 

‘Tegmen tympani and arcuate 
‘eminence 


petrous temporal bone 


Between the lesser and greater 


Pierces greater wing of sphenoid 


Pierces greater wing of sphenoid 


Posterolateral to foramen avale 


‘At apex of petraus temporal bone 


temporal bone behind foramen 


‘Tegmen is a thin plate of temporal 
bone over middle ear cavity 
Arcuate eminence is produced 
by superior semicircular canal in 


‘Only rarely does optic chiasma lie in contact with 
this region 

The central hollow, the hypophyseal fossa, 
houses the pituitary gland. Anterior and 
posterir ciinoid processes give attachment to 
the free and attached margins of the tentarium 
cerebal 

Transmits optic nerve, ophthalmic artery, 
‘sympathetic nerves and meningeal coverings 

‘Transmits trochlear, abducent and aculomotar 
nerves and terminal branches of ophthalmic 

Transmits maxillary nerve and small veins trom 

Transmits mandibular nerve, accessory 
meningeal artery and occasionally the lesser 
petrosal narve 

Transmits middle meningeal artery and vein and 
‘meningeal branch of the mandibular nerve 

“The upper end transmits the internal carotid 
artery before it entors the cavernous sinus. 
‘Also transmits sympathetic nerves and a small 
plexus of veins. The lower end is covered by 
‘connective tissue and pierced only by small 
branches of the ascending pharyngeal artary 

Cccupied by trigeminal ganglion in trigeminal 
‘cave. Joined on lateral aspect by grooves for 
the greater and lesser petrosal nerves 

Infections in middle ear may spread through thin 
plate of bone to middle cranial fossa and 
temporal labe of the brain 


at 


inner surface of the skull) and a meningeal layer, 
however, on the whole they are fused except where 
they separate to form dural venous sinuses and dural 
folds (Fig. 1-9A,B). The latter are connective tissue 
septae that extend into the cranial cavity and serve to 
subdivide it into compartments, In association with 
the cerebrospinal fluid they aid in providing physical 
support and protection for the brain, The position and 
form of the dural folds are summarized diageammati- 
cally in Figure 1-94. 

The dural venous sinuses are valveless, highly spe- 
cialized, firm-walled veins within the cranial cavity 
which drain venous blood from the brain and cranial 


hones (Fig. 1-98). In common with other veins the 
sinusesare lined by vascular endothelial cells; however, 
their walls contain no smooth muscle cells, The 


arrangement of the sinuses is summat 
and eFig. 1-28. 

OF particular note to those studying the eye and 
orbit is the pair of cavernous sinuses lying either side 
of the body of the sphenoid (Fig. 1-9C,D). 

The importance of the cavernous sinuses (Fig 
1-9C,D) lies in their position, relations and extensive 


zed in Fig, 1-98 


® 


communications. Each cavernoussinusisaround 2 
Jong in the sagittal plane and consists of a series of 
incompletely fused venous channels ora single venous 
channel partially subdivided by trabeculae. It has walls 
of dura mater, like other venous sinuses, 

Position. There is one cavernous sinus on either 
side of the body of the sphenoid, The sinus extends 
from the superior orbital fissure in front to the apex 
of the petrous temporal bone behind 
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[0242] Einstein himself was apparently not happy about 
the right hand component of the equation. However, we find 
that this part of the equation can now be explained and 
‘quantised by substituting the gravitational ~consta 
Ga9xxZiom,, (eq. 42a), 


[0243] Giving: 


roy 
Ry L2G 


[0244] By substituting mycb, and farther substituting 
hab’2x, we arrive at a quantised solution to Einstein's 
‘equations. Where A, is the surface area of quintessence 
(Agoda); is the’ graviton (G=(e)] and his Plancks 


a 


[0245] The gravitational equation can now be further 
understood on a logical basis. The term A,=(4ztr,2), where 
represents standard term for the surface area of a sphere of 
‘quintessence for the 9 space dimensions of the space time 
lattice, his the energy content of quintessencextime and 9 is, 
the graviton, thus the right hand term now represents a true 
“metric energy tensor” of matter. 


[0246] This leads directly to the standard solution to the 
field equations, for the general relativistic inerease in radius 
¥ of an abject, where A is the surface area of a sphere of a 
‘given mass M, such that 


POT) - ous? 


[0247] Furthermore, although equation 45, 
solutions as Binstein’s equation, which is essentially correct, 
the difference is that the equation is now dependant upon 
Planck's constant (h), and moreover the radius of quintes- 
sence, which now defines a quantised solution to the equa 
tions. 


[0248] | Graviton Force Characteristics 


[0249] Similar to the photon, the previously derived equa 
tion (42) for the graviton [@=(=ve)] appears to also math- 
‘ematically represent a helical ringlet of quintessence, but 
with a spin of 2. For the photon, taking the direction of 
motion as the x vector and its axis of spin also as the x 
vector, would account for the electromagnetic foree and its 
attraction and repulsion characteristics. In the case of the 
‘gluon component (-ve**), if the direction veetor is x, then 
the axis of spin would be in the y vector, the same as quasi 
electrons, accounting forthe particle binding characteristics 
‘of the gluon force. In the case ofthe graviton, ifthe direction 
‘of motion was in the x vector, the graviton spin axis would 
be in the z vector thus, as will be demonstrated, accounting, 
forthe gravitational force. 


[0250] The spin axis of the graviton can also be derived 

sing the known characteristies ofthe electron. If'an electron, 
in the x direction, then its spin axis is deter- 
‘mined by the by the sign of the y vector (up or down). This 
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‘view is in agreement with conventional theory, which indi- 
‘cates that the electron spin is similar to a rotating planet 
orbiting the sun, (the electron even appears to have orbital 
precession). As the electron passes through the space-time 
lattice, this spin would generate the formation of gravitons. 
This would occur as a result of the ejection of the excess 
quintessence passing through the electron, As the electron 
spins, the ejection of these gravitons would occur at a 
tangent to the electron’s direction of motion. The ejection of 
the gravitons would occur, similarly tothe ejection of energy 
‘ofa pulsar or quasar, through the equivalent of the north and 
south poles of the electron. Thus, propelling the graviton in 
the direction of the electrons y vector, The ejection of the 
graviton would re-orientate and impart a specific angular 
‘momentum to the gravitons which would thus end up 
spinning on its own 2 axis. If for instance the graviton is 
released from an up spin electron the graviton will be 
rotating clockwise and its leading edge will displace qu 
tessence downwards. In tum this will provide an upwards 
force, 


[0251] This picture accounts for Fleming’s left hand rule, 
is logical and provides an explanation for the magnetic force 
around a wire. According, to the left hand rule if the 
direction of the current is in the x vector, the magnetic field 
is in the z vector, and the force is upwards, in the y vector, 
in accordance with the above model. Therefore, this par- 

salar spin axis and the structure of the graviton results in 
force characteristics. As the graviton is very small com 
ppared to the electron and both have different rather rapid spin 
axis it is difficult for these to bind and interact, Nevertheless, 
because the graviton has a spin of 2, and as it spin axis is 
perpendicular to its direction of motion, in the z vector, 
readily displaces space-time quintessence to produce gra 

“Thus because the graviton is able o displace space-time, 
is capable of escaping a black hole, How else could the 
effects of gravity be felt beyond a black hole? 


[0252] Quantum Gravity and Electromagnetism 


[0253] | With the above electron mode! of graviton produe- 
tion the nature of magnetism can be understood from first 
principles, Furthermore, the presence of a space-time lattice 
links relativity, and the forces of gravity with the electro- 
‘magnetic and other forces of Nature. Indeed, evidence for 
these links may first date back to the 1820"s, when Andre 
‘Ampere first defined the Amp. The force of attract 
between two parallel wires 1 metre apart each carrying 1 
Amp ina vacuum was defined as none other than the 
permeability of tree space (2x10"7 N per metre of condue- 
tor). Thus conventionally the magnetic field strength around 
a long straight wire is given as: 

Boyd 
[0254] Where I is the current and jis the permeability of 
free space (410-7 N An?) 


[0255] The attmction between two wires both ca 
negative charge is, however, counterintuitive as negati 
charges should repel. A conventional explanation overcomes 
this by invoking the presence of a magnetic field which is 
created by the current by the production of virtual photons. 
‘Thus we appear to have an explanation for the eflects of 
‘magnetism which involves virtual photons, however, these 
photons are not observed. More accurately, according to 
conventional special relativity the magnetic field is none 
other than the electric field viewed relativisticaly. 
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FIGURE 1-9 (A) The interior ofthe cranium withthe brain removed to illustrat the arrangement ofthe dural folds and some ofthe related 
dural venous sinuses. (B) The meninges as seen in coronal section inthe region ofthe superior sagittal sinus. Inset higher-power diagrammatic 
representation of the meningeal layers. (C) Coronal section approximately midway along the body ofthe sphenoid bone to reveal the pared 
cavernous sinuses, one on ether side. Not the position ofthe cranial nerves (Il, 1V, Vj, and VI) internal carotid artery (cut in two places, 
within and above the sinus) and hypophyss cerebri (pituitary gland) 
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FIGURE 1-8, cont'd(0) High-power view of the left cavermous 
sinus (coronal plane, 100 ym thick section of low-viscosity 
nitrocellulose resin-embedded specimen) upon which efig. 1-28 
was based. OC, optic chiasma; HC, hypophysiscerebi ICA, internal 
carotid artery. 


Relations. These are summarized in Figure 1-9C 
and D (coronal section) 

Communications. The sinuses communicate with 
each other via the anterior and posterior intercavernous 
sinuses, Tributaries draining into the sinuses anteri- 
orly include the superior and inferior ophthalmic 
veins (which drain the eye and orbit as well as areas 
of skin around the periorbital region of the face and 
nose), and the sphenoparietal sinuses. The superficial 
cerebral vein from the brain drains into the sinus from. 

@® above (eFig. 1-28). 

Blood from each sinus may, depending on relative 
pressures, drain via the superior and inferior petrosal 
sinuses either directly to the internal jugular veins 
(inferior petrosal) or to the transverse sinuses and thus 
to the internal jugular veins, Other exits include 
venous plexi around the internal carotid artery or 
veins traversing the foramen ovale or sphenoidlal emis: 
sary foramen to communicate with the pterygoid 
plexus and other veins in the region of the skull base. 


Communications with the vertebral venous plexus in 
the epidural space also exist via the basilar venous 
plexus on the clivus. 

The major dural folds (Fig. 1-9A) are fale cerebri, 
tentorium cerebelli, cavum trigeminale and dia 
phragma sella 

Additional content available at https://experteonsult 
inkling.corw. ® 

The meningeal arteries lie within the inner (or 
periosteal) layer of dura with their accompanying, 
veins (Fig, 1-98) and are responsible for the many fine 
grooves that ramify over the inner surface of the 
cranium (see Fig. 1-8B and éFig. 1-1) 

The largest and most important of these is the 
middle meningeal artery, which enters the skull 
through the foramen spinosum, These arteries supply 
the meninges and diploé (bone marrow of cranial 
bones), but they do not supply the brain, 


Arachnoid mater (eFi9. 1-24). The arachnoid (Gk. @® 
spider) is a delicate fibrocellular layer beneath the 
dura (separated by potential subdural space) that is 
connected to the pia mater covering the brain by 
numerous fibracellular bands that cross the cerebro 
spinal fluid-filled subarachnoid space. This arrange- 
ment has led some to consider the leptomeninges as 
a conjoined pia-arachnoid membrane. The arachnoid 
bridges over the sulci, gyri and other irregularities on 
the brain surface, thus creating the subarachnoid cis: 
tems or enlargements in the subarachnoid space (Fig, 
1-98, inset, and eFig. 1-28), 

Specialized regions of arachnoid, the arachnoid vill 
and gramulations (Rtbrous aggregations of villi), project 
into several of the dural venous sinuses (Fig. 1-98) 
and act as one-way pressure-sensitive valves allowing, 
cerebrospinal fluid to drain from the subarachnoid 
space into the dural venous sinuses, Structures passing, 
to and from the brain to the skull or its foramina, such 


as cranial nerves, must traverse the subarachnoid 
space. In addition, all cerebral arteries and veins lie in 
this space (eFig. 1-2) ) 
Since the arachnoid fuses with the perineurium of 
cranial nerves, the cerebrospinal fluid-containing sub- 
arachnoid space extends for a short distance around 
all cranial nerves. In particular it surrounds the optic 
nerve in a cull-like manner as far as the posterior 
surface of the eye, 


Falx Cerebri 
A sickle-shaped fold with its attached border in the mid 
sagittal plane from the crista gall to the tentorium cerebelli 
behind. It lies m the vertical fissure between the wo cer 
bral hemispheres, its lower border lying above the corpus 
callosum. The superior sagital sinus is situated in the 
attached border and the inferior sagital sinus is in the 
lower free border of the falx cerebri, 


Temtorium Cerebelli. This fold les approximately in a 
horizontal plane at 90° to the fax, although i s elevated 
centrally (hence tent-like). It separates the occipital lobe 
‘of each cerebral hemisphere above from the cerebellum in 
the posterior cranial fossa below, The fee edge forms the 
boundary of the tentonal notch, which separates the fore- 
brain from the hindbrain and ‘houses’ the midbrain. 
Sinuses related to the tentorium include the straight sinus, 
right and let wansverse sinuses, superior petmosal sinuses 
and cavernous sinuses, 


Cavum Trigeminale, A blind-ended dural recess whose 
entrance is in the posterior cranial fossa. Ik 1s formed by 
fan invagination of the dura beneath the free edge of the 
tentorium and is rofed by dura on the floor of the middle 
cranial fossa. 1 houses the trigeminal ganglion, which sits 
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ina shallow hollow on the apex of the petrous temporal 
bone, and some accompanying vessels. The ganglion is 
surrounded by cerebrospinal fluid continuous with the 
‘subarachnoid space of the posterior cranial fossa. 


Digphragma Sella, A small cular fold of dura over the 
sella turcica that is piereed centally by the infundibulum 
(Fig, 19C). Ie blends laterally with the roof ofthe cavern- 
ous sinus (Fig. -9D), 

The area above the tentoriun is known asthe supraten- 
torial compartment; that below is the infratentorial 
compartment. The cranial dura of the supratentorial com- 
pparnent is innervated by sensory branches ofthe trigemi- 
nal nerve, and stimulation of these nerves (stretching, 
inflammation, compression) gives se to frontal or parietal 
headache. The infratentonal compartment is supplied by 
Ibranches of the upper cervical nerves, and stimulation of 
these sensory nerves may therefore manifest as occipital 
and neck pain, 

“The neck rigidity accompanying acute meningitis of the 
infratentonal region is most likely the result of reflex con- 
ueactions, oF spasm, of posterior neck musculanre in 
response to stretching of the inflamed cranial and spinal 
cord meninges. 


BOX 1-3 CLINICAL CORRELATES 
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BOX 1-4 CLINICAL CORRELATES 


ARTERIOVENOUS FISTULAS IN THE CAVERNOUS SINUS 
‘These cause a variety of symptoms including pulsating 
protrusion of the globe and congestion of the vessels of 
the lds and conjunctiva owing t raised venous pressure. 
Patents complain of hearing noises resembling rushing 
‘water, probably because of increased flow rates in the 
labyrinthine plexus, whichis in communication with the 
‘cavernous sinus via the superior petrosal sinus. 
Cavernous Siwus THROMBOSIS 

Cavernous sinus thrombosis as a sequel to infection 
spreading to the sinus, from such diverse inal sites as 
the nose ids, behind the ear, bony labyrinth, pharynx and 
‘temporomandibular joint, can give rise toa variety of 
symptoms explainable on the basis of structures affected 
in and around the sinus. Facial pain may be the result of 
the involvement of the ophthalmic nerve (Vi). Lateral 
rectus paralysis may follow involvement of the abducent 
nerve, Involvement ofthe other oculomotor nerves i less 
‘common because they are more protected inthe lateral 
‘wall of the sinus. Thrombosis is usualy bilateral because 
of the communications via the intercavemnous sinuses. 
Papilloedema may result from obstruction of central retinal 
venous return. 


® Pia mater (Fig. 1-98 and efig. 1-2A). The pia mater, a 
vascular fibracellular membrane that is thicker than 
the arachnoid, closely follows the contours of the 
brain, Vessels entering or leaving the brain paren- 
chyma carry a pial sheath with them, Pial tissue is rich 
in astrocytes, which extend along the vessel walls and 
form an important component of the blood-brain 
harrier. The perivascular spaces surrounding these 
vessels, the so-called Virchow-Robin spaces, are 
potentially in communication with the cerebrospinal 
fluid of the subarachnoid space and may be dilated in 
pathological states. 


Structure of the eye 


The eye (Fig. 1-10) is a highly specialized organ of 
photoreception, the process by which light energy 
from the environment produces changes in specialized 
nerve cells in the retina, the rods and cones. These 
changes result in nerve action potentials, which are 
subsequently relayed to the optic nerve and then to the 
brain, where the information is processed and con- 
sciously appreciated as vision, All the other structures 
in the eye are secondary to this basic physiological 


Extradural and subdural haematomas 


Damage to middle meningeal vessels, especialy the frontal 
branch of the middle meningeal artery and vein (the latter 
lying closest to the bone), may result from blows to the 
head, especialy in the temporal region (the prion; see 
Figs 1-28, 1-58, 1-88) where the bones are thinnest and 
most likely to fracture. Slow venous, or more rapid arterial, 
bleeding wil lead to an extradural (epidural) haematoma 
‘with a resultant rise in intracranial pressure. Goma and 
death will oceur if such a haematoma isnot drained as, 
‘soon as possible after symptoms of raised intracranial 
pressure, including paplloedema, manifest. A subdural 
haematoma may occur ifthe trauma results in brain 
laceration or tearing of intradural veins. 


process, although they may be part of the system nec- 
essary for focusing and transmitting the light on to the 
retina, for example cornea, lens, iris and ciliary body, 
or they may be necessary for nourishing and support- 
ing the tissues of the eye, for example the choroid, 
aqueous outflow system and lacrimal apparatus, 


GENERAL SHAPE, SIZE AND POSITION OF THE EYE 


‘The eye is approximately a sphere 2.5 cm in diameter 
with a volume of 6.5 mL, However, in reality it is the 
parts of two spheres, a smaller one anteriorly, the 
comea, that has a greater curvature than the sclera, 
which constitutes the large sphere. The cornea forms 
one-sixth of the circumference of the globe and has a 
radius of 7.8 mm; the remaining five-sisths is formed 
by the sclera, which has a radius of 11.5 mm. There 
is variation in size between individuals but the average 
axial length of the globe is 24 mm (range 21-26 mm). 
The diameter is 23 mm and the horizontal length 
approximately 23.5 mm. Small eyes (<20 mm) are 


hyperopic or hypermetropic, while large eyes 
(26-29 mm) are myopic. The eye is situated in the 
anterior portion of the orbit, closer to the lateral than 
the medial wall and nearer the roof than the floor. The 
eye is made up of three basic layers or coats, often 
known as tunics (Fig. 1-10). These are the fibrous 
(comeoscleral) coat, the uvea or tveal tract (composed. 
of choroid, ciliary body and iris), and the neural layer 
(retina), The coats surround the contents, namely the 
lens and the transparent media (aqueous humour and. 
vitreous body). 
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FIGURE 1-10 Schematic diagram of the human eye in horizontal section revealing the major components and the arrangement of the three 
layers. AC, anterior chamber. The corneascleral envelope (blue, the uveal rat (orange/ed) and the inner neural layer (purple) 


‘The comea and sclera together form a tough fibrous 
envelope that protects the ocular tissues, The fibrous 
coat also provides important structural support for 
intraocular contents and for attachment of extraocular 
muscles, The cornea meets the sclera at a region known 
as the limbus or cormeoscleral junction, 


‘THE CORNEA 


The surface of the cornea (air-tissue interface) and. 
associated tear film is responsible for most of the 
refraction of the eye, The transparency of the cornea 
is its most important property, although because of 
its highly exposed position it must also present a 
tough physical barrier to trauma and infection. Comeal 
transparency isthe result of amumber of related factors: 
its avascularity; the regularity and smoothness of the 
covering epithelium; and the regular arrangement of 
the extracellular and cellular components in the 
stroma, which is dependent on the state of hydration, 
metabolism and nutrition of the stromal elements. 


The comea is smaller in the vertical (10.6 mm) than 
in the horizontal (11.7 mm) diameter; however, viewed 


from behind, the circumference appears circular. The 
central radius is 7.8 mm with the peripheral comeal 
curvature being less marked, The cornea is also thicker 
at the periphery (0,67 mm) than in the centre 
(0.52 mm) 


Structure 
‘The cornea is composed of five layers (Fig. 1-12A) 


Corneal epithelium (Fig. 1-12B). The corneal epi- 
thelium is a stratified (possessing five or six layers) 
squamous non-keratinized epithelium (the superficial 
cells are flattened, nucleated and non-keratinized). It 
is 50-60 jim in thickness and adjacent cells are held 
together hy numerous desmosomes and to the underly- 
ing basal lamina by hemidesmosomes and anchoring, 
filaments (Fig. 1-128), The anterior surface of the 
corneal epithelium is characterized by numerous 
microvilli and microplicae (ridges) whose glycocalyx. 
coat interacts with, and helps stabilize, the precorneal 
tear film. New cells are derived from mitotic activity 
in the limbal basal cell layer (see p. 211) and these 
displace existing cells both superficially and centrip- 
etally, The comeal epithelium responds rapidly to 


BOX 1-5 CLINICAL CORRELATES 


Asniamarisn, 
‘Astigmatism js usually the result of differences in the 
radius of curvature in the vertical and horizontal meridians, 
‘Abnormalities in corneal curvature can be readily 
demonstrated by computerized video keratography, wich 
applies the principle of projecting placido rings onto the 
comeal surface from which topographic maps can be 
constructed (Fi. 1-11). 


FIGURE 1-11 Computerized vi 
surface in the farm of placido rings. The images are analysed 
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repair disruptions in its integrity by amoeboid slidin 


movements of cells on the wound margin followed by 
cell replication 
epithelial cells rest on a thin, but promi 


nent, basal lamina (lamina lucida, 25 nm; lamin: 
densa, 50 nm). Corneal epithelial adhesion is main- 
d by a basement membrane complex, which 


anchors the epithelium to Bowman’ layer viaa complex 
h of anchoring fibrils (type VII collagen) and 


anchoring plaques (type VI collagen), which 


keratograpty (CVK). (A) This method involves the projaction of aver 6000 points of ight an to the carne 
computer and complex colour-coded topoaraphica/doptric maps can be 


Constructed. The scale or key is shown alongside: hotter’ colours represent higher dioptric values. (B) A normal or round topographic map. 


(G) Regular ‘with the rue astigmatism in normal healthy cornea with +45 diopters of astigmatism at 90 


(B) Corneal topographic map at 


a patient with early keratoconus. CVK analysis is particularly useful in identitying early keratoconus. In this case the higher dioptic values are 


‘concentrated in the intratemporal region. (Pholograghs Kindly provided by Pro. C. Met 
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FIGURE 1-12 Hictology and utrastucure ofthe cornea and is consent layers. (A) Low-power ligt micrograph showing the fie layers 
ofthe human came. Ep, eptelum: BL, Bowman’ layer S, substantia propria or stroma: OM, Desgemet's membrane; E, endothelium 
(8) Electron micrograph ofthe corneal ethelum. 8, basal eller W, wing eas, supetia eels; BL, Bowman's layer. Origa magriea- 


tions: A, x 80; B, x 3000. (Pat B courtesy of WR, Lee and D Alten) 


with the lamina densa and the collagen fibrils of Bow- 
mans layer, The comeal epithelium is devoid of 
melanocytes. Myeloid-derived major histocompatibil- 
ity complex (MHC) class Il antigen-positive dendritic 
cells (Langerhans cells) are present in the limbus and. 
peripheral cornea (Fig. 1-12), but decline sharply in 
density in a centripetal gradient, and are rare in the 
central cornea. However, MHC class I-negative den- 
dritic cells have been identified in the mouse central 
comea and recent in vivo confocal microscopy (IVCM) 
(Fig. 1-13) suggests that the normal human central 
comeal epithelium contains dendritic cells although 
their immunophenotype cannot be ascertained from 
IVCM, The comparative paucity of potential antigen- 
presenting cells, such as dendritic cells, and the avas- 
cular nature of the comea are considered factors 
crucial to the success of corneal grafting (see Ch 7) 


Anterior limiting lamina (Bowman's layer). Bow- 
man’ layer (a modified acellular region of the stroma; 
8-12 jim thick) consists of fine, randomly arranged, 
collagen fibrils (20-30 nm diameter, types I, I, Vand 
VI), The anterior surface is well delineated and is 


separated from the epithelium by the thin basal lamina, 
while the posterior boundary merges with the stroma 
(Fig. 1-124), Bowman’ layer terminates abruptly at 
the limbus. 


Substantia propria or corneal stroma (Fig. 1-14 
A-C). The corneal stroma is a dense connective tisstie 
of remarkable regularity. It makes up the vast majority 
of the cornea and consists predominantly of 2 jim 
thick, flattened, collagenous lamellae (200-250 layers) 
oriented parallel to the corneal surface and continuous 
with the sclera at the limbus, Between the lamellae lie 
extremely flattened, modified fibroblasts known as 
heratocytes. These cells are stellate in shape with thin 
cytoplasmic extensions containing conspicuously few 
distinctive organelles (Fig. 1-144-C) when viewed in 
conventional cross-sections. However, frontal sections 
reveal an abundance of organelles and a novel network: 
of fenestrations on their surface which may facilitate 
the diffusion of metabolites or the mechanical ‘anchor 
ing’ or attachment of collagen bundles (Fig. 1-14), 
The density of keratoctyes in the anterior stroma is 
20 000-24 000 cells/mm? and that density decreases 
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FIGURE 1-13 in vivo confocal microscopy IVCM) of the human cares is a powerful non-invasive instrument used inthe clinical evaluation 
of comeal abnormalities and normal structure of the tear film, comea and conjunctiva. IVCM images are abtained by performing ‘optical sec~ 
tions’ of the comea using non-coherent white light Cells and matrix components with differing reflective properties within the transparent 
coomea can be imaged, The advantage ofa ‘confocal’ approach is that only information in a narraw focal plane, approximately 4-25 m in 
thickness, is analysed or colacted by the microscope and scattering of light from structures outside the focal plane is thus minimized. The 
optics allow the light beam to be scanned (inthe x andy axes) in a narrw area at ane fcal plane before shifting indepth to anather plane 
of focus’ (2 ais) where the scan is repeated. Thus a series of optical ‘slices’ of high lateral resolution (1~2 ym) can be obtained from the 
ence cornea and, because of small ferences in bightness/contrast, cellular detail can be visualized. This provides information that is normally 
the realm of conventional light microscopic and ex vivo laser scanning fluorescence confocal microscopic studies of processed tissues and 
wile mounts. The images are ‘slices’ at difering depths in the comea from superficial to deep: (A) epithelium; (B) sub-basal nerve plexus 
and dendritorm cals, which may represent Langerhans cals; (€) keratocyte in the posteir stroma: (D) corneal endothelial cells. (mages 
cutesy of Pol. C. Mahe) 


posteriorly before increasing again near Descemet’s 
‘membrane (Fig, 1-13C). Keratocytes are connected by 


being oriented at right angles, with the exception of 


the anterior third in which the lamellae display a more 


gap junctions to their neighbouring cells and arranged 
in a corkscrew pattern spiralling from the epithelium 
to the endothelium. The collagenous lamellae form a 
highly organized orthogonal ply, adjacent lamellae 


oblique orientation, The collagen fibres (Fig, 1 
inset) are predominantly of type 1 (30 nm diameter, 
64-70 nm banding) with some type IIl, V and VI also 
present. The transparency of the cormea is highly 
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dependent on the regular diameter (influenced by the 
presence of type V collagen in particular) and spacing, 
of the collagen fibres (interfibrillary distance), which 
in turn is regulated by glycosaminoglycans (GAG) and 
proteoglycans forming bridges between the collagen 
fibrils, The GAGs in the human cornea are predomi- 
nantly kerata 
sulphates (see Ch. 4). The corneal stroma normally 
contains no blood or lymphatic vessels, but sensory 
nerve fibres are present in the anterior layers en route 
to the epithelium (see below and Fig 1.13). Studies 


n sulphate and chondroitin (dermatan) 


FIGURE 1-14 (A) Schematic diagram showing the arrange- 
‘ment of the collagenous lamellae (CL) and the interposed 
eratocytes (K); arrows, gap junctions: F, fenestrations 
(8) Confocal microscopic view of keratocyte in the mouse 
comea: green — Factn; red — MHC clas I labelled myeloid 
cell (C) Electron micrograph ilustrating a keratocyte among 
regularly spaced collagenous lamellae. (Inst ~ higher power 
to show collagen fibres.) Original magnification: x 20 000, 
(Patt © courtesy of WR, Lee and. Aitken.) 


using transgenic mice in which eGFP (enhanced green. 
RI posi 
tive monocyte derived cells has revealed extensive 
populations of resident tissue macrophages through: 


fluorescent protein) is expressed on all C 


out the corneal stroma, some of which have recently 
described membrane nanotube cell-cell communica: 
tions (Fig. 1-15), 


Posterior limiting lamina (Descemet’s membrane) 
(Figs 1-12A and 1-16A). This is a thin, homogene 
discrete layer 


ous, periodic acid-Schiff- positive 


between the posterior stroma and the endothelium 
from which it can become detached. It is 8-12 yim in 


hickness and represents the modified basement mem 


brane of the corneal endothelium. It consists of two 
parts, an anterior third that is banded and a homoge 
neous or non-handed posterior two-thirds. It is rich 
in basement membrane glycoproteins, laminin and 
ype IV collagen. The anterior banded region is 
reported to contain type VII collagen. Types V and VI 


collagen may be involved in maintaining adherence at 


he interface of Descemet's membrane with the mos 
posterior lamellae of the stroma. Descemet’s mem 


brane is continuous peripherally with the cort 


of the trabeculae in the trabecular meshwork, Micro: 


scopic wart-like protuberances (Hassall-Henle hodies) 
containing ‘long (100 nm 


banded’ deposits of 


‘unknown nature appear in the periphery of Descemet’s 


rane with age. It is frequently thickened at it 
ipheral termination (Schwalbe line, the 
limit of the If disrupted, 
Desgemet's membrane tends to curl inwards towards 
he anterior chamber. 


terior 


trabecular’ meshwork 


Corneal endothelium, The comeal endothelium 
simple squamous epithelium on the posterior surface of 


he comea, has a critical role in maintaining corneal 


hydration and thus transparency 
Fluid is constantly being lost via evaporation at the 
fact ilust 


ocular surface, a ted by increased corneal 


a night of lid closure and when an 
impermeable lens is placed over the epithelium, The 
endothelial cells rest on Descemet’s membrane (Fig, 


1-16A) and form an uninterrupted polygonal or hex 

or mosaic (Fig. 1-16B), wh 
id of specular microscopy 
1-13). The cells 
Om in diameter 
ighly interdigitated and 


clearly seen in viva with th 


and in vivo confocal microscopy (Fig 
are 5-6 jim in height and 18. 
Their lateral surfaces are 


apical junctional complexes that, tog 
with abundant cytoplasmic organelles including mito. 


Fig, 1-16A), are 


chondria indicative of their crucial 


role in active fluid transpor 

In the normal human cornea endothelial cells are 
generally considered to have low regenerative capacity 
and lost cells are quickly replaced by spreading of 
adjacent cells. However, there is same evidence that 


putative endothelial stem cells are located in 
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FIGURE 1-15 (A,B) Low-and high-power in vivo torescent micra- 
scopy af the cores of a normal CXGCR1-GFP transgenic mause in 
which all myeloid cells (macrophages and dendritic cells) are labeled 
with green fluorescent protein (GFP). Note the regular array af 
comeal stromal macrophages. (C-H), Confocal microscopy of 
Immune cellsin the narmal camea.C,E, Gs the same field of careal 
epithelium from a comeal flatmount from a CX3GR1-GFP mause: 
(C~GFP (or2en); EMC class I (ced); and G — combined image 
1, CD11" (red) stromal macrophages in the same mouse cornea. F 
—MHC class II putative [DG] (see Ch. 7 for details of 
1 function) with a membrane nanotube extending from the cyto- 
plasm. H, Putative DC jined to a MHC class I macrophage 


centripetally arranged 
extreme peripheral comes, Damage to corneal 
endothelial cells and density below 800 cells/mm? 


leads rapidly to oedema and swelling of the stroma, 


with resultant loss of transparency (see Ch. 4, p, 213) 


US 2006/0073976 Al 


[0256] A more satisfactory explanation, therefore, lies in 

feraction between the electrons and the space time 
Iattice. The moving electrons in the two wires interact with 
the lattice to produce gravitons; which are in phase when 
both streams of electrons are traveling in the same direction. 
‘The gravitonie waves interact constructively to disperse the 
space time lattice between the wires and induce an attractive 
force between the two wires, which produces in effect the 
permeability of free space. Thus this foree results from the 
Vibration of quintessence itself 


[0257] Conversely in two wires with current going in 
‘opposite directions the graviton waves are in anti-phase and 
‘would interact destructively between the wires. The gravi- 
Tonic waves traveling radially outward from the wires 
would, however, disperse the lattice outside the two wires. 
‘and produce apparent repulsion between the wires, which is 
‘exactly what is observed. These effects of electricity suggest 
that gravitons act as waves and that phase is important 


[0258] This effect is also seen with the north and south, 
poles of ferromagnets. Nevertheless, with matter other than 
iron, cobalt or nickel, the graviton emission cannot be 
phased as the atoms are unable to align and magnets do not 
appear to exist with other materials 


[0259] In ordinary magnetic system the release of gravi- 
tons from the north pole would be exactly balanced by those 
released from the south pole of the magnet and hence there 
‘would be no net force on the magnet until an external 
magnet or electrical current were applied. 


[0260] Overall the magnitude of the forces in electrical 
systems where electrical conduction oceurs are well defined 
by the permeability and permittivity of free space jy, and ¢y 
Where v is the constant velocity of the charge and e is the 
electric field produced by the charge. 
Bebcalve 

[0261] These observations suggest that the forces of elec 
tricity which produce magnetism are indeed related to the 
permittivity and permeability of free space and that these 
‘quantities are exerted by an apparent vacuum. Thus the 
effects of magnetism could be explained by none other than 
the phased effects of gravitational waves on the space time 
lattice. 


[0262] Electromagnetism is of further interest to quantum 
sravity, particularly if we combine the standard equations, 
Bepgl’2tr and Befige,)e, substituting for B we have: 


dative «o, 


[0263] Thus 2xr is proportional to the inverse of ¢,. Thus 
as space time is dispersed by gravitons the permittivity field 
‘will increase in the same Way capacitance inereases with 
separation of plates. Because of the inverse relationship 
between é, and 2nr, as ey increases the circumference of a 
circle and’ the apparent ratio of 7 is to 1, will appear 10 
diminish in accordance with general relativity. This not an 
actual diminution in the circumference of a circle but the 
effective reduction of the resistance to motion in a circular 
path in this field 


[0264] Incidentally, the above observations, also lead us 
irectly to Schrodinger's formula for the average equi 
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rium distance (1) between an electron with charge (¢) in orbit 

around a proton, which is conventionally given by: 
rs? 

[0265] Where ¢, is axain the permittivity of free space, m 

is the mass of the electron and n is an orbital integer, h is 

Planck's constant and e is, the charge of the electron. 

Furthermore if e=[e,/3(4/3")}? (eg. 3); then the equat 

at nel, forthe electron orbital radius elegantly simplifies to: 
mien 

[0266] Hence the orbital radius of the electron is related to 

spin of the electron (h) and its mass (i), 


[0267] Quantum Gravity and the Charge of the Electron 


[0268] The equation for the charge of the electron (eq. 1) 
contains the term so (permittivity of free space) which 
according 10 these observations should vary in a gravit 
tional field 

ee K480)}? 6 
[0269] If we combine the standard equations, Bayl2xr 
and Be{jge}e, substituting for B we have: 

dali 49) 
[0270] ‘Thus 2ar is proportional to the inverse of ¢,. Thus, 
as space time is dispersed by gravitons the permittivity field 
will inerease in the same way capacitance inereases with 
separation of plates. Because of the inverse relationship 
between ¢o and 2, as €9 increases the circumference of a 
cirele andthe apparent ratio of 10 r, wll appear to diminish 
in accordance with general relativity. 


[0271] Thus ¢g rises when space-time is dispersed by the 
‘gravitons that produce the gravitational field, This occurs in 
a similar way to the process by which capacitance increases 
‘with separation of plates in a capacitor. 

[0272] Nevertheless, asc isa constant and as e=[tgeo)"?, 
then ifeg rises then j, falls. This is entirely consistent jo, 
which represents the foree that quintessence exerts, would 
bbe reduced ifthe quintessence space time lattice is dispersed 


[0273] Furthermore, as pg-4tx10™? NAW; then as Hy 
falls, then the apparent ration 2 to r, also falls in @ gravita- 
tional field. This is largely the same as stating, as does 
‘general relativity, that the apparent radius ¥, rises in a 
‘gravitational field, So this view is consistent with general 
relativity. 
[0274] Nevertheless, to derive an exact value for the 
charge of the electron we must account for gravity in the 
above equation, We will take the specific example of the 
Earth's gravitational field in order to obtain the exact value 
for the electron. I in accordance with standard general 
relativity, the apparent increase in radius Fis: 

pause 6) 
[0275] Then given that the mass of the Earth is 5.9745 
10 kg; then 

aL TH 10° 

tus 

29 2905P«10°> 
[0276] Which is the incremental factor by which ¢, must 
increase in Earth’s gravitational field. So to correct ¢, 10 
account for gravity, ¢, must be divided by the incremental 
factor, 22. Similarly as effectively x decreases in a gravi- 
tational field, to correct 2 to account for gravity it must be 
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BOX 1-6 AGEING CHANGES 


‘There ate approximately 350000 endothelial cells per 
commea (20004000 celsimm: at birt, fling to 2500 
cells in middle age and 2000 cells/mm? in old age). 
‘Consequently, with age, the dense, regular hexagonal 
arrangement typical of the young comea is replaced by 
‘ewer cels of more heterogeneous size and shape. 


A density lower than 1500 cells/mm in.a potential donor 
comea is considered unsuitable for transplantation, 


Nerve supply of the corne 
The comea is richly supplied by sensory fibres derived 
from the ophthalmic division of the trigeminal nerv 
mainly via the long ciliary nerves. Occasionally the 
inferior cornea receives some branches from the 
maxillary division of the trigeminal, Nerve bundles 
enter the peripheral comea in a radial manner and 
as they travel centrally below the anterior one-third 
of the stroma and approximately 1mm from the 
limbus they lose their perineurium and myelin 
sheaths. This alteration in myelination is thought to 
he related to the importance for transparency: They 
divide into smaller branches and begin to change 
direction towards the epithelinm where they must 
pierce Bowmans layer, whereupon they further divide 
into smaller bundles to form the subepithelial or sub- 
basal plexus in the interface between Bowman’ layer 
and the basal aspect of the corneal epithelium. There 
are apparently no specialized end organs associated 
with these terminal axons, which are predominantly 
within the size range 0.1-0.5 jim consistent with 
Acdelta and C fibres that function to transmit the 
sensory modalities of pain and temperature, Indi- 
vidual beaded fibres penetrate the epithelial layers 
and terminate in the superficial layers in the form of 
an intraepithelial plexus, There are approximately 
7000 nociceptors per mm? in the human corneal 
epithelium. 


THE SCLERA 

The sclera (Fig, 1-17A-D) forms the principal part of 
the outer fibrous coat of the eye and functions both 
to protect the intraocular contents and to maintain the 
shape of the globe when distended by intrinsic 
intraocular pressure. The glabe shape is maintained 


FIGURE 1-16 (A) Electron micrograph of Descemet’s membrane and 
corneal endathelim (E) to illustrate the banded region (BR) and 
nn-banded region (NBR). (B) An en face view ofthe inner surface 
of the corneal endothelium as seen by scanning electron microscopy. 
Note the homogeneous hexagonal array of endothelial calls. A similar 
butless detailed view ofthe endothelium can be achieved in the living 
patent withthe aid of specular microscopy. Original magnifications: 
‘A. 7000; 8,» 1200. (Coury of WA Le and. Aitken; Pat A cautesy 
of Saring-Vaan) 


BOX 1-7 CLINICAL CORRELATES 
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BOX 1-8 CLINICAL CORRELATES 


Langer myelinated nerve fibres can often be seen during 
slit-lamp examination as fine whitish fibres radiating into 
the comnea from the limbus. Jn vivo confocal microscopy 
has oreatly added to our understanding ofthe distribution 
of comeal nerves in healthy and diseased comeas (see Fig, 
4-13). Due to their position in the anterior stroma and their 
radial arrangement, many are damaged during retractive 
procedures such as LASIK (Excimer laser in situ 
keratomileusis). Damage to the comeal epithelium and 
intraepithelial nerve terminals can cause a great dal of 

i. 
pe eactvaton of latent herpes simplex vrs in the 
trigeminal ganglion occurs following damage to nerve 
terminals (cold, exposure to ultraviolet ight, trauma, 
‘corticosteroids, and activated virus is transmitted to the 
‘coma along sensory nerve branches, leading to recurrent 
herpes simplex keratitis and superficial corneal ulceration. 


even during contraction of the extraocular muscles, 
whose tendons insert on its surface. The sclera is rela- 
tively avascular and in adults appears white externally: 
The viscoelastic nature of the sclera (great tensile 
strength, extensibility and flexibility) allows only 
limited distension and contraction to accommodate 
minor variations in intraocular pressure. 

‘The sclera is thickest posteriorly (1 mm) and thin- 
nest (0,3-0.4 mm) behind the insertions of the apone- 
urotic tendons of the extraocular muscles, Itis covered 
by the fascia bulbi posteriorly and the conjunctiva 
anteriorly. The sclera consists of dense irregular con- 
nective tissue comprising extracellular matrix and 
matrix-secreting fibroblasts, The matrix consists prin- 
cipally of collagen type 1 although types IIL, 1V, ¥, VI, 
VIIL, XIL and XIII have been identified (Rada et al., 
2006). Unlike the comea, the scleral collagenous 
lamellae are irregularly arranged (Fig. 1-17D) and are 
interspersed with elastic fibres, each consisting of an 
elastin core surrounded by longitudinally arranged 
microfibrils composed of a number of glycoproteins 
including fibrillin. The opaque nature of the sclera, in 
contrast to the transparency of the comea, can be 
partly ascribed to this irregular arrangement of the 
collagen fibres (Fig. 1-17D), but also to the variable 
fibre diameter (25-250 nm), variable and irregular 
fibrillar spacing, higher water content, and the reduced 
coating of GAGs on collagen fibres. Indeed, the sclera 
contains one-quarter of the proteoglycan and GAG 
content of the comea. Dermatan sulphate and 


Buphthalmos 


‘The coreosolral envelope of children with congenital 
‘Glaucoma responds to raised intraocular pressure by 
inreversibly stretching, owing tothe immaturity ofthe 
collagen fibres, thus producing the characteritically 
enlarged buphthalmos (‘x-eye’) of this condition. 


BOX 1-9 CLINICAL CORRELATES 


“The yellowing ofthe eyeball in jaundice i the result of 
bilirubin deposition in the conjunctiva and nat the sclera. 
‘Abnormal thinning ofthe sclera, such as occurs in some 
connective tissue disorders, e.g. Ehlers-Danlos syndrome, 
may also lead to a blu ting. Localaed thinning ofthe 
‘stromal collagenous layers may lad to staphyloma 
(bulging. 


chondroitin sulphate proteoglycans are the most 
abundant in the sclera 

Collagen fibrils take up tensile force and are aligned 
with the direction of greatest tensile strength, The 
arrangements of scleral collagen can be studied using 
the ‘split-line’ technique, which has revealed that the 
collagen fibrils in the outer sclera are arranged in 
bundles that course in whorls, loops and arches, par- 
ticularly around the muscle insertions and optic nerve 
(Fig, 1-170). The collagen fibrils on the internal 
aspect of the sclera are arranged in a rhombic pattern 
(Fig, 1-17). 

The sclera extends anteriorly from the limbus to the 
lamina cribrosa posteriorly (Fig, 1-17A and Fig, 1-42). 
The scleral collagen fibrils are arranged in circles or 
figure-of-cight patterns at the lamina cribrosa, Struc 
tures that transverse the sclera are shown in Figure 
1-17A. Histologically the sclera has three layers: the 
lamina fusca, stroma and episclera (Fig, 1-178). 


LIMBUS AND AQUEOUS OUTFLOW 
PATHWAYS (Fig. 1-18) 


Itis becoming increasingly appreciated that the limbus 
(Fig, 1-18A-C) is more than the border zone between 
the cornea and sclera; it has multiple functions includ- 
ing nourishment of the peripheral comea, corneal 
wound healing, immunosurveillance of the ocular 
surface and hypersensitivity responses; it contains the 
pathways of aqueous humour outflow and is thus 
involved in the control of intraocular pressure. 
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Surgical incisions to access the anterior chamber for 
cataract and glaucoma surgery are made at the limbus. 
The limbus is 1.5-2.0 mm in width and the change 
in the radius of curvature between the sclera and 
cornea produces a shallow external scleral sulcus and 
an internal scleral sulcus; the latter is deepened by the 
scleral spur and houses the canal of Schlemm and 
trabecular meshwork. The longitudinal ciliary muscle 
fibres attach to the posterior aspect of the scleral spur, 
and its anterior surface gives rise to the corneoscleral 
trabeculae 

Several important transitions take place at the 

limbus (Fig, 1-184-C), 

+ The regularly arranged corneal lamellae give way 
to the more random array of lamellae in the 
sclera. The corneal termination is V-shaped (Fig. 
1-188, 

+ The stratified squamous non-k 
epithelium with its parallel internal and external 
surfaces gives way to conjunctival epithelium, 
characterized by a folded basal surface and inter- 
digitating subepithelial connective tissue (some- 
times forming distinct papillae) (Fig, 1-188) 

+ The conjunctival epithelium contains goblet cells 
and a rich network of MHC class II? CDI1c* 
dendritic (Langerhans) cells (see section on con- 
junctiva, p. 83). 

+ Loops or arcades of conjunctival capillaries 
(derived from the anterior ciliary arteries) and 
lymphatic capillaries terminate at the limbus 
The smaller vessels are not under neuronal 
control and are particularly susceptible to the 


-atinized corneal 


BOX 1-10 AGEING CHANGES 


“The ‘blue’ sclera of infants isthe result of the underlying 
choroidal pigment showing through the tin callagenous 
stroma. In elderly individuals, fat deposition inthe sclera 
‘may produce a yellowish hue 


FIGURE 1-17 (A) Schematic diagram ofthe isolated sclera and struc- 
tures that blend with it (muscle tendons and optic nerve dura) or 
traverse its substance. (B) The scleral layers. (C) The pattern of 
entation of the collagen bundles in the scleral stroma in relation 
to the extraocular muscle tendinous insertions. (D) Collagen bundles 
In sclera, Original magnification: D, x 7000 (Pat D coutesy of Dr A. 
Thal, rom Tale and Tian, 1988) 
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Conjunctival ——_—Episleral 
epithelium 


cornea 
Subepiteta endatheium 
connective issue ——— Schwa’ ine 


Coletor channels 


FIGURE 1-18 (A) Macroscopic photograph of the anterior segment of a primate eye, which is almost identical tothe human eye. Note the 
heavily pigmented limbus (L) characteristic of primates: C, cornea; CB, cliary body; CP, cilary processes; LZ, lens zanules; PM, pupillary 
‘margin. (B) Histology section of the primate anterior segment (Van Gieson sain). Doted line Indicates the corneoscleal junction: AC, anterior 
chamber, CM, ciary muscle PC, posterior chamber; TM, trabecular meshwork; C, cornea CP, clary processes. (C) Three-dimensionalsche- 
‘matic diagram of important features in and around the idocorneal angle and corneoscleral limbus. Original magniiations: A and B, x 50. 


effects of vasoactive amines (e.g, histamine, leu- + The loose conjunctival subepithelial vascularize 
kotrienes, prostaglandins) released by local connective tissue (substantia propria), containing 
immune cells (see below), immunocompetent cell types such as mast cells, 

+ Descemet’s membrane and Bowman’ layer ter- plasma cells and lymphocytes, tapers off at the 


minate in this region. limbus and is absent in the cornea (Fig. 1-188) 
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BOX 1-11 DEFINITIONS 


Anatomical and surgical limbus 


Definitions ofthe limits and markings of the limbus vary 
among anatomist, pathologists and surgeons. The 
anatomical (histological) limbus is defined by a line that 
follows the V-shaped transition of corneal lamellae to 
‘scleral lamellae (Fig 1-188). Pathologists define the imbus 
aa block of tissue bordered anteriorly by a line passing 
‘through the termination of Schwalbe’ line andthe junction 
‘ofthe conjunctival and comeal epithelium (eorneotimbal 
junction) and posteriorly bya ine from the scleral spur 
perpendicular to the tangent of the external surface. 
‘Surgeons usually cut close tothe blue-grey transition zone 
‘seen on external examination, and incisions made here will 
‘ass anterior to the trabecular meshwork and Schlemm’'s 
‘anal (Fig. 1-188,C). 


‘Aqueous outflow pathways 
In the chamber or iridacorneal angle, partially nestled. 
in the internal scleral sulcus, lies a complex wedge- 
shaped circumferential band of specialized, sponge- 
like, connective tissue, the trabecular meskiwork, with 
the canal of Schlemm (sinus venosus sclerae) on its 
outer aspect (Figs 1-18B,C and 1-19A). The hase of 
the trabecular meshwork is formed posteriorly by the 
scleral spur, the anterior face of the ciliary muscle and 
the iris root. The apex of the meshwork terminates 
anteriorly at Schwalbe’ line and the adjacent inner- 
most corneal lamellae (Figs 1-18 and 1-19A), The 
trabecular meshwork can be further subdivided into 
three anatomical zones: the innermost uveal meshwork 
with cord-like trabeculae; the carneoscleral meshwork 
with flattened sheet-like trabeculae (Fig. 1-19D); and 
the outermost cribriform meshwork beneath the inner 
wall of Schlemmi canal (Fig, 1-196), The cribriform 
meshwork, unlike the rest of the trabecular mesh- 
work, is not arranged in lamellae but consists of 
trabecular cells enmeshed in a loose extracellular 
matrix of collagen (types 1, IIL and IV), elastic-like 
fibres and proteoglycans. This layer is thought to be 
the main site of resistance to aqueous outflow. The 
elastic cores of the trabeculae are continuons with the 


elastic fibres in the cribriform meshwork, which are 
in turn connected to the inner wall of Schlemm’ canal, 
via ‘connecting fibres’. The anterior ciliary muscle 
fibres terminate in the elastic cores of the trabeculae. 
As the ciliary muscle contracts and moves inwards, the 


three-dimensional trabecular meshwork can be 
expanded, which results in an increase in the amount 
of ‘free’ spaces in the cribriform meshwork. This in 
tum allows greater aqueous outflow, thus increasing, 
aqueous outflow facility 

Aqueous humour passes from the anterior chamber 
through the intertrabecular and intratrabecular spaces, 
which are lined by trabecular cells, These cells envelop 
the trabeculae (Fig, 1-19D) and maintain the state of 
hydration of the connective tissue core in a similar 
manner to comeal endothelium. In addition, trabecu- 
lar cells are also phagocytic, trapping and removing, 
debris from the aqueous humour as it percolates 
through the tortuous intertrabecular and intratrabecu- 
lar spaces which narrow as Schlemms canal. is 
approached (Figs 1-18C and 1-19A) 

Schlemm’s canal (sinus venosus  sclevae) 
endothelium-lined 36mm long circumferential 
channel filled with aqueous humour. It measures 
200-400 im in the anteroposterior axis, is seldom 
more than 50-60 jim deep and is often septate. The 
canal is drained by 25-35 collector channels (20-90 jum. 
in diameter) and between two and eight aqueous veins 
(of Ascher) (up to 100 jum in diameter). These either 
join deep, intrascleral and episcleral venous plexuses 
which drain into conjunctival veins or, in the case of 
aqueous veins, may drain directly into superficial con- 
junctival veins. The majority of aqueous humour 
(70-90%) leaves the anterior chamber through the 
trabecular meshwork and Schlemm's canal (‘conven- 
tional’ outflow pathways), The iner wall of the canal is 
characterized, in well-preserved and properly fixed 
eyes, by transcellular channels or giant vacuoles (Fig, 
1-19B,C). There is good evidence to suggest that these 
intracellular vacuoles, with openings on both the 
trabecular and luminal aspects, function to drain the 
great bulk of aqueous humour. The number and size 
of vacuoles and their openings or pores vary in a 
pressure-sensitive manner. Small quantities of aqueous 
may also pass between endothelial cells in the canal 
wall. 

A proportion (10-30%) of aqueous humour drains 
via the ‘non-conventional’ aqueous outflow pathways 
This route is not pressure sensitive and consists of the 
intercellular spaces between ciliary muscle fibres and 
the loase connective tissue of the suprachoroidal 
space, From here, aqueous traverses the sclera via the 


———=ge 


Schiomm’s cana 


FIGURE 1-19 Histology and ultrastructure of the trabecular meshwork and Schlem's canal. (A) Light micrograph showing the scleral spur (SS), Schlemm's 
‘canal and the three zanes ofthe meshwork: the uveal, comeosclral and crbrifarm meshwarks. The path of aqueous through the intr- and inrarabecular 
spaces Is indicated by arrows. (B) ‘Giant vacuole’ (GV) inthe inner wall af Schlemm's canal as seen by scanning electron micrascopy. (C) Transmission 
electron micrograph ofa ‘giant vacuole. The flow af aqueous is indicated by the arrows. This particular section does not include the basal or luminal pores 
seen in some ‘giant vacuoles". (0) Electron micrograph a atrabecula cut in erass-section shoving the layered arrangement ofthe extracellular components: 
(CZ, cortical zone; ELF, elastic-lke fibres; arrows, ‘long spacing collagen. (E) Higt-power micrograph of te cribriform meshwork or layer shoving the lack 
of trabecular organization. Fibrocyt-Lke cells ae loosely arranged in various types of extracellular matrix. Orginal magnifications: A, x 340, B and C, x 7000, 
D, » 13 000, E, x 5000, (From McMenarin, Le and Aken, 1986, Opthalmology, wah pemisson) 
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connective tissue sheaths of nerves and vessels that 
pierce its substance (see Fig, 1-17), 


Uveal tract or uvea 
The uveal tract (L. uva = grape), the middle vascular 
pigmented layer of the eye, consists of the iris, 
ciliary body and choroid (see Fig. 1-10). These three 
components are continuous with one another and 
have an opening anteriorly, the pupil, and posteriorly 
the choroid is deficient at the optic nerve canal. The 
uuveal tract is analogous to the vascular pia-arachnoid. 
of the brain and optic nerve, with which it anastomo- 
ses at the optic nerve head. The choroid is described 
on p. 55; the iris and ciliary body are described below. 


THE IRIS 


The iris (Fig. 1-20A,B) is a thin, heavily pigmented, 
contractile circular disk analogous to the diaphragm. 
of a camera, It is suspended in the frontal or coronal 
plane anterior to the lens and ciliary body, and is sur 
rounded by aqueous humour. The iris separates the 


BOX 1-12 CLINICAL CORRELATES 


GLaucoma 


GGiaucoma is defined as a progressive optic nerve 
‘neuropathy. For most forms of glaucoma, elevated 
Intraocular pressure and ageing remain important risk 
factors, although fow tension o normal tension forms of 
‘laucoma are common. However, in many forms of this 
condition pathological changes inthe trabecular meshwork 
and Schlemm’s canal may be responsible fr increased 
resistance to aqueous outfiow and raise, or diumal 
‘uctuations i, intraocular pressure (IOP). In congenital 
‘glaucoma there is malformation ofthe complex three- 
‘dimensional arrangement ofthe trabeculae and excess 
extracellular matrix in the outer meshwork. Physical 
blockage of the inner surface ofthe chamber angle by the 
iris occurs in closed-angle glaucoma, this may be a 
primary of a secondary process (see p. 512). Various 
forms of obstruction inthe trabecular meshwork may give 
tise to open-angle glaucoma (see p. 512); the cause of the 
primary form ofthis condition is unknown, although there 
‘is evidence to indicate that excessive deposition of 
extracellular elements may occur inthe exbrform 
‘meshwork. Secondary forms of open-angle glaucoma may 
be the result of debris such as lens proteins, melanin, 
‘macrophages and haemorrhagic products physically 
‘obstructing the intertrabecular and intratrabecular spaces, 
‘thus causing raised IOP (see p. 512) 


anterior and posterior chambers, which are in conti- 
nity through an opening, the pupil, which lies slighthy 
inferonasal to the centre of the iris. The iris is attached. 
by its root at the angle (iridocorneal) of the anterior 
chamber where it merges with the ciliary body and 
trabecular meshwork. The free edge is known as the 
pupillary margin 

The iris is 12 mm in diameter with a circumference 
of 37 mm, It is cone-shaped with the pupil margin 
positioned more anteriorly than the root. The pupil 
margin rests on the lens, without whose support, for 
example in aphakic patients, it becomes tremulous 
(iridonesis). The size of the pupil regulates the amount 
of light entering the eye and is dependent on the state 
of contraction of the intrinsic pupillary muscles, the 
dilator and sphincter pupillae, The pupil may vary from 
1 to 8mm in diameter and there may be a slight 
degree of asymmetry between right and left eyes in 
normal individuals, 


Structure (Fig. 1-20A,8) 
‘The pupil margin and iris root are thin, and hence 
more susceptible to tearing in contusion injuries (iri 
dodialysis). The anterior surface is divided into two 
zones, the ciliary zone and pupil zone, by the thickened. 
region known as the collarette. The anterior surface is, 
characterized by radial streaks (straight when the pupil 
is contracted and wavy when dilated) and contraction 
furrows (more noticeable in dilated irides), The surface 
of the iris appears smooth in dark irides, in which the 
intrastromal melanocytes are heavily pigmented, and 
more irregular in blue irides, which have a less heavily 
pigmented stroma. The blue appearance of some irides 
is because of absorption of long wavelengths and 
reflectance of shorter wavelengths, especially by the 
collagenous stroma. 


Microscopic anatomy 
‘The iris consists of four layers: anterior border layer, 
stroma, dilator pupillae muscle and posterior pigment 
epithelium. 


Anterior borderlayer Figs 1-20Band 1-214). This 
layer is not covered by a layer of epithelial cells, as 
early anatomists believed, but is in fact made up of 
modified stroma consisting of a dense collection of 
fibroblasts, melanocytes and a few interspersed, 
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FIGURE 1-20 The structure ofthe Is. (A) Clinical macroscopic image ofa blue iris. Note the pupil (P), pigmented pupil margin (PM) and 
pupillary zone (PZ) separated from the ciaty portion by the collarette (Co). The root is attached at the ikdocorneal angle deep to the limbus. 
(L). Note the fine collagenous trabecul (Tb), some of which form the boundaries of ovaid crypts (Cp). (B) Top dlagram: surface features at 
‘portion of the iis. Battom dagram: high-power exploded view summarizing the arrangement of the pigmented (pasteror) and nan-pigmented 


(anterior) layers. 
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collagen fibres, This layer is deficient in areas; conse- 
quently the iris stroma is in free communication with 
the aqueous humour in the anterior chamber. Larger 
deficiencies in the anterior border layer are evident 
macroscopically as crypts. Aggregates of heavily pig- 
mented melanocytes in this layer appear as nacvi 


Stroma (Fig. 1-21C-E). This consists of loose con- 
nective tissue containing fibroblasts, melanocytes and. 
collagen fibres (types Land III). The loose nature of 
this tissue, and its free communication via openings 
in the anterior border layer, allows fluid to move in 
and out of the stroma quickly during dilation and 
contraction, The iris stroma in humans contains 
‘numerous mast cells and macrophages, many of which 
are perivascular (see Fig. 1-21C and Ch. 7), Many of 
the macrophages are heavily pigmented, and a sub- 
group may form large ovoid ‘clump cells’ (of Kogane), 
which tend to accumulate near the iris root and 
sphincter pupillae muscle (Fig. 1-208), Lying free 
within the stroma close to the pupil margin is the 
sphincter pupillae muscle, a circumferential ring of 
smooth muscle fibres about Imm in width, The 
sphincter muscle consists of muscle bundles, each 
comprising six to eight smooth muscle cells, which are 
continuous via gap junctions and surrounded by a 
basal lamina, This muscle is innervated by parasym- 
pathetic nerve fibres derived from the oculomotor 
nerve (postganglionic fibres from the ciliary ganglion 
travel via the short ciliary nerves) although sympathet- 
icsalso terminate in this muscle, The unusual embryo- 
logical origin of this muscle from the neuroectoderm. 
is described in Chapter 2. 


Dilator pupillae muscle, This is a layer of myoepi- 
thelial cells derived from the anterior iris epithelium, The 
basal processes of this epithelium are 4 jumin thickness 
and extend up to 50-60 im in a radial direction, while 
the apices of the myoepithelial cells are lightly pig- 
mented and closely apposed to the apical aspect of the 
posterior pigment epithelium (Figs 1-208 and 1-21A.E), 
The dilator pupillac muscle is innervated by non- 
myelinated sympathetic fibres whose cell bodies are 
situated in the superior cervical sympathetic gangtion, 
Its parasympathetic innervation seems less significant. 
The dilator pupillae extends only as far centrally as the 
outer margin of the sphincter pupillae 


Posterior pigment epithelium (Fig. 1-215). This 
heavily pigmented layer consists of large cuboidal epi- 
thelial cells that appear black macroscopically on 
examination of the posterior surface of the iris, The 
posterior layer is derived from the inner neurvectoder- 
mal layer of the optic cup (see Ch. 2). The cells extend, 
fora short distance on to the anterior iris surface at the 
pupillary margin; this forms the black ruff seen on the 
pupil margin during slit-lamp examination of the eye 
(Fig. 1-20A). The posterior pigmented epithelial layer 
forms a series of radially arranged furrows (most 
evident near the pupil mangin) and circumferential 
contraction folds (most evident in the periphery). 


Pupil movements 
Mydriasis (dilation) occurs in conditions of low light 
intensity and in states of excitement or fear. It is a 
result of the action of the dilator pupillae muscle 

Miosis (contraction) occurs in more illuminated 
conditions, during convergence, and while sleeping, 
It is the result of the action of the sphincter pupillae 
muscle 


Blood supply of the iris, 
‘The iris has a rich blood supply and extensive anasto- 
moses. At the root there is an incomplete major ‘circle 
of the iris that is derived from anterior rami of the 
anterior ciliary arteries. Branches from here pass cen- 
tripetally and form an incomplete minor arterial ‘circle” 
at the level of the collarette. 

The arteries have an unusual coiled form to accom- 
modlate the variable states of contraction of the iris. Veins 
lie close to the arteries, with larger veins primarily in the 
anterior stroma and smaller veins in the deeper layers 
Veins drain posteriorly/centrifugally into the ciliary body 
and eventually the vortex veins (see Fig. 1-39A.F). 

Iris capillaries are characterized by non-fenestrated 
endothelial cells that have a high density of endocy- 
totic vesicles and tight junctions, This makes them less 
permeable to a variety of salutes than normal somatic 
vessels (hence they do not normally leak in fluorescein 
angiography). These vessels thus constitute an impor- 
tant component of the blood-ocular barrier. The basal 
lamina of the endothelial cells is thickened (0.5~3 im) 
and further strengthened by perivascular collagenous/ 
hyalinized layers (Fig, 1-21A,B). Periarteriolar smooth, 
muscle cells are rare and elastic fibres are absent 
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FIGURE 1-21 (A) Histological section of primate irs 
showing the anterior barder layer (ABL), stroma contain- 
ing melanocytes (M), blood vessels (BV) and callagenous 
‘matrix (red and posterior partion characterized by dilator 
pupilae muscle (DP) and posterior pigmented epithelium 
(PPE). (B) Electron micrograph of an iis stromal vessel 
surrounded by fibroblasts and melanocytes. (C) Confocal 
microscopic image of the iris and ciliary body (top of 
image) trom a Gx3cr1-GFP transgenic Balb/c (albino) 
‘mouse, This ris wholemaunt has been stained to show 
the nerves ofthe iis (white: WGA stain), and the exten- 
sive network of tissue resident macrophages (red: lat) 
(xGert* cells of myeloid arigin are GFP. (green). 
‘Many macrophages. (D) Utrastructue ot the contractile 
‘myoepithelial portion of the anterior iris epithelium, 
‘namely the dilator pupiliae muscle: note te cytoplasmic 
‘microfilaments and membranous densfcations, both 
characteristic features of smooth muscle calls. (E) Elec- 
tron micrograph ofthe posterior irs epithelium ilutra- 
Ing the siz, columnar shape and heaviy pigmented 
nature ofthese celis. Original magnifications: A, x 300; 
B, 7100; D, x 16 000; E, x 1400, 
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multiplied by this incremental factor. So the equation for an 
‘electron in @ zero gravitational field is 

ecg 3402064207) 6020410° °C 
[0277] ‘This now gives the charge of the electron as 
measured in a zero gravitational field as 1.6022x10""? C, 
‘which isthe same as that measured on Earth, Notably these 
‘observations appear to suggest that the change ofthe electron 
is the same irrespective of the gravitational field 


[0278] Virtually unlimited degrees of accuracy for the 
‘change of the electron and for the fine stricture constant (a), 
may be achieved by taking into account 2nd and nth order 
sravitometric effects. Thus if we take into account the effect 
Of gravity upon the radius of the Earth it is also important to 
take into account an effect upon the instruments with which 
‘we measure quantities, this would be a second order gra 
tometric effect. Thus taking into account 2nd order effects 
(¢?), we have a very small, but nevertheless relevant change, 
such tha: 1"='(142r), Thus 2F"=9.3180486x10", and thus: 


ee A.A 2042 PL DLT? C (60) 
[0279] This agrees exactly to the nearest 7 decimal places 
‘with the maximum accuracy of the experimental value for 
the charge of the electron, Furthermore by taking into 
account the nth order gravitometric effect, itis theoretically 
possible fo predict accuracy for the charge of the electron to 
3n decimal places. This mathematically accuracy confirms 
the structure of the electron from first principles and indeed 
the theoretical effects of gravity on the permittivity of free 
space (9). 


[0280] This returns us directly to the fine strture co 
stant for the electron which is conventionally given by: 
‘amo*hhe-de,. If cme*aey/3(4 3x"), accordingly the quint- 
‘essential equation for «is structurally given by: 2rvcimm+ 
[BOP Gwhere @=4/3 ne’; see The Structure of the Electron, 
tnd Matter), we must now take into aeeount the effects of 
gravity, a8 above, thus: 
axa f50Fo(1_2979?=0.00797383 

[0281] Where the gravitational term for the increase in 
radius" allows the mathematical derivation of 
‘@=) 007297353, and the above equation is in agreement 
withthe conventional experimental value for 
‘4=0 007297353 to the nearest 9 decimal places 


[0282] Hence the term (1_2ar")? is in accordance with 
these observations for the effect of gravity on electromay 
netic forces. To a maximum accuracy govemed by current 
knowledge of the mass of the Earth and the Gravitational 
constant an thus the term forthe gravitational increase in 
radius 7. These observations can also be used to accurately 
predict the magnetic moment of the electron 


[0283] Thus the presence of the fine structure constant can 
now be further understood, by deriving the constant from 
first principles; specifically from the actual dimensional 
‘conformation for the charge ofthe electron: e=[e73(4/3xe°)] 
"(64.6 

[0284] Overall the fine structure con 
the term # which is the general relativistic increase in the 
radius ofthe Earth due to gravitation) is given by none other 
than the formula for the mass of quintessence and from the 
structure of the electron, which can now be derived from 
first principles to seven decimal places or more. 


6: (allowing for 
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[0285] Quantum Gravity and the Electron Magnetic 
Moment 


[0286] ‘The theoretical origin and nature of magnetism 
remains obscure in current electromagnetic theory. An 
explanation suggests these magnetic effects are prexuced by 
photons, although no photons have ever been observed. To 
‘get round this difliculty it is postulated by physics that 
‘magnetism results from “virtual” photons. However, Max- 
‘well’s equation for electromagnetism states that the photon 
hhas no net magnetic effect. 
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[0287] ‘Thus magnetism could not, by the above standard 
‘equation, be derived from a photon real or virtual 


[0288] In addition observational data suggests that black 
holes have powerful magnetic fields and as in theory pho- 
tons are unable to escape from black holes (except for small, 
quantities in the form of Hawking radiation), it would be 
dificult to explain these magnetic fields on the basis of 
photon emission. 


[0289] _ Einstein postulated that magnetism was merely due 
to special relativity sup (ref 17). The postulate for the nature 
‘of magnetism in these current observations, states that the 
‘magnetic force results from relativity due to none other than 
the phased emission of gravitons (why postulate to i 

ible forces, magnetism and gravity, when one, the graviton, 
will do). This view as previously discussed (Quantum Grav= 
ity and Electromagnetism) is entirely compatible with stan- 
dard relativity! ™. Ths with the graviton origin of mag 
netism, the equation forthe magnetie moment ofthe electron 
should have an expression in terms of quintessence and in 
turn the gravitational force and in particular the graviton, 


[0290] ‘The standard term for the magnetic moment of the 
Bohr Magneton (SIB) is: 


ioshitam, 


[0291] In standard quantum mechanics the Bohr Magne- 
ton, IB, however, needs to be corrected to agree with 
experiment. The “correction fuetor” is termed “e"; where 
«e=(cu2)-0.328e2/°=0.001159641. Thus theory reveals, 
the magnetie moment of the electron where: 
nerohsamg(0r29-1328e°?] 

[0292] ‘The conventional derivation ofthe term ¢ above. is 
fiven from the fine structure constant, (@/2x) which is 
theoretically consistent. However, a rather arbitrary math- 
‘ematical correction term; 0.328 /x? needs to be use in this 
standard equation. This appears ad hoe and needless 10 say, 
‘more accurate measurements show, the electron magnetic 
moment to the Bobr magneton ratio, 1e=1.001159652, 
which suggests the correction factor is indeed incorrect 
Nevertheless, this comection factor is essential for “renor- 
:malisation” and thus for quantum mechanics to work 


[0293] Quantum gravity readily explains the diserepaney 
between the theoretical Bohr Magnefon (iB) and the actual 
‘measured magnetic moment of the electron (1). In aecor- 
dance with the above chapter (Quantum Gravity and the 
‘Charge of the Bletron) 


[0294] Thus the significant mathematical discrepancies 
can be removed by accounting for the effects of quantum 
arwvity. 
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Nerve supply 
The iris possesses a rich three-dimensional nerve 
plexus of myelinated and non-myelinated nerves, The 
sensory nerves are branches of the long and short 
ciliary nerves, themselves branches of the nasociliary 
nerve (ophthalmic division of the trigeminal). The 
autonomic innervation of the iris muscles is discussed. 
above, 


‘THE CILIARY BODY 


The ciliary body (Fig, 1-22A-D) is an approximately 
5-6 mm wide ring of tissue that extends from the 
scleral spur anteriorly to the ora serrata posteriorly 
Temporally it measures 5.6-6,3 mm, and nasally 
4.6-5.2 mm. It is divided into two zones, an anterior 
pars plicata (corona ciliaris) and a posterior pars plana 
(Fig, 1-22A), The ciliary body is approximately trian- 
gular in cross-section; its base faces the anterior 
chamber and the apex blends posteriorly with the 
vascular choroid. The pars plicata is 2 mm wide and 
consists of 70 radially arranged folds known as ciliary 
processes (Fig. 1-228), each of which is 0.5-0.8 mm 
high and 0.5 mm wide. The tips are paler as a result 
of decreased pigmentation. Minor ciliary processes 
may be present in the valleys between the major proc- 
esses, The pars plana is an approximately 4 mm wide 
‘zone stretching from the posterior limits of the ciliary 
processes to the ora serrata, the sharp serrated or 
dentate junction where non-pigmented ciliary epithe- 
lium undergoes a sharp transition to become the 
neural retina, 

The ciliary body can be divided histologically into 
the ciliary epithelium, ciliary body stroma and ciliary 
muscle (Fig, 1-22A), Each is described below in the 
context of the three principal functions of the ciliary 
body: (1) accommodation; (2) aqueous humour pro- 
duction; and (3) production of lens zonules, vitreal 
glycosaminoglycans and vitreal collagen. 
‘Accommodation 
The anterior two-thirds of the ciliary body is occupied. 
by the ciliary muscle which, in conjunction with the 
lens zonules (suspensory ligament) and the natural 
elastic nature of the lens fibres and capsule, functions 
to alter the refractive power of the lens, Histologically, 
the ciliary muscle in meridional sections consists of 
three groups of smooth muscle fibre bundles embed- 
ded in a vascular connective tissue stroma (Figs 1-18, 


and 1-22A). The stroma contains melanocytes, fibro- 
blasts, and occasional immune cells such as mast cells, 
macrophages and lymphocytes. 

The outer longituiinal muscle fibres are attached to the 
scleral spur and therefore indirectly to the corneascle- 
ral trabeculae anteriorly; posteriorly they are anchored. 
to the inner aspect of the sclera, The middle oblique or 
radial muscle fibres are continuous with inner corneo- 
scleral trabeculae. The inner circular muscle fibres (one 
of the three so-called ‘Maller muscles’ associated with. 
the eye and adnexa) appear as cross-sectional profiles 
in conventional meridional sections of the ciliary body 
(Figs 1-18C and 1-22A). A three-dimensional scheme 
has been proposed to explain the interrelationship 
between all three groups of muscle bundles; it appears 
that the fibres are all components of one interwoven, 
fibre network (see Fig. 1-23 for summary), 

The mode of action of the ciliary muscle is still 
controversial; however, it is generally agreed that 
during accommodation there is some degree of forward, 
and inward shift of the ciliary body, which serves to 
slacken the tension on the zonules, thus increasing the 
refractive power of the lens (see pp. 35 and 217) 


Action of the ciliary muscle on aqueous outflow. 
‘There is some evidence that contraction of the longi- 
tudinal ciliary muscle fibres causes an inwards and 
posterior movement of the scleral spur as well as an 
effect via extensions of these tendons to the inner wall 
of Schlemm’ canal, hence distending the inter- and 
intratrabecular spaces of the trabecular meshwork and. 
preventing collapse of Schlemm’s canal during periods 
of high pressure. These have heen proposed as modes 
of action of miotic drugs such as pilocarpine, which 
are used to increase aqueous outflow facility in patients, 
with glaucoma, 


Production of aqueous humour 
Aqueous humour is a clear colourless fluid actively 
secreted by the ciliary processes (for details of aqueous 
constituents see Ch, 5). The ciliary processes consist, 
essentially of delicate finger-like protrusions of loose 
vascular connective tissue covered by a bilaminar 
cuboida/columnar neuroepithelium, the outer pig- 
mented and inner non-pigmented ciliary epithelium, 
both derived embryologically from the double neuro- 
ectoderm of the optic cup (see Ch. 2). The morpho- 
logical basis of the blood-aqueous barrier is depicted 
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FIGURE 1-22 (A) Histological section of the ciliary body showing the two major regions; the pars plana (PP) andthe pars plcata (PPL) which 
Includes the eliary pracesses: CM, cliary muscle; I i; $, Schlemm's canal, (B) Scanning electran micrograph of te inner surface ofthe 
cilay processes (CP) and is (I). Arrows in (A) and (B), zonular fibres. (C) Low-power electron micrograph of the pigmented (PE) and non- 
pigmented ciliary epithelia (NPE) of a ciliary process. Note the large fenestrated blood vessel (V) and the lens zonules blending withthe basal, 
lamina ofthe non-pigmented epithelium. (D) Diagrammatic representation ofthis double layer of epithelium, which constitutes the malor site 
of the blood-aqueous barrier. Original magnifications: A, > 40; 8, x 45; C, x 1600. (Part A courtesy of WR. Lae and Springe-Verla ) 


in Figure 1-228, Aqueous humour is actively secreted 
by the inner non-pigmented ciliary epithelium whose 
apices are connected by junctional complexes includ- 
ing tight junctions, Macromolecules, having filtered 
through the highly permeable fenestrated stromal cap. 
illaries, pass between pigment epithelium cells held 
together only by punctate adherentes (macula 
adherentes)-like junctions or permeable band-like 
junctions (zonula adherentes), and are prevented from 
passing into the posterior chamber, The non- 
pigmented ciliary epithelium has morphological fea- 
tures characteristic of secretory epithelium, namely 
numerous mitochondria, and histochemically can be 


shown to contain enzymes, such as carbonic anhy- 
drase and ATPase, necessary for active fluid transport 
(see Ch. 4, p. 217). 


Production of zonules, vitreal collagen 

and vitreal hyaluronic acid 

The non-pigmented ciliary epithelial cells of the pars 
plana are cuboidal, columnar or irregular, depending 
on age and location. It is likely that these cells play a 
role in secretion of zonular fibres, the extracellular 
vitreal components, ie. collagen and hyaluronic acid, 
and the inner limiting membrane, especially during 
embryonic development, 
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FIGURE 1-28 Arrangement ofthe cay muscle bes as seen on 
external view with the sclera removed. (er Ron nd lisp, 
1954) 


Some inner non-pigmented cells ‘ti’ anteriorly, 
suggesting traction by the zonular fibres, The lens 
zomules (of Zinn) or suspensory ligament of the lens 
merge with the fibrous basal lamina material of the 
non-pigmented ciliary epithelium (Fig. 1-22C). The 
precise mode of zonule synthesis is still unclear, Tall 
non-pigmented ciliary epithelial cells in the pars plana 
have ultrastructural and histochemical features that 
indicate active hyaluronic acid secretion 


Blood supply of the ciliary body 
The blood supply of this region is derived from long, 
posterior ciliary arteries and anterior ciliary arteries 
The two long posterior ciliary arteries arise from the 
ophthalmic artery and after piercing the sclera near 
the optic nerve head they travel forward in the choroid. 
in the medial and lateral horizontal plane and divide 
in the ciliary body before anastomosing with anterior 
ciliary branches, thus forming the majar ‘citcle’ of the 
itis (see p, 217, and Fig, 1-36), From this circle arises 
muscular and recurrent choroidal branches and the 
‘numerous branches that form the vascular plexus in 
the ciliary processes, Venous return occurs predomi- 
nantly posteriorly through the system of vortex veins 
and less so through the anterior ciliary veins 


Nerve supply of the ciliary body 


The ciliary body has rich parasympathetic, sympa- 
thetic and sensory innervations, 


Parasympathetic innervation. Preganglionic neu- 
rone cell bodies are located in the Edinger-Westphal 
nucleus which lies posterior to the main oculomotor 
nucleus in the rostral midbrain at the level of the su- 
perior colliculus, Their axons travel in the oculomotor 
(UL) nerve and synapse with postganglionic cell bodies 
located in the ciliary ganglion, The postganglionic fi 
bres travel to the eye in the short ciliary nerves and. 
terminate as an extensive plesus in the ciliary muscle. 
‘The action is mecliated by acetylcholine on muscarinic 
receptors (see Ch. 6, p. 355) 


Sympathetic innervation. Pregangtionic neurone 
cell bodies are situated in the lateral grey horn of the 
first thoracic segment of the spinal cord. Preganglionic 
fibres relay in the superior cervical ganglion (adjacent 
to vertebrae C2 and C3, behind the internal carotid 
artery). Postganglionic fibres leave the ganglionsas the 
internal carotid nerve and plexus. These fibres may 
reach the orbit as either direct branches of the internal, 
carotid plexus oF by joining the ophthalmic division 
of the trigeminal and its main branch in the orbit, the 
nasociliary nerve. Sympathetic fibres may either pass 
directly to the retrobulbar plexus behind the eye or 
through the ciliary ganglion uninterrupted. From the 
ciliary ganglions, fibres are distributed via the short 
ciliary nerves to the blond vessels ofthe eye, including, 
the ciliary body. Some terminal filaments of the inter 
nal carotid plexus may also be distributed via the 
ophthalmic artery and its branches, The sympathetic 
action is mediated by the action of norepinephrine on. 
two subclasses of receptors, at, and B, adrenoceptors, 
both of which are inhibitory (see Ch. 6, p. 358) 


Sensory innervation. Sensory innervation is derived, 
from the nasociliary nerve; however, the function of 
these fibres is unknown, 


‘THE LENS AND ZONULAR APPARATUS 

The lens (Fig. 1-24) is a highly organized system of 
specialized cells (so-called lens fibres), which consti- 
tutes an important component of the optical system. 
of the eye and fulfils the important function of altering, 
the refractive index of light entering the eye to focus 
on the retina, While it has less refractive power (15 
dioptres) than the cornea, the lens has the ability to 
change shape, under the influence of the ciliary 


muscle, and thus alter its refractive power. The range 
of dioptric power diminishes with age (8 at 40 years, 
1-2 by 60 years). The transparency of the lens is due 
to the shape, arrangement, internal structure and bio- 
chemistry of the lens cells or lens fibres. 


Position, size and shape 


The lens, enclosed in its capsule, lies behind the iris 
and in front of the vitreous body. It is encircled by the 
ciliary processes and held in position by the zonular 
fibres laterally, the anterior vitreous face posteriorly 
(patellar fossa), and the iris anteriorly (see Fig. 1-10). 
It is normally transparent and avascular following, 
regression of the pupillary membrane and tunica vas- 
culosa lentis late in fetal development (see Ch. 2). It 
receives its nourishment from the aqueous and vitre- 
ous humours, It is a biconvex, ellipsoid structure 
with differing radius of curvature on the anterior and. 
posterior surfaces. The anterior curvature is approxi- 
mately 10 mm (range 8-14 mm) and the posterior 
curvature is approximately 6 mm (range 4.5-7.5 mm). 
The centre points of these surfaces, described as the 
anterior and posterior poles, are connected by an ima 
nary ais. The anterior pole lies 3 mm from the pos- 
terior comeal surface, The anterior and posterior 
surfaces are separated by the equator, which has a 
ridged (indented) appearance caused by the zonular 
fibres. In the adult eye the lens measures approxi- 
mately 10 mm in diameter and has an axial length of 
4mm. The lens continues to grow (0.023 mm per 
year) and alters shape throughout life. It hecomes 
rounder with age, especially after the age of 20 years 


Structure 


The lens comprises three parts: (1) the capsule; (2) 
anterior or lens epithelium; and (3) the lens fibres 
(Fig. 1-244,D). 


Lens capsule. The lens capsule isa thickened, smooth, 
basement membrane produced by the lens epithelium 
and lens fibres. It completely envelops the lens and 
has regions of variable thickness, being thickest pre- 
and post-equatorially (17-28 jim) and thinner at the 
posterior (2-3 jim) than at the anterior pole (9-14 jim) 
Ultrastructural examination reveals a fibrillar or lamel- 
lar appearance, The interfibrillar matrix consists of 
basement membrane glycoproteins (type IV collagen) 
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and sulphated GAGs which are responsible for its 
prominent periodic acid-Schiff-positive staining prop- 
erties in histological sections. It possesses elastic prop- 
erties and, when not under tension of the zonules, the 
capsule together with the cortex causes the lens to 
assume a more rounded shape. 


Lens epithelium. This is a simple cuboidal epithe- 
lium (Fig, 1-24A,D) restricted to the anterior surface 
of the lens, The cells hecome more columnar at the 
equator. As they elongate, the apical portion comes to 
lie deeper to other, more anteriorly positioned, lens 
cells, These elongated lens cells are known as lens 
‘fibres’ (Fig, 1-24D), The manner in which equatorial 
lens epithelial cells are transformed into lens fibres is 
depicted in Figure 1-24A. The cell nucleus and cell 
ody sink deeper into the lens as further cells are laid 
down externally: Mitotic activity is maximal in the 
pre-equatorial and equatorial lens epithelium, known 
as the germinative zone (Fig. 1-2-4) 


Lens fibres. While each lens fibre is only a4 x 7 jim 
hexagonal prismatic band in cross-section (Fig, 1-24C), 
it may be up to 12 mm (12 000 im) in length, The 
apical portion of the elongated lens cell (or lens ‘fibre’) 
passes anteriorly, the basal portion posteriorly. The cell 
nucleus migrates anteriorly as the cell is pushed 
deeper in the lens, hence creating the anteriorly ori- 
ented lens bow (Fig, 1-24D). The meridionally oriented 
lens fibres extend the full length of the lens, meeting 
at the anterior and posterior sutures (Fig, 1-244). 
Deeper (hence older) lens fibres are anucleate, Con- 
tinual growth of the lens, by addition of superficial 
strips of new cells, produces a series of concentrically 
arranged laminae, similar to the layers of an onion 
(best seen by dissecting a fixed or frozen lens). In life, 
the outer cortex of the lens has a softer consistency 
than the hard central nucleus 

Lens fibres are tightly packed with little intercel- 
Iular space. Neighbouring cells are linked by ball-and- 
socket cytoplasmic interdigitations (Fig. 1-24B,C) and. 
‘numerous gap junctions, The junctions may aid main- 
tenance of centrally positioned cells (via intercellular 
and molecular coupling or metabolic cooperation) 
some distance from the source of nutrition (aqueous 
humour), Superficially located lens fibres are rich 
in ribosomes, polysomes and rough endoplasmic 
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Lens suture 


FIGURE4-24 (A) The structure o the lens: CZ, central zone; GZ, germinative 
zone; TZ transitional zane; LE, lens epithelium; EQ, equator; LB, lens bow 
(Cp, capsule; AC, adut cortex; AN, adult nucleus; FN, fetal nucleus; 
EN, embryonic nucleus. (B and ¢) Scanning electron micrographs of 
lens flores in longitudinal section (B) and in cross-section (C). Note the 
tooth and peg’ arrangement interiocking the adjacent lens flare surfaces, 
(0) Histological section of the equatorial region of the lens showing the 
Crientation ofthe lens fibres, the lens capsule, lens epithelium and lens bow 
(arrows) Original magnifications: B, x 2500; C, x $000; D, x 150. 


reticulum, and actively synthesize unique lens pro- 
teins, lens crystallins (see Ch. 4); however, the cyto- 
plasm of mature lens fibres appears homogeneous. 
Lens fibres are rich in cytoskeletal elements oriented 
parallel to the long axis of the cell 


Lens zonules (zonular apparatus) 


The lens is held in position by a complex three- 
dimensional system of radially arranged zonules 
Gonules of Zinn or the suspensory ligament of the 
lens) (Fig, 1-25). These delicate fibres are attached to 
the lens capsule 2 mm anterior and 1mm posterior 
to the equator, and arise from the pars plana region of 
the ciliary epithelium and pass forward closely 
related to the lateral surfaces of the ciliary processes 
(Fig. 1-25A.B). In humans, the zonules transmit the 
forces that flatten the lens, allowing the eye to focus 
on distant objects. However, the zonules are also 
present in non-accommodating species, where they 
presumably play a role in lens centration. 

The zonules consist of dense, glassy bundles 
5-30 jim in diameter. Each bundle consists of a series 
of fine fibres (0.35-1 im in diameter), themselves 
composed of 10-12 nm diameter microfibrils, Bio 
chemically, the zonules are unique, most closely 
resembling the periodontal ligament of the teeth, Pro- 
teomic analysis has revealed that the zonules are com- 
posed principally of fibrin, a 350 kDa cysteine-rich. 
glycoprotein, The zonular fibres are synthesized by 
cells of the non-pigmented ciliary epithelium. At their 
proximal end they emerge from the basal lamina of the 
ciliary epithelial cells. The distal portions of the 
zonular fibres connect to the lens capsule near the lens 
equator. In humans, the fibres appear to insert directly 
into the capsule and their tips can be seen to terminate 
below the capsular surface, The lens zonules are syn- 
thesized and maintained by cells in the non-pigmented 


BOX 1-13 CLINICAL CORRELATES 


Caranact 

Cataract isthe loss of normal lens transparency, besides 
the normal age-related yellowing, and may be caused by 
‘cumulative damage by ultraviolet light or perturbations in 
lens fire biochemistry. Opaciication may be the result of 
‘damage or disruption of the capsule, the lens fibre 
‘configuration or the lens epithelium (see Ch. 9). 
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ciliary epithelium. The zonule is synthesized during 
embryonic and early postnatal development and it 
likely that zonular proteins turn over slowly, if at all 


Accommodation. In the non-accommodated state, 
the ciliary body maintains tension on the zontiles 
During accommodation, movement of the ciliary body 
causes slackening of the zonules, whereupon the lens 
assumes an increased anterior curvature, with result- 
ant increase in refractive power, owing to elasticity of 
the lens capsule and the outer cortical layers, Some 
authorities believe that there are two sorts of zonuiles: 
main zonules and ‘tension’ zonules, the latter being 
placed under tension during accommodation 

Posterior zonules are closely associated with the 
collagenous material of the anterior hyaloid mem- 
brane. Zonules running perpendicular to the main 
zonuile stream form circumferential bands near the 
base of the ciliary processes or in the pars plana (pos- 
terior zonular girdle) and over the apices of the ciliary 
processes (anterior ciliary girdle) 


ANTERIOR AND POSTERIOR CHAMBERS 

The cavity anterior to the lens and lens zonules is 
divided into two chambers by the iris. These two 
chambers, the larger anterior and smaller posterior, 
communicate through the pupil. The boundaries of 
these two chambers are shown in Figure 1-26, 


Posterior chamber 


This is a very small irregularly shaped space whose 
size varies during accommodation, It is approximately 
triangular with its apex at the pupil margin; the base 
is formed by the ciliary processes: the posterior border 
is the lens and zonular apparatus; and the anterior 
border is the posterior surface of the iris. Aqueous 
humour secreted by the ciliary processes continually 


BOX 1-14 CLINICAL CORRELATES 


Ectopis lentis in Marfan syndrome 


In humans, mutations in the fbrilin-t gene cause Marfan 
‘syndrome, a condition characterized by disturbances in 
‘connective tissue and skeletal elements. In these patients 
the zonules are disrupted and the lens dislocated or 
‘malpositioned within the eye ~a condition known as 
ectopis lenis. 
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enters this chamber before passing through the pupil 
into the anterior chamber. 


Anterior chamber 


The anterior chamber is bound in front by the cornea 
and posteriorly by the anterior iris surface and the 
Pupillary portion of the lens. The lateral recess of the 
anterior chamber is formed by the iridacorneal angle 
occupied by the trabecular meshwork, The anterior 
chamber is deepest centrally (3 mm) and contains 
approximately 250 HL of aqueous humour. Aqueous 
humour is produced at around 2~4 tL/minute. A little 
passes back into the vitreous; however, the bulk flow 
of aqueous is from the posterior chamber through the 


Lens 
zonule 


FIGURE 1-25 Arrangament of the zonular fibres. (A) Macroscopic 
view of ciliary processes (CP) and intervening lens zonules (arow- 
heads) inserting into the lens capsule in & monkey eye: PP, pars 
plana; L, lens. (B) Arrangement of the different groups of lens 
zonules.(C) Electron micrograph showing the close association of 
zonular fibres (F) 0 the non-pigmented epithelial celis (NPCE) ofthe 
cliry processes. Note the material similar to zonular fibres beneath 
the basal lamina ofthe epithelium (arrowheads). Original magnifca- 
tions: A,» 24; , x 10 500, 


BOX 1-15 CLINICAL CORRELATES 


‘Ageing changes in the eye: presbyopia 
This condition may develop around the age of 40-50 years 
‘when the elasticity ofthe lens markedly decreases and 
there is associated atrophy ofthe cliry muscle fibres; 
‘consequently, the ens falls to change shape sufficiently 
‘during accommodation. This becomes evident as 
decreasing abiity to read, L¢, use near vision, 


pupil into the anterior chamber. The aqueous humour 
is drained from the anterior chamber via the conven- 
tional and non-conventional routes (see p. 21), 
Aqueous humour has two principal functions. It is 
the medium by which the necessary metabolites are 


(Cary process 


FIGURE 1-26 Diagram of the anterior segment of 
the eye. The major pathway followed by aqueous 
‘humour from the posterior chamber (PC) to the ante- 
rior chamber and outflow pathways is shown by 


transported to the avascular lens and cornea. It also 
removes taxic metabolic waste products of the comea 
and iris. Second, it has a hydromechanical function in 
maintenance of intraocular pressure, This pressure 
depends on the balance between the rate of produc- 
tion of aqueous humour and its resistance to drainage. 
These two properties of aqueous humour, together 
with the fact that it is transparent, are necessary for 
the normal functioning of the eye (see p. 222) 


THE VITREOUS 


The vitreous cavity (Fig. 1-27) is the largest cavity of 
the eye (two-thirds the volume of the eye, weight 
3.9 g) and contains the vitreous humour or vitreous. 
It is bound anteriorly by the lens, posterior lens 
zonules and ciliary body, and posteriorly by the retinal 
cup. The vitreous is a transparent viscoelastic gel that 
is more than 98% water, with a refractive index of 
1,33, Its viscosity is two to four times that of water. 
The main constituents of the vitreous, besides water, 
include hyaluronan (hyaluronic acid), collagens type 
Il and 1X, fibronectin, fibrin and opticin, The gel 
structure of the vitreous body is dependent on the 
collagenous constituents and not the hyaluronan, The 
fine-diameter type I collagen fibres (8-12 nm in 
diameter) entrap large coiled hyaluronan molecules 
(see p. 240) 

‘The vitreous is shaped like a sphere with an ante~ 
ior depression, the hyaloid fossa (also known as 
the patellar or lenticular fossa) (Fig, 1-27A). The 
vitreous is traditionally regarded as consisting of 
two portions: a cortical zone, characterized by more 
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“Tabecular meshwork 


Schlemmis canal 


Va 


Prelentiouar 


Antec vitous 
face or membrane 


A Opti sk 

FIGURE 1-27 (A) Diagram summarizing the anatomical zones ofthe 
vitreous (PZ, preretial zone; IZ, intermediate zone; RZ, retrolental 
zone) and the major vial candansations (the retrolental trac, pre- 
retinal tract, vitreous base, anterior tyalod face, vitreous corte) 
(B) Higher power ofthe anterior vitreous face and its ration to the 
clay body and iis 


densely arranged collagen fibrils, and a more liquid 
central vitreous, The vitreous can be further subdhi- 
vided for descriptive purposes into three 
major topographical zones, as shown in Figure 
127A, 
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The cortical vitreous is attached by condensation 
of fine collagen fibrils at several points around its 
margin to (Fig. 1-27A.B): 

+ the peripheral retina and pars plana via the vitre- 
cus base, a 3+ mm wide band 

+ the posterior lens capsule (ligamentum hyaloide 
capsulare) 

+ the retina along the margins of the optic disk 
(base of the hyaloid canal), although this is dis- 
pitted (Sebag, 2004) 

+ the inner limiting membrane of the retina, espe- 
cially near retinal vessels (most variable and 
weakest of attachments). 

The central vitreous possesses less collagen than corti- 
cal vitreous, It is traversed by a central fluid-filled 
canal (hyaloid or Cloquet’ canal), which represents 
the remnants of the course taken by the hyaloid artery 
that supplied the vitreous and lens in the fetal eye (see 
Ch, 2), The retrolental and intermediate zones in the 
human eye are semi-liquid. The existence of an 
ordered, organized, vitreal structure is still controver- 
sial owing to the problems of studying a gel that is 
98,5-99.7% water, 

The human vitreous begins to degenerate at ado- 
lescence, leading to the appearance of liquid-filled 
cavities and fibrillar strands, such as the retrolental, 
preretinal and other named tracts of significance only 
to vitreal specialists. Most of the central tracts (except 
preretinal) are mobile and change during eye move- 
ments, The posterior vitreous cortex may possess 
zones of reduced density or ‘cortical holes’ or pockets, 
that, if present, occur close to the fovea, retinal vessels 
and any developmental anomalies, While these are 
normal features, secondary pathological holes may 
develop following various disease processes. 


Vitreous cells (Fig. 1-284,8) 
The vitreous is essentially acellular; however, ocea- 
sional isolated cells may occur in the cortex, particu- 
larly near the vitreous base, optic disk and retinal 
vessels. Cells known as hyalocytes, which have the 
morphological, ultrastructural, immunophenotypic 
and functional characteristics of bone marrow-derived 
macrophages, are the main cell type in the vitreous. A 
marked vitreal cellular infiltrate is indicative of patho- 
logical o inflammatory processes in adjacent tissues, 
e.g, uveoretinitis. 


BOX 1-16 CLINICAL CORRELATES 


Posterior vitreous detachment 


‘The thin potential (subhyalold or sublaminar) space 
between the surface ofthe cortical vitreous and the retina 
‘may fil wth fui in cases of viteous detachment. The 
vitreous may detach relatively easy in the posterior 
‘segment where it is less weakly bound tothe retina, The 
fluid may accumulate rapidly in the case of 
‘hegmatogenous vitreous detachment and more slowly 
\where the cortex isnot ruptured (arrhegmatogenous 
vitreous detachment). The former is an age-related change 
in the viteous. Vitreous detachment may predispose to 
retinal detachment (see Ch. 9). 


RETINA AND RETINAL PIGMENT 

EPITHELIUM (Fig. 1-29) 

‘The retina is the innermost of the three coats of the 
eye, This layer is in the focal plane of the eye’ optical 
system and is responsible for converting relevant 
information from the image of the external environ- 
ment into neural impulses that are transmitted to the 
brain for decoding and analysis, It consists of two 
primary layers: an inner neurosensory retina and an 
outer simple epithelium, the retinal pigment epithelium. 
(RPE). These two layers can be traced embryologically 
to the inner and outer layers of the invaginated optic 
cup (see Ch, 2), In the adult they are continuous 
anteriorly with the epithelial layers over the ciliary 
processes and posterior ris surface (See p, 28). Between 
the neural retina and RPE is a potential space, the 
subretinal space, across which the two layers must 
adhere, The neural retina is firmly attached only at its 
anterior termination, the ora serrata, and at the 
margins of the optic nerve head. 

The retina is bound externally by Bruch’ mem- 
brane and on its internal aspect by the vitreous (Fig, 
1-26). Ibis continuous with the optic nerve posteriorly, 
the site of exit of ganglion cell axons from the eye 


Regions of the retina 
Before considering the histological structure of the 
individual retinal layers (Fig. 1-29) and their constitu- 
ent cell types, it is important that the reader appreci- 
ates the regional or topographical variations of the 
human retina (Fig. 1-30A,B) 

There is often confusion regarding the terminology 
of the regions of the retina owing to the use of differing, 


FIGURE 1-28 (A) Section of the inner retina in primate eye showing ahyalocyt, 


retinal whole mount). 


FIGURE 1-29 Low-power micrograph of the human retina (resin 


histology): arrows, retinal vessels. Orginal magnification: »150. 
Abbreviations: see Fig. 1-320, 


terms by clinicians and anatomists, Figure 1-30A gives 
a summary of both terminologies. 

L. The posterior pole or central retina (anatomically, 
area centralis) is a 5-6 mm diameter circular 
zone of retina situated between the superior and 
inferior temporal arteries. This region is cone~ 
dominated and is characterized histologically by 
the presence of more than a single layer of gan- 
lion cell bodies, 

2, Themaculalutea (anatomically, fovea) isa 1.5 mm 
diameter area in the posterior pole, 3 mm lateral 
to the optic disk. It is partly yellow as a result 
of yellow screening xanthophyll carotenoid 
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3) CO169-hyalooyts in the rat subhyaloid space (plan view, 


pigments (zeaxanthin and lutein) in the cone 
axons. This may setve to act as a short wave- 
length filter protecting against UV irradiation. 
The fovea centralis (anatomically, foveola) is a 
central 0,35 mm wide zone in the macula, con- 
sisting of a depression surrounded by slightly 
thickened margins, Cone photoreceptors. are 
concentrated here at maximum density to the 
exclusion of rods, The inner retinal layers in the 
‘margins of the pit (clivus) are displaced laterally 
(Fig. 1-30). The foveal retina is avascular and. 
relies on the choriocapillaris for nutritional 
support 

The optic disk lies 3 mm medial to the centre of 
the macula (fovea). There are no normal retinal 
layers in this zone (blind spot) as ganglion cell 
axons from the retina pierce the sclera to enter 
the optic nerve. This pale pink/whitish area is 
1.8 mm in diameter with a slightly raised rim, 
The central retinal vessels emerge at the centre 
of the optic disk, pass over the rim, and radiate 
‘out to supply the retina (Figs 1-30 and, below, 
1-344). The vein usually lies lateral o the artery 
The peripheral retina is the remainder of the 
retina outside the posterior pole. The distance 
from the optic disk to the ora serrata is 
23-24 mm on the temporal aspect and approxi- 
mately 18,5 mm on the nasal aspect. The 
peripheral retina is 110-140 jim in thickness, 
rich in rods, and possesses only one layer of 
ganglion cell bodies, 
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[0295] ‘Thus taking the change ofthe electron (e), using the 
‘equation for the Bohr magneton and the effects of quantum 
gravity such that gravitational change in radius ise". The 
magnetic moment of the electron is given by: 


echt i e2ae(1 47 


[0296] This gives an electron magnetic moment to Bohr 
magneton ratio of 1,00115968. Thus the mathematical term 
for the magnetic moment ofthe electron is given, avoiding, 
the arbitrary and dubious term 0.328c7% used in the 
standard equation, simply by accounting for quantum grav- 
ity 

[0297] It is now possible to unite the equations for gravity 
‘and magnetism by substituting the fandamental Key equa 
tions of quantum gravity. Thus if: he3m,c? (eq. 1b) and 
1m,=m,p, (eq. 2). Then we can express the magnetic moment 
of any particle with the charge ofthe electron, including the 
proton, in terms of the number of quintessences (n,) in that 
particle 


Bosca): «, 


[0298] Given that the postulated structure of the graviton 
is: (p=ale) (eq, 42), then substituting we have 

asectiqn, @s) 
[0299] Showing that the equations for the magnetic 
moment are compatible with the gravitational equations 
‘given earlier. Principally, the quintessential equations now 
allow the determination of the magnetic moment of any 
charged object from the equation for the graviton and 
directly from the number of quintessences it contains, In 
‘conventional physics the magnetic moment of the electron 
requires @ correction factor, (1+(cv2ne)-0.32807/7"), to 
derive the correct experimental value, These observations 
herein, indicate that the correction factor is more logically 
(142°), where ei the general relativistic increase in ra 
‘around a gravitational body. This suggests that magnetism is 
not only affected by gravity, but can, as shown as above, be 
derived using the quantum gravitational equations. 


[0300] Quantum Gravity and Special Relativity 


[0301] Ordinary matter passing through the lattice would 
produce gravitons which would interact with space-time as 
described by general relativity. The quantity of gravitons 
‘would be determined by the apparent mass and in tum these 
‘would apparently curve space time. The geometry of this 
“curvature” is elegantly described by general relativity using 
Riemann geometry, specifically using metric tensors 
Intriguingly the metric tensor is not a single number, but at 
‘each point in space time it is required to consist of a 
collection of fen numbers, Consequently, ten dimensional 
space-time hypotheses, such as this or superstring theory, 
may automatically ty 


[0302] General relativity is indeed very elegant, neverthe- 
Tess there was a logical step yet to answer. That is, how do 
gravitons shape space time? This can now be readily 
answered by considering the interaction of a three dimen- 
sional space time lattice with gravitons themselves to pro- 
‘duce the effects of gravity. The effects of gravity are as such 
to compel a body in motion towards the gravitational abject 
‘and to a much smaller extent visa versa, This elfect can only 
be produced If gravitons repel quintessence (the constituents 
of the 3D lattice). Indeed, it has been stated that in order to 
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explain cosmic inflation and the “flatness” of the Universe 
that quintessence must shun (or be shunned by) matter. 


[0303] In descriptive terms a body close to a large mass 
will have a tendency to move toward it because the three 
dimensional lattice would be less dense as it approached the 
surface of the large mass, Overall there would be less 
resistance to motion in the direction of the large mass, and 
the motion in this direction would be facilitated by the 
vibration of quintessence. 


[0304] _ In general relativity the principle governing m 
is the geodesic of least distance, this can be re-expressed 
using similar equations using least action. Furthermore, the 
concept of motion due to the vibrations of quintessence is 
‘more logically and experimentally compelling, 


[0308] These observations can now be used to link general 

and special relativity, Thus as we approach the speed of 

light, the mass of an object travelling through the space-time 

lattice would approach infinity, directly because the number 

‘of quintessences passing through a body would increase 
increasing velocity, hence the equation: 


mami"? 6 

mami? Mg? 0 
[0306] In turn this would generate increasing gravitons 
and accordingly this would explain the observed effects of 
special relativity. Time itself is due to passage through the 
space-time latice, and where the space-time latice is di 
persed by gravitons, time and length are reduced wi 
increasing velocity and hence increasing space-time laitice 
dispersion, similar to the way in which gravity alters space 
time 


[0307] As a result 

P12), fee)!2 
[0308] ‘Thus resulting in the effets of special relativity 
[0309] Quintessence and Black Holes 
[0310] | To address the relationship of the space-time lattice 
to gravity directly, itis important to discuss the concept of 
quintessence with regard to general relativistic equations. 
The standard general reativistic equation for the apparent 
increase in radius (r) due to the curvature of space time 
around a gravitational object, which has also been previ- 
ously derived from first principles (eq. 36), is: 
mse 6 
[0311] This can also thus be written a 

SrG Mee] 6D 
[0312] This standard equation, is in keeping with the 
above observations. Specifically, a the mass increases, €y 
increases, in tur the ra ‘appear to increase (rel 
02). 


[0313] The above observations now allow us to examine 
the effects with regard to the interior of black holes th 
selves. The event horizon would represent a critical densi 
for quintessence, in which light could not escape. The 
‘Schwarzschild radius would now be given by: 


Ro2GMead 


[0314] ‘The event horizon will occur atthe point at which 
there is less resistance fo circular motion than motion in a 
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BOX 1-17 CLINICAL CORRELATES 


Retinal detachment 


In this condition the neural retin separates from the 
retinal pigment epithelium (RPE) thus reopening the 
embryonic intrarenal space or optic ventricle (analogous. 
to the ventricles of the brain), known in the adult asthe 
-subretnal space. Proteinaceus exudate tends to 
accumulate inthe newly formed space (see Ch, 9). 
‘Adhesion ofthe neural layer and RPE is normaly 
‘maintained by negative pressure, viscous proteoglycans in 
the subretinal space and electrostatic forces. 


6. The ora serrata is the scalloped or dentate ante- 
rior margin of the sensory retina, At this transi- 
tion zone, the neuroretina is continuous with 
the columnar non-pigmented epithelial cells of 
the pars plana. The ora serrata is around 1 mm 
closer to the limbus on the nasal than on the 
temporal side, 

For descriptive purposes, the retina is divided into 

nasal and temporal halves by a vertical line through, 

the fovea, The optic nerve head is often used as a 

central point to describe the retina as having supero- 

and inferonasal and supero- and inferotemporal quad- 

rants, The area ofthe retina isapproximately 1250 mm 

and varies in thickness from 100 im (periphery) to 

230 im (near the optic nerve head) (Fig, 1-308), 


Retinal pigment epithelium (Fig. 1-31) 


The retinal pigment epithelium (RPE) is a continuous 
monolayer of cuboidalcolumnar epithelial cells, 
which extends from the margins of the optic nerve 
head to the ora serrata, where it is continuous with 
the pigment epithelium of the pars plana, This cell 
layerhasmany physical, optical, metabolic/biochemical 
and transport functions, which play a critical role in 
the normal visual pracess (Fig. 1-31). These include: 
maintaining adhesion of the neurosensory retina; pro- 
viding a selectively permeable barrier between the 
choroid and neurosensory retina; phagocytosis of rod, 
and to a lesser extent cone, outer segments; synthesis, 
of interphotoreceptor matrix; absorption of light and. 
reduction of light scatter within the eye, hence improv- 
ing image resolution; and transport plus storage of 
metabolites and vitamins (especially vitamin A). The 
complex morphology of this neuroectoderm-derived 
epithelium reflects these multiple functions 


ANATOMIC TERMS 
rea cantalis 


FIGURE 1-30 (A) Anatomical and clinical terminology used to 
describe the regions of the retina: STA, superior temporal artery; ITA, 
inferior temporal artery; SNA, superior nasal artery: INA, inferior 
nasal artery; CRA, central retinal artery. (B) Regioal vaiations in 
retinal thickness. (C) Section of the retina at the fovea. Original 
‘magnification: x 150, (Courtesy a . Alken and WA. Lee) 


Cell size, shape and structure (Fig. 1-31). The 
RPE cells vary in size and shape depending on age and. 
location, being more columnar in the central retina 
(4pm tall, 10m wide) and more flattened 
(10-14 im tall, 60 jim wide) in the peripheral retina 
The basal aspect of the cells lies on Bruch’ membrane 
and their apical surface is intimately associated with 
the photoreceptor outer segments (Fig. 1-31A.8). 
When examined en face they form a highly organized 
hexagonal pattern of homogeneously sized cells (Fig 
1-310). The number of RPE cells per eye varies from 
4.2 million to 6.1 million. The correlation between 
structure and function of this monolayer is summa- 
rized diagrammatically in Figure 1-314. 


Neurosensory retina (Figs 1-29 and 1-32) 
The neurosensory retina is a thin transparent layer of 
neural tissue that in life has a red/purple tinge due to 
the presence of visual pigments; however, after death 
and in fixed specimens, i is white or opaque and often 
detached from the underlying RPE. Light stimuli are 
converted into neural impulses in the retina. These 
impulses are then partially integrated locally before 
transmission to the brain via the ganglion cell axons 
in the optic nerve. An appreciation of the anatomy of 
the neurosensory retina is crucial to an understanding 
of the physiology of vision (see Ch. 5). 

The retina consists of several cell types among 
which neural cells predominate; other cell types 
include glial cells, vascular endothelium, pericytes and. 
microglia. The three principal neurone cell types that, 
relay impulses generated by light are photoreceptors, 
bipolar cells and ganglion cells, and their activity is 
modulated by other cell types such as horizontal cells, 
amacrine cells, and possibly by non-neuronal ele- 
‘ments. It is the culmination of this neural processing 
concerning the visual image that is eventually trans- 
mitted to the brain along the optic nerve. Retinal cells 
are arranged in a highly organized manner, and in 
histological sections appear as eight distinct layers that 
include three layers of nerve cell bodies and two layers 
of synapses, The arrangement as seen in conventional 
histological section is shown in Figure 1-29 and the 
ultrastructural appearance is shown in Figure 1-324. 
A simplified schematic diagram of retinal circuitry is 
shown in Figure 1-328, Each of the principal cell types 
is described briefly below 
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BOX 1-18 AGEING CHANGES IN THE RETINAL 
PIGMENT EPITHELIUM 


‘The retinal pigment epithelium (RPE) has ow regenerative 
‘capacity inthe normal human eye; therefore, cell oss is 
‘accommodated by hyperplasia of acjacent cls. Thus, in 
older eyes, the regular hexagonal array is lost and a 
‘heterogeneous mixture of sizes and shapes is more 
‘evident. Aso evident with age is an increas in iptuscin 
‘within the RPE which eisplays autfluorescent properties. 


Photoreceptors (Fig. 1-33) 


There are two types of photoreceptor in the human 
eye: rods and cones. They are situated on the outer or 
‘sclerad’ aspect of the retina, There are approximately 
115 million rods and 6.5 million cones in the human 
eye, Rods are responsible for sensing contrast, bright- 
ness and motion, while cones subserve fine resolution, 
spatial resolution and colour vision (see Ch. 5). The 
density of rods and cones varies in different regions of 
the retina, the periphery being rod-cominated (30 000/ 
mm*) while cone density increases nearer the macula 
(150000/mm? at the fovea), the fovea being exclu- 
sively cones 

Each photoreceptor consists of a long narrow cell 
with an inner and outer segment joined by a connect- 
ing stalk consisting of a modified cilium (Fig. 1-33) 
These inner and outer segments are ‘separated’ from 
the cell body by the outer limiting membrane, The 
nucleus is situated in the outer nuclear layer of the 
retina and axons pass into the outer plexiform layer 
where they form synaptic terminals (cone pedicle or 
rod spherule) with bipolar cells and interneurones 
(horizontal cells) (Fig. 1-328). The outer segments of 
rods and cones are shaped precisely as their name 
implies, They contain the visual pigments that are 
responsible for absorption of light and initiation of the 
neurvelectrical impulse 


Rod cells. Rods are long (100-120 jim) slender cells 
whose outer segment contains the visual pigment tho- 
dopsin sensitive to blue-green light (maximal spectral 
sensitivity 496 nm). Rods are highly sensitive pho- 
toreceptors and are used for vision in dark-dim condi- 
tions, The rhodopsin is contained within the 
membrane-bound lamellae or disks (up to 1000 per 
cell, 10-15 nm thick) that are enclosed by a single cell 
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FIGURE 1-31 (A) Diagram summarizing the main ultrastructural features ofthe retinal pigment epithelium (RPE). (B) Transmission electron 
micrograph of human RPE layer: CC, chariocapilrs; BM, Bruch’s membrane. (C) Scanning electron micrograph ofthe apical surace of the 


retinal pigment epithelium. Nate the hexagonal shape 
of the apical cll membrane. Original magnifications: B 


nd the ovoid melanin granules, aly visible because of post-morlem-induced disruption 
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FIGURE 1-33 Diagram and matching ultrastructural features of pho- 
toreceptors: rod (left-hand panel) and cone (right-hand pane). 
(A) Rod sohecule. (B) Cin at junction of rod inner and outer 
segment. (C) Disk lamellae in rd auter segment. (D) Cane pedicle 
with rows of synaptic ribbons or triads. (E) High pawer af triad-type 
synapse in a cone pedicle. (F) Cone outer segment and connecting 
cium, (G) Scanning electron micrograph of human photoreceptors: 
C, cone; ONL, outer nuclear layer. Original magnifications: A, > 
414 000; B, x 28000; 6, x 34 000; B, x 10 000; E, x 82 000; Fx 
28 000: G, x 1700. 


membrane (a conceptually useful analogy is to liken 
them to coins stacked inside a stocking), Each outer 
segment is only 1-1.5 jim in width (Fig, 1-33A-C,G) 
and 25 yim in length. The disks are produced at the 
base of the outer segment (the ciliary connection) and. 
over the course of 10 days travel to the tips, which are 
enclosed by the apical microvilli of the RPE, Here they 
are phagocytosed by the RPE cells in a circadian 
manner (predominantly shed in the early morning). 
The rods are separated by 2 modified extracellular 
ground substance known as_interphotoreceptor 
matrix, which contains a 135 kDa glycolipoprotein, 
interphotoreceptor binding protein (IRBP), The inner 
half of the inner segment is known as the myoid, the 
outer half the ellipsoid (3 jim in length). The ellipsoid 
is connected to the outer segment by a modified 
cilium (nine doublet microtubules without a central 
pair) (Fig, 1-338) whose basal body is situated in the 
ellipsoid, The cilium represents the embryological 
vestige of the ciliated neuroepithelial cells that line the 
primitive retinal or optic ventricle (see Ch. 2), The 
cilium acts as a conduit for metabolites and lipids 
between the inner and outer segments, The remainder 
of the ellipsoid contains numerous mitochondria, 
indicative of the high metabolic activity of these cells. 
The myoid region contains numerous organelles 
including Golgi apparatus, smooth endoplasmic retic- 
ulum, microtubules and glycogen, evidence of a meta 
bolically and synthetically active cell, 


Cones (Fig. 1-33D-F), In most diurnal animals two 
spectrally distinct cone types exist (one maximally 
sensitive to short wavelengths and one to long wave- 
lengths; known as dichromatic retina); however, in 
diurnal Old World primates, apes and humans, a third 
type exists (trichromatic retina). The three types are 
generally referred to as blue, green and red (or the 
short, medium and long wavelength) sensitive cones. 
Cone onter segments are generally shorter than rods 
and are so called because they are generally conical 
(6 pmat the base, 1,5 jim at the tip); however, in the 
fovea they are long, slender and tightly packed (see 
Fig, 1-30C). The lamellae or disks in cones are not 
surrounded by a plasma membrane in the same 
manner as rods but are in free communication 
with the interphotoreceptor space, Cone disks have 
a greater lifespan than rods and are not produced in 
the same manner; in addition, they do not undergo 
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Circadian phagocytosis by the RPE cells, They are sur- 
rounded by the long villous melanin-containing apical 
processes of the RPE, 

Cones are about 60-75 yim in length. The outer 
segment is connected to the mitochondria-rich ellip- 
soid region (containing around 600 mitochondria per 
cell) of the inner segment by a cilium similar to that 
described in rods (Fig, 1-33F). The cell body of the 
cone can be easily identified histologically in the 
sclerad aspect of the outer nuclear layer because of its 
large pale-staining nucleus and perinuclear cytoplasm 
(Figs 1-29 and 1-32A), 

The cell bodies of rods and cones are connected by 
an inner fibre to specialized expanded synaptic termi- 
nals, known as spherules and pedicles, respectively: 
These synapse with bipolar and horizontal cells and 
contain many highly specialized presynaptic vesicles, 

Rod spherules lie more sclerad than the cone pedi- 
cles and are deeply indented by bipolar and horizontal 
cell processes (telodendria). A specialized region 
known as a synaptic ribbon is present between two 
adjacent nerve fibres. The horizontal cell telodendria 
penetrate deeply into the spherule; the bipolar cell 
dendrites (from one to four cells) have a shallower 
penetration. Up to five processes may be embedded 
in one spherule (Fig, 1-33A), There is no apparent 
contact between rod spherules; however, cone pedi- 
cles may be connected by gap junctions. 

Gone pedicles are broader than rod spherules 
(7-8 ym) and have a pyramidal shape. In the cone 
pedicle there are up to 12 indentations, each of which. 
contains three neuronal terminals (ériad) (Fig 
1.33D,£). The central process in each triad isa midget 
bipolar cell dendrite (each may have multiple contacts 
with the same pedicle; Fig. 1-328). The laterally dis- 
posed processes in the triad are horizontal cell proc- 
esses that may also be involved in several triads on the 
one pedicle, Thus there may be up to 25 synaptic 
ribbons in each pedicle (Figs 1-32B and 1-33D.6). 
Each cone is usually contacted by all the horizontal 
cells (four to six) in the immediate area or field. Each 
pedicle also has numerous shallow indentations or 
synapses with flat diffuse bipolar cells (Fig, 1-328). 


Bipolar cells (Figs 1-328 and 1-344) 


‘The retina contains approximately 35.7 million bipolar 
cells, which comprise several functional and morpho- 
logical subtypes. They are primarily responsible for 
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transmitting signals from photoreceptors to ganglion 
cells, between which they are interposed. Their cell 
bodies lie in the inner nuclear layer and are oriented in 
a radial fashion parallel to the photoreceptors, Their 
single or multiple dendrites pass outwards to synapse 
Principally with photoreceptors (but also with hori- 
zontal cells), while their single axon passes inwards 
and synapses with ganglion and amacrine cells, In the 
foveal region of the central retina the ratio of 
cones : bipolar cells : ganglion cells can be 1-1: 1, 
whereas in the peripheral retina one bipolar cell 
receives stimuli from up to 50-100 rods. In interven- 
ing regions the ratio corresponds to the decreasing, 
visual acuity present in the peripheral retina, This sum- 
mation of stimuli isa crucial factor in the sensitivity of 
the rod system to low levels of illumination, Bipolar 
cells have been subdivided in humans into nine mor- 
phological subtypes (Figs 1-328 and 1-34): one rod 
bipolar type and eight types of cone bipolars, The latter 
group can be subdivided into five types of diffuse cone 
bipolars and three types of midget bipolars 


Rod bipolar cells. Rod bipolar cells have a receptive 
field or dendritic tree, which is small in the central 
retina (15 jim wide, 10-20 rods) and larger in the 
peripheral retina (30 im and 30-50 rods). These rep- 
resent 20% of all bipolar cells and are most dense 
around the fovea. In the periphery they contact up to 
50 rods and synapse with AII amacrine cells; only 
rarely do they synapse directly with diffuse ganglion 
cells, 


Diffuse cone bipolar cells. Diffuse cone bipolar cells 
are concerned with converging information from 
many cones. Theirdendritesfan out (upto 70-100 jim) 
to end in clusters of between five and seven cone 
pedicles (can be as high as 15-20). The overlap of 
adjacent cells of this type is extensive in the perifoveal 
region. 


Midget bipolar cells. Invaginating midget bipolar cells 
are the smallest of the bipolar cells whose dendrites, 
penetrate the hase of a single cone pedicle (occasion- 
ally two) to form a central element in triads. The near 
11 ratio of midget bipolar cells to cones decreases 
peripherally. Their dendrites may synapse with ama- 
crine cells and midget ganglion cells. 


Flat midget bipolar cells connect single cones with 
single midget ganglion cells or more rarely may 
connect several cones. They are similar to invaginating, 
midget bipolar cells except their dendrites do not 
invaginate deeply into the cone pedicle. Potentially, 
therefore, most cones can be in contact with these two 
types of midget bipolar cells (flat and invaginating, 
midget) as well as the diffuse type, 

Blue cone-specific bipolar cells (blue S-cone) are 
present in primates and humans and appear to make 
invaginating contact with only a limited number of 
cones in their territory, the suggestion being that these 
are specifically blue cones. 


The cell bodies of most ganglion cells are located in 
the innermost nucleated layer of the retina (ganglion 
cell layer) situated between the nerve fibre layer and. 
the inner plexiform layer (Figs 1-29 and 1-32); 
however, ‘displaced’ ganglion cells have been identi- 
fied in the inner nuclear layer, Ganglion cells are 
the last neuronal link in the retinal component of the 
visual pathway (Fig. 1-328), Their axons form the 
nerve fibre layer on the innermost surface of the retina 
and synapse with cells in the lateral geniculate nucleus 
of the thalamus, The axons form bundles separated 
and ensheathed by glial cells (Fig, 1-34E). The bundles 
leave the eye to form the optic nerve. Upon exiting 
through the lamina cribrosa, the axons become myeli- 
nated with oligodendrocytes, There are up to seven 
layers of ganglion cell bodies in the central retina or 
fovea (ganglion cell layer is 60-80 jim thick) and as 
few asone cell layer in the peripheral retina (10-20 jim. 
thick). There ate approximately 1.2 million ganglion 
cells per retina; thus, theoretically, there are approxi- 
mately 100 rods and four to six cones per ganglion 
cell. While they are functionally diverse, ganglion cells, 
are characterized morphologically by a large cell body, 
abundant Nissl substance (arrays of rough endoplas- 
mic reticulum) and a large Golgi apparatus (Fig, 
1-346), They are classified into different types on the 
basis of cell body size, dendritic tree spread, branching, 
pattern and branching level in the five strata of the 
inner plexiform layer (Fig. 1-32B,C), Some ganglion 
cells in the macular area may contain yellow (xantho- 
phyll carotenoid) pigment in the cytoplasm, although. 
the cone axons and Maller cells are thought to also 
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FIGURE 1-34 (A) Diagram showing the aangement and location of major neuronal cel types as seen in Golg-stained preparations in relation 
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preparations or single cell injections in retinal whole mounts. (C) Cat ganglion cals increasing in dendritic tree span wth inereasing eccentricity 
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contain these pigments in the macular region. Impulses 
are received primarily from bipolar cells and amacrine 
cells via axodendritic and axosomatic synapses, the 
former occurring predominantly in the inner plexi- 
form layer (Fig. 1-328) where their dendrites repeat- 
edly branch to form the ‘dendritic tree’, whose form 
and size varies considerably and may be correlated 
with location in the retina and therefore function 
(receptive field size) (Fig. 1-34B,C). The morphologi- 
cal diversity of ganglion cells (up to 25 types in mam- 
malian and 18 types in human retinas) has prompted. 
classification of these cells into categories, et, Band , 
orX, Yand W types, predominantly based on research, 
in the cat 

Recently a non-rod, non-cone_photoreceptive 
pathway, arising from a population of retinal ganglion 
cells, was discovered first in nocturnal rodents and 
then in primates. These ganglion cells express the 
Putative photopigment melanopsin and by signalling, 
gross changes in light intensity serve the subconscious, 
‘non-image-forming’ functions of circadian photoen- 
trainment and pupil constriction. The primate retina, 
in addition to being intrinsically photosensitive, is 
strongly activated by rods and cones to signal irradi- 
ance over the full dynamic range of human vision. 
Thus, in the diurnal trichromatic primate, ‘non-image- 
forming’ and conventional ‘image-forming’ retinal 
pathways are merged, and the melanopsin-based signal 
might contribute to conscious visual perception 


Midget ganglion cells, These cells synapse exchi- 
sively with amacrine cells and one midget bipolar cell 
(and thus usually one cone) (Fig. 1-328). Dendritic 
spread is around 5-10 jim in diameter in the central 
retina; however, this increases 10-fold in a zone of 
2-6 mm eccentricity and attains a maximum of over 
100 jim (Fig. 1-34C), Neighbouring midget ganglion 
cell dendritic fields do not overlap but form mosaics. 
In humans they are also known as P-cells because they 
project to the parvocellular layer of the lateral genicu- 
late nucleus (LGN). 


Diffuse (parasol) ganglion cells. These comprise a 
large synaptic field with all types of bipolar cells 
except midget bipolar cells, They occur in the central 
retina and their cell bodies (soma) are 8-16 jim in 
diameter with 30-70 jim dendritic fields, these being, 


smaller nearer the fovea than the periphery. They are 
alsa known as M-cells because they project to the 
magnocellular layer of the LGN. 

The finding that midget ganglion cells synapse 
exclusively with the midget bipolar cells, and that 
both are common near the fovea, provides the ana- 
tomical basis for the observation of small receptive 
fields and high visual acuity in this region. There are 
five types of diffuse ganglion cell, classified on the 
basis of morphology: The anatomical basis of antago- 
nistic fields surrounding receptive fields is complex, 
although they do not appear to vary much in size from 
within an 8 mm radius of the fovea. The basis of the 
antagonist field may be the lateral extensions of the 
amacrine cell, with its extensive interconnections with. 
ganglion cell dendrites and bipolar cells as well as 
fellow amacrine cells. 


Association neurones (amacrine and horizontal cells) 
(Figs 1-328 and 1-344.8) 

Horizontal cells. These cells derive their name from 
the extensive horizontal extensions of their cell proc- 
esses, There are two distinct morphological varieties 
in the retina of most species, of which the cat is the 
most extensively studied: type A is a large sturdy axon- 
less cell with stout dendrites that contact only cones, 
type B has a smaller bushier dendritic tree that con- 
tacts cones exclusively but, in addition, has an axon 
up to 300 jim in length that ends in extensive arbori- 
zation that is postsynaptic only to rods (Figs 1-328, 
and 1-348). Type A cells have much larger receptive 
fields than type B. In primates it appears that the two 
types of horizontal cell, HI (approximates to type B) 
and HII (approximates to type A), hoth possess axons, 
A third type (HII) has been described in the human 


BOX 1-19 CLINICAL CORRELATES 


Proliferative vitreal retinopathy 


When injured, the retina frequently responds by forming 
tstogll seaside; nora gered degenerate 
processes inthe peripheral retina (microoystoid 
degeneration) are accompanied by astrocyte proliferation, 
Disruption of the inner limiting membrane can lead to 
astrocyte proliferation inthe subhyaloid space and in the 
Vitreous itself 


retina, Each rod has connections with at least two 
horizontal cells and each cone with three or four hori- 
zontal cells of each type, In primates the stout den- 
rites of HI cell soma processes contact around seven. 
cones near the favea (dendritic tree covering 15 wm); 
this number increases to as many as 18 further from 
the fovea (dendritic tree covering 80-100 jim). The 
axon from HI cells passes laterally and terminates up 
to I mm away in a thickened axon terminal bearing a 
fan-shaped protrusion of lollipop-like endings in rod. 
spherules (up to 100) (Fig. 1-348), HIl dendritic trees 
are more spidery and contact about twice as many 
cones. Their axonsare generally shorter (100-200 jim) 
and contact cone pedicles by small wispy terminals 
The manner of their insertion is depicted in Figure 
1-328. Their cell bodies are located primarily in the 
outer part of the inner nuclear layer. They have few 
distinctive cytoplasmic organelles except the crystal- 
loids, a series of densely stacked tubules with associ- 
ated ribosomes, Their processes ramify in the outer 
plexiform layer close to the cone pedicles. The overlap 
between horizontal cells is considerable and any one 
area of retina may be served by up to 20 horizontal 
cells, Horizontal cells have an integrative role in retinal 
processing and release inhibitory neurotransmitters, 
mainly y-aminobutyric acid (GABA). Recent evidence 
suggests that there is some colour-specific wiring for 
the three types of horizontal cells in the human retina, 


Amacrine cells (Figs 1-32B and 1-34D). These 
association neurones were thought to lack axons, 
however, recent studies have shown that some do 
indeed possess an axon. They ate located in the vitread 
or inner aspect of the inner nuclear layer (bipolar cell 
layer) and are dlistinguishable as a result of their larger 
size (12 tim) and oval shape. They display a remark 
able degree of diversity: There are at least 25 different 
types in the monkey and human retina, Their cell 
body is usually flask-shaped and the numerous den- 
dritic processes of these cells ramify and terminate 
predominantly in the synaptic complexes formed by 
the bipolar and ganglion cell processes, namely the 
inner plexiform layer. The shape of their dendritic 
fields is highly variable and a few examples are shown 
in Figure 1-34A.B, They can be divided into subtypes 
on several criteria such as the stratification of their 
dendrites in the inner plexiform layer or their shape; 
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for example, diffuse, starburst and stratified, Diffuse 
types can cover narrow fields (approximately 25 jum 
wide), their fibres being cone-shaped. Other types 
may spread their axon-like processes several millime- 
tres, They may also be classified on the basis of their 
neurotransmitters. Amactine cells may be GABAergic 
and dopaminergic or can release acetylcholine indicat- 
ing, together with their morphology, that these cells 
play a role in modulation (most probably inhibitory) 
of signals reaching ganglion cells. A subclass of ama- 
crine cells are also thought to be the principal source 
of the peptide somatostatin, an important neuroactive 
peptide, in the retina, It may function as a neurotrans- 
miter, neuromodulator or trophic factor, 


Retinal neuroglia 


Astrocytes. Astrocytes are not the principal or pre- 
dominant glial cell in the retina. This role is fulfilled 
by Maller cells, which are analogous to central nervous 
system oligodendrocytes, Astrocytes are preclomi- 
nantly located in the nerve fibre layer, ganglion cell 
layer, inner plexiform layer (site of cell bodies), and. 
their outer limit is the vitread aspect of the inner 
nuclear layer in humans, They form an irregular hon- 
eycomb scaffold between vessels and neurones per- 
pendicular to the Maller cells, They may occur as 
fibrous (elongated) or protoplasmic (rounded) astro- 
cytes. They both contain abundant cytoplasmic struc- 
tural fibrils (10 nm in diameter) consisting of glial 
fibrillary acid protein (GFAP) (Fig. 1-358). Astrocytes 
are often oriented perpendicular to the direction of the 
neurone cell bodies or processes, such as in the nerve 
fibre layer (Fig. 1-35). It seems their role may be to 
isolate the receptive surfaces of neurones in the retina, 
thus preventing unwanted signals or effects in neigh- 
bouring neurones. They have abundant intracytoplas- 
micglycogen and form gap junctions withneighbouring 
astrocytes, Their pedicles or foot processes were once 
believed to constitute an important functional compo- 
nent of the blood-retinal harrier (see below). 


Maller cells. Maller cells (Fig, 1-36,B) are the prin- 
cipal supporting glial cells of the retina and are con- 
sidered analogous to central nervous system radial 
glial or ependymal cells. They have a radial orientation 
and extend through the depths of the retina from the 
inner surface, where their expanded ‘foot process’ lies 
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straight or partially curved line, Given that = is proportional 
{o Iie, The event horizon should occur when the permit- 
tivity has increased by a factor of x. 


[0315] Effectively because the permittivity of free space 
rises, x decreases. This is entirely in keeping with general 
relativity which predicts the effective change in the ratio of 
the radius to the circumference as given by the conventional 
‘equation, where Fis again the apparent change in radius 
rouse 

[0316] Hence 2 will effectively decrease as we approach 
the event horizon ofa black hole, When x decreases to 1 the 
circular circumference is equal to the diameter and more- 
‘over, inside this limit it is shorter for light to travel in a 
circle. Thus light cannot escape the event horizon, 


[0317] This can give us great insights into the workings of 
space-time, for lat Euclidean space the standard equation is: 


[0318] In accordance with general relativity, the ratio of 
the radius to the circumference changes in a gravitational 
field, and effectively m=1, at the event horizon, thus the 
boundary condition for the shape of space-time at the event 
horizon now bas the direct equation: 


[0319] Within a black hole as the permittivity of space 
Increases by a factor of 27 an object within it will complete 
‘wo rotations rather than travel in a straight Tine. In effect 
‘exceeding the speed of light by 2. Hence, the condition for 
space-time is represented by the equation: 


[0320] Thus an increase in the permittivity of free space 
by a minimum factor of x, to produce a black hole is 
‘estimated to result from an inerease in mass by a factor of 

10° (the ratio of the mass of the earth and that of a 


[0321] Continuing with the subject of a black hole, 
according to the model inside the black hole, the gravitons 
produced by the matter present would be in equilibrium with 
the density of the space-time lattice. Increasing the rate of 
rotation of the matter in the black hole for instance would 
thus increase the production of gravitons and its effective 
‘mass and inerease the radius of the event horizon. A density 
radient of the space-time lattice would continue 0 exist 
within the black hole. Progressively closer to the center of 
a black hole matter itself would be increasingly compressed 
‘and the spherical structure of the quasi electron would be 
predicted to collapse, This collapse would result in the 
Formation of an exotic form of matter in the form of pure 
‘quintessence in a black hole. 


[0322] This pure quintessence would produce the singu- 
larity at the centre of the black hole. The larger the black 
hole in terms of mass the more pure quintessence would 
cexistat its core, 


[0323] Quintessence and the Big Bang, 


[0324] Quintessence theory not only predicts the occur 
rence of the Big Bang, but allows a prediction for the value 
of the entire mass of the Universe, from fist principles. 
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[0325] In accordance with quintessence theory the big 
‘bang resulted from the explosion of an immense black hole 
singularity, which was constituted from pure quintessence. 


[0326] On the basis of quintessence, there will bea critical 
‘mass for Big Bang event; thus if entire space-time between 
quintessence is compacted so that no further quintessence 
ccan be accommodated, the addition of further quintessence 
‘would destabilize the immense black hole, resulting in the 
Big Bang. 


[0327] Ibis possible to predict this critical mass, using the 
radius of quintessence as a benchmark. Given the nine 
spatial parameters present in the metric tensor, used in 
general relativity we find that the actual formula for the 
radius of quintessence; r,°, is mathematically in agreement 
‘with general relativistic theory when: 

oy aoc co 
[0328] This again supports the 9 dimensional view of 
space (so crucial in superstring theory). Moreover, the size 
of the vibrations of quintessence can thus be calculated as: 


rp hASaI0% 30) 
[0329] The volume of each quintessence is thus: 
isan 2AL0306«10-! 63) 


[0330] So to be accommodated within unit volume of 
space time, with no intervening apparent space time, (given, 
that each of 9 overlapping quintessences are required) would 
require approx. 

9x10" quiteences 
[0331] As the mass of quintessence is m*=hic?=7.373x10- 
4 kg see (eq. 1). Then the mass of the Universe, to two 
decimal places, is: 

1.10" ke ox) 
[0332] This isin close agreement with a recent estimate of 
the mass of the Universe from COBE and other satellite 
data, which estimates the mass to be 100 trillion trillion 
trillion trillion tonnes (10° kg) 


[0333] | Moreover, the early formation of the galaxies can 
be readily explained, itis likely that in such a big bang some 
‘very small black holes might have prevailed and that these 
formed the seeds of the galaxies we see today. 


[0334] The event horizon, calculated from the Schwartzs- 
child radius, of such an immense black hole is about 10°° m, 
which would have allowed Guth’s inflationary component to 
the early expansion of the Univers. 


[0335] In addition, inflation may result directly from the 
‘observation that once electrons have formed from the pri- 
‘mordial soup of quintessence, they emit gravitons whieh in 
tum repel space time, which might also result in another 
‘cosmic inflationary cycle. 


[0336] Most importantly quintessence theory explains the 
Big Bang from first principles and is capable of accurately 
predicting the mass of the Universe. 


[0337] "The Nature of Energy 


[0338] These observations allow fundamental under- 
Standing of energy. The quantum physical, minimum com 
ponent of energy is Planck's constant: b. To. define the 
‘minimal component of mass, using the standard energy 
equivalence formula; E=me®, such @ minimal mass (m,) 
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FIGURE 1-35 (A) Scanning electron micrograph (viewed fram the vtreaus aspect) of astrocytes (As) surrounding nerve fibre bundles (NFB) 
in the inner retina (te inne limiting membrane tas been removed to expose the underlying nerve fibre layer). (B) Double-colour immunotiuo- 
rescence ilustrating the relations of astrocytes shown with an antbody to glial acidic fibrillary protein (GFAP) (red) and lectin-staned vessels, 
(pale oreen). Vo, retinal vein; C, caplaries, Original magnifications: A, x 1500; B, x 150 (Pat B courtesy a rT. Chat-Ling) 


adjacent to the inner limiting membrane, to their outer 
limit where they have adherens junctions with pho- 
toreceptor inner segments to form the external limit- 
ing membrane, They envelop blood vessels, neuronal 
cell bodies and processes, creating glial ‘tunnels’ via a 
series of cytoplasmic processes, as shown in Figure 


cells have high K* membrane conductances, and most 
spatial buffer current will flow out through these con- 
ductances rather than spreading into neighbouring, 
glial cells through gap junctions, In contrast to electri 
cal coupling, chemical coupling between astrocytes is, 
sulfciently strong to mediate propagation of intercel- 


1-36A,B, Maller cells in humans contain little glyco 
gen, in contrast to species with avascular retinae, Their 
cytoplasm contains abundant endoplasmic reticulum. 
and microtubules, reflecting their role in protein syn- 
thesis, intracellular transport and secretion. (Fig. 
1-36C). These cells may help to nourish and maintain 
the outer retina, which lacks a direct blood supply. 
While there is extensive coupling between astro- 
cytes and Maller cells, which allows the exchange of 
tracer molecules, recent studies have demonstrated an 
absence of significant spread of spatial bufler current 
between retinal glial cells. Both astrocytes and Maller 


Jular signals such as the spread of metabolites and ions 
between glial cells, Coupling between glial cells, there- 
fore, could serve to enhance the transport of key 


BOX 1-20 AGEING CHANGES IN MACROPHAGE 
POPULATIONS IN THE RETINA 


‘With age there isan increasing tendency in animals for 
microglia to assume a more amoeboid form and activated 
Phenotype and migrate towards the subretinal space. In 
humans ths is evident especially in the peripheral retina 
lose to age-related cystoid retinal degeneration, 


FIGURE 1-36 (A) Micrograph of a horseradish peroxidase (HRP) filed Miller cll inthe rabbit retina. The dark band a the top ofthe micrograph 
|s composed of Miler call endfeet and the labelled axons of ganglion cells in the nerve fibre layer. The Miller cells possess side-processes 
that frm different strata in the inner plexiform and they send numerous processes to wraparound the somata of photoreceptors: NFL, nerve 
fire layer; GCL, ganglion cell aye; IPL, inner plexiform layer, INL, inner nuclear layer; OPL outer plexfarm layer; ONL, outer nuclear layer; 
IS, ier segments, (B) Diagram of the shape and position of a Millar cel: RPE, retinal pigment epithelium. (G) Morphology of a Miller cell, 
(Mic) within the outer nuclear layer. Note the intracytoplasmic microfilaments. (D) Micrglial cells (specialized macrophages) in a retinal whale 
‘mount from a transgenic mouse in which eGFP Is expressed alongside the locus forthe chemokine receptor CX,CRI. All microglia in these 
animals express CX,CR1 and thus appear fluorescent green In confocal microscopy. () 8D-rendered retinal microglial network ina retinal, 
wholemount in which retinal vessels have been highlighted (red) by pertusion of a vascular dye, Original magnifications: A, bar 10 mm: 
B, x 4400; ©,» 200. (Par A courtesy of OS, Robinson) 
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FIGURE 1-35, 
For legend see opposite page 
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metabolites, such as glutamate, glutamine and lactate, 
both into and out of glial cells, by allowing them to 
diffuse between neighbouring cells in the glial syncy- 
tium. Clearly the underlying arrangement of both 
astrocytes and Maller cells reflects this function. 


Microglia. Microglia (Fig, 1-36D,E) are a highly spe- 
cialized subpopulation of the mononuclear phagocyte 
system that reside in the parenchyma of the central 
nervous system. These cells most likely arise from yolk. 
ssac precursors during early development and may be 
replenished in adulthood by bone marrow-derived 
monocytes. They are characterized by an extremely 
arborized morphology and an immunophenotype of 
resting macrophages. In the retina, their cell bodies 
are located largely in three strata, one at the nerve fibre 
layer-ganglion cell layer interface, one in the inner 
nuclear layer and another in the outer plexiform layer, 
although the latter is more obvious in the rodent than. 
human retina. Their processes form a lateral and verti- 
cal three-dimensional network within the retina 
extending only as far as the outer limiting membrane 
in the normal eye. Less arborized subtypes, sometimes 
referred to as perivascular macrophages, which closely 
resemble homologous cells in the parenchyma of the 
brain, are associated with the perivascular space of 
retinal capillaries (See Fig. 1-38C), although they are 
less numerous than brain perivascular macrophages. 
Retinal microglia share many properties with brain 
microglia including tissue homeostasis and host, 
defence. Their highly arborized processes are con- 
stanily on the move sampling thetr immediate micro- 
environment. Upon injury to the retina these cells 
become activated and assume the role of wandering, 
phagocytes, Activated microglia play a role as immune 
effectors, via the release of chemokines and cytokines; 
however, their role as potential antigen-presenting, 
cells (they are predominantly MHC class I), or 
indeed as immunomodulators limiting leucocyte infil 
tration of the retina, is controversial 


Blood supply of the retina (Figs 1-30A and 1-37) 
The retina is an extremely metabolically active 
sheet of neural tissue with the highest oxygen con- 
sumption (per weight) of any human tissue. Like the 
brain, the retina has a highly selective blood-tissue 
barrier, which serves primarily to regulate the optimal 


extracellular environment to facilitate newral transmis- 

ion. It also regulates the passage of pathogens and 
intravascular leucocytes, thus partly protecting the 
neural environment from ‘surveillance’ by immune 
cells. In humans, the retina has a dual blood supply 
(holangiotic), the inner two-thirds being nourished by 
branches from the central retinal vessels, while the 
outer one-third is nourished by the choroidal circula- 
tion, The choroidal circulation has a high flow rate 
(150 mm/s), low oxygen exchange and a fenestrated 
capillary bed; the retinal circulation has a low flow rate 
(25 mmvs) and high oxygen exchange. The blood— 
retinal barrier is defined by two sets of characteristics 
‘The first is the structural character of the endothelial 
and RPE cells located at the endothelial and RPE tight 
junctions, and the second is the membrane-associated 
transport characteristics, 


Central retinal artery and branches (Figs 1-30A, 
1-37 and 1-38). This vessel (0.3 mm in diameter) 
arises from the ophthalmic artery either in the optic 
canal or close to the optic foramen where the ophthal- 
mic artery lies bound to the dural covering of the 
nerve (see p, 59). The central retinal artery then travels, 
forward on the undersurface of the nerve within its 
dural covering, About I-1.5 cm behind the eye it 
pierces the inferomedial aspect of the remainder of 
meningeal coverings to pass through the subarachnoid 
and then pierces the nerve. As it passes forward in the 
centre of the optic nerve, the artery is accompanied 
by the central retinal vein and a few sympathetic 
fibres, It resembles other muscular arteries and indeed, 
is affected by conditions such as atheroma and giant 
cell arteritis. It pierces the papilla centrally, having, 
passed through a constriction or gap in the lamina 
cribrosa (see Fig. 1-42E). This is a potential site for 
partial or complete occhusive disease. It branches into 
superior and inferior branches, which subdivide into 
nasal and temporal arteries, a pattern best appreciated 
and investigated clinically by fluorescein angiography. 
A small vessel, the cilioretinal artery, may be present 
near the optic netve head and provide a small anasto- 
motic connection between the choroidal and retinal 
circulations, The central retinal artery diameter 
decreases to 100 fim upon emerging from the disk. 
‘The large retinal arterial branches travel in the nerve 
fibre layer beneath the inner limiting membrane. 


FIGURE 1-37 (A) Wide-ield photograph of the normal human 
fundus: F, fovea: OD, optic disk; M, macular vessels; STV and STA, 
supeior temporal ven and artery ITV and ITA inferior temporal vein 
and artery; INV and INA, inferior nasal vein and artery, SNV and SNA, 
superior nasal vein and artery. (B), Mutspectaleigital ophthalme- 
scopic image of retinal and choroidal circulations, This new technique 
Captures high-resolution image data through the retinal and subret- 
nal layers and hence shows the larger vessels ofthe choroidal circu- 
lation. It bath expands the examination wavelength range to include 
mage data from invisible wavelengths of light and also generates the 
probe vavelengths ta separate specific spectral egions for enhanced 
Visibility and discrimination. No intravascular contrast is used i this 
‘method of visualizing the fundus. (Part A coutesy of C. Bary; Pat 8, 
courtesy of Anadis (Canad) 
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These vessels have no internal elastic lamina (which 
is lost at the optic disk) and are thus not affected in 
temporal arteritis. They possess a well-developed 
muscularis, and numerous pericytes lie within the 
endothelial basal lamina, Each of its four major 
branches (Figs 1-30A and 1-37) supplies a sector of 
the retina between which there is no overlap, i. they 
are functional end-arteries. The superior and inferior 
temporal arteries curve above and below the macula 
and foveal region, Arteries pass over veins and may in 
some pathological situations cause ‘nipping’ or nar- 
rowing ofthe veins. There are two main levels of capil- 
lary networks, which spread like a vast cobweb 
throughout the retina (Fig. 1-388), The inner plexus 
is situated at the level of the ganglion cell layer and 
the outer plexus at the level of the inner nuclear layer. 
The concept of these two laminae is not universally 
accepted, although patterns of vascuilar disease support 
the concept (see Ch, 9). There may be up to four layers 
of capillaries in the peripapillary zone, and single 
layers in the perifoveal region and at the ora serrata 
In the human, retinal capillaries pass only as far as 
the sclerad margin of the inner nuclear layer, the outer 
retina being normally avascular, Capillaries are most 
dense in the macula but are absent from the fovea itself 


(capillary-free zone 500 jm in diameter), which is 
thus dependent on the choriocapillaris for nutritional 
support. Larger arterioles are surrounded by a 
capillary-free zone, Capillary network density 
decreases towards the peripheral retina, 

Retinal capillaries are characterized by complete 
circumferentially oriented endothelial cells joined by 
non-leaky tight junctions (zonulse occhidentes); 
however, the high number of endocytotic vesicles sug- 
gests that they are more permeable than brain capil- 
laries (Fig, 1-38C,D). They are surrounded by a thick: 
basal lamina, pericytes and astrocyte foot processes 
(Fig, 1-38C), which are four times more numerous 
around retinal vessels than brain capillaries and may 
act as a second front in the blood-retinal barrier and. 
thus compensate for the more permeable nature of 
retinal vascular endothelium. The numbers of these 
supportive cells decrease in diabetes, macroglobuline- 
‘mia and other ischaemic diseases (see p. 503) 

The luminal diameter of retinal capillaries 
(3.5-6 fim) is somewhat smaller than that of conven- 
tional capillaries, There is very little extravascular 
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Diagrams ofthe etna blood supply. (A) The diagram. 
iustrates the manner in which the central retinal artery abtains 
access tothe optic nerve after branching from the ophthalmic artery. 
(B) The Jevals of the retinal capillary networks. (C) High-power 
tiagram illustrating the components of a retinal (ar brain) vessel 
wall that contribute to the blood-ratinal (or blood-brain) barter 
From the lumen outwards these ae the vascular endothe cells 
(EC, pale orange), basal lamina (green) and the gla limitans com- 
posed of astrocyte foot processes (A). Note the position of the 
petivascular microglia (MG), perivascular macrophages (PVM) and 
peticyles(P). (D) Electron micrograph of retinal capillary. Nate the 
thickened basal lamina (arrows) and pericyte processes (P) sur- 
rounding the endothetil cell Original magnification: > 6000, (Par © 
tram McMenamin and Faves, 1999) 
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BOX 1-22 CLINICAL CORRELATES 


Besides the caplares described above, a further lamina 
fans out over the nerve fibre layer inthe perpapiary 
region, This unique radial capillary network may be more 
‘vulnerable to raised intraocular pressure in glaucoma 
because ofthe long course of these vessels (over 

4000 um), infrequent arterial input and lack of 
‘anastomoses, Flame-shaped haemorrhages (due to 
hypertension or papilloedema) or cotton-woo! spots (in 
‘ischaemic disease) occur predominantly in this unusual 
‘capillary network, 


connective tissue around retinal vessels, Mast cells, a 
common perivascular element in other tissues, includ- 
ing the choroid, are absent in the retina, which has a 
high threshold of tolerance to histamine. There are no 
Iymphatic vessels in the retina 


THE CHOROID 


The choroid (Fig. 1-39A-G) is the posterior portion 
of the middle vascular coat of the eye, the wveal tract. 
It is homologous to the pia-arachnoid of the brain. 
The choroid is a thin, highly pigmented, vascular, 
loose connective tissue situated between the sclera and. 
the retina, whose principal function is to nourish the 
outer layers of the retina, It also acts as a conduit for 
vessels travelling to other parts of the eye and may also 
have a thermoregulatory role. Furthermore, absorp- 
tion of light by choroidal pigment aids vision by pre- 
venting unwanted light from reflecting back through 
the retina as occurs in some nocturnal species that 
possess a tapetum, The regulation of blood flow in the 
choroid may also influence intraocular pressure by 
affecting perfusion rates of the ciliary processes, 

The choroid extends from the optic nerve margins 
to the ciliary body and, although its thickness is prob- 
ably dependent on blood flow dynamics and has a 
diurnal variation, it is quoted as being approximately 
220 jm at the posterior pole and 100 ptm anteriorly: 
Iis inner surface is smooth and forms part of Bruch’s 
membrane beneath the RPE. The outer surface, the 
suprachoroid, is irregular and firmly attached to the 
lamina fusca of the sclera. Histologically the human 
choroid consists of Bruch’s membrane, the choriocap- 
illaris, a vascular layer and the suprachoroid (Fig 
1-390), 


Central retinal artery occlusion 


‘This condition isa vivid reminder ofthe functional 
‘end-artery’ status of the retinal blood supply. In complete 
‘central retinal artery occlusion, ireversible changes occur 
after 1-2 hours and the iner retina becomes white and 
edematous except a the fovea, which survives owing to 
the underlying choroidal circulation, which shows through 
a a round red patch. 


Bruch’s membrane (lamina vitrea) 
This modified connective tissue layer is 2~+ jum thick 
and histologically appears as an acellular glassy mem- 
brane beneath the RPE (Figs 1-31A,B and 1.39FG). 
Bruch’ membrane comprises five layers: the RPE basal 
lamina (0.3 jim thick) (not truly part of the chorwid); 
an inner collagenous zone; a middle elastic layer 
(incomplete interwoven bands or perforated sheets of 
elastic fibres’); an outer collagenous zone (which 
blends with the stroma between the choriocapillaris); 
and the basement membrane of the endothelial cells 
in the choriocapillaris, Age-related changes in Bruch’ 
membrane lead to areas of diffuse or discrete thicken- 
ing known as drusen (see Ch. 9, pp. 514) 


Choriocapillaris 
This is an extraordinarily rich bed of wide-bore fenes- 
trated capillaries that extends only as far anteriorly as 
the ora serrata and functions to provide nutritional 
support for the outer retina, especially the photorecep- 
tors. The capillary ‘network’ is more akin to a perfo- 
rated vascular ‘net’ than a network of capillaries (Fig, 
1-39B,D,E). 

The bore of the capillaries (20-40 jim) and the 
density of the ‘net’ (Fig, 1-39D) are greatest near the 
macula, The capillaries are fenestrated (75-85 nm 
diameter) on their retinal aspect (Fig. 1-39FG) and 
these fenestrae occur at a density of approximately 46 
per jim? Smooth muscle cells are not usually present 
in this layer, This sheet or net of capillaries is fed from 
arterioles, from the layer composed of arterioles and. 
venules (Sattler) in the manner depicted in Figure 
1-398, ie. hexagonal patches or lobules’ of choriocap- 
illaris are fed by a central precapillary arteriole that 
runs perpendicular to the flat choriocapillaris. This 
lobular pattern is clinically significant because 
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BOX 1-23 COMPARATIVE ANATOMY 


Tapetum is the cause of 


Many mammalian (camivores, ruminants, cetaceans, seas) 
and non-mammalian (sh, crocodiles) species possess a 
reflective tapetum that may serve to increase 
photoreception in iow light conditions. This may be located 
in the choroid or the retinal pigment epithelium (RPE). The 
choroidal tapetum may be cellular or fibrous and may 
‘occupy only par, usualy the upper portion, ofthe globe 
In camivres it generaly consists of several layers of 
fattened cells containing reflective material (2.9. quanine, 
Zine eystelne). In ruminants (e.. cows, sheep) and 
‘stacéans (dolphins) tis fibrous (tapetum fibrosum) and 
consists of fine regulary arranged collagen bundles which 
‘cause difractive patterns depending on their orientation. A 
retinal tapetum general consists of lipid (.0. opossum) 
‘or quaine (fish, erocodles) deposits within the RPE 


shin 


chornidal ischaemia often occurs as pale hexagonal 
patches (mosaic pattern). The venous channels drain 
the periphery of these lobules (Fig, 1-398), 


Vascular layer 
This layer (Fig. 1-39C) lies beneath the choriocapil 
laris and can be subdivided into an inner layer of 


intermediate-sized vessels (arterioles and venules, Sat 


tlers layer) and an outer component (major arteries 
and veins, Haller’ layer). The blood supply of the 
choroid is chiefly from the long and short posterior 
ciliary arteries, although recurrent branches from the 
‘ior ciliary arteries anastomose with anterior 


choroidal vessels (Fig, 1-39). Venous drainage occurs 
via a series of large vortex veins (venae vorticosae), of 
which there are usually four (but may be up to six), 
each draining a sector of the choroid (Fig. 1-38B). 
These large veins pierce the sclera through emissary 
canals (Figs 1-17A, and 1-39A,E) and drain into the 
superior and inferior ophthalmic veins in the orbit 


‘The choroidal stroma consists of randomly arranged 
collagen fibres (type 1), fattened ribbon-like ela 
fibres, fibrocytes and numerous melanocytes (Fig 
1-39C.F). The extent of choroidal pigmentation influ 
ences the appearance of the fundus, with the highly 
pigmented choroid of darker-skinned people showing, 
through more than in the fundus of a person with le 

skin pigmentation, in which the red-orange reflex is 
primarily the result of the choroidal vasculature, The 


choroid, being connective tissue, contains resident 
populations of immunocompetent cells including, 
onal plasma cells and lymphocytes, numerous 
perivascular mast cells (Fig. 1-404, B) and network 
of resident tissue macrophages and dendritic cel 
(Fig. 1-41) 


FIGURE 1-39 (A) Diagram of the weal tract blood supply. (B) Schematic representation of the hexagonal units in the choricaplrs fed by 
small arterioles. (C) Semi-thin resin section of th outer retina and choroid in the primate eye. Note the heavy degree of pigmentation and the 
layers of the choroid. (D) Resin vascular cast ofthe chariocapilris viewed from the retinal aspect. (E) Resin vasculer cast of quadrant of, 
the choroid viewed from the external aspect showing a lage vortex vein (VV) (F) Low-paver electron micrograph of the retinal pigment 
epithelium, Gruch’s membrane (BM) and the closely related choriocapilas ina primate eye. (@) Higher-power electron micrograph af the 
basal aspect ofthe RPE with its basal mina forming pat of Bruch’s membrane. Note the fenestrated capillaries (FC) in the endothelial lining 
of the choriocapilars. Note the caplary endothelial cells are characterized by fenestrae (FC) onthe retinal aspect adjacent to Bruch’s membrane. 
PE, retinal pigment epithelium; CC, choriocaplris; HL Malle’ layer, SL, Satter’ ayer, M, melanocyte; SPCA, short postrir clay artes 
LPCA, long posterior ciary arteries. Original magnifications: C, x 360; D, x 35; E, x 120; F, x 2400; @, x 14 000, 
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FIGURE 1-39 
For legend see opposite page 
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Suprachoroid 
This is a 30pm thick transition zone between 
the choroid and the sclera, It consists of thin intercon- 
nected lamellae of melanocytes, fibrablasts and con- 
nective tissue fibres separated by a thin ‘potential’ 
(supra- or perichoroidal) space, which in pathological 
conditions may become separated by fluid and blood 
It is frequently artefactually enlarged in histological 
Preparations, It is an avascular layer, the only vessels, 
being those that traverse the suprachoroid entering or 
leaving the choroid. The lamellae blend with the 
choroid and the lamina fusca of the sclera, The 
suprachoroidal space is continuous with the supracilt- 
ary space anteriorly, Recent research has unveiled a 
previously unrecognized, highly organized network of 
rnon-vascullar smooth muscle cells in the suprachoroid. 
These networks were particularly evident behind the 
fovea, around the entry points of the posterior ciliary 
arteries and nerves and in bundles running parallel to 
vessels travelling anteriorly from the posterior pale as 
far as the exit points of the vortex veins. The function 
of this network of smooth muscle cells in the human 
choroid remains speculative: 


Nerve supply of the choroid 
The choroid is innervated by the long and short ciliary 
nerves. The long ciliary nerves (fram the nasociliary 
branch of V,) pass through the choroid and transmit 
sensory fibres to the cornea, iris and ciliary body. 
Sympathetic fibres are also carried in these nerves to 
the dilator pupillae (see p, 28). The short ciliary nerves 
arise from the ciliary ganglion and carry sensory (from 
nasociliary), sympathetic and parasympathetic fibres 
(derived predominantly from netve Il, but also from 


BOX 1-24 AGEING CHANGES IN THE EYE 


Choroidal immune cells and age-related 
‘macular degeneration (AMD) 


‘The deposition of lipid, complement and immunoglobulin 6 
that accompanies the senescent changes in Bruch’ 
‘membrane may be augmented by impaired macrophage 
recruitment andlor decreased homeastaic scavenging by 
the resident macrophages and dendritic cel in the choroid 
and thus they may contribute to the accumulation of debris 
and the formation of drusen in ‘dry AMD and tothe 
‘eventual choroidal neovascularization in ‘wet AMD’. 


FIGURE 1-40 Mast cells in the choroid. (A) Low-power view of rat 
choroidal whole mount stained with toluidine blue which demon- 
strates the perivascular arrangement of mast calls: A, artery. (B) 
Semi-thin resin section of rat outer retina and choraid stained with 
Toluiine blue showing three mast cells (arrows): P, phatareceptrs; 
RPE, retinal pigment epithelium; CC, choriocapiaris. Original mag- 
nifeations: A, x 75; B, x 900. 


VID). The latter have already synapsed in the ptery- 
gopalatine ganglion, Both long and short ciliary nerves 
pierce the sclera in the form of a ring 2~3 mm anterior 
to the optic nerve sheath, along with the long and 
short posterior ciliary arteries. The nerve terminals 


FIGURE1-41 Double-colour immunohistochemistry of rat choroidal 
‘wile mount stained with monoclonal antibodies specific far macro- 
phages (M; blue) and malorhistacompatibilty class I-pastve den- 
dic cells (OC; red). This method of examining stained tissue 
provides alan view that clearly demonstrates the distinct networks 
ofboth these cll types inthe choroid, Original magnification: x 600. 


branch extensively and form plexi of unmyelinated 
fibres in the choroid and suprachoroid adjacent to 
vascular smooth muscle cells; however, they do not 
extend into the choriocapillaris, Fibres containing 
vasoactive intestinal peptide (VIP) and neuropeptide 
Y have been identified in the choroid and probably act 
as vasodilator and vasoconstrictor agents, respectively: 
Multipolar and bipolar ganglion cell bodies immuno- 
reactive for nitric oxide synthase (NOS) and VIP have 
been recently identified in the choroid and their axons 
may supply the choroidal vasculature (vasodilatory) or 
non-vascular smooth muscle cells, Their structure and. 
immunohistochemical characteristics suggest that 
they may have a mechanosensory role. 


OPTIC NERVE 


The optic nerve (Fig, 1-42) is unique anatomically as 
it is the only tract in the central nervous system to 
leave the cranial cavity. Furthermore, itis subdivided 
into fascicles by connective tissue and glial septae and 
is surrounded by cerebrospinal fluid, It is also unique 
in that it is the only central nervous system tract that 
can be visualized clinically. 

‘The optic nerve is formed by convergence of gan- 
ation cell axons at the optic disk, the commencement 
of the nerve. Foveal/macula fibres constitute around 
90% of all axons leaving the eye and form the distinct, 
maculopapillary bundle, From the disk, the axons 
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BOX 1-25 CLINICAL CORRELATES 


Choroidal infarctions 


‘These appear on angiograms to take the form of triangular 
‘areas near the equator, with the apex pointing towards the 
‘optic disk. There is probably less funcional anastomosis. 
between choriocepiais lobules than was once suspected; 
‘however, some degree of anastomosis in the subcapillary 
arterioles exist. Peripheral retinal cobble or paving-stone 
degeneration represents chronic focal ischaemic changes: 
in the anterior choroid. 


extend along the nerve through the orbit to traverse 
the optic canal in the sphenoid bone. 

The optic nerve can be divided into four main por- 
tions:intrancular(1 mmin length), orbital(25-30 mm), 
intracanalicular (4-10 mm) and intracranial (10 mm). 
The latter portion is discussed on pp. 92 in the context, 
of the visual pathways, 


Intraocular portion 
‘The intraocular portion (Fig. 1-42A) extends from the 
surface of the optic disk to the posterior margins of the 
sclera, The nerve fibres are not myelinated in this 
portion. Itcan he further subdivided into three regions: 
the retinal (pars retinalis), choroidal (pars choroidalis) 
and scleral (pars scleralis) portions, Myelination com- 
‘mences approximately level with the termination of the 
subarachnoid space at the posterior limits of the lamina 
cribrosa, As the fascicles of nerve fibres pass posteriorly 
from the optic disk into the intraocular portion, the 
glial cells become more common; columns of glial cell 
nuclei are especially prominent in the scleral portion, 
where they account for up to 40% of the tissue mass 
(Fig, 142A). The commencement of the optic nerve, 
the optic disk, varies depending on the method of meas- 
urement but isapproximately between 1.7 and 2.8 mm. 
in diameter, although variations both within a popula- 
tion and between races are observed and this variation 
has been linked to susceptibility to glaucoma, The 
layers of the retina and the choroid terminate at the 
edge of the disk as specialized regions of glial tissue, 
the intermediary tissue (of Kuhnt) and marginal border 
tissue (of Elschnig), The absence of retinal tissue in this, 
region explains the ‘blind spot’ phenomenon. As the 1.2, 
million ganglion cell axons in the nerve fibre layer 
become crowded towards the disk, they create a 
raised area or papilla, which is thickest on the lateral 
aspect owing to the large number of fibres in the 
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‘would be roguired to have the value equivalent to; my=hic* 
(1). The fotal mass ofa system (m) would then be; mam, 
Where (n,) isthe numberof these minimal units. Thence, the 
total enetgy of a system can be derived from the minimal 
‘energy; b, multiplied by the number of these energy units 
(0). Thus as, Eamc?, then also E=m,n,c* and substituting 
ich, the energy’ equivalence fmula his the more 
logical formulation; 


in, ay 
[0339] Thus the eneray of a system is equivalent to the 
minimal energy unit; h, multiplied by the number of those 
minimal energy units (0,) 

[0340] This leads directly to a deeper understanding of 
wave particle duality and the wave nature of matter. 


[0341] | This is encapsulated by the quintessential energy 
formulae 
[0342] As conventionally frE/e=p, then 
dehipaho e 
nd 
Fain, ay 
thon 
iectin, ey 
[0343] Importantly, as indicated by equation (2b), enenzy 


having no quintessence; would have a wavelength of infin- 
ity. Specifically pure energy containing no quintessences, 
would have a lambda of infinity. According t quantum 
‘mechanics an infinite wavelength would result ia the prob- 
ability of that energy being anywhere. As energy itself has 
no electrical charge it would not be impeded by the permit- 
tivity and permeability of the three dimensional space-time 
lattice. Moreover, energy would not be detectable in three 
‘dimensional space-time, unless it interacted with mater, as 
in the EPR experiments. Indeed, eneruy is not observed 
‘when not bound to any form of mass oF particle. 


[0344] Thus equation 2b, takes us fo our original assertion 
rexarding the existence of pure energy: 


[0345] Energy is not Bound by the Space-Time Lattice 


[0346] Thus, as the EPR experiments suggest the exist- 
‘ence of energy separate from matter and thus separate from 
the three dimensional space-time lattice, itis interesting to 
find that experiment suggests the existence of free energy in 
‘continuum separate from space time and matter to produce 
the effects of quantum teleportation 


[0347] | This is not, however, teleportation across an ack 
tional dimension, this is a term to describe in_ partially 
familiar terms the dissociation of energy from the three 
dimensional space-time lattice. As time is inextricably 
linked to each dimension of space, the effects of enersy 
‘would be inextricably linked to the events, such as the 
<reation of virtual particles, we see interacting within space 
time, Itis unlikely that observers have any direct day to day 
‘experience to explain quantum events, Nevertheless, quin~ 
tessence theory may have given us a window into the 
hitherto hidden workings of the Universe. Thereby, the 
mystery of the uniformity of the Universe, across dis 
‘hich the speed of light could not apparently traverse, is 
readily explained by the fact that the free energy contained 
in the Universe is not bound by the space-time lattice. 
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[0348] _In the case of light, due to the exceedingly small 
'asses involved, there would be relatively easy exchange of | 
‘matter with free energy within a photon, This would make 
the photon the ideal experimental tool to look for enensy 
‘which is not bound by matter and in tur enengy which is not 
‘bound in space-time. Indeed, very recently Furusawa et al 

have reported to have observed the transference of energy as 
photons from A to B, without those photons traversing 
space-time. This finding which has been supported using 
other experimental techniques, is very important as it sug 
gests the existence of such free energy. 


[0349] Overall, quintessence theory gives an a priori 
explanation for the concept of mass, the elementary par- 
ticles, the forees of nature and quantum effects. Tt can 
‘equally be used logically to explain the inner physies of a 
black hole, the missing mass in the Galaxy, the expansion of 
the Universe, Guth’s inflationary theory and predicts the Big 
Bang, from first principles, 


[0350] Part IV: Applied Theory with the Intent to Create 
Closed Timelike Curves 


[0351] Blectton Bombardment of the Photosphere to 
Induce Gravitational Shift 


[0352] Leveraging the above relationship between mass 
andl quintessence we derive that if an electromagnetic rad 
tion with velocity v strikes the event horizon singularity of 
rest inertial mass mi, and U is the electromagnetic enensy 
absorbed by the singularity, then, according to Maxwell's 
prediction, a momentum q=U/v is transferred to it, Mass 
shift dim,, dependent on the extemal electromagnetic 
energy. equals the inertial mass shift dependent on the 
increment of energy in the particle. Since in this ease the 
inertial mass shift does not depend on velocity V, ie, itis 
related only to the momentum q absorbed, it ean be obtained 
by making p=O in variation AHeH'-Heefq +mc)})?— 
{m,oF from the particles inertial Hamiltonian, Consequently, 
the expression of dis written as: 
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[0383] Comparing now the expression of m, and m, we 
have m,=m,-2dm,, By replacing m, in this equation, given 
by equation above, we obtain the expression of the corre- 
Iation between gravitational mass and inertial mass, ie, 


imeom=2 100 mel emilee 


[0354] _We see that only in the absence of electromagnetic 
radiation on the event horizon (U=0) is the gravitational 
‘mass equivalent to the inertial mass. Note that the electro- 
‘magnetic characteristics, e, m and s do not refer to the 
singularity itself, but to the outside medium around the 
singularity (photosphere) in which the incident radiation is, 
propagating, 
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FIGURE 1-42 "(A) Histological section of the optic nerve head 
Lc, lamina eribrosa; & and V, central retinal artery and vein; SAS, 
‘subarachnoid space (B) Transverse section (Loyez stain) ofthe orbital 
portion ofthe optic nerve revealing the arrangement ofthe myelinated 
nerve fascicles (darkly stained) separated by pal sepae (PS) which 
penetrate as far asthe central retinal artery (CRA) in the middle ofthe 
nerve. The thee layers of meninges surrounding the nerve (D, dua 
‘A arachnoid; and P. pia mater) are clearly visible hete and in C. 
(C) Cross-section (trichrome stain) ofan entire optic nerve and sur- 
Taunding meninges postrir tothe entry ofthe central retinal artery. 
(0) Blood supply of the optic neve, The four sources of vessels sup- 
Piying the optic nerve Include: 1, branches trom the central retinal 
artery or its branches; 2, branches trom the circle of Zinn-Hallr; 
3, choroidal branches; 4, pial branches. (E) Scanning electron micra~ 
‘scopy ofthe lamina cribresa (LC). A and Vn, apertures forthe central 
artery and ven. Original magnifications: A, x 60; B, x 290; C, 40. E, x 
75 (Pat courtesy ot Or A Tale, 


maculopapillary bundle. The raised margin of the optic 
disk surrounds an indentation, the physiological cup. As 
the fibres pass posteriorly, they pierce the sieve-like 
connective tissue mesh, the lamina cribrosa, which fills 
the posterior scleral foramen. The lamina cribrasa is 
formed by irregular collagen fibre bundles continuous 
with the sclera. These bundles are arranged in the form 
of circles or a figure of eight (Fig, 1-42E). Elastic tissue 
from the choroid and Bruch’ membrane is continuous 
with and ‘anchored’ to the adventitia surrounding the 
central retinal artery and vein. The collagenousbundles 
in the lamina cribrosa are separated from the axons by 
‘a covering of glial tissue, which may protect the nerve 
fibres as they pierce the irregular openings. The scleral 
canal is some 0.5 mm long and may vary in shape from 
cone-like (narrowest portion nearest the disk) to 
double cone or funnel-like, Posterior tothe pars sclera- 
lis, the nerve fibres become myelinated by oligodendro- 
cytes (Fig. 1-428), causing a doubling of the thickness 
of the optic nerve 


Orbital portion 


The arbital portion of the optic nerve (Fig. 1-42C,D) 
extends backwards and medially from the back of the 
eye to the optic canal in the sphenoid at the apex of 
the orbit. It is covered by three layers of meninges: 
pia, arachnoid and dura, The dura and arachnoid 
blend with the sclera, and the subarachnoid space 
around the nerve terminates at the posterior surface 
of the sclera in the form of a fluid-filled ring (Fig 
1-424). The central retinal vessels must cross the sub- 
arachnoid space and are therefore vulnerable, particu- 
larly the vein, in cases of raised intracranial pressure. 

‘The majority of the axons in the nerve are 1 yim in 
diameter and approximately 10% are between 2 and 
10 fim. The glial septae between fascicles present in the 
intraocular portions extend into the orbital portion but 
become less distinct as the orbital apex is approached. 
The orbital portion of the optic nerve has a slight 
S-shaped hend, which allows. full range of ocular move- 
ment without stretching the nerve, As the optic nerve 
approaches the orbital apexit is surrounded by the tendi- 
nous annulus, which gives origin to the rectus muscles, 


Intracanalicular portion 


‘The intracanaticular portion of the optic nerve passes 
through the optic canal (foramen), accompanied by 
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BOX 1-26 CLINICAL CORRELATES 


‘The intraocular portion is that part ofthe optic nerve 
‘damaged in glaucoma. Axonal damage may be a 
‘consequence of either Interference with blood flow or 
interruption of axonal transport and raised intraocular 
pressure is a significant risk factor. No single hypothesis 
hhas been proposed that adequately explains wh specific 
regions ofthe nerve are more likely to be damaged than 
thers, resulting inthe characteristic visual field defects or 
scotomas. Recent research has highlighted the differential 
pressure gradient across the lamina eibrosa between the 
‘cerebrospinal fluid pressure and the intraocular pressure 
(JOP) (the translaminar pressure gradient (TLPG)) and how 
it may influence central retinal venous pressure as it 
‘traverses the lamina cribrosa, including the ‘arterolization’ 
of the vessel wall and endothelial lining. It appears that 
other factors such as the buffering eects of orbital tissue, 
pia mater and the conformation ofthe lamina itself may 
further influence the TLPG and this previously unsuspected 
pressure gradient may in part be responsible for the 
‘outward bowing ofthe lamina in the optic cup. Increased 
TTLPG and its relationship to 1OP may have a role inthe 
progression of optic nerve damage and glaucoma. 


the ophthalmic artery and sympathetic nerves. The 
dura surrounding the nerve splits at the orbital 
opening, the majority continuing as the dural sheath. 
of the nerve inside the canal and a thinner portion 
blending with the periorhita (Fig. 1-45), 


Blood supply 
The optic nerve has a complex blood supply, which 
has been extensively investigated because of its impor- 
tance in the pathogenesis of glaucoma (see Ch. 9). The 
intraocular portion is supphied by branches from four 
sources: central retinal vessels and their branches, 
scleral vessels (the circle of Zinn-Hallet), choroidal 
vessels and pial vessels (see Fig. 1-42D). The first three 
are derived from the ophthalmic or central retinal 
artery, and pial vessels from the adjacent branches of 
the internal carotid artery. The majority of capillaries 
pierce the nerve and course longitudinally within the 
nerve via the glial septae. 


Orbital contents 
GENERAL ARRANGEMENT 


‘The orbits are a pair of bony sockets, with each orbital 
cavity having a volume of about 30 cm? 
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PERIORBITA AND ORBITAL FIBROADIPOSE 
TISSUE (Figs 1-43 and 1-44) 


The orbital contents are bound together and supported. 
by fibroadipose tissue, This connective tissue has clas- 
sically been divided into separate components, 

+ Periorbita or periosteum of the orbit. This layer 
of connective tissue is frequently described as 
having a dense outer layer and a looser inner 
layer, which invests orbital nerves and the lac- 
rimal gland, Its tightly bound to the bones only 
at the sutures, fissures and foraminae in the 
orbital walls, and also to the posterior lacrimal 
crest where it covers the lacrimal sac and is 
continuous with the fibrous lining of the naso- 
lacrimal duct. It forms a dense membrane over 
the inferior and superior orbital fissures, with 
sufficient gaps for transmission of nerves and 
vessels, It is continuous with the periosteum 
lining the optic foramen and with the sheath of 
the optic nerve, itself an extension of dura mater 
of the brain. The periorbita is firmly attached at 
the orbital margins anteriorly where it becomes 
continuous with the orbital septum (palpebral 
fascia) in the eyelids (see pp. 84) 
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BOX 1-27 CLINICAL CORRELATES 


PAPILLOEDEMA 


Papilloedema is the swelling of the papillary fibres, wich 
appears as a raised white disk margin, and is partly the 
result ofthe lack of Miller cells inthis region. These cells 
serve to bind the nerve fibres together inthe remainder of 
the retina, Papilloedema may be a cardinal sign of raised 
intracranial pressure which is transmitted to the 
subarachnoid space which envelopes the optic nerve as far 
anteriorly as the sclera surrounding the optic nerve. 
Menioms. 

‘The continuation ofthe subarachnoid space from the cranial 
cavity along the nerve may facilitate the spread of infection 
‘or tumours from the orbit to the cranium and vice versa. 


+ Bulbar fascia (Tenon’s capsule), a thick fibrous 
sheath enclosing the globe but separated from it 
by a layer of loose connective tissue 

+ Muscular fascial sheaths that surround the extraocu- 
lar muscles and blend with the bulbar fascia 

+ Medial and lateral check ligaments. 

+ Suspensory ligament (of Lockwood) 

‘The fibrous intermuscular membrane connecting the 

four rectus muscles helps create the intraconal space 

(best developed in the anterior part of the orbit; 


Optic nerve 


Medial rstus 


Medial check Igament 


Orbital séptum 


FIGURE 1-43 Diagram of a horizontal section through the ori illustrating the formation ofan intra- and extraconal space by the four rectus 


‘muscles (only medial and lateral rectus showin this section) 


incomplete behind the globe) (Fig, 1-44B,C). Besides 
the ‘check’ ligaments there are other specific attach- 
ments via fibrous bands to the orbital walls through- 
out their course (Fig. 1-HA-C), A. theoretical 
framework, known as the ‘active pulley hypothesis 
postulates a crucial role for these connective tissue 
hands, known as ‘pulley suspensions, in understand- 
ing the kinematics of extraocular muscle action. These 
suspensions pass between the orbital wall and the 
‘pulley sleeve’ of each muscle, which is described as a 
ring-like extension of the connective tissue from 
Tenon’ capsule posteriorly around the muscle, The 
tone of the pulleys is possibly under neuronal control 
because of the presence of smooth muscle fibres. The 
‘active pulley hypothesis’ proposes that the rectus 
muscles have a so-called ‘orbital layer’ of fibres that 
are contintious with (or ‘blend with’ or ‘insert into’) 
these sleeves (and thus also into the pulley suspen- 
sions), in essence one part of a bifid insertion, The 
inner half or ‘global layer’ of the rectus muscle contin- 
ues through the sleeve and bulbar fascia to insert 


Extaconal space 


FIGURE 1-84 Schematic diagrams of 
the connective tissue septae associ- 
ated with each extrancular muscle at 
three levels in the orbit: (A) near 
ortital apex; (B) posterior part ofthe 
lobe; (C) close tothe equator ofthe 
lobe. $0, superior oblique; MR, 
medial rectus; LR, lateral rectus; IR, 
Infecor rectus; SR, superior rectus 
LS, levator palpebrae superiors 
inferior oblique; OR, orbitals. 
ied tom Koornes, 1952) c 
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directly into the sclera, The newly postulated function 
for orbital connective tissue in the ‘active pulley 
hypothesis’, which states in effect that this dual inser- 
tion allows the pulleys to act as a second ‘origin’ and 
thus influence the direction of pull of the extraocular 
muscles, has gained wide acceptance but some inves- 
tigators have questioned the anatomical evidence of 
orbital muscle fibres terminating in connective tissue 
other than the sclera 

There are well-recognized but variable amounts of 
smooth muscle within the orbital connective tissue, 
including the sleeves of some of the recti muscles, 
whose functions (besides the superior and inferior 
palpebral muscles) are presently unclear, It has been 
suggested that like the smooth muscle covering the 
inferior orbital fissure (orbitalis or Muller's muscle) 
they may represent a redundant evolutionary remnant, 

Veins passing through the orbit are supported by 
connective tissue septae (Fig. 1-448); arteries, instead, 
travel among the fat locules and frequently pierce the 
septae. A thickened band of orbital fibrous tissue 


Superior 
ophthaiic 


Fine connective issue 
radial septa 


eal check games 


‘Suspensory igament 


641 Anatomy ofthe eye and orbit 


connects the superior rectus and the levator palpebrae 
superioris. This aids in coordinating lifting of the 
eyelid when the eye is directed upwards by the supe- 
rior rectus, 

‘The complex and interlinked nature of the fibroadi- 
pose system of connective tissue septae may explain 
why patients with orbital floor ‘blow-out’ fractures 
display vertical ocular mobility problems, It is not 
necessary to invoke the incarceration of the inferior 
rectus and inferior oblique muscles in the fracture to 
explain the symptoms. 


EXTRAOCULAR MUSCLES 


There are six true extraocular muscles responsible for 
movements of the globe. In addition there is one 
further ‘orbital’ muscle, the levator palpebrae superi- 
oris, which originates at the orbital apex and inserts 
into the tarsal plate and upper eyelid (see pp. 81). 

The true extraocular muscles comprise four rectus 
muscles, which arise from the tendinous ring at the 
apex of the orbit and insert into the sclera about 
48mm behind the limbus, and two oblique muscles 
Guperior and inferior), whose tendons approach the 
globe from in front and insert into the posterior aspect 
of the sclera (Figs 1-45 and 1-48). Details of the six 
true extraocular muscles, including thetr innervation, 
origin, insertion, tendon length (important in the sur 
gical management of strabismus), length of muscle 
belly, the angle subtended by the muscle axis to the 
vertical, and the size of the motor units, are provided 
in Table 1-2. The origins of the muscles are shown in 
Figure 1-47 and the pattern of insertion into the sclera 
is shown in Figure 1-48, The collagen bundles of the 
tendons blend with the scleral collagen as shown in 
Figure 1-17C, The relations of the orbital muscles to 
each other and to the orbital nerves are summarized 
diagrammatically in Figures 1-45 and 1-46, Move- 
ments are discussed in Chapter 5 (pp. 326). 


Microscopic anatomy of extraocular muscle 
Histologically, extraocular muscle differs from skeletal 
muscle in the following respects (compare Fig, 1-494. 
with Fig. 1-498). 

+ The epimysium or muscle sheath of extraocular 
‘muscle is generally very thin by comparison with 
other muscles. 

+ The fibres are not tightly packed but are sepa- 
rated by unusually large amounts of connective 


tissue (perimysium) rich in reticulin and elastic 
fibres. 

+ The muscle fibres are rounded or oval in shape 
with small fibres (5-15 ptm) around the periph- 
ery of the muscle and larger fibres (10-40 wm) 
in the centre. 

+ Extraocular muscle is the most vascular in the 
body, next to myocardium, The most vascular- 
ized region is the orbital aspect. 

+ In normal extraocular muscle there often appear 
to be histopathological or ultrastructural changes 
normally associated with myopathy, ie. mild 
‘mononuclear cellular infiltrate, centrally placed 
nuclei, disorganization of the sarcolemma, dis- 
ruption of the Z lines, and mitochondrial 
clumping. 

+ Extraocular muscle contains lange numbers of 
specialized sensory or proprioreceptive endings, 
including large muscle spindles up to 1 mm long 
(nuclear bag fibres, nuclear chain fibres and 
annular nerve terminals), Golgi tendon organs 
are also numerous and are generally found 
within the tendons of extraocular muscles in 
greater numbers than in skeletal muscle (Fig. 
1-49), The afferent fibres from extraocular 
‘muscles are transmitted initially for part of their 
course in the respective cranial nerve innervating 
the muscle (either IIl, IV or VD; however, they 
leave these nerves and join the ophthalmic divi- 
sion of the trigeminal, either in the cavernous 
sinus or in the brainstem. Their cell bodies are 
situated in the mesencephalic nucleus, although 
some muscle afferents have been traced to Purkinje 
cellsin the cerebellum, and play an important role 
in positional sense and control of ocular move- 
‘ments (both saccadic and tracking). 

The structural differences between extraocular and 
skeletal muscle outlined above are not surprising in 
light of the fundamental differences in function, 
namely the constancy of activity (even during sleep- 
ing) and the rapidity and fine gradation of contraction 
of extraocular muscle required to fixate subjects of 
interest on the fovea, Since both eyes must move 
together, both sets of six muscles must be highly coor 
dinated and move simultaneously (see Ch. 5). Up to 
six types of muscle fibre have been identified morpho- 
logically, but functionally there appear to be three 
main types (Table 1-3). 
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FIGURE 1-45 Diagram (A) and prosected specimen (B) of the arbit 
viewed from above, revealing the relations ofthe orbital neves and 
ertraocular muscles, Orbital fat and vessels have been excluded fr the 
purposes of clarity. 

* The root af the orbit and superior orbital fissure have been removed 
and the periorita divided 

* In (A) the lacrimal (L), frontal () and trochlear (IV) nerves have been 
cut In (B) these nerves are Intact as they pass external ta the tendi- 
ous ring or annulus. 

* In (A) only one long cliary nerve is shown arising from the nasoc- 
ay neve 

* The sensory rot ofthe ciliary ganglion emerges from the nasociiary. 
The motor root (parasympathetic fibres) arises from the branch 
of the oculomotor supplying inferior oblique. 

* In (A) and (B) te lateral dural covering of the cavernous sious has 
been removed to expose the cranial nerves before they passthrough 
the superior orbital fissure: TG, trigeminal ganglion; V, Vs, Vs, dvi- 
sions ofthe trigeminal neve; OB, olfactory bul; ICA, internal carotid 
artery; ll, oculomotor nerve; VI, abducens nerve; $0, superior 
oblique; LA, lateral rectus; LG, lacrimal gland; LPS, levator palpebrae 
superiois; &R, superior rectus; ON, optic nerve 

* The optic canal has not been opened 
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FIGURE 1-46 (A) Disgram ilustrating a lateral view of a dissected orbit 
revealing the relations ofthe orbital nerves and extrancular muscles (vessels 
have been excluded forthe purposes of clarity). (B) Dissection of the orbit 
similar tothe diagram above except that lateral rectus has not been cut 
and the course ofthe orbital nerves within the cavernous sinus is also 
shaw (by removal of the fatral dural wal) CA, internal carotid artery; 
PCA, posterior communicating artery; PC, posterior cerebral artery: MA, 
rmaxilary artery; TG, trigeminal ganglion; Ys, Vs, Vs. divisions of the 
trigeminal nerve; PTG, perygopalatne ganglion; PSA, posterior superior 
alveolar nerves; ION, infraarbital nerve; 10, inferior oblique; LR, lateral 
rectus; SR, superior rectus; arow, nerve to superior oblique branch af 
‘oculomotor nerve (ll) IV, trochlear nerve; MS, maxilry sinus. 


‘+ The lateral wall has been removed and the infraternporal fossa has been dissected to expose the pterygomanilay fissure and plerygopaatine 
fossa. 

+ The cranial cavity has been opened to reveal the dura (etiected) covering the frontal lobe. 

‘+ The lateral rectus has been divided and reflected to expose the optic nerve and other cranial nerves entering the orbit through the tendinous 
ring. Note the abducent nerve entering its bulbar surtace 

+ The ciliary ganglion les between the lateral rectus and the optic nerve. Note the motor root and sensory root as seen inthe superior view. 

The nerve to inferior oblique (NIO) isa uselul landmark for finding the ciliary ganglion. The shor cilary nerves emerge from the ganglion 

and enter the lobe around the optic nerve 

Not the three nerves which enter the orbit quside the tndinous ring lacrimal, frontal and trochler, 

+ The nerve to superior rectus (branch af superior division of Il nerve) pierves the muscle and enters the levator palpebrae superiris, which 
it supplies, from below. 

+ Branches of the ptenygapalatine ganglion (PTG) enter the orbit through the inferior orbital fissure and contsbute tothe formation of the 
relrobulbar plexus (not show) 

+ Inferior obique passes backwards, laterally and superiorly beneath the inferior rectus. 
Orbitals (Miller's muscle), a band of smooth muscle, covers the inferior orbital fissure 


or 
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FIGURE 1-47 The orbit from In front vith the globe removed to show the origins of the extrancuar muscles and the orbital nerves (vessels 


and fat are not included inthis diagram). 


BLOOD VESSELS OF THE ORBIT (Fio. 1-50) 

The orbital contents are supplied chiefly by the oph- 
thalmic artery, which usually arises from the internal 
carotid artery shortly after it emerges from the roof of 
the cavernous sinus. It commences its course beneath 
the optic nerve, closely bound to the dura while in the 
optic canal, then winds around its lateral aspect, and. 
finally passes above the nerve. Itthen proceeds forward, 
above the medial rectus and under the superior 
oblique. It ends its tortuous course by dividing into 
dorsal nasal and supratrachlear branches, The 
branches are summarized in Figure 1-50. There are 
several important points of anastomosis between 
arteries derived from the internal carotid and the 
external carotid arteries (Table 1-4), 

‘These anastomoses may be important during occlu- 
sive vascular disease of the ophthalmic artery by 
serving as alternative routes of blood supply to the eye 
and orbit. The veins that accompany the above arter- 
ies, in common with most veins of the head and neck, 
lack valves and thus there are several sites of com- 
munication between veins on the upper face and 
lids with intraorbital veins (superior and inferior 


ophthalmic veins) which drain posteriorly into the 
cavernous sinuses, The inferior ophthalmic vein may 
drain via the inferior orbital fissure into the pterygoid 
venous plexus, These communications are important 
clinically as they act as potential routes for the spread. 
of infection from the face around the nose and eye to 
the cavernous sinuses and the cranial cavity. 


Cranial nerves associated 

with the eye and orbit 

GENERAL FUNCTIONAL ARRANGEMENT 

Cranial nerves contain a diversity of functional com- 
ponents, Besides those found in spinal nerves (somatic 
efferents, somatic afferents, general visceral efferents, 
general visceral afferents), cranial nerves also contain 
additional functional categories including special vis- 
ceral efferents (branchiomotor), special somatic affer 
ents (special senses, hearing and balance), and special 
visceral afferents (taste and smell). The functional 
classification of cranial nerve components and their 
target organs and tissues are summarized in eTable 1-1. @ 
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eTABLE 1-1 Functional analysis of cranial nerve components 


Funetional classification 


Modalitytarget (ontogeny/phytogeny) 


Present in cranial nerves 


‘Somatic efferent (general motor) 


‘Somatic afferent (general sensory) 


General visceral efferants” 
(parasympathetic) 


General visceral afferents 
‘Special visceral etferents 
(branchiomotor) 


‘Special somatic afferent (special 
‘senses concerned with Body 
postion, excluding vision) 

‘Special visceral afferent (special 


visceral senses, taste and smell) 


‘Supplies skeletal muscle of somatic origin 
(pteotic somites ~ extraocular muscles; 
‘occipital somites — tongue musculature) 

Pain, temperature and touch. Supplies 
skin and mucous membranes of the 
head and neck 

Supplies smooth muscle (viscera), cardiac 
muscle, glands, blood vessels and 
intrinsic eye muscles (ciliary muscle 
and sphincter pupilize) 

Pain and sensibilly of viscera 

‘Skeletal muscles of mastication and facial 
expression (i.e. pharyngeal arch or 
visceral evolutionary origin) 

Maintenance of balance and reception of 
sound (vestibulocochlear organ) 


COfactory epithelium in nasal cavity and 
taste receptors in tongue and palate 


TH, 1V and Vi 
xi 


Predominantly in V but several 
‘minor elements in VIl, IX and X 


I, Vil, PX, X and Xt 

X (vagus) is largest 
parasympathetic nerve in tha 
body 

Vil, IX and x 

V, VI, IX, X and XI 


vt 


Clacton (smell) in I; taste in Vl, 
1X and X 


*Sympathotic nerve fibres, originating trom upper thoracic segments of the spinal cord and synapsing in cervical ganglia 
‘may ‘hitch-hike’ with various crarial nerves andlor blaod vessels to reach ocular and abital structures, e.g. dilator pupillae 
‘muscle and tarsal muscle (sae Fig. 1-85) 
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[0385] Stable CTC Solution From Modified M-Theory 


[0356] Our innovation is « method of creating an event 
Where a dual membrane or dual boundary condition exists 
We do this using generalization from a Mi 

has been modified if one analytically cqntinues the maximal 
extended Misner Metric so that ds =-du°+dw*4(dx?)+ 
(dx°) to the Euclidean section so that uefota zeta we obtain 
4 Misner instanton on the section where w and zeta are both, 
real. The Euclidean time, t, and the closed spacelike coor 
dinate are both periodic, the later having a period of 211¢. 
‘Going back to the Lorentzian sector we find thatthe period 
of the closed coordinate becomes linearly dependent on the 
physical time. Using automorphic fields in the Hadamard 
function one can obtain a quantized condition fr time. This 
ives us a figureon the onder ofthe Plank time. This confines 
such a stable wormhole condition to the general area of the 
Plank scale in its modified form which is that area defined 
by the Membrane itself. As such, these Plank scale worm 
holes are the true source of the true virtual aspects of the 
vacuum and quintessence. The effects ofthe dual singularity 
system can be viewed as an overlap zone of two distinct 
space-times which have boundary conditions on both sides. 
Asan object accelerates towards C itis this same boundary 
‘or horizon that object encounters when the Time defined 
horizon solution for the universe is imposed. At this point 
‘drawing upon Van Den Broeck’s alterations for this space- 
time geometry to ereate a single closed Friedman-Robert- 
son-Walker spacetime the space-time geometry can be rep- 
resented by this equation ds =det*-B"{(dx-Pidet)"}edy"+ 
‘47 Bean be any function that is large near the displacement, 
‘device. We then consider this transformation as extended to 
four dimensional space-time with arbitrarily time dependent 
acceleration, We also present the device frame eneny den- 
sity 100 from a four dimensional calculation and note that 
the 4d classical calculation is everywhere finite 


[0387] Consider an Aleubierre interval given according to 
‘remote frame's eylindrical coondinates by: 

Pat BP ke? etd? Pap 
‘where fis function that is 1 at the location of the device 
‘and. zero far from it 


[0388] Starting out withthe first transformation z=7—det 
beta det. Where b is first expressed here as a function of time 
‘et. With some algebra for simplification this results in 
ALBA Hee 20 fete de-aPPap 
Let gelf and this becomes 
PLB WeDo dead 

[0359] | Notice that this returned the original intervals form 
with a reversal on the sign of b and a reversal of the 
boundary conditions for g. Now we notice that at =O, this 
interval becomes the interval for special relativity trans- 
formed to eylindrical coordinates. Thus, we have found a 
transformation to a frame based local tothe device. One can 
also verify that in these coordinates the relevant affine 
‘connections vanish at r=. a further proposed modification to 
this field we will reintroduce a time dilation term into the 
‘devices frame’s interval. Only we will use different bound~ 
ary conditions for it. We will keep A=! both at the location 
of the device, and far from it, but allow it to become large 
inthe warped region. This is achieved by the simplest means 
possible in the proposed field generation method. Since 
rotating kerr singularity under bombardment would produce 
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‘an equal negative energy region. With the effect focused 
outward away from the device slightly by the relative 
alignment of the Kerr singularity the actual inward going 
portion of such fields would overlap and cancel their elfect 
‘out in the region of the device. This yields a space normal 
time region, which is again restored at the fringes of the 
outward going field, From the standpoint of a geometric 
picture of spacetime around the device and extending 
outwards one has actually created a dual event horizon 
situation as far as time goes. The inner one isthe shell of the 
canceled out field inside of which normal time flow is 
restored. The outer one is formed at the boundary wher 
normal time resumes and within which we have a negati 
energy field 


SUMMARY OF THE INVENTION 


[0360] The present invention is A method for the genera- 
tion of a pseudo 2+1 dimensional antixde Sitter space 
(DeDeo & Gott 2002) using two Kerr type positively 
‘charged rotating dilation singularities where one singularity 
is maintained as a axis of rotation or “reference” singularity, 
and the other “target” singularity is subjected to a differential 
electron flow s0 as fo simultaneously pass above the photo- 
sphere of said singularity in its direction of rotation— 
‘prograde orbit—and contrary to its direction of rotation— 
retrograde orbit—to release a directed flow of gravitons in a 
sinusoidal oscillation simulating a rotational effect of the 
“tanget” singularity around the axis of rotation provided by 
the “reference” singularity, resulting in the creation of 
timelike curves in a compact time-oriented manifold per- 
rmitting topology change from one spacelike boundary to the 
other in accordance with Geroch’s theorem (Geroch 1967) 
‘which results in a method for the formation of G odel-type 
‘geodesically complete spacetime envelopes complete with 
closed timelike curves, 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0361] FIG. 1 is a schematic representation of the mecha- 
nism employed to house the components necessary to gen- 
erate a 2+1 dimensional anti-de Siter space, resulting in the 
creation of timelike curves in a compact time-oriented 
‘manifold 


[0362] FIG. 2 is a schematic representation of the G 
‘odel-type geodesically complete spacetime envelope created 
by the mechanism complete with closed timelike curves 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0363] Principles of Gravity Distortion Time Displace- 
‘ment Systems 


[0364] The theoretical understanding of quantum gravity 
allows the design of time displacement systems from first 
principles. tis unlikely that gravitons or Kerr singularities 
‘can be controlled in a precise way using current technology. 
Nevertheless, an understanding of three dimensional space- 
time and matter, does allow the design of elementary di 
placement systems. That is, systems whose displacement 
rely on direct warping space-time as opposed to the ejection 
‘of material to provide thrust resulting in time dilatational 
effects 


[0365] ‘The background for these systems are already 
partially understood and quintessence theory allows their 
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FIGURE 1-48 Four views ofthe right globe to demonstrat the inser~ 
tions ofthe extrancular muscles. 


The sites of origin of the cranial nerves from the 
brainstem are illustrated in Figures 1-51 and 1-52. 


‘OCULOMOTOR NERVE (CRANIAL NERVE Ill) (Fig. 1-52) 


This is the largest of the extraocular nerves and sup- 
plies all the extraocular muscles except the lateral 
rectus and superior oblique, 


Origin 


‘The oculomotor nerve nuclei comprise two main types: 
+ a complex of five individual motor (somatic effer 
ent) nuclei containing the cell bodies of the 
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multipolar motor neurones whose axons directly 
innervate their respective extraocular muscles 
+ a general visceral efferent nucleus, the Edinger 
Westphal nucleus, containing small spindle- 
shaped preganglionic (first-order) parasympathetic 
The oculomotor nuclei lie at the level of the superior 
colliculus in the ventral region of the periaqueductal 
grey matter and extend cranially for a short distance 
into the floor of the third ventricle. The medial longi- 
tudinal fasciculus lies lateral to the nucleus and con- 
tains the axons of internuclear neurones that pass 
vertically between the brainstem nuclei of the IIL, IV 
and VI nerves, The fibres emerge from the oculomotor 
nuclei, pass anteriorly through the tegmentum of the 
midbrain and red nucleus, and emerge medial to the 
cerebral peduncle at the upper border of the pons 
(Figs 1-51 and 1-52), 


Intracranial and intracavernous course 


The nerve passes forward, laterally and slightly down- 
ward in the interpeduncular fossa (one of the enlarge- 
ments of the subarachnoid space or cisterns) lateral to 

the posterior communicating artery (Fig, 1-52). It 
passes between the posterior cerebral artery (above) 
and the superior cerebellar artery (below), It grooves 
the posterior clinoid process and courses forward 
before it passes through the dural roof of the cavern- 
ous sinus (Fig, 1-46B). The nerve runs forward in the 
upper part of the lateral wall of the cavernous sinus 
(Fig. 1-9C and eFig, 1-28) and enters the intraconal @) 
space of the orbit through the superior orbital fissure 
within the tendinous ring (Figs 1-5 and 1-6), where 

it divides into superior and inferior divisions 


Intraorbital course 


Inthe orbit the nasociliary nerve is interposed between 
the two divisions of the oculomotor nerve, The supe- 
rior supplies the superior rectus, which it pierces to 
teach levator palpebrae superioris. The inferior divi- 
sion splits into several branches which supply the 
medial rectus and inferior rectus, and a long branch. 
passes forward on the lateral aspect of inferior rectus 
to reach inferior oblique (Fig, 1-468). It is from this 
latter branch that the stout motor root (preganglionic 
parasympathetic fibres) passes to the ciliary ganglion, 
the site of postganglionic parasympathetic (second- 
order) neurones (Fig. 1-#5A), Axons from the 
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FIGURE 1-49 Histological section of (A) narmal human skeletal muscle fibres (SKel) and (B) extraocular muscle fibres (EOM): LS, longitudinal, 
section of fibres; TS, fires in transverse section P,perimysium; MS, muscle spindles; N, nerve. Orginal magnifications: A and B, x 100, 


TABLE 1-3 Classification of mammalian 
extraocular muscle fibres 
Type A Type 8 Type C 
Large diameter Inlermediate Small diameter 
diameter 
Single endplate Multiple ‘Small en grappe 
endplates plates 
Fast twin Siow twitch Tonic 
‘contractions 
Required for Needed for Function to 
saccadic smooth align both 
movements pursuit visual axes, 
movements Le. fine focal 
‘contractions 


TABLE 1-4 Sites of anastomosis between 
branches of the internal and external 
carotid arteries 


External carotid Internal carotid 
branch branch anastomosis 
‘Angular artery —_Dorsalis nasi Medial palpebral 
(facial) (ophthalmic) margin 
‘Transverse facial Lacrimal artery Lateral palpebral 
artery (ophthalmic) margin 
(cupertcial 
temporal) 
Middle meningeal Lactimal artery Orbit 
artery and deep (ophthalmic) 


temporal artery 


‘Blood supply ofthe orbit 


Ophtnaimic 

atery 
FIGURE 1-50 Diagram summarizing the blood supply ofthe orbit as 
seen ina superior view: 1, central retinal artery: 2, pstetiorcliary 
arteries (usually emerge as two trunks that divide into the short 
posterior cary arteries (seven or more) andthe ang posterior cliary 
arteries (usually two, metial and lateral): 3, lacrimal artery; 4, recur- 
rent branches (fo meninges); 5, muscular branches (give rise to 
anterior cilary arteries); 6, supraorbital artery: 7, posterior ethmoidal 
artery; 8, anterior ethmoidal artery; 9, supeior and inferior medial 
palpebral arteries; 10, dorsalis nasi: 11, supratrachear; 12, superior 
and inferior lateral palpebral arteries; 13, ygomatic branches of the 
lacrimal artery. 


BOX 1-28 CLINICAL CORRELATES 
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BOX 1-30 CLINICAL CORRELATES 


Intracavernous lesions of cranial Ill nerve 


‘The oculomotor, ike other cranial neves coursing through 
the cavernous sinus, can become involved in pathological 
processes such as venous thrombosis or aneurysms of the 
internal artery. Pituitary enlargements mare commonly 
affect the oculomotor and troclear nerves than the 
bducent, hich is protected by the internal carotid artery. 
Meningioma or expanding lesions inthe region ofthe 
‘superior orbital fissure can also compress the neve, 


BOX 1-29 CLINICAL CORRELATES 


Lesions of the oculomotor nerve 


Complete lesions ofthe oculomotor nerve (e.g. trauma) 
result in: 

* inabity to ook upwards, downvards or medially 

+ lateral or extemal strabismus because of unopposed 
action of lateral rectus 

+ diplopia 

+ complete ptosis (paralysis of levator palpebrae 
superiors and unopposed orbicularis ccul) 

+ dilated non-reactive pupils (unopposed dilator 
pupilae) 

+ lack of accommodation. 

‘Incomplete lesions — some of the symptoms above may be 
present. 

‘Internal ophthalmoplegia —loss of parasympathetic 
‘components only. This may be the fist sign of nerve 
palsy asthe parasympathetic fibres are located 
superficially in the nerve and they may be damaged 
first in intracranial esions; thus, pupil dation Is a 
crucial sign of compression within the cranial cavity 
following head injury. 

External ophthalmoplegia the loss of extraocular 
‘muscle supply 

Intracranial lesions affecting the oculomotor nerve 
— aneurysms of adjacent arteries around the 
brainstem may cause compression ofthe nearby 
nerve, Meningitis can involve the nerve along its 

|| course in the subarachnoid space 


postganglionic neurones travel in the short ciliary 
nerves to supply the choroid, sphincter pupillae of the 
iris and the ciliary muscle (Fig. 1-52), 

The nerves that supply extraocular muscles gener- 
ally pietce the muscle one-third of the way along the 
muscle belly on the bulbar aspect. 


TROCHLEAR NERVE (CRANIAL NERVE IV) (Fig. 1-53) 
This is the only somatic efferent nerve to emerge from 
the posterior aspect of the central nervous system, It 


Intracranial lesions affecting the trochlear nerve 


‘The trochlear nerve is rarely paralysed alone, though itis 
particularly vulnerable a its posterior ext from the 
brainstem and as it winds round the midbrain. Lesions 
‘causing compression on the undersurface of the tentorium 
may affect the troclear nerve. It may also be involved in 
pathological processes in the cavernous sinus. Patients 
Sutfering paralysis ofthe superior oblique because of 
‘rochlear nerve lesions suffer diplopia when looking down 
‘and have dificuity in looking down when the eye is 
‘addicted because the superior oblique is the only 
depressor in the adducted state, Patients characteristically 
‘carry the head tied to the non-affcted side with the 

‘chin lowered to compensate for the overaction of the 
inferior oblique producing unopposed torsion on 

the ey. 


is also unusual in that it decussates before leaving the 
brainstem. It supplies only one extraocular muscle, 
the superior oblique 


Origin 


The nucleus lies in the anterior part of the periag- 
ueductal grey matter at the level of the inferior col- 
liculus (caudal to Ill nerve nucleus) in line with the 
other oculomotor nuclei, The fibres first pass ante- 
riorly and laterally towards the tegmentum before 
turning and passing posteriorly around the periaq- 
ueductal grey matter and into the superior medullary 
velum (part of the roof of the fourth ventricle) where 
they decussate before emerging from the posterior 
surface of the brainstem in the posterior cranial fossa 
(Fig. 1-53), 


Intracranial and intracavernous course 


The trochlear nerve winds around the crus of the 
midbrain (cerebral pechincles) above the superior cer- 
ebellar artery and the pons and below the posterior 
cerebral artery. It continues anteriorly immediately 
beneath the free edge of the tentorium cerebelli 
(Fig 1-53). It pierces this dura and enters the lateral 
wall of the cavernous sinus beneath the oculomotor 
nerve (Figs 1-9C and éfig, 1-28; 1-45B and 1-468). @ 
The trochlear nerve then passes upwards, thus coming, 

to lie above the oculomotor nerve before entering the 
orbit outside the tendinous ring in the lateral part of 
the superior orbital fissure 
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FIGURE 1-51 Ventral views ofthe brain to demonstrat the origin of the cranial nerves: (A) diagram without vessels; (B) photograph of a 
‘whole brain with vessels. ICA, intemal carotid artery; MCA, middle cerebral artery; PCA, posterior cerebral artery BA, bailar artery; VA, vertebral 
artery 
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FIGURE 1-52 (A) Diagram summarizing the brainstem origin (inset shows level of section, intracranial, intracavernous and intraoral course 
othe oculomotor nerve. (B) Brainstem cranial nerves. 
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Intraorbital course 


It passes forward above the origin of levator palpebrae 
superioris close to the bone, to enter the upper free 
edge of the superior oblique (Figs 1-458.B; 1-47 and 
1-53). 


ABDUCENT NERVE (CRANIAL NERVE VI) (Fig. 1-54) 


The abducens nucleus lies in the mid-pons beneath 
the floor of the upper part of the fourth ventricle, close 
to the midline beneath the facial colliculus. The fibres 
pass anteriorly to emerge on the lower border of the 
pons above the medulla near the midline (Figs 1-51 
and 1-54) 


Intracranial and intracavernous course 


The abducent nerve has the longest intractanial course 
of any cranial nerve. It courses upwards in the pontine 
cistern between the brainstem and the clivus, either 
side of the basilar artery. It is crossed or ‘hound 
down’ to the brainstem close to its origin by the 
anterior inferior cerebellar artery. It may pierce the 
dura early in its upward course upon the clivus close 
to the inferior petrosal sinus (2 cm below the pos- 
terior clinoid process). On reaching the upper border 
of the apex of the petrous temporal bone, it crosses 
the inferior petrosal sinus from medial to lateral and 
changes direction sharply from a vertical to a hori- 
zontal course and runs forward beneath the petro- 
sphenoidal ligament (of Gruber) and. superior petrosal 
sinus (Fig, 1-54). The abducent nerve passes forward 
within the cavernous sinus, surrounded by venous 
spaces and suspended by fine connective tissue 
trabeculae. It lies lateral to the ascending portion of 
the internal carotid artery and then inferolateral to 
's horizontal portion (Fig, 1-9C and éFig. 1-2). The 
abducent nerve enters the intraconal space of the 
orbit by passing within the tendinons ring (Figs 1-5 
and 1-6). 


Intraorbital course 
The abducent nerve has a short intraorbital course. It 
enters the bulbar surface of the lateral rectus one-third 
of the way from its origin, This is the only muscle 
supplied by the abducent nerve 


Sensory endings in oculomotor nerves 
The cell bodies of proprioreceptive fibres in the 
extraocular muscles are located in the mesencephalic 
nucleus of the trigeminal nerve. The mesencephalic 
nucleus also receives proprioreceptive terminals from 
neck and face musculature, The coordination of 
simultaneous movements of the head and eyes is 
dependent on conjugation of sensory (proprioceptive) 
information from the musculature of the neck and 
eyes, and input from cerebellar oculomotor centres 
(see Ch. 5). 


TRIGEMINAL NERVE (CRANIAL NERVE V) (Fig. 1-55) 


‘The trigeminal is the largest of the cranial nerves, It is 
the main sensory nerve of the head, supplying the 
mucous membranes of the oronasal cavities, middle 
ear, paranasal sinuses, skin of the face, the teeth, the 
comea, the temporomandibular joint, and the dura of 
the anterior and middle cranial fossae (Fig. 1-55A.B). 
‘The dermatomes corresponding to its three major sub- 
divisions and the cutaneous branches of the ophthal- 
mic and maxillary nerves are shown in Figure 1-55A, 

The mandibular division, besides its sensory com- 
ponent, supplies motor fibres to the muscles of mas- 
tication and also receives proprioceptive fibres from 
these muscles, together with the muscles of facial 
expression. 

The trigeminal nerve arises from the brainstem in 
the posterior cranial fossa as a large sensory root and. 
a small motor root. The sensory root consists of the 
central processes of pseuco-unipolar sensory neu- 
rones whose cell bodies lie in the large trigeminal 
ganglion located in the cavum trigeminale, a bony 
depression near the apex of the petrous temporal 
bone lined by evaginating dura mater from the edge 
of the tentorium cerebelli and roofed over by dura 
of the middle cranial fossa. The ganglion is partly 
surrounded by cerebrospinal fluid, which is continu- 
ous with the subarachnoid space of the posterior 
cranial fossa. The ganglion is homologous to a 
dorsal root or sensory ganglion of a spinal nerve, It 
is from the anterolateral convex surface of this flat- 
tened ganglion that the three named branches 
emerge: the ophthalmic (V,), maxillary (V2) and 
mandibular (V;) (Fig. 1-558). 
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‘The ophthalmic division or nerve (Fig. 1-56A) splits 
in the anterolateral portion of the cavernous sinus 
into three main branches: the lacrimal, frontal and. 
nasociliary. The pathway and termination of these 
nerves are summarized in Figures 1-45-1-47, 1-558, 
and 1-564. 

‘The maxillary nerve (Figs 1-958 and 1-56B) passes 
through the foramen rotundum and spans the pte 
‘gopalatine fossa before entering the orbit through the 
inferior orbital fissure as the infraorbital nerve, It lies 
beneath the periorbita and is thus not truly an orbital 
content. The nerve passes forward from the inferior 
orbital fissure to the infraorbital groove, which hecomes 
the infraorbital canal, the nerve eventually emerging 
through the infraorbital foramen (Fig. 1-57). Here it 
radiates out as a number of cutaneous branches sup- 
plying the lower eyelid, the nose, upper lip and cheek. 
(Fig. 1-55A). The cygomatic nerve, a branch of the 


FIGURE 1-53 Diagram summarizing the brainstem origin (inset shows level of section), intracranial, itracavernous and intraorbital course of 
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infraorbital, runs along in the inferior orbital fissure, 
heneath the periorbita, to the lateral wall of the orbit 
where it pierces the zygomatic hone as two branches, 
the zygomaticotemporal and zygomaticofacial nerves 
(both cutaneous). Traditionally, a communicating 
branch is described as passing up the lateral wall of 
the orbit to join the lacrimal nerve; however, the pres 
ence and importance of this nerve has been disputed. 
Other branches of the maxillary nerve, which pass 
through the pterygopalatine ganglion (without synaps- 
ing), supply the nasal cavity, upper alveolar arch and. 
hard and soft palate (Fig, 1-55B). More details of these 
branches and those of the mandibular division are 
provided in standard anatomical texts 

The four parasympathetic ganglia of the head and 
neck (ciliary, pterygopalatine, otic and submandin- 
lar) are associated with the branches of the trigeminal 
(Fig, 1-558). They are generally connected by short 
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FIGURE 1-54 Main diagram summarizes the intracranial, intracavernous and intraorbtal course of the abducent nerve. The smaller lower 
diagram shows the neurohistalogical features at the level of the abducens nuclei (evel af mid-pons on brainstem) 


BOX 1-31 CLINICAL CORRELATES 


{Intracranial lesions affecting the abducent nerve 


‘The abducent nerve is considered the ‘weakling’ of the 
cranial contents. Its vety susceptible to damage in head 
‘juries, such as fractures to the base of the skull or any 
type of expanding cerebral lesion, owing to its long 
intracranial course. Ifthe brainstem is displaced downwards 
(due to raised intracranial pressure) the nerve may be 
‘compressed against the inferior cerebellar artery or severed 
‘where it bends sharply over the apex or crest of the petrous 


temporal bone. Within the cavernous sinus the nerve, not 
teing protected by the dur ofthe lateral wal is more 
susceptible than the other intracavernous nerves. For 
‘example, atheromatous changes inthe intemal carotid artery 
may compress the abducent nerve. Lesions ofthe abducent 
nerve result in paralysis of lateral rectus; thus, the patent is 
unable to abduct the eye and suffers esotropia (internal 
strabismus) asa result of the unopposed action of the 
medial rectus. 


stalks containing pre- and postganglionic fibres, and. 
the terminal fibres are distributed with the branches 
ofthe trigeminal ~ they may share the same perineural 
sheath for part of their course Chitch-hikers’). Sympa- 
theties may also hitch-hike with branches of the 
trigeminal for part of their course and be distributed 
to the territories of this large nerve. 


Sensory nuclei of the trigeminal nerve 


‘There are three sensory nuclei in the brainstem associ 
ated with the trigeminal nerve: 

+ Mesencephalic nucleus. This receives sensory 
(proprioceptive) information from muscles of 
mastication, muscles of facial expression and 
extraocular muscles, The peripheral processes 
are distributed with all three divisions of the 
trigeminal 

+ Pontine nucleus. This is concerned with discrimi- 
native tactile information from the face. Fibres 
from all three divisions enter this nucleus 

+ Spinal nucleus, This is continuous with the sub- 
stantia gelatinosa of the posterior grey horn of 
the spinal cord. Its concerned with tactile, noci- 
ceptive and thermal information from the terri- 
tories of the three divisions. 

The afferent fibres terminating in the last two nuclei 
are the central processes of sensory neurones whose 
cell bodies are located in the trigeminal (Gasserian) 
ganglion. The peripheral processes terminate in appro- 
priate sensory receptors in the territories of the three 
divisions, 


FACIAL NERVE (CRANIAL NERVE Vil) 
The facial nerve contains a number of functional com- 
® ponents (eTable 1-1), The facial nerve proper (contain- 
ing branckiomotar or special visceral efferents) supplies 
the muscles of facial expression, stapedius (small 
muscle in middle ear), stylohyoid, and the posterior 
belly of the digastric. The second component, the 
nervus intermedius, comains secretomotor a parasym- 
pathetic fibres (general visceral efferent), which synapse 
in the pterygopalatine ganglion and supply the lac- 
rimal gland and choroid in addition to other glands in 
and around the nose and mouth. The nerve also trans- 
mits taste fibres (special visceral afferents) from the 
anterior two-thirds of the tongue, The extracranial 
branch of cranial nerve VII exits the skull through the 
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stylomastoid foramen and pierces the parotid gland to 
emerge at the anterior border of that gland (Fig. 1-58). 
The facial nerve is important to the eye and orbit 
primarily because of its parasympathetic supply to the 
lacrimal gland (and some intraocular branches) and. 
its motor supply to the periorbital facial muscles 
(especially orbicularis oculi). I is the most frequently 
paralysed of all peripheral nerves. 

There are three reflex arcs in the brainstem involy- 
ing the facial nerve, of which the corneal refles is an 
important clinical test (Table 1-5) 


Ocular appendages (adnexa) 
MUSCLES OF THE EYELIDS AND ADJACENT FACE 


The muscles that are primarily responsible for mo1 
ment of each eyelid include the orbicularis oculi (a 
muscle of facial expression), which is responsible for 
lid closure, and the levator palpebrae superioris (an 
extraocular muscle), which raises the lid. 

Other muscles of facial expression of primary interest 
around the eye and eyelids are the corrugator superciit 
and occipitofrontalis, 


Orbicutaris oculi (Fig. 1-58) 


Shape. The orbicularis oculi muscle is a broad, flat, 
sheet of skeletal muscle with orbital, palpebral and 
lacrimal portions, The circular orientation of the fibres 
is a reflection of the sphincter-like function of this 
muscle, The orbital portion arises from the medial 
palpebral ligament and the adjacent orbital margin 


BOX 1-32 CLINICAL CORRELATES 


Trigeminal neuralgia (‘tic douloureux’) 


‘This is a condition characterized by excruciating pain in the 
territory of one or more ofthe divisions of the trigeminal 
nerve. Thus, the clinician should be familar with structures 
‘supplied by each division, Many causes have been 
‘suggested, including ostetis ofthe petrous temporal bone 
or compression ofthe root or ganglion in the cavum 
{rigeminale by enlarged or engorged vessels; however, in 
‘many cases the aetiology is unknown, The teritary ofthe 
maxilary nerve is most frequently involved, then the 
‘mandibular, and less commonly the ophthalmic nerve, 
Thee commonly performed surgeries are glycerol 
thizotomy, stereotactic rado-surgery (Gamma Knife) and 
‘endoscope vascular decompression. 
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FIGURE 1-55 (A) Sensory ‘map’ ofthe head and neck. Note the limits ofthe territaris ofthe skin ofthe face and scalp supplied by the three 
divisions ofthe trigeminal nerve (ophthalmic, maxilary and mandibular). (B) Stylized dagram showing the origin ofthe motor and sensory 
roots ofthe trigeminal, the position ofthe plerygopalatine and ciliary ganglia, and the territories of some of the major branches ofthe three 
divisions. 
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further development. For this invention, the formation of 
black holes in the laboratory represents a crucial step in 
understanding the mechanisms that underlay gravitational 
physics and in tue the waeping of space-time. The existence 
‘of black holes pernits the localized application of the Axial 
torsion Spin-Rotation Coupling Fifect (Zhang & Beesham 
2002) resulting in a Rotating Frame with Relativistic Factor 
(Zang 2003) which can be used in the creation of a 
Aleubierne space time bubble under the Van Den Broeck 
modification of the Alcubierre geometry (Van Den Broeck 


241 dimensional anti-de Sitter space (DeDeo & Gott 2002) 
using two Kerr type positively charged rotating dilation 
singularities where one singularity is maintained as a axis of 
rotation or “reference” singularity, and the other “target” 
singularity is subjected to a differential electron flow s0 as 
to simultaneously pass above the photosphere of said 
larity in its direction of rotation and contrary to its 
‘rection of rotation to release a directed flow of gravitons 
ida oscillation simulating a rotational effect ofthe 
n provided by 
instance the space-time 
lattice would be repelled by gravitons in such a way as to 
‘disperse space-time quintessence in a circular fashion 
around each of the singularities, producing multiple event 
horizons around the simulated axis of rotation provided by 
the reference singularity 
[0366] The release of gravitons from the target singularity 
is controlled by differentially governing the electron flow 
‘cross the photosphere with the use of powerful electric 
‘currents. In tur the differential direction of flow across the 
photosphere of gravitons would determine the direction of 
motion through the space time lattice and the resulting time 
<isplacement from one spacelike boundary to the other in 
accordance with Geroch’s theorem (Geroch 1967) when. 
implementing this approach itis important to remember that 
the black hole is not excited by the smashing of the clump 
as it“hits” the horizon, The hole is rather excited when the 
metric perturbation associated with the clump is “felt” by the 
background metric. The excitation event therefore consti 
tutes a smooth process whereby in-fall ofa clump from .rmb 
and through r+ serves as a source in the Teukolsky (1973) 
‘equation for small perturbations to the Kerr geometry (with 
appropriate boundary conditions at r+ and 12). This is an 
important distinction with a great deal of relevance to the 
practical engineering ofthe displacement unit since we need, 
to gauge the “driving” of QNR modes in terms of an 
«ective coupling from clump in-fall, 
[0367] | What results isa method for resonant driving ofthe 
‘quasi-normal ringing (QNR) wave modes of the Kerr geom- 
city of the tanget singularity. The micro black hole hyper- 
accreting at rates 9 M. 1 MCisec. | from a neutrino cooled 
disk is pushed through to oscillate near resonance of its 
(Lm=2, 2) quadrupole QNR frequency due to the in-fall of 
‘compact mass over-densities from the cusp in e€ective 
potential on a dynamical time scale. This mode is induced 
via induced magneto-rotationally induced uid dynamics in 
the ultra-relativistic region ofthe flow bounded from below 
by the marginally bound orbit radius: mb Ifthe QNR modes 
are fed resonantly for a few seconds of hyper-accretion, the 
‘enhanced amplitude of the oscillations yields a very high 
rate of energy deposition into gravitational waves. Indeed, 
the integrated enemy deposition is large enough to “evapo- 
rate” the equivalent of a factor of a few times the total rest 
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mass-energy of a single clump into gravitational waves, 
‘hich in tum interact with the reference singularity 


[0368] Application of the method deseribed in the previ- 
‘ous section results in translation outside of the cosmological 
horizon, where F(R)<0, The topology ofthe resulting geo 
desic, for lage eonstant R, is mathematically equivalent t0 
a Buclidean cylinder ofthe condition RxSn where Tis the 
coordinate along the cylinder. It are located outside the 
future/past cosmological horizons, where R is timelike and 
‘Tis spacolike. Inthe case ofa rotating Ker black hole, there 
are two circular photon orbits that can exist in the equatorial 
plane and be exploited to create a tipler sinusoid. One is a 
prograde orbit moving in the same direction as the black 
hole’s rotation, while the other is a retrograde orbit moving 
agains the black hole’s rotation. Their radi are respectively 
given by 


ARM CoH aso) 
ML HCoA21 asso) 


\where a is the angular momentum per unit mass of the black 
hole. The orbits fallin the range M greater or equal to r1 
seater or equal 103M greater or equal to 12 greater or equal 
to 4M The fact that a prograde photon or in oF case cooper 
pair with Bose characteristics orbits the black hole at a 
smaller radius than a retrograde one can be attebuted to the 
‘well-known Lense-Thirring effect, i. the dragging of iner- 
tial frames due to the black hole’ rotation which we control 
and influence via electromagnetic induced load coupling 
\vith the open magnetic field lines threading the BH horizon. 
‘This dragaing would cause charged cooper paits to revolve 
around the black hole relative ta static observer at infinity. 
‘Thus, to such an observer, a prograde cooper pair would 
have o orbit ata smaller radius to compensate forthe “extra” 
angular momentum acquired, while a retrograde one would 
have to orbit ata larger radius to compensate for the “lost” 
angular momentum, Indeed, in the limit of zero rotation, 
these two orbits coincide at r D 3M, giving the single 
circular orbit of the Schwarzschild black hole. Now, reall 
that orbits around the Schwarzschild black hole are neces- 
sarily confined to a plane passing through its center, because 
of the spherical symmetry of the space-time. However, the 
Kerr black hole space-time has only an axial symmetry (in 
addition to being stationary) and this raises the possibility 
of non-planar orbits. One could, for example, contemplate 
the existence of spherical Boseon orbits—orbits with eon- 
stant coordinate radi that are not necessarily confined to the 
equatorial plane around the Kerr black bole. Such orbits 
‘would be @ nontrivial generalization of the two cicular 
photon orbits that lic in the equatorial plane. At first it may 
seem a litle surprising that such spherical orbits could even 
exis, but there isan interesting reason as to why they are 
possible. Note that an abject in a spherical orbit would, in 
addition to moving around the black hole in the azimuthal 

a, be undergoing some periodic motion in the lati- 
tudinal direction. Thisis only possible if theres a conserved 
quantity associated with motion in this direction, just as 
angular momentum is necessarily conserved by its rotational 
‘motion inthe azimuthal direction. (This result can be seen, 
for example, using action-angle variable) Now, because the 
Kerr space-time has only axial symmetry, geodesics in it 
should have only two constants of motion, namely energy 
and angular momentum. However, Carter discovered the 
remarkable fict that goodesies in the Kerr space-time pos- 
sess third constant of motion, It turns out that Carter's new 
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FIGURE 1-56 Diagram summarizing the origin, intracranial, intracavernous and intraorbital course of the ophthalmic nerve and its thes main 

branches. 

+ The frantal nerve passes obliquely above the levator palpabrae superiois and divides ito the supraorital nerve and the supratrachlear neve. 

+The supraorbitl nerve passes thraugh the supraorbtal natch or foramen and asoends inthe subcutaneous tissue of the forenead to supply 
the skin. 

+The supratrochlear nave passes along the medial val ofthe orbit to pass above the trchlea and supply the skin at the root ofthe nose, 
upper eyelid and the medial part ofthe forehead 

+The lacrimal nerve travels forward alang the upper border ofthe lateral rectus and sands fires tothe gland before ending as lateral palpebral 
branches ta the conjunctiva and skin ofthis region 

+ Branches ofthe nasocilary nerve include the sensory rot tothe itary ganglion (rom which the short cary nerves emerge), long cifany 
‘nerves, posterior ethmoidal nerve (supplies ethmoidal and sphenoidal sinuses), the anterior ethmaidal nerve and infatrochlear nerves. 

+The anterior ethmoidal brie re-enters the cranial cavity atthe cririftorm plate (beneath the dura) belore piercing the bone to exit the cavity 
to terminate as the media and lateral internal nasal branches (supply the nasal cavity), the later of which ends as the external nasal branch 
‘which supplies the skin on the lower hal of the nose. 

+The infratrochlearnetve runs along close tothe medial orbital wal, passes beneath the trchlea and supplies the skin atthe angle of the eye 
and uppar pat of the skin ofthe nose 


(Fig, 1-58, inset). Its fibres run circumferentially in an 
elliptical fashion around and beyond the orbital 
margin, Most pass round the lateral orbital margin 
without interruption, although some fibres (known as 
depressor supercili) are inserted into the skin and con- 
nective tissue of the eyebrow, The palpebral part is an 
extremely thin muscle that originates from the medial 


palpebral ligament. Its fibres pass laterally within the 
eyelid anterior to the orbital septum and tarsal plate 
(see below), and interlace to form the lateral palpebral 
raphe, The small lacrimal component of the muscle 
passes deep to the medial palpebral ligament and is 
attached to the posterior lacrimal crest (behind the 
lacrimal sac) as two muscle slips (upper and lower) 
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FIGURE 1-57 Diagram of the orbital flor and the course ofthe maxiary and infraobital nerves. 


BOX 1-33 CLINICAL CORRELATES 


Lesions of the facial nerve 


‘Supranuclear lesions — caused by vascular stroke in 
‘which descending caticonuclear and corticospinal 
fibres are damaged in the internal capsule. The upper 
facial motor nucleus (supplying upper half of facial 
muscles) receives input from face areas of both the 
ipsilateral and contralateral motor cortices. Th lover 
part ofthe facial nucleus has only contralateral input 
The effect ofa stroke, therefore, isto cause 
contralateral paralysis or weakness of the limbs 
and love face. The upper face survives because ofthe 
tilateral supranuclear supply to the upper part ofthe 
facial nucleus. 

‘Muciear lesions ~ direct damage to the facial nucleus, 
‘such as thrombosis ofthe pontine branches of the 
basilar artery, results in complete paralysis of 


‘structures supplied by the facil nerve (and abduoent 
nerve; see Fig. 1-54) together with motor weakness of 
the limbs on the opposite side (owing to pyramidal 
decussation occurring below this level). 

‘nranuclear lesions ~ Bes palsy involves direct neuritis 
ofthe facial nerve inthe bony canal within the temporal 
Done and results usualy in complete facial paralysis. 
‘The patient is unable to move the lips (salva and food 
drools from the comer ofthe mouth), eyebrows or 
close the eyelids (lids may be lax, causing epiphora), 
‘and suffers hyperacusis (due to paralysis of the 
‘stapedius). Some patents may also have reduced 
lacrimal and salivatory secretions and loss of taste to 
the anterior two-thirds of the tongue. Other causes of 
infranuclear lesions include mutile sclerosis, tumours 
ofthe cerebellopontine angle (acoustic neuromas), 
midal eat disease and tumours ofthe parotid gland, 


These fibres are inserted laterally into the tarsi close 
to the lacrimal canaliculi; they help draw the eyelids 
and lacrimal papillae medially and in addition dilate 
the lacrimal sac during blinking. This helps to suck 
tears into the lacrimal punctum from the lacus 
lacrimalis. 

Nerve supply. Temporal and zygomatic branches of 
the facial nerve. 

Action, The orbital portion, owing to its elliptical 
form and medial attachments, acts like a purse string, 
drawing the skin of the forchead, temple, cheek and 
orbital margin towards the medial angle of the orbit, 
firmly closing the lids (for example, when in very 


bright light). The palpebral portion of orbicularis oculi 
can act under both voluntary and involuntary control 
to close the eyelids during normal blinking (and sleep- 
ing). This blinking reflex (Table 1-5) is essential to the 
integrity of the ocular tear film and function of the 


Corrugator supercilii 

This is a small pyramidal muscle at the medial aspect 
of the eyebrow (Fig, 1-58), beneath the occipitofron- 
talis and orbicularis oculi. It draws the eyebrow 
downwards and medially (frowning), producing verti 


cal skin furrows on the forehead, It assists in 
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FIGURE 1-58 The muscles of facial expression, particulary those of relevance to the eye and orbit. Inset shows the bony origins of some ot 
these muscles around the ori. Some of arbicularis acul and frontlis muscle fibres have been remaved an the right side ofthe face to display 
underlying musculature. The extracranial motor branches ofthe facial nerve that supply the muscles are shown on the right T, temporal or 
frontal branches; Z, zygomatic branches; 8, buccal branches; M, marginal mandibular branch C, cervical branches. 


protecting the eyes in bright light, It is supplied by 
small subdivisions of the temporal branch of the facial 


Occipitotrontalis 


This fibromuscular layer covers the dome of the skull 
from the eyebrows to the nuchal lines. It consists of 
two occipital bellies posteriorly attached via a thick 
fibrous layer, the galea aponeurotica, to the two frontal 
bellies. Only the frontal part is of relevance to the eye 
and orbit. Its fibres form a thin quadrangular sheet 
that is attached to the superficial fascia above the 
eyebrows. The medial fibres are continuous with 
procenis (Fig, 1-58), the intermediate fibres with cor- 
rugator supercilit and orbicularis oculi, and the lateral 
fibres with orbicularis oculi. The frontal belly is sup- 
plied by the temporal branches of the facial nerve. 
Upon contraction it draws the scalp backwards and 
elevates the eyebrows, causing transverse wrinkles on 
the scalp as in expressions of surprise, horror, fright, 
or when glancing upwards 


Levator palpebrae superioris 


This muscle lies within the orbit and is responsible 
for opening the eyelids and, upon relaxation, allows 


lid closure due to gravity, The muscle has its origin 
from the lesser wing of sphenoid, above and in front 
of the optic foramen, blending with the origin of 
superior rectus, The muscle belly passes horizontally 
forward above superior rectus, close to the orbital 
roof (Fig, 1-45). Behind the orbital margin it curves 
downwards into the lid where it becomes aponeurotic. 
The aponeurosis fans out, on either side, to form 
medial and lateral horns, which extend the whole 
width of the eyelid, The levator palpebrae superioris, 
inserts into the skin of the upper lid (causing the 
horizontal palpebral sulcus or furrow) and the anterior 
surface of the tarsal plate (see Fig, 1-60). The lateral 
hom of the aponetrosis forms the lateral palpebral 
ligament, which inserts into the lateral orbital tubercle, 
and the medial horn forms the medial palpebral liga 
‘ment, which inserts into the frontolacrimal suture, The 
levator palpebrae superioris is supplied by the supe- 
rior division of the oculomotor nerve (see p. 69 and 
Fig. 1-52). Upon contraction it elevates the upper lid, 
thereby opening the palpebral fissure, On the inferior 
aspect of the levator palpebrae superioris is a small 
band of smooth muscle, the superior tarsal or Maller’s 
muscle. It is attached anteriorly to the upper surface 
of the tarsal plate and conjunctival fornix (see 
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Reflexes involving the facial nerve 
‘Blinking to light or 
Corneal reflex fast-approaching object Blinking to noise 
Receptor ‘Sensory ending in comeal epithelium — Retina Cochiea 
Afferent pathway Long cilary nerves, nasociliary Optic nerve Vestibulocochlear nerve 
‘nerve, ophthalmic nerve 
First synapse ‘Spinal nucleus of trigeminal ‘Superior colliculus Inferior colliculus 
‘Second synapse Facial nucleus Facial nucleus Facial nucleus 
Efferent pathway ‘Temporal and zygomatic branches Temporal and zygomatic © ‘Temporal and zygomatic 
of facial nerve branches af facial nerve _ branches of facial nerve 
Effector muscle _Obiculatis oculi (Orbioularis eculi Ofbicularis ecu 


Fig. 1-60C). It has a sympathetic innervation and 
upon contraction assists the levator in elevating the 
eyelid. While there is no equivalent muscle to the 
levator in the lower lid, there is a small group of 
smooth muscle fibres (inferior tarsal muscle) that 
originate from the fascial sheath of the inferior rectus 
and insert into the lower tarsus, 


‘THE EYELIDS 


The eyelids are thin curtains of skin, muscle, fibrous 
tissue and mucous membrane that serve to protect 
the eyes from injury and excessive light and also to 
distribute tears over the ocular surface during blink- 
ing, The upper lid, when open, normally just overlaps 
the corneoscleral junction, and it is this lid that under 
goes most displacement during eyelid closure, the 
lower lid moving only minimally during normal 
blinking, 

On extemal examination (Fig. 1-59) each lid is 
seen to be divided into orbital and tarsal portions by a 
horizontal palpebral sulcus, which is most evident on. 
the upper lid. The upper lid is limited superiorly by 
the eyebrow, whereas the lower lid blends with the 
skin of the cheek. The upper and lower lids meet at 
the medial and lateral canthi or angles, and are sepa- 
rated from one another by an elliptical opening ~ the 
palpebral fissure. The lateral canthus is an acute angle 
(60°) and lies close to the eyeball; the medial canthus 
is rounded, elongated medially, and lies 6 mm from 
the eyeball, I is separated from the eye by a triangular 
zone, the lacus lacrimalis (lake of tears), in which a 
small raised red swelling, the curuncula lacrimalis, is 
situated. There are obvions racial differences in the 
shape and form of the eyelids and canthi, the most 


conspicuous being the vertical epicanthal fold in Ori- 
ental and Asian races 

The eyelid margins (Figs 1-59 and 1-60) are approx: 

imately 30 mm in length, 2mm in thickness, and 
relatively square in profile along most of thetr length, 
except the medial one-sixth, which is rounded and 
lacks eyelashes. Eyelashes are modified, thick, stilf 
hairs that occur as double or triple rows close to the 
anterior lid margin, They curl away from the lashes of 
the opposite lid. Notable features on the lid margins 
include: 

+ Lacrimal puncta located at the medial ends of the 
upper and lower lids, These drain tears from the 
lacus lacrimalis, The puncta are more easily 
identified if tension is placed on the lids, causing 
the papillae to blanch. 

+ Openings of tarsal (meibomian) glands are visible 
to the naked eye as a row of minute openings on 
the lid margin posterior to the eyelash follicles 
There are around 30 in the upper lid and slightly 
fewer in the lower lid 

+ The skin/conjunctival transitio 
ous junction occurs at the levs 
of the tarsal glands. 

+ The grey line marks the anterior boundary of the 
tarsal plate and is a useful landmark for surgical 

‘The histological structure of the eyelid is summarized 
in Figures 1-60 and 1-62, Note that the fibrous frame- 
work of the lids is formed by the orbital septum arising, 
from the orbital margin (Fig. 1-43) and the tarsal 
plates. The tarsal plates are modified regional thicken- 
ings of the orbital septum that provide rigidity to the 
upper and lower lids and separate the orbit and its 
contents from the lids. 
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FIGURE 1-59 Surface anatomy of the eye and eyelids. The bottom 
lid nas been slightly everted to reveal the inner surface ofthe lid, 
lacrimal papllae and puncta and the openings of the meibomian 
lands along the id margin, 


BOX 1-34 AGEING CHANGES 


Hernation of orbital fat through weakened regions of the 
septum occurs in the elderly, producing bulging, sagging 
lids (blepharachalasis). 


The tarsal plates consist of dense fibrous connective 
tissue and are approximately 25-30 mm from the 
‘medial to lateral borders. They are 1mm thick and 
the upper plate is greater in height (10-12 mm) than 
the lower plate (5 mm), They are attached at either 
end via their continuations, the medial and lateral 
palpebral ligaments. Skin moves freely over their ante- 
rior surface, although the conjunctiva is tightly bound 
to the posterior surface. External examination of an 
everted eyelid reveals vertical rows of yellowish tarsal 
glands (see inset, Box 1-35). They are embedded in 
the matrix of the tarsal plate and consist of modified 
sebaceous glands. Histologically the acinar cells are 
replete with lipid droplets that are secreted in a holo- 
rine manner on to the eyelid margin, which functions 
to retain tears in the conjunctival sac and contributes 
to the lipid layer of the precorneal tear film. 

The blood supply and nerve supply of the lids and 
surrounding areas are summarized in Figure 1-61 
Lymphatics drain to the superficial parotid or sub- 
mandibular lymph nodes. The pretarsal portion 
derives its arterial supply from the superficial temporal 
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BOX 1-35 CLINICAL CORRELATE 


Chalazion, hordeolum and ectropion 


‘A chalezion is a localize, painless swalting in the Hid due 
to obstruction and chronic inflammation ofa tarsal gland 
(see Fig, 1-608). 

‘A hordeolum (sty) may be an acute infection of an 
‘eyelash follicle or its sebaceous gland, infection ofa ciliary 
‘sweat gland (external hordeolum) or acute infection of a 
tarsal gland (internal hordeolum). 

Ectropion is drooping of the lower lid owing to 
paralysis of orbicularis ocull. Because of paralysis ofthe 
fibres of orbiculais that enclose the lacrimal sac, the 
punta no longer suck up tears, which may thus pass over 
‘the lid marain (epiphora). 


and facial arteries (branches of the external carotid), 
while the post-tarsal portion is supplied by branches 
of the ophthalmic artery (branch of internal carotid 
artery) (see Fig. 1-50). Venous drainage follows a 
similar pattern to the arterial supply (see p. 70 for 
consideration of anastomoses between the internal 
and external carotid arteries). The post-tarsal venous 
drainage is via the ophthalmic veins to the cavernous 


Movements of the eyelids 
The eyelids close as a result of the action of the palpe- 
bral fibres of the orbicularis oculi and relaxation of the 
levator palpebrae superioris. Opening of the lids 
occurs via the pull of levator palpebrae superioris on 
the skin, tarsal plate and forniceal conjunctiva, The 
nerve supply to these muscles is from three sources: 
orbicularis oculi ~ the facial nerve (VII); levator palpe- 
brae superioris ~ the oculomotor nerve (II); while its 
smooth muscle component, superior tarsal (Muller’s) 
muscle, is supplied by sympathetic nerves. The latter 
is important in times of fear or excitement when the 
width of the palpebral fissure is further increased, 


‘THE CONJUNCTIVA 

The conjunctiva (Figs 1-60A,C and 1-62) is a thin 
translucent mucous membrane that derives its name 
from the fact that it attaches the eyeball to the lids. It 
consists of a superficial conjunctival epithelium over- 
lying a loose connective tissue stroma, The epithelium 
is continuous with the corneal epithelium at the 
limbus and with the skin at the mucocutaneous 
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For legend see opposite page 


BOX 1-36 CLINICAL CORRELATES 
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BOX 1-37 CLINICAL CORRELATES 


Homer syndrome 


Because ofthe complex neuroanatomy of the sympathetic 
nervous system, Horner syndrome, which is characterized 
ty classical symptoms of unteralplosis, miosis and dry 
facial skin (anhidrsis) and blushing onthe affected side, 
may result from a wide variety of sions inthe central and 
peripheral nervous system. These include iatrogenic 
‘eruption of the sympathetic chain in the nec, 
aissection ofthe internal carotid artery, cervial disk 
Aislocation and the lysis of the fist ib afecting the stellate 
ganglion associated with Pancoast tumout. Other 
‘symptoms may include heterochromia and enophthalmos, 
although the later is debatable in humans. 


junction on the lid margin, The conjunctiva is reflected 
from the anterior portion of the sclera at the superior 
and inferior fornices on to the tarsal surface of the 
eyelids. Thus, when the lids are closed a potential sac, 
the conjunctival sac, is formed, The volume of this sac 
is approximately 7 tL, which explains the tendency 
for eye drops from commercial dispensers (volume 
50-70 mL) to overflow unless the lower lid is held 
away from the globe. The conjunctiva is responsible 
for the production of the mucous component of the 
tear film and, in common with other mucous mem- 
branes, has.a variety of immunological defence mecha- 
nisms that protect the ocular surface from infection 
(ee Ch. 7). For descriptive purposes the conjunctiva 
can be divided into three main regions 


Palpebral conjunctiva (Fig. 1-60A,C) 


This part lines the inner surfaces of the eyelids, It is 
tightly bound to the tarsal plate, the subepithelial con- 
nective tissue stroma being thin in this region, The 
lacrimal puncta open on to the palpebral conjunctiva; 
thus the conjunctival epithelium is continuous with 
the lining of the inferior meatus of the nasal cavity, 
which explains the manner in which infection spreads 
hetween these two sites. A small subtarsal sulcus, close 
to the lid margin, is important in trapping and remov- 
ing foreign particles and debris on the ocular surface. 


Allergic responses in the conjunctiva 


Ciiical examination ofthe everted ld for signs of ocular 
allergy and infection is a common procedure, Two major 
types of abnormal accumulations of immune calls may 
occur: follicles, which are simiar to mucosal-associated 
lymphoid follicles elsewhere and consist primarily of 
lymphocytes; and papila, which are focal aggregates of 
‘chronic inflammatory cellar infitrates and accompanying 
Vast changes Tese are sul assocted ith 
allergic conditions and itation ofthe ocular surface, such 
sin contact lens wea. 


Forniceal conjunctiva (Fig. 1-G0A) 


The superior and inferior fornices are continuous at 
the medial and lateral canthi, thus forming a circular 
cul de sac. It is into the superolateral fornix. that 
the ducts of the main lacrimal gland and the bulk 
of accessory lacrimal glands empty. The forniceal con- 
junctiva is loosely attached to the fascial sheaths of 
levator palpebrae superioris and the rectus muscles, 
and thus moves slightly with the eye during contrac- 
tion of these muscles, 


Bulbar conjunctiva 


‘The white sclera is visible through the normal trans- 
lucent bulbar conjunctiva (see Figs 1-20A and 1-59). 
It clothes the anterior part of the eyeball including 
the extraocular muscle insertions and Tenon’ 
capsule. Near the limbus the conjunctiva is tightly 
bound to the globe, but further from the limbus 
there is a loose episcleral tissue layer (Fig, 1-62A) 
within which lies the pericomeal vascular plexus 
(Fig, 1-62D). These vessels can become dilated and 
conspicuous as a result of physical and inflammatory 
stimuli 

There are two specializations of the conjunctiva 
in the medial fornix, First, the semilunar fold (plica 
semilunaris), which is probably homologous to the 
nictitating membrane of lower mammals and many 
non-mammalian vertebrates. It is highly vascular and. 


FIGURE 1-60 (A) Histological preparation of the upper eli, conjunctiva and anterior segment: PC, palpebral conjunctiva; FC, foniceal, 
conjunctiva BC, bulbar conjunctiva; C, comea. (B) Primate uppar eyelid as viewed trom the Inner aspect to reveal the rows of tarsal glands 
(arrowheads) and their openings (arrows) on the lid margin. (C) Schematic diagram of the upper eyelid in longitudinal section (ssital plane). 
Original magnification: A, 215. (Past A courtesy of WR. Lee and Springer-Vesag) 
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rich in goblet cells and interstitial immunocompetent 
cells, The function of this loase fold may be to facili 
tate lateral movement of the eye. Second, the caruncle 
(caruncula lacrimalis) is a highly vascular nodule of 


margin) to a stratified columnar epithelium (bulbar) 
In general it consists of between two and seven layers 
of epithelial cells that are organized into three main 
types: basal, intermediate and superficial, There is no 


modified skin in the medial comer of the eye contain- 
ing large nests of accessory lacrimal and sebaceous 
glandular tissue. 


BOX 1-38 CLINICAL CORRELATES 


‘Systemic disease evident in the conjunctiva 


The conjunctiva may manifest signs of several important 
systemic diseases: pathognomonic signs are present in 
sickle cell anaemia (comma sign), jaundice (scleral iterus 
{yellowing)) and vitamin A deficiency (Bto’s spots). 


Structure of the conjunctiva 
Histologically the conjunctival epithelium varies in 
structure, depending on location, from a stratified 
squamous non-keratinizing epithelium (close to the lid 
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FIGURE 1-61 Summary ofthe blood supply and sensory nerve supply of the eyelids and adjacent areas from cutaneous branches of the 
‘phthalmic (Vs) and maxilary (Vs) divisions of the trigeminal nerve. 


FIGURE 1-62 Histology ofthe conjunctiva. (A) Low-power light micrograph of human conjunctiva (periodic acid~Schift (PAS) stain) showing 
the iregular nature and goblet cell content (purple and red PAS profes) of the epithelium (compare to comeal epithelium; Figs 1-12, 1-14 
and 1-18) Note the accumulations of lymphoid cels in the highly vascular connective tissue stroma, a common feature in eyes of elderly 
patients. CT, subepithelial connective tissue or connective tissue stroma, (B) Electron micrograph of goblet cel (GC) in the conjunctival 
epithelium: Ep, epithelium. (C) ‘Pian view’ of intraeptheil dendritic cals (sometimes called Langerhans cals (LC) in the imbal/conjunctival, 
epithelium in wholemount preparation fram Cxdcr1-GFP transgenic mouse (green Cx,” myelod-derived calls; red — MHC clas I; blue 
— DAPI-stained nucle). Note the Langerhans cells are Cxcert* MHC clas I”. The Z-profile shows how some of the cell processes act as 'peri- 
scopes’ and projet towards the superficial aspect ofthe conjunctivaYimbsl epithelium. (0) Taluidine blue-stained conjunctival whole mount 
ilstrating the orientation and distribution of mast cells around limbal vessels (V) and inthe bulbar conjunctiva (Coni) where they are more 
Tounded. (E) Toluidne blue-stained semithin resin section of the limbal region showing a mast cel (MC) adjacent to a large vanule(V). 
(F) Primate conjunctiva (histological preparation, H&E) showing melanocytes inthe basal ayer ofthe conjunctival epithelium. Note the 
Intrapithelal melanin granules throughout the conjunctival epithelial layers. (G) Melanocytes as seen in a limbal whole mount preparation 
Not their highly dendriform shape (arrows) and how they form a halo (dotted lines) of melanin granules within the adjacent epithelial cel 
(pitheliat-melanin unit). Original magnifications: A, x 150; B, x 3000; €, x 200; D, x 100; > 650; F150; , x 160 (Pat 8 courtesy ol WA 
Lee) 


c 
FIGURE 1-62 
For legend see opposite page 
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'prickle’ layer as found in comeal epithelium, indicat- 
ing that there are fewer desmosomes between the con- 
junctival epithelial cells. There are numerous other cell 
types resident within the epithelium, reflecting its pro- 
tective function, including the following: 

+ Goblet cells (Fig. 1-62A,B) ~ unicellular mucus- 
secreting cells that vary in density in different 
regions of the conjunctiva, being most numerous 
in the fornices and plica semilunaris, They are 
responsible for the secretion of the majority of 
conjunctival mucins, 

+ Melanocytes (Fig, 1-62FG) ~ degree of melani 
tion varies dependent on race, although melana- 
cytes are present in all eyes, Melanosomes are 
synthesized within the melanocyte before exocy- 
tosis and subsequent uptake by surrounding 
epithelial cells as occurs in the epidermis. 

+ Intracpithelial MHC class II-positive dendritic cells 
(sometimes referred to as Langerhans cells 
because of their similar morphology to analo- 
gous dendritic cell populations in the epiclermis 
of the skin) (Fig. 1-62C) ~ function as ‘sentinels 
on the ocular surface and are responsible for 
trapping and internalizing antigens and trans- 
porting these signals to either lacal lymph nodes 
(such as the preauricular nodes) or conjunctival 
associated lymphoid tissue (CALT) or follicles 
where they are capable of presenting antigens to 
naive T cells and inducing primary immune 
responses or driving antigen-specific B-cell mat- 
uration and immunoglobulin production (see 
Ch. 7), 

+ Intracpithelial lymphocytes ~ a feature of normal 
conjunctiva, but increased numbers occur in 
inflammatory conditions and close to subepithe- 
lial lymphoid accumulations. These are predom- 
inantly CD3" T cells, although occasional B cells 
are present. 

The epithelium has an irregular basal aspect adjacent 
to the underlying connective tissue which is some- 
times described as having a looser lymphoid layer 
and a deeper fibrous layer. Distinct papillae, finger-like 
protrusions of connective tissue stroma that project, 
into the epithelium, are found only near the limbus, 
The subepithelial connective tissue contains numer- 
ous immunocompetent cells such as mast cells (Fig 
1-62D, E), eosinophils, plasma cells and lymphocytes 


scattered among the matrix. In some eyes, particularly 
of older individuals, these may form diffuse or discrete 
aggregates. Some of these follicles contain pale ger 
minal centres and represent the local mucosal 
lymphoid tissue (MALT) or CALT. There is no 
clear evidence of the specialized antigen-transporting, 
intraepithelial M cells that are typically found in other 
similar MALT stich as Peyer's patches or tonsils. The 
diffuse subepithelial aggregates along with intraepi- 
thelial lymphocytes form the efferent arm of the 
immune system and aid in immunological protection, 
of the ocular surface. The topographical distribution 
of the small (~0,3 mm) lenticular lymphoid follicles 
and epithelial crypts in the tarso-arbital conjunctiva 
suggests that they may approximate to the cores 
during eye closure and thus function as an “immu- 
nological cushion’ 

The loose connective tissue stroma contains a rich 
vascular network, similar to the eyelids, In addition, 
it also receives blood from the anterior ciliary arteries 
(see Fig, 1-50) 

The sensory nerve supply of the palpebral conjunc 
tiva is almost entirely from branches of the ophthalmic 
division of the trigeminal (supraorbital, supratrochlear 
and lacrimal nerves). These contain the neurotrans- 
mitters substance P, calcitonin gene-related peptide 
(CGRP) and gallanin, Only the medial portion of the 
inferior forniceal and palpebral conjunctiva derives its 
nerve supply from the maxillary division (infraorbital 
nerve) (see Fig. 1-61). The long ciliary nerves supply 
the bulbar conjunctiva, Parasympathetic nerves from 
the pterygopalatine ganglion (containing the neuro- 
transmitters acetylcholine and VIP) and sympathetics, 
(containing norepinephrine and neuropetide Y) travel- 
Jing with branches of the ophthalmic artery are also 
present in the conjunctiva, Both parasympathetics and. 
sympathetics have been identified around goblet cells, 
whereas the sensory nerve endings occur only among, 
the stratified sqiamous epithelial cells, 


Glands in the conjunctiva 
Besides the unicellular mucous glands (goblet cells) 
distributed throughout the conjunctiva, there are several 
small collections of named glands, some of which are 
accessory lacrimal glands (glands of Krause in the upper 
fornices, glands of Wolfring in the upper border of the 
tarsus); others secrete mucus (glands of Henle). The 
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‘constant governs the motion of geodesis in the latitudinal 
direction, although it isnot related to any obvious space- 
time symmetry. Thus, spherical timelike orbits, which 
assume eigenlike properties around the Kerr black hole, are 
possible and when coupled with charged Bosons may be 
‘exploited to manipulate the relative event horizons of the 
“target” singularity. The location and the temperature ofthe 
‘modified event horizon depend on the time, charge and angle 
‘of incidence of the cooper pairs. The Fermionic spectrum of 
Dirac particles displays aspin-rotation coupling effect dueto 
the interaction between the particles with spin-1=2 and the 
black holes with rotation. The effects arise from the inter 
action between the spin of Dirae particles and the rotation of 
the evaporating black holes. The feature of this spin-rotation 
coupling effect is its dependence on different helicity states 
‘of coupled particles with spin-4 and its imelevance to the 
mass of particles. 


[0369] In onder to design a mechanism for time displace- 
‘ment exploiting the Carter asymettry cited above we utilize 
two positively charged top spin rotating kerr type black 
holes aligned on demand to create a simulated rotational 
effect around a central axis provided by the “reference” 
singularity. In the case of the Kerr blackhole (singularity), 
this is accomplished by an inverse Blandford-Znajek (BZ) 
process utilizing the magnetic flux of open field lines 
‘connecting the horizon and an induced remote load. (Ding- 
Xiong Wang, Kan Xiao & Wei-Hua Lei, 2001) permitting 
the microscopic blackhole (singularity) to be rotated along 
its horizontal axis in at relativistic centrifugational speeds. A 
differential current is then applied in such a way as 10 pass 
through the entire photosphere in the desired direction. As a 
result the gravity field can he manipulated by three factors 
that affect it in distinct ways. Adding electric charge to the 
singularities increases the diameter of the inner event hori- 
zons. Adding mass to the singularities increases the area of 
‘gravitational influence around the singularities. Rotating and 
positioning the polar axis of the singularities affects and 
alters the resulting gravity sinusoid 


[0370] In order to create a sinusoid capable of inducing a 
topology change from one spacelike boundary to the other in 
‘accordance with Geroch’s theorem The electric charge in the 
upper half of the photosphere would be maximised. The 
‘electrons will have a vector in the left to right direction as 
the singularity spins clockwise. If a maximised current is 
applied to the singularity in the same direction this will 
result ina inerease in the velocity of the electrons relative to 
the centre of gravity of the singularity, due to the flow of 
‘current, In tum, according special relativity and to the 
space-time lattice model, this wilt result in an inerease in the 
relativistic mass if the electrons and in tum by general 
relativity an inerease in the release of gravitons. 


[0371] Conversely in the lower half of the singularity the 
‘electrons will have a vector of motion in the right to left 
direction due to the spin of the singularity. This will be 
relativistically slowed by the differential current applied in 
the same direction as the current above, and hence in the 
‘opposite direction to the direction of rotation. The charge 
‘can be separately applied and adjusted to ensure that the 
‘electrons are relativisticaly stationary relative to the centre 
‘of gravity. In turn this will the relativistic mass and, 
result in a decrease in the release of gravitons for the lower 
half of the singularity. 
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[0372] ‘The overall result will be a greater release of 
“zravitons in one direction and a Jesser release of gravitons in 
the converse direction. The effect will be enhanced by the 
use of a multi-phasic current simultaneously applied. This 
‘will result in the release of multi-phasic gravitons which will, 
disperse space time in the singularity with increase in 
density inthe converse this effect can also be proxiuced and 
supplemented with the use radio frequency pulses, The radio 
frequency pulses must be designed to produce a change in 
the spin ofthe particle to enhance the release of gravitons in 
the desired direction 


[0373] With the use of large currents the drift velocity of 
the electrons across the photosphere could be greatly 
increased. Within this region the electrical resistance is 
virtually eliminated. Thereby allowing large currents to be 
induced with minimum total power output 


[0374] ‘The result is the production of cooper paired elee- 
‘rons of high speed and hence high relativistic mass in the 
desired half of the singularity, whilst producing low speed 
‘and thus low mass paired electrons at the converse of the 
singularity, in accordance with special relativity. The imbal- 
ance in the rotating singularity will be continuously present 
creating a dynamic warping of space-time. In elfect, the 
<ifferential current flow, will produce differential graviton 
production and in tum, by general relativity, the warping of 
space-time 


[0375] As the cooper pairs cross the photosphere, accre- 
tion of the Bose particles results. Near-hole accretion across 
the target singularity is then motivated by magneto-rotation- 
ally induced, ultra-relativistic disk dynamics in the region of 
the flow bounded from below by the marginally bound 
eodesie radius rmb. As the particles impelled have high 
spin values, a largely coherent magnetic field in this region 
thas the dynamical implication of compact mass segregation 
at the displacement nodes of the non-axisymmetric, MRI 
‘modes, This results in prolific gravitational wave emission 
coincident with the gamma-ray stage, The gravitational 
‘wave emissions are then manipulated to influence the ret= 
erence singularity (© produce a variable gravitational sinu- 
soid which is then used to mathematically approximate the 
_Bravametrie distortion, inducing a topology change from one 
Spacelike boundary to the other in accordance with Geroch’s 
theorem, 
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accessory lacrimal glands are under sympathetic stimula 
tion and are responsible for baseline tear production 


LACRIMAL APPARATUS (Fig, 1-63) 


‘The lacrimal apparatus consists of the lacrimal gland, 
lacrimal puncta, lacrimal canaliculi, lacrimal sac and. 
nasolacrimal duct. The lacrimal apparatus functions to 
produce tears that moisten the ocular surface, thus 
Preventing desiccation of delicate ocular cells and 
tissues, and facilitating non-friction-bearing move- 
‘ments of the lids on the globe. Tears are thus essential 
in maintaining the functional integrity of the eye 


Tear film. The tear film (7-9 im) is composed of 
three layers: an outer oily or lipid layer (from meibo- 
mian and Zeis glands), a middle aqueous layer con- 
taining protein, electrolytes and water (mainly from 
lacrimal glands but also small contributions from con- 
junetival epithelia and cornea) and a deep hydrophilic 
mucin layer (from goblet cells and conjunctival epi- 
thelial cells and some from the corneal epithelium) 
associated with the microplicae-tich surface of the 
conjunctival epithelium (Fig, 1-628), 


Lacrimal gland 
The lacrimal gland measures approximately 20 x 12 
X Smm and weighs approximately 78 mg. It is 
divided by the lateral horn of the aponeurosis of the 
levator palpebrae superioris into a large orbital and 
small palpebral portion, which are continuous via a 
small isthmus around the lateral border of the aponeu- 
rosis, The orbital portion is shaped like an almond 


FIGURE 1-63 Schematic diagram summarizing the 
entre lacrimal apparatus. Arows indicate the direction 
of tears from the site of production to the site of 
drainage, 
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with a convex outer surface that is lodged in the 
lacrimal fossa (see Fig, 1-47), The concave inferior 
surface is moulded around the tendons of levator 
palpebrae superioris and Interal rectus (Fig. 1-63). 
The palpebral portion of the gland is approximately 
one-quarter of the total gland and its inferior surface 
lies close to the eye; indeed the gland can usually be 
seen when the upper lid is everted, In the orbital 
portion, fine interlobular ducts unite to form three to 
five main excretory ducts which then traverse the 
palpebral portion, joining a further five to seven from 
this part of the gland before entering the superotem- 
poral conjunctival fornix, As a result of this arrange- 
ment, removal of the palpebral portion renders the 
entire gland non-functional 


Histological structure (Fig. 1-644-C), The lac 
imal gland is a branched tubuloacinar gland of the 
serous type. It is composed of many lobules separated 
by interstitial brovascular septae that are continuous 
with the poorly developed capsule. On section, each. 
lobule contains numerous acini separated by abun- 
dant loose intralobular connective and adipose tissue. 
Histologically the acini resemble those of the parotid 
gland and appear as a series of rounded profiles in 
cross-section (Fig. 1-64A,B), Each acinus or tubu- 
loacinar unit consists of a single layer of cuboidal 
or columnar cells whose apices are directed towards 
a central lumen (Fig. 1-648-D). A layer of stellate- 
shaped myoepithelial cells surrounds each acinus. 
The central lumen of several acini unite to form 
intralobular ducts (Fig. 1-644), which eventually form 
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FIGURE 1-64 Histology ofthe lacrimal gland. (A) Low-power micrograph of an entire lobule containing a series of large intralobular ducts, 
(arrow). (B) Sem-tin section ilustrating the arrangement ofthe glandular epithelial cals, containing numerous secretory granules, in acinar 
units (A). The vascular intralobular connective tissue is extremely rich in mature plasma cells (P). Arrows, myoepitelial cells. (C) Electron 
‘micrograph reveaing the ultrastructure ofa few pyramidal-shaped acinar cells whose apices are directed toward the central lumen (L). Note 
the numerous electron-dense zymogenic granules in the apical portion of the cels. An intracellular canaliculus is indicated (arrow): N, nuceus, 
(0) Three-dimensional diagram summarizing the arrangement ofthe epithelial cel, myoepithelial calls and caplaries inthe lacrimal gland 
Original magnifications: A, x 40; B, x 630; C, x 4400, (Pat &coutesy of WR, Les) 


larger interlobular ducts that unite to form the main 
excretory duct system. The glandular epithelial cells 
have the characteristic histological and ultrastructural 
appearance of serous cells, namely basophilic cyto- 
plasm, owing to large numbers of round or oval 


secretory (‘zymogen’) granules, The epithelial cells 
have been subdivided into various subtypes depend 
ing on the size and electron density of these granules, 
however, there is still debate as to whether these 
are functional subtypes or different stages in the life 
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FIGURE 1-85 Diagram summarizing the sensory (trigeminal neve — green), secretomtor (facial nerve red) and sympathetic (bive) innerva- 


tion of the lacrimal land 


cycle of one cell type. The presence of true intracel- 
lular canaliculi (Fig. 1-64C), as observed in salivary 
glands, is also still controversial. The secretion of 
the gland is primarily proteinaceous, although some 
granules contain glycosaminoglycans and the lumen 
on histological examination contains strongly eosi- 
nophilic and mucoic-like secretory material, The 
secretion also contains lysozymes, lactoferrin, B-lysin 
and immunoglobulin A (IgA), which are important 
in defence of the ocular surface against microbial 
infection, The IgA is derived from numerous plasma 
cells, present along with other immunocompetent 
cells such as lymphocytes and mast cells, in the 
intralobular connective tissue (Fig, 1-648), The 
number of these cells increases with age concomitant 
with increased fibrosis and fatty infiltration and a 
decrease in the acinar elements especially in the 
orbital lobe. 


‘Nerve supply. The nerve supply of the lacrimal gland 
and the complex course of the secretomotor fibres is 
summarized in Figure 1-65, The lacrimatory nucleus 
of the facial nerve lies at the rostral end of the general 
visceral efferent column of cell bodies in the brain- 
stem, which include the superior and inferior saliva- 
tory nuclei. The cells are under the influence of the 
hypothalamus via descending autonomic pathways, 
thus explaining the neuronal pathways involved in 
excess lacrimation, which various 


accompanies 


emotional states, Reflex excess lacrimation occurs fol- 
lowing irritation of the comea, conjunctiva and nasal 
epithelia (afferent pathways in ophthalmic and maxil- 
lary divisions of the trigeminal), Interneurones connect, 
the trigeminal sensory nuclei with the lacrimatory 
nucleus, 


Blood supply. The lacrimal gland derives its blood 
supply principally from the lacrimal artery, an early 
branch of the ophthalmic artery, although a variable 
branch from the infraorbital artery (originating indi- 
rectly from the external carotid) may also aid in its 
supply: Venons blood drains posteriorly, usually to the 
superior ophthalmic vein in the orbit, and lymph 
drains to the preauricular node. 


Collecting portion of the lacrimal apparatus (Fig. 1-64) 


The collecting system serves to drain normal tears that 
have not evaporated (normally only a very small quan- 
tity) and those produced in times of increased lacrima- 
tion, Excess tears are drained from the medial aspect, 
of the conjunctival sac via the canaliculi into the lac- 
imal sac and nasolacrimal duct, to empty into the 
inferior meatus of the nasal cavity (Fig, 1-3), 

The puncta are small openings (visible to the naked 
eye on the medial margin of each lid) at the summit 
of small swellings, the papillae lacrimalis (see Fig, 
1-59), Tears that enter the puncta from the lacus lac- 
rimalis during blinking pass into the lacrimal canaticult 
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situated in the upper and lower lid behind the medial 
palpebral ligament. Each canaliculus is about 10 mm. 
long (0.5 mm in diameter) and has vertical and hori- 
zontal components (Fig, 1-63) that may unite to form 
common canaliculus before entering the lacrimal sac. 
The canaliculi are lined by stratified squamous non- 
keratinizing cells, They enter the lacrimal sac by pierc- 
ing the fascial covering, This sac is 12 mm long and 
in its upper portion the walls are usually in apposition. 
It lies in the lacrimal fossa (see p. 2; Fig, 1-58), pro- 
tected by the medial palpebral ligament anteriorly and, 
the lacrimal fibres of orbicularis oculi posteriorly. It is 
related medially to the ethmoidal air cells and the 
middle meatus of the nasal cavity, The walls of the 
lacrimal sac consist of fibroelastic tissue and are lined. 
by a mncous membrane consisting of stratified 
cubsidal/columnar epithelium containing goblet cells. 
This epithelium is continuous with that lining the 
canaliculi and the nasolacrimal duct inferiorly. 

The nasoclacrimal duct empties into the anterior 
part of the inferior meatus of the nasal cavity, the 
opening being protected by a flap of mucous mem- 
brane, which prevents air and debris passing up the 
duct during nose ‘blowing’. The duct lies in a bony 
nasolacrimal canal formed by the maxilla, the lacrimal 
bone and the inferior nasal concha. The duct is lined. 
by a stratified columnar ciliated epithelium, which 
rests upon a vascular substantia propria. Knowledge of 
the position of a variety of constrictions and mucous 
membrane folds or ‘valves’ along the course of the 
canal is important during reconstruction of congeni- 
tally malformed lacrimal drainage systems, 


Anatomy of the visual pathway 


The visual pathway is made up of the retina, optic 
nerves, optic chiasma, optic tracts, lateral geniculate 
bodies, optic radiations and visual cortex (summarized 
in Fig. 1-66). There are other areas of the cortex also 
associated with vision such as the frontal eye Relds 
Gee Ch, 5 for full description of visual physiology). 
The visual pathway is effectively a tract within the 
central nervous system because the retinae develop as 
evaginations of the diencephalon (see Ch. 5) and, as 
discussed above, the optic nerves are covered by layers 
of meninges; even the comeoscleral envelope and 
uuveal tract of the eye itself can be considered as 


homologous to the dura mater and pia-arachnoid, 
respectively 

The retina has been described on p. 38. The 
intraocular, orbital and intracanalicular portions af the 
optic nerve were described on p. 59, Description of 
the visual pathway will commence at the intracranial 
portion of the optic nerve. 


INTRACRANIAL PORTION OF THE OPTIC 
NERVE (Figs 1-51 and 1-66) 


‘The optic nerves leave the cranial end of the optic 
canal and pass medially, backwards and slightly 
upwards within the subarachnoid space of the middle 
cranial fossa. They end by forming the aptic chiasma 
in the floor of the third ventricle. Important relations 
include the olfactory tracts, frontal lobe (gyrus recttis) 
and the anterior cerebral arteries above, Each internal 
carotid artery as it emerges from the roof of the cavern- 
ous sinus lies lateral to the junction of the optic nerve 
and chiasma (Fig. 1-45), Below the optic nerves lies 
the jugum of the sphenoid and the sulcus chiasmati- 
cus or optic groove. 


OPTIC CHIASMA 


‘The optic chiasma (Figs 1-66 and 1-67) is situated at 
the junction of the anterior wall and the floor of the 
third ventricle, approximately 5-10 mm above the 
diaphragma sella and the hypophysis cerebri. It is a 
flattened quadrangular bundle of nerves measuring 12 
X $mm whose anterolateral angles are continuous 
with the optic nerves, and its posterolateral angles 
form the optic tracts, It usually lies just behind the 
optic groove or sulcus chiasmaticus, but may rarely lie 
partly within the sulcus, The tuber cinereum (a 
sheet of grey matter that forms a median eminence 
around the base of the pituitary stall: or infundibu- 
lum) lies behind and below the chiasma between the 
mamillary bodies. The anterior perforated substance 
is an important lateral relation. The anterior commu- 
nicating artery passes between the two anterior cere- 
bral arteries, and lies above the chiasma. The partial 
crossing of optic nerve fibres in the optic chiasma is 
an essential requirement for binocular vision, The 
fibres from the nasal hemiretina of each eye cross the 
midline to enter the contralateral optic tract alter 
taking a short loop in the ipsilateral tract or into the 
contralateral optic nerve, Nerve fibres from the 
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FIGURE 1-66 Diagram summarizing the visual pathways. The manner of reti= 
‘topic projection to the lateral geniculate nucleus (LGN) and the ocular domi 
hance columns in the primary visual cortex trom let and right eyes are 
iustrated by theee imaginary points ar images (A,B, C) fram the lft visual 
field (not shown) fang onthe ight half ofeach retina (A, 8 Cin eft eye and 


WC’ in right eye), 


temporal hemiretina do not cross at the chiasma 
(Fig, 1-66), 


OPTIC TRACTS 


‘The optic tracts (Figs 1-66 and 1-67) wind round the 
cerebral peduncles of the rostral midbrain and each 
divides into a large lateral root, which terminates 
posteriorly in the lateral geniculate body and is con- 
cerned with conscious visual sensation, and a smaller 
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medial root. The medial root is connected both to the 
pretectal area and superior colliculus by the superior 
brachium and carries around 10% of tract fibres, 
which functionally are not concerned with conscious 
vision, They contain six groups of fibres, three of 
which target the superior colliculus (involved in the 
visual grasp reflex, automatic scanning of images and. 
visual association pathways); the remaining three 
enter either the pretectal mcleus (serve the pupillary 
light reflex), the parvocellular reticular formation 
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Grousal function), oF the retinohypothalamic tract, 
which terminates in the suprachiasmatic nucleus of the 
hypothalamus (possibly involved in photoperiod regu- 
lation and has been invoked to account for the henefi- 
cial effect of bright artificial light or sunshine on 
mood) 

The superior colliculi are two small rounded eleva- 
tions located on the dorsal surface of the midbrain 
above the inferior colliculi, visible on external exami- 
nation of the brainstem. The pineal body lies between 
and above the superior colliculi, The two pairs of col- 
liculi are referred to collectively as the tectum, The 
mesencephalic or tectal termination of optic tract 
fibres is phylogenetically older than the forebrain ter- 
mination (visual cortex). 

The lateral root of the optic tract passes backwards, 
a little upwards, and terminates in the lateral genicu- 
late nucleus (LGN), part of the thalamus (a relay 
station for ascending sensory information). The lateral 
root does not lie completely free because its medial 
aspect is attached to the outer wall of the third ven- 
tricle by a narrow band of tissue. It rotates slightly on. 
its own axis (90° inward twist) as it passes round the 
cerebral peduncles, It runs above the dorsum sella and. 
crosses the third nerve from medial to lateral. Below 
and parallel to the optic tract runs the posterior cer- 
bral artery (Figs 1-52 and 1-71), The middle portion, 
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of the tract is overlapped by the uncus and parahip- 
pocampal gyrus. 


LATERAL GENICULATE BODIES 


Each lateral geniculate body (Figs 1-66 and 1-67) is 
distinguishable on the surface of the brain as an avoid 
projection on the posteroinferior aspect of the thala- 
mus, partly obscured by the overhanging temporal 
lobe (Fig. 1-67), It consists of a body, head, spur and. 
hilum. The hilum is continuous with the groove 
between the medial and lateral root of the optic tract, 
which enters its anterior aspect. It ies at the anterior 
aspect of the pulvinar, which also partly surrounds it, 
The LGN in which the great 
majority of the optic tract fibres terminate consists of 
six laminae or cell layers (numbered 1 to 6 beginning, 


particularly from abov 


at the hilum), oriented in a dome-shaped mound 
similar to a stack of hats (Fig. 1-66). On coronal 
section, the layers of cell nuclei (approximately 1 
million) are separated by white matter (optic tract, 
fibres). Nerve fibres derived from the contralateral eye 
(crossed fibres from the nasal half of the retina) termi- 
nate on cell bodies in layers 1, 4 and 6, Those of the 
ipsilateral eye (uncrossed) terminate in layers 2, 3 and. 
5. Thus each LGN receives information from both. 
retinae, Each retinal ganglion cell axon may terminate 
on up to six geniculate cells; however, these are located, 
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FIGURE 1-67 The base of the brain with the brain- 
stem and cerebellum removed to expose the optic 
nerves, optic chiasma, optic tracts and lateral genicu 
late nucleus and their relations. 


in one lamina. Fibres from the upper quadrants of 
peripheral retinae synapse on the medial aspect of the 
LGN and those of the lower quadrant on the lateral 
aspect. The macula projects to a disproportionately 
large central wedge of the LGN, The posterior aspect, 
of the LGN is dome-shaped, and it is from here that 
the geniculate cell axons that form the optic radiation, 
emerge. The bulk of the LGN sends its fibres via the 
optic radiation to the visual cortex (area 17). The LGN 
has input from areas 17, 18, 19, oculomotor centres 
and the reticular formation, 


OPTIC RADIATIONS (GENICULOCALCARINE 
TRACTS) 


‘These tracts (Fig. 1-66) consist of nerve fibre bundles 
whose cell bodies lie in the LGN. Their axons termi- 
nate in the visual (striate) cortex. The fibres form a 
wide forward and inferiorly directed fan-shaped loop 
(of Meyer), firstly into the retrolenticular portion of 
the internal capsule (posterior to sensory fibres and 
medial to auditory fibres). The fibres then pass into 
the temporal lobe around the inferior horn of the 
lateral ventricle (Fig, 1-68). Each tract then passes 
posteriorly along the lateral aspect of the posterior 
horn of the lateral ventricle before turning medially to 
enter the visual cortex. The optic radiations are of 
‘major clinical importance as they are frequently 
involved in cerebrovascular disturbance or tumours 
(Fig. 1-76). Not all fibres loop to the same degree (Fig 
1-684,B). Those destined for the lower half of the 
visual cortex take a wider sweep into the loop around. 
the tip of the inferior horn of the lateral ventricle than. 
those designed for the upper half of the visual cortex 
(Fig 1-688). The fibres that swing furthest into the 
loop are associated with peripheral retina; those that 
pass more directly posteriorly originate closer to or 
within the macula region of the retina, 


PRIMARY VISUAL CORTEX (AREA 17) 

The myelinated fibres of the geniculocalcarine tract, 
(containing fibres from both eyes) enter the primary 
visual cortex, which lies within the depths of the cal- 
carine sulcus and extends both above and below its 
margins on the medial surface of the occipital cortex, 
extending as far posteriorly as the occipital pole (Fig 
1-698) and as far anteriorly as the parieto-occipital 
sulcus. The area above the fissure is known as the 
cuncus gyrus and below is the lingual gyrus. 
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Fibres from the superior retinal quadrants (repre- 
senting the inferior visual field) pass to the upper lip 
of the calcarine sulcus, The fibres representing the 
macula account for one-third of the visual cortex 
(posterior portion of area 17), The myelinated fibres 
of the geniculocalcarine tract entering this area of 
cortex create the conspicuous white line or stria (of 
Gennari). This represents layer IV in the cortex (Fig, 
1-70). The six basic layers of the primary visual cortex 
are shown in Figure 1-70, This region of cortex, 
although thinner (1.5 mm), is more cellular than 
other areas of cortex, the predominant cell type not 
being pyramidal but small stellate cells, Alternating 
ocular dominance columns of these cells receive input 
from right and left eyes (Fig. 1-66). The geniculocal- 
carine projection is ordered in a manner whereby 
matching points from the retinae of both eyes are 
registered side by side in contiguous columns (see 
Ch. 5 for a discussion of hinocular vision, colour 
vision, etc.), The cells in laminae Il and IIL project to 
the secondary visual cortex (areas 18 and 19; Fig 
1-698,C). Those in lamina V project to the superior 
colliculus, and those of VI are a major source af ‘feed 
forward! to the LGN. 


SECONDARY VISUAL ASSOCIATION AREAS 
(AREAS 18 AND 19) 


‘These association areas (Fig. 1-69B,C), which lack the 
characteristic ‘extra’ stria found in the primary visual 
cortex, lie above and below area 17 and extend on 
to the lateral surfaces of the cerebral hemispheres 
They possess the usual six layers, although layer IV 
is less extensive, Areas 1. and 19 receive afferent input 
fibres from area 17, the thalamus and pulvinar, 
together with other regions of the cerebral cortex. The 
connections of areas 18 and 19 mainly follow dorsal 
and ventral pathways (Fig, 1-69C). Outputs to area 
7 in the parietal cortex are mainly involved in stereop- 
sis and movement, Ventral outputs to the inferotem- 
poral cortex are concerned with analysis of colour and. 
form, and connections to area 37 are associated with. 
recognition of faces, Area 18 is also likely to be 
involved in sensory-motor eye coordination, as this 
is known to be linked to the frontal eye fields and 
oculomotor nuclei via descending pathways. This area 
also integrates information from two halves of the 
visual field via commissural fibres crossing the midline 
in the splenium of the corpus collosum (Fig. 1-67) 


96 1 Anatomy ofthe eye and orbit 


Lateral ventile 


(anterior coms} 
of ateal vente 


Temporal hom. 
{infor com) 
of aeral vente 
Fes furthest into 
loop associated wit 
A peripheral etna 


Opti chiasma. 


bres destined for 
upper visual cortax 

{above calearinefisure) 
{fom upper retinal quadrants 


csi harn (posterior cornu) 
of aera venticke 


Flores destined for ower half 


ofthe visual crix 
{below calearinefsure) 
‘rom lower etna quadrants 
Loft fold 
Right fla 
Ro 
Liwo: 
Lua 


RALo 


FIGURE 1-68 (A) The optic raciation and its relation to the lateral ventricle, viewed from the let side. (B) Diagram showing the retintopic 
‘organization of fibres within the optic radiations, (Pa B courtesy of Whimedia Commans) 


FRONTAL EYE FIELD 


This frontal area (Fig. 1-69C ) corresponds to Brod- 
mann’ areas 6, 8 and 9, and is concerned with vol- 
uuntary control of eye movements (saccades). Fibres 
pass from here to the superior colliculus, and in turn 


are connected to the ‘extraocular’ cranial netve nuclei 
(HL IV and V1) and anterior horn cells (motor neu- 
ones) in cervical spinal cord segments, thus allowing, 
coordination of head and neck movements with eye 
movements. 
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FIGURE 1-69 (A) Simpited diagram showing the boundaries ofthe 
lobes of the bran as viewed from the medial aspect. (B) The medial 
suriace of the right occipital Ie indicating the sites of the primary 
and secondary visual areas. (C) The eytoarcitectural areas of the 
cortex as described by Brodmann. Higher visual projections are from 
area 17 of the lett hemisphere. Those to and from area 20/21 are 
concerned with deta! and colour. Projections to and from area 7 are 
associated with stereopsis and movement, while those to and from 
area 39 are concerned with recognition af eters and numbers. 
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FIGURE 1-70 Histology and cytoarchitecture of the primary visual 


cortex. Layers I-VI are indicated on the micrograph and adjacent 
diagram: P, pla; WM, white matter. Original magnification: » 35, 


RETINOTOPIC ORGANIZATION OF 
THE VISUAL PATHWAY AND VISUAL 
PATHWAY DISTURBANCES (Figs 1-71~1-77) 


A large amount of neurobiological research in primates 
and non-primates, together with observations of visual 
dysfunction or abnormalities in human subjects by 
neuro-ophthalmologists, has led to a considerable 
body of knowledge regarding the position along the 
visual pathway of fibres originating from various 
points on the retina, This information has been crucial 
to our understanding of the physiology of vision (see 
Ch. 5), but in addition helps to explain the specific 
patterns of visual field disturbances following, local- 
ized lesions in the pathway. Examples of these lesions 
and the resultant visual field loss are provided in 
Figures 1-7 
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FIGURE 1-71 Diagram ofa brain dissected to display the visual pathways as seen from the ventral aspect. The blood supply to the various 

parts ofthe visual pathways is shawn in red onthe right-hand side of the dlagram (corresponding tothe lft side of the bran). Nate the blood 

supply to the fllowing areas: 

+ Intracranial optic nerve: ophthalmic artery (an impartant inferior relation) and pial branches ofthe hypophyseal artery 

+ Optic chiasma: adjacent related vessels including the superior hypophysia, internal carotid, posterior communicating, anterior cerebral and 
anterior communicating artery 

+ Lateral root of the optic tract: anterior choroidal artery 

+ Lateral geniculate body: anterior choroidal atary and branches of posterior cerebral artery. 

‘+ Commencement af the optic radiation (geniculocalcarne tract) anterior choroidal artery. 

+ Posteriorly directed fibres lateral striate (deep optic) branch ofthe middle cerebral artery. 

+ Termination of geniclocalarine tract and visual cortex: perforating branches of cortical arteries, principally the calcarine branch of the 
posterior cerebral although the middle cerebral may anastomase and ad inthe supply ofthe cortex tthe anterior end ofthe calcarine sulcus 
and atthe posterior poe. 
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FIGURE 1-72 Blindness inthe left eye (top panel shows visual fid 
eft) caused by a lesion inthe left optic nerve (middle pane). An 
example of such a lesion, an aneurysm in the ophthalmic artery, is 
ilustrated (bottom panel: ventral view ofthe brain). 


FIGURE 1-73 (see right) Incangruous ipsilateral nasal hemianopia (top 
pane!) caused by a lesion on the left side ofthe optic chiasma (middle 
panel) An example a sucha lesion is an aneurysm ofthe terminal portion 
ofthe internal caratid artery (bottom panel). The radiographic image 
shows the digitally subtracted arterial phase of a carotid arteriogram of a 
48-year-old patent suffering incongruous ipsilateral nasal hemianopia 
fue to such an aneurysm (arrow). (Radiographic image courtesy of Prt. 
(Cater, Royal Pes Hospital) 
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FIGURE 1-75 Contralsteral homonymous hemianopia (top pane!) 
‘caused by a lesion inthe let optic tract (middle panel). Such a lesion 
would damage uncrossed fibres trom the temporal retina of the eft 
eye and crossed fires tram the nasal retina of the right eye and 
therefore cause disturbances inthe right visual field. Causes f tis 
type of deficit may include vascular disturbances such as occlusion 
af the anterior choroidal artery (battam panel) 


FIGURE 1-74 (see lett) Contralateral bitemporal homonymous hemiano- 
Pia (top panel) caused by interruption or damage to the nasal tinal fibres 
‘ecussating in the optic chiasma (middle panel). A common cause of 
such deficits is pituitary tumours (bottom pane). Radiograph: coronal 
IMR image othe Sellar region in a 31-year-old patient who presented vith 
bitemporlhernianopia. lrg pituitary tumour can be seen compressing 
the optic chiasma (C). S, sphenold sinus; ICA, internal carotid artery. 
(adiopaphic image courtesy ol Pro. T. Chakra, Ryal Path Hospital) 
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FIGURE 1-76 (A) Contralateral homonymous superior quadrantanopa (lop panel) so called ‘pie in the sky’ detects ~ may result from lesions 
in the temporal abe affecting the fibres furthest into the optic radiation (middle pane) (see Fig. 1-888), which are derived from the inferior 
retinal quadrants and therefore cause deficits in the superior visual field. (B) Radiographic image of the brain of a 68-year-old patient with a 
stroke in the right middle cerebral artery (MCA) territory. val MR scan (iflusion weighted) shows the size and limits ofthe right temparopa- 
rietal infarct (arrow). (C) The digital subtraction carotid arteriogram (anteroposterior projection) shows the aneurysm (arrovihead) atthe 
bifurcation ofthe right MCA. The extent of the ischaemic changes inthe temporal abe (valving the optic radiation) are consistent with the 
patent's loss ofthe let visual field causing him to bump into objects. (Radiographic images courtesy of Pol. T. Chater, Royal Pet He 
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FIGURE 1-77 Contralateral homonymous hemianopia with macular 
sparing (top let panel). This may be the result of lesions affecting 
Portions of the occipital cortex, such as tumours or infarcts (bottom 
panel). Lesions affecting the entire occipital cortex can cause complete 
blindness. One such case is shown: MR scan of the rain ina 36-year- 
ld intravenous drug user who presented with occipital headaches after 
injacting speed (amfetamine sulphate) witha dirty needle and waking 
2 days later with total blindness and occipital headaches. Eary CT scan 
(not shown) showed no sign of infarction but MR scan and diffusion 
Weighted imaging (not shown) clearly show bilateral occipital lobe 
infarcts which would explain the bilateral cortical blind 

subject. (Radiographic image coulsy of Pr, T. Chakra, 
Hospital) 


BLOOD SUPPLY OF THE VISUAL PATHWAY 


The blood supply of the visual pathways is summa: 
rized in Figure 1-71 
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A full reading list is available online at hitpsi// 
experteonsult nlling com ® 
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Embryology and early development of 


the eye and adnexa 


Introduction 

General embryology 

Ocular embryology: general introduction 

Periocular mesenchyme is derived from a 

mixture of neural crest and mesoderm 

+ The neural retina and retinal pigment epithelium 

are derived from neuraepithelium 

Optic nerve and disk development 

Development of the fibrous coat of the eye 

Development of the intraocular contents 

Development of the uveal tract 

Development of the anterior ch 

and aqueous outflaw pathways 

= Development of the extraocular muscles 

* Development of the eyes and surrounding 
structures is influenced by the pattern of 

development of the skull, pharyngeal arches 

and face 
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Introduction 


This chapter aims to provide an embryological 
basis for understanding the anatomy of the eye and 
adnexa. Basic embryological and developmental 
events from the earliest formation of diverticula in 
the forebrain at the beginning of the fourth week 
to the maturation of the various components af the 
eye in fetal life that influence the final differentia- 
tion and functional specialization of the adult eye 
are described. The contribution of the neural ecto- 
derm, surface ectoderm and periocular mesen- 
chyme to the final configuration of the adult eye 
and surrounding tissues of the head is emphasized. 
The cellular interaction and influence of gene 
expression and transcription factors in determining 


cell fate will be outlined and examples are given where 
disruption of gene function underlies disturbances in 
these embryological events and the interactive proc- 
esses between the various embryonic tissue and cell 
types lead to congenital abnormalities in humans 


General embryology 


Before considering eye development, which commences 

in the fourth week, it may be useful for some readers 

to review the embryological events of the first 3 weeks 

following fertilization (See eFig. 2-1 and Video 2-1). 
Additional content available at hitps//expertcon 

sultinkling com/) 


Ocular embryology: general introduction 


Although eye development can be considered from an 
embryological perspective to commence around day 
22, when the optic sulci (optic primordinm) appear as 
shallow grooves or pits in the inner aspect of the 
neural plate or neural folds (Fig, 2-1A)and the embryo 
is around 2mm in length with eight somites, the 
group of cells that constitute the eye primordium or 
eye field have already begun to express a set of ‘eye 
field transcription factors (EFTFs) that are highly con- 
served in our evolutionary ancestory (see below). The 
neural folds have commenced fusion to form the 
neural tube but the optic sulci form before they have 
completed their closure rostrally and caudally. When 
the folds in this area fuse shortly afterwards they give 
rise to the fnture diencephalon region of the prosen- 
cephalic (forebrain) vesicle. The optic sulci evaginate to 
form hollow diverticulae— the optic vesicles (Fig, 2-1B). 

By about day 25 (20-somite stage) the hollow optic 
vesicles enlarge and become ensheathed by mesenchy- 
mal cells, except at the apex of the vesicle, which is 
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eFIGURE 2-1 Summary of embryological 
events occurring inthe frst 3 weeks following 
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The male and female gametes unite at fertilization, which 
generally occurs within the oviduct or uterine tube, to form. 
the zygote. The newly formed diploid cell undergoes cleav- 
age as it travels towards the uterus. Within the solid mass 
of cells (30-cell stage) or morula, the blastocyst cavity 
appears. The earliest differentiation of the embryo occurs 
around this stage when two groups of cells are formed: a 
peripheral outer cell mass or trophoblast and a central inner 
cell mass or embryoblast, The embryoblast will give rise 10 
the embryo proper and some ofits attached membranes, By 
day 3 or 6 the embryo is hollow spheroid of around 100, 
cells, known as the blastocyst. The embryoblast is evident as 
heterogeneous collection of cells at one pole ofthe blasto- 
cyst; the remainder forms the trphoblast. This differentiates 
ito the syncytiotrophoblast and the cytotrophoblast, 
which contribute to the fetal component of the placenta, 
Around this time the blastocyst enters the uterus and com- 
‘mences implantation into its rich endometrial lining. 

‘At the beginning of the second week two cavities 
‘appear within the embryoblast. One forms the amniotic 
cavity, lined by epiblast cells, while the other forms the 
_yole sac, lined by cells derived from the hypoblast. Where 
the two cavities impinge there is a double discoid layer of 
cells, the epiblast or primary ectoderm and the hypoblast or 
primary endoderm. These two flat disks of cells constitute 
the biaminar germ disk, which will develop into the embryo 
proper. 


‘The third week of development commences with for- 
‘mation of the primitive steal and primitive knot or node at 
‘the caudal (tail) end of the epiblast. Iris here that epiblast 
cells detach and migrate laterally and cranilly into the 
potential space between the epiblast and the hypoblast to 
form the Intruembryonic mesoderm or third germ layer 
‘Some of the epiblast cells also replace the original hypo- 
blast to form the definitive or secondary hypoblast. The epi- 
blast is now known as the ectaderm. Formation of the 
primitive streak establishes the eranioeaudal axis and bilat- 
eral symmetry of the future embryo, The formation of the 
notochond by budding from the primitive knot induces the 
formation of the neural plate. A series of parasial mesoder- 
mal condensations oF somites form along each side of the 
neural plate as it folds to form the neural tube, the precur- 
sor of the central nervous system (eFig, 2-1). A spectal 
‘group of cells, the neural crest cells, detach or delamnate 
from the margins ofthe neural folds and undergo extensive 
‘migration throughout the embryo where they diferentiate 
into a remarkable variety of cells and tissues (eFig. 2-2) 
Derivatives of trunk neural crest cells are shown in eFigure 
‘2-2, Dervatives in the head are more extensive. 

‘Anatomically, the human embryo is described as being 
in the prone (face-down) position. The terms dorsal and 
ventral contespond to posterior and anterior in the adult 
‘The terms rostral and caudal correspond to superior (head, 
end) and infenor (tail end), 
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FIGURE 2-2 Diagrammatic summary of the origin (A), migratory 
pathway (B), and derivatives (C) of neural crest cals inthe trunk. 
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FIGURE 2-1 Diagrammatic summary of ocular embryonic development from day 22 to week &. The extemal appearance ofthe whole embryo 
atthe equivalent peri is shown on the lft. The variaus ‘germ layers’ are colour-coded to illustrate their origin and final cantribution tothe 
ye and pericular tissues. 
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closely apposed to the surface ectoderm on the lateral 
aspect of the developing head. This mesenchyme is 
derived from a mixture of cephalic neural crest and 
both para-axial and prechordal mesoderm (s8e eBox 
2) 

A disk-shaped thickening of the neural ectoderm, 
the retinal disk (future neural retina), lies beneath a 
localized thickening of the surface ectoderm, which 
on day 27 is recognizable as the lens placode 
(Fig. 2-18). Formation of the lens placode directly 
adjacent to the underlying neural ectoderm is regarded, 
as one of the best examples of induction in develop- 
mental biology. Lens placode formation coincides with 
the formation of a constriction in the optic vesicle at 
its attachment to the wall of the forebrain to form the 
optic stalk. The cavity of the optic vesicle or optic ventricle 
(future subretinal space) is continuous, via the lumen 
in the optic stalk, with the future third ventricle (Figs 
2-1B and 2-24). 

The single-layered spheroidal optic vesicle under- 
goes active invagination to fold in on itself creating, 
two ‘nested’ layers of the goblet-shaped optic cup. The 
distal part of the optic vesicle becomes the inner layer 
or presumptive neural retina, whereas the proximal 
part of the optic vesicle becomes the outer layer of the 


FIGURE 2-2 Histological and scanning electron micragraphs of early mam- 
malian eye development (chronological sequence AF. (A) The cavity of the 
optic vesicle is clearly in continuity via the cavity of the optic stalk with 
the forebrain ventricle (arrow). M, mesenchyme condensation; E, surface 
ectoderm/periderm: L, lens vesicle; RD retinal disk. (B) The lens vesicle, 
Containing a distinct lens cavity (LC, fils the otic cup, which consist of two 
layers, an outer retinal pigment epithelium (RPE) and neural retina (NR). 
(C) Mesenchyme has condensed around the optic cup and migrated aver the 
cup margin to form the future corneal endatheliumstroma (M) beneath the 
surface ectoderm-derived cormeal epithelium (CE). Beneath the RPE the vas- 
cular mesenchyme has already formed distinct row of vessels, the uveocapi- 
lary lamina (UL) or presumptive choroid. (D) Pigment is ienttiablein the RPE 
layer. The lentoretinal space contains vascular mesenctyme. The mesen- 
chiyme (M) around the developing eye has now formed two layers, an outer 
dense avascular layer future sclera) and an inner vascular layer (future 
choroid). Beneath the newly formed lids (L) lies the conjunctival sao 
() Scanning electron micrograph ofthe embryonic cornea epithelial surface 
(CE) and perderm (P) just before id closure, (F) Late embryonic eye with 
vwel-developed cornea (C), lage lens consisting of primary lens fibres (PLE) 
vwinose nucle form the lens bow (LB). The neural retina (NR) i artetactually 
detached from the RPE, producing a large subretnal space (SRS). Axons have 
‘commenced migration along the optic nerve (ON). Original magnifications: 
1A. 120; B, x 180; C, x 160; D, x55; Ex 100; F, x65. (Fo NicMenamin and 
ease, 1898, wh pemission ) 
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Mesenchyme 


This is aterm used to describe the tasue occupying the 
embryo between the surface ectoderm (and derivatives 
such as neuroectoderm) and the endoderm-derived epi- 
thelial layers. Is a loose tissue consisting of stellate 
amoeboid mesenchymal cells embedded in a matrix 
rich in glycosuminoglycans. Mesenchymal cells may be 
derived ftom several sources, namely mesoderm (der 
rmatome or scerotome component of the somites or 
lateral plate mesoderm) or neural crest. Thus, the 
descriptive term ‘mesenchyme’ does not imply an origin 
‘hom any particular embryonic gern layer 


optic cup, namely the presumptive retinal pigment 
epithelium, The thickened retinal disk at the tip or 
distal part of the vesicle (Fig. 2-1B,C) and the ecto. 
derm-derived lens placode invaginate via a combina. 


tion of differential growth (cell elongation and mitosis) 


and buckling to form the dorsal hemisphere of the 
optic cup and the lens vesicle. This combined invagi 
nation may also be aided by temporary fine cellular 
bridges between the lens placode and the retinal disk 
and is mediated by by the extracellular matrix protein 
fibronectin-1 (Fn), whose extent and circumferential 
limit beneath the lens placode is regulated by Pax6 
expression (Fig. 2-3). The active growth of the optic 


cup is not uniform around the eicumference, which 
leads to the development of a groove at the distal and 
ventral aspect where the margins form the choroidal or 
optic fissure. By day 29 invagination of the retinal disk 
e (Figs nd 
2-2A). A small lens pit can be identified just before the 


and lens placode is almost compl 


surface ectoderm seals over the site of lens placode 


he start of day 36 the lens vesicle 
arface ectoderm. The lens epithe 


invagination. By 
separates from the 


lial cells enclose the lens cavity and are surrounded 
externally by a basal lamina, which will form the 
future lens capsule, The longitudinal groove of the 
optic fissure, which extends into the optic stalk, acts 
asa temporary deficiency in the expanding and invagi 
nating cup through which vascular mesenchyme and 
a branch of the ophthalmic artery, the hyaloid artery, 
become incorporated into the fissure and thus gain 
al space, By the end of the sixth 
week the growing edges of the choroidal or optic 


access to the lentoi 


fissure meet and fuse; thus the hyaloid vessels and 
associated mesenchyme hecome situated in the centre 
of the optic stalk and form the future central retinal 
artery and vein (Fig, 2-1D,E). The fusion or closure of 
the optic fissure commences at the mid-portion of the 
optic stalk and continues both proximally and distally 
Itis completed distally at the margins of the optic cup 
that will eventually form the pupil. 

Following separation of the lens vesicle from the 
surfa 


ectoderm this layer regenerates and closes 
the lens pit and ectodermal layer in this region forms 
the future comeal epithelium (Fig. 2-26) 
this time (day 39) a ‘wave’ of mesenchyme passes 


Around 


over the rim of the optic cup, directly beneath the 
surface ectoderm (Figs 2-ID,E and 2-2C,D). The 
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FIGURE 2-3 Transient, Factivflled processes connect lens and 
retina during lens pt-optic cup invagination in the mouse eye (sec- 
tions from cytoplasmic protrusions intereithalal processes cantain- 
ing filamentous actin (F-actin, green) are cleanly seen between the 
lens and future retina from E95 to E11.0 (embryonic days/post- 
conception). Equivalent intereptheia processes were described in 
the early human eye many years ago by Ida Mann. I, lens pt or, 
presumptive retina. Scale bars: 20 um, Nuclear staining (Hoechst 
39258, blue). (Pat A reproduced trom Chauhan aa, 2008, wth pemis- 
sion; Patt redrawn iam Mann, 1928) 


cells in the first of the three waves of mesenchyme 
which lie posteriorly closest to the lens, become 
flattened and form apicolateral contacts. These con. 
tacts become continuous bands of junctional com. 
plexes and thus form an endothelium. The other 
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BOX 2-1 CLINICAL CORRELATES 


Coloboma 


‘The word coloboma (‘a mutilation’ in clinical practice Is the 
term is used to describe a defect inthe inferonasal quadrant 
in the iis, ellary body or choroid Colobomas are usually 
sporadic and bilateral and do not tead to significant 
‘complications. They ate the result of a falure of closure of 
the (nferonasa) optic ssure. The consequence i an 
interference withthe normal induction and formation of uveal 
tissues. A coloboma ofthe ts appears as an iferonasal 
defect in the stroma, the smooth muscle ad the pigment 
epithelium whereas a cllary body coloboma is characterized 
by absence of clay processes and presence of a diminutive 
muscle, The adjacent lens fs indented owing to a flue of 
formation ofthe zonular foes. Inthe colobomas associated 
with complex malformations and abnormalities (. trisomy) 
there may bean ingrowth of mesodermal tissue into the 
retrolental space with formation of fat and cartlage 


Colobomas invalving the retina may be large and may 
extend to the disk. Inthe retina agjacent ta the coloboma, 
proliferation of neuroblastc tissue leads to the formation of 
Tosettes. The retinal pigment epithelium and Bruch's 
‘membrane and choroidal tissue are absent atthe site ofthe 
coloboma, although the underlying sclera is normal. In many 
cases of retinal coloboma there is glial and vascular ingrowth 
from the retina across the bed of the coloboma. Colobomas 
have been described in association with mutations inthe 
CHD? gene (see Table 2-1). Mutations in the CHD7 gene are 
{ound in approximately 60-65% of individuals with CHARGE 
syndrome (Coloboma, Heart disease, Alresia choanae, 
‘Retardation of growth and/or development, Genital 
hypoplasia, Ear malformation). Most mutations lead to the 
production of an abnormally short, non-tunctional CHO? 
protein, which appears to disrupt chromatin remodelling and 
‘the regulation of gene expression. 


waves of mesenchyme will form the remainder of 
the angle 
mesenchyme. 

By the end of the embryonic period (defined as the 
end of week 8 in humans) the retina can be clearly 
differentiated into a thin outer layer, which will form 
the retinal pigment epithelium (RPE) and a much thicker 
inner neural retina (Figs 2-1F and 2-2F). Th 


cornea, iris stroma and iridocorneal 


layers are separated by a narrow intraretinal or subreti- 
nal space, the remains of the almost obliterated ven- 
tricular cavity ofthe optic vesicle. Melanin first appears 
in the RPE around 5 weeks (Fig. 2-2C,D) and is visible 
on external examination of embryos of this gestational 
age. The neural retina commences its centrifugal 


differentiation into an inner and outer neroblastic layer 
near its continuity with the optic stalk, The lens cavity 
disappears as the posterior cells elongate to form the 
primary lens fibres (Figs 2-1 and 2-2D). Mesenchyme, 
mostly derived from neural crest cells, condenses 
around the external surface of the optic cup. The 
innermost layer of this mesenchyme is loose and 
highly vascular and will form the choroid (uveocapil- 
lary lamina) (Fig, 2-2C,D). It lies adjacent to a distinct 
basement membrane formed by the RPE, which is 
ith a similar membrane around the 
forebrain, Indeed, the choroid is homologous in its 
embryonic origin with the pia mater and arachnoid 
investing the brain. The outer layer of the condensed. 


TABLE 2- 


Critical genes 
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ocular development 


‘Ocular defects in humans 


Ocular detects in with known mutations in 
Mouse ge Human gene Expression patter ‘mouse mutants related gene 
‘Soxt, Sox 2, Sox8 SOXt, SOX2 Central nervous system, Micro-ophthalmia, __Anophthalmia 
‘SOX3 ‘sensory placodes, cataract 
‘Sox2 in anterior neural 
‘ectoderm and lens 
placode 
owe oTx2 Anterior neural ectoderm ange of phenotypes from 
Future forebrain bilateral anophthalmia to 
retinal dystrophy 
Rax Fax Anterior neural plate, Eyeless ‘Anophthalmia 
optic vesicle, 
developing ratina, 
photoreceptors 
Pax PAXB ‘Anterior neural plat, Micro-ophthalmia, _Anophthalmia, anterior 
‘optic sulcusieup and cataract, ‘sogment dysgenesis, 
stalk hypoplastic tis, ‘congenital glaucoma, 
Surface ectoderm (future incomplete Peters’ anomaly, 
lens and corneal’ soparation of ‘Axenfeld-Rieger 
conjunctival ‘comea and ii, ‘syndrome (aniridia) 
epithelium) ccomeal detects 
Weakly expressed in 
mesenchymal cells 
Sixa sixa Presumptive eye field Lack of neural retina _Holoprosencephaly 
Pitea PITXS Developing lens vesicle Persistent lens stalk, Congenital cataract, 
‘malformed lens leucoma, Peters’ 
‘anomaly 
Char CHD? Nouraectoderm, lens. GHARGE-Ike CHARGE syndrome (see 
vesicle features, Box 2-1) 
keratoconjunctvitis 
Mat MAF Lens placode, Ions Failure of lons fibres Defects in lens, cornea, 
vesicle, primary lens to elongate, lens ‘and iis (calabama), 
fibres (transeription vesicle ails to Peters’ anomaly 
factors for w-erystalin separate from 
gene along with Sox) _ surface ectoderm 
Foxes FOXES Lens placode Failure of lons to Peters’ anomaly, posterior 
‘soparate from ‘embryotoxon, cataract, 
surface ectoderm 
Pitx2 Foxt PITX2 FOXC! —Periocular mesenchyme Anterior segment lridegoniodysgenesis, 
(presumptive cornea, —_abnormaitios ‘Axentold-Rleger 
eyelids, trabecular ‘syndrome, 50% davelop 
meshwork, extraocular juvenite glaucoma 
muscle) 
Grya, Cryo, Cryg CYA, CRYB, Lens Various forms of Various forms of cataract 


cRYG 


‘cataract 
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mesenchyme will form the sclera, which is homolo- 
gous to, and indeed continuous with, the dura mater 
around the optic nerve and brain posteriorly. 

In the eighth and last week of the embryonic period 
(Figs 2-1F and 2-2F), ganglion cell axons grow from 
the inner retina towards the optic stalk, The axons 
travel within the stalk towards the brain, thus forming, 
the optic nerve. Other major landmarks in develop- 
‘ment occurring in the eighth week include formation 
of secondary lens fibres, lens sutures and the second- 
ary vitreous. 

In summary, by the end of the embryonic period 
the eye comprises a double-layered neural ectoderm- 
derived optic cup containing a surface ectoderm- 
derived lens, both enveloped by condensed 
mesenchyme comprising a dense outer layer (the bull: 
of the future cornea and sclera) and an inner vascular 
layer which will form the choroid and stroma of the 
iris and ciliary body: At this stage the human embryo 
is 30 mm in length (crown-rump length) and the 
developing eye is 1.5-2.0 mm in diameter (Figs 2-1F 
and 2-2F), 


GENETIC REGULATION OF EYE DEVELOPMENT 


It is now clear that epigenctic development, the process 
by which invertebrates and vertebrates develop their 
definitive characteristics through the gradual altera- 
tion of simpler precursors, is regulated by cascades 
of gene expression. That is, early acting regulatory 
genes initiate developmental processes and induce 
the expression of ‘downstream’ genes, which may sub- 
sequently lead to expression of further genes and so 
on until genes encoding actual structural and func- 
tional characteristics of specific cells and tissues are 
activated, There is overwhelming evidence that these 
cascades have been conserved throughout evolution 
from insects to fish to mammals. The Drosophila, or 
fruit fly, zebra fish and mouse are the most intensively 
studied experimental species in each respective group 
and recent research has shed light on some of the 
critical genes in ocular development, some of which 
have been remarkably conserved in evolution, The 
clues from animal studies have aided clinical geneti- 
cists to screen the DNA from patients with abnormali- 
ties and have helped reveal how mutations in single 
genes can cause congenital abnormalities, and the eye 
has provided science with some of the more elegant 


examples of the relevance of such genetic studies 
(Table 2-1) (see Ch. 3) 

The basic body plan of all animal embryos is ini- 
tially established by a class of regulatory genes called 
selector or switch genes which, like the maternal effect 
genes of the fruit fy, establish longitudinal or antero- 
posterior (head-tail), dorsoventral and left-right axes, 
‘A further class of genes, the zygotic genes, which 
inchides segmentation genes, is switched on later, alter 
the maternal effect genes. The changes induced by the 
segmentation genes cause the expression of another 
class of selector genes, the homeotic genes, which 
encode a region of DNA called a homeobox (termed 
Hox genes). These subsequently regulate many down- 
stream genes and thus act as master control genes 

Hox gene activation plays a critical role in the 
differentiation of what initially appear as identical 
segments in the embryo (induced by earlier expres- 
sion of segmentation genes) into, for example, cervi- 
cal, thoracic, abdominal and sacral regions as well 
as the segmentation of the head and neck, particu- 
larly the pharyngeal arches and subdivision of the 
brain, 

Paired-box (Pax) genes encode transcription factors 
involved in the regulation of several aspects of verte- 
brate and non-vertebrate early development and, 
as such, are also considered as ‘master control genes. 
In vertebrates two Pax genes, Pax-6 and Pax-2, are 
important eye field transcription factors 


EYE FIELD TRANSCRIPTION FACTORS 


In mammals (and one must appreciate that much of 
this research is performed in mice) the eye field tran- 
scription factors (EFTFs) include Pax-6, Rax, Six3 and 
Lhx2 and these are expressed in an overlapping fashion 
in the anterior neural plate or future forebrain at the 
paired sites that define the site of the eye primordium, 
or eye field (Fig, 2-4). There is evidence that Otx2, a 
transcription factor essential for forebrain develop- 
ment, may cooperate with SOX2, a nenral ectoderm 
transcription factor, to progressively activate Rax 
expression in the eye field, which may in turn activate 
Pax-6, Rax, Six3 and Lhx2. Evidence of the importance 
of these genetic transcription factors in early develop- 
mental events can he seen by considering the effects 
of mutations in both mouse models and humans (see 
Table 2.1) 
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FIGURE 2-4 Signaling networks establish boundaries in the optic 
Vesicle. Dorsal is to the top, and distal isto the et (note the cavity 
of the optic stalk communicating with the forebrain vesicle (let) 
The optic vesicle is regionalized into prospective RPE (red, dorsal) 
neural retina (green, central) and optic stalk (yellow, ventral). Extra 
cellular signals organize the optic vesicle in part trough the actva- 
tion of transcription factors that specity the tissue type in which they 
are expressed, These transcription factors celhintrnsically regulate 
‘optic vesicle organization through mutual repression of one anather. 
The lens placode, which expresses fibroblast growth factor (FGF) 
ligands important for neural retinal specification, is shown in blue. 
(Reproduced ttm Heavner W, Pay L. Eye development and rtinogenesis. 
Cold Spring Harts Perspect ial. 201244008391 with permission 


‘The primordial eye field is initially one region of 
anterior neural ectoderm that has two hemispheres 
that later split into two respective fields, a left and a 
right, and at least two molecules (sonic hedgehog (Shh) 
and Six3) are involved in this early morphogenesis, 
which, if disrupted, leads to a failure in the splitting, 
and thus to cyclopia or a single midline eye. 

Pax-6 is expressed in the anterior neuroepithelium 
and lens placode-forming epithelium, Thus it appears 
that the gene defines a field of cells competent to dif- 
Jerentiate into eye tissues (neural retina, retinal pigment 
epithelium, iris epithelium, ciliary body epithelium, 
lens and comeal epithelium). It also appears to be 
required to maintain growth and proliferation of cells in 
the optic vesicle (and other regions of the central 
nervous system), Mice with mutations in Lhx2 can 


generate optic vesicles but never form optic cups and 
itappears as if both this transcription factor and Pav-6 
are needed to form a proper eye cup and together 
induce Six6 in the optic vesicle, which is essential for 
retinal differentiation. The boundaries between the 
parts of the optic vesicle that ultimately differentiate 
into neural retina, RPE and optic stalk are predeter- 
mined by the differential expression of cell signalling 
pathways along the dorsoventral and proximal-clistal 
axes, which are in turn regulated by transcription 
factors (Fig, 2-4). For example, a mutually antagonis- 
tic relationship exists between expression of Pax-2 and. 
Pa-6. Pax-2 is largely restricted to the future optic 
stalks on the ventral aspect where it appears to be 
necessary for successful closure of the choroid fissure, 
whereas Pav-6 is expressed more dorsally and is more 
involved with formation of the RPE and neural retina 
These cell-intrinsic signalling pathways are not the 
only factors that determine the fate of cells or pattern- 
ing in the optic vesicle, There are further extrinsic 
factors including members of the transforming growth 
factor-B (TGF-f), fibroblast growth factor (FGF) and 
Wnt families and Shh that signal to functionally com- 
partmentalize the optic vesicle. For example, ectopic 
expression of FGF9 in the presumptive RPE promotes 
neural retina formation and inactivation of canonical 
Wnt signalling in the future RPE causes it to transdif- 
ferentiate into neural retina. 


Periocular mesenchyme is derived from a 
mixture of neural crest and mesoderm 


For many years it was widely held that the middle 
germ layer, the mesoderm, gave rise to most of the 
mesenchyme and its derivatives in the head and neck 
region in a similar manner to the pattern of differentia 
tion in the trunk (S86 eFlg. 2-2) ® 
A large body of experimental evidence from avian 
and mammalian studies has now shown that mesen- 
chyme in the head region is derived from two sources, 
neural crest (mesectoderm) and mesoderm, Neural 
crest cells originate at the neuroectoderm-surface 
ectoderm junction of the fore-, mid- and hindbrain 
regions before fusion of the neural folds, They migrate 
ventrally into the pharyngeal arches and rostrally 
around the forebrain and developing optic cup and 
into the facial region in a highly ordered manner, 
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BOX 2-2 CLINICAL CORRELATES 


‘Malformations of the neural tube and optic 
vesicle and genetic factors 


‘These occur in the first month of embryonic ite and 
include: 

‘+ Anophthalmia. Extremely rare and the result of a 
failure of formation ofthe optic vesicle. The orbits do 
not contain ocular tissue, but the extraocular 
muscles (mesoderm) and lacrimal gland (ectoderm) 
ate present. Mutations in the RAX and SOX2 genes 
have been associated with anophthalmia (Table 2-1). 

‘+ Nangphthalmia and microphthalmia Formation of the 
optic vesicle without proper subsequent development 
produces a rudimentary eye inthe orbit — 
nanophthalmia (or dwart eye). In microphthalmia 
there isa small but recognizable eye that contains 
recognizable elements, e.g. lens, choroid and retina, 
‘The mouse mutant small ee (Sey) has @ 
haploinsufficiency in Pax-6: Human mutations in one 
‘copy of PAXG have antiga (rs abnormalities) and 
mmicrophthalmia but homazygous loss causes. 
‘anophthalmia. Mutations in SOX2 can also cause 
microphthalmia. 

‘+ Oyclopia Mutations in SHH or SIX3 result in midtine 
‘defects including cyclopia 

‘+ Synophthaimia, Fusion ofthe two eyes may result 
‘rom a malformation ofthe mesenchymal tissue 
between the optic vesiles or faulty inductive 
processes. Only rarely isa single eye (cyclops) 
‘formed by this mechanism and in most cases there 
‘are two recognizable corneas and lenses, and 
identiiable pats of the iris and ellary body. The 
imine sclera and uveal tissue may be absent and 
the optic nerve may be single or duplicate, This 
malformation may be associated with a deletion of 
‘chromosome 18. 


guicled in their migration by components of the extra- 
cellular matrix, suchas fibronectin and glycosaminogly- 
cans (Fig. 2-5). The pattern of appearance and 
migration of cranial neural crest is closely associated 
with the expression proclucts of the homeobox (Hox) 
gene family within the thombomeres of the hindbrain. 
In the face region, neural crest cells contribute signifi 
cantly to mesenchyme-derived tissues, such as bone, 
cartilage, connective tissues, meninges and ocular and 
periocular connective tissues (which normally do not 
arise from trunk neural crest), as well as giving rise to 
the usual crest derivatives: melanacytes, dorsal root 
ganglia equivalents (sensory ganglia of V, VII, IX 


and X) and parasympathetic ganglia (ciliary, otic, 
pterygopalatine and submandibular) 

At the same time as cephalic neural crest cell migra- 
tion commences, the optic stalks begin to constrict, 
thus creating a pathway between the stall: and surface 
ectoderm into which predominantly mesencephalic 
crest cells migrate. The migration of these cells ceases 
when they reach the choroid fissure on the ventral 
aspect of the optic cup (for further information see eBox 
2-2) 

Paraxial mesoderm (somites and the less distinct 
rostrally situated somitameres) forms most of the walls, 
and floor of the brain case, all voluntary muscles of 
the craniofacial region (including extraocular muscles), 
all vascular endothelial cells, the dermis and connec- 
tive tissues of the dorsal region of the head, and the 
meninges caudal to the prosencephalon, The seven 
rostrally situated somitomeres differentiate in a seg- 
mental manner within the pharyngeal arches and they 
play an important role in eye development by influ- 
encing neural crest cell migration and differentiation 
and by directly contributing to the periocular mesen- 
chyme (Fig 2-6). 

Thus, mesodermally derived mesenchyme contrib- 
utes more to the periocular connective tissues 
than experimental studies in birds had previously 
suggested. 


® 


The neural retina and retinal pigment 
epithelium are derived from 
neuroepithelium 


‘The thickened portion of the optic vesicle that 
invaginates, the retinal disk, is destined to differenti 
ate into the neural retina, while the thinner outermost 
layer of the optic vesicle is destined to form the 
RPE. These layers are continuous at the optic cup 
margin, where a sharp transition in morphology is 
evident (Figs 2-1B,C and 2-2A-D). The optic cup 
margin will later be the site from which the new: 
roepithelial component of the iris and ciliary body 
will arise and ultimately form the pupil margin 
Because of the invagination of the optic cup the 
apical aspect of the primitive neural retina comes 
to lie adjacent to the apical surface of the RPE, 
thereby obliterating the intraretinal space (Fig, 2-1C), 
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Experimental methods of mapping neural 
crest cell migration and fate 


‘The fate of neural crest cells from various regions of the 
neural plate has been mapped in birds (for reviews, see 
‘Noden, 1982, 1988; Creuzet et al, 2005), it has also 
been mapped in mouse and rat embryos (Erickson et al, 
1989; Fuluishi and Morriss-Kay, 1992; Trainor and Tam, 
1995), Avian experiments have used a variety of cell- 
tracing methods, including transplanted radiolabelled 
donor crest cells, chick-quail transplant chimeras and 
subsequent tracking of qual cells using natural nucleolus 
rmurker or anti-quail nuclear antigenic determinant (lor 
review, see Creuzet et al, 2005) 

‘Tracking the fate of neural crest cells in mammals has 
been auded by the production of mouse mutants with 
neural developmental anomalies and more recently by 
utilizing transgenic mice in which a transgene (bacterial 
luc Z ‘reporter’ gene which codes for f-galactosidase) is 
introduced into the mouse genome in a position where 
it will be co-expressed alongside proteins specific for the 
cell types under investigation, such as penpherin or 
retinoic acid receptor, which are expressed on neural 
crest cells during and afer migration. The migration 
pathways ofthe cells carryingthe transfected genome can 
‘thus be visualized with appropriate chemical substrates 
for bacteral -galactosidase (Mendelson et al., 1994), 
‘Other techniques that are unveiling the destiny and dif- 
ferentiation of various cell types in embryonic develop- 
ment include micromampulaive cell grafting and 
labelling using fluorescent cell markers (Dil and DiO), in 
sit hybridization and chimene and mosaic mouse 
‘models (Osurni-Yamishita et al, 1990, Trainor and Tarn, 
1995; Collinson et al., 2004) (see Fig, 2-6) 
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FIGURE 2-5 Diagramatic summary of the interactions between surtace ectoderm, neural ectoderm, neural crest and mesoderm early in devel- 


‘opment and thelr final contributions to the eye and periocular tissues 


Just as the ependymal cells that line the developing 
(and adult) ventricular spaces in the brain are cili- 
ated, the apposing surfaces of the primitive neural 
retina and future RPE are also ciliated. The cilia of 
the neural retina are important later in development, 
in the formation of rods and cones. The cilia of 
the RPE degenerate. 


‘AXES IN THE NEURAL RETINA 

We now understand more clearly how the axes in the 
retina which are critical to establishing the pattern of 
retinotopic projection become organized during devel- 
opment. Mouse studies have shown that when the 
inner layer of the optic cup invaginates to form the 
neural retina it must establish three primary axes: 
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FIGURE 2-6 Colonization ofthe periocular mesenchyme (opm) by 
cells derived from samitomare | in the mouse embry In (A) the cells 
have been labelled with X-gal (blue) and in (B) with DO (green flua- 
rescence). In (B) the red cells are Dit‘abelled neural crest cells 
(C) A bright field view ofthe same specimen showing the orientation 
of the optic vesicle (op) and periocular mesenctiyme (apm). (D) A 
confocal image showing the co-dstribution ofthe two cell popula- 
tions showing that neural crest cells are found in both the neural 
epithelium ofthe optic vesicle and in the surrounding mesenchyme 
where they share teritory with somitomeric-detived mesenchyme 
(yellow indicates areas of overlapping cstribution but not double- 
labelled cells). Arrow points rostral, Bar, 500 jum, (Reproduced rm 
Trainor and Tam, 1995, wth permission ) 


dorsoventral, nasal-temporal and anterior-posterior. 
In addition, the optic stalk must form inferiorly rela- 
tive to these axes (Fig, 2-7), The signalling that is 
important in the dorsoventral axes are mediated 
through the Pax-6 (highest expression dorsally) and 
Pax-2 (highest expression ventrally) transcription 
factors in addition to the VAX family of homeodomain 
transcription factors. Vax2, in particular, has a steep 
ventral-dorsal gradient, wheras Vex 1 is expressed on. 
the optic stalls. Naso-temporal patterning is regulated 
by the forkhead transcription factors FOXDI and 
FOXGI (Fig, 2-7). 


RETINAL MORPHOGENESIS (Fig. 2-8) 


The primitive neural retina consists of an outer muclear 
zone and an inner acellular or marginal zone. The outer 
nuclear zone is homologous with the proliferative 


Opticcup Pave 


FIGURE 2-7 Regulation ofthe axes inthe optic cup and opti stalk 
by differential expression of transcription factors which determine 
the regional pectic or fat ofthe retina along dorsal-ventral(0-V), 
naso-lemporal (N-T) and antero-posterior (A-P) axes. 


neuroepithelium of the neural tube. Both the inner 
and outer layers of the optic cup rest on their respec: 
tive basal laminae: that of the inner layer becomes the 
inner limiting membrane, the outer is incorporated into 
Bruchs membrane. Differentiation of the retinal layers 
commences at the posterior pole and progresses in a 
centrifugal manner; thus a gradient of retinal differen. 
tiation can be seen within an individual eye. Miotic 


activity in the primitive neural retina is greatest in the 
outer part of the nuclear zone (Fig. 2-8A). Around 7 
weeks of gestation (16-20 mm) newly formed cells 
migrate in a vitread direction into the marginal zone 


to form the inner neurvblastic layer: The outer nucleated 
zone is now referred to as the outer neuroblast layer 
(Figs 2-8B and 2-9), The two neuroblastic layers are 
separated by an acellular zone ~ the transient layer of 
Chievite. The earliest differentiated cells, which form 
the inner neuroblastic layer, are future ganglion cells, 
Maller cells (radial glial) and amacrine cells, Elegant 
studies using chimeras and mostic mouse models 
have revealed that clones of cells radiate in a vitread 
direction and, as the retina begins to stratify, prolifera: 
tion and diflerentiation cells that have arisen from 
these original ‘clones’ appear as columns. Subse- 


quently some cells disperse laterally 

The nerve fibre layer becomes identifiable on the 
inner aspect of the inner neuroblastic layer owing to 
growth of ganglion cell axons that converge towards 
the optic stalk. A zone where the processes of cells 
from the inner neuroblastic layer intermingle (the 


Outer nuclear 


Mitt gues. 
RPE. 
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FIGURE 2-8 (A-D) Summary of eary retinal morphogenesis inthe human aye. Arrows indicate major patterns of cell movements, ILM, inner 
limiting membrane; RPE, retinal pigment epithelium; INBL. inner neuroblastic layer: ONBL, outer neuroblast layer; TLC, transient layer of 
CChievitz NFL, nerve fibre layer: GCL; ganglion cal layer; INL, inner nuclear layer, QPL, outer plexiform layer; ONL; outer nuclear layer. 


inner plexiform layer) becomes identifiable at approxi 
mately 10,5 weeks of gestation, thereby obliterating 
the transient layer of Chievitz (Figs 2-8C and 2.94). 
A new intermediate nucleated layer, the inner nuclear 
layer, becomes identifiable in the posterior pole retina 
and already contains the amacrine and Muller cell 
hodies, and shortly afterwards the bipolar and hori- 
zontal cells differentiate from the outer neuroblastic 
layer and migrate into this new nucleated layer (Fig 
2-80). The remaining components of the outer neu- 
roblastic layer will form the outer nuclear layer contain- 
ing the cell bodies of the photoreceptors (rods and 
cones). The zone where fibres from this layer inter- 
mingle with those of the inner nuclear layer consti- 
tutes the new outer plexiform layer (Fig, 2-8D), The 
external limiting membrane (not a membrane per se) of 
the retina is identifiable in the earliest stages as rows 
of tight junctions between adjacent neuroblasts (Fig 
2-108), 
Further important landmarks in retinal develop- 
ment include 
+ synaptogenesis in cone pedicles at approximately 
4 months, but not in tod spherules until 5 
months 
+ photoreceptor outer segment formation com- 
mences around the fifth month 
+ horizontal cells become distinguishable around 
the fifth month 


+ microglia (resident tissue macrophages) invade 
the retina via the retinal vasculature and periph- 
eral subretinal space (10-12 weeks onwards) 
the terminal expansions of the Maller cells 
beneath the inner limiting membrane mature 
around 4.5 months, at around the same time as 
their processes can be identified between the 
rods and cones. 

The onset of cellular differentiation in the neural retina 
is partly dependent on Shh (sonic hedgehog) and FGF 
signalling, In addition, a number of bHLH (basic 
helix-loop-helix, transcriptional activators) genes are 
likely involved in determining neuronal fate. NOTCH 
signalling appears to be involved in regulating the fate 
of the glial cells, particularly Muller cells 


MACULA AND FOVEAL DEVELOPMENT 

Maculogenesis is first evident as a localized increase 
in ganglion cell density temporal to the optic disk at 
around 4.5 months, By 6 months, the ganglion cell 
layer may be eight or nine cells deep in this region, 
The thickened immature outer nuclear layer consists 
predominantly of immature cones. In the seventh 
month, there is a displacement of ganglion cells and 
formation of a foveal depression. There are approxi- 
mately two layers of ganglion cells in the foveal region 
in the eighth month and at birth this is reduced to 
one, By + months postpartum the inner nuclear and. 
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FIGURE 2-9 (A) Human fetal retina (12-13 weeks) showing inner 
and outer neuroblastic layers (INBL, ONBL). The inner neuroblastic 
layer has commenced differentiation and th transient layer of Chiev- 
itz is obliterated. RPE, retinal pigment epithelium. (B) Scanning elec- 
tron micrograph of ‘cord’ of endothelial and supporting cells (retinal 
vessel precursors) ramitying onthe retinal surface. Original magni- 
fications: A. «115; B x 5. 


FIGURE 2-10 (A) Human fetal RPE (15 weeks) viewed en face to 

demonstrate the regular hexagonal arrangement. (B) Transmission 

flectran micrograph of human fetal RPE (12 weeks). ELM, extemal 

limiting membrane; IRS, itrretinal or subretinal space; BL, basal 

lamina. (C) Premelanosomes (PM) and tight junctions (Td) near apices 

of human fetal RPE (22 weeks). Original magnifications: A, x 100; 
4100; €, x 16 000, 


ganglion cell layers have receded to the margins af the 
fovea, leaving only cone nuclei in the foveal region. 
Elongation of the inner and outer segments occurs 
over the next few months, 


PERIPHERAL RETINA 


Until approximately 10-12 weeks of gestation the 
periphery of the retina extends to within 50-100 im 
of the optic cup margin (Fig. 2-2F), By 14 weeks the 
retina terminates immediately posterior to the newly 
formed ciliary folds, with minimal pars plana. 
However, a definite pars plana and a poorly formed 
ora serrata are present by 6 months. The pars plana 
and the region from the ora serrata to the equator of 
the eye continue to grow after birth with continued 
growth of the eyeball, which occurs up to 2 years of 
age. The area of the retina is approximately 600 mm* 
at birth and reaches 800 mm? by 2 years 


DEVELOPMENT OF RETINAL VASCULATURE 


The vessel incorporated into the choroidal fissure is 
the hyaloid artery, a branch of the ophthalmic artery, 
itself a branch of the internal carotid artery (Fig 
2-114). The hyaloid artery, upon emerging from the 
centre of the optic stalk, spreads between the lens 
surface and the marginal zone of the primitive neural 
retina (lentoretinal space). With growth of the optic 
cup and formation of the vitreous cavity, the hyaloid 
artery elongates and courses through the primitive 
vitreous, within the hyaloid canal, to reach the poste- 
rior lens surface. 

Early in the fourth month of development, tem- 
poral clusters, or angiogenic buds, develop from the 
hyaloid vessels at the optic disk, These strands consist 
of endothelial cells, future glial cells and macrophages 
(Fig, 2-98), The endothelial cells are canalized and 
form new vessels that course along the nerve fibre 
layer towards the peripheral retina at approximately 
0.1 mm per day to reach the ora serrata by the eighth. 
month, At the same time, dividing vascular endothe- 
lial cells penetrate the depth of the neural retina to 
the outer border of the outer nuclear layer, a process 
not completed until the ninth month. Here they form 
a polygonal network of vessels, the outer retinal 


plexus. 
The intraneural portion of the hyaloid vessels 
becomes the central retinal artery. Developing 
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FIGURE 2-11. Diagram summarizing the major events inthe develop- 
‘ment ofthe optic stalk and optic nerve 


capillaries are united by immature punctate tight and. 
gap junctions and their basal laminae are incomplete. 


DEVELOPMENT OF THE RETINAL 
PIGMENT EPITHELIUM 


One of the most dramatic events in eye development 
is the appearance of melanin in the embryonic RPE, 
which occurs as early as 28 days alter fertilization 
(6-7 mm embryo). The RPE arises from the proximal 
cells of the optic vesicle which go on to form the outer 
layer of the optic cup (Fig, 2-1B,C). The presumptive 
RPE expresses the BHLH transcription factor Mif (Fig 
2-4) and this appears to be dependent on canonical 
WNT signalling as evidenced in mice where inactiva- 
tion of this signalling pathway causes the RPE to revert 
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BOX 2-3 CLINICAL CORRELATES 


Retinopathy of prematurity 


‘Altered oxygen tension has complex effects onthe 
formation of capilary networks in the retina. Placing 
premature infants in high oxygen environments (to ald in 
their respiration due tothe immature state of thelr lungs) 
can result in a delay oF reduction in retinal vascularization 
Upon returning to normal oxygen tension, the retinal 
tissues experience a relative hypoxia which induces the 
release of angiogenic factors (VEGF, resulting in episodes 
‘of abnormal neovasculaization within the retina and 
vitreous, known cinaly as retinopathy of prematurity 
(ROP) or retolentafibroplasa. Progress in modem 
neonatal care in many countries has made possibe the 
survival of premature infants born at gestational ages and 
birth welghts that were once considered to offer ile hope 
of viability. The incidence of ROP increases in prematurity 
as both a function of reduced birth weight and lower 
‘estallonal age from approximately 40% in infants with 
birth weights 101-1200 g to more than 90% in those with 
birth weights 501-600 g (mage courtesy of Dr S. Taha) 


to neural retina, Initially the RPE comprises a mitoti- 
cally active pseudostratified columnar ciliated epithe- 
lium (Fig, 2-2B,C), The ciliadisappearasmelanogenesis, 
commences, The RPE cells become hexagonal in shape 
and homogeneous in size (Fig. 2-10A) and in section 
appear as simple cuboidal epithelium (Fig. 2-108), 
although a columnar morphology is maintained in the 
peripheral retina for a longer period. By the fourth 
month the RPE has only minimal apical microvilli, few 
or no basal infoldings, primitive basolateral interdigi- 
tations (Fig, 2-108), mature apical junction complexes 
and intracytoplasmic premelanosomes (Fig. 2-10C). 


Mitotic activity appears to take place early in develop. 
ment and is reputed to have ceased by birth; therefore, 
growth of the eye, and consequently of the RPE itself, 
3s accommodated by hypertrophy or enlargement of 
the existing cells. A component of the future five: 


layered Bruchs membrane, the RPE basal lamina, is 
recognizable at the optic cup stage. Collagen fibrils are 
subsequently laid down beneath the basal lamina 
around 10 weeks; the first evidence of the elastic fibre 
layer can be detected around 3.5 months and by mid: 


term the elastic layer forms a fenestrated sheet 


Optic nerve and disk development 


The hollow optic stalk forms a connection between 
the cavity of the forebrain (future third ventricle of the 
brain) and the cavity of the developing optic vesicles, 
(Figs 2-1B and 2-2A), It is formed by the constriction 
of the proximal portion of the vesicle, particularly on 
the dorsal aspect concurrent with the expansion of the 
distal part (Fig. 2-11). At this stage of morphogenesis, 
(26-28 days) the central hollow fluid-filled stalk is 
lined by neuroectodermal cells. Invagination of the 
optic stalk at the ‘choroidal’ fissure, on the ventral 
aspect, which occurs simultaneously with invagina- 
tion of the optic vesicle, results in a double layer of 
neuroectoderm with narrowing and eventual oblitera: 
tion of the intervening fluid-filled cavity (Fig, 2-118). 
The invagination process in the distal and ventral por 
tions of the stalk leads to the incorporation of the 
hyaloid vessels and surrounding mesenchyme (Fig, 
2-L1B), The lips of the optic stalk start closing over 
the hyaloid vessels near the forebrain (56 weeks) and 
gradually extend distally. This fusion lags behind that 
of the cup. The optic stalks lie at approximately 65° 
to the mid-sagittal plane, compared with 40° in the 
adult, 

Axons from developing retinal ganglion cells grow 
towards the optic stalk and, upon reaching the optic 
disk, change direction and course towards the brain 
among the inner neuroectodermal cells af the develop. 
ing optic nerve, The choroidal fissure closes soon alter, 
and by 6 weeks the optic nerve contains numerous 


axons that surround the hysloid artery and vein. The 


outer neurnectodermal layer of the stall differentiates 
into the peripheral glial mantle and the glial compo. 
nent of the lamina cribrosa, A cone-like structure, 


BOX 2-4 CLINICAL CORRELATES 


Malformations of the optic nerve head 


‘When there is a fallue of closure ofthe posterior part of 
the optic fissure, the optic nerve head is deformed by a 
coloboma, located inferonasally and associated with 
buloing ofthe sclera (scleractasa). The coloboma may 
take the form ofa small recess (optic pi) atthe rim of the 
‘isk where herniation of the retina occurs into the 
meninges and adjacent optic nerve, The clinical importance 
of an optic pt lies in its association with visual oss as a 
result of leakage from the pit and exudation of lid 
beneath the macula, 

‘AXIAL CoLoBOMA OR ‘MORNING GLORY SYNDRONE” 
‘There are numerous names for a symmetrically enlarged 
‘and excavated optic disk - a condition that may be 
unilateral or biateral. The most extreme axial malformation 
{the ‘morning gloy syndrome’ so called because of the 
similar tothe American flower ofthe same name. This 
‘malformation is complicated by severe visual dysfunction 
‘and characterized by retrodisplacement ofthe optic disk 
into the meninges ofthe opie nerve. The abnormally is 
‘the result of a defect in mesodermal organization inthe 
‘isk; the lamina eribrosa isnot formed and there is fat and 
smooth muscle in the meninges. 


Bergmeister’s papilla, consisting of glial cells and the 
remnants of hyaloid vessels, may persist at the optic 
nerve head in some individuals. An outer layer of 
condensed mesenchyme forms the optic nerve dura, 
which blends with the sclera, The glial septae sur- 
rounding the nerve bundles are compased af astroglia 
that differentiate from the cells of the inner layer of 
the optic stalk. The latter also gives origin to the oli- 
godendroglia that surround the individual axons and 
are myelinated as far as the posterior margin of the 
lamina cribrosa. The nerve is displaced nasally during 
the third month by enlargement of the temporal side 
of the eye 


Development of the fibrous coat of the eye 


Around weeks 6 and 7, periocular mesenchyme, 
derived from the neural crest and mesoderm (Fig 
2-5), begins to condense around the optic cup (Figs 
2-1D,E and 2-2C,D). This mesenchyme can be dif- 
ferentiated into an inner vascular layer (uveocapillary 
Jamina), which forms the stroma of the choroid, ciliary 
body and iris, and an outer fibrous layer, which will 
form the sclera and cornea. 
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DEVELOPMENT OF THE SCLERA 


Mesenchymal condensation is most conspicuous at 
the future site of insertions of the extraocular muscles 
(imbal-equatorial region) (Fig. 2-2D), In the third 
month, active fibroblasts are already embedded in an 
irregular matrix of collagen, elastic fibrils and gly- 
cosaminoglycans, By 12 weeks a well-formed fibrous 
coat envelops the eye posteriorly as far as the optic 
nerve where the connective tissue forms a perforated 
plate, the lamina cribrosa, through which glia-covered 
ganglion cell axons pass. 


DEVELOPMENT OF THE CORNEA 


The surface ectoderm that seals over the lens pit forms 
the future corneal epithelium. It is a stratified squa- 
mous epithelium of three or four layers, the basal layer 
of which rests on a thin basal lamina. The first ‘wave 
of mesenchymal cells that passes over the optic cup 
‘margin migrates centripetally in the space between the 
anterior surface of the lens and the surface ectoderm 
to form the corneal endothelium (around 33 days) (Fig 
2-2€). Around day 49 a second ‘wave’ of mesenchyme 
commences migration from the optic cup margin and. 
penetrates the space between the basal surface of the 
corneal epithelium and endothelium to form the 
comeal stroma (Fig. 2-2D). Both waves of mesen- 
chyme are derived from the neural crest. The epithe- 
lium, which is continuous with the surface ectoderm, 
becomes stratified (three or four layers) and over the 
next few weeks the eyelids form and fuse (week 9-10) 
(Fig, 2-2D). Around 8 weeks the first evidence of 
loosely arranged collagen fibres can be detected amidst 
the actively synthetic fibroblasts, now known as kera- 
toblasts, Within the corneal epithelium an intermedi 
ate layer of wing cells does not appear until the fourth. 
or fifth month (Fig, 2-12). The endothelium, which 
until now has been a double layer, becomes initially a 
simple cuboidal and ultimately a simple squamous 
layer resting on a thick basal lamina ~ the precursor 
of Descemet’s membrane (Fig, 2-128). By this time all 
the corneal layers are present with the exception of 
Bowman's membrane, which becomes identifiable by 5 
months as an acellular collagenous zone beneath the 
epithelium (Fig. 2-12A). The stromal collagen bundles 
become organized into highly oriented lamellae, and 
the keratoblasts mature into long flattened keratocytes, 
This maturation process commences first in. the 
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FIGURE 2-12 Transmission electron micrographs of human fetal 
cornea (16 weeks). (A) Epithelium consists of three cel layers joined 
by desmosomes resting upon @ thin basal lamina (BL). Note the 
Plectron-dense intracytoplasmic tonoflaments (TF). (B) Developing 
‘endothelial cells. Note that the calls are cuboidal wih aplcal junctional 
completes (arrows) and rest on the basal lamina (BLM), which is 
already showing evidence of thickening t form the future Desceme's 
membrane. K, keratabast; , collagenous stroma. Original magnit- 
‘allons: A, x 2300; B, x 5000, 


posterior or deeper layers of the cornea and progresses 
more anteriorly or superficially. 

Comeal thickness and diameter continue to 
increase throughout development by both interstitial 
growth (thickening of lamellae) and appositional 
growth (addition ofnew lamellae). The glycosaminogly- 
can constituents are known to alter during develop- 


ment and are thought to underlie the initial swelling, 
of the cornea (when lids are fused) and its subsequent 
thinning, which occurs during eyelid opening (24 
weeks), Corneal transparency is gradually atiained 
before birth owing to maturation of the superficial 
lamellae and the hydration activity of the endothelial 
cells. Innervation of the comea commences at 3 
months and reaches the epithelium at 5 months, 

In summary, the cornea develops from the interac- 
tion of a surface ectoderm-dlerived epithelium and 
neural crest-derived mesenchyme, which gives rise to 
the deeper layers including Bowman’ layer, stroma, 
endothelium and its thick basal lamina, Descemet’ 
membrane. 


Development of the intraocular contents 


LENS DEVELOPMENT (Fig. 2-13) 

The thickened disk of ectodermal cells that forms the 
lens placode can be identified at 27 days, Differential 
elongation of these cells and contraction of their apical 
terminal bar causes the placode to invaginate, produc- 
ing a lens vesicle with a central depression, the lens pit, 
leading into a hollow lens cavity that is connected 
briefly to the amniotic cavity via the lens pore (Figs 
2-1C and 2-28). As the vesicle, surrounded by its basal 


BOX 2-5 CLINICAL CORRELATE 


‘Corneal malformation (corneal leucoma) 


Corneal opaciication may be the result ofa fllure of the 
‘eratocytes to produce collagen fibres arranged in a 
lamellar aray: instead, the patter resembles sclera 
(scleralzation ofthe cornea). Peter's anomaly i aterm 
‘used to describe a posterior axial stromal defect associated 
vith incarceration ofthe puplry pat ofthe iis a the 
‘edge ofthe defect. A mild form of malformation Is the 
Drei lal ae pain of Deets 
‘membrane (Schwalbe’s line). When this is vane clinically 
(by gonioscopy) it takes the form of a bow: hence the term 
femibryotoxon (Gk. foxon ~ a bow). Broad strands of tissue 
fans eerie ier sommes oun ramen 
angle, In Axenfeld’s anomaly, idecorneal strands are 
localized to Schwalbe's line. When ‘ris hypoplasia is 
present, the malformation fs known as Rieger's (or 
‘Avenfeld-Rieger’s) anomaly (see Table 2-\ for gene 
‘mutations associated with these abnormalities). 


lamina, detaches from the surface ectoderm (LO mm, 
33 days) it sinks into the underlying rim of the optic 
cup (Figs 2-1D and 2-28). Occasionally, degenerating 
cells (epitrichial or periderm cells) are seen within the 
lens cavity (Fig 2-3). lt now appears that lens induc- 
tion is a multi-stage process requiring signalling by 
hone morphogenetic protein (Bmp) and also probably 
fibrablast_growth factor (FGF) combined with the 
expression of a number of transcription factors, the 
‘most important of which appears to be Pax-6. More 
recently it has been shown that a disk-shaped ‘pad!’ of 
modified extracellular matrix, consisting of fibronec- 
tin, produced by the lens placode, is critical to ensur- 
ing that the thickening of the surface ectoderm, 
destined to become the lens placode, is restricted to 
the area in close apposition to the optic vesicle and. 
that disruption of this matrix leads to lateral spreading 
of the placode and failure to develop a lens placode 
— the so-called ‘restricted expansion hypothesis. These 
alterations in the surface ectoderm are Pax-6 depend- 
ant as demonstrated by conditional knockout mice 
experiments, 

‘The posterior cells of the lens vesicle elongate to 
form the primary lens fibres (Fig. 2-13A) and com- 
mence synthesis of a new group of intracytoplasmic 
proteins known as crystallins, Fibroblast growth factor, 
as well as being an inductive signal, is likely to be 
involved in lens fibre differentiation. The base of each. 
elongating lens cell remains anchored to the basal 
lamina posteriorly andl their apices grow towards the 
anterior lens epithelium, thereby obliterating the lens 
cavity (Figs 2-1D,E, 2-2C and 2-138,0), The muclei 
migrate forward within the elongated cell body to 
produce a lens bow, a row of cell nuclei with a conspicu- 
ous forward convexity (Figs 2-2F and 2-13C,H). Sub- 
sequent lens fibres arise from mitotic activity within 
the anterior lens epithelium at the equatorial zone and. 
are known as secondary lens fibres (Fig. 2-13D,H). The 
tips of the secondary fibres extend around the primary 
fibres and meet at the Y-shaped anterior and posterior 
lens sutures (Fig, 2-13D). Every subsequent generation 
of fibres throughout embryonic, and indeed later, life 
is added superficial to the previous layer, Early in 
embryonic development the lens is nearly spherical or 
possibly longer in its antero-posterior axis; however, 
as secondary fibres are added at the equator the lens 
becomes more ellipsoid, a trend that continues until 
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BOX 2-6 CLINICAL CORRELATE 


Malformations of the lens 


‘The lens is particularly susceptible, during its formation 
and early growth, to intrauterine toxic insults such as 
rubella (German measles). The disorganization that ensues 
‘causes degeneration in te fibres and visible opacities in 
the lens (congenital cataract). If the lens fibre cells recover, 
the opacities become buried in the inner part of the cortex 
bby the newly formed lens fibres. 

‘Small (microphakc) or round (spherophaki) lenses do 
not exhibit a strikingly abnormal histology. Axial bulges on 
the anterior and posterior surfaces ofthe lens (anterior and 
posterior lentiglobus) are presumed tobe the result of 
‘abnormal in the lens epithelium and the lens capsule, 


birth and then into adulthood. Basal lamina material 
is continually deposited by the lens epithelium on its 
external aspect and encases the lens ina membranous 
non-cellular envelope, the lens capsule. During embry- 
onic and fetal development the lens receives nourish- 
ment via an intricate vascular net, the tunica vasculosa 
lentis (Fig. 2-13E-G), which completely encompasses 
the lens by approximately 9 weeks. 


DEVELOPMENT OF THE VITREOUS 
AND HYALOID SYSTEM 


ALS weeks of gestation the lentoretinal space is narrow 
and occupied by the primary vitreous (Figs 2-1C,D, 
and 2-144), which consists of the hyaloid artery and. 
its branches, the vasa hyaloidea propria, which become 
incorporated into the optic cup through the choroidal 
fissure (Fig, 2-136) 

The tunica vasculosa lentis has two sources. The first 
(visible at around 5 weeks) is a series of capillaries that 
arise from the hyaloid vessels and form a palisade-like 
network of vessels, the capsulopupillary vessels, around, 
the equator of the lens (Figs 2-13F and 2-148). This 
capillary network anastomoses with the anterior com- 
ponent of the tunica, the pupillary membrane (lamina 
iridopupillaris), on the anterior lens surface (Fig 
2-148), The pupillary membrane vessels are derived 
predominantly from branches of the long posterior 
Giliary arteries, which form an annular vessel close to 
the optic cup margin and whose branches pass over 
the rim of the optic cup to supply the anterior portion 
of the lens (Fig. 2-148), The hyaloid system has no 
veins and venous drainage occurs anteriorly via the 
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FIGURE 2-13 (A-D) Disgrammatic summary of lens morphogenesis. BM, basement membrane of lens cals; ALE, anterior lens epithet: 
PLF, primary Jens fibres; SLF, secondary lens fibres: LE, lens epithelium (former anterior lens epithelium). (E) Macroscopic view of human 
fetal eye (20 weeks) with posterior segment removed fo reveal the hyalid artery (HA) and tunica vasculosa lenis (TVL) around the lens. Original 
‘magnification: x 10. (F) Scanning electran micragraphic view ot a fetal rat lens surrounded by the fin vessels ofthe TVL. Note the small 
spherical macrophages associated withthe vessels onthe lens surface. Original magnification: x 95. (G) Frazen section of PO mouse eye (day 
of birth) showing hylaoid artery emerging from the optic nerve and ramitying inthe vitreous. The lens has been removed. The mouse is a 
(Gxcr1-GFP transgenic mouse in which all myeloid-derived cells (monocytes, macrophages, microglia) are fluorescent green. Vessels are stained 
red and blue represents nucle: x 30 (Courtesy of Dr Wei Wong). (H) Fetal lens showing the lens bow (LB) arising fram the equaterial region, 


LE, lens epithelium. Original magnification: x 90 
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FIGURE 2-14 Early development ofthe vitreous and hyaloid system. 


pupillary membrane and the uveal vessels. The expres- 
sion of vascular endothelial growth factor by the lens 
is thought to be a critical molecular event in the for- 
mation of the hyaloid vascular system 

‘An avascular secondary (definitive) vitreous com- 
posed of finely fibrillar material is deposited behind 
the primary vitreous between 5.5 and 12 weeks. The 
primitive hyalocytes, widely recognized as belonging 
to the mononuclear phagocyte system, arise at this 
time and likely derive from the same population as the 
macrophages associated with the hyaloid artery and. 
tunica vasculosa lentis (Fig. 2-13G). These cells also 
give rise to the microglia of the retina and are all 
derived in embryonic life from yolk sac precursors — 
namely the origin of haematopoeitic cells prior to this, 
tole being assumed by the liver and later the bone 
marrow. Mesenchymal cells in the adventitia of vitreal 
vessels likely contribmte to the vitreous matrix, Much. 
ofthe hyaluronan and collagen (type Il) in the vitreous 
gelis added after birth 

‘Around the end of the third month distinct con- 
densations of secondary vitreous become evident in 
the space between the optic cup margin and the lens, 
The fibres, which are firmly attached to the inner 
limiting membrane of the retina in the developing pars 
plana region, are sometimes referred to as the tertiary 
vitreous and, when mature, will form the vitreous base 
(Fig, 2-14C). It seems likely that the non-pigmented 
ciliary epithelial cells in this region are responsible for 
synthesis of the tertiary vitreous and zonular fibres. 

During the fourth month the remains of the primary 
vitreous, the hyaloid vessels and the vasa hyaloidea 
propria, together with the tunica vasculosa lentis, 
begin to atrophy (Fig. 2-14C). The regression occurs 
contemporaneously with the formation of the retinal 
vasculature. The remnant of the course these vessels 
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took through the vitreous is evident in the adult as a 
narrow fluid-filled central channel, Cloquet’ canal 
Macrophages play an important scavenging role in the 
regression of the hyaloid vessels (Fig. 2-13FG) and 
may also be responsible for the induction of apoptosis, 
of vascular endothelial cells. Small portions of the 
pupillary membrane may persist in otherwise normal 
newborn eyes 


BOX 2-7 CLINICAL CORRELATES 


‘Malformations of the vitreous and hyaloid 
artery system 

‘Normally, the hyalod system of vessels vanishes, 
‘completely but in some disorders regression does not 
‘occur. 

PERSISTENT TUNICA VASCULOSA LeNTIS. 

Persistence ofthe anterior part ofthe tunica vasculosa lent 
‘or the pupillary membrane causes deformation ofthe iis. 
PERSISTENT HYPERPLASTIC (ANTERIOR) 

Primary ViTREOUS 

It the embryonic fbrovascuar tissue inthe anterior 
vitreous face persists, the ciliary prooesses are drawn 
internally, providing a valuable clinical diagnostic feature 
that is visible when the pupi is diated. The lens is opaque 
in persistent hyperplastic anterior primary vitreous, 
because aretrolentalfibrovascular mass erodes the 
posterior lens cepsule and penetrates the lens cortex. The 
‘white retrolental mass (leucocora) produced by this 
‘malformation can lead to a mistaken clinical diagnosis of 
relinoblastoma. 

PERSISTENT (POSTERIOR) HYPERPLASTIC 

Primary ViTREOUS 

‘A persistenthyaloi artery and the condensed posterior 
primary vitreous project from the optic disk and the 
adjacent retina. Distortion of the disk by prepapiiry and 
preretnal fibrous membranes is associated with radial or 
faleform folds in the retina. though many cases appear 
sporadic, there has been some evidence for mutations in 
LAPS and FZD4 genes and also defects in apoptosis and 
WNT signalling indicating these processes may be critical 
to the normal regression ofthe hyaoid vascular system. In 
‘adltion, mice lacking the Arf tumour suppressor protein 
(usually produced in response to sustained mitogenic 
activity and important in controlled apoptosis) fal to resort 
‘the fyaloid system and this leads to persistence of 
perite-tke cells that proliferate and destroy the lens and 
retina, causing blindness. 


Development of the uveal tract 
THE CHOROID 


‘The choroid arises very early in development from the 
loose vascular layer of mesenchyme that surrounds the 
optic cup (Fig. 2-1C,D). A palisade layer of vessels lies 
immediately external to the RPE and forms the basis of 
the future choriocapillaris. Fenestrations in the endothe- 
lium become evident very early in development. This 
layer of vessels forms communications with the precur- 
sors of the posterior ciliary arteries at around 2 months, 
‘A second layer of vessels forms at around 4 months 
external to the future choriocapillaris and consists of 
thin-walled venous channels that will eventually unite 
to form rudimentary vortex veins and branches of the 
long and short posterior ciliary arteries. An intermedi 
ate or middle layer (future Sattler’s layer) of mainly 
arterioles forms between the larger vessels (Haller 
layer) and the choriocapillaris. The choroidal vessels are 
initially embedded in a loose collagenous stroma, 
however, elastic fibres form later in development in the 
outer choroid (future lamina suprachoroidea) and 
pigment-bearing melanocytes appear around the 
seventh to eighth month of gestation, 


‘THE CILIARY BODY 


‘The development of the ciliary body has similarities 
to iris development because it involves an interaction, 
between mesenchyme and neuroectoderm, Ciliary 
body and iris development commence in the 11—12th 
week with indentation of the outer pigmented layer of 
the neuroectoderm (presumptive pigmented ciliary 
epithelinm) near the optic cup rim by small capillaries 
in the inner vascular mesenchyme (Fig. 2-15A.B). 
Investigations of Hox gene expression during early 
ocular development in the mouse revealed a highly 
restricted expression of Hox 7.1 in the non-pigmented 
or inner neural epithelium just behind the optic cup 
margin at the site of the prospective ciliary body and. 
iris, This gene is expressed 2 days before any morpho- 
logical evidence of these structures is evident and thus, 
it may be an early molecular marker for regional spe- 
Gialization and differentiation in the eye 

Initially, the inner non-pigmented ciliary epithe- 
lium is flat, but as the vascular sprouts enlarge they 
push inwards to form primitive radial folds, This 
arrangement of a vascular connective tissue core 
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FIGURE 2-15 (A-D) Developient of the ciliary body and iris in the 
human fetal eye from 12 to 22 weeks (the lens has been removed in 
all specimens). Note thatthe earliest evidence is the vascular mes- 
‘nchyme indenting the outer neuroectoderm layer (arrows) near the 
‘optic cup margin (OGM) in 12- and 14-veek specimens. PM, pup 
lary membrane; CM, cilary muscle: SS, scleral spur, TM, trabecular 
‘meshwork anlage; I, iris; CB, elary body; R, retina; SC, Schlemm's 
canal, PUPE, posterior non-pigmented epithelium of the developing 
itis; CP, ciliary processes. (E) Electron micrograph of iris margin in 
1 2-eek-old human fetal eye to ilustrate sphincter pupillae smooth 
‘muscle bundles (arrows) differentating from the anterior pigmented 
ins epithelium. Note thatthe posterior epithelium (PE) is showing 
early evidence of melanagenesis. Original magnifications: A, » 75; 
B, 5; C, x 110; D, = 0; E, x 420, 


FIGURE 2-16 Scanning electron micragraph of the developing 
human ciliary processes and iris (20-week fetus). Note the smoath 
‘outing ofthe cary processes (CP), the short ins (), and vessels of 
the pupillary membrane (PM). C, comnea. Original magnification: 
120, 


overlaid by a double layer of ciliary epithelial cells 
forms the basis of adult ciliary process anatomy (see 
Ch. 1). The 70-75 radial folds that develop in this 
manner appear initially as smooth undulations (Fig 

2-158 and 2-16); however, between weeks 14 and 22 
they increase in height and complexity (Fig. 2-15C,D). 
Early in development the primitive neural retina ter- 
minates immediately posterior to the ciliary folds (Fi 

2-150), but later a smooth area, the future pars plana, 
separates the two regions and continues to expand 
during the remainder of gestation with continued 
growth of the eye, The ciliary epithelium may com- 
mence aqueous production as early as 20 weeks, coin- 
ciding with concomitant changes in the iridacorneal 
angle. 
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The ciliary muscle differentiates at around 15 
weeks’ gestation from the mesenchyme between the 
neuroectoderm and scleral condensation external to 
the early ciliary folds, namely the region that will form. 
the future ciliary body stroma. The longitudinally ori- 
ented smooth muscle fibres terminate in the region of 
the trabecular anlage during fetal development. Circu- 
lar or radial ciliary muscle fibres do not differentiate 
until much later in development and indeed are not 
fully formed until about 1 year of age 


THE IRIS 


Until 12-13 weeks of development there are no 
morphological signs of irs differentiation at the rim 
of the optic cup, and the cup margin lies posterior 
to the lateral recess of the anterior chamber (Fig, 
2-158), At around 14 weeks there is an expansion 
or growth of neuroepithelial cells at the cup margin 
anterior to the presumptive ciliary body (Fig. 
2-15B,C). The optic cup neuroectoderm grows in a 
centripetal manner between the mesenchyme that 
has formed the cornea and the anterior lens surface. 
As it grows it incorporates some of the vessels of 
the lamina iridopupillaris or pupillary membrane, 
which lie on the anterior surface of the lens, This 
vascular mesenchyme is effectively split by the cen- 
trally growing neuroepithelial cells into vessels of 
the iridopupillary membrane, which now face the 
anterior chamber and form the future iris stroma 
(Fig, 2-15C,D), and deep to the epithelium the vessels, 
of the capsulopupillaris 

The smooth muscles of the iris, the sphincter and 
dilator pupillae muscles, are unique in embryological 
terms hecause they differentiate directly from neuroec- 
toderm. The sphincter pupillse differentiation com- 
mences before that of the dilator pupillae, Around 
13-14 weeks, anterior iris pigment epithelial cells 
delaminate, lose their melanin, develop intracytoplas- 
mic microfilaments (actin) and dense bodies, and 
deposit a basal lamina, These are classic characteristics 
of smooth muscle cells, Cell-ta-cell contact (gap june- 
tions) among the smooth muscle cells in this circum- 
ferential muscle band is not fully established until 7 
months (Fig. 2-156), and the muscle becomes free in 
the stroma at around 8 months. The dilator pupillae 
muscle develops much later, around 6 months, as 
basal extensions of the anterior or pigmented 


epithelial layer of the iris (Fig, 2-17), and continues 
to develop even afier birth. These basal extensions are 
arranged radial to the pupil. This muscle never 
becomes fully independent of the epithelium because, 
even in adulthood, it is composed of modified basal 
processes of the neuroepithelial cells (Fig, 2-17), 

During development the posterior (inner) iris epi- 
thelitum is largely amelanotic. It is continuous with the 
non-pigmented ciliary epithelium and thus the neural 
retina. Intracytoplasmic melanin increases in the 
fourth month, initially near the pupil margin (Fig 
2-15E), and by months 7-8 this layer is heavily pig- 
mented (Fig, 2-17) and the anterior layer has lost its 
pigment 

Iris innervation, both adrenergic and cholinergic, is 
not established until late in development. In common. 
with the choroid, pigment-bearing melanocytes are 
not identifiable in the iris stroma until late in develop- 
ment, around birth or later (Fig. 2-17). The thickness 
of the stroma and degree of melanogenesis are deter 
mining factors in eye colour at birth, and indeed full 
pigmentation and the pattern of the anterior surface 
are not complete until a few years postpartum. Blue 
irides are the result of interference and reflection of 
light from stromal collagen, whereas a thin stroma 
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FIGURE 2-17 Summary of human iris development showing the 
differentiation ofthe sphincter and dilator pupae trom the anterior 
iis epithalium (neuroactoderm), 


BOX 2-8 CLINICAL CORRELATES 
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BOX 2-9 CONGENITAL GLAUCOMA 


Anitidia 


‘Aniriia isa rare autosomal dominant bilateral disease in 
‘which there is an apparent absence of the iris. The term is 
‘a misnomer because histologically the abnormal ins is 
‘seen as a stump of hypercellular stroma, often with an 
abnormal proliferation ofthe pigment epithelium. 
Malformation or hypoplasia ofthe outiow system occurs 
in aniridia, as do anterior and posterior cortical lens 
opacities. The lens may dislocate (ectopia lenis) and the 
optic nerve may be hypoplastic. It is now well known that 
‘anirida is caused by mutations of the Pax-6 gene, 


may allow the brownish colouration of the posterior 
epithelium to show through. Later in life, brown irides 
are the result of heavily pigmented melanocytes within 
the stroma. 


Development of the anterior chamber 
angle and aqueous outflow pathways 


As early as the 12th week a roughly wedged-shaped 
distinctive mass of mesenchyme, the trabecular 
anlage, can be identified at the junction of the pupil- 
lary membrane and lateral margins of the cornea, 
namely the future anterior chamber angle (Figs 2-154, 
and 2-18). The trabecular anlage consists of a dense 
collection of stellate mesenchymal cells (neural crest- 
derived) and some loosely arranged extracellular 
matrix (Fig. 2-18A,D), The deep aspect of the wedge- 
shaped anlage is characterized by a row of small 
capillaries (Fig. 2-18A), which most probably have 
grown in from the capillary plexus on the external 
surface of the eye (future episcleral plexus) and are 
thus lined by mesoderm-derived vascular endothelial 
cells, By weeks 20-22 (fifth month) the connective 
tissue matrix of the trabecular anlage consists of flat 
tened ‘trabecular’ endothelial-lined sheets and cords 
(early trabeculae) separated by intervening spaces 
(Fig, 2-18). On the deep aspect of the fetal trabecular 
meshwork the collection of small capillaries fuses to 
form a single elongated slit-like vessel, the canal of 
Schlemm, lined by endothelial cells that are continu- 
ous with those of the collector channels and episcleral 

@® vessels, The characteristic ‘giant vacuoles’ (eFig. 2-38) 


‘Whilst there nave been many theories on the aetiology of 
‘congenital glaucoma it appears to bea failure of 
ditferetaton or alterations in aitfrental growth rates. 
‘This is a strong candidate because the few pathological 
accounts of congenital glaucoma describe the tissue as 
undifferentiated, or as lacking the typical organized 
‘trabeculae and intertrabecular spaces, especially in the 
outer or cribriform zone, Mutations in CYP1B1, LTBP2 and 
‘MYOC have been found in cohort of primary congenital 
‘laucoma patients and the CYPABT gene, which encodes 
‘ytochrome P4S0 181, a member of the ytochrome PASO 
‘superfamily of enzymes. It may metabolize a signaling 
molecule involved in eye development, possibly asteroid; 
hence, mutations may lead to congenial glaucoma 
(CHAMBER ANGLE MALFORMATION (GONIODYSGENES!S) 
‘Afallue of remodeling of the progenitor tissue inthe 
‘angle leaves very obvious strands between the iis stroma 
‘and the trabecular meshwork, of between the itis and 
‘cornea. Abnormalities inthe outflow system, ‘gonio- 
‘dysgenesis’ Include hypoplasia ofthe scleral spur with 
‘extension ofthe clay muscle ito the outer part ofthe 
‘rabeoular meshwork and an excessive amount of 
trabecular tissue. In addition, there are a number of more 
generalized abnormalities ofthe mesenchyme and 
mesoderm, which display altered iidocorneal angle 
structure and may manifest as infantile glaucoma. These 
include posterior embryotoxon, Axenfeld syndrome, 
Rieger's anomaly and Peters’ anomaly. A number of 
mutations of deletions have been associated with 
iridogoniodysgenesis (Table 2-1), 


in the canal endothelium that are responsible for 
the passage of aqueous across the inner wall of the 
canal (see Ch, 1) appear at around 18-20 weeks of 
gestation. 

During the remainder of fetal development the 
meshwork becomes further specialized into cord-like 
inner uveal trabeculae, numerous intermediate layers 
of lamellar corneoscleral trabeculae, and a deep loosely 
arranged cribriform meshwork (Fig 2-188). The 
scleral spur is formed by month 4-5 (Fig. 2-15C). 
Scanning electron microscopy of the developing angle 
reveals that the inner aspect of the developing uveal 
meshwork is incomplete and numerous perforations 
allow communication between the anterior chamber 
and the spaces of the developing meshwork from 15, 
weeks onwards (Fig, 2-18C), 
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{FIGURE 2-3 Summary ofthe embryonic pharyngeal arches and their derivatives in the adult. (A) Arch cartilages (yellow shaded areas represent 
bones derived from the neural crest); (B) arch nerves and the sensory territories ofthe three divisions of the trigeminal nerve shaded green 
(Wp, biue (8) and grey (Vs) (see also Fig. 1-55); and (C) arch musculature 


FIGURE 2-18 Development ofthe ridacorneal or chamber angle (see also Fig. 2-16). (A) Electron micrograph of the trabecular anlage (TA) in 
a 13-week-old human fetus. Note the two small capillaries (arrows) on the deep aspect ofthe anlage, the high density of trabecular cells, and 
the pooty developed extracellular matrix. AC, anterior chamber; PM, pupilary membrane (utue tis stoma). Original magnification: x 500, 
(6) Electron micrograph of the trabecular meshwork ina 22-week-old human fetus. Note the enlarged intratrabecuar spaces separated by 
wel-formed connective tissue trabeculae and the size af Schlemm’s canal (SC), which passesses giant vacuoles (GV) in its inner wal. Original, 
‘magnification: x 100. (6) Scanning electron micrograph of the inner surface ofthe trabecular anlage in a 13-week-old human fetus revealing 
the incomplete nature ofthe endothelial cells facing the anteriar chamber. These perforations most likely allow tree passage of cells and fuids 
‘rom the anterior chamber tothe developing meshwork trom this early stage onwards. Large arrow in (A) indicates the perspective from wich 
‘the scanning micrograph was obtained. Original magnification: x 1600. (D) Summary ofthe morphogenetic changes that occur uring remadel- 
ling of the loose mesenchyme of the trabecular anlage to form the trabecular meshwork, (Pats A-C fram Menai, 1989, 1931; with 
parison) 


Development of the extraocular muscles 


The extraocular muscles are some of the few periocu- 

Jar tissues that have been shown not to be of neural 

crest origin (Fig, 2-6). They are thought to arise from 

presumptive myocytes in the preotic region (paravial 

mesoderm) in the area of the prochordal plate (eFig. 
®23) 

‘They migrate ventrally and caudally around the 
developing eye, The presumptive myocytes concen- 
trate particularly in the equatorial zone external to the 
mesenchymal condensation, which forms the sclera. 
Here they proliferate and differentiate, Their flattened 
connective tissue tendons, which are of neural crest 
origin, eventually fuse with the sclera, 

Investigations of MyoD gene expression in trans- 
genic mice (using the LacZ reporter gene) have shown 
evidence of myogenesis in situ around the developing, 
eye as early as E10.5 (day 10.5 of embryogenesis), at 
about the time when myocytes are appearing in the 
hyoid arch mesenchyme. 

The extraocular muscles appear in approximately 
the following sequence: lateral rectus, superior rectus 
and levator palpebrae superioris (week 5), superior 
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oblique and medial rectus (week 6), followed by 
inferior oblique and inferior rectus (common 
primorclium) 

The axons of the general somatic efferent neurones 
of cranial nerves III, IV and VI, which innervate these 
muscles, are ‘dragged! behind the migrating myocytes 
from the site of their cell bodies in the developing 
brainstem to the periocular region. 


Development of the eyes and surrounding 
structures is influenced by the pattern of 
development of the skull, pharyngeal 

arches and face 

A detailed account of the embryology of the head, 
skull and face pertinent to understanding the develop- 
ment of the eye and orbit can be found at hups// 
expertconsult inkling com/, See also Video 1-2. ¢ 


FURTHER READING 


A full reading list is available online at hups//@ 
expertconsult inkling com/, 


DEVELOPMENT OF THE SKULL 
‘The orbit lies atthe junction of the neurocranium (sll 
vault) and viscerocranium (facial skeleton), and has also 
evolved partly from the primitive sensory capsules around 
the eyes. Therefore, to understand the embryology and 
development of the orbit, it 1s essential to appreciate that 
the entire craniofacial skeleton is formed by a combination 
of several components, 

[CHONDROCRANIUM 

The chondrocranium forms the skull base initially as 
cartilaginous precursors that develop in a rostral to caudal 
sequence, namely the prechordal plate, hypophyseal and 
parachordal cartilages, These subsequently ossify 10 form 
the midline bones in the base of the skull from the 
‘nnterorbital region (body of the sphenoid) to the occipital 
region. The sensory capsules that evolved to support the 
‘olfactory organs, eyes and inner ear develop separately 
alongside this midline basal cartilage. These capsules 
develop initially as cartilage and in humans are repre- 
sented by bones in the nasal cavity (ethmoid from 
prechordal cartilages), orbits (body of the sphenoid — 
hypophyseal cartilages, lesser wing, and medial part of 
the greater wing of the sphenoid) and part of the tent- 
poral one. 


MEMnnANOUS BONES 
“The membranous bones, evolved from ‘dermal! bones like 
those seen in fossils of prmnve placoderms fishes, ossify 
directly fom mesenchyme (in membrane). They are 
derived from neural crest and parachordal (head) meso- 
dere and fore the calvana or cranial yault mn the human 
sul. They are represented in the orbit by the orbital plate 
ofthe frontal bone 

Viscerocranium 

“The viscerocranium evolved to support the branchial (gill 
aches in fsh. In humans there are five pais of pharyngeal 
aches, either side ofthe foregut tube, whose derivatives 
contribute to the visceoerantum (see below) 

‘The Pharyngeal Arches 

“The pharyngeal arches play an important role wn the mor- 
phogenesis of the head and neck; the frst and second 
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arches in particular are important to the development of 
the periocular region, Pharyngeal arches form in a cranio- 
caudal sequence and are not al at similar stages of devel- 
‘opment at any point in time, In humans, five arches 
develop that correspond to arches 1, 2,3, 4nd 6 of their 
evolutionary precursors 1n fish. The first or mandibular 
arch has two components, one forming the upper jaw the 
other the lower jaw; the second or hyoid arch has evolved 
to support the ja; tongue and larynx (Fig, 2-3). The tind 
arch also contributes to the hyoid. The fourth and sixth 
arches help form the larynx. Each arch has an inner cover- 
Ing of endoderm (separated by endodermal pharyngeal 
pouches) and an outer covering of ectodermn (separated by 
ectodermal pharyngeal clefis), a cartilaginous component 
(eg, Meckels cartilage), an arch nerve and an arch artery 
together with a core of mesenchyme (¢Fig, 2-4), This mes- 
enchyme is a misture of somatic mesoderm and neural 
crest-derived mesectoderm (derived from shombomere 2 
(first arch), thomborere 4 (second arch) and shombomere 
6 (third arch); (Hunt et al., 1991; Noden, 1991; Maden 
et al,, 1992; Hall, 2005)),eTable 2-1 and eFigure 2-3 sum- 
tmarize the skeletal, neuronal and muscular derivatives 
from the pharyngeal arches, The migration of neural crest 
cells into each of the pharyngeal arches is like all axial 
organization (Le. neural tube, somitic mesoderm and 
endoderm) controlled by the Hox code, Only a few ele- 
iments of the viscerocranium, such as the medial part of 
the greater wing of the sphenoid (alisphenoid), incus, 
malleus and stapes, arise directly from the cartilaginous 
component (eFig, 2-34); the majority of the cartilaginous 
elements of the pharyngeal arches regress and become 
encased within membrane bones that ossify directly from 
neural crestlenived mesenchyme. Such membranous 
bones include the mawilla, zygoma, squamous temporal 
bone and deniary (described in most textbooks as the 
mandible) (eFig, 2-34) 

Some of the cranial nerve sensory neurones (part of V. 
VIL, 1X and X), like the dorsal root ganglia of the trunk, 
arise from the neural crest, as do the four parasympathetic 
ganglia of the head and neck. 


US 2006/0073976 Al 
28 


sates”. In this article Garay showed that there exist both 
dynamically stable and unstable difute-zas Bose-instein 
‘condensates that, in the hydrodynamic limit, exhibit a 
behavior completely analogous to that of gravitational black 
holes. This discovery coupled with creation of color glass 
‘condensate (CGC) an extreme form of nuclear matter in 
which a nucleus travels at near-light (relativistic) speed 
‘which Mattens like a pancake in its direction of motion and 
spawns a large number of gluons hold the key to high enengy 
singularity formation. 
1 claim: 

1. A method for the generation of a pseudo 241 dimen- 
sional anti-de Sitter space comprising the steps of: 


creating two Kerr type positively charged rotating dilation 
singularities, including the steps of 

‘maintaining one of the singularities as a axis of rotation 
reference singularity, 


‘maintaining the other of the singularities as a target 
singularity, and 

subjecting the target singularity to a differential electron 
flow so as to simultaneously pass the differential elec- 
tron flow above a photosphere of said target singularity 
in a direction of rotation thereof and contrary t0 the 
direction of rotation thereol, in onder to release a 
directed flow of gravitons in a sinusoidal oscillation 


Apr. 6, 2006 


simulating a rotational effect of the target singularity 
around the axis of rotation provided by the reference 
singularity. 

2. A method of generating a force around a body, com- 


prising the steps of: 


‘employing sinusoidal oscillations of electrical bombard- 
‘ment on the surface of one Kerr type reference singu- 
larity in close proximity to a second Kerr type target 
singularity to take advantage of the Lense-Thireing 
clfect, wherein the electrical currents employed in the 
bombardment are passed simultancously across the 
photosphere of said reference singularity in its direction 
of rotation and contrary to its direction of rotation to 
release a directed flow of gravitons in a sinusoidal 
‘oscillation simulating a rotational effect of the target 
singularity around the axis of rotation provided by the 
reference singularity: 


‘creating timelike curves in a compact time-oriented mani- 
fold of Godel-type geodesically complete spacetime 
‘envelope under the Van Den Broeek modification of the 
‘Aleubierre geometry, resulting in the creation of time= 
like curves in a compact time-oriented manifold per- 
‘itting topology change from one spacelike boundary 
to the other in accordance with Geroch’s theorem. 
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FIGURE 2-4 Schematic diagram ofthe oor ofthe 
embryonic mouth as viewed from above in ahorizon- 
lal section of the head. Note the pharyngeal arches 
(HV) have ben cu to expose their neural you), 
arterial (d), cartilaginous (green) and mesenchymal 
{orange stil) contents. The arches are ined exter- 
nally by ectoderm (ve) and internal by endoderm 
(purple 


eTABLE 
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‘Skeletal elements Muscles 
‘Ossify in 
Ossity in cartilage membrane 
1 “Tympani cavity ‘Arch cartilage Arch Maxilary division From cranial 
Pharyngotympanic —palatoquadrate-—»=« mesenchyme: of trigeminal ‘somitomere 4: 
tube (cleft bar alisphenoid, upper part (V) (upper pat Muscles of 
‘ectoderm incus ~ maxilla, of arch 1) ‘mastication 
~ external Meckat’s cartlage —_zygoma, Mandibular (temporal, 
auditory meatus) ~ mallous ‘squamous division of masseter, 
temporal trigeminal (V) Pierygoids) plus 
‘bone lower (lower part of ‘mylohyo 
part — arch 1) anterior belly of 
‘mandible digastric, tensor 
tympani, tensor 
vel, palatini 

2 Epithelial ining of Reichert's Facial nerve (Vll) From somitomere 
tonsilar crypts cartilage: 8 Muscles of 
and tonsillar fossa —_stapas, facial expression 

stylohyoid plus posterior 

ligament, upper bolly of digastric, 

part of hyoid siyiohyoid, 
stapedius 

3 Dorsal wing ~ Lower part of hyoid Glossopharyngeal From samitomere 
inferior nerve (0X) z 
parathyroid Stylopharyngeus 

Ventral wing ~ 
epithelioid calls of 
thymus (Hassall's 
corpuscles and 
epithelial 
reticulum) 

4 Dorsal wing ~ Upper laryngeal Superior From occipital 
superior ‘artlages laryngeal ‘somites 2-4: 
parathyroid (mesoderm) branch of Pharyngeal 

Ventral wing — vagus nerve constrictors, 
Utimobranchial Co) cricothyroid, 
body: C colls in levator vali 
thyroid gland palatin! 

6 Lower laryngeal lecurrent Intrinsic muscles of 

‘cartilages laryngeal nerve the larynx. 
(mesoderm) (X) 


‘The accessory nerve has all the hallmarks ot a branchial arch nerva as is cell bodies in the brainstem and cervical spinal 
cord are in line with other branchial efferent coll bodies (branchial efferent column); however, its evolutionary history, or 
more specifically tha muscles it supplias (sternocleidamastoid and trapezius), is controversial, as are many of the 
‘musculoskeletal elements of the nack and shoulder (Matsuoka et l., 2008). 
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DEVELOPMENT OF THE FACE 
(Fig, 25) 
Development of the face commences around the fourth 
week and is largely complete by week 10, The baste 
arrangement of the face is the result of fusion of five 
swellings around the stomodeum (primitive mouth), nasal 
pits and eyes, There are paired masillary and mandibular 
processes plus an unpaired fronto-nasal. process (eFig, 
2-54). The mesenchyme of the fronto-nasal process, 4 
conspicuous swelling over the developing forebrain vesi- 
cles, anses from the neural crest and does not appear to 
hhave any association with pharyngeal arch development. 
The fronto-nasal process is innervated by the ophthalmic 
division of the trigeminal nerve and forms the tissues 
above the eye as far back as the vertex, thus explaining 
the sensory cutaneous distribution in the adult, The 
fronto-nasal process also gqves rise to medial and lateral 
nasal swellings around the nasal pits (eFig, 2-58), The 
‘maxillary processes grow medially beneath the developing 
eyes and form the lower eyelids. Concomitant with this 
growth, the eyes also move from their position on the 
lateral aspect of the embryonic head to the front 
of the face. The nusolacrimal groove on each side lies long 
the line of fusion of the masillary process with the lateral 
nasal swelling (eFig, 2-5C). The ectoderm of the groove 
‘nvaginates (10 mm stage) into the surrounding, mesen- 
chyme to form the nasolacrimal duct, which at this stage 
consists of a solid cord of ectodermal cells that grows 
upwards into the lids to form the canaliculi and down- 
wards into the nose. Canaliculization of the solid columns 
of cells commences first in the vicinity ofthe lacrimal sae 
G months), Mesenchyme condenses and ossifes around 
this cord of cells to form the bony walls ofthe nasolacrimal 
canal 

The upper eyelid develops from the fromo-nasal 
process and both lids are visible early in the second month 
(Fig, 2-16), The primitive lid folds fuse im weeks 9-10 of 
gestation, enclosing a surface ectoderm-lined cavity, the 
conjunetival sac (Fig, 2-20), Myocytes differentiate inthe 
‘mesenchyme of both lids and eventually form the orbicue 
lanis oculi muscle (second arch denived — nerve supply, 
facial nerve). Meibornian glands, sebaceous glands and 
eyelashes develop as invaginations of the conjunetwval epic 
thelium or epidermis and are therefore ectodermal deriva- 
tives. In the seventh week the future lacrimal gland arises 
as a bud of epithelial cells from the region of the upper 
temporal conjunctiva sae 

Trinh and in he nar, the eyes harans ren 
comparatively advanced state of development relative to 
the rest ofthe face; the orbits are therefore large, although 
the remainder of the facial skeleton is small by comparison 
with the adult. During infancy and childhood, as a conse- 
quence of the development of teeth and growth of the 


paranasal sinuses, the facial skeleton steadily increases in. 
‘sze relative (0 the neurocraniumn. With the exception of 
the frontal sinuses, the paranasal sinuses develop as diver- 
ticulae from the nasal passages around the filth month of 
{gestation and are rudimentary at birth, The frontal sinuses 
appear in the fifth to sixth postnatal year as evaginations 
fom the ethmoid sinuses o middle meatus, 


CONGENITAL MALFORMATIONS 
Classification of congenital malformations or abnormalities 
1s difficult for several reasons. First, the aetiology is often 
unknown and, even where a single genetic or environmen- 
tal cause is suspected, itis often dificult to ascribe full 
responsibilty to such agents or events because exposure 
to widely different teratogenic agents, such as drugs or 
trauma, can result in identical developmental defects 
Second, defects may be strongly associated with chromo- 
somal abnormality eg. trisomy 13) 

Furthermore, disturbances in basic cellular events such 
as neural tube closure may lead to multisystem patholo- 
gies. In common with more generalized developmental 
defects, the consequences of exposure to teratogenic agents 
are highly dependent on the timing of major embryonic 
or fetal developmental events occurring at the time of 
exposure: there are important known pevids of vuberabil- 
iy, oF extical (sensitive) periods, during which morpho- 
genesis of particular systems and organs may be at risk, In 
this respect the eye is highly vulnerable for along period 
of embryonic and fetal development because there are 
crucial developmental landmarks from the point of forma- 
tion ofthe optic pus (ay 22) until late in gestation, with 
such events as retinal vascularization and pupillay mem 
brane regression occuring close to birth 

Congenital malformations affecting ocular tissues may 
have the following, causes: 


Genetic Causes 
+ Chromosomal anomalies: deletions (crisdu-chat syn- 
drome, Turner syndrome), trsomies (wisomy’ 13 or 
Patau syndrome, Down syndrome, Klinelelter syn- 
drome) and triploid (see Table 2-1) 
+ Hereditary: either sporadie mutations (aninidia with 
Wilms’ tumour) or dominanv/recessve inheritance 
Environmental Causes 
+ Drugs: alcohol, 
thalidomide 
+ Viwonins and minerals: excess (eg. hypervitaminosis 
A) oF deficiency (eg, folic acid, zine) 
+ Infection: eg, rubella, syphilis, toxoplasmosis 
+ Radiation: Xray 
Maternal Age 
‘There isan increased incidence of genetic abnormalities in 
the oocyte with advancing maternal age 


tobacco, anticonvulsants, 


=. 


Craniofacial abnormalities 


Skeletal development can be considered to have three 
essential steps: (1) classic induction (as the result of 
mesenchyme-epithelium interactions mediated by high- 
ly conserved signalling molecules such as Emp (bone 
‘morphogenetic protein) and FGF (fibroblast growth fac- 
tor); (2) condensation of mesenchyme; and (3) overt 
differentiation. Interestingly, 65% of skeletal abnormali- 
ties of the head and neck are the result of defects im this 
first signalling step (Hall, 1998), 

It is mow recognized that a group of craniofacial 
abnortnalities, the mandibulofacial dysostoses, mcluding 
Treacher Collins and Hallerman-Strelf syndromes, are 
caused by deficits in neural crest cell migration and dif- 
ferentiation in the first and second pharyngeal arches, 
‘These are manifest as abnormal ear development, hypo- 
plasia ofthe maxilla and mandible, and lower lid defects, 
‘These and more generalized disturbances of neural crest 
‘migration, e.g, Rieger syndrome, Pierre Robin syndrome, 
and conditions affecting primatily the periocular region 
such as Peters’ anomaly, are increasingly being classified 
as newcristopathies because of their proposed link to 
disturbances in neural crest cell migration, proliferation 
and differentiation, 
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{FIGURE 2-5 Early development ofthe face (A-C), the adut form 
(0), and one ofthe many congenital abnormalities, oblique facial cleft 
(€), that resuits from incomplete fusion of the facial swelings 
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Developmental anomalies of the 
nasolacrimal duct 


Disturbances in morphogenetic processes may lead to 
‘multiple canaliculi and punctae, abnormal diverticulae, 
and blockage of the nasolacrimal duct, possibly because 
of debris from the degenerating central cells producing 
a mucocoele (not uncommon in the first lew weeks after 
birth. 

‘There is a range of congenital facial defects, of which 
cleft lip and palate ate the most common. These are a 
consequence of complete or partial failure of fusion of 
the various processes and swellings in the face. Oblique 
facial clefis occur along the course of the nasolacrimal 
duct (eFig, 2-5), The aetiology of these conditions is 
‘multifactonal, although maternal exposure to anticon- 
vulsant drugs (phenytoin) and vitamin A are known tera- 
togenic agents that produce these defects, The spatial and 
temporal expression of retinoic acid receptors during 
embryological development is currently the subject of 
‘much research. While details are still emerging, it clear 
that the patterns of expression partially explain the 
elfects of retinoic acid (a vitamin A derivative) asa potent 
‘morphogen. Retinoic acid appears sequentially 10 acti- 
vate genes of the Hox cluster, thereby influencing the 
normal segmental pattern of hindbrain development 
(thombomeres), neural crest migration pathways into 
pharyngeal arches, and development of the face (Maden 
et al,, 1992). 


Trisomy 13 (Patau syndrome) 


‘The ocular pathology in trisomy 13 illustrates various 
forms of malformation, The cornea and chamber angle 
are malformed and persistent hyperplastic primary vitre- 
ous is common. An anterior coloboma is present and is 
characterized by a fibrous ingrowth that contains nodules 
of cartilage. Retinal dysplasia is extensive. Optic nerve 
rmalformation is limuted to hypoplasia. The systemic mal- 
formations are not compatible with survival and are 
extreme forms of brain malformation (arshinencephaly) 
with cardiac and renal malformation. 


Trisomy 21 (Down syndrome) 


The systemic disturbances in this disorder ate well 
known. In ophthalmology the important components are 
a high incidence of Keratoconus and cataract, Small 
nodules are formed by spindle cells om the iris (Brush- 
field’ spots); myopia and the attendant complication of 
retinal detachment may requite surgical intervention, 
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Genetics 


Chromosomes and cell division 

Molecular genetics (DNA and genes) 

Chromosome defects and gene mutations 

Clinical genetics 

Population genetics 

Understanding the human genome: DNA 

analysis 

'* Molecular biology and clinical medicine 

* Molecular and cell biology: controlling cell 
destiny 

* Molecular genetics and ophthalmology 


Genetic disorders are ofien thought of as interesting, 
but rare, However, in a population of 100000, there 
will be 10 children born with a genetic disorder, a 
further 10 who will develop genetic disorders in 
later life, and more than 10% of adults will have a 
chronic ‘illness with a strong genetic basis. The 
advances in medical and molecular genetics have 
increased our understanding of disease processes, 
‘which can be illustrated particularly with examples 
of inherited ophthalmic disorders. Moreover, the 
increasing ability to individually, or within disease 
populations, define the genome, polymorphisms in 
gene expression, control of translation and the 
impact of environment on genetic expression or 
heritable as well non-heritable non-DNA influence 
‘on gene expression (epigenetics) has profoundly 
influenced our interrogation of disease pathogenesis 
and targeted therapeutic intervention, 


Chromosomes and cell 
CHROMOSOMES 


Human cells contain 46 chromosomes (diploid), 
consisting of 22 almost identical pairs (homologous 
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ivision 


autosomes) and a pair of sex chromosomes, which 
constitute the karyotype of an individual, Chromo- 
somes are numbered 1-22, as they decrease in size 
‘The chromosome consists of two arms: the short arm 
is designated ‘p’ and the long arm ‘q’. During somatic 
division, or mitosis, each chromosome, and therefore 
gene, replicates precisely, Gamete formation involves 
4 special reduction division (meiosis), in which the 
homologous chromosomes separate from each other 
so that each cell contains 23 chromosomes (haploid). 
Since chance determines which chromosome of a pair 
ends up in a particular gamete, there is a possibility 
of 2 combinations in the gametes. The different 
stages of the two forms of cell division are summarized 
below. The genes are located in a linear order along, 
the chromosome, each gene having a precise location 
or locus. Each of a pair of chromosomes (homologous 
chromosomes) carries matching genetic information, 
ie. they have the same sequence of gene loci. However, 
at any locus they may have slightly different forms, 
which are called alleles. Cytogenetic analysis of the 
chromosomes can be performed by looking at the 
banding pattern of individual chromosomes. Giemsa 
staining highlights the horizontal banding of the chro- 
mosome, by the characteristic pattern of light and 
dark staining (G-banding). More specific patterns of 
staining can be performed by looking at high-resolution 
banding with G-banding patterns at the early stages of 
mitosis (prophase; see below). Fragile sites are non- 
staining gaps that can be demonstrated only when the 
chromosomes are cultured in specific conditions (e.g 
thymidine and folic acid deprivation) and then stained. 


CELL DIVISION 
Mitosis (Box 3-1) 


During mitosis each chromosome, and with it every 
gene along its length, replicates to produce two 


BOX 3-1 STAGES OF MITOSIS 


Interphase Resting phase 

Prophase ‘Chromosomes identiable in 
nucleus 

Metaphase ‘Chromosomes aligned in centre 
‘of nucleus 

‘Anaphaso ‘Centromere of chromosome 
divides with chromatid 
separation 

Tolophase Daughter chromosomes separate 
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FIGURE 3-1 The cell cycle: S, synthesis of DNA; M, mitosis and 

cytokinesis; G, and G, gap phases 


identical daughter cells, so that every nucleated cell 
(except gametes) has 46 chromosomes (diploid). In 
culture, the cell cycle of most mammalian cells varies 
but is usually about 24 hours. Mitosis itself occupies 
approximately 1 hour of the total time, whereas the 
time taken to synthesize DNA required for replication 
is 6-8 hours (Fig. 3-1). The gap phases G,, between. 
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mitosis and synthesis of DNA, and to a lesser extent 
Gy, between synthesis and mitosis, govern the turn- 
over of the cells because some cells can rest in G, for 
days. It appears that late in G, the cell passes a restric~ 
tion point after which it will proceed through the rest 
of the cell cycle at a standard rate, During the 5 phase 
each chromosome replicates, each with its own indi- 
vidual pattern, although homologous pairs of chromo- 
somes replicate synchronously. During Ga, the cell 
gradually enlarges, doubling its total mass before the 
next mitosis. Some cells, however, do not divide once 
they are fully differentiated (e.g. neurones and eryth- 
rocytes) and are permanently arrested in a phase 
known as Gs, Control of cell cycle is represented as a 
schematic in Box 3-2, 


Meiosis: formation of gametes 
Meiosis takes place in two stages, both having the 
same stages as mitosis. In the first stage of meiosis 
there is a prolonged prophase, in which cell division 
of only the chromosomes occurs so that each subse- 
quent daughter nucleus contains half the number of 
chromosomes (23), resembling mitosis but in the 
haploid state. The prophase of the first meiotic divi- 
sion is complex and may be divided into a further five 
stages 

+ Leptotene. Starts with the first appearance of the 
chromosome 

+ Zygotene. The homologous chromosomes pair 
and bind closely to form bivalents. 

+ Pachytene. The main stage of chromosomal 
thickening; each chromosome consists of two 
chromatids and, because they are bivalent, has 
four strands. During this stage, chromatids of the 
chromosomes exchange material (crossovers), 
further ensuring a random assortment of pater- 
nal and maternal homologues. 

+ Diplotene. The bivalents start to separate (the 
centromere of each remains intact) 

+ Diakinesis. The bivalent chromosome  forma- 
tions separate and coil tightly 

The chromosomes then undergo metaphase and ana- 
Phase, where the bivalents disjoin, going to each equa- 
torial plane of the cell, and as the cytoplasm divides 
each cell has 23 chromosomes, each with a pair of 
chromatids, The second meiotic division follows the 
first without an interphase and resembles mitosis, 
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BOX 3-2 CONTROL OF CELL CYCLE 


‘ycins are regulatory subunits within the cell hat are 
periodically synthesized and degraded, regulating oyetin- 
‘dependent kinases (COK) essential for cell cycle contro 
Cyelins (of whieh to date there are nine; A-I) bind to 
‘COKs, forming an active complex that in & controlled fashion 
‘drives the cell through its stages via phosphorylation of 


AP 


Peptides 


unique protein substrates, such as retinoblastoma protein, 
Ro, allowing progression into the next phase of the cycle, 
Interaction of cyelin-COK complexes with the retinoblastoma 
(Rb) protein family (Rb, p107, p180) is regulated by proteins 
‘that block eyctin-CDK activity (e.9. p21). p53, a cell cycle 
regulator, leads to increased p21 expression 


Thus meiosis gives rise to gametes that contain only 
one representative of each homologous pair of chro- 
mosomes and there is random selection of paternal 
and maternal homologues. 


Genetic makeup 
The genetic makeup of each individual or of a specific 
patient population isa result of mutations and natural 
selection in the past, During cell division, the division 
of chromosomes may be imperfect. A mutation is a 
sudden change in the gross or fine structure of DNA, 
such as might be caused by a replication error or a 
crossover defect between misaligned chromosomes at 
meiosis, giving rise to deletion or duplication of DNA. 
The mechanisms by which chromosomal abnormali- 
ties may occur are discussed below. A mutation may 
affect a specific gene and thus the protein structure it 
codes for. Equally, the mutation may alter the structure 


of the protein in such a way that the function of the 
protein is changed only slightly but the metabolism. 
remains unaffected. Ifthe gene is destroyed altogether, 
including the nucleotide sequence, which is critically 
important for the protein that it encodes, then the 
individual will be at an immediate disadvantage, It is 
therefore not surprising that it is genetic diseases that 
occur as a result of harmful mutations, as opposed to 
diseases with multifactorial inheritance patterns, 
which have a predictable mode of inheritance 


Molecular genetics (DNA and genes) 


‘The basis of inherited disease can be understood from 
information about chromosomal makeup, specific 
genes, and how proteins are encoded, The human 
haploid genome consists of 3 X 10” base pairs 
of double-stranded DNA (dsDNA), The genetic 
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information that determines the sequence of amino 
acids in peptide chains is stored in the DNA by the 
order of the nucleotide bases: adenine (A), cytosine 
(©, guanine (G) and thymine (T). Three bases (a 
codon) code for a particular amino acid, A gene is part 
of the DNA that directs the sequencing of polypeptide 
chains. The gene itself consists of both coding regions 
(exons) and variable-length intervening regions 
(introns), There are also enhancer regions of the gene, 
which carry out regulatory activities, particularly the 
expression of genes in tissues, Similarly there is a 
family of regulatory molecules on the gene that acti- 
vate or suppress both pairs of homologous genes 
(Fig. 3-2) 


HOW GENES WORK: DECODING DNA 


All proteins are encoded in DNA and, as mentioned 
above, each amino acid is represented by a triplet code 
of bases (codon). Since the number of possible codons, 
is greater than the number of amino acids, most amino 
acids, except methionine and tryptophan, may be 
encoded by more than ane codon. The code AUG 
(methionine) acts as a starter signal for protein syn- 
thesis (Box 3-3), and there are also codes that act as 
polypeptide chain terminators (stop codons). 
Polypeptide chain synthesis occurs in two proc- 
esses: transcription and translation (Fig. 3-3). During 
transcription one strand of DNA forms a template for 
the synthesis of messenger RNA (mRNA), catalysed by 
the enzyme RNA polymerase. RNA polymerase binds 
to a specific DNA sequence known as the promoter, 
which signals the unwinding of the DNA helix, which 
acts as a template for the complementary base pairs. 
The process maves along the DNA molecule, extend- 
ing the RNA molecule in the 5" to 3° direction, This 
process continues until it meets the termination signal 
on the DNA molecule, The first transcript is an exact, 
replica of the single strand of DNA. Before leaving the 


3 Genetics 183, 


BOX 3-3 SUMMARY OF PROTEIN SYNTHESIS 


Messenger RNA is produced from DNA transcription under 
‘control ofthe enzyme 53° RNA polymerase. Translation 
begins in the cell cytoplasm by the binding of mRNA to 
ribosomal subunits, to vihich an intator tRNA molecule 
binds. Amino acid-specific {RNAS have anticodons specific 
{ora triplet of nucleotides (codon), forming the aminoacyl- 
{RNA molecule, which binds to the A site on the ribosome 
under the contol ofan enzyme, aminoacyl-tRNA 
‘synthetase. Each amino acid is added tothe C-erminal of 
the growing polypeptide chain, progressing from codon to 
‘codon in the 5” to 3° direction of the mRNA. The length of 
the polypeptide chain is regulated by specie stat and 
stop codons. 


nucleus the introns are excised and the exons are 
spliced together. On leaving the nucleus the mRNA 
acts as a template on cytoplasmic ribosomes for 
protein synthesis. The mRNA 5° end is blocked 
before the whole molecule is transcribed with 
T-methylguanine joined 5” to 5’ and a 3" poly-A tail, 
which aids transport into the cytoplasm. The poly-A 
tail is added after transcription by poly-A polymerase 
Translation of nucleotide sequences is performed by 
specific transfer RNA (1RNA): amino acids, each spe- 
cific for three nucleotide bases, are attached before 
polymerization into polypeptide chains, They are 
attached by their C-terminal ends and are transformed. 
into high-energy molecules, from which peptide 
bonds form to produce polypeptides, Each tRNA 
(anticodons) is linked with the appropriate codons on 
the mRNA. This process of translation is controlled by 
a set of enzymes called aminoacyl-tRNA synthetases, 
which couple each amino acid to the appropriate 
tRNA molecule. The mRNA sequence is read three 
nucleotides at a time from the 5 to 3” direction along 
the mRNA, The polypeptide chain is constructed from 
its N-terminal end to its C-terminal end, and the 
growing C-terminal end of the protein remains acti- 
vated by covalent attachment to the tRNA (peptidyl- 
tRNA molecule). The mRNA is coded with specific 
start and stop codons, which thus determine the 
length of the polypeptide chain. The initiation of 
polypeptide chain synthesis is under the control of 
initiation factor 2 (IF-2), which catalyses the reaction 
between a specific initiator tRNA molecule and the 
mRNA. The growing polypeptide chain must be 


ARNA 
GTP. Guanine iptosphate 
GDP Guanine diphosphate 


Growing polypeptide 


FIGURE 3-3 Protein synthesis: transcrintion and translation, 


exactly three nucleotides along the mRNA after the 
addition of each amino acid, which requires a multi- 
enzyme system incorporated within the ribosome. 
Ribosomes are half RNA by weight and have a groove 
that accommodates a growing polypeptide chain and 
a groove that accommodates each mRNA molecule. 
On the ribosome there are two different binding sites, 
for RNA. One site holds the tRNA and growing 
polypeptide chain, the peptidyl-tRNA-binding site (P 
site), and the other site holds the incoming tRNA 
molecule, the aminoacyl-tRNA-binding site (A site) 
The process of polypeptide chain elongation involves 
two steps. The first step involves an aminoacyl-tRNA 
molecule becoming bound to the A site adjacent to an 
occupied P site, The second step involves uncoupling, 
the C-terminal end of the polypeptide chain from the 
tRNA in the P site and joining it to the tRNA molecule 


in the A site. The reaction is catalysed by peptidyl 
transferase, which is present on the ribosome. The new 
peptidyl-tRNA molecule is then transferred to the P 
site, releasing the now unoccupied tRNA molecule, 
and the whole process is repeated. The stop codon on. 
the mRNA initiates a protein called release factor to 
bind to the A site, causing hydrolysation of the 
peptidyl-tRNA molecule on the P site and subsequent 
release of the polypeptide chain into the cell 
cytoplasm, 

Genes are regulated by adjacent sequences on the 
genome. Upstream of the gene is the promoter, which 
is involved in the attachment of RNA polymerase to 
the DNA strand, Promoters have an element called a 
TATA box, which specifies the correct 5 end of the 
RNA precursor. Several promoter-specific transcrip- 
tion factors have now been isolated, each specific for 


1 gene promoter which, when bound, activates tran- 
scription, TATA-binding protein isa general transcrip- 
tion factor for RNA polymerases 1, Il and Ill. RNA 
polymerase Il is responsible for the synthesis of a 
variety of small RNA molecules including {RNA and 
small subunits of ribosomal RNA. RNA polymerase It 
carries out the transcription of genes, and RNA 
polymerase 1 synthesizes the large subunits of ribo- 
somal RNA. 


REGULATING GENE EXPRESSION IS CONSTANTLY 
ACTIVE, HAS MULTIPLE PATHWAYS AND IS 
INFLUENCED BY ENVIRONMENT (EPIGENETICS) 
Ordering of DNA and accessibility for transcription 
Histones are proteins that package DNA within nucleo- 
somes, They act to form a structure that DNA spools 
around, are key to gene regulation and are influenced 
by envitonmental change (epigenetics ~ changes in gene 
expression not caused by changes in DNA sequence) 
Several families of histones exist and the formation 
and structure of the nucleosome, which in turn des- 
ignates which areas of DNA are open for transcription, 
is influenced by key enzymatic modification, such as 
methylation, acetylation, phosphorylation, ubiquiti- 
nation and SUMOlyation. For example, methylation 
of histone 3 at lysine residue 4 (H3K4Me3) at the 
promotor of active genes is associated with active tran- 
scription, as opposed to methylation at lysine 27, 
H3K27Me3, which results in gene repression, 

Similar mechanisms may occur at DNA level. DNA 
methylation, in particular CpG repeats, confers an ‘olf 
switch’ where genes remain repressed. Methylation is 
essential for cell cycle and cell differentiation and 
alteration (which is part of epigenetic target) in methy- 
lation profile or sites of methylation can alter cell 
differentiation, fate and gene function 


Non-coding RNA and RNA-binding proteins constantly 
regulate gene expression 

Gene expression can be further regulated during or 
after transcription (post-transcriptional regulation of 
gene expression), For example, encoded by nuclear 
DNA are microRNA (miRNA), which are small non- 
coding RNA molecules (around 22 nucleotides) that 
have complementary sequences with mRNA and 
usually result in regulation via gene silencing or via 
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RNA-binding proteins, which are nuclear or cytoplas- 
mic proteins that regulate RNA transcripts (forexample 
within the spliceosome). 

More work is still required on the understanding 
of RNA-binding proteins and biological and disease 
relevance; however, we do appreciate that miRNA 
have multiple mRNA targets, while each mRNA may 
also be targeted by several miRNA. Given that our 
genome codes for over a 1000 miRNA, there is there- 
fore a rich network by which regulation of gene 
expression occurs, while aberrant expression of 
miRNA has been implicated in disease, in particular 
inflammation and cancer. Such miRNA has become 
very topical in the pathogenesis of degenerative disor- 
ders such as age-related macular degeneration, The 
formation of RISC (RNA-induced silencing complex) 
incorporates miRNA and activates enzyme RNA endo- 
nuclease Ill Dicer 1 that aids formation of small inter- 
ference RNA (siRNA) within RISC and inhibition of 
gene expression (Fig, 3-4), 


When the gene is transcribed (Fig, 3-3), the precursor 
mRNA is then further modified in spliceosomes where 
non-coding sequences are removed and coding 
sequences (exons) are ligated, Recognizing this process 
is important, as some proteins undergo ‘alternative 
splicing and thus form other active mRNA with the 
consequence of altered protein action and cell response 
and behaviour. Understanding mechanisms of splicing 
and the spliceosome therefore remain important, as 
altered activity is implicated in disease as well as 
targets for therapeutics. 


Chromosome defects and gene mutations 


During cell division the division of chromosomes may 
be imperfect. The extent, however, of genetically 
determined disease remains undetermined. The risk 
of genetic abnormality detectable at birth or in infancy 
is approximately 1 in 40. However, most fetuses with. 
chromosomal aberrations are spontaneously aborted 
and it has been estimated that the frequency of genetic 
defects in live births is 0.6% and in stillbirths 5%. 
Chronic diseases with a significant genetic contrin- 
tion occur in about 10% of the adult population. 
Abnormalities of the chromosomes are usually 


1363 Genetics 


FIGURE 3-4 Micro-RNA pathway (adaped trom an ilstrtion by Michael Hames, Lightspeed Design and Branding, Souler, CO, USA. wih permission 


‘rom mifagen Therapeutics p/w miragentherapeuties.com). 


classified as numeric abnormalities, where somatic 
cells contain an abnormal number of normal chromo- 
somes, oF as structural abnormalities, where somatic 
cells contain one oF more abnormal chromosomes, 
which in tum may affect either sex or autosomal 
chromosomes 
Further information on numerical chromosomal 
abnormalities is available at_hutps-//expertconsult 
@ inkling conv. 


STRUCTURAL CHROMOSOMAL ABNORMALITIES 

Structural chromosomal abnormalities result from. 
chromosomal breakage. Normally single breaks are 
repaired quickly, but if more than one break occurs 
repair mechanisms may cause random rejoining of the 
wrong ends. Spontaneous breakage increases with 
exposure to mutagenic chemicals and ionizing 


radiation, The following structural abnormalities may 
oceur: 
+ translocation chromosomes breakand exchange 
segments 
+ inversion — segment of chromosome is inverted 
in sequence 
+ deletion ~ section of chromosome is lost 
+ mutation ~ point mutation occurs with a change 
in a single base of a triplet code of a gene. 
Translocation usually results in no loss of DNA so that 
individuals may appear clinically normal. Transloca- 
tion may be reciprocal if exchange of chromosomal 
segments distal to the breaks occurs. Robertsonian 
translocation arises from breaks at or near the centro- 
two acrocentric chromosomes (where 
centromere is located nearer one end of the chromo- 
some). For example translocation of segments on 


[NUMERICAL CHROMOSOMAL ABNORMALITIES 
Ancuploidy arises from failure of paired chromosomes to 
disjoin or as a result of delayed movement during ana- 
phase, thus producing an extra copy of the chromosome 
(trisomy) or a missing copy of the chromosome (mono- 
somy), Meiotic aneuploidy can eccur during either of the 
stages of metosis. Polyploidy describes a complete extra 
set of chromosomes (69 in tiploidy), which usually 
‘results from ferulization of the ovum by two sperm cells. 
‘This usually results in miscarnage. 

Autosomal Trisomies (eFig. 3-1) 

Trisomy describes the individual chromosome that is 
somatically plicated in the cell. Tphication of indi- 
vidual chromosomes gives rise to characteristic syn- 
Gromes with multisystem disorders. Examples of 
autosomal trisomies include trisomy of chromosome 21 
(Down syndrome), chromosome 18 (Edwards syndrome) 
and chromosome 13 (Patau syndrome). In each of the 
autosomal trisomies, mosaicisms (two or more cell line- 
ages denved from a single zygote) may influence the 
clinical picture markedly, particularly when the normal 
cell line is present in a critical ussue, Trisomy, as men- 
tioned above, may result from a failure ofthe separation 
of chromosome pairs during cell division (non- 
disjunction) or (in approximately 4% of cases) from 
translocation of one chromosome onto another inherited 
from one of the parents, thus giving the offspring a 
‘normal number of chromosomes but with a translocated 
copy of, for example, chromosome 21 (Robertsonian 
translocation), 

‘Meiotic Aneuploidy. 

Sinuilar chromosomal anomalies exist with the sex chro- 
‘mosomes, Whereby an extra X or Y chromosome gives 
‘ise 10 a phenotype not distinguished in the normal 
population, Loss of an X chromosome gives rise to Tamer 
syndrome (45 X0), which again may not present with the 
characteristic phenotype because of the prevalence of 
mosaic forins and therefore normal sexual development 
may be present. This as also true for Klinefelter syn- 
rome, in which there is an extra X chromosome (47 
20), 
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FIGURE 3.1 (A) Normal human karyotype: 22 autosome pairs and 
sex chromosomes. (8) Trisomy of chramasome 21. 


chromosomes 14 and 21 may occur and, during 
meiosis, a trivalent is formed which will then lead to 
1 mosaic of normal and abnormal karyotype during 
anaphase, Insertional translocation requires the occur- 
rence of three breaks in one or twa chromosomes, 
resulting in deletion of one segment and insertion of 
another into the gap in the first chromosome. Inver- 
sions arise from two chromosomal breaks and the 
segment being inverted throngh 180° between the 
breaks, Inversions interfere with the pairing of chro- 
mosomes during meoisis and crossovers are sup- 
pressed, generating unbalanced gametes, Deletion 
may also occur when only part of the chromosome is 
lost. This can occur between two breakpoints or as a 
result of breaks and loss of segments in both arms of 
the chromosome. Point mutations, on the other hand, 
occur when a single nucleotide base is replaced by 
another, which may in tum alter the amino acid 
coding for that protein, 


GENE MUTATIONS 


Many types of mutation may occur throughout the 
alleles at each locus, Within the normal population, 
and in examples of inherited disease, mutations can 
occur that range from a single base pair to deletion of 
large gene segments involving many millions of base 
pairs, The description of these mutations has led to 
increasing availability of diagnostic and screening 
tools for genetic disease. Hox 3-4 details the diversity 
of gene mutations that occur within the human 
genome 


Clinical genetics 


There are several main types of genetic disorders: 
chromosomal (see above), mitochondrial, multifacto- 
rial, somatic cell genetic and single gene (autosomal 
and X-linked inheritance) disorders (Box 3-5). 


AUTOSOMAL INHERITANCE 

A trait that is determined by a gene on an autosome 
may be dominant or recessive. Heterozygotes are indi- 
viduals with different alleles at the corresponding 
locus on the pair of homologous chromosomes. 
Homozygotes have the same allele, As stich, autosomal 
dominant refers to the situation where a monogenetic 
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BOX 3-4 MUTATIONS WITHIN THE 
HUMAN GENOME 


Pom MUTATION (NucLeoTIDe SussTiTuTION) 
‘A single nucleotide change in the transcribed codon 
leading toa different amino acid substitution in the 
Poked chan mieense mua, 

single nucleotide change which results in a stop 
‘codon, giving rise to shortened polypeptide chain or vice 
‘versa, resulting in an elongated polypeptide chain 
= nonsense mutation. 

‘Aingle nucleotide base change which ates a critical 
splice junction and leads to abnormal RNA processing or a 
reduction in the normal gene product, or prevents the 
efficient adton ofthe poly-A chain for effective 
‘transcription ~ splice site mutation. 

DELETIONS AND INSERTIONS (FRAMESHIFTS) 

Deletion of one oF tvo nucleotide bases lading to 
incorect reading during transation and resulting in an 
inappropriate amino acid sequence and premature 
termination ofthe polypeptide chain. 

‘CODON DELETIONS AND INSERTION (REPEAT 
EXPANSIONS) 

Insertion ofa repeated codon three nucleotide bases) that, as 
‘consequence, interrupts the coding sequence, These 
mutations, known a triplet repeats are found in myotonic, 
dystrophy, the fragile X syndrome (X-linked mental 
retardation), Huntington's disease and spinocerebellar ataxia, 


disorder manifests clinically in the heterozygous state, 
and inheritance is usually from one parent only, Auto- 
somal recessive traits refer to disorders that, while they 
can alfect both sexes, require both abnormal genes for 
the disease to be clinically expressed 

Additional content available at hitps-//expertcon- @ 
sult inkling com/ 


X-linked disorders, 


X-linked inheritance refers to the pattern of inherit- 
ance carried by the genes on the sex chromosomes, 
This inheritance therefore carries a characteristic 
family pedigree. An X-linked recessive trait carried 
on the X chromosome is manifest only in females 
when the homozygous state exists, because in hetero- 
zygotes the normal dominant gene would be expressed. 
Such individuals may express disease traits, Traits are 
thus transmitted from healthy female carriers or 
affected males. An affected male would pass the trait 
toall his daughters, who would then be heterozygous 
carriers, but he would be unable to pass the disorder 


AbTOSOMAL DOMINANT DISORDERS 
‘The overall incidence of autosomal dominant inheritance 
(€Fig, 3-2A) of disease in the UK is 7 per 1000 live births 
Usualy there is one affected parent, unless the trait occurs 
sa new mutation, im which case neither parent expresses 
the disease. Affected individuals have a 1 in 2 chance of 
passing it on to their child, This form of inheritance is not 
related to sex chromosomes and male-to-male transmis- 
sion may occur. In contrast, X-linked disorders cannot be 
transmitted by males (see below). in clinical practice the 
detection of autosomal dominantly inherited disease is 
complicated by variation in expression of the gene and by 
‘new mutations, As such the clinical manifestation in an 
affected individual may not be apparent, giving rise to the 
view that the condition has skipped a generation. Most 
autosomal dominant disorders present clinically with fea 
tures n later life, often alter the carriers of the gene have 
completed their families, This raises difficulties in genetic 
counselling, and for this reason consideration is now being, 
given to developing predictive tests based on gene tracking, 
with DNA probes. The more severe the disorder the less 
likely the individual isto reproduce, so that the proportion 
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of individuals affected as a result of new mutations will 
‘merease, Both new mutations and variable gene expression. 
can combine to create difficult clinical decisions for the 
alfected individuals as well as the clinical geneticist. 


AUTOSOMAL RECESSIVE DISORDERS 

Autosomal recessive trans affect both sexes but the trait is 
manifest only if both abnormal genes are present (eFig, 
3-28), Le. the patient has no normal allele at the alfected 
locus, Usually both parents ate heterozygous carriers of the 
{gene in question and are clinically normal. Thus there isa 
Lin 4 chance of any offspring being affected, a 1 an 2 
chance of producing a heterozygous cartier, and a Lm 4 
chance of being normal. In rate recessive tats there is 
usually a strong family history of consanguinity between 
first cousins, who share 1 in 8 of their genes by virtue of 
their common ancestry. In practical terms the incidence of 
severe autosomal recessive disorders 1s low, making the 
risk to the sibling of first-cousin parents small. In the UK 
the overall incidence of autosomal recessive disorders is 
2.5 per 1000 live births, one of the commonest being 
cystic fibrosis, 
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{FIGURE 3.2 Pedigree of (A) autosomal dominant innertance,(B) recessive ineritance. 
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BOX 3-5 CHARACTERISTICS OF MENDELIAN 
INHERITANCE 


‘AuTosomaL Dominant 
+ Vertical transmission 
‘+ 80% of aftspring affected 
‘+ Males and females affected equally 
Variable expressivity 
+ Unatfected persons do not pass on tralt 
‘+ Homazygates are more severely affected 
‘AurosomaL RECESSIVE 
“+ Recessive gene does nat cause disease in 
heterozygotes 
Disease expressed in homozygotes 
Males and females affected equally 
Constant expressivity 
‘fected individuals have children who are carriers 
XcLINKeD RECESSIVE 
Vertical transmission 
Usually only males are affected 
‘All daughters of affected males are carters 
Heterozygous females may be affected because of 
"yonization’ 
+ Variable expressivity 


BOX 3-6 LYONIZATION 


Lyonization isthe process of inactivation of one member of 
‘pair of X chromosomes in every female somatic cell. The 
Barr body (densely stained mass of chromatin, which is 
the inactivated X chromosome) occurs in te trophoblast 
by day 12 after fetlization, Inactivation occurs only in 
‘somatic cells; iis random and then fixed fora 
‘subsequent generations of that cel line. The inactive X 
‘chromosome isnot transcribed, except fora smal region 
atthe tip of the short arm. if loss of material occurs in one 
X chromosome, then the structurally abnormal 
‘chromosome is inactivated, About 30% of cells from 
buccal smears show a Barr body and 110% of female 
‘neutrophils will lso show an inactivated X chromosome 
(drumstick). Females have random expression of either 
paternal or maternal X chromosome, which ciically gives 
rise to patchy expression of mutant X-linked genes in 
cartier females (2.9. retinitis pigmentosa and 
choroideraemia) 


on to his sons, who receive only his Y chromosome. 
linked recessive disorders a proportion of 
female heterozygotes are affected more as a trait. The 
explanation lies in the fact that only one of the X 
chromosomes in a cell is active (Lyon hypothesis; see 
Box 3-6). This inactivation occurs early in ontogeny 


In some } 


and thereafter the descendants of the cell have the 
same inactive X chromosome, By chance, therefore, 
females may inactivate the healthy chromosome and 
thus manifest the disease 

In the UK the incidence of X-linked inherited dis- 
orders is around 1 per 1000 live births. The term 
X-linked dominant has been used to describe X-linked 
inheritance where the heterozygous female is regularly 
affected. In these disorders males are frequently more 
severely affected and do not survive gestation (e.g 
Aicardi syndrome: agenesis of the corpus callosum 
and chorioretinopathy). If the affected male does 
reproduce, none of the sons will be affected and all 
the daughters will be. Occasionally these pedigree pat 
terns may be mimicked by autosomal traits that 
display sex limitation, Ifthe affected males of an auto- 
somal dominant trait with sex limitation are infertile, 
the pedigree pattern is identical to that of X-linked 
recessive traits, except that carrier females exhibit 
lyonization. The family pedigree will also show a 
smaller proportion of affected females than would be 
expected in X-linked dominant traits, 


MITOCHONDRIAL INHERITANCE 


Cells have multiple copies of an extranuclear chromo- 
some, contained in mitochondria. The mitochondria 


contain about 10 single circular chromosomes, which 
replicate independently of the nuclear genome. Within 
their genome there are the genes for {RNA and ribo- 
somal RNA necessary for mitochondrial protein syn- 
thesis and peptides involved in cellular oxidative 
phosphorylation. As the acrosome of the sperm is lost 
during fertilization, the inheritance of mitochondrial 
chromosomes is exclusively through the female ova, 
which gives rise to a characteristic form of cytoplasmic 
inheritance with the following features: there is no 
transmission from males to their offspring, although 
both males and females can receive the defective gene 
from their mother; if all the mitochondria carried the 
gene, then all offspring of the affected woman would 
also be affected. However, the precise pattern of the 
disease may not be recognized if only a proportion of 
the mitochondrial genes are allected 


MULTIFACTORIAL INHERITANCE 
‘There are many conditions that have a familial inci- 
dence, yet the incidence of affected siblings is less than. 


can be accounted for by unifactorial Mendelian inher- 
itance, This is because the clinical presentation is 
influenced by several genes and by environmental 
factors. In multifactorial inheritance both genetic and. 
environmental factors combine in varying proportions 
in different individuals to permit the disease to be 
manifest, Each trait is determined by the interaction 
of a number of genes at different loci, Multifactorial 
inheritance may be continuous or discontinuous. In dis- 
continuous multifactorial traits the risk within affected 
families is raised above that in the general population, 
but is low compared with that of single-gene defects 
In continuous traits there is a range of disease expres- 
sion, with individuals falling between two extremes 
(for example, blood pressure) 

Multifactorial discontinuous 
increased incidence in affected families compared 
with that in the general population, If multifactorial 
inheritance is suspected, twin concordance and family 
correlation studies are undertaken. For instance, in 
multifactorial inheritance the incidence of the trait 
in monozygotic twins will exceed that in dizygotic 
twins, Some discontinuous multifactorial traits will 
also show unequal sex distribution, indicating that 
for one of the sexes the threshold for disease pen- 
etrance is higher than for the other sex, ie, a higher 
proportion of underactive genes is required before 
the disease is expressed, 


DISEASE ASSOCIATIONS 


(One approach to identifying disease associations with 
specific genotype is to examine major genetic 
polymorphisms in a population and search for asso- 
Ciations. Strong associations have been obtained 
between ankylosing spondylitis and HLA-B27, and 
hirdshot chorioretinopathy and HLA-A29. In practice 
it is pethaps the absence of such allelic correlations 
that is more useful in predicting disease occurrence. 
Disease associations can be expressed as relative risk 
by comparing the incidence of the allele within a 
control population with allelic expression in patients. 
Table 3-1 gives a list of some of the commoner 
associations. Currently, high-resolution typing, that 
characterizes the nucleic acid sequence of major 
histocompatibility complex alleles has meant that, for 
example, classical DR4 associations are now further 
subtyped, e.g. the association of DRBI *0404 with 


traits have an 
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HUA allele Relative risk 
‘Ankylosing spondylitis a7 90-100 
‘Acute anterior uvetts, 8 
Roiter syndrome 40 
Behget syndrome 410 
BBirdshot chorioretinopathy 29 50-228 
Intermediate uveitis DAIS 6 
‘Sympathetic ophthaimia D4 4 
Vogt-Koyanagi-Harada  DR4 12 
syndrome 


sympathic ophthalmia and Vogt-Koyanagi-Harada 
syndrome. 


Genetic polymorphisms 


Within the human genome many gene loci possess 
commonly occurring alleles, which can be used to 
distinguish populations into discrete phenotypes. This 
was first described for components of human blood, 
particularly ABO and MNS phenotypes, where allelic 
differences in the former determine terminal sugar 
residues on membrane glycoproteins and those in the 
latter determine the amino acid sequence of membrane- 
bound glycoproteins, This is also true for the Rhesus 
system where polymorphisms exist for the Rhesus 
polypeptide on the red blood cell membrane. Genetic 
polymorphisms are defined as the accurrence af mul- 
tiple alleles at a locus, where at least two alleles occur 
with a frequency greater than 1%. The existence of 
different versions of the same genetic material in 
ferent people has prompted their use as genetic 
markers. This is particularly the case for human 
enzymes and other proteins in which polymorphisms 
are detectable in population groups. The use of poly- 
morphisms in genetics will be highlighted below when 
we discuss the types and uses of molecular polymor- 
phisms. To summarize at this point, their practical use 
in medical genetics is seen for mapping genes to indi- 
vidual chromosomes by linkage analysis (see below), 
presymptomatic and prenatal diagnosis of genetic 
disease, evaluation of high-risk and low-risk persons 
with a predisposition to common adult disorders (e.g 
diabetes mellitus), and tissue typing for both tissue 
and organ transplantation, 
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Population genetics 


Population genetics is the study of the distribution of 
genes within populations and how these gene frequen- 
ies are changed or maintained. This form of study is 
important for the understanding of linkage analysis 
(inked genes that have their loci within measurable 
distances of one another on the same chromosome) 
and linkage disequilibrium (the association of two 
linked alleles more frequently than would be expected 
by chance), which is described later. 

With our increased understanding of the regulation 
of gene expression that we have discussed above, itis 
now appreciated that gene expression and cell func- 
tion (differentiation) is influenced by epigenctcs 


GENE FREQUENCY 


When contemplating the genetic makeup of whole 
populations, in particular when relating the frequency 
of people who are heterozygotes at a particular locus 
to the frequency of homozygotes, the Hardy—Weinberg 
equilibrium is employed. This calculation is based on 
the assumption that in a given population where 
random mating occurs, in the absence of mutation and. 
selection, the genetic constitution remains the same 
from one generation to the next 

It is important to remember that genes are paired 
in alleles, so that within the Hardy-Weinberg equilib- 
rium, p isthe proportion of normal alleles and q is the 
propottion of abnormal alleles, so that p+ q= 1, Since 
4 pair of alleles occurs at each gene locus, the relative 
Proportions of normal homozygotes, heterozygotes 
and abnormal homozygotes are given by the 
equation: 


pe+2pq+q =1. 


A few important points can be derived from this 
equation 
+ Although the gene frequency determines the 
chance of any one chromosome carrying the 
abnormal allele, individuals have two alleles for 
each gene, which thus doubles the chance of 
having the abnormal allele on one or other 
chromosome. 
+ The heterozygote frequency is often twice the 
gene frequency. 


+ In autosomal recessive inherited disorders the 
gene frequency is the square root of the abnor- 
‘mal homozygote frequency. 

It is also important to note that the Hardy-Weinberg, 

equilibrium is concerned only with alleles at a single 

gene locus; in practical terms the relationship of gene 

loci to each other along the length of the chromosomes 

is of greater importance. 


GENETIC LINKAGE AND LINKAGE ANALYSIS 


‘Two genes may be transmitted more frequently than 
independent assortment would suggest. 

During meiosis a crossing over between homolo- 
gous chromosomes may occur at any point along the 
length of the chromosome. Therefore, the closer two 
genes are to each other, the more likely they are to be 
transmitted together. Gene loci on the same chromo- 
some are therefore said to be linked when their alleles 
do not show independent segregation during meiosis 
(ie. their loci are within measurable distance of one 
another on the same chromosome). Although genes 
may be mapped on the chromosome by techniques 
such as in situ hybridization (see below), genetic 
linkage may also he shown by family studies, confirm- 
ing a genetic background to the disorder, In a family 
linkage study two loci are considered: one for the 
disease, the other for the trait, 

One way of performing linkage analysis is to study 
family members who are heterozygous at each of the 
gene loci, One must first establish the linkage phase, 
determining which allele at locus 1 10 be studied is 
on the same chromosome (of a pair) as a particular 
allele at locus 2 (marker locus) The family must of 
course be informative for the loci being considered 
(ie. express the phenotype). The loci most informative 
for linkage analysis are those that are highly polymor- 
phic and thus heterozygous in a large proportion of 
the population. The probability of meiotic crossing, 
over between them is in effect a means of describing, 
the distance between linked loci. Gene loci that are 
sufficiently well separated on the same chromosome 
will always have several crossovers between them and 
thus exhibit a 50% recombination rate (as if they were 
situated on different chromosomes and segregating 
independently). To establish the probability of two 
gene loci heing linked, the number of opportunities 
for recombination and the proportion in which they 
have occurred is counted. This may be given as a 
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Figure 1 


ratio of the probability of observing the data in the 
sibship, based on the assumption that there is no 
linkage between the two loci. As large sibships are 
required to assess probability of linkage, it is calcu 
lated by computer and given as a logarithmic ratio, 
mown as the Lod score (derived from log odds). In 
‘most situations there is significant linkage if the Lod. 
score is greater than 3, and linkage can be ruled out, 
if it reaches ~2. 


Linkage equilibrium and disequilibrium. 
Linkage equilibrium exists when, in the presence of 
random mating and given enough generations, the 
various combinations of alleles that could occur are 
expressed with equal proportion. Linkage disequilib- 
rium, on the other hand, describes the association of 
two alleles more frequently than would occur by 
chance. This linkage may arise from mutation of one 
allele that has not yet established equilibrium because 
of a selective advantage or disadvantage. The same 
principles of equilibrium and disequilibrium can 
apply to alleles of any linked gene loci. At this point 
it should be emphasized that close linkage between a 
disease-specific gene locus and a gene showing con- 
siderable polymorphism does not necessarily mean 
association between the two particular alleles of the 
gene loci, The association between disease and human 
leucocyte antigens (HLA), for example, arises as a 
result of both genetic linkage between HLA allele and 
the disease susceptibility gene, and linkage disequilib- 
rium involving the particular allele at the HLA locus. 
Linkage disequilibrium is important clinically as a 
means of identifying disease-causing genes and iden- 
tifying the origin and spread of mutations. As men- 
tioned above, genetic polymorphism is the occurrence 
in the same population of two or more discontinuous 
traits at a frequency where the rarest trait would not 
be maintained by recurrent mutation alone, The most 
commonly accounted genetic polymorphisms exist 
within blood groups (ABO) and cell surface antigens 
(HLA) but more recently, with the advent of molecular 
biological techniques, DNA sequences of genes have 
shown that many are polymorphic (see helow). 


Mendelian randomization identifies causal modifiable 
environmental risk to disease 

Studying the 
factors influenced by gene mutations for complex 


influence of environmental risk 
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‘multifactorial disorders such as cardiovascular disease 
to move from just association (as may be determined 
through genome-wide association studies, GWAS) 
toward causality involves Mendelian randomization 
Mendelian randomization uses known variation in 
genes of known function to examine the cansal effect 
of a modifiable exposure on disease, The studies rely 
oon data from genetic association studies, as mislead- 
ing conclusions on causality can occur because of 
linkage disequilibrium, genetic heterogeneity, pleiot- 
ropy oF population stratification. In order to test for 
supposed causality, for example, the method takes 
common genetic polymorphisms which have indirect, 
biological consequences on environmental exposure 
patterns (e.g. nicotine addiction) or consequences 
generated from modifiable risks (e.g, raised blood 
pressure) 


EPIGENETICS (Box 3-7) 


The term epigenetics is now largely understood as a 
heritable phenotype resulting from changes in a 
chromosome without alterations in DNA sequence. 
Mechanisms that give rise to epigenetic inheritance 
in which a stably inherited cell memory exists and. 
altered gene expression without altering DNA 
sequence include: DNA methylation and chromatin 
remodelling, RNA-binding proteins and miRNA (as 
discussed above). 


BOX 3-7 EPIGENETICS 


‘Genetic imprinting on offspring results from heritable 
pattems andiseifferent from both mother and father. 

Epigenetic regulation of gene expression and cancer 
‘may result from epigenetic carcinogens or alteration in 
DNA methylation patterns (including DNA repair 
mechanisms — BRCA1 and breast cancer). 

Cancer therapy is currently identiyng histone 
deacetylases or methyltransferases that, as therapies, can 
alter the cell differentiation and transcriptome profile of 
malignant cells. 

‘Study of the epigenome is currently ongoing in 
understanding of methylation status in tumours. We are 
able to interrogate changes by assays such as: 

+ chromatin immunoprecptation sequencing 

(cHiP-Sea) 

‘+ RNA-Seq (identifying RNA expression or coding 

levels, and can include non-coding siRNA). 
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Understanding the human genome: 
DNA analysis 


The advent of modern molecular biological techniques 
has benefited many branches of medicine, including, 
ophthalmology. In particular the techniques described. 
below have increased our fundamental understanding, 
of such conditions as X-linked ophthalmic disorders, 
retinoblastoma and Leber’ hereditary optic neuropa- 
thy: Some of the techniques used to examine genes 
and genetic linkage are shown, with examples of how 
this has helped in the identification and understand- 
ing of the molecular and genetic basis of ophthalmic 
diseases 


CLONING 

Cloning (Fig. 3-5) is an in vivo technique that pro- 
duces identical copies of DNA sequences, which can 
then be used as gene probes. Cloning is achieved by 
inserting the specific fragment of DNA to be studied 
into another DNA molecule, which can then be repli 
cated quickly in bacteria (recombination), Fragments 
of DNA can consistently be obtained by cleaving the 
DNA with naturally occurring enzymes, known as 
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FIGURE 3-5 Recombinant DNA technology: cloning, 


restriction endonucleases, These restriction enzymes cut 
DNA at specific recognition sites, usually into lengths 
of four to six nucleotide base sequences. Reproducing, 
large quantities of the same DNA fragment (ie. 
cloning) can, however, be performed only by transfer 
ring the genetic material into a bacterium via a-vector. 
‘The common vectors are bacteriophages or modified 
bacterial plasmids (extrachromosomal, self-replicating, 
circular DNA). The choice of vector is dependent on 
the size of DNA fragment to he cloned: bacteriophages 
have a capacity of 5-20 kilobases (kb) and plasmids 
a smaller capacity of up to 10 kb, These vectors rep- 
licate their own DNA independently of the host DNA 
and also have single restriction enzyme sites, which 
allow insertion of recombinant molecules. Alter slicing, 
the DNA molecule, the recombinant DNA is prepared 
by incubation of the plasmid with the fragment in the 
presence of an enzyme, DNA ligase, which ligates or 
binds the DNA to the cut ends of the plasmid. To date, 
over 200 restriction enzyme sites have been recog- 
nized, Restriction enzymes are named according to 
the organism of origin, e.g. E-cor is derived from 
Escherichia coli 


REFINING TECHNOLOGY: MOLECULAR ANALYSIS 
OF HUMAN GENES AND MUTATIONS 


Southern and Northern blotting 


‘The total DNA from a sample of an individual’ cells 
may be cut into fragments using restriction endonu- 
cleases, The fragments can then be analysed according, 
to their molecular weight by electrophoresis. The DNA 
fragments are denatured into single-stranded DNA 
and blotted on to nitrocellulose. Single-strand copies 
ofa segment of DNA that has been cloned and labelled. 
with a radioisotope (P), known asa DNA probe, are 
then hybridized with the complementary nucleotide 
sequences by incubating the radioactive probe with 
the blotted DNA in the nitrocellulose membrane. The 
complementary sequences are revealed as bands, by 
autoradiography (Southern blotting; Fig. 3-6). Ina 
similar way, mRNA fragments can he detected by 
Northern blotting, in which labelled DNA probes are 
hybridized with electrophoresed and blotted mRNA 
fragments, Both the size and abundance of the mRNA 
from a specific gene in a sample of RNA can be 
determined. 
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FIGURE 3-6 Recombinant DNA technology: Southern batting 


DNA polymorphisms 


Polymorphisms in DNA. segments (genes) can be 
detected by many techniques, two of which are restric- 
tion fragment length polymorphism (RFLP) and 
variable number of tandem repeats (VNTR) 
polymorphism. 


Restriction fragment length polymorphism 


RFLP occurs because of point mutations in the human. 
genome, which normally occur in the non-coding 
regions of the DNA molecule. As a result of these 
acquired polymorphisms, recognition sites for the 
restriction endonucleases are created or abolished. 
The consequence is that restriction enzymes will 
produce variable lengths of DNA fragments, which 
give characteristic banding on Southern blotting. If an 
individual is heterozygous for an RFLP, one restriction 
hand on the electrophoretic gel corresponds to one 
chromosome and the other band to the other chromo- 
some of the pair. This allows one to track the trans- 
mission of a single chromosome region through the 
family and perform classic linkage studies. The dis- 
covery of DNA polymorphisms has greatly increased 
the extent to which individual copies of particular 
genes are recognized as being truly unique. In fact, 
DNA polymorphisms are simply the molecular 
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manifestations of variations in the genome, which 
have been recognized for a long time from studies of 
protein polymorphisms 


Variable number of tandem repeats polymorphism 
Also within the genome are many tandem repeats of 
sequences that vary for each individual. The sequences 
act as spacers between restriction enzyme sites. VNTR 
polymorphisms are short sequences of DNA and the 
distance between the VNTR depends on the number 
of repeats. VNTRare heterozygous and can be detected 
using probes for the core sequence that gives rise to 
these repeats, VNTR are highly polymorphic and 
almost unique for each individual (genetic fingerprint 
ing). VNTR markers are highly informative for genetic 
linkage analysis as well as for individual identification 
(have been used prior to gene sequencing for paternity 
and forensic testing). Within the genome there are 
several classes of repetitive DNA, whose nucleotide 
sequence is repeated several hundred times within the 
genome. These tandem repeats are again highly poly- 
morphic and can be used for genetic linkage studies, 


POLYMERASE CHAIN REACTION 


The polymerase chain reaction (PCR) is a technique 
that allows small amounts of DNA to be amplified for 
detection and analysis. PCR requires two flanking 
sequences to the sequence that is to be amplified. 
DNA primers are formed from short sequences of 
DNA with these flanking sequences. Amplification of 
the DNA sequence uses heat-resistant DNA polymer- 
ase to extend the short DNA primers of about 20 base 
pairs, which are hybridized at either end, Cycles of 
denaturation with heat and polymerization with 
cooling occur up to 50 times. As a result the target 
DNA is amplified 10°-10° times. This process, which 
is largely antomated, is proving a great asset in detect- 
ing specific DNA where the amount of starting mate- 
rial is very small, e.g. neonatal diagnosis and the 
identification of infective organisms in tissue samples, 
and as a research tool. However, quality control of 
false-positive rates must be established before its full 
clinical efficacy can be ascertained. 


GENOMICS, TRANSCRIPTOMICS AND PROTEOMICS 


The genome contains genes that, as we have already 
described in this chapter, are transcribed to produce 
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RNA and ultimately generate proteins. What has been 
realized since the findings of the Human Genome 
Project is that there are very many more proteins in 
the human proteome than there are genes in the human 
genome (c, 400000 proteins and 22000 genes), The 
study of the genome (genomics) has heen made possible 
by the development of gene arrays (Fig. 3-7). These 
are DNA microarrays (small solid platform devices 


10000 unigene set 


with thousands of DNA sequences corresponding to 
genes, immobilized on a variety of surfaces ~ nylon 
membranes or glass) which give us the ability to look: 
at many genes at one time. As such, we can get a 
picture of the possible interactions among thousands 
of genes, The array is an orderly arrangement of gene- 
specific DNA that ts hybridized to mixtures of labelled 
RNA in samples. Therefore, based on the amount of 


FIGURE 3-7 Gene array and bioinformatics. The array hybridization generates many thousands of computational parameters describing 
Uupreguation and downregulation of genes that have been targeted and require quantification. (Courtesy of UOB Transciplomics Fait and 


Dr Chungui Lu, Scho! of Biologia Scenes, Universi of Bristol, UK) 


signal from successful hybridization, we can deter- 
mine the relative expression of the corresponding 
gene. With such a capability we can now compare the 
extent of gene expression within a sample or of spe- 
cific genes between samples (see Box 3-8). For popula- 
tion studies and most recently with the advent of 
high-throughput sequencing, programs of work have 
undertaken genome-wide association stuclies (GWAS). 
This platform allows for examination of genetics vari- 
ants from study of single nucleotide polymorphisms 
in major diseases to be undertaken on a large scale 
(Box 3-9). Currently there is also exome sequencing, 
1 process where sequencing of coding regions of the 
genome can be targeted instead of whole genome 
sequencing, All this has become more accessible with. 
the advent of next-generation sequencing (NGS) 
technology 


BOX 3-8 GENE ARRAYS (AFFYMETTRIX 
GENECHIPS®) 


+ Isolate RNA from sample or samples to be compared 

*+ Convert to DNA wit reverse transcriptase ~ 
complementary or cDNA 

‘+ Hybridze the labelled cDNA (e.9. P) to arrays with 
fixed DNA sequences (spot sizes on plate of 300 um) 

Remove unhiybridized cDNA 

+ Detect and quantity hybridized cDNA. 


BOX 3-9 GWAS HAS ILLUMINATED. 
SUSCEPTIBILITY OF DISEASE, POTENTIAL 
CAUSAL RELATIONSHIPS AND TARGETS 
FOR THERAPIES” 


‘+ Polymorphisms of the complement gene CFH have a 
high association in age-related macular degeneration 

‘+ IL-23R-IL12RB2 and IL-10 linked as Behcet's disease 
susceptibility loci 

‘+ Multiple sclerosis risk fllowing anti-TNF therapy mirrors 
‘TNFR? genetic variant 

+ Genome-wide meta-analysis identified new associated 
(genetic susceptibilty loci for refractive error and myopia. 


(ee wun genome gov.) 
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However, the genome is only a sonrce of informa- 
tion and the initial step to provide proteins involves 
the transcription to RNA, where the transcriptome 
is the complete set of RNA transcripts, Trunscriplomics 
is the ability to study the dynamic transcriptome, 
which varies depending upon the cell, the stage of 
cellular development and activation, and environmen- 
tal influences, Transcriptomics allows us to investigate 
the control of RNA transcripts by activating or inacti- 
vating transcription factors that control RNA tran- 
scription, and looking at gene expression patterns 
under various conditions or comparing normal with 
pathology. The dynamics of the system are further 
exemplified by the fact that there are very many more 
proteins than genes, Also, ultimately, cell and tissue 
behaviour is defined by protein interactions both 
intracellularly and extracellularly. Proteomics studies 
these dynamic consequences of gene expression. The 
study relies on an ability to separate and identily pro- 
teins by, for example, mass spectrometry, gel quantifi- 
cation (two-dimensional electrophoresis) and protein 
sequence analysis, Structural protcomics determines 
three-dimensional structure by X-ray crystallography 
and nuclear magnetic resonance spectroscopy. How 
proteins interact can be assessed by affinity chroma- 
tography and fluorescent resonance energy transfer 
(FRET). Finally, given the diversity of proteins observed 
but not accounted for at the gene level, their post- 
translational modifications can be studied by loaking 
at the extent of phosphorylation or glycosylation 
(Fig. 3-8) 
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FINDING AND TRACKING THE GENE 
THROUGH FAMILIES 


The use of restriction endonuclease mapping (gene 
mapping) is a tool for analysing genetic disease. DNA 
obtained from tissues or cells (usually peripheral 
blood leucocytes) is treated with restriction enzymes 
and analysed by Southern blotting using a radicac- 
tively labelled gene probe. By using different restric- 
tion enzymes and orientation of the fragments, it is 
possible to build up restriction enzyme maps of sec- 
tions of the human genome. Any normal or abnormal 
gene for which a specific probe has been generated 
can be analysed by this technique, Potential probes are 
chosen from a central library and screened for their 
ability to detect RFLPs by hybridizing them to South- 
em blots of DNA froma panel of unrelated individuals 
and by searching for restriction enzyme sites that give 
variable patterns. A disease gene can be mapped by 
collecting large pedigrees and comparing the segrega- 
tion of the disease with the segregation of the RFLP. 
Once linkage has been clearly established, the probe 
is assumed to map to a chromosome region close to 
the disease gene and can be used to track the gene 
through families, 

Genetic analysis has largely been superseded by 
techniques such as high-throughput genetic sequenc- 
ing and exome analysis. There is a high demand 
for high-throughput sequencing (next-generation 
sequencing) that generates hundreds of thousands of 
sequences at once and is increasingly cost-effective 
Exome sequencing isan efficient strategy that sequences 
the coding regions, although this risks missing pos- 
sible disease-causing mutations as changes in coding 
regions are estimated to account for around 85% of 
disease-causing mutations. 


Molecular biology and clinical medicine 
GENE PROBES 


Gene probes can be produced in several ways and fall 
broadly into three types: gene-specific probes, oligo- 
nucleotide probes and polymorphic probes, Gene- 
specific probes are produced from specific mRNA by 
the enzyme reverse transcriptase, which synthesizes a 
complementary DNA copy (cDNA) from mRNA, If 
radioactive bases are added to the reaction mixture, 


the cDNA will be labelled and can thus be used as a 
hybridization probe to look for the complementary 
sequences. Probes can be used in dot-blot hybridiza- 
tion, where serial dilutions of DNA samples are held 
on DNA-binding membranes and the complementary 
radioactively labelled probes are hybridized in vitro, so 
that the amount of radioactive signal is proportional 
to the amount of target DNA present, The cDNA can 
also be cloned by synthesizing a second DNA strand 
from cDNA using a bacterial DNA polymerase, which 
is incorporated into a plasmid and grown in bacterial 
cells. These oligonucleotide probes recognize short 
sequences of DNA that correspond to the sequence 
known to occur in the gene. With a probe of this, 
length, a single mismatched base pair is sufficient to 
impair hybridization and can be used to detect changes 
to a single base (point mutations), Similarly, probes 
can be developed that recognize the various DNA 
polymorphisms within the non-coding sequences, for 
example RFLP and VNTR. DNA probes can also be 
used to identify abnormal genes or gene products at 
the molecular level within cell cytoplasm or nucleus, 
by in situ hybridization. This technique utilizes labelled, 
DNA or mRNA probes which hybridize to the 
expressed genes in the cell in a manner similar to that, 
used for immunohistochemistry, In situ hybridization, 
can thus establish whether the genomic material of 
interest is present in the DNA of the cell in vitro, 


Molecular and cell biology: 
controlling cell destiny 


Cell death can occur by either necrosis or apoptosis 
(programmed cell death). Apoptosis is a process 
whereby developmental or exogenous environmental 
signals trigger specific intracellular genes, which 
results in cell death. Ligation of cell surface receptors 
such as Fas ligand (Box 3-10), which is commonly 
associated with death domains that signal and stimu- 
late caspases, disrupts mitochondrial membrane 
channel permeability, Apoptosis is essential for normal 
development and many of the genes that control apop- 
tosis (Box 3-10) have been highly conserved through- 
out evolution. Histologically, apoptosis is associated, 
with chromatin condensation and nuclear DNA frag- 
mentation, Only finally when caspase enzyme activa- 
tion has occurred is membrane integrity affected and. 


BOX 3-10 GENE REGULATION OF APOPTOSIS 


+ p83 —tumaur suppressor protein which functions to 
activate DNA fragmentation and apoptosis, thus 
‘regulating tumour development 

+ Bol-2— gene for family of proteins which inhibit 
apoptosis 

‘+ BAX gene for family of proteins which activate 
apoptosis 

+ Fas and TNFRI— death domain-containing proteins which 
when cross-linked with igand (Fas ligand and tumour 
necrosis factor-a, respectvely) induce apoptosis. 


BOX 3-11 CELL DESTINY AND FUNCTION, 
MUTATIONS AND DRUG DEVELOPMENT 


Some cutaneous melanomas have an activating mutation in 
the serine-threonine protein kinase 8-RAF oncogene 
(VO0E mutation) which regulates the MAP kinase pathway 
{hat controls cel proliferation. By inhibiting BRAF with 
iew-targeted drugs inhibiting the enzyme B-RAF 
(vemuratenb) benefits in outcomes of stage IV melanomas 
are now possible. 

In eysti fibrosis there is abnormal or complete loss of 
‘unction of cystic fibrosis transmembrane conductance 
regulator gene (CFTR). CFTR is an ABC transporter-cass 
ion channel reguating the constituents of sweat, mucus 
‘and digestive fluid. Ina small number of eyttic fibrosis 
patients (5%) there i a specific mutation inthe CFTR gene 
(G551D) that causes impaired ion transport but CFTR 
remains expressed on epithelial surfaces. Drugs have been 
‘developed (ivaceftor) to restore or enhance function tothe 
GETR in hs targeted group of pate, Improving hi 
outcome. 


the cell eliminated via phagocytasis and the reticu- 
Joendothelial system without the secondary inflamma- 
tory response that occurs when cells undergo necrosis. 
Understanding control of cell homeostasis ($8 eBox 

® 3-1) - or where it goes wrong ~ is important in under- 
standing disease pathogenesis and cancers and the 
development of therapies (Box 3-11), 


USING MOLECULAR BIOLOGICAL TECHNOLOGY 

TO DETECT APOPTOSIS 

Observed, and therefore measurable, changes in apop- 
totic cells include intranucleasomal cleavage of DNA, 
which generates both monomers and multimers of 
DNA that can be detected by DNA electrophoresis 
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(DNA laddering). Early changes can be detected by 
labelling DNA fragments at the 3’ OH ends with ter- 
minal deoxynucleotidyl transferase either immunohis- 
tochemically (TUNEL staining) or by flow cytometric 
analysis, Changes in apoptotic cell membranes can be 
detected by increased flip-flopping of the plasma 
membrane and exposure of phosphatidylserine resi- 
dues on its outer leaflet. Phosphatidylserine is detected 
by annexin V via either in situ histochemistry or flow 
cytometry. Apoptosis ultimately increases intracellular 
caspase activity and cell lysates can be tested for levels 
of caspase enzymatic activity by simple fluorometric 
analysis 


GENE THERAPY 


Gene therapy is the transfer of selected genes into a 
host with the intention of alleviating or curing disease 
There are many gene therapy strategies that can be 
used; which one to choose depends upon the 
pathogenesis, 

+ Gene augmentation therapy For diseases caused 
by loss of gene function and which will supply 
‘more copies of normal gene in the hope of restor- 
ing normal phenotype, e.g. cystic fibrosis, hae- 
‘mophilia, severe combined immunodeficiency 
syndrome (SCID), retinitis pigmentosa, 

+ Targeted kiling of specific cells Genes are directed 
to specific cell types and incorporated into the 
genome, expressed so that protein interferes with 
cell cycling and survival, thus killing cells, 

+ Targeted mutation correction Can be performed 
using ribozymes (which cleave and repair mRNA), 
triple helix oligonucleotides (block: gene transcrip- 
tion) and anti-sense oligonucleotides (that block 
mRNA translation), 

+ Targeting inhibition of gene expression When dis- 
eases display novel gene products or excessive 
expression of gene product, then blocking at a 
single gene level (either DNA or RNA) or block- 
ing protein can he possible to attain specific inhi- 
bition of expression. 

Achieving gene therapy depends upon the size of the 
DNA fiagments to be transferred (transfection! 
transduction). Techniques can include injection of 
naked DNA, which is not limited by size or number 
of genes but is inefficient (gene gun). Often, therefore, 
the gene to be transferred is not conventional and the 
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Ubiquitin (Ubq)-proteosome pathway maintains cellular homeostasis 


Proteosomes are nuclear and cytosolic protease complexes 
that degrade proteins, which hecome covalently linked to 
‘Ubg via a cascade of enzymatic reactions (Ubq 1-3). Ubq 
1s highly conserved 76-amino-acid protein that has been 
implicated in the pathogenesis of genetic disease and 
rmulignancies, Ics integral n the destruction of phospho- 
rylated cyclins and cyelin inhibuors, such as p27, an 
inducible inhibitor of cyclin-dependent kinase activity (see 


Box 3.2); transcriptional proteins such as STAT 1; and. 
p93, a tumour suppressor gene product. Viruses (e.g 
human papillomavirus) can upregulate p93 degradation in 
the Ubg-proteosome pathway, a process implicated in 
tumour formation, Proteasome inhibitors such as lactacys- 
tun can arrest cycle-cycle progression and therefore offer 
potential as chemotherapeutic agents, 
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BOX 3-12 VECTORS 


Vina VECTORS 
Retroviruses ~ 2.9, lentviruses (human immunodeficiency 
virus; simian immunodeficiency virus). Although RNA 
viruses, they possess reverse transcriptase so can generate 
complementary DNA. 

Adenoviruses — have been engineered to remove 
replcatory ability and also antigenic coats, particularly to 
reduce the immune response to these vectors, 

‘Adeno-associaled viruses (AAV) — single strand of 
DONA virus without viral genes and therefore reduced 
‘immunogenicity. They only accommodate smaller DNA 
insets but do establish long-term expression, 

NON-VIRAL VECTORS 
Liposomes ~ spherical lipid bilayer vesicles. No limit to 
‘size of DNA to be carried but efficiency of transfer is low. 


BOX 3-13 NOT ALL GENE THERAPY REQUIRES 
REPLACEMENT OF THE GENE: OPTOGENETICS 


Recent developments to try and restore vision in the 
degenerate retin utlizes viral transduction o, for example, 
‘channel rhodopsins to excite neurones, creating a 
rudimentary but significant and potential functional 
‘non-photoreceptor voltage-sensitive system to create 
artificial vision, Such systems could be coupled with a 
{unctional prosthetic (optobinics). 


coding DNA is engineered to be flanked by regulatory 
sequences to ensure high expression dependent upon 
the tissue. By whatever method, the aim is to insert 
the DNA into the chromosome of the cell. To assist 
entry of DNA into the cell, vectors are tsed (Box 3-12). 
These are currently attenuated viruses that have been 
engineered so that the replication and disease-causing, 
components have been removed. Even with this 
manipulation they retain an efficient ability to enter 
cells ~ so-called transduction (Box 3-13). 


GENES, CELL DIFFERENTIATION AND 

CELL-BASED THERAPIES 

Stem cells have the capacity to self-renew, proliferate 
and have no limitation to their potential differentia- 
tion. Progenitor cells can divide but have restricted 
differentiation potential. In the adult vertebrate central 
nervous system, neural progenitor cells (NPC) have 
been identified and shown to generate neurones and 
glia, Developments from molecular and cellular 
understanding of cell development as well as 
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FIGURE3-9 Two waves of retinal celltype differentiation. The curves 
depict the relative numberof retinal progenitors that ext the cll cycle 
and commit toa speci fat aver time, Retinal ganglion cells (RGCs) 
appear at E11 and peak at E13.5, as do amacrine cals, horizontal 
cells, and cone photoreceptor cells. The oer cel types, bipolar cells, 
Miller gia and rod photoreceptor cells, appear late as indicated 
(Adapted ram Capa eta, 1996 and Wang eal, 2002) 


understanding the control of gene expression during, 
cell differentiation and tissue organization in rodents 
has opened opportunities to develop cell-based thera- 
pies for degenerative disorders, Cepko’ fate mapping, 
of retinal cells in rodents determined the timing of 
differentiation from which many researchers since 
have ascribed specificities of genes, transcription 
factors and growth factors for cell fate determination 
(Fig. 3-9), During development there are two waves 
of progenitor cells that exit their cell cycle and commit, 
to their post-mitotic mature cell fate, Together with 
increasing understanding of pivotal gene expression 
during cell differentiation and retinal development, 
this allows recapitulation experimentally to generate 
cell sources for cell transplantation 

How do you generate cells for retinal reconstruc- 
tion? The opportunities come from several sources. 
First embryonic stem cells (ES cells), which are derived. 
from the inner cell mass of the blastocyst, can be 
conditioned in culture to generate stem cells that can 
be driven toward neural differentiation and then pho- 
toreceptors. Second, the recent Nobel Prize-winning, 
creation of inducible pluripotential stem cells (iPS 
cells) from non-pluriopotential cells (including adult 
somatic cells such as fibroblasts) creates great possi 
bilities to derive cells from the host cells (Fig, 3-10) 

However, the developing and the postnatal verte- 
brate animal retina contain NPC, which divide, gener 
ate newrospheres and undergo neuronal and glial 
differentiation (Fig, 3-11). In humans, central nervous 
system-derived NPC have been successfully cultured 
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FIGURE 310 Pluriptential stem cel sources for delvry of cll based therapies. (A) Generation of embryonic stem (ES) cls. (8) Generation 
of inducible pluripotent stem cel (PS). (C) Harvesting of ineage precursor cls. (epoiues rom Power ea aso, 2011) 


from the adult brain and more recently adult retina; 
and also NPC have been isolated from the human 
retina while itis still immature and undergoing devel- 
opment, One phenotypic marker of stem cells and 
NPC is nestin, which is an intermediate filament, The 
adult human retina contains nestin-positive neuronal 
and glial cells, as does epiretinal scar tissue, This evi- 
dence suggests that NPC exist throughout life or are 
inducible in the human retina, Human retinal NPC 
are currently under extensive investigation to look 
at their capacity to renew damaged retina via, for 
example, transplantation with potentially gene- 
modifying cells that have undergone gene therapy 


before administration, To date the research has deter- 
mined an ability to create retinal pigment epithelial 
cells from human ES cells, which have now been 
developed and are currently utilized in several clinical 
trials for age-related macular degeneration (see 
wwweclinicaltrials gov), Alongside this, there are great 
advances in the ability, at least experimentally, to 
develop ways of transplanting photoreceptor precur- 
sors that are able to integrate into the retina and 
develop synapses and generate action potential. 
With all the developments discussed, we can see 
that there are many exciting current and potential 
ways forward for the treatment of inherited retinal 
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degeneration. Figure 3-12 shows possible routes for 
intervention, depending on the stage at which treat 


ment may be required. 


Molecular genetics and ophthalmology 


With the advent of modern molecular biological tech- 
niques, which have and will improve the understand. 
ing of the pathology of disease at both the cellular and 
molecular levels, considerable progress has been made, 
in particular in the study of X-linked disorders, several 
of which are of interest to the ophthalmologist 

The problem of how to find and identify an abnor. 
mal gene among the millions of genes in the human 
genome has already been discussed. To. summa 
briefly, the problem can be tackled principally by two 
approaches. The first is to find a gene marker in the 
human genome that is close to the causative gene 
defect, This approach, as described above, is the basis 
of genetic linkage and requires the analysis of DNA 
from affected families. Using the genetic marker, 
linkage analysis will locate the gene to loci on the same 


chromosome. Fragments of DNA from that region of 
the chromosome are cloned and sequenced to identify 
mutations in the gene 


FIGURE 3-11 Neurospheres generated from cell 
suspensions derived from the adult human retina 
and pars plana differentiate ater dividing into neu- 
rones. Phase contrast photography showing 
(A) free-floating neurosphere at 3 weeks, which 
‘may attach 10 a fibranectin-coated coverslip 
(@). Neurospheres were generated at arate of one 
reurasphere for every 200 > 10 vital calls in the 
retinal cel suspension. Neuraspheres contained 
hestin-positive (red) calls, some of which cola- 
beled with green GFAP (C). Primary and secondary 
(passaged) neurospheres were exposed to BrdU at 
1 week. Aer dissociation, primary neurospheres 
incubated inthe presence of BrdU (green nucleus) 
express neurofilament M (ced) in monolayer cul- 
tures (D). GFAP, glial irilary acd protein; BrdU, 
bromodeoxyuridine. (Figure courtesy of Or Eric Mayer 
and Or Oshbie Cater, Academic Unit af Ophtamalay, 
University of rio, UK) 


sond approach is to identify candida 
specifically expressed in the tissue, or which are 
known to code for proteins important in that tissue. 


Patients are then screened for mutation in these genes. 
By this method the discovery of mutant genes gives 
insight into the underlying pathophysiology of the 
condition, if the functions of the proteins from the 


genes studied are already known, This method of 
analysis is known as candidate gene analysis. Both of 
these methods have been used to study ophthalmic 
disorders and enhanced in current studies by the new 


platforms of next-generation sequencing discussed 
above 

The ability to detect mutations has led to several 
e detection’ but also genetic 
e USA has 
developed the eyeGENE® network with list of 
currently available for testing (http:/Avww:nei.nih,gov/ 
regene asp) (Table 3-2) 


consortia for ‘new 


testing, The National Eye Institute in ¢ 


eyegene/gene: 


‘THE X CHROMOSOME 


Historically, 


many molecular genetic studi 


based on an investigation of the X chromosome and 
of X-linked disorders. Mapping of disorders such as 
red-green colour blindness (Xq22-28), blue cone 
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Support function of dfective gone 


FIGURES-12 The schematic represents possible approaches to elther maintain function or restore function in face of photoreceptor degenera- 
tion. The approach is derived from information that from early in diagnosis therapeutic support may be developed to prevent the cell death 
that occurs via apoptosis (see the explanation ofthe exponential cell death theory where the risk of cell death remains constant throughaut 
lite in Clarke eta, 2000) Similany iis assumed that uot the cells die they receive survival support via growth factors to maintain function, 
and therefore pharmacological approaches may support function for longer. Ultimately, gene therapy can be applied to replace the mutant, 
detective or lost gene, However, late inthe disease process, wien loss of cells via apoptosis has occurred, an approach using cell replacement 
via stem cells (se Fig, 2-10) or one stimulating endogenous retinal precursor calls to replace cells are being pursued. Function may be partially 
restored byoptogenetis (using gene therapy approaches to deliver channel rhadopsins) to substitute photoreceptor function 


monochromacy (Xq28) and congenital stationary 
night blindness (Xp11) have come about with the use 
of RFLP and recombinant DNA technology. 


RETINITIS PIGMENTOSA (Fig. 3-13) 


Retinitis pigmentosa is the term used to describe a 
heterogeneous group of rod-cone dystrophies that 
have a variety of clinical appearances by virtue of 
varying inheritance patterns. Studies have docu- 
mented the frequencies of the various modes of 
inheritance, Approximately 43% are inherited by 
autosomal transmission, 20% by autosomal recessive 
transmission, and between 8% and 25% by X-linked 
recessive transmission, Figures again vary, but approx- 
imately 20-25% of cases of retinitis pigmentosa 
appear to be isolated, or at least have unidentifiable 
patterns of inheritance. As the disease may be clas- 
sified according to Mendelian inheritance patterns, 


the possibility of single-gene defects is high and this 
has prompted an energetic search for the isolation 
of such genes. 


X-linked retinitis pigmentosa 


Patients with this form of retinitis pigmentosa present 
with symptoms of night blindness from childhood; 
they have progressive constriction of visual fields 
and loss of vision in mid-life, although the severity 
of the disease does vary: The gene for this condition 
has been mapped to Xpl.3 (short arm of the X 
chromosome). Further evidence also. maps the 
X-linked gene to Xp21, particularly in families where 
the female carrier demonstrates the golden tapetoreti- 
nal reflex, Recently these gene loci have been des- 
ignated RP2 (Xpl1.3) and RP3 (Xp21.1). Currently, 
probes are available for identifying both loci and 
may be used for prenatal diagnosis and genetic 
counselling, 


using genes 


Diagnoses eligible for inclusion Genes offered for testing 
‘Achromatopsia ‘CNGAS, CNGBS 
Abism Recessive: TYR, OCA2, TYRP, SLC45A2 


Anirdia and other developmental eye anomalies 
‘Axentald-Rieger syndrome 

Best disease 

Batti crystalline corneot 
Choraiderasmia 
Chronic progressive external ophthalmoplegia (CPEO) 
Cone rod dystrophy 


inal dystrophy 


Congenital cranial dysinnervation diseases (CCDD) 


Familalcongenital nystagmus (X-linked cases only) 

Congenital stationary night bidness/Oguchi disease 

Corneal dystrophy 

Doyne honeycomb dystrophy 

Familial exudative vitreal retinopathy 

Fundus albipunctatus/Bothnia retinal dystrophy 

Glaucoma (juvenile open angle and congenital only) 

Hermansky-Pudlak syndrome 

Juvenile Xlinked retinoschisis 

Keams-Sayre syndrome (KSS), mitochondrial 
fencephalapathy, lactic acidosis and stroke-\ike episodes 
(MELAS), myocionis epilepsy associated with ragged-red 
fibres (MERRF), neuropathy, ataxia and retinitis 
pigmentosa (NARP) 

Leber’s hereditary optic neuropathy (LHON) 


Lowe syndrome 
Microphthalmia and anophthalmia 


Neurodegeneration wth brain iron accumulation (NBIA) 
Occult macular dystrophy 

Optic atrophy, dominant 

Papilorenal syndrome 

Patter dystrophy 

Retinitis pigmentosa (RP) and retinal dagenerations 


Retinoblastoma’ (12150 enrolled for 2013) 
Sorsby fundus dystrophy 

Stargardt disease 

Sticklar syndrome’ (6/50 enralled for 2013) 
Usher syndrome’ (limit exceeded for 2013) 


inked: GPA143 (OA1) 

PAX6, WT1#, DCDC1#, ELP4# (# del/dup testing only) 

PITX2, FOXC1 

BEST! 

cypave 

cHM 

POLG 

‘ABCA4, RPGR, CRX, 

GUCY2D (codon F838) 

KIF21A, CHN1, SALL4, TUBB3, HOXA1, PHO2A, ROBOS, 
HOXBt 

FRMD7 

GPRI79, RHO, NYX, TRPM1, SAG 

TGFBI, KRTS, KATI2, 

EFEMP1 

FZD4, LAPS, NDP, TSPAN12 

DHS, RLEP1 

CYP1BI, OPTN, MYOC 

HPS! and HPSS 

RSI 

‘Mitochondrial gene panel 


LHON panel (MT-ND4, MT-ND1, MT-ND6/mutations 
AV7TAG>A, 9460G>A, 14484TSC and 14459G>A) 

‘ocRL 

RAX, SOX2, OTX2, VSX2, STRAG and SIXEdel/dup 
analysis 

FA2H, MMIN, PANK2, PLA2GS 

PILI (RAS) 

PAI, OPAS 

PAX 

PRPH2 

Dominant: (pane! including RHO, PRPH2, RP1, IMPDH1, 
PRPF8, NRZE3, PRPFS, TOPORS, PRPFS1, RP1 
KLHL7, SNRPN20O), CA4, CRB1, CTRPS 

inked: RPGR, RP2 

FBI 

IMPS 

‘ABCA4, ELOVL4, RDS 

coLzat 

Usher panel (CDH23, CLAN, DFNB31 (WHAN), GPR9B, 
MYO7A, PCDH15, USHIC, USH1G, USH2A) 


The genes highlighted in this table emphasise the increasing number of genes that may be tested to detect or diagnose 


disorders. Whilst nat a com 


f2 Set and moreover, what genes are included far testing vary world-wide, the advent af 


fexome and whole genome deep sequencing illuminates continually other disease-causing genes. 
(Courtesy National Eye Institute, National Institutes of Heath (NEVNIF). Adapted fram hiip./murw.net.nih. gov/eyegens! 


‘genes_eyegene.asp.) 
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FIGURE 3-13 A schematic representation af the human chromosomes, showing the various loci implicate in retinal disorders. (Figure courtesy 


tof Dr Z. Mohan, PRD thesis, University of Aberdeen, UK.) 


Autosomal dominant retinitis pigmentosa 
Several mutations have been found in candidate genes 
in up to 30% of patients with autosomal dominant 
retinitis pigmentosa, Mutations in two genes have 
been studied in particular, These are the rhodopsin 
gene on chromosome 3q (accounting for 20% of all 
cases) and the peripherin gene on chromosome 6p. 
The rhodopsin molecule, composed of 348 amino 
acids, exists as a 


en-loop transmembrane protein 
in the rod outer segment, The C-terminus of the 
protein is in the cytoplasm and the N-terminus of 
thodopsin is in the intradiscal space. Throughout the 
protein, several regions are alfected by mutations, 
which fall into three main groups: (1) mutations 
affecting amino acids in the intradiscal space; (2) 
mutations affecting amino acids in the transmembrane 
domain; and (3) mutations affecting amino acids in 
the cytoplasm. Most of these mutations probably 
destroy the three-cimensional (tertiary) conformation, 
of the protein and in some way affect protein function. 
To date, over 150 different mutations have been 
reported, the majority of which are point mutations, 
although deletions have also been discovered 

The peripherin gene codes for the retinal degenera- 
tion show (RDS) protein found in rodents (see 
Ch. 9, p. 515), which isa component of the rod outer 


segment disk membranes. More than 20 mutations 
have been discovered in this gene in association with 
autosomal dominant retinitis pigmentosa and other 
retinopathies, for example retinitis pigmentosa albes- 
cens and hereditary maculopathies. Recently, other 
genes have heen identified in autosomal dominant 
retinitis pigmentosa, and these include one at the cen- 
tromere of chromosome 8 and both the long and short 
arms of chromosome 7. 

Autosomal recessive forms of retinitis pigmentosa 
have been less well studied; to date, only one gene 
mutation has been identified in a rhodopsin gene. 
Recently there has been a report that certain patients 
with autosomal dominant retinitis pigmentosa have 
defects in the gene coding for cyclic guanosine mono- 
phosphate phosphodiesterase (see Ch. 4, p. 261) (Box 
3-14), 


CHOROIDERAEMIA 


Choroideraemia presents in childhood with night 
blindness, leading to eventual loss of vision in later 
life. Fundal changes show granular pigmentary 
changes early in the course of the disease and choroi. 
dal atrophy in the late stages. Like X-linked recessive 
retinitis pigmentosa with the RP3 gene defect, carrier 
females also demonstrate patchy non-progressive 
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BOX 3-14 PHOTORECEPTOR DEGENERATIONS 
AND CILIOPATHIES: 


Examples of photoreceptor degeneration are via genetic 
‘mutations tha lead to cell functional deficits. It was 
‘thought thatthe rate of cell death or dysfunction increases 
‘over time, However, mathematical modeling has 
determined that it's not a cumulative damage that occurs 
but that the risk of cel death remains constant and the 
‘genetic mutation results in random cell death overtime 

~ "one-hit bigchemical model, Such examples of neuronal 
degeneration are photoreceptor degeneratons. 

“= Gilopathies define a dysfunction of cla function in 
retinal photoreceptors. 

‘+ Mutations, for example, that may occur in genes 
‘such as CEP290 and RPGR give rise to 
photoreceptor dysfunction and degeneration as well, 
as being ubiquitous in many cells for centrosome 
function. 

‘+ Retinitis pigmentosa related to cary dysfunction 
‘canbe an isolated feature ora part of @ syndrome 
‘such a5 Bardet-Bedl syndrome (28S). 


equatorial pigmentary changes, as a consequence of 
lyonization. The gene locus for choroideraemia has 
been identified at the locus Xq21. Several point muta- 
tions, deletions and RFLPs resulting from aberrant 
splicing at the exon-intron junction have been associ- 
ated with the locus and the disease is due to deletion 
to Rabl gene 


NORRIE'S DISEASE 
Norrie’ di 
include bilateral congenital blindness secondary to 
retinal dysplasia and retinal vascular anomalies, 
impaired hearing, mental retardation, retinal detach- 
ment and cataract. This condition is similar to another 
congenital blinding condition, namely familial exuda- 
tive vitreoretinopathy, which also shows abnormal 
vascular development, particularly of the retinal 
vessels. The gene locus for Norrie’ disease has been 
identified as Xp1.1, Xp11.3. Similar gene loci have 
been suggested for familial exudative vitreoretinopa- 
thy, suggesting that these two disorders are related by 
expressing different mutations at the same gene loci, 
producing the two phenotypes. Mutations and dele- 
tions have been demonstrated at the gene loci for 
Norries disease. The gene’ official symbol is NDP, a 
gene for a protein called norrin integral to specializa- 
tion of retinal cells (Table 3-3) 


ase alfects males from birth. Features 


TABLE 3-3 


Subretinal delivery of gene 


therapy from identification of gene 

mutations 

Disease Veetor-gene 

Lleber's congenital amaurosis due AAV2-hAPESEV2 
to RPESS mutation 

Choroideraemia 1AAV2-Rop1 

Usher type 18 Ushsiat® 


RETINOBLASTOMA 


Retinoblastoma isa tumour of primitive photoreceptor 
cells. It is the commonest ocular malignancy of child- 
hood with a prevalence of approximately 1 in 20 000, 
showing an equal sex distribution. Approximately 
40% ofcasesare inherited, Unilateral tumour, however, 
is nearly always sporadic, with no family history. Bilat 

eral cases usually have a strong family history of retin- 
oblastomaandare inherited by autosomal transmission. 
‘These patients are also at greater risk in later life of 
developing osteosarcoma. It has been shown that 
retinoblastoma may be secondary to a deletion of 
13ql4 in about 4% of patients. The gene locus that 
encodes the enzyme d-esterase is also situated on 
chromosome 13, and patients with retinoblastoma 
show a much reduced level of this enzyme, indicating 
that the d-esterase and retinoblastoma loci are closely, 
linked. Knudson proposed a hypothesis to explain the 
fact that inherited cases are usually bilateral, multifo- 
cal and of early onset, whereas sporadic cases are 
unilateral and solitary. The ‘two-hit hypothesis) pro- 
poses two mutational events in inherited retinoblast 

oma, The first mutation is present in the germinal cell 
and would therefore be present in every cell, The 
second ‘somatic’ mutation must occur to induce 
tumour growth in cells with the initial mutation by 
releasing suppression or regulation of the retinablast. 
Two somatic mutations to one retinoblast must occur 
in sporadic cases of retinoblastoma and are therefore 
likely to be solitary and unilateral, This retinoblastoma 
gene has therefore been proposed as a tumour suppres 

sor gene, whose presence in normal retinoblasts pre- 
vents uncontrolled mitosis. The DNA sequence of the 
retinoblastoma gene has now been identified, and the 
surrounding complex gene locus identified as a retino- 
blastama predisposition gene, which is structurally 


altered in patients with retinoblastoma, although its 
true function is unknown, As mentioned above, 
patients who survive retinoblastoma have an increased. 
risk of developing osteosarcoma and, interestingly, in 
isolated patients with osteosarcoma the retinoblast- 
oma gene has been found to be deleted. 


ALBINISM 

Albinism is a cause of poor visual acuity and nys- 
tagmus in children and is divided broadly into 
two groups: oculocutaneous and ocular albinism. 
Patients with oculocutaneous albinism may be further 
differentiated into tyrosinase-producing (tyrosinase 
positive) and tyrosinase-non-producing (tyrosinase- 
negative) groups, shown in children over the age of 4 
years by hair bulb incubation in tyrosinase solution 
(Fig. 3-14), 


Oculocutaneous albinism 


This form of albinism is inherited in an autosomal 


recessive Mendelian fashion and within the 
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FIGURE 3-14 Enzyme detects in albinism, 
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tyrosinase-negative group gives rise to severe disease 
with profound visual loss, photophobia and nystag- 
mus, as well as the classic features of iris transillumi- 
nation, absent fundal pigmentation and absent foveal 
reflex. Most of the optic nerve fibres cross at the 
chiasma (90%), and further nenronal disorganization 
occurs within the lateral geniculate body. 


Ocular albinism 


cular albinism is present when most of the hypo- 
pigmentation (hypomelanosis) is confined to the 
ocular structures. Ocular albinism may be inherited in 
an autosomal recessive (Nettleship-Falls syndrome) or 
an X-linked recessive pattern. X-linked recessive 
ocular albinism gives rise to ocular disease of moder- 
ate severity, with a prevalence of approximately 1 in 
50000. Affected males have reduced visual acuity, nys- 
tagmus, strabismus and iris translucency. Fundal 
examination shows classic hypopigmentation and 
foveal hypoplasia, In this condition giant melano- 
somes are present in the retinal pigment epithelium 
and are also found in skin biopsies; they are similar 
to the melanosome aggregates found in one of the 
albinoid syndromes, Chédiak-Higashi syndrome 
(associated with phagocytic dysfunction). Carrier 
females, whose visual acuity is normal, also demon- 
strate iris transillumination, retinal pigment epithelial 
granularity and a preponderance of giant melano- 
somes in the skin, At-risk females, however, can pose 
a diagnostic problem, and accurate genetic counselling 
will be available only when future genetic diagnostic 
tests and techniques for identification of the candidate 
gene have been developed, 


MYOTONIC DYSTROPHY 


Myotonic dystrophy presents with progressive muscle 
weakness early in adult life. The condition is charac- 
terized by expressionless face, frontal balding, gonadal 
atrophy and myotonia when shaking hands, Patients 
ofien develop cataracts and may also develop a pig- 
mentary retinopathy, Myotonic dystrophy is transmit- 
ted as an autosomal dominant trait with an incidence 
of 1 in 20000. Gene loci for this disease have been 
localized with the use of RFLP and DNA probes to 
chromosome 19. However, because of the recent dis- 
covery of an unstable DNA mutation consisting of an 
increased number (more than 50) of a nucleotide 
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triplet (CTG repeats), whose protein product is a 
member of the protein kinase family, family studies 
can confirm or exclude those at risk. 


MITOCHONDRIAL INHERITANCE 


‘As has been stated above, mitochondria contain spe- 
cific circular DNA that replicates separately from the 
nuclear DNA and is inherited solely from maternal 
mitochondria, Recently, some inherited disorders have 
been identified as having a mitochondrial mode of 
transmission, because they do not follow classic Men- 
delian patterns of inheritance. 


Leber's hereditary optic neuropathy 
This condition is characterized by rapid onset of visual 
failure particularly in boys, but it may affect either sex. 
The result of the initial hyperaemic disk swelling and. 
peripapillary telangiectasia is optic atrophy and visual 
failure. Mothers characteristically pass the disease to 
their sons, but sons never transmit it (Le, there is no 
male-to-male transmission), A. characteristic point 
mutation causing histidine to be inserted instead of 
arginine at the 340th amino acid of NADH in complex: 
1 of the respiratory chain has been demonstrated in 
patients with this type of optic neuropathy. Other 
point mutations in mitochondrial DNA have also been 
documented. However, there has been no explanation, 
as to why males are predominantly affected in this, 
disorder, which cannot be explained purely on the 
basis of a single mitochodrial gene defect. With the 


advent of mitochondrial DNA analysis, investigation 
of patients with optic neuropathy of uncertain aetiol- 
ogy can he carried out to determine whether Leber 
neuropathy is the cause, Also, recent studies have 
shown that the genotype of the condition is associated 
with a variable phenotype, in that some families with 
specific gene mutations demonstrate recovery of vision 
in up to 50% of patients, In addition, other gene muta- 
tions are linked to Leher's hereditary optic neuropathy 
and are associated with generalized neurological 
abnormalities, 


Other mitochondrial disorders 
Other mitochondrial inherited disorders also affect, 
the eye, These include the mitochondrial myopathies, 
of which the most documented is Kearns-Sayre 
syndrome. This syndrome oceurs secondary to mul- 
tiple point mutations within the mitochondrial 
genome, which in turn lead to multiple deletions 
of varying size. The heterogeneity of the mutations 
accounts for the variance of the clinical signs encoun- 
tered, which include a pigmentary retinopathy and 
progressive myopathy, involving cardiac and proximal 
limb muscles as well as a progressive external 
ophthalmoplegia 
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* Introduction 
* Cells and tissues 

* Biochemical pathways that affect ooular 
function 

The coular surface 

Cornea and sclera 

Uveal tract 

Aqueous humour dynamics 

The lens 

The vitreous 

The retina 

The chemistry of the visual response 
Canelusion 


Introduction 


The eye is a miracle of self-organization, While 
many tissues such as muscle and kidney comprise 
predominantly a restricted set of more or less spe- 
Cialized cell types, almost all cell types are repre- 
sented in the eye including secretory cells, neuronal 
calls, vascular cells, specialized fibroblasts, tissue 
myeloid cells, and supporting cells, and the matri- 
ces contain all of the molecular components found. 
in other tissues. Uniquely, the cells and tissues have 
been customized for the eye. 

Aristotle understood the phenomenon of self 
organization as it applies to many organic and inor- 
ganic systems as ‘in the case of all things ... in 
which the totality is not, as it were a mere heap, 
but the whole is something besides the parts, there 
is a cause’ (Sasai, 2015), That the process of self 
organization as it applies to the eye results in an 
organ specialized for the transmission, reception 


and conversion of light energy into cellular signals 
remains a remarkable feat of differentiation and devel- 
opment. Even more remarkable is the observation that, 
the forces leading to this event appear to be intrinsic 
to the cells, since optic cup and eye morphogenesis 
can be induced in embryonic stem cells in vitro given 
the right conditions (Fig. 4-1) 

The unique feature of cells and tissues in the eye is 
that they are organized for the transmission, reception 
and conversion of light energy into cellular signals, 
Cells respond to stimuli ina remarkably similar 
manner, What differentiates one cell from another are 
the stimuli each cell responds to and the mechanismsit, 
uses to respond. Cells have the genetic potential to 
express any type of receptor but their unique speci 
zation is down to the limited set of membrane recep- 
tors they express, Through these receptors, cells 
respond to a specific stimulus by activating an intra- 
cellular second messenger system that has a limited 
generic range, ic. the same set of signalling molecules 
ts frequently activated by a wide range of ligand— 
receptor interactions: the specificity lies in the ligand. 
binding, This produces a programmed response in the 
cell, resulting in an effect, eg. aqueous secretion from 
acinar lacrimal gland cells after stimulation by adrena- 
line (epinephrine), an ocular muscle action potential 
after neurotransmitter release from nerve endings, or 
thodopsin activation by a photon of light. Remarkably, 
the process of signal induction and transmission is 
based on a very limited set of biochemical reactions 
often involving an ATP-energy-driven_ mechanism, 
such as the addition or subtraction of a phosphate 
group to the signalling molecule, respectively via 
enzyme activity provided by a kinase ora phosphatase 

Cells are organized, singly or in groups (tissues), 
to receive information from the environment (via 
membrane receptors), to signal this information to 


157 


158 4 Biochemistry and cell biology 


Aggregate 


Stigmergy organ bud 


— 


Salfassembly Sepaterning Selerven morphogenesis 
Te-eoing conto! spatter conto! Spattonra conta of 
of rave ct postens of cats ts inns seve meshes 


FIGURE 4-1 Self-assembly and sel-organizaton is a general biological phenomenon. Individual particles aggregate as in vater molecules 
transforming into snovdakes (A) or in stem cells which then develop by intrinsic forces info morphogeneticaly identifiable structures, a process 
that underpins embryogenesis (B).(Inags om Sasi 2013, wth permission ) 


the intracellular compartment (via signalling net- 
works), to convert the message into cellular responses 
(gene activation and protein transcription) and to 
relay this information to the outside world (e.g. 
changes in cell behaviour, tissue function, secretion, 
etc), Innumerable molecules and genes are involved 
in a single response by the cell through these net- 
works, in which thousands of molecular interactions 
are connected through molecular ‘hubs’ (similar to 
bubs regulating aircraft traffic) (see next section). Cells 
may also respond simultaneously to several stimuli 
through several receptors, and controlling the flow 
of this information can be difficult, In recent years, 
this function seems to be attributed to that mysterious 
cellular constituent chromatin, whose histone tails 


may act as a signal storage and converter device, 
similar to digital-analog converter devices in the elec- 
tronic industry. In this way accumulated repeated 
rapid ON-OFF signals over time can induce epige- 
netic and indeed phenotypic change in cells and 
tissues, which not only influence cellular functions 
as they age but also can be transmitted to the next 
generation, 

Additional content available at hitps//expertcon 
sult.inkding.com/, 

These concepts have been derived from the vas 
amount of information made available through full 
genetic analysis of various organisms (genomics) and 
the use of novel methods of investigation including, 
microarray technology and informatics, 
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‘Studies im mice have shown that epigenetic changes to the 
zene pool of the fetus can lead to damage to either the 
somatic cells (genes not transmitted) or the germ-line cells 
(genes passed on). If the damage is not sufficient to kill 
the fetus the first-generation progeny (FL) will only pass 
con their nutated genes to the next generation (F2) if the 
‘germ-line genes have been affected (eFig, 4-1)-If, however, 


there is epigeneic germ-line damage and i is stably 
expressed in the adult, it may be passed on as part of the 
normal germ-line genes (ie. is passed down several ge 
erations ~transgenerational) unless reprogramming, occurs 
in the embryo before implantation. Reprogramming can 
be viewed as a type offail-safe repair mechanism 


Not heritabie 


“Trans-generational 


{FIGURE 4-1 Epigenetic inheritance could occur through several mechanisms: (A) the fetus (FI) might be affected by environmental factors 
such as chemicals or drugs which would lead to either somatic (blue cells) or germne (green cells) mutations. In this case only the somatic 
‘mutations are heritable, (B) If @ germ-line mutation i Inherited, it can either be inherited over many generations or the germ-line cells can be 
reprogrammed back to normal cells and the genetic defect only lasts for one or two generation (inler-generational). In the figure, pink and 


blue mice are normal, green mice nave the genetic detect. 
(From Stinger al, 2012) 


THE CONTINUING ADVANCE OF ‘OMICS’ 


The development of systems biology, which is based 
on microarray techniques and high-throughput tech- 
nology, has rendered the complexity of molecular 
interactions, such as those involved in signalling o 
in transcriptional regulation, amenable to analysis. 
This is the science of ‘omics’,a term applied to a body 
of work, knowledge or data, and includes genomics, 
transcriptomics, metabolomics, proteomics, signalomics 
and the microbiome, This has generated a vast amount 
of information leading to some further ‘omic’ subdivi- 
sions such as cancer genomics or toxicogenomics 
Genomics examines the many genes which may be 
involved by increased or decreased expression, while 
transcriptomics studies the many transcription factors 
which may be activated or deactivated in any one cel- 
lular behaviour, such as cell division, and metabo- 
lomics investigates the many biochemical pathways 
which may be utilized, or not, in conversion of one 
molecular species to another in the process of energy 
generation and consumption, For the epigenetics 
researcher, there is even an epigenome, which pro- 
vides information on DNA methylation, histone modi- 
fications and chromatin remodelling, Meanwhile, the 
microbiome is a term applied to the databank relating 
to gut commensals and has considerable influence 
on the immune system (see Ch. 7, p. 373). In several 
of these “omes', molecular networks are entrained, 
which in themselves reveal the extensive interde- 
pendence that one system has on another. In addi- 
tion, the notion of central (hub'-based) molecular 
species without which the entire network would 
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collapse allowsa hierarchy of importance to be applied 
to molecules, This is demonstrated in the genetic 
mutagenesis studies in which certain molecules, such. 
as transforming growth factor, are lethal to the 
embryo when deleted, while others, such as plasmino- 
gen activator inhibitor 1, barely alter the murine 
phenotype. 

Signalling networks are a prime example of how 
cellular information is transmitted. It is now recog- 
nized that there are hundreds to thousands of signal- 
ling receptors in the cell membrane interacting with 
around 10 second messenger ‘hubs’ in large interact- 
ing intracellular networks of several thousand cellular 
proteins (see aFig. 4-2 and eBox 4-1) 

‘Additional content available at hitps//expertcon 
sult inkling com’. 

Examples of typical general second messenger 
systems include: 

+ receptor tyrosine kinase-| 

(RTK) 

+ ion channels and pumps 

+ G protein-driven messengers 

+ seven-transmembrane loops. 

And there are several more generic types of receptor, 

Each of these may interact with other intracellular 
signalling systems and the signalling systems them- 
selves may be ‘customized’ to respond selectively 
depending on the conditions (Fig. 4-2), In addition, 
each receptor may be represented many times in a 
single cell (it is estimated that there are between 5000 
and 10 000 major histocompatibility (MHC) class IL 
molecules on a dendritic cell), while several different 
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FIGURE 4-2 Ligand-receptoractvated second messenger systems. 
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‘Many of the thousands of molecules and genes are involved 
‘n-a single response by a cell through intracellular net- 
works; in this process immense numbers of molecular 
interactions are connected through a system in which 
some molecules form many interactions with others in 
thubs’ while other molecules make very few interactions 
and are on the periphery of the network (eFig. +2). These 
concepts are derived from the vast amount of information 
‘made available through full genomic analysis of various 
‘organisms and the use of novel methods of investigation 
‘including microarray technology and informatics. Further- 
‘more, hub molecules ate frequently transient in activity, 


fone molecule acting as a hub during activation of one 
signalling pathway while the same molecule acts merely as 
relay station during activity of another pathway. Inforina- 
tuon usually proceeds from ‘outside in’ to the cell, but on 
occasion information initiated outside the cell can be 
relayed back to extracellular targets (eFig, 4-2). Many of 
the cellular proteins may not be directly involved in signal- 
ling but may act as adaptors or amplify/diminish the 
overall response. In addition, other proteins act as ‘chap- 
erones' to protect proteins and signalling molecules for 
optimal function (eBox 4-1) 


A PATHWAYS 
Receptor simul 


Induced el functions 


Induced cl functions 


Induced cl functions 


FIGURE 42 Three concepts that are useful for describing signaling networks. Cl signaling is inated by receptor stmul Each conection 
point rflecs a signaling protein a second messenger, wth nes inating functional inractions. A) Lnear signaling pathways. (B) Modular 
Structures within the network. (6) Nodes, which canbe potsns or second messengers. Nodal points ar regulated by many upstream events 
andor regulate many downstream events (For Meyer and Tet, 003, wih peision fm Ese) 
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eBox 4. 


Molecular chaperones in the regulation of signalling: 


Chaperone proteins are everywhere in the cell, shepherd- 
ang essential functional proveins such as enzymes and sig- 
naling molecules o ensure thei proper functioning, Many 
dilferem types of chaperone exist and some come into theit 
own in certain circumstances, such as heat-shock proteins 
(Hp), while others are constitutively functioning, such as 
Jens erystallins (Fig, 42), Chaperones play an essential 
role in the activation of protein Kinases: for instance, 
Bal, the co-chaperone of Hsp70, which can activate the 
Hisp90-dependent process. Stes is known to inhubit cell 


(From Sou etal, 2005, with permission from Elsevier) 


Nucleus 


proliferation and sequestration of Bagl may be how this 
‘occuts, Chaperones such as Bagl and Hsp70 play an 
‘essential role in the maturation and activation of hundreds 
of protein Kinases, regulating, for instance, cell. prolif 
eration in response to stress, Chaperones participate in 
ralidependent signalling of molecules such as eNOS, 
G-proteins and STATS. Chaperones also help the subnu- 
lear trafficking and disassembly of transcriptional fetors 
and related complexes. 
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FIGURE 4-3 Sugyested model for how matrix componenets (ECM), integrins and transmembrane receptors engage in ‘cross-talk’ inthe stem 
cell niche. (1) The stem cell is physically anchored to the ECM, which activates grawth factor receptars on the cll surface through the media 
tion of integrins; (2) the ECM also acts as a reservoir for growth factors and other mediators. Meanwhile the integrins also signal via the 
Intracellular signaling molecules such as ERK 1/2m Akt, and SMADs which retain the stem cell properties of the call; (3) the ECM integrin 
coupling process allows the cells to sense biomechanical stitiness in the surraunds and transmits ths to the cytoskeleton, Growth factors and 
ther eceptors; morphogens and ther receptors; extracellular matrix; cand B integrin subunits; cytoskeleton filaments; SC, stem cel. Fam 


Braet al, 2012) 


ligand-receptor pairs may act in clusters at the cell 
surface, as for instance in the T-cell receptor synapse 
Gee Ch. 7, p. 427). 

Signalling networks behave similarly to other bio- 
logical networks, such as metabolic and gene tran- 
scriptional networks, and probably represent a basic 
biological organizing system. Three basic concepts 
underpin a signalling network: signalling pathways, 

@ signalling modules and signalling nodes (eFig. 4-2). 

In addition, receptors exist not only on the cell 
surface but intracellularly on endosomes and in the 
nucleus and ligands may have to be transported intra- 
cellularly to interact with their receptor. Information 
transmitted via ligand/receptor interactions can also 
be bidirectional, as for instance in the regulation of 
stem cells in stem cell niches through integrin mole- 
cule binding to extracellular matrix proteins (Fig. 
43). 


Cells and tissues 


THE CELL 

General structure 

Technology drives science and there is no better 
example of this than the discovery of the cell as the 
basic unit of living organisms by Anton van Leeuwen- 
hoek using a compound optical microscope. The basic 
structure of the mammalian cell can be illustrated by 
the retinal pigmented epithelial (RPE) cell (Fig, 4-4) 
asit contains most of the recognized cellular structures, 
and intracellular organelles, While all cells have the 
potential and machinery for mitosis and motility, 
many adult tissue cells such as the RPE cell are con- 
dered terminally differentiated, non-motile cells, 
except under pathological conditions, The RPE cell 
is an example of a bidirectional transporting, 


epithelial cell with polarity, ie. an apical surface with 


1 Apical micro 

2 Endosomes| 

3 Lysosomes 

4 Golgi apparatus 

5 Smooth endoplasmic 
retulum 

6 Rough endoplasmic 
retulum 

T Mochordia 

8 Tight junctions 

9 Adherens junctions 

10.Gap juneions 

*tntermediate flament 
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FIGURE 4-4 Diagrain of RPE and photoreceptor cells. The photore- 
‘ceptor outer segment is in lose apposition tothe RPE cel, enclosed 
In asheath a apical miravill. The APE cells a terminally diferent 
ated epithelial cell ith several functions, one of whichis to transport 
{tid across the cll towards the basa Infldings and into the choroid 
sink 


microvillous processes and a basal surface with numer- 
ous infoldings. The RPE is also an example of how the 
basic structure of the cell has been modified exten- 
sively, as in several types of specialized cells in the eye. 
Dysfunction of this critically important cell underlies 
the pathology of age-related macular degeneration 
(AMD), one of the commonest causes of blindness in 
developed nations (see Ch. 9, p. 513) 


‘The plasma membrane 
The plasma membrane, which surrounds all cells, is a 
selective two-way barrier to passive diffusion, which 
also has active transport mechanisms subserved by 
specialized proteins (for instance ion channels, pumps 
and suspended transporters) floating in a lipid bilayer, 
composed of phosphoglycerides, sphingolipids and 
sterols, which forms spontaneously due to its content 
of phospholipids, The barrier function of the plasma 
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membrane applies even to ions and is the basis of the 
electrical potential that occurs across cell membranes 
and which is energy-driven, for instance by which is 
energy-driven, for instance by ATPase enzymes, Other 
proteins are also suspended in the plasma membrane, 
such as receptors for hormones, neurotransmitters, 
viruses and other cells. Many of these receptors have 
a three-part structure with an extracellular, variably 
sized, component, a transmembrane component, and 
a short intracellular section coupled to the second 
messenger system. The plasma membrane is a variably 
thick lipid bilayer ‘crowded’ with many membrane 
proteins whose functions not only serve transmem- 
brane traffic via receptors and transporters but also 
have a direct role to play in the physiology and indeed 
the survival of the cell: this is in part determined by 
the types of motion and tension which different mem- 
brane proteins exert (Box 4-1). 

Many of these proteins are held in patchy distrit- 
tions within the lipid bilayer, termed lipid (micro) 
domains, which themselves have variable constitu- 
tion, The lipid domains also move within the mem- 
brane like rafts, and indeed if large enough are known 
as lipid rafis, Other microdomains decorate the cell sur- 
face in the shape of irregularly pitted invaginations and. 
evaginations such as specialized structures for endo- 
cytosis (clathrin-coated pits) and caveolae, embedded 
in a glycoprotein-rich matrix (glycocalyx). These are 
also involved in a plethora of functions inchuding cell 
signalling, protein trafficking, cell movement, waste 
disposal (exocytosis) and even cell survival (Fig. 4-5). 
Microdomains are frequently detergent-resistant and. 
usually contain a specific protein such as caveolin in 
caveolae, or several proteins, as occur in lipid ralis, 
areas specialized for specific functions such as the 
immunological synapse in antigen-presenting cells 
(see Ch. 7, p. 421). Other microdomains include tiny 
domains (nanodomains), which contain GTP-binding 
protein (inhibitory) (GPI)-anchored proteins (impor- 
tant in some types of signalling) and glycosphingolip- 
ids, transient confined zones of varying size, and small 
regions composed of more fluid lipids, 

Cells of the nervous system are especially rich in 
lipid rafts, which contain a high content of cholesterol, 
and sphingolipid rafts appear to have an organiza 
tional function either as discrete functional elements 
in which both the ligand and receptor are present, or 
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BOX 4-1 MEMBRANE PROTEINS HAVE MANY WAYS OF MOVING 


Free difusion (A) of proteins inthe lipid bilayer allows {unction, fr instance in the immunological synapse of 
random or directional movement depending on external immune eel activation (C). Some ofthe proteins can escape 
triggers. Many proteins are, however, anchored or tethered fromthe synapse or coral and become internalized. In 
either to cytoskeletal proteins orto extracellular matrix contrast some proteins have limited movement and are 
proteins (B). Examples include GPL-tethered proteins. Some confined to region of the plasma membrane, as in confined 
proteins are ony transiently tethered during a particular diffusion (D). 
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FIGURE 4-5 Plasms membrane microdomsin dynamics. Membrane lipids such as phospholipids, sphingomyelin and cholesterol separat into 
two distinct phases: a highly mobile phase (Ld) allowing free diffusion and a highly ordered phase (Lo) greatly restricting their mabilty. 
Sphingomyelin and cholesterol are inthe latter group. These differences greatly affect membrane function such as endasome formation, cell 
proliferation and many other processes. The diagram in (A) shows the techniques involved in demonstrating lipid mabilty in plasma membranes 
‘during diferent cell activites; (B) shows diferent types of membrane wth diferent lipid membrane micredamains; (6) shaws how separation 
of diferent microdomains yields information on the various protein receptors and signaling protein molecules which can be isolated from 


separated lipid membranes domains. (From nde t 


2018) 


where the activation of the receptor is dependent on. 
recruitment to the raft of the effector ligand, Its likely 
that the enormous complexity associated with micro- 
domain finction will only be revealed using a systems 
biology approach such asa combination of proteomics 
and transcriptomics, 

Many other specializations occur in the plasma 
membrane, depending on the cell type, such as 
junctional complexes, gap junctions, desmosomes, 
hemidesmosomes and contact sites with the basement 
‘membranes (see below). In the eye these membrane 
specializations are developed to a high level, For 
instance, the photoreceptor cell (Fig. 4-#) (see Ch. 
1, p. 41) is a highly polarized structure comprising, 
a receptor component, a nucleus and a synapse. The 


tod photoreceptor (specialized for scotopic vision; 
see Ch. 9) develops as an evagination of the plasma 
membrane, which folds upon itself many times to 
form stacks of membranous disks by fusion of the 
peripheral disk membrane. The plasma membrane is 
typical of any cell, ie, it comprises a lipid bilayer 
containing a high concentration of membrane pro- 
teins, The lipid bilayer is a self-assembling sheet of 
phospholipid that adopts the bilayer format because 
of the physicochemical properties of the polar phos- 
pholipids, ensuring that the polar groups are external 
and the hydrophobic groups form the inner layer of 
the leaflet. The photoreceptor can adopt this special 
arrangement because it has more cholesterol in 
its bilayer, not only making it less fluid but also 
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preventing crystallization of the membrane by inhibit- 
ing possible phase transition of the hydrocarbons, 
The synaptic terminal of the photoreceptor interacts, 
with mobile Ca’ channels in the bipolar cell which 
appear to function within lipid rafts confined in their 
mobility by attachments to the cytoskeleton (see Part 
B of the figure in Box 4-1). 


Endoplasmic reticulum and Golgi apparatus 


‘A wide variety of cell organelles are embedded in a 
cytoplasmic gel, which is traversed by a system of 
membranes, the endoplasmic reticulum (ER). The ER, 
a series of thin bilayered membranes, is a flowing, 
dynamic system constantly forming and reforming, 
Cisternal, tubular and vesicular elements exist. The 
rough ER (RER) is distinguished from the smooth ER 
as a bosome-studded structure that is highly devel- 
oped in secretory cells such as the lacrimal gland 
acinar cell, and is specialized in other cells, e.g. the 
sarcoplasmic reticulum of striated (including extraoc- 
ular) muscle, The RER is arranged en face in rows or 
rosettes of ribosomes (polysomes). Newly synthesized 
proteins come off the ribosomes and are threaded 
through the lipid bilayer into the interior of the ER 
where they are post-translationally folded, ready for 
secretion via the Golgi apparatus by vacuolar budding 
and fusion with the plasma membrane for exocytosis, 
(Box 4-2), The smooth ER is also the site of synthesis, 
of molecules such as lipids, triglycerides and steroids, 
and is prominent in cells such as the RPE and meibo- 
mian gland cells; the Golgi apparatus isa membranous 
stack of flattened cisternae which receives proteins, 
now equipped with a leader sequence required for 
secretion, for sorting and exocytosis fram the smooth 
ER; the smooth ER also plays a role in lipid trafficking, 
and modification, 

The ER and the Golgi apparatus have other func~ 
tions: they are involved in signalling, for instance 
during mitogen activation of cells for proliferation, via 
the small GTPases which are activated at the plasma 
membrane and also signal in the ER and Golgi body 
(Box 4-3). In fact, small GTPases and other molecules, 
suchas phosphoinositides, providea signature foreach 
organelle and are involved in the specific lipid mem- 
brane folding that characterizes each organelle (Box 
4-3), The ER also provides a regulatory role in ensuring, 
quality control of good protein secretion (GPS). This is, 


regulated by a process of ubiquitinylation by which the 
level of ubiquitin molecules added to the protein deter- 
mines whether the protein is targeted for secretion or 
degradation in the proteasome (See eFig. 4-3), ® 
Additional content available at hitps://expertcon 
sultinkling.com/ 
If proteins are not folded correctly they are unable 
to function and the ER generates a ‘stress response’, 
also known as the unfolded protein response (UPR), 
which is one form of ER stress. Together with a second 
fail-safe mechanism, mediated by a kinase known as 
the mammalian target of rapamycin (mTOR), the UPR 
and the mTOR pathways control many cellular proc- 
esses including programmed cell death (apoptosis), 
protein translation, waste disposal (autophagy), energy 
supply (ATP), and response to inflammatory stimuli 
Additional content available at hitps://expertcon 
sult.inkling com, e 
The ER also forms the nuclear envelope during 
telophase, when a series of flat vesicles surround the 
chromosomes and fuse at their edges, The envelope 
contains many nuclear pores, which are composed of 
eight cylindrical filamentous structures in a highly 
organized arrangement, Pores act as molecular sieves, 
permitting rapid passage of small 4,5 nm (4.5 kDa) 
particles and slower passage of larger molecules 
(12-70 kDa). The outer aspect of the nuclear envelope 
in secretory cells is lined with ribosomes and poly- 
somes, while the inner surface is in cantact with a 
nuclear filamentous matris. 


Mitochondria 


Mitochondria are small (2 pm long) oval-shaped 
organelles comprising a two-membrane system of 
compartments, the inner one af which is composed of 
two domains, the inner boundary membrane (IBM) 
and the invaginations, folded into structures termed. 
cristae (Fig. 4-6), At the cristae junction with the IBM, 
the mitochondrion inner membrane organizing system. 
(MINOS) is located and separates the two populations 
of proteins: those in the IBM assist in protein move- 
ment (translocases) and those in the cristae contain 
the proteins involved in the respiratory chain, the 
FIFO-ATP synthase and cartier proteins for ADP/ATP 
(cee below). 

The intermembrane space contains carrier proteins 
that are responsible for the transport of metabolites 


“The way a protein is folded eritcally determines its fanc- 
tion, This process is monitored by a ubiquitous cellular 
protein called ubiquitin (Ub) which is bound to the 
protein as it emerges from the endoplasmic reticulum, 
Asmore and more Ub molecules ae added to the protein, 
it protects it from degradation, while as more Ub mole- 
calles ate removed by the protein, it becomes susceptible 
to degradation and recyeling/temoval. This process is 
tightly regulated (see eFig. 43) 
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v \ 
Proteolytic escape? 
1. Ubiquitin ligase complex (see table 1) 1, Rad23, Dsk2, Ddit, Rpn10, Rpn12, BAGE? 
2.UFDI/NPL4 2.Uch37, Ubp6/USP14 
3.YOD1, Ataxin 3, USP19 3.Rpntt 
4.p97 4.Proteasome 


5. Ubiquitin ligase complex? Ufd2? 
FIGURE 4-3 The function of a protein can be disabled both by dislocation and degradation In the lett panel a dislocated protein is wbiguiti- 
nylated atthe ER membrane and entered into a complex wth p97 via NFO/NPLA. Ubiquitin i cleaved, which allows the protein to be threaded 
through the central pore ofthe protein complex, p97. The protein is then re-ubiquitilyatad for proteasomal targeting and final degradation as, 


shown in the right panel. (From Classen el, 2012) 
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alls respond to unfayourable conditions by demonstrat- 
Ing a stress response. For instance this occurs where 
there 1 an excess of free radical generation by the cell 
bout can also occur when normal physiological mecha- 
nisms are tested, as in a condition known as ER stress. 
Suress is dealt with by the cell through a variety of 


mechanisms, including the ER stress responses and a 
cell signalling system known as the mammabian target 
of rapamycin (mTOR) response, which is implicated in 
many conditions involving inflammatory responses in 
the eye (chig. 4-4) 


ASKI~ 
MEK&I/ 


FIGURE 4-4 IRE-1c is an ER stress sensor which signals tothe nucleus to activate the unfolded protein stress response (UPR) and maintain, 
cellular physiology. However, tthe cll fall to respond, convergent signals through PERK activate a nuclear transcription factar (CHOP) which 
Intates apoptosis. A similar signa can also be inated via ATFG«.to activate CHOP 


BOX 4-2 ENDOCYTOSIS, EXOCYTOSIS AND EXOSOMES 
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Endocytosis is generaly achieved via Incorporation of 
ligand-receptor complexes in clathrin-coated vesiles. This 
applies to soluble proteins and to small and large particles 
such as viruses, which frequently use constitutive cell 
‘surface receptors to enter cell 

Glathrin-coated vesicles start as smal pits on the cell 
‘surface, When the vesicle Is fully intracellular it loses its 
clathrin coat and becomes an endosome, which fuses with 
primary lysosomes that have a high content of acid 
hydrolases and other proteases. These lead to degradation of 
‘the ingested material, and futher processing depending on 
‘the cell type. Certain cell surace receptors are recycled 0 
‘the cell membrane during this process to engage further 
extracellular ligand (A) Cathrin-coated pits are normally 
restricted to the region ofthe plasma membrane by the 
cortical cytoplasm actin organization. Relaxation of this actin 
assembly by proteins such as latrunculin B allows movement 
of the coated pits 


Exocytosis occurs by @ similar process but in reverse, 
Cytoplasmic granules such as those In exocrine glands or 
in granulocytes ar lipid vesicles containing material for 
extrusion. Secretory vesicles bud from the Golgi apparatus 
and are transported towards the plasma membrane by the 
cytoskeleton, There, they fuse in a lipid microdomain 
assisted by proteins such as SNARE and the SNARE-binding 
proteins ina ‘targeting patch’ (B). Fused secretory vesicle 
membranes act as targets for further secretory granule 
fusion in cells such as mast cells. In addition, vesicles 
termed exosomes may be ‘pinched’ off cll such as 
‘macrophages and immune dendritic cells in the same way as 
platelets are pinched off megakaryocytes. Exosomes convey 
material information) from one cal fo another and the 
nature ofthe information varies from cel to cell 


© Ubiquitin 


© cutin cont 


© Propane 


@®D ysosome 


Binding protein 


i Secretion 
Cage 


166 4 Biochemistry and cell biology 


BOX 4-3 SCHEMATIC REPRESENTATION OF HOW MITOGENS ACTIVATE CELLS 


Ligand binding tothe tyrosine kinase reoeptor(PTKR) 
activates the small GTPases, Ras, through a complex of 
signalling molecules (Grb2/S0S). Activated Ras on 
endosomes from the plasma membrane induces signaling in 
this organelle as well asin the Golgl apparatus (indirectly via 
phospholipase CgCa and another protein known as GRPI) 
‘hile inhibition ofthe small Ras occurs in the endoplasmic 
reliculum via ‘an inhibitor protein ERII (see figure. In this 


example of a signalling network, interstin and kinase 
‘suppressor of Ras serve as scaffold proteins while p14 acts 
as an adaptor protein in Ras-independent activation of the 
kinase, MEK-1 (mitogen-actvated protein (extracellular 
signal-regulated (ER kinase) kinase), by the endosome, The 
integration of organelles and signaling networks with 
‘ytosolic proteins is thus central to proper functioning of the 
‘alin response to an external stimulus such as a mitogen 


between the two compartments and also between the 
cytosol and the outer compartment. Their transport 
systemsinclude antiport, aspartate/glutamate, ornithine/ 
citrulline, maleate/citrate, symport, pyruvate/H", and 
urea and porphyrin synthesis. Mitochondria are the 
powerhouses of the cell and have several essential 
metabolic functions as they contain all the elements 
for the respiratory assembly, for the citric acid cycle 
and for fatty acid metabolism. Their main functions 
therefore are to act as the site of energy-rich 
adenosine triphosphate (ATP)/guanosine triphosphate 


(GTP) formation, to function as. calcium store mainly 
in the form of calcium phosphate, to engage in the 
uptake of energy-rich substances, and to facilitate the 
oxidative breakdown of ATP. Mitochondria and the 
ER form an integrated system known as the 
ER-mitochondria organizing network (ERMIONE), 
enabling the transport of lipids and calcium between 
the compartments. 

Mitochondria are powerhouses of nutrient han- 
dling and energy storage, essential for cell growth and. 
proliferation. Uncontrolled, this can lead to tumours, 
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FIGURE 4-6 Mitochondrial membrane organization, Mitochondria ae composed ofan extensive Intrzorganelle membrane structure to maximize 


‘thelr numerous functions in metab 


‘ell death, autophagy and energy control Membrane organization is regulated by protsin complexes 


such as MINOS, wich occurs onthe inner mitochondrial membrane, mosty at cristae junctions. MINOS is composed of several proteins and 
interacts with others suchas the inner membrane morphology proteins OPAT, TOM and SAM. 


and so a balance between homeostatic metabolism and 
cell death is essential. Mitochondria are therefore reg- 
ulators of cell death through several routes (Box 4-4). 

The central inducer of cell death is mitochondrial 
cytochrome c, which is released into the cytoplasm 
and complexes with Apal-1 and caspase 9 (the apopto- 
some) and ultimately leads to caspase 3 and 7 as the 
final executioners, More recently, mitochondria have 
been recognized as sensors and regulators of cytosolic 
Ga Ievels, through Ca** transporters which have 
central physiological roles in signalling, proliferation, 
metabolism and ultimately cell survival. 

‘There are many ‘death receptors’ (receptors which 
initiate the cell programme leading to death of the 


cell, ie, apoptosis), including FasL, TNFR and 
granzyme B, as well as environmental conditions 
which promote cell death, such as hypoxia, genotoxic 
damage, cytokine or nutrient deprivation (linked to 
the tricarboxylic acid cycle and cytochrome c) (Fig 
4-7), excess steroid exposure, UV exposure and toxic 
drug exposure, and the balance between life and 
death is maintained by pro- and anti-apoptotic Bel-2 
proteins (see Ch. 7). 

Mitochondria have their own complement of DNA 
(but no histones, and thus are not susceptible to epi- 
genetic changes; see Fig. 4-1) as well as ribosomal RNA/ 
transfer RNA, and generate a series of mitochondrion 
specific proteins associated with mutations and a 


BOX 4-4 MITOCHONDRIA AND APOPTOSIS: THE SIGNALLING PATHWAYS 


‘Cytochrome ¢ (red spots in Figure 4-7) in mitochondria 
controls many apoptosis pathways involving caspases, 
‘ranzymes and perforin molecules as well as several 


pro- and ant-apoptotic genes such as Bax, Bo2, BH3, Bid 
and Bim. Many ofthese, plus numerous other proteins, 
form a complex known as the apoptosome 
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FIGURE 4-7 Cal metabolism and cell death (apoptosis) ar intricately linked through the tricarboxyic acd cycle. Cross-tak betwen the signal~ 
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number of discrete syndromes, some with ophthalmo- 
logical consequences (see Ch, 3, p. 156). Since mito- 
chondria originate only from ova, transmission of 
these genetic defects is purely maternal 


The nucleus 


The nucleus is contained within a perforated sac, 
formed by pores (nuclear pore complexes). These 
allow transport of proteins and other signalling mol- 
ecules passage between the transcriptional machinery 
and the appropriate instructions from outside. Both 
import and export of materials are receptor-mediiated 
in an ‘address-label'like system based on small 
GTPases (see Box 4-3), 

‘The main nuclear component is chromatin, a 
complex structure of highly extended DNA, RNA 
and protein in the interphase (non-dividing) cell, 
which becomes greatly condensed (by 400-fold) to 
form chromosomes during cell division, Packing of 
chromatin is achieved by interaction between nega- 
tively charged DNA and certain basic proteins (his- 
tones) which carry a positive charge at the pH of 
the cell; euchromatin is less packed than heterachro- 
matin, the proportion of which varies from nucleus 
to nucleus and may be characteristic of certain cell 
types, eg, the ‘clock-face’ heterochromatin of plasma 
cells detectable in histological sections. Genome sta- 
bility is dependent on minimizing DNA damage, 
which might occur for instance during cytokinesis 
and chromatin condensation, and chromatin regula 
tors exist to ensure stability. Most of these are histone- 
modifying enzymes such as acetyl and methyl 
transferases and deacetylases. Much of gene modifica 
tion is mediated via reversible nucleotide methylation, 
and acetylation 

The nuclear membrane also contains receptors for 
ligands, which may be synthesized in the cytoplasm 
or may have been endocytosed through plasma mem- 
brane receptors, Typical nuclear membrane receptors 
include steroids, growth factors such as fibroblast 
growth factor and novel groups of proteins known 
as the peroxisome proliferator-activated receptors 
(PPARs), which are involved in many cell processes 
such as lipid and glucose homeostasis, wound healing, 
and inflammation generally. PPARs are unique recep- 
tors that allow integration of signals mediated by 
lipophilic ligands with plasma membrane-derived 
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signals, Nuclear membrane receptors may be organized 
{or induction or suppression of genes in a coordinated 
fashion (Fig, 4-8). In addition, a major function of the 
nucleus is to manage the packaging of mRNA into 
ribonucleoprotein particles called mRNPs. These are 
associated with very lange numbers of proteins involved 
in the transcription of mRNA in the nucleus to transla- 
tion and degradation of mRNA in the cytoplasm (Fig, 
4-9). 

The nucleolus is essentially composed of RNA and 
fibrillar material, and is the site of ribosomal RNA 
synthesis and intense transcriptional activity. In addi- 
tion, it may contain non-coding regions of RNA 
involved in the stress response. The nucleolus devel- 
ops during the late stages of mitosis in association with. 
specific regions on the chromosomes, known as the 
nucleolar organizer centre, 


‘The intracellular matrix 


The cytoplasm is a highly viscous aqueous medium 
that has deformability (elasticity). Physically, it exists 
at different times as a gel or as a sol. The cortical 
cytoplasm (ectoplasm) is more akin to a gel structure, 
while the endoplasm is usually more fluid. Thus the 
cortical cytoplasm restricts movement of organelles 
such as coated vesicles (see Box 4-2). The gel-like 
properties of the cytoplasm are the result of the 
binding of ‘structured’ water molecules and Ca** ions 
to polymeric filaments; in fact, water, as the main 
constituent of cells, has a significant role even within 
the molecular interstices of cell membrane receptors 
where in its ‘ordered’ state it contributes to the tertiary 
structure of the molecule as shown by thodopsin mol- 
ecules in the photoreceptor disks (Fig. +10). 

Three main types of intracellular filaments are 
described, microfilaments, such as actin; intermediate 
filaments; and group 3 cytoskeletal fibres, such as 
tubulin and myosin (see Box 4-5), More recently, a 
fourth type has been recognized as a cytoskeletal 
element, although this family of molecules was discov- 
ered over 40 years ago, namely septins 


Microfilaments, Microfilaments (5-7 nm), such as 
actin, tropomyosin and troponin, are universal con- 
stituents of cells and are involved in almost every 
cellular activity, including cell motility, contractility, 
endo- and exocytosis (see Box 4-2) and maintaining 


BOX 4-5 DIAGRAM OF CELLULAR STRUCTURES INDICATING THE VARIOUS CYTOPLASMIC CONTENTS 
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FIGURE 4-10 Ribbon diagram of the rhodopsin molecule as it flows in the photoreceptor disk membrane. Vitamin A bound to rhodopsin is, 
‘shown in bu in (A). In (B), water molecules represented as green spires, interact intimately with the binding of vitamin A to shodopsin and 
‘are bound and released in concert with vitamin Aas itis bound and released from the rhodopsin scaffold. tis believed thatthe water molecules 
‘modity, if ot determine, how vitamin A interacts with rhodopsin. (From Ort ts, 20:0) 


structural integrity, where they insert into cell adhe- 
® sion junctional complexes (see eB0x 4-2) 

Actin bundles are brought to a highly developed 
level in muscle cells, Actin occurs in several forms 
within the cell, depending on its associated protein, 
eg. asa fine lattice meshwork or as a sheaf of fibres 
(tress fibres). Stress fibres are often the most promi- 
nent cytoskeletal features in a cell: they not only gen- 
erate force but they respond to mechanical tension by 
reinforcement and in some respects are similar to sar- 
comeres of muscle cells, 

The cellular distribution and, particularly the degree 
of polymerization of microfilaments are determined 


by the nature of proteins that bind to them, ie, the 
‘microfilament-associated proteins (Table 4-1). Mono- 
meric soluble actin (G-actin) is converted to gel-phase 
polymerized fibrils (F-actin) by association with 
certain proteins, In smooth muscle cells and fibro- 
blasts, filamin assists polymerization; in contrast, in 
lymphocytes, profilin and thymosin maintain G-actin 
in the depolymerized state, presumably to facilitate 
flesibility in cell shape during rapid migration within 
tissues, The specificity of these actin-binding proteins 
is remarkable; examples incluce the ankyrin-spectrin— 
actin combination, which determines the red cell 
biconcave shape, and the spectrin-peripherin-actin 
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Figure 5 
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eBox 


Filaments and junctions 


Intercellular connections or junctions are structures that 
‘make cells into tissues and tissues into organs, There are 
several types, each of which is composed of junetion- 
speeifc proteins 

Tight junctions — have no detectable ‘space’ between the 
cell membranes, They are also known as zonulae occlu 
dens; they form a barner to paracellular diffusion of all 
‘molecules, including water and ions, They are also involved 
in regulation of epithelial cell proliferation and differentia- 
tion. They occur at such sites as the blood-aqueous barrier 
‘of the ciliary body and the blood-retinal barrier at the apex 


of the RPE cell. They consist of a system of ridges and 
grooves, as seen by freeze-fracture studies. There are four 
major classes of tight junction proteins: 

* transmembrane proteins ~ occludin, claudin 

+ adaptors - 20-1, cingulin, MUPP1 

+ transcriptional and post-transenptional regulators 

=AP-1 

+ signalling proteins ~ aPKC, CDK4. 

Claudins have unique abilities to selectively permit 
twansport of charged ions and vary from ussue to 
tissue (A) 


ATi n B junction (desmosome) C Gap junction 
ight junction pe een ‘Aherens jun os : Gap i 
(2 fusion) of jesmocolin 
ot membrane (requires Ca") 


esmasomes — form specialized ‘adherens’ junctions of 
20 nm width between cells. Two types are deseribed: spot 
desmosomes (at single site) and belt desmosomes (as a ring 
round the apex of the cell). The latter are also known as 
zonulae adherens, Their probable role is mechanical adhe- 
ston: cytoplasmic filaments insert into spot (cytokeratin) 
and belt (actin) forms (B). Several proteins are involved in 
different regions of the desmosome, including desmocol- 
lin, desmoglein and desmoplakin, forming a subfamily of 
cadherins. The cadherins bind wo B-catenin and then to 
actin-based cytoskeletal proteins such as vinculin and 
‘-actinin, ZO-1 and actin itself, The function of tight junc 
tions (above) is dependent on the integrity of the adherens 
junctions. Hemidesmosomes have a similar plaque formed 
in this case by bullous pemphigoid antigen (BPAG1). 


Intel space 


Gap junctions ~ 50 called because there is a 2 nm. gap 
at this adhesion site between cells. Gap junctions occur in 
the basal regions of eputelial and other cells. They are a 
highly organized structure composed of ‘connexons 
plasma membrane domains containing eonnexins, which 
have a role mm permitting the passage of larger ions such as 
Ca, and other signalling molecules, so permitting a coor 
dinated response by a group of cells, asin ocular or candine 
muscle (C) 

Synapse — a specialized form of junction between 
nerves, or between nerves and muscles, and characterized 
by synaptic vesicles in the axon terminal and pre-and post- 
synaptic thickening ofthe plasma membrane (see Ch. 5) 


Function Protein Coll/structure 
elation Filamin ‘Smooth muscle! 
fibroblasts 
Bundling actin Muscle 
Fimbrin ——-Microvil 
Talin All calls 
Severing Golsolin Macrophages 
Vitis Microvit 
fractinin Skeletal muscle 
Depolymerizing Profilin Lymphocytes 
Thymosin All calls 
Actobinin All calls 
Membrane-binding —Vineulin. Adhesion sites 
Spectrin Red cals, 
photoreceptors 
Receptor transport Capping —_Leucacytes 
proteins 
JJunetional complex Radixin —_Liver calls 


combination between rod outer segment disks and 
plasma membrane. Actin polymerization and depo- 
lymerization is a highly regulated process requiring 
addition of actin monomers to one end of the micro- 
filament and removal at the opposite end, each of 
which has separate K,. and Ky constants. This process 
is under the control of actin-depolymerization 
factor (cofilins) which alter these rate constants as 
necessary, leading to changes in the twist of the mol- 
ecule and promoting severance of the actin filament. 
Regulation of coordinated changes to the actin 
cytoskeleton is under the control of intracellular 
enzymes, particularly the Rho family of GTPases (this 
includes enzymes such as Rho, Rac and Cde42, the 
last of which is a cell cycle-related protein). Certain 
kinases, known as the p-21 activated kinases (PAKS), 
are involved in regulating some of the diverse changes, 
induced by Rac and Calc#2, PAKs may determine such. 
cellular responses as polarity in epithelial cells and. 
motility in fibroblasts. For example, coordinated func- 
tional regulation of the interaction between dynamin, 
cortactin, actin-binding protein 1, neuronal Wiskott— 
Aldrich syndrome protein 1 (N-Wasp-L), profilin and 
actin occurs during the pseudopodial extension and. 
vesicle formation of migrating fibroblasts (Fig, 4-11). 
Central to this process is the ARP 2/3 complex which 


4 Biochemistry and cell biology 178 


> oven EE mp1 EE corn 


AQ wise Be M023 YY san 


FIGURE 411 Dynamin-medisted tubuation and vasiculation of 
secretory and endocytic compartments. Model showing dyoamin- 
‘mediated tubulationesiculatin of a membrane as it might occur at 
the plasma membrane. Oynamin, its binding protein and associated 
proteins ae ikely to function together during vesicle formation. The 
‘molecular ‘pinchase’ activity of dynamin, together with the enhanced 
actin lament nucleation atthe membrane interface, results in the 
tubulation and severing of the membranous vesicle necks (see txt 
for details) Large black arows indicate the generation of froe and 
the movement of nascent vesicles. (om Orth and MeNiven, 2003, with 
permissian from Elsevier) 


is required for actin nucleation. For instance the Arp 
2/3 complex is also involved in a relatively recently 
described family of actin-binding proteins, the coron- 
ins, which are involved in leucocyte migration. 

Several isoforms and at least three families of actin 
exist (GB, 7) and some of these are located in specific 
parts of the cell, e.g. B-actin in the cell cortex, 


Intermediate filaments. Intermediate filaments (10~ 
12 nm) are coiled a-helices which act as stretchable 
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components of the cytoskeleton scaffold. They occur 
in cell-, issue- and differentiation-specific distribution 
in both cytoplasmic and nuclear compartments of the 
cell, and are classified into five groups depending on. 
domain and sequence homology. Theit major function 
isto protect cells from mechanical and non-mechanical 
damage (Fig, 4-12), and gene mutations account for 
around 30 diferent diseases in man, mostly related to 
skin, muscle and nerve dysfunction, In general, inter- 
mediate filaments are important for the correct posi- 
tioning and function of cell organelles such as 
mitochondria and ER, 

There are five classes of cytoplasmic intermediate 
filaments, ofien used to characterize cells in tissue 
culture of tumours, and one class of nuclear interme- 
diate filaments: 

+ heratins ~ found in epithelial cells; over 50 indi- 
vidual members grouped into two types, | and 
UL, exist as heterodimers 
vimentin — found in mesenchymal cells 
+ desmin ~ interconnects myofibrils of muscle cells, 
at site of Z disk and M line, thus maintaining 
their register 
lial fibrillary acidic protein (glia) 
neurofilaments ~ e.g. $100 protein in neuroecta- 
derm; connect with microtubules via small 
projections 

+ lamins ~ line the inner surface of the nuclear 

envelope as a fibrous lattice (karyoskeleton); 

‘more than five types. 
One function of intermediate filaments is to ensure 
normal cytoplasmic positioning and function of differ 
ent organelles, Lamins undergo considerable molecu- 
lar disruption during mitosis and may communicate 
with cytoplasmic intermediate filaments, but how this 
occurs is not clear, Others, such as keratins, provide 
mechanical strength to junctional structures such as 


@ desmosomes (see eBox 4-2) 


Cellular junctions are highly specialized: desmo- 
somes and hemiclesmosomes (junctions’ between the 
cell and basement membrane in epithelia) have some 
ultrastructural similarity, but at the molecular level 
there are clear differences between the constituent 
proteins, Desmosomes are formed by a series of pro- 
teins spanning the cell membrane and the intercellular 
space (dlesmoglobin, desmoplakin), while hemidesmo- 
somes contain other proteins such as the cB, integrin 


receptor, which binds to laminin in the basement 
membrane, plus other proteins stich as the bullous 
pemphigoid and the pemphigus antigens. 

They may also have a function in the positioning 
of the nucleus in the cell in a cage-like bundle of 
fibrils. Intermediate filaments maintain cell homeosta- 
sis by dealing with stress in its various guises (Fig. 
4-13), and the cell responds in a number of ways such. 
as generating ‘inclusion bodies’, producing new and 
regenerating intermediate flements, or by reanganiz~ 
ing the filaments into variously sized bundles 

Interactions between intermediate filaments and 
microfilaments are mediated by plectin, a >500 kDa 
dumb-bell-shaped protein that can self-associate and. 
in addition can bind at both ends of the hemidesmo- 
somal protein a, integrin and probably to other 
junctional proteins, 


Group 3 cytoskeletal fibres. A third group of 
cytoskeletal fibrillar elements also exists but the fibres, 
are less easy to categorize. Several thick filaments 
occur as part of the cytoskeleton, such as myosin 
(myosin comprises 25% of cytoplasmic protein in stri- 
ated muscle) and microtubules, Microtubules are 
cylindrical structures about 24 nm wide, comprising, 
13 globular elements composed of the heterodimer 
(GB) tubulin, Stable microtubules occur in flagellae 
and cilia, while labile microtubules are found in struc- 
tures such as the muscle spindle. Microtubules are 
involved in movement and cell motility, including, 
intracellular transport as in axoplasmic flow, They are 
often required to switch very rapidly from an extend- 
ing to a shrinking fibril, as in processes such as cell 
division where a multiprotein structure termed the 
kinetochore engineers chromosome segregation by 
facilitating chromosome attachment to spindle micro- 
tubules, Rapid growth to shrinkage in the microtubule 
is achieved through GTP to GDP hydrolysis, mediated 
through the Rho family of small GTPases, this is 
known as ‘catastrophe’, while the reverse change is 
termed ‘rescue’ (Fig, 4-14). 

These changes occur in any microtubule-related 
function, inchiding cell movement, and drugs such as 
colchicine (used in Behget’s disease) and taxol (pro- 
posed as prophylaxis for proliferative vitreoretinopa- 
thy) disrupt microtubule organization and inhibit cell 
motility and cytokinesis, 


4 Biochemistry and cell biology 175 


Hale shaft and nail 
*Keratin Ha 1-8 (I) 
‘eran Hb 1-6 (0) 


[Nervous system 

‘ neuroflaments LM, 
HN) 

+ cinerexn (WY) 

‘ nestin(V) 

* peipher (i) 

+ GAP (ll) 


‘keratin 1,256) 
sheratin 910, 14-17, — 
180) 


Actus 
‘anna. 
‘tonne dey 


FIGURE 4-12 Distribution of intermediate flament (IF) proteins inthe human body. IF proteins include five majr types (|-V) anda separate 
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Group 3 fibres are thus a class of superfine fila- 
ments which combine to form an intracellular mesh- 
work in which proteins do not exist in solution as 
previously surmised, but are attached to and trans- 
ported along the filaments with other structures such. 
as ‘free’ ribosomes and small vesicles (polysomes) 
This arrangement has special relevance to highly 
organized cells such as lens fibres. Transport of mol- 
ecules along microtubules involves two families of 
molecular motors, kinesins and dynein 

Sertain discrete cellular structures are composed of 
microtubules, such as the centriole (the microtubular 
organizing centre, a cylindrical structure comprising 
nine groups of triplet microtubules) and the mitotic 
spindle. Cilia are remarkably constant structures in 
eukaryotic cells, composed of nine peripheral and two 
central bundles of three fused microtubules. Move- 
ment occurs by sliding of the outer arm of dynein 
along the core of tubulin 


Septins. Septins are a family of proteins expressed in 
all cell types which are integrators of functions of 
other microfilaments such as the ATPase role of actin 
and the dynamic functions of microtubules. There are 
13 septins in humans, mutations of which are known 
to cause specific diseases. Septins are important in 
cells with high migratory functions, such as lym- 
phocytes, In addition, septin 8, which lies on chromo- 
some 5q31, is associated with retinal degeneration. 
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Their main function in the cell appears to be support- 
ive, e.g. asa scaffold for protein recruitment and as an 
intracellular compartment organizer, and they are 
called septins for this reason. For example, several 
septins in one cell combine to form a hexameric fila- 
ment of around 25 nm long which acts as an intracel- 
Iular ‘septa’ (barrier to diffusion) (Fig, 4-15), 

In conclusion, therefore, there are extensive inter- 
connections between the four filamentous systems 
orchestrating many fundamental types of cell behav- 
iour, In addition, the cytoplasm also contains several 
storage products such as glycogen granules, lipid 
droplets and melanin in melanosames, often inside 
endosomes, which, as indicated above, are transported. 
around the cell by MT-associated proteins and made 
to function by active fibre contraction as in actin- 
mediated exocytosis (see Box 4-2), With age, some 
cells, such as the RPE cell, accumulate unwanted 
intracellular bodies such as lipofuscin granules, 


Intracellular signalling mechanisms 


As stated above, cells respond to external stimuli by 
means of cell surface receptors, which convert the 
external stimulus to a series of intracellular signals 
(second messengers) directed towards specific cellular 
functions such as protein transcription for growth 
control o ion-channel gating in neural responses (see 
Ch. 5, pp. 288-295). 

Second messenger systems are based on a network 
of reactions involving an agonist, a receptor and an 
interacting set of coupled proteins. Cyclic adenosine 
monophosphate (cAMP) is the archetypal second mes- 
senger, and the result of such a response is the phos- 
phorylation of a regulatory intracellular protein via a 
kinase, as for instance serine-threonine kinase or tyro- 
sine protein kinases, which demonstrate great sub- 
strate specificity. In contrast the phosphatases, such as 
protein phosphatase-1 (PPI), which usually bring the 
kkinase reaction to a close, are much more widespread. 
in their range of activity and, consequently have many 
fewer genes expressed, 

During the last 30 years, a family of ligand recep- 
tors known as WNTs has been shown to have wide- 
spread roles in embryonic development, cancer and 
wound healing, These molecules define the interaction 
between matrix and cells via intra- and inter-cell sig 
nalling and are essential for developmental processes 
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FIGURE 4-15 There ate 13 human septins classified into four groups (SEPTS 2.3. 6 and 7). Thay have three conserved domains: a 
phosphoinestide-binding region; a GTP-binding region; and the septin unique element (SUE). (Fam Masowy and Cassar, 2012) 


such as patterning, The name WNT derives from the 
discovery that the intl (integration gene) and the (Wg) 
Wingless gene in Drosophila were identical and there 
are now known to be several Wnt genes with multiple 
effects on extracellular matrix proteins. 
Additional content available at hitps//expertcon 
@ suleinkling.comy, 


‘THE EXTRACELLULAR MATRIX: 


Cells exist within a structural framework, the extracel- 
Iular matrix (Box 4-6), which is secreted by the cells 
such as the myofibroblast during wound healing and 
consists of several classes of macromolecules, the most 
abundant of which is collagen (accounting for 30% of 
total protein in the organism) (Fig. 4-16 and Video 
#1). 

Genetic and protein sequence analysis of extracel- 
lular proteins has shown that, despite the great variety 
of matrix molecules, extensive sequence homology 
exists between them with recurring structural motifs 
(Box 4-6), For instance, the ‘epidermal growth factor’ 


motif appears to be present in several apparently dif 
ferent extracellular matrix proteins. 


Extracellular matrix proteins determine the structural 
nature of the tissue 


Tissues are defined by their extracellular matrix con- 
stituents. For instance, the comea contains type I col 
lagen filaments, which do not form fibrils of diameter 
greater than 5 nm; this is important in corneal trans: 
parency. The vitreous contains an isoform of type IX 
collagen, which is different in certain characteristics 
from cartilage type IX collagen, 

Collagen fibres are composed of a triple helix of 
three polypeptide chains, of which there are 46 differ 
ent types and which assemble into 29 distinct collagen 
molecules (Table 4-2) 

At least 22 of these have been detected in the devel 
oping and adult eye, The eye and cartilaginous tissues 
share six types of collagen not found very frequently 
in other tissues; indeed, the collagen triple helix (Fig, 
4-17 and Box 4-6) has been found as a domain of 


WNT signalling pathways are central to many develop- 
‘mental and cell biological functions (eFig, 4-5), meluding, 
planar cell polarity (PCP) mediated by Wnt /Prizzled inter- 
actions; -catenin-dependent signalling which is exten- 
sively involved in cell-cell interaction and cell adhesion 
and includes interaction of Wat with the low-density 
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lipoprotein receptor (LRP)S6; and Wat-calcium (Wnt 
Ca") signalling which is imponant caleineunn (NFAT 
signalling and is involved in eel fate and cell migration 
This latter pathway is activated in dendritic cells but 
not macrophages and induces. apoptosis in DC. (see 
Ch.7, p. 373-380) 


HEEB EL HH | | 


{FIGURE 4-§ in signaling involves the co-eceptor rized to promote actin polymerization and cel polarity (lara el polarity, PCP), the 
low-density lipoprotein receptor (LAP) 56 to mediate f-atein signaling fo the nucleus, and Whi-Ca signaling, which activates the 
calcneurin-NFAT pathway determining cel fate, For Nis, 2012) 


BOX 4-6 EXTRACELLULAR MATRIX PROTEINS 
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Extracellular matrix proteins appear to be made up of 
bulldng blocks (‘structural motifs’, which are protein 
domains with extensive homology to existing protein 
structures. For instance, thee flronectin domains are 
reproduced in many other proteins; the epidermal grovth 
facto-ike domain also appears in modular form in proteins 
such as plasminogen; and the argnine-ycine-aspartate 
(RGD) cell adhesion site is present in many molecules (A) 
Fibronectin is dimer containing discrete domains for the 
attachment of other molecules (A). The modular structure of 
fibronectin shows that it consists of 12 type | modules 
(rectangles), two type I! modules (violet ovals) and 15-17 


‘Type longitudinal 
stations 


Type 1X, short form glyoosamino- 
ycan binding type Xt type 


ye ne 


type Il modules (ovals) The alternatively spliced domains 
NB, INA and the V region are shown in yellow. Binding 
domains fr fitrin, colagen, cells and heparin are indicated; 
dimer forms via cysteine pait atthe C-terminus (SS). 

Laminin is a cross-shaped trimer in which the B1, 82 and 
A chains form a triple helix in the stem of the cross. Laminin 
also as Several discrete domains for attachment of various 
‘molecules. In addition, it contains a cryptic cell adhesion- 
binding site, which becomes exposed after partial proteolysis 
(B), Fibra collagen is organized in tissues by association 
with smaller non-firlar collagens, e.g type {with type XII 
collagen, and typeI! with type IX colagen (C). 


Bt 


Integrn-mediatod 
cobbinding ste 


Binding site fr heparan sulphate 
proteoglycan 


(Par reproduced trom Mao and Sehwerzhaver 200, wth permission from Elsevier; Parts B and C courtesy of Yamada and Miyamoto, 1996.) 
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FIGURE 4-16 The myofirablast matrix. Schematic of some of the ECM molecules relevant to tissue fibrosis. The myofirablast (centre, 


with red stress fibres containing a-smooth muscle actin) lies enmeshed i 


in its ECM (green). Components ofthe ECM are depicted (clockwise, 


from the 12 o'clock position): elastins, fibrilins and LTBPs, proteoglycans, tenascins, matrcellar proteins, cllagens and fibronectins. The 


rmyofibroblast encounters, signals, and modulate the expression ofthese various components as outlined inte text (Flom 


al, 2013) 


E 4-2 Some collagen types 
Fibrillar Anchoring —_—FACIT"* ‘Transmembrane ‘Beaded filament Network-forming _‘Multiptexin 
VimV vil 1%, Xil il Vi, XXVI TV, Vil, X XV, XV 
XI, XXIV XW, XVI XVIL xxv Xxvil 
XxvIl KOK XK XXII 

XXI XK XXV 


“-FAGIT, Fibri-assaciated collagen with interupted tiple helices: 


many proteins and it has been suggested that all such. 
proteins should be included in the collagen family. 
Collagen types are determined by the combination of 
the three types of chain forming the at helix core. For 
instance, type I collagen triple helix is made up of two 
unique ct; chains and a unique oh chain, coded as 


ou (D]2 cu (); type I collagen is composed of three 
identical unique ot chains, [ou(ID};. Each collagen 
therefore has a set of unique chains that make up the 
triple helix: 

In certain collagens, particularly the non-fibrillar 
collagens such as types IV and IX, the protein is, 


Patent Application Publication Dec. 13, 2007 Sheet 6 of 12 US 2007/0285325 A1 


Figure 6 
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FIGURE 4-17 Overview ofthe collagen triple helix. (A) Fist high-resolution crystal structure ofa collagen tile helix, formed from (Pro- 
Hyply)4-(ProlypAla}-(ProHypGi}5 [Protein Data Bank (PDB) entry 1caq (19), (B) View down the axis ofa (ProProGly10 triple li [POB 
entry 1K (7)] withthe three strands depicted in space-fling,bal-and-stick, and ribbon representation, (C)Bal-and-stick image ofa segment 
of colagen tile helix [PDB entry tcag (19), highlighting the ladder of intrstrand hydrogen bonds. (B) Stagger of the thre strands inthe 
segment in pane C From Shouts and Fines, 2008) 
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composed of short segments of triple helix (COLI, -2, 
-3, etc.) interspersed with sections of non-collagenous 
(NCI, NC2, etc.) protein. These are also sometimes 
referred to as FACIT collagens (fibril-associated col- 
lagens with interrupted triple helices) (Table 4-2). 
These proteins usually act as bridges or networks for 
binding other proteins and forming complex protein 
aggregates such as basement membranes, Collagens in 
essence are the structural components that hold organs 
and tissues together and the mechanism by which they 
form is interesting: the three polypeptide chains form 
a monomer by self-assembly from a small nucleus in 
a zipper-like fashion, much in the way that crystalliza- 
tion occurs, and the formation of fibrils from mono- 
mersisalso entropy driven. Indeed the semi-crystalline 
packing of collagen fibres, achieved through lysine 
hydroxylysine cross-links, confers tensile strength to 
tissues 

A subcategory of collagenous proteins is included 
as components of transmembrane proteins, including, 
types XII, XVI, XXII and XXV (Table 4-2), and. 
remain following cleavage of the soluble fragment of 
the cytokine or adhesion molecule by enzymes known 
as sheddases. They exist as homotrimers of a collagen- 
specific d-chain. Some transmembrane collagen-like 
molecules occur as specific receptors such as the mac- 
rophage scavenger receptors. Sheddases are of several 
types and include the ADAMTs (proteinases of the 
adisintegrin and metalloproteinase family), which are 
involved for instance in the shedding of molecules 
such as soluble tumour necrosis factor-c-converting 
enzyme (TACE) from leucocytes (see Ch. 7). This 
general process is important in establishing the solu- 
ble regulatory constituents of particular extracellular 
matrices, 

The transmembrane collagen XVII (originally 
described as bullous pemphigoid antigen 180, BP180) 
is important in cellular adhesion because it binds ct, 
integrin and laminin 5 extracellularly and By, integrin, 
plectin and BP230 intracellularly. Degradation prod- 
ucts of collagens, such as the non-fibrillar collagens 
XVIII and XY, which yield the anti-angiogenic prod- 
licts endostatin and restin after cleavage, have major 
roles in regulating cell function through inhibition of 
matrix metalloproteinases. 

The eye contains a wide variety of different colla- 
gens. For instance, the cornea contains types 1, V and. 
Vi in the stroma, while types IV and VIL are present 


in the subepithelial layer. In addition, type XVI trans- 
membrane linker collagen has been found in the basal 
epithelial cell matrix. The iris contains collagen types 
1, Ill and 1Y, while the zonule contains type IV. The 
Jens contains only type IV, while the vitreous contains 
collagens II, IX and XI, complexed to the extracellular 
matrix protein fibrillin, This complex has an impor- 
tant role in vitreous matrix organization, 

Certain types of collagen are unique to ocular tisstie 
in that their structure has been modified. Examples 
include type VIII in Desgemet’s membrane, types Il 
and IX in vitreous (hoth similar but not identical to 
cartilage collagens) and type III in the distensible 
tissue of the choroid. Several of the newer collagens 
contain domains similar to type IX, and it has been 
suggested that these may represent a subfamily of type 
IX collagens (Table 4-2). The more recently described. 
types XY, XVIII and XIX are located in basement mem- 
branes and may have a role in the formation of blood 
vessels 

Collagen does not simply fill the space between 
cells but engages four types of specific receptors an. 
cells: integrins, discoidin domain receptors (DDRs 
Land 2, a subfamily of receptor tyrosine kinases 
involved in signalling to the cell), glycoprotein VI 
(GPV1) receptor (on platelets) and leucocyte-associated, 
immunoglobulin-like receptor-1 (LAIR-1), DDRs and 
integrins are exquisitely specific in the collagen domain 
to which they bind and their main function is to 
maintain tissue stability during intra-tissue cell migra- 
tion, while GPVI and LAIR-1 are involved in haemo- 
stasis after tissue injury. 

Elastin is the second major insoluble protein of the 
extracellular matrix. While collagen occurs in all 
tissues, elastin is present only in deformable tissues 
such as blood vessel walls, lung parenchyma and the 
zomule of the lens. Unlike collagen, elastin does not 
contain any methionine residues and is therefore sepa- 
rable from collagen alter digestion with cyanogen 
bromide. Elastin ts formed from soluble tropoelastin 
monomers, secreted from fibroblasts and smooth 
muscle cells, which initially self-associate through 
hydrophobic domains na process termed co-acervation 
in vitro which in vivo corresponds to coalescence 
into spherical globules of 1-6 wm size. This process 
of self association aligns lysine residues to form cross- 
links, via allysine intermediates, desmosine and iso- 
desmosine, a process which is facilitated by the elastin 
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FIGURE 4-18 Elastin ‘droplets’ are deposited on fibrin microfibrils and cross-linked to the fibrilin molecule via lysyl oxidase in association 


vith tbutin molecules. (Fam Muiziks and Kesey 2012) 


co-acervated droplets depositing onto fibrillin micro- 
fibrils together with fibulin (see below) (Fig. 4-18). 
The final fibre is 90% elastin and 10% fbrillin and. 
cross-links are mediated via a set of lysyl oxidase 
enzymes, mutations in which have been associated 
with the pseudo-exfoliation syndrome, the common- 
est cause of secondary glaucoma and a risk factor for 
successful cataract surgery due to the role of elastin 
in formation of the zonule. Elastin has little order to 
its tertiary structure; instead, it forms a random coil, 
which tends to become more ordered during 
deformation, 

As for collagen, elastin degradation products have 
a role in regulating cell behaviour in the matrix and 
under certain circumstances may be pathogenic, e.g 
in promoting tumour invasion and angiogenesis. Even. 
smaller molecules derived from a range of matrix pro- 
teins (matrikines) have regulatory activity for connec- 
tive tissue cells; for instance, the tripeptide GHK, 
which has stimulatory activity for several cell types 
and promotes collagen biosynthesis and wound 
healing overall. 

Fibnillins are a family of proteins serving as com- 
ponents of extracellular elastin microfibrils that are 
responsible for the biomechanical properties of tissues. 
Cysteine-rich glycoproteins, composed of multiple 
repeats of a Ca'"-binding epidermal growth factor-like 
domain, are secreted in a proform and polymerize 
extracellularly: They are present in vitreous (see above) 
and are an important component of the zonule. Fibril- 
lins have a structural role in long-range elasticity of 
tissues and are a component of elastic fibres (see 
above). They also have a role in the fine-tuning of 
growth factor signals such as those involving trans- 
forming growth factor8 (TGF-B) and particularly 
latent TGF-B-binding proteins (LTBP) involved in 


morphogenesis. Mutations in FNI cause a dominant 
form of Marfan syndrome. 

Tenascins are extracellular matrix proteins best 
described as adhesion modulating, matricellular pro- 
teins which do not form major fibrillary structures 
such as collagen or elastin, They are module-built 
proteins comprising EGF-like repeats, fibronectin- 
type III repeats and fibrinogen domains (Fig, 4-19). 
Several forms are described (tenascin-C, -X, -W, etc.) 
and phenotypes in knockout mice ate broadly normal 
although there may be some subtle defects in wound 
healing, Tenascin-Y appears to be restricted to nenral 
tissue, while mutations in tenascin-X have been linked 
to Ehlers-Danlos syndrome, in conjunction with 
known defects in pro-collagen and elastin biosynthe- 
sis, Tenascins are widely distribmted and appear to 
have an anti-adhesive role, particularly antagonizing 
the effects of fibronectin. Interestingly, fibronectin is, 
found in the anterior lens capsule, while tenascin is 
found in the posterior capsule, 

Laminins are an integral part of basement mem- 
branes and have a characteristic hetero trimeric cross- 
shaped structure composed of an ot chain, a fb and a 
chain constructed to shape and an ot coiled rod (see 
Box 4.6 and eFig. 4-6), ® 

There are 16 isoforms variously made up for one ot 
(oL1-a5), 38 (B1-B3) and 3y (yl=Y3) chains that are 
specific for different cell types (e.g, kalinin in epithe- 
lial cells) and are named accorcling to their chain com- 
ponents, For instance laminin-332 (ie, o3, 3 and 92 
chains) is specific for epithelial cells and binds to the 
8, and o,f, integrins, 

‘Additional content available at hitps//expertcon 
sult inkling com’. ® 

The infrastructure of the basement membranes is 
composed of type IV collagen in a highly organized 
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FIGURE 4-19 Schematic diagrams of the domain organization of representative members of the protein families discussed in this chapter. Not 


to scale (From Mosher and Adams, 2012) 


lattice network to which the complex of laminin~ 
nidogen is also bound. The proteoglycan then acts as 
a space-filling molecule in the basement membrane 
(Fig. 4-20). Cells are bound to the basement mem- 
brane via anchoring fibrils containing type VII colla- 
gen and transmembrane proteins stich as types XI and. 
‘XVIII collagen. 

Most laminins are produced by the cells adhering, 
to the basement membrane in which they are found; 
interestingly, the laminins of the internal limiting 
membrane (ILM) of the retina are synthesized by 
ciliary body and lens cells, ILM laminin and fibronec- 
tin are substrates for ocriplasmin, a therapeutic enzyme 
with potential for use in vitreoretinal disease. 


Non-structural proteins 
Many other proteins are distributed throughout the 
extracellular matrix, which, although not having a 
direct structural role, have important functions in 
cell-matrix and cell-cell interactions, Many of these 
proteins are engaged in self-organization with other 
ECM proteins (see p. 178) to form fibrillar networks. 


Probably the best known of these is fibronectin, a 
250 kDa heterodimer that has multiple cell and mol- 
ecule binding domains (see Box 4-5). 

Additional content available at hitps//expertcon 
sultinkling com). 

Forinstance, one of the type III fibronectin domains 
contains the ubiquitous cell adhesion domain Arg- 
Gly-Asp-Ser (RGDS in single-letter amino acid nomen- 
clature), found in many other proteins. Such domains 
bind to other proteins which traverse the cell mem- 
brane, anchoring the cell to the matrix, including the 
integrins, Multiple forms of fibronectin occur by alter 
nate splicing. Two major forms exist: plasma fibronec- 
tin, secreted by hepatocytes, and cellular fibronectin, 
secreted by fibroblasts and forming the ECM fibrillar 
network, Fibronectin may be involved in reverse 
integrin-mediated cell signalling and, through the 
actin-binding protein profilin, may regulate stress fibre 
formation in endothelial cellsand fibroblasts, Fibronec- 
tin also has high-affinity binding sites for fibrin(ogen), 
thus promoting incorporation of fibrin into the extra- 
cellular matrix during wound healing. Fibrin binds 
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Fibronectin, This protein probably initiates the process by 
binding integrin receptors on the cell surface and entrain- 
ing the mechanical forces of the cell through transmem- 
brane connections with the dynamic acting cytoskeleton. 
Matrix assembly 1s critically dependent on interactions 
between matrix proteins and the cells which produce them, 
Such proteins self-organize (see p. 158) through specific 


domains on cell surface protein receptors such as af 
integrin which connect to the intracellular cytoskeleton 
proteins such as actin via linking proteins such as talin and 
vinculin. Cell contractility then fashions the shape, contour 
and architecture of the mattis. Once in place, fibronectin 
then contributes to the assembly of other matrix proteins 
through its many molecule-specific domains (eFig. 4-7) 


synergy ACD 


Dimer 
pst 


{eFIGURE 4-7 The fibronectin molecule: Each subunit comprises three types of repeat involved in Fn assembly (including te cel-binding RGD 
domain, the cllagen-binding domains, and glycosaminoglycan-binding domains (heparin and syndecan). (Fo Sina =t al, 2010.) 


‘Type x! 
callgen 
(tansmembrane 
proteins) 


Laminin 


niacin 


SP 
(eg. syndecan) 


Fibroblast 


Type! 


collagen 


4 Biochemisty and cel biology 185 


Focal adhesion 
sie (contains transmembrane 


proteins (eg ta + vincuin) 
FIGURE 4-20 ‘Structure of basement membrane, 


growth factors such as fibroblast growth factor 2 and 
vascular endothelial cell growth factor, providing 
sources for angiogenic stimulation. 

‘Thrombospondins (Fig, 4-19) are a group of extra- 
cellular matrix proteins that were first identified as 
platelet release proteins but that are now known ta be 
secreted by endothelial cells and other cell types. 
Together with SPARC (secreted protein, acidic and 
rich in cysteine), tenascins and CCN proteins they are 
considered to be adhesion-modulating proteins, Five 
forms of thrombospondin exist, two of which appear 
to be alternately spliced forms of the parent molecule 
Like extracellular matrix proteins, thrombospondins 
are composed of building blocks, each with specific 
cellular and molecular adhesive properties, Throm- 
bospondins are involved in the regulation of ang- 
iogenesis, for instance in preventing angiogenesis 
associated with ocular inflammatory disease (see Ch. 
9). In this regard, they form complexes with a ubiq- 
uitous plasma protein, histidine-rich glycoprotein 
(HRG), which has many regulatory functions in 
wound healing, cell migration and immune cell func- 
tion, In addition, thrombospondins are better regarded 
as matricellular proteins that regulate a variety of 
processes, inclucing cell adhesion and collagen fibrill- 
ogenesis. SPARC (Fig, 4-19) is a component of 


basement membranes but appears to be essential only 
for normal lens physiology since SPARC-deficient 
mice develop age-related cataract and lens rupture at 
6 months of age but have no ather phenotype. Less is 
known about CCN (lor CYR61/CTGF/NOV) proteins 
(Fig, 4-19), apart from von Willibrand factor, which 
is involved in haemostasis, 

Several other proteins are present in the extracel- 
lular matrix, such as proteases (e.g, plasminogen) and. 
their inhibitors (plasminogen activator inhibitor 1 
(PAL-L), ch-macroglobulin, etc.) PAI-I is present at 
high concentrations around various cells in the quies- 
cent state and is considered important in the regula 
tion of cell migration by controling the level of 
cell-associated plasminogen activator required to initi- 
ate the degradation of basement membrane proteins, 
Other important proteins include the matrix: metal- 
loproteinases (MMPs) and their inhibitors (TIMP-1 to 
-3). Some of these proteins are secreted by the cells 
themselves, while others are synthesized predomi- 
nantly in the liver and reach the extracellular matrix 
via the plasma. 

Some proteins have their action at a distance from 
the cell, such as fibrillin, a 350 kDa microfibrillar 
protein that is involved in the assembly of elastin 
fibrils (Fig. 4-18). Fibrillin is found in the tertiary 
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vitreous and the zonule (see previotts section). Muta- 
tions in fibrillin are found in Marfan syndrome, a 
disease of elastic tissue in which dislocation of the lens 
is a central feature 


Glycosaminoglycans occur in the extracellular matrix 
hound to core proteins as proteoglycans 


Glycosaminoglycans (GAGs) occur in a variety of 
forms, essentially based on a repeating disaccharide 
structure (Box +7) 

The prototype proteoglycan was described in 
relation to cartilage, in which a series of proteogly- 
cans are linked to a hyaluronic acid backbone (Fig. 
4-21). This, however, is not relevant to ocular pro- 
teoglycans; for instance, hyaluronic acid in the vit- 
eons is not associated with other GAG-containing, 
proteoglycans but is linked to collagen type IX, 
which in this situation is regarded as a proteoglycan. 


“eee 
2 steer — cor prin 
pperccrnonel rMettting 


Resnnvie 
pagal 


cht 


FIGURE 4-21 Artist's impression of hyaluronic acid molecule. (Aer 
Aosenber, 1975.) 


Some tissue proteoglycans 


In addition, keratan sulphate proteoglycan occurs 
in the cornea in the absence of hyaluronan, where 
it appears to regulate collagen fibril diameter (see 
below). In other tissues, hyaluronan has both struc- 
tural and cell-regulatory activities. For instance, two 
receptors of the LINK protein family, LYVE-1 and 
stabilin-1, are important in specific functions of 
lymphoid cells and endothelial cells, respectively: 
The main cell surface receptor for hyaluronan is 
CD44 and after internalization hyaluronan may even. 
have some intracellular functions 

The number of proteoglycans that have been 
described in relation to other cellular functions has 
increased greatly (Table 4-3), Proteoglycans (PGs) are 
thus now described in three families of proteins: trans- 
membrane, hyaluronan-binding and collagen fibril- 
regulating proteoglycans, Transmembrane PGs have 
a direct role in specific intercellular interactions, 
hyaluronan-binding PGs function as links for space- 
filling effects (e.g. in the vitreous cavity), while colla- 
gen fibril-regulating PGs have specific roles, e.g. 
force-generating in tendons, light transmission in the 
comea, mechanical support in bone and deformability 
in heart muscle, In the comea, four PGs (decorin, 
lumican, keratocan and mimecan) are the major 
keratan sulphate moieties that, together with collagens 
type VI and XIL, are essential for maintaining corneal 
transparency: 


Extracellular matrix molecules ai 
in cell adhesion 


intimately involved 


Some proteoglycans such as the syndecans participate 
constitutively in cellular adhesion and its associated 
cell signalling, acting as co-receptors with other recep- 
tors such as integrins in the receptor cluster, and thus 


Proteoglycan GAG Function 

Aggrecan cS, KS ‘Structural support 
Versican cs Cell migration, support 
Decorin csms Fiorilogenesis 
Fibromodulin KS Fionilogenesis 

1, (0X) collagen cs Collagen binging 
Syndecan cs, HS Epithetia, fibroblasts Morphogenesis 
Basement membrana HS Basement membrane ‘Support 

epas cs Lymphocytes, epithelia, retina Coll-call interactions 


BOX 4-7 STRUCTURE OF GLYCOSAMINOGLYCANS 
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Glyoosaminoglycans are long chains of repeating 
disaccharides based on a comman structure: (A) heparan 
sulphate; (B) chondroitin 4.6-suiphate. Chondroitin 6- and 
46-sulphates have additional sulphate groups atthe 
appropriate C atoms (*); dermatan sulphate has the Glo& 


hick 


{olycosamino-) residue replaced invariable lengths ofthe 
chain by IdoA (uronic acid). Heparan has many more 
sulphate groups and a higher content of Ido than heparin 
Keratan sulphate has galactose instead of glucose, and 
hyaluronie acd has no sulphate groups. 
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Variations in the common structure of disaccharide units of glycosaminoplycans (GAGs) underpin the diferent GAGs. Dermatan 
sulphate contains iduronic acid, while chondroltin sulphate contains glucuronic acid. C4ST, CS-40-sulphotransterase; CBST, CS-60- 
sulphotransferase; CS/DS2ST, CS/DS-20-sulphotransterase; Gal, galactose; GalNAc, N-acely/-galacosamine; GleA, glucuronic acid; 
BicNAc, N-acetyl-glucosamine; GleNAcSST, N-acety|-lucosamine-60-sulphotransterase; HS2ST, HS-20-sulphotranstrase; HS3ST, HS- 
30-sulphotransferase; HSBST, HS-60-sulphotranserase; Id0A, iduronic acid; KSGaI6ST, KS-galactose-60-sulfotransterase, NOST: 
Nedeacetylase-N-sulfotransterase (Adapted from Bulow and Hobe 2006.) 
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FIGURE 4-22 The transmembrane proteoglycans. The four syidecans are usually substituted with heparan sulphate chains (dark blue), while 
syndecans-1 and ~3 have addtional chondroitin sulphate chains (pink). The melanoma chondroitin sulphate proteoglycan/NG2 (green) has one 
chondratin sulphate chain. The other proteaglyans alsa have other functions and are considered ‘part time’ proteaglycans, (Fram Couchenan, 


2010) 


connect through to the cell cytoskeleton (Fig. 4-22). 
Other proteoglycans interact variably with gly- 
cosaminoglycans such as CD44 and neuropilin, both. 
of which are involved in leucocyte-matrix interactions 
and may be dependent on the state of leucocyte 
activation. 

Gell adhesion is fundamental to many biological 
Processes, such as morphogenesis, development, 
immune reactions to foreign proteins and many other 
processes, Cells adhere both to the matrix and to other 
cells, and usually do so via specific receptors in the 
cell ‘membrane, ie, integrins. Integrins are het- 
erolimeric proteins (they have at and fb chains, some 
of which are common to more than one integrin type), 
and are described in terms of their chain composition, 
eg. obB, and oj, integrins (Table 4-4; see also 
Ch. 9 and the role of integrin receptors in leucocyte 
adhesion). Each cell type adheres preferentially to par 
ticular extracellular matrix proteins, depending on the 
type of integrin receptor it happens to express (see 
Table 4-4). In addition, cells may express different 
integrins at different times, depending on their state 


TABLE 4-4 Integrin binding to extracellular 


matrix proteins 


* Integrins ay, auf, OB OB, Bx, Os Bind to 
laminin 

* Integrins auf, afr, GBs. fs a bind to fibronectin 

* Only integrin asf, binds to both laminin and fibronectin 


of activation, as, for instance, with the (myo)fibroblast 
during wound healing (see below). Differential adhe- 
sion by cells is shown clearly in the lens where anterior 
epithelial cells use the auB, integrin to bind fibronec- 
tin, while the equatorial and posterior fibre cells 
express the ck; integrin. 

Binding of the cell to the matrix via integrin recep- 
tors not only has a structural role but also is involved. 
in transmembrane signalling, which may be two-way, 
i.e. the matrix may modify the behaviour of the cell 
and the cell may transmit information to other cells, 
via the matrix (inside-out signalling) 

Additional content available at hitps//expertcon 
sultinkling.comy, 


‘This isan exquisitely sensitive system and is tunable, Le. 
the integrins can vary their affinity for adhesion to matrix 
proteins, as directed by cellular inside-out signalling 
processes, The molecular subtlety 1s so exquisite that 
integrins embedded im discoid membrane structures 
(nanodises) are bent and become extended when they 
bind Ligand. Integrins are kept in a loosely bound state 
by ‘clasps’ on either side to the membrane. The orienta- 
tion (ult) of the integrin molecule precisely determines 
the inferaction with ligand such as fibrinoger/fibrin, 
Intracellular talin mediates inside-out signalling, which 
is regulated by kindlins under the control of the small 
signalling molecule Rapl (eFig. 4-8). 
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FIGURE 4-8 (A) Nanodises with lipid molecules are shown (coloured) and membrane scaffolding proteins (grey) are shown in solid surface 
view. The nanodises range trom 10 to 13 nmin diameter. (B) Reconstituted integrin nanodise containing an integrin molecule (ribbon diagram, 
subunit in blue and subunit in re). (C) The head of a tain domain (green), integrin nanodisc (red and blue), and an Integrin ligand (in 
this case, fibrinogen, yellow). (D) A negatively stained electron microscopy image of the reconstituted inside-out integrin activation system 
using fibrin as a ligand. (Fm Kim, al, 2013) 
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Epithelial and endothelial cells bind via 
transmembrane complexes to each other and to the 
basement membrane 


Epithelial and endothelial cells rest ona highly organized 
basement membrane (see above). Binding of epithelial- 
type cells occurs predominantly via adherens-type 
jumetions and desmosomes/hemidesmosomes, in 
which several distinct proteins have been identified 
(Table 4-5). Some of these proteins are members of 
what is known as the cadherin family of proteins (cell 
adhesion proteins), group of transmembrane proteins 

® that regulate intercellular adhesion (see eBox 4-2) 

‘These proteins are not only important in the 
mechanical support of intercellular interactions but 
also play a role in inter- and intracellular signalling 
Gap junctions in particular facilitate and indeed may 
permit amplification of signalling events which are 
important in coordinated cell behaviour, as for instance 
in an epithelial cell sheet. 


‘Mesenchymal cells bind to the matrix 
via focal adhesion sites 


Mesenchymal cells, such as fibroblasts, keratocytes, 
chondrocytes and stromal cells generally bind to the 
extracellular matrix via specific focal adhesion sites 
that contain transmembrane cytoskeletal proteins 
Actin stress fibres bind via clactinin and talin to the 
cytoplasmic side of the integrin receptor and to vin- 
culin, while the extracellular component of the integrin 
receptor binds to extracellular matrix proteins such as 

® collagen and fibronectin (see Fig. +-20 and eFig. 4-8). 
Direct reverse signalling takes place through these 
sites using the signalling protein, focal adhesion 
kinase, one of the protein tyrosine kinases. Also 
involved isa further intracellular protein termed VASP 


4 Biochemistry and cell biology 188 


(vasodilator-stimulated phosphoprotein) which inte- 
grates profilin-actin binding with talin, vinculin, 
F-actin and the integrin signalling complex. Together 
with known ion channel-dependent mechanosensors, 
focal adhesion proteins such as talin act as mechano- 
sensors responding by induced unfolding of their ter- 
tiary structures, Similarly, cofilin acts to sever actin 
filaments in a negative-<dependent fashion based on 
tension in the actin filament at focal adhesion sites 
Certain other mesenchymal cells, sch as muscle, have 
specific proteins in their focal adhesion sites such as 
dystrophin and paxillin, not only at the site of attach- 
ment of the extracellular matrix but also at the neu- 
romuscular junction, A mutation in the dystrophin 
gene has been identified in patients with muscular 
dystrophy. An integrin-linked kinase appears to be 
central to regulation of outside-in and inside-out sig- 
nalling in adherent cells 


Biochemical pathways that 
affect ocular function 


The eye, particularly the outer retina, is highly meta- 
bolically active and requires large amounts of ATP, the 
universal energy storage molecule, for this purpose. 
Cells cash in on this energy bank by hydrolysing ATP 
and coupling this event to cell-specific enzymic reac- 
tions that are otherwise energetically unfavourable. 
ATPis generated by oxidative metabolism, particularly 
of ghacose but also of other molecules such as fats and. 
proteins, 

Hydrolysis of ATP is not without risk to the cel: 
fee electrons ate produced (H"), which are normally 
mopped up by nicotinamide adenine dinucleotide 
(NAD), Indeed, NADH is the main electron carrier in 
the oxidation of glucose and other molecules, while 
NADPH (see below) is used to reduce certain mole- 
caules such as free fatty acids to permit them to enter 
the metaholic pathways, 

Oxidative consumption of glucose requires coen- 
zyme A, which is a carrier of acyl groups. Other coen- 
zymes are also required for active metabolism, many 
of which are derived from vitamins. 


GLUCOSE METABOLISM AND TISSUE GLYCATION 


Glycolysis is the conversion of glucose to pyruvate in 
the absence of oxygen, and is accompanied by a net 
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FIGURE 4-23 Summary of glucose pathways. 


gain of two molecules of ATP In the presence of 
oxygen, pyruvate enters the citric acid cycle with the 
production of 24 molecules of ATP. NAD* is regener 
ated in the mitochondrial electron transport chain. 
Glucose and other fuel molecules entering the citric 
acid cycle may thus be consumed to provide energy 
for synthesis of the building materials for other mol- 
ecules such as amino acids 

Not all the fuel molecules are utilized immediately, 
but instead they are diverted to produce molecules that 
act as sources of power rather than energy: This is 
achieved via the pentose phosphate pathway, in which 
NADPH and ribose are produced, the former for use 
in reductive processes and the latter in the biosynthesis, 
of nucleotides for RNA and DNA. These different path- 
ways are briefly summarized in Figure 4-23. 

The pentose phosphate pathway also permits 
glucose formation from unrelated precursors (ghuco- 
neogenesis) but does not occur in the brain owing to 
lack of ghucose-6-phosphatase; this probably also 
applies to the retina. However, the pentose phosphate 
pathway is active in the cornea and lens (see below) 

Finally, glucose may be stored in the liver and 
muscle as glycogen, whence it can be retrieved for 
energy purposes by glycogenolysis, The Maller cells 
in the retina also contain stores of glycogen, which 
may be essential to maintain retinal function (see 
hs 1 and 5). 

Energy metabolism is controlled globally by mutri- 
ent intake, use and storage and is regulated by a 


range of signalling pathways targeting food excess 
such as insulin, insulin-like growth factor-I and mam- 
malian target of rapamycin (mTOR); food restriction 
is likewise controlled by a set of pathways inchud- 
ing the ATP-consuming anabolic pathways and ATP- 
generating catabolic pathways, which are under strict 
regulatory control by a ‘master-switch’ enzyme system, 
adenosine monaphosphate-activated protein kinase 
(AMPK), which controls the overall whole body energy 
metabolism and is involved in loss of neuroprotection 
in the brain, and possibly the retina, in ischaemic 
states, In addition, sirtuins, a family of seven histone 
deacetylase proteins in mammals, serve as sensors of 
energy (ATP) levels and also have wider transcrip- 
tional and other regulatory roles such as protection 
from toxicity of reactive oxygen species via upregula- 
tion of AMPK 


Glucose enters cells by facilitated diffusion 
Glucose transporters (GLUTs 1-14) are members of 
the SLC2 (solute cartier 2) gene family and are mem- 
brane proteins which permit the facilitated diffusion 
of hexoses and polyols, including myoinositol, glu- 
cosamine and ascorbate, into and out of cells down 
their concentration gradient. Different cells and tissues 
have different GLUTs, which is relevant to how each 
tissue handles glucose (eFigs 4-9 and 4-10). ® 

Additional content available at hitps//expertcon 
sultinkling com, 

Thus skeletal muscle utilizes GLUT 4, which is 
dependent for its function in the plasma membrane 
on insulin; in contrast, brain and retina, which are 
considered to be insulin-independent tissues, express 
GLUTs I and 3. The liver and adipose tissue also have 
GLUTs 2 and 7, with several of the other transporters, 
GLUTs 1, 3 and 4, particularly GLUT 1, can be upreg- 
ulated in response to hypoxia via the gene hypoxia- 
inducible factor-1, which also induces other genes 
such as vascular endothelial cell growth factor, which 
is important in retinal vessel permeability and new 
vessel growth. GLUT + in muscle is critical for whale 
body glucose homeostasis, GLUT 7 is involved in ghu- 
coneogenesis and glycogenolysis in the liver, where it 
is located in the endoplasmic reticulum in association 
with glucose-6-phosphatase, the essential enzyme for 
these reactions, 
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“The ghicose transporters have a closely defined mecha- 
nus for shifting glucose molecules across the cell ment- 
‘brane (eFig 4-9) and are specific to tssues and eels (Fig. 
4-10). Glucose is transported across the membrane in 
aqueous phase propelled by hydrophobie interactions 
bpewween glucose molecules and residues on the amino 
acids in the transporter protein which maintain phase 
separation ofthe molecules, while other amino acids are 
dedicated to promoting binding and thus cariage of the 


molecule across the glucose gradients that exist. About 
‘one-third of the glucose is transported through the gut via 
Glu2 and Glut 5 (for fructose) and is carried via red blood. 
cells due to their very high concentration of GLUTI. In 
the resting state most ofthe glucose is utilized by the brain 
and nervous tissues while during exercise muscle uses 
most of the circulating glucose, Adipose issue regulates 
glucose unlization via production of hormones termed 
adipokines, 


FIGURE 4-8 Model ofthe exoplasmic substrate-binding ste of GLUT1. The glucase molecule inthe centre ofthe diagram is not drawn to 
scala. The helices surrounding amino acids in the glucose transporter are shown in simplistic fashion for clay. Amino acid residues that, 
are in contact wit solvent inthe aqueous cavity are numbered and identited by the single-eter code. Dotted lines epresent putative hydrogen 


bonds. (Fram Muscle and Thorens, 2013) 
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FIGURE 4-24 Aldoce reductase pathway. 
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Glucose metabolism is tightly regulated by insulin, 
IGF-1 and glucagon release from the pancreatic B 
cells, In diabetes mellitus, in which there is impaired 
secretion or utilization of insulin, hyperglycaemia 
leads to excessive uptake of glucose inta cells, despite 
negative feedback on the expression of GLUTs on the 
cell surface, This has the effect of overloading the 
metabolic pathways with activation of akernative 
routes for glucose handling such as the aldose reduct- 
ase pathway (Fig. 4-24) 

In certain tissues, such as the lens, the effect of 
increased sorbitol may be to cause damage by osmotic 
dysregulation because sorbitol cannot be transported 
out of the cell easily, In this case, even high glucose 
can have direct osmotic damaging effects on the cell 
owing to raised intracellular [Ca], perhaps as a result 
of cell shrinkage with consequent activation of the 
stretch receptors, Alternatively, the excessive utiliza 
tion of NADPH in this pathway might have deleterious 
effects on the levels of myoinositol, which is required 
for intracellular signalling, or on the increased genera- 
tion of reactive oxygen species directly via activation 
of the phosphoinositol pathway. 

It has therefore been suggested that activation of 
the aldose reductase pathway is not the direct cause 
of cellular damage but is merely a coincidental pertur- 
hation in the cell; instead, excessive production of free 
radicals may be important during oxidation of the 
high concentrations of glucose. Interestingly, aldose 
reductase has been implicated in inflammatory proc- 
esses by promoting lipid peroxidation and free radical 
generation (see below). Whatever the mechanism, 
aldose reductase is likely to be involved in the patho- 
physiology of the lens at least, because inhibitors of 
this enzyme prevent the development of cataracts, 
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Chronic hyperglycaemia has also been shown to 
alter cellular metabolism via modulating insulin post- 
receptor intracellular signalling, involving the cascade 
insulin receptor substrate 1” (IRS-1)/phosphatidyl- 
inositol 3-kinase (PISKVAKt, as the result of produc 
tion of high levels of hexosamine in the cell. This may 
be one mechanism of induction of insulin resistance 
in diabetes mellitus, A more general mechanism for 
the effects of high ambient glucose concentration on 
cell behaviour has been the induction of the cytokine 
TGF-B with its widespread effects on cell function, 
particularly increased proteoglycan synthesis and con- 
sequent basement membrane thickening, Patients 
with type II diabetes are known to have increased 
serum levels of TGF-B. 


Excessive levels of glucose lead to 
alycation of proteins 

Addition of sugar moieties to proteins can occur by 
enzymatic conjugation (termed glycosylation) or non- 
enzymatic conjugation (termed glycation). Glycation 
of proteins is classically considered to occur in the 
presence of high concentrations of glucose in two 
phases: an early reversible phase during which the 
protein forms a Schiff base and Amadori products, 
followed by a later irreversible phase in which 
advanced glycation end products (AGEs) appear (Fig 
4-25). However, AGEs can be produced in the early 
phase because free glucose degraclesto c-oxoaldehydes, 
which are potent glycating agents, AGEs can thus be 
formed at any stage in the process of glycation, includ- 
ing through binding of Schiff bases and fructosamine. 
In addition, dt-oxoaldehydes such as glyoxal, methyl 
glyoxal and 3-deoxyghucosone are produced as glyco- 
lytic intermediates and also during lipid peroxidation 
(see below), and lead directly to AGE formation (Fig 
4-25). 

Glycation of proteins occurs at lysine, arginine and, 
gysteine amino acids, thus affecting proteins such as 
collagen (pentosidine cross-links) and haemoglobin 
and occurs as part of ageing and pathologically in 
diabetes mellitus; in addition, important extracellular 
matrix proteins, such as PAI-I (see above) may be 
alycated, leading to defective control af cell behaviour, 
incliding cell migeation and activation. Glycation of 
cell membrane proteins such as Ca°* channels in peri- 
cytes may impair their function, thus rendering them 
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FIGURE 4-25 Process of non-enzymatic alycation. (A) Biochemical pathway via Schitf base and Amadori products leading to glucase-derived 
‘ross-lnks and ultimately advanced glycation end products (AGEs). (B) Diagrammatic representation of molecular interactions involved in 
AGE-mediated collagen cross-links. (Courtesy ofA Crain and he publishers of Scinttc Americar) 


less responsive to endothelin--induced contractility: 
The two processes of non-enzymatic glycation and 
suto-oxidation of proteins are also directly interrelated. 
and may be important in glucose-derived oxidative 
stress, This last effect is a direct inducer of apoptosis, 
and mediates neuronal and endothelial cell death in 
diabetic neuropathy and yasculopathy, through 
binding of AGEs to a specific receptor, RAGE. 

A number of enzymes are known to repair proteins 
in the early stages of glycation, including fructosamine- 
3-kinase and glyoxalase and the term ‘carbonyl stress 
is used to describe imbalance in glycation versus 
deglycation. 

Interestingly, the free radical scavenger vitamin By, 
may inhibit AGE production via the inhibition of oxi- 
dative degradation of Amadori intermediates and the 
trapping of reactive oxygen products (see below), 


Glucose and lipid metabolism 


Glucose and lipid metabolism are also intimately 
linked via the metabolite acetyl coenzyme A. In the 
presence of excess glucose, production of fatty acids 
and cholesterol through acetyl coenzyme Ais increased. 
with consequent increases in phospholipids (see 
below) and circulating levels of very low-density lipo- 
proteins, While this has well-known implications for 
the development of atherosclerosis, more recently this 
form of metabolic dysfunction has been suggested to 
underlie pathologies such as age-related macular 
degeneration, not simply through the production of 
abnormal lipid deposits in areas where their removal 
is difficult, such as the subretinal space, but also by a 
concomitant increase in lipid-hased free radicals (see 
below). 


OXIDATION/REDUCTION AND FREE 
RADICAL PRODUCTION 


Onidative metabolism and the generation of ATP 
storage energy molecules are conducted via the cyto- 
chrome enzyme system, However, during the process 
of oxygen consumption, a small amount of oxygen 
(5%) is metabolized by alternative pathways, Univa- 
lent reduction of oxygen produces highly reactive free 
radicals, namely the superoxide anion and the hydroxyl 
radical, and the toxic molecule hydrogen peroxide 
(Fig. 4-26). 
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FIGURE 4-26 Free radical production: (1) superoxide anion; (2) 
hydrogen peroxide; (8) hydront radical, 
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The superoxide anion is generated in mitochondria 
in the ubiquinone cytochrome b system and in other 
membranes by auto-oxidation via the cytochrome 
Pyolinked reductases (also part of the drug- 
metabolizing system), which are rich in the vitamin 
flavoprotein. Superoxide is then converted by super- 
oxide dismutase to hydrogen peroxide (H,0,), which 
diffuses into the cytosol. Superoxide is also generated 
in the cytosol itself via recycling of redox enzymes 
such as xanthine oxidase; conversion to HO; in the 
cytosol is rapid. Nanthine, in particular, accumulates 
in certain tissues during ischaemia, and subsequent 
reperfusion leads to massive release of free radicals, 
producing extensive tissue damage. This can be pre- 
vented by free radical scavengers. 

Free radicals can be generated by other mecha- 
nisms, Reduction of Fe™ to Fe’, by reducing agents 
such as ascorbate, catalyses the conversion of Hi0; to 
OH’, and auto-oxidation of other compounds such as 
thiols and catecholamines produces free radicals, The 
Fe ion has particular relevance to the problem of 
retained intraocular metallic foreign bodies, Tissue 
damage during inflammation is in a large part attribut- 
able to the production of free radicals by phagocytic 
cells during the respiratory burst (see Ch. 7). These 
interactions are illustrated in Box 4-8 

Free radicals are detoxified by a variety of 
matic and non-enzymatic mechanisms (Table 4-6). In 
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BOX 4-8 GENERATION OF FREE RADICALS FROM HYDROGEN PEROXIDE 


The oxidation of hydrogen peroxide (HO) leads to 
lutathione consumption via the pentose phosphate pathway 
and requires a supply of glucose to maintain homeostasis. 
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addition, a critical redox regulatory system involving, 
glutathione and the enzyme glutathione S-transferase 
is central to cellular homeostasis (Fig, 4-27). Superox- 
ide dismutases require divalent ions such as Mn", 
Cu and/or Zn'* for normal activity: some of these 
have been demonstrated in ocular tissues. Further 
reduction of HO) is either by enzymatic or non- 
enzymatic means, and may involve several mecha- 
nisms directed towards removal of reactive oxygen 
species (see Box 4-8), 

The mechanism of cell damage varies with each 
molecular species. Chelated metal ions are important 
in non-enzymatic degradation of H,O,, producing the 
highly reactive OH" radical, which is particularly dam- 
aging to cell membranes, HO; causes damage by 
hibiting glycolysis and glucose uptake and 1s the 
most stable of the reactive oxygen species as well as 
being generated by several intracellular processes (see 

Oeis tt and 411) J 
Additional content available at hitps://expertcon 
@ suk.inkling com, 

Oxidative stress is considered one of the major 
mechanisms underlying DNA damage and has been 
correlated with changes in telomere length associated 


with ageing, Cells respond to DNA damage using a 
protein termed protein kinase ataxia telangiectasia 
mutated (ATM) which mediates DNA repair, ell cycle 
arrest and apoptosis. Oxidative stress can directly acti- 
vate dimeric ATM (usually the monomer is the active 
agent), which seems to act as a cellular sensor for 
potential oxidative damage 


LIPIDS AND LIPID PEROXIDATION 


Lipids are the structural basis on which cell mem- 
branes are built and are generally composed of a 
hydrophobic tail of two fatty acid chains bound to a 
hydrophilic (polar) head (Box 4-9). Fatty acids, thus, 
have at least three roles: 
+ as integral components of phospholipids and 
glycolipids 
+ as functional molecules, 
second messengers 
+ as energy stores in the form of triacylglycerol 
In addition to phospholipids and glycolipids, choles- 
terol is the third major lipid component of eukaryotic 
cell membranes; cholesterol is predominantly hydro- 
phobic but has a hydrophilic group on carbon 3 


eg. hormones and 
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{FIGURE 4-10 Role of GLUT proteins in the maintenance of glucase homeostasis. The various GLUT proteins expressed by diferent tissues 
are shown, (Muecket and Thorens, 2073) 
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FIGURE 4-27 Outline ofthe interrelations connecting the various roles played by GSH in cellular homeostasis: antitoxi (bive), antioxidant 
{oreen), pro-oxdant (red), modulator (yellow). -GCS, ~-lutamyl-cysteine synthetase; DHARs, dehydroascorbate reductases; GBPD, glucose 
-pliosphate dehydrogenase; GPxs, glutathione peroxidases; GR, glutathione reductase; GRX, glutaredoxin; GS, glutathione synthetase: GSNO, 
S-nitrosoglutathione; GSTs, glutathione S-ransferases; Me, metal; PDI, protein disulphide isomerase; SOD, superaxide dismutase; TRX, 


thioredoxin, (Fo Pompala ea, 2003, ith pamision fam Eleva) 


(Fig. 4-28), In an aqueous medium, lipids arrange 
themselves in such a way that the polar (hydrophilic) 
groups face the aqueous phase, whereas the hydro- 
phobic groups face each other (a micelle). However, 
owing to the bulky nature of the two chains of fatty 
acids, membrane lipids do not readily form micelles 
but group together as a lipid bilayer (Fig. 4-28). Phos- 
pholipid bilayers can reach macroscopic dimensions 
and are barriers to the diffusion of aqueous solutes but 
remain quite fluid themselves. Thus, they form an 
ideal material to act as biological membranes. The 
fluidity of lipid membranes is related to the length of 
the fatty acid chains, the number and nature of double 
bonds in the chain and, in eukaryotes, the content of 
cholesterol. Proteins suspended in lipid bilayers, such. 
as rhodopsin, have very rapid lateral mobility within 
the membrane unless they are anchored across the 


membrane to cytoskeletal and/or matrix proteins; in 
contrast the polarity of the protein in the membrane 
is fixed, 

The formation of lipid bilayers is a spontaneous 
event, due to the physical hydrophobic interactions 
between the hydrocarbon tails, assisted by polar inter- 
actions between the aqueous phase and the hydrophilic 
head, and between adjacent polar groups. Further- 
more, lipid bilayers form closed compartments in 
which defects are self-sealing, even after disruption, in 
many membranes, however, proteins, especially recep- 
tors and coreceptors, are distributed in clusters while 
the lipids form lipid rafts which differ in their lipid 
compasition from adjacent regions (see p. 162). 

Fatty acids undergo physiological degradation 
during energy consumption by oxidation and poly- 
unsaturated fatty acids (PUFAs) are particularly 
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BOX 4-9 GENERAL STRUCTURE OF PHOSPHOLIPIDS 


‘The general composition of lipids is @ hydrophobic tal phospholipids in having a sugar molety rather than a 
consisting of fatty acids bound to a hydrophilic head, which _phosphorylehotine linked to the fatty acid chain, 
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FIGURE 4-28 ‘Structure ofthe cholesterol molecule (A) andthe lipid 
bilayer (8). 


susceptible, Similarly, lipids in cell membranes can be 
oxidized. Indeed, peroxidation of lipids is one of the 
main sources of cell damage, and polyunsaturated 
fatty acids are particularly susceptible to this form of 
non-enzymatic damage. 

The lipid peroxides oxidize neighbouring fatty 
acids and set up chain reactions in the membrane. 
Phospholipase A,, by releasing free fatty acids from the 
membrane, is thought to detoxily this reaction. 
However, the arachidonate released is then converted 
to prostaglandins and other eicosanoids (Box 4-10; see 
also Ch. 7, p. 382), Arachidonates may also be modified 
by interaction with free radicals in a non-enzymatic 
reaction. This produces a series of prostanoids, 
prostaglandin-like chemicals termed isoprostanes, In 
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BOX 4-10 OXIDATION OF LIPID MEMBRANES 


Phospholipids, especially those containing arachidonic acid 
(20:4) and dacosohexanoic acid (225), a fatty acid 
abundant in photoreceptor cells, are oxidized to tid tree 
radicals, which are then conjugated to form dienes, These 
are then converted to lipid peroxides. 
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Peroxidation of lipids in cell membranes leads to the 
release of large quantities of arachidonate, which acts as a 
‘substrate for eicosanoid production. 
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fact, isoprostanes are produced in much larger quanti- 
ties than prostaglandins and are detectable in vivo as a 
measure of lipid peroxidation, and thus indirectly 
tissue damage. Isoprostanes occur at low levels in 
normal healthy individuals, thus reflecting a level of 
oxidative injury not completely suppressed by natural 
antioxidants. However, as biomarkers of disease 
hydroxyoctadecadienoic acids (HODEs), hydroxyei- 
cosatetraenoic acids (HETEs), and hydroxycholester- 
ols appear to be sufficiently stable end products of 
lipid peroxidation, as are isoprostanes and neuropros- 
tanes. Isoprostanes have biological and potentially 
pathological effects on cell function, thus directly con- 
tributing to disease 

Release of carbonyl compounds from both carbo- 
hydrates and lipids can lead to protein modification 
by glycation (AGEs, see above) and by lipoxidation 
(ALEs, advanced lipo-oxygenation end products) 
These are seen especially in uraemic patients on dialy- 
sis, Vitamin B, (pyridoxamine) may also inhibit ALE 
production as well as AGE production (see above) 
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Lipid peroxidation can be limited by vitamin E, a 
lipid-soluble free radical scavenger that is present 
within the bilayer (especially photoreceptors) and 
reacts directly with the lipid free radical to produce 
the phenoxy radical, or with ascorbic acid in the 
aqueous phase (see above), 

Lipids also occur extracellularly and are of particu- 
lar importance as lipoprotein carriers in the circula- 
tion, and also as lubricants on surfaces. This is 
particularly important for the ocular surface. 


The ocular surface 


The ocular surface comprises the conjunctival and 
corneal non-keratinized epithelium and is bathed by 
the tear film. However, integrity ofthe surface depends 
on other structures such as the apposition of the eyelid 
margins, the meibomian gland and the lacrimal gland 
secretions. Collectively, this is termed the lacrimal 
functional unit (LFU), Evaporation of the tear film is, 
clinically measurable as the tear film break-up time, 
and tear film integrity is restored by blinking. Blink. 
and break-up time are therefore linked. Tears 
Provide lubrication for lid closure, assist in smoothing, 
ut the irregularities in the ocular surface (which oth- 
enwise may have transient effects on light transmis- 
sion), and also have an antibacterial function. 


‘THE TEAR FILM 


The tear film is protective covering for the comea 
composed of three layers: a surface oily layer, an 
aqueous layer and a deep mucous layer, Previous esti- 
mates of tear film thickness suggested that the aqueous 
layer comprised more than 95% of the tear film, but 
this has been reduced to 60%, with a larger compo- 
nent being provided by the mucous layer based on 
evidence from in vivo studies using the confocal 
corneal microscope. In addition, clinical evaluation of 
the tear film involves an assessment of the tear menis- 
cus height (TMH), The TMH reflects the volume of 
tears that collects at the contact line between the eyelid 
margin and the bulbar conjunctiva and has several 
other names, including the inferior marginal strip and. 
the tear prism or rivus 

The comea presents a hydrophobic non-wettable 
surface, which is made wettable by possessing a layer 
of mucus on its surface. This is overlaid by the aqueous 
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FIGURE 4-29 Diagram of the tear flm-olycacaly interface demon- 
stratng tear components and the apical surtace glycocalyx with ts 
membrane-tethered mucins. (From Govindan snd Gipson, 2010) 


component of the tear film and lastly by a layer of 
lipid, which prevents evaporation of the tears (Fig, 
4-29), Soluble mucus in the aqueous layer and mei- 
bomian lipid combine to ensure stability of the tear 
film by lowering the surface tension and permitting, 
spreading of the tear film on blinking. The break-up 
time is therefore thought to represent the time it takes 
for aqueous to evaporate and meihomian lipid to come 
in contact with the hydrophobic epithelial cell layer. 

The blink reflex removes up to 70% of the surface 
aqueous-mucous layer while the remaining 30-40% 
thick mucous layer in contact with the cornea is not 
wiped away on blinking, Instead, it is thinned by 
blinking and may take 30 minntes to reconstitute 
itself, The mucous layer is in part composed of the 
glycocalyx of the epithelial cells and also by an addi- 
tional layer of tear mucins produced by the conjunc- 
tival goblet cells. Reduced tear film break-up time in 
dry eye disorders of various types therefore reflects a 
disturbance in tear mucin/aqueous protein interaction 
and may be associated with a reduction in goblet cell 
density 


Tear film lipids have unique characteristics 
‘The lipid layer of the tear film is derived from meibo- 
mian gland secretions and is very thin (0.1 jim), It is 
composed of a mixture of polarand neutral lipids (Box 
4-9) with a melting point (35°C) that ensures it is 
always fluid on the ocular surface. The polar lipids are 
in contact with the aqueous phase of the tear film and. 


Lid composition of pulmonary surfactant 
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FIGURE 4-80 Proportion of itterent lipid moities compared between composition of pulmonary surfactant, a iirc surace layer convering 
the lung mucosa, and the mebomian gland secretion, the major contribution to tear fim lipid. Note the diversity of lipids in the tear fim, 


particulary the wax esters. (Fram Panaser and Tighe, 2012) 
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Lipid composition of meibomian gland secretion 


Polar pds 
(phosphoipds). 
Free fatty acids 
Free sterols 
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Composition of the tear film 


Physical properties ‘Solutes (ymol/L) Proteins Enzymes/inhibitors 
98% His ‘Na 120-160 Lysozyme Glycolytic 
6-9 ul volume 1118-195, Lactoterrin ‘Amylase 
pH 7.5 HCO, 20-25, Tear-specific prealbumin (lipocalin) Plasminogen activator 
310-334 mOsm K 20-42 G protein {(c4-macroglobulin) 
Mg 0.7-0.9 (igA, 'oG) (c,-antitrypsin) 
ca0s-1.1 (Cerulopiasmin) 
Glucose 0.5-0.7 (Albumin) 
Retinol (Orosomucoid) 
Urea 


provide structural stability to the tear film, while the 
non-polar lipids are at the air interface and provide 
harrier function and thixotropic properties, The lipids 
include unsaturated and branched-chain fatty acids 
and alcohols, 8-32 carbon chains in length. Tear lipids 
are under study by way of lipidomics and different sets 
of wax esters, oleates and cholesterol esters have been 
identified, Interestingly, in comparison with lung sur- 
factant, there is a more heterogeneous composition 
with prominence of wax esters (Fig, 4-30). 

Tear lipids promote movement of water into the 
aqueous phase during formation of the tear film, 
where they bond to tear ipocalins, The functions of 
the meibomian lipid layer are: 

+ to prevent evaporation of tears 

+ to prevent spillover of tears at the lid margin 


+ to prevent migration of skin lipid onto the ocular 
surface 
+ to provide a clear optical medium, 


Lacrimal gland secretion provides the aqueous 
component of tears 


The lacrimal gland and its accessory glands (see Ch. 1, 
pp. 89)are classic exocrine acinar glands secreting adilute 
aqueous solution containing proteins and small molec 
ular weight components and electrolytes (Table 4-7) 
Although over 1500 proteins have been identified in 
tear fluid by preoteome analysis, the principal proteins 
in tears are immunoglobulin A (Ig), lactoferrin, G 
protein, tear-specific prealbumin (lipocalin) and lys- 
ozyme (Fig. 4-31). Tear-specific prealbumin is a 
member of the lipocalin superfamily and together with. 
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FIGURE 4-31 Comparison of protein concentrations in human tear fluid and plasma to show the remarkable diference between tear fluid and 
plasma. The proteins shown in this figure represent a wide dynamic range (trom mg/mL to pg/mL). (Fom Zhou, 2012) 


a further lipocalin, apolipoprotein D, is secreted by the 
lacrimal gland. The function of tear lipocalin is to 
interact with meibomian gland lipid and induce surface 
lipid spreading. It may also have a role in removing, 
harmful lipophilic molecules. 

Tear secretion by the lactimal gland is under neural 
control; basal tear secretion occurs at a rate of 1.2 wL/ 
min, but massive tear production can be induced by 
a variety of mechanical and psychophysical stimuli 
Recent studies in mice also show that tears contain the 
first discovered soluble male pheromone. Neural 
control is mediated by the autonomic nervous system. 

@ Gee eFig, 4-11) 

Additional content available at hitps//expertcon 

@ sultinkling. com. 

The aqueous component contains several proteins 
with an antibacterial activity (e.g. lactoferrin and 
lysozyme), and the high levels of immunoglobulins 
may have an immunological role (see Ch. 7), Lacto- 
ferrin synergizes with lysozyme in its antibacterial 
action by binding to lipoteichoic acid on the bacte- 
rial surface and allowing access of lysazyme to the 
peptidoglycan, The aqueous component also has 
anti-adhesive and lubricant properties possibly attrib- 
utable to lipocalin, thus ensuring that protein and 
debris generally do not adhere to the corneal surface 


(e.g, during prolonged periods of lid closure while 
sleeping) 


‘The mucous layer stabilizes the aqueous layer by 
providing a hydrophilic contact surface 
‘The mucous layer is composed of the glycocalyx of 
the epithelial cell surface and an additional layer of 
tearspecific mucoproteins (Fig, 4-29). Further tear 
mucins are secreted by the conjunctival goblet cells, 
Mucus imparts viscosity to the tear film and is an 
inchusive term for the entire secretion from the goblet 
cells (i.e. glycoproteins, proteins and lipoproteins) 
Mucins are the glycoprotein components of mucus 
and vary greatly in molecular size (upto 50 x 10° kDa). 
‘The molecular structure of mucin has been likened to 
a bottle-brush, where the hairs of the brush are rep- 
resented by multiple O-glycosylated short oligosac- 
charide chains on an elongated protein ‘handle 
containing many threonine and serine residues (Fig 
4-32). This structure has the capacity to form many 
interactions with other hydrophobic (lipid) as well as 


hydrophilic (protein) and charged molecules, thus 


forming mucus. 

Thereare many mucins produced by cells of mucosal 
surfaces and there is some tissue specificity concerning 
the type of mucin on each surface. Mucins are classified 
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‘Moreover, it is likely that free radicals, and in particular 
H.O,, involved in cell damage in various ways, They are 
not only a cause of acute damage and the stress response 
Jbut also have a cumulative effect that may contribute to 
ageing, This may be more than simply a by-product of 


damage! some of the mitochondrial production of HO; 1s, 
generated by an enzyme involved in the apoptosis pathway 
which induces oxidative stress and may accelerated ageing, 
(cFig. 4-11), Thus the genes that control production may 
hhave a say in determining ifespan, 


{FIGURE 4-11 (1) 0: is produced by several enzymatic systems (indicated in purple) which generate H:O- in dtferent celular compartments 
Including phagocytic oxidases (PHOX) and NADP/H oxidases (NOX) inthe plasma membrane; superoxide dismutases (S002), mitochondial 
p66" (66) and amine oxidase (AO) in mitochondria; peroxisomal oxidases (POX, in peroxisomes; sulphydry/l oxidase (SOX) in the endoplasmic, 
reticulum (ER): and amino acid oxidases (AAO), cycloaxygenease (COX), lipid oxygenase (LOX), xanthine oxidase (XO) and superaxide di- 
mutases (S001) in the cytosol. (2) H,0, disrupts celular homeostasis by targeting regulatory macramolecules (in blue including actin, myosin, 
‘tubulin (otoskeleton), citterent kinases, several Ser/Thr and Tyr phosphatases, the proteasome, the mitochondrial permeabitty transition pore 
(PTP), mitochondrial and nuclear DNA, transcription factors such as HIF1 or nuclear factor (NF)-8, and histones and telomeres. Catalase (Cat) 
and glutathione peroxidase (GPX) enzymes butfer H,0, to avoid cumulative axidative events. (Flom Gioia ea. 2007) 


FIGURE 4-32 Bottle-brush mucin, (Courtesy oJ Tilly.) 


according to whether they are secreted or membrane 
tethered: in tears, the main secreted mucins are pro- 
duced by goblet cells (MUCSAC), by lacrimal acinar 
cells (MUC7) and by corneal and conjunctival epithe- 
lium. Thus, MUCSAC is secreted along with trefoil 
peptides TFFL and TFF3, In contrast, MUCI, MUC 
and MUCI6 and the sialomucin complexcare associated 
with the glycocalyx and, although regarded as mem- 
brane mucins, they may be released into the aqueous 
phase of tears through activity of ADAM-TS-I (a 
disintegrin-like metalloproteinase with thrombospon- 
din type 1 motif) metalloproteases. The ocular surface 
membrane-tethered mucins are considered to have 
anti-adhesive properties, particular MUCL6 for bacte- 
rial adherence, The importance of mucin in tears has 
heen emphasized by the realization that tears are not 
predominantly aqueous but are probably a type of 
mucin gel, formed espectally by MUCSAC. 

‘An interesting physiological feature of the tear 
meniscus occurs at Marx’ line, a lissamine green and. 
fluorescein staining border of the tear meniscus at the 
‘mucocutaneous junction between the conjunctiva and. 
the eyelid skin. Evaluation of this line is assuming 
greater importance in dry eye disease and it has been 
suggested that this line represents 2 zone of tear hyper- 
osmolarity due to the relative immaturity of rapidly 
proliferating conjunctival epithelial cells, induced at 
this site by the mechanical forces generated by the 
repetitive action of eyelid closure, Such cells may 
produce less tear mucins such as MUCI6, which 
weakens the barrier to penetration by dyes such as 
lissamine green. 


Tear secretion is under psychoneuroendocrine control 


‘The regulation of tear secretion is shown in Figure 
4-33. Most of the control is through the autonomic 
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FIGURE 4-33 Neural control of tar secretion 


system and thus tear secretion is affected by instilla- 
tion of drugs that modulate this system (e.g. pilo- 
carpine, atropine), Apart from direct effects on the 
acinar cells (see above, intracellular second messen- 
gers), the parasympathetic system can markedly 
increase tear flow via its effects on the myoepithelial 
cells surrounding the acinar cells (see Ch. 1 and eFig 
4-13). 

Hormonal control of tear secretion is well recog- 
nized but not clearly defined. Reduction in tear flow 
occurs in women after the menopause, while testoster- 
one stimulates secretion of certain tear components, 
such as IgA 


‘THE CONJUNCTIVA 

The conjunctiva is richly endowed with a variety of 
specialized cells that allow it to act as a base for and 
the source of many of the constituents of the tear film, 
These include immune cells (T and B cells, mast cells, 
dendritic cells; see Ch. 7) and specialized mucus- 
secreting goblet cells, 


‘The epithelium is more than a simple covering layer 
for the conjunctiva 


‘The conjunctival epithelium can be regarded as inter- 
mediate in type between the keratinized squamous 
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epithelinm of skin and typical non-keratinized 
columnar mucosal epithelia for instance of the respi- 
ratory and gastrointestinal tracts, However, it resem- 
bles the latter more closely and may require the 
multifunctional protein clusterin to inbibit keratin 
production. Clusterin is found in all body fluids 
including tears and on the surface of cells lining body 
cavities, It is involved in transport of lipoproteins, 
inhibiting complement-mediated lysis, and in modu- 
lation of cell-cell interactions 

Although the conjunctiva is non-keratinized, kerat- 
ins are expressed by the conjunctival epithelium in a 
typical paired combination (K3/K12). However, there 
is much more K3/K12 in comeal than in conjunctival 
epithelinm. Several other cytokeratins present in non- 
keratinized stratified (K+ and K13) or simple (KS and 
K19) epithelia are also found. 

The epithelium contains numerous innate immune 
cells (macrophages, mast cells, NK cells and dendritic 
cells) but also has a rich population of intraepithelial 
and stromal T cells organized to form the canjunctiva- 
associated lymphoid tissue (CALT), similar to the 
mucosa-associated lymphoid tissue (MALT) of other 
organs (see Chs 2 and 6). Even within the CALT, the 
distribution of lymphocyte subsets varies from tarsal 
to bulbar to forniceal conjunctival regions (see Ch, 1). 
In addition to its fanction asa harrier to external organ- 
isms, the epithelium is a major source of tear mucins 
derived from the intraepithelial goblet cells, which, like 
the lacrimal gland, are under neuraendocrine control 

@ (see eFigs 4.12 and 4.13), 
Additional content available at hitps//expertcon 
@ suk.inkling. conv, 

The turnover and health of the epithelial and goblet 
cells are markedly dependent on vitamin A and the 
retinoids, and become abnormal in vitamin deficien- 
cies, leading to a severe form of dry eye syndrome. In 
addition, certain accumulations of goblet cells occur, 
e.g. on the tarsal (lid) conjunctiva where they occur in 
crypts (Henle’ crypts) and on the bulbar conjunctiva 
a few millimetres nasal of the limbus (Manz glands) 

In addition to goblet cells there are other types of 
conjunctival epithelium, distinguished by ultrastruc- 
tural appearances: secretory epithelia appear in mature 
and immature forms depending on their content of 
secretory granules and the presence of a Golgi complex; 
im contrast, other cells with a high content of RER 


and/or mitochondria are presumably involved in 
transport and epithelial regeneration. 


‘The conjunctival stroma is highly vascular and 
contains aqueous veins 

‘The stroma of the conjunctiva has a superficial ‘lym- 
phoid! layer and a deep layer containing a rich plexus 
of vessels, including lymphatic vessels, that acts as a 
watershed between the intraocular circulation and the 
external circulation of the eye and lids. Through these 
vessels waste materials from the anterior chamber of 
the eye are transported to the pre-auricular draining, 
lymph nodes and venous drainage systems in the 
neck, 


THE LIDS 


The lids function to protect the comea and adnexal 
structures and have a highly specialized structure that 
ensures they are properly apposed to the surface af the 
globe (see Ch. 1, p, 82). Indeed, defects in lid apposi- 
tion, as occur in diseases such as trachoma where 
there is scarring and deformation of the lids, lead to 
significant corneal exposure, ulceration and blindness 
(see Ch. 9) 

Closure of the lids leads to compression of the lipid 
layer of the tears such that it increases in thickness to 
about 1,0 mm at the lid margin. When the eyes open, 
the lipids are dispersed to form a lipid bilayer from 
the lower lid upwards as the eyelid opens, with the 
hydrophilic groups on the phospholipid molecules 
interacting with the aqueous compartment. 

Control of lid movement is via the VI nerve for 
motor function and the V nerve for afferent input 
via mechanisms such as the blink reflex (see Ch. 1, 
pp. 77-78). 

The lid also contains accessory lacrimal glands 
(glands of Krause in the fornix and glands of Wolfring, 
in the tarsal lid margin), specialized mucus-secreting, 
glands (they secrete a different type of mucin, ¢MUC4, 
important in eyelid opening during development, 
from that secreted by the goblet cells (FMUCSAC, see 
above) in the conjunctiva) and oil-secreting glands 
(meihomian glands) that contribute to the makeup of 
the tear film, Lashes and their hair follicles, as well as 
sweat glands, are also important specialized structures 
in the lid, where they function to protect the eye from 
foreign particles 
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Tight neural control of lacrimal secretion is essential to Sensory input comes via the trigeminal nerve endings in 


healthy functioning of the tear film. The three major com- the cornea and conjunctivae to induce efferent parasym- 
ponents of the aqueous secretion (water, electrolytes and pathetic and sympathetic nerves that innervate the lacrimal 
proteins) are each secreted through different mechanisms, _gland (eFig, 4-12) to release neurotransmitters which elfect 


but there is overall neural regulation of the final secreted the release of the tear fluid (eFig, 4-13) 
product so that a coordinated response can be achieved. 


‘Tear secretion is dependent on several autonomic tecep- 
tors and ligands apart ftom the more well-recognized 
adrenergic and cholinergic mediators (eFig. 4-13). 


eFIGURE 4-13 Release of acetylcholine occurs from parasympa- 
thetic nerve endings as well as vasoactive intestinal peptide (VIP) 
while noradrenalin is released by sympathetic nerves. Additional 
‘mediators such as EGF and at d-AR contribute tothe overall response. 
(Fram Dat, 2003) 


{FIGURE 4-12 The neural anatomy and physiology of lacrimal gland 
tear secretion. (Frm Dat, 2002) 


Incomplete eyelid closure may be physiological 
during sleep. Control of eyelid closure is under both. 
reflex supranuclear and learned/conditioned (cerebel- 
Jar) control 


Cornea and sclera 


The outer coat of the eye (comea/sclera) is a tough 
non-compressible layer of connective tissue that can 
withstand considerable deformation and pressure. 


THE CORNEA 


‘The clear cornea functions as the main optical lens of 
the eye, focusing transmitted light rays onto the retina. 

Its cellular and extracellular matrix components are of 
the same basic chemical composition as other opaque 
tissues in the body which scatter, rather than transmit, 
light rays, Scattering of light in opaque tissues is 
the result of the large disparity in refractive index 
(RD) between matrix components such as collagen 
(RL= 1.55 in the dry state) and glycosaminoglycans 
(RL= 1.35), The comea’s ability to transmit light is, in 
essence, a function of how the cells and matrix com- 
ponents are organized within the tissue to reduce this, 
RI disparity 


Corneal transparency is a function of its relative 
acellularity and matrix structure 

The epithelium, The six-cell-thick stratified layer 
that isthe corneal epithelium (see Ch. 1, p. 14) presents 
the first refracting interface to transmitted light. Most 
of the light-absorbing properties of the cornea take 
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place in this layer, mainly for short-wavelength light 
However, the majority of light on the visible spectrum 
is transmitted through the epithelium. 

The cells are typical keratin-expressing epithelial 
cells containing integrin receptors for basement mem- 
brane components stich as fibronectin, laminin and 
collagen. Corneal epithelial cells express a particular 
combination of paired 55/64 kDa keratins (keratin 3/ 
keratin 12). The 54 kDa protein may have a role in 
inflammatory eye disease, while the 64 kDa protein 
appears to be useful as a marker for differentiating 
cells of the central cornea from limbal stem cells (see 
below). Keratin 12 may be important in corneal epi- 
thelial junctions because K-12 knockout mice are 
prone to recurrent erasion (epithelial cell loss) 

The cells are organized to present few interfaces, 
the most prominent being at the interface between the 
basal cells and the basement membrane. Hemidesmo- 
somes affect the adhesion between these cells and the 


hasement membrane. The hemidesmosome is bound 
to the anterior corneal stroma through a band of 
anchoring fibrils, which pass through the lamina 
densa ofthe basement membrane proper into a densely 
woven network of collagen fibres (see Box 4-6 and 
Fig. 4-20) known as Bowman’ layer (see Ch. 1, p. 16) 
(Fig, 4-34), Bowman’ layer is about 12 pm thick and. 
composed of type VII collagen, In addition, trans- 
plasma membrane collagen type XVI supports firm 
adhesion in these basal cells 

The epithelium presents an effective barrier to fluid 
transport, which is achieved by extensive close con- 
tacts and tight junctional complexes eBox 4.2, The site 


FIGURE 4-34 Diagram demonstrating the layers of the 
human cornea: the anterior basement membrane, Bow- 
‘man’s layer, the stroma, Desgemet’s membrane andthe 
endothelium. (Fom Las tal, 2008) 
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of the barrier is in the suprabasal epithelium and is 
mediated by high expression of the tight-junction 
protein claudin. Spot desmosomes are numerous and 
differences in the content of desmosomal proteins 
have been observed depending on the site. For 
instance, desmoglein and desmocollin are absent from. 
basal limbal epithelial cells, which may have func- 
tional significance in their role as putative stem cells, 
Limbal stem cells arise from pouches or stem cell 
niches in the peripheral corneal epithelium. 


Matrix factors affecting transparency: colla- 
gen. The stroma in the human cornea accounts for 
90% of the comeal thickness and thus contributes 
most to the optical function of the tissue. Several dif- 
ferent types of collagen are present in the cornea. In 
addition to normal basement membrane types 1V and. 
VIII collagens at the epithelial and endothelial cell 
layers, the two specialized corneal regions, Bowman’ 
layer and Descemet’s membrane, contain collagens not 
normally found in other matrices. Bowman’ layer is a 
condensation of type VI with a high proportion of 
type Ill in a matrix containing chondroitin and der- 
matan sulphate, while Descemets membrane contains 
high levels of novel collagens (types V, VIII, IX and 
XII) organized in a lattice arrangement, This provides 
elasticity and deformability to the cornea while main- 
taining high levels of light transmission. Descemet’ 
membrane also imparts strength and resilience to the 


Diameter reguiaton 


comeal stroma and is the main resistance to normal 
intraocular pressure 

The orthogonal lamellar arrangement of stromal 
type [collagen (which accounts for 50-55% of stromal 
collagen; see Ch. 1) fibrils is considered to be 
important in determining comeal transparency. Trans- 
parency was initially attributed by Maurice (1957) to 
‘destructive interference’ in which light is scattered by 
neighbouring fibrils in predictable and opposing, 
directions, which tend to cancel each other out except 
along the primary visual axis. However, this concept 
cannot apply to light transmission in Bowman’ layer 
where the fibrils are irregularly displayed, suggesting, 
that the arrangement of the fibrils is less important 
than their size, An alternative view therefore is that 
significant light scatter does not occur within the 
comea because the fibril diameter does not exceed 
30 nm and the interfibrillar distance is around 55 nm, 
It is only when the distance between the regions of 
different refractive index becomes greater than 200 nm. 
that light scatter occurs, as for instance when corneal 
swelling occurs. In one sense this is essentially a para- 
phrase of Maurice’ theory because in both situations 
the critical factor is interfibrillar distance 

‘Type V (approximately 10%) and some type IIL 
(1-25) collagen also exist in the corneal stroma, while 
the remainder is made up of type VI collagen. Types 
1, HL and V collagen are fibrillar collagens, but type VI 
has large non-helical globular polypeptides at both the 
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FIGURE 4-35 Model fr type V regulation of collagen fibril diameter. Collagen fibrils within the cornea contain a high percentage of type V 
collagen and have small diameters (A), wile fibis in other tissues possessing low levels of type V collagen have a large diameter (A). The 
experimental reduction of type V collagen generates fibrils that have the characteristics of those found in tissues with low type V levels. A 
mechanism by which type V collagen may limit fil growth is shown in (B). Type V N-terminal domains project onto th fibril surface, and 
‘when sufficient numbers have accumulated, they block further accretion of collagen monomers and thereby limit growth in diameter. The 
N-terminal domains large and possesses a number of acai residues, and sa may afect this black using steric and/or eletrostatc hindrance 
(Courtesy of David E. Bik) 


C- and N-termini of the helical protein backbone (see 
Table 4-2). Collagen fibrils are heterotypic (i.e, they 
contain both type 1 and V collagen) and type V is 
thought to initiate fibril formation and regulate fibril 
thickness (Fig. 4-35). However, fibril thickness is also 
dependent on the nature ofthe stromal glycosaminogly- 
cans and particularly on the specific proteoglycan (see 
below). 

The collagen fibril lamellae are arranged in parallel, 
running at oblique angles to each other (see Ch. 1, 
p. 17). Apart from their small size, their uniformity of 
thickness is likely to be a major factor in light trans 
mission, The parallel arrangement of the central 
comeal fibrils extends to the periphery where the 
fibrils adopt a concentric configuration to form a 
at the limbus with some transversely running 


fibrils fusing with the circumferential collagen fibrils 
More recently, it has been proposed that scleral col 
lagen fibrils take a curved orientation across the 
peripheral comea, thus acting as anchoring fibrils 
which flatien the peripheral cornea at this point 
(Fig. 4-36). This imparts considerable strength to 
the peripheral cornea and permits it to maintain its 
curvature and thus its optical properties 


Glycosaminoglycans. The comeal stroma is unusual 
in that it contains no hyaluronan, except at the limbus 
where there is a gradual increase in concentration 
towards the sclera, The major corneal glycosaminogly 


can is keratan sulphate; in the central comea non. 
sulphated chondroitin is also present, while towards 
the periphery chondroitin sulphate is the second 
major GAG. Chondroitin-4-sulphate and dermatan 
sulphate are almost identical (see Box 4-7) and many 
believe that the second major GAG is not chondroitin 
but dermatan sulphate. 

Corneal GAGs exist in the native state as proteogly- 
cans (PGs); four major forms exist in the comea: 


decorin, lumican, keratocan and mimecan, Decorin: 
and lumican-cdeficient mice have reduced corneal 
transparency due to disorganization of fibril arrange 
‘ment, while keratocan maintains overall corneal thick- 
ness and less so mimecan. Both corneal dermatan 
sulphate and keratan sulphate proteoglycans are con. 
sidered to belong to the class of small non-aggregating, 
PGs (small leucine-rich PGs known also as SLRs) 
The critical region in proteoglycans is their linkage 
sites; for keratan sulphate the link is an N-glycosidic 
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FIGURE 4-36 (A) X-ray difraction data showing the prefered dtec- 
tions of stromal colagen lamellae across the human cornea, imbus 
‘and anterior sclera. The scale of the X-ray vector plots (indicat in 
the colour key) retlets the degree of colagen alignment. (B) Maps 
of X-ray scatter intensity showing the distribution of preferentially 
aligned lamellae in a pale of eyes from the same human donor. The 
limbus is denote by a broken ine. Note the symmetry between let 
and right eyes. (C) Theoretical model showing the net course of 
lamellae and based on the data shown in A and B. Lamelae are 
thought to change direction Inthe corneal periphery by a process of 
spliting and interweaving. (Figure modi rom Me ana Bool, 2009) 


bond between N-acetylglucasamine and asparagine in 
the core protein, The terminal sites of the branched 
oligosaccharide structures contain fucose or mannose. 
while chondroitin sulphate contains xylose residues. 

The interaction between proteoglycans and calla. 
gen fibrils has been elegantly demonstrated using 
cupromeronic blue and MgCl, at a tightly controlled 
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(3.0 mM) concentration (the ‘critical electrolyte con- 
centration’), Bath dermatan sulphate proteoglycan and. 
keratan sulphate proteoglycan bind to the collagen 
arrays at specific hinding sites (one proteoglycan to 
one binding site), suggesting that these sites are essen- 
tial to the spacing of the fibrils and to the thickness of 
the interfibrillar space. Keratan sulphate proteoglycans 
appear to bind to the step regions of the fibrils while 
dermatan sulphate proteoglycans bind to the gap (Box 
4-1). 


BOX 4-11 ORGANIZATION OF TISSUE 


PROTEOGLYCANS. 

‘The organization of proteoglycans inthe collagen mati is 
probably as shovmn below: KS-PG (keratan sulphate 
proteoglycan) double complexes maintain the lateral 
Interbilar distance, while CS-PGs (chondeotn sulphate 
proteoglycans) regulate the overall longitudinal 
arrangement ofthe fibrils by spanning three fbi (A). 
Proteaglycans bind directly tothe collagen fibrils, probably 
through the ‘minor’ colagens such as V or Vi that 
co-tistibute withthe ype bis and have non- 
collagenous polypeptide domains to interact with the 
proteoglycans (A and B). 


(Figure courtesy of J Scott and IRL Press.) 


Different binding ‘maps’ occur in different species, 
such as the mouse, Therefore, several variations on the 
theme of protenglycan-collagen interaction appear to 
be compatible with transparency. However, SLRs 
appear to be essential, Studies in human tissue devel 
oped this model to reveal a regular hexagonal arrange- 
ment of six proteoglycans per collagen fibril interacting, 
with the ‘next but one’ fibril (Fig, 4-37), 


Swelling pressure versus hydration. ‘The cornea is, 
about 80% hydrated, This is higher than other tissues 
stich as the sclera, which is about 70% hydrated. 
Despite this, the corneal stroma ‘imbibes’ water if itis 
placed ina solution of saline (this is well demonstrated 
by the injured, lacerated cornea which swells and 
becomes opaque); the water-attracting ‘hygroscapic 
properties of the comea are the result of its high 
content of GAGs. The cornea has heen described asa 
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collagen fibrls and form a ring-tke structure around each collagen 
‘ib (From Muller ea 2004, with parmision ram Esevi.) 


slice of water stabilized in three dimensions by a 
meshwork of fibrils and soluble polymers. The comea 
thus has a swelling pressure and a metabolic pump 
(the endothelium) designed to maintain it. The swell- 
ing pressure generates a level of interfibrillar tension 
and this may be the biophysical mechanism whereby 
the fibrils are maintained in their normal arrangement. 
In addition, the swelling pressure itself may recipro- 
cally activate chloride channels and other transporters 
that maintain a balance of excess ions in the aqueaus 
humour, 

The swelling pressure of the comea is an important 
clinical concept and attempts have been made to 
measure swelling pressure using instruments such as 
the Ocular Response Analyzer® (ORA), an instrument 
similar to an applanation tonometer used for measur 
ing intraocular pressure, The ORA measures corneal 
hysteresis, which is a function of biomechanical 
strength of the corneal tissue related to the viscosity 
ofthe matrix and its response ta deformation, However, 
whether the ORA truly measures hysteresis independ- 
ently of ocular pressure is still unclear, despite its 
considerable relevance for corneal refractive surgical 
procedures, 


Cellular factors affecting transparency: (1) kera- 
tocytes. Comeal fibroblasts (keratocytes) are impor 
tant in maintaining transparency because they are 
the source of stromal collagens and proteoglycans. 
Although most of the changes that occur in the assem- 
bly of the matrix are post-translational, the enzymes 
that promote these changes are present in the kerato- 
cytes, in which the essential specific genes have been. 
induced (specific enzyme defects are associated with 
comeal opacification as in the mucopolysacchari- 
doses), Keratocyte dysfunction may also underlie the 
comeal haze seen alter corneal refractive surgery. 

llagen turnover in early postnatal life is about 
24-50 hours, but there is little information on adult 
collagen metabolism. For both collagen and GAGs, 
studies on cultured keratocytes have not been very 
informative because these cells produce a range of 
GAGs not found in vivo, In contrast, organ cultures of 
comea produce a panel of GAGs more akin to that 
found in vivo. The preferential production of KS-PG to 
CS/DS-PG (dermatan sulphate proteoglycan) in 
corneal cells from different species has been attributed 
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to the relatively hypoxic conditions and to anaerobic 
alycolysis, which favours the former, In rabbit cornea, 
the development of transparency correlates with a dra- 
matic increase in the concentration of KS-PG in the 
early postnatal period, 

Keratocytes also express a range of corneal ‘crystal- 
lins, so called hecause they are thought to play a role 
in light transparency by reducing light scatter and not 
because of homology to lens crystallins (see below). 
Comeal crystallins include trans-ketolase and alde- 
hyde dehydrogenase and expression varies from 
species to species. 


Cellular factors affecting transparency: (2) leu- 
cocytes. The comea also contains a population of 
resident stromal and intraepithelial leucocytes which 
are more frequently found in the peripheral comea 
(see Chs 1 and 7). These cells include macrophages 
and dendritic cells which are thought to be important 
in the maintenance of ocular immune privilege (see 
Ch. 7), as well as rare haemopoeitic stem cells, These 
are distinct from limbal corneal stem cells of mesen- 
chymal origin, which reside in epithelial stem cell 
niches (see below), 


Cellular factors affecting transparency: (3) the 
endothelium. The endothelial pump determines the 
level of hydration of the GAGs and thus transparency: 
Despite the greater than normal level of hydration of 
the corneal stroma, its water binding is unsaturated, a 
condition achieved by an endothelial pump (Box 
4-12), which transports water out of the comea 
towards the anterior chamber. This is known as the 
pump-leak mechanism and is an energy-driven 
ATPase-dependent mechanism (see p, 208). Transport 
of Cl ion in this model probably depends on the 
gystie fibrosis transmembrane conductance regulator 
(CFTR), a Cl channel which is expressed in many 
fluid transporting epithelia in the body. 

Other mechanisms may be also be operative in the 
transport of fluid across the endothelium. These 
include an Na’/H" exchanger protein which drives an 
electrogenic coupling between Na* and HCO; ions. 
This ‘antiport is essential for maintenance of the intra 
cellular pH by exchanging Na’ (in) with H* (out) in 
the cell (Box 4-12). This may be one component of 
the electro-osmosis cancept for fluid transport in the 
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BOX 4-12 CORNEAL ENDOTHELIAL CELL PUMP 


‘The comeal endothelium transports water out of the stroma 
by an ATP-driven ion pump mechanism, 

Na’ and HCO; ae transported across the endothelium 
from the stroma to the aqueous, mediated by a Na‘K* 
dependent ATPase and a HCO; -dependent ATPase, 
‘probably involving carbonic anhydrase, The Na'/K* ATPase is 


+ Ne'Htexchange 
‘f= Carbonic annyerase incl promotes HCO, formation 


located inthe plasma membranes but the HCO.” dependent 
‘ATPase isin the mitochondria, where its malor role in fan 
transport may be to generate the ATP required forthe Na‘ 
‘ATPase. Catbonie anhydrase may also be involved in the Na‘? 
H* antiport for maintaining intracellular pH. 


cornea, In addition, the corneal endothelial cell mem- 
brane contains a water transporter/channel, namely 
aquaporin 1, which is involved in bulk transport of 
water molecules (see below under Lens) and perhaps 
also in CO, transport, This, however, seems to be 
mainly a passive transporter, responding to sudden 
changes in stromal water content and endothelial cell 
volume rather than having a constitutive physiological 
role. 

Recently, a metabolic component to fluid transport 
across the comea has been suggested based on the 
high content of lactate in the stroma and the steep 
gradient towards the anterior chamber. A bulk move- 
ment of lactate and water could be facilitated via 
transcellular monocarboxylate co-transporters in the 
endothelium. 


‘Transport of water out of the cornea is a dual 
process. In addition to the transport of water from 
the stroma to the aqueous humour, there is a net flux 
of ions and water towards the epithelium and the 
tears, For instance, there is a Clr pump which appears 
to be modulated by several receptors including 
B-adrenergic and serotonergic receptors coupled to 
the adenylate cyclase and Ca second messenger 
systems, and receptors that involve protein kinase C. 
Dopamine and o-adrenergic receptors may also be 
involved in Cl transport, but importantly many 
of these receptor systems are coupled to the CFTR 
CL channel expressed in corneal and conjunctival epi 
thelia (see eBox 4.3) 

Ion transport into the cornea mediated by Na‘/K™ 
ATPase and Ca’*/Mg”* ATPase in the basolateral plasma 
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Agonist receptors in the corneal epithelium 


Adrenergic and cholinergic receptors are present in the 
ccomeal epithelium and are coupled to a vatiety of second 
‘messenger systems including cAMP, phosphatidyl inositol 
phosphate 2 (PIP,), and protein kinase C (PKC) (A). They 
are involved in the transport of fluid out of the comea in 
an anterior direction by enhancing the function of the 
HCO3/CI” pump (B). Active pumps for outward extrusion 


of Cl (activated by adrenergic and other receptors) and. 
‘inward transport of Na’ andl HCO,” are present, Dashed, 
line, passive transport; citcles, coupled/ctive transpor, 
There is also a separate water transporter, aquaporin 5, in 
the corneal epithelium, which is important for the main- 
tenance of normal comeal stromal thickness 
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Laminin-332 (cFig, 4-6) is specific to the epithelial base- 
‘ment membrane and is central to epithelial sheets bound 
to mesenchyme which have to withstand external forces 
as in the skin and other mucosal layers, Matrix metallo- 
proteinases are involved in post-translational processing of 
Jaminins as they mcorporate themselves into the basement 
membrane to form anchoring adhesions and reciprocally, 
MMPs (MMP-3, -12, -19 and -20) are activated by laminin 


degradation products to process the 72 chain and induce 
epithehal migration during wounding, Laminin in the 
basement membrane 1s ughtly bound to nidogen (entac- 
tin), a protein that mediates the binding of laminin 10 
heparin-containing proteoglycans(heparin sulphate proteo- 
lyean) such as perlecan and syndecan in the basement 
membrane mats. 


Koiom om oe 
peer in ioe 


FIGURE 4-6 Structure of human laminin. Human laminin is known as laminin 232 on the bass ofits three subunit chains (aA, fx and 2). 
Each chain is composed of ciffeent domains that are indicated in (A). An odd! number of cysteine groups allows SH bonds to form inthe L 
domains after maturation of the molecule. The frst thes LG domains (LG1~3) interact with a3B1, aBBt and a4 integrins whe the last two 
(L645) contain binding sites tor syndecan-t and -4. Newly synthesized laminin 332 undergoes maturation by proteoytc processing atthe 
‘a3A chain N- and C-terminus as well s at the 72 chain N-terminal extremity. A schematic structure of laminin domains is shown in (B), with 
numbered cysteine groups and the disulphide bridges 


membrane of the epithelium is also operational in 
corneal ion shifts, Na* movement from the tears into 
the epithelium is by passive diffusion down a concen- 
tration gradient, but from the epithelium into the 
stroma active transport is required via the Na’K* 
ATPase to which Cl transport in the opposite direc- 
tion is coupled, again by CFTR channels, This trans- 
port system is sensitive to the eicosanoid metabolite 
12(R)HETE (compound C) (see Box 4-10). In addi- 
tion, thiselectrolyte flux across the epithelium accounts 
for the electrical potential difference from (~) outside 
to (4) inside the cornea of ~25~40 pV. 


Optical factors affecting image formation. The 
curvature of the cornea plays a major part in refracting 
and focusing light to produce an image on the retina. 
Even with a completely clear comea, the image can be 
distorted by abnormalities in curvature, producing the 
various forms of regular and irregular astigmatism. A 
certain degree of astigmatism is present in many eyes 
since the corneal curvature is rarely perfectly spheri- 
cal, These account for some refractive errors which are 
common in the healthy population. Refractive errors 
can also be caused by variations in the overall ocular 
dimensions af the eye, 

Additional content available at hitps://expertcon 

® sultinkling.conv, 

Severe degrees of astigmatism can be caused by 
disease of the cornea such as keratoconus (‘cone- 
shaped cornea’), and the late effects of scarring from 
wounds such as corneal incisions following cataract, 
surgery, when it can be very difficult to restore preop- 
erative curvature. While these conditions donot 
directly affect the transparency of the cornea, they can 
increase the amount of spherical and chromatic aber- 
ration, and diffraction, thus degrading the image. 


Metabolism of corneal cells 
Oxidative metabolism and glucose utilization. 
The epithelium takes up most of its glucose from the 
stroma and converts it to glicose-6-phosphate, alter 
which 85% is metabolized via the glycolytic pathway 
to pyruvate. The bulk of this is then metabolized to 
lactic acid, but some is diverted into the citric acid 
cycle to produce ATP as an energy store. The pentose 
phosphate pathway accounts for the remainder of 
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glucose utilization by the epithelium, producing an 
important resource for free radical control, namely 
NADPH (see Fig, 4-23). This is the main mechanism 
of generation of reducing agents such as glutathione 
and ascorbic acid, The corneal epithelium has also 
developed a unique nuclear ferritin-based mechanism 
to minimize DNA damage from ultraviolet (UV) light- 
induced free radical damage. Lactoferrin in tears may 
also assist in this process. 

The metabolism of keratocytes is mostly concerned 
with generating sufficient energy to produce and 
maintain stromal components (see above). In the 
steady state, these cells are not highly metabolically 
active and there is a high stromal lactate production, 
possibly contributing to fluid transport across the 
endothelium (see above) 

The endothelium has large energy requirements to 
sustain its ATPase-dependent pump mechanism and 
is about five times as active as the epithelium, The 
major metabolic pathway in the endothelium is anaer- 
obic glycolysis, with the citric acid cycle and the 
pentose phosphate pathway also playing a significant 
role 


Oxygen handling by the cornea. The epithelium 
obtains its oxygen from the preocular tear film at a 
tate of 3.5~4.0 pL per cm* per hour. The endothe- 
lium, however, and the keratocytes in the deep stroma 
receive their oxygen supply from the circulation via 
the aqueous humour. Corneal function and health are 
therefore dependent on local conditions at the surface 
of the eye and on systemic factors such as cardiopul- 
‘monary capacity. 

Oxygen is consumed in the citric acid cycle, gen- 
erating 36-38 molecules of ATP per molecule of 
glucose. The utilization of the citric acid cycle versus 
the glycolytic pathway is determined by the energy 
demands of the tissue, specifically the need for ATP 
Thus the endothelium makes greater use of the citric 
acid cycle than the epithelium. In addition, oxygen 
consumption by the comea increases almost twofold 
when acidosis prevails, as occurs in contact lens wear. 
This is in part the result of the activation of pH regula- 
tory mechanism, including Na'/H" exchange, which 
then stimulates Na'/K* ATPase activity 

‘As discussed above, excess oxygen can be detri- 
mental to the organism if it is converted to the 


Brielly, a ‘tuormal-sized’ eye, anteroposterior dimension 
22-24 mm, is termed an emmetropic eye and 1s one in 
Which the image is focused sharply on the retina by the 
combined refracting properties of the cornea and the 
lens. Myopia or short-sightedness occurs in eyes with 
above average length and the image therefore is focused 
{in front ofthe retina; conversely, long-sighted eyes have 
a shorter than normal length and the image is focused 
‘behind the retina, Myopia can be corrected by placing a 
convex Jens in front of the cornea, which thus causes 
some divergence of the light rays and with the correct 
Jens, the image can be formed on the retina correctly 
‘Myopia can also he corrected by ‘reshaping’ the comea 
Gee p. 213) to cause some degree of flattening’ of its 
curvature and thus reduce its refractive power Con- 
versely, hyperopia can be corrected using a convex lens 
and similarly corneal surgery can be performed to correct 
hyperopia, although its generally less successful, Further 
{information on refraction with links to optometry ltera- 
ture is given in Chapter 5 (see eFig, 5-4 ), 
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superoside radical and then to hydrogen peroxide (see 
Box 4-8 and Fig. 4-26). In both the epithelium and 
the 

and its two et 


Jothelium, redox systems involving glutathione 


mes (glutathione reductase and 


tathion 
NADPH and thus on 
nntracellular levels of glutathione are reduced in the 


peroxidase) depend on the 


supply of gluc 
cornea by one-third, the clarity of the comea and its 
ability to pump fluid decline dramatically 

The aqueous contains high levels of H,O., perhaps 


by virtue of the reduction of oxygen in the aqueous 


ay account 


via ascorbate usage. Free radical damage to the con 
endothelium induces apoptosis and thus 


ive endothelial cell lass associated with 


for the prog 


Free radical damage to the comea can also be 
induced by therapeutic interventions such as that 


incurred during phacoemulsification for cataract and 


use of UV radiation to preform corneal collagen 
linking as part of refractive surgery (see p. 213). 
Several receptors for neurotransmitters and other 
jonists ate present in the corneal epithelium, These 
e probably involved in nutrient handling and reg 
ulation. In addition, since the cornea is richly inner 
vated, they probably contribute to a healthy nutritive 


neurogenic environment, preventing neuropathic 


ceratopathy 


Effects of contact lens wear on corneal physiol- 
ogy. Contact lenses are common optical devices 
which correct the refractive errors ofthe eye to achieve 
hes both surfaces of the 


emmetropia, The tear film b: 
contact lens (Fig, 4-38), but corneal epithelial func 
tion is still relatively compromised, The corneal epi 
and 
1 aqueous and 
reduce 


thelium layer receives its oxygen from the t 


its glucose from the circulation via 


the limbal vessels (see above). Contact lenses 


the direct availability of oxygen to the epithelium, thus 
shifting the balance from aerobic to anaerobic metabo. 
ism, The already 
dout 


production is increased 


igh lactate levels in the cornea are 
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induced acidosis has a 
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direct elfect on stromal hydration by impairing detur 


gescence mechanisms (see above), 
Hard (rigid) contact lens. 


polymethylmethacrylate (PMMA) and have the grea 
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est effect on corneal function; in addition to restric 


oxygen availability, hard lenses deplete glycogen 


FIGURE 4-38 Ultra-high resolution optical caberence tamography 
Image of the central comea with a PureVision (Bausch & Lomb, 
chester, NY) lens after instilation of artificial tears. The central 
cornea was imaged with 6 mm scan on the horizantal meridian. The 
Image vas taken immediately after lens insertion and instillation of 
‘one drop of artificial tears. The epithelium, including the basal cel 
layer, and Bowman's layer, are evident in addition tothe pre-ens and 
post-lens tear films. Total corneal thickness was measured. at 
526 jum, Bars = 250 jm. (Reprnied wth permission ram Wang J, io 
S. Ruggeri M, Shousha MA, Chen On sity vsuaiztion of ets on contact 
lens using ulta-high resolution optical coherence tomography. ye & Contact 
ans 200924448 (ang, 2011) 
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uces direct glucose utilization by the cor: 
Prolonged wear of hard contact lenses is therefore not 


possible, owing to the damaging eflect on come: 
transparency induced by the disturbed metabolism, 
Soft contact lenses are made from polymers of hydrox: 
poly(HEMAWvinylpyr: 


e or other similar materials, and 
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(hydrogel lenses). In addition, incorporating other 
‘material into contact lenses such as polyethylene glycol 
and cross-linked hyaluronan are other possibilities 
under consideration to improve biocompatibility: 

A popular compromise in contact lens type is the 
gas-permeable rigid lens, which combines the reduced 
toxicity of PMMA with high gas-transler capability: 
The wide variety of lens types and materials has led 
to their being characterized on the basis of their 
oxygen flus, defined as the DK value: 


(Oxygen flux = DK/Lx AP 


where D is the diffusion coefficient, K is the solubility, 
and Lis the thickness of the lens material. AP is the 
change in the partial pressure of oxygen across the 
material, HEMA and PMMA have a low oxygen flux, 
while hydrogels and silicones have a high flux. Both 
the thickness of the lens and the DK value determine 
its suitability for use in terms of its gas permeability: 
The actual amount of oxygen that reaches the comea 
is the most important factor in the design of a contact, 
lens, and most practitioners describe contact lenses in 
terms of their equivalent oxygen performance (EOP). 

Contact lenses may have deleterious effects on 
the epithelium, causing thinning, reduction in the 
hemidesmosome density and the number of anchor- 
ing fibrils, and reduced adhesion of the epithelium to 
the basement membrane. This may be a direct effect, 
of low O,-transmitting lenses on basal epithelial cell 
proliferation, This is especially true of extended-wear 
hhydrogel lenses. In severe cases, excessive use of 
contact lenses produces epithelial oedema and kerat- 
opathy in the form of punctate epithelial erosions 
Rigid contact lenses also produce tear film instability 
by causing damage to the epithelium and the mucin 
layer in particular. 

Contact lens wear may also induce changes in the 
comeal stroma (thickening) and the endothelium 
(polymegathism), 


Cell turnover and wound healing in the cornea 
The epithelium. The epithelium is constantly being 
regenerated by mitotic activity in the basal layer of 
cells, However, after epithelial abrasion, the initial 
response of the basal epithelium at the edge of the 
defect is to migrate as a flattened sheet of single-cell 
thickness across the stroma. These cells adhere by 
forming hemidesmosomes and intercellular contacts 
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and more superficially placed cells tumble over the 
adherent cells into the available space, leading to rapid 
filling of the epithelial defect (see Video 4-1) 

Additional content available at hitps//expertcon 
sult inkling comy. 

Further proliferation of the basal cells, combined 
with reorientation of nerve endings into the wound 
edge, leads to differentiation of the newly divided cells 
into the five- to seven-cell layered mature epithelium, 
Closure of corneal epithelial defects occurs in a pre- 
dictable manner which can be visualized clinically 
using fluorescein staining of the cornea; here, the 
initial wound edges, in geometric patterns are filled in 
and meet in the centre of the cornea 

Migration of epithelial cells is achieved by cytoskel- 
etal and cell-shape changes involving, redistribution 
of actin-myosin fibrils and changes in actin-binding 
proteins (e.g. fodrin cell adhesion molecules such as 
E-cadherin), under genetic regulation via growth 
factors. Migration of the cells also depends on outside 
in intracellular signalling via matrix components such. 
as fibronectin/fibrin, laminin and collagen peptides 
through cell surface integrins (see pp. 178-183). The 
tole of fibronectin/fibrin in corneal epithelial resurfac- 
ing may be to facilitate heating where the normal 
basement membrane and, in particular, its laminin 
component have been lost but are not essential for 
wound healing. 

Adhesion of epithelium to the basement mem- 
brane and Bowman’ layer is normally mediated via 
hemidesmosomes, the lamina densa and the anchor- 
ing type VII callagen fibrils (see Fig. 4-20). However, 
while hemidesmosomes form during the early stages 
of re-epithelialization (18 hours), many days elapse 
before anchoring fibrils reappear, and many months 
pass before full ultrastructural integrity is restored. 
This may explain in part the phenomenon of recurrent 
erosion where there has been damage to Bowman’ 
superficial stromal layers of the cornea, Proteolytic 
activity in repairing epithelial defects is also important 
— both urokinase-type plasminogen activator and 
‘matrix: metalloproteinases have been implicated. 


Limbal corneal stem cells. The above process 
describes corneal epithelial repair after abrasion. 
However, the epithelium is constantly being renewed 
(in the mouse the entire corneal epithelium is renewed 
in 7 days) under the control of stem cells located in 


‘This has been visualized directly in cultures of comeal 
epithelium (see Video 4-1) in which superficial epithelial 
cells appear to rush to fill the defect ahead of the basal 
more slowly centrally migrating epithelial cells. In addi- 
thon, the differentiation of the corneal epithelium into a 
mululayered structure after wounding requires neural 
input from the corneal nerve endings which ovient them- 
selves perpendicular to the wound edge after the initial 
single layer of cells has closed the defect and are probably 
required to promote full dilferentiation of the six to ten 
layers of cells (eFig. 4-14). Thus, in conditions of neu- 
ropathy or when the nerves fal to extend their axons, as 
after herpes infections of the cornea, full epithelial 
healing frequently fals and recurrent breakdown of the 
defect occurs. 
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FIGURE 4-14 (A) Time-lapse video sequence of corneal epithelial 
‘wound healing showing "Yumbling’ of superficial clit filthe detect 
(B) orientation of regenerating nerve endings towards the wound 
edge (dark area in lower section) as the wound closes. (From Song 
tal, 2004) 
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FIGURE 4-39 Concept of limbal location of corneal stem cels and transient ampliyingcels. Stem cells (white) are exclusively located inthe 
basal Limbal epithelium atthe bottom ofthe epithelial papillae forming the paisades of Vogt. Transient amplying cells occur inthe basal 
epithelia of limbus and peripheral comea. Postmitotc and terminally differentiated cells make up the suprabasal and superficial layers. (Fram 


Shier Schreard and Kruse, 205, wih permissian from Ese) 


an epithelial ‘stem cell niche’ at the limbus in the pali 
ssades of Vogt (Fig, 4-39). While some renewal of epi- 
thelial cells takes place from the basal layer to the 
surface throughout the cornea, the main source of cell 
renewal is limbal stem cells. Patients who have severe 
damage to the limbal region of the cornea, as for 
instance with chemical burns, sulfer from stem cell 
deficiency and are prone to conjunctivilization of their 
cornea in which the conjunctival epithelium migrates 
onto the comea to fill the defect, bringing with it 
stromal tissue and blood vessels. The outcome is 


comeal opacification and blindness, Attempts to 
promote comeal epithelial wound healing using, 
growth-promoting agents such as epidermal growth 
factorand retinoic acid have not met with great success 


The stroma. Incisional wounds of the cornea that 
involve the stroma may be accidental or intentional 
‘The immediate effect is to cause wound gape and 
imbibition of water from the tears by corneal GAGs 
(see p. 186). This causes localized opacification 
(light scatter) and initiates a series of events in the 


comea directed at closing the wound. These include 
deposition of fibrin within the wound, rapid epitheli- 
alization of the wound incision, and activation of the 
keratocytes to divide and synthesize collagen and 
GAGs. During the early phase of comeal wound 
healing, there is loss of specialization in the kerato- 
cytes such that they revert to a fibroblast-like Function 
and lay down collagen and GAGs found in any typical 
wound: e.g, hyaluronan acid, type 1 and type Il col- 
lagen, and matrix glycoproteins. In addition, the size 
and arrangement of the fibrils are not regular, further 
contributing to the corneal opacity: In extensive 
wounds, this opacification remains permanently; 
however, in smaller, well-defined wounds there is an 
attempt by the cornea to restore clarity by producing 
normal corneal matrix components. 

Surgical wounds to the cornea aim to minimize the 
risk not only of causing wound-related corneal opaci- 
ties but also of inducing shape change to the comea 
and thus astigmatism, Accordingly, cataract surgeons 
are using increasingly small wounds to remove the lens, 
the most recent innovation being optical coherence 
tomography (OCT)-guided femtosecond laser surgery, 
in this case where the laser is used to perform the 
incision in the lens capsule rather than the cornea. 
Since the comeal curvature is a function of tension in 
its circumferential fibres (see Fig, +-36), restoration of 
the normal curvature will not be achieved unless the 
edges of the wound are apposed by surgical recon- 
struction. This is the basis of refractive surgery where, 
initially, partial thickness radial keratotomy was per- 
fomed by making ‘relaxing’ incisions in the peripheral 
comea to release the circumferential tension and thus 
‘flatten’ the comeal curvature. The wounds are inten- 
tionally left to heal in a gaping configuration, Various 
types of laser surgery, such as argon-FL (excimer = 
excited dimer), ultraviolet laser energy and more 
recently femtosecond laser, are used to produce precise 
customized ‘ablation’ of the anterior stroma performed 
directly on the exposed tissue after lifting a central, 
hinged flap of stroma. Ablation is thought to be caused 
by photon-photon interactions derived from thermal 
reactions or directly by photoablation, whereby cova- 
lent cross-links in the collagen fibrils are disrupted. 
This is termed laser in situ keratomileusis (LASIK) in 
which the surface of the comea is reshaped (usually 
flattened) by raising a corneal flap, laser treating the 


4 Biochemistry and cell biology 213 


exposed stromal bed and restoring the corneal flap 
without sutures, Both these and conventional surgical 
corneal incisions are fully epithelialized in the normal 
manner, with epithelial migration into the depths of 
the wound sometimes producing excessive layers of 
calls 

Refractive surgery continues to expand both in 
quantity and in novelty of technique, combined with 
greater precision using methods such as eye-tracking 
to control the incision. Wavelront-guided surgery 
combined with anterior segment OCT imaging are 
further innovations in this everexpanding field. 
Wavefront technology is a term used to describe the 
fundamental quality of an optical system, for instance 
in the field of astronomy, in terms of wavefronts of 
higher and lower order, and the eye lends itself well 
to such analysis. For instance, images formed by the 
healthy eye may be blurred for three main reasons: 
light scatter, diffraction and optical aberrations, e.g 
chromatic or spherical. Using wavefront technology, 
optical aberrations from monochromatic sources such. 
as myopia are selectively addressed and treated with 
wavelront-based LASIK, 

Refractive surgery, inchiding photorefractive keratom- 
etry (PRK), LASIK and full-thickness penetrating 
corneal graft, has complications including sometimes 
severe residual astigmatism and even progressive 
ectasia (widening) of the initial wound. Altemative 
approaches have been tried to restore normal corneal 
curvature; these include topography-guided laser 
surgery using keratometry, sometimes including resto- 
ration of collagen cross-linking induced by riboflavin 
and UV light, Collagen cross-linking helps to ‘stiffen 
the stromal bed (Fig, 4-40). 


The endothelium. The corneal endothelium does 
not normally undergo mitosis in humans even alter 
direct injury as in a perforating corneal wound, With. 
age there isa decline in the number of endothelial cells 
with an increase in their size and variable morphology 
(polymegathism), The response to direct wounding is 
to undergo enlargement and ‘cell slide’, as occurs in 
the epithelium in the early stages of migration. If suf- 
ficient numbers of endothelial cells are lost, the cell 
layer cannot perform its pumping action and the 
comes imbibes water (decompensates) and hecomes 
opaque: 
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FIGURE 4-40 Cornea! topographic maps showing the stabiing effect of corneal cross-linking on corneal curvature (compare lower right and 


left panels). (From Hate et al, 2007) 
Vascularization. The normal comea is avascular, 
although a few vessels may be found at the limbus. 
Blood vessels from the conjunctiva or the deep epi- 
scleral plexus may invade the periphery of the cornea 
beyond the limbus during healing of wounds or 
infected ulcers. When corneal epithelial or stromal 
defects fal to close promptly, often asa result of infec- 
tion or during the severe inflammatory response of 
chemical injury, the continued release of proteolytic 
enzymes from inflammatory cells as well as damaged. 
corneal cells, causes degradation of the stroma and 
increases the risk of spontaneous perforation. Matrix 
metalloproteinases such as matrilysin and stromelysin 
and MMP-9 as well as plasminogen activators (uPA 
and tPA) and pro-inflammatory cytokines, such as 
interleukin 1 (IL-1), IL-6 and IL-8, tumour necrosis, 
factor-ct and TGF-B, macrophage inflammatory pro- 
teins (MIP) Let and B, and geanulocyte-macrophage 


‘a 


colony-stimulating factor, stimulate further ingress of 
inflammatory cells and initiate a vascularization 
response (see Ch. 7). Growth factors such as VEGF 
FGF and HGF (hepatocyte growth [actor) are also 
released, of which VEGF is considered most active. 
Vessels advance across the cornea to the site of injury 
or infection and contribute to the eventual opaque 
‘leucoma’ of the healed cornea. 

Inflammation also induces new lymphatic vessels 
from the limbal regions, from lymph vessel precur- 
sors in the conjunctiva, especially after herpes simplex 
virus infections of the cornea, which participate in 
the overall immune response. Lymphatic vessels are 
induced by the isoform VEGF-C. Inhibitors of ang- 
iogenesis are co-released during the process of inflam- 
mation, and include endostatin, a degradation product 
of collagen XVIII, and other products of collagen, 
fibronectin and even KIS, which is a fragment of 


plasminogen itself. In addition, thromhospondins (1 
and 2) in synergy with a scavenger receptor CD36 
are important anti-angiogenic factors present in the 
normal corneal stroma, The lack of corneal vascular- 
ity is determined during development and appears 
to be under the control of the transcription factor 
FoxCl 


‘Vitamin A and the cornea. Deficiency of vitamin A 
leads to impaired corneal and conjunctival epithelial 
function, with loss of comeal lustre, Bitot’s spots, 
punctate erosions and xerophthalmia, partly asa result 
of loss of goblet cells in the conjunctiva. Vitamin A or 
retinol is required for control of epithelial keratin 
expression and the synthesis of cell surface glycopro- 
teins involved in the glycocalyx. Deficiency of vitamin 
A leads to a form of keratinization of the corneal 
epithelium. 

Vitamin A is also essential for normal corneal 
wound healing. A simple abrasion or ulcer that would 
be dealt with rapidly by a healthy cornea is likely 
to be complicated by a stromal melting response 
(keratomalacia) in vitamin A-deficient humans and 
animals. Experimentally it has been shown that topical 
retinoic acid can reverse the effects of vitamin A defi- 
Giency. In addition, retinol (Vitamin A) itself promotes 
the synthesis of the o-1 proteinase inhibitor, which 
inhibits a wide range of proteolytic enzymes. Vitamin 
A has also been shown to have protective antioxidant 
effects on cormeal endothelial cells in culture while 
retinoic acid is important in promotion of T regulatory 
cells for control of immune, especially autoimmune, 
responses, 

Vitamin A can be converted from traditional 
B-carotenoids taken in developing countries but is less 
efficiently converted to vitamin A than from caroten- 
ids in other material such as lycopene, lutein and 
zeaxanthin 


THE SCLERA 


The sclera is non-transparent and tough because of its 
acellularity and matrix components, 


Matrix factors. The sclera is essentially acellular, 
containing only a few fibroblasts and non-branching 
traversing vessels, Recent studies have shown that 
there are some contractile fibroblasts (myofibroblasts) 
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in the sclera and choroid that may have a role in refrac- 
tive properties of the eye. It is opaque for the opposite 
reasons that the cornea is transparent, ie, that the type 
Land Il collagen fibres are of variable diameter and 
their distribution is irregular. There are also several 
other minor collagens in sclera (types V, V1, VIIL, XIL, 
XIID), The proteoglycans are predominantly proteo- 
dermatan and proteochondroitin sulphate of the SLR 
type (see p. 186) and they are localized to the collagen. 
fibres in a similar manner to corneal proteoglycans. 
However, there are no proteokeratan sulphates, Other 
proteoglycans present in sclera include aggrecan, 
PRELP (proline-arginine-rich and leucine-rich repeat), 
decorin and biglycan among others, In addition, the 
amount of proteoglycan in the sclera is considerably 
less than that in the cornea, with the effect that itis 
much less hydrated (70%). The sclera, unlike the 
comea, also contains elastic fibres around a fibrillin 
core, accounting for about 2% of total fibril content 
in the adult 

The sclera also contains a certain amount of lange 
aggregating proteoglycans, such as versican, neurocan 
and brevican, combined with hyaluronan, There is a 
considerable turnover of extracellular matrix constitu 
ents in the sclera, and this may determine the shape 
and size of the eye and thus refraction itself. 

Increases in the anteroposterior dimension of the 
globe occur with age, and the adult globe size is 
reached around age 7-10 years. Continuing increases 
in the size of the globe underlie the development of 
myopia (short-sightedness) and considerable research, 
has been devoted to understanding this phenomenon, 
Recently it has been suggested that the choroid may 
serve as a paracrine tissue, regulating collagen and 
proteoglycan synthesis, particularly hyaluronic acid, in 
the sclera and consequently its overall dimensions, 


Bulk fluid transport and the uveal effusion syn- 
drome. Although most of the bulk transport of fluid 
out of the eye takes place through the anterior chamber 
drainage angle and/or the uveoscleral meshwork (see 
Ch. 1, p, 21), there is appreciable transretinal trans- 
port of fluid towards the choroid. Some of this is 
drained via the normal choroidal vessels (10% of the 
ocular fluid is drained via the vortex veins) but a 
proportion is drained directly trans-sclerally: The 
effect of this trans-scleral flow is to ‘suction on’ the 
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retina to its adjoining RPE layer and maintain retinal 
apposition, 

Fluid flowing across the sclera is absorbed by the 
matrix proteoglycans. Thus, the sclera is maintained 
in its normal state by having proteoglycans with a low 
waterbinding capacity: In some conditions, such as 
the rare uveal effusion syndrome, and in nanophthal- 
mia, the sclera contains high levels of abnormal pro- 
teoglycans, especially dermatan-sulphate-containing, 
proteoglycans, which bind and trap large volumes of 
water. Thus the sclera thickens and may secondarily 
obstruct the choroidal venous drainage, causing 
further swelling and water retention, 


Uveal tract 


The uveal tract, comprising the iris, the ciliary body 
and the choroid, is a continuous layer of which the 
major functions are to regulate the pupil size for 
optimal visual function and to act as the lymphovas- 
cular tissue of the eye, Each component, however, has 
several other functions. 


THE IRIS 
Physiology 
The iris is derived from neuroectodermal and meso- 
dermal tissue and is designed to function as the lens 
aperture of the eye. This is achieved by the opposing, 
actions of the sphincter pupillae and the dilator pupil- 
lae muscles (see Ch, 1, p. 26), The sphincter is an 
annular band of true smooth muscle that inserts close 
to the pupil margin at the pigment epithelium, The 
dilator is a highly unique series of myoepithelial cells, 
representing the continuation of the outer layer of 
ciliary body pigmented epithelial cells. Some consider 
these cells rather to be myofibroblasts which do not 
have full complement of muscle proteins including, 
desmin, The non-pigmented ciliary body epithelial 
cells are continuous with the posterior pigmented iris, 
epithelinm (see Ch. 1), Between the origin at the 
ciliary body and the insertion near the sphincter 
Pupillae, the dilator has several side insertions into the 
stroma of the iris which allow it to mobilize the iris 
during dilation. 

The functions of the pupil are 

+ to regulate the amount of light entering the eye 

(it increases 16-fold on dilation of the pupil from 
2to 8 mm) 


+ to increase the depth of focus for near vision 

+ to minimize optical aberrations 
‘These functions are mediated by light and near 
rellexes, whose neural pathways involve autonomic 
parasympathetic (constriction) and the sympathetic 
(dilation) mechanisms (see Ch, 6). Unusually large 
pupil diameters have been linked to the development 
of myopia through increased optical aberrations 

‘The neuromuscular junctions of the iris are suscep- 
tible to direct pharmacological manipulation by agents 
that induce miosis (cholinergic agents, sympathetic 
antagonists) and mydriasis (anticholinergic agents, 
sympathomimetic agents) (see Ch. 6), In addition, 
pharmacological agents that induce the release of neu- 
rotransmitters from synaptic terminals (e.g. substance 
P is released afier nitrogen mustard exposure) can 
have a marked effect on pupil responses. There is 
some evidence that dual innervation exists for iris 
muscles with excitatory and inhibitory input to each; 
thus the action of any individual drug may not be 
entirely predictable, depending on the state of activity 
at the time of administration of the drug 

‘Sympathetic activity in the dilator muscles appears 
to be mediated mainly by dadrenergic receptors 
because the effects can be blocked by phenoxyben- 
zene, but some i activity also exists, In some species, 
suich as the cat, the action of sympathetic agents on 
the sphincter muscle appears to he mediated by By 
receptors only; in the monkey the action appears to 
be strongly of-mediiated in the sphincter and dilator, 
thus producing antagonism. Studies on isolated 
human iris dilator indicate that the excitatory innerva- 
tion is ctadrenergic while the inhibitor is cholinengi- 
cally mediated. 

Pigmentation of the iris contributes to iris colour, 
as does backscatter of short-wavelength light reflected 
into the iris stroma; thus, iris thickness is a significant 
determinant of iris colour. 


Blood flow in the iris 
About 5% of the total ocular blood flows through the 
itis. Iris blood vessels, derived from the major vessel 
circle, are contained as radial coils within tbe-like 
formations of the stromal tissue, an arrangement that, 
allows them to remain patent when the iris is fully 
dilated. Iris vessels have tight junctions and lack fen- 
estrations; this renders them relatively impermeable to 
large molecules, as demonstrated by anterior segment 


fluorescein angiography. They constitute a second 


component of the blood-aqueous barrier (see below). 
nd 


Imaging techniques using high-resolution ultras 
allow visualization of iris and ciliary body vessels and 


indicate that flow velocities as low as 0,6 mnvsecond 


can be detected (Fig, 4-41), 


FIGURE 4-41 Top panels: swept-mode images of iris and ciliary 
Processes at 37°C (let) and 4°C (right). Arrows indicate position of 
‘major arterial circle. Bottom panels: colour flow images derived from 
swept-mode dala shown above. (From Silverman aa, 2002, wth per 
mission tram the Ward Federation for Utrasound in Medicine and Biology) 
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THE CILIARY BODY 
Functions of the ciliary body 


The ciltary body has multiple functions 
+ It provides the blood and nerve supply to the 
anterior segment 


+ It maintains intraocular pressure by secretion of 
aqueous, 

+ It constitutes the major portion of the blood: 
aqueous barrier 

underlies the 


“Its musculature process of 


accommodation. 


Blood flow in the ciliary body 


The ciliary body receives blond vessels from the le 


posterior ciliary arteries and the major iris circle (see 
Ch. 1, p. 28). Blood flow through the ciliary 
about 7% of total ocular flow. The vessels are highly 
fenestrated, leaking most of their plasma components 
into the stroma, Blood flow in the iris and ciliary body 


toregulated like that of the retina (ic. it does not 
alter significantly with changes in perfusion pressure), 
but it is also under autonomic control and can be 


modified by a variety of adrenergic and muscarinic 


inputs, Under normal circumstances, aqueous pro 
duction is independent of ciliary body blood flaw 
until the latter declines to <75% of normal 


Ciliary muscle and accommodation 


In humans, relaxation of 


nule is induced by 


contraction of the ciliary muscle, which moves 


forward, thereby allowing the lens to adapt a more 
spherical shape owing to the elasticity of the lens 


capsule (Fig, 4-42). Accommodative range in emme- 


opic, non-presbyopic (see next pa 
is 5-6 dioptres, There has also been some evidence 


graph) individu. 


hat contraction of the ciliary muscle steepens the 
corneal curvature, thus increasin; 


ts refractive power 


as occurs in lower vertebrates, 


sarasympathetic 
neurones mediating this response are carried in the IIL 
cranial nerve via the long ciliary nerves (see Ch. 1 


p. 30), It is not clear which of the three sets of ciliary 


muscle fibres is responsible for the major action in 
inducing this forward movement but, as for the iris 
muscles, the effects can be blocked by anticholinergic 

>a small sympathetic inhibite 
component and this is increased in late-onset myopes. 


drugs. There is al 


Accommodation produces greater ability to focus on 
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FIGURE 4-42 OCT images of the crystline lens (top) and cilary 
‘muscle (middle), and MR imaging of eye (bottom). Ciliary muscle 
Image analysis shows crose-sectionalcilary muscle thickness (CMT) 
at 1,2, and 3 mm posterior to the scleral spur as well as maximum 
thickness. (Fram Fiche ea, 20 


sar objects owing to the increased refract 


diop 


ric) power of the lens, Epidemiological and theoretical 


quantitative analyses have shown that intense near 


work for prolonged periods disrupts emmetropization 


associated with eye growth and indi 


addition 


opposed to completely dark, rooms are at risk of 


copia. In 
young children sleeping in dimly lit, as 
developing myopia because of the persi 
s through thin eyelid skin. 


poorly focused ima; 
With ag 
changes in th 


iccommodative ability declines due to 


deformability of the lens, while the 


ciliary muscle remains fully contractile, Reduced lens 
deformability is due to increases in lens size as well a 
changes in crystallin protein, combining to produce a 
hard 


ned’ lens (beginning stages of cataract foi 


tion). It has been estimated that the lens equatorial 


es by 0.055 mm for ¢ 
modative ability. 


diameter decre 
decline in accom 


ry dioptre 


Blood-aqueous barrier 
Aq 
epi 


icous humour, secreted by non-pigmented ciliary 


lial cells, is derived from plasma but contain: 
different concentrations of electrolytes and other small 


molecules and a restricted set of proteins in low con 


centration, These differences have led to the concept 
that a barrier exists b 


he ciliary body strc 


ween the plasma transudate in 
na and th 


aqueous in the poste 


rior chamber of the eye which prevents the free dif 


sion of molecules over a c from 


s to the posterior and ante 
freely communicate via the pupil. The barrier i 
erected by the tight junctions between non-pigmented 


Ch. 1, p. 30), In contrast 


ciliary epit 


extensive gap junctions between pigmented and non 


pigmented c 
epithelium a metabolic and transport syncy 
tium, However, in the iris, where 
between the epith 
assumed that the barrier is formed by 


tight junction: 


do not exist, it has been 
ght junctions 


between the vascular endothelial cells, Recently, thi 


concept bas been challenged, The differences in 
ition between a 


protein comp jueous and plasma are 


not absolute and thus the barrier is leaky, since some 


high molecular weight proteins are present in aqueous, 
Instead there is evidence that the protein transudate 


nthe ciliary body stroma diffuses anteriorly into the 


iris stroma and thence into the anterior chamber down 


a concentration gradient (Fig, 4-3). Thu 


aqueous in 
the anterior chamber always contains a small amount 
of protein, while aqueous in the posterior chamber is 
Fig. 4-44), 

Breakdown of the blood-aqueous barrier occurs in 


protein- fre 


mation and vascu- 
the ciliary body/ 


conditions, including intl 
In thi 
ris vessels become hi 


F disease se circumstance: 


ly permeable and the stromal 


transudate increases with 


diffusing into the 


great excess of proteins 
The aqueous humour 
lit lamp 


becomes visibly cloudy (seen as ‘flare’ by 


FIGURE 4-43 Contrastenhanced MRI images of the 
eye. (A) Pre-contrast image shows deals of tissues in 
the anterior segment of the aye, including iis, cllary 
body and both the anterior and posterior chambers 
(8) Within 2 minutes of contrast intusion, there is clear 
enhancement ofthe cary body andthe choroid, but the 
anterior chamber, pasterior chamber and vitreous body 
show no enhancement. (C) After 90) minutes, the 
enhancement inthe ciliary body and choroid has begun 
to diminish. Thee is clear enhancement in the anterior 
chamber but the posterior chamber and the vitreous 
remain unchanged from A and B. (From Fed, 2013 


Classical model Now paradigm 


SF 
EZ 
BES 


F338 
<< 


A B 
FIGURE 4-44 (A) Inthe classical mode, the tight junctions of the nan-pigmented cary eptheium and of theirs vascular endothelium are 
considered to be the main components of the bload-aqueous barter, by preventing the passage of molecules greater than10 kDa into the 
anterior and posterior chambers, The iis stroma is presumed tobe tree of plasma proteins and the concentration of plasma prateins inthe 
‘aqueous s uniform throughout the anterior and posterior chambers Increases in aqueous humour plasma protein concentrations are considered 
the result only ofan increas in barrier permeably.(B) In the new concept (paradigm) of blood-aqueous barter physiology, the small amount 
of plasma-derived protein present in aqueous humour diffuses from the cilary bady stroma to the root of the iris, accumulates Inthe iis 
stroma and is then released into the aqueous humour of the anterior chamber anly (arrows). Thus, the posterior chamber Is free of protein. 
Some of the protein delivered to the iris root immediately enters the trabecular outlow pathways (uveo-scleral outlaw, arrows). The tight, 
|unetions ofthe non-pigmented cllary epithelium and ofthe irs vasculature endothelium sil provide the main barier function. However, an 
additional key element becomes the tight junctions of the posterior is epithelium, which prevent the protein inthe is stroma from difusing 
posterory, when combined withthe one-way valve created by the pupil esting on the anterior lens capsule, and the continuous forward flow 
fof aqueous humour through the pupl (Fam Fredo. 2083) 
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biomicroscopy) because of plasma proteins in anterior 
chambers ~ it may even become ‘plasmoid! owing to 
the presence of fibrinogen and other proteins, Inflam- 
matory cells are also likely to be present when the 
blood-aqueous barrier breaks down, If clotting 
occurs, as in severe uveitis, the aqueous becomes 
‘plastic 


Eicosanoids in the iris/ciliary body 


Prostaglandins were first discovered in the eye in 1957 
by Ambache, who demonstrated the biological activity 
in aqueous and named the factor ‘irin’. Eicosanoids is, 
the generic term to describe prostaglandins (PGs) and. 
leukotrienes, both of which are metabolites of arachi- 
donic acid (see p. 197), Prostaglandins are synthesized 
in large amounts alter trauma or inflammation involv- 
ing the iris/ciliary body, from arachidonic acid released. 
from esterified sites in membrane phospholipids 
Other neuropeptides are involved in this response. For 
instance, release of substance P from the iris leads to 
receptor-mediated breakdown of PIP; (see Ch. 6, 
p. 362) and the formation of large amounts of arachi- 
donic acid in the iris sphincter and synthesis of PGE. 
In the ciliary body, the cyclo-oxygenase pathway is, 
also active in microsomes. PGE; is involved in miosis, 
while PGF, is involved in the control of intraocular 
Pressure, Interestingly, breakdown of the blood 
aqueous barrier in response to PGE, agonists is 
impaired in PGE-receptor knockout mice. PGFi_ is 
also known to increase vasodilatation and capillary 
permeabilization in the anterior segment of the eye. 
Many other peptides are present in the irisciliary body 
and the aqueous, including neuropeptide Y, vasoactive 
intestinal peptide, somatostatin and calcitonin gene- 
related peptide (CGRP). Nitric oxide is also released 
during activation of iris/ciliary body tissues. Many of 
these mediators modulate normal iris/ciliary body 
functions such as miosis and aqueous humour pro- 
duction. Forinstance, CGRP relaxes iris dilator smooth, 
muscle via CAMP mechanisms. They also have other 
functions such as the immunosuppressive role of 
vasoactive intestinal peptide in ocular immune privi- 
lege (see Ch. 7, p. 457). 

Drugs that inhibit the cyclo-oxygenase pathway 
Gee p. 197), such as indomethacin and aspirin, may 
he useful in ocular inflammation, However, steroids 
act at the level of phospholipase A; and may have a 
more global effect on the response (see Ch. 6, p. 363). 


In addition, the lipoxygenase pathway is active in the 
anterior uvea with synthesis of leukotrienes By, Cy and. 
D,, and the chemotaxis of polymorphonuclear leuco- 
cytes (see Ch. 7). Penetration of drugs into the intraoc- 
ular environment after topical application occurs more 
readily through the conjunctiva and the sclera than 
the cornea, partly as a result of the numerous transport 
mechanisms available in the conjunctival epithelium 
but also because of the greater transepithelial perme- 
ability of the conjunctiva compared to cornea, which 
is impermeable even to low molecular weight com- 
pounds (<1000 kDa), 


Detoxitication and antioxidation in 
the anterior segment 


The cytochrome Py: system is the major drug 
detoxification (CYP) system in the eye. Micro- 
somes contain a group of proteins known as the cyto- 
chrome Pj.» proteins, which catalyse the transfer of a 
single oxygen atom to endogenous and exogenous 
substances destined for excretion and/or detoxifica- 
tion, such as steroids, phenobarbital, etc. (see Ch. 6, 
p. 344). Their main effect is to convert hydrophobic 
compounds to hydroxylated hydrophilic compounds, 
which are then more easily metabolized. 

The cytochrome Pyy system is present in the ciliary 
body (at about 5% of the concentration in liver) where 
it acts to detoxify many compounds. It does this by 
either converting the hydroxylated, highly reactive 
compound to a glucuronide via UDP-glucuranyl 
transferase or by conjugating it to glutathione via 
glutathione S-transferase (Box 4-13). Several CYP 
family enzymes have been identified and/or purified 
from the ciliary body, in particular the non-pigmented 
epithelium. For instance the enzyme CYP2D6 is 
important for metabolizing the topical anti-glaucoma 
B-adrenergic blocker timolol. There is considerable 
genetic variation in the induction of the cytochrome 
Pg system in the eye, perhaps explaining the variable 
toxic effects of drugs in individuals, 


‘The ciliary body is the main source of antioxidant 
systems in the anterior segment. Although antioxi- 
dant systems exist in the lens (see below) and the 
comea (see abave), the ciliary body is especially rich in 
antioxidant systems with the highest concentrations of 
catalase, superoxide dismutase, and glutathione per- 
oxidase types Land Il. Type 1 is selenium-dependent 
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BOX 4-13 CYTOCHROME P=) AND DRUG DETOXIFICATION 


‘The cytochrome Pus system detoxifies compounds by 
utilizing the glutathione S-transferase system and degrading 
compounds to mercapturic acid, 
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while type Il is selenium-independent. Type lis closely 
linked to glutathione reductase whose main function is 
the reduction of oxidized glutathione (GSSH) pro- 
duced by the detoxification of peroxides (see Bax 
4-13). 

Hydrogen peroxide (H,0;) is present in normal 
aqueotis, most of it derived from the non-enzymatic 
interaction between reduced ascorbate and molecular 
oxygen, and it is reduced to H,O by glutathione 
secreted by the ciliary epithelium. Most of these 
studies have been performed in experimental animals 
and it is not clear how relevant they are to the human 

ye. It has been suggested that oxidized ascorbate 
(via the superoxide anion) is more important in 
degrading H,O; in humans. Melatonin, a neuropep- 
tide involved in biological circadian rhythms, is also 
an HQ; scavenger, A role for xanthine oxidase has 
also been suggested. H,O, can induce noradrenaline 
(norepinephrine) release from the iris/ciliary body in 
the aqueous and has recently been implicated in 
cataract formation, 

Ciliary body tissue also contains a peroxiredoxin, a 
constituent of a widely distributed family of antic: 
dant enzymes, whose amino acid sequience and tissue 


distribution are now known. Their role is to degrade 
H,O; and alkyl peroxides, 


‘THE CHOROID 
Functions of the choroid 


‘The function of the choroid isto act as the lymphovas- 
cular supply to the posterior segment of the eye. 


Vascular function. The choroid is almost entirely 
composed of vessels embedded in a loose connective 
tissue matrix which has a high content of type Ill col- 
lagen, typical of an expansile or spongy tissue, The 
blood supply to the choroid has several interesting 
features 

+ Some 98% of the blood to the eye passes through 
the uveal tract, of which 85% is through the 
choroid 

+ Blood flow occurs at a rate of 1400 mL/min per 
100 g tissue, which is higher than the perfusion 
of blood through the kidney. 

+ The choriocapillaris is organized in a lobular 
architecture, collecting into larger vessels and 
finally into four vortex veins, one in each quad- 
rant of the glabe (see Ch. 1) 
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+ Venous blood draining from the choroid is not 
desaturated, only 5-10% oxygen having been 
extracted during passage through the eye, The 
choroid supplies the outer retina, where the 
partial pressure of oxygen (Po;) is highest, 
rapidly falling towards the retinal inner segments 
and then rising again, less s0, towards the inner 
retina 

+ Blood vessels in the choroid are highly fenes- 
trated and leaky, like ciliary body vessels 

*+ Choroid and ciliary body blood vessels are sensi- 
tive to the Po, and Peo,: in conditions of high 
Peo; the vessels expand greatly in a forward 
direction, altering the forward position of the 
retina, and exerting pressure on structures such 
as the vitreous gel and lens/ris diaphragm, 

+ Although previously considered to have consid- 
erable autoregulation in relation to perfusion 
pressure, choroidal blood flow, especially around 
the optic nerve, is sensitive to the effects of nitric 
oxide and endothelin and other as-yet unidenti- 
fied vasoconstrictors, 


Non-vascular functions, The choroid has addi- 
tional functions: 

+ It is involved in ocular temperature control by 
dissipating heat from the eye. 

+ It secretes growth factors which control scleral 
thickness and may have a role in emetropization 
(see eFig, 4-13). 

+ Itdrains aqueous fluid from the anterior segment 
of the eye via uveoscleral outflow, which may be 
as much as 40% of aqueous outflow in humans 
(ee p. 211), 

+ Higher primates, including man, have intrinsic 
choroidal neurones which may have a role via 
nitric oxide in controlling vascular diameter and 
blood flaw to the choroid 

+ In humans and other primates, non-vascular 
smooth muscle cells may be found in some cases 
forming discrete rings around blood vessels and 
even in the region of the fovea. 


Lymphoid function, Intraocular structures lack a 
recognized lymphatic system, However, through the 
uveoscleral outflow, drainage of intraocular fluid into 
conjunctival (aqueous veins) and orbital lymphatics 
occurs, Some reports of suprachoroidal lymphatic 


lacunae have been documented. The choroid contains 
a rich network of immune cells including mast cells, 
macrophages and dendritic cells which adopt this 
migration route to the draining lymph node, which in 
the human are the pre-auricular and submandibular 
lymph nodes of the eye (see Ch. 1). This tissue can 
respond massively to intraocular inflammation (see 
Ch, 7, p. 459). In addition, choroidal and ciliary body/ 
iris melanocytes are potential antigenic targets for 
autoimmune disease (see Ch. 7). 


Aqueous humour dynamics 


‘A fundamental physiological function of the eye is to 
maintain an intraocular pressure (IOP) hetween 10 
and 20 mmHg, This is achieved by the circulation of 
aqueous humour secreted by the ciliary body into the 
posterior chamber and circulated through the pupil 
towards the anterior chamber angle where it drains via 
the outflow apparatus into the episcleral veins (see Ch. 
1), Factors affecting 1OP include: 

+ circadian rhythms 

+ episcleral venous pressure 

+ rate of secretion and flow of aqueous humour 

+ neural (cranial nerves V and VIL) and hormonal 

influences, 

‘The intraocular pressure, as measured clinically, actu- 
ally represents the balance between the inflow and 
outflow of aqueous and is altered by changes in the 
gradient of pressure between the posterior chamber 
and the anterior chamber, and eventually by the epi- 
scleral pressure. The uveoscleral outflow is greatly 
affected by alterations in this gradient of pressure as 
appears to occur in glaticoma (Fig, 4-45). 


‘AQUEOUS HUMOUR IS SECRETED BY THE CILIARY 
BODY EPITHELIUM 

The rate of aqueous humour formation is about 
2.3 1L/min, Aqueous humour is formed by the trans- 
port of water and electrolytes from the leaky fenes- 
trated capillaries ofthe ciliary processes to the epithelial 
syncytium and thence across the plasma membrane of 
the non-pigmented epithelium (see Box 4-14) 


Composition of aqueous humour 


‘The aqueous humour is composed predominantly of 
electrolytes and low molecular weight compounds 
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with some protein, and there are significant differ- 
ences from plasma in several of the components. 
Aqueous receives contributions from a variety of 
sources, including the comeal endothelium and the 
iris/lens (see p, 211), in addition to active secretion 
from the ciliary body, Several trace compounds are 
also present in aqueous humour, including steroid 
ymes such as carbonic anhydrase, 
lysozyme and plasminogen activator, and cytokines 
such as basic fibroblast growth factor (bFGF) and 
TGF-B (see Ch. 7, p, 457). It is likely that most of 
the high molecular weight components are present 
only in the anterior chamber. Low levels of catecho- 
amines (adrenaline, noradrenaline and dopamine), 
prostaglandins and cyclic nucleotides are present in 
normal aqueous, but the source of these compounds 
is uncertain, 

The protein content of aqueous is very low (about 
1/500 of plasma), and the major species is allumin. 
Since immunoglobulins are relatively lange molecules, 
it is unlikely that they gain access to the aqueous via 
the ciliary body epithelium; rather, diffusion through 
the ciliary body Aris stroma is more plausible; alterna- 
tively, local production via iris lymphocytes or plasma 
cells is possible source since local antibody produc- 
tion in the eye has been well recorded. Small amounts 
of fibronectin are also produced locally. 

Aqueous contains detectable amounts of hyaluronic 
acid, derived as breakdown oligomers from vitreous 
hyaluronic acid during the normal process of GAG 


Cy, where Fis steady-static low. Cy isthe pseudofaclty. (Courtesy 


renewal (See p, 187). However, some of the aqueous 
hyaluronan is of higher molecular weight than vitre- 
ous, suggesting that it is produced in the anterior 
segment, Aqueous hyaluronic acid may have a role to 
play in regulation of IOP because perfusion of the 
anterior chamber with hyaluronidase leads to a marked. 
drop in pressure. However, it is also possible that 
intracameral hyaluronidase affects trabecular mesh- 
work cells and extracellular matrix, thus leading to a 
lowering of the IOP 


NEURAL/AUTONOMIC CONTROL 
OF AQUEOUS SECRETION 


Adrenergic and cholinergic agonists and receptors are 
present in the iris and ciliary body, and autonomic 
innervation of this tissue occurs in muscle, vessels 
and epithelial cells. Adrenergic receptors are present 
in the ciliary epithelium and regulate 1OP via the 
adenylate cyclase system. f-Adrenergic antagonists 
and Qy-selective adrenergic agonists both suppress 
aqueous flow. Muscarinic receptors linked to the PIP 
second messenger system are also present in the ciliary 
epithelium, 


Cholinergic mechanisms are not involved in contral of 


intraocular pressure 
M, muscarinic receptors in the ciliary epithelium 
linked to phosphatidylinositol in the cell membrane 
have been identified, but they do not appear to 
have a significant role in IOP control. Despite this, 
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BOX 4-14 SECRETION OF AQUEOUS HUMOUR 


Classic theory suggests that passive difusion of water and 
ions from the fenestrated vessels ofthe cliary body is 
{olloved by active transport of Na‘ and CI- across the clary 
body syneytium. This is an active secretory process involving 
Na‘/K* ATPase and carbonic anhydrase type Il activity. In 
‘ome respects this has been viewed as ultafitration of ions 
and water and eventually leas tothe formation of aqueous 
humour, which is secreted into the posterior chamber. 
However, the oncatic pressure of the cilary stroma is greater 
than the hydrostatic pressure diffrence across the ciliary 
epithelium, so tending towards absorption of water ito the 
ciliary body from the posterior chamber. Thus, active 
‘transport of ions inthe opposite direction is the main 
mechanism of aqueous humour formation. This process is 
also under adrenergic receptor contol atthe level ofthe 
ciliary epithelial cells and possibly also by regulation of blood 
flow to the ciliary body. The possibility has been raised that 
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H,0 transport may also be achieved by aquaporins. The 
cilary epithelium has been shown to express two 
‘aquaporins, AOP1 and AGP2, but these do not seem to play 
‘2 major role in aqueous humour production. In addition, 
some ofthe K* channels are Ca-sensitive and can be 
‘activated by Ca’ entry via Ca channels. More recently, the 
role ofthe Gr fon in aqueous humour formation has 
assumed greater importance through Its transport via the 
cystic fibrosis transmembrane receptor. This may play @ 
eater role than the HCO.- carbonic anhydrase-mediated 
mechanisms and may also be facilitated by adenasine 
receptas. 

‘Aquaporin water channels are also present in both the 
secretory machinery (AgPO4 and AqPOt) and the outfiow 
channel (trabecular meshwork endothelium) and appear to 
contribute to bulk low of water because intraocular pressure 
is reduced in AgPO4/1 knockout mice 


cholinergic agents such as pilocarpine are thought to 
have some action via reduction in aqueous secretion, 
although the experimental evidence is weak. Mast of 
the action of pilocarpine appears to be mediated via 
its effect on outflow resistance and uveoscleral flow 
Gee below). 


Adrenergic receptors regulate 10P 
via adenylate cyclase 

The majority of of receptors in the ciliary body are 
0%,, while more than 90% of B receptors are By. Stimu- 
lation of et receptors lowers the IOP via a reduction 
in aqueous humour production through inhibition 
of adenylate cyclase. Adrenaline, a preferential 
o-adrenergic agonist, stimulates prostaglandin synthe- 
sis, particularly that of PGE: and PGFiq, the latter 
having potent ocular hypotensive activity. 

Stimulation of B receptors, particularly B, recep- 
tors, also leads to an increase in aqueous secretion via 
activation of adenylate cyclase 

‘The dual control of aqueous secretion through acti~ 
vation (B) or inhibition (ct) of adenylate cyclase is 
mediated by their respective stimulatory and inhibi- 
tory G proteins (see Ch, 6, p. 345). Thus, 1OP can be 
lowered by oh agonists (e.g. clonidine) or Bs antago- 
nists (Bblockers, e.g, timolol). The oh receptors are 
also linked to vasoactive intestinal peptide receptors, 
which are co-stimulated and lead to a reduction in 
CAMP levels, which in itself may also lower IOP. 
antagonists have no effect on aqueous flow when 
aqueous production is at its lowest, whereas ty ago- 
nists and carbonic anhydrase inhibitors do. 

‘The mechanism whereby changes in intracellular 
CAMP levels alter aqueons secretion is not known but 
appears to involve transport of the HCO, 
the cells. In addition, a number of other components 
appear to be involved in aqueous secretion, such as 
protein kinase C, which is linked to adenylate cyclase 
activation and thus may act as part of an intracellular 
signalling network connecting the two main second. 
messenger systems (see Ch. 6, p. 345) 


Nucleotides and nucleotide receptors 
Low molecular weight nucleotides stich as adenosine 
are present in aqueous humour in significant quanti- 
ties (FM) and are likely to play a role in IOP 
control. The wide-ranging effects of nucleotides, 
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particularly adenosine, are mediated via receptors 
present on nerve endings, including PTX and PTY 
receptors. Topical application of some nucleotides to 
the eye leads to lowering of the IOP 

Interestingly, melatonin has some 1OP-lowering 
effects and the melatonin analogue 5-methoxycarbo- 
nylamino-N-acetyltryptamine (5-MCA-NAT) has sim- 
ilar effects which are thought to be due to induction/ 
modulation of adrenergic receptors in the eye. 


Circadian regulation of aqueous humour formation 
thas long been known that there isa diurnal variation 
in 1OP, possibly due to melatonin-based mechanisms, 
This is in part the result of a circadian regulation of 
aqueous humour secretion. Secretion in humans 
oceursat a rate of 2.6 mL/min during the day and falls 
to 1.0 mL/min at night, Both B-adrenergic receptor- 
mediated and neuropeptide-mediated mechanisms, 
particularly that of vasoactive intestinal peptide, are 
involved. Activation of G protein-coupled adenylate 
cyclase leads to cAMP production, which activates 
protein kinase A, thus regulating the cation channels 
The process is terminated by hydrolysis of cAMP by 
phosphodiesterase 


1s guanylate cyclase involved in intraocular 
pressure control? 

Large amounts of brain natriuretic peptide (BNP) as 
well as atrial natriuretic peptide (ANP) are found in 
the iris/ciliary body and in the aqueous humour of 
rabbits and humans. The receptor for ANP is linked 
to membrane-bound guanylate eyclase, and in vitro 
studlies have shown that this enzyme can be stimulated 
by ANP in the ciliary body: In the rabbit this is accom- 
panied by a reduction in IOP but its relevance in 
humans is not clear hecause similar levels of peptides 
are found in both normal subjects and in glaucoma 
patients 


‘AQUEOUS HUMOUR OUTFLOW FROM THE EYE 


Flow of aqueous humour from the eye is controlled at 
several different levels, including at the site of the 
‘conventional’ (C) outflow pathway via the trabecular 
meshwork, at the uveoscleral (C,) outflow system, 
and, outside the globe, at the site of the episcleral 
veins (see Ch. 1). 
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Control of outflow at the trabecular meshwork 


Resistance to the outflow of aqueous occurs at the 
level of the endothelinm covering the trabecular 
meshwork, which is an extension of the comeal 
endothelium, but also within the matrix of the mesh- 
‘work itself. The hydraulic conductivity at this site is 
around 10 ems g"', which is several times greater 
than for other lining endothelia and has been attrib- 
uited to a process of water transport termed ‘transcy- 
tosis’, in which membrane-bound water-containing, 
vesicles are transported through micron-sized pores in 
the cell, across the meshwork. Formation of transcel- 
lular pores may be a pressure gradient-induced 
mechanoreceptor-based mechanism involving the 
actin-myosin cytoskeleton and appears less effective 
when the cells are stiffened, as occurs with agents 
which increase outflow resistance such as thrombin 
and sphingosine-1-PO,, 

Despite the potential contribution of the trabecular 
endothelial cell, the justacanalicular cribriform mesh- 
‘work is considered to account for much of the resist- 
ance to aqueous flow into Schlemmis canal. This has 
been attributed to matrix components, especially the 
GAGs, present in this region, The trabecular beams, 
composed of type I collagen, with a significant propor- 
tion of type IIL and IV collagen, and other matrix 
constituents such as laminin, fibronectin and elastin, 
are separated by GAG-filled spaces, particularly 
hyaluronan (Fig, 4-46) that retard the flow of fluid by 
virtue of hydrophilic properties and large hydrody- 
namic volume. A wide range of GAGs have been iden- 
tified in the trabecular meshwork matrix—namely, 
hyaluronan, chondroitin sulphate, dermatan sulphate, 
keratan sulphate and heparan sulphate—with signifi 
cant variation between species, Some unidentified 
Proteoglycan material has also been detected. Trace 
amounts of types V and VIL collagen have also been 
detected in the trabecular meshwork. 

Apart from the mechanosensor or stretch receptor 
function of trabecular meshwork (TM) endothelial 
cells discussed above, TM endothelial cells have 
special characteristics: namely, active phagocytic prop- 
erties, high levels of cytoskeletal actin, which in cul- 
tured cells is particularly sensitive to cytochalasin B, 
and lower levels of microtubules, which appear to be 
relatively non-responsive to colchicine. These cells 
also contain vimentin and desmin, thus showing some 
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FIGURE 4-46 Model of hyaluronan, sowing size compared to other 
"ypica’ molecules. (Courtesy oJ. Alberts) 


similarity to smooth muscle cells. Taken together, 
these findings suggest that trabecular meshwork 
endothelial cells are specialized for both endocytic 
transport of water and solutes, and contractility: Actin. 
mobilization appears to be mediated via adrenergic 
receptors, probably of the B: type, which are highly 
responsive to adrenaline. Energy metabolism in the 
trabecular meshwork endothelium is predominantly 
glycolytic rather than oxidative, although both enzyme 
systems are present and functional. Transport of water 
may be achieved not merely by passive transportation 
of HO packets but by activation of a water channel 
protein, aquaporin-1 (AQPOL), found in corneal 
endothelial cells, 


Metabolism of trabecular meshwork cells 
‘The matrix components in the trabecular meshwork 
are thus synthesized and degraded by the endothelial 
cells. In addition, these cells have high levels of surface 
tissue plasminogen activator (IPA), higher even than. 
in vascular endothelial cells, and this is likely to play 
arole in maintaining patency and reducing the resist- 
ance of the outflow passages. Phagocytic activity of 
trabecular meshwork cells is associated with several 


other enzymatic activities such as GAG-degrading 
enzymes and acid phosphatase. 

Trabecular meshwork cells have receptors for 
variety of agents including adrenaline (PB adrenergic 
receptors, decrease phagocytosis) and glucocorticoids. 
Both steroids and oxidative damage induce the expres 
sion of the trabecular meshwork inducible ghico- 
corticoid response (TIGR) protein, Mutations in the 
TIGR gene, now known as the myocillin gene, have 
been found in patients with glaucoma, Myocillin is 
found widely in ocular tissues and may be a com- 
ponent of exosomes (see p. 165) which could poten- 
tially obstruct TM outflow if released in excess or 
not removed after release, Other susceptibility genes 
such as the optineurin and the WD repeat domain 
(WDR36) genes have been found but account for 
only a small proportion of patients with primary 
open angle glaticoma and the CYPIBI gene (drug 
detoxifying gene, see p. 221) in congenital glaucoma. 
In addition, TGF-B appears to be involved in the 
glucocorticoid cell response and in the production, 
of trabecular meshwork extracellular material. Ster- 
ids inhibit prostaglandin by trabecular meshwork 
cells at concentrations as low as 10 mol/L. Pros 
taglandin synthesis by trabecular meshwork accounts 
for a significant proportion of its arachidonic acid 
metabolism (70% compared with less than 5% in 
other cells), suggesting that prostaglandins play a 
major role in trabecular meshwork cell physiology: 
In addition to substantial amounts of PGE and PGF:a, 
leukotriene B, appears to be produced in high 
amounts 

Trabecular meshwork cells contain the free radical 
and hydrogen peroxide detoxifying enzyme systems 
present in other tissues such as the ciliary body (see 
above). Both a catalase and a ghutathione-dependent 
system are active in handling hydrogen peroxide, 
which can reach levels as high as 25 pmol/L in the 
aqueous humour. Ageing is associated with increasing 
free radical damage and mitochondrial dysfunction 
and clearance of waste products by the ubiquitin 
proteasome system, and other lysosomal and non- 
lysosomal enzyme systems such as the calpains of TM. 
cells becomes less efficient. Waste products thus accu- 
multe in the TM itself (the garbage catastrophe 
theory of ageing’) and contribute to increased outflow 
resistance, ocular hypertension and glaucoma. This 
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age-related process will also be allected by genetic 
susceptibility as shown in the recent identification of 
two mutations in the lysyl oxidase gene in patients 
with secondary glaucoma associated with pseudoexfo- 
liation syndrome, Lysyl oxidase is required for elastin 
production (see p. 183) and presumably vitreous! 
zonuile components are more readily degraded and 
washed through to the TM in this syndrome. 


Uveoscleral drainage 


A variable proportion of aqueous (up to 40%) drains 
directly into the anterior uvea at the ciliary body 
immediately posterior to the cornea and thence into 
the suprachoroidal space and towards the posterior 
pole of the eye (see Ch, 1), The anterior uvea at this 
point is incompletely lined with endothelial cells. In 
addition, the localization of MMP-1 suggests a role for 
this enzyme in uveoscleral outflow. Uveoscleral drain- 
age is possible because the pressure in the supra 
choroid is 2-4 mmHg lower than in the anterior 
chamber; this can be reversed after trabeculectomy 
and can lead to choroidal effusions. This pressure dif- 
ferential is also less with age, leading to greater risk of 
choroidal effusion in such patients. Prostaglandins 
may decrease the intraocular pressure by increasing 
the uveoscleral outflow: Several possible mechanisms 
have been proposed, including relaxation of the ciliary 
muscle, cell shape changes, cytoskeletal rearrange- 
ments or compaction of the trabecular meshwork 
matrix, 


Episcleral circulation 
It was shown many years ago that dye-stained aqueous 
fluid would not drain out of the eye into the episcleral 
veins if the IOP was less than 15 mmHg, Thus, this 
tepresents the combined episcleral venous pressure 
and the oncotic pressure in the perivenous tissues of 
the episcleral veins, Aqueous humour draining via the 
canal of Schlemm into the aqueous veins does so by 
passing through large transcellular channels and giant 
vacuoles on the meshwork side of the canal. The canal 
has direct vascular communications on its outer wall 
with a network of intrascleral collector channels that, 
drain into the scleral veins (see Ch. 1), An alternative 
model for aqueous ontflow has been proposed which 
involvesa mechanical pumping mechanism generated 
in response to small changes in IOP and linked to the 
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ocular pulse. Pumping of aqueous from Schlemms 
canal into the collecting veins and episcleral veins is, 
assisted by small valves in this model. 

The episcleral venous pressure can be measured 
using a non-invasive manometer (the EV-310) and is, 
normally around 810 mmHg, 


‘An intraocular pressure-independent link between 
aqueous production and aqueous outlow? 

Bestrophins are anion channels known to be involved 
in fluid transport in the gut. Recently, similar proteins 
have been identified in the ciliary body, including the 
HCO} channel bestrophin-2 which is selectively 
expressed in non-pigmented epithelial cells. Unex- 
pectedly, hestrophin-2-deficient (hest2 -/-) mice have 
a higher rate of aqueous inflow but a reduced IOP 
This appears to be due to the very high level of a 
soluble adenylate cyclase, in the non-pigmented epi- 
thelium, which is acutely sensitive to HCOy, but is 
absent from the outllow pathway cells. This suggests 
that the ciliary body may produce substances via 
HCOy-sensitive soluble adenylate cyclase, which 
directly influences outflow independent of pressure 
(Lee, 2011). 


Does aqueous contain components that contribute to 
flow resistance? 


Although aqueous has the same viscosity as isotonic 
saline, ts passage through microporous filters in vitro 
is slower than that of saline. This effect can be abol- 
ished by proteolytic agents and detergents, but not by 
hyaluronidase. It has therefore been suggested that 
some forms of glaucoma may be caused by a build-up 
ofa surfactant-like material with age. 


The lens 


The transparency of the lens is a function of the highly 
ordered state of its cells and extracellular matrix, In 
essence, the extracellular matrix of the lens is confined. 
to its capsule, while the cells form a syncytium with 
interlocking cellular processes. The syncytial arrange- 
ment is brought about by the extensive communicat- 
ing gap junctions between the cells, but the cells are 
not fully apposed, leaving a nanometersized space 
between cells which permits an important and essen- 
tial circulation within the lens 


LENS TRANSPARENCY 


‘The light transmission properties of the ocular media 
vary to some degree depending on the nature and the 
age of the tissue, The comea, aqueous humour and 
Jens all transmit long-wavelength light well above the 
limit of visible light (about 720 nm). However, short 
wavelengths below 300:nm are absorbed by the 
comea but wavelengths above 300nm are transmitted 
through the aqueous; the lens further filters the major- 
ity of the short wavelengths below 360 nm and is an 
absolute barrier to light below 300 nm (Fig. +47). 


‘The epithelium 
‘The single-celled epithelium ofthe lens and its capsule 
do not scatter or reflect light, essentially because the 
combined refractive index is the same as that of the 
aqueous humour (1.336). However, the epithelium is 
of great importance in the maintenance of fluid and. 
electrolyte balance of the lens syncytium via ion-pump 
mechanisms (see below). Thus, any agent that disturbs 
epithelial function and/or viability (such as ionizing 
radiation to the lens bow region) will have significant 
effects on lens clarity. This applies to all aspects of lens 
structure and function. 


‘The organization of the lens fibre cells underpins the 
‘transmission properties of the lens 

1 might be expected that the plasma membranes of 
the lens fibres would produce interference diffraction, 
patterns that would alfect the ability of the lens to 
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FIGURE 4-47 Optica density curves for various ocular components. 
(Wits permission of Dr ate and Horvitz and JB Lippnco) 


transmit light, However, it has been shown that the 
weak diffraction rings that are produced occur in a 
repeating pattern with a period of the same dimension 
as the thickness of an individual lens fibre in the 
anteroposterior axis, This reduces any scatter by the 
plasma membranes of the normal epithelium; it has 
been estimated that the amount of scatter by the epi- 
thelium in the human lens is about 5% of the transmit- 
ted light. 

Lens fibres differentiate from mitotic equatorial lens 
epithelial cells, which migrate posteriorly and cen- 
trally as new fibre cells are generated. This produces 
1 zone of differentiating fibre cells which not only lose 
their nuclei but also most of their intracellular 
organelles as they become mature cells towards the 
lens centre (nucleus) (Fig, +418). This loss of cellular 
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FIGURE 4-48 (A) Three zones comprise the lens structure: the ep- 
thelium (funtion: transport of protein), the anucleate mature lens 
fibres (function: light transmission) and the differentiating fibres 
(retain some organelles: function: nutrient transport link between 
epithelium and lens fibres). (B) The lens fibres appear as tatened 
hexagons when cut in cross-section, (Fom Matias al 2010) 
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organelles as well as their anteroposterior orientation 
assist in allowing light transmission. The fibres are 
organized in a densely packed cellular arrangement, 
with interdigitations like pieces in a three-dimensional 
jigsaw puzzle (see Ch. 1, p. 32) in which extensive 
intercellular communication exists via the lens gap- 
junction, generated by a set of heterodimeric proteins 
compased of connexins (Cx43, Cx46 and Cx50) (Fig, 
4-49) as well as the gap-junction-like protein, 
aquaporin-O (AQPO). Lens fibres essentially become 
crystallin-replete (over 90% of the total cellular 
protein) sacks in which crystallins are embedded 
within a complex cytoskeletal matrix, some compo- 
nents of which are also lens-specific (e.g. the beaded 
intermediate filament protein). The polydisperse 
nature of the crystallins prevents spontaneous crystal- 
lization in the packed arrangement. The high refrac 
tive index (RI) of the lens is caused by the crystallins; 
at the periphery of the lens the RL is slightly less (1.38) 
than at the nucleus (141). The water content of the 
lens is also greater at the periphery (75-80%) than at 
the lens nucleus (68%), 

As the lens fibres differentiate towards the centre 
(lens nucleus), this packing arrangement becomes 
modified and less compact (Fig, 4-30). The presence 
of the crystallins is in itself insufficient to explain the 
transparency of the lens, Transparency is predomi- 
nantly the result of the packing of the crystallins in 
very high concentration such that they resemble a 
dense liquid or a glass because of the high level of 
‘short-range spatial order’ this means that the scatter 
of light from each individual molecule is related to the 
scatter from its immediate neighbours and that they 
tend to cancel each other out. At a macroscopic level, 
the arrangement of the crescent-like fibre cells in end- 
to-end concentric shells around a polar axis provides 
a highly ordered architecture. A series of coaxial 
refractive surfaces, thus created, promotes transpar- 
ency of the multicellular structure. However, this 
general view does not apply to all species and in most 
there are two types of fibre cell, an S-shaped cell and. 
a concentric cell. Overlapping tails of S-shaped cells 
form the lens sutures, which paradoxically lie along 
the visual axis and can affect optical quality and 
produce variability in focus, 

In addition, the circulation within the lens pro- 
vided for by the nanometer space between the gap 
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FIGURE 4-50 Summary diagram ofthe changes inthe lens as adult 
lens fibres diferente trom lens epithelium. (Fam Borman and 
Yooper, 2010} 

junctions in fibre cells is essential for lens fibre metab- 
olism even at is hasal level, Mutations in gap junction 
connexin proteins account for many different types of 
congenital cataract, 


The crystallins 
Crystallins make up 90% of the water-soluble proteins 
of the lens; there are three types in mammals (see 


@® Box 4-4), 


FIGURE 4-49 Gap junctions are a malor feature of cellular 
connections in the lens: they comprise many closely packed 
‘channels each formed by two hemichannels (connexons), 
‘one in each ofthe connecting als. (Fam this 2010) 


Some crystallin protein also coextracts with the 
uurea-soluble protein, indicating that a fraction of the 
crystallins is strongly bound to the cytoskeletal (urea- 
soluble) proteins (5% total protein). The water/urea- 
insoluble protein represents membrane protein (2% 
total protein) and some crystallin is also found in this, 
fraction when it is solubilized in detergent. 

The @A and 8 crystallins show about 50% 
sequence homology. The molecules exist as polydis- 
perse globular proteins in aggregates organized in 
three concentric layers or as a protein ‘micelle 
However, their true quaternary structure is unknown, 
A and OB crystallins belong to the family of small 
heat-shock proteins and display chaperone-like activ- 
ity, Studies in knockout mice have shown that oA 
lens-specific crystallin is required for normal lens dif- 
ferentiation and transparency, while aB, which is 
expressed in neural tissue and upregulated under con- 
ditions of stress, is not essential for lens transparency. 
Homology of lens crystallins to certain enzymes such 
as aldehyde dehydrogenase class 3 enzymes in corneal 
epithelial cells suggests that this form of ‘gene sharing’ 
quite widespread. 

The crystal structure of some small invertebrate 
heat-shock proteins such as Hsp16.5 has allowed a 
model for lens GA crystallin micelles to be developed 
(Fig 4-51), In this model it has been shown that 
neither A or a is necessary to develop the molecular 
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The crystallins 


‘Three types of crystallin have been identified in mammals, 
©, and 7, mainly on the basis of molecular weight (see 
figure). The 6 erystallins have also been detected in birds 
Several other 'taxon-specific’crystallns (€,t, p, x. 1.6, 
SII are recognized in other species, based on the criterion 
that they account forat least 10% of the total water-soluble 
protein. More recent data suggest that n vertebrates there 
are only two classes of crystallin, e and YB. Native a 
crystallin of two types, GA and aB, each with a molecu- 
lar weight of about 20 kDa. In the native state, however, 
the ot crystallins form large multimeric aggregates of 300 
1200 kDa (average 800 kDa), held together by non- 
covalent interactions, 

B Crystallins range in molecular weight from 23 to 
35 kDa and occur in several subtypes: BB, BB, and BB; 


Antes single layer 


(Gsom Moreau and King, 2012) 


BA,, BA, and AB,. Mixed aggregates of between 50 and. 
200 kDa occur naturally, The 7 crystallins are monomeric 
1m the native state; there are six types (*yA-E, and 78 
(formerly known as 5), differentiated by charge, Not all 
types are present m human lenses at all ages, some such 
as ySand yC being present at higher concentrations in fetal 
than in adult lenses. The relative amounts of cr f:y crystal 
Iin also vary greatly depending on age and other factors: 
1m the ‘typical’ lens the ratio of aB:y is of the order 
40:35:25. Protein sequence analysis has shown homology 
between the f and y crystalins; in addition, all three pro- 
teins exist as [pleated sheets. 

The structure of the human lens (A) and the major 
‘soluble lens crystallin (cr, B), (B, C) and (y, D) is shown 
below. 


A 
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FIGURE 4-51 (A) Secondary structure ofthe Hsp16:9 subunit with an ordered Nterminus. The N-terminal domain (green) contains three 
helical segments, as shown, in haf ofthe subunits. The remaining subunits in Hsp16.9 and all subunits in H=pt6.S have unstructured N-terin 


The a cystalin domain (brown) consists of seven-stranded sandwich, aninerdomain loop con 


19 one f-strand (6 atthe to) and a 


C-terminal extension (at the bottom), which is largely unstructured except for the short V10-strand, (B) A possible mcele-ike structure for 
crystallin. The subunits contain two domains and assemble int large aggregates through interactions between their hydrephobic N-terminal 
domains (lac), which are located inthe centre ofthe aggregate. The hydrophilic C-terminal (crystallin) domains (not pink) are onthe surface 
of the assembly. (Pat Ais reproduced with permission ram Nature Publishing Group. Par Bis rom Augustyn, 2004, with permission from the Optometisis 


Association of ustala) 


arrangement but that some combination of either will 
suffice. However, the tertiary and quaternary structure 
of human crystallins remains elusive due to expected 
difficulties in achieving crystallization 
Phosphorylation of the @A, and the @B, chains 
produces the aA, and the otB, chains. Spontane- 
ous non-enzymatic cleavage of the molecules also 
occurs, as does high molecular weight aggregation, 
especially with age. The a, crystallins, acting as 
molecular chaperones, ‘trap’ other crystallins and 
proteins such as intermediate filaments, which may 


be undergoing denaturation and unfolding, In this 
way they maintain lens transparency by preventing 
disruption of the highly ordered structure of the 
crystallin. packing, 

The YB ctystallins are thought to have a similar 
structure: four repeating antiparallel B sheets in the 
form of ‘Greek key’ motifs. y Crystallin is a highly 
stable molecule, attributed to its extensive internal 
symmetry: recent studies have revealed a link between 
mutations in congenital cataract and cataract of old 
age (Fig. 4-52) 
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FIGURE 4-52 Crystal structure of human W42R y0-crystalln, a mutant form of human  erytalin which has only minor ditferences to normal 
‘yorystalin but is protease-senstive and is associated with certain forms of congenital cataract. (A) Superposition of the normal and mutated 
forms of crystalin, (B) Best ft superposition (G) Electron densi of residue Arg42 mutated from Trp42 inthe normal yO erystalin. (Fam 


etal, 203) 


Multimeric complexes of B crystallins tend to form 
between the acidic molecules (B42, BA) and BA.) and. 
the basic molecules (f88,, BB, and BB), followed by 
association between similar heterodimers. Homology 
among the various B crystallins both within and 
between species is quite variable and sequence analy- 
sis is still in progress for most of the human proteins 
However, on the basis of 7 sequence homology a 
predicted structure of B crystallin has been suggested 
and X-ray crystallography has shown it to have some 
basis. In this model, the two ylike structures are 
joined by a connecting peptide. 

Although the molecular packing of the crystallins 
and their high refractive index contribute extensively 
to lens transparency, biophysical studies of molecular 
interactions between proteins indicate that the crystal- 
lins in themselves are not essential ~ proteins that can 
adopt the correct state of phase transition and osmotic 
pressure would do equally well, In essence it is related. 
to the volume exclusion properties of proteins which 
are at their highest with yD crystallins, the most abun- 
dant crystallin in the lens, 


Cytoskeletal proteins of the lens 
Cytoskeletal proteins ate usually to be found in the 
urea-estractable fraction of lens proteins, In addition 
to the usual complement of microfilaments, such 
as actin, vimentin and spectrin, and intermediate fila- 
ments (see section on cells and tissues above), there 
are certain lens-specific intermediate filaments such 
as beaded filaments, Vimentin is the major interme- 
diate filament in the lens cell, and is present in epi- 
thelial and cortical fibre cells but not in nuclear fibre 
cells. A similar distribution has been found for micro- 
tubules in lens cells, Cytokeratins are not found in 
the adult lens. Some differences occur in relative 
proportions of cytoskeletal elements, Thus, talin, ot 
actinin and the signalling proteins are at high concen- 
tration in lens equatorial epithelium, while vinculin is 
prominent in stable fibre cells with strong cell-cell 
contacts 

Beaded filaments are specific to the lens fibre. Two 
main species have been identified: beaded filament- 
specific proteins 1 and 2 (BFSP1, BFSP2, also known 
as filensin and CY49, respectively), In addition, there 


are link proteins, the plakins, which together are likely 
to be involved in crystallin packing and density dis- 
tribution, perhaps by offering attachment sites for 
crystallin molecules. CP49 is also known as phakinin. 
Both proteins co-assemble with t crystallin but not 
with vimentin, 

Lenses with targeted deletions of phakinin and 
filensin are opaque even though lens fibre morphology 
is normal, indicating that these two proteins, which 
co-assemble to form beaded filaments, are essential for 
lens transparency through lens fibre cytoskeletal 
organization. 


‘Membrane lipids and proteins 


Membrane lipids in lens cells are highly saturated, the 
main phospholipid being the extremely stable 
dihydrosphingomyelin. In cell membranes they are 
densely populated with proteins, thus restricting their 
mobility, Cholesterol is also abundant, which in view 
of its exclusion from protein ‘rafts’ (see p. 162) leads 
to patches of pure cholesterol in the membrane (cho- 
lesterol bilipid domains). Lens cell membrane proteins 
are extractable from lens membranes in detergents 
such as sodium dodecyl sulphate (SDS), a major 
protein being lens fibre cell-specific junctional complex 
protein aquaporin-0 (AQPO), previously known as 
major lens intrinsic protein 26. In fact this was the 
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first aquaporin (or water channel) identified and they 
act as osmoreceptors or cell volume regulators, At least 
100 of these genes have been described, 11 of which 
are present in mammalian systems and five involved 
in fluid transport throuigh various ocular tissues in and, 
out of the eye (Fig, 4-53) 

The AQPO gene is located on the cen-ql-4 region of 
the long arm of chromosome 12, The protein is not 
only involved in water transport but also in intercel- 
Iular communication and movements of ions as part 
of the microcirculation of the lens. In the closed con- 
figuration it acts as an adhesive protein for the poste- 
rior lens capsule, maintaining the lens electrical dipole. 
AqPO is important for lens transparency; mutations in 
this gene causing cataracts. AqPO is absent from lens 
epithelial cells and its relationship to gap junction 
proteins in other cells is unclear. However, AQPI is 
present in lens epithelium. 

Other membrane proteins include numerous 
enzymes such as ATPases, and cytoskeletally attached. 
proteins such as calpactin-L and N-cadherin, Several 
other high molecular weight proteins also exist in the 
lens fibre plasma membrane such as plakoglobin, 
plectin, periplakin and desmocollin, members of the 
spectrin family with a role in maintaining cell shape 
as for spectrin in red cells. Lensin is a lens-specific 
cytoskeletal protein linking beaded filaments to cell 
‘membrane. 
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FIGURE 4-53 Fluid transport and aquaporin expression in the eye. (A) Routes of tuid movement showing secretion by lacrimal gland and 


cilay body. absorption by trabecular meshwork and retinal pigment epithelium, and bidirectional movement in cornea and lens. (8 


aquaporin (AQP) water channel expression in ocular tissues. (From Vekman, 2003, wih pexmision from Eisele) 


234 4 Biochemistry and cal biology 


Extracellular matrix 


The only extracellular matrix of any importance in the 
lens is the capsule. The capsule is constructed as for 
any epithelial cell basement membrane of type IV col- 
lagen and heparan sulphate proteoglycan, and acts as 
a diffusion barrier for the lens, Fibronectin is localized 
to the anterior capsule, while tenascin is present in the 
posterior capsule. Tenascin is one of a family of matri- 
cellular proteins which includes thrombospondin and. 
SPARC (sialo-protein associated with rods and cones, 
see p. 183 and Fig. 4.19), the last being required for 
lens transparency. The GP integrin is present in the 
anterior lens epithelium, while the 4, integrin 
receptor for laminin is present in equatorial and lens 
fibre cells, both of which are migratory. 


Semipermeable membranes and 
physiology of the lens 

As indicated above, the lens behaves like a very large 
syncytium or single cell, both electrically and chemi- 
cally, Active pumping mechanisms, based on Na‘/k” 
ATPases exist to pump Na” ions out of the lens, while 
chloride and water are transported into the cell (see 
Box 4-15). The pump is located in the epithelium with. 
the highest concentration at the lens equiator, while 
lens fibres do not have a pump function, As a result, 
electrical current density across the epithelium is 
highest at the equator, generating a flow of current 
from the equator to the lens centre, and this appears 
to be critical for intra-lens microcirculation (see Box 
415) 

Barriers to ion and solute transport occur at the 
capsule and at the plasma membranes of the epithelial 
and fibre cells, The capsule is permeable to small 
molecular weight proteins (<50 000 Da), including, 
low molecular weight crystallins, but prevents diffu- 
sion of large molecules 

At the epithelial barrier, the cells show the typical 
polarization of other epithelial cells but lack tight 
junctions at the lateral cell surface, Instead there is an 
extensive system of gap junctions, which permits 
rapid intercellular communication, thereby allowing, 
the cells to behave as a syncytial sheet, At the junction 
between the epithelium and the fibre cell, the main 
transport mechanism is rapid endocytosis via coated 
vesicles, while the very extensive system of gap junc- 
tions between each lens fibre permits rapid interfibre 


BOX 4-15 TRANSPORT OF MOLECULES 
ACROSS THE LENS SURFACE 


‘The lens behaves like a syncytium in which K° is 
transported into the lens and Nav is transported out via, 
Na‘/K- ATPase present inthe lens epithelium (A). 
Interestingly, the concentration of the ATPase is highest in 
the equatorial zone of the ls epithelium where much of 
the ionic transport occurs. This sets up electrical gradients 
\with dtferentia electrical potential diferences between the 
lens equator and the lens poles, in part accounting for the 
electrical dipole that occurs in the lens (B). The lens also 
‘contains specific glucose transporters and transporter 
‘molecules for ascorbate and wate, which ensure adequate 
‘metabolism and minimize free radical damage 


(Part B reproduced from McCalg eta, 2005.) 


cell movement of metabolites, amounting in effect to 
4 microcirculation (see Figs 4-48 and 4-49). Indeed, 
50% of the fibre cell plasma membrane protein con- 
sists of AQPO, while the gap junctions in lens are to 
some degree specialized (more efficient) than other 
cell types in that AQPO appears to assist in channel 
formation between the cells. 


‘The Na'/K* ATPase pump in the epithelium actively 
exchanges Na’ (pumped out) for K* (pumped in) 
‘The Na* passively diffuses anteriorly down a concen- 
tration gradient present in the vitreous, across the 
posterior lens capsule into the lens body, where it 
rapidly diffuses to the anterior epithelium and is 
pumped out into the aqueous. K’ ions are handled 
in the reverse direction, eventually diffusing passively 
sacross the posterior capsule into the vitreous. Inward 
currents at the anterior and posterior poles occur in 
the extracellular space while outward currents driven 
by the ATPase pump occur at the epithelium, par- 
ticularly the equatorial epithelium. Critical to this 
process is the presence of K* channels in the epithe- 
lium but not in the lens fibres, which allow an overall 
Na‘/K* exchange, 

While this simple pump-leak model serves to 
explain ion transport across the lens body there are 
several tinanswered questions, such as the mechanism 
of Cat"/Mg* transport, which also occurs via a specific 
ATPase. The Ca"/Mg” ATPase is most abundant in the 
lens cortex, In addition, specific transporter proteins 
for glucose (GLUTI in epithelium, an Na’-dependent 
SGLT transporter in lens fibres) and amino acids exist 
in the plasma membrane of lens fibre and epithelial 
cells 

Transport of water across the lens has also been 
shown to occur in an anteroposterior direction at a 
rate of about 10 iL/h, probably involving AQPO, thus 
participating in the overall lens microcirculation, and. 
helping to nid the lens of waste products and maintain 
transparency 


LENS METABOLISM 

Carbohydrate 

Glucose from the aqueous humour is the main source 
of energy for lens metabolism. Glucose enters the cell 
via an insulin-dependent glucose transporter located 
in the plasma membrane (GLUT). Both the glycolytic 
and the pentose phosphate pathways are used, and 
under conditions of excess glucose the sorbitol 
pathway is entrained (Fig. 4-24). About 80% of 
glucose is consumed by the lens via anaerobic glycol 
sis. The pentose phosphate pathway uses about 10% 
of the remaining glucose, providing sugar residues for 
nucleotide synthesis. Aerobic glycolysis via the citric 
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acid cycle occurs only in the lens epithelium hecause 
these are the only lens cells to possess mitochondria, 
The epithelium also possesses most of the aldose 
reductase, indicating that any metabolic activity occur- 
ring via the sorbitol pathway takes place in this cell, 
Under normal circumstances, less than 5% of glucose 
isused up in the sorbitol pathway. Indeed, itis unlikely 
that sorbitol has a significant role in the induction of 
complications of high ambient ghicose (diabetes) 
Aldose reductase is apparently induced by osmorecep- 
tors (such as aquaporins) and interferes with NADH- 
binding proteins, thus disturbing regulatory free 
radical scavenger mechanisms (see below). In addi- 
tion, aldose reductase has recently been shown to have 
PGFig synthase activity, is involved in the COX2 
pathway, and is regulated by IL-1. Indeed, inhibition 
of aldose reductase is reported to prevent allergic 
rhinitis by blocking the PI3 kinase/AKI/GSK intracel- 
lular signalling pathway (see Ch. 7, p. +45). Thus, it 
has a more direct role in inflammatory mechanisms, 
which are also implicated through other routes in the 
complications of diabetes, 


Protein 


Synthesis of new protein ceases with lens fibre cell 
formation, and all changes that occur to lens proteins 
alter this stage are post-translational modifications. 
Phosphorylation of many proteins occurs, including 
exystallins, cytoskeletal proteins and AQPO. Several 
phosphorylation systems exist, including a cAMP- 
dependent protein kinase A and a phospholipid- 
dependent protein kinase C. Certain drugs enhance 
phosphorylation of intermediate filaments, including 
B-adrenergic compounds. 

Numerous enzyme activities have been detected in 
lens protein extracts but the level of enzyme protein 
is very low. Some of the taxon-specific crystallins have 
apparent enzyme activity such as € crystallin from 
duck lens (lactic dehydrogenase), p crystallin from 
frog (aldose reductase) and € crystallin from frog (Iung 
prostaglandin F synthase). These findings are of evo- 
Iutionary rather than physiological significance but 
because several of these enzymes are induced in cells 
undergoing stress it has been suggested that stress 
responses may be the common denominator in these 
homologies (see above, heat-shock protein and a 
crystallin). Stress proteins and long-lived lens 
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crystallins may require similar properties to maintain 
stability and durability in anaerobic conditions. Thus, 
crystallins, especially the ot and 9B series, are among, 
the most conserved proteins known and interestingly 
are not restricted to the lens (af has been found in 
heart, lung, brain and retina), The promoter sequence 
of the aA gene has been shown to be lens-specific and. 
has the capability of driving foreign genes selectively 
into its sequence. This has been proposed as an expla- 
nation for the interchangeability of function for appar 
ently identical proteins from widely divergent sources. 
Similarly, the promoters for % crystallins are lens- 
specific, During development and growth there is dif- 
ferential expression of the various crystallin genes in 
a highly regulated manner, 

In addition to the evidence for enzymic activity in 
the crystallin proteins, the lens has several other pro- 
teolytic enzymes, including endo- and exopeptidase 
activity and membrane-associated proteases. Histori- 
cally, the denucleation of the lens fibre has been 
described as a form of attenuated apopotosis, taking, 
place over several days rather than hours, In addition, 
ssome of the ‘death’ enzymes stich as caspases are acti- 
vated during this process, although mice deficient in 
caspases 3 and 6 have normal lenses, In addition, a key 
component of apoptosis, namely the phosphatidylser- 
ine ‘inside-out’ membrane flip, does not accur. Despite 
these caveats, it is likely that much of the signalling, 
machinery involved in apoptosis and lens fibre dif- 
ferentiation overlaps in function. In addition, 
autophagy does not play a part in this process since 
‘Aig -/- (autophagy defective) mice also have normal 
lenses, 

The neutral endopeptidases calpain 1 and IL 
(cysteine Ca*-dependent enzymes) and their inhibi- 
tors, calpactins, have also been detected in lens cells. 
Substrates for these enzymes include cytoskeletal pro- 
teins and crystallins, and their role is probably related 
to protein turnover. Calpain | is present in the epithe- 
tum and lens cortex but not in the nucleus. Dysregu- 
lation of calpain genes has been suggested as a cause 
for age-related cataract, 

Increased degradation of proteins occurs with age, 
particularly that of MIP26, which may have signifi- 
cance for coordinated intercellular functions of lens 
fibres and contribute to cataract. Of interest is the fact 
that ubiquitin conjugation, a protein degradation 
system in which the small 8,5 kDa ubiquitin molecule 


binds to proteins before degradation, is markedly 
reduced in aged versus young lens nuclei 


Lipid 
‘The unusually high concentrations of sphingomyelin, 
cholesterol and saturated fatty acids impart rigidity to 
the cell membrane (see above), which may be impor- 
tant in maintaining intercellular connections, In par- 
ticular, the cholesterol bilipid domains ensure a high 
content of cholesterol in the neighbouring regions, 
thus maintaining stability of the membrane even if 
there are significant changes in the membrane phos- 
pholipids (Fig, 4-54). 

In addition, high levels of phosphatidylinositol are 
also found in the lens, suggesting significant receptor 
mediated second messenger activity in lens cells, e.g 
responsiveness to hormones and catecholamines. 


Redox systems in the lens microenvironment 


The lens is constantly exposed to attack by oxidative 
agents; indeed there is a high level of hydrogen per- 
oxide in normal aqueous and peroxidase activity is 
also present in the lens itself. Several enzyme systems 
are available to minimize or buller the effects of oxi- 
dants, including catalase, superoxide dismutase, ghu- 
tathione peroxidase and glutathione S-transferase, The 
lenscontainshigh levels of glutathione (3.5-5.5 mol/g, 
wet weight), with the highest concentration in the 
epithelium, and detoxification via the mercapturic 
acid pathway is an important pathway in the lens, 
Glutathione is produced from the interaction between, 
glutamate and cysteine in lens cells, According to one 
theory glutathione diffuses towards the centre of the 
lens, where lens fibre cells are essentially non- 
metabolizing and thus unable to generate glutathione, 
Diffusion would occur in the opposite direction to the 
proposed microcirculation in the lens (see p. 229) 
which is dependent on ion and water transport and. 
this difference of viewpoint has not yet been resolved. 
However, the current flow and the lens dipole meas- 
urements (see Box 4-15) support a pump-driven cir 
culation rather than diffusion. 

Glutathione is also important in protecting thiol 
groups in proteins, especially cation-transporting, 
membrane proteins in the lens, which additionally 
accounts for its unusually high concentration in this 
tissue, More than 95% of glutathione is in the reduced. 
state 


‘Typical membrane 
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Bound ceerystalin 


FIGURE 4-54 Figure onthe right shows a ypica’ membrane containing few cholesterol molecules. On the ltt is shown a human lens mem- 
brane which contains many cholesterol molecules vile most ofthe pi is associated with crystals and other lens-specitic molecules such 
as aquaporin. The ipid-sturated membranes are highly dered and sti. The major ip is dlhydrasphingamyelin. (ram Borchan and Yap, 


2010) 


Catalase and low levels of superoxide dismutase 
have also been identified in lens epithelium, indicating 
that these systems are also probably important. 


AGEING IN THE LENS AND CATARACT FORMATION 


The transmission of light decreases with age, espe- 
cially for the lower wavelengths (up to a factor of 
10), to the point that at low levels of illumination an 
apparent tritanopia can occur (see Ch. 5, p. 302). 
Morphologically, the cells lose cytoskeletal organiza 
tion and develop vacuolation and electron-dense 
bodies, An increase in sodium concentration is accom- 
panied by a decline in the membrane potential of the 
lens, suggesting ion channel dysfunction, Enzymatic 
activities decline in the lens nucleus but not in the 
cortex or epithelium, In addition, the appearance of 
water clefts in the lens as an early sign of cataract stig- 
gests decreased function of AQPO (MIP26) and fluid 
transport 

‘Ageing of the lens and cataract formation are not 
synonymous. In age-related nuclear cataract there is 
extensive oxidation of cystine and methionine resi- 
dues on lens proteins, while in aged lenses without 
cataract, oxidation is much less, Glutathione SH (oxi- 
dized glutathione) (see Box 4-8, p. 194) is the key 
Post-translational modification of lens proteins contin- 
ues throughout life. In addition to cross-linking and 
degradation, which occur in any stable protein system, 
non-enzymatic glycation is a conspicuous event, In 
general, YD crystallins are synthesized in young lenses, 
while production of 76 and B crystallins increases with. 


age, In addition, most of the of crystallin is lost from 
the water-soluble compartment to the water-insoluble 
compartment, as are some of the B and forms, 

Non-enzymatic glycation of erystallins occurs at 
the € amino groups of lysine, especially the high 
molecular weight aggregates of ct crystallin. In vitro, 
this reaction produces a yellow fluorescent pigment 
similar to that seen in the ageing human lens. Interac~ 
tion between various amino groups and aldehydes 
released from free radicals, especially through lipid, 
(peroxidation produces fluorephores and. ceroid/ 
lipofuscin. In spite of the colour changes, the amount 
of protein that is glycated is less than 5% in an aged 
lens, which is considerably less than for other long- 
lived proteins such as haemoglobin and collagen. Lens 
crystallin glycation is more likely to be the result ofits 
interaction with oxidized ascorbic acid than glucose 
on the basis of intra-lens concentrations, and itis pos- 
sible that glutathione, by maintaining ascorbic acid in 
its reduced state, inhibits this process. 

AQPO also undergoes modification with age, losing 
4 5000 Da peptide to become MIP22 in increasing 
concentration. Cleavage occurs at both the C- and 
N-terminal ends of the molecule 


Reduced vision in cataract is caused by increased 
light scatter by lens proteins 

The transmission of light by the lens is reduced when 
the ordered packing of the lens crystallins is disturbed. 
This can be induced in many ways, such as increased 
water accumulation within the lens, formation of high 
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molecular weight lens protein aggregates, and vacuole 
formation within the lens fibres with age 

Certain metabolic conditions are associated with 
cataract, the best known being the cataract of diabetes 
and a similar lens opacity in galactosaemia, In these 
forms of ‘sugar’ cataract, accumulation of water in 
the lens fibres was previonsly thonght to result from. 
the accumulation of non-degradable polyols such 
as sorbitol and galacticol in the lens fibre cells. High 
glucose/galactose concentrations in the aqueous lead. 
to increased intracellular accumulation of glucose, 
which saturates the normal anaerobic glycosis path- 
ways, Accordingly, aldose reductase is thought to 
fail in regulating the polyol pathway and polyols 
Guch as sorbitol) accumulate in the cells, thereby 
increasing the osmotic drag of water into the cell via 
activation of the osmoreceptor AQPO. However, aldose 
reductase also affects PGFig synthesis and inflamma- 
tory processes via PGFiy (See p. 197) and thus the 
precise role of aldose reductase in cataract formation 
is unclear, 

Whatever the mechanism, the dysregulation in cel- 
lular metabolism, with reduction in the levels of cel- 
lular ATP and glutathione, and secondary damage to 
the cell, plus the increased water content causes phase 
separation between protein-rich and_protein-poor 
regions of the cells and increased light scatter (cata- 
act), As individual cells loosen their interdigitations 
with neighbouring cells, water clefis and vacuoles 
appear within the lens substance. As cells die, there is 
progressive increase in opacification, which in the lens 
cortex is seen as spoke-like’ opacity and in the nucleus 
is characterized by the accumulation of insoluble 
protein aggregates and chromophores, causing the 
nucleus to change colour from yellow to red to black. 


Cataract formation is caused by any insult to the lens 


Since the lens is designed for the transmission of light, 
it responds to any insult that disturbs normal develop- 
ment or metabolism by opacification, even if this is 
only for a temporary period. Thus, certain congenital 
cataracts appear to affect only the fetal nucleus; radia- 
tion cataract may be limited if only a discrete area of 
the lens bow region is affected; sunflower cataract of 
trauma may be the result of shearing forces momentar- 
ily separating lens fibre cells, which then restore their 
interconnections; and certain forms of cataract such as 


the ‘feather’ cataract after vitrectomy are thought to 
be the result of large volumes of fluid transfused 
through the vitreous cavity at too low a temperature 
or an incorrect electrolyte composition, Interestingly, 
such cataracts may be reversible, suggesting that the 
lens microcirculation is temporarily unable to cope 
with increased fluid load but can recover when bull: 
fluid flow is normalized, Similarly, ‘cold’ cataract is 
induced in young animals and is caused by the revers- 
ible precipitation of y crystallins by phase separation 
in the fetal nucleus. 

Many forms of cataract have been attributed to 
specific mutations in lens crystallins probably related 
to impaired molecular packing as well as several other 
proteins, For instance, a mutation in the Wolfram gene 
(WES!) has heen identified as the cause of congenital 
nuclear cataract while another gene, the FCOI gene, 
has also been implicated in a recessive form of con- 
genital cataract. 


‘Age-related cataract formation is multifactorial 


A great wealth of studies during the past 20 years has 
shown many biochemical changes associated with 
age-related cataract, In summary, these include an 
increase in the insoluble components of the lens, an 
increase in chromophores, increased protein cross- 
linking and aggregation, and oxidation of amino acid 
groups. There is a concomitant decrease in anti- 
oxidant enzyme systems and increased proteolytic 
activity. The level of glutathione is also reduced. 
Normal lenses contain a trypsin inhibitory activity, 
which may regulate age-related proteolytic activity 
‘The major protein change in cataractous lens is the 
loss of cA crystallin and the selective loss of 7S crys- 
tallin, In addition there are numerous degradation 
peptides detectable in the water-soluble component. 
‘These mechanisms are summarized in Figure 4-55, 
The possibility that UV light might cause or hasten 
some of the effects of age has been suggested by the 
observation that age changes appear to be more 
marked in the region of the visual axis than in the 
equatorial region of the lens. Current views are 
that oxidative events are the most likely mechanism. 
of cataract formation. Near-UV light is absorbed by 
tryptophan, which in sunlight is converted to 
N-formyl-kynurenine, a fluorescent chromophore 
similar to 3-hydroxy-kynurenine, a second UV 
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NERGY AMPLIFIER 


BRIEF SUMMARY OF THE INVENTION, 


[0001] This invention is an energy amplifier that controls, 
the direction of the second co-gravitational K field by means 
of a slot antenna located in a resonating sphere. The hyper- 
space mass flow rate entering into this dimension is deter- 
‘mined by the frequency of the antenna. This energy flow is 
used to inerease the energy of the human energy field known 
as Chi, 


BACKGROUND OF THE INVENTION 


10002] Referring to FIG. 1, a pendulum suspended by a 
string (3) is held by the string with the right hand (1) over 
the upright palm of the left hand (2). The pendulum swings 
incircles shown by the clockwise direction of the arrow (4). 
‘The pendulum swings at a constant frequency at about 1 to 
2-H. What this means is that there i a second gravitational 
K field (5) that can cause a mass to rotate in circles. 
{0003} Everyone is familiar with the linear gravitational g 
field which is defined as Newton's gravitational constant G 
times the mass of the earth divided by the square of the 
radius of the earth. This is the field that causes objects to 
accelerate radially toward the earth's surface, Newton's 
gravitational constant G is equal 10 the speed of light © 
squared divided by the linear mass 8 of the universe. The 
speed of light is 
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meter 
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‘The mass and radius of the earth are 
10003), 


ME =3977- 10° klogsms 
RE =6371,0310 meters 


[0005] From electromagnetism, the electric F field is lin- 
‘ear and the B magnetic field is circular or forms closed 
loops. The electric field starts and ends on electric charges. 
Since there are two electromagnetic fields. it makes sense 
that there are also two gravitational fields. A flow of electric 
‘current through a straight wire causes a circular magnetic B 
field to form around the wire. In a similar manner, a flow of 
mass through a channel causes a circular gravitational K 
field to form around the channel. 

10006] Referring to FIG, 2, the right hand rule (6) shows 
that if the flow is along the direction of the thumb ofthe right 
hand, then the field curls around in the direction of the 
fingers. If an electric current is flowing through the wire (7) 
in the direction of arrow (8), then a counter-clockwise 
magnetic field circles the wire shown by arrow (9). In the 
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bottom view, a mass flowing through a channel (10) in 
direction (11) generates a counter-clockwise gravitational K 
field shown by arrow (12). This field is the reason that the 
pendulum swings in circles. The gravitational K field only 
cexists if there is a mass flow. In the wire there is also an 
electric field driving the electrons, so it must be that there is 
fg gravitational field driving the mass along the channel. 
[0007] The correspondence between electromagnetic and 
‘gravitational constants must be the following: 
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[0008] | Maxwell's equation for the curl or circulation of B 
involves the current density J and an electric field E chang- 
ing with time t 


VxBa w+ ae 


‘The corresponding gravitational equation is therefore 
[0009] 


vk = ey 


ar 


[0010] If the g field is constant with time, then the cizeu- 
lation of the K field only depends on the mass density flow 
‘through the channel. Notice the minus sign in front of the 
first term which says tha if energy is entering our dimension 
‘through a channel, then the K field is in the counterclock- 
‘wise direction as indicated by the pendulum. As seen in FIG. 
1, the energy is leaving through the left hand because the 
rotation is clockwise. On the right hand, the pendulum 
rotates in the counterclockwise direction indicating that 
‘energy is coming from the hand, Thus there is a flow of 
‘energy between the hands known as the Chi energy. The 
purpose of this invention is to amplify this energy. 

[0011] The g gravitational field is due to a negative 
space-time curvature created by the mass of the earth, In 
‘many physies books this is depicted as a bowl. So the idea 
‘was to acquire a ceramic kiln Which could produce ceramic 
bowls using earthenware clay and a bow! mold, The curva- 
‘ure created by the bowl, if any, could be detected by the 
pendulum, 

[0012] Referring to FIG. 3, a pendulum (13) held in the 
right hand with the left hand near the side of the concave 
‘mold (14) starts to swing toward the right, away from the 
plaster mold as shown by arrow (18). 

[0013] Referring to FIG. 4, a pendulum (16) held in the 
right hand over a positive curvature dome (17) swings 
toward the top of the dome as shown by arrow (18). 


BOX 4-16 FREE RADICAL DAMAGE AND 
THE LENS 


Free radical damage In the lens may occur through 
oxidative metabolism but is considered mostly to be the 
result of UV damage by actvatian of endogenous 
photosensitizers. 


ue 
OS~ Pe 
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Photosensitizes act by one of two mechanisms: (1) triplet 
‘sensitizer absorbs a proton from a substrate, leading to the 
production of tree radicals (SO, and H.0,); (2) sensitizer 
reacts with 0, leading to singlet 0. Typical 
photosensitizers include rbofiavin, tryptophan and 
ynurenine (all present in the lens). 


FIGURE 4-55 Schematic representation ofthe proposed 
role of crystlin fragments in ageing of the lens and 
development of cataract. (Fom Sharm snd Sanaskumy, 
00a) 
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absorbent molecule in the lens. Both these compounds 
can act as photosensitizers and lead to the production 
of the free radical singlet oxygen (see Box 4-8). Free 
radicals downregulate the function of critical lens 
enzymes such as Na’/K" ATPase and lead to lens swell- 
ing and opacification, at least in the rat model. Other 
free radicals generated by near-UV light such as hydro- 
gen peroxide have been implicated in the dysfunction 
of hexokinase, an enzyme central to glucose utilization 
in the lens, 

Oxygen increases the rate of photo-oxidation, and. 
vitamin E, ascorbic acid and glutathione reduce the 
effects of light damage (Fig, 4-55). 

The role of UV light in human cataract is unclear, 
although exposure to UV-B is reportedly associated 
with an increase in cortical and posterior subcapsular 
cataract but not in nuclear cataract formation. Interest- 
ingly, aged human lenses appear to absorb more UV-A 
and even visible light than young lenses. 

Certain trace metals and compounds are associated 
with cataract, Experimental depletion or excess of 
selenite leads to cataracts by a mechanism that appears 
to be closely interwoven with Ca’ homeostasis, In 
contrast, cyanate induces carbamylation of lens pro- 
teins and cataract, a process that can be prevented 
experimentally with aspirin. Interestingly, aspirin 
usage may also delay the onset of cataracts in humans, 


rteraction 
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Inhibition of cholesterol synthesis also leads to cata- 
act in experimental animals, Potentially, reduced 
levels of magnesium may promote cataract formation. 

Metabolites and chemicals such as pyruvate and 
caffeine have been shown to prevent elects of UV and. 
selenium in vitro, respectively. 

In summary, although many factors may contribute 
to cataract formation, probably the most important is, 
glutathione consumption and unrestricted oxidation 
of intrinsic lens protein, 

Mechanism of age-related cataract formation: 

a failure of chaperone function 

As shown above, there are several processes which can 
lead to damaged lens proteins, Oxidation, carbamyla- 
tion, deamidation and other perturbations of By crys- 
tallins lead to their progressive inability to sustain 
normal intermolecular interactions, As they denature 
and precipitate, the ot crystallins bind the unfolded 
proteins, but unlike true chaperones they do not have 
the ability to refold the By crystallins. As a result, the 
chaperone capacity of the ot crystallins is consumed 
and the complexes precipitate within the lens fibre 
cells, forming the insoluble protein fraction that 
increases with age 


The vitreous 


THE VITREOUS BODY IS A TRUE CONNECTIVE 
TISSUE CONTAINING COLLAGEN, GAGS AND CELLS 
The vitreous is 98% water, 1.0% macromolecules, and. 
the rest solutes and low molecular weight materials, 


The matrix 


The vitreous transmits light by the same mechanism. 
as the cornea, i.e. its collagen fibrils (10-20 nm) are 
thinner than half the wavelength of light, and the 
interfibrillar space is filled with GAGs (hyaluronan) at 
intervals that reduce the effects of diffraction in the 
system. Collagen imparts the gel structure to the vitre- 
ous body, is predominantly type 11, similar but not 
identical to cartilage type UI collagen (vitreous collagen 
has more galactosyl-ghucose side chains and a higher 
content of alanine), and is arranged in a lattice struc- 
ture in which the fibrils are suspended in a viscous 
hyaluronan solution, This structure is lost with age 
and in disease by a process known as syneresis in 
which the hyaluronan molecules are degraded to 


smaller moieties and the collagen fibrils coagmentate 
to form larger fibrils, becoming visible as ‘floaters 

Some type VI and type IX collagens are also present 
and play structural roles in gel formation. In addition, 
a hybrid molecule composed of type V/X1 ot chains 
has been detected in vitreous in trace amounts and has 
been implicated in vitrous fibril formation as for 
comea. In cartilage, collagen type Il fibrils exist in two 
forms, thin (~16 nm) and thick (~40 nm), and colla- 
gen type XI is found exclusively in the thin fibrils (Fig 
4-56). Presumably collagen type XI has a similar role 
in the vitreous in regulating fibril diameter. 

A recent member of the small leucine-rich repeat 
(SLR) extracellular matrix protein family, termed 
opticin, has been identified in vitreous and also in 
ligament, skin and retina, It also has a role in regulat- 
ing fibril thickness in the vitreous similar to collagen 
type IX and V/XIet proteoglycans, Importantly, opticin 
has anti-angiogenic properties 

The normal vitreous in the young adult has a dis- 
tinct architecture (see Ch. 1, p. 37). The cortex has a 
higher concentration of collagen and hyaluronan than. 
the central vitreous and, in addition, the cortex con- 
tains other GAGs such as chondroitin sulphate, which 
may be important in vitreo/retinal apposition 

In the central vitreous gel, hyaluronan is essentially 
the sole GAG. Hyaluronan occurs as stiff, open coil 
disaccharide chains, which in solution become entan- 
gled at concentrations above 300 jig/ml and thus add 
support to the gel matrix, Hyaluronan concentrations 
in human vitreous vary between 100 and 400 pg/ml. 
and the molecule binds to type IX collagen, which acts, 
as a proteoglycan to hind the hyaluronan to the col- 
lagen fibrils. However, hyaluronan is not essential for 
maintaining the gel structure of the vitreous, There- 
fore, some long-range interactions mediated via type 
IX collagen are necessary: Type IX collagen is a small 
non-fibrillar type of collagen that contains several 
non-collagenous domains, these act as the proteogly- 
can bridges. In addition, the chondroitin. sulphate 
proteoglycan is present in vitreous at a concentration 
of approximately equal ratio with type IX collagen, 
Traces of chondroitin sulphate also comprise part of 
the proteoglycan versican in the vitreous with a molec- 
ular weight of 2x 10" to 4X 10" Da, Hyaluronan is 
highly polydisperse (variable molecular sizes) and its 
breakdown products can activate innate immune cells, 
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FIGURE 4-56 Schematic representation ofthe 10 + 4 structure of a type Il calagen microfbri,two pats of collagen type X forming a central 
core surrounded by 10 type Ii microfibrils. Vitreous calagen has avery similar arangement of type XUX/I assembly with fever cross-inks. 


(From Kadler et al, 2008) 


Gee Ch. 7, pp. 388-389). However, as indicated 
above, depolymerization or even loss of hyaluronan 
does not of itself destroy the vitreous gel structure 


Vitreous cells 
The vitreous contains a single monolayer of cells 
(hyalocytes), which line the adult vitreous cortex and. 
are responsible for production of hyaluronan in the 
gel. However, there is no regeneration of collagen in 
the vitreous and thus there is no reconstitution of the 
eel 


Hyalocytes are of two types: fibrocyte-like and 
‘macrophage-like. The latter are equivalent to the resi- 
dent myeloid cells present in most non-CNS tissues. 
The role of hyalocytes in health and disease remains 
obscure. However, they do increase in number with 
age and have been implicated in macular hole forma- 
tion (see Ch. 9, p, 513) 


PHYSICOCHEMICAL PROPERTIES 

OF THE VITREOUS GEL 

The viscoelasticity of the vitreous protects the retina 
during eye movement and deformations of the globe 
The vitreous gel is non-compressible but highly vis 
coelastic, Thus it responds to deformations of the 
globe by altering its shape to comply with external 
forces, but permits rapid restoration of global 


architecture. In this respect it behaves as a shock 
absorber, similar to synovial fluid, which also has a 
very high content of hyaluronan, These properties of 
the vitreous are the result of its matrix structure, par- 
ticularly its content of high molecular weight hyaluro- 
nan. This molecule has a very large hydrodynamic 
volume and at the concentrations present in the 
human vitreous completely fills the interfibrillar 
spaces. Deformability of the vitreous has mostly been 
measured experimentally in vitro. However, recent 
MRI imaging has allowed in vivo measurements to be 
made which reveal that even on eye movement there 
is considerable deformability of the vitreous gel, which. 
may have relevance for traction events on the retina 
and risk of retinal detachment (Fig, 4-57). With age, 
this shock-absorbing property declines as syneresis 
takes place (see p, 242), 


Vitreous retards bulk flow of fluid and 
diffusion of small molecules 

The flow of fluid through solutions of GAGs is variably 
retarded, depending on the nature and molecular 
weight of the GAG, and is greatest with hyaluronan, 
Flow of aqueous from the posterior chamber towards 
the retina is therefore slower in young eyes with 
formed vitreous gel than in older eyes where the vitre~ 
ous gel has undergone liquefaction. In addition, 
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Subject 1 


Subject 2 


Subject 3 


FIGURE 4-57 The technique of complamentary spatial modulation of magnetization was used to show the deformation of the vitreous gel 
during adduction movement ofthe eye. These changes are shown in frames 1,5, 10 and 15 and are overlaid with sketches demonstrating the 


delormation in frames 5, 10 and 15. Differences inthe deformations were observed for individual subj 
homogeneous viscoelasticity while strong ‘whiting’ movements were observed in subject 3. (Fam Pc 


suchas glucose is retarded 


by the 
more affected in their transvitreal transport by electro- 
factions with hyaluronan, which is a poly 


aluronan in the vitreous. Electrolytes are 


static int 


meric pe 
The vitreous is important for maintenance of lens 
fee 


electrolyte (see p. 187). 


clarity (sooner or later the lens develops catar 
tributed to th 
access of oxygen and thus the increased risk of oxida. 
tion events due to reactive oxygen species (Fig. 4-58). 


vitrectomy) and this has be 


Transport of fluid and electrolytes in a posterior direc 


tion across the retina is an important mechanism in 


the process of retinal apposition to the RPE (see next 


section). 


The retina 
‘THE NEURAL RETINA IS HIGHLY ORGANIZED 
IN LAYERS 


The retina has two components, the neural retina and 
the RPE (see Ch. 1, p. 38) 


ts as shown with subject one showing 
2012) 


Metabolic function in the retina 


The retinas metabolism correlates with its blood 


ply: the outer retina, comprising the photorecep 
and the RPE, has a high metal 
receives most of its blood supply from the choroid, 
while the metabolism of the inner retina is supplied 


to slic activity and 


by the retinal circulation and is much less demanding, 
supplies, 


on high energy 


Glucose metabolism in the retina 


Despite having the highest rate of aerobic glucose 


consumption of any tissue, a large proportion of the 


werted to lactate, 


glucose utilized in the retina is c 
Lactic acid production, oxygen utilization and ghicose 
consumption are also highest in the presence of CO,/ 
bicarbonate buffering systems, suggesting a role for 
carbonic anhydrases in the retina, Most of the ghicose 


utilization in the 


ina is taken by the photoreceptors, 
(80%), Sodium-coupled moncoarhoxylate transport 

ers also occur in the retina, in astrocytes and Maller 
cells, where amongst other duties, they function in 


High 0, 


FIGURE 4-58 The distribution of oxygen (A) in the normal eye and 
(B) after degeneration or removal af the vitreaus body. Oxygen nor- 
‘mally dittuses from the retinal vessels into the vitreous but most of 
the oxygen has been consumed by retinal tissue and the concentra- 
tion decies towards the central region of the gel. In the degenerate 
Vitreous or the vitectomizad eye, mare oxygen enters the fid-filed 
Vitreous cavity and combines with ascorbate as well as diffusing to 
the lens where i is relatively toxic and can promote nuclear cataract 
through oxidative damage (From Baste ot al, 2011, 


‘lactate shuttling’ between glycolytic and oxidative 
pathways of ghicose metabolism. 

The retina can also metabolize other substrates 
for (ATP) energy stores such as glutamate, glutamic 
acid, malate and succinate, Retinal glucose is used 
to produce glutathione via the pentose phosphate 
pathway, which can be upregulated under conditions 
of oxidative stress, However, NADPH for glutathione 
stores is also produced by other non-pentose- 
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dependent systems involving malate and isocitrate 
Glucose, glutathione and oxygen are all required for 
generation of electrical activity, including the ATPase- 
dependent ‘dark currents’ (see Ch. 5, Box 5-6, p. 288) 
in the retina. 

The retina is regarded as an insulin-independent 
tissue, ie. glucose enters retinal cells by transport 
mechanisms that are regulated directly by the extracel- 
Iular concentration of ghicose rather than indirectly 
by insulin, Glucose transport occurs by facilitated dif- 
fusion via GLUT 1 and GLUT 3 transporter proteins, 
similar to glucose transport in the brain. GLUT 1 and 
GLUT 3 are present in endothelial cells of the blood— 
retinal barrier, where much of the transport occurs, 
The insulin-linked GLUT 2 and recently GLUT 4 have 
also been identified in retinal tissue. Photoreceptors 
respond to insulin viaa retina-specific insulin receptor, 
which is similar to brain insulin receptor in that it 
exists in a ‘tonic’ state of activity and does not change 
in conditions of fasting or excess glucose. The insulin 
receptor phosphorylates cyclic GMP-gated channels, 
which is central to phototransduction (see below). 

Most of the retinal glucose metabolism is dealt with. 
by retinal neurones. However, Miller cells are also 
likely to be involved in facilitating glucose metabolism 
in the retina, as energy stores, as well as ‘managing’ 
lactate production, since they contain high levels of 
glycogen, especially in species that lack a retinal blood. 
supply: In addition, lactate released by Maller cells can 
be metabolized by photoreceptors, Photoreceptors in 
turn release glutamate, which is taken up and metabo- 
lized by Muller cells (lactate shuttling’) 


Protein metabolism in the retina 


Many of the neurotransmitters required for normal 
retinal cell function occur as free amino acids in the 
retina (see p. 265). Most of them are generated during 
glucose metabolism in the citric acid cycle; in addition, 
taurine, which isnot a neurotransmitter but appears to 
be essential for, and is avidly taken up by, photorecep- 
tor cells, is the most abundant amino acid in the retina 
although its receptor/transporter has not heen identi- 
fied. Taurine also regulates voltage-gated channels in 
ganglion cells. Taurine is not incorporated into pro- 
teins but has other functions, Interestingly, tattrine may 
have a protective role for the retina in diabetes. Gluta- 
mate is neurotoxic and is converted by the retina to 
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glutamine by glutamine transferase (synthase) local- 
ized to the Maller cells, Transport of amino acids is 
now known to require specific amino acid transport- 
ers, for which there are several ‘systems’ (systems y, b, 
B, b? and more). Some are linked to Na” transport 
while others are independent of Na’ intake, Rapid 
uptake of amino acids is essential not only for the 
supply of neurotransmitters but also for arginine 


BOX 4-17 PHOTORECEPTOR RENEWAL. 


uptake, which is necessary for the synthesis of nitric 
oxide, the major regulator of enclothelial cell function. 

Protein synthesis, as stucied by methods such as 
leucine incorporation, is most active in the photore- 
ceptors during such processes as photoreceptor 
renewal (see Box 4-17). 

In addition to retina-specific proteins (see below), 
several proteins common to many tissues are present 


Photoreceptor renewal occurs by synthesis of new protein- 
rich membrane atthe outer limiting membrane, with 
shedding and phagocytosis ofthe outer segment tips by the 
RPE (A). Disks are formed by the evagination of the plasma 
membrane © at the junction between the inner and outer 
‘segments, wile shodopsin and other proteins synthesized in 
‘the ER and Golgl apparatus are transported in vesicles for 
fusion to the newiy formed plasma membrane @. 
Photoreceptor renewal Is similar in rods and cones; 
‘phagocytosis ofthe receptor tips occurs in dural manner. 
‘The mechanism of phagocytosis is unclear but involves a 
‘membrane glycoprotein CD36, wich is also involved in the 
Uptake of apoptotic neutrophils and oxidized low-density 
lipoprotein by haematopoietic cells such as macrophages. In 


membrane 
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(Part B reproduced from Rael an Swaroop, 2012) 


Rhodopsincontaining 
vesicles for fusion 
wih nw disk 


Addition, rod outer segment (ROS) phagocytosis is 
associated with induction of eyclo-oxygenase-2 (COX-2), an 
‘enzyme Involved in prostaglandin synthesis. Recent studies 
have also shown the importance of the cilia inthe 
{unctioning of the photoreceptor, since genetic mutations in 
‘2 number of genes controling cilla proteins produce forms 
of retinal degeneration now known as cillopathies (8). 
‘There are four distinct compartments in photoreceptor 
primary ela, indicating knovn proteins that define their 
respective extent, are (1) distal cium or axoneme (Axo: 
areen); (2) connecting cllumtransition zone (CGY; orange): 
(8) basal body (BB; purple); and (4) periciary complex or 
ciliary pocket (PCCICP: red). These compartments serve 
discrete functions in te cium (see inset in Figure) 


Synaptic 


For instance, laminin is present in vessel structures, 
fibronectin in the interphotoreceptor space, and 
matrix proteoglycans are widely distributed through- 
out the retina, Tenascin-C is present in the extracel- 
lular matrix and is thought to play a role in preventing 
myelination of retinal neurones. However, tenascin-C 
knockout mice show no myelination of their retina 
Several growth factors are present in the retina, such 
as insulin-like growth factor 1 (IGF-L) and acidic and. 
hasic fibroblast growth factor (bFGF). Basic FGF isnot 
only present in basement membranes of vessels but is 
also distributed in such regions as the photoreceptor 
layer, where it may play a trophic role in outer segment 
renewal 


The retina contains a high content of lipid (20%) 


The predominant lipids in the retina are the phos- 
pholipids, phosphatidylcholine and  phosphatidyl- 
ethanolamine (in total around 80%). There is also a 
high content of polyunsaturated fatty acids in the 
retina, especially in the outer segments, some contain- 
ing more than six double bonds (known as supraene: 
This renders the retina particularly susceptible to oxi- 
dative damage (see p. 193). Disk membranes of pho- 
toreceptors are rich in  phosphatidylethanolamine 
while the plasma membrane has higher levels of cho- 
lesterol. This is relevant to the activity of rhodopsin 
because it is inhibited in the presence of the sterol 
Thus the older disk membranes at the tip of the pho- 
toreceptor (see Box 4-17) have lower levels of choles- 
terol than the fresh, newly formed disks, allowing 
easier activation of rhodopsin at the photoreceptor tip. 

Lipid metabolism is varied and complex in the 
retina; thus, in addition to synthetic activities in 
microsomes, exchange of bases between different lipid 
species occurs, while frequent acylation-deacylation 
reactions also accur, Lipids are continually undergoing 
degradation via phospholipases and modifications 
including decarboxylation and methylation by the 
appropriate enzymes. 


BLOOD FLOW IN THE RETINA 


Blood flow is determined by a balance between the 
perfusion pressure and the resistance in the blood 
vessels, Blood flow in the retina is autoregulated, In 
general, this means that the retinal vessel calibre 
varies with the cardiac output to ensure that blood 
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flow is kept constant, although it has also been 
interpreted as meaning that the blood flow is varied 
according to the nutritional demands of the tissue. 
In the adult, the blood flow in the retina is main- 
tained constant over a range of ocular perfusion 
pressures from 45 to 145 mmHg and this is mostly 
achieved by changes in blood vessel diameter, as 
shown in mice deficient in the endothelial nitrous 
oxide synthase 

Retinal blood flow comprises about 5% of the total 
flow to the eye, the majority passing through the 
choroid. 


The blood-retinal barrier regulates the passage of 
‘molecules into the retina 

The blood-retinal barrier is maintained by tight junc 
tions that exist between the endothelial cells of the 
retinal vessels and similar tight junctions in the RPE 
(see pp. 254-258). Thus, the retinal vessels and the 
RPE are impermeable to the passage of molecules 
greater than 20 000-30 000 Da, and small molecules 
such as glucose, amino acids and ascorbate are trans- 
ported by facilitated diffusion (mostly GLUT 1 at both. 
sites, but also GLUT 3 in the retinal vessels). Similar 
transporters are present for amino acids including 
arginine, and both classes of transporters are present 
in smooth muscle cells and pericytes ensuring rapid 
transport and uptake of these moieties into the retinal 
tissue. Arginine for instance is central to the produc 
tion of NO by endothelial nitric oxide synthase 
(eNOS), a critical regulatory element in retinal blood. 
flow (see above). Endothelial cells principally metabo- 
lize glucose by anaerobic glycolysis, 

Although the retina is considered an insulin- 
independent tissue, the endothelial cells and pericytes 
possess high-affinity receptors for insulin, IGF-1 and 
IGE-2. The role of these receptors in the regulation of 
glucose transport in the retina is not clear because 
their effect is delayed for some hours, suggesting that 
they stimulate protein synthesis and the production of 
new transporters rather than recruit existing trans- 
porters, as occurs in insulin-dependent tissues such as 
muscle 


Retinal blood flow may be partly under 
autonomic contrat 

Retinal vessels possess all four types of high-affinity 
adrenergic receptors, although in low numbers. In 
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addition there is indirect evidence that, despite well- 
recognized mechanisms of autoregulation, some 
degree of autonomic control exists in humans, How 
this might occur in the absence of nerve fibres is 
unclear, but itis possible that autonomic nerves in the 
choroid supply vessels at the optic nerve head, The 
retinal vascular bed may be one of the few systems to 
lack perivascular mast cells, an important response 
element for catecholamines. 

Retinal blood flow is responsive to hyperoxia (vaso- 
constriction) and hypercapnia (vasodilatation), the 
latter via the prostaglandins PGD, and PGE. Other 
mediators of changes in vessel diameter include the 
eicosanoid, PGI, endothelin and nitric oxide, PGI, 
and endothelin have been detected in retinal vessels, 
and presumably are released under appropriate condi- 
tions, Nitric oxide is released via endothelial nitric 
oxide synthase (see Ch. 7, p. 385) and provides basal 
levels of vascular dilatation, Retinal illumination 
induces release of nitric oxide but autoregulation in 
retinal vessels is not significantly affected by nitric 
oxide, Contractile activity in the retinal vessels is 
attributed to the pericytes, whose role therefore may 
he to regulate blood flow. Their early loss in diabetes 
may account for the increase in blood flow that occurs, 
in the retina in diabetes, and may contribute to the 
development of retinopathy. 


PHOTORECEPTORS 


Photoreceptors are specialized for reception of 
visual stimuli and have unique characteristics (see 
ch. 0). 


Metabolism and turnover 


Photoreceptors are some of the most highly metabolic 
cells in the body, utilizing glucose both aerobically and. 
anaerobically. Photoreceptor outer segments lie in 
apposition to the RPE in the interphotoreceptor matrix: 
between the apical micravilli of the RPE cell. Extensive 
protein and lipid synthesis ensures a continuous turn- 
over of new outer segment membrane at the junction 
with the inner segment; the tips of the outer segment 
containing the ‘oldest’ disks are phagocytosed as small 
packets of about 200 disks by the RPE cell, a process 
that occurs in a diurnal manner just after light onset 
(Fig, 4-59), Three RPE cell surface receptors have been 
identified which are involved in the phagocytosis of 


FIGURE 4-59 Photoceceptor renewal and points where damage may 
‘occur: during (1) transcription; (2) postranslational modification; 
(3) incorporation into disk membrane; (4) disk shedding; (6) phago- 
cytoss by RPE. 


outer segments, namely CD36, the tyrosine kinase 
MerTK and the integrin 0,8, Loss of these proteins 
may lead to retinal degenerations (MerTK: human 
retinitis pigmentosa and rat RCS disease; oj, :RPE 
lipofuscin accumulation). Diurnal regulation of phago- 
cytosis is under control of the secreted glycoprotein 
milk fat globulin-EGF8., Activation of MerTK may be 
under autocrine regulation of its naturel ligand, Gas6, 
which is also expressed in RPE cells or via ‘tubby 
proteins which are expressed in photoreceptors and. 
generate an ‘eat me’ signal similar to that which occurs 
in apoptotic cells 

Complete renewal of the rod outer segment takes 
about 9-10 days, In contrast, although cone outer 
segments are phagocytosed in a similar manner, the 
process appears to he more random and occurs when. 
darkness occurs; cone membranes and their integral 
proteins are much more stable and long-lasting 

Insertion of rhodopsin into the disk plasma mem- 
brane follows a well-defined pathway from the inner 
segment RER to the outer segment plasma membrane 
infolding (see Box 4-18). Glycosylation of rhodopsin 
takes place through combined co-translational and 
post-translational events in a classic lipid-carrier 
mechanism using Dol-P-P-GleNAc (Fig. 4-60), which 
can be inhibited by tunicamycin, Acylation of tho- 
dopsin also occurs in the membrane via palmitic acid. 
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FIGURE 4-60 Giycosyition and acetylation of rhodopsin 


Lipids in photoreceptors are replaced both by 
membrane turnover and by molecular replacement. 
The abundant stores of phosphatidylcholine are syn- 
thesized from large intracellular pools of free choline 
and phosphorylation by ATP; the activated choline 
then reacts with 1,2-diacylglycerol to form phos- 
phatidylcholine, Similar mechanisms operate for the 
synthesis of phosphatidylserine and phosphatidyleth- 
anolamine; all three phospholipids are synthesized in 
the RER but are transported to the newly forming 
outer segment membrane by different mechanisms. 
The role of the high concentrations of docosahexanate 
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phospholipids in photoreceptors has recently been 
identified as enhancing the function of many of the 
proteins involved in the visual transduction cascade, 
such as GDP-bound transducin (see below). 

Several chemical reactions are associated with disk 
shedding, although the specific stimulus and its site 
of origin (ie. the photoreceptor or the RPE cell) are 
not known, The circadian light-dark rhythm of shed- 
ding is under the control of melatonin- and/or 
S-methoxytryptophol-synthesizing enzymes taht are 
predominantly active in photoreceptors (Fig. 4-61). 
Melatonin synthesized and released in the retina does 
not enter the circulation but acts locally. The retina 
has widely distributed melatonin receptors, both the 
MTI and MT2 (Mella and Mellb) receptors being 
found in the photoreceptors and in inner retinal 
amacrine cells, A third receptor (Mellc) has been 
detected in non-human species. In contrast to mela- 
tonin, dopamine appears to counter-regulate retinal 
circadian thythms by suppressing melatonin synthesis, 
through the D2/4 receptor, while melatonin works 
on the MT2 receptor in the reverse direction, 
Dopamine may also influence a second circadian 
regulated system involving melanopsin, a photopig- 
ment present in inner retinal ganglion cells, and 
possibly does so through activating the MT2 receptor 
(see p. 267) 

The mammalian retina also appears to possess an 
autonomous melatonin-responsive circadian oscillator 
independent of central (suprachiasmatic nucleus) 
control and rhodopsin and cone opsin synthesis are 
in phase with this rhythmic oscillation. However, 
several other compounds have an effect on disk shed- 
ding, such as excitatory amino acids, glutamine and 
aspartate, while certain divalent ions are also essential 
(Cat, Mn), Recent studies in mice lacking the D4 
dopamine receptor have shown that this membrane 
protein may regulate several of the controlling media- 
tors of disk shedding apart from melatonin, such as a 
light-sensitive pool of cAMP. 

Phosphoinositide metabolism is considerably 
greater than phosphatidylcholine or phosphatidyleth- 
anolamine metabolism in the photoreceptor but its 
precise role in phototransduction is unclear (see 
p. 258). Cytidine triphosphate is also a product of 
light transduction and is linked to phosphatidylinosi- 
tol formation. 
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BOX 4-18 RHODOPSIN SYNTHESIS 


Insertion of rhodopsin into the outer segment plasma 
‘membrane is facilitated by the lack ofa signal peptide, which 
‘permits integration of opsin nto the lipid bilayer by 


‘co-translational coupling of glycosylation and asymmetric 
insertion via specific insertion sequences in the protein. 
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FIGURE 4-61 Regulation of disk shedding. Disk shedding may be under the contral af melatonin-synthesizng enzymes such as serotonin 
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N-acetytransterase (NAT), whichis present in the pineal gland and retina. 
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Supposedly the K gravitational field rotates in circles, but 
these experiments showed thatthe pendulum movement was 
radial 

[0014] Referring to FIG. 8, the pendulum (19) swings 
radially (20) toward the top of the dome (23) because the 
forces (24) around the dome counteract each other as shown 
by arrows (21, 22). Thus there is no sideway’s pressure on the 
pendulum. 

10015] The next question was what is the value of the 
co-gnivitational K constant? In electromagnetism the elec- 
trie field is the speed of ight times the magnetic field. So the 
gravitational field should be the speed oF Fight times the 
‘co-gravitational K fied. 


0016] where the radius RU ofthe universe is 10°° meters 
anid ¢ is the speed of light. The speed of light divided by the 
radius is angular frequency measured in Hz. Recall thatthe 
pendulum over the hand has a Irequeney f of 1 Hz which 
makes the angular frequency o equal to 2x radians per 
second since «2a So the question is whether or not this 
value of K means anything in terms of hyperspace physics? 
10017] The universe has a geometrical sub-manifold based 
‘on the tetrahedron, All the physics constants of the universe 
‘are determined by this tetrahedral geometry. AS shown in 
ddiggram te10S65 stored in the Library of Congress, the 
‘electron and proton are one and the same particle. There is 
‘continuous clockwise path from the electron wavelength, 
through electric charge to electron mass and retuming out 
‘ofdimension back along a counterclockwise path as the 
proton. Because the paths are in opposite directions, the 
proton has positive charge and the electron has the 
‘opposite negative charge. Because this path erosses into our 
«dimension from hyperspace, we see two different particles. 
“Thus Nature only bas one particle. The teahedron diageam 
also shows that our dimension is offset from the origin of the 
diagram by the Cabibbo angle which is found in particle 
physics. Our dimension is determined by the Planck mass 
and the Planck wavelength whieh are the bottom limits of 
‘ourdimension, known as the Planek box. Ifthe proton mass 
4s centered on the Planck mass, a tangent line tothe circle 
‘can only be made by using the down quark and up quark 
‘which comprise the proton (duu). And the tangent line is 
<drawn at the Cabibbo angle, So the diagram verifies some 
important experimental physies data 

[0018] Referring to FIG. 6, the tetrahedron diagram is 
‘drawn with a vertical axis (38) comresponding to the natural 
logarithm of mass. The horizontal axis (36) is the natural 
logarithm of wavelength. The inverted tetrahedrons (25, 26) 
‘ross atthe centerline 28) which is known through remote 
Viewing as “the merging of two worlds.” The centerline is 
the separation point between space and hyperspace. The 
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cireumscribing sphere (27) has a horizontal diameter (29) 
and a vertical diameter (30). The electron wavelength (34) 
reflects off the sphere and retums as the electron mass (33). 
[0019] Because the K co-grvitaionl field is related 0 
cireular or spinning notion, as well as votity per are, i 
imight be imagined that it has something to do with the 
spinning electron. The energy E of the electron is equal to 
‘the mass m, of the electron times the speed of light ¢ 
square 


m= 9.093897. 10 ogra 


[0020] The tips of the inverted tetrahedrons pass through 
the base constant, vertical line (37), which is equal to 
Planck's constant h divided by the speed of light, 


122210260685 10°* Bilopram meter 
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10021] On the tetrahedron diagram, the eo-gravitational 
circle K (1) is centered on the base (37) at the electron 
energy (32) shown by the small circle atthe intersection 
(8). As can be seen, the K circle determines the electron 
‘mass (33) at the horizontal axis (36) as shown by intersec~ 
tion (39), Because the electron isthe proton, it also sets the 
constants of the proton such as wavelength, change and 
‘ass. Tins the K co-gravitational field determines our 
elementary particles. Because these particle paths go in and 
out of dimension, it means that hyperspace exists. And 
‘because the K field is cicular, depending on the direction of 
the enengy flow, another purpose of this invention is to 
control the direction of the field. 


SUMMARY OF THE INVENTION 


10022} Referring to FIG. 7, the Chi enemy amplifier 
consists of two ceramic domes (40, 41) resting one on the 
other such as to form a hollow internal clam-lke structure. 
‘The domes are mounted on a eytindrical ceramic base (42) 
containing a reinforced passageway for the coaxial cable and 
BNC connector (43). The BNC connector plugs into the 
frequency generator (not shown) which has a frequency 
range of 0.4 Hz to 5 MEV. 

10023] Referring to FIG. 8 with the upper dome removed, 
the coaxial cable (44) extends vertically through the base 
into the lower dome. The cable is soldered to a slot antenna 
(45), The center conductor of the cable is soldered tothe left 
side of the slot and the ground shielding is soldered to the 
right side ofthe slot. Thus there is a voltage difference on the 
two sides which produces an oscillating electric field aeross 
the slot which radiates electromagnetic enerey into the 
hollow dome 

10024] close-up of the slot antenna is shown in FIG. 9 
“The antenna is a 0.050" thick copper sheet (46) with a width 
of % wavelength by a height of 4 wavelength. A slot (47) 


Photoreceptor cell-specific proteins 
The highly differentiated visual cell contains many 
unique proteins, including integral membrane pro- 
teins, membrane-associated proteins and cytosolic 
proteins, of which more than 30 alone are involved in 
the phototransduction cascade. Some of these are 
shown in Table 4-8. However, there are many more 
proteins, and many of them have been evolutionarily 


‘ABLE 4-8 Photoreceptor proteins 
Integral membrane Peripheral/eytosolic 
proteins proteins 
“Arrestin (48 kDa protein, S. 
antigen) 
Transducin 
Phosphodiesterase 
Guanylate cyclase Phosducin 
PeripherinvRDS. Rhodopsin kinase 
Rom-1 Guanylate cyclase 
ABCR/tim protein 
Retinal dehycrogenase 
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conserved, For instance, 57 genes and their respective 
proteins were identified and selected in a recent study 
for analysis and categorized in three sets: photorecep- 
tor cell type-specific, process-specifc (e.g, phototrans- 
duction itself, the retinoid cycle and developmental 
regulation) and a specific functional role (e.g. opsin, 
G protein, etc.) 

The protein composition of the disk membrane is 
predominantly rhodopsin (90%), whereas the plasma 
membrane has a wider range of cell-specific proteins 
and less thodapsin (50%). Rhodopsin is the visual 
teceptor protein; proteins such as peripherin/RDS 
(Fig, 4-62) and the spectrin-like protein Rom-L have 
structural functions in the maintenance of the pho- 
toreceptor shape, similar to those of spectrirVankyrin- 
like proteins in red cells. Both are members of the 
tetraspanin family of proteins, and may also have a 


ole in membrane fusion important for rod disk 
generation. 

Remarkably different mutations in the RDS protein 
(Fig, 4-63) produce different clinical types of retinal 
degeneration such as autosomal dominant retinitis 
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FIGURE 4-62 Structure of the ROS/perpherin 
protein. Structural features of the RDS protein 
RDS contains four transmembrane domains, two 
Intraiskal oops (D1 and D2), cytoplasmic N- and 
termini, and a small cytoplasmic loop (C1). 
(From Chakraborty eta, 2013) 
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pigmentosa and macular dystrophy (see Ch. 9, p. 514). 
The Na'/Ca®* exchanger facilitates ionic transport 
during phototransduction and maintains Ca” home- 
stasis. In addition, the spectrin-like protein Rom-1 
appears to be linked to a second ion-channel protein 
of 67 kDa, Stacking of rod and cone disks is a central 
organizational requirement for ordered photoreceptor 
function and a set of glutamic acid-rich proteins 
(GARPs) interact with RDSRom to both structure 
stacking of disks and participate in ion-channel 
functions. 

In contrast to the integral membrane proteins, 
many of the peripheral membrane and cytosolic pro- 
teins are not exclusive to the photoreceptor and are 
intimately involved in the light amplification cascade 


FIGURE 4-63 The sim region of photoreceptor disk 
shown in A are expanded in B to reveal the 4-span 
(tetraspanin) arrangement ofthe ROSiperipherin mol- 
cule with the intradiscal portion of the molecule 
shown in 6. Spectic amino acids locating mutations 
‘responsible for forms of retinitis pigmentosa areidenti- 
fied in red. (Fam Vos etal, 2010) 


itself (see below). Transducin is a member of the 
family of G proteins and is composed of three chains 
(a, B, 7), which dissociate during the light response 
Certain other proteins are located in the photore- 
ceptors as well as in other areas of the retina; these 
include the IGF-I receptor, IGF-1-binding protein, 
and FGE, both of which have been implicated in the 
induction of proliferative diabetic retinopathy (see Ch. 
9, p. 504). In addition, there is a glucose transporter 
(GLUT 1) for control of intracellular glucose levels. 


Melanopsin comes of age 
Because it was recognized that certain light-sensitive 
processes, such as those entrained in a circadian 
fashion, were likely to reside at a different site from 
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FIGURE 464 Five dsnct morphological types of melanopsiexpressing ipRGC exis, as shown here, and project to diferent pars ofthe 
bra such as the lateral gericulate nucleus (LGN), the suprachiasmatic nucleus (SCN) andthe ovary pretectal nucleus (OPN) (see Chs 1 and 


8). (From Schmit al, 2011) 


visual photoreception, a search for other photorecep- 
tors was initiated. Early studies indicated that the 
likely site was intraocular and probably retinal and in 
due course a photopigment, melanopsin, was detected 
in specialized retinal ganglion cells with large recep- 
tive fields (see Ch, 5, p. 306). These are now known 
as intrinsically photosensitive retinal ganglion cells 
(ipRGCs) of which there are five types with different 
functions, including entrainment of the circadian 
clock, sleep and pupillary responses to light (Fig 
4-64), 


Photoreceptors are easily damaged but 
readily regenerate 

‘The extensive metabolism and rapid turnover of pho- 
toreceptor outer segments render them highly suscep- 
tible to damage. Damage may occur at any level from 
synthesis of new membrane to phagocytosis of the 
outer segment tips (see Fig. 4-59) 


Photoreceptors also degenerate when they are sepa- 
tated from the RPE, as in retinal detachment, or when. 
there is a subretinal collection of fluid; photoreceptors 
are lost in inflammatory and metabolic retinal diseases 
and are probably highly susceptible to free radical 
damage. Specific photoreceptor loss occurs in various 
forms of retinal degeneration: inherited forms of these 
disorders are collectively known as retinitis pigmen- 
tosa and for many of them mutations in retinal specific 
proteins have been described (see p. 261 and Ch. 3, 
p. 151). To date, more than 150 gene mutations have 
been associated with various retinal degenerations 
Damage to the retina also occurs as part of normal 
physiology via both light- and oxygen-induced mech- 
anisms, Around one-third of the mutations associated 
with retinal degenerations occur in proteins associated 
with the photoreceptor cilium, the connecting struc- 
ture between the inner and outer segments (see 
Ch. 1, p. #1). These are known as ciliopathies, in 
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which the Wnt signalling pathway is implicated (see 
@ cFig. +5). The Wnu/Drosophila wingless family of genes 
express highly conserved secreted glycoproteins which. 
spread across tissues to reach their targets where they 
interact with the products of two sets of genes (Friz- 
led and genes for low-density lipopratein-related pro- 
teins, LRP). In the fruit fly, Drosophila, a species that 
is frequently used to study molecular genetics, Wnt 
signalling has been shown to be central to normal 
photoreceptor development as well as to central 
nervous system development, probably through regu- 
lation of the expression of pro-survival factors such as 
Dickkopf (Dkk3) in cells. In fact this mechanism. 
highlights the fact that photoreceptor damage in 
retinal degenerations and other conditions is mediated 
via apoptosis, which may occur by both caspase- 
dependent and caspase-independent mechanisms. 
Light-induced retinal damage varies with the intensity, 
wavelength, duration, cyclical nature and previous 
antioxidant status 
For instance, it has been shown that cyclical light 


illumination of equivalent power, an effect associated 
with higher levels of ascorbic acid, vitamin E and 
glutathione, and lower levels of 22:6(n-3) fatty acids 
in the tissue, RPE6S, the retinoid cycle enzyme and 
an intrinsic retinal pigment epithelium protein with a 
critical amino acid residue at position 450, regulates 
the rate of rhodopsin synthesis through the action of 
two proteins, elongation of very long fatty acids-like 
1 (ELOVL) and fatty acid transport protein 4 (FTAP4), 
both of which have very long fatty acid synthase activ- 
ity, This demonstrates the complex biochemical 
machinery which isin place to protect photoreceptors 
from light damage. The death signal for photore- 
ceptors involves induction of the pro-apoptotic 
transcription factor AP-L such that inhibition of 
regeneration of rhodopsin or suppression of AP-1 
can prevent light-induced damage to photoreceptors 
(Fig. 4-65), 

Extensive antioxidant enzyme systems are present 
in the retina and, under conditions of stress such 
as light injury, levels of glutathione peroxidase and 


is less injurious to the retina than constant — glutathione S-transferase are markedly raised. In 
FIGURE 4-65 Schematic draing of major 

a = —— components. which contrbute to. ight- 
induced photoreceptor apoptosis. Induction 

Induction phase Daath signal Execution Clearance phase chodopsin i essential in tis process. 
“Rhodopsin Transduction + Protecses «'atme' signals? Death signal transduction: requires Ca and 
Miual ele ares 1 eases “pnagoeyisanscrptonfaclor AP, Execution: mecha 
pieced + caspases? nism isnot clear, and may requir caspases. 
been ss Clearance: signals inducing phagocytosis by 

Bi RPE and, in acute light damage, macro- 

Age phages, ae not known. (rom Wenz! eta, 


2005, wth erissin ram Eisevi.) 


addition, photoreceptor expression of glutathione 
peroxidase (Gps4) is absolutely required for normal 
photoreceptor development. Superoxide dismutase 
(the Cu/Zn™ form) is also present in significant 
amounts in several layers of the retina, but levels 
of catalase are low. Despite this, treatment with 
either of these protective agents as well as other 
antioxidant nutrients, N-acetylcysteine and thioreo- 
doxin can prevent retinal degeneration in experi 
mental models. Melatonin also has important 
antioxidant activity. In addition, vitamin E is of 
‘major importance in reducing photoreceptor damage, 
mainly by its role in inhibiting lipid peroxidation 
at different stages in the process of free radical 
damage (see Box 4-16). 

Iron in the form of Fe ions can interact with 
hydrogen peroxide to produce high levels of hydroxy! 
radicals (see Box 4-8, p. 194) and cause retinal injury 
Local release of iron may occur in diseases involving 
retinal haemorthage and when intraocular foreign 
bodies are present. Ceruloplasmin, which contains 
95% of the copper in the serum, mediates iron metab- 
olism via ferroxidase, which converts ferrous to ferric 
iron before it is delivered to serum transferrin alter 
efflux from the cell. Patients with the recessive disor- 
der leading to altered ceruloplasmin blood levels have 
severe progressive retinal degeneration, Iron homeos- 
tasis is essential to normal retinal function and the five 
main regulatory proteins are present in the RPE cell 
Fig, 4-060. 

‘The macular region of the retina is particularly 
susceptible to light damage, Interestingly, this region 
contains additional yellow pigments lutein and zeax- 
anthin and a further pigment mesozeaxanthin, which 
may be transported to this region from the blood and 
whose function is thought to be related to reducing 
glare from short-wavelength blue light. These pigments, 
which belong to the family of carotenoids (tetra- 
terpenoidls with 40 carbon isoprene backbone) (Fig 
4-67), also have an antioxidant effect, particularly at 
low levels of oxygenation, They are referred to as 
xanthophyll macular pigments and can be measured 
non-invasively in the retina using Raman spectros 
copy. Sustained levels of these pigments are consid- 
ered protective against macular degeneration. 

Finally, melanin in the RPE layer is a very effective 
free radical scavenger, particularly in the reduced 
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FIGURE 4-66 Expression patlara of hsemochromatosis genes in 
retinal pigment epithelium (RPE). TIR, transferrin receptor, HFE, 
HLictke protein involved in iran homeostasis, Fp, feropraten; Hp, 
hephastin; Cp, ceruloplasmin. (From Grana-Ptakasam a al, 2010) 


form, where it may act as a trap for stray light-induced. 
free radicals emanating from the photoreceptors, but 
the role of melanin is more likely to be related to 
protection of the RPE cells themselves hecause these 
are terminally differentiated cells. Melanin may act as 
4 antioxidant due to its ability to bind metal ions such. 
as Fe, a process well known to occur in fungi 
Melanin granules in RPE cells appear to be connected 
to the lysosomal enzyme system in RPE cells and loss 
of melanin is associated with age-related macular 
degeneration. 


The interphotoreceptor matrix is the biological glue 
for retinal adhesion 

The interphotoreceptor matrix extends from the outer 
limiting membrane of the retina (see Ch. 1, p. 41) to 
the surface of the RPE cell. It is an extremely narrow 
space, almost a potential space, but contains some 
unique and physiologically important molecules. 
These include interphotoreceptor retinol-binding 
protein (IRBP; accounts for at least 70% of the 
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FIGURE 4-67 The chemical structure of macular pigments. (Frm Atdsl-tal # al, 2013) 


interphotoreceptor matrix protein), which transports, 
retinoids between the RPE cell and the photoreceptor, 
and several species of proteoglycan, which provide a 
coating for the photoreceptor outter segment. Interest- 
ingly, the 6-sulphated (DeltaDi6S) chondroitin species 
appears to be more prominent around cones than 
around rods, IRBP appears to be essential for photore- 
ceptor survival but is not required for the visual cycle. 
In addition, there are several cell surface proteins that 
form part of the glycocalyx of the cell but may also 
play a part in maintaining retinal apposition, which is, 
essentially maintained by the bulk flow of fluid across 
the retina, These inckude fibronectin, intercellular 
adhesion molecule 1 (ICAM-1) (see Ch. 7) and the 
(CD44 antigen, also known as the hyaluronan receptor. 
There is also a second hyaluronan-binding protein, 
SPARC (sialo-protein associated with rods and cones), 
which may also be important in providing a scaffold 
to the matrix, 

The interphotoreceptor matrix of the cone is com- 
partmentally separated from that of the rod by an 
insoluble matrix sheath containing its own specific 
proteoglycans, which presumably play a role in the 
regulation of their different forms of visual excitation. 
Chondroitin-6-sulphate appears to be the major 
proteoglycan-GAG in the cone matrix sheath, while a 


similar but less well-defined sheath around rod outer 
‘segments appears to be composed of sialyl conjugates 
It has been suggested that these proteoglycan sheaths 
around both rods and cones are important in retinal— 
RPE adhesion, for instance via hyaluronon-CD44 
interactions on the apical microvilli as well as via 
SPARC and SPARCAN through hyaluronan-mediiated 
motility receptor (RHAMM) domains 

The interphotoreceptor matrix contains other GAGs, 
inchiding non-sulphated chondroitin and hyaluronan, 
(about 14% of total). These are present as pro- 
teoglycans and are probably mostly synthesized by 
the RPE cell. There are also a number of proteolytic 
enzymes and their inhibitors, including matrix metal 
loproteinases and tissue inhibitor of matrix metallo- 
proteinases (TIMPs) mostly as RPE cell surface bound 
molecules to mannose-6-phosphate receptors. In addi 
tion, af crystallins have been identified in the IPM 
derived from the RPE in an exosome-mediiated 
mechanism, 


‘THE RETINAL PIGMENT EPITHELIUM 
‘The RPE is a pluripotent cell 


‘The retinal pigment epithelium (RPE) is a multifunc- 
tional pluripotent cell, which befits its embryological 


origins. It expresses many of the proteins considered 
characteristic of other cell types. Thus it possesses 
several cytokeratins characteristic of epithelial cells, 
yet also contains vimentin, which is a mesenchymal 
cell protein. One group of microfilaments, namely 
actin, myosin, oactinin and vimentin, is organized as 
airing (or elt) around the cell and inserts into typical 
zonuilae occludens; a second type of microfilament 
bundle, containing actin, myosin, fodrin and vimen- 
tin, occurs in the apical processes and may be involved 
in photoreceptor renewal. 

Under conditions of stress, RPE cells may express 
proteins more typical of macrophages and other 
myeloid cells, These include receptors far the Fe 
portion of immunoglobulin, the CD68 molecule and 
inducible nitric oxide synthase (iNOS) (see Ch. 7, 
p. 385). RPE cells also express the leucocyte marker 
CD36, which is involved in ROS phagocytosis (see 
p. 254) as well as ci; integrin and the tyrosine kinase 
MerTK. In addition, RPE cells contain high quantities 
of phosphatidylcholine and phosphatidylinositol with. 
high levels of saturated fatty acids and a high content 
of arachidonic acid. This may explain to some extent 
their ready ability to generate prostaglandins with 
immunosuppressive properties. The high content of 
cholesterol in RPE membranes indicates a low plasma 
membrane fluidity compared, for instance, with rod 
outer segment membranes, whose cholesterol content 
is low. 

Turnover in normal RPE is similar to that in 
endothelial cells (Le. very slow or nil) since it is a 
post-mitotic cell, but under certain circumstances RPE 
cells can proliferate and contribute to pathological 
processes as in retinal detachment (see Ch. 9, p. 492). 
When appropriately stimulated, RPE cells can synthe- 
size and secrete growth factors such as FGF IGF-1 and 
interleukin-1, which most likely have a role in the 
normal physiology of the retina. In addition, RPE cells, 
are an important inducible source of vascular endothe- 
lial growth factor (VEGF). The production of growth 
factors by the RPE is not fully understood teleologi- 
cally and it may play a part in regulating other tissues, 
such as the choroiel and sclera, and thus indirectly 
have a role in the development of myopia (see eFig 

@® +5). However, in pathological situations this may 
contribute to conditions such as diabetic retinopathy 
and subretinal neovascularization, To offset this risk, 
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RPE cells constitutionally secrete a specific anti- 
angiogenic protein, pigment epithelium-derived factor 
(PEDF), as well as secreting thrombospondin-1 into 
the pericellular matrix, 

The role of the RPE as the second site of the blood— 
retinal barrier (see Ch. 1, p. 40) is based on normal 
tight junctions containing the tight junction-specific 
proteins claudin-3 and -19 and is completed with a 
ring of cytoskeletal actin-myosin (see above); since 
the RPE also has a major role in pumping fluid across 
the retina from the subretinal space to the choroid, the 
tight junctions are integrated with a series of mem- 
brane transporters including Cl and HCO; channels, 
under control of ATPases and carbonic anhydrase, as 
well as GLUTS 1 and 3. Thus bidirectional transport 
of various metabolites occurs, but the main bulk flow 
of fluid from the retinal side to the choriocapillaris is 
mostly by CFTR, the Ca'*-dependent CI channel, 
which is one of the family of ABC transporters (mmuta- 
tions in which are responsible for certain forms of 
retinal degeneration) rather than by aquaporin 1 
Bestrophin 1, the gene responsible for Best's disease, 
may also be involved in either Cl’ or HCO, transport 
in the RPE. The RPE cell is therefore a highly polarized 
epithelium, organized for transport, with its apical 
microvilli in apposition to the photoreceptor cell and. 
its basal infoldings towards the choroid (Fig, 4-68). 

RPE cells alsa express proteins on their apical 
surface that would be basolaterally expressed in other 
epithelia. These include N-CAM (a cell adhesion mol- 
ecule) and EMMPRIN (extracellular matrix metallo- 
proteinase inducer), which are likely to be involved in 
photoreceptor adhesion and phagocytosis, respec- 
tively, In addition, the phagocytosis receptor o,f, 
integrin is expressed on the apical surface with the 
Na’-K” ATPases involved in transport. Other apical 
membrane-associated proteins include ezrin, which is 
associated with long apical microvilli, radixin and 
moesin/yurt, some of which are essential to apical 
basal polarization and are dependent on a range of 
signalling molecules such as a lipid phosphatase 
(PTEN), a serine-threonine kinase, and a transmem- 
brane protein (Crumbs). Reversed apical polarization 
occurs postnatally and is the result of suppressed 
decoding of specific basolateral signals 

The RPE sits on a prominent basement membrane, 
Bruch’ membrane, composed of five discrete layers, 
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FIGURE 4-68 Summary of retinal pigment epithelium (RPE) functions, PEDF, pigment epithelium-derived growth factr; VEGF, vascular epi- 


thelium growth factor. Fram Strauss, 2005) 


part of which incorporates the basement membranes 
of the RPE and the choriocapillaris, respectively. In 
addition to proteoglycans and matrix proteins typical 
of any basement membrane, Bruch’ membrane con- 
tains hyaluronan and chondroitin sulphate plus types 
1, ML, Vand VII collagen, and elastin, 


Photoreteptor function is critically dependent on a 
healthy RPE layer 


The RPE has multiple functions (Table 4-9) but its 
essential role is to maintain the physiology of the 
photoreceptors. Thus it removes ‘spent’ photoreceptor 
tips in the diurnal process of receptor renewal and 
participates in 11-cis retinol recycling. Indeed, it has 
been known for aver 100 years that contact with the 
RPE was necessary forthe bleached retina to regain its 
‘visual purple’ 

As stated above, during the process of photorecep- 
tor disk renewal the outer segment tips are shed in a 
diurnal manner and removed by the RPE cells in 
a short burst of phagocytic activity, Cone outer 


TABLE 4-9 Functions of the RPE 


Phatoreceptor renewal 
Fotinal attachment 
Interphotoreceptor matrix production 
Transport of water and metabolites, 
Fetinoid metabolism 

BBlood-retinal barrier 
Immunaregulation 

Free radical scavenging 


segments are similarly removed by the RPE cells but 
the process is considerably slower, Phagocytosed outer 
segment tips are digested in the extensive RPE 
phagolysosomal system, a process that continues 
throughout life, Solubilized waste material is then 
transported across the extensive basal infoldings of the 
cell into the choriocapillaris, It is not surprising there- 
fore that, with age, there is accumulation of lysosomal 
bodies and lipofuscin pigment, which may reflect the 
declining ability of the RPE cell to handle large 
amounts of relatively indigestible material, This may 


be linked to reduced melanin production with age. 
This partly digested rod outer segment ‘retinoid! mate- 
rial, some of which is known as A2E (see below), has 
heen implicated in the development of age-related 
macular degeneration 

Although some retinoid material will be incorpo- 
rated in the phagocytosed outer segment tip, this 
material is not used for regeneration of bleached rho- 
dopsin. Instead this occurs in the cytosol of the RPE 
cell, The conversion of L1-cis retinal to the all-trans 
retinal during phototransduction is accompanied by 
release of the chromophore into the interphotorecep- 
tor matrix (Fig, 4-69: and see below). Regeneration of 
the L1-cis retinal from the all-trans retinal takes place 
only in the RPE, since retinol isomerase is unique to 
this cell. Therefore, the all-trans retinal must somehow 
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FIGURE 4-69 Reactions of rod and cone visual cycles. The areas 
separated by solid ines represent celular compartments of a retinal 
pigment epthaial cel, rod and cone photoreceptor calls, and Miller 
cells, The avalssurraunding 11-Ral represent rod (grey fil) and cone 
(tricoluor fil) visual pigments. Photoisomerzation reactions are 
showin red. All other chemical reactions ar catalysed by enzymes. 
Retinoids are chaperoned by retinoid-binding proteins (not shovin) 
during Intercellar and Intracellular difusion. Ditusion of al-Rol 
from rod photoreceptor cells to Moller cells has not been demon- 
strated. al-RE,al-trans retiny! esters; a-Ral all-trans retinal: at-Ro, 
all-trans retinol; 11-Ral, 11-05 retinal: 11-Rol, 1-2 retinol. (From 
Saari 2012) 
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enter the RPE cell by a means other than outer segment 
tip phagocytosis. A slightly different process occurs for 
cone chromophore regeneration, In cones, alter pho- 
totransduction, L1-cis retinal is reduced to all-trans 
retinal, which is then transported to Miller cells, 
where it is converted to 11-cis retinol and transported. 
back to cones, where it is reconverted back to 1-cis 
retinal (Fig. #-69). This last step can only occur in 

How the transport of the chromophores in the 
interphotoreceptor matrix is achieved is not yet clear, 
but it is probably more subtle than the proposed 
mechanism of retinoid shuttling in which IRBP ‘trans- 
ports’ the retinoids between the two cells; rather, it is 
dependent upon the ‘buffering’ effect of IRBP.in which 
low-affinity binding of retinoid to IRBP permits its 
release at the appropriate site depending on the local 
concentration and amount of chromophore bleach. 
This notion is indirectly supported by evidence from 
the IRBP knockout mouse; this mouse has a fully 
functional neurochemical visual cycle but an acceler- 
ated dark adaptation response. In contrast, the exclu- 
sive localization of the high-affinity binding protein 
cellular retinol-bindling protein (CREP) to the RPE cell 
will help to drive the ‘flow’ of all-trans retinol in this 
direction and assist in the development of concentra 
tion gradients. Docosahexanoic acid, an important 
photoreceptor fatty acid, in contradistinction to pal- 
mitic acid, induces a rapid and specific release of 
L1-s retinal from one of the two retinoid binding, 
sites on IRBP 

For rods most of this activity takes place in the 
dark. However, IRBP also functions in transporting 
L1-cis retinol to cones which can take place in light 
conditions. There are two binding sites for the chromo- 
phore on the IRBP molecules which may also have 
functional significance in terms of vitamin A 
transport 


‘The RPE is polarized with tight junctions, 
but transport is bidirectional 

The transport function of the RPE is bidirectional in 
that, as shown above, retinoid transport, as well as 
glucose transport, is achieved through polarized dis- 
tribution of specific receptors (Fig, 4-68). In contrast, 
the bulk of transport occurs from the retina to 
the choriocapillaris, particularly for digested outer 
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segment material. There is also a significant bulk flow 
of fluid from the retina to the choroid, probably via 
‘solute drag’ through mechanisms such as an Na‘/k" 
ATPase pump located in the apical plasma membrane 
of the RPE and by transport af non-ionic solutes such 
asamino acids and glucose. Interestingly, RPE cells do 
not appear to express the water transporters aquaporin, 
3-5, unlike Muller cells and astrocytes, However, 
active HCO; transport appears to be the major ion 
linked to fluid transport and is mediated by a carbonic 
anhydrase-regulated system (see section on ciliary 
body, p. 217). There are six isoforms of carbonic anhy- 
drase in the RPE cell, The exchange of ions (and bull: 
water) establishes an electrical potential across the 
RPE, positive on the retinal side, of 515 mY, and also 
maintains steady pH regulation in the face of high 
lactic acid production by the outer segments of the 
photoreceptor cell. However, as indicated above, the 
Catt-activated Cl channel, CFTR, and bestrophin 
membrane proteins are currently considered strong, 
players in trans-RPE fluid flow: 

The net rate of fluid transport across the RPE is 
about 4-6 wL/cm" per hour, Transretinal fluid flow has 
been proposed asa major mechanism for maintaining, 
retinal apposition; indeed, it has been suggested that 
clinical RPE detachments may result from a break- 
down of the transport mechanisms for fluid across the 
RPE as a result of focal damage 

‘Thus any process that impairs retinol transport into 
the RPE from central stores in the liver will affect 
vision; because vitamin A requirements are supplied 
through the diet, any condition affecting this, such as 
protein-calorie malnutrition or one of the malabsorp- 
tion syndromes, may produce visual symptoms. One 
of the earliest symptoms of severe malnutrition, 
endemic in developing countries, is night blindness 
caused by lack of vitamin A. 

The RPE also contains of and B; adrenergic recep- 
tors, plus enzymes of the cytochrome Pyyy drug- 
metabolizing system. In addition, melanin, a major 
constituent of RPE cells is effective in drug detoxifica- 
tion. The melanin content of RPE cells decreases with. 
age. 


The chemistry of the visual response 


The main function of the retina is to convert light, 
energy into an interpretable signal for cortical cells in 


the brain, This process begins with photochemical 
events in the photoreceptor, 


PHOTOCHEMICAL REACTIONS IN THE RETINA 
Rhodopsin, vitamin A and photoreceptor turnover 


Rhodopsin, a 348 amino acid long major integral cell 
membrane protein in rod photoreceptor outer seg- 
ments, is synthesized in the ER and Golgt apparatus 
of the inner segments and transported in protein-rich, 
vesicles to the outer segment, where fusion occurs 
with the newly formed disk membranes in the 
periciliary ridge complex (see ciliopathies). It has 
three glycosylation sites containing various branched, 
combinations of N-acetylglicosamine and mannose 
residues. Opsin is a seven-tum (ot helix) membrane- 
spanning protein containing a serine- and threonine 
rich cytosol-esposed C-terminus, which is variably 
phosphorylated, and an intradisk N-terminns (Fig, 
4-10). This structure follows the general pattern for G 
protein types of membrane receptor such as the adren- 
ergic and muscarinic receptors which induce cell sig- 
nalling on binding of their specific ligand by activating, 
adenyl cyclase to raise intracellular concentrations of 
the second messenger cAMP (see pp. 243-245 and 
Ch, 6, pp. 172 and 258), The ligand for thodopsin, 
L1-cis retinal, isalready bound in the dark and dissoci- 
ates when activated by a photon of light. 

Rhodopsin behaves like a genuine receptor, but 
with differences: in the resting state (ie. in the dark), 
Na* channels in the rod outer segment plasma mem- 
brane are held ‘open’ by cGMP, synthesized by guan- 
ylate cyclase. This provides the electrochemical basis 
for the relative depolarization of the photoreceptor 
outer segment compared with other cells (-57 versus 
78 mV). On stimulation of rhodopsin with light, 
transdisk membrane signalling occurs via sequential 
activation of other membrane-bound proteins, trans- 
ducin and phosphodiesterase, to lower the cytosolic 
concentration of cGMP, ic. it acts like a second mes- 
senger in reverse (see below). This has the effect of 
closing the leaky Na’ channels in the plasma mem- 
brane and causing a relative hyperpolarization (to 
-87 mY), thereby generating the electrical response 
(cee below). 

Activation of rhodopsin is achieved via isomeriza- 
tion of retinol, a vitamin A compound that lies ‘nested 
between the first and last transmembrane loops of the 
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of 4 wavelength is electric-discharge machined into the 
‘copper sheet (47). The center conductor (48) from the 
‘coaxial cable is soldered t0 the top of the slot. The ground 
‘wire (49) is soldered to the bottom of the slot. This con- 
figuration produces a voltage difference between the inner 
top and bottom surfaces of the slot. The frequency generator 
produces an oscillating voltage across the slot which gen- 
‘erates an electric field that radiates from the antenna into the 
‘ceramic cavity 

10025] The wavelength of the antenna and the dimensions 
‘of the ceramic cavity have to be tuned to the geometry of our 
‘dimension, Newton's gravitational constant G is equal to 


1 
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020 meter = 787 inch 


‘The frequency of the antenna is the inverse of the gravita- 
tional constant. The reason for this is that when a circle of 
radius natural logarithm G is centered on the proton on the 
tetrahedron diagram, the circle intersects the comer of the 
Planck box which bounds our dimension between space and 
hyperspace. Its the low-density hyperspace energy that the 
amplifier will bring into this dimension. 

[0026] The size of the ceramic cavity based! on the angular 
frequency w~2xt is 


where b is inside radius of the cavity, ais the radius of an 
‘object atthe center of the cavity and c is the speed of light. 
Using the object radius as 40.020 meter to account for the 
‘antenna, the inside radius of the cavity is b=4.25 inches 
which is the size of the 85 inch diameter ceramic dome 
using % inch thick clay. The frequency is then equal 10 


raid 


anes 


“which is close to the inverse of the gravitational constant G 
of 23.43. Thus the amplifier is tuned to the gravitational 
constant of the universe both in size of the cavity and the 
frequency of the slot antenna. Using a SMD surface mount 
‘capacitor and inductor inthe picofared and nanohenry range, 
itis possible o get up o this high frequency, bucit was found 
that it was not necessary because the amplifier works at 
lower frequencies that are pulsed. 

[0027] Referring to FIG. 10, the swinging movement of 
the pendulum measured in inches at the side of the dome is 
plotted against a range of frequencies from 20 kHz to 120 
kHz. At20 kH7, the pendulum swings % inch away from the 
‘dome. Then at 40 kHz, the pendulum swings % inch toward 
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the dome, This patter is repeated until 120 kHz. What this 
‘means is that the amplifier ean control the direction of the 
cco-gravitational field using frequency. The tetrahedron dia- 
‘2ram shows that this phenomenon is related to the two axes 
Of the circumscribing sphere of the tetrahedron. 

[0028] | Referring to FIG. 11, the swinging of the pendulum 
is plotted for a range of frequencies from | MHz to 5 MHz. 
‘Ata frequency of 2.78 MHz the pendulum was swinging 
Strongly from the vertical to the horizontal, a distance of six 
inches. On the tetrahedron diagram, the distance from our 
‘base constant to the centerline between inverted tetrahedron 
is equal to 14.838168. This corresponds to a frequency of 
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which is close to the experimental value. 
[0029] Referring to FIG. 12, the Chi energy flowing 
between the hands, shown by the arows, is amplified by 
placing the hands across the dome. This energy from the 
right band mixes with the hyperspace energy entering the 
dome from hyperspace. The combined energy is then 
absorbed in the let hand vortex. The eflects of this amplified 
‘energy are simply amazing and have to be experienced to 
appreciate what it means, 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0030] FIG. 1, Perspective view of pendulum movement 
over left hand vortex. 

[0031] FIG. 2, Perspective view of right hand rule of 
physics showing similarity between electromagnetism and 
‘grivity. 

[0032] FIG. 3. Perspective view of plaster mold cavity 
showing negative curvature. 


10033] FIG. 4, Perspective view of dome showing positive 
curvature. 
10034] FIG, §, Perspective view of dome showing radial 


pendulum movement, 
[0035] FIG. 6. Graph of co-geavitational K field on tet 
hdron diagram. 

[0036] FIG. 7. Perspective view of Chi Energy Amplifier 
‘with BNC coaxial cable 

[0037] FIG. 8, Perspective view of slot antenna in dome. 
[0038] FIG. 9. Perspective view of slot antenna showing 
dimensions. 

[0039] FIG. 10. Graph of pendulum movement versus 
frequency of antenna, 20 KHz. 

[0040] FIG. 11. Graph of pendulum movement versus 
frequency from 1 MHz to $ MHz. 


[0041] FIG. 12. Perspective view of amplifying Chi 
energy. 
DETAILED DESCRIPTION OF THE 
INVENTION 
[0042] The dome of the amplifier is made of red earthen- 


ware clay from Minnesota having a cone 06 kiln firing 
temperature of 1828° F. overa period of 7.5 hours. The clay 
is placed between two hardwood 4 inch thick slats. Ii then 
rolled Hat with a rolling pin, The sheet of clay is cut in half 
‘and one half is placed in a 9-inch diameter bowl mold usi 

‘a soft sponge to push it into position. The second half is then 
added to the first with the seam between worked flat with a 
‘metal kidney and elephant ear sponge. The top of the mold 


thodopsin molecule, with its long axis in the plane 
of the membrane (Fig. 4-10). Modelling studies show 
the relationship between the chromophore pocket 
and the opsin molecule (Fig, 4-70), In this reaction, 
the tail of L1-cis retinal on conversion to all-trans 
retinal becomes elongated and more perpendicularly 
disposed to the isoprene retinal ring structure; this 
has the effect of generating greater interaction between 
the retinal and its binding sites to the side-chains of 
amino acids Lys206 and Lys296, thereby heightening 
the energy state of the rhodopsin molecule. Alltrans 
retinal becomes converted to all-trans retinol, which 
does not fit within the rhodopsin transmembrane 
loops and it is during this stage that rhodopsin con- 
verts through its various intermediaries to opsin, the 
changes being demonstrable by colour bleaching (Fig 
4-70), The chromophore thus detaches from the 
bleached opsin and diffuses away into the interpho- 
toreceptor matrix to be taken up by the RPE cell; in 
the dark it undergoes isomerization within the RPE 
cell (See Figs 4-69 and 4-70) to L1-cis retinol, which 
hinds to cellular retinal binding protein (CRALBP) 
and becomes converted to L1-cis retinal-CRALBP, 
which is transported to the cell membrane and is 
transferred to interphotoreceptor retinal binding 
protein (IRBP) on which it is shuttled back to the 
photoreceptor to reattach to rhodopsin and recom- 
mence the cycle 

The process of 11-cis retinal binding to opsin 
occurs by the formation of a Schiff base to Lys296, 
releasing a single molecule of water. Interestingly, 
‘ordered’ water molecules are also included in the 
overall conformation of rhodopsin as tightly bound 
‘prosthetic’ structural moieties giving cohesion to the 
overall structure of the molecule (see Fig, 4-10), Itis 
possible that these water molecules are held to the 
structure through electrochemical bonds that become 
disrupted when light converts 11-cis retinal to all-trans 
retinal, thus creating space for the chromophore to 
detach. 

‘There are three cone apsins in humans which have 
around 50% homology to rhodopsin and to each other 
apart from the red and green opsins which are 95% 
homologous to each other (Fig. 4-71). The release of 
all-trans retinal from cone pigments is much faster 
than from rhodopsin and even binding of cis-retinal is, 
less stable, possibly related to the amount of water 
binding, 
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The conversion of 11-cis retinal to all-trans retinal 
and then to all-trans retinol is the fundamental chemi 
cal reaction to take place during the visual impulse, 
and the chemical reaction has been known for many 
years, Laser flash photolysis studies have chemically 
identified the intermediates that occur in the break- 
down of vitamin A (see Figs 4-69 and 4-70). Normal 
vision depends on a plentiful supply of vitamin A, 
which must be provided exogenously because humans 
cannot synthesize it. Dietary vitamin A comes from 
B-carotene in plants, while animal sources provide the 
chromophore as a retinyl ester linked to fatty acids, 
Thus, visual deterioration, especially at low illumina- 
tion (night blindness), is an early sign of malnutrition 
and malabsorption syndromes, but sensitive electro- 
physiological tests may be required to reveal its full 
extent, Retinoids are stored in the RPE as non-toxic 
tetinyl esters; retinoic acid, which can also be synthe- 
sized during retinoid metabolism, has many functions 
in cell biology and has recently been shown to have 
a role in immune tolerance, but ftee retinoic acid 
is toxic to cells and thus has to be generated from 
retinyl esters, similar to visual retinoids, In the retina, 
all-trans retinol to 1L-cis retinol isomerization is regu- 
lated by palmitoylation under the control of the RPE- 
specific protein RPE-65 (see Fig. 4-69) whose role 
serves to switch off the visual cycle in the dark, 


Phototransduction: the conversion of light energy to 
an electrochemical response 

‘The conversion of the energy stored in a single photon 

of light to an electrical response is possible because of 
the extensive amplification of the molecular cascade 
involved in closure of the Na’ channels (see eB0x 4-5). @ 

These channels are kept open by ¢GMP (termed 
cyclic nucleotide gated channels, CNGP), which acts 
as a second messenger in this system. 

In the dark, open Na” channels allow Na’ to exit 
and Ca** to enter and maintain a relative depolariza- 
tion, This is linked to a Na'/Ca®* exchanger, which 
maintains a steady intracellular concentration of Ca’ 

In the light, the Na” channels are closed, leading 
to a relative hyperpolarization and a decline in the 
intracellular Ca’* concentration. Closure of the Na’ 
channels is achieved by hydrolysis of cGMP by phos- 
phodiesterase (PDE), one of the responses that is 
greatly amplified in the cascade, Signal amplification 
is achieved by activation of many molecules of 


transducin by one molecule of metarhodopsin (R*), 
probably in the region of 300x (Fig, 4-72 and eBox 
4-5), 

In this sense, activated rhodopsin acts like an 
enzyme since it is available to activate further mole- 
cales of transducin until the light is switched off by 
the combined action of recoverin (thodopsin kinase) 
and arrestin (also known as S antigen). Similarly, 
around 600 molecules of cGMP are hydrolysed by a 
single molecule of PDE and, indeed, the limitation of 
its activity is determined by the availability of cGMP. 
‘There is a further three-fold amplification of channel 
opening by one CGMP molecule 


Phototransduction is a biological cascade 


The mechanism of EGMP hydrolysis in phototrans- 
duction has been extensively investigated; the sequence 
of events in this response is outlined in Figure 4-72, 

Certain enzymes play important roles in this proc- 
ess, including guanylate cyclase and cGMP phosphodi- 
esterase, Guanylate cyclase activation restores cGMP 
levels with the help of recoverin (see Fig. 4-72), while 
the enzyme R® is deactivated to the phosphorylated 
form R-P and bound by arrestin (S antigen). During 
these changes there is considerable redistribution of 
photoreceptor molecules in the shift from light to dark. 
(Fig, 4-73). Amplification is therefore a function of the 
time interval at each of the stages of processing, 


Does phosphoinositide metabolism hai 
a role in phototransduction? 


From the above it would appear that much of the 
transduction mechanism has been deduced; however, 
the role and mechanism of Ca’ influs are unclear. 
Ca’ mobilization is the product of a major second 
messenger system in many cells, and is activated via 
receptor-mediated activation of phospholipase C 
(PLC) and G (PLG) proteins. This results in the 


4 Biochemistry and cell biology 261 


hydrolysis of phosphatidylinositol 4,5-bisphosphate 
(PIP,) to form inositol triphosphate (IP,) and diacyl 
glyceroal (DAG). IP) induces mobilization of calcium 
stores, while DAG activates protein kinase C. Two 
major calcium-binding proteins, calmodulin and 
GCAPI and 2 (calcium-dependent modulator of gua- 
nylate cyclase), are involved in phototranscuction. 
Both PKC and PLC regulate the translocation of arres- 
tin from the inner to the outer segments in the dark. 

In the invertebrate retina, light induces hydrolysis 
of PIP, with production of IP; and DAG, but its role 
in the transchiction cascade is unclear. However, there 
is evidence that an integral transmembrane phosphati- 
dylinosital transfer protein prevents retinal degenera- 
tion in Drosophila (the rdg B protein). The evidence in 
the vertebrate retina is even less convincing, It is pos- 
sible that this mechanism may have some other func 
tionrelated tomembrane conductanceand mobilization 
of ion stores, but unrelated to transmission of an elec- 
tric impulse. However, there is little doubt that phos- 
phoinositide metabolism and tumover is a major 
pathway in the photoreceptor cell, 


Renewal of photoreceptors is associated with 
accumulation of lipofuscin pigment in the RPE cells 


Estimates suggest that RPE cells phagocytose about 
2000-4000 disks per day. To cope with this phago- 
oytic load, the RPE cell has an extensive lysosomal 
enzyme system that can digest about 50% of its load 
within 1-2 hours (important in terms of cyclic rod 
outer segment tip shedding). Uptake of shed rod outer 
segment tips is receptor mediated, through the o,f 
integrin receptor signalling, the receptor tyrosine 
kinase Mer (Mert) and CD36. CD36 recognizes oxi- 
dized phosphatidylcholine, a product of aged outer 
segment tips, and may be involved in the engulfment 
process rather than initial binding. Interestingly, the 
0,8, receptor is also involved in retinal adhesion to 


FIGURE 470 Activation of rhodopsin by light (A) Rhodopsin absorbs a photon af ligt, which lads to isomerization of 11-cs retinal to al- 
trans ttinal. Transmission of tis signal to the cytoplasmic surace triggers nucleotide exchange onthe heterotrimeric G protein transducin 
Transducin dissociates and activates the downstream signaling events. (B) Spectral changes in rhodopsin upon activation as detected by 
photography. Once rhodopsin ints dark 11-cis etin-bound stat (A) is exposed to ight. immeditaly goes through a seis of photointer 
‘meta state, including metahodopsin | (Meta 1) (B), and eventually progressing to the Rho* (metarhodopsin Il (Meta I) activated state 
(€), Upon treatment with hydroxfamine, the chromophore is hydrolysed, resuling in a largely colavess solution. (C) Shows 2 modelo the 


G protein rhodopsin complex. (Fam Pelezewski, 2012) 
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Phototransduction cascade and channel 
opening 


Activation ofa single molecule of rhodopsin generates an 
amplification eascade that leads to the opening of many 
channels, and the induction of a change in the resting 
potential of the photoreceptor. 


“ype 2 shodopsin (Rh) (rainbow coloured) embedded 
ima lipid bilayer (heads ted and tails blue) with trans- 
ducin (GDP) below. Gy is coloured red, Ga blue andl Gry 
yellow, There is a bound GDP molecule in the Gee 
Subunit and a bound retinal (black) in the thodopsin. 
“The N-terminus of shodopsin is red and the C-terminus 
blue, Anchoring of tansducin to the membrane has been 
Grawn in black. PDE, phosphodiesterae 
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FIGURE 4-71 Sequence identity among the human rod and cone opsins. Opsn secondary structure is represented in two dimensions based 
‘on alignment with the known structure of bovine rhodopsin. Residues that are identical between the human rod and human red, green and 
bie cone opsins are denoted as black circles with the conserved amino acid residues dented. (Fram lange al, 2013) 


the RPE layer, functioning in a different diurnal cycle 
for phagocytosis 

With age, accumulation of retinoid material and 
lipofuscin occurs in the RPE. Free all-trans retinal, 
produced after the photoactivation of rhodopsin by 
light, is considered to bind to phosphatidyleth- 
anolamine (PE), forming N-retinylidene-PE. (NRPE) 
from which N-retinylidene-N-retinylphosphatidyleth- 
anolamine (A2PE) is generated by the binding of a 
second molecule of all-trans retinal, Phospholipase D 
then cleaves PE from A2PE to generate A2E, which 
has been identified as « potential culprit in the lipo- 
fuscin responsible for age-related macular degenera- 
tion (AMD). This process is light dependent and thus 
retinal light damage is thought to be a major factor in 
development of AMD, However, recently, 1 -cis retinal 
has also been shown to generate A2E, which raises a 
question mark concerning this model of light damage 
to the retina. 

Photoreceptors are easily damaged, particularly by 
excess light radiation, and several free radical scaveng. 
ing mechanisms are in place to minimize the damage. 
In addition, vitamin E has a significant role as a free 
radical scavenger (see Box 4-19). 


RPE lysosomes contain a battery of enzymes capable 
of degrading complex lipid-glycoprotein aggregates 
Phagocytosis of rod outer segment tips takes place 
in stages. First, there is formation of the primary 
phagolysosome by fusion of the endasome with the 
lysosome. This may then fuse with lipofuscin granules 
or with melanosomes to form  melanolipafuscin 
bodies, With age, and experimentally in. vitamin 
E deficiency, there is a greater shift towards fusion 
with lipofuscin granules, Eventually these bodies are 
degraded and their products are transported out af the 
cell. However, the accumulation of insoluble material 
between the basement membrane and the RPE cell has 
been attributed to a breakdown in the capacity of the 
cell to deal with this load. In addition, accumulation 
of lipofuscin is associated with reduced phagocytic 
capacity of RPE cells, 


SYNAPTIC EVENTS BETWEEN PHOTORECEPTORS 
‘AND CELLS OF THE INNER NUCLEAR LAYER 

Bipolar cells of the inner nuclear layer (INL) synapse 
either with rod or with cone photoreceptors but not 
with both, In addition, they synapse with other cells 
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FIGURE 4-72 Schematic of phototransduction cascade activation and inactivation. The upper disk illustrates inactive rhodopsin (R),transducin 


rk. The reactions in the middle disk ilustrate light-induced transducin and 


PDE activation. The reactions in the lower disk represent R” inactivation via phosphorylation by rhodopsin kinase (RK) fllowed by arrestin, 
(Att) binding and transducit/PDE inactivation by RGS9-GaB-PDEap comple. (From Burs # al, 2005, with permission ram Eisevier.) 


in the INL such as horizontal cells. There are around 
10 different types of cone bipolar cells but only one 
type of rod bipolar. Several types of neurotransmitter 
may be involved (Table 4-10). In the resting state, the 
dark currents produced by the open cation channels 
in the outer segment (see Ch. 5, Box 5-6, p. 288) are 
accompanied by high levels of neurotransmitter release 
at the synaptic junction with the bipolar cells. In the 
light, there is a decrease in transmitter release, which 
alters the transmission of electric potentials in the 
bipolar cells, However, the situation is more complex 
than this, 


‘Two types of bipolar cell 


Synaptic transmission at neuromuscular junctions is 
mediated by acetylcholine, released from the nerve 


ending when the action potential wave arrives, Binding 
of acetylcholine to its receptor on the muscle initiates 
a second message, which causes a depolarization in 
the cell owing to opening of the voltage-gated Na” 
channels, 

‘At the synaptic junction between the photoreceptor 
cell and the bipolar cell, a different type of reaction 
occurs, First, the photoreceptor does not transmit an 
action potential wave, butt presents a graded hyperpo- 
larization response, which depends on the intensity of 
the light stimulus, In the dark, while the photorecep- 
tor is in a relatively depolarized state, the neurotrans- 
miter glutamate (see Table 4-10) is released from the 
presynaptic photoreceptor terminal and binds to a 
tetina-specific metabotropic receptor (see next section 
for definitions) on one type of bipolar cell (the 
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FIGURE 4-73 Schematic representation of transducin, arestn and 
recoverin subcellular distribution in the dark-adapted and light- 
aulaped rod. (From Bums el al, 2005, wih permission trom Elsevier.) 


ON-bipolar), which produces hyperpolarization and 
keeps the bipolar Na* channel closed. When light 
activates the photoreceptor, glutamate release ceases 
and the intracellular concentration of cGMP rises, thus 
opening the Na’ channels and causing depolarization 
of the cell membrane, allowing the ON-bipolar cell to 
transmit a signal. 

In contrast, glutamate binding to the ionotropic 
receptor on a second type of bipolar cell (the OFF- 
bipolar; see Ch. 5) has the reverse effect of inducing, 
hyperpolarization. To summarize, therefore, when light 
activates the photoreceptor and transmits the message 
to the bipolar cell, ON-bipolar cells are depolarized by 
reduction in glutamate release and, OFF-bipolar cells, 
are hyperpolarized by an increase in glutamate release. 
Additionally, glutamate may bind to horizontal cells, 
where it also produces hyperpolarization, 

This type of graded response is achieved by spe- 
cialized photoreceptor structures termed ribbon syn- 
apses which are exquisitely organized to transmit 


BOX 4-19 VITAMIN E AS A FREE RADICAL 
SCAVENGER 


Vitamin E limits tree radical damage at several stages in 
lipid peroxidation. 
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Regeneration of vitamin E under ight stress requires 
ascorbic acid. In experimental vitamin E deficiency there is 
a marked accumulation of lipofuscin in the RPE, which 
‘may be relevant to a similar accumulation of lipofuscin in 
age-related macular degeneration. PUFA, polyunsaturated 
faty acid. 


information. Several membrane proteins are involved 
in the cytoskeletal structure and function of the 
synapse, stich as dystrophin and retinoschisin, which 
have clinical relevance (mutations in retinoschisin 
cause retinoschisis, a retinal degeneration involving, 
spliting of the retinal layers) as well as in the inter- 
synaptic clefi, a space containing other essential 
matrix components (Fig. 4-74). In both ON- and 
OFF-bipolar cells, the action of glutamate is consid- 
ered excitatory, since there is a defined response. 


E Retinal neurotransmitters and 
neuromodulatory peptides 
Agent Site of action 
Neurotransmitters 
Glutamate Photorecepior 
‘paminobutyric acid ‘Horizontal amacrine cols 
Giyeine Amacrne call 
Taurine 
‘Tyrosine derivatives 
Dopamine Horizontal amacrine cells 
Noradrenalina 
Adronaline 
“Tryptophan derivatives 
Serotonin Photoreceptor 
Aspartate Photorecepior 
fralanine 
Histidine derivative 
Histamina 
Neuromodulators 
Peplides 
Vasoactive intestinal Amacrino, ganglion cells 
peptide 
Angiotensin |and ll —-_Amacrino, ganglion cells 
Substance P ‘Amacrine, ganglion cals 
Luteinizing hormone ‘Amacrine, ganglion cals 
releasing hormane and 
thyrotrophin releasing 
hormone 
Lou- and metenephatin —Amacrne call 
Brendorphin ‘Amacrine, ganglion calls 
Somatostatin Amacino, 
Nourotansin Amacrine call 
Glucagon Amacrine call 


Glutamate is unlike acetylcholine in that there is no 
enzyme that rapidly degrades the neurotransmitter 
and shuts down the response; instead, the glutamate 
merely diffuses away or is taken up by nearby glial 
cells and inactivated, 

The differential binding of glutamate to ON- and 
OFF-bipolar cells via specific receptors (see below) is 
a direct chemical correlate of the electrophysiological 
and psychophysical responses that can be obtained 
from these cells, and is a good demonstration of 
nature’ use of a binary (ON-OFF) system to process 
complex sensory phenomena. Apparently, the segrega- 
tion of responses at the bipolar cell level is retained to 
the level of the visual cortex. 
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Neurotransmitters and neuromodulators 


In contrast to glutamate, other neurotransmitters such. 
as glycine and GABA have a lateral inhibitory action 
at the synaptic junction and are considered to be neu- 
romodulators, ie, they modulate the effect of gluta- 
mate; neuromodulators have a much longer action, 
often mediated through second messenger systems in 
the cell, There are many different types of neurotrans- 
miter, most of which are amino acids or amino acid 
derivatives, and the majority are active in transmission 
of electric impulses within the mammalian retina, As 
indicated above, typical excitatory transmittersinclude 
acetylcholine and glutamate, while aminobutyric 
acid (GABA) and glycine are inhibitory to their func 
tion, Several other neuromodulatory peptides exist 
which have direct or indirect effects on neural 
responses. Dopamine is probably the best known of 
these (see below). In addition, recent studies indicate 
that neuronal nitric oxide synthase may modulate 
retinal signalling via release of nitric oxide. 


Glutamate is the major neurotransmitter in the retina 
As indicated above, glutamate (Fig, 4-75) is the major 
mediator of synaptic transmission hetween the pho- 
toreceptor and the bipolar and horizontal cells. The 
functional organization of the retina is centred around 
the specificity of glutamate for four discrete types of 
glutamate receptor on different types of cells (ON- and 
OFF-bipolar cells, and two types of horizontal cel). 
Glutamate receptors are classified as ionotropic (iGluR) 
and metabotropic (mGluR). iGluR are by far the more 
ubiquitous and are further grouped as; 
+ Nemethyl-p-aspariate (NMDA) 
receptors, 
+ quisqualate receptors 
+ AMPlainate receptors on hyperpolarizing 
bipolar cells 
+ APB (sign-inverting glutamate receptor agonist) 
receptors, 
Each of these receptors has specific characteristics 
related to whether it is ionotropic (directly affecting 
ion channels, ¢.g. NMDA) or metabotropic (primarily 
affecting aspects of neuronal cell metabolism, such as 
cGMP levels, and secondarily altering ion-channel 
permeability, e.g. APB receptors) (see Fig. 5-12, 
p. 295), Synaptic transmission in ganglion cells may 
also utilize glutamate. However, for some time it has 


selective 
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FIGURE 4-74 Proteins central tothe organization of the outer pleitom layer (PL). Two major nodes of protein-protein interactions occur in 
‘the extracellular matrix (ECM) of the OPL ECM within the OPL. The Sidekck-2 rans-synaptic scaffold attaches MAGI proteins in apposed cells, 
ith putative lateral presynaptic interactions to PSD-96. PSD-95 also appears to anchor the Ci(Ca) channel TMEM1GB and PNCA extrusion 
pump at non-ribbon sites inthe terminal. Scaffolding interactions between a transmembrane dystroglycan complex andthe retina-spectic ECM 
proteins pikachurin and retinaschisn, linked through synaptic laminin and cytoplasmic actin, wile alsa attaching tothe extracellular face of 
‘transmembrane CaV channels and the Na/K"-ATPase. (Fram Mercer and Thorson, 2011) 
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FIGURE 4-75 Chemical structure ofthe acidic amino acids 
aspartate, glutamate asparagine and glutamine. 
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been proposed that small cyclic nucleotides may 
confer gating activity, and recent studies have con- 
firmed this (Fig. 4-76). The cAMP and cGMP appear 
to have opposing gating effects in their interactions 
with horizontaVfamacrine cells and ganglion cells in 
the regulation of Ca°* influx and in addition appear to 
be modulated themselves by neuronal nitric oxide 


synthase (nNOS) derived from neighbouring amacrine 
cells. The precise role of NO in the retina is unclear 
but may be important in visual adaptation, 


Horizontal and amacrine cells 


Horizontal and amacrine cells directly modify the rate 
of electrical firing in bipolar cells by release of 


ca Bpoatamacine 
call synapse 


protein phosphoryation 
Depolarization 


Se 


Ganglion cot 
FIGURE 4-76 Schematic representation of pathways that might 
regulate the activity of the eGMP-gated channe in retina ganglion 
cells, The cGMP synthesis could be stimulated by rir oxide adja- 
cent amactine cells. Activation of cGMP-gated channels wil increase 
Ca" influx and enhance Ca*-drven processes. At the same time, G 
protein-coupled receptors activated by neuratransmitters from 
bipolar and amacrine cell terminals may regulate the activy af one 
‘or more PDEs wich control hydrolysis of cGMP and thus the activity 
othe cGMP-gated channels. (Ftom Barnslableet al 2004; madd ran 
‘mad ea, 1994) 


excitatory (horizontal cells) and inhibitory (horizontal 
and amacrine cells) neurotransmitters. Glutamate is 
the major excitatory transmitter of horizontal cells, 
while GABA, a derivative of glutamate distributed 
widely throughout the retina, functions particularly in 
the horizontal and amactine cells as an inhibitory 
mediator, Recently, it has been shown that some hori- 
zontal cell negative feedback to cones can be mediated 
via ghutamate-gated Ca" channels. Glycine is also an 
inhibitory neurotransmitter in amacrine cells, which 
have a significant role in determining the size of recep- 
tive fields of individual ganglion cells (see Ch 5). 
Acetylcholine is a major excitatory neurotransmit- 
ter of amacrine cells and often co-localizes in GABAer- 
gic starburst cells, suggesting that these cells can act, 
ina complex excitatoryfnhibitory manner in relation 
to ganglion cell receptive fields. Ganglion cells are 
thought to utilize glutamate as a major transmitter 
Amacrine cells also receive input from the third 
class of photoreceptor in the retina. Intrinsically pho- 
tosensitive retinal ganglion cells (ipRGCs, see pp. 
249-250) excite a subset of amacrine cells via 
dopamine receptors and are coupled to a further 
subset of GABA-responsive amacrine cells via gap 
junctions. In this way information regarding 


4 Biochemistry and cell biology 267 


irradiance, circadian rhythms and pupillary responses 
is integrated with primary photoreceptor responses, 


Dopamine exerts a neuromodulatory effect on 
retinal function 


Dopamine occurs in amacrine cells and inner plexi- 
form layer cells in the inner retinal layers and clearly 
has a role to play in visual function because the 
reduced and delayed b-wave  electroretinogram 
responses (sce Ch. 5) seen in patients with Parkinson's 
disease are normalized on treatment with I-DOPA. 
Dopamine receptors (there are two broad classes and. 
several subclasses) are present on all retinal neurones 
and therefore dopamine probably has many as-yet 
undetermined effects, one of which is to uncouple 
photoreceptor-driven horizontal cell gap junctions. 
Horizontal cells are probably the source of activity in 
the surround region in bipolar cell centre-surround 
receptive fields, suggesting that regulation of spatial 
contrast sensitivity may be under dopaminergic 
control. 

Dopamine may have many other effects including 
regulation of All-type amacrine cells, which couple 
tod-associated bipolar cells and ganglion cells, and it 
may even have a paracrine role in altering the level of 
photoreceptor cytoplasmic cAMP Dopamine has also 
been implicated in development in retinal neurones 
because it has been shown that apomorphine inhibits 
form-deprivation myopia in experimental animals by 
a dopamine D;-receptor mechanism acting within 
either the retina or the RPE 

Dopamine is inactivated by cellular re-uptake, a 
process mediated by specific Na"-dependent mem- 
brane transporter proteins, which have been cloned. 
Dopamine may also be antagonized by melatonin, 
which is synthesized and released by photoreceptors, 
accounting for the photopic to scotopic transition in 
rod responsiveness. It is also counteracted by NMDA, 
which may induce impaired dopamine synthesis, 
Interestingly, melatonin has neuromodulatory effects 
on dopamine-sensitive cells as well as on photorecep- 
tors (see p. 261). 

It can be seen therefore that, while much remains 
to be determined concerning the mediators of neural 
function in the retina and visual cortex, a view is 
already emerging of differential stimulation and inhi- 
bition of function induced by a variety of interacting 
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is serapped flat to create the bowl shape. The moist clay is, 
Teftto dry for one day after which it falls out ofthe mold due 
to shrinkage. After completely drying, the dome is then 
placed in a kila which runs the computet-controlled cone 06 
temperature firing profile. A preheat at 180° F. for one hour 
is required to make sure the dome is completely bone dey. It 
takes 7 to 8 hours to fire the dome with another 12 hours to 
‘coo! down naturally. 

10043] The base is also made of % inch clay. A circular 
shape is cut out and fitted with a ribbon of extruded clay 
from a clay gun to make the cylindrical wall. Using a hole 
cutter made of hollow tubing, a hole is made in the side of 
the base for the coaxial cable, The second lower dome has 
‘hole cut in the bottom when the clay is leather hard. 
[0044] A 0.050" thick copper sheet is EDM machined to 
‘cut a half wavelength slot in the copper. The inner conductor 
‘of the coaxial cable is soldered using silver epoxy to the one 
side of the slot. The ground shielding of the cable is silver 
epoxied to the other side of the slot. The other end of the 
‘coaxial cable has a BNC connector which plugs into the 
frequency generator. 

[0045] The pendulum is made out of soft brass rod and 
‘machined! on a lathe into a plumb bob shape. Ahole is drilled 
in the stem to hold the 6" long string, 
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claim: 

1. A Chi energy amplifier comprising: 

1-ahollow ceramic dome in the shape of aclam shell with 
‘hole in the lower half that provides access toa coaxial 
cable; 

b. a cylindrical ceramic base on which the dome is 
‘mounted with holes that provide access for a coaxial 
cable into item (a); 

‘ca slot antenna soldered to the coaxial eable, located 
‘midway inside item (a), such that the jnner conductor 
of the cable is soldered to one side of the slot and the 
‘ground shielding is soldered tothe other side ofthe slot; 

4d. frequency generator connected to the other end of the 
coaxial cable by means of a BNC connector for the 
‘purpose of providing an oscillating voltage to item (c);, 

ean electromagnetic wave generated by items (c, d) that 
resonates inside item (a): 

£. a co-gravitational K field generated by items (a, b,¢, d, 
«) whose direction can be controlled by the frequency 
of item (@); and 

‘8. flow of hyperspace energy into or out of the dome due 
to item (D. 
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neuromodulators and transmitters, which correlates 
with observed psychophysical events, 


Conclusion 


‘While the eye has many ‘eye-specific' biochemical and 
cell biological functions and roles, many of these are 
founded on general principles that apply to other 
systems and, indeed, comparison of ocular and 


non-ocular processes offers much insight into basic 
fundamental principles, Where differences exist, they 
assist in highlighting the properties and functions of 
molecules and reactions, while introducing us to the 
specific mechanisms in the eye, In this way, a greater 
understanding of the general principles is achieved 
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Introduction 


Vision in all its aspects could arguably be described 
as the most important physiological function for 
survival, Vision encompasses detection of Inmi- 
nance (and, we now understand, irradiance), con- 
trast sensitivity (visual acuity), discrimination of 
texture, colour, depth and motion disparities and 
integrates them in to what we describe as percep- 
tion. Most of these functions are located in the 
higher cortical centres where the retinal ‘sensation 
(image) is converted into our personal view 
(percept) of the outside world, What is seen (con- 
ceived) may not be the same as what is perceived, 
or even detected, and the latter may be extensively 
edited through input from other non-visual 
centres, especially memory and previous visual 
experience. 

Zeki’s notion (1992) of the brain constructing 
an image of the world by segregating the compo- 
nent paris via cortical regions that are, for instance, 
directionally selective (motion detectors), orienta- 
tion selective, hue discriminators (colour) and that 
assess depth (stereopsis) has now been extended 


using functional magnetic resonance imaging (IMRI) 
to show how the segregated parts are integrated to 
provide a final but individual-specific image. Indeed 
IMRI reveals which specific areas of the brain are acti- 
vated when we visually register different ‘objects’ (Fig 
5-1). At face value it might be thought that spatial 
resolution would be most important to survival but in 
fact it has been shown that colour is what we see best. 

There are further sublleties to the business of 
seeing. For instance the manner in which we detect 
shape/form depends on more than activation of 
orientation-selective neurones. Remarkably, the rec- 
ognition of faces and the recognition of the expression 
on a face are processed separately, as has been dem- 
onstrated in patients with damage to highly selective 
regions of the brain (Fig. 5-1). The recognition of 
texture is akin to a form of visual ‘touch’. This chapter 
provides a rather simplified and brief overview of 
aspects of the complex sensory and psychophysical 
responses to visual stimuli 


DO 1 HAVE GOOD VISION? 


A certain level of good vision is required for many 
daily activities, some of which may have a legal 
requirement, such as driving, However, ‘good vision 
isa variable measure and depends on the set standard. 
Perhaps it is more valuable to have a concept of the 
limits of our visual capabilities. Vision can be consid- 
ered in two ways: the optical requirements to achieve 
an image (ie. refraction of light by the eye to focus 
the image on the retina, also known as physiological 
optics) and the neural processing of vistal stimuli by 
the retina and the brain, The visual process is initiated 
by the detection of a light signal by photoreceptor cells 
in the outer retina, Photoreceptor cells convert light 
energy to an electric stimulus, which is then 
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FIGURE S-1 Typical locations of category-selectivereaions in the human ventral visual cortex. (A) The location of visual regions inthe human 
corte, inciuding the rimary visual cortex (area V1 inthe strat cortex) and the extastiate cortex in the occiital lobe, and th traditional 
distinction into two visual cortical pathways that startin area V1 and extend into the temporal lobe (the ventral ‘what or ‘bjec-ision pathway 
(1)) or into the parietal lobe (the dorsal ‘where pathway (2). (8,6) Ventral pathway region in one individual that were activated signfcanty 


‘or selectivity of bodies, faces, houses or other objects. In addition, the yellow areas represent the regions that, in 2 group of people (a 


activated significant inthe contrast: intact objects > scrambled objects, All data vere processed using SPMS (Wellcome Department of Cogni- 


tive Neurology, London). (From Op de Steck a 2008) 


transmitted to the bipolar cells and onwards to the 
ganglion cells in the retina (see Ch. 1, p. 46). The 
information is further transmitted in the axons of these 
cells (the optic nerves which, after 50% crossover in 
the optic chiasma, become the optic tracts) to the 
visual thalamic organ, the lateral geniculate nucleus 
(LGN). Synaptic contact with neurones in the LGN 
that project to the cerebral cortex permits onward 
transmission of the signals via optic radiation to the 
visual or striate cortex (V1), where they interact with 
many other neuronal connections from visual cortical 
cells in the prestriate cortex (V3-V5), and where par 
celling out and processing of the signals takes place to 
build up the final perceived visual image. Input is also 
received by the visual cortex from many other 
areas, particularly those controlling general motor 
function and eye movement, cerebellar and spatial 


sense, memory and many other functions located in 
prefrontal cortex. This produces some of what is 
known as ‘top down’ modulation of visual responses 
whereby signals received and interpreted in the visual 
cortex can be influenced by input to the final image 
(the perceived image) from other areas, such as visual 
area 4 (V4) which combines elements of object recog- 
nition with visual attention (see oFigs 5-1 and 5-8). @ 
Additional content available at https: /expertconsult 
inkling conv. ® 
In biophysical terms a photoreceptor is capable of 
detecting a single photon of light (see Ch. 4, p. 261), 
but in practice what are the limits of detection of a 
visual stimulus? This depends on the nature of the 
stimulus and the nature of the ambient conditions in 
which it is presented. Sensing light is a function of 
all regions of the retina but the foveal region is 
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‘The brain is constantly shifting its position to meet the 
requirements of changes in behaviour, It continuously 
adapis us processing machinery to behavioural demands. 
Information is therefore transformed, modulated and 
rechannelled through different neural cortical wiring cur 
ccutts which have been revealed in series of novel experi- 
‘ments in various animal models which can assess small 
‘changes in activity occurring at low frequency. Harris and 
‘Thiele suggest that processes involved in selective atten- 
tion are similar to those involved in state changes, these 
are summarized in eFig, 5-1 (Hams and Thiele, 2011), 
They include increased. activity of cortical neuromodula- 
tory alferents (red (cholinergic), blue (serotonergic) and 
green (noradrenergic) arrows) which causes a general 


desynchronization and reduction in spontaneous fluctua 
tion, but may lack the spatial selecuvity to desynchronize 
the patch of cortex representing the attended stmvulus, 
Focused glutamatergic inputs arising from feedback con- 
nections could provide this specificity (yellow arrows), 
causing enhanced desynchronization and sensory 
responses in the regions of cortex activated by the object, 
of attention. The yellow circle m the visual display indi 
cates the focus of attention, which alfects processing in 
thalamic and cortical areas at specific locations (indicated, 
by the yellow patches). The distorted replication of the 
visual world in the different areas illustrates (approxi- 
mately) the known retinotopic organization of these dif 
ferent areas 


{FIGURE 5-1 Processes involved in atten- 
tion are thought to be similar to changes 
‘occurring in state changes n cortical activity 
for spectic functions, Neuramadulatory 
effects are identified by the red, blue and 
areen arrows and ate explained in the text 
(From Harris and Thiele, 2011.) 
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specialized for high spatial resolution (visual acuity) 
and colour detection, served by the small ‘midget’, 
slow-transmitting ganglion cells (the parvocellular or 
P system). In contrast, luminance and motion detec- 
tion are served by the large, fast-transmitting ganglion 
cells (the magnocellular or M system) that dominate 
the remaining retina and thus incorporate the entire 
visual field. According to Barlows single neurone 
doctrine, it should take only one neurone to detect 
a visual stimulus (Barlow; 1972); however, the ques 
tion is whether the signal received fram the one rod. 
in a thousand stimulated in the dark is sulficient to 
activate this neurone. Psychophysical studies have 
shown that both the luminance and colour thresholds 
for vision are different by orders of magnitude for P 
neurones hetween monkeys and humans, suggesting 
that more than one neurone is involved in detecting 
a light stimulus. In fact, continuous pooling of infor- 
mation occurs both in the excitatory and inhibitory 
neuronal activity that is present at all times and that, 
after a visual stimulus, the changes in the response 
ate of many neurones are ‘sampled’ by the brain 
until they reach a certain threshold level, at which 
point they register and the stimulus is ‘recognized 
(Hurlbert and Derrington, 1993). This perhaps 
explains how we can sometimes look at an object 
and yet not ‘see’ it; furthermore, these psychophysical 
considerations are highly relevant to methods for 
testing vision, for instance with regard to setting lumi- 
nance thresholds for studies of visual fields using 
small transient targets. 

Whether or not we have good vision at any moment 
in time depends on our level of awareness, conscious 
ness and attention to visual stimuli which have many 
properties such as depth, shape, form, colour texture 
and more besides, each with its own rate of detection/ 
discrimination. 


Flicker can be used to determine limits of vision 
Detection of a stationary target or spot depends on the 
size and brightness of the spot relative to the back- 
ground. The limits of detectability of the target are 
therefore determined by the spatial resolution and the 
anatomical relationships between stimulated receptors 
(see below). Spatial resolution is highest at the fovea 
and declines sharply towards the peripheral retina; 
this i clearly demonstrated by the detection threshold. 
at different eccentricities in the visual field 
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The threshold for spatial resolution is, however, 
considerably higher than that for detecting light; this, 
latter parameter can be measured by flicker detection, 
which is the ability to detect two stimuli separated in 
time. This function is normally subserved by rod pho- 
toreceptors, while spatial resolution is subserved by 
cones, with some input from rods. 

The critical flicker fusion (CFF) frequency test may 
be a useful predictor of cataract surgery outcome in 
cases of co-morbidity of lens opacity and macular 
disease because the CFF (see below) is relatively unaf- 
fected by image degradation due to cataract but would 
be affected by foveal disease. In addition, as a neuro- 
physiological tes, it has been used in the early detec 
tion of hepatic encephalopathy. 


‘Motion detection is also a feature of rod vision 


It is clear, therefore, that the ability to detect a 
standard small bright spot in specified regions of 
the visual field is in fact a much more complex 
task than would at first appear, Not only does it 
depend on the absolute brightness of the stimulus 
but also on the background on which the stimulus 
is presented and thus on contrast. It also depends 
on whether the target is moving or stationary and, 
if stationary, for how long the target is presented. 
Its detection depends on the density of photorecep- 
tors and thus the region of retina stimulated. If it 
is a moving target it will stimulate different cortical 
neurones depending on which direction it is moving 
This Functional segregation of visual input is retained. 
at several levels within the cortex before construction 
of the final visual image. 


SENSING COLOUR 


Cone photoreceptors are built to sense colour, which 
they do throngh cone opsin proteins. There are three 
types in humans: long (L, red), medium (M, green) 
and short (5, blue) wavelength cones, each with its 
own specific opsin (see p. 302). Early colour match- 
ing experiments in which the colour of a test stimulus 
is matched by adding together stimuli composed of 
the three primary colours verified that three colours 
were all that was required to detect the full spec~ 
trum of white light (see below, Colorimetry, p. 302). 
This is known as the trichromatic theory of colour 
vision. Each colour has properties such as hue and 
chromaticity. 
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There are many hues but only three primary colours 
Hue is an idealized term for the colour produced by 
light of a single wavelength. In spite of having only 
three cone photoreceptors, we are able to distinguish 
many hues of colour, e.g, lilac and violet, It is therefore 
clear that any single colour is recognized by a mixture 
of the three primaries and that there must be overlap 
in the spectral sensitivity for each primary colour (see 
below). Theoretically it should be possible to produce 
light of a single wavelength using a narrow slit on a 
device such as a monochrometer, but photoreceptor 
sensitivity is also subject to the intensity of the light 
and narrow wavebands of this degree of selectivity are 
not sufficiently intense to produce a stimulus. 

The hue-discrimination curve (Fig, 5-2) describes 
the physiological limits at which a shift in wavelength 
can be discriminated as a change in colour, It was 
derived empirically by using fixed amplitude selective 
wavelength stimuli (1.5 eycles/300 nm), which found 
that there were two peaks of discrimination, one in 
the yellow/orange and a second in the blue/violet 
range, Monochromatic light therefore is not a practical 
reality; most colours are in fact tints, ie, they are 
unsaturated hues, the degree of unsaturation being, 
determined by the amount of additional white light 
they require to match them to a hue 
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FIGURE 5-2 Hue-dscrimination curve comparing wavelength dis- 
erimination (y-axis) with changing wavelenath (x-axis). Discimin 
tion of hues vais for any given wavelength, being best at 456 and 
535 nm, 


Chromaticity is semiquantified ‘colouredness’ 
Chromaticity refers to ‘colouredness’ and depends on. 
hue, saturation and intensity of light (luminosity). 
Indeed, hue itself is not independent of the luminosity 
of the stimulus and chromatic shifts occur as the 
intensity increases until all hues appear yellow-white 
(the Bezold-Brucke phenomenon) or as the intensity 
decreases, when all hues appear achromatic (the 
Purkinje shift; see below). Any colour can thus be 
matched by a mixture of the three primary colours 
plus or minus a proportion of white light to account 
for unsaturation; these are formally described in the 
chromaticity chart and can be determined at different 
levels of lower or higher colour metrics (discrimina- 
tion) (Fig. 5-3), The International Commission on 
Illumination (CIE) has developed standard colour 
‘observers’ (colorimeters) which have proved valuable 
in defining ‘true’ colours but do not fully take into 
account the minimally perceptible differences in 


FIGURE 5-3 Lower versus higher colour metrics. The chromaticity 
diagram is long established in the feld of colour discrimination. It 
represents the laws of colour mixing in terms of (x3). This is the 
ddamain of lower colour metres. The straight tines through x = 0.305, 
y= 0.323 indicate that this white colour can be obtained, fr instance, 
by mixing, In suitable quantities, ight of wavelengths 570 and 
465 nm or of wavelengths 600 and 489 nm. The elipses, drawn here 
at 10 times their tue size, are contours of just noticeably different 
colours from their central colour, The descritian of the differences 
Im size, shape and orientation ofthese IND’ elipses isthe domain 
higher colour metres. (From Vos, 2006) 
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colour discrimination (just noticeable differences, 
IND) based on aspects of photoreception affected by 
“background noise 

However, the chromaticity chart has true practical 
value, for instance in colour-mixing techniques used 
routinely in computer programs for producing differ- 
ent colours digitally for image creation and other pur- 
poses, and have been developed into a computerized 
colour vision test, Clinically, colour vision can be 
tested using hue-discrimination techniques (e.g. the 
Farnsworth-Munsell 100 hue test) and normal values 
vary with age (affected by JND effects), peak ability 
occurring around the age of 19 years. Some effect by 
rods on cone vision has also been shown by rod func~ 
tion studies (background noise’) 


‘SHAPE, FORM AND DEPTH PERCEPTION 
(AND MORE) HELP TO ‘SHAPE’ VISION 


‘The discrimination of shape and form is highly devel- 
oped in primate vision and the cortical localizations 
which define these functions are now well established. 

‘The appreciation of the complexity and sophistication 
of this aspect of visual perception has in part devel- 
oped from the realization that the brain recognizes and. 
can categorize objects according to shape irrespective 
of the angle or distance from which they are viewed, 
the ambient lighting conditions, or other factors. 

Shape processing is achieved by specialized 
orientation-sensitive cells in the visual cortex, but the 
extra dimension of form recognition, as in recognition 
of facial features, requires additional processing 
Studies of patients with specific visual defects such as 
prosopagnosia (inability to recognize familiar faces), 
however, are powerful indicators of the localization of 
visual functional sites, Even this apparently specific 
defect can be subdivided into a perceptual form and 
an associative form, the latter arising when the patient 
can perceive the image but cannot draw on visual 
‘memory sufficient to ‘remember’ the face. These sepa- 
rate functions have been ascribed to different regions 
of the brain, although associative face recognition may 
also involve other senses such as voice recognition 
(Fig. 5-4) 

Much is also known about depth perception. 
For instance it has heen shown that there are spe- 
cific cortical cells responsive only to disparate but 
simultaneous orientations of an object, presented 
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Appercepive 
prosopagnosia 


FIGURE 5-4 Processing information for features (ot the face) 
involves a specific neural cortical network, the occipital face 
area (OFA), the face fusiform area (FFA) and the anterior temporal 
lobe (ATL), which have a right hemisphere dominance, This region 
Uunderties neurological perceptual detects such as prosopagnosia 
(lesion inthe posterior region) as well as person recognition disor- 
ers (lesions in the anterior temporal lobe). (Fram Gan, 2013) 


to non-corresponding regions of the retina. In addi- 
tion, clues on the nature of 3D structures can be 
obtained from motion detection (structure-from- 
motion). However, although na specific ‘depth 
appreciation’ cortical region has been identified, the 
lateral occipital cortex is a favoured area showing 
much activity, The appreciation of depth is more 
than simply stereopsis and is built up from many 
other cues (see below). An understanding of how 
these modify perception can only come after a 
description and appreciation of the different types 
of visual stimuli that separately induce discrete 
responses in the brain 


Light detection and dark adaptation 

WHAT ARE THE LIMITS OF DETECTABLE LIGHT? 
Asin all biological systems, there is no precise answer 
to the above question. Light energy comes in quanta 
(small packets) and it has been estimated that between 
50 and 150 quanta of light are required to strike the 
cornea for a discrete signal to be detected. Of these 
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quanta, only about 10% actually reach the photore- 
ceptors, The detection of this stimulus is not simply a 
function of photoreceptor stimulation but is subject to 
‘dark light’ (effectively background noise in rhodopsin 
photoisomerization) and is also dependent on higher 
neural function, and the concept of a visual threshold 
is more or less. statistical function dependent on how 
large the stimulus has to be to reach a level of recogni- 
tion. This is well recognized by anyone who performs 
a visual field test using an automated visual field 
analyser. 


‘Thresholds and the frequency of seeing 
A distinction must be made between the theoretical 
estimate of the number of quanta required to produce 
an electric stimulus in a patch-clamped photoreceptor 
cell and the psychophysical conversion of the light 
stimulus to a perceived sensation. The latter depends 
ona defined measure, termed the ‘frequency of seeing 

which is the number of times a repetitively presented 
minimal stimulus is detected, and is a probability 
function that varies between and within individual 
observers, 

The former is theoretically a single photon of light. 
However, there is considerable ‘noise’ in the system 
owing, for instance, to random opening and closing 
of ion channels as a result of thermal isomerization of 
thodopsin, or to scatter from background and/or stray 
light energy from the stimulus itself. These effects can 
account for up to 1000 quanta/degree, which is well 
above the absolute threshold for light stimulation. It 
is thought that some af this is ‘smoothed! by coupling, 
between photoreceptors 


What is the minimal stimulus for vision? 


Even when theoretical biophysical considerations 
such as signal-to-noise ratio are taken into account, 
this deceptively simple question depends on many 
factors such as background illumination, spatial fre- 
quency, summation, wavelength, dark adaptation and. 
optical qualities of the image-gathering system, The 
specific conditions have to be stated, therefore, before 
this quantity can be expressed. 

In addition, consideration of whether a single rod 
can detect a single photon of light in vivo has to take 
into account the different routes that a rod can take 
to stimulate a ganglion cell and convert this into a 


behavioural response (see pp. 258-262). Further 
more, the minimal stimulus size for a cone is also an 
important measure to define with physiological and 
clinical relevance. 


DARK ADAPTATION CURVE AND 
RETINAL SENSITIVITY 


‘The minimum visual stimulus varies depending on 
ambient light conditions, i.e. whether the stimulus is 
viewed in the dark or under normal/bright light condi- 
tions, In the dark, the eye becomes progressively more 
sensitive to light stimulation until the light threshold 
reaches a minimum after about 30 minutes. This is 
demonstrated in the dark adaptation curve (Box 5-1), 
which has two components: an early one resulting 
from increases in the cone sensitivity and a second 


BOX 5-1 DARK ADAPTATION 


‘The normal dark adaptation curve (a) varies ifthe 
conditions are varied: witha very small central vite 
target, rds fll to become stimulated at all and the curve 
flattens out (b). Ifthe cones are first ight adapted by 
\weakly stimulating them to maximum sensitivity or by 
Adapting subjects to red light before placing them in the 
dark, the cone component can be ‘ost (c); subjects 
‘without cone vision also have no cone component 

(‘od monochramats). 


logintensty of Sight detected 


Figure outlining darkight adaptation responses: (a) mixed 
rod and cone response of physiological dark adaptation, 
(b) ure cone response, () pure rod response. 

(Foue courtesy oH. Dawson) 


produced by increases in rod sensitivity: There is also 
a light adaptation curve for cones in which the sensi- 
tivity to light varies as the luminosity increases or 
decreases within a.wide range of high ambient illumi- 
nation (see below), Thus the shape of the curve can 
be varied by altering the conditions. 

Light and dark adaptation are the psychophysical 
correlates of visual pigment bleaching and regenera- 
tion, and can he measured by rellection densitometry: 
This technique is based on the assumption that light 
reflected from the unbleached retina will contain 
lower amounts of 500 nm (peak sensitivity for rods) 
light than that reflected from the bleached retina, since 
there will be considerable absorption of 500 nm light, 
by the dark-adapted retina. Reflection densitometry 
studies permit an evaluation of the photosensitivity of 
the retina, ie, the rate at which bleaching takes place 
for a given intensity of illumination, It has been esti- 
mated that the normal retina absorbs 50% of the 
quanta of light striking the retina but, as discussed 
above, this is not necessarily associated with a per- 
ceived visual stimulus because the absorption by a 
single rod of a photon of light can have at least three 
outcomes, 

Regeneration of rhodopsin afier dark adaptation is 
slow, taking 30 minutes for completion, with a half- 
time in humans of 5 minutes, This varies significantly 
hetween species. Clearly, the sensitivity of the retina 
in any individual will depend on the total amount of 
thodopsin, and this relationship has been delineated 
in the Dowling-Rushton equation: 


log(2VA = aB 


where A is the threshold in complete dark adaptation, 
B is the fraction of bleached rhodopsin and a is a 
constant of proportionality: This sort af mathematical 
relationship has been used to estimate the rhodopsin 
content of the retinas of patients with certain forms of 
retinal disease, such as Oguchis disease, fumdus albi- 
punctatus and especially vitamin A deficiency 
However, it is important to realize that receptor sen- 
sitivity and rhodopsin content are not equivalent and. 
that sensitivity to light is markedly reduced alter 
partial bleaching, long before there is a reduction in 
thodopsin content. This is clear in the isolated retina 
where photosensitivity is permanently reduced even. 
after full recovery in the dark, These changes reflect 
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the level of rhodopsin intermediates (metarhodopsin 
Land II) in the retina, which remain afier bleaching 
(see Fig. 4-70, p. 259). 

These effects are important in the determination of 
photosensitivity of discrete regions of the retina where 
it has been shown that reduced sensitivity can be 
detected in regions of the retina not exposed to point 
sources of light, Although this has been attributed to 
light scatter, there are probably other mechanisms 
operative here, particularly related to convergence of 
neural input (see below), 

What does adaptation mean at a molecular level? 
There is considerable evidence to show that dark 
adaptation and regeneration of rhodopsin are depend- 
ent on the local concentration of 1-cis retinal, and 
the limiting factor for recovery after a large bleach is 
the rate at which 11-cis retinal is delivered to opsin 
in the bleached photoreceptors (Fig. 5-5) despite 
some more recent evidence that some of the retinoid 
conversion steps occur in the Maller cells also (see 
Ch. 4, Fig. 4-69), Thus, because a healthy retinal 
pigment epithelium is central to this process, age- 
related decline in dark adaptation can be explained on 
this basis, It is also dependent on termination of the 


FIGURE 5-5 Schematic of the MLP ratesimited model. Removal of 
photoproduct and regeneration of visual pigment is rate-imited by 
the delvary of T1-cis retinal (cis RAL) from the retinal pigmented 
epithelium (RPE) to opsin in the outer Segment (05). IPM, ntepha- 
{oteceptar matrix; Rh, rhodopsin; M, melarhodopsin. (From Lamb and 
Pgh, 2004, with permission tram Elser.) 
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photon-induced signal brought about by efficient 
phosphorylation of the enzyme rhodopsin (Ch. 4, 
P. 262) via thodopsin kinase, with the subsequent 
docking of arrestin to the complex, so that free opsin 
can be made available to bind more L1-cis retinal and. 
respond to a new photon. Absence of rhodopsin 
Kinase (also known as G protein-coupled receptor 
Kinase 1, Grk1) or of arrestin, underlies the pathology 
of stationary night blindness (Oguchi’ disease) while 
absence of the equivalent cone opsin kinase (Grk7) 
causes enhanced S cone syndrome. 

Psychophysical evaluation of rhodopsin bleaching 
has heen experimentally tested in humans by compar- 
ing a range of dark adaptation curves to different 
background light levels with the amplitude of the a 
wave of the electroretinogram, also known as the rod 
current (see p, 288) since both are desensitized to 
varying degrees by the amount of ambient light. It 
appears that rhodopsin regeneration and a-wave 
recovery rates match well, 

Cones also regulate their sensitivity in photopic 
conditions, but it is much more difficult to saturate 
this response, i¢. cones still adapt at high intensities 
of steady illumination and the recovery time is very 
short (100 ms compared to 20-30 minutes for rods). 
This is probably furnished by Maller cell-derived 
LL-cis retinal, also under the control of RPE 65 in the 
Maller cell (see Ch. 4, Fig. 4-69) 

In summary, adaptation is exactly what it means: 
that the retina rapidly adapts to changes in back- 
ground illumination such that it can respond to 
increasingly strong or weak stimuli, However, the 
dynamic range of responses (normally a range from 
zero to a few hundred impulses per second) over 
‘which it functions at any specific level of illumination 
remains the same and the intensity of the response 
when it makes one is also the same, Put simply, the 
retina adapts rapidly to new lighting conditions when 
there is plenty of light about but slowly when light 
levels are low. 


Melatonin and circadian rhythms 
The circadian clock is a process whereby genes regu- 
lating various functions such as the sleep-wake cycle, 
body temperature, immune cell function and behav- 
iour are expressed in a rhythmical manner. At least 11 
core clock genes have been discovered, including a set, 


of period genes (PER 1,2,3) and clock genes (CLOCK). 
These genes have multiple downstream elfects on 
other important regulatory transcription factors 
such as POPo/B/y important in immune cell function 
and genes involved in the synthesis of melatonin in 
the synthesis of melatonin. The light/dark (sleep/ 
wake) cycle, generated by pacemaker cells in the 
suprachiasmatic nucle, drives the production of the 
pineal gland secretory product, melatonin. Melatonin 
may also be produced at other sites, including the 
retina and bone marrow. It is synthesized from tryp- 
tophan via serotonin in two steps involving the 
enzymes. serotonin-N-acetyltransferase (NAT) and 
hydroxyindole-O-methyltransferase (HIOMT) (see 
Ch, 4, p. 248). Melatonin provides information to the 
organisms to permit organization of various physio- 
logical functions and, because it can adapt to night 
length, it can promote a seasonal (photoperiod) as well 
as a diurnal rhythmicity (Fig. 5-6). Apart from its 
obvious physiological functions, such as sleep-wake 
patterns, melatonin influences immune diurnal varia- 
tions in innate immune defence functions such as 
antioxidation, glucose regulation, blood coagulation, 
enzyme systems and ocular functions such as control 
of aqueous secretion. 

Melatonin is a methoxyindole, synthesized and 
secreted principally by the pineal gland at night under 
normal environmental conditions and binds to two 
receptors (MI and 2). The endogenous rhythm of 
secretion is generated by the suprachiasmatic nuclei 
and entrained to the light/dark: cycle. Light is able to 
either suppress or synchronize melatonin production, 
according to the light schedule. The nyctohemeral 
thythm of this hormone can be determined by 
repeated measurement of plasma or saliva melatonin 
or urine sulphatoxymelatonin, the main hepatic 
metabolite 

The primary physiological function of melatonin, 
whose secretion adjusts to night length, is to convey 
information concerning the daily cycle of light and 
darkness to body physiology. This information is used 
for the organization of functions, which respond to 
changes in the photoperiod (seasons). There is still, 
however, only limited evidence for seasonal rhythmic- 
ity of physiological functions in humans related to 
possible alteration of the melatonin message in tem- 
perate areas under field conditions, although there is 
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FIGURE 5-6 Melatonin acts as an endogenous synchronizer. Fram Claustat ea, 2005, wih permission fom Elsevier) 


a reported link between seasonal affective disorder, 
clinical depression and its control with novel antide- 
pressant drugs based on melatonin receptor stimula- 
tion, such as agomelatine. Major clinical depressive 
illness has also been linked to markedly reduced func 
tion of the core clock genes in the brain in a recently 
reported post-mortem microarray analysis 


The daily melatonin secretion, which is a very 
robust biochemical signal of night, can be used for 
the organization of circadian rhythms, Although func- 
tions of this hormone in humans are mainly based 
on correlative observations, there is some evidence 
that melatonin stabilizes and strengthens the coupling 
of circadian rhythms, especially of core temperature 
and sleep-wake rhythms. As the regulating system 
of melatonin secretion is complex, following central 
and autonomic pathways, there are many pathophysi- 
ological situations where the melatonin secretion can 
be disturbed. The resulting alteration could increase 
predisposition to disease, add to the severity of 
symptoms or modify the course and outcome of the 
disorder, 


Melatonin is also produced by photoreceptors 
where it can act on melatonin receptors (MRs) in an. 
autocrine manner, as well as on MR+ gangtion cells 
and other retinal neural cells in a paracrine manner. 
Thus it regulates the activity of photoreceptors, it acts 
on horizontal cells stimulated by cones to reduce their 
responsiveness, but heightens ON-bipolar cells and 
ganglion cells in some species. In this way melatonin 
is thought to fine-tune visual function, especially in 
cone cells under varying ambient light conditions (see 
Fig, 5-2) 

Additional content available at htt 
inkling.« 


Interestingly MRs are present on many other ocular 
tissue cells such as ciliary epithelium, RPE cells, lens 
cells, corneal endothelium and keratocytes, and 
stromal cells in the sclera and choroid. 


ARE TWO SMALL STIMULI EQUIVALENT TO ONE 
LARGE ONE (SUMMATION)? 


The threshold for light detection can be measured 
arbitrarily by setting certain conditions of stimulus 
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‘This occurs via activation of specific receptors on ama- 
cre, horizontal and photoreceptor cells, Wiechman has 
proposed 4 working hypothesis for melatonin paracrine 
signalling in the retina (¢Fig. 5-2). Melatonin is normally 
produced by photoreceptors at night, and diffuses to 
target cells within the retina that have specific receptors 
‘on cells such as GABA-ergic and/or dopaminergic ama- 
cerine cells which work in a reciprocal manner to some 
degree since GABA inhibits dopamine release from ama- 
cerne cells. A lower rate of dopamine release from amacrine 
cells results in lower stimulation of DL receptors on 


horizontal cells, which in turn leads to increased coupling 
of horizontal cells. This would result in an increase in 
receptive field size and increased sensitivity to light. Lower 
levels of binding of dopamine to D2 receptors on pho- 
toreceptor cells induces an increase in melatonin synthe, 
Meanwhile melatonin may bind to horizontal cells 10 
directly inhibit the cellular response to D1 receptor 
binding. Melatonin may also bind to recepiors located 
fon the photoreceptor membrane, which could directly 
Increase rod sensitivity to light, and/or regulate synthesis 
of melatonin. 


RPE Retinal pigment 
ell 
PH Photoreceptor cell 
Bipolar cell 
Horizontal coll 
‘Amacrine cell 
Ganglion cell 
Melatonin receptor 
Dopamine receptor 


Stimulatory signal 


{FIGURE 5-2 Diagram outining mechanism of how melatonin fine-tune visual function (see text for details). (Fram Wiecerann el, 2008) 
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size, brightness, pupil size and level of background 
illumination, and recording how often a subject, 
detects the stimulus. An empirically set level of ‘hits’ 
or positive detection responses (e.g. 55%) can then be 
set and expressed in trolands (Box 5-2). Experimen- 
tally it has been estimated that at the limit of light 
detection in the fully dark-adapted eye, the retina is, 
illuminated to a level of 4.4 X 10° tralands, which is, 
equivalent to the stimulation of only 1/5000 rods per 
second. However, ifthe light is concentrated on one 
area it will more readily elicit a response and it there- 
fore becomes less practical to think of light energy in 
terms of area of retinal illumination; instead the 
minimum flux in light energy required to induce a 
detectable response is commonly accepted as the 
threshold and is around 120 quanta per second or, if 
the stimulus is instantaneous, between 5 and 15 
quanta of light. 

From this it is clear that stimulation of a single rod 
is insufficient to produce a visual sensation (even 
though an electrical response may occur in terms of a 
change in hyperpolarization of the cell membrane). 
Approximately 10-15 rods must be stimulated and the 


BOX 5-2 LIGHT ENERGY 


Light energy is measured subjectively by its ‘brightness, 
and luminance can be measured in: 
* trolands 
* candelas 
+ luves. 
‘Specific measures of brightness are as follows: 
(a) Intensity of illumination of a surface (L) intensity 
of the light source/square of the distance between 
‘the source and the surface. 


tele 


(b) Unit of L=foot-candela or metre-candela 

+1 lux-= 1 mete-candela 

+1 phot = 1 om-candela 

‘+ 1 lambert 1 candela at tom distance for 
perfectly diffusing light source on a surface at 
4om 

‘1 froland = a unit of retinal ilumination that 
results when a surface luminance of 1 candela? 
‘is viewed through a pupil area of 1 mm? 

+ lumen = one unit of flux C, the spherical 
illumination from a point source of ight of 
intensity of 1 metre-candela or 1 footcandela. 


summed response must be collected either at the 
bipolar cell level or within the ganglion cells to induce 
a visual sensation. These determinations are approxi- 
mate as fluctuations occur at all levels from the stimu- 
Jus itself to the responses in each of the different cell 
types, and the final analysis is based on probabilities 
of a response taking place. 


Spatial summation 


As indicated above, the empirical determination of the 
absolute threshold of light detection depends on the 
stimulus size; therefore, spatial summation must be 
important in setting this threshold. Each ganglion cell 
has a receptive field in which a light stimulus falling, 
on a point within that field will produce a response. 
Receptive fields are the result of convergence of several 
photoreceptors to synapse with one bipolar cell and. 
of several hipolar cells to synapse with a single gan- 
glion cell (see next section). 

Some limited general rules have therefore emerged 
concerning summation, Ricco’ law states that the 
threshold intensity of a stimulus is inversely pro- 
portional to the area of the stimulus, provided the 
total stimulus area is sufficiently small to fit within 
the receptive field of a single ganglion cell. In terms 
of quanta, however, the amount of energy is inde- 
pendent of the area, As the receptive field size 
increases at greater distances from the fovea, Riccos 
law also varies in the area in which it can be applied, 
In overlapping receptive fields, Riccos law applies 
only partially in that larger stimuli require more 
quanta to reach the absolute threshold. This has 
led to further attempts to formulate equations that 
would provide a general solution for these phenom- 
ena, but in practice no simple solution covers all 
possibilities and summation is best explained by 
probability theory (see above). 


Temporal summation 
When the retina is stimulated in rapid succession by 
a target, the level of response is the same as when the 
target is presented continuously for the same total 
period of time. This is known as temporal summation 
and is formulated by Bloch’ law, which states; the 
intensity of the threshold stimulus is inversely propor- 
tional to the duration of the stimulus. To a degree this, 
isa difficult psychophysical measurement since at very 
short intervals it is difficult to distinguish different 


contrast and duration, Blach’ law holds true only for 
a defined period of time as, ifthe interval between the 
stimuli were long, the effect would be rapidly lost 
Bloch and others found that, in fact, a ‘plateau’ effect 
was observed. However, Broca and Sulzer found that 
there was a peak in perception and then there was a 
@® decay hefore a plateau effect (see Fig. 5-3). 
‘Additional content available at hitps://expertconsult 
® inkling.com 
In practice the peak described by Broca and Sulzer 
occurred at about 50-100 ms, and beyond this time 
there is still some degree of summation, known as 
partial summation, which decays exponentially 
Recently, the question of temporal summation has 
been revisited in the contest of artificial light (which 
accounts for about 20% of our energy consumption). 
Using an experimental design in which intrinsic bias 
from previous learned experience was omitted, Broca’s 
peak was detected and was attributed to a differentia 
tion in duration versus contrast which is eliminated 
probably by higher neural mechanisms ensuring that 
the same rapid stimulus is identified with short flashes 
of light. Bloch’ law therefore represents a smoothed- 
cout perception in which the peak of detection/contrast 
is eliminated by prior learned experience at a subcon- 
scious level. If artificial lighting systems were opti- 
mally tuned to these temporal summation effects in 
human vision, for instance by using DC light-emitting 
diodes, a 20% saving in energy consumption has been 
estimated, which is not insubstantial 


Detection of minimum stimulus 
for motion displacement 


An extension of these concepts has heen developed to 
evaluate the minimum detectable motion stimulus 
test, since motion detection is a major function of 
the magnocellular ganglion cell, i, rod-dominated 
pathway (see below). The test (motion displacement 
test, MDT) is based on the minimum positional dis- 
placement of a standard line stimulus, which is 
detected as a sensation of motion. Since it is based on 
a square wave stimulus which oscillates back and forth, 
between two points, it is considered to be the summa- 
tion of the ON-OFF receptive field responses of the 
stimulated M cells, The threshold for detection varies 
with the square root of the stimulus energy and has 
been described as a new law: namely, the threshold 
energy displacement law (TED), 
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Binocular summation 


Summation may occur in visual stimuli received by 
corresponding retinal regions when using oth eyes. 
In practice, mostly because of optical aberrations (see 
below), the effect is not considered significant 
However, it can be demonstrated using wavefront 
technologies to remove aberrations and indeed it has 
been shown that such aberrations account for between 
5% and 15% of loss in visual discrimination. In a 
recent study, binocular summation and inhibition, 
defined as seeing five or more or fewer than five letters 
on the ETDRS visual acuity chart with both eyes com- 
pared with best visual acuity with each eye individu 
ally, occurred at a prevalence rate of 21% and 2%, 
respectively, which has considerable relevance to 
driving vision. In addition, the effect of amblyopia 
may be such that the loss of binocular summation has 
a distinct effect on overall visual acu 


Visual acuity and contrast sensitivity 


VISUAL ACUITY IS NOT SIMPLY 
A FUNCTION OF CONE ACTIVITY 


Vision varies for each individual because of refractive 
errorsand visual physiologists have therefore restricted, 
discussion of normal visual physiology to the emme- 
tropic idealized eye (see Fig, 5-4). 

Additional content available at https//expertconsult 
inkling.com/, 

Visual acuity isa measure of the ability to discrimi- 
nate two stimuli separated in space. Clinically, this is 
determined by discriminating letters on a chart, but 
this task also requires recognition of the form and 
shape of the letters, processes that involve higher 
centres of visual perception. Discrimination at a retinal 
level may therefore be determined by less complex 
stimuli such as contrast sensitivity gratings, The visual 
processes that allow discrimination between letters 
and gratings are fundamentally the same, with finer 
resolution contrast discrimination at lower luminance 
levels heing provided by some newer test charts, such. 
as the Mars contrast sensitivity charts which are graded 
in log 0.04 units. Charts that have been customized 
to test visual acuity in different groups of people, such. 
as the SKILL test (Smith-Kettlewell Institute Low 
Luminance test), may be a good predictor of eventual 
development of macular degeneration in older people. 


Investigation of potential different effects can be modelled 
experimentally. For instance the following experiments 
reported recently by Rieiro and colleagues demonstrate the 
actual effects of the different stimuli as varying potential 
‘outcomes (Retro et al,, 2012), In eFig. 5-3, (A) represents 
two competing models of temporal vision. Bloch’ law 
‘postulates a monotonic increase in perceived contrast with 
‘nereased duration, whereas the Broca—Sulzer effect pos- 
tullates a peak in perceived contrast with increased dura- 
tion, In (B) subjects fixated on a central cross, and two 
Gabor patches flashed in succession on opposite sides of 
the screen. Following stimulus presentation, subjects 
reported which Gabor had higher contrast. Part (C) shows 
‘the physical contrasts and stimulus durations used for the 
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‘comparator and standard stimuli nthe unblocked experi- 
‘ment, all possible combinations were randomized. In the 
blocked experiment, the different conditions were grouped. 
into four sequential sets of trials or blocks, each with a 
constant comparator contrast and standard duration and 
‘an internally randomized trial sequence. Finally, (D) 
‘shows the psychomettic curve models of the two possible 
experimental outcomes, colour-coded for different compa 
rator durations. If contrast perception has a peak, as in the 
Broca-Sulzer effect, the curves will rst shift right and then 
left as stimulus duration increases, If contrast perception 
follows Bloché law, the curves will sift monotonically 10 
the right, 
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eFIGURE 5-3 Studies ofthe potential diferent etfects which may occur in temporal summation (see tet for details) From Miu ea 2012) 
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Patent Orricr. 


NIKOLA TESLA, OF NEW YORK, N. Y. 


METHOD OF UTILIZING RADIANT ENERGY. 


SPECIFICATION forming part of Lette: 


Patent No, 685,958, dated November 5, 1901. 


ApleatonAod March 21,1001, Seda Ne 506A, Co meta? 


To all whom it may concern: 

Beit known that, NIKOLA Testa, acitizon 
of the United States, residing at the borough 
of Manhattan, in the city, county, and State 

5 of New York, have invented certain new and 
useful Improvements in Methods of Utilizing 
Radiant Energy, of which the following is a 
specification, reference being had tothe draw- 
ings accompanying and forming a part of the 

ro same. 

It is well known that certain radiations— 
such as those of ultra-violet light, eathodie, 
Roentgen rays, or the like—possess the prop- 
erty of charging and discharging conductors 

15 of electricity, the discharge boing partica- 
larly noticeable when the conductor upon 
which the rays impingo is negatively electri- 
fied. ‘These radiations are generally consid- 
ered to be ether vibrations of extremely small 

20 wave lengths, and in explanation of the phe- 
nomena noted it has been assumed by some 
authorities that they ionize or render con- 
ducting the atmosphere through which they 
are propagated. My own experiments and 

35 observations, however, lead me to conclu- 
sions more in accord with the theory hereto- 
fore advanced by mo that sources of such 
radiant energy throw off with great velocity 
minute particles of matter whieh are strongly 

30 electrified, and therefore capable of charging 
an electrical conductor, or even if not so may 
at any rate discharge an electrified condue- 
tor either by carrying off bodily its charge or 
otherwise. 

35 My presont application is based upon a dis- 
covery which I have made that when rays or 
radiations of the above kind are permitted 
to fall upon an insulated conducting body 
connected to one of the terminals of a con- 

40 denser, while the other terminal of the same 
is made by independent means to receive or 
to carry away electricity, a current flows into 
the condenser so long as the insulated body 
ig exposed to the rays, and under the condi- 

45 tions hereinafter specified an indefinite ac- 
cumulation of electrical energy in the con- 
donser takes place. This energy afterasuit- 
able timeinterval, during which the rays are 
allowed to act, may manifest itself in a pow- 

$9 erful discharge, which may be utilized for 
‘the operatjon or control of mechanical or elec- 


Tata gfe he > Ag 


trical devices or rendered usoful in many 
other ways. : 

In applying my discovery I provide a con- 
denser, preferably of considerable electro- 
static capacity, and connect one of its ter 
minals to an insulated metal plate or other 
conducting body exposed to the rays or 
streams ofradiant matter. It is very impor- 
tant, particularly in view of the fact (hatelee- 
trical energy is generally supplied at a very 
slow rate to the condenser, to construct ‘the 
same with the greatest caro. Luse by prefer- 
ence the best quality of micas dielectric, tak- 
ing every possible preeaution in insulating 
the armatures, so that the instrament may 
withstand great electrical pressures without 
leaking and may leave no perceptible electri: 
fication when discharging instantaneously. 
In practice I have found that the best results 
are obtained with condensers treated in the 
manner described in a patent granted to mo 
February 23, 1897, No. 577,671. Obviously the 
above precautions should’ be the more rigor- 
ously observed the slower the rate of charg- 
ing and the smaller the time interval during 
which the energy is allowed to accumulate in 
the condenser. “The insulated plate or con- 
ducting body should present as large a sur- 
faco as practicable to the rays or streams of 
matter, I having ascertained that the amount 
of energy conveyed to it per unit of time is 
‘under otherwise identical conditions propor- 
tionatetotheareaexposedjornearlyso. Far- 
thermore, the surface should be clean and 
preferably highly polished or amalgamated, 
‘The second terminal or Armature of the con- 
donser may be connected to one of the poles 
of a battery or otheg source of electricity or 
toany conducting body or object whatever of 
such properties or so conditioned that by its 
means electricity of the required siga will be 
supplied to the terminal. A simple way of 
supplying positive or negative electricity to 
‘the terminal is to connect the same either to 
an insulated conduetor, supported at some 
height in the atmosphere, or to a grounded 
conduetor, the former, as is well known, far- 
nishing positive and the latter negative elec 
tricity. "As the rays or supposed streams of 
matter generally convey a positive charge to 
the first condenser-terminal, which is connect- 
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‘The eye has the power to refract (bend) light waves and, 
as for any lens, this is measured in diopttes. A dioptre (D) 
‘is a unit of measurement that describes the strength, oF 
‘power’, of a lens to bend (refract) light a set amount 
(egree); the optical power of a lens or eurved mirror is, 
equal to the reciprocal of the focal length measured in 
‘metres (that is, metres). I is thus a unit of reciprocal 
length. Thus, a three-dioptre lens brings parallel rays of 
light to focus at 1/3 metre. The overall refractive power of 
the eye is around 60D for the normal healthy emmetropic 
eye and much of its refractive power is attributed to the 
lens-like (focusing) properties of the comea (which 
mount to about 40D), with the remaining 200 due to the 
‘ocular lens (eFig, 5-4), The effect ofthis refractive property 
of the ocular media (ve, the tissues through which the light 
‘passes) 1s to focus light rays on the retina, and specifically 
the fovea, when visual acuity is being measured, Many 
refractive errors occur in the healthy population, including. 
myopia (shor-sightedness), hyperopia (long-sightedness) 
and astigmatism (non-spherical aberrations of the eye’ 
refractive power). 


The sciemific discipline dealing with the opties of the 
eye is known as optometry, Many textbooks are avaiable 
which deal with physiological opnes as well as optical 
devices such as spectacle correction, contact lenses and the 
optics of intaocular lenses, including large treatises 
dealing with many aspects of physiological optics as well 
as shorter textbooks summarizing refraction and reffactive 
errors for those not intending a career in optometry. 
The readers referred tothe following txts as examples 
of (1) a short comprehensive text and (2) a three-volume 
inedepth treatise 
(1) Homer DG, West MD, Last-minute optics: a 
concise review of optics, refraction, and contact 
lenses. 2010 

(2) von Helmholtz 1, Teatise on physiological optics, 
vols I, 1 and IIL Dover Phoenis Editions; 2005 

Im addition, several txts are available which deal with 
the optics of the pseudophakic eye (ie, the eye with a 
prosthetic intraocular lens), including official publications 
of professional bodies such as the American Academy of 
Optometry and the British College of Optometry 


{eFIGURE 5-4 Standard dimensions of the eye a relate tothe madel 
ye. (Fm Hecht, 1987.) 
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Theoretically, the resolving power of the eye can be 
derived from an estimate of the angle subtended by a 
single photoreceptor (about 1.5 Hor 20 minutes (20°) 
of arc in the case of cones), as this represents the 
smallest unit distance separating two individually 
stimulated photoreceptors. This corespands to about 
a pixel on a computer screen when viewed at half a 
metre, However, itis well recognized that the resolv- 
ing power of the eye can be as great as 0.5" of arc, for 
instance when looking for the gap in a Landholt C 
target, or 4” of arc when viewing a thin line on an 
illuminated background. This hyperacuity, or Vernier 
acuity, is achieved by the complexities of retinal neu- 
ronal synaptic organization and is }-10X greater than 
‘standard’ visual acuity, but the limits of acuity are still 
determined to some extent by the retinal photorecep- 
tor mosaic or ‘grain’ 

The highest discriminatory capacity is subserved by 
cones, although a certain degree of resolution can be 
achieved by rods. The level of acuity, however, falls off 
rapidlly the greater the distance from the fovea, such. 
that at 5° from the central fovea visual acuity is only 
one-quarter of foveal acuity. As tod and cone longitu- 
dinal dimensions are not sufficiently different to 
explain the marked difference in acuity, and as the 
resolving power of the eye is greater than the theoreti- 
cal limits based on cell size, other mechanisms must 
underpin acuity. Vistal acuity is affected by the humi- 
nance of the test object and the degree of adaptation 
of the observer; dark adaptation increases both rod 


and cone acuity and therefore is not affected by the 
sensitivity of cones per se In contrast, light adaptation 
increases sensitivity of cones but not rods (see p. 274). 

Vernier acuity is used in everyday life, for instance 
in measuring distance with a ruler or detecting the 
time on a mechanical clock, Vernier acuity is not 
present in infancy but reaches its highest level of func- 
tion around the age of 14. It is absent in strabismic 
amblyopia but may be present in patients with ani- 
sometropic amblyopia. Vernier acuity is different from 
the recently recognized state of supervision, which has 
been revealed by the use of adaptive optics. Adaptive 
optics were developed for use in astronomy to mini- 
mize optical aberrations and correct higher-order 
dynamic aberrations caused by such aspects as angle 
of viewing and accommodation, as compared with 
correction of static aberrations such as astigmatism 
and defocus (see below). In essence, by using a wave 
form sensor, adaptive optics measures phase aberra- 
tions in reflected light produced by the imaging light, 
source. When applied to the eye, for instance in the 
use of wavefront aherrometers and wavefront-guided 
vision correction in refractive corneal surgery, adaptive 
optics can theoretically increase acuity to ‘supervision 
levels, 


LIMITS OF AND LIMITATIONS ON ACUITY 


‘The letters on reading charts such as the Snellen’s test 
type and the ETDRS chart (Box 5-3) have been con- 
structed on the assumption that the average person. 


BOX 5-3 ASSESSMENT OF VISUAL ACUITY USING STANDARD LETTER CHARTS 


Visual acuity in einical practice is determined as an empirical 
value based on the assumption thatthe cone photoreceptor 
has the abilly to discriminate two objects in space 
subtended by an angle of 1 minute of arc atthe nodal point 
‘ofthe eye (A) This is measured using a set of charts 
(optotypes) and standard normal visual acuity equates to the 
vision of 6/6 or 20/20 (Le. 1.0 or 100%) when viewing 
predetermined standard target (sizeof optotype eter) at 6 m 
(UK) or 20 feet (USA). Test conditions describing the 
-amblent illumination, and th lumination of the letters on 
the chart to provide contrast are also arbitral set. The 
Snellen charts based on the concept that the smallest 
‘spatial target that can be resolved subtends 1 minute of are 
atthe nodal point of the eye (see above) and although 
theoretically inaccurate, It serves as a useful parameter, 

The Snellen chart has rows of eters of decreasing 


‘ve and is arbitrarily set to produce the standard test at 6 m, 
although other carts with proportionally smaller letters can 
be used at shorter distances. The LOGMAR (LOGarithm of 
the Minimal Angle of Resolution (B) is more precisely 
‘designed with definitive sizing and spacing ofthe letters and 
‘can provide @ more quantitative evaluation of visual acuity. It 
therefore tends to be the standard for use in clinical trials. AS 
indicated in the text, spatial acuity better than 100% can be 
Achieved, for instance when discriminating the ‘offset’ of a 
line or edge (C). This is termed Vernier acuity. in addition, 
visual acuity is modified by such factors as glare and 
‘contrast, and indeed can be measuted asin the contrast 
sensitviy test using a sine vave grating as shown in 

(0D), where iffraction and aberrations have dearaded 

{the contrast ofa sinusoidal grating pattern, 
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BOX 5-3 ASSESSMENT OF VISUAL ACUITY USING STANDARD LETTER CHARTS—cont'd 
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can resolve two points separated by 1” of are. If the 
limit on acuity is in part determined by the single 
photoreceptor theory (above) then a one-to-one rela- 
tionship between the photoreceptor and the nerve cell 
must exist if there is to be no downstream loss of 
acuity, For foveal cones such a relationship exists 
hetween cone cells, midget bipolar cells and midget 
ganglion cells (see section on retinal connections, pp. 
291-296), but even midget cells have some intercon- 
nections with diffuse bipolar and ganglion cells. In 
spite of these connections, summation of information 
should not occur for cells subserving the highest levels 
of acuity and, indeed, is absent from foveal cone cells, 
but is characteristic of rod cells; furthermore, it has 
been suggested that the improved visual acuity that 
occurs under conditions of light adaptation is the 
result of inhibition of these subsidiary connections, 

Visual acuity is also limited by the physical behav- 
jour of light, such as diffraction and chromatic/spheric 
aberration. A single point of light small enough to 
stimulate a single cone will produce diffraction rings 
in its traverse through the pupil sufficient to stimulate 
more than one cone. Similarly, the prismatic separa- 
tion of white light into its constituent wavelengths will, 
lead to the stimulation of several cones of different 
types. It is clear therefore that resolution of images 
must be achieved at a post-receptor level and is in fact 
a function of the receptive field of each ganglion cell 
unit, Where there is minimal convergence of informa- 
tion from each receptor, ie. where the one-to-one 
relationship between receptor and bipolar cell is main- 
tained, then resolution is at its highest and this occurs, 
at the fovea. However, where there is increasing 
convergence of information, such as with several para- 
foveal cones synapsing with one bipolar cell, resolu- 
tion obviously decreases. 

The one-to-one relationship, however, does not 
adequately explain hyperacuity or Vernier acuity. Dif- 
fraction and spheric/chromatic aberrations have ruled 
out the concept of single unstimulated cones occur 
ring between neighbouring stimulated cells; however, 
it is likely that discrimination is more a matter of 
degree than absolute responses, ie. that resolution 
is achieved by certain receptors being less stimulated 
than their neighbouring receptors on either side. This, 
is likely to occur with diffraction, where alternating 
light and dark rings emanate from a point source of 


light, and with chromatic aberration, where different 
wavelengths of light are likely to stimulate their 
respective neighbouring cones to different degrees 
(Box 5-4), In fact, this fits with the nature of the 
hyperpolarization response being a graded one in 
retinal neural cells: as indicated in Chapter 4 (see 
p. 261), only ganglion cells fie ‘classic’ depolarizing, 
action potentials, while other retinal cells have a 
graded analogue-type ‘tunable’ electrical response. 
‘This differential stimulation from cones is registered 
with the respective bipolar and ganglion cells and, 
if combined with a minimal degree of receptor con- 
vergence, can explain high levels of discrimination. 
In this way diffraction could explain, at least partly, 
the ability to resolve a break in a line subtending an 
angle of less than 10” of arc, since partial diffraction 
lines deriving from the edge of the break would ensure 
differential stimulation of cone receptors over a very 
small area, Stimulation of any particular cone is also 
likely to induce local inhibition (via receptive field. 
mechanisms; see below) in neighbouring cones, thus 
enhancing resolution and ‘sharpening the image 
further. 

These concepts are embedded in the canon of 
knowledge going back to the time of Rayleigh in the 
late nineteenth century. However, Rayleigh’ law does 
not fully explain the real condition where diffraction 
spreading from a double line is slightly greater than 
that from a single line for the same total amount of 
light energy. Information theory, adaptive optics and. 
modern electro-optical devices for generating discrete 
stimuli might help to explain this anomaly. 

These considerations also have a number of impli- 
cations. In particular, the resolving power of the eye 
is limited by the distance between two images such 
that a single cone or set of cones is appreciably less 
stimulated than the rest; the limit of resolution is 
therefore not an absolute determinant, but depends 
on conditions such as light and dark adaptation, back- 
ground illumination and other factors. Most impor- 
tantly, it depends on the degree of dendritic connections 
that occur between the affected cones and the neural 
cells. 

The resolving power of the eye therefore depends 

+ the distance between two objects 

+ the degree of light and dark adaptation 
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BOX 5-4 DIFFERENTIAL ACTIVATION OF NEIGHBOURING CONES DETERMINES THE LIMITS 


OF VISUAL ACUITY 


‘A beam of light interrupted by @ small target will produce 
diffraction rings at its edges ~ the central rays in each ring 
‘ull stimulate one cone (2) more than the weaker peripheral 
rings wil stimulate its neighbours (1) and (3). Our ability to 
detect the brea inthe ight beam is determined by 


comparing the differential responses inal the cones in the 
iluminated region and finding two that produce a similar 
response to correspond to the edges af the targe. Visual 
acuity is therefore a measure of the retina’sabilty to produce 
different graded responses and not absolute responses. 


* the background illumination 
+ the extent of the dendritic connections between 
the cone and neurones, 


CONTRAST SENSITIVITY 


Visual acuity is also affected by contrast (sharpness) 
The finest limits of resolution have been determined 


by the ability to discriminate a thin white line against 
a uniform background illumination (0.5" of arc). The 
effects of diffraction are such that detection of this line 
depends on the liminal brightness increment (Li). 
This increment represents the endpoint at which the 
differential in brightness between the individual dark/ 
bright oval diffraction rings produced at the edge of 
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the line can be detected; if they are not sufficiently 
different from the background luminosity, then the 
line will not be detected. The Lb, is determined by 
the contrast between the light and dark lines, and can 
be measured quantitatively with a sinusoidal grating 
Gee Box 5-3): a spatial pattern where the average 
luminance remains the same but the contrast between. 
the light and shaded areas can differ. 

The degree of contrast (C) is relative to the back- 
ground luminance (L) and is described in terms of the 
maximum (Lq,) and the minimum (Lay) as follows, 
also known as the Michelson contrast: 


C= (Les Loin ML + Loan) 


Alternative measures are the Weber contrast, where 
the difference between the maximum and the 
minimum is compared against the background lumi- 
nance, and RMS contrast, where the mean luminance 
is. factor of the standard deviation in luminance, The 
Michelson contrast is used for gratings and a ‘thresh- 
old’ is reached when the target is detected reproduc- 
ibly: Sensitivity isthe inverse of the threshold and thus 
‘contrast sensitivity’ is a measurable quantity, usually 
described in cycles per degree (the grating frequency) 
and visual acuity is equivalent to I/grating frequency. 
Using this method it has been shown that there is, 
a peak response in the middle range of frequencies 
(Fig. 5-7), 

Contrast sensitivity is therefore set by the limits 
of the grating frequency and is allected by both the 
optics of the system and the direction of the grating 
lines, being most sensitive in vertical or horizontal 
directions. Remarkably, threshold contrast for many 
targets sits around 1% independently of target size 
or brightness, which as Peli observes remains unex- 
plained since originally described by Fechner in 1860 
(Peli, 2013), 

Contrast sensitivity above threshold is, as for any 
measure of acuity, affected by luminance. In addition, 
bar width, length and grating motion all affect sensi- 
tivity, In the latter there is likely to be significant 
cortical processing at this level, as there is for ‘line 
modulation sensitivity, a technique whereby grating 
bars are composed of wavy lines and the subject is 
asked to determine whether the line is straight or not. 
This technique can provide highly sensitive measures 
of acuity 
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FIGURE 5-7 Contrast sensitivity curve showing peak response at 
midspata frequencies. 


Contrast sensitivity measurements, while an excel- 
lent measure of acuity, are sensitive to phase shifis and. 
grating orientation and for absolute measures of object, 
detection, object contrast is critical, In this context, 
mesopic low-contrast letter acuity is the most sensitive 
method for revealing small differences in retinal image 
‘quality’, which influences ‘recognition’ as opposed to 
‘detection’ of an object. The contrast sensitivity func- 
tion (CSF) has been arbitrarily measured using a set 
of five spatial frequencies and has been found to be 
relatively robust. Age and decreased luminance cause 
a shift to larger frequencies in the CSE Glare, which 
is often a side-clfect of refractive surgery, affects the 
CSF at low rather than high spatial frequencies. For 
clinical purposes, measurement of the CSF (as opposed, 
to measuring the threshold as in most contrast sensi- 
tivity charts) is very time consuming and impractical, 
but recent developments using customized and selec- 
tive spatial frequencies and contrasts are allowing tai- 
lored CSF tests to be applied to specific conditions, 
e.g, macular degeneration, 

Wavelength also affects contrast sensitivity such 
that at high spatial frequencies the gratings appear to 
be of the same colour, whereas at low frequencies 
(ie. with coarse gratings), colour differences can be 
detected. Discrimination is poorest with red-green, 
however, suggesting that for low frequencies rod-cone 
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interactions are important in achieving best visual magnification factor is not related solely to the reduced 
acuity. Interestingly, contrast sensitivity appears to convergence of foveal cones on ganglion cells (see 
induce more electrical signal responses in M cells, below), but also to a disproportionate LGN and cort 
generally thought to subserve rod function, than in P ntation of neurones served by foveal cone 


nt use of [MRI 
of the human visual cortex and demonstrated this 

‘Does tha retingtopie arrangement of fires tn tha magnification factor in technicolour (Fig, 5-8) 

cortex have a bearing on acuity? 


cells, which are linked to cone function (see below). revealed the retinotopic map 


BEST-CORRECTED VISUAL ACUITY: EFFECTS 


and cortex is disproportionately OF EXTERNAL FACTORS 

midget cells than for ganglion Visual acuity is, of course, affected by factors that do 
retina. This produces a ‘cortical magnification factor’ not relate directly to the retinal stimulus. These include 
for foveal cones over other cones. However, the pupil size, eye movements and binocular viewing, 


LEFT HEMISPHERE 


Visual field Folded 


D posterior 
WE Convex Concave 


FIGURE 5-8 Dipolar map and isopolar angle maps af human visual areas. These images were prepared using IMI 
‘modeling to atten out the visual cortex (Cand F). The top row shows & map of the occipital cortex indicating the retinotopic location ofthe 
stimulus as its eccentric increases from the fovea; the dipole is coded by colour (brown (fovea) -> arange -> blue -> cyan (periphery) 
displayed on the original cortical surface (A), the unfolded cortical surtae (B) andthe cut ad flattened cortical sulace(C). The bottom row 
shows the polar angle of the stimulus (blue (upper vertical meridian) ~> green (horizontal meridian) > red (lower vertical meridian)) platted 
‘an the same three surtaces (DF). (Fram Wu etal, 2012, 
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Pupil size and visual acuity testing in infants 
The size of the pupil affects the level of visual acuity 
in that a reduction in pupil size reduces aberrations 
but increases the effects of diffraction. Below 3 mm, 
these effects tend to cancel each other out, and 
visual acuity is independent of pupil size, although 
wavefront aberrometry reveals that a pupil size of 
2.5-3.0 mm produces the best image quality: 

The level of visual acuity attained may also have 
the reverse effect on the size of the pupil. Luminance 
affects the level of acuity and the size of the pupil is, 
affected by the light level via well-characterized pupil 
reflexes (Box 5-5). The size of the pupil also indirectly 
alfects the visual acuity by reducing the amount of 
light entering the eye when the light stimulus is 
intense, and conversely increasing light capture under 
dim lighting conditions. This three-way relationship 
has been used to develop an objective measure of 
visual acuity, which may be useful in assessing vision 
in infants and others who are not able to cooperate in 
standard visual acnity testing, The test uses a high- 
resolution infrared pupillometry device to show 
changes in the amplitude of constriction in response 
to sine-wave gratings presented on a uniformly ilhumi- 
nated test background, As for contrast sensitivity there 
is a peak response in the middle range of frequencies, 
and the threshold for response correlates well with 
contrast sensitivity estimates of acuity, This pupil 
response is governed by higher visual pathways, being, 
altered in patients with hemianopia but normal pupil 
light reflexes; indeed, the phenomenon is well recog- 
nized by clinical neuro-ophthalmologists. Infrared 
pupillometry has heen shown to be valuable in stuclies 
of delayed visual maturation and to be significantly 
more reliable than the Rosenbaum card method in 
which subjective comparisons of pupil size are made. 

The pupillary response also receives input from the 
intrinsically photosensitive retinal ganglion cells 
(ipRGCs) through melanopsin (see Ch. 4, p. 249) and. 
it is possible using chromatic pupillometry (stimula- 
tion of pupil responses at different wavelengths) to 
separate the contribntions from rods, cones and 
ipRGCs. There are diverse types of ipRGCs with 
several different functions. For instance the sleep/wake 
circadian rhythm responders connect with the supra- 
chiasmatic nucleus, while the pupillary responsive 
neurones synapse in the pretectal (olivary) nucleus. In 


terms of response to light, ipRGCs are considered to 
register irradiance or radiating light, They may also be 
responsible for photoallodynia (the photophobialtight 
aversion response to very bright light). 


Eye movements 
‘The concept that the continuous fine eye movements 
that occur as part of normal viewing are important in 
ensuring constant stimulation of the photoreceptors to 
maintain image perception remains popular. Indeed, 
it has been shown that images received by peripheral 


BOX 5-5 PUPILLARY LIGHT REFLEXES 


1 Pretetal cus Citra 

2 Enger Westphal ba 
cleus 

HL Nerve nucleus 

AlILNene 

5 Gliary ganglion 


+ The afferent response commences in photoreceptors, 
is transmitted to retinal ganglion cells, enters the 
optic nerve, decussates at the chiasm, traverses the 
optic tract and terminates in the pretectal nucleus 
(bypassing the lateral geniculate nucleus). 

+ Both crossed (via posterior commissure) and 
unerossed fibres pass from prtectal nucleus to 
Finger-Westphal nucleus (parasympathetic) 

++ Parasympathetic fibres pass to the Ill nerve nucleus 
and leave the brainstem via the II nerve. Fibres 
‘synapse inthe ciliary ganglion before supplying 
sphincter pupil of Iris (constriction) va short 
clay nerves. 

'* Uniocular light stimulus therefore gives rises to 
bilateral and symmetrical pupillary constriction. 

‘+ Melanopsin signals through ipRGCs (see text) to the 
‘suprachiasmatic nucleus (circadian response) and 
the pretectal nucleus (irradiance response). 


receptors fade rapidly if fixation is deliberately main- 
tained in one position ~ the Troxler phenomenon. 
Although this was originally considered to be a mech- 
nism for enhancing the central image by inhibiting 
peripheral images, use of a ‘stabilized retinal image 
has shown that elimination of these fine movements 
does not necessarily lead to a reduction in visual 
acuity. However, these findings were obtained using 
high-frequency gratings and it is possible that fine eye 
movements may be important at lower spatial fre- 
quencies in improving contrast. 

Fine eye movements occur during different visual 
tasks: for instance, during reading, the fixation time 
on the target letter is around 200-250 ms and the 
average saccade is about 8-9 letters, This increases in 
skim reading but the level of cognition (the perceptual 
span) is reduced, Useful information is gathered from 
a region about 3-4 letters to the left of foveal fixation 
and 8-9 letters to the right. 


Binocular viewing and the probability 
theory of visual perception 


Perception is a relative occurrence and depends on 
‘many factors to achieve optimal levels (there is a sig 
nificant element of chance in achieving this optimum. 
which can be expressed as a linear transformation of 
log odds of frequency and/or probability). Interest- 
ingly, determination of some stimuli such as negative 
(concave) contours versus positive (convex) contours 
has a greater chance of detection. 

It follows therefore that two eyes are better than 
one, at least in increasing the chances of the highest 
level of visual processing of the same image 


Electrophysiology of the visual system 


The transmission of nerve impulses in retinal recep- 
tors and neurones is mediated, as might be expected, 
by recordable changes in electric potential across the 
cell membrane (see Ch. 4, p. 161) and is accompanied 
by electric discharge. The action potential is usually 
an all-or-nothing event and, in muscle tissue, does not 
occur in the resting state. However, in neural tissue 
continuous discharge may be taking place and infor- 
mation is relayed by changes in the frequency or rate 
of electric discharge in the nerve, an increase in fre- 
quency usually representing stimulation and a decrease 
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representing inhibition, thus emphasizing the essen- 
tial binary nature of biological information systems 
similar to computers. This applies for all nerves in any 
system: the character of the received sensation is 
determined not by the type of nerve but by the site of 
information relay in the cortex and its subsequent 
processing in the brain, 

In the retina, these general principles hold true for 
retinal ganglion cells, but in bipolar, horizontal, ama- 
crine and photoreceptor cells the electrical response is 
more of a tonic or graded response, and the direction 
of the response can be positive or negative. For 
instance, itis this graded response that permits spatial 
discrimination via differential responses to diffraction 
rings, as described above (see p. 280). However, the 
graded response in the bipolar cell becomes an ON/ 
OFF response in the ganglion cell, As Ikeda has put 
it, retinal information is converted from an analogue 
signal to a digital signal at the final stage of retinal 
processing, ie. at the connection between ganglion 
and bipolar cells (Ikeda, 1993) 


‘THE ELECTRICAL RESPONSE IS INITIATED 
BY PHOTOTRANSDUCTION 


As we have seen (see Ch. 4, when a photon of light 
sirikes the photoreceptor outer segment, conversion 
of rhodopsin to the activated molecule induces a series 
of molecular events culminating in an electrical 
response. Cells, and particularly neurones, normally 
exist in a ‘charged! state in that the inside of the cell 
is ‘negative’ with respect to the extracellular environ- 
ment, creating an electrical potential difference across 
the cell membrane. This condition is maintained by 
differential distribution of Na* and K° ions on either 


side of the cell membrane. When a neurone is stimu- 
lated, there is an initial period of gradually increasing 
positivity (the generator potential), which culminates 
ina spike discharge characterized by a rapid depolari- 
zation response of the cell, This is achieved by the 
tapid influx of Na* through ion channels that are 
“opened! 

In the photoreceptor the reverse situation occurs 
Under resting conditions in the dark, the outer 
segment is maintained in a depolarized state through 
open leaky’) Na* channels, which permit the influs 
of sodium ions from the extracellular space, When 
light stimulates the outer segment, the sodium 
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channels are abruptly closed, stopping the influx of 
sodium and thereby leading to a reduced level of 
depolarization, ie. a relative hyperpolarization (Box 
5-6), This isa direct result of rhodopsin isomerization 
and is mediated by amplification mechanisms involv- 
ing cyclic guanosine monophosphate (cGMP) (see 
Ch, 4, p. 262). 

The hyperpolarization response is transmitted by a 
flux in calcium ions along the length of the photore- 
ceptor to the synapse with the bipolar cell (the Ca 
wave), which is then induced to release its transmitter 
(glutamate). Bipolar cells may then adapt to one of two, 
responses to glutamate, depending on which type of 


BOX 5-6 DARK CURRENTS 


Dark currents occur in the resting state (dark adapted eye) 
‘owing to ‘Na’-leaking' outer segments. 


co iitamate 
A B Ci 


‘The conversion of ight energy to an electric response is 
dependent on specialized fon channels that tightly contra! 
‘the permeabilty ofthe cell membrane to Na* and Ca". 
Light stimulation reverses the dark current by closing Na* 
‘channels in outer segments and releasing Ca" (and 
‘lutamate) at synapses. The eGMP-gated Ca" channel and 
the Na‘/Ga", K® exchanger are located inthe plasma 
‘membrane of the photoreceptor. not inthe disk stack, but 
‘are complexed together with peripherinvids-rom-1, an 
integral protein ofthe disk rim. 


receptor is induced: an ON response, which is a 
hyperpolarized state, and an OFF response, which is, 
a depolarization response (see below). Indeed, the 
hyperpolarized state conferred on the bipolar cell is 
also transmitted to the horizontal cells in the same 
region. However, the hyperpolarization response of 
the bipolar cell is not as steep as that of the photore- 
ceptor in the excited state. 

It will be obvious, therefore, that not only is there 
a resting potential difference across the photoreceptor 
cell membrane but there is also a potential difference 
along the length of the photoreceptor in the dark 
between the relatively depolarized outer segment tip 
and the hyperpolarized synaptic region of the cell at 
its interaction with the bipolar cell. This generates the 
‘dark currents’ in the eye, which are reversed by the 
photic current on light stimulation when the photore- 
ceptor tip becomes hyperpolarized (see Box 5-6). 


ELECTROPHYSIOLOGY OF SINGLE RETINAL CELLS 


Early studies in this field concentrated on the large 
single neurones that could be obtained from inverte- 
brate eyes and showed that typical action potentials, 
could be obtained, usually preceded by a generator 
potential (Box 5-7), Surrounding neurones were 
usually inhibited when action potentials accurred in 
a single nerve 

Later studies of electrode-impaled optic nerves in 
vertebrates showed that the rate of discharge in certain 
nerve fibres increased (ON response) when a light 
stimulus was presented to the eye, while it decreased, 
in other fibres (OFF response). Yet others produced 
an ON/OFF response. As it was known that there were 
150 x 10® photoreceptors but only 1 x 10° optic 
nerve fibres, it followed that many receptors must feed. 
information into a single neurone, ie. there must be 
convergence of signals and some of these must be 
inhibitory while others are stimulatory. On this basis, 
the concept of receptive fields was developed and 
confirmed by direct experimental testing on isolated 
optic nerve fibres using discrete spots of light to stimu- 
late the retina (Box 5-8), Several phenomena, such as 
summation, which could previously be inferred only 
from psychophysical experiments, were directly con- 
firmed. Indeed, summation effects could be compared. 
with the effects of generator potentials in other systems 
that, in ganglion cells, are called synaptic potentials 


ed to the plate or conductor above mentioned, 
T usually. connect the second terminal of the 
‘condenser to the ground, this being the most 
‘convenient way of obtaining negative lectric- 
5 ity, dispensing with the necessity of pro 
ing an artificial source. Tn order to utilize 
for any useful purpose the energy accumu 
lated in the condenser, I furthermore connect 
to the terminals of the same a cireuit inclnd- 
ro ing an instrament or apparatus which it is de- 
sired to operate and another instrament or 
device for alternately closing and opening the 
cireuit. This latter may be any form of eir- 
euit-controller, with fixed or movable parts 


a5 or electrodes, which may be actuated either 


by thestored energy or by independent means. 

‘The rays or radiations which are to be util- 
ized for the operation of the apparatus above 
deseribed in general terms may be derived 

20 from a natural source, as the stn, or may be 
artificially produced by such means, for ex- 
‘ample, as an are-lamp, a Roentgen tube, and 
the like, and they may be employed for a 
great variety of useful purposes. 

25, My discovery will be more fully understood 
from the following detailed description and 
annexed drawings, to which reference is now 
made, and in which— 

‘Figure 1 is adiagram showing typical forms 

go of the devices or elements as arranged and 

‘eonneeted in applying the method for the op- 

‘eration of a mechanical contrivance or instru- 

ment solely by the energy stored; and Fig. 2 
isa diagrammatical representation of a modi 

43§ fied arrangement suitable for special pur- 
‘poses, with a cireuit-controller actuated by 
independent means. 

‘Referring to Fig. 1, C is the condenser, P 
the insulated plate or condueting body, which 

40 isexposed tothe rays, and P’ another plate or 
conductor, all being joined inseries,asshown. 
‘The terminals TT” of the condenser are also 
connected toacireuit including receiver R, 
which is to be operated, and acireuit-control- 

4g ling device d, which in this case is composed 
of two very thin conducting-plates  /’, placed 
in elose proximity and very mobile, either by 
reason of extreme flexibility or owing to the 
charater of their support. ‘To improve their 

0 action, they should be inclosed ina receptacle 
from which the air may be exhausted. The 
receiver R is shown as consisting of an elec- 
tromagnet M,a movable armature a, a re- 
tractile spring 6, and aratchet-wheel to, pro- 

5 vided with a spring-pawl r, which is pivoted 
to armature a, as illustrated, ‘The apparatus 
deing arranged asshown, it will be found that 
when the radiations of the sun or of any other 
source capable of producing the effects before 

60 described fall upon the plate P an accumula 
tion-of electrical energy in the condenser C 
will result. This phenomenon, I believe, is 
Dest explained as follows: Thesan as well as 
other sources of radiant energy throw off mi- 

65 nute particles of matter positively electrified, 
which, impinging upon the plate P, commu- 
nieate an electrical charge tothe same. ‘The 


ERAN 


685,058 


opposite terminal of the condenser being con- 
nected to the ground, which may be consid- 
eredasa vast reservoir of negative electricity, 
a feeble current flows continuously into the 
condenser, and inasmuch as these supposed. 
particles are of an inconceivably small radius 
or curvature, and consequently charged toa 
relatively very high potential, this charging 
of the condenser may continue, as I have 
found in practice, almost indefinitely, evento 
the point of rupturing the dielectric. Obvi- 
ously whatever circuit - controller be em- 
ployed it should operate to close the eireuit 
in which it is included when the potential in 


tude. ‘Thus in Fig @yrhen the electrical pre 
sure at tho terminfs ‘TT’ rises to a certain 
predetermined value the plates ¢¢, attract- 
ing each other, close the cireuit connected to 
the terminals. This permits a flow of current 
which energizes the magnet M, causing it to 
draw down the armature a and impart a par- 
tial rotation to the ratchet-wheel w. As the 
current ceases the armature is retracted by 
the spring b without, however, moving the 
wheel w. With the stoppage of the current 
the plates ¢(’ cease to be attracted and sepa- 
rate, thus restoring the cirenit to its original 
condition. 

‘Many useful applications of this method of 
utilizing the radiations emanating from the 
san or other source and many ways of carry 
ing out the same will at once suggest them- 
selves from the above description. By way 
of illustration a modified arrangement is 
shown in Fig. 2, in which the source S of ra- 
diant energy is a special form of Roentgen 
tube devised by me having but one terminal 
k, generally of aluminium, in the form of 
haif a sphere with a plain polished surface 
‘on the front side, from which the streams are 
thrown off. It may be excited by attaching 
it to one of the terminals of any generator of 
suficiently-high electromotive force; but 
whatever apparatus be used it is important 
that the tube-be exhausted to a high degree, 
as otherwise it might prove entirely ineffeot- 
ive. The working or discharge cireuit con- 
nected to the terminals TT’ of the condenser 
includes in this case the primary p of a trans- 
former and a circuit-controller comprising a 
fixed terminal or brush f and @ movable ter- 
minal f' in theshapo of a wheel with conduet- 
jing and insulating segments which may be 
rotated at an arbitrary speed by any suitable 
means. In inductive relation to the primary 
wire or coil p is a secondary 8, usually of @ 
much greater number of turns, to the ends of 
which is connected a receiver R. ‘The ter- 
minals of the condenser being connected as 
indicated, one to an_ insulated plate P and 
the other to a grounded plate P’, when the 
tube § is excited rays or streams of matter 
are emitted from the same, which convey a 
positive charge to the plate P and condenser- 
terminal T, while terminal T’ is continuously 
receiving negative electricity from the plate 


‘the condenser has Brien the desired magni- f 
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BOX 5-7 GENERATOR POTENTIALS 


Genenaron PorENTIALS (€) The retina photorecepor-bipoar cet electrical 
(A) Single neurone responding to single large electric response steps down in quantal rates ina graded 
‘stimulus produces an action potential. fashion. 
(B) Single neurone responding to several small stimu For instance, three ‘summed’ smal light responses produce 
produces an action potential a typical ON response in ganglion cell neurone 
Generator potentials 
Sale none responding a 
single lage eect stmaes 
produces an acon poten 
Sil age sil Des ser 
lease sms Pil ho 


SOOO 


‘Single neurone responding to 
‘several smal atinul produces 
‘an acon potertal 


3 generat potentials 


feta 


‘inating in acon potential 


‘The retina steps down quanta rates 
by 102-To do so, discards certain 
Information and loses some sensituty. 


BOX 5-8 ORGANIZATION OF VISUAL INFORMATION INTO DISCRETE RECEPTIVE FIELDS 


‘The receptive fel ofa retinal ganglion cell neurone isthe area of retina 
covered by that cell in which a light stimulus alters the frequency of 
discharge (A). The size ofthe receptive field varies from 200 to 600 um in 
diameter. Receptive fields may have an ON centre (increased rate of 
discharge) and an OFF surround (decreased rate of discharge), an OFF 
centse and an ON surround, a double opponent ONOFF centrelsurround 
‘organization, or a pseudodouble opponent centre/surround organization 
(8); in addition, these arrangements occur for detection of dark-ight, 
red-green and yellow-blue, Moreover, the dendritic connections of bipolar 
cells can overap, allowing each cone to be contacted by more than one 
bipolar cell and, where overlap occurs, they share cones (C); this, in effec, 
‘means that at ganglion cel level, each ganglion cell may have its ON-OFF 
receptive field but ths i based on input from a range of cones allowing 
‘some degree of ‘colour mixing in what is essentially @ hexagonal array (see 
Fig. 5-10) 


‘The ON/OFF response in the optic nerve fibres has 
been shown to correlate with the centre/surround 
organization of the receptive field and is based on 
interneuronal interactions causing inhibition in sur- 
round cells 

ON/OFF receptive fields apply to cone-bipolar— 
ganglion cell circuitry while rod cells synapse directly 
into cone-cone circuits (see below). ON/OFF recep- 
tive Feld organization applies to several different types 
of signal, including light-dark, blue-yellow and red— 
green (see below). Amacrine cells and horizontal cells 
considerably modify the ON/OFF microcireuitry 
organization and, variably so far, each type of circuit 
In addition, the receptive fields of retinal neurones 
depend on the size of the cell: big ganglion cells (mag- 
nocells, M cells) have large receptive fields and small 
ganglion cells (parvocells, P cells) have small ones, M 
cells receive information from many amacrine and 
hipolar cells, producing a high degree of convergence. 
P cells have small receptive fields receiving informa- 
tion directly from single or only a few bipolar cells (see 
below). 


How does the photochemical change in the receptor 
produce the spike discharge in the retinal neurone? 
Horizontal cells at the receptor-bipolar cell interface 
and amacrine cells at the bipolar-ganglion cell inter- 
face are integrally involved in the organization of the 
retinal newronal response to light, Single-cell record- 
ings have shown that the hyperpolarization response 
at the receptor level is a graded response (see above, 
discussion of visual acuity), not an ON/OFF response. 
Similarly, the hyperpolarizing horizontal cell response 
is a graded response, but in the horizontal cell there 
is a longer latency and the potential for summation 
over a wide range, The bipolar cell response is also 
graded but with a centre/surround effect where the 
centre hyperpolarizes and the surround depolarizes 
In the amacrine cell transient spikes can be observed, 
especially if correlated with the ON/OFF response, 
but only in the gangtion cell is a sustained spike dis- 
charge observed with a true depolarization occurring 
for ON, OFF and ON/OFF responses, depending on 
which type of ganglion cell is studied. This all-or-none 
response is graded only in the sense that the frequency 
or rate of discharge that occurs in the ganglion cell 
varies with the degree of depolarization, 
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RETINAL CONNECTIONS, CIRCUITRY 
AND NEUROTRANSMITTERS. 


Retinal connections 


What is the basis of receptive field organization in the 
retina? As detailed above, detection and processing of 
the light stimuli by the retina is founded on the retinal 
receptor/neuronal network comprising the photore- 
ceptors (rods and cones) and the neurones (bipolar 
cells and ganglion cells). The information finally trans- 
mitted to the lateral geniculate nucleus in the brain by 
the ganglion cells (ON, OFF and ON/OFF cells) is 
received directly from the bipolar cells but is modu- 
lated by horizontal cells and amacrine cells in the 
plexiform layers in the retina. This is canonically 
described in a simple arrangement of direct bipolar cell 
activity and lateral inhibition by horizontal cells and. 
amacrine cells (see Ch. 1 for details). In reality, retinal 
microcircuitry is more complex than this, underpinned. 
by the fact that each retinal cell comes in several dif- 
ferent varieties (Fig, 5-9). For instance, only one type 
of bipolar cell connects with rod photoreceptors but 
each of the 12 different types of cone bipolar cells 
connects with each cone photoreceptor in an inte- 
grated manner. In addition, the general arrangements 
found in most mammalian retinas are complicated by 
the presence of the fovea in primates, which is char- 
acterized by a single type of ganglion cell. A series of 
excellent reviews of this field has been published by 
Masland (2011, 2012a,b.©) 

Additional content available at https//expertconsult 
inkling.com/ 

There are several retinal microcircuits emanating 
from the photoreceptors and acting in parallel. As 
indicated above, each bipolar cell connects all the 
cones within its branching territory and because 
of overlap, each cone connects with each of the 
12 types of bipolar cells, each of which is trans- 
mitting different types of information to the next 
layer of cells (amacrine, horizontal and ganglion 
cells) (Fig. 9-10). 

Thus, cones from several different types of micro- 
circuits with a range of bipolar cells while rod micro- 
circuitry is minimal. In evolutionary terms, cones 
developed first, even though there are 20 times more 
rods than cones in the retina, Cone-bipolar cells 
synapse in the inner plexiform layer in a highly 
ordered set of stacks, each with a different number of 


‘Maslands work has shown that the more than 60 difer- 
cent cell types inthe retina ae functionally organized into 
thre sets which (1) sift the information fiom photore- 
ceptors into roughly 12 separate channels oF streams 
‘running alongside each other simultaneously; (2) trans- 
{er ths information to specific types of ganglion cell; and 
(3) integrate information from bipolar cells and amacrine 
cells with ganglion cell output into approximately 20 
diferent coded messages concerning the nature of the 
visual image Which are transmitted to the brain via the 
ganglion cells (Masland 2011, 2012a,b,). The very large 
‘numbers of amacrine cells are especially interesting and 
appear to subserve many functions, many of which 
remain to be discovered but some of which ate inferred 
simply ftom their positioning and architecture within the 
retina, For example, most recently, an ‘interneurone’ 
Which in essence sends a blue OFF sigoal tothe brain 
thas been discovered, farther underlying the complexity 
‘of neuronal cell integration within the retina, 
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FIGURE 6-9 The major cell types of atypical mammalian rina (From Masiand, 2012) 


connections and with its unique set of ionotropic, 
metabotropic (mGlur6), glycinergic and GABAergic 
receptors and calcium-binding proteins reflecting 
their inhibitory or excitatory output (translated into 
ON or OFF responses in the ganglion cell (see Box 
5-7, Figs 9-9 and 5-10, video 5-1, and additional 
PF content online concerning Masland) 
There are several different types of ON/OFF bipolar 
cells, in part determined by the duration of the 
response (transient versus sustained); in addition, a 


single bipolar cell for these types of responses (non- 
chromatic ON/OFF) takes information from more 
than one cone (Fig. 5-10) 

The organization of colour detection is somewhat 
different, A basic 


centre surround organization 


pertains here also. However, wavelength dliscrimina- 
tion (see below) requires output from at least two 
cones to have something to compare against. ‘Blue 
length) cones make synapses with a single 
specialized type of cone-bipolar, while the remainder 
of the cones (long-wavelength red-green con 
prising around 85%) connect with the several different 
types of bipolar cells described above (Figs 5-9 and 
5-10). The blue bipolar cell registers ON stimuli but 
how blue OFF response: 


(short-wa 


until recently it was unc 
‘were generated since there is only a single type of blue 
bipolar cell, It appears that amacrine cells (see below) 
can conyerta blue bipolar ON signal to an OFF signal 
through its role as an inhibitory 
(Fig 5-11) 


interneurone 


+= Cone synaptic termina 
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FIGURE 5-10 (A-D) Each bipolar cell (represented by the diferent colours) cannects all the cones within the area ofits dendritic tree. The 
retina Is organized such that each binlar cell makes contact with al ofthe canes within the spread ot its dendritic extensions, with the excep- 
tion ofthe ‘blue cone bipolar” which only connects with blue cones. They are numerically small and the principle remains that each ofthe 
diferent types of bipolar cell that connects witha single cone sends a unique message trom that cane ta the ganglion (or other) call inthe 


ier retina. (From Masland, 2012) 


This particular amacrine cell is particularly sensi- 
tive to short-wavelength light and uses glycine as its 
inhibitory neurotransmitter. At the ganglion cell level 
the blue ON ganglion cells receive input from the blue 
ON bipolar cell and the red-green OFF bipolar cell 
and it has been proposed that the blue OFF ganglion, 
cell also receives input from the same amacrine 
inhibitory cells by sending its dendrites to that 
stratified layer of the retina, This is less certain, 
however. 


Colour discrimination is therefore made by com- 
parison of light detection by a short-wavelength cone 
(ON/OFF) with that from a long-wavelength cone 
(either red or green, ON/OFF), ic. it is essentially a 
dichromatic system, In most mammalian retinas, there 
is no ted/green discrimination (ie, there is true 


dichromatism with comparison of only one long- 
wavelength cone with a short-wavelength cone), while 
in humans there is also red/green discrimination, 
However, in 5% of humans this is also true dichroma- 
tism (red-green colour blindness), These concepts are 
dealt with in more detail later in the chapter (p. 302), 
So where does rod microcircuitry fit into this neu- 
ronal organization? Rods detect dim light, while cones 
detect bright light. Detection of dim light by rods is 
not to be confused with the OFF response of cone 
bipolar OFF cells (ie. the response to the absence of 
light) but is a positive response by rod cells to very 
low levels of light. The majority of rods connect inci 
recily with ganglion cells through cone bipolar cells; 
large numbers of rods synapse with a single rod 
bipolar cell, which then connects via gap junctions 
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FIGURE 5-11 The physiology of the ONLOFF ganglion cell as shown far the blue ganglion cells. Blue bipolar cells contacting blue-senstve 
cones send a signal in response to the brightness ofthe stimulus (ON stimulus), which synapse directly to a particular ganglion cel (diagram. 
‘on et of figure). In contrast, ifthe bipolar call receives a signal trom the amacrine cell, this inhibitory signal generates a response from an 
CFF bipolar cen both cases the signal is complemented by input from an inversely corresponding green cone. The stream of action potentials 
asthe final output to the brain's shown in the lower section of the igure, (Frm Maslend, 2012) 


with a cone bipolar cell through a further particular 
type of amacrine cell, the All cel. 

In primates, there is further speci 
ganglion cell level related to the fovea and derived 
from the system of midget cells: midget ganglion cells, 
connect directly with one cone bipolar cell and 
through this cell with one cone photoreceptor. Thus 
there are a huge number of small bipolar cells and 
midget ganglion cells at the fovea, limited only by the 
packing of cones in this rod-free area. For instance, 
midget cells comprise about 70% of the ganglion cells, 
in the monkey fovea, Moreover, in the primate fovea 
each cone cell connects with an OFF bipolar and an 
ON bipolar, leading to a greater density of bipolar cells, 
at the fovea than cone photoreceptors, Each midget 
ganglion cells has a simple centre/surround organiza- 
tion underpinning the excellent spatial resolution of 
‘supervision’; in addition, itis believed that the midget 


‘ion at the 


cell system underpins the dual circuits required for 
red/green differentiation added to the existing blue 
cone system (see Box 5-8 and Figs 5-9 and 5-10). At 
the fovea, the colour opponency theory may not be as 
strict as suggested above, but is modified by input 
from horizontal cells: thus short-, middle- and long- 
wavelength cones may compete against all the cones 
that contribute to the surround area after modulation, 
by the horizontal cells 

Horizontal cells (Fig. 5-9) in the outer plexiform 
layer thus provide important feedback for both rod 
and cone outputs, For cones, this is classically 
believed to be in the form of contrast and mostly via 
generating inhibitory information to ganglion cells 
surrounding the activated cell (similar to the inhibi 
tory effect of an action potential in a bundle of 
peripheral neurones on the neighbouring unstimu- 
lated neurones). This produces the centre/surround 
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FIGURE 5-12 Release of H ions exer negative feedback ont the bipolar cells: his is achieved by changing the H* concentration atthe cone 
photareceptor.bipalar cel (PRBG) synapse and is induced by horizantal cel (HC) polarization of BGs via change in H* cancentration change 
at synaptic clefts of cane terminals induced by HC polarization. (A) Shows the direction of change inthe various parameters exerted by HC 
‘depolarization and hyperpolariztion. (B) Shows a schematic drawing of H" negative feedback onto BCs via release of H trom depolarized HS 
ilustrating the ‘OFF casein (A) H* release occurs va V-ATPase (a proton pump, turquoise circles in the inset figure) resulting in suppression 
of glutamate release from cones. V-ATPase isin synaptic vesicles atthe cone terminals, (From Hiasave el, 2012) 


organization of ganglion cells (see Box 5-8). Some 
also believe that horizontal cells may mediate their 
effects based on subtracting the information on the 
average illumination of the entire retina from that 
stimulating a restricted set of cones, thus underpin- 
ning the mechanism of light adaptation. Rods are 
separately modified by horizontal cells because of 
the anatomical location which separates the contact, 
point with the rod far from the rod’ contact with 
the cone bipolar cell 

One biochemical mechanism whereby horizontal 
cells direct the nature of the ON or OFF response 
appears to be mediated by acidification at the photore- 
ceptor; bipolar cell synapse, mediated by a membrane- 
hound proton pump, and suppressing the effects of 
the ghitamate neurotransmitter (Fig. 5-12), In con- 
trast, amacrine cells are much more numerous than 
horizontal cells (Fig. 5-9) and have a wide range of 
functions. There are around 30 types of amacrine cells, 
some modifying ganglion cell response aver a wide 


area while others are much more restricted. In addi- 
tion, they inhibit, enhance, entrain and refine through 
the large range of neurotransmitters and receptors dis- 
cussed above (e.g. dopamine, acetylcholine, gluta 
mate, GABA, glycine, etc.), They thus affect many 
functions such as centre/surround organization, orien- 
tation selectivity, light-dark effects and colour dis- 
crimination. Some amacrine cells may have very small 
arborizations and function entirely within the recep- 
tive fields of a wide-field ganglion cell, For instance, 
starburst amacrine cells have been identified as being 
ON-OFF direction sensitive, a feature that may involve 
only a section of the branching arborization in signal- 
ling (Fig, 9-13). In addition, other amacrine cells are 
sensitive to saccade-induced suppression which allows 
differentiation of true object motion from motion of 
the entire visual field induced by fine eye movements, 
Amacrine cells may have paracrine and multiple nen- 
rotransmitter secretory functions as well as release 
nitric oxide. 
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FIGURE 5-13 The ON-OFF direction selectivity ofthe starburst amacrine call isthe same within all regions of is receptive field (A) and can 
be detected even within a sector ofthe fed (B) as shown for small maving targets (C) Because the sectors served by each dendrite (repre 
sented y the biack dots) are smaller than the receptive field, small OFF movements can be detected, (Frm Mastand, 2012) 


Thus some degree of information processing may 
occur at the inner plexiform/ganglion cell level (e.g 
in contrast gain control) before it reaches the visual 
cortex. 

Finally there are about 20 different types of gan- 
glion cell (Fig. 5-10), Originally described as X (slow, 
tonic) and Y (fast, transient) cells in the cat, and 
P (parvocellular, midget) and M_ (magnocellular, 
parasol) cells in the monkey, several others are now 
known to be responsible for centre/surround organi- 
zation and direction/orientation selectivity. Each of 
the 20 different ganglion cells ‘tiles’ the retina in its 
dendritic field so that the specific function of that 
ganglion cell is represented at that point in the retina 
(Fig. 5-14), 

In addition, a separate rare population of ipRGCs 
see Ch. 4, p. 249) connects with neurones in the 
pretectal and suprachiasmatic nuclei and responds to 
the level of ‘irradiance’ and controls pupil light 
responses as well as sleep/wake cycles (see Box 5-5). 
tis now known that there are several types of ipRGCs 

® (ee efig. 5-2) which regulate the production of 


melatonin by the pineal gland and are thus involved. 
in entrainment of circadian rhythms (see p. 277), 

From all of the above it is clear that there is 
considerable diversity in the retinal microcircuitry 
in which significant information processing occurs 
before its transmission to the higher centres in the 
brain 


CLINICAL VISUAL ELECTROPHYSIOLOGY 


The electrical potentials which exist in the eye, by 
virtue of factors such as the dark currents in the retina, 
and the transcomeal epithelial potential difference, 
can be altered by stimulation with bright flashes of 
light, producing mass responses of the tissue. These 
responses represent the resultants of many cellular 
potentials and the source of the discharges can only 
be inferred. However, extensive studies have located 
the source of retinal electric responses at different 
levels in the retina (Fig, 5-15). There are established 
internationally agreed standards describing normal 
responses set by the International Society for Clinical 
Electrophysiology of Vision (ISCEV). 
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FIGURE 5-14 The numerous components that contribute to an image are managed by the retina on a poin-by-point basis. Twenty types of 
‘ganglion cells provide a unique inner retinal surtace mosaic so that each is represented at any point in the retina coresponding ta a pont in 
spac is the object being viewed. Inthe above image, a smal area on the dancers hea is assessed for various features, e.9. motion, 
Airecton, tit, spectral composition (colour), tone, texture and more. (Fam ) 
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P', This, as before explained, results in an 
accumulation of electtical energy in the con- 
denser, which goes on as long-as the cireuit 
ineluding the primary p is interrupted. 
5 Whenever tho circuit is closed, owing to the 
rotation of the terminal ?', the stored energy 
is discharged through the primary p, this giv- 
ing rise in the secondary s to induced cur- 
rents which operate the receiver R. 
to Ibis clear from what has been stated above 
that if the terminal T’ is connected toa plate 
supplying positive instead of negative elec- 
tricity the rays should convey negative elee- 
tricity to plate P. ‘Tho source S may be any 
ts form of Roentgen or Lenard tube; but it is 
obvious from the theory of action thas in or- 
der to be very effective the electrical im- 
pulses exciting itshould be wholly or at least 
preponderatingly of one sign. If ordinary 
20 symmetrical alternating currents are om- 
ployed, provision should be made for allow- 
ing the rays to fall upon the plate P- only 
during those periods when they are produc- 
tive of the desired result, Evidently if the 
2g radiations of the source be stopped or inter- 
cepted or their intensity varied in any man- 
ner, as by periodically interrupting or ryth- 
mically varying the current exciting the 
souree, there will be corresponding changes 
40 in the action upon the receiver R, aud thus 
- signals may be traismiitted and many other 
useful effects produced. » Furthermore,it will, 
be understood that any form of cireuit-closer 
which will respond to or be set in operation 
35 when a predetermined amount of energy is 
stored in the condenser may be used in liew 
of the device specifically described with ref- 
erence to Fig. 1, and also that the special 
* details of construction and arrangement of 
40. the several parts of the apparatus may be 
very greatly varied without departure from 
the invention. 
Having described my invention, what I 
claim is— ‘ 
45 1. ‘The method of utilizing radiant energy, 


685,958 i s 


which consists in charging one of the arma- 
tures of a condenser by raysor radiations, and 
the other armature by independent means, 
and discharging the condonser through asuit- 
able receiver, as set forth, 

2. The method of utilizing radiant energy, 
which consists in simultaneously charging 
condenser by means of rays or-radiations 
and an independent source of electrical en- 
‘ergy, and discharging the condenser through 55 
a suitable receiver, as set forth. 

3, The method of utilizing radiant energy, 
which consists in charging one of the arma- 
tures of a condenser by rays or radiations, and 
the other by independent means, controlling 60 
the action or effect of said rays or radiations 
and discharging the condenser throngh a suit- 
able receiver, as set forth. 

4. The method of utilizing radiantenergy, 
which consists in charging one of the arma. 65 
tures of a condenser by rays or radiations and 
the other by independent means, varying the 
intensity of the said rays or radiationsand pe- 
riodieally discharging the condenser through 
a suitable receiver, as set forth. 70 

5. The method of utilizing radiant energy, 
which consists in directing upon an elevated 
conductor, connected fo one of the armatures 
of a condense, rays oc radiations eapable of 
positively electrifying the same, carrying off 75 
electricity from the other armature by con- 
necting the samo-with the ground, and dis- 
charging the accumulated energy throngh a 
suitable receiver, as set forth, 

6. The method of utilizing radiant energy, 80 
which consists in charging one of the arma: 


50 


| tures of a condenser by raysor radiations,and 
| the other by independent means, and elfect- 
| ingby the automatie discharge of theaceumu- 


lated energy the operation or control of a 85 
suitable recetver, as set forth. 
NIKOLA TESLA. 
Witnesses: 
M. Lawson Dyzr, 5 
RicHarp Donovan. z 
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Resting potential and the electro-oculogram 
Since the eye acts asa dipole, it possesses a measurable 
resting potential, which is generated at the interface 
between the retinal pigment epithelium (RPE) and the 
photoreceptors (the resting retinal potential) and is, 
about 60 mV in height. At a molecular level, the 
electro-oculogram is representative of the transretinal 
pigment epithelial potential differences generated by 
separation of ionic gradients across the RPE by genes 
such as the bestrophin gene (see Ch, 4, p. 254), and 
maintained by tight junctions, Similar transepithelial 
potential differences occur across all non-leaking epi- 
thelial layers, As the eye becomes light adapted there 
isa steady rise in this potential, which is recordable 
asa reversible potential on horizontal eye movement 
and is known as the light rise (Box 5-9). Ratios less 
than 1,5 are abnormal, while a ratio >2.0 is regarded 
as normal, This effect is the result of an extracellular 
flow of current caused by changes in the potasstum 
concentration in the interphotoreceptor matrix, The 
EOG is measured as a ratio of the light peak (Le. peak. 
amplitude when light adapted) to dark trough (ie. 
lowest amplitude measured in the dark). The electro- 
oculogram (EOG) is lost in conditions that disrupt 
the RPE-photoreceptor relationship, stich as retinal 
detachment 


The electroretinogram 


The electroretinogram (ERG) is superimposed on the 
electro-oculogtam and is the cumulative electrical 
response to a light stimulus from all the retinal ele- 
ments, It is affected not only by the intensity and 
duration of the stimulus but also by the stimulus 
wavelength and pattern, and the level of light-dark 
adaptation of the retina as for the sensory response 
itself 

The ERG has several components (Fig. 5-16). 
Under mesopic conditions, the early receptor potential 
is barely detectable and becomes apparent only with 
an extremely high-intensity flash stimulus in a deeply 
dark-adapted eye. It originates from the photachemi- 
cal reactions in the rod outer segments on stimulation 
by light and is dependent on the density of rods and 
high levels of unbleached rhodopsin, The early recep- 
tor potential may therefore be detectable in eyes where 
the inner retina has been destroyed but the outer 
retina is substantially intact, e.g. central retinal artery 


BOX 5-9 THE ELECTRO-OCULOGRAM 


‘The electro-oculogram (EOG) isa record ofthe electrical 
dipole occurring between the front and the back of the eye 
and reversing in curent direction when the eye moves 
{rom side to side. The height ofthe potential ditference 
‘increases in conditions of bright ilumination. 


‘dealin record 


OG ample fuV) 


‘An EOG recording — vertical lines represent the alternating 
dipole as eyes are moved from left (L) to right (R). The 
“light rise’ is seen as an increase in the height of the 
vertical lines as the light is switched ‘on’. The electro 
‘oculogram (EOS) is measured in microvotts as a ‘light 
rise, i. an increase in amplitude as the light stimulus is 
‘increased. The standard curve is showin in the upper two. 
‘boxes on the left a low light levels and on the right as the 
light is increased. Actual EOG values are shown in the 
‘bottom two boxes. Idealized (upper) and practical (ower) 
EOG amplitude versus time curves for a heathy subject. 
‘The actual EOG estimated from the points measured as 
in the dashed line. DT, dark trough; LP, light peak. 


occlusion, However, it is not normally recorded 
becatise of the above physiological constraints 

The negative ‘a’ wave is generated by hyperpolari 
zation in the photoreceptors’ inner segments (Granit’s 
PII component), the al component coming from the 
cones and the a2 from the rods, In contrast, the ‘b 
wave (Grant's PII component) is believed to come 
from the bipolar cells either directly or indirectly via 
signal spread to the Maller cells; bl is generated by 
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FIGURE 5-16 Diagram ofthe five basic ERG responses defined by the standard. These waveforms are exemplary only and are not intended to 
Indicate minimum, maximum or even average values. Large arrowheads indicate the stimulus tlash. Dotted arrows exemplity how ta measure 


time to peak (, implicit time), a-wave amplitude and b-wave amplitude. 


cone-dominated and b2 by rod-dominated bipolar 
cells, The b wave is lost in certain retinal vascular 
conditions, such as central retinal vein occlusion. 

Oscillatory potentials are thought to be generated 
by amacrine cells, while the slow rising‘e’ wave (Gran- 
its PL) depends on an intact pigment epithelium. 
However, the electro-oculogram provides a more 
effective estimate of the integrity of the pigment epi- 
thelium, Oscillatory potentials are lost in patients with 
diabetes, 

‘The ERG as described above isin essence a response 
to luminous intense stimuli, However, the pattern 
ERG (PERG), which is the ERG response to a reversing 
checkerboard of black and white squares of equivalent 
luminance, is thought to represent the electric response 
to spatial contrast, probably from ON-centre ganglion 
cells 


‘The multifocal ERG 
‘The multifocal ERG records discrete electrophysiologi- 
cal responses from specified regions of the retina, An 
array of hexagonal elements in a changing frame is 
used to stimulate the retina rather that a full field 
flash of light and each element has a 50% chance of 
stimulating the defined retinal area (Fig. 5-17). Each 
stimulus is randomly illuminated aver time, produc- 
ing a continuous ERG response which is correlated 


with the ON and OFF phases of each patch and so the 
final result is not truly an ERG response from a dis- 
crete retinal region: instead, the response is interpreted. 
as a statistical/mathematical resolved factor and pro 
duces a typical waveform (see eFig. 5-5). 

Additional content available at https//expertconsult 
inkling conv, 

The multifocal ERG can be evalwiated in conjunc- 
tion with complementary function and imaging tech- 
niques which assess the visual field: for instance, 
microperimetry is a technique in which the visual 
sensitivity to discrete stimuli of a specific area of the 
retina, identified by scanning laser ophthalmoscopy, 
is correlated with optical coherence tomographic 
imaging of the corresponding retinal region. 


‘The visual evoked potential 
The visual evoked potential (VEP) records electric 
activity from the occipital cortex following presenta 
tion of a light stimulus to the retina and represents 
a limited electroencephalogram (EEG). Recordings 
are taken from a set of six electrodes placed around 
both left and right occipital cortices, each produc- 
ing a discrete wave pattern of different amplitudes 
(Fig, 5-18). 

Several types of VEP can be induced, including 
flash, flash-pattern, pattern-onset, pattern-offset and. 


‘The multifocal ERG has greatly improved the detection 
‘of functional abnormalities in the retina as well as precise 
localization of such abnormalities to specific regions of 
the retina, In a standard examination protocol several 
data sets are taken, including: an ISCEV standard ERG 
(scotopic and photopic), the mulifocal ERG, a pattem 
ERG (both wansient and steady state) as well as the 


(Courtesy De Fred Chen, Lions Eye, University of Western Australia ) 
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Visual evoked potential using a large check and a small 
check stimulus (See eFig, 5-5). In addition, visual acuity 
and contrast sensitivity measurements are taken. Using, 
this battery of tests, differentiation between generalized 
retinal dysfunction, disorders of the macula, optic nerve 
dysfunction and ‘non-organic’ disorders can be reliably 
made 


a 
io 


e 


‘eFIGURE 5-5 Typical set of information obtained from electrophysologial evaluation of retinal and optic nerve function, 
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FIGURE 5-17 Normal multifocal ERG record showing the characteristic ‘hil f vision’ and the hexagonal arays representing each retinal region 
analysed. (Courtesy Dr, Fed Chen, Lions Eye insu, Univesity of Wester Ausaia) 


pattern-reversal, Considerable individual variability in 
the wave pattern is seen with the flash VEP, which is, 
composed of two phases: the evoked potential and the 
alter discharge. 
Variations also occur in the amplitude of 
response, depending on the level of dark adaptation. 
‘A pattern-flash VEP is evoked when a black-and- 
white checkerboard stimulus is presented (Fig. 
5-19). The amplitude of this response is considera- 
bly better correlated with the visual acuity. 
However, a significant electric interference in this 
response is caused by switching the stimulus on and 
off (the onset/olfset response). The flash-evoked 
potential has three components ~ NI, Pl; N2, P2; 


and N3, P3 ~ while the pattern-evoked potential is 
essentially monophasic (see Figs 5-18 and 5-19). 
‘The flash VEP is considered to arise from area V2 of 
the cortex with its retinal origins arising in the entire 
papillomacular bundle, while the pattern response is, 
considered to arise in V1 plus ganglion cell receptive 
fields corresponding to large checks (M cells) and 
small checks (P cells), 

Presentation of a pattern-reversed black-and-white 
equiluminant checkerboard can overcome the anset— 
offset problem if the pattern is reversed at an appropri 
ately short interval, as the effects tend to cancel each 
other out, Indeed the stimulus can be set to produce 
pattern-onset, pattern-offset and pattern-reversal 
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FIGURE 5-18 Diagram demonstrating the visual 
‘evoked response showing the potential map for 
the location of the electrical output from the 
scalp electrodes. (From Kevin Whiting itp/ 
faz phys dal cal-medbioptysevinp him) 
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FIGURE 5-19 Flash and pattem-averaged VEP responses from each of six electrades placed over the occipital region of the shul. Pattern 
reversals were perlrmed at two diferent rates (middle and right panels). The two lower tracings represent simultaneous ERG recordings. 


(Coutesy ol Or theta) 


VEPs, each of which has a characteristic set of wave 
patterns depending on the conditions (Fig. 5-19). 
Considerable ingenuity has been developed in tech- 
niques for studying half-feld stimulation, macular 
vision and the effects of age, right versus left eye, etc 
However, clinically, this test has greatest applicability 
in assessing the function of the optic nerve by measur- 
ing the latency of the response, and in assessing the 
integrity of foveal vision by evaluation of the pattern 
and amplitude of the wave forms. 


FLICKER 

A spoor or beam of light can flicker so fast that the 
sensation of flicker is lost. The point at which this 
happens is known as the critical fusion frequency 
(CFF) and the brightness of the steady-state light is 
the same as the mean brightness of the flickering light 
midway through its cycle. Brighter stimuli have a 
higher CFF and rods have less ability to achieve fusion 
than cones (see below). 
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‘The fact that fusion occurs at all indicates that there 
must be some degree of persistence of sensation after 
the stimulus has ceased, but clearly this is more effec- 
tive at lower levels of illumination than at higher ones. 
Fusion is thought to be the result of an after-effect, so 
that a succeeding stirmulus can fall on the retina while 
it is still responding to the first stimulus, However, it 
is more probably related to light adaptation in which 
the response to light is accelerated at higher intensi- 
ties. In terms of flicker measured by an ERG response, 
the CFF is seen as a smoothing out of the electric 
response, which is set at a higher level in millivolts 
Presumably it would be possible to induce a second 
ERG response by presenting a superimposed flash on 
this new level of illumination, 

Subjectively, fusion accurs at 60 cycles/s, but the 
ERG CFF occurs at 25 cycles. Therefore, by setting, 
the flicker eycle at 25 cycles/s, one can obtain, through, 
the flicker ERG, a measure of cone function in isola- 
tion (see below). Interestingly, direct electraphysiolog- 
ical studies on optic nerve fibres have shown that 
ganglion cells with a high spike discharge rate also 
have a high threshold for CFF and vice versa 


Colour vision 
COLORIMETRY AND COLOUR DISCRIMINATION 


Colorimetry is a measure of visual function at the 
photoreceptor level, In contrast, colour discrimination 
isa cortical function related to perception and the later 
stages of visual processing. Colorimetry or the meas- 
urement of colour is based on techniques of colour 
matching, which have a long history going back to the 
days of Newton, Helmholtz and particularly Maxwell 
in the mid-nineteenth century. 

For further information on Maxwell, see additional 

@ content available at https-//expertconsult.inkling,com/, 

Maxwell is credited with asserting that all vision is 
colour vision; in a sense, as will be seen later, this is 
probably a valid perspective. Standards for measuring, 
colour have been established for certain reference con- 
ditions of illumination based on the assumption that 
only a small area of the central fovea is illuminated 
by the test stimulus; a standard V (A) or visible 
wavelength curve was adopted by the Commission 
Internationale de I'Eclairage (CIE) in 1964. A colour 
(© is specified in terms of the three primary colours 
by the equation: 


C=rR)+g-G)+b-B) 


and is measured with colourmatching instruments 
such as the flicker photometer or with spectrophotom- 
eters fitted, for instance, with arrays of wavelength- 
selective photodiode detectors. 


DIFFERENT COLOURS HAVE 
DIFFERENT LUMINOSITY 
Spectral sensitivity curves 


In the dark-adapted state, light of different wave- 
lengths appears variably bright with a peak luminosity 
at about 500 nm in the blue-green region, i.e. for 
lights of equal energy, blue-green appears brightest in 
the dark (Fig. 5-20). Under photopic conditions, 
however, peak brightness occurs around 555 nm in 
the yellow-green, Brightness curves of different wave- 
lengths like this are determined under photopic con- 
ditions by flicker photometry. This phenomenon, in 
which short wavelengths become brighter compared 
with long wavelengths as luminance is reduced, is 
known as the Purkinje shift, and begins under mesopic 
conditions when cone function is still active. Experi- 
mentally, the flicker ERG is useful in studying the 
Purkinje shift becanse rod and cone responses can be 
distinguished by setting the flicker rate above 25 
cycles, which rod photoreceptors cannot detect (see 
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FIGURE 5-20 The Purkinje shift showing diferences in luminosity 
observed at diferent wavelengths, 


Described as ‘the man who changed the world’, James 
‘Clerk Maxwell is known as the most influential physicist 
of the nineteenth century, ranking with Isic Newton 
and Albert Einstein, He developed one of the major 
unifying theories of physics, namely that of electromag 
netism, demonstrating that light energy was one com- 
ponent of this unifying theory of electricity, magnetism 
and optics. Maxwell was born in Edinburgh and studied 
at Edinburgh University and after futher training at 
‘Cambridge became professor of Natural Philosophy at 
University of Aberdeen, before moving to University 
College London where he developed most of his seminal 
‘work. It was while in London that he completed much 
‘of his work on colour and produced the first ‘ight-fast” 
colour photograph. He also completed his work on 
electromagnetism, 
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above). Purkinje shifts are therefore not detectable in 
guinea-pigs (pure rod) or squirrels (pure cone), but 
can be detected in cats, which are rod-dominated. 

Although cone and rod responses can be differenti- 
ated using the flicker ERG, it is also possible to 
differentiate long (L) and middle (M) wavelength 
responses using appropriate flicker frequencies, In 
addition, using mixed luminance (rod) and chromatic 
(cone) flicker frequencies around 12 Hz and appropri- 
ate colour backgrounds for the stimuli, it has been 
possible to separate out the luminance and colour 
electrophysiological responses detectable at a retinal 
(ERG) level rather than at a post-signal processing 
(cortical /perceptual) level 


Photochromatic interval 


‘The Purkinje shift underlies the photochromatic inter- 
val, which isa measure of the difference in ‘brightness’ 
between the absolute threshold at which light of any 
wavelength is just detected and the brightness at 
which it appears coloured. Clearly this interval is van- 
ishingly small at the red end of the visible spectrum 
and is maximal at about 570 nm, 


Cone thresholds 
‘As we have seen above, thresholds are an artificial 
concept that depend on a critical number of ‘hits’ on 
photoreceptors by quanta of light. In practice, under 
defined conditions, light thresholds are measurable 
and have been well characterized for rods, Cone 
thresholds can also be measured, for instance by using 
only the early part of the dark adaptation curve or by 
using very small bright flash stimuli, which only 
impinge on the central fovea. By choosing suitable 
conditions of light adaptation (e.g. by adapting with 
blue light to desensitize the rods), it is possible to 
‘measure cone thresholds with different wavelengths of 
light, Using wavefront adaptive optics technology 
which minimizes chromatic and other aberrations, the 
absolute threshold for cone vision has been deter- 
mined at 203 + 38 photons at the cornea and is con- 
siderably greater than previous estimates. Using these 
‘methodls cone-specific spectral curves can be produced. 


COLOUR DETECTION REQUIRES MORE THAN ONE 
TYPE OF PHOTORECEPTOR 


Photoreceptors respond to stimuli by changes in the 
frequency of electric discharge, Indeed, this is true for 
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all neuronal impulses, Since photoreceptors respond 
to both luminosity and wavelength, a retina that has 
a single type of photoreceptor (such as a rod) will not 
be able to distinguish one stimulus from the other 
under different circumstances. Wavelength discrimi 
nation therefore requires a panel of photoreceptors 
(minimum of two) with peak responsiveness at spe- 
Gific wavelengths independent of their responses to 
changing luminosity. In theory, the more variety in 
receptor type with specific spectral sensitivities, the 
greater the ability to discriminate wavelength, as for 
any single wavelength stimulus it is the pattern of 
discharges from the entire panel of receptors that 
determines this discriminatory ability, Probably 
through evolutionary constraints, two types of cone 
photoreceptor provide sufficient discriminatory ability 
{or survival of the species and the red-green medium 
(MD to long (L) wavelength separation is an additional 
component restricted to primates (see above under 
Retinal connections), 


‘Trichromatic theory of colour vision 


A specific colour or hue is therefore detected by the 
summation of responses from a mixture of receptors, 
and the contribution from each of the three primary 
photoreceptor types can be deduced from spectral 
mixing curves (Box 5-10). Indeed, such colour mixing 
phenomena are the result of ‘confusion’, ie, our inabil- 
ity to differentiate sufficiently narrow wavelengths, 
This isa reflection of the physiological limits on wat 
length discrimination set by our having only three 
cone photoreceptors, (Certain species of fish have four 
cone photoreceptors.) 

However, hue discrimination is more than a retinal- 
processing phenomenon. Experiments testing the 
ability of humans to detect the four unique hues (red, 
green, yellow and blue) using three chromatic mecha- 
nisms in P cells tuned to detect L/M and S-L/M show 
that hue discrimination requires higher-order colour 
perceptual mechanisms. 


Psychophysical evidence for three cone photoreceptors 
An intrinsic property of sensory receptors is to adapt 
and this is well demonstrated by rod (dark adaptation) 
and cones (light adaptation). Experiments using cone 
thresholds and light adaptation techniques have con- 
firmed that there are three types of cone that respond. 
differently to the same wavelength of light. These are 
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BOX 5-10 SPECTRAL MIXING CURVES 


Mixing the three primary colours will produce any 
‘secondary colour or hue. However, a specific quantity of 
‘the primary colour is required to produce each hue, and 
this amount is determined by spectral mixing curves. 

(A) Graph showing relative amount af each primary 
colour required to match any specitic wavelenat, 

(B) Actual frequency of discharge in retinal neurones 
for each primary colour at any specific wavelength. 
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reflected in the spectral sensitivity curves for the three 
photoreceptors, which form the basis of the chroma- 
ticity chart (see pp. 272 and 275). Light adaptation is 
accompanied by several molecular events: (1) changes 
in intracellular calcium level regulating guanylate 


cyclase activity in some species, duration of opsin 
activation and channel opening; (2) phosphodieste- 
rase activity; and (3) a slower mechanism, possibly 
involving interaction between dopamine release and 
melatonin (see Ch. 4, pp. 247-248), Studies of colour- 
blind individuals have also provided confirmatory 
evidence of the trichromatic theory. 

Similar results can be obtained using a technique 
known as the liminal brightness increment (Lb.i.), in 
which the amount of additional light required to 
produce a detectable difference in the brightness of a 
target against a changing background luminance is 
determined. The technique can be highly discrimina- 
tory by measuring, for instance, the liminal brightness 
increment in a blue central target against a green hack- 
ground. The stuclies confirmed that there are indeed. 
single receptors that peak in the red and green regions, 
but the blue spectral sensitivity curve is more complex. 
and there are probably three components for the blue 
mechanism, Whether the influence of rod mecha- 
nisms on these tests can be completely eliminated is 
not clear, Techniques combining spectral reflectance 
densitometry and adaptive optics in healthy volun- 
teers have demonstrated the unique arrangement of 5, 
Mand L photoreceptors, Interestingly, despite normal 
colour vision, the variation in density of L and M 
cones, in particular, varies considerably between indi- 
viduals (Fig, 5-21), It has been suggested that this may 
represent a compromise between the competing, 
requirements for spatial versus colour vision, and this, 
is reflected in the patchy distribution of the L/M cones 
at the fovea and their different distribution in the 
peripheral retina. 


Molecular evidence for three receptors 
Just as thodopsin represents the molecular receptor 
for light energy at the level of the photon, so there 
are cone pigments that are sensitive to photons of 
light generated within specific wavebands, The amino 
acid sequences of these proteins are known and there 
are surprisingly few differences in the three cone 
opsins, especially in the transmembrane regions of 
the proteins that are important for retinal binding (see 
Ch, 4, eBox 4-5) (Nathans et al., 1986). These dif- 
ferences must, however, account for peak wavelength. 
sensitivity of each of the three opsins, thns revealing, 
the extraordinarily fine spectral tuning that occurs at 


FIGURE 5-21 Images of long-vavelength (L, re), 
rmedium-wavelength (M, green) and. short-wave- 
lengtt (S, blue) cones as seen using adaptive optics 
in tree heathy individuals. Ther isa constant ratio. 
of blue to red and green cones but considerable var- 
ation exists between red and green cones between 
Individuals. (From Webvisin: olor vision, by Peter 
‘auras ht:/rtna. uh ex ebislo/caon i) 


‘a molecular level, For inst 


ce, a threonine at position 
65 correlates with the ‘red’ opsin, while isoleucine is 
present at the same position in the ‘green’ opsin. 
Although the mechanism of light-induced activation 
of rhodopsin and cone opsins is in principle similarly 
based on the conversion of L1-cis retinal to all-trans 
retinal (see Ch, 4, p. 256), the differences in detail 
are highly physiologically significant. For instance, 
although the light response by cones is 100 times less 
sensitive, the cone opsin responses are several-fold 
faster, capturing something in the order of 500 photons 
of light per second. This is related to the availability 
of Ca** ions, regulated by a guanylate cyclase-activating 


protein, In addition, about 10% of cane opsin may 
be in the apo-state (ie. lacking any binding to retinal), 
but still retains a sufficient level of activity to weakly 
activate transducin, in what is termed ‘dark’ noise (see 
Box 5-6). 

Studies using microspectrophotometric techniques 
and infrared photography have shown that the distr 
bution of the photopigments in the short-wave, 
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LM e414) 


middle-wave, and long-wave sensitive cones (Fig. 


5.21) is not interdependent as might have been 


expected on the basis of receptive field anal 
helow), but is random or clumped at least for the 


long- and midalle-wavelength receptors. In the case of 


short-wave receptors, some degree of or 
been observed from immunohistochemistry data, 
which shows that there are different P ganglion cells 


for spatial, chromatic and other functions (s 
on Retinal connections). In the foveal region, blue- 
sensitive cones are by far the most infrequent while, 
in humans at least, psychophysical studies suggest that, 
long. to middle-waveband cones exist in a ratio of 2-1 
(Fig, 5-21), 


CONVERGENCE, YOUNG-HELMHOLTZ AND HERING 
Responses between photoreceptors and neural cells 


Considerable processing of information occurs in the 
retina betw: 


n the photoreceptor and the ganglion 
cell. In the magnocellular pathway, which deals with 
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light and motion detection, M ganglion cells have large 
receptive fields and many rod photoreceptors feed 
information indirectly onto a single ganglion cell (see 
above). In contrast, the parvocellular pathway deals 
with spatial and colour vision, P cells have small 
receptive fields, and a single cone cell may have sole 
input to a single bipolar cell (see Ch. 1, pp. 45-47). 
At a retinal level, convergence in the case of colour 
vision is non-existent (although there is convergence 
for colour in the cortex). 

In spite of this, sensory perception of colour does 
not correlate directly with stimulation ofa wavelength- 
specific cone. As we have seen, a red-specific bipolar 
cell responds simply by producing a change in the 
firing rate in its nerve terminal, which of itself cannot 
be distinguished from a similar change in a green- 
specific bipolar cell, ie. the bipolar cell cannot distin- 
guish wavelengths although its receptor can. In 
addition, as there is considerable overlap in the spec- 
tral sensitivity of the receptors (see Fig. 5-20 and Box 
5-10), some degree of confusion must exist in the 
initial response, which is smoothed out during 
processing, 


Ganglion cell responses and opponent colour theory 


Smoothing out this confusion is achieved by the 
colour-opponent mechanism based on the receptive 
field organization of the ganglion cells (see Ch. 4, 
p. 264). In this scheme, there are three colour- 
opponent arrangements: a reciprocal ON-centre red/ 
OFF-centre green, in which the bipolar cell receives 
stimulatory or inhibitory input from a single red or 
green cone; a similar ON-centre blue/OFF-centre 
yellow and a thirel ON-centre white/OFF-centre black 
in which the bipolar cell receives input from all three 
cones and in which colour mixing occurs. This has 
the effect of greatly refining the spectral sensitivity of 
the ganglion cell responses; it allows the perception of 
hues and ‘unsaturated’ colours and accommodates the 
‘Young-Helmholtz trichromatic theory of colour vision 
with Hering’ colour-opponent scheme. It also goes 
some way towards explaining the various colour 
anomalies found in humans, 

Studies have shown that blue-ON/yellow-OFF 
responses arise from a distinctive bistratified ganglion 
cell type derived from a dual excitatory cone bipolar 
cell input: an ON-bipolar cell receiving input only 


from S cones and an OFF-bipolar cell contacting Land 
M cone inputs, The mechanism of red-green oppo- 
nency is still unknown. However, a recently proposed. 
theory that incorporates a contribmtion of ‘white’ from 
rods stimulated under light conditions to the cone 
input allows a unified concept of how vision is inte- 
grated through simultaneous rod and cone input to 
allow subtle visual perception, such as hue discrimina- 
tion, motion detection, orientation selectivity and 
others, 

This last concept has been further modified with 
the discovery of the melanopsin-containing ganglion 
cells. Although these light-sensitive cells are consid- 
ered to sense ‘irradiance’ (see Ch. 4, p. 249), it has 
been shown that they also can sense colour if the 
threshold is set sulficiently high. Thus while the tri- 
chromatic theory still holds true at the fovea, with 
three sets of cones detecting L+ (LM), (L-M)+M, and. 
(S-(L4M)) ON-OFF colour opponent receptive fields, 
in the periphery there is a fourth receptor, generating, 
atetrachromatic mode of colour vision detection, but 
whether this modifies perception of colours as tested, 
in colour matching experiments is not known and the 
most accepted notion at present is that this fourth. 
receptor influences visibility rather than specific wave- 
length detection (Fig. 5-22) 


Colour constancy 


We use colour to detect and recognize objects. Most 
of the light we detect is light reflected from objects, 
and their colour depends mainly on the surface prop- 
erties of the object and not on the illuminating light. 
‘The wavelength of the reflected light clearly varies 
with the lighting conditions, In spite of this, the colour 
of an object remains the same, a phenomenon known 
as colour constancy, which is a function of higher 
visual processing in the cortex. 

Factors determining the perception of colour 
(colour sensitivity) as well as other perceptions (light- 
ness of an object, contrast sensitivity, sensitivity of 
depth perception) are influenced by several factors 
inchiding attention, fixation and eye movement. It has, 
been shown that we tend to take the brighter parts of 
an abject much more into account when we make 
colour or brightness matches. 

Additional content available at https//expertcon- 
sultinkling.comy, 


Both the illumination and the light reflecting fom an 
‘object, as well asthe composition ofthe scene, determine 
the amount of light reaching the eye. However, only the 
reflectance is constant and is therefore the most impor- 
tant factor for vision. When we look at an object we 
interrogate the scene both with eye movements and 
attention and where we look strongly influences our 
Judgement of object properties such as lightness and 
texture, Our natural tendency is 10 fixate objects which 
are brightest and we fix even more closely on the bright- 
est parts of an object and use this level of lightness 10 
determine its colour (as in colour matching tests, Fig 
5-6), For instance in the figure shown apposite, Toscan 
and colleagues tested an mdividuals colour matching 
abilities using the set-up shown: the orange paper cone 
(A) is vanably ‘bright from one side to the ather and was 
‘one of a series of real objects used to match spectto- 
radiomettically with a corresponding image ona cathode 
ray tube monitor (Toscan et al, 2013). Several real 
‘objects were used, such as a green wool ball, a green 
wool cylinder (same wool), green candle, red candle, 
yellow candle, and orange paper cone as shown in (B), 
While (C) shows the spectroradiometric data transformed 
to RGB (red-green-blue) values. The reason for this is 
that the brightest or lightest’, Le, most immunodorsl- 
nant, part of an object gives us the greatest information 
regarding the object’ reflectance and, because it 1s con- 
stant, we rely more heavily on this for visual judgements, 
A recent review of colour vision, perception and colour 
constancy has been published by Conway (2009), 
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{FIGURE 5-6 Matching set-up fr generating visual information (see 
text for explanation). From Tosca etl, 2073) 
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FIGURE 5-22 Schematic diagram ofthe retina showing the three light-sensing canes: in photopic conditions, rod vision is minimal (as Maxwell, 
claimed: ‘most vision is colour vision). Detection of ight is mediated by multiple types of ganglion cal serving the three main channels of 
composite light (LeM, L-M, and S-(L+M)). In addition, there is a small population of newly discovered ganglion cals containing a fourth 
photopigment, melanopsin, and most recently melanopsin-contaning cones have also been discovered, but the nature of ther contribution to 


vision is as yet unknown. (From Hanguch ela, 203.) 


Remarkably, colour constancy remains stable dur- 
ing a normal life span despite changes in peripheral vi- 
sion and lens transparency to yellow light. Cortical 
compensatory mechanisms are considered to allow 
this, 


COLOUR BLINDNESS 

Some of the defined colour vision defects can be 
explained in simple terms of loss of one or other specific 
type of receptor. However, in practice the situation is 
often more complex, involving not the loss of one 
particular receptor but the production of combination 
genes as the result, for instance, of aberrant crossing 
over in meiosis (see Ch. 3, p. 131); these produce pro- 
teins that are intermediate in their spectral sensitivities, 
thus reducing the range of responsiveness of the protein. 


Monochromatism 
Rod monochromatism occurs in about 1 in 30 000 of 
the population; such individuals have true achromatic 
vision, low visual acuity (0.1-0.3), find high-intensity 
lights uncomfortable, display nystagmus, and may 
have some signs of macular dystrophy. These 
patients have morphologically normal cones in their 
outer retina but their functional status is unclear. It 
has been suggested that they have a single type of blue 

Cone monochromatism is very rare (1 in 100 000). 
These individuals have normal visual acuity but 
cannot discriminate coloured lights of equal luminos- 
ity, Apparently, cone monochromats possess all three 
types of cones, indicating that the defect occurs in 
cortical processing, probably in area V4. 
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Dichromatism 
Dichromatism occurs when the alfected individual 
matches all colours with mixtures of two primaries. 
Therefore, the range of secondary colours is 
restricted, Protanopes are missing the red wavelength, 
deuteranopes the green, and tritanopes the blue. 
Mixing of the two colours will produce a sensation of 
white at certain specificities, which for protanopes is 
495 nm and for deuteranopes is 500 nm. The dichro- 
mat cannot distinguish the large range of non-spectral 
hhues from spectral hues as the trichromat can, leading, 
toa much narrower range of colour detection by the 
isocolour charts 


‘Anomalous trichromatism 


Red-green colour deficiency occurs in around 10% of 
males and is X-linked (see Ch. 3, p. 137). Due to their 
close relationship on the chromosome, unequal recom- 
bination events can readily occur, thus removing the 
green (deuteranopia) or the red (protanopia) genes. 
Defects in $ cone opsin are much less frequent. 

Red-green colour deficiency is rarely absolute and 
in effect such individuals are ‘anomalous trichromats’ 
in that they use different proportions of the three 
primaries ta match colour. This is due to the fact that 
‘with one single L gene and several M isogenes (mostly 
single gene polymorphism at Ser180Ala on the red 
opsin gene), all of which have considerable homology, 
there is considerable scope for generation of hybrid 
genes. Thus, protans use more red, deutans more 
green and tritans more blue. The colouranomalous 
individual differs from the trichromat and the dichro- 
mat in that he or she will not accept those matches 
that the other two agree on, This is the common form 
of ‘colour blindness, occurring in 10% of the male 
population 


‘Achromatopsia 


Colour blindness may also be the result of defects in 
cortical processing (area V4). Congenital (rare) or 
acquired lesions in the lingual o fusiform gyrus are 
associated with cerebral achromatopsia (also accom- 
panied by prosopagnosia - a failure to recognize 
familiar faces, ie. from memory). Similarly, cortical 
lesions in the superior temporal sulcus (V5) can 
produce defects in the ability to detect motion 
(motion blindness or akinetopsia; see p. 319). Isolated 


defects in form vision have not so far been detected, 
possibly because they involve more than one cortical 
area, e.g. V3 and V4, plus connections to other corti- 
cal regions involved in psychophysical attributes, and. 
texture analysis, 


Visual perception 


Visual perception is the end product of the processing, 
or reinterpretation by the cortex of sensory responses 
made by the retina to visual stimuli, However, a strict, 
separation of cortical and retinal events does not occur 
as some degree of processing takes place in the retina 
and, conversely, certain processes such as instantane- 
ous parallax (see below) occur so quickly that it is 
difficult to believe they occur exclusively at a cortical 
level, In addition, perception should not be consid- 
ered solely as the end product of the processing of 
sensory information. Instead, it is part of the ‘action= 
perception cycle’, in which perception modifies activ- 
ity, which then modifies perception in a continuous 
cyclic pattern, the boundaries of which become indis- 
tinct (Wexler and Boxtel, 2005). Motor activity (head 
and eye positioning, etc.), therefore, is central to per- 
ception such as stereopsis (see helow) and colour (see 
above) 

‘As shown above, there are many different types of 
visual stimuli, each of which may produce one or 
more different psychophysical perceptual responses. 
Sensory perception occurring at an elemental level 
encompasses visual stimuli such as luminosity, flicker, 
colour and form, becauise it involves simple processing, 
of features such as points and lines or wavelengths, 
but even such an apparently fundamental function as 
visual acuity determination involves higher levels of 
processing because it is more than simply a point-to- 
point projection of the retina on the cortex. 

Evidence for higher integrative activity at the corti- 
cal level comes from illusions such as the Schrodinger 
staircase and Rubin vase as well as more specific 
illusions that involve both space and time such as the 
tilt illusions (Box 5-11). A clear example of the 
role of cortical function in visual perception is the 
phenomenon of colour constancy in which large vari- 
ations in the chromaticity of an object, induced for 
instance by changing the wavelength of the illuminat- 
ing light of the object, do not alter the perceived 


BOX 5-11 VISUAL ILLUSIONS 


‘Visual illusions such asthe Schrédinger stalrcase (A) and 
Rubin's vase (B) occur in a cylical manner in which each 
of the perceptions regulary altemates, Such illusions have 
4 periodicity and are inthis sense time-dependent. In. 
Addition they can be modified spatially, asin the tit itusion 
(C) in which a vertically oriented tited image occupying a 
‘surround regions of vertical strips will generate the 
ilusion thatthe orthogonally vertical surround stripes are 
tilted in the opposite direction. This ilusion can be 
overcome by adaptation using an image after-etfect 
induced by gazing for 30 seconds or more at stripes tited 
‘anti-parallel tothe original mage and then quickly fxating 
on the tited image once more, The periodicity of the 
fluctuations is also altrable with drugs. 


B 
Titafteratfoct 

‘Adapt 

© —Tititusion Test 


(A) Schrédinge’s structure: (B) Rubin's vase; (C) the tit ilusion. 
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colour of the object: a yellow banana remains yellow 
even when illuminated by a green light (see above) 

Our understanding of these processes has been 
greatly advanced by the careful analysis of both the 
stimuli and the responses, and has allowed specific 
functions to be attributed to discrete regions of the 
contex. 


MONOCULAR VERSUS BINOCULAR VISION 
Positioning objects in space 


Most of the primary visual sensory responses are 
monocular and are not changed by binocular viewing, 
Images of objects are projected onto definite positions 
in space (spatial perception) and each retina has its 
own delimited visual field. However, the position of 
an object in space is not an absolute entity but is 
related to the position of the observer and of other 
objects. The relative position of objects can be 
determined only if the retinal sensors are composed. 
of discrete units that have precise ‘markers’ for 
localization. This, indeed, is the basis of the visual 
field 

In spite of this, objects appear fixed in position 
even when the observer changes position; simple ray 
diagrams demonstrate that a new set of retinal recep. 
tors must be stimulated every time the relative post 
tion of the object to the observer changes, but the 
observer does not experience the sensation of motion, 
This ‘image stabilization’ is achieved by compensatory 
psychophysical events at the cortical level. Recently, 
however, it has heen shown that a proportion of this 
neural processing takes place at the retinal level 
through selective inhibition of ganglion cell firing (see 
above). 


The existence of such mechanisms can be deduced 
in part from experiments showing that accurate locali 
zation of objects does not occur with all forms of eye 
or head movement, For instance, if the eye of an alert 
individual is forcibly moved using a surgical instra 
ment such as a squint hook, the image is falsely pro- 
jected to an incorrect position as if the eye has not 
moved. Spatial perception on normal eye movement, 
must therefore be integrated with, ifnot controlled by. 
higher centres within the brain, such as the frontal 
cortical eye fields, which influence motor discharge in 
the ocular muscles. The corollary, of course, is that the 
proprioceptive stretch receptors in the ocular muscles 
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do not have a role in determining eye position as was 
previously thought, but that their probable role is, 
simply to coordinate muscle tension in opposing 
muscles at a local ‘axon reflex’ level, This, however, 
may not hold true for all situations, 

For instance, a problem arises in analysis of images 
that are perceived during slow visual tracking of a 
moving object, Despite the fact that no compensation 
is made for movements of the eyes during tracking, 
the changing position of the object is accurately 
observed and followed, This indicates that the higher 
centres are receiving a continuous flow of information 
from centres controlling ocular muscle movement, 
which is assimilated into the total information con- 
cerning object positioning, the actual adjustment of 
speed of eye movement to permit accurate tracking is 
achieved through visual input, which is ignored by the 
perceptual process, This means that having initiated a 
tracking movement, sequential images are interpreted. 
on angular velocity assumptions determined by this 
initial response and ignored by the higher integrative 
centres, These assumptions may, of course, be inac- 
curate, especially if the velocity of the moving target 
changes. Thus, any induced errors require repetitive 
readjustments of the tracking response 

Conclusions derived from experiments such as 
these are greatly influenced by the design of the exper- 
iment. It has been observed that the perception of 
heading (je. the direction taken by the observer under 
conditions of radial retinal image flow, ot optic flow) 
in a situation where a moving target is also fixated can 
be achieved accurately only if extraretinal information 
concerning the position of the eyes is available, ie. via 
proprioceptors from extraocular and head and neck 
muscles, Under special circumstances, such informa- 
tion, termed structure from motion (SFM) informa- 
tion, can be integrated with purely retinal image 
information, In addition, the resultant perception can 
vary significantly depending on whether the abject or 
the observer is moving, even if the relative disparity 
in motion between them is the same. This sort of 
information has direct relevance to clinical problems, 
as in the condition of oscillopsia, where image stabi- 
lization is last and the patient experiences ‘retinal slip 
Gee next section). In such patients it is not clear 
whether the defect lies in the well-established 
vestibulo-ocular reflexes or whether loss of a putative 


cervico-ocular reflex, via neck proprioceptors, is 
contributory. 

Thus spatial constancy, i.e. maintaining a ‘station- 
ary’ percept of moving objects despite their repeated. 
and sudden changes in retinal stimulation, isa funda- 
mental visual perception. Spatial constancy also has a 
memory component. When an illuminated object is 
viewed in the dark, the eyes will, after an initial 
‘searching’ response, adopt a position close to fixation 
(approximately within 2° of the target) when the illu- 
mination is switched off (Fig, 5-23). This has been 
attributed to same element of positional sense from an 
extraretinal source, such as head-eye position in space 
and locomotion (egocentric versus allocentric signals), 
Similarly, the constant drift of the eyes towards fixa- 
tion in the dark has been attributed to a similar mech- 
Place’ cells occur in the 


anism (see next section) 
hypothalamus and thalamus of the brain and correct 
visual input to active locomotor and possibly naviga- 
tional (optic flow, see below) input. 


11-09-07 05-03-07 07 03 05 07 09 11 
Opposite ection Gain (7) Same drecton 


GO: 


FIGURES-23 Results of the voluntary (VOL) and involuntary (INVOL) 
tye movement studies. The curves show responses averaged aver 
subjects, and overall simulated distances (there vas no significant 
effect of distance). Mean bias and width were calculated by fiting 
the dats of individual subjects with th logistic curves and averaging 
the parameters thus obtained. Bars indicate between-subjectsstand- 
ard errors. (Fiom Wever, 2003, with permission tran Blackwell 
Publishing) 


Measuring by eye 

We frequently use our vision to measure things by 
eye, eg. to line up objects in a row or to determine 
the distance between two points. Simplistically, it 
might be thought that, for example, the distance 
between two objects should correlate with a defined 
distance between stimulated receptors in the retina, 
or that the length of a line will be determined by 


stimulation of a fixed number of retinal receptors. 
However, the ps 
rot as simple as it might appear. For instance, two 


thophysical basis of these abilities is 


lines of the same length running in different directions 
may stimulate a different number of re 
direction of lines will be distorted by 


tors as the 


1¢ curvature of 
the eye and its position on eye movement, In addition, 
errors will be introduced on head movement since the 
head rolls further than 
this disparity is compensated for by input from the 


1¢ eye in the socket (some of 


BOX 5-12 AUBERT'S PHENOMENON 


ai 
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semicircular canals), Attempts have been made to 
adjust for image distortion due to eye curvature and 
movement using after-images, which obviously must 


reflect closely the actual retinal stimulation versus the 


real’ direction of the object, but even this is not suf 


ficient to account for the fact that we perceive the 
object in its true position and not in its distorted 
position. This is nicely demonstrated by Aubert’ phe- 
nomenon (Box 5-12) in which the speed of a moving 
object appears slower when the object is tracked by 


eye movements than when its motion is detected with 


the eyes remaining in one position, ic. the abject is 
not visually tracked 

A compensatory mechanism based in the higher 
centres must therefore be in place; it must be highl 
de 


is extremely high; for detecting the orientation of hori 


loped because the accuracy of measuring by eye 


zontal lines the error rate is 0.2% and for vertical lines 


‘A vertical bright light viewed in a completely dark room 
il tit to the left if the head is slowiy ted to the right 
(B). Ifthe head is tilted suddenly or if the line is viewed in 
the light, the ine appears upright in its normal position 


(A) Resting position; (B) stow head tit o right, object appears to move to lt; (C) fast hea tt to right, object stays upright, 


(C), Thus information on retinal position is fed via the 
semicircular canals to the object-posiioning centre; 
(A) resting positon. 
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it is 1.0%, as determined with a perceived direction 
test, The greater accuracy for estimating vertical and. 
horizontal lines over oblique lines is not the result of 
preferred direction of eye movements or of the 
‘numbers of retinal receptors stimulated but is a func- 
tion of cortical activity. 

Considerable evidence has now accrued to show 
that the visual cortex contains specific cells that are 
responsive to the orientation of lines. Indeed, the 
ability to ‘parse visual scenes for the orientation of 
purely spatial cues’ has been shown to be a fundamen- 
tal property of even the simple insect brain. Vertical 
and horizontal orientation detectors occur as simple 
cortical cells (see below) and are distinct from motion 
detectors. Orientation detectors are considered essen- 
tial to the analysis of form, 

The patterns of objects also greatly influence our 
ability to make visual measurements, For instance, 
two angles can be accurately compared if we can fixate 
each of them directly and if the sides are parallel. In 
addition there are numerous examples of optical illu- 
sions where objects to be compared appear to be dif- 
ferent in length or area/size if one of them has been 
altered by the addition of other visual cues that are 
interpreted by the higher visual centres in one particu- 
lar direction (see Box 5-11) 

Therefore, both patterns and directions are impor- 
tant in visually estimating object dimensions: the 
retina uses the horizontal and vertical meridians as x 
and y axes to provide coordinates and thereby to pin- 
point objects in space. As these axes are subject to 
displacement by, for instance, eye movement, it is 
important that a psychophysical compensatory mech- 
anism exists that will reinterpret the position of the 
co-ordinates to project the real position and direction 
of the object in space 


‘Are two eyes better than one? 
‘As most ‘objects’ are three-dimensional, it is clearly 
important that depth perception is achievable by the 
visual system, The major advantage obtained by bin- 
ocular viewing is that it permits depth perception or 
stereopsis. This occurs in the cortex and depends on 
the fusion of images from each eye, However, depth. 
perception is a complex event and information from 
many sources is used to achieve it 


One mechanism for depth perception could be 
related to the convergence of the eyes. Fixation of an 
object with both eyes requires a variable degree of 
convergence depending on the distance of the object, 
and information derived from this can be utilized to 
determine object distance, Indeed it has been sug- 
gested that variations in convergence can lead to three- 
dimensional illusions, although these may be caused, 
by other mechanisms 

Is it possible to perceive depth with one eye only? 
Determination of object position using x and y axes 
as described ahove provides two-dimensional infor- 
mation only. Geometrically, it should not be possible 
to obtain three-dimensional information using one 
eye. However, certain cttes, mostly built upon previ- 
ous experience, indicate that some sense of depth 
is possible, eg, by comparing the relative size of 
objects (for example, a person and a house), the blue 
colour of distant mountains (although they should 
be yellow ~ they are darker blue in comparison 
with the background light blue of the sky), overlap- 
ping edges of objects, effects of light and dark 
shading, effects of texture, and parallax on movement 
of the observers head. It has also been suggested that, 
the sensory feedback from the ciliary muscles on 
accommodation might provide some information 
centrally regarding depth (similar to the effects of 
convergence when both eyes are used), but this is 
unlikely 

When both eyes are used to observe an object in 
the straight ahead (primary) position, the image is still 
perceived as one, even though the image of that object, 
must appear positionally but symmetrically different 
to each eye individually ~ indeed the image can be 
treated as if it were projected from a single centrally 
placed! eye (the ‘cyclopean’ eye). When a second object 
is presented in the primary position, but closer to the 
observer than the original object, the second abject is, 
seen double when the original object is fixated (Fig. 
5-24). Diplopia in this position is described as heter- 
onymous; when the second object is distant from the 
first, the induced diplopia is described as homony- 
mous, However, this form of diplopia is rarely appreci- 
ated because we normally do not attempt to fixate 
more than one object in the primary position when 
viewing with both eyes. When we aim at a target using, 
a second object to line up fixation, as with the sights, 


1 te fa 

FIGURE 5-24 The ‘cyciopean eye (shaded) is the abstract notion 
representing fusion of the two images from lft and right. Image A 
is fused (f+ fe at fe) but image B cannot be simultaneously viewed 
vithout diplopia (heteronymous) (b+ be at band bs) due to the 
Projected images at 8” and B”. respectively. Homonymous diplopia 
‘would occur i B was distant fram A. Using ether eye alone for align- 
‘ment of the object would entail point C aligning with A (right eye) 
and point D aligning with A for the let eye. N, nodal point. (Courtesy 
of H. Dawson) 


of a rifle, we normally do so with one eye only (see 
Fig, 5-24), 

‘A similar form of diplopia can be induced by 
divergent squint, or by placing a base-out prism in 
front of one eye; both of these conditions have the 
effect of re-siting the projection of the image to a ‘false 
position from its normal cyclopean position, False 
projection in a squinting eye can lead to the develop- 
ment of a ‘false’ macula, which in fact is a cortical 
event because the anatomy of the retina remains the 
same, The development of a false macula reflects the 
plasticity of the cortex and indicates that projection of 
the eye through the nodal point is an innate mecha- 
nism, A similar ‘pseudofovea’ may develop in the pres 
ence of hemianopia. 

The fact that we rarely experience double vision, 
even when rapidly and simultaneously fixating many 
objects in a scene, indicates that the images from both. 
eyes are merged or fused; this is not simply a reduphi- 
cation of information from both eyes but an actual 
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psychophysical event that is used to provide depth 
information or stereopss. 


STEREOPSIS AND DEPTH PERCEPTION 


The fusion of images to create the perception of depth 
requires certain conditions: first, the images from each. 
eye must have corresponding points on both retinas 
If all points on a sizeable object were exactly corre- 
sponding, however, this would merely lead to a redu- 
plication of information and it is likely that only one 
of these points would register (this would be analo- 
gous to allelic dominance in chromosomal gene 
duplication in which only one gene is expressed 
twanscriptionally while its partner is not; see Ch. 3, 
p. 137). Single-cell measurements have shown, 
however, that impulses from both retinas induce elec- 
tical activity in cortical neurones, 

The second requirement for image fusion is that a 
certain proportion of points are non-corresponding, 
and represent the differences between the two images 
on the retina, which may be smaller than the width of 
a single cone, and are known as binocular disparities 

Additional content available at https//expertconsult 
inkling.com/, e 

It is the integration of information from coi 
sponding and disparate points that induces the per- 
ception of depth. Both position and phase disparity in 
the corresponding receptive Fields are important in the 
detection of depth cues (Fig, 5-25). 


The horopter 


Psychophysical and theoretical investigation of the 
projected points in space where an object is seen as a 
single image have a long history going back to the 
ancient studies of Ptolemy and the work of bn 
al-Haytham in the eleventh century. The correspond- 
ing regions in the retina include both the horizontal 
and vertical meridia and equidistant points from each 
of these meridia, Single vision can be achieved only 
when the images of the object are projected from each 
eye to the same point in space 

Corresponding points can be charted as a ‘horop- 
ter, in which specific points on the retina project to 
definite single points in space — within the field of 
binocular single vision (Box 5-13). The vertical horop- 
ter has a backwards tilt that passes through the fixa- 
tion point and a point near the feet of the observer 


“The images registered through each eye ar lferent (ce 
open access link to hup/sviywision el constereo 
Ino) andl the bran processes these images, making note 
particulary of the differences (dspanties). Simultaneous 
feqgsttation of the images is thought to he necessary for 
the images to be fused, although there is evidence that 
cach image is registered diferent in time, i. each eye 
takes ashot ofthe image with a very bf time interval 
between the registrations, Stereopsis can be measured 
with a variety of devices, one of the oldest being the 
stereoscope, Which 1s essentially an instrument con 
structed from a par of base-out prisms, whose postion 
can be manipulated, The streoscope has along history 
‘but continues to be modernized, one of the latest being 
the View-Master® which is now fully within the digital 
age and inchudes a video-based version (See hitp// 
zaltz. comMiew-master-grows-up-modern-stereascope 
~video-viewer/), 
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Oditortal 


The head of the Moscow research 
group “Hosmopoisk” Dr. Vadia 
A. Chernobrov (our readers cer 
lainly remember his articles on 
experiments with time) has 
recently visited the editorial office 
of New Energy Technologies in 
Saint-Petersburg, Russia. His 
wrsil was caused by discussion on 


the Time Machine project (inves- 


ligation of active properties of 
lime), started under agreement 
- ~~. with Faraday Babs Btd. Our 
De. Clernobron ond KET edie Olga Leontyeos: — Tn readerson 
the lopic in laler issues. 
NEW ENERGY TECHNOLOGIES 
Publisher Faraday Lab Lid New Book 
Edtorin-Chief Alexander V. Frolov 
Eattor Olga O. Leontyeva Dear Reader! 


Designer Exaterna f Yekovevs All articles of the previous 6 NET issues will soon be published as a new 
book in English (400 pages, more than 100 photos, figures and draw- 


ep oe ings, format A4). 
Paige af You can order by e-mail: book2001@faraday.ru 
or fax 7-812-3806564 
oe Energy ee ee Price with airmail delivery is 83 USD. 
‘six times a year 
ater sae NEW ENERGY TECHNOLOGIES ANALYSIS 
193024, Russia Were do NET subscribers come from? 
Phonefiaic eee seney me USA, Cena, France. Acme ane Noewy 
www faraday ns ohare a 
‘Subscription: $90 any foreign x 
‘Air mail delivery inchided “ler pd 
PRINTED IN RUSSIA nN 
Copyright © 2002 by Faraday Lab Lid. 
Ailrights reserved. ar) 
exe Sil 
Sree Sooner 
loom owe 
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FIGURE 5-25 Depth perception based on binocular disparities. The 
‘ovea of each eye fates point because abject Tis closer to the 
observer than F, the image of T falls ata diferent retinal location in 
the two eyes. The dated ine marks the equivalent retinal location In 
the two ayes. Neurones with receptive fields in both ayes could detect 
this spat in two ways (A) Position diference: the right eye recep 
tive field is an exact copy ofthe lft eye receptive field, but in a dit- 
{erent retinal location. (B) Phase ditfrence: the envelope enclosing 
the right receptive field profi sits in the same postion as for the left 
receptive fed but, within the envelope, the right receptive fel has 
a iflerent structure, responding bes 1 white light on the right-hand 
side. When tasted with a bright bar, both of these mechanisms 
produce a maximal response toa stimulus with 2 disparity equal to 
‘that of T. (From Cumming, 1987, with permission rm Ese.) 


and is the result of a shear in binocular retinal cor 
respondence. Thus the vertical horopter takes the 
form of a cylinder which may be reversed (see Box 
5-13). The true (empiricaV/actual) horapter is strictly 
limited to an area of about 3° from fixation, as deter 
mined experimentally. A special form of horopter is 
one based solely on corresponding points, defined as 
a circle of projected points in space passing through 
the fixation point and the nodal point of the eye (theo- 
retical horopter). This is truly applicable only in the 
horizontal meridian, as the vertical meridians are not 
exactly parallel. Horizontally placed horopters can 
form a ‘stack of slices, producing a longitudinal 
horopter named so as to reflect the vertical lines of 
longitude on the glabe of the earth, In practical terms 
the longitudinal horopter is not a circle but has a well- 
defined shape, approximately representing the field of 
binocular single vision (BSV) (see Box 5-13) 

The field of BSV is an important parameter, 
not simply from a physiological standpoint but also 
for socioeconomic reasons, The normal visual field 
of each eye is approximately elliptical, with a consider- 
able degree of overlap (Fig. 5-26), and the overlapping, 
fields of each eye represent the field of BSV in which 


full stereopsis is assumed to occur in the context of 
horoprer-related corresponding points on the retina. 
In the UK, a certain minimum field of BSV is required 
to qualify for a driver’ licence and is defined as a BSV 
field of 20° above and below the horizontal meridian 
and 60° to either side of the vertical meridian (Fig. 
5-26). Measurement of visual fields can be performed 
by many techniques: currently static automated visual 
fields are the normal practice, although kinetic and 
flicker-based fields are also highly informative, In 
addition, microperimetry is a development af visual 
field testing, which, when combined with scanning- 
laser ophthalmoscopy, permits fine retinal mapping, 
and analysis of discrete regions of retinal function or 
dysfunction 

Additional content available at https:/expertconsult 
inkling.cony. e® 

Thus it has considerable value for detecting retina- 
derived as opposed to visual pathway associated field 
defects (see Ch. 1, p. 92). In clinical practice, quite 
different visual field tests are performed when assess- 
ing either of these central causes of visual field defects. 

‘The horizontal horapter is also defined for specific 
fixation points and therefore certain degrees of con- 
vergence; clearly this will change with the distance 
from the observer. At about 2 m from the observer the 
hotopter is approximately a straight line, while it is 
concave to the face within this distance and convex: 
beyond (see Box 5-13). 


Measuring stereopsis 


‘The measurement of stereopsis involves at least two 
parameters: the degree of convergence required to fuse 
images from two slightly dissimilar objects, and the 
limits of dissimilarity between two abjects at which 
the two images can be fused (stereoacuity). The former 
is relatively easy to measure with an instrument incor 
porating two base-out prisms, known asa sterenscope. 
In the stereoscope, two slightly dissimilar but sym- 
metrical images are presented to each eye and the 
angle of convergence at which the sensation of depth 
is achieved is recorded. In practice, true stereopsis is 
not measured by this method because light and shade 
(ie. monocular cues) provide considerable amounts 
of image disparity to the same object viewed by each 
eye in turn. Other tests that remove the monocular 
cues but use a camouflaged object include the 
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BOX 5-13 CORRESPONDING POINTS OF FIXATION ON THE RETINA CONSTITUTE THE 'HOROPTER’ 
FIELD OF VISION 


(A) The horopter circle. The theoretical horopter circle is (8) The binocular single vision horopter field. in practice 
show as the dark inner sphere, while the actual horopter for the ‘empirical’ horopter is larger than the theoretical horopter 
‘an emmetropic individual i shown by the dashed line, The _since there are many more areas bot forward and rear of 
horopter has been known for centuries. However, in 1818 the cirole where single vision can be obtained: these are the 
‘Vieth-Muller calculated thatthe horizontal ine of binocular inner and outer limits of binocular single vision and 

fixation was a circle which passed through the centre (nodal correspond to Panum’s area. 
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n for each eye separately, the ted of binocular vision (BSV) and the minimum visual field required for driving 
shown. (Courtesy ol H. Danson) 
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FIGURE 5-27 Images A and B cannot be fused instead they induce 
“instantaneous parallax 


neural processing of the stimuli. Indeed, similar but 
disparate images can be perceived in three dimensions 
if they are presented to each eye in sequence, but the 
time interval has to be small (less than 5 of are). 


Image disparity and stereopsis 
True stereopsis is dependent on disparities between 
the two images received by each eye, and therefore a 
certain number of points must fall on disparate points 
on the retina, It is also essential that these disparate 
points are fused like the corresponding points, The 
position of corresponding versus disparate points can 
he assessed by determining the actual differences in 
the stereoscopic projection of a point in space from 
the separate projections of the point made by each eye 
(Nowin’ technique). 

‘There isa limit to the fusional capacity of projected 
images, which is a circumscribed area known as 
Panums area (see Box 5-13). It has been shown that 
it is possible to fuse greater disparities in the horizon- 
tal meridian than in the vertical, and therefore Panum’s 
area forms an ellipse. The size of this area varies 
between individuals, while the threshold disparity that 
can be fused is greatest at the horopter. The extent of 
PanumS area is reduced by small ‘normal’ disjunctive 
eye movements, which can be compensated for by 
using stabilized retinal images. Double images can be 
induced outside Panum’ area and can be used elfec- 
tively to estimate depth 
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Fusion of disparate images to produce stereopsis 
tends to invalidate the notion of the cyclopean eye in 
which single vision is produced by fusion of corre- 
sponding points. However, the cyclopean eye is of 
value in providing a baseline on which an estimate of 
the degree of neural processing involved in the fusion 
of disparate images can be made, Studies of neural 
circuitry in stereopsis have thus shown that it is 
possible to perceive depth without monocular cues, 
for instance by using random-dot stereograms and 
other more novel tests, 

In these tests, 9 x 10 picture elements composed 
of dots, some of which correspond while others are 
symmetrically disparate, are presented in duplicate to 
each eye, These studies also reveal that discrete con- 
tours or edges are not essential for three-dimensional 
vision, although the contribution from ‘texture analy- 
sis’ is not clear (see below). Random-dot stereograms 
are also not quantitative 

The level at which processing for stereopsis occurs 
has been questioned on many occasions hecause it 
is such an instantaneous response and is difficult 
to separate from a retinal ‘sensation’. Stereopsis is 
also sensitive to certain optical effects such as ani- 
seiktonia, horizontally it is affected by as little as a 
0.25% change in image size, while vertical magnifica 
tion disparities are simply transferred to the horizontal 
meridian of the fellow eye. The Pulfrich phenomenon 
is an optical illusion based on similar processing 
events (Box 5-14). However, true disparity selective 
cortical neurones have been detected in V1, although 
the extent to which these neurones are simply ‘rival- 
ous’ (see next section) or stereopsis-inducing may 
depend on the degree of further cortical processing 
which appears to take place in the middle temporal 
(MT, V5) area of the visual cortex, an area associated. 
with motion detection (see below). Furthermore, dis- 
parity matching appears to be a two-dimensional and. 
not merely a one-dimensional process, involving 
fusion of images in a vertical as well as horizontal 
disparity 


RETINAL RIVALRY AND OCULAR DOMINANCE 


Retinal rivalry isin essence a term that describes simul- 
taneous perception by each eye individually without 
fusion of the images. This can be demonstrated a, for 
instance, when the letters F and L are viewed by each. 
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BOX 5-14 THE PULFRICH PHENOMENON 


‘The illusion of depth can be demonstrated by viewing a 
swinging, luminous pendulum through both eyes, one of 
hich Is covered by a red filer and the other by a green 
filter. IN is thought to be the result of disparate images. 
‘occurring during the movement of the pendulum 
stimulating corresponding points at fractionally diferent 
times. 


eye separately to produce the letter E. This phenom- 
enon also has a periodicity to it, which is involuntary. 
I is related to but different ftom binocular rivalry as 
illustrated by the Schrodinger staircase or Rubin’ vase 
Gee Box 5-11). Both are described as ‘bistable phe- 
nomena’ and ate processed at retinal and cortical 


levels, respectively, Recent (MRI studies confirm that 
activation of the sensation of monocular rivalry 
involves recruitment of whole-brain networks as well 
as visual area V3 (see below), particularly for complex: 
objects stich as faces and houses (Fig. 9-28), Retinal 
rivalry can also be alfected by saccades and extraretinal 
eye movement signals. 

Ocular dominance refers to the preferential use of 
one eye when performing monocular activities. This 
can be demonstrated electrophysiologically and is not 
necessarily related to handedness, However, whether 
there is evidence for true ‘cortical’ dominance for pret 
erential use of one eye has not heen established. In a 
perfectly equally sighted individual, input from one 
retina will mirror exactly that from the other retina, 

Certain involuntary events take place that hear an 
retinal rivalry and ocular dominance. For instance, if 
the same image is presented to each eye at different 
levels of brightness, then the image in one eye may be 
suppressed (ocular dominance). Or the binocular 
image may appear less bright than the same image 
when viewed monocularly (e.g. with a uniocular 
cataract) 


COLOUR PROCESSING 


The perception of colour is a complex cortical event 
that is dependent on input from several sources, The 
use of mondrians (coloured patterns produced with 
variably illuminated narrow-waveband light) has 
shown that the predominance of a given waveband 
reflected from a surface does not alone determine its 
colour, but that its colour also depends on the wave 
length composition of the light reflected from its sur 
round. Mondrians have been used to demonstrate the 
phenomenon of colour constancy but their relative 
artificiality has been challenged: for instance, dem- 
onstration of other phenomena, such as the AMBE- 
GUJAS phenomenon, in which perceived colours 
can change dramatically depending on the three. 
dimensional surface of wavelength reflectance. 
Instead, well-defined real colour scenes have been 
devised that contain cues for the intrinsic surface 
colours and the recovery of the light source. These 
studies show that colour constancy is a real phenom. 
enon but is not as absolute as previously thought 
and depends on input from local and global contrast. 
This depends on several factors, including spatial 
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FIGURES-28 Monocular rivalry as demo 
(A) Shows cortical activation forthe ni 
and V 


V1), 
LF) a 


ial temporal sulcus (MTS), superir pari 
anterior lateral prefrontal (LFa) and orbit 


SP), 
roma (OF) 


configuration and scale, and context, Texture, as in 
he AMBEGUJAS phe 


omenon, appears to the most 


that the reflectance of light i 
Although 

urface may vary, the 
nn image that fit 


central to the perception of colour 
amount of light reflecte. 


the reflectance 
which is a constant physical attribute of the object 
The brain assesses the “‘lightr 


surface compared with the 


or ‘darkness’ of 
surround, for each of the 


hree predominant wavelengths in tun, and this 


ichieved, therefore, by a comparison of 
he reflected intensities of lights from one surfac 
urfaces for lights of dif 


followed by a comparison of the 


with those of surrounding 
ferent waveband: 


‘SHAPE DETECTION 


The detection of form and shape also presents a 
problem when we cor 


shape 


der exactly what we mean by 
As described above, specialized cells exist that 


act as edge detectors for vertical and horizontal lines. 


rated by IMR using a ‘passive’ stimulation protocol and campex objects such as faces and houses. 

alous control stimulus as limited region of activation inthe occipital pole and inclu 

lateral, ventral and medial views of the inflated brain are shown (let and right hemisphere). (B) Shows cortical activation for 
passive viewing of manocular rivalry with grating stimul. Cortical sites included darso- 

iporal-paretal junction (TP 

am Meno and Buckhaugh, 2013) 


iptal (D0), ventra-occintal (VO), ventro-temparal 
supplementary mator area (SMA, lateral prefrontal 


However, the shapes we perceive are much more 
complex than can be simply broken dawn to a serie 
of discrete lines on x and y axes. For example, most 


shapes in the natural world are curvilinear and solid 


he cortex. Thi 


sychophysicists to develop mathematical 


algorithms and a'shape index’ to describe the 


shapes 
and thus provide insight into how the brain might 
information, The 
onstrated using specially oriented stimuli and show 
that global orientation detectic 
input to 


compute the effects can be dem 


is not simply the 
result of he primary visual cortex (V1), 


Second-mider orientation detertion may therefore also 


exist as ‘collector units for first-order VI stimuli. Such 
collector units may also be affected by brightness and 


CONTRIBUTION OF TEXTURE ANALYSIS AND 
MOTION DETECTION TO DEPTH PERCEPTION 

Depth perception is, of course, not only about locating 
object 

In fact 


nn space but also about perceiving solid shaps 
‘ome of the early work on depth perception 
involved studi 


visual function in aircraft pilots. 
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FIGURE 5-29 AMBEGUUAS is a recently described visual perceptual 
phenomenon in which shapes can be discerned from shading of 
Colours. In this image a 3D illusion is created by the darker-shaded 
colour strip passing through the centre ofthe blue and orange rec- 
tangles, giving the impression of a box. ti, however, ambiguous 
a5 to both shape and colour and trequenty returns to a tat surtace 
witha grey central strip. (Peosion SS, 2011. The AMBEGAS phenon- 
non and colour constancy. Petcption 40: 30-38 wach 
owfpubmed/S460510, Fig 4, Pion Ld, London. tp/¥wepion ca. 
hp: pecepionneb com) 


particularly on take-off and landing, They revealed 
that motion detection and texture analysis were more 
relevant for the detection of solid structures, probably 
the most important aspect of visual perception (Figs 
5-30 and 5-31), Many other sources of information 
combine to produce this effect, including binocular 
viewing, parallax, illumination and shading, and edge 
detection, For instance, a random set of dots may 
assume shape if group of dots within the set ‘moved 
in relation to the remaining dots ~ an image would 
thus ‘pop out’ ofthe page. Similarly, texture and lustre 
are attributes of an object that relate to discontinuities 
in colour and/or luminance coming from the edges of 
the object, and significantly affect perception of its 
shape 

Most recently it has also been shown that the detec: 
tion of a shape also depends on previous experience/ 


FIGURE 5-30 A pattern of optical texture that is perceptually inter- 
preted as @ smoothly curved three-dimensional surface, (Fram Tod 
‘al, 2005, wih pemissian ftom Elsevier) 
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FIGURE 5-31 Schematic of stimulus geometry. (A) Observer and 
typical target trajectory (solid arrow) at an angle 8 to straight ahead 
are ilustrated, Visual direction ofthe moving target atthe end o its 
motion is given by angle c. (B) Many different trajectories corre- 
spond toa single visual diection.(C) Location of the pointer (grey 
Circle). observers used 8 to set the pointer, they would respond as 
show by the black arrow. The grey arrow shows a typical response 
if observers used «. (From Hari and Diga, 2005) 


memory and whether the observer is ‘expecting’ to 
see the shape. It is clear therefore that this complex 
response is built up from multiple inputs and that 
the search for a shape-detecting centre may prove 
elusive 


Division of labour in the visual system: 
parcellation and the human connectome 
Topographic mapping of brain function has advanced 


ably in the last 5 years and this applies par 
ticularly to vision, specific visual functions and the 


considei 


connections between visual areas and other areas 
which influence visual perception. Zeki early concep. 
tual framework for what he describes as the division 
of labour in the visual cortex has now been elaborated 
to reveal the numerous interconnections between dif 
ferent regions of the brain and how both bottom-up 
and top-down processing occur almost continuously 
(Fig, 5-32), In this contest, it is now well recognized 
that the dorsal (occipito-parietal) and ventral (occipito 
ventral) parcel out bottom-up and top-down process 
ing, respectively: Studies like this are contributing to 
a major project under construction at the present time 
aimed at mapping the human neuronal connections 
in what is termed the ‘human connectome’ (http// 
www.humanconnectomeproject.org/) 

According to current ideas concerning construction 
of the visual image, anatomically discrete areas of 
cortex subserving different functions are reconstituted 
through their extensive connections to produce the 


perception of a final integrated image, for instance 


during complex psychophysical pracess such as those 
involved in ocular dominance (see Fig. 5-28). Thus an 
being ‘impressed’ on. 
the retina like the film in a camera, which is then 


image should not be regarded 


suprasyivat 


FIGURE 5-32 A cerebral grid structure ofthe human brain showing 
the plan ofthe fibre pathways; image taken using dtusion magnetic 
resonance imaging, (From Wedesn el, 2012) 
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codified to make it ‘understood’ by the cortex; rather 
we should appreciate that the processes of 
and cognition (understanding) are not sepa 
rate but totally integrated. Itis likely that, as additional 


sensory information is added to the image, a higher 
level of cognition and thus perception can be achieved. 


IMAGING STUDIES 


Much of the 
animals but advances in imaging the human brain 
have in many ways now taken precedence. ‘Parcel 
lation’ in the human visual cortex has been shown 
by positron emission tomography (PET), magnetoen- 
cephalography and functional magnetic resonance 
imaging ([MRI). Several developments in MRI from 
initial diffusion tensor imaging (DTI) (imaging of 


arly information came from work in 


molecules as they move) to newer techniques such 
as diffuse functional MRI, diffusion-weighted imaging 
and diffusion spectrum imaging have provided the 
tools for the human connectome project. Importantly 
advances in spatial resolution of {MRI images such 
that active regions in specific gyri can he determined 


without interference from image signal of irrel 


1s allowed localization of ventral 


neighbouring sites 
occipito-temporal pathways involved in, for instance 
seeing words (Fig, 5-33). Similar [MRI studies of V4 
for coloured stimuli and V5 for moving targets have 
been done. 


In humans, therefore, it can be said that there i 


‘colour centre’ outside the visual cortex; ie. that th 
is functional specialization as in the monkey. Another 


intriguing observation is that the effect of coloured 
stimuli is lateralized in humans and is not necessarily 
related to handedness or ocular dominance. Similarly 
three different typ 
located to discrete areas of the visual cortex. 


of motion detection have been, 


THE MAGNOCELLULAR AND PARVOCELLULAR 
PATHWAYS SUBSERVE DIFFERENT FUNCTIONS 


‘The striate cortex (area V1) contains the entire map of 
the retina in a highly ordered and predictable distribu: 
tion, It receives this information via the LGN, where 
the neuronal organization is also highly ordered ( 
Ch. 1, p. 93-95). At first 
fore, that retinal ima 


ight it would seem, there 
jould be tly represented 
in the visual cortex on the basis of a point-to-point 


topographical representation. In a very limited sense 
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FIGURE 5-33 Neuroimaging technology has greatly impraved to allow high eves of spatial resolution from posit 
(PET) (A, to fMRI on 30 surfaces (B), to fMRI data (6) (allowing words to be cite 
visual ild maps (shown in the blue outlines) in individual subjects (ight, ventral view) using rtinatapc mapping proce 
activation is near the favel representation of ventral occipital maps (VO-t an 


this is true and may even apply to functional differen 
tiations associated with certain neuronal cell types. 
Thus, the parvocellular (slow) fibres carry information 
concerning foveal and parafoveal activity such a 
patial discrimination and colour, while the magnocel- 
ular (fast) fibres act as transmitters of light detectio 
This explains in part the h 


h sensitivity that we have 


for light and motion detection, which are served via 


the 


eripheral retina, while contrast and colour detec 
tion are slower process 


However, psychophysical phenomena such as 
colour and spatial constancy indicate that simple rep. 
resentation of images on the visual cortex in a retino: 


topic fashion 


is insufficient to explain the resultant 
perception, Even the briefest consideration of wave- 
length discrimination, which is an intrinsically colour 


ent, despite the fact that there are three discrete 


‘ors, would reveal this truth; thus a pillar box 
appears red in most conditions of illumination even 
though the actual wavelength of the reflected light 


pillar box will vary greatly depending on the 


ight source (but see discussion of colour constancy 


above). The perception of colour, and indeed of any 


visual stimulus, is the result of input from many other 
ources in addition to the 1 


A further unexplained problem in studying 


cortex. 


ission tomography 

ted fram phase-scrambled words) coordinated with 
The word-related 

zon) 


2); V2 and V3 are also outlined. (ram 


cortical and indeed lower levels of activity is the con. 


fh level of neuronal ‘noise’ It appears that e' 


in the absence of specific stimulation, there is a 


nificant level of endogenous neuronal activity, which 
is now presumed to modify output (Le. perception in 
the case of vision). This is considered to be one form 


of top-down modulation of output 


‘THE STRIATE CORTEX AND THE PRESTRIATE 
CORTEX SHUFFLE INFORMATION BETWEEN THEM 
IN THE BUILD-UP TO A PERCEIVED IMAGE 

The striate cortex (area V1) is connected to the pre 
striate cortex (areas V3-V8) directly and also via area 
V2 (Fig. 5-34), Each of th 
functic 


specifi all cells in area V5 


s. For example 
respond to motion in the visual system, and are direc 


tionally selective (i.e, each cell responds to motion in 


none of th however, is 
pecific for colour. This function is subserved by cells 


in area V4 


which some of the cells act as wave 


discriminators, but some of these cells also 


respond to orientatior 


of lines and are involved in 
shape (form) detection. Other studies have, however 
fhown ¢ 


Jt contour itfristion ean also be derived 


from motion detection and that this activity takes 


place in the primary visual cortex. Cells in V3 and V3A, 


FIGURES-34 The locations of nine hemifield maps 
In the human visual cortex. The maps are shown 
for one typical subject (AB). (Fom Wandal tl 
2005, wit permission om the yal Soi of Landon j 


are also selective for form but are indifferent to changes 
in wavelength. 

It is clear, therefore, that colour, orientation, 
motion, stereoacuity, texture, etc,, are all processed 
separately in areas V3-V8. As areas V3-V8 receive 
their information from V1, V1 (and V2) must also be 
functionally specialized. It has been suggested that 
there may be a population of cells that respond to 
more than one stimulus, such as texture and motion, 
when these are tested separately. However, this is not 
the common response. 

V2 is likewise organized into areas with thin stripes 
(for colour detection) and thick stripes (for motion 
detection) separated by interstripes, Form-selective 
detectors are present in both the thick and the thin 
stripes, This form of organization of the visual, and 
indeed the entire, grey matter into discrete columns 
of cells responding to specific stimuli has long been 
known (550 years) but its functional significance is 
not clear. 


PARCELLING OUT THE PROCESSING IN V1 

The concept of fumctional/anatomical segregation of 
visual stimuli into components such as colour, motion 
and orientation detection, depth perception, and other 
features is now well established (but see below). The 
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cortical sites of other visual tasks, such as texture 
analysis and shape recognition, are not so easily 
located. Still others, such as face recognition, involve 
regions outside the visual and prestriate cortex, includ- 
ing sites that store memory: 

Despite our lack of knowledge, it is still remarkable 
that such a level of segregation occurs from the retinal 
ganglion cell input, through the LGN to V1, V2 and 
V3-V8 in the cortex, Segregation may have developed 
as a result of the different requirements for generating 
form, colour and motion (e.g. colour compares input 
from one part of the visual field to another) but topog- 
raphy for colour may be less important, In contrast, 
precise topographic localization is important for form 
analysis and motion detection; in the latter, however, 
this is assessed only transiently 

Our perception of the external environment may 
therefore depend on a system of circuits rather like 
combined and serial parallel processing in computers 
where there is'multistage integration’, as Zeki describes 
it, with feedforward and feedback control (now 
described as bottom-up and top-down processing) 
(Zeki, 1990). In line with this concept, perception and. 
comprehension of the visual world occur simultane- 
ously and continuous processing of information, both. 
past and present, is ongoing, 


News from Australia 


“There are a couple of other major 
factors that we won't go into here, 
‘suffice it to say that our current pro- 
totype demonstrates 1500% more * 
out” than “in”... * 


“The Lutec 1000 will be sold throughout 
Australia within three years. The majority of 
buyers are expected to be the home 
‘owners, although there is strong support for 
‘our product throughout the entire strata of 
‘society and business. Market leadership 
‘should be maintained for the next five 
years. The product is sold through commis- 
‘sion only sales agents and our staff at the 
plant, mainly to anyone who needs or uses 
electricity.” 


} 


John Christie (left) is the co-founder, CEO and chairman of Lutec 
(Aust.) Pty Ltd. 


Ludwig (Lou) Brits (right, above) is the co-founder, managing director 
and head of development of Lutec (Aust.) Pty Ltd. He is Chairman and 
director of TT! Pty Lid. TTI Ply Lid isa state government recognised 
RAP. (remote area power) system provider. 


924 5. Physiology of vision and the visual system 


1S THE VISUAL CORTEX ORGANIZED FOR 
HIERARCHICAL NEURAL PROCESSING OR FOR 
FUNCTIONAL SPECIALIZATION? 


The above outline of the organization of visual infor 
mation at the cortical level may be oversimplistic. In 
reality, organization of information reception and inte- 
gration has been considered in two ways, both of 
which are probably contributory: (1) hierarchical 
processing of information through the different regions 
(eg, sequentially from retinal to LGN to V1, then to 
V2, and then simultaneously or differentially to V3, 
V5, ete.); (2) functional specialization in the form 
of precise topographical localization of aspects of 
vision to discrete areas of the visual cortex. One of the 
important recent observations from [MRI work is that 
the concept of precise retinotopic mapping being 
restricted to VI (Le. representation of the fovea and 
peripheral retinal regions to precise sites on the striate 
cortex) may not be accurate, Areas previously consid- 
ered non-retinotopic such as V4 for colour and V5 for 
motion also have tetinotopic representation although, 
less exact than in VI, Not only is there region-specific 
cortical representation for instance of colour, but 
eccentricity maps (distance from fovea) and polar 
angular maps (angle from the horizontal meridian) 
cross each other in their cortical representations, 
allowing a form of mapping of ‘visual space’ on the 
cortex (Figs 5-35 and 5-36) 

It has now become clear that perception of colour, 
motion, form, texture and stereopsis all have varying, 
levels of the following attributes: (1) functional spe- 
cialization in discrete cortical areas; (2) retinotopic 
representation within each of those areas; and 
(3) processing in ‘streams’, e.g. in a colour stream 
where neural processing for wavelength discrimina- 
tion takes place at several levels from the retina, to the 
LGN to V1 and onwards to the specific cortical region 
in V4. Similar organization underpins motion detec- 
tion but less is known about stereopsis or texture 
appreciation. Stereopsis and depth perception are par- 
ticularly interesting since this requires ‘binocular neu- 
ones’ which will merge signals from right and left 
eyes: while V1 is clearly important, it is now realized 
that extrastriate input, e.g. from V2 and V+ as well as 
other areas, is important. Broadly, dorsal visual path- 
ways control cross-correlation between signals while 


FIGURE 5-35 Angular and eccentricity maps near the calarine 
cortex. Maps were measured using (A) rotating wedges and 
(B) expanding rings comprising contrast-reversing dartboard pat- 
tems. The stimuli extended aver the central 20° of the visual field 
‘and completed six cycles during each experimental scan. The colour 
veray indicates the visual field angle (A) or eccentricity (B) that 
produces the most powerful response at each cortical location. For 
Clarity, only responses near the calarine cortex are shown. The 
‘raph plots the response amplitude as a function of temporal fe- 
{quency as measured in a 3 mm radius disc located inthe calarine 
(see arrow). The response is significantly greater atthe stimulus 
repetition frequency (six cycles per scan, shown in red) than other 
temporal frequencies. The secondary peaks at integer multiples of 
the stimulus frequency are expected and are also significant. The 
‘graph is included in the image to provide the reader with an assess- 
ment ofthe rliabity ofthe responses. The stimulus-driven responses 
shown here are substantially above the statistical theshold (P < 
10.001, uncorrected). (Fem Wandelt al, 2005, with permission tom he 
Royal Society of London) 
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FIGURE 5-36 Early and mid-level visual areas. 
Top: Superposition of eccentricity and polar angle 
‘maps. Yellow, blue and pink bands indicate eccen- 
tricity maps nes indicate centres of upper, low 
and horizontal representations (see icons). Note 
that meridian ins crass all eccentricities orthogo- 
rally. Bottom: Visual areas ona flattened represen- 
tation and on the brain volume. Visual area names 
under consensus are denoted in black, and areas 
under debate are marked in blue italics. (Fen Gil 
Spector and Malach, 2004, wih permission trom t 
publisher of Annual Reviews.) 


ventral pathways address the problem of making mul- occurs, for instance activity induced in visual areas V1 
iple signal matches and V2 by increased ‘expectation’ or attention to a 
There is further sophistication in perceptual path- region even in the absence of a specific visual object 
ways, Regions anterodorsal and anteroventral to the Even input from emotional stimuli or stereotypical 
striate cortex are not only specialized to detect aspects events can modify the visual areas as seen on [MRI 


of vision such as form or colour but also to detect spe As {MRI advances with ever better technology 
cific objects such as faces, tools, words and even places including diffusion tensor MRI, detailed information 

), Despite this, there is still a strong hierar- about the organization of areas such as the intrapar 
chical organization for information pr For etal suture (IPS) have been revealed 
instance the receptive fields for the same are Additional content available at 
smallest in V1 and increase progressively through V2, ® 
 V3A and V4. To add further complexity to the final Functional connectivity analyses also showed 


tal 


percept, there is evidence that top-down processing increased interaction between the IPS and pre 


‘Tasks which involve attention as well as the maintenance 
and re-configuration of tnformation in working memory 
(WM) ate centred on the IPS (eFig. 5-7). WM tasks are 
closely integrated with what is termed the ‘contralateral 
visual space’ (Le. IMRI mappable areas on the contralateral 
visual cortex) while both sides of the IPS are used for 
processing this information. In a recent study, Bray and 
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colleagues performed visuotopic mapping in a group of 
volunteers and showed that a briefly flashed target prefer 
entially engaged the contralateral IPS but when the target 
was ‘mentally’ rotated around a circle (ie. manipulating 
spatial information) both IPS were activated, and activa- 
tion was most marked in region IPS1 in most but not all 
Individuals (Bray et al, 2015), 


{FIGURE 5-7 The intraparetal sulcus (IPS) shown in its various regions (IPSO-4) in various views of inflated images ofthe cortex. Visual 
cortex areas 1—4 are also shown. Dashed white lines represent borders between adjacent area. (From Say al al, 2013) 
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regions during manipulation, as well as interhemi- 
spheric interactions, Two control tasks demonstrated 
that covert attention shifts and non-spatial manipula- 
tion (arithmetic) engaged patterns of IPS activation 
and connectivity that were distinct from WM manipu- 
lation, These findings add to our understanding of the 
role of IPS in spatial WM maintenance and manipula- 
tion. This type of study reveals the visuotopic arrange- 
ment of the fibres as they pass through the classically 
described ‘optic radiation’ (see Ch. 1, p. 95) and will 
be of considerable value in identifying very specific 
neurological defects as well as informing us on basic 
neurophysiology. 

Area V4 remains a bit of a puzzle, While many 
functions have been attributed to it, precisely how this, 
region modulates other visual areas such as colour or 
feature processing are unclear. It has recently been 
proposed that the role of V4 is to facilitate neuronal 
traffic into sets of domain-based networks (such as 
colour and motion) in two directions, i. it probably 
acts as a hub for the convergence of top-down and 
bottom-up information (Roe at al., 2012). 


Physiology of ocular movement 


Many of the aspects of the visual response described. 
above would not be possible without the coordinated 


FIGURE 5-37 Face-. object-. and place-selective 
‘egos in the human brain displayed onan inflated 
surface representation of the same subject as in 
Fig. 5-36, lens indicate the comparisons done in 
the statistical tests. Left areas responding more 
strongly to faces than objects, places, or textures 
Centre: areas responding mare strongly to objects 
than faces, places, or textures. Right areas 
responding more strongly to places (scenes) than 
faces, abecs, or textures. Yellow and orange ind- 
cate statistical significance: P < 10°" < P< 10°. 
Coloured lines indicate borders of retinotopic 
visual areas, Blue indicates area hMT, defined as 
‘region in the posterior bank of the inferotemparal 
sulcus that responds more strongly to moving 
versus stationary lav-contrast gratings (with P< 
10°). (Fam Gril-Spctr and Mach, 2004, wt pr- 
mission trom the publisher af nual Reviews) 


movement of the eyes, indeed, eye motion is a funda- 
mental feature of ocular and visual physiology since 
eyes in the alert state are never at rest. Eye movements 
are paired even when they move in different direc- 
tions, as in convergence responses, Neural control of 
paired eye movements occurs at several levels, as for 
any neuromuscular event, ie, at a reflex/subcortical 
level and via cortical control, The anatomy of the 
ocular muscles and the innervations of the ocular 
muscles via the cranial nerves and brainstem nucleus 
have been reviewed in Chapter 1 (see pp. 68-77) 


‘TYPES OF MOVEMENT 
Uniocular eye movements 


Each eye can be moved in the direction of action of 
the ocular muscles (Box 5-15), which are usually 
described around a centre of rotation of the globe 
placed about 14mm behind the cornea. Rotation is 
either in a vertical (¢ axis) or a horizontal (x axis) 
plane, otherwise known as Listings plane. Torsional 
motion of the eye occurs around a median or vertical 
plane through the midline of the skull; this movement 
can also be described in most circumstances in refer 
ence to the retinal horizon (the xy plane). Rolling, 
movements of the eye occur along an anteroposterior 
axis, while intermediate movements between any of 
these axes are possible, 


BOX 5-15 EVALUATION OF EXTRAOCULAR 
MUSCLE FUNCTION 


‘The direction of action of the extraocular muscles is 

‘complex and should be considered in three dimensions. 

‘The diagram indicates the action af the muscles when they 

i450 Fe el cel or a cya lend 
low. 
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Right oye 


For instance, the action of the SO muscle is to move the 
‘eye down (depression) and out (divergence). However, 
‘depression ofthe eye can aso be Induced by the IR. 
Therefore, n order to test the depressor (downward) 
‘function of the SO, the simplest way is to test this function 
‘when the eye isn a position vier the other depressor 
(ie) camo ct i.e; when he oe is aut 

ducting the eye In effect ‘shorten’ the IR (the other 
‘depressor of the eye, thereby compromising its role as a 
depressor — muscles are less efficient if their muscle belly 
| shortened). The $0 is thus the only depressor inthe 
adducted position and vie versa for IR. IR, inferior rectus, 
SO, superior oblique; 10, inferior oblique; LR, lateral rectus; 
MR, medial rectus; SR, Superior rectus. 


Left eye 


Binocular eye movements 
The extent of movement of one eye is equal and sym- 
metric to the other (Herings rule); in conjugate move- 
ments the eyes move in parallel while in dysjunctive 
movements (convergence and divergence) they move 
in opposite directions, In the fusion-free or physiolog- 
ical position of rest (not the primary position of gaze, 
as this requires fixation on a target) the eyes are 
slightly divergent 

Conjugate movements require reciprocal innerva- 
tion of the muscles, which can therefore be described 
as conjugate pairs of muscles for each direction of gaze 
(ee Box 5-15). This is limited in that the excursion of 
each muscle is usually greater than that of the pair. 
The effect is to produce a field of binocular single 
vision, a parameter of great practical significance with 
respect to standards of normal visual function for the 
purposes of vehicle license regulations (see Fig, 5-26). 
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Convergence movements require the combined 
action of both medial recti; the extent of movement is 
limited by the near point (5-10 cm from the eyes; this 
is not allected by age unlike the near point of accom- 
modation) and the far point af convergence (deter- 
mined in the position of rest as the projected 
intersection). The converging power of the eye is 
measured by the metre angle, which depends on the 
interpupillary distance and can be assessed using 
graded prisms, From this, the amplitude of conver- 
gence can be calculated, which is the difference 
henwveen the converging power of the eye for the near 
and far points of convergence. The fusional drive can 
add a component to the converging power of the eye 
~ the fusion supplement, This has practical signifi- 
cance, for instance, when estimating the effects of 
accommodating intragcular lenses on depth of field 
(see eFig. 5-4). @ 
Conjugate movements of the eye may be in the 
form of short sharp movements (saccades) or continu 
ous tracking movements (smooth pursuit), Even when 
under apparent steady fixation, there are small conju- 
gate movements (microsaccades). Voluntary 
‘search’ movements (i.e. directed towards non-clefined 
targets) are under higher cortical control (see below). 
Experimental studies have shown that visual input is 
required for saccadic movements and is linked to 
image latency: Tracking movements, however, require 
visual input plus object speed to be no greater than 
30-40° per second and to match that of the eye 
movement. 


Saceades 
+ Rapid voluntary relocation of fixation 
+ Under supranuclear contralateral control 
+ Latency of 100 ms 
+ Velocity of 800-1000" 


Pursuit 

+ Slower tracking movements 

+ Under supranuclear ipsilateral cortical control 

+ Latency of 150 ms 

+ Velocity of 30-50%, 
During saccades, there is selective suppression of 
motion detection over other stimuli, suggesting that 
saccades suppress only the magnocellular pathway. It 
is also important to consider the concept of optic flow, 
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in which an object moving in relation to a static 
observer generates a pattern of relative motion in the 
retinal image. The control of eye movements under 
these conditions may be difficult to analyse, particu- 
larly ifthe observer is tracking a slowly moving object 
against a faster moving background. 


The situation becomes even more complex if the 
observer is also moving, Here the visuomotor and 
vestibulomotor interact with each other to stabilize the 
image (Box 5-16). 

Optic flow is based on what are described as ‘short 
latency’ eye movements generated by the sensation of 


BOX 5-16 THE IMAGE WE SEE IS DESTABILIZED WHEN WE ARE MOVING BECAUSE OF OPTIC FLOW 


Optic flow isa form of visual streaming which occurs as we 
‘are moving continuously in one direction. It occurs because 
the image ofthe same objects) are constantly changing with 
regards to which area of the retina they stimulate. An object 
‘of interest is fixed by our gaze and is usually tracked as we 
‘00 forward but the eye movement used for this purpose 
interteres with the tlow of information (optic flow) generated 
by objects in the background which inform us where we are 
‘going and allow us to navigate propery. Accordinaly, the 
‘object of interest loses focus’ and becomes blurred (see 
figure). Both the visuomotor and vestibulomotor systems are 
at play here and attempt to compensate for the instabilities 
‘of retinal images, which typically vary a a function of retinal 
location and dite for each eye. 

(A) Blurring ofa natural scene image on the retina during 
simulate letvard se-motion. Near objects blur more than 
{ar objects. Without a compensatory eye movement, only 


objects at optical infinity (for example, mountains on the 
horizon) remain stable on the retina. (B) idealized patterns of 
corresponding planar optic flow (in panel (A)). Small black 
‘arrows indicate the relative displacement of three groups of 
targets, located at diferent isovergence distances, during the 
first 100 ms of constant velocity (50 em s) translation to 
the left (large Diack arrow). Shaded areas indicate the angular 
displacements ofthe targets at diferent distances and 
horizontal eccentricities, as seen from the right eye 

(C) White circes indicate two horizontal spatial locations of 
image bluring on the retina; cross indicates forward 
movement direction. (D) idealized patterns of corresponding 
planar optic flow (in panel (C)). Shades from red to blue 
ilustrate transition from the fovea tothe retinal periphery. 
Note that these components represent the flow velocity 
perpendicular to the optic axis. 
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achanging image orscene, experienced by the observer 
while moving so that correct navigational or direc 
tional movement can be made, e.g, ‘heading’ 


CONTROL OF EYE MOVEMENT 


‘The eye muscles in the primary position of gaze are 
in a state of tonic activity, Each muscle, however, is 
activated when the eye moves in its field of action 
and is inhibited in the opposite direction. The final 
pathway for neuronal control of eye movement occurs 
via the cranial nerves (see Ch. 1, p. 69), which are 
the motor neurone equivalent of the spinal nerves 
subserving reflex responses. As for any muscle, 
however, the ocular muscles are under both reflex 
and ‘higher centre’ control, with the frontal cortex 
regulating voluntary activity and the occipital cortex 
and superior colliculus serving as coordinating 
centres, In addition, there are numerous interneurones 
and connections with other pathways at the cortical 
level, e.g. via the paramedian pontine reticular forma- 
tion (PPRF), and at the reflex level, e.g. the vestibulo- 
ocular reflex and the cervico-ocular reflex (see above 
section in relation to optic flow). The generation of 
horizontal and vertical saccades (gaze) and the fine- 
tuning of eye movements involve the integrated supra- 
nuclear network within the midbrain (PPRF_ and 
rostral interstitial nucleus of medial longitudinal fas- 
ciculus (riMLF)) and brainstem (vestibulo-ocular and 
cervico-ocular reflexes), which will be discussed in 
more detail below, 


‘The fixation reflex 


‘The ability to fixate a bright light is a basic reflex that 
isevident within a few days of birth, but the binocular 
reflex involving conjugate eye movements and a sus- 
tained response takes several months to be fully devel- 
oped. Foveal fixation is the endpoint of the searching 
movement of the muscles and may be considered the 
point of peak activity in the nerve/muscle response. 
The nerve response can therefore be said to be ‘tuned 
to foveal fixation. In addition, the very small fine eye 
‘movements (microsaccades) that occur with sustained 
foveal fixation are the result of reflex attempts by the 
oculomotor centre to achieve the best perceived image, 
as this falls off rapidly unless a new set of cones is 
stimulated (Box 5-17) 
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The fixation reflex can be demonstrated easily by 
testing for optokinetic nystagmus, where either the 
stationary subject views a moving scene or a moving 
subject views a stationary scene, The nystagmus has a 
slow phase when the eyes follow the target and a fast 
flick when they readjust to the new target position. 
The optokinetic nystagmus response in humans 
requires an intact cortex, although there may be a 
subcortical pathway via the superior colliculus espe- 
Gally for the ‘involuntary’ searching component af the 
response (see Box 5-17). Lesions af the cerebral cortex, 
for example in the temporal lobe, are associated with. 
defects in the optokinetic nystagmus response. The 
nystagmus is preserved in parietal lobe lesions, and. 
this test is therefore clinically useful in localizing 
lesions 

Microsaccades are probably as important in achiev- 
ing a strong fixation reflex as saccades are in searching 
or exploratory eye movements 


Oculovestibular reflexes are eye movement responses. 
to positional changes in the relationship between the 
head and the trunk 


The vestibular apparatus has structures that convey 
static head/trunk positional reflex information (ie. 
when the subject is not in motion) — the utricle and. 
saccule — and kinetic positional information under 
conditions of head/trunk acceleration and decelera- 
tion — the semicircular canals. In the utricle and 
saccule, stimulation of the receptor may occur simply 
on changing position of the head with respect to 
gravity, but the ampullae in the semicircular canals are 
stimulated via inertial forces in the endolymph sur- 
rounding the hair cells (viscous drag). The semiciren- 
lar canals are arranged so that they act in synergistic 
pairs on each side of the head in the x, y and z axes. 
Vertical and torsional movements involve all four ver- 
tical canals, The vestibule ocular apparatus is thus of 
great importance to navigational movements, heading 
and optic flow (see above section), Three-dimensional 
analysis of ocular movements allows the possible loca- 
tion of defects to, for instance, a single semicircular 
canal. The techniques are based on mathematical 
models containing information on rotation vectors, 
reference frames, coordinate systems and Listing’ law, 
and use magnetic search coils in preference to video- 
based systems 
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BOX 5-17 SACCADES ARE GENERATED IN DIFFERENT AREAS OF THE BRAIN 


‘Saccades describe a fundamental feature of our eyes, Le. 
they are never at rest (even when we are sleeping). Even 
‘when we fix our gaze on an object, our eyes stil continually 
‘make small movements termed microsaccades. There is also 
a tendency for the eyes to ‘dit’, especially if we are not 
fixing strongly on an object, and ocular tremor adds a third 
intrinsic movement to the eyes. These movements are 
essential to continued perception of an image since without 
repeated retinal stimulation the image fades. Saccadic eye 
‘movements are generated in several areas ofthe brain, 
‘including the lateral intraparietal area, the trontal eye fields, 


the supplementary eye fields and the dorsolateral prefrontal 
‘cortex (see figure). The neural connections are integrated 
‘with input from the basal ganglia (blue inthe figure) wile 
‘the substantia nigra generat inhibitory impulses which 
prevent unwanted eye movements as well as contro the 
‘onset of saccades. The brainstem (shown in green in (A) and 
in higher magnification in ()) contains a complex feedback 
‘and feedforward circuitry involving ‘excitatory burst and 
‘omnipause' neurones in the superior colliculus which control 
the overall regulation ofthe microsaccades through inhibitory 
‘and activating impulses. 


Resta 


(medullary RF) 


Listing’ law states that, when the head is fixed, the 
Primary position of the eye is such that there is a 
restricted degree of orientation that can be reached by 
a single rotation about an axis in Listing’s plane (see 
above) (nine positions of gaze; Box 5-15 and Figs 5-38 
and 5-39). Listings law applies during fixation, sac- 
cades, smooth pursuit and vergence movements but 
not during sleep oF during vestibulo-ocular reflexes, 
The oculovestibular reflex can be demonstrated by 
the ability of a rotating observer to maintain fixation 
on a stationary target by reflex movement of the eyes 
at the same angular rotation (up to 300°/s) as the 
observer in the opposite direction, In this way there 
is stabilization of the retinal image, The reflex can also 
occur in the dark but is less accurate in its predicted 


Rolling eye movements are due to oculovestibular 
‘and oculocervical reflexes 

Compensatory eye movements during tilting of the 
head towards the shoulders initially involve the semi- 
circular canals but, ifthe movement is sustained, static 


(utricle and saccule) responses participate, However, 
this compensatory movement of the eyes also involves, 
information about neck position from proprioceptors 
in the neck (oculocervical reflex). Lateral movement 
of the head about a vertical axis will induce predomi- 
nanily oculocervical reflexes, while movement of the 
head in the median plane with the eyes fixated pro- 
duces predominantly oculovestibular reflexes (doll’s 
head movement). Doll’ head movements are an 
important clinical sign to test for intact brainstem 
reflexes in cases of cortical damage and loss of supra- 
nuclear control 


‘The midbrain is @ coordinating centre for reflex eye 
movement and connects input from multiple sources 

Voluntary eye movements (saccades) are initiated in 
the contralateral motor strip of the frontal cortex (see 
1, p. 72) and pass down to the midbrain via 
the anterior limb of the internal capsule to synapse in 
the horizontal gaze centre within the PPRF (see Box 
5-17; Fig, 5-40), Neurones then pass to the ipsilateral 
VI nerve and interneurones cross to the opposite 


FIGURES-38 Primary position and Listings plane. There isa unique 
fentation of the ey called ‘primary postion’ or ‘primary gaze 
irecton (direction parallel tothe x-axis), such that pure vertical and 
pure horizontal movements that mave the eye or gaze line from 
primary to secondary positions da not change ocular torsion (eye 
Totations along the respective meridians through A or through C) 
Similarly, any mavement that rotates the eya/gaze line fram primary 
to tertiary positions on oblique meridian planes does not change 
torsion (2g. movements along the meridans through B to 0). The 
‘axes of single rotations that move the eye from primary to secondary 
tertiary positions lie all in one plan, called Listng's plane (the 
plane containing the y and zaxes). Tertiary positions cannot be 
reached from secondary positions by any combination of horizontal 
and vertical acular rotations (a torsional component is also needed: 
see hatf-angle rule) (From Angel and Hess, 2004, wih pxmission from 
Blachwel Publishing) 


‘medial longitudinal fasciculus to subserve the contra- 
lateral II nerve. Within the PPRF are burst cells, 
which have a high but transient rate of discharge 
(1000 Hz/s) and, when fired, generate the saccade. 
Normally the burst cells are continuously inhibited by 
pause cells, until this inhibition is released by dis- 
charge from netrones from the frontal eye fields 
Burst-pause cells, and other types of cells such as 
pacemaking cells, are characteristic of different types 
of neurones in other areas of the brain such as the 
cerebellum, 

Once the saccade has been generated, eye position 
and fixation are maintained via the tonic neural inte- 
grators, also situated within the PPRE The PPRF also 
receives inputs from vestibular nuclei, cerebellum, 
basal ganglia and cervical proprioceptors, giving rise 
to fine accurate control of gaze, and their contribu- 
tions will be discussed below, 

‘The vertical gaze centre is located in the reticular 
‘medial longitudinal fasciculus (RMLF), opposite the 
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FIGURE 5-39 According to Listings law. the ais of rotation of the 
eye (O) is nether head-fxed nor ayefxed, but rtats inthe same 
direction as gaze through half the gaze angle (8/2; the hall-angle 
rule). Thus, at eccentric eye positions, during @ horizontal saccade 
‘or pursuit eye movement, the ais of rotation ofthe eye isnot purely 
horizontal (head-verical dashed line) but also has a torsional com- 
ponent (head-horizontal dashed line). (Fra Angel and Hess, 2004, 
with permisin rom Blckwel Publishing) 


superior colliculus and above the level of the III nerve 
nucleus. Unlike the horizontal gaze centre, the vertical 
gaze centre has no identifiable cortical control, neu- 
tones from which cross to the IIl and IV nerves nuclei 
to subserve vertical gaze. The medial longitudinal fas- 
ciculus, as already mentioned, carries fibres of conju- 
gate horizontal eye movement (involving the VI and 
IIL nerves) and also signals for holding vertical eye 
position, vertical smooth pursuit and vertical vestibulo- 
ocular reflexes. 

Loss of supranuclear control by lesions affecting the 
midbrain and brainstem can give rise to a variety of 
clinical features, the commonest being involvement of 
the medial longitudinal fasciculus in multiple sclero- 
sis, giving rise to abnormal horizontal saccades (inter- 
nuclear ophthalmoplegia) (Box 5-18). 


The superior colliculus is involved in both perception 
and eye movement control 

A small number of fast (M) fibres relay from the retina 
to the superior colliculus, and thence to the pulvinar 
and finally the cortex, These fibres bypass the LGN 
and are described as the extrageniculostriate pathway. 
The fibres have crossed chiasmal representation, 
like optic tract fibres, and synapse in the superior 
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CONTROL OF GAZE/OCULAR MOVEMENT 
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‘CONTROL OF HORIZONTAL GAZE 
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colliculus in retinotopic structured layers, as occurs in 
fibres to the LGN. The organization, however, is less 
clearly demarcated, being in broad superficial and 
deep categories of fibres, 

The function of these fibres is not entirely clear. 
There is evidence for neuronal delay to and from the 
visual cortex via the posterior pulvinar system of 
the thalamus and also to the pretectal region where 
the pupillary fibres relay (Fig, 5-41), The cells also 
have a receptive field organization and a preference for 
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FIGURE 5-40 Outline iagrams for integrated 
contrat ofecular mavements: (A) ‘higher cen- 
tre regulation; (B) brainstem, nuclear control 
MILF, reticular medial longitudinal fasciculus; 
PRE, paramedian pontine reticular formation; 
MLE, medial longitudinal fasciculus 


motion detection (a ‘movement field), particularly the 
rapid! ‘reflex’ locking-on eye movement that occurs in 
the initiation of tracking a moving target or in auto- 
matic scanning during reading. In certain patients, 
with occipital cortex lesions, ‘blindsight’ (the patient 
can detect motion or adjudge orientation without per- 
ceptually ‘seeing’ the object) may be present through 
preservation of this extrageniculostriate pathway. 
Cells in the superficial layers of the pulvinar 
respond to visual input, while those in the deeper 
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BOX 5-18 fMRI IMAGING AND DETECTION OF 
DISCRETE BRAINSTEM LESIONS: 


{MRI imaging of patients with gaze palsies and similar 
‘oculomotor lesions are revealing discrete lesions in the 
brainstem. For instance, lesions in the PPRF or the VI 
herve nucleus cause lateral gaze palsies, while internuclear 
‘ophthalmoplegia is caused by a lesion ofthe MLF, and the 
cne-and:a-half syndrome is caused by lesions at both 
‘sites. Tiny infarcts inthe region of the pons correlating 
‘with the gaze palsies have been described (reviewed by 
Bae et al, 2013). 


sc 


FIGURE 5-41 The extrageniculstriate pathway. Neuronal informa- 
tion tothe superior colliculus (SC) is relayed to the posterior pulvinar 
system (PPS) and on tothe visual cortex. From there it relays back 
to the PPS, the SC and the pretectal nucleus (PT), which completes 
the reverberating loop with the PPS. 


layers respond to motion stimuli, although the cells in 
both layers are in register with each other. The pulvi- 
nar also receives many other subcortical inputs and 
acts as an ‘early processing centre’, receiving feedback 
and feedforward information from the cortex and the 
retina, 

Recent studies in rats as well as (MRI studies in 
humans have suggested that connections through this, 
pathway also occur with the amygdala and several 
other regions associated with ‘phobic’ stimuli and the 
experience of visually induced ‘fear’ perceptions 
induced by danger (Fig, 5-42). 

Lesions in the pulvinar may thus affect such diverse 
functions as pattern recognition, eye movement and 
cerebellar integration in visual responses (see below). 
The colliculus-pulvinar-cortex relay system, there- 
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fore, is a priming system for ocular movement and for 
reducing errors in the localization response by linking 
visual and saccadic activity, possibly in response to 
danger. 


Cortical centres regulate complex eye movements 


Voluntary saccadic gaze movements are initiated by 
centres in the frontal cortex, Most of the fibres cross 
the midline in the anterior limb of the internal capsule 
to end in the gaze centres for motor neurone control 
of eye movement, but some pass to the ipsilateral 
superior colliculus where they inhibit automatic gaze 
responses (see above). In addition, cortical efferents 
remove tonic inhibitory impulses from collicular 
output to the ocular muscles, which are present 
between saccades, as if to ‘free them up’ for full 
excursion eye movements, 

Cortical voluntary saccades are ‘tuned’ as for auto- 
matic saccades, controlled by the superior colliculus; 
in the cortex, tuning is broad and appears to depend 
on recruitment of a precise number of neurones rather 
than a selected number of highly tuned neurones 
responsive to motion and visual activity. Single-cell 
recording studies have also shown that there are cells 
that exhibit presaccadic activity, while others respond. 
only to the visual stimult, A third group appears to 
show complex responses and may be involved in the 
integration of the response through a direct connec- 
tion with the PPRE The frontal eye fields also have an 
oculomotor loop to the substantia nigra in the basal 
ganglia, which contains high levels of dopamine, Loss 
of cells in the substantia nigra and a consequent 
decrease in dopamine concentration is a characteristic 
feature of Parkinson’ disease, This can be tested using 
the ‘anti-saccadic task’ test, in which the urge to fix on 
objects in the peripheral field is voluntarily suppressed. 
through frontal eye field and superior collicular activ 
ity, Patients with this disorder characteristically have 
difficulties with voluntary gaze movements and the 
anti-saccadic task, 

Tracking, smooth pursuit eye movements are under 
cortical control through relay of object position infor- 
‘mation from the occipital cortex to the posterior pari- 
etal cortex (motor cortex of smooth pursuit, posterior 
parietal occipito-temporal regions) and thence to the 
PPRE Here the information is integrated with retinal 
information on abject velocity via the optic tract and. 
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FIGURE 5-42 BOLD MAI activation maps. Patents with arachnophobia show much stranger signals compared with the controls in (A) the 
anterior cingulate cortex, (B) the supplementary motor cortex and (C) the insula forthe contrast ‘Spider > Neutral’ (colour bar indicates the 


tevalue) (From Goossens al, 2007) 


with impulses from the head and neck on observer 
position, before being forwarded to the conjugate gaze 
centre for horizontal In addition, 
recent studies have revealed that the frontal eye fields 
have control over pursuits as well as saccades. 

The temporal cortex, as a centre for relay of motion 
detection information (see abave), might be expected 
to be involved in the control af eye movement. Thus, 


movernent, 


lesions in this area affect saccades to moving targets 
but not to stationary ones, while smooth pursuit 
movements are also impaired 

Aside from obvious visual responses to objects and 
other specific stimuli, the process of entraining visual 
attention in deciding what is to be seen is extremely 
important, Clearly, higher cortical centres are at play 
here. The role of eye movements in initiating visual 
attention is paramount and requires integration of 
information from various regions of the brain, particu- 
larly the frontal eye fields (Fig. 5-43). Attention can 
be both overt (rapid fixating, saccadic eye movement) 
and covert (selective, ‘out of the comer of the eye’, not 
involving eye movement) and each can also. be 
voluntary or involuntary (top-down or bottom-up, 


respectively). Parieto-frontal and superior collicular 
pathways are important in determining how attention 
is directed (see Fig, 5~42). 


‘THE CEREBELLUM 


Alferent input from the extraocular muscles (the 
stretch fibres and proprioceptors) is carried in the 
trigeminal nerve to synapse with cells in the granular 
cell layer (the Purkinje cell layer, see Ch. 1). There are 
two, and in some species three, different types of 
proprioceptor: muscle spindles, Galgi tendon organs 
and palisade endings, each restricted to the orbital, 
global and marginal layers of the ocular muscle, 
respectively. However, some direct cerebellar afferent 
input is also visual via slit-like, narrow, vertical recep. 
tive fields. 

The bulk of information connecting the cerebellum 
with the visual system is transferred via two. 
traffic with brainstem centres. The oculomotor cere. 


bellar centre, located in lobules VI and VII, produces 
saccade-type movements for which Purkinje cells are 
essential. Input is derived via the PPRE the vestibular 
nucleus and the mesencephalic reticular formation. 


FIGURE 5-43 Schematic diagram of primate bran, Areas of the 
Visual cortex which are actvated by visual attention are V1, V2 and 
V4 The lateral intraparietal areas (LIP) and the frontal eye fel (FEF) 
determine attention responses in canjuncian wih the contral af eye 
‘movements also served by the superior coliculus (not visible from 
this view). MT. mile temporal area. (Fram Sis, 2011.) 


‘The output from the cerebellum predominantly con- 
cerns positional sense, and some of it is inhibitory/ 
regulatory: Positional information applies not only to 
the position of the observer with relation to the abject, 
but also to the velocity of the eye movement with 
relation to the target and the position of the head. 
Most of this is derived from the vestibular apparatus 
and not from visual or proprioceptive input 

This combined input also contributes to tracking 
movements, Experimental data have shown that cells 
in lobules VI and VIL respond with bursts af activity 
during smooth pursuit movement when the eye is not 
actually fixating on a target (burst-pause cells). 

Compensatory eye movements during movements 
ofthe head (e.g, during walking or running) are medi- 
ated mostly by the vestibulo-ocular reflex and less 50 
by the cervico-ocular reflex through neck propriocep- 
tors, The effect of these reflexes is to stabilize the 
retinal image by preventing ‘retinal slip,’ but the 
contol is imperfect. The perceptual system can cope 
with a certain amount of retinal slip, but if this is too 
great (more than 5%s), symptoms of oscillopsia appear. 
The cerebellum may contribute to control of the 
vestibulo-ocular reflex via input from the retina to the 
floccutus. It has been suggested that the cerebellum is 
the seat of a control mechanism for integration of 
information on spatial displacement during eye 
‘movement. 

Currently, it is considered that there are two proc- 
esses occurring simultaneously in vestibule-ocular 
control of posture and ‘body sway’: L namely, a 


5 Physiology of vision and the visual system 335 


fast-responding and short-lived response to visual 
cues such as parallax and a slower developing response 
to sel-motion as it occurs during spontaneous 
displacement. 


Ocular movements during natural activity 


Most of the information regarding eye movement has 
come from studies that were designed to evaluate a 
particular movement, e.g. saccades or smooth pursuit, 
movements, Investigation of eye movements during 
normal activities using infrared eye tracking devices 
have revealed the complex pattern of eye movements 
involved in performing day-to-day tasks, and has 
shown how extensively higher cortical information 
guides eye movements, Most recently, eye tracking 
devices have been developed which allow differentia- 
tion of microsaccades from even finer movements, 
termed ocular microtremors (OMTS) (Fig. 5-4), This 
hhas shown that microsaccades rather than OMT 
underpin image persistence (prevent ‘perceptual fade’) 
during fixation (see p. 329). 


Neural versus mechanical control of eye movement? 
A continuing issue in studies of gaze control is to 
understand how much regulation of muscle function, 
is mediated via neural control and how much can be 
attributed to mechanical effects of the muscles. G: 
control involves rotational three-dimensional move- 
ments (which obey Listing’ law when the head is fixed 
but do not when the head is moving), plus other 
movements such as optokinetic nystagmus and those 
generated via the vestibulo-ocular reflex, to achieve 
image stabilization, Not all movements under control 
of the vestibulo-ocular reflex fail to obey Listing’s law, 
such as the rotational movement that occurs in 
response to head movement, but the majority do. 
Movements which do not obey Listings law, ie. gaze 
shifts when the head is not restrained, obey Donder’s 
law: for each position of gaze there is only one three- 
dimensional orientation (torsional movement) 
Anatomical studies have suggested that the sur- 
rounding muscle sheath with the checks ligaments can 
act like a pulley, allowing fine changes in the pulling 
direction related to the degree of torsional rotation, 
The data from these studies are also consistent with 
Listing’ law and have formed the hasis of some aspects, 
of management of patients after strabismus surgery 
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FIGURE 5-44 A custom-built set-up for recording simultaneous aye movement. In (A) a pezoeletric sensor is mounted to the EyeLink I 
helm, while the image in () isa close-up of the sensor on the eye. The subject's pupll (blue) was tracked easly and data collected (C), 
showing microsaccade detection as small changes in eye position in degrees. (From McCay eal, 2013) 


uising adjustable sutures, However, the major, if not 
the sole, control of muscle behaviour rests with neural 
elements at both nuclear and supranuclear levels, with 
considerable regulation coming from higher centres 
such as the frontal eye fields and the cerebro-cerebellar 
network (see above). Moreover, some of the neuro- 
physiological control would be consistent with a 
pulley mechanism while others such as saccades, 
which also obey Listing’ law, are not. What is c 
that both mechanical and neural mechanisms regulate 


motor activity, but what remains to be determined is, 
how the three-dimensional perception of space regu: 
lates the final motor command (top-down control) as 
well as the role of visual attention 


Conclusion 


Visual neurophysiology continues to be the corner 
stone of psychophysical neurophysiology but it is 


under increasing challenge from advances in imaging, 
such as diffusion tensor MRI as well as very recent 
information on high-resolution mapping of the 
human brain (The Human Connectome Project http// 
wwwhumanconnectomeproject.org/). Increasingly, 
our understanding of what constitutes a visual image 
becomes more sophisticated. Research in this field is 
extremely active since there are many areas of uncer 
tainty and, possibly more importantly, many potential 
applications of this knowledge to clinical medicine. 
The primate visual system is a highly complex 
arrangement for analysing information concerning the 
external world derived from a wide array of possible 
signals, all of which are captured by the retinal sensory 
receptors. It is remarkable to consider that around 
30% of all sensory information to the brain comes via 
This information is integrated 
with input from many other sensory systems and 
stored information from past experience (memory). 


the visual system, 


‘The final image and its interpretation (perception) are 
extensively edited by the brain to ensure normality 
and ‘constancy’ wherever possible, However, this 
image is, of course, unique to each individual, despite 
the fact that we ascribe common definitions to familiar 
objects. Continuing research into the psychophysics 
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of vision will fuel our thirst for knowledge into what 
makes us tick. 
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General and ocular pharmacology 


* Introduction 

= Pharmacokinetics: drug trafficking in the body 

* Pharmacodynamics: drug handling by the body 

* Drug-receptor interactions 

* Ocular pharmacology: drug handling by cells 
and tissues of the eye 

* Delivery methods of ocular medication 

* Reconstituting the tear fm 

* Ocular drugs and the autonomic nervous 
system 

* Clinical control of intraocular pressure exploits 
the adrenergic system 

** The histaminergic system: histamine is released 
from conjunctival mast cells during allergic 
reactions 

* Eicosanoids affect multiple ocular functions 

* Serotonin: a potent neurotransmitter 

* Glucocorticoids 

‘= Immunosuppressant agents: combating ocular 
inflammatory disease 

* Local anaesthetics: an integral part of 
ophthalmic examination and surgery 

* Ocular toxicity fram systemic administration 
of drugs 


Introduction 


This chapter cavers the basic principles of clinical 
pharmacology, with particular reference to drugs 
used in the management of ophthalmic disorders, 
methods of ocular drug delivery, and the interac- 
tions of drugs and the eye. Although it is generally 
thought that the medical management of ocular 
disease is mainly administered through topical 
therapeutic agents, many systemic drugs and agents, 
are also used. These include diuretics for the contral 


of intraocular pressure, immunosuppressants for 
control of intraocular inflammatory conditions and 
antimicrobials for control of infection, Therefore, basic 
pharmacological principles (pharmacokinetics and 
pharmacodynamics) are important to ophthalmolo- 
gists, The basic pharmacology of systemic therapy, 
inchiding receptor-dmug_ interactions, is reviewed 
before discussing the more specific topical and sys- 
temic therapies in the treatment of ophthalmic 
disorders 


Pharmacokinetics: drug trafficking 
in the body 


BASIC CONCEPTS 


Pharmacokinetics is the mathematical study of the 
time-course of drug absorption, distribution, metaho- 
lism and excretion. One of the simplest parameters to 
consider when discussing the pharmacokinetics of any 
drug is the biological half-life of a drug (ty,), which is 
the time taken for the plasma drug concentration to 
fall by half after administration. A more accurate 
method of assessing the efficiency of drug elimination 
is the estimation of drug clearance from the circula- 
tion. For example, after intravenous administration, 
the ty of the drug may be calculated from its plasma 
concentration-time curve, This simplistic model is 
based ona single compartment model that states that, 
following intravenous administration, the distribution 
of adrug assumes a uniform concentration throughout 
all compartments (intracellular and extracellular); the 
elimination by both metabolism and renal excretion is, 
also assumed to be directly proportional to the drug, 
concentration, If this is the case, the volume of distri 
bution may be calculated as: 


Vg =dose/Cy 


where Cy is the estimated (plasma) concentration at 
the time of injection. 

‘The apparent volume of distribution is defined as 
the volume of fluid required to contain the total 
amount of drug in the body at the same concentration 
as that present in plasma, Drugs in general may be 
confined to the plasma compartment because they are 
either too large to cross the capillary wall or are highly 
protein-bound (e.g. heparin and warfarin, respec- 
tively). Drugs may also be distributed only to the 
extracellular compartment because they have low lipid 
solubility (e.g. gentamicin) or distributed throughout 
all aqueous compartments if they are lipid-soluble. 
When both the volume of distribution and renal clear- 
ance of a drug are known, the ty may he estimated. 
However, when considering a single compartment 
‘model, no account is taken of distribution into tissue 
compartments and metabolism within tissue compart- 
‘ments. When repeated injections ofthe drug are given, 
the plasma concentration becomes a function af the 
rate of both elimination and administration, and the 
plasma concentration will equilibrate when these two 
parameters are equal. A steady-state plasma concen- 
tration is therefore reached, which in practice may be 
established after an interval of about three ot four 
plasma hall-life lives of the drug given, To reach a 
steady-state concentration mare quickly, loading doses 
of the drug are often given (lor example, antibiotics 
and warfarin) (Fig. 6-1). In clinical practice the ty is 
important because it will determine the frequency of 
administration of a drug. If continued intravenous 
boluses are given, there are frequently large peaks and 
troughs in drug concentration, which can lead to a 
greater incidence of toxic side-effects. 

Bioavailability describes the amount of oral dose 
that reaches the systemic circulation and becomes 
available to the site of drug action, However, this 
blanket term is not sufficiently precise because rapidly 
absorbed drugs will reach a much higher plasma con- 
centration than those absorbed slowly and, similarly, 
rapid elimination would also theoretically lead to low 
bioavailability. Bioavailability of a drug is measured as 
the area under the curve of log plasma concentration 
against time for both intravenous and oral administra- 
tion, although the reliability of quantitative drug 
assessment may be variable for several reasons, For 
instance, the degree of bioavailability may be altered 
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FIGURE 6-1 Plasma concentration of drugs after oral and intrave- 

ous administration, 


by incomplete absorption of the drug or destruction 
of the drug by first-pass metabolism before the drug 
teaches the plasma compartment, irrespective of the 
rate of absorption from the gastrointestinal tract 
Drugs instilled into the eye are absorbed from the 
nasal and nasopharyngeal mucosie directly into the 
systemic circulation, As such, they escape first-pass 
metabolism and have a high bioavailability, Thus, topi- 
cally administered agents can give rise to quite marked 
systemic effects (see below), 
Drug kinetics can be described as first-order (linear) 
order (non-linear, saturation) kinetics (Fig, 
6-2), First-order kinetics describes a process where 
rate is proportional to the amount of drug present and. 
can be defined by linear differential equations. Zero- 
order kinetics occurs when drug dynamics show satu- 
ration at high drug concentrations, Saturation may 
occur, for example, when the capacity of drug- 
metabolizing liver enzymes is surpassed, leading 10 
unmetabolized drug in the circulation for longer 
periods. The duration of action of a drug that exhibits 
saturation kinetics is more dependent on the admin- 
istering dose than in drugs that exhibit first-order 
kinetics, Also, there is no direct relationship between 
drug dose and steady-state plasma concentration in 
zero-order kinetics, which may explain sudden unex- 
pected drug toxicity in a number of clinical settings 
For this reason, close drug monitoring is required (e.g, 
phenytoin) 


340 6 General and ocular pharmacology 


Non-linear kinatios 


[Drug plasma 


Daily dose 
FIGURE 6-2 First-order and zero-order pharmacokinetics. 


DRUG ABSORPTION 


For a drug to reach the site at which it produces its 
effect, it must first be absorbed from its site of admin- 
istration. In general, drug penetration of cell mem- 
branes increases with lipid solubility. Drugs can cross 
cell membranes by diffusing directly through lipid, by 
diffusion through aqueous pores that traverse the 
lipid, by utilizing carrier molecules, or by pinocytosis, 
by the cell 


‘The rate of passage (diffusion) through a cell 
membrane can be predicted by Fick's law 

Non-polar substances dissolve freely in lipid and 
therefore penetrate the cell by diffusion, The lipid 
solubility, degree of ionization and molecular size of 
the drug will determine its diffusion coefficient. The 
rate is determined by Fick’s law, which states that the 
rate at which drugs cross a biological membrane is 
directly proportional to the concentration gradient 
across the membrane and the diffusion coefficient, and. 
inversely proportional to the cell membrane thickness 
Gee below) 


Rate of diffusion = KA(x, —1)/D 


where K is the diffusion constant, A is the diffusion 
area, x; — x; is the concentration difference between 
plasma and intracellular compartments, and D is the 
thickness of the membrane 


Active transport 
As for active transport of ions (see Ch, 4, p, 161), 
active transport of large polar drugs requires energy- 
dependent carriermediated mechanisms. These 
transport systems may be disrupted by inhibiting 
enzyme-dependent carriers or by blocking the carrier 
mechanism with structurally similar drugs (ana- 
Jogues). Facilitated transport is carrier-mediated trans- 
port that does not require energy because it does not 
proceed against a concentration gradient, for example 
glucose transport into erythrocytes 


DRUG ABSORPTION IS DEPENDENT ON 
‘A DRUG'S LIPID SOLUBILITY 
Drug properties 
‘The absorption of a drug depends on its lipid solubil- 
ity and inversely on its polarity or degree of ionization. 
‘An important factor in the degree of penetration of a 
drug through membranes is that many drugs are weak: 
acids or weak bases. The more the drug is in its 
un-ionized form, the more likely it is to be lipid- 
soluble and transferred by passive diffusion through, 
the membrane. For a weal acid or base the pK. value 
will determine the degree of ionization, as described. 
by the Henderson-Hasselbalch equation. 

For a weak acid the ionizing reaction is: 


pH = pk, + log(lA- VIHA) 
and for a weak base it is: 
pH = pK, +log({BI/IBH"1) 


The pK, is a measure of the relative strength (degree 
of ionization) of a weak acid or base (the pK, of a drag, 
is that point at which the compound is 50% ionized). 
The lipid solubility of the uncharged species also 
depends on the chemical nature of the drug. For 
example, although streptomycin and the related 
aminoglycosides are uncharged, the high percentage 
of hydrogen-bonding groups within these molecules 
renders them hydrophilic 

The molecular shape, as well as the charge distribu- 
tion, of the drug molecule determines which mem- 
brane pores it may traverse. Small polar molecules, 
such as urea, readily traverse small aqueous pores 
in the membrane, thus accounting for the high 
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permeability of cell membranes to these substances. 
Most drugs, however, are too large to pass through 
these pores, 


‘The rate of drug absorption varies with the 
route of administration 
The main routes of administration (besides intrave- 
nous) are oral, sublingual, rectal, topical (e.g, skin, 
conjunctival fornix), subcutaneous and intramuscular, 
Absorption of orally administered drugs is affected 
by gastric pH, rate of emptying of gastric contents, 
presence of fond, and surface area of absorptive 
mucosi (in disorders such as Crohn's disease the 
absorptive surface area may be reduced). It is impor- 
tant to consider drug interactions during multiple 
drug therapy and their effect on drug absorption, For 
example, in migraine, gastric emptying is delayed, 
reducing the absorption of analgesics such as aspirin 
and paracetamol. This may be overcome with the 
adjunctive use of parenteral metoclopramide, which 
increases the rate of gastric emptying, The presence of 
food is generally unimportant, except in the case of 
tetracyclines (used to treat certain forms of external 
eye disease commonly associated with acne rosacea), 
which form insoluble salts with magnesium and 
calcium. Some drugs will be inactivated within the gut 
lumen (e.g, benzylpenicillin and insulin), Most mal- 
absorption syndromes do not affect drug absorption, 
but in other disorders, such as congestive cardiac 
failure, drug absorption may be impaired because of 
the secondary gastrointestinal mucosal oedema. 
Factors affecting bioavailability are shown in Box 6-1 


DRUG DISTRIBUTION 


Once a drug is absorbed, it has the potential to 
penetrate most compartments of the body so the 


BOX 6-1 FACTORS ALTERING ABSORPTION 
AND BIOAVAILABILITY FROM GUT 


+ Gut matiity 
+ Intestinal pH, mucus, bl salts 
+ Enterohepatic culation 
+ Brecise 
‘+ Reduced absorptive area 
Reduced intestinal bid flow 
+ Intestinal merfiora that may metabolize some drugs 
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distribution of the drug depends largely on the route 
of administration, Intravenous and intramuscular 
administration of a drug result in high drug availabil- 
ity, Buccal (sublingual) absorption af a drug is used to 
reduce the extent of first-pass metabolism by the liver 
(as with topically applied eye drops), which invariably 
occurs with orally administered drugs that reach the 
liver via the portal circulation, The distribution of the 
drug and its ability to penetrate cells is also dependent 
on its physicochemical properties and thus the extent, 
of indling to tissue proteins or cell membrane recep- 
tors (Box 6-2), 

Once the drug has reached the systemic circulation, 
it may become bound to circulating proteins, com- 
monly albumin or aj-acid glycoproteins (lor basic 
drugs), Protein-bound drugs are restricted in their 
distribution into tissues, which reduces the availability 
of the free drug for pharmacological effect. This, in 
turn, depends on the affinity of the protein for the 
dnig, High levels of protein binding may accur with 
acidic drugs that are bound to albumin. If a drug is 
less than 90% bound to plasma proteins, changes in 
the plasma protein concentration make litte difference 
to the overall amount of unbound drug in the circula- 
tion, In cases of drugs with a high binding affinity for 
protein, a decrease in the steady-state total concentra 
tion of the drug, and as a consequence a comparative 
increase in the clearance of the increased amount of 
free drug, would occur if for any reason protein 
binding was impaired, For instance, impaired plasma 
protein binding in the case of phenytoin results in 
peaks of unbound active drug in the plasma, 

Basic drugs are hound in varying degrees to ot-acid 
glycoprotein, a protein that increases in concentration 
in certain pathological conditions such as acute inflam- 
mation, Under such conditions, the hinding of basic 
drugs (e.g, propranolol) may be increased, thus reduc 
ing their effect. 


BOX 6-2 FACTORS AFFECTING DRUG 
DISTRIBUTION 


+ Physicochemical properties of drug 
+ Binding to plasma proteins 
Binding to tissue proteins 
‘+ Relative blood flow to different tissues, 
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Systemic factors that alter protein binding include 
hypoalbuminaemia (plasma concentration of albumin 
less than 25 g/L), renal failure, competition by other 
highly protein-bound drugs, and changes occurring, 
during the last trimester of pregnancy, such as the 
diluting effect of the increased plasma volume, In 
general, competition for binding by other drugs is the 
major factor affecting distribution because adequate 
compensatory mechanisms can he initiated to coun- 
teract the other causes. The distribution of « drug, as 
mentioned above, may also be regulated by the binding, 
ofa drug to tissue proteins, a process regulated by the 
abundance of binding sites, affinity constants and the 
binding of « drug to its receptor. This in turn may give 
rise to a desired or undesired effect, although receptor 
numbers are unlikely to be high enough to alter the 
distribution of the drug appreciably. 

In the eye, both the blood-retinal barrier and 
the blood-aqueous bartier (see Ch. 1, p. 30) limit 
the distribution of drugs. Tight junctions between 
the retinal pigment epithelium (RPE) and endothe- 
lium of the retinal vessel endothelium give rise to 
a relatively impermeable barrier to water solutes and. 
larger molecules. Under normal conditions only lipid- 
soluble drugs will move between the blood and 
retina, Similarly, the apical membranes of the non- 
pigmented ciliary body epithelinm and the capillary 
endothelium of the iris are hound by tight junctions, 
raising a barrier to all but lipid-soluble drugs (see 
Ch. 1, p. 28). 


DRUGS ARE METABOLIZED TO 
FACILITATE CLEARANCE 


The metabolism of most drugs accurs almost entirely 
in the liver, enzymatically altering the drug to increase 
its water solubility in preparation for excretion, and. 
simultaneously making the compound metabolically 
and pharmacologically active or inactive. Metabolism. 
can affect the drug in various ways, The first is 
activation of the parent drug, which may itself be 
inactive (known as a prodrug). The drug may be 
metabolized to form active metabolites, as for example 
in the case of diamorphine and diazepam. However, 
metabolism of a drug can also produce toxic metabo- 
lites that may persist in the circulation for longer 
than the parent molecule and thus restrict the con- 
tinued use of such drugs (e.g, lidocaine). In general, 


most drug metabolism modifies the drug so that it 
can then be excreted, usually in the urine but some- 
times in bile 

Drug metabolism takes place in two stages: phase 
1 (oxidation) and phase II (conjugation). Phase I reac- 
tions are carried out by a heterogeneous group of 
microsomal enzymes called cytochrome P,.0, af which 
various forms exist (Box 6-3). 

This enzyme system exists in abundance in the liver 
but isalso found in some peripheral organs, including, 
the eye. Itis important to note that the activity of these 
enzymes can be induced by other drugs (e.g. pheny- 
toin and carbamazepine), which accounts for many 
well-recognized drug interactions. Conjugation reac- 
tions appear not to be affected by enzyme-inducing, 
drugs to the same extent as oxidative metabolism. 
There are also other oxidative enzymes that are not 
part of the cytochrome Py» system but which are 
involved in drug metabolism; these include xanthine 
oxidase (e.g, purine metabolism), alcohol dehydroge- 
nase and monoamine oxidase (e.g. catecholamine 
metabolism). Many drugs also affect the function of 
microsomal enzyme systems (Box 6-4). 

The metabolism of a drug is dependent on several 
factors. Oxidative metabolism is affected by age. Pre- 
mature babies metabolize poorly and, similarly in the 
elderly, oxidative drug metabolism is reduced because 
of reduced liver size. Smoking may induce certain 
liver enzymes, necessitating an increased dose of drug, 
for a required effect. Alcohol, on the other hand, 


BOX 6-3 DRUG-METABOLIZING SYSTEMS 


Puase | MeTABoLIsM: OxiDATION 
Cytochrome Pro (microsomal) 

* aromatic hydroxyation 

+ aliphatic hydroxyation 

+ Akdeamination 

‘+ Aedeaikylation 

+ Soxitation 

+ desulphuration 
PHASE Il MeTABOLISH: CONJUGATION 
Conjugation cours with: 

+ glucuronic acid 

+ glycine 

* glutamine 

+ sulphate 

© acetate 


BOX 6-4 DRUGS ACTING AS MICROSOMAL 
ENZYME MANIPULATORS 


* isoniazid 

* chloramphenicol! 
+ metronidazole 
warfarin 

* carbon monoxide 


inhibits drug metabolism, particularly during and 
alter binge drinking, Both severe liver disease and 
poor nutrition may markedly impair drug 
metabolism. 


METABOLIZED DRUGS ARE EXCRETED 
IN URINE AND BILE 


Renal excretion 


Drugs differ greatly in their excretion via the kidney. 
Some drugs are cleared in a single transit through the 
kidney, while othersare poorly cleared. This difference 
is dependent on the kidney’ ability to handle the drug 
and on physicochemical properties of the drug, Certain 
drugs may be filtered through the glomerulus (depend- 
ing on molecular weight), others are actively secreted 
by the tubules, and still others passively diffuse across 
the tubular epithelia (reabsorption). 


Glomerular filtration. Glomerular excretion of a 
drug is only possible when drugs are not bound to 
plasma proteins, and the drug is of a molecular size 
that can be filtered freely irrespective of charge (less 
than 20000 Da). The clearance of the drug is therefore 
related to the unbound fraction of the drug and is 
dependent on the glomerular filtration rate. Glomeru- 
lar filtration at most removes only about 20% of drug 
reaching the kidney; the remaining drug passes to the 
capillaries lining the tubules, Most drugs are presented. 
to the kidney in a carrier form and thus their clearance 
is slow. Carrier-mediated transport can increase the 
clearance of the drug even if it is highly bound. 
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Benzylpenicillin is 80% bound and cleared very slowly 
by glomerular filtration but is almost completely 
removed by tubular secretion. 


Secretion. Drugs may be actively secreted by the 
tubules into the glomerular filtrate. Different secretory 
systems, which are relatively non-selective carrier 
systems, exist for acidic, basic and neutral drug trans- 
port into the tubular lumen. Competition for active 
sites occurs, so that the secretion of drugs can be 
blocked by other drugs, for example secretion of peni- 
cillins is blocked by probenecid, thus decreasing the 
excretion of the drug, 


Reabsorption, If the tubules were freely permeable 
to drugs, the drug concentration in the filtrate would. 
be similar to that in plasma. Drug reabsorption occurs 
mainly as a result of the enormous reabsorption of 
water achieved by the nephron. This builds up a con- 
centration gradient that drives the drug back into the 
plasma. Thus drugs that are highly lipid-soluble are 
excreted slowly and the reabsorption of drugs, espe- 
ially those that are weak acids or bases, depends on 
the drug being in its un-ionized form. Therefore, alter- 
ing the pH of the urine will increase the elimination 
of the drug, so that acidic drugs are eliminated more 
quickly in alkaline urine. This manipulation of urine 
PH is utilized clinically for the treatment of aspirin 
overdoses, where forced alkaline diuresis is an effec 
tive way of increasing the excretion of the acidic drug 
Measurement of glomerular filtration can be achieved. 
with the use of agents that are completely filtered and. 
neither secreted nor reabsorbed, for example inulin, 
Conversely; the clearance of a drug that is completely 
secreted in one transit through the kidney will corre 
spond to the renal plasma flow, for example 
p-aminohippuric acid. 


Billary excretion 
Liver cells also possess transport systems similar to 
those in the renal tubules, which can transfer drug 
metabolites from blood to bile. Conjugated drugs 
(particularly with glucuronate) are concentrated in the 
bile and delivered to the intestine, where the conjugate 
may be hydrolysed, releasing the active drug (Fig 
6-3). The drug may then be reabsorbed and its dura- 
tion of action prolonged (enterohepatic circulation). 
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FIGURE 6-3 Drug metabolism: enterohepatic circulation 


This is particularly important for digoxin, which is 
excreted in the bile in an unconjugated form, and for 
morphine, which is transported as a glucuronide. 
Some drugs, for example rifampicin, are excreted into 
the bile and will be excreted unchanged in the faeces. 


Pharmacodynamics: drug handling 
by the body 


Pharmacodynamics considers the effects of a drug and. 
the relationship between drug concentration and 
response. The drug effect is usually initiated by its 
binding to a cellular membrane receptor, which is 
specific for the drug, as is the case with autonomic 
nervous system neurotransmitters, or by non-specific 
mechanisms, where specific cell membrane receptors 
do not exist but drug action is dependent solely on its, 
physical properties (i.e. lipid solubility), or by its 
ability to inhibit specific biochemical enzymes. The 
effects of enzyme inhibition may be direct, for example 
by blocking sodium/potassium ATPase pumps or 
closing ion channels, or indirect, for example by acting, 
oncalcium channels. Some drugs act on intracytoplas- 
mic receptors or cell nucleus receptors, The variety of 
drug actions is presented in Box 6-5. 

Additional content available at hutps//expertconsult 

@ inkling coms 


Drug-receptor interactions 


Drugs bind to target molecules on the cell, which then 
initiate their pharmacological effect. Receptors are 
proteins that, in general, are situated on the cell surface 


BOX 6-5 RECEPTORS 


Receptors are unique cell surface proteins capable of 
binding specific associated substances (igands). Receptors 
‘may be divided into subtypes, depending on the typeof 
agonist or antagonist associated wth them. Often 
‘receptors can be downregulated or upregulated in different 
Aisease sates of with chronic drug usage. 

‘Aligand is a specitic compound (drug or natural 
substance) that binds toa receptor. 

Agonists are substances that, when bound to a. 
‘receptor, produce a response that may result in stimulation 
‘of inhibition of cell function. 

Antagonists are substances that prevent receptor 
activation. 

‘partial agonist i a ligand that possesses both 
antagonist and agonist properties. As such, its maximal 
effet i ess than that of @ pure agonist. However, when 
‘occupying a receptor it prevents the actions of other 
agonists, which ae therefore less efficacious. 


and are able to bind ligands (e.g. neurotransmitters 
and hormones) (see Box 6-5). The recognition of a 
ligand by a receptor is analogous to antibody-antigen 
binding, that is the lock and key principle (see Ch. 7, 
p. 397). The molecular mechanisms involved in this 
eceptor-elector pathway are known as transduction 
mechanisms, where the receptor is linked either 
directly or indirectly to the effector system altering cell 
function. Several forms of receptor-effector linkage 
are recognized, and include: 
+ direct regulation of membrane permeability to 
+ regulation of cell function via an intracellular 
second messenger 
+ regulation of cell function by regulating DNA 
transcription and protein synthesis, 


ION CHANNELS 


Receptors can be linked directly with ion channels, 
which function only when the receptor is occupied by 
an agonist. This isthe fastest type of receptor response, 
as, for example, when a neurotransmitter acts on a 
nerve ending, The excitatory neurotransmitters acetyl- 
choline and glutamate cause a direct increase in both, 
sodium and potassium permeability, which results in 
depolarization of the cell (see Ch. 5, p. 287). An equi- 
librium between open and closed ion channels exists 
and random fluctuations in conductance occur when 


Drugs and receptors 


A drug that acts on a receptor may act as an agonist or 
‘antagonist, depending on the response that is elicited. In 
eF igure O-1A, drugs a and b ae both agonists, but drug 
‘bis less potent. Drug c, on the other hand, acts a5 a 
partial agonist. Antagonists can be either competitive or 
rhon-competitive. the aniagonist is displaced by increas 
ing concentrations of the drug (agonist), then competi- 
tive inhibition is present. Non-competitive antagonism 
describes the situation where the antagonist blocks the 
action of the agonist without competing with the recep- 
tor, which may not be overcome by increasing the con- 
centration of the agonist, so shifting the curve to the right 
and depressing the maximal response (eFig, 6-1). 

Drugs ofien give a graded dose-response curve, 
Where increasing the drug concentration will increase the 
dinug effec. This graded response is seen with drugs that 
are not permanently hound to the receptor, Thus the 
cffcacy of a drug is defined as the maximal response it 
can give, whereas potency describes the amount of drug 
required to give the desired response. Thus some drugs 
‘may be efficacious but not potent, requiring large doses 
to give an effect. However, if the drug is ireversbly 
‘bound to the receptor, its effect will continue well after 
‘the elimination of the drug from the bloodstream. Alter- 
natively, the efficacy of a drug may dirninish with time, 
an effect known as tolerance, which is thought to be the 
‘result of downregulation of specific drug receptors. Some 
drugs also produce active metabolites that continue to 
give a pharmacological effect well beyond the half-life of 
the parent drug, All these ellects may complicate the 
study of pharmacokinetics 
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@FIGURE 6-1 (A) Potency of receptor stimulation by agonists and 
partial agonists. (B) The etfets of agonist action by competitive and 
‘on-competitive antagonists, 


the ion channels are opened (or closed) alter receptor 
stimulation, The duration of this response can be 
measured and is referred to as the mean channel 
lifetime. 


SECOND MESSENGERS 


Receptor binding on extracellular receptors alters 
intracellular functions by activating a secondary mes- 
senger, for example the activation of the enzyme 
adenyl cyclase and calcium ion influx. Activation of 
these secondary messengers regulates various intracel- 
lular activities. In many cases they generate protein 
kinase activation and phosphorylation of membrane 
proteins (see Ch. 4, p, 235), The consequence of any 
change in protein conformation of the cell membrane 
may lead to opening of ion channels (e.g. sodium/ 
potassium or calcium channels). Adenyl cyclase may 
also be activated by G proteins, which are discussed 
below. 


Cyclic adenosine monophosphate (cAMP) 


Cyclic AMP is a nucleotide synthesized within the cell 
from adenosine triphosphate (ATP) by the enzyme 
adenyl cyclase, and is inactivated enzymatically to 
S'AMP by hydroxylation with a group of enzymes 
called phasphodiesterases, The following components 
are required to generate a secondary messenger: a 
receptor, which faces outwards from the cell; a regula- 
tory protein (G protein), which faces inward towards 
the cytoplasm; adenyl cyclase; and a cAMP-dependent 
protein kinase, Inhibition of the secondary messenger 
activation can be induced with cholera toxin, which 
hinds specifically to the G protein in the intestinal 
‘mucosa and thus prevents hydrolysis of another mem- 
brane nucleotide, guanine triphosphate (GTP), and 
adenyl cyclase (Box 6-6). 


CALCIUM IS A MAJOR MEDIATOR OF 

CELLULAR ACTIVITY 

Virtually all the calcium in the body is in the skeleton 
as hydroxyapatite. Intracellular calcium only cansti- 
tutes 1% of total body calcium, The plasma concen- 
tration of calcium is 2.5 mmol/L; 50% is in its ionized 
form and 50% is bound to proteins or complexed 
with anions. A rise in the intracellular free calcium 
concentration can occur as a response to hormones 
and transmitters, by a net influx of calcium ions into 
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BOX 6-6 GPROTEINS REGULATE SECOND 
MESSENGER ACTIVITY 


Gproteins are so called because of their affiliation withthe 
‘guanine nucleotides GTP and GDP. They consist of three 
‘subunits, which catalyse GTP conversion to GDP. In the 
resting (empty receptor) state, the GproteinGOP camplex 
is associated withthe receptor. The presumed 
‘conformational change in the cell membrane when 

the receptor is occupied acts to increase the affinity of 
the neighbouring Gprotein for GTP and to promote the 
binding of the Gprotein-GTP complex to the effector site. 
‘This complex can activate ion channels, adenyl cyclase and 
other secondary messengers, as shown in the figure 
below. 


ACTIVE 
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the cell. It may also occur as a result of a release of 
sequestered calcium without a net influx into the cel. 
The intracellular calcium concentration is 107 mol/L, 
most of which is protein bound, and small changes 
in free calcium concentration may affect many intra- 
cellular processes. Intracellular calcium is normally 
regulated by an ATP-active transport channel, Accom- 
panying the increase in intracellular calcium level, 
there is also an increase in the rate of degradation of 
minor membrane phospholipids (phosphatidylinosi- 
tols) by phospholipase C, which in turn alters the 
membrane permeability and control of membrane 
phosphorylation, either directly, via its effect on 
protein kinases, or indirectly, through activation of 
adenyl cyclase, At the same time a phospholipid flip- 
flop mechanism occurs within the cell membrane, 
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FIGURE 6-6 Activation of membrane-associated enzymes by 
calcium-calmodulin secondary messengers 


‘where methylation of phospholipids converting phos- 
phatidylethanolamine to phosphatidylcholine takes 
place. This further increases calcium permeability, and 
secondarily regulates adenyl cyclase activation 
Intracellular effects of calcium are controlled by an 
intracellular acidic protein, calmodulin, The calcium 
calmodulin complex can thus activate many enzyme 
systems, including protein kinases, adenyl cyclase, 
phosphodiesterases and calcium-dependent ATPase 
(Fig, 6-4). The calcium-calmodulin comples is inac- 
tivated via the binding of trifluoperazine (an anti- 
psychotic agent), which can be used to study the 
mechanism of action of certain therapeutic agents 


REGULATION OF PROTEIN SYNTHESIS 


Steroid hormones, because they are lipophilic, can 
diffuse across the cell membrane and bind to cytoplas- 
mic receptors and nuclear chromatin. Certain regions 
of the DNA sequence show a high alfinty for steroid— 
receptor complexes, and binding of these complexes 
generates an increase in RNA polymerase activity and. 
generation of messenger RNA (mRNA) and thus pro- 
duction of proteins (see Ch, 3, p. 133). One steroid 
may result in the production of several different 
species of mRNA within each cell, which may explain 
the great diversity of steroid actions, 


Ligand-receptor affinity determines selectivity 
‘The affinity of a ligand for its receptor is measured 
by the amount of ligand required to achieve half- 
maximal binding (EC). The binding force of the 
receptor-ligand complex can also be measured by the 
length of time taken for dissociation of the complex: 
to occur, Low-affinity agonists include those required, 
to potentiate a rapid response (e.g, neurotransmitters), 
and therefore concentrations of the ligand close to 
the receptor during stimulation must be high, The 
selectivity of a ligand for receptors is a ratio of the 
EC.y for the receptors being compared. If the ligand 
(or drug) is more selective for receptor A than for 
receptor B, it will achieve its clinical effect by stimula- 
tion of receptor A at lower doses, but will still stimu- 
late receptor B if sufficient drug is given. Therefore, 
clinically, it is important to establish the EC ratio 
of a given drug; ratios lower than 50 are considered 
unsafe for clinical use if stimulation of other receptors 
is to be avoided 


Genetic control of drug handling influences response 


Defining the genetic make-up within populations or, 
more pertinently, the individual has assisted in under- 
standing responses to drugs. The hope is that with 
such understanding we may not only increase our 
knowledge of disease pathogenesis but also develop 
tailored therapies for the individual, whilst reducing, 
adverse effects 

There are historical examples of clear distinctions 
in the individuals capability to metabolize drugs, This 
is seen with acetylation of drugs, N-acetylation may 
be either fast or slow, depending on the amount of 
enzyme present, which is controlled by a single reces- 
sive gene associated with low hepatic acetyltransferase 
activity (e.g. in isoniazid metabolism). Patients with 
low acetyltransferase activity are known as slaw acetyla- 
tors, Another genetic variation in the rate of drug 
metabolism is seen with suxamethonium (a depolar- 
‘ing neuromuscular blacker used in general anaesthe- 
sia), About 1 in 3000 individuals fails to inactivate 
suxamethonium by hydrolysis (pseudlocholineste- 
rase), which is the result of a recessive gene that gives 
rise, in homozygotes, to an abnormal cholinesterase 
with a much lower substrate affinity. Patients who 
have a hereditary erythrocyte glucose-6-phosphate 
dehydrogenase enzyme deficiency may develop a 
haemolytic anaemia when treated with a number of 


drugs, including chloroquine, vitamin K, acetylsali- 
cylic acid (aspirin) and probenecid, 


450 gene. The drug-metabolizing cytochrome P450 
enzyme genes have been identified and cloned to 
include a large family of mono-oxygenases. Genes 
encoding P450 enzymes are polymorphic and within 
three families. As a result there are in broadly four 
functional outcomes: fast metabolizers who inherit 
multiple gene copies; normal metabolizers who have 
two normal alleles; intermediate metabolizers who 
have one deficient allele; and poor metabolizers who 
lack the functional enzyme. 

The genes encoding families of enzymes are called 
yp and are given numbers associated with a specific 
group of enzymes within the gene family, subfamily 
and then specific gene itsell: e.g. CYP27AI relates to 
group 27, subfamily A and gene 1 

In the eye CYPIBI is a gene that encodes for an 
enzyme localized to the endoplasmic reticulum that is 
involved in metabolizing aromatic hydrocarbons and 
steroids, In addition to metabolism, within the eye 
‘mutations are linked with congenital glaucoma as well 
as rare but significant retinal dystrophies such as Bietti 
crystalline dystrophy. The aryl hydrocarbons have 
implications in ageing and cell disfunction secondary 
to smoking and cataract formation or age-related 
degeneration (see Ch. 9, p. 504) (Box 6-7), 


BOX 6-7 GENETIC CONTROL OF 
IMMUNOSUPPRESSIVES DICTATES 
DRUGS RESPONSE 


‘Azathioprine is a commonly used steoid-sparing 
immunosuppressant for inflammatory disorders, including 
forthe eye In thyroid eye disease and uveitis. Its a purine 
‘analogue, whose active metabolite component, 
-mercaptopurine’s conversion to cytotoxic 6-thioguanine 
‘analogues inhibits proliferation of cls. Most important is 
that it carries a significant potential for adverse effects, 
These have been reduced with improved understanding of 
pharmacogenetcs. 6-mercaptopurine is metabolized via 
‘thiopurine methytransferase (TPMT). Individuals (up to 
1:1000 patients) who inherit two non-functional alleles for 
the polymorphic TAMT gene will have dramatic ie 
{heatening myelosuppression. Importantly, up to 15% of 
the population are heterozygotes and wil have increased 
Incidence of myelosuppression. Genetic testing is now 
available as well as phenotyping by measuring TPMT. 
activity in red blood eels, 
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Ocular pharmacology: drug handling by 
cells and tissues of the eye 


This section describes the pharmacokinetics, pharma- 
codynamics and modes of drug delivery (excluding 
systemic administration) that are used to treat ocular 
surface and intraocular conditions, 


MECHANISMS OF OCULAR DRUG ABSORPTION 


There are several methods of administering ocular 
medications, including extraocular routes (topical) via 
either conjunctival/episcleral absorption (non-corneal) 
or transcorneal absorption, and direct intraocular 
administration of drugs, The non-corneal route of 
absorption may be significant for drugs that do not 
penetrate the cornea well, Corneal absorption still rep- 
resents the majar route of absorption for most ocular 
‘medication. 


FACTORS INFLUENCING DELIVERY 
OF DRUGS TO THE EYE 


Drugs can be administered in many different topical 
forms, including solutions, gels and ointments, The 
efficacy of treatment is usually dependent on intraocu- 
lar penetration, which in tum is dependent on the 
permeability of the drug across the cornea, and the 
anatomical and physiological influences of the local 
environment, including lacrimation, tear drainage and. 
the composition of the precorneal tear film. 


Routes of administration 


Conjunetiva. Topical administration into the inferior 
fornix of the conjunctiva is by far the most common 
route of ocular drug delivery, Both lacrimation and 
blinking profoundly influence the residence time of 
fluid in the fornix. Therefore, the efficacy of such 
delivery systems depends on the anatomy and physi- 
ology of the lids, the precomeal tear film, and the 
health of the conjunctiva, cornea and lacrimal system, 

The conjunctival sac has a capacity of approxi- 
mately 15-30 HL (dependent on blinking) and the 
natural tear film volume is 7-8 HL. The tears turn over 
at approximately 16% per minute during a normal 
blink rate of 15-20 blinks per minute. Most solution 
applicators deliver between 50 and 100 pL per drop, 
soa substantial amount of drug will be lost through 
overspill on administration, The tumover of tears is 
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also highly dependent on environmental conditions, 
particularly temperature and humidity. The epithe- 
lium of the conjunctiva is continuous with that of the 
cornea and epidermis of the lids (see Ch. 1, p. 85) 
and contains goblet cells, which produce mucus and 
are integral to the stability of the tear film (see Ch. 4, 
p. 198). Drug absorption through the conjunctiva 
therefore requires transport firstly through the epithe- 
lium, In the subconjunctival stroma, which is a highly 
vascular conjunctiva owing to the rich superficial 
‘venous plexus and lid margin vessels, drugs may be 
absorhed in significant concentrations into the circula- 
tion. Also, alter administration into the inferior fornix, 
drugs drain directly through the nasolacrimal duct, 
into the nose, where measurable systemic absorption 
of drugs via the nasal and nasopharyngeal mucosa 
occurs, Restricting the entry of a topically applied 
ophthalmic dose into the nasal cavity by nasolacrimal 
occlusion for 5 min, or by making appropriate altera- 
tions to the vehicle (ie, from solution to ointment) 
increases the residence time of the drug in the fornix, 
and increases ocular absorption. 


Precorneal tear film and cornes 


Tears are considered to act as a buffering system for 
many substances. The pH of normal tears varies 
between 6.5 and 7.6, while many drug delivery 
systems are often formulated at pH of less than 7; the 
return to physiological pH after drug instillation is, 
however, more likely to he a function of increased tear 
tumover than the result of a buffering effect. The 
precorneal tear film is composed of an outer lipid layer 
(mixed lipids), a middle aqueous layer (including pro- 
teins) and a deeper mucin layer (glycoprotein) (see 
Ch. 4, p. 200). The mucin layer contributes to the 
stability of the tear film, as well as promoting adher- 
ence of the tears to the lipophilic corneal and conjunc- 
tival epithelium. Any alteration in the components of 
the tear film will result in instability of the tear film 
and a reduced conjunctival resiclence time of the drug. 
At the same time alteration in the pH of the tear film 
may alfect the ionization of the drug and thus its dif- 
fusion capacity. In spite of the extensive losses to the 
exterior and to systemic absorption, topical (conjunc- 
tival) administration of drugs achieves acceptable 
intraocular levels, mainly because of the very high 
concentrations that are administered. 


The pH of the tear fhuid is important in drug for- 
mulation because of the physiological homeostatic 
mechanisms, Drug penetration may be enhanced by 
changing the degree of drug ionization and enhancing, 
the product stabilization aver a range of pH changes. 
The epithelium of the cornea represents the most 
important barrier to intraocular transport of drugs via 
this route. First, the stratified cellular epithelium is 
bound by desmosomes between the lateral horders of 
the superficial cells, Second, the corneal epithelium is 
hydrophobic (as are all cell membranes), and so will 
allow only lipid-soluble drugs to pass through. In 
addition, Bowman's membrane, an acellular collagen- 
ous sheet (10 jim thick) between the basement mem- 
brane of the epithelium and the stroma of the cornea, 
acts asa further barrier to the penetration of drugs. In 
contrast, the strama, which accounts for 90% of the 
comeal substance and its ground substance (gly- 
cosaminoglycans and water), permits ionized water 
soluble drugs to pass more efficiently than lipid-soluble 
drugs. Finally, transport across the single-layer 
endothelium of the cornea is relatively free hecause it 
contains gap junctions that permit good penetration 
of most drugs into the aqueous humour, Many topical 
eye medications are weak bases, for example tropica- 
mide, cyclopentolate and atropine, and exist in both 
ionized and un-ionized forms within the pH range of 
the tear film (pH 7.4). Altering the solution pH of 
timolol (pK, 9.2) from 6,2 to 7.5 increases its corneal 
penetration and systemic absorption. The partition 
coefficient (ratio of concentrations in the two com- 
partments) may therefore be increased by raising the 
pH ofthe water phase, rendering the drug non-ionized 
and more lipid-soluble. The factors affecting topical 
drug absorption are summarized in Box 6-8. 


BOX 6-8 FACTORS INFLUENCING TOPICAL 
DRUG ABSORPTION 


+ Environmental conditions ~ temperature and humidity 

* Volume of drug application 

+ Drug formulation ~ pH, preservative, vehicle type 

* Blink rate 

+ Stability of tear film 

+ Absorption trough conjunctival vessels and nasal 
mucosa 

+ Corneal epithelium and stoma 

‘+ Nasolacrimal drainage of tears: 


Delivery methods of ocular medication 
RESIDENCE IN THE CONJUNCTIVAL SAC 


The bioavailability of ocular medication depends on 
the precorneal fluid dynamics, drug binding to tear 
proteins, conjunctival drug absorption, systemic drug 
absorption, resistance to corneal penetration, drug 
binding to melanin and intraocular drug metabolism. 
Both the absorption and the efficacy of the drug can 
be increased by altering the formulation of the drug 
and/or by changing the local conditions 

To increase the residence time of the drug in the 
inferior fornix, and thus its delivery to the corneal 
epithelium, attempts at reducing the instilled volume 
of drug and increasing the viscosity of the solution 
have been made. For instance, polymers that increase 
solution viscosity include polyvinyl alcohol, hydroxy- 
propylcellulose and other cellulose derivatives 
However, increasing the viscosity of the delivery solu- 
tion only produces a modest gain in ocular drug 
absorption, particularly for lipid-soluble drugs. 

The residence time for many drugs is especially 
reduced by their pH, tonicity and the direct effect of 
certain drugs on lacrimation, which all affect the resi- 
dence time of drugs in the lower fornix. For example, 
formulation at acidic or alkaline pH is irritant to the 
eye and increases both lactimation and the blink rate, 
and clearance of the drug, Attempts to reduce the 
tonicity of the drug solution by using dilute buffers 
(e.g. phosphate bulfers) to prevent stinging and lacri- 
mation, and therefore increase transit time (reduce 
clearance), have also been employed. Drugs that have 
a direct pharmacological action on the lacrimal gland, 
increasing lacrimation and subsequently altering the 
precoreal fluid dynamics, include muscarinic ago- 
nists, Some drugs are also bound to the tear proteins 
(albumin, globulins and lysozyme), reducing the con- 
centration of the free drug available for absorption. 

The corneal epithelium presents a considerably 
greater barrier to hydrophilic than to lipophilic drugs 
(20:1). Corneal epithelial permeability, however, may 
be increased during ocular inflammation so that some 
drugs, for example dexamethasone, are more rapidly 
absorbed across the corneal epithelium into the eye: 
Preservatives such as benzalkoninm chloride have also 
been shown to enhance the ocular absorption of 
drugs, Benzalkonium chloride and other cationic 
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surfactants increase the ocular absorption of drugs by 
increasing corneal permeability (by compromising 
comeal integrity), depending on the molecular size 
and lipophilicity of the drug. Increased! absorption can. 
be obtained with pilocarpine, prednisolone and homa- 
tropine, For a drug to penetrate optimally, it must be 
able to exist in both ionized and un-ionized forms. 
Drugs will be buffered by the precorneal tear film and. 
any alteration in the pH will change the ratio of ionized 
to un-ionized forms of the drug, dependent on the pK, 
of the drug, In general a drug that exists in a purely 
ionized form will not penetrate the cornea unless 
the cornea has been damaged. Once absorbed into the 
eye, drugs may be bound to melanin within the 
pigment epithelium of the iris and the ciliary body, 
which may in tum reduce the bioavailability of the 
drug and also retard its clearance, leading to increased. 
and prolonged drug levels, Similarly, ater penetrating 
into the eye, drugs may be rendered inactive by 
intraocular metabolism, Enzymes that participate in 
ocular drug metabolism include those involved in 
inactivating neurotransmitters, for example monoam- 
ine oxidase, catechol O-methyltransferase, esterases, 
cytochrome P,so, and other enzymes inchiding ketone 
transferase, glucuronidase and aldose reductase within 
the lens (Box 6-9). The majority of enzyme activity is 
microsomal, althongh some enzymes, for example 
esterases, are both cytosolic and extracellular. Within 
the anterior segment, the corneal endothelium, the 
non-pigmented cells of the iris, and the ciliary body 
are metabolically most active, so drugs that are good. 


BOX 6-9 ENZYMES INVOLVED IN DRUG 
METABOLISM IN THE EYE 


+ Ketone reductase this sa cytosolic enzyme dependent 
‘on NADPH. It is thought to play a key role in the 
metabolism of timolol and analogues of propranolol 
Found in commeal epithelium, lens, ris and clary body 

+ Esterases — important in the activation of ester 
pro-drugs. Both aoetyl- and buyryicholnesterases are 
found in rabbits. They are widely distributed throughout 
the anterior segment 

+ Classi phase I and I oxidizing and conjugating 
enzymes — cytochrome Pag reductase, demethylase, 
sulphate and glucuronidase 


consequence of many commonly accepted concepts 
and dogmas of the modern ‘scientific perspective of 
natural phenomena”. This crisis situation in modern 
physics is a direct consequence of many conservative 
scientific viewpoints, unfortunately supported and 
protected by modern official academic science. The 
evolution of our consciousness has heen influenced 
by many undoubtedly well known experts and has 
been evolving for a long time in the environment of 
specific scientific vacuum and requires immediate 
revival. Even methods used for dissemination of new 
knowledge should be improved, if one actually wishes 
to accelerate the progress of Humankind. 


The perspective for practical applications of new 
previously unknown scientific phenomena and effects 
looks very attractive, and they may be achieved by 
cooperative efforts of the human intellect. New 
breakthrough technologies of the 21“ Century will 
require serious changes of many commonly accepted 
concepts and dogmas in fundamental physics. This 
process of progressive development cannot be 
stopped. 
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Abstract 


Recent far reaching theoretical results have used the 
quantum vacuum noise as a fundamental 
electromagnetic radiation field to derive a frequency 


(©) dependent version of Newton's gravitational 


coupling term, G(). This paper reconciles the cut-off 
frequency with the observed cosmological constant, and 
then briefly puts forward a realizable laboratory test 
case in the 10 - 100 MHz frequency range. One analogy 
is drawn between the classical vacuum energy 
experiments with attraction between two closely 
spaced plates (Casimir cavity) and the arbitrarily dense 
material boundaries possible in Bose condensates, such 
as irradiation at MHz frequencies of superfluid helium 
or superconductors, 
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‘Theoretical Background 


Zel'dovich [1] first suggested that gravitational 
interactions could lead to a small disturbance in the 
(non zero) quantum fluctuations of the vacuum and thus 
give rise to a finite value of Einstein's cosmological 
constant in agreement with astrophysical data. Using 
dimensional analysis and the suggestion by Zel'dovich, 
Sakharov [2| derived a value for Newton's gravitational 
constant, G , in only one free parameter, frequency, @ 


/ bode ~ / Seto 


where cis the speed of light and jis the Planck 
constant. The free parameter in frequency when 
integrated over all values from zero to high frequencies 
must contain the usual integration cutoff value (Planck 
frequency on observable electromagnetic phenomenon). 


G~ 


Puthoff [3] and others [4 5] have extended Sakharov's 
condition in a relativistically consistent model to 
determine constants of proportionality. His model 
derives an acceleration term in first order expansion (in 
flat space time), then equates inertial and gravitational 
mass (by the equivalence principle) to make contact 
with the gravitational constant, G, directly as: 


G= (te /ho?)~ 1/Jado 


which is the Sakharov condition [2,3]. This paper revisits 
the meaning of the cutoff frequency, @, for radiation 
interactions, of which the quantum vacuum [6-10] and 
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substrates for these enzymes may sulfer substantial 
degradation during absorption, 


DRUG VEHICLES AFFECT DRUG DELIVERY 


Several topical drug delivery systems are used in oph- 
thalmology (Box 6-10) and there are a plethora of 
advances in the pipeline and in early-phase develop- 
ment such as nanoparticles and viral vectors for gene 
delivery, Nanoparticles are colloidal drug. carrier 
systems in nano- and micro-size range. The advan 
tages are overcoming lipid solubility, improved clinical 
targeting and depot longer-acting delivery. Similarly 
there is increasing development of viral delivered 
genes to replace mutated or loss of gene function in 
degenerative disease or as a drug depot to release the 
active component at the tissue site (see Ch. 3, p. 147) 


Solutions are a common mode of delivery because 
they cause less blurring of vision than ointments, They 
are easily administered and achieve high intraocular 
concentrations if applied regularly. They do, however, 
possess a short contact time and are quickly washed 
away at a rate proportional to the volume instilled. 
Polyvinyl alcohol or methylcellulose added to the 
solution increases the viscosity ane/or lowers the 
surface tension, and will thus prolong contact time. 
Biologically active drug compounds that are sparingly 
soluble in water are ofien formulated as suspensions 
Ophthalmic suspensions, particularly steroids, are 
thought to be useful delivery systems because it is 
assumed that the drug particles persist in the conjunc- 
tival sac and give rise to a sustained-release effect. 
Suspensions tend to form precipitates and thus 
need to be resuspended in the mixing bottle before 
application. 


BOX 6-10 DRUG DELIVERY VEHICLES 


+ Solutions, colloids, emulsions, suspensions 
+ Ointments 

+ Sloi-elease preparations 

+ New ophthalmic delivery systems 

+ Particulates 


Liposomes. 
+ Intravitreal preparations 


Semisolids (ointments) 
Ointments consist of any one or a combination of 
hydrocarbons, mineral oils, lanolin and polymers such, 
as polyvinyl alcohol, carbopol and methylcellulose. 
Drugs applied by this method provide an increase in 
the duration of action because of reduced dilution, 
reduced drainage and prolonged corneal contact time. 
Although these preparations melt at the temperature 
of the ocular tissue and disperse within the tear film, 
they are still retained longer than other ophthalmic 
preparations, They do, however, give rise to blurring, 
of the vision and an increased incidence of contact, 
dermatitis, related commonly to the preservative 
within the preparation, 


Slow-release preparations 
‘The problem of short residence times has been 
addressed by the development of ingenions vehicle 
supports, For instance, controlled release of ocular 
medications can be achieved with conjunctival inserts, 
or with hydrophilic soft contact lenses, Slow-release 
preparations allow the constant release of drug while 
minimizing the drainage rate of the drug 


Ocular inserts. Controlled-release delivery systems 
deliver a bioactive agent to the target site at a control- 
led concentration over a desired time course, Ocular 
inserts are flexible, elliptical devices, consisting of 
three layers, The two outer coats of ethylene vinyl 
acetate enclose an inner coat of drug/alginate mix. The 
Ocusert with pilocarpine relies on the solubility prop- 
erties of pilocarpine-free base, which exhibits both 
hydrophilic and lipophilic properties. Because the 
drug is miscible in both aqueous and organic solvent 
media, it will permeate the hydrophobic controlling, 
membranes by diffusion through the pores, Erodible 
systems such as Lacrisert® contain drug within car- 
boxymethylcellulose wafers or polyvinyl alcohol disks 
or rods, They are manufactured principally for the 
treatment of dry eyes, 


Collagen shields. Collagen is thought to be a suit- 
able carrier of drugs. The three polypeptide a-helical 
chains are held together by cross-linking between 
proline and hydroxyproline, which account for 30% 
of the amino acid content of the molecule. Because of 
the ability to control the amount of cross-linking in 


the collagen subunits by exposure to ultraviolet light 
during manufacture, the time taken to dissolve when 
placed on the cornea can be altered. Also, collagen acts 
as an ion exchanger and is semipermeable, facilitating 
controlled release of drugs. Thus, the collagen bandage 
shields prolong contact between drug and cornea. 
Drugs can he incorporated into the collagen matrix, 
absorbed on to the shield during rehydration, or 
applied topically over a shield when in the eye. As the 
shield is erodible, release of the drug occurs gradually 
into the tear film, maintaining higher concentrations, 


Soft contact lens. In this case the polymer of the 
contact lens is hydrophilic and thus water-soluble 
drugs are absorbed into the lens. The lens is hydrated 
once placed on to the cornea and so releases the drug 
until equilibrium is reached between drug concentra- 
tion in the contact lens and in the conjunctival sac 

A primary concern with all ocularinsertsis comfort, 
while many other criteria determine their usability 
Box 6-11) 


Intravitreal inserts. Development of inserts directly 
applied to the vitreous cavity has gained increasing 
impetus following the advent of successful trial evi- 
dence supporting intravitreal drug administration for 
macular degeneration and vascular occhisions and 
CMV vital retinitis (see p. 471), Such inserts include, 
for example the following: 

Ozurdex@ is a dexamethasone intravitreal implant 
inserted directly by injection into the vitreous cavity, 
using a Novadur® polymer system of poly ,t-lactide- 
co-glycosicde (PLGA) which is biodegradable over 
months. 

Retisert™ is a controlled delivery system of pellets 
containing the steroid fluocinolone coated in polyvi- 
nyl alcohol and silicon laminate which is directly 


BOX 6-11 CRITERIA FOR SUCCESSFUL 
OCULAR INSERTS 


+ Gomfortable and easy handling and insertion 

+ No expulsion of insert during wear 

+ No interference with vision 

+ Negligible interference with oxygen access to comea 
Bee of kinetics of drug release 

+ Steril 
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inserted to the vitreous and sutured into the sclera for 
stability, 

llivien® is a directly injectable-free floating non- 
biodegradable insert containing the steroid fluoci- 
nolone acetonide in a polymide cylindrical tube 


ADVANCED OCULAR DELIVERY SYSTEMS 

New ophthalmic delivery system (NODS) 

NODS isa method of administering a drug as a single 
unit volume within a water-soluble preservative-free 
form. The system is easily administered and may offer 
significant improvement in. bioavailability over 
drops. Essentially the device consists of a water- 
insoluble drug-loaded flange attached to the end of a 
water-soluble handle by a soluble membrane film, The 
flange end is placed into the inferior fornix and the 
membrane rapidly dissolves, releasing the flange, 
which then hydrates within the inferior fornix and 
releases the drug. 


Particulates 


Microspheres and nanoparticles represent promising 
particulate polymeric drug delivery systems for oph- 
thalmic medications. These systems may avoid the 
potential disadvantages of other delivery systems, 
which include discomfort and difficulty of use with 
inserts, blurring of vision with viscous solutions, and. 
instability of liposomes (see below). They may not 
represent real particles (capsular wall containing an 
aqueous oF solid core) but are matrix-type structures 
of lipid base and dmg, The particles are formed by 
polymerization (with ultraviolet light), during or after 
which the drug may be added, This leads to covalent 
drug binding to the polymer, so that when the drugs 
are absorbed into the polymer matrix they form a 
solid-solution matrix. The binding of the drug 
depends on its physicochemical properties as well as 
the nature of the polymer (polybutyleyanoacrylate) 
Smaller particles are better tolerated by patients than 
larger ones, and also have increased drug absorption, 
and much slower elimination rates, 


Liposomes 
Liposomes are vesicles composed of lipid membranes 
enclosing an aqueous volume, They form spontane- 
ously when a mixture of phospholipids is agitated in 
an aqueous medium to disperse the two phases, and. 
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are composed of phospholipids, including lecithin, 
phosphatidylserine and phosphatidylglycerol. They 
therefore share the properties of the bilayer of an outer 
cell membrane. The drugs can be trapped in either the 
lipid or aqueous phase. They provide the possibility 
of controlled and selective drug delivery and thus 
increased ocular bioavailability, although liposomes 
carry lipophilic drugs more readily than hydrophilic 
ones, The advantage of liposomes is that they are easily 
prepared, non-irritant, and do not cause any blurring, 
of vision, Altering their surface charge or binding spe- 
cific ligands to them increases their adherence to cells, 
and subsequent endocytosis of the liposome-drug 
complex, 


Ocular iontophoresis 


Iontophoresis is a method of drug delivery that utilizes 
an electric current to drive a polar drug across a semi- 
permeable membrane; this may be achieved by either 
a cathode or an anode, depending on whether the 
molecule is negatively or positively charged. Applica- 
tions in clinical ophthalmology have yet to be deter 
mined but a possibility may be the iontophoretic 
application of antibiotics in bacterial keratitis, enhanc- 
ing tissue penetration of the agent. Corneal ionto- 
phoresis of gentamicin and aprafloxacin has been 
successful in treating experimental psendomonas 
keratitis, Trans-scletal iontophoresis allows direct 
drug penetration into the vitreous but has a major 
disadvantage of discomfort and may produce small 
areas of retinal necrosis at sites of application, 


INTRACAMERAL AND INTRAVITREAL 
ADMINISTRATION 


Despite the considerable ingenuity applied to the 
development of topical drug preparations, the treat- 
ment of many ocular disorders is hampered by poor 
penetration into the eye. Systemic drug administration 
also does not guarantee high intraocular drug levels, 
in part as a result of the integrity of the blood-retinal 
and blood-aqueous barriers. For instance, the treat- 
ment of bacterial endophthalmitis is often inadequate 
unless vitrectomy and intravitreal antibiotics are used. 
The recommended dose of intravitreal antibiotics is 
based on doses that are not toxic to the rabbit or 
Primate retina, but little is known about dose~ 
response in the human vitreous, Experimentally, 


intravenous administration of the newer cepha- 
losporins produces an incremental increase in the 
vitreous levels in inflamed eyes (but not in normal 
eyes). In inflammatory conditions, water-soluble anti- 
biotics (penicillins) have a prolonged half-life as the 
retinal pump mechanism is damaged in such eyes, 
However, the commonly used aminoglycosides are 
more rapidly cleared from inflamed eyes, despite 
low lipid solubility, because they are eliminated 
through the aqueous circulation, To achieve continual 
maximal therapeutic concentrations in the vitreous, 
repeated injections may be required, This may 
lead to complications of lens injury, haemorrhage, 
infection and retinal injury, and methods to 
reduce the toxicity of this form of treatment have 
inchided development of liposome-encapsulated 
drugs, which may be administered directly into the 
vitreous, or subcutaneously/subconjunctivally, acting, 
as controlled-release formulations. Similar approaches 
are being sought both in humans and experimental 
models with other agents, for example ganciclovir 
for cytomegalovirus retinitis (see ¢BOx 6-1), ciclosporin @ 
A for endogenous uveitis and encapsulated anti- 
fibroblastic drugs (5-fluorouracil) for proliferative 
vitreoretinopathy: 


Intravitreal delivery of drugs has revolutionized care 
{for vascular retinal disorders 


Understanding that in neovascular (wet) age-related. 
macular degeneration creating choroidal neovascular 
membranes or diabetic macular oedema is in part 
driven by pro-angiogenic growth factor, vascular 
endothelial growth factor (VEGF) has led to develop- 
ment and implementation of anti-VEGF therapies in 
clinical practice. There are numerous. intravitreal 
injections of drug available to neutralize VEGF activity 
(Fig. 6-5). In common, the VEGF inhibitors act to 
bind to soluble VEGF and block activity by preventing, 
binding to VEGF receptors. VEGF actions are medi- 
ated principally via receptors VEGF-RI and VEGF-R2. 
Ranibicumab is a monoclonal recombinant human Fab 
VEGF; recombinant human FabV2 is a humanized 
Fab fragment that binds and neutralizes VEGF and 
aptamers (ie. pegaptanib sodium) are nucleic acid 
ligands that are specific for given proteins and act as 
decoys, neutralizing their function, Another decoy 
mechanism is that of high-affinity VEGF blocker that 
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Treatment of cytomegalovirus 
(CMV) retinitis 


Ganciclovir was the fest agent found to demonstrate 
therapeutic activity against CMV retinitis (see Ch. 8, 
1p. 473), Atleast 80% of patients respond to itil treat- 
ment with parenteral ganciclovir, Complications follow- 
ing parenteral administration include thrombocytopenia 
and leucopenia, 

Zidovudine (AZT) has no ditect antiviral ation against 
‘CMY but may act by diminishing human immunodefi- 
ciency virus (HIV) enhancement of CMV infection and 
by improving immune function, However, AZT also 
causes bone marrow suppression, making combined 
‘therapy incompatible, Human recombinant geanulocyte— 
macrophage colony-stimulating factor stimulates proif= 
eration, differentiation and chemotaxis of neutrophils 
and, im combination with antl-CMV and HIV treatment, 
may prevent neutropenic episodes. 

Cidofovir is a DNA polymerase chain inhibitor that 
can be used at maintenance dose onee a week, 

Foscarnet may also be used to treat CMV infection, 
‘but up 10 30% of patients develop renal toxicity. Despite 
this, is safer for administration in combination with 
AZT. 

Control of CMV retinitis may occur with intravitreal 
injections of ether ganciclovir or foscamet. Injections are 
not directly retinotaxic even though intravitreal levels of 
these agents are within the toxic range for the drug. 
Intravitreal injections of liposome-encapsulated drugs 
reduce the requirement for repeated injection, without 
any evidence of retinal toxicity 


Humanized 
VEGF-trap 
aflibercept 


ear antamar 49 
pompano” 8 
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Bevacizuma 
Humanized 
‘anti-VEGF 
antibodies or 

Ranibizumab fragments 


Fikt or KDR 


FIGURE 6-5 Intravitreal ant-VEGF therapy. Advent of curent biologics to inhibit VEGF activity are shown. Thay target one ofthe VEGF family 
of proteins VEGF A (there are VEGF A-D). VEGF binds to numerous receptors, including VEGF-R1-Ra and neuropiln receptor. However, the 
treater receptor affinity for major pro-anglogenlc VEGF A actions is via VEGF-R1 and VEGF-R2, as depicted inthis schematic. 


is a fusion of VEGF receptor 1 to a human immu- 
noglobulin G constant region (aflibercept) (Box 6-12) 


DRUGS ADMINISTERED SYSTEMICALLY ALSO 
PENETRATE THE EYE 


‘The preceding sections focus on the factors that affect, 
the efficacy of topical or direct ophthalmic therapy 
with minimal systemic side-effects, However, drugs 
for ocular conditions may be administered syste 
cally to achieve sufficient drug concentration in ocular 
tissue, although in humans the intraocular drug levels, 
that are reached are largely unknown for most 
substances, 

Commonly used drugs in ophthalmology include 
the carbonic anhydrase inhibitors (acetazolamide 
and dichlorphenamide, see below), which are 


BOX 6-12 VEGF 


‘VEGF belongs to a platelet-derived growth factor family 
‘which includes VEGF A-D, 

VEGF A's a product of the vegiA gene encoding 
‘multiple isoforms identified by their amino acid number 
(9. VEGF). 

‘Aermative splicing may result in two protein families 
‘rom the same gene, which for the veg{A gene, for 
‘example, are denoted VEGF. of VEGF ab. The latter is 
‘anti-anglogenic and is important for issue homeostasis. 

‘There area number of VEGF receptors, which include the 
major pro-angiogenic receptors VEGF-RI (Ftt), VEGE-R2 
(KDR) mediating va tyrosine kinase's VEGF A effec. 

\VEGF-R3 (Fit) mediates lymphangiogenesis through 
‘VEGF-C and D, while the fourth receptor, neurontin, 
receptor (NRP1 receptor). which binds VEGF A, is 
important for cell survival and axonal guidance. 
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administered orally or intravenously to reduce intra- 
ocular pressure. Various animal studies have also dem- 
onstrated the ability of systemic antibiotics to reach 
intraocular infections in concentrations that are hac- 
tericidal to certain pathogens, For example, cipro- 
floxacin penetrates the aqueous humour following, 
oral administration. Similarly, both non-steroidal anti- 
inflammatory drugs and steroids penetrate the eye 
when given orally. 

Conversely, drugs applied topically may also reach 
the systemic circulation and affect the contralateral 
eye. This has been recorded with timolol therapy of 
chronic open-angled glaucoma with unilateral intraoc- 
ular pressure rise, which resulted in a significant drop 
in intraocular pressure in both treated and untreated 
eyes, In experimental models, a drug effect on the 
contralateral eye has also been shown with apracloni- 
dine, This phenomenon may occur with a drug pos- 
sessingalongsystemic half-life orunique tissue-binding 
characteristics within the eye, If supplied in too high 
a dose or concentration, systemic side-effects may 
occur, as with 10% phenylephrine drops, 


‘TOPICAL MEDICATIONS AND PRESERVATIVES 


Ophthalmic solutions and ointments must be sterile 
and a wide variety of preservatives are used for this 
Purpose. Most are toxic to the precorneal tear film 
and epithelium, impeding epithelial healing and dis- 
rupting the tear film, The commonly used preserva- 
tives are benzalkonium chloride, —thiomersal, 
chlorbutol and organomercuric compounds. Benzal- 
konium chloride is a surfactant preservative (cationic 
preservative) which attains its bactericidal activity by 
attaching to the bacterial cell wall, increasing perme- 
ability and eventually rupturing the cell wall, While 
these preservatives and other cationic surfactants com- 
promise the corneal integrity, they have also been 
shown to enhance the ocular absorption of drugs 
Benzalkonium chloride is most effective at an alkaline 
pH (approximately pH 8.0) but is inactivated by the 
presence of soaps and salts, for example magnesium, 
and calcium. As such, some contact lens solutions 
also combine ethylenediaminetetra-acetic acid (EDTA; 
a chelating agent) to overcome this problem, Severe 
toxicity may result from direct cellular damage or 
from a hypersensitivity reaction to components of the 
drug, and give rise to papillary conjunctivitis, 


punctate keratitis and corneal oedema. Chlorbutol 
also reduces oxygen utilization of the cornea (see 
Ch, 4, p. 203) and may result in epithelial desquama- 
tion. Mercurial compounds inclide phenylmercuric 
acetate and thiomersal, Hypersensitivity to these com- 
pounds is the most dramatic and common complica- 
tion of preservatives in 10% of patients, and mercurial 
deposits may develop in corneal tissues, All these 
preservatives are absorbed to various degrees by soft 
contact lenses 


Reconstituting the tear film 


With increased knowledge of the anatomy and physi- 
ology of the precorneal tear film (Ch, 1, p, 89 and 
Ch, 4, p, 203), tear substitutes have been generated, 
to provide symptomatic relief by artificially reconsti- 
tuting individual tear film components, Ocular surface 
disease results from abnormalities in one, but gener 
ally more, of the tear film components, Aqueous defi- 
ciency is observed classically in kerstoconjunctivitis, 
sicea, as occurs in, for example, Sjogren's syndrome. 
Instillation of artificial tears is the mainstay of treat- 
ment in conjunction with reducing drainage by 
occluding the lacrimal puncta. Mucin deficiency occurs 
in conditions that affect goblet cell function, for 
example cicatricial conjunctival disease and hypovita- 
minosis A, the effect of which is an unstable tear film 
because the surface tension is reduced and so is insuf- 
ficient to maintain the aqueous layer. Therefore, areas 
of non-wetting occur and if left untreated corneal 
ulceration and scarring can result, Finally, lipid abnor- 
malities are associated with chronic inflammation of 
the meibomian glands (see Ch. 1, p. 82) and, again, 
result in an unstable tear film and inadequate wetting, 
of the cornea 


‘TEAR SUBSTITUTES 


Artificial tears or ocular lubricants are generally formu- 
lated as solutions consisting of inorganic ions (0.9% 
NaCl) and polymers to increase wettability and reten- 
tion time, ie. they additionally act to replace one of the 
actions of the mucin component of the tears, Com- 
monly used polymers include polyvinyl alcohol and 
semisynthetic celluloses. Methylcellulose, hydroxy- 
propylmethylcellulose and hydroxycellulose are still 


widely used, although polyvinyl alcohols have addi- 
tional surfactant properties to further stabilize the tear 
film for longer periods, Recently, hyaluronic acid has 
heen used, which has much greater retention times 
than celluloses or polyvinyl alcohols and improves tear 
film stability: Polyacrylic acid (carbomer) isa gel that is 
hydrophilic, helping it to form a stable tear film, 
increasing retention time and thus enabling it to be 
used less frequently 

Artificial tears are now more commonly available 
without preservatives, Preservatives affect corneal epi- 
thelial stability and thus ability to maintain the pre- 
corneal tear film 


MUCOLYTICS 


Acetyleysteine, which is a derivative of the amino acid 
Leysteine, has been used as a mucolytic agent, dis- 
solving the mucus threads that occur in keratocon- 
junctivitis sicca, but it does not appear to effect corneal 
‘wetting so it has to be used in conjunction with other 
artificial tear preparations. 


Ocular drugs and the autonomic 
nervous system 


Parasympathetic and. sympathetic divisions of the 
autonomic nervous system supply both ocular and 
extraocular tissues vital for normal ocular function 
(ee Ch. 1, p. 64). Agents that influence neurotrans- 
mission in the autonomic system are extremely impor- 
tant in the diagnosis and management of many 
ophthalmic disorders 


THE PARASYMPATHETIC SYSTEM 


Acetylcholine is the major neurotransmitter of the 
parasympathetic system. It is formed enzymatically 
from choline and acetyl coenzyme A in the nerve 
endings (Fig, 6-6), Acetylcholine acts on two types of 
receptors: muscarinic, which are situated at the effec- 
tor organ (postganglionic), and nicotinic, which are 
situated at ganglion synapses and also at neuromus- 
cular junctions, In the eye such receptors are found in 
the motor endplates of extraocular muscles and levator 
palpebrae superioris, sympathetic and parasympa- 
thetic ganglia, iris sphincter, ciliary body and lacrimal 
glands. The nicotinic-acetylcholine receptor complex 
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consists of two pairs of polypeptide chains and an 
additional single polypeptide chain (250000 Da), 
providing a hydrophilic channel through which ions 
can traverse the lipid bilayer. This is known as a 
ligand-gated ion channel, As the acetylcholine binds to 
the receptor in the synaptic cleft the configuration of 
the polypeptide chains alters, allowing an influx of 
sodium and potassium ions down the concentration 
gradient, thus depolarizing the motor endplate. Cobra- 
toxin, bungarotoxin and tubocurarine (active ingredi- 
ent of curare) block acetylcholine receptors by 
preventing the opening of these ion channels, Follow- 
ing the release of acetylcholine, it is largely metabo- 
lized by hydrolysis, either within the synapses by 
acetylcholinesterase, or it is absorbed into plasma and. 
then hydrolysed by butyrylcholinesterase. Drugs can. 
act as agonists or antagonists at either muscarinic or 
nicotinic receptors, 


Parasympathomimetics mimic 
the action of acetylcholine 


Parasympathomimetics are a group of drugs that act, 
either by directly stimulating the muscarinic receptor, 
for example pilocarpine, or by inhibiting the enzyme 
acetylcholinesterase, which hydrolyses the acetylcho- 
line in the synapse. 

Pilocarpine is used in the treatment of chronic 
open-angle glaucoma, facilitating aqueous drainage 
via its miotic action on the iris and contraction of the 
longitudinal muscle of the ciliary body. This draws 
on the scleral spur and opens the uveotrabecular 
meshwork, Parasympathetic stimulation has been 
shown experimentally to reduce aqueous outflow 
resistance with concomitant breakdown of the blood— 
aqueous barrier. Pilocarpine thus not only reduces 
outflow resistance but also reduces the rate of aqueous 
secretion. In addition, pilocarpine blocks the uveo- 
scleral drainage route of aqueous (see Ch. 4, p. 35) 
so that drainage is confined to the canal of Schlemmn, 
The ocular hypotensive effect of pilocarpine is further 
achieved by a reduction in blood flow within the 
ciliary body, which in turn reduces aqueous secretion 
(Box 6-13) 

The side-effects of direct muscarinic agonists 
inclide conjunctival toxicity, iris cysts, cataracts and. 
systemic absorption, which can give rise to muscarinic 


356 6 General and ocular pharmacology 


‘Neore 
motor endplate 


2 Aceychoine 


(0—CH,—CH,—N'(CH), 


Acetyichaine 


FIGURE 6-6 The parasympathetic system: motor endplate, 


stimulation resulting in sweating, salivation, vomiting, 
and bradycardia, 


Parasympathetic antagonists affect the pupil and ciliary 
muscle separately and are exploited therapeutically 


These drugs block the effect of acetylcholine at mus- 
catinic receptor sites, Their principal effects are those 
of mydriasis (dilatation of pupil) and cycloplegia 
(inhibiting ciliary body muscle contraction), but addi- 
tional effects also include reduction of lacrimal secre- 
tions (Table 6-1). 

They are used clinically in the management of iitis 
(preventing adherence of the iris to the anterior 
capsule of the lens called posterior synechiae), for 
cycloplegic refraction, to facilitate routine fundal 


BOX 6-13 USING PARASYMPATHOMIMETICS 
IN DIAGNOSIS 


Edrophonium (a competitive inhibitor of 
acelyicholinesterase) is used in the diagnosis of ocular or 
systemic myasthenia gravis (tension tes). After 
intravenous administration, any improvement in ptosis or 
liplopia confirms the diagnosis. Longer-acting 
amicholiesterases (neostigmine) can be used to maintain 
‘some neuromuscular function, immunosuppressive 
therapies are also used to treat myasthenia because they 
impair the autoimmune response generated by the 
acetylcholine receptor antibodies. 

Low concentrations of plocarpin are used inthe 
iagnosis of Adie's toni pupil, by manifesting the miotic 
response of the supersensitve iis sphincter caused by 
loss of postganglionic nerve fibres in this condition, 


examination and for the provocation test in narrow- 
angle glaucoma. The side-effects of this group of drugs 
are seen more often with the longer-acting drugs, for 
example atropine sulphate. Systemic absorption 
occurs, particularly with atropine, via conjunctival 
vessels and via nasal and nasopharyngeal mucosal 
absorption. Systemic side-effects include dry mouth, 
facial flushing, sweating and tachycardia. Ocular side- 
effects include hypersensitivity reactions and conjunc- 
tival hyperaemia, blurring of vision and photophobia, 


E6-1 Antimuscarinic agents 
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a transient rise in intraocular pressure and, accasion- 
ally, precipitation of acute-angled glaucoma 


‘THE SYMPATHETIC SYSTEM 


Acetylcholine, adrenaline (epinephrine) and noradren- 
aline (norepinephrine) all act as neurotransmitters 
within the sympathetic autonomic nervous system 
(Fig, 6-7), Acetylcholine is the neurotransmitter at 
autonomic ganglia, which includes the sympathetic 
nervous system, Adrenaline and noradrenaline are 
generated from hydroxylation of tyrosine to form 
DOPA, and further modified enzymatically to form 
dopamine, and finally adrenaline and noradrenaline 
(Fig, 6-8). Once released from the nerve ending they 
act on several well-defined subtypes of receptors. The 
action of the neurotransmitter is terminated by enzyme 


‘Maximal mydriasis) degradation with monoamine oxidases and catechol 
Drug cycloplegia (min) Duration O-methyltransferase, and also by active reuptake into 
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FIGURE 6-7 The sympathetic nervous system. AGh, acetycholine. 


Horner syndrome 


Homer syndrome is important to recognize given that is 
can indicate life-threatening disease, for example Pan- 
coast syndrome (apical lung tumour) or dissecting aortic 
aneurysm, The signs are a result of interference with 
sympathetic nervous system and anatomical diagnosis of 
location of pathology can be assisted with response to 
‘pharmacological block of sympathetic outflow, 
CLASSICAL THAD OF S¥MPTOMS 

+ Partial ptosis (loss of sympathetic innervation of 
‘Mollers muscle) 

+ Anhydrosis (decreased sweating affecting side of 
face) 

+ Miosis (loss of sympathetic tone to iis). 

MAKING A DIAGNOSIS, 

Even with the advent of medical imaging 10 precisely 
locate the lesion within the sympathetic outflow pathway, 
diagnosis may be confirmed and then localized via phar- 
macological manipulation. The site depends on where 
the sympathetic outflow is perturbed 

+ Fits order neurones ~ central lesions involving the 
‘medulla oblongata Where autonomic centres reside 
(e.g. a5 seen in lateral medullary synclrome) 

+ Second order neurones — where preganglionic 
fibres are involved with compression of sympa- 
thetic chain (Pancoast syndrome) 

+ Third-order neurones — where postganglionic 
lesions at level of internal carotid artery (ancl within 
cavernous sinus) are affected, 

‘THE Use OF Daors 

+ Cocaine prevents the reuptake of noradrenaline, 
resulting in pupil dilatation. So in Homer syn- 
drome with the loss of sympathetic drive, there is 
a failure of cocaine-induced pupil dilatation 

+ Hydroxyamphetamine 1% will cause neurotrans- 
‘mitter release from the postganglionic fibres (hied- 
forder neurones). Therefore, in Homer syndrome 
affecting the preganglionic fibres, amphetamine will 
cause normal pupil dilatation, whereas if there is 
disruption of postganglionic fibres there will be no 
effect as there will be no noradrenaline to release 

+ Both apraclonidine and phenylephrine drops will 
dilate postganglionic Homer syndrome due to de- 
nervation hypersensitivity, 
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Planck frequency are only the leading terms, and for 
which linear combinations of forces can introduce other 
plausible frequencies. One purpose of this 
reexamination is whether the resulting gravitational 
coupling constant, G , can be reconciled with the 
anticipated energy density of the universe [11] without 
resorting to extreme space time curvature and thus yield 
enough critical density to contain the expansion of the 
universe. Finally we particularize the case to the high- 
density fluctuations possible in Bose condensates [12], 
a potential experimental test case for how the effects 
of vacuum noise might manifest observably. 


One far-reaching consequence of the vacuum energy 
model is the attractive force of gravity becomes 
reducible to the radiative interaction between 
oscillating charges, e.g. the zero point field (ZPF) 
applied to subatomic charges. Mass and inertia arise 
from the fundamentally electromagnetic ZPF 
oscillations. 


‘This random background gives the usual quantum 
mechanical energy spectrum from particle field effects: 


plodo ~ w'do 


a very important dimensional relationship, since the 
third power in frequency avoids anomalous Doppler 
shifts from velocity boosts, or stated alternatively is the 
correct spectra for a Lorentzian (non accelerated) 
invariant radiation field [13]. 

More specifically, the energy spectrum [3] can be 
written as: 


Plo =[w7 /77c*|[ho/ 2\do 
=ho’ /2n*c'do ~ w'do 


which is an expression in the first parenthesis of the 
density of the normal modes and in the second 
parenthesis of the average energy per mode. When this 
energy density is integrated over all frequencies, the 
@ divergence produces well known infinities in the 
integration limit of high frequencies, thus an assumed 
cutoff frequency (appropriate to experimental 
observation limits at the Planck frequency), is usually 
introduced: 


=( sna) 


Formass, m , moving in an accelerated reference frame 
g = -a=Gm/r’, the resulting energy spectrum includes 
a gravitational spectral shift [3], 


Ap'(o)do = ho /2n7e*[Gm/ rdw ~\/r'do 


a kind of short range (1/r') gravitational energy shift, 
but electromagnetic in origin when zero point 


fluctuations are included. (N.B. To account for equal 
gravitational mass effects in neutrons and protons, the 
ZPF oscillations must involve subatomic charges, or 
‘parton’ effects. The assumption derives from high 
frequency interactions of ZPF wherein these subatomic 
particles are asymptotically free to oscillate as 
independent or free particles as quantum noise). 


A further far reaching consequence [3] is mass itself 
becomes interpretable as a dependent quantity derived 
from a damped (with decay constant I) oscillation 
Griven by random ZPF: 


m=Te! /G=2h0/n?e' Sado 


with the only two free parameters, the damping factor 
I, and again the frequency, @. The internal kinetic 
energy of the system contributes to the effective mass. 


This leads to an overall average spectral density, written 
in terms of mass as: 


Ap'(w)= m?c%@ | 2hoir’ 


for the electromagnetic field distribution near (1/r') to 
the mass, m, which in detail is half electric and half 
magnetic. 


One additionally attractive feature is the 
correspondence between this derivation and the view 
of gravity as a dynamical scaleinvariance breaking 
model (e.g. symmetry breaking near the Planck mass 
energy [14]). A final result includes the force calculation 
between two ZPF radiation oscillators of the correct 
form yielding Newton's average force law 


<F>=-Gm' Jr? 


Thus, for a Newtonian force to first order in a flat space 
time, Sakharov [2] could be credited for proposing 
gravity as not a fundamentally separate force and 
Puthoff [3] and co workers [4-5] applied the vacuum 
electromagnetic field to equate gravity to a long-range 
radiation force (e.g. van der Waals like force). Higher 
order oscillatory gravity modes vary as 


(info, /@, 1. 


To first order, a weak G coupling constant, 


G=(ne* /ho?), appears for high frequency cutoff at 
the Planck scale. A corollary in analogy to 
electromagnetic shielding by ordinary matter can be 
rationalized as the problem of frequency mismatch at 
high Planck frequencies, e.g. ZPF cannot be 
fundamentally shielded. In other words, frequency 
mismatch precludes gravity shielding by matter. 


‘The purpose here is to revisit the only free parameter, 
the frequency cutoff, more in the spirit of a mass 
resonant frequency. The motivation for this approach 
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‘The control of intraocular pressure is facilitated by 
similar and opposite effects of adrenergic receptors 
(Box 6-14) 

The control of intraocular pressure (IOP) and aqueous 
production and outflow has already been discussed. 
Gee Ch. 4, p. 222). Itis well documented that certain 
O-agonists cause lowering of the IOP, for example 
clonidine, which is principally mediated by an dy- 
agonist action. On the other hand ct-agonists (e.g 
phenylephrine) cause a rise in IOP with concomitant 
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FIGURE 6-8 Synthesis of noradrenaline (norepinephrine) and adren- 
line (epinephrine). 


pupillary dilatation, As ou-agonists produce an imme- 
diate fall in 1OP, their effect is likely to be central, 
mediated by stimulation of the medullopontine sym- 
pathetic centre, Conversely, ay-hypertensive effects are 
thought to be muscular in origin because the effect is 
antagonized by muscle relaxants. 

B-receptors are the predominant receptor on ciliary 
epithelium, stimulation of which will reduce IOP 
experimentally, However, B-blockers (e.g. timolol) 
also reduce IOP In humans, stimulation of B-receptors 
does not cause a reduction in aqueous secretion. 
Indeed adrenaline (a combined a- and B-agonist) 
causes an initial rise in IOP that is also associated with, 
an initial rise in aqueous secretion, This effect is medi 
ated by concomitant a-receptor stimulation, the 
hypotensive effect being a purely os-agonist action. 
Experimental evidence suggests that direct application 
of cAMP also increases aqueous drainage, and ade- 
nylate cyclase, which is also activated by B:-agonists, 
producesa similar response. Certainly arise in aqueous 
CAMP levels correlates well with reduction of IOP, 
which may be mediated by both a and -agonists, 
but as yet the exact mechanism is unknown (Box 
6-15). 

Additional content available at huypsexpertconsult 
inkling conv. 


BOX 6-14 ADRENERGIC RECEPTORS 


‘Adrenergie receptors are classes of G-coupled protein 
receptors of two types, a and Bi futher subtypes exist 
within each group, classified according to the elicited 
response and distinguished by selective agonists and 
antagonists. 

* ck Teceptors mediate excitatory responses: 
principally smooth muscle contraction. 

+ g-Feceptors are located mostly on the presynaptic 
nerve endings and are inhibitory because, when 
‘stimulated, they prevent further release of the 
neurotransmitier trom the presynaptic terminal 
(Fig. 6-9). 

+ Br-eceptors situated inthe heat are excitatory and 
give rise to a positive inotropic and chronotropic 
response. 

+ Brteceptors can meat inhibitory responses, 
relaxing the smooth muscle of blood vessels and 
bronchi 

+ freceptors ar located in adipose tssue and related 
to thermogenesis and lipolysis. 
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FIGURE 6-9 Adreneraic receptors and metabolism of adrenergic neurtransmiters. 


BOX 6-15 ADRENERGIC ANTAGONISTS 


NON-SELECTIVE B-BLOCKERS (B AND i) 
+ Carteotol 
* Levobunolol 
+ Timolat 
[SELECTIVE BLOCKERS 
+ Betaxolol 


Clinical control of intraocular pressure 
exploits the adrenergic system 


Control of 1OP is the main aim of therapy in primary 
open-angle glaucoma, a disorder that contributes 
greatly to the demands on eye health care systems. 
IOP control may be achieved surgically or medically 
and numerous topical therapies based on the pharma- 
cology of the autonomic nervous system are in use, as 
described above, 

However, medical treatment of glaucoma with 
respect to control of IOP may also be achieved by 


systemic or local inhibition of carbonic anhydrase, 
an enzyme central to the formation of aqueous 
(see Ch. 4, p, 222), enhancing outflow pathways of 
aqueous flow oF protecting the neurones (Box 6-16). 
The common drugs used topically are summarized in 
Box 6-17 

The ocular effects of adrenergic agonists include 
mydriasis, slight ciliary muscle relaxation (probably 
not relevant in humans), increased formation and 
increased outflow of aqueous humour (although a 
stimulation will decrease aqueous humour produc- 
tion), contraction of Maller’ muscle and constriction 
of conjunctival and episcleral vessels (Table 6-2) 

‘Additional content available at https://expertcansult 
inkling.comy, 


The histaminergic system: histamine is 
released from conjunctival mast cells 
during allergic reactions 


Histamine is synthesized and stored in most tissues. 
It is derived from the amino acid histidine and excreted 


ADRENERGIC AGONISTS 

+ Advenaline stimulates both a and B-receptors 
“Adrenergic eceptors are found in cell merabranes of 
ins dilator muscle, Maller muscle, cary process 
epithelium and smooth muscle of cular blood 
vessels. Phenylephrine is a synthetic sympathomi- 
metic that acts directly on G-receptors. Mydrasis 
‘occurs within 1 hour and lasts 446 hours. The 
‘mydriasis of phenylephrine can be overcame by the 
powerful parasympathetic light rellex dung fun- 
‘doscopy, Thus, for maintained pupillary dilatation, 
combination of phenylephrine and an. antimus- 
carnic, forexample eyclopentoate is used. Systemic 
absorption is common with phenylephrine and care 
‘ust be taken when asingitin the elderly in patients 
with hypertension, or in neonates and children 

+ Hydrosyamphetamine acts by releasing noradrenaline 
from the nerve terminals. 1s therefore used in the 
diagnosis of postganglionic Homer syndrome 

+ Cocaine, whose membrane-stabilzing elect gives rise 
to its local anaesthetic properties, also prevents the 
reuplake of noradrenaline into the nerve endings, 
and isused in the diagnosis of pre- or postganglionic 
Homer syndrome in cases of anisocona, 

+ Apraclonidine hydrochloride is a selective c-adrenergic 
agonist acting mainly on ay-receptors. It may be 
applied topically forthe prevention and management 
of raised IOP after anterior segment laser treatment. 
Irlowers IOP by decreasing aqueous humour forma- 
tion, Tt does not penetrate the blood-aqueous barrier 
easily and therefore has minimal systemic side- 
effecs, unlike clonidine 

+ Brimonidine is a selective ax-receptor antagonist 
‘hich over longer periods can reduce 1OP without 
significant cardiovascular or pulmonary function 
fects, 

+ Beeadrenergic agonists also lower 1OR, but thei feet 
is mainly to increase the uveoscleral outflow, and 
they ate often used in combination with B-blacking 
agents 

Commercially available Ladrenaline (Eppy 1%) can 

produce local irritation, allergy and adzenochrome depos- 
iis in the subconjunctiva. These adrenochrome deposits 
are most likely to be oxidative products of adrenaline and 
ate most common in the palpebral conjunctiva, Dipivalyl 
adrenaline (Propine® 0.1%) i also used in the treatment 
fof glaucoma, Iris a pophilic prodrug of adrenaline, and 
can penetrate into the anterior chamber, where itis hydro- 
lysed into the active agent. If adrenaline or is prodrug 
analogues are used to teat aphakic glaucoma, there is a 
high incidence of cystoid macular oedema. This macular 
toxicity has been reported to occur in 20-30% of aphakic 
yes undergoing adrenaline treatment. The mechanism of 


cystoid macular oedema is unknown, but the angiographic 
features are identical to those of other conditions causing 
macular oedema, such as Irvine™Gass syndrome (vitreous 
wound adherence following cataract surgery). Experimen- 
tal evidence has shown that the high incidence of cystoid 
macular oedema in aphalac eyes is the result of higher 
concentrations of adrenaline in the retina of aphakic eyes 
(eTable 6-1) 


ADRENERGIC ANTAGONISTS 
Since the introduction of timolol maleate, topical 
Beblockers have become the most important therapeutic 
agents in the medical treatment of glaucoma, The lowering 
of 1OP isa response toa blockade of P-acrenergic receptors 
im the ciliary epithelium, which produces up to 50% 
reduction in aqueous production, The site of action prob- 
ably resides withm the ciliary body, but itis not known 
whether adrenergic antagonists specifically affect ciliary 
body perfusion or the pumping mechanism of the ciliary 
epithelium, B-blockers certainly interaet with B-adrenergic 
receptor-coupled adenyl eyclase of the ciliary epithelium, 
Clinically, there are now many B-blockers available, which 
vary according to their Breceptor selectivity. However, 
because of the opposing pharmacological actions of adren- 
aline and B-blockers, these drugs do not have an additive 
effect in lowering 1OP Timolol maleate 1s the most com- 
monly used topical B-blocker and is non-selective, ating 
fon both - and By-receptors. Timolol binds reversibly 
with B-receptors and can reduce 1OP in nonnal human 
eyes by reducing aqueous production by 15-48%, Betax- 
lol hydrochloride is a lipid-soluble f-antagonist that is 
relatively cardioselective. It reduces IOP by decreasing the 
production of aqueous at the ciliary body, with no effeet 
‘an aqueous outflow Canteolol hydrochloride is B-blocker 
that possesses intrinsic sympathomimetic activity, and is 
thought to be beneficial in glaucoma because it not only 
lowers IOP but also increases optic nerve head perfusion, 
Its intrinsic sympathomimetic activity does not appear to 
confer any protection fram systemic side-effects of non- 
selective B-blockade. New B-blockers are frequently under 
Investigation for their effectiveness in reducing 1OP and 
preventing the progression of glaucomatous visual field 
loss. The ideal B-blocker would block B-receptors in the 
eye without having any effect on systemic B-receptors 
Systemic side-effects of agonist agents include hypoten- 
sive episodes, cardiac arrhythmia, headache and anxie 
The systemic elfects of B-blockade include bronchospasm, 
bradycardia, syncopal attacks and central nervous system 
depression. tt is still not confirmed whether systemic 
absorption of B-blockers raises levels of serum triglycerides 
and cholesterol, as with systemic B-blockade, which is of 
particular importance when treating patients with ischae- 
mic heart disease or more widespread vascular disease 
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eTABLE 6-1 Sympathomimetic drug 


receptor profile/action 


‘Syimpathomimatic 
Noradrenaline 
Adnan 
Phenylephrine 
Brimonigine 
Apraclonidine 
Hydroxyamphetamine 


Cocaine 


Receptor/action 
and B 

and 

« (non-selective) 

Selective «agonist 

‘4s partial agonist 

Releases noradrenaline 
‘rom nerve endings; inhibits 
‘monoamine oxidases 
Inhibits uptake of 
oradrenaline at nerve 
endings 


Carbonic anhydrase in the eye is a target 
enzyme for drug action 


Aqueous humour is secreted actively into the posterior 
chamber by the non-pigmented epithelium of ciliary 
processes, which in tum is dependent on the active 
teansport of sodium using the sodium/potassium ATPase 
pump (see Ch. 4, p. 257). Aqueous secretion can be 
decreased by inhibiting bicarbonate formation, an essed- 
tual component in aqueous production. The production 
of bicarbonate 1s catalysed by the ubiquitous enzyme 
carbonic anhydrase, which exists in at least six isoforms 
Carbonic anhydrase catalyses the hydration of carbon 
dioxide to bicarbonate, which then dissociates 19 form 
hydrogen ions and bicarbonate. The subtypes of cazbonic 
anhydrase enzymes located in ocular tissues include car 
Donic anhydrase isoenzyme Il, which is found in the 
ciliary body, and isoenzyme IV, which i thought to be a 
‘membrane-bound fraction of the enzyme found in the 
apical region of the RPE cells. Inhibition of carbonic 
anhydrase reduces aqueous production. This may be a 
direct effect of enzyme inhibition or secondary to the 
altered intracellular pH and blockade of the sodium/ 
potassium ATPase ion channel, The effect of acetazols- 
ride therapy is perhaps somewhat surprising, Carbonic 
anhydrase has a high tumoyer and the drug must not 
only reach the active ste but also remain in high enough 
concentrations to have a sufficient duration of action. 
The drug binds avidly to red blood cell carbonic anhy- 
drase and, when saturation is reached, the drug may 
effectively distribute to other tissue-binding sites, eg 
ciliary processes and proxinal tubule ofthe kidney: Car- 
bonic anhydrase inhibitors are useful in selected cases of 
slaucoma. However, these drugs are usually sulphoo- 
amide derivatives and can have severe systemic side- 
effects, including potassium depletion, dermatitis, renal 
‘stones (the incidence is sad to be 11 times higher than 
normal), acidosis and, most commonly, fatigue and par 
aesthesia of the extremities, which can make up to 50% 
of patients intolerant to us long-term use. Acetazolamide 
is the most frequently used agent, and recently a new 
sustamed-release preparation has become available 
which is said to reduce the incidence of systemue side- 
eflects, Dorzolamide 1s a topical carbonic anhydrase 
inhibitor used to lower 1OP in patients resistant oF intol- 
erant to B-blockers, It is iant 10 the corneal and eon- 
junctival surface and systemic absorption may rarely give 
rise 1o sulphonamide-lke side-effects 
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BOX 6-16 PROTECTING NERVE FIBRES 
WITHOUT LOWERING IOP: 
NEUROPROTECTION 


+ Glutamate-receptor blocking agents ~reduce excessive 
calcium influx and ATP synthesis inhibiting excitatory cll 
death Agents may act at diferent sites (receptors) 
inducing amino acid-induced excitotoxicity. 

‘NMDA (i-methy! o-aspartate) receptor inhibition 
= NMDA isa postsynaptic igand-gated ion channel 
requiring NMDA and glycine for activation. Antagonists 
can either be competitive or non-competitive, both of 
hich ultimately reduce glutamate secretion and reduce 
excitotoxicity 

+ Ntvc oxide synthase intbiton 

+ Antioxidants 


BOX 6-17 ACTIONS OF TOPICALLY APPLIED 
DRUGS THAT LOWER IOP 


+ f-blockers (Limolol,betaxolal, levobunolol, crteolol) 
‘decrease aqueous production by up to 50% and thus 
lower IOP, even in normal eyes. Their precise action 
remains unknown but they are likely to affect ether 
‘vascular perfusion of the eilary body or adenyl cyclase 
ofthe ciliary epithelium, 

+ Parasympthomimetcs(pilocarpine) lowers 1OP by 
facilitating aqueous outflow via its direct action on the 
scleral spur and ciliary body muscle 

+ gadrenostimulatants (brimonidine and aprocloniine) 
stimulate receptors inthe trabecular meshvtork 
{Increasing both intracellular and aqueous CAMP levels), 
\which increases the facility of oufiow. Stimulation of the 
ca-feceptors on blood vessels supplying the cilary body 
causes vasoconstriction and reduced blood flo, and 
consequently reduced aqueous production. 

+ Prostaglandin analogue latanoprost, travoprost Is & 
prostaglandin F, analogue and a prostanoid FP receptor 

(Gorotein-coupled receptor) agonist, which reduces |OP 

by increasing the outflow of aqueous humour, mainly 

tteosclera outiow. 

Carbonic anhydrase inhibitors (systemic — acetazolamide 

~ or topically —brinzolamide, dorzolamide). 


in the urine after being enzymatically degraded in the 
liver by histaminase. Histamine is a modulator of the 
inflammatory response, particularly in allergic type 1 
hypersensitivity reactions (see Ch. 7, p. 4445). Hista- 
mine also plays an integral role in neurotransmission, 
for example regulating gastric acid secretion, Four 
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BOX 6-18 HISTAMINE RECEPTOR 
ANTAGONISTS 


H, — diphenhydramine, loratadine, cetirizine 
H,— ranitidine, cimetidine 

Hh eiproxitan 

Hi thoperamide 


common histamine receptors (7 transmembrane 
Gprotein-coupled receptors) are described, H)-H, on. 
the basis of the structure of the specific antagonist that 
binds to them (Box 6-18). 

Hy-receptors are found in abundance in human 
bronchial muscle and at many other sites, including, 
the CNS, The histamine receptors in these tissues have 
the same affinity for histamine as for the histamine- 
competitive antagonist cetirizine, Hy-receptors are 
found in the stomach, heart and uterus. The receptors 
involved have a common affinity for the competitive 
histamine antagonist cimetidine. Activation of Hy 
receptors results in an increase in intracellular calcium. 
concentration, and activation of Hy-receptors results, 
in stimulation of adenyl cyclase and second messenger 
production (Box 6-19). 

Mast cells are an abundant source of histamine 
Histamine release is mediated by allergen-induced 
immunoglobulin E (IgE) hypersensitivity responses. 
Control of this allergic response can be obtained by 
preventing mast cell degranulation at the mucous 
membranes with mast cell stabilizing agents, This is 
of particular relevance when considering the manage- 
ment of allergic eye disease (Box 6-20) 


ANTIHISTAMINES, 


1H, antihistamines inhibit histami 
tion of smooth bronchial muscles and increased 


induced contrac 


BOX 6-19 ACTIONS OF HISTAMINE 


H, Acrions: 
+ Increases vascular permeability and vasodilatation of 

arterioles 

pes dilatation of superficial skin vessels (axon 

reflex) 

+ Capilary dilatation and oedema of dermis 

+ Smooth muscle contractionbronchospasm 


Increased mucus secretion 
Central nervous system depressant 
H, Actions 
+ Increased pepsin and avid production 
+ Increased myocardial stroke volume 
Hy, Acrions 
+ Receplors associated with neural tissue at 
picnic ses, lh, when smut, nt 
istamine release, the significance of which is 
unclear 
Hi, Acrions 
+ Mediates mast cell herotaxis and calcium 
mobilization in mast cells 


BOX 6-20 TREATING ALLERGIC EYE DISEASE 


TOPICAL ANTIMISTAMINES 
+ felastine 
+ Levocatbastine 
Mast CELL SraBiLiZeRs 
* Sodium cromoglicate 
* Lodoxamide 


vascular permeability caused by histamine, Some Hy 
antagonists have pronounced central nervous system 
side-effects, including drowsiness, but also have the 
henefit of being antiemetics. Recently introduced Hy 
antihistamines have markedly reduced sedative or 
anticholinergic action and do not so readily cross the 
blood-brain barrier when administered systemically. 
H, antagonists are effective in the pharmacological 
control of gastric acid secretion by decreasing basal 
and food-stimulated acid secretion (up to 90%). The 
two drugs commonly used are cimetidine and raniti- 
dine, which are structural analogues of histamine. 
Cimetidine also inhibits cytochrome P.yo and decreases 
the metabolism of drugs (e.g. anticoagulants, pheny- 
toin and aminophylline), thus potentiating their 
effects. Cimetidine binds to androgen receptors, 
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sometimes leading to gynaecomastia and reduced 
sexual function. 


SODIUM CROMOGLICATE 

Disodium cromoglicate is used in the treatment of 
allergic hypersensitivity reactions and is administered 
topically, either into the conjunctival fornix or by 
inhalation to the bronchial mucosa. It acts by inhibit- 
ing the release of histamine and slow-releasing sub- 
stance of anaphylaxis (SRS-A) from the mast cells 
within the mucosa, by stabilizing mast cell mem- 
branes, It must therefore be administered before mast 
cell priming with IgE and allergen because it will have 
no effect once the mast cells have degranulated. 


Lodoxamide has also been developed as a topical 
application to prevent mast cell degranulation, along- 
side increasing numbers of topical choices in this class 
of agent. 


Eicosanoids affect multiple 
ocular functions 


Eicosanoids are not found preformed in tissues but are 
generated de novo from cellular phospholipids afier a 
wide range of stimul. They are important mediators 
of the inflammatory response, and the non-steroidal 
anti-inflammatory drugs (NSAIDs) owe some of their 
activity, especially prostaglandin Fq, to the inhibition 
of the synthesis of eicosanoids, The name prostaglan- 
din derives from reports that semen contained a sub- 
stance that contracted the uterus and was thought to 
be derived from the prostate gland. However, the first 
prostaglandins were described in the eye, although not 
named as such. 

The principal eicosanoids are the prostaglandins, 
thromboxanes and leukotrienes (see Ch, 7, p. 394). 
The main source of these substances is from the 
20-carbon unsaturated fatty acid arachidonic acid, 
which is found esterified in the phospholipids of cell 
membranes, Figure 6-10 describes the generation of 
these molecules, where the initial rate-limiting step is 
the generation of arachidonate by phospholipase Ay or 
C. Stimuli that liberate these enzymes include 
thrombin in platelets, C5a from complement and 
bradykinin, as well as general cell damage, The free 
arachidonic acid is then metabolized via two pathways 
mediated by the enzymes cyclo-oxygenase, generating 
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FIGURE 6-10 Synthesis of eicosanoids, 


Prostaglandins, and lipoxygenase, generating leukot- 
rienes (see Ch. 7, p. 394), The anti-inflammatory 
action of the NSAIDs is mainly the result of the inhibi- 
tion of cyclo-oxygenase, and thus prostaglandin syn- 
thesis (Box 6-21) 

Each prostaglandin appears to act on specific recep- 
tors which have yet to be fully characterized. However, 
receptor antagonists are gradually being developed for 
each eicosanoid, A recent example is misoprostol, 
which reduces gastric acid secretion and gastric 
erosion by NSAIDs, by the antagonism of prostaglan- 
din E, class 1 receptors 

Aspirin, among other compounds, inactivates 
cyclo-oxygenase and reduces inflammation and pain. 
Other systemically administered NSAIDs, such as 
indometacin and flurbiprofen, are used in an attempt 
to reduce the inflammatory response in uveitis and 
scleritis, Indometacin is used also to reduce cystoid 
macular oedema, but its effects have yet to be substan- 
tiated. Both ibuprofen and diclofenac are now availa- 
ble as topical applications, their principal use is to 


BOX 6-21 BIOLOGICAL ACTIONS OF 
EICOSANOIDS 


PROSTAGLANDINS, 


‘+ Prostaglandin |, ~ vasodilatation, decreases platelet 
adhesion 
+ Prostaglandin Fs. — bronchial smooth muscle 
contraction 
+ Prostaglandin  — vasodilatation, bronchodiatation, 
uterine contraction, pyretic, stimulates release of 
pituitary hormones, adrenal cortex steroids and 
Insulin from pancreas, macrophage activation 
‘THROMBOXANE 
+ Thromboxane A; — vasoconstriction, platelet 
‘aggregation, bronchoconstriction 
LEUKOTRIENES 
+ Leukotriene B, — aggregation of neutrophils, 
‘chemotactio, stimulation of phospholipase A, 
+ Leukotriene C, 
+ Leukotriene D, contraction of smooth musele, 
bronchoconstrction, vasoconstriction, leukotrienes 
C, and Ds together form SRS-A. 


prevent perioperative miosis during cataract surgery 
as well as to reduce postoperative inflammation. 

More recently, prostaglandin analogues have heen 
studied for use in primary open-angle glaucoma, e.g 
prostaglandin Fig 

In an attempt to increase the efficacy of NSAIDs 
and reduce, in particular, gastric mucosal erosions, 
newer NSAIDs are being generated which are specific 
for one of the isoenzymes of cyclo-oxygenase, cyclo- 
oxygenase 2 (COX-2). COX-2 specificity is said to 
confer a more specific inhibition of inflammatory 
prostaglandin synthesis, without impairing synthesis 
of gastroprotecting prostaglandins, e.g. prostaglandin 
Lb, which is synthesized by COX-1. Conventional 
NSAIDs are strong inhibitors of COX-1 and less active 
against COX-2 


Serotonin: a potent neurotransmitter 


Neurotransmitters are integral to retinal and cortical 
function, and drugs that modulate their function may 
alter visual perception. In addition, some neuromodu- 
latory drugs are used to treat conditions with visual 
symptoms, such as migraine. 

5-Hydroxytryptamine (5-HT; serotonin) is biosyn- 
thesized in a manner similar to noradrenaline from 
the precursor amino acid tryptophan, which is taken. 
up into the nerve endings and converted by tryp- 
tophan hydroxylase to 5-hydroxytryptophan, and 
then decarboxylated to serotonin. Serotonin is 
degraded by oxidative deamination by the action of 
a group of enzymes called monoamine oxidases to 
form the aldehydes 5-hydroxyindoleacetaldehyde and. 
S-hydroxyindoleacetic acid (5-HIAA), analogous to 
noradrenaline metabolism, The aldehydes are then 
excreted in the urine and may be detected in hyper- 
sectetory conditions such as carcinoid syndrome 


SEROTONIN RECEPTOR SUBCLASSES MEDIATE 
DIFFERENT EFFECTS 

Serotonin is a neurotransmitter that is widely distrib- 
uted throughout the body, particularly in platelets, 
mucosa of the gastrointestinal tract and neurones of 
both the central and peripheral nervous system. There 
are four main types of serotonin receptors, designated 
S-HT), 5-HT;, 5-HT, and 5-HT,, Although 5-HT is a 
simple molecule, it has a wide variety of effects in the 
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cardiovascular, gastrointestinal, respiratory and central 
nervous systems 

S-HTy-receptors can be further divided into sub- 
types 5-HT.,.4. They are differentiated by the kinetics 
of agonist and antagonist binding to the receptor, and. 
by their regional distribution within the central 
nervous system. 5-HT,, has been found in the raphe 
nucleus and the hippocampus, activation of which 
causes hypotensive attacks and behavioural changes 
This has been studied with particular reference to the 
physiology of anxiety: 5-HTy, is found in rodents and. 
is thought to have an inhibitory effect on the release 
of 5-HT, similar to the 5-HTy-receptor in humans, 
5-HT,, has been localized to the choroidal plexus, but 
no specific agonist or antagonist has yet been identi- 
fed. The 5-HT;-receptor is located in the hippocam- 
pus, frontal cortex and spinal cord. These receptors 
are also located on smooth muscle in the bronchus 
and blood vessels, They have a direct excitatory eflect, 
on smooth muscle. 5-HTy-receptors are found in the 
nerves along the gastrointestinal tract and peripheral 
nervous system. 5-HT exerts an excitatory effect 
through these receptors, particularly excitation of 
nociceptive nerve endings. They are also found in the 
limbic and cortical areas of the brain, and are thought 
to play an important role in the development of 
anxiety and psychotic states. Recently 5-HT,-receptors 
have been discovered in the CNS but their chinical 
significance remains unclear. 


5-HT ANTAGONISTS: 

Selective 5-HTy-receptor antagonists, which are used 
for the prevention of migraine attacks (e.g, methy- 
sergide and pizotifen), probably act by inhibiting 
the release of serotonin at the aura stage of the 
attack. During this stage the activation of 5-HT nen- 
tones is at its greatest, and thus antagonism of the 
receptors prevents the sequelae of vascular smooth 
muscle contraction, local inflammation and nocicep- 
tor stimulation, Selective 5-HTy-receptor antagonism 
(eg, ondansetron) reduces the 5-HT nociceptive 
stimulation, and thus the headache of migraine. 


Glucocorticoids 


Steroids are applied topically to suppress the inflam- 
matory reaction of many conditions, commonly 


364 6 General and ocular pharmacology 


anterior uveitis, postoperative inflammation and 
corneal graft rejection. They may also be administered 
subconjunetivally or systemically in more severe 
intraocular inflammatory conditions. The mechanism. 
of their anti-inflammatory actions is mediated by the 
drugs effects on both the number and function of 
lymphocytes, polymorphonuclear leucocytes and 
macrophages, and on vascular permeability, They also 
alfect inflammatory mediators by inhibiting phospho- 
lipase Ax, prostaglandin, thromboxane and leuko- 
trienes; and they also inhibit histamine release. Despite 
the pleotropic and what at first seems significantly 
powerful anti-inflammatory effects, steroids have 
many ocular side-effects, including cataract formation, 
reactivation of viral keratitis or increased incidence of 
bacterial infection, and steroid-induced rises in IOP 
The latter side-effect is dependent on the duration and. 
strength (potency) of individual steroid preparations 
as well as genetic predisposition... The rise in IOP is 
thought to occur via the accumulation of gly- 
cosaminoglycans and water in the trabecular mesh- 
work, reducing aqueous outflow. Thirty per cent of 
normal subjects have a hypertensive response when 
challenged with corticosteroids, This can be character 
ized further into poor responders, moderate respond- 
ers (heterozygous responders) and strong responders 
(homozygous responders). If the individual also has 
open-angled glaucoma, a greater overall response is 
seen, It is therefore important that IOP is monitored 
at regular intervals during the course of prolonged 
steroid therapy. 

The anti-inflammatory potency of any particular 
steroid is dependent on its ability to penetrate the 
cornea, Increasing the steroid concentration results, 
in higher intraocular concentrations, but this may 
also be achieved with different formulations of the 
same parent steroid that increase the contact time 
of the topically applied drug. Steroids such as pred- 
nisolone phosphate are hydrophilic and therefore 
penetrate the comeal epithelium poorly; in contrast, 
the acetate forms of both dexamethasone and pred- 
nisolone give rise to a much greater intraocular 
concentration. To date, it is still not established 
which concentrations of steroids are desirable for 
low-grade intraocular inflammatory conditions, If this 
could he established, ocular side-effects might be 
kept to a minimum, 


Immunosuppressant agents: combating 
ocular inflammatory disease 


Controlling immune responses, particularly Tecell 
responses (Ch. 7, p. 395), that mediate allograft rejec- 
tion, endogenous uveitis, associated or not with other 
autoimmune conditions, and chronic allergic eye 
disease may necessitate systemic therapy with immu- 
nosuppressants, In addition to steroids, there is now 
a significant armamentarium of agents used in oph- 
thalmology to treat such conditions. Such agents have 
been generated as a result of our increased under- 
standing of T-cell biology, in particular the interactions 
of T cells with specific antigens and amtigen-presenting, 
cells, activation of T cells and the effects of mediators, 
of inflammation, such as cytokines, 

Commonly used agents in addition to the tradi- 
tional use of steroids for suppressing inflammatory 
responses (Box 6-22), include ciclosporin A, purine 
antagonists and cytotoxic agents such as methotrexate, 
and occasionally alkylating agents such as cyclophos- 
phamide. Newer generations of similarly acting agents 
are now used, especially in prevention of solid organ 
allograft rejection, including tacrolimus (FK 506) and. 
mycophenolate mofetil (CellCept®). The mechanism 
of action of such agents and its effect on T-cell activa- 
tion are represented in Figure 6-11 

Although successful, immunosuppressive therapy 
is limited by its relative non-specificity, the refractive- 
ness of some patients to therapy and the high inci- 
dence of side-elfects (Box 6-23). To reduce unwanted 


BOX 6-22 IMMUNOSUPPRESSANTS AND 
‘THEIR MODE OF ACTION 


* Corticosteroids ~ act on cytosolic receptors and block 
‘transcription of eytokine genes (2. intertukins 1, 2, 8 
and 5, tumour necrosis factor-a and interferon-y) 

+ Giclosporin — acts via inhibition of calcineurin and NEAT, 
resuiting in inhibition of inteleukin-2 production 

+ Tacrolimus ~ inhibits intrleukin-2; mechanism similar to 


ciclosporin 
+ Azathioprine — inhibits purine synthesis, blocking RNA 
‘and DNA synthesis 


*+ Methotrexate ~flic ald antagonist, nibiting 
dihydrofolate reductase and suppressing DNA synthesis 

* CellCent— blocks de novo pathway of purine synthesis, 
which is selective for lymphocytes 
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FIGURE 611 Stages of Tcl actvation: multiple targets fr immunasuppresive agents. Sigal stimulton of T-cell receptor (TCR) results 
in calcineurin activation, a proces inhibited by ciclosporin (CyA) and tacrolimus. Clcineurindephosptonyates nuclear factor of activated T 
cells (NFAT, enabling ito enter the nucleus and bind to iterleuki-2 promoter. Corticosteroids Inhibit cytokine gene transcription in lyme 
phocytes and antigen presenting calls by several mechanisms. Sigal 2: co-stimulatory signals are necessary to optimize T-elineeukin-2 
gene transrstion, prevent T-cell anergy and inhibit T-cell apoptosis. Experimental agents but nt curentimmunasuppressive agents interrupt 
these inraceluir signal. Signal :intreukn-2 receptor stimulation induces the cel o enter the cell cycle and profeate. Signal 3 may be 
blocked by iterlukin-2 receptor antibodies or sirolimus, which inhibits the second messenger signals induoed by intreukin-2 ecepor liga 
ton, Following progression ito the cell cle, azathioprine and mycophenolate motel (MMF) inteupt DNA replication by inhibiting purine 


synthesis. (From Denton ta, 199, wih permission rom E'seie) 


BOX 6-23 COMMON SIDE-EFFECTS OF 
IMMUNOSUPPRESSANTS 


+ Gorticasteraids — osteoporosis, hypertension, glucose 
intolerance, altered habitus 

* Giolasparin and tacrolimus — nephrotoxicity, 
hypertension, hyperlipidaemia, glucose intolerance, 
hirsutism and gingival hyperplasia 

. bone marrow suppression, 
larshoea and gastrointestinal upset 


systemic effects, some agents, for example ciclosporin 
A and tacrolimus, are currently being formulated for 
topical delivery to treat chronic allergic disease and 
comeal allograft rejection, 


BloLocics 

The current expertise in molecular biological and 
engineering technology has permitted over the past 
decade the generation of specific molecules that 
can be engineered to specifically target receptors, 


membrane proteins or soluble proteins. With refer 
ence to eye diseases, this has resulted in newer 
treatments for ocular inflammatory disorders and 
retinal choroidal angiogenesis such as ‘wet’ age-related. 
macular degeneration, as discussed earlier. For 
example, one of the principal mediators of T-cell 
responses in autoimmune disorders, such as rhen- 
matoid arthritis, inflammatory bowel disease and 
posterior uveitis, is tumour necrosis factor-c. (TNE 
@). Engineering either specific antibodies or immu- 
noadhesins (fusion proteins of their receptors bound 
to a human immunoglobulin tail) can recognize 
membrane-bound and soluble TNF-0t and neutralize 
its activity. TNF-c binds two receptors (p55-TNFRI 
or p75-TNFR2). The commercially available biologics 
inclide infliximab, a chimeric antibody (human with. 
mouse-derived variable region recognizing TNF-a) 
or Humira® (a humanized monoclonal antibody) 
that inhibits TNF-ct by neutralizing both membrane- 
hound and soluble TNE and etanercept, which is 


can be summarized as: 1) the generality of other 
complementary radiation effects without relying on ZPF 
alone (e.g. other isotropic, homogeneous radiation 
sources); 2) the weak coupling constant, G, yields a 
vastly smaller than observed size of the universe (e.g. 
too small cosmological constant) when the Planck 
frequency is used as a cutoff value; and (3) the particle 
mass, m = ['"/G, can be viewed as a renormalized or 
‘dressed’ mass with a resonant interaction potential that 
is frequency dependent in its coupling constant, G , and 


with ‘bare’ mass that is large, m, ~ (m2 /m), where 


the experimentally unobservable, m, =(hc/G)'is 


the Planck mass. 


In particular, why this large ‘bare’ mass does not 
generate a large gravitational field is not a unique 
anomaly in the Sakharov derivation, since similarly large 
vacuum point energies are common to field theories. 
‘The important point is that the derivation G(w) is 
general however to any isotropic radiation field with 
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the candidates for the cutoff frequency of the particular 
radiation source can be interpreted as a Planck scale 
only if the rest mass, m,, is not composed of many 
terms, rather than just the ZPF leading term, Since the 
ZPF is akin to a van der Waals force [3 5], polarizability 
(in charge and mass) must be considered, but without 
also excluding any number of linear combinations that 
might have alternative cutoff frequencies, @, , ot 
damping terms, I, ‘ala particle physics interpretations 
for resonant masses during renormalization. In other 
words, once a gravitational energy spectrum, p(o)is 
postulated that is Lorentzian invariant, many 
fundamental sizes (or corresponding frequency values) 
are smeared (or dressed) by any number of characteristic 
frequencies between zero and the high frequency 
electromagnetic (Planck) cutoff ©. Quite simply, is the 
expression, @, =@,, a requirement for all radiation 
sources? 


Many types of particle oscillations may satisfy the 
general requirements of a Sakharov condition, each 
having a characteristic mass (and energy) as in 
calculating the mass of any fundamental particle at its 
resonant frequency (including underlying partial 
charges or dense bosons). This brings the calculation 
to a consideration of the high density fluctuations 
characteristic of a Bose condensate [15 19]. While the 
high density variation may intrinsically be of interest, 
the exploration has more to do with reconciling the ZPF 
interpretation of the Sakharov condition with the 
observed cosmological constant [14] 


A “top down" view of calculating the cutoff frequency 
imposes the self consistency test for the cosmological 
constant, A, from the outset. To calculate, the total 
frequency integrated energy density of the universe 
must be included: 
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Pp(E)=5 p(EME = ho! /8n7c* 


which must have a mass equivalent, contribute to the 
universe's curvature, and thus have a fundamental 
relation to the critical density to contain the expansion 
of the universe [14 15]. The mass - equivalent ZPF to 
reach the universe's critical density [151], 

p~10™ g cm? would necessarily limit the cutoff 


frequency for gravity to the value, @, <7-10's , or 


between 10 -100 MHz 


‘Ahigher frequency greatly overshoots the cosmological 
constant, A , and induces extreme curvature in the 
universe. This problem has been cited frequently and 
stated most bluntly, as either ZPF or the cosmological 
constant requires revision. The relevance here arises 
from similarly large positive coupling terms in quantum. 
gravity [15], which also generate a local gravitational 
Instability for typical upper limits on the cosmological 
constant, A/8tG<10" cm‘. 


Rather than to dwell on the inconsistencies that plague 
attempts to reconcile quantum gravity, we particularize 
the problem to a case where the restriction to Planck 
scale becomes less clew, namely the high density 
fluctuations and universal scaling introduced in a Bose 
condensate. A Bose condensate, such as superfluid 
helium or superconductors [15 19], becomes of potential 
interest, mainly because of its arbitrarily dense 
boundaries and the classic Casimir experiment [20 22] 
which allows such dense material boundaries (two 
closely spaced conducting plates), if available, to 
modulate the background quantum fluctuation of ZPE 
In other words, the matter-ZPF interaction becomes 
measurable by the observed attraction between two 
material boundaries. What dense boundaries might 
generate in Bose condensates remains a subject of great 
interest. 


‘The significant case to investigate is whether Casimir- 
like interactions [20 22] will not only couple to ZPF 
radiation at a scale comparable to the quantum noise 
(or other radiation field), but also alter the value imposed 
by the Sakharov condition for G. It remains an open. 
question whether this potential coupling interaction 
shares, as in ordinary critical phenomenon, the density 
correlation function, ®, that is both independent of the 
coupling strength (or universal in renormalization) and 
consistent with the observed average energy density 
of the visible universe. 


‘Thus the purpose here has bow to restate the Sakharov 
condition in the gravitational coupling constant, G, 
based on its only free parameter, a frequency cutoff, (, 
Any potential relevance arises from similarly large 
values for the positive coupling term in quantum gravity, 
which generate conditions for a local gravitational 
instability for typical upper limits on the constant, 
A/8nG<10 cm‘ 
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a fusion protein of p75 receptor that successfully 
binds TNE thereby preventing further binding (Fig. 
6-12). There are now many targets that canbe 
specifically inhibited with monoclonal antibody or 
other biological therapy (Fig. 6-13), 


Local anaesthetics: an integral part of 
ophthalmic examination and surgery 


Local anaesthetics consist biochemically of an_aro- 
matic residue linked to an amide or basic side-chain. 
‘As such, local anaesthetics are both hydrophobic (aro- 
matic residue) and hydrophilic (amide gromp), and 
tend to accumulate at aqueous-non-aqueous inter- 
faces. Because the aromatic residue and side-chain in 
ssome local anaesthetics are linked by esters, they are 


(Chimeric TNF- mA 


Human constant. 
region 


susceptible to metabolic hydrolysis, These compounds 
are usually inactivated in the liver and plasma by non- 
specific esterases. As amide links are more stable, this 
group of anaesthetics has a longer ty 


LOCAL ANAESTHETICS AFFECT 
EXCITABLE MEMBRANES. 


Local anaesthetics block the initiation and propagation, 
of action potentials by preventing the voltage- 
dependent increase in sodium conductance via a 
direct action on sodium channel function and, to a 
lesser degree, by stabilizing membranes, The action of 
local anaesthetics is strongly pH dependent. Under 
alkaline conditions the proportion of the local anaes- 
thetic that is ionized is low but it is also lipid-soluble. 
This allows the anaesthetic to penetrate the myelin of 


Soluble TNF receptor 
(‘econiinant human fusion protein) 


Human constant 
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domain of 
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FIGURE 6-12 Schematic representation of ant-TNF agents infliximab and the fusion protein etanercept. (Fram Cochrane and Dick, 2007, with 


parmission om Springr Science nd Business Media} 


FIGURE 6-13 Biologics target key mediators 
of inflammation, Chimeric or humanized 
‘manaclanal antibodies or fusion proteins 
can delver potent inhibition of ell response 
and inflammation, The schematic shows 
some currently avalable targets and biolog- 
cal therapies that have been generated and 
are being brought into practice forthe treat- 
‘ment o inflammatory eye diseases. 


the medullated nerve fibres. However, once inside the 
myelin sheath, the ionized cationic form of the drug 
isthe active species, giving rise to the local anaesthetic 
effect, If the local anaesthetic is unable to penetrate 
the myelin sheath, its action can be mediated only via 
the node of Ranvier at several sites along the nerve. 
However, in unmyelinated fibres only a short length. 
of fibre needs to be functionally interrupted to induce 
anaesthesia. In general, local anaesthetics block small- 
diameter nerves (myelinated more than unmyelinated) 
more readily, but practically it is not possible to 
produce a block of pain sensation without affecting 
other modalities, and there is no inherent difference 
between the susceptibility of motor and sensory nerves 
to local anaesthetics. 

Local anaesthetics used in ophthalmology are 
usually aromatic residues linked to tertiary amide 
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Daclizumab 
Basilximab 


Natalizumab 


chains. These agents are more stable in acidic solu- 
tions where they are in their cationic form, However, 
when applied to the conjunctival sac and orbital 
tissues (pH 7.4), only 15% will be in the non-cationic 
form and lipid soluble, allowing the drug to penetrate 
myelin, Topical application of the anaesthetic blocks 
parasympathetic and sympathetic fibres first, followed 
by sensory (pain and temperature), and finally motor 
(arge, myelinated) nerves. 

During infiltrative regional anaesthesta for surgery 
(e.g, peribulbar or subtenons anaesthesia for intraocu- 
lar surgery) a 1:200000 concentration of adrenaline 
may be added to constrict blood vessels and retard 
vascular absorption and hydrolysis of the agent, 
Adrenaline is inactivated by heat, so may have reduced 
potency in precombined formulations. In addition, 
the pH of the local anaesthetic may be altered when 
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mixing with an adrenaline solution which itself is 
acidic. This results in a reduced amount of the non- 
cationic form that is able to penetrate medullated 
nerve fibres, 


LOCAL ANAESTHETICS HAVE BOTH LOCAL AND 
SYSTEMIC SIDE-EFFECTS 


Topically applied anaesthetic agents are well recog- 
nized as inhibitors of wound healing. They disrupt 
tight junctions between cells and interfere with comeal 
epithelial metabolism and, ultimately, the repair of 
corneal epithelial wounds. Systemic effects include 
numbness and tingling, dizziness, slurred speech and. 
aggressive behaviour (Box 6-24). Central nervous 
system toxicity may ultimately lead to convulsions 
with respiratory and myocardial depression, In the UK 
it has heen recommended by the Royal College of 
Ophthalmologists that intravenous access (an infusion 
line) is available and monitoring of both heart rate and. 
oxygen saturation is performed during infiltrative 
regional local anaesthesia 


Ocular toxicity from systemic 
administration of drugs 


Ocular side-effects from the systemic administration 
of drugs are well recognized (see above in relation to 
glaucoma treatment and the use of topical steraids). 
‘Access ta the globe by systemically administered drugs 
is restricted by the blood-retinal and blood-aqueaus 
barriers, as stated above. In the absence of ocular 
inflammation, penetration of the drug into the eye is 
a function of the drugs physicochemical properties. 


BOX 6-24 MAXIMAL SAFE DOSES OF 
REGIONAL LOCAL ANAESTHETICS 


Livocaine: 
+ 10-15 mL 2%6 solution (200 mg) 
++ 20-25 mL 2% solution with adrenaline, 1:200000 
(600 mg) 
BUPIVACAINE 
‘+ 15-20 mL 0.75% solution (180 mg) 


Drugs or their active metabolites may accumulate in 
the eye, particularly within the melanin of the uveal 
tract, the cornea (hecause of its differential solubility 
characteristics) and the lens, 


UVEAL TRACT 


Some drugs possess a high affinity for binding to 
melanin, from which they are only slowly released. 
‘A good example of this is chloroquine, which is 
known to concentrate in the melanin of the RPE and 
persist in this tissue for prolonged periods. If chlo- 
roquiine is taken in large enough doses and for a long, 
duration, the drug-melanin complex will result in 
retinal toxicity, although the exact mechanism remains 
unknown, The mechanism of drug binding to melanin 
is complex and involves electrostatic (van der Waals’) 
forces as well as possible cation exchange, which may 
displace free radicals from the melanin and, in turn, 
give rise to retinal toxicity: However, binding of the 
drug alone is not sufficient to give rise to retinal 
toxicity. For instance, B-blockers and benzodiazepines 
are irreversibly bound to melanin, although the 
amount of bound drug does not correlate with the 
damage to the RPE or uveal tract. Indeed, phospholi- 
pid metabolism within the RPE is still normal alter 
6 months of chloroquine treatment. In the case of 
chloroquine, the retinopathy is seen usually in 
patients receiving more than 100 g total dose of drug, 
or in patients taking the drug for more than 1 year. 
In general there is a low incidence of retinal toxicity 
from hydroxychloroquine, and some centres regard 
this drug as safe and not requiring monitoring of 
patients, 


PHOTOSENSITIZATION 


Photosensitizing agents absorb visible and ultraviolet 
radiation and, as a result, generate free radicals (see 
4, p. 193). These photosensitizing agents may 
become hound to macromolecules in the cornea, lens 
and retina, Amiodarone, phenothiazines and psor- 
alens are well-known examples of photosensitizing 
agents. The comea, lens and retina may also act as 
drug depots. For example, once the therapeutic agent 
has circulated through the uveal tract into the aqueous 
it can rapidly penetrate the corneal endothelium and 
deposit in the stroma or, if lipophilic, accurnulate in 
the corneal epithelium. 


Oculotoxic drugs 
Examples of oculotoxic drugs include steroids and 
ethambutol. Long-term steroid treatment is well rec- 
ognized as a cause of both cataracts and glaucoma. 
Cataract formation correlates well with daily dosage 
and prednisolone-induced cataracts can be seen in 
most patients receiving 15 mg prednisolone daily: 
Topical application of steroids causes glaucoma by 
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decreasing the aqueous humour outflow. The rise in 
IOP is related to the anti-inflammatory strength of the 
steroid used and the genetic disposition of the 
individual. 


FURTHER READING 
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Introduction 


Immunology is the study of host defence mecha- 
nisms, Even the simplest organisms have the ability 
to mount a variety of specific and non-specific 
responses to invasion or attack by foreign organ- 
isms, Where the host and pathogen meet and inter- 
act is where the immune response is initiated and 
the nature of both players determines the outcome. 
Thus humans can respond to pathogens in many 
different ways, depending on their genetic make- 
up, the type of foreign organism (e.g. virus, bacte- 
rium, fungus, etc.) and prevailing conditions or the 
setting in which the host is under threat. 
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The immune response is even determined by the 
nature of the tissue invaded. For instance, the eye (and, 
the brain) respond when under foreign attack, but 
under certain circumstances the predicted response 
does not occur but is rather modulated by the tissue; 
this is called “immune privilege’ and is related to the 
special microenvironment and immunoregulatory 
mechanisms operating in these tissues, 

Most of this chapter outlines the basic principles of 
immune responses, with reference to the eye as appro- 
priate. At a very simple level, however, it must be 
remembered that the organism has very effective 
means to prevent host and pathogen meeting each 
other in the first place: namely, barriers such as the 
skin and mucous membranes with their surface cover- 
ings (including that most important layer of mucus 
present on mucosal surface tissues). 


Overview of the immune system 


Immunity is defined as the ability of the host to protect 
itself against a foreign organism or pathogen. To do 
this it requires an immune system comprising the 
cells and molecules used in the host's defence. For 
unicellular hosts this may simply mean certain mol- 
ecules on the cell surface that enable it to recognize 
foreign organisms. However, for higher-order hosts 
the immune system is a highly organized network of 
tissues, cells and molecules, 

Hosts defend themselves by mounting an immune 
response involving the activation and recruitment of 
the cells and molecules of the immune system. Cur- 
rently, the immune system is considered in terms of 
its specificity: the innate (natural or native) immune 
system and the acquired (adaptive) immune system. In 
its first line of defence against attack, the host uses 
the innate immune system because this is rapidly 
mobilized and is not dependent on previous exposure 


to the foreign invader, ie, does not involve ‘memory 
This form of response is considered relatively non- 
specific in that the same sort of response occurs to most 
foreign organisms and even to injury itself, It involves 
activation of cells (such as macrophages, see p. 377) 
and molecules (such as complement, see p. 405) 
which are present in the tissues and fhuids of all higher 
organisms, 

Innate immunity, however, has some degree of spe- 
cificity in that innate immune cells such as macro- 
phages ‘sense’ pathogens through receptors that 
recognize generic molecular ‘patterns’ which charac- 
terize different types of pathogens (pathogen-associated 
molecular patterns or AMPs). Thus there are recep- 
tors for broad groups of molecules present in different 
organisms such as viral DNA, fungal carbohydrates 
and bacterial endotoxins (see Ch. 8, p. 464). However, 
as stated above immune responses can be initiated not 
only by pathogens, but simply by injury, or by mole- 
cules such as plant pollens (causing allergies), and 
especially by ‘alloantigens’ (those molecules that dif- 
{erentiate individuals within a species and cause rejec- 
tion of donor-unrelated transplants), Accordingly, 
Matzinger (2012) developed Janeway’ PAMP hypoth- 
esis to suggest that innate immunity has evolved to 
allow the host to sense ‘danger’ or damage to tissues 
and includes anything that threatens host or tissue 
viability, namely pathogens of all varieties, sterile 
trauma such as chemical oF thermal injuries, non-self 
proteins such as those present in allografts, and even. 
‘selP’ proteins if these have become ‘abnormal’ (as in 
the case of cancer cell proteins, prion proteins, and 
even self proteins (auto-antigens). 

‘Additional content available at huips://expertconsult 

@® inkling conv, 

Accordingly the molecular patterns associated with 
danger signals and tissue damage are known as danger- 
or damage-associated molecular patterns (DAMP) 
and inchide PAMPs. Thus bacterial and viral products 
such single- or double-stranded RNA, endotoxin, 
complement fragments, reactive oxygen species, heat 
shock proteins, high mobility group box (HMGB) pro- 
teins, and many other molecules (sometimes called 
‘alarmins’) can act as DAMPS. 

‘The host-defence immune system thus includes: 

+ physicochemical barriers such as the skin, 

eyelids, tears (see Ch, 4) 
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+ molecules normally present in body fluids such 
as blood, tears and aqueous humour (e.g. com- 
plement, lysozyme, antiproteases). Antibacterial 
defensins are also on this list of ocular surface 
proteins 

+ phagocytic and cytotoxic cells such as poly- 
‘morphonuclear leucocytes, macraphages, eosi- 
nophilic granulocytes, natural killer (NK) 
cells 

+ molecules released by cells responding to attack 
and acting on other cells (cytokines), such as 
interleukins and tumour necrosis factor-ct (TNF- 
@) (see below) and complement. 

As indicated above, the innate immune system does 
not have ‘memory’ and so if, after successfully repel- 
ling pathogen invasion and clearing the pathogen 
from the system, a second attack by the same patho- 
gen occurred, the organism would have to go through 
the same process again, However, innate myeloid 
immune cells and specifically one subset of special- 
ized myeloid cells, termed dendritic cells (DCs), alter 
devouring and digesting a pathogen, has the potential 
to present tithits of the devoured material to special- 
ized immune cells, termed T cells, which once acti- 
vated in the throes of battle with the pathogens 
(inflammation), become specialized not only to assist, 
in clearing the pathogen (effector T cells) but also to 
become long-lived memory cells which can respond 
rapidly and with minimal fuss to a repeat challenge 
by that same pathogen. This is acquired immunity, 
which is exquisitely specific and not only involves T 
cells which can kill pathogens and infected cells but 
also can activate other immune cells, namely B cells, 
to produce very high levels of pathogen-specific killer 
molecules (antibodies) which are the basis of vaccina- 
tion protocols now used against many common 
pathogens. 

The acquired immune system includes: 

+ specific immune systems associated with harrier 
surfaces (the skin immune system and the 
mucosi-associated immune system, MALT) 
where memory T cells reside and have ‘first call 
on invading pathogens 

+ a constant source of naive T and B lymphocytes 
with potential to modulate their receptors to spe- 
cifically recognize foreign organisms and mole- 
cules (antigens) 


‘There has been a recent explosion of knowledge concem- 
ing the innate immune system (see helow). After the 
inital discovery of the phagocytic leucocyte (macro- 
‘phage) hy the Russian zoologist Metchnikoff atthe begin- 
hung of the 20th century, much of immunology was 
devoted to immunochemistry of antigens and antibodies 
and then, inthe latter half ofthe 20th century, to devel- 
‘opments in cellular immunology, involving cells of the 
adaptive immune system such as T cells and B cells 
Specificny for pathogen recognition by mnate immune 
cells was considered non-existent until Janeway and 
others identified receptors in the fruit fly Drosophila 
Which were important not only for wing patterning in 
evelopment but aso for recognition of pathogens, such 
as fungi. His earlier proposal that there were classes of 
receptors recognizing broad groups of pathogens such as 
viruses, fungi, bactera, including mycobacteria, and 
parasites was shown to be true by the discovery of Toll 
receptors, Other classes of pathogen-associated molecu- 
lar patterns were later discovered. However, as Matzinger 
pointed out, pathogens were not the only agents which 
activated the innate immune system. Allergens also tnit- 
ate immune responses, as do allografts, where infectious 
pathogens were considered not 10 play a part. Her 
concept of molecules being either dangerous! or ‘harm 
Jess’ as changed the thinkang of immunologits m many 
ways. In addition, she has developed her concepts 10 
consider that different tissues respond to the same insult 
immunologically in different ways: for instance, the skin 
and the liver might produce a modulated immune 
response to the same antigen, In one sense this is a 
rewriting of the notion of immune privilege, which has 
been long accepted as a modified immune response 
taking place in the eye (see p. 457) 
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+ molectiles that specifically counteract foreign 
antigens (antibodies); these proteins are known 
as immunoglobulins and there are five types (see 
p. 396) 

+ non-specific molecules (e.g, cytokines) released 
by antigen-specific cells (e.g. lymphocytes) 
which will recruit further myeloid cells to sustain 
the response as needed 

Specific immunity is described as humoral when anti- 

bodies (derived from B lymphocytes; see below) and. 

complement are involved in removing the antigen or 
as cell-mediated (cellular) when T lymphocytes and 
macrophages are involved. 

Immunity after infection is normally termed active 
immunity in that the host has responded actively to the 
stimulus, However, immunity may be transferred pas- 
sively by antibodies or cells. Vaccination procedures 
that involve the administration of antibodies are 
termed passive immunization, while those that involve 
inducing a response to the antigen or even the attenu- 
ated live organism are termed active immunization (see 
ch. 8). 

The development of acquired immunity involves a 
number of discrete phases, including: 

+ an afferent phase in which the foreign antigen is 
transported from the site of entry and presented 
by specialized antigen-presenting cells (APCs) to 
the lymphocytes in the lymphoid tissue (see 
below) 

+ a phase of T-cell activation in which T cells are 
transformed from a resting to an active state 

+ an elfector stage in which T cells induce other 
cells, such as B cells and macrophages, to 
remove the antigen. If the antigen remains 
intracellular, as with virus-infected cells, the 
T cells themselves attack the infected cell 
(cytotasic T cells). 

This is known as the primary immune response and is, 

accompanied by the appearance of antigen-specific T 

cells and antibody-secreting B cells. As indicated 

above, the acquired immune system evolved to provide 

a memory-based rapid reaction force to heighten 

immune defence, Thus, on second exposure to the 

same pathogen, antigen-specific memory T and B cells 
are recruited much sooner and more efficiently, such. 
that antibody levels are considerably higher than on. 
the first exposure. This is known as the secondary 


immune response. In addition, the type (isotype; see 
below) of antibody in secondary immune responses is, 
different 

Throughout the development of the acquired 
immune response there are several checkpoints that 
prevent a runaway overwhelming inflammatory reac- 
tion. Most of these regulatory mechanisms are in 
place to prevent adaptive immune responses to self- 
antigens bnt they also participate in downregulatory 
responses to foreign antigens and help to restore 
homeostasis 

Innate immunity with its early warning, rapid- 
response system provides a reliable means of protect- 
ing the host against most extracellular organisms 
(pathogens) and is a property of every living being. It 
might be asked, therefore, why the acquired immune 
system has evolved? In part this is due to the remark- 
able ability of organisms to evade the immmune system, 
Many pathogens reside and hide within the host cel, 
as in the case of protazea such as Toxoplasma, obligate 
parasites such as Chlamydia or, more frequently, 
viruses, Viruses use the host cell machinery for sur 
vival and replication by incorporating their genome, 
orat least part of it, into the DNA of the host cell. This, 
may lead to viral latency or persistence, but may also 
allow the immune system to recognize the infected 
cells by the expression of the foreign antigen on the 
surface of the cell in addition to the self molecules 
(also termed antigens because they can induce an 
immune response). It is the recognition of the foreign 
antigen in the context of self-antigen (.e. together 
with self-antigens, the peptide-major histocompatibil- 
ity complex (MHC); see p. 424) that led to the evolu- 
tion of the acquired immune system, However, many 
pathogens continue to evade the immune system by 
subverting the function of the innate immune cells in 
which they reside or by becoming latent’ asin the case 
of herpes simplex-infected neurones. 

The innate immune system is the initial primary 
responder to pathogens or other challenges. The 
acquired immune system has developed a consider 
able degree of sophistication, based on memory of 
previous pathogen encounters, with an increasingly 
recognized range of different cell types: T and B lym- 
phocytes; T and B cell subsets (e.g. T helper (Th), T 
cytotoxic (Te), T and B regulatory (Treg and Breg) 
cells; and even subsets of these (e.g. Th0, Thl, Th2, 


Th17) (see below), each designed for specific cellular 
functions, In addition, T and B cells have evolved in 
fundamentally different directions ~ T cells to deal 
with surface-bound antigen (usually cell-associated) 
and B cells to deal with soluble (extracellular) antigen. 
The sophistication and specificity of the acquired 
immune system involving T cells has thus been har- 
nessed to assist the innate immune system in dealing 
more efficiently with extracellular organisms, for 
instance via B cells 

Certain basic concepts about immune mecha- 
nnisms can therefore be derived from the above 
considerations: 

+ extracellular foreign antigen is normally cleared 
by the innate immune system, with some assist- 
ance from B-cell activity 

+ intracellular foreign antigen may evade the 
immune system and remain latent during the 
lifetime of the host unless (1) it kills the cel, is 
released and generates a second innate immune 
response to remove the pathogen; (2) it is 
expressed on the surface of the cell in the contest 
of self-antigen and is recognized by the acquired 
immune system, which kills the infected cells 
and clears the pathogen (applies to many viruses, 
eg, influenza); (3) the host immune system is 
compromised, in which case the intracellular 
pathogen proliferates freely, killing many cells 
and ultimately the host 

+ all cellular defence mechanisms involve interac- 
tions of cell surface molecules (receptors) with 
complementary molecules (ligands). 

So far we have focused on immunity, defined as the 
response of the host to foreign organism. This suggests 
that all foreign organisms are pathogens but this is not 
so. Indeed the great majority of microbes and other 
living organisms are not pathogenic, as evidenced by 
the very large numbers of commensal organisms which 
colonize several regions of the body, particularly the 
Gl tract (the microbiome) (Box 7-1), and indeed are 
required for normal health (homeostasis) 

This lack of immune responsiveness to foreign anti- 
gens can he described as ‘tolerance’ of foreign organ- 
isms and indeed the immunological obverse of 
‘immunity’ is ‘tolerance’. Tolerance as a defining char- 
acteristic can be applied to any antigen, but is espe- 
cially applied to self-antigens, since clearly we do not 
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normally react to our own tissues. It has been realized 
that tolerance to self-antigens, and indeed to any 
antigen, is an active process in which certain T cells 
(T regulatory cells [Tregs]) are critical for its normal 
function. Many effector immune responses to infec~ 
tious foreign antigens are controlled by the induction 
of a specific Tregs to that organism. Tregs are part of 
our normal circulating T-cell population and when 
‘Treg function goes awry, autoimmune diseases can 
ensue; diseases such as various forms of dry eye 
disease (Sjogren syndrome, see Ch, 9), rheumatoid 
arthritis and some forms of uveitis are considered 
autoimmune diseases, Indeed there is a growing rec- 
ognition that both the innate and the acquired immune 
response co-evolved with microbes, each exerting 
counter-regulation on the other, 
To summarize, acquired immune responses have 
certain features that are inherent to them: 
+ specificity - based on certain 
determinants (known as epitopes) of the anti- 
genic structure 
+ non-responsiveness to many antigens (prototypi- 
cally, self-antigens), also known as tolerance, the 
loss of which underpins autoimmune disease 
+ diversity ~ around 10” individual epitopes can 
be distinguished ~ this is known as the lym- 
phocyte ‘repertoire’ and represents the range of 
potential foreign antigens to which immune 
responses can be generated 
+ memory ~ the secondary immune response, spe- 
cific to that antigen and present in both B and T 
cells 
+ specialization ~ the immune response is custom 
ed to different microbes 
+ ability to downregulate the immune response is 
strictly regulated/imited in magnitude and time 
through specific and non-specific mechanisms, 


features! 


Cells and molecules of the immune system 


The cells of the immune system are mostly specialized 
to participate in processes belonging either to the 
innate or the acquired immune systems (Box 7-2) 
Some cells are central to both and the distinction 
between innate and adaptive immune cells is becom- 
ing blurred with the discovery of cells such as innate 
lymphoid cells (see p, 382 and Video 7-1), 


‘To restate the Sakharov condition, matter in the vacuum, 
provides boundaries for reduced ‘Casimir like’ modes 
available for otherwise isotropic radiation from quantum 
fluctuations (broad spectral noise). That this view 
reproduces Einstein gravity has been examined, 
including the full relativistic derivation [4-5]. The details 
of the appropriate mass, however, remain buried in the 
Kinetic energy of general internal particle (‘parton’) 
motion [3]. Any appeal to a specific parton 
representation is limited only by essentially free 
particles with high frequency interactions, including 
underlying partial charges or dense bosons. The basis 
of considering arbitrarily high-density fluctuations in 
Bose condensate in analogy to the ZPF-Casimir 
experiment remains both an empirical and theoretical 
case to examine. There exist laboratory scale cases [15- 
19] where resonant radiation in the required 10-100 MHz 
range appear to produce anomalous effect for such Bose 
condensates as superconductors, but further work to 
confirm these results would be needed. In other 
contexts, these effects have been discussed as the 
Schiff-Barnhill effect for superconductors interacting 
with a gravitational field [23], but for the static rest moss 
rather than an effective mass in a conduction band, 


Experimental Propositions 


J. Weber [24,25] proposed the use of a superconducting 
Bose condensate for gravity wave detection, principally 
because of its potentially higher signal to noise ratio in 
carrying electrical signals upon length dilations in a 
relativistic framework for gravity waves travelling near 
the speed of light. W. Weber and Hickman [26] derived 
an experimentally testable relation based on torquing 
of a charged capacitor parallel to a gravity field, with 


E, [alal(l-a)"] 


where the capacitor will rotate relative to the gravity 
vector, for @ = 2GM / rc? , is Schwarzschild radial 
coordinate [dR = dr(1-a)*"] , E, is dependent on the 
capacitor charge and geometry of the plates, 

E, = [Q?d/2eWL(1-)*”|, for a plate separation, and 
radial dimensions,W and L, charge Q, and € the 
permittivity of free space. For plate separations of 2mm 
on Earth, the maximum torque is approximately 
1=10"Nm, when charged to 2/3 dielectric 
breakdown, While not entirely promising for detection 
of such low torques, the large separation (2 mm) 
distance between capacitative plates naturally prompts 
generalization to the classic Casimir force [21] 
experiments only recently confirmed experimentally 
[20]. In particular, we rewrite the torque values to 
include the frequency terms derived with the Sakharov 
condition 


[G =(ae* /ha?)] 
@=2Mne’ /ho;r 


‘The appeal of this formulation is that a frequency 
dependent torque is derived, which further makes 


contact with proposals to modulate the Casimir 
capacitative plates for continuous extraction of energy 
[27]. This result requires further investigation 
experimentally, particularly to compare with previous 
reports for anomalies in AC- tuned electrical capacitors 
128} 
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BOX 7-1 THE MICROBIOME 


The total number of separate genomes from microorganisms 
colonizing aspect ste (known as an environmental ‘niche’ 
constitutes a ‘microbiome' for tat site. There ae 10 times 
more microbial els than human cells inthe body and 
although i des not weigh much more that 500 grams, its 
importance to normal physiological processes is such that 
some regard it as a separate and essential ‘organ’. Most of 
the organisms that constitute the mirobiome cannot be 
cultured and have been identified by genetic mapping 
techniques. The most important role fr the microbiome may 
be in immunoreguation and prevention af dsease including 
auloimmune disease, diabetes, atherosclerosis, cancer and 
other diseases associated with chronic inflammation and 


TEbeceridetes 
cyanobacteria 
TibFusobactea 


obesity. It may also have a role in psychiatric disease 
through its effects on neurotransmitter production, 
High-throughput sequencing has revealed substantial 
intra-indvidual microbiome variation at different anatomical 
sites, and ite-individual variation atthe same anatomical 
sites (see figure). However, the microbiome at specific 
‘anatomical sites can remain remarkably stable overtime 
in each individual. The figure indicates the relative proportion 
of sequences determined atthe taxonomic phylum level at 
‘eight anatomical sites. Certain features, such as the presence 
(+) or absence (-) of Helicobacter pylon, can lead to 
permanent and marked perturbations in community 
composition. (adapted from Costello etal, 2012) 
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BOX 7-2 CELLS AND TISSUES OF THE INNATE AND ACQUIRED IMMUNE SYSTEMS 
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eres: | yprerne 
@ phagosomes — Z Golgi apparatus 


We Smooth endoplasmic reticulum ) 
Sy Rough endoplasmic reticulum 


6-9 um; round or slightly indented nucleus; 
spatse cytoplasm: fow granules; tow 
rmitechondria 


5-30 jm; round or oval nucious; abundant 
cytoplasm: no granules; abundant 
endoplasmic reticulum 


10-12 jm; round nucleus; abundant 
cytoplasm: many granules; scattered 
mitochondria 


Phenotypically similar to NK cell 


12-20 um; round, oval, notched, 
horseshoe-shaped nucleus; abundant 
cytoplasm: abundant granules; well 
developed Golgi apparatus; abundant 
rmitechondria 


15-80 jim; elongated, indented, or oval 
nucleus; abundant cytoplasm; many granules. 
‘and vacuoles; few mitochondria; abundant 
lysosomes 


lrrogularly shaped cell and nucleus; many 
cellular processes; fow intracellular 
organelles; prominent mitochondria, 


Granules 
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BOX 7-2 CELLS AND TISSUES OF THE INNATE AND ACQUIRED IMMUNE SYSTEMS—cont'd 


LE me 


wo 0) Bi 


Eosinophil 
Mast co 
Magakaryocy'e 

6 Platelet 

2 Erythrocyte 


(From Mak and Saunders, 2006, with permission from Elsevier) 


10-16 um; 2-5 distinct nuctear lobes; 
‘abundant cytoplasm; numerous granules; 
{ow mitochondria; abundance of glycogen 


14-16 um; 2-8 nuclear lobes; abundant 
cytoplasm; large, coarse granules; many 
nbosomes and mitechondria; abundance of 
slycogen 


12-17 um; 2-8 nuclear lobes; abundant 
cytoplasm; large aval granules containing 
elongated crystalloid and smaller granules; 
‘extensive smooth endoplasmic reticulum; few 
‘mitochondria 


14-16 um; non-segmented nuctous; 
abundant cytoplasm; many large granules; 
‘ew mitochondria 


‘35-160 im; lrogularly shaped nucleus; 
‘abundant cytoplasm; fine granules 


1.5-8.5 ym; non-nuceated; granular 
cytoplasm 


7.2 jm; non-nucleated; no organelles 


THE MYELOID SYSTEM AND INNATE IMMUNITY 


The cells directly involved in bacterial killing and 
removal of damaged host tissue at the site of entry of 
the foreign organism are the cells of the myeloid 
system. Some of these cells are recruited to the site of 
injury during acute inflammation. Their defining 
feature is the presence of cytoplasmic organelles (lyso- 
somes) containing a battery of hydrolytic enzymes for 
both intracellular and extracellular killing, 


Neutrophilic granulocytes 


Neutrophilic granulocytes (polymorphonuclear leuco- 
cytes) are the most common white cell in the circula- 
tion and are attracted to sites of inflammation by 
chemotaxis (see p. 387), These are fully differentiated 
cells with no capacity for proliferation, They are 
primary scavengers, causing much of their effect via 
release of free radicals and proteases from their numer- 
ous cytaplasmic granulesand lysosomes, These include 
defensins, lysozyme, lactoferrin and oxidative enzymes 
(eg, NADPH-dependent oxidases, myeloperoxidases 
and catalase), which are also present in ocular fluids 
such as tears, The half-life of neutrophils is 1-2 days. 

This limited ‘clearing-the-bugs'role has been revised 
recently with many new functions being ascribed to 
neutrophils. PMNs have been shown to use a remark 
able mechanism for ‘trapping’ bacteria and other ‘dan- 
gerous' material by extruding NETS (neutrophil 
extracellular traps), composed predominantly of 
nuclear DNA material, during the process of cell death. 
NETS are very ‘sticky’ and powerfully prevent bacterial 
dissemination. However, they can also have deleteri- 
ous effects by trapping metastatic cells and protecting 

@® them from immune surveillance (see eFig. 7-2), 

Neutrophils may also participate in the adaptive 
immune response through release of cytokines 
and extracellular vesicles which mediate intercellular 


communication, 


Myeloid mononuclear cells 
Monocytes, macrophages and dendritic cells are cells 
of the mononuclear phagocyte system, Like neu 
trophils, these cells are derived from haematopoietic 
bone marrow stem cells and differentiate into a variety 
of tissue macrophages (histiocytes) with specific func- 
tions (Box 7-3) 
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Macrophages have many functions as part of the 
innate immune system: they phagocytose dead and 
damaged cells and organisms in inflammatory exn- 
dates; they release cytokines of various sorts, which 
may activate other cells such as lymphocytes and eosin- 
ophils; and they are involved in the acquired immune 
system as antigen-presenting cells (APCs), as ellector 
cells involved in the pracess of cel lysis, and by remov- 
ing antibody-coated (opsonized) cells and particulate 
material. 

Macrophages are, however, not simple cells, There 
are several varieties of macrophages, some with ‘house- 
keeping’ roles as resident cells whose job is to remove 
dead and dying cells during the normal tissue cell 
turnover. Other macrophages are recruited to sites of 
inflammation, differentiating from circulating blood 
monocytes, and are highly active in tissue destruction, 
These cells are sometimes referred to as classically 
activated “MI' macrophages with a strongly pro- 
inflammatory function, while resident and other mac- 
tophages are considered to be alternatively activated 
"M2 macrophages and function more in healing proc- 
esses including fibrosis and new vessel formation 
(oFlg. 7-1). 

Additional content available at https://expertconsult 
inkling conv, 

Macrophages, like B cells, usually capture antigen 
(e.g, ‘opsonized! bacteria) for processing and presenta- 
tion to T cells via surface receptors such as the com- 
plement receptor and the Fe receptor. The Fe receptor 
on macrophages binds the Fe portion of antibody~ 
antigen complexes while B cells express antibody 
(immunoglobulin) on their surface and use the Fab 
portion of the antibody to capture antigen, In both. 
cases, preformed antibody to that antigen is needed 
and so the immune system must have already been 
exposed to antigen. It is clear therefore that macro- 
phages and B cells are only effective as APCs in the 
later stages of an ongoing immune response. 

In contrast, the most potent APC in the immune 
system is the dendritic cell (DC). The DC is the key 
cellin inking the adaptive and innate immune systems. 
While the function of most myeloid cells is to engage 
in innate immune defence functions by marshalling 
forces against infectious and non-infections danger 
signals, the DC takes this one step further: alter 
phagocytosing, killing and digesting an invasive 
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“The functional subtyping of macrophages is of consider 
able importance 1 the understanding of disease processes 
including many ocular diseases such as uveitis, and 
‘macular degeneration, The initial classification into M1 
classically activated macrophages and M2 alternatively 
activated macrophages has developed farther into a reali 
zation that there is greater plasticity in macrophage func- 
tion than was once thought (¢Fig. 7-1). Classically activated 
‘macrophages remain major players in innate immune 
defence with the job of removing dangerous foreign and 
endogenous antigens, clearing necrotic and damaged 
tissue and setting the scene for repair of tissue, This is 


conducted by alternatively activated macrophages involved 
1m such processes as generating new blood vessels 10 
restore blood supply to the tissues and produce factors 
Which rein in the excesses of the inflammatory response, 
Meanwhile a third type of macrophage differentiates 10 
mediate other aspects of wound healing and repair, Le. t© 
promote maruration of blood vessels and fibrosis, while a 
fourth hybrid type of macrophage has features of a regula 
tory (anti-inflammatory) macrophage, producing the anti- 
inflammatory cytokine 1L-10 if it encounters bacterial 
factors such as lipopolysaccharide 
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FIGURE 7-1 Macrophages are classically considered intammatary cells whose function i to participa in inflammation and get of patho 
gens. However, they are now recognized to be qu heterogeneous in tet function: (1 intammatory macrophages produce itreukn-12 
(UL12) and titi L-10; (2) regulatory macrophages produce IL-10 and itl IL-2; (3) aeraively activated macrophage treated with IL-4 
(wound-heating’ macrophages) produce it L-10 or IL-2 but expres essin-tike molecule~a(RELMay; (4) ipopaysacchardeor immune 
Complex treatment ofthe aleratvey activated macrophage produces a mixed macrophage (an ELM+ wound healing-ike macrophage) but 
also produces high levels of IL10, ke a regulatory macrophage om Mosse. 2008) 
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BOX 7-3 GENERATION OF MACROPHAGES AND DENDRITIC CELLS FROM MYELOID AND LYMPHOID 


PRECURSORS 


(issue) 


Note that dendritic cells (DCs) can be derived from both 
‘sources. NKT, natural killer T cells; PMNS, 
‘polymarphonuclear cells; RBCs, red blood cells. 


Plasmacytoid OC 
‘Sp-B+ 


microorganism the DC, unlike the macrophage or the 
Bcell, oreven ‘non-professional’ APCs, can present the 
Processed antigen to naive T cells and induce an entirely 
new adaptive immune response with all its features, 
including memory (see above section). There are 
several subsets of DCs but, in essence, there are two 
major groupings: resident, non-migratory DCs which, 

are located in the secondary lymphoid tissues such as 

the spleen and the lymph node and migratory DCs 
which arise in the bone marrow and migrate to the 
tissues where they are available as sentinels to register 
pathogens and other danger signals and transport 
antigen to the secondary lymphoid tissues where they 
activate the adaptive immune system (T and B cells) 
Tissues at the front line of attack, e.g. lungs, skin, gut 
@ mwcosa and conjunctiva, are rich in DCs (see eFig 7-2) 
Additional content available at huyps//expertconsult 


@® inkling.com 


Tissue-resident DCs constantly traffic from the bone 
marrow to the tissues and then to the secondary 
lymphoid organs. If they do not detect ‘dangerous 
antigens, but only self-antigens, they do not activate 
the adaptive immune system and in fact maintain 
immune tolerance by sustaining the population of 
endogenous Tregs, ie. it seems that, although DCs 
have the powerful potential to rapidly activate adap- 
tive immunity, e.g. in the case of a viral infection, 
their homeostatic (and. probably main function) is 
to maintain tolerance 


Other granulocytes 
Mast cells/basophils/eosinaphils are all part of the 
granulocyte series of cells. Basophils (life span: 2-3 
days) are the circulating equivalent of mast cells 
(life span: weeks), which occur only in the tissues 
However, mast cells and eosinophils may have 
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Dendritic cell (DC) subsets 


Several types of dendritic cell have been identified on the 
bass of cll surface markers (CD markers, ee p-381).Two 
main subsets are recognized: plastnacytoid DC and con- 
ventional DC (eFig, 7-2) Both ae derived from precursors 
in the bone marrow, the myeloid-derived precursor cells 
(MDP), which also generates precursor cells for the mac- 
rophage lineage, Such precursors circulate tn the blood 
and seed the tissues in homeos.atic conditions where they 
provide a surveillance function for pathogens and danger 
signals. They also proliferate and respond rapidly to danger 
and can become inflammatory DCs, Some of these ate 
derived from monocytes which can become either tissue 


inflammatory macrophages (see above) or become Tip DCs 
(TNF-a, NO-producing DCs) which are active in antigen 
presentation and generation of the immune adaptive 
Immune response. 

Studies on DC lineage and phenotype have mostly been 
performed in the mouse and human, DC subsets and 
markers are defined by several different cell surface 
markers which are variably expressed on different DC 
‘subtypes (www RnDsystems com). For a summary of how 
DCs control adaptive immunity, see review by Miriam 
‘Merad and colleagues and a summary inthe accompanying, 
poster on wwwbinlegend com (Merad et al,, 2008). 
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{FIGURE 7-2 Myeloi-derived progenitor (MOP) cals inthe bone marrow produce plasmacytoid dendritic cells (DCs) aswell as several types 
of ‘conventional’ DC (eDC). CDE" Cs mostly reside in the secandary lymphoid tissue, while CD4” cOCs reside inthe issues and form the 
‘major population of migratory OCs, MOP also generate monocytes (Mono), which seed th tissues and become tissue-esident macrophages 
but can also convert to a form of infimmatory DC (TipBC). Each DC subset ‘specializes in a specific immunological function, (ram Sspathy 


tal, 2012) 


separate lineages and so their ontogeny is not yet 
decided. 

‘Two types of mast cell are described: the connective 
tissue mast cells and the mucosal mast cells on the 
basis of their granule proteases, their susceptibility to 
degranulation by immunoglobulin E (IgE) and their 
requirement for different’ maturation signals (see 
below). Mucosal mast cells line epithelial and connec- 
tive tissue mast cells line endothelial (blood vessel) 
harriers and are thus important innate immune cells, 
contributing to the initial response to external patho- 
gens or endogenous danger signals by releasing medi- 
ators and increasing vascular permeability (Fig. 7-1). 
Mast cells have a further important role of engineering 
the contraction of the innate immune response. 

Eosinophils account for about 0,19 of circulating 
leucocytes, Their numbers are elevated in chronic 
allergic disorders, in both the circulation and the 
tissues. They are also produced in large numbers in 
response to parasite and helminth infections and 
contain a panel of particularly potent parasite-specific 


PAM (bacterial, fungal) 


Otner PRRS 


A Mast cal 
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proteases, Like mast cells they have high-affinity IgE 
receptors, and are probably effectors of tissue damage 
inaallergic disease, inckuding asthma and chronic aller- 
gic conjunctival disorders such as atopic keratacon- 
junctivitis and vernal keratoconjunctivitis (see p. 445). 
Interestingly, eosinophils are major components of 
allergic disease, and have been reported to be promi- 
nent in fungal antigen-driven allergy. In this respect, 
eosinophils, like mast cells and basophils, are classical 
biomarkers of type 2 immune responses (see p. 418) 
and are associated with alternatively activated (M2) 
macrophages. As such they promote not only immune 
homeostasis but also metabolic homeostasis by promot- 
ing glucose tolerance and preventing fat deposition. 
‘Natural killer cells are an infrequent but important 
constituent of innate immune cells, although they are 
technically lymphoid cells. Their main function is to 
provide defence against virally infected cells and 
tumour cells which they perform in an antigen- 
independent manner, Classically they are considered 
not to generate immunological memory, which is the 


Muscle contraction 
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TAI 0 


Intestinal mucosa Limitation 
by promoting issue 
remadeling and 
cracion of te 
B Immune response 


FIGURE7-1 Pathogen-ecogniton receptors (PRRs) occur on many cel types including mast cel, which us them to eguat inate immune 
responses, In (A) the ferent types of PRR on mast cls are shown aswell as othe unique receptrs which drive immune responses by the 
mast cals determined by aleve of tissue spctcty whch actin several ways including cal chemotaxis, vascular permeability increase and 
‘mucin production. n (8) locaton of mast cei ning of the gut is demonstrated. PAMPS, palhoyen-asociated molecular pattems. Fom 


St John and Abratam, 2013) 
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domain of the adaptive immune system, and so they 
are not contributors to long-term protective immunity. 
They express the surface antigen CD56 at both high 
and low levels, In humans they express the KIR (killer’ 
inhibitory receptor) family of receptors and in mice a 
range of Ly-49 antigens which allow subsets of NK 
cells to be identified and which vary between strains 
of mice. NK cells use inhibitory receptors to prevent 
them responding to healthy cells which express MHC 
class 1 (‘self) antigens (see p. 424) but respond to 
stressed cells which may have low levels of MHC class 
1 (absent self-antigen) and kill such cells using cyto- 
toxic mechanisms, 

NKT cells are a further set of innate immune cells 
of lymphoid origin which also express a single invari- 
ant T-cell receptor which binds CDI antigens (com- 
bined with glycolipid antigens, see p. 412), and thus 
like NK cells they are essentially involved in innate 
immune responses to microbial lipid, particularly 
from Gram-negative microorganisms expressing the 
glycolipid, glucuronyl ceramide 


‘THE LYMPHOID SYSTEM AND ACQUIRED IMMUNITY 


The two most important features of the acquired 
immune system are exquisite antigen specificity and 
immunological memory, These are properties of 
lymphocytes. In contrast to cells of the myeloid 
system, which remove debris and organisms by mech 
anisms that have limited specificity (thus macrophages 
will phagocytose broad ranges of organisms using 
‘pattern recognition receptors’ (PRRs) to recogni 
PAMPs; see p. 389), each clone of lymphoid cell 
responds to a single antigen. T cells respond to antigen. 
by proliferating and releasing cytokines, while B cells, 
respond by maturing to plasma cells and producing, 
antibodies. 


Tolls 


T cells (for thymus-derived) are lymphoid mononu- 
clear cells that recognize antigen in conjunction with 
self-antigen. T helper (Th) cells respond to antigen in 
association with MHC class Il self-antigen, while T 
cytotoxic (Te) cells respond to antigen combined with 
MHC class 1 antigen (see p, 424). T cells release 
cytokines, which are required for T-cell and B-cell 
proliferation and differentiation, and also for innate 
immune cell activation. T lymphocytes express surface 


markers (molecules detectable by specific monoclonal 
antibodies) characteristic of their phenotype. Thus Th. 
cells are described as CD4* cells and Te cells are 
known as CDS" cells (Box 7-4). 

This general categorization of T cells (CD4 and 
CDS, T cells) was found to be insufficient to explain 
the numerous different functions of T cells, Alter many 
years of controversy over whether a Técell subset 
existed which suppressed (regulated) the immune 
response, the discovery of a T cell which was required 
to prevent spontaneous autoimmune disease indicated 
that regulatory T cells (Tregs) occurred in normal 
healthy individuals 

T cells, particularly CD4"T cells, are defined by the 
cytokines they produce and the transcription factors 
they utilize. Cytokines are multifunctional short- 
acting, short-range mediators of cellular activities, 
released by T cells and other immune and non- 
immune cells (see p. 399). Cytokines are distinguished 
from other mediators as the molecules of ‘intercellular 
communication’. In addition to CD4* Tregs, CD4* T 
cells now include several subsets such as Th1, Th2, 
ThI7, 1122-secreting CD4" T cells and it is likely that 
this T cell specialization will be increasingly recog- 
nized (Fig, 7-2). Subsets of Te cells and B cells (includ- 
ing Bregulatory cells) with defined rolesin pathogenesis, 
of disease have been described. 

Further subsets of T cells occur, such as the y8T 
cells (which possess a T-cell receptor (TCR) with a ¥-8 
dimer, rather than the @B TCR present on conven- 
tional T cells) and NKT cells which combine proper- 
ties of innate immune NK cells but possess an aff 
‘Tell receptor. 


Bcellsare mononuclear lymphoid cells that are special- 
ed for the secretion of antibody. There are five types 
(isotypes) of antibody (IgG, IgA, IgM, IgD and IgE) and. 
B cells require ‘help’ from T cells to function, 

During a primary immune response, IgM antibody 
is initially produced by activated B cells, In secondary 
immune responses, the B cells switch to producing, 
IgG (isotype switching), often with higher binding 
capacity (affinity) for the antigen, a process termed, 
affinity maturation. During allergic immune responses, 
a further isotype switch occurs from IgG to IgE. Ig 
forms part of the mucosal immune system, being, 


BOX 7-4 WHAT ARE CD NUMBERS? 


‘The leters CO mean cluster of differentiation; this term 
refets toa molecule that has a defined structure, that 
can be recognized by a group or cluster of manoctonal 
antibodies, and that identifies a speci lineage or 
aiferentation stage in the cel. CD numbers are 
‘continually being defined and the 10th Human Leukooyte 
Differentiation Antigen (HLDA10) workshop took place in 
‘conjunction with the Australasian Society of Immunology 
in December 2014. At HLDAS there were 363 CD labelled 
‘genes/molecules. 
Further details can be obtained through the following 
link: vw ned. org 
‘Some ofthe better-known CD numbers are shown below. 
CONo. —Cellmolecule Funetion/ole 
1 Thymocytes, 
Langerhans’ cells 
8 Teas 
4 Thelper celis ‘Adhesion 
8 T oytotoxic calls 
1ta__Levcocytes (al chain Adhesion 
of LFA-t) 
tb —_Leucocytes (aM chain Adhesion 
of LFA-1) 
{te Leucocytes (aX chain Adhesion 
of LFA-t) 
19 Bealls 
25 Activated lymphocytes, 
IL2 receptor and 
macrophages x 
28 Tels Co-stimulation 
40 Many cols Go-stimulation 
44 T and B colls Activated memory 
calls 
45 Common leucoayte 
antigen 
45RA Nave T cols 
45RO Memory T cells 
56 NK cols 
S2ELP E,LandP selectins Adhesion 
68 Macrophages 
69 Many cals Short-term 
activation 
95 Many cols Fas 
120 TNF-a receptor 
142 Tissue factor Coagulation 
152 Gyfoioxic T lymphocyte Immunoregulation 
antigen-4 
169 —_Sialoathesin Macrophages 
183 © GXORS Chemokine 
284 Tolvlike recoptor 4 Myeloid calls 
332 FGF receptor growth factor 
363 SIP receptor Iymphocyte 
homing 


FF, fibroblast growth factor eecepor. LFA, leucocyte functional 
aiasion molecule; IL, ntleukn; NK, natural kl; TWF, tumour 
necrosis factor, SIP, sphingosine--phosphate 
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present in large amounts in surface secretory fluids 
including tears. IgA is the most abundant immu- 
noglobulin in the immune system, IgD is present in 
low amounts in the circulation. 

B cells recognize and bind antigen via surface 
immunoglobulin (slg) which is in effect the B-cell 
receptor. Antigen binds to sig in the afferent phase of 
the secondary immune response; in contrast, antigen 
binds to the secreted form of immunoglobulin (anti- 
body) in the effector phase of the response, Secondary 
afferent (cognitive) interactions are antigen-specific, 
but effector functions are not (see below) 

B-cell subsets also exist such as marginal zone B 
cells and B1 cells, which like 76 T cells and NKT cells 
lack diversity of (8 T cells 


BLURRING THE MARGINS BETWEEN INNATE AND 
ADAPTIVE IMMUNITY 

Some cells do not fit into this simple scheme separat- 
ing innate from adaptive immunity, These includes 
natural killer (NK) cells, NKT cells and lymphoid 
tissue inducer (LTi) cells, all of which belong to the 
recently rebranded set of innate lymphoid cells (ILCs) 
¥6T cells and some of the subsets of B cells described 
above also probably belong here. 


Natural killer cells 


Natural killer (NK) cells are circulating, granulocytes 
but are part of the lymphoid system and are particu- 
larly effective against tumour cells and virus-infected 
cells, Previously called null cells because they lack any 
of the specific lymphocyte markers including a T-cell 
receptor, they recognize and kill virus-infected cells 
when activated for instance by the cytokine IL-2, Simi- 
larly, they have receptors for antibody allowing them 
to kal antibody-coated cells, NK cells are character- 
ized by inhibitory receptors which bind MHC class 1, 
thus preventing them from killing uninfected healthy 
cells, In contrast, NKT cells are specialized lymphoid 
cells that only express a single type of TCR which 
responds to lipid antigen presented via the molecule 
CDI on antigen-presenting cells (thus they are known 
as invariant NKT cells). 


Lymphoid tissue inducer cells 


Lis have characteristics of both NK cells and lym- 
phocytes, butare specialized to produce lymphotoxin-ct 
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it is necessary to periodically subject to the 

deepest revision the principles, which were 

recognized as final and were no longer discussed’ 
‘Louis de Broglie 


Abstract 


‘The results of an approach based on the synthesis of 
standard quantum electrodynamics and of the ideas of 
self-organization in physical systems are briefly 
outlined. The quantum model of electron as an open 
self-organizing system is constructed, with the physical 
mechanism of self-organization consisting in the back 
influence of the own field created by electron on the 
same electron. The own field is considered as a physical 
property of electron, intrinsically inherent in electrically 
charged matter, which is included in the definition of 
the particle from the very beginning. The own field of 
electron endows the particle with wave properties and 
represents a bearer of superluminal signals, which can 
be used for the creation of qualitatively new 
communication systems. Because of the inseparable link 
between space and time, the force in relativistic 
mechanics is the cause of change not only of the velocity 
of particle, but also of the course of time along the 
particle's trajectory. For this reason the flow of time in 
some area of space depends on the character of physical 
processes, occurring in it, and, therefore, time can be 
controlled by slowing down or accelerating its course 
with the help of material processes. The conclusions of 
the paper are not in conflict with the special theory of 
relativity (STR); they are a direct consequence of 
relativistic equations of motion and represent an 
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essential development of the generally accepted notions 
about space and time. At present all the necessary 
prerequisites are available, both theoretical and 
technical, for the practical mastering of the own fields 
of particles and of the physical properties of time. 


1. Introduction. The Problem of Electron and Future 
Outlook 


Electrodynamics, what is this? What is its value for 
man? Electrodynamics is the theory of electromagnetic 
interaction, one of four interactions existing in nature. 
Its role in the life of society is seen from the fact that 
the most part of natural phenomena, which we 
encounter at every step, is of electromagnetic origin: it 
is due to the interaction of electromagnetic field with 
electrically charged particles entering into atoms and 
molecules. It is fair to say that electromagnetism plays 
a crucial role in the life of mankind as it determines the 
ways of technical advance of society [1] 


‘The key problem of quantum electrodynamics is the 
problem of electron, which can be formulated as follows: 

to construct from the first principles a non-contradictory 
model of electron, which takes into account 
experimental facts, i.e. to find the dynamical equation 
capable of describing the unique physical properties of 
electron, its internal structure, its behaviour when it 
interacts with electromagnetic field. 


Electron was discovered a little more than 100 years 
ago, in 1897. With discovering the electron the revolution 
in physics began, which has resulted in unprecedented 
technical advance of society. The summit of 
development was reached in the middle of the 1950s 
and then the long period of evolutional development 
followed, when new physical principles were used to 
describe various physical processes and phenomena. 
‘The violent development of physics became slower in 
the 1970s and was replaced by stagnation in the 
subsequent years. The stagnation in electrodynamics 
continuing already over a period of several decades is 
gradually giving place now to a new ascent. The new 
scientific revolution is starting, which is associated with 
electron again, much as it happened hundred years ago. 
‘The reason is that electron is the most unique particle 
storing in itself the deepest mysteries of nature and the 
degree, to which they are disclosed, determines the 
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and -B (LTat, LTB) which are required for the develop- 
ment of lymph nodes and other secondary lymphoid 
tissue 


Innate lymphoid cells 

ILCs lack both oB and 78 T-cell receptors, a feature 
which could include them in the myeloid system, but 
have lymphocyte characteristics. Thus NK cells and 
LTis can be regarded as one type of ILC. However, 
three further subsets of ILC have recently been identi- 
fied which secrete cytokines normally associated with 
(D4 T cells, such as IEN-y (ThI-like), IL-4 (Th2-like) 
and 1L-22/IL-17 (TH1T-like). 


Initial response of the host to injury 
(the innate immune response) 


The acute inflammatory response is the host’ initial 
reaction to challenge, During this response, invasive 
pathogens are removed by cells of the innate immune 
system brought to the site of injury by changes in 
tissue components such as blood vessels and extracel- 
ular matrix. Meanwhile antigen from degraded micro- 
organisms is transported to lymphoid tissues to 
activate the acquired immune system. 


FIGURE 7-2 T-cell diferentation. The dendntc cel acti- 
‘ales naive T cells by presentation of antigen. Tees then 
itferentiate into antigen-spectic cells wth altfeing 
properties depending on the eytokines they also experi- 
fence inthe environment where they are activated by the 
dendritic cell. Four main types of T cell develop: Tht, 
‘Th2, Tht7 and T-regulatory cel. 


‘THE ACUTE INFLAMMATORY RESPONSE 


‘The acute inflammatory response goes through 
three phi 


tissue damage and the acute early response 
the delayed cellular response and phagocytosis 
resolution of the inflammation and tissue 
remodelling 
‘The acute early phase has several components, 

+ tissue damage and release of mediators, 

+ vascular changes 

+ leucocyte activation and adhesion 

+ leucocyte emigration. 


Tissue damage and the release of mediators 


The response to tissue injury (physical, chemical or 
mediated by microorganisms) is immediate. Reactions 
occur at several levels, both locally and systemically. 
Immediate local reactions include the release of tissue 
factors and chemoattractants (chemokines, see p. 404) 
from damaged tissue and microorganisms. Vessels are 
also damaged, inducing venous stasis and the leakage 
of plasma components; platelet and leucacyte activa- 
tion with intravascular clotting occurs; plasma/serum, 
transudation and exudation lead to tissue fibrin 


deposition and activation of serum components such. 
as complement (see p. 405) 

There are several classes of inflammatory mediators 
derived from both inflammatory and damaged tissue 
cells 

+ vasoactive 

serotonin) 

+ cytokines and chemokines 

+ lipids (e.g. prostaglandins, thromboxane and 

leukotrienes) 

+ free radicals (see Ch. 4, Box 4.4-8, p, 193) 

+ neuropeptides (e.g, substance P, vasoactive intes- 

tinal peptide) 

+ endothelium-derived _ mediators 


amines (eg. histamine and 


(endothelin, 
nitric oxide, prostacyclin, platelet-activating 
factor, etc.) 

+ plasma-derived mediators (eg. complement, 
kinins and clotting cascade peptides) 

+ Ieucocyte-derived mediators (e.g. granule pro- 
teases, phospholipase A.) 

+ bacterial products (e.g. endotoxin, proteases 
and chemotactic factors including formylated 
peptides) 

During the first 20 min to 48 h, there is a progressive 

increase in polymorphonuclear cell infiltration, initi- 

ated by innate Y8T cell secretion of IL-17, which tend. 
to accumulate around foci of injury or bacterial pro- 
liferation (a process known as ‘swarming). Degranu- 
lation of these cells leads to high tissue levels of 
several proteases, cytokines and cationic proteins 
Neutrophils contain some of the most powerful anti- 
bacterial agents, including defensins, which have 
similarity to defensins from other species including 
plants and insects (Table 7-1). Defensins, and the 
related molecule cathelicidin (LL37), are leucocyte- 
derived low molecular weight mediators of non- 
oxidative bacterial killing and are also produced by 
epithelial cells such as gut and conjunctival mucosal 
cells, Defensins also direct antiviral activity working 
on both the virion and the host cell. Among the pro- 
teases released by neutrophils during acute inflamma- 
tion are enzymes that degrade the extracellular matrix, 
which are also released by activated or injured tissue 
parenchymal cells and are involved in tissue remodel- 
ling, More than 24 of these zinc-dependent endopepti- 
dases, known as matrix metalloproteinases (MMPs) 
(lable 7-2), have been identified in humans, and 
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Class 
Free radicals/gases 


‘Agent 
‘Hydrogen peroxide 
Hypochlorite 

Chioramit 

(OH radical 

Nitric oxide 

Proteinase 3 

Collagenase 

Elastase 

Aaurocidin 

Cathepsin @ 
f-glucuronidase 
‘Myeloperoxidase 

Lysozyme 

Defensin 

eysin 

‘Vasoactive intestinal peptide 
Lactoferrin 

alprotectin 


Enzyme 


Poptise 


fon binders 


inchide the transmembrane proteins that contain dis- 
integration and metalloprotease domains (ADAMTS) 
(Fig. 7-3). The MMPs self-activate and cross-activate 
each other in a cascade-like fashion, thus permitting 
maximal tissue degradation as required. Their effects 
are counteracted by naturally occurring inhibitors, 
termed tissue inhibitors of matrix metalloproteinases 
(TIMPS), There are four types of TIMP: 1, 2, 3 and 4, 
TIMP-4 only occurring in the mouse, MMPs are also 
inhibited by recognized anti-proteases such as d- 
macroglobulin, tissue factor pathway inhibitor 2, and. 
a more recently described plasma membrane inhibi- 
tor, RECK (reversion-inducing cysteine-rich protein 
with Kazal motifs) which appears to be downregu- 
lated in cancer cells, thus allowing them greater meta- 
static potential 

However, much of the cell and tissue damage is 
mediated by free radicals, particularly hydrogen per- 
oxide (H,0;) and superoxide anions (see Ch. 4, 
p. 193), which are released as part of the respiratory 
burst (Box 7-5). Interestingly flavonoids and adenos- 
ine, both important molecules in ocular physiology, 
inhibit the respiratory burst 

Free radicals may also combine with reactive nitro- 
gen species (nitric oxide) released from inflammatory 
cells (Box 7-6), 


TABLE 7-2 Matrix metalloproteinases (MMPs) and their substrates 


MMP Interstitial collagens Basement membrane Elastin Other proteins 

Collagenases 

MMP-1 Types Il 1, VIL, X Laminin 
Entactin 

MP8 Types I Fibronectin Lselectin 

MMP-13 Types i, Ul @) Proteoglycan 

‘Stromelysin 

MMP-3 Fibronectin z EGFelke proteins 
Laminin 

MMP-10 Entactin + Plasminogen 
Proteoglycan 


‘Stromelysin-ike 


MMP Fibronectin + Plasminogen 
MMP-12 Laminin L 
Entactin 4 Angiostatn 
Proteoglycan, caanttrypsin 


MP2 Types I, Vil, X, XI wv + 
Fibronectin 
MMP-9 Laminin H 
Entactin 
Proteoglycan 
Membrane-type 
MMP-14 Types I I Fibronectin 
MMP-15, Laminin 
MMP-16 Entactin 
MMP-17 Proteoglycan 
MMP-24 
Furin-recognition site 
MMP-11 
MP with 
MMPbasic —— eyonectn. | MT-MMP ADAM, ADAMS 
ae inserts 
a wm 
tl eins |. 
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FIGURE 7-8 Domain structure of MMPs also known as metzincin proteases, Each ofthe domains i shown as rectangles identified by letters, 
as follows: A signal pentde, 8 prodomain,C catalytic domain, D hemapexin-ke domain, € fibronectin typeI! insert, F transmembrane domain, 
G cytoplasmic tall, H dsintagrin domain, {cysteine-rich domain, J EGF-ke domain, K thrombospondin type -ike repeat, L spacer region. 
(From Kisin nd Bischof, 2011) 


BOX 7-5 THE NEUTROPHIL RESPIRATORY BURST 
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‘The neutrophil respiratory burst deseribes the activation 
of neutrophils and their utilization of oxygen during the 
inflammatory cascade. The stimulus for this response is the 
release of mediators from injured tissue cals Tissue damage 
is caused by free radical release and tissue proteases (see 
also Ch. 4). 
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‘The central component ofthe respiratory burst is H.O., 
‘which is metabolized through several pathways, some of 
ich cause further tissue damage (e.g. superoxide and 
chloramine) while others reduce it to water. Tissue damage 
Is therefore dependent on the levels of reduced glutathione 


BOX 7-6 NITRIC OXIDE 


(GSH) inthe milieu. In adetion, during the respiratory burst, 
Immune cals aetvate a Na(‘/H(‘) membrane exchanger 
protein which is required to control intracellular pH and ce 
Volume, NADP, nicotinamide adenine dinucleotide phosphate; 
NADPH, reduced NADP: PKC, proten kinase C. 
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Chlorine 


Hypochlorous acid (HOC!) isa short-tved, hight reactive 
oxidant that i lipophilic and membrane permeant. It binds 
proteins and renders them more susceptible to proteases. 
Chiorinated proteins are more immunogenic and may provide 
a link between the innate and the acquired immune systems 
by acting as ‘DAMPS. 


Nive oxide was originally described as endothelium relaxing 
‘actor because it was found to be the agent released by the 
endothellim that was responsible for inducing autocrine 
‘vasouilatation in response to insult. Nitric oxide is @ gas 
produced by the activity ofthe enzyme nitric oxide synthase 
(Nos) on interaction of the amino acd arginine with oxygen: 


0, +L-arginine jae Citrine +NO 


‘There are at least three isoforms of nite oxide synthase, 
éendathelum-<derved (eNOS). neuronal NOS) and inducible 
(iNOS). The INOS is released from inflammatory and other 
cals, particulary macrophages, and is involved in oth 
immunoregultion and tissue damage through its interaction 
vith superoxide radicals released from activated neutrophils. 
Ins latter rote it may also function as an antibacterial 
agent by damaging bacterial cell membranes. The 
prostanoids are co-eleased with NO through induction 

of eycio-oxyoenase-2 


NNO interacts with superoxide anions to produce 
per-oxynitrite, which is believed to be directly involved in 
‘membrane damage (see equation below). NO has direct 
effects on many other proteins such as the important zinc 
finger regions of many enzymes wihere it nitrosylates tree 
cysteine SH groups with ejection ofthe Zn moiety from the 
configured protein. These damaging effects to parenchymal 
cells may also be the basis for T-cell apoptosis (cell death), 
so leading to dawnregultion of the immune response. 


(0; +NO" > ONOO- + Ht == ONOOH— HO" +NO,* 
NO +H 

‘Thus NO produced constitutively in small amounts has @ 
physiological role involving guanyl cyclase and increases in 
(GMP, while in large amounts it may be cytotoxic, producing 
‘depression of mitochondrial respiration, metal enayme 
damage with consumption of both Zn and Fe fons and ONA 
damage. 
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Vascular changes 
The immediate cause of inflammation is release of 
plasma into the extravascular space and the instantane- 
ous coagulation of proteins with activation of inflam- 
matory mediators. Plasma release (vascular leakage) is 
caused by changes to the blood vessels induced by the 
inflammatory mediators, particularly reactive nitrogen 
species (RNS), especially in conditions such as the 
ischaemia-reperfusion damage of stroke and vascular 
occlusion, The immediate response of the vascular 
endothelium is to undergo retraction and this is associ- 
ated with transient vasoconstriction, The major vascu- 
lar response, however, is vasodilatation mediated 
initially by nitric oxide (NO), The initial vasoconstric- 
tion is mediated by several locally released compounds, 
particularly endothelin, which is released by pericytes 
and smooth muscle cells to act on the endothelium. 
The later vasodilatation is also mediated by locally 
released factors, in this case the gas nitric oxide, NO 
is synthesized by specific enzymes from the amino acid 
arginine and has widespread physiological and patho- 
logical effects, some of which are related to its role as 
a free radical (see Hox 7-6). This is accompanied by 
an increased blood flow, the opening of capillary chan- 
nels and the leakage of plasma into the extracellular 
space. This in turn leads to an increase in the tissue 
osmotic pressure, thus attracting further fluid build-up, 
in the tissues (oedema). In response to this, there is 
an increase in lymphatic drainage from the injured site, 
thus reducing the tissue swelling and at the same time 
increasing the flow of antigenic material to the draining, 
lymph nodes (see below). These vascular changes vary 
in degree with the severity of the tissue injury and 
protective measures are often in place such as the 
expression of caveolin-L in vessel walls which miti- 
gates the increased vascular permeability. 

The vascular endothelium also undergoes signifi- 
cant functional and morphological changes during the 
inflammatory response. Whereas the normal endothe- 
lium presents a non-adhesive surface to circulating 
cells such as platelets and leucocytes, during inflam- 
mation the endothelium becomes much more adhe- 
sive, an effect achieved by the expression of specific 
adhesion molecules on its surface. There are three 
major classes of adhesion molecule, the selectins, the 
integrins and the cell adhesion molecules (CAMS), 


each with different functions (see below) (Fig, 7+ and 
Table 7-3), Inaddition, the endothelium may undergo 
a marked morphological transformation, changing, 
from a flat resting cell to a large protruding cell with. 
multiple cytoplasmic organelles, These inflammation- 
associated vascular changes occur almost exclusively 
in the posteapillary venule and, in this respect, this 
region resembles the high endothelial venule cells in 
the lymph node, which are specialized for leucocyte 
adhesion (see below). 


Leucocyte activation and adhesion to the endothelium 


Neutrophils are attracted to the site of inflammation 
through a series of discrete events that occur during, 
margination and extravasation of the cell from the 
vessel. These involve rolling, loose attachment, firm 
adhesion and then extravasation/migration of the cell 
through the intercellular junction, Each of these steps 
is mediated by the reciprocal expression of adhesion 
molecules and their respective ligands on the surface 
of leucocytes and the endothelium (see below) (Table 
7-3). During the later stages of the response (24-72 h) 
when other inflammatory cells are involved (mono- 
cytes and lymphocytes), similar adhesion mechanisms 
are involved but with different sets of molecules. Thus, 
the coordinated expression of adhesion molecules 
appears to regulate the nature of the inflammatory cell 
exndate 


‘Adhesion of leucocytes to the endothelium thus 
involves a series of molecular events 


+ Selectin-ligand (S-L) interactions occur during 
the initial rolling phase of leucocyte endothelial 
cell interactions. These are initially low-strength 
interactions and are enhanced by the upregula- 
tion of selectins on the endothelium by inflam- 
matory cytokines such as interleukin-1 (IL-1) 
and TNF-ct or by contact with an activated T 
cell 

+ Leucocyte activation by chemokines is mediated 
in part through upregulation of specific chemo- 
kine receptors (see later) which induces polariza- 
tion and firm adhesion of the cell to the 
endothelium, 

+ Integrin-CAM interactions induce spreading of 
the leucocyte on the endothelial cell surface and 
prevent detachment of the leucocyte. 
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Loose attachment 


Aa 


FIGURE 7-4 Sequence of events in leucoeyteathesion: ong (A), loose attachment (8), rm adhesion (), extravasation (D), leading event 
ally to migration (E) ofthe cls within the tissue towards the ste of inlammatin. 


+ Extravasation of leucocytes through the endothe- 
lium is mediated by expression of PECAM-1 
(CD31) on both the leucocyte and the endothe- 
lium, possibly through a ‘zipper’ mechanism in 
which disassembly of intercellular tight (occlu- 
din) and adherens junctions accurs with the 
expression of several junctional adhesion mole- 
cules (JAMs; see Table 7-3). CD99, expressed on 
both leucocytes and endothelium, is also impor- 
tant in transendothelial migration of monocytes, 

+ Migration of leucocytes through the tissues is the 
final stage and is induced through binding of 
chemokines selective for each cell type which 
activate signalling pathways in the translocating, 
cell activating the motor machinery (actin 
myosin cytoskeleton) to propel the cell forward 
up the chemotactic gradient (Fig. 7-5). 

Certain molecules are specific for each type of 

leucocyte-endothelial cell interaction; for instance, E- 

and P-selectins mediate the attachment of palymor- 

phonnclear leucocytes to endothelial cells, while 
vascular cell adhesion molecule (VCAM) preferentially 


mediates T lymphocyte-endothelium binding, Both of 
these interactions have been reported in inflammatory 
tissue in the eye from cases of sympathetic ophthal- 
mia, a form of autoimmune posterior uveitis, 


Leucocyte migration into the tissues and chemotaxis 


Many of the mediators released in the earliest stages 
of tissue injury are attractants for inflammatory cells. 
Both thrombin and the cleavage product fibrinopep- 
tide B from fibrin lead to leucocyte chemotaxis 
from the onset of vessel leakage and fibrin formation. 
Prokaryotic peptides released from bacteria, such as 
formyl-methionine-leucine-phenylalanine, are power- 
fal neutrophil and monocyte chemotactic agents, 
Activated complement components (see p. 405) have 
an important role as chemoattractant agents in the 
neutrophil/monocyte response. Other important che- 
‘moattractants inchide interleukin-8 (IL-8), a cytokine 
(chemokine) released from tissue cells including the 
retinal pigment epithelium (RPE), tumour necrosis 
factor-ct (TNF-a) and platelet release compounds 
such as platelet-activating factor (PAF), transforming 
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Endothelial adhesion molecules 


and their 


igands on leucocytes 


Endothelium 
Loose P-selectin 
‘attachment E-selectin 
PSGL, GlyCAM —Liselectin 
‘Slow roling —ICAM-1 LFA-1/PSGL-1 
E-selectin PSGL-1, ESL, 
cas 
Arrostfim IcaMt LFAt 
‘adhesion 
VCAM-41 VAs 
Hyaluronan epss 
Crawling ICAM-t MAC 
Extravasation ICAM-1, ICAM-2—LFA-1, MAG 
VCAM-1 VLA. 
coa9 coe9 
PECAM-4 PECAM-1 
JAM-A, -B,-C LFA, VLA, 
MAC-1 
epgeL2 2 


‘The coll behavioural sequence of loose attachment, slow 
rolling, arrest and firm adhesion, crawling along the inner 
vascular wall, and finally extravasating into the tissues 
Is ullized by neutrophils which preferentially if not 
jexclusivaly leave from the postcapillary venules. 

? indicates unknown or opposing data. CD99L2, CD99 
antigen-thke protein 2; ESL, E-selectin ligand 1 (also 
known as GLG1); GlyCAM, glycosylation-dependent cell 
‘adhesion molecule; ICAM, intercellular adhesion 
molecule: JAM, junctional adhesion molecule; LFA-t. 
lymphocyte function-assaciated antigen 1; PECAM-1 
plateletiendothelial cell adhesion molecule 1; PSGL-1, 
P-solectin glycoprotein ligand 1; VCAW-1, vascular cell 
achesion protein 1; VE-cadherin, vascular endathelial 
cadherin; VLA-4, vary late antigen 4. 


growth factor 8 (TGF-), platelet-derived growth 
factor, platelet-derived endothelial cell growth factor, 
and many others. Lipid mediators, such as the leuko- 
trienes, are also important neutrophil chemoattract- 
ants, while certain cytokines, such as monocyte 
chemotactic protein (MCP) and the macrophage 
inflammatory proteins (MIP-ct, MIP- and the chem- 
okines; see below) are selective for mononuclear cell 
chemotaxis. Cytokines that induce inflammatory cell 
migration are known as chemokines (inducing move- 
ment through chemotaxis) and receptors for different 
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FIGURE 7-5 Neutrophil migration up a chemical gradient. (A) Cells 
sense the concentration gradient and polarize towards i with a wide 
leading edge and a traling tall. Receptors for the chemoattractant 
Cluster in the membrane ofthe leading edge, increasing the signal at 
this end of the cel. (B) Diagram of the seven-coll transmembrane 
receptor (the same basic structure as thadopsin) that mediates the 
intracellular signal via Gprotein links. This activates a protein, tyro- 
sine kinase, to nate actin assembly and induce forward mavernent 
of the ca. 


chemokines are present on different cells, thus regulat 
ing not only the numbers of cell that migrate into the 
tissue but also the type of cells and thus the quality of 
the inflammatory exudate (see p. 375). 

Cells such as neutrophils and monocytes ‘sense’ a 
chemical gradient of these attractants and migrate up 
the gradient by using specific cell surface receptors 
clustered preferentially towards the leading, polarized 
edge of the cell (Fig, 7-5). These receptors (e.g. the CSa 
receptor) are composed of seven transmembrane seg- 
ments (in a manner similar to the transmembrane 
spanning segments of rhodopsin; see Ch, 4, p. 261.e1) 
that possess a cytoplasmic connection to a Gprotein- 
linked second messenger system. This activates the 
intracellular machinery (actin-myosin motor) required, 
for forward movement. Recent studies have also shown, 


that activation of G protein receptors occurs in waves, 
thus enhancing the overall effect of the gradient 


Phagocytosis and removal of damaged tissue 
and microorganisms 

Recovery from inflammation requires the removal of 
dead microorganisms and necrotic tissue by phago- 
oytic cells (polymorphonuclear leucocytes and macro- 
phages). Even in the absence of microorganisms, 
altered (damaged) self-proteins are recognized by cells 
of the innate immune system and phagocytosed. In 
the eye this is classically seen with lens-induced 
uveitis, in which denatured lens crystallin proteins are 
released into the anterior chamber in cases of trau- 
‘matic and hypermature cataract. In the latter circum 
stance, engorged macrophages may block the outllow 
channels and produce a ‘phacolytic glaucoma’ (see 
Ch. 9, p. 512). 

Phagocytosis, particularly of bacteria, is facilitated 
by certain molecules of the innate immune system 
mown as opsonins, which are present in plasma and 
hind to the surface of microorganisms when they are 
released into the extracellular space. One of the com- 
plement components, C3b (see below), acts as an 
opsonin, Interestingly, different actin cytoskeletal 
structures are constructed to phagocytose different 
types of particle, e.g. IgG-coated versus complement- 
coated particles. In addition, the role of microbial 
pathogen receptors such as Toll-like receptors (see 
next section) on maturation of the phagosome is 
unclear but appears not to play a significant part, 

Molecules of the acquired immune system also 
promote phagocytosis, particularly antibodies which 
hind avidly to the foreign antigen by specific interac- 
tion of their antigen-binding site (the Fab portion 
of the molecule) but are non-specifically removed by 
hinding of their Fe portion to the phagocyte cell 
surface (see section on antibodies below, p. 396). Cells 
that express high levels of surface receptors for C3b 
and Fe are termed ‘professional phagocytes’, and 
include neutrophils and macrophages. Studies in 
genetically targeted knockout mice suggest that the Fe 
pathway for phagocytic activation is the major one. 


Activation of innate immune cells by microorganisms 


Invading microorganisms release factors that attract, 
leucocytes to the site of inflammation and also induce 
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those same leucocytes to engage in attempted removal 
of the offending agent. This requires activation of the 
immune cells. How is this activation of the innate 
immune response achieved? As indicated in the intro- 
duction, this was previously considered to occur by 
non-specific pathagen-host cell interaction, i.e. there 
was one general innate immune mechanism whereby 
the body reacted to many different types of microor- 
ganisms. However, it has long been recognized that 
responses to different organisms vary greatly, some 
being virulent or lethal while others are harmless, and. 
this ts partly due to how different classes of microor- 
ganisms activate the initial innate immune cells they 
encounter. This they do via broadly specific ligands 
(PAMPs) which bind to pathogen-recognition recep- 
tors (PRRs) (see p. 391). There are several classes of 
both membrane and soluble PRRs, including the Toll- 
like receptors (TLR) (Table 7-4), earbohydrate-binding 
(Chtype lectins, retinoic acid-inducible gene-1(RIG-1) 
helicases, nucleotide-binding oligomerization domain 
protein (NOD)-like receptors (NLRs), the scavenger 
receptors and some soluble PAMPS such as the col- 
lectins (including complement proteins) and acute 
phase proteins. The components (PAMPs, DAMPs) 
tecognized by the PRRs inchide pathogen cell wall 
material, bacterial DNA and proteins, viral DNA and 
RNA, and lipoproteins from microbes as well as 
endogenous ligands such as self-DNA (if it is in the 
wrong place, such as the cytoplasm) and particulate 
‘material such as uric acid and cholesterol crystals 

Lipopolysaccharide is a classic microbial product 
that complexeswithaserum protein kipopolysaccharide- 
binding protein and binds to the microbial co-receptor 
CD14. This then complexes with TLR4 and initiates 
the signalling cascade (most involving the adapter 
protein myeloid differentiation factor 88 (Myd88) via 
several intermediaries transmitted on a nuclear factor- 
XB (NF-KB) core to activate the macrophage or den- 
dritic cell (Fig. 7-6) and subsequently primes T cells 
through presentation of processed antigen in the pres- 
ence of the necessary cytokines such as IL-12, 1L-23 
and 1L-17. 

TLRs are not so much involved in the phagocytosis 
and clearance of microorganisms (see section above) 
as in the maturation of antigen-presenting cells 
for induction of the adaptive immune response 
through cell activation; for this, different TLRs 
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TABLE 7-4 Toll-like receptors — mediators of inflammat 
different classes of microorganisms 
TLR Localization Pathogen-derived agonists Endogenous agonists Synthetic agonists 
TLRI and TLR2 Extracellular Bacteria: peptidoglycan, - Pam.Gys 
lipoproteins, LTA 
Fungi: zymosan 
TLR2 and TLA6 Extracellular Bacteria: lipoproteins Veriscan MALP2 
TLRS Iniraceltular mRNA PolyiC 
TLRA Extracelular Saturated faty acids, Lipid A dervatives 
Fedefensins, oxLDL", 
Fungi: mannan amyloid-f* 
Protozoa: glycoinositolphospholipids 
TLRS Extracellular Bacteria: tage S 3 
TLR7 and TLAB Intracellular Imiguimod, -848 
TLRS Intracellular pG-ODNs 
Protozoa: CpG DNA, haemozoin 
TRI Extracellular Uropathogenic bacteria = = 


Protozoa: proflin-ike molecule 


(GpG-ODNs, GpG-caniaining oligodeaxynucleatides, dsRNA, double-stranded RNA; LPS, ipapolysaccharide: LTA, 
lipoteichoic acid; MALP2, mycaplasma macraphage-activating lipapeptide 2; axLDL, oxidized low-density lipoprotein, 
PolyiC. polyinasinic-polyeytidylic acid; RSV, respiratory syncytial ius; sSNA, single-stranded RNA. “Amyioid-8 and 
‘9xLDL bind to CD36 and a TLR4-TLAG heterodimer. (From Mis, 2011) 


@® activate different types of dendritic cell (see eFig. 7-2). 
In contrast, macrophages also express other PRRs, 
including scavenging receptors, which are primarily 
involved in phagocytosis. Two main cl 
enging receptors accur in humans: SR-A, which binds 
molecules on ageing damaged (cg. oxidized) cells, 
such as oxidized low-density lipoprotein, as well as 
some microorganisms: and SR-B, which occurs on 
other cells as well as macrophages and binds many 
different types of microorganisms through polyanionic 
interactions. TLRs are, for the most part, cell surface 
receptors, although some, such as TLR3 and TLR9, 
bind intracellular molecules such as viral genomic 
messenger RNA and nucleotide degradation products 
such as CpG molecules, In addition, a further set of 
molecules deals with intracellular pathogen products, 
the NOD 1 and NOD 2 proteins (nucleotide-binding, 
oligomerization domain family), which like the TLRS 
have a leucine-rich repeat domain. These proteins are 
also known as CARD (caspase recruitment domain) 
proteins and bind unique peptidoglycan bacterial 
molecules, They are also involved in autoimmunity, 
especially the inflammatory bowel disease Crohn’ 
disease, which is linked to certain types of ocular 


es of scav- 


inflammation, Activation of an ‘inflammasome’ com- 
plex (see Fig, 7-6) and caspase-1 leads to production 
of IL-1 and IL-18, which drive the inflammatory 
process. Interestingly, these molecules have recently. 
been implicated in the pathogenesis of age-related 
macular degeneration, 


NK, NKT and y6T cells also express PRRs and 
mediate innate immunity 

NK cells recog IF ligands on virus- 
infected cells, tumour cells and host cells that have 


self and non-s 


increased levels of stress proteins. MHC class 1 and 
MHC class I-like molecules (see below) are involved 
in these interactions, Using receptors stich as Ly49H, 
natural cytotoxicity receptors and a further receptor 
termed NKG2D, NK cells recognize a range of virus- 
infected cells such as cytomegalovirus, myxoviruses 
and influenza viruses. NKG2D is a receptor for 
tumour proteins and the MHC class 1 molecules that, 
they recognize in combination are known as MICA 
and MICB. 

NKT cells, in contrast, express the T-cell receptor 
(see p, 429) but unlike normal T cells they only express 
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Tyt7 call Trg 68 
FIGURE 7-6 Tol-lke receptors (TLRs) act on myeloid and ather cells by activation of transcription factors but they do not do this directly 
Instead they do so through linker proteins (adaptors), which fit them to thei particular pathway. All TL except TLRS use the adaptor My dS 
while other TLAs use more than one adaptor, such as TRIF. IRAP and TRAF. These generale cytokines through two main pathways, one 
Involving MFx, which leads to transcription of many pro-inflammatory cytokines and te other IRF3, which predominantly leads to production, 
of INF-1. Both signaling pathways also lead to inflammasome activation with production of the central pro-inflammatory cytokines IL-tp and 
IL-4, Utimately, these molecules assist inthe activation of T cells, during antigen presentation. (Fram Mil, 2011) 


one form of the receptor and use this to bind glycoli- Pseudomonas and Staphylococcus, may also be detected 
pids on a range of organisms such as Leishmania dono- by NKT cells, NKT cells use a non-classical MHC class 
vani, Gram-negative glycosyl ceramides and similar I molecule, CDId, to mediate these interactions. The 
molecules on organisms such as Plasmodium and cytolytic function of NK and NKT cells occurs via the 
Trypanosoma. Two important ocular microorganisms, release of granule contents such as perforin, granzyme 


wants to stay anonymous, until his patent application 
is done and university verification tests will be done), 
‘The claims are: 1200 Watts coil out with about 1076.4 
Watts in into the driving motor at 3450 RPM. 8 amps 
117volts at no load 9.2 amps 117 volts at full load. The 
output of about 1200 Watts is already a total overunity 
operation! As they just increase the input power by 
about 140 Watts only between idle and load state and 
they get 1200-Watts output it seems indeed a case, 
where Lenz law is violated! This generator also has NO 
motor effect! If you supply current to the coil, the 
permanent magnet in the center will not rotate; cause 
the flux just stays inside the toroid core! There you can 
see, that the back drag does not influence the 
mechanical rotation of the magnet!" Stefan used very 
good criterion to prove high efficiency of the design: 
There is no back-torque effect! It is most important 
aspect of Gramm's generator. You can contact directly 
Stefan Hartmann: Keplerstr. 11 B, 10589 Berlin, Germany. 
‘Tek: +49 30 345 00 497, FAX: +49 30 345 00 498 email: 
harti@harti.com info@ccard.net (Please, note: Dr. 
Harman referred to my old web site www.time- 
machine.spb.ru which is closed now). 


So, basic principles of MEG and (-machines are the 
same. It was patented more than 100 years ago. Primary 
magnetic flux is topologically separated in two (or more) 
fluxes, which are mutually compensated in the ring core. 
Advantages of MEG are absence of moving parts since 
special input coils produce changes of primary flux. Also 
level of saturation in ferromagnetic material obviously 
should be corresponding to intensity of primary 
magnetic field, which is created by the permanent 
magnet, Fig.4.1 


Besides MEG the same principle can be (and already 
was!) realized in many other systems. So, there is no 
any news in the USA patent #6,362,718 granted for “The 
Motionless Magnetic Generator’. What did they claim? 
‘You can find it in the patent: “The first input coil and the 
first output coil extend around portions of the first 


le 


iy 


SSR 


Riga 


magnetic path, while the second input coil and the 
second output coil extend around portions of the 
second magnetic path." Yes, itis the same bi-directional 
principle we discussed above: two parts of the magnetic 
flux and each coil produce effect to reduce flux due to 
this superposition. 


Fig42 
Diagram of prototype by Bearden. 


In conclusion Id like to confirm our sincere interest 
to develop joint work with all new energy research 
teams if they are not trying to obscure the issue of 
the technology by means of complex theoretical 
constructions and common words about zero point 
energy. 


Matter as a Resonance 
Longitudinal Wave Process 


Alexander V. Frolov 
Abstracts 


‘There is experimental data on gravitation anomalies for 
cases of resonance irradiation of the Bose condensates 
(superfluid helium or superconductor) at 10-100 MHz 
frequencies. It is developed by the author in frames of 
his aether theory that can be used for practical 
applications in aerospace and new energetics. 


ZPF or aether fluctuations 


‘The fundamental electromagnetic radiation field (Zero 
Point Field) ZPF or the quantum vacuum noise is a 


Page 90 


recently accepted physical notion. In the article [1] 
David Noever and Christopher Bremner used it to derive 
a frequency - dependent version of Newton's 
gravitational coupling term G. On the other hand we 
can consider the quantum vacuum noise as aether 
fluctuations. Dr. Alexander Mishin [2] described 
experiments on registration of these processes by 
means of special equipment. Both approaches (ZPF and 
aether fluctuation) allow to conclude that mass and 
inertia arise from these oscillations. However if we are 
considering the oscillation as some aether process then 
we can assume and describe some physical mechanism 
of this process. 


One of consequence of the vacuum energy model, which 
is described in [1] is that “the attractive force of gravity 
becomes reducible to the radiative interaction between 
oscillating charges...” Let's clarify which kind of 
radiation can be created by oscillating electric charges. 
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and other proteoglycans (see later under cytotoxic T 
cells). 

YT cells colonize the skin and gut epithelium 
and recognize small alkylamines and pyrophospho- 
monoestets on microbes and tumour cells The 
later are a major component of mycobacteria, In addi- 
tion, they recognize heat-shock proteins and have 
been implicated in inflammatory diseases such as 
Behcet's disease and the ocular inflammation associ- 
ated with it 


Effector cells in the inflammation response 


Much of the tissue damage in the early stages of the 
inflammatory response is caused by release of tissue- 
degrading enzymes such as MMPs (see Table 7-2) from 
professional phagocytes and as such they are consid- 
ered to be important as non-specific effector cells in 
the inflammatory response, Activation of complement 
during the early phase of the response also provides 
the materials fornon-antibody-dependent complement 
mediated lysis of tissue cells, via the membrane attack. 
complex (MAC) of complement and other cells 
such as NK cells, Macrophages, recruited by T-cell 
cytokines, also play a major role as effector cells in the 
adaptive immune response, in addition to antigen- 
specific cytolytic roles of T cytotoxic (Te) cells and NK 
cells, 

Lymphocytes also play a significant part in the 
initial acute inflammatory response, Even in ‘sterile 
wounds, in which defence against microorganisms 
does not play a major part, lymphocytes participate in 
the overall response. Lymphocytes enter into the site 
of inflammation at the same time as the monocytes, 
and act as bystanders ready for activation by APCS 
primed with antigen. This may be from degraded 
organisms or denatured tissue proteins (altered self). 
In most cases, no detectable adaptive immune response 
occurs locally unless there is activation of tissue- 
resident memory T cells (see p. 420), specific for a 
previous pathogen or antigen. 


RESOLUTION OF INFLAMMATION 


Resolution of inflammation occurs when the foreign 
antigens have been completely destroyed and removed 
Cleared’), and tissue architecture is restored. Macro- 
phages are critically important in the resolution phase 
ofan inflammatory reaction, Effector pro-inflammatory 


MI macrophages (see p. 377 and eFigs 7-1 and 7-2) @ 
which are invelved in clearance of microorganisms 
and in the process generate considerable collateral 
damage (“riendly fire’) are replaced by alternatively 
activated macrophages which promote healing (M2 
macrophages) either by de novo recruitment or by 
re-programming of inflammatory macrophages. Such 
cells express high levels of arginase-1, characteristic of 
inhibitory immune cells, such as myeloid suppressor 
cells (MSCs) with high potency in inhibiting effector 
Teells 

Resolution of inflammation involves fibrosis, which 
is also mediated via alternatively activated M2 macro- 
phages and regulatory macrophages through media- 
tors derived from other cells in the inflammatary 
milieu (Fig. 7-7). In addition, new vessel formation 
(angiogenesis), restoration of epithelial surfaces by cell 
migration and proliferation (see Ch. 4, p. 211, cornea), 
and remodelling of the extracellular matrix by initial 
deposition of sulphated glycosaminoglycans and 
hyaluronan deposition, induced by fibroblasts, repre- 
sent stages in a precisely orchestrated wound-healing 
process. For instance, angiogenesis is initiated in 
quiescent endothelial cells by the expression of pro- 
tease activity on the cell surface, and release of growth. 
factors from surrounding inflammatory cells such as 
fibroblast growth factor, platelet-derived growth factor 
platelet-derived endothelial cell growth factor and vas- 
cular endothelial growth factor-A (VEGF-A). VEGF is 
a major player in the overall wound-healing response: 
it initiates vascular leakage at the onset of inflamma- 
tion and promotes angiogenesis inthe later stages. The 
VEGF-C isoform of VEGF activates a specific endothe- 
lial cell receptor (VEGE-R3) for induction of lym- 
phangiogenesis, essential for transport of soluble and 
cell-associated antigen to the draining lymph node 

VEGF induction is itself under the control of 
hypoxia-inducible factor (HIFLat and B), a transcrip- 
tion factor generated by cells in hyposic tissue, as 
occurs in a wound, but is also produced by both MI 
and M2 macrophages in the absence of hypoxia, 
However, VEGF-A attracts ‘immunosuppressive’ cells 
such as CCR2* M2 macrophages which secrete the 
cytokine CCL2, MSCs, and Tregs and Bregs, all of 
which promote further angiogenesis. Thus wound 
healing, acute inflammation, innate immunity and 
adaptive immunity are all part of a coordinated 
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FIGURE 7-7 The initial stages the inflammatory response involves many early mediators including clotting factors, fibrinolytic praducs, 
cytokines such as IFN~y which programme macrophages tovads a pro-inflammatory phenotype (Mt). Th2-ype cytokines (IL-4, I-13), released 
from other cells such as mast cll, generate alternatively activated macraphages as wall as regulatory macrophages which promote healing 


(fibroblasts and collagen deposition) as well as new vessel formation (Fem Muay and Wyn. 2011) 


response by the organism to remove the offending 
microorganism and restore tissue homeostasis. 


CHRONIC INFLAMMATION 


When the foreign antigen is not completely removed, 
the inflammatory response enters a chronic state char- 
acterized by mononuclear inflammatory cells such as 


monocytes and lymphocytes, often arranged in granu 
lomas (see Ch. 9, p. 502). Failure to remove the 
foreign antigen may occur because of an inadequate 
initial response or because the antigen effectively 
evades the immune system, Intracellular bacteria that, 
evoke phagocytic destruction are a prominent stimn- 
lus for induction of chronic inflammation, Persistence 
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of innate immune cells such as neutrophils is a feature 
of many chronic inflammations and signals a failure 
to clear the foreign antigen. 

However, even if the organisms are cleared, chronic 
inflammation can ensue in the absence of active proc- 
esses which lead to the production of specialized pro- 
resolving mediators (SPMs) such as omega-3 fatty 
acid-derived lipoxins (see Ch. 4, p. 197), and other 
more recently described molectiles such as resolvins, 
protectins and maresins, These mediators inhibit leu- 
cocyte migrations and suppress effector innate and 
adaptive immune cells, 

In chronic inflammatory disorders, the acquired 
immune response also participates, but it too appears 
to he insufficient to remove the foreign antigen, This, 
may be because the antigen has fooled’ the immune 
system by parasitizing the inflammatory cells, as in 
parasitic disease including the worldwide blinding 
disease Chlamydia trachomatis (see Ch. 8). In autoim- 
mune disease (see p. 444), ‘altered self” antigen is 
continually present, acting as a danger signal, and 
induces persistent inflammation, In certain circum- 
stances a low-grade lymphocytic activation occurs 
Such lymphocytes may release cytokines which induce 
fibroblast activity, such as TGF-B and connective 
tissue-activating peptides (CTAP-1 to CTAP-6). CTAPs 
are low molecular weight compounds released from 
leucocyte and platelet granules during inflammation 
and which themselves undergo partial degradation 
to produce other pro-inflammatory peptides such 
as neutrophil-activating peptides (NAP-I and -2), 
thereby sustaining the inflammatory response. If 
this response is excessive, subepithelial fibrosis may 
occur and produce conditions such as benign mucous 
membrane pemphigoid and subretinal fibrosis, both 
extremely debilitating and blinding diseases, CTAPs 
have been implicated in the fibrosis of Graves’ oph- 
thalmopathy through activation of the insulin-like 
growth factor receptor on orbital fibroblasts, 

In many chronic inflammations the balance of com- 
peting mediators and cells may decide the outcome of 
disease. For instance in hepatitis caused by HepB or 
HepC virus, 1L-22 produced by Thl7cells or by iLCs, 
or even by specialized IL-22-producing T cells, can 
have either a protective role promoting fibrosis or a 
pro-inflammatory role leading to liver failure, Thus in 
chronic inflammation the distinction between innate 


and adaptive immune responses becomes blurred and. 
such disorders manifest as a mixture of low-grade 
inflammatory activity with partial attempts at healing, 
(fibrosis). This is well demonstrated in the subretinal 
neovascular membranes of chronic posterior uveitis, 


‘THE SYSTEMIC RESPONSE TO ACUTE 
INFLAMMATION: THE ACUTE-PHASE REACTION 


Although the acute inflammatory response is initiated 
at the site of tissue injury, systemic effects are pro- 
duced in proportion to the level of tissue damage and. 
virulence of the organisms. These effects ate mediated 
primarily by cytokines acting in this situation at a 
distance, and are known as the acute-phase response. 
These cytokines inchide the ‘alarm’ cytokines, IL-1 
and TNF-c, released mainly through ‘danger’ signals, 
from macrophages activated by mast cell and platelet 
degranulation and/or directly by bacterial products 
such asendotoxin, peptidoglycan and degraded mucle- 
otides through their PRRs (see above). During the 
acute-phase response, adhesion molecule expression 
on vascular endothelium is induced and initiates 
further rounds of inflammatory cell accumulation and, 
cytokine release. In addition, changes in vascular tone 
are caused by release of low molecular weight meta- 
bolic products including the prostaglandins PGl, 
PGE,, PGD, and PGFig (vasodilatation), thromboxane 
Ay (vasoconstriction), and leukotrienes C., D, and Ey 
(smooth muscle contraction), 

The effect of massive systemic cytokine release 
(such as occurs in the ‘cytokine storm’ of acute sepsis) 
is to induce a fever response by the direct action of 
IL-1 and IL-6 on the hypothalamic temperature 
control system, and, second, to induce hepatocyte 
gene transcription for several ‘acute-phase reactants 
such as C-reactive protein, serum amyloid compo- 
nents A and P. oy-glycoprotein, C3 and collectins 
(see section on complement below) as well as 
mannan-binding proteins, and haptoglobin, Fibrino- 
gen, G-macroglobulin and oj-antitrypsin are also 
synthesized 

While many plasma proteins rise in concentration, 
others such as albumin and transferrin fall. Clinically, 
the acute-phase response manifests as an elevated 
erythrocyte sedimentation rate (ESR) caused by more 
rapid settling of 1L-6-mediated, fibrinogen-mediiated 
rouleaux formation of red blood cells 


Many of the acute-phase proteins enhance existing 
innate defence mechanisms such as C-reactive protein, 
which acts as an opsonin and binds complement 
Others act to inhibit the effect of inflammatory 
cytokines such as serum amyloid protein and IL-1 
‘The acute-phase reaction has been described as innate 
immune ‘brinkmanship’ in that both the pathogen and. 
the host are stressed but the averall outcome aims to 
limit systemic sepsis while avoiding disseminated 
intravascular coagulation (DIC), shock, organ failure 
and death. 


Development of adaptive immunity 
and immunological memory 


Normally, initiation of the adaptive immune response 
does not take place at the site of injury or penetration, 
by foreign organisms. Instead, antigen is taken up by 
APCs at the site of inflammation and transported to 
the regional lymph nodes and/or spleen where it is 
presented to T and B cells. T and B cells specific for 
that antigen respond by undergoing a series of activa 
tion steps including cytokine production and prolif 
eration (clonal expansion). Such T cells are known as 
ellector T cells which pass into the blood circulation, 
and migrate home’) back to the site of injury where 
CDB T cells (Te cells) kill infected cells, and CD4 T 
cells (Th cells) attract other pro-inflammatory phago- 
oytic cells such as activated MI macrophages, In the 
lymph node, antigen is also presented to B cells, which 
differentiate to become antibody-producing, plasma 
cells, some of which migrate to the bone marrow but 
most of which remain in the draining lymph node 
follicles and germinal centres, producing high levels 
of specific antibody, which is released into the circula- 
tion (see below). 


ANTIGEN RECOGNITION IS MADE POSSIBLE BY 
ANTIGEN-PRESENTING CELLS 

Foreign antigen is presented to T cells by three types of 
professional’ antigen-presenting cell: macrophages, B 
cells and dendritic cells (DCs). However, antigen is 
recognized by specific T cells only after it has heen 
processed and made presentable in an appropriate form 
to the T cell. Some antigens are recognized by T cells 
without processing, but they are very umnstal. Also 
antigen can be presented by ‘non-professional’ APCs 
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such as endothelium but the T cells may not become 
activated (see p. 441, discussion on tolerance), 

There are differences in the type of antigen that 
each of the three cells can present. Macrophages and. 
B cells usually recognize antigen through the immu- 
noglobulin (Ig) molecule. Thus, macrophages and B. 
cells can initiate an immune response only if the host 
has already been exposed to that antigen and has the 
capacity to mount a ‘memory’ response in the form of 
IgG. In contrast, DCs can process and present antigen 
to resting, naive T cells, Le, cells that have not previ- 
ously ‘seen’ the antigen. Accordingly, DCs are consid- 
ered to be the cells which initiate immune responses 
to new antigens, while macrophages and B cells may 
be important in sustaining the response while antigen 
persists in the tissue, 

From the earliest stages of an inflammatory 
response, DCs at the site of injury (generated from 
extravasated, circulating monocytes see p. 377) start 
to migrate in large numbers from the subepithelial 
layers into afferent lymphatics to the regional lymph. 
nodes. During this phase, they prepare the antigen by 
combining it with MHC class I and Il molecules so 
that it can be presented asa complex to T cells. T cells 
will respond only if they possess the specific receptor 
(the Tell receptor, TCR) for that antigen and if the 
antigen is sufficiently immunogenic, ie, has the capac- 
ity to activate innate immune cells via PRRs (see 
p. 389). In the normal course of events itis ikely that 
the great majority of processed antigens never get as 
far as initiating a perceptible T-cell response. 


‘T CELLS RESPOND TO ANTIGEN 
BY CLONAL EXPANSION 


If the antigen is presented to the specific T cell that 
recognizes it, in a suitable form and in the presence 
of the correct co-stimulatory signals, the T cell 
responds by clonally proliferating, ie. it rapidly 
divides, producing many daughter cells, which are all 
exactly the same in their recognition of that antigen 
alone. This is a very dramatic response and accounts 
{or the enlarged lymph nodes seen for instance after a 
viral infection, It has been estimated that up to 20% 
of lymphocytes in an enlarged lymph node are specific 
for that virus. 

Some of the expanded T cells (Th cells) migrate to 
the B-cell follicles in the lymph nodes (see p. 414) and. 
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release a range of cytokines that ‘help’ B cells to clon- 
ally expand, also in an antigen-specific manner. 
However, the majority of activated T cells enter the 
circulation and home to the site of injury where they 
assist in mounting the antigen-specific effector 
response that will eliminate the foreign antigen. 


TT AND B CELLS PARTICIPATE IN 
‘THE EFFECTOR RESPONSE 


Effector responses are those that actually mediate the 
immune response, Activated Th cells release cytokines 
that activate other cells in addition to B cells. These 
include: 

+ cytotoxic T cells that recognize intracellular 
foreign antigen when it is presented on the 
surface of tissue cells complexed with MHC class 
I antigen (see below) 

+ macrophages that, when activated, remove 
foreign antigen and perpetuate the immune 
response by engaging in local antigen presenta- 
tion at the site of inflammation (if this goes awry, 
conditions such as lepromatous leprosy and sar- 
coidasis can develop) 

+ B cells that are stimulated to full differentiation 
as plasma cells with considerable local antibody 
production (see below); soluble antibody is then 
available to form immune complexes and partici- 
pate in further local antigen presentation and 
antibody-mediated cytotoxic reactions via NK 
cells (see below) 


HOW DOES THE ORGANISM DEAL WITH 
INTRACELLULAR ANTIGEN? 


In the above scenario, we considered how adaptive 
immunity is triggered when the foreign antigen is 
extracellular and isa target for phagocytosis. However, 
‘what happens if the antigen has already invaded and 
infected cells, and is persisting as a viable organism 
intracellularly? This particularly applies to organisms 
such as viruses and protozoa which infect many cell 
types and even bacteria such as mycobacteria which 
evade the immune system by ‘hiding’ inside cells. Such. 
cells may be killed by NK cells, or by sensitized Te cells, 
recognizing viral peptide on MHC class 1 surface 
antigen as part of a memory response, The apoptotic 
and dying infected cells containing virus or other 
microorganisms are then ‘cleared! (phagocytosed) by 


macrophages and DCs at the site of injury which, alter 
trafficking to the draining lymph node, further activate 
antigen-specific T cells through presentation of viral 
antigen (peptide) in conjunction with ‘self’ MHC class 
1, Thus Te can be directly activated on appropriately 
conditioned DCs without obligatory help from Th cells 


Effector mechanisms 


‘The innate immune system has a range of effector cells 
that remove damaged tissue and dead microorganisms 
(DCs, macrophages, NK cells, 98 T cells), The adaptive 
immune system also has a variety of effector mecha- 
nisms, which it uses to rid the host of specific foreign 
antigen. These include antibodies and cells, but the 
adaptive immune system also utilizes non-specific 
mechanisms that are activated by antigen-specific cells 
and molecules, including complement and cytokines. 


ANTIBODIES 


Antibodies are distributed in the endoplasmic reticu- 
lum, the Golgi apparatus and the surface of B cells, 
monocytes, mast cells and NK cells, and in secretory 
fluids. Each antibody binds uniquely to a single 
antigen, which is usually a short sequence of an 
immunogenic molecule and is normally defined as an 
antigenic epitope. Most antigens are proteins, but car- 
bohydrates and lipid antigens also occur. 


All five antibody isotypes have similar basic structure 
Antibodies are ¥-shaped molecules composed of light 
and heavy chains (Fig, 7-8). Two identical heavy (H) 
chains linked by disulphide bridges to two identical 
light (L) chains, either a chain or a A chain, form 
the basic structure of antibodies, Each chain is com- 
posed of a series of repeating homologous units, about 
110 amino acids in length, comprising discrete immu- 
noglobulin domains. Many other molecules adopt a 
similar folded structure and are classed together in the 
immunoglobulin superfamily: Differences exist in the 
precise geometry of the molecules, as shown by crys- 
tallography, which has significance for antigen binding, 
There are five immunoglobulin isotypes (Box 7-7) 


Special features of H and L chains 


Although not directly involved in antigen binding, 
the framework region determines the folding of the 
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FIGURE 7-8 Cartoon of generis immunoglobulin structure showing 
the light chains, heavy chains andthe variable and cnstat regions 
vith the linking disulphide bridges. (Fgute adapted trom htp/ 
‘nyu-eme.maricopa.edu/faculty/arabee/biobk/BioBookIMMUN. tml 
Image used take rm Purves ea, Lif: The Science of Bilogy, Extn, 
by Sinaver Associates vow sinauer.com) and WH Freeman (wirw 
whfreeman.com), used with permission) 


molecules and thus the amount of complementarity: 
determining region (CDR) that is presented on the 
surface of the variable sections of the molecule for 
interaction with antigen (the antibody-binding site) 
(Fig. 7-8) 

The secretory forms of IgM, IgA and IgD have 
C-terminal extensions (ail pieces) which allow mul- 
timer formation by attachment to the J chain, while 
Nelinked oligosaccharides bound via asparagine resi- 
dues contribute greatly to the differences in the overall 
conformation, Complement binds to the constant 
regions of the immunoglobulin molecules 

Limited proteolysis of antibody produces frag- 
‘ments: papain attacks the hinge region, producing 
single Fab fragments which bind one antigen mole- 
cule; pepsin attacks the second CH segment, produc- 
ing (Fab), fragments which can bind two antigen 

@® molecules (eFig. 7-3), 
Additional content available at huips://expertconsult 
@ inkling comy, 

Immunoglobulin isotypes not only vary on the 
basis of the number of immunoglobulin chains which 
make the definitive molecule but also the ends of 
the heavy chains show considerable and conserved 
amino acid variations. Similarly, the light chains exist 
in two isotypes, x and A, which vary in proportion 
(60:40 in humans, 95:5 in mouse), In addition, 
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membrane-bound immunoglobulin (mig) is known 
as the B-cell receptor and contains a transmembrane 
region and an intracellular cytoplasmic domain 
‘Antibodies produced in response to the initial 
encounter with antigen are of the IgM or IgD isotype, 
while later antibody production (particularly that in 
response to rechallenge by the same antigen) is of 
the IgG, IgA or IgE isotypes. This is known as isotype 
switching and is regulated by the enzyme cytidine deam- 
inase, activated through CD40L-CD40 interactions, 


‘Antigen-antibody binding 


The specific binding site on the antigen is known as 
the epitope (see p. 421), Antibody bindling to carbo- 
hydrate or lipid antigens is strictly dependent on the 
structure of the antigen. Binding to protein antigens 
may, however, depend on either the linear sequence 
of amino acids or the three-dimensional conformation 
of the molecule. This can lead to the appearance of 
cryptic epitopes or necepitopes in protein molecules, 
which are uncovered alter changes to the three- 
dimensional conformation by partial hydrolysis. 

Epitopes on protein antigens can be overlapping or 
non-overlapping. Overlapping epitopes lead to com- 
petition for binding; in such circumstances antibodies 
to an overlapping region might sterically inhibit pres- 
entation of a peptide to T cells. This, however, would 
occur only with MHC class U-peptide complexes 
where the binding site for the TCR embedded in the 
MHC groove overlaps with a binding site for antibody. 
This mechanism has been suggested for the inhibition 
of experimental uveitis with an antigen-specific mono- 
clonal antibody. Antibodies may also compete by 
allosteric mechanisms in which binding of the anti- 
body alters the conformation of the molecule so that 
it does not bind a second antibody. 

B cells arise from precursors in the bone marrow 
as immature B cells expressing IgM, and Igo. and B, 
and go through a series of transitional stages to become 
naive mature B cells in the spleen at which stage they 
express IgD, A small proportion of these cells become 
marginal zone B cells in the spleen and short-lived 
IgM-producing plasma cells, while the majority are 
available for interaction with specialized B-cell follicle 
(follicular) DCs to initiate antigen-specific immn- 
noglobulin production through the B-cell receptor 
(BCR). The BCR, similar to the TCR, signals through 
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‘There are three components or segments to the CDR 
(CDR-1, -2 and -3) and the third (CDR-3) in both heavy 
and light chains is the most variable (Fig. 7-8). The C 
regions on the heavy chains are globular structures attached 
to the binding region by a flexible rod-like hinge portion 
of the molecule (see Fig. 7-8 and eFig. 7-3). The hinge 
region has both nigidity (conferred by proline residues at 
the top of the CH rod) and flexibility asthe result of a large 
‘number of glyeine residues, The last CH domain of tmmu- 
poglobulin has a transmembrane and cytoplasmic portion, 


involved in intracellular signalling, Each domain is com- 
posed of two layers of B-pleated sheets with three or four 
strands of anti-parallel polypeptides. Therapeutic mono- 
clonal antibodies are used extensively for many diseases 
including eye diseases such as age-telated macular degen- 
eration (AMD, see Ch. 9, p. 513) in which a humanized, 
(cFig 7-3, lower panel) monoclonal antivascular endothe 
lial growth factor (anti-VEGF) anubody is administered 10 
patients with wet AMD by successive injections of the 
antibody into the vitreous chamber of the eye, 


Faly human 
antibody 


Y 
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{eFIGURE 7-3 Antibody structure. The globular domains f the Fab and the Fe tragments are shown inthe panel ontop right and the anti-parallel 
pleated sheets on the top let. Development of engineered monoclonal fully humanized antibodies is shown on lower panel. ip/vawr dsc 
Uunivtresti/-benedett/antibody catalysis hm hiip/dct space 4goo net/dct?qanbbody.hit:/ wun chiscientiti. co/service aspx71D=30 


BOX 7-7 ISOTYPES OF IMMUNOGLOBULIN 


Five isotypes of immunoglobulin exist, denoted by theit 
heavy ohain (a, , 6, ¢, ); there are two light chains (x, 4), 
‘which occur ina ratio of 60:40 in humans. The Fe and C3 

binding regions are responsible for the effector functions of 
antibodies (see below). Three complementarity determining 
regions (CDRs) are nested within framework regions, in the 


Vand hyper-V regions of the H and L chains, and receive 
contributions from both chains. Somatic mutations in the 
CDRs are responsible forthe enormous antibody diversity 
‘and affinity maturation that occurs on repeated exposure to 
antigen, 


cytoplasmic molecules stich as Syk and Lyn, as well as 
PIS kinase and SHIP to generate plasmablasts in the 
Becell follicle. These cells leave the secondary lym- 
phoid tissue to return to the bone marrow and other 
tissues, where they function as long-lived antibody- 
producing plasma cells, Isotype switching, i.e. from 
IgM to antigen-specific IgG, E and A, occurs while in 
the germinal centre of the B-cell follicle. 

As indicated above, antigen specificity is deter- 
mined by complementarity between the epitope on 
the antigen and the CDR. However, this is not exclu- 
sive and other neighbouring regions on the antigen 
(paratopes) and on the IgG molecule outside the 
hypervariable region may influence the final antigen 
specificity and avidity: In addition, antibodies as pro- 
teins may have other properties relating to their non- 
ligand (antigen) binding sites, for instance the 
recombination of the Vj; and Vi chains may fortui- 
tously produce a site that binds ADP or acts in a cata- 
lytic fashion, Such antibodies may therefore have 
additional functions that may be more closely ascribed. 
to innate rather than adaptive immunity. Such anti- 
bodies are termed superantibodi 


Monoclonal and polyclonal antibodies 
Any single antigen, especially large proteins, may 
have multiple antibody-binding regions (epitopes) 
Antibody responses may therefore be polyclonal, 
oligoclonal or monoclonal depending on the immtno- 
dominance of the antigenic determinants. Selection 
of cells from an immunized mouse under special 
conditions and fusion of those cells with an immortal- 
ized cell line is a powerful technique for producing 
large quantities of antibody to a specific antigenic 
epitope. 

Monoclonal antibodies (Mabs) have revolutionized 
diagnostic techniques in medicine today, particularly 
using flow cytometry in which antibodies specific to 
cell proteins are ‘tagged’ with fluorescent markers 
which identify even very rare cell types using narrow- 
wavelength lasers. Mabs are also widely used for 
therapy of diseases such as cancer and autoimmunity, 
particularly in ophthalmology where anti-TNF-c. 
therapy is used to treat uveitis and anti-VEGF therapy 
is used to block blood vessel growth ‘wet” AMD. Some 
of these Mahs are chimeric antibodies, ie. molecules 
which combine human and mouse antibody segments, 
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while others are fully humanized! (see eFig. 7-3), Frag- @) 
ments of antibodies are sometimes as effective as the 
intact antibody and due to their reduced size they 
possibly have better penetration into tissues as thera 
peutic agents (Box 7-8). 


CYTOKINES ARE THE EFFECTOR ELEMENTS 
RELEASED BY CELLS DURING INNATE AND 
ADAPTIVE IMMUNE RESPONSES 


Almost all of the biological effects of T cells are medi- 
ated by cytokines, More importantly, T cells alter the 
characteristics of an immune response by releasing 
different cocktails of cytokines. In a feed-forward 
mechanism dictated by the cytokine miliew of the 
tissues, naive T cells differentiate into one or more of 
the several different T-cell types (Fig. 7-2), 

Cytokines, in the broadest sense, are produced by 
a wide variety of leucocytes and tissue cells, particu 
larly. monocytes/macrophages, epithelial cells and 
fibroblasts. The response of tissues to invasion by 
viruses and bacteria is to produce cytokines; for 
example, virus-infected cells activate NK cells, which 
can be induced to release cytokines by innate recog- 
nition of viral double-stranded RNA (e.g. IL-1, IL18); 
bacterial lipid (endotoxin) is recognized by CD14 
and TLR4 on monocytes and by complement, all 
leading to pro-inflammatory cytokine release, e.g 
1-12, and 1L-23, 


What makes a cytokine a cytokine? 
Cytokines have the following properties 

+ they are secreted by cells in response to a specific 
stirmulus, 

+ they are short-lived and short-range molecules, 
acting on cells within their neighbourhood, 

+ they may have effects at a distance if they are 
liberated into the circulation in sufficient 
concentration, 

+ they are effective at very low concentration. 

+ they may secondarily induce cytokine release by 
the target cell. 

+ they may act upon many different cell types 
(pleiotropism) and may have multiple different 
effects on the same target cell 

+ they may be redundant, may induce cytokine 
synthesis themselves and may alter the effects of 
other cytokines. 


400 7 Immunatogy 


BOX 7-8 ANTIBODY ENGINEERING FOR THERAPEUTIC USE 


Monoclonal antibodies are produced by the fusion of 
antibody-secreting B cells with an immortalized myeloma cell 
line, engineered in such a way that only the B-cell/myeloma 
fusion calls survive thus producing an immortalized 
antibody-producing cell Some monocional antibodies have 
been produced continuously for decades. 


‘The antibodies themselves can be engineered to produce 
fragments such as Fab fragments or single chain variable 
‘ragments (scFv) or even antibodies which combine a double 
set of variable fragments (tiabodles) (se figure below). In 
this way the antibodies can be made mare selective and 
potent. 


Ios Scfv-Fe Fabs 
(150KDa) (10503) (110 kDa) 

) oy AAP 
Mintoay Fab Diaboty sof Peptide 
(@OkDs) (65kDa)—5KDa) (25KDa) ——(< THDa) 


Cytokines have three general effects 

+ they regulate the innate immune response 

+ they regulate the adaptive immune response. 

+ they regulate the growth and differentiation of 

haematopoietic cells, 

Cytokines now inchide several groups of molecules, 
such as the interleukins, growth factors, colony- 
stimulating factors, transforming growth factors, inter- 
ferons, tumour necrosis factors, chemokines and 
monokines, Considerable functional overlap exists 
between these groups. At least 39 interleukins have 
now been described, each with a range of actions. IL-1 
is produced by almost all nucleated cells, including, 
ocular cells such as the RPE, and is central to the 


initiation of most inflammatory and immune responses. 
Many of the more recently described interleukins have 
homology to IL-1, including IL-18, 1L-33, 11-35 and 
1L-39, Some of these have anti-inflammatory effects, 
unlike IL-1 and IL-18 which are secreted on activation 
of the inflammasome (Fig. 7-9). IL-1 has extensive 
homology to fibroblast growth factor and may also be 
implicated in angiogenesis, 

IL-2 is the major T-cell growth factor and initiates 
release of cytokines from the cells upon which it acts, 
(Fig. 7-2) 

Cytokines function ina vast interconnected network: 
of agonistfantagonistic feed-forward and feedback 
inhibitory and stimulatory loops that ensures fine 


‘There are many different sources to find the answer on 
this question and one of them is the article by Prof. Kirill 
PButusov [3] on symmetrization of Maxwell's equations 
and practical methods of generation of longitudinal 
waves in vacuum. So, ZPF model has a direct relation 
with the aether model since indirectly it leads to the 
question of longitudinal waves in vacuum. Physically 
they are waves of density of energy and in the aether 
model the waves are areas of more dense and more 
rarefied aether. Let's note that there are standing waves 
besides moving waves. 


‘To consider the interaction of some mass particles and 
the fundamental field the notion of subatomic charges 
“partons” was introduced [1]. So, the mass itself 
“becomes interpretable as a dependent quantity derived 
from a damped oscillation driven by random ZPF" [1] 
‘The authors wrote about “internal kinetic energy” of 
the mass particle and it can be considered as a function 
of ZPF oscillation frequency. In the aether theory of mass 
there is a similar notion of “aether vortex”, which 
represents some cyclical process of some frequency and 
it is possible to calculate its kinetic energy. This aether 
vortex model of matter elements allows to assume real 
methods to change parameters of vortex and to get 
changes in parameters of existence of the matter. On 
the other hand we can discuss the possibility to change 
some physical parameters of aether in areas of the vortex 
to get the same result. This possibility follows from the 
well-known N.Kozyrev's experiments, which were 
named “investigation of active properties of time” 
N.Kozyrev used chronal (temporal) approach in his 
theory. We have to change his notion “the density of 
time” to “the density of aether” to get a direct link 
‘between his experiments and the aether theory of mass. 


N.Kozyrev and others have [4,5,6] experimentally 
demonstrated that irreversible processes in matter 
produced changes of aether density in the area of the 
experiment. Detectors of different type can register this 
change. It is obviously that any matter element (Le. the 
aether vortex) in this area of changed aether density 
should get more inner (kinetic) energy or slow the inner 
motion. From the chronal point of view these are changes 
of inner time of this matter element. 


Gravity shield 


One more interesting point that is discussed in the 
article by Noever and Bremner [1] is a problem of gravity 
shield. The authors show that resonance interaction 
with ZPF produces “the particle mass” and it can be 
viewed as “a renormalized or “dressed” mass with a 
resonant interaction potential. Similar resonance 
approach is used in the conception of de Broglie’s matter 
waves. Also the authors [1] mentioned the existence of 
an experimentally unobservable mass. In this case ZPF 
cannot be fundamentally shielded by matter since 
“frequency mismatch precludes gravity shielding by 
matter” [1]. The only way to get screening of ZPF 
fluctuations seems to be very complex: it is necessary 
to provide frequency matching for whole wavelength 
band of the oscillations. 


I think some specialization is necessary here to explain 
experimental gravity anomalies with Bose condensates 
experiments (superfluid helium or superconductors): 
special process in matter can be used as the gravity 
screen and this approach does not involve the 
frequency-matching problem. 


We have concluded above that any matter element is a 
resonance process and its energy is derived from ZPF. 
It is useful to note that these are longitudinal wave 
oscillations of energy density in aether. In this case, 
the gravity shield problem can be solved in frames of 
the aether vortex conception of matter. 


The longitudinal wave is a moving (or standing) areas 
of rarified and thickened aether. Let's consider the 
moving wave, which is responsible for gravitation 
attraction effect. How can we stop, re-direct or reflect 
longitudinal wave in aether by means of aether vortexes 
(matter elements)? We can produce interaction with 
this wave only by means of other longitudinal waves. 


In macro-level this idea can be realized as longitudinal 
wave generator. Electromagnetic processes, which can 
be used as sources of directed longitudinal waves, are 
known and some of them are described in [3]. In other 
way the gravity shield can be produced as longitudinal 
waves generated by natural aether vortexes (ie. by 
matter elements) if the matter exist in a special exited 
state, for example for cases of resonance irradiation of 
superfluid helium or superconductor at 10-100 MHz 
frequencies. 


‘Matter element as resonance process 


In [1] the authors wrote that it is possible to calculate 
“the mass of any fundamental particle at its resonant 
frequency.” There is the question: what is the general 
basis of whole spectrum of stable elements masses? 


In 1996 the author published the article “The concept 
of mass process” [7]. At first in this work physical sense 
and notion of 3-dimensional curvature was introduced. 
By analogy with known mathematical notion of linear 


1 
= (where r is radius) and uniform 
r 


curvature P; 


2 


surface curvature P, =— it was proposed to calculate 
r 


curvature of a 3-dimensional space as. 


3 
Pr =— eo) 
r 


‘The radius r in this case means that in a 3-space there 
is some periodical process. In other words, 3- 
dimensional matter is a resonance process. 


Further, de Broglie used formulations E=hf and E. 
(where p is momentum, h is Planck constant, f is 
frequency and c is velocity of light) to derive the 
following: 


hf=pe (2) 
Page 91 
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FIGURE 7-9 IL-1 istranscrited through a process involving activation of PRRs such as Toll receptors ova the IL-1 receptor ital, leading 
to activation ofthe inflammasome and induction of caspase-t to generate IL-1 fram its precursor pro-iL-1B. The process of autophagy regu 
lates itlammasome activation and IL-1 production. (From vn de Veen and Nea, 2013) 


control over the immune response, mostly to avoid the 
excessive collateral damage that would occur in an 
over-robust response to a pathogen. 


Cytokines involved in specific immune reactions 
The interleukins, interferons and tumour necrosis 
factors are central to the immune response, and the 
character of the immune response is determined by 
the set of cytokines released. Activation of a naive T 
cell (a lymphoblast that has recently been presented 
with antigen) by different cytokines (in the presence 
of IL-2) released ftom the APC drives the T cell to 
differentiate into a Th1, Th2, Th17/Th22 or Treg cell 
(see Fig. 7-2). Thl cells secrete interferon-y (IFN-y), 


in response to IL-12 secreted by macrophages or DCs 
during the initial innate response to antigen. Th1 cells, 
are involved in delayed-type hypersensitivity responses 
and tissue damage associated with granuloma forma- 
tion (see Ch. 9, p, 502). This is achieved by activation 
of macrophages and NK cells, which release reactive 
oxygen and nitrogen intermediates (free radicals). In 
addition, release of IL-2 by ThI cells activates cyto- 
toxic T cells, In contrast, Th2 cells release IL-4, IL-5, 
IL-6, IL-10 and 1-13, activate B cells and induce 
antibody production. IL-5 also stimulates eosinophils, 
which are the effector cells in allergy-associated tissue 
damage, while IgE avidly binds to mast cells and 
causes release of the mediators of immediate 
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hypersensitivity. In mucosal tissues such as the gut 
lining, IgA is produced with the help of Th2 cytokines. 

This simple outline, describing the generation of 
either Th or Th2 responses is considerably modified 
during the event. For instance, IL-1, IL-2 and IL-4 can 
also activate macrophages directly, while IFN-y is 
involved in the production of IgGia (the only immu- 
noglobulin controlled by this cytokine), In contrast, 
activation of a naive T cell in the presence of the 
cytokine TGF- leads to the generation of Treg cells 
which suppress the immune response, unless IL-6 is 
also present in the miliew, in which case the strongly 
proinflammatory Th17 cell differentiates (see Fig 
7-2) driven by 1L-23 production from the APC. IL-6 
is produced by many tissue cells, including ocular 
cells such as the RPE, especially under stress. 


Cytokines involved in lymphomyeloid cell maturation 


The bone marrow is the powerhouse of our immune 
defence system. Several cytokines are involved in the 
growth and maturation of lymphomyeloid cell popu- 
lations from stem cell precursors in the bone marrow. 
These include the colony stimulation factors, granulo- 
cyte colony-stimulating factor (G-CSF), macrophage 
colony-stimulating factor (M-CSF) and granulacyte~ 
macrophage colony-stimulating factor (GM-CSF). In 
addition, several other cytokines with pleiotropic 
effects, including TNF-c and IL-1, have important 
roles in the maturation of these cells, 


Cytokine receptors and cytokine receptor antagonists 
Tcell activation is antigen specific but the cytokines 
released are not. However, cells targeted by cytokines 
require the appropriate receptor for that cytokine to 
respond (Fig. 7.10). In addition, the targeted cells 
require a cell-signalling mechanism to mediate the 
response. 

Cytokines utilize a common cell-signalling mecha- 
nism involving a cytosolic protein NF-KB, which regu- 
lates genes encoding cytokines, their receptors and 
several other genes involved in the acute inflammatory 
response. NF-KB is released from its inhibitor (IxB) 
when the cell is stimulated by cytokine and enters the 
nucleus bound to the transcription factors p65/p50. 
These initiate the changes in gene transcription with. 
changes in function. 


Five families of cytokine receptors are described 
based on structural motifs in the proteins: (1) the 
immunoglobulin superfamily (IL-1 and c-kit, IL-1Ra, 
IL-18, 11-33, IL-35, IL-37, IL-39); (2) a two cysteine/ 
WSXWS or type 1 receptor family (binds IL-2, IL-3, 
IL-4, IL-5, IL-6, IL-7, 1L-9, 1L-11, 1L-13, IL-15, 1125, 
1127, 1131, GM-CSF G-CSF); (3) a type II receptor 
(binds IENs, 1-10, 11-9, 11-20, 11-22, 1-24, 11-26); 
(4) a TNF receptor (part of a larger family of receptors 
involved in apoptosis including Fas-Fas ligand (FasL) 
mechanisms, TRAD (TNF receptor-associated death. 
domain), TRAF (TNF receptor-associated factor) and. 
CD40; see eBox 7-1); and (5) a seven transmembrane 
helix (chemokine) receptor family (see p. 404). Some 
cytokines have more than one receptor and some of 
the structural motifs are shared between the receptors: 
for instance, the common ¥ chain of the IL-2 and IL-15 
receptors. Binding of cytokine to the receptor initiates, 
signal transduction pathways such as the Janus family 
kinases (Jaks) and the signal transducer and activator 
of transcription (STATS) proteins which act upstream. 
of NF-KB (Fig. 7-11). Several proteins are included in 
the Jak-STAT families and these intracellular proteins 
are prominent targets for drug discovery programmes 
in attempts to control immune responses. 

Cytokines, when released, do not have a free rein 
in mediating their activities. Cytokine receptor antago- 
nists are well recognized, the prototype in this field 
being IL-IRa, This protein is a naturally occurring, 
competitive binding protein for the IL-1 receptor but 
fails to induce any of the signal transduction events of 
IL-1, This is important because the uncontrolled activ- 
ity of IL-L in large amounts produces severe side- 
effects similar to the acute-phase response. IL-1Ra 
recognizes the separate receptors for IL-1 on T and B 
cells. IL-L can also bind to a ‘decoy’ receptor, IL-1RI, 
which fails to transmit the signal. 

Receptors may be of low or high affinity in their 
ability to bind ligands and this encroaches somewhat 
on receptor specificity, allowing certain cytokines to 
compete for the same receptor. In addition, for certain 
multichain receptors, such as the IL-2R, one of the 
chains may be shared by several cytokines (the 
common ¥ chain) and so assembly of the appropriate 
receptor on the membrane may depend on the precise 
cytokine miliew presented to the cell. The local con- 
centration of any particular cytokine will therefore 


have an influence on the final cell response. This 
cytokine redundancy isseen for instance with GM-CSE, 
IL-3 and IL-5. GM-CSF and IL-3 have widespread 
effects, whereas IL-5 is more restricted. By competing 
for the same receptor on different cell types, the 
amount and receptor-affinity of any one cytokine can 
determine the nature of the cellular response 


Some cytokines play a bigger role in 
inflammation than others 


Lessons learned from treating patients with autoim- 
mune inflammatory disease point towards the impor- 
tance of certain selected cytokines as major eflectors 
of inflammation. For instance, by selectively targeting 
TNF-a, remarkable recoveries in function can be 
achieved in patients blinded by uveitis or crippled 
with rheumatoid arthritis, Several other cytokines 
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FIGURE 7-10 Cytokine networks induced by immune responses. Ag, antigen; IL, inadeukin- IF, Itrferon; Mo, macrophage; NK, natura 
kilarcel PMN, polymorphonuclar leucocyte; Te, Teyotoxic cal, T helper cl; TNF, tumour necrosis factor, @ peptide. Couey. Aas) 


have primary roles in disease: for instance, IL-1 (and. 
its family members) is involved in virtually every form 
of inflammation, while IL-2 is very important for T-cell 
function. Effector T cells can make their own IL-2, but 
‘Tregs, which are essential for controlling the inflam- 
matory response, are unable to synthesize IL-2 and 
depend on IL-2 from other sources, including T effec- 
tor cells (thus T effector cells initiate their own 
regulation) 

TGF-f is also a major regulator of T-cell differentia 
tion (see Fig, 7-2) as well as being much more gener- 
ally involved in several cell biological processes such. 
as fibrosis and angiogenesis, In addition, it is consti- 
tutively present in the anterior chamber where it 
mediates aspects of immune privilege (see p. 457) 

‘Additional content available at https://expertconsult 
inkling.comy, 


‘The number of cytokines being discovered continues to 
increase and many of these are being shown to play impor- 
tant roles in inflammation and its regulation, The following, 
sections provide brief information on specific cytokines, 
TUMOUR Neckosis Factor 

Certain cytokines have a prominent role 1n tissue damage, 
fone of which is TNF TNF exists in both soluble and 
membrane-bound forms and can induee a varieyy of 
responses in cells, including activation of polymorphonu- 
clear leucocytes, induction of MHC antigens and adhesion 
molecule expression, and prostaglandin synthesis. Two 
forms of TNF exis, TNF-c: and TNF-B, the latter also 
mown as lymphotoxin; both forms bind to the same cell 
receptor, 

‘TNF-a. is pro-inflammatory, pro-coagulant, cytotoxic 
and antiviral, and modulates haematopoiesis, is inflam- 
matory effects act on both the acute-phase response and 
locally on cells at sites of inflammation, As such it is a 
mediator of endotoxic shock. TNF-a: signals through two 
receptors (p35 and p75), which are members of a larger 
‘TNF receptor family involved in several aspects of the 
immune response (eBox 7-1). Many are associated with 
cell death such as Fas-FasL. (apoptosis), also important in 
immune pnvilege. Each receptor forms a (p55 or p75) 
hhomotrimer before ligand binding. TNF-cc is produced as 
 pro-protein with a long signalling sequence. When 
cleaved off, the molecule trimerizes and binds 10 the 
‘imerie receptor. TNF receptors can be cleaved from the 
cell surface and persist in the extracellular space and the 
bloodstream, where they can act as competitive inhibitors 
of TNF itself. Humanized fusion proteins using TNF have 
been used in this way to prevent disease 

TNF is @ major mediator of experimental and clinical 
Uweitis, and thus blockade of TNF-o ameliorates disease 
and preserves sight, 

‘Trance 

TRANCE (TNF-telated activation-nduced cytokine, also 
mown as osteoprotegrin ligand, or OPGL, and receptor 
activator for NF-XxB ligind, or RANKL) was defined ini- 
tally as an activator of osteoclasts in bone for bone turn 
over and of innate immune cells, macrophages and 
dendritic cells for the immune response. Deficiency of 
‘TRANCE leads to the severe bone disease asteopetrasis, It 
is now also recognized as a major ligand forthe promotion 
‘of immunological tolerance on medullary epithelial cells 
(enTECs) in the thymus where it binds the receptor RANK 
and sustains tolerance to self-antigens during adult life 
‘once itis established in the fetus 
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INTERLEUKIN-L 
Interleukins constitute a subclass of cytokines: their name 
'5 derived from their ability 10 effect communication 
between leucocytes. However, they are derived from a 
range of cells and have effects on many cell types, inelud- 
ing leucocytes, IL-1 is eleased on cell death by many cells 
as part of the injury response and then amplifies this 
response by signaling via the inllamamasome to release 
‘more IL-1 and IL-18. In macrophages and endothelial cells 
(is selective targets it induces adhesion molecule expres- 
sion and also promotes prostaglandin synthesis, IL-1 also 
activates hone cells and accelerates bone turnover, and it 
induces marrow stromal cells to produce G-CSF and IL-3 
“Two forms of 1-1 exist, ler and 1L-1B, each with its 
vin receptor, but receptor usage i not highly restricted. 
‘Thus, HL-lerand IL-1 have broadly similar effects on cells. 
1-1 is extremely potent and is counteracted by the 1L-1 
receptor antagonist, which plays a major role in regulating 
TLL activi 

11-1 activates cells within the eye, particularly the RPE 
and the retinal vascular endothelium, 1 has been impli 
cated in the pathogenesis of various forms of uveitis and 
has een shown to be uveitogenic experimentally and to 
have significantly greater damaging effects than TNF-0t 

IL-larand IL-1 are produced as pro-proteins without 
4 secretory signal sequence and must be digested by 
caspase-1 (IL-IB) or ether proveases (IL-1a) before they 
ae activated. IL-1 (and IL-18) signal through Mya and 
the inflammasome. 


INTERLEUKIN-2. 
IL-2 1s the mayor cytokine involved in Tcell-mediated, 
responses, both Thi and Th2, and also induces NK cell 
activity, n both of which at may act in an autocrine manner, 
112 also initiates activation of CD8 T cells, Activated T 
cells thus express the IL-2 receptor (CD25), and it has, for 
instance, been detected on circulating T cells as well as 
lymphocytes from intraocular samples from patients with, 
endogenous wveitis. Interestingly Treg cells express the 
highest level of the IL-2 receptor and IL-2 is essential 
for Treg mduction even though Tiegs cannot produce 
this cytokine. Tregs express and require the transcription 
factor FoxP3 and, conventionally, Tregs are described as 
CDHCD25'FoxP3' T cells 


‘THE INTERFERONS 
IFN-a and IFN-B ate members of the type 1 interferons, 
of which there are many, while IFN-y is the only type I 


interferon, a classification based on structural differences. 
IFN-¢1 was the first cytokine to be identified, sequenced, 
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cloned and introduced to clinical therapeutics, Iti used 
im the treatment of muliple sclerosis, hepatitis C and 
certain forms of retinal vasculitis, tt is produced by many 
cells im response to virus infection and in this regard is 
‘portant in promoting viral clearance. The main source 
of constitutive IFN-a.isa rare population of dendritic cells, 
the plasmacytoid dendntic cells (pDCs), Lange quantities 
ofthis cytokine are produced by pDCs in response to virus 
Infection, leading to maturation of myeloid dendritic cells 
with strong induction of antiviral cytolytic activity and 
Beeell isotype switching. IFN-ot can also be produced by 
activation of DCs via the TNF receptor but witha gradual 
Jinetic as opposed to the massive antiviral response. INF-t 
produced by TNF receptor stimulation may be immu 
noregulatory. IFN-B is produced mainly by fibroblasts. 

‘Two inierleukins (11-28 and I1-29) have been described. 
which have IFN-a-like activity and ean induce antiviral 
sectvity inthe absence of IFN. These cytokines have now 
been rebranded as IFN-R, ie. type Il interferons, and like 
the type 1 interferons they act via the Jak-STAT pathway. 

IFNy is released from virally infected cells and has 
potent antiviral activity. It isalso a major pro-inflammatory 
tytokine and induces MHC and other antigens on cell 
surees, thus promoting adaptive imnianity via antigen 
presentation. It is the signarure cytokine for CD4" Thi 
cells. It has been shown to induce MHC class Il on cells 
im the retina (which does not normally have many MHC 
class 11 cells); these may be tissue-specific APCs. tt also 
induces the innate immune response by activating macro- 
phages to produce cytokines such as TNF-, IL-1, 1L-12, 
11-18 and IL-23, and also to engage in cytotoxicity through 
release of reactive oxygen species and mune oxide. Like 
TTNF-ctand IL-1, IFN-y, has potent uveitogenic activity In 
addition, high levels of IFN-7 have been detected in 
aqueous samples from patients with acquired immune 
deficiency syndrome (AIDS) retinitis 

Production of interferons is under the control of 
Interferon-regulating factors (IRF), which bind to 
interferon-stimulated regulatory elements (ISRE) on the 
promoters of the IFN genes, 
TRANSFORMING GnowrH FACTOR 
TGF-B is an important immunosuppressive cytokine. 
There are at least six types of TGF-B, and many cell types 
elaborate this mediator, including cells within the eye such 
a ciliary body epithelium and RPE, TGF- has been sug- 
gested to account for part of the immmunosuppressive activ- 
ity normally found within the eye (see p. 457). TGF-B2 
appeats to be the main isotype found within the eye and 
normally secreted ina latent fornn; however, iti readily 


converted to the active form by enzymes such as plasmin, 
which would normally be present in an inflammatory 
exudate, 

TGF-B promotes Teel differentiation as well as angio- 
genesis and chemotaxis of several leucocyte types. 

‘TGE-s have widespread effects on cell adhesion, dlif- 
ferentiation, proliferation, migration, maturation, activa- 
tion and regulation, both within and on cells outside the 
immune system. In vitro studies are greatly aflected by 
small changes in the TGF concentrations, and thus many 
effects requite in vivo investigation. TGF-ps are essential, 
however, because deletion of the TGF-B gene in mice is 
lethal for the embryo, Overall, TGF-B1 and TGF-f2 are 
anti-inflammatory and immunoregulatory, but TGF-B1 is 
pro-fibrotie. TGF-fis are produced by leucocytes and by 
parenchymal cells in the central nervous system, kidney 
and eye, TGE-B receptors comprise three chains, of which. 
‘chains [and UI bind to form a high-affinity receptor while 
IL binds either of the other two chains in a regulatory, 
non-signalling role, 


INTERLEUKIN 
Interleukin-#, -3, and -13 are prototypical cytokines 
inducting Th2-type responses and are thus major players 
im allergie diseases including asthma and allergie skin and 
mucous membrane disorders such as allergic conyunctivi- 
tis, In addition, 1L-4 and IL-13 are important inducers of 
alternative macrophage (M2) activation promoting wound 
healing, fibrosis and angiogenesis, 


INTERLEUKIN-6 
1L-6 has pro-inflammatory and fever-inducing activity, but 
recent evidence suggests that its mayor role may be to limit 
tissue damage. It has muluple and wide-ranging elects, 
and participates in the acute-phase reaction (fever) as well 
as in haematopotesis. IL-6 1s produced by many cell types, 
both immune and non-immune, including ocular cells 
ssuch as RPE cells, IL-6 may be instrumental m promoting 
a Th2-type response with preferential activation of B cells. 
However, experimentally, IL-6 appears to have a marked 
tveitogenic effect, similar in severity to that of endotoxin, 
In addition, 11-6 has been detected im the aqueous of 
patients with endogenous and postsurgical uveitis, IL-6 
‘combines with TGF-[) to promote induction of Th7 effec- 
tor cells, Th17. 

Like many cytokines, 1L6 and the 1L6 receptor (ILBR) 
‘can exist in soluble form and engage in ‘trans-signalling’ 
IL-6, IL-1, 1L-30 and 11-31 are grouped together due 
to similarities in their receptor and signalling pathways 
In addition, the immunosuppressive cytokine 11-35 


combines the components of IL-6 and 11-12 (hitp/vww 
-sciencedirect couvscience/article/pu/S13596101 12000160). 
INTERLEUKIN-8. 
IL-8 is regarded as a chemokine for neutrophils but also 
hhas some level of chemotactic properties for monocytes 
and lymphocytes, IL-8 is released by immune and non- 
innmnune cells hut is somewhat miore restricted than IL-6, 
RPE cells, corneal endothelium and stromal cells release 
IL-8 after appropriate stimulation, IL-8 is less wveitogenic 
than TL-1, which appears to be the main cytokine in this 
respect. IL-8 binds to the chemokine receptors CXCRI and, 
exCR2. 
INTERLEDKIN-10 
IL-10 is an 18 kDa cytokine produced by many cells, Its 
the prototype cytokine of the IL-10 family of cytokines, 
which consists of nine members: 11-10, 1L-19, 1L-20, 
11-22, IL-24, 11-26 which are also related to 1L-28 and 
1-29. The 11-10 family are predominantly an ‘mmuno- 
suppressive’ cytokine family and are involved for instance 
in immunological privilege of the eye and other organs. 
The effects of 1L-10 can override those of many pro- 
inflammatory cytokines. 1L-10 does this by inhibiting syn- 
thesis or secretion of TNF-a, IL-1, chemokines and I-12 
by macrophages. It also reduces MHC class Il expression 
(on APCs, thus downregulating specific and innate innmune 
responses. Cerlain viruses such as Epstein-Barr virus 
release an alternative forin of IL-10, raising the possibility 
of virusinduced immune suppression. The heterodimer 
IL-10 receptor is expressed mainly on haematopoietic cells 
While IL-10 1s mostly produced by all leucocytes, 
1L-19, 1L-20 and IL-24 are produced by myeloid and epi- 
thelial cells and are involved in anubacterial responses, 
wound healing and tissue remodelling, In contrast, IL-22 
and 1L-26 have similar functions but are produced by T 
cells, NK and NKT cells, as well as innate immune cells 
such as those in the gut. 11-28 and L-29 are predomi- 
‘nantly antivial 
INTERLEUKINS 12, 17, 23 AND 27 
IL-12 rose to prominence as the major mediator and 
inducer of IFN-y-producing CD4" Th1 responses during 
the time that IL-2 was recognized as having a regulatory 
(inducer of Tregs) as well as a T-cell-activating role. IL-12 
1s produced by APCs, particularly mature dendritic cells 
and activated macrophages, and is strongly pro- 
inflammatory hoth for Th cells and NK cells, 1L-12 syn- 
cergizes with IL-18 to induce IFN~y production by activated 
T cells and NK cells. 1L-12 is a heterodimer with p35 and 
pO chains. It shares the p40 chain with IL-23, in which 
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the p40 cham combines with a separate p19 chain to form 
the IL-23 heterodimer. IL-23 is the main pro-inilainmatory 
cytokine, while the p35 chain of 1-12 may have some 
regulatory activity. IL-23 is responsible for induction of 
TL-17-producing CD4* Th17 cells, which are major players 
an the pathogenesis of autoimmune disease as well as adap- 
tive immunity to many infectious agents, particularly 
fungi. Both IL-1 and 11-17 play major roles in recruiting 
neutrophils to sites of infection, eg to Staphylococcus 
wrens skin infections. They may also be involved in 
tumour immunity. In contrast, 11-27, with p35-like and a 
pA0-like chain, mduces the IL-12RB chain on Th1 cells 
during the initiation of ThI responses, but its main func 
tHon is to put a brake on inflammatory responses (cFig, 
7-4), 11-12, 11-18, 1L-23 and 11-27 induce both primary 
and memory adaptive Tell responses in a coordinated, 
‘series of reciprocal interactions etween the dendritic cells 
and T cells, 


INTERLEUKINS 15 AND 21 
11.2, 1L4, 1L7, IL-9, 1L-15 and 1L-21 share the common 
‘yechain of the IL-2 receptor. NK cells are absolutely 
dependent on 1-15. Both 1-15 and 1L-12 synergize to 
aktivate NK cells 11-15 also activates 98 T cells. IL-15 has 
similar functions to IL-2 on T cells. However, there are 
striking differences from IL-2; for instance, 11-15 1s not 
produced by T cells but by bone marrow stromal cells. The 
TL-15 receptor has a unique a chain but uses the IL-2R B 
and 96 chains, 1L-21 also activates NK cells and mduces 
cell activation but unlike 1-2 and 11-15 iinbbits B-cell 
proliferation 

INTERLEUKIN-IS 

Both IL-1 and 1L-18 ave released from pro-peptides in 
APCs on activation of the inflammasome and easpase-L 
1L-18 has similar pro-inflammatory functions to IL-1 and 
TL-12, and induces production of IFN-y and TNF-a in 
macrophages. Interestingly, TL-18-deficient mice show 
rmarked suscepubilty to bacteral infections but have no 
impairment of response to challenge with ocular antigens. 
1m contrast, 11-18 may have an. anti-angiogente role in 
dliseases such as age-relared macular degeneration, 
INTERLEUKIN-32 

11.32 is pro-inflammatory and a pro-apoptotic cytokine 
snvolved in many autoimmune inflammatory conditions 
and also in viral and myeobacteralinfeetions and cancer 
in humans. It has not been found in rodents as yet, and 
there is no clear evidence ofa specifi receptor, although 
at does appear to signal via integrins 
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INTERLEUKINS 33 AND 36 
11.33 and 11-36 are members of the IL-1 family and, like 
11-32, have both intracellular and extracellular effects 
11.33 is released on cell form death from nucleus disinte- 
gration and mediates both Th2 and anti-Th1/Th17 immmu- 
nnosuppressive effects, 1L-36 1s associated with a 
psonasislike disease, 


INTERLEUKIN-34 
IL-4 binds to the CSF-IR (M-CSFR) and appears to be 
necessary for Langerhans cell and microglia development, 


differentiation and activation, and maybe important in the 
pathogenesis of neurodegenerative disorders. 
INTERLEUKIN-37 

1.37 is the newest member ofthe IL-1 family and is an 
immmunosuppressive cytokine. Like IL-1a and 1L-33, 1-37 
binds to the nucleus in a receptorindependent manner 10 
exert is antiinflammatory effects 


INTERLEUKIN-38, 
11.38 binds to the 1L-36 receptor (also a member of the 
11-1 family) and inhibits 1-17 and 11-22 effects, 


TNF receptor superfamily 


The tumour necrosis factor receptor CTNER) superfamily 
(ere are sbout 50 soluble and membrane-bound 
‘membets) i very important class of signal transduction 
molecules the mmaune system. Included in this family 
ae the TNF receptors 1 and 2 (TNFRI and 2), the low- 
alfity nerve growth factor receptor (NGFR), CD40, 
(CD30, Fas, and others indicated inthe figure. Members of 
the TNF receptor family are generally transmembrane pro- 
teins, but many of them can also be secreted as soluble 
molecules, derived either by proteolytic cleavage from the 
membrane or by differential mRNA processing. The TNFR 
family is characterized by the presence of cysteine-rich 
rmouls of 40 amino acids in the extracellular domain that 
are involved in ligand binding. The ligands for these recep- 
tors are type If transmembrane proteins with a 'jelly-roll 
Besandwich structure, many of which can also be secreted 
Some TNF receptor family members are associated with 
additional signal transduction molecules called TNFR- 
associated factors (TRAFS). These proteins contain zinc- 
binding domains that are thought 10 mediate the binding 
of the protein 1o DNA, leading to transcriptional activ 
tion, Signal transduction is initiated by simulation of oli 
gomerized receptor complexes upon ligand binding. The 
ligands, such as TNF, are often found in multimnerc form, 
and this muluivaleney enhances the induction of signalling 
Other members of the TNER family (most notably, the 
apoptosis-inducing molecule Fas) contain death domains 
(Ds) in their cyioplasinc tals. For example, the DD 
sequence allows the interaction of the membrane-bound 


Fas molecule with the signal-tansducing protein FADD 
(Fas-asociated death domain), which in vara delivers 
synals causing the cell. initiate apoptosis. More recently 
ithas been discovered that several proteins containing the 
DDD sequence are not involved in apoptosis at all but actu- 
ally promote cell survival, In fact, depending on down- 
stream events, engagement of TNFR (which contains a 
DD sequence) can lead either to cell death or 10 cell 
survival 

‘he functional consequences of ligand engagement by 
members of the TNF receptor superfamily are very 
diverse. Fas binding induces apoptosis, which is impor- 
tant in the maintenance of immune self-tolerance. CD27, 
€D3O, #188, and CD40 signalling enhance the survival, 
proliferation and activation of B or T lymphocytes, often 
playing critical roles as co-stimulators or signal modula- 
tors. Signalling by other TNFR family members results in 
the activation of NE-xB in macrophages and the indue- 
tion of an inflammatory response, The TNF receptor 
superfamily is thus central to many aspects of both innate 
and acquired immunity and play fundamental roles in 
both cel death and survival, Dilferent TNFR metnbers are 
involved in different diseases (see figure). A greater 
understanding of this receptor family, as well a5 its cor 
responding family of ligands, holds great potental fr the 
creation of novel drugs and therapeutics that could be 
used to control many aspects of autoimmunity and other 
immunopathologies. 
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TNF receptor superfamily—cont’d 


Legend eBox 7-1 Figure: TNF family molecules are 
‘plicated in driving inflammatory and autoimmune 
disease. The figure depicts the TNFSF and TNFRSF mol- 
ecules that control disease in experimental models in the 
mouse asa diagram of the TNFR superfamily with identi- 


fication of the autoimmune diseases associated with spe- 
cific molecules. Some molecules, such as OX40/OX40L, 
are associated generally with organ-specific diseases (such 
1s myocarditis and uveitis) bus not with systemic autoim- 
‘mune diseases such as lupus (Croft et al,, 2012) 


{eFIGURE 7-4 1L-27 is produced by innate immune cells and infu 
ences the behaviour of adaptive immune cel. 
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FIGURE 7-11 The Jak-STAT pathway is activated by many cytokines, in this example by the cytokine Interferan-c. (Fiom hitp! 


won matflio.con111 187, html) 


Chemokines and chemokine receptors 
Cytokines that are specific for induction of leucocyte 
migration to the site of inflammation are termed 
chemokines and include some interleukins as well as 
other cytokines with additional functions. Chemo- 
kines are small peptides (usually 8-15 kDa) and are 
classified in two main subsets based on a particular 
amino acid sequence involving two cysteine residues, 
= chemokines and ~C-X-C- chemokines, in 
which the latter contains an intervening non-cysteine 
residue. However, many chemokines were discovered 
before the current nomenclature came into being, and 
in many cases the older terminology is still in use 
(Table 7-5), Some chemokines do not belong to either 
category, having either only one C residue or having, 
additional intervening amino acids, but they are 
‘unusual 
Regulation of inflammatory cell traffic to sites of 
inflammation is determined by the set of chemokines 
released in the tissues and the expression of specific 


chemokine receptors on different cell types. There is 
considerable redundancy in the system but, despite 
this, there is temporal regulation of specific leucocyte 
recruitment depending on which chemokines and 
chemokine receptors are active, Chemokines are 
released by tissue cells at the time of injury or antigen 
challenge and, due to their low molecular weight, 
percolate and diffuse through the tissues to line blood, 
vessels and lymphatics, thereby promoting leucocytes 
to find a pathway to the site of inflammation or, in the 
case of the lymph node, to the site of T-cell activation, 
For instance, chemokines such as IL-8 (CXCLB) spe- 
cifically attract neutrophils through the receptor 
CXCRI, while CCL19 and 21 attract T cells and den- 
dritic cells using CCR7. In addition there are several 
other receptors and chemokine-binding agents which 
act as ‘decoys’ by binding the chemokine but failing, 
to signal, thus effectively ‘confusing’ the cell and pre- 
venting elfective migration. Such receptors include D6 
and DARC (Fig, 7-12). 


Nomenclature for chemokines 


and their receptors 


Chemokine Old name Receptor 

XG family ‘family 

excLt Grow excR2 

exoL2 Gros xcR2 

excLs ENAT8 cxcR2 

cxcLs re XCRI, CXCR2 

excL9 HuMi cxcRa 

excLto (P40 cxcRa 

excLit ITac xcs 

excLt2 ‘SDF-1 xcs 

xaLis SR-PSOX cxcRS 

exscLt Fractalkine cxacRI 

CC family Bfamily 

ecL2 MeP4 cor 

cous MIP. CCR, CRS 

cous MIP-1p CRS 

cous RANTES CRI, CCR3, 
ORS 

cour McP.3 cont, core 

ccLt9 ELC cor? 

coi SLC cor 

col MEC corto 


(Fram Lalor et al, 2007) 


COMPLEMENT 

The term ‘complement’ was coined to describe an 
activity in sera required for antibody-mediated lysis of 
bacteria but that was lost after heating to 56°C. A 
body itself was heat-stable and retained the ability to 
agglutinate the bacteria but could not kill them. This 
additional activity therefore ‘complemented! antibody- 
mediated cytotoxicity. 


What is complement and what does it do? 
Complement is a property of serum derived from 
sequential zymogen activation of a series of plasma 
proteins (a zymogen is an enzyme that is activated 
hy a second enzyme, which itself has been activated 
by proteolytic cleavage, ie. an enzyme cascade as 
occurs in kinin formation, coagulation and visual 
transduction) 

Complement is a major component of innate 
immunity, ie. the initial response to attack by patho- 
gens, and in this sense can be regarded as a soluble 
pattern recognition receptor (PRR) as opposed to the 
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‘membrane-bound PRRs stich as the TLRs (see p. 389). 
‘Two enzyme cascades exist, one initiated by antibody 
combining with antigen, the classical pathway, and a 
second initiated directly by bacterial surface compo- 
nents, the alternative pathway (Box 7-9). Thus, even 
at this level, a distinction between innate andl acquired 
immunity exists. The classical complement pathway 
is in fact the major effector mechanism for humoral 
immunity (see above). 

A third mechanism for complement activation has 
been described, This involves members of a family of 
molecules called lectins (lectins are non-antibody, 
non-enzyme carbohydrate-binding proteins, as in the 
selectin adhesion molecules; see above). Lectins that 
contain collagen-like domains are known as collectins; 
these molecules are of considerable importance in 
innate immune mechanisms against microorganisms, 
Collectins bind to the same receptor as the Clg com- 
ponent of complement (see below) and are thus able 
to activate the classical pathway. 

‘A major lectin in this pathway is mannan-binding 
lectin (MBL), which is linked to serine proteases 
MASP-1 and MASP-2, These enzymes are responsible 
for cleaving C4 and C2, respectively: 


Complement has the following effects: 

+ itis involved in the initiation of the acute inflam- 

matory response by release of certain peptides 

that act as chemotactic factors and induce 

vasodilatation with increased permeability 
(anaphylatoxin). 

+ it’ mediates antibody-dependent cytolysis by 
polymerizing on cell surfaces to form pores in 
the cell membrane, 

+ it solubilizes and removes immune complexes 
from the circulation 

+ i induces phagocytosis by acting as an apsonin 
Complement proteins in the normal circulation are 
inactive and are maintained in this state by an elabo- 
tate system of inhibitors that not only inhibit activa 
tion of the various enzyme systems but also limit the 
response once activated, 

The central axis of the complement pathway is the 
conversion of C3, activated by C3 convertases, to C5 
convertase by the binding of C3 (Box 7-9). This leads 
to the sequential addition of a series of complement 


that allows us to get the well-known formulation 


Aa— 3 

B (@) 
‘There is another logical branch of this idea that leads 
to the understanding of the mass properties of matter 
as a resonance process. Instead of E=pe in [7] it was 
proposed to use E=mec’. In strength of the wave-particle 
duality we can write the equation 


@ 


and from this equation the mass can be presented as 
resonance electromagnetic oscillations 


(6) 


Let's note that f=1/T, where T is some period of 
oscillation. So, we can write the following 


h 


1 
T (6) 


where —y is new constant between mass and period 


of time. 


‘There is an important conclusion: any mass is a process 
and there is some period of time, which corresponds to 
this mass. In other words, there is no physical sense of 
time separate from some process of existence of mass. 
Product mass and period is a constant value, which was, 
named as a chronal constant 


const (7) 


‘The chronal constant is a parameter of some real 


space and it is equal to 0.73725-10°"[Js* /m?] 


Also in this work [7] there was a demonstration of 
several examples of newly discovered physical law: 
spatial curvature of some natural objects (proton, planet, 
DNA molecule) is a whole number. There is some 
analogy with the nuclear physics notion of wave 
number. From this fact we can assume that main natural 
matter elements exist in main resonance states. For 
example, if Bohr radius is 0.52917 Angstrom, then we 
can find the wave-length | =1d and the linear curvature 
is p = 1/1 =3.0075-10° (m) and 3-dimensional curvature 
of this object is p = 3/1 = 1.0025-10° (m) that is unit of 
mater, corresponding to simplest atom, i.e. unit matter 
engine. Let's note that it is near the unit and some 
distortion of 0.0025 means non-ideal resonance state of 
the system. 
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Calculations for planet Earth in [7] were based on the 
Amown period of orbital rotation T=31557600 sec that 
corresponds to frequency of electromagnetic oscillations 


f =1/T =3.168861-10°(1/s) (8) 


and wave-length 
A=cl f =9.46...-10(m) (9) 


The curvature (if this wave-length is considered as 
radius of the resonator) is following wave number 


057.00: 107° (1/m) 


P (10) 
Also we can use other known data about the planet 
Daily rotation period of our planet is known T=86400 
sec and we can calculate its wavelength 
A. = 3469,82(m) and corresponding curvature (wave- 
number). Sure, it is also a whole number with a good 
accuracy: 


p = 2882-1077 (1/m) (11) 
‘The laws of physics in macro cosmos and micro cosmos 
are similar. From these calculations it was assumed that 
whole formation of mass spectrum of stable chemical 
elements of matter is determined by similar physical 
mechanism. 


Creation of mass 


In short we can summarize that technology of 
Iongitudinal waves in aether is a real basis for creation 
of matter with mass and inertia properties. N. Tesla 
used this method to produce different objects: from ball 
lightning up to electrons. Velimir Abramovic says in his 
article [8]: “The principle of resonance and harmonic 
oscillation of aether seems to be so clear that all 
problems of modern physics, especially a problem of 
energy conversion, will be solved with its development. 
By means of his vacuum tube Tesla got protons, 
electrons and neutrons directly from aether and 
reproduced them at any distance. Instead of giving a 
possibility to the bundle of protons to move through 
space to some place, he created conditions for 
momentary appearance of arbitrary quantity of particles 
in the given place. 


Any objects can be classified as aether vortex and 
parameters of this vortex determine its mass, electric 
charge and other properties of matter. 


‘The “parton” as element of matter in [1] is a useful tool 
for description of physical properties of aether. 


Longitudinal waves in Woodward's experiment 


In [1] the authors state that resonant radiation in the 
required 10-100 MHz range appears to produce 
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FIGURE 7-12 Chemokines and chemokine receptors bind through multiple overlapping, and probably redundant, ligand-receptor interactions. 


(From Lazeanec and Richmond, 2010) 


proteins that result in the membrane attack complex: 
(MAC). Complement proteins are synthesized in the 
liver and in mononuclear phagocytes. In addition, 
there is some local production by parenchymal tissue 
cells, as occurs in the retina, 


‘The classical complement cascade 


Activation of C1 is induced by binding to IgM or IgG, 
but only if the immunoglobulin has bound antigen in 
the form of an immune complex. Free immunoglobu- 
lin does not activate complement. Binding occurs to 
the C,3 domain of IgM or the C,2 domain of IgG, and 
requires atleast two immunoglobulin molecules, Thus 
asingle molecule of IgM, which is a pentamer, is able 
to ‘fix’ complement, while several molecules of IgG, 
usually aggregated together, are required to achieve 
the same. Ahernatively, cell surface-bound IgG can 


sulfice. IgM is therefore known as complement-fixing, 
antibody and it is this antibody that plays the major 
role in the initial response to pathogens as part of 
innate immunity: 

Cl can be activated by antibody-independent mech- 
anisms including contact with retroviruses, myco- 
plasma, or even polyelectrolytes such as DNA and 
heparin, These presumably actinanon-specific manner 
by virtue of their charge. Importantly, the acute-phase 
proteins, C-reactive protein (CRP) and serum amyloid 
protein (SAP), can also bind complement non- 
specifically. C1 is composed of three molecules: Clq, 
Cirand Cls. Clq is a collagen-like molecule with a 
triple-helix conformation, while Clrand Clsare serine 
proteases. The molecular complex comprisesa tetramer 
of Cls and Clr with six or more Clq molecules 
(Fig, 7-13) 


7 Immunology 407 


BOX 7-9 INNATE IMMUNITY: NEW INSIGHTS IN COMPLEMENT AND COLLECTINS 
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When two or more globular heads of Clq bind IgM 
or cell-surface bound IgG, Clr is cleaved to Clr, 
which then cleaves Cls to Cis this activates C4 to 
C2 to undergo partial proteolysis and bind to form 
C4b2ar, C#h ts unstable because it contains an internal 
thioester bond and is rapidly inactivated by binding 
1 water molecule to form iC4b. If, however, Cb is 
formed in close contact with a cell membrane it can 
covalently bind to the surface and remain in an active 
state, In contrast, C2 is a single-chain molecule that 
hinds to surface-bound Ca in the presence of Mg 
ions, C2h, produced by Cls" induced partial prote- 
olysis of C2, diffuses away while the C2a hinds to C4b. 

‘The complex of C4b2a" contains the C3 convertase 
activity, The C4b component binds to the C3 molecule 


and brings the C2a moiety into close contact with C3, 
which it cleaves to C3a and C3b. C3 is a 195 kDa 
OB heterodimer with an internal thioester bond similar 
to C4 

When partially cleaved, this molecule is also unsta- 
ble and is rapidly inactivated to iC3b. However, if in 
contact with a cell membrane, it binds covalently in 
conjunction with C#b2a to form C4b2a3b-, ie, C5 
convertase (see below). 

(3a, C4a and C5a are small cationic peptides also 
known as anaphylatoxins that bind to specific recep- 
tors on basophils and mast cells. C3 cleavage products 
also have a role in antibody production by interacting 
with follicular dendritic cells (FDC) in the germinal 
centre (see p. 414). 
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FIGURE 7-13 Diagrammatic representation ofthe generation of the 
Ct complex comprising a tetramer of Cts and C1r with six molecules 
of Ctg. (Figure 12-10 from Abbas, AX. Cellular and Molecarimmu- 
nology 7th Edition, p. 381, Elsevier, 2012) 


The alternative pathway 


The alternative pathway is triggered by low levels of 
C3b, which are spontaneously produced in vivo by 
proteolysis, and by C3(H,0), which is also formed by 
spontaneous hydrolysis of C3. On normal cells C3b is 
rapidlly deactivated to iC3b by innate regulatory mech- 
anisms (see below), but on foreign surfaces C3b can 
remain active. C3b hinds to factor B on the surface of 
the cells and is converted by factor D, a serine pro- 
tease, to C3bBh, This contains the C3 convertase activ- 
ity and requires a further protein, properdin, to protect, 
it from proteolysis. 

Deposition of C3b on foreign surfaces such as hac- 
teria leads to further production of C3b, ic. a positive 
feedback amplification loop occurs, which helps to 
eradicate foreign particles rapidly. C3bBb is combined 
to form C3bBb3b, which represents the alternative 
form of C5 convertase (see Box 7-9). 


Collectin activation of complement 
Collectins include several well-characterized proteins, 
such as conglutinin and MBL, which directly bind to 
the Clq receptor on cell surfaces and initiate such 
phenomena as C4-mediated red cell lysis, MBL directly 
activates the C1nCls tetramer in the absence of Clq. 
This may be mediated in association with a serine 
protease (MBP-associated serine protease, or MASP; 


see above). Collectins also have direct opsonin activity 
(see below, macular degeneration) 


Cytolysis and the membrane attack complex 


‘The membrane attack complex (MAC) is formed by a 
set of complement proteins inserting themselves into 
the lipid bilayer and is possible because certain pro- 
teins within the complex have a lipophilic core, C5 
binds loosely to C5 convertase on the cell membrane, 
and is split into C5a, which diffuses away, and C5, 
which complexes with C6 and then C7. C5b,6,7 is 
highly lipophilic and burrows into the cell membrane, 
There it acts asa receptor for C8, an af trimer whose 
‘y chain is also lipophilic and similarly inserts into the 
bilayer. The C5b,6,7,8 complex is weakly cytolytic but 
becomes considerably more so when it binds C9, a 
serum protein that polymerizes to form the MAC with 
12-15 C9 molecuiles per C5-9 complex. This forms a 
‘pore’ in the cell membrane, similar to the perforin 
pore of cytotoxic T cells and NK cells. The pore 
renders the cell permeable to small ions but not to 
proteins, and is therefore thought to cause cell death. 
by osmotic effects. It is also possible that the large 
influx of Ca** ions poisons the cell 

The effects of the MAC on the cell are dose depend- 
ent, Sublethal doses of MAC may ‘activate’ the cell and. 
induce a protective response against further attack and, 
even cell proliferation. Genes activated in this manner 
are known as RGCs (response genes to complement) 
and several have been described 


Regulation of complement activation 
Complement activation is an extremely powerful cyto- 
Iytic mechanism that can be rapidly activated as a first 
line of defence against invasion by foreign organisms, 
Itisalso extremely effective in memory B-cell responses 
and antibody-dependent cytotoxicity. It can also swiftly 
remove potentially toxic immune complexes from the 
circulation. However, it is potentially extremely haz- 
ardous if randomly and uncontrollably activated, and 
there are therefore several inhibitory mechanisms in 
place to regulate this system (Box 7-10), 

Activation of complement can be induced by many 
cell types via receptors that exist on their cell surfaces 
(cee Boxes 7-9 and 7-10). Furthermore, some of the 
biological effects of complement are produced by the 
cleavage products of complement activation, For 


BOX 7-10 REGULATION OF COMPLEMENT 
ACTIVATION 


Complement proteins comprise atound 15% of total serum 
proteins, much of which is synthesized inthe iver, 
although some local production occurs in the tissues 
Inhibitory activities exist for both fluid phase-activated 
complement and for cell surface-bound complement. 
Regulation occurs at al stages of activation, 

‘Soluble inhibitors include: factor H, factor HL and 
properdin (aerate pathway); carboxypeptidase N, 
(4-binding protein, C1q and C1INH (cassical pathway); 
CEHR1, clusterin and vitronectin (terminal complex 
‘formation. Surface-bound inhibitors include: CR, CR2, 
GRA, CR4, CR-lg, CD46, CDSS and COS9. Most ofthese 
‘are expressed on leucocytes, particularly myeloid cells, 
‘while some, such as CDSS and 59, are expressed on some 
tissue cels Such as renal and retinal pigment epithelium. 
C059 is particulary widely expressed. 

‘Some receptors for complement effector proteins also 
‘modulate the overall response, such as C3aR and C5aR, 
(C5L2, CtgR and SIGNR (the ast on dendritic cells and 
microglia). Cell surface sialic acid preferentially binds 
factor H to factor 8 on material such as mucin important 
on many mucosal surfaces including the conjunctiva, 
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instance, 


3a and C5a are potent chemoattractants 
and anaphylatoxins, and mediate early-phase responses 
in acute inflammation (see p. 382). Anaphylatoxins 
act directly via complement receptors on granulocytes, 
macrophages and mast cells to induce degranulation 
and the release of vasoactive mediators (Table 7-6) 


Complement activation is uswally incompl 
implications for age-related macular degeneration 


As shown in Box 7-9, the multistep complement acti- 


vation cascade requires the correct conditions for acti 
vation of each step and, because of instability in many 
of the molecular intermediates, it frequently fails to 
proceed to formation of the full membrane attack 
complex (MAC), particularly if activated via the col- 
lectins. in addition, the process can he blacked by a 
range of inhibitors at many stages, What happens to 
these intermediates? Recently, it has been suggested 
that partial activation of complement may have a 
phystological role and that not all aspects of comple- 
ment activation are harmful or even beneficial to the 


T Receptors for fragments of C3 


‘Type 2 complement 145 kDa; multiple 


Receptor Structure Ligands Cell distribution Funetion 
“Type 1 complement 160-250 kDa; 3b > G4b>iG3b Mononuclear Phagocytosis 
receptor (CA1, ‘multiple CCPRs phagocytes, Clearance of immune 
036) Neutrophis, B and complexes 
T coils, Promotes dissociation 
erythrocytes, of C3 convertases by 


Cad, C3dg > iCab 


receptor (CR2, COPRs nasopharyngeal activation 
p21) epithelium “Trapping of antigens in 
germinal centres 
Roceptor for EBV 
‘Type 3 complement Integrin, with ICb, ICAM-1; also Mononuclear Phagocytosis 
roceptor (CR3, 165:kDa «chain binds microbes phagocyte Loukocyte adhesion to 
Mac-1, and 95-KDa i, outrophils, NK ‘endothelium (via 
epitec1a) chain ICAM-1) 
‘Type 4 complement — Integrin, with ica Phagocytosis, cell 
receptor (CR, 150-KDa «chain adhesion? 
150.95, and 95-KDa i, neutrophils, NK 
cprtccD1a) chain lls 


eosinophils, (OCs acting as cofactor for 
cleavage of C3, C4b 


B lymphocytes, IDCs, Co-receptor for B-cell 


COPA, complement contral proiein repeats, EBV, Epstein-Barr virus (DCs, folicular dendritic calls; IGANG, intercellular 


adhesion molecule 1 


(Table 12-8 trom Abbas, AK. Cellular and Molecular Immunology 7th Edition, p. 264, Elsevier, 2012) 
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host overall, For instance, partially activated comple- 
ment molecules may not cause lysis of the target cell; 
they may coat the cell and promote apoptosis; this is 
then followed by the silent (ic. non-inflammatory) 
removal of the cell debris by scavenger macrophages. 
Such a mechanism may be occurring at some level of 
ty during the normal housekeeping actions of the 
resident macrophages, Indeed, itis likely to take place 
at sites where there is minimal cell turnover but where 
removal of cell debris is important, e.g, at the retinal 
pigment epithelium, Such a fine homeostatic mecha- 
nism may be susceptible ta dysfunction: indeed, 
mutations in the complement inhibitory protein, 


acti 


. Non-nlammatory 
‘emava of modifies 


Protection of. 


host cals hast cls 


complement factor H, have been associated with a 
higher than normal risk of age-related macular degen- 
eration. Factor H provides a check on the complement 
cascade at two critical points, C3 and C5 induction by 
their immediate precursors 

In contrast, defective complement activation may 
fail to properly clear opsonized pathogenic organisms, 
and continued cell damage may occur to the detriment 
of the host (Fig. 7-14) 


CELLULAR MECHANISMS OF TISSUE DAMAGE 


Tissue damage in cell-mediated immune reactions 
may be induced by a variety of cell types including, 


©. Complement activation 
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FIGURE 7-14 Complement is # double-edged sword forthe host. It can either have beneficial etfects as inthe upper panel where it can protect 
viable cells (a), remove aged or dying calls (b) or remove infectious organisms (). It these mechanisms fi, healthy cells can be damaged 
(d), dead cell debris can accumulate and cause inflammation (e) or pathogens can use complement to evade the immune system (In the 
ye, mechanism (d) is thought fo account for diseases such as AMD due to genetic faulty complement proteins such as complement factor 
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macrophages, cytotoxic T cells and NK cells, In addl- 
tion, macrophages are involved in the clearance of cell 
debris in acute inflammatory reactions and in 
antibody-dependent cytotoxicity. 


The delayed-t 
hallmark of cel 


Je hypersensitivity reaction is the 
vediated Immunity 


The delayed-type hypersensitivity reaction is a Thl 
mediated reaction to foreign and/or autoantigen and. 
is characterized by the presence of granuloma in the 
tissues, These accumulations of cells contain a central 
core of macrophages around a vessel with T cells in 
the surrounding area. Fibrinoid necrotic material may 
be present in the centre with giant cells (fused macro- 
phages) and epithelioid cells. Such lesions are typical 
of reactions to mycobacteria and also occur in less 
well-defined diseases such as sarcoidosis. Similar 
microgranulomas are typical of sympathetic ophthal- 
mia (Fig, 7-15) and indeed of several chronic posterior 
uveitis syndromes 

Such granulomas contain many types of T, B and 
‘macrophage-like cells, and also have a high content of 
dendritic cells. It is possible that these cell collections 
represent small extralymphatic lymphoid follicles 
where extensive antigen presentation is in progress. 
Once the antigen has been removed, the granuloma 
subsides. 
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Inflammatory (M1-like) macrophages cause tissue 
damage: alternatively activated (M2-like) 
‘macrophages are more likely to promote healing 


Macrophages cause tissue damage by release of reac- 
tive intermediate metabolic products and tissue pro- 
teases, express high levels of adhesion molecules and. 
chemokine receptors such as CCR5 and CCR2 and are 
generally recruited de novo from circulating monocytes 
Gee p. 404). However, not all macrophages behave in 
this manner. In the resting state, tissues contain res 
dent macrophages that, in certain tissues, may have 
an immunoregulatory role (such as alveolar macro- 
phages in the lung). In central nervous system tissue, 
incliding the retina, specialized resident tissue mac- 
tophages occur (microglia) (see Ch. 1, p. 52). These 
cells may be induced to express MHC class Il antigen 
during inflammation but are still more likely to 
promote tissue homeostasis. Such cells express the 
mannose receptor, arginase and the fractalkine recep- 
tor (see p. 404). 

Alternatively, activated macrophages are more 
likely to occur in parasitic infections under control by 
cytokines such as IL-3, IL-5 and IL-13 and promote a 
predominantly eosinophilic response. In addition, 
there is more likely to be fibrosis than tissue damage 
with angiogenesis, 


FIGURE 7-15 (A) Macroscopic view ota case of sympathetic ophthalmia showing Dalen-Fuchs granulomatous lesions as whit ‘excrescences': 
(8) macroscopic view of Dalen—Fuehs granuloma; (C) immunohistochemical view of activated (CDSB+) myeloid cells in granuloma surrounding 
an occluded vessel. (Courtesy Prl. WA. Lee) 
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Do cytotoxic T and NK cells induce cellular dama 
‘making holes in the cell membrane? 
Killing by cytotoxic T cells is a multistep process 
Initial recognition and binding of a target cell (e.g. an 
infected or mutated cell) is followed by damage to 
the cell membrane. This lethal insult induces apopto- 
sis with DNA fragmentation and lysis of the cell 
The cytotoxic cell then disengages to attack another 
target cell 

Membrane damage takes the form of pore forma- 
tion similar to that induced by the complement mem- 
brane attack complex (MAC; see above). In this case, 
however, it is induced by perforin, a protein released, 
from lysosomes of antigen-activated Te cells that 
polymerizes in the cell membrane to form a leaky pore 
(Fig. 7-16), Perforin is released in association with a 
granule proteoglycan and serine proteases (granzymes), 
which are also likely to be involved in the Iytic process 
However, cell death is not automatically caused by 
osmotic lysis. Instead prelytic DNA breakup occurs as 
a result of activation of the apoptosis genes and kalling, 
occurs via caspase-3 and -7, Therefore there are 
important differences between MAC-mediated cell 
lysis and Te/NK cell killing 

Alternative mechanisms have also been shown for 
Tell cytotoxicity, CD8* T cells may recognize non- 
peptide (e.g. lipid) antigen in the context of CDL 
Thus cells containing bacteria are directly recognized 
by CD8* T cells and the bacterial lipid induces the 
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release of a novel enzyme, granulysin, which directly 
kaills the intracellular bacteria 


Organization of the immune system 


‘The immune system is designed to provide cells that 
can circulate freely through the tissues and organs of 
the body in such a way that they are readily available 
to mount a defence against foreign organisms at short 
notice. Immune cells are thus highly motile, normally, 
quiescent cells travelling to and from the lymphoid. 
organs; they can be readily activated if required. 

Centralized antigen recognition mechanisms pro- 
vide the most efficient means of rapid response because 
all the necessary requirements for cell activation can 
be concentrated at one site, This takes place in the 
lymphoid organs (primary and secondary lymphoid 
organs, SLOs). Some cells carry afferent information 
concerning possible breaches in the body’ defences to 
the central lymphoid tissues (particularly dendritic 
cells and other APCs), while effector cells (T and B 
cells) remove the invading organism (or arrange for 
this to be done by other cells such as inflammatory 
macrophages) and restore tissue homeostasis. Tralick- 
ing of cells to and from the tissues to the lymphoid 
organs requires specific receptors on the circulating 
leucocytes and the vascular endothelium in each tissue 
(chemokine and adhesion molecule receptors). 

Tertiary outposts of local antigen presentation can 
be set up in sites where normal lymphoid tissues do 
not exist (such as the brain and eye) or where persist- 
ent antigen generates a chronic inflammatory response 
(frequent sites are liver and lung). Granulomas, the 
hallmark of chronic inflammation in the tissues usually 
forming at sites of small blood venules, represent one 
type of lymphoid cell accumulation where an antigen. 
processing and presentation ‘factory’ might develop, 
but true tertiary lymphoid organs (TLOs) containing, 
discrete T- and B-cell areas with a lymphatic as well 
asablood circulation, may alsa develop de novo at sites, 
of persistent chronic inflammation. 


FUNCTIONAL ANATOMY OF LYMPHOID ORGANS 


During development, the primary sources of lym. 
phomnyeloid cells are the bone marrow and thymus 
(primary lymphoid organs). Ultimately, all cells derive 
from stem cells in the bone marrow. Stem cells are 
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FIGURE 7-17 The b-iobed thymus. The central region shows the cortex and the medulla, while the cortical thymic epithalia cells (cTECs) and 


‘medulary medullary thymic epithelial cals (mTECs) are shown to left and right in greater deta 


poorly characterized and their existence is based 
mainly on evidence for cell differentiation, often from 
in vitro cell culture studies. Haematopoietic stem cells 
have few lineage markers (i.e. they are Lin’) that give 
rise to common myeloid progenitors and common 
lymphoid progenitors. These can be induced to give 
rise to T, B and NK/NKT cells (via IL-7) or myeloid 
cells (macrophage/dendritic cells/nentrophils (M-CSF, 
GM-CSF, G-CSF). B cells mature in the peripheral/ 
secondary lymphoid tissues, particularly Peyer's 
patches (lymphoid tissue structures in the wall of the 
small intestine). T-cell precursors from the bone 
marrow colonize the thymus, where they undergo 
selection and lineage differentiation before being dis- 
tributed to the SLOs, 


Bone marrow stem cells produce all blood cells. 

Blood cells ~ including red cells and platelets, granu- 
locytes, monocytes and dendritic cells — are produced 
in the bone marrow and released directly into the 
circulation, B cells are also released directly into the 
circulation and circulate between the lymphoid organs 
and blood, 

‘The marrow is a loose spongy stromal network 
whose cells, together with local macrophages, release 
growth factors (cytokines, see above) that initiate dif- 
ferentiation of each cell type. IL-3, G-CSF GM-CSF 
and M-CSF are particularly important. IL-1 and IL-6, 


released by stromal marrow cells, also participate in 
Tell maturation, while IL-7 promotes B-cell develop- 
ment. Stromal marrow cells are therefore essential to 
the survival of the host, 


‘The thymus regulates T-cell development 
and maturation 


Tell precursors enter the thymic cortex (Fig. 7-17). 
Here they interact with cortical thymic epithelial cells 
(CTECS or ‘nurse’ cells), which encapsulate them in 
large numbers. At this stage they are still immature 
cells expressing cell surface markers for Th and Te 
cells (CD3", CD4* and CDB": the so-called double- 
positive cell; see Box 7-4 for explanation of CD 
numbers). After some time they are released from the 
nurse/eTEC cells and migrate through the cortex to 
the medulla, making contact with macrophages and 
dendritic cells as they go. Many T cells die during this 
process (clonal deletion and/or apoptosis) but selected 
cells differentiate to express one or other T-cell phe- 
notypic marker (CD4 or CD8), Maturation in the 
medulla also involves contact with the medullary 
thymic epithelial cells (mTECs) cells and thymic den- 
dritic cells, which express high levels of MHC class IL 
antigen. The T cells then enter the blood vessels and. 
migrate to the lymph nodes and spleen. 

CTECs and mTECs arise from a common TEC pro- 
genitor probably located at the interface between the 
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cortex and medulla, mTECs are important in genera- 
tion of Tregs as well as deletion of tissue-specific auto- 
reactive T cells through the autoimmune regulator 
(AIRE) gene. Defects in this gene causes a condition 
in humans known as the autoimmune polyendocrin- 
opathy candidiasis ectodermal dystrophy syndrome 
(APECED) which includes a low-grade form of uveitis, 
due to the failure to delete T cells reactive against 
IRBP (see p. 459). The medulla of the thymus contains 
several characteristic whorled bodies (Hassall cor- 


vonuls (HEV) 


FIGURE 7- 


puscles) (Fig, 7-17), which are probably remnants 
of ‘used’ nurse epithelial cells, In the adult, the 
thymus involutes but some T-cell maturation contin- 
ues into adult life, both in the thymic remnant and 
extrathymically. 


Lymph nodes are designed for antigen trapping 


Lymphocytes and APCs from the tissues enter the 
cortex of the lymph node via the afferent lymphatics 
(Fig. 7-18) where they present antigen to T and B cells 


Diagram of the lymph node. The T-cell area surrounds the B-cel foil in the cortex; hgh endothelial venules (HEVS) are present 


In the T-cell area, mostly a the junction with the medulla. Conduits allow taticking antigen-pesenting cells to migrate ina the node after 


entry through the subcapsular sinus. 


Follicular dendritic cells (IDCs) in germinal centres of 
the lymph nodes and the spleen present antigen— 
antibody complexes to B cells in the B-cell areas, while 
conventional dendritic cells (DCs) present antigenic 
peptides to T cells in the T-cell area, cDCs comprise 
two main types: migratory DCs (CD8a-) carrying 
antigen to the lymph node and resident, ‘lymphoid 
CD8a" DCs which may sample soluble antigen in the 
afferent lymph or receive antigen from migratory DCs. 
The eye (and the brain) connect directly with cervical 
lymph nodes (see Chs 1 and 4), but lymphocytes and 
APCs from these tissues also find their way to the 
spleen throngh the aqueous veins, 

Recent studies have indicated that lymph nodes are 
organized in chains, the more peripheral node receiv 
ing antigen from the tissues and activating (or not as 
appropriate; see section on tolerance, p. 441) T cells, 
which leave (egress) via the blood vessels and home 
to the site of inflammation to clear antigen-infected 
cells, Naive T cells (i.e, non-activated T cells) mean- 
while egress through the efferent lymphatic and trafic 
to the next more central lymph node in the chain until, 
they reach the thoracic duct and re-enter the circula- 
tion to begin another cycle of migration, 

Antigen is carried in soluble form to the lymph 
node in blind-ended vascular lymphatics from the 
tissues, and also in cell-associated form inside APCs 
(dendritic cells and macrophages), APCs migrating 
from the tissues to the initial peripheral lymph nodes 
do not leave the node but present antigen to the LN 


Effreht Splenic ‘Splenic 
Iymphate artery = vein 
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T and B cells, However, unactivated T and B cells 
circulate between the lymphatics and the bloodstream 
as indicated while activated T cells specifically home 
to sites of inflammation, 


The spleen receives antigen from all sources 
(lymphatics and blood) 


The spleen is a central secondary lymphoid organ at 
the interface between the blood and lymphatic circula- 
tions, The bloodstream communicates with the lym- 
phatic system at the thoracic duct where recirculating 
lymphocytes enter. The spleen receives antigen-primed 
APCs from all regions including those that may have 
bypassed their regional lymph node. For instance, 
APCs that encounter antigen within the anterior 
chamber of the eye may pass through the trabecular 
meshwork and aqueous veins (see Ch. 1, p. 24) to 
enter the conjunctival veins and eventually drain into 
the lungs and spleen, However, the spleen has no 
afferent lymphatics, ie. it only receives lymphocytes 
from the bloodstream which are overwhelmingly 
naive, unactivated T cells, 

The spleen is organized like a lymph node with 
the addition of the red pulp (red cell area) and its 
venous sinuses (Fig, 7-19). Tcell and B-cell areas are 
separated, with the T-cell areas (white pulp) being 
particularly large and aggregated around an arteriole 
(periarteriolar lymphoid sheath, or PALS) and sur- 
rounded by well-defined macrophage/dendritic cell 
zones (marginal zone). 


FIGURE 7-19 Diagram of the spleen. The white pulp contains the T-cell area surraunded by the B-cell oles; the red pulp is situated closer 
to the medulla and contains the venous sinuses with large numbers of red cells and macrophages. There are no afferent lymphatics to the 
spleen, all cells entering info the spleen stroma via the bloodstream near the perlarterilar lymphatic sheath and leaving via etferent 
lymphatics. 


anomalous effects for such Bose condensates as 
superconductors. In my opinion it is a particular case 
of discussed above technology of longitudinal waves 
in aether due to possibility of transformation of 
transverse electromagnetic waves in longitudinal 
waves in the superconductors. This transformation in 
plasma is a well known physical mechanism. 


More facts to prove this idea: by Woodward [9] there is 
a special requirement, ie. the frequency of mechanical 
vibrations should be twice the frequency of electrical 
oscillations in the capacitor, which demonstrates the 
weight anomalies. But from the other hand it is a 
common rule for creation of longitudinal weaves in 
plasmal Also it is a necessary condition for generation 
of parametrical oscillations! So, we can assume that 
basis of the effects in [1] and [9] is a generation of 
longitudinal wave in aether. 


Conclusion 


Any element of matter can be considered as resonance 
process of aether oscillations, which are longitudinal 
waves. There is an analogy with description of these 
longitudinal waves and well-known matter waves by 
de Broighl. Experimenting on the longitudinal waves 
generation and especially experiments on standing 
waves to get gradient of aether pressure allows to 
develop gravity control technology. 
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Gerlovin’s Theory of Activation 


Alexander V. Frolov 


It is a review of the famous book by lia L. Gerlovin “Basis 
of unified theory of all interactions in matter"published 
in 1990, St.Petersburg, Russia. We hope this article let 
you discover some new aspects of physical vacuum 
structure to develop more new experimental methods. 
Comments made by Alexander V. Frolov, Editor. 


In [1] the author wrote about different methods to 
activate water solutions: mechanical, thermal, acoustic, 
magnetic and electrical. One of the known methods is 
an activation by means of electrohydraulic method. 
‘There is also some information about activation of other 
mediums, mainly liquids, but also some gases and solid 
bodies. 


‘There are no theoretical explanations of these facts to 
explain all aspects of these phenomena. Furthermore, 
complexity of interpretation of these phenomena in 
frames of common physical notions induced some 
scientists to announce these phenomena as non- 
existing and “illegal”. 


Ilia L. Gerlovin formulated the physical principles of 
theory of activation of mediums on the basis of new 
physical theory, the Theory of Fundamental Field (TFF) 


These principles are based on his two important 
conclusions from the TFF: 


a) “Space around us is not empty, physical vacuum 
consists of material physical objects, ie. elementary 
particles of vacuum (EPV). These particles are 
responsible for main activation processes; 

b) Force interactions between atoms in molecule, 
between molecules in crystals has not spherical 
symmetry in the crystals of solid bodies, but an axial 
symmetry and the interactions are changing in time 
with very high frequency of about 10® Hz. This 
feature of force interactions also makes its own 
contribution to the activation of mediums.” (1, p. 
314] 


So, it was assumed that the phenomenon of activation 
of mediums can be defined as anisotropy of force 
interactions, which leads to “meta-stable state, which 
can be called structurally activated state of the given 
structure”. 


Here is some difference in principle between chemical 
term “activation”, which characterizes a transformation 
of molecule or atom in some active state with an 
increased energy, which is sufficient to provide a 
chemical reaction. It is energy activation. Gerlovin 
described new notion, a structural activation: “This 
phenomenon can be classified as some change of 
structure of activation object. With this, energy of 
molecule can have no changes, and active properties 
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Tertiary lymphoid organs 
TLOs (see introduction to this section, p, 412) develop 
around sites of persistent chronic inflammation, 
spurred on by lymphoid tissue inducer (LTi) cells, 
similar to those which establish the development of 
primary and secondary lymphoid tissues which secrete 
lymphotoxin fb (LTb), the essential cytokine for dif- 
ferentiation of the stromal cells which permit the 
development of the lymphoid organs, Chemokines 
such as CXCLL3 and cytokines such as IL-17 derived 
from the inflammatory process provide the conditions 
for the further differentiation of lymphoid vessels and. 
the T- and B-cell separation (Fig, 7-20), 


‘THE MUCOSAL IMMUNE SYSTEM 


Initial contact of the host with exagenous antigen 
takes place at surfaces such as skin and mucous mem- 
branes, The skin provides an effective physical barrier 
to microorganismal contact unless penetration is 
achieved, as with insect vectors and trauma, However, 
the mucous membranes are more easily breached by 
microorganisms and, not surprisingly, considerable 
lymphoid tissue is concentrated at these surfaces to 
deal with new antigens as they arrive, This is termed. 
the mucosa-associated lymphoid tissue (MALT) and 
is specialized to some degree for each tissue, e.g 
bronchus-associated lymphoid tissue (BALT), gut- 
associated lymphoid tissue (GALT) and conjunctiva- 
associated lymphoid tissue (CALT). In essence it 
comprises intraepithelial lymphocytes and APCs 
(especially dendritic cells) and aggregations of lym- 
phoid tissue in the mucosal layers. These are best 
exemplified by the Peyer’ patches of the gastrointes- 
tinal mucosa and the tonsils in the oropharynx. 
Regional specialization occurs in various compart- 
ments of the mucosal immune system with specific 
homing receptors (‘addressins,, adhesion molecules) 
directing movement of cells to different mucosal sites, 
Gee below) and like TLOs, are induced by innate 
lymphoid cells (ILCs) (see p. 382), such as LTis as well 
asa second set of ILCs which are NK-like IL-2 and 
(possibly) IL-17-secreting cells. In the lamina propria 
of the gut, CD4" Th17 cells as well as CD4" Treg cells, 
ahound, and are important cells balancing the response 
of the host to commensal versus pathogenic microor 
ganisms in the microbiome (see p, 374). Similar 


immune defence arrangements are likely to occur in 
all mucosal tissues but are most developed in the gut, 
due to the constant exposure to microorganisms. Dis- 
turbance in this regulation accounts for many types of 
inflammatory bowel disease (IBD), some of which are 
complicated by systemic involvement including the 
eye, as in HLA-B27-associated acute anterior uveitis. 

As indicated below, MALT is specially adapted for 
antigen capture and presentation to specific lym- 
phocytes that ‘home’ to that tissue. In addition, expo- 
sure of the host to antigen via the MALT frequently 
leads to tolerance to that antigen by mechanisms that 
are as yet poorly understood but involve Tregs (see 
p. 380). 


‘THE IMMUNE SYSTEM AS A POLICE FORCE 


‘The immune system can be regarded as a surveillance 
system constantly checking for intruders, Cells of the 
innate immune system, such as neutrophils and 
monocytes, undertake part of this function but at a 
relatively non-specific level. The adaptive immune 
system has cells that mediate this function in a much 
more targeted way. The afferent limb of the immune 
system uses dendritic cells in this role, while the mes- 
sengers sent out to do the ‘dirty work’ are the T and 
B lymphocytes 


Dendritic cells are the major surveillance cells 
of the afferent lymphoid system 
Dendritic cells are derived from stem cell precursors 
in the bone marrow and proliferate/differentiate under 
the influence of cytokines such as GM-CSF, stem cell 
factor (FI3 ligand) and TNF-ot, They leave the bone 
marrow and circulate in various shapes and sizes (one 
of which isas very large ‘veiled cells, like large floating, 
jellyfish) in the bloodstream before entering the 
tissues, where they remain for a few days to weeks, In 
the skin, conjunctiva and peripheral comeal epithe- 
lium, they can be identified as Langerhans’ cells; in 
the stroma of these tissues, they occur as migratory 
DCs, They interact closely/intimately with tissue cells 
such as keratinocytes and epithelial cells. In the uveal 
tract, there is a rich network of dendritic cells in ass0- 
ciation with tissue macrophages (see Ch. 1, p. 28) 
Dendritic cells from the tissues constitutively 
migrate in the afferent lymph to the lymph nodes and. 
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FIGURE 7-20 Tertiary lymphoid structures develop during chronic inflammation and take ona frm similar to secondary lymphoid structures 
such asthe mph node and Payers patches. Ina sense they are outposts ofthe ymphoid defence system but often do not have the full 
characteris ofthe stuctured lymph nade. However, they can develop germinal centres and afeent and efferent lymphatics. The granuloma 
fas simiarities but is diferent since it contains a central care of antigen with myeloid cells anda large cuff of T cals wth some B cel, From 
Nel eta, 2012) 


4187 Immunatogy 


spleen (migratory CD89-cDC) in response to appro- 
priate stimulation (e.g, TNF-0)); they interact with T 
cells in the T-cell areas of these tissues (interdigitating, 
dendritic cells). In contrast, DCs which have directly 
arrived in the SLOs from the bloodstream without 
passing through other tissues, hecome resident CD8ct- 
DCs and take up antigen from other APCs which 
have reached lymphoid organs and undergone apop- 
tosis. Other specialized dendritic cells that possess Fe 
receptors and serve as antigen traps because they have 
the ability to bind immune camplexes occupy the fol- 
licles in lymphoid tissue where they present antigen 
to B cells (follicular dendritic cells, (DCs). Dendritic 
cells do not leave the peripheral lymphoid tissue; they 
are short-lived cells with a half-life of a few days and 
their numbers are replenished from the bone marrow. 

A third set of DCs, termed plasmacytoid DCs 
(pDCs, so named because they had some morphologi- 
cal similarities to plasma cells), arrive in the SLO from 
the blood and are programmed to constitutively 
produce INF-ct, which is massively increased in 
response to viral infections, They may also be involved. 
in tolerance induction (see p. 441), 


Trafficking of cells to and from the lymphoid system 
depends on specific cell surface adhesion molecules 

In contrast to DCs, T and B cells recirculate through, 
the lymphoid organs many times, They do this by 
binding to specific regions of the lymphoid vascula- 
ture, the high endothelial venules (HEVs) (see Fig. 
7-18), which are specialized for lymphocyte capture 
by the expression of specific adhesion molecules on 
their surface, About 25% of the lymphocytes passing, 
through a lymph node will leave the bloodstream and. 
any given naive lymphocyte can traverse each lymph 
node at least once a day. However, in practice, lym- 
phocyte recirculation follows some patterns: B cells 
rarely recirculate, 9 T cells tend to exist in skin, and. 
most other T lymphocytes recirculate preferentially 
through their lymph node of origin. If they fail to 
meet cognate antigen (antigen specific to that T cell’ 
Tell receptor), they remain unactivated naive cells 
and pass on to the next lymph node in the chain 
before finally reaching the thoracic duct, Activated 
lymphocytes, on the other hand, egressinto the blood- 
stream and ‘home’ to (more likely are ‘captured! by) 
HEV-like structures which develop in non-lymphoid 


vascular endothelium at sites of inflammation (e.g. in 
retinal vessels during the active phase of retinal vas- 
culitis; see Ch. 9). Activated T cells can circulate many 
hundreds or thousands of times before they are ‘cap- 
tured’ (it has been estimated to take at least 16 hours 
from time of entry into the circulation to time of entry 
into the retina in the mouse). Receptors for specific 
adhesion molecules are reciprocally expressed on acti- 
vated lymphocytes (and indeed on all classes of 
inflammatory cells during acute inflammation; see 
above), which assist in directing them to sites of tissue 
injury. 

Specific adhesion molecules are expressed on HEV 
in lymph nodes, where they are involved in physio- 
logical lymphocyte recirculation. These molecules are 
therefore sometimes referred to as ‘addressins’ (one 
address only!). For each addressin there is a corre- 
sponding lymphocyte ‘homing receptor’. Circulation 
through typical lymph nodes is mediated by L-selectin 
on lymphocytes, which binds to the adhesion mole- 
cule GlyCAM-1 on the HEY. In Peyers patch lymph. 
nodes, HEVs express MAUCAM (mucosal addressin 
cell adhesion molecule) and VCAM-1 (see Table 7-3), 
which are the ligands for cu; and ap; integrins of 
lymphocytic microvilli. Iti likely that each tissue has 
specific addressins that direct the circulation of sur- 
veillance lymphocytes throngh that tissue; in particu- 
Jar, most mucosal lymphoid tissue (MALT, CALT; see 
above) has addressins that ensure adequate trafficking, 
of lymphocytes through that tissue during health and. 
disease. 

Some cytokines and chemokines facilitate the inter- 
action of T cells with activated endothelium, such as 
macrophage inllammatory protein-1B (CCL4), which 
has been shown, for instance, to be particularly effec- 
tive in mediating CD8" T-cell adhesion to the endothe- 
lium (see section on chemokines above). In addition, 
certain adhesion molecules are involved not only in 
endothelial cell interactions but also in. mediating, 
the close cell-cell contact required during antigen 
presentation (see below), particularly ICAM-1/LFA-1, 
ICAM-/LFA-3, CD44 and its ligand cell surface 
hyaluronan, plus several others (see Table 7-3). In 
addition, chemokines and their receptors are inti- 
mately involved in the recirculation and trafficking of 
and B lymphocytes and of APCs. In general, however, 
it is now clear that adhesion of leucocytes, either to 


FIGURE 7-21 The local microenvironment provides signals 
which permit differentiation of newborn’ nave T cells emerg- 
Ing from the thymus. The eytokines signal via spectc recep 
tors and activate transcription factors spectic foreach cell 
type which sets in motion a protein synthesis programme 
leading to production of factors spectc to that newiy difer- 
entated T call. BCLE, B-cell lymphoma 6; FOXP3, forkhead 
box protan 3; GATAS, GATA-binding factor 3; ROR retinoid- 
related orphan receptor-a; ROR, retinid-elated orphan 
receptor; TRX21, T-box transcription factor TBX21; Toy, 
folicular helper T; TGF-p, transforming growth factor; T1, 
T-helper; 1,2, Thelper-2; Ty17, T-helpert7; Tyo, regula- 
tory T. (ram Cra 2012) 


each other orto the endothelium, during normal recir- 
culation or as part of inflammation, is a complex 
molecular and tissue-specific process 


What turns a lymphocyte on? 
Most circulating lymphocytes are resting. Most are 
‘naive’ cells (i.e, have not been activated by interaction 
with antigen) and have recently been released from the 
thymus or have passaged throngh the peripheral lym- 
phoid tissues, Others are memory T and B cells that 
can be very long-lived, Memory cells arise asa residual 
population afier most of the antigen-specific T cells 
have died once their effector duties are completed (ie. 
getting rid of the pathogen), Both CD4* and CD8* T 
memory cells occur, some residing long term in the 
tissues (e.g. the lung parenchyma) where they can 
rapidly respond to re-challenge with the antigen (e.g 
influenza virus). These cells are known as effector 
memory T cells. Other memory cells recirculate 
through the lymphoid tissues and are known as central 
memory cells, 

‘The main stimulus that activates T cells (both naive 
and memory cells) is antigen presented in the form of 
peptide by professional APCs in the lymphoid tissue. 
Activation of the T cell induces it to release cytokines, 
particularly IL-2, which initiates the process of clonal 
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expansion. Depending on the local conditions and the 
cocktail or ‘panel’ of cytokines produced by the T cells 
and by stromal cells in the lymph nodes, further func 
tional diversification sachieved by driving T-cell clonal 
expansion towards one of several subsets (Fig. 7-21) 

ThI cells, expanded by IL-2 and IFN-y, induce a 
delayed-type hypersensitivity (DTH) response (type 
IV hypersensitivity in the classic nomenclature) (Table 
7-7), which involves considerable macrophage activa- 
tion, granuloma formation and tissue damage. It 
should be noted, however, that memory T cells do not, 
release IFN-y, while release of the chemokine RANTES 
(CCLS, see Table 7-5) by tissue cells appears to be 
important in the recruitment of memory T cells and 
macrophages to the site of granuloma formation, 
IL-12, 1L-23 and IL-27 produced by macrophages and. 
dendritic cells also play a major role in directing Th1/ 
ThIT Tell responses, 

In contrast, Th2 cells, expanded by IL-2 and IL-4, 
provide B-cell ‘help! and lead to the production of 
antibodies. In addition, IL-4 inhibits ThI cell activa- 
tion and the delayed-type hypersensitivity reaction, 
IL-10 and IL-13 produced locally in tissues and lymph. 
nodes may condition APCs to induce a Th2 response. 
IL-2 and TGF-B combine to promote Treg formation, 
while IL-6 and TGF-B promote Thi7 T cells 
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LE 7-7 Immunopathology of tissue 
reactions 

Hypersensitivity immune effector Type of 

tesponse type process in tissue mechanism 

T ‘Allergic reaction — Humoral (IgE) 

0 Gytotoxcty Humoral (IgG/M)" 
iM Gomplement Humoral (Agia) 
wv Macrophages __Calluar(T cals) 


*Cylotaxlcty in this process is antibody-dependent 
“Type IV hypersensitivity Is the classically described 
‘layed hypersensitivity response, mediated by 

macrophages and memary T coll. 


ThI/TH17 (DTH) and Th2 cells (allergy, see p. 445) 
are directed by particular sets of cytokines which 
determine the nature of the pathological event, Clas- 
sically, four types are described (types I, Hl, IIL and IV 
hypersensitivity; see Table 7-7) but mixed responses 
also occur. Th1/Th17 and Th2 cells may initiate recip- 
rocal downregulation of either response via regulated 
cytokine release. Chemokines and chemokine recep- 
tor expression also play a major part in determining, 
whethera ThI/Th17 ora Th2 response is induced (see 
p. 404) 


Where are memory cells found? 


T effector cells that exit the lymph node lose their 
expression of L-selectin and cannot therefore 
recirculate throngh the lymph node. Most of them 
home to the site of inflammation to promote removal 
of the antigen and then die in situ; as indicated above, 
a small number of these cells have the potential 
to survive as memory cells, some of which re-enter 
the lymph-blood circuit as central memory cells 
while others remain long term in the tissues as 
effector memory cells. In contrast, memory B cells do 
not recirculate but continue to produce antibody 
of different isotype, with increasing affinity for 
the antigen, and release it into the blood via the effer- 
ent lymphatics, Memory cells for the mucasal lym- 
phoid tissues have been shown to express a specific 
addressin, LPAM-1 (lymphocyte Peyers patch adhe- 
sion molecule-1), or a8; integrin which binds to 
MAdCAM-1 in the GALT (see p. 416). IL- 
tial cytokine for ontogeny of T cells in mice, is also 
required for induction of memory cells, 


‘What turns a lymphocyte off? 
Most immune reactions do not persist, and it has been 
presumed that this is the result of effective removal of 
antigen. Indeed, the corollary is also probably true: 
that most chronic immunological diseases are the 
result of persistence of antigen in the tissues in a form 
that activates lymphocytes, ie. on the surface of APCs. 
However, it is now recognized that switching off 
an immune response is an active process, involving a 
process known as activation-induced cell death (AICD) 
as well as a subset of T cells, ie. T regulatory cells 
(Tregs). 


Tregulatory cells. Lymphocytes that are not exposed 
to their cognate antigen in the appropriate form (i.e. 
on the surface of APCs and in the presence of 
co-stimulatory support mechanisms) enter a state of 
anergy and eventually die out. The pracess of cell 
death or apoptosis during lymphocyte ontogeny is 
well established and is associated with the expression 
of specific ‘suicide’ or ‘death’ genes in the cell (see Box: 
4-4, p. 168), 

‘Tregs also switch off inflammatory responses. Tregs 
are the most Frequent cell type in the circulation and. 
in the secondary lymphoid organs, Antigen-specific 
‘regs are induced as part of all-adaptive immune 
responses to exogenous and endogenous (including, 
self) antigens but these expand with a delayed kinetic 
compared to effector cells, allowing T effectors cells to 
finish clearing damage-inducing agents (DAMPs, see 
p. 389). Tregs are characterized by expression of high 
levels of the IL-2 receptor (CD25) and transcription, 
factor FoxP3 which is essential for their function, 
‘Tregsare generated as in the thymus (natural or thymic 
‘Tregs) while inducible (iTrgs) are also generated in the 
periphery from naive CD4" T cells after presentation 
of antigen by APCs. Antigen-specific iTregs are more 
effective than thymic or natural Tregs but are relatively 
non-specific in their action (ie. although they are 
induced by specific antigen, they can suppress T cells, 
which have been activated by other antigens), ie. they 
have a broad-spectrum effect. 1L-10 and TGF-B are 
important immunosuppressive cytokines secreted by 
‘regs, They are present in mice and humans and cur- 
rently there is considerable interest in developing, 
methods to induce them to high levels so as to prevent 
a range of autoimmune diseases. 


CD4 CD25" T regulatory cells are only one set of 
‘suppressive’ T cells that exist; there are also other T 
cells that produce high levels of IL-10 (Trl cells) and. 
TGF-B (Th3) cells, some CD8 T regulatory cells, 
which may be involved in aspects of ocular immune 
privilege and require NK T cells to mediate their activ- 
ity (see p. 390), as well as some recently described B 
regulatory cells (Bregs) 


Antigen recognition 


‘The immune system recognizes antigen through 
molecuilar interaction with specific molecules, three of 
which are antibody (B-cell receptor, slg), the TCR, and. 
the MHC molecule, MHC molecules are highly poly- 
morphic; ie. although basically similar in structure, 
there are many different types (alleles) that occur in 
each individual, generated by small differences in 
nucleotide sequences in the MHC genes. Each TCR, 
antibody and MHC molecule has varying degrees of 
ligand-hinding specificity, the MHC molecule being 
required to bind to a large variety of antigens, while 
antibody is specific for only one antigen. The interac- 
tions between antigen and antibody, and antigen and 
the TCR, have, however, many similarities. 

‘The great majority of imnaune responses are T-cell- 
dependent in that the final effector response, including, 
B-cell responses, is achieved through an initial interac- 
tion between a resting T cell and an APC (Fig. 7-22). 


THE APC MAKES THE ANTIGEN RECOGNIZABLE 


The function of the APC is to capture antigen and to 
process it into a form that can he recognized by the T 
cell, The immature (veiled) dendritic cell with its 
numerous cell surface receptors is ideally designed for 
this (Fig. 7-23). This it does by partially digesting the 
antigen into. short peptides and complexing. the 
peptide with MHC molecules, Classically, intracellular 
antigens are complexed with MHC class | molecules, 
for presentation to cytotoxic (CDS") T cells, while 
extracellular antigens are complexed with MHC class 
I molecules for presentation to helper (CD4") T cells. 
However, ‘cross-presentation’ of antigen from either 
the extracellular or intracellular pathway to pathway 
can also occur, i, both intracellular and extracellular 
antigens can be presented on either MHC class 1 or 
MHC class II (see below). 
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FIGURE 7-22 Diagram of interaction between dendritic cells present- 
ing peptide on the MHC molecule to a naive T cell prior to T-all 
differentiation, 


FIGURE 7-23 Diagram of immature dendritic cel showing some call 
surface receptrs for innate immune responses. DEC205 (CD205); 
PSR, phosohatidylserine receptor; ap integrin; TLR, Tol-tke 
receptar. 


Each APC can present hundreds of thousands of 
MHC-peptide complexes on its surface. In addition, 
some non-protein lipid antigens, such as those in 
mycobacterial cell walls, can be presented atypically 
on MHC class I-like molecules, the CD1 receptor. 
Most of the antigens expressed on an APC surface are 
sel-antigens, which promote tolerance (see later) 
Immunogenic peptides occur at a level af 10-100 
copies per cell. 
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FIGURE 7-24 Modes o antigen presentation. The antigen-presenting cell membrane (lower gry band) houses the MHC molecules and presents 
peptide (small red shapes) embedded in the MHC ‘groove t the T cel: the composite MHG-peptid ligand és bound by the T cell receptor 
(TCR) while the entire structure is stabilized by CD8 molecules on cytotoxic CDB T cells and CD4 molecules on CD4 helper T cel, (image 
ourlesy of: tp/ wu csb.org/pdb/101/matm.domam\0.=63 From the Word Wide Protein Databank) 


Processing by APCs is under tight cellular control 


Intracellular antigens that are likely to be processed 
and bound to MHC class I mostly comprise host cyto- 
plasmic and nuclear proteins, digested during normal 
‘housekeeping’ cellular repair work mediated through 
autophagy, These do not normally induce immuno- 
genic responses. However, intracellular foreign mate- 
tial such as viruses in infected cells is similarly 
processed via an ATP-dependent structure (the protea- 
some) and bound to the MHC class I molecule in the 
endoplasmic reticulum. The proteasome is a constitu- 
ent of all cells and accepts ubiquinated peptides 
and proteins for degradation (see Ch. 4, eFig, 4-3) 
in APCs, the ‘immunoproteasome’ is specialized to 
degrade antigens into a set of overlapping peptides. 
For this purpose it contains two MHC-related proteins, 
LMP-1 and LMP-2. The peptide is bound specifically 
to a groove formed by the , and cy helical domains 
of the MHC class 1 molecule, and is anchored at 


specific sites to the B-pleated sheets that form the floor 
of the groove (Fig, 7-244 and eFig. 7-5). 

Additional content available at huypsexpertconsult 
inkling conv. 

The CDS and CD4 molecules help to stabilize 
the TCR:MHC peptide interaction in the MHC 
class I and MHC class 11 molecules, respectively 
Defects in antigen processing can be associated with 
disease: for instance, uveitis in certain patients with 
the joint disease ankylosing spondylitis and severe 
theumatoid arthritis is linked to abnormality in the 
genes coding for the proteasome and in LMP-2 genes 
involved in MHC class I processing, 

Additional content available at https /expertconsult 
inkling com/ 

This illustrates how each step in the antigen- 


processing pathviay (eFig. 7-5) is essential in ensuring @ 


correct presentation of ‘normal’ non-immunogenic 
host peptides rather than peptides that may induce 
inflammatory disease. This also applies to the other 
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“The proteasome is a general protein processing machine 
which degrades exogenous and endogenous molecules £0 
peptides and transfers them to other organelles for further 
‘processing, in lysosomes finally to amino acids (see Ch. +, 
Fig, 4-3), In antigen-presenting cells the proteasome pre- 
ppares peptides for presentation via MHC molecules to T 
cells but this process can be disrupted, for instance by 
‘infectious organisms such as cytomegalovirus (CMY), 


which produces proteins that prevent proper preparation 
ofthe peptide. This can occurat several stages, for instance 
by the viral proteins pp65 and US3-10, These act at various 
‘stages either prior to entry of the peptide into the endo- 
plasmic reticulum or belore entry of the composite MHC 
peptide ligand tnto the secretory machinery ofthe cell for 
ultimate expression on the cell surface (Fig. 7-5), 
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{FIGURE 7-5 The proteasome (see Ch. 4) isa ‘peptide processing factory’ which degrades proteins by ubiquitination and prepares the peptides 
for incorporation ont the NHC molecules for ultimate presentation on the cell surface. CMY interferes with class | MHC antigen presentation 
by generating ‘immunoavasins’ to block CD8 T-cell cytotoxicity. The immunoevasins are the labelled proteins and pp6S. TCR, T-cell receptor, 
PLC, peptide-loading complex; TAP, transporter associated with antigen presentation; CRT, calreticulin, 


genes that regulate the transport of peptides during 
their intracellular pathway, such as TAPI and TAP2 
@ (eFip. 7-5). 

Loading of peptides via TAP on to the MHC class 
I molecule is regulated by a further membrane protein, 
tapasin, while loading of peptide on to the MHC class 
U molecule is ‘chaperoned’ by the invariant chains. 

Although the processing and presentation of intra- 
cellular and extracellular antigens have many similari- 
ties in detail, there are some fundamental differences. 
For instance, the term APC refers to cells that express 
high levels of MHC class Il antigen and ‘professionally’ 
process extracellular antigen. The term is thus 
restricted to a few cell types such as macrophages, B 
cells and dendritic cells. In contrast, the presentation 
of intracellular antigen to CD8* T cells on MHC class 
T has until recently been more difficult to explain. 
Most cells ofthe hody express low levels of MHC class 
and this can be upregulated in cells exposed to 
cytokines such as IL-1 and IFN-y, However, effective 
antigen presentation requires co-stimulatory mole- 
cules, which are not normally present on healthy 
parenchymal cells. When antigen is presented in the 
absence of these molecules, the effect is to tolerize the 
T cell to the antigen. 

This is fine for sell-antigens but defeats the purpose 
when intracellular foreign antigen has to he dealt with. 
Ideally, foreign antigen should be presented when 
co-stimulatory molecules are also expressed in order 
toensure an immunogenic, pro-inflammatory response 
mediated by activated T cells. This is achieved by 
cross-presentation, Tissue cells infected by virus (or 
other pathogens) are killed and APCs, especially 
dendritic cells, phagocytose dead or dying infected 
tissue cells; the viral or bacterial antigens are then 
processed within the dendritic cells for presentation 
on dendritic cell MHC class I antigen in the presence 
of co-stimulatory molecules (see below), Receptors 
involved in uptake of dead and dying cells (apoptotic, 
cells) include cB, integrin, CD91 and CD36 (scaven- 
ger receptors), CR3 (if coated with complement) 
and phosphatidylserine (see Ch. 4, p. 168, apoptosis 
pathways). Cross-presentation involves degradation of 
polypeptides in the proteasome (Fig. 7-25) and may 
be a major ronte for activation of CDS T cells, as well 
as activation of CD4 T cells on MHC class Il antigens. 
In this way CDS* cytotoxic T cells can be directly 
activated without requiring Tcell help and are 
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therefore armed to induce killing in other infected 
tissue cells, Thus, dendritic cells deal with both extra- 
cellular and intracellular foreign antigen while the 
response to self-antigen is minimiz 


Making the antigen presentable: the MHC molecule 


as candy wrapper 
Presentation of the peptide by the MHC molecule to 
the TCR requires binding of the peptide to the groove 
in the MHC molecule and has some degree of specifi- 
city, Thus, only certain peptides will bind to each 
MHC allotype, of which there are many (see below). 
The specificity of the interaction hetween the MHC 
molecule and the peptide, however, is orders of 
magnitude less than that for the TCR, which is in 
turn considerably less specific than antigen-antibody 
binding. Preferential binding of certain peptides to 
different MHC molecules, however, is well estab- 
lished both for peptide length and sequence. 

‘Additional content available at https://expertconsult 
inkling conv, 

Differences also occur in binding of the TCR to 
MHC class and I molecules. For instance, only a 
single MHC class 1 complex is required to present 
peptide to the CDS" T cell but two or more MHC class 
IL-peptide complexes combine with two or more TCRs 
to activate CD" T cells in the immunological synapse 
(see below). Binding of peptide to the TCR has many 
resemblances to antigen-antibody binding in terms of 
specificity but peptide binding affinities vary greatly 
for the TCR (see section on T-cell activation, p. 427). 
In the SLO, T cells repeatedly ‘sample’ peptides pre- 
sented on MHC molecules on APCs by making brief 
interactions which hecome increasingly prolonged as 
the TCR:MHC complex ‘finds’ a perlect fit 

Interms of the peptide, this is recognized as immu- 
nodominance’. For any given antigen, only one in 
2000 peptides is likely to have sufficient binding alfin- 
ity to make that perfect fit and initiate an immune 
response. Moreover, it is unclear what represents 
optimal affinity of the peptide for the receptor: both. 
too little and too much can prevent T-cell activation, 
This variable peptide affinity is reflected in the TCR, 
which can bind reciprocally many different peptides: 
thus, specificity is much less rigorous for the T cell 
than the B cell, These many factors, ic. immunodo- 
minance of peptides, TCR degeneracy with regard to 


‘The size of the peptide is much more restrictive for MHC 
class T than for MHC class U1. Class T molecules will 
conly bind peptides that are 9 or 10 amino acids long, 
‘while class 1! molecules will bind those of any size, but 
usually between 16 mer and 30 mer, Class peptides are 
anchored to a deep pocket in the groove at the second 
residue. The C-terminal end of the peptide is also bound 
to a shallower pocket, normally at the ninth residue. This 
leaves the peptide essentially free in the middle, apart 
from some less strong side-pocket binding; as a result, 
the peptide is usually arched in the middle with its amino 
acid residues projecting outwards to the TCR (Fig. 7-24), 
Itis these exposed residues that determine the specifiy 
of the reaction with the TCR, 

‘In contrast, peptides in the class It groove overlie the 
sides of the molecule. Binding to the class 11 molecule, 
however, is restricted to the same number of residues as 
for class I (ie. 9 or 10), except that they occupy the 
central portion of the peptide. Anchoring at the second 
residue isthe strongest, frequently mediated by the non- 
polar residue proline. A further difference is that anchor- 
ing of the peptide to the class It molecule occurs at 
positions 2, 4, 6 and 9, with greater side-pocket interac- 
tion. This has the ellect of straightening the peptide to 
take up a twisted, linear conformation. 

These differences in class Land II peptide binding can 
be accounted for by specific amino acid sequences. In 
addition, the alfinity of a peptide for a particular MHC 
allele is dependent on this sequence andl is determined 
by how well each peptide fits into the pocket in the 
‘groove. Clearly, peptides composed of amino acids with 
lange or highly charged side chains will have diferent 
‘requirements for binding than those with smaller amino 
acids, which might ft easily into the pocket, 
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Coupled with aetherodynamics time conception, which 
was suggested by Alexander V. Frolov, the works on 
the control of space-time parameters gain the possibility 
for development and commercial application. As a 
theoretical basis there are those N. Kozyrev works where 
his conception of “time density” are replaced by that 
of “aether density” according to Frolov. 


In September 2002, Faraday Labs Ltd Company plans 
to complete testing of the first experimental system, 
and to start the patenting and research of applied 
aspects, first of all in medicine. 


Physical Principles of the Time 
Machine 


Alexander V. Frolov 


Experimental success of research team headed by Dr. 
‘Vadim A. Chemnobrov, Moscow was reported in [1]. The 
time course can be controlled as rate of any process in 
local space-time (inner space of the Time Machine). It 
can be decelerated or accelerated by means of special 
"converging electromagnetic waves". Ordinary waves 
move from the source whereas special "converging 
waves" move to some central point, ie. into the focus of 
the system, In Chernobrov's design of the Time Machine 
this process is organized by means of several spherical 
envelops, which consist of several electromagnets 

Electronic control unit controls the processes in this 
design. Dr. Chernobrov reported about 3% change of the 
time course in 4th version of the system, which was 
tested with a human inside. The goal of Dr. Chernobrov's 
work is to research the medical aspects and 
experimental investigation of the principles. Several 
important conclusions were obtained from the project: 

the time course can be controlled and character of the 
changes is different for acceleration and deceleration 
mode. 


Other known publication and research projects on the 
same topic seem to be very far from any commercial 
and practically useful application. Obviously the topic 
is very new and fantastic for most of scientific 
community and at first we have to clarify the physical 
principles of the time control project, which is started 
by Faraday Labs Ltd. 


In this project we believe that notion of time is one of 
possible description of real physical properties of our 
Universe. So, itis not mathematical abstraction but some 
aspect of physical reality and we can discover some 
physical properties of time. Russian astrophysicist N. 
A. Kozyrev [2] developed a theory of active properties of 
time and according to his point of view there are two 
properties: time course and time density. Prof. Kozyrev 
demonstrated experimentally that time density in area 
of some process (changes of matter) is dependent on 
entropy parameters of the processes. In [3] it was 
demonstrated that Kozyrev's experiments could be 
interpreted in aether theory and it has led to simple 
physical conclusions and clear experimental 
perspectives: time course and its density can be 
explained and controlled as parameters of aether. 
Directions of aether flow and density of aether are 


subjects of experimenting with non-reversible changes 
in matter, for example, in crystallization or melting 
processes. Also it is possible to use special 
electromagnetic processes, for example, Chernobrov's 
“converging waves" or other longitudinal waves as 
methods of aether compression or rarefaction. If we 
assume that process of existence of elements of matter 
physically can be explained as aether vortex processes 
then its rate is a parameter of aether income/outcome 
balance (aether inflow in element of matter and aether 
outflow from the element of matter). It was also 
described in Time Rate Control (TRC) theory [3]. To 
control this balance it is necessary to develop technology 
of longitudinal waves generation, its focusing and 
resonance effects. The previous research and 
experimenting on the topic has been made by N. Tesla 


Let’s assume that we have some technology to change 
parameters of time course. How should we organize this 
local space-time (what is spatial topology of the design)? 
There is a very interesting experiment to get the answer: 
rotation of a heavy cone (for example, lead cone) entrains 
surrounding aether, so a vortex appears, which is a 
toroidal formation of aether (rings). The rings can exist 
in space for a long period. The further question is: Why 
does the beam of light (laser beam) directed to the cone 
by tangent create a luminous ring? We can assume that 
due to natural properties of photons (light propagates 
along the geodesic line in space) some autonomous 
closed toroidal space should be created in such 
experiment. The next thought is: since space and any 
matter exist in time then we can speak about some 
autonomous time. The general conclusion is to be the 
following: autonomous 4-dimensional space-time can be 
created as toroidal aether vortex. 


Here is point to note some aspects of research project 
by Prof. Robert Mallett, Connecticut University, USA. In 
fact, sometime next year, he hopes to produce the first 
piece of technology that eventually will allow him to 
build a time machine. By Mallett it will be a device that 
employs lasers 'to twist space". Why is he going to close 
the beam of light? His theoretical background is 
knowledge about black holes, i.e. understanding of the 
connection between gravity and curvature of space-time. 
In Einstein's theory both matter and energy can bend 
space and time. So Prof. Mallett assumes that curvature 
of space-time can be changed not only by mass (like @ 
black hole) but it can be affected by energy of photons. 
This has led Prof. Mallett to consider the possibility of 
using a circulating beam of light to twist space and to 
create closed loops in time. It is predicted that a spinning 
neutral particle, when placed in the ring, is dragged 
around by the resulting gravitational field [4]. From the 
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FIGURE 7-25 Cross-presentation. In he upper centre af the tgure an endogenously produced antigen (A) that eventually ends up in cellular 
debris has ben captured by a scavenger receptor (CD81) on a dnd call. Te antigen is intralzed int he endocytic system and polypep- 


tide fragments are produced. Some ofthese fragments rem 


inthe exogenous processing pathway (right) and are degraded 1o peptides that 


are loaded on to MHG cass I! in MIICS. These peptides are presented to CD4*T cells. However, same of the polypentide fragments are released 
‘rom the endosomes into the cytosol (let), where they are taken up by proteasomes and enter the endogenous processing pathway. These 
peptides are loaded on to MHC class inthe endoplasmic reticulum (ER) and are cross-presented to CDB* T cel, (Fom Mak and Saunders 206, 


vith pamission fram Elsevier) 


specificity and the need for repeated TCR activation 
as well as cross-linking more than one TCR in the 
immunological synapse before cell signalling can 
occur, all play a part in determining whether an 
immune response takes place and indeed what type of 
T cell is induced. 


The major histocompatibility system 


As indicated above, most antigens initiate immune 
responses by heing degraded inside the APC into small 
peptides, which are then complexed with MHC mol- 
ecules and presented on the surface of the APC to T 
cells, So what are MHC molecules? MHC molecules 
‘were discovered by Peter Medawar during his studies 
on rejection of transplants between individuals of the 


same species but different genetic make-up, and are 
now known to determine not only the susceptibility 
to graft rejection but also to infectious and autoim- 
mune diseases generally 


WHAT ARE MHC ANTIGENS AND WHERE 
‘ARE THEY FOUND? 


‘The MHC gene cluster on human chromosome 6 is a 
region of highly polymorphic genes whose products 
are expressed on a variety of cells, Class 1 genes are 
termed HLA-A, -B and -C, while those of class IL are 
known as HLA-D. Class Ill genes lie between the 
centromeric class Il genes and the telomeric class 1 
genes. MHC genes differ from typical germline genes 
because they are polymorphic and responsible for 
some of the traits that distinguish one individual from 


BOX 7-11 EXTENDED MAP OF THE MHC GENES 


7 Immunology — 425 


‘The map of the MHC genes is constantly being revised as 
new information is added (see figure). The HLA-D genes are 
located towards the centromere and are separated from the 
‘lass | genes by the complement protein genes (class I) 
Each of these regions is known to contain multiple genes, 
‘whieh are variably present within each haplotype. For 
instance the DRA haplotype contains DRB1, ORB7, DAB, 
DDRB4 and DRBQ; in contrast, the DR1 haplotype contains 
RBI, DRBG and DRBS. 

‘Several associated genes are located close to the MHC 
‘genes. These include the TAP! and TAP2 genes, the DMA 


“ On “hte Lh SERS oe & SEE € 


‘and DMB genes, and the LMP-2 and LMP-7 proteasome 
genes all of which are involved in antigen processing (see 

. 422e1). The TNF genes are also located in the class II 
region, as are the RAGE (receptor for advanced glycation end 
products) genes. 

‘The human MHC gene map has been extended at both 
the class | region and the class I region to include several 
additional genes such as histone genes, genes for zine finger 
proteins and the important regulatory gene retinoid X 
receptor gene (RXRB). 
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another. Most germline genes are by definition non- 
polymorphic (ie. identical) within a. species, The 
MHC gene cluster has now been extended to include 
more than 500 genes (Box 7-11) and has been fully 
@ characterized (see eFig. 7-6). 
‘Additional content available at htips://expertconsult 
@® sinking conv. 

As indicated above, MHC class I genes were dis- 
covered during studies in inbred mice of the genetic 
control of transplantation rejection phenomena, There 
are now many HLA class I genes, some with navel 
functions: for instance, HLA-G genes are expressed 
in the placenta and may have a role in protecting 
the fetus from attack by maternal NK cells, MHC 
class I genes were discovered later in analysis of 
mixed leucocyte reactions (MLR) in mice, a test that 
is the basis of tissue typing. The polymorphisms 
(genetic differences) in MHC gene products that char- 
acterize each individual are the antigens responsible 
for inducing graft rejection, and in humans were 
originally discovered in pregnancy sera and blood 
transfusion samples by careful documentation of anti- 
body responses for each allotype (allotype = different 
type of individual). Currently, direct gene sequencing 
techniques are used to identify specific alleles 


(allele = specific genetic difference belonging to one 
individual) and have led to subtype identification even 
within alleles 

Association of allotypes with disease is now per- 
formed in genome-wide association studies (GWAS) 
(see Ch. 3, pp. 143-145), which includes the MHC 
genes. The long-standing association, for instance, of 
certain HLA-B27 haplotypes with ankylosing spond- 
ylitis and nveitis has now been extended to include 
some of the genes involved in trimming of the proc- 
essed peptides for binding to the HLA-B27 peptide 
groove: these are the ERAP and ERAP2 (endoplasmic 
reticulum aminopeptidase) genes, which show haplo- 
type susceptibility at least for the spondylitis compo- 
nent of the disease, Different MHC protein alleles 
differ in their ability to bind and present different 
antigenic determinants, and this is probably the basis 
ofeach individual’ susceptibility to disease. Studies of 
the association of disease susceptibility and specific 
HLA alleles have revealed many interesting linkages 
(see Fig. 7-8). 

Additional content available at https//expertconsult 
inkling.comy, 

Most disease associations have, however, been 
detected in MHC class I genes. In particular, 
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‘The gene map of the extencled! major histocompanbility 
complex (MHC) is shown from telomere (eft) to centro- 
mere (right) on the short arm of chromosome 6 1 (Fig. 
7-6). The five colour-coded sub-regions making up the 
XM span about 7.6 Mb and are defined as: the extended 
class 1 sub-tegion (green block; HISTIH2AA to MOG: 
3.9 Mb), the classical class 1 sub-region (yellow block, 
Céorf#0 to MICB, 1.9 Mb), the classical cass II sub-region 
{orange block, PPIP9 to NOTCH; 0.7 Mb), the classical 
class I sub-region (blue block; Céorf10 10 HCG24; 0.9 Mb) 
and the extended class Il sub-region (pink bl 
to RPLI2P!; 0.2 Mb). Regions tha flank the extended class 


Land UI sub-regions are shown as grey blocks. Insets 
denote the hypervanable RCCX and DRB regions. Numbers 
and positions of RNA genes are represented by indigo 
‘bars, the length of which is proportional to the gene 
number between other loci, Vertical lines connect the two 
‘main groupings of tRNA genes of 1.6 Mb and 0.5 Mb of 
the sequence (separated by 0,6 Mb). Circles to the left of 
each locus indicate disease status, polymorphism, immune 
‘status and paralogy as described inthe text. The gene map 
of the xMHC is also available as poster and online (hutp// 
\wwaature.convnrg/journalv/n12/ poster/MEHCmap), 


{FIGURE 7-6 A map of the extended MHC (MHC) gene region in man. The diferent regions are colour coded as in the key. Some spect 


regions are expanded in the inset boxes. (From Havana al, 2004) 
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BOX 7-12 TRACKING MAP FOR MITOCHONDRIAL DNA 


‘Ahaplotype is a set of allelic diferences (i. genes) inherited out of Africa (see below a tracking map for mitochondrial 
from a single parent, and has been used in anthropological DNA — further information is available through the fink 
‘studies to track the migration of humans over hundreds of aiven). 
‘thousands of years from the first migration of Hamo sapiens: 
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the HLA-B27/ankylosing spondylitislenteric infection/ 
uveitis link is long established, In addition the HLA- 
B51, but not B52, is linked with Behet’ disease in the 
Middle East and Japan. Perhaps the strongest known. 
association of any human disease (>90%) is between 
HLA-A29 and a rare form of endogenous posterior 
uveitis, birdshot retinochoroidopathy. MHC mapping, 
has greatly informed disease susceptibility among 
different population groups; and indeed haplotype 
mapping has allowed the migration of humans during, 
the thousands of years that Homo sapiens has populated 
the earth to be tracked in a similar way (Box 7-12), 


ORGANIZATION OF THE MHC GENES 
IN THE GENOME 


The MHC genes are located on chromosome 6 (see 
Box 7-11), while the non-polymorphic component of 


the class | molecule fi-microglobulin is on chromo- 
some 15. The MHC region is very large, occupying 
about 4000 kilobases ~ as large as the entire genome 
of certain bacteria, 

The class II genes, placed near the centromere, are 
commonly involved in crossing-over during meiosis, 
Unlike non-polymorphic genes, both alleles are 
expressed, Furthermore, there are two or three func- 
tioning B chain genes in class Il, each of which can 
combine with the oc chain. This allows some class Il 
alleles to be expressed in more than one allelic form 
on the same cell, Thus, a heterozygous individual 
expresses six different class I alleles (two HLA-A, 
HLA-B and HLA-C from each parent) as separate mol- 
ecules on each cell. In contrast, for class Il, many more 
than six heterodimers can be inherited (commonly 
there are 10-20 different class II genes per cell) and. 


this permits a large range of peptides to be bound on. 
each cell. Furthermore, each MHC molecule can bind 
many different peptides with differing affinities (see 
above). 

As for other immune genes that involve recombina- 
tion events such as the immunoglobulin and TCR 
genes, there is coordinate expression of the HLA 
genes, eg. class 1 on chromosome 6 and B.- 
microglobulin on chromosome 13 must be simultane- 
ously activated, and equally so the class Il genes 
during transcription of HLA-DP -DQ and -DR. 


REGULATION AND TRANSCRIPTION 
OF THE MHC GENES 


Regulatory elements that lie 5’ upstream of the MHC 
class 1 By-microglobulin and MHC class Il genes, plus 
other essential genes such as the invariant chain, 
tapasin genes, ERAPI and ERAP2 genes and several 
others, coordinate the expression of MHC genes. 
These elements include the S, X,Y box and the 
complex is known as the class I! transactivator (CIITA) 
gene, which regulates MHC class I and Il. Mutations 
in these genes can cause immunodeficiency 
syndromes 

Cytokines modulate the rate of constitutive tran- 
scription and expression of MHC genes. Class 1 
expression is increased by et, B and ¥ interferons, and. 
induction varies with cell type. IFN-y also alters tran- 
scription of class II: in macrophages, endothelial cells 
and some parenchymal cells the change is upwards, 
but in B cells itis decreased. In contrast, IL-4 has the 
opposite effect on class I expression of B cells. Some 
cells, such as neuronal cells, do not respond at all to 
IEN-y, The interactive responses of immune and 
tissue cells profoundly affect the final nature and 
character of the immune response and can convert a 
tissue-destructive process to a protective response or, 
depending on the tissue, to an allergic response (see 
below). 

‘The genetic control of MHC expression and func- 
tion is also controlled by other genes such as the TAP 
and TAP2 genes, which regulate the entry of peptides 
into the endoplasmic reticulum, the invariant chain 
gene that regulates stability of the class I complex, 
the ERAP genes that perform final trimming of the 
peptide in the endoplasmic reticulum and the cal- 
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nexin gene that regulates the binding of the peptide 
to MHC class 


T-cell activation 


Any molecule, large or small, can act asan antigen but 
only macromolecules can activate lymphocytes and 
act as immunogenes, Small molecules may activate 
lymphocytes ifthey are hound to a larger molecule; in 
this situation the small molecule is called a hapten. 

Therefore, although peptides may initiate an 
immune response, there are several constraints on the 
induction of a response, For instance, there is a 
minimum size of peptide for an effective response, 
which in the case of MHC class I responses is precisely 
nine amino acids, and between 12 and 30 for class IL 
responses. More importantly, the precise interaction 
between the T-cell receptor (TCR) and the MHC- 
peptide complex is under the control of genes regulat- 
ing both sides of this interaction, The TCR genes have 
a greater role in determining the specificity of the 
response than the MHC genes. 


‘THE TCR AND ANTIGEN BINDING 


Processing of antigens to peptides in the APC may 
potentially yield a large number of immunogenic pep- 
tides, However, only a small number of these peptides 
will activate lymphocytes and only one will he specific 
for a particular cell, This is determined partly by the 
nature of the antigen but more importantly by the 
TCR repertoire’, ic. the potential range of different 
TCRs that exist to deal with very large numbers of 
possible antigens, The immune system has developed 
amechanism to deal with this problem, which involves 
the use of multiple germline genes, each of which 
undergoes somatic rearrangement on challenge with 
antigen. The same basic mechanism is used by B cells 
in their production of antigen-specific antibodies (see 
below). This is known as genetic recombination and 
is under the control of enzymes (recombinases), prod- 
ucts of specific genes known as recombination activa- 
tion genes (RAG-I and RAG-2) which are expressed 
only in lymphocytes. 

TCRs are members of the immunoglobulin gene 
superfamily (Box 7-13) and are dimeric proteins 
composed of an o.and a B chain which possess V (vari- 
able), D (diverse) and C (constant) regions as for 
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BOX 7-13 IMMUNOGLOBULIN SUPERFAMILY OF PROTEINS 


or multiply in both chains of dimers such as the T-cell 
receptor. 


‘The immunoglabulin superfamily is characterized by the 
‘common structural motif, the immunoglabulin domain, This 


‘domain may occur singly in small molecules such as Thy-t 
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immunoglobulin molecules (Figs 7-26 and 7-27), The 
V region contains the antigen-binding site and interacts, 
with the peptide-MHC complex, At least 20 families of 
Ver chains are recognized and a similar number of VB 
wveral V genes (2-10) exist 


families are also known. S 
within each family. A single antigen binds to a single 
TCR and stimulates antigen-specific clonal expansion. 
However, as indicated above, several antigens have the 
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potential to bind to the same TCR, each with different 
affinities, unlike antigen-antibody interactions, 

Databases holding germline gene sequences as a 
reference resource have been set up, sich as the 
International Immunogenetics information system 
(IMGT) linked through the Ensembl database. 

Additional content available at https://expertconsult 
inkling conv. 


Information on specific TCR and immunoglobulin gene 
segment data can be obiained through the hip// 
‘wwiwensembloryindes:html database which gives full 
instructions on how to use the protein ‘gene build’ pro- 
rams. Gene building for TCRs and immunoglobulins is 
somewhat specialized due to the recombination events 
Which take place between specific gene segments. This 
can be investigated using the link to the Intemational 
Immunogenetics information system (IMGT) (hitp// 
‘wwwimgt omy/) which can identify the locus on the 
genome showing the gene segment frequency for the 
specific Ig sequence of interest, eg. the human IGH 
(Gmmunoglobulin heavy chain) locus with specifiy for 
herpes simplex virus type 1 (as of July 2013 there were 
4IGHY group, 4 IGH] group, and 4 IGHD group TCR 
zene segments on the IGH locus), 
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FIGURE 7-26 Correspondence of TGR hypervariable regions to TCR 
‘gene segments, In this schematic ample, the areas ofthe TCRa 
and TORB proteins derived from the indicated gene segments are 
shown in diferent colour, The COR, GOR2 and HV hypervariable 
regions are clustered inthe variable domains ofeach chain, wile the 
(CDRS region encompasses the WJ joint in the TCRee chain and the 
A joint in the TCR chain. (ram Mak and Saunders 2006, wth peis- 
sion am Ever) 
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‘At present there are many allelic variations in all 
four gene segments, C, D, J and V, for each of the a, 
B, yand 8 TCR chains, totalling over 200 genes, There 
are many thousands of possible combinations of the 
V, J and C genes, which increases the diversity of 
TCRaB-binding capacity enormously. A single V gene 
encodes a sequence in the TCR, a ‘complementarity 
determining region’ (CDR) (Fig. 7-26), which binds 
to that region on the antigenic protein corresponding 
to the peptide-MHC complex that hinds to the TCR. 
This region of the antigenic protein is known as an 
epitope. Each protein may contain several epitopes 
that interact with different TCRs and produce different 
responses in vivo (similar epitopes exist for CDRs on 
antibodies; see below). Some epitope may even induce 
anergy in a specific clone of T cells. TCR gene laci to 
a wide range of antigens from many species can be 
identified using the database programs, 
Immunization with a multideterminant antigen 
(ie. an antigen that has several epitopes, which 
accounts for most protein antigens) will therefore lead 
toa polyclonal T-cell response in which several T-cell 
clones are variably activated by each determinant 
depending on its immunogenicity. Usually one of two 
epitopes on a molecule are immunodominant. 


FIGURE 7-27 Structures of TORU and TCRY®. Crystal 
structures showing the carbon backbone of TCRap. and 
TORS proteins; TCRa and 6 chains are ight orey, TCR 
and chains are dark grey. Fr the e and & chains, CDR 
is dark blue, CD2 is magenta and CORS is green. For the 
and 7 chains CORI is turquoise, CDR2is pink, CDRS is 
Yellow and V4 is orange. (From Mak and Saunders 2006, 
wh permission rom Eisevie) 
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Epitope mapping of proteins is therefore possible. 
It has been shown that only about 30% of most pro- 
teins contain sequences that are recognized by Iym- 
phocytes. For certain autoantigens, such as retinal S 
antigen (implicated in the pathogenesis of uveitis, see 
below), various parts of the molecule have been 
mapped as regions which bind antibody, regions 
which are immunogenic (stimulates T cells in vitro) 
and regions which are pathogenic in vive (induces 
autoimmune wveoretinitis in experimental animals) 
(peptide band on amino acids from 280 to 364). These 
sites are different from the thodopsin-binding sites on 
S antigen, also known as arrestin (Fig. 7-28), and may 
represent cryptic epitopes, ie. epitopes that are 
revealed only when the molecule is partly degraded. 
Conversely, preferential usage of certain clones of 
T cells with particular Ver and/or VB sequences is 
recognized in certain diseases, such as rheumatoid 
arthritis and multiple sclerosis, and has also been 
described in non-infectious uveitis in humans, where 
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the Cauto)antigen is suspected but not known. Vari- 
cella zoster and Toxoplasma-specific Ver and VB TCRs 
have been identified in samples from patients with 
infectious uveitis, Thus, investigation of TCRsequences 
on these cells may provide clues to the nature of pos- 
sible autoantigens. 

Regulation of TCR gene expression is under the 
control of several ‘gene enhancers’ such as activating, 
transcription factor (ATF), cAMP-responsive element 
binding protein (CREB), T-cell factor (Tef-1) and lym- 
phoid enhancer factor (Lef-1) as well as specific tran- 
scription factors for each T-cell subset. For instance, 
GATA-3 regulates Th2 cells, while FoxP3 regulates 
‘Treg cells, Transcription factors specific for each T cell 
subset are shown in Figure 7-21 


‘The right time and the right place for T-cell activation 


One of the long-standing conundrums in Tecell acti- 
vation has been how to explain the logistics of the 
interaction between a T cell and an APC, As discussed. 


FIGURE 7-28 Rhodopsin-arrestin interaction: binding sites of arrestin (also known as S antigen) from peptide competition. In each case, 


‘molecule 8 ofthe unit call is shown in (a) ribbon drawing and (b) 


spacecfling model. The picture inthe centre represents the shodopsin 


structure in the ground state with the cytoplasmic loops in green and the retinal in purple. (From Pulvermiller et al. 2000, with permission 


‘rom the American Society for Biochemistry and Molecular Biology.) 


Binding of CD21 to C2d-tagged antigens allows the coreceptor to cluster with the antigen receptor coligation of the co-eceptor allows 
receptor-associated kinases to phosphorylate CD19 phosphorylated CD19 binds Sre-amily tyrosine kinases (e.g. Lyn) and Pl-kinase PY3-kinase 


Inates a signaling pathway involving the GEF protein Vav 


above, antigen tralfics either as soluble antigen in the 
lymph or cell-bound in dendritic cells to the second- 
ary lymphoid tissues (SLOs), usually the peripheral 
draining lymph node. In viva two-photon studies have 
shown that T cells entering the lymph node make 
repeated short interactions with several APCs, and 
when a T cell decides that one particular antigenic 
peptide is the specific antigen for that receptor (based 
on its affinity for binding, ie. how strongly it is 
hound), it engages in sustained contact (several hours 
to 2 days) until, when sufficiently activated (as deter- 
mined by expression of activation markers such as 
CD69), it detaches from the APC. Ifthis process takes 
place with the support af additional molecules which 
provide co-stimulation (co-stimulatory molecules), 
the T cell will undergo intense activation, proliferate 
(clonal expansion) and secrete cytokines. If there is no 
co-stimulation, then the T cell may proliferate some- 
what, but does not become active for effector function, 
but for tolerance (see p. 4411). Once the clone of T 
cells has expanded sufficiently, they will leave (egress) 
the lymph node essentially en masse under the cantrol 
ofa specific receptor ligand interaction (sphingosine-1 
receptor) to enter the bloodstream, As more cell- 
associated antigen arrives from the tissues to activate 
further clones of T-cells, T-cell egress from the lymph. 
node occurs in waves. As indicated above (see 
p. 414), unactivated passenger naive T cells and pos- 
sibly ‘olerized! T cells pass through the lymph node 
via the efferent lymphatics to the next node in the 
chain and on to the thoracic duct and the spleen. 
Grculating activated effector T cells make the 
rounds many hundreds of times before entering the 
site of tissue inflammation since the blood vessels at 
these sites need to be ‘softened up’, ie, start to express 
appropriate adhesion molecules and chemokines. 
Once the T cells enter the tissues, they are probably 
further activated by engaging with antigen, or they 
may simply continue on their proliferative pro- 
gramme, secrete cytokines, kill infected cells via 
MHC class 1 mechanisms (Te cells, Th killer cells), 
and recruit inflammatory monocytes/macrophages 
(ML-like) to clear infected tissues (macrophages), and 
later alternatively activated macrophages (M2-like) to 
® restore tissue integrity (see eFig. 7-1), 
Later, T cells entering the tissues have been pro- 
grammed as Tregs and probably function in situ to 
promote resolution of the inflammation but it is also 
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likely that Treg activity in the lymph node is equally 
important by preventing furtheractivation/proliferation 
of T cells, This question has not been completely 
answered as yet nor has the question of whether 
antigen needs to be completely cleared from the 
tissues before inflammation can subside, and how this 
plays out probably determines whether the inflamma- 
tion persists as chronic disease or whether the infec 
tion becomes ‘latent’ (ie. ignored by the immune 
system). 


What are y6T cells and what is their role? 


4B T cells are T cells which express yand 8 IgG family 
chains, almost identical to o/ chains of conventional 
T cells, but they have very limited diversity and rec 
ognize a broad range of antigens including self- and 
non-self-antigens such as heat-shock proteins and 
lipid antigens; they are, in essence, innate immune 
cells, becoming involved very early in the inflamma- 
tory process. Thus, they populate sites of pathogen 
entry such as the skin (first line of defence) but also 
Circulate in the blood and respond to ‘stress’ induced 
by pathogens or endogenous stimuli (DAMPs). 8 T 
cells do not require classical MHC molecules to rec- 
ognize antigen but they can respond to unprocessed. 
peptide and other antigens. 78 T cells expand 2-10% 
in response to alkylamines derived from mictobes and. 
edible plants and may represent a link between innate 
and acquired immunity. 

‘78 T cells are also implicated in autoimmunity; they 
appear to recognize heat-shock proteins (proteins 
expressed in ‘stressed cells’ and highly conserved 
actos species), which have been suggested to play a 
role in autoimmune diseases such as rheumatoid 
arthritis and uveitis associated with Behcet's disease. 
76 T cells have been reported to be essential in the 
induction of experimental autoimmune diabetes and 
are early participants in models of autoimmune uveitis, 
High levels of 78 T cells have also been cultured from 
the vitreous in a case of sympathetic ophthalmia, 
Interestingly, as part of the immune response to 
tumours, 76 T cells have been associated with better 
survival from choroidal malignant melanoma 


Superantigens 


Some diseases induced by organisms are so rapid in 
their onset and catastrophic in their manifestations 
that its difficult to explain their pathogenesis in terms 


first view it is the same approach we have considered 
above (experiment with aether toroidal rings). But 
proposals by Prof. Mallett differ in principle from the 
aether conception. 


‘The main aspect of this technology is a creation of 
autonomous (self-closed) toroidal space-time. 
Autonomous geodesic world line of this space-time is 
self-closed. Any photon should be circulating in this 
system due to its properties: photon is always moving 
along the straight line of the space. 


‘More deep understanding of this technology follows from 
the explanation of photon as oscillation of aether. Any 
photon can be considered as result of relative motion of 
the matter (observer) in absolute space (immovable 
aether). Usually a photon is considered as moving object 
in space. But we can assume that observer is in the 
motion and the photon is oscillations of the absolute 
space (immovable aether). Which approach is more real 
one? Sure, it is more easy to consider a photon as moving 
object but let’s remember fact of our real motion in the 
Universe and fact of the Universe expansion. 


So, ideas by Prof. Mallett are very far from the aether 
nature of the time phenomenon. He follows the black 
holes theory and general understanding of space-time 
distortion due to mass or energy presence. Also he 
knows that a light beam should be closed in a ring. 
However Prof. Mallett is very far from physical basis of 
the effects. The key of time rate control is technology 
of artificial aether flow, creation of aether vortex 
systems (AVS), management on density and direction 
of aether flow. There are several technical methods to 
produce it. Any light beam should be curved in self- 
closed ‘light ring’ ifit is placed in a toroidal aether vortex 
and we can say that this system has own space-time 


‘What does “some changes of time course” mean? We 
can measure it as some changes of standard rate of 
oscillation process, for example, some stable wavelength 
of laser beam or quartz oscillations. There is a well- 
kmown experiment with two atomic clocks (one of the 
clocks is placed on the roof of some building and another 
one is placed on surface of planet). Due to vertical 
component of gravity the time course should be different 
and it can be measured. How can we organize difference 
in these measurements if both atomic clocks are placed 
in the same altitude? 


It is necessary to consider gravity nature in frames of 
the aether conception. Two atomic clocks demonstrate 
difference in measurements due to difference in aether 
flow density. Hence, by means of aetherodynamics 
methods it is possible to control the rate of oscillation 
processes in the atomic clocks and in any matter (i.e. 
time course itself). 


‘The aetherodynamics methods have a clear analogy with 
electrodynamics: motion of charge produce field and 
there is the induction law. Really, classical 
electrodynamics can be considered as particular case 
of the aetherodynamics. So, physical sense of any field 
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is stress or deformation (it is some static field) or 
oscillations of aether. 


Let's introduce the notion of chronal (temporal) charge 
to consider some technical aspects. In electrodynamics 
we assume an electric charge as element of matter with 
positive or negative electric properties and we have to 
compare it with some reference (zero charge or test 
charge). Let's note that in any case we have to consider 
"charge of some particle" but not an “abstract charge” 

So, we can postulate that any element of matter has zero 
chronal charge if it is moving from Past in Future with 
standard (usual for measurements of surface of our 
planet) time course. If the time course (i.e. existence of 
some element of matter) is decelerated then it can be 
measured as decrease of standard oscillation frequency 
of the matter. Time course acceleration means some 
increase of standard oscillation frequency of the matter. 

Let's determine that in the first case it is negative chronal 
charge and in the second case it is some positive chronal 
charge. Atomic clock is one of possible methods to 
measure zero chronal charge or to find some relative 
positive or negative difference. 


It is predicted here that motion of chronal charge 
should produce a chronal field. Some provisional data 
was received by Frolov from simple experiments on the 
rotation of a heat source. Accelerated motion of chronal 
charge (changes of density of chronal current) should 
produce aethero-induction effect that is an analogy (or 
more general case) of Faraday's induction effect. This 
effect can be detected as secondary (induced) 
deceleration oftime course in nearest area of accelerated 
time matter. Another case is a secondary (induced) 
acceleration of time course in the nearest area of 
decelerated time matter. 


‘Technical realization of aethero-induction method seems 
to be very close to idea, which is described in classical 
epic "Back to the Future". At first, it is necessary to create 
or to collect some chronal charge in a "flux condenser’ 
and then to accelerate it in space up to some velocity. 
According to the aether conception, this creation of the 
chronal charge is a real technical process 


It is assumed that estimated chronal effects are 
demonstrated as some threshold field, ie. space-time 
has some stable discrete energy levels and changes of 
its curvature should have discrete threshold mode. All 
new aspects disclosed in this paper are the subject of a 
patent process. Faraday Labs Ltd organizes 
experimental program onthe topic. Practical application 
of this technology is new energy systems and propulsion 
methods. 
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of an adequate innate or acquired immune response. 
Examples include the toxic shock syndrome, menin- 
gococcal meningitis and leptospirosis, These disorders 
are caused by superantigens derived from bacteria 
Gtaphylococci, streptococci, mycobacteria, Clostridia 
and many other organisms release superantigens), 
viruses (e.g. rabies and ebola viruses) and retroviruses 
(eg. mouse mammary tumour virus and human 
immunodeficiency virus). Superantigens are generated. 
by genetic elements known as ‘pathogenicity islands’, 
which are phage-related (a phage =a parasitic virus for 
bacteria which uses the bacteria’ metabolic machinery 
to replicate) genes (phage-related chromosomal 
islands, PCRIs) which they use for rapid transduction, 

Staphylococcal enterotoxins (SE) are a good 
example of superantigens and are the commonest 
cause of food poisoning. There are more than 20 SEs, 
SEA-SEE. They have to bind to the MHC class I 
antigen to be presented to the T cell but they can bind 
many polymorphic MHC class Il molecules. Superan- 
tigens do not require processing by APCs because they 
activate the T cell by binding to the side of the TCR 
Bichain. They are, therefore, quite promiscuous in that 
they can polyclonally activate several species of T cell. 
In superantigen infection, about 10% of the T cells are 
activated, whereas in immune responses to regular 
antigens a very restricted set of T cells are activated. 
Indeed, few antigen-specific T cells can be detected 
either in the circulation or even in the lesion, The 
result is the very rapid production of cytokines from. 
activated T cells as well as T-cell-induced macro- 
phages, causing a ‘cytokine storm’ 

Polyclonal activation in superantigen infection may 
involve autoreactive T cells and thereby initiate an 
autoimmune disease, which may persist even if recov- 
ery from the infection occurs. Studies of preferential 
VB TCR gene usage by lymphocytes infiltrating the 
tissues may shed light on the nature of the autoanti- 
gens in conditions such as uveitis and rheumatoid 
arthritis and help to identify sequence similarities 
between autoantigens and superantigens, 


‘Antigens can be presented by other MHC 
‘and MHC-like molecules 

[Antigens presented through the canonical MHC class 
and IL routes are exclusively small peptides. However, 
it is well known that other molecules such as sugars 


and lipids can evoke T-cell and antibody responses. 
MHC class tb molecules include human leucocyte 
antigen (HLA) -E, -F -G and in the mouse molecules 
such as Qa-1, Althongh these molecules have some 
diversity, the range of peptides they can present is 
restricted, e.g, Qa-I presents only a small set of micro- 
bial peptides, while HLA-G is involved in matemnofetal 
antigen presentation, 

The MHC-like molecule CDI, which does not 
contain an @y-microglobulin protein, has a highly 
hydrophobic groove with two deep pockets that neatly 
binds the fatty acid chains of glycolipid antigens while 
the sugar moieties bind the TCR (Fig, 7-29). Recent 
studies suggest that both innate and adaptive immu- 
nity may be involved in age-related macular degenera- 
tion (AMD) and that modification of self-antigens by 
products of lipid peroxidation such as carhoxyethyl- 
pyrrole (CEP) may act as autoantigens in causing, 
disease. Lipidated antigens may be presented via CDI 
molecules; for instance, CDId binds NK T cells via 
aGal-ceramide, while CD1c binds 9 T cells via an 
unknown antigen, 


CO-STIMULATION: PRESENTATION OF ANTIGEN 
REQUIRES ‘HELP' FROM OTHER MOLECULES 


As discussed in the previous sections, MHC: peptide 
complexes act as ligands for binding to the TCR. The 
outcome of ligand binding is dependent on several 
factors: in particular, the cytokine milieu decides 
which type of T cell is induced (see Figs 7-2, 7-22 and 
7-23). The cytokine milieu is itself dependent on 
whether the antigen is presented by an APC which has 
been activated by a DAMP (see p. 389). For instance, 
activation of a TLR or NALP3 with consequent induc- 
tion of the inflammasome will release pro-inflammatory 
cytokines such as IL-1, 1L-12, 1L-23 and TNF-ct, all 
of which provide a suitable environment for activation 
ofa Thl or ThI7 CD4* T cell; in contrast, if IL-10 or 
TGF-B are released, then Tregs are more likely to be 
induced. In both cases the TCR is triggered but differ 
ent transcriptional pathways are induced. Activation 
of Thl or Th17 cells via the TCR not only requires the 
appropriate cytokine milieu but also requires several 
TCRs to be simultaneously engaged in a membrane 
structure known as the immunological synapse. This 
comprises the aggregated TCRs as well as several sur 
rounding co-stimulatory molecules, In contrast, less is 
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FIGURE 7-29 Lipid antigen presentation by CD1 molecule. (A) Structures of iid antigens presented by CD1 molecules. The recise structure 
of the CD's antigen is unknown. (B) Sorting of mycobacterial pid. At the bottom let ofthe figure a mycobacterium has been phagocytosed 
and degraded. The mycobacterial lipids are sorted by structure into different endosomal compartments where they are loaded on to diferent 
(CD molecules for presentation to T cells. (From Mak and Saunders 2006, wih permission rom Esevi.) 


known about induction of Tregs, or even engagement 
of naive T cells to induce anergy (ie. non- 
responsiveness), but several 'co-inhibitory’ molecules 
have now been discovered. 


Co-stimulatory molecules 
Activation of the T cell is achieved by the clustering 
of several ligand-receptor pairs between it and the 
APC. Clustering of these ligands at the point of contact, 


between the cells helps to strengthen and prolong the 
contact between the cells and thus facilitate the pres- 
entation of peptide to the TCR (Fig, 7-30), Mobiliza- 
tion of the various sets of molecules to the site of 
TCR-pMHC interaction occurs within localized mem- 
branous patches (lipid rafts, see Ch. 4, pp. 161-162) 
and the various ligand-receptor pairs participate in 
the formation of the immunological synapse (Fig 

10), Some of the molecules involved either in T-cell 
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FIGURE 7-30 The immunological synapse, This term has been used to describe the binding between the T cell and the antigen-presenting cell, 
because of its structural similarity to the neurological synapse. There isa centre containing the ligand receptor pair (MHC peptide-TCR) sur- 
Tounded by a ring of adhesion and other accessory molecules which are progressively recruited tothe synapse as inital non-T-cel activating 
binding is converted toa firm prolonged contact necessary to activate the T cel (A) A side and enhanced view of the synapse. (B) An en face 
view, Over a period of about 8 min, many TCRS are recruited tothe centre ofthe synapse wile further adhesion and accessory molecules firm 
up the outer ring. The synapse is generated in a membrane iid raft (see text) (From Marv and Groves, 2010) 


co-stimulation or co-inhibition including adhesion 
molectiles such as ICAM-I/LFA-I (see Table 7.3), co 
stimulatory molecular pairs such as CD40-CD40L, 
ICOS-ICSOL and CD80-CD28, as well as inhibitory 
molecular pairs such as PDI-PDLL, and CD28-CTLA4 
(reviewed by Chen et.al, 2013), 

‘Two important ligand-receptor pairs during CD4* 
Tell activation (not shown in Fig. 7-3) are the 
B7-CD28 interaction and CD40:CD40__ ligand. 
(CD401). Interaction between these molecules is a 
prerequisite for T-cell activation and, indeed, in the 
absence of this ‘second signal’ presentation of peptide 
to the TCR is likely to lead to anergy rather than 
stimulation, B7 is a 45 kDa to 60 kDa cell surface 
glycoprotein expressed on activated B cells, dendritic 
cells and macrophages, which binds to CD28, a 
44 kDa homodimeric molecule expressed constitu- 
tively on the T cell, and leads to the proliferation of, 
and IL-2 secretion by, T cells. B7 can also bind to a 
second receptor, cytotoxic Flymphocyte antigen 4 
(CTLA-4), which is slowly induced in T cells and is 
an inhibitory molecule with greater affinity for BT; as 
such this ligand pair is involved in downregulation of 
Tcell activation in the later stages of the response. 
CTLA+t is also expressed at high level in Tregs, thus 
mediating part of their suppressive function, 

CD40-CD4OL interactions are also very important 
in T-cell activation, and in reciprocal dendritic cell 
conditioning there is a two-way signalling interaction 
via this ligand pair, CD40 is present on APCs and can 
be upregulated. In addition, it is present on many 
non-APCs such as endothelial cells. CD40L is only 
present on activated T cells and even then tran- 
siently, so that the time of CD4OL expression in part 
regulates the overall duration of the immune response. 
CD40L and a further molecule, Lag} (CD23), may 
he involved in the concept of APC licensing’, in rela- 
tion to activation of cytotoxic T cells (see later, T-cell 
activation). 

Several other accessory molecules are involved in 
the Tcell/APC interaction leading to the immunologi- 
cal synapse to maximize the T-cel/APC contact. A 
vation of the T cell leads to the expression of integrin 
adhesion molecules on the cell surface, including 
LFA-1 and VLA-4 (@uB)) (see Table 7-3). Reciprocal 
expression on cells promotes binding, VLA also 
binds to extracellular matrix molecules, as does CD44 
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~ the hyaluronan receptor, Some molecules provide 
co-stimulation for specific T-cell activities, such as 
OX40 and ICOS, while others such as PDL-PDL1 are 
negative regulators of T-cell activation. 

The process of antigen presentation for the genera 
tion of an active immune response (immunity) there- 
fore involves multiple molecular interactions and 
requires co-stimulatory activity for induction of posi- 
tive adaptive immunity and co-inhibitory molecular 
interaction for downregulation and anergy induction, 
It is not clear, however, whether all of the above inter- 
actions are required to initiate T-cell clonal expansion 
or whether immunogenicity is a function not just of 
peptide/TCR specificity but also depends on which 
and how many of the accessory interactions are 
entrained. 


Getting the message across: cell signalling through 
the immunological synapse 


Cells activated through cell surface receptors alter cell 
function through second messenger systems in the 
cytoplasm. These are likewise linked to events in the 
nucleus that mediate protein transcription and ulti- 
mately to changes in cell function (see cell signalling, 
Ch. 4, p. 159). The immunological synapse (also 
known as the supramolecular activation complex, 
SMAC) provides this function for the T cell. The initial 
contact between the T cell and the APC mediated 
through reciprocal LFA-I and ICAM-I interactions 
and also probably by CD45, stabilized by the CD4 and 
CD8 molecules in the appropriate T cells, induces 
changes in the actin cytoskeleton that draw several 
molecules on both sides in lipid rafts into a stable 
adhesive complex (Fig, 7-31). 

The effect is dependent on the signalling molecule 
VAV. In the centre of the synapse lies the CD3/CD4 
(or CD8/CD45/TCR-pMHC complex surrounded by 
an inner ring composed of CD2-LFA-3 paired mole- 
calles, itself surrounded by an outer ring of ICAM- 
LFA-1 molecules linked to talin and thus to the 
cytoskeleton (Fig. 7-31), The TCR is linked to its 
second messenger system through a complex of trans- 
membrane dimeric proteins, the CD3 complex which 
links intracellularly to cytoplasmic vesicles via an 
adapter protein, linker for activation of T cells (LAT), 
and to x signal transduction complex, which belongs 
to a group of molecules known as immunoreceptor 
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FIGURE 7-31 Molecular details ofthe immunological synapses on the T-cell receptor side. The TCR linked tothe adhesion molecule LFA-t, 
the CD4 T-call-spectic anchoring molecule CD4, the accessory activation molecules C028 and CD45, activates the signaling machinery (VAV, 
ZAP-70, LOK, PKCO, and LAT) as well as the T-cell cytoskeletal motor (vinculin, Factn, et.) which sets the T cell on a cytokine secretion 
programme, and migration towards chemotactic stimuli The side view is shown in (A) and the en face view on the T cell in (B). (Qusin and 


Depa, 2011.) 


tyrosine-based activation motifs (ITAMs). The T-cell 
TTAM (known as p59") acts in conjunction with a 
second molecule (p56“*(LCK) as the major tyrosine 
phosphorylating mechanism in T cells, 

The four TCR-CD3 complexes may each initiate 
discrete signalling events, the summation of which 


produces an effective stimulus for T-cell activation 
(similar to events in neural cells; see Ch. 4). A 
progressive accumulation of signal thus develops 
through the sustained presentation of antigen medi- 
ated by recruitment of co-stimulatory and accessory 
molecules into the membrane surrounding the 


immunological synapse. In contrast, short-lived con- 
tacts between APCs and T cells may fail to initiate 
responses in the T cells and probably do not even 
involve the TCR. Downstream signalling from the 
Sre family of tyrosine kinases is another set of protein 
tyrosine kinases with docking sites that bind SH-2 
molecules. One of these is a protein known as 
ZAP-70 (associated with the & protein of CD3) (Fig 
7-31), which plays a major role in sustained TCR 
signalling, In fact, the interactions between the various 
signalling molecules through the TCR are a good 
example of how signalling networks function, 


Action of drugs on cell activation 
Certain immunosuppressive drugs, used clinically in 
transplantation and autoimmune diseases, are known. 
to act at various stages in T-cell activation. These 
include steroids, ciclosporin A, tacrolimus, rapamycin 
and mycophenolate mofetil. Ciclosporin, tacrolimus 
and mycophenolate mofeteil are particularly relevant 
to ophthalmology because they are used in a variety 
of conditions such as sight-threatening uveitis, severe 
scleritis and corneal graft rejection. 

Ciclosporin and tacrolimus specifically inhibit the 
transcription of the IL-2 gene in CD4 T cells by binding 
to intracellular proteins (immunophilins) that subse- 
quently bind a Ca*-regulated phosphatase, cal- 
cineurin, This enzyme is activated by Ca influs 
during T-cell activation and is required for assembly 
ofthe nuclear transcription factor (NF-AT) involved in 
IL-2 secretion, Ciclosporin may also act via induction 
of TGF- release, a cytokine involved both in Treg cell 
function and in induction of Th17 cells (see Fig, 7-2) 


-cell activation 


Until now we have considered only cellular interac- 
tions with antigens. However, the first evidence for the 
existence of an adaptive immune system came through. 
the discovery of antibodies, circulating proteins in the 
globulin fraction of the serum, Free antibodies are 
produced by plasma cells, the fully differentiated 
version of the B cell. B cells are derived from stem 
cell precursors in the bone marrow and are released 
into the circulation as CD45" slgM” CD19" CD20" 
MHC class II" immature cells which migrate to the 
B-cell follicle regions of the SLOs. B cells comprise 
5=10% of the circulating lymphocyte pool. B cells are 
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important not only as antibody producers but also as 
APCs in their own right 


ANTIGENS, B CELLS, AND T CELLS: 
WHICH DOES WHAT? 


‘Antigen recognition by B cells 


The rules governing the size of peptide antigen 
required to induce an immune response apply to T 
and B cells. However, most T cells are restricted in that 
they can respond only to peptides. B cells can also 
respond to carbohydrate and glycolipid antigens, pro- 
ducing Tindependent B-cell responses. This occurs 
for instance with blood group antigens. 

B-cell responses to peptide antigens require T-cell 
help, usually provided by cytokines such as IL-2, IL-4, 
IL-5 and IL-6 released from activated Th2 cells. B cells 
acquire antigen from specialized follicular dendritic 
cells (IDCs) which present antigen as immune com- 
plexes bound to Fe and C3 receptors generating an 
activated germinal centre B cell, This cell undergoes 
isotype switching (see pp. 396-398), somatic hyper- 
mutation and clonal expansion (proliferation) to 
produce memory B cells and long-lived plasma cells, 
each of which secretes a specific monoclonal antibody: 
B cells also present processed antigen on MHC class 
I molecules to T follicular helper cells which recipro- 
cally assist in the presentation of antigen to B cells by 
IDCs. This is mediated by co-stimulation via CD40— 
CD4OL interactions, This form of Tecell and B-cell 
recognition of the same peptide antigen is known as 
mature B-cell (plasma cell)-linked recognition, Other 
co-receptor molecules are involved in the formation 
of the contact site of the B-T-cell interface, e.g 
CD30:CD30L and B-lymphocyte stimulator (Bly5) 
and its receptor TAC] 

B cells arriving from the bone marrow to the sec- 
ondary lymphoid tissues traverse the T-cell area on 
their way to the B-cell follicles. However, if they meet, 
an antigen-specific Tih cell, they become trapped in 
the marginal T-cell zone and start proliferating and 
producing antibody (a primary lymphoid focus) 
Some of these B cells mature to antibody-producing 
plasma cells, which leave the T-cell area and return to 
the bloodstream and ultimately the bone marrow: In 
contrast, the majority enter the B-cell area where they 
form a B-cell follicle, and ultimately form the B-cell 
germinal centre, an antibody-producing mini-factory, 
where extensive isotype switching takes place. 
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The B cells then migrate to the medulla of the SLO, 
and out into the circulation where they home to the 
hone marrow and differentiate into mature antibody- 
secreting plasma cells, They may also populate sites of 
inflammation and develop into plasma cells, Three 
checkpoints exist therefore for B-cell expansion: the 
first is at the stage of T-cell help, regulated by CD40L; 
the second is at the stage of selection in the germinal 
centre by the follicular dendritic cell delivering anti- 
apoptosis signals, and the third is at the stage of migra- 
tion of the mature B cell (plasma cell) to bone marrow 
and tissues generally: However, most B cells remain in 
the follicle/germinal centre and secrete antibody 
directly into the bloodstream via the efferent lymphat- 
ics and thoracic duct. 


tigen-presenting cells 
Endocytosis of antigen via its slg receptor activates the 
B cell to process and present peptide fragments in 
association with MHC class I on its surface (see 
above). B cells are efficient APCs but can be activated 


to present antigen only via the slg receptor. Therefore, 
in this regard they act as memory cells, 

Although B cells are activated in an antigen-specific 
manner and their effector molecules (antibodies) are 
also antigen specific, they induce their effects in 
an antigen-non-specific way, predominantly via com- 
plement, B-cell responses are also greatly enhanced 
by activation of the B-cell co-receptor complex 
(CD19:CD21-CD81), CD21 is the receptor for com- 
plement component C3d, thus permitting antibody— 
antigen—complement interaction, 


B-CELL DIFFERENTIATION 


As indicated above, B cells are derived from stem cell 
precursors in the bone marrow (Fig, 7-52). Immature 
B cells home to the SLOs, However, if they do not 
encounter specific antigen, they undergo apoptosis 
and are removed within 3-4 days. In contrast, 
when activated, they develop into lymphoblasts and 
ultimately plasma cells (see above). Some activated 
cells develop into long-lived memory cells. 


STAGE OF Stem, eB __, immature __, Mato __. Activated ___Antbodsecaing 
MATURATION cal col Beal Boal Beat 
‘PATTERN OF ‘None ‘Membrane ‘Membrane Low rate High rate 
IMMUNOGLOBULIN ‘onl IM (ie OF A, IgM, Ig Ig secretion; Ig secretion, 
PRODUCTION hai) aay oh ‘eduoed 
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FIGURE 7-82 B-cell maturation. (Courtesy o A, Abbas) 


Pre-B cells lack membrane-bound IgM and imma- 
ture B cells may fail to respond to antigen despite the 
presence of slgM, owing to lack of accessory mole- 
cules. Anergy or tolerance may instead he induced 
under these conditions. Immature and mature B cells, 
express surface IgM and IgD, whereas activated B cells, 
express IgG afier heavy-chain isotype switching, At 
this stage most of the immunoglobulin is still mem- 
brane bound. After some rounds of activation, the cell 
switches to high secretion of antibody and becomes a 
plasma cell 


Antibody generation during B-cell ontogeny 


The immune system utilizes the same general mecha- 
nism to generate an almost infinite range of specific 
antibodies as it does for TCRs, via recombination of 
the heavy and light chains of the C (constant) regions, 
and somatic mutations in the V (variable) regions of 
the respective antibody and TCR molecules under 
control of the RAG genes (see p. 427). The genes 
encoding antibody structure are located on chromo- 
somes 14, 2 and 22 in humans (Fig, 7-33), 

In memory B cells particularly, somatic mutations 
that occur during progression of the B cell through 
isotype switching to the plasma cells permit the anti- 
body to be ‘shaped! to fit the antigen better. This is 
known as ‘affinity maturation’ of the B cell and its 
immunoglobulin molecules, a process that describes, 
the stronger affinity of antibodies for an antigen on 
repeated exposure (Fig, 7-34). Thus, antibodies pro- 
duced afier repeated exposure to the antigen have a 
much higher binding capacity for the antigen and are 
more effective in dealing with its removal, This is the 
basis of various immunization protocols. Isotype 
switching is under the control of cytokines and varies 
for different immunoglobulins; thns IL-4 induces 
switching to IgGl and IgE while IFN-y induces 
IgG3 and [gG2a and TGF-B induces IgG2b and IgA 
switching, 

Under normal bone marrow conditions of continmal 
cell proliferation and maturation, with unique muta 
tions being produced in each cell at each cell divi- 
sion, a very large range of possible permutations of 
antigen specificity is met within a short time but 
initially with low affinity: When the correct match. 
between a particular antigen and receptor occurs, 
antigen-specific clonal expansion ensues, However, 
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this happens only rarely; most cells expressing a 
particular slg do not meet the corresponding antigen 
and are eliminated. 


Somatic mutations occur in the CDR of the V genes 
Antigen-binding sites are located in the complemen- 
tarity determining regions (CDRs) of the V segments 

of the H and L chains (see eFig. 7-3, particularly in @ 
the hypervariable region). However, some overlapping 
binding to the conserved regions of these proteins may 
also occur. Mutations that increase the affinity of the 
antigen-antibody reaction occur in the hypervariable 
regions and become increasingly important with each 
exposure to the antigen (affinity maturation). Muta- 
tions occur in all three CDRs in both chains and may 
also accur in some intervening regions of the encoded 
sequence. Antibody diversity is therefore due to 
several factors (Box 7-14). 

Some microbial antigens (superantigens) have the 
ability to induce a polyclonal response in B cells in the 
absence of T cells, similar to T-cell superantigens (see 
p. 451). Superantigens hind to the majority of VH 
gene families, especially VH3" IgM. They also bind to 
conserved regions of the antibody outside the CDR at 
FR3 (framework region 3). Antibodies are very impor- 
tant to immunity and protection from microorgan- 
isms, especially for memory responses to viruses. In 
such situations the paracrystalline repeated structural 
epitopes on the virus surface may induce a B-cell 
response without T-cell help. 


Genetic control of antibody production 
In addition to the normal TATA boxes of V region 
Promoters, immunoglobulin genes contain regions 
modulated by trans-acting nuclear factors that regu- 
late the promotersand enhancers. Trans-acting nuclear 
factors are DNA-binding proteins, some of which are 
specific to B cells, Others occur in a number of cells 
that have to respond rapidly and quantitatively, e.g 
NE-XB (also involved in IL-2 transcription) and NF-AT 
(the target for ciclosporin and FK506). 


Immunological tolerance and autoimmunity 


Many diseases involve the immune system in the 
absence of clear evidence for a direct causation by a 


440 7 Immunatogy 


H chain locus (chromosome 16) 


Jemonigns, 


‘chain ous (chromosome 2) 


(n=~100) 
Livan yn 


te 


2. chain locus chromosome 22) 


(n==100) 
Ly oo wn kt 


54 44 FH ee 


FIGURE 7-33 The heavy (H) and light (L)chain genes ar located in the sequence in which they are transcribed. There are over 100 V genes, 
tach of around 300 basepairs in length and grouped in si ar seven families on the bass af > 80% homology, Each V gene is preceded by a 
leader sequence characteristic of secreted and transmembrane proteins. There are an unknown number of D genes and five or six J genes. 
The J and D genes cade for the C-terminal region ofthe V gene including the third complementariy-determining region (GDR) (see below). 
Each C gene is composed of several exons represented by the single box. The D, gene is the main genetic determinant of D-H-J diversity 
The amino acid composition ofthe IgH CD3 region isthe diving fore for selection. Hydropbilcaromatic amino acid groups are mare likely 
to be selected than hydrophobic groups. 

Recombination of the gene segments to generate 8 mature immunoglobulin is achieved by excision ofthe intervening DNA and tigation of 
the immunoglobulin genes. This Tooping out’ is faiitated by specific enzymes (recombinases) that act during the earliest stages of B-cell, 
‘maturation. Segments of ONA, 3° of each V gene and Sof each J gene in the non-coding intervening DNA of the light chain and similarly in 
the VDU genes af the heavy chain, are excised and re-annealed. Recombinases themselves are under genetic control va recombination activa 
tion genes (RAG genes) 

Recombination occurs in a precise sequence. V, genes join tothe DJ gene, at which point the cell js committed to becoming a B cll. The 
‘VDU sequence then binds to C, and a poly-AAA tll added, The L chain follows the same sequence and the expressed L chain then assembles 
withthe ‘only’ H chain in the endoplasmic reticulum. When this pre-B cell expresses the IgM on its cell surface, it becomes an immature 
B cell. 

The y chain regulates somatic rearrangement by allelic exclusion (activation af genes on one set of chramasomes suppresses activation 
of the ather chromosome) and by inating L chain rearrangement (the x chain is activated first If this is non-praductve, A chain genes are 
activated). (Courtesy ofA Abts.) 


foreign infective organism, In many of these diseases, 
antibodies and T-cell-mediated immune responses to 
'elf-antigens’ can be demonstrated and these disorders 
are considered to be ‘autoimmune diseases’. The notion. 
that immune responses to sell-antigens are unusual 
implies that immunological non-responsiveness to 


self-antigensis the normal situation; thisstate is known, 


as tolerance, Therefore, autoimmune diseases are con: 


sidered to be the result of a breakdown in the normal 
immunological machinery that permits tolerance to 
sell-antigens, resulting in pathology, i, actual tissue 
damage. The detection of B (antibodies) or T-cell 
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FIGURE 7-34 Abbas, AK. Flue 11-1 Cellular and Molecular immunology 


BOX 7-14 FACTORS CONTROLLING ANTIBODY 
DIVERSITY 


Multiple germline genes. 
Somatic combinatorial diversity 
‘Junctional diversity 
H and L chains contributing to the antibody 
combining site 

* Somatic mutations 

In the mouse ithas been estimated thatthe potential 
antibody repertoire due to recombination mechanisms is 
40-10" ((e. before antigen has initiated a response). 


responses in the absence of pathology is not sufficient 
for the diagnosis of autoimmune disease since these 
occur in normal individuals also and are a measure of 
normal regulated autoimmunity. 

Thus, in a broader sense, the immune system has 
evolved mechanisms that downregulate (switch off) 
the immune response after it has heen activated 
because it would clearly be autodestructive to have a 
continuing inflammatory response, The mechanisms 
that invoke tolerance and those that switch off immune 
responses may be the same, 


WHAT IS TOLERANCE? 


Tolerance may be defined as antigen-induced inhibi- 
tion of the development, growth, or differentiation of 
antigen-specific lymphocytes, i.e. adaptive immunity: 
Tolerance has the following, properties 
+ it is antigen-specific ~ individuals who are toler- 
ant to one antigen are not necessarily tolerant to 
all antigens or even a second antigen 
+ tolerance to autoantigen is acquired during 
development ~ immature lymphocytes develop 
tolerance more easily than adult ones 
+ maintenance of tolerance requires persistence 
of (autoantigen throughout the life of the 
individual 
+ tolerance to foreign antigens can be induced if 
the conditions are right 


SITES OF TOLERANCE INDUCTION 


Tolerance classically has been described to occur in 
two main ‘sites’ centrally in the thymmus (central tol- 
erance) and peripherally in the secondary lymphoid 
organs (SLOs) such as the spleen and the lymph 
nodes. According to the thymic deletion concept of 


investigated completely yet. It was found also that 
harmful effect on biological systems is not related to 
the process of movement in Time itself but is a result of 
the difference of the Time rate value in various parts of 
a body (a biological system). 


Inside of the laboratory setup it was also discovered 
that Time could be changed with some inertia. Areas 
of space having different Time rates have vague borders. 
With sufficient difference in Time rate the human can. 
see an area with a different Time rate as some white 
mist. Higher the difference ~ the mist is denser, that 
can be used as an alarm signal for biological systems. 
It is possible to consider Time-travel as possible and 
(after experiments with mice) there are reasons to 
suppose it will be safe for travelers if they follow certain 
mules. It is especially necessary to emphasize: the trips 
through Time (due to new discovered properties of Time) 
can't affect the Past and they can’t change our past 
history. All the so-called paradoxes for the traveler in 
‘Time (for example when “he meets himself in the Past” 
or “he kills his grandfather in his childhood” have clear 
solutions in 3-dimensional Time. 


It is possible to consider as a proven fact that Time has 
more than one dimension, ie. O. Bartini’s theoretical 
calculations are confirmed by these experiments: Time 
has 3 dimensions. Hence our Earth world can be 
considered as a 6-dimensional object: length, width, 
height, age or date of Time, variant of a History or 
erosion of Time, density or rate of Time. The concept of 
“the Arrow of Time” as fourth dimension (moment of 
Time) is a particular case of the concept of sixth 
dimension (rate of Time) that leads to the physical 
concepts of gravitation and energy and they are 
simultaneously connected. Concepts of the " Einstein- 
Rosen bridges” known since 1916 or “worm-holes” 


introduced into science by John Willer in the 50's, are 
travels in 5" and 6" dimensions, ie. the “classical” Time 
travels, which were described by H. Wells. 


Editor's: As the reader could note, the author does not 
disclosure the secrets of the TM design. From the photo 
you can see the electromagnets, which form the regular 
‘stereometrical construction as well as the cables from 
the TM to the control unit. Dr. Chernobrov mentioned 
the converging electromagnetic waves only. So, to 
understand how it works, it is necessary to get a clear 
notion of the converging electromagnetic waves. Let's 
imagine the ripple effect created by a stone in the water. 
The waves move from a central point to periphery. The 
converging waves are just an opposite process: the 
waves move from periphery to the central point. Is it 
possible in Nature? Yes, sure. Dr. Chernobrov wrote: 
“Let's throw a hoop on the water and inside of the hoop 
we'll see converging waves.” The Time Machine 
technology by Dr. Chernobrov is based on the similar 
principle. 


Time Machine Project 


Alexander V. Frolov 


Scientific Expert of the Russian Physical Society, 
General Director, Faraday Lab Ltd 
‘Tol/fax: 7-812-380-6564 Tel: 7-921-983-2501, 
Email: director@faraday.u alex@frolov.spb.ru 


‘May 29, 2002 


Faraday Labs Ltd and Dr. Vadim Chernobrov have 
signed the agreement on scientific-research work on 
investigation of active properties of time. 


In the course of the previous experimental works, 
carried out by Dr. Chernobrov's research team during 
the period from 1984-2002, four versions of Time 
‘Machine had been made and tested. At these devices 
(the biggest system is about 1 meter in diameter) the 
effects of deceleration and acceleration of time course 
were created and measured. The principles of control 
of time course velocity were based on the 
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‘Alexander V. Frolov, General Director Faraday Labs Ltd and Pb. 
Dr. Vadim A. Chernobrov have just signed the Contract, 


interconnection of electromagnetic processes and 
physical properties of space-time. Special 
electromagnets, operating in pulse mode, are placed at 
the spherical frame. They create the so-called 
“converging wave", which by Alexander Frolov is a 
Jongitudinal wave in nature. 
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Burnett (see below), most of the autoreactive T cells 
which would be generated by random re-arrangements 
of the TCR permitting reactivity to sell-antigens by 
chance, are deleted as part of central tolerance. 
However this is not a fail-safe mechanism and some 
autoreactive T cells ‘escape’ to the periphery where 
they are also deleted, anergized or regulated (see 
below): this is peripheral tolerance. 

Recently, as an extension of Matzingers concept 
that the organism does not truly distinguish hetween 
self- and non-self-antigens but between immunogenic 
and non-immunogenic antigens (the Danger hypoth- 
esis, see p, 389) and that sell-antigens themselves can. 
become ‘dangerous’ under appropriate conditions, the 
notion has arisen that the immune response may be 
modified by the tissues and the ‘self antigens (or cells, 
and mediators) they contain (tisste-based tolerance) 

Additional content available at https-/lexpertconsult 

@ inking. conv. 

Thus, immune responses to the same antigen or 
microorganism may differ depending on the tissues: 
this in fact is not a new concept but an elaboration of 
the notion of immune privilege (see below), which is 
particularly well expressed in the eye and the brain 
and is a means whereby ocular and brain tissues 
modify (downregulate/dampen) immune and inflam- 
matory responses generally 

‘The same cellular mechanisms are utilized to induce 
central, peripheral and tissue-based tolerance. 


MECHANISMS OF TOLERANCE INDUCTION 


Tolerance (better described as immunological non- 
responsiveness, although this is rather unwieldy) 
is considered under various forms, e.g. neonatal 
versus adult, central versus peripheral, innate versus 
acquired, etc. In fact, tolerance is always acquired; 
the differences arise when the acquisition of tolerance 
occurs in the thymus during development (central) 
or in the peripheral lymphoid tissues during adult- 
hood (peripheral) 

Several mechanisms of tolerance have been 
suggested. 


Clonal deletion 


This mechanism was originally proposed by Burnett 
to explain the antigen-induced destruction of self- 
reactive lymphocytes that occurs in the thymus during, 


development (negative selection) in relation to tissue- 
specific antigens expressed in the thymus under the 
control of genes such as Aire. This is a form of 
activation-induced cell death (AICD) that is a charac- 
teristic of peripheral tolerance as well as central 
tolerance. 

Ithas been postulated that removal of all antoreac- 
tive cells occurs in the thymus, both for the large pool 
of thymic antigens and for tissue-specific antigens, 
which are transported to the thymus on circulating, 
dendritic cells, This has been shown for certain brain 
(myelin basic protein) and retinal (interphotoreceptor 
binding protein and retinal S antigen) proteins under 
the control of Aire expressed in thymic medullary 
epithelial cells (Fig. 7-17). 

However, this mechanism does not account for the 
induction of tolerance to all tissue-specific (non- 
thymic) antigens, and peripheral tolerance mecha- 
nisms are also necessary, some of which also include 
some level of T-cell deletion. 


anergy 


Anergy describes T- and B-cell non-responsiveness to 
specific antigens but in cells with the capability to 
respond to non-specific mitogenic stimuli, ie. the 
cells are in a sort of ‘suspended animation’. Anergy 
in lymphocytes is thought to arise via lack of co- 
stimulation required for antigen presentation to Thl/ 
‘ThY/THI7 cells (the B7-CD28 and the CD40;CD40L. 
interactions are considered particularly important, 
see pp. 432-434) and has been proposed to account 
for the non-responsiveness of lymphocytes to periph- 
eral autoantigens. It is therefore considered to be a 
major mechanism of tolerance induction in the adult 

However, itis likely that clonal deletion and anergy 
involve the same processes, Thymic education of lym- 
phocytes involves a discrete series of events in arming, 
the T cell to develop towards a CD4* or a CD" phe- 
notype (see Fig. 7-17) and antigen specificity: Each of 
these steps requires more than one signal and, at any 
point, lack of a particular signal might induce anergy 
If anergy persists, the cell is driven down a pathway 
towards apoptosis (i.e. deletion). Similar mechanisms 
exist in the bone marrow and in the germinal centres 
of lymph nodes and spleen, Apoptotic B cells are 
removed from germinal centres by the well-recognized 
‘tingible body’ macrophages, 


‘Matzinger has suggested a thitd mechanism for immu- 
nological tolerance. In addition to the wo canonical 
mechanisms of central (thymic) and peripheral tolerance, 
she has suggested that the immune response is modu- 
lated by the tissue in which the reaction takes place 
Thus, for instance, certain tissues constitutively secrete 
‘mediators which influence the nature (eg, Thl vs Th2), 
the strength (a cytokine stort oF a chronic low-level 
inlammation), or even the outcome (complete healing 
‘of the tissue with resolution of the inflammation or per- 
manent tissue damage with continued dysfunction) 
For instance, mediators such as immunosuppressive 
cytokines, TGF-B and vasoactive intestinal peptide (VIP) 
are common to both the eye and the gut. The ocular 
cells also secrete ct melanocyte stimulating hormone 
(GSH), while the gut produces thymic stromal lym 
phopoietin CTSLP), which ultimately promotes IgA pro- 
duction. IgA is the immunoglobulin generated by 
‘mucosal tissue 10 provide mucosal immunity. Matzinger 
(2011) has gone as far as to suggest that the tissues are 
“incontrof ofthe immune response (see Further reading) 


7 Immunology 442.€1 


‘Thus the same mechanisms for removal of autore~ 
active cells, involving anergy and cell death, probably 
occur in the periphery and the central lymphoid 
tissues, although there is a fine balance between dele- 
tion and anergy in the induction af tolerance 


Active suppression by specific lymphocytes: 
‘T-regulatory cells 

Experimental studies in animals have shown that toler- 
ance, which can be induced to autoantigens and foreign 
antigens alike using specific techniques (see below), 
can be adoptively transferred via an infusion of ‘toler- 
ized’ Iymphocytesto naive animals that have not previ- 
ously been exposed to the antigen, This suggested that 
tolerance is mediated by cells that inhibit or regulate 
the immune response, probably at the level of antigen 
presentation (‘suppressor or regulatory cells’). Such 
regulatory cells have been difficult to identify, mainly 
because of their lack of responsiveness to specific 
antigen in vitro (anergy). However, seminal work by 
Sakaguchi in Japan showed that depleting mice of a 
subset of CD4" T cells expressing high levels of the IL-2 
receptor (CD25) lead to the development of spontane- 
ous autoimmnne disease with severe pathology par- 
ticularly affecting the bowel (inflammatory bowel 
disease). These cells, known as T regulatory cells 
(regs, see p. 380), are defined by the transcription 
factor FoxP3 (see Figs 7-2, 7-21 and 7-22), and are 
required for prevention of autoimmune disease in 
humans as well as mice, Tregs are decreased in various 
forms of ocular inflammation such as Vogt—Kayanagi— 
Harada (VKH) disease. Other Tregs have also been 
discovered and the important mediators of immune 
suppression are inhibitory cytokines, Such cellsinclude 
1L-10-producing Trl cells, the TGF-B-producing Th3 
cells, CD8* suppressor T cells which mediate their 
action through macrophages and NKT cells, B regula 
tory cells, and 78 T cells, tis not clear how Tregs induce 
the suppression of T effector cells but the effect is 
helieved to be via dendritic cells and not directly 
through Treg:T effector interactions (Fig. 7-35) 


T-CELL TOLERANCE IS DIFFERENT 

FROM B-CELL TOLERANCE 

The Th cell is the critical control element for adap- 
tive immune responses. Therefore inhibition of Th. 
responses should lead to inhibition of all self-reactivity 
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FIGURE 7-35 Mode of action of regulatory cll 


T cells can be rendered unresponsive by very low doses 
of antigen, while B cells usually require larger doses 
Most self-antigen T-cell tolerance is induced in the 
thymus by clonal anergy/deletion and is therefore 
antigen-specific and MHC restricted. In addition, 
naturalhymic (nTregs, tTregs, both terms used recip- 
rocally) are generated in the thymusand released to the 
periphery: In the periphery, Tregs constitute the main 
regulator of autoimmunity (see above) and include 
both natural / thymic (wt) Tregs and antigen-specific 
induced (iTregs) derived from naive T cells during the 
progression of all adaptive immune responses (i.e. to 
both foreign and auta-antigens). Anergic T cells and 
‘Tregs may also be induced by presentation of antigen 
by aberrantly expressed MHC class I antigen on 
parenchymal cells in the absence of co-stimulation. 
B-cell tolerance occurs particularly to antigens that 
are “T-independent’. This includes carbohydrate and 
glycolipid antigens such as the ARO blood groups, and 
thus has direct clinical relevance, Tolerance is induced 
by anergy/deletion of antigen-specific B cells in the 
marrow by mechanisms similar to those described 
for T cells in the thymus. Studies using transgenic 
mice in which genes for neoantigens and the corre- 
sponding antibody were inserted into the genome 
have elegantly demonstrated that B-cell anergy in the 
marrow occurs by maturation arrest and failure of 
these autoreactive B cells to enter the peripheral lym- 
phoid organs, After some time these cells underwent 


444 7 Immunology 


apoptosis (ie. were deleted), Interestingly, some of 
these B cells could render the autoantigen non-anergy- 
inducing by switching the W/A chain. B cells that had 
undergone ‘receptor editing’ of this nature appeared in 
the periphery (i.e, were not deleted) 


FAILED TOLERANCE 


A failure to develop or maintain tolerance to autoan- 
tigens leads to the development of autoimmune 
disease. To some degree, tolerance is incomplete and. 
‘natural autoimmunity’ to autoantigens is the norm, 
This has been shown for most autoantigens including, 
several ocular/retinal antigens. However, there are 
immunological mechanisms in place that inhibit 
excessive expression of natural autoimmunity. 


‘Autoimmune disease is the dysfunction or damage of 
tissue caused by immune responses to autoantigens 
‘Autoimmune diseases take many forms, from organ 
and even cell-specific antibody-mediated diseases such 
as myasthenia gravis (where the antigens are located 
at the nettromuscular junction) to widespread systemic 
diseases such as systemic lupus erythematosus, where 
the antigen is distributed in all tissues (DNA). 

Tissue damage in antoimmune disease can be 
induced by any of the accepted forms of immuno- 
pathological mechanisms (types I-IV; Table 7 
However, as for most immune mechanisms, sutoim- 
mune diseases are usually initiated by CD4" T cells. 
Several mechanisms have been proposed to account 
for this process: 

+ Molecular mimicry between foreign and autoan- 
tigen sequence homologies — as might be 
expected with the wide range of antigenic pep- 
tides occurring in infective organisms — occur 
with predictable frequency, Processing of foreign 
antigenic peptide might thus lead to activation 
of autoreactive T cells if the foreign antigen is 
‘mistaken’ for self. This has heen shown for 
several retinal antigens that have amino acid 
sequences similar to bacterial and viral antigens, 
including Gram-negative bacteria such as 
Escherichia coli and parasites such as Onchocerca, 
which causes endemic blindness in. certain 
regions of Africa Criver blindness’. 

+ Bystander activation ~ the initiation of autoim- 
mune disease may also occur by bystander acti- 


vation, forinstance duringinfection. Upregulation 
of co-stimulatory molecules on APCs in the lym- 
pphoid tissues in the vicinity of anengized but not 
deleted autoreactive T and/or B cells may lead to 
autoimmune disease. Anergy may require expres- 
sion of CTLA-4, which, ifabsent, may also allow 
sell-autoreactivity. 

+ Failure of Treg activity — tolerance is mediated 
by Tregs (see above) that homeostatically inhibit 
autoreactive T cells, possibly by direct cell 
contact or release of cytokine, Tregs constitute a 
major proportion of circulating CD4* T cells 
Reduced Treg activity isa feature of most autoim- 
mune diseases. 

+ Failure of deletion (activation induced  self- 
death) ~ T-cell deletion and apoptosis is medi- 
ated by cell surface molecules such as Fas-Fasl. 
and TNF-receptor apoptosis inducing. ligand 
(TRAIL) ~ death receptor (DR4/DR5), Failure of 
the apoptotic machinery might lead to autoim- 
‘munity. TRAIL and Fas have both been shown 
to play a role in immune privilege 

+ Polyclonal B-cell activation ~ certain compounds 
such as endotoxin and bacterial glycolipids can 
activate B cells directly, either to produce cyto- 
toxic antibody or to act as APCs and thus present 
autoantigen to responding T cells. 

+ Superantigen — simultaneous activation of several 
subsets of T cell by superantigens, which do not 
require processing because they link the T cell 
and MHC antigen directly, may also lead to acti- 
vation of autoreactive T cells. Preferential usage 
of certain TCRs by superantigens may enhance 
the risk of autoimmune responses. 


Parasitic infections persist by giving false signals to 
the immune system 

Diseases caused by parasites are of major medical and. 
economic importance worldwide. Parasites invade the 
tissues and enter into a symbiotic relationship, some- 
times within the cytoplasm of the cell, particularly 
macrophages. Extracellular parasitic infections are 
even more frequent, such as those involving nema- 
todes, Examples include filariasis, schistosomiasis and. 
toxocariasis, the first and last of which can infect the 
eye. Ocular toxocariasis causes blindness in children, 


presenting as one cause of the white (cat's eye) pupil- 
lary reflex 

Parasites present the immune system with enor 
‘mous problems, partly because they go through a life 
cycle in which they present different antigens at dif- 
ferent times; the host therefore has difficulty in gen- 
erating an adequate response and may enter a chronic 
state of inflammation. The parasite achieves this by 
manipulating, evading or diverting the immune 
system. Although initially a Thi response may be 
induced after infection by the parasite, the response is 
later diverted to become Th2-mecliated with secretion 
of IL-2, IL-4 and IL-10. Several explanations have 
been proposed for this change, including defects in 
the presentation of parasite antigen, inappropriate 
production of regulatory cytokines such as IL-L0 and. 
IL-1, or the induction of a form of tolerance via 
prolonged binding of the antigen to the TCR, However, 
rather than being an anergic or impaired type of 
immune response, the switch from Thl to Th2 may 
be quite pronounced, In some respects it is similar to 
the response in allergic disease because the Thl/Th2 
immune response system becomes similarly dysregu- 
lated and can lead to excessive mast cell infiltration 
and eosinophilia, particularly with helminth infesta- 
tions, Cytokines play a significant role in protection 
from parasites. In many infections, induction of a 
strong INF-y-mediated Th response through APC 
production of 1L-12, 1L-23 and IL-27 eliminates most 
of the parasites, This occurs in primary toxoplasmic 
infections, but some parasites escape detection inside 
circulating monocytes, which then ‘hide’ in sites of 
immune privilege such as the eye, brain and liver. 

‘The parasite thus remains undetected until it kills 
its host cell, and the newly exposed antigens are 
released into the tissuesto induce an immune response. 
Toxoplasmic retinochoroiditis is thought to occur by 
this mechanism. This condition isa relatively common. 
cause of posterior uveitis, characterized by one or 
‘more large chorioretinal scars that undergo spontane- 
ous reactivation, producing recurrent attacks of uveitis, 
as the organisms spread. 


Allergy and immediate hypersensitivity 


The immune system’ attempts to rid itself of harmful 
foreign elements can sometimes be so exaggerated or 
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inappropriate that the host is damaged in the process 
Such a situation arises in type I hypersensitivity (see 
‘Table 7-7) involving IgE responses to foreign antigens 
(allergens), thereby cansing allergy. However, not all 
allergic responses are IgE mediated. 


ATOPY, ASTHMA AND ALLERGIC EYE DISEASE 


Allergic reactions are usually elective, short-lived 
immune responses which clear the allergen. Allergic 
disease is where this fails 

Allergic reactions have the following features: 

+ allergen-specific Th2 cell activation and produc- 

tion of IgE by B cells 

+ binding of IgE to mast cells with mast cell 

degranulation 

+ very wide range of ‘allergens’ including animal 

dander, chemicals (haptens), house dust mite 
proteins, commensals including fingal proteins, 
plant and other environmental proteins 

+ symptoms of immediate hypersensitivity due to 

cytokines, 

Allergic disease occurs when the allergic reaction (i. 
the immune response) is exaggerated and the symp- 
toms are the result of this exaggerated reaction. This 
can be very severe and acute, even life-threatening (as 
in acute asthmatic attacks), The allergen may have 
been cleared or may persist and induce the develop- 
ment of chronic disease (e.g. eczema, atopy, chronic 
asthmatic wheeze), 

The prototype allergic disease is asthma, in which 
reversible obstruction of the airways occurs, This is 
often the acute manifestation of a chronic inflamma- 
tory process in the mucous membranes and skin. 
Asthma frequently coincides with chronic dermatitis, 
(eczema), rhinitis and sinusitis, and conjunctivitis, 
When there is a strong genetic predisposition to syn- 
thesize IgE specific for certain external antigens, the 
disease is known as atopy. However, patients with 
asthma are not necessarily atopic. Other forms of 
asthma in non-atopic individuals are recognized (in- 
trinsic versus extrinsic asthma). Similarly, all patients 
with severe allergic conjunctivitis are not always at- 
opic, These concepts are important clinically as seen 
by the selective efficacy of monoclonal antibody anti- 
IgE therapy in the treatment of refractory asthma 

Allergic conjunctivitis induced by specific antigens 
such as pollens or house dust mite may be chronic 
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FIGURE 7-36 Mast cel activation is dependent on antigen-specific activation of T cells (Ag) which, in concert with concomitant engagement 
of the CD40 membrane protein by the CD40 ligand (CO4DL), induces an Isotype switch In the presence of Th2-type cytokines to direct the B 
cell to produce IgE. IgE-antigen complexes are then avalable to activa the mast cell 


(perennial allergic conjunctivitis) or intermittent (sea- 
sonal allergic conjunctivitis), and usually produces 
mild symptoms. Chronic conjunctivitis in patients 
with atopy is more damaging, often with involvement 
of the comea (atopic keratoconjunctivitis; see next 
section). A distinct clinical entity with massive fol- 
licular conjunctivitis and corneal opacification is 
known as vernal keratoconjunctivitis, In. addition, 
contact lens wear is associated with a significant 
amount of allergic eye disease, producing giant papil- 
lary conjunctivitis 

In spite of the clinical differentiation between 
various forms of allergy, it is likely that the underlying, 
mechanisms are similar. Activation of Th2 cells is 
mediated by migratory dendritic cells which capture 
allergen, activate Th cells in the LN to become Th2 
cells which secrete IL-4, IL-5, 1L-13 and Tih cells (T 
follicular helper cells which activate B cells in the 
B-cell follicle). Mast cells have long been recognized 
as effector cells in allergic disease. However, mast cells, 
are dependent on IL-3 and IL-5 production by T cells, 
which is ultimately induced by antigen presentation 


to T cells (Fig. 7-36), In this regard, conjunctival 
dendritic cells have been considered to be major con- 
tributors to allergen capture and presentation to T 
cells locally in the tissues. In severe chronic asthma 
and ocular surface (conjunctival) disease there is 
massive thickening of the subepithelial mucosa with 
fibrosis and infiltration of other pro-inflammatory 
granulocytes such as eosinophils, which are important 
1m tissue damage. 


Mast cells and mast cell degranulation 

Mast cells are derived from precursors in the marrow: 
and mature into one of two phenotypes depending on 
the microenvironment in which they reside. Stem 
(c-kit) cell factor is an important mast cell. growth. 
factor. In humans, mucosal mast cells contain tryptase 
(Mp, histamine and heparin in their secretory gran- 
ules, while connective tissue mast cells also contain 
chymase (Myc). In the normal conjunctiva and choroid, 
Mrc cells predominate, However, in allergic conjunc- 
tivitis, Mr cells appear to increase in number in asso- 
ciation with the expression of adhesion molecules 
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FIGURE 7-37 Mast cells have preformed granules ready to be released instantly on activation. They can also produce massive amounts at 
‘mediators de novo and are thus very potent cells with diverse efects on a wide range of cells as indicated in the igure. (Fm Mate and Maur, 


2007) 


such as E-selectin and ICAM-1, These changes are 
likely to be important in the pathogenesis of disease 
Gee below). The significance of mast cell heterogene- 
ity is not yet clear but it would appear that My are 
involved in the active stages of inflammation, 

Mast cell degranulation is mediated both by IgE or 
by non-IgE mechanisms (see below). The role of 
antigen-specific IgE in this response can be demon- 
strated in vivo experimentally by the passive cutaneous 
anaphylaxis test. However, IgE is neither sufficient nor 
essential to induce mast cell-related allergic disease 
Also involved are chemokines, mediating not only 
leucocyte recruitment but also mast cell activation 
through mediators such as eotaxin 1 (CCLL1) and 
MIP-1oL 

Mast cell degranulation leads to the release of pre- 
formed mediators including histamine and serotonin, 
which bind toa variety of receptors and induce second. 
signalling events with release of a great variety of 
secondary agents depending on the cell type. This 
includes NO", prostacyclin, smooth muscle relaxants 
and many others, Several receptors exist for histamine 
(Hy, Hb, Hh, ete.), which can be distinguished by 


pharmacological agents (Fig, 7-37). Mast cells also 
synthesize and release newly formed materials after 
stimulation, These include prostaglandin D; (vasodila- 
tor and bronchoconstrictor), leukotrienes (LTC,, 
LTD,, LTE,, previously known as slow-releasing sub- 
stance A; cause prolonged bronchoconstriction), and. 
platelet-activating factor (PAF). 

Cytokine release by mast cells is the major inflam- 
matory pathway. TNF-t, IL-1, IL, 1L-5, 1L-6, IL-13 
and several colony-stimulating factors are released and. 
help to recruit cells to the site of antigen exposure on 
the mucous membrane. 


IMMUNOGLOBULIN AND HELPER T CELLS 


There are two types of IgE receptor: FceRI, which is 
present in mast cells, basophils and activated eosino- 
phils, and FeeRI (CD23), a low-alfinity receptor 
present on many cell types including B, T and den- 
Aritic cells, monocytes and some thymic epithelial 
cells, FcERIL is important for initial antigen capture by 
dendritic cells 

IgE-mediated degranulation of mast cells occurs via 
high-affinity receptors (FceRI), Signalling via the IgE 
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FIGURE 7-38 Mast cells can themselves initiate isotype switching 
via CD40 because they express the CD4OL antigen when they 
combine with allergen-igE complexes. In this way the allergic 
response is amplified and perpetuated. 


receptor is inducible only by IgE-antigen complexes 
and requires local production of IgE by infiltrating B 
cells, 

Isotype switching in B cells from IgG to IgE requires 
binding of the cell surface antigen CD40 on the B cell 
toa ligand on the T cell (gp39). This can also be 
induced by mast cells that express the CD40 ligand 
and promote local production of IgE in the tissue 
under cytokine stimulation (Fig. 7-38). Thus the 
disease can he perpetuated locally and enter a phase 
of chronicity, as occurs in asthma. 


MECHANISM OF DISEASE PRODUCTION IN 
ALLERGIC DISEASE 


Exposure of atopic individuals to allergen is accompa- 
nied by an immediate response mediated by mast cell 
degranulation and a later response occurring after 4-6 
hours. The later response is induced by cytokine 
release from mast cells, which causes recruitment of 
M, cells and basophils to the tissue and the expression 
of adhesion molecules which promote eosinophil 
accumulation, In addition, release of the chemokine 
eotaxin by mast cells is probably the main stimulus 


for eosinophil recruitment. Basophils are circulating, 
granulocytes that are similar in many respects to tissue 
mast cells in their expression of FceRI and release of 
cytokines. However, they are considered to be of a 
different lineage in the bone marrow (see pp. 376 and. 
378). T cells are not involved in this stage of the 
disease 

Eosinophils are strictly regulated because of their 
potential toxicity: In the absence of infection, very few 
eosinophils are produced. Even in the presence of an 
eosinophil, entry to the tissues is tightly controlled by 
eotaxins (via CCR3) and by other chemokines such as 
MCP-3, MCP-4 and RANTES. 

Release of granule content by eosinophils, particu- 
larly erythropoietin (EPO), eosinophil major basic 
protein (MBP) and eosinophil cationic protein (ECP), 
causes much of the tissue damage. Eosinophils are 
attracted to the site of inflammation by specific adhe- 
sion molecules, particularly VCAM-1, on the endothe- 
lial cells, Induction of VCAM expression on endothelial 
cellsis mediated by cytokine release from other inflam- 
matory cells such as macrophages and T cells, and 
thus T cells are intricately involved in destructive 
tissue damage during the progression of allergy from 
a reaction to a disease. In addition, neutrophils are 
attracted to the site as.a result of upregulated adhesion 
molecule expression, particularly of E-selectin and 
ICAM-L in the acute stage. Neutrophils are themselves, 
responsible for considerable tissue injury in certain 
forms of allergic disease and characterize a subtype of 
refractory asthma. The risk of superadded infection in 
these cases is unclear, 

In the later stages of the disease, increased numbers 
of T cells may be recntited as part of the continuing, 
inflammatory response because of persistent adhesion 
molecule expression on endothelial cells, especially 
VCAM. T cells are then available to interact with APCs, 
particularly activated B cells, causing further release of 
IL-3, IL-5, IL-13 and GM-CSF, which perpetuates the 
disease 


MAST CELLS ALSO HAVE A PROTECTIVE ROLE 


Mast cells may also have a role in the initiation of the 
immune response as effectors of innate immunity 
mediating adaptive immunity, particularly to organ- 
isms inducing Th2 responses such as helminths and 
ticks (Fig, 7-39), Mast cells express MHC class I and. 
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FIGURE 7-99 Parasite. like any antigen, ae taken up by phagocytes such as dendritic ces, which, selectively, through particular Tolke 
receptors, activate signals which polarize T helper cells towards Th2 through activation of STATS. IL-4, IL-5 and IL-13 produced by the DCS 
themselves or by neighbouring tissue and other cls (e.g. mast cells) help to drive the response down 8 Th2 route. The process is amplted 
by continued production of Th2 cytokine, the formation ofa paraste-nclosed granuloma and ather cytokines such as IL-33, released from 
damaged and dying calls, (Fam Voering, 2013) 
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class IL antigens, and presentation of exogenous 
helminth antigen to T cells leads to activation recipro- 
cally of the mast cell with release of chemokines and. 
cytokines. These direct the overall response towards a 
Th2-type response, 


Organ and tissue transplantation 


Transplants or grafts are described as syngeneic when 
they are between genetically identical individuals, 
allogeneic when they are between individuals of the 
same species and xenogeneic when they are hetween 
individuals of different species. Autologons grafts refer 
to the transplantation of tissue within the same indi- 
vidual, as for instance when the cornea from one eye 
is transplanted to the Fellow eye. Allogeneic and xeno- 
geneic grafts are normally not accepted unless the 
immune system is suppressed (usually by immnno- 
suppressant drugs) and rejection is described as acute 
chronic or accelerated 

The discovery of HLA antigens came about as a 
result of studies that attempted to explain how organ 
and tissue grafts, especially skin grafts, between 
members of the same species were rejected, Only in 
the case of genetically identical individuals were grafts 
accepted, For instance, in skin grafts, not only was 
there rejection of the initial graft between two non- 
identical individuals but also subsequent attempts to 
graft donor skin between the same two individuals led 
toan even more rapid rate of rejection, indicating that 
there was some sort of memory response to the anti- 
gens in the original graft 

Although potentially any antigen in the donor graft 
could act as a target for rejection (danger’ signal 
similar to an altered autoantigen), the strongest can- 
didate antigens are those where there are the greatest 
frequency of polymorphisms (differences between 
individuals or alloantigens) and top of the list are 
MHC antigens, Cells with the strongest expression 
of MHC antigens are leucocytes and so rejection of 
gralts is considered to be the result of the presence of 
alloantigens on ‘passenger leucocytes’ in the donor 
graft, For solid organs and bone marrow grafts tissue 
matching on the basis of both blood group and HLA 
antigens are therefore routinely performed and the 
closest ‘match’ attempted in order to ensure graft 
survival, However, even in these circumstances 


immunosuppressive drugs are often necessary and 
usually for the lifetime of the patient. 

Since in any one individual leucocytes express a 
large number of MHC alloantigens (see p. 425), a wide 
range of allopeptides will be presented to the host, 
thus leading to a polyclonal T-cell expansion. Damage 
to the graft is the result of alloantigen-specific CDS” 
cytotoxic T cells recognizing MHC antigens on the 
donor tissue, The number of mismatches on the MHC 
antigens between the donor and host determines the 
rapidity and acuteness of the graft rejection. 

There are two main mechanisms whereby MHC 
antigens in the donor graft induce graft rejection. Pas- 
senger leucocytes in the donor graft can act as APCs 
and present antigen directly to host T cells (direct 
allorecognition) or passenger leucocytes can be killed 
by host immune cells, the dead cell material phagocy- 
tosed by host APCs, and the donor MHC antigens 
processed and presented on host APCs to host T cells 
(indirect allorecognition). Grafts are therefore more 
likely to be accepted if the MHC antigens between 
donor and host are closely matched and this is clearly 
the case in identical twins, 

Donor non-MHC antigens (minor antigens) can 
also generate a host immune response and induce graft, 
rejection, but the intensity of the response is consider 
ably less. Mismatching at the minor alloantigen loci is 
a cause of chronic rejection, while accelerated rejec- 
tion occurs predominantly between xenogeneic grafts 
(where differences exist in non-protein antigens such. 
as carbohydrate antigens) or in individuals who have 
been sensitized to the donor, eg, via previous blood. 
transfusion. Disparities in MHC genetic loci have clas- 
sically been determined by the mixed leucocyte 
response (MLR), an in vitro test in which leucocytes 
derived from one individual (donor) are mixed with 
those from another individual (host) and an immune 
response determined by the proliferation of the host 
leucocytes (the donor leucocytes are irradiated to 
prevent them from proliferating so that any response 
is the result of antigen presentation to host T cells). If 
the number of MHC disparities between the host and. 
the donor is large, there is a correspondingly high 
proliferative response. However, molecular typing of 
genetic loci is now more common. 

Most donor solid organ, vascularized and bone 
marrow transplants induce a strong early direct 


Coupled with aetherodynamics time conception, which 
was suggested by Alexander V. Frolov, the works on 
the control of space-time parameters gain the possibility 
for development and commercial application. As a 
theoretical basis there are those N. Kozyrev works where 
his conception of “time density” are replaced by that 
of “aether density” according to Frolov. 


In September 2002, Faraday Labs Ltd Company plans 
to complete testing of the first experimental system, 
and to start the patenting and research of applied 
aspects, first of all in medicine. 


Physical Principles of the Time 
Machine 


Alexander V. Frolov 


Experimental success of research team headed by Dr. 
‘Vadim A. Chenobrov, Moscow was reported in [1]. The 
time course can be controlled as rate of any process in 
local space-time (inner space of the Time Machine). It 
can be decelerated or accelerated by means of special 
"converging electromagnetic waves". Ordinary waves 
move from the source whereas special "converging 
waves" move to some central point, ie. into the focus of 
the system, In Chernobrov's design of the Time Machine 
this process is organized by means of several spherical 
envelops, which consist of several electromagnets 

Electronic control unit controls the processes in this 
design. Dr. Chernobrov reported about 3% change of the 
time course in 4th version of the system, which was 
tested with a human inside. The goal of Dr. Chernobrov's 
work is to research the medical aspects and 
experimental investigation of the principles. Several 
important conclusions were obtained from the project: 

the time course can be controlled and character of the 
changes is different for acceleration and deceleration 
mode. 


Other known publication and research projects on the 
same topic seem to be very far from any commercial 
and practically useful application. Obviously the topic 
is very new and fantastic for most of scientific 
community and at first we have to clarify the physical 
principles of the time control project, which is started 
by Faraday Labs Ltd. 


In this project we believe that notion of time is one of 
possible description of real physical properties of our 
Universe. So, itis not mathematical abstraction but some 
aspect of physical reality and we can discover some 
physical properties of time. Russian astrophysicist N. 
A. Kozyrev [2] developed a theory of active properties of 
time and according to his point of view there are two 
properties: time course and time density. Prof. Kozyrev 
demonstrated experimentally that time density in area 
of some process (changes of matter) is dependent on 
entropy parameters of the processes. In [3] it was 
demonstrated that Kozyrev's experiments could be 
interpreted in aether theory and it has led to simple 
physical conclusions and clear experimental 
perspectives: time course and its density can be 
explained and controlled as parameters of aether. 
Directions of aether flow and density of aether are 


subjects of experimenting with non-reversible changes 
in matter, for example, in crystallization or melting 
processes. Also it is possible to use special 
electromagnetic processes, for example, Chernobrov's 
“converging waves" or other longitudinal waves as 
methods of aether compression or rarefaction. If we 
assume that process of existence of elements of matter 
physically can be explained as aether vortex processes 
then its rate is a parameter of aether income/outcome 
balance (aether inflow in element of matter and aether 
outflow from the element of matter). It was also 
described in Time Rate Control (TRC) theory [3]. To 
control this balance it is necessary to develop technology 
of longitudinal waves generation, its focusing and 
resonance effects. The previous research and 
experimenting on the topic has been made by N. Tesla 


Let’s assume that we have some technology to change 
parameters of time course. How should we organize this 
local space-time (what is spatial topology of the design)? 
There is a very interesting experiment to get the answer: 
rotation of a heavy cone (for example, lead cone) entrains 
surrounding aether, so a vortex appears, which is a 
toroidal formation of aether (rings). The rings can exist 
in space for a long period. The further question is: Why 
does the beam of light (laser beam) directed to the cone 
by tangent create a luminous ring? We can assume that 
due to natural properties of photons (light propagates 
along the geodesic line in space) some autonomous 
closed toroidal space should be created in such 
experiment. The next thought is: since space and any 
matter exist in time then we can speak about some 
autonomous time. The general conclusion is to be the 
following: autonomous 4-dimensional space-time can be 
created as toroidal aether vortex. 


Here is point to note some aspects of research project 
by Prof. Robert Mallett, Connecticut University, USA. In 
fact, sometime next year, he hopes to produce the first 
piece of technology that eventually will allow him to 
build a time machine. By Mallett it will be a device that 
employs lasers 'to twist space". Why is he going to close 
the beam of light? His theoretical background is 
knowledge about black holes, i.e. understanding of the 
connection between gravity and curvature of space-time. 
In Einstein's theory both matter and energy can bend 
space and time. So Prof. Mallett assumes that curvature 
of space-time can be changed not only by mass (like @ 
black hole) but it can be affected by energy of photons. 
This has led Prof. Mallett to consider the possibility of 
using a circulating beam of light to twist space and to 
create closed loops in time. It is predicted that a spinning 
neutral particle, when placed in the ring, is dragged 
around by the resulting gravitational field [4]. From the 
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alloimmune response which requires long-term thera- 
peutic immunosuppression to be controlled ifthe graft 
is to survive. Graft rejection is mediated by CDS" 
T cytotoxic T cells in this circumstance, Sinmultane- 
ously, as donor leucocytes die, an indirect alloimmune 
response develops which is slower but more insidious 
and is mediated by host CD4" T cells activating innate 
immune cells such as macrophages and other cells. 
Many types of chronic rejection, for instance of kidney 
allogealts, ae the result of the indirect route of antigen 
presentation and CD4* Tcell activity 

Corneal transplantation differs from other forms of 
skin and solid organ transplantation in the number of 
donor present in the graft, since there are no leuko- 
cyte-tich blood vessels in the central cornea, and even. 
leukocytes that are resident in the corneal stroma are 
generally not equipped to activate the host T cells 
directly (ie. in the quiescent comea they do not 
express high levels of MHC antigen) 

‘Additional content available at hitps://expertconsult 

® inkling.conv, 

Rejection of comeal grafts is thus mainly through 
indirect allorecognition, However, if rejection does 
occur, regrafting with a second donor who expresses 
some MHC antigens that are similar to the first donor 
will induce a strong CD4” T-cell memory response and 
cause rapid rejection of the second graft. For this 
reason alone there isa strong case for matching corneal 
gralis, although this practice is not currently routine 
due to the assumed high success rate of unmatched 
corneal gratis 

The role of other cells in the immune response 
to allografts is increasingly recognized. Th cells, both. 
ThI and ThI7 cells, almost certainly have a role via 
(CD40-CD4OL interactions and may perhaps involve 
cross-presentation of antigen, In addition, ‘danger 
signals’ which activate cells of the innate immune 
system such as macrophages play a significant role 
Surgical technique influences the acceptance or failure 
of grafis, both vascularized grafts, such as kidneys, 
and even more so corneal grafis. Donor-specific anti- 
HLA antibodies have the potential to activate comple- 
ment, for instance in living-donor kidney allogralis. 
In apparently accepted clear corneal grafts, rejection 
can he triggered by an unrelated event such as herpes 
simplex virus infection in the graft or even by a 
simple procedure such as corneal suture removal 
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Presumably, activation of innate immune cells such 
as macrophages and dendritic cells via the inflam- 
‘masome and antigen presentation with co-stimulation 
is sufficient to lead to activation of previously primed 
or memory T cells leading to rejection, 

Tregs also play an important role in the overall 
immune response to a foreign allograft. In the initial 
inflammation associated with the surgical trauma, 
both naive T cells and Tregs extravasate into the 
tissues, In addition, APCs migrating to the draining 
lymph node activate both Tregs and non-Tregs which 
home with different kinetics to the graft. The balance 
between Telfector cells (ThI/Th17) and Tregs deter- 
mines the survival of the graft 

Finally, rejection of xenografts (the first ever corneal 
graft performed was a xenogralt) is mediated by pre- 
formed antibody and complement and generates 
hyperacute rejection, induced through failure of com- 
plement regulatory protein to act across species 
barriers 


Tumours induce immune responses 


Clinicopathological studies have long indicated that 
tumours induce some form of immune response in the 
host. This is based mainly on observations of T-cell, 
‘macrophage and NK-cell infiltration of tumours inde- 
pendent of whether there isany inflammatory response 
or tissue necrosis, Experimental studies of chemically 
induced tumours have also shown that transplantation 
of resected tumours to the original host, of to a host 
previously sensitized to tumour antigens, leads to 
tapid rejection of the tumour, but not when the 
tumour is transplanted to a syngeneic naive host 
Rejection is tumour-specific, Thus, tumours possess 
specific antigens and these induce an MHC class 
restricted T-cell cytotoxic response. 

The concept that cancer cell mutations occur very 
frequently but are held in check from developing into 
full-blown tumours is long-standing and indeed NK 
cells are specially equipped to kill and delete malig- 
nantly transformed cells as well as infected cells (see 
pp. 389 and 390). Antigen-specific cytotoxic T cells 
(mostly CD8" but also CD4" killer cells) may also play 
this role. 

Tumour antigens may be tumour-specific, i. 
only expressed on that tumour, or they may be 


‘Comeal grafting is unusual, Successful comeal allografts 
between unrelated donors and reeipients have been per- 
formed since the early part of the 20th century, long 
before HLA antigens were discovered. This was attrib- 
luted to immune privilege of the eye, and specifically 10 
the lack of ‘passenger’ leucocytes in the normal cornea. 
However, it is now accepted that the apparent success 
rate of corneal graft applies only to ‘low-risk’ recipients, 
‘namely patients with opaque comeas without significant 
chronic inflammation or infiltration of the comea 
with abnormal blood vessels, Work from Australia has 
re-examined the question of the privileged status of the 
comea in protection against rejection when used as an 
unmatched allograft and without concomitant imimuno- 
suppression. In fact the 5-year survival of unmatched 
corneas in high-risk recipients, Le. those patients who 
hhave ongoing low-grade inflammation or blood vessel 
inflation as in herpes simplex keratitis (see Ch, 9, 
1p. 495), is less than for renal allografts, where steady 
improvements in survival of allografts has continued 
(Williams an Koster, 2007), Recent experimental studies 
‘of high-risk raft rejection have shown that sensitization, 
even to a single comeal antigen, in high-risk grafting 
(particularly in regraft procedures where the first graft 
failed) can be highly immunogenic and leave a strong 
‘immunological memory: To reduce the risk of rejection 
due to memory T cells sensitized to the antigens present 
in the first graft, HLA matching of all grafts should be 
performed so that a second graft has the fewest HLA 
matches 10 the first donor and thus maximizes the 
chances of acceptance ofthe regraft(Vitnva etal, 2013). 
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tumonrassociated, in which case they are also 
expressed on normal cells. Most tumour antigens are 
identified in transplantation-type experiments such as 
that described above in which cloned cytotoxic T cells 
are generated, This allows identification of the tumour- 
derived peptides and the genes that regulate their 
expression in the tumour, Tumour antigens are 
believed to be recognizable by cytotoxic T cells in this, 
‘manner, owing to antigenic mutation that converts the 
normal self-protein, which would induce tolerance, to 
a non-self-protein, which is recognized as foreign and. 
induces immunity. Thus some tumour antigens are 
products of normal cells such as tyrosinase in 
melanoma cells, However, many tumour antigens are 
produced by oncogenes, genes which are implicated 
in the cell cycle and in cell differentiation, These 
include p21 ras, HER-2/neu, the very important p53 
gene and others not normally expressed on cells, such. 
asthe MAGE series of proteins expressed by melanoma 
cells including cells of the choroid. Several viral genes 
may also he expressed in tumours, including those for 
the SV40 T antigen, the human papillomavirus E6 
gene and the EBV antigen, Certain B-cell tumours are 
indirectly linked to EBV genes, particularly in the 
presence of immunodeficiency, and appear to involve 
the translocation of the myc oncogene to the immu 
noglobutin locus. Retroviruses also have the potential 
to induce malignant transformation of normal cells 
including the src, the myc and the k-ras gene. The 
human T-cell lymphotropic virus-l gene is also impli- 
cated in certain aggressive T-cell tumours and interest- 
ingly is also involved in some forms of intraocular 
inflammation (uveitis) 

Certain tumour antigens are recognized by anti- 
bodies as well as by cytotoxic Tcell lines. These 
include the oncofetal antigens, carcinoembryonic 
antigen and dt-fetoprotein. Other tumour-associated 
antigens are linked to tumours such as the surface 
glycoprotein MUC-1 in breast cancer, 5-100 in netral 
Crest cell tumours and malignant melanoma, and 
cytokeratins in epithelial cell tumours 

Immune cells infiltrating tumour are considered to 
be effector cells against the tumour at least in some 
instances, Indeed the process of immune surveillance 
in which T cells and antigen-presenting cells migrate 
through the tissues detecting altered’ self-antigens 
applies particularly to tumours and is necessary for 


the initiation of the anti-tumour response, Turnour- 
infiltrating lymphocytes (TIL) include both CD4" and. 
CDS" cytotoxic cells and the former probably supply 
essential cytokines to the latter to promote tumour 
killing ability: Some tumours aberrantly express MHC 
class Il antigens plus co-stimulatory molectles; they 
may directly present tumour antigens to CD#* T cells 
and initiate the immune response in situ 

NK cells may also be important in killing tumours 
(as well as removing individual transformed cells as 
they arise), particularly those that have been induced. 
by viruses. IL-2-activated NK (lymphokine-activated 
killer, LAK) cells have a markedly enhanced ability to 
lyse tumour cells and they are in trials as immuno- 
therapeutic agents. Macrophages are also important in. 
tumour killing, usually via release of TNF-ct, a cytokine 
that was first identified by its ability to induce necrosis, 
in tumours. Tumour cells appear to be unable to syn- 
thesize superoxide dismutase, which is required to 
protect cells from the TNF-ct-induced release of cyto- 
toxic superoxide free radical. 

Despite the variety of mechanisms for tumour 
killing, many tumours evade death. Tumours utilize 
a variety of strategies: e.g, they downregulate MHC 
class 1, thus inhibiting cytotoxic T-cell killing; they 
may not express co-stimulatory molecules necessary 
for T-cell activation; they may secrete immunosup- 
pressive cytokines such as TGF-: tolerance to tumour 
cells may occur if the tumour antigen is expressed, 
during the neonatal period: antigenic modulation of 
the tumour may occur if the antigen binds non- 
complement hindling antibody; or the tumour antigen 
may be prevented from gaining access to the immune 
system by a dense glycocalyx on the cell surface. The 
immune response to tumours is more likely to be 
modulated by any or some of these mechanisms, thus 
explaining why tumour immunity is imperfect and 
cancer remains a major cause of death. 

‘Tumours may evade the immune system by promot- 
ing tolerance rather than immunity. In particular, Tregs 
comprise a significant component of tumour infitrat- 
ing lymphocytes (TILs) and prevent development of 
an effective antigen-specific anti-tumour response. In 
addition, the recently identified Grl+Lys6C-myeloid 
derived suppressor cell (MDSC) was first isolated 
from within tumour tissue and is now recognized 
to have a significant immunosuppressive effect, not 


only against tumours but also against any immune 
response. MDSCs are thus being proposed as therapy 
for autoimmune and other immune-mediated disease. 
In contrast, other cell-based therapies are in the van- 
guard of ‘cell vaccination’ therapies for cancer treat- 
ments: these are based on the use of activated, 
pro-inflammatory dendritic cells loaded with tumour 
specific antigens to enhance strong. anti-tumour 
responses and have been introduced for certain forms 
of prostate cancer. The main difficulty with this 
approach isidentilying peptides specific forthe tumour 
that are sufficiently immunogenic. 


The eye and the immune system 


‘The eye participates in all aspects of immune responses, 
like any other tissue, but the immune response is 
modulated by the cells and tissues of the eye, In 
this respect, the eye (and the brain) are regarded as 
immunologically privileged’, a concept which has 
now been broadened to be included as a third mecha- 
nism of tolerance induction. Both the innate and 
acquired immune systems function in ocular defence 
mechanisms. 


THE INNATE IMMUNE SYSTEM AND THE EYE 


Reference has already heen made to the several physi- 
cal and chemical barriers to ocular infection included. 
in the blink reflex, the lids, and the components in 
the tears such as lysozyme, lactoferrin and comple- 
ment (see also Ch. 4, p. 198). Lysozyme is effective 
against Gram-negative bacteria and certain fungi but 
is ineffective against Gram-positive organisms such as 
Staphylococcus aureus. Lactoferrin and transferrin, 
however, are more effective in defence against Gram- 
positive bacteria because they bind iron, an essential 
colactor for eukaryotic as well as prokaryotic cell 
growth. In addition, tears have specific anti-adhesive 
properties for bacteria and therefore inhibit bacterial 
attachment and invasion of the ocular surface, and are 
incidentally important for prevention of contact lens 
contamination. 

Tears also contain polymorphonuclear leucocytes 
(PMNs), which increase in number when the lids 
are closed for prolonged periods, e.g. during sleep. 
The anti-adhesive properties of tears extend to these 
cells, ensuring that they pass through the lacrimal 
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passages and do not penetrate the comeal surface. 
Many of these leucocytes pass directly from the con- 
junctival vessels through the epithelial layers into 
the tear film. PMNs contain numerous antibacterial 
protein enzymes, including proteinase 3, myeloper- 
oxidase (which generates free radicals), calprotectin, 
B-lysin and the cathepsins, 

Tear lipid also has an antibacterial effect, This 
applies to both short- and long-chain fatty acids, the 
former affecting surface properties of the bacterial cell 
membrane and the latter having a direct effect on 
metabolism. In addition cationic peptides, such as the 
defensins, as well as surfactant protein-D are part of 
the conjunctiva-associated lymphoid system (CALT, 
see p. 416). 

The cells of the ocular surface also express, or can 
be induced to express, many of the innate immunore- 
ceptors such as TLRs and are involved in many of the 
comes and conjunctival innate immune responses to 
infectious agents (see Ch, 8, p. 469). More impor- 
tantly, the conjunctiva contains numerous dendritic 
cells (similar to Langerhans’ cells in the skin) which 
act as APCs in the draining lymph nodes in the afferent 
limb of the immune response. It is thns possible to 
become sensitized to environmental antigens and 
allergens via the conjunctiva (Fig, 7-40) 


‘THE ADAPTIVE IMMUNE SYSTEM AND THE FIRST 
LINE OF DEFENCE IN THE EYE 


Tears contain immunoglobulins such as IgA (see 
Ch. 4) and occasional specific immune cells such as 


FIGURE 7-40 Conjunctival DCs in the rt. Both intraepithelial and 
stromal DCs are shown expressing MHC class lt (immunoperaxidase, 
dark brown stain). DCs, dendritic cells; MHC, major histocampatil 
ity complex. 
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lymphocytes. IgA is produced by B cells in the lacrimal 
gland and secreted as slgA in the tears, In addition, 
the lacrimal gland produces other immunosuppressive 
cytokines such as TGF-B. The TGF-B-deficient mouse 
exhibits extensive ocular surface pathology, indicating, 
the importance of this cytokine in tears. 

Conjunctival sensitization to environmental anti- 
gens is best demonstrated by the allergic (Th2) type 
response. Common antigens inclide pollens, house 
dust mite and animal dander (particularly eat dander) 
Although the effect is produced locally, the initial sen 
sitization is a systemic one via activation of Th2 cells 
in the draining lymph nodes (see pp. 414-415). This, 
results in local conjunctival mast cells becoming, 
loaded with antigen-specific IgE, which renders these 
cells acutely sensitive to re-exposure to antigen. The 
chemokine CCL2 appears to be partly involved in this, 
process of mast cell degranulation in giant papillary 
conjunctivitis, while the receptor CCR7 is active in 
directing conjunctival dendritic cell migration during, 
this process. 

If the sensitization is long-lived and recurrently 
activated with frequent mast cell degranulation epi- 
ssodes, it can lead to chronic inflammation. Thus sea- 
sonal allergic conjunctivitis can progress to perennial 
conjunctivitis and, in atopic individuals, may manifest 
as severe atopic conjunctivitis and/or vernal kerato- 
conjunctivitis, Much of the damage in vernal kerato- 
conjunctivitis is thought to be induced by eosinophils, 
hecause eosinophil cationic protein levels in tears are 
greatly increased in both atopic and vernal keratocon- 
junctivitis (Fig. 7-41). In addition, different types of 
allergic conjunctivitis are associated with different pat- 
tems of cytokine production and Th-cell patterns. 
Th2-like profiles are linked to vernal keratoconjunc- 
tivitis, while Th1 is associated with atopic keratocon- 
junctivitis. There may also be a defect in histaminase 
function in allergic eye disease causing prolonged his- 
tamine effects after mast cell degranulation, 

The comeal surface also contains populations of 
intraepithelial and stromal leucocytes, same of which 
have the characteristics of dendritic APCs (see Ch. 1 
p. 18), The role of these cells in protective immune 
responses is not clear but there is evidence that, like 
the conjunctival cells, they can capture antigen and 
transport it to the draining lymph node, In addition, 
they are likely to respond to cytokines produced by 
surrounding epithelial cells in response to TLR 


FIGURE 7-41 Histopathology in allergic conjunctivitis in an exper- 
mental model. Note the pseudotubular structure formations in con- 
junctiva epithelium (arrows) and infiltration of easinopilc cells in 
the subepthaia stroma (arrowhead). Bar = 100 ym. (Fram Hara 
2012) 


engagement by common invading microorganisms 
such as herpes viruses and bacterial pathogens. This 
may be a direct effect of the pathogen; for instance, 
the obligate intracellular parasite Chlamydia, which is 
the cause of the worldwide blinding disease trachoma, 
signals through TLR2 inside epithelial cells (Fig. 7-42). 
Indeed the possibility of regulating host-pathogen 
interactions has been tested in an experimental model 
of Pseudomonas keratitis in which ‘silencing’ of expres- 
sion of TLR9 was achieved using small interfering 
RNA for this receptor, 


PROGRESSIVE OCULAR SURFACE DISEASE 

Certain other ocular surface diseases occur that do not 
appear to be allergic in nature but are considered to 
be immune-mediated if not autoimmune in their 
pathogenesis, These include cicatrizing conjunctival 
disorders, various farms of ‘melting’ corneal disorders 
and a number of scleral and orbital inflammations, 


Cicatrizing disease of the conjunctiva 
Subconjunctival fibrosis occurs in certain rare disor 
ders such as benign mucons membrane pemphigoid 
and the Stevens-Johnson syndrome, Both are consid- 
ered to be autoimmune in nature by virtue of the 
detection of antibodies to basement membrane com- 
ponents such as integrins, Pemphigoid is characterized, 
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FIGURE 7-42 TLR2 co-ocai 

Infected with C, trachoma 
stained using a monod 
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homatis. HEK299 cells stably expressing GFP-iagged TLR2 (are 
cells at 16 hours (middle raw) and 24 hours (battam ra 
Iysaccharde. (Fon O'Conel lal, 200, with permission 


with intracellular Chlamyelia tr 
Uninfected cals (top row) and in 
al ant 


by progressive cicatrization of the conjunctiva stroma The Stevens-Johnson syndrome has similar appear 
leading to severe shallowing of the fornices (see Ch. 9, ances but is much more acute, although selF-limiting 
p. 501), In this condition, specific autoantibodies This condition is normally associated with drug 
against conjunctival epithelial , integrin, a compo- administration in which the drug is considered to ac 


2)have asa hapten. The severity of the condition is limited in 


nent of the hemidesmasome (see Ch, 4, e8 
been identified. This isin contrast to bullous pemphi- its effects by the degree and 
gus, askin disorder that doesnot affect the conjunctiva the 


but is characterized by wid of epithelial 


Keratitis and ‘melting’ corneal ulcers 


proteins such as desmoglein and plectin may be 
nny forms of keratitis are considered to be immune 


detected. Dysregulation of TGF-B in conjunctival cells 


has been reported in ocular pemphigoid. mediated, inchiding postherpetic disciform keratitis 
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Gee Ch. 9, p, 501) in which residual herpes simplex: 
virus antigen may play a role, In addition, certain 
debilitating corneal diseases characterized by periph- 
eral corneal thinning and ulceration, sometimes 
leading to perforation, may be autoimmune or at least 
immune-mediated, mainly because they represent 
‘vasculitic’ complications of ‘classic’ autoimmune dis- 
eases such as theumatoid arthritis and also because 
of the absence of overt infection, In this condition, 
reductions in Tregs cells have been reported as well 
as increases in B cells and anticorneal epithelial anti- 
bodies. Some forms of peripheral ulcer such as 
Moorent’ ulcer have been linked to a cornea-associated 
antigen, calgranulin, also found in peripheral blood 
neutrophils and filarial nematodes, These disorders 
occur just distal to the source of comeal epithelial 
stem cells at the limbus, which suggests a defect at 
this level. 


Inflammatory disorders of the orbit and sclera 
While many inflammatory conditions of the sclera 
Gcleritis) are considered to be autoimmune, oat least 
immune-mediated, it is important to consider infec- 
tious aetiologies such as syphilis and other bacterial 
causes, Spontaneous (autoimmune) inflammatory 
disorders of the episcleral tissue and the sclera (epi- 
scleritis and scleritis) represent a type IV immuno- 
pathological disease with close association with 
theumatoid arthritis and a similar pathogenesis, Scle- 
ritis occurs in rheumatoid arthritis patients who have 
vasculitis. Rare histological studies have shown acti- 
vated CD4* T cells in the lesion in a perivascular 
location, in addition to macrophages. CD8" T cells, 
have also been demonstrated, but in fewer numbers 
There is a prominent vasculitic component to the 
disease with extensive necrosis of the scleral layers. 
Typical granulomatous lesions are a feature of this 
condition (nodular scleritis), However, not all of these 
lesions are T-cell-dominated, hecause B-cell ‘follicles’ 
have been identified in some cases, suggesting the 
development of tertiary lymphoid structures (see 
p.417). In addition, increased matrix metalloprotein- 
ase activity has been detected in these lesions (e.g 
collagenase and stromelysin) (Fig, 7-43). Although the 
antigen(s) for scleral inflammation has not been iden- 
tified, it is presumed to he a component of the extra- 
cellular matrix such as dermatan sulphate proteoglycan 


ortype 1 collagen. Scleritis most commonly affects the 
anterior sclera but if it affects the posterior sclera itis, 
more difficult to diagnose. In addition, it may be mis- 
taken for a less well-defined group of orbital inflam- 
matory disorders known as pseudotumour of the 
orbit, for which the aetiology remains obscure but 
which responds ta systemic steroid therapy. A specific 
form of pseudotumour known as orbital myositis, in 
which an acute inflammatory swelling of a single 
ocular muscle occurs, is particularly responsive to 
steroid therapy, The autoantigen in this disorder is 
assumed to be a component of the ocular muscle 

‘Swelling of the orbital muscles also occurs in dys- 
thyroid eye disease, causing proptosis and exophthal- 
‘mos, but in this condition all four muscles are variably 
involved. This disorder is closely linked to Graves 
disease of the thyroid in which thyroid autoantigens 
such as thyroglobulin and the thyroid-stimulating 
hormone receptor are implicated. Patients with dys- 
thyroid eye disease have circulating lymphocytes that 
react with ocular muscle cell membrane antigens. 
However, thyroglobulin does not appear to be the 
important antigen for ocular muscle damage, and 
some other antigen such as the thyroid-stimulating 
hormone receptor (TSHr) may be involved. Models of 
thyroid ophthalmopathy using T cells sensitized to the 
thyroid-stimulating hormone receptor have been 
reported. Immunological studies have shown that the 
‘Tell infiltrate is almost exclusively Th1 in type, with 
secretion of IL-2 and IFN-y. 

Inflammatory disease of the lacrimal gland may be 
primary (autoimmune), as in Sjogren syndrome, or 
secondary, as in sarcoidosis, in which the aetiology is 
unknown. In both disorders there is a deficiency of 
tear secretion that produces a secondary keratocon- 
junctivitis (keratoconjunctivitis sicea or the dry eye 
syndrome), common in the elderly. Primary Sjogren 
syndrome involves other secretory glands such as the 
salivary glands and is characterized by specific autoan- 
tibodiesagainst ribonucleoproteins (antiRo and antiLa) 
whose role in the pathogenesis of the condition is not, 
clear. Biopsies of salivary gland tissue have shown a 
predominant T-cell infiltrate, but with little evidence 
of Tell activation (as evidenced by the lack of IL-2 
receptor (CD25) expression), In contrast, conjunctival 
biopsies from patients with Sjogren syndrome have 
shown significant T-cell infiltrates with activation 


FIGURE 7-43 Immunopathology a sclera) Autoimmune sclr- 
ts. Infra of CO20-positve B cel in the autoimmune group 
(otginal magnification x100).(B) Necrotizing sles Large numbers 
af CD68-postve macrophages in the itioathlc necting sles 
roups (original magnification x80). (Frm Usui ta, 2008) 


markers, In addition, extensive adhesion molecule 
expression has been detected in the lacrimal gland, not 
only on endothelial cells but also on the acinar epi- 
thelial cells. Both VCAM-1 and E-selectin are upregu- 
lated on the endothelium, indicating that this chronic 
disease is in a state of persistent activation, Eventually 
these glands undergo involutionary atrophy. Recent 
extensive microarray studies have shown that mam- 
malian chitinases, innate immune products of macro- 
phages with specificity against chitin-containing 
pathogens are highly active in severe acinar gland 
destruction of Sjogren syndrome (Fig. 7-44) 
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The eye as a privileged site: what does this mean for 
the survival of corneal grafts? 

‘The eye has heen considered immunologically ‘iffer- 
ent’ since the first corneal graft in a human was per- 
formed more than 100 years ago, and shown not to 
be rejected. However, the eye as an immunologically 
privileged site was not formally recognized until 1945 
when Peter Medawar in his seminal studies on allore- 
activity in rejection of skin grafis, showed that skins 
gralis placed in the anterior chamber of the eye or the 
brain were not rejected: ie. these tissues demonstrated 
tolerance (see p. 441) to foreign antigens. The basis for 
this phenomenon was attributed to the avascularity of 
the cornea and/or to the lack of lymphatic drainage 
for intraocular structures. However, alloreactive T cells 
specific for corneal antigens can be detected in the 
Circulation and appear to be generated in the second- 
ary lymphoid tissues (SLO), indicating that despite the 
apparent lack of ocular lymphatics, foreign antigens in 
the cornea (and indeed from other ocular structures 
such as the retina) are clearly transported to the SLO. 
Most recently, antigen tracking to the submandibular 
draining lymph node has heen detected using green 
Muorescent-labelled proteins applied to the corneal 
surface (Fig. 7-45), 

Despite this, immunological ‘privilege’ (IP) in the 
eye isa real phenomenon and a property ofthe intranc~ 
ular compartments, because antigens and cells includ- 
ing some xenogeneic tumour cells appear to be well 
tolerated in the anterior chamber of the eye. In addi- 
tion, after acceptance of grafts in the eye, second grafts 
from the same individual are accepted at sites where 
they would previously have been rejected e.g. the skin, 
This indicates that the tolerance induced by the graft 
placed in the eye is a systemic phenomenon which 
was previously considered a ‘deviation’ from normal 
pponses; it was thus termed anterior 
chamber-associated immune deviation (ACAID). Inter- 
estingly, ACAID requires an intact spleen and is medi 
ated by a range of immunosuppressive factors in the 
eye, particularly TGF-B, as well as by immuosuppres- 
sive ligand receptor pairs such as Fas-FasL, PD1-PDLI 
and TRAIL-D5 (see p. 433). Importantly, Tregs (both 
CD# and CDS" Tregs) play a significant role in 
sustaining IP both of which are generated in the SLOs, 
particularly the spleen, 
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Recently it has been recognized that ocular immune 
privilege comes with risks, While its important for the 
preservation of sight that immune responses within the 
eye do nor get out of control when inflammation eccurs, 
those modified immune defences which the eye has may 
not be enough to prevent an exaggerated response. Thus, 
‘certain organisms can proliferate or reactivate with less 
‘ofa trigger than if they were activated in other sites. For 
instance, toxoplasmosis is a common cause of ocular 
inflammation but is still relatively infrequent given that 
almost a third of the population have been infected, 
‘mainly through eating infected meat. This indicates that 
for most of the population toxoplasmosis is controlled 
and indeed in the initial infection in the gut, the organ- 
ism is rapidly cleared and cleared completely. Some 
‘organisms. (tachyzoites) escape into the bloodstream 
cartied within infected monocytes and find their way to 
sites of immune privilege where they can le dormant and 
never cause a reaction, However, ifthe immune defences 
are diminished, as occurs in HIV-positive patients or 
patients taking immunosuppressant drugs, the Taxo- 
plasma organisms can escape immune control and 
reactivate, causing a severe retina-destructive inflamma- 
tion, Similar pathogenesis occurs with other organisms 
such as cytomegalovirus and Mycobacterium tuberculosis 
(Forrester and Xu, 2012), 
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Kozyrev-Dirak Radiation 


Its influence on animals 
Dr. Ivan M. Shakhparonoy 


International Academy of Energy-Informational 
Sciences 


In the experiment with animals, that were made in the 
Center of Oncology Researches (COR) at the Russian 
Academy of Medical Sciences (RAMS), on the applying 
of Kozyrev-Dirak’s Focused Radiation (KDFR), it has been 
found that KDFR decreases the quantity of glucose in 
the blood, reduces its tenacity, promotes the 
strengthening of immunity and the rise of the quantity 
of marrow cells. 


Introduction 


‘This time researchers in Russia and abroad experiment 
on ball lightnings by means of nonoriented circuits, 
which are similar to the electric analogues of Mobius 
band, also by means of Klein bottle and their 
combinations. Non-oriented fields are investigated very 
intensively now. Accordingly, organisms of the 
researchers, who observe the interactions of such fields 
with a matter, are also changed, thus they should take 
it into account on making such experiments. The aim of 
the article is to show in which way the fields of 
nonoriented circuits influence on animal and human 
organism, Besides the article has for its object the 
prevention of negative consequences, which can appear 
for experimenters through the research process. 


Experiments with animals that were carried out in 1992- 
1993 in Russian Academy of Medical Sciences (RAMS) 
had not been published in proper time because there 
were no quantitative methods of radiation detection, 
Later, in 1996 they were developed [1] and KDFR 
parameters were measured in that geometry, which 
were applied in RAMS. In 1998 powerful and super- 
powerful KDRF sources were obtained. These sources 
were applied (and are applied now) in the researches 
at the controlled radioactive decay [2]. Kozyrev and 
Nasonov [3] and later also Lavrentyev with the 
collaborators [4,5] have proved experimentally that the 
Sun and some stars generate the radiation, which has 
early unknown properties. We suggest that the 
radiation, discovered by Kozyrev [3], and the radiation, 
which is researched by us and by other experimenters 
with nonoriented circuits, are of the same phenomenon, 
At first, it should be noted that on interaction between. 
Kozyrev-Dirak radiation (KDR) and a matter made it 
colder. As it was demonstrated above [1], cooling effect 
can be explained by matter re-magnetization under the 
influence of KDFR beam (adiabatic demagnetization) 
According to the still unpublished data, KDFR bunch 
destroys matter lattice by the way of it's moving 
However, after a couple of week matter reconstructs it 
to the almost tabulated points, without defects, 
blockness and other damages, which are peculiar to 


other natural crystal structures. In the definite sense 
nature demonstrates the way to rejuvenate 
compound structures. As it is well known, vital 
functions of biological systems on the Earth depend on 
the structure and composition of water. Therefore, we 
have a right to expect considerable changes in the vital 
functions of biological organisms under the influence 
of KDFR. 


Experimental Devices 


In experiments with animals there were applied the 
devices, which concentrated KDR (KDCR) and had 50 
Wit aggregate electrical power. The description is 
presented in [2] 


KDFR indication was obtained by calorimetric method 
[1], along the way of movement of the main bunch (with 
10 cm across diameter) and at angle of 45° from the 
geometrical axis of a device. 


Researches of Bleeding Duration 


Let us consider KDFR influence on the blood 
composition of animals. At the experiment 24-28 gram 
weighting, pelletized fed male mice were used. In the 
process of the experiment it was discovered that 3 and 
4 hour processing of mice with KDFR at the distance 
2.5 m and at the presence of animals in the sphere of 
maximum radiating power, caused some changes of 
fibrillation system. The bleeding duration was 
determined according to Duke method. Two groups of 
animals were used at the experiments: a group with 4- 
hour duration of KDRF processing and a group with 6- 
hour duration. Time of bleeding was considered in 
dynamics at 1, 2, 7, 14, 21, 28 and 35 day (Fig. 1). The 
bleeding duration of the intact animals was determined 
by the value 128-11 sec. After the applying of KDFR 
there was noticed some increase of bleeding duration 
to 26115 sec and 22321 sec on the first day after the 
stopping of the influence. In the subsequent periods 
bleeding duration gradually decreases up to the level 
of physiological norm. The whole normalization of the 
index is observed at the animals, which were processed 
by KDFR during 4 and 6 hours, on 28-35 day up to 
115+12 and 133+18 sec correspondingly. In the process 
of observations at the animals, the correlation between 
time of fibrillation and periods of KDRF processing of 
the animals has not been revealed (Fig. 1). 
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Tissue-based immune tolerance (ACAID-like mech- 
anisms) may extend to innate immunity and have 
implications for the ability of the eye to counteract, 
microorganisms. Thus the eye appears to be the 
preferred site for certain parasites such as Toxoplasma 
and Toxocara (see Ch. 8) and intravenously injected 
fungi such as Candida may find a ‘tolerant’ environ- 
ment within the retina and vitreous with disastrous 
effects on vision. In addition, certain viruses such 
as cytomegalovirus and herpes simplex can prolifer- 
ate unchecked within the retina. While there is no 
direct evidence that this is a result of the less than 
optimal (‘privileged’) immune microenvironment 
within the eye, it is a possibility that remains to 
he tested. It seems therefore that IP may come at 
8 cost. 

Despite these properties of the intraocular com- 
partments, bacterial infection during intraocular 
surgery is remarkably infrequent. This has been attrib- 
uted in part to the direct bacteriostatic properties of 
the aqueous, which have been shown to inhibit bacte- 
rial growth in vitro. The nature of this activity is not 
known but several antibacterial proteins are present in 
the aqueous, including complement, immunoglobu- 
lin, defensins and B-lysin. In addition, it is dependent 
on the size of the bacterial inoculum and the virulence 
of the organism (see Ch. 8, p. 473) 


Intraocular inflammation 


A common cause of vistal impairment is intraocular 
inflammation, which includes the many forms of 
uveitis as well as conditions such as retinitis, and even. 
optic neuritis. Intraocular inflammation may be exog- 
enous, in which the organism is clearly evident, as 
in bacterial endophthalmitis (see Ch. 9, p. #94) or 
cytomegalovirus retinitis, or there may be no obvious 
infectious agent. Most such cases are described as idi- 
pathic or non-infectious uveitis and may affect the 
anterior segment (iridocyclitis, inflammation of the 
iris and ciliary body) or posterior segment (posterior 
uveitis), Posterior uveitis may take many clinical forms 
such as multifocal choraiditis and retinal vasculitis 
and formal definition and classification of the numer- 
ous entities is work in progress 

‘Additional content available at htips://expertconsult 

@ inkling conv, 
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Non-infectious intraocular inflammation is thought 
to be autoimmune or at least immune-mediated. 
Around 50% of cases of acute anterior uveitis have a 
strong association with HLA-B27 alloantigen and are 
linked to ankylosing spondylitis and low-grade Gram- 
negative enteric infection with organisms such as Yers- 
inia, E.coli and Klebsiella. Posterior uveitis is much less 
closely linked to MHC class I antigens, except for 
certain well-defined syndromes such as birdshot retin- 
ochoroidopathy (HLA-A29) and Behget’ retinal vas- 
culitis (HLA-B51 in oriental and Middle Eastern 
people). Vogt-Koyanagi-Harada disease has been 
Closely linked to HLA-DR4 (subtype DRBI 0405; see 
Box 7-11) and there is a similar association with sym- 
pathetic ophthalmia, 

Posterior uveitis, however, has close similarity to 
certain experimental CD4* T-cell-mediated uveoreti- 
nal inflammations (experimental autoimmune uveo- 
retinitis, EAU) in which the autoantigens have been 
well defined, Most of these are derived from the outer 
retinal layers and include the visual protein rhodopsin, 
The relationship between EAU and non-inlectious 
posterior uveitis is, however, tantalizingly tenuous 
because patients with these diseases do not have sig- 
nificantly raised levels of antibodies to retinal antigens, 
although some patients manifest T-cell responses 10 
these antigens, The most compelling evidence has 
recently come from a transgenic humanized mouse 
model in which mice demonstrated autoimmunity to 
human retinal § antigen, the commonest autoantigen 
in wveitis patients. 

Clinical studies of aqueous and vitreous samples 
have also been relatively uninformative to date, al- 
though in certain diseases such as Fuchs heterachro- 
mic cyclitis high levels of CD8 T cells have been 
found. In addition, high concentrations of IL-6 and 
IL-8 have been detected in ocular fluid samples from 
patients with uveitis, and Fas-Fasl. interactions have 
been shown to be active in patients with acute anterior 
uveitis, 

A strong hint that idiopathic non-infectious poste- 
rior uveitis is immune-mediated is its clinical response 
to immunosuppressive agents such as ciclosporin A 
and, currently, several immunological approaches, 
incliding anti-TNF- humanized monoclonal anti- 
bodies, and oral tolerization schedules, are being 
evaluated for their efficacy in this condition, Other 


Classification of the many forms of uvetisintraocular 
inflammation as diagnostic entities has lagged behind 
many other diseases, mainly because of difficulties in 
reaching agreement about what consuitutes each entity 
For instance, diseases such as presumed ocular histoplas- 
‘mosis syndrome are accepted entities in the USA but the 
same clinical disease in Europe is termed punctate inner 
choroidopathy: Tn addition, many of the conditions 
present with creamy-white lesions on ophthalmoscopic 
amination, but these ‘white dot syndromes eomprise 
many diferent entities, both infectious and non- 
infections. Accondingly,a larg international consortium 
of experts has gathered together many of the different 
clinical examples and has been cataloguing and charac- 
tering the dierent uveitis syndromes, both in terms of 
general levels of activity/severty and risk of threat t0 
sight as well as the phenotypic characteristics which 
define each disease. This effort is named the Standardiza- 
tion of Uveitis Nomenclature (SUN) project and the 
sroup is continuing to publish its findings, These willbe 
of great value to clinicians generally as well as to the 
conduct of clinical tnals of new drugs (Trusko etal, 
2013), 
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immunosuppressive agents are now being used in a 
range of ocular inflammatory diseases including myco- 
phenolate mofetil and FK506 (see Ch. 6, p. 364). 


The role of the immune system in ageing and 
degeneration in the eye 

The recent understanding of the innate immune 
system, its inducers and receptors and its close link 
with the adaptive immune system, has revealed the 
role of immune processes in several ocular and non- 
ocular disease which were previously considered 
genetic, developmental, metabolic, age-related/degen- 
erative and even cancer. This includes many condi- 
tions such as diabetes and its complications, obesity, 
neurodegenerations such as Alzheimer’ and classical 
genetic disease such as retinitis pigmentosa. Inflam- 
mation induced via PAMPs, DAMPS and PRRs (see 
p. 391) with activation of inflammasomes and secretion, 


of IL-1 and its many family members is now known. 
to play a significant part in the pathogenesis of many 
of these diseases, initiated by the original abnormality, 
be it developmental, viral induced, genetic or other. 
For instance, diabetic retinopathy is now recognized 
to be the result of leucocyte activation, in part via 
upregulation of the CCRS receptor in response to high 
glucose levels. Succinate, generated in excess via the 
slycolytic pathway, is a central ligand for inducing, 
inflammation in diabetes, ageing, cancer and obesity. 

In the eye the most prominent example of the 
involvement of innate immune mechanisms and 
inflammation is in age-related macular degeneration 
(AMD), The risk of developing AMD, the commonest, 
cause of blindness in developed nations, is directly 
linked to mutation in a number of innate immune 
genes, particularly complement factor H (see p. 405) 
and the risk increases with accumulation of mutations, 
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FIGURE 7-46 Flow diagram outlining the main checkpoints inthe development of age-related macular degeneration (AMD). From Wiicup 
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‘The identification of associations of genetic mutations in 
‘complement proteins with AMD has opened a nich area 
‘of research into the possible role of inflammation in both 
‘wer and dry AMD, Wet AMD is characterized by the 
growth of abnormal vessels from the choroid through 
Bruch’ membrane into the subretinal space where bleed- 
ing and vessel leakage cause an acute loss of vision if the 
lesion is at the fovea. In dry AMD there is progressive 
atrophy of the retinal pigment epithelium, with loss of 
‘photoreceptors ancl progressive choroidal avascularity. In 
both conditions macrophages have been implicated in 
‘wet AMD, activated macrophages release VEGE which 
promotes new vessel formation, while in dry AMD, mac- 
rophages are involved in progressive cell death of the RPE 
layer. Mactophages are switched on by many mediators, 
‘in particular complement components (see p. 405), and 
complement inhibitors are in place to prevent excessive 
‘complement activation, Mutations in complement pro- 
teins, such as complement factor H (CFH), CFH-related 
proteins 1 and 3, factor B/C2, C3 and factor I, are linked 
to increased risk of AMD and lor the inhibitory proteins 
evidence has been produced to show that proteins such 
as complement factor H are less eflective in controlling 
‘Cactivation ifthey contain one or more ofthe mutations. 

‘The pathogenetic role of complement factors in AMD is, 
however, complex. Partial activation of complement can 
produce factors which promote removal of tissue debris 
and thus prevent accumulation of material which is pre- 
sumed to lead to overt AMD such as drusen. However, 
defective inhibitors clearly promote overactivation of 
complement. Although most of the complement compo- 
nents are produced in the liver, several can be generated 
locally within the retina and other parts of the eye, and 
thus locally generated inflammatory responses are pos- 
sable given the correct triggers, 
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Additional content available at https://expertconsult 
@ inkling com. 

Macrophages and dendritic cells are directly impli- 
cated in the pathology of AMD, classical inflamma- 
tory macrophages in the early stages and alternative 
(angiogenic) macrophages when active choroidal neo- 
vascularization occurs in the wet form of the disease 
In the atrophic form of AMD, inflammasome products 
IL-L and IL-18 appear to be important in causing, 
progressive atrophy of the RPE, while in the wet form 
of the disease IL-18 has been proposed to be anti- 
angiogenic. However, there are many different aspects 
to AMD pathogenesis which involve more than com- 
plement and induction of the inflammasome and 
AMD truly reflects a multifactorial disease (Fig, 7-46). 

Much is still to be learned concerning the role of 
the innate immune system, and possibly the adaptive 
immune system in AMD pathogenesis, as well as in 
other diseases such as glaucoma and intraocular 
tumours, not to mention more obvious inflammatory 
diseases such as uveitis, but a rich harvest of potential 
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therapeutic targets using immune modulators has yet, 
to be reaped, 


The eye and its several tissues may be involved in any 
of the immune responses described in this chapter, 
either as a primary target of attack (e.g. in disciform 
herpetic keratitis or toxoplasmic choroiditis) or as part 
ofa generalized immune disorcler such as in Wegener’ 
granulomatosis or sarcoidosis, The pathological proc 
esses and the mechanisms of initiation of immune 
responses are fundamentally similar from tissue to 
tissue. However, as stated in the introduction, each 
tissue has its unique microenvironment and this 
undoubtedly playsa part in the final expression af the 
immune response. 
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Introduction 


The outcome of microbial infections depends on 
both the virulence of the infecting organism and 
the veracity of the host response. The balance of 
these two entities will determine the severity of 
disease and the longevity of infection. While in 
some infections tissue damage is a direct result of 
cytotoxic activity of microbial products such as 
exotoxins, the host inflammatory response causes 
collateral tissue damage associated with antimicro- 
bial activity, Microbial virulence may then be 
defined as the ability of the organisms to survive in 
the presence of the host immune response. This 
chapter will focus on infections of the anterior eye 
based on exposure to the ocular surface, but will 
also discuss infections of the posterior eye, includ- 
ing endophthalmitis and ocular toxoplasmosis. 


Microbes in the environment 


Most of the organisms that cause severe ocular 
infections are either ubiquitous in the environment 
‘rare part of our normal body flora. These microbes 
are opportunistic pathogens and require breach of 
the physical barriers of the eye, For example, Psew- 
domonas aeruginosa and Acanthamoeba are normal 
freshwater organisms present in ponds, lakes and 
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houschold water supplies, including showerheads. 
Similarly, Aspergillus and Fusarium moulds, which are 
plant saprophytes and pathogens, are ubiquitous in 
the air we breathe, although spore counts are higher 
in hot and humid areas of the world, and in agricul- 
tural regions, especially during harvest seasons, 
Aspergillus is among the most widely distributed 
organisms worldwide and, except in extremely cold 
environments, most individuals inhale Aspergillus 
spores on a daily hasis. In humid conditions Aspergil- 
lus is the cause of the green mould found on bread 
and other foods, and routine examination of the 
average bathroom will detect Aspergillus and Fusarium 
spores, Pseudomonas, Serratia and Acanthamoeba 
(which feeds on bacteria and fungi). The number of 
organisms in the environment is generally higher in 
warmer climates and during the summer in temperate 
climates 

In addition to the external environment, several 
organisms are present in the normal body flora of 
(adenovirus), the skin 
(staphylococci) and the nasopharyne (streptocaccus 
pneumoniae, candida albicans). Most individuals also 
harbour herpes simplex virus (HSV) and herpes zoster 
as latent forms in the trigeminal ganglia. HSV is the 
most common catise of corneal infections in the USA 
and other industrialized countries and causes resur 
gent keratitis following viral exit from latency. Toxo- 
plasma gondii is also ubiquitous in the environment 


the human conjunctiva 


and humans are infected following ingestion of cat 
faecal material or infected! meat 

The exceptions to pathogens with near ubiquitous 
distribution are those that are very restricted geo- 
graphically or which thrive under conditions of poor 
hygiene. The bacterium that causes trachoma 
(Chlamydia trachomatis) is the major example of an 
organism that thrives in unsanitary environments, as 


it is readily transmitted by flies that breed on human. 
waste, Onchocerca volvulus, the cause of river blind 
ness, and Loc loa (eyeworm) are highly adapted human 
parasites that require an intermediate insect vector, 
and are found primarily in Africa. These will be dis- 
cussed later in this chapter, Table 8-1 lists many of the 
causes of ocular infection, 


Host defences at the ocular surface 
PHYSICAL BARRIERS 


Blinking is a very effective cleansing mechanism and 
eyelashes can trap microbes, preventing access to the 


6-1 Microbial pathogens 
of the eye 
Major site of 
Groupy/phylum infection 
Viruses 
Obligate Conjunetva, 
intracellular ‘comoa 
(trachoma) 
Gram-negative PA Comea 
bacteria 
sm Comea 
Gram-positive SP Gonjunetiva, 
bacteria ‘comea, 
vitreous 
Sa Comea 
Bacilus coreus Vitreous 
Yeast Candida Comea 
Mould Fusarium 
Aspergilus 
Protozoa Toxoplasma Comea 
Acanthamoeba 
‘Microsoporidia 
Helminths Toxocara canis Retina 
Filarial Onchocorca Comea, rtina 
volvulus ver 
blindness) 
Loa foa (eye __Conjunctiva 
worm) 


“Although a search of case reports will produce a much 
Jonger list of organisms, the table includas only the most 
‘common causes of ocular infection. 

(OMY, cytomegalovirus; PA, Pseudomonas aeruginosa; Sm, 
Serratia marcescens; SP, Streptococcus pneumoniae, 
Sa, Staphylococcus aureus. 
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globe, In addition, the eyelids contain sebaceous 
glands that secrete lactic acid and fatty acids in a low 
pH environment, which has a direct inhibitory effect, 
on bacterial replication. Tears also contain antimicro- 
bial compounds including lacritin, lactoferrin, lipoc- 
alin lysozyme, B-defensins and other antimicrobial 
peptides. The tear film also contains secretory immu- 
noglobulin A (Iga), IgG and complement that contrib- 
ute to protection against bacterial invasion (see Ch. 7). 
Protection is also afforded by neutrophils in the tears, 
which increase in numbers following sleep when the 
eyelids are closed, 


EPITHELIUM 


‘The comeal epithelium has a glycocalyx on the apical 
surface composed of large proteoglycan mucins 
including MUCI, MUC4 and MUCIO6 (see Ch, 4) 
This mucin layer provides a physical barrier that 
restricts bacterial adherence to corneal epithelial cells 
in addition to releasing mucins into the tear film (Fig, 
8-1), Epithelial cells also form tight junctions that are 
a very effective barrier against subsequent penetration 
to the comeal stroma; infections therefore generally 
occur as a consequence of traumatic injury or altera- 
tion of the corneal surface microenvironment. Epithe- 
lial cells also secrete antimicrobial peptides including 
B-defensins, cathelicidin (LL-37) and calprotectin 
(SLODA8/A9), and by degradation of cytokeratin-6A 
in comeal epithelial cells, These keratin-derived 
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FIGURE 8-1 Ocular surace mucins, The aqueous phase ofthe tears 
contains MUCSAG (purple) and other tear components, The alycoca- 
yx has extended membrane-associated MUCT (blue), MUCS (green) 
‘and MUCI6 (ced). Extracellular domains are released into the tear 
fim. (rom Gipson, 2008) 
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antimicrobial peptides (KDAMPs) have a distinct sec- 
ondary structure and exhibit broad antimicrobial 
activity 


RESIDENT MACROPHAGES AND DENDRITIC 
CELLS IN THE CORNEA 


The normal mammalian comea was generally thought 
to be devoid of immune cells; however, with the 
advent of improved immunostaining methods, 
together with examining whole-mount corneas rather 
than histological sections, an entire network of mac- 
rophages and dendritic cells was revealed. Most bone 
marrow-derived cells in the normal comeal stroma 
have characteristics of macrophages, with dendritic 
cells more prominent in the peripheral limbal region 
of the cornea and in the basement membrane of the 
epithelium (Bowman's membrane). These cells extend, 
pseudopodia (periscopes) through to the apical 
surface, presumably to detect microbes or and micro- 
bial products (Fig. 8-2A-D), Nanotubes that appear 
to connect distant cells can also be detected in the 
corneal stroma during inflammation (Fig, 8-2D), 


PATHOGEN RECOGNITION RECEPTORS AND 
RECRUITMENT OF NEUTROPHILS 


Most nucleated cells are able to recognize and respond 
to microbial products, although macrophages and 
dendritic cells are specifically adapted for this purpose. 
These cells express multiple copies of surface recep- 
tors that recognize bacterial and fungal proteins, car 
bohydrates, lipids and DNA and RNA, and are termed 
pathogen recognition receptors (PRRs) (see Ch. 7, 
p. 379), Ligand binding initiates intracellular sig- 
nalling events that result in production of pro- 
inflammatory and chemotactic cytokines, These are 
invariant receptors encoded in the germ line genes, 
which is in contrast to T and B cells, where receptors 
are generated following gene rearrangement. Further, 
whereas mature T and B cells primarily recognize spe- 
cific peptides (and in some cases well-defined carbo- 
hydrates), the invariant receptors associated with 
innate immunity recognize conserved proteins, lipids 
and nucleic acids primarily associated with microbes. 
Though not a focus of the current chapter, these recep- 
tors can also recognize endogenous self-antigens, 
dangerassociated molecular patterns (DAMPs), which. 
include silica, uric acid or asbestos crystals, and 


advanced glycation end products, Among the best 
characterized receptors are cell surface and endosomal 
Toll-like receptors, cell surface C-type lectins, and 
intracellular NOD-like receptors (NLRs) 


TOLL-LIKE RECEPTORS (TLR) 


TLR family members are single transmembrane recep- 
tors that recognize structurally conserved microbial 
products; further, activation of these receptors leads 
to production of pro-inflammatory and chemotactic 
cytokines that mediate recruitment of neutrophils, 
macrophages and lymphocytes to the site of infection, 
As shown in Figure 8-3, TLRs are located in choles- 
teral rich regions of the plasma cell membrane (lipid 
rafts) and in endosomes, and can recognize lipids, 
proteins or nucleic acids. Lipic-binding TLRs include 
TLR2, which forms heterodimers with TLRI or TLR6 
to bind lipopeptides, and TLR4/MD-2, which recog- 
nize the lipid A moiety of lipopolysaccharide (LPS). 
TLRS and TLRII recognize proteins, and are activated 
by bacterial flagellin (TLRS) or urapathogenic E. colt 
or Taxoplasma gondii profilin (TLR11), TLR3, TLR7, 
TLRS and TLR9 are located on endosomal membranes 
and bind viral and bacterial nucleic acids. With the 
exception of TLR3, all TLRs stimulate the cells through, 
the MyD88 common adaptor molecule, leading to 
NF-KB translocation to the nucleus and expression 
of genes encoding pro-inflammatory cytokines and 
chemotactic cytokines (chemokines). TLR3 and TLR+ 
activate the TRIF pathway, which induces IRF3 tran- 
scription and production of type I interferons that 
mediate antiviral responses, TLR4 activation involves 
accessory molecules, including. lipopolysaccharide 
(LPS)-binding protein and CD14, which combine to 
extract single endotoxin molecules from the outer 
membrane and form monomeric endotoxin, and 
MD-2, which is the receptor for the lipid A moiety of 
LPS. CD14 also chaperones TLR4 from the plasma 
membrane to endosomes in order to activate the TRIF 
pathway: 


NOD-LIKE RECEPTORS 

NOD-like receptors (NLRs) comprise an intracellular 
family of pathogen recognition molecules which also 
activate the NF-kB complex, leading to expression of 
pro-inflammatory and chemotactic cytokines, NOD2 
has been well characterized and shown to recognize 


In the course of the experiment the strongly marked 
chronometric hypocoagulation was discovered due to 
the extension of the parameter "K” or, probably, because 
of the change of aggregation properties of platelets 
(Table 1), 


For the determination of biochemical indexes serum was 
obtained from 5-8 ml of rats’ venous blood. Beforehand 


(24 hours before the slaughter), forage was taken away 
from the animals. The determination of biochemical 
indexes was provided by means of biochemical analyzer 
HITACHI. As a result of the experiment it was 
determined that at the first day after influence of KDRF 
there was a tendency of decrease of the glucose content 
(Table 2). Other indexes varied in the limit of 
physiological norm. 


‘Table 1 Parameters of thromboflexogramm after KDFR, 4 hours 


‘Animal # Parameters of thromboflexogramm Fibrio gene Fibrinal activity 
R(sec) | K(sec) | Ma (mm) 
T 72 = 70 = : 
Zz TOZ = Tg = : 
7 90 = 0 218 7 
2 180 150 52. 315 90 
1 180 = 5 é 100 
Table 2 KDFR influence on the glucose content in blood of the rats 
Time (days) DFR 4 hours Test DFR 6 hours Test 
after the experiment | _(mmole/1) (mmole/!) (mmote/l) (mmole/!) 
1 3.4 6.12 6.39 121 
10 7.59 9.35 8.90 6.69 
30 6.05 6.69 


Research of haemopoiesis system 


Several criteria were considered: the dependence of 
biological effect on the distance, on the power flux 
density, on the duration of processing. Besides, KDRF 
influence on mice survival was considered. 


At the experiment 24.28 gram weighting, pelletized fed 
male mice were used. The marrow was examined in 
the dynamic at 1, 3 and 7 day after KDFR influence. Six 
animals were taken on each point. After the 
decapitation of the mouse their thighbones were taken 
out and after that the absolute number of 
myelokaryocytes was calculated by the standard 
method in Goryaev chamber, 


Dependence of the biological effect on the distance 


In all experiments the maximum flux density along the 
geometrical axis of KDCR device was a constant. There 
were used four temporal modes of the influence (1, 2, 3, 
4hours) and three points of long distance between KDSR 
and the biological object (0.5; 1.5; and 2.5 m). At0.5 m 
distance there were no differences in the number of 
marrow cells in comparison with the control cells. With 
the increase of distance between KDCR and the object 
from 0.5 to 1.5 m some tendency to the increase of the 
number of marrow cells up to the 7* day was observed, 

Four-hour KDRF processing caused the increase of the 
number of karyocytes up to 29.99+1.25x10* (P<0,001) 
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‘Thus, any dependence of the biological effect on the 
exposition has not been revealed. For instance, at the 
7° day after one hour of the exposition the number of 
karyocytes was equal to 28.45:1.87x10° at the same 
time after 3-hour processing it came to 27.650.74x10* 

Alongside with the change of the distance to the 
biological object from 1.5 to 2.5 m the tendency towards 
the increase of the number of marrow cells has kept 
within the same limits 28.2741.32x10" and 
29.5740.88%10° 


Dependence of the biological effect on the power 
flux density 


‘The comparative investigation of KDFR influence on the 
biological object in the coverage of KDCR (along its 
geometric axis) and outside the coverage has 
demonstrated that alongside with the increase of the 
radiation intensity there was a tendency towards the 
decrease of stimulative influence of KDFR on 
haemopoiesis. 


Dependence of the biological effect on the duration 
of processing 


On processing the animals at distances up to 2.5m from 
KDCR and on increase of exposition to 3-4 hours it is 
possible to obtain reliably significant difference in the 
number of marrow cells from the physiological norm to 
the 7* day. 
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FIGURE 8-3 Tol-ike receptors (TLR) respond to call surface and endosomal microbial products: ss, single stranded: ds: double stranded 

(From OWel tal, 2013) 


muramyl dipeptide on degraded bacterial cell wall NLRs include NLRP3, which recognizes bacterial 
peptidoglycan, and can therefore respond to invading toxins and crystals, and NLRC4, which recognizes 
Gram-negative and Gram-positive bacteria (Box 8-1). flagellin of Gram-negative bacteria such as Pseu- 
However, as Gram-positive bacteria have more pepti-. domonas aeruginosa (Fig. 8). Once activated, these 
doglycan in the cell wall, NOD2 activation occurs NLRs form a large, multi-protein complex called 
following infection by staphylococci or streptococci. an. inflammasome, which activates caspase-1 and 


cleaves IL-1, 1L-18 and 1L-33 from the inactive 
pro-form, to the bioactive, mature form of these 
cytokines, Prolonged activation of inflammasomes 
also leads to caspase-1-mediated cell death, termed 
Pyroptosis, 


BOX 8-1 NOD2 AND INFLAMMATION 


Mutations in NOD2 are associated with susceptibility to 
‘autoimmune diseases that include Crohn's disease, which 
‘isa common and painful form of inflammatory bowel 
tisease, and Blas syndrome, which is manifest by 
multiple autoimmune disorders, including a severe form of 
uvets.Athough not completely understood, some of the 
polymorphisms of NOD2 result in hyperresponsiveness to 
MOP from othenwise harmless commensal bacteria in the 
Intestine and skin. 
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C-TYPE LECTINS 

In addition to bacterial products, host cells recognize 
fungal cell wall components by activation of C-type 
lectins on the cell surface (Fig. 8-5). Dectin-L 
cognizes Bglucan, whereas Dectin-2 and Dectin-3 
cognize d-mannans, and are activated after either 
clustering of Dectin-1 or heterodimerization of 
Dectin-2 and Dectin-3, which leads to production of 
pro-inflammatory and chemotactic cytokines. 


NEUTROPHILS 


Neutrophils are the first cells to respond to invading 
microbes. They are the most abundant leucocytes in 


the blood of normal individuals, comprising ~25% 
total white cells, Neutrophils in the blood constitu- 
tively express receptors for chemokines, specifically 
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FIGURE 8-4 Nod-tke receptors NLRPS (A) and NLRC (B) activation of IL-1b. Signal t TLR activation leads to gene expression of the IL-1 
pro-form through NF-xB. Sigal 2 activates the NLAP3 or NLRC inflammasome complexes that activate caspase 1 and cleavage of IL-1 to 
the bioactive 17 kDa form that is secreted from the cells. (From Nunz, Nat nm Fav 2012) 
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CXCRI, which binds IL-8/CNCLB, and CKCR2, which 
binds CXCLI, CXCL2 and CXCLS (although murine 
neutrophils express CXCRI, they do not produce IL-8 
and primarily respond to CXCL1, 2 and 5 through 
CXCR2). Neutrophils also constitutively express adhe- 
sion molecules that bind to receptors on vascular 
endothelial cells (Box 8-2), 

Neutrophils (and other leucocytes) are recruited 
from capillaries (including limbal blood vessels) to 
infected tissues through a sequence of events in 
which pro-inflammatory cytokines produced at the 
site of infection induce expression of adhesion mol- 
ecules on vascular endothelial cells. Selectins mediate 
tethering, intracellular adhesion molecules (ICAM-1, 
-2. and VCAM-1) bind to integrins on the neutrophils, 
and chemokines stimulate their transmigration across 
the vascular endothelium (Fig, 8-6A), Once in the 
tissue, migration of neutrophils to the site of infec- 
tion is also dependent on a chemokine gradient, 
especially in an avascular tissue such as the cornea, 


BOX 8-2 CHEMOTACTIC CYTOKINES 
(CHEMOKINES) 


‘CXC chemokines such as IL are directly (and specitically) 
chemotactic for neutrophils, whereas pro-inflammatory 
‘ytokines such as IL-1, IL-1 and TWF can induce 
Increased expression of vascular cell adhesion molecules 
‘0 capillary endothelial cells inthe limbus. Expression of 
these adhesion molecules has a critical roe in tethering, 
binding and facilitating neutrophil transmigration into the 
cormeal stroma (Fig 8.6). This i a general mechanism for 
extravasation of leucocytes such as lymphocytes, where 
expression of specific adhesion molecules and chemokines 
‘n vascular endothelial cells ae recognized by spaciic 
receptors on diferent cell ypes, thereby coordinating the 
cellular recruitment to the tissue, 


where cells need to migrate from peripheral limbal 
vessels 

The response of neutrophils to bacteria and yeasts 
involves phagocytosis, degranulation and neutrophil 
extracellular trap formation (NETs, Fig. 8-68). If they 
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FIGURE 8-5 C-ype lectins recognize fungal cll wall carbobydrates and mediate antifungal immunity including phagocytosis and cell signaling, 


(From town, Nal ine 2012} 


are unable to ingest the much larger fungal hyphae or 
Acanthamoeba, they can hind to the pathogen surface 
and release cytotoxic components, including reactive 
oxygen and nitrogen species, antimicrobial peptides, 
serine proteases and matrix metalloproteinases. They 
can also undergo NETosis, releasing these cytotoxic 
components in the contest of a DNA/histone-rich. 
net, Neutrophils also express pathogen recognition 
molectiles and ligand activation stimulates production, 
of pro-inflammatory and chemotactic cytokines that 
exacerbate neutrophil infiltration and recruit other 
cells such as macrophages and T cells. The role of 
‘macrophages and dendritic cells in the retina and uveal 
tract is discussed in Chapters 1 and 2. However, these 
mediators are also cytotoxic, and can contribute to loss 
of epithelial cells and keratocytes. Further matrix 
metalloproteinases can degrade the stromal collagen 
resulting in visual impairment and corneal scarring, 


Adaptive immunity to microbial infection 


Although most bacterial infections are extracellular 
and are deslt with rapidly by innate immunity, 
intracellular pathogens such as mycobacteria, pro- 
tozoa and especially viruses survive longer and can 
induce an adaptive immune response. Thus they 


stimulate T and B-cell responses which control 
infection and regulate the severity of infection, For 
example, CD4 cells play an important regulatory 
role in herpes simplex keratitis, and CDB cells regu- 
late herpes latency in trigeminal ganglia. Also, long- 
term exposure to airborne fungal spores induces 
systemic T-cell responses that likely regulate the 
severity of subsequent corneal infection. Toxoplas- 
mosis and onchocerciasis are examples of chronic 
infections in which adaptive immunity plays an 
important role in determining disease severity and 
outcome, Other factors that affect adaptive immunity 
and increased susceptibility to microbial infections 
inclide immunosuppressive drugs and HIV infection 
(see also Ch. 7, p. 437) 


Ocular infections worldwide 
CONTACT LENSES 


Contact lenses are a major risk factor for microbial 
keratitis, Approximately 134 million people world- 
wide wear contact lenses, and lens wear is the most 
common risk factor for corneal infections in the indus- 
trialized world. Long-term contact lenswear inhibits 
epithelial cell proliferation and migration and sup- 
presses limbal stem cell production of basal corneal 
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FIGURE 8-6 Neutrophil infitration and activation, (A) Multstep process of neutrapil migration from capilries to sites of infection. (B) Anti- 
‘microbial activity of neutrophils occur: phagocytosis, degranulation and release of reactive oxygen and proteolytic enzymes. A third mode of 
kiling is formation of neutrophil extraceluir traps (NETS) where neutrophils release DNA, histones and other microbicidal proteins as they 
undergo necrosis, (From Kates, Na mm Rev 2013) 


epithelial cells, Soft contact lenses, especially extended 
wear lenses, alter the microenvironment of the ocular 
surface by reducing the flow and effectiveness of tears, 
and trapping microbes at the cell surface. Further, 
poor hygiene in relation to lens cases and lens care 
solutions facilitates growth of bacteria and fungi, often 
forming multi-organism biofilms which are more 
resistant to antibiotics and lens care solutions, In this, 
outbreak, one Lens care solution was found to be inef- 
fective killing clinical and environmental isolates of 
Fusarium, resulting in over 300 cases of keratitis in the 
USA, Europe and Singapore in 2005/2006. Similarly, 
the increased incidence of Acanthamoeba keratitis in 
Chicago in 2007 was initially thought to be due to a 
lens care solution, resulting in withdrawal of the 
product; however, later findings showed the outbreak: 
was due instead to reduced chlorination of the Chicago 


VIRAL INFECTIONS OF THE EYE 


‘There are several viruses that infect the eye, including, 
adenovirus, which causes epidemic keratoconjunctivi- 
tis (serotypes 3, 7, 8 and 19), and pharyngoconjunc- 
tival fever (serotypes 1, 2, 3, 5, 7 and 14). Human 
papillomavirus causes epithelial proliferation resulting 
in formation of benign papilloma (warts) on the lids 
and conjunctiva, Herpes zoster ophthalmicus causes 
an extremely painful corneal infection as well as exten- 
sive involvement of the skin in the same dermatome 
served by the ophthalmic division of the trigeminal 
nerve (see Ch. 1, p. 74) and occurs following resur- 
gence of latency from the nerve. However, globally, 
herpes simplex virus 1 is the most common cause of 
cular viral infections. 


Herpes stromal keratitis, 


Herpes simplex virus 1 (HSV-1) is among the most 
common causes of ocular infections worldwide, as 
evidenced by high seroprevalence rates in industri- 
alized and developing countries. Infection is most 
often asymptomatic, but oral and genital lesions are 
common manifestations of infection. However, HSV-1 
can also cause herpes stromal keratitis (HSK) and can 
infect the eyelids, conjunctiva, comea, uveal tract and 
retina, As with oral and genital infection, HSK can 
occur repeatedly and cause progressive comeal scar 
formation. 
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Following primary infection of the corneal epithe- 
lium, the virus enters comeal neurones and migrates 
to the trigeminal ganglia, which provides sensory 
innervation to the comea (see Ch. 1, p, 14). HSV-1 
then enter a latent state where viral DNA is present in 
neurones but no infectious virus is produced. Follow- 
ing exposure to ultraviolet light, the virus can be reac- 
tivated and axonally transported into the corneal 
epithelium, which is highly innervated. Immune sup- 
pression also leads to reactivation, indicating an essen- 
tial role of the host immune response to maintain 
latency (discussed below). 


Primary infection. TLR9 expression on corneal epi 
thelial cells is important in the initial activation by 
HSV-1 infections and can be induced by HSV-1 DNA 
alone. These cells produce type 1 interferons (IFN- 
/), which inhibit viral replication, Natural killer 
cells are also recruited to the comeal stroma and 
produce IFN-yand tumour necrosis factor ot (TNF-@.), 
which activate macrophages, CD4* Thl, Th17 and T 
regulatory (Treg) cells also play an important role in 
limiting the primary response, with the suppressive 
activity of Tregs balancing the pro-inflammatory and. 
pro-angiogenic activity of ThIT cells 


Angiogenesis and lymphangiogenesis. flood and 
lymph vessel formation of the normally avascular 
comea isa characteristic feature of HSK, and is impor- 
tant to initiate an adaptive immune response to the 
virus as lymphatic vessels transport viral antigens to 
draining nodes, and blood vessels transport mature 
HSV-L-specific T cells to the cornea. However, angio 
genesis also impairs visual acuity, and neovasculariza- 
tion is tightly regulated by selective production of 
vascular endothelial cell growth factors and receptor 
antagonists, 


Latency. In the course of primary corneal infection, 
the vints enters the axons of sensory neurones and is 
transported in a retrograde manner to the cell bodies, 
which are located in the trigeminal ganglia, where 
viral DNA is inserted into the nucleus, This episomal 
stage of the virus is maintained by expression of HSV-1 
latency-assaciated transcripts, HSV-1 specific CD8* T 
cells are found in close association with infected nen- 
tones and can form immunological synapses in which 
the T-cell receptor and CD8 molecules are in the same 
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proximity as class I receptors on the neurones (Fig 
8-7). Although IFN-y is important, release of perforin 
in CD8 cell lytic granules is essential to maintain 
he neurones. 


Intency, which occurs without killing 


Viral retinitis 


Viral retinitis is an important cause of blindness and 
visual impairment, especially in AIDS patients. The 
most common causes of retinitis include herpes 
simplex. virus, varicella zoster virus and human 


cytomegalovirus (CMV). Less common but significant 


causes include the lymphocytic choriomeningitis virus 


(LCMV), Epstein-Barr virus, rubella, measles, West 
Nile virus, clengue and the chikungunya virus, which 
is considered an emerging pathogen 

CMV is a double-stranded DNA virus in the 
herpes family that inf imated 40-70% of 
the worlds population, Primary CMV infection is 
controlled by CDS" T cells, and as with all herp 


the virus remains pi he lifetime 


host. CMV is most 


sistent ove 

pathogenic following, 
congenital infection, and can cause chorioretinitis, 
hydrocephalus and microcephaly, LCMV is a single- 
stranded RNA arenavirus, and humans are infected 
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FIGURE 8-7 Herpes simplex keratitis, (A) Herpes simplex keratitis (HSK) showing characteristic dendrtc-shaped lesion, HSK is alsa character- 
laed by pronounced corneal angiogenesis. (B) HSV-spectic CD8-T cel, interactions with HSV-1 latent infected neurones and lytically infected 
fibroblasts, \FN~y and Itc granules inhibit HSV-1 reactivation from latency through a nan-lytic mechanism; therefore virus emerges only when, 
T-cell function is compromised. However, lytic granules induce apoptotic cell death of infected fibrabasts. (From Hendricks, Science 2008) 
(C) Confocal image of representative cormea from animal latently Infected with HSV-1 showing LYVE-1+ lymphatic vessels (red) and CD31+ 
blood vessels (green) at day 30 post-infection. Limbus is above and cornea is below the dashed line; Bar, 500 um, (Fim Wuesl and Can, J Exp 


Med 2010) 


hy inhalation or ingestion of particles contaminated 
with mouse faeces, urine or saliva, Experimental 
models of CMV and LCMV retinitis in which the 
virus is injected into the vitreous show rapid dis- 
semination to the lymph nodes and spleen, produc- 
tion of virus-specific T cells and invasion of the 
retina by cytotoxic T cells, which can cause signifi- 
cant retinal disease 

HIV patients are at higher risk for CMY, and the 
advent of highly active antiretroviral therapy (HAART) 
has reduced the incidence of CMV retinitis; however, 
long-term study of CMY retinitis patients with AIDS 
taking HAART showed that these patients still have an. 
increased risk for progression of retinitis with compli- 
cations and visual loss, 


BACTERIAL INFECTIONS OF THE EYE 
Ocular surta 
Bacteria causing conjunctivitis and blepharitis include 
Streptococcus pneumoniae and Staphylococcus aureus 
‘These infections cause inflammation and irritation but 
do not affect vision and are relatively easily treated. In 
contrast, bacterial infections of the comnea are a major 
cauise of blindness and visual impairment worldwide. 
Once bacteria gain entry to the corneal stroma they 
can replicate quickly and induce a pronounced neu- 
trophil infiltrate that contributes to vision loss 


Pseudomonas acruginosa virulence factors. P acr- 
uginosa is the most common cause of bacterial keratitis, 
worldwide. These Gram-negative bacteria are ubiqui- 
tous in fresh water, and contact lens wear and corneal 
injury are the major risk factors. Although P aerugt- 
rosa induces a rapid host response in the cornea, most 
clinical isolates express virulence factors that counter 
this response and facilitate bacterial survival. Ahhough 
these bacteria have a broad spectrum of virulence 
factors, P aeruginosa produces exotoxins as part of the 
type Il secretion system (T3SS) where they play an 
essential role in bacterial survival in vivo. As shown in 
Figure 8-8, the T35S includes a needle-like organelle 
that injects exotoxins directly into host cells. The 
needle structure protrudes from the surface of the 
bacterium and forms a pore in the host cell membrane 
through which ExoS, ExoT or ExoU are injected. 
ExoU causes rapid cell ysis and severe comeal disease 
due to its phospholipase activity, whereas ExoS 
and ExoT are related proteins that have ADP ribosyl 
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FIGURE 8-8 Pseudomonas aeruginosa type Ill secretion system 
(1388). The T3SS spans the bacterial cell envelope including the 
inner membrane, (IM), outer membrane (OM) and peptidoglycan 
layer (PG). Following contact withthe host cel plasma membrane 
(PM), the traslocatar proteins PopB (B) and PopD (0) form a pore- 
forming complex withthe ned tp (Per, red), and the etfectar 
proteins are exported through the bacterial cll envelope and the 
needle complex, and into the eytosol of the targeted cel. To date 
four etfector proteins have been described In P. aeruginosa, ExoS, 
ExoT, ExoY, and ExoU, although the exact complement of etfectors 
varies among strains and clinical and environmental isolates. Effector 
proteins are either directly cytlyic(ExoU) or modulate cl function 
to facilitate bacterial survival in the host cel. (Diagram by A, ec, om 
Pearman lal, 2013) 


transferase and GTPase activating protein (GAP) 
‘matic activity that inhibit cell migration and phagacy- 
tosis by blocking cytoskeleton activity. Animal models 
show that expression of specific T3SS exotoxins and 
the needle structure is essential for bacterial survival 
and replication in the cornea. Although almost all 
clinical and environmental isolates express either Exo 
or ExoU, they do not produce both exotoxins. Strains 
expressing ExoU but not ExoS have been designated 
cytotoxic strains, whereas ExoS-expressing strains are 
considered invasive as they can replicate in corneal 
epithelial cells without causing rapid lysis. ExoS and. 
ExoT faciliate bacterial survival in neutrophils by 
inhibiting production of reactive oxygen species, 

The host response to P aeruginosa in the cornea has 
been extensively studied using murine models, and 
although adaptive immunity can be demonstrated at 
later stages of infection, innate immune responses are 
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essential to regulate the rapid growth of these bacteria, 
in the cornea, Experimental evidence supports the 
concept that P aeruginosa LPS and flagellin activate 
TLR+ and TLRS on resident macrophages, which 
produce CXC chemokines and pro-inflammatory 
cytokines that mecliate neutrophil recruitment from. 
limbal vessels to the corneal stroma, Inhibition or 
blockade of TLR4/5, intracellular signalling pathways, 
IL-IR, or neutralization of IL-leu or CXC chemokines 
impairs neutrophil infiltration and function, allowing, 
the bacteria to survive, which results in more severe 
corneal disease. Expression of these mediators is also 
elevated in corneal exudates from infected individuals 
Suppressor molecules such as members of the TLR 
family, neuropeptides such as vasoactive intestinal 
protein (VIP) and even high concentrations of flagellin, 
also have a suppressive effect on the host inflamma- 
tory response, although the mechanisms have yet 
to be fully characterized, Ultimately, a therapeutic 
approach involving targeted anti-inflammatory rather 
than corticosteroids may have potential application 
when given together with antibiotics 


Streptococcus pneumoniae. Streptococcus pneumoniae 
is a common cause of bacterial keratitis, especially in 
developing countries, As a normal commensal in the 
lungs and upper respiratory tract, S. pneumoniae is 
frequently isolated from the conjunctival sac of healthy 
individuals, and corneal infection is likely associated 
with traumatic injury. S. pneumoniae produces several 
exotoxins; however, the most potent is pneumolysin, 
which can directly form pores in the host cell mem- 
brane, leading to rapid leakage and cell death. Pneu- 
molysin is released asa monomer but formsa multimer 
on the host cell membrane, leading to pore formation 
and rapid cell death. Although some serotypes are 
more commonly found in clinical isolates, there is no 
apparent correlation between the serotype expressed. 
and severity of infection. 


Staphylococcus aureus. Staphylococcus aureus causes 
less severe disease than Streptococcus or Pseudomonas, 
and is associated with peripheral ulcer formation. 
However, antibiotic-resistant isolates, including, 
meticillin-resistant Staphylococcus aureus (MRSA), 
make treating this infection more challenging. 5. 
aureus also produces several virulence factors, 


including haemolysins at, Band y, which facilitate 
bacterial survival in viv, 


Contact lens-related corneal inflammation, Ciher 
organisms, including Serratia marcescensand coagulase- 
negative staphylococci such as S. epidermidis, an cause 
a mild corneal inflammation associated with contact, 
lens wear, although secretion of the serralysin toxin 
may also contribute to disease severity. In many cases 
of contact lens-related inflammation such as contact, 
lens-associated red eye (CLARE) and contact lens 
peripheral ulcers (CLPU) bacteria cannot be cultured, 
although cormeal infiltrates that are most likely 
neutrophil-rich are present. As CLARE and CLFU can 
be replicated in experimental models using TLR ago- 
nists such as LPS, itis likely that products of dead and. 
degenerating bacteria activate TLRs on resident corneal 
cells, leading to neutrophil recruitment to the stroma, 


Bacterial endophthalmitis 


Bacterial endophthalmitis is characterized by a pro- 
nounced inflammatory response in the vitreous, 
resulting in extensive tissue damage and vision loss. 
Bacteria can invade the posterior segment of the eye 
from exogenous infection, following ocular surgery 
(most commonly cataract) or after traumatic or pen- 
etrating injury. Endophthalmitis can also be initiated 
haematogenously via the retinal vasculature from 
infection elsewhere in the body. Recent studies also 
indicate that diabetes mellitus can increase the likeli 
hood of bacterial endophthalmitis due to increased, 
permeability of the blood-retinal barrier, 
Coagulase-negative staphylococci including 5. 
epidermidis cause the majority of postoperative endo- 
phthalmitis, although streptococci, S. aureus and. 
enterococti such as Enterocaccus faecalis and Propioni- 
bacterium acnes can also cause infection. Staphylaco- 
cei, streptococci, E. coli and Klebsiella pneumoniae are 
among the most common causes of exogenous endo- 
phthalmitis, whereas Bacillus cereus is more likely to 
be isolated from cases of post-traumatic endaph- 
thalmitis, Animal models show studies indicate that 
bacterial cell wall components activate TLRs on Maller 
cells, microglia and macrophages in the neural retina 
and the inner retinal layer, in addition to hyalocytes 
in the vitreous, Although most infections respond to 
antibiotics, retinal damage and visual impairment 


KDBF influence on the survival of mice 


‘The experiments, determining the survival reaction 
of animals, were made by means of gamma radiation. 
30-day survival is the criterion of determination. 
Conditions for the experiments are the following: in the 
coverage of KDCR and aside the coverage, (the distance 
between the KDCR and the object is 2.5 m in the 
coverage of KDCR and 0.5m outside the coverage). Time 
of influence is 4 hours. Animals of both sex were used. 
‘Two groups of animals were used. The test group was 
put to the gamma radiation in the diapason of doses, 
which caused marrowy syndrome, ie. from 7.5 to 8.5 
Gr. The second group of animals after the irradiation in 
the same diapason of doses was repeatedly processed 
with KDFR. Time of the influence is 4 hours at 7.5 Gr 
gamma radiation on 15 mice in one bath and 8.5 Gr on 
15 mice in another bath. Total gamma radiation of the 
animals was made by means of the source "’Cs with 
the dosage rate of 5.2 Gr/min. Gamma radiation in this 
dose diapason causes death of the animals during the 
development of the marrowy syndrome, i. from the 6" 
to the 20" day along with the aplasia of haematogenic 
tissue. Combination of gamma radiation and KDFR 
sometimes leads to the slight increase of the number of 
survived animals. If the animals are irradiated by 
gamma rays at first and then by KDFR, the death control 
at 7.5 Gr radiation is equal to 5.5% from the total number 
of the animals and at the following KDFR processing 
16% of the irradiated animals die. However, 67% of the 
animals in the tested group have died after KDFR 
processing and after the coming next gamma radiation 
with 8.5 Gr total dose. And in the group, which was 
processed with KDFR, only 46% of the animals died. 


Immunity strengthening 


For the investigation of KDFR influence the following 
tests were chosen: activity of natural killers and T-killers, 
which had been obtained by the immunization in vitro 
in the unidirectional mixed culture of lymphocytes and 
also in the reaction of blast transformation on the 
specific mitogen [6, 7]. All tests were made on the 7* 
day after a single KDFR influence. Unfortunately, data 
have been obtained with the applying of radioisotope 
preparations. Though the experiments of this kind were 
successful and though they have demonstrated the 
increase of some immune reactions’ level, there is a 
certain doubt in the relevancy of radioisotopes 
application [2]. Thus the series of experiments was 
made. These experiments were aimed at the 
investigation of KDFR influence on the development of 
the swelling process. The aim of the experiment is the 
investigation of KDFR influence on the development of 
Ehrlich cancer and sarcoma-37, which were repeatedly 
inoculated to mice. At the first stage of the experiment 
there was a single KDFR influence on the mice 
repeatedly inoculated with sarcoma-37, on the 2" day 
after the repeated inoculation of the swelling cells to 
the animals. The repeated inoculation was made 
intramuscularly in a right thigh, in a dose 10° of cells 
peramouse. Time of KDFR influence for the first group 
of animals was equal to 1 hour; for the second one it 


came to 2 hours; and for the third one it came to 4 hours. 
Each group consisted of 6 animals. The test group 
consisted of six mice with repeatedly inoculated 
sarcoma-37 and which had not been processed with 
KDFR. As a result, the average lifetime of tested animals 
was equal to 9 days. The average lifetime of animals of 
KDFR groups came to 48 days (for 1-hour KDFR 
influenced group); to 12 days (for 2-hour group); and to 
31 days (for 4-hour group). Thus, the average lifetime of 
the experimental group came to 29 days. Besides, in 
the group, which has been processing with KDFR during 
1 hour, the half of mice had survived (three of six 
mice). 


At the second stage of the experiment the repeated (5 
times during 2 hours) KDFR influence on the mice was 
applied. These mice have been inoculated with 
sarcoma-37 at seven days before the beginning of the 
influence. As a result, the average lifetime of the animals 
was equal to 27 days, and for the mice, which were 
processed with fivefold KDFR influence, the average 
lifetime was equal to 76 days. The obtained results are 
the evidence of inhibition of swelling development for 
the animals, which were processed with KDFR 
influence. This leads to the increase of lifetime of such 
animals in comparison with the test. Thereby, at a great 
extent the results of the previous experiments on the 
strengthening of immune status after KDFR influence 
were confirmed. 


Results and discussion 


Let us make a conclusion. At the KDFR influence on 
animals’ organism the following effects were observed: 
decrease of blood viscosity; strongly pronounced 
hypocoagulation; decrease of contents of glucose. 
Increase in the number of karyocytes and the extended 
lifetime of the animals, infected with Ehrlich cancer and 
sarcoma-37 were also observed. 


As for human being, the researches in this area have 
not been carried out yet and they are still confined to 
the single observations. It is possible to give an example 
from the author's practice. In 1975 nonoriented circuit 
of 3kWtt power was examined. Field strength was 
measured. The author of the article had been working 
in the field for about 8 hours. And after five hours after 
the experiment Ihad felt had. That time it was nothing 
known about the influence of the new radiation on 
human organism. The arrived ambulance has quickly 
diagnosed that I was close to hypoglycemic coma. On 
several hours after the intravenous glucose injection, 
my state has become normal. Now we know that before 
the experiments with powerful KDFR bunches it is 
necessary to eat sugar. Thus we believe that the data, 
which were obtained after the experiments with 
animals, can be applied to a human being. We can 
suggest that the manifestation of the symptoms of the 
KDFR influence on human organism depends on the 
power of the applied source, on the total mass of the 
organism and on the time of it in the coverage of the 
irradiation. From aforesaid itis clear that the experiment 
with powerful KDFR sources is far from being harmless 


Page 283 


occur as a result of bacterial toxin production and 
cellular infiltration 


FUNGAL INFECTIONS OF THE EYE 


Yeast and moulds can infect the comea, causing pro- 
nounced long-lasting infections that are very difficult 
to treat, Candida albicans is the most common yeast 
causing comeal infections, mast often following cata- 
act surgery or corneal and endothelial transplants 
Candida is also associated with therapeutic contact, 
lenses, steroid use or immunosuppressive disease and 
corneal surgery. In these dimorphic organisms it is the 
yeast stage that infects the comea and then germinates, 
to form pseudohyphae in the corneal stroma. 

However, worldwide, it is moulds rather than yeast 
that are the predominant cause of fungal keratitis, with. 
ocular trauma being the major risk factor. As moulds 
such as Aspergillus and Fusarium species are plant 
saprophytes and grow abundantly on crops, the 
highest incidence and prevalence of fungal keratitis is 
in agricultural regions, especially during harvest 
season when there is an abundance of airhorne spores. 
On a global scale, fungal keratitis accounts for ~65% 
of all corneal ulcers and fungi are more common than. 
bacteria as the cause of ocular infections. Fusarium 
solani and F oxysporum are the main aetiological agents 
of fungal keratitis followed by Aspergillus species 
(A. flavus, A. fumigatus), while Curvularia, Alternaria 
and Penicillium species are less common causes. 


Corneal infection with Aspergillus and Fusarium 


Spores, or conidia, are produced in large numbers 
on conidiophores attached by stalks to live or decay- 
ing plants (Fig. 8-9), Conidia are dispersed by wind, 
and corneal injury by airborne plant material or by 
insects carrying plant material can introduce multiple 
spores into the corneal stroma (in rural India, whip- 
lash injury by a cow tail is a not uncommon cause 
of infection). Once in the corneal stroma, conidia 
germinate and hyphae can penetrate throughout the 
corneal stroma, The hyphal tips contain multiple 
proteases, including collagenases that facilitate migra- 
tion of the hyphae throughout the corneal stroma. 
If not treated in time, the hyphae will also penetrate 
into the anterior chamber, where they stimulate a 
pronounced neutrophil infiltrate seen clinically as a 
hypopyon, which limits further penetration to the 
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posterior segment, Although rare, fungal endoph- 
thalmitis is very difficult to treat and often requires 
removal of the entire globe 


Contact lens-associated fungal keratitis. In con- 
trast to mural agricultural areas, contact lens wear is the 
primary risk factor in industrialized countries, The 
impact of this disease on the industrialized world was 
illustrated by several hundred cases in the USA, 
Western Europe and Singapore during the 2005/2006 
outbreak of contact lens-associated fungal keratitis, 
Fusarium solani and F oxysporum were the cause of this, 
outbreak, which was resolved in large part by full- 
thickness keratoplasty, and occasionally by removal of 
the entire globe. In contrast to trauma-induced Fungal 
keratitis in which conidia directly cause infection, 
contact lens-associated fungal keratitis is more likely 
initiated by hyphae, Lenses and lens cases tested 
during this ontbreak not only carried fungal spores but 
also contained Fusarium in the form of biofilms. Fungal 
biofilms are complexes of hyphae and extracellular 
carbohydrates that have increased resistance to antimi- 
crobial agents and are an important cause of infection 
associated with implants and catheters, Following 
contact with the ocular surface, hyphae in the biofilm 
can penetrate into the comea stroma through minor 
epithelial abrasions where they establish infection. 


Treatment of fungal keratitis. In contrast to anti- 
biotics used to treat bacterial keratitis, antimycotic 
agents are much less effective as hyphae can penetrate 
into the deeper stroma, thereby limiting accessibility 
Topical natamycin or voriconazole are effective f given 
early after infection, but in general fungal keratitis, 
is notoriously difficult to treat, especially after the 
hyphae penetrate deeper stromal layers, Therefore, 
full-thickness keratoplasty is required; however, trans- 
plant failure is not uncommon if the fungus has not 
been completely cleared (high-risk grafis, see Ch. 4), 
Even in milder cases that respond to antifungal treat- 
ment, resolution is associated with fibrosis, resulting 
in comeal opacity and visual impairment, 


Pathogenesis of fungal keratitis. Although Aspergil- 
lus and Fusarium produce mycotoxins that are impor- 
tant in plant disease, there is no direct evidence that 
they contribute to the pathogenesis of keratitis, Most 
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FIGURE 8-9 Fungal keratitis caused by Fusarium 
and Aspergilus moulds, Aspergilus flavus 
(A) and Fusarium solani (B) conidlophaes, 
which contain multiple conidia (spores) on their 
stalks, can penetrate the cameal stroma fallowing 
ocular trauma with plant materia. Candia germi= 
nate and form hyphae that can be detected in 
comeal ulcer smears after Giemsa staining 
(C) Aspergius. Neutrophils are the predominant 
call type in corneal ulcers (D) Hyphae penetrate the 
corneal stroma and express the cell wall compo- 
nent Prulucan (E) upper panels: siver stain 
of Aspergilusinfected comes post-transplant. 
Lower panels stained with antibody to #-glucan 
( tram 2011) 


evidence points to the role of the inflammatory 
response as a major factor in causing tissue damage. 
The host response to fungal pathogens involves rec: 
ognition of cell wall components, including f-ghican 
and c-mannose, which bind to the C-type lectins 
Dectin-1 and Dectin-2 on the host cell membrane 
(B-glucan also binds to CD18 on neutrophils). Figure 
8-9 shows frglucan expression in an infected 
post-transplant comea. Activation leads, through a 
distinct signalling pathway, to the production of pro. 
inflammatory and chemotactic cytokines. However, 
these responses also activate IFN-y and IL-17 produc: 
ing T cells (Th1 and Th17 cells), in addition to 1L-17 
production by neutrophils. 1L-17 activates receptors 
on epithelial cells and fibroblasts to produce cytokines 
and exacerbates the host response. 


Corticosteroids. Treatment options for inflamma- 
tion are limited to corticosteroids and non-steroidal 
anti-inflammatory agents such as ciclosporin, Steroid 
use is particularly risky, Because if given before the 
infection is controlled, there will be unrestricted 
hyphal growth and tissue destruction, Thus, it will be 
important to develop more targeted and effective anti- 
inflammatory agents. Other approaches will be to 
target essential pathways of survival such as antioxi- 
dant and iron scavenging pathways, which are effec: 
tive in controlling disease in animal models of disease. 


PROTOZOAN CAUSES OF OCULAR DISEASE 
Acanthamoeba keratitis, 


Acanthamoeba castellani and other species is an emerg- 
ing cause of comeal infections, causing severe pain 
and visual impairment and forming a characteristic 
lesion (Fig. 8-10). Infection is ofien associated with 


contact lens wear and occurs when the comea is 
exposed to the relatively high concentration of free 
living amoebae that are present in water supplies. The 
increased incidence of keratitis was noted in relation 
to changes in water treatment such as in an outbreak: 
in Chicago in 2007. The US Centers for Disease 
Control and Prevention (CDC) continues to monitor 


cases of Acanthamoeba keratitis, 

Acanthamocha is a free-living protozoan that exhib: 
its a biphasic life cycle as a vegetative traphozoite and 
1 physiologically inert cyst form, Trophozoites are the 
active stage that exist as free-living amoebae and feed 
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FIGURE 8-10 (A) Acanthamoeba keratitis showing characteristic 
radial neuropathy. (B) Acanthamoeba tronbozat. (Pat Atom Tu and 
Jasin, 2012) 


on bacteria and fungi, As noted below, some species of 
ingested bacteria survive, notably Legionella species, 
and replicate in the trophozoites, which can behave as 
‘Trojan horses’ when they infect the cornea, releasing 
bacteria into the tissue. Under adverse physiological 
conditions, the trophozoites encyst and the cyst wall 
is extremely resistant to environmental agents, irradia- 


tion and the host immune system, These infections 
are therefore extremely dificult to treat and require the 
use of highly cytotoxic drugs such as biguanides 
and chlorhexidine (propamidine isothionate, chlo- 
thexidine digluconate and polyhexamethy! biguani 
given over months, These drugs are extremely 
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cytotoxic, and can cause severe ocular surface damage. 
Also, they are not always effective and the patients still 
require corneal transplantation, Acanthamocba keratitis, 
ismost prevalent among contact lens wearers, although. 
it can also be introduced into the corneal stroma by 
ocular trauma, Acanthamocha has been recovered from. 
soil, air, chlorinated swimming pools, hot tubs, tap 
water and contact lens solutions. Wearing contact, 
lenses when showering or swimming in fresh water 
ponds increases the risk of infection. Although the 
underlying conditions for infection are not known, it 
likely involves a combination of having trophozoites 
trapped under the contact lens, 


Acanthamoeba virulence factors. The first step in 
the pathogenesis of infection is adhesion to the ocular 
surface, which is mediated by carbohydrate-lectin 
interactions. Acanthamoeba expresses a 400 kDa trans- 
membrane mannose-binding protein (MBP) com- 
posed of 130 kDa subunits and has characteristics 
typical of a cell surface receptor. MBP is associated 
with virnlence as it is expressed at higher levels by 
pathogenic strains, and immunization of experimental 
animals results in protection from infection, A second 
‘virulence factor is the mannose-induced protein (MIP) 
133, which is a serine protease with collagenase activ- 
ity and cytopathic effect on corneal epithelial cells, 


Host response to Acanthamoeba. There are very 
few studies on the host response to this pathogen; 
serum antibodies to Acanthamocha antigens are com- 
monly detected in uninfected individuals, which is 
consistent with environmental exposure by inhalation 
or ingestion, In animal models IgA in the tears is 
protective and trophozoites can be killed in vitro by 
neutrophils or macrophages. Both cell types have 
heen detected by analysis of post-transplant corneas; 
however, as these corneas are examined only after 
long-term treatment prior to keratoplasty, itis difficult 
to determine which cells are killing the trophozoites 
during infection. It seems reasonable to postulate that 
activation of pathogen recognition receptors stimu- 
lates infiltration of these cells to the cormea, These 
have not been identified, but could be a result of col- 
lagen breakdown products such as Pro-Gly-Pro tripep- 
tides, which activate neutrophil chemokine receptors 
directly. In addition, release of endogenous bacteria, 


could trigger this pathway and induce an inflamma- 
tory response. This concept does not address the 
chronic infection seen in this disease, which most 
likely relates to the inability to kill Acanthamoeba cysts. 


Acanthamoeba as a ‘Trojan horse’. As some bacte~ 
ria are not killed by Acanthamoeba, trophozoites inad- 
vertenily act as host of intracellular bacteria that are 
also associated with human disease. For example, 
Acanthamoeba is a natural host of Legionella spp. 
(mostly L. pneumophila), which is associated with 
legionnaites disease; however, Acanthamoeba keratitis 
clinical isolates also harbour Pscudomonas (mostly P 
aeruginosa), mycobacteria and Chlamydia, and L. pew 
mophila and P aeruginosa survival in Acanthamoeba is 
dependent on expression of bacterial virulence factors 


Toxoplasmosis 


Toxoplasma gondi is the most common cause of infec- 
tious retinochoroiditis worldwide, causing up ta 50% 
of all posterior uveitis cases in some countries in the 
industrialized world, with higher levels in developing, 
countries, T. gondit is an obligate intracellular proto- 
zoan parasite and is among the most ubiquitous path- 
ogens worldwide, with >70% of the global population 
seropositive. This parasite has been found in almost 
all mammals and can cause infections in domesticated 
farm animals (especially pigs) and in pets, Cats are the 
definitive hosts and are the only mammals that support 
the sexual stage of this parasite (Fig. 8-11). Transmis- 
sion therefore occurs by ingesting the oocysts in food 
that has been contaminated with cat faeces, although 
individuals can also be infected following ingestion of 
tissue cysts (bradyzoites) in undercooked meat or by 
maternal transmission during pregnancy (often in the 
third trimester). In humans and other intermediate 
hosts, the tachyzoite form can invade and undergo 
rapidl asexual replication in any nucleated cell, Follow- 
ing oral infection, this occurs in enterocytes, where 
they rapidly replicate and cause cell death. T: fondit 
can cross the epithelial barrier to infect circulating 
monocytes, and are disseminated to mutiple organs 
inchiding the brain and the retina, Despite the pres- 
ence of a functional innate immune response, the 
parasites evade the immune system in these immune- 
privileged sites but remain semi-dormant as viable 
bradyzoites within sequestered tissue cysts, However, 
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FIGURE 8-11 The complex ite cycle of Toxoplasma gondi. Humans are accidental hsts and represent a dead end to cantinuing the lite cycle 
Cats are the only detntive host permissive for sexual replication in which male and female gametes are formed inthe cat enterocytes. Ate 
fusion ofthe T. gon gametes to form oocytes, these survve in the environment and ae ingested by intermediate hosts, including rodents, 
sheep, pigs and humans, Fast-eplicating tachyzoites and slow-replcating bradyzotes are generated in epithelial cll, and can cause inflam- 
mation and tissue damage, including inthe eye. (From Hunt and Sibley, 2011.) 


in immune compromised individuals the parasites can 
again replicate and cause multifocal brain and retinal 
lesions 


Host response. Most of our current understanding, 
of the control of T. gondit infection comes from murine 
models, T. gondii proteins activate TLR2, TLR4, and 


TLRII on monocytes and dendritic cells to produce 
IL-12, which stimulate natural killer (NK) cells to 
produce IFN-y, resulting in activation of CD4* and 
CDS" T cells. However, there is also an IFN-y- 
independent mechanism of parasite killing which is 
mediated by CD40-CD401L-dependent autophagy (see 
h, 7). 
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Ocular toxoplasmosis. . gondii induces an inflam- 
matory response in the uveal tract and in the retina, 
causing uveitis and retinochoroidits, although specific 
mediators of inflammation have yet to be identified. 
In vitro, the parasites can replicate in Miiller cells, 
retinal epithelial cells and retinal endothelial cells. 
These cells then produce pro-inflammatory and 
chemotactic cytokines that mediate recruitment of 
macrophages and lymphocytes to the retina. Animal 
models of toxoplasmosis have shown that depletion of 
both CD" and CDS" T cell subsets, but not either one 
alone, results in recurrence of the disease, implying, 
that both cell types are required. 

In immunocompetent individuals, Toxoplasma 
uveitis is self-limiting; however, recurrent lesions are 
associated with development of retinochoroiditis and, 
loss of vision, Its ikely that reactivation of tissue cysts, 
is the basis for recurrence, with the stimulus likely to 
lead to the failure of the host response to contain the 
infection, 


HELMINTH CAUSES OF OCULAR INFECTION 


Helminths are a rare but well recognized cause of 
ocular disease, the most ubiquitous being toxocariasis 
Other less well recognized or unidentified helminths 
may cause an unusual retinal infection known as 
diffuse unilateral subacute neuroretinitis in which the 
‘worms are found in the fundus and in the subretinal 
space, causing a pigmentary retinopathy and low- 
grade retinal inflammation with progressive loss of 
visual acuity. 


TOXOCARIASIS. 
Toxocara canis and Toxocara cati are nematodes trans- 
mitted by dogs and cats, respectively, where the adult 
‘worms are found in the intestines. Eggs are secreted 
in the faeces and are ingested by the secondary hosts, 
which inchide pigs and rodents. Larvae migrate 
through the intestine and can be carried to any part 
of the body via the bloodstream, The cycle is com- 
pleted when the dog or cat eats the secondary host. 
Human infection occurs following ingestion af con- 
taminated food, although humans are a dead end in 
terms of the worm’ life cycle. However, the larvae still 
migrate through the intestine and are disseminated, to 
multiple organs including the eye. 

Toxocara that appears as a large inferior white 
intraocular vitreoretinal mass, although the live worm, 


can also migrate to the anterior chamber. Treatment 
of ocular disease is with oral tiahendazole or 
albendazole. 


Ocular infections in developing countries 
ONCHOCERCIASIS (RIVER BLINDNESS) 


‘The filarial nematode Onchocerca volvulus is the eatisa- 
tive organism of onchocerciasis, also known as river 
blindness, which has caused devastating blindness 
throughout sub-Saharan Africa, Central and South 
America, and in the Arabian peninsula, The ‘river 
connection relates to the Simulium blacklly vector that 
breeds in fast-flowing rivers, Although extensive 
control efforts have been underway since the 1970s, 
several foci of disease remain, primarily in West and 
Central Africa, Blindness occurs as a result of anterior 
and posterior segment ocular inflammation, and man- 
ifestations include sclerosing keratitis, chorioretinitis 
and optic neuritis, 


Life cycle and parasite burden 


First-stage larvae (microfilariae, L1) in infected indi- 
viduals are ingested during the female blackfly’s blood. 
meal, and migrate through the gut and thorax to the 
salivary gland, having undergone two moults to the 
third-stage larvae (L3). During the second blood meal, 
the L3 enter the bloodstream, develop into stage four 
larvae (L#), and then into adult males and females that 
can live for over 10 years. Adult worms are seques- 
tered in collagenous nodules and females produce mil- 
lions of microfilariae during their lifetime and can 
survive in the skin for up to 30 months; therefore 
individuals can be very heavily infected, Microfilariae 
are readily detected in the anterior chamber by slit 
lamp microscopy: Fundus examination can also detect 
microfilariae in the retina, 


Pathogenesis 
Given the large parasite burden in infected individu- 
als, a strong immune response might be expected: 
however, live microfilariae appear to cause minimal 
tissue damage either to the skin or the eyes (Fig. 
8-12). As with other chronic parasitic infections in 
which the host and parasite have co-evolved, the 
infected host generates a predominantly immunosup- 
pressive response that involves T regulatory cells, L-10 
and TGF-B, which facilitates the longevity of adult 


FIGURE 8-12 (A) Late stages of ocular onchocercasis (iver bind- 
ness) caused by the parasitic nematode Onchocerca volwlus.(B) A 
‘mierfiara in the corneal strama nat associated with an inflamma- 
tory response, whereas cellular infitrates and comeal blood vessels 
are present at other sites. (Flom Taylor and Peaiman (Ouane's 
Cphitanoigy).) 


and larval worms and continuation of the life cycle 
In marked contrast to the suppressive response to 
live O. volvulus, when the larvae die either by natural 
attrition or following chemotherapy, infected indivi 
duals experience tissue damage, which manifests 
as onchodermatitis and stromal keratitis. Epidemio. 
logical and experimental data indicate that almost all 
immunopathology associated with onchocerciasis is 
directly or indirectly related to the local death of 
microfilariae 


Endosymblotic Wolbachia bacteria 
Although immunopathology has long been associated 
with dead and degenerating microfilariae, the finding 
that O. volvulus and other filariae harbour intracellular 
Rickettsia-like bacteria led to an increased understand. 

ing of the disease. Wolbachia are ubiquitous in the 
ovaries of insects and other arthropods, where they are 
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transmitted transovarially As filariae have obligate 
developmental stages in insects (0. volvulus in black- 
flies, Wuchereria and Briugia species that cause lym- 
phatic filariasis in mosquitoes) this likely explains why 
they are the only group of nematodes that harbour 
Wolbachia, Using antibodies to the major Wolbachia 
surface protein (WSP), Wolbachia were found to be 
abundant in the nematode hypodermis in the gravid 
uterus (Fig, 8-13) and also in microfilariae. Thus, 
larvae migrating through the skin and the eye also 
harbour Wolbachia, which are released following 
microfiaria death, Several lines of evidence support 
the concept that Wolbachia mediate the immu- 
nopathology 
(2) Wolbachia organisms and DNA are found in the 
blood of filarial infected individuals following chemo- 
therapy; (2) O. volvulus from individuals depleted of 
Wolbachia by antibiotic treatment do not induce 
comeal inflammation; and (3) isolated Wolbachia 
induce corneal inflammation through TLR2 activation, 


ssociated with ocular onchocerciasis 


which is the same as soluble extracts from the whole 
worms. Wolbachia are also detected in microfilariae in 


in of infected individuals. Analysis of the Wol 
bachia genome showed they do not have the LPS syn- 
thase gene, and therefore cannot produce LPS. A 
synthetic Wolbachia lipopeptide was able to induce 
comeal inflammation that is dependent on TLR2 and 
TLR6. These findings therefore indicate that the 
inflammatory response in river blindness is mediated 
by activation of TLR2/6 by Wolbackia lipopeptides. 


Onchocerciasis contrat 
In 1974 the World Health Organization launched 
the Onchocerciasis Control Programme (OCP), which 
was based on aerial spraying of insecticides combined. 
with chemotherapy. Although diethylearhamazine had 
serious side-effects due to rapid death of the worms, 
ivermectin (Mec 
filariae (though not the adults). After repeated annual 
treatments, transmission was significantly reduced in 
the initial target area in West Africa, and as ivermectin 
was provided free by Merck, Inc. Onchocerciasis 
control was expanded as the African Programme for 
Onchocerciasis Control (APOC) and a similar ive 
mectin distribution programme was initiated in the 
Americas and in the Arabian peninsula, These pro- 
grammes have met with considerable success and 
improved the lives of millions of individuals 


.®) was found to kill the micro: 


482 8 Microbial infections of the eye 


FIGURE 8-13 (A) Endosymblotic Wolbachia bacteria in the hynoder- 
mis and embryos ofan adult female warm (sections immunastained 
with antibody tothe Wolbachia surface protein. (B) Cross-section of 
adult female worms follwing treatment with ivermectin alone (upper 
panel) or with doxycycline lower panel. (Pat A Photomicrograph by A 
Hise, rom Pearlman ea tiene 200, Pa ram Hoerul, Lance, 2001) 


Remaining challenges are to maintain this level of 
reduced transmission and to examine the effectiveness 
of additional therapeutic agents such as albendazole 
and antibiotics that target Wolbachia. 

In targeting Wolbachia, studies showed that doxy- 
cycline and related antibiotics reduced not only the 
microfilarial load but also the adult worm burden, 
effectively curing the infection, The caveat has been 
that in contrast to ivermectin, which is given annually, 
doxycycline requires multiple doses over several 
‘weeks. The challenge remains to discover more potent 
antibiotics that can be administered en masse. The Bill 
and Melinda Gates Foundation has invested in this 
approach to develop new antibiotics (the Anti- 
Wolbachia Consortium, A-Wol.com), and results from 
this project are likely to have important implications 
for this disease. 


LOA LOA (LOIASIS, EYEWORM) 


Loa lod is a filarial nematode with a similar life cycle 
to O, volvus except the adults migrate through sub- 
cutaneous tissues and the microfilariae are in the 
blood. The intermediate vectors are lange Chrysops flies 
rather than the skin and transmission is limited to 
regions of western Africa. Disease manifestations are 
due to the migrating adults that can live for up to 17 
years ina human host and can move throngh subcu- 
taneous tissues at an estimated Im per minute. 
Adult worms also migrate through the conjunctiva 
(not the cornea), where they can be surgically removed 
(Fig. 8-14). Localized inflammation, known as Calabar 
swellings, may occur in subcutaneous tissues of the 
skin but they do not cause major tissue damage, Loa 
loa does not harbour Wolbachia and infection is treated 
with corticosteroids and diethylearbamazine 


TRACHOMA 


Trachoma is the most prevalent microbial cause of 
blindness worldwide, with ~1.3 million people blind 
and an estimated 1.8 million with impaired vision, 
Figure 8-15 shows the global distribution of trachoma, 
which is endemic in some 50 countries, especially in 
sub-Saharan Africa, In Ethiopia and Sudan an esti- 
mated 50% of children and 9% of adults have active 
trachoma, 

Trachoma is caused by Chlamydia trachomatis, spe- 
cifically subgroups (serovars) A, B, Ba and C, These 


FIGURE 8-14 Loiasis (eyevorm). Adult Loa (oz migrating across the 
conjunctiva (A), where thay can be surgically remaved(B) (Ft Shah 
and Saldaa, 2010.) 


bacteria replicate in conjunctival epithelial cells as 
reticulate bodies that do not appear to have a cell wall 
‘They also form spore-like elementary bodies which do 
have cell walls, and this isthe stage that is transmitted, 


either person to person or by flies th acted to 


the eyes 
The predominant dis 
in Figure 8-15. Recurrent infection of the conjunctival 


e manifestations are shown 


epithelium results in inflammation and development 
of characteristic papillary conjunctivitis, which even. 


tually cause conju 


tival scarring. Contraction of scar 


issue causes entropion (rolling of the eyelids inward). 


The eyelashes then scratch the cornea (trichiasis), 


which can result in corneal opacification and blind. 
ness. The inflammatory response has not been well 
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characterized, although animal models show an 
impo 

The World Health Organization initiated the Glabal 
Alliance for the Elimination of Blinding Trachoma 
AFE strategy 
rol transmission by means of Su 
ied eyelids, Antibiotic use, with at least two oral 


ant role for IFN-y, 


(GET 2020), which is based on the 


treatments of azithromycin (Zithromax®, donated by 
Pfizer), facial cleanliness to prevent person-to-person 
rsunsmission and fly- (Musca sorbens) to-person trans 


mission, and, lastly, environmental changes to increase 


access to clean water and encourage handwashing and. 
the use of latrines, which would also reduce the 


number of these flies 


Trachoma in Austr 


Trachoma has long been prevalent in the indigenous 
population of Australia, and a 


that children in 60 


2008 survey reported 


of outback communities have 
blinding disease, However, the Australian government 


has made 


major commitment to reduce the preva 
lence by using the SAFE strategy and making improve. 
ments in housing and health care 


Conclusion 


In summary, microbial infections of the eye are a 
major cause of blindness and visual impairment 
worldwide. Infections can affe: 


the anterior and pos: 


terior segments and dise: 
result of both microbial virulence and the host 


ithogenesis is the ne 


response. Pathogens, volved multiple strategies 
for survival in the eye, and the host is not always 
discriminating in its ability to lil the microbes without 
lamage, However, the ocular surface 


barriers block invasion by environmental micmabes 
under normal physiological conditions, and infection 
occurs primarily when the ocular surface is compro 
mised by trauma or extended contact lens wear 
Future treatmen 


for these blinding eye infections 


will be based on an increased understanding of the 


pathogenesis of disease which will also identify new, 
more specific targets for immune intervention com. 


pared with corticosteroids. Potential strategies include 


blocking pathogen recognition molecules or neu: 


rophil chemokines which could be given together 


with effective antibiotics. However, many of these 
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FIGURE 8-15 Clinical features of trachoma: (A) active trachama in a child, characterized by a mixed papilay (TI) and flcular response (TF; 
(B) tarsal conjunctival scarring (TS); (C) entropion and trichiasis (TT); and (O) blinding corneal opacity with entropion and trichiasis (TT) 
(€) Prevalence of trachoma worldwide (From Burin and Mabey, 2008) 


and it is better to make it distantly after exclusion of 
man presence near experimental stands and devices. 
‘At the same time it is quite obvious that on applying of 
small capacity and fixed time of irradiation itis possible 
to develop methods for curing of human diseases, which 
are considered now as incurable (for instance of 
diabetes, some diseases of haematogenic system, of 
cancer and possibly of AIDS 
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Introduction 


Authors communicate the data on influence of Magnetic 
Blow Wave (MBW) field on several wineproducts. It was 
found, that MBW did not lead to significant changes in 
the major components of the wineproduct (sugar, 
organic acids, minerals). At the same time the taste and 
aroma of treated wine become more pleasant; content 
ofheavy alcohols and wine stone in the treated samples 
was less than in non treated ones. A mechanism of 
transformations was also discussed. 


Keywords: Magnetic Blow Wave (MBW), Wineproduct, 
GLC of aroma compounds and ethanol, HPLC of sugars, 
Atomic Absorption Spectrometry (AAS) of minerals, 
Heavy alcohols and aldehydes, Wine stone, Turbidity 
tendency, Organoleptic evaluation 


Magnetic Blow Wave (MBW) was obtained for the first 
time during the investigations on ball lighting 
generation under the laboratory conditions 
(Shakhparonov 1994). MBW as a physical object is 
interesting because of some facts, which suggest that 
MBW is a magnetic monopole. The MBW can also 
interact with the matter and transforms it in a definite 
way. Typical example is an elementary carbon in the 
form of graphite, which is transformed by such magnetic 
treatment into ferromagnetic substance (ibid), 
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‘The graphite, which is initially diamagnetic, transforms 
to paramagnetic one with general radiation doze of 
about 7-10" neutrons/cm*. Other types of radiations 
could not affect this way (Svoistva 1975). So one unit of 
‘MBW can be considered as 1-10' ofneutron masses. This 
fact may be regarded as an indirect evidence for 
assuming that MBW and magnetic monopole are the 
same things. In the absence of excited radioactivity a 
slow MBW [v/c < 1-10‘] occurs, which does not ionize 
atoms (Devons, 1963). Therefore, their interaction with 
the matter can be observed only indirectly. No data exist 
on the interaction of MBW with organic substances. The 
experiments and results reported in the present 
communication may be a starting point for development 
of technology and to formulate the methods for vintage 
wine and best quality spirit production. 


‘Materials and Methods 


Assuming that MBW and magnetic monopole are the 
same things, a number of conditions were selected for 
all experiments. The MBW source and the samples were 
placed in the same axis and the axis was oriented 
according to magnetic meridian direction. Such 
‘magnetic orientation is appropriate, as the energy of 
magnetic monopole theoretically increases in a 
magnetic field (Devons, 1963). All of samples were 
placed at 250 cm distance from MBW source, in 
hermetically closed glasses. It should be noticed that 
MBW could penetrate through many other barriers, for 
example into cast iron reservoir with wall thickness of 
5 cm (Amaldi, 1970). 


‘The quality investigations were made by using of 
standard equipment. HPLC, equipped with 
refractometric detector was used for sugars estimation, 
Separation of organic acids in forms of their ethyl esters 
and acid esters was carried out chromatographically 
using a column packed with polyethylenglycol 
succinate and the following temperature option: initial 
temperature is 120°C, final temperature is 220°C, 
temperature growth rate: 8°/min. GLC was also 
employed for determination of ethanol. Minerals content 


microbes, bacteria in particular, have become resistant 
to antibiotics, and there is a pressing need to develop 
new classes of antimicrobial agents. To this end, anti 
microbial peptides have some potential as they are 
biological rather than pharmacologic agents, their spe- 
cificity is well understood and they can be readily 
synthesized as a native sequence or with substituted 
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amino acids that may improve efficacy. Targeting 
microbial scavenging for essential metals such as iron 
and zine may also prove a feasible approach. 
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‘A full reading list is available online at httpsd// 
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Pathology 


* Introduction 
* Cell and tissue damage 

* Healing and repair 

* Inflammation 

* Metabolic disease 

* Ageing, degeneration and dystrophies 
+ Neoplasia 


Introduction 


A knowledge of pathology is the key to good clint- 
cal practice, and the deeper this knowledge the 
better the practice. Less well recognized is that a 
knowledge of pathology also underpins much of 
the work of the ophthalmic and vision scientist and 
offers wide scope for research ideas. This chapter 
describes basic aspects of disease processes 
with reference to specific entities relevant in 
ophthalmology. 


Cell and tissue damage 


Cells and tissues die as part of normal physiological 
homeostasis and different tissues have different 
susceptibility to death, Indeed, different processes 
‘occur as cells die and are ultimately cleared away. 
Similarly, tissues have different capability for regen- 
eration and this applies to all of the particular 
ocular tissues. 


AGENTS OR CONDITIONS THAT CAN 

CAUSE DIRECT DAMAGE TO OCULAR 

CELLS AND TISSUES 

There are a wide variety of noxious agents, and 
processes or deficiencies capable of causing damage 
to the eye and some of these are described here 
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Reduced oxygen supply 
Central retinal artery occlusion causes reduced oxygen 
flow to the retina, which becomes opaque due to 
oedema. 


Physical agents 
+ Mechanical trauma is the commonest form of 
ocular injury: Blunt trauma describes mechanical 
injury in which the globe remains intact. Antera- 
posterior deformation separates the delicate 
attachments between the intraocular structures, 
e.g, the zonular fibres, rupture of which causes 
lens dislocation. Separation of the attachment of, 
the ciliary muscle to the scleral spur leads to 
collapse of the trabecular meshwork and second- 
ary glaucoma (angle recession glaucoma). Pen- 
etrating and perforating injuries are caused by a 
wide variety of weapons, tools, sporting equip- 
‘ment and domestic utensils, and almost inevita- 
bly lead to severe disorga 
ocular structures 

+ Extremes of temperature such as cryotherapy are 
used surgically to induce an adhesive scar by 
freezing and thawing in the peripheral retina 
during the prophylaxis or treatment of retinal 
detachment. Cryoablation is also used to destroy 
the ciliary body in cases of intractable glaucoma, 
the aim being to suppress aqueous formation. 

+ Light exposure ~ excess exposure to ultraviolet 
light may lead to an overproduction of free radi- 
cals by photons (e-g. hydrogen peroxide, super- 
oxides) with insufficient free radical scavengers 
(eg. vitamin A, superoxide dismutase and 
glutathione transferase) with resultant tissue 
damage. For example, damage may occur to the 
corneal epithelium in snow blindness. Photon 
bombardment of the photoreceptors at the 


‘ion within the 


macula over six or more decades has been stig- 
gested as a contributing factor in age-related 
macular degeneration. Lasers used in ophthal- 
mology cause tissue damage dependent on the 
wavelength, the site of absorption and the quan- 
tity of energy released. In panretinal photoco- 
agulation, which is used to treat diabetic 
vasoproliferative retinopathy, individual burns 
destroy localized patches of the outer third of the 
retina and the underlying RPE cells. Reactive 
proliferation of RPE at the edge of the burn leads 
to clinically visible pigmentation around a white 
circle, which is the result of a ‘scar’ formed by 
glial cells, Transpupillary thermotherapy (TTT) 
uses infrared light to heat (to 40°C) choroidal 
melanomas and bring about tumour cell necro~ 
sis, Several types of laser are used in ophthalmol- 
ogy to treat various eye diseases, and newer 
lasers such as the nanolaser are continuing to be 
developed (see Table 9-1) 


* Ionizing radiation — each of the three types of 


ionizing radiation in common use in medical 
practice has applications in ophthalmology. 
+ charged particles (electrons and c-particles) 
+ uncharged particles (neutrons) 
+ electromagnetic radiation (X-rays and 
prays). 


E94 Lasers used in ophthalmology 
‘Type of laser Wavelength nm) Application 


‘Argon (GW) Green (457, ‘Ablation of RPE/ 
488, 514, cuter retina (in 
610) diabetic 
retinopathy) 
YAGING Pulse 1064 Disruption of lens 
‘capsular 
membranes; 
destruction of 
ciliary body 
(glaucoma) 
Excimer (CW) 193, Radial keratometry 
Flemodelling of 
‘corneal suriace; 
retractive 
keratometry 


(GW, continuous wave; YAGIN, yttium-aluminium-gamet/ 
‘neodymium. 
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+ Proton beam therapy is now an accepted choice 
for the external treatment of ocular melanomas, 
while emitters such as “*Ru and Co can be 
applied topically to the sclera over a melanoma 
in the form of a radioactive plaque, X-rays and 
‘prays are used for the external beam treatment 
of retinoblastoma, 

The unit (gray; Gy) is a measure of the amount of 

energy absorbed in the target tissue. For melanomas, 

a dose of up to 110 Gy is required at the base of the 

tumour if a °Ru plaque is applied, while 40-60 Gy 

external radiation is required for the treatment of a 

retinoblastoma. With such high doses, cataract is inev- 

itable if the lens is not shielded. Radiotherapy in and. 
around the eye and orbit can have short- and long- 

term side-effects (Box 9-1), 


Chemical agents 


Toxic chemicals of any sort will damage the delicate 
ocular tissue when applied externally: Acid and alkali 
burnsare encountered most commonly in clinical prac- 
tice, but detergents can also cause significant damage. 

+ Acid burns ~ acids (hydrochloric, nitric and sul- 
phuric) and acidic fluids coagulate proteins, so 
that diffusion through the cornea and the sclera 
into the eye may be limited, Necrosis of epithe- 
lial and stromal cells leads to reactive fibrosis in 
the conjunctiva with eyelid distortion (entropion 
and ectropion), Comeal scarring requires kerato- 
plasty to restore vision, 

+ Alkali burns ~ alkalis, such as ammonia and 
sodium hydroxide, pass through tissue easily 
and the high pH is sufficient to destroy the cells 
of the lens, uveal tract and retina as the alkaline 
fluid diffuses through the vitreous as far as the 
optic nerve. 

Toxins 

Toxins are generally proteins derived from bacteria, 
plants and animals (e.g. snakes). Some have been 
purified and have value as therapy such as botulinum 
toxin. However, most toxins from organisms cause 
severe tissue damage, such as those ftom Pseudomonas 
aeruginosa which may cause a severe lytic keratitis (see 
Ch. 8), Tobacco and alcohol abuse may lead to toxic 
nutritional optic neuropathy with damage to the papil- 
lomacular bundle, Similarly, many drugs used to treat 
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BOX 9-1 COMPLICATIONS OF IRRADIATION 
‘THERAPY: EFFECTS ON CELLS AND TISSUES 


Radiation trom any souroe has a profound effect on 
‘muclear DNA, with fracture of chromosomes, dislocation 
and translocations. The consequence is tissue destruction 
and suppression of cell division, which is essential forthe 
ablation of tumour tissue. The side-effects for non-tumour 
tissues are: 

‘+ Endarterts —infitration of the vessel wall by 
inflammatory cells and proliferation of spindle cells 
(imyofibrobasts, intimal fibroplasia) within the 
internal elastic lamina. There is endothelial cell 
‘swelling and fibrin deposition. Narrowing ofthe 
vessel lumen contributes to tumour destruction by 
Ischaemic necrosis (see figure). A long-term 
‘secondary complication of radiation arteritis is 
dition of the capilary bed (telangiectasia), Radiation 
‘vasculopathy causes leakage of plasma constituents 
in retinal vessel walls. 

+ Loss of hair, teeth and glandular tissue, Iracation of 
the orbit damages lacrimal gland tissue and leads to 
a diy eye 

“+ Massive necrosis of normal tissue when the radiation 
dose is excessive 

‘+ An increased risk of mutation, with malformation in, 
offspring and the induction of second malignant 
tumour. 


The figure shows an irradiated melanoma with radiation endar- 
ters (black arrowheads) and surrounding pigment-laden 
rmelanophages resulting from tumour necrosis (white arrows). 


systemic disease can have toxic side-effects for the 
retina, e.g. ethambutol for tuberculosis 


Viruses 
Viruses that commonly cause ocular damage include 


herpes simplex virus and herpes zoster virus (see 
under Inflammation, p. 492) 


Dysregulated immunity 
Several autoimmune diseases, such as rheumatoid 
arthritis and multiple sclerosis, affect the eye and will, 
be discussed under Inflammation. Those with reduced 
immunity due to human immunodeficiency virus may 
develop retinitis due to cytomegalovirus. 


Nutritional deficiencies 
Vitamin A deficiency leads to night blindness and 
later xerophthalmia and keratomalacia. Vitamin By: 
deficiency is implicated in tobacco/alcohol optic 
neuropathy. 


Genetic abnormalities 


It is not surprising that errors occur during complex: 
genetic activities. Germ cells and proliferating somatic 
cells (including stem cells) are susceptible to such 
errors, When abnormalities arise in germ cells the 
abnormality may be transmitted to the next genera- 
tion, Abnormalities in somatic cells may result in cell 
death or malignant transformation, Genetic abnor- 
malities may involve whole chromosomes, parts of 
chromosomes, gene chusters or single genes. 


Chromosomal abnormalities 

+ Polypoidy occurs when chromosomal numbers 
are increased by an exact multiple of normal 
This may be seen in hypertrophied muscle cells 
and ageing cells but does not usually occur in 
sgametogenesis as it is incompatible with life, 

+ Aneuploidy occurs when the number of chromo- 
somes is increased, usually by one (trisomy) 
This may occur in Down syndrome 

+ Structural abnormalities may arise during repli- 
cation and may result in duplication and dele- 
tion of gene clusters of single genes 


Single gene defects, These are caused by defects in 
single genes. They usually affect the structure of the 


BOX 9-2 NEUROFIBROMATOSIS TYPE 1 (NF1) 
AND THE EYE 


This isan autosomal dominant condition with almost 
‘complete penetranoe due toa mutation in the WF-# gene 
on chromosome 17. It is characterized by café-au-lait 
‘pots and neurofioromas on the skin. Ocular abnormalities 
imelude the following: 

+ Eyelids — café-au-lalt spots and neurofibromas can 
affect the lids. Plexform neurofibromas may cause 
cosmetic and functional problems. 

+ Ovbit— proptosis may occur because of optle nerve 
liomas or orbital plexiform neurofibromas. Bony 
defects may occur inthe orbital floor ar roof. 

+ Anterior segment ~ Lisch nodules, melanocytic 
hamartomatous lesions ofthe iris are a defining 
‘eature of NF1. Enlarged comeal nerves and 
conjunctival, episcleral and scleral involvement by 
neurofibromas may occur. 

* Glaucoma the major cause of glaucoma is 
infitration ofthe angle by @ neuroibroma 
obstructing aqueous flow. Goniodysgenesis may also 
occur. 

+ Retina and choroid — choroidal hamartomas consist 
of @ misture of melanocytic and neuronal elements. 
Hamartomas ofthe retina and retinal pigment 
epithelium may also occur. 

*+ Optic nerve — optic pathway gliomas are the 
cause of mast visual morbidity associated with 
INF. They occur in 15% of patents and are usually 
juvenile plcytic astrocytomas. They can involve 
‘the optic nerve, chiasm, optic tract and 
hypothalamus. 


resulting protein product and can have wide-ranging 
effects. They can be inherited as an autosomal domi- 
nant (¢.g. neurofibromatosis type 1; Box 9-2), auto- 
somal recessive (e.g. Wilson’ disease (Box 9-3), 
Tay-Sachs disease) or sex-linked (e.g. some forms of 
retinitis pigmentosa) disorder. Whilst most_genetic 
disorders occur in nuclear DNA, it should be remem- 
ered that mitochondria also contain DNA in chromo- 
somes, which are self-replicating and encode enzymes 
involved in oxidative phosphorylation, When muta- 
tions occur in mitochondrial chromosomes, the defect, 
is passed on via the ovum because the sperm does not 
have cytoplasmic constituents; thus mitochondrial 
disorders are maternally transmitted (see Ch. 3, p. 138 
and Box 9-4), 
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BOX 9-3 WILSON’S DISEASE 


This i an autosomal recessive conditions due to mutations 
in the Wison's disease protein (ATP7B) gene which 
encodes a ction transport enzyme that transports copper 
Into bile and incorporates t into ceruloplasmin. Abnormal 
transportation of copper results in its accumulation, 
principal inthe tiv and bran. This leads to cirrhosis and 
neurological and psychiatric symptoms. 

‘The ophthalmic ndings, which rarely cause significant 

visual loss, are: 

+ Kayser-Feischer rings ~ these are rings in the 
comea caused by deposition of copper in Desgeme’s 
membrane 

+ Sunflower cataracts - due to brown or green 
Digmentation beneath the anterior lens capsule. 


MECHANISM OF CELL DEATH 


Cells can die through a variety of processes, some of 
which cause more ‘bystander’ tissue damage than 
others. The nature of the injurious agent (e.g. if itis 
an organism, its virulence) or set of conditions (e.g. if 
it is a nutritional deficiency, then the level of defi- 
ciency) determines the outcome for the cell or tissue. 
Mild injury may be reversible. Severe injury will result 
in death either by necrosis or by apoptosis, 


Necrosis describes death of a cell or group of cells, 
typically following severe hypoxia, physical or chemi- 
cal injury. It is always pathological, There is a rapid 
depletion of intracellular energy systems. The cell 
membranes and intracellular organelles are disrupted 
and typically there is an inflammatory reaction. 


Apoptosis 
Unlike necrosis, apoptosis, or programmed cell death, 
is important in both health and disease. tt is a rapid 
process usually affecting single cells within a popula- 
tion of healthy cells, Apoptosis is an active process in 
which proteins are cleaved by caspase enzymes which 
break up the nuclear scaffold and cytoskeleton (see 
Ch. 4, p. 157). The caspases then activate DNAses 
which degrade nuclear DNA, The next phase involves 
early phagocytic recognition with expression of phos- 
phatidylserine in the outer layers of the cell membrane 
due to flipping of phospholipid from the inner layers, 
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BOX 9-4 MITOCHONDRIAL DISORDERS 
‘AND THE EYE 


Inherited mitochondrial diseases are rare and mainly affect 
‘he central nervous and musculoskeletal system. Abnormal 
‘mitochondria ate found inthe periphery of skeletal muscle 
fibres and have a characteristic ‘ragged-red' appearance 
‘with Gomori trichrome stain as shown in the figure below. 


‘There are significant ophthalmic signs and symptoms in 
the following conditions: 

+ Lebers hereditary optic trophy point mutations 
‘cour in mitochondrial ONA resulting in abnormal 
‘ATPase 6. Young males lose vision because of 
demyelination inthe optic nerve; the papilamacular 
bundle is most severely affected 

+ Gtvonic progressive external ophthalmoplegia 
(CPEO) this is a slowly progressive, bilateral 
‘symmetrical ocular muscle dystrophy that starts in 
late childhood or early adulthood. Posi, external 
ophthalmoplegia and occasionally a pigmentary 
retinopathy occu. 

‘+ Kearns-Sayre syndrome ~ inital signs and 
‘symptoms are similar to CPEO but pigmentary 
retinopathy fs more common with the greatest effect 
on the macula. Cardiac conduction abnormalities 
present after the development of ophthalmoplegia. 

‘+ MELAS syndrome (mitochondrial 
encephalomyopathy, lactic acidosis and stroke-ike 
episodes) onset is usually in childhood with 
muscle weakness, recurrent headaches, vomiting and 
seizures. Stroke-like episodes involve temporary 
‘weakness on one side ofthe body. Eye signs include 
‘external ophthalmoplegia atypical pigmentary 
retinopathy and nuclear cataract. 


‘The molecular events occurring in apoptosis are out- 
lined in Figure 9-1, 


Sublethal cell injury 


Various injurious agents will cause reversible cell 
damage without cell death, This may result in the fol- 
lowing cellular changes: 


Hydropic swelling. This occurs when cells are inca- 
pable of maintaining ionic and fluid homeostasis. This 
leads to a loss of function of plasma membrane energy- 
dependent ion pumps. The cell and organelles become 
swollen, often with cytoplasmic vacuolation. Blunt 
trauma may cause widespread retinal oedema (com- 
motio retinae), which may be caused by transient 
spasm of the retinal vessels, producing ischaemia and 
damage to endothelial cells with leakage into the 
tissue, However, it is equally likely to result from 
transient interruption of axoplasmic flow in the gan- 
glion cell processes 


Atrophy. This is a simple decrease in cell size or 
number resulting in shrinkage of affected tissues and. 
organs, Blunt trauma may also cause shearing of pho- 
toreceptors, leading to atrophy of the photoreceptors 
and focal hypertrophy of the retinal pigment epithe- 
lium (RPE) (see below) which extends into the retina 
(pseudoretinitis pigmentosa) 

Lesser degrees of damage may allow the cell time 
to adapt so that it is able to withstand injury: Mecha- 
nisms of adaptation include: 


Hypertrophy. This occurs when the cells increase in 
size, often asa result of increase in functional demand. 
This can occur in the RPE following injury (see above), 


Metaplasia. This is a change from one type of dif- 
ferentiated tissue to another. In dry eye there is a 
reduction in tear production and this results in a 
change of the normal conjunctival epithelium with 
goblet cells to stratified squamous type. 


Healing and repair 


‘The eye, like any other tissue, responds to injury by 
an initial acute inflammatory response followed by 
vascularization and wound closure in a fibroblastic 
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FIGURE 9-1 Mechanisms of apoptosis. Apoptosis can be induced by intrinsic or extrinsic pathways. Forms of cll injury or reduction in growth 
factors or hormones can activate the intrinsic or mitochoncrial pathway ether by diracty influencing the balance of anti-apoptotic proteins 
(Bel family) and pro-apoptotic prateins (Bak, Bax and Bim) or by inducing activation of p83, which acts on these proteins. An excess of pro- 
‘apoptotic proteins increases mitochondrial permeabilly and allows leakage of other pro-apoptotic proteins (2.9. cytochrome C) Into the 
cytoplasm. Cytochrome binds apoptosis activating factor-1 (APAF-1) and this complex can cleave inator caspases. The extrinsic pathway is 
inated by engagement of cell suface death receptors withthe appropiate ligand. Cell surface death receptas include Fas and Typat TNF 
receptor. Fas ligand (FasL) cross-links several receptors, allowing the death domains to come in contact, forming a binding site for Fas 
associated death domain (FADD). This in tur can active pro-caspases. The execution phase is then carried out by a cascade ol further caspases, 
Cytotoxic T ces can directly activate executioner caspases via granzyme 8. Executioner caspases also activate endonucleases, which break 
up nuclear chramatin. The call breakdown products are packaged ito the apoptotic bodies. Flipping of membrane phosphalipids allows rapid 
phagocytic recognition of apoptotic bodies, avoiding an inflammatory response 


scarring response, These responses may fundamen- 
tally alter the architecture and specific function in the 
tissue and can have serious effects on vision. For 
example, the wound response of the retina to retinal 
hole formation and detachment is to stimulate glial 
proliferation, termed proliferative vitreoretinopathy 
(PVR). This protiferation does not, however, restore 
retinal and choroidal integrity but has the opposite 
effect by contracting and shortening the retina, to the 


point that retinal reattachment may be surgically 
impossible. Similar serious consequences result from 
scarring in other ocular tissues, 


Healing in the cornea usually leads to 
a corneal opacity (scar) 

The corneal epithelium regenerates at the limbus 
(imbal stem cells, see Ch. 4, p. 211) and spreads 
rapidly across the cornea, Bowman’ layer does not 
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regenerate, Stromal keratocytes transform into fibro- 
blasts to heal stromal wounds, Transparency is lost 
hecause the collagen fibres are not aligned properly 
Gee Ch, 4, p. 203), Descemet's membrane does not 
regenerate, The corneal endothelium fills in defects by 
sliding and in so doing deposits secondary layers in 
Descemets membrane: the membrane is elastic and. 
there is often recoil at the edge of a deficit. 


tris 
The presence of fibrinolysins in the aqueous inhibits 
fibrin clot formation, and scar tissue does not appear 
in the iris stroma; this, plus the continuing flow of 
aqueous from posterior to anterior chamber of the eye, 
leads to the persisting patency of defects made by 
iridectomy and iridotomy procedures (with beneficial 
clinical results), Reactive proliferation of the iris 
pigment epithelium may occur in response to trauma. 


Lens 
The lens epithelium responds to some forms of trauma 
by undergoing fibrous metaplasia, but in general the 
lens does not heal in the true sense but rather responds, 
to trauma by becoming opaque (cataract). 


Retina 
Damaged nerve cells are replaced by glial cells (gliosis) 
which are derived from perivascular astrocytes and 
Moller cells. In the RPE there is proliferation and 
metaplasia to fibrous tissue. A combination of glial 
cells and metaplastic RPE cells is found in preretinal 
membranes, particularly when such cells migrate via 
a retinal hole, In cases of retinal detachment, this can 
lead to extensive gliosisfibrosis with a fixed, inoper 
able retina: this condition is termed proliferative vit- 
reoretinopathy (PVR) and is the leading cause of 
failure in retinal detachment surgery. Currently there 
is no effective preventive treatment 


Choroid 


The melanocytes of the choroid do not proliferate in 
response to trauma; scar tissue in the choroid is 
derived from scleral fibroblasts. 


Scars are formed by proliferation of episcleral 
fibroblasts 


Optic nerve 
‘Trauma is followed by axonal loss and demyelination 
with reactive proliferation of glial cells and connective 
tissue cells, 


Inflammation 
WHAT HAPPENS IN ACUTE INFLAMMATION? 


Inflammation is the dynamic process by which living 
tissues react to injury (Fig, 9-2). The injurious agent 
may be physical, chemical, infective or immunologi- 
cal, The classic signs of acute inflammation are redness, 
heat, swelling, pain and loss of function. These signs 
can be explained by changes occurring at the micro- 
scopic level, Hyperaemia is associated with microvas- 
cular changes and accounts for redness and heat. 
Following injury there is an initial period of vasocon- 
striction, followed by capillary and then arteriolar 
dilatation. This is due to the direct effect of injury on 
the vessels as well as release of chemical mediators 
from damaged cells. Exudation then occurs, account- 
ing for swelling. This is the increased passage of 
protein-rich fluid through the vessel wall into the 
interstitial tissue. This increase in fluid results in dilu- 
tion of toxins and provides protective antibodies, 
fibrin and various factors to promote healing, Passage 
of protein is mediated by direct endothelial injury and. 
chemical mediators, including histamine, bradykinins 
and leukotriene, Fluid movement is due to increased, 
filtration pressure in part due to hyperaemia and loss 
of proteins from the capillaries, Following exudation, 
leucocytes (neutrophils and monocytes) migrate to the 
site of injury, These cells come in contact with the 
vascular wall as the flow decreases (margination of 
neutrophils). They then migrate through the vessel 
wall by expression, initially of selectins (on endothelial 
cells), and later of integrins on neutrophils (see Ch. 7, 
p. 386). Following transendothelial migration and 
extravasation, the subsequent movement of leucocytes 
is controlled by chemotaxis, The cells move in response 
to an increasing concentration gradient of the chemo- 
tactic agents. Chemotactic agents are released from 
other leucocytes (cytokines), complement compo- 
nents (C3a), arachidonic acid derivatives (leuko- 
trienes) or pathogenic bacteria, Once within the 
tissues, leucocytes clear the injurious agent by 


Injury 


Loss of Neurophi 


‘nial steam rating 


®D @ 


Normal 


9 Pathology 498 


oa 


Neutophil 
migration 


@ 


FIGURE 9-2 Acute inflammation. Inthe normal situation the cellular constituents ofthe blaod move in a central column known as the axial 
stream with the plasma constituents peripherally (1). Following injury, vascular changes lead to exudation of fluid and slowing of blood tow 
vith loss ofthe axial stream of cells and margination of neutrophils (2). Neutrophil rolling then occurs due to endothelial selectins recognizing 
carbohydrate groups on the neutrophils (3) Following this loose adhesion, ICAM-1 and VCAM-1 expressed on the endothlial cells form a 
primary adhesion by binding Integrins expressed on the neutrophils (4). A more stable adhesion forms with aggregation of neutrophils (5). 
Red cells begin to escape passively through gaps between endothelial cells (6). Transendothalil migration and extravasation of neutrophils 
‘occurs due to integrin adhesion to endothelial PECAM-1 and ICANI-1 (7). There is enzymatic degradation of the basement membrane and 
rneutrophis then travel along a chemotactic gradient to the site of injury (8). At the site of injury neutrophils vil enguit opsonized bacteria and 
kill them either by oxygen-dependent formation of free radicals or by axygen-independent release of lysozyme (2) 


phagocytosis. This process involves opsonization of 
bacteria by complement components before engulf- 
ment within the leucocyte. Once within the leucocytes 
the lysosomes fuse with the phagosome and bacteria 
may be killed by oxygen-dependent formation of free 
radicals or by activation of lysosomal enzymes, Various 
chemical medistors are also released from inflamma- 
tory cells or are present within plasma, Those released 
from inflammatory cells include histamine, serotonin, 
prostaglandins and leukotrienes as well as a range of 
cytokines, These mediators may result in vasodilata- 
tion (serotonin, prostaglandins), increased vascular 


permeability (histamine, leukotrienes) and  lym- 
phocyte proliferation and macrophage activation 
(cytokines). Those present in plasma are interrelated, 
cascade systems, including the clotting cascade, fibri- 
nolysis, complement system and bradykinin system, 
The outcome of acute inflammation depends on 
various factors, including the infecting organism and 
the extent of tissue necrosis, Inflammation may 
resolve, suppurate, repair with organization and scar- 
ring, or progress to chronic inflammation. 
Inflammation in the eye has special features which 
are characteristic of the tissue involved, For instance, 


| 


conclusion: in order to obtain complete information 
about any system, it should be destroyed. However, 
destruction of tissues of the man in order to get 
information about their state is a too high price to pay 
for the information about his health, 


However, the above Van Hoven’s criterion can be 
satisfied with the minimum influence, when the cells 
are not destroyed and the atoms of these cells, being 
primary sources of torsion spectrums to be registered, 
are bring into the non-equilibrium state by means of 
outer disturbing influence. 


In order to choose the frequency of the disturbing 
torsion influence correctly, it is necessary to take into 
account the role of water in physical and biochemical 
organization of tissues of the human organism. 


At the same time, it is necessary to take into account 
the resonance torsion frequencies of various human 
organs. Finally, it turns out that the signal of torsion 
disturbance should be rather sophisticated considering 
both these factors. The TORDI system is a ready-to-use 
production device. Nevertheless, it is important to 
understand that the model is not the limit of scientific 
and technical potential incorporated in it and that 
enhanced variants of the system will appear with the 
course of time. 


Summing up, I would like to draw your attention once 
more to the fact that work on torsion technologies is 
not limited by the directions that were discussed here. 
Actually, as it was pointed out in the beginning, on- 
going development includes all branches of economy, 
industry, agriculture and medicine, as well as all 
problems of everyday life. Technologies that we 
mentioned are the forerunner of the fact that the 
mankind is on the threshold of the age of torsion 


technologies, which, we believe, will change our life in 
the 21 century more than all the scientific and technical 
revolutions of the 20 century. 
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A mistake was found in the electrodynamics: it is 
detected that all electrodynamics’ postulates 
corresponds to the experimental facts, but vortex 
electric fields has unclosed inductive lines. 


When the magnet is moving, then the current of 
magnetic induction is moving together with it. From 
Imown velocity of motion v and the value of magnetic 
induction B, it is possible to calculate the intensity E of 
appearing vortex field according to electrodynamics 
formula of transformation of fields E=vB. 


If to change the E=vB on induction D= € ,E in formula 
of fields’ transformation, that will get D: 


By, where 


D is electric induction, B is magnetic induction, v is 
velocity of motion, £ , is electric constant, 


Herewith the appearing electric induction is always 
transverse to the direction of motion. It is possible to 
formulate the rule of origin for electric induction under 
the condition of rectilinear motion: ifto dispose the right 
hand palm so four fingers shows the motion direction 
of the magnetic flow (the field), connected with moving 
magnet, and the vector B fells into palm, then the moved 
aside big finger will indicate the direction of vector D. 
The given rule is like the rule for Lorenz’ force, but on 
the contrary (the difference is in frame). In the first case 
the charge moves, but the magnet rests. Here the 
magnet moves, but the charge, which points the 
direction for lines of force of electric induction, is 
immovable. So, there it is the rule for left hand, but here, 
on the contrary, it is the rule for right hand. Thereby, if 
the charge moves, but the magnet is immovable, then 
the rule of left hand uses for determination of the force. 
But ifthe magnet moves, but the charge rests, then the 
rule of right hand uses for determination of the force. 
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in the cornea a small traumatic erosion may resolve 
without scarring, However, bacterial keratitis may lead 
to formation of a corneal abscess that may ultimately 
heal with extensive scarring. Ongoing chronic inflam- 
mation may occur with herpes simplex stromal kera 
titis. The ‘privileged’ status of the eye modifies its 
response to trauma and infection and thus modifies 
the overall inflammatory response 


HOW DOES INFECTION CAUSE INFLAMMATION? 
Infection occurs when microorganisms invade the 


sterile internal body tissues and then multiply. The 
local reaction to infections is usually inflammatory and 


is evoked by cell damage and death. There are many 
classes of organisms which cause inflammation (see 
Ch. 8) and each does so in different ways, Some of the 


P: 


described here 


hology induced hy these organisms is briefly 


Bacteria 
Intraocular bacterial infections are rare but 
destructive. The pathogenicity of bacte 
according to the species (see Ch, 8, p. 473) and this 
is reflected in the nature of the immune response to 


the organism. 


ic bacterial infection of 


Pyogenic infection. Pyog: 
the intraocular compartment is termed endophthalmi- 


tis and may be exogenous or metastatic. Panoph 
thalmitis (in which the infection involves the whole of 
ar tissues) describes a rapid 


the ocular and perio 
and devastating tissue destruction, which may be 
complete by 48 hours (Fig, 9-3). Gram-p 
are among the commoner organisms that produce a 
purulent infection when introduced into the eye either 
by accidental or surgical trauma or by blood spread. 
The iI medium for bacterial prolifera: 
tion, in that the sites for ingress of inflammatory cells, 
(eg, retinal vessels, the optic disk and pars plana) are 
some distance from the proliferating pathogens. 
(Therapy may also be less than optimal because the 
barrier imposed by the endothelium of the retinal 
blood vessels impedes the diffusion of antibiotics; see 
Ch. 6, p. 341) 

Neutrophils are the predominant cell type in meta: 
static endophthalmitis, i.e. when bacteria enter the eye 


itreous is an id 


via the bloodstream, as in bacterial endocarditis or 


FIGURE 9-3 Enuceation was required after a cataract operation 
when an intraocular lens implant (arrow) was complicated by a dehs- 
cence ofthe wound (*). Gram-positive cocci were found in the vitre- 
tus abscess. The retina (arravieads) vas detached by haemarthage. 


after contamination of an indwelling intravenous cath: 


eter. During bacterial killing, neutrophils may release 
lytic enzymes that can lead to the total destruction of 
all layers of the retina, 

The ocular coats normally provide an excellent 
barrier to invasion by bacteria. However, if the cornea 


y compromised, as for instance during 
the inappropriate use of steroids in corneal ulceration, 
the prolonged and incorrect use of contact lenses or 
inadequate wound closure alier intraocular surgery, 
direct bacterial entry through the comea may occur. 

Several factors increase the risk of endophthalmitis 
(Box 9-5), 


Chronic infection. The mycobacteria (tuberculosis, 
leprosy), the actinomycetes (skin and hing infection) 
and the spirochaetes (syphilis, yaws) are responsible 
for chronic destruction of tissue. Borrelia burgdorferi, 
a spirochaete transmitted by ticks, may cause arthritis, 
and conjunctivitis (Lyme di 
Bartonella spp,, which causes cat scratch di 
also heen implicated asa cause of neuroretinitis, Path- 


neurological disea ) 


gens that produce a chronic infection induce humoral 
and cellular responses in the host (see Ch. 7); the latter 


BOX 9-5 FACTORS THAT INCREASE THE RISK 
OF ENDOPHTHALMITIS. 


+ The major factor in no-accidental postsurgical 
endophthalmitis active host infection, eg. bacterial, 
conjunctivitis. 

+ The major factor in accidental postnjury 
endophthalmitis is retention of infected foreign materia, 
especially organic material, 

+ Poor surgical technique, inadequate wound closure and 
leaking blebs, e.g. after drainage procedures, can cause 
enidoohtalmits. 

‘+ Contaminated iniraocular lenses are a common cause of 
‘ate low-grade bacterial endophthalmitis. 

+ Deity, chronic corneal ulceration and 
‘immunosuppression are rare causes of endophthalmitis. 

“Contact lens wear with poor hygiene remains a cause of 
‘severe intraocular infection if corneal ulceration occurs. 


is characterized by macrophages, lymphocytes and 
plasma cells, Many of the pathogenic organisms, such. 
as Mycobacterium tuberculosis, have the capacity to 
survive within the host macrophage. In the case of M. 
tuberculosis, macrophages attempt to limit the spread. 
of the organism by accumulating around the dead and. 
dying (necrotic) cells killed by the organism. The mac- 
rophages then become more elongated, taking on an 
epithelial morphology (epithelioid - macrophages) 
This collection of epithelioid macrophages is known 
as a granuloma (Fig, 9-4). Fusion with neighbouring 
macrophages forms a characteristic multinncleate 
giant cell (Langhans cell). The central mass of dead 
tissue within the granuloma appears cheese-like mac- 
roscopically: hence, the terms ‘caseous necrosis,’ ‘case 
ating’ and ‘caseation’ 


Viruses: 
The following viruses most commonly cause ocular 
disease: herpes simplex virus, herpes zoster virus 
(varicella group) and cytomegalovirus 


Herpes simplex keratitis. Type 1 herpes simplex 
virus causes superficial corneal ulceration which is 
finger-like or dendritic within the epithelium. Primary 
herpes simplex infection usually occurs through the 
oral mucosa, the lips or the skin of the face, This is 
followed by transneural and, subsequently, latent viral 
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FIGURE 9-4 A tuberculoma involving the anterior chamber. The 
inflamed comes (c) is anterior. There is caseous necrosis (*) filing 
the anterior chamber, which is surrounded by granulomatous inflam 
mation (q). The granulomatous inflammation is shown on higher 
power in the insert, where epithelioid macrophages have fused to 
form 3 multinucleated giant cell (arrow). 


infection in the neurones of the trigeminal ganglion 
and the sympathetic ganglia, The virus is morphologi- 
cally detectable by ultrastructural investigation within 
the comeal cells (keratocytes and epithelial cells) and 
nerves (Fig, 9-5). A variety of possible triggers (ultra- 
violet light, cold) reactivate the virus, which migrates 
along the sensory nerves to the corneal epithetium, 
The virus then invades, replicates and spreads within 
the epithelium. Effective antiviral therapy has dramati- 
cally reduced the complications of herpes simplex 
keratitis. These include chronic fibrosis and scarring 
(disciform keratitis) with stromal vascularization and. 
persisting chronic inflammation: leakage of lipid-rich 
plasma into the corneal stroma leads to pale yellow 
deposits (secondary lipid keratopathy) 


Herpes zoster ophthalmicus. Herpes zoster virus 
infects the ganglia and branches of sensory nerves 
such as the trigeminal nerve. When the virus is reac~ 
tivated, it replicates and produces vesicle formation in 
the skin in the distribution of the affected nerve or its 
branches, The eyelids, conjunctiva, cornea and veal 
tract are involved in the inflammatory process. A lym- 
phocytic infiltrate appears around the long and short 
ciliary nerves and is present in the choroid and ciliary 
body. 
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FIGURES-5 (A) Herpes simplex ulcer inthe cornea (B) The epithelia 
cells contain intranuclear inclusion of herpas viral particles (arrows). 


Acute retinal necrosis. Acute retinal necrosis has 
only been recognized as a disorder in the past three 
decades. The condition can be unilateral or bilateral 
and usually occurs in immunocompetent individuals 
Acute retinal necrosis is usually caused by infection 
with herpes simplex or varicella zoster virus, Morpho- 
logical distinction of these viruses can be difficult in 
retinal biopsies, and polymerase chain reaction (Box. 
9.6) of in situ hybridization (Box 9-7, Fig, 9-6) may 
be more helpful in providing an accurate diagnosis 
Enncleation specimens show sectorial or massive 
haemorrhagic retinal necrosis, associated with vitreous 
exndation and choroidal inflammatory cell infiltration. 
Intranuclear viral inclusion bodies can be seen by light 
microscopy. Ultrastructural examination reveals vital 
particles within retinal neurones and within the RPE 


BOX 9-6 POLYMERASE CHAIN REACTION 


‘AND THE EYE 


Polymerase chain reaction (PCR) involves the selective 
amplification of specific segments of DNA. The basie 
reaction involves repettve cycles of DNA synthesis, Each 
cycle consists of three steps: 

* Denaturation ~the fist step involves denaturation of 
the target nucleic acid, which renders it single 
stranded 

‘+ Annealing denaturation is followed by annealing of 
‘synthetic oligonucleotide primers specifically 
‘designed to hybridize tothe target nucllc acid 
region 

+ Extension ~ the third step involves extension from 
the annealed primer catalysed by a DNA polymerase 
‘enzyme. In atypical PCR analysis 20-40 cycles are 
‘carried outwith successive products becoming 
templates for subsequent cycles such that there is 
‘exponential amplification of the target region, 

The basic technique may be adapted for various 

applications. 

1, DETECTION OF GENETIC MUTATIONS AND 
DeveTions (€.c. LeBER's HEREDITARY OPTIC 
ATROPHY) 

+ Direct sequencing ofthe PCR product 

+ Detection of singlestrand conformation 
polymorphisms (SSCP) 

+ Detection of restriction fragment length 
polymorphisms (RFLP). 

2. DETECTION oF PATHOGENS 

PR is useful for detecting various pathogens, particularly 

viral pathogens (e.g. hepatitis B, eytomegalovius, herpes 

simplex virus). 

3. DETECTION OF CHANGES IN GENE EXPRESSION 

Reverse transcription PCR is based on the comparison of 

the amount of PCR product generated with the amount 

produced ftom a known concentration or copy numberof 

‘control ampifiaton targets inthe same reaction, This 

tectnique can be useful for studying clonality in 

‘ymphoma, 


and vascular endothelium. The virion appears as a 

central electron-dense core with a surrounding layer 

(the capsomere) and an outer envelope. The dimen- 

sion of the infective viral particle is 190-220 nm (see 
8). 


Progressive outer retinal necrosis. In. immuno- 
compromised individuals, herpes simplex and herpes 
zoster viruses may cause destruction of the outer 


BOX 9-7 /N SITU HYBRIDIZATION 


In this technique single-stranded complementary nucleic 
acid sequences can join with spectic DNA or RNA 
Sequences in cells or tissues and these hybridization sites 
‘can be identified by the addition of a fluorescent in situ 
hybridization (FISH) or enzyme-labelled probe. 

+ FISH is utlized to detect chromosomal gains, losses 
and translocations in neoplasms (particularly 
lymphoma). 

+ Insitu hybridization may be used for assessing 
clonality in lymphoid proliferations and detecting 
virus nucleic acids in infections with Epstein-Barr 


virus or cytomegalovirus. 


FIGURES-6 in situ hybridization reveals cytomegalovirus in the large 
cells in the inne retina in a case of retinitis 


retina without the accompanying vitritis, retinal vas 
calitis or papillitis usually associated with acute retinal 


Cytomegalovirus retinitis. Before antiretroviral 
therapy became available, cytomegalovirus retinitis 
was a common ocular infection in individuals with 
acquired immunodeficiency syndrome (AIDS). It is 
characterized by progressive areas of retinal necrosis, 
usually without haemorrhage. Infected cells are often 
enlarged with a characteristic owl-eye inclusion body 
(Fig. 9-7). 


Chlamydia 
Chlamydia are a genus of bacteria that are considered 
to be unique in the sense that they are obligate 
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FIGURE 9-7 In cytomegalovirus infection the necrotic retina contains 
enlarged cals in which characteristic ow+-ye intranuclear inclusions 
are present (arrowheads) (phloxine tartrazine stain). 


intracellular microorganisms (see Ch, 8). On a global 
scale, ocular infection by Chlamydia trachomatis (see 
Ch. 8) is one of the commoner causes of human blind 
ness, The organism is spread by direct contact and is 
also insect-borne. In an environment with poor 
hygiene the disease flourishes but the Chlamydiaceae 
respond to broad-spectrum antibiotics, particularly 
tetracyclines, and as living standards have improved, 
the incidence of blindness as the result of trachoma 
has declined (Box 9-8). Chlamydial conjunctival infec 
tion in developed countries, for instance, is much less 
sight-threatening than in less developed nations and. 
is associated with genitourinary infection. 


Fungi 
(see Ch. 8) In Europe the most important ocular 
fungal pathogens include: 

* Candida spp. 

+ Aspergillus spp. 

+ Mucor spp. 
Aspergillus and Candida spp. may directly invade the 
comes and anterior segment in postoperative infec 
tions or can be blood-borne, particularly in drag 
addicts. In the latter individuals the infection may 
present as a vitreous abscess 

Mucormycosis is the result of a blood-borne infec- 
tion and occurs in patients with poorly controlled 
diabetes or who are immunocompromised The fungus 
has a predilection for the lumen of blood vessels, 
which are occluded by secondary thrombosis: the 
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BOX 9-8 TRACHOMA 


Trachoma is described in four stages: 

‘+ In stage | there is epithelial infection with early 
lymphoid hyperplasia and polymorphs within the 
‘conjunctival stroma, which is oedematous. 

+ Stage Ils often subgrouped ito type A, in which 
‘the lymphoid folicular reaction predominates, or type 
B, in which there is fibrosis with the formation of 
papile. The latter reaction probably represents the 
effect of secondary bacterial infection. The papilee 
are formed by fibrovascular proliferation within the 
thickened and inflamed stroma. The comea is 
Involved at this stage with ingrowth of a. 
fibrovascular pannus onto the superior comeal 
periphery. 

+ Stage lis characterized by fibrous replacement of 
the inflammatory tissue. 

+ ln stage IV there is contraction within the palpebral 
‘conjunctival stroma so that there is intemal 
‘eformation of the lids (entropion) and trichiasis, 
‘hic lads to abrasion of the cornea by the ashes. 
‘Suppression of tar production is the result of 
{inflammation and fibrosis within the lacrimal gland 
‘and its ductular system. Secondary changes occur in 
‘the conjunctival epithelium, e.g. stratification and 
loss of goblet cells, and these also impair tear film 
stability. 


organism parasitizes the ophthalmic artery and its 
branches, leading to necrosis of the orbital tissues, the 
nose and the eye (Fig, 9-8) 

Some fungal infections are more prevalent in certain 
regions of the world: e.g. in the USA, where coccidi- 
oidomycosis, cryptococcosis, histoplasmosis and blas- 
tomycosis are all reported as ocular pathogens, 


Protozoal and metazoal infections 


Gee Ch, 8) Several organisms from this group cause 
ocular pathology 


Toxoplasma gondii. Thisis the commonest protozoal 
parasite to infect the eye, Congenital infection may 
occur when a woman becomes infected for the first 
time during pregnancy: Infection causes a classical 
tetrad of clinical features (meningoencephalitis, hydro- 
cephalus, intracranial calcification and retinachoroidi- 
tis), Disease severity depends on in which trimester 
the infection occurs, Congenital ocular toxoplasmosis, 
is a recurring and progressive disease because of the 


sists of broad, non-septate branching hyphae (arrowheads), In this 
case the hyphae are present witin intacted orbital fat 


persistence of the parasite as bradyzoites within tissue 
cysts, which can reactivate. Foci af reactivation can be 
seen as an irregular area with associated vitreous haze 
at the border of a retinochoroidal scar. 

Acquired infection is usually fram cysts in under- 
cooked meat or from drinking water containing 
oocysts from soil contaminated with cat faeces. 
Acquired infection is commonly asymptomatic, 
although some individuals will develop a ‘flu-like 
illness with lymphadenopathy. Retinachoroiditis may 
occur as a result of acute acquired infection, but in 
contrast with congenital infection there is no pre- 
existing scar. Toxoplasma retinochoroiditis is less 
common in immunocompromised patients than 
cytomegalovirus retinitis but can cause extensive 
retinal necrosis. Individual parasites (tachyzoites) and 
cysts (containing bradyzoites) can be identified in par- 
afin sections (Fig, 9-9). 


Acanthamoeba spp. ‘The incidence of acanthamoebal 
keratitis initially increased with greater use of soft 
contact lenses, but this form of keratitis it is now less 
common because of increased realization of the impor 
tance of hygiene in the handling of the contact lenses. 
Acanthamocha is a free-living protozoan parasite and 
the main source of contamination is the fluid in the 
contact lens case and scales on taps. These loci often 
contain bacteria that provide nutrition for the proto- 
zoa. In the cornea, the acanthamaebae phagacytose 


normal architecture has been destroyed. 


a 


FIGURE 9-10 Acanthamoeba cysts (black arrowheads) anda tropho- 
2oile (vite arrow) lying between the corneal stromal lamelae in @ 
soft contact lens wearer (PAS stain). 


remnants of dying keratocytes and polymorphs (Fig 
9-10). The organism can be difficult to identify without 
the use of immunohistochemistry. Acanthamoebal 
keratitis is painful, but does not normally penetrate 
the comea, remaining as a superficial keratitis; it 
responds only slowly to appropriate therapy. 


Toxocara canis, The adult worm of Toxocara canis, 
which can be several centimetres long, lives in the 
intestinal tract of the puppy and the eggs are passed. 
out with the faeces, Infants may ingest the eggs, which. 
release second-stage larvae in the stomach. The larvae 
of Toxocara can pass easily through the body tissues 
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and the living organisms do not elicit an inflammatory 
response. The pathological consequences are usually 
related to death of the organisms, which heralds the 
onset of an immune response. The most sensitive 
organs appear to be the liver, lung, brain and eyes 
where both a delayed-type and immediate-type hyper- 
sensitivity response may occur. In the eye there are 
three possible outcomes: 

+ At the posterior pole, a slowly developing 
low-grade fibrous reaction within the retina 
can produce a tumour that resembles a 
retinoblastoma. 

+ Inthe mid-periphery, a more rapid active inflam- 
matory reaction, which is characterized by the 
presence of numerous eosinophils, is followed 
by exudation into the retina and subretinal 
space, and then secondary retinal detachment. 

+ Inflammation and fibrosis occur in the vitreous 
base over the pars plana, and can induce a form 
of posterior uveitis, easily mistaken for pars 
planitis. 


Other parasites 

In equatorial climates, infection by helminths such as 
Wuchereria spp., Loa loa, Ascaris and several other 
nematode larvae causes retinal damage and inflamma- 
tion when microfiariae migrate into the retina and 
vitreous, Remarkably, the level of inflammation can be 
relatively low grade and there develops a mottled pig- 
mentary retinopathy (diffuse unilateral neuroretinitis, 
DUSN). 


INFLAMMATION MAY OCCUR WITHOUT INFECTION 
Many forms of intra- and extraocular inflammation 
occur without evidence of infection and in these cases 
autoimmune, allergic or otherwise termed ‘immune- 
meditated’ inflammatory mechanisms are envisaged. 


GRANULOMATOUS INFLAMMATION 


Macrophages accumulate often with multinucleate 
giant cells to form granulomas around a focus of tissue 
destruction, In addition to infectious diseases men- 
tioned above, it is also a feature of a number of non- 
infectious diseases, Immunologically, these reactions 
ofien represent a delayed-type hypersensitivity 
response (DTH response; see Ch. 7) mediated by 
‘Thelper type 1/17 cells in which macrophages 
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represent the effector cell, These granulomatous reac- 
tions include the following types. 


Reactions to endogenous materials 


Products of plasma, blood or cell breakdown can 
induce a giant cell granulomatous reaction when 
released into tissue. The commonest eyelid granuloma 
is the chalazion, which is a reaction to a blacked mei- 
homian gland duct (Fig. 9-11). Rupture of a cyst 
(cither an epidermal inclusion cyst or a dermoid cyst) 
releases keratin, which is irritant and induces chronic 
granulomatous reaction. Red cells and plasma in the 
extracellular matrix provoke an inflammatory reaction 
and the cellular response depends on the presence of 
fibrinolysins (plasmin and plasminogen activator) in 
the tissue fluids, In the anterior chamber, fibrin is 
diluted by the aqueous and is rapidly dissolved by 
fibrinolysins present in the aqueous. Thus, the cellular 
response to red cells is restricted to migration of mac- 
rophages from the iris vessels into the anterior 
chamber, A similar reaction occurs in the vitreous after 
bleeding from a tear in the retina or from torn prereti- 
nal vessels in vasoproliferative retinopathy. Similar 


FIGURE 9-11 In 2 chalaon, Blockage of the meibomian gland 
results in tipi release in the form of fat lobules and this stimulates 
the formation of a granuloma (g). The tid is dissolved during 
processing, leaving empty ft spaces (arrowheads). Te granulom 
tous foc are surrounded by lymphocytes and plasma eels, Recur- 
rence i common in cal, because the inflammatory reaction and 
the subsequent floss intrtere with drainage from the adjacent 
dlandsin te tarsal plat. Sebaceous gland carcinoma san important 
entity inthe dierent diagnosis of recurrent chalzion 


haemogranulomas also occur within the orbit alter 
trauma followed by bleeding (traumatic blood cysts) 


Reactions to exogenous non-biological materials 


Implantation in tissue of vegetable or organic matter 
such as wood excites a similar cellular response to that 
of sutures derived from cotton or synthetic materials 
Synthetic fibres or fragments of plant are seen in polar- 
ized light as birefringent particles surrounded by mac- 
rophages and lymphocytes. Metallic fragments are 
slowly dissolved in tissue fluids, but elements such as 
iron are toxic to the retina, which undergoes neuronal 
loss, so that metallic foreign bodies in the vitreous or 
retina are especially dangerous. Brass contains copper 
and tin, and the reaction to copper ions is pyogenic 
for reasons that are as yet unknown, On occasion, 
similar reactions may be seen to materials used in 
ophthalmic surgery (Box 9-9), 


NON-GRANULOMATOUS INFLAMMATION 


Lymphocytes and plasma cells are found in a number 
of conditions in which the aetiology and pathogenesis 
are unknown. Many clinical forms of anterior and. 
posterior uveitis, e.g. Behcet's disease, are character 
ized by diffuse and intense lymphocyte and plasma 
cell infiltration as well as a prominent neutrophil infil- 
tration. Lymphocytic perivasculitis is a feature of 
demyelinating disease (multiple sclerosis) in the optic 
nerve and of retinal vasculitis, In endocrine exophthal- 
mos there may be focal clusters of lymphocytes 
(ymphorthages) within the extraocular muscles (see 
p. 505) 


INFLAMMATION DUE TO AUTOIMMUNE DISEASE 


‘The basic mechanisms of autoimmune disease patho- 
physiology have been dealt with elsewhere (see Ch. 7, 
p. 439). As indicated above, many inflammatory dis- 
eases of the eye and adnexae occur in the absence of 
identifiable causative organisms, Some are associated 
with generalized connective tissue disease ar diseases 
with a recognized autoimmune aetiology. Others are 
restricted to the eye and periocular tissues. The fol- 
lowing section describes some of these disorders, 


Sjagren syndrome 
Sjogren syndrome is a disorder of the lacrimal gland, 
acinar glands of the conjunctiva (glands of Wolfring, 


BOX 9-9 MATERIALS USED IN 
OPHTHALMIC SURGERY 


Plastic encircling bands made from slicone are used to 
indent the sclera in detachment surgery, In part because 
they produce lite inflammatory reaction. However, there is 
always a sutrounding fibrous capsule, In contrast a giant 
‘el granulomatous reaction occurs around sutures. 
Particles of glass or the plastic used for intraocular lenses 
(polymethyimethacryiate; PMMA) do not stimulate a 
‘marked inflammatory reaction: the membranes onthe 
posterior lens capsule ae deived from metaplastic lens 
epithelia cells, not inflammatory cells. The silicone plastic 
Plates and tubes (Molteno tubes and setons) that are 
‘esigned to drain aqueous in advanced neovascular 
‘laucoma do not excite an inflammatory response, 
though lke the encicing bands the drainage orifices can 
be blocked by @ fibrous capsule. Of the viscous fluids 
Instied to replace ocular fluids, hyaluronic acid (Healon®) 
{s inert, while slicon oil employed in retinal detachment 
‘surgery stimulates a low-grade macrophage reaction after 
the oil becomes emulsified (see figure). 


This i a nodule on the retinal pigment epithelium in an eye 
treated with intravitreal siicone ot for retinal detachment. This 
‘nodule consists of macrophages that have phagocytosed ems 
fied ol globules. 


and Krause, see Ch. 1, p. 84) and salivary glands. The 
secretory acinar tissue ofthe lacrimal gland is destroyed 
by a lymphocytic infiltrate, with formation of lym- 
phoepithelial lesions. Impaired secretion of saliva and. 
tears leads to a dry mouth and dry eyes, respectively, 
and there is an associated loss of goblet cells in the 
conjunctival epithelium with squamous metaplasia of 
the surface epithelium, Patients with primary Sjogren 
syndrome have specific antibodies (anti-Rho, La), 
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Rheumatoid eye disease 
Destruction of ocular tissue in rheumatoid arthritis is 
T cell-mediated but also includes an immune complex- 
mediated vasculitis. Impairment of blood flow to the 
anterior segment causes a necrotizing scleritis and 
peripheral corneal ulceration, Spontaneous central 
comeal ulceration (often without an inflammatory cell 
infiltration) occurs in rheumatoid disease (corneal 
melt), a phenomenon that is promoted by release of 
metalloproteinases. If the destruction of collagen in 
the sclera is severe, the tissue undergoes fibrinoid 
necrosis with a granulomatous reaction around the 
necrotic sclera. Thinning of the sclera leads to expo- 
sure of the underlying uveal tract (scleromalacia per- 
forans) but ciliary body prolapse and perforation are 
uncommon, In some patients the inflammatory 
process is slower and is accompanied by a reactive 
fibrosis with massive thickening of the sclera (brawny 
scleritis). A localized inflammatory reaction at the pos- 
terior pole of the eye causes macular oedema and the 
‘mass may simulate a malignant melanoma (posterior 
nodular scleritis) with or without an exudative retinal 
detachment 


Other ocular surface disease 


Autoimmune disease is seen in the skin of the eyelid 
in bullous diseases such as pemphigus and mucous 
membrane pemphigoid, which are extremely debili- 
tating diseases and very difficult to treat, In the con- 
junctiva, autoimmune responses against basement 
membrane components and the attachments of the 
epithelium lead to severe stromal fibrosis. Immuno- 
fluorescence studies performed on tisstie submitted 
in Michel’ transport medium show linear deposition 
of immunoglobulin G and sometimes C3 along the 
basement membrane (Fig. 9-12). Detachment of epi- 
thelium from the basement membrane leads to inad- 
equate protection and predisposes to secondary 
inflammation and the exudation of fibrin. In the 
fornix, a fibrinous exudate provides a scaffold for 
fibroblastic migration; the subsequent scarring process 
leads to adhesions between the eyelids and the globe 
(symblepharon). 


Lens-induced uveitis 


A cataractous lens contains proteins that are the break 
down products of the primary soluble crystallins and 
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FIGURE 9-12 In ocular cicatricial pemphigoid, immunatuorescence 
studies may show linear staining for IgG inthe basement membrane 
(arrows) inthe conjunctiva, There is only background stalning in the 
‘mucosa (m) and subsmucose (sm). 


other proteins (see Ch. 5). Leakage of 


5 protein into 
the anterior chamber, either spontaneously or as a 
result of trauma 


yy induce a massive giant cell gr 
ulomatous reaction, Macrophages and lymphocytes 
enter the anterior chamber from dilated blood vessels, 
in the iris and ciliary body, and may enter the lens 
cortex itself directly through a rupture in the lens 
capsule, There are commonly significant numbers of 
neutrophils and eosinophils in the inflammatory infil 
The inflammatory cells then pass directly 
through the epithelium of the pars plana during the 
associated cyclitis (Fig. 9-13). 

akage of lens protein into the anterior chamber 


trate. 


not automatically induce a prominent inflamma: 
tory response, Sometimes lens protein is relatively 
inert and induces 


n uncomplicated macrophage 
response. This may be associated with a rise in pres 


sure caused by outflow obstruction by engorged mac 


rophages (phakolytic glaucoma). If the rupture is 
acute, the outflow system is blocked by lens matter 


(lens particle glaucoma). 
Sympathetic ophthalmia 
A bilateral granulomatous inflammation of the choroid, 


ciliary body and iris (panu 
to one eye; the injury usually includes uveal incarcera- 


itis) can occur after injury 


tion within the sclera 


sequent sensitization to pre- 
viously sequestered ocular antigens leads to posterior 
uveitis mediated by major histocompatibility complex 


Pesci 


io 


FIGURE 9-48 In lens-Induced uveitis, lens cortical matter (L) is 
attacked by a giant cell granulomatous reaction (artows). There is @ 
surrounding lymphocytic infitrate. 


FRGURE 9-14 In sympaetc optima thre is expansion of he 
chor! by acho Infanmatay ita ieludng alos 
(phen) Ate dstng et main pment tin eager 
'Scharactersi Thechorocalla spared andthe nal ment 
tpl cons ilatng macrostages 


class U-restricted CD4* T cells, which affect both the 

exciting eye and contralateral sympathizing eye, This 

immune response is directed against ocular self 
zens, The uve: 


antig tract becomes considerably thick- 


ened by an 
collections of macrophages (Fig. 9-14). The inflamma 


inflammatory infiltrate that includes 


tory process also involves the retinal pigment epithe. 
lium with theaccumulation of macrophages (essenti 
small granulomas) at this site (Dalen—Fuchs nodules) 


Vasculitis 


The common feature of vasculitis is inflammation 
of a vessel wall often accompanied by necrosis. 
Apart from infection, the majority of the vasculitides 
are immune-mediated. These are classified according 
to the size of the vessel principally affected. Temporal 
arteritis and Takayasuis arteritis are the main lange- 
vessel vasculitides, Those involving medium-sized 
vessels include classical polyarteritis nodosa and Ka- 
wasaki disease, The small-vessel vasculitides include 
Wegener’ granulomatosis, Churg-Strauss syndrome, 
microscopic polyarteritis and Henoch-Schonlein 


purpura. 


‘Temporal (giant cell) arteritis. This systemic con- 
dition involves the cerebral arteries, the ophthalmic 
arteries, the posterior ciliary branches and the central 
retinal arteries. Diagnosis is important as this is a 
preventable cause of blindness most commonly due to 
anterior ischaemic optic neuropathy. In susceptible 
arteries the local dendritic cells recruit and activate 
CD#*T cells, which direct the activity of effector mac- 
rophages. At an early stage these CD4" T cells are 
polarized into Thl and Th17 cells. The latter are most 
important in the early stages. The cytokines produce 
activated macrophages (including IL-1 and IL-6), 
giant cells and smooth muscle cells, leading to vascu- 
lar remodelling, 

Microscopic examination shows extensive inflam- 
matory cell infiltration, with lymphocytes, plasma 
cells, eosinophils and macrophages in the media (Fig 
9-15), Inflammation may be patchy with skip lesions 
Multinucleated giant cells are usually located near to 
the fragmented internal elastic lamina, The lumen may 
be obliterated by a fibrin thrombus, which hecomes 
organized and recanalized. The adventitia and the 
small periarterial vessels are often involved in the 
chronic inflammatory process. Steroid therapy does 
not always totally suppress the inflammatory process 
and prevent occlusion of the arteries with subsequent 
blindness in the contralateral eye, 


‘Takayasu's disease. This condition resembles tem- 
poral arteritis but the major vessels arising from the 
arch of the aorta are involved. Unlike temporal arteri- 
tis, Takayasuls disease usually occurs in patients under 
50 years of age. 


FIGURE 9-15 In temporal ateris the lumen may be occluded by @ 
‘thrombus. There is intimal proliferation and ittammatory call infitra- 
tion of the medis with multinuclated giant calls (black artows and 
inet) in relation tothe internal elastic lamina. 


Polyarteritis nodosa. In _polyarteritis nodosa 
medium. and small-sized arteries are focally involved 
in an inflammatory process, which leads to fibrinoid 
necrosis of the vessel wall and thrombosis. This leads 
to ischaemia and focal infarction in the heart, central 
nervous system, kidney and muscle. Polyarteritis 
nodosa may unusually involve the ophthalmic artery, 
the central retinal artery and, in addition, the retinal 
and choroidal blood vessels; subretinal exudation of 
plasma leads to retinal detachment in this condition, 


Wegener's granulomatosis. Wegener's granuloma- 
tosis is a small-vessel vasculitis with necrosis and 
granulomatous inflammation. Ocular manifestations 
inclide scleritis, corneoscleral ulceration or an orbital 
mass, These ocular findings may be part of the gener- 
alized systemic disease or its limited form, Generalized 
disease classically presents with renal, lung, upper 
respiratory tract and paranasal sinus involvement, The 
limited form manifests upper respiratory and lung 
disease without kidney involvement, Serology for cir- 
culating antineutrophil cytoplasmic antibodies 
(@-ANCA) is positive in over 90% of patients with 
generalized Wegener’ granulomatosis but in only 60% 
of those with the limited form, 


Systemic lupus erythematosus 


In this multisystem autoimmune disease, antibodies 
to blood constituents such as leucacyte DNA are 


‘The origin of electric force is connected with that, the 


vortex electric field D= €.Bv appears around moving 
magnet (the magnetic field does not act on immovable 
charges). 


In common literature on electrodynamics there is no any 
difference between electric vortex field and solenoidal 
field, but these are different notions. The sign of 
solenoidal field is the closed lines of electric induction 
(the flow of vector D through the closed surface is a 
zero), but for the vortex field the sign is following: the 
work of forces can be different from zero under the 
condition of motion along a closed line. That is to say, 
the vortex fields can agitate the rotational currents, 


From the electrodynamics textbook: “The work of forces 
of vortex electric field can be different from zero, when 
the electric charge is moving along a closed line.” 


For instance, when the magnet moves, the vortex 
electric field appears and this field can be solenoidal or 
not, depending on magnet's orientation. Let's take such 
example: the magnet moves evenly, rectilinearly, and 
it's poles are oriented transversely to direction of motion. 
According to the rule of origin for electric induction 


(D=€ ,Bv that is the rule of right hand), the appearing 
vortex electric flow is not a solenoidal, since the lines 
of electric induction are not closed. Its begins in one 
conditional area of disturbance (+), accompanies the 
moving magnet, and it finish in another area of 
disturbance (-). For presentation it is enough to consider 
only two areas (+) and (-), represented on Fig.1. These 
dissimilar areas of disturbance appears because that 
flow of magnetic induction inside the magnet has the 
inverse direction, that outside the magnet. 
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Fig Fig2 
‘That moving disturbance of electric and magnetic fields 
presents itself as transverse electromagnetic 
disturbance. Also, it is necessary to notice, that under 
such magnet's motion, the appearing vortex electric 
field is not closed, but the current of electric 
displacement, connected with it, is closed (a currents 
are always closed). In given example, for clarity, it is 
possible to present a intensity of electric field through 
the Lorenz’ force, if to take the frame, in which the 
magnet rests, and the test charge moves. 
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On the Fig.1 the moving magnet is conditionally 
represented (motion is toward to the text, magnet is 
moving away). N and S are poles of magnet. The 
direction of lines of electric induction, appearing when 
the magnet is moving, specified by arrows > and €. 
Part of the lines begins in positive area (+) and finishes 
in negative area (), the areas are placed on the ends of 
magnet. The flow of electric induction through closed 
surface is not a zero; that is to say, these areas of 
disturbance are moving electric charges. 


From the electrodynamics textbook again: “The flow of 
vector D through any closed surface is equal to algebraic 
amount of external charges, covered by this surface. In 
the electrodynamics these postulates has the same role, 
as Newton’ laws in classical mechanics.” 


‘Thereby, according to postulate, it is necessary to 
consider the appearing dissimilar areas of disturbance 
(+) and (-) to electric charges, or it is necessary to 
change the postulate. 


Its interesting, that a part of lines of electric induction, 
which placed frontal and behind magnet, starts and 
finish at infinity, since the distribution of magnetic 
induction around magnet has not determined borders. 


For clarity, it is possible to make following calculation, 
For instance, the coil (loop or turn) with current, as a 
magnet, moves evenly and rectilinearly, but its magnetic 
poles are oriented transversely on motion direction. 
‘Under such motion the lines of electric induction are 
not closed, and the dissimilar areas of electric field’s 
disturbance appears in space on the edges of this coil. 


On Fig.2 the moving coil with current is conditionally 
represented. It moves from left to right side of the page. 
‘The arrows on the coil indicate the direction of current. 
‘The appearing dissimilar areas of disturbance of electric 
field are marked by signs (+) and (-). Knowing, that in 
medium of the coil B=y,/2r and according to D= ¢ Bv, 
it is possible to find the electric induction, appearing in 
the center, between two dissimilar areas D=e,1,Iv/2r, 
where I is current in the coil, r is radius of the coil, v is 


velocity of motion, £, is electric constant, |) is 


magnetic constant. The electromagnetic disturbances 
in transverse electromagnetic waves has the similar 
field construction, there also dissimilar areas of 
disturbance of electric field exists, that is to say the 
lines of electric inductance are not closed. Only the 
currents of electric displacement and magnetic 
induction are closed, 


Let's consider another example: magnet moves 
rectilinearly, but its poles are oriented longitudinally to 
direction of motion. According to the rule for origin of 
electric induction (D= € ,Bv is the rule of right hand), 
the appearing rotational electric flow is solenoidal, since 
in this case the inductive lines become closed lines. 
Usually in books on the electrodynamics such moving 
magnet is considered, and the wrong conclusion is 
thereof done, that vortex electric field is always 
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responsible for anaemia, thromacytopenia and leuko- 
penia. Phospholipid antibody levels are raised and the 
consequent disturbances of coagulation explain the 
occlusive vasculopathy and haemorthagic diathesis, In 
addition, DNA-antiDNA. antibody complexes are 
formed in response to the release of DNA from dying, 
cells, and these initiate a type Ill hypersensitivity reac- 
tion, Small-vessel vasculitis may occur in association 
with systemic lupus erythematosus and is responsible 
for tissue damage in the heart, lungs, kidney, brain and. 
skin, 

Ocular disease is rare but appears as a lupus retin- 
opathy’ characterized by the presence of retinal micro- 
infarcts; in more severe forms there is occlusive disease 
of the central retinal artery and vein with haemor- 
thagic infarction, Choroidopathy is uncommon as a 
clinical manifestation, but may be apparent on fluo- 
rescein angiography. 


Metabolic disease 


The eyes and extraocular tissues are involved in a 
number of systemic metabolic diseases and the oph- 
thalmic complications may often be serious. 


DIABETES 


Diabetic retinopathy is predominantly a microvascular 
disease in which capillary occlusion and retinal ischae- 
mia are the major features (see Degenerative vascular 
disease). The fundamental abnormality in the smaller 
vessels is multilayering of the basement membrane 
and degeneration of the endothelial cells and the peri- 
cytes induced by hyperglycaemia. The thickened, 
occluded capillary in turn leads to retinal hypoxia 
which becomes progressively worse with increasingly 
large areas of retinal tissue involved. This alters the 
alance of various growth factors, including an 
increase in vascular endothelial growth factor (VEGF) 
and placental growth factor (PIGF), which are both 
angiogenic, with reduction in pigment epithelium- 
derived growth factor (PEDF) which is anti-angiogenic. 
Untreated retinal ischaemia then leads to proliferative 
diabetic retinopathy (PDR), which is the immediate 
cause of blindness 

In addition to vascular changes (see Video 9-1), 
diabetes may affect other tissues in the eye, with 
histological features that include: 


+ vacuolation of the iris pigment epithelium 

+ thickening of the basement membranes of the 
ciliary processes 

+ cataract (there are no specific features). 


‘THYROID EYE DISEASE 


Endocrine exophthalmos may present with unilateral 
(15%) or bilateral proptosis and limitation of ocular 
movement in the absence of other clinical signs of 
hyperthyroidism, In addition to the clinical signs, the 
diagnosis is usually made by abnormally high values 
of triiodothyronine (T;) and thyroxine (T.), and low 
values of thyroid-stimulating hormone, The demon- 
stration of uniform swelling of the extraocular muscles 
on computed tomography or orbital ultrasonography 
confirms endocrine exophthalmos, and is present in a 
high proportion of cases (up to 85%) in the absence 
of overt proptosis, Thisisan immune-mediated disease 
for which orbital fibroblasts appear to be the main 
target. In endocrine exaphthalmos they have increased, 
numbers of insulin-like growth factor 1 receptors 
Binding of these receptors can increase extracellular 
matrix production, activate T cells and macrophages 
and, through cytokine production, initiates and prop- 
gates an immune cascade 

This correlates with the findings in extraocular 
muscle of perivascular lymphocytic infiltration (lym- 
phorthage) with accumulation of glycosaminoglycans 
within and around muscle fibres (Fig, 9-16), As the 
disease progresses, there is replacement fibrosis 
between the muscle fibres, Study of the nerves at the 
orbital apex reveals loss of larger axons in the motor 
nerves; this is attributed to compression by the swollen 
muscle and explains the limitation of movement 
(ophthalmoplegia). 


DISORDERS OF AMINO ACID METABOLISM 
Homocystinuria 

‘The biochemical abnormality in this disease isa reduc 
tion in levels of cystathione B-synthetase. Patients 
suffering from this condition are at surgical and anaes- 
thetic risk because of a tendency to thromboembolic 
disease, which can be fatal. Dislocation of the lens 
Gnferiorly and somewhat posteriorly) is the result of 
an acquired metabolic abnormality of the zonular 
fibres, Histological examination of the zonular fibres 


FIGURE 9-16 Endocrine exopithalmos. The stated muscle flores in 
the extraocular muscle are separated by lipid and mucopolysaccha- 
ride (*). Throughout the muscle there ae collections of phocytes 
(arrows). 


reveals deposition of a thick band of periodic acid— 
Schif-positive material on the inner surface of the 
ciliary processes and the pars plana, 


Cystinosis 


The biochemical disturbance occurs in the lysosomal 
‘membrane transport of cystine, which is continuously 
released in the lysosomes in the degradation of protein. 
In cystinosis the amino acid is trapped within the lyso- 
some because of a defect in the transport system, The 
ocular manifestations ~ the accumulation of birefrin- 
gent cystine crystals in conjunctiva, cornea, choroid, 
pigment epithelium and retina ~ have long been rec- 
ognized. Alcohol fixation (100%) is necessary for his- 
tological verification of the presence of cystine crystals 
in a conjunctival biopsy. 


Ageing, degeneration and dystropt 


Ageing, can be difficult to define but in general there 
is overlap in the conditions to be described here since 
1 gradual decline in tissue function (degeneration) is 
often accompanied by failing nutritive resource to the 
tissues (dystrophy) as part of the ageing process, 


AGEING 


There are two main theories of ageing which need not 
be mntually exclusive. The first suggests that we are 
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genetically programmed to age and that this will differ 
between individuals, These intrinsic controlling factors 
inclide expression of ageing genes in mitochondria 
and loss of cells’ ability to divide due to sequential 
telomeric shortening during life. Telometes are a 
region of repetitive nucleotide sequence at the end of 
the chromosome arms which protects the chromo- 
some from progressive shortening which naturally 
occurs during cell division, Telomeres consist of 
approximately 8000 base pairs at birth and around 
3000 hase pairs as people age. Cells can normally only 
divide between 50 and 70 times, with the telomeres 
getting progressively shorter before the cells become 
senescent, die or sustain genetic damage that causes 
neoplastic transformation. The second theory suggests 
that damage is due to the additive effects of sublethal 
injury by a variety of injurious agents, e.g. diet, 
smoking, UV light, etc. This wear and tear is caused 
by the production of tissue free radicals induced by 
damage from these extrinsic factors, Ageing changes 
occur in all the structures of the eye and cause varying 
effects. The effects of ageing and the eye are summa- 
rized in Box 9-10, 


DEGENERATION 


Degeneration of tissties in pathological terms com- 
monly involves connective tissue components such as 
collagen, elastin and proteoglycans, but probably rep- 
resents progressive failure, dysfunction and death of 
parenchymal tissue cells which are responsible for the 
continuous production of these elements. Degenera- 
tions are described in terms of their composition and. 
their location, 


Composition/type of degeneration 
There are many types of degeneration which vary in 
terms of their biochemical composition, probably as a 
reflection of the initial insult which triggered the 
process, 

Degeneration can affect many tissues (systemic) or 
be localized to one site, for instance in relation to a 
previous injury or insult (the withered arm of birth 
injury is an example). The eye can be the preferred 
site for certain degenerative processes. 


Hyalinization. This describes the replacement of 
normal cells by an acellular, almost transparent, matrix 
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BOX 9-10 AGEING AND THE EYE 


‘Ageing changes occur in all structures of the eye with 
vatable effects on vision. 
EYELIO AND LACRIWAL SYSTEM 
Skin thinning and laxity 
‘+ Redundant skin folds and wrinkles 
+ Ectropian or entropian 
+ Blepharoptosis and brow prolapse 
+ Orbital fat prolapse 
+ Tearing (due to punctual eversion) 
“Atrophy of lacrimal gland 
+ Dy eve 
CORNEA 
Changes in curvature, oss of lustre and sensitivity 
‘Arous seis 
Hassall-Henle bodies at periphery 
krukenbera's spindle (uveal pigment in endothelium) 
Decrease in corneal endothelium 
‘TRABECULAR MESHWORK AND UVEA 
‘+ Inoreased pigmentation of trabecular meshwvork 
+ Inoreased resistance to aqueous outiow! 
+ Decreased pupil size and reactivity 
‘+ Fibrosis of ciary muscle (contributing to presbyopia) 
Lens 
+ Inoreased absorption of bive light due to 
accumulation of yellow pigments 
‘Nuclear sclerosis (contributing to presbyopia) 
+ Loss of elasticity of zonules (contributing to 
presbyopia) 
virreous 
‘+ Condensation of vitreous gel 
+ Liquefaction of vitreous gel with lacunae 
+ Detachment of posterior vitreous face 
[RETINA AND RETINAL PIGMENT EPITHELIUM. 
‘+ Neuronal cel fss and degeneration 
+ Thickening of basement membrane 
‘+ Atrophy of retinal pigment epithelium with decrease 
in melanin and increase in lipofuscin 
‘+ Age-elated macular degeneration (322 Box 9-14) 


(which consists of collagens and glycoproteins) that 
imparts a glassy appearance to the tissues on micros- 
copy. Hyalinization is typically seen in the eye and 
kidney in the walls of small blood vessels in ageing, 
benign hypertension and diabetes, Leakage of plasma 
into the vessel wall, owing to breaklown of the normal 
endothelial barrier, is thought to be one cause of 
hyalinization, 


FIGURE 9-17 At the end stage of cornea infammatory disease the 
stroma is invaded by blood vessels (arrow) that leak lpi in the form 
of cholesterol crystals (arrowheads). There isan intense intamma- 
‘oy infiltrate (i 


Fatty degeneration. The most innocuous form of 
fatty infiltration in tissue is seen in the peripheral 
comeal stroma as part of the normal ageing process 
and is described as arcus senilis. Alter prolonged 
inflammation followed by corneal vascularization, 
plasma lipids leak from the blood vessels and are 
deposited in the stroma (Fig. 9-17), 

Deposition of fat (neutral lipids and cholesterol) in 
the intima of medium and large muscular arteries 
(atheroma) is followed by thrombosis (see above 
under vascular disease). Lipids within clumps of mac- 
rophages in the dermis of the eyelid (xanthelasma) are 
usually a feature of ageing, but hypercholesterolaemia 
must be excluded 


Elastic fibre degeneration. Elastic fibres can be 
visualized with special stains (such as orcein). They 
appear as fine strands in tissues such as skin and blood, 
vessels, and zonule of the lens, The constituent protein, 
elastin, is arranged in coils, imparting elasticity to the 
strand (see Ch. 4). ‘Elastotic degeneration’ in skin is 
frequently the result of chronic sun exposure, which 
induces defective fibroblast function and an altered 
elastic matrix, which has poor elasticity. Reduced skin 
elasticity is also seen in pseudosanthoma elasticum, 
Inthis condition ruptures in Bruch’s membrane expose 
the choroid (angioid streaks) 


Pinguecula and pterygium. These are types of 
degeneration specific to the ocular surface, In the con- 
junetiva, deposition of elastic-like material causes 
thickening and formation of nodules on the bulbar 
conjunctiva (pinguecula). In individuals exposed to a 
hot, dry, dusty environment, foci of elastotic degenera- 
tion form at the limbus in the interpalpebral fissure 
and encroach on the cornea as a wing-shaped wedge 
(pterygium) (Fig, 9-18). Various changes, including 
dysplasia and carcinoma, may occur in the epithelium 
overlying the elastotic tissue. Pterygium is considered 
to be due to high levels of UV light damage and is 
especially common in certain groups of individuals 
such as surfers, and those living in islands in the 
Pacific Ocean. 


FIGURE 8-18 (A) A pleryium encroaching on the come (0). t 
consists of dense depostion of degenerating elastin (e). (8) The 
degenerate elastin stains black using 2 special stain Elatc Van 
Gieson). 
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Caleification. Calcium is deposited in both normal 
and diseased tissue as hydroxyapatite crystals 
[Ca,(PO,),(OH),)]. In hypercaleaemic states such as 
hyperparathyroidism, hypervitaminosis D and exces- 
sive bone resorption from skeletal metastases, calcium 
is deposited in normal tissue such as the kidney and 
the conjunctiva; this process is called metastatic 
calcification, 

By contrast, calcium can be deposited in hyalinized 
connective tissue (blood vessels) or necrotic tissue 
(such as post-tuberculous scars in lung, atheromatous 
plaques, necrotic tumour tissue in a retinoblastoma) 
in a normocalcaemic state; this is referred to as dys- 
trophic calcification, Calcification of ocular tissues 
also occurs in the end-stage phthisical eye usually 
within the metaplastic fibrous tissue derived from the 
retinal pigment epithelium. This may sometimes 
ossify, 


Amyloid 
Amyloid is an insoluble protein deposited in tissues, 
particularly around blood vessels and in basement 
membranes, In haematoxylin and easin-stained sec~ 
tions amyloid has a homogeneous pink appearance; 
staining with Congo red, followed by examination in 
polarized light, reveals apple green birefringence (Fig, 
9-19), The composition of amyloid varies and the 
effects depend on whether it is systemic or localized. 


Systemic amyloid deposition 

+ Assaciated with monoclonal plasma cell prolifer- 

ation, e.g. myeloma, Waldenstrom's macraglab- 

uulinaemia. The amyloid is light-chain-derived 
(AL) from Fragments of immunoglobulin, 

+ Associated with chronic inflammation, e.g. theu- 
matoid arthritis, genetically inherited familial 
Mediterranean fever. The amyloid is derived 
from serum AA protein (AA), an acute-phase 
reactant in many inflammatory conditions. 


Localized amyloid deposition 

+ Amyloid derived from polypeptide hormones 

may be deposited in endocrine tumours, eg, 
‘medullary carcinoma of the thyroid 

+ Amyloid derived from prealbumin may be 

deposited in the heart, brain and joints in the 

elderly, Cerebral deposits of amyloid are 
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FIGURE9-19 Upper pane: in lattice dystrophy ofthe comea, stromal 
deposits (arrows) have the staining characteristics of amyloid and 
exhibit apple green birefringence when a Congo red-stained section 
is observed in polarized light (lower pane) 


important in Alzheimers disease. Amyloid 
protein is also a component of drusen in macular 
degeneration 
Amyloid may be observed as a solitary nodule within 
the eyelid, the orbit, or in the conjunctiva in the 
absence of systemic disease, Amyloid is deposited in 
the choroid and vitreous in systemic amyloidosis, In 
the cornea, amyloid deposition (Fig, 9-19) is the char 
acteristic feature of latice dystrophy. 


‘The exfoliation syndrome 
(pseudoextoliation syndrome) 


Pseudoesfoliation syndrome is an ageing-related sys- 
temic disease in which granular amorphous eosin- 
ophilic material accumulates throughout the body. In 
the eye, this material forms flufly white deposits on 
the surface of the lens, the ciliary processes, the 
iris surface and the inner surface of the trabecular 
meshwork. Involvement of the outflow system leads 
to secondary open-angle glaucoma, The true patho- 
genesis of the exfoliation syndrome is not fully 


FIGURE 9-20 A hyalnized retinal vessel with a thickened wall and 
narrowed lumen in a case of long-standing hypertension 


understood although it is thought to have a genetic 
component due to increased prevalence in certain 
populations (e.g, Scandinavians) 


Degenerative vascular di 
Degenerative vascular disease (atheroma, atherosclero- 
sis) is a major cause of morhidity and mortality in 
industrialized nations, and is also increased in meta- 
bolic disease such as diabetes, The degenerative 
process in the vessel wall can take on various forms 
as described above: 


Hyalinization. In ageing, hypertension and diabetes, 
the walls of arterioles and venules become thickened, 
by deposition of collagen (hyalinization) with a loss of 
the normal smooth muscle layer (Fig. 9-20). Conse- 
quently there isa reduced capacity to respond to meta- 
bolic demand while narrowing of the lumen reduces 
the overall perfusion of the tissues. Hypertension can. 
be superimposed on both diabetic and senile degen- 
erative vasculopathy, adding a contractile (vasospastic) 
component ta the disease. 
Vaso-occlusive disease, Retinal vaso-occlusive 
disease may be macro- or microvascular, Macrovascu- 
Jar occlusions involve the central retinal artery or vein, 
or its major branches, Microvascular occlusion occurs 
at the arteriolar level, causing non-perfusion of tissue 
and ischaemia 


Microvascular occlusion. ‘The following abnorm: 
ties may be found in conditions in which focal capil- 
lary occlusion causes patchy interference with blood 
flow within the retina such as hypertension, diabetes, 
AIDS, radiation vasculopathy and the vasculitides: 

+ Microinfarction — fully white swellings (cotton- 
‘wool spots) in the retina on ophthalmoscopy are 
representations of the swollen ends of inter- 
rupted axons. Build-up of axoplasmic flow 
‘occurs at the edge of the area previously supplied 
by the occluded vessel (Fig. 9-21) 

+ Hard exudates ~ underperfusion of the vascular 
bed and damage to the endothelium of the deep 
capillaries leads to plasma leakage into the outer 
plexiform layer. Clinically this exudation is 
yellow and well circumscribed. Histologically, 
‘hard’ exudates are eosinophilic masses, and 
these contain foamy macrophages with lipid in 
the cytoplasm (Fig, 9-22), 

+ Microaneurysms ~ another effect of ischaemia on 
the capillary is weakening of the wall by necrosis 
of the supporting cell (the pericyte) in diabetes 
and the endothelial cell in central retinal vein 
occlusion, The ensting small bulges or blowouts 
in the capillary wall are referred to as microan- 
eurysms. With time, microaneurysms become 
filled by basement membrane deposits and 
consequently may disappear on fluorescein 
angiography. 


FIGURE 9-21 A micrlnfarct in the retina is seen asa swollen sector 


of disrupted axons. Smudgy eosinophilic structures (cytld bodies) 
represent the swollen ends of axons (arrawheads). The infarct mainly 
Involves the nerve fire layer (Bodian stain). 
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+ Haemorrhage — breakdown of the vessel wall 
leads to leakage of red cells and can take several 
forms in the retina: 

+ flame haemorrhages follow rupture of a small 
arteriole so that blood tracks into the nerve 
fibre layer 

+ dot haemorthages follow rupture of capillar- 
ies in the outer plexiform layer; these are 
smaller and more circumscribed than flame 


hacmorthages 
+ blot haemorrhages are larger than dot haem- 
orthages, and represent bleeding from 


capillaries with tracking between the photo- 
receptors and the RPE. 


~ as ae 
FIGURE 9-22 Hard enutates are the result of leakage of plasma 
through the cain endothe. The exutates occur nthe outer 
plot yer an italy consist fs praenaceous exudate (A) 
Later, foamy macrophages (B) are attracted to the deposit in an 
attempt to remove it 
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+ Neovascularization ~ newly formed vessels grow 
from the venous side of the capillary bed within 
an area of arteriolar non-perfusion; this change 
represents a response to ischaemia within the 
retina, These vessels leak on fluorescein angiog- 
raphy and they occur in an eye which will 
progress to vasoproliferative retinopathy. The 
new vessels arise in the prevenular capillaries 
and in the walls of hyalinized venules, and pro- 
liferate within and on the surface of the retina, 
If the vitreous is detached, the fibrovascular 
tissue grows on the inner surface of the retina; 
the membrane contracts, leading to retinal 
detachment, Fibrovascular proliferation within 
the attached vitreous leads to haemorrhage and 
further formation of traction bands, The diffu- 
sion of vasoformative factors from the vitreous 
through the posterior and anterior chambers 
induces blood vessel formation on the iris surface 
(rubeosis iridis) and the inner surface of the 
trabecular meshwork, sealing off the angle and 
causing secondary (neovascular) glaucoma, 
Vasoproliferation also occurs in retinopathy of 
prematurity (Box 9-11), which is also intricately 
associated with relative retinal ischaemia, 


Macrovascular occlusion, Macrovascular occlusion 
relers to obstruction of vessels of diameters equal to 
or greater than a medium-sized arteriole. It includes 
thrombotic occlusion of the central retinal artery, in 
association with systemic conditions such as hyper 
tension and atherosclerosis. 

‘+ Hypertension ~ the classic textbook appearances 
of the retina in accelerated (malignant) hyperten- 
sion, ie. haemorrhage, exudates and papilloede- 
‘ma, are not normally seen with antihypertensive 
therapy: In mild cases of hypertensive retinopa- 
thy the vessels are described as ‘copper-wire’ or 
‘silverswire’ as a result of hyalinization. In more 
advanced disease, narrowing of the blood col- 
umn followed spasm of the vessels, produces 
ischaemic damage to the endothelium distal to 
the constriction, Swelling and degeneration of 
the endothelium is followed by leakage of fibrin 
into the vessel wall and further narrowing of the 
lumen. Fibrinoid necrosis, characteristic of 
hypertensive renal vasculopathy, may be found 


BOX 9-11 RETINOPATHY OF PREMATURITY 


In the premature infant vascularization ofthe retina is 
‘incomplete, Normally the blood vessels grow trom the disk 
toward the periphery during intrauterine life, and the 
‘process is not complete until term, particulary a the 
{temporal periphery, furthest from the disk. The extension 
‘of the normal vascular bed appears to be a response to the 
telatve hypoxia ofthe proliferating neural cells. Migration 
‘of blood vessels does not occur while the premature infant 
{5 maintained in an atmosphere of high oxygen tension, 
possibly because the neural tissue is adequately 
‘oxygenated and the drive for normal vascularization i lost. 
Excessive proliferation of blood vessels (retinopathy of 
‘premeturity) occurs wien the infantis returned to an 
atmosphere containing @ normal partial pressure of 
‘oxygen. The peripheral non-vasculrized retina is now 
Ischaemic and the neovascular outgrowths from the 
periheral vessels proliferate rapidly an ina aisorganized 
‘manner within the retina and vitreous. The process may 
result in bifateral retinal detachment inthe worst cases, but 
‘many cases of retinopathy of prematurity regress without 
permanent damage. Non-invasive techniques for the 
‘measurement of blood oxygen levels and careful control of 
the oxygen levels inthe incubator can reduce the incidence 
‘of retinopathy of prematurity. Where necessary, retinopathy 
‘of prematurity can be treated by laser photocoagulation of 
the peripheral non-vascularized retina. 


in the walls of choroidal and retinal vessels in 
‘uncontrolled hypertension. Ifthe choriocapillaris 
is occluded by fibrinoid necrosis, there is exuda- 
tion beneath a necrotic retinal pigment epithe- 
lium, leaving small areas of depigmentation 
(Elschnigs spots), 

+ Central retinal artery occlusion ~ the central retinal 
amtery is an end-artery, and obstruction of flow 
leads immediately to blindness, The normally 
transparent retina becomes opaque, preventing 
transmission of the red reflex created by the 
choroidal vasculature except at the macula where 
the choriocapillaris is visible (the classic cherry- 
ted spot). Central retinal artery occlusion may 
be the result of thrombosis in a degenerate 
central retinal artery but is more often the result 
of an embolus, typically from a mural thrombus 
on the endocardium after a myocardial infare- 
tion, an atheromatous plaque in the carotid 
artery, or the heart valves in subacute bacterial 
endocarditis. After total infarction, none of the 
inner retinal tissue survives and vasoformative 


factors are not released; thus, rubeotic (neovas- 
cular) glaucoma occurs as a complication in 
fewer than 5% of cases, unlike central retinal 
vein occlusion in which up to 50% of cases may 
progress to glaucoma, Emboli may originate 
from many sources (Box 9-12) 

+ Central retinal vein occlusion ~ the characteristic 
difference between central retinal artery and vein 
occlusion on fundoscopy is the presence of 
extensive haemorthages within the retina in the 
latter, There may also be some recovery of vision 
in venous occlusion, unlike retinal occlusion, 
but in a significant number of patients, rubeotic 
(neovascular) glaucoma develops within 3 
months. Preretinal neovascularization and glau- 
coma are most frequent where there is extensive 
retinal ischaemia and may be prevented by 
peripheral retinal photoablation if the ischaemia 
is identified by fluorescein angiography. Frank 
neovascular glaucoma is usually not amenable to 
treatment, which is usually aimed at palliation of 
symptoms, Enucleation of the eye may be neces- 
sary ultimately, to relieve intractable pain, Central 
retinal vein occlusion is also seen in a younger 
age group, where it may be extremely difficult to 
differentiate from retinal vasculitis (see above); 
in some women blood hyperviscosity as a result 
of oral contraception may be implicated. This 
form of central retinal vein occlusion has a better 
prognosis if it is the result of retinal vasculitis, 
and steroids or Gclosporin A will prevent its 
progression to neovascular glaucoma, The patho- 
genesis is not entirely clear (Box 9-13). 


Cataract 


Cataract is almost a normal part of the ageing process, 
which starts with the hardening of the lens, which 
prevents accommodation and near vision for reading 
(presbyopia, see Ch. 1, p. 36). Secondary cataract also 
occurs after any insult to the lens (see Ch. 4). 


Cataract associated with ageing. The lens crystal- 
lins (see Chs 1 and 4) breals down to albuminoids, 
parily as an age-related process and partly in response 
to exposure to light, particularly of ultraviolet/hlue 
wavelength, The amino acids (e.g. tyrosine) that are 
released are converted to adrenaline and melanin, 50 


9 Pathology S11 


BOX 9-12 EMBOLISM 


‘An embolus is any abnormal mass of matter cari inthe 

bloodstream and large enough to occlude a vessel. Te 

Various types of embolism a listed below: 
+ Thrombotic — thrombus formation in the leg and 
pelvic veins is the principal cause of pulmonary 
embolism and intraoperative and postoperative 
death. Inthe retinal or choroidal vessels an embolus 
can originate from a thrombus on the mitral and 
aottic valves or from ulerating atheromatous 
plaques in the aorta or carotid arteries, Another 
source may be a mural thrombus inthe left ventricle. 

+ Airembolism occurs when negative pressure in the 
neck Veins follows thyroid surgety or when fluid or 
air is foroed into the venous circulation during & 
blood transfusion. Frothing of the blood inthe right 
ventricle interferes with ventricular pumping and is 
fatal. 

+ Tumour embol ate usually small and not visible in 
‘the retinal circulation; larger metastases occur inthe 
choroid 

+ Fatand marrow embolization occurring after severe 
‘trauma tothe limbs and trunk is accompanied by 
multiple fractures. Purpuric spots are seen on the 
upper thorax, and small haemorrhages are found in 
the retina A severe form may rarely occur as, 
Purtscher’s retinopathy In which florid embolization 
of multiple small vessels occurs. 

+ Emboli from atheromatous aortic or carotid plaques 
may consist of cholesterolcalctied tissue/ibrin’ 
platelets, and can be seen migrating through the 
retinal circulation by ophthaimoscopy or 
‘vieofluorescein angiography. 

+ Septic emboli were described in the retina by Roth in 
41905, when subacute bacterial endocarditis was 
common. The typical Roth's spot has a white centre 
and red surround, and is thought to be the result of 
‘vascular damage from an impacted mass of white 
cells and bacteria ina retinal arteriole. The similarity 
between this appearance and the deposit of 
Teukaemic cells or a simple infarct surrounded by red 
cells ina thrombocytopenic immunosuppressed 
pallent fas broadened the definition of Rat's spots 
in contemporary ophthalmology. 

+ Amniotic fuid embolism isa complication of 
parturition, particularly when manipulation ofthe 
felus is required, Release of amniotic fluid, vernie, 
hairs and fetal squames into the maternal circulation 
is commonly fatal. 
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BOX 9-13 PATHOGENESIS OF CENTRAL 
RETINAL VEIN OCCLUSION 


The radius of the central vein inthe lamina crbrosaof the 
optic disk is about 50% of that in the prelaminar part of 
the disk and smal than that in the rerolaminar region 
Furthermore, this narrowing of the vein within the lamina 
cribrosa becomes more variable with age. This is an 
unusual configuration (in most venous drainage systems 
the tributaries have a smaller rads than trunk vessels) 
and it cane explained by the necessity to maintain high 
pressure in the retinal capilary bed against an intraocular 
pressure of 10-20 mmHg, The esistance provided by 
‘venous narrowing in the lamina eribrasa is 
disadvantageous in that flow is markedly increased in the 
narrowed segment and the resultant turbulence 
predisposes to thrombosis, particularly if there is an 
‘nrease in blood viscosity (eg. hyperglobulinaemia, 
polycythaemia) or in intraocular pressure, While systemic 
factors are important, an anatomical explanation has 
attractions beeause central retinal vein occlusion is almost 
alvays unatera 

Other important systemic factors in central retinal vein 
thrombosis include abrupt fals in systemic biood pressure 
‘and hence the pressure in the central artery. If these are 
‘coupled with a diseased retinal vasculature (which 
predisposes to underpertusion and stasis inthe vascular 
bed) th criteria for Virchows triad are fuliled. 


that lens pigmentation progresses from yellow to 
brown (brunescent cataract) to black (cataracta nigra) 
Gee Ch. 4, p. 228). 


Secondary cataract. The biochemical requirements 
for the maintenance of transparency of the tissue are 
discussed in Chapter 4, Any metabolic disturbance, 
such as diabetes or hypocalcaemia, may potentially 
alter this microenvironment and can lead to lens 
opacification, The epithelial cells in the lens are also 
particularly sensitive to ionizing radiation and 
mechanical trauma; breakdown of transport mecha- 
nisms in the membranes of the lens fibre cells and the 
epithelinm promotes ionic imbalance and fhuid inflow, 
causing disorganization of the lens proteins and loss 
of transparency: 


Glaucoma 


Although malformation of the outflow system can 
lead to congenital or juvenile glaucoma (see Ch, 2), 
the most common forms of glaticoma are the result of 


degenerative disease and may be subclassified into 
primary or secondary types. 


Primary open-angle glaucoma, Primary open- 
angle glaucoma (POAG) is a disease that increases in 
incidence with age and is one of the most common. 
causes of blindness. In some cases the disease has a 
genetic basis — the myocilin gene (MYOC, formerly 
known as the trabecular meshwork-induced ghucocor- 
ticoid response gene, or TIGR), located on chromo- 
some 1, encodes the protein myocilin, which in tum 
is involved in the contractile function of trabecular 
meshwork cells. The optineurin (OPTN) gene, located 
on the short arm of chromosome 10, has also been 
implicated, OPTN has a role in exocytosis and Golgi 
ribbon formation. However, the exact pathogenesis 
remains elusive. 

In POAG the raised intraocular pressure is attribut- 
able to abnormal resistance of the outflow system; 
however, to date, no significant morphological abnor 
mality has been demonstrated within the outflow 
system, Nonetheless in POAG, obstruction to aqueous 
outflow develops progressively and the intraocular 
pressure gradually rises from the normal value of 
18-23 mmHg to 25-35 mmHg 

The slow, progressive rise in intraocular pressure 
may be accompanied by occlusive disease in the pos- 
terior ciliary arteries, so that ischaemic optic atrophy 
may contribute to visual loss, Damage to the prelami- 
nar optic nerve fibres may therefore be compounded 
by pressure-induced ischaemia in the capillary hed of 
the optic disk or to direct mechanical pressure pre- 
venting axoplasmic flow (see Ch. 1, p. 61) in the axons 
passing through the lamina cribrosa, across which a 
pressure differential builds up, Nerve fibre bundles 
passing into the optic nerve head above or below the 
horizontal line on the temporal side of the disk are 
selectively damaged and the prelaminar part of the 
nerve hecomes atrophic (Fig. 9-23), Clinically, defects 
occur in the visual field (arcuate scotoma), but fibres 
from the macula, the papillomacular bundle, are 
spared, As the atrophy progresses, the cup in the optic 
nerve head is enlarged more extensively in the vertical 
plane than in the horizontal. 


Primary closed-angle glaucoma, Primary closed- 
angle glaucoma is also the result of degenerative 


FIGURE 9-23 The optic nerve is atrophic in advanced primary open- 
angle glaucoma and the lamina cribrosa (arowheads) is bowed pos- 
teriorly so thatthe optic dis is cupped 


disease, With age, the lens thickens anteroposteriorly 
and in constitutively small eyes, such as in long- 
sighted individuals, the anterior surface of the lens 
displaces the pupillary part of the iris anteriorly, 
causing the anterior chamber to become shallow; as 
the angles become narrower, pressure builds up 
behind the iris and pushes the peripheral iris towards 
the trabecular meshwork. This initiates a vicious circle 
and pressure rises in the posterior chamber to reach. 
levels of 40-80 mmHg. Because the pressure increase 
is acute, the effect on the prelaminar nerve fibres is to 
block axoplasmic flow so that the optic disk swells 
(papilloedema). Interestingly, in Asian populations a 
form of chronic angle closure glaucoma occurs which 
presents much less acutely and often painlessly, but 
with severe retinal nerve fibre layer damage and 
blindness 


Secondary glaucoma. Secondary glaucoma is also 
of two types: secondary open-angle and secondary 
closed-angle, In secondary open-angle glaticoma the 
angle is obstructed by cells in inflammation (uveitis), 
haemorrhage or tumour cell infiltration, or by lens 
matter when a degenerate lens capsule ruptures, 
flooding the anterior chamber with cortical lens matter 
and macrophages which have phagocytosed the lens 
cell Fragments (Fig. 9-24). 

In secondary closed-angle glaucoma, the chamber 
angle may be closed mechanically by anterior 
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have phagocytosed lens matter (back arowhead) clog he trabecu- 
lar mshutrk (white arows). 


displacement of the lens, for instance by an intraocular 
tumour (e.g. uveal melanoma or retinoblastoma). A 
more common form of secondary closed-angle glan- 
coma occurs in uveitis, in which fibrin initiates adhe- 
sion formation between the peripheral iris and the 
trabecular meshwork (anterior synechiae), or the 
pupillary itis and the lens (posterior synechiae), Both. 
can produce a rise in pressure because of obstruction 
to flow at the pupil (iris bombé) or in the angle. A 
special form of secondary glaucoma is neovascular 
(rubeotic) glaucoma caused by fibrovascular prolifera 
tion in the chamber angle; this is most commonly 
secondary to retinal ischaemia (see earlier). Rubeotic 
fibravascular proliferation produces adhesions 
between the iris and the trabecular meshwork, which 
lead to a painful high-pressure glaucoma that is par- 
ticularly resistant to therapy. 

Congenital glaucoma in infants and children is the 
result of malformation of the chamber angle and 
failure of development in the trabecular meshwork. 


‘Age-related macular degeneration and disciform 
degeneration of the macula 

Age-related macular degeneration (ARMD in Box 
9-14) is a disease leading to severe visual loss and. 
blindness in the elderly population. Its pathogenesis 
is poorly understood and is probably multifactorial 
It appears to involve a complex interaction of meta- 
bolic, functional, genetic and environmental factors 


solenoidal, herewith it is forgotten, that poles of the 
magnet can be oriented not only along the direction 
of motion, but across also. 


From the electrodynamics textbook: “The vortex electric 
field differs from electrostatic field that it is not related 
with any electric charges and its lines of intensity are 
closed lines.” 


From theory and from experiments it follows, that 
under transverse motion of magnet the lines of 
disturbance of vortex electric field can be unclosed 
and, accordingly, the flow of induction through the 
closed surface is not a zero. Then there is a direct 
discrepancy to facts in modern electrodynamics. It is 
strange, but for the whole history of researches in 
magnetism the transverse magnet's motion was not is 
considered. It leads to revising of electrodynamics’ 
postulates, which plays such role in electrodynamics, 
as the Newton's laws plays in classical mechanics. The 
postulates, giving invalid belief about field processes, 
accordingly, do not allow to make some correct 
calculations. Fallaciousness of these postulates was one 
of the reasons, on which the electrodynamics could not 
to consider and to calculate the discrete electromagnetic 
waves (photons), where the magnetic field also is the 
transverse field (the field construction and calculation 
of photons are represented on the page http:// 
www.comail.ru/~alemanov), That is to say, not only 
particles has the charges, but areas of disturbance of 
field (without particles) are the charges also, where 
the flow of electric induction through the closed surface 
is not a zero. Thereby, the vortex electric fields can be 
not only as closed flows of induction, but as well as 
inducted electric charges, accordingly, the laws for 
electric charges are valid for induced electric charges 
also. For instance, in the law of conservation of charge: 
if somewhere the area of disturbance with positive sign 
appears, that negative area appears also. 


From the electrodynamics textbook: “The vortex electric 
field is generated by the variable magnetic field. Its force 


lines are always closed, like force lines of magnetic 
field.” 


But before this fundamental postulate, confirming, that 
force lines of vortex electric field are always closed, it 
was necessary to consider all variants of change for the 
magnetic field, including the variant of the transverse 
motion of the magnet. That is to say, the consideration 
of physical processes could not be unilateral. Faraday 
considered the longitudal motion of magnet and 
discovered the electromagnetic induction, but the 
transverse motion of magnet that have the principle 
importance for understanding of field processes in 
electrodynamics was not considered. Thereby, the 
longitudal motion of magnet brings to arising a vortex 
electric field with closed force lines, but transverse 
motion of magnet brings to arising a vortex electric field, 
where the lines of forces are not closed. In this case it 
lead to induced electric charges. It is necessary to 
notice, that this is first mistake, detected in 
electrodynamics postulates for all time of existence of 
electrodynamics. 

From the electrodynamics textbooks: “...Gauss’ theorem 
is valid not only for electrostatics, but also for 
electrodynamics, which using a variable in time 
electromagnetic fields. We are not sure if this hypothesis 
is valid or it is not valid... Only the experiment can 
give the answer on this question. The whole collection 
of experimental facts speaks in favor of this hypothesis.” 
But, unfortunately, the experiment with transverse 
motion of magnet was not considered seriously in this 
textbook. 


(Editor's note: Well-known Searl’s experiments and 
Godin & Roshchin's experiments are based on such 
transverse motion of magnets (rollers). In Alemanov’s 
article it was demonstrated that in this case the 
experiment should lead to induced electric charges. 
Really it was detected in experiments. Hence this 
Imissed aspect of electrodynamics is very important 
for development of the new energy technologies.) 
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Nature of mass is one of the important problems of 
modern physics. Itis accepted to consider that the mass 
of elementary particle is determined by fields, which 
are connected with it (electromagnetic, nuclear and 
others). However, we didn’t create any quantitative 
theory of mass. There is no theory to explain why 
masses of elementary particles form a discrete spectrum 
of values and to allow determining this spectrum, 


Mass (m) is a physical value, one of characteristics of 
matter, which defines its inert and gravitational 
properties. Accordingly, we distinguish inert mass (m) 
and gravitational mass (m,). 


Inert mass (m,) characterizes dynamical properties of a 
ody, its property to accelerate under the action of the 
‘orce (F:) and according othe second Newton's law is 
considered to be constant coefficient of proportionality 


for the given body between F and acceleration 
F=ma a 

Gravitational mass (m,) is a source of gravity field 

Every body creates its gravity field, which is 
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Abnormalities are seen in the photoreceptors, retinal 
pigment epithelium (RPE), Bruchs membrane and 
choriocapillaries, The impairment of RPE cell function, 
isan carly and crucial event in the molecular pathways 
leading to clinically relevant AMD changes, As the RPE 
degenerates, there is irreversible degeneration of pho- 
toreceptors. The pathogenesis is described in Box 9-14 
and pathological features in Figure 9-25. 


DYSTROPHIES 


In contrast to degeneration, dystrophies may occur at 
any age because they represent a disturbance af normal 
cellular functions (dys ~ altered; trophy ~ nutrition). 
Dystraphies encompass a range of disorders in which 
functional and morphological abnormalities appear in 
cells at various stages in life 


Retinal dystrophies 


There are many disorders in which visual loss is the 
result of photoreceptor degeneration associated with 
patchy atrophy and proliferation in the RPE. A detailed 
account is outwith the scope of this chapter and the 
reader is referred to the recommended reading list 

@® available at hups:/fexpertconsult inkling. com. 

A dystrophy may initially involve only the periph- 
eral retina and progress later toward the macula, or 
may primarily involve the macula ~ the heredomacu- 
lar degeneration. Over 100 gene mutations have been 
linked to one or more forms of retinal dystrophy. 
Interestingly, the same genetic defect can be associated 
with two or more phenotypically different forms of 
dystrophy, suggesting epigenetic effects on the disease 
manifestation (see Ch. 3, p. 150) (an updated list 
of the genetic abnormalities can be obtained on 
wownchi.nim nih gov/omim). 

Three examples of retinal dystrophies are provided 
here to demonstrate aspects of the pathology. 


Retinitis pigmentosa. This group of diseases mostly. 
affects individuals in early adult life (for details of 
the genetic aspects see Ch, 3; p. 151), The first symp- 
toms are night blindness and a progressive reduction 
in visual field from the periphery toward the posterior 
pole. At the end stage, retinal function is restricted 
to the central macular region (tunnel vision’. 
Cataract is a common Iate complication, Fundoscopy 
reveals retinal atrophy, opacification and narrowing, 


BOX 9-14 PATHOGENESIS OF AGE-RELATED 
MACULAR DEGENERATION 


‘The pathogenesis of AMD is considered to be 
‘multifactorial, involving complex interactions of genetic, 
metabolic and environmental factors, At least four 
processes contribute to the disease: 
Generics 
+ Familial component to AMD 
+ A single nucleotide polymorphism, common variant 
(¥402H) of complement factor H increases the tisk 
of AMD (7x in homozygotes; 2~3x in heterozygotes) 
+ Other genes identified as potentially having a role 
Include ABCA4, ELOVL4, FIBL-6, APOE, SOD2 
INPAIRMENT OF RPE CELL FUNCTION 
+ RPE cells have an important metabolic and 
Supportive function for the retina and photoreceptors 
* Ageing RPE shows phagocytic and metabolic 
insufficiency with accumulation of ipofuscin 
+ Constituents of liposfuscin may contribute to tree 
radical formation with damage to proteins, lipids and 
DDNA andl promation of ocal inflammation. 
‘Sus-RPE Deposit FORMATION 
+ Sub-RPE deposits are commonly found in AMD 
* hard drusen hyaline and well circumscribed; 
‘occur between the RPE basement membrane and 
Bruch’s membrane 
* soft drusen — granular and vesicular and often 
‘mote extensive; occur in same location as hard 
drusen 
+ basal linear deposit occurs between the RPE 
basement membrane and RPE cell cytoplasm 
+ Local inflammation, in particular complement 
activation, may contribute to these deposits 
+ Photoreceptor cell death occurs overlying these 
deposits. 
‘CHOROIDAL NEOVASCULARIZATION 
* Increased production of extracellular matrix due to 
local inflammatory reaction may cause local 
ischaemia 
+ latlammatory cal, incudng neutrophils and 
macrophages, may produce pro-angiogenic 
molecules such as VEGF, resulting in an imbalance in 
pro-anglogenic and anti-angiogenic activity. 


(hyalinization) of the retinal vessels, and mixed fine 
and coarse strands of pigmentation ‘bone spicules’) 
the macular region is spared until the final stages. 
On microscopy of advanced disease, the outer 
nuclear layer at the fovea appears as a single layer of 
cells with markedly stunted photoreceptors. Towards 


FIGURE 925 In age-related macular degeneration the retinal 
pigment epithelium overs a basal linear depost (arrowhead), which 
attracts blood vessels (arrow); this precedes the florid fitrovascular 
proliferation seen in dscform degeneration ofthe macula. The over- 
lying retina is detached by artefact 


the periphery, the outer nuclear layer vanishes and is 
replaced by Maller cells, which fuse with the RPE, The 
RPE cells react by proliferation and migration into the 
retina to become distributed around the hyalinized 
vessels (Fig. 9-26), hence the ‘bone spicules’ seen on 
fundoscopy, 

Recent reports have shown that autosomal domi- 
nant forms of retinitis pigmentosa are associated with 
mutations in the gene coding for rhodopsin, the rod 
photoreceptor pigment, which is located on the long 
arm of chromosome 3q and in the peripherin gene on 
chromosome 6p: other abnormalities which may 
implicate a single abnormal amino acid have been 
found on chromosomes 7p, 7q, 8 and 19q, If the 
thodopsin molecule is abnormal, it is not difficult to 
appreciate that the normal process of disk replacement 
will be disturbed and that this will lead to photorecep- 
tor atrophy: Other dominantly inherited forms have 
been associated with genes mapping to the long arm 
of chromosome 8 and mutations were shown in the 
peripherin gene (photoreceptor cell-specific glycopro- 
tein), which is located on the short arm of chromo- 
some 6, The loci for the X-linked forms of retinitis 
pigmentosa have also heen identified on the short arm 
ofthe X chromosome (XpL1 and Xp21). The availabil- 
ity of genetic probes for the investigation of retinal 
degenerations has led to a massive increase in the 
volume of information in these disorders. 


the photoreceptor layer, which is replaced by glial cll (arrowheads) 
The retinal pigment epithelium migrates into the retina and forms 
clusters around hyalnized biood vessels (arrow), 


Vitelliform dystrophy (Best disease). This is an 
autosomal dominant heredomacular degeneration in 
which there is loss of central visual acuity associated 
with a disk of yellow tissue at the macula. Histologi- 
cally there is a massive accumulation of lipofuscin 
in the RPE cells in association with atrophy of the 
photoreceptor layer of the retina, Mutations in the 
BESTI and PRPH2 genes cause vitelliform macular 
dystrophy. BEST! enodes bestrophin, a protein channel 
which controls chloride ion movement. PRPH2 
encodes peripherin 2, which is essential for the normal 
function of photoreceptor cells in the retina (Fig, 
9-27). 


Stargardt’s disease (fundus flavimaculatus). In 
this condition there is atrophy of the macula in asso- 
Giation with the appearance of small yellow flecks. At 
the end stage the outer layer of the retina is lost and. 
the pigment epithelium is absent, so the gliotic retina 
fuses with Bruch’ membrane. At the earliest stages the 
RPE is enlarged by accumulation of lipofuscin and 
melanin. The majority of cases of Stargardt’s disease 
are caused by mutations in the ABCA4 gene which 
normally transports potentially toxic substances out of 
the photoreceptor cells (Fig. 9-28). 


Commeal dystrophies 
‘This term includes a large group of inherited condi- 
tions that cause bilateral, slowly progressive, corneal 
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FIGURE 9-27 Fundus in Best disease. There isa classi ‘egg-yolk’ 
lesion with satelite lesions. (From Hart Moss, M.D, Eyewikaan org! 
Best_Disese 


FIGURE 9-28 Fundus in Stagard’s disease (lundus favimaculatus). 
There are yellow flecks inthe fundus with a beaten-metal appearance 
at the macula owing to RPE atrophy. (igure courtesy af Noe Lois) 


opacification and occur in the second, third and fourth, 
decades of life, The conditions are classified as epithe- 
lial, stromal or endothelial, although the stromal dis- 
eases may invalve the other layers. 


dlystrophies 


lial dystrophies. Superficial 
involve the epithelium, which is unable to maintain 
normal replication and adhesion to Bowman’ layer, 
Degeneration of cells with cyst formation leads to an 
unstable epithelium in Cogan's microcystic dystrophy. 


Separation of cells with invagination of neighbouring 


cells leads to the formation of loops of basement mem- 
brane, which is a diagnostic feature of Meesman’s dys- 
trophy. These changes may also be non-specific and 
the diagnosis often depends on a strong family history 
and the clinical appearance in bilateral symmetrical 
disease 

Corneal dystrophies of Bowman's layer. Reis 
Bucklers dystrophy is an autosomal dominant dystro- 
phy that results in fine reticular opacities in the 
superficial cornea in early adult life. The histological 
features are not specific, with nodules of fibrous tissue 
between Bowman's layer and the epithelium, Electron 
microscopy shows characteristic electron-dense rods. 
Thiel-Behnke dystrophy is a histologically identical 
Bowman’ layer dystrophy that has a honeycomb 
pattern on clinical examination and presents in older 
patients. In Thiel-Behnke dystrophy, electron micros- 
copy shows curly fibres within the superficial fibrous 
nodules 


Stromal dystrophies. Although the opacities are the 
result of deposits of abnormal material in the stroma, 
there may be extensions into Bowman’ layer and the 
endothelium may be involved, Many of the stromal 
dystrophies share a common genetic abnormality (Box 
9-15). 

Lattice 


sstrophy. Inherited in an autosomal dom- 
inant manner, this dystrophy is characterized clinically 
by fine lines criss-crossing the stroma. Microscopy 
t of amyloid (Fig, 9-19), 
Secondary non-specific amyloid deposition is some. 
times seen in the cornea at the end stage of post 


shows the deposits t0 co 


inflammatory scarring and fibrosis, Lattice dystrophy 
commonly recurs in a graft 

Macular dystrophy. In this autosomal recessive 
disorder, the corneal opacities take the form of smudgy 


BOX 9-15 TRANSFORMING GROWTH 
FACTOR-B-INDUCED ASSOCIATED 
CORNEAL DYSTROPHIES 


Many of the corneal dystrophies are associated with 
‘mutations in the transforming growth factor-8-nduced 
‘ene (B/GHF) situated on chromosome 5q31. This encodes 
protein thal is expressed on te cell membrane of 
‘comeal epithelium and stromal keratoytes and pays a role 
in adhesion and wound healing. Mutations in this gene 
result in abnormal folding for the resulting proteins. 
Accumulation of these proteins forms amyloid or other 
non-firilar deposit. The transforming growth factr-- 
induced associated corneal dystrophies include the 
‘bystrophies involving Bowman's layer (Reis-Buokiers, 
Thiel-Behnke) and the stromal dystrophies (granular, 
lattice and Avelino. Al transforming gro factor-- 
induced associated corneal dystrophies show autosomal 
‘dominant inheritance with complete penetrance 


‘snowflake“like areas; these are predominant in the 
axial region and cause severe visual impairment, This 
disease is a localized form af mucopolysaccharidosis. 
Mucopolysaccharide (acidic —glycosaminoglycans) 
granules accumulate in the cytoplasm of the kerato- 
cytes and in the adjacent interlamellar spaces when 
the cells rupture. The comeal endothelial cells are 
involved and the material also accumulates within 
Descemet’s membrane and beneath the epithelium 
(Fig. 9-29), Macular dystrophy rarely recurs ina graft. 

Granular corneal dystrophy. This is an autosomal 
dominant inherited disorder in which the anterior 
comeal stroma contains discrete opaque granules 
within transparent tissue. Histologically, the mid and 
anterior stroma and Bowman’ layer contain non- 
birefringent hyaline bodies (Fig, 9-30) with positive 
staining for a keratin-like substance (so-called ‘kerati- 
noid’). The endothelium and Descemet’s membrane 
are not involved, Granular dystrophy occasionally 
recurs in a graft, 

Combined granular-lattice dystrophy (Avellino 
dystrophy). In the original reports, the combination 
of stromal amyloid deposits and the classic stromal 
granular deposits in the superficial cornea was thought 
to be a feature of individuals of Italian origin, Subse- 
quently, the disease has been found to be more wide- 
spread and the spectrum of the disease process more 
diverse than was originally thought. 
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FIGURE 9-29 In macular dystrophy of the cornea, mucopolysac~ 
charide is deposited within the Keratocytes and the endothelium 
(Alcian blue stain). 


FIGURE 9-30 In granular dystrophy ofthe cornea, the hyaline amor- 
‘hous deposits (keratinad) stain strongly wth the Masson stan and 
weakly na haematoxylin and osi-sained section (see inset), 


Endothelial dystrophies. This is a group of disor- 
ders characterized by corneal oedema with opacifica- 
tion, occurring relatively early in life in the absence of 
pre-existing inflammation, glaicoma or identifiable 
systemic metabolic disorders. The clinical patterns are 
more important in the classification than the patho- 
logical finelings, which often overlap. 
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Congenital hereditary endothelial dystrophy. A 
cloudy cornea in childhood or early adult life may 
occur in this dystrophy, which can he autosomal reces- 
sive or autosomal dominant, The autosomal recessive 
form is linked to mutations in SLC#A11, The endothe- 
lium is abnormal and may be attenuated and vacu- 
lated, but the characteristic feature is seen in 
Descemets membrane, which shows fine lamination 
because of the deposit ofan abnormal layer of collagen, 
at the ultrastructural level 

Iridocorneal endothelial syndrome. This disorder 
is non-familial, unilateral and accurs in adults, The 
corneal endothelium, as studied by in vivo specular 
microscopy, reveals areas of degenerate endothelial 
cells, which have a bright halo around a dark spot; 
these areas may he surrounded by endothelial cells 
of normal appearance. The late outcome in the 
so-called iridocorneal endothelial syncltome is corneal 
decompensation and oedema and/or glaucoma. This 
corneal endothelial abnormality is seen in association 


with several conditions: 

+ progressive atrophy of the iris stroma (essential 
inis atrophy) 

+ glaucoma due to endothelial sliding, across the 
trabecular meshwork in the presence of a normal 
ins (Chandler syndrome) 

+ the presence of an iris naevus (the iris naevus 
syndrome). 

In this syndrome the affected endothelial cells undergo 
marked changes at the ultrastructural level, such as 
bleb formation and the acquisition of numerous 
surface microvilli on the posterior surface, 

Posterior polymorphous dystrophy. This rate 
autosomal dominant disease, which causes bilateral 
non-progressive, circumscribed or diffuse opacities, is 
not usually severe enough to require keratoplasty tint 
alter the second decade, The condition is caused by 
1 homeobox gene, Morphologt- 
cally, in the severe diffuse form of the disease, the 
posterior comeal surface is lined by stratified cells 
with prominent desmosomal attachments resembling, 
comeal epithelial cells (Fig. 9-31) 

Fuchs’ endothelial dystrophy. In this common 
dystrophy, elderly patients are affected, females more 
than males. The clinical presentation includes bilateral 
diffuse oedema with cloudiness of the stroma, The 
abnormalities are restricted to epithelial oedema and 


mutations in the VS! 


FIGURE 9-31 In posterior polymorphous dystrophy the cornea is 
lind on its posterior sutace by cells that, by electron microscopy, 
exhibit all the features of epithelial celis with intracytoplasmic tia- 
ments and desmosomal attachments (arrowheads). An abnormal 
collagenous layer (atrow) is deposited on the posterior surtace ofthe 
original Descemet's membrane 


thickening of Descemet's membrane with an obvious 
reduction in the endothelial cell population. Large 
nodular excrescences are present on the posterior 
surface of Descemet’s membrane (Fig, 9-32), and the 
endothelial cells are of varying size. When excres- 
cences (Hassall-Henle warts) are confined to the far 
periphery of the normal cornea, the effect on corneal 
transparency is minimal. 


Ocular tissues, like any other tissue, are subject to 
metaplastic and dysplastic alterations ultimately 
leading in some instances to neoplastic growth, Some 
of the tumours and growths have counterparts in 
non-ocular tissues such as skin melanoma but the 
behaviour of a uveal melanoma in terms of life- 
threatening disease may be quite different from a skin 
melanoma or even a conjunctival melanoma, This has 
been attributed to the immune-privileged status of 
the intraocular compartment (see Ch, 7) and for 


FIGURE 9-32 In Fuchs’ dystrophy, Desgemet’s membrane is thick: 
ened and large excrescences projct from the posterior surface (PAS 
stain). 


intraocular tumoursat least there is good experimental 
evidence that the ocular environment modifies the 
immune response to tumours. In contrast, in other 
tumours such as squamous cell carcinoma of the lid, 
there may not be significant difference in the behay- 
iour of periocular tumours compared with similar 
tumours at other sites. 

‘A neoplasm is a proliferation of cells, the growth of 
which is progressive, purposeless, regardless of sur- 
rounding tissue, not related to the needs of the body 
and persists after the stimulus that initiated it has been 
withdrawn, 

Neoplasms may be classified clinically, as benign or 
malignant or according to their histological tissue of 
origin (Table 9-2). A benign tumour is usually well 
circumscribed and may be encapsulated. They grow 
slowly and remain localized at the site of origin. They 
may affect the host by producing pressure on adjacent 
structures (e.g. proptosis secondary to pleomorphic 
adenoma of the lacrimal gland). Malignant tumours 
have an irregular, ill-defined boundary and are non- 
encapsulated. They grow rapidly with local and distant 
spread and produce effects by destroying adjacent 
structures (e.g liver metastases fram uveal melanoma). 
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PATHOGENESIS OF NEOPLASIA 

Premalignancy 

A number of pathological conditions are associated 
with the development of malignancy, The main cate~ 
gories include malignant transformation of benign 
tumours, chronic inflammatory conditions and 
intraepithelial neoplasia. 

Benign tumours may undergo malignant transfor- 
mation. A good example of this is colonic cancer 
arising from a benign adenoma. This is thought to 
occur by progressive acquisition of genetic changes. 
Malignant transformation of benign tumours also 
occurs in ophthalmic pathology. For example, adeno- 
carcinoma may arise in a long-standing pleomorphic 
adenoma of the lacrimal gland. Chronic inflammatory 
conditions, particularly if they are very long-standing, 
may promote transformation of ‘stressed tissues’ to 
malignancy, this link is currently an area of intense 
research. For instance, in Sjogren syndrome there is 
chronic lymphocytic infiltration of the lacrimal gland 
with acinar atrophy later leading to the clinical symp- 
toms of dry eye. Evolution to lymphoma occurs in 
a significant number of patients with Sjogren syn- 
drome, possibly by the development of monoclonal 
lymphocytic populations within the lacrimal gland. 
Intracpithelial neoplasia represents an intermediate 
stage in the production of cancer, In the skin, exces- 
sive exposure to ultraviolet light may lead to devel- 
opment of an actinic or solar keratosis. Clinically, 
these appear as hyperkeratotic lesions on the face 
and histological examination reveals premalignant 
changes in the epidermis. This is seen as an increased. 
mitotic rate, a loss of the normal polarity of matura- 
tion from basal cells to squamous cells, and a marked. 
variation in the size and shape of muclei (pleomor- 
phism) within the epithelium (dysplasia). These his- 
tological changes precede invasion through the 
basement membrane of the epithelium into the under- 
lying tissue, and are therefore designated carcinoma 
in situ. 


Carcinogenesis 
Both environmental and genetic factors contribute 
to a cell undergoing malignant change. This should 
be regarded as a multi-step process, The three 
major environmental factors that induce tumours 
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TABLE 9-2 Histological classification of tumours 
Histological origin Benign Malignant 
Epithelial cells 
Surface Papilloma Carcinoma (squamous, basal cal, ec.) 
Glandular Adenoma Adenocarcinoma 
Mesenchymal cells 
Adipose Upoma Liposarcoma 
Fibrous Filroma Fibrosarcoma 
Cartage Chondroma Chondrosarcoma 
Bone Osteama Osteosarcoma 
‘Smooth muscle Loiomyorna Leiomyosarcoma 
Striated muscle habdomyoma habdomyosarcoma 
Neuroectodermal cells 
Glial cells Newe Gtloma 
Ganglioneuroma Neuroblastoma 

Retinal cells Fetinablastoma 
Malanocytes Melanoma 
Meninges Meningioma Malignant meningioma 
Schwann cells Neurafibroma Malignant peripheral nerve sheath tumaur 
Haemopoietic/lymphoreticular Leukaemia 

Lymphoma 
Germ cells Benign teratoma Malignant teratoma, 

Dysgerminoma, 

Seminoma 


Tumoure may arise rom any tissue in tha bady but for convenianca thase are divided into five groups. Nat all malignant 
tumours have a benign counterpart and similarly there are some types af benign tumaur far which malignant counterparts 


are extramely rare, 


are chemicals, radiation and viruses. In chemical 
carcinogenesis the first step, initiation, involves a 
short exposure of the cell to a carcinogen, This 
is followed by promotion, the long-term exposure 
to a substance that is usually not mutagenic but 
acts by stimulating cell proliferation (although some 
compounds can act as both initiators and promot 
ers, so-called complete carcinogens). lonizing radia 
tion directly damages DNA, especially during cell 
proliferation, and can result in a range of changes 
from single gene mutations to major chromosome 
deletions. Ultraviolet radiation mainly affects the 
skin-forming pyrimidine dimers that can usually 
be excised by DNA repair mechanisms. In xero- 
derma pigmentosum these are deficient and multiple 
skin tumours occur. Viruses may contribute to the 


de 
the eye. Conjunctival papillomas and papillomas 
of the lacrimal passages may be caused by human 
papillomavirus types 16 and 11, respectively 
Epstein-Barr virus contributes to the development 
of orbital Burkitt lymphoma and to intraocular 
diffuse large B-cell lymphoma occurring in the 
immunosuppressed. 

A genetic influence in cancer is now well recog. 
nized, Certain syndromes inherited in a Mendelian 


lopment of some human cancers. Oncogenic 
contribute to several conditions in 


fashion show a high risk of cancer. Examples of these 
include xeroderma pigmentosum, an autosomal reces: 
sive trait where failure of DNA repair leads to skin 
cancer, and neurofibromatosis, an autosomal domi: 
nant trait characterized by multiple neurofibromas 


and increased risk of sarcoma, which is the result of a 
defect of the NFI gene on chromosome 17. In Li~ 
Fraumeni syndrome there is a high risk of several 
types of cancer, such as childhood sarcomas and breast 
cancer in young women. This is the result of a germ- 
line mutation of the p53 gene. 


Oncogenes and tumour suppressor genes 


Cellular proto-oncogenes are normal genes that stimu- 
late cell division, Tumour suppressor genes are normal 
genes that inhibit cell division, Proto-oncogenes and. 
tumour suppressor genes are active during somatic 
growth, regeneration and repair and the balance 
between stimulation and inhibition of cell growth is 
strictly controlled. This balance is permanently lost in 
cancer cells. 

Cellular proto-oncogenes cade fora number of pro- 
teins involved in cell proliferation, inckuding growth 
factors, growth factor receptors, signal transducers 
within the cell cytoplasm and nuclear-regulating pro- 
teins. In cancer these normal genes are permanently 
changed to oncogenes and proliferation is uncon- 
trolled, Proto-oncogenes may become oncogenes by 
‘mutation, resulting in the production of a functionally 
abnormal protein or overexpression 

Tumour suppressor genes are normal genes that 
switch off cell proliferation. Loss of both capies of a 
tumour suppressor gene is required for cancer to 
develop. Loss of the Rb gene is important in the devel- 
opment of retinoblastoma (Ch. 3). 


‘Tumour spread and metastases 


Malignant tumours spread by several routes: 

+ local invasion of normal tissue (e.g, basal cell 
carcinoma) 

+ lymphatic spread (e.g. squamous carcinoma of 
the eyelid) or haematogenous spread (e.g. malig- 
nant melanoma of the choroid) 

+ intraepithelial spread (e.g, Pagetoid spread of 
sebaceous carcinoma of the eyelid) 

+ dissemination along natural passages (e.g. retino- 
blastoma extending to subarachnoid space; 
bronchial carcinoma spreading to pleura; ovarian 
carcinoma involving peritoneum) 

‘The basic mechanisms of tumour cell invasion involve 
several mechanisms 
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+ tumour cells secrete lytic enzymes to breach the 
basement membrane 

+ there is a loss of cell-cell adhesion molecules, 
often accompanied by an increase in cell-matrix 
adhesion molecules 

+ increased cell movement allows tumour cells to 
penetrate further and spread 


HAMARTOMAS 


A hamartoma isa tumourlike but non-neoplastic mal- 
formation consisting of a mixture of tissues normally 
found at a particular site. The commonest forms of 
hamartoma are those composed of blood vessels and 
those involving melanocytes of the skin. 


Capillary haemangiomas are a proliferation of small- 
calibre vascular channels with a lobulated growth 
pattern, Cavernous haemangiomas consist of large- 
calibre thick-walled vascular channels with interven 
ing fibrous septae, Both capillary and cavernous 
haemangiomas may occur in the eyelid, orbit or 
choroid. Extensive haemangiomas may occur as part 
of encephalo-trigeminal angiomatosis (Sturge-Weber 
syndrome). Capillary haemangiomas may regress 
spontaneously during childhood but cavernous 
haemangiomas show no tendency for spontaneous 
regression. 


Naevi 


‘The word ‘naevus’ means a birthmark, but most naevi 
are acquired during childhood and adolescence. 
Melanocytes are of neural crest origin and migrate 
through the dermis to reach epithelial cells. A naevus 
is the result of abnormal migration, proliferation and. 
‘maturation of these neuroectodermal cells. They may 
occur in the uvea as well as the skin (Fig. 9-33). In 
the skin the melanocytes initially form clumps at the 
junction between the epidermis and dermis, Clinically 
this appears asa brown macule, referred to as a junc 
tional naevus. With age, the proliferating melanocytes 
begin to detach from the epithelium and migrate into 
the dermis, forming a brown papule, When prolifera- 
tion is found in the dermis as well as the junctional 
area the naevus is classified as compound. At a later 
stage the proliferation is wholly in the dermis and is 
classified as an intradermal naevus (Fig, 9-34), 
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FIGURE 9-33 Fundoscople image of a choroidal naevus showing & 
well-ircumscribed, slighty elevated, pigmented tumour. Distin- 
‘uishing features from melanoma are the clearly defined margins and 
lack of averlyng subretinalfud and orange pigment. Overtime there 
willbe minimal or no documented growth, (image courtesy t Dr Pau) 
Caucti, Glasgow) 


Naevi, similar to their cutaneous counterpart, 
occur in the conjunctiva. In the iris and choroid, 
naevi are seen as static flat brown or black areas. 
Naevi in any site may occasionally progress to malig- 
nant melanoma. 


CHORISTOMAS 

In contrast with hamartoma, a choristoma is a tumour- 
like but non-neoplastic malformation consisting of a 
mixture of tissues not normally present at a particular 
site 


Dermoid 
Epibulbar dermoids are relatively common choristo- 
mas. They occur asa nodule (smooth white swellings 
from which hairs project) on the bulbar conjunctiva 
in children or at the outer angle of the bony orbit on 
the skin, Histological examination reveals a mixture of 
fat, fibrous tissue, hair follicles and sweat glands, 


Phakomatous choristoma 
This is a rare lesion presenting as a nodule in the 
eyelid. It is composed of epithelial cells and basement 
membrane, resembling lens capsular material, set in a 
dense fibrous stroma. 


FIGURE 9-34 {nan intradermal naevus all the naevus cells le within 
the dermis and clinically this often appears as a polypoid or warty 
radu. The higher power in (B) shows that there fs a gap (*) between 
the naevus cels and the epidermis. The cals have smal bland nuclei 
and are sometimes multinucleated (arrowheads). 


‘TERATOMA 


This is a tumour derived from totipotent germ cells 
‘They can occur at any site in the mid-line where 
germ cells have stopped on their migration to the 
gonads, Orbital teratomas are rare and occur in 
neonates. An orbital teratoma causes proptosis and 
histological examination of the large cystic retroocular 
mass will reveal tissue derived from the three embry- 
onic germ cell layers such as respiratory or gastroin- 
testinal epithelium, stroma containing fat, cartilage 
and bone, and neuroectodermal tissues. Most orbital 
teratomas ate benign and surgical removal is 
curative 


BENIGN EPITHELIAL TUMOURS 

Benign tumours of surface epithelium 

A papilloma is a benign tumour originating from 
an epithelial surface. In the eyelid the commonest 
tumours are basal cell papilloma (seborrhoeic kerato- 
sis) and squamous cell papillomas. The former retains 
the basaloid appearance of the basal cells of the 
normal epidermis, whereas the latter shows features 
of squamous differentiation. Benign squamous prolif 
erations may be associated with poxvirus (molluscum 
contagiosum) or human papillomavirus (viral wart) 
Conjunctival papillomas can be pedunculated or 
sessile. The pediunculated papillomas are usually 
covered by conjunctival epithelium, whereas sessile 
papillomas commonly show squamous differentiation. 
Conjunctival papillomas are also commonly associ- 
ated with human papillomavirus, 


Benign tumours of adnexal glands 


An adenoma is derived from the ducts and acini of 
glands. In the eyelid and caruncle these may be 
derived from sweat glands, pilosebaceous hair follicles 
and sebaceous glands, the largest being the meibo- 
mian gland in the tarsal plate, Sweat gland adenomas 
are subclassified according to the degree of differentia 
tion towards acinar or ductular structures. Similarly, 
tumours of hair follicles are classified according to 
differentiation towards different components of the 
hair follicle. For example, a pilomatrixoma shows dif- 
ferentiation towards hair matrix. Sebaceous adenomas 
are proliferations of lipid-laden sebaceous cells 
and most commonly occur as a yellow mass at the 
caruncle. 


MALIGNANT EPITHELIAL TUMOURS 

Basal cell carcinoma 

Basal cell carcinoma is the most common malignant 
tumour in clinical ophthalmology, accounting, for 
‘more than 90% of malignant eyelid tumours. It usually 
occurs in Caucasians over 50 years of age and is asso- 
ciated with sunlight exposure, It may also occur in 
younger patients in association with the Gorlin—Goltz 
syndrome (basal cell naevus syndrome). Clinically, 
these tumours may present as nodular lesions, which. 
later may develop a central ulcer with a rolled edge. 
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Morpheiform types present as a scirrhous plaque. 
Occasionally, basal cell carcinomas are pigmented 
because of melanin deposition and clinically may be 
confused with malignant melanoma. Basal cell carci- 
noma is locally aggressive and adequate surgical exci- 
sion is the treatment of choice to prevent recurrence 
and orbital invasion. Orbital invasion may necessitate 
exenteration. 

Four main histological subtypes should be 

recognized 

+ Nodular/solid basal cell carcinoma ~ consists of 
‘well-circumscribed and relatively large islands of 
proliferating basal cells (Fig 9-354). Mitotic 
figures are usually plentiful, At the periphery of 
the tumour cell islands the cells are arranged as 
a palisade. Cystic degeneration may occur in this 
subtype (nodulocystic), Surgical excision should 
not present problems, 

+ Superficial basal cell carcinoma ~ is less common 
than the nodular subtype and presents as a scaly 
plaque. Histology shows small nests of tumour 
cells budding from the undersurface of the epi- 
dermis only as far as the superficial dermis, 
There may be substantial gaps between the nests 
of tumour cells such that complete surgical exci- 
sion may be difficult. 

+ The infiltrative/sclerosing subtype — this corre- 
sponds to the morpheic clinical subtype and is 
a more aggressive form of basal cell carcinoma 
where the tumour cells grow in small strands 
rather than nests and are embedded in a dense 
fibrous stroma (Fig. 9-398). Peripheral palisad- 
ing is much less pronounced than in the other 
subtypes. Infltrative basal cell carcinoma does 
not have a distinct border, making adequate sur- 
gical excision difficult 

+ The micronodular subtype ~is also a more aggres- 
sive form. The tumour forms small nodular 
aggregates of basaloid cells and, similar to the 
infiltrative subtype, subclinical involvement is 
often significant, 


‘Squamous cell carcinoma 
Compared with basal cell carcinoma, the incidence 
of this form of malignancy is low, representing 
between 1% and 5% of all eyelid cancers, Risk factors 
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The Principle of Self-Organization, which can be 
formulated as follows: any material object 
represents an open self-organizing system whose 
internal structures are formed with the 
Participation of the whole universe. Apparently, the 
Principle of Self-Organization, incorporated in 
nature as one of the integral properties of matter, 
is nothing more nor less than a spirit (or absolute 
idea, or creator) which operates the world and 
creates all its variety. 


Physical Mechanism of Nuclear 
Reactions at Low Energies 


VP Oleinik* and Yu.D. Arepjev 


‘Tell me what the electron ie, 
‘and I shall explain to you everything else. 
W. Thomson 


Abstract 


‘The physical mechanism of nuclear reactions at low 
energies caused by spatial extension of electron is 
considered. Nuclear reactions of this type represent 
intra-electronic processes, more precisely, the processes 
occurring inside the area of basic localization of electron. 
Distinctive characteristics of these processes are 
defined by interaction of the own field produced by 
electrically charged matter of electron with free nuclei, 
Heavy nucleus, appearing inside the area of basic 
localization of electron, is inevitably deformed because 
of interaction of protons with the adjoining layers of 
electronic cloud, which may cause nuclear fission. Iftwo 
ormore light nuclei occur “inside” electron, an attractive 
force will appear between the nuclei that may result in 
the fusion of nuclei. The intra-electronic mechanism of 
nuclear reactions is of a universal character. For its 
realization it is necessary to have merely a sufficiently 
intensive stream of free electrons, i.e. heavy electric 
current, and as long as sufficiently a great number of 
free nuclei. This mechanism may operate only at small 


energies of translational motion of the centers of mass 
of nuclei and electron. Because of the existence of simple 
mechanism of nuclear reactions at low energies, nuclear 
reactor turns out to be an atomic delayed-action bomb, 
which may blow up by virtue of casual reasons, as it 
has taken place, apparently, in Chernobyl. The use of 
cold nuclear reactions for production of energy will 
provide mankind with cheap, practically 
inexhaustible, and non-polluting energy sources. 


Introduction 


Nuclear reactions at low energies, occurring in physical 
and biological systems, and, in particular, the cold 
fusion (CF) of nuclei, attract ever increasing attention 
(see review articles [1,2]). This is explained by the fact 
that research on CF (in what follows, by cold fusion we 
shall understand any nuclear reactions at low energies) 
opens up the way to the solution of the problem which 
was set more than 50 years ago in the field of controlled 
thermonuclear reactions (CTR) and which has not been 
solved that is the problem to provide mankind with 
cheap fuel. An important point is that CF allows to 
create not only cheap, but also non-polluting energy 
sources, as nuclear reactions at low energies are not 
accompanied by radiations dangerous to health (7 - 
radiations, streams of fast neutrons and other particles) 
Note that the energetic problem facing mankind is 
presently of special interest in connection with the fact 
that, according to expert evaluations, the oil-and-gas 
resources in the world will suffice only for some decades. 
For this reason the study of CF is among the most 
important problems of physics 
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FIGURE 9-35 (A) A nodular basal cell carcinoma has a well-defined 
margin. Cystic degeneration is common. The inset shaws the chat- 
acteristic periaheral palisading atthe edge of tumour cll lobules 
(8) The margins of a sclerosing basal cell carcinoma are poorly 
defined and smal strand of tumour can invade deeply without being 
inicaly apparent. The jagged outline ofthe strands of tumour celis 
are shown inthe inset. Peripheral palisading of nuclei isnot promi 
nent inthis type of basal cell carcinoma. The fibroblastic intervening 
tissue is known as a desmoplastc stroma, 


for squamous cell carcinoma include sunlight expo- 
sure and immunosuppression. Clinically, squamous 
cell carcinoma presents as a rapidly growing nodular 
ulcer or as a papillomatous growth, which in some 
cases has an overlying keratinous horn, Inadequate 
primary local excision may be followed by recurrence 
and orbital invasion. Lymphatic spread may occur 
to pre-auricular and submandibular lymph nodes 
according to the site of origin ~ upper and lower 
lid, respectively 


FIGURE 9-36 (A) This squamous cell carcinoma af the eyelid infil 
trates extensively from the skin surace (s) through orbieularis cult 
(oo) and just into the tarsal plate (tp) The conjunctival surface c) is 
not involved). (B) The cells show Keratinization (k) and intercellular 
bridges (arrows) 


Histologically, squamous cell carcinoma may be 
classified as well, moderately or poorly differentiated. 
In a well-differentiated tumour the cells have glassy 
pink cytoplasm and intercellular bridges and keratin 
pearls may be present (Fig 9-36). Some of these 
features are lost in more poorly differentiated tumours, 
but intercellular bridges can usually still be identi- 
fied. Rarely, squamous cell carcinoma will adopt a 
spindle cell morphology and this variant is more 
aggressive, 

In situ and invasive squamous cell carcinoma may 
also involve the conjunctiva and comea. The mor- 
phology of these tumours is identical to that of the 


eyelid tumours and they are also associated with sun- 
light exposure and immunosuppression, particularly 
AIDS, 


Sebaceous gland carcinoma 
Sebaceous gland carcinoma accounts for 1-5% of all 
eyelid cancers. These tumours usually originate in the 
meibomian gland but may also arise from the gland of 
Zeis or sebaceous glands of the eyelid skin. Sebaceous 
gland carcinoma commonly occurs in elderly patients 
and shows a female preponderance, The clinical 
appearance of sebaceous gland carcinoma is variable 
and it may be indistinguishable from squamous cell 
carcinoma or basal cell carcinoma or may mimic a 
range of benign conditions, including chalazion and 
blepharoconjunctivitis 

The variable clinical appearance is related to the 
different histological growth patterns of this tumour 
‘These tumours may show a nodular or diffuse pattern 
of growth and may be well, moderately or poorly dif- 
ferentiated, The nodular pattern consists of lobules of 
tumour cells with foamy or vacuolated cytoplasm (Fig 
9-37A), Diffuse tumours show individual tumour cells 
spreading within the surface epithelium (Pagetoid 
spread) and adnexal structures. Stains for fat per- 
formed on frozen section can be helpful (Fig, 9-378). 
Immunohistochemical staining which is positive for 
BerEP4, epithelial membrane antigen and androgen 
receptors is more helpful in small biopsy specimens 
which cannot be divided. 

Sehaceous carcinomas may be seen in Muir—Torre 
syndrome in association with a visceral malignancy, In 
these tumours there may be loss of heterozygosity of 
the chromosomal regions containing the mismatch 
repair genes hMSH2 and hMLHI, The prognosis is 
poor compared with most other malignant eyelid 
tumours but is significantly improved with early diag- 
nosis and surgery. 


MALIGNANT MELANOMA 

Conjunctiva 

Malignant melanoma may arise from primary acquired 
melanosis, a pre-existing naevus or de nova. Primary 
acquired melanosis (also known as conjunctival 
intraepithelial melanocytic neoplasia) appears as uni- 
lateral or bilateral, diffuse flat areas of conjunctival 
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FIGURE 9-37 (A) Te isiands (arrows) of nfitating sebaceous gland 
carcinoma contain cls with pale cytoplasm that bear some resem 
bance to normal sebaceous gland ces (*).(B) Astin for tt (Ol 
red 0) revels malignant cel infitratng the cajunctival epithelium 
in Pagtod spread ofa sebaceous carcinoma, 


pigmentation in middle-aged to elderly patients. Con- 
junctival melanoma presents as a raised, pigmented or 
fleshy conjunctival lesion, Like its cutaneous counter- 
part (and in contrast with uveal melanoma), it has a 
tendency to metastasize to regional lymph nodes but 
may also spread to brain and other organs. The prog- 
nosis is worse for tumours thicker than 5 mm and 
located in the fornix. Complete excision is the treat- 
ment of choice. Those arising on a background of 
primary acquired melanosis may be multifocal and 
topical chemotherapy with mitomycin C can be 
helpful 


Uveal melanoma 


Malignant melanoma of the uveal tract arises from 
melanocytes in the iris, ciliary body and choroid, and. 
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the relative incidence is roughly in proportion to the 
volume of tissue in each compartment - 8%, 12% and. 
80%, respectively. These tumours are almost always 
unilateral and_grow initially as pigmented or non- 
pigmented plaque-like lesions; the macroscopic 
appearances are shown in Figure 9-38 (A-D) 


Iris melanomas. Iris melanomas are usually slow- 
growing nodular tumours that may be present for 
many years. On histology, iris melanomas may consist, 
of small, rather bland, spindle-shaped cells and the 
diagnosis depends on the identification of surface or 
stromal invasion. Recurrent iris melanomas often 
transform into pleomorphic epithelioid tumours. 
Although they often remain localized fora long period 
of time, iris melanomas can spread diffusely on the iris, 
surface and around the chamber angle, resulting in 
secondary glaucoma as a result of infiltration of the 
trabecular meshwork, 


Ciliary body and choroidal melanomas. Ciliary 
body and choroidal melanomas can grow to a large 
size (10-20 mm) before recognition. The macroscopic 
appearances can vary considerably. The tumours may 
be ovoid, nodular ora classical mushroom shape. This, 
is caused by tumour spread in the subretinal space 
alter breaching Bruchs membrane, Tumours may 
cause an exudative retinal detachment, or acute angle 
closure glaucoma due to direct pressure effects or 
neovascular glaucoma due to production of vasofor 
mative factors by the tumour. Extraocular extension 
may be identified in relation to collector channels 
(amteriorly), vortex veins (in the mid-periphery) or 
short ciliary vessels (posteriorly) and occasionally 
tumours may present as proptosis due to an orbital 
mass, Larger tumours may undergo spontaneous 
necrosis and produce symptoms of endophthalmitis 
Uveal melanoma can be simulated clinically by various 
other entities. Some typical examples are shown in 
Figure 9-39 (A-D), 

On histology, the tumours are classified according 
to cell type as spindle, epithelioid and mixed (Fig. 
9-40). In practice the majority of tumours are of mixed. 
cell type. Vascular patterns may be assessed in melano- 
‘mas using a periodic acicl-Schiff (PAS) stain, There are 
nine recognized patterns, including parallel, parallel 
with cross-linking and a network of closed vascular 


loops. The presence of microscopic intrascleral spread. 
or extraocular extension is also important for staging, 
uuveal melanoma, Metastatic spread (most commonly 
to the liver, cf conjunctival melanoma) usually occurs 
within 2-3 years but has also been recorded up to 40 
years later. Immunohistochemistry, which is usually 
positive for $100, HMB45 and Melan A, can be a 
useful ancillary technique, particularly in metastatic 
melanoma, 

Treatment includes enucleation, local resection 
and ionizing radiation in the form of plaque brachy- 
therapy or proton beam. Secondary enucleation 
following surgery or irradiation may show a sungi- 
cal coloboma or neovascular glaucoma, cataract 
and radiation retinopathy in addition to recurrent 
tumour (see Video 9-2) 

Prognostic parameters in uveal melanoma include: 

+ age of patient — the prognosis is worse for older 
patients 

+ tumour size — larger tumours carry a worse 
prognosis 

+ tumour location — ciliary body location carries a 
worse prognosis compared with choroid 

+ call type — tumours containing an epithelioid cell 
component carry a poorer prognosis than those 
composed only of spindle cells 

+ vascular patterns ~ tumours with a closed loop 
vascular pattern on Periodic Acid Schiff stain 
carry a poorer prognosis, 

+ cytogenetics — (Box 9-16) loss of heterozygosity 
of chromosome 3 (monosomy 3), particularly 
when combined with additional copies of chro- 
mosome 8q is strongly associated with death 
from metastases, whereas aberrations, particu- 
larly numerical gatn, of chromosome 6p are assa- 
ciated with a more favourable prognosis, 


NEURAL TUMOURS 

Neurofibroma and schwannoma 

‘These tumours arise within the orbit and are derived 
from peripheral nerves. Neurofibroma is derived 
from the endoneurium and schwannomas from the 
Schwann cells intimately surrounding axons. On his- 
tological examination neurofibromas consist of spindle 
cells with wavy nuclei and collagen, with occasional 
axons running through the tumour, Neurofibromas, 


A 


c D 
FIGURE 9-38 Various macroscopic 
8) A partly pigmented metanoma that has 
causing an exudative retinal detachment. An 
the anterior and posterior scera 


arances of uveal melanoma. (A) The majority of tumours ae amelanotic and have a mushroom shape 
erforated the retina. (C) This ovold black melanoma has leaked fud into the subretinal space, 
tempt to remove the tumour surgically was abandoned. (D) An advanced melanoma perforating 


c 


FIGURE 9-38 Diseases simulating uve frm degeneration ofthe macula (B) Bleeding 
arising from a peripher old, (D) Metastatic tumours tra 


FIGURE 9-40 (A) inthis malignant weal melanoma a spindle B type 
the cytoplasm of the cells contains melanin granules (arrows). 
(8) Epithelioid melanoma cells are larger than spindle B cells and are 
separated ffom each other by prominent intercellular spaces 
(arrowheads). 


particularly the plexiform and diffuse subtypes, may 
be associated with neurofibromatosis type 1. Schwan- 
nomas show a palisaded arrangement of spindle cells 
(Antoni A) and myxoid (Antoni B) areas and, in con- 
trast to neurofibromas, there are occasional axons in 
the peripheral part of the tumour. Degenerative 
changes, with thick-walled blood vessels with evi- 
dence of previous haemorrhage and atypical nuclei, 
are relatively common. Occasionally a schwannoma 
may contain melanin pigment and the differential 
diagnosis of extraocular extension of a spindle cell 
melanoma should be considered, 
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BOX 9-16 TUMOUR CYTOGENETICS 


‘Numerical and structural chromosomal abnormalities occur 
‘in tumour cels compared with normal cli. Chromosomal 
abnormalities within a tumour cel can fl into one of three 
‘categories: 
‘Primary abnormality - essential for establishing 
tumorigenesis, ¢.9. Rb gene in retinoblastoma 
‘+ Secondary abnormality — a manifestation of tumour 
progression and clonal evolution, e.9.lss of p53 in 
colonic adenoma-carcinoma sequence 
+ Oytogenetic noise ~ this is due to genetic instability 
‘In any tumour. 
‘CyTOGENETICS IN UVEAL MELANOMA 
‘+ Loss of heterozygosity of chromosome 3 
((monosomy 3} + ational copies of chromosome 
‘8q is strongly associated with death from metastases 
‘+ Aberrations, particularly numerical gain of 
chromosome 6p, is associated with a more 
favourable prognosis, 


Malignant peripheral nerve sheath tumours: 
Malignant peripheral nerve sheath tumours are rare in 
the orbit, Most arise de novo without previous evidence 
ofa neurofibroma or schwannoma. They may be ass0- 
Giated with neurofibromatosis type 1 


Retinoblastoma 
Retinoblastoma is a malignant tumour of infancy 
which is lethal if untreated; the incidence is 1 in 
20 000 live births, The tumour arises from embryonal 
retinal cells and can be unilateral or bilateral. The 
macroscopic appearances are of a smooth-surfaced 
white mass that may show endophytic growth, into 
the vitreous or exophytic growth into the subretinal 
space (Fig. 9-41A-D). Yellowish areas of necrosis or 
bright white flecks of calcification may be evident 
within the tumour, On histology the tumour consists 
of small blue cells with scanty cytoplasm. There is 
usually a high mitotic rate, with prominent apoptosis 
and areas of necrosis within the tumour indicating 
high cell turnover. DNA from necrotic tumour may 
precipitate on blood vessel walls or as basophilic lakes, 

Differentiation may be seen in the form of: 
+ Homer-Wright rosettes ~a multilayered circle of 
iuclei surrounding eosinophilic fibrillar material 

(Fig. 9-424) 
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FIGURE 9-41 Macroscopic appearances of retinoblastoma. (A) A 


Calcium. (B) A large retinoblastoma with seedings inthe vitreous. (C) An exoph 
retinoblastoma with prominent calcification and funnel-shaped retinal detachment 


FIGURE 9-42 Diferentation in retinoblastoma is represented by 
various fom of sets (A) Homer-Wrightrosetes(arows) consist 
of a central fibrillary tangle surrounded by cell nuclei which may 
overlap. (8) Flexnes-Winerseiner rosettes are ined internal by 2 
membrane similar tothe out limiting membrane of the norma 
retina (arows) and surounded by a single aero cel 


+ Flexner-Wintersteiner rosettes ~ a circle of cells 
limited internally by a continuous membrane 
(Fig. 9-428) 

+ Fleurettes — primitive photoreceptor bodies 
arranged in “fleur de lys’ shape, These structures 
are most commonly found in irradiated tumours. 

Features of prognostic importance in retinoblastoma 
include tumour size, degree of differentiation, choroi- 
dal invasion and optic nerve invasion. With early diag- 
nosisand modern treatment, including irradiation and. 
chemotherapy, cure rates are in excess of 90%. In 
untreated cases, death is caused by tumour spread to 
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the brain through the optic nerve or along the menin- 
ges; metastatic dissemination is via the bloodstream to 
the viscera and skeleton. 

The genetics of retinoblastoma are discussed in 
Chapter 3, but itis noteworthy that the abnormal gene 
carries the risk of a pineal tumour in childhood (tri- 
lateral retinoblastoma), soft tissue and osteogenic 
sarcoma in early adult life and carcinomas in later life 

The differential diagnosis of retinablastoma 
includes: 

+ Coats’ disease (Fig, 9-434) 

+ Astrocytic hamartoma (Fig. 9-438) 

+ Retinopathy of prematurity 

+ Persistent hyperplastic 

(Fig, 9-430) 
+ Endophthalmitis (Fig, 9-43D) 
+ Taxocara retinitis 


primary vitreous, 


Astrocytic hamartoma 
Benign astrocytic tumours occur in the retina as part 
of the tuberous sclerosis syndrome or as an isolated 
feature, They consist of astrocytes, which form a 
matrix conducive to the deposition of calcospherites 
‘The presence of calcification may lead to an erroneous 
diagnosis of retinoblastoma. 


Juvenile and adult forms of optic nerve glioma are 
recognized, the former carrying a good prognosis; the 
latter are very rare and invariably lethal, being associ- 
ated with extensive intracranial extension, 

Around 50% of gliomas involve the orbital portion 
of the nerve but the intracranial or chiasmal portions 
may also be involved, In the orbital portion the tumour 
‘may cause proptosis in addition to optic disc swelling 
and visual loss. Computed tomography or magnetic 
resonance imaging may be helpful in delineating the 
location, configuration and extent of the tumour, In 
over 50% of patients the tumour does not grow but 
in the remaining cases the tumour does grow and may 
require surgical intervention, The affected region of 
the nerve may be excised or if there is extensive 
tumour with secondary complications, such as expo- 
sure keratitis, then the eye may be removed along with 
the affected segment of the nerve. Optic nerve gliomas 
have an excellent prognosis following complete surgi- 
cal excision although vision is usually sacrificed. 
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FIGURE 8-43 Diseases simulating retinoblastoma. (A) In Coats’ disease the abnormal vasculature leaks lipé-ich plasma, and cholesteral 
crystals are present in the subretinal exudate, (B) Astrocyic hamartoma appears as a static round nodule projecting fram the retina into the 
vitreous. (C) Persistent hyperplastic vitreous forms a white mass behind the lens and the persistent hyaloid artery passes back tothe optic 
herve head. (0) In metastatic endophthalmitis an abscess fills the vitreous cavity, forming a white mass (arowheads), and the retina is detached 


Excised tumours show a fusiform swelling of the 
nerve and the residual nerve may be barely visible 
within the tumour mass The histology of these 
tumours is identical to that of intracranial astrocyto- 
mas and the majority are pilocytic, often containing 
areas of myxoid degeneration and Rosenthal fibres 
(Fig. 9-44), A potential diagnostic pitfall is that these 
tumours can induce proliferation of the overlying 
arachnoid. This hyperplastic tissue may be misdiag- 
nosed as meningioma if the biopsy contains only 
perineural tissue 


Meningioma ofthe optic nerve may be primary, arising 
from the meninges of the optic nerve, or secondary, as 


FIGURE 9-44 (A) Low-power view of an optic glioma that has inf- 
trated the nerve columns but has preserved some recognizable arch- 
‘tecture in the optic nerve (on). (B) Athigher magnification the tumour 
‘consists of irregularly arranged proliferating astrocytes with numer- 
‘us small cystic spaces (*) 
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the result of extension of an intracranial meningioma, 
Inadults meningiomas of the optic nerve characteristi- 
cally show indolent growth but in children they may 
be more aggressive. The tumour ensheaths the optic 
nerve, which may become atrophic. The histology is 
similar to intracranial meningioma, with a transitional 
pattern, sometimes with psammoma bodies, 
predominating, 


TUMOURS DERIVED FROM MUSCLE 
These rare tumours may affect the eye or the orbit, 


Leiomyoma/leiomyosarcoma 
A leiomyoma occasionally arises from the smooth 
muscle of the iris and ciliary body. The malignant 
counterpart, leiomyosarcoma, is extremely rare 


Rhabdomyoma/rhabdomyosarcoma 


Benign tumours of striated muscle are virtually 
unknown in the eyelid and orbit, 

Rhabdomyosarcoma is the most common orbital 
malignancy of childhood, It generally occurs in the 
first two decades of life and usually presents with 
rapidly progressive proptosis and displacement of the 
eye, If clinical suspicions are high, a prompt biopsy 
should be performed to confirm the diagnosis and the 
patient should be treated with a combination of chem- 
otherapy and radiotherapy, With this regimen the sur- 
vival of children with rhabdomyosarcoma has 
dramatically improved. On macroscopic examination, 
these tumours consist of tan-coloured fleshy tissue. 
On histopathological examination, thabdomyosar- 
coma can be divided into three subtypes (embryonal, 
alveolar and pleomorphic). The embryonal subtype is 
the most common type in the orbit, consisting of 
sheets of small ovoid to spindle-shaped cells (Fig, 
9-45). Cytoplasmic cross-striations can be seen with 
difficulty in a small number of cases. Immunohisto- 
chemistry for MyoD1, a muscle regulatory gene, may 
be helpful in confirming the diagnosis, Alveolar rhab- 
domyosarcoma is more common in older children; 
pleomorphic rhabdomyosarcoma is rare in the orbit 
and usually occurs in adults, 


VASCULAR TUMOURS 


‘These tumours are also rare but occur at all age groups, 


It is necessary to note that, relying on the standard 
theory of nuclear reactions describing nuclear processes 
in vacuum, experts in the field of nuclear physics, 
engaged in CTR, reject the very possibility of existence 
of nuclear fusion at low energies. Two basic objections 
are raised against CF: 


1, at low energies the penetrability of Coulomb barrier 
around nuclei is so small that the probability of nuclear 
fusion is practically equal to zero; 

2. distinction between the atomic and nuclear energy 
scales is so great that the energy, which might be 
evolved as a result of nuclear fusion, could not be 
transferred directly to atomic lattice; therefore the 
energy above should be emitted in the form of streams 
of Y-quanta, fast neutrons and other particles. 
However, such streams of sufficient intensity have not 
been registered, 


‘The answer to the first objection against existence of 
CF is that at the heart of CF are nuclear processes 
occurring in environment, and the basic role is played 
here, apparently, by collective effects caused by 
interaction of nuclei with particles of environment in 
which the nuclear reaction takes place. The laws 
governing the behavior of interacting nuclei in vacuum 
are inapplicable to the description of CF of nuclei [3]. 

Nuclear reactions occurring at low energies submit to 
completely different laws, which can be established 
only provided that collective effects mentioned above 
are taken into account. For this reason the standard 
theory of nuclear reactions in vacuum can by no means 
refute the existence of CF, 


As to the impossibility of transferring the energy 
between levels of various scales, we can give an 
example of the phenomenon of sonoluminescence 
(luminescence of a liquid when a sound wave causing 
cavitation passes through it) [4], in which the energy 
transfer from an acoustic wave to electromagnetic field 
occurs with appreciable probability in spite of the fact 
that the distinction between energies of acoustic 
phonons and quanta of light reaches 11 orders. 


As early as 10 years ago J. Schwinger, the Nobel winner 
and the known expert in the field of the theory of 
elementary particles and quantum electrodynamics, 
asserted that it is impossible to deny the reality of CF 
phenomenon [3,4]. Since then the CF phenomenon for 
nuclei was repeated hundreds times in laboratories all 
over the world, tens of patents on the ways of energy 
generation on the basis of CF were registered and 
enormous number of experimental works were 
published, which not only confirmed the existence of 
effect, but also contained its detailed analysis. 


‘The most convincing evidence for the existence of 
nuclear reactions at low energies seems to give the 
mass-spectrometric research of reaction products [5] as 
well as research on biological systems [6]. Detailed 
study of electric explosion of foil made of especially pure 
materials in water, described in [5], suggests that at 
electric discharges transformation of chemical elements 


Page 216 


occurs. Study of optical spectrum of plasma arising at 
discharge and of the mass-spectrometric analysis of 
sediments, which remained after the discharge, shows 
that in plasma there is an appearance of a significant 
number of chemical elements which were not presented 
in the initial material of explosive foil and electrodes 
and also that the isotope structure of the foil material 
changes appreciably. The change of experimental 
conditions, for example, of energy contribution in foil, 
its mass and dimensions results only in redistribution 
of intensity of plasma spectral lines, i.e. in the change 
of statistical weight of chemical elements in plasma, 
but the composition of chemical elements remains 
unchanged and it essentially depends on the material 
of foil. As it is seen from the received results, nuclear 
reactions, which take place at electric discharge, are 
not accompanied by the occurrence of a neutrons stream 
and 7-radiation and proceed at low energies of atomic 
nuclei. 


‘The research mentioned above as well as many others, 
carried out by different researchers in different 
laboratories, allow to draw a conclusion that existence 
of nuclear reactions at low energies is reliably 
established. 


‘The development of research on CF is hampered by the 
absence of theory of the phenomenon. As noted by 
Schwinger [3,4], the situation in CF is closely parallel 
to that one in high-temperature superconductivity: 
reality of the last, as a result of careful experimental 
research, is completely established, though theory of 
the phenomenon is absent till now. 


In [5], to account for the transformation of chemical 
elements, the hypothesis is put forward that at the 
electric explosion of foil in the plasma channel magnetic 
monopoles are formed which may overcome the 
Coulomb barrier even at insignificant kinetic energy due 
to the great magnitude of their magnetic charge. The 
monopole, appearing not far from a nucleus, causes its 
polarization: those nucleons of the nucleus, which are 
situated more close to the monopole, experience 
stronger influence of the last, than the nucleons situated 
on the opposite side of the nucleus. As a result, a 
deformation of the nucleus arises (the nucleus is 
lengthened), which may result in nuclear fission. 


Obvious drawback of this mechanism of nuclear 
reactions is that magnetic monopoles have yet to be 
found out in nature, 


Numerous attempts to construct a consistent theory of 
CF (see reviews [1,2]) have not been crowned with 
success. As it was noted above, for the CF to be 
described, the account of the collective effects may be 
important caused by interaction of nuclei with 
environment, in which nuclear reaction takes place. 
But does it suffice to take into account these effects in 
order that the theory of the phenomenon is constructed? 
‘The analysis of the experiments on transformation of 
chemical elements at low energies and on the CF of 
nuclei suggests that the discussed phenomenon does 
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FIGURE 9-45 In embryonal rhabdomyosarcoma, th cells are ovoid 
to spindle-shaped and there ae alternating cellular and myxod areas. 


angiomas 
These are described under Hamartomas. 


Epithelioid haemangioma 
Epithelioid haemangioma, previously named angio- 
lymphoid hyperplasia with eosinophilia, is a benign 
vascular lesion that may occur on the eyelid skin or 
occasionally in the orbit. It consists of blood vessels 
with prominent endothelial cells and accompanying 
inflammatory cells, including lymphoid follicles and 
prominent eosinophils 


Kaposi sarcoma 
This is a tumour of endothelial cells that may occur 
as a rapidly growing tumour on the eyelid and con- 
junctiva. It most commonly occurs in immunocom- 
promised patients, especially those with AIDS, and is 
caused by infection with herpes virus type 8. Histo- 
logically, these tumours consist of malignant spindle 
cells lining a network of sieve-like spaces containing, 
extravasated red cells 


OTHER CONNECTIVE TISSUE TUMOURS 

Tumours can be derived from any of the cellular 
constituents of connective tissue, including adipose 
tissue, cartilage and bone, Orbital lipomas are con- 
sidered to be relatively rare but this may reflect 
tnderdiagnosis because of the difficulty of distin- 
guishing a lipoma from excised orbital fat. Primary 
Hposarcoma rarely involves the orbit. Similarly 


cartilaginous neoplasms of the orbit are extremely 
rare, Orbital osteosarcoma is also rare but well rec- 
ognized as a second primary neoplasm following, 
successfully treated retinoblastoma. 

Solitary fibrous tumour, haemangiopericytoma and 
giant cell angiofibroma are a group of related neo- 
plasms that, compared with other connective tissue 
tumours, are relatively common in the orbit. Due to a 
recently identified common chromosomal transloca- 
tion (inv(12}(q13q13)) which results in a NAB2- 
STATS fusion product these tumours are now regarded. 
asthe same entity and the term solitary fibrous tumour 
is preferred. Histologically, they all consist of spindle 
cells with a thin-walled branching vascular pattern, 
Solitary fibrous tumour shows a range of cellularity 
with the more cellular tumours being designated cel- 
ular solitary fibrous tumour (formerly haemangioperi- 
cytoma). Some tumours contain stromal giant cells 
(formerly giant cell angiofibroma). The majority of 
these tumour follow a benign course but the behay- 
iour is unpredictable. Larger and more cellular 
tumours are more likely to recur and metastasize 


LYMPHOID TUMOURS. 


‘The tissues behind the orbital septum contain neither 
lymphatics nor lymphoid tissue. Lymphocytes may, 
however, he found in the conjunctiva, the lacrimal 
gland and the lacrimal drainage system, 

Lymphomas of the ocular adnexa include lesions of 
the conjunctiva, eyelids, lacrimal gland and orbit. 
‘Those situated in the conjunctiva are associated with 
alower incidence of systemic disease (20%) compared. 
with those of the orbit (35%), lacrimal gland (40%) 
or eyelid (67%). Ocular lymphomas may be the first 
manifestation of disseminated disease and it is essen- 
tial to undertake a full systemic and haematological 
examination of all patients presenting with ocular 
lymphoma, Immunohistochemistry (Fig, 9-46 and 
Box 9-17), molecular techniques (see Boxes 9-6 and 
9-7) and flow cytometry are important for identifying, 
monoclonal populations and subclassifying lym- 
phoma. Flow cytometry is used to isolate and pheno- 
type different cells within a mixed population. Cells 
in suspension are labelled with fluorescent markers, 
excited bya laser and counted electronically by passing, 
them through a flow cytometer: this may be under- 
taken on vitreous samples, 


FIGURE 9-46 (A) Immunohistochemistry far CD20 shows membra- 
ous staining of the cells in tis 8-cell lymphoma, (B) Immunahis- 
tochemistry for MIB-1 (proliferating cell nuclear antigen) shows 
widespread nuclear staining indicating a high proliferation fraction in 
this high-grade B-cell lymphoma (itu lage B-cell lymphoma) 


With these techniques, the vast majority of Iym- 
phoid proliferations can be classified as benign (reac- 
tive lymphoid hyperplasia) or malignant (lymphoma) 
and terms such as ‘pseudolymphoma’ should be 
avoided 

The most common ocular lymphoproliferative 

lesions include: 

* Benign lymphoid hyperplasia, a similar process 
to reactive follicular hyperplasia of lymph nodes 
may form a tumour mass within the conjunctiva 
or orbit, 
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BOX 9-17 IMMUNOHISTOCHEMISTRY 


Immunohistochemisty is a method of detecting the 
presence of specific proteins in cells or tissues. I consists 
of the fllowing steps: 

* Antigen retrieval eer by proteolytic digestion or 
rmicrowaving the tssue sections. 

+ A primary antibody binds to a specific antigen. 

+ A secondary enzyme-conjugated antibody is then 
bound to this primary antibody-antigen complex. 

‘+ An appropriate substrate and chromagen are added 
and the enzyme catalyses the formation ofa coloured 
deposit at the sites of antibody-antigen binding 

Immunohistochemisty is important in: 

+ Tumour cassitiation — lymphomas are positive for 
comman leucocyte antigen (CLA), carcinomas are 
positive for cytokeratins (CK), melanoma fs positive 
for $100 and Melan A. 

*+ Specific tumour subtyping —Iymphomas may be 
Sublyped into B cell (C020 positive) and T cell (603 
positive) carcinoma of the ung is usually TF-1 
positive, carcinoma ofthe gastrointestinal tract is 
Usually COX-2 positive. 

+ Providing prognostic or therapeutic information 
= lymphomas that have a high proliferation index 
with MIB-1 (see Fig. 9-16) are aggressive. Breast 
cancers that are oestrogen-receptor positive may be 
treated with hormonal therapy. 

* Diagnosis of infectious agents antibodies are 
avaliable to various infectious agents such as herpes 
simplex virus and cytomegalovirus 


+ Extranodal marginal zone lymphoma (EMZL) is 
the most common type of ocular lymphoma and 
isa low-grade B-cell lymphoma derived from the 
mucosal associated lymphoid tissue, EMZL 
usually follows an indolent course but it may 
recur at other extranodal sites or rarely undergo 
transformation to high-grade lymphoma. 

+ Follicular lymphoma is identical to its nodal 
counterpart and in the majority of cases repre- 


sents part of a systemic disease (see Video 9-3). 4 


+ Diffuse large B-cell lymphoma is less common- 
and around 40% of cases are associated with 
systemic disease, These lymphomas tend to 
pursue an aggressive clinical course. 

+ Primary intraocular lymphoma involves the 
retina, subretinal space, vitreous and optic nerve 
(Fig. 9-47). It can occur in conjunction with or 
independent of primary central nervous system 
lymphoma, These are rare lymphomas but there 
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FIGURE 9-47 (A) An eye removed for primary intraocular ymphoma. 
There is haemorrhage and exudate in the vitreous (*). There is 
creamy wit tumour overying the retina (arrowheads). (B) On his- 
tology the retina is replaced by pleomorphic large lymphoma cells, 
with necrosis and apoptass extending into the vitreous 


in incidence in 


ll 


has been a dramatic increase 
ars, The majority are diffu 
lymphomas, They usually 
patients but can also be associated with AIDS. 


Many other lymphomas may uncommonly invalve the 
ocular region, inchucking mantle cell lymphoma, B-cell 


kkaemia, Burkitts Iympl 


chronic lymphocytic 
peripheral T-cell lymphoma and natural killer 
lymphoma. Ocular Hodgl 


kaemic infiltration of the eye or orbit may also occur. 


In particular, granulocytic sarcoma can present as an 
isolated orbital mass in an otherwise healthy child. 


FIGURE 9-48 (A) Pleomorphic adenoma consists of benign branch- 
ing glands (arrows) lying within a myxoid stroma (*) (B) Adenoid 
cystic carcinoma has a Swiss-cheese patter (*) and may show 
vascular (arto) and perineural invasion 


LACRIMAL GLAND TUMOURS 

Pleomorphic adenoma (benign mixed tumour) 
Pleomorphic adenoma is the most common epithelial 
tumour of the lacrimal gland. It usually occurs in 
late to middle age but may occur at any age. This 
tumour is slow growing and pseudoencapsulated with 


surface hosselations. Histol consists of a 


nnchymal_ elements, 
fat_and 


mixture of epithelial and me 


inchiding mysoid tissue, cartilage rarely 
bone (Fig, 9-48). It is important to completely excise 


these tumours because if they are ‘shelled out’ they 


can recur and there is a small but significant risk 
of surviving residual tumour undergoing malignant 
change to a pleomorphic carcinoma (malignant mixed 
tumour) 


‘Adenoid cystic carcinoma 


This is the second most common epithelial neoplasm 
of the lacrimal gland afier pleomorphic adenoma. 
Although it is usually diagnosed in middle-aged or 
older patients, it frequently occurs in younger patients 
as well, The history is shorter than for pleomorphic 
adenoma and the patient may present with proptosis, 
numbness, pain and diplopia because invasion of 
nerves and extraocular muscles may occur early in 
tumour development. Histologically, these tumours 
can assume a range of patterns, the most common 
of which is a cribriform or ‘Swiss-cheese’ pattern 
(Fig. 9-488). The pain and numbness may be 
explained by the tumours propensity for perineural 
infiltration, These are aggressive neoplasms that 
require radical surgery with supplemental radiotherapy 
or chemotherapy. 


Other malignant epithelial tumours. 
A small number of epithelial tumours of the lacrimal 
gland are adenocarcinomas arising de novo with no 
evidence of a pre-existing benign mixed tumour. 
Mucoepidermoid carcinoma is another rare form of 
carcinoma that may arise in the lacrimal gland. 


Lacrimal sac tumours 
Tumours of the lacrimal sac are uncommon and are 
usually of epithelial origin. Papillomas may show an 
exophytic, inverted or mixed growth pattern and the 
epithelium may be of squamous or transitional cell 
type, Carcinoma of the lacrimal sac may develop 
within a papilloma or arise de novo. These are locally 
aggressive tumours and if neglected can invade sur- 
rounding structures, 


METASTATIC TUMOURS 

Inadults, metastatic tumours most commonly involve 
the veal tract (Fig. 9-39D), Orbital involvement 
occurs about one-tenth as often, and metastases to the 
eyelid and conjunctiva are rare, Most metastatic 
tumours are carcinomas and the most common 
primary sites are usually the breast, prostate, lung or 
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gastrointestinal tract, but metastases from a wide range 
of primary carcinomas have been described, Immuno- 
histochemistry and novel molecular techniques (see 
Box 9-17) can he useful in identifying the primary site 
In children metastatic disease is usually orbital and 
veal involvement is rare, Orbital involvement by neu- 
roblastoma, Ewings sarcoma, Wilms’ tumour and 
thabdomyosarcoma may occur, 


DISORDERS MISDIAGNOSED AS NEOPLASMS 


There are several ‘lumps and bumps’ which occur 
around the eye and orbit which can be mistaken for 
tumours, 


Cysts 
Eyelid. Simple cysts are common in the eyelid: 

+ Sudoriferous cysts or sweat gland cysts (hidro- 
cystomas) are derived from the ducts of the 
glands of Moll. The cysts are thin-walled and 
appear as translucent or bluish swellings at the 
lid margin. Histologically, they are lined by a 
double layer of epithelium with an inner layer of 
cuboidal cells and an outer layer of myoepithelial 
cells. 

+ Epidermoid cysts may occur secondary to obstruc- 
tion of the duct of a pilosebaceous follicle or as 
the result of epithelial inclusion following trauma 
or surgery: Epidermoid cysts are lined by kerati- 
nizing squamous epithelium and are filled with 
keratin. A foreign body giant cell reaction may 
be seen in relation to cyst rupture. 

+ Dermoid cysts occur in children as a result of the 
incarceration of ectoderm between the frontal 
and maxillary process during embryogenesis. 
Dermoid cysts contain hairs and pilosebaceous 
follicles. 


Conjunetiva. Cystic lesions are also common in the 
conjunctiva. Epithelial inclusion cysts are the result of 
previous trauma with incarceration of conjunctival 
epithelial nests in the stroma. Lymphatic cysts occur 
when ectatic lymphatics coalesce. This lymphangiecta- 
sia may occur as a hamartomatous malformation or 
secondary to inflammation. 


Orbit. Cysts may also occur in the orbit and com- 
puted tomography scans may be helpful in identifying 
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some lesions. Dermoid cysts may also occur in the 
orbit and should be excised intact because leaked 
contents may induce a granulomatous inflammatory 
reaction, A mucocoele is an expansion of the paranasal 
space secondary to drainage obstruction from chronic 
sinusitis, It consists of a cystic cavity lined with epi- 
thelium, which sometimes contains goblet cells. Hae- 
matic cyst is an organizing haematoma, which can 
occur spontaneously, or following blunt trauma, 


Pseudoepitheliomatous hyperplasia 

Surface epithelium overlying an inflamed stroma or 
tumour can be stimulated by various released growth. 
factors. This may result in an exuberant proliferation 
of the epithelium that can be mistaken for squamous 
carcinoma by the unwary. This benign reactive 
process has been termed pseudoepitheliomatous 
hyperplasia 


Idiopathic orbital inflammation 

Idiopathic orbital inflammation (formerly inflamma- 
tory pseudotumour) is a non-granulomatous inflam- 
matory process within the orbit for which there is no 
recognized local cause or any underlying systemic 
disease. The disease presents as a unilateral or bilateral 
mass, which clinically may be mistaken for tumour. 
In biopsy specimens an early lesion shows oedema of 
orbital tissues and an inflammatory infiltrate com- 
posed predominantly of lymphocytes and plasma cells 
and lymphoid follicles may be present. As the disease 
progresses, collagen is laid down and the collections 
of inflammatory cells may be separated by fibrous 
tissue (Fig. 9-49). Most cases showa dramatic response 
to corticosteroid therapy unless the lesion has exten- 
sive fibrosis, Other immunosuppressive agents, such 


FIGURE 9-49 In idiopathic orbital inflammation the orbital fatty 
tissue is replaced by fibrous tissue (arrows). There Is an accompany 
ing infiammatory cell infitrate that may include lymphoid folicies 
(arrowheads) 


as azathioprine, ar low-dose radiotherapy may be used. 
in patients who fail to respond to steroids. Idiopathic 
sclerosing inflammation, is a distinct form of orbital 
inflammation characterized by a slow and relentless 
fibrosing process, with progressive involvement of 
orbital structures. It may be part of a multisystem 
disease with progressive fibrosis at other sites, In both. 
sclerosing and non-sclerosing inflammation, raised 
serum IgG4 and increased IgG4 positive plasma cells 
may be found in the tissues in some cases, This IgG4- 
related disease may be bilateral and affect other sites, 
but is usually responsive to steroids, 


FURTHER READING. 


‘A full reading list is available online at https// 
‘expertconsult inkling com. 
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not fall within the domains of exotic ones: it seems to 
occur in nature constantly, at every step, in both 
physical and biological systems. Therefore, it is natural 
to expect that nuclear reactions at low energies should 
have a simple physical explanation, 


However such explanation, which is not beyond the 
scope of existing representations, is yet to be found. 
Does not it mean that we are facing here the situation 
similar to that which has arisen in physics at the end of 
the 19th century and which has been figuratively 
described in the words: on the light sky of physics there 
are only two small dark clouds ~ the radiation of 
absolutely black body and the Michelson experiments? 
Let us remind that in order for these clouds to be 
removed, it has taken the revision of physical notions 
about electromagnetic field as well as about space and 
time. 


As is noted in [8], there is a simple physical mechanism 
of nuclear transformations at low energies which 
existence follows from the quantum theory of electron 
as an open self-organizing system [9]. If two or the 
greater number of light nuclei appear inside free 
electron, more precisely, inside the area of basic 
localization of the particle, because of interaction of 
nuclei with electrically charged matter of electronic 
cloud, a force of attraction appears between the nuclei 
which may result in fusion of nucleus. This means that 
cold nuclear reaction represents an intra-electronic 
process which character is defined by physical 
properties of the own field produced by electrically 
charged matter of electron. The purpose of this paper 
is more detailed consideration of the mechanism above 
stemming from the spatial extension of electron. 


In section 2 physical ideas are formulated and basic 
results are schematically presented of quantum theory 
of electron as an open self-organizing system. The 
theory outlined is necessary to elucidate the origin of 
the mechanism resulting in the occurrence of nuclear 
reactions of fusion and fission at low energies. The 
essence of the developed approach consists in that the 
own field created by electron is treated as a 
congenital, integral physical property of electron, 
intrinsically inherent in the particle by the very 
nature of things and for this reason the own field and 
self-action are included in the definition of the particle 
at the initial stage of formulating the theory. As is seen 
from the received results, electron represents a quantum 
(elementary excitation) of the field of electrically 
charged matter. It is a solition, which physical and 
geometrical properties are described by the non-linear 
and non-local dynamical equation similar to the known 
Dirac equation. 


In section 3 the application of quantum model of self- 
organizing electron to nuclear reactions at low energies 
is considered. It is noted that because of the presence 
of simple physical mechanism of nuclear reactions at 
low energies, which is of a universal character, nuclear 
reactors represent, in effect, nuclear delayed-action 
bombs, which from time to time may blow up by virtue 


of the casual reasons. Hence, though nuclear stations 
may provide mankind with energy, however atomic 
engineering is a very dangerous way of energy 
production. The only acceptable way of solving the 
energetic problem consists in the use of nuclear 
reactions at low energies. 


Quantum model of electron as an open self- 
organizing system 


The basis for the standard formulation of quantum 
electrodynamics (QED) is the hypothesis that electron 
is a structureless point particle which does not 
experience self-action. This assumption results in 
serious difficulties - the divergences of mass and charge 
of electron and the impossibility to explain stability of 
the particle (see, for example, [10-12]) 


The difficulties mentioned above are very serious 
According to Dirac, the difficulties of QED “in view of 
their fundamental character can be eliminated only 
by radical change of the foundations of the theory, 
probably, radical to the same extent as transition from 
the Bohr orbits theory to modern quantum 
mechanics” ([13), p. 403). “Correct conclusion”, Dirac 
emphasizes, “is that the basic equations are incorrect. 
They should be changed in such a way that divergences 
do not appear at all” 


The main reason of occurrence of difficulties is the 
assumption that electron is a point-like particle. 
Therefore, abandonment of this hypothesis is inevitable. 
As an analysis of the problem shows, the key to 
constructing a consistent quantum theory of 
electromagnetism lies in taking account of the Coulomb 
self-action of electron, i.e. the back action of the own 
field created by charged particle in environmental space 
upon the same particle. In the special case that the 
particle is at rest in an inertial reference frame, own 
field of the particle turns into static Coulomb field. 


E.Schrédinger who suggested the historically first 
physical interpretation of quantum mechanics put one 
of the boldest ideas concerning the problem of electron 
forward. According to Schrédinger's hypothesis, the 
quantity e|¥(r)'(¢ and \Y(r) are charge and wave 
function of electron, respectively) is the density of 
spatial distribution of electron’s charge and, 
consequently, the linear sizes of electron are the same 
as those of atom [14,15]. However, they did not succeed 
in substantiating the interpretation and, for this reason, 
it was rejected by the majority of physicists [16] 


An important step to the correct understanding of the 
physical nature of electron was made by A. Barut and 
by his collaborators [16-18] who formulated and 
developed quantum theory of electromagnetic 
processes on the basis of self-energy picture (the Self- 
Field QED). Using expression for the total own energy 
of electron, they managed to calculate the Lamb shift 
and other radiative corrections and to show that 
radiative phenomena may be described in terms of the 
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action function, without using the second quantization 
method. As is pointed out by Barut [17], “the correct 
quantum equation of motion for radiating electron is not 
the Dirac or the Schrédinger equation for bare electron, 
‘but an equation containing an additional non-linear self 
energy term” 


New lines of approach to the problem of electron are 
offered in 9, 19-24]. The formulation of electrodynamics 
is considered which represents a synthesis of standard 
quantum electrodynamics and ideas of the theory of self- 
organization [25]. The physical mechanism of self- 
organization of electron consists in self-action. Taking 
into account the self-action means that electron is 
treated as a feedback system. 


Let us outline schematically the results of the 
formulation of quantum electrodynamics in which 
electron is an open self-organizing system. 


Editor's note: The authors develop mathematics by using 
Lagrangian functions, 7 equations. You can contact the 
authors for more information about, 


‘Thus, the negative result is received: we have tried to 
take into account self-action of electron in a natural way 
by supplementing the Lagrangian function with the self- 
energy term, but we came to an equation that has no 
reasonable physical solutions at all. This result seems 
to mean that the standard theoretical scheme reaches 
here the limits of its applicability and so, remaining in 
its framework, it is impossible to solve the problem of 
electron and elucidate the physical nature of 
electromagnetic interaction, 


Essentially new point, which is introduced in [9] into 
quantum mechanics consists in the replacement of the 
model of isolated system described by harmonic 
oscillator with the model of open system. Let us 
advance the arguments indicating the inevitability of 
using the model of open system as a basis of the 
description of interaction between microparticles [26] 


Note, first of all, that quantum particle theory based on. 
the use of the models of isolated system is, strictly 
speaking, physically meaningless. Really, any 
observation conducted on a system represents a process 
of interaction of the system with the means of 
observation. But in case of microparticles (quantum 
particles) this interaction is not weak and consequently 
itis inadmissible to neglect it, i.e. microparticles should 
be necessarily considered as essentially non-isolated 
systems. 


starting point of the standard formulation of quantum 
mechanics is the physical idea that interaction between 
physical fields can be reduced to collision of the 
particles corresponding to these fields, the particles 
before and after collision being considered as free ones. 
According to these representations, quantum 
mechanics is based on the notions of “bare”, non- 
interacting particles, with the interaction between them 
being considered as an additional factor which can only 
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insignificantly alter the physical properties of non- 
interacting particles. However, such an approach to 
interaction between physical fields is obviously of an 
idealized character because particles constantly 
interact “with vacuum as with some kind of physical 
medium in which the particles move" [27]. Interaction 
of particles with vacuum fluctuations is not small and 
it cannot be removed. 


It is well also to bear in mind that the necessary 
intermediary at studying micro-objects are the means 
of observations (the devices) with the classical field 
corresponding to them which should be taken into 
account in consistent quantum theory [28]. Inclusion in 
theoretical scheme of arbitrarily weak classical external 
field results in occurrence of non-zero width I’ of energy 
levels of “dressed” particles. The basic impossibility to 
isolate a real particle from vacuum fluctuations of the 
field and from the classical sources connected to the 
means of observation is indicative, thus, of necessity 
to take into account the non-zero width of energy levels 
of real particles [26] 


‘The use of the harmonic oscillator model, when 
describing the interaction of electromagnetic radiation 
with substance, seems to be the main source of serious 
difficulties of the standard formulation of quantum 
theory, as such an approach means apparent neglect of 
those physical processes which, proceeding constantly, 
are responsible for inseparable coupling of real physical 
system to surrounding medium. Introducing artificial 
notion about switching on and switching out of 
interaction of oscillator with radiation field, we are able 
to calculate within the framework of existing theory the 
width of energy levels of oscillator, but we cannot assert 
with certainty that such an approach results in correct 
description of interaction. 


From the reasoning given above it is seen that they are 
the models with energy levels of non-zero width that 
should form the basis for the description of interaction 
ofradiation with substance. It is necessary to formulate 
such a quantum theory, which would take into account 
the energy levels of non-zero width I. The case in point 
is that one should introduce an infinitesimal damping 
P into the initial set of equations describing interaction 
of charged particles with electromagnetic field. Such 
an approach means the violation in infinitesimal of 
homogeneity of physical system relative to translations 
in time. Necessity of violating the homogeneity of time 
follows from that fact that in the usual approach (with 
T = 0) the states of the system of interacting fields have 
degeneracy of infinitely large multiplicity in relation to 
time translations. According to the fundamental 
Bogoliubov's concept of quasi-averages [29], when 
describing the behavior of degenerate systems, one 
should include into Hamiltonian an infinitesimal term 
removing degeneracy. In the theory presented here 
degeneracy of states of quantized fields relative 
translations in time is removed by introducing the 
infinitesimal damping I’ into Lagrangian. Thereby the 
degeneracy under study is removed already in the 
initial, zero-order approximation, which is of 
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Structure of the human body and the skeleton. Blue = joints. 
A Head (caput) B Thora (thoracic cavity) C Abdominal nd 
peli cavti 


In contrast to most other mammals the human body is 
adapted for bipedal locomotion, Three general prin- 
ciples in the architecture of the human organism are 
recognizable: 

1. The principle of segmentation, which dominates in 
the trunk. The vertebral column and the thorax consist 
of relatively equal, segmentally arranged elements, 

2. The principle of bilateral symmetry. Both sides of the 
body are separated by a midsagittal plane and resemble 
each other like image and mirror-image. 

3. The principle of polarity between the head at one end 
of the body and the lower extremities at the other. As 
the center of the information system the head contains 
the main sensory organs and the brain. The head has a 
predominantly spherical form while the extremities 
consist of radially formed skeletal elements, the number 
of which increases distally. 


A. The skull consists of two parts: 1. eranial part 
containing mainly the brain and the sensory organs and 
2. a facial part which contains the nasal and oral cavity 
and the chewing apparatus. ‘The cranial cavity is con- 
tinuous with the vertebral canal which contains the 
spinal cord, 

B, The thorax contains the respiratory and circula 
organs (lung, heart, etc.) but also some of the abdomi 
nal organs which are located underneath the diaphragm. 
C. The abdominal cavity contains the organs of 
metabolism such as the liver, the stomach and the 
intestinal tract as well as the excretory and genital 
organs (kidney, uterus, urinary bladder, ete,), The 
latter are located primarily in the pelvic cavity with the 
exception of the testes, 
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fundamental importance for the approach based on 
perturbation theory. 


Formulation of the physical idea that quantum friction 
arises at the very elementary level - at the level of one 
particle is given in monograph [26]. Impossibility to 
isolate real particle from the surrounding world is that 
property which should be taken into account already in 
the one-particle theory (for each kind of particles), even 
before switching on the interaction with other particles. 
Model of the particle as an open system (#0) is 
attractive owing to the fact that from the very beginning 
the degeneracy of states relative to time translations is 
absent in it, the degeneracy, which is removed in 
standard approach by taking into account the 
interaction of particle with vacuum field fluctuations 
and classical fields. The basis for the developed 
formulation is the fundamental concept of quasi- 
averages supplemented with the requirement that the 
equations of motion of the particle with [4 () follow 
from the action principle. It should be emphasized that 
the non-zero damping I is introduced into 
electrodynamics with the aim to establish the structure 
of the Lagrangian function, which takes into account 
the property of openness of physical system. After 
establishing the structure, the limiting transition 
P90 is fulfilled, 


In our opinion, the development of quantum theory 
will be inevitably connected with the use of models 
of open system; as such models reflect more 
completely the physical essence of interrelations in 
the real world. It is necessary, thus, to define more 
exactly the concept of openness of physical system, 
which, on the one hand, would describe real system 
accurately enough and, on the other, would be simple 
enough to describe the particular physical processes. 


‘As open system has the richer physical contents in 
comparison with isolated system, some essentially new 
mathematical ideas are needed for its description. First 
of al, it is necessary to increase the number of 
independent dynamical variables describing the 
particle as open system. In papers [9,19-24], as a basis 
for the description of self-acting electron, the simplest 
model of open system is used which can be described 
by the Morse-Feshbach-Bateman Lagrangian function 
130,31] and which was successfully used for the 
description of dispersive medium (the review of articles, 
in which applications of the model of open system to 
electrodynamics of dispersive medium are considered, 
is given in monograph [26]). In this model the number 
of dynamical variables is doubled as compared with the 
isolated system, namely, to each dynamical variable of 
“pare” particle, Y , there correspond two dynamical 
variables, which are denoted by Y and . These 
quantities are considered as components of the wave 
function describing the quantum state of self-acting 
particle. One of them, say, \ , corresponds in a sense 
to the particle alone (to the “bare” particle) and the 


other, f , to the surrounding medium, in which the 
particle moves. 


Editor's note: You can contact the authors directly for 
more information (8-16 equations) 


Equation (16) coincides in its appearance with the usual 
Dirac equation for charged particle in an external field 
described by 4-potential . However, in reality, it differs 
essentially from Dirac's equation. The distinction 
consists in that equation (16) is non-linear and non- 
local, with the non-locality being of both spatial and 


time character. Potential (A,,) and vortex (A,) 


components of the 4-potential, entering equation (16), 
differ from each other by their physical nature: the 
former describes the Coulomb field and is expressed 
quadratically in terms of the wave function components 
of electron, and the latter describes transverse 
electromagnetic waves and is expressed in terms of 
vortex electromagnetic field. As a detailed analysis 
shows, solutions to the basic dynamical equation 
describe the clots of self-acting electrically charged 
matter, localized in space, i. the particle is a soliton. 


The internal energy spectrum of electron is discrete with 
an indefinitely large number of levels, and to each value 
of internal energy E, (iris the set of quantum numbers) 
there correspond certain linear dimensions and 
geometrical form of the region of localization of 
electron's charge. Dimensions and the number of 
extreme of wave function increase with increasing the 
value of energy E,. The distribution of electric charge 
of atomic electron in the ground state consists of the 
range of basic localization with the linear dimensions 
of the order of Bohr radius a, (a, ~ 10 “*m) and of the 
tail stretching up to infinity. Its essential that because 
of non-linearity of the dynamical equation of electron, 
wave function does not obey the superposition 
principle. By virtue of this, electron acquires the 
properties of absolutely rigid body: the perturbation 
acting on electron at an instant of time in the range of 
basic localization becomes known at the next instant 
t + Oat any distance from the particle. 


In Fig. 1 the results of calculation are represented 
schematically, carried out on the basis of equation (13), 
of the distribution of electric charge in atomic and free 
electrons in the ground (a) and first excited (b) states. 


According to [9,19], the atom represents a system of 
nuclear and electronic solitons interacting with each 
other, the internal energy spectrum of the hydrogen 
atom, due to electromagnetic interaction, being of a 
zoned character. The occurrence of zoned structure of 
energy spectrum of hydrogen atom is explained as 
follows. Free nucleus, because of existence of Coulomb 
self-action, has a discrete internal energy spectrum. As 
the interaction of nucleus with electron is small in 
comparison with the energy of Coulomb self-action of 
the nucleus, it can be taken into account by perturbation 
theory. From here it follows at once that each energy 
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‘Thorax with the lungs 

Heart 

Surface projection of the diaphragm 
Spleen 

Descending colon 

Testis 


25 


28 


27 4 


Positon of the inner organs of the human body (anterio 
‘The main cavities of the body and their contents. 


F aspect) 


28 


29 


10 


Sagittal section through the human body (female), Position of the inner organs of the human body 
pect). 


Demonstration of the main cavities of the body, (lat 


Internal organs are removed The three main cavities of the body and their contents, 

A 

A; 

B, 

B 

c 

c a 

D_ Diaphragm 

Planes of the body Lines of direction 
1 ‘Transverse plane ant, =anterior 
2. Frontal plane ink or 
3 Sagital plane (midsagitial) tat al 


post. = posterior 
sup. =superior 18 Urinary bladder 


y) ‘ 
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s 
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Skeleton of a female adult (anterior aspect) 


Axial skeleton 


2 Occipi 
3. Parietal bone 
4 Orbit 

6 Maxilla 

7 Zygomatic bone 
8 Mandible 


10 Thoracic vertebrae 
11 Lumbar vertebrae 
12 Sacrum 


14 Intervertebral dises 


Thorax 
15. Sternum 

16 Ribs 

Costal cartilage 


lar skel 
sand sho 


Humerus 
Radius 

ulna 

Carpal bones 
Metacarpal bones 


26 Phalangesof the hand 


Lower limb and pelvis 
7 ium 


Pubis 
2 Ischium 

3M) Symphysis pubis 
3 Femur 

32 Tibia 

33. Fibula 

Mt Patell 


37 Phalanges ofthe foot 
36 Caleaneus 


Skeleton of a 5-year-old child (anterior aspect), 


The zones of the cartilaginous growth plates are seen (arrows). 
In contrast to the adult, the ribs show a predominantly 
horizontal positi 


Ossification of the scapula 
(left; anterior aspect, right: posterior aspect), 


Ossification of the hip bone 
(left; medial aspect, right: lateral aspect). 


1 Bone tissue 
(vertebral body) 

2 Cartilaginous tissue 
(lateral epiphysis) 

3 Intervertebral dises 


Ossification of the sacrum (anterior aspect) 
Note the five vertebral bones, which are still separated 
from each other. 


Subscapular fossa 
Coracoid process 
Glenoid fossa 
Accomion 

Spine of scapula 
6 Infraspinous fossa 


1 Cartilage ofthe iliac crest 
2 tum 

3 Cartilage 

4 Pubs 

5. Isehium 

6 Acetahulum 


1 Bony tissue 


ation) 
Vertebral arch 
(not completely 
ied) 
Cartilaginous 


(ateral epiphysis) 
Sacral canal 


Ossification of the sacrum 
{posterior aspect) 


Arrows 


$ Phalanges 
3 Tibia 
6 Fibula 


Metaphysis 


Spongy bone 


1 
3. Medullary cavity in the diaphysis 
4 Compact bone 

3. Nutrient canal 

6 Diaphysis 

7 Epiphyseal line (remnants of the epiphyseal plate) 
& Epiphysis (head of the femur) 

9. Fovea of head 

10) ‘Trabecuiae of spongy bone 

LL Neck of the femur 

12. Greater trochanter 

13. Lesser trochanter 

14 Articular surface 

15. Periost 

16 Skin 
7 Vastus medialis muscle 


18 Sartorius muscle 
19 Femoral artery and vein 

20 Great saphenous vein 

21 Gracilis muscle 

22. Adductor longus muscle 

23 Adductor magnus muscle 

4 Semimembranosus muscle 

25. Semitendinosus muscle 

26 Reetus femoris muscle 

27, Vastus lateralis muscle 

28 Femur and medullary cavity 

29 Vastus intermedius muscle 

30. Sciatic nerve 

31 Biceps femoris muscle 

32. Spongy bone trabeculae containing bone marrow 
33. Compact bone 

3M Osteon with Haversian lamellae 

35. Periosteum 

36 Blood vessels and nerves for periosteum and bone 


Femur of the adult 
vessels are preserved. Right: coronal section of the proximal 
and distal epiphyses to display the spongy bone and the 


Left: the periosteum and the nutrient 


medullary cavity 


sntation on the trajectorial 


I section through the proximal end Three dimensional repres 
of the adult femur, revealing the characteristic lines of the femoral head (according to B. Kummer). 
trajectorial structure of the spongy bone. 


MR Image of the thigh (axial section through the middle of 
the left thigh, the same level as the CT-Image), 


‘The bones of the skeletal system consist of two different 
parts, the spongy and the compact bone. The spongy bone 
trabeculae are highly adapted to mechanical forces 
revealing a trajectorial structure. The intertrabecular 
spaces are filled with bone marrow, the site of blood 
formation. The appearance of bones, muscles and soft 
tisssues is quite different in CT- and MR-Amages. The 
‘CT-images relate well to radiographs in that areas of great 
absorption such as bones are white, and those with little 


Coronal section through the proximal epiphysis of the 
adult tibia. Note the zone of dense bone at the site of the 


former epiphyseal plate (dotted line). 


(CTAmage of the section through the middle of the left 
thigh (axial section). Note the differences between the 
a 


and MR-Image (sce text below). 


absorption such as fat appear black. In contrast, the 
intensity of signals in MR-Images, obtained without 
X-rays but by magnetic forces, is different so that dense 
areas of bones appear black and soft tissues such as bone 
marrow and fat appear white (for comparison see above 
figures). 

A highly innervated periosteum is an essential structure 
for bone nutrition, blood supply, growth and bone repair. 


TAL 
” 


32 


2 
35 
Structure of bones of the skeletal system (after 


Benninghoff). Note that the compact bone rev 
structure with Haversian lamellae and canals, 


a lamellar 


the knee 
ght joint 


Sagittal section through the lower limb and the foot. Shoulder joint (anterior view), The anterior part of the 
Fenn 0 Tibi ticular capsule has been removed. 
Anterior cruciate ligament 11 siateral ligament 

3 Lateral meniscus 2 

: B 20 leaneal ig 

s cruciate ligament 14 2 


ligament 5 3 I bone 
Medial meniscus 16 Glenoid labrun 24 Proximal phalans of the halluy (geeat we 

8 Fibular collateral ligament 17 Articular cartilage of 25 Distal phalany of the hallus 

9 Fibula shen Se 


ta 


General architecture of a synovial joint with 2 articulating bones 
‘and a synovial cavity (right side, anterior view). 

‘Coronal section throught the knee joint. 

Red line = Articular capsule with synovial membrane 

Dotted red line = extension of articular capsule (suprapatellar 
bursa). 


1 Anticulating bones: a) Femur, b) Tibi 
2. Epiphysial fine 

3 Articular cartilage 

4 Intraarticular ligaments (e.g. cruciate ligaments) 

5 Fibrocartilaginous disk (c.g, meniscus) 

6 Collateral ligaments 

7. Articular capsule with synovial membrane 

8 Tibiofibular articulation (example of gliding synovial joint) 
bula 


Movement] Examples 
A. Fibeows joins 
1 Sutures Nomoveients | Sutures of the skull 
2 Syndesmoses | Nomovements | Distal tbiibula joint casa a 
ypes ofjoints, Arrows: axes of movement 
3 Gomphosis Nomovements | Roots of tecth in alveolar pes off 
— Fibrous joints (synarthroses) 
10 Serrate suture 
i nieyeeaeee LY Syndesmosis 
1 Synctiondroses | Nomovements | Epiphyseal plates 
2 Symphyscs | Slight movermen: | Symphysis pubis ssl parila 
cee 12 Hinge joints (monaxial ginglymus 
A Extension 
Le hat hl B Flexion 
Gilding Mona tnterarpl jin Gilde onal 
Aeterna at 1H Photo! (manasa. ation) 
sinceatohe? 15 Balfeand-socket joint (multiaisl) 
2 Hinge Monaxial Tnterphalangeal joint eit 
Hero joi 
Talerurl join 
3 Poot Monaxial | Atlanta joint 
Radioulna joint 
4 etipsoigat | Bian Radiocatpal join 
5. Saddle Binal Cazpometacarpl join 
athe tums 
6 Datlandsocket | Mutiaxial | Shoulder and hip joint 


b) 


Fig. 1. Density of electric charge (p) of electron in the ground state (a) and in the first excited 
state (b): the continuous lines correspond to electron in the hydrogen atom, and the dotted ones 


to free electron, 


level of free nucleus is split in a zone. There are 
indefinitely many zones (Balmer's replicas) and in each 
of them there are indefinitely many energy levels. The 
lowest zone coincides with the usual Balmer spectrum. 


Physical mechanism of nuclear reactions at low 
energies 


‘The quantum theory presented above schematically of 
electron as an open self-organizing system is indicative 
of the existence of the following mechanism of nuclear 
reactions at low energies [8] 


If there occur in the region of basic localization of free 
electron, which linear sizes in the ground state of the 
particle are several times as large as those for hydrogen 
atom (see Fig. 1), two or the greater number of nuclei, 
each of them attracts on itself the adjoining areas of 
electronic cloud, resulting in compression of the 
electronic cloud as a whole. As a result, there appears 
automatically an attraction of the nuclei, which proved 
to be “inside” electron, on each other (see Fig. 2) 


Calculation shows that the Coulomb barrier around 
nuclei is deformed, its height decreases and the 
probability of penetration through the barrier 


a) 


‘is the distance from the center of mass of electron measured in Bohr radii 


accordingly increases due to tunnel transition. Under 
certain conditions this process may result in fusion of 
nuclei, Obviously, the process in question can occur only 
at smalll energies of translational motion of the centers 
ofmass of electron and nuclei: nuclei should be “inside” 
electron long enough for them to have time to come 
nearer to each other as a result of electron-nuclear 
interaction. This mechanism of nuclear fusion is of a 
universal character. In order for it to be realized, it is 
necessary to have only a stream of free electrons 
intensive enough, i.e. heavy electric current, and as long 
as sufficiently great number of free nuclei. 


Ifheavy nuclei appear “inside” free electron, owing to 
their interaction with the electronic cloud there occurs 
polarization of nuclei. Because the own field of electron 
interacts with protons more strongly than with neutrons, 
nuclei are deformed (become extended), and this 
process may result in the decomposition of nuclei to 
fragments (in nuclear fission). 


As is noted in [7], the official version of the reasons for 
Chernobyl accident contains serious contradictions, a 
number of facts concerning the accident has no 
convincing explanations, and this circumstance forces 
to search for the true reasons for the happening, since 


pA 


tah 


b) 


Fig.2 
‘The schematic image of interaction of nuclei with electronic cloud: (a) 1 is the region of basic localization of 


electron, 2 and are nuclei, 


F,and F, are the attractive forces between nuclei, which appear at the expense of 


electronic cloud compression induced by Coulomb forces; (b) p is the charge density, 1 is electronic soliton, 2 and 
2 are nuclear solitons, X, (n=1, 2,3) are coordinates of the centers of mass of particles 
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An articulation or joint is the functional connection 
between two or more bones. Joints can be divided into 
two categories depending upon whether the articulating 
surfaces of the bones are separated by a real cavity 
(joint cavity) so that they are movable against cach 
joints) or whether the bo irmly 
connected by fibrous or cartilaginous tissue and practi- 
ally immovable (fibrous joints, cartilaginous joints, 
symphysis, ete.). Synovial joints always possess a joint 
capsule (with a vascularized synovial membrane) 


other (synovi ies are 


articular cartilages, and a joint cavity. They are grouped 
according to the degree of movement they permit. A 
hinge joint (ginglymus) permits movement in only one 
plane about a single axis (uniaxial or monaxial), an 
ellipsoidal joint permits movements in two planes (bi- 
axial), and ball-and-socket joints permit a range of 
movements around several axes (multiaxial), The fol 


lowing survey gives a few examples of these types of 
articulation, 


1. Fibrous 
A. Sutures 


a). Serrate or dentate 
suture 


b) Squamous suture 
(arrows) 


Parietal bone 


Sphenoid 
Squama of 
temporal bone 


©) Plane suture 
(arrow) 


Nasal bones 


Fusiform Bicpital “Ticipital Quadrsipital 
(palmaris longus muscle) (biceps brachii muscle) (triceps surae muscle) (quadeiceps femoris muscle) 


Digastric Malti Multicaudat Serrated 
(omohyoid muscle) (rectus absominis muscle) (flexor prof. muscle) (erratus anterior muscle) 


Bipennate Unipennate Semitendinous Broad, flat muscle Ring-lik 
(ibialis anterior muscle) (semimembranous (semitendinous muscle) _(latisimus dorsi muscle) (external anal sphincter muscle) 
muscle) 


Long head Soleus muscle Patella 12 Tendinous intersection 
Short head Achilles tendon Rectus femoris muscle 13. Aponeurosis 
Fastrocnemius muscle Vastus intermedius muscle ‘Vastus medialis musele 14 Tendinous intersection 
(medial head, lateral head) 7. Vastus lateralis muscle Intermediate tendon 


Left half of the pelvis (posterior aspe: 
‘Obturator internus musele as an example of a muscle, the 
tendon of which does not act in the direction of the main 


muscle fibers. Its fibers originate at the internal aspect of the 
obturator foramen, turn around the posterior rim of the 
ischium and insert at the greater trochanter of the femur. 
‘The ischium thereby serves as a pulley. 


1 ium 
2 Greater trochanter 


3. Coseyx 3 Pubis 
4 Obturatorinternus muscle 6 Femur 


tendons of fle 

xor digitorum, 

superficialis 

and profundus 

muscles 

Digital synovial 

sheaths of the 

tendon of long 

flexor pollicis 

longus muscle 

3. Common flexor 
synovial sheaths 
of flexor digito- 
rum superfiialis 
and profundus 
muscles 

4 Flexor retina 
culum 


‘The synovial sheaths of the tendons on the palmar aspect 
‘of the left wrist (colored fluid has been injected). 


1 
2 
3 
4 


Superior oblique muscle of the eyeball, right eye (superior 
aspect). The tendon of this muscle bends over the trochlea 
changing its direction so that it becomes attached to the 
posterior lateral quadrant of the eyeball 


Trochles 
Medial 
Superior oblique mu 


Superior rectus muscle 
Lateral rectus muscle 

‘Superior rectus muscle (tendon) 
Levator palpebrae superioris, 
‘muscle (divided) 


1 
4 Common annular tendon 9 
5. Eyeball 


ATMA 


Mesotendon 
Blood vessels 
Synovial sheath 
Tendon 

Synovial bursa 
Bone (tuberosity) 


movial membrane which 
also forms the mesotendon is indicated in red. (Schematic 


Structure of a tendon sheath. The 


drawing.) 


Brain, the spinal cord nd the spinal nerves in the fetus 
(posterior aspect) 


The nervous system can be divided into three, function- 
ally distinet parts: 1. the cranial part which comprises 
the great sensory organs and the brain, 2. the spinal cord 
which shows a segmental structure and serves predomi 
nantly as a reflex-organ, and 3. the 
system which controls the unvoluntary functions (sub- 
conscious control) of organs and tissues. The autonomic 


jutonomic nervous 


part of the nervous system forms many delicate plexus 
within the organs. At certain places these plexus contain 
zations of nerve cells (prevertebral and intramural 
ia). 


The spinal nerves 


wie ihe soindl coed at 


1b Fulscerebei 


3 Tentoriui cerehell 
4 Cerebellum 

5 Medulla oblongata 

6 Spinal cord, cervical enlargement 
7 Spinal ganglia 

8 Spinal cord, lumbar ent 


9 Conus medullaris, 
1 Cauda equina 

HL Cervical plexus (formed from ventral rami of C;-C,) 

12 Brachial plexus (formed from ventral rami of CT) 
13 Lumbosacral plexus (formed from ventral rami of Li-S,) 
14 Sympathetic trunk 


Schematic drawing to illustrate the three main parts 
of the nervous system in general 


regular intervals, forming the 8 cervical, 12 thoracic, 5 
lumbar, 5 sacral and a varying number of co 


The ventral rami of the first four cervical 


segments, 
spinal nerves (C\-C,) form the cervical plexus (for 
innervation of the anterior neck), the ventral rami of the 
lower cervical spinal nerves (Cs=T,) form the brachial 
plexus which innervates the upper leg, and the ventral 
rami of the lumbar and sacral spinal nerves form the 
nervates the pelvic 
ans and the lower extremity 


lumbosacral plexus (Ly-S,) which 


and genital o1 


Diagram illustrating the localization of the 
three functional portions of the nervous system 
(brain, spinal cord: 
Yellow 


auslonomic nervous system). 


symp system; red = parasympathetic system, 


1 Cerebrum 
2 Cerebellum 
3. Spinal cord 
4 Sympath 
S$ Plexus and g 
6 Cranial autonomic system 

7 Cranial nerves (n, TIL and a. VU) 


trunk and ganglion 


of the autonomic nervous system 


s cervical ganglion 
9 Vagus nerve (0, X) 
w s 


Posterior part of the thorax. Cross-section at the level 
of the Sth thoracic segment. Spinal nerves and their 


connections to the sympathette trunk 


Organization of the spinal cord in structurally equal segments. 
which form the paired spinal nerves, A = connections to the 


brain; B ons to the autonomic nervous system; C = 
connections to the trunk and extremities (intercostal nerves 


and plexus). (Schematic drawing.) 


1 Spinal cord 12. Inferior vena cava 
2 Dorsal root 13 Dorsal ramus of spinal nerve 
3 Ventral root 14 Spinal (dorsal root) ganglion 
4 Intercoastal nerves 15 Body ofthe vertebra 
Sympathetic trunk 16 Aorta 

6 Ganglia of the sympathetic teunk 17 Azygos vein 

7 Rami conmunicantes 18 Diaphragm 


Left kidney 
Spinal nerve 

ay mater ofthe spinal cord 
White matter of the spinal cord 


8 Intercostal artery snd vein 


9 Subcostalis muscle 


10 Lesser splanchnic nerve 


11 Greater splanchnic nerve 


Superficial nerves and vessels of the lower leg, 
illustrating the structural differences between veins 
and nerves. 


Crural fascia 
(fascia eruris) 
Cutaneous nerves 


3. Superficial cutancous veins 
4 Perforating vein 


Superficial nerves and vessels, Temporal region. Note the 
differences between arteries, veins and nerves. 


Organization of the circulatory system, Arrows: direction of 
the blood flow 


Arteries 
Veins 
Lymphatic vessels 


A. Systemiccireulation 
B._ Hepatic portal circulation 
© Pulmonary citculation 


1 Pulmonary vein 12 Small intestine 

2 Superior vena cava ‘with capillary network 

3 Thoracic duct 13. Portal vein 

4 Inferior vena cava 14 Mesenteric artery 

5 Hepatic vein 15 Superficial temporal artery 

6 Liver 16 Superficial temporal vein 

7 Lymph nodes and 17 Auriculotemporal nerve 
Iymphatic wessele IS Perforating veins for 

8 Lung subeutancous fatty tissue 


9 Pulmonary artery 19 Small 
1 Aorta 20 Small nerves 
1 Heart (branches of Facial nerve) 


‘Major arteries of the human body. (Schematic drawing.) 


18 Kidney 


n 
ef 20 Inferior mesenteric artery 
4 Ascending aorta 1 Femoral vein 

5 Descending aorta 

6 Inferior vena cava 

7 Celiac trunk 

8 Superior mesenteric artery 
9 Renal vein 

0 Common ifie artery 


U1 Larynx 
2 Trachea 29 Common palmar digital arteries 
13. Leftsubelavian artery 30. Profunda femoris artery 

14 Left axillary vein 31. Femoral 

15 Pulmonary veins 32 Popliteal 


16. Diaphra 33. Anterior 
17 Suprarenal gland Posterior tibial artery 
35. Plantar arch 


“not having understood the mechanism of the one 
tragedy, we sooner or later shall become witnesses of 
the other”. The authors hypothesize that the reason of 
the accident was penetration into the nuclear reactor 
of magnetic monopoles, which have caused the decay 
of nuclei “"U, and this has resulted in production of 
delayed neutrons, growth of power output of the reactor 
and explosion. As an argument in favor of the 
assumption, the fact is presented that nucleus **U are 
disintegrated under the action of “strange” radiation 
appearing at explosion of foil. 


Inthe opinion of the authors of [6,7], “strange” radiation 
is created by those magnetic monopoles, which form 
bound states with nuclei of atoms. These compound 
particles give the abnormally wide tracks similar to 
those of a creeping caterpillar, and also the tracks of 
complicated shape reminiscent of spirals and gratings. 

Character of tracks changes when imposing magnetic 
field, which, as the authors believe, is an argument in 
favor of the assumption above. There are also some 
special tracks very similar to scratches and ink spots 

“Strange” radiation is of spherical form, it resembles a 
ball lightning, and its duration is more than ten times 
as great as that of the current pulse arising at electric 
discharge. With the course of time the luminous sphere 
(the ball-like plasma formation) is dividing into many 
small “balls”. 


It is our opinion that “strange” radiation is caused by 
free electrons in excited state arising in the area of 
electric discharge. According to [9, 19], linear sizes of 
the region of basic localization of such electrons can 
make many tens of sizes of atom. The heavy nucleus, 
for example, the nucleus “U, appearing inside the 
electronic cloud, is inevitably deformed because of 
interaction of protons with adjoining layers in the 
distribution of electric charge of electron, and this 
deformation can cause nuclear fission. If two or the 
greater number of light nuclei appears “inside” electron, 
then attractive forces arise between nuclei, which may 
result in fusion reaction. When electric discharge is 
strong enough, the areas of basic localization of some 
electrons can overlap, and ifa nucleus lands in the area 
of overlap, because of Coulomb attraction of nucleus 
on the adjoining layers of electronic clouds, a bound 
state may be formed, of two electrons and the nucleus, 
characterized by the relative stability and significant 
spatial extension, 


Obviously, ifthe concentration of free electrons is great 
enough, there may be formed some relatively stable 
bunch of plasma consisting of great number of free 
electrons and nuclei, which in virtue of chaotic 
movement of nuclei and because of the absence of 
preferred directions should have approximately 
spherical form. Let us note that atomic electrons, 
belonging to additional energy zones of atom (Balmer's 
replicas associated with nuclear self-action, see Section 
2) can contribute to “strange” radiation. 


As is seen from above, to account for the reasons for 
Chernobyl accident, there is no need to involve 


magnetic monopoles. The scenario of development of 
events during the accident, described in [7], seems to 
be quite plausible if only to understand by initiators of 
nuclear fission not hypothetical monopoles but free 
electrons, which powerful pulse might arise as a result 
of electric discharge in the region of turbo-generators. 


‘The existence of simple physical mechanism of nuclear 
reactions at low energies, indicated in this paper, 
implies that nuclear reactors are, in effect, nuclear 
delayed-action bombs, which will blow up from time to. 
time. Explosion of nuclear reactor may take place 
because of casual short circuit at an electric subcircuit, 
owing to which there appears an intensive stream of 
free electrons. This stream, having got for any reasons 
in nuclear reactor, may initiate explosion of the reactor. 
It follows from here that though nuclear stations may 
provide mankind with cheep energy, atomic energetics 
represents a very dangerous way of producing energy 
(as well as the energetics using controlled 
thermonuclear fusion). The only acceptable way of 
resolving the energetic problem consists in the use of 
nuclear reactions at low energies. 


According to the results obtained, nuclear reactions at 
low temperatures occur “inside” electron under the 
action of own field of particle. Hence, to elucidate 
physical mechanism of CF, it is necessary to study in 
detail intra-electronic processes and physical properties 
of own fields of particles. Note that the own field, by its 
physical properties, essentially differs from the field of 
electromagnetic waves: this is the field of standing 
waves of matter, it is of purely classical character and 
may not be reduced to the set of photons. The own field 
of charged particle plays in nature a special role, 
consisting in that it transforms environmental space into 
the physical environment (physical vacuum) with the 
properties of absolutely rigid body [32] 


As it was repeatedly noted in the literature [1,2], 
experiments on CF are badly reproduced, and this fact 
gives rise to doubt the very existence of the 
phenomenon. Bad reproducibility of results seems to 
be explained by the fact that CF depends upon great 
number of parameters: upon electric current density, 
concentration of free nucleus, concentration of 
impurities and dislocations in samples, sizes of samples 
etc. In order to obtain reproducibility of results, it is 
necessary that all these parameters, describing the 
environment in which nuclear reactions occur, be the 
same in various experiments, but to achieve this as a 
difficult task. 


In conclusion we shall dwell upon the problem of linear 
dimensions of electron, which is of special interest in 
connection with the mechanism of nuclear reactions 
indicated here. The inference that the dimensions of 
electron in the ground state of atom are of the order of 
Bohr radius, i.e. of the order of atomic dimensions, 
following from dimension considerations [9,19] and 
confirmed by quantum model of electron, seems 
completely unexpected. At first sight, it is in conflict 
with both the theory of quarks and experimental data 
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Deep cervical nodes 


\djacent to the internal jugular vein. 


Iymph nodes in the body. Dotted line = bord 
lymphatic vessels draining towards the right veno 
towards the left 


10 
uM 
12 Axillary nodes 

13 Descending trunk 
14 Descending aorta 


Lymphatie vessels originate as blind-ending tubes in the 
) and unite to form larger 
semble veins but have a 


tissue spaces (lymph capillaa 


vessels (lymphatics). These 
much thinner wall, more valve e interrupted by 
lymph nodes at various interval ups of lymph 
nodes are located in the inguinal and axillary regions, 
deep to the mandible and sternocleidomastoid muscle 
and within the root of the mesentery of the intestine 


1 Corpus callosum 
2. Hypothalamus 

3 Frontal sinus 

$ Cribriform plate 

5 Ethmoidal air cells 

6 Middle nasal concha 

7. Inferior nasal concha 

8 Hard palate 

9 Tongue 

10 Epiglottis 

1 Mandible 

12 Mylohyoid muscle 

13. Tentorium of cerebellum 

14 Calearine fissure 

15 Cerebral aqueduct 

1 Pituitary gland 

17 Fourth ventricle 

18 Sphenoidal sinus 

19° Medulla oblongata 

20. Nasopharynx 

21 Uvula 

22. Dens of axis 

23 Consiricior muscle of pharynx 
24 Oral part of pharynx 

25. Cerebrum (right hemisphere) 
26 Calvatia 

27 Cerebellum 


Sagittal section through head and neck (MR-Scan, 23-year-old female, courtesy of 
PD Dr. A, Heuck, Munich). 


Sagittal section through the head 
(schematic drawing). The red line represents the 
border between the neurocranium and 

viscerocranium forming the clivus a 


The neural cavity contains the brain; 
the visceroeranium comprises the orbit 

the nasal cavity and the oral cavity arranged 
one beneath the other, 


1 Coronal suture 
2 Frontal bone 

3 Sphenoid bone 

4. Sphenofrontal suture 
5 Ethmoid bone 


6 Nasal bone 


Nasomasillary suture 
8 Lacrimal bone 

9 Lacrimomaxillary suture 
10 Lacrimoethmoid suture 
1 Zygom 

12 Anterior nasal spine 

13 Manilla 

14 Mandible 

15 Mental foramen 

16 Mental protuberance 
Superior temporal line 


Inferior temporal line 
Paital 

Temporal bone 
Squamous 
Lambdoid suture 
23. Temporal fossa 

24 Parietomastoid suture 
25 Occipital bone 

26. Zygomatic arch 
‘Occipitomastoid suture 


General architecture of the skull (Jateral aspect). ‘The different bones ai 
in color (numbers ef. table). 


External acoustic me 
Mastoid process 


Condylar process of mandible 
Coronoid process of mandible 


2 Frontal bone (orange) 
19 Parietal bone (light green) 

3 Greater wing of sphenoid bone (red) 
25 Squama of occipital bone (blue) 


20 Squama 


af temporal bone (brown) 

5 Ethmoid bone (dark green) 

3 Sph 
Temporal bone excluding squama (brown) 


bone (red) 


30 Tympanic portion of temporal bone (dark brown) 


Occipital bone excluding squama (blue) 


1 Nasal bone (white) 
8 Lacrimal bone (yellow) 
Inferior nasal concha 


Vomer 
ny 
Palatine bone 
Manilla (violet) 
Mandible (white) 
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on scattering of electrons. According to quark models, 
the radius of electron corresponding to its quark 
structure makes up the quantity of the order of 1022 m 
[33]. It is necessary to emphasize, however, that the 
above-mentioned magnitude of linear dimensions of 
electron refers to the internal structure induced by 
Coulomb field. The last is long-distance and 
consequently the linear dimensions of internal 
structures produced by it (Le. spatial inhomogeneities 
in the distribution of electric charge in various quantum 
states) should considerably exceed the dimensions of 
quark structures connected with electron. There seems 
to exist a hierarchy of intemal structures of particle 
produced by Coulomb forces, nuclear forces, inter-quark 
interactions etc. characterized by the smaller and 
smaller linear sizes. 


As to the experiments on scattering of high energy 
electrons, according to which the internal structure of 
electron is not manifested up to distances of the order 
of 10° + 10" m, two arguments, at least, can be 
adduced in favor of that there is no contradiction here 
with the experiment. Firstly, in experiments on 
scattering, investigators were trying to register the 
details of internal structure of electron within intervals 
much smaller than Bohr radius, which is why it is not 
surprising that results of experiments proved to be 
negative: at high energies electrons behave like point 
particles, their internal structure has no time to be 
manifested. Secondly, the results of experiments were 
analyzed from the point of view of standard 
representations about electron, which refer to a point 
particle, but are obviously inapplicable to real, self- 
acting electron. According to the predictions of quantum. 
theory of electron as an open self-organizing system, 
teal electron is a special object - soliton, i.e. such a cloud 
of electrically charged substance which, when 
interacting with other particles, tends to keep its sizes 
and geometrical form. 


At present there is as yet no scattering theory of this 
Kind of particles and for this reason it is impossible to 
predict with certainty how can the internal structure of 
electron be manifested in experiments on scattering, 
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INTRODUCTION 


Readers of the electric-spacecraft journal might know 
alittle about the Lifter technology popularized recently 
be Jean-Louis Naudin, but they probably don’t know 
the whole story. In the short amount of time that has 
transpired since the publication of that article, this 
technology has both literally and figuratively taken off 
= going from a “proof-of-concept” prototype by Naudin 
to an international group of researchers investigating 
how to give the lifter higher-performance and greater 
efficiency. With the first commercial products now on 
the horizon, if you haven't taken the time to read up on 
lifter technology, this is the perfect time to do so. 

To give you a complete up-to-date overview of where 
this technology is, where it is going, and what I think it 
is capable of, let me start with the basics ~ an overview 
of how I became involved with Electrogravity research 
and what eventually led me to become involved with 
lifter technology. 


MY BACKGROUND 


Istarted college at 16 years old, back in 1992 ~ at the 
same time, I purchased a kit containing “hoverboard 
plans” from Hovertech, Inc. The moment that Ireceived 
that $20 white-manilla envelope in October 1992 was 
the moment that became involved with what has now 
been nearly 10 years of electrogravity research. 


I worked with Bill Butler ~ the president and chief- 
scientist of Hovertech ~ on a variety of different 
antigravity, Electrogravity, and levitation ideas from 
approximately 1992 through 1996. While putting in my 
college time, I was also taking distinct advantage of 
the enormous college library at Western Washington 
University to read up on everything that might possibly 
relate to Electrogravity. I read books on standard 
electronics and physics theory alongside with books 
by the masters of this science, such as TT Brown and 
Nikola Tesla. 


Bill and I played with several different ideas - many of 
them only peripherally related to Electrogravity. For 
instance, I published a manuscript initially in 1996 
describing Tesla’s theory on how to reliably produce 
Ball-Lightning using a standard Tesla coil ~ the 
information courtesy of WWU's excellent library. Bill 
also assisted me with obtaining video footage of a Searl- 
effect conference that he attended in Denver in the early 
90's ~ this footage was an excellent overview of Seatl’s 
design and construction concepts for what he believes 
is the next major technological step in aviation and 
space travel. 
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Bill and I eventually found different paths, and in some 
ways drifted apart. Bill moved into Geomagnetic 
levitation research and started intense investigation on 
the patents of How Wachspress and the magnetic dipole 
levitator. I went to more traditional technologies — 
eventually becoming a UNIX system administrator for 
AT&T Wireless 


Thadn’t heard from Bill Butler in about 6 months when 
he sent me a short email containing the words “hey, 
check this out” ~ and a link to Jean-Louis Naudin’s 
“Lifter Experiments" home-page. I visited the site, 
watched all of the video clips, and then watched them 
again. This was the technology that Ihad been waiting 
for! 
LIFTER TECHNOLOGY 


Ican say without a doubt that the lifter technology is 
completely revolutionary, but you might not realize how 
profoundly revolutionary it is until you've stopped to 
‘think about it for a bit. What is it about the lifter that 
makes it so unique, especially when so many inventions 
claim to produce more and better electromagnetic 
thrust? The answer is simple ~ the lifter works 
repeatedly. 


Jean-Louis Naudin started a figurative bonfire when he 
decided to replicate a “proof-of-concept” experiment 
by a small Huntsville, AL aerospace contracting firm. 
‘The lifter initially came into being in the mind of Jeff 
Cameron ~ the chief scientist of Transdimensional 
Technologies - in the 1970's from experiments 
conducted with high-power military and research-grade 
lasers. A device in the lasers called a “pre-ionizer” was 
used to apply a high-voltage to the lasing-medium to 
facilitate better performance. Repeated operation of the 
pre-ionizerhad a common side-effect of horribly twisting 
the wire and foil combination out of shape, which 
required a decent amount of work to repair. 


Jeff Cameron realized that the torsional effect on the 
pre-ionizer was a side-effect of some unknown force 
acting on the pre-ionizer apparatus, and he began a 
long-term investigation into what was causing the 
apparatus to deform. His eventual results indicated that 
a force in the foil collector in the pre-ionizer was causing 
anet-thrust in the entire pre-ionizer apparatus that was 
making it twist and move on its mounts within the laser 
~ the lifter came to him later as a three-dimensional 
device to demonstrate this force. 


‘Naudin's genius became readily apparent not through 
a giant breakthrough in technology, but rather in a more 
subtle fashion ~ he replicated the lifter experiments of 
‘Transdimensional Technologies and published videos, 
articles, and complete construction plans on his website 
to allow others to do the same. In a manner similar to 
the open-source software movement, Naudin had taken 
an incredible scientific find that might have otherwise 
been overlooked and done and incredibly charitable and 
intelligent thing ~ he gave it away for others to play 
with. By following Naudin's instructions, inventors all 
over the globe began to slowly replicate the 
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‘Transdimensional Technologies experiments and 
thereby validate the proof of concept that Jeff Cameron 
had created to show that his “mystery force” was real 
after all. Naudin of course took advantage of these 
replications of the experiment by showcasing them on 
his own website ~ which in turn lends additional 
credibility to his research, 


As far as technology goes, the lifter demonstrates that 
science and engineering have more than their share of 
humorous irony. For the years that I researched 
Electrogravity and antigravity claims, all of the devices 
that I had seen required something "magic" to make 
them work. For instance, Bob Lazar's UFO-claims could 
have been reverse-engineered except that they require 
‘element 115’ to make them work ~ an element 
chemically related to Bismuth that is theorized to 
potentially have electrogravitic properties. I will come 
back to the possible electro-gravitational properties of 
Bismuth in a bit, as it turns out that this element may in 
fact provide some use for future lifter technology. 


‘The Searl-effect disc is an even better example of the 
“magic” usually involved with building a working 
Electrogravity device. Searl's ideas seem valid enough, 
but although he supposedly demonstrated several 
working prototypes in the 1950's, he is currently 
pursuing millions of dollars in research funding in to 
replicate those experiments in a modern-day setting. 


‘The irony involving lifter technology is that while 
inventors all over the world have been searching for 
the perfect electro-gravitational device for decades, the 
possible working proof of concept for many of these 
theories has been sitting in front of us the whole time ~ 
the lifter costs less than $10 in parts to build, and none 
of them are magic ~ in fact, for my experiments, all of 
them were at stores within 2 blocks of my house — balsa 
wood from the craft store, aluminum foil from the 
supermarket, 30-gauge magnet wire from the local 
Radio Shack, and an old computer monitor for the high- 
voltage power-supply. 


LIFTER PHYSICS. 


Whether or not Jeff Cameron knew it at the time he 
constructed his lifter prototype, what he was actually 
building was a 3 dimensional representation of a 
drawing on a patent application by TT Brown in the 
1950's. In the patent application, the drawing shows a 
positively charged wire suspended over a grounded foil 
body which was meant to demonstrate the most basic 
Biefeld-Brown effect generator. While Brown's drawing 
is a little different than Jeff's design, the resemblance 
is uncanny enough to indicate that both of these men 
had the same basic force in mind. 


‘TT Brown's patent indicates that this Biefeld-Brown 
effect generator works due to a gradient electrostatic- 
field between the wire and the foil ~ in essence, these 
two elements compose a low-efficiency, high-voltage 
air-gap capacitor in which the difference in geometries 
between the two capacitive elements generates a net- 


directional force from the larger element towards the 
smaller element. Jeff Cameron seems to have a practical 
axiom that goes along with this scientific philosophy, 
which is that there must be both a leakage current and 
a capacitance between the wire and the foil in order for 
the lifter to function. 


Conventional physics says that two capacitor elements 
of different sizes will not generate a net-directional force, 
so what gives? This is actually the thinking that 
convinced me to abandon my research into Biefeld 
Brown effect technology in 1996 ~ physics says it doesn't 
work. What the books say will happen is that since the 
wire can only maintain a lower-capacitance than the 
foil, the overall capacitance between the two elements 
will be reduced to be equivalent to that on the smallest 
element (or plate) in the capacitor. This, of course, 
assumes a 2-element series-wired capacitor, such as 
the lifter. 


Ican give you the conventional physics answer to this 
small riddle by simply saying that the lifter uses a 
manifestation of ion-wind. This would state that the 
electrons crossing the air-gap cause a breeze that 
causes thrust ~ since the breeze would be traveling 
down from the wire to the foil, the thrust would be up, 
as demonstrated in testing. In the ion-wind explanation, 
the electrons are emitted from small-diameter of the 
positively charged wire in such great abundance that 
they move a significant airflow down to the foil where 
they are absorbed and transported electrically back to 
the HV power-supply’s electrical ground. 


Conventional physics would seem to have the 
theoretical answer to why the lifter causes lift, but in 
the experimental setting, which is what we now have 
an abundance of thanks to Jean-Louis Naudin, the 
conventional physics explanation doesn’t suffice 
Experimentally, there are several deviations from the 
ion-wind explanation that seem to invalidate it. For 
instance, ifyou completely contain the lifter in a plastic- 
enclosure, it will still generate lift - this would not be 
the case if a breeze was responsible for lifting the 
device. How could it be, if the breeze is limited to the 
inside of an enclosure which itself is levitating? 


A more compelling proof that Biefeld-Brown is 
something other than ion-wind comes from Purdue 
University, where the lifter experiment was replicated 
inside a vacuum-enclosure with positive results. While 
ion-propulsion can work in space, it usually assumes 
that there is argon, krypton, or other noble gas to be 
used as the propellant - the vacuum enclosure showed 
that with no gas available for transport the lifter showed 
a moderate improvement in performance. 


‘The vacuum enclosure tests are definitely compelling 
evidence that something else is going on other than 
ion-wind ~ at least compelling enough for NASA to file 
patent number 6,317,310 ~ “Apparatus and Method for 
Generating Thrust using a Two Dimensional, 
Asymmetrical Capacitor Module”. The NASA patent 
description - which can be accessed from Naudin's lifter 
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website ~ is as vague is it is compelling in that NASA 
is basically requesting a patent on any technology that 
generates force using two geometrically dissimilar 
capacitive plates. Disregarding the fact that this patent 
was issued nearly 50 years after TT Brown's patent 
using nearly identical descriptions and pictures, and 
also disregarding the fact that NASA also doesn't 
understand why the lifter generates thrust, it seems 
apparent the this phenomena is gaining credibility in 
engineering circles while physicists seemingly continue 
to deny that anything is going on. 


THE EVOLUTION OF LIFTER TECHNOLOGY 


Every good movie always has a sequel, and in 
technology, if at first a major government agency 
‘iberates' your idea, it may seem that a sequel is in 
order. In the case of the lifter, it would appear that the 
NASA patent would cover this technology to at least 
some degree ~ at least until someone overturns this 
patent under the prior-art rule ~ which means that the 
next generation has to be considerably more advanced 
to escape having the research and development be 
forfeit to the government. 


‘The pursuit of more advanced versions of the lifter 
technology is currently underway by several 
independent inventors, as well as Transdimensional 
‘Technologies themselves. Most of the private research 
by inventors has delved into improving the current lifter 
design to produce a greater force output and utilize less 
power to do so. Because the lifter is so simplistic in 
design, many of these enhancements have been of a 
very basic nature. 


Jean-Louis Naudin was the first independent inventor 
to do serious work with improving the technology 
behind the lifter ~ and even so, the majority of his work 
has utilized similar materials in more complex 
arrangements, Naudin has demonstrated dramatically 
increased lifting forces by building a “lifter inside a 
lifter” for demonstration purposes. Naudin has also done 
a great deal of work in taking breaking up the concept 
of the single triangular lifter into a parallel series of 
lifting cells ~ which means that these cells, working in 
parallel, can contributed to greater stability and higher 
force output than any single lifting element. 


Saviour ~ an independent inventor working with Jean- 
Louis Naudin ~ has done some of the most interesting 
improvements on lifter design since those by Naudin 
himself Saviour's concerns have not focused around the 
“bigger is better” philosophy that many inventors have 
stuck by ~he has done several experiments to determine 
the radiation output, remote-controlled applications 
development, and materials analysis and improvement 
on the lifter that others have not had the time or 
expertise to conduct. 


A recent experiment by Saviour demonstrates just how 
this gentleman's foresight is helping other 
experimenters ~ Saviour substituted nichrome heating 
wire for the common lightweight wire used for the 
emitter, and demonstrated that the lifting force greatly 
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increased when a higher potential 12-volt charge was 
used to heat the emitter wire in conjunction with the 
standard high-voltage charge coming off it. 


‘Transdimensional Technologies ~ the developers of the 
initial lifter design — are taking the approach to 
optimizing lifter performance to another level. They are 
currently not-so-secretly working on a 2" generation 
lifter, which will consist of a 1-piece layered material to 
replace the current wire and foil design. 


‘The layered material approach to the lifter is an idea 
that Jeff Cameron may or may not have had after some 
lengthy discussions with Travis Taylor - the man 
responsible for testing some anomalous materials 
known as “Art’s Parts”, 


Art's Parts were some pieces of material sent by an 
unknown person to the Art Bell radio talk-show with a 
note stating that the they were pieces of UFO wreckage 
taken from the often-cited “Roswell crash” in 1947. 
‘Whether or not the pieces of material actually came from 
that crash is unknown, but Art Bell did the honorable 
thing by sending them to an acquaintance in US Army 
research named Travis Taylor for a professional scientific 
investigation. 


‘Taylor, who apparently tested the materials after-hours 
in a world-class research lab to avoid potential 
classification by his superiors, used an electron- 
microscope to determine that the layered materials were 
actually pieces of metal ~ containing several hundred 
microscopically thin layers of magnesium and bismuth, 
‘Taylor also tested the layered-metal with a high-voltage 
apparatus, which seemed to indicate that when a 
voltage was applied to the material, the layered metal 
would move ~ and in some cases levitate. 


‘Taylor reported his findings to Art Bell and sent video 
clips of his high-voltage experiments, which eventually 
made it back to a permanent home on the Art Bell radio 
show website. In addition, Taylor conveyed his belief 
that the only manner in which the pieces of metal could 
properly be produced was through an advanced form 
of electron-deposition technology, due (apparently) to 
an absence of oxygen-molecules between the different 
layers of metals. Additionally, the layers of metal were 
too thin to have been mechanically produced. 


Jeff Cameron indicated that Transdimensional 
‘Technologies maintained some contact at one point in 
time with Travis Taylor, apparently as professional 
colleagues in the defense community in Huntsville, AL 
Tam not an expert on this relationship, other than to 
say that to the best of my knowledge these two 
individuals knew and contacted each other, and that 
this is how Jeff Cameron might have come up with the 
2° generation lifter idea. 


ADVANCED LIFTER TECHNOLOGY 


As an inventor, I couldn't care less whether or not the 
idea for the technology came from a crashed UFO. To 
be perfectly honest, I'm not what you would call a 
“believer” anyways, although I have often wondered 


Supra- and infrahyoid muscles, pharynx I (lateral aspect). Ramus of mandible, pterygoid muscles and insertion 


of temporalis muscle removed. 


Galea aponeurotica 
‘Temporal fuscia 

Tendon of temporalis muscle 
Zygomatic arch 

Lateral pterygoid plate 

Tensor veli palatini muscle (styloidl process) 
Superior constrictor muscle of pharynx 
Styloglossus muscle 

Posterior belly of digastric muscle 
Stylohyoid muscle 

Longus capitis muscle 
‘Stemocleidamastoid muscle (reflected) 
Inferior constrictor of pharynx 
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Orbital part of orbicularis oculi musele 
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Sternohyoid muscle 
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Supra- and infrahyoid muscles, pharynx I. Buccinator muscle removed; oral cavity opened, 


External acoustic meatus 
Tensor vel palatini musele 

Styloid process 

Superior constrictor musele of pharynx 
Stylopharyngeus muscle (divided) 
Middle constrictor muscle of pharynx 
Sternocleidomastoid muscle 

Greater horn of hyoid bone 

Longus capitis 

Inferior constrictor muscle of pharynx 
Temporal fascia 

Tendon of temporalis muscle 


COrbicularis oculi muscle 
Zygomatic arch 

Lateral pterygoid plate 

Parotid duct 

Gingiva of upper jaw (without teeth), bucc 
Pierygomandibular raphe 

Hyoglossus muscle 

Mylohyoid muscle 

Anterior belly of digastric muscle (hyoid bone) 
‘Sternohyoid and thyrohyoid muscles 
‘Omohyoid muscle 


tor muscle (divided) 


Coronal section through cranial, nasal and oral eavty at the level of 
sphenoidal sinus. 


Pterygoid and palatine muscles (posterior aspect) 


16 
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‘Temporalis musele 
‘Sphenoidal sinus 
Nasopharyns: 

Masseter musele 
Superior longitudinal, transverse and 
vertical muscles of tongue 

Hyoglossus muscle 
Geniobyoid muscle 

Corpus callosum (caudate nucleus) 
Optic nerve 

Cavernous sinus 

Zygomatie arch 

Cross section of lateral prerygoid 
muscle and maxillary artery 

Section of medial plerygoid muscle 
Soft palate 

Mandible and inferior alveolar nerve 
Septum of the tongue 

Mylobyoid muscle 

Submandibular gland 

Platysma muscle 

Foramen magnum, vertebral artery and 
spinal cord 

Internal carotid artery 
Head of mandible 

Styloid process 

Inferior alveolar nerve 

Lingual nerye and chorda tympani 
Medial pterygoid muscle 

Uvula 

Anterior belly of digastric muscle (cut) 
Condlyle of occipital bone 

Mastoid process 

Lateral pterygoid muscle 

Auditory tube and levator veli palatini muscle 
Tensor veli palatini muscle 


1 Superficial temporal artery and 
‘auriculotemporal nerve 

2. Middle meningeal artery 

3. Maxillary artery 

4 Facial nerve (divided and reflected) 

External carotid artery 

Stylobyoid muscle 

Digastric muscle (posterior belly) 

Internal carotid artery and carotid 

‘sinus branch of glossopharyngeal 

9 Sternocleidomastoid muscle 

10 Common carotid artery 

11. Temporalis muscle 

12 Prerygopalatine fossa 

13 Posterior superior alveolar artery 

14 Deep temporal artery 

15 Infruorbital artery 

16 Buccal nerve 

17 Inferior alveolar artery and nerve 

18 Facial artery 

19 Submental artery 

20. Hyoid bone 

21 Superior thyroid artery (divided) 


Dissection of maxillary artery. Mandible and lateral pterygoid muscle partly removed. 


1 Superficial temporal artery 


Branches of the first part 

2 Deep auricular artery and anterior 
tympanic artery 

3 Middle meningeal artery 

4 Inferior alveolar artery 


Branches of the second part 
5 Deep temporal branches 

il branches 
Masseteric artery 

8 Buccal artery 


6 Peery 


Branches of the third part 


9 Posterior superior alveolar artery 


10. Infraorbital artery 

LT Sphenopalatine artery and branches 
tothe nasal eavity 

12 Descending palatine artery 

thematic drawing.) 13 Artery ofthe pterygoid canal 


in branches of maxillary artery. 


Base of the skull with cranial nerves (intern 


1 Superior sagittal sinus with faly cerebri 

2 Olfactory bull 

3. Olfactory tract 

4 Optic merve and internal carotid artery 

5 Anterior clinoid process and anterior 
ichment of tentorium cerebelli 


yeens nerve (n. VI) 
Tentorial notch (incisura tentorii) 
Trochlear nerve (0. 1V) 
Tentorium cerebell 


11. Falx cerebri and confluence of sinuses 


aspect). Both cerebral hemispheres and upper part of the brain 
stem removed. Incision on the right tentorium cerebelli to display the cranial nerves of the infratemtorial 


Hypophysial fossa, infundibulum, and 
diaphragm seae 
Dorsum sellse 

vided) 


and 
vestibulocochlear nerve (n. VIII) 

Cerebral aqueduct 

Right hemisphere of cerebellum 

Vermis of cerebe 


Frontal lobe 
Temporal lobe 

Pedunculus cerebsi 
Miah: 


Cerebral aqueduct 


(divided) 


Splenium of corpus callosum 
Occipital lobe 

Otfacrory bully 

Optic nerve and optic chiasma 
Infunlbulum 

Oculomotor nerve (0. IIL) 
Mamillary body 

Substantia nigra 


‘Trochlear nerve (n, IV) 


or aspect of the brain with eranial nerves. Midbrain divided. 


Olfactory nerves 


Optic nerve 


= Oculomotor nerve 


Trochlear nerve 
Trigeminal nerve 
Abducens nerve 


Cranial nerves 
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Facial nerve 


Vestibulocochlear nerve 


Glossopharyngeal nerve 
Vagus nerve 
Accessory nerve 


Hype 


fal nerves. Brain (inferior aspect) 


Olfactory sulcus (termination) 


2 Orbital pyri 


Temporal lobe 
Straight gyrus 
Olfactory trigone and 


or temporal sulcus 


Medial occipitotemporal gyrus 


7 Parahippocampal gysus, mamillary body, and 


interpeduncular fossa 
Pons and cerebral peduncle 
Abducens nerve (n. V1) 


2 Cervical spinal nerves 


(a. VIL) 
2% Vestibulocochlear nerve (9, VIII) 


29 Hypoglossal 
3 Accessory nerve (n. XI) 


31 Vermis of cerebellum 


Longitudinal 


aspect). Cranial cavity opened and cerebellum removed. 


Glossopharyngeal nerve (1. IX) 
pital lobe and vagus nerve (n, X) 


Straight sinus Accessory nerve (intracranial portion) 
Tentorium cerebelli (. XI 


Transverse sinus Hypoglossal nerve (intracranial portion) 
Inferior colliculus of midbrain (a. XU) 
Rhomboid fossa Accessory nerve (a. X1) 

8 Medulla oblongata Hypoglossal nerve (9. XI) 

9. Posterior belly of digastric muscle Vagus nerve (n. X) and internal carotid artery 

10 Internal earotid artery External carotid artery 

11. Pharynx (middle constrictor muscle) s trunk and superior cervical ganglion 

12. Hyoid bone (greater 1 cervicalis (superior root of 

13. Trochlear nerve (0. 1V) Jossal nerve) 

14 Facial nerve (n. VI), Glossopharyngeal nerve (0.1X) and 
vvestibulocochlear nerve (n, VIII) stylopharyngeus muscle 


27 28 29 30 
Cranial nerves of the orbit and pterygopalatine fossa. Left orbit (lateral aspect), 
Note the zygomaticolacrimal anastomosis (arrow). 


Frontal lobe 
Supraorbital nerve 

Lacrimal gland 

LLacrimal nerve 

‘Lateral rectus muscle (divided) 
Optic nerve and short ciliary nerves 


Cranial nerves innervating extraocular muscles (lateral aspect). 
(Schematic drawing.) 
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Inferior oblique musele 

Zygomatic nerve 

Inferior branch of oculomotor nerve and 
inferior rectus muscle 

Infraorbital nerve 

Posterior superior alveolar nerves 
Branches of superior alveolar plexus adjacent 10 
‘mucous membrane of maxillary sinus 
Central sulcus of insula 

Superior rectus muscle 

Periorbita (roof of orbit) 

Nasociliary nerve 

Ciliary ganglion 

Ocalomotor nerve (a. 111) 

‘Trochlear nerve (n.1V) 

Ophthalmic nerve (0. Vi) 

Abducens nerve (1. V1) (divided) 
Trigeminal nerve (0.V) 

‘Trigeminal ganglion 

‘Maxillary nerve (n.V) and foramen rotundum 
“Mandibutar nerve (n. Vs) 

External acoustic meatus 
Pterygopalatine nerves 

Deep temporal nerves 

Buccal nerve 

Masseteric nerve 

Auriculotemporal nerve 

‘Trochlea and superior oblique muscle 


Cranial nerves of the orbit (superior aspect). Right side: superficial layer; left side: middle layer of the orbit (superior rectus 
muscle and frontal nerve divided and reflected). Tentorium and dura mater partly removed, 


Cranial nerves at the skull base. The brain stem was divided and the tentorium 
fenestrated. Both hemispheres were removed. 


Frontal sinus (enlarged) 
Frontal nerve (divided and reflected) 
Superior rectus muscle (divided) and eyeball 
Superior oblique muscle 
Short ciliary nerves and optic nerve (a. 11) 
Nasceiliary nerve 
Abducens nerve (o. VI) and lateral 
rectus muscle 
Ciliary ganglion and superior rectus muscle 
(reflected) 
Oculomotor nerve (a. 111) 
‘Trochlear nerve (n. 1V) 
Crus cerebri and midbrain 
Inferior wall ofthe third ventricle connected 
th cerebral aqueduct 
Lateral and medial branch of supraorbital 
Supeatrockilear nerve 
Superior rectus muscle 
Lacrimal nerve 
Frontal nerve 
Ophthalmic nerve (n.V1) 
Optic chiasma and internal carotid artery 
‘Trigeminal ganglion 
Trigeminal nerve (a. V) 
Tentorial notch 
x cerebri 
Cerebellum 
Infundibulum 
Olfactory tract 


about it. My point is not to attempt to lend any credibility 
to “Art's Parts”, but rather to tie in the properties of the 
anomalous material's high-voltage movement with the 
underlying theory of lifter operation. 


Even mentioning a UFO in a respected publication or 
article is the kiss of death in today's world ~ and I 
wouldn't do it if it wasn’t an intricate part of the story. 
‘The other interesting thought is that the layered material 
is once again partially composed of Bismuth ~ which is 
thought to possibly have some of the same electro- 
gravitational properties as Bob Lazar's Area 51 “element 
115”. Is there a similarity, or merely a coincidence 
between a claim that hasn't gained credibility and a 
technology currently under development? 


‘The lifter in its own right is essentially a layered 
material. One of those layers is the emitter wire, which 
is highly charged with about 30kV worth of electrons, 
another layer is the air-gap, which is approximately 3 
cm in height, and the final layer is an electrically- 
grounded “skirt” of aluminum foil that surrounds the 
lifter. It is also reasonable to expect that there are only 
two possible forces at work in the lifter - one of which 
being a possible ion-wind effect moving down from the 
emitter to the foil, and the other being a possible Biefeld- 
Brown effect, moving up through the foil to the emitter. 


‘There are a few shortcomings in the lifter as a design 
that might be overcome if we could transition the 
layered material from one containing an air-gap to one 
that does not. For instance, the lifter is currently arather 
delicate object, in that having a wire under tension as 
the emitter makes construction difficult for future 
automated assembly. Additionally, because the air-gap 
requires struts to support the emitter wire, a trade off 
involving the weight versus the strength of the struts 
is additionally involved in any current implementation 
of lifter technology. 


Some of the other changes that would be helpful to 
implement when transitioning lifter technology from one 
type of air-gap to another are changes in the materials, 
used to increase the dielectric capacity. High-K 
dielectric materials may be used to increase the 
displacement of electrons in the material to enhance 
charge transport. And since increasing the dielectric 
potential of the layered materials also increases the 
breakdown resistance, it means that thinner materials 
can be used. 


Designing a lifter without an air gap would 
accommodate lower voltage requirements between the 
foil and the emitter. The voltage would not have to 
create the large e-field gradient to create a leakage 
current across such a large void. Therefore the overall 
voltage across the device could be greatly reduced, 
without much cost in thrust. A lower operating voltage 
in tum means that a lower-output power-supply can 
be used for a given amount of current, which increases 
the overall efficiency. 


Transdimensional Technologies recent research is 
utilizing the layered materials approach to eliminate the 
air-gap and substitute for it high-k dielectric materials 
that may allow higher overall performance. Although 
they have not yet released details about the exact 
composition or thickness of the materials that they are 
working with, they claim to currently have a 10% 
reduction in weight using a low-voltage current across 
the thickness of their newest device. 


FUTURE LIFTER TECHNOLOGY 


Thanks to the tremendous amount of research being 
done on lifter technology by Transdimensional 
Technologies and a loosely affiliated group of inventors 
around the world, the future of lifter technology seems 
very bright at this point. 


‘Transdimensional hopes to release some breakthrough 
research to allow replication of their newest 2" 
generation experiments in the very near future, and 
along with that stands the massive body of research 
and advancements being done by inventors and 
researchers such as Jean-Louis Naudin, Saviour, the 
Lifters-group, and myself. 


My personal goals are to attempt to assist 
Transdimensional Technologies in popularizing this 
technology to increase awareness of it and help “spread 
the word” about what it is and how it can potentially 
help the world. 


Imagine if instead of getting in your car and driving 
through the usual maze of thoroughfares and side 
streets you were able to simply type in your destination 
and have a flying vehicle take you there automatically. 
The lifter technology offers to potential to transform the 
current transportation market by offering point-to-point 
aerial transport without the need for roads or freeways. 


Additionally, unlike the magnetic-levitation ("Maglev") 
technologies that are currently being promoted as the 
future of transportation, the lifter does not require a 
specially constructed and exorbitantly expensive track 
to operate ~ the greatly reduces the per-unit cost on 
the technology and opens the door for wider adoption 
by the general public for transportation solutions. 


Other individuals are currently working to see if lifter 
technology may offer cost-effective methods of transport 
into space, which would reduce the cost greatly and 
allow a one-piece, reusable method of moving things 
into orbit. 


LIFTER RESOURCES 
All of the research involved with the lifter technology 
is available to the public on the internet. The list of 
resources below are some of the better and more 
common resources to obtain detailed lifter information. 


American Antigravity 
> http://tventura hypermart. net 
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Dissection of the triges al cavity, lateral wall of orbit, zygomatic arch 
and ramus of the mandible have been removed and the mandibular canal opened. 


Frontal lobe of cerebrum Pterygopalatine ganglion and 23. Masillary nerve (0. V:) 


plerygopalatine nerves 
Posterior superior alveolar 

nerves Auiriculotemporal nerve 
External acoustic meatus (divided) 
Lingual nerve and chorda tympan 


Supraorbital n 
Lacrimal nerve 


Eyeball Superior dental plexus 


Optic nerve and short ciliary ne Buccinator muscle and buccal nerve 
Inferior dental plexus 29. Mylohyoid nerve 
al foramen and mental nerve “Medial pterygoid muscle 
Anterior belly of digastric muscle Inferior alveolar nerve 
Ophthalmic nerve (n. V;) Posterior belly of digastric muscle 
Oculomotor nerve (a. II) Stylohyoid muscle 
Trochlear nerve (n. 1V) Sternocleidomastoid muscle 


1 
3 
4 Lacrimal gland 
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External nasal branch of 
anterior ethmoidal nerve 

Ciliary ganglion 

Zygomatic nerve 

Infraorbital nerve 

Infracrbital foramen and terminal branches 
‘of iafteorbital nceve 


‘Trigeminal nerve and pons 


Cranial nerves in connection wi 
aspect). Left half of brain and 
trigeminal ganglion, 


the brain stem, Left side (lateral superior 
ad partly removed. Notice the location of 


BS S8au 


Main branches of trigeminal nerve. (Schematic drawing of figure on opposite 
page.) 
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Frontal nerve 
Lacrimal gland and eyeball 
Lacrimal nerve 

Lateral rectus muscle 

Ciliary ganglion lateral to optic nerve 
Zygomatie nerve 

Inferior branch of oculomotor nerve 
‘Ophthalmic nerve (n. V)) 
Maxillary nerve (n. V2) 

Trigeminal ganglion 

Mandibular nerve (a. Vs) 
Posterior superior alveolar nerves 
‘Tympanic cavity, external acoustic 
‘meatus, and tympanic membrane 
Inferior alveolar nerve 

Lingual nerve 

Facial nerve (n. VII) 


Hypoglossal nerve (0. XII) and 
superior root of ansa cervical 
External carotid artery 

‘Olfactory tract (0.1) 

Optic nerve (a. 11) (intracranial part) 
Oculomotor nerve (n. U1) 
Abducens nerve (0, V1) 

‘Trochlear nerve (0. 1V) 

Trigeminal nerve (n. V) 
‘estibulocochlear nerve (n. VIII) and 
facial nerve (VII) 

Glossopharyngeal nerve (n. IX) 
(eaving brain stem) 

Rhomboid fossa 

‘Vangus nerve (n. X) (leaving brain stem) 
Hypoglossal nerve (n. XII) (leaving 
medulla oblongata) 

Accessory nerve (n. X1) (ascending 
from foramen magnum) 

Vertebral artery 

Spinal ganglion and dura mater 

ff spinal cord 

Accessory nerve (0, XI) 

Internal carotid artery 

Lateral and medial branch of 
supraorbital nerve 

Infratrochlear nerve 


al nerve 
tine ganglion and 

idle superior alveolar nerve 
Middle superior alveolar nerves 
(catering superior dental plexus) 
Buceal nerve 

Mental nerve and mental foramen 
Auriculotemporal nerve 

‘Otic ganglion (dotted line) 
Chorda tympani 

Mylohyoid nerve 

‘Submandibalar gland 

Hyoiid bone 


Dissection of facial nerve i 
Facial canal and tympanic ca 


Branches of facial nerve: a ~ temporal branch; b = zygoratic reacies; c= buctl branches; 


d= marginal mandibular branch, 


Facial nerve. (Schematic drawing of the dissection above.) 


‘Trochlear nerve 
Facial nerve with geniculate ganglion 
Cerebellum (right hemisphere) 
(Occipital belly of occipitofrontalis and 
sreater occipital nerve 

Facial nerve at stylomastoid foramen 
Splenius capitis muscle 

Cervical branch of facial nerve 
Sternocleidomastoid muscle and 
retromandibular vein 

COrbicularis oculi muscle 

(Corda tympani 

External acoustic meatus 

Facial artery 

Mastoid air cells 

Posterior auricular nerve 

Nucleus and genu of facial nerve 


(Cranial nerves in connection with the brain stem (oblique-lateral 


pect). Lateral portion of the 


skull, brain, neck and facial structures, lateral wall of orbit and oral cavity have been removed. 


The tympanic cavity has be 
mastication have been removed. 


1 Optic tract 

2 Oculomotor nerve (n. 111) 

3 Lateral rectus muscle and inferior branch 

(of oculomotor nerve 

4 Malleus and chorda tympani 

5. Chorda tympani, facial nerve (0. 
vestibulocochlear nerve (0. VIII) 


and 


6. Glossopharyngeal nerve (n. XI) 
7 Lingual nerve and inferior alveolar nerve 
8 Styloid process and stylohyoid muscle 

9. Styloglossus muscle 

10 Lingual branches of glossopharyngeal 
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opened. The mandible has been divided and the muscles of 


Lingual branch of hypoglossal nerve 
External carotid artery 

Superior root of ansa cervicalis (branch of 
hypoglossal nerve) 

Lateral ventricle with choroid plexus and 
cerebral peduncle 

Trochlear nerve (n, 1V) 
Trigeminal nerve (n. V) 

Fourth ventricle and rhomboid fossa 
‘Vagus nerve (n. X) 

Accessory nerve (1. X1) 

Vertebral artery 


‘Superior cervical ganglion 
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Hypoglossal nerve (n. XII) 
Spinal ganglion with dural sheath 
Dura mater of spinal cord 

Internal carotid artery and earotid 
sinus branch of glossopharyngeal 
Dorsal roots of spinal nerve 
Sympat 

Branch of cervical plewus (ventral 


tie trunk 


primary ramus of thd cervical 
spinal nerve) 
Ans cervical 


Lateral superficial aspect of the fa 


a= temporal branch; b = zy 


Superficial region of the face, Note the facial plexus within the parotid gland. 
(Semischematic drawing.) 


Peripheral distribution of facial nerve. 
branches; ¢ = buccal branches; d= marginal mandibular branch. 


1 Temporoparietalis muscle 
2. Parietal branch of superficial temporal 
‘and vein and auriculotemporal 


belly of ocefpitotrontalis 
muscle and greater occipital nerve 

4. Facial nerve 

5 Lesser occipital nerve and occipital 
artery 

6 Transverse facial artery 

7 Masseter muscle 

8. Parotid gland and great auricular nerve 

9. Sternocleidomastoid muscle and 
‘external jugular vein 

10 Splenius capitis musele 


minal portion 


i muscle 
uperioris alaeque 


16 Facil artery and zygomaticus 


‘minor muscle 
17 Levator angul oris muscle 


i duct 
us muscle and inferior labial 
artery 


1 Medial branch of 
supraorbital nerve 

2 Nasalis muscle 

3. Levator labi superioris 
alaeque nasi muscle 

4. Orbicularis ocull muscle 

5. Levator labii superioris 
muscle 

6 Facial artery and vein 

7 Zygomaticus minor and 
major muscle 

8 Transverse facial artery 

9 Orbiculatis oris muscle 

10 Buccal nerves, depressor 
labiiinferioris muscle, 
facial artery and vein 

11 Parotid gland and duct 
land masseter masele 

12 Depressor anguli oris muscle 

13 Transverse cervical nerve 

14 External jugular vein 

15. Platysma muscle 

16 Supraclavicular nerve 

17 Galea aponeurotica 

18 Lateral branches of the 
supraorbital nerve 

19 Frontal belly of 
‘occipitofrontalis muscle and 
‘branches of superficial 
temporal vein and artery 

20 Superficial temporal artery 
and vein 

21 Auriculotemporal nerve 

22. Zygomatico-orbital artery 
‘and temporoparitalis 
muscle 

23. Lesser occipital nerve 

24 Occipital belly of 
‘occipitofrontalis muscle 

25. Occipital vein and occipital 
artery 

26 Great auricular nerve and 
sternocleidamastoid muscle 

27 Trapezius muscle 


Superficial layer of the head and neck, Parotid fascia removed. Branches of facial nerve: 28 Greater potrosal nate 
a = temporal branch; b = zygomatic branches; © = buceal branches; d = marginal 29. Geniculate ganglion 
mandibular branch. 30 Chorda tympani 


31. Posterior auricular nerve 
32. Stylomastoid foramen 
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22. Depressor lait infrioris muscle 

23. Depressor angul oris muscle 

24 Platysma muscle 

25 Terminal branches of transverse 
cervical nerve 

26 Cervical branch of facial nerve 

27 Orbiculars ori muscle 

28 Facil artery and vein 

29. Stermocleidomastoid muscle and Facial nerve. Main branches. 
retromandibular vein (Schematie diagram.) 


Lateral superficial aspect of the face. The parotid gland has been removed to display the parotid plexus of the facial nerve. 
a-€ = branches of facial nerve: a = temporal branch; b = zygomatic branches; ¢ = buceal branches; d = marginal mandibular 


branch; ¢ = cervical branch. 


Superficial temporal artery and Retromandibular vein 

culotemporal nerve Hypoglossal nerve and sternocleidomastoid 
Posterior auricular artery and nerve 
and temporoparietals muscle 
Occipital artery 
Facial nerve (n. VIL) (parotid plexus |») External carotid artery 
4 Temporal branches ‘Common carotid artery 
bb Zygomatie branches, Branches of cervical plexus 
© Buccal branches Superior laryngeal artery an 
4 Marginal mandibular branch External jugular vein and 
© Cervical branch sternocleidamastoid muscle 
Posterior auricular nerve Frontal branch of superficial temporal artery 
Posterior auricular artery lateral branch of supraorbital nerve, and 
Digastric muscle (posterior belly) frontal belly of occipitotrontalis muscle 
Lesser occipital nerve Medial branch of supraorbital nerve 
Posterior auricular vein Dorsal nasal art 

Angular artery and nasalis muscle 


Buccal fat pad, zygomaticus major muscle, 
and infraorbital nerve 

Orbicularisoris muscle 

Parotid duet and masseter muscle 

Buccal artery and nerve 

Buccinator muscle 

Risorius muscle 

Facial artery and vel 

Submental artery and depressor anguli 
oris muscle 

Mylohyoid nerve and mylohyoid muscle 
Digastric musele (anterior belly) 

Facial vein and submandibular gland 
Superior thyroid artery 
Sternohyoid mus 


Lateral superficial aspect of the face. Masseter muscle and temporal fasci 


artery and nerve 


Galea aponeurotica 
Temporal fase 

‘Temporalis muscle 

Parietal branch of superficial temporal 
Auriculotemporal nerve 

Frontal branch of superficial tempor 
artery 

‘Superficial temporal vein 

Zygomatic arch 

Articular dise of temporomandibular 


Head of mandible 
Masseteric artery and nerve 
Mandibular notch 

(divided) 
Great auricular nerve 
Facial nerve (reflected) 
Frontal belly of occipitofrontais muscle 
Medial branch of supraorbital nerve 
Angular artery 
Orbicularis oculi muscle 
Intra 


have been partly removed to display the masseteric 


omaticus major muscle 
Maxillar artery 

oronoid process 
Parotid dct (divided) 
Buccal nery 
Facial artery and vein 
Mental nerve 
Mandibular branch of facial ner 
Cervical branch of facial nerve 
‘Transverse cervical nerve 
(communicating branch with facial 
nerve) and sternocleidomastoid muscle 


Deep dissection of facial and retromandibular regions. The coronoid process together with the insertions of temporalis muscle 
have been removed to display the maxillary artery. The upper part of the mandibular canal has been opened. 


Masseterie artery and nerve 
Buceal nerve and artery 


1 Parietal branch of the superficial temporal Mylohyoid nerve 
Posterior belly of digastric muscle 
Frontal branch of the superficial temporal Great auricular nerve and Lateral pterygoid 
artery stermocleidomastoid Transverse facial artery and 
Auriculotemporal nerve External jugular vein parotid duct (divided) 
Medial pterygoid 
Facial artery 
Lingual nerve 
Auriculotemporal nerves Inferior alveolar artery and nerve 
Facial nerve Deep temporal arteries (mandibular canal opened) 
Posterior auricular artery and anterior Posterior superior alveolar nerve 


Retromandibular vein 
Superficial temporal artery Submandibular gland 
Communicating branches between facial 


auricular branch of superfi Sphenopalatine artery 


Internal jugula Fusterice nipesior slvaclar arteries: 


Retromandibular region with maxillary artery and branches of trigeminal nerve (n. V). 


1 Frontal belly of occipitofrontalis muscle 15 Depressor anguli oris muscle Internal jugular vein, 

2. Depressor supercilii muscle 16 Medial pterygoid muscle and mylohyoid Styloplossus muscle 

3 Temporalis muse nerve Splenius capitis muscle 

4 Orbicularis oculi muscle 17 Depressor lab inferioris muscle Posterior belly of diagastric 

5 Nasalis muscle 18 Hypoglossal nerve and hyoglossus rmusele and occipital artery 
Infraorbital artery muscle Superficial temporal artery 
Levator labi superioris alaeque nasi Mylohyoid muscle Stylohyoid muscle 
muscle Anterior belly of diagastric muscle External carotid artery 
'ygomaticus minor muscle Sternohyoid muscle Retromandibular vein 

Levator labii superioris muscle 22. Thyrohyoid muscle Superior thyroid artery 

Infraoebital artery and nerve and 23 Galea aponeurotica Inferior constrictor muscle of the 

posterior superior alveolar artery Occipital belly of occipitofrontalis pharynx 

Zygomaticus major muscle muscle Sternocleidomastoid muscle 

ingual nerve Lateral pterygoid muscle and deep (Omohyoid muscle 

Inferior alveolar artery and nerve temporal artery (Common carotid artery and vagus nerve 

Buccinator muscle 26 Maxillary artery 


> The author's website that includes video clips, complete 
instructions, and other related lifter information. 


‘Jean-Louis Naudin's “Lifter Experiments Website’ 
Dnttp://naudin free fr 

> A very in-depth website containing video clips, complete 
instructions, 


World-Wide Lifter Replications 
> http://inaudin free fr/ntml/iftwrid. nem 

> An overview with photos and video from many of the 
independent inventors who have replicated the lifter 
experiments. 


‘Transdimensional Technologies, Inc 
Dhttp://www.tdimension.com 


> The home page for Transdimensional Technologies, the 
developers of the lifter design. 


Blaze Labs (Saviour's Research Website) 
Dhttp://bel.150m.com 

An excellent site on research into lifter enhancements, 
radiation testing, sealed devices, power supplies, and other 
topics relating to lifter technology. 


Lifter Builders Group 

> http://groups.yahoo.com/group/Lifters 

> An email group for the exchange of research findings for 
‘those interested in building lifters or staying current on the 
state of the technology. 


NASA Patent #6,317,310 
> The NASA patent regarding obtaining thrust from an 
asymmetrical two-dimensional capacitor, grant Nov 13, 2001 


Research on the Capacitance 
Converter of Environmental 
Heat to Electric Power 


NE. Zaev 


143970, Moscow region, village Saltykovka, 
Granitchnaya Str, 8 529-9664 


Nickolay E. Zaev works on creation of the prototypes 
of converter energy, which do not require any fuel. 
The direct conversion of environmental heat to 
electric power is possible in the processes of “charge- 
discharge” in non-linear condensers or by means of 
“magnetization-demagnetization” of ferrites. Such 
converters of energy create cold and electric power 
without any fuel. 


‘Theory of the converter, results of early experiments on 
the generation of microwatt power, methods and 
features of research are given in this article. The 
methods of generation of a few watts power are 
described in details. The possibilities and difficulties 
of creation of powerful capacitance converters are 
discussed in this article. 


L Grounds of research. 


1.1. From positions of orthodox physies there ts no 
subject of research, It ia evident that the energy of 
charging (G) A, condenser G, is always equel or more 
than the energy of discharging (D) A, i.e. always A >A,, 
Only the advanced anelyaia shows that itis not always 


ac 
true. Exactly nC, where 5 < Oan inequality A.>A, 
a 
ac 
is possible, and in C,, where 57> < 1, then the work 
a 


A.>A,, Therefore we should discuss the nonlinear 
capacitors (NC). In the end of 1969 Inoticed a systematic 
inequality A,>A, during the measurement of A, and A, 
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ofmany capacitors with different dielectrics. Theoretical 
grounds and results of measurements of this 
phenomenon are given in the publications in 1984 [1], 
(2, page 73]. On the industrial standards NC (varicond), 
ceramic condensers VK2-ZSH, 4-6,8-10°UF with an 
optimal voltage about 95 V it was stated that 
A 


My 
= ~ 121 with tne power to about 98-10% Wt and 


“generated” extra power is equal to 21-10¢ Wt. 


1.2. In [1] and [2] the strict theoretical proofs of 
realization of A,>A, (there are four of them) are given. 


On 1m! of dielectric [Ay|—-|A, 


an intensity of the field, V/m; ¢, is a dielectric constant 
of vacuum, a is a coefficient of nonlinearity of the 
capacitor). Below we state one more proof more 
connected with the parameters of circuit. 


It is well known that with the charge of a linear capacity 
from the source of constant voltage V,=const through 
CVy 
2 
exactly equal to the output energy in the time of 
charging t, The output energy irradiated from the load 


the resistor 


const it gets an energy A, = 


Ris a Joule heat O=R fi dt [3, page 546). If NC 


(nonlinear condenser) is charged, then there are no 
proofs of such equation. The NC are the variconds or 
ac 


other capacitors, which have 57> > 0 in the interval 
a 


V=0+V,. For the variconds V, is some voltage, which 


ac 
corresponds tothe maximum C, IfV>V,,then > <0 


For some other capacitors V, is a voltage breakdown. 


For further consideration let’s believe that in the 
operating area of the given sample of varicond a function 


Dissection of deep fi ble. Prerygoid muscles removed, temporalis muscle 


fenestrated 


Superficial temporal artery and vein 
and auriculotemporal nerve 
Temporalis tendon, deep temporal 
nerves and artery 
Maxillary artery 
Middle meningeal artery 
Occipital artery 

Inferior alveolar artery and nerve 
Posterior belly of digastric muscl 
Great auricular nerve and 
sternocleidomastoid muscle 
Hypoglossal nerve and superior root of 
nsa cervicais 
External carotid artery 
Supratrochlear nerve and medial 
branch of supraorbital artery 
Angular artery 

osterior superior alveolar artery 
Infraorbital nerve 
Facial artery 
Parotid duct (divided) and 
Transverse section through oral cavity and pharynx, The loc: pasdlontor nivale 
inferior alveolar nerve and artery is indicated by a needle 17 Buccal artery and nerve 


Para- and retropharyngeal regions, ‘The mandible and the lateral wall of the orbit have been removed. The main branches of the 
trigeminal nerve and its ganglion are displayed, 


Mylohyoid nerve 
ingual nerve and submandi 

spanglion 

Mental nerve and mental foramen 

Inferior alveolar nerve 

Mylohyoid muscle (divided) and 

hypoglossal nerve 

Submental artery and vein 

Submandibutar gland 

Superior thyroid artery 

Common carotid artery 

Buccinator muscle 

Masseter muscle and mandible 

Entrance of mandibular canal 

Medial pterygoid muscle 

Palatine tonsil 

(Oral vestibule 

Tong 

Inferior alveolar nerve, artery and vein 

Paryngeal constrictor muscle 


Pharynx 
Tentorium of cerebellum 

‘Trigeminal nerve and ganglion 
Mandibular nerve 

Superficial temporal artery 
Auriculotemporal nerve and 

‘middle meningeal artery 

Facial nerve (divided) 

Masseter muscle 

Superior root of ansa cervicalis 
Lateral branch of supraorbital nerve 
Ophthalmic nerve 

Lacrimal gland 

Ciliary ganglion and short ciliary nerves 
Angular artery 

Inferior branch of aculomotor nerve 
Maxillary nerve 

Tnfraorbital nerve 

Anterior superior alveolar nerve 
Posterior superior alveolar ner 


Retropharyngeal and sul 


0 


20 


Parietal branch of superficial vemporal 
Auriculotemporal nerve 

Temporalis muscle tendon and zygomatic arch (cut) 
Mandibular nerve (n. Vs) 

Middle meningeal artery 

Choeda tympani 

Mylohyoid nerve 

Inferior alveolar nerve 

Lingual nerve 


Facial nerve 
Styloglossus muscle (cut) 
Maxillary artery, external carotid artery, 
and stylopharyngeus muscle 

Posterior belly of digastric muscle 
Styloid process and 

‘Vagus nerve (n. X) 
Accessory nerve (1. X1) 
Hypoglossal nerve (n. XII) and 
retromandibular vein (cut) 
Stylohyoid muscle and 
slossopharyngeal nerve (n. IX) 
Facial vein 


Hypoglossal nerve (n. XII) and 
hyoglossus muscle 
Superior thyroid artery 


Superior laryngeal artery and internal 
laryngeal nerve 
Internal jugular vein 


Common carotid artery and superior 
oat of ansa cervicalis 

Inferior pharyngeal constrictor muscle 
Middle temporal artery 

Deep temporal nerves and posterior 


deep temporal artery 
Anterior deep temporal artery 
Masseterie nerve 

Posterior superior alveolar branches of 
maxillary artery and nerve 


Prerygoid branches of manclibular 


Posterior superior alveolar artery 
Lateral pterygoid plate and medial 
pterygoid musele 

Infraorbital nerve and artery 
Buccal nerve 


Facial artery 
Parotid duct 


Nerves and blood vessels of the scalp. Scalp and meninges are demonstrated by a 


series of window-like openings. 


A coronal section through the vertex of the skull showing 
the arrangement of the meninges and vessels of the brain, 
ind the pia mater form the 


‘Together the arachnoid mate! 
leptomeniny 


40 Levator velipalatin’ muscle 

41 Gingiva and buccinator muscle 

42. Ascending pharyngeal artery and 
‘superior pharyngeal constrictor muscle 
(pterygopharyngeal part) 

43. Lingual nerve 

44. Submandibular ganglion and tongue 

45. Palatoglossus muscle 

46 Deep lingual artery 


mu 
48 
0 
30 
51 
33 
st 
5s 


Skin 
Galea aponeurotica 
Pericranium (periosteum) 
Skull with diploe 

Dara mater 

Sulbdural space 
‘Arachnofd mat 
Subarachnoid space 

Arachnoid granulations 

Superior sagittal sinus 

Pin mater with cerebral vessels 

Falx eerebri 

Cerebral cortex 

‘Arachnoid and pia mater with 

cortical vessels 

Frontal belly of ocipitofrontal muscle 
Branch of middle meningeal artery 
Lateral and medial branch of 
supraorbital nerve 

Orbicularis oculi muscle 
Zygomatico-orbital artery 
Auriculotemporal nerve, superficial 
temporal artery and vein 

Superior auricular muscle 

Occipital bely of occipitofrontalis muscle 
Branches of greater occipital nerve 
Occipital artery and vein 

Greater occipital nerve 
Sternocleidomastoid muscle 


Cross-section of the scalp and the meninges. The subarachnoid 
space is shown, 


‘Submandibular duct and genioglossus muscle 
Geniohyoid nerve and muscle 

Mylohyoid muscle 

Anterior belly of digastric muscle 

Hyoid bone 

Thyrohyoid muscle 

Omohyoid muscle (superior belly) 
Sternohyoid muscle 

Maxillary artery 


Median sagittal section through the head and neck. 


Falk cerebri ry 
Corpus callosum and septum pellucidum 8 
Interventricular foramen andl fornix 6 
CChoroid plexus of third ventricle and 0 
internal cerebral vein 1% 
Third ventricle and interthalamic adhesion 
Pineal body and colli 

al aqueduct 
Mamillary body and 
Straight sinus 
Fourth ventricle and cerebellum 
Pons and falx cerebell 
“Medulla oblongata 

tral canal 


Cerchet 
Dens of the axis (odontoid process 
Spinal cord 

Superior sagittal sinus 

Anterior cerebral artery 


edullary cise 


Frontal sinus 

Crista gall 

Optic chiasma 

Pituitary gland (hypophysis) 
Superior nasal eoncha 


Middle nasal concha and sphenoid 


Pharyngeal opening of auditory tube 
Superior longitudinal muscle of 
Vertical musele of the tongue 

Uvula 

Genioglossus muscle 

Pharyns, 

Epiglottis 

Geniohyoid muscle 

Mylohyoid muscle 

Hyoid bone 

‘Vocal fold and sinus of larynx 

Esophagus 


Dura mater and venous sinuses of the dura mater. The brain has been removed (oblique lateral aspeet). 


1 Faly cere 
2 Position o 


Prontal sinus 


3 
4 Optic nerves (0. 11) 
6 Oculomotor nerve (o. 111) 


sagital sinus 

sight sinus 

11 Trigeminal nerve (0. V) 

12. Facial and yestibulocochlear nerve 
(n. Vit and n, VII) 

13 Tentorium cerebel 

14 Pituitary gland (hypophysis) 

15 Inferior sagittal sinus 


ind intercavernous sinuses 


Dura mater and venous sinuses 
(left lateral aspect). (Schematic drawing.) 


16 


Median section through the head. Demonstration of dura mater covering the cranial 
cavity. Brain and spinal cord are removed (right half of the head, as seen from 
medial) 


Cranial eavity with dura 
(the right cerebral hemisphere 
has been removed) 

Frontal sinus 

Hypophysial fossa with pituitary 
land 

Sphenoidal sinus 

[Nasal cavity 

Soft palate (uvula) 

Oral cavity 


Tongue 
Skin 

Calvaria 

Dura mater 

Tentorium cerebelli 

Confluence of sinuses 
Infratentorial space (cerebellum 
and part of the brain stem have 
been removed) 

Vertebral canal 

Frontal branch of middle 
‘meningeal artery and veins 
Middle meningeal artery 

Di 

Parietal branch of middle 
meningeal artery and vein 


Occipital pole of left hemisphere 


covered with dura mater 


1 Calvaria and skin of the 
scalp 

2 Dura mater (divided) 

3 Position of lateral sulcus 

4 Frontal lobe covered by 
arachnoid and pi mater 

Frontal sinus 


9 Atlas (anterior arch, 
divided) 
10 Soft palate 


14 Position of central sulcus 
15 Superior cerebral veins 
16 Tentorium (divided) 

17 Cerebellum 

18 Cerebellomedullary cistern 
19. Position of foramen 
‘magnum and spinal cord 
Dens of axis 
Intervertebral dise 


Dissection of the brain with pia mater and arachnoid in situ, The head is cut in half 
except for the brain, which is shown in its entirety, 


Superior cerebral veins 
Position of central sulcus 
Position of lateral suleus and 
cistern of lateral 


cerebral fossa 
Frontal pote 

Lateral suleus (arrow) 
Temporal pole 

Pons and basilar artery 
Vertebral arteries 


Superior anastomotic vein 
10 Occipital pole 

LL Inferior cerebral veins 

12 Hemisphere of cerebellum 
13 Medalla oblongata 


Brain and brain stem, median section. Frontal pole to the right. 


sdian section through the head. (MR-Scan, cf. section on opposite 


Parietal lobe 
‘Thalanus, 


CCollculi of the midbain and 
cerebral aqueduct 


Compas callosum 
Frontal lobe 

FFornix and anterior commissure 
Hypothalamus 

Opti chiasma 

Midbrain 

Temporal lobe 

Pons 

Fourth ventricle 

Spinal cord 

Inferior concha and nasal cavity 
Alveolar proces of maxilla 


of pharynx 
lar process of mandible 
Epiglotts 


Frontal lobe of cerebrum 
Occipital lobe of cerebrum 


1 
3 

4 Anterior commissure 
5 Laming terminalis 


9 Colca ofthe midbrain 
10 Mibrain (inferior portion) 
11 Cerebellum 


12 Pons 
13 Fourth ventricle 
1 Mediulla oblongata 


15 Central canal 
16 Spinal cord 


Median section through the head. Regions of the brain, Falx cerebri removed. 


I. Prosencephalon Telencephalon (cerebral 


(forebrain) — —__hemispheres, striatum, ete.) 


Diencephalon (thalamus, 
‘metathalamus, hypothalamus, ete.) 


| 11. Mesencephaton Mesencephalon (collicul 


(midbrain) cerebrail peduncles, tegmentum) 


IIL, Rhombencephalon _— 4. Metencephalon (pons, 
(hindbrain) = i) 
™ ephalon (medulla 
a) 


{ 
{rm 


visions of the brain 
rimary brain vesicles; I-S = secondary brain vesicles 


Scheme of brain divisions (cf. table. 

Red = choroidal plexus (Schematic drawing.) 

1 Telencephalon (yellow) with lateral ventricles, 

2 Diencephalon (orange) with III ventricle, 
‘optic nerve and retina 

3 Mesencephalon (blue) with cerebral aqueduct 

4 Metencephalon (green) with IV ventricle Midbrain, pons and medulla oblongata are collectively termed the 

‘5 Myelencephalon (yellow-green) brain stem. 


Reality and Consciousness in 
Education and Activity 


AP Smirnov 


Vice president of International Club of Scientists 
1190031, Saint Petersburg, Kazanskaya str, 36 
‘Tok: +7 (812) 212-0508, 

E-mail: science@shaping.org 


Relation of thought to existence is the main question of 
philosophy as science on general laws of Nature was 
formulated but it still did not interpreted and solved in 
the frames of generally accepted logic standards. The 
ways to solve it lead to futile discussions of materialists 
and idealists, to senseless disputes of determinists with 
eclectics and apologists of the “chance”. This 
discussion lost its sense without a determination of 
terms under discussion and condemned debaters to 
have subjective “gustatory” senses, which were 
changing while aging and depended on the extent of 
received and conceived knowledge. Such is the situation 
in this link of World studying, which does not allow 
creating a logic chain of reasoning in the understanding 
of cognizable things, 


A paradoxicality of all things that happen is connected 
with incorrect translations and interpretation of 
wisdom of ancient philosophers and scomful attitude 
both to the knowledge of distant past and classical 
heritage, which highlighted the elements of natural- 
science approach to Weltanschauung. 


According to Plato, an ideal thing is a visual thing, 
which can be felt by our organs of sense. Therefore, the 
understanding of objective reality is mediated by the 
crowd of our feelings in such a way that perception of 
reality by means of these feelings gives us a notion of 
the World. Hence, our notions about reality are the 
subject of research in science, but not the World itself, 
i.e. the World outside of our consciousness. So, what 
should be studied in our notions about the World? Let 
us refer to the wisdom of ancient scientists again: “ The 
World is given in motion and its laws are the laws of 
motion”. Then, we should speak about laws, order, ie. 
about relation and interrelation in the phenomena of 
motion. This is the distinctness in notions and actions 
(determinism) to predetermine further development of 
reality cognition logic, i.e. what has an influence on us 
and determines specific character of our perception, 
Further we can speak about formation of ideas about 
reality, which require some premises, principles to 
organize these ideas. These principles are given in 
classical heritage, in “Dialogues” by G. Galilee [1] and 
“Mathematical principles of natural philosophy” by I 
Newton [2]. A notion of force as a measure for 
momentum was introduced, which manifests in action 
and disappears from the body after the action is over, 
and the body keeps its new state due to the inborn 
“inertia force”. But the force itself cannot do anything 
without its application with a certain speed. Then we 


introduce a notion of action as a product of acting force 
F, and the speed of action V,. 


We offer a law of interaction, which determines the 
interaction between action of the cause and the effect 
appeared during this action as a reaction, ie. the 
product of the force of reaction F, and the speed of 
reaction V,. Thus, this interaction between the cause 
and the effect is determined by the transfer of action 
from one object to another in equal quantity, but with 
appearance of new quality, which is determined by 
specificity of interacting objects according to 
fundamental law of interaction: 


F,V,= 


Unfortunately, an incorrect interpretation of interaction 
manifestation as an opposite counteraction became 
strong in our mind. This manifestation is perceived as a 
compensation of cause by action of the effect. Moreover, 
the incorrect way of writing of the mathematical form 
of Newton's third law manifestation established in 
textbooks and scientific literature due to the incorrect, 
translation as F, =-F,. This very tragic situation for the 
science suppressed the development of logic in 
description of processes. Chance and statistic approach 
to the description of phenomena has taken place in our 
perception. This approach is based on the model of non- 
interacting elements, in which there is no order 
stipulated by the interrelation of elements. The science 
has developed this model and its properties, and this 
fact predetermined the evolution of notions about real 
World. 


This ideology penetrated in mathematics, which for sake 
of physics began to study properties of objects, but not 
operations with them. Moreover, a possibility to reflect 
specific character of real physical processes in the 
interconnection of cause-effect relations by 
mathematical operations is not realized. It is essential, 
that fundamental law of interaction establishes 
manifestation and description of elementary act of cause 
and effect interrelation, the law of manifestation of a 
Fact. It means that order in the World is conceived 
through manifestation of concrete facts. The action of 
law of interaction lies in the basis of these facts, 


So, there is a conclusion: the World is perceived 
through the discrete manifestation of motion forms 
evolution. Hence, the discrete mathematics of finite 
discrete aggregate can be applied to describe the World, 
but not the continual mathematics, which lies in the 
basis of traditional orthodox physics. All these 
circumstances lead to numerous problems and 
difficulties in description of our notions of reality, to the 
plenty of used principles, which are in contradiction to 
each other, as R. Feinmann noticed once [3] 


And what we can get from determinism, which is based 
on fundamental law of interaction, law of cause and 
effect interrelation? The change of force value in a 
reaction takes place, i.e. the change of value of the 
potential gradient, i.e. the change of energy 
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Superior cerebral veins and parietal 
Ibe 


Frontal lobe 
3. Superficial middle cerebyal vein and 
cistern of lateral cerebral fossa 


cerebral veins and 
se occipital sulew 

Interior anastomotic vein 

Cerebellum 

9 Medulla oblongata 


al sulcus the cistern of, 


Brain with pia mater. Cerebral yeins (bluish). In the Ia 
the lateral fossa is recognizable. Frontal lobe to the le 


Arteries of the brain. Coronal section. Areas supplied by 
and central arteries, Dotted lines indicate boun 
arterial supply areas; arrows: direction of blood flow 


Coronal section through the right hemisphere showing 
arachnoid, pia mater, and the arterial blood supply 
(anterior aspect), 


1 Anterior cerebral artery 8 Caudate nucleus 15 Pallidostriate artery 
2. Middle cerebral arteries 9 Internal capsule 16 Thalamic ar 

3. Arachnoid 10 Insular lobe 17 Corpus callosum 
4 1 Claustrum 18 Pellucid septum 
5 12 Putame 19 Lateral ventricle 


13. Posterior striate branch 20. Optic ehiasm 
M4 Insular artery 


Arteries of the brain. 


1 Insula 

2. Middle cerebral artery [2 branches: 
a) Parietal branches, 
b) Temporal branches} 

3. Basilar artery 

+ Vertebral artery 

5 Central sulcus 

6 Occipital lobe 

7 Superior cerebellar artery 


8 Cerebellum 

9 Anterior cerebral artery 

10 Ethmoidal arteries 

LL Ophthalmic artery 

12 Internal carotid artery 

13 Posterior communicating artery 
artery 

1S Anterior inferior cerebellar artery 
ebellar artery 


14 Posterior cereb 


Cerebral arteries, Lateral aspeet of 
the left hemisphere. The upper part 
of the temporal lobe has been 
removed to display the insula and 


cerebral arteries 


Interventricular foramen 
Septum pellucidum 

Frontal lobe 

Anterior cerebral artery 

Anterior commissure 

(Optic chiasma and infundibulum 
Mamillary body 


8 Cculomotor nerve (0, 1H) 
9 Pons 

10 Basilar artery 

11 Corpus callosum 

2 Fe 

13 Choroid plexus 


and cerebral aqueduct 
17 Fourth ventricle 

18 Cerebellum (arbor vitae, vermis) 
19° Median aperture of Mazendie 
20. Medulla oblongata 


Median section through the brain 
and brain stem. Cerebral arteries 
injected with red resin. 


1 Anterior communicating 

2 Left anterior cerebral artery 

3. Internal carotid artery 

4 Poos and left superior 
cerebellar artery 

5 Anterior inferior cerebellar 
artery 

6 Posterior inferior cerebellar 
artery 

7. Medulla oblongata 

8 Right anterior cerebral 

9 Olfactory tract 

10 Optic nerve 

11 Middle cerebral artery 

12. Infundibulum 

13 Oculomotor nerve and 
posterior communicating 
artery 

4 Posterior cerebral artery 

15 Basilar artery and abducens 

nerve (n. VI) 

6 Anterior spinal artery 
‘Vertebral artery 

Cerebellum 


byrinthine arteries 
20. Posterior spinal artery 

21 Right superior cerebellar 
22 Olfactory bulb 


Arteries of the base of the brain, arterial circle of Willis. 


atic drawing.) 


Anterior cerebral artery 
‘Anterior communicating 
Middle cerebral artery 

Posterior communicating 
‘Ocalomotor nerve 


Internal auditory artery 
acial nerve and 
vestibulocochlear nerve 
Glossopharyngeal nerve and 
vagus nerve 

Hypoglossal nerve 
Accessory nerve 

Anterior inferior cerebellar 
Falx cerebri 

Optic nerve 

Optic chiasma 

Infundibulum and pituitary 
land 

Anterior choroidal artery 
and choroid plesus 

asilar artery 

Abducens nerve 


sagital sinus and 
of sinuses 
Anterior spinal artery 
Internal carotid artery 
Superior cerebellar artery 
Anterior inferior cerebellar 
terior inferior cerebellar 


Posterior spinal artery 
‘Ophthalmic artery 


Arterial circle of Willis (superior aspect) 


(Schematic drawing.) 


1 Central sulcus 
2 Pre 


Precentral sulcus 


4 Frontal lobe 
5. Anterior ascending ramus of lateral suleus 
6 Anterior horizontal ramus of lateral sulcus 
7 Lateral sulew 

8 Temporal lobe 

9) Parietal lobe 

10 Postcenteal gyrus 


11 Postcentral sulcus 
12 Occipital lobe 
13. Cerebellum 

14 Super 

15 Middle froatal gyrus 
16 Lunate sulcus 


17 Longitudinal fissure 
18 Arachnoid granulations 


Brain, left hemisphere (lateral aspect). Frontal pole to the left 


Pink Frontal lobe 
Blue Parictal lobe 

Green = Occipital lobe 
Yellow Temporal lobe 


Dark red = Precentral gyrus 
Dark blue = Posteentral gyrus 


Brain (superior aspect), Right hemisphere with arachnoid and pia Brain (superior aspect). Lobes of the left 
mater hemisphere indicated by color; right hemisphere 
is covered with arachnoid and pia mater. 


1 Premotor area 
2. Somatomotor area 
3 Motor speech area of Broca 
4 Acoustic area 

(red: high tone; blue: low tone) 
5 Somatosensory area 
6 Sensory speech area of Wernicke 
Real 
8 Visuosensory area 


comprehension area 


Brain, left hemisphere (lateral aspect). Main cortical areas are colored. 
The lateral sulcus has been opened to display the insula and the inner surface of 
the temporal lobe, 


1 Precenteal gyrus 

2 Precentral sulcus 

3. Superior frontal gyrus 

4 Central suleus 

5 Middle frontal gyrus 

6 Inferior frontal gyrus 
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9 Posterior ramus 

10 Superior temporal gyrus 

11 Midate temporal gyrus 

12 Inferior temporal gyrus 

13 Parietal lobule 

14 Postcentral sulcus 


15 Postcentral gyrus 
16 Supramarginal gyrus 
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18 Occipital lobe 
19. Cerebellum 
20 Horizontal fissure of cerebellum 
21 Medulla oblongata 


Brain, left hemisphere (lateral aspect). Frontal pole to the left 
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3. Cingulate suleus 

4 Cingutate gyrus 

5. Sulcus of corpus eallosum 
6 Forix 
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pus callosum 
8 Interventriculae foramen 
9 Intermediate mass 
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11 Optic chiasma 

12 Infant 

13 Uneus hippocampi 

14 Posteentral gyrus 

15 Body of corpus callosum 

16 Third ventricle and thalamus 
Stria medullaris 

18 Pariet 
19. Splenium of corpus callosum 


20 Communication of ealearine and 


parietoocciital sulcus 
21 Calearine suleus 
Brain, right hemisphere (medial aspect). Frontal pole to the left 22 Pineal body 
(midbrain divided, cerebellum and inferior part of brainstem removed) 23 Mamillary body 

24 Parahippocampal gyrus 
25. Olfactory bulls 
26 Olfactory tract 


27 Gyrus rectus 
28. Optic nerve 

29 Infundibulum and optic chiasma 
M1 Optic tract 

31 Oculomotor nerve 


Pedunculus cerebri 


al aqueduct 

35 Corpus callosum 

36 Longitudinal fissure 

37 Orbital gyri 

38 Lateral root of olfactory tract 

39 Medial root of olfactory tract 

40. Olfactory tuberele and anterior 
perforated substance 


41 Tuber cinereum 


42. Interpeduncular fossa 
13 Substantia nigra 

44 Collicul of the midbrain 

45. Lateral occipitotemporal gyrus 
46 Medial occipitotemporal gyrus 


Pink Frontal lobe 
Blue = Parietal lobe 
Green = Occipital lobe 
Yellow = Temporal lobe 
Dark red = Precentral lobe 
Dark blue = Postcentral lobe 
Orange Limbie cortex 
(cingulate and 
Brain (inferior aspect). Midbrain divided, Cerebellum and inferior part of brain parahippocampal 


stem removed, Frontal pole at the top. ayri) 
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Brain (sagittal section). Frontal pole to the left 


, With pia mater and blood vessels (inferior aspect). 


Precentral gyrus 
Cingulate gyrus 
CCingulate sulews 
Septum pellucidum 
Genw of corpus callosum 
Fornix 

Frontal lobe 

Anterior commissure 
Hypothalar 
Optic chiasma 
Infundibulum 


culomotor nerve 
Uncus 
Temporal lobe 
Pons 
Central suleus 
Posteentral gyrus 
Body of corpus callosunt 
Interventricular foramen (arrow) 
Parietooceipital sulcus 
Intermediate mass 
Splenium of corpus callosum 
Pinesl boy 
Calcarine sulcus 
CCollicul of midbeain 
Cerebral aqueduct 
Occipital lobe 
Mamillary body 
Fourth ventricle 
Vermis of cerebellum 
Right hemisphere of cerebellum 
Median aperture of Magendlic (arrow) 
Medulla oblongata 
Olfactory tract, 
Optic nerve 
Internal carotid artery 
Interpeduncular cistern 
Superior cerebellar artery 
Anterior inferior cerebellar artery 
Vertebral artery 
Posterior inferior cerebellar artery 
Basilar artery 

erve (n. V) 


Trigeminal 
Facial nerve (n. VU) 
Accessory nerve (n. XI) 
hypoglossal nerve (n. XII) 
Cerebellum 


Cerebellum (inferior anterior aspect). The cerebellar peduncles have been 


Cerebellum (inferior posterior aspect). 


‘Median section through the cer 


llum, Right cerebellar hemisphere and right half of vermis. 


erior cerebellar peduncle 
Middle cerebellar peduncle 
Cerebellar tonsil 

Inferior semilunar lobule 
Vermis 

Central lobule of vermis 
Inferior cerebellar peduncle 
Superior medullary velum 
Nodale of vermis 
Flocculus 

Biventral lobule 

Left cerebellar hemisp 
Inferior semilunar lobule 
Biventral lobule 

‘Vermis of cerebellum 
Tuber of vermis 
Pyramid of vermis 
‘Uvuta of vermis 
Tonsil of cerebellum 
Floccule of cerebellum 
Right cerebellar hemisphere 
Veriis (central lobule) 
Cerebellar lingula 

Ala of central lobule 
Superior cerebellar peduncle 
Fourth ventricle 

Middle cerebellar peduncle 
Node of vermis 

Flocculus of cerebellum 
Cerebellar tonsil 
Culmen of vermis 

Declive of vermis 

Tuber of vermis 

Inferior semitunar lobule 
Pyramis of vermis 


Uvula of vermis 


Brain and cerebellum (inferior aspect). Parts of the cerebellum have been removed 
to display the dentate nucleus and the main pathway to the midbrain 
(cerebellorubral tract), 


Dissection of the cerebellar peduncles and their connection with midbrain 
and diencephalon. A small part of pulvinar thalami (*) has been cut to show 
inferior brachium. 
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Otfactory bul 
Olfactory tract 

Lateral olfactory stria 

Anterior perforated substance 
Infundibulum (divided) 
Mamillary body 

Substantia nigra 

Pedunculus cerebsi 

Red nucleus 
Decussation of superior cerebellar 
peduncle 

Cerebellar hemisphere 

Medial olfactory stria 

Optic nerve 

Optic chiasma 


Optic tract 
Posterior perforated substance 
Tnterpeduncular fossa 

‘uperior cerebellar peduncle 
and cerebellorubral tract 
‘ermis of cerebellum 
Cingulate gyrus 
Corpus callosum 
Stria terminalis 
Septum pellucidum 
‘Columna fornicis 
Cerebral peduncle at midbrain level 
Pons 
Inferior olive 
Medulla oblongata with lateral 
pyramidal tract 
‘Occipital lobe 
Calearine suleus 
Thalumus 
Inferior colliculus with brachium 
Medial lemniscus 
Superior cerebellar peduncle 
Inferior cerebellar peduncle 
Middle cerebellar peduncle 
Cerebellar hemisphere 


Dentate mi 


concentration. This circumstance is visually 
demonstrated by the operation of Archimedean lever 
as well as in all phenomena of the real World. This is 
Archimedean lever, where the loss of speed takes place, 
‘but there is a gain in force. And the load raised on a 
lower height than the way, which was made by the 
applied force, will give a huge power during its free 
fall. This power is higher in so many times, in how many 
times the time of the load fall is less than the time of 
action spent on its raising! And this is the fact, which 
determines specific character of creation in the real 
World. We should attribute both quantitative and 
qualitative characteristics to energy. This is the side of 
energy manifestation, which is reflected in Plank's 
formula: energy is proportional to frequency. 


Manifestation of fundamental law of interaction also lies 
in the basis of general universal regularity of evolution 
of real many-particle systems with the change in 
external conditions. This process develops in multistage 
way, and on the each stage the logarithm of the ratio 
between the event happened and the event to happen 
always is equal to the work of external forces. In other 
words, the relation of the event happened to the 
resource is in exponential dependence on the initial 
conditions and extent of external influence. Exponential 
character of development of processes is the evidence 
that Nature develops according to the law, which 
conserves itself during evolution. This regularity, which 
manifests everywhere, can be naturally called the 
Principle of Order. 


Fundamental law of interactions and Principle of Order 
appeared to be enough to describe and understand 
phenomena in the observed World. And it is natural to 
expect that this principle of Nature manifest in finer 
World also. This World includes lower and higher 
frequencies, which are not available for us yet to watch 
this wide-range frequency-wave emanating Universe. 


From all aforesaid we should make a conclusion that 
the logic, which exists in the traditional physical tool, 


appeals to the model and principles of the World of non- 
interacting elements using the range of regularities, 
which also reflect some features of the real World, but 
they do not include fundamental law of interaction and 
Principle of Order, which are necessary and sufficient 
to describe reality. Descriptions existing in traditional 
physics are phenomenological ones and concern only 
those aspects of the phenomena under investigation, 
which do not include possible qualitative changes 
during development of processes, because the main 
property of real processes of interactions (creation of 
new energy property) was excluded. 


‘The current situation in physics had a strong influence 
on formation and development of other sciences, other 
fields of knowledge, since the logic of reflection of cause- 
effect links was initially excluded. These are the links 
to determine existence, i.e. existence of constant 
creation of the World. All these circumstances give 
grounds to fundamentally revise educational programs, 
first of all, in physics, philosophy, mathematics, 
chemistry and biology. A change to the offered logic of 
cognition, which is based on the Principle of Order and 
fundamental law of interaction, will fundamentally 
change our notions about the World as well as will open 
‘big opportunities for new technique and technology. A 
Man has got huge opportunities in cognition and 
existence, but due to his immorality and features of 
incorrect aims in the logic of cognition he cannot use 
these gifts of Nature. We present wider and deeper view 
on the World and a Man in it, which allow analyzing, 
watching and operating with those fields of reality, 
which manifest in finer World, World of higher-frequency 
energies and other structures of fields. Logic of cognition 
had not touched these structures yet. 
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‘Two kinds of energy, accumulated energy [1] and free 
energy [2], are considered as an inexhaustible source 
of natural energy created by Nature itself. It is 
ecologically clean and possible tobe renewed in natural 
conditions. 


‘The energy accumulated in substance is released as a 
result of partial decay of substance in elementary 
particles. At that, the acquired defect of mass is so small 
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that it does not change chemical properties of substance 
and is compensated in natural conditions. Physical 
mechanism of energy-release lies in the fact that an 
electron in plasma layerwise takes sufficiently smaller 
elementary particles (electrino) from positively charged 
atoms or fragments of substance (ions). Electrino give 
their kinetic energy to plasma, heat it up and move 
beyond the bounds of reaction zone in the form of 
thermal and optical radiation. There is no substance, 
which could not take part in such process of energy- 
release, ie. phase transfer of higher form (PTHF). The 
most appropriate, available and low-cost substances 
are air and water, which play the role of nuclear fuel in 
PTHE It is tumed out that usual combustion is also a 
process of PTHF, in which oxygen is a nuclear fuel and 
organic fuel is a donor of electrons. In the process of 
combustion oxygen atoms get the defect of mass equal 
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Dissection of the brain I. The fiber system of the corpus callosum has been 
displayed by removing the cortex lying above it, Frontal pole at top. 
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Dissection of the brain T 
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Dissection of the limbic system, Left side, lateral aspect. Corpus callosum has been cut in the median plane, The left thalamus 
and the left hemisphere have been partly removed, 
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Median section through the diencephalon and midbrai 
hypothalamic nuclei. 


Position of main hypothalamic nuclei. (Schematic diagram.) 
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Brain stem (dorsal aspect). Cerebellum removed. 


concentration. This circumstance is visually 
demonstrated by the operation of Archimedean lever 
as well as in all phenomena of the real World. This is 
Archimedean lever, where the loss of speed takes place, 
but there is a gain in force. And the load raised on a 
lower height than the way, which was made by the 
applied force, will give a huge power during its free 
fall. This power is higher in so many times, in how many 
times the time of the load fall is less than the time of 
action spent on its raising! And this is the fact, which 
determines specific character of creation in the real 
World. We should attribute both quantitative and 
qualitative characteristics to energy. This is the side of 
energy manifestation, which is reflected in Plank's 
formula: energy is proportional to frequency. 


‘Manifestation of fundamental law of interaction also lies 
in the basis of general universal regularity of evolution 
of real many-particle systems with the change in 
extemal conditions. This process develops in multistage 
way, and on the each stage the logarithm of the ratio 
between the event happened and the event to happen 
always is equal to the work of external forces. In other 
words, the relation of the event happened to the 
resource is in exponential dependence on the initial 
conditions and extent of external influence. Exponential 
character of development of processes is the evidence 
that Nature develops according to the law, which 
conserves itself during evolution. This regularity, which 
manifests everywhere, can be naturally called the 
Principle of Order. 


Fundamental law of interactions and Principle of Order 
appeared to be enough to describe and understand 
phenomena in the observed World. And it is natural to 
expect that this principle of Nature manifest in finer 
World also. This World includes lower and higher 
frequencies, which are not available for us yet to watch 
this wide-range frequency-wave emanating Universe. 


From all aforesaid we should make a conclusion that 
the logic, which exists in the traditional physical tool, 


appeals to the model and principles of the World of non- 
interacting elements using the range of regularities, 
which also reflect some features of the real World, but 
they do not include fundamental law of interaction and 
Principle of Order, which are necessary and sufficient 
to describe reality. Descriptions existing in traditional 
physics are phenomenological ones and concern only 
those aspects of the phenomena under investigation, 
which do not include possible qualitative changes 
during development of processes, because the main 
property of real processes of interactions (creation of 
new energy property) was excluded. 


‘The current situation in physics had a strong influence 
on formation and development of other sciences, other 
fields of knowledge, since the logic of reflection of cause- 
effect links was initially excluded, These are the links 
to determine existence, i.e. existence of constant 
creation of the World. All these circumstances give 
grounds to fundamentally revise educational programs, 
first of all, in physics, philosophy, mathematics, 
chemistry and biology. A change to the offered logic of 
cognition, which is based on the Principle of Order and 
fundamental law of interaction, will fundamentally 
change our notions about the World as well as will open 
big opportunities for new technique and technology. A 
Man has got huge opportunities in cognition and 
existence, but due to his immorality and features of 
incorrect aims in the logic of cognition he cannot use 
these gifts of Nature. We present wider and deeper view 
on the World and a Man in it, which allow analyzing, 
watching and operating with those fields of reality, 
which manifest in finer World, World of higher-frequency 
energies and other structures of fields. Logic of cognition 
had not touched these structures yet. 
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‘Two kinds of energy, accumulated energy [1] and free 
energy [2], are considered as an inexhaustible source 
of natural energy created by Nature itself. It is 
ecologically clean and possible tobe renewed in natural 
conditions. 


‘The energy accumulated in substance is released as a 
result of partial decay of substance in elementary 
particles. At that, the acquired defect of mass is so small 
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that it does not change chemical properties of substance 
and is compensated in natural conditions. Physical 
mechanism of energy-release lies in the fact that an 
electron in plasma layerwise takes sufficiently smaller 
elementary particles (electrino) from positively charged 
atoms or fragments of substance (ions). Electrino give 
their kinetic energy to plasma, heat it up and move 
beyond the bounds of reaction zone in the form of 
thermal and optical radiation. There is no substance, 
which could not take part in such process of energy- 
release, i.e. phase transfer of higher form (PTHF). The 
most appropriate, available and low-cost substances 
are air and water, which play the role of nuclear fuel in 
PTHE It is turned out that usual combustion is also a 
process of PTHE, in which oxygen is a nuclear fuel and 
organic fuel is a donor of electrons. In the process of 
combustion oxygen atoms get the defect of mass equal 


Coronal section through the brain at the level of the anterior commissure 
Section 1 


Coronal section through the brain at the level of the third ventricle and the 
interthalamic adhesion, Section 2 
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Cross-section through the rhombencephalon at the level of 


Cross-section through medulla oblongata and cerebellum 
pons (inferior aspect). Section 5 


(inferior aspect). Section 7, 


Coronal section at the level of inferior colliculus Right half of the brain, Levels of the sections 
(posterior aspect), Section 3, are indicated. 


Horizontal section through the head, Hors 


I section through the head. 


Section 2 


MR-Scan of the human head at the level of section 2 
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Horizontal section through the head. (CT-Scan.) Section 3. 
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Internal acoustic meatus, left side. The bone was partly removed to show the 
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gitudinal section through the outer, middle and inner ear IT. Deeper dissection to display facial nerve and lesser and greater 


petrosal nerves (anterior aspect). 
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Right temporal bone (lateral aspect). Petrosquamous portion has been partly 0 


removed to display the semicircular canals 21_Apex of cochlea (cupula) 
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Right temporal bone (lateral aspect). Mastoid air cells and facial canal had been 


opened. The 3 semicircular canals were dissected, 


Right temporal bone of the newborn (lateral aspect), 


Frontal section through petrous part. (CT-Scan.) 


to 10*%, which constitutes the so small value that it 
cannot change chemical properties of oxygen and does 
not call killing radioactive emanation, 


‘There is a possibility to use energy properties both of 
oxygen and nitrogen of free air in the process of PTH. 
‘To do this it is necessary to destroy nitrogen molecule 
at least in atoms or smaller fragments by some initiating 
influence. It is achieved by electrical discharge, 
magnetic flow, explosion and other means. These means 
consume much less energy than produced in PTHE. In 
particular, such processes were achieved in combustion 
engines. Such nitrogen mode of operation and 
combustion is accompanied by oxidation to H,O, but 
not to CO,, which is more effective in energy and 
ecological aspects. Accordingly, the power of engine 
increases and organic fuel is saved. Exhausts from this 
process mainly contain water vapor [3] 


PTHF processes with excessive power release (more 
than consumed power) were also obtained in heat- 
generators operating with water. 


Free energy diffused in the surrounding space could be 
transformed into mechanical, electrical or another kind 
of energy by means of vibration-resonance, 
electromagnetic and other energy systems 

Classification of these systems as well as physical 
mechanism of energy transformation is given in [2]. The 
known Searl's engines can serve as an example of 
energy systems working with free energy. 


The developed physical mechanisms of energy-release 
processes will allow to create industrial, stably 
operating, ecologically clean energy systems, which do 
not consume organic and nuclear kinds of fuel, harmful 
for humankind. 
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Introduction 


In techniques and in our life we got used to certain 
physical notions concerning force. We usually use these 
notions in creation of automobiles, airplanes, rockets 
and other techniques, but we don't think about the 
origin of forces in general. Usually appearance of force 
in continuum is connected with presence of momentum 
gradient. 


A number of works, which describe various versions 
about origin of a force appeared [1, 2, 5, 8, 17, 21, 22, 23, 
25, 30, 35, 36, 38, 39]. Different mechanisms of 
appearance of force are considered in these articles. 
Usually they consider origin of a force in one of the fields, 


which are: electromagnetic, gravitational and others. 
There was a theoretical attempt to connect the force 
initiation with energy gradient [33]. Experimental 
proof of force initiation due to energy gradient was 
obtained in the works [7, 38]. 


Below we made an attempt to show the general 
regularity of force initiation, which is connected with 
non-uniform distribution of energy in space. With this 
process, physical nature of any kind of energy and 
specific mechanism of force initiation does not play any 
role. These are only particular cases of general nature 
of force initiation. 


General nature of forces 


We are surrounded by space, which is full of energy. 
Here we mean the energy of any nature: mechanical, 
thermal, electromagnetic and others. Energy is related 
with material world and its value is connected with the 
volume. 


Any particle (volume) of continuum has energy: 
A= A(x, yz.) (0) 


where x, y, z are Eighler's coordinates of the center of 
particle, ¢ is time. 


‘Transmission of energy from one point of space to 
another one can take place by various methods, both in 
connection with energy transmission by material 
particle itself (which is a “carrier” of energy in this case) 
and without such transmission (for example, with wave 
motion). For the volume degenerated in ideal point the 
energy will be zero. That's why it is more comfortable 
to operate with the energy density concluded in the 
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‘Tympanic membrane (lateral aspect), External acoustic meatus 
and facial canal have been opened to expose the chorda 


tympani (magn. ~1,5%) (left side). 
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Frontal section through the petrous 
part of the left temporal bone at the 
level of the eachlea (posterior 
aspect), Position of tympanic 
membrane indicated by dotted line. 


Medial wall of tympanic cavity 
and its relation to neighboring 
structures of the inner ear, facial 
nerve, and blood vessels. (Schematic 
drawing.) Frontal section through 
the right temporal bone (anterior 
aspect). 
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n situ, Semicircular canals and Auditory and vestibular apparatus. Arrows: direction of sound 


cochlear duct opened. waves: blue = perilymphatic ducts. (Schematic diagram.) 
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Acoustic pathway (schematic drawing, compare with figure above), Acoustic areas in the left hemisphere 
(superior lateral aspect). Parts of the frontal 
and parietal lobe have been removed. 
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Frontal section through the posterior part of the orbit. 


Sagittal section through orbit and eyeball. Sagittal section through orbit 
and eyeball. (MR-Scan.) 
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Horizontal section through the human eye (2) Anterior segment of the eyeball (posterior aspect) 
The opacity of the lens is an artifact. 


———— 


1 Commea and anterior chamber 
2 Iris and lens 
Transitional zone between corneal 
and conjunctival epithelium 
4 Conjunetiva of the eyeball 
5. Ciliary body 
1 Ciliary processes (pars plicata) 
b Ciliary ring (pars plana) 
- 6 Zonular fibers 
Organization of the eyeball, Demonstration of vascular tunic of bulb. 
(Schematic drawing.) 8 Vitreous body 
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13. Dura mater and subarachnoid space 
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Fundus of a normal right eye (courtesy of Prof. 
Dr. R. Okamura, Univ. Eye Dept., Kumamoto/Japan). Notice, 
the arteries are smaller and lighter than the veins 


Anterior segment of the human eye (courtesy of Prof 
Dr. G.O.H. Naumann, Eye Dept., University of Erlangen, 
FRG), Note the colored iris and the anterior lens surface, 
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same eye as above. (Courtesy of Prof, Dr. R. Okamura, Univ 
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Schematic diagram of the extraocular muscles, 
Right orbit (from above). Levator palpebrae 
superioris muscle has been severed. 


Right orbit with eyehall and extraocular muscles 
(from above). The roof of the orbit has been 
removed, the superior rectus muscle and the 


levator palpebra 
severed, 


superioris muscle have been 


‘The action of the extraocular muscles. 
Left orbit (anterior aspect), 


‘A. Superior rectus muscle D_ Lateral rectus muscle 
B- Inferior oblique muscle E Inferior rectus muscle 


© Medial rectus muse F Superior oblique muscle 


Left orbit with eyeball and extraocular muscles 
(anterior aspect). Lids, conjunctiva and lacrimal 
apparatus have been removed. 
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6 Corea 17 Inferior oblique muscle 
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lator vevies wansdle: 


increasing constantly. We are the first who analytically 
got the law of gravity of the masses from the known 
‘equation of thermal conductivity. Appeared that on the 
relatively small distances (in the bounds of the Sun 
System) the law of gravity by Newton remains valid, 
but on the larger distances the sudden decrease goes, 
on (Gauss integral), which naturally solves the famous 
Zelinger's paradox of gravity. 


As a conclusion we should note that in the bounds of a 
stable galaxy of a spiral kind there is the circulation of 
ether. Ether moves from the periphery of the galaxy to 
its center (nucleus) by two spiral branches. This 
becomes apparent as a weak magnetic field (8-10 micro 
Gauss). In the nucleus of the galaxy there is the impact 
of two strings as well as there is formation of the spiral 


toroidal circles (protons). Then the protons form the 
adjoined vortexes around themselves (electron shells) 
and from the proton- hydrogen gas the stars are forming, 
which are moving to the periphery by the same 
branches. There they dissolve in ether at the periphery 
since the protons will loose their energy and stability 
due to the viscosity. Ether which have got the freedom 
will return to the nucleus of the galaxy and this process 
is going on in our galaxy for hundreds milliard years 
and it will keep going until the new center of vortex 
formation will begin to concentrate ether. Then the new 
galaxy will appear and our galaxy will disappear. But it 
will not happen soon and we have enough time to 
understand that we should return to the concept of ether 
in modern science. 
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Editor's note: this article represents a part of the big 
scientific conception “World models in the new scientific 
progress". On applying of this conception a great 
number of practical technical devices have been created 
(as an example of such device we offer the description of 
universal electrical bio-heater, which was created by the 
group of researchers from Bishkek, Kyrgyz Science 
Technical Center “Energy” during the work on ceramic 
electroconvector). 


We have to note that the position of our editorial 
board concerning “time” and Kozyrev's work is not 
ina good correlation with the authors' one. 


Nicolay Alexandrovich Kozyrev scientifically and 
experimentally discovered the action of relations’ 
interconnection, which was falsely named as time. Time 
cannot cause action because it is absolute and does 
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not have any physical sense (Samat Kadyrov. 
‘Monograph “Theory of unified field”) 


Author's note: relations’ interconnection is an 
interaction of structurally similar objects. It is a 
nuclear resonant gain-frequency process: in a 
stationary electric field, which is modeled by 
systematic organization, there is a development of 
similar to structural one, in-focus rays of powerful 
regular coherent radiations. These coherent radiations 
are determined by properties of chemical components 
of interrelated substances. 


According to N.A. Kozyrey, it is ought to expect not 
identical density of relations’ interconnection in space. 
Some processes decrease density; others on the contrary 
increase density of relations’ interconnection. Action of 
the increased density is weakened according to the law 
of reversed squared distances; it is shielded by a solid 
matter, at thickness about Scm, and is reflected by a 
mirror, according to the familiar optics law. The action 
of the decreased density on a detector is shielded, but 
does not reflected by a mirror. Properties of a matter 
can be changed under the influence of relations’ 
interconnection. In this sense there is a big advantage 
in changes of electric current conductivity of resistor, 
which is brought into Witson bridge and is located near 
some process. For instance, in order to increase density 
it is useful to realize the process of evaporation of a 
volatile liquid; and for density decrease the process of 
cooling of a warmed-up agent can be realized. Due to 
these processes, change of conductor resistance is 
actually realized with opposite signs. Increase of density 
of the conductor with positive temperature coefficient 
leads to decrease of its resistance. At negative 
temperature coefficient there is an effect of the opposite 
sign, in the direction of changes, caused by temperature 
changes. Such correspondence to fall in temperature 
should be observed at changes of other properties of a 
matter, because disorder in a matter structure is 
reduced along with fall in temperature. The researches 
have shown the following results at the resistor, which 
was situated near processes of acetone evaporation on 
cotton wool and of solution of sugar in water. The 
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to optic chiasma, 


Horizontal section through the human head Diagean 
(M-Scan, courtesy of Prof. W.J. Huk, Erlangen, FRG). 


Arrows = branches of arterial circle of Willis, 
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3-D-Reconstruction of the human visual system (MR-In 
W. J. Huk, University of Erlangen, FRG), 
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Dissection of brain stem in situ. Left hemisphere has been partly removed (compare with 


MR-Image above). 
In binocular vision the visual field (40) is projected upon 
portions of both retinae (blue and red in the drawing). In 
the chiasma the fibers from the two retinal portions are 
combined to form the left optic tract. The fibers of the two 
eyes remain separated from each other throughout the 
entire visual pathway up to their final termination in the 
calcarine cortex (21). Injuries on the optic pathway 
produce visual defects whose nature depends on the loca- 
tion of the injury. Destruction of one optic nerve produces 
blindness in the corresponding eye with loss of pupillary 


light reflex. If lesions of the chiasma destroy the crossing 
fibers of the nasal portions of the retina, both temporal 
fields of vision are lost (bitemporal hemianopsia). If 
both lateral angles of the chiasma are compressed, the 
nondecussating fibers from the temporal retinae are 
affected resulting in loss of nasal visual fields (binasal 
hemianopsia), Lesions posterior to the chiasma (i.e.,optic 
tract, lateral geniculate body, optic radiation or visual 
cortex) result in a loss of the entire opposite field of 
vision (homonymous hemianopsia) 


‘Superficial layer of the left orbit (superior aspect), The Middle layer of the left orbit (superior aspect). The roof 
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Nasal septum, Mucous membrane removed 


Nasal septum. Dissection of nerves and vessels, 
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ty, medial aspect Schematic diagram showing the position of paranasal 
sinuses, openings indicated by arrows. 


Median seetion through the head with nasal and oral eavi 


show the openings of paranasal sinuses, 


Lateral wall of nasal cavity. Openings indicated by red arrows, 
(Schematic drawing.) 
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relative resistance change of resistor was observed at 
the 6" or 5* digit after comma (or even at the 4" digit if 
resistors had especially high temperature coefficient). 


There is now a possibility to study the Universal World 
not only by means of the investigated spectrum of 
electromagnetic oscillations, but also through physical 
properties of relations’ interconnection. 


At many researches the influence of relations’ 
interconnection on resistor electroconductivity was 
investigated. Acetone evaporation (at 10-15 cm distance 
from the resistor) was applied there as the process, 
which controls sensitivity of a system. However, the 
process of evaporation can influence on the resistor not, 
only with density increase, but also due to temperature 
increase that occurs at evaporation. In order to take into 
consideration this cooling effect, (in the area of 
evaporating acetone) temperature was measured by 
Beckman mercurial thermometer with 0.01°C 
multiplying factor. The first experiments (without 
thermal protection) have shown the fall in temperature 
by several hundredth of degree. This fall was enough 
to cause the changes of resistor electroconductivity. 
However, the thermometer had been keeping on the 
demonstration of practically the same fall in temperature 
at thermal insulation of the resistor. The thermometer 
reacted on the radiation of relations’ interconnection at 
acetone evaporation. 


‘The part of the thermometer with a placed in a 
pasteboard tube mercury tank was laid round with 
cotton wool and put into a glass retort. The experimental 
process was fulfilled near the retort, and the reading of 
mercury altitude in capillary was determined by the 
scale of the thermometer through the closed window 
in the next room. The mercury altitude was decreased 
at dissolution of sugar in water (with steady 
temperature) and it was increased at the release of the 
squeezed spring, which was placed near the 
thermometer. 


‘The radiation of the relations’ interconnection was 
observed from many stars. It is caused by the inner 
processes, which take place on these heavenly bodies. 
The Sun (with its turbulent processes) radiates the 
relations’ interconnection besides the searched 
electromagnetic radiation. Actually, if sunlight is 
recovered with a thin screen, the significant influence 
on the resistor will be discovered. The influences of 
the Sun to the Earth through the relations’ 
interconnection become doubtless. These influences of 
the Sun should have a particular significance in vital 
functions of organisms, because it brings the beginning 
for life support. The totality of the researches 


demonstrates the dependence of matter state from the 
changes of the general background of the relations’ 
interconnection. The drift of the devices (that show daily 
changes) usually stops about at midnight and then 
changes its direction. As for the seasonal course, there 
is a density decrease of the relations’ interconnection 
in spring and summer; and there is an increase of it in 
autumn and winter. It is connected with the absorption 
of the relations’ interconnection by the vital functions 
of plants and with the return of it at their fading. There 
are indications at the seasonal changes of chemical 
processes, For instance, reaction of polymerization has 
more difficulties in its realization in springtime. V. 
Zhvirilis observations of minimum and maximum light 
admission by means of the crossed Nickolya prisms can 
be explained by the crystalline reconstruction of these 
prisms. 


By Kozyrev, as being invisible, vital source is 
disseminated everywhere in Nature, thus possibility of 
its accumulation is the only necessary thing. Such a 
possibility is realized in vital organisms because all vital 
functions counteract to the usual course of systems’ 
destruction. The ability of organisms to keep and 
accumulate this counteraction is the reason, which 
determines the great role of biosphere for the Earth life. 
But even if we assume, that spreading of life in Space 
is one of its peculiar properties, biosphere will not have 
a decisive significance. 


Cosmic bodies (and first of all stars) can serve as the 
reservoir, which gathers vital source. Enormous stocks 
of energy flow out of stars in a very weak degree through 
the radiation of comparatively cold external layers. Inner 
stars energy is preserved so well, that even at the lack 
of supplement, matter of the Sun would become cold 
only at one third degree per year. For the Universe the 
creative source carries the relations’ interconnection. 
‘Thus cosmic bodies are necessary for support of life. 


Author's note: We apprehend relation’s interconnection 
as natural radioactive background. In fact, it is a nuclear 
resonance gain-frequency interaction of inertial masses 
that depends on living systems, especially on its rituals 
and that regulates its survival. Cosmic bodies regulate 
this process. Humanity is able to control nature only 
obeying to natural laws. In-focus beams of powerfullaser 
streams are formed in the electric field of living system 
organisms. The creation of proton-antiproton pair in the 
living cells, alongside with the process of the absolute 
release of energy serves as a creative vital force. The 
process of radiation, support, absorption of energy by 
the organization (assembly of particles) is realized 
through the relation’s interconnection and regulates its 
total mass. 


Humanity is able to control nature only obeying to 
natural laws. 
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Nerves of the lateral wall of nasal cavity I, Carotid canal opened, mucous membranes of 
pharynx and nasal cavity partly removed, 
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Dissection of palatine tonsil located in the lateral wall [Nerves of the lateral wall of nassal cavity. Body of sphenoid 
of the nasopharynx (left side). Root of tongue reflected. bone appears transparent (schematic drawing). 


Horizontal section through the nasal cavity, the orbits and temporal lobes of the brain at the level of pituitary gland, 
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Dorsal surface of the tongue and laryngeal inlet. 
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Submandibutar triangle, deep dissection. Right side, Mylohyoid muscle has been severed 


and reflected to display the lingual and hypoglossal nerves. 
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Dissection of major salivary glands. Left mandible and buecinator Location of the major salivary glands in 
muscle partly removed to view the oral cavity (inferior lateral aspect) relation to the oral cavity. 
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Cervical vertebra and the organization of the neck. 
(Schematic drawing.) 
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Median section through adult head and neck. Note the low position 
of the adult larynx when compared with that of the neonate (ef. with 
figure below). 


Median section through neonate head and neck. Note the high Sagittal section through the head. 
position of the larynx permitting the epiglottis nearly to reach the (MR-Sean.) 


uvula (cf. with the figure above). 
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Universal electrical bio-heater is intended for heating of 
rooms and preventive clearing of an air atmosphere from 
disease-producing organisms at continuous exposition 
(continuous work). The principle of its work 
fundamentally differs from those of the existing 
analogues. Carbon crystals are in the basis ofbio-heater, 
which makes it environmentally appropriate. 


Bio-heater represents a range of ceramic cylinders, 
jointed with metal plates on top and underneath. These 
plates play the role of load-carrying structure. It is used 
in production areas and living rooms for heating 
alongside with destruction of pathogen microorganisins 
One bio-heater with 0,2 kWtt power is oriented for 
heating of the area with volume 35-45m°(in the future 
production of modernized models powered from solar 
cells is planned). 


As distinct from the usual oil heater, preventive electrical 
bio-heater destructs agents of infectious diseases, 
whereas, according to the researches, oil heater 
stimulates their reproduction. 


Absolute ecological cleanness is obtained by release of 
the quarters from the effect of increased atmospheric 
dampness with the temperature, appropriate to sanitary 
code. Any type of mold or fungus disappears in the 
quarter and in the future these forms do not renew their 
existence (even after removal of bio-heater). 


‘The absence of injurious radiations is attained by the 
following: features of raw material, which is used during 
the process of electrical bio-heater production; radiation 
is normal during bio-heater working. Pollution-free 
temperature influence is attained by favorable infrared 
radiation. 


Among the other properties of electrical bio-heater there 
are following: fire-safety; explosion proof; chemical 
inertness; enormous effectiveness from the point of view 
of electric energy demand. Structural simplicity 
facilitates its durability; there is nothing in bio-heater to 
be broken. 


‘Technical aspects (applied Know How): In the process 


of technologie production of ceramic cylinders, from 
which bio-heater is consisted, diamond-like cellular 
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ceramic structure with superimposed combination of 
atoms of lattice elements is created. Rhythmic work of 
cells, which form ceramic mixture, leads to resonance 
and creates a kind of blow wave (at micro level). This 
blow wave physically destroys microorganisms that 
have no calcium framework. It is related only to those 
microorganisms that are agents of infectious diseases, 
such as: staphylococcus, enterococcus, enterobacterium, 
etc. Thus parameters of the evoked blow wave coincide 
with vibration frequency of the definite types of 
bacterium and elementals. These blow waves cause the 
similar effect in room near of bio-heater, e.g. colonies of 
microorganisms are noticeably decreased there (even 
at the absence of bio-heater in the nearest room). 


Due to its self-organization, bio-heater works in the range 
of living systems, it is approached to them. There is a 
realization of active connection with living coaly forms 
of biological systems. Actually the work of bio-heater is 
adjusted to them. Bio-heater properties can be 
programmed at the process of its production. 


Bio-heater is a patented product. Patent KR 
#464 MKI C 04 V 33/24 “Ceramic mixture, 
possessing heat-radiating properties”. 
Application #20010075.1 at Patent KR #464 
MKI C 04 V 33/24 “The way of creation of 
energy, renewable, programmed hard-phase 
ceramic-carbon mass structure”. Application 
at Patent KR #464 MKI C 04 V 33/24 
“Technology of producing of electrical heaters 
with anti-resonant air prophylactic effect”, 


Finale product (FP) purchase is not more expensive than 
those of existent models of electrical heaters. Cost value 
is noticeably brought down on organization of the scaled 
production. It is ought to take into consideration that 
from all existent types of heating, from the customer's 
point of view, this one is the most energy-efficient. 
Manufacturing of such bio-heaters can be organized on 
the base of acting industrial production of ceramic 
fabrics. It will require some expenses. Moreover 
production service is rather cheap because there is no 
need in maintenance staff. 


Electrical bio-heater can be applied everywhere, where 
there is a need in: a) economical heating; b) decrease of 
air moisture; c) disinfections of rooms. 


As for the life cycle of bio-heater it does not become 
obsolete morally and technically. It is produced from the 
materials, which are not liable to wear. 


‘The invention has a certificate of KR Gosstandart. From 
the end of 1998 the first unimproved modification of bio- 
heater (with power 0,6 KWtt) were put into serial 
production in Bishkek (with small test production runs). 
‘This time bio-heaters are readily used as medical 
equipment in hospitals and maternity hospitals in 
Bishkek. Inventor: Alexandra L. Belyaeva. 
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Technical Report 


‘The comparison of quantity of heat energy, 
required for heat of rooms, and of heat quantity, 
which is produced by Belyaeva’s electroconvector. 


Mavlyanbekov Sh. Yu. 


Deputy Director KSTC “Energy” 
Internet: www.newphysies.ht.ru 


Editor's note: this calculatious demonstrates the 
advantages of the device, which at 340 Wet energy 
consumption produces about 700 Wt of heat power. 


‘The calculation of heat output, coming from the ceramic 
electroconvector to a room, was based on the basis of 
research statement of EVNA-0.2/220 electroconvector's 
influence on air micro flora of industrial rooms at 
23.10.01. - 06.11.01. period. 


‘The researchers were carried out in the arbitrary room. 
in a four-storied large-panel building. This room was 
on the 3* floor, with facing east windows. The room 
was of 52.5 m® air-space, 3.5 m height and 15 m* area, 
The calculation of heat, was made on the basis of 
“Methods for calculation of the requirement in heat and 
electric energy of buildings”. These methods were 
registered by Department of Justice of Kyrgyz Republic 


on 08.09.2000, #154. According to the normative data, 
temperature of inner air (t,,) in the room must be equal 
to +20° C. In Bishkek planned specified temperature of 
external air (t.,) for heating is minus 23°C. The average 
temperature of heating period is t,,= -0.9°C, specific 
heat characteristic of the building is 

a=0.4 Keal/m? h °C. 


Medium quantity of heat energy, which is required for 
heating, is determined by the formula’ 


OQ, heating = 4-V-(t,, 1,112 
[o,-1,.)+(,. -1,, ]Keal/h 


Q,,heating=0.4-52.5-(20+23)-1.12 
-[(20+0.9)+(20+23)]=492Keal/h 


Thus at the average annual temperature of the heating 
period, which is: t, = -0.9°C, the quantity of heat energy 
required for this room, comes to 492 Keal/h, 


According to the research statement, the trials of the 
electroconvector with 200Wtt power were carried out 
at the following external air temperature: +10.2°C; 
+8.5°C; +10°C; +6.6°C. The calculation data and results 
of its examination are brought together in a table. The 
parameters of electroconvector with 340Wtt power are 
demonstrated in the same table. 


Tablet 
Table of determination of heat entry and heat consumption’s correspondence in the experimental room. 
2 25 g 
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rior thoracic wall and clavicle partly removed; pectoralis muscles 


Main branches of head and neck arteries (lateral aspect). An 


have been reflected to display the subclavian and axillary arteries, 
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Arteries of head and neck (anterior-lateral aspect). Clavicle, sternocleidomastoid and 
veins have been partly removed, the arteries were colored. 
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‘Veins of head and neck. Sternocleidomastoid muscle and anterior thoracic wall partly 
removed. Note the venous connection with the superior vena cava. 
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Superior thyroid vein 
Anterior jugular vein 
“Thoracie duct 

Inferior thyroid vein 
Superior vena cava 

Occipital artery 

Internal carotid artery 
Cervical plexus 
Supraclavicular nerve 
Phrenic nerve and ascending 
cervical artery on scalenus 
anterior muscle 

Superficial cervical artery 
Suprascapular artery and 
Brachial plexus and anterior 
circumflex humeral artery 
Lateral cord of brachial plexus 
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“Transverse facial artery 

Facial artery 

External carotid artery 
Superior thyroid artery 
‘Common carotid artery, 
‘vagus nerve and thyroid gland 
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scalenus anterior muscle 
Parotid gland and facial nerve 
Great auricular nerve 
External jugular vein 

Brachial plexus 

‘Cephalic vein in deltopestoral 
groove 

Axillary vein and artery 
Right brachiocephalic vein 
Superior vena cava 

Right lung (reflected) 
Superficial temporal artery 
and vein 

Facial artery and vein 
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muscle 
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thyroid gland 
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‘Veins of head and neck (anterior aspect). Part of the thoracic wall, clavicle and sternocleidomastoid muscle 


have been removed. Veins were colored blue, arteries red. 


The internal jugular vein is the continuation of the 
sigmoid sinus which drains most of the venous blood from 
the brain together with the external cerebrospinal fluid, 
By joining the subclavian vein it forms the right brachio- 
cephalic vein which continues on the right side directly 
into the superior vena cava. The common way to intro- 
duce the lead from a pacemaker device into the heart is 
by way of the cephalic vein. On the left side the thoracic 
duct joins the internal jugular vein at that point where the 
subclavian vein and the internal jugular vein form the 


ic vein. Note that the subclavian vein 


left brachiocepha 
lies in front of the scalenus anterior muscle whereas the 


subclavian artery together with the plexus brachialis 
lies posterior to that muscle, The cephalic vein joins the 
axillary vein by passing into the deltopectoral triangle, 
The subclavian vein is strongly fixed to the first rib so 
that it can be punctured with a needle at that point 
(underneath the sternal end of clavicle) to introduc 
catheter (subclavian line). 


Lymph nodes and lymph vessels of the neck, left side oblique (Jateral aspect). The sternocleidomastoid 
‘muscle and the left half of the thoracic wall have been removes 
been cut and laterally displaced to show the thoracie duct 
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Carotid triangle, left side 
(lateral aspect). Sternocleidomastoid 
muscle reflected, 
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13 Hyoid bone and hypoglossal nerve 
(n. XID 

14. Splenius capitis and levator 
scapulae muscles 


Superior laryngea 


17 Cervical plesus 
18 Internal jugular vein 
19 Facial vein 
20. Submental nodes 
21 Thoracie duct 
22 Retroauricular nodes 
23. Parotid nodes 
24 Occipital nodes 
25 Submandibular nodes 
igastric nodes } deep cervical 
27, Jogulo-omohyoid nodes J nodes 
trunk 
29 Subelavian trunk 
30. Infraclavicular nodes 
31 External jugular vein 


26 Jugulo 


Lymph nodes and veins of head and 
neck, Dotted lines = border 


bet arrows: 


intigation are: 
direction of lymph flow. 


Neck (anterior aspect) 
The superficial fascia has been removed. 


1 


Mandible 
Facial artery and y 


Cross-section of the neck at the level of the thyroid gland, 
Notice the postion of the three laminae of cervical fascia (23, 24,25), 


ior belly of digastric muscle 
Mylohyoid muscle 
Infrahyoid muscles (sternohyoid, sternothy 
‘omohyoid) 


External jugular vein 
Sternocleidomastoid muscle 
Thyroid 


Cutaneous 


Transverse cervical nerves 
branches 


Lateral supraclavicukar nerves a 
le supraclavicular nerve shai 
Medial supraclavicular nerves JP 
Clavel 
Platysma musck 
Prevertebral lamina of cervical fascia, coveri 
colli muscle 
Vertebral artery and vein 
Scalenus muscles 
Trapecius muscle 
Superficial lamina of cervical fase 
Pretracheal lamina of cervical fas 
Prevertebral lamina of cervical fascia with 
sympathetic trunk 

arotid sheath with common carotid artery. 
{internal jugular vein and vagus nerve 
Cervical part of sympathetic trunk 
Carotid sheath 


Anterior triangle (anterior aspect). The pretracheal lamina of cervical fascia and left sternocleidomastoid muscle have been removed. 


Mylohyoid muscle 
Anterior belly of digastric muscle 
Facial artery 

Submandibulae gland 

Great auricular nerve 


cal nerve and omohyoid muscle 


astoid muscle (sternal head) 

10. Left sternocleidomastoid muscle (reflected) 

11 Sternocleidomastoid muscle (clavicular head) 
and lateral supe 

12 Middle supractavieuta 

13 Medial supraclavicular nerves, 

14 Mandible 

15 Hyoid bone 

16 Superficial cervical lymph modes 

17 Left superior thyroid artery and external 


1 
4 
6 Internal jugular vein and common carotid artery 
8 


ele (superior belly) 
20, Internal jugular vein and branches of ans 


Supra- and infrahyoid muscles. (Schematic drawing.) 
‘Sternothyroid muscle 


T]s10 | +20 0273 TOO 
(0.000235) 
+10 | 423 0.355 130 0.2-0.355=-0.155] 0.34-0.355= 
(0.000305) 0.015 
3]366 | 420 0366 TOO 
(0.000315) 
46.6 | +19 0.338 92 0.34-0.331 
(0.000291) 0.002 
Calculation data demonstrate a considerable economy 
of heat energy at daily unevenness of external air E=0.93-5.67-343" 10° =727 Wet/m? 


temperature. 


Heat productivity of the new structure of electric 
convector with 340Wtt power was calculated on the 
assumption on the suggestion that heating of the room 
is carried out by the irradiation at the process of heat 
exchange, 


E=e-C.-T!10% worm? 
5.67 Wit/m? Kis a radiant emittance of 
blackbody, £=0.93 is an emissitivity factor of the 
surface of earthenware duct tube; T=70°C=343 Kis the 
temperature of the surface of earthenware duct tube 


On substitution of the known values into the formula 
we get: 


As the area of irradiation surface is equal to S=0.96 m*, 
then quantity ofheat, which is evolved by the convector, 
comes to: 


SE 


A 0.96-727 = 698 Wit (or 600 Kcal/h) 
‘The quantity of heat, which is required for the heating 
of the room, is 492 Kcal/h (at the external air temperature 
equal to minus 0.90 and temperature in the room equal 
to plus 200), 


Thus, electric convector with 340 Wtt power is able 
to heat totally the room with 60m3 area. 


Editors note: 340 input and 700 output!!! 


Longitudinal Waves in Vacuum: 
Creation and Research 


Ph. Dr. Kirill B Butusov 


190121, Saint Petersburg, Angliysky prospect, 5-18 
‘Tel (812) 119-8511 


‘The author presents a new elegant system, which is 
the symmetrized Maxwell's equations. In practice it 
gives a possibility to create the longitudinal waves in 
vacuum. This system is of great importance in 
telecommunications and aerospace technigue. 


‘There is a stable paradigm in electrodynamics that the 
existence of the longitudinal waves in vacuum is 
impossible. This paradigm played its negative role 
preventing scientific minds from solving this problem. 
However, Maxwell was not as categorical in his opinion 
on this question as his following were. 


Particularly he wrote: “Science of electromagnetism as 
well as optics is not able to confirm or deny the 
existence of longitudinal oscillations.” 


Maxwell's dynamic equations are usually considered 
as partial derivatives in time. However, the total 
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derivative in time includes the so called substantial 
derivative, which was shown in the equations for the 
moving coordinate system. In particular, one of these 
equations was written by Maxwell himself to explain 
the phenomenon of electromagnetic induction 
discovered by Faraday. This induction takes place in 
the conductor moving across the field lines of 
electromagnetic field: 
E=VxB: o 

(Other equations were obtained later by other scientists, 
In the table I below Maxwell's equations are given in a 
split form. Their static and dynamic parts are given 
separately as well as the equations for moving and fixed 
coordinate systems. Such matrix concept of Maxwell's 
‘equations allowed finding their incompleteness. Really, 
the analysis of the matrix shows its high symmetry. 
However, full symmetry of the system of equations is, 
broken by the absence of the equation (X). It seems to. 
be strange and calls a desire to remove this defect in 
such an elegant system of equations. 


A new equation is introduced in the Table 1 for the full 
symmetry of the matrix: 


1 dj 
oh a 
oo! i 


V-p=- 


Lesser occipital nerve 

Internal jugular vein 

Splenius capitis muscle 

Great auricular nerve 

Submandibular nodes 

Internal carotid artery and vagus nerve 
Accessory nerve 

‘Muscular branches of cervical plexus 

9. External jugular vein, 

10 Posterior supractavicular nerves 


iperficial dissection. ’The superficial lamina of cervical 
fascia has been removed to display the cutancous branches of the cervical plexus and subcutaneous veins. 


Midale supractavicular nerves 
Suprascapular ar 
Pretracheal lamina of fascia of neck 
Clavicle 

Parotid gland 

Mandible 

Ce 
Submandibutar land 
External carotid artery 
Superior thyroid artery 


brunch of facial nerve 


Transverse cervical nerve 

Superior root of ansa cervicalis 

Anterior jugular vein 

‘Omohyoid muscle 

Stemohyoid muscle 

Sternocleidomastoid muscle 
Intermediate tendon of omohyoid muscle 


Neck, superficial dissection (lateral aspect). Sternocleidomastoid muscle has been cut and reflected to display the pretracheal 
lamina of the cervical fascia, 


1 Sternocieidomastoid muscle (reflected) and branch of accessory nerve 10 Lesser occipital nerve 
ci 11. Splenius capitis and levator scapulae muscles 
Js muscle 


muscle and brachial plexus 
wicular nerves 


Jes and external jugular vein 
racheal lamina of cervical fascia 


Middle sup 


6 Clavicle and anterior supraclavicular nerves 


7 Anterior jugular vein 
8 Pectoralis major muscle 17 Sternocleidomastoid muscle 


cular nerve (reflected) 


Neck, deep dissection (Iateral aspect). The internal jugular vein has been reflected to expose the carotid artery and vagus nerve 


Stylohyoid muscle 
Facial artery and mylohyoid muscle 

Anterior belly of digastric muscle 

Internal jugular vein, hypoglossal nerve, and 

superficial cervical lymph nodes 

Superior thyroid artery and yein and inferior pharyngeal constrictor musele 
‘Thyroid cartilage and vagus nerve 

Ansa cervicalis, omohyoid muscle, and common carotid artery 

Right superior thyroid artery 

Scalemus anterior muscle 

Sternothyroid musele and inferior thyroid arter 

Muscular branches of ansa cervicalis to the infrahyoid muscles 

Inferior thyroid vein 


Posterior belly of digastric muscle 
Sternocleidomastoid muscle and lesser occipital 
Accessory nerve 

Splenius capitis muscle 

Cervical plexus 

Scalenus posterior musele 

Levator scapulac muscle 

Posterior supractav 

Phrenic nerve 
Middle supractavicular nerve 
Brachial plexus 

Anterior supraclavicular nerves 
‘Sternocleidomastoid muscle 


ction (lateral aspect). Ansa cerviealis. Th 
and infrahyoid muscles are displayed. 


Masseter muscle 


belly of digastric muscle 
Hypoglossal nerve 
Thyrohyoid muscle 
Superior thyroid 
Inferior pharynge: 
7 Omohyoid muscle (superior 
8 Ansa cerviealis, thyroid gland and 


9 Sterothyroid muscle 

10 Ste muscle 
Thoracic duct 
Pectoralis minor muscle 


Splenius capitis muscle 
7 Superficial cervical lymph nodes and 


eal plexus 
nus medius muscle 


20 Levators 


Scalenus posterior muscle 
Brachial plexus 
Transverse cervical 
clavicle 


24 Subclavius muscle 


Subclavian artery and vein 
nial artery 


Cephalic vein 


Facial artery and mandible 
Submen 
Mylohyoid muscle and nerve 
Hypoglossal nerve (lingual 
branches) 

Thyrohyoid br 
nerve (n. XII) 
Anterior belly of digastric muscle 
Hyoid bone 
Omohyoid bra 
nerve (a. XII) 
Omohyoid muscle and superior 
thyroid artery 

Ansa cervicalis 

Posterior belly of digastric muscle 
Hypoglossal nerve (a. XII) 
‘Vagus nerve (n. X) 

Internal carotid artery 

Supetior oot of ansa cervicalis 
External carotid artery 

Cervical plexus 

‘Common carotid artery 


ich of hypoglossal 


fh of hypoglossal 


Mandible 


Neck, subman 


slightly elevated, 


1 Hypoglossal nerve (a. X11) 
‘Communication from the ventral ramus 
ff the frst cervical spinal nerve 

3 Atlas 

4 Axis 

5 Third corvical vertebra 

6 Superior root of ansa cervicalis 

7. Thyrohyoid branch of hypoglossal nerve 
8 Inferior root of ansa cervealis 
Ansa cervicalis 

10 Internal jugular vein 

11 Inferior belly of omohyois muscle 

12 Geniohyoid branch of hypoglossal nerve 
13. Geniohyoid muscle 

[4 Hyoid bone 

15. Thyrohyoid muscle 

16 Superior belly of omohyoid muscle 

17 Sternohyoid muscle 

18. Sternothyroid muscle 

19 Clavicle 


Innervation of infrahyoid muscles. Cervieal plexus 
and its communication with the hypoglossal nerve. 
C)-C, = ventral rami of cervical spinal nerves of the 
first four segments. 


Neck, deep dissection (lateral aspect). Clavicle partly removed to shaw the slit between the scalenus muscles. Internal jugular 


vein removed. 


1 Masseter muscle 

2. Mylohyoid! muscle and facial artery 

3 Anterior belly of dig 

4 Hypoglossal nerv 

5. Sternohyoid muscle 

6 Omohyoid muscle, superior thyroid artery 
and vein 

7. Sternothyroid muscle, thyroid cartilage, 
‘and pyramidal lobe of thyroid gland 

8 Common carotid artery and sympathetic 


trunk 

9 Ansa cervical 

10 Phrenic nerve, ascending cervical artery and 
anterior scalenus muscle 


Inferior thyroid artery, vagus nerve and 
internal jugular vein (cut) 

“Thyroid gland and unpaired inferior thyroid 
venous plexus 

‘Thoracic duct and left subelavian trunk 
Subclavius muscle (reflected) 
‘Sternocleidamastoid muscle (reflected) 
Posterior belly of digastric muscle 

Superior cervical ganglion and splenius 


Internal carotid artery and branch of the 
slossopharyngeal nerve to the carotid body 
External carotid artery 


Cervical plexus and accessory nerve 
Inferior root of ansa cervicalis 
Supraclavicular nerve 

Levator scapulae muscle 

Scalenus medius muscle and clavicle 
Transverse cervical artery, brachial 
plexus, and scalenus posterior musele 
Subclavian artery and vein 
Thoracoacromial artery and pectorais 
‘minor muscle 

Pectoralis major muscle 


Neck, cicepest dissection (anterolateral aspect). Thyroid gland reflected to expose the esophagus and the recurrent laryngeal 


Superior cervical ganglion of sympathetic trunk and posterior 
belly of digastric muscle 

Anterior belly of digastrie muscle 

Facial artery and common carotid artery (reflected anteriorly) 
‘Ascending cervical artery and longus colli muscle 
and superior thyroid artery 
and stemnohyoid muscle 


muscle 

Scalenus 

id gland and inferior thyroid artery 
and esophagus 

Stellate ganglion 

Recurrent lat 


iscle and phrenic nerve 


al nerve and trachea 


‘Common carotid artery and cervical eardiae branch of vagus 
Sternocleidomastoid muscle and accessory nerve 
Splenius capitis muscle 


pital nerve, longus capitis muscle and cervical plexus 

werve, scalenus posterior muscle and levator seapulae 

muscle 

Supraclavicular nerves and sealenus medius muscle 

Brachial plexus and pectoralis ma 
vical artery and clavich 

tery 

macromial artéry and pectoralis minor muscle 

First rib, accessory phrenic nerve and subclavian vein 

Internal jugular vein, thoracic duct and subclavius muscle 


usele (clavicular head) 


Neck and arm, deepest dissection (anterior-lateral aspect). Cervical and brachial plexus and their relation to the blood vessels 
are shown. Note the location and content of scalene triangle, Sternocleidomastoid muscle and clavicle have been removed; 
the internal jugular vein was divided to display the roots of cervical and brachial plexus. 


1 Lesser occipital nerve 
2. Great auricular nerve 

3 Cutaneous branches of cervical plexus 

4 Supraclavicular nerve 

5 Supraseapular nerve and artery 

6 Brachial plexus 

7. Median nerve (with two roots) and musculocutaneous nerve 
8 Axillary artery 

9 Axillary vein 

10 Medial brachial cutaneous nerve 
LL Ulnar nerve 

12. Thoracodorsal nerve 

13. Parotid gland and facial nerve (ce 
14. Cervical plexus 

15. Submandibular gland 

16 Superior thyroid artery 


jel branch) 


17 Common carotid artery dividing in internal and external 
carotid artery and superior root of ansa cervicalis 

18 Omohyoid muscle and cervical branch of facial nerve 

e transverse cervical nerve (C;.C3) 

19. Sternohyoid muscle 

20 ‘Transverse cervical nerve and sternothyroid muscle 

21 Common carotid artery and vagus nerve 

22. Phrenic nerve and sealenus anterior muscle 

Internal jugular vein 

Intercostobrachial nerves 

Long thoracic nerve 


a 
ae 


° 

15 
10 18 
16 7 


4 Horizontal 


6 


on through the neck at 
the level of the fissure of glottis, viewed 
from above. 


‘Thyroid cartilage 
Vocal fold and glottis (rima elottidis) 
Arytenoid cartilage 

‘Common carotid artery 

Internal jugular vein 

Infrahyoid muscles 

Lateral thyroarytenoid muscle 
Sternocleidomastoid muscle 
‘Transverse arytenoid muscle 
Laryngopharynx and inferior constricor 
muscle of pharynx 

Longus coli muscle 


External jugular vein 
Body of cervical vertebra (C:) 

Spinal cord 

Vertebra arch 

Deep muscles of neck (semispinalis cervicis, 
muscle) 

‘Trapezius muscle 

Rima glotidis 

Levator scapulae muscle 

Lymph node 

Semispinalis capitis muscle 

plenius capitis muscle 


Section through the neck at the level of 
Inrynx. (MR-Scan,) 


Hyoid bone 
Thyroid cartilage 
Cervieal plexus (C+ 
Phrenic nerve (C.) 
salenus anterior muscle 

Brachial plexus (C.-T)) 

alenus medius and posterior muscles 
Subclavian artery 

Subclavian vein 

Superior vena cava 

Cricoid cartilage 

Thyroid gland 

Internal jugular vein 

ommon carotid artery 

Inferior thyroid vein 

‘Ascending aorta 

Descending aorta 

Second rib 


) 


1 Scalene triangle, arrangements of blood 


vessels, and brachial plexus at the lower 
part of the neck. (Schematic diagram.) 


Fundamental Properties of 
Aether 


Alexander M. Mishin 


Author's note: In the article the principles 
determining major properties of aether are 
formulated on the basis of an empirical material. 


Real aether [1-6], the primary and superfine essence of 
which is still a secret, has turned out to be absolutely 
non-standard superfluid three-dimensional material 
medium, which simultaneously is at solid, liquid and 
gas phases. The first master phase of aether is a 
specifically solid absolute space or an energetical 
“bottom” of the Universe ("celestial stronghold"). At 
that the solid phase is considered as mesomorphic 
vortical-wave structure, which has particular 
holographic properties. Classical matter represents to 
be one of the stable and energetic space-time levels of 
the Universe. Aether vortexes exceed all conceivable 
space scales, have quasi-material properties and create 
a great number of stereo-dynamic subspaces (parallel 
worlds) 


‘The first basic principle, to which aether entirely follows, 
is the principle of the least disturbance (the least action), 
Many well-known and unknown physics laws are the 
subsequent of this principle. In particular, any motion 
in macroscopic aether happens in such a way to 
minimize the interaction with the matter of our world, 
with zero moment of the disturbance momentum. In the 
classical physics this principle has been reflected as 
Le Shatelye principle, as variation principle, laws of 
thermodynamics etc. 


‘The second principle is the principle of fractality, which 
confirms the similarity of forms and properties of 
quantum aether vortex structures regardless of their 
space scale. This principle also determines the Universe 
as stereodynamically multivariate system in the form 
of hierarchy of vortical-wave structures of the unified 
aether (fractal matreshka). On the researching of the 
macroscopic objects of the Universe it is possible to 
make a conclusion about microcosm structure if taking 
into account the changes of frequencies and velocities 
of action transmission. 


In the third place there is a principle of physical 
autonomy, which confirms that any solitary mass (for 
example a planet) creates aether system. The particular 
principle of relativity, which reflects one of the fractal 
properties of the Universe, can be applied to this system, 
Such autonomous mass becomes similar to the 
miniuniverse with its aether subspaces, which repeat 
the basic phases of the Universe spectrum in more 
narrow (which depends on the size of mass) frequency 
band of space-time frequencies. Thus, in the local 
system of the Earth solid aether reproduces the 
structure of gravitational field with energy “bottom” in 
the mass center. As the result such spherical body 
occurs to be an energy drain and warms up from within, 
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‘The fourth is the principle of interaction between matter 
and vortex-wave forms, which do not depend to the 
spectral part of the Universe, that is quasimatter. This 
is the principle of new interaction in nature. The value 
of energy interaction in each experiment diminishes in 
time according to exponential law that is explained by 
the forming of energy informational or adaptation 
barrier, which separates parallel worlds and reflects the 
properties of vortex tenacity of aether as superfluid 
medium. At that, time of interaction is proportional to 
the size of quasimatter and the barrier for the earthly 
conditions is lowered at the indefinite period, on the 
assumption of only thrice-repeated observation of forces 
(triad law). 


According to this principle, aether dynamic experiments 
in the earth laboratory do not have classical 
repeatability that, from the one hand, gives occasion to 
doubts in the objectivity and scientific character of the 
non-traditional experiments and from another hand it 
is the most reliable test feature of macroscopic aether 
motions. Biosystems have special relations with this 
principle. 


The fifth is the principle of many-dimensional 
autobalance of forces. All vortex and linear motions of 
macroscopic aether organize themselves in the way that 
in the band of space-time spectrum of the local system 
(usually with the aid of fluid and gas aether) occurs to 
be self-balanced, that is they have zero resulting 
impulse and the moment of impulse due to the existence 
of the proportionate antivortexes and antistreams of 
another spectral structure at the same space volume. 
‘The self-balanced vortex structures and streams are 
practically closed for the outer watch from the direction 
of our material world, at least with respect to the 
methods of classical physics. The principle of 
autobalance of forces reflects aether properties as 
unified synergetic system and has a significant applied 
meaning. 


Let call the principle of viability of aether dynamic 
systems as the sixth principle. Only a stereodynamic 
multivariate system is a viable one, that is a system, 
which during a definite period of time has the 
opportunity, called as life cycle, to realize interconcerted 
self-oscillating processes of vortex-wave character 
simultaneously at different phase states (subspaces, 
layers) of aether. The most important features of such a 
system are its space-time quasimaterial (vortex-wave) 
broadbandness and finite time of existence, which is 
determined by the conditions of creation of the energy- 
informational barrier. Self-oscillation regime demands 
the presence of an energy source, oscillatory circuit (a 
pendulum) of any character, intensive process (of 
negative tenacity) and a channel of positive feedback 
(negative entropy) 


In the sense, referred above, any material system is 
viable and occurs to be a big system in the form of 
coordinated community of multivariate subsystems. In 
its turn each big system as a part of the hierarchy is a 


1 Manubrium stern 
2 Chavidle 

3. Acromion 

Coracoid proces 

5 Glenoid cavity 

6 Body of sternum 
Costal catia 

8 Body of the twelfth tho 
9. Body of the first lumbar vertebra 
10 Hip bone 

11 Sacral promontory 

12 Sacrum 


13. Anterior superior itne spine 
1 Obturator foramen 

15 Atlas 

16 Seventh cervical vertebra 


17 First rib 
18 Xiphoid process 
19 Twelfth rib 


20 Body ofthe fifth lumbar vertebra 
21 Miac crest 

2 Coceyx 

3 Symphysis pubis 


Skeleton of the trunk, vertebral column, pelvis, thorax, and shoulder girdle 
(anterior aspect), 


The trunk is divided into segments best visible in the transverse processes. Each seg 


nent also comprises 


thoracic region, where each segment consists of a pair of muscles (e.g. intercostal muscles), nerves, and vessels, 


ribs conn 


d anteriorly by the sternum and posteriorly However, in the cervical and lumbar region the muset- 
ach other forming la 


vertebral column only vestiges of ribs are present which plates, for example, the oblique muscles of the abdo- 


by a thoracic vertebra. In the lumbar part of the lar segments fuse with © muscle 


form what appear to be the transverse processes. In mer 
cervical vertebrae, remnants of ribs are part of the pattern 


while vessels and nerves still retain their segmental 


1 Foramen transversarium 


2. Vertebral foramen 
3. Body of vertebra 
4 Superior articular facet 


Base of sacrum 

6 Anterior tubercle of atlas 
Superior articular face 

8 Transverse process 


9 Posterior tubercle of atlas 
WW Densof axis 
11 Superior articular surface 
Transverse process 
13 Archofvertebra 
14 Anterior tubercle of transverse process 


werse process 

16 Spinous process 

17 Shaftof rib 

18 Body of vertebra and head of rib articulating with each other 
(costovertebral joint) 

19 Superior articular process 

20 Trans 


cess and tubercle of rib articulating with each other 


21. Transverse process 
22 Auricularsurface 
23 Lateral part of sacrum 
24 Lateral sacral crest 


5 Intermediate sacral crest 


26 Median sacra erest, 


27 Inferior articular facet 
28 Superior demifacet for heal of rit 
29 Inferior demifacet for head of rib 
30. Inferior vertebral notch 


31 Superior vertebral notch 
32. Apex of the sacrum 
33. Sacral corm 


General characteristics of the vertebrae. M Coccyx 


Typical cervieal, thoracic, lumbar vertebrae 35. Dorsal sacra foramina 
and sacrum, 36 Mamillary process 
37. Pedicle 


38. Inferior articular process 


Green = Ribs or homologous processes 
Red = Muscular processes (transverse and spinous processes) 
General characteristics of lumbar vertebrae Orange = Laminae and articular processes 


and sacrum (posterior aspect) Yellow = Articular facets 


Skeleton of the thorax (right lateral aspect). 


1 Atlas 
2 Axis 
3. Cervical vertebrae 


4 Seventh cervical vertebra (vertebra prominens) 


11 Tenth ib 
12 Eleventh rib 
13 Twelfth ib 


14. Spinous processes of cervical vertebrae 


15. Spinous pr thoracie vertebr 


16  Spinous processes of lumbar vertebrae 
17 Costa 


Vertebral cok 


right lateral aspect), 


in a craniocaudal direction, first rib at top. I-XII = pairs of ribs; 1 = head of rib; 
dy of rib. 


The head of a typical rib articulates with the bodies of ribs) while the remaining five ribs are only indirectly 
adjacent vertebrae and the intervening intervertebral connected to the sternum (false ribs, ribs VIII to X) 
e ied through or end freely in the lateral wall of the trunk (float 


‘rum (true ribs XI and XI). 


jc vertebrae (left lateral aspect) 


on of costovertebral joints (superior aspect). 


Costovertebral joints. Two thoracic vertebrae with an 


articulating rib (separated). Axis of movement indicated by 


dotted fine, Blue = articular facets. (Schematic diagram.) 


Superior articular process 


Vertebral canal 8 
Body of thoracic vertebra 

Costovertebral joint (articular facets) 9 
Tubercle of eis 10 


Shatt oF body of rib 
Transverse process 
with articular facet 
Spinous process 
Costotransverse joint 


(articular facets) 


Ligaments of thoracic vertebrae and costovertebral joints 
(left anterolateral aspect), 

In the upper joint, most of the radiate I 
anterior part of the head of the rib have been removed to 
expose the two joint cavities and the interposed intra 


ament and the 


articular ligament 


Superior demifacet for head of ib 9 Inferior articular process 
Body of vertebra 10. Intervertebral foramen 

Inferior demifacet for head of rity 11 Spinous process 

Intervertebral dise 12 Anterior longitudinal ligament 
Inferior vertebral notch 13 Intraarticula ligament 

Superior articular facet and 14 Radiate ligament 

superior articular proces: 15 Superior costotransverse ligament 
Pedicle 16 Body of rib 


“Transverse process and facet 17 Intertransverve ligament 


for tubercle of rib 


Ligaments of the vertebral column (dorsal aspect) 


tion (amulus fbrosus) 
bb Inner core (nucleus pulposus) 

Anterior longitudinal ligament 

Posterior longitudinal ligament and spinal dura mater 


Transverse process of lumbar vertebra 


Supraspinous ligament 


The two caudal lumbar vertebrae and the sacrum with their Ligaments of the vertebral column, thoracic part 


(left lateral aspect) 


intervertebral dises (anterior aspect). Anterior longitudinal 


Alas and axis (from above), an atlantoaxial joint and transverse 
(from above). Dens of axis partly severed 


1 Anterior arch of atlas with anterior tubercle 14 Articular capsule of atlantooceipital joint 
2 Superior articular facet of atlas 15 Transverse ligament of atlas 
3. Foramen transversarium and transverse process 16 Occipital bone 
4 Posterior arch of atlas and vertebral artery 17 Atlantooecipial joint 
5. Posterior tubercle of atlas 16 Lateral atlantoasial jo 
6 Dens of axis 19. Third cervical vertebra 
7. Superior articular surface of axis 20, Superior longitudinal band of 
8 Body of axi cruciform ligament 
9 Pedicle and! lamina of axis 21 Alar igummen 
10. Spinous proces 22 Transverse ligament of at 
HL Inferior articular process 23. Inferior longitudinal band of cruciform ligament 
12 Transverse process and vertebrarterial foramen 24 Spinous process of axis 
(foramen transversariam) 25. Dura mater 


15. Median atlantoaxial joint (anterior part) 


20 
a 
2 
2s 


Atlantooceipital and atlantoaxial joints (posterior aspect) Atlas and axis. Left oblique posterolateral aspect 


Posterior part of occipital bone, pasterior arch of atlas and, demonstrating the articulation of the dens of axis with 


axis have been removed to show the eruciform ligament atlas (cf. arrows). 


constituent of bigger system, until everything is 
embraced by the Biggest System, that is the Universe. 


The seventh principle of the universal energy 
interchange is the physical realization of the law of unity 
and struggle of oppositions. This principle determines 
spontaneous creation of thermodynamic and 
antigravitation potentials. Any local matter mass (a 
body), situated in the open space, creates an exchange 
process with the surrounding aether volume in the way 
‘that more fine-structure fluid aether is absorbed by the 
body, and the less power-consuming gas aether is 
radiated. As the result the body as a heat engine gets 
energy due to the cooling of aether exteriors. At that, 
antigravitation forces acts between bodies and aether 
exteriors, which have different temperature. 


This principle, which establishes the existence of 
antipodes of the second law of thermodynamics and 
Newtonian attraction, is realized mainly in cosmic scales 
and explains in which way the energy is created in the 
bowels of planets and stars and why the Universe is 
stable as regards to gravitation. Obviously, the most 
unexpected for the modern Physics is the discovery of 
non-traditional nuclear processes where conditional 
reactions of decay and fusion occur at the usage of 
quasimatter. 


More deep research of new experimental results and of 
the stated above scientific principles lets to determine 
the priority-driven strategic tendencies in Physics, to 
open more entirely the laws of mechanics and 


thermodynamics of many-dimensional aether, including 
the theory of non-traditional waves and new types of 
electromagnetism. At that, the supreme aim is the 
research of differences in aetherodynamics laws on the 
Earth (in a laboratory) and in outer space, the 
unknowing of these differences has caused logical 
insularity, false all-sufficiency of classical physics, which 
had refused as “not wanted” the aether conception and 
fundamental Universal laws. 
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Irving Langmuir and Atomic 
Hydrogen 
Nicholas Moller 


PO Box 201 
‘24008 Eretria 
Greece 


Editorial 


In this paper Dr. Nicholas Moller describes the history of 
development of Atomic Hydrogen technologies in details. 
Itis remarkable that this technology can be applied not 
only for welding processes but also as a clean free energy 
source. It is important to note that in this case the 
hydrogen process does not involve a consumption of 
hydrogen, which is not combusted in the process. Atomic 
hydrogen is not really a fuel but rather a medium, 
gateway or a super-conductor of ZPE form the vacuum 
of space, converting ZPE radiation and ultra-high 
frequency electrical energy into infrared (heat) radiation. 


This is the story of Irving Langmuir who was the first 
to develop a theory on Atomic Hydrogen on the basis of 
empirical research and experimentation. His workin this 
field lasted from 1909 to 1927. During this period he 
was employed by the Research Laboratory of General 


Irving Langmuir 


Electric Company. Patents and discoveries developed 
by Langmuir during his time with General Electric were 
to a considerable extent instrumental in laying the 
foundations for what is today one of the largest 
corporations in the world. 


‘The question that gave birth to this article, is why his 
work and discoveries on Atomic Hydrogen were the only 
work that received hardly any attention at all and why 
his revolutionary breakthrough was deprived of world 
attention for almost 100 years? This question becomes 
even more relevant when taking into consideration the 
high standing he enjoyed with his contemporaries 
(including being awarded the Nobel Prize in Chemistry) 
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cipital bone, atlas and a 


atlas and axis (anterior aspect). left lateral aspect) 


1 External occipital protuberance 9 Lateral atlantoasial joint 
2. Foramen magnum 10 Occipital bone 

3 Atlantooceipital joint 11 Atlas 

4 Transverse process of utlas 12 Axis 

5) Membransa tectoria 13 Dens of axis 

6 Posterior longitudinal ligament 14 Hypoglossal canal 

7. Spinous process of third cervical vertebra 1S. Spinous processes of axis 

8 Occipital condyle 16 Anterior longitudinal ligament 


Cervical vertebral column and skull with ligaments Cervical vertebral colui 
(posterior aspect), Posterior arch of atlas and axis removed (anterior aspect). Anterior part of occipital bone removed 
to show the membrana tectoria. 


id skull with ligaments 


1 Axillary vein 

2. Intercastobrachial nerves 

3. Subscapularis muscle and 
thoracodorsal nerve 

4 Long thoracic nerve, lateral 
thoracic artery and vein 

5 Latissimus dorsi muscle 

6 External intercostal muscles 

7 Serratus anterior muscle 

8 Lateral cutaneous branches of 
intercostal nerves 

‘9. External absominal oblique muscle 

10 Claviele (divided) 

11 Second rib (costo-chondral 
junetion) 

12 Tnternal intercostal muscles 

13. External intercostal membrane 

14 Position of xiphoid process 

15 Costal arch or margin 

16 Anterior layer of rectus sheath 


‘Muscles of the thorax, superficial layer (lateral aspect). Upper limb elevated. 


Pectoralis major and minor muscles have been removed, 


== 
Effect of intercostal muscles on the costovertebral and 


costotransverse joints. Axes of movement indicated by lines; 
ion of movements indicated by arrows. 


A. Action of internal intercostal museles (expir 
B_ Action of external intercostal muscles (inspit 


Anterior thoracie wall (posterior aspect). Diaphragm partly removed, posterior layer of reetus sheath 
fenestrated on both sides, 


‘Stemocleidomastoid muscle (divided) M1 Subclavian artery and brachial p 
Chaviele 12 First rib 
Sterwothyroid muse 13. Internal thoracic artery and vein 
Internal intercostal muscle 14 Sternum 


Transversus thoraeis muscle 15. Tnnermost intercostal muscle 


16 tnvereostal artery and vein 
17. Xiphoid process 
trie artery and vein 14 Linea alha and posterior layer of 
9. Diaphragm (divided) rectus sheath 
10. Rectus abdominis muscle 


Superficial muscles of the anterior thoracic and abdominal wall. The fascia of pectoralis major muscle 
and the abdominal wall have been removed; the anterior layer of the sheath of the rectus abdominis 
muscle is displayed. 


1. Sternohyoid muscle 9 Umbilicus and umbilical ring 
1. Sternocleidomastoid muscle 10 Chavicle 

3. Supraclavicular nerves (branches of cervical plexus) 11 Cephalic vein 

4 Deltoid muscle 12. Serratus anterior muscle 

3 13. Linea alba 

6 branches of intercostal nerves 4 Sheath of reetus abdominis muscle 
7. External abdominal oblique muscle (anterior layer) 


Lateral cutancous branches of intercostal aerv 


5 Inguinal ligament 


Mandible 

Facial artery 

Submandibular gland 

4 Hyoid bone 

5. Thyroid cartilage and 
sternohyoid muscle 

6 Claviele 

7 Subelavius muscle 

8 Second rib 

9 Anterior cutaneous branches of 
intercostal nerves 

10 External intercostal membrane 

11 Parotid gland 

12. External carotid artery 

13. Sternocleidomastoid muscle and 
cutaneous branches of cervical plexus 

14 Supraclavicular nerves 

15. Pectoralis major muscle and lateral 
pectoral nerves 

16 Thoracoucromial artery and 
subelavian vein 

17 Pectoralis minor muscle 

18 Median and ulnar nerve 

19. Thoracoepigastrie vein 

20 Cephalic vein and long head of 
biceps brachii muscle 

21 Lateral thoracie artery and long 
‘thoracic nerve 

22 Lateral cutaneous branches of 
intercostal nerve 

23 Latissimus dorsi muscle 

24 Median nerve 

25. Axillary ar 

26  Imtercostobrachial nerves 


‘Thoracie wall I anterior aspect). Left pectoralis major muscle has been divided 


and reflected, Note the connection of the cephalic vein with the subclavian vein. 2 "Therasvicsal necre 
‘Arrow: medial pectoral nerve. 28 Long thoracic nerve 


29° Latissimus dorsi muscle 
30. Serratus anterior muscle 

31 Thoracoacromial artery 

32 Claviele 

33. External intercostal muscle 

34 Third rib 

35. Internal intercostal muscle 

36 Anterior intercostal artery and vein 
37 Costal arch or margin 


“Thoracic wall (lateral aspect). Pectoralis major and minor muscles have been 
removed, A section of the 4th rib has been cut and removed to display the intercostal vessels and nerve. 


1 


8 


10 


‘Thoracic wall II (anterior aspect). Dissection of the internal thoracic artery and 
vein, Left pectoralis major muscle partly removed. Anterior lamina of the rectus 
sheath on the left side has been removed. 


Main arteries of thoracic and abdominal wall, 


Anterior perforating branches 
of intercostal nerve 
Mammary gland 
External abdominal oblique muscle 
Rectus sheath (anterior layer) 
Sternocleidomastoid muscle 
havicle 
Lateral thoracic artery 
and vein 
Pectoralis major muscle 
{Internal thoracic artery 
and vein 
Serratus anterior muscle 
Superior epigastric artery 
nd vein 
Costal margin 
Rectus abdominis muscle 
Cut edge of the anterior layer 
of the rectus sheath 
Subelavian artery 
Highest intercostal artery 
Tnternal thoracic artery 
Musculophrenic artery 
Superficial epigastrie artery 
Deep circumflex iliae artery 
Superior epigastric arte 
Inferior epigastric artery 
Superficial cicumfle iliac artery 


Dehtoid muscle 
Cephalic vein 

Pectoralis major muscle (divided) 
Internal intercostal muscle 
Intercostal artery and vein (intercostal 
space, fenestrated) 

Serratus anterior muscle 

External abdominal oblique muscle 
Anterior layer of rectus sheath 

Hine erest 

Superficial epigastric vein 
Superficial cireumfles iliae vein 
Saphenous opening 

Superficial inguinal lymph nc 
Superficial external pudendal veins 
Great saphenous vein 

‘ip 

Costal margin 

Subcutaneous fatty tissue 

Umbiliews 

Anterior layer of rectus sheath 

Rectus abdominis muscle 
Posterior layer of rectus sheath 
Internal abdominal oblique musele 
External abdominal oblique muscle 
‘Transversus abdominis muscle 
Transversal fascia and peritoneum 
Psoas major muscle 

Body of lumbar vertebra (L.) 
‘Quadratus lumborum muse 

Medial tract of erector spinae muscle 
Lateral tract of erector spinae muscle 
longissimus and iiocostalis muscles) 
Sal intestine 

Left ureter 

Abdominal wor 

Inferior vena cava 

Descending colon 


Spinous process 


‘Thoracic and abdominal wall L, Right 
Pectoralis major and minor muscles 

are divided. Muscles of thoracic 

and abdominal wall on right side are 
displayed. 


Horizontal section of the trunk at the 
level of the umbilicus, superior to 


arcuate line (inferior aspect), 


‘Thoracic and abdominal wall II. Right pectoralis major and minor muscles 
and anterior layer of rectus sheath have been removed on the right side. 


1 
3 
4 
5 
6 
7 
8 


Deltoid muscle 
Pectoralis major muscle (divided) 
Internal intercostal muscle 
Intercostal artery and vein 

Rectus abdominis muscle 
‘Tendinous intersections 

External abdominal oblique muscle 
Anterior superior iliac spine 
Superficial circumflex iliae vein 
Superticial epigastric vein 

Great saphenous vein 

Cephalic vein 

Pectoralis major muscle 

Anterior cutaneous branches of 
intercostal nerves 

Nipple 

Linea alba 
Anterior layer of rectus sheath 
Umbilicus 

Inguinal ligament 

Pyramidalis muscle 

Superficial inguinal ring and spermatic 
cord 

Suspensory ligament of penis 
Longissimus and iliocostalis muscles 
Multfidus muscle 

(Quadratus lumborum muscle 
Latissimus dorsi muscle 

sos major muscle 

Spinous process 

Body of ist lumbar vertebra 
Transversus abdomi 

Internal abdominal oblique muscle 


Horizontal section through the body 
at the level of dth lumbar vertebra; 
seen from below. (CT-Scan.) 


1 Costal margin 

2. Rectus abdominis masele 

3 External abdominal oblique muscle 
(reflected) 

4 Thoracoabdominal (intercostal) nerves 
\with accompanying vessels 

5 Internal abdominal oblique muscle 

6 Areuate line (arrow) 

7. Inferior epigastric artery and vein 

8 icinguinal nerve 

9 Position of deep inguinal ring 

10 Superficial inguinal lymph nodes 

11 Great saphenous vein 

12 Linea alba 

13. Miohypogastrie nerve 

14 Pyramidalis muscle 

15 Spermatic cord 

16 Fundiform ligament of penis 


‘Thoracic and abdominal wall HI. External abdominal oblique muscle has been 
divided and reflected on both sides. The right rectus muscle has been reflected 
medially to display the posterior layer of rectus sheath. Arrow: location of arcuate line 
1 


“Medial columa of intrinsic muscles 
ofthe back 
2. Lateral column of erectorspinae muscle 
3 Thoracolumbar fascia with 
superficial and deep layer 
External oblique muscle 
5 Internal oblique musele 
{6 “Transversus absiominis muscle 
7. Transversal fascia 
10 8 Posterior layer of rectus sheath 
9 Reetus abdominis muscle 
to arcuate line. (Schematic drawing.) 10. Anterior layer of rectus sheath 


1 Rectus abdominis muscle (reflected) 
2. External abdominal oblique muscle 
(divided) 

3. Posterior layer of rectus sheath 
4 Umbilical ring 

5 Internal abdominal oblique muscle 
6 Areuate line (arrow) 
1 
8 


Inguinal ligament 
Inferior epigastric artery and vein and 
rectus abdominis muscle 
(divided and reflected) 

9 Costal margin 

10 Linea alba. 

11 Tendinous intersection 

12 iohypogastric nerve 

13. Hioinguinal nerve 

14 Pyramidalis muscle 

15. Spermatic cord 


‘Thoracic and abdominal wall LV. External abdominal oblique muscle has been 
divided and reflected on both sides. The right rectus muscle has been cut and 


reflected to dipay the posterior ayer of rectus sheath row: location of arcust ine 
1 
2 1 Peritoneum 
3 2 Travers sla (geen) 
7 5, tress donde ane 
i 4) Beton apsonial eqns els 
; 5) Huma sbeninal oblige ale 
6 Fas of external abdominal oblique 
imine (een 
7 Skin 
8 Line aba 


9) Rectus abdominis muscle 


‘Transverse sections through the abdominal wall 
superior (a) and inferior (b) to arcuate line 


and it is better to make it distantly after exclusion of 
man presence near experimental stands and devices. 
‘At the same time it is quite obvious that on applying of 
small capacity and fixed time of irradiation itis possible 
to develop methods for curing of human diseases, which 
are considered now as incurable (for instance of 
diabetes, some diseases of haematogenic system, of 
cancer and possibly of AIDS 
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Effect of Magnetic Blow Wave 
Field on Wine Systems 


LM.Shakhparonov (Corresponding author), $.A.Grin, 
S.R-Tsimbalaev, L.N.Kreindel, VN.Kocheshkova, 
A.LPodlesny, $.Yu.Gelfand 


AGD Firm, Peschanyi pereulok, House No.20P korpus No.1, Lf. 33 
125252, Moscow, A- 252, Russian Federation 


Russian Institute of Canning Industry, Shkolnaya Street. 78 
1142703 Vidnoe 3. Moscow Region, Russian Federation 


Introduction 


Authors communicate the data on influence of Magnetic 
Blow Wave (MBW) field on several wineproducts. It was 
found, that MBW did not lead to significant changes in 
the major components of the wineproduct (sugar, 
organic acids, minerals). At the same time the taste and 
aroma of treated wine become more pleasant; content 
ofheavy alcohols and wine stone in the treated samples 
was less than in non treated ones. A mechanism of 
transformations was also discussed. 


Keywords: Magnetic Blow Wave (MBW), Wineproduct, 
GLC of aroma compounds and ethanol, HPLC of sugars, 
Atomic Absorption Spectrometry (AAS) of minerals, 
Heavy alcohols and aldehydes, Wine stone, Turbidity 
tendency, Organoleptic evaluation 


Magnetic Blow Wave (MBW) was obtained for the first 
time during the investigations on ball lighting 
generation under the laboratory conditions 
(Shakhparonov 1994). MBW as a physical object is 
interesting because of some facts, which suggest that 
‘MBW is a magnetic monopole. The MBW can also 
interact with the matter and transforms it in a definite 
way. Typical example is an elementary carbon in the 
form of graphite, which is transformed by such magnetic 
treatment into ferromagnetic substance (ibid), 
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‘The graphite, which is initially diamagnetic, transforms 
to paramagnetic one with general radiation doze of 
about 7-10" neutrons/cm*. Other types of radiations 
could not affect this way (Svoistva 1975). So one unit of 
‘MBW can be considered as 1-10" ofneutron masses. This 
fact may be regarded as an indirect evidence for 
assuming that MBW and magnetic monopole are the 
same things. In the absence of excited radioactivity a 
slow MBW [v/c < 1-10‘] occurs, which does not ionize 
atoms (Devons, 1963). Therefore, their interaction with 
the matter can be observed only indirectly. No data exist 
on the interaction of MBW with organic substances. The 
experiments and results reported in the present 
communication may be a starting point for development 
of technology and to formulate the methods for vintage 
wine and best quality spirit production. 


‘Materials and Methods 


Assuming that MBW and magnetic monopole are the 
same things, a number of conditions were selected for 
all experiments. The MBW source and the samples were 
placed in the same axis and the axis was oriented 
according to magnetic meridian direction. Such 
‘magnetic orientation is appropriate, as the energy of 
magnetic monopole theoretically increases in a 
magnetic field (Devons, 1963). All of samples were 
placed at 250 cm distance from MBW source, in 
hermetically closed glasses. It should be noticed that 
MBW could penetrate through many other barriers, for 
example into cast iron reservoir with wall thickness of 
5 cm (Amaldi, 1970). 


‘The quality investigations were made by using of 
standard equipment. HPLC, equipped with 
refractometric detector was used for sugars estimation, 
Separation of organic acids in forms of their ethyl esters 
and acid esters was carried out chromatographically 
using a column packed with polyethylenglycol 
succinate and the following temperature option: initial 
temperature is 120°C, final temperature is 220°C, 
temperature growth rate: 8°/min. GLC was also 
employed for determination of ethanol. Minerals content 
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‘Thoracic and abdominal wall (schematic drawing). Note the segmental 
nization of the blood vessels and nerves, Right side: superficial layers; 
e: deeper layers. 


Horizontal section of the abdominal wall (from above) showing the 
location of the intercostal arteries (left side) and nerves (right side). 


0 


Sternocleidomastoid muscle 
Deltoid muscle 

Pectoralis major muscle 

Anterior cutaneous branches of 
intercostal nerves 

Cut edge of anterior layer of rectus 
sheath 

Rectus abdominis muscle 
Tendinous intersection 

External abdominal oblique muscle 
Lateral femoral cutancous nerve 
Femoral vein 

Great saphenous vein 

Medial supraclavicular nerves 
Pectoralis minor muscle (reflected) 
‘and medial pectoral nerves 

Axillary vein 

Lang thoracic nerve and fateral 


Intercostal nerves 
Lateral cutaneous branches of 
intercostal nerves 

‘Superior epigastric artery 
“Thoracoabwlominal (intercostal) 
‘Transversus abdominis muscle 
Posterior layer of rectus sheath 
Inferior epigastric artery 

Lateral femoral cutaneous nerve 
Inguinal ligament and iioinguinal 
Femoral nerve 

Femoral artery 

e cord 


Posterior intercostal arteries 
Internal abdominal oblique muscle 
Lateral cutaneous branch of 
intercostal nerve 

Dorsal branch of spinal nerve 
Latissimus dorsi muscle 

Deep muscles ofthe back (medial 
and lateral tract) 

‘Aaterior layer of rectus sheath 
Posterior layer of rectus sheath 
‘Thoracolumbar fascia 

Spinal cord 

Aorta 


1 Rectus abdominis muscle 

2. Tendinous intersection 

3 Internal abdominal oblique musele 

4. External abdominal oblique muscle 
(reflected) 

5. Amterior superior 

6 Mioinguinal nerve 

7. Spermatic cord 

8 Costal margin 

9. Superior epigastric artery 

\ Thoracoaldominal (intercostal) nerves 

11 Posterior layer of rectus sheath 

Jbdominis muscle 

13. Semilunar line 

M4 Arcuate line 

15. Inferine epigastric artery 

16 Inguinad 


ac spine 


‘Abdominal wall with vessels and nerves. The left rectus absominis musele has been 
divided and reflected to display the inferior epigastric vessels The left internal 
abdominal oblique muscle has been removed to show the thoracoabdominal nerves, 


1 Internal tho 
2. Intercostal artery 
3. Superior epigastric artery 
4 Musculophrenic artery 


5 Gallbladder 
6 Rectus abdominis muscle 
7. External abdominal oblique muscle 
8 Deep circumflex itiae artery 
9 Superficial epigastric artery 
10 Inferior epigastric artery 
11 Superficial circumflex line artery 
12. Femoral artery 
1 Intercostal nerve 
14. Thoracoabdominal nerve (Tix) 
15 Transversus abdominis muscle 
16 Posterior layer ofthe reetus sheath 
17. Miohypogastrie nerve (L,) 
18 Ulioinguinal nerve (L;) 
19. Spermatic cord 
20. Genitofemoral nerve (Ly.L3) 
Arteries and nerves which supply the thoracic and abdominal wall. Note their 1 Femoral branch 
bb Genital branch 


‘segmental arrangement, (Schematic drawing.) 


Inguinal canal in the mal 
(anterior aspect), 


Dissection of superficial layer, right side 


Inguinal canal in the male I, right side (anterior aspect), 
‘The external abdominal oblique muscle has been divided to display 
Be inesioaleane’. 


Regions and reference lines 
for delineating surface projes 
Reference lines and regions 

1 Median fine 

2. Lateral stermal line 
3 Parasternal line 

4 Left lateral or midelavicular line 
S- Midasillary line 

6 Transpylorie plane 

7. Transtubercular plane 
8 

9 

0 

1 

3 


Hypochondriac region 
Epigastric region 
Lumbar region 
‘Umbilical region 

Iie region 
Hypogastric region 


u 
1 
r 


1 Anterior superior iliac spine 
2 Medial crus of inguinal ring 
3. Inguinal ligament 

4 Lateral erusof inguinal ing 
5. Superficial epigastric vein 
6 Saphenous opening 
7 
8 
9 


Superficial inguinal lymph nodes 
Great saphenous vein 
Anterior cutaneous branches of femoral nerve 
10. Anterior layer of rectus sheath 
LL Intererural fibers 


3 
a 


13 Spermatic cord and genital branch 
of genitofemoral nerve 

14 Penis 

15 Aponeurosis of external abdominal oblique 
‘muscle (divided and reflected) 

16 Internal abdominal oblique muscle 

17 Hioinguin 

18 Anterior cutaneous branches of iliohypogastric 

19 Superficial external pudendal veins 


Inguinal canal in the male IIL, Deep dissection (anterior aspect, right 
side), Spermatic cord with exception of ductus deferens (probe) has 
been divided and reflected. 


General characteristics of lower part of anterior abdominal 
wall and inguinal canal. (Schematic drawing.) 


Internal abdominal oblique muscle (ref 
Transversus abdominis muscle 

Inguinal lieament 

Spermatic cord with the exception of the ductus 
doferens (divided and reflected) 

uctus deferens and interfoveolar ligament 
Superficial circumflex iliac artery 

and vein 

Superficial inguinal lymph nodes and inguinal 


lymph vessel 
Inferior epigastric artery and v 
Fals inguinalis or conjoint tendon (cut) 
Pubic branch of inferior epigastric artery 
Superficial inguinal ring 

Penis 

External abdominal oblique muscle 

Anterior superior iliac spine 

Intercrural fibers 

Fascia lata and sartorius muscle 

shenous opening and great saphenous vein 
Deep inguinal ring 

Skin of scrotum and dartos musele 
Cremaster muscl 

Internal spermatic fascia 

Ductus deferens 

Epididymis 

Peritoneur (blue) 

Remnant of processus vaginalis 

“Tunica vaginalis testis 

Rectus abdominis muscle 

‘Spermatic cord with ductus deferens covered 


by external spermatic fase 
Anterior layer of rectus sheath 
Suspensory ligament of penis 
“Testis and epididymis 

Duectus deferens 

Pampiniform venous plexus and testicular 
antery 

Inferior epigastric artery 

Lateral femoral cutaneous nerve 


Mioinguinal nerve 
smoral nerve 
Sartorius muscle 


Deep dorsal vein of penis 


Inguinal hernias may cither pass 
through the inguinal canal lateral to the 
inferior epigastric artery (indirect or 
lateral inguinal hernias, A and C) or 
directly penetrate the abdominal wall 
through the inguinal triangle located 
medial to the inferior epigastric artery 
(direct or medial inguinal hernias, B), 
‘The lateral hernias can be congenital 
if the vaginal process remains open (C) 
or acquired (A) if the hernia develops 
independently of a patent processus 
aginalis, 

Femoral hernias generally protrude 
through the femoral ring below the 
inguinal ligament, Proper assessment of 
the site of herniation requires the 
identification of both the inguinal 
ligament and the epigastric artery. 


Inguinal and femoral region in the male (anterior aspect). On the right, the spermatic cord was dissected to display the ductus 
deferens and the accompanying vessels and nerves. The fascia lata on the left side has been removed. 


Layers of spermatic cord and types of hernias. Left: Normal situation; middle: Location of acquired inguinal hernias: 
‘A= indirect; B = direct inguinal hernia, Right: congenital indirect inguinal hernia (C); the vaginal process remained open, 


1 =Median umbilical fold, containing urachus chord. 
(edial umbilical fold with remnants of umbilical artery and vein 


ral umbilical fold with inferior epigastric artery and vein, 


1 Aponeurosis of external abdominal 
‘oblique muscle 

2 Internal abdominal oblique muscle 
(divided and reflected) 

3. Transversus abdominis muscle 

4 Superficial citcumfles iliac artery and 


fal inguinal ring with fat pad 
6 Medial and lateral erural fibers 

7 Round ligament (ligamentum teres uteri) 
8 Labium majus pudendi 

9 Anterior layer of rectus sheath 

10 Superficial epigastric artery and vein 

11 Inguinal tigament 

Cutancous branch of ilioinguinal nerve 
Superficial inguinal lymph nodes 
Entrance of round ligament into the 
laium majus 

External pudendal artery and vein 
Position of deep inguinal ring 
ioinguinal nerve 

18 Internal abdominal oblique mascle 

19 Pubic branch of inferior epigastric 


Inguinal region in the female (anterior aspect). Left side: superficial layer; ee 


ee e : ies 20. Genial branch of genitofemoral nerve 
Fight side: extemal and internal abdominal oblique muscle divided and reflected. 31 yr ney oy neusnt coo 


22 Hloinguinal nerve 

23 Sheath of round ligament (inguinal 
canal) 

24 Transversalis fascia 


SrocSs. 


Inguinal canal of the female I (anterior aspect, right side). Inguinal canal of the female II (anterior aspect, right side). 
‘The external abdominal oblique muscle has been divided and ‘The external and internal abdominal oblique muscle have 
reflected, o display the ilioinguinal nerve and the round been divided and reflected to show the content of the inguinal 


ligament, canal. 


Occipital belly of oceipitofrontalis muscle 
Splenius capitis muscle 
‘Sterocleidomastoid muscle 
‘Trapezius muscle 

Deltoid muscle 

‘eres minor muscle 

Medial margin of seapula 
Rhomboid major muscle 

‘eres major muscle 

Latissimus dorsi muscle 
‘Thoracolumbar fascia 

External abdominal oblique muscle 
inc crest 

Gluteus maximus muscle 
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was examined with Atomic Absorption Spectrometry 
(AAS). Electronic spectra of samples were obtained with 
double beams UV Vis spectrophotometer equipped with 
permanent wavelength scanning. Redox potential was 
measured with EV-74 potentiometer. 


‘The aroma alterations in the wine samples were 
investigated by GLC method after preliminary 
concentration of aromas by solid phase adsorption. The 
concentration was carried out by barbotation of inert 
gas (nitrogen) through liquid and consecutive catching 
of volatiles with tube trap, filled by Polysorb 1 sorbent 
(Lur'e 1972). The well-known analogue of Polysorb 1 is 
Porapak Q. The tube may be regarded as a short 
chromatographic column, and volatiles go through it 
according to their retention times. The choice of sorbent 
was motivated by the fact, that retention times of water 
and ethanol was rather small (ibid). Thus, a 
concentration process can be ended at the moment, 
when water and ethanol have passed through the 
column, as the other volatiles remained bonded. The 
aroma desorption was made with ethyl ester. The 
analysis of the concentrates obtained was carried out 
with gas chromatograph equipped with flame ionisation 
detector (FID), column 3mx3 mm, packed by Carbovax 
Mon the Supelcoport. Temperature for the analysis was 
programmed from 100 to 190°C with increase of 1°/min. 
Isothermal conditions in the borders had durations of 2 
and 40 min respectively. The “mild” conditions of 
separation were also employed (initial oven temperature 
was 80°C with isothermal condition duration 5 min, 
temperature growth rate 1°/min, final temperature 
150°C and isothermal condition duration 40 min). 


Optical activity was tested with Spectropol at D line of 
Na (580 nm). The samples were evaluated 
organoleptically by a group (12 persons) of workers from 
Russian Institute of Canning Industry. Turbidity tests 
were made under the methods of Valuiko et al (1987), 

In some cases, qualitative tests were completed by MPL 
turbiditymetric measurements. Before testing samples 
were filtered. Determinations of heavy alcohols and 
aldehydes contents were carried out in accordance to 
National Standard (GOST, 5363-67) as follows below. 
Determination of the constituents of “heavy spirits"(i 
pentanol, i butanol) was based on reaction of the sample 
with salicylic aldehyde in a presence of H,S0,. Rose 
colour develops if sample contains the heavy alcohols. 

‘The density was measured with Vis-photometer and 
the quantative determination was carried out using 
standard graph made with mixture solution of i pentanol 
and ibutanol. A method for determination of aldehydes 
content is based on a reaction of fuchsine sulphite. The 
developed colour was measured with Vis-photometer. 
Calibrating plot constructed basing on typed solutions 
was used for quantification. 


Results and Discussion 


Investigations of wine quality changes after MBW 
treatment were performed using two samples of 
portwine (“Zemfira") type wine. Sample 1 was a 


reference (non treated) and sample 2 was treated with 
MEW, 


In both samples, the fructose and glucose levels were 
practically the same and amounted to 
43.8 + 3,32.22.5 g/l respectively. Sucrose and maltose 
were absent. Total sugar content was 76.0 g/1 though 
the level marked on the label was 80 g/l. It is thus 
apparent that the treatment of wine with MBW does 
not lead to noticeable changes of sugars content. 
Results of organic acids determinations are given in the 
Table 1. 


Table 1 
‘Main organic acids content, g/1 
Acid | Treated wine Initial wine 
Lactic 0.0265 0.00187 
Oxalic 0.010 0.0088 
Succinic 0.209 o.18 
Malic 4.56 4.22 
Tartric 0.0805 0.0895 
Citric 0.401 0.483 


Standard deviation for the determination method was 
estimated as 7 %. This fact shows that differences in 
organic acids content are not significant. It should be 
noted that a tendency of slight increase in light acids 
(up to malic) in the treated wine was observed in 
contrast to noticeable change in more heavy acids. The 
ethanol content of both of samples was 181 and 
184 g/l for non treated and treated samples, 
respectively, though the label on the bottle indicated 
190 g/I concentration. Standard deviation was 5 %. Thus, 
MBW treatment does not lead to significant changes in 
alcohol content. 


Atomic Absorption Spectrometry (AAS) data indicated 
that the samples were practically identical in terms of 
K, Na, Ca, Mg, Fe, Cu and Zn contents (data are not 
shown), 


Similarly, spectra of treated and non treated wines, 
diluted 150 times before photometring, were practically 
identical, thereby pointed out that polyphenols are 
unchanged. 


When wine is industrially treated with IR or microwave 
heating, ultrasonic, ultraviolet and g radiation, different 
reactions occur and there include redox reaction, 
esterification, condensation, hydrolysis, Maillard 
reactions, etc (Kishkovsky 1988). Most of reactions are 
accompanied by redox potential changing. Increase in 
Redox potential points out the increase in concentration 
of oxidants, i.e. oxygen, peroxides, and other 
compounds, which are electron acceptors. Redox 
decrease is a result of oxidation processes (ibid). Redox 
potential was practically constant (AE= 145 mV and 
150 mV in samples # 1 and 2 respectively). Evidently, 
oxidation processes, like they occurred during heat 
treatment, were absent during the MBW treatment. 
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Distribution of dorsal branches of spinal nerves. No 
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Dorsal aspect of neck Il, Deeper layer. The left trapezius muscle has been divided and reflected. On the right, trapezius, 
rhomboid and splenius muscles have been divided, Right levator scapulae muscle has been slightly reflected 
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One of the important reactions to be considered is the 
Maillard reaction. Essentially it appears in form of 
browning, decrease in reducing sugars and amino acids, 
and new aromas formation. While our result evidences 
on absence of irrelevant aromas, alterations of wine 
colour, and sugar content, thereby indicating 
insignificant contribution of Maillard reaction on wine 
quality changes due to MBW treatment. Technological 
treatment often leads to esters accumulation that 
improves wine aroma. It’s well known that the most 
important in this context are the esters of C,-C,, fatty 


acids (Kishkovsky 1988). During heat treatment, storage 
and other physical influences, different kinds of acid 
esters accumulate. These have weaker aroma than 
esters of fatty acids. But their appearance proves the 
existence of esterification processes. A comparison of 
aromas chromatograms of the samples 1 and 2 proves 
occurrence of changes in concentrations of the 
individual substances (increasing of peaks length with 
retention times of 13.10, 100.9; decreasing of peaks 
length of 54.85 min). An order of peaks exit of different 
volatives is given in the Table 2. 


Table 2 


Exit order of different volatiles 


Exit order, fom | Retention time in our Exit order, fom Retention time in| 

published data for | experiments, min published data for our experiments, 
Carbovax 20 M Carbovax 20M min 

JAcet aldehyde 3.8 i-Pentanol 23.56 

Ethyl acetate 471 i-Amyl butyrate 

Diacetyl 4.82 Acetone 

Methanol 491 n-Pentanol 27.92 

Ethanol 6.01 i-Amyl valerate 

/n-Propanol Ethyl lactate 

i-Butanol 13.58 Ethyl caprilate 52.6 

Butyl acetate 13.59 Acetic acid 

Butyl acetate Diethyl succinate 

Ethyl valerate Ethyl laurate 

n-Butanol 17.73 Phenyl ethanol 

Amyl acetate 20.70 Diethyl malate 


A comparison of retention times of components with 
peaks of standard substances of wine aroma indicates 
that butyl acetate and i-butanol are very close to peak 
2, Data on chromatographic separation with mild 
condition showed that i butanol and butyl acetate peaks 
exited simultaneously. Organoleptic evaluation recorded 
a nice smell in the treated wine, thereby due to the 
formation of butyl acetate. Data indicated the presence 
of ethyl malate, ethyl tartrate and ethyl citrate in the 
samples, in addition to two peaks corresponding to 
ethyllactate and ethyl oxalate. The large experiment 
error does not allow any inference on changes of their 


height after magnetic treatment. Identification of peaks 
with retention time factor especially in such complex 
system is not unquestionable. However, the best way 
is to use the chromato mass spectrometer, which allows 
inference according to their individual mass-spectrum, 


Organoleptic evaluation can depend on aliphatic 
alcohols content. Determination with GLC shows (Table 
3), that their quantity in the both samples is rather small 
with respect to average values taken from literature for 
this type of wines. Thus such changes can not be 
recognized with such evaluation. For both of samples 
pH was equal to 4.0, 


Table 3 
Aliphatic alcohols content, mg/1 


“Average 
Alcohol Sample #1 Sample # 2 literature 
values 
(Kishkovsky 1988) 
Methanol 80-350 
i-Propanol 03-3 
n-Propanol] less than 20 5-50 
i-butanol | less than 20 less than 20 20-100 
n-Butanol | less than 10 less than 10 2-10 
i-Pentanol | less than 20 less than 20 100-250 
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‘The results of optical activity measurements indicated, 
that both samples are not optical active. Filtration, 
clarification and dilution could not change the optical 
activity. Pethaps, there is a compensation of different 
forms of D- and L- compounds in the samples, thus 
total activity was very close to zero, and magnetic 
influences could not change equilibrium between the 
forms. 


Organoleptic evaluation of more delicate taste and 
aroma of the treated sample with respect to non treated 
one, MBW treated sample as more complete, harmonic, 
noble, and natural in contrast untreated sample was 
recorded as excessively bitter and sour in spite of 
practically the same pH of samples. 


It is interesting to test the tendency of wine to make a 
different kind of turbidity after the MBW treatment. Data 
showed that both samples were not positive for protein 
turbidity. In term of reversible colloid turbidity 
formation, after storage at 7.5°C for 1 day, the MBW 
treated sample was homogeneous, in contrast to the 
formation of different phases with different 
refractometric numbers in untreated sample. Both the 
phases in untreated sample were liquid, with a density 
very close to each other, but the borders of phases were 
like broken lines when crystallization begins in 
crystallization process. This alteration in untreated 
sample may be due to micelle state changes or of 
structurization of product. 


‘The tendency test for polysaccharide turbidity based 
on the reaction with phenol in presence of H,S0, and 
determination of the derivative formed by 
photometrically, indicated, that difference in 
concentrations of polysaccharide in the both samples 
are very small, the levels being 119 and 106 mg/l for 
untreated and treated samples respectively. These 
values are close to range of polysaccharide stability 
(150-200 mg/l), and thus do not allow any conclusion 
on changes of relative stability of the samples. A 
tendency for polyphenols turbidity, due to polyphenols 
associates precipitation upon addition of salt did not 
show differences. Turbidity, as determined in MPL 
apparatus, was 15 FEM as against value of 0.2 FEM 
before testing in untreated sample. These numbers were 
respectively 14 and 0.3 FEM for treated sample. Thus it 
indicates that both the samples are very stable with 
respect to polyphenols turbidity and that the magnetic 
treatment does not lead to alteration in the polyphenols 
stability. 


‘The data on the colloid stability indicate, that both the 
samples showed rather high resistance against protein, 
polysaccharide and polyphenols turbidities. Besides, 
treated sample showed higher stability with respect to 
reversible colloid turbidities. 


Itis interesting to investigate as to how heavy alcohols 
and aldehydes, which are often produced, when low- 
grade technology is used, are affected by magnetic 
treatment. For these studies, a system of simple mixture, 
consisting only of spirit and water, was used. 


Commercial vodka bottled in standard 0.5 Lbottles and 
artificial solutions, containing 40 % of food derived 
rectified spirit were used. Data showed, that MBW 
treatment significantly influenced the heavy alcohols 
content, as the reduction in heavy alcohol was more 
than two times. In addition, it reduced aldehydes by 
more than 3 times in vodka, and more than 30% in 
rectified spirit. Data indicate that efficiency of aldehydes 
removal is higher when the sample contained higher 
level of aldehydes. Thus, the MBW treated vodka and 
rectified spirit will be better than untreated one. It is 
however stressed that untreated samples were also 
recorded as good by sensory panel. So, limits for 
aldehydes are usually present in high quality vodka 
established by National Standard (GOST 5363- 67) are 
6- 15 mg/1. Thus the organoleptic evaluation of samples 
does not allow to find difference in aldehyde levels in 
these samples, 


Table 4 


‘The main results of heavy alcohols and aldehydes 


determination 
(mg/1) in vodka and solution, contained 40 % of 
rectified spirit 
Substance [Non-treated | Treated | Nondtreated | ‘eated 
vodka | vodka | _ spirit spirit 
‘Alcohols | 87 a5 | 308 15 
JAldehydes| 15 04 os o4 


Sediments formation and its character were also 
evaluated. The sediment in treated grape juice was 
dense and more dark, the formless, non crystalline sort, 
and gel like form. The volume of the sediment occupied 
up to 30% of total volume. The sediment did not sink or 
float, nor it stick to the wallls of glass. It was found that 
100 ml of juice gave about 155 mg of dry sediment. 
Microscopic investigations showed an absence of any 
kind of bacteria or fungi in the sediments. 


The effects of high energy of magnetic influences on 
sediment were also investigated. The experiments were 
carried out with “Portwine Erevanski, vol. 0.5 1, white, 
spirit content 19 vol %, sugar 10 %, prepared according 
to GOST (National Standard) 7208-84”. Crystalline 
sediment appeared on the walls and especially on the 
bottom of the bottle after the BMW treatment. An 
amorphous precipitate was also presented, and it can 
be separated by decantation. Crystalline sediment, after 
washing with ethanol and drying to constant weight, 
weighted 69.2 mg, and was of bright brown colour. A 
tartrate content as a tartrate acid, of the sediment was 
59% mass. If it is considered as a tartar (a wine stone) 
of potassium sodium tartrate, then tartar content in 
sediment works out to be 86%. If it is considered as a 
tartar of dipotassium tartrate, tartar content in sediment 
will be 93%. 


Generalization of data shows the positive effect of 
magnetic treatment on the wine samples, leading to 
harmonic taste of treated wine and absence of non 
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Surface projections of lungs and pleura on the thoracic wall. Left: anterior aspect; right: right-lateral aspect 
Red = margins of the lung; blue = margins of pleura. The numbers indicate ribs. 


‘Surface projections of lungs and pleura on thoracic wall. Left: posterior aspect; right: left-lateral aspect, 
Red = margins of lung; blue = margins of pleura. The number indicate ribs. 


1 Apexof_ung 6 Lower lobe of right ung 11 Costal margin 

2 Upper lobe of right lune 7. Upper lobe of lett lung 12 Spine of scapula 

3 Horizontal fissure of right ling 8 Cardiac notch of left lung 13 Istlumbar vertebra 

4 Middle lobe of right tung 9. Lower lobe of left lung 14 Space between border of lung and pleura 


5. Oblique fissures of lungs 


Infrasternal angle (costodiaphragmatic recess) 


Left lung (lateral aspect), 


Right lung (medial aspect). 


Apex of lung 
Upper lobe of right hang 
Horizontal fissure of right lung 
Obtique fissure of right lung 
Middle lobe of right lung 
Lower lobe of right lung 
Inferior border 


Left lung (medial aspect), 


1S. Beonchi 
Right pulmonary veins 
Pulmonary ligament 
Disphragmatic surface 
of subclavian artery Groove af aortic arch 
1 of arygos arch Left pulmonary artery 
Branches of right pulmon Branches of left pulmonary 


Left secondary bibachi 
Groove of thoracie aorta 
roove of esophagus 
Cardiacimpression 
Lingula 


Right lung (medial aspect) Left lung (medial aspect), 


lung (lateral aspect), Jung (lateral aspect) 


‘The bronchopulmonary segments of the lungs are differentiated by the various colors, Notice that there is no segment 
in the left lung that corresponds to the 7th segment of the right lung. Compare with the schematic drawing on the 


facing page. 


Distribution of bronchopulmonary segments of the lungs and their relation to the bronchial tree (after J. FE. Huber), 
The bronchopulmonary segments are morphologically and functionally separate independent respiratory units of the lung tissue. 
Each segment is surrounded by connective tissue which is continuous with the visceral pleura, The segmental bronchi in a 


segment are central, closely accompanied by branches of the pulmonary arteries whereas the tributaries of the pulmonary veins 
Fun between the segments. Thus, the veins serve two adjacent segments which drain for the most part into more than one vein. 
A bronchopulmonary segment is therefore not a complete vascular unit, but segment: 


of the lung vasgulature, 


9 Lateral basal segment 
10 Posterior basal segment 
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Lateral basal segment 
Post 


jor basal segment 


is the result of a specific architecture 


Heart of 30-year-old woman (anterior aspect). 


Left subclavian artery 9) Coronary suleu 
Left common carotid artery 10 Right ventricle 
Brachiocephalic trunk 1 Aorticarch 
Superior vena cava 12 Ligamentum arterios 
Ascending aorta 13 Left pulmonary veins 
Bulb of the aorta 14 Left auricle 

Right auricle 15. Pulmonary trunk 
Right atrium 16 Sinus of pulmonary tr 


17 Anterior interventricular suleus 


Nj 


Sw 


od 


Position of heart and its vessels within the thorax 
(Schematic drawing.) 


14 


-old woman (oblique posterior view) 


18 
9 
a 


Left ventricle 
Apex of the heart 

‘Left atrium 

Epicardial fat overlying coronary sinus 


12. Posterior interventricular sulcus 
23 
24 


Right pulmonary artery 
Right pulmonary veins 
Inferior vena cava 


Right brachiocephali vein 
Superior vena cava 
Ascending aorta 

Right atrium, 

Right ventricle 

Inferior vena cava 

Left internal jugular vein 
Left common earotid artery 
Left axillary artery and vein 
Left brachiocephalic ein 
Pulmonary trunk 

1 


Descending aorta 


1 Larynx (thyroid curtilage) 

2 Sternocleidomastoid muscle 
(divided) 

3. Trachea (divided) and right 
internal jugular vein 

4 Vagus nerve 

5 Right common exrotid artery 
and cephalic vein 

6 Esophagus 

7 Right axillary vein 

8 Right and left brachiocephalic 

9 Superior vena cava 

10 Right auricle 

11 Right coronary artery 

12. Right atrium 

13 Diaphragm 

14. Pericardium (cut edges) 

15. Costal margin 

16 Omohyoid muscle 

17 Left common carotid artery 

18 Left internal jugular vein 

19 Claviele divided) 

20. Left recurrent laryngeal nerve 


23. Pulmonary trunk 

24 Ascending aorta 

25 Anterior interventricular suleus 
and anterior interventricular 
Iwanch of left coronary artery 

26 Right ventricle 

27 Let ventricle 

28 Aortic valve 

29 ‘Tricuspid or right 
avioventrcular valve 

30. Inferior vena cava 

31 Pulmonary veins 

Heart and related vessels in situ (anterior aspect). Anterior thoracic wall, pericardium 32 Pulmonary valve 


and epicardium have been removeds trachea divided. eae in laced 


Heart in situ, Position of valves (anterior aspect), (Schematic drawing.) 


Bra 


1 jiocephalic trunk 

2. Superior vena cava 

3. Suleus terminalis 

4 Right auricle 

5 Right atrium 

6 Aortic valve 

(Conus arteriosus (interventricular septum) 

8 Right atrioventricular (tricuspid) valve 

9 Anterior papillary muscle 

10 Myocardium of right ventricle 

11 Left common carotid artery 

12 Leftsubelavian artery 

13 Aortic areh 

14 Ligamentum arteriosum (remnant of ductus 
arteriosus) 

15. Thoracic worta (descending aorta) 

1 Ascen a 

17 Left pulmonary vein 

18 Pulmonary trunk 

19 Left auricle 

0 Pr 

21 Anterior papillary muscle with chordse 
tendineae 

Myocardium of left ventricle 

Posterior papillary muscle 

Interventricular septum 

Right and left brachiocephalic veins 

Chordae tendinene 

Papillary muscles of right ventricle 

Left atrium 

Infundibulum 

W) Anterior papillary muscle of left ventricle 

31 Left atrioventricular (bicuspid or mitral) valve 


monic valve 


and chordae tendineae 
32. Apex of heart 


Anterior aspect of the heart. The anterior walls of the ventricles and 
of the aorta and pulmonary trunk have been fenestrated to show the 
aortic valve 


in the heart. (Schematic drawing.) The arrows 
jon of the blood flow through the heart 


Circulation wit 
indicate the dire 
Blue = right heart; red = left heart. 


Heart in situ, Myocardium and coronary arteries 
(anterior aspect). 


Internal jugul 
‘Common caratid artery 
Brachiocephalic trunk 
Ascending aorta 
Right lung 
Right auricle 
Right coronary artery 
‘Myocardium of right ventricle 
Diaphragm 
Costal margin 
‘Thyroid gland and internal jugular vein 
Trachea and left common carotid artery 
Lett brachiocephalic vein 
Lett lung 
Pericardium (cut edge) 
Pulmonary trunk 
Anterior interventricular artery 
Myocardium of left ventricle 

uscular vortex (right ventricle) 
Posterior interventricular sulcus 
Anterior interventricular sulcus 
Muscular vortex (left ventricle) 
Aortic arch 
Left atrium 
Coronary sinus 
Superior vena cava 
Right pulmonary vein 
Right atsium 
Inferior vena cava 
30. Coronary sulcus 

Myocardium of left ventricle 

Left pulmonary artery 
Left pulmonary vein, 
Apex of heart 


Heart (posterior aspect). The myocardium of the left 
ventricle has been fenestrated to show the muscle fiber 
bundles of the deeper layer with their more circular course. 


‘Vortex of cardiac muscle fibers (from below) 


1 Superior vena cava, 
2. Crista terminalis 

3 Fossa ovalis 

4 Opening of inferior vena cava 
5 Opening of caronary sinus 

6 Right auricte 

Right caro 

8 Anterior cusp of tricuspid valve 
9. Chordae tendia 

10 Anterior papillary muscle 
1 Myocardium 

12 Pulmonary trunk 

13. Ascending aorta 


ary artery and coronary sulcus 


valve 
15 Conus arteriosus (interventricular septum) 
16 Septal papillary muscles 

7 Septomarginal or moderator band 

Apex of heart 

Left auricle 

Aortic valve 

Left ventricle 


Pulmonary veins 
Position of fossa ovals 
Left atrium 

Let tri 
26 Coronary sinus 


fentricular (bicuspid or 


27 Leftcoronary artery 
28 Posterior papillary muscle 
20. Left subclavian artery 

30 Descending aorta 

31 Left pulmonary artery 


Right heart (anterior aspect). Anterior wall of right atrium 
and ventricle removed, 


Left heart. Left atrium and ventricle opened, Aortic and Left heart, Aortic valve cut open, Left atrium and 
mitral valve cut open. ventricle opened. The atrial wall was cut near the anulus 
fibrosus of the mitral valve. 


Pulmonic valve 
Sinus of pulmonary trunk 

Left coronary artery 

Great eurdiae vein 

Left atrioventricular (mitral) valve 
Corvaary sinus 

Aortic valve 

Right coronary artery 

Right atrioventricular (tricuspid) 
valve 

Bulb of aorta 

Anterior semilunar cusp of 
pulmonic valve 

Left semilunar cusp of pulmonic 
valve 

Right semilunar cusp of polmonic 
vale 

Left semilunar cusp of antic valve 
Right semilunar cusp of wortic valve 
Posterior semilunar cusp of aortic 
valve 

Right atrium 

Anterior cusp of tricuspid val 
Chordae tendineae 

Trabeculne carne 


Interveniricular septum 


Valves of heart (superior aspect). Left and right atrium removed. Dissection of Septal cusp of tricuspid valve 


papillary muse 
arcium of right ventricle 


coronary arteries, Above: anterior wall of the heart 


Pulmonie and aortic valves (from above). Anterior wall of Right atrioventricular (tricuspid) valve (anterior aspect after 
the heart at the top. Both valves are closed. removal of the anterior wall of the right ventricle) 


pleasant tastes. Most of the changes were found to bein 
the flavour and taste components, which were minor 
substances in the product. For example esters 
concentration changes during the treatment. At the 
same time the content of major components, such as 
sugars, organic acids, particularly, heavy organic acids, 
and especially ethanol remain constant. It seems logical 
from kinetic point of view, when simple processes, like 
esterification, are preferable with respect to many 
stages reactions, and reactions with high activation 
energies, which can go at hard conditions. Also, it seems 
logical that magnetic treatment may influence on 
electrical state of colloid species. Thus magnetic 
treatment can be considered as mild, selective in the 
comparison with many other physical methods. 
Nevertheless, the changes lead to acceptable 
energetical and nutritious value of the product. Data 
show that difficult problems, such tartar removal, can 
be solved by MBW treatment. 
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The Fundamentals 
of the New Principle of 
Motion 


By The Group Studying Inertialess Natural Processes (GSINP) 
123430, Moscow, Mitinskaya Str, 40-1-244 Email: gibip@mailru 


P Sherbak 


‘The concepts of active and passive interaction between 
the moving object and the space form the basis of the 
new principle of motion. 


So as to be more understandable, let’s consider what is 
the old principle of motion. For this we will use the 
concept of a moving object and the space in which the 
object is moving. Naturally, material objects and the 
space can't interact between each other directly, 
because the space is the philosophical category. In this, 
case we can understand physical essence of natural 
phenomena easily. In our view, the material objects 
interact with some fundamental energy of space (FAM), 
which fills all space with a different density. Thus the 
energy (FAM) is inalienably connected with the space. 
One of the first names of this energy is “ether” in the 
early scientific works. So, for the simplicity we will 
accept that the object and the space interact between 
each other. 


‘Thus, all existing methods of motion which have been 
invented by mankind till the present time are based on 
activity of the material object that means the one 
expends some energy to produce the motion, and at 
the same time space is passive, it means that space 
does not need to spent any energy to move the object. 
And so in common case space tries to keep the object, 


Page 288 


in the former state interfering with accelerated 
movements of the object (in accordance with the 1", 
the 2” and the 3% Newton's laws) 


It should be noticed that such method of motion (for 
the speed, which is much less than the speed of light) 
takes place both in animate and inanimate natures. In 
this case the level of energy of motion and reaction of 
space (or an environment) are not very high. 
Incidentally, the energy of object can be of different 
types: electrical, chemical, biochemical, mechanical etc. 
‘The common consequence of this type of motion is 
existence of the inertia. The classical physics can't 
answer the question: “what is inertia?» The same 
situation is applied to the concept of mass, which is 
closely connected with inertia. The classical physics 
says that the mass is a measure of inertia. 


‘There is the new principle of motion of material object: 
the object is passive and space is active. In this case 
it’s more favorably for space in the energy aspect to 
move the passive object and to spent some power then 
to keep the object in the present place in the former 
state of immobility (in accordance with the 1", the 2" 
and the 3" Newton's laws). And so we should introduce 
the 4" law of Newton's mechanics. It says that there 
are the systems of coordinates in which the body is 
moving not rectilinearly with acceleration when this 
body is in the state of immobility. 


‘The basic and the main differences of the offered 
principle of motion from the existing methods at the 
end of the XX century are the following: 


1) The absence of inertia of motion; 
2) There are no limits for the speed of motion; 


3) The absence of “fuel reserves” “on board” of the 
moving material object. 


Ascending aorta 
Superior vena cava 
Right auricle 
Right ati 
‘Coronary sues 
Right ventricle 
Pulmonary trunk 
Left auricle 


Anterior ioterventricuar suleus 
Left ventricle 

Right pul 
Sulcus terminals with sinuatrial node 


Line indicating plane of position of valves 
Myocardium of right atrium 

Inferior vena cava 

Valve of pulmonary trunk 

Tricuspid valve 


Myocardium of right ventricle 


Heart, fixed in diastole (anterior aspect)."The ventricles are relaxed, atria 
contracted, 


3a 


15 


Morphological changes during heart 
‘movements. Note the changes in positon of the 
valves (arrows). Contracted portions of heart 
are indicated in red. 

A. Diastole, muscles of the ventricles relaxed: 
atrioventricular valves open, semilunar valves 


closed. 
B.Systole, muscles of ventricles contracted; 


Heart, fixed in systole (anterolateral aspect). The ventricles are atrioventricular valves closed, semilunar valves 
contracted, atria dilated, open. 


2 9| 
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atrioventricular bundle (bundle of His) and right limb or 
bundle branch (probes). 


1 Superior vena cava 5. Muscle fiber bundles of tight atrium 9 
2 Sulcus terminalis 6 Coronary suleus (with right coronary artery) 10 
3. Bulbofaorta 7 Aortic sinus u 


Sinuatrial node (arrows) 8 Entrance to left coronary artery 


Right atrium, anterior wall, showing the location of the 
sinuatrial node (arrows). 


dissection of the left limb or bundle branch 
of conducting system (probes). 


Aortic valve 
Branches of left bundle branch 
Purkinje fibers 

Left auricle 
Interventricular septum 
Papillary muscles 
Ascending aorta 

Right atrium 

Ope 
Atrioventricular node 

Septal cusp of tricuspid valve 
Pulmonary trunk 

Atrioventricular bundle (bundle of His) 
Bifurcation of atrioventricular bundle 
Right bundle branch 

Inferior vena cava 

Left atrium 

Lett bundle branch 

Papillary muscles with Purkinje fibers 


1g of coronary sinus 


Conducting system of the heart. 
(Schematic drawing.) 
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Coronary arteries (anterior aspect). The epicardium and 
subepicardial fatty tissue have been removed, The 
arteries have been injected with red resin from the aorta. 


Ascending aorta 


Aortic bulb and (in the above specimen) sinuatrial 
coronary artery 

Right auricle 

Right coronary artery 

Right atrium 

Coronary sulcus 

Right ventricle 

Left auricle 

Pulmonary trunk 


‘Yessels of the heart. Coronary arteries (red) and veins 
(blue) of the heart (anterior aspect) 


Right coronary artery and veins of the heart (dorsal aspect) 
‘The epicardium and subepicardial fatty tissue have been 
removed 


10 Cireumflex branch of left coronary artery 
Left coronary artery 

Di of left artery 

Great cardiac vein 

Anterior interventricular artery 
Anterior interventricular sulcus 


Left ventricle 
Apex of heart 
Right pulmonary vein 


Left atrium 
Left pulmonary veins 
‘Oblique vein of left atrium (Marshal's vein) 


Cor 
Great cardiac vein 
Coronary 
25 Posterior vein o left ventricle 
26 Middle eardiae vein 

27 Left pulmonary artery 

28. Inferior vena cava 

20 Right atrium 

0 Fi 
31 Posterior interventricular sulcus 
32 Superior vena cava 

33. Right marginal branch 

3M Branch of sinuatrial node 

35. Minimal cardiac veins 

36 Small cardive vein 


leus (posterior portion) 


rio interventricular branch of right coronary artery 


Dissection of mammary gland (anterior aspect). 


Mammary gland (sagittal section; pregnant female). 


1 
3 
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Platysma muscle 
Chavicle 

Deltoid muscle 

Pectoralis major muscle 
Deltopectoral groove 

and cephalic vein 
Latissimus dorsi muscle 
Medial mamarian branches 
of intercostal nerves 
Breast tissue 

Areola 

Nipple (papilla) 

CCostal margin 

Pectoral fascia 

Mammary gland 

Serratus anterior muscle 
Lactiferous sinus 
Lactiferous ducts 


Galactogram of mammary gland (adult female). 
Notice multiple duct cysts. 


Thoracic wall and organs (ventral as 


Right internal jugular vein 
Omohyoid muscle 
Sternohyoid muscle and external 
jugular vein 

Claviele 

Thoracoacromial artery 

Right subclavian vei 

Pectoralis major mu 

External intercostal muscle 
Pectoralis minor muse 

Body of sternum 


Right internal thoracic artery and vein 
Fascicles of transversus thoracis muscle 
Internal intercostal muscles 

Serratus anterior muscle 

Costal margin 

External abdominal oblique muscle 
Anterior sheath of rectus abdominis muscle 
Sternocleidomastoid muscle 

Left internal jugular vein 


“Transverse cervieal artery 


pect). The left clavicle and ribs have been partially removed, and the right intercostal spaces 


have been opened to show the internal thoracic vein and artery 


Brachial plewus 
Viagus nerve 
Left a 


Ribs and thoracie wall (cut) 
Costal pleura 

Xiphoid process 

Superior epigastric artery 
Diaphragm 

Rectus abdominis muscle 


Thoracic organs, anterior mediastinum and pleura. Ribs, clavicle and sternum have been partly removed. 
Red = arteries; blue = veins; green = Iymph vessels and nox 


Sternothyroid muscle and its nerve Anterior margin of costal pleura Left brachiocephalic vein 
(a branch of the ansa cervicalis) 2 Pericardium Left internal thoracic artery and vein 
Right internal jugular vein Sth and 6th ribs (divided) Thymus 

Right common carotid artery and serratus anterior muscle Costa pleura 

Cephalic vein Costodiaphragmatic recess Costa margin 

Right subclavian vein External abdominal oblique muscle Superior epigastric artery 
Right brachiocephalic v tus abominis muscle 27 Margin of costal pleura 
Pectoralis major muscle (divided) Larynx (thyroid cartilage) 28 Diaphragm 

Pectoralis minor muscle (divided) Thyroid gland 29° Linea alba 

Parasternal lymph nodes Trachea 30 Cut edge of anterior shes 
Internal thoracic artery and vein 20 Left vagus neev abdoroicieravace 


1 Larynx (thyroid cartilage) 
2. Thyroid gland 

3 Trachea 

4 Internal jugular vein 

5 Brachial plexus 

{6 Right brachiocephalic vein and common earotid 


artery 
7. Right phrenic nerve 
8 Ascending aorta 


9 Pectoralis minor muscle (divided) 
10 Pulmonary trunk (covered by pericardium) 

11 Costal pleura 

12. Pericardium and heart 

13 Serratus anterior muscle 

14 Xiphoid process 

15. Costal margin 

16. External abdominal oblique musice 

17 Sternothyroid muscle (divided and reflected) 
18 Vagusnerve 

my 

20. Left sympathetic trunk 

21 Left recurrent laryngeal nerve 

22. Left internal thoracic artery and vein (divided) 
23. Margin of costal pleura 

24 Intercostal nerves and vessels 

25. Superior epigastric artery 

26 Rectus abdominis muscle 

27 Diaphragm 

28 Ansa cervicalis 

29. Phrenic nerve and sealenus anterior muscle 
30 External jugular vein (divided) 

31 Right subclavian vein 

32. Right brachiocephalic ein 

33 Internal thoracic artery (divided) 

ein (divided) 


ung 
36 Cricothyroid muscle 
37 Omohyoid muscle 
38 Thymus 
39 Left ung 


‘Thoracic organs (ventral aspect). The internal thoracic vessels have been removed, and the anterior margins of the pleura and 
Jungs have been slightly reflected to display the anterior and middle mediastinum, including the heart and great vessels. 


Thoracic organs (ventral aspect). The pleura has b 


pericardium are seen. 


Right internal jugular vein 
Phrenic nerve and scalenus anterior muscle 
Clavicle (divided) 

Right subclavian artery and vein 

Internal thoracic artery 

Right brachiocephalic ve 

Brachiocephalic trunk 

Thymus (atrophic) 

Upper lobe of right lung 

Horizontal fissure of right lung (incomplete) 


Middle lobe of right lung 
Oblique fissure of right lung 
Lower lobe of right lung 
Xiphoid process 
Diaphragm 

land 
Left internal jugular vein 
Brachial plexus 


n opened and the lungs exposed. Remnants of the thymus and 


Left common carotid artery and 
vagus 
Left brachiocephalic vein 
Internal thoracic artery and vein (divided) 
Ascending aorta and aor 
Upper lobe of left tung 
Pericardium 
Oblique fissure of left lung 
ower lobe of left lung 
28 Costal margin 


Thoracic organs (ventral aspect). The thoracic wall, costal pleura, pericardium and diaphragm have been partly removed. 


Left subclavian vein 
Internal jugular vein Pericardium (cut ed 24 Istrib (divided) 
External jugular vein (displaced medially) Oblique fissure of lung 25 Imernal thoracic artery and vein 
Brachial plexus Lower lobe of right ung Pectoralis major and pectoral minor muse 
Traches Diaphragm (cut edges) 
Right common carotid artery Faleform ligament Upper lobe of left lung 
Clavicle (divided) 7 Liver Right ventricle 
Right brachiocephalic vein Location of larynx Cardiac notch of let lung 
Upper lobe of right lung Left internal jugular vein Tnterventricular suleus of heart, 
9 Thymus (atrophic) Thyroid gland Left ventricle 
10 Horizontal fissure of right lung COmohyoid muscle (divided) Lingula 
LL Midale lobe of right lung 22. Vagusnerve Lower lobe of left lung 


Thoracic organs, pi edi ventral aspect), The J thorax, the costal 
pleura and the pericardium have been removed and the lungs slightly reflected. 


‘Thyroid gland LL Transverse pericardial sinus (probe) Left brachiocephalic vein snd 
Phrenic nerve and scalenus anterior muscle 12 Right aurick inferior thyroid vein 

‘Vagus nerve and internal jugular ve 13 Middle lobe of right lung 2 Left internal thoracic artery and 
Claviele (divided) 1a Right ventricle (divided) 

Brachial plexus and subclavian artery Cut edge of pericardium Upper margin of pericardial sac 
Subetavian vein Diaphragm Ascend 

Internal thoracic artery Internal jugular vein 25. Pulmonary trun 
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Nikola Tesla (1856-1943), an outstanding inventor, was 
and still remains one of the most mysterious persons in 
the history of electrophysics. Whereas the most scientists 
were moving together in direction of microparti 
investigations, as the basis of matter structure and of 
nature itself, he was going in opposite direction. He had 
a keen interest in the investigation of electric charge of 
the Earth as a whole. He was looking for the ways to 
influence on it, to control its state and methods of its 
regulation, 


‘Therefore, exactly, the most of his searches, experiments, 
the purpose of constructions and buildings, created 
according to his conceptions, cause perplexity and 
misunderstanding of scientists even in nowadays. 


‘The most mysterious of his main experiments were made 
in USA after 1904. After Nikola Tesla death in 1943, all 
his diaries and records over a period from 1904 year had 
mysteriously disappeared. Probably they were stolen (it 
‘was known, what to take). Lost records could “cast light” 
on one of the most “strange” of his buildings in the form 
of the enough tall tower, on the top of which a specially 
created toroidal transformer was placed. This transformer 
could create there a huge electric potential up to the billion 
volts. 


Nikola Tesla switched on this tower-device, what caused 
the fright and even panic in mind of people from nearby 
settlements. Of course! Because of very high electric 
potential there began air ionization, which spread very 

high to the atmosphere accompanying by the effect of 
color play. Such luminous, color-playing sky caused even 
a horror of people, who knew nothing about the 
experiment made and its goals. They did not guess that 
Tesla by means of the electric charge, created of the tower, 

was influencing on the electric charge of the Earth as a 
‘whole (about 600000 Coulomb). There was a global scale 
in Nikola Tesla’s investigations. 


There is no point in detailed analysis of the fact that the 
potential of the tower top influenced on the Earth charge. 
Interaction of charges-balls with the distortion of field 
lines, distortion-distribution of charge on their surfaces, 
induced charge, is beautifully described even in school 
physics textbooks. In Nikola Tesla investigations the 


Earth had the role of one of the charged balls. It was 
possible by changing of charge on the tower to deform 
electric charge distribution on the whole Earth surface at 
once. This deformation (electric currents) could be fixed 
at once in every point of the Earth surface. It is alluring 
touse this effect for data transfer telecommunication, both 
on the Earth, and in space. 


After such introduction the question “How does the 
system of instantaneous electri 
distance look like and work’ 


‘ommunication for any 


is still opened. First of all, 
need to know, that such instantaneous 


communication is possible in principle. The proving it 
theoretical calculations, are rather difficult for popular 
interpretation. Some part of readers can take it on trust, 
and those who are most interested in can apply to works 
of Oleinik V.P. (quantum physics) the professor from Kiev 
Polytechnic University. At the minimum there are two 
necessary works: Oleinik V.P. “Faster-than-light transfer 
of a signal in electrodynamics. Instantaneous action-at- 
a-distance in modern physics” (Nova Science Publishers. 
Inc. New York. 1999) and Oleinik V.P. 
development of quantum electrodynamics: self- 
organizing electron, faster-than-light signals, dynamical 
heterogeneity of time.” (Physical vacuum and nature 
4, 3-17. 2000). 


“Latest 


“PC” magazine has devoted a rather significant article 
entitled “Computers and teleportation” to V.P. Oleinik 
works, concerning instantaneous electric communication 
CPC" #6, 2000). Not 
has also found the possibility of instantaneous electric 
communication, but by means of materialistic methods, 
absolutely different from Oleinik’s ones, what is most 
important - two different solutions point to the possibility 
of this communication. “PC” #6, 2000 in the article 
“Circles on fields” cited mathematical formulae of the 
structure of electron electro-magnetic field as an 
illustration (it refers to the Earth too) that the author of 
this article has got. 


that the author of the given article 


The most attentive readers of that art 
that one v 


could notice, 


tor Hz absolutely “ignores” Special Theory 
of Relativity, since its mathematical expression does not 
include the velocity of light, whereas it presents in other 
vectors as a product of electri 
‘Magnetic line of this Hz vector goes to infinity and returns 
back from infinity. It surrounds the whole Universe. It is 
alluring to use exactly this (Hz) line for the instantaneous 
communication for any distance. 


and magnetic conductivity. 


Itis not so difficult to do it. In the Fig. | the easiest and 
most available for understanding line of the 
instantaneous electric communication is shown. A 
rotating charged dielectric ball (an “electron”, isn’t it?) 
is used as transmitter. The ball can be electrically charged 
up to the limit of charge flow-out into the ambient spa 


Around the charged rotating ball there appears electro- 
magnetic field, entirely analogous to the electro-magnetic 
id of the Earth (and of the electron too). The central 
magnetic line Hz goes to the infinity and returns 


‘Thoracic organs, position of heart, dissection of coronary vessels 
of thorax, costal pleura and pericardium have been removed 


Intermediate supraclavicularnerve 12. Right atrium 
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Right subclavian vein Costal mare 
Right brachiocephalic vein 18 Larynx (cricothyroid muscle and thyroid 
Right internal thoracic artery cartilage) 
Superior vena cava Thyroid gland 
cending aorta Left common carotid artery and 
Right lung left vagus nerve 


Left recurrent laryngeal ner 
Trachea 

Left internal thoracic artery and vein (divided) 
Thymie veins 

Margin of pericardial sac 

Pulmonary trunk 

Left lung 

Lett ventricle 

Anterior interventricular artery and vein 
Lingula 


Thoracic organs, cs entral aspect). Anterior wall of thorax, pleura and anterior por 
of pericardium have been removed. The right atrium and ventricle have been opened to show the right 


atrioventricular and pulmonary valves. 


Omohyoid muscle Branches of pulmona Left common carotid artery 
Pyramidal lobe of thyroid gland auricle Left subelavian artery 
Internal jugular vein 14 Right atrium Left internal thoracic artery 
Thyroid gland Right atrioventricular (tricuspid) valve Apex of left ling 
Right subclavian vein Right lung Left recurrent laryngeal nerve 
Brachiocephalic trunk Posterior papillary muscle 29 Cut edge of pericardium 
Right brachiocephalic vein Diaphragm Pulmonary trunk (fenestrated) 
Right internal thoracic artery Left vagus nerve Pulmonic valve 
Right phrenic nerve Left phrenic ner Supraventricular crest 
Soperior vena cava Scalenus anterior muscle Anterior papillary muscle 
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organs, pericardium and mediastinum (ventral aspect). Anterior wall of thorax and heart have bee! 
removed and the lungs slightly reflected, Note probe within transverse pericardial sinus, 


1 Right internal jugular vein and Right phrenic nerve and Left common carotid artery and left vagus nerve 


right vagus nerve cardiacophrenie artery and 23 Left internal thoracic artery and vein (divided) 
Right phrenic nerve and sealenus anterior muscle 13 Right pulmonary vein 24 Viagus nerve at aortic arch 
3 Right common carotid artery 4 Oblique sinus of pericardium 2 re of pericardium 


4 Brachial plexus Inferior vena cava 

5. Right subclavian artery and vein Disp tof pericardium 27 Pulmonary trunk (divided) 

6 Right brachiocephalic vein Diaphr 28 Left pulmonary veins 

7 Right internal thoraci artery (divi Costal ma Left phrenic nerve and left pericardiacophrenic 
8 Brachiocephalic trunk Thyroid gland artery and vein 

9 Upper lobe of right lung 20, Trachea Contour of esophagus beneath pericardium 
10 Superior vena exva Left recurrent laryngeal nerve and 31 Contour of aorta beneath pericardium 

11 Transverse pericardial sinus (probe) inferior thyroid vein 2 Pericardium (eut edge) 


Internal thoracie vein 
Superior vena cava 

‘Oblique sinus of pericardium 
Right pulmonary veins 
Esophagus 
Branches of right vagus nerve 
Mesneardiam 

Interior vena cava 

Middle lobe of right lung 
Ditaphragan 

Upper lobe of left lung 
Ascending ae 

Polmonary trunk 


Transverse pericardial sinus 


Left pulmonary veins 


Left subelavian artery 


Left recurrent laryngeal nerve 
Descending aor 
Palmonary arte 
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Brachiocephalic trunk 
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Right atrium 
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Pericardial sae (ventral aspect). The heart has been removed, and the 
posterior wall of the pericardium has been opened to show the adjacent 


esophagus and aorta. 


Heart with epicardium (posterior aspect). Arrows: oblique sinus, Heart with epicardium (anterioraspect). Arrow 
pericardial reflection. 
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« been slightly reflected. 


Azygos arch (divided) Esophagus and left recurrent 


Bifurcation of trachea laryngeal nerve 
Right pulmonary artery Trachea 

Right pomonary veins Left vagus nerve 

Right lung Left contmon carotid artery 
Esophagus and branches Aonic arch 

of right vagus nerve Left recurrent laryngeal nerve 
Inferior vena cava branching off from vagus ne 
Pericardium Lett pulmonary veins 
Larynx (thyroid cartilage, ericothyroid muscle) Thoracic aorta and 

Thyroid gland 30 Left lung 

Internal jugular vein Letyphreni neres (iv 


1 Internal jugular vein 
2. Right vagus nerve 

3 Thyroid gland 

44. Right recurrent laryngeal nerve 

5. Brachiocephalie trunk 

6 Trachea 

7. Bifurcation of trachea 

8 Right phrenic nerve 

9. Inferior vena cava 

10 Diaphragm 

LL Left subelavian artery 

12 Left common carotid artery 

13 Left vagus nerve 

14 Aortic arch 

15 Esophagus 

16 Esophageal plexus 

17 Thoracic aorta 

phrenic nerve 

Pericardium atthe central tendon of 
brag 

20, Right pulmonary artery 
21 Left pulmonary artery 
22 Trachea! iymph nodes 
23. Superior tracheobronchial lymph nodes 
24 Bronchopulmonary lymph nodes 


Bronchial tree in situ (ventral aspect). Heart and pericardium have been 
removed; the bronchi of the bronchopulmonary segments are dissected 
1-10 = numbers of segments, 


Relation of aorta, pulmonary trunk and esophagus to trachea 
and bronchial tree, (Schematic drawing.) 
1-10 = number of segments (ef. p.230 and 235), 


Organs of posterior me 
aortic arch have been sii 


Supraclavicular nerves 
Right internal jugular vein with ansa cervicalis 
Omobyoid muscle 


Right subclavian artery and recurrent 
luryngeal nerve 

Right subclavian vein 

Superior cervical cardiac branch of vagus nerve 
Inferior cervical cardiac branch of vagus nerve 
Azygos arch (divided) 

Right lung 


heart with the pericardium has been removed, and the lungs and 


es and their branches. 


Right pulmonary artery 
Right pulmonary veins 
Esophagus 
Esophageal plexus 
Right phrenic nerve (divided) 
Inferior vena cava 

rium covering the displ 
Laryne (thyroid cartilage and 
Thyroid gland 
Left internal jugular vein 
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Trachea 


4 Left vagus nerve 


Left common carotid artery 
Aortic arch 

Left recurrent laryngeal nerve 
Bitureation of trachea 

Left pulmonary artery 

Left primary bronchus 
Descending aorta 

Left pulmonary veins 

Branch of left vagus nerve 
Left hing 


Left phrenic nerve (divided) 


Mediastinal organs (ventral aspect). Heart and distal part of esophagus have been removed to display the vessels ancl 
nerves of the posterior mediastinum. 


Thytoid gland 11 Azygos vein 

Right internal jugular vein 12. Thorucie duct 

Right vagus nerve 13. Posterior intercostal artery and ve 

Point, where right recurrent laryngeal nerve (Gn front ofthe vertebral column) 

is branching off the vagus nerve 14 Right phrenic nerve Left bronchial artery 
Right brachiocephalic vein 15. Inferior vena cava Lymph node 
Trachea 16. Diaphr Thoracic aorta 

Lett brachiocephalic vein (reflected) 7 Esophageal plexus 


Esophagus 18 ‘Thyrocervical trunk 29 Left phrenic nerve 
Right bronchial artery 19 Left subelavian artery 
Bomerlor inlerooital sritxy 20 Left common carotid artery 


2 Cost 


Diaphragm and organs of medi 


finum (anterior aspect), Heart and lungs have 


been removed; the costal margin remains in place. Note the different courses of 


left and right vagus, 


Right subclavian artery 
Right recurrent laryng 
Right brachiocephalic vein 
Superior cervical cardiac nerve 
Inferior cervical cardiac nerves 
and pulmonary branches 
Bifurcation of trachea 
Esophagus (thoracic part) 
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‘of middle lobe 
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right vagus nerve 
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nerve (cut) 
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Faleiform ligament of liver 


Liver (quadrate lobe) 
Left common extotid artery 

Left recurrent laryngeal nerve 
Esuphageal branches of left vagus 
nerve and esophagus 

Trachea 

Aortic arch 

Left vagus nerve 

Left recurrent laryngeal nerve with 
inferior cardiae nerve 

Left primary bronchus 

Superior and inferior lingular bronchi 
Esophageal plexus of left vagus nerve 
Descending worta 

Central tendon of diaphragm 
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Organs of posterior mediastinum 
(ventral aspect). (Schematic di 
ing.) Three regions in which the 
esophagus is narrowed are shown: 
A. atthe level of the cricoid car- 
tilage: 
B at the level of the aortic arch; 
€ at the level of the diaphragm, 


Costal margin 
Liver, ltt lobe 

Pharynx 

Secondary bronchi 
Esophagus (abdominal part) 
Diaphragm 

Abdominal aorta 


‘Veins of the posterior wall of thoracic and 
abdominal cavity. (Schematic drawing.) 
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ric plexus and stomach (divided) 
Splenic artery and splenic plexus 
(Celine trank and celiae plexas 
Panes 
Ramu 
Sympathetic trunk and sympathetic gang! 
Posterior intercostal yein and 
And intercostal nerve 
Right brachiocephalic vein 
Superior vena cava 
Ascending lumbar vein 
Lumbar yeins 
Right external iliac vein 
Trachea 
Accessory heminzygos vein 
Posterior intescostal veins 
Hemiazygos vein 
Inferior vena cava 
Median sacral vein 
Inferior segment of posterior mediastinum (anterior aspect) Internal ag ve 


TRANSMITTER 


Tower of 
Nikola Tesla 
(non-effective in this case) 
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magnetic lines 
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w velocity 
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("Chinese Wall”) 
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A Magneto-conducting 
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Egyptian Pyramid”) 


Received 
signal 
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e pyramid 


Fig. 


Line of the instantaneous electric communication on the basis 
of rotating charged ball and pyramid 


back from it to the opposite side of the ball. In the same 
way the central magnetic Line of the Earth (Hz) goes from 
‘one pole to the infinity through the whole Universe and 
returns from it to the center of the opposite pole. 


If hy the information to force the rotating ball (electron) 
to “wag by tail” (by Hz vector) which stretches through 
the whole Universe, then this “wagging” can be controlled 
instantly in every point of the Universe. While the rotating 
ball has a steady distribution of the surface charge, the 
line Hz does not change its dynamic position in the 
Universe. 


If such distribution of the surface charge is broken, space 
position of the line Hz also will change. On mounting 
the Tower of Nikola Tesla on the surface of rotating ball 
and measuring the potential on this tower in time with an 
information tis possible to change the charge distribution 
on the ball, and, respectively, the space position of central 
magnetic line (Hz) in the whole Universe at once. Big 
disadvantage of the Tesla tower is that maximum 
influence on charge is executed in the point under the 
tower, and farther it began decreasing roughly 
(exponentially), according to physics laws. 
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iastinal organs (right lateral aspect). Right lung and pleura of right half of the thorax have 


been removed. 


Posterior intercostal arteries 

Ganglion of sympathetic trunk 
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‘Vessels ane! nerves of the intercostal space 

(from above: Posterior intercostal vein and 
and intercostal nerve) 

primary bronchus 

1s communicans of sympathetic trunk 


Esophageal plexus (branches 
ff right vagus nerve) 
Pulmonary veins 

Posterior intercostal vein 
Azygos vein 

Esophagus 

Greater splanchnic nerve 
Right vagus nerve 


Right phrenic nerve 
Inferior cervical eardiac branches 
of vagus nerve 

Aortic arch 

Superior vena eava 

Right pulmonary artery 

Heart with pericardium 
Diaphragm 


Organs of posterior and superior mediastinum (left lateral aspect) 


4 Lett vagus nerve 22 Esophagus (thoracie part) 
5. First rib (divided) 23 Diaphragm 
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1 Superior vena cava 
2. Right atrium 

3. Right ventricle 

4 Costal part of diaphragm 
5 Costal margin 

6 Position of costodi 
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hragmatic recess 


Lateral arcuate ligament 
Medial arcuate ligament 

9 Right crus of lumbar part of diaphragm 

10 Quadratus lumborum muscle 

1 Ascending aorta 

12 Pulmonary trunk 

13 Left ventricle 

M4 Pericardium, diaphragm 

15 Esophageal hiatus and abdominal 
part of esophagus (cut) 

16 Lumbar part of diaphragm 

17 Aortic hiatus 

18 Psoas major muscle 

19 Lumbar vertebra 


Diaphragm in situ (anterior aspect), Anterior walls of thoracic and abdominal cavities have 
been removed Natural position of the heart above the central tendon on the diaphragm is 
shown, 


‘Changes in the position of the diaphragm and thoracic cage 
during respiration. Left: lateral aspect: right: anterior 
aspect. During inspiration the diaphragm moves downwards 
and the lower part of the thoracic cage expands forward and 
laterally, causing the costodiaphragmatic recess (R) to enlarge 
(cf. dotted arrows). 


1 Azygns venous arch 
2 Right pulmonary artery 
3. Superior vena cava 
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Right pulmonary vein 
Fossa ovalis 

6 Hepatic veins 

7 Inferior vena cava 

8 Right crus of lumbar part of 
diaphragm 

9 Medial arcuate ligament 

10. Psoas major muscle 

1tLeft brachiocephalic vein 

12 Terminal ersta 

13 Right ateiuns 


Celiac trunk and superior 
mesenteric artery 

18 Aorta 

19 Costal part of diaphragm 

20 Costal margin 

21 Transversus abdominis muscle 


Diaphragm. Paramedian section to the right of the median plane through 


thoracic and upper abdominal cavity. The plane passes through the superior 
and inferior vena cava just to the right of the vertebral bodies. Most of the 
heart remains in situ to the left of this plane (specimen is viewed from the right side), 


ernocostal triangle 
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10. Inferior vena cava 
11 Body of th thoracic vertebra 
12. Spinal cord 


Diaphragm (superior aspect), The pleura and thoracic wall have been removed. 
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jronal section through the thorax at the level of 
ascending aorta. (MR-Scan.) 


Stomach 
Brachiocephalic trunk 


Coronal section through the thorax at the level of 
superior vena cava. (MR-Scan.) 
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Horizontal section through the thorax at level I (from below), 


Horizontal section through the thorax at level 1 (from below). (MR-Sean.) 
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(cight ventricle), 


(only in upper figure) 
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18. Spinal cord 
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through the thorax at level 2 ({rom below). Levels of sections. 
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atrioventricular valve Left atrioventricular valve 

upper lobe) Left coronary artery and eoronary sinus 
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Heart and right lung of the fetus (viewed from left side). The left lung has 
been removed. Note the ductus arteriosus (Botalli). 


‘Shunts in the fetal circulation system 


za 


1. Ductus venosus | between umbilical vei 


(of Arantius) 


and inferior vena cava 


bypass ofliver | 
circulation 


between right and left 
atrium 


2, Foramen ovale 


between pulmonary trunk 


(Botalli) and aorta 


bypass of pulmonary 
circulation 


Heart of the fetus (anterior aspect). 
Right atrium and ventricle opened. 
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Left pulmonary artery with branches to the 
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Left pulmonary veins 
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Foramen ovale 

Right atrium 
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Anterior papillary muscle of right ventricle 


tid artery 


Heart of the fetus (schematic drawing), 
Direction of blood flow indicated by 
arrows. Note the change in oxygenation 
of blood after ductus arteriosus entry into 


‘Thoracic and abdominal organs in the newborn 
atrium has been opened to show the foramen oval 
liver has been removed. 


< Fetal cireulatory system. (Schematic 
drawing.) The oxygen gradient is 


Hence it is advisable to influence on the whole surface 
of charged ball, but not on some point of it. Itis possible 
to influence at once on the very big part of surface by the 
long capacitor, placed on the perimeter (equator) of the 
charged rotating ball. Because of optimality reasons, this, 
capacitor length should not exceed a quarter of the ball 
perimeter (equator) length. Charging and discharging this, 
long capacitor on the ball equator by the data signal, only 
the position (angle 5) will be changed, not a value of the 
infinitely long magnetic line (Hz) in the Universe. It is a 
data transfer. 


‘The natural question appears: “How to make on the Earth 
the most powerful transmitter for the instantaneous 
electric communication?” The answer suggests itself: “It 
is necessary to use the Earth itself as a rotating charged 
ball.” It is not effective to use Nikola Tesla’s Tower to 
deform the Earth electric charge. To place on the Earth 
very long (about thousands km) capacitor is quite easier 

However, it must be placed not on the equator exactly. 

but moved a litte bit because of the initial heterogeneity 
of the Earth surface charge distribution, caused by the 
presence of continents and oceans. It will be necessary 
to find the line of electric equator, where the amount of 
charge north and south of it is similar. This line will not 
be ideally straight and will be situated near the 30° 
parallel, 


‘Asa matter of fact, this grand capacitor is already built, 
but is half-broken. This capacitor is very well known — 
is a Great Chinese Wall. The ancient, powerful Chinese 
‘Tzcin’ Shi Huandi empire adapted and used it (capacitor) 
for the protection from nomads incursions. How 
unexpectedly and originally itis! In this case the electric 
iron would be the best tool for spiking. Itis cl 
that the charged ball (as well as the Earth) will 
tail”, which stretches through the whole Universe and 
does not change its energy, but only changes its position 
in space in time with information, Now we can go on to 
the question, concerning the way to control the Earth 
“wagging by in the Universe, and thus to read 
information instantaneously in any point of the Universe, 


In the Fig. | it is shown the input device of the electric 
communication receiver, made of the magnet sensitive 
‘material (it can be soft-magnetic ferrite) in the form of 
pyramid, with the proportions of well-known Egypt 
pyramids, Magnetic field lines of the far space pass 
through the pyramid from the top to the base and are 
concentrated by pyramid. If there is no signal (the 
“wagging by tail” of the far planet-transmitter is absent), 
then the magnetic flow, coming through the pyramid, does 
not change, and induced voltage in the coil, placed in the 
base of the pyramid, is absent (no information). If 
“wagging by tail” begins, then the magnetic flow, coming 
through the pyramid, will change, and it will cause the 
appearance of voltage on the coil in the base of the 
pyramid in time with the information, 


‘Thus, the signal is received instantly. Here itis necessary 
to remind once again the difference between the 


instantaneous and usual radio transmission. The usual 
radio transmitter for the transmission of the information 
uses the energy distortion of space by the information, 
This energy change in space happens with the velocity 
of light and hence there is the loss of time for information 
passing. In the considered case there is noenergy change 
in space, there is only a change of magnetic lines position 
(He), 


This is exactly the vivid and fundamental difference 
between the usual electric communication and the 
instantaneous one, In other words, in usual transmitter 
during the fixed time interval there is the change of 
signal energy (instantaneous value), whereas in 
instantaneous transmitter there is no this change (only 
information). This is exactly the fundamental 
difference. 


Evidently, to receive instantly the signal from the opposite 
part of our Galaxy, we need rather big pyramid, in order 
to concentrate a big amount of field lines into the 
oscillatory circuit under the pyramid. The question can 
appear: why the pyramid, why not a cone? The point is 
that lines of the Earth magnetic field (the very lines that 
compass needle reacts on) in the any place of the pyramid 
horizontal section have the same density of distribution 
and are directed strictly parallel to the pyramid base. The 
cone in its horizontal section cannot provide such 
uniformity of distribution that is why it is not advisable 
touse it. From the space magnetic field lines pass through 
and concentrate in the pyramid strictly at right angle to 
the pyramid base. 


This is the riddle of pyramids wonderwork. Any person 
coming into a pyramid, at the same moment feels the 
change of mental and physical condition of organism: 
whish is very different from that it was before the entering 
into a pyramid. OF course! Visitors come inside, into 
concentrated magnetic field lines of the powerful and 
functioning magnetic core of the receiving electric circuit, 
what is absent outside the pyramid, 


Itis strange, but most of tourists are afraid of the ill effect, 
which can be produced by electrical systems on their 
health, but there they stand in a queue to feel this effect 
in pyramids. Concentration and division of magnetic field 
lines are the easy and effective way to reject a noi 
created by the Earth magnetic field. 


Itis clear, pyramids should be oriented very thoroughly, 
so that lines of the Earth magnetic field would be strictly 
parallel to the base and to the opposite (East-West) sides 
of pyramid. To get such exactness of orientation in 
modern conditions is very problematically. 


‘The most convenient place to build a pyramid (pyramids) 
is on the electric equator, in the place of its intersection 
with the electric meridian. Such place is located in Egypt, 
near its capital Cairo, And again we meet a paradox: such 
pyramids are already built on the Earth, but they are half 
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Abdominal organs in situ, The greater omentum has been partly 
removed or reflected. 
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Anterior abdominal wall (male) (internal 
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posterior layer of rectus sheath have been 
removed, Dissection of inferior epigastric 
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Pancreas with adjacent duodenum, spleen, liver and related arteries. The pancreatic ducts have been partly dissected 
The duodenal papillae are indicated by probes. Left half of liver has been removed. 


Pancreas, duodenum and extrahepatic bile ducts. (Schematic drawing.) 
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Isolated gallbladder and cystic duet (anterior aspect). 
The gallbladder has been opened to display the mucous membrane, 


Pancreas with descending part of duodenum (posterior aspect). The duodenum was opened to display the duodenal papillae, 
Pancreatic duct has been dissected, the common bile duct has been divided. The sphincter of Oddi is shown, 


Liver in situ, Parasagittal section through the left side of the abdomen 2 cm 
lateral to median plane. 
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Liver (inferior aspect). Dissection of porta hepatis. Gallbladder partly 
collapsed. Ventral margin of liver above. 
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Liver (ventral aspect) (transparent drawing illustrating margins of peritoneal 
folds). 


Fundus of gallbladder 
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13. Left lobe of liver 
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It should be noted that the anatom- 
left and right lobes of the liver 
do not reflect the internal distribu- 
tion of the hepatic artery, portal 
vein, and biliary ducts, Using these 
structures as criteria the left lobe 
includes both the caudate and qua- 
drate lobes and thus the line divid- 
ing the liver into left and right 
functional lobes passes through the 
gallbladder and inferior vena cava. 
The three main hepatic veins drain 
segments of the liver which have no 
visible external markings. 


broken. And Egypt was not less powerful than the ancient 
Chinese empire. 


‘The Egyptian dynasty of Pharaohs has “completed” and 
adapted pyramids to burial-vaults, where mummies of 
dead Pharaohs were buried. Perhaps, it is even more 
incredible than in China. The impression is given that 
ancient powerful civilizations on the Earth had a 
competition between themselves, who will use radio- 
engincering constructions for instantaneous galactic 
communication in the most incredible way. Let's give to 
a reader an opportunity to select a “winner”. 


Ty 


Itmust be noted that «PC» already published information 
that the Chinese Wall and Egyptian Pyramids are radio 
engineering constructions, intended forthe instantaneous 
galactic communication (PC #114, 1997, ete). 


There appears an interest in the possibility to produce 
very simple and manufacturable systems of instantaneous 
electric communication right now. Radio-electronic 
industry can produce them, but still does not guess about 
it. 


Furthermore, such systems of instantaneous electric 
communication can be created at home, and even senior 
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Line of the instantaneous (Maxwellian) radio communication 


Wig. 2 


‘Transformation of the usual line of eommuni 


nf usnal receiver-transmitter into the instamtancons ane 


pupils are capable to use them. In the Fig. 2 there is shown 
the construction of instantaneous electric communication 
line in comparison with the usual one. Itcan be produced 
even at home conditions. Two permanent magnets, 
connected between each other by analogous poles, are 
used as transmitting circuits. 


Permanent magnets can be replaced by electromagnets, 
In the magnet connection point there is a coil, which while 
the signal passing through it will change its position (angle 
5) in the space of the central magnetic line (Hz), coming 
‘out from the place of two magnets connection. Receiving 
circuit is available to be made of the flat ferrite, but coil 


‘must be winded along, through butt-ends of core, so that 
the whole internal part of the coil would be maximal (in 
area extent) filled by ferrite. 


‘The obtained coil can be completely “winded” (screened) 
by flat ferrite of big size. For more clearness of the 
experiment the central magnet line of transmitting part 
must be directed strictly along the axis of the receiving 
coil. 


Now. if we give the alternating voltage (information) from 
‘transmitter tothe transmitting coil, fixed on the permanent 
‘magnet, then the receiver, connected to the circuit of the 
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Location of the spleen in situ (leftlateral aspect). 
Intercostal spaces and diaphragm have been fenestrated, 


Spleen (visceral surface), hilum of spleen with vessels, Main tributaries of portal vein. (Schematic drawing of portal 
nerves and ligaments. circulation.) X = sites of portocaval anastomoses. 


‘Tributaries of portal vein and branches of superior mesenteric artery (injected with colored solutions). Blue = veins; red = 
arteries. One layer of peritoneum has been removed to display the vascular arcades of the intestine. Part of the head of the 
pancreas and the mesocolon have also been removed to show the deeper vessels. 
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Main branches of superior and inferior mesenteric arteries. (Schematic drawing) 


Yessels of abdominal organs; dissection of inferior mesenteric artery and celine trunk (injected with colored solutions). 


Blue = veins, red = arteries The 


‘stomach and liver have been raised. The peritoneum of the posterior abdi 


mesenteric artery and its branches to the colon. 


‘The superior mesenteric artery arises at the level of Ly 
vertebra branching of the abdominal aorta. It supplies 
jejunum and ileum as the ascending and transverse colon. 
At the left colic flexure branches of the middle colic 
artery (from the superior mesenteric artery) and of the 
left colic artery (from the inferior mesenteric artery) 


anastomose (so-called Riolani’s anastomosis), The 
arteries unite to form loops or arches called arterial 
arcades from which straight vessels (vasa recta) arise, The 


mall intestine including the duodenojejunal flexure has been reflected laterally and the 


ninal wall has been removed to display the inferior 


vasa recta do not anastomose within the mesentery. Thus 
occlusion of these vessels may lead to necrasis of the 
segment of bowel concerned and ileus. Within the wall of 
the intestine there are many anastomoses of blood vessels 
so that blockage of a single vessel is usually not dange 
rous, The arteries are paralleled by veins which convey 
blood to the portal vein, Closely related to the venous 
drainage are the lymph vessels which pass the mesenteric 
lymph nodes and finally enter the cisterna chyli 
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Abdominal organs. The anterior thoracie and abdominal walls 
have been removed. 


Abdominal organs, The greater omentum which is fixed to the jor aspect). The transverse 


transverse colon has been raised. 
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Abdominal organs in situ. The greater omentum has been removed. 
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ins. Dissection of inferior mesenteric artery and autonomic plexus. The transverse colon with 


Jocolon has been raised and the small intestine reflected. 
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Abdominal organs. Superior mesenteric artery. Mesenteric lymph nodes. Transverse colon 
reflected, 


Frontal section through the abdominal cavity. (MR-Scan: the intestinal 
tract and vessels are filled with paramagnetic substance 
[Gadolinium]; courtesy of Dr. W. Rédl, Erlangen.) 
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Abdominal eavity, Mesenteries. The small intestine has been reflected laterally 
to demonstrate the mesentery, 


Duodenojejunal flexure secal valve (ventral aspect). The cecum and terminal part 
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Upper abdominal organs. nd anterior part of diaphragm have been removed and the liver raised to display the lesser 


‘omentum. A probe has been inserted into the epiploic foramen and le: 
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Horizontal section through omental bursa above the level 


Pancreas arrows: routes of the arterial branches of celiac trunk to liver, 
stomach, duodenum, and pancreas. (Schematic drawing, 


transmitting coil, placed on the flat ferrite, will detect an 
alternating voltage (information). Maximum effect is 
achieved at the resonance (coincidence of transmitter and 
iver frequencies). 


It is checked. It works. The dullest experts in radio- 
electronic (after the reading above) can rejoin, without 
‘making an experiment, that it is an absolute nonsense 
that any communication is out of the question. Coils with 
absolutely perpendicular axes, besides one of them is 
screened, do not interact with each other. 


And here the most inter 


ting thing starts. In the Fig.2 
it was mentioned above, the usual communication line 
and the instantaneous one were compared. The usual 
transmitter cannot generate the vector Hz that is why 
systems of usual and instantaneous communic 
ich other in strict sense. What do 


tion cannot 
it mean? It 
‘means, that in the same city itis possible to transmit on 
the one-carrier frequency (“what a nightmare!”) two 
absolutely different television channels without any noises 


of one to another. 


Usually by frequency match of a transmitter to the 
working frequency of another one, the radio 
communication is broken, but here it does not happen. 
Here some additional explanation should be given. AS 
the vector Hz, which “ignores” the theory of Einstein is 
received from Maxwell equations, it follows thatthe usual 
(Einsteinian) system and the instantaneous (Maxwellian) 
‘one work on mutually perpendicular electromagnetic field 
lines (vectors). 


In the Fig. 2 such difference is shown clearly. These are 
just “jokes” of complex numbers, when one value is, 
absolutely perpendicular to another and nevertheless 
together they form a single whole. In other words it means, 
that two greatest persons in science Einstein and Maxwell 
as a matter of fact are something like “Siamese twins”, 
completely grown together at the angle of 90 degrees, 
even by heads. On the one hand every one is on his own, 
but nevertheless they are the common (complex) 
organisms. 


Hence there are a lot of misunderstandings on happened 
phenomena. How many scientists tried to find some 
mistakes of Einstein? They produced very convincing 
proofs concerning instantaneous interactions in nature. 
‘These scientists did not suspect that time and still do not 
‘guess now that they already fora long time are “walking” 
inthe complex physics, which still does not exist. Einstein, 
and Maxwell ("S his own 
part of the complex number (complex physics) and they 
cannot be already taken off from there. 


The only third, free 
of them at once the commot 


acancy"*is left to throw on the both 
“collar” and “reins”, ie. to 
fasten them (“twins”) together by module and argument 
as any complex number. In this case no matter how the 
one part of complex number "the other one, only 
its argument will change, and module always will be equal 


to the conditional unit. Only this single fact in principle 
changes the conception about “appearance” and 
‘disappearance” of elementary particles! Even considered 
instantaneous and usual communications on the same 
receivers and transmitters in a complex conception 
(complex physics) eliminate appeared 
“misunderstandings” of all kinds. 


Advantages of the instantaneous (Maxwellian) electric 
communication are especially evident during the 
connection with long-distance spacecraft, At present in 
the interval between sending of control signal to the 
station in region of Solar System peripheral planets and 
getting the reply it is possible to have a small break for 
dinner (it is very convenient). 


In the case of the instantaneous electric communication 
use, duty operators will have “no dinner”. Moreover, the 
system of instantaneous electric communication can 
realize two-way communication underwater and from 
underwater to overland, It is clear that input and output 
circuits of such system must be covered by slushing 
composite for the protection from aggressive effect of 
the salt sea-water. Such systems of instantaneous 
communication are very required to submarines. 


Now, when readers know and understand the principle 
of operation of instantaneous (Maxwellian) electric 
communication systems and their advantages over usual 
ones (Einsteinian), we can only wait, when radio- 
electronic industry will start to produce these very 
required systems. 
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Upper abdominal organs, lesser sae, omental bursa (anterior aspect). Lesser omentum partly removed, liver and 


stomach slightly reflected. 
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Arteries of upper abdominal ory; -ction of celiac trunk. ‘The lesser omentum has been removed and the lesser curv’ 
nach reflected to display the branches of the celiac trunk 


Branches of celiac trunk. 
(Schematic drawing.) 


Branches of celine trunk; blood supply of liver, panereas and spleen. The stomach, superior 


of duodenum and celiac 


ganglion have been removed to reveal the anterior aspect of the posterior wall of the lesser sac (omental burs) and the vessels 
id ducts of the hepatoduodenal ligament. The pancreas has been slightly reflected anteriorly, 
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Blood supply of upper abdominal organs (branches of the celiac trunk and 
superior mesenteric artery). (Schematic drawing.) 


The stomach has been removed, the liver elevated, and 
ic ducts were dissected. Note 


ca 


Schematic drawing of the specimen depicted above. Note the branching of the celine trunk 
ered by the body of the pancreas), and the main arterial supply of liver, spleen, 


+h, and duodenum, 
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30 Attachment of tight colie flexure 

31 Root of transverse mesocalon 
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Abdominal cavity after removal of stomach, jejunum, ileum 
and part of the transverse colon, Liver has been slightly raised 
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Peritoneal reflections from organs and the position 
of root of mesentry and peritoneal recesses on the 
posterior abdominal wall. (Schematic drawing.) 


itoneal recesses on the posterior abdominal wall, The liver, stomach, jejunum, ileum, and colon have been removed, 
\d spleen have been left in place 


Rectus abdominis muscle 
Faleiform ligament 

Liver (right lobe) 

Inferior vena cava 

Diaphragm 

Intervertebral dise 

Liver (left lobe) 

Rib 

9 Liver (caudate lobe) 

10 Abdominal (descending) aorta 

11 Stomach 

12 Spleen 

13. Spinal cord 

14 Longissimus and iliocostalis muscles 
15 Body of vertebra 

16 Abdominal rectus muscle 

17 External abdominal oblique muscle 
18 Transverse colon 

19 Head of pancreas 


Horizontal section through 
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at level I (from below), 
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Horizontal section through the 
abdominal cavity at the level of 
greater duodenal papilla 

(from below). 


Horizontal section through 
the body. CT-Scan, 
corresponding to level 2 


Horizontal section through 
the abdominal cavity 
at level 3 (from below), 


terior abdominal wall with duodenum, pancreas and spleen ( 
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Parasagittal section through the thoracic and 
abdominal cavities (right side, medial aspect) 


Parasagittal section through the abdominal cavity. 
(MR-Scan, courtesy of Prof. W. Rodi, Erk 


of kidneys and urinary system (anterior view), 
tursions of the kidneys with the respiratory 
‘movements of the diaphragm are indicated, 
(Schematic drawing.) 
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21 Left kidney 

22. Psoas major muscle 
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Horizontal section through the abdominal cavity at the level of the first lumbar vertebra cy 

(from below). 25 8 es 
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Positions of urinary organs (posterior view). Notice that the Retroperitoneal tissue, location of the right 
upper part of the kidney reaches the level of the margin of kidney. (Schematic drawing.) Yellow = 
pleura and lung, adipose capsule of kidney 
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pancreas 


27, Left psoas major and quadratus lumborum muscles 
28 Anterior ayer ofrena fst of Gerota 

29 Posterior layer of renal fascia 

3M) Perirenal fatty tissue 

3 Abdominal cavity 
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Parasagittal section through the thoracic and abdominal 
cavities at the leyel of the left kidney 
(5.5 em left of median plane). 


Horizontal section through the retroperitoneal region Retroperitoneal tissue, position of left kidney 
at level of 12th thoracic vertebra, (CT-Sean, from below.) (Schematic drawing.) 


Coronal section through right kidney and suprarenal gland 
(posterior view). The renal pelvis has been opened and the 
fatty tissue removed to display the renal vessels. 
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Each kidney can be divided in five segments 
supplied by individual interlobar arteries 
considered as end arteries. Thus, obstruc 


tion leads to infarcts marking the trace of 
segment borders. The anterior kidney sur- 
face reveals four s 
only three (No. 1,4 


Right kidney (posterior view). Partial coronal s« 
to expose internal aspect of the kidney. 


Cast of renal pelvis and calices. 
segments on anterior surfa 


‘The anterior cortical layer 
of the kidney has been removed to display the renal pelvis and 
papillae. 


Glomeruli (210%). Scanning electron micrograph showing glomeruli 
and associated arteries. 
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Architecture of vascular system of kidney. 
(Schematic drawing.) 
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Left kidney. (Arteriogram.) a sorta. (Subtraction an; 


Right common carotid artery 
13 


1 
2 Right subclavian artery 
14 3. Brachiocephalic trunk 
és 4 Thoracic aorta 
5 Diaphragm 
+ phrase 


6 Celiac trunk 
7. Right renal urtery 
8 Superior mesenteric artery 
9 Lumbar arteries 
7 10 Right common iliac artery 
11 Internat iliac artery 
12. External ile artery 
13 Leftcommon carotid artery 
14 Left subclavian artery 
15. Highest intercostal artery 
16 Aortic arch 
17 Posterior intercostal urteries 
18 Leftrenal artery 
19 Left testicular (oF ovarian) artery 


20 Inferior meses 
Median sacral artery 
Superior suprarenal artery 


18 Upper capsular artery 
Anterior branch of renal artery 
19 Perforating artery 
Lower capsular artery 
= Ureter 
Right inferior phrenic artery 
Left inferior phrenic artery 
21 ki 


Middle suprarenal artery 
31 Inferior suprarenal a 
32 Posterior branch of renal artery 


Ultrasound image of the right kidney (upper and lower 
border of the kidney marked by crosses. 
ie drawing.) X =small cortical cyst), 


Arteries of kidney and suprarenal gland. (Schem: 


Retroperitoneal organs, urinary system in the male (anterior view). The peritoneum has been 
removed. 
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Retroperitoneal organs, urinary system in situ (anterior view). The peritoneum has been 


removed. Red = arteries; blue 
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Splenic artery 
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Left renal artery 
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The Unified Gravitation Theory 
(The unified super-principle, 
which controls the Universe) 


LP Kuldoshin 


Orenburg, Neftyanikov str, h. 2, apt. 
460019, Russia 


(Editor's comments by Alexander V. Frolov) 


A forum of the leading USA physicians took place in 
the White House in March 1998 in presence of President 
Clinton. There was only one question: “When will the 
nature of Gravitation be opened?” 


‘The well-known USA physician-astrologer S. Hoking 
declared that it possibly would occur in twenty years 
and it would be the Unified Theory of All. So, the 
scientific world by default called it the greatest 
discovery of the future, 


Some time later a new hypothesis pretending to this 
discovery has got its birth in Orenburg. Despite this 
fact this hypothesis would gain recognition and status 
ofthe Greatest Discovery of Mankind only by 2018 that 
was predicted by S. Hoking. 


To present day there have been written a lot of 
hypotheses on this problem but they haven't been 
recognized. Many scientists consider our Universe as 
living and functioning according to the unified and rigid 
laws in Macro and Microworld, which provides 
automatic regulations of all its processes due to 
circulation of radiant energy of the Universe life in 
cosmic space. This energy is inexhaustible and 
environmentally clean, and Mankind may learn using it 
in the nearest time for the welfare and for prevention of 
contradirectional irreversible ecological catastrophe. 


‘There is no alternative for humankind to escape and it 
will not appear in the future. Only cosmic energy will 
save us. From the book “Secret Doctrine” by E.P 
Blavatskaya we can get complete information about the 
fact that a highly developed civilization of Atlases on 
the Earth had a “General Theory of Al” yet 10-12 
thousand years before our civilization. They had no 
automobiles, but instead they had flying objects 
(aircrafts) “Vimana” of various types as well as ships 
and submarines, on which they also used Cosmic 
energy. 


While reading an abstract in General Soviet 
Encyclopedia, I got acquainted with the theory of 
“Aether wind”, which was abolished in the beginning 
ofthe XX century, and then I understood that this theory 
contains a deposit to discover the nature of gravitation. 


‘The nature of gravitation is the only one and there 
are no alternatives in theoretical as well asin physical 
sense. When scientific world of entire planet abolished 
the theory of “Aether wind”, it lost the possibility to 
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discover the nature of gravitation. The XX century was 
marked by a revolutionary development of scientific and 
technical progress, but there was an almost 100-year 
stagnation in cognition of the Universe elements. 


‘The theory of “Aether wind” supposed that all Cosmos 
is filled with aether particles flying with the speed of 
light (these particles are “neutrino” according to 
modern understanding). The role of gravitation, carrier 
of light and retarding medium in Cosmos was 
attributed to this motion of particles. 


But this theory allowed chaotic motion of particles, 
which is impossible in mechanism of the Universe, 
which is adjusted up to automatic mode. Besides, 
motion of these particles is not possible without an 
absolute buffer unit, which prevents their head-on 
collision at the speed of 600000 km/sec (it is 
thermonuclear explosion and death of matter, ie. the 
Universe). E.P Blavatskaya wrote that Cosmos is filled 
with radiant energy of the Universe life, luminophore, 
electromagnetic aether. Thereby she predicted a ready 
solution to make correction in the uncompleted theory 
of “aether wind”. On the basis of above stated and due 
to the un-assumed dawning up, the theory of “aether 
wind” was completed. It was the ground to develop a 
hypothesis of radiant “aether wind”. Particles of this 
wind (neutrino) are electromagnetic particles and move 
with the speed of light in all directions as 
contradirectional paired single-stream flows (like 
electrical current in twin-wire cable). Due to this, an 
absolutely stable concentration of these beams in 
cosmic space is provided according to the principle 
“wat has come in, the same has gone out" 
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Lymph vessels and lymph nodes of the posterior wall of thoracic and abdominal cavities 
(anterior aspect). Green = lymph vessels and nodes; blue = veins; red = arteries; 


white = nerves. 
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‘Vessels and nerves of posterior abdominal wall 
muscle has been removed to display the lumbar plexus. Red = arteries, blue 
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Ganglia and plexus of the autonomic neryous system within the retroperitoneal space 
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removed (compare pp. 264 and 265). 


4 


have been 


Right vagus nerve 
Ri 

Esophagus 

Aortic arch 
Sympathetic trunk 
Gre 


eh sulbclavia 


ter splanchnic nerve 
Totercostal nerve 
Abslominal part of 
{esophagus and vagal trank 
Cefiac trunk with ce 


Pao 

enitofemoral acrve 

‘Common iliac artery 

Superior hypogastric plexus 
oglion 


Left vagus nerve 


jor muscle and 


so 
ov 


on 


Brachial plexus 
Lett subclavian artery 
Left recurrent laryngeal 


Inferior cervical cardiac 
Thoracic aorta 
Esophageal plexus 
Azygos vein 
Diaphragm 
Splenic artery 
Left renal artery and plexus 

ferior mesenteric ganglion 
and artery 
Left external iliac artery 
sperior cervical ganglion of 
sympathetic trunk 
Superior cardiac branch of 

e trunk 

“Middle cervical ganglion of 
sympathetic trunk 
Inferine cervical ganglion of 
sympathetic unk 
Ri 


1 recurtent larynge: 


Lesser sphanchnie nerve 
Lumbar splanchnic nerves 
Sacral splanchnic nerves 
Inferior hypogastric ganglion 
and plexus 

Left recurrent laryngeal 


Aorticorenal plexus and 
renal artery 
Ganglion imp. 


Esophagus with branches of 
Hepatic veins 

Right crus of diaphragm 
Tnferir phrenic artery 


Right vagus nerve entering 
ganglion 

Right lumbar lymph trunk 
Lumbar part of right 
sympathetic trunk 
Lumbar artery and vein 
Psoas major muscle 
Miacerest 


Inferior vena cava 
Hiacus muscle 
Ureter 

‘Lett vagus nerve forming the 
esophageal plexus 
Left vagus nerve form 


gastric plexus 
soph 
the car 


inc part of stomach 
Lumbocostal triangle 
Position of 12h ib 

Left amb lymph trunk 
Ganglion of sympathetic 
‘rank 

(Quadratus lumborum muscle 
Lumbar part of fet 


lliac lymph vessels 


Positions of male genital organs (right lateral aspect). 
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Male urogenital system. (Schematic drawing.) 
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3. Ampulla of ductus deferens 

4 External anal sphincter muscle 

5 Internal anal sphincter muscle 

6 Anal canal 

7. Bulb of penis 

8 Testis (cut surface) 

9 Median umbilical ligament 

10. Urinary bladder 

1 Internal urethral orifice and sphincter 
muscle (sphincter vesicae) 
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13. Prostatic part of urethra 

14 Prostate gland 
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‘The prostate is located between bladder and urogenital 
diaphragm. The penis includes the urethra and thus serves 
for both ejaculation and micturition. The internal 
(involuntary) and external (voluntary) urethral 
sphincters are widely separated. The ureter having 
crossed the ductus deferens enters the urinary bladder at 
its base. The peritoneum is reflected off the posterior 
surface of the bladder onto the rectum thus forming the 
rectovesical pouch 


Male urogenital organs; isolated (anterior view). Urinary bladder, prostate 
and urethra have been opened. The urinary bladder is contracted, 
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Posterior half of male urethra and prostate in 
continuity with neck of bladder (anterior view). 
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Urinary bladder, urethra and penis Cross-section of penis (anterior view), 
(anterior view, open longitudinally). 


1 Corpus cavernosum of penis 
2 Corpus spongiosum of penis 
3. Corona of glans penis 
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11 Dorsal artery of penis 
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Male external genital organs (lateral view). The corpus spongiosum of the 
penis with the glans penis has been isolated and reflected. 


Male external genital organs and accessory 


Resin cast of erected penis. glands. (Schematic drawing.) 


‘Testis and epididy, and epididymis (lateral ‘Testis, epididymis and spermatic 


layers (lateral view). view). The tunica cord. Dissection of spermatic cord 
been opened and ductus deferens (left side, 
posterolateral aspect) 
1 Spermatic cord covered with 7 Head of epi 2 Tunica vaginalis 
remaster Fascia 8 Tes (parictal layer, cut edge) 
2 Cremaster muscle (visceral layer) 13. Skin and dartos muscle (reflected) 
3 Position of epididymis 9 Body of epiidymis, 1 Ductuy deferens 
4 Internal spermatie fascia 10 Pampiniform venous plexus 1S Artery of ductus deferens 
5. Position of testis {anterior veins) 16. Posterior veins of pampiniform plexus 
6 Imernal spermatic fascia with adjacent Mes ry 17. Tail of epididymis 
investing layers of tests (cut surface) 18 Transition of epididymal duct 


to ductus deferens and venous plexus 
Parietal layer of tunica vaginalis 
Appendix of epididymis 
Appendix of testis 

Gubernaculum testis 


Spermatic cord (cut surface) 
Head of epididymis (eut surface) 
Sepia of testis 
Medisstinum testi 

Tunica albuginea 

Superior pole of testis 

is. The left figure shows the oe: 


luted seminiferous tubules 


judinal section through testis and epididy’ 
testicular septa after removal of the seminiferous tubules, 8 Inferior pole of testis 


‘The hypothesis formulates new views on the problem 
of structure of elements of the Universe material world, 


Some separate conclusions do not match the views of 
modern scientific thought on the problems of physical 
principles of material world structure and functioning 
of the Solar system, 


List of topics of the hypothesis 


1, The hypothesis disclosures the operating 
environment of a super-mechanism, which controls the 
Universe (it is a radiant “aether wind"). 


2, It disclosures the nature of retarding mechanism of 
flying objects in Cosmos (its name is Lorenz-Fitzgerald 
compression) 


3. Itproves the absence of Universal gravity and beams 
of light as we usually conceive it. (The beams of aether 
wind collide and compress matter. An alternative to the 
notion about beams of light is a temperature wave 
impulse on the beam of aether wind. It explains why 
the speed of light doesn't depend on the speed of the 
source of light. Light is a “passenger” on the beam of 
“aether wind”). 


4. This hypothesis disclosures the mechanism of 
stablization of rotary and orbital movement of the 
Universe matter in macro- and micro world due to 
retarding medium in Cosmos. 


5. It disclosures the mechanism of reverse rotation of 
‘Venus due to the forces of autorotation. 


6. It disclosures the mechanism of reverse orbital 
movement of planets and satellites of planets. (Such a 
planet had not been opened yet, but there are 6 satellites 
in the Solar system, which move counter to the others, 
and it is not an occasion, but a particular case of the 
effect of aether wind beams) 


7. It disclosures a real nature of Tungusska catastrophe. 
(There were about 100 hypotheses, but neither of them 
was recognized to be true). 


8. It disclosures the nature of gravitation and gives 
an explanation that gravitation can be: 

- usual (vertical); 

- horizontal, 

- circular 
It is important to note: not the entire matter takes 
part in gravitation, but 1/3, i.e. 33,3% of matter. 


9. It disclosures the nature of Levitation and proves 
‘that 1 liter of water on the surface of the Earth can have 
the weight from 0 up to 3 kg. 


10. It disclosures the role of gyroscope effect in life 
support of the Universe. The gyroscope effect allows 
transformation of translation energy of radiant 
“gether wind” to the rotational energy for practical 
needs of humankind. 


11. This hypothesis gives scientific and technical 
recommendation for creation of cosmic energy 
converters 


12. It gives scientific and technical recommendation for 
producing of levitation effects for any technical systems. 


13. It disclosures the possibility of cosmic flights with 
the super-light speed. 

14. It explains experiments on metering of horizontal 
gravitation (The first experiment was made on February 
27, 1999) 


15. It disclosures the particle (neutrino) of original 
matter of the Universe and gives its characteristic. 
(Ancient thinkers called moder “neutrino” as “Aether", 
and it was not occasionally, because its diameter is in 
10* times smaller than atom’s diameter. 


All matter of the Universe consists of the same 
indivisible particles “neutrino” presented by three 
groups: 

- “energy” group, which is in the beams of “aether 
wind”; 

- building group, which forms the part of any micro 
particle; 

- free group (neutral-reserve) as a building material 
for new matter and operating environment of all 
electromagnetic processes. 


All neutrino of three groups rotate with the speed of 
3X10* rps (equatorial speed of neutrino is equal to the 
speed of light). 


Fields are formed in every particle as a result of rotation: 
- strong field of a small volume doesn't allow particles 
to close up; 
- weak field of a big volume is a general mechanism of 
gravitation, 


As scientists write at the present time, the World is 
subdivided on a dense world (which we can see) and 
fine world (invisible). At that the density of such world 
is in 10" times less than density of water. 


It is known in science that all matter of the Universe 
both great and small rotates and is a gyroscope. 
Particles of matter get rotation with their birth, thus 
the fields are born in them simultaneously. Matter 
cannot exist without rotation, which generates fields. 


All mechanism of interaction between three groups of 
particles is based on the mutual repulsion. This is the 
only mechanism, which always and automatically is 
able to create the necessary stable interval between 
the particles and only this mechanism provides the 
function of gravitation. 


Many scientists of the late XX came close to the 
discovery of the nature of gravitation, but they didn't 
accept a thought to conceive the motion of aether 
particles as a pair-counter flow. And there are three 
necessary conditions to realize gravitation: 
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filled to a great extent, 


1 
4 
6 
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or vesical artery 
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[Branches of inferior rectal artery 
Perineal artery 
Anus 
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Pudendal nerve and sacrotuberal ligament 


Vessels of pelvic cavity in the male (midsagittal section, right 
side, medial aspect), Urinary bladder and rectum have been 
partly removed; the hypogastric plexus is displayed, 


Main branches of internal iliac artery in the male. 
(Schematic drawing.) 


Intervertebral dise between 
Sth Iumbar vertebra and sacrum 
Right common iliae artery 
Sacral promontory 

Right interna iiae artery 
Femoral nerve 

Right external iliac 
Proas major muscle 
Right external lie vein 
‘Umbilical artery 

Medial umbilical ligament with 
“obliterated umbilical artery 
‘Obturator nerve 

Superior hypogasteie plexus 
Sacral spinal nerve 

(of sacral plexus) 

Inferior hypogastric plexus 
Rectum 

Iiolumbar artery 

eral sacral artery 

Superior gluteal artery and sacral 
spinal nerve 

Pudendsal and coceygeal plexus 
Inferior gluteal artery 

Internal pudendal artery 
Coceygeus muscle overlying 


tery 


sacrospinous ligament 
Anal canal 

Middle rectal artery 
Superior vesical artery ind 
branch to the ductus deferens 
Pubic bone (cut) 
Bulbospongiosus muscle 
Right ureter 

Right ductus deferens 
Lett ureter 

Urinary bladder 

Prostate 

Urogenital diaphragm 
Deep artery of penis 
Dorsal artery of penis 
Penis 

Testis 

Left common iliae artery 
Obturator artery 

Inferior vesical artery 
Levator ani muscle 
Inferior rectal artery 


No 


Male external genital organs with penis, testis, and spermatic cord, superficial layers (anterior view). 
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Pelvic diaphragm and external 
‘genital organs in the male, The 
right half of the pelvis including 
obturator internus muscle and 
femur had been removed to 
display the right half of levator 
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‘Urogenital diaphragm and external genital organs in the male (from below). 


The left crus penis has been isolated and refl 
penis, The urethra has been cut 


laterally together with the bulb of the 
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tal and anal region in the male 
ight side: nerves; left side: 


1 Right testis (reflected) 
2 Corpus spongiosum of penis 
5 Corpus cavernosum of penis 
4 Perineal branch of posterior 
Femoral cut 
5. Posterior scrotal arteries and 
6 Deep artery of penis 
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8 Right perineal nerves 
9 Inferior rectal nerves 
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11. Anocoecygeal nerves 
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13. Left testis (cut surface) 
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Anal and urogenital region in the male (from below). ‘The root of penis has been cut 
Dissection of the urogenital diaphragm. 
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been 
drawing.) 


1. The particles should have the fields of repulsion. 
2, The contradirectional flows should envelop the 
particle of matter from two sides. 

3. While one beam is passing a matter mass then the 
force of fields should decrease and gravitation effect 
should appear, 


‘Mechanism of gravitation 


Gravitation appears due to the intersection (Editor's 
note: interference) of fields, produced by beams particles 
and fields of the visual matter. As it was mentioned 
above, the beams are paired and contradirectional 
Usually the beams in cosmos are mutually balanced and 
they do not call gravitation effects. 


But on the surface of the Earth the contradirectional 
beams are not similar in their power. The powerful 
beams come from above, ie. they only penetrate the 
atmosphere, and the weakened beams come from 
below, i.e. they penetrated all the Earth. Thus, 
gravitation appears, 


Gravitation is a unique property of “aether wind” 
‘beams to loose part of their power during penetrating 
of matter mass. Gravitation is the difference of forces 
of contradirectional beams. (Editor's note: Really other 
authors reported this idea also. I cannot find who was 
the first in discussion about gradient of aether as nature 
of gravitation.) 
Horizontal gravitation 


As a particular case, there is horizontal gravitation on 
the surface of the Earth. It appears on the boundary 
‘between lowland (of the sea) and plateau. In this case 
one beam goes above the surface of the Earth (water), 
and the counter beam penetrates mountain range and 


weakens. The first measurements of horizontal 
gravitation effect were made on February 27, 1999 on 
the route Orenburg ~ Samara at 49 km before Syrtinskiy 
slope. 


A leaden load (0,5 kg) on the float (a piece of foam 
plastic) moved on the water surface (not in the sea but 
in basin) towards the mountain. 


Horizontal gravitation is much more weaker than usual 
gravitation, but it can reach the value that makes water 
to flow at some angle upwards. 
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Circular gravitation 


Only fast-rotating bodies can create circular 
gravitation. 


All bodies rotate by their orbits around the Sun in the 
open space of Solar system due to circular gravitation 
guided by rotating the Sun. Furthermore; circular 
gravitation always is direct (co-directional to the Sun 
rotation) and reversed gravitation on the periphery of 
Solar system. A planet with reverse orbital movement 
had not been discovered until now, but 6 satellites of 
planets in the Solar system have reversed orbital 
movement. 


Here is the proof of the fact that circular gravitation 
appears only around the fast-rotating bodies and slow- 
rotating bodies, for example, the planets Venus and 
‘Mercury cannot form circular gravitation, that's why 
they have no satellites. 


Our Sun is a prototype of mechanism to transform 
translation energy of aether wind beams into rotary 
energy. 


(Editor's note: According to Kozyrev, any star is a 
transformer of time (chronal type of energy) into 
heat energy. Really, the aether wind can be 
considered as the chronal type of energy in our 
understanding and for our usual three-dimensional 
measurement equipment. To my mind it is a clear 
link to notion of 4-dimensinal objects, i.e. the time. 
Time can be described by parameters of the 
aether wind, i.e. its velocity, direction and 
density. So, we can say that quantitatively time 
can be described by formulations for kinetic 
energy of the aether movement. From the other 
hand it is equivalent of heat energy, which can 
be measured by usual methods after 
transformation of the longitudinal waves of the 
aether in transverse electromagnetic waves). 


‘Therefore, any mechanical disk rotating very fast will 
create a circular gravitational field, which is able to 
rotate all bodies in the direction of the disk (for example, 
a rim mounted on its bearing co-axially with rotating 
gyroscope). I designed and tested a similar device in 
January 2000. A gyroscope (of 200 mm diameter and 3 
mm thick) was over-speeded up to 18 thousand rpm, 
Rotation of gyroscope called slow (but with a good 
momentum) rotation of the rim of 15 kg weight. 


‘The gyroscopes with the mass of 0,5 kg, 15 kg and 90 
kg were tested during summer of 2001. All them called 
rotation of the rims, 


(Editor's note: There are other experimental facts. 
Fast rotation of mass should produce rotation of 
some part of nearby aether. Self-closed aether forms 
vortex and if photon is trapped by this vortex, then 
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removed. 
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Female internal genital organs in 
situ (seen from above), 

The peritoneum at the left half of 
pelvic cavity has been removed to 
display uterine tube, vessels, and 
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Coronal section through the pelvic cavity of the female. (MR-Scan.) 
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Midsagittal section through the female trunk. The urinary bladder 
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Right ovary and uterine tube, isolated (superior posterior view). The fimbriae 
of the uterine tube have been reflected to show the abdominal ostium. 


Uterus and retated organs (posterior view). The posterior wall of the uterus has 
been opened, 


Arteries of female genital organs, (Schematic drawing.) 
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Full term uterus with placenta (anterior view)."The anterior wall of 
the uterus has been removed to show the location of the placenta. 


Pelvic vessels in the female (anterior-posterior view). (Arteriogram.) 


Main drainage routes of lymph vessels of uterus and its adnexa 
(indicated by arrows). (Schematic drawing.) 
Red = arteries; black = lymph vessels and nodes: 
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External genital organs in the female (anterior aspect). Labia 
reflected 


Female external genital organs in relation to internal genital organs 
and urinary system (isolated, anterior aspect). 


Cavernous tissue of female external genital organs, Urogenital and pelvic dis 
isolated (anterior aspect) (Schematic drawing.) 
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Inguinal canal and round ligament of uterus in situ 27 
(right side, ventral aspect). 


Hhragms (anterior aspect). 
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experimenters can see “ring of light” near rotating 
mass. The rings or self-closed photos can exist in 
the same place after the mass was stopped or 
removed away.) 


Nowadays gyroscopes in military devices are over- 
speeded up to hundreds of thousands of rpm. The more 
rates the gyroscope has, the more energy the rim will 
produce if it is connected to some generator. But these 
research works led to single-valued conclusions that 
gyroscopes themselves cannot produce big quantity of 
additional cosmic energy not jointly with permanent 
electromagnets. The Sun as well as planets has natural 
electromagnetism and their circular gravitation 
increases in many times due to the presence of 
electromagnetic fields. 


(Editor's note: I think it is obviously that a 
rotating magnet can involve into the rotation 
much more quantity of aether than any simple 
rotating mass. In some theories any magnetic 
field is considered as circulation of aether 
Particles.) 


Electromagnetic fields are the unique boosters of 
circular gravitation. So, the gyroscopes themselves 
cannot produce necessary quantity of cosmic energy 
per unit mass of gyroscope without using of 
electromagnetism. 


In October 2001, I got a copy of 24 patents description, 
‘There were patents on “perpetual motion machines” 
But since such “perpetual motion machines” cannot 
exist in reality, then we can explain them as 
gyroscopical transformers of cosmic energy. Efficiency 
of these transformers varies from 150% up to 10°% and 
practically all of them work using gyroscope. But 
nowadays only the transformer (Bauman’s machine) 
works in Switzerland, in Maethernitha theological 
community, Linden city. Some systems have been 
working from 1980 and producing total power of 750 
KW, the gyroscopes of 2m diameters are provided with 
constant magnets. 


Besides, there are ready transformers of cosmic energy 
in Russia. The Professor of Moscow State University, 
Academician of Russian Academy of Natural Science 
Leonid Leskov spoke about them in the first half of 2001 
He actually said that Mr. Chubais does not allow 
innovation of energy transformers, which are ready for 
commercialization (see newspaper “Raduga", Samara, 
July 2001). 


Tassume that any kinds of such transformers work on 
the energy produced by “Aether wind” beams. Pethaps 
our earth ancestry (Atlases) used this energy to fly as 
well as extraterrestrials. I remember information about 
flying platforms, which were designed in Germany in 
1943-1945. Nowadays there are publications that there 
are not less than 10 captured extraterrestrial’s 
spacectafts on the Earth, and some samples were tested 
in Russia and the USA. 


On the basis of all above-mentioned it becomes 
extremely clear that the main secret of Nature was 
discovered, and let's representatives of conservative 
science don't pull the wool over people’s eyes to prove 
that “it is impossible". It is possible! Physics is an 
experimental science in its main part, and there is no 
completed theory until now. 


As aresult, I'd like to make some conclusions: The secret 
of Gravitation nature was discovered not in connection 
with new scientific investigation, but due to dawning 
up and understanding of the fact that gravitation since 
earliest times was produced by “Aether winds”, which 
fill all cosmic space. Instead of improvement of “Aether 
wind" theory, academician science abolished it and 
forgot it such as some scientists of nowadays don’thave 
an idea of it. While abolishing of “Aether wind” theory, 
scientific world spent 100 years in vain to find an 
alternative to it. A real Cosmic scientific and technical 
progress was slowed down during this term. Without 
this progress all humankind will kill environment of the 
Earth in 30-40 years! 


Rush hours for humankind to turn to cosmic energy 
came, we have not even an hour to wait, and otherwise 
we will loose a chance to survive. Today the scientific 
and technical level is such that taking into consideration 
the buildup made by inventors ~ enthusiasts, who 
created more than 50 types of Cosmic energy 
transformers, it is possible to begin repetition work in 
one year. Now there is the only barrier to do it, ie. market 
relations in energetics developed during last 100 years. 


Let's look into near Future. The process of energy 
resources (coal, oil, gas) formation in bowels of the Earth 
took hundreds million years. There was period of clean 
ecology in the World Ocean, on land and in the 
atmosphere. And all it catastrophically had been 
diminishing during 2-nd half of the XX century. There 
are about 40 years for our civilization to reach the 
boundary of having no chance to support normal life 
on the Earth. An irreversible process of struggle for 
survival using underground environment and protection 
from mortal ecology will begin. Our close posterity will 
not forgive us this betrayal. 


Is there any solution? Yes, there is. 


It is necessary to publish the descriptions of all 
“perpetual motion machines” models as well as 
unprofitable publication of short technical 
documentation in the Internet and magazines, 
which will give a chance to many companies, 
research groups and individuals to re-produce 
them. But at first we should choose the models, 
which are the most reasonable in technology and 
prime cost. Such a way of replication of the models 
will give people confidence, interest and reliable 
information on existence of inexhaustible salutary 
cosmic energy. And the victory will be the reward 
for courageous, enterprising and advanced people. 
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“Muscles of pelvic and urogenital diaphragms (irom below), 
(Schematic drawing.) 
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Urogenital diaphragm and external genital organs in the female, superficial layer (from 
below). On the right side the bulb of vestibule has been removed 
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External female genital organs. Po 


External female genital organs (inferior aspect). The clitoris has been 
dissected and slightly reflected to the right. The prepuce of clitoris has been 
divided to display the glans 
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Urogenital diaphragm and external 
‘genital organs in the female (lateral 
inferior view). The bulb of vestibule 
has partly been removed, the left 
labium minus was cut away. 


1 tum 
2 Rectum 

3. Rectouterine fold 
4 Ovary 

5. Uterine tube 

© Urinary bladder 
7 Urethra 

8 Labium minus 
9. Rectouterine pouch of 


Douglas 

10 Uterus (uterovesical 
pouch) 

11 Ligament of the head of 
the femur 


12. Head of femur 

13 Vestibule of vagina 

14 Labium majus 

15 Analcleft 

16 Coceyx 

17 Rectunt 

18 Myometrium of uterus 

19 Uterine cavity 

20 Obturatorinternus 
muscle 

21 Miopsoas muscle 

22. Sartorius muscle 

23. Sciatic nerve and 
luteus maximus muscle 


24 Uterine venous plesus 
25. Broad ligament 
26 Small intestine 


27, Femoral artery and vein 

28 Femoral nerve 

20 Pyramidalis muscle 

30. Rectum (anal canal) 

31 Vagina 

32. Urethral sphincter muscle 
(base of urinary bladder) 

33. Pubic symphysis 

34 Levator ani muscle 

35 Obturator externus 
muscle 


Horizontal section through pelvic cavity at level of uterus (from below). The uterus is praia 


retroverted to the left 
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Horizontal section through the pelvic cavity at level of the urethral sphincter and vagina 
(from below). 
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Organization of shoulder girdle and upper limb (superior aspect). The wo 
positions of the forearm essential to manual skills in the human, supination (right 
arm) and pronation (lett arm) are shown, 


Bones of shoulder girdle articulated with the thorax (superior aspect). 
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Skeleton of shoulder girdle and thorax (anterior aspect). The cartilagi- 


nous parts of the ribs appear dark brown. 
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Right claviele (inferior aspect), 
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Because of his upright posture, man’s 
upper limb has developed a high de 
gree of mobility. The shoulder girdle 
is to a great extent movable in the 
thorax and is connected with the trunk 
only by the sternoclavicular joint. A 
further characteristic of man’s forearm 
is the capacity for rotation (i.e., prona- 
tion and supination). 


Skeleton of shoulder girdle and thorax (posterior view) 
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(lateral view). 
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Right scapula (posterior aspect). 


Right scapula (lateral view). 


Right seapula (anterior aspect costal surface). 


Scapula 
Superior border 
Medial border 
Lateral border 
Superior angle 
Inferior angle 
Lateral angle 


Acromion 


3. Scapular notch 


$ Glenoid cavity 


lenoid tubercle 
Supraspinous fossa 
Spine 
Infraspinous 


Articular facet for acromion 


Supraglenoid tubercle 
Costal (anterior) surface 
Base of coracoid process 


1 Istrib 
Postion of costotransverse joints 

3. ath-Tth ribs 

4 Clayicle 

5. Position of seromiaclavieular joint 

6 Acromion 

Seapular notch 

Spine of scapula 


dof humeru 
10 Glenoid cavity 

1 Surgical neck of humerus 

12. Posterior surface of seapula 
13 Coracoid process 

4 Intraglenoid tuberch 

15) Greater tubercle of humerus 
16 Anatomical neck of humerus 


Bones of shoulder joint (posterior aspect). 


Bones of shoulder joint (anterior aspect). 
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structure of vacuum. This voltage generates 
Gravitational Impulse itself G = 4nE,S-(Ar,)° , where 


which generates electrical voltage Ey = inthe 


The supposed “Gravitational Impulse" in the 
experiment by Podkletnov is modeled by a quarter of 
cosine curve. 


Duration of this curve is determined by the decrease of 
magnetic field “trapped” into the superconductor due 
to the partial heating of semi-conductor emitter after 
plasma passed the discharge of 2MV with the current 
strength of 10000 A. The formula of the model is the 
following: 


X" = Ae?" cos(2nff, = Dj t) a 


the calculation is made for the frequencies of 30, 3, 0,3 
and 0,03 Hz and acceleration of 12 m/sec’, which 
appears for the mass of the pendulum 30 g with the 
force horizontally to gravitation 0,03-12=0,36 N. 


It can be supposed that it is necessary to make more 
careful solution of the problem to find the effect on the 
pendulum by its reaction, which is known from 
experiment. We should apply the more correct use of 
spectral method of solution of differential equation for 
the pendulum with setting of impulse effect. Further, 
having the recording of temporal function of magnetic 
field by Hall-effect devices and using Maxwell formulas, 


we should find electrical field acting in physical vacuum. 
This field will give us the force of gravitational impulse. 


The experiment by V. Roshchin and S. Godin is simpler 
for physical modeling (Editor's note: the author assumes 
it is simpler than Podkletnov’s effect). All input and 
output parameters are known to the authors, i.e. force 
of the magnets, frequency of variable magnetic field in 
the local place of space vacuum, change of gravity. 
Furthermore, there are known cylindrical formations of 
magnetic “loops” around the device and their 
approximate arrangement with the intervals divisible by 
the half of rotor radius. Effects of temperature decrease 
at 8° C in cylindrical atmospheric formations can be 
simply explained by adiabatic decrease of air pressure 
due to the decrease of gravitation between molecules of 
air. Formulas for estimation of decrease of gravitational 
and inertial forces are the same that for Podkletnov's 
experiment: 
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Abstract 


‘The Unitary Quantum Theory (UQT) is a new version of 
the field quantum theory, which has been developed 
by the principal author (Prof. L.Sapogin) of this paper 


for over 25 years. The theory is directly related to the 
problem of new energy sources, and this paper can be 
of interest for Journal of New Energy for it is the UOT 
(and not the classical Newton mechanics or the modern 
standard quantum mechanics) that provides a 
theoretical basis for the development of new sources of 
energy and for the explanation of the operation 
principles of the existing and functioning over unity 
devices 


The fundamental provisions of the UOT and a number 
of results received on the basis of it were published in 
many scientific journals and reported at international 
conferences (see [1-6], etc.). Generally, the UOT as 
expressed by the language of formulae and equations 
represents a new mathematical model of interaction and 
movement of elementary particles in the form of a 
complicated system of non-linear integral-differential 
equations, an important property of this model 
principally defines the trajectories and velocities of the 
particle movement in space (unlike the standard 
quantum theory, which directly defines only the 
probabilities of the presence of the particles at a certain 
point in space). Another, and the most essential (for the 
problem of new energy sources) property of the UOT is 
the absence of the energy conservation laws and the 
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‘Skeleton of right forearm and hand in supination, 
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Skeleton of right wrist and hand (dorsal aspect). 
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The human hand is one of the most admirable structures 
of the human body. The carpometacarpal joint of the 
thumb, a saddle joint, enjoys wide mobility, so that the 
thumb can get in contact with all other fingers, thus 
enabling the hand to become an instrument for grasping 
and psychologic expression. During evolution these 
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newly developed functions appeared after the erect 
posture of the human body was achieved. An inevitable 
prerequisite for the development of human cultures is not 
only the differentiation of the brain but also the develop- 
ment of an organ capable of realizing its ideas: the human, 
hand. 
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Right sternoclavicular joint (anterior aspect). On the right side the joint 
has been opened by a coronal section. Note the articular disk. 
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Right shoulder joint. The anterior part of the articular capsule has Coronal section of the right shoulder joint 
been removed and the head of the humerus has been slightly (anterior aspect), 
voted outward to show the cavity of the jamt. 
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Radial collateral ligament 


Articular capsule and dorsal interearpal ligaments 
Palmar radiocarpal ligament 

Tendon of flexor carpi radialis muscle (cut) 
Radiating carpal ligament 


Palmar earpometacarpal ligaments 


Ist metacarpal bone 
Palmar uinocarpal ligament 

Tendon of flexor carpi ulnaris muscle (cut) 
Pisohamate lig 
Pisometacarpal 
Palmar metacarpal 


Sth metacarpal bone 


1 Radius 
2 Styloid process of radius 
3 Palmar diocarpal ligament 
4 Tendon of flexor carpi radialis mus 
5 Radiating carpal ligament 
6 Anticular capsule of earpometacarpal 
Joint of thamb 
Articular capsule of metacarpophalangeal 
joint of thar 
Palmar ligaments and articular capsule 
‘of metacarpophalangeal joints 
Palmar ligaments and articular capsule 
of interphalangeal joints 
Articular capsule 


Styloid process of ulna 
Palmar wlnoearpa li 
Pisiform bone with tendon of flexor 
‘carpi lnaris muscle 
Pisometacarpal ligament 
Pisohamate ligament 
pal bo 
0) Deep transverse metacarpal ligament 
Tendons of extensor muscles and 
articular eapsule 
eral ligament of interphalangeal jo 
eral ligaments 
smetacarpophalangeal 
Second metacarpal bone 


Ligaments of right forearm, nd fingers (palmar aspect), Ligaments of fingers 


The arrow indicates the location of the carpal tunnel. (lateral aspect), 


1 Descending fibers of trapezius muscle 
2. Spinous processes of thoracic vertebrae 

3. Ascending fibers of trapezius muscle 

4 Rhomboid major muscle 

5 Inferior angle of scapula 

© Latissimus dorsi muscle 

7. ‘Transverse fibers of trapezius muscle 

8 Spine of seapala 

9) Posterior fibers of deltoid muscle 

10. Infraspinatus muscle and infraspinous fascia 
11. Teres minor muscle and fascia 

12. Long head of triceps brachii muscle 

13. Teres major muscle 

14 Lateral head of triceps brachii muscle 

15. Medial head of triceps bract 

16 Medial intermuscular septum 
17 Ulnar nerve 

18 Olecranon 


‘muscle 


&. 


Museles of shoulder and arm, superficial layer (dorsal aspect), 


1 ‘Trapezius muscle (reflected) 
2 Levator scapulae muscle 

3 Supraspinatus muscle 

4 Rhomboid minor muscle 

5 Medial border of scapula 
6 Rhomboid major muscle 
7 Infraspinatus muscle 

8 Teres major muscle 

9. Inferior angle of seapul 
10 Cutedge of trapezius 
LL Intrinsic muscles of back with fascia 
12 Latissimus dorsi musele 

13 Acromion 

14 Spine of scapula 

15. Deltoid muscle 

16 Teres minor 

17 Long head of triceps brachii muscle 
18. Lateral head of triceps brachii muscle 
19 Medial head of triceps brachii muscle 
20. Medial intermuscular septum 

21 “Tendon of triceps brachii muscle 


Muscles of shoulder and arm, deeper layer 
(ight side, dorsal aspect). The trapezius hs been 
cut near its origin at the vertebral column and 


reflected upward. 


1 Splenius capitis muscle 
2. Stermocleidomastoideus muscle 
3 Trapezius muscle (reflected) 
4 Lateral supraclavicular nerves 
5 Chvide 
6 Levator seapulae muscle 
7. Supraspinatus muscle 
8 Spine of scapula 
9. Deltoid muscle (reflected) 
10 Rhomboid minor muscle 
LL Rhomboid major muscle 
12 Axillary nerve and posterior 
‘circumflex humeral artery 
13, Infraspinatus muscle 
14 Teres minor muscle 
15. Long head of triceps brachii muscle 
16 Teres major muscle 
17 Inferior angle of seapula 
18. Triceps brachii muscle 
19 Latissimus dorsi muscle 


Muscles of shoulder and arm, deeper layer, right side (dorsal aspect) 
‘The trapezius and deltoid muscles have been divided and reflected. 


Rhomboid minor muscle (red) 
Rhomboid major muscle (red) 
Levator scapulae muscle (red) 
‘Supraspinatus muscle (blue) 
Deltoid muscle (red) 
Infraspinatus muscle (blue) 
“Teres minor muscle (red) 
“Teres major muscle (red) 


Shoulder muscles, schematic diagram illustrating the course of the 
main muscles of the dorsal aspect of the shoulder. 


impulse for single particles in it. That is why the UOT 
makes theoretically possible processes of energy 
generation as if from nothing, if they are regarded from 
the classical mechanics point of view or the standard 
quantum theory (while the UOT is able to explain the 
phenomenon), as well as creation of a device with 
efficiency above 1. In other words, the UOT provides 
for a theoretic possibility of making a perpetual mobile! 


In the 1970's, when the UQT started to be developed, 
there was nearly no data of the observed phenomena, 
or any experimental results confirming this unusual 
theory. Today, such data are abundant. For example, 
such processes can be named as generation of excessive 
heat energy during cavitation of very small water 
bubbles; generation of excessive electric energy in an 
anomalous gas discharge; excess generation of electric 
energy when electric current passes through proton- 
conducting ceramics, etc. Besides, and still more 
important, operating devices that have been created 
much more energy than it was necessary for these 
devices functioning: electric current generators 
“Testatica” (Switzerland); thermal cell CETI 
(Patterson, USA); heat generators (Yu.S. Potapov, 
Moldavia, J.Griggs, USA); electric current generators 
(PCorrea, A.Correa, Canada); electric engines on 
magnetic ceramics (Japan), and others. The said 
phenomena and operation principles of the above- 
mentioned devices can be explained with the help of 
the UOT. 


In this paper we will also touch upon such an important 
problem as cold nuclear fusion. The feasibility of this 
nuclear process, which is categorically denied by the 
standard quantum theory and nuclear physics 
specialists, was predicted by the author of the UQT as 
far back as in 1983. This phenomenon was discovered 
in 1989 (electrochemical experiments, M-Fleischmann, 
S.Pons). Many subsequently received experimental data 
confirmed the existence of nuclear reactions under very 
small energies, of nuclear transmutations in plants and 
biological objects, very slightly connected with 
generation of energy [7-8]. From the point of view of the 
UQT, which provides an explanation of the cold nuclear 
fusion mechanism, this process can be applied in 
practice (after the relevant devices are designed) for 
generation of energy, for production of isotopes, and for 
nuclear waste liquidation. 


Introduction 


Inventors, as well as swindlers of all kinds, had long 
ago been trying to construct, or at least design, a 
perpetual mobile, i.e. an imaginary machine that 
produced work without any outside energy. Peter the 
Great even founded the Imperial Russian Academy of 
Sciences for such research, but the modern Russian 
Academy of Sciences does not like to recollect this 
circumstance. On the other hand, the French Immortals 
in 1755 decided not to consider any perpetual mobile 
projects at all, and, as we would see, were quite right 
as regards the Newton mechanics. The brilliant success 
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of the classic mechanics has strengthened still more 
the sacred belief of the mankind in the Divine Infallibility 
of the Conservation Laws, and today it is nearly 
indecent to express any doubts about these laws. 


Let us first of all find out the origin of the conservation 
laws in ordinary mechanics. Practically any textbook 
will tell you that the Energy Conservation Law (ECL) 
follows from the homogeneity of time, the Impulse 
Conservation Law from the homogeneity of space, and 
the Angular Momentum Conservation Law from the 
isotropy of space. That is why many people have an 
impression that the conservation laws themselves 
follow only from the quality of time and space, which is 
today an undoubtedly relativistic notion. But, for 
example, the angular momentum is not a relativistic 
notion. So, such a narrow approach is not altogether 
correct, and it is necessary to turn to the second Newton 
law, or the equation of relativistic dynamics and the 
system insularity. However, the qualities of the time and 
space ensue exactly from the analysis of the Newton 
mechanics, though they are often construed incorrectly. 
Let us remind you the correct interpretation. 


Homogeneity of time suggests that if at any two 
moments of time two similar experiments are made in 
similar closed loop systems, the results thereof will not 
differ. 


Homogeneity and isotropy of space mean that ifa closed 
Joop system is moved from one part of space to another, 
or is oriented differently, nothing will change. 


‘The making of the fundamental energy and impulse 
conservation laws from the Newton equation is very 
simple. Let us put down the main equation of dynamics 
as 


ae 


F=— 
dt 


For closed loop system F=0 (no external forces 
operating) and the equation integral will be 


P = Const the impulse conservation law. 
‘Now let us take the main equation of dynamics as: 


F=ma=m& 
dt 


and multiply it scalarwise by v 


where vis the module of the velocity vector v. For closed 
loop system F=0, and the equation integral will be 


my’ 


Const 


one of the forms of the energy conservation law. From 
the definition of the angular momentum for a particle, 


ctoral triangle 
lar part of deltoid muscle 
{anterior fibers) 
5 Acromial part of deltoid muscle 
(central fibers) 
6 Clavicular part of pectoralis major muscle 
7. Sternocostal part of pectoralis major muscle 
8 Short head of biceps brachii muscle 
9 Long head of biceps brachii muscle 
10 Abdominal part of pectoralis major musele 
11 Brachialis muscle 
12. Serratus anterior muscle 
13 External abdominal oblique muscle 
14. Stemocleidomastoid muscle 
15 Infrahyoid muscles 
16 Clavicle 
17 Manubrium sterni 
18. Body of sternum 
19. Xiphoid process 
20 Anterior layer of sheath of rectus 
abdominis muscle 


Muscles of shoulder and arm, superficial layer (ventral aspect). 


Subelavius muscle (blue) 
Pectoralis minor muscle (blue) 
Pectoralis major muscle (red) 
Subscapularis muscle (red) 
Coracobrachialis muscle (light-blue) 
Serratus anterior muscle (green) 


Arrangement of pectoral and shoulder muscles (ventral aspect). 
(Schematic drawing.) 


1 
2 
3 
4 
< 
6 


1 Acromion 
2. Clavicular part of deltoid muscle 
3. Pectoralis major muscle (reflected) 
4 Coracobrachialis muscle 
5. Short head of biceps brachii muscle 
6 Deltoid muscle (insertion on humerus) 
7. Long head of biceps brachii muscle 
8 Brachialis muscle 
9. Stemnocleidomastoid muscle 
10 Clavicle 
LL Subclavius muscle 
2. Pectoralis minor muscle 
Sterum 
3rdrib 
Pectoralis major muscle 
atysma muscle 


alis major muscle forming the anterior axillary fold 

‘Anterior cutaneous branches of intercostal nerves 

Lateral cutaneous branches of intercostal nerves 

Rectus abdominis muscle 

Subseapularis muscle 

2 Latissimus dorsi muscle forming the posterior axillary fold 
Serra 

24 External abdominal oblique muscle 


anterior muscle forming the medial wall ofthe axilla 


Axillary fossa and serratus anterior muscle 
(left side, lat 


al aspect). 


Museles of right arm (lateral aspect). Muscles of rightarm (ventralaspect). The arm with the scapula 
andattached muscleshasheen removed from the trunk 


34 
8 
= 7 | a 
j 
10 
32 C | 


jagram illustrating the position of the flexor and 
arm and their effect on the elbow joint 
tion of movements; 


extensor muscle 
A= 
33 red = fle 


extension. 


Flexor muscles of right arm (ventral aspect). 
Part of the biceps brachii muscle has been 
removed. Arrow: tendon of long head of biceps 


1 Acromial part of deltoid muscle (central fibers) 
2. Seapular part of deltoid muscle (posterior fibers) 
3 Triceps brachii muscle 
4 Tendon of triceps brachii muscle 

5 Olecranon 

6 Clavicular part of deltoid muscle (anterior fibers) 

7. Deltopectoral groove 

8 Biceps brachii muscle 

9) Brachialis muscle 

10 Brachioradialis muscle 

11 Extensor carpi radialis longus muscle 

12 Claviele (divided) 

13 Pectoralis major muscle 

14 Medial intermuscular septum with vessels and nerves 
15 Lateral intermuscular septum 

16 Tendon of biceps brachii muscle 

17 Bicipital aponeurosis 


Position and course of flexors of arm. ( 


Is 
9 
20 
21 
23 
24 
26 
7 
28 
2 
30 
3 


3 
M 


fhematic drawing.) 


Subscapularis muscle (red) 3. Biceps brachii muscle (red) 
Coracobrachialis muscle (blue) 4 _Brachialis muscle (blue) 


Axillary artery 
Rhomboid major muscle 

Subseapularis muscle 

Latissimus dorsi muscle (divided) 

Medial intermuscular septum 

Medial epicondyle of humerus 

Brachial artery and median nerve 

Pronator teres muscle 

Tendon of short head of biceps brachii muscle 
Coracobrachialis muscle 

Distal part of biceps brachii muscle 

Teres major muscle 

Long head of triceps brachii muscle 

Medial head of triceps brachii muscle 

Radius 

Uina 

Seapua 


9 
0 


n 


Forearm muscles, superficial layer (ventral aspect) 


Biceps brachii muscle 
Bicipital aponeurosis 

Brachioradialis muscle 

Flexor carpi radialis muscle 

Radial artery 

Flexor digitorum superficialis muscle 

Median nerve 

‘Antebrachial fascia and tendon of palmaris longus muscle 
Tendon of abductor pollicis longus mu 

Tendon of extensor pollicis brevis muse 

Abductor pollicis brevis muscle 


Forearm muscles, superficial layer (ventral aspect). The 
palmaris longus and flexor carpi ulnaris muscles have been 
removed. 


12. Palmar aponeurosis 
13. Superficial head of flexor pollicis brevis muscle 


smuscular septum 
16 Medial epicondyle of humer 
17 Humeral head of pronator te 
18 Palmar longus muscle 

19 Flexor carpi ulnaris muscle 
20, Ulnar artery 

21 Tendon of flexor 


22. Palmaris brevis muscle 


pi lnaris muscle 


Forearm muscles, middle layer (ventral aspect). The palmaris 
longus, flexor carpi radialis and ulnaris muscles have been, 
partly removed. The flexor retinaculum has been divided. 


Abductor digit! minimi muscle 
Transverse fasciculi of palmar aponeurosis 

Digital fibrous sheaths of tendons of lexor digitorum muscle 
Brachialis muscle 

Flexor pollicis longus muscle 

Carpal tunnel (canalis carpi, probe) 

Triceps brachii muscle 

Flexor digitorum su 
Pisiform bone 
Opponens digiti minimi muscle 

Flexor digit minim brevis muscle 

‘Tendons of flexor digitorum superfcialis muscle 


6 
37 
38 
9 
40 
41 
2 
4B 
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on of flexors of fingers and hand, (Schematic drawing.) 


Deep layer 
Superficial layer 


1. Flexor pollicis longus muscle (blue) 
2. Flexor digitorum profundus muscle (red) 

3. Pronator teres muscle (red) 

44 Flexor carpi radialis muscle (red) 

5. Flexor earpi ulnaris muscle (red) 

6 Flexor digitorum superficialis muscle (blue) 


Supinator muscle 
Extensor carpi radialis brevis muscle 
Tongus muscle 
‘Tendon of flexor carpi radialis muscle 
Pronator teres musele (insertion of radius) 
Flexor digitorum profundus muscle 
Lumbrical muscles 
Tendons of flexor digitorum profundus muscle 
Tendons of flexor digitorum profundus muscle having passed 
through the divided tendons of the flexor digitorum superficalis 


‘muscle 
Flexor retinaculum 


1 Biceps brachii muscle 
2. Brachialis muscle 

3. Promator teres muscle 

4 Brachioradialis muscle 

5 Radius 

6 Tendon of flexor carpi radialis muscle 

7. Tendon of abductor pollicis longus muscle 
8 Opponens pollicis muscle 

9 Adduetor policis muscle 

10 Tendon of flexor polics longus muscle 
11 Triceps brachii muscle 

12. Medial intermuscular septum 

13. Medial epicondyle of humerus 

14 Common Flexor mass (divided) 


Pisiform bone 
Abductor digit minimi muscle 

Flexor digiti minimi brevis muscle 

Tendons of flexor digitorum profundus muscle 

3 Tendons of flexor digitorum superficialis muscle 


24 Flexor retinaculum 

25 Hypothenar muscles 

26 Thenar muscles 

27, Common synovial sheath of flexor tendons 

28 Synovial sheath of tendon of Mexor pollicis 
longus muscle 

29 Digital synovial sheaths of flexor tendons 


Muscles of the forearm, deep layer (ventral aspect). All Synovial sheaths of flexor tendons (palmar aspect of right, 
flexors have been removed to display the pronator quadratus hand), (Semischematic drawing.) 

and pronator teres muscles together with the interasseous 

membrane. Forearm in supination 


Humerus 
Lateral epicondyle of humerus 


Position of capitulum of humerus 
Deep branch of radial nerve 

6 Supinator muscle 

7. Entrance of deep branch of radial nerve to extensor muscles 

8. Radius and insertion of pronator teres muscle 

9) Interosseous membrane 

10 Median nerve 

11 Triceps brachii muscle 

12 Trochlea of humerus 

13 Tendon of biceps brachii muscle 

14 Brachial artery 

onator teres muscle 

16 Tendon of pronator teres muscle 

17 Ulna 

18 Pronator quadratus muscle 

19 Tendon of flexor carpi radialis muscle 

20 Thenar muscles 

21. Synovial sheath of tendon of flexor pollicis longus muscle 

22. Fibrous sheath of flexor tendons 

23. Digital synovial sheath of flexor tendons 

24. Flexor digitorum superticialis muscle 

25. Tendon of flexor carpi ulnaris muscle 

26 Common synovial sheath of flexor tendons 

27 Position of pisiform bone 

28 Flexor retinaculum 

29. Hypothenar muscles 


1 
3 Articular capsule 
4 


Right supinator and elbow joint 
(anterior aspect). Forearm in pronation, 
rs 24 


25 
26 


27 
28 


A. Axis of flexion and extension 
B Axis of rotation 
Arrows 
S Supination 
P Pronation 


‘Synovial sheaths of flexor muscles Diagram illustrating the wo axes of the elbow joint. 
(palmar aspect of right hand). 

Blue PVA-solution has been injected 

into the sheaths. 


Muscles of thumb and index finger (medial 


aspect). The tendons of the extensor muscles of 
the thumb and the insertion of the flexor tendons 


of the index finger are displayed 


‘Tendons of extensor pollicis brevis 
and abductor pollicis longus muscle 
Extensor retinaculum 

Tendon of extensor pollicis Jongus muscle 
Tendons of extensor carpi radials longus 
and brevis muscles 

First dorsal interosseous muscle 

Tendon of extensor digitorum muscle for 
index finger 

Location of metacerpophalangeal joint 
‘Tendon of lumbrical muscle 

Extensor expansion of index finger 
Tendon of flexor Carpi radilis muscle 
(cut) 

Anatomical souffbox 

‘Tendon of abductor pollicis longus muscle 
Tendon of extensor pollicis brevis muscle 
Tendon of abductor pollicis brevis muscle 


Muscles of hand (palmar aspect). The tendons of the flexor muscles and 


been opened 


Extensor expansion of extensor of thumb 
Vinculum longum 

Tendons of flexor digitorum 

superficials muscle dividing to allow 


passage of deep tendons 


Vincula of flexor tendons 
Tendon of flexor di 
Vineulum breve 
Radial carpal eminence (cut edge of 

flexor retinaculum) 

‘Opponens pollicis muscle 

Deep head of flexor polics brevis muscle 
Absluctor pollicis brevis muscle (cut) 
‘Superficial head of flexor pollicis brevis 
‘musele (cut) 

Oblique head of adductor pollicis muscle 
Transverse head of adductor pollicis muscle 
‘Tendon of flexor pollicis longus muscle (cut) 


um profundus muscle 


parts of the thumb muscles have been removed. The carpal tunnel has 


Lumbrical muscles (cut) 
First dorsal interosseous muscle 
Position of carpal tunnel 

Tendon of flexor carpi ulnaris muscle 
Location of pisiform bone 

Hook of hamate bone 

Abductor digit minim muscle 
Flexor digit minimi brevis muscle 
‘Opponens digti minimi muscle 

2nd palmar interosseous muscle 

3rd palmar interosseous muscle 

4th dorsal interasseous muscle 

3rd dorsal interosseous muscle 
Tendon of flexor digitorum 
profundus musele (cut) 

Tendons of flexor digitorum 
superficialis muscle (cut) 

Fibrous flexor sheaths 


Actions of interosseous muscles in abduction and 
adduction of fingers (palmar aspect, schem: 
drawing). Arrow: carpal tunnel 

Red = abduction 

(dorsal interosseous muscles, abductor digiti 
minimi and abductor pollicis brevis muscles), 

Black = adduction 

(palmar interosseous muscles, adductor pollicis muscle). 


Muscles of right hand, d 
hypothenar muscles have been removed to display the 


ep layer (palmar aspect). The thenar and 


interosseous muscles. 


1 Pronator quadratus muscle 
2. Tendon of flexor carpi radials muscle 

3. Abductor pollicis brevis muscle (divided) 
4 Adductor pollicis muscle (divided) 

5. Tendon of lexor pollicis longus muscle 

6 Lumbrical muscles (cut) 

7. Tendon of flexor carpi ulnaris muscle 

8 Pisiform bone 

9 Abdluctor digit minimi muscle (divided) 


24 10 Dorsal interosseous muscles 
11 Palmar interosseous muscles 
12 Radius 

25 13 Ulna 


14 Flexor retinaculum 
15 Tendons of flexor digitorum 
26 profundus muscle 
a 16 Tendons of flexor digitGrum 
superficalis muscle 
17. Capitate bone 
Trapezium bone and trapezoid bone 
Radial artery 
Tendon of flexor muscles 
First metacarpal bone 
Median 
Thenar muscles 
24 Hamate bone 
25 Hypothenar muscles 
‘Transverse section through the right hand, showing the carpal tunnel 26 Ulnar artery and nerve 
(canalis carpi). 27 Carpal tunnel (canalis carpi) 


L=[rxP] 


Differentiating both parts by t, we get 


du _[de ae 
Sa) xP lt] rx 
a dt dt 


Since the impulse vector is parallel to the velocity vector, 
the first bracket will equal to zero. On the basis of the 
resultant equation and the definition of central force as, 
not creating any momentum, we get 


[rxF]=0 or L: 


‘onst. 


In case of the central force in an unclosed system, the 
angular momentum is preserved by value and direction, 
‘The angular momentum conservation law for a closed 
loop system results in the same way as the impulse 
conservation law from the equation of the rotary motion 
dynamics: 

du 

dt 


For a closed loop system, the momentum of external 
forces M=0 and the integral of the equation will be the 
angular momentum conservation law 


L 


fonst 


In relativistic dynamics the emergence of the energy 
and impulse conservation laws separately can be easily 
received from the relativistic ratio for energy and 
impulse 


E?=P?c* +m°c! 


‘Term jc’ is an invariant, i. the same in all reference 
systems. In other words, it is a certain constant. This 
equation can be represented in a slightly different form 


= Const 
For the equation to be valid, it is required that 
E=Const and P =Const 


and this none the other but conservation laws for energy 
and impulse. 


Strictly, relativistic mechanics has a conservation law 
for 4-impulse vector p#', but we will not dwell on these 


details, because small energies are what we are 
interested in. 


In the classical theory, the energy conservation law 
states that the energy of a closed loop system remains 
unchanged, so, if the energy of such a system is 
designated at a moment t=0 as E) , and at the moment, 
tas E,, Ey 


Conservation laws in ordinary quantum mechanics 


The standard quantum theory formulates the energy 
conservation law in the same way. In quantum 
mechanics we have the same movement integrals as in 
classic mechanics. A certain value L willbe a movement 
integral, if 


dL_at fa: 
e418 L|=0 
ao [ | w 


since [5] etna ny emma operator 


and of Hamilton's operator, any value L, not depending 
explicitly on time, will be the movement integral, if its 
operator commutes with the Hamilton's operator. When 
value L does not explicitly depend on time, the first item 
in (1) turns to zero. There remains 


ues [ai] 
dt 


(2) 


and for the movement integrals not explicitly depending 
on time the Poisson quantum bracket equals zero. From 
(1) and (2) it follows that the average value of the 
movement integrals does not depend on time: 


d 


eat 
a 


‘All good papers on the quantum theory prove that 
probability w(L, ,1) to find at any moment ¢ any value 
ofthe movement integral, ie. L, , does not depend on 
time. Further, is constructed as the movement integrals 
not explicitly dependent on time. Since operators {} 


and f{ commute, they have common proper functions, 
Which are functions of stationary states. Let us note 
that the latter follows from solutions of the equation 
without time, which was received from the full equation 
with imposition of requirement 


v(et)= velco} 


equivalent to search of only periodic solutions. Further, 
quite naturally, there appeared an equation without time 
with actually imposed conservation laws, because now 
nothing depends on time. Expansion by such proper 
functions looks as follows: 
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Extensor muscles of forearm and hand, superficial layer 


r 
by probes. 


orsal aspect). Tunnels for extensor tendons indicated 2s 


Synovial sheaths of extensor 
tendons. The sheaths have 
been injected with blue 
gelatin 


4 Sth wane: 


yynovial sheaths of extensor 
tendons on the back of right 
\wrist (indicated in blue) 
Notice the six tunnels for the 
passage of the extensor 
tendons beneath the extensor 
retinaculum. (Semischematic 


drawing.) 


Lateral intermuscular septum 
Tendon of triceps brachii muscle 

Lateral epicondyle of humerus 

Olecranon 

Anconeus 

Extensor carpi ulnaris muscle 

Extensor digitorum muscle 

Extensor digiti minimi muscle 

Extensor retinaculum 

‘Tendons of extensor digiti minim muscle 
Tendons of extensor digitorum muscle 
Intertendinous connections 

Brachioradialis muscle 

Extensor carpi radialis longus muscle 
Extensor carpi radials brevis muscle 
Abdluctor pollicis longus muscle 

Extensor pollicis brevis muscle 

‘Tendon of extensor pollicis longus muscle 
Tiendons of both extensor carpi radialis longus, 
and extensor carpi radialis brevis muscles 
‘Tendon of extensor indicis muscle 

Isttunnel: Abductor pollicis longus muscle 
Extensor pollicis brevis muscle 
Extensor carpi radialis longus and brevis muscles 
Extensor pollicis longus muscle 
Extensor digitorum muscle 
Extensor indicis muscle 

Extensor digiti minimi muscle 


2nd tunne!: 
3rd tunnel 


sth tunne!: 


6th tunnel: Extensor carpi ulnaris muscle 


1 Triceps brachii muscle 
2. Lateral intermuscular septum 
3 Lateral epicondyle of humerus 


4 Anconeus muscle 
5 Extensor digitorum and extensor digiti mininti muscles (cut) 
6 Supinator muscle 
7 Extensor carpi ulnaris muscle 
8 Extensor retinaculum 
9. 3rdand 4th dorsal interosseous muscles 
10 Tendons of extensor digitorum muscle (eut) 
11 Biceps brachii musele 
12 Brachialis muscle 
13. Brachioradialis muscle 
14 Extensor carpi radialis longus muscle 
15 Extensor carpi radials brevis muscle 
16 Abductor pollicis longus muscle 
17 Extensor pollicis longus muscle 
18 Extensor polics brevis muscle 
19 Extensor indicis muscle 
20. Tendons of the extensor carpi radialis longus 
and extensor carpi radialis brevis muscles 
21 Ist dorsal interosseous muscle 


B 
of extensor muscles of forearm and hand. (Semischematic 


drawing.) 
A. Extensors of thumb B_Extensors of fingers and hand 
1 Abductor pollicis longus muscle § Extensor carpi ulnaris muscle 
(red) (blue) 
2. Extensor pollicis brevis muscle 6 Extensor digitorum muscle 
(blue) (red) 
3 Extensor pollicis longus muscle 7 Extensor carpi radials brevis muscle 
Extensor muscles of forearm and hand, deep layer (red) (blue) 
(dorsal aspect). 4 Extensor indicis muscle 8 Extensor carpi radialis longus muscle 


(blue) (blue) 
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branches of right subclavian and axillary arteries (anterior aspect). Pectoralis muscles have been reflected, clavicle and 


anterior wall of thorax removed and right lung divided. Left lung with pleura and thyroid gland have been reflected laterally 10 
display aortic arch and common carotid artery with their branches 


Pectoralis minor muscle (reflected) 
rior circumflex humeral artery 
Musculocutaneous nerve (divided) 
Axillary artery 

Posterior circumflex hume 
Profunda brachii artery 
Median nerve (vat.) 
Brachial artery 

Biceps brachii muscle 
‘Thoracoacromial artery 
Suprascapular artery 
Descending scapular artery 
Brachial plexus (middle trunk) 
“Transverse cervical artery 


artery 


Scalenus anterior muscle and phrenic nerve 
Right internal carotid artery 

Right external carotid artery 

Cai 

Superior thyroid artery 
Right common carotid artery 
Ascending cervical artery 


id situs 


Thyroid gland 
Inferior thyroid artery 

Internal thoracic artery 

Right subclavian artery 
Brachiocephalic trunk 

Lett brachiocephalic vein (divided) 
Left vagus nerve 

Superior vena 
Ascending aorta 

Median nerve (divided) 

Phrenic ner 

Right lung (divided) and pulmonary pleura 
Thoracodorsal artery 

Subscapular artery 

Lateral mammary branches (variant) 

Lateral thoracic artery 

Thyrocervical trunk 
Superior thoracic artery 
Superior ulnar collateral a 
Inferior ulnar collateral artery 
Middle 


wa (divided) 


o 


Radial collateral artery 


al recurrent artery 


Anterior and posterior interosseous 
arteries 


‘Common palmar digital arteries 
Ulnar recurrent artery 

Recurrent interosseous artery 
‘Common interosseous artery 
Ulnar artery 

Superficial palmar urch 

Median nerve and brachial artery 
Biceps brachii muscle 

Ulnar nerve 

Flexor pollicis longus muscle 
Palmar digital arteries, 

[Anterior interosscous artery 
Flexor carpi ulnaris muscle 
Superficial palmar branch of radial 


Arteries of the upper ematic drawing.) 


Dissection of the arteries of forearm and hand, The 
superficial flexor muscles have been removed, the carpal 
tunnel opened and the flexor retinaculum cut. The arteries 
have been filled with colored resin. 


‘Veins of the head, neck and upper 


extremity and their connection with the heart 


(anteriorlateral asp 


anterior thoracic wall) 


has been opened). 


0 
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‘Superficial temporal artery and vein 
Occipital vein 

Parotid gland 

Great auricular nerve and 

sternocleidomastoid muscle 

External jugular vein 

Infernal jugular yein and common carotid artery 
Deltoid muscle 

Axillary vein 

Right cephalic vein within the 

deltopectoral groove 

Right lung (middle lobe) 

Serratus anterior muscle and 

lateral thoracic vein 

Cephalic vein on forearm 

‘Venous network on dorsum of hand 


Superficial veins of upper limb. 
(Semischematic drawing.) 


14 Dorsal metacarpal veins 
15 Facial artery and vein 
16. Submandibular gland 
17 Anterior jugular vein, hyoid bone 
and omohyoid muscle 
18 Jugular venous arch and thyroid gland 
19 Right and left brachiocephalic veins 
20. Retrosternal body 
(remnant of thymus gland) 
21 Internal thoracic artery and vein 
22 Heart with pericardium 
23 Right venous angle 
24 Brachial vein 


27. Digital veins 
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Main branches of radial nerve. (Schematic drawing.) 
Postcrior divisions of trunks and posterior cord and its 
branches are indicated in green. 


Brachial plexus 
Lateral cord of brachial plexus 
Posterior cord of brachial plexus 
‘Medial cord of brachial plesus 
Anillary nerve 

Radial nerve 

Posterior cutaneous nerve of arm 


Superficial 
Deep branch of radial nerve 
‘Dorsal digital nerves 


‘Main branches of musculocutaneous, median and ulnar 
nerves. (Schematic drawing.) 

Anterior divisions of the trunks and all the components 
arising from them are indicated in yellow. 


Roots of median nerve 
‘Musculocutancous nerve 

Median nerve 

Ulnar nerve 

“Medial cutaneous nerves of arm and forearm 
Lateral cutaneous nerve of forearm 

Anterior interasscous nerve 

Palmar branch of median nerve 

Dorsal branch of ulnar nerve 

Deep branch of ulnar nerve 

(Common palmar digital nerves of median nerve 
Superficial branch of ulnar nerve 


Cutaneous nerves of right upper limb (ventral aspect). 


(Semischematic drawing.) 


‘Medial supraclavicular nerve 
Intermediate supraclavicular nerve 

Upper lateral cutaneous nerve of arm 

‘Terminal branches of intercostobrachial nerves 

Lower lateral cutaneous nerve of arm 

Lateral cutaneous nerve of forearm 

“Terminal branch of superficial branch of radial nerve 
Palmar digital nerve of thumb (branch of median nerve) 
Palmar digital branches of median nerve 

Anterior cutancous branches of intercostal nerves 
Lateral cutaneous branches of intercostal nerves 
Medial cutaneous nerve of forearm 
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Cutaneous nerves of the upper limb (dorsal aspect). 
(Semischematic drawing.) 


Palmar cutaneous branch of ulnar nerve 
Palmar branch of median nerve 

Palmar digital branches of ulnar nerve 

‘Cutaneous branches of dorsal rami of spinal nerves 
Dorsal branch of ulnar nerve 

Dorsal digital nerves 

Posterior supraclavicular nerve 
Posterior cutaneous nerve of arm 
Posterior cutaneous nerve of forearm 
Superficial branch 

Dorsal digital branches 


from radial nerve 


Dorsal region of shoulder, superficial layer. Note the 


segmental arrangement of the cutaneous nerves of the back, 


‘Trapezius muscle 
Dorsal branches of posterior imercostal artery and vein 
(medial eutaneous branches) 

Medial branches of dorsal rami of spinal nerves, 
Rhomboid major muscle 

Lateral branches of dorsal rami of spinal nerves 
Latissimus dorsi muscle 

Posterior supraclavicular nerves 

Spine of scapula 

Deltoid muscle 

Infraspinatus muscle 

‘Teres minor muscle 

‘Triangular space with circumflex scapular artery and vein 
Upper lateral cutaneous nerve of arm with artery 

‘Teres major muscle 

Terminal branches of intercostobrachial nerve 

Medial cutaneous nerve of arm 

‘Tendon of triceps brachii muscle 

Lateral cutaneous branches of intercostal nerves 

Medial cutaneous 
Long head of triceps brachii muscle 

Quadrangutar space with axillary nerve and 

posterior humeral circumflex artery 

Aniastomonis between profunda brachi artery and posterior 


forearm 


humeral circumflex artery 
Course of rial nerve and profunda brachii artery 

Lateral head of triceps brachii muscle 

Course of descending seapular artery and dorsal scapular nerve 
‘Course of suprescaputar nerve, artery and veto. 


Shoulder and arm (dorsal aspect). Dissection of the 
(quadrangular and triangular spaces of the axillary region, 


Course of vessels and nerves to shoulder and upper li 
(Schematic drawing.) 


Scapular region, arm and shoulder, deep layer (dorsal 
aspect). Part of deltoid muscle has been cut and reflected to 
display the quadrangular and triangular spaces of the axillary 
region, 


1 Trapezius muscle 

2. Spine of seapula 

3. Infraspinatus muscle 

4 Teres minor muscle 

5 Triangular space containing circumflex scapular artery and vein 

6 Teres major muscle 

7. Latissimus dorsi muscle 

8 Deltoid muscle (cut and reflected) 

9 Quadrangular space containing axillary nerve and posterior 
circumflex humeral artery and vein 

10 Long head of triceps brachii muscle 

11 Cutaneous branch of axillary nerve 

12 Lateral head of triceps brachii musc 

13 Terminal branches of intereastobrachial nerve 

14 Lateral cutaneous branches of intercostal nerves, 

15. Medial eutaneous nerve of arm 


16 Medial cutaneous nerve of forearm 
17 Upper lateral cutaneous nerve of arm 
18 Anastomosis between profuncla brachii artery and posterior 
humeral circumflex artery 
19 Humerus 
20) Profunda brachii artery 
21 Radial nerve 
2 lateral artery 
ral artery 


Radial c 
Middle col 
24. Lower lateral cutaneous nerve of arm 


25. Posterior cutancous nerve of forearm 
26 ‘Tendon of triceps brachii muscle 


‘Scapular region and posterior brachial region; arm 

and shoulder, deep layer (dorsal aspect). The lateral head 
of the triceps brachii muscle has been cut to display 

the radial nerve and accompanying vessels. 


Dorsal regions of neck and shoulder (dorsal aspect), Left side: superficial layer. 
Right side: trapezius and latissimus dorsi muscles have been removed. 
Dissection of dorsal branches of spinal nerves 


Greater occipital nerve 
Ligamentum nuchae 

Splenius capitis muscle 

‘Sternocleidomastoid muscle 

Lesser occipital nerve 

Splenius cervicis muscle 

Descending and transverse fibers of trapezius muscle 
‘Medial cutaneous branches of dorsal rami of spinal nerves 
Ascending fibers of trapezius muscle 

Latissimus dorsi muscle 

Cutaneous branch of third occipital nerve 

Great auricular nerve 

‘Accessory nerve (n. XI) 

Posterior supraclavicular nerve and levator scapulae muscle 
Branches of suprascapular artery 


Deltoid muscle 
Rhomboid major muscle 

Infraspinatus muscle 

‘Teres minor muscle 

Upper lateral cutaneous nerve of arm (branch of axillary nerve) 
Teres major muscle 

Medial margin of seapuls 

Long head of triceps muscle 

Posterior cutancous nerve of atm (branch of radial nerve) 
Latissimus dorsi muscle (divided) 

Ulnar nerve and brachial artery 

Lateral cutaneous branches of dorsal rami of spinal nerves and 
illocostalis thoracis muscle 

External intercostal muscle and seventh rib 

Serratus posterior inferior muscle 


Since (3) is expansion into proper functions of operator 
L, probability does not depend on time: 


w(L,.1)=le,0F =e, 0) = Conse 
Since energy is a movement integral and probability w 


(&,t) to find at a moment t an energy value equaling E, 
does not depend on time, then: 


dw(E,t) 
dt 


Let us note once again that it is the probability to finda 
certain value that does not depend on time, but not the 
value itself, which for any separate event is accidental 
and can assume a wide range of values. 


‘The quantum energy conservation law in the above forma 
suggests a possibility of defining energy at a given 
moment without subjecting it to uncontrolled change, 
which raised no doubts in classic mechanics, Butin the 
quantum theory the energy, without changing its value, 
can only be measured to 
ag>t 
7 
where ris measurement duration, Formally, it does 
not present any difficulties for the energy conservation 
law, since energy is a movement integral, and we have 
much time to make long measurement. For example, let 
us make measurements during time r, then leave the 
system to itself for time 7, and then define energy again 
The classic quantum energy conservation law states 
that the result of the second measurement will coincide 


a 
with the result of the first measurement to AE bars 
But even in the ordinary quantum theory all this is not 
consistent enough. For the real vacuum fluctuations can 
interfere, that always influences the results of a single 
process, but their influence disappears after the 
passage to an ensemble of events. Here we have a 
violation of the conservation law due to vacuum 
fluctuations, though existence of movement integrals, 
unlike in the Unitary Quantum Theory (UQT). 


‘The generally accepted quantum theory carefully avoids 
the question of conservation laws for individual events 
in the case of small energies. This question is either not 
discussed at all, or it is said that the quantum theory 
does not describe individual events. Yes, it does describe 
individual events, but it can only predict a probability 
of this or that result. It is clear that in this case there 
are no conservation laws for individual events (it is 
wrong to speak about it in case of an accidental result 
of an individual event), and they appear only after the 
averaging by large ensembles of events. Essentially, it 
can easily be proved that classic mechanics follows from 
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quantum mechanics after summing up by a large 
number of particles, because for a sufficiently big mass, 
the length of the de Broglie wave becomes much less 
than the body dimensions, and no quantum-wave 
qualities can be talked about. 


Conservation laws in Unitary Quantum Theory 


In the UOT [1-14] any quantum particle is not a point, 
but a source of field like in the ordinary quantum 
mechanics, but it represents a bunched field (wave 
packet) of a certain unified field. The dispersion 
equation of such a nonlinear field turned out to be such 
that the wave packet (particle) during its movement 
periodically appears and disappears, and the envelope 
of this process coincides with the de Broglie wave. 
Numerous particles during their periodic disappearance 
(spreading in the Universe) are repeated appearance 
from vacuum fluctuations. A theory of quantum 
measurements has been built, and the probability 
interpretation follows from the mathematical formalism 
of the quantum theory [10,11], and it is not postulated 
as in conventional quantum mechanics. Unfortunately, 
the main UOT equation turned out very complicated, 
for it is a system of 32 nonlinear integral-differential 
equations, which could require for their solution some 
new mathematical methods. But from this the 
relativistically invariant Hamilton-Jacoby equation, and. 
the Dirac equation system strictly follow. 


Papers [13,14] give a solution of the simplified scalar 
integral-differential UQT equation, which gave a 
localized solution for the form of a wave packet 
representing a particle. It turned out that the integral 
from a bilinear combination of such a solution for the 
whole volume gives with the precision of 0.3% the value 
ofa non-dimensional elementary electric charge [13,14], 
which was essentially its first theoretical calculation. 
Then, this solution in the form of a periodically 
appearing and disappearing wave packet (which 
square describes the density of a spatial charge) can 
be replaced by an oscillating charged particle [15-18], 
the movement whereof will be described by the 
conventional Newton equations: 


a { m( de _me de 
m2 ~-20GRADU (ros { (4) 2449, | (a 
1% --20GRADU(r) (5(4) i aaa @ 
dr mr dr 


mp =20GRADU (rJeos'{—™* 
it 


) 6) 


where m, Q, r -mass, charge, and radius-vector of the 


ca 
h dt 


particle, U(r) - external potential, @,- initial phase. 


Since E=-GRADU , and a magnetic field also exists, 
the Lorenz force should also be calculated for 


0 
F=2|vxH], put in the electromagnetic wave E and 


Hare equal, and for small energies value 0 , and 


1 Clavicle 
2 Deltoid muscle 

3. Supraseapular artery 

4 Suprascapular nerve 

5. Superior transverse scapular 


ligament 


8 Long head of triceps muscle 


13. Great auricular nerve 

14 Splenius capitis muscle 

15. Accessory nerve (n.X1) 

16 Third occipital nerve and 
levator seapulae muscle 

17 Serratus posterior superior 
‘muscle 

18 Spine of seapula 

19 Descending scapular artery 
and dorsal seapular nerve 

20 Rhomboid major muscle 

21 Infraspinatus muscle and 
medial margin of scapula 

22. Radial nerve and profunda 
brachii artery 

23 Thoracodorsal artery 

24 Thyrocervical trunk 

25 Roots of brachial plexus 


Dorsal fegion of shoulder; deepest layer. Rhomboid and 
posterior part of deltoid muscle reflected. 


Collateral circulation of shoulder. 
Anastomosis of suprase: ind 


circumflex scapular arteries, 
(Semischematic drawing.) 


Scapular region, arm and shoulder (dors 


aspect). Arteries of scapular region are injected. 


Trapezius, deltoid and infraspinatus muscles are partially removed or reflected. 


1 Sterocleidomastotd muscle 
2 Lesser occipital nerve 
3. Splenius capitis muscle and third occipital nerve 
4 Accessory n 
5. Splenius cervie 
(Geep branch) 
6 Levator of scapula muscle 
7. ‘Transverse cervical artery (superficial branch) 
8 Spine of scapula and serratus posterior superior muscle 
9 
0 


Rhomboid major muscle 
Trapezius muscle 


Latissimus dorsi muscle 
Facial artery 

Acromion 

Deltoid muscle 

Suprascapular artery and supraspinatus muscle (reflected) 
Aaillary nerve, posterior circumflex humeral artery and 
steral head of triceps, brachii muscle 

Teres minor muscle 

Long head of triceps brachii muscle 

CCircumiflex scapular artery and teres major 

Tnfraspinatus muscle 


Right shoulder and thoracic wall, 


Traperius muscle 
Posterior supraclavicular nerve 

Middle supraclavicular nerve 

Deltopectoral triangle 

Deltoid muscle 

Cephalic vein within the deltopectoral groove 


Upper lateral cutaneous nerve of arm 


(oranch of axillary 
Latissimus dorsi muscle 
Cephalic vein 


“Triceps brachii muscle 


Lateral cutaneous branches of intercostal nerves 


“Transverse cervical nerve and external jugular vein 


|, superficial layer (anterior aspect). Dissection of 


Superficial veins of right arm have 
been injected with blue gelatin 


Sternocleidomastoid muscle 
Anterior jugular vein 

Anterior supraclavicular nerve 

Clavicte 

Clavicular part of pectoralis major muscle 
Sternocostal part of pectoralis major muscle 
Perforating branch of internal thoracic artery 
Anterior cutaneous branches of intercostal nerves 
‘Abdominal part of pectoralis major muscle 
Accessory cephalic vein 

Bailie vein 


“Median cubital vein 
Median vein of forearm 
Cephalic vein inthe forearm 


Right deltopectoral triangle, infraclavicular region 
(anterior aspect). The pectoralis major muscle has been cut 


and reflected, 


Accessory nerve 
‘Trapezius muscle 

Pectoralis major muscle (clavicular part) 
‘Acromial branch of thoracoacromial artery 
Pectoralis major muscle 

Lateral pectoral nerves 

‘Abdominal part of pectoralis major muscle 
External jugular vein 

‘Cutaneous branches of cervical plexus 
‘Sternocleidomastoid muscle 

Clavicle 

CClavipectoral fascia 

Cephalic vein 

Subelavius muscle 

‘Clavicular branch of thoracoacromial artery 
Subelavian vein 

Thoracoucromial artery 
Pectoral branch of thoraconeror 
Medial pectoral nerve 

2nd ribs 


‘Thoracic wall and shoulder, deep layer. Right axillary 
region (anterior aspect).’The pectoralis major muscle has 
been cut and partly removed. 


Pectoralis minor muscle 
3rd nb 

Deltoid muscle 

Pectoralis major muscle (reflected), brachial artery and 
Short head of biceps brachii muscle 

‘Thoracodorsal artery and nerve 

Medial cutaneous nerve of arm 

Intercostobrachial nerve (1) 

Long head of biceps brachii muscle 

Medial cutancous nerve of forearm 

Latissimus dorsi muscle 


%2_Lateral cutaneous branches of intercostal nerves 


{posterior branches) 
Serratus anterior muscle 

Medial pectoral nerve 

Long thoracic nerve-and lateral thoracic artery 
Intercostobrachial nerve (T3) 

Lateral cutancous branches of intercostal nerves, 
(anterior branches) 
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Right axillary region (inferior aspect). Dissection of superficial axillary nodes and lymphatic vessels. 
The pectoralis major muscle has been slightly elevated, 


Deltoid mus Thoracodorsal artery 
Cephalic vein 
Median nerve 


Brachial arte 


Lateral cutaneous branch of intercostal nerve 
Latissimus dorsi mus 

Thoracoepigastric vein 

Medial cutaneous nerves of arm and forearm Serratus anterior muscle 

Ulnar nerv Musculocutancous nerve 
Basic Vein Radial nerve 
Intercostobrachial nerves Pectoralis major muscle 
Circumflex seapular artery Nipple 


Axillary region (anterior aspect). Dissection of deep axillary nodes, Pectoralis major and minor 
divided and reflected. Shoulder girdle and arm elevated and reflected. 


1 Deltoid muscle 13 Musculocutancous nerve 

2. Insertion of pectoralis major muscle 14 Subelavius muscle 

3 Coracobrachialis muscle 15. Thoracoacromial artery 

4 Roots of median nerve, axillary artery 16 Axillary vein 

5. Short head of biceps brachii musele 17 Chaviele 

6 Ulnar nerve and medial cutaneous nerve 18 Pectoralis major and minor muscles (reflected) 
of forearm 19 Nipple 

7. Thoracoepigastric vein 20 Anterior cutuncous branches of intercostal nerves 

8 Deep axillary node 21 Anterior layer of rectus sheath 


9) Latissimus dorsi muscle 
10 Serratus anterior muscle 

11 Cephalic vein 

12. Insertion of pectoralis minor muscle (coracoid process) 


Right axillary region (anterior aspect). The pectora 
and nerves of the axilla 


Sternocleidomastoid muscle (cut and reflected) Phrenic nerve and ascenuling cervical artery 
Cervical plexus Brachial plexus (at the levels of the trunks) 
Trapezius muscle Claviele 
Pectoralis minor muscle and medial pectoral nerve ‘Subclavius muscle 
Deltoid muse! Thoracoacromial artery 
Pectoralis major muscle and lateral pectoral nerve Subclavian 
“Median nerve and brachial artery Axillary artery 
CCircumflex scapular artery Subscapular artery 
rt head of biceps brachii muscle Superior thoracic artery 
‘Thoracodorsal artery and nerve 25 Lateral thoracie artery and long thor 
Long head of biceps brachif muscle External intercostal muscle 
Latisimus dorsi muscle Insertion of pectoralis minor muscle 
Serratus anterior muscle Intercostobrachial nerves 
Internal jugular vein Lateral cutaneous branches of intercostal nerves 


Scalenus anterior muscle Insertion of pectoralis major muscle 


Shoulder and arm. Axillary region with brachial plexus (anterior aspect). The pectoralis major and minor muscles 
partly removed. The clavicle has been cut 


Trapezius muscle and accessory nerve Cephalic vein 

Brachial plexus Cervical plexus 

Clavicle (cut) Phrenic nerye and scalenus anterior muscle 

Pectoralis minor muscle Descending scapular artery 

Axillary (subclavian) artery Suprascapular artery 

Deltoid mus Internal thoracic artery 

Musculocutancous nerve Subelavian vein 

Thoracoacromial artery 

Radial nerve Superior thoracic artery 

Medial and lateral roots of the median nerve Thoracodorsal artery and nerve 

Median nerve and brachial artery Lateral thoracie artery and long thorac 

Ulnar nerve Intercostobrachial nerves 

Short head of biceps brachii muscle Insertion of the pectoralis minor muscle into the 2nd-Sth ribs 

Medial cutaneous nerves of arm and forearm Lateral cutaneous branches of intercostal nerves 

Long head of biceps brachii muscle Abdominal part of pectoralis major muscle (cut) 
16. Latissimus dorsi muscle Suprascapular nerve and artery 


Main branches of brachial plexus. Posterior cord in red, lateral cord in yellow 
and medial cord in purple. (Schematic drawing.) 
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Right arm, Dissection of vessels and nerves (medial aspect). Shoulder girdle has been reflected slightly 


al artery and superficial branch 
of radial nerve 
Lateral cutaneous nerve of forearm 
Brachioradialis muscle 
Ulnar artery 
‘Tendon of biceps brachii muscle 
Brachialis muscle 
Pronator teres muscle 
Median nerve 
Medial epicondyle of humerus 
Inferior wlnar collateral artery 
Ulnar nerve 
Medial cutancous nerve of forearm 

Brachial artery 
Biceps brachii muscle 
Intercostobrachial nerve (Ts) 
Latissimus dorsi muscle 

Thoracodorsal nerve and artery 1 
Serratus anterior muscle 
Subscapuler ariesy Right arm. Dissection of vessels and nerves, deeper layer, 
Pectoralis major muscle (reflected) and lateral pectoral nerve Biceps muscle has been reflected. 
Radial nerve and profunda brachii artery 
Axillary nerv 
Roots ofthe median nerve with axillary artery 
Musculocutancous nerve 
Pectoralis minor muscle (reflected) and medial pectoral nerve 

ir cord of bruebial plexus 

lavcle cut) 
Lateral cord of brachial plexus 
Medial cord of brachial plexus 
Subsclavian artery 


force F can be ignored. Both these equations produce 
qualitatively similar results for different problems, but 
the first non-autonomous equation evidently does not 
have any movement integrals at all, and any hope for 
analytical solutions is very unreal. But for the second 
autonomous equation such hope still exists. Let us note 
that these equations describe more accurately the 
experimental results of scattering on the coulomb 
potential than the classic Rutherford formula! 
Application of these equations for the tunnel effect and 
scattering on short potential also produces correct 
results, but in this case passage through a high barrier 
(tunnel effect) will be defined by the initial phase. Of 
greatest interest, however, is the harmonic oscillator 
problem. 


Itis possible that a change in the properties of a material 
point in the process of its movement is just another step 
in the material point movement theory. In conventional 
mechanics this idea is not altogether new. There are 
Meshchersky’s equations for bodies with a changing 
mass, and Tsiolkovsky's equation for a rocket. But so 
far, in the conventional quantum theory, the particle has 
a permanent and stable in space and time set of 
properties, and in the UOT all the parameters of the 
particle are changed and oscillate during movement. 


It should be noted that Newton did not introduce the 
notion of a material point at all, and it would be 
ridiculous to think that he was not able to have this 
natural and rather trivial idea. Most probably, and it is 
not by chance, for today many troubles of the field 
quantum theory are rooted in the approach to the 
particle, as to the point, the most vivid example being 
a large bouquet of divergences. Nevertheless, this 
approach is very convenient and should only be used 
correctly. Let us also remember, that in accordance with 
the Newton corpuscular theory, beams of light were to 
be regarded as a flow of certain particles. They are 
emitted by a shining body in all directions and move in 
an empty space or a homogeneous medium evenly and 
straight, i.e. in the same way as the ordinary material 
particles do in the absence of any external or interaction 
forces. Newton explained reflection and refraction of 
light beams on the surface of border between two 
homogeneous mediums by the effect of certain forces 
on this border, in the direction perpendicular to the 
surface. These forces changed the normal velocity 
component, but did not touch upon the tangential one, 
which allowed to derive the reflection and refraction 
laws. However, the inability of such a theory to account 
for the light partial reflection and passage phenomena, 
as well as the Newton rings (which he himself 
discovered), led him to bouts (or fits) theory, which is 
quite modern, although nearly forgotten. Newton 
believed that for full explanation of all the processes it 
was necessary to suggest that some light particles 
could experience reflection bouts, and others ~ passage 
bouts. Let us imagine light falling to a flat surface, which 
is partially, reflects and partially passes. With quantum 
description of this phenomenon, a particle connected 
to the falling wave at the time of hitting the surface has 
a certain probability of passing or being reflected, and 


Newton simply used the word “bouts” in place of the 
word “probability”. 


Itis absolutely clear that all descriptions of processes 
by the equation with an oscillating charge will be an 
approximation, because it is evident that no movement 
equations for a material point can describe even the 
simplest interference processes on a semi-transparent 
mirror, during which a material particle should be 
divided in two parts which will later eliminate each 
other by destructive addition. It is surprising, but the 
numerical solution of the problem of scattering on a 
short potential (the Ramsauer effect) for equations (4) 
and (5) gives the correct diffraction picture! But if we 
want to describe an individual particle correctly in the 
conventional quantum mechanics, the picture becomes 
inexact and purely probabilistic. At every given moment 
of time a particle can exist in only one of the mutually 
incoherent states, because one particle cannot move in 
different directions simultaneously (it cannot have many 
impulses at the same time). Nevertheless, there seems 
to exist a whole class of processes, where description 
with the help of equations (4) and (5) have certain sense. 
Itis well known that in all experiments the local energy 
and impulse conservation law in individual quantum 
processes are true only under high-energy values. But 
under small energy values it is not so, at least because 
of the ratio of uncertainties and the probabilistic 
character of all the quantum theory predictions, and the 
idea of a global, not local ECL, is invisibly present in 
the quantum mechanics, and is certainly far from new. 


In the strict UOT and the quantum measurement theory, 
a great role belongs to unavoidable vacuum fluctuations. 
It is clear that these fluctuations are totally 
unpredictable and non-invariant in relation to space and 
time translations. The same can be said otherwise: there 
are no habitual properties of time and space in this 
theory. Space-time is now not homogeneous and not 
isotropic. For example, if the system is transferred to a 
new point in space, or a certain experiment is repeated 
at another time, at the point where particle parameters 
are studied, and it interacts with the macro-device, a 
new value of vacuum fluctuations (different from the 
previous one) can appear and produce a different result. 
Of course, all this is only true for small energies and 
individual events 


Still more destructive is the UQT for the notion of a 
closed system. For individual events under small energy 
values this notion is simply unacceptable for the 
following reason: vacuum fluctuation at the location of 
the particle (e.g. in a potential pit) can be sharply 
changed at any moment. It can be caused by different 
factors - the nature of vacuum fluctuations itself, or the 
tunnel effect of another random particle. 


Sometimes it is stated that conservation laws follow 
from the Nether theorem, though these results are 
present in the works by D. Gilbert and F Klein. For any 
physical system, the movement equations from which 
can be received from the variation principle, each one- 
parametric continuous transformation that leaves the 
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Sagittal section through the forearm at the level of the humeroulnar 
articulation (MR-Scan, after A. Heuck, G. Luttke, and J. W. Rohen, 1994). 


Cephalic vein Dorsal digital branches of radial 
Brachioradialis muscle covered by its nerve 
fascia Triceps brachii muscle 
Posterior cutancous nerve of forearm ‘Venous network on the dorsum 
(branch of radials nerve) of the hand 
Cephalic vein of forearm Olecranon 

Superficial yeins and cutaneous nerves of Extensor pollicis longus and ‘Humeroulnar articulation 

forearm and hand (anteromedial aspect), brevis muscles covered by their fascia Ulna 
Median cubital vein Radiocarpal articulation 
Lateral cutaneous nerves of forearm Biceps brachii muscle 
(branch of musculocutancous nerve) 18. Trochlea of humerus 
Intermedian vein of forearm Flexor muscles of forearm 
Superficial branch of radial nerve Carpal bones 


‘Vessels and nerves of right forearm, superficial layer Vessels and nerves of right forearm, deep layer 


(dorsal aspect). (dorsal aspect) 


Tendon of triceps brachii muscle Extensor retinaculum Extensor pollicis brevis muscle 
Olecranon Dorsal branch of ulnar nerve Superficial branch of radial nerve 
Anconeus muscle Biceps brachii mus 23. Radial arte 
Extensor digitorum muscle 14 Brachialis muscle Posterior interosseous nerve 
Extensor carpi ulnaris muscle Brachioradialis muscle Posterior interosseous branch of 
Deep branch of radial nerve Lateral epicondyle of humerus radial nerve 
Posterior interosseous artery Extensor carpi radialis longus muscle 26 Posterior branch of anterior 

8 Extensor pollicis longus muscle Fy pi radialis brevis muscle interosseous artery 

9. Extensor indicis muscle 19 Abductor pollicis longus muscle Supinator muscle 

10 Tendon of extensor carpi ulnaris muscle 20. ‘Tendons of extensor digitorum muscle 


Cutaneous neryes and veins of forearm and hand 


(superficial layer, dorsal aspect) 


[Innervation pattern of dorsal surfaces of hand 

2's digits by radial nerve, s by ulnar nerve. Note 
that the terminal branches to the dorsal surfaces of the 
distal phalanges are derived from the palmar digital 
nerves. The cutaneous distribution varies; often 3/5 digits 
are innervated by the radial and 1'/ digits by the ulnar 


| nerve 


n of forearm und hand (deeper layer), 
Extensor digitorum muscle has been partly removed. 


Posterior cutaneous nerve of forearm (branch of radial nerve) 


Extensor digitorum muscle 
Tendon of extensor carpi ulnaris muscle 
Extensor retinaculum 

Ulnar nerve 

‘enous network of dorsum of hand 
Abductor pollicis longus muscle 

Cephalic vein 

PRTEREOP pofics brevis muscle 

Radial nerve, superficial bran! 

Radial artery 

Tendon of extensor pollicis longus muscle 


Dorsal digital branches of radial nerve 
Tendons of extensor digitorum muscle with intertendinous connections 
Posterior interosseus nerve (ranch of the deep radial nerve) 
Posterior interosseous artery 

Siyloid process of ulna 

Dorsal interosscus musele IV 
Dorsal carpal branch of radial artery 
Lateral cutaneous nerve of Fore: 
Dorsal metacarpal artery 
Proper dorsal digital branches of ulnar nerve 

Regions supplied by palmsar digital nerves (ulnar nerve) 
Regions supplied by palmar digital nerves (median nerve) 
Communicating branch with ulnar nerve 


n (branch of musculocutaneous nerve) 


fasciae of the muscles have been removed. 


Biceps brachii muscle with fascia 16 ‘Tendon of biceps brachii muscle 


Cephalic vein 
Median cubital vein 


brachii muscle 


Biceps brachii muscle 


Cabital region, middle layer (ant 
aponeurosis has been removed, 


jor aspect) 


Median nerve 
Biceps brachii muscle 

Brachial artery 

Lateral cutaneous nerve of forearm 
(terminal branch of museulocutaneous nerve) 


‘Ulnar artery 
Su 
Lateral cutaneous nerve of for 
Medial cutaneous nerve 

‘Triceps brachii muscle 
Rar mnie 


Cubital region, middle layer (anterior aspect), 
‘The pronator teres and brachioradialis muscles 
tly reflected, 


The bicipitat 


have been slig 


1 of medial cutancous nerve of forearm 
ppicondyle of humerus 
18 Median nerve with branches to pronator teres muscle 
19 Pronator teres muscle 
20. Flexor carpi radialis muscle 
21 Deep branch of radial nerve 
Radial recurrent arte 
23. Supin: 
24 Medial intermuscular septum of arm 


Cubital region, deep layer (anterior aspect). The pronator 
teres and flexor carpi ulnaris muscles have been cut and 
reflected, 


Biceps brachii muscle 
Brachialis muscle 
Brachioradialis muscle 
Superficial branch of radial nerve 
Deep branch of radial nerve 
Tendon of biceps brachii muscle 
Radial recurrent artery 
Supinator musele 
Insertion of pronator teres muscle 
Radial artery 
Ulnar nerve 
al intermuscular septum of arm andl 
superior ulnar collateral artery 
Brachial artery 


ion, deepest layer (anterior aspect). The flexor 
digitorum superficialis and the ulnar head of the pronator 
teres have been cut and reflected. 


Median ner 
Medial epicondyle of humerus 

Humeral head of pronator teres muscle 

‘Ulnar artery 

Ulnar head of pronator 

‘Ulnar recurrent artery 

Anterior inlerosseous nerve 

Tendinous arch of flexor digitorum superfiialis muscle 
Anterior interosseous artery 

Flexor digitorum superficialis muscle 

Flexor digitorum profundus muscle 

Flexor pollicis longus muscle 


Vessels and nerves of forearm and hand, deep layer (anterior 


aspect). The superficial layer of the flexor muscles has been 
removed. 


Biceps brachii muscle 
Brachialis muscle 

Brachioradialis muscle 

branch of radial nerve 

cial branch of radial nerve 


Flexor retinaculum 
Thenar muscles 
‘Common palmar digital branches of median nerve 
Common palmar digital 


Flexor carpi radials muscle 
Flexor digitor 

Flexor carpi ulnaris muscle 
Tendon of palmaris longus muscle 
Rem 

Superficial branch of ulnar nerve 
ralmaris brevis muscle 


ot of antebrachial fascia 


ulmar aponeurosis 
Hypothenar muscles 

Superficial palmar arch 

Superficial transverse metacarpal igament 


‘Common palmar digital branch of ulnar nerve 


4 Proper palmar digital branches of ulnar nerve 


Anterior interosseous artery and nerve 
Flexor digitorum profundus muscle 
‘Common palmar digital arteries 
Palmar branch of median nerve 
Flexor pollicis longus muscle 

Palmar branch of ulnar nerve 


Cutaneous innervation of hand (palmar aspect) 
(Schematic drawing.) 


Cutancous innervation of palmar surface 


3/4 digits by median nerve. 
Vs digits by ulnar nerve, 
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Right hand, superficial layer, dissection of vessels and nerves 


(palmar aspect. 


‘Tendon of palmaris longus muscle 
Radial artery 

‘Tendon of flexor carpi radialis muscle and median nerve 
Distal part of antebrachial fascia 

Radial artery passing into the anatomical snuffbox 


Abductor pollicis brevis muscle 
Superficial head of flexor pollicis brevis muscle 
Palmar digital artery of thumb 

‘Common palmar digital arteries 


Proper palmar digital nerves (median nerve) 
Ulmar nerve 

‘Tendon of flexor carpi ulnaris muscle 
Ulnar artery 

Superficial branch of ulnar nerve 

Palmaris brevis muscle 

Palmar aponeurosis, 


Right hand, superficial layer, dissection of vessels and 
nerves (palmar aspect). The palmar aponeurosis has been 
removed to display the superficial palmar arch. 


Palmar digital nerves (ulnr nerve) 
Superficial transverse metacarpal ligament 
Proper palmar digital arteries 

radial artery 


Superficial palmar branch 
(Contributing 1 the superficial palanar arch) 
Flexor retinaculum 

Median nerve 

Abductor digiti minimi muscle 

Flexor digiti minimi brevis muscle 

Opponens digiti minimi muscle 

Superficial palmar arch 

Tendons of flexor digitorum superfcialis muscle 
Common palmar digital branch of ulnar nerve 
‘Common palmar digital branch of median nerve 
Fibrous sheath of lexor tendons 


Coronal section through the right hand (palmar aspect) 


Radius 
Radiocarpal articulation 

Seaphoid (navicular) bone 

Radial artery 

Trapezoid bone 

‘Trapezium bone 

First metacarpal bone 
Metacarpophalangeal articulation of thumb 
Interosseous muscles 

Proximal phalanx of thumb 

Proximal phalanx of fingers 
Interphalangeal articulations 

Middle phalanx 

Distal phalanx 

Uina 

Distal radioulnar articulation 


Coronal section through the right hand (palmar aspect) 
(MR-Scan, courtesy of Dr. A. Heuck, Munich). 


Articular disk 
Lunate bone 

Triangular bone 

Capitate bone 

Hamate bone 

‘Carpometacarpal articulations 
Abductor digit! minimi muscle 

al bone 
ipophalangeal articulation 
Adductor pollicis muscle 

Proper palmar digital arteries 


variation functional invariant, corresponds to one 
differential conservation law, and there exists a clearly 
conserved value. It is easy to see, however, that vacuum 
fluctuations imposed on the varied function (integral of 
Lagrangian) do not in sum remain unchanged during 
parametric transformations (at least today it seems $0), 
and this consideration does not work without 
preliminary of ensemble, 


And now we are in for a little philosophy. The local 
Energy Conservation Law (ECL) in individual processes 
follows from the Newton equations for closed systems. 
It would be naive to think that its local formulation will 
be preserved forever, and would be a bad mistake to 
transfer the ECL from the Newton mechanics to the 
quantum processes without any changes, because the 
latter are more fundamental. 


References to the first principle of thermodynamics are, 
strictly speaking, groundless, because this principle is 
a postulate. For example, well-known Russian 
mathematician N. Luzin, in a letter to an inventor wrote 
that the first principle of thermodynamics is the result 
of unsuccessful attempts of the mankind at building a 
perpetual mobile, and strictly follows from nothing. 

Today it may be said with a great degree of certainty 
that no sophisticated machine in the framework of the 
Newton mechanics can be a perpetual mobile, and the 
decree of the French Academy of 1755 not to consider 
any perpetual mobile projects is still valid. We will only 
add that now it is valid only for those projects that are 
based exclusively on the Newton mechanics. 


‘There is the tendency in modem physics to reduce ECL, 
especially in theory, to the rank of a secondary 
derivation from the movement equations (movement 
integrals). Some physicists restrict the ECL to the 
framework of the first principle of thermodynamics, 
others, like D. Blokhintsev [37], think it quite probable 
that with the development of a new theory the form of 
the ECL will undergo certain changes. F Engels wrote 
in his “Dialectics of Nature”: *...none of the physicists 
actually regard the ECL as an eternal and absolute law 
of nature, a law of spontaneous transformation of the 
movement forms of the matter and the quantitative 
constancy of this movement in all its transformations” 
But many people do not share this opinion. M. Bronstein 
in his book “Structure of Matter” wrote: “The ECL is 
one of the main laws of the Newton mechanics. 
Nevertheless, Newton did not ascribe to this law the 
general character that this law actually possesses. The 
reason for this erroneous (italicized by authors) opinion 
of Newton of the ECL is very interesting...”. It is now 
clear that in view of the above, such an opinion was 
not at all erroneous. Let us remind you that Newton 
predicted many things, even the UOT, in his “bouts 
theory” 


On the other hand, the authors of quantum mechanics 
realized that there was no conservation law for single 
quantum processes under small energies at all. The idea 
that the construction of ECL, together with the second 
law of thermodynamics, was a statistical law, true only 
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on the average and inapplicable to individual processes 
with small energy, first occurred to Schroedinger, and 
later to Bohr, Kramers, Slater, and Gamov. In 1923 Bohr, 
Kramers and Slater made a desperate attempt to 
develop the theory, where the energy and impulse 
conservation laws in case of scattering would be true 
only statistically, on an average for long periods of time, 
but would be inapplicable to elementary events. Lev 
‘Landau even called it “Bohr's wonderful idea” 


Later, however, the authors gave up this approach and, 
besides, this idea at that time did not follow from the 
quantum theory equations, and the authors, to come 
out of the predicament, simply declared that quantum 
mechanics did not describe individual events at all. Thus, 
the most vivid paradox of the quantum science was 
removed by a simple ban on thinking about it! But the 
ingenious idea that conservation laws do not apply to 
individual quantum processes and emerge only after 
the averaging by the ensemble of particles remains 
alive. This idea might have been alittle premature, and, 
possibly, should be a little different. 


‘The Unitary Quantum Theory (UOT), on the contrary, 
individual particles, and the difference in their behavior 
is accounted for by the initial phase of the wave 
function. In this case, local conservation laws do not 
exist for a single particle, and measuring the initial 
phase or some other parameters for an individual 
particle is quite a different matter. It is not true that the 
UOThas given up probabilistic description. Probabilistic 
interpretation remains, but the probability now is 
strongly dependent on the initial phase. Although the 
equations with an oscillating charge can determinately 
predict a particle's behavior, the measurements can be 
made only with the help of a macro device, which will 
give only a probabilistic result. Impossibility to 
determinate measurements does not change anything, 
for the UOT provides for a possibility of influencing the 
probability value, which was earlier unavailable. The 
existing Von Neumann theorem about hidden 
parameters does not effect our result, but the relevant 
discussion is too cumbersome, and we will leave it out. 


In other words, all the requirements, wherefrom the 
classical conservation laws follow, are now absent. We 
can hardly expect the conservation laws for individual 
particles to be preserved under small energies in such a 
situation. Today we are convinced that the classical 
energy, impulse and angular momentum conservation 
laws for individual quantum objects are not valid under 
small energy values because of periodic appearances 
and disappearances of the particle. All direct 
experimental tests of the conservation laws were made 
for large energy values, and for small energies of an 
individual particle only probabilistic results can be 
received, and, in this case, it would be indecent even 
to recall the conservation law. 


Energy generation and perpetual mobile 


Let us make the following imaginary experiment. For 
simplification purposes we will use in our reasoning a 


Horizontal section through shoulder joint (section 1; MR-Image: 
inferior aspect), 


Horizontal section through the right shoulder atthe level of T, 
(section 1;inferior aspect).* = Upper lobe of lung, 


‘Axial section through the middle of the 
right arm (section 2; MR-Image, inferior aspect). 


A 
right arm (section 2; inferior aspect). 


Upper extremity, location of sections 1-5 
(MR-Seans, courtesy of Dr. A. Heuck, Munich 


1 Pectoralis major muscle 
2. Greater tubercle and tendon of 
biceps muscle 
3 Lesser thercle 
4 Head of humerus and articular eavity of 
shoulder joint 
5 Deltoid muscle 
6 Scapula 
Infraspinatus muscle 
8 Serratus anterior muscle 
9 Swernum 
10 Infrahyoid muscles 
M1 Trachea 
12 Body of thoracie vertebra 
13 Vertebral canal and spinal cord 
14 Deep muscles of the back 
15 Trapezius muscle 
16 Brachialis muscle 
Radial nerve and profunda 
brachii vessels 


section through the middle of the 


18. Triceps brachii muscle 

19 Cephalic vein 

20 Biceps brachii muscle 

21 Musculocutancous nerve 

2 Ulnar nerve 

23 Medianus nerve 

24 Brachial artery and vein 

25. Shaft of humerus 

26 Brachioradialis musele 

27 Radial nerve 

28 Olecranon and articular cavity 
of elbow joint 

29. Basilic vein 

30, Humerus 

31 Pronator teres 

32. Extensor muscles of forearm 

33. Ramus profundus of 
radials nerve 


34 Anterior interosseus 
vessels and nerve 


35 Interosseous membrane 
Axial section through the elbow Axial section through the right elbow 36 Ulna 


Joint (section 3; MR-Image; inferior Joint (section 3; inferior aspect). 37 Radius 
aspect), 38 Radial artery and 
superficial branch of 
radial nerve 
39 Flexor pollicis longus muscle 
40. Flexor digitorum superfcialis 
and profundus muscles 
41 Ulnar nerve, ulnar artery and 


42. Flexor carpi ulnaris muscle 
43. Radial artery 

44 Metacarpal bones 111 and 1V 
45 Carpal 


flexor digitorum muscles 


46 Hypothenar muscle 
47 Median nerve 

48 Interosseus muscles, 
439 First metacarpal bone 
50. Thenar muscles 

51 Articular cavity of 
humeroradial joint 
Median cubital vei 


Axial section through the middle Aaial section through the right 
of the forearm (section 4; MR-Image: forearm (section 4; inferior aspect), 
inferior aspect) 


al 


Axial section through the right hand (metacarpus; Axial section through the right hand at the level of the 
MR-Image; section 5; inferior aspect). metacarpus (section 5; inferior aspect). 


Arteries and nerves of the right hand 
(palmar aspect). (Schematic drawing.) 


4 
Right hand, superficial layer (palmar aspect). Dissection of, 
the superficial palmar arch 


Longitudinal section through the hand 
at the level of the third finger 


Longitudinal section through the hand 
at the level of the third finger (MR-Scan, 
courtesy of Dr. A. Heuck, Munich). 


aspect). The flexor 


Right hand, middle layer (palm 
retinaculum has been removed, 


Superficial branch of radial nerve 
is muscle 


Median nerve 
Tendon of flexor digitorum superficatis muscle 
‘Tendon of abductor pollicis longus muscle 
Tendon of extensor pollicis brevis muscle 
Superficial palmar branch of radial art 
‘Abdluctor pollicis brevis muscle 
Superficial head of flexor pollicis brevis muscle 
‘Terminal branches of superficial branch of radial nerve 
‘Common palmar digital nerves (median nerve) 
Proper palmar digital arteries of thumb 

Proper palmar digital nerves (median nerve) 

‘Tendon of flexor carpi ulnaris muscle 

Ulnar artery 

Position of pisiform bone 

Superficial branch of ulnar nerve 

Flexor retinaculum 

Deep branch of ulnar nerve 


Arteriogeam of the right hand (palmar aspett) 


Abductor digiti minimi muscle 
‘Common palmar digital nerves (ulnar nerve) 
Superficial palmar arch 

Tendons of flexor digitorum muscles 

‘Common palmar digital arteries 

Palmar digital nerves (ulnar nerve) 

Proper palmar digital arteries 

‘Carpal tunnel 

Fibrous sheaths forthe tendons of flexor digitorum 
muscles 

Deep palmar arch 

Princeps pollicis artery 

Palmar branch of median nerve 

‘Common digital palmar artery 

Ulnar nerve 

Capillary network of finger 

Radius 

Carpal bones 

Metacarpal bone 

Interosseus muscles 

Proximal phalanx 

Middle phalanx 

Distal phalanx 

Dorsal branch of ulnar nerve 

Tendons of flexor digitorum profundus (upper) 
and superficalis (lower) muscles 


Right hand, deep layer (palmar aspect). The carpal tunnel has 
been opened, the tendons of the flexor muscles have been 
removed and the superficial palmar arch has been cut 


Right hand, deep layer (palmar aspect). Dissection of the deep 
palmar arch. 


‘Tendon of flexor carpi radialis muscle 
Radial artery 

Tendon of abductor pollicis longus muscle 
Abaluctor pollicis brevis muscle 

Superficial and deep heads of flexor pollicis 
brevis muscle 

Oblique and transverse heads of adductor 
pollicis muscle 

Median nerve 
‘Tendons of flexor 
pprofundus muscles 

“Tendon of flexor pollicis longus muscle 
Pronator quadratus muscle 

Tendon of flexor carpi ulnaris muscle 
Ulnar artery 

Superficial branch of ulnar a 
Deep branch of ulnar nerve 
Abductor digiti minimi muscle 

Superficial palmar arch (cut end) 

Common palmar digital nerves (ulnar nerve) 
Palmar metacarpal arteries of deep palmar arch 
Palmar digital artery ofthe Sth finger 

Fibrous sheaths of tendons of flexor muscles 
Palmar interosseous muscles 

‘Opponens pollicis muscle (cut) 

Deep palmar arch 

Ist dorsal interosseous muscle 

1stlumbrical muscle 


orum superficialis and 


Coronal section through pelvis and thighs (MR-Scan of the male, courtesy of Dr. A. Heuck, Munich). 
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Coronal section through the legs (MR-Scan, courtesy of 
Dr. A. Heuck, Munich), 


Sacral promontory 
Gluteus medius muscle 

Small intestine and urinary bladder 
Acetabulum 

Head of femur 

Greater trochanter of femur 
Vastus lateralis muscle 

Femur 

Adductor muscles 

Knee joint with menisci 

Tibia 

Soleus muscle 

Tibialis anterior musele 

Distal tibiofibular articulation 
Talocroral articulation 

Fibula (lateral malleolus) 

The lower limb (extremity) is specialized for 
support of the upright posture, locomotion and 
maintaining balance. In contrast to the upper 
limb, the lower limb is more restricted in its 
movements, and the joints are more tight and 
fixed by strong ligaments. The hip joint is a ball 
and socket type of synovial joint between head 
of femur and acetabulum. The knee joint is a 
hinge type of synovial joint that permits only 
limited rotation, The talocrural joint is a hinge 
joint between talus, fibula,and tibia only allow- 
ing movements of flexion and extension, 

The long axis of the foot is at right angle to tha 


of the leg, thus, forming an effective arch for 
the upright stance of man. 


A. Pelvic girdle 9 Phalan 


B Thigh 10 Sacroiliac jok 
© Leg Li Pubic symphysis 
D Foot 12. Hip join 
Right hip bone 13 Kae joint 
2 Sacrum Proximal tibiofibula joint 
3. Femur 15. Distal tibifibular joint 
4 Patel 16 ‘Talocrural joint 
5. Fibula vt iar oi 
6 Tibia 8 sal joins 
Tarsal bones ty a joints 


8 Metatarsal bones Interphalangeal joints 


The pelvic girdle is firmly connected to the vertebral 
column at the sacroiliac joint. Therefore the body can 
be kept upright more easily even if only one limb is used 


for support (as in walking). The mobility of the lower 


limb is more limited than that of the upper limb. 


" 
12 


15 
18 
v 
18 
19 
20 


vie girdle and lower lin 
(anterior aspect). The talocrural joint has been 


dislocated 


Right 


ip bone (lateral aspect) 


coceyx (late 


aspect) 


Right hip bone (medial aspect) 
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Ischium 

Pubs 

Posterior superior iliac spine 
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Greater sciatic notch 
Ischia spine 

Lesser sciatic noteh 
Body of ischiuin 
Ischia 
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Tae crest 

Anterior gluteal line 
Internal lip of iti erest 
External ip 


Anterior superior ilia spine 


Inferior glitea line 
Aner 

Lunate surface of 
Acetabular fossa 


Acetabular notch 


Pecten pubis 
Pubic tubercle 
Body of pubis 
Hine fossa 
Areuate line 
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Articula surface of pubis 


Auricularsucface of scrum 
Pelvic surface of sacrum 

Superior articular process of sacrum 
Dost sera foramina 

Sacral tuberosity 

Lateral sacral crest 


Median sacral crest 


Diameters of pelvis (oblique superior aspect). (Schematic draw 


Sacrum (anterior aspect), 


Superior articular process of sacrum 


Dorsal sacral foramina 


Intermediate sactal 
Coveys 

Base of sacrum 
Sacral promontory 
Anterior sueral foramina 


2 Lateral part of sacrum (ala) 


Transverse diameter 
Oblique diameter 


Inferior pelvic aperture or outlet 


Female pelvis (superior aspect). Note the differe 


predominantly in the form and dimensions of the sacrum, the Sup 


the alae of the ilium. 


pelvis (superior aspect). Compare with the 


Superior articular process of sacrum 2 
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Base of sacrum i) 
Sacral promontory 1s 
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Sacral canal 
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certain quantum ball-particle. When a classical ball 
approaches a wall (perpendicularly for simplification), 
the speed of the reflected ball is always equal to the 
initial speed (we ignore friction and regard the ball and 
the walls as absolutely elastic). Inthe case ofa quantum 
ball, the speed of the reflected ball will acquire in 
different experiments with absolutely equal initial 
conditions a whole range of values: some balls will be 
reflected at a speed greater than the initial speed, others 
~ at a speed equal or lower than the initial speed, and 
all this is described by quantum mechanics. 


Let us ask the following question: what if a second wall 
is found, parallel to the first one, in order for the ball to 
increase its speed after each reflection from the wall? 
‘Then we will have increased ball energy without any 
special efforts on our part. Such phenomena appear in 
the problem of particle oscillations in a potential pit (not 
necessarily parabolic) on the basis of equations (8) and 


1) 


(9), when four types of solutions are possible, three of 
which are most important for us: stationary, “maternity 
home”, and “crematorium”. In the two latter solutions 
traditional conservation laws do not work. These 
solutions are presented in Fig. 1. Such oscillator 
behavior explains many experimental facts. From the 
physical point of view, it means that in stationary 
solutions with fixed discrete energies (conventional 
quantum mechanics) the speed of the particle reflected 
from the wall will be equal to the speed of the falling 
particle. If the speed of the particle is decreased after 
each reflection, it will mean the “crematorium” solution, 
and if it increases, the “maternity home”. Scenarios for 
situations will depend on the initial phase of the wave 
function and the particle energy. In ordinary situations 
the “crematorium” and “maternity home” solutions 
always compensate each other, and we find 
conservation laws. 


ao) 


Fig. 1. Dependence of the distance between the moving charge and the nucleus on time for 
‘autonomous and non-autonomous equations, 


‘The task of the future developers of new energy systems 
of the 21* century will consist in creating such initial 
conditions for a great number of particles making up a 
body that only the “maternity home” solution would 
be realized, and the “crematorium” solution would, if 
possible, be suppressed. 


It follows from the above that if the unitary quantum 
theory ideas are applied correctly, there is no 
fundamental taboo for a perpetual mobile. Such a taboo, 
as it was shown, does not formally exist even in 
conventional quantum mechanics (no conservation laws 
for individual processes with small energies), and, in 
order to generate energy, they should be somehow 
accumulated (all random processes with excess energy 
should be grouped together). But conventional quantum 
mechanics refuses to describe individual events and is 
unable to offer any ways for such grouping. The unitary 
quantum theory seems to offer such an opportunity. 


However, the great idea of free energy generation was 
distorted by effort of some research associations 


interested to keep their stability degree, that everyone 
who started speaking about it was considered to be a 
crazy man. 


Modern experimental physics has verified the 
correctness of conservation laws either for very large 
energies in individual quantum events, or for big 
macroobjects, when automatic averaging by ensemble 
is made, but the area of very small energies for 
individual events today is a terra incognita. 


In order to see how the conservation laws for reflection 
(repulsion) of an individual particle from the Coulomb 
heavy nucleus with different values of the initial phase 
are violated, we have solved numerically one- 
dimensional equations (8) and (9) under the different 
initial conditions: 


h=lm=1, Zz? =1, % =100, Vy =-0.1 


In the Fig. 2 the distances between the moving particle 
and repulsive nucleus are shown as a time function, for 
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different initial phases in cases of non-autonomous and 
autonomous equations. 
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Fig.2 Three types of solutions for oscillator 


It is evident from the calculations that the speed of a 
reflected particle can be equal, lower or higher than 
the speed of a falling particle. This situation seems to. 
be true for all potentials. 


Calculations were also made for other potentials: 
harmonic oscillator, Yukawa, Gauss, dipole, hyperbolic 
secant, and Wood-Saxon, and the quality results were 
nearly the same. If we sum up the impulse of all the 
particles falling with different phases and compare it 
with the summarized impulse of all the reflected 
particles, the summarized reflected impulse, for 
example, for the Coulomb potential, will be several 
percent higher than the summarized impulse of the 
falling particles. For other potentials such a small 
deviation can even be in the opposite direction. On the 
whole, this problem is very complicated and requires 
additional research, because all this is also dependent 
in quite a complex way on the initial conditions (initial 
speed, phase and distance) 


Philosophically, any categorical taboos, like the 
impossibility of creating a perpetual mobile, are 
absolutely unacceptable. If everyone is convinced of it 
forever, the conservation laws and perpetual mobile 
taboos will remain unshakable as long as the human 
civilization exists. Of course, the funeral of the 
Conservation Laws can be very prolonged. Anyway, we 
are not going to do it, and our article might be just a 
cleanup for the future tomb, and the splendid funeral 
with all the necessary honors will be organized by future 
generations. On the other hand, these laws will never 
die out completely and will surely be applied, but such 
spheres of science and technology will appear, though 
small at first, where these laws are not valid 


‘The truth should be accepted irrespective of where it 
comes from. Words of F Engels from the “Dialectics of 
Nature” will be quite appropriate here: “When the solar 
system ends its life circle and shares the fate of all the 
finite things, when it falls victim to death, what will 
happen next? Thus, we come to a conclusion that the 
heat emitted into the universe should have an 
opportunity, in a way yet to be established by the 
natural sciences, to tum into another form of movement, 
where it can be accumulated again and start 
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functioning. And in this casethe main problem that 
prevented transformation of dead suns , back to red- 
hot nebulas will disappear” 


‘The question of whether the conservation law exists in 
global form (we have already proved its not being local) 
remains open, because nothing leads to it except the 
inertia of the human mind. This inertia was based on 
the Newton laws, which were replaced by quantum, 
laws. This mental inertia leads to a situation, when in 
case excessive energy is generated during solution of 
movement equations, a question arises how it can 
happen, and where it comes from. Of course, if particle 
(e.g. a photon) falls on a semitransparent mirror, the 
packet is divided into two halves, which, due to 
imposition of vacuum fluctuations, will be recorded by 
photomultipliers as full-fledged photons [1-5]. The result 
is that energy is taken as if from vacuum: two photons 
appear in place of one. Another photon can be divided 
on the mirror into two halves, but they will not be 
recorded by the meters, and the energy will allegedly 
pass into vacuum. So, at one time we borrowed energy 
from vacuum, and then gave the same amount of energy 
back to vacuum at another place. You can think like that, 
and this process might take place. But if we consider 
the equation with an oscillating charge, the energy and 
impulse conservation laws are not valid there for 
solution of the movement problem, and vacuum 
fluctuations have nothing to do with it at all. As for the 
question of where the energy comes from, it is the result 
of our mental inertia, and is, essentially, an atavism 
imposed by the Newton mechanics. But the latter 
appears as a result of an extreme passage from quantum 
mechanics, which is more fundamental, 


Itis interesting to note that there is a bomb in the logical 
definition itself of the energy conservation law. Ifenergy 
is something that cannot appear or disappear and 
always simply passes from one form to another, the only 
value satisfying this condition is zero. We are far from 
assuming that energy does not exist. But the problem 
of existence is solved differently in different 
philosophical systems, and the mathematical approach 
seems to be the most correct one: an object exists if it is 
free from contradictions. Energy has bad luck in this, 
case, for under such an approach it should be zero. 


Some cosmologists (for example, British prof. Fred 
Hoyle) are very willing to have a process, in accordance 
with which the Universe has certain places where 
energy appears from other certain places, in which it is 
eliminated. Besides, any philosopher at least a little bit 
familiar with astronomy, looking at the bright night sky, 
will see the birth of matter and its expansion into a still 
greater space. But for this purpose the Global Energy 
Conservation Law is superfluous and only denies what 
is observed. The head reels. 


Cold Nuclear Fusion and Nuclear Transmutation. 
Let us approach the epoch-making experiments made 


by Fleischmann and Pons in March 1989 [30] from the 
positions of the equation with an oscillating charge. One 
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of the authors predicted in 1983 [9] the possibility of 
such nuclear reactions under very small energies 
Without going into well-known details, we will sum it 
up very briefly: cold nuclear fusion exists, and there are 
no people or theories capable of giving a clear 
explanation. The chain of various mechanisms meant 
to explain this intriguing phenomenon is growing, but 
few really believe in them. The reason is as follows 


‘When a charged particle interacts with the nucleus, the 
potential energy is like in Fig. 3, where the right top 
partofthecurveis conditioned by mutual 
Coulomb repulsion between the nucleus and the 
charged particle. 


‘The repulsion potential will be 


Zze* 


u(r) 


Fig3 


where Z ~ charge of the nucleus, and z~ charge of the 
approaching particle, ¢ ~ charge of the electron, r ~ 
distance between the particle and nucleus. When r=R 
(critical distance), then the potential energy curve goes 
sharply down, which is due to the emergence of intense 
nuclear gravitation, the potential whereof today appears 
more complex than could be imagined mathematically. 
If the charged particle overcomes the Coulomb barrier 
with a height of 


it will further get into the nuclear gravitation area and 
a nuclear reaction will take place, 


Let us look at the nuclear interaction of a charged 
particle with kinetic energy T < B. . From the point of 
view of classical mechanics, there will be no nuclear 
reaction in this case, because the particle will approach 
the nucleus and at a certain distance < R from the 
top of the Coulomb barrier will turn back and be 
reflected from it. However, from the point of view of 
quantum mechanics, there exists a tunnel effect, and 
the probability of such a tunnel passage, or transparency 
of potential barrier D is described by a well-known 
formula: 


D of 2 2uU —T)ar © 


is reduced mass. The bottom 


integration limit r,coincides with the nucleus radius R, 
and the top limit r, can be found from the condition 


Zee 


After integration we will get 


rn 


D=exp(-2g7) 


ini, « ¢ de Broglie wavelength 


corresponding to the kinetic energy of the particle equal 


to the barrier height T = B, 
(6) is easily transformed to look as 


exe — 27ze" 
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Let us now see what the shocking cold nuclear fusion 
will look like on the basis of the above considerations. 
The deuteron energy in an ordinary electrolytic 
Fleischmann-Pons cell will be about 0.025 eV, and the 
height of the Coulomb barrier for this case is 


Lee" 


If T<<B,, expression 


where vis velocity. 


0.8MeV _ in classical mechanics it would 


“VA 


be just naive to talk about overcoming such a barrier 
with a height dozens times greater than the kinetic 
energy. Let us now see how the tunnel effect will 
improve the situation. Let us assess the value of g and 
for the case of collision between two deuterons with 
such energy: 


lr) [7 
see Ae ya 78889 ond ne 
probability of such a process will be 


exp(-2-1.9-8883) = 107", ie. practically pure zero. 


The fusion cross-section will be defined by the product 
of nuclear cross-section and the tunneling probability: 


F=OyiD 


and, in the case under review, is also a very small value. 
If the clash parameter of deuterons is not zero, the 
emergence of centrifugal potential 
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Dorsal muscles of right thigh (posterior aspect). Dorsal muscles of right thigh (posterior aspect). 
The gluteus maximus muscle and the long head of biceps 


‘The gluteus maximus muscle has been cut and reflected. 
femoris muscle have been divided and displaced. 


Short head of biceps femoris muscle 


luteus maximus muscle (divided) 9. Semitendinosus muscle with intermediate tendon 
Position of coceyx 10 Semimembranosus muscle {8 Popliteal surface of femur 
Piriformis muscle LL Medial head of gastrocnemius muscle Plantaris muscle 

Superior gemellus muscle 12 Gluteus medius muscle ‘Tendon of biceps femoris muscle 
‘Obturator internus muscle 13 Adductor minimus muscle Lateral head of gastrocnemius muscle 
Inferior gemellus muscle 14 Adductor magnus muscle 2 Membranous part of 

Ischial tuberosity 15. Long head of biceps femoris muscle semimembranosus muscle 
‘Quadratus femoris muscle 16. Miotibial tract 


Flexor muscles of right leg 
(posterior aspect). 


Semitendinosus muscle 
‘Semimembranosus muscle 

Sartorius muscle 

Tendon of gracilis muscle 

Medial head of gastrocnemius muscle 
‘Common tendon of gracilis, 
sartorius,and semitendinosus muscles 
Caleaneal or Achilles tendon 

‘Medial malleolus 


Flexor muscles of right leg (posterior 
aspect). Both heads of the gastrocnemius 
‘muscle have been cut and reflected. 


Caleaneal tuberosity 18 
Tibial nerve 19 
Biceps femoris muscle 20 
Plantaris muscle 21 
‘Common peroneal nerve 2 
Lateral head of gastrocnemius muscle 23 
Soleus muscle 24 
Peroneus longus and brevis muscles 

Lateral malleolus 


" 


Flexor muscles of the leg 
(right side). 


16 
7 


Popliteal fossa 
‘Tibial nerve and posterior tibial artery 
Popliteus muscle 

Tendinous arch of soleus muscle 
Femur 

Fibula 

Tibia 


ot (medial aspect) 


YVastus medialis muscle 

Patella 

Patellar ligament 

Tibial tuberosity 

Tibia 

Tendons of deep flexor muscles (from anterior to posterior 
| tibialis posterior;2. flexor digitorum longus; 3. flexor hallucis 
longus muscles) 

7. Flexor retinaculum 

8 Tendon of tibialis anterior muscle 

‘9 Tendon of extensor hallucis longus muscle 

Abductor hallucis muscle 

‘Semimembranosus muscle 

Sartorius muscle 

Tendon gracilis muscle 

‘Tendon of semitendinosus muscle 

Common tendon of gracilis, semitendinosus and sartorius 


right side (dorsal aspect). Notice the insertion of 
the tendon of semimembranosus. 


“Medial head of gastrocnemius muscle 
Soleus muscle 

Caleaneal or Achilles tendon 

Caleaneus muscle 

‘Tendon of flexor hallucis longus muscle 
‘Quadriceps femoris muscle (divided) 
‘Tendon of adductor magnus muscle (divided) 
Medial condyle of femur 

Popliteal artery and vein, tibial nerve 

Tibia 

Femur 

Lateral epicondyle of femur 

‘Oblique popliteal ligament 

Lateral (bul 
Plantaris muscle 


) collateral ligament 


31 Tendon of biceps femoris muscle (divided) 
32 Tendinous arch of soleus muscle 


Muscles of right leg and foot (lateral aspect), 


26 


Right foot with synovial sheaths of 
extensor muscles (dorsal aspect) 
The synovial sheaths have been 
injected with blue solution, 


‘Common peroneal nerve 
Head of fibula 

Lateral head of gastrocnemius muscle 
Soleus muscle 

Peroneus longus muscle 

Peroneus brevis muscle 

Caleaneal or Achilles tendon 

Lateral malleolus muscle 

Tendon of peroneus longus muscle 
Extensor digitorum brevis muscle 

Tendon of peroneus brevis muscle 

Patella 

Patellar ligament 

Tuberosity of tibia 

‘Tibialis anterior muscle 

Extensor digitorum longus muscle 
Superior extensor retinaculum 

Inferior extensor retinaculum 

‘Tendon of extensor hallucs longus muscle 
Tendons of extensor digitorum longus muscle 
Common synovial sheath of extensor 
digitorum longus muscle 

Tendon of peroneus tertius muscle 

to the lateral margin of foot 

‘Tendons of extensor digitorum brevis muscle 
Medial malleolus 

Synovial sheath of tendon of tibialis 
anterior muscle 

Tendon of tibialis anterior muscle 
Synovial sheath of tendon of extensor 
hallucis longus muscle 


‘Medial condyle of femur 
Popliteus muscle 

Flexor digitorum longus muscle 
CCrosssing of tendons in leg 

‘Tendon of tibialis posterior musele 
Tendon of flexor digitorum longus muscle 
Medial malleolus 

Lateral condyle of femur 

Head of fibula 

Tibialis posterior muscle 

11 Flexor hallucis longus muscle 

12. Peroneus longus muscle 

13. Peroneus brevis muscle 

14 Tendon of flexor hallucis longus muscle 
15. Caleaneal tendon (divided) 

16 Lateral malleolus 


Popliteus muscle (blue) 
Flexor digitorum longus muscle (blue) 
‘Tbialis posterior muscle (red) 
Crossing of tendons in leg 

Flexor hallucis longus muscle (blue) 
Crossing 


tendons in sole 


Deep flexor muscles of right leg Course of deep flexor muscle of leg. (Schematic drawing.) 
(posterior aspect), 


Medial condyle of femur 
Tibia 

Flexor digitorum longus muscle 

Crossing of tendons in leg 

‘Tendon of tibialis posterior musele 
Abductor hallucis muscle 

Tendon of flexor hallucis longus muscle 
Lateral condyle of fersur 

Head of fibula 

Tibialis posterior muscle 

‘Tendon of flexor digitorum longus muscle 
Flexor retinaculum 

‘Caleaneal tendon 

Calcaneal tuberosity 

Crossing of tendons in sole 

‘Quadratus plantae muscle 

‘Tendons of flexor digitorum longus muscle 
‘Tendon of tibialis anterior muscle 

Area of insertion of tibialis posterior muscle 
Lumbrical muscles 

Flexor hallucis longus muscle 


Deep flexor muscles of right leg and foot (posterior Sole of foot; tendons of long flexor muscles (oblique medial and inferior 


oblique medial aspect). Felxor digitorum brevis aspect) 
and flexor hallucis longus muscles have been removed. 


Extensor muscles of right leg and foot Extensors of the right leg and 
(oblique anterolateral aspect), (anterior aspect), Part of the tibialis anterior muscle 
has been removed. 


Patella ‘Tendon of peroncus tertius muscle Tendon of tibialis anterior mus 
Patellar ligament Extensor digitorum brevis muscle : cis brevis muscle 
Anterior margin of tibia Tendons of extensor digitorum Tendon of extensor hallucis 

Tibialis anterior muscle longus muscle longus mus 

Extensor digitorum longus muscle 11. Soleus ‘Common tendon of gracilis, 
Superior extensor retinaculum 12 Extensor hallucis longus muscle semitendinosus and sartoris muscles 
Inferior extensor retinaculum 13. Medial malleolus 8 Tibia 


Extensor muscles of the leg 
(right side), 


Sole of foot, first layer of museles (from below). 
The plantar aponeurosis and the fasciae of the 


superficial muscles have heen removed. 


Longitudinal hands of plantar aponeurosis 
Plantar aponeurosis 

Position of tuberosity of Sth metatarsal bone 
Muscles of Sth toe with fascia 

Calcaneal tuberosity x 

Muscles of great toe with fascia 

Tendons of flexor digitorum longus muscle 
Tendons of flexor digitorum brevis muscle 
Lumbrical muscle 

Flexor digiti minimi brevis muscle 

Flexor digitorum brevis muscle 


Tendon of peroncus longus muscle 
Abductor digiti minimi muscle 

Tendon of flexor hallucis longus muscle 
Flexor hallucis brevis muscle 

Abduetor hallucis muscle 

Plantar aponeurosis (cut) 

Peroneus longus muscle 

Peroneus brevis muscle 

Tibialis anterior muscle 

Extensor hallucis longus muscle 
Extensor digitorum longus musele 


Sole of foot, plantar aponeu- 
from below). 


Sie 


Course of abductor and adductor 
muscles of foot. (Schematic 
drawing.) 
Red arrows = abduction, 


Black arrows 


adduction, 


Plantar interossei muscles (black) 
Abductor digiti minimi muscles (red) 
Dorsal interassei muscle (red) 
‘Transverse head of adductor 

muscle (black) 

Oblique head of adductor 

muscle (black) 

Abductor hallueis muscle (red) 


Muscles of sole of foot, second layer (from below), 
The flexor digitorum brevis muscle has been divided. 


‘Tendons of flexor digitorum brevis 
muscle 

Tendons of flexor digitorum longus 
muscle 

Lumbvical muscles 

Interossei muscles 

digiti minimi brevis muscle 


w 
u 


Muscles of sole of foot, second layer (from below). 
The tendons of the flexor muscles and the crossing 


of tendons are displayed. The flexor digitorum brevis 


muscle has been divided and reflected. 


Abductor digit! minimi muscle 
Quadratus plantae muscle 

Caleaneal tuberosity 

Tendon of flexor hallucis longus muscle 
Flexor hallucis brevis muscle 

Abductor hallucis muscle 

Flexor digitorum brevis muscle (divided) 


B 
14 
18 


16 
i 
18 


Tuberosity of Sth met 
‘Tendon of peroneus long 
Transverse head of adductor hallucis 
muscle 

Crossing of tendons in sole of foot 
Medial malleolus 

Plantar aponeurosis (divided) 


Muscles of sole of foot, third layer (from below). The flexor 
digitorum brevis muscle has be 


muscles have been divided, 


1 


‘Tendons of flexor digitorum brevis 
muscle 

Transverse head of adductor hallucis 
muscle 

Abductor digit minimi muscle 
Interosseous muscles 

Flexor digiti minim brevis muscle 
Opponens digiti minimi muscle 
“Tendon of peroneus longus muscle 


removed, and the quadratus 
plantae muscle and the abductor hallucis and digiti minimi 


u 
R 
B 
“4 


shown, 


(Quadratus plantae muscle with tendon 
of flexor digitorum longus muscle 
Caleaneal tuberosity 

Tendons of flexor hallucis longus muscle 
(divided) 

Tendon of flexor digitorum longus muscle 
Flexor hallucis brevis muscle 

‘Oblique head of adductor hallucis muscle 
Abductor hallucis muscle (cut) 


1s 
16 
Ty 
18 
19 


2» 


‘Muscles of sole of foot, fourth layer (from 
below). The interosseous muscles and the canal 
for the tendon of peroneus longus muscle are 


Tendon of tibialis posterior muscle 
Dorsal interossei muscles 

Plantar interossei muscles 

Tuberosity of Sth metatarsal bone 
Tendon of flexor digitorum longus musele 
(crossing of plantar tendons) 

Long plantar ligament 


_ +1) 


u = 
2mr* 


will still further lower the probability of such interaction, 


It is these very circumstances that make the nuclear 
physics scientist think that there is no cold nuclear fusion 
as such. For example, such a serious and responsible 
edition as Encyclopedia Britannica 2001 found no place 
for the notion of cold nuclear fusion at all. Such an official 
position can be understandable only from the point of 
view that quantum mechanics is absolutely true and 
unshakable. Despite this, for the 12 years since the 
Fleischmann-Pons experimental discovery, nearly 30 
international conferences have been devoted to this 
subject, there are lots of books and magazines on this 
subject, and the number of articles on the problem is 
nearing ten thousand. Today the situation is gradually 
developing in the positive direction, and the research 
in the field of hot nuclear fusion, which has already 
wasted over $90 billion for 45 years, is slowly coming 
to naught. 


But today there exist well known experimental data on 
cold nuclear fusion. They are numerous and various. We 
will dwell only upon the most important and sufficiently 
reliable results, Thus, the classical view of electrolysis 
of palladium cathode saturated with heavy hydrogen 
in heavy water identifies an anomalous quantity of heat, 
energy up to 3 kWt/cm’, or up to 200 Mj per small 
sample. Products of nuclear reaction have also been 
found: tritium (10”- 10%t/s), neutrons with energy of 
2.5 MeV (10-100n/s), and helium. Absence of He’ among 
the reaction products shows that heat is not generated 
by reaction d+p. Besides, emission of charged particles 
(, 4, t, y/is observed. Similar processes are observed 
in case of a gas discharge on a palladium cathode, of 
phase passage in different crystals saturated with 
heavy hydrogen, irradiation of deuterium mixture with 
a powerful sound or ultrasound flow, in cavitating 
microbubbles in heavy water, in a tube with palladium 
powder saturated with heavy hydrogen under a 
pressure of 10-15 atm. ete, In certain reactions (e.g. 
d+t—or+p ) neutrons of 14 MeV are absent, and 
such a strange situation occurs in other cases too. 
Activity of Lif, Liin reactions with heavy hydrogen 
and protons failed to be discovered, whereas reaction 
K’+p3Ca” 

was well recorded even in biological objects. But the 
most intriguing fact of all these processes is the 
shortage of nuclear reaction products for explanation 
of the emerging heat effects. Thus, in certain cases the 
number of nuclear reaction products (tritium, helium, 
neutrons, quanta) should be millions of times greater in 
order to account in some way for the quantity of the 
generated heat, Generation of such a big amount of 
energy cannot be accounted for by either chemical or 
nuclear reactions, or by phase passages. The well- 
known interaction d+d goes along three channels: 
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D+D-—> T (1.01) + p (3.03) (Channel 1) 
D+ D—> He (0.82)+ n(2.45) (Channel 2) 
D+D—> He + (5.5). (Channel 3) 


All these reactions are exothermal. The third channel 
has a very small probability. It was experimentally 
discovered that they could occur under very small 
energies. In a molecule D, the equilibrium position 
between atoms is 0.74A and in accordance with the 
conventional quantum theory, these two deuterons 
could accidentally enter a nuclear fusion reaction. But 


ote" 
‘There is a known estimate that in the water of all seas 


and oceans there are 10 deuterons, and in 10" years 
there will be only one fusion. 


the interaction value is very small Ap, 


It follows from the aforesaid that the main problem 
impeding the occurrence of the d+d reaction lies in the 
existence of a very high Coulomb barrier. Our approach 
allows for this problem to be solved, and there is such 
an opportunity in the UOT. The UOT equation solutions 
show that the distance to which deuterons can 
approach each other is strongly dependent on the phase 
of the wave function (by the way, it is absolutely clear 
intuitively). 


Let us consider the one-dimensional problem [15-18,31] 
‘There is a stationary nucleus with charge Ze at the point 
of origin, and another nucleus is approaching it along 
axis x (charge ze, mass m) at a certain initial velocity. 
‘The non-autonomous and autonomous equations of such 
a problem will look as follows: 


of m(axy 
cos) (2), 
zal ar 


one Mey 
hdt Po (9) 


Since an analytical solution was not found for all the 
areas of initial phases , numerical methods were applied 
with the following initial values: Z: |, m=1, 
x,=-10, h =1 for different initial velocities and initial 
phase values. As had been expected, braking or 
acceleration of the particle happens only when the 
charge is large, But at the last stage, under certain initial 


mdx 


mee 
hd (8) 


a 
phases close to , 
charge and repulsing force are very small. Due to phase 
ratios, the small charge is not changed for a long time, 
which means that the particle (or rather what is left of 
it) is not influenced by any forces, and it is crawling at 
a permanent small speed for a very long time (“the snail 
effect”) inside the field of another particle, and can come 
very close to the center. Such movement with a very 
small charge and a small speed can last for several 
hours, and disconnection of the external field will not 
effect this movement. This process reminds of quiet and 


a wonderful process occurs: velocity, 


canal to reach the poplit 


Main arteries of lower extremity, right side (ventral aspect). 
(Schematic drawing.) 


Arteries of the right leg (posterior aspect) 


Femoral artery 
femoris artery 
Ascending branch of lateral circumflex 


Descending branch of lateral circumflex 
femoral artery 

Lateral superior genicular artery 
Popliteal artery 

Lateral inferior genicular artery 
Anterior tibial artery 

Peromeal artery 


Lateral plantar artery 
Arcuate artery with dorsal metatarsal arteries 
Plantar arch with plantar metatarsal arteries 
Medial circumflex femoral artery 
Profunda femoris artery with perforating 
Descending genicular artery 
Medial superior genicular artery 
Midale genicular artery 
Medial inferior genicular artery 
Posterior tibial artery 

is pedis artery 
Medial plantar artery 


Dors 


Superti 
Fe 


Sartorius muscle (cut and reflected) 
Rectus femoris muscle 

Vastus medialis muscle 

Inguinal ligament 

Femoral yein (cut) 

External pudendal artery and vein 
Adductor longus muscle 

Great saphenous vein 

Obturator artery and nerve 
Gracilis muscle 

Saphenous nerve 


Tendinous wall of adductor canal 
Anterior cutaneous branch of femoral nerve 
Infrapatellar branch of saphenous nerve 
Popliteal vein 


Medial head of gastrocnemius muscle 
Biceps femoris muse! 

‘Common peroneal nerve 

Lateral head of gastrocnemius muscle 
Plantaris musele 

Soleus muscle 

Flexor hallucis longus muscle 
Spermatic cord 


Superficial veins of lower limb, right side 
(medial anterior aspect). The veins have 
been injected with red solution 


b 
Medial malleolar region, Dissection of 
tibial nerve, posterior tibial vessels, and 
great saphenous vein (veins injected with 


blue resin). 


Main veins of lower lin 
ematic drawing.) 


right side (anterior aspect) 


1. Superficial epigastric vein 
2. Superficial circumflex iliac vein 
3 Femoral vein 


4 Small saphenous vein 

5 External iliac vein 

6 External pudendal vein 

7 Great saphenous vein 

8 Dorsal venous arch 

9. Saphenous opening with femoral vein 
enous anastomoses of small saphenous vl 


with great saphenous vein 


11 Patella 
12 Penis 

13. Medial malleolus 
14 Popliteal fossa 


15 Perforating veins 

16 Lateral malleolus 

7. Dorsal digital vein of foot 

18 Dorsal venous arch of foot 

19 Dorsal metatarsal veins of foot 

20. Anterior tibial artery and veins 

21 Tibia 

22 Posterior tibial arte 

23. Fibula 

24 Peroneal artery and vein 

25 Deep layer of cru 

26 Superficial layer of crural fascia 

27 Perforating veins I-11 (of Cockett) 

28 Tibial nerve 

29° Arcoate ¥ 

30 Saphenous nerve 

31 Medial dorsal cutaneous nerve 
(branch of superficial peroneal nerve) 

32. Posterior tibial vein 


and veins 


fascia 


Superficial veins of leg (posterior Superficial veins of leg. The ‘Veins of leg. The anastomoses between 
aspect; injected with blue resin). perforating veins of Cockett have superficial and deeper veins are 
been dissected. dissected. 


Anastomoses between superficial 
and deep veins of the leg (after 
Aigner). (Schematic drawing.) 
Arrows: directions of blood flow. > 


4 
Superficial veins on dorsum of foot 
(injected with blue resin). 


1 Transversus abdominis muscle 
2  Iliohypogastric nerve 
3. Mioinguinal nerve 


Femoral nerve 
Lateral femoral cutancous nerve 
Obturator ner 

‘Obturator internus muscle 
Pubic bone (cut edge) 
Levator ani muscle (remnant) 
Dorsal nerve of penis 
Posterior scrotal nerves 
Adductor longus muscle 
Gracilis muscle 

Body of 4th lumbar vertebra 
Cauda equina 
Intervertebral dis 

Sacral promontory 
Sympathetic trunk 

Sacrum 

Lumbosueral trunk 

Sciatic plexus 

Sacrospinous ligament 

Pudendal nerve 

Inferior rectal nerves, 

Perineal nerves 
Subcutaneous fat tissue 


‘of gluteal region 


Lumbosacral plexus in situ, right side (medial aspect). 
Pelvic organs with peritoneum and part of the levator ani muscle have been remo 


Nerves of lower limb, right side (| 
(Scher ) 


Spinal cord with intercostal nerves. Inferior thoracic region (anterior aspect). Anterior portion of thoracic 
vertebrae removed, dural sheath opened and spinal cord slightly reflected to the right to display the dorsal 
and ventral roots, 


Dura mater Eleventh rib WO Anterior root filaments 

Spin: c LL Spinal (dorsal root) ganglion 

Costotransverse ligament 4 12. Posterior root filaments 

Innermost intercostal muscle Intereostal nerve ( 13 Arachnoid mater and denticulate fi 
al arches (cut surfaces) Jntermuscular interval) 14 Anterior spinal artery 


CrCy 


De-Dis 


Lele 


co 
Organization of spinal cord segments 
in relation to the vertebral column 

C= cervical; 
lumbar; S = sacral 


Spinal cord and lumbar plexus in situ (anterior aspect), 


1 Conus medullaris 4 Tliohypogastrie nerve 7 Lateral femoral eutaneous nerve 
2. Filum terminale 5 ioinguinal nerve 8 Femoral nerve 
3. Subcostal nerve 6 Genitofemoral nerve 9 Obturator nerve 


1 Inguinal ligament 

2. Superficial circumflex iliac vein 

3. Femoral branch of genitofemoral nerve 

4 Superficial inguinal lymph nodes 

5 Saphenous opening with femoral artery and vein 

6 Lateral femoral cutaneous nerve 

7. Great saphenous vein 

8 Anterior cutancous branches of femoral nerve 

9 Patella 

10 Terminal branches of subcostal nerve 

11 Terminal branches of iliohypogastric nerve 

12 Superficial inguinal ring 

13. External pudendal vein 

14 Spermatic cord with genital branch of genitofemoral nerve 

15 Penis with superficial dorsal vein of penis 

16 Testis and its coverings 

17 Saphenous nerve 

18 Infrapatellar branch of saphenous nerve 

19 Lateral sural cutaneous nerves 

20 Intermediate dorsal cutaneous branch of superficial 
Peroneal nerve 

21 Cutaneous branch of obturator nerve 

22. Superficial peroneal nerve 

23. Medial dorsal cutaneous branch of superficial peroneal 

Deep peroneal nerve 

Femoral nerve 

Femoral artery 

Superficial epigastric vein 

Femoral vein 

Lateral dorsal cutaneous branch of sural nerve 

Inguinal nodes (enlarged) 

Lympathic vessels 

Sartorius muscle 


a 
Cutaneous nerves and veins of thigh (anterior aspect) Inguinal nodes with lymphatic vessels (anterior 


The fascia lata and fasciae of the thigh muscles have been aspect), 
removed 


invisible scout penetration into the enemy territory. This 
phenomenon occurs only in certain phase areas, and 
can be conveniently called a phase hole, which is 
illustrated in Fig. 4 resulting from the solution of 
equation (8). 


x0 


06 


od 


0a 02 US 


a . i 2 25 3 
Initial phase 


Fig4, Distance to the turning point of the moving charge 
depending on the initial phase value for different initial velocities. 


Let us note in passing that now we can account for one 
of the nuclear physics anomalies, which has a tendency 
tobe totally ignored. Under a nucleon energy of 1 MeV, 
its velocity is 10* cm/s, nuclear radius is 10% cm, and 
the passage time of the nucleus is 10's, but the time 
period in which the nucleon passes is usually 
anomalously long - 10“ and even more, and it is 
absolutely unclear what the nucleon is doing in the 
nucleus so long. In our model it is easily explained by 
the “snail effect” 


For the same equation, the minimum distance was 
calculated between the charges dependent on velocity 
(Fig. 5) for different initial phase values. For comparison, 
Fig. 5 also shows the result of the classical calculation 
based on the Coulomb law. It is obvious from Fig. 4 and 
5 that the minimum distance to which charges can 
approach each other is nearly independent of kinetic 
energy, but with reduction of speed the initial phase 
area width is reduced as well. In other words, reduced 
energy brings also reduced probability of a nuclear 
reaction. 


‘The same results are true for the autonomous equation 

(9). Under the conventional quantum theory, the ratio 

of the reaction speeds in the tritium and neutron 
t 


channels should be close to unity: —=!, But in many 
n 


experiments on cold nuclear fusion this value is very 


5 99 
different from unity and equals —=10" | In different 
n 


7 ag 
Velocity 50.001 


Fig.$ Minimum distance between charges depending on the 
Initial velocity for different initial phase values. 


experimental situations it is reproduced by different 
experimental groups with a very high accuracy. This 
very intriguing problem has so far received no simple 
explanation. Let us dwell on a possible cause for such 
aphenomenon. With a small velocity in the phase hole, 
neutrons are affected by nuclear gravitation forces, and 
protons are affected by electrostatic repulsion forces. 
Under the effect of this momentum, the deuteron will 
have enough time to turn in such a way that the neutron 
parts of the deuteron would faceeach other. After the 
neutron gravitation the nuclear forces will be saturated, 
which will weaken the proton connection, and one of 
the protons will leave the system. This reaction can be 
conditionally presented in the following form: 


d+d—p+(n+d)— ptt 
This reminds of the Oppenheimer-Phillips effect. 


It is well known, however, that under big energies, the 
probabilities of the first and second reaction channels 
are the same, and this phenomenon should somehow 
be accounted for. Increased probability of the neutron 
channel with growing energy can be connected with 
the appearance of secondary neutrons in the reaction 
T + D = He + n (14.1 MeV). In a deuterium-rich 
environment, a big part of the resultant tritons will pass 
to neutrons in the process of this reaction, which has a 
cross-section of 5 barns under an energy value of 70 
KeV. According to assessments in [32], the number of 
such secondary neutrons per one triton is 

7.9.10-,1.7-10”,2.7-10 for energy tritons 10, 20 
and 100 KeV respectively. Thus, the prevalence of 


toe 
— > 10° can be expected only in those reactions, where 
n 

tritium is born with energies over 40 KeV. 

It should not be assumed, however, that the phase hole 
phenomenon in its whole area leads to a nuclear 


reaction. It can be assumed that reduction of the 
Coulomb repulsion is followed by reduction of strong 
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Anterior region of right thigh (anterior aspect). 
The fascia lata has been removed, and the sartorius muscle 
hhas been slightly reflected. 


Anterior superior iliae spine 
inal ligament 

Deep circumflex iliac artery 
iopsoas muscle 

Tensor fasciae Iatae muscle 
Fema 
Lateral circumflex femoral artery 
Sartorius muscle 

Rectus femoris muscle 

iotibial tract 

Vastus lateralis muscle 


Anterior sheath of rectus abominis muscle 
Inferior epign 
‘Spermatic cord 
Fer 


Anterior region of right thigh (anterior aspect) 
The fascia lata has been removed, and the sartorius muscle 
hhas been divided. 


Peetineus muscle 
Femoral vein 

Great saphenous vein (divided) 
Adductor longus muscle 
Saphenous nerve 

Muscul th of femoral nerve 
Graclis mus 
‘Vastus medialis musele 

Ascending branch of lateral circumflex femoral artery 
Descending branch of lateral circumflex femoral artery 
Medial circumflex femoral artery 

‘Adductor longus muscle 

Penis 

Entrani 
Vast 


toadductor canal 
iddvctory lamin 


Anterior region of right thigh (anterior aspect) 
The fascia lata has been removed, Sartorius muscle, 
pectineus muscle and femoral artery have been cut to 
display the deep femoral artery with its branches. The 
rectus femoris muscle has been slightly reflected, 


Anterior superior iliac spine 
Inguinal ligament 

Tensor fasciae latae muscle 
Deep circumflex iliac artery 
Tiopsoas muscle 

Sartorius muscle (cut) 

Femoral nerve 

Lateral circumflex femoral artery 
Ascending branch of lat 
Descendin 
Rectus femoris muscle 
Vastus medialis musele 
Vastus lateralis muscle 


ul circumflex femoral arter 


inch of lateral circumflex femoral ar 


Femoral vein 
Pectineus muscle (cut) 
Femoral artery (cut) 


Anterior region of right thigh (anterior aspect), 
‘The sartorius, pectineus, adductor longus and rectus 
femoris muscles have been divided and reflected, 
The greater part of the femoral artery has been 
removed. 


Ascending branch of medial circumflex femoral artery 
Medial circumflex femoral artery 

Adductor longus musele 

Gracilis muscle 

Saphenous nerve 


Distal part of vastondduetory lamina 


5 Rectus femoris muscle with muscular branch of femoral nerve 


Adduetor longus muscle (divided) 
Posterior branch of obturator nerve 

Anterior branch of obturator nerve 

Point at which perforating artery branches off from profunda 
femoris artery 

Muscular branch to vastus medialis muscle 


1 Mine crest 
2. Gluteus masimus muscle 

3 Middle cluneal nerves 

4 Anococcygeal nerves 

5. Perineal branch of posterior femoral 
6 Adductor magnus muscle 

7 Superior cluneal nerves 

8 Position of greater trochanter 

9. Inferior clunesl nerves 

10 Semitendinosus muscle 

11 Posterior femoral cutaneous nerve 
12 Long head of biceps femoris muscle 


A. Suprapiriform foramen 
of gr 


Superior gluteal artery, vein and nerve 


B Infrapisiform foramen 
of greater sciatic foramen 


Sciatic nerve 
Inferior gluteal artery, vein and nerve 
Posterior femoral cutaneous nerve 
Internal pudendal artery and vein 
Pudendal nerve 


© Lesser sciatic foramen 


Pudendal nerve 
Internal pudendal artery and vein 


Red lines 
1 Spine-tuber line. 
In the middle of this line the ifrapiriform foramen is 
situated 
2. Spine-trochanter line. 
Inthe upper third the suprapiriform foramen is located 
3. Tubertrochanter line, 
Between the middle and posterior third, the ischiadie 
nerve ean be found 


Other structures 


Posterior superior ili 
Hine crest 


inc spine 


Greater trochanter 
Ischial uberosity 


Sacrum 


Gluteal region, right side (posterolateral aspect). Location of 
sciatic foramina in relation to the bones. 
(Schematic drawing.) 


luteal region, right side (dorsal aspect). The gluteus maximus and gluteus medius muscle 


and reflected. Notice the position of the foramina above and below piriformis muscles and the lesser sci 


Tae crest 
Gluteus maximus mus! 

Inferior gluteal nerve 

Piriformis muscle 

Muscular branches of inferior gluteal artery 


nal 


Inferior rectal nerve 
Inferior rectal arteries 
Perforating cutaneous nerve 


Long head of biceps femoris muscle 


luteus medius muscle (cut) 
Deep branch of superior gluteal artery 

luteus minimus muscle 

Superior gluteal nerve 

Supeapieiform foramer irate 
‘Tendon of obturator internus and superior geme 
Posterior femoral cutaneous nerve 

Inferior gemellus muscle 

Sciatic nerve 

(Quacdratus femoris muscle 


have been divided 


as muscles 


Middle cluneal nerves 
Perineal branch of posterior femoral cutaneous nerve 
Posterior femoral cutaneous nerve 
Semimembranosus muscle 

Semitendinosus muscle 

6 Tibial nerve 

Mi 
Small saph 
Medial head of 
Gluteus maximus muscle 

Inferior cluneal nerve 

Cutaneous veins 

Long head of biceps femoris muscle 
ital tract 

Short head of biceps femoris muscle 
Pop 
Lateral sural cutaneous nerve 
Lateral head of gastrocnemius muscle 
‘Common peroneal nerve 

Tendon of biceps femoris muscle 


Inferior elutes 
Sa 


Inferior rectal branches of pudendal nerve 


Anus 
Gluteus medius muscle 
Piriformis muscle 

Sei 
28 Inferior gluteal artery 

29 Gluteus maximus muscle (cut) 

30 Quadratus femoris muscle 

31. Sciatic nerve dividing into its two branches: the common 


peroneal nerve and the tibial nerve 
32. Muscular branches of sciatic nerve to hamstring muscles 


M_ Popliteal vein 
35. Small saphenous vein (cut) 
36 Long head of biceps femoris muscle (cut) 
37 Superficial peroneal nerve 


2} 


Cutaneous nerves of thigh (posterior aspect). 
‘The fascia lata and the fasciae of muscles have been removed. 


Posterior femoral region and gluteal region, right side Posterior femoral region and gluteal region, (poste- 
(posterior aspect). The gluteus maximus muscle has been rior aspect). The gluteus maximus muscle and the long head 
divided and reflected. of biceps femoris muscle have been divided and reflected. 


Posterior region of right kneee; cutaneous nerves and yeins 
Anterior region of right knee; cutaneous nerves and veins 
(anterior aspect), 


(posterior aspect) 


small 


Right leg, posterior crural region (posterior aspect), Right leg, posterior crural re 
The gastrocnemius muscle has been divided and reflected. The gastroenemius and the soleus 


p layer (posterior aspect) 
uscles have been divided 


and reflected. 


7 bial nerve 
8 ‘muscle (cut and reflected) 
9 anosus muscle rlery 

10 i semitendinosus and sartorius 


-t, popliteal fossa, deep layer (posterior aspect) 
scles have been reflected to display the 


1 Semitendinosus muscle 
2. Semimembranosus muscle 

3. Medial superior genicular artery 

4 Popliteal artery 

5 Medial head of gastrocnemius muscle 
6 Middle genicular artery 

7 Muscular branches 

8 Medial inferior 

9 Tendon of plantaris muscle 
10 Tibial nerve (cut) 

11 Biceps femoris muscle 


slar artery 


Right leg, popliteal fossa, deepest layer (posterior aspect). 
Tibial nerve and popliteal vein have been partly removed 
and a portion of the soleus muscle was cut away to display 
the anterior tibial artery 


2. Popliteal vein (cut) 
L 

14 Lateral inferior genicular artery 

15 Lateral head of gastrocnemius muscle 

16 Common peroneal nerve 

17 Head of fibula 

18 L 


20 Medial sural cutaneous nerve 


Right leg. Cutaneous veins and 
nerves (posterior aspect) 


Great saphenous vein 
‘Venous anastomosis between small and 
great saphenous veins 

Medial malleolus 

Popliteal fossa 

Position of head of fibu 
Lateral sural cutaneous nerve 
Small saphenous vein 


Right leg. Cutaneous nerves 

and veins (posterior aspect), 

The superficial layer of the 
rural fascia has been removed. 


ral nerve 
Calcaneal tendon 
L 
le 
head of gastrocnemius muscle 
Saphenous nerve 


Medial sural cutaneous nerve 


Cutaneous veins and nerves of the 
right leg (anterior-medial aspect; 
veins are colored), 


Perforating veins 
Superficial peroneal ne 

Dorsal venous arch 

Intermediate dorsal cutaneous nerve 

Infrapatellar branches of saphenous 

Terminal branches of saphenous nerve 
Medial dorsal cutancous nerve 


interaction. But how? Today nobody knows the exact 
equation of the strong interaction potential. Besides, 
the particle approaches the turning point X,,, is rather 
“thin”. Will it be able to take part in a full-fledged 
nuclear reaction, or will it fly through, like it happens 
with the electron in the s - states of the atom? There 
are very narrow phase areas, when soon after the 
particle stops the charge grows quickly and is sharply 
accelerated. The charge can even be maximum in the 
nuclear force effect area. May be, it is this narrow phase 
area that is responsible for cold nuclear fusion, and in 
case of strong interactions the phase hole mechanism 
must be operating as well 


It was discovered long ago that nuclear transmutations 
have a mass character (especially in plants and 
biological objects), but they have little to do with energy 
generation. Examples of such reactions: 


Mn® + p> Fe® ; Al” + p 3 Si*; 


P*+p—3S°;K* + p—>Ca® 


In reactions of this type, a very slow proton (with 
practically zero kinetic energy) penetrates the nucleus 
in the above-mentioned way and remains there. No 
intranuclear energy is generated, because both before 
and after the reaction the nucleus remains a stable 
object. In classical nuclear physics, the nucleus usually 
became unstable after it was penetrated by a charged 
nucleon with a large kinetic energy and always broke 
into parts, and the nuclear debris had an even greater 
kinetic energy. Reactions of the above type were 
considered impossible under small energies and for this 
reasons were not studied by classical nuclear physics 
It seems to be a completely new type of nuclear 
transmutations, not recognized by modern nuclear 
science, but experimentally discovered rather long ago. 
‘Today there is a great deal of experimental material 
confirming mass nuclear transmutation phenomena. 
Moreover, there are many projects of neutralizing 
nuclear excess with the help of this technology. Journals 
Infinite Energy, New Energy, Cold Fusion, Fusion Facts, 
etc, and Internet are full of such projects. 


Of course, a change in the nuclear charge will result in 
restructuring of electronic atom shells, but the energy 
related to this process will be about several electron- 
volts and is nothing in comparison with the energies of 
nuclear reactions from several to hundreds million 
electron-volts. By the way, nuclear engineers are 
accustomed to such energy ranges in nuclear reactions. 
It was this circumstance that made them deny a priori 
all nuclear processes in biology, because under such 
energy values of the debris dozens and hundreds 
thousand of complex biological molecules will be 
destroyed. 


Quite a long time ago, Lois C. Kervran [33] wrote a book 
about nuclear transmutations in biology, and now, 
nearly 20 years later, its second edition was published! 
It gives, evidently for the first time, numerous 
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experimental data of the above-mentioned phenomena, 
‘The reaction of the official science is very interesting. 
For example, well-known physicist Karl Sagan, after 
reading the book about such experimental data, advised 
Kervran to read elementary textbooks in nuclear 
physics! 


Some time later a research was made by Panos T: Pappas 
[58], who studied one of the well-observed nuclear 
reactions in biological cells: 
Na} +O}, = Ky 

Classical biology has long known about the existence 
of equilibrium, when the ratio between the number of 
K and Na ions is maintained with greatest accuracy 
despite the shortage or even absence of K ions in food. 
Later, in work [59] this nuclear reaction was even called 
the life equation, and the existence of such nuclear 
reactions in biological objects was proved by M.Sue 
Benford with the help of direct physical methods. 


All thermonuclear fusion programs are based on blunt 
heating and compression of the reacting material. 

Despite the progress achieved, the head of the works 
in England, Dr. Alan Gibson [34], established several 
years ago that the model reactor design would be 
created not earlier than in 50 years. Today, this point of 
view is generally accepted. Even if the reactor is once 
made (although the authors have grave doubts about 
it), it will be very complicated, expensive, and harmful 
for the environment. 


Classical approaches have so far not yielded any 
positive results, despite multi-billion investments and 
a great number of physicists, engineers, service 
personnel, and managers involved. Itis only natural that 
this army of researchers is a potential impediment for 
all alternative projects of new power engineering. It has 
been noted that “viability” of any idea is proportionate 
to the number of people involved and investments made. 
For these reasons, the Fleischmann-Pons works were 
given a hostile reception in the USA and other countries. 


All the controlled thermonuclear fusion programs are 
accompanied with the adjective “controlled”, although 
there is no control whatever. It is simply that the initial 
quantity of the reacting substance is prudently made 
very small. For example, a ball of lithium deuteride 
during laser reduction has a diameter of several mm. 
So far no one has been seriously considering the 
question of utilizing the energy of an explosion of such 
aball, which is approximately equal to the energy of an 
explosion of a box of antitank grenades. 


‘The straightforward approach to fusion used by the 
modern science is very natural, because quantum 
mechanics has no methods of influencing this process 

‘The future of really controlled nuclear fusion systems 
may be not on the way of primitive and blunt method of 
heating and compression of the material, but following 
UOT on the way of using collisions of nuclei having small 
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1. Semimembranosus muscle 
2. Semitendinosus muscle 

3. Popliteal vein 

4 Popliteal artery 

5 Tibial nerve 

{Small saphenous vein (cut) 
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Muscular branch of tibial nerve 

Medial head of gastr 
9 Tendon of plantaris 
10 Posterior tibial artery 
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2 Biceps femoris muscle 


13 Common peroneal nerve 

14 Sural arteries 

15 Plantaris muscle 

16 Lateral head of gastrocnemius muscle 
Soleus muscle 

18 Caleaneal tendon 

19 Lateral malleolus 

20. Caleaneal tuberosity 

21 Sartorius muscle 

Popliteal artery 

Tendinous arch of soleus muscle 

Flexor digitorum longus muscle 


Flexor retinaculum 
26. Peroneal artery 
Soleus muscle 


31 Tibialis posterior muscle 
32 Communicating branch of peroneal artery 

33. Tendon of tibialis anterior muscle 

34 Tibia 

35 Tendon of extensor hallucis longus muscle 

36. Tendons of extensor digitorum longus muscle 

37 Anterior tibialis artery 

38. Fibula 

39 Tenddons of peroneus longus and brevis muscles 


Crosses 
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Position of fibula 
Sural nerve 
Small saphenous vein 
Caleancal tendon 
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Cutaneous branch of sural ner 
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Superficial peroneal nerve 
Position of tibia 


Lateral cutaneous branch] 

of superficial perone: 
Medial cutaneous branch id 
Lateral malleolus 


Daorsal digital nerve 
Dorsal 


Deep peroneal nerve 


Coronal section through the foot 
(anterior aspect), 


Uiotibial tract 
‘Common peroneal nerve 

Position of head of fibula 

Extensor digitorum longus muscle 

Muscular branches of deep peroneal nerve 

‘Superficial peroneal nerve 

Tendon of extensor digitorum longus muscle 

Lateral malleolus 

Extensor digitorum brevis muscle 

Tendons of extensor digitorum longus muscle 

Patella 

Patellar ligament 

Anterior margin of tibia 

Anterior tibial artery 

Tibialis anterior muscle 

Deep peroneal nerve 

Extensor hallueis longus muscle 

Tendon of tibialis anterior muscle 

Extensor retinaculum 

Dorsalis pedis artery 

Extensor hallucis brevis muscle 

Deep peroneal nerve (on dorsum of foot) 

Dorsal digital nerves (lerminal branches of deep peroneal nerve) 
Deep peroneal nerve 

Peroneus longus muscle (cut) 

Superficial peroneal nerve (with peroneal muscles laterally 
reflected) 


30 


he foot (MR-Scan after 
A, Heuck, G. Luttke and JW. Rohen, 1994) 


Peroneus brevis muscle 
Lateral anterior malleolar artery 
Fibula 

Distal ibiofibular joint (syndesmosis) 
Interosseous talocaleaneal ligament 
Caleaneus 

Tendon of peroneus brevis muscle 
Cuboid bone 

Lateral cuneiform bone 

Metatarsal bones 

Dorsal interosscous muscles 

Tibia 

Talocrural joint 

Medial malleolus 

Talus 

Tulocalcanconavicular joint 
vicular bone 


Medial cuneiform bone 
Intermediate cuneiform bone 
First metatarsal bone 

Met 
Proximal phalanx of; 
Distal phalanx of great toe 
Heads of metatarsal bones I-IV 


tarsophalangeal joint of great toe 


Dorsum of the right foot, superficial ayer (anterior 
aspect), 


upertcial peroneal nerve 
Superior extensor retinaculum 

Lateral malleolus 

‘Venous network of lateral malleolus and 
tributaries of small saphenous vein 

Lateral dorsal cutaneous nerve (branch of 
sural nerve) 

Intermediate dorsal cutaneous nerve 
‘Tendons of extensor digitorum longus muscle 
Dorsal digital nerves 


B 
4 
1s 


Dorsum of the right foot, superficial layer. The fas 


dorsum has been removed. 


‘Tendon of tibialis anterior muscle 


tributaries of great saphenous vein 
Medial malleolus 
Medial dorsal cutaneous nerves 


Dorsal digital nerve (of deep peroneal 
Tendon of extensor hallucis longus muscle 


7 Dorsal digital arteries 


18 


Peroneal muscles 
Deep plantar branch of dorsalis pedis 
rtery anastomosing wit plantar arch 
Extensor digitorum longus muscle 
Extensor hallucis longus muscle 
Inferior extensor retinaculum 
Extensor hallucis brevis musele 


Extensor retinaculum 


1 

2 Lateral malleo 

3 Lateral anterior malleolar artery 

4. Tendons of peroneal muscles 

5 Tendon of peroncus tertius muscle 

6 Extensor digitorum brevis muscle 

Tendons of extensor digitorum longus muscle 

8. Dorsal metatarsal arteries 

9 Medial malleolus 

10 Tendon of Whialis anterior muscle 

LI Dorsalis pedis artery 

12 Deep peroneal nerve (on dorsum of foot) 

13 Extensor hallucis brevis muscle 

14 Tendon of 

15 Dorsalis pedis artery with deep plantar branch 10 
the plantar arch 

16 Dorsal digital nerves (terminal branches of deep 


‘extensor hallucis longus muscle 


peroneal nerve) 
17 Lateral tarsal artery 

18 Extensor digitorum brevis muscle (divided) 
19 Arcuate artery 

20 Dorsal interosseous muscles 

21 Deep peroneal 
22, Medial cuneiform and Ist metatarsal bone 
23. Tendon of peroneus longus muscle 

24 _Abductor hallucis and flexor hallucis brevis muscles 
25. Medial plantar artery vein and nerve 

26 Fourth and fith metatarsal bone 

27. Adductor hallucis (oblique head) 

28. ‘Tendons of flexor digitorum longus muscle 
Dorsum of right foot, middle layer (anterior lateral aspect) 29! Lateral pantaz erierg.veix tad trv 

The cutaneous nerves have been removed. 30 Flexor digitorum brevis muscle 

31. Plantar apone 


Dorsum of right foot, deep layer (anterior lateral aspect). Cross-section of the rigt foot at the level of the 
The extensor digitorum and hallucis breves muscles have metatarsal bones (posterior aspect). 
been removed. 
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uty bladder 
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1S Rectus 
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‘of quadriceps femoris muscle 


smoris muscle 


Axial section through the pelvis and hip joints in the female 
(section 1, inferior aspect). (Arrows: uterus, myometrium with myoma). 


Axial section through the middle of the 


thigh (section 2; MR-Image, inferior aspect). 


Axial section through the middle of the right 
thigh (section 2, inferior aspect). 


Perforating artery 

Sciatic nerve 

Giluteus maximus muscle (insertion) 
Vastus medialis muscle 

Sartorius muscle 

F 
Great saphenous vein 


Gracilis muscle 


Adkluctor muscles 


Biceps femoris 
Patella ligament 

Lateral condyle of femur 
Posterior cruciate ligament 
Tibialis 
Popliteal artery and vein 
Lateral head of 
stroenemius muscle 


Axial section through the knee joint Axial section through the right knee 
(section 3; MR-Image; inferior aspect), joint (section 3, inf 


jor aspect) 34 Medial condyle of femur 
35. Medial head of 
gastrocnemius muscle 
36 Tibialis anterior muscle 


anterior tibial artery and 
40 Peroneus longus and brevis 


Fibula 
Solow sade 


Flexor digitorum longus 


44 Tibial posterior muscle 
45. Posterior tibial artery and 

vein and tibial nerve 
6 Peroneal artery 
47, Small saphenous yein and 

sural nerve 
48. Extensor hallucs longus muscle 
49. Extensor digitorum longus muscle 
Axial section through the middle of Axial section through the middle of the 3 Tendon of peroncus longus 
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HH 1 Lateral malleolus (fibula) 
at 52 Peroncus brovis muscle 
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Dorsalis pedis artery 
Media! malleotus (tibia) 
Tibialis posterior muscle 
(tendon) 

Flexor digitorum longus muscle 
(tendon with synovial 

sheath) 

Flexor hallucis longus muscle 
Posterior tibial artery and 


Lateral and medial plantar 


Caleaneal tendon 
Semitendinosus muscle 
Semimembranosus muscle 
Anterior cruciate ligament 
Plantatis muscle 


Axial section through the end of the Axial se 
right leg ( 
aspect). 


n through the end of the 
on 5; MR-Image; inferior right leg (section 5: inferior aspect), 


energy and corresponding fine adjustment of the wave 
function phase. 


It is essentially possible in case of imposition of the 
external controlling electromagnetic field on the 
reacting system, which contains quasi-fixed ordered 
deuterium atoms and free deuterons. The same 
properties can be demonstrated by special atomic grid 
geometry. Diffraction scattering of a deuteron flow on 
such grids will lead to automatic deuteron selection by 
energies and phases. 


It seems that in the Fleischmann-Pons electrochemical 
experiments such an ordered system existed in the Pd- 
Dgrid, and some phasing occurred, which accounts for 
the results of these experiments [30]. 


‘Today it appear to us that the cold nuclear fusion 
processes will be effectively used for nuclear waste 
liquidation and production of isotopes. 


‘Many researchers [35,36] discovered that the quantity 
of heat generated in the process of electrolysis of 
ordinary water on nickel electrodes (there is no hope 
for nuclear reactions in such systems) is the same as in 
the electrolytic cell with heavy water. It confirms other 
measurements, which showed that the quantity of 
nuclear reaction products is millions times less than is 
required for such an amount of generated heat, and its 
origin remains a mystery. 


Further we will give certain concrete data 
demonstrating the phase values of a deuteron with an 
oscillating charge, under which the deuteron can 
approach the nucleus to a critical distance of 10° cm 
or less, i. giving the data to estimate the value of the 
above-mentioned phase “hole” in the interval (0,r) of 
the phase change. 


Assume that the stationary nucleus with the charge 
is placed to the coordinate origin x=0 and the deuteron 
with the same charge q is placed at the initial moment 

tothe point x, < on the x-axis, and the deuteron 
velocity equals i, = v, > 0. The units of mass, length 
and time are chosen in such a way that 
m=1,h=1,c=1 (m-deuteron mass, ¢- light velocity). 
Charge g equals 0.085137266. Our units are connected 
(to 4 significant figures) with the system (kg, m, s) as 
follows 


mass unit 
Length unit 
1 time unit 


3.345x 10%kg, 
1,049: 10°* m, 
3.802: 10 s. 


The electron velocity corresponding to its energy of 
1eV equals 5.931-10’ cm/s. The deuteron velocity 
corresponding to such energy will be assumed to be 
3680 times less, and in our units it will be 5.372 - 10 
(if ¢ = = 310" cm/s). Then the deuteron movement 
towards the nucleus is described by the equation 


cos" Ft) +24+Q,), (10) 


where the parameter /, is defined under the condition 
that 


1=0,x=%),8=4) (thus f, =—(2x,)/f ), and this 
parameter may be considered as the initial moment of 
socalled local time 


the argument of cosine equals @, for 


In the interest for us are namely solutions of eq. (10) 
under very small deviation € from phase @,and so we 


x 
put Q) = +E and rewrite eq.(10) in the following 


form: 


+xi+e), 


1 2 
at +1). (11) 


where a = 0,0144967 Let the initial x, to be equal 
= 00000 of our length units (ie. approximately 


5°10" cm) and the initial deuteron velocity v4 to be 


equal to the velocity Vj, corresponding to the deuteron 


energy of 1 eV or less. But it turned out that the 
precision of numerical integration of this equation under 


such initial conditions and under values [e| = 10"and 
loss is small and besices the interval ofthe integration 
rnust be very large. That is why this equation aleo had 


tobe transformed by passing to “slow” time = |eftto 


dx 
a 


function of x: 


dw 
dx 


1 | 1 
sie ehieergwendiren]} (12) 


where 1,=—(2x))/fw()) and +1if €>0, and 


-1ife <0. It must be added also the equation for T as 
a function of x 
dt_ 1 


da lw 


The system of equations (12, 13) is, so to say, a “model’ 
system describing fairly accurately the deuteron 
movement under all values of [el from 10“ to 10* 
Numerical integration of this system was fulfilled under 
different values of e and under following initial 
conditions: 


(13) 


(% 


103,t(4 


000007, =68957318 (14) 


It may be noted that the initial deuteron velocity v, 


equals 1.450172 ( following the relation 


iy =lelyw(x)) for given initial w(x)) and for 


10”, i.e. such velocity is approximately 3.7 times 
less than velocity vj) corresponding the deuteron 
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Sole of the righ 
The plantar ap 


Sole of the right foot, deep layer (from below); dissection 
of vessels and nerves. The flexor digitorum brevis muscle 
the quadratus plantae muscle with the tendons of the flexor 
digitorum longus muscle and some branches of the medial 
plantar nerve have been removed. The flexor hallucis brevis 
‘and adductor hallucis muscles have been cut and portions 


removed to show the somewhat atypical course of the medial 
plantar artery and deep muscles of the foot 


Proper plantar digital arteries 
Proper phantar digital nerves 

Tendons of flexor digitorum brevis muscle 
Tiendons of flexor digitorum longus muscle 
Superficial branch of lateral plantarartery 
Deep branch of lateral plantar nerve 
Superficial branch of lateral plantar nerve 
Lateral plantar 
Lateral plantar artery 


Abductor digiti minim muscle 

Caleaneal tuberosity 

‘Common plantar digital arteries 

Tendon of flexor hallucis longus muscle 

Insertion of both heads of adductor hallucis muscle 
Plantar metatarsal arteries 

Medial plantar nerve of reat to 

Deep plantar branch of dorsalis pedis artery 
(perforating branch) 

Plantar arch 

‘Oblique head of adductor hallucis muscle (cut) 
Medial plantar artery 

Medial plantar nerve 

Crossing of tendons in sole of foot (flexor hallucis 
Jongus and flexor digitorum longus muscles) 
Abductor hallucis muscle 

Origin of flexor digitorum brevis muscle 
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energy of 1eV. If [e| 


0 then the velocity vj, is 


approximately 2.7 times greater than velocity Vjy 


Itturned out that the numerical tables for values of W,T 
obtained under different values of ¢ < 0 in the 
interval (-10*, -10° ) don't differ essentially from each 
other. The following table is true to three-four significant 


=v: 


figures for ¢ and if} 


x t ae] 
-500 000 ° 1.450 
-50 000 1.426-10° 0.0493 
“500 1.00210" 0.000489 
-200 1.067-10" 0.000440 
-100 1090-10” 0.000425 
“80 1.10010" 0.000423 


Ifreducing the table values of x to centimeters, we 
obtain the following corresponding approximate values: 


5-10°,5-107,5-10°7,10'7,0.8-10" 


The time interval AT’ , in which the deuteron reaches 
the critical distance 10"*cm from the center, is 


67350/e| 


of our time units or 


(1.090-10" /[e))-3.502-10* seconds. If nuclear forces 


are not taking into account then the deuteron may 
approach the distance less 10cm 


We present here the table, where are given the initial 


deuteron velocities v, in velocities shares v,,and the 


corresponding time intervals A7 (in seconds) for 
different values of e 


e ee ATO 
“108 2.7 3.82: 10% 
-107 0.27 3,82: 10% 
10% 0.27: 10% 3.82: 10* (= 10.6 hours) 
“10 0.27: 10% 3.82: 10° (= 10.6 hours) 


Let us note that the given data change essentially 
under positive values of ( 10%, 10”, etc.). There is some 
asymmetry of solutions behavior under negative and 
positive values of ¢. The calculations show the minimum 


distance 


nin OTe than 500 of our lengths units even 


for relative big initial w(x,) = 10000. Thus, if we limit 
ourselves to the condition that the deuteron energy is 
not over (0.27Y eV at a distance of 5-10°cm from the 
central nucleus, and the whole process of deuteron 
movement towards the nucleus does not exceeds 
approximately 10.5 hours, then the interval 

Bn a 
(S-107,— 

2 2 


10™) is approximately the sought 
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phase “hole” in the whole interval ((0,7) ) of phase 


change in eq. (10). 


If many deuterons with the energy not more than 
(0.27/eV at the distance 5 - 10° cm from the nucleus 


are equally distributed along their phases @, , the ratio 
ofthe length of this “hole” to m, equaling approximately 
0.3-10” , is equal to a share (or a relevant percentage of 
0.3: 10) of deuterons overcoming the Coulomb barrier. 


The above figures express at least the order of 
probability of the cold nuclear fusion occurrence, and 
this order is absolutely incompatible with the figures 
in the classical quantum mechanics mentioned above 
Let us note once again that a one-dimensional problem 
was solved, and in case of an accurate analysis (not 
zero sighting distance will be taking into account) this 
probability will be lower. Let us also pay attention to 


the large time intervals AT calculated if 
small. It explains well the effect (observed by many 
researchers) of continuation of cold nuclear fusion 
reactions during even many hours after the 
disconnection of the voltage in the electrolytic cell. This 
effect was named even “life after death” 


is very 


As for the analysis of the deuteron movement with the 
help of the autonomous equation, the calculations lead 
to initial velocities v, , exceeding the above mentioned 
numbers, although the general motion picture is the 
same. But the autonomous equation is interesting, 
because in the area of those values x,i, under which 
the product xi is modulo small, itis possible to replace 


sin(xi) with xi, and the eq.(11) under e=0 to replace 
with simplified equation (describing the deuteron 
motion from initial point x, > 0 to center) 


(ty? 


x 
‘This equation has a very simple analytical solution. 
Without giving very simple calculations, we will present 
the final formulas 

Let us take the following initial conditions: 


ait 


‘Then 


A= 


In(L+avyt) 


It follows from these formulas that the velocity of a 
particle moving in accordance with the initial equation 
never turns to zero, and under 


explaxy)— 


av, 


Introduction 


ome improvement is a huge subject that demands a big book. The Complete Photo Guide to Home 

Improvement fits the bill, With over 200 projects and more than 2,000 color photos, all of the most popular 
home remodeling subjects and projects are included in this single resource. Here's one way to look at it: Ifa 
picture is indeed worth a thousand words, it would require an 8,000-page volume to convey in written form the 
information packed into the photos in this book. And unlike the tiny pietures found in other home improvement, 
books, the photos within these pages are large and clear and very easy to follow. 

Doing your own home remodeling work takes a combination of skill, planning, and specific information, 

For example, if you decide to remodel your kitehen (the most frequently remodeled room), you should start the 
process by defining the scale of the project and identifying the tasks within the larger job that you will perform 
yourself. This phase corresponds to the first section of this book, “Home Improvement Basics.” If you love getting 
your hands dirty this won't be your favorite part, but itis quite important. 

‘Once you have some background information under your belt and a rough plan in your head, it’s time to 
tackle the skillbuilding most of us need. In “Techniques” you will find clear how-to information for just about 
every task, from demolition to stripping cable. Thorough information on home wiring and home plumbing fill out 
a large part of the section, followed by step-by-step instructions for installing flooring, finishing walls and ceilings, 
‘working with windows and doors, and—finally—upgrading ventilation and lighting, 

In the final section of the book you will move from the general to the more specific, Individual chapters 
on kitchen remodeling and bathroom remodeling deal with projects, planning and information that are specific 
to each subject. Here youl find a host of options for installing cabinets and countertops, for example, to 
supplement the information you've encountered in the Techniques portion of the book. Converting attics and 
basements also gets its own section of targeted information, And for a strong finish, we offer extended how-to 


sequences for the two most common exterior improvements—roofing and installing siding, 

Whether you are simply freshening up the appearance of your house or embarking on a down-to-the studs 
remodel of your bathroom, you'll find the information you need. Even if you have special remodeling nceds, 
such as creating accessible kitchens and baths, youlll see that the subjects are covered. More than a quarter 
of a million homeowners have relied on The Complete Photo Guidle to Home Improvement as thei prineipal 
guidebook through the remodeling process. And now, with this new 3rd edition, youll be pleased that you chose 
to join them. 
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Anatomy of a House 


A House With Platform Framing 


Rough 
sik Stu 
ay Support 

beam 


Support 
posts 
Foundation 
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fore you start a do-it-yourself home 
improvement project, you should familiarize 
yourself with a few basic elements of home 
construction and remodeling, Take some time to 
get comfortable with the terminology of the models 
shown on the next few pages. The understanding you 
will gain in this section will make it easier to plan 
your project, buy the right materials, and clear up any 
confusion you might have about the internal design of 
your home 
If your project includes modifying exterior or 
load-bearing walls, you must determine if your house 
was built using platform- or balloon-style framing 
The framing style of your home determines what 
kind of temporary supports you will need to install 
while the work is in progress. If you have trouble 
determining what type of framing was used in your 


ANATOMY OF A HOUSE 
WITH PLATFORM FRAMING 


nfl 


Platform framing (photos, left and above) is 
floor level sole plates and celling-level top plates to which 
wall re attached, Most houses built after 1930 use 
platform framing. Ifyou do nat have access to unfin 
areas, you can remove the wall surface at the bottom of 

to determine what kind of framing wi in your home, 


Identified by 


wall 


home, refer to the original blueprints, if you have 
them, or consult a building contractor or licensed 
home inspector 

Framing in a new door or window on an exterior 
header. Make sure 
that the header you install meets the requirements 
of your local building code, and always install eripple 


studs where necessary 


wall normally requires installi 


Roof sheathing 


Floors and ceilings consist of sheet materials, 
joists, and support beams, All floors used as living 
areas must have joists with at least 2 x 8 construction 
For modification of smaller joists see page 14 

There are two types of walls: load-bearing and 
partition. Load-bearing walls require temporary 
supports during wall removal or Framing of a door or 
‘window. Partition walls carry no structural load and do 
not require temporary supports 


ANATOMY OF A HOUSE 
WITH BALLOON FRAMING 


Rough sill 


Bracing 


Main beam Fire blocks 


Support 
posts Foundation 


—= 
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Anatomy Details 


Many remodeling projects, like adding new doors or 
windows, require that you remove one or more studs 
ig. When 
planning your project, remember that new openings 
require a 


in a load-bearing wall to create an openi 


permanent support beam called a header, 
above the removed studs, to carry the structural 
load directly 

The required size for the header is set by local 


building codes and varies according to the width of 


the rough opening, For a window or door opening, a 
header can be built from two pieces of 2" dimensional 
lum 


er sandwiched around %" plywood (chart, right 
When a large portion of a load-bearing wall (or an 
entire wall) is removed, a laminated beam product can 


be used to make the new header. 


Jack stud 


King stud 


Door opening: The structural loa 

supported by jack studs (also known as trimim 

the house. The rough ould 

This extra sp nit during install 


5 you adjust the door 
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Ifyou will be removing more than one wall stud 
make temporary supports to carry the structural load 
until the header is installed. 


Recommended Header Sizes 


Rough Opening Recommended Header 


width Construction 

Uptodt, * plywood between two 2 45, 

BhtoSt 24 plywood between two 2 6s 

Shhto7 A i shywood between two 2x Bs 

Tito Bt * plywood between two 2 x 10s 


—— Top plate 


Sole plate 


af the header are 
id the 
including 


jambs 


Top plate 


Jack stud 


Rough sill 


King stud 


Cripple stud 


Sole plate — 


which transfer the load to the sole plate and the foundation ofthe 
which helps anchor the unit but carries no structural weight, 


during installatio ning for a window should be 1 


Framing Options for Window & Door Openings 
(new lumber shown in yellow) 


Enlarging an existing opening 
framing, In many 
form one 


replacement unit that 
and Yé" shorter the 


Floor & Ceiling Anatomy 


Joists 


Floor shown cut away for clarity 


Joists carry the structural load of floors and ceilings, The ends of the joists rest on support beams, foundations, or load-bearing 
walls, Rooms used as living areas must be supported by floor joists that are at least 2 x 8” in si smaller joists can be 
reinforced wit (photos, 


Se 
Coiling joists: ‘ 
¢ er 
. a al 
ppt ving are 
ary when an 
su 


Floors with 2 x 6 joists, sometimes found in attics, cannot 
alongside each original joist to strengthen it (above, left). This often is nei 
‘help header whi ng jsts must be c\ 


te fist isa 
verted to a living area, Sister 
35 when framing a skylight shaft (above, right), 
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Roof Anatomy 


Rafters made from 2 4s or 2x 6s spaced every 16" ar 2 


are Used to support roofs in most houses built before 1950. if 
necessary, rafters can be cut to make room for a large skylight, 
Check in your attic to determine if your roof is framed with 
rafters or roof trusses (right), 


Wall Anatomy 


Ceiling joists 
Double top plate 


Load-bearing walls carry the structural weight of your home, 
In platform-framed houses, load-bearing walls can be identified 
by dauble top plates made from two layers of framing lumber. 
Load-bearing walls include all exterior walls and any interior 
walls that are aligned above support beams. 


Se 


Ls 
Trusses are prefabricated "webs" made from 2" 
dimensional lumber They are found in many houses built after 
1980, Never cut through or alter roof trusses. f you want to 
install skylight in @ house with roof trusses, buy 8 unit that 
fits n the space between the trusses 


Ceiling joists 


Wall studs 


Cutaway view 


Partition walls are interior walls that do not carry the 
structural weight of the house, They have a single top plate and 
can be perpendicular to the floor and ceiling joists but are not 
aligned above support beams, Any interior wall that is paralle! 
to floor and ceiling joists is @ partition wall 
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WH! Building Codes & Permits 


Pp i pene need eran saling 
project that involves a change or addition to your 
home's structure or mechanical systems. Building 
permits are is 
meets local building codes, which establish material 
standards, structural requirements, and installation 
guidelines for your project. In short, they ensure that 
your (or your contractor's) work is done properly 

‘The areas outlined on pages 17 and 18— 
room dimensions, exits and openings, light and 
ventilation, and fire protection—are usually 
covered by general building permits. If your 
project involves major changes to your plumbing, 
electrical, or HVAC systems, you may be required 
to obtain separate permits from the respective 
administration departments. 

Building permits are required by law, and getting 


sued to ensure your remodeling project 


‘caught without them can result in fines from the eity 
and possible trouble with your insurance company. 
Also, work done without permits can cause problems 
if you try to sell your house. 

Most local building codes fallow the national 
codes, such as the National Electrical Code, but are 
adapted to meet the demands of local conditions 
and legislation, Keep in mind that local codes always 
supersede national codes. Always check with your 
local building department before finalizing your plans. 


Before issuing permits, your local building 
department will require plans and cost estimates for 
your project, Alter your plans have been approved, 
you must pay permit fees, which are based on the cost 
of the project. You'll also lear what inspections are 
required and when you should call for inspections. 

Once issued, a building permit typically is good 
's. You can apply for an extension by 


submitting a written request showing justifiable cause 
for the delay. 


Here are some tips to help you prepare for the permit process: 

‘+ Toobtain a building permit, you must flout a form from your local building department that includes a description of 
the project; your home's address, legal descrintion, and occupancy; and an estimate of the project cost, 

‘+ The building department may require two to four sets of construction documents or drawings of your project— 
Including floor and elevation plans—ta be submitted for inspection and approval. 

‘* Abuliding inspector will exemine all construction plans and stamp or send written notification of approval 
‘and acceptance. 

‘+ One set of approved documents is kept by the building official, one set is sentto the applicant, and one set is 
displayed atthe site unt the project is completed. 

‘+ Some permits are granted by phase of construction. After the work for one phase is completed and inspected, a 
petmit for the next phase is issued, However, building officials will not guarantee issuance of subsequent permits, 

+ All work is inspected by a building oficial to ensure compliance with codes and permits. 

‘Your project is complete only after the local building inspector makes a final inspection and glves approval of 
your site, 
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x(t,) =0, ie. the particle reaches the center of the 
nucleus, its velocity at this moment being 


=v 


i) = 
Tray, 


9 EXP(—aXy) * 


so that it passes through the nucleus and moves 
further. 


For example, let a=0.0144967, x, 
(0) =5.37-10" (= 16 cm/s). 
Under such initial data, the product xi =~0.0000537, 


1000 (= 10" cm), 


s0 itis quite possible to replace sin(xi) with Xt 
Inthis case, 


8-108). 


1, =2.3-10° 


X(t.) =-29.9:10" (= 9-10" em/s) 


‘These figures fit well into the reasonable framework, 
so the autonomous model can also be of use for the 
movement analysis in the problem under review. The 
phenomenon of particle passage through the Coulomb 
potential accounts very well for the existence of 
pendulum orbits in the Bohr-Sommerfeld model, when 
in states 1s,25,3s etc. the electron passes through the 
nucleus. Such states in the strict theory and experiment 
have no impulse, so in the Bohr-Sommerfeld model they 
were discarded as absurd. Now they have a right to 
existence. Further, the experimental data for angular 
distribution of non-elastic scattering by nuclear 
reactions (including reactions with heavy ions) reveal 
the big amplitude of the scattering forward. It is 
impossible to explain such effect by the formation of 
intermediate nuclei but it is may be explained from the 
viewpoint of our UOT. 


General Principles of Creating New Energy Sources 


In the ancient classical perpetual mobile idea it is 
supposed that energy is just created and not taken from 
outside (impossibility of a perpetual mobile is the first 
law of thermodynamics). There have appeared lately 
many articles and even books dwelling on the idea of 
energy generation from vacuum. We are not in complete 
agreement with many of these works, and we will dwell 
only on some of them, which, in our view, can be of 
interest. One of the main ideologists of this completely 
new sphere in science are Daniel C. Cole and Harold E 

Puthoff, and their first serious work entitled «Extracting 
energy and heat from the vacuum» was published in 
Physical Review E, vol. 48, #2, (1993). In this work 
authors use the Casimir forces [60] making them 
produce useful work. The appearance of such forces in 
vacuum is understandable intuitively: ifin a stormy sea 
we put vertically into the water two big parallel plates, 
on the outside part of these plates the waves will hit 
them at random, and between the plates there will be 
no waves. Then, the hitting of the waves outside the 
plates will produce a gravitation force between them 


(the Casimir force discovered experimentally long ago), 
which the authors of this interesting work are going to. 
exploit. It is easily seen that in this idea energy is 
generated from vacuum fluctuations. 


Our approach is altogether different. When the equation 
with an oscillating charge was solved for the quantum 
oscillator, 4 types of solutions were discovered. For us 
only two of them matter - “crematorium” and 
“maternity home". In one solution ("‘crematorium”) the 
particle slowly falls to the bottom of the pit and finally 
tums into a “specter” (under the strict unitary quantum 
theory it disappears, spreads about the Universe and 
contributes to vacuum fluctuations everywhere). In the 
other solution (“maternity home") the particle can even 
be born of a very small fluctuation, or accumulate a 
sufficiently big energy. Let us underline once again that 
both these processes are not at all logically connected. 
In other words, there are such systems where energy 
will disappear completely (electrolytic baths), or 
increase unlimitedly (it might be our Universe). 


It is the energy conservation law that presents the 
strongest impediment in all cosmological approaches. 
However, universes with birth of matter have long 
existed in scientific cosmology independently of us. 
There is known the theory of British astronomer Fred 
Hoyle based on the idea of continued creation of matter 
from nothing. The question of whether such an approach 
is realized in nature and whether the energy emitted 
by quasars is the result of work produced by a certain 
gigantic pit, is the most intriguing question of the future. 


It is yet unclear whether the values of appearing and 
disappearing energy in these solutions are equal. But 
neither in the strict UOT nor in the equation with an 
oscillating charge vacuum (as a big set of random 
oscillations) is needed for energy generation. Ofcourse, 
UOT admits of such an energy exchange with vacuum. 
For example, during split of a photon on a 
semitransparent mirror, at one time both halves of the 
photon will not be registered and will give their energy 
to the vacuum and disappear for the observers for good, 
at another time there will appear two photons out of 
one, and the lacking energy will be taken from vacuum. 
But the movement equations (4) and (5) themselves know 
nothing about vacuum and can generate energy due to 
their nature (they are noninvariant relative to the 
coordinate translations) and the conservation laws we 
are so accustomed to do not exist for them. 


Let us remind you once again that the latter follow from 
the Newton equations, and the Newton equations result 
from averaging by a big number of events, while for 
individual events of small energies no conservation laws 
in quantum physics exist. 


In other words, it can be said philosophically that a 
motion of a small wave packet, once started, will give 
birth to other movements (energy) and, consequently, 
to matter. Since most various and breath-taking 
speculations are possible, up to the creation of a 
universe, we will stop here. 
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Room Dimensions 


Habitable rooms must be at least 7 ft 

wide and 7 ft. deep. 

* Ceilings in all habitable rooms, hallways, 
corridors, bathrooms, toilet rooms, laundry 
rooms, and basements must he at least 
7 t,, 6" high, measured fram the finished 
floor to the lowest part of the ceiling 

* Beams, girders, and other obstructions 
that are spaced more than 4 fi apart 
can extend 6” below the required 
ceiling height. 

* In nonhabitable rooms, such as unfinished 
basements, ceilings may be 6 ft,, 8" from 
the floor, and beams, girders, and ducts 
may be within 6 ft, 4" of the Noor. 

* Habitable rooms eannot have more than 
50% of their floor area under sloped 
ceilings less than 7 ft, 6" high, and no 
portion of a floor area can be under a 

ing less than 5 ft. high. 

inished floor is not considered 
measurable floor area when it is below 
sloped ceilings less than 5 ft. high or 
beneath furred ceilings less than 7 ft 
6" high, 

* One habitable room in a home must have 

at least 120 square feet of gross floor area, 

Other habitable rooms can have gross 

floor space of 70 sq. ft. minimum. 


Exits & Openings 


* Sleeping rooms and habitable basements must 
have at Teast one egress window or exterior doot 
for emergency escape. Occupants must be able to 
open the exit from inside the home, without a key 
or tool 

#  Anegress window must have a net clear opening 
of at least 5.7 sq. ft, with a minimum height of 
24" and a minimum width of 20". 

* Window sills on egress windows cannot be more 
than 44" above the floor. 

* Egress windows below ground level must have 
window wells. If the wells are deeper than 44°, 
they must have permanent ladders or steps. The 
steps can project up to 6” into the well but must 
be usable when the window is fully opened. Steps 


Kitchens cannot have less than 50 sq. ft. of gross 
floor area. 
Hallways must be at least 3 ft. wide. 


must be at least 12" wide and project at least 
3" from the wall, Ladder rungs must be less than 
18" apart. 

Screens, bars, grills, and covers on emergency 
exits must open easily and be removable from 
inside the home, without tools or keys. 

Exit doors must be at least 3 fi. wide and 6 
fi, 8" high. They must provide direct outside 
access and operate without special knowledge 
or tools. 

Bulkhead enclosures may serve as 

emergency exits in habitable basements if 

they provide direct access to the basement 
and meet the dimension requirements for 
emergency exits 
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{ Natural Light & Ventilation 


* Ventilation includes windows, doors, louvers, and 
other approved openings or mechanical systems. 

* Windows must equal at least 8% of the floor area 
in habitable rooms. The minimum openable area 
ofa window must equal at least 4% of the room's 
floor area 

*  Inbathrooms, windows must be at least 3 sq, ft, 
and at least half of the window must open. 

* Windows must open and operate from inside the 
room, and they must exit to a street, alley, yard, 
court, or porch 

Window light can be replaced by an artificial light 
if it produces 6.46 lux from 30" above the floor. 

* Mechanical ventilation can replace operable 
windows, In bedrooms, ventilation must supply 
outside air at a rate of 15 cubie It, per minute (efin) 
for cach occupant. In primary bedrooms, the rate 
is based on two occupants. In additional bedrooms, 
the rate is based on one occupant per room 

* In bathrooms, intermittent mechanical ventilation 
rates must be 50 cfm, and continuous rates must 
he 20 cfm. Bathroom ventilation must exhaust to 
the outside. 


| Fire Protection 


* Allconcealed and interconnected spaces, such as 
soffts, drop and cove ceilings, stair stringers, and 
areas around vents, pipes, duets, chimneys, and 
fireplaces must be fireblacked to prevent fire spread. 

* Exterior walls must be constructed to resist fire for 
at least one hour, with exposure from both sides. 

* Batts or blankets of fiberglass, mineral wool, or other 
approved material must be secured between wall 
studs and partitions, atthe ceiling and Nloor level, 
and at 10-f. intervals both vertieally and horizontally 

* Foam insulation installed in interior walls covered 
with 1" wallboard or other approved material 
‘must have a flame-spread rating of 75 or less and 
a smoke-developing index of 450 or less. 

* Other insulation, including facings, vapor barriers, 
and breather papers, must have a flame-spread 
index of 25 or less and a smoke-developing index 
‘of 450 or less. 


* Loose-fill insulation mounted with screens or 
supports must have a flame-spread rating of 25 or 
less and a smoke-developing index of 450 or less. 
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Wall and ceiling finishes must have a 
flame-classification rating of 200 or less and a 
smoke-developing index of 450 ot less. 

Smoke alarms must be installed in bedrooms, in 
hallways near bedrooms, and on each full story of 
a home. Multiple alarms must be wired together 
so one activation triggers all alarms, 


| Universal Design > 


Universal design i intended forall people. While standard 
hhome and procict designs are based on the “average” 
person—thats, the average adult male—not everyone fits 
into that category. Some people are shor, some tall some 
have cificuty walking, while others walk ably but find 
bending dificult And physical abilities change constantly, 
as do family stuations, By incorporating universal design 
into your remodeling plans, you can create spaces that 
work better for everyone who lives in or visits your home, 
regarcless oftheir siz, age, or ability 

Universal design is simply good design that improves 
everyday situations For example, wide doorways make 
passage easier fora person carrying a load of laundry as 
wall as for someone in a wheelchair, lowered countertop 
enables a child to help prepare dinner and allows a person 
who tites easly to sit while cooking. More 2 way of thinking 
than a set of rules, universal design can be applied to any 
atea of your hhome—from room layouts to light fixtures to 
door hardware. In all cases, universal design encourages 
independence by creating safe, comfortable environment. 

Many people take on remodeling projects to 
accommodate changes in the households, Perhaps you 
are remodeling because your aging parents are coming 
to five with you or your grown children or grandchildren 


are coming for an extended visit Or you may be preparing 
your home for your own retitement years: Considering 
both your current and future needs is an essential part 
‘of a fundamental universal design concent: creating a 
lifespan home—one that accommodates its residents 
throughout their lives A ifespan home enables your aging 
parents to live comfortably with you row andl wil allow 
you to stay in your home as you grow older, And, while 
Universal design makes your everyday life easie, it wil 
also make your home more appealing toa wide range of 
potential buyers if you choose to sell. 

Much of the universal design information in this book 
ccames from universal design specialists, kitchen and 
bath designers, physical therapists, speciaty builders and 
‘manufacturers, and organizations such as the National 
kitchen and Bath Association (NKBA). Some suggestions are 
‘ADA (Americans with Disablities Act) requirements; while 
these generally apply to public spaces, they often are used 
as guidelines for residential design. As aWvays, be sure that 
all aspects of your project meet local code requirements. 

For more help with planning with universal design, 
‘contact a qualified professional. Many kitchen and bath 
designers, home builders, and product manufacturers 
specialize in universal design 
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[arin ae ene foe any renal 
project that involves construction, enlarger 
alteration, repair, demolition, or ehany 
major system within your home. There are two basic 
types of construction drawings: floor plans and 
elevation drawings. 

Floor plans show a room as seen from above. 


toany 


‘These are useful for showing overall room dimensions, 
layouts, and the relationships between neighboring 
rooms, Elevation dravings show a side view of a room, 
showing one wall per drawing, Elevations are made for 
both the interior and exterior of a house and generally 
show more architectural detail than floor plans 

Both floor plans and elevation drawings provide 
you with a method for planning and recording 
structural and mechanical systems for your project. 
‘They also help the local building department to ensure 
your project meets code requirements, 


Use existing blueprints of your home, i available, 10 
‘race original floor plans and elevation drawings anto white 
paper. Copy the measurement scale of the original blueprints 
conto the traced drawings. Make photocopies of the traced 
drawings, then use the photocopies to experiment with 
remodeling ideas. 
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WW! Working with Drawings 


Before you draw up new plans, check with your 
home's architect, builder, oF your local building 
department, ‘These places often have copies of your 
home's floor plans on file. If your home is a historic 
building, your plans may be on file at a state or loc 
historic office or university library. 

Ifyou are unable to obtain a copy of your home's 


floor plans, you can draw your own. This process 
provides you with a wealth of information about 
your home, Drawings let you see how changes will 
affeet your home's overall layout and feel. They also 
help you plot your ideas, list materials, and solve 
design problems. 

Follow the steps on page 21 to create floor plans 
and elevation drawings. Keep in mind that your 
plans may change as your ideas develop; until you 
have worked out all the elements of your design, 
consider your plans to be drafis, When you have 
arrived at a plan that meets your needs, draw up 
final floor and elevation plans to submit to your local 
building department 


“To create floor plans, draw one story ata time. 
First, measure each room on the story from wall to wall 
‘Transfer the rooms’ dimensions to 4" grid paper, using 
ascale of 


1 ft. Label each room for its use and 
note its overall dimensions. Include wall thicknesses, 
‘which you can determine by measuring the widths of 
door and window jambs—do not include the trim. 
Next, add these elements to your drawings: 


Windows and doors; note which way the 
doors swing 

Stairs and their direction as it relates to each story 

* Permanent features, such as plumbing fixtures, 
major appliances, countertops, built-in furniture, 
and fireplaces. 

* Overhead features, such as exposed beams, or 
wall cabinets—use dashed lines. 

* Plumbing, electrical, and HVAC elements. You 
‘may want a separate set of drawings for these 
mechanical elements and service lines. 

* Overall dimensions measured from outside the 
house. Use these to check the accuracy of your 
interior dimensions. 


To create elevation drawings, use the same 
1 ft scale, and draw everything you see on one 
wall (cach room has four elevations). Include: 


* Ceiling heights and the heights of significant 
features such as soffits and exposed beams. 

* Doors, including the heights (from the floor to the 
top of the opening) and widths. 

* Windows, including the height of the sills and 
tops of the openings, and widths 

* Trim and other decorative elements. 


When your initial floor plans and elevations are 
done, use them to sketch your remodeling layout 
options, Use overlays to show hidden elements or 
proposed changes to a plan, Photographs of your 
home's interior and exterior may also be helpful, Think 
creatively, and draw many different sketches; the more 
design options you consider, the better your final plans 
will be 

When you have completed your remodeling plans, 
draft your final drawings and create a materials list for 
the project 


Draft a detailed floor plan showing the layout ofthe area 
that will be remodeled, including accurate measurements 
Show the location of new and existing doors and windows, 
wiring, and plumbing fixtures 


Create elevation drawings showing a side-view layout of windows and doors, as viewed from both inside and outside the 
‘home. Indicate the size of windows and doors, celling heights, and the location of wiring and plumbing fixtures, 
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he best way to prepare for a remodel project is 

to create a construction plan, Having a complete 
construction plan enables you to view your entire 
project at a glance. It helps you identify potential 
problems, provides sense of the time involved, 
and establishes a logical order of steps. Without a 
construction plan, its easy to make costly mistakes, 
such as elosing up a wall with wallboard before the 
rough-ins have been inspected 

The general steps shown here follow a typical 

tion sequence, Your plan may differ at several 
points, but thinking through each of these steps will 
help yau create a complete schedule 


constr 


1. CONTACT THE BUILDING DEPARTMENT 
‘To avoid any unpleasant—and expensive—surprises, 
discuss you project with a building offieial. Find 

out about the building codes in your area and what 
you'll need to obtain the applicable permits. Explain 
how much of the work you plan to do yourself 

In some states, plumbing, electrical, and HVAG 
work must be done by licensed professionals. Also 
smine what types of drawings you'll need to get 
permits and whether you'll need engineer's drawings 
and calculations, 


de 
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WH! Making Construction Plans 


2. CREATE YOUR DRAWINGS. 
Make your floor plans and elevation drawings (see 
pages 20 to 21). This step also involves most of the 
design work for your project; you may want to get 
help from a professional for this phase 


3. GET THE PERMITS 
Have your final plans reviewed by the building 
inspector, and make any necessary adjustments 
required to obtain all of the permits for your project. 
This is also the time to schedule inspections. Find 
cout what work must be inspected and when to call 
for inspections. 


4, HIRE CONTRACTORS 
If you're getting help with your project, it’s hest to find 
and hire the contractors early in the process, as their 
schedules will affect yours. It may be necessary for 
some contractors to obtain their own work permits 
from the building department, To avoid problems, 
make sure all of the contractors know exactly what 
work they are being hired to do and what work you 
will be doing yourself. Always check contractors’ 
references and make sure any contractors are licensed 
and insured hefore hiring them. This is also the time 
to order materials and arrange for delivery 


5. COMPLETE THE FRAMING AND MAJOR 
MECHANICAL CHANGES 

Begin the construction work with any major structural 
oor mechanical changes. Move mechanical elements 
and reroute major service lines. Complete any 
rough-ins that must happen before the framing goes 
up, such as adding ducts, installing under-floor drains, 
or replacing old plumbing. Complete the new framing. 
Build the rough openings for windows and doors, and 
install the windows. 


6. COMPLETE THE ROUGH-INS 

Run drain, waste, and vent (DWV), water, and gas 
supply lines. Install electrical boxes, and run the 
wiring, Complete the HVAC rough-ins. Jot down 
measurements of pipes and locations of wiring, for 
future reference. Have the building inspector approve 
your work before you clase up the walls. Install any 
Fixtures that go in during the rough-in stage (others 
will come after the wall surfaces are installed). 


7. FINISH THE WALLS AND CEILINGS 
After your work has passed inspection, insulate the 
walls, ceilings, and pipes. Install fiberglass insulation 
used as fireblocking. Make sure protector plates for 
pipes and wires running through framing are in place 
Add vapor barriers as required by local code 

Make sure everything is in place before you cover 
up the framing, then finish the walls and ceilings. 


If you'e installing wallboard, do the ceilings first 
then the walls. Tape and finish the wallboard. Install 
other finish treatments. Texture, prime, and paint the 
wallboard when it’s convenient. If you are installing a 
suspended ceiling, do so after you Finish the walls, 


8. ADD THE FINISHING TOUCHES 

Install doors, moldings, woodwork, cabinets, and 
built-in shelving, and lay the floor coverings. The best 
order for these tasks will depend on the materials 
you're using and the desired decorative effects, 

Install any new plumbing fixtures you have 
chosen for bathrooms, and complete the drain and 
supply hookups. Make electrical connections, and 
install all fixtures, devices, and appliances, Get a final 
inspection from the building inspector 
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and capablities of the 
ear pr 
when the project will produce a 


Working Safely 


‘our personal safety when working on carpentry 
projects depends greatly on what safety measures 
you take. The power tools sold today offer many 
safety Features, such as blade guards, locks to prevent 
accidental starts, and double insulation to reduce the 


risk of shock in the even 


of a short circuit. It’s up to 
you to take advantage of these safety features. For 
‘example, never operate a saw with the blade guard 
removed. You risk injury from flying debris as well as 
from being cut by the blade 

Follow all precautions outlined in the owner's 
manuals for your tools and ma 


© sure you protect 


yourself with safety glasses, earplugs, and a dust mask 


or respirator to filter out dust and debris. 


i's best to familiar 
is you awn. Always v 
3 when operating a power tool, Wear a dust mask 
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Keep your work environment clean, A cluttered 
work area is more likely to result in accidents, Clean 
your tools and put them away at the end of every work 
period, and sweep up dust and debris 

Some materials emit dangerous fumes or particles. 
Keep such materials stored away from heat sources 
and out of the reach of children; always use these 
products in a well-ventilated area. 


Maintaining safety is an ongoing project. Take 


the time to update your first-aid kit and evaluate your 
workspace, tools, and safety equipment on a regular 
basis, To avoid accidents, repair and replace old and 


worn-out parts before they break. 


‘Some walls may contain asbestos. Mary homes buil 
or remot id 1980 have 


for remo 
find asbestos or materials that may c 
attempt ave them on your own. Even if you d 
that no asbestos is present, itis a good idea to wear a particle 
mask and other safety gear when doing demolition, 


First-Aid Kits 


Assemble a first-aid kit, Cuts from hand or power tools 
can be serious and require prompt and thoughtful 
a 


ntion, Be prepared for such situations with a 
well-equipped first-aid kit that is easy to find, Record 
any emergency telephone numbers on the first-aid 
kit or by the nearest phone so they are available in 

Equip your kit with a variety of items (photo 
right), including bandages, needles, tweezers, 
antiseptic ointment, cotton swabs, cotton balls, eye 
drops, a first-aid handbook, a chemical-filled cold 
pack, elastic bandages, first-aid tape, and sterile gauze 

For puncture wounds, cuts, burns, and other 
serious injuries, always seck medical attention as soon 
as first aid—such as washing and wrapping of cuts— 
has been provided 


Safe Practices 


ptacle 
‘adapter 


Keep your tools sharp and clean. 

Accidents are more likely when blades 
re dull and 

and dirt 


Check with a neon circuit tester 
to make sure the power is off before 
removin plates, exposing wires, 
or driling or cutting into walls that 
contain wiring, 
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‘Thus, the generated or disappearing energy in our 
approach can be manifest not only in the changes of 
the particle velocity during movement in a certain 
potential, but in the appearance or disappearance of 
the particles themselves as well. A change of the 
particle velocity in movement is most easily 
discoverable, and itis the velocity increase that can be 
used for generation of heat or electric current. There 
can be energy systems, which exploit the fact itself of 
charge oscillation and the consequence of it. It is very 
probable that these phenomena, contradicting the most 
fundamental laws of modem science, have been long 
discovered and even applied. But these are the very 
phenomena that are the easiest to be exploited at the 
first stage of development of such new energy 
technologies 


When an energy generation mechanism is used, 
crematorium-type solutions should be suppressed. But 
all the quantum processes are built on the basis of 
elementary acts, and each of them is impossible to be 
controlled separately. But if the probabilities of such 
processes are controlled, they, being multiplied by the 
great number of participants in the process, 
automatically become macroscopic variables of 
quantum kinetics, and the process itself becomes 
possible. It can easily be achieved, if process 
participants with correlated initial phases are selected. 


Let us remind you that the Newton and relativistic 
classical mechanics follow from the strict UOT, while 
the Newton movement equations with the resultant 
energy and impulse conservation laws follow from the 
oscillating charge equation with averaging by the 
particle ensemble composing a classical body (material 
point). But these conservation laws are nonexistent for 
individual microparticles in our theory, and they appear 
only in case of averaging by the ensemble of particles. 
Thus, if the energy-generating processes are 
accumulated, and the processes where energy 
disappears are suppressed, a classical perpetual mobile 
can be created. 


But the UOT and the oscillating charge equation have 
other differences not only from the equations of classical 
mechanics, but also from some equations of 
electrostatics and electrodynamics. 


‘There is a fundamental theorem of circulation for the 
electric field. Let us dwell on it in more detail. Let us 
have a vector field E, which can be an electrostatic or a 
gravitation field. 


E=P(x,y.2i+QQ,y.2)j+ROy.2k 


Line integral 
T= f(Pdx+Qdy+Rdz)= fred (15) 
7 


is called circulation of vector field E by contour 1. Of 
course, circulation depends not only on E, but also on 
the passage direction accepted in contour!; by changing 
the passage direction we will change the circulation 
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sign. Form (15) is convenient for mathematicians, but 
for our purposes we will present equation (15) in a 
different way. If both parts of equation (15) are 
multiplied by electric charge g, on the right we will get 
the integral of force gE by way dl, i.e. work for moving 
the charge along a closed loop contour. It is well known, 
that this value is zero. 


Joka =0 (16) 
i 

If this value were not zero, an energy source could be 
created. For this purpose a charge should be moved in 
electric field E from point a, located in the high voltage 
area of the field, to point b, located in low voltage area 
of the field, and then back, but along another route. The 
values of work from a—band from >a would be 
different, and we could extract work from the field 
without making any changes in the system. When the 
charge is constant, it is certainly true, so for a 
macroscopic constant charge this theorem is an analog 
of the energy conservation law. The authors have not 
come across such an interpretation of the energy 
conservation law in other works. If the charge is 
microscopic, then in the UOT it changes, depends on 


time, coordinate and velocity, so work from a—>b and 


from ’—4 will be different, in this case work can in 
principle be extracted from the field without any 
changes made in the system. 


Discussion of Experimental Results 


Let us now get down to explaining some very unusual 
experimental results, which the authors have nothing 
to do with, and which they sometimes regard rather 
skeptically. The point is that the sphere of new energy 
sources is the headache of all the human civilization, 
and in this sphere, like nowhere else, the dividends can 
be exorbitantly high, and for this reason there are in 
this sphere a lot of swindlers (even among the 
theoreticians) and simply erring people. The official 
science of the world does not so far believe in such 
research, but the most suspicious fact is the great 
multiplicity of such works. The authors are not inclined 
to regard all these people as swindlers or erring, 
because the UOT can offer a beautiful and simple 
interpretation of certain phenomena, 


‘There are strange plants with the efficiency over 100%. 
‘They are even manufactured in small quantities and are 
rated among energy-saving devices already termed over 
unities. Japanese researchers take these problems very 
seriously, and the leading role in studying this problem 
belongs not to the USA, but to Japan, which even 
finances many US institutes in this framework. The total 
Japanese expenditures for this research exceed 
$200.000.000 a year. It can be forecast that with the 
Japanese mentality and the state policy of exporting 
not natural resources, but superhigh technologies and 
intellect, Japan will find itself among the leading 
countries early in the 21* century. We think that our 
readers will not be surprised to hear that Russia has 


Techniques 


{\ [hile every home improvement project is different 
V from the others in some way, the basic skills you 


need come from a common set of DIY techniques. 

id adding 
electrical cireuits are some of the chief techniques 
you'll need to call upon. In this chapter you'll find a 
tion you 


Building walls, running plumbing lines, 


condensed version of the essential infor 
need to put these valuable techniques into practice 


and become an accomplished do-it-yourselfer 


Once the new walls are up (but before they're 
covered) you need to fill them with pipes and wires, In 
the plumbing section that follows you'll lean how to 
plan new lines and hookups as well as how to work with 
basic plumbing materials, In the wiring section you'll 
find useful instructions on working with electrical cables 
and devices. A handy series of circuit maps shows you 
exactly how your remodeled room should be wired. 


In this chapter: 

* Demolition 

= Building Walls 

* Installing Wallboard 

* Understanding Plumbing 
* Working with Copper Pipe 
‘= Working with Plastic Pipe 
© Working with PEX Pipe 

* Planning New Plumbing 
Understanding Wiring 
Working with Wire & Cable 
Working with Conduit 
Working with Boxes 
Working with Switches 
Working with Receptacles 
Planning New Wiring 
Using Circuit Maps 


Demolition 


any home remodeling projects actually begin 


with demolition. When you're remodelin 


2, it's 


doors or windows or even to remove entire walls, 
basic procedures for this type of demolition are the 
same whether you're working with doors and windows 
on exterior walls or altering interior walls. 

Your first step will be to determine how your 
house was framed, House framing variations will 
dictate the proper procedures for creating openings in 
walls or removing walls altogether, Then, you'll need 
to inspect the walls for hidden mechanicals—wiri 
and HVAC lines 


After you've rerouted any utility lines, you're ready to 


plumbi 


remove the interior wall surfuces. If you're replacing old 


windows and doors, now is the time to remove ther 


well. Where necessary, you can now remove exterior wall 
surfaces, but don't remove any framing members yet. 
The next step will depend on the nature of your 


project. IF you are remaving a load-bearing wall or creat 


1 new or enlarged opening in one, youll need to build 
temporary supports to brace the ceiling while the work: 


is bei 


Jone. This step wont be necessary if you are 
removing a non-loadbearing wall. Then you can remove 
any wall framing members, following the applicable 
procedures for load-bearing or non-loadbearing walls. 
With the removal steps of the project completed, 


you'll be ready to install your new windows and doors. 


Disconnect 

wiring he 

| after shutting 
off power 


Cutout area 


ie 
| Path of eireuit 


valls. Wace 
e cutout area, then shut 
3s leading into the cutout 
check for current with a Demolition is the starting point of» 


ll window or door opening is enlarged. 
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How to Install Temporary Support (perpendicular joists) 


Bulld a 2 x 4 stud wall that is 4 ft Raise the stud wall up and position _—‘Slide a 2 x 4 top plate between the 
‘wider than the planned wall opening it3 ft from the wal, centered on the temporary wall and the calling, Check to 
and 1%" shorter than the distance from planned rough opening make sure the walls plumb, and 


floor to ceiling. shims under the top plate at 12" intervals 
Lunt the wal is wedged tightly in place. 


How to Install Temporary Support (parallel joists) 


mt 
Piao 


Build two 4-ft--long cross braces, Place a2 x 4 sole plate cirectly ov Adjust the support structure so the 
2x As nalled together draulic jacks posts are exactly plumb, and pump the 
cross braces to the double on the sole plate. Foreach jack, builda hydraulic jacks until the cross braces 


ends, using post 8" shorter than the jack-to-celling just begin to lift the ceiling. Do not lift 
countersunk lag screws, the posts to the top plate, too far or you may damage the celling 
2 ft from the ends. Cover the braces a floor. 

‘ith the cloth, and set the support 

structure on the jacks 
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|) How to Remove Wallboard 


Rough opening 
‘width, 


rough opening 


| 
| 


Mark the width of the rough opening 
on the wall and locate the first stud 

on either side of the planned rough 
‘opening, i the rough opening is more 
than 8" from the next stud, use @ chalk 
line to mark 2 cutting line on the inside 
edge of the stud 


Continue removing the wallboard by striking the surface 
with the side of @ hammer and pulling the wallboard away 
from the wall with the pry bar or your hands. 


Remove the baseboards and other 
trim, and prepare the work area, Make @ 
deep cut from floor to ceiling along 
both cutting lines, using @ circular saw, 
Use a utility knife to finish the cuts at 
the top and bottom and to cut through 
the taped horizontal seam where the 
wall meets the celing surface, 


THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Insert the end of a pry bar into the 
cut near a comer of the opening, Pull 
the pry bar until the wallboard breaks, 
then tear away the broken pieces. Take 
care to avoid damaging the wallboard 
outside the project area, 


Remove nails, screws, and any remaining wallboard from 
the framing members, using a pry bar. Remove any vapor 
barter and insulation. 


How to Remove Plaster Walls 


‘Shut off the power arid inspect the ‘Score each line several times wit Beginning at the top of the wall in the 
Wall for wiring and plumbing. Mark the a utility knife, usingla straightedge as @ center of the planned opening, break 
wall area to be removed by following ‘guide. Scored lines should be at least up the plaster by striking the wall lightly 
the directions on page 30. Apply a ie deep, With the side of a hammer. Clear away 
double layer of masking tape along the all plaster from floor to ceiling to within 
outside edge of each cutting line. 3" of the marked lines. 


Break the plaster along the edges by Cut through the lath along the edges Remove the lath from the studs, 


holding a scrap piece of 2x4 on edge of the plaster, using areciprocating saw using a pry bar. Pry away any remaining, 
Just inside the scored line and rapping it or jigsaw. rails, and remove any vapor barrier 
‘with a hammer. Use a pry bar to remove and insulation. 

the remaining plaster 
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| How to Make an Opening in an Exterior Wall 


Building 
pap 


» Fiberboard 
ee 


A.cross-section view of a typical exterior wall with From inside the house, dil through the wall at the cor 

lap siding of the framed opening, Push casing nalls through the holes 
‘mark their location. For round-top windows, dil hales around 
the curved outline (see variation, page 195), 


Nail a straight 1 > 4 flush with the 
cutting tne Sink 
ing line: chakk line stretched bet scratches to the fo 


Push the nails back through the wall maximum blade dept 
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Rest the saw on the 1 x 4, and cu 
along the marked line, using the edge 
Of the board as a guide, Stop the cuts 
about 1" short of the corners to keep 
from damaging the framing members, 


Complete the cuts at 
or jigsaw. 


Reposition the 1 x 4, 
remaining straight cuts, Drive nails 
Within 116" ofthe inside edge of the 
board, because the siding under this 
‘area will be removed to make room for 
‘door of window brick moldings 


Remove the cut wall section. you are working with my 
siding, wear work glove 


Variation: For round-top windows, 
make curved cuts using a reciprocati 
saw or jigsaw. Move the saw slowly to 
ensure smooth, straight cuts. To draw 
an outline for round-top windows, use a 
cardboard template, 


i 


if you wish, remove the siding pieces 


from the sheathing and save them for future use. 
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How to Make an Opening in a Stucco Wall 


Building 
paper 


Insulation 


Brick 
molding 


sing a chalk line 
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Scribe a cutting line on the stucco 
by maving the compass along the 
‘outline, wth the compass point hela 
(on the marked line, This added margin 
will allow the brick molding to fittight 
against the wall sheathing 


Variation: For round-top windows, 
mark the outline on the stucco, using a 
cardboard template, and aril a series 
of holes around the outline, using a 
‘masonry bit. Complete the cut with a 
‘masonry chisel 


‘Score the stucco surface around the 
‘outside edge of the scribed line, using a 
masonry chisel and masonry hammer. 
The scored grooves should be at least 
"A" deep to serve as a guide for the 
circular saw blade, 


Break up the stucco with a masonry 
hammer or sledgehammer, expasing 
the underlying metal lath. Use aviation 
snips to cut through the lath around the: 
‘opening. Use a pry bar to pull away the 
lath and attached stucco. 


Make straight cuts using a circular 
saw and masonry-cutting blade. Make 
several passes with the saw, gradually 
‘deepening the cuts unti the blade just 
cuts through the metal lath, causing 
sparks to fy. Stop cuts just ahead of the 
corners to avoid damaging the stucco 
past the cutting line; complete the cuts 
with @ masonry chisel 


‘Outline the rough opening on the 
sheathing, using a straightedge as a 
‘guide. Cut the rough opening along the 
Inside edge of the framing members, 
Using a circular saw or reciprocating saw. 
Remove the cut section of sheathing, 
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How to Remove a Partition Wall 


Use a utility knife to score the intersections where the wall 
you're removing meets the ceiling to keep from damaging it 
during wall removal. Pry away baseboard trim and remove 
receptacle plates and switch covers to prepare for demolition. 


Reroute outlets, switches, plumbing, or ductwork. Have 
professionals do this for yau if you are nt experienced with 
these systems or confident in your skills. This work should be 
inspected after it's completed. 
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Use the side of a hammer to punch a starter hole n the 
wallboard, then carefully remave the wallboard with a pry 
bar. Try to pull off large sections at a time to minimize dust. 
Remove any remaining wallboard nails or screws from the 
wall studs, 


Locate the closest permanent studs on the adjacent wall 
‘or Walls with a stud finder, and carefully remave the wallboard 
Up to these studs Score the wallboard first with a utiity knife, 
then cut through it with a circular saw. 


not allocated a single cent for this program, and all 
research was made on pure enthusiasm. 


In the USA such works do not get official governmental 
support either (like, for example, the dying out hot 
nuclear fusion problem), but a great number of private 
firms and individual businessmen are conducting large- 
scale research. The following US journals are devoted 
to the subject: Journal of New Energy, Infinite Energy, 
Cold Fusion, New Energy News, Fusion Facts, and NET- 
Journal (Switzerland). 


Switzerland, Italy, Germany, and France are also among 
the countries where the new energy problems are 
seriously researched from the cold nuclear fusion point 
of view. 


Avery young sphere of power engineering has emerged 
and is quickly developing, which researches many new 
energy sources. In future those new energy-saving 
sources will first be used, which will considerably differ 
from the existing ordinary energy transformers in that 
they will generate additional energy that can be used 
in the interests of the mankind. The development of 
civilization will then be limited not by long-expected 
reduction of natural fuel resources, but by heat pollution 
of the environment. 


Let us enumerate just a few of the new energy 
directions: 

1. The Patterson fuel cell (CETD). 

2. Supermagnet-superengines of Takahashi, Aspden 
and Adams 

3. Swiss plant Testatilea. 

4, Engines operating on water. 

5, Hypersound Griggs pump, the Potapov and 
Schaffer heat generators. 

6, Schoulder and Fox cluster systems. 

7. N- machines of Farade, Bruce de Palma, Newman, 
Searl, Tewari, etc 

8, PAGD reactor of Canadian researchers P Correa and 
A. Correa, 


This list can be complemented with the surprising 
experimental results received by physicists A. Samgin 
and A. Baraboshkin (Russia, Institute of High- 
‘Temperature Electrochemistry under the Russian 
Academy of Sciences, Ekaterinburg) [24,25] and 
‘TMizuno [26] (Japan). They appear to have used, totally 
independently of each other, special proton-conducting 
ceramics, which, when electric current runs through 
them, generate a thousand times more heat energy than 
the electric energy consumed. In some experiments by 
‘TMizuno this value even exceeded 70000(!). T: Mizuno 
in a personal talk with one of the authors of this report 
said that he feared very much the radiation sickness 
But no @, B,7 radiation or nuclear debris was found, 
and the nuclear processes are not responsible for such 
energy generation. Such proton-conducting (or, to be 
more exact, deuteron-conducting) ceramics was made 
using the power metallurgy methods by agglomeration 
under high temperatures. In other words, all the 


chemical processes in it had long been over. The origin 
of such an amount of excessive energy is absolutely 
incomprehensible in the framework of conventional 
science, for they cannot be accounted for either by 
nuclear or chemical reactions, or by phase passages. 
At first the authors of this experiment supposed nuclear 
fusion reactions of the D+D type. At our request, A. 
Samgin replaced heavy hydrogen (deuterium) during 
ceramics production with ordinary hydrogen. If the 
effect of such huge energy generation was connected 
with the nuclear D-D reactions, all the anomalous heat 
effects would have disappeared, but they persisted. 
After such a large quantity of energy was generated, 
the tablet disintegrated into powder. 


These effects can easily be explained by UOT from the 
harmonic oscillator theory point of view. When the tablet 
is agglomerated, there remain in it some caverns of a 
size of hundreds Angstrom units. When direct or 
alternating current flows through it, the protons and 
deuterons in their movement (there are few electrons 
in such ceramics) get into these caverns, and a process 
can start which is described by the “maternity home” 
solution. A particle accumulating energy, oscillates in 
such a pit, and finally the energy will be sufficient both 
for heating and for destruction of the pit walls (tablet 
turning into powder). The same processes seem to be 
taking place in a palladium electrolytic cell with heavy 
water, and in a nickel electrolytic cell with ordinary 
water, which accounts for anomalously large heat 
generation, not related to nuclear processes. 


It would be good to verify experimentally the 
dependence of the tunnel effect on the initial phase. 
But it seems us that it is more important for our 
opponents, since both cold nuclear fusion (CNF) and 
discovery of nuclear transmutations (which, from the 
point of view of modern science, are even more absurd 
than the existence of CNF) evidently cannot be 
accounted for in any other way. Besides, such a direct 
experiment is of a fundamental value. There are today 
a lot of people and groups in the world, who pin great 
hope on exploiting the nuclear transmutation 
phenomenon for the purposes of processing and 
recycling of nuclear wastes, and the question of 
industrial generation of tritium for military purposes 
using CNF methods was under consideration in Los- 
Alamos. Internet magazines are full of such information, 
We are not giving Internet addresses here, because 
everything is constantly changing in this live system. 


Let us analyze some of the above-mentioned devices. 
The first, the oldest and the most mysterious information 
was information about internal combustion engines 
operating on water. 


Let us give just one example. When we were students, 
one of our teachers, the late Professor G.V. Dudko (1959) 
told us that in 1951 he had participated in the testing 
of an internal combustion engine [39,55-57]. The device 
represented a hybrid of a diesel and an ordinary 
carburetor engine, where a gas of petrol was needed to. 
start it and then ignition was switched off, and an 
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Remove the wall studs by cutting through them in the Cut through the wall’s top plate with a circular saw or 
middle with a reciprocating saw and prying out the upper and reciprocating saw. Pry out the top plate sections carefully to 
lower sections. Remove the endmost studs where the wall avoid damaging the ceiling. 


meets an adjacent wall or walls. 


Remove the sole plate just 25 you did the top plate by Patch the walls and ceiling with strips of wallboard, and 
‘cutting through it and prying up the long pieces. repair the floor as needed with new floor coverings 
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Removing Trim 


Remove base shoe from cabinet base ifthe molding is 
attached ta the floor. 


Remove trim moldings at the edges and tops of the 
cabinets with a flat pry bar or putty knife 


a 


Remove baseboards and other trim moldings witha pry ‘Remove valances above cabinets, Some valances are 
bar. Protect wal surfaces with scraps of wood.Label the trim _attached to the cabinets or softs with screws. Others are 
‘boards on the back side so you can replace them correctly. nailed and must be pried loose 


8. 1 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


How to Remove Cabinets 


Remove doors and drawers to make it easier to get at ‘At the backs of cabinets, femove any screws holding the 
interior spaces. You may need to scrape away old paint to Cabinet to the wall, Cabinets can be removed as @ group, oF 
expose hinge screws can be disassembled, 


- 
: 

"i 
_ 


Detach individual cabinets by removing screws that hold Countertops are usually not salvageable. Cut them into 
face frames together. manageable pieces with a reciprocating saw, or take them 
‘part piece by piece with a hammer and pry bar 
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Building Walls 


artition walls are constructed between sole plate at the bottom of the wall should be 
load-bearing walls to divide space. They should fastened securely to the subfloor and joists with 
be strong and well made, but their main job is to panel adhesive and 16d common nails, Use masonry 
house doors and to support wall coverings. The fasteners on concrete basement floors. 


{ Anchoring New Partition Walls 


When a new wall is perperidicular to the celling or floor When a new wall falls between parallel joists, install 2 4 
joists above, attach the top plate directly to the joists, using blocking between the joists every 24”. the new wall is aligned 
‘6d nails. with a parallel joist, install blacks on both sides of the wall, and 


attach the top plate to the joist (ser), 


| How to Build a Partition Wall 


‘Mark the location ofthe new wallon Cut the top and sole platestolengtn Mark the location of any door framing 
the ceiling, then snap two chalk ines and lay them side by side, Use a ‘on the top and sole plates. Refer to the 
Or use a scrap piece of 2x umber asa combination or framing square to draw doors rough opening specifications 
‘template to mark layout ines for the top pairs of ines across both plates to mark when marking the layout. Draw lines for 
plate, Use a stud finder to locate floor the stud locations. Space the studs at both the king and jack studs, 

joists or roof framing above the celing, 16" intervals, on center. 


‘and mark these locations with tick 
‘marks or tape outside the layout lines. 
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Fasten the top plate to the celling 
using 3" deck screws or 10d nails, Be 
sure to orient the plate so the stud 
layout faces down, 


Measure the distance between the 
top and sole plates at several places 
along the wall to determine the stud 
lengths. The stud length distance may 
vary, depending on structural settling or 
an Out-oF flat floor. Add ¥" to the stud 
lengths), and cut them to size. The extra 
length will ensure a snug ft between 
the wall plates 


Hang a plumb bob from the edge of 
the top plate at several points along its 
length to find the sole plate location on 
the floor The tip ofthe plumb bob should 
‘almost touch the floor Wait unt t stops 
moving before marking the sole plate 
reference point. Connect the points with 
a ine to establish ane edge of the sole 
plate, Use a piece of scrap 2x material as 
aa template for marking the other edge. 


Install the framing members. Use 2 
hammer to tap each stud into position, 
then toenail the studs to the top and 
sole plates, Fit, trim, and nail the studs, 
‘one ata time. Ti. the studs tend to 
shift during nailing, drive pliat holes for 
the nails first, or use 3° deck screws 
Instead of nails. inset) An option for 
attaching wall studs to plates is to use 
‘metal connectors and 4c nails. 


SSS 
Ccut away the portion a the soe plate 
were the new door wil be, and nal 

‘or screw the two sections tthe floor 
between the soe plate layout ines. Use 
the cutaway door section asa spacer 
forthe door when fastening the plates 
Drive the fasteners into te for framing 
For concrete floors atachthe sole pate 
vith a powceractuated rail gun or with 
hardened masonry screws 


Nail the king studs, jack studs, a 
header and a cripple stud in place 
to complete the rough door framing. 


See page 12 for more information on 
framing a doar opening, 


(continued) 
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Hf building codes in your area require 
fire blocking, install 2 cutoff scraps 
between the studs, 4 ft. from the floor, 
to serve this purpose, Stagger the 
blocks so you can endnail each piece. 


[ Tools & Materials for Framing with Steel 


LSS 
Ss See 


Drill holes through the studs 
to create raceways for wiring and 
plumbing. When this work is completed, 
fasten metal protector plates over 
these areas to prevent criling or naling 
through wiring and pipes later. Have 
your work Inspected before praceeding 
with wallboard, 


Cover the wall with wallboard. Plan 
the layout wisely to minimize waste and 
to avoid butted joints with untaperes 
seams, If you are installing wallboard 
‘on a ceiling as well, do that fist. For 
more on installing wallboard 
44t0 51 


‘Stee! framing requires a fe 


1 specialty tools and materials, Aviation snips (A) are needed to cut 


ks and studs, though a miter 


‘saw outfitted with a steet-cutting abrasive blade (B) can speed up the process, drill or screw gun (C) is required for fastening 


framing. Handy for large projects, a stud crimper (0) creates mechanical joints between tra 


and studs. Piastic grommets (E) are 


placed in knockouts to help protect utility lines, Protective eyewear and heavy work gloves (FG) are necessities when working with 


the sharp edges af hand-cut stee! framing. Use 
type S trim-fead screws (M}; to fasten wallboard, type S wallboard screws (); 


panhead screws () 


if 
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nd to fasten studs and 


ppping screws (inset) ta fasten steel components. To install wood trim, Use 


1ckS together, Zs" type S 


= ed 


‘Steel studs and tracks have the same basic Join sections with a spliced joint (A) or notched Joint 
structure—a web that spans two flanged sides—however, _(B). Make a spliced joint by cutting a2" sittin the web 
‘studs also contain a %" lip to improve thei rigiity. of one track. Sip the other track into the iit and secure 


with a screw. For @ notched joint, cut back the flanges of 
lone track and taper the web so it fis into the other track; 
‘secure with a screw. 


Build comers using a slip stud: A slip stud is not fastened Lint the adjacent drywall is in place. Form L-shaped 
corners (A) by overlapping the tracks. Cut off the flange on one side of one track, removing enough to allow room for the 
overlapping track and drywall. Form a T-shaped comer (B) by leaving a gap between the tracks for the drywall. Secure 
each slip stud by screwing through the stud into the tracks of the adjacent wall. Also Screw through the back side of the 
drywall into the slip stud, if possible. Where there's na backing behind the slip stud, drive screws at a 45° angle through 
‘the back corners ofthe slip stud and into the drywall, 
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Installing Wallboard 


anging wallboard is a project that can be completed butted together. These are difficult to finish because 

quickly and casily with a little preplanning and a there's no recess for the compound and tape. In small 
helping hand areas, install long sheets horizontally that run the 

Planning the layout of panels will help you reduce full length of the walls. Or hang the panels vertically 
waste and deal with problem areas. Where possible which produces more seams that need taping but 
install full panels perpendicular to the framing to add eliminates butted end joints, If butted joints are 
strength and rigidity to walls and ceilings. To save unavoidable, stagger the seams and locate them away 
yourself time and trouble during the finishing process, from the center of the wall, or install back blocking to 
avoid joints where two untapered panel ends are help mask unflattering effects 


Professionals install drywall panels, 
horizontally because 8 single horizontal 
seam at chest level (48") andi butted 
Seams every 8 ft até much easier to tape 
and mud than a series of vertical seams 
that run every 4 ft from floor to celing. A 
crywall lifter operated by foot gets panels 
Lp off the floor and lets you hang them at 
a consistent hejght without using spacers. 
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Tools & Prep Work 


Tools for installing wallboard include: chalkline (A), surform plane (8), compass (C), wallboard compass (0), protective masks (E), 
fil with hole saw (F), trim router (G), drywall gun (H), utility knife (), ee protection (, tape Measure (K), wallboard lifter (L), caulk 
gun (M), pry bar (N), wallboard saw (0), keyhole saw (P, framing square (Q), level (Rl, walloaard T-squate (S), 


Preparing for Wallboard Installation 


Se 
Use protector plates where wires or Nail furring strips tothe framing ta _—-Mark the locations ofthe studs on 
pipes pass thraugh framing members _extend the wall surface beyond any the floor with a carpenters pencil or 
Tess than 1%" from the face. The ‘obstructions such as water pines or masking tape. After wallboard covers 
plates prevent wallboard screws from heating ducts. the studs, the marks indicate the 


‘puncturing wires or pipes. stud locations. 
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How to Cut Wallboard 


} 


Position the wallboard T-square with the short arm flus Bend the scored section with both hands tot 
against the edg core the board. Fold back the unwant 


‘along the arm of the square at the cutting point. and cut through the back paper to separate the pieces, 


‘Smooth rough edges with a drywall rasp. 0) Where untapered panel ends wi be ©! 


passes with the rasp should be sufficient. To cutthe outside edges of each pane! 
into a tight space, bevel the edge slightly towar of material. Ths helps pr paper fron 
the panel along the seam. Peel off any loose paper from the ed 
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ordinary fuel pump sprayed into the cylinder warmed 
up and strongly compressed water with special 
additives (which the inventor himself put into the tank 
in small quantities, and which, as we now understand, 
represented the principal secret). The engine was 
installed on a boat. The researchers were riding for two 
days in the Azov Sea, and only water vapor was the 
engine exhaust. Professor Dudko himself drew the water 
fuel overboard and poured it into the tank. They needed 
much water, several buckets a day, but there was no 
shortage of it... The question of why, ifeverything was 
so great, these engines are still not in use, can occur 
only to a person who has never lived in Russia. 


From the point of view of the solutions of the harmonic 
oscillator problem, the following theoretical possibility 
exists [40,44,47,55-57|: if water with the necessary 
additives (which, evidently, represent the secret ofmany 
invented engines operating on water) is compressed 
and sprayed into the cylinder, each drop of water, when 
it gets into the cylinder after being compressed, will 
start dilating and will pass by inertia the equilibrium 
position. As a result, caverns (empty volumes) can be 
formed in it, with a size of several dozen of Angstrom 
units, Ifa free proton (or some other microparticle) gets 
into such a cavern in the required phase (it is supposed 
that the task of the additive is exactly this), the 
“maternity home” solution will be realized and some of 
the drops will explode... Later we heard and read many 
times about various Russian inventors, who had 
successfully created and tested engines operating on 
ordinary water with some mysterious additives. 


Of course, the possibility of catalytic water 
decomposition with small energy consumption before 
spraying into the cylinder is not at all excluded. There 
are films and information in Internet about testing of 
cars operating on water, which is catalytically (with 
small energy consumption) decomposed into oxygen 
and hydrogen. Such power engineering would be 
ecologically absolutely clean, and the only restriction 
would lie in heat pollution of the environment. 


An ideal solution for the motor transport could also lie 
in use of some new types of electric energy generators 
‘The UOT even admits of the possibility, which was long 
observed in the experiments of Nicolas Tesla and in 
those made by Canadian physicists the Correas, who 
even received a patent for a system generating energy 
from vacuum fluctuations (as they believe) [45]. The 
readers could have got acquainted with our detailed 
theory of these processes in [46]. But the ideal system 
for the automobile would certainly be Testatika, 


Any imagination will be amazed at the thermal cell CETI 
created by James Patterson, USA [27], in which takes 
place the electrolysis of specially made nickel balls in 
ordinary water. The US paper ‘Fortean Times» 185, 1995, 
wrote about it: “December 4, 1995 will go down into 
history. On this day a group of independent experts from 
5 US universities was testing a new source of energy 
with a stable output heat power of 1.3 kWt. The 
consumed electrical energy was 960 times smaller”. All 
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experts note that the generated heat is of mysterious 
origin and cannot be explained by chemical or nuclear 
reactions, as well as by phase passages. The US ABC 
‘TV showed on February 7 and 8 1996 in the «Nightline» 
and «Good Morning America» cycles of programs about 
the development by Patterson of a new energy source 
generating hundreds of times more energy than it 
consumes. The mysterious nature of the generated heat 
was again underlined. It is interesting [24] that Motorola 
tried to buy the CETI patent from its authors for 
$20.000.000, but met with a refusal. We are sure that 
‘Motorola had invested a certain amount of money into 
the study of this problem before making such a serious 
offer. All that happens within the Patterson element has 
nothing to do with nuclear reactions (although Patterson 
told one of the authors that he was of a different view), 
and, in our opinion, can be accounted for by exactly the 
same processes as were described above for proton- 
conducting ceramics. 


‘The sonoluminescence phenomenon, when certain 
liquids start shining if weak ultrasound is run through 
them, also looks very mysterious. No satisfactory 
explanation has so far been found for this experimentally 
proved phenomenon, discovered by Moscow University 
Professor S.N, Rzhevkin in 1933. As Nobel Prize winner 
Professor Yulian Schvinger said, “it has no right to exist, 
but it does exist” [38]. This phenomenon can also be 
explained from the above-mentioned positions. 


‘There are also heat generators (Yu. Potapov [21-23], 
Moldavia, James J.Griggs [28], and Huffman [29], 
Schaffer - USA). In them many cavitating bubbles are 
formed during circulation of ordinary water, in which 
excessive energy is generated, with the output to input 
energy ratio approaching 1.7. In these experiments and 
plants no chemical or nuclear reactions can take place, 
and thousands of Potapov's heat generators have been 
manufactured for heating homes. In such devices (they 
are very different in appearance) a great number of 
cavitating bubbles are created in a flow of water. This 
is achieved either with the help of interrupting the water 
flow with a special rotor (J.Griggs, Huffman, Schaffer), 
or the water flow is twirled by a special helix and then 
enters the zone of sharp dilation, where cavitating 
bubbles are formed (Yu. Potapov). In general, it should 
be said that cavitation remains a great puzzle for 
theoretical hydrodynamics and science. For example, 
forged multi-ton screw propellers of big nuclear 
submarines under certain operation modes and 
geometry of the surrounding forms can be destroyed 
by cavitation within only a few hours. It happens 
because of huge energy generated in cavitating 
bubbles. 


‘Under certain values of phase and energy, a particle in 
the pit, each time reflecting from the walls, will have a 
greater velocity than that of a falling particle (this is 
within the uncertainty relation), and after many 
reflections will accumulate a fairly big energy which 
will be generated in the form of heat or bremsstrahlung 
when the pit is destroyed, and, finally, the energy of 
the oscillations of such a particle accumulated in the 


How to Install Wallboard on Flat Ceilings 


‘Snap a chalk line perpendicular to the Measure to make sure the frst pane! will break on the center ofa Joist. 

joists, 48%" from the starting wall necessary cut the panel on the end that abuts the side wall so the panel breaks on 
the next farthest joist. Load the panel onto a rented drywall it, or use a helper, and 
lft the pane! fat against the joists. 


Drywall stilts bring you 
within reach of ceilings, so 


Position the panel with the leading ——_—After the first row of panels is. you can fasten and finish 
edge on the chalk ine and the end installed, begin the next row with a halt the drywall without a ladder, 
centered on a joist. Fasten the panel panel, This ensures that the butted end Stits are commonly available 
\with appropriately sized screws driven _joints will be staggered between rows. at rental centers and are 
every 12" along the joists. surprisingly easy to use 
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How to Install Wallboard on Walls 


Plan wallboard placement so joints 
do not fall at the comers of doors or 
windows, Wallboard joints at corners 
often crack and cause bulges that 
interfere with miter joints in window ar 
door tim. 


—_ 


~ 


With a helper or a wallboard lift, 
hoist the first panel tight agains 
celing, making sure the side edge fs 
centered on a stud. Push the panel flat 
‘against the framing and clive the starter 
screws to secure the panel, Make any 
cutouts, then fasten the field ofthe pane! 
with crywall riven every 12" 


Measure, cut, and install the 

remaining panels along the upper wal 

Bevel panel ends slightly, leaving a Y 

ap between them at the joint, Butt 

ts can also be installed using back 
255. 


Measure, cut, and install the bottom row, butting the panels 
tight to the upper raw and leaving a 7" gap at the floor. Secure 
to the framing along the top edge using the starter screws, 


then make all cutouts before fastening the rest of the pane! 
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ynen installing wallboard vertically, cut each panel 
so i's * shorter than the celing height to allow for expansion. 
(The gap will be covered by base molding) Avoid placing 
tapered edges at outside corners; they are dificult to finish 


| How to Install Wallboard at Inside Corners 


1 2 


How to Tape Wallboard Joints 


Apply a thin layer of wallboard compound over the jo 
a4" or 6" wallboard knife. To load the knife, dip it into a 
filed with wallboard compound. 


with Press the wallboard tape inta the compound immediately, 
n ‘centering the tape on the joint. Wipe away the excess compound 
smooth the joint with a 6" knife, Let dry overnight. 


Use premixed wallboard compound for most 
taping and finishing jobs to eliminate mixing, 
Apply a thin finish coat of compound with a 10" wallboard Use paper wallboard tape when using premixed 
knife. Allow the second coat to dry and shrink overnight, Apply ‘wallboard compound. 

the last coat and let it harden slightly before wet-sanding 
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| How to Finish Inside Corners 


_ 
\ * 


Fold a strip of paper wallboard tape in hal by pinching Position the end of the folded tape strip 9 of the 
the strip and pulling it between thumb and forefinger. Apply @ joint and pre Wet compound with the knife, 
thin layer of w ish as described in step 3 


Tip» J 


Position corner bead on outside Cover the corner bead with three ‘Sand joints lightly after 
‘wallboard compound dries. Use 
6° oF 10" wall ‘a pole sander to reach high 
dry and shrink overnight before areas without a ladder, Wear a 
(Some corner beads a the next coat. Smooth the final coat ‘dust mask when dry-sanding, 
wallboard compound.) with a wet sander 


ecause most of a plumbing system is hidden inside 
walls and floors, it may seem to be a complex 
maze of pipes and fittings. In fact, home plumbing is 
simple and straightforward. Understanding how home 
plumbing works is an important first step toward doing 


routine maintenance and money-savin 


repairs, 
A typical home plumbing system includes three 
basie parts: a water supply system, a fixture and 
appliance set, and a drain system, These three parts 
can he seen clearly in the photograph of the cut-away 


house on the opposite f 


Fresh water enters a home through a main supply 
line (1), This fresh water source is provided by either 
1. municipal water company ora private underground 
well. If the source isa municipal supplier, the water 
passes through a meter (2) that registers the amount 
‘of water used. A family of four uses about 400 gallons 
of water each day 
Immediately after the main supply enters the 

house, a branch line splits off (3) and is joined to a 
water heater (4). From the water heater, a hot water 
Tine runs parallel to the cold water line to bring the 


water supply to fixtures and appliances throughout 


the house. Fixtures include sinks, bathtubs, showers, 


and laundry tubs. Appliances include water heaters, 
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WW! Understanding Plumbing 


dishwashers, clothes washers, and water softeners 
Toilets and exterior silleocks are examples of fixtures 
that require only a cold water line 

The water supply to fixtures and appliances is 
controlled with faucets and valves. Faucets and valves 
have moving parts and seals that eventually may wear 
out or break, but they are easily repaired or replaced, 

Waste water then enters the drain system, It first 
must flow past a drain trap (5), a 
pipe that holds standi 


gases from entering the home. Every fixture must have 


shaped piece of 


water and prevents sewer 


a drain trap. 

The drain system works entirely by gravity, 
allowing waste water to flow downhill through a series 
of large-diameter pipes. These drain pipes are attached 
to a system of vent pipes. Vent pipes (6) bring fresh 
air to the drain system, preventing suction that would 
slow or stop drain water from flowing freely. Vent pipes 
usually exit the house at a roof vent (7) 

Ail waste water eventually reaches a main waste and 
vent stack (8). The main stack curves to hecome a sewer 
line (9) that exits the house near the foundation, In a 
municipal system, this sewer line joins a main sewer 
line located near the street. Where sewer service is not 


available, waste water empties into a septic system 


Water meters and main shutoff valves 
ed where the main water sup, 


theh 


f your local municipal 
water meter leaks, o 
you suspect itis not functioning p 
all your water company for repairs 


Water Supply System 


Water supply pipes carry hot and cold water 
throughout a house. In homes built before 1960, the 
original supply pipes were usually made of galvanized 
iron, Newer homes have supply pipes made of copper. 
In most areas of the country, supply pipes made of rigid 
plastic or PEX are accepted by local plumbing codes. 

Water supply pipes are made to withstand the 
high pressures of the water supply system, ‘They have 
small diameters, usually 4" to 1", and are joined with 
strong, watertight fittings. The hot and cold lines run 
in tandem to all parts of the house. Usually, the supply 
pipes run inside wall cavities or are strapped to the 
undersides of floor joists. 


ol 


g 


In from municipal 
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Hot and cold water supply pipes are connected 
to fixtures or appliances, Fixtures include sinks, tubs, 
and showers. Some fixtures, such as toilets or hose 
bibs, are supplied only by cold water. Appliances 
include dishwashers and clothes washers. A relrig- 
erator icemaker uses only cold water. Tradition says 
that hot water supply pipes and faucet handles are 
found on the left-hand side of a fixture, with cold 
water on the right 

Because it is pressurized, the water supply 
especially true of 
galvanized iron pipe, which has limited 


system is prone to leaks, This is 


sistance 


to corrosion. 


Drain-Waste-Vent System 


Drain pipes use gravity to carry waste water away 
from fixtures, appliances, and other drains. This waste 
water is carried out of the house to a municipal sewer 
system or septic tank. 

Drain pipes are usually plastic or cast iron, In 
some older homes, drain pipes may be made of 
copper or lead. Because they are not part of the 
supply system, lead drain pipes pose no health hazard 
However, lead pipes are no longer manufactured for 
home plumbing systems. 

Drain pipes have diameters ranging from 1/4” 
to 4", These large diameters allow waste to pass 
through easily: 

Traps are an important part of the drain 
system. These curved sections of drain pipe hold 


standing water, and they are usually found near 


any drain opening. The standing water of a trap 
prevents sewer gases from backing up into the 
home, Each time a drain is used, the standing 
trap water is flushed away and is replaced by 
new water. 

In order to work properly, the drain system 
requires ait, Air allows waste water to flow freely 
down drain pipes. 

To allow air into the drain system, drain pipes 
are connected to vent pipes, All drain systems must 
include vents, and the entire system is called the 
drain-waste-vent (DWV) system. One or more vent 
stacks, located on the roof, provide the air needed 
for the DWV system to work 


Vent lines 


Drain lines 
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opper is the ideal material for water supply pipes 

It resists corrosion and has smooth surfaces that 
provide good water flow. Copper pipes are available 
in several diameters (page 314), but most home water 
supply systems use 14" or 4" pipe. Copper pipe is 
manufactured in rigid and flexible forms. 

Rigid copper, sometimes called hard copper, is 
approved for home water supply systems by all local 
codes, It comes in three wall-thickness grades: Types M, 
L, and K. Type M is the thinnest, the least expensive 
and a good choice for do-it-yourself home plumbing 


Rigid Type L usually is required by code for 
commercial plumbing systems. Because it is strong 
and solders easily, Type L, may be preferred by some 
professional plumbers and do-it-yourselfers for home 
use. Type K has the heaviest wall thickness and is 
used most often for underground water service lines 
Flexible copper, also called soft copper, comes in 
ades: Types Land K. Both are 
approved for most home water supply systems, although 


two wall-thicknes: 


flexible ‘Type L copper is used primarily for gas service 
lines. Because it is bendable and will resist a mile 


frost, Type L. may be installed as part of a water supply 


system in unheated indoor areas, like erawl spaces, 
Type K is used for underground water service lines. 

A third form of copper, called DWY, is used for drain 
systems, Because most codes naw allow low-cost plastic 
pipes for drain systems, DWV copper is seldom used 

Copper pipes are connected with soldered, 


see chart below). Always 


compression, of flare fittings 
follow your local cade for the cortect types of pipes 


and fittings allowed in your area. 


Copper Pipe & Fitting Chart» 


Rigid Copper 
Fitting Method 


Sodered yes | yes | ves | yes 
Compression ves | m0 0 10 
Flore cy mo | yes | yes 
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‘Type M| Type L | Type K| Type L.| Type 


WW! Working with Copper Pipe 


Soldered fittings, aiso called 
jain copper pipes. Correctly soldered fitings 
are strong and trouble-free. Copper pipe can also be joinet 
h compression fittings or flare fittings. Se 


Flexible Copper 


General Comments 


yes negesve shor, on route iting mathod. 
Requires some ski 


0 Nakes opis on elacement cosy 
‘Mare expensive than ober. Best usd on ible cope 


yes Use only with lvl copper pies. Usual sed as 0 
gsi fing. Requires some ski 


pit will always be transformed into heat in an ordinary 
solid body or a liquid. This physical idea immediately 
accounts for both sonoluminescence (although for 
sonoluminescence in general this mechanism is less 
primitive), and energy generation in proton-conducting 
ceramics, nickel during electrolysis in ordinary water 
(CETI element), and water bubbles of commercial heat 
generators. The theory predicts that the samples should 
be fissure due to increased pressure on the walls of the 
potential pit with the growth of energy, which fact also 
takes place, since both ceramic samples and nickel balls 
in the CETI element finally disintegrate. It is evidently 
for these reasons that any metal containing much 
hydrogen in its grid becomes fragile and is quickly 
destroyed, which fact is well known to engineers 


‘The small number of experiments does not so far allow 
for making concrete conclusions as to what particles 
generate energy in pits (microbubbles). Besides, for at 
least an electron to disappear a pit of about 0.5 MeV is, 
required, while in a solid body the pits are about several 
eV deep, and what seems to happen is only loss of 
kinetic energy, and not disappearance of particles. The 
fact that this process requires very deep potential pits, 
which do not exist in a solid body, does not change the 
essence of the matter. 


Of course, under ordinary conditions, both competing 
solutions usually take place at once: “maternity home” 
and “crematorium”, which compensate for each other 
and the energy is preserved. For energy generation, the 
“maternity home” solution should prevail. Both these 
processes take place simultaneously and compete with 
each other, but, formally, they are not connected in space 
and time. The complexity of the energy generation 
problem lies in suppressing the “crematorium” solution 
by a careful selection of different parameters and 
promoting the “maternity home" solutions. So far we 
cannot say for sure what the optimum dimensions of 
such cavitating bubbles are, or which object oscillates 
in them, because for this purpose special experiments 
are needed, which so far have not been staged. 


Of course, the inexorable Robber in the form of the 
Carnot principle stands in the way of transformation of 
the heat generated in a heat generator or ceramics into 
electrical or mechanic energy. In accordance with this 
principle, all mechanic or electrical energy can be 
‘transformed into heat, but the reverse process is always 
connected with big losses, 


If there are experiments and plants in which energy 
generation contradicting the conventional conservation 
laws is discovered, there should also exist opposite 
ones, where energy disappears completely, ie. the 
“crematorium” solution prevails. It proved to be true. 
‘There are such modes during electrolysis in electrolytic 
baths, under which the temperature of the solution in 
the bath is strongly reduced for unaccountable reasons, 
and this fact has no explanation at all. This phenomenon 
long ago was noted by attentive industrial engineers, 
and it is called the “bath-freezing” mode [49,50] 


Chinese physicist Swe-Kai Chen from Taiwan in his 
experiments [48] stably observed the same phenomena, 
It is quite easily explained: a particle with a velocity 
exceeding the most probable velocity in this distribution 
gets into caverns on electrodes and after some 
oscillations reduces its velocity, which becomes smaller 
than the most probable one, and then the particle leaves 
the cavern at a small speed, and the same process can 
happen to another energetic particle. This leads to the 
cooling of the cell in the case of such mass processes. 


‘The problem of ferromagnet magnetization (the Easing 
model) can also be reduced to the orientation of a 
magnetic doublet by the external magnetic field, and 
then it is essentially the harmonic oscillator equation 


with a slightly different return force (F = A and all 
the conclusions made earlier remain in eftdct. That is 
why magnetization should also produce energy 
generation effects. This proved to be true. For the 
general public everything began on May 17, 1996, when 
Frode Olsen from the research group “Free Energy” 
showed on the Norwegian TV (TV2) a surprising film 
about a “dynamic sculpture” made by artiat and 
sculptor Reidar Finsrud from Skaarer, Norway. The 
author of this “dynamic sculpture” had no idea about 
physics and had been malting it for 12 years. Einstein's 
{dea of how discoveries are made conveniently comes 
to mind at this point: everyone knows that a certain 
thing cannot be done, but there ia a man whe does nat 
Ienow it, and it Is he who makes the discovery. 


This “dynamic sculpture” accompanied by an 
“explaining” poster «perpetual mobile» represents an 
iron well-polished ball with a diameter of 2.7 inches 
weighing about 2 pounds. The ball is rolling along a 
circle on close guides resembling two parallel skids with 
a diameter of 25 inches past the poles of three 
permanent magnets, where it is magnetized. In the area 
of three permanent magnets three more mobile magnets 
are installed on special mobile 5-inch long levers, and 
these magnets, when the ball passes them, are slightly 
inclined (due to the ball gravitation) and, after the ball 
passes them, are raised by the holding springs (sway 
like yokes). The ball makes a complete turn in 3 seconds. 

Allthis magic (they say the ball had been rolling along 
the close contour for more than a year) does not have 
any sources of energy and is installed for everyone to 
see in a Norwegian picture gallery on a special stand 
covered with a glass cover. The authors only saw a good 
‘TV film about this installation and were mostly surprised 
at the fact that the ball had not stopped during 
uninterrupted shooting (about 20 minutes), 


We are well acquainted with circus tricks, but it is 
absolutely incomprehensible how such a trick could be 
staged using some secret methods. It is clearly seen 
that the ball in its movement always partially transfers 
its energy to the three long swaying pendulums, but 
there is no way to use them for pushing the ball and 
making up for friction, this being the only trick that 
could, in our view, be applied here. All the rest is clearly 
visible and contains nothing suspicious. 
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ASTM rating 


Diameter 


Grade stamp information inci 

wall-tickn nd a stamp of a 

(american Society for Testing and Materials) Type M pipe 
ied by red lettering, Type L by bl 


ing tubing 


side 


hat mate 
ine using a twisting 


motion. Bend pipe slowly unti it rea 


not me 


Fitting socket 


Elbow cut 
away to 
show depth 
of pipe 


Specialty tools and materials for working with capp 
include: flaring tools (A), emery cloth (@), cal-spring tubing 
bender (C), pipe joint compound (0), soldering paste (flu) (E), 
lead-free solder (FI, wire brush (G), flux brush (H), compres 


Fitting socket 


to show 
depth 
of pipe 


Length of pipe 


Find the length of copper pipe needed by measuring 
away). Mark the length on the pipe with a felt-tipped pen. 


ween the bottom of the copp: 


ting sackets (fitings 


}awn In 


Cutting & Soldering Copper 


The best way to cut rigid and flexible copper pipe is 
with a tubing cutter. A tubing cutter makes a smooth, 
straight cut, an important first step toward making a 
watertight joint. Remove any metal burrs on the cut 
edges with a reaming tool or round file 

Copper ean be cut with a hacksaw. A hacksaw is 
useful in tight areas Where a tubing cutter will not fit 
Take care to make a smooth, straight cut when cutting 
with a hacksaw. 

A soldered pipe joint, also called a sweated joint, 
is made by heating a copper or brass fitting with a 
propane torch until the fitting is just hot enough to 
melt metal solder. The heat draws the solder into the 
gap between the fitting and pipe to form a watertight 
seal. fitting that is overheated or unevenly heated 
will not draw in solder. Copper pipes and fittings must 
be clean and dry to form a watertight seal 


| Tools & Materials > 


Tubing cutter with Cloth 
reaming tip Adjustable wrench 
(or hacksaw Channel-type pliers 
and round file) Copper pipe 
Wire brush Copper fittings 
Fluy brush Emery cloth 
Propane torch Soldering paste (flux) 
Spark lighter Shenitesl Protect wood from the heat ofthe torch flame while 
soldering, using a double layer (two 18" x 18” pieces) 
(or matches) Lead-free solder of 26-gauge sheet metal. Buy sheet metal at hardware 
Round file Rag stores or building supply centers and keep it to use with all 


soldering projec 


Soldering Tips > 
~~ J 


‘Torch valve 


Use caution when soldering copper. Pipes and Prevent accidents by shutting off propane 
fittings become very hot and must be allowed to c torch immediately after use. Make sure valve is 
before handling closed completely. 
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How to Cut Rigid & Flexible Copper Pipe 


Cutting 
‘wheel 


Roller 


Place the tubing cutter over the pipe ani tighten the ‘Turn the tubing cutter one rotation so that the cutting 
s on both ralers, and the cutting whee! scores a continuous straight line around the pipe, 


Reaming 
point 


Rotate the cutter in the 


Remove sharp metal burrs from the inside edge of th 


sing the reaming point on the tubing cutter, or a 


How to Solder Copper Pipes & Fittings 


Clean the end of each pipe by Clean the inside of each fitting Apply a thin layer 
by SCOUTIN 


th. Ends must 


Apply a thin layer of flux to th Assemble each joint by 


enting the Use a clean dry cloth to rer 
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Prepare the wire solder by unwinding Open the gas valve a Adjust the torch valve ur 
lighter to ignite the torch. portion of the flame is 1” ta 2" long 


8" to 10" of wire from spool. Bend the 


first 2" ofthe wire to @ 90° angle 


Move the torch flame back and fortk 
and the fitting to heat the area evenly 


pe Heat the other side of the copper fitting to ensu/ 
Is distribute older will me 
en the pipe is atthe right temperature 


en. Tauch solder to pi 


When solder melts, remove thy 
der into nt C 


Valves should be fully open during all stages of th To prevent valve damage, quickly heat the pipe end the 
" : f the valve, not ti 


soldering prc 
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How to Take Apart Soldered Joints 


Fitting 


Use channel-type pliers to separate the pipes 
he fitting 


WW! Working with Plastic Pipe 


(7 ut rigid ABS, PVC, or CPVG plastic pipes with, 
\atubing cutter or with any saw. Cuts must be 
straight to ensure watertight joints 

Rigid plastics are joined with plastic Fittings and 
solvent glue. Use a solvent glue that is made for the 
type of plastic pipe you are installing, For example, 
ABS solvent on ABS pipe. Some solvent glues, called 
“all-purpose” or “universal” solvents, may be used on 


all ypes of plastic pipe, but ereate an inferior bond, 

Solvent glue hardens in about 30 seconds, so 
test-fit all plastic pipes and fittings before gluing the 
first joint. For best results, the surfaces of plastic pipes 
and fittings should be dulled with emery cloth and 
liquid primer before they are joined, 

Liquid solvent glues and primers are toxic and 
flammable. Provide adequate ventilation when fitting 
plasties, and store the products away from any source 


of heat, 
Plastic grip Fittings can be used to join rigid or 
flexible plastic pipes to copper plumbing pipes 


Tools & Materials > 


Tape measure Plastic pipe 
Felt-tipped pen Fittings 
Tubing cutter Emery cloth 
(or miter box Plastie pipe primer 
‘or hacksaw) Solvent glue 
Utility knife Rag 
Channel-type pliers Petroleum jelly 
Gloves Solvent welding isa chemical bonding process used to 


permanentiy join PVC pipes and fittings. 


Primer and solvent glue are specific to the plumbing material being used. Do nat use all-purpose or muiti-purpase products. 
Light to medium body glues are appropriate for DIYers as they allow the longest working time and are easiest to use. The products 
‘work best when fresh, so buy small containers and dispose of any unused product after a few months. 
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| How to Cut Rigid Plastic Pipe 


Elbow cut away 
to show depth of fitting 


Fitting soc! 


Find the length of plastic pipe needed by measuring between the bottoms of the fitting sockets (fittings shown in cutaway) 
Mark the length on the pipe with a fet-tipped pen, 


The best cutting tool for plastic pipe is @ power miter saw A ratcheting plastic-pipe cutter can cut smaller diameter 

with a fine tooth Woodworking blade or a plastic-specific blade, PVC and CPVC pipe in a real hurry. If you are plumbing a whole 
house you may want to consider investing in one, They also 
are sold only at plumbing supply stores. 
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How to Solvent-Glue Rigid Plastic Pipe 


Fitting sockets 


Remove rough burrs 07 cut ends of plastic pipe, us 
lity knife 


Test-fit all pipes and fittings. Pipes should fit tightly against 


ee 7 


Mark the depth of the fitting sockets on the pipes. Tak= 
pipes apart, Clean the ends of the pipes and fitting sackets 


Apply a light coat of plastic pipe primer ids of 
f the fitting sockets. Primer dull 
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Let us estimate the generated energy. At an initial speed 
of about 1m/s the ball stops after 30 seconds, if all the 
magnets are removed. It means that the energy 
consumed in 30 seconds is about 0.5 joules, or 1/60 Watt. 
‘The total energy generated in a month is 43,200 joules, 
and this is huge energy, much greater than that of a 
good shell! 


It is clear (if the word is relevant here at all) that when 
the ball is approaching the permanent magnet and the 
process of magnetization is going on, it is accelerated, 
but when it mechanically gets past the equilibrium 
position and, moving away from the magnets, becomes 
demagnetized, the gravitation (which now starts 
slowing the ball down) will be slightly less than it was 
at the moment of the ball's acceleration. This small 
difference in forces provides for small positive work to 
overcome friction. Energy generation and similar things 
during magnetization had been predicted by one of the 
authors in magazines Infinite Energy vol.1, No.2, p.38, 
(1995); Proceedings of the ICCFS, p.361, April 9-13, 
(1995), Monte-Carlo; Cold Fusion, No 11, p.10, (1995); 
Chinese Journal of Nuclear Physics (vol. 19, 12, 1997), 

‘The quantum-mechanic processes are very complicated, 
but some of them can be understood. 


All keen physicists were quick to understand it, and J. 
‘Naudin in France made a similar, but much simpler 
experiment. A ball of a soft magnetic material is 
swaying along parallel U-formed skids in a system of 
four magnets. Near the bottom of the U-form there is a 
small smooth step. It may have been made to make the 
magnetization and demagnetization processes different 
in time, which is very important. Ifthere are no magnets, 
nothing interesting happens and oscillations are quickly 
(ina few seconds) damped. If the magnets are present, 
oscillations go on up to 3 hours 27 minutes. It appears 
that in this case the author failed to find good material 
and parameters of the plant, so friction was not 
compensated completely. In all these experiments 
demagnetization of permanent magnets does not 
happen, because the experiment is repeated many times 
with the same results. 


And now a few vague words about demagnetization 
processes. During magnetization of the ball, the 
magnetic moments of its atoms are oriented (like the 
hands of a compass) along the field lines. When the 
ball leaves the magnetic field area, the atom magnetic 
moments are disoriented under the influence of the heat 
motion, and it becomes demagnetized. In the unitary 
quantum theory the share of the oriented magnetic 
moments in the external field can be bigger than in the 
conventional quantum mechanics (the “maternity 
home” solution), and the ball gravitation can be stronger 
due to it. Disorientation of these moments happens 
similarly in both theories. It seems to be for this reason 
and due to the difference in magnetization and 
demagnetization time that a difference in magnetic 
forces occurs when the ball approaches the magnet or 
moves off from it. 


Page 272 


‘The scientists of the older generation will remember 
that a similar toy was shown in the 30's to David Gilbert, 
who said it was the most interesting thing he had ever 
seen. A question arises as to why it has not yet been 
realized. We do not know a physical-mathematical 
answer to this question, and it is not our task to analyze 
the social reasons of this phenomenon. Japan has a 
different mentality, and there is a governmental program 
for generating energy from permanent magnets. 
‘Takahashi [51] even seems to have made an electric 
engine with an efficiency of up to 318%! 


Still more mysterious is the long-known problem of 
energy shortage in many biochemical reactions with 
ferments (enzymes). For example, in the well-studied 
reaction of disintegration of polysaccharides in the 
presence of lysozyme the following happens: a 
polysaccharide molecule gets into a special cavern ina 
big lysozyme molecule, and some time later its debris 
are thrown out of it (Fig. 6). The broken binding energy 
of the polysaccharide is about 3 eV, while the energy of 
the heat movement is only 0.024 eV. From the standard 
science point of view, it is absolutely unclear where 
lysozyme takes the energy to break the polysaccharide. 
No satisfactory mechanism for explanation of such 
reactions (and they are very numerous) was found, and 
all this was “swept under the carpet”, as physicists 
say. The UQT provides for a completely new look at the 
catalytic processes, which has an incomprehensible 
source of energy reducing the molecule activation 
energy. From our point of view, this process is a variant 
of the “maternity home” solution for oscillator. 


stein wall___ mobi 


“ett 


Cag 


Fig.6. Break of polysaccharide molecule by lysozyme, 


‘The most surprising thing is that in all the cases 
generation of excessive energy cannot be accounted for 
by chemical reactions or phase passages. If nuclear 
reactions do sometimes happen (which should not be 
according to modem science), they can account for only 
ahundredth or a thousandth share of the generated heat 
energy. There is no doubt that all these are effects of 
new physics, for in the framework of the old physics all 
this is simply unexplainable. 


But the existence of a plant that produces out of nothing 
about 10 kilowatt of direct current electric energy with 
a voltage of 300 V seems nearly impossible. The story 
was described by one of the authors in three different 
magazines, and we will just give a brief resume [52- 
54] 


In summer 1999, at the invitation of Swiss physicists 
(Director of the Institute of New Energy Sources in 
Egerkinhen Adolph Schneider), one of the authors 


Solvent-glue each joint by applying @ thick 
glue to the end of the 
surface of the 

in about 30 s 


ive Quickly position the pipe and fitting so thatthe alignme 
he pipe into the fitting 


Spread solvent by twisting the pipe until the marks are Wipe away excess solvent glue with a rag. Do rat distur 
i, Hold the pipe in place he joint for 30 minutes after gluing, 
aint from slipping, 


WW! Working with PEX Pipe 


6B 


(~ross-linked polyethylene (PEX) is growing quickly 

in acceptance as a supply pipe for residential 
plumbing, It's not hard to understand why. Developed 
in the 1960s but relatively new to the United States, 
this supply pipe combines the ease of use of flexible 
tubing with the durability of rigid pipe. It can 
withstand a wide temperature range (from subfreezing 
to 180° F); it is inexpensive; and it's quieter than rigid 
supply pipe 

PEX is flexible plastic (polyethylene, or PE) 

tubing that’s reinforced by a chemical reaction that 
creates long fibers to increase the strength of the 
material. It has been allowed by code in Europe and 
the southern United States for many years, but has 
‘won approval for residential supply use in most major 
plumbing codes only recently, It’s frequently used in 
manufactured housing and recreational vehicles and 
in radiant heating systems. Because it is so flexible, 


PEX can easily be bent to follow comers and make 


in direction. From the water main 


and heater, it s connected into manifold fittings that 
redistribute the water in much the same manner as a 
lawn irrigation system. 
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For standard residential installations, PEX can be 
joined with very simple fittings and tools. Unions are 
generally made with a crimping tool and a crimping 
ring, You simply insert the ends of the pipe you're 
joining into the ring, then clamp down on the ring 
with the crimping tool. PEX pipe, tools, and fittings 
can be purchased from most wholesale plumbing 
suppliers and at many home centers, Coils of PEX are 
sald in several diameters from \s" to 1", PEX tubing, 
and fittings from different manufacturers are not 
interchangeable. Any warranty coverage will be voided 
if products are mixed, 


_ Tools & Materials> 


Manifolds 
Protector plates 
PEX fittings 
Utility knife 
Plastic hangers 
Grimp ring 


Tape measure 
Fel-tipped pen 
Full-cirele crimping tool 
Gofno-go gauge 
Tubing cutter 

PEX pipe 


PEX pipe is relatively ne supply 
material wing in popularity 

in part b an be installed with 
nical connections. in this 
example, we see a standard 4-outlet 
‘apper manifold, with branch water lines 
being attached with a crimping tool 

To ensure leak-free joints, each joint is 
Carefully measured with a go/no-go too! 
before the water is turned on, 


PEX Tools & Materials 


‘Specialty tools for installing PEX are available wherever PEX is sold. The basic set includes a ful-circle crimping tool (A), a tubing 
cutter (B), and @ go/no-go gauge (C) to test connections after they've been crimped 


PEX is connected to other water supply materials with Generally, you should use the same diameter PEX as is 

transition fittings, including CPVC-to-PEX (A), copner-to-PEX (B), specified for rigid supply tubing, but in some "home run 

and iran-to-PEX (C), installations (see page 72) you can use sh" PEX where 7" rigid 
‘copper would normally be used, 


niques 60 


| PEX Installation 


Check with your local plumbing inspector to verify 
that PEX is allowed in your municipality, PEX has 
been endorsed by all major plumbing codes in North 


America, but your municipality may still be usin 


older set of codes, Follow the guidelines below when 
installing PEX 


© Do not install PEX in above-ground exterior 


applications because it degrades quickly from 
UV exposure 
© Do not use PEX for g 


© Do not use plastic solvents or petroleum-based 


products with PEX (they ean dissolve the plastic) 


Keep PEX at least 12" away from recessed light 


fixtures and other potential sources of high he 


Do not connect PEX directly to a water heater. Use metal 


‘onnector tube: 
water before 
already conne 


fer the cont 
aching PEX 
t0 PEX lines. 


oF tubes to 


f metal 
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Do not attach PEX directly to a water heater. 


Make connections at the heater with metallic 


tubing (either flexible wate er connector 


tubing or rigid copper) at least 18" long; then join 
it to PEX with a transition fitt 


Do not install PEX in areas where there isa possibility 


cof mechanical damage or puncture. Always fasten 
protective plates to wall studs that house PEX 
Always leave some slack in installed PEX lines to 
allow for contraction and in case you need to cut 
off a bad crimp. 


Use the same minimum branch and distribution 


supply-pipe dimensions for PEX that you'd use 
for copper oF CPVC, according to your local 
plumbing codes. 


| Buying PEX 


Color coding isa practice many PEX manufacturers have 
embraced to make identification easier. Because the material is 
identical except fr the color, you can buy only ane calor (ed is 
‘more common) and use it for both hot and cold supply lines. 


PEX combines the flexibility of plastic tubing wit the 
durability of rigid supply pipe. It's sold in calls of common 
supply-pipe diameters. 


| The PEX Advantage > 


EX supply tubing offers a number of advantages over 
traditional rigid supply tubing: 


‘+ Easy to install. PEX does not require coupling joints 
or long runs or elbows and sweeps for turns, The 
mechanical connections do not require solvents 
or soldering. 

‘© Easy to transport Large coils ae lightweight and 
‘much easier to mave around than 10-f. lengths 
of pipe. 

‘+ Good insulation, The PEX material has better thermal 
properties than copper for lessened heat loss. 


General Codes for PEX> 


PEX has been endorsed for residential use by all major 
bulling codes, although some municipal codes may be 
more restrictive. The specific design standards may also 
vary, but here are some general rules: 


‘+ For PEX, maximum horizontal support spacing is 32" 
and maximum vertical support spacing is 10 ft. 


Quiet. PEX will not rattle or clang from trapped air or 
kinetic eneray. 

‘Good for retrofit obs. PEX is easier to snake through 
‘walls than rigid supply tubing and is compatible with 
‘Copper, PVG, or ron supply systems ifthe correct 
transition fittings are used. f your metal supply tubes 
‘ae used to ground your electrical system, you'l 
‘eed to provide a jumper if PEX is installed in midrun, 
‘Check with a plumber or electrician, 

Freeze resistance, PEX retains some flexibility in 
sub-freezing conditions and Is less likely to be 
damaged than rigid pipe, but itis not frostproof 


‘Maximum length of individual istrioution fines 1s 60 ft. 
EX is designed to withstand 210° F water for up 

to 48 hours. For ongoing use, mast PEX is rated for 
+180 degree water Up to 100 pounds per square inch 
of pressure, 

Directional changes of more than 90 degrees require 
‘2 guide fiting (see page 75), 
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| system Designs 


Trunk-and-branch systems are configured in much the Home run systems rely on ane or two central manifolds to 
‘some way as a traditional rigid copper or PVC supply systems. distribute the hat and cold water very efficiently Eliminating 
‘A main supply line the trunk line) carries water to al of the the branch fitings allows you to use thinner supply pipe in 
outlets via smaller branch lines that tie into the trunk and some situations. 


serve a few outlets in a common location. 


_ Choosing a PEX system > 


‘= For maximum single-foture water pressure: 
Trunk and branch 

For economy of materias: Trunk and branch or 
remote manifold 

‘= For minimal wait times for hot water (single 
fixture); Home run 

‘= For minimal wait times for hot water (multiple 
fixtures used at same approximate time): Trunk 
‘and branch or remote manifold 

‘= For ease of shutoff control: Home run 

‘+ Forlawest number of fittings and joints: 
Home run 


Remote manifold systems are a hybrid between traditional 
‘runk-and-branch systems and home run systems Instead 

of relying on just one or two manifolds, they employ several 
smaller manifolds downline from a larger manifold, Each smaller 
‘manifold services a group of fixtures, sina bathroom or kitchen, 
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How to Make PEX Connections 


Inspect the cut end to mak 


Insert the barbed end ofthe fiting Align the jaws ofa ful/-circle crimping Test the connection to make sure it 
into the pipe unti it is snug against the imp ri s 


How to Plumb a PEX Water-Supply System 


‘A manifold may be attached vertically or horizontally, 
a ers screwed 


hored with correctly sized hang 
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Starting at each fixture (and leaving at least 12" of extra ‘Support the pipe with a plastic hanger near every floor or 
posed), run appropriately sized PEX through holes in cceling and midway up vertical runs. Also use ha 
he pe near the beginnings and ends o 
pl side for sharp curv 
arply that it kinks. 


the framing to the manifolds. Pipes may be bund 


tthe 


a naling plate 
Jack in th 


Cut each branch supply line to length ( 
most manifo ith preattached valves) 
a short length of PEX and a plug to seal any unused outlets (i 


WH! Planning New Plumbing 
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(tant planning by drawing maps. Mapping your 
O home's plumbing system is a good way to 
familiarize yourself with the plumbing layout and ean 
help you when planning plumbing renovation projects 
With a good map, you can envision the best spots for 
new fixtures and plan new pipe routes more efficiently 
Maps also help in emergencies, when you need to 
locate burst or leaking pipes quickly 

Draw a plumbing map for each Moor on tracing 
paper, so you ean overlay floors and still read the 
information below, Make your drawings to scale and 
have all plumbing fixtures marked, Fisture templates 
and tracing paper are available at drafting supply stores. 


‘Snoop around your basement for clues about the locations 
Cf supply, drain, Vent, and gas pipes in your walls. 
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Elbow, 90° a Eibow, 
-aweep 80" 
o+— Bow ¢— Etbow, facing 
e+ e+ 
T, outlet 7, outlet 
‘feoing up facing down 


sts — I 1 4 
= ee 
5 8 


Use standard plumbing symbols on your map to identity 
the camponents af your plumbing system. These symbols wil 
help you and your building inspector follow connections and 
transitions more easily 


visited several research organizations. It is interesting 
‘that there is such an institute in small Switzerland, and 
there is none in big Russia. The purpose of the invitation 
was very simple: to explain the operation of a plant 
generating energy out of nothing, ie. a perpetual mobile. 
In Switzerland such plants are called Testatik Machine 
M/L Converter from religious group «Methernitha» 
(Address: Methernitha, CH-3517 Linden, Switzerland, 
phone: ++41 3197 11 24). 


Such machines exist today in the Swiss town of Linden 
near Bern. Part of the town belongs to the Religious 
Christian Community, which is fenced and heavily 
guarded. There are about 250 members of the 
Community, many of them are physicists, graduates of 
the universities of Geneva, Lozanne, Bern. It is not only 
a research laboratory, they have their own TV center, a 
film studio, a small furniture plant, shops, garages, 
residential blocks, and support services. You will 
probably have guessed that this community does not 
consume any energy, and this is the most accurate fact 
in the whole story, for the inquisitive journalists have 
found out that no money from them comes to the 
accounts of the local power station, which provides 
power for all the town. In a cellar of one of the houses 
they have a power station that produces energy... out 
of nothing. The author of this inexhaustible source of 
free direct current energy is Swiss physicist Paul 
Baumann. Let us briefly describe these fantastic plants: 
they are of four types (sizes) with capacities of 0.1, 0.3, 
3.and 10 kWt. Externally, the plant resembles very much 
the standard electrostatic machine with Leyden jars 
often used in physical demonstrations. There are two 
acryl disks with 36 pasted narrow sectors of thin 
aluminum, which rotate in different directions. In the 
first samples ordinary gramophone records were used 
for disks, The machine is started by pushing the disks 
in different directions by fingers. The rotation speed is 
50-70 turns per minute. After the start disks rotate 
independently and can be easily stopped by hand, the 
direct current voltage is about 300-350 V, and the current 
is up to 30A. The mechanical energy used for rotation 
(only 100 mWt, according to measurements made by 
Austrian Professor S. Marinov) is hundreds of thousand 
times smaller than the generated electrical energy. The 
biggest plant for 10 kWt has plastic disks with a 
diameter of over 2m, the smallest one ~ 20 cm, the 
weight of the plants is small enough, the 3-kWt machine 
weighing about 20 kg. 


‘The charge separation process (which consumes 
energy!) practically does not slow down the disks 
Connection of a load in the form of a 200-Wt bulb does 
not change the rotation speed either. No cooling or 
heating of the air or machine parts during long operation 
takes place, only a slight smell of ozone is felt. The 
system is noiseless, compact, environment-friendly, and 
can be installed anywhere. 


‘The Community management thinks, and quite rightly, 
that wide spread of such systems in the world will lead 
to a heat explosion, because all the energy generated 
by the mankind finally finds itself in an energy dump 


(is transformed into heat), and all this can finally lead 
to overheating of the environment. They absolutely do 
not believe (and not without grounds) in the capability 
of the mankind as a whole to negotiate reasonable use 
of this invention, and they think that the harm caused 
by it will be greater than from nuclear, bacteriological, 
or conventional weapons. Their main idea for the 
mankind is to live in balance with the environment and 
to make full use of the energy of the wind, the sun, the 
water, etc. For this reason the Community is heavily 
guarded, and they are not going to donate their main 
discovery to the mankind. 


Professor Stephan Marinov visited the Community twice 
(in July 1988 and in February-March 1989). He was even 
given such a plant with a capacity of 100 Wt (300 V, 
0.3A), which he studied in his laboratory. As far as we 
now know, even the inventor of this machine does not 
fully understand its operation principle, so he contacted 
Marinov out of sheer curiosity of a scientist. 


In 1989 Professor Marinov published a book “Thorny 
Path to Truth ~ Documents of Violation of Conservation 
Laws” in International Publishers East-West. The book 
contains a lot of photos, a measurement report, and a 
description of the plant. He also organized a research 
group called “Free Energy" within the Community 
(Methernitha Group Stephan Marinov Free Energy). 


There are very interesting words in this book: “I can 
state without any doubts that this machine is a classical 
perpetual mobile in its pure form. After the initial push, 
it goes on rotatingby itself for an indefinitely long time, 
constantly producing electrical energy in the amount 
of 100 Watt... It is still unclear, however, how it all can 
happen...”. As far as we know, nobody has managed 
to build a similar plant elsewhere. 


We have an approximate idea of how the plant operates. 
The idea is as simple and ingenious as that of the wheel, 
which is absent from the surrounding nature, so the 
inventor could not borrow the idea. We will just show 
that the existence of such a plant is in full conformity 
with the UOT. It is natural that the plant operates on 
the basis of the charge separation principle. Let us have 
two metal spherical surfaces with a hole, isolated from 
the earth and from each other. If, with the help of an 
insulated stick, we transfer the first electron from Ball 
A to the internal surface of Ball B through the hole, a 
difference of potentials will occur, and if we transfer 
the second and the subsequent electrons, Ball A will 
attract the transferred charge, while Ball B will repulse 
it, and energy will have to be spent during the transfer 
of charges (Fig. 7). 


Let us remind you that under the existing circulation 
theorem (16), the charge transfer work will consume 
the same amount of energy as will later be generated 
during the passage of electric current resulting from 
charge separation. But in the UOT the circulation 
theorem (16) for an individual elementary charge is not 
valid. Thus, we can select the time and route, along 
which the charge will be transferred in such a way, that 
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| Understanding Plumbing Codes 


‘The plumbing code is the set of regulations that 
building officials and inspectors use to evaluate your 
project plans and the quality of your work. Codes 
vary from region to region, but most are based on the 
National Uniform Plumbing Gode, the authority we 
used in the development of this book. 

Code books are available for reference at 
bookstores and government offices. However, they 
are highly technical, dfficult-to-read manuals. More 
user-friendly for do-it-yourselfers are the variety of 
code handbooks available at bookstores and libraries. 
‘These handbooks are based on the National Uniform 
Plumbing Code but are easier to read and include 
many helpful diagrams and photos. 

Plumbing code handbooks sometimes diseuss 
nt plumbing “zones” in an effort to 
accommodate variations in regulations from state 
to state he states included in each zone are 
listed below. 

Zone 1: Washington, Oregon, California, 
Nevada, Idaho, Montana, Wyoming, North Dakota, 
South Dakota, Minnesota, lowa, Wisconsin, 
Nebraska, Kansas, Utah, Arizona, Colorado, New 
Mexico, Indiana, parts of Texas 

Zone 2: Alabama, Arkansas, Louisian 
nessee, North Carolina, Mississippi, Georgia, 
Florida, South Carolina, parts of Texas, parts of 
Maryland, parts of Delaware, parts of Oklahoma, 
parts of West Virginia. 

Zone 3: Virginia, Kentucky, Missouri, 

Illinois, Michigan, Ohio, Pennsylvania, New York, 
Connecticut, Massachusetts, Vermont, New 
Hampshire, Rhode Island, New Jersey, parts of 
Delaware, parts of West Virginia, parts of Maine, 
parts of Maryland, parts of Oklahoma. 

Remember that your local plumbing code always 
supersedes the national code. Local codes may be 
more restrictive than the national code. Your local 
building inspector is a valuable source of information 


three dif 


and may provide you with a convenient summary sheet 


of the regulations that apply to your project 


The plumbing inspector is the final authority when it comes 
to evaluating your work. By visually examining and testing your 
new plumbing, the inspector ensures that your work is safe 
and functional 
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GETTING A PERMIT 

‘To cnsure publie safety, your community requires 
that you obtain a permit for most plumbing proj- 
ects, including most of the projects demonstrated in 
this book. 

When you visit your city building inspection 
office to apply for a permit, the building official will 
‘want to review three drawings of your plumbing 
project: a site plan, a water supply diagram, and 
a drain-waste-vent diagram, These drawings are 
described on this page. If the official is satisfied that 
your project meets code requirements, he or she 
‘ill issue you a plumbing permit, which is your legal 
permission to begin work. The building official also 
will specify an inspection schedule for your project 
As your project nears completion, you will be asked to 
arrange for an inspector to visit your home while the 


pipes are exposed to review the installation and ensure 
its safety. 

Although do-i-yourselfers often complete 
complex plumbing projects without obtaining a permit 
or haying the work inspected, we strongly urge you 
to comply with the legal requirements in your area. A 
flawed plumbing system can be dangerous, and it ean 
potentially threaten the value of your home 


specs 
= 
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| 
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The supply riser diagram shows the length of the hot and 
ccold water pipes and the relation of the fixtures to one another 
‘The inspector will use this diagram to determine the proper 
size for the new water supply pipes in your system, 
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‘The site plan shows the lacation of the water main and sewer 
‘main with respect to your yard and hame, The distances from 
your foundlation to the water main and from the foundation to 
the main sewer should be indicated on the site plan, 


it 


da 


A DWV diagram shows the routing of drain and vent pipes in 
your system, Make sure to indicate the lengths of drain pipes 

and the distances between fixtures. The inspector will use 

this diagram to determine if you have properly sized the drain 
traps, drain pipes, and vent pipes in your project. 


| Sizing for water Distribution Pipes 


Fixture __Unitrating _—Size of —‘Size of ‘Maximum length (ft.)— 

ay 5 service distribution total fixture units 
ee we ¢ SL 
Qohnb w i a eT 
Usui = 1 “0 % 8 8 2 
Midoniok OD iE o 7 © % 0 8 
a we wow 6 
(2 

CE ee 


Water distribution pipes are the main pipes extending from the water meter throughout the house, supplying water to the branch 
pipes leading to individual fixtures. To determine the size ofthe distribution pipes, you must frst calculate the total demand in "fixture 
units" (abave, lef) and the overall length of the water supply line, from the street hookup through the water meter and to the most 
istant fixture in the house. Then, use the second table (above, middle) to find the minimum size for the water distribution pipes. Note 
that the fixture unit capacity depends partly on the size of the street-side pipe that delivers water to your meter. 


| Sizes for Branch Pipes 
& Supply Tubes 


Fixture 
Tole 
iy sik 
Shower ue 

a 

ve 
Aachen sik et 
Coes wasters 
Un sink wt * 
Siok “ Na 
Woter heater x Na. 


Branch pipes are the water supply lines that run from the 
distribution pipes toward the individual fixtures. Supply tubes 
are the viny, chromed copper, or braided tubes that carry 
‘water from the branch ppes tothe fixtures. Use the chart 
above as a guide when sizing branch pipes end supply tubes. 


| valve 
Requirements 


‘Main shutoff 


Full-bore bail 
‘on house side 


Full-bore gate valves or ball valves are requires in the 
following locations: on bath the street side and house side 
ofthe water meter; on the inlet pipes for water heaters 

and heating system boilers, Individual fixtures should have 
accessible shutoff valves, but these need not be full-bore 
valves. Allsiicocks must have Individual control valves located 
inside the house 
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Pipe Support Intervals 
Type Vertical-ran Horizontal-run 


ot support support 
pipe interval interval 
Copper lof. 6h. 
PEK Sh. ah. 
cla Toft, ah 
AC TOF, 4h 
Steel Watt. Tf. 
tron 1S tt, Sh 
Drain cleanouts make your DW system ease to service. Minimum Intervals for supporting pipes are determined 
inmost teas, the plumbing cde reques tat youplace ‘by the typeof pipe ads orertaton nthe sstem, 
cleanouts at the end of every horizontal drain run. Where Remember that the measurements shown above are 
horizontal runs are not accessible, removable drain traps will minimum requirements; local code may require supports 
suffice as cleanouts, at closer intervals. 
| Fixture Units | Sizes for Horizontal 
& Minimum Trap Size & Vertical Drain Pipes 
rin Fixture unite Min, trap Pipe site Maximum Mariam 
= ; fees Gaon 
a es forhortsontal for vertical 
Voss Sexes feNee 
a | 1 7 
Dishwasher 1 
Aion sink 2 tle i : 
Aiteen sink* 3 6 10 
Glottes washer Ww an 1 a 
Uility sink % 
| a a v 20 0 
Floor doin i) —— 
tien sink with cached fod dost 9 EE 
Minimum trap size for fixtures is determined by the drain Drain pipe sizes are determined by the load on the pipes, as 
fixture unit rating, a unit of measure assigned by the plumbing measured by the total fixture units. Horizontal drain pipes less 
Code Note: chen ss rete nts they include an than in dlameter sould sige "per fot toward the main 
attached food dsposer 2 uns ohense Gran Pipes or more In iameter soul slope pe fot 
Note: Horizontal or vertical drain pipes for @ toilet must be 3” 


or larger. 
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| vent Pipe Sizes, 
Critical Distances 


Size of Minimum Maximum 
fixture vent pipe critical 
drain distance 
at at. 
wt Wwe Ht, 
a St 
r oh. 
V ay 10h. 


Vent pipes are usually one pipe size smaller than the drain 
pipes they serve. Code reauires that the distance between the 
drain trap and the vent pipe fall within @ maximum “critical 
distance," a measurement that is determined by the size of the 
fixture drain, Use this chart to determine bath the minimum 
size for the vent pipe and the maximum critical distance, 


| wet Venting 


i 


Critical distance 


cif 


2'sink drain | 
serves as | 
‘wet vent for 
bathtub: 


Wet vents are pipes that serve as a vent for one fixture and 
a drain for another. The sizing of a wet vent is based on the 
‘otal fisture units it supports (opposite page); a 3° wet vent can 
‘serve up to 12 fixture units; a 2" wet vent is rated for 4 foxture 
units; 2 1%" wet vent, for only 1 fixture unit. Note: The distance 
between the wet-vented fiture and the wet vent itself must be 
no more than the maximum critical distance (chart above) 


| Vent Pipe Orientation 
to Drain Pipe 


Vent pipes must extend in an upward direction from 
drains, no less than 45° from horizontal. This ensures that 
waste water cannot flow into the vent pipe and block it, At the: 
opposite end, a new vent pipe should connect to an existing 
vent pipe or main waste-vent stack at a paint at least 6" above 
the highest fixture draining into the system. 


| Auxiliary Venting 


Separate 2" vent 
required if toilet- 
to-stack distance 
ismore than 6 ft. 


Fixtures must have an auxiliary vent ifthe distance to the 
main waste-vent stack exceeds the critical distance (illustration 
above). A tollet, for example, should have a separate vent 

pipe ifits located mare than é ft. from the main waste-vent 
stack. This secondary vent pipe should cannact to the stack or 
an existing vent pipe at a point at least 6” above the highest 
fixture on the system. 
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WH! Understanding Wiring 


houschold electrical system can be compared 


with a home’s plumbing system. Electrical current 


jater flows 
under pressure 


Flows in wires in much the same way that water Flows 
inside pipes. Both electricity and water enter the 
home, are distributed throughout the house, do their 
work,” and exit 

In plumbing, water first flows through the 
pressurized water supply system. In electricity, current 


First flow 


ig hot wires. Current flowing along hot 

png hot Current flowing along hot Water supply pipe 
Wires also is pressurized. The pressure of electrical 
current is called vol 


ater volume Drain pipe 


Large supply pipes can carry « 
of water than small pipes. Likewise, large 
electrical wires carry more current than small 
wires. This current-carrying capacity of wires is 
called antper 
Water is made available for use through the 


faucets, spigots, and showerheads in a home 
Electricity is made available through receptacles, 


switches, and fixtures, 


Water finally leaves the home through a drain 


te ree l bay clocttital Water and electricity both flow. The main difference Is that 


(and touching water isnt kely to kil yu) 
ters a fixture under high pressure and 


current flows back through neutral wires. The current 


in neutral wires is not pressurized and is said to be at 


zero voltage 


Current rerarns 
White (neutral) wire —_ i 


Light fixture 


) current flows 
under pressure 


Black (hot) wire 
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| The Delivery system 


Electrical power that enters the home is produced 
by large power plants. Power plants are located in 

all parts of the country and generate electricity with 
turbines that are tured by water, wind, or steam: 
From these plants electricity enters large “step-up 
transformers that increase voltage to half a million 
volts or more 

Electricity flows easily at these large voltages 
and travels through high-voltage transmission lines 
to communities that can be hundreds of miles from 
the power plants. “Step-down” transformers located 
at substations then reduce the voltage for distribution 
along street li 
transformers Further reduce the voltage to ordinary 
120-volt current for household use. 

Lines carrying current to the house either run 
underground or strung overhead and attached to a post 
called a service mast. Most homes built after 1950 
have three wires running to the service head: two 
power lines, each carrying 120 volts of current, and a 
grounded neutral wire, Power from the two 120-valt 
lines may be cambined at the service panel to supply 


. On utility power poles, smaller 


Power plants supply electricity to 
‘thousands of homes and businesses 
Step-up transformers increase the 
Voltage produced at the plant, making, 
the power flaw more easily along 
bigh-voltage transmission lines. 


street lines. 


‘Substations are located near the 
‘communities they serve, A typical 
substation takes current from 
high-voltage transmission lines and 
reduces it for distribution along 


current to large 240-volt appliances like clothes dryers 
or electrie water heaters 

Incoming power passes through an electric meter 
that measures power consumption, Power then enters 
the service panel, where itis distributed to circuits 
that run throughout the house. The service panel also 
contains fuses or circuit breakers that shut off power 
to the individual cireuits in the event of a short circuit 
or an overload. Certain high-wattage appliances, like 
microwave ovens, are usually plugged into their own, 
individual cireuits to prevent overloads, 

Voltage ratings determined by power companies 
and manufacturers have changed over the years. 
Current rated at 110 volts changed to 115 volts, 
then 120 volts. Current rated at 220 volts changed 
10 230 volts, then 240 volts. Similarly, ratings for 
receptacles, tools, light fixtures, and appliance 
have changed from 115 volts to 125 volts. These 
changes do not affect the performance of new devices 
connected to older wiring, For making electrical 
calculations, use a rating of 120 volts or 240 volts for 


your cireuits, 


Utility pole transformers reciice the 
high-voltage current that flows through 
power lines along neighborhood streets. 
Autilty pole transformer reduces 
voltage from 10,000 volts to the normal 
1120-volt current used in households. 
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| Parts of the Electrical System 


The service mast isthe metal pole and weat hat 

create the entry point for electricity into your home. The 
ying athird 

runs to the past 


from the nearest transform 


trical power 
use, and 


he amount of 
ed to the side of th 
mast. A thin metal disc ins 


The electric meter meas 


othe 
meter rotates when 
t0 your local pot 
‘ot functioning pr 


Grounding wire connects the electrical system to thy 


er pipe. in the event 
grounding wire allows excess 
armies 


lectrical power to find its way 
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Light fixtures attach directly to 2 household electrical 
They are usually controlled with wall me 
‘common types of light ftu " 
‘ent 


The main service panel, in th 


Switches control electrical current pass 


Weatherhead prevents moisture 
from entering the house, 


Service mast creates an anchor 
point for service wires 


Service wires supply electricity 
to the house from the utility 


| 
ee 


Switch loop Separate 120-volt circuit 
for microwave oven, 


Wall switch 


GPCI receptacies 


a 


Separate 240-volt circuit 
{or water heater, 


Electric meter measures the 
‘amount of electrical power 
consumed and displays Service panel distributes 


the meagurement inside electrical power into circuits. 


| Separate 120/240-volt 


Grounding rod must be at least ssroais Sob DLneSs cover 


B feet long and is driven into) 
the ground outside the house. || Bonding wire to 
metal grounding rod. 


a 


A 


Bonding wire to 
metal water pipe. 


Jamper wire is used to 
bypass the water meter and 
‘ensures an uninterrupted 
Grounding pathway. 
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Fig.7. Work for moving the charge depends 
‘on method of movement and route, 


the charge value during the transfer will be close to 
zero, and, consequently, the electrostatic force and the 
charge transfer and separation work will be close to 
zero too. For example, instead of selecting the route you 
can wait for the charge to be reduced to zero and then 
transfer it quickly, and when the charge increases, 
immediately stop the transfer and fix the charge. Or you 
can duly select the route and velocity. There are many 
options. This was evidently realized by Paul Baumann, 
who is so far practically unknown to the official science, 
and who can find consolation in the idea that the 
inventor of the wheel will never be known at all. The 
problem of simple arrangement of all this is just a matter 
of technique. 


‘You cannot help, thinking that all these might be just 
tricks. The history of perpetual mobile abounds in 
evidence of downright swindling and frauds, and not a 
single positive result before, and who can guarantee 
that the information given above will not prove to be 
another swindle? 


First of all, if all the people always piously believe in 
the unquestionable stability of the energy conservation 
law, there will never be any progress in this sphere, 
and it is then unexplainable how man got down from 
the palm at all. Secondly, to justify the proposed 
rebellious position, the following idea comes in mind: if 
30 years ago somebody had told the authors (who were 
then already professors) that at the beginning of the 
next millennium they would deal in such research, it 
would have seemed not only a silly joke, but an 
absolutely impossible thing as well. But, as Voltaire said, 
‘He is silly who does not change”. 


In conclusion we wish to express with certainty that 
the time of theoretical recognition and of practical 
universal using of overunity devices will come soon and 
become the epoch of new energetics. The people of our 
planet will regret that so much oil, coal and gas was 
bumed causing terrible ecological losses, 


‘The authors thank astronaut V.A. Dzhanibekov and 
Professor AP Buslaev. 
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| Glossary of Electrical Terms > 


Ampere (or amp): Refers to the rate at which 
electrical power flows to a light, tool, or appliance. 


‘Armored cable: Two or more wires that are grouped 
together and protected by a flexible metal covering, 


Box: A device used to contain wiring connections, 
BX: See armored cable (Bx:is the older term). 


Cable: Two or more wires that are grouped together 
and protected by a covering or sheath 


Circuit: A continuous loop of electrical current flowing 
along wires or cables, 

Circuit breaker: A safety device tht interrupts 

an electrical circuit in the event of an overload! or 
short ciuit. 


Conductor: Any material that allows electrical 
current to flow through it. Copper wire is an especially 
good conductor, 


Conduit: A metal or plastic pipe used to protect wires. 


Continuity: An uninterrupted electrical pathway 
through a circuit or electrical fixture, 


Current: The movement of electrons along 
a conductor. 


Duplex receptacle: A receptacle that provides 
connections for two plugs. 


Feed wire: A conductor that carries 120-volt current 
Uninterrupted from the service panel. 


Fuse: A safety device, usually found in older homes, 
that interrupts electrical circuits during an overload or 
short circuit. 


Greenfield: Materials used inflexible metal conduit 
See armored cable, 

Grounded wire: See neutral wire, 

Grounding wire: A wire used in an electrical circuit 


to conduct current to the earth in the event of a short 
circuit. The grounding wire often is a bare copper wire, 


Hot wire: Any wire that carries voltage. in an electrical 
circuit, the hot wire usually 's covered with black or 
red insulation. 


Insulator: Any material, such as plastic or rubber, 
that resists the flow of electrical current, insulating 
materials protect wires and cables, 

Junction box: See box. 


Meter: A device used to measure the amount of 
electrical power being used, 


‘Neutral wire: A wire that returns current at zero 
Voltage to the source of electrical power. Usually 
covered with white or light gray insulation. Also called 
the grounded wire, 


Outlet: See receptacle. 


Overload: A demand for more current than the circuit 
‘wires or electrical device was designed to carry. Usually 
Causes a fuse to blow or a circuit breaker to trip. 


Pigtail: A short wire used to connect two or more 
Circuit wires to a single screw terminal. 


Polarized receptacle: A receptacle designed to keep 
hot current flowing along black or red wires, and 
neutral current flowing along white or gray wires. 


Power: The result of hot current flowing for a period of 
time, Use of power makes heat, motion, or light: 


Receptacle: A device that provides plug-in access to 
electrical power, 


Romex: A brand name of plastic-sheathed electrical 
cable that is commonly used for indoor wiring 
Commonly known as NM cable, 


‘Screw terminal: A place where a wire connects to a 
receptacle, switch, or fixture, 


Service panel: A metal box usually near the site where 
electrical power enters the house. n the service panel, 
electrical current is split into individual circuits. The 
service panel has circuit breakers or fuses to protect 
each circult 


Short circuit: An accidental and improper contact 
between two current-carrying wires, or between a 
current-carrying wire and a grounding conductor, 


‘switch: A device that controls electrical current 
passing through hot circu wires, Used to turn lights 
and appliances on and off 


UL: An abbreviation for Underwriters Laboratories, 
an organization that tests electrical devices and 
manufactured products for safety, 


Voltage (or volts): A measurement of electricity in 
terms of pressure. 


Wattage (or watt): A measurement of electrical power 
in terms of total energy consumed. Watts can be 
calculated by multiplying the voltage times the amps. 


Wire connector: A device used to connect two or 
more wires together. Also called a wire nut, 
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Wiring Safety 


Safety should be the primary concem of anyone working 

with electricity: Although most household electrical 

repairs are simple and straightforward, abvays use 

caution and good judgment when working with electrical 

Wiring or devices, Common sense can prevent accidents, 
The basie rule of electrical safety is: Always tum 

off power to the area or device you are working on, At 

cor shut off the 


the main service panel, remove the fu 
circuit breaker that controls the circuit you are servicing 


Shut power OFF at the main service panel or the main) 
fuse box before beginning any work 


ALY 


Confirm power is OFF by testing at the outlet, switch, or 
fixture with a current tester 
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Then check to make sure the power is off by testing for 
power with a current tester, Restore power only when the 
repair or replacement project is complete 

Follow the safety tips shown on these pages 
Never attempt an electrical project beyond your skill 
or confidence level. Never attempt to repair or replace 
your main service panel or service entrance head. 
These are jobs for a qualified electrician and require 
that the power company shuts off power to your house. 


Create a circuit index and affix it to the inside of the door to 
your main service panel, Update it as needed. 


Use only UL-approved electrical parts or devices. These 
devices have been tested for safety by Underwriters Laboratones 


Wear rubber-soled shoes while working on electrical Use fiberglass or wood ladders whien making routine 


projects. On damp floors, stand on a rubber mat or dry housefiold repairs near the service mast 


Extension cord: 
rated for the intended 


e ‘manufacturer and match the circult capacity 


Never alter the prongs of a plug to fit a receptacle. I Do not penetrate walls or ceilings without fst shutting off 


ble, inst 


«new grounded receptacle, electrical power ta the circuits that may be hidden, 


re for temporary use only. Cords must be «Breakers and fuses must be compatible with the panel 
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ires are made of eopper, aluminum, or aluminum 
covered with a thin layer of copper. Solid eopper 
wires are the best conductors of electricity and are 
the most widely used. Aluminum and copper-covered 
aluminum wires require special installation techniques 
and are rarely used in new installation, due to safety 


A group of two or more wires enclosed in a m 
rubber, or plastic sheath is called a cable (photo, 
‘opposite page). The sheath protects the wires fram 
damage. Metal conduit also protects wires, but itis 
not considered a cable 

Individual wires are covered with rubber or plastic 
vinyl insulation, An exception is a bare copper grounding, 
\wire, which does not need an insulation cover. The 
insulation is color coded (chart, below left) to identify the 
Wire asa hot wire, a neutral wire, ora grounding wire 


I Wire Color Chart > 


Wire color Function 


White Neu wie carrying 
coment zoo vohage, 


Block Hot wie caying 
cant ful vege 


ted Hot wie canying 
caret ot fll vooge. 


Hot we coying 
‘ran ot fl vlogs. 


Green Serves os 0 
rounding pothwoy 


Serves 050 
pounding pothuay 


Bare copper 


—=— 
= 

White, 
 kntins 
= 
—= 


Individual wires are color-coded to identify thelr function 
in some circuit installations, the white wire serves as a hot wire 
that carries voltage. I so, this white wire may be labeled with 
black tape or paint to identity itas a hat wire, 
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WH! Working with Wire & Cable 


In most wiring systems installed after 1965, the 
wires and cables are insulated with plastic vinyl. This 
type of insulation is very durable and can last as long 
as the house itself 

Before 1965, wires and cables were insulated with 
rubber. Rubber insulation has a life expectancy of about 
25 years. Old insulation that is cracked or damaged 
can he reinforced temporarily by wrapping the wire 
with plastic electrical tape. However, old wiring with 
cracked or damaged insulation should be inspected by 
a qualified eleetrician to make sure itis safe 

Wires must be large enough for the amperage rating 
of the circuit (chart, below right). A wire that is too small 
can become dangerously hot. Wire sizes are categorized 
according to the American Wire Gauge (AWG) system. 
To check the size of a wire, use the wire stripper 
openings of a combination tool (page 30) as a guide 


| Wire Size Chart > 


Wire capacity & use 


Wire gauge 


#6 60 amps, 240 volts ental oir 
conéitonr, lec froce, 


#8 40 amps, 240 vols; electing, 
con cir contin 


#1030 amps, 240 vos; window cit 
conéionar, clothes dyer, 


#12 20 amps, 120 vols: ght itunes, 
receptacles, micron oven 


#1415 amps, 120 as: ht 
fs, septs. 


#16 Light uy extension cos 


#18 Thermostats, dorbels, 
fo 22 secu syste 


tual size) are categorized by the 
‘American Wire Gauge system. The larger the wire size, the 


smaller the AWG number, 


Knob and tube wiring, so called 
because of the shape of its porcelain 
insulating brackets, was common. 
before 1940. Wires are covered with 
a layer of rubberized cloth fabric, but 
have no additional protection. 


Flexible armored cable, sometimes called Greentield, 
was used from the 19208 to the 1940s, It was an 
improvement over knob and tube wiring because 
it provided a shield for the wires. Armored cable 
is grounded through the metal coils: there is no 
separate ground wire, 


Metal conduit was installed from the 1940s until 
1970, The metal walls of the conduit provide the 
grounding path: no separate grounding wire is 
present, Conduit is still recommended by codes for 
lations, like a basement or garage. 


Early NM (nonmetallic) cable was used from 1930 
until 1966, It features a rubberized fabric sheathing 
that protects individual wires. NM cable greatly 
simplified installations because separate wites 
no longer had to be pulled by hand through a 
condult or armored cable, Early NM cable had no 
grounding wire. 


Modern NM (nonmetallic) cable came into use 

‘in 1965, It includes a bare copper grounding 

wire, Wire insulation and outer sheathing are 

oth made of plastic vinyl. Modern NM cable 
is inexpensive and easy to install 


cable has wires embedded 
in a solid-core plastic vinyl 
sheathing and includes a bare 
‘Copper grounding wire, It it 
‘designed for installations 


| | UF (underground feeder) 
| in damp conditions, such as 


(| Buried circuits, =, 


Coaxial cable is used to connect cable 
television jacks. Coaxial cable is available 
in lengths up to 26 ft. with preattached 
F-connectors (A). Or you can buy bulk cable (B) 
in any length. 


‘sed for most indoor wiring pro 
Tocations. NM cable is available i 
range of wire sizes, and in either 

with ground” or "3-wire with groun 

'NM cable Is sold in boxed rolls that 

‘rom 25 to 280 ft, of cable, 


‘THHN/THWN wire can be used in all conduit 
applications. Each wire, purchased individually, 
1s covered with a color-coded thermoplastic 
insulating jacket, Make sure the wire you buy 
has the THHN/THWN rating. Other wire types 
‘are less resistant to heat and moisture than, 
‘THEN/THWN wire, 


Large-appliance cable, also called SER cabi 
{is used for kitchen ranges and other 50-amp 
or 60-amp appliances that require 8-gauge 
or larger wire. It is similar to N 

each Individual conducting wir 
fino-stranded copper wires. Large-appliance 

‘cable is available in both 2-wire and 
3-wire types. 


‘Telephone cable is used to connect telephone 
outlets. Your phone company may recommend 
four-wire cable (shown below) or eight-wire 
cable, sometimes called four-pair, Eight-wire 
cable has extra wires that are left unattached. 
‘These extra wites allow for future expansion of 
the system, 


UF (underground feeder) cable is used for 
wiring in damp locations, such as in an outdoor 
lt, It has a white or gray solid-core vinyl 
sheathing that protects the wires inside. It 
also can he used Indoors wherever NM cable is 
allowed. 


Tips for Working With Wire > 


Wire gauge Ampacity Maximum wattage load Wire “ampacity” is 2 
measurement of how much cur 
V4-gouge 15 omps 1440 watts (120 vos) Ege arian eine 
gouge 20 amps 1920 watts (120 vas) iat eoore oe s 
OM instaling 2 new circuit, choose wire 
gage 30 ones, 20 vols) with an ampecity rating matching 
5760 wats (240 vols) ‘cuit size. For dedicated appliance 
circuits, check the wattage rating 0 
gouge 40 omps 7680 watts (240 vos) the appliance and make sure 
t exceed the maximum watta 


gouge 50 amps 9600 watts (240 vos) circuit 
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Reading NM Reading Unsheathed, 
(Nonmetallic) Cable Individual Wire 


Maximum voltage rating 
(600 volts) 


‘Wire material 


Number of Cable typ 
insulated wires (nonmetallic) 


‘Maximum voltage rating 


Wire gauge (600 voits) 


stance code 


NM (nonmetallic) cable is labeled with the number of Unsheathed, individual wires are 


Insulated wires it contains. The bare grounding wire is nc aceway installations. Wire insulation is coded with l 
count 4/2 WITH 0 indicate resistance to moistur ail, Code 
GROUND) contain lated 14-gauge wires, plus a bare applications 
grounding wire. Cal cd 14/3 WITH GROUND has t 
4-gauge wires plus @ grounding wire. NM cable also i nce and two Hs indicate high (upto 194° F 
stamped with 8 maximum voltage 5 determing W denotes wire suitable for w oded with af 
Underwriters Laboratories (UL) Nis impervious to damage from oll or ga 


‘Minimum: two 


mum: two 14-gauge wires 7 
i 16-gauge wires 


Minimum: two 
18-gauge wires 
Maximum: four 12-gauge Peper ied 


(or three 10-gauge) wires Rasgauige wiih 


Use wire connectors rated for the wires you are connecting. Wire connector 
varies according to manufacturer. The wire co 
onnections, each connector is rated for both minimum and m 
th conducting wire im 


y size, but the coding scheme 


ctor ‘above come fi turer. To ensure safe 


an be used to connect 


Use plastic cable staples to fasten cables, Choose staples —_—Push-In connectors are a relatively new product for joining 
jack-it@ staples (A) hold up ta four _ wifes, instead of twisting the bare wire ends together, you 
staples (8) for 12/2, 12/3, and all 10-gauge strip off about %* of insulation and insert them into a hole in 


s; coaxial ector, The connectors come with tw 


not pl 


staples (0) 
for attaching 
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! How to Strip NM Sheathing & Insulation 


' =) = 

Measure and mark the cable 8 10 Grip the cable tightly with ane Peel back the plastic sheathing, 
410" from end. Slide the cable ripper hand, and pull the cable ripper toward and the paper wrapping from the 
‘onto the cable, and squeeze too! the end of the cable to cut open the individual wires 


firmly to fo 
Sheathing 


hrough plastic sheathing, 


Wire 
stripper 
openings 


Cut away the excess plastic sheathing Cut individual wires as needed Strip insulation for each wire, 

and paper wrapping, using the cutting _using the cutting jaws of the Using the stripper openings, Choose 

jaws of a combination tool ‘ombination tool the opening that matches the gauge of 
the wire, and take care not to nick or 
scratch the ends of the wires. 
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' How to Connect Wires to Screw Terminals 


Strip about %' of insulation fram 
ach wire using a combination tool 

(Choose the stripper opening that 

matches the gauge of the wire, then 

clamp the wire in the tool, Pull the wire 
firmly to remove plastic insulation. 


Form a C-shaped loop in the end at 
each wire using a needienase pliers. 
wire should have no scratches or nicks. 


| How to Connect Wires with Push-ins 


Mark the amount of insulation 
{0 be stripped from each wire using 
the strip gauge on the back of the 
switch oF receptacle, Strip the wires 
using a combination tool (step 1 
above), Never use pushin fittings with 
aluminum wiring, 


Insert the bare copper wires fimniy 
into the pushin fittings on the back of 
the switch or receptacle. When inserted, 
‘wires should have no bare coppe 
exposed. Note: Although pustvin tings 
are cor ‘most exper 
screw termina/ connections (above) are 
jore dependable. 


Hook each wire around the screw 
terminal so it for wise !O0p. 
Tighten screw firmly. Insulation should 
just touch head of screw Never pl 
the ends of two wires under a single 
screw terminal. Instead, use a pigtall 
Wire (page 97) 


Remove a wire {rom a pushin fitting 
by inserting a small nail or screworiver 
in the release opening next to the 
Wire will pull aut easily 
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How to Join Wires with a Wire Connector 


Ensure power is off a 
in the ja 


touching. 3 pliers clackwise two or 


twist the wire ends together. 


Option: 
me 
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and in 


on each wire tc 
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In this paper the authors show the possibility of creation 
of a new kind of emanation. The magnetic monopole 
beam can be made in space as a result of focusing of 
some natural substance. Special devices based on the 
Moebius band elements make the given focusing. This 
emanation is able to magnetize graphite and organics, 
decrease the radioactivity, and influence the oncology 
diseases. The time reverse technology is realized in such 
devices. 


Experimental data, which allow making a conclusion 
about existence of previously unknown emanation, are 


presented in this report. Here are descriptions of 
experiments and methods of measurement. The effects 
of interaction between new type of emanation and 
matter have been obtained. 


Till the present moment theoretical physics didn’t pay 
attention to the nonoriented configurations and spaces. 
The reason of this situation is the fact, that from the 
philosophic point of view it is not possible to determine 
and locate the area of the nonoriented topological 
structures in our world. We (eight scientific teams) 
joined our forces and we needed more than 30 years to 
solve this problem by an experimental approach, 


The fundamental tenet of the casual mechanics 
developed by Kozyrev can be formulated as follows. 
There are two types of energy in the Universe. The 
positive or «right» energy acts as a factor of the entropy 
increase. The negative, or «lefty energy tends to 
decrease the entropy, ie. it acts as a factor, which 
regulates the entropy increase. The «right» energy is 
transformed to the «eft» one and this fact may be 
interpreted as a course of time from the past to the 
future. When the energy is transformed from the deft» 
to the uright» form, time is reversed. Kozyrev supposed 
[1] that through revolving of a body together with a 
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How to Pigtail Wires 


‘\ 
©) 


Join one end of the pigtail to the 


‘onnection using @ wire nut (see pre 


at will share the 


's page) 


How to Install NM Cable 


Where cables will turn corners (: 


anel and 1 foot for ends entering 


Locknut 


Cable clamp 


Open a knockout in the circuit breaker panel using 
Insert @ cable clamp into th 


ot so tightly that 


HE COMPLETE PHOTO GUIDE TO HOME IMPROVEMEN 


Staple the cable to a frami 


‘As each cable is installed in a box, clip back 


) Strip ¥ of insulation from each circu wie in 


10 


\ 
pe 
if 


Continue the circuit by running cable 
electrical boxes, leaving an extra 1 ft. of cable at each end, ‘and attach cables with cable clamps. From inside fix 
weathing. Clip back wires so 
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‘At each recessed fixture and ri 
° fa graunding pig 


At each electrical 
fp 


cables entering eat 


also 
alled, your rough 


e,join groundini 
5 wire connector. IF the box na 


al clamps, tighten the clamps over 


i i jt | Electrical Grounding 
WH! Working with Conduit ped eone 


lectrical wiring that runs in exposed locations must 

be protected by rigid tubing called conduit. For 
example, conduit is used for wiring that runs across 
masonry walls in a basement laundry and for exposed aera 
outdoor wiring. THHIN/THWN wire (page 92) 


normally is installed inside conduit, although UF or 
NM cable can also be installed in conduit. 

There are several types of conduit available, so 
check with your electrical inspector to find out which 


type meets code requirements in your area, Conduit 


installed outdoors must be rated for exterior use 
Metal conduit should be used only with metal boxes, Install a green insulated grounding wire 
circuit that runs through metal conduit. Althoug! 


never with plastic boxes. 


At one time, conduit could only be fitted by using 310s the metal condul fo serve as the grounding 
elaborate bending techniques and special tools. Now, $s’ more dependable means of grounding ine 
however, variety of shaped fittings are available to let grounding wires must be conn 
a homeowner join conduit easily pigtail and grounding screw (left) or 


Sweep forms a gradual 90° bend Elbow fitting is used in tight 
for ease in wire pulling. = comers or fot long conduit runs. 
"The cover can be removed to 
ull Tong lengths of wire. 


Compression fittings 
‘are used in outdoor 
TMC i 


‘connectors are used to connect, 
flexible metal conduit, 


Single-hole & double-hole pips 
straps hold conduit in place 
against walls. Conduit should 
be supported within 3 ft. of 
each electrical box and fitting, 

‘and every 10 ft, thereafter. Peete 
driven Into wooden 
framing members 


Flexible metal conduit in Ys" and 3" sizes is used where rigid to anchor conduit 


is difficult to install. It often is used to connect permanently 


wired appliances, like a water heater. 
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Fill Capacity 


nhald 
ge THHNY 


‘onduit for greater capacity. 


EMT conduit is available in 
10-ft. lengths and in Ys" and 74" 
diameters. EMT Is used primarily 
for exposed indoor installations. 


Intermediate metallic 
‘conduit (IMC) is rated 
for outdoor use but can 
‘be used indoors: 
sed with, 


Metal Conduit 


EMT (electrical 
‘metallic tubing) 


mc 
(intermediate 


metallic 
conduit) 


Rigid metal 
conduit, 


EMT is lightweight and easy to 
but should not 
Me 
galvanized walls and is a good choice 


for exposed outdoo 
duit provides the greatest prot 


Setscrew coupling connects lengths 


L-body fitting is 
‘ised In outdoor 
conduit installations, 
Ithas watertight 
threaded fittings and 
‘@ removable cover, 


Plastic Conduit 


Plastic PVC conduit i 
many local codes tis assembled 
\with solvent glue and PVC ftings t 
resemble those for metal conduit. 
wiring with PVC conduit, rune 
green grounding wire. 


Offset fitting connects an indoor 
metal electrical box to a conduit 
‘anchored flush against a wall 


Conduit Materials & Tools 


Flexible conduit 


Conduit types used most in homes are EMT (electrical metallic tubing), IMC (inte 
‘nonmetallic conduit), and flexible metal conduit. The mast common diameters by far a 
most buildin 


metallic conduit), ANC (rigid 
and», butlarger sizes are stocked at 


Nonmetallic conduit fittings typically are solvent welded to _A thin-wall conduit bender is used to bend sweeps into 
nonmetallic conduit, as opposed to metal conduit, w n IMC conduit 

be threaded and screwed into threaded fitings or attached 

with setscrews or compression fittings. 
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How to Make Nonmetallic Conduit Connections 


OE Le VIF 


Cut the rigid nonmetallic conduit (RNC) to length witha —-—-Deburr the cut edges with a utility knife or fine sandpaper 
fine-tooth saw, such as a hacksaw, For larger dlameter (1¥5* such as emery paper. Wipe the cut ends with a dry rag. Also 
and above), use a pawer miter box with a fine-toath or plastic e the coupling or fitting to clean it 

cutting blade. 


3M, 


Apply a coat of PVC cement ta the end of the conduit. Insert the conduit into the fitting or coupling and spin it 
Wear latex gloves to protect your hands. The cement shouldbe a quarter tum to help spread the cement. Allaw the joint to set 
applied past the point on the conduit where itenters the fitting undisturbed for 10 minutes. 

or coupling, 
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How to Install Conduit & Wires on a Concrete Wall 


Measure from the floor to position 
electrical boxes on the wall, and mark 
location for mounting screws. Boxes for 
receptacies in an unfinished basement 
rather damp area are mounted 

at least 2 ft. from the floor, Laundry 
receptacles usually are mounted at 48" 


Measure the first length of conduit 
and cut it with a hacksaw. Remove any 
rough inside edges with a pipe reamer 
(ora round file. Attach the conduit 0 
the offset ting on the box, and tighten 
the setscrew, 


Drill pilot holes with a masonry bit, 
then mount the box against a masonry 
wall with masonry anchors, Or use 

masonry anchors and panhead screws. 


‘Anchor the conduit against the wall 
‘with pipe straps and masonry anchors. 
Conduit should be anchored within 

3 ft of each bok and fiting, and every 
1Oft. thereafter 
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‘open one knockout for each ent of 
conduit that will be attached tothe box. 

ch an offset fting to each knockout 
using a locknut 


Make conduit bends by attaching 3 
sweep fitting using a setscrew fitting or 
compression fitting. Continue condutt 
run by attaching additional len 
setscrew or compression fitings. 


6. Activation by nuclear magnetic resonance; 
7. Activation by electronic paramagnetic resonance; 


8, Activation by electrochemical force. 


All these methods can be used as possible way to high 
efficient energy systems. Gerlovin wrote: “Usually 1, 6 
and 7-th methods of structural activation are realized 
in catalysis simultaneously. Besides, catalysis differs 
from macroscopic methods because it has the most 
minimal distances from the sources of activator fields 
to the activated molecules. And finally, an active 
participation of force fields created by nuclei of atoms 
and significantly more active participation of disturbed 
EPV is possible in catalysis. That's why catalysis is the 
most effective method of structural activation. The 
detailed account of this method exceeds the limits of 
this article and we can only annotate it.” [1, p.333] 


Information stated above is only a small part of the 
questions appeared under consideration in Gerlovin's 
theory of fundamental field (TFF). Other important 
questions should be considered with a new 
experimental data. 
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Antigravitation Force and 
Antigravitation of Matter. 
Methods of its Creation 


Anatoly K. Gaponov 
Sadovaya Str. 195, Novosibirsk, 630008, Russia 
PartI 


For a long time there is an opinion in physics about 
antimatter as a possible source of antigravitation, but 
the researches on this subject came into a dead end. 
‘The existent presentations and formulas forbade the 
conclusion about antigravitation, but our conducted 
investigations brought us to the possibility to get 
antigravitation of substance and to the paradoxical 
conclusions concerning the next: 


1. Two types of space exist: 
a) The Absolute space 
b) The Relative space 


2.a The Gravitation Field is the relative space, which 
has accelerated motion, directed to the center of a 
planet. 


2.b The Antigravitation Field is the relative space, which 
has accelerated motion, directed from the center of a 
planet. 


3. Gravity force does not depend on mass of a body! 
‘The mass can be presented in three versions: 


a) m,-mass as amount of atoms. 


b) W,, -electronic-atomic energy in mass. 


c) W,,, ~mechano-gravitational energy in mass. 


On the basis of the stated notions we offer to revise the 
essence of force not only in Coulomb's formula, but in 
Newton's formula too. 
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Itis well known, that mechanical energy can be bringing 
in electrostatic charge, where mechanical energy runs 
(tums) into energy of electric field, where 


(mechanical energy) F-R—>——* (electrical 


energy) 


Similarly it is also possible to insert mechanical energy 
into mass of a body. As the result, the mechanical energy 
will turn into energy of gravitational field, where 


Va 
(mechanical energy) V-F-t 3 ae (gravitational 


energy) 


Since the volume of the Earth is constant, the 
acceleration of gravitational field will be increased. 


It should be logical to expect, that when removing the 
mechanical energy from mass the inverse process will 
occur, that is to say acceleration reduction of gravitation 
field will occur. 


In his works I. Newton affirmed about existence of two 
spaces: 


‘The Absolute space - is an immovable non-rotatable 
space, which represents a limited cube, with our planet 
in the center. 


‘The Relative space ~ is a movable space. It can move 
with acceleration in the absolute space. 


Editor's note: In aether conception this means two parts 
of aether: some part is involved into the motion with the 
mass, but another part of aether is immovable. 


‘The main mistake in search of aether consisted in the 
following: Maikelson’s experiments were aimed on 


Use an elbow fitting in conduit runs 
that have many bends, or in runs that 
require very long wires. The cover on 
iting can be removed to 
o extend a fish tape and 


At the service breaker panel, tun 
the power off, then remove the cover 

oF power. Open a knockout in 
then attach a setscrew fitting, 
‘al the last length of conduit 


and i 


Unwind the fish tape ai 
through the conduit from 
breaker pane! 
the cover on an elt 
extending the fish 
tight 


w fitting when 
around 


Retrieve the wires through the 
nduit by pulling on the fis 
y pressure. Note: Ui 
ametal 


power is tured off 


Clip off the taped ends of the wi 
Leave at least 2 ft of wire at the servi 
panel and 8* at each electrical box. 


07 


WW! Working with Boxes 
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he National Electrical Code requires that wire 
connections and cable splices be contained 
inside an approved metal or plastic box. This shields 
framing members and other flammable materials from 
electrical sparks. 
Electrical boxes come in several shapes. 
Rectangular and square boxes are used for switches 
and receptacles. Rectangular (2 x 3") boxes are used 


for single switches or duplex receptacles, Square 
(4 4") boxes are used any time itis eanvenient For 
ged 


in one box, an arrangement common in kitchens or 


two switches or receptacles to be wired, or "ga 


entry hallways. Octagonal electrical boxes contain wire 
connections for ceiling fixtures, 

All electrical boxes are available indifferent 
depths. A box must be deep enough so a switch or 
receplacle can be removed or installed easily without 
crimping and damaging the circuit wires. Replace an 
undersized box with a larger box using the Electrical 
Ba The NEC also says that all 
electrical boxes must remain accessible. Never cover an 


10x Chart (right) as a guide 


electrical box with drywall, paneling, or wallcoverings. 


‘Octagonal boxes usually contain wire connections for celling 
fixtures. Cables are inserted into the box through knockout 
ings and are held with cable clamps. Because the 
ceiling fixture attaches directly to the box, the box should be 
anchored firmly to a framing member. Often, its nailed directly 
ling jolst, However, metal braces are avallable that 

A property 
‘octagonal box can support a ceiling fixture weighing 
up to 35 pounds. Any box must be covered with a tignty iting 
ccover plate, and the box rust not have open knockouts. 
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Electrical Box Fill Chart > 


Maximum number 
of conductors permitted 
(see Notes below) 


1 16 1412 
AWG AWG AWG AWG 


Box size 
and shape 


Junction boxes 


dR 8 7S 
ixtrtod = 0B 
4xDeRoO 
ees (an et ea 2 
4S en ee) 
HDS LIT SE 
Aare WES ae a 
Ie HS Tn ee 
Wig HS mM 2B 
Device boxes 

3x Dx 1H" Ean awe 
3xIx? aay, 
Bx1x 0K jn ae eer 
3x 2x28" (ein 
Bx Dx Be ee) ib 
3x 2x3" es 
er ee 
Ey a a A ry 
dxthxte 9 BT 


Notes: 

‘= R=Round, 0 = Octagonal 

‘© Each hot or neutral wire ent 
‘Counted as one condi 

‘Grounding wires are counted as one conductor in 
total—do not cunt each one individually. 

‘= Raceway fitings and external cable clamps do not 
‘count. Interral cable connectors and straps count 
as either half or ane conductor, depending an type. 

Devices (switches and receptacles mainly) each 
‘count as two conductors. 

‘Straps (yokes) from mounting devices 
8 two conductors 

= When calculating total 
components should be 
largest wire in the box. 

‘© For wire gauges riot shown here, contact your 
local electrical inspections office 


Square or rectangular 
ering the box is 


ch count 


inductors, any nonwire 
ie gauge of the 


| Common Electrical Boxes 


‘Adapter 


Braced octagonal boxes ti 
celling joists. The metal bra 


pacin 


Jar boxes (shown 
des that 


above) may have 
allow them to be 


Retrofit boxes upgrade older boxes Plastic boxes are common in new 


Outdoor boxes have sealed 


and foam gaskets to guard a to larger sizes. One type (above) onstruction, They can be used only 
of receptacle against moistur it-n clamps that tighten against with NM (nonmetallic) c box 
‘rrosion-resistant coat all the inside of a wall and hold th may include preattached nails for 


‘aming me 
must have gr 


in plastic bo 


metal a 
include a watertight hood. 


10 


2)4*-deep plastic boxes with preattached mounting nails 


are used for any wiring project protected by finished walls, 


‘Common styles include single-gang (A), double-gang (B), 
and triple-gang (C). Double-gang and triple-gang boxes 
require internal cable clamps. 


Plastic 


Metal boxes should be used for exposed indoor 
‘wiring, such as conduit installations in an 
unfinished basement. Metal boxes, also can be used 
Tor witing that will be covered by finished walls. 


Plastic retrofit 
boxes are 
used when a 
new switch 
or receptacle 
must fit inside 
a finished wall 
Use intern: 
cable clamps. 


trofit light fixture box 


lets you install a new fixture in 
‘an existing wall or celling. 


ri 


GPCI plates 


Duplex plates 


Cast alumin 
boxes are 


Metal light fixture 
boxes with heavy. 
‘duty brace bars 
are recommended 
‘when Installing 
heavy light 
‘fixtures or hanging 
a ceiling fan. 


required | 
for outdoor electrical 
‘fixtures connected 
‘with metal conduit. 
"Sealed seams and 
threaded openings 


‘Aeep moisture 


‘out, 


‘A variety of covar 


plates are available. 
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GFCI receptacles. 


How to Locate Electrical Boxes 


Consider the thickness of finished wall 
front face of boxes be flush with th 


How to Install Electrical Boxes for Receptacles 


aH 

J | 
| r 
ssl 


Mark the location of each box on studs. Standar 
ot 12" above fio 


Position each box against a stud so th: ace 
i shed 


7 a 

plate 
If installing square boxes, atta ‘Open one knockout for each cable _Break off any sharp edges that 
the adapter plates that will enter the box using a hammer i 2 le i 


How to Install Electrical Boxes for Light Fixtures 


‘Mounting 
bracket 


Wallboard 


Internal 
clamp 


Gross block 


Install switch hoxes at accessible locations, vsaly on To install switch box between studs, 
the latch si n studs, with the 


| Ceiling Boxes 


Shown cutaway 


‘Wallboard 


Ceiling boxes for lights sre generally round or octagonal A heavy-duty brace is required for anchoring baxes that 
in shape to fit typical lamp mounting rt heavy chandeliers and celling fans. A remodeling 
s by nailing the the one seen here install through a 
f the ceiling is in 


How to Install a Junction Box 


1 Code vcition 


Open one knockout for each c 


‘Turn off power to circuit wires 


at the main service panel. Carefully that will enter the box using hammer 
remove any tape or and screwdriver, Any unapened 
from the splice. Avoid 

witht ‘wire ends until the win 

ave bee! f 
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Cable clamp 


Anchor the electrical box to a Thread each cable end through a Insert the cables into the electrical 
den framing member using scres able clamp. Tighten the clamp with a box, and screw a lacknut onto eat 
or nails driver. Si eis anyslack in cable clamp, 
n gain a little extra 


D sociass 


Tighten the locknuts by pushing Use wire connectors to reconnect. 
against the lugs with the blag t Pigtail the copper grounding 
a screwdriver. nding screw in 


Make sure the box remains 
and is nat concealed by 
walls or cellings 


WW! Working with Switches 


Vitra gal ep 
repair or replace a switch, itis important to 
identify its type 

Single-pole switch 
lights from one location. Thre‘ 
to control a set of lights from two different locations 
nd are always installed in pairs, Four-way switches 
are used in combination with a pair of three-way 
switches to control a set af lights from three or 
more locations 

Identify switch types by counting the serew 
terminals, Single-pole switches have two serew 
terminals, three-way switches have three screw 


es are used to control a set of 


sway switches are used 
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BACK 


terminals, and four-way switches have four. Most 
switches inelude a grounding serew terminal, which is 
identified by its 
When replacing a switch, choose a n 
that has the same number of screw terminals as the 
old one. The location of the screws on the switch 
body varies depending on the manufacturer, but these 


dif 


1 color 


ew switch 


erences will not alfeet the switch operation, 
Whenever possible, connect switches using the 
screw terminals rather than push-in fittings, Some 

specialty switches have wire leads instead of serew 

terminals. They are connected to circuit wires with 
wire connectors 


‘Awall switch is connected to circult 
wires with screw terminals or with push-in 
fitings on the back of the switch. switch 
may have a stamped strip gauge that 
indicates haw much insulation must be 
stripped from the circuit wires ta make 
the connections. 


The switch body js attached to a 
‘metal mounting strap that allows it to 

be mounted in an electrical box. Several 
rating stamps are found on the strap and 
fon the back of the switch. The abbreviation 
ULOr UND. LAB. INC. LIST means that the 
switch meets the safety standards of the 
Underwriters Laboratories. witches also 
are stamped with maximum voltage and 
amperage ratings. Standard wall switches 
are rated 15A of 125V, Voltage ratings of 
110, 120, and 125 are considered to be 
identical for purposes of identification. 


For standard wall switch 
installations, choose a switch that has 8 
wire gauge rating of #12 or #14, For wire 
systems with solid-core copper wiring, 
se only switches marked COPPER or CU. 
For aluminum wiring, use only switches 
marked CO/ALR. Switches marked AL/ 
CU can no longer be used with aluminum 
wiring, according to the National 
Electrical Code, 


search of relative velocity between bodies and space. 
However, it was the relative acceleration between 
bodies and space that was necessary to search for. 


‘To quote the conclusions of I. Newton: “Body can keep 
the quiescent mode or mode of rectilinear uniform 
motion ...” By this, he postulates, that the relative linear 
velocity between solids and space does not exist. But 
we know that for rotation it exists (the famous 
experiments with revolving pail of water). 


‘The gravitational field is the accelerated “falling” 
relative space, which represents a spherical form. If 
relative space moves, thus the question appears: where 
does it move? There is only answer: it moves in the 
absolute cubic space. 


In Einstein's theory there is notion of unified and curved 
space in gravitational field, but the contradictions 
appear here, and on concerning that N. Tesla writes 
“Only by presence of force field it is possible to explain 
the observed motion of celestial bodies, but thus the 
hypothesis of curvature of space is not necessary. The 
whole scientific literature on this subject is futile and 
doomed on oblivion”. [1] 


‘The fact that gravitation is the accelerated moving 
relative space can be proved by observation of 
accelerated moving rocket, where the acceleration in 
rocket is equivalent to the acceleration in gravitational 
field. Accelerated movement of rocket is relatively, that 
allows speaking about either acceleration of rocket 
motion in immovable space, or accelerated motion of 
space in immovable rocket! 


‘The anti-gravitational field is the relative space, which 
has accelerated motion from the center of a body (for 
example: rotating cylinder, Earth satellite and etc.) But 
it is possible to create the model of anti-gravitation 
without rotations. On the basis of analogy between 
mechanical and electric energy comes to conclusion that 
gravity between bodies does not depend on mass of 
the body, but on mechanical-gravitation energy, 
contained in this mass, which is possible to contribute 
or to extract from. Therefore, this is the internal 
gravitation energy. 


Part I 


‘The “Mass” can be considered as a measure of three 
different conditions of matter: 


m, - as a measure of amount of atoms, 
representing a “framework” or “container”, in which 
two types of independent energies are concentrated, 


W,,. -asa measure of electric energy, which can 


be either accumulated or extracted, and it have a 
“compressed” form. 


An example of accumulation of electric energy in mass 
is a big cylinder, rotating with linear velocity, close to 
velocity of light, in this cylinder the mass of electric and 
magnetic fields of atoms increases. There are another 


possible ways to contribute and to extract the said 
energy from mass. 


And finally W,M, is the mass, which can be a measure 
of mechanical energy, or it can be either inserted or 
extracted from the matter (it can be identified as the 
gravitational mass). This gravitational mass is what we 
put our attention on, because it affects upon gravitation 
and it is able to create antigravitation. 


“In his time N. Tesla worked on more general problem, 
which is the problem of matter and energy. And he has 
found, as he believed, the new physical principle, on 
the ground of which he brought forth his gravitational 
theory that was named dynamic gravitation. But he did 
not tell about it until almost the end of his life”. [2] 
Really, dynamic gravitation is the energy of motion. 


Let's take the following indications: 
V ~ mechanical velocity 

F -force 

t~ time. 

In this case the product W =V--t hasthe dimension 
of energy. Hereinafter, let's take 

I~ strength of electric current 

U - difference of potentials 

t~ time. 


Then W’ =]-U-T has the dimensional of energy. 
Thereby, W ~ W’ that is to say, the following products 
are accepted as equivalent: 


LVF ~ 1-U-T 


2. In previous materials it was reported about 
untraditional way for accumulation of energy, under the 
condition, in which at constant current I the product 
q=U-t will depend on amount of inserted energy in 
unchangeable circuit L = const, in which the energy 
can be accumulated by untraditional way not only in 
electric capacity, but also in inductance, 


Similarly the energy can be accumulated by 
untraditional way in a moving body, under the condition 
V=const and m,=const (the product gr = F -t will 
depend on inserted energy and have unlimited value). 
Exactly this charge will create the powerful 
gravitational fields. 


3. Let's take: F is mechanical force, R is distance. Then 
the product F - R has the dimensionality of energy. For 
EW 
the uniform electric field the product E,-—— also 
has the dimensionality of energy. In this case E, is 
constant, £ is intensity of electric field, V is volume. 
Thereby, FR ~ E?-V - Similarly, V-R-1 ~ g?-V 
We have received the correlations of resemblance 
for heterogeneous physical values, on the ground of 


which the following physical experiments can be 
offered: 
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| single-pole wall Switches 


A single-pole switch is the most common type of 
wall switch. It has ON-OFF markings on the 
switch lever and is used to control a set of lights, 
an appliance, or a receptacle from a single location, 
A single-pole switch has two serew terminals and a 
grounding screw. When installing a single-pole switch, 
check to make sure the ON marking shows when the 
switch lever is in the up position. 

Ina correctly wired single-pole switch, a hot 
circuit wire is attached to each screw terminal. 


However, the color and number of wires inside the 
switch box will vary, depending on the location of the 
switch along the electrical circuit 

If qo cables enter the box, then the switch lies in 
the middle of the circuit, In this installation, both of 
the hot wires attached to the switch are black 
Ifonly one cable enters the bos, then the switch 
at the end of the circuit. In this installation 
(sometimes called a switch loop), one of the hot wires 
is black, but the other hot wire usually is white. A white 
hot wire sometimes is coded with black tape or paint 


A single-pole switch is essentially an interruption in the black 
power supply wire that is opened or clased with the togsle, 
Single-pale switches are the simplest ofall home wiring sit 


| Typical Single-pole Switch Installations 


‘Two cables enter the box when a switch is located in 
the middle ofa circuit, Each cable has a white and a black 
insulated wire, plus a bare copper grounding wire, The black 
Wires are hat and are connected to the screw terminals on the 
‘witch, The white wires are neutral and are joined together with 
‘a wire connector. Grounding wires are pigtailed to the switch 


One cable enters the box when a switch is located at the 
fend of a circult. The cable has a white and a black insulated 
wire, plus a bare copper grounding wire. n this installation, 
both of the insulated wires are hot. The white wire may be 
labeled with black tape or paint to identity it as @ hot wire. The 
grounding wire is connected to the switch grounding screw, 
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Three-way Wall Switches 


Three-way switches have three screw terminals and 
do not haye ON-OFF markings. Three-way 


switches are always installed in pairs and are used to 


control a set of lights from two locations 

‘One of the serew terminals on a three-way switch 
is darker than the others. ‘This screw is the common 
The 


terminal on the switch body may vary, depending on 


serew terminal position of the common screw 

the manufacturer, Before disconnecting a three-way 
switch, always label the wire that is connected to the 
common screw terminal. It must be reconnected to 


the common screw terminal on the new switch. 


The two lighter-colored screw terminals on 
a three-way switch are called the traveler serew 
terminals. The traveler terminals are interchangeable 
so there is no need to label the wires attached to them. 
Because three-way switches are installed in 
pairs, it sometimes is difficult to determine which of 
the switches is causing a problem, The switch that 
receives greater use is more likely to fail, but you may 
need to inspect both switches to find the source of 
the problem 


Typical Three-way Switch Installations 


‘Traveler screw 


3 circult. One cable has two wires, plus a bare copper 
grounding wire; the other cable has three wires, plus @ grounk 
The black wire from the two-wire cable is connected to the 
es from 

gether with a 

tailed to the 
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One cable enters the box ich lies at the end of 
he circuit. The cable has a black wire, red id white 

e, plus a bare copper ground black win 
must be connected to minal, which is 
darker than the screw terminals, The white and red 
connected to the twa traveler screw terminals. T 
re Is taped to Indicate that it is hot. The bare copper 
grounding wire is conn a 


| Four-way wall Switches 


Four-way switches have four screw terminals and do 
not haye ON-OFF markings, Four-way switches 


are always installed between a pair of three-way 


switches, This switch combination makes it possible 
to control a set of lights from three or more locations. 
Four-way switches are common in homes where 


large rooms contain multiple living areas, such as a 
kitchen opening into a dint 


1g room. Switch problems 
in a four-way installation can be caused by loose 
connections or worn parts in a four-way switch or in 
one of the three-way switches (facing page 

In atypical installation, there will be a pair of 
three-way cables that enter the box for the four-way 
switch. With most switches, the white and red wires 
from one cable should be attached to the bottom or 
top pair of screw terminals, and the white and red 
wires from the other cable should be attached to the 
remaining pair of screw terminals. However, not all 
switches are configured the same way, and wiring 
configurations in the box may vary, so always study the 


wiring diagram that comes with the switeh 


{ Typical Four-way Switch Installation 


Grounding wires 


four-way switches have 


to help simplify installation. For the 
ch shown above, ane pair of color-matched circuit wires 
crew terminals marked LINE 1, Wi 


tached to the screw termin 


marked LINE 2, 


Testing Switches 


A switch that does not work properly may have worn or 
broken internal pars, Test switches with a battery-operated 
continuity testet, The continuity tester deteets any break in 
the metal pathway inside the switeh, Replace the switeh i 
the continuity tester shows the switch ta be faulty 

Never use a continuity tester on wires that 


might carry live current, Always shut off the 


power and disconnect the switch before testing 
for continuity. 
Some specialty switches, like dimmers, eannot 


be tested for continuity: Electra ches can be 


tested for manual operation usi 


contin 


ester 


but the automatic operation of these switches cannot 


How to Test a Single-pole Wall Switch 


HE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Low-voltage bulb 


[srevey 


Continuity tester 
metal pat én 
fixtur 


How to Test a Three-way Wall Switch 


‘Traveler screw 
‘terminals 


Attach tester clip to the dark commor terminal. Touch Touch probe to the other traveler screw terminal, and 
ester p " 


120-volt duplex receptacle can be wired to the 
cleetrical system in a number of ways. The most 
common are shown on these pages 
ng configurations may vary slightly from 
these photographs, depending on the kind of 
receptacles used, the type of cable, or the technique 
of the electrician who installed the wiring. To make 
dependable repairs or replacements, use masking tape 
and label each wire according ta its location on the 
terminals of the existing receptacle, 

Receptacles are wired as either end-of-run or 
middle-of-run, These two hasic configurations are 
casily identified by counting the number of cables 
entering the receptacle box. End-of-run wiring has 
only one cable, indicating that the circuit ends. 
Middle-of-run wiring has two cables, indicating that 
the eircuit continues on to ather receptacles, switches, 
or fisture 

A split-circuit receptacle is shown on the next 
page. Each half of a splitcircuit receptacle is wired 
to a separate circuit. This allows two appliances of 
high wattage to be plugged into the same receptacle 
‘without blowing a fuse or tripping a breaker. This 
\wiring configuration is similar to a receptacle that 
is controlled by a wall switch. Code requires a 


switel 


controlled receptacle in any room that does not 
have a built-in light fisture operated by a wall switch, 

Split-cireuit and switeh-controlled receptacles 
are connected to two hot wires, so use caution during 
repairs or replacements. Make sure the connecting tab 
between the hot serew terminals is removed. 

‘Two-slot receptacles are common in older homes. 
‘There is no grounding wire attached to the receptacle, 
but the bax may be grounded with armored eable 
or conduit. 
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WH | Working with Receptacles 


Single cable entering the box indicates end-of-run wiring, 
‘The black hot wire is attached to @ brass screw terminal, and 
the white neutral wire is connected to a silver screw terminal 
Ifthe box is metal, the grounding wire is pigtailed ta the 
grounding screws ofthe receptacie and the box. ina plastic 
box, the grounding wire is attached directly to the grounding 
screw terminal ofthe receptaci. 


‘Two cables entering the box indicate midtle-of-run wiring, 
Black hot wires are connected to brass screw terminals, and 
White neutral wires to siNver screw terminals. The grounding 
Wire s pigtailed to the grounding screws ofthe receptacle and 
the box, 


A split-circuit receptacle is attached 
toa black hat wire, a red hot 
a white neutral wire, and a bar 
grounding wire. The wiring is similar to a 
switch-controlled receptacle 

The hot wires are attached to the brass 


screw terminals, and the connecting 
bor fin ne brass terminals 
is remo @ wire is attached 
toasi minal, and the 
connecting tab an the neutral side rem 


intact. The grounding wire is pigtailed 

rounding screw terminal of the 
receptacle and to the grounding screw 
tached to the box. 


A two-slot receptacle is often found 


in alder homes. The black hot wires 
are conne\ brass SCre\ 
terminals, and the white neutral wires 


are pigtailed to a site screw terminal 


be replac 


unding exists at the receptacle box. 
ne municipalities, you may replace a 
two-slot receptacle with a GFC! receptacle 
as long a a sticker that 
reads "No equipment ground, 


! How to Install a New Receptacle 


1 


Position the new pop-in box on the wall ard trace around © Remove baseboard between new and existing receptacle 
it. Consider the location of hidden uttlities within the wall Cut away the drywall about 1" below the baseboard with a 
before you cut. lgsaw, wallboard saw, or utility knife. 


Drill a %¢" hole jn the center of each stud along the opening «Run the branch cable through the holes fram the new 
between the twa receptacles. drill bit extender ar a flexible location ta the existing receptacle. Staple the cable to the stud 
cil bitwill allow you a better angle and make driling the below the box, Install a metal nal plate on the front edge of 


holes easier each stud that the cable routes through 
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‘Tum off the power at the main panel and test for power, _Thread the new and old cables into a pop-in box 
Remove the old receptacle and its box, and pull the new enough to contain the added wires and clamp the cables. Fit 
branch cable up through the hole. Remove sheathing and the box into the old hole and attach it 

insulation from both ends of the new cable. 


Pull the cable through another pop-in box for the ne 
cle, Secure the cable and install the box. Connect th 
new receptacle to the new branch cable. Insert the receptacle 
into the box and attach the receptacle and cover plate 
screws. Patch the opening with ¥"-thick wood strips or drywall 
Reattach the baseboard to the studs. 
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GFCI Receptacles 


The ground-fault cireuit-interrupter (GFC1) 
receptacle protects against electrical shock caused by 


small changes in curre 
in as little as Yo of a second. 

GECIs are now required in bathrooms, kitchens, 
garages, crawl spaces, unfinished basements, and 


le locations, Consult your local 


‘outdoor recey 


for any requirements regarding the installation of 
GFCI receptacles. Mast GFCIs use standard serew 
terminal connections, but some have wire leads 
and are attached with wire connectors. Because the 
body of a GFCI receptacle is larger than a standard 
receptacle, small crowded electrical boxes may need to 
be replaced with more spacious boxes. 

The GFCI receptacle may be wired to pi 
itself (single location), or it can be wired to protect all 


fixtures from the GFCI 


receptacles, switches, and lig 
forward” to the end of the circuit (multiple locations), 


Because the GFCI is so sensitive, it is most 


effective when wired to protect a single location 
The more receptacles any one GFCI protects, the 
more susceptible it is to “phantom tripping,” shutting 
off power because of tiny, normal fluctuations in 


current flow 
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Tools & Materials > 


Wire connectors 


Gireuit tester 


Masking tape 


Receptacle 
grounding 


‘A GFCI wired for single-tocation protection (shown 
jt and ri 


Neutral 
wires 


Hot wires 


‘A GFCI wired for multiple-location protection (si 
id neutral wire: 


minals, and the othe 


w terminals. A 


connected for multiple-locati 
nfiguratio 


a middle-of un 


ed only 


On the grounds of the above-mentioned analogies it can 
be assumed that the accumulation of “compressed’ 

energy is possible in mechanics, as well as in electricity. 
Since the velocity is relative, that the mass can have 
zero velocity relatively a observer, who moves with this 
mass, but the force field will remain unchangeable, 
since it depends on already invected mechanical energy. 


Let’s note that: 
‘When the “compressed” electric energy is accumulated, 
the power field does not change. 


When the “compressed” mechanic energy is 
accumulated, the power field increases. 


Now we have come to the amazing conclusion that 
the gravitational force does not depend on mass of 
matter, but it depends on mechanic energy, which is 
included in this mass. This energy is unstable and at 
contact with land it is disappearing, and at zero gravity 
it can be saved for a long time. 


- Ei 
TI 


Fig. 1 The first way to obtain the antigravitational force. 


‘The magnets are not revolved. 
2. The cylinders of charged capacitor are revolving in 


different directions, 


Fag Fag 


as 


ff 


E ic 


Fig. 2 The second way to obtain the antigravitational force. 


1. The capacitor plates are charged and not revolving. 
2. The current circuits are revolving in different directions 


Fag Fag 
— ——— 
@ @ 


Fig. 3. The third way to obtain the antigravitational force 


a) electric 
b) magnetic 


1. The disk and the ring are made from electrical current 
conductive material, 


2. When these disks rotate, the currents, which emit the 


‘mechanic-antigravitational energy in the manner of heat, 
are formed there, 


[Pe eo|* 


Fig. 4. The fourth way to obtain the antigravitational force, 
‘Mechanical method, 


1. This is an extraction of energy from matter It was reported 
im details on the 10 international symposium in Volgo- 
Dons, Russia. 


2, The difference with electric circuits is that it is possible 


not only to extract the mechanical energy, but also to insert 
additional energy in the system. 
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The Capacitor, which has the 
Energy of an Atomic Bomb 


(Review of Anatoly K. Gaponov's research by Eugenie 
and Marina Golomolzins) 


Is it possible to place a pail of water into a one-liter jar? 
At the first look the answer is obvious: certainly not! 
However, the inventor from Novosibirsk, Anatoly 
Gaponov thinks differently. He does not “press” water, 


Page 98 


but electrical energy, placing an energy equivalent of 
atomic bomb into ordinary electrical capacitor. 


Everybody using ordinary batteries knows its defect: 
they need frequent recharging. Gaponov's capacitor 
is slightly smaller than a matchbox. Just come home 
by electrical automobile, take out the capacitor from 
engine, and then put it into the pocket. For home 
needs you can just insert the capacitor into plughole 
to power the light, boiler, and TV system. In general, 
each electronic device can have its own capacitor, 
then an electrical wiring is not necessary. After one 


| How to Install a Single-location GFCI 


1 


Pigtail all the white neutral wires 
‘together, and connect the pigtal to the 
terminal marked WHITE LINE on the 
GFCI (see phota on apposite page). 


Disconnect all black hot wires ‘fom 
the brass screw terminals of the old 
receptacle, Pigtal these wires together, 
and connect them to the terminal 
marked HOT LINE on the GFCl 


| How to Install Multiple-location GFCIs 


Ifa grounding wire is available, 
conriectit to the green grounding 
screw terminal of the GFCI, Mount 

the GFCI in the receptacle box, and 
reattach the caver plate. Restore power, 
and test the GFC! according to the 
manufacturer's instructions. 


Connect the white feed wire to the 
terminal marked WHITE LINE an the 
GFCI. Connect the black feed wire to the 
terminal marked HOT LINE on the GFCI 


Connect the other white neutral wire 
to the terminal marked WHITE LOAD on 
the GFOL 


Connect the other black hot wire 
to the terminal marked HOT LOAD on 
the GEC 
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areful planning of a wiring project ensures you 

will have plenty of power for present and future 
needs. Whether you are adding circuits in a room 
addition, wiring a remodeled kitchen, or adding an 
outdoor circuit, consider all possible ways the space 
might be used, and plan for enough electrical service 
to meet peak needs. 

For example, when wiring a room addition, 
remember that the way a room is used can change 
In a room used as a spare bedroom, a single 15-amp 
circuit provides plenty of powver, but if you ever choose 
to convert the same room to a family recreation space. 
you will need additional circuits. 

When wiring a remodeled kitchen, it is a good 
idea to install circuits for an electric oven and 
countertop range, even if you do not have these 
electric appliances. Installing these circuits now 


makes it easy Lo convert from gas to electric appliances 
at a later date 

A large wiring project adds a considerable load 
to your main electrical service. In about 25 percent 


of all homes, some type of service upgrade is needed 


hefore new wiring can be installed. For example, many 
homeowners will need to replace an older 60-amp 
electrical service with a new service rated for 100 amps 
‘or more. This is a job for a licensed electrician but is well 
worth the investment. In other cases, the existing main 
service provides adequate power, but the main circuit 
breaker panel is to full to hold any new circuit breakers, 
In this case it is necessary to install a circuit breaker 
subpanel to provide room for hooking up added circuits. 
This chapter gives an easy five-step method 
for determining your electrical needs and planning 
new circuits. 


| Five Steps for Planning a Wiring Project 


Examine your main service panel (page 120). The amp 
rating of the electrical service and the size ofthe circuit breaker 
pane will help you determine Ifa service upgrade is needed, 
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Learn about codes (pages 131 to 135). The National Electrical 
Code (NEC), and local codes and building codes, 
provide guidelines for determining haw much power and how 
‘many circuits your horn Your local electrical Inspector 
‘can tell you which regulations apply to your job. 


New circuits put an added load on 

sure that total load of the existing 

and the planned its does not exceed the main 
service capacity, 


Draw a wiring diagram and get a permit (pages 136 to 137) This wiring plan will help you organize your work 


Examine Your Main Service Panel 


The first step in planning a new wiring projeet is to 
look in your main circuit breaker panel and find the 
size of the s ql 
the main circuit breaker. As you plan new eireuits 
and evaluate electrical loads, knowing the size of 


rvice by readi 


he amperage rating on 


the main service helps you determine if you need a 
service upgrade 

Also look for open circuit breaker slots in the 
panel. The number of open slots will determine if you 
need to add a circuit breaker subpanel. 


Find the service size by opening the main service panel and 


reading the amp rating printed on the main circuit breaker. 
in most cases, 100-amp service provides enough power to 
handle the added loads of projects lke the ones shown in 
this book. A service rated far 60 amps or less may need to 
be upgrades. 


Look for open circuit breaker slots in the main circult breaker panel ar in a circult breaker subpanel, if your home already hi 


Older service panels use fuses instead of circult breakers, 
Have an electrician replace this type of panel with a circuit 
breaker panel that provides enough power and enough open 
breaker slots for the new circuits you are planning. 


‘one. You will need one open siat for each 120-volt circuit you plan to install and two siots for each 240-voltcircutt. f your main 
circuit breaker pane! has no open breaker slots, install a subpianel to provide room for connecting new citcults. 
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Learn About Codes 


To ensure publie safety, your community requires that 
you get a permit to install new wiring and have the 
‘completed work reviewed by an appointed inspector 
Electrical inspectors use the National Electrical Code 
(NEC) as the primary authority for evaluating wiring, 
but they also follow the local Building Code and 
Electrical Code standards, 

As you begin planning new circuits, call or 
visit your local electrical inspector and discuss 
the projeet with him, The inspector can tell you 
which of the national and lacal code requirements 
apply to your job, and may give you a packet 
of information summarizing these regulations, 
Later, when you apply to the inspector for a work 
permit, he will expect you to understand the local 


guidelines as well as a few basic National Electrical 
Code requirements. 

‘The National Electrical Code is a set of standards 
that provides minimum safety requirements for wiring 
installations. It is revised every three years. The national 
code requirements for the projects shown in this book 
are thoroughly explained on the following pages. For 
mare information, you can find copies of the current 
NEG, as well as a number of excellent handbooks 
based on the NEC, at libraries and bookstores 

In addition to being the final authority of code 
requirements, inspectors are electrical professionals 
with years of experience. Although they have busy 


schedules, most inspectors are happy to answer 
questions and help you design well-planned circuits 


Basic Electrical Code Requirements 


Electrical Code requirements for living areas: Living areas need at least one 15-amp or 20-amp basic lighting/receptacle 
circuit for each 600 sq, ft. of living space and should have a dedicated circuit for each type of permanent appliance, lke an air 
conditioner, computer, ar a group of baseboard heaters and within 6 ft, of any doar opening, Receptacles on basic lighting/ 
receptacle circuits should be spaced ro more than 12 ft. apart. Many electricians and electrical inspectors recommend even closer 
‘spacing, Any wall more than 24° wide also needs a receptacle. Every room should have a wall switch at the point of entry to contral 
either a ceiling light or plug-in lamp. Kitchens and bathrooms must have a ceiling-mounted light fixture. 
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Selected NEC Standards & Tips 


Measure the living areas of your home, exclusing 
closets and unfinished spaces. A sonic measuring tool gives 
room dimensions quickly and contains a builtin calculator 

for figuring floor area. You will need a minimum of one basic 
lighting/receptacie circuit far every 600 sq, ft. of living space. 
The total square footage also helps yau determine heating and 
cooling needs for new room additions. 


kitchen and bathroom receptacles must be protected 
bya ground-fault circuit-interrupter (GFC), Also, all outdoor 
receptacles and general-use receptacles in an unfinished 
basement or crawl space and garages must be protected by 
aGFCl 
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‘Three-way switches 


Stairways with six steps or more must have lighting that 
lluminates each step, The light fixture must be controlled by 
threeaway switches at the top and bottom landings. 


guard 


Furring 
strip 


Cables must be protected against damage by nals 
and screws by atleast 1)" of wood (top). When cables pass 
through 2 x 2 furring strips (bottom), protect the cables with 
metal nail guards 


Closets and other storage spaces 
e light fixture that Is 
I switch near the 


need at lea 
controlled by a 


entrance. Prevent fire hazards by 


at least 12" away fr 


‘Ametal brace attached 
ing large light 
supported by an electrical box 


tioning the light fitures so the outer 


Metal brace 


ethan 10 ft longnesd at Amp ratings of receptacles m: 
pace. All hallways 
ave a switch-contrale 


jould match the size ofthe circu, A commo 
fixture, mistake isto use 20-amp receptacles 
(top) on 15-amp circults—a potential 
cause of dangerous circult overloads 
becaus 
appliancs 


Label new circuits on an index attached to the circuit 
bre List the ro pppliances cont 
each circuit. Mal ea around the panel is clean, well 
it, nd accessible, 


|) Highlights of the National Electrical Code > 


BY MATERIAL 

Service Panel (page 130) 

‘+ Maintain a minimum 30 x 36" of clearance in front of 
the service panel. 

Ground all 120-volt and 240-volt circus. 

‘= Match the amperage rating ofthe circult when 
replacing fuses. 

‘Locate service panels and subpanels @ maximum of 
79" above floor level 

‘+ Use handle-tie breakers for 240-valt loads (line to line), 

+ Close all unused service panel openings 

+ Label each fuse and breaker clearly on the panel 


Electrical Boxes (page 108) 

‘+ Use boxes that are large enough to accommodate 
the number of wires entering the box, 

‘Locate all receptacle boxes 12" above the finished 
floor (standard) 

‘+ Locate al switch boxes 48° above the finished floor 
(standard), For special circumstances, inspectors will 
allow switch and location measurements to be atered, 
such as.a switch at 36° above the floor in a chil's 
bedroom or receptacles at 24" above the floor to make 
them more accessible for someone in a wheelchair, 

‘+ Install all boxes so they remain accessible 

‘+ Leave no gans greater than }" between wallboard 
and front of electrical boxes. 

‘+ Place recentacle boxes flush with combustible surfaces. 

+ Leave a minimum of 8" of usable cable or wire 
extending past the front ofthe electrical box, 


Wires & Cables (page 90) 

+ Use wires that are large enough for the amperage 
rating ofthe circuit see Wie Size Chart, page 90), 

+ Drlhoies atleast 2" back from the exposed edge of 
Joists to run cables through. Do nat attach cables to 
the bottom edge of ists. 

‘+ Donotrun cables diagonally between framing members 

+ Rum cable between receptacles 20° above the floor 

+ Use nail plates to protect cable thats run through 
holes arled or cut into studs Jess than 14" from front 
edge of stud 

+ Donot crimp cables sharply. 

+ Contain spliced wires or connections entirely in a 
plastic or metal electrical box. 

+ Use wire connectors to join wires. 

‘+ Use staples to fasten cables within 8" of an electrical 
box and every 48" along its run 
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Leave a minimum ye (maximum 1) of sheathing 
where cables enter an electrical box. 
Clamp cables and wires to electrical boxes with 
‘2ppraved NM clamp, No clamp isrecessary for 
one-gang plastic boxes if cables are stapled within 8° 
+ Labelal cables and wires at each electrical box to show 
which circuits they serve forthe rough inspection, 
+ Connect onlya single wre to. single screw 
tetminal. Use pigtalis to join more than one wire to a 
screw terminal 


‘Switches (page 116) 

‘+ Use a switch-controled receptacle in rooms without 
‘a built-in light fixture operated by a wall switch 

‘+ Use three-way switches atthe top and bottom on 
stairways with six steps or more. 

‘+ Use switches with grounding screw with plastic 
electrical bores, 

+ Locate all wal switches within easy reach ofthe 
room entrance 


Receptacles (page 122) 

‘+ Match the amp rating ofa receptacle with the size of 
the circuit 

‘Include receptacies on all walls 24” wide or greater, 

‘Induce receptacles soa 6 cord can be pluggedin from 
any point along a wall or every 12-t. along a wall 

+ Include receptacies in any hallway that s 10-f long 
or more, 

‘+ Use three-prong, grounded receptacles for all 15- or 
20-amp, 120-voltbranch circuits 

‘Include a switch-controlled receptacie in rooms 
without a bult-n ight fiture operated by a wall switch, 

‘Install GFCLprotected receptacles in bathrooms, 
kitchens, garages, craw! spaces, unfinished 
basements, and outdoor receptacle locations, 

‘+ Insta an isolated-ground circuit to protect sensitive 
‘equipment, ike a computer, against tiny power 
fluctuations. Computers should also be protected by 
2 standard surge protector. 


Light Fixtures 

+ Use mounting straps that are anchored to the 
electrical boxes to mount celing atures. 

‘+ Keep non-IC-rated recessed light ftures 3" from 
insulation and i" fram combustibles 

* Include atleast one switch-operated lighting titre in 
every room, 


Grounding 


Ground all receptacles by connecting receptacle 
grounding screws tothe circuit grounding wites. 
Use switches with grounding screws whenever 
possible. Always ground switches installed in 
plastic electrical boxes and all switches in kitchens, 
bathrooms, and basements 


BY ROOM 
Kitchens/Dining Rooms. 


Install a dedicated 40- or 50-amp, 120/240-volt circuit 
fora range (or two circuits for separate oven and 
countertop units). 

Install two 20-amp small appliance circuits 

Install dedicated 15-amp, 120-volt circuits for dish- 
washers and food disposals (required by many 

local codes) 

Use GFCI receptacles for al accessible countertop 
receptacles; receptacles behind fixed appliances do 
not need to be GFCIS. 

Position receptaces for appliances that will be 
installed within cabinets, such as microwaves or food 
clsposals, according to the manufacturers instructions 
‘nclude receptacles on all counters wider than 12", 
Space receptacles @ maximum of 48" apart above 
countertops and closer together in areas where many 
appliances will be used. 

Locate receptaces 18° above countertop. backsplash 
ismore than the standard 4” or the bottom of cabinet is 
Jess than 18" from countertop, center the box in space 
between countertop and bottam of wal cabinet. 

‘Mount one receptacle within 12" ofthe countertop on 
islands and peninsulas that ae 12 x 24" or greater 

1 rot put lights on small appliance circuits. 

Install addtional lighting in work areas a a sink or 
range for convenience and safety. 


Bathrooms 


Install a separate 20-amp circuit. 
Ground switches in bathrooms. 

Use GFCL protected receptacles. 

Install at least one ceiling-mounted light fixture, 
Place blower heaters in bathrooms Well away from 
the sink and tub, 


Utility/Laundry Rooms 


Install @ separate 20-amp circuit for a washing machine. 
Install @ minimum feed 30-amp #10 THHN wire for 


the dryer powered by a separate 120/240-volt major 
appliance circuit, 

‘= Install metal conduit for cable runs in unfinished rooms. 

Use GFC-protected receptacles, except for fixed 
appliances, such as freezers or dryers, 


Living, Entertainment, Bedrooms 

** Install a minimum of two 1S-amp circuits in iving rooms. 

* Install a minimum of one 15- or 20-amp basic lightingy 
receptacle circult for each 600 sq, ft of living space. 

* Install a dedicated circuit for each permanent 
appliance, like an air conditioner, computer, or group 
of electric baseboard heaters. 

*  Donotuse standard electrical boxes to support 
ceiling fans. 

‘+ Include receptacles on walls 24" wide or more, 

‘+ Space receptacles on basic ighting/receptacle 
circuits 2 maximum of 12 ft. apart. For convenience 
‘you can space them as close as 6 ft 

‘+ Position permanent light fixtures in the center of the 
room's ceiling. 

‘+ Install permanently wired smoke alarms in room 
‘adcitions that include sleeping areas. 


Outdoors 

+ Check for underground utities before digging 

Use UF cable for outdoor wiring needs, 

+ Rum cable n schedule 80 PVC plastic, as required by 
local code. 

* Bury cables housed in conduitat least 18° de 
‘able not in conduit must be buried at least 24" deep. 

* Use weatherproof electrical boxes with watertight covers. 

+ Use GFCiprotected receptacles. 

+ Install receptacles a minimum of 12" above ground level 

+ Anchor freestanding receptacles not attached to a 
structure by embedding the schedule 80 PVC plastic 
Conduit in a concrete footing, so that itis at least 12° 
butno more than 18" above ground level. 

+ Plan on instaling a 20-amp, 120-valt circuit tthe 
circuit contains more than one light fixture rated for 
300 watts, ar more than four receptacles. 


Stairs/Hallways 

‘+ Use three-way switches atthe top and bottom on 
‘stairways with si steps or more. 

‘+ Include receptacies in any hallway that is 10 ft. long 
cor more, 


‘+ Position stairway lights so each step is iluminated, 
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| Draw a Diagram & Obtain a Permit 


Drawing a wiring diagram is the last step in planning 
llation. A detailed wiring diagram helps 
you get a work permit, makes it easy to create a list of 
materials, and serves as a guide for laying out circuits 
and installing cables and fixtures. Use the circuit maps 
on pages 138 to 145 as a guide for planning wiring 
configurations and cable runs. Bring the diagram and 
materials list when you visit electrical inspectors to 
apply for a work permit 

Never install new wiring without following your 
community's permit and inspection procedure. A work 
permit is not expensive, and it ensures that your work 
will be reviewed by a qualified inspector to guarantee 
its safety. If you install new wiring without the proper 
permit, an accident or fire traced to faulty wiring could 
‘cause your insurance company to discontinue your 
poliey and le value of your home. 

When electrical inspectors look over your wiring 
diagram, they will ask questions to see if you have 


a circuit ins 


n hurt the re 


a basic understanding of the electrical code and 
fundamental wiring skills. Some inspectors ask these 
questions informally, while others give a short written 
test. Inspectors may allow you to do some, but not all, 
of the work. For example, they may ask that all final 
circuit connections at the circuit breaker panel be 
made by a licensed electrician, while allowing you to 
do all other work. 

A few communities allow you to install wiring 
only when supervised by an electrician, This means 
you can still install your own wiring but must hire 
an electrician to apply far the work permit and ta 
check your work before inspectors review it. The 
electrician is held responsible for the quality of 
the job. 

Remember that itis the inspectors’ responsibility 
to help you do a safe and professional job, Feel free 
to call them with questions about wiring techniques 
oor materials 


‘A detailed wiring diagram and a list of materials is required before electrical Inspectors wil issue a work permit. blueprints 
exist for the space you are remodeling, start your electrical diagram by tracing the wall outlines from the blueprint. Use standard 
electrical symbols (next page) to clearly show all the receptacles, switches, ight fixtures, and permanent appliances. Make a copy 
of the symba! key, and attach it to the wiring diagram for the inspectors’ canvenience. Shaw each cable run, and label ts wire size 
and circult amperage. 
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On the grounds of the above-mentioned analogies it can 
be assumed that the accumulation of “compressed’ 

energy is possible in mechanics, as well as in electricity. 
Since the velocity is relative, that the mass can have 
zero velocity relatively a observer, who moves with this 
mass, but the force field will remain unchangeable, 
since it depends on already invected mechanical energy. 


Let’s note that: 
‘When the “compressed” electric energy is accumulated, 
the power field does not change. 


When the “compressed” mechanic energy is 
accumulated, the power field increases. 


Now we have come to the amazing conclusion that 
the gravitational force does not depend on mass of 
matter, but it depends on mechanic energy, which is 
included in this mass. This energy is unstable and at 
contact with land it is disappearing, and at zero gravity 
it can be saved for a long time. 


- Ei 
TI 


Fig. 1 The first way to obtain the antigravitational force. 


‘The magnets are not revolved. 
2. The cylinders of charged capacitor are revolving in 


different directions, 


Fag Fag 


as 


Uf 


E ic 


Fig. 2 The second way to obtain the antigravitational force. 


1. The capacitor plates are charged and not revolving. 
2. The current circuits are revolving in different directions. 


Fag Fag 
— ——— 
@ @ 


Fig. 3. The third way to obtain the antigravitational force 


a) electric 
b) magnetic 


1. The disk and the ring are made from electrical current 
conductive material, 


2. When these disks rotate, the currents, which emit the 


‘mechanic-antigravitational energy in the manner of heat, 
are formed there, 


[Pe eo|* 


Fig. 4. The fourth way to obtain the antigravitational force, 
‘Mechanical method, 


1. This is an extraction of energy from matter It was reported 
im details on the 10 international symposium in Volgo- 
Dons, Russia. 


2, The difference with electric circuits is that it is possible 


not only to extract the mechanical energy, but also to insert 
additional energy in the system. 
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The Capacitor, which has the 
Energy of an Atomic Bomb 


(Review of Anatoly K. Gaponov's research by Eugenie 
and Marina Golomolzins) 


Is it possible to place a pail of water into a one-liter jar? 
At the first look the answer is obvious: certainly not! 
However, the inventor from Novosibirsk, Anatoly 
Gaponov thinks differently. He does not “press” water, 
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but electrical energy, placing an energy equivalent of 
atomic bomb into ordinary electrical capacitor. 


Everybody using ordinary batteries knows its defect: 
they need frequent recharging. Gaponov's capacitor 
is slightly smaller than a matchbox. Just come home 
by electrical automobile, take out the capacitor from 
engine, and then put it into the pocket. For home 
needs you can just insert the capacitor into plughole 
to power the light, boiler, and TV system. In general, 
each electronic device can have its own capacitor, 
then an electrical wiring is not necessary. After one 


| How to Draw a Wiring Plan 


Draw a scaled diagram of the space you willbe wiring ‘Mark the location of all switches, receptacles, ght 
showing walls, doors, windows, plumbing pipes and fixtures, and fixtures, and permanent appliances using the electrical symbols 
heating and cooling ducts. Find the flaor space by multiplying shown below, Where you locate these devices along the cable 
room length by width, and indicate this on the diagram. Donat ——_run determines how they are wired, Use the circuit maps on 
include clasets or storage areas when figuring space. pages 138 to 145 as a guide for drawing wiring diagrams, 


aan e 


Draw in cable runs between devices. incicate cable Identify the wattages for light fixtures and permanent 

size and ype, and the amperage ofthe ciculs. Use a appliances and the type and se of each electrical box.On anather 

sitferent-colored pencl far each circuit sheet of paper mate a detailed lst all matals you wil Use. 
Electrical Symbol Key > 


(copy this key and attach it to your wiring plan) 


240-volt == ‘Switched 


receptacle receptacle 


(no eee 
3 


es Electric door 
=O) Isolated ground Oo Weatherproof (6) Ceiling opener 
receptacle we receptacle pul switch lawatase 
7] 
eS Duplex (e) Surface-mounted transformer 
receptacle Sry thermostat light fature Teen 
i 
—@,, 2" Sp Pltight @ Recessed Jack 
D yer receptacle switeh light fixture ee 
Singleplex Single-pole Fluorescent outlet 
Fourplex Timer CO) Walrmounted Getector 
receptacle St suich light fiture vent fon 
vr 
aa GFCI duplex S, _ Tnreeway (@) Weatherproof 
GFCI receptacle 3 switch ‘WP ight fixture 
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Using Circuit Maps 


he arrangement of switches and appliances along 
an electrical circuit differs for every project. This 


means that the configuration of wires inside an 


electrical box can vary greatly, even when fixtures 


are identical. 


The circuit maps on the following pages show the 
most common wiring variations for typical electrical 


devices. Most new wiring you install will match one or 


more of the maps shown. Find the maps that match 
The 120. 


are wired for 15 amps u 


nnd use them to plan your cireuit layouts 


nit circuits shown on the following 


14-gauge wire and 


rated at 15 amps. If you are installing a 


tig ta 


20-amp circuit, substitute 12-gauge cables and use 
receptacles rated for 20 amps 

In configurations where a white wite serves as a 
hot wire instead of a neutral, both ends of the wire arc 
coded with black tape to identify it as hot. In addition, 
cach of the circuit maps shows a box grounding 
screw, This grounding screw is required in all metal 


hoses, but plastic electrical boxes do not need to 


be grounded, 
Note: For clarity, all 


the circuit 0 


rounding conductors in 


ys are colored green. In practice, the 


unding wires inside sheathed cables usually are 


are copper 


1, 120-VOLT DUPLEX RECEPTACLES 
WIRED IN SEQUENCE 
Use this layout to link any number of duplex receptacles 


in a basic lighting/receptacle circuit. The last receptacle 


the receptacle shown 
at the right side of the citcuit map below: All other 
receptacles are wired like the receptacle shown an the 
left side. Requires two-wire cables 
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2. GFCI RECEPTACLES 

(Single-location Protection) 

Use this layout when receptacles are within 6 fi of a water 
source, like those in kitchens and bathrooms, To prevent 


nuisance tripping caused by normal power surges, GFCIs 


should be connected only at the line screw terminal so 


they protect a single location, not the fixtures on the le 


side of the circuit, Requires two-vire cables, Where a 


GFCI must protect other fixtures, use cireuit map 3, 


LOAD brass 


3. GFCI RECEPTACLE, SWITCH 

& LIGHT FIXTURE (Wired for 
Multiple-location Protection) 

In some locations, such as an outdoor circuit, it is hy 
1 good idea to connect a GFCI receptacle so it also | 
provides shock protection to the wires and fixtures 4 
that continue to the end of the cireuit. Wires from | 


the power source are connected to the line screw 


terminals; outgoing wires are connected to load 


4, SINGLE-POLE SWITCH & LIGHT FIXTURE 
(Light Fixture at End of Cable Run) 

Use this layout for light fistures in basic lighting/ 

out the home, It is often 


receptacle circuits thr 


5. SINGLE-POLE SWITCH & LIGHT FIXTURE 
(Switch at End of Cable Run) 


Use this layout, sometimes called a switch loop, 


where it is more practical to locate a switch at the 
end of the cable run, In the last length of cable, both 
insu with 
black 


two-wire cables 


id wires are hot; the white wire is ta 


pe at bath ends to indicate it is hot, Requires 
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6. SINGLE-POLE SWITCH & TWO LIGHT 


FIXTURES (Switch Between Light Fixtures, 


Light at Start of Cable Run) 
Use this layc 
from one si 


when you need to control two fixtures 


pole switch and the switch is between 
the two lights in the cable run. Power feeds to one of 


the lights. Requires two-wire and thrce-wire cables, 


7. SINGLE-POLE SWITCH & LIGHT FIXTURE, 
DUPLEX RECEPTACLE (Switch at Start of 
Cable Run) 

Use this layout to continue a circuit past a switched 
light Fisture to one or more duplex receptacles, To add 
multiple receptacles to the eitcuit, see circuit map 1 


Requires two-wire and three-wire cables 


8. DOUBLE RECEPTACLE SMALL- 
APPLIANCE CIRCUIT WITH GFCIs & 
SHARED NEUTRAL WIRE 


Use this layout to wire a double receptacle circuit 


when code requires that some of the receptacles be 
GFCIs. The GFCIs should be wired for single-location 


protection (see circuit map 2). Requires three-wire 


9. DOUBLE RECEPTACLE SMALL 
APPLIANCE CIRCUIT WITH GFCIs & — 


SEPARATE NEUTRAL WIRES | 
GFCls should be wired for single-location protection + lo 


(sce circuit map 2), Requires two-wire cable 
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10. 120/240-VOLT RANGE RECEPTACLE 
This | 


out is fora 50- or 60-amp, 120/240-volt 


<d appliance circuit wired with 6/3 cable, as 
| The black 


required by code for a large kitehen 


circuit breaker in the circuit breaker panel, each bring 


120 volts of power to the setscrew terminals on the 


receptacle, The white circuit wire attached to the 
neutral bus bar in the circuit breaker panel is connected 


to the neutral setscrew terminal on the receptacle 


/ground 
‘bus bar 


11. 240-VOLT BASEBOARD 

HEATERS, THERMOSTAT 

This layout is typical for a series of 240-volt baseboard 
k 


the last heater in the circuit, all heaters are wired as 


aters controlled by a wall thermostat. Except for 


shown below. The last heater is connected to only 
one cable. The size of the circuit and cables are 


the total wattage of all heaters. 


determined by finding 


From source 


To next heater 


12. THREE-WAY SWITCHES & LIGHT 
FIXTURE (Fixture Between Switches) 
This layout for three-way switches lets you control 
a light fixture from two locations, Each switch has 
one common screw terminal and two traveler screws 
Circuit wires attached to the traveler screws run 


between the two switches, and hot wires attached 


to the common serews bring current from the power 


source and carry it to the light fixture. Requires 


two-wire and three-wire cables, 


13. THREE-WAY SWITCHES & LIGHT FIXTURE 
(Fixture at Start of Cable Run) 

Use this layout when it is more convenient to locate 
the fixture ahead of the three-way switches in the 


cable run. Requires two-wire and three-wire cables, 
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14. FOUR-WAY SWITCH & LIGHT FIXTURE 
(Fixture at Start of Cable Run) 


This layout lets ye ht fixture from three 


locations, The end switches -e-way and the 


middle is four-way, A ps hree-wire cables enter 


the box of the four-way switch. ‘The white and red 


wires from one cable attach to the top pair of screw 


terminals (line 1) and the white and red wires from 


the other cable attaches to the bottom serew terminals 


four-way switch and two-wire and three-wire cables. 


15. FOUR-WAY SWITCH & LIGHT FIXTURE 
(Fixture at End of Cable Run) 

Use th 
the f 


layout when it is more practical to locate 


he end of the cable run, Requires two 


three-w hes and one four-way switch and 


two-wire and three-wire cables, 


or two years you will just have to come into electric 
service station and charge your magic capacitor like 
a gas balloon. Meantime, this research work began 
from hypnosis. 


Anatoly Konstantinovich Gaponov (by birth from 
Kaluzhskaya region) is Ziolkovsky’ countryman. In his 
youth Gaponov was brought by fate into Sakhalin, 
where he showed hypnotic abilities. As an inquisitive 
person Gaponov had organized a research group, 
started experiments and soon he understood that 
human brain had incredible possibilities 


A mental prick was made distantly to the hypnotized 
man, and he uttered a cry of pain. The ability to see 
people through, to define and to avoid organism's faults, 
was revealed in a hypnotic trance. It was possible to 
inspire pleasant emotions, to force “watching” a film 
on the given subject, as ifon the screen. An uneducated 
person became an erudite, as if being connected to a 
certain global information database. Thus an idea to 
make an amazing experiment was appeared. 


In one of the experiments Gaponov hypnotized the 
person with four classes education, and asked, if it was 
possible to transmit the electric current without wires? 
‘The hypnotized person gave the answer, that it was 
possible. For that it is required to convert the electric 
energy in x-ray radiation. And what afterwards? 
Afterwards it is required to focus that rays. By what? 
By the lens made from quartz glass, gold coated. It was 
a miracle! The person told about things that in usual 
condition he had no idea of! The information was 
received from somewhere outside. 


Further quite an amazing thing has occurred. Gaponov 
asked the hypnotized person, if it was possible to 
intensify the abilities of hypnotist’s brain? 


He answered, that he could. “He turned me round and 
stared at the back of my head, - recalls Anatoly. - And 
suddenly the smile began to tear my mouth. I could not 
do anything with myself. When my mouth was sprawled 
literally from ear to ear, the hypnotized person in some 
inhuman voice declared that experience could not be 
continue since the cerebral hemorthage would occur. I 
was hardly able to give the order to stop the 
experiment”, 


‘Thereby, the experiments with hypnosis gave the 
beginning to the thirty-years period of inventions in the 
field of accumulation and transmission of energy. After 
the return to native Kaluzhskaya region, Gaponov was 
occupied with physics, development of logical thinking 
and became the town champion in chess. 


‘The necessary books fell into his hands by themselves: 
some time a certain acquaintance gave it to read; 
another time he found the last copy in a bookstore. As 
a majority of self-taught inventors, Anatoly preferred 
practical experimentation. In quest of laboratory for 
realization of his own ideas, he moved to Novosibirsk. 
‘As a result, in 1980 Gaponov has made experimental 
system for compression of energy. 


From the school Physics we have known the notion of 
“electric arc” ~ it is a small blue lightning between two 
electrodes. Gaponov has tamed this lightning in such a 
way, that having drawn apart two wires, which 
executed the role of electrodes, by hands and got the 
arc by length up to half meter. Anatoly confirms that in 
principle, it is possible to create an arc of any desired 
length under any amperage. 


One of the experiments found out one more enigmatic 
characteristic of electric discharge. During electric 
photography of arc a person happened to be between 
the camera and the system. On typing pictures, the 
researchers have found with surprise, that the electric 
arc was perfectly seen through the person. That is to 
say, it created the invisible field, for which material 
object was not an screening obstacle, and which was 
fixed on the film. 


The further experiments with electric arc have 
allowed to get a new source of energy, as well as to 
open the possibility of setting light and sound on fire! 
Just imagine, you ring up a bell, it's sound waves spread 
at once in all directions, and then flash up with bright 
blaze. 


(Editor's note: this experimental facts are rare modern 
evidences of possibility to create longitudinal electric 
waves. It is clear analogy here with sound waves in air 
since they are longitudinal waves also. Alexander V. 
Frolov) 


When the problem of energy source was solved, 
Gaponov turned to the problem of energy 
accumulation. According to Gaponov, he has 
provedexperimentally the possibility of charging of 
an ordinary capacitor with any amount of energy. This 
statement sounds paradoxically: how it is possible to 
place the unlimited amount of contents in limited 
volume? However, this is not a simple way. 


Gaponov believes that energy “placing” occurs not 
in space, but in time by means of his system! In what 
way? Imagine, that you fill one-liter jar with water. But 
already after an instant the water-filled jar is in past, 
and that present one is once again ready to be filled. 
And so ad infinitum. Water as if it fills a certain “time 
reservoir", and a jaris just aneck ofthis “time reservoir" 


(Editor's note: This method is described in other 
articles also but usually it is pure mathematical 
discussion about Minkovsky space-time and 
theoretical proposals. Gaponov’s experiments 
are realization of fantastical idea to take power 
from the time flow, i.e. from Past or from Future 
to get over-unity in Present space. Alexander 
V. Frolov) 


“It is possible to demonstrate one more example, - 
Anatoly Gaponov adds. - Let's charge the capacitor 
with the expectation, that it will supply the light bulb 
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HOME IMPROVEMENT 
BASICS 


Flooring 


| ike any successful remodeling project, replacing 
your floor covering requires detailed planning and 

attention to design. Flooring is not separate from 

the rest of the room; it should fit into the overall 

design to create a desired effect. A floor can create 

excitement and become a focal point or it can serve as 

a background for the rest of the room. 

Through careful planning, you can choose flooring, 
that can be used successfully in multiple rooms, or 
select a pattern or design that is repeated throughout 
the room or in adjacent rooms. 

Keep in mind that your flooring design will last 
a long time, especially if you install ceramic tile or 
wood. In most cases, the only way to change the 
design of your floor is to install 


In this chapter: 

+ Installing Underlayment 

+ Installing Racliant Floor Mats 
«Installing Hardwood Strip Flooring 
* Installing Laminate Floors 

+ Installing Parquet Flooring 

+ Installing Sheet Vinyl 

+ Evaluating an Existing Floor 
* Installing Resilient Tile 

* Installing Bamboo Flooring 
+ Installing Ceramic Tile 

«= Installing Mosaic Tile 

* Installing Carpet Squares 

* Refinishing Wood Floors 
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Installing Underlayment 


[Jian tre entero 
nailed to the subfloor to provide a smooth, 

stable surface for the floor covering. The type of 
underlayment you choose depends in part on the 

type of floor covering you plan to install. Ceramic 
and natural stone tile floors usually require an 
underlayment that stands up to moisture, such as 
cementboard, For vinyl Flooring, use a quality-grade 
plywood; most warranties are void if the flooring 

is installed over substandard underlayments, IF 

you want to use your old flooring as underlayment, 
apply an embossing leveler to prepare it for the new 
installation, Most wood flooring and carpeting do not 
require underlayment and are often placed direetly on 
plywood subfloor. 

‘When you install new underlayment, attach it 
securely to the subfloor in all areas, including under 
movable appliances, Notch the underlayment to fit 
the room's contours. Insert the underlayment beneath 
door casings and moldings. Once the underlayment 
is installed, use a latex patching compound to fill 
zaps, holes, and low spots. This compound is also 
used to cover screw heads, nail heads, and seams in 


underlayment. Some compounds include dry and wet 
ingredients that need to be mixed, while others are 
premixed. The compound is applied with a trowel oF 
‘wallboard knife. 


Drill Floor patching 

Gircular saw compound 

Wallboard knife Latex additive 

Power sander ‘Thin-set mortar 

4" notched trowel Vs galvanized 

Straightedge deck screws 

Utility knife Fiberglass-mesh 

Jigsaw with carbide wallboard tape 
tipped blade 

4" notched trowel 

Flooring roller 

Underlayment 

1" deck screws 
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| How to Install Plywood Underlayment 


Plywood is the most common underlayment for vinyl coverings, like parquet, can be installed over lower- 
flooring and some ceramic tile installations. For vinyl, quality exterior-grade plywood. For ceramic tile, use 
use !4" exterior-grade, AC plywood. This type has one 5" AC plywood. When installing plywood, leave ! 


smooth side for a quality surface, Wood-based floor expansion gaps at the walls and hetween sheets. 


Install a full sheet of plywood Continue fastening sheets of plywood Using a circular saw or jigsaw, notch 
along the longest wall, making sure the to the subfloor driving the screw heads —_the plywood to meet the existing 
underlayment seams are not aligned with slightly belaw the underlayment surface. flooring in doorways. Fasten the 

the subfloor seams. Fasten the plywood Leave ¥" expansion gaps at the walls Notched sheets to the subfloor 

to the subfloor using 1" deck screws and between sheets, Offset seams in 


Given every 6" along the edges and at 8" subsequent rows. 
intervals in the field of the sheet, 


‘Mix floor-patching compound and latex or acrylic additive _Let the patching compound dry, then sand the patched 
following the manufacturer's directions Spread it over seams areas, using a power sander, 
and screw heads, using a wallboard knife, 


151 


| How to Install Cementboard 


‘Ceramic and natural stone tile floors usually require 
aan underlayment that stands up to moisture, such 
as cementboard. Fiber/cementboard is a thin, 
high-density underlayment used under ceramic 


tile and vinyl flooring in situations where floor 
height is a concern. Cementboard is used only for 


ceramic tile or stone tile installations. It remains 
stable even when wet, 60 its the best underlayment 
to use in areas that are likely to get wet, such 

as bathrooms. Gementhoard is more expensive 

than plywood, but a good investment for a large 

tile installation, 


‘Mix thin-set mortar according to the manufacturer's 
irections. Starting at the longest wall, spread the mortar 

on the subficor in a figure eight pattern using a \" notched 
‘rowel. Spread only enough mortar for ane sheet at a time. Set 
the cementboard on the mortar with the rough side up, making. 
sure the edges are offset from the subfloor seams. 


Fasten the cementboard to the subfloor using 1%" 
ccementboard screws driven every 6" along the edges and 8” 
throughout the sheet. Drive the screw heads flush with the 
surface, Continue spreading mortar and installing sheets along 
the wall. Option: f installing fiber/cementboard underlayment, 
Use a Yu" notched trowel to spread the mortar, and dri pilot 
hholes forall screws, 


Cut cementboard pieces as 
necessary, leaving an Ye" gap at all joints 
and a %" gap along the roam perimeter. 
For straight cuts, use a utlty knife to 
score a line through the fibermesh layer 
Just beneath the surface, then snap the 
‘board along the scored line 


To cut holes, notches, or regular 
shapes, use a jigsaw with a 
carbide-tipped blade. Continue installing 
‘cementboard sheets to cover the 

entire floor 
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Place fiberglass-mesh wallboard 
‘tape aver the seams. Use a wallboard 
knife to apply thin-set mortar to the 
seams, filing the gaps between sheets 
and spreading a thin layer of mortar over 
the tape. Allow the mortar to set for two 
days before starting the tie installation, 


) How to Install Isolation Membrane 


Isolation membrane i 


used to protect ceramic used over an entire floor. Isolation membrane is also 
tile installations from movement that may occur available in a liquid form that can be poured over the 
on cracked conerete floors. This product is used project area. 

primarily for covering individual cracks, but it can be 


Thoroughly clean the subfloor, then apply thin-set mortar —_—Rolll out the membrane aver the mortar, Cut the membrane 
with a #* notched trowel. Start spreading the mortar along a_-—_—to fit tightly against the walls, using a straightedge and utility 
\wall in @ section as wide as the membrane and 8 to 10. long. knife. 

‘Note: For some membranes, you must use @ bonding material 

other than mortar. Read and follow manufacturer's directions. 


Starting in the center of the membrane, use a heavy floor = Repeat steps 1 through 3, cutting the membrane as 
roller ta smooth out the surface toward the edges. This frees necessary at the walls and obstacles, until the flaor is 
‘apped air and presses out excess banding material completely covered with membrane, Do nat averiap the 


seams, but make sure they're tight. llaw the mortar to set for 
two days before installing the tle 
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| Installing Raised Underlayment Panels 


Concrete floors are practical and durable—and 
generally cold and uncomfortable. For a fast and easy 
makeover, you can now find raised underlayment panels 
that simply rest on the concrete and provide a surface 
for other flooring materials. The tongue-and-groove 


plywood panels have dimpled plastic on the bottom, 
This allows air to circulate underneath so that the 
concrete stays dry, and insulates the flooring ahove. The 
assembled panels ean support laminates and resilient 
sheets or tiles. And you can install them in a weekend. 


' How to Install Raised Underlayment Panels 


1 


Start at one corner, and measure the length and width of 
the room from that starting point. Calculate the number of 
panels you will need to cover the space in both directions, if 
the starting comer is not square, trim the first row of panels to 
create a straight starting line. 


Dry-lay a row of panels across the room. Ifthe last row 
willbe less than 6° wide, balance it by trimming the frst 


panel or the starting row, if necessary, to account for the row 
end pieces, 
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‘. 


Create an expansion gap around the edges. Place 
spacers at al walls, doors, and other large obstacles. To make 
your own spacers, cut sheets of)" plywood to the thickness 
Of the panels, and hold them in place temporarily with 
masking tape, 


Re 


Starting in the corner, lay the first panel with the grooved 
side against the 1 spacers, Slide the next panel into place and 
press-fit the groove of the second panel ita the tongue of the 
first. Check the edges against the wall 


Repeat these steps to complete the first row. If Cut the last panel to fit snugly between the next-to-last 


necessary, tap the pane's into place with a scrap piece of panel and the %" spacer on the far wall Install the last panel at, 
lumber and a rubber mallet or hammer—just be careful not to an angle and tap it down, Continue working from the starting 
‘damage the tongue or groove edges Starting with the second point, checking after each row to be sure the panels are 

row, stagger the seams so that the panels interlock, square and level 


When you reach the last row and last panel to complete When all the panels are in place and the finished floor is 
{your installation, you may have to cut the panel to fit. Measure _installed, remove the spacers from around the perimeter of 
for fit allowing for the M" expansion gap from the wall.Cut te the room 

‘panel and fit it into place, 
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loor-warming systems require very little energy 

to run and are designed to heat floors only; 
they generally are not used as sole heat source: 
for rooms 

A typical floor-warming 
more thin mats containing electric resistance wires 


tem consists of one or 


that heat up when energized like an electric blanket 
‘The mats are installed beneath the tile and are 
hardwired to a 120-volt GFCI circuit. A thermostat 
controls the temperature, and a timer turns the system 
off automatically 

The system shown in this project includes two 
plastic mesh mats, each with its own power lead that 
is wired directly to the thermostat, Radiant mats may 
be installed over a plywood subfloor, but if you plan 
to install floor tile you should put down a base of 
cementboard first, and then install the mats on top of 
the cementboard. 

A crucial part of installing this sys 
a multimeter to perform several resistance checks to 
make sure the heating wires have not been damaged 
during shipping or installation. 

Electrical service required for a floor-warming 
system is based on size. A smaller system may 


em is to use 


WW) installing Radiant Floor Mats 


connect to an existing GFCI cireuit, but a larger 
one will need a dedicated circuit; follow the 
manufacturer's requirements, 

“To order a floor-warming system, contact the 
manufacturer or dealer (see Resources, page 554) 
In most cases, you can send them plans and they'll 
custom-fit a system for your project area. 


"Tools & Materials > 


Vacuum cleaner Electric wire fault 


Multimeter indicator (optional) 
Tape measure Radiant floor mats 
Scissors 12/2 NM eable 
Router/rotary tool Conduit 

Marker Wire connectors 
Trowel ‘Thinset mortar 


orrubber float Thermostat with sensor 
Notched trowel Junction box(es) 

Staple gun Ti 
Hot glue gun 


or stone 
floorcovering 


NaS 
OEE” 
A radiant floor-warming system employs electric heating mats that are covered with floor tile to create a floor that's cozy 
under foot. 
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for one second. Thereby, on the Earth this light bulb 
will be on only for an instant. But if the same capacitor 
with light bulb is placed in rocket and dispersed 
around the Earth at the velocity, closed to velocity of 
light, time on the board of rocket will be so slowed 
that the light bulb on rocket will be glowing infinitely 
long for an observer from the Earth. It means, that in 
any case it is the same energy quantity, but in one 
case it’s action is sprawling for a second, and in 
another one it is sprawling for eternity! It is possible 
to say, that in my system I have created the condition 
corresponding to this hypothetic rocket”. 


‘The system for accumulation of electric energy could 
be charged by ordinary wall plug 220 VAC. Time period 
of charging is different and depends on the certain 
scheme of the system. By the way, sea electric slopes 
are the certain natural analogues of such capacitor. 
Some elements of intemal device of these sea creations 
reminds the “pump” elements for placing of electric 
energy into “temporal jar” 


Finally, the third Gaponov's invention is the system 
for transmitting of energy without wires. As well as 
in two previous cases, there is an experimental device. 
Anatoly Gaponov speaks that he has succeeded in 
getting the essence of experiments for transmitting 
of energy, which were conducted by Tesla. 


Itis clear, that the main advantage of this method is an 
absence of wires and losses of electric energy. The 
electricity could be transmitted directly into any point, 
where receiving equipment placed, let say from Kaluga 
to Sahara. However, this is not so interesting for 
anybody, since for the present day Anatoly Gaponov’s 
inventions don’t have demand. 


“ The first system was created twenty years ago’ 
says Mr. Gaponov. - “Now I am fifty five, but things 
have not budged an inch”. He adds dreamily: “Eh, if 
only [had a laboratory and some money...” 


Gritskevitch’s Hydro-Magnetic 
Dynamo 


Oleg V. Gritskevitch 


RUSSIA, 690002, VLADIVOSTOK, 
Okeansky prospect, 99 - ap.112 
phone/fax: (7-4222) 424674 Email: ogri@mail primorye.ru 
Russian Academy of Energy and Information, 
Russian Academy of Natural Sciences 


Editorial: The article presents construction and operation 
of Oleg V. Gritskevitch's hydro-magnetic dynamo, which 
is an example of very powerful new energy system. 
The prototype in Armenia has been produced over 
1500 KWetts power during several years. 


‘The author was born on 14 August 1936 and grew up 
in Vladivostok, Russia. He is married and has a son 
Boris. Gritskevitch is a physicist by education. He 
worked in the Far - East branch of the USSR Academy 
of Sciences. Since 1985 he has been working 
independently as an inventor. He has more than 70 
patents on inventions ranging from household 
engineering up to high technologies, which he has 
been trying to apply in our country and met big 
difficulties. After numerous attempts to receive the 
Patents the author was convinced that outflow of the 
information occurred. Therefore he has received the 
state certificates as on know-how (on a French way 
of patenting), for all his inventions. 


Introduction 


During the Institute for New Energy 1999 Symposium, I 
lectured on my hydro-magnetic dynamo. This paper is 
my attempt to explain the construction and operation 
of my dynamo. 
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‘To fool investigators of my secrets, I have an occasion 
provided misleading information. For example, the 
drawing accompanying the Russian patent referenced 
below shows a cylinder across the toroid to fool readers. 
‘The real dynamo only has the toroid without the 
cylinder. Even its name “hydro-magnetic dynamo” is 
somewhat deliberately misleading, 


Thave some familiarity with the new energy field. Nearly 
all purported new energy devices are fairly small 
electrical generators. The dynamo may be the only new 
electrical generator which most nearly meets all the 
requirements of an ideal large-scaled electrical 
generator. My dynamo really is the single most valuable 
invention the world has ever known. 


Alexander V, Frolov of St. Petersburg recommended me 
to contact with Dr. Patrick Bailey, Institute for New 
Energy since Pat has lots of contacts who could possibly 
help me with patenting my invention of a new source 
of energy in USA. 


I conducted the work on the theory and creation of the 
electrostatic generator-converter «Hydro-magnetic 
dynamo» about 20 years. (See dynamo history below.) 
The first primitive equipment was created when I 
worked in Academy of Sciences. During that time 
various changes were introduced in the generator and 
in the theory of its work. It is now possible to 
manufacture, install, and apply it in industry. 


For the first time I made the public report on this work 
in 1991 on a symposium in Volgodonsk city. The report 
received the positive replies and reviews of the experts 
of a nuclear industry in USSR. The same year I was 
accepted in Intemational Nuclear Society. In these years 
I offered development of this technology to different 
state bodies and private enterprises, But there was the 
only answer: “It is very interesting and perspective 
project, but there is no money for it” 


|) installation Tips > 


Dedicated circuit cable 


‘Thinset mortar 
Heating mat 

Concrete or cementboard underlayment 
A floor-warming system requires a dedicated circuit to 

power and contral its heating mats, thermostat, and timer. 


Some smaller systems may only need to connect to an 
existing GFCI circuit. Follaw the manufacturer instructions, 


ach radiant mat must have a direct connection to the power lead from the thermostat, with the connection made in 
‘ajunetion box in the wall cavity. Do not install mats in series. 

Do not install radiant floor mats under shower areas. 

Do not averlap maps or let them touch, 

Do not cut heating wire or damage heating wire insulation, 

‘The distance between wires in adjoining mats should equal the distance between wire laops measured center 

to center, 
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Installing a Radiant Floor-warming System 


Floor-warming systems must be installad on a circuit with 
adequate amperage and a GFCI breaker. Smaller systems may 
tie into an existing circut, but larger ones need a dedicated 
circuit, Follow local building and electrical codes that apply 
‘0 your project, 


mat for 

break in 
continuity (for example, fa wire is cut) an alarm sounds. If you 
‘choose not to use an installation tool to monitor the mat, test 
for continuity frequently using a multimeter. 


How To Install a Radiant Floor-warming System 


Install electrical boxes to house the thermostat and timer 
In mast cases, the box should be located 60° above floor level 
Use a 4*-deep x 4wide double-gang box for the thermastat/ 
timer control i your kit has an integral model, If your timer 
and thermostat are separate, instal a separate single box for 
the timer. 
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Drill access holes in the sole plate for the power leads 
that are preattached to the mats (they should be over 10 ft 
long). The leads should be connected to a supply wire from the 
masta in a junction box located in a wall near the floor 
and belaw the thermostat box. The access hole far each mat 
should be located directly beneath the knockout for that cable 
inthe thermostat ox. Dril through the sill plate vertically and 
horizontally so the holes meet in an L-shape, 


Run conduit from the electrical boxes to the sil plate. 
‘The line for the supply cable should be %" conduit. Ifyou 
are installing multiple mats, the supply conduit should feed 


into @ junction box about 6" above the sil plate and then 
continue into the" hole you driled for the supply leads. The 
sensor wite needs only %s* conduit thet runs straight from 

the thermostat box via the thermostat. The mats should be 
powered by a dedicated 20-amp GC! citcuitof 12/2 NM cable 
run from your main service panel to the electrical Dox (this is 
for 120-volt mats—check your instruction manual for specific 
citeuit recommendations). 


Clean the floor surface thoroughly to get ri of any debris 
that could potentially damage the wire mats. A vacuum cleaner 
generally does a more effective job than a broom. 


Test for resistance using a multimeter set to measure 
ohms This is@ test you should make frequently during the 
instalation, along with checking for continuity I the resistence 
is off by more than 10% from the theoretical resistance listing 
(See manufacturer's chart in installation instructions), contact 
a technical support operator for the kit manufacturer. For 
example, the theoretical resistance for the 1 x 50 ft. mat seen 
here is 19, sa the ohms reading should be between 17 and 21 


7 


Finalize your mat layout plan. Niost radiant floor warming 
‘mat manufacturers will provide a layout plan for you atthe 
time of purchase, or they wil give you access to an online 
design toal so you can come up with your own plan. This 
an important step to the success of your project, and the 
assistance is free 


(continued) 
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Unroll the radiant mat or mats and allow them to settle, Finalize the mat layout and then test the resistance 


‘Arrange the mat or mats according to the plan you created ‘again using multimeter. Also check for continuity in several 
it's okay to cut the plastic mesh so you can make curves different spots. f there is a problem with any ofthe mats, you 
or switchbacks, but do not cut the heating wire under any should identify it and correct it before proceeding with the 
circumstances, not even to shorten It. ‘mortar installation, 


Run the thermostat sensor wire from the electrical box Variation: f your local codes require i, rol the mats out of 
down the ¥s" conduit raceway and out the access hole inthe ‘the way and cuta channel forthe sensor and the sensor wires 
sill plate, Select the best lacation for the thermostat sensor and into the floar ar floor underlayment. For mast floor materials, 
‘mark the location onto the flaoring. Also mark the locations of _a spiral cutting too! does a quick and neat job of this task. 

the wires that connect to and lead from the sensor Remove any debris. 
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Bond the mats to the floor. the mats In your system have 
adhesive strips, peel off the adhesive backing and roll out 

the mats in the correct position, pressing them against the 
‘oor to set the achesive.f your mats have na adhesive, bind 
them with strips af double-sided carpet tape. The thermostat, 
‘sensor and the power supply leads should be attached with 
hot glue (inset photo) and run up into thelr respective holes in, 
the sil plate if you have not cone this already. Test all mats for 
resistance and continuity. 


So a eT 


Connect the power supply leads fram the mat or mats to 
the NM cable coming from the thermostat inside the junction 
box near the sill, Pawer must be turned off. The power leads 
should be cut so abaut 8" of wire feeds into the box. Be sure to 
use cable clamps to protect the wires, 


Cover the floor installation areas with) 2 layer of thinset 
‘mortar that is thick enough to fully encapsviate all the wires 
‘and mats (usually around ¥" in thickness). Check the wires 
for continuity and resistance regulary and stop working 
immediately iFthere Isa drop in resistance or a failure of 
continuity. Allow the mortar to dry overnight. 


= 


Connect the sensor wire and the power supply lead 
(from the junction bow to the thermastat/timer according 

to the manufacturer's directions. Attach the device to the 
electrical box, restore power, and test the system to make sure 
it works. Once you are convinced that itis operating properly, 
install flooring and repair the wall surfaces. 
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Installing Hardwood Strip Flooring 


[ress gzre tara ewig stays been 
popular with homeowners. It offers an attractive 
look, is one of the longest lasting floor coverings, and 
ccan be stripped and refinished to look like new. 

Oak has been the most common type of strip 
flooring because of its durability and wood graining, 
and it's the species most people think of when 
hardwood is mentioned. Other woods, such as maple, 
opular, 

Exotie species of wood from around the world are 
now finding their way into American homes as people 
want @ premium strip or plank floor that is unique 
and stylish, and expresses their personalities. The 
more than sixty exotic hardwoods include Brazilian 
cherry, Australian cypress, Honduran mahogany, 
tobaccowood, teak, zebrawood, and bamboo—which is 
not really wood but a type of grass. 

This section describes how to install nailed- 
down tongue-and-groove Flooring, how to install 


cherry, and birch, are also becom 


a decorative medallion, and how to install 
tongue-and-groove strip flooring over troweled-on 
adhesive. Customizing your floor with borders, 
accents, and medallions is easier than you may 
think. A number of manufacturers produce a 
variety of decorative options made to match the 
thickness of your floor. 


| Tools & Materials > 


Rosin paper Nail set 
Usility knife Hammer 
Chalk line Pry bar 


8d finish nails 
Drill 
Staple 


Wood mallet 
Power nailer 
Pull bar 


Real hardwood flooring has depth of beauty ané warmth underfoot that even the highest quality laminate imitations struggle 
to match, 
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How to Install Tongue-and-Groove Hardwood Flooring 


Cover the entire subfloor with rosin paper. Staple the paper 
to the subfloor, overlapping edges by 4". Cut the paper with a 
utility knife to butt against the walls 


Lay out the first 8 rows of flooring in a dry run with the 
‘groove side facing the wall. Make sure the first row of boards 
is straignt. Arrange the boards to get a good color and grain 
mix, Offset the ends by at least 6°. 


‘Make a mark on the floor "from the starter wall at both 
tends of the wall, Snap a chalk line between the marks, Nail 
8d finish nails every 2° to 3° along the chalk line to mark the. 
location for your first row. 


Place the starter row against the nails on the chalk line 
Dril pilot holes in the flocring every 6" to 8", about YA" from 
the groave edge, Face nail the first raw until the nail heads 
are just above the boards, then sink them using a nail set. (Be 
careful not to hit the boards with your hammer or you'll mar 
the surface) 


(continued) 
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To install crooked boards, dri pilot holes above 
the tongue and insert nails. Fasten @ scrap board 

to the subfloor using screws, Force the floor board 
straight using a pry bar and a scrap board placed in 
front of the flooring. With pressure on the floor board, 


Drill pilot holes every 6” to 8” alrectly above the tongue, blind nail it into place, 


Keeping the drll at a a5" angle. 


Blind nail a nail into each pilot hole. ‘Set the second row of boards In place 
Keep the nail heads 4" out, then set ‘against the starter rows iting together 
them just below the surface, using a the tongue and groove connections. ise 
rail set. a scrap board and wood mallet to tap 


the floor boards together. Drill plat holes 
and blind nail the boards. Do this for the 
next few rows. 
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To install the last board in 2 row, 
place the tongue and groove joints 
together, then place a flooring pull bar 
‘over the end of the board. Hit the end 
of the pull bar with a hammer unti the 
board slides into place. Stay 1s" away 
from the walls. 


‘Once you have several rows installed and ave enough 
room, use a power nailer Place the nailer lip over the edge of 
the board and strike it with a mallet. Dive a nail 2" from the 
end of each board an about every 8" in the field. Keep a few 
rows of flooring laid out ahead of you as you work, and keep 


the Joints staggered, 


Install a reducer strip or transition 
strip between the wood floor and an 
agjoining room. Cut the strip to size. Fit 
the strip’s groove over the floor board's 
‘tongue, then drill plot holes and face: 
nail, Set the nails with a nail set, Fill all 
Visible nail holes with wood putty. 


When you're out of room for the pawer nailer, drill plot 
holes and blind rail the boards. For the last rows, dil pilot 
holes in the top of the boards, Ys" from the tongue, and face 
nail them. The last row may need to be ripped to size. Pull the 
lest row into place using the flooring pull bar, leaving 2 4" gap 


along the wall. Dril pilot holes and face nal 


Tip> 


To install around an object, cut 
notch in the board. For larger 
obstacles, cut 45° miters in boards 
‘0 grooves face away from the 
object. Rip tongues off the boards, 
‘set the boards against the object 
and flooring, fitting mitered ends 
‘together. Dril pilot holes and face 
nail in place. Apply silicone caulk 
between the flaar and board edge 


To reverse directions of the 
tongue and grove for doorways, 
glue a spline into the groove of the 
board. Fit the groove of the next 
board onto the spline, then nail the 
board in place, 
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Installing Laminate Floors 


[st ene i ti yc 
is simple to install, even if you have no experience 
\with other home-improvement projects. You may 
instal a floating laminate floor right on top of plywood, 
concrete slab, sheet vinyl, or hardwood flooring, Just 
be sure to follow the manufacturer's instructions. 

The pieces are available in planks or squares ina 
variety of different sizes, colors, and faux Finishes— 
including wood and ceramic. The part you see is 
really a photographie print, ‘Tangue-and-groave edges 
lack pieces together, and the entire floor floats on the 
underlayment. At the end of this project there are a 
few extra steps to take if your flooring manufacturer 
recommends using glue on the joints 

The rich wood tones of beautiful laminate 
planks may cause you to imagine hours of long, hard 
installation work, but this is.a DIY project that you ean 


do in a single weekend. Buy the manufactured planks 
at a home-improvement or flooring store and install 
laminate flooring with the step-by-step instructions 
offered in the following pages. 


| Tools & Materials > 


Gircular saw Painter's tape 


Underlayment Chisel 
4! spacers Rubber mallet 
‘Tapping block Drawbar 


Finish nails 
Nail set strap clamps 
‘Threshold and screws 


Scrap foam 
Speed square 
Manufacturer glu 


Laminate strip floors install quickly, wear well and are among the cheapest floor coverings you can find, Overall they have 
improved in appearance but the lower quality products continue to be fairly unconvincing imitations of natural materials, 
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NEW ENERGY TECHNOLOGIES #7 


Gravitonics is Electronics of the XXI Century, Spartak M. Poliakov, Oleg S. Poliakov 
Experimental Research on Gravitational Propulsion System. Review 


. Beamship Technology: A Re-working of Early 20th century Discoveries, Russell 


Anderson 

Commercial Antigravity, Tim Ventura 

Action without Reaction, New Gravidynamic Paradox, Yuri N. Ivanov 

New Possibilities of Vortex Electric Power Devices, Stanislav A. Lisnyak 
Investigation of Electric Energy Transmission Processes in non-Metallic Conducting 
Channels, D.S. Strebkov, A.I. Nekrasov, S.V. Avraamenko 

Microcosm ~ Universe - Life, Alexey G. Shlienov, Ernest L. Petrov 

Hypothesis of a Theory of Everything, Jack P. Gibson 


. The Charge and Mass of a Photon, Dzabrail Kh. Baziev 
. The Homopolar Motor: A True Relativistic Engine, Jorge Guala-Valverde, Pedro 


Mazzoni, Ricardo Achilles 


. Weight Reductions Generated by Bucking-Field Permanent Magnets, William C. 


Simpson 


. Advanced Nuclear Waste Decontamination Technologies, Mark Porringa 
. Experimental Investigations of the Radioactive Isotope Half-Value Period Changing in 


the Local Volume ofCause-Effect Relations, Igor A. Melnik 


. Tilley Electric Vehicle 
. The Problem of Time: Force as the Cause of Change in the Course of Time, Valentin P. 


Oleinik 


. Time and its Physical Relationships, Andrew Michrowski 

. Time as Phenomenon of the Expanding Universe, Michael H. Shulman 
. The Experiments on Thermo-Gravitation. Review 

. Letters to the Editor from Hector D. Perez Torrez 


How to Install a Floating Floor 


To install the underlayment, start in one corner and unvoll 
the underlayment to the opposite wall, Cut the underlayment 
to fit, using a utility knife or scissors, Overlap the second 
underlayment sheet according to the manufacturer's 
recommendations, and secure the pieces in place with 
adhesive tape. 


Set a new plank right side up, on top of the previously laid 
plank, flush with the spacer against the wall at the end run. 
Line up a speed square with the bottom plank edge and trace 
a line. That's the cutline for the final plank in the row, 


Working from the left corner of the room to right, set 

wall spacers and dry lay planks (tongue side facing the wel) 
‘against the wall. The spacers allow for expansion. If you are 
flooring 2 room more than 26 ft. long or wide, you need to buy 
‘appropriate-sized expansion joints. Note” Some manufacturers 
suggest facing the groove side to the wal. 


Press painter's tape along the cutline on the top of the plank 
to prevent chips when cutting. Score the line drawn in Step 3 
with @ utility knife, Turn the plank over and extend the pencil 
line to the backside. 


(continued) 
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Clamp the board (face down) and rigid foam insulation or 
plywood to a work table. The foam reduces chipping. Clamp @ 
‘speed square on top of the plank, as though you are going to 
‘raw another line parallel to the cutiine—use this to make a 
straight cut. Place the circular saw's blade on the waste side of 
the actual cuttine, 


Continue to lay rows of flooring, making sure the joints are 
staggered. This prevents the entire floar from relying on just a 
‘ew joints, and keeps the planks from lifting. Staggering also 
stengthens the floor, because the jaints are shorter and more 
evenly distributed, 
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To create a tight fit forthe last plank in the first row, place 

a spacer against the wall and wedge one end of a drawbar 
between it and the last plank, Tap the other end of the drawbar 
with @ rubber mallet or hammer, Protect the laminate surface 
with a thin cloth, 


To fit the final row, place two planks on top of the last 
course; slide the top plank up against the wall spacer: Use the 
top plank to draw a cutline lengthwise on the middle plank. 
Cut the middle plank to size using the same method as in 
Step 3, ust across the grain. The very last board must be cut 
lengthwise and widthwise to fit 


How to Work Around Obstacles 


Mark indicates left 
‘edge of the pipe 


if 


Mark indicates right 
outside edge of the pipe 


Position a plank and use a pencil to make two marks along 
the length ofthe plank, indicating the points where the obstacle 
begins and ends. 


Use a speed square to extend the four lines. The space 
at which they intersect is the part of the plank that needs ta be 
removed to make roam for the abstacle to go through it. Use 

a drill with a Forstner bit, ora hole saw the same diameter as 
the space within the intersecting lines, and dri through the 
plank at the X. You'll be left with a hole; extend the cut to the 
edges with a jigsaw, 


Position the plank end against the obstacle. Make two 
‘marks with a pencil, this time on the end of the plank to 
indicate where the obstacle falls along the width of the board. 


Install the plank by locking the tongue-and-groove joints 
with the preceding board. Fit the end piece in behind the pipe 
or obstacle, Apply manufacturer-recommended glue to the cut 
edges, and press the end piece tightly against the adjacent 
plank, Wipe away excess glue with a damp clath 


Flooting 


Installing Parquet Flooring 


Father roth pe delge saa, 
consider installing a parquet floor: It offers more 
visual interest than strip flooring without sacrificing 
the beauty and elegance of wood. Parquet comes in 
variety of patterns and styles to create geometric 
designs. It can range from elaborate, custom-designed 
patterns on the high end, to the more common 
herringbone pattern, to the widely available and less 
expensive block design 

Parquet has experienced a radical transformation 
over the years, A few years ago, each individual piece 
of parquet was hand-cut and painstakingly assembled 
piece by piece. Today, parquet is prefabricated so the 
individual pieces making up the design are available as 
single tiles, which not only has reduced the cost, but 
has made the flooring easier to install 

Many types and designs of parquet floors are 
available, from custom-made originals to standard 
patterns, but they are all installed the same way— 


set in adhesive on a wood subfloor. The effort can be 
very rewarding: Parquet can be used to ereate shapes 
not possible with other wood Flooring, 

‘The finger block pattern is one of the most widely 
available parquet coverings and also one of the least 
expensive. The configuration of perpendicular strips 
of wood emphasizes the different grains and natural 
color variations. 


Tape measure Putty knife 


Chalk line Rubber mallet 
Carpenter's square 100- to 150-pound 
Parquet flooring floor roller 
Adhesive Jigsaw 

Notched trowel Solvent 


Parquet flooring tiles are made with real hardwood and can be a great vehicle for introducing exotic wood species at a 
reasonable cost. The custom parquet floor seen here is expensive, but a basic parquet floor with stock tes isan affordable option 


and an easy DIY project, 
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How to Install Parquet Flooring 


‘Mark the centerpoint of each wall. Snap chalk lines, Lay out a dry run of panels ‘rom the center point along the 

‘betveen the marks cn opposite walls to establish your reference lines to adjacent walls. Place Vs" spacers along the 

reference lines, Use the 3-4-5 triangle method to check the Walls to allaw for expansion. if mare than half ofthe last panel 

lines for squarenass (see page 181), ‘needs to be cut off, adjust the lines by half the width of the 
panel. Snap new working: ines, if necessary 


Put enough adhesive on the subfloor for your first panel, 
using a putty knife. Spread the adhesive into a thin layer with a 
notched trowel held at a 45° angle. Apply the adhesive right up 
to the working lines, but do not cover them, 


Place the first pane! on the adhesive so two sides are 
flush with the working lines. Take care not ta slide or twist the 
panel when setting it inta place. This panel must be positioned 
correctly to Keep the rest of your floor square 


(continued) 
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Apply enough adhesive for six to eight panels and spread it 
with @ notched trowel, 


r 


After every six to eight panels are installed, tap them 
into the adhesive with a rubber mallet. 
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Set the next panel in place by holding it at a 45° angle 
and locking the tangue-and-groove joints with the first panel 
Lower the panel onto the achesive without slicing @t nstall 
remaining panels the same way, 


For the last row, align panels over the top ofthe last 
installed row, Place a third row over the top of these, with the 
sides butted against 1" spacers along the wall. Draw a line 
along the edge ofthe third panels anto the second row, cut the 
panels at the marks, and install 


To work around corners or obstacles, align @ panel over 
the last instaled panel, then place another panel on top of it 
asin step 8. Keep the top panel "from the wall or obstacle 
and trace along the opposite edge onto the second panel (op). 
‘Move the top two panels tothe adjoining side, making sure not 
to turn the top panel. Make a second mark on the panel the 
same way (bottom). Cut the te witha jigsaw and install 


‘Within 4 hours of installing the floor, rol the floor with 
2 100- to 150-pound floor roller, Walt atleast 24 hours before 
walking on the floor again, 


How to Install Parquet in a Diagonal Layout 


Establish perpendicular working lines following Step 1 
(on page 171. Measure 5 ft. from the centerpoint along each 
‘working line and make a mark. Snap chalk lines between the 5 
ft. marks. Mark the centerpoint of these lines, then snap a chalk 
line through the marks to create a diagonal reference line, 


Lay out a dry run of tiles along 2 diagonal line. Adjust your 
starting point as necessary. Lay the flooring along the diagonal 
line using adhesive, following the steps for installing parquet 
(pages 171 to 173). Make paper templates for tile along walls, 
and in comers. Transfer the template measurements to tiles, 
and cut to fit, 
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WH) installing Sheet Vinyl 


reparing a perfect underlayment is the most 5 
Pa phase of resilient sheet vinyl Tools & Materials > 


installation, Cutting the material to fit the contours 


of the room is a close second. The best way to Linoleum knife Heat gun 
ensure accurate cuts is to make a cutting template. Framing square Ye" V-notched trowel 
Some manufacturers offer template kits, or you can Compass Straightedge 
make your own. Be sure to use the recommended Scissors Vinyl flooring 
adhesive for the sheet vinyl you are installing. Many Non-permanent Masking tape 
manufacturers require that you use their glue for felt-tipped pen Heavy butcher 
installation, Use extreme eare when handling the Utility knife or brown 
sheet vinyl, especially felt-backed products, to avoid Straightedge wrapping paper 
ceasing and vearing Vs" Votched trowel Duet tape 
Jroller Flooring adhesive 
Stapler 24" staples 
Flooring roller Metal threshold bars 
Chalk line Nails 


‘Sheet vinyl has no seams (or at least very few searns), which makes ita practical choice for wet areas such as bathrooms. 
‘Advancing technology has made @ host of new patterns and styles available, including the mosaic tile look-alike pattern seen here. 
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Tools for Resilient Floors 


Tools for resilient flooring include: a heat gun (A), -roller (8), floor roller (C), framing square (O), sponge (E), hammer (F), 
notched trowel (4), stapler (H),linaleum knife (),utlty knife (), wallboard knife (K), chalk line (L, straightedge (M). 


Buying & Estimating 


Resilient sheet vinyl comes in full-spresd and perimeter 
‘bond styles. Ful-spread sheet vinyl has a fel-paper backing 
and is secured with adhesive that is spread over the floor 
before installation. Perimeter-bond flooring, identifiable by its 
‘smooth, white PVC backing is laid dlectly on underlayment 
and is secured by a special adhesive spread along the edges 
and seams. 


Dry-back tile 


Resilient tile comes n self-adhesive and dry-back styles 
Self adhesive tle has  pre-applied adhesive protected by 

wax paper backing that is peeled off as the tiles are installed. 
Dry-back tile is secured with adhesive spread onto the 
Underlayment before installation. Self-adhesive tie is easier to 
instal than dry-back tile, but the bond is ess reliable. Don't use 
additional adhesives with self-adhesive tile 


Flooring 


175 


WH)! Evaluating an Existing Floor 


176 


“The first step in preparing for a new Moor covering is 

evaluating your old floor. A careful examination can 
help you decide whether to repair damaged areas, or 
replace the flooring altogether 

Evaluating your floor is a three-step process. 
Begin by identifying the existing floor material and the 
installation method used. Is your sheet vinyl attached 
using the full-spread method or the perimeter-bond 
method? Is your carpet glued down or stretched? 
Next, check the condition of the floor, Is it securely 
attached or is it loase in spots? Is it chipped or 
cracked? Finally, note the height of the existing floor 
in relation to adjoining floor surfaces. Is it significantly 
higher than surrounding floors? 

A new floor covering or underlayment c: 
be installed on top of existing flooring, If the existing 
flooring is not sound or smooth, however, you will 


often 


have to do some preparation work, Applying a floor 
leveler is one way to make your existing floor easier to 
use, More complex preparations may involve removing 
and replacing the underlayment or making spot repairs 
to the subfloor. 


{] waming> 


Resilent flooring manufactured before 1986 may 
Contain asbestos, which can cause severe lung 
problems if inhaled. The recommended method for 
dealing with asbestos-laden flooring is to caver it with 
an underlayment. the flooring must be removed, do 
‘not do the work yourself. Instead, consult a certified 
asbestos-abatement contractor. 


Determining the number and type of coverings already on your Noor is an important early evaluation step. Too many layers 
of flooring and underlayment can stress floor joists and ultimately cause a new floor to fall. An easy way to check for old flooring is 
to remove floor vents. 
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Energy) 
Technologies) 


Research on advanced space propulsion methods and new energy systems 


History of invention: 
Poliakov's vortex drive 


Patented by Research 
Institute of Space Systems 
named by Krunichev, Russia 


Also in this issue: 
* New gravidynamic paradox 


* Experiments on weight reductioi 
* New possibilities of vortex energetics y 


* Experiments on homopolar motor “ « 
* Physical relationships of time ty 


How to Install Perimeter-bond Sheet Vinyl 


* . = ee | 


Unroll the flooring on any large, flat, clean surface. To For two-piece installations, overip the edges ofthe sheets 
prevent wrinkies, sheet viny| comes from the manufecturer by at least 2, Plan to have the seams fll along the pattern 
rolled with the pattern-side out. Urol the sheet and turn it lines orsimuiated grout joints, Align the sheets so the pattem 
pattern-side up for marking ‘matches, then tape the sheets together with duct tape. 


Position the paper template aver the sheet vinyland tape «Remove the template. Cut the sheet vinyl with @ sharp. 
itin place. race the outline of the template onto the flooring —_ linoleum knife ora utility knife with a new blade, Use a 
using 3 non-permanent felt-tipped pen, straightedge as a guide for making longer cuts. 
(continued) 
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Cut holes for pipes and other permanent obstructions. Cut Roll up the flooring loosely and transfer it to the installation 
asiit from each hole to the nearest edge of the flooring, ‘area, Do not fold the flooring. Unroll ané position the sheet 
Whenever possible, make sits along pattem lines. vinyl carefully Slide the edges beneath door casings. 


Cut the seams for two-piece installations using a Remove both pieces af scrap flooring. The pattern should 
straightedge as a guide. Hold the straightedge tightly against now run continuously across the adjoining sheets of flooring. 
the flooring, and cut along the pattern lines through both 

pleces of viny flooring, 
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Fold back the edges of bath sheets. Apply 2 3° band of Lay the seam edges one at a time onto the adhesive 

multipurpose flooring adhesive to the underiayment or old Make sure the seam is tight, pressing the gaps together with 

flooring, using a ¥" V-notched trowel or wallboard knife, your fingers, if needed. Roll the seam edges with a Holler or 
wallpaper seam roller. 


Apply flooring adhesive underneath flooring cuts at pipes ‘Af you're applying flooring over a wood underlayment, 
(oF posts and around the entire perimeter of the room. fasten the outer edges of the sheet with %" staples driven 
Roll the faoring with the roller to ensure good contact with every 3", Make sure the staples will be covered by the 
the adhesive base molding 
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Asean sate ein 
carefully positioned layout lines. Before 
committing to any layout and applying tile, conduct a 
dry run to identify potential problems. 

Keep in mind the difference between reference 
lines (see opposite page) and layout lines. Reference 
lines mark the center of the room and divide it into 
quadrants, Ifthe tiles don't lay out symmetrically along 
these lines, you'll need to adjust them slightly, creating 
layout lines, Once layout lines are established, installing 
the tile isa fairly quick process. Be sure to keep joints 
between the tiles tight and lay the tiles square. 

Tiles with an obvious grain pattern can be 
laid so the grain of each tile is oriented identically 
throughout the installation. You can also use the 


Resilient tiles have a pattern layer that is bonded to a vinyl 
‘base and coated with a transparent weer layer. Some come with 
adhesive pre-applied and covered by a paper backing, others 
have dry backs and are designed to be set into flooring adhesive, 
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Installing Resilient Tile 


quarter-tum method, in which each tile has its pattern 
grain running perpendicular to that of adjacent 

tiles. Whichever method you choose, be sure to be 
consistent throughout the project. 


‘Tape measure Heat gun 

Chalk line Resilient tile 
Framing square Flooring adhesive 
Utility knife (for dry-back tile) 


Vie" notched trowel 


Check for noticeable directional features, lke the grain of 
the viny! particles. You can set the tiles in a running pattern so 
‘the directional feature runs in the same direction (top), or in 2 
checkerboard pattern using the quarter-turn methad (bottom). 


How to Make Reference Lines for Tile Installation 


Position a reference line (x) by measuring along opposite ‘Measure and mark the centerpoint ofthe chalk line. 
sides of the room and marking the center of each side. Snap a From this paint, use a framing square to establish a second 
chalk line between these marks. reference line perpendicular to the frst one, Snap the second 


line (¥) across the room. 


Z 
a et 
age ae. J 
CCheck the reference lines for squareness using the 3-5 Measure the distance between the marks. Ifthe 
twiangle method, Measure along reference ine X andmakea reference lines are perpendicular, the distance will measure 
mark3 ft. from the centerpoint, Measure from the centerpoint exactly $f. fot, adjust the reference lines unt they're 


along reference line Y and make a mark at 4 ft exactly perpendicular to each other. 


Flooting 


How to Install Dry-backed Resilient Tile 


‘Snap perpendicular reference lines with a chalk line, Dry-fit 
tiles along layout line Y soa joint fas along reference line X. If 
essary, shift the layout to make the layout symmetrical or 
to reduce the number of tiles that need to be cut 


If you shift the tile layout, create a new line that is parallel 
ta reference line X and runs through a tile joint near line X. The 
‘new line, X1, is the ine you'll use when installing the tle, Use a 
different colored chalk 


< 


™ 


Dry-fit tiles along the new line, X1. If necessary, adjust the 
layout line as in steps 1 and 2, 
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ut line, V1, that's parallel to 
through a tle joint-Y1 will form the 
Use during installation, 


sand layout line you'l 


Apply adhesive around the intersection o 
sing a trowel with Ys" V-shaped notches 
45° angle and spread 


the layout lines 
s. Hold the trowel at a 


Spread adhesive over most ofthe installation area, covering 
three quadrants, Allow the adhesive to set according to the 
‘manufacturer's instructions, then begin to Install the tle at the 


intersection of the layaut lines. You can kneel on installed tiles 
to lay adaitional tes 


When the first three quadrants are completely tiled, 
spread adhesive over the remaining quadrant, then finish 
ting the tle 


To cut tiles to fit along the walls, place the tile to be cut 
(A) face up on top of the last ful tle you installed. Position a 
he wall, then set a marker tile (B) on 


top of the tile to be c 
t0 draw a cutting line 


183 


To mark tiles for cutting around outside comers, 
make a cardboard template to match the space, 
keeping a %" gap along the walls. After cutting, 
the template, check to make sure it fits. Place the 
template on a tile and trace its outline 


Cut tile to fit using a utility knife and straightedge. Hold the 
straightedge securely against the cutting line to ensure a 
straight cut, Option’ You can use a ceramicctile cutter to make 
straight cuts in thick viny! tiles (see insev) 


Install cut tiles next to the walls If you're precutting all ties 
before installing them, measure the distance between the wall 
and install ies at various points in case the distance changes. 
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Continue installing tile in the remaining quadrants until 
the room is completely covered. Check the entire floor, you 
find loose areas, press dawn an the tiles to bond them to the 
Underlayment. Install metal threshold bars at room borders 
where the new floor joins another floor covering. 


How to Install Self-adhesive Resilient Tile 


‘Once your reference lines are established, p2e! off the 
‘paper backing and install the frst tile in one of the comers 
formed by the intersecting layout lines, Lay three or more tles 
along each layout lines in the quadrant. Rub the entire surface 
of each tile to bond the adhesive to the floor underlayment. 


Begin installing tiles in the interior area of the quadrant. 
Keep the joints tight between tiles, 


Finish setting full tiles in the first quadrant, then set the full 
tiles in an adjacent quadrant. Set the tiles along the layout lines 
first, then fillin the interior tiles. 


Continue installing the tile 7 the remaining quadrants unt 
the room is completely covered. Check the entire floor, you 
find loose areas, press dawn an the tikes to bond them to the 
Underlayment. Install metal threshold bars at room border 
where the new floor joins another floor covering. 


Flin 


fee ili a fede ne 
tongue-and-groove form and in laminate planks, But 
bamboo is not wood. Its really a grass—and one of the 
most popular flooring materials today. 

Bamboo Flooring is made by shredding stalks of 
the raw material, then pressing them together with 
aresin that holds the shreds in their finished shape, 
Not only is bamboo a fast-growing and renewable 
crop, the companies that make bamboo flooring 
use binders with low emissions of volatile organic 
compounds (VOCs). The result is tough, economical, 
and ecologically friendly. In other words, it’s just about 
perfect for flooring 

If you choose tongue-and-groave bamboo, the 
installation techniques are the same as for hardwoods, 
Bamboo is also available as a snap-fit laminate for use in 


WW installing Bamboo Flooring 


floating floors. In this project we show Teragren Synergy 
Strand in Java (sce Resources, page 554): thin, durable 
planks that are glued to the underlayment 


Moisture level meter 
Notched trowel 
Rubber mallet 

Scrap lumber 

Shims 

Straightedge 
Weighted roller 


Adhesive 
Carpenter's level 
Carpenter's square 
Chalk line 

leaning supplies 
Flat-edged trowel 
Marking pen or peneil 
Measuring tape 
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Bamboo plank flooring shauld be one 
‘of the last items installed on any new 
construction or remodeling project. 

All work involving water or moisture 
should be completed before floor 
installation, Room temperature and 
humidity of installation area should 

be consistent with normal, year-round 
living conditions for at east a week 
before installation, Room temperature 
‘of 60 to 70° F and humidity range of 40 
to 60% is recommended. 

‘About radlant heat: The subfloor 
should never exceed 85° F.check the 
manufacturer's suggested guidelines 
for correct water temperature inside 
heating pipes. Switch on the heating 
Unitthree days before flooring 
Installation, Room temperature should 
not vary more than 15°F year-round, 
For glue-down installations, leave 
the heating unit on for three days 
following installation 


Gravitonics is Electronics 
of the XXI Century 


Hypothesizes, Conclusions, Speculations 


Spartak M. Poliakov, 
Oleg S. Poliakov 


60-let SSSR str, 1-167, Friazino, 
‘Moscow area, 141120, Russia 
"Tok: (096) 564-65-67 


(This article was published in "ELECTRONICS: Science, 
‘Technology, Business” magazine 6/2000 p. 8-13) 


‘Today we can easily insist that ways to solve main 
gravitonics problems are already defined, at that the 
practical realization of any of them will mean the break 
through in engineering. So, what successes has the 
Russian science already achieved in the area of 
gravitonics, and what priorities can we lose here in the 
nearest future? 


Introduction to Gravitonics 


‘The electronics of the “past century” uses electron as 
a ball, which has weight, radius, electric charge and 
magnetic moment. These very parameters define 
electron behavior in the electrostatic, magnetostatic and 
electromagnetic fields. But electron abilities are not 
limited by it; electron spin and internal microstructure 
features remain unaccounted and unclaimed. Evenly 
speaking, General Theory of Relativity (GTR) of Einstein 
was a power impulse for mathematical physics 
development and gave birth to many productive ideas. 

But the main problem, that is the secret of gravitation, 
remains undisclosed... In works of KP Stanjukovich [1] 
and AZ, Petrov [2], who carefully followed GTR, it was 
shown that this theory described neither energy, nor 
impulse of gravitational radiation, ie. it can not explain 
gravitation. About 20 years ago VB. Braginsky, today’s 
RAS Corresponding Member, came up with an idea: “if 
the propagation speed of gravitational signal is higher 
than the velocity of light, there will be already another 
theory, not GTR!” Maybe, the reason is the postulation 
of equality of gravitational and electromagnetic 
radiation velocities?. 


‘Today the approximate theory of gravitational radiation 
sources can be built on the basis of the following simple 
considerations: if during annihilation of “electron- 
positron” pair there creates the pair of gamma- 
quantums with energy about 0.511 MeV, then the pair 
of back gamma-quantums with the energy about 
0.511 MeV, could create “electron-positron” pair. Is it 
possible to assume, that electron, positron and gamma- 
quantum with the energy about 0.511 MeV are just three 
stages of one and the same object?! If it is possible, 
then for the rational description of the given object we 
will have to suppose the existence of subparticles, 
named by us uniquantums [3], or named by other 
authors microleptons [4], 


On the basis of Heisenberg uncertainty relation 
conformably to the energy and duration of quantum of 
electromagnetic radiation, measured by laboratory 
means, itis possible to calculate the minimal “electrical 
length” of photon (i.e. quantum geometrical extension 
in free space in wave-length units), which is equal to 
137), and in the uniquantum theory it is equal to 137 
uniquantum-antiuniquantum pairs. On the basis of 
these conceptions it is possible to construct the spatial 
microstructure model of electron. So, what kind is it? 


We think, that electron can be represented as thin- 
walled spheroid, walls of which are two light (C) 
barriers, separating the “internal” part of electron from 
the “external” one. From the traditional physics point 
of view “over-barrier” space is an “imaginary” one. This 
very space can contain the gravitational mass of 
electron. The radius of the gravitational spheroid is 
equal to the half of the classic electron radius, and its 
imaginary weight is 137 times more than the rest mass 
ofelectron. Being “cut” off by the double light C-barrier, 
uniquantums of the spheroid internal part are as if non- 
existent for the outer world, and the rest mass of electron 
is formed by magnetic energy of three uniquantums on. 
the external orbit with the classic electron radius. This 
very spheroid, rotating with the tangential velocity C, 
let us get the precise value of the electron spin, 


‘The study of presented model shows, that: 


* The “electromagnetic” rest mass of electron is 
“magnetostatic”; 


© The gravitational mass of electron is an imaginary 
value and it is 137 times more than the rest mass, 
of electron; 


© The gravitational radius of electron is two times 
Jess than the “classical” one; 


© The “internal” gravitational radius of electron is 
45.7 times more than the external one, ie. the 
internal space is compressed per 45.7 times (!); 


* The spinis equal to the classical one, but this value 
is imaginary one (1); 


© The value ofthe “effective” electron charge is three 
times more than the classical tabulated value; 


© The native magnetic field of electron is equal to 
8,9-10" Oersted; 


+ The gravitational constant is equal to 10"cm’/g.s*, 
i.e. it is about 10“ more than the “world’ 
gravitational constant of the Earth; 


© The gravitational energy of electron is equal to 
137-0.511 MeV, ie. 137 times more than the 
equivalent energy of the rest mass of electron. 


The model is paradoxical. But it can be tested 
experimentally! Comparing “electromagnetic” rest 
mass of electron with the relation of electromagnetic 
energy to gravitational one, it is possible to determine 
the connection between magnetostatic and 
gravitational energy of electron, and, therefore, with 
energy of the magnetized ferromagnetic. 


| 2 | New Energy Technologis Issue #4 (7) July-August 2002 


How to Install Bamboo Planks 


Give the bamboo time to adjust to installation conditions, Even though thin-plank bamboo is an engineered material 
Store it for at least 72 hours in or near the room where i ican Vary in appearance. Buy all planks from the same lot 
be installed. Open the packages for inspection, but do not and batch numiber. Then visually inspect the planks to make 


store the planks on concrete or near outside wails. re they match. Use the same lighting as you will have in the 


ished room, 


Inspect wood surfaces. The planks and underlayment Make sure the underlayment is level. t should not change 
should have na more than 12% moisture. Bamboo planks can —_—by more than 's" over 10 feet. If necessary, apply a floor leveler 
be installed on plywood or oriented strandboard at least %" to fil any low places, and sand down any high spots. Prevent 
thick. The underlayment must be structurally sound, squeaks by driving screws every 6" into the subfloor below. 


(continued) 
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‘Sweep and vacuum the floor surface, then measure all Check comers for squareness using the 
room dimensions. triangle method. 


= 
The planks should be perpendicular to the floor joists Lay the first course of planks with the tongue edge toware 
below. Adjust your starting point f necessary, Snap a chalk line the wall. Align the planks with the chalk line. Hold the edge 

next to the longest wall, The distance from the wall should be course in place with wedges or by nailing through the tongue 


the same at bo 


ends, leaving 1 fo 


‘edge, This row will anchor th 
securely in place. 


1s, So make sure it stays 
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Once the starter row is in place, install the planks using 
a premium wood flooring adhesive, Be sure to fallow the 
‘manufacturer's instructions. Begin at the chalk line and apply 
‘enough adhesive to lay down one or two rows of planks. 
‘Spread the adhesive with a V-notched trowel ata 45° angle. 
Let the adhesive sit for the specified time. 


11 i, 


After you finish the first section, cover the next area with 
adhesive and give ittime to become tacky. Tis slows down the 
project, but it prevents you fram using more adhesive than you 
can use—and it allows the section you just finished to set up, 


When the adhesive is tacky and ready to use, lay the first 
section of bamboo planks. Set each plank in the adhesive by 
placing a clean piece of scrap lumber on top and tapping it 
‘down with a rubber mallet, Check the edge of each section to 
make sure it keeps a stright line 


When the adhesive is ready, jay dow the next section of 
planks. Fit the new planks tightly against the previous section, 
taking care not to knack the finished section out of alignment, 
Ifthe planks have tongue-and-groove edges, fit them carefully 
into place. 


(continued) 


Flin 


Continue applying adhesive and installing planks, one 
section at a time, to cover the entire floor, When adhesive gets 
‘on the flooring surface, wipe it off quickly, 


15 


‘As you finish each section, walk across ita few times to 
maximize contact between the planks and the adhesive. When 
all the planks are in place, clean the surface and use a clean 


weighted roller, Push the roller In several directions, covering 
the entire surface many times, 
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‘At the edges and around any fixed objects, such as 
doorways or plumbing nipes, leave a 12" gap for expansion 

Use shims to maintain the gaps if needed. These spaces can 
be covered with baseboards, base shoes, and escutcheons 


In places that are difficult to reach with a roller, jay 
down a sheet of protective material, such as butcher paper, 
and stack weights on the paper Lat the finished floor sit fr at 


least 24 hours, then clean the surface and remove any spacers 
from the expansion gaps. Finally, install the finishing trim, 


| Installing Ceramic Tile 


ceramic tile installation starts with the same steps 

as installing resilient tile, You snap perpendicular 
reference lines and dry-fit tiles to ensure the 
best placement. 

When setting tiles, work in small sections so 
the mortar doesn't dry before the tiles are set. Use 
spacers hetween tiles to ensure consistent spacing. 
Plan an installation sequence to avoid kneeling an set 
tiles, Be careful not to kneel or walk on tiles until the 
designated drying period is over. 


V4" square trowel 
Rubber mallet 

Tile cutter 

Tile nippers 
Hand-held tile cutter 
Needlenose pliers 
Grout float 

Grout sponge 

Soft cloth 

Small paint brush 


‘Thin-set mortar 
Tile 

Tile spacers 
Grout 


Latex grout additive 


Wall adhesive 
2x4 lumber 
Grout sealer 
Tile caulk 
Sponge brush 


Ceramic floor tie continues o be one ofthe most popular DIY floorcoverings. is reatively easy to instal is very durable nd, 
depending on the style you choose, can be quite affordable, 
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How to Install Ceramic Tile 


Make sure the subfloor is smooth, level, end stable. Spread Fasten it in place with) 1° cementboard screws Place 
thin-set mortar on the subfloor for one sheet of cementboard, _fiberglass-mesh wallboard tape over the seams. Cover the 
Piace the cementboard on the mortar, keeping a " gap along remainder of the floor, following the steps on page 152. 


the walls 


Set the first tile in the corner of the quadrant where the 
nce lines intersect, When setting tiles thet are 8° square 
tlle slightly 25 you set itinto position, 


Draw reference lines and establish the tle layout (see 
‘page 181). Mixa batch of thin-set mortar, then spread the referey 
‘mortar evenly against both reference lines of one quadrant, or larger, twist e 
using a Ye" square-notched trowel. Use the notched edge of 

the trowel to create furrows in the mortar bed. 
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Using a soft rubber mallet, gently tap the central area of Variation: For large tiles or uneven stone, use a larger trowel 
each tile 2 few times to set it evenly into the mortar with notches that are at least 16" deep, 


Variation: For mosaic sheets, use a %s" V-notched trowel 


10 spread the mortar and a grout float to press the sheets tile spacers at the comers of the set tle. Wi 
into the mortar, Apply pressure gently to avoid creating an Use spacers equal to the gaps between tes, 
uneven surface. 


‘mosaic sheets, 


(continued) 
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Position and set adjacent tles into the mortar along 
the reference lines, Make sure the tiles ft neatly against 
the spacers. 


To make sure the tiles are level with one another, place a 
straight piece of 2 x 4 across several tiles, then tap the board 
with a mailet. 


Lay tile in the remaining area covered with mortar. Repeat 
steps 2 t0 7, continuing to work in small sections, until you 
reach walls or fixtures, 
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‘Measure and mark ties to fit against walls and into comers 
(see pages 183 to 184). Cut the tiles to fit. Apply thin-set mortar 
directly to the back of the cut tle, instead of the floor, using 
the notched edge of the trowel to furrow the mortar 


Set the cut pieces of tile inta position. Press down cn the tile Measure, cut, and install ties that require notches or curves ta 
until each piece is level with adjacent tiles fitaround obstacles (set, such as exposed pipes or tolet drains, 


J 


Carefully remove the spacers with needienose pliers Apply mortar and settles in the remaining quadrants, 

before the mortar hardens. ‘completing one quadrant before starting the next. Inspect all 
of the tie joints anc use a uty knife or grout knife to remove 
any high spots of mortar that could show through the grout, 


(continued) 
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Install threshold material in doorways. If the threshold js too long for the 
doorway, cut it to fit with a jigsaw or circular saw and a tungsten-carbide blade. Set 
the threshold in thin-set mortar so the top is even withthe tile. Keep the same space 
between the threshold as between tiles, Let the mortar set for at least 24 hours, 


Starting in a corner, pour the grout aver the tle Use a 
rubber grout oat to spread the grout outward from the corner, 
pressing firmly onthe float to completely fil the joints. For best 
results the the float at a 60° angle tothe floor and use @ figure 
eight motion. 
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Prepare a small batch of floor grout 
to fil the tile joints. When mixing grout 
for porous tlle, such as quarry or natural 
stone, use an additive with a release 
agent to prevent graut from bonding to 
the tile surfaces, 


Use the grout float to remove excess grout from the surface 
Of the tile, Wipe diagonally across the joints, Nolding the 

float in 2 near-vertical position. Continue applying grout and 
Wiping off excess until about 25 square feet ofthe floor has 
been grouted. 


Gravitational constants ofthe Rarth and ofthe electron 
differ in about 10° and can be described by the same 
simple equation: 

Vie = 2kYy @", 
where k - is a parameter of the gyroscope shape, 7y- 
is absolute universal constant, equal to 1/137 and @ - 
is native rotation frequency of the gyroscope. 


Let us assume, that gravitational constants of all objects 
should be described by this equation. By substitution 
of the new gravitational constant into the known 
equation of the gravitational energy W =yn"/r we 
will get the equation of the gravitational energy of 
rotating gyroscope with any size (from electron up to 
the Galaxy!). Thus, the main point of the “non- 
Einsteinian” theory of gravitational energy sources 
comes to the thing that any rotating object and any 
magnetized ferromagnetic have their own gravitational 
energy, and the sources of gravitational radiation can 
bbe only nonlinearly moved objects, or objects which are 
in the state of change of phase (for example, permanent 
magnet during its demagnetization). It is the 
gravitational theory and explanation of “strong” and 
“weak” interactions! 


Laboratory test of the equations 
Magnetostriction 


JP. Joule found the effect of change of ferromagnetic 
linear sizes and volume during magnetization as early 
as 1842, Magnetostriction is widely used in modern 
technique, but in the physical encyclopedia of 1963 
there is the following honest acknowledgement: “For 
the most ferrites both longitudinal and transverse 
magnetostriction is negative; the reason of it is still 
unclear.” 


In the scientific literature magnetostriction is usually 
defined as 2=AL/L. However, during the change of 
external field to some arbitrary and enough small value 
AH, it is advisable to define magnetostriction as 
2=1/L-AL/AH, since in magnetostriction experiments 
the value AL/AH (or0L/0H ) is changed. By means of 
the suggested equation W=137(BHV)=BHV/a, which 
connects magnetic energy with the gravitational one, 
it is possible to get enough simple equation for the 
magnetostriction: 


A=1/L-OL/0H =a-k (BH), -H? -du/dH 
where (B-H),/or- is the density of gravitational energy 
in the point of magnetic saturation, kis the parameter 
of share of gravitational field in the magnetostriction 


effect, H- is magnetic bias, 0/t/0H - is differential 
magnetic conductivity, 


‘The new equation qualitatively corresponds to four 
known features of magnetostriction [5], namely: 


‘+ The magnetostriction sign is defined by the sign of 
U1/0H , i. by the course of the magnetization curve, 
measured in the direction of calculated component of 
the linear magnetostriction; 


+ Graphical sum of three linear components of 
magnetostriction, calculated by three main axes of the 
anisotropy form of the model, is always negative and 
numerically close to the value of the volume 
magnetostriction; 

‘+ Magnetostriction is an even effect, since the equation 
includes squared value of the external magnetic field; 
+ Dependence of magnetic conductivity 4 from the 
filed Hand hence dependence 01/0H has ahysteresis 
nature. Therefore, the magnetostriction is a hysteresis 
phenomenon too. 


So we have the right to “close” the question of physical 
encyclopedia on the cause of magnetostriction. 
Magnetostriction is the secondary gravitational effect 
of ferromagnetic “self-constriction” in its own 
gravitational field. 


Gravitational-optic effects of GIR 


Distortion of the light beam, passing near the Sun and 
the photon frequency bias in the field of terrestrial 
gravity (the Nobel experiment of Paunda and Rebid) are 
the main arguments in favor of GTR canonization. It is 
very attractive to repeat these experiments in laboratory 
conditions, basing on our conception of the origin of 
gravitational field. 


The acceleration of gravity, used in experiments with 
ferromagnetic, reached the value 4.72-10""cm/s?, ie. 
about 4.8-10"g. At such values of acceleration there is 
no necessity to introduce a definition “space masses”, 
In these experiments there was used the optically 
transparent ferromagnetic, which was the saturated 
solution of manganese chloride in water at room 
temperature. The experiment on the beam distortion 
was made in 1975 [7]. It was shown, that this effect is 
the result of two simultaneous processes. The first is 
an intense drift of magnetic ions, which forms the 
gradient of index coefficient that causes the light beam 
distortion. Another process is a relatively weak 
gravitational beam distortion, for which, nevertheless, 
the relation of deviation angle to the track length (the 
length of the dish is about 100 mm) is tuned out to be 
about 10” more than in “Einsteinian” gravitational-optic 
experiments. 


‘The experiment on bias ofthe optic radiation frequency 
[8] was made in 1978-1980 and was repeated in 1983. 
With use of heterodyne and interferometrical methods 
of measurement we were succeeded to observe effects 
of “red” and “blue” frequency biases in the non- 
uniformly magnetized ferromagnetic by means of simple 
displacement of the working dish (with the length about 
40 mm) from one side of the magnet gap to another. 
‘The maximum displacement is about 10, that is about 
10"° more than in the experiment of Paunda and Rebki. 


Problem of the propagation speed of gravitational 
radiation 


There are still only few publications about such 
fundamental parameter as the propagation speed of 
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Wipe a damp grout sponge diagonally over about 2 square Allow the grout to dry for about 4 hours, then use @ 
{eet of the floor ata time. Rinse the sponge in cool water soft clath to buff the tile surface and remove any remaining, 
between wines. Wipe each area anly once since repeated grout film, 

‘wiping can pull grout back out of joints. Repeat steps 17 to 18 

+0 apply grout to remainder of foo, 


Apply grout sealer to the grout lines, usinga small sponge Variation: Use a tile sealer to seal porous tile, such as quarry 


‘rush or sash brush. Avoid brushing sealer on to the tle tile or unglazed tile. Following the manufacturer's instructions, 
surfaces. Wipe up any excess sealer immediately. Folla thin coat of sealer over the tile and grout joints, using & 
paint raler and extension handle. 
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WH installing Mosaic Tile 


lent choice for smaller areas. 


osaic tile is an o 
It requires the same preparation and handling as 

larger tiles, with a few differences. Sheets of mosaic 
tile are held together by a fabrie mesh backing. 
makes them more difficult to hold, place, and move. 
‘They may not he square with your guidelines when 
you first lay them down. And mosaic tiles require many 
more temporary spacers and much more grout 

A few cautions: Variations in color and texture are 
just as likely among mosaic tile as individual tiles, so 
buy all your tile from the same lot and batch, Mortar 
‘or mastic intended for ceramic tile may not work with 
alass mosaic tile. Finally, in projects where the finished 
project will be exposed to the elements, make sure you 
have adhesive and grout suitable for outdoor use. 


Tools & Materials > 


Notched trowel 
Recommended 
adhesive 

Rubber mallet 
Sanded grout 
Serap lumber 
Straightedge 
Tile nippers 
Tile spacers 


Carpenter's square 
Chalk line 
Cleaning supplies 
Coarse sponge 
Crafi/utility knife 
Grout sealer 
Marking pen 

or pencil 
Measuring tape 


| How to Install Mosaic Tile 


Clean and prepare the area and then draw reference ines 
(see page 181). Beginning at the center intersection, apply the 
recommended adhesive to one quadrant. Spread it outward 
‘evenly with a notched trawel. Lay down only as much adhesive as 
Yyou can cover in 10 t0 15 minutes. 
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‘Mosaic tiles come in sheets (usually 12 12") and can be 
made from ceramic, porcelain, lass or any number of designer 
‘materials. Normally installed for their appearance, mosaics are 

relatively high maintenance and prone to cracks because of al 

the grout lines 


Select a sheet of mosaic tile, Place several plastic spacers 
within the grid so that the sheet remains square. Pick up the 
sheet of ties by diagonally opposite comers This will help you 
hold the edges up so that you don’t trap empty space in the 
middle ofthe sheet 


Gently press one corner into place on the adhesive. Slowly 
lower the opposite comer, making sure the sides remain 
‘square with your reference lines, Massage the sheet into the 
aghesive, being careful not to press too hard or twist the sheet 
‘out of position, Insert a few spacers in the outside edges of 
the sheet you have just placed. This will help keep the grout 
lines consistent. 


‘At the outer edges of your work area, you wll probably 
need to tim ane or more rows from the last sheet. Ifthe space 
left at the edge is more than the width of a regular graut line, 
use tile nippers to trim the last row that wil fi. Save these 
leftover tiles for repairs 


When you have placed two or three sheets, iay a scrap 
plece of flat lumber across the tops and tap the wood with a 
rubber mallet to set the fabric mesh in the adhesive, and to 
force out any trapped air 


After the adhesive has cured, usually 24 to 48 hours, 
apply grout (see pages 196 to 197). With many more spaces, 
‘mosaic tiles will require more grout. Follow the manufacturer's 
Instructions for spreading and floating the grout. Clean up 
Using the instructions for individual tiles (see page 197). 


Flin 


WW) installing Carpet Squares 


clean, level, dry underlayment or existing floor. If the 
surface underneath is waxed or varnished, check with 


[Vfeetsarnetingtasa singe design and is stretched 
the manufacturer before you use any adhesives on it 


from wall to wall. It covers more square feet of 


American homes than any other material. But if you 
want a soft floor covering that gives you more options, 
carpet squares are an excellent choice. 

Manufacturers have found ways to create 
attractive new carpet using recycled fibers. This not 


Tools & Materials > 


only reuses material that would otherwise become Adhesive Flat-edged trowel 
landfill, it reduces waste in manufacturing as well Aviators snips Marking pen 
So, instead of adding to problems of resource Carpenter's square or pencil 
consumption and pollution, earpet squares made from Chall fine Measuring tape 


Gleaning supplies Notched trowel 


recycled materials help reduce them, 
Grafv/utlity knife Straightedge 


The squares are attached to each other and to the 
floor with adhesive dots, They can be installed on most 


Carpet tiles combine the warmth and comfort of carpet with do-t-yourself installation, custom designs, and easy replacement, 
They can be laid wall-to-wall or in an area rug style, as shown above. 
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How to Install Carpet Squares 


Take the squares out of the package. Be sure the 1 
\well ventilated. Carpet squares should be 
for at least 12 hours before you lay them down, 


Check the requirements for the recommended adhesive, 
You can instal res aver many other flooring 
‘materials, including hardwood, laminates, and resilient 
sheets or tiles. The carpet squares shown here are fastened 
with adhesive dots, t any existing floor provides @ 
Usable surface 


4 


Make sure the existing floor is clean, saath, stable, 
and dry, Use floor leveler if necessary to eliminate any hills or 


valleys. any part of the floor is loase, secure it to the subfloor mine the visual center and 
cr underiayment before you install the carpet squares. Vacuum ross the center and perpendicular to the walls, This set of 
ith a damp cloth. guidelines will show you where to start, 


(continued) 


Flooring @ 201 


Lay a base row of carpet squares on each side of the 
‘two guidelines, When you reach the walls, make note of how 
much you will need to cut. You should have the same amot 
to cut on each side. If not, adjust the center point and realign 
the squares. 


7 


Fasten the base rows in place using the manufacturer's 
recommended adhesive, This installation cals for two adhesive 
dts per square. As you place each square, make sure it 

is aligned with the guidelines ana fits tightly against the 

next square. 
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Check the backs of the squares before you apply any 
adhesive. They should indicate a direction, using arrows 
or other marks, so that the finished pile has @ consistent 


appearance. ifyou plan to mix colors, this is the time to 
establish your pattern 


When you reach a wall, fl the last square over Push it 
against the wall until itis snug. Ifyou are planning a continuous 
pattern, align the arrows with the existing squares. f yau are 
Creating a parquet pattem, turn the new square 90 degrees 
before marking it 


Mark notches or draw a line across the back where the 
new square overlaps the next-to-last one, Using a sharp 
carpet knife, a carpenter's square, and a tough work surface, 
ccut along this line, The cut square should fit neatly in the 
remaining space. 


Finish all four base rows before you fi in the rest of 

the room. AS you work, check the alignment of each row, if 
You notice a raw going out of line, find the point where the 
rection changed, then remove squares back to that point and 
start again 


‘Ata door jamb, piace a square face up were it will go. Lean 
the square against the jamb and mark the point where they 
meet, Move the square to find the other cutline, and mark 
that as well. Flip the square over, mark the two lines using a 
carpenter's square, and cut out the corner. 


Work outward from the center so that yau have a known, 
reference for keeping raws straight. Save the cut pieces fram 
the ends. They may be useful for patching odd spaces arqund 
doorways, heat registers, radiator pipes, and when you reach 
the comers 


203 


Refinishing Wood Floors 


finishing hardwood floors is one of the first major 

home improvement projects homeowners attempt 
The tools you need are readily available for rent, but 
pethaps the main reason so many DIYers attempt floor 
refinishing is that itis a very invasive project that requires 


alot of planning and moving of furniture. Doing it yourself 


allows you to work gradually on your own schedule 


if Tools & Materials > 


Staple gun Nail set 

Zip door Drum sander 

Painter's tape Sandpaper 

Plastic Power edge sander 

Fan Rotary buffer 

Pry bar Paint scraper 

2X4 scrap Sanding block 

Wood shims Tack cloth ‘A drum sander (A) end an edge sande (a) are rental 


that can tackle ust about any floorsanding project. 


Other products and tools for resurfacing and refinishing floors: Paint scrapers (C) are helpful for removing old finish in comers 
and other areas that cannot be reached by sanders, When refinishing floors, chemical stripping products (0) are often a more 
efficient method that yields better results. This is especially true for flaors that are uneven, or for parquet and veneered floors, 
\which cannot be sanded, Stripper knives (E) and abrasive pads (F) are used with the stripping products. For the final finish, 
based polyurethane (G) is poured into a paint tray (H) and applied using a wide painting pad with a pole extension () 
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| How to Refinish Wood Floors 


Staple plastic on all doorways. Place a zip door aver 
the entryway you plan to use for the duration of the project, 
Use painter's tape and plastic to cover heating and cooling 
registers, celing fans, and light fixtures. Finally, piace a fan in 
nearby window ta blow the circulating dust outside. 


Wedge a prybar between the shoe molding and baseboards 
‘Move along the wall as nalls loosen. Once removed, place 2 
scrap 2 4 board against the wall and, wth a pry bar, pry out 
baseboard at nails. Maintain the gap with wood shims. Drive 
protruding nals in floor \* below the surface with a nal set. 


Practice with the drum sander turned off. Move forwaid 
‘and backward; tit or raise it off the floor a couple of times. A 
drum sander is difficult to maneuver. Once it touches the floor 
it walks forward; if you stop it, it gouges the floor. 


For the initial pass with the drum sander, send with the 
grain, using 40- or 60-grit sendpaper. For large scratches use 
20 or 30, Start two-thirds down the room length on the right 
side; work yaur way to the left. Raise drum. Start motor. Siowly 
Jower drum to the floor. Lift the sander off the flor as you 
approach the wall, Mave to the left 2 to 4 and then walk it 
backwards the same distance you just waked forward. Repeat. 
(continued) 


Flooring @ 206 


4 


When you get to the far left side of the room, turn the Use a power edge sander along the walls, using the same grit 
‘machine around and repeat the process. Qveriap the sanded thal you last used with the drum sander. Make a succession of 
‘wo-thitd to featner out the ridgeline, Repeat this drum Coveriapping half-circles as you move along the entire perimeter 
sending process 3 or 4 times using 120-grit paper. For the final ofthe room, Next, run a rotary buffer over the floor twice: fist 
ass oF two use finer paper (150-er), with an 80-grt screen and then with @ 100-grit screen, Finally, 


Use @ random orbital sander to smooth out the floor. 


Use a paint scraper to get to corners and hard-to-reach Remove all plastic on doors, windows, and fixtures and then 
nooks, Pull the scraper toward you with a steady downward sweep and vacuum to prepare the room for finish. Wipe up 
pressure Pull with the grain, Next, sandwith a sanding block. _fine particles with a tack clath, 
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gravitational radiation; it is able to speak only about 
pages, or even lines! Let us refer to major sources: 


I. Newton: “The propagation speed of gravitational 
interaction is equal to infinity." It is an argument, 
because otherwise we would have to bring the “delay” 
parameter At into the Law of Gravity, what is not noticed 
in real conditions of star observations [9] 


PS. Laplace in 1787, taking into account observation 
errors of that time, showed, that gravitational 
interaction speed was about 50-10 times more than the 
light propagation speed, ie. it was about 1,5-10" cm/s 
[10]. 


A. Einstein: “The propagation speed (of gravitational 
interaction) is equal to the light velocity”. This statement 
is postulated. 


Even during the change of propagation speed of 
gravitational radiation between the Earth and the Moon 
itis impossible to define the signal delay about 10s, 
ie. we cannot measure directly the propagation speed 
of gravitational radiation (supposing that we have both 
generators of the gravitational radiation and receivers 
of it). But this speed can be estimated by the reflection 
impulse, what exactly was made in 1987 [3]. And its 
value is about 9-10" cm/s! 


On the basis of conservation law of impulse of 
unidirectional radiator with arbitrary energy type we 
can get a simple equation: 


F I(dW /dt)=10°-V/C* 


where V— is the speed of radiation propagation, F~ is 
tractive force in grams, dW/d t ~ is power of radiation 
in Watts and C— is velocity of light. 


[g/we] 


For making the experiment there were constructed, 
produced and adjusted: sensible scales with one degree 
of freedom (sensitivity of balance is about 1g at the 
oscillator mass together with the moving element of 
scales which is about 50kg); the indication system of 
small mass changes (phase-meter receiver); gyroscopic 
system, changing the mass in the dynamic mode (there 
are 16 possible operating modes — from the rotation with 
steady and variable angular speed up to the forced 
precession with the variable angle of precession, with 
the “right” and “left” rotation of all load-bearings 
elements at option); power sources and commutation 
automated system. The period from idea up to its 
realization took about two years (1985-1987) [3]. Taking 
into account the real parameters of the system, the 
program of calculation was drawn and propulsive burns 
were calculated. The results of machine computation 
can be compared with real impulses, demonstrated on 
the screen of the oscilloscope. 


If strange speed value 177 Cis discarded, then the 
middle speed value is close to C’, ie. to 
9-10 cm/s! Of course, we would like to think that this 
is the second fundamental matter speed of our world, 
which we has approached experimentally 


Gravitational receiver 


During the creation of gravitational antennas and 
receivers there appear almost insuperable difficulties 
from the modern fundamental science point of view. 
‘That is why it is advisable to look at this problem from 
another side. At first, it is necessary to consider 
gravitational radiation interaction not with the mass, 
which it goes through without losses, but with the 
gravitational field of independently gravitating mass, 
when the interaction must be the most effective because 
of the principle of physical processes reversibility. At 
second, it is necessary to choose some critical 
parameter of auto-gravitating receiver as a value, which 
is directly measurable by gravitational detector. For 
example, angular velocity of free rotation of thin disk 
with big diameter, the frequency of magnetization 
precession during NMR (nuclear-magnetic resonance) 
or NFMR (non-linear ferromagnetic resonance) etc. can 
be chosen as such a value. 


In 1987 there was the first successful attempt to receive 
the gravitational impulse. The source of external signal 
was gyroscopic precessing system with the variable 
angle of precession (the propagation speed of 
gravitational radiation was measured by it). Double 
gyroscope, setting in motion by one electric motor, but 
with the opposite directions of rotation, was used as a 
detector. Between disks there was placed the source of 
light, impulses of which, passing through disks 
openings, were registered by photodiodes. Their signal 
came into differential circuit of data processing. The 
memory oscilloscope reproduced impulses of 
gravitational radiation. At that radiating system and 
memory oscilloscope was started up simultaneously. 
During the work process there appeared a problem of 
exciting of slow auto-oscillations of gyroscope-detector. 
This problem together with the low frequency of auto- 
oscillations of mechanical system led to a conclusion 
that this research direction is not very promising 
However, the fact of detection was proved! 


Gravitational engine of continuous action 


Only about nine years passed since the appearance of 
the idea about engine up to its realization! In 1997 the 
engine was produced and tested. The engine with 
weight about 28 kg was made “weightless” on the 
magnetic hanger, and longitudinal draft, appearing in 
accordance with the impulse conservation law, was 
measured by micrometer detector of longitudinal shifts 
(sensitivity is about 50g/point). Such engine could be 
built still in the beginning of the last century... However, 
it has a secret that is a gyroscope with the variable 
radius, working in the continuous mode. 


‘The engine power is defined by the formula 
dw 


i dr 
BW = spy yo{ te) 40 
dt ne x dt 


In June of 2000 there were made experiments with the 
model of gravitational engine, which represents a 
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E al Fete 
Seal the sanded wood with 81:1 mixture of water-based Allow the floor to dry. Buf the surface lightly to remove any’ 


polyurethane and water, using a painting pad and pole. raised wood grain, using a medium abrasive pad. Vacuum the 
surface, using a bristle attachment, then wipe with a tack cloth 


Apply at least two coats of undiluted polyurethane finish ta. When the final coat is dry, buff the surface with water and 
get a hard, durable finish. Allow the finish to dry; repeat step 10 fine abrasive pad. Wait at least 72 hours before replacing the 
and then add a final coat. Do not overbrush. shoe molding 
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Walls & 
Ceilings 


alls and ceilings are much more than structural 

barriers dividing your house into separate areas, 
They are canvases awaiting an inspired treatment 
that ean set mood, distinguish space, and reflect your 
personality within each individual room. 

‘Through creative design and a thoughtful 
selection of colors, textures, and materials, nearly any 
wall and ceiling design you dream up can become a 
reality. From basic painted wallboard and traditional 
‘wood paneling to elegant glass block and distinet 
veneer plaster finishes, there is an ever-increasing 
variety of wall and ceiling finish materials available 
to you. Most home centers and lumberyards keep 
4an impressive selection in stock and can easily 


accommodate special orders. 


In this chapter: 

* Installing Paneling 

* Installing Beadboard Wainscoting 
*« Building Glass Block Walls: 

* Applying Veneer Plaster 

* Paneling Ceilings 

Installing Suspended Ceilings 

* Installing Acoustical Ceiling Tiles 
* Installing Metal Ceilings 

* Installing Base Molding 

« Installing Picture Rail 

«= Installing Chair Rail 

* Installing Crown Molding 
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WW installing Paneling 


ch widths. Paneling that is 14" or less 
colors, and prices. in thickness requires a solid bucker of at least /" 


Pisvatngiexveradivwallsitereg mired ae ins 
comes in a wide range of styl 


Paneling sheets are made from a variety of materials wallboard; paneling *4" thick or more i rigid enough 
for numerous applications to be fastened directly to framing with sixteen-inch 

Solid and veneer wood paneling is durable and OC. spacing, Installation typically involves a panel 
easy to clean. Available in finished and unfinished adhesive, either applied in heads along the wall 
sheets, wood paneling brings a warm, rich tone to any or framing, or troweled onto the back surface of 
room. It is often used as wainscoting (pages 214 to the panel. Make sure to check the manufacturer's 
219) and also can be used as an inexpensive caver-up instructions for the product you purchase 


for damaged plaster. 

Laminate panels are sheets of MDF, 
particleboard, or plywood faced with paper, print or 
vinyl. Laminates are available in hundreds of colors, 
styles, and patterns, providing a durable alternative to 
paint or wallcoverings. 

FRP (fiberglass reinforced plastic), extruded 
plastic, and vinyl par 
throughout the panel, creating a low-maintenance, 
‘water-resistant wall surface for bathrooms, utility 
rooms, garages and workshops, as well as numerous 
commercial applications 

Tileboard is moisture-resistant hardboard coated 
with melamine, providing a durable, easy-to-clean 
plastic finish. It's designed to replicate the appearai 
of ceramic tle, for use in bathrooms, laundry rooms, 
and kitchens. 

Bamboo paneling is gaining in popularity due to 
its unique look and green-friendly spees. Panels are 
constructed of strips of bamboo laminated to a fabric 
backing, which allows it to conform to any type of 
surface, flat or curved. 

Most paneling is available in 4x 8, 49, and 
4 10 sheets. Some manufacturers also offer sheets 


els contain solid material 


e 


Tools & Materials> 


Pry bar Compass 

Stud finder Jigsaw 

Tape measure Caulk gun 
Plumb bob Paneling sheets 
Circular saw 4d finish nails 
Straightedge Wood stain 
Hammer Panel adhesive 
Carpenter's level Powdered chalk 
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How to Install Wood Paneling 


Starting in the corner farthest from the entry, use 2 stud _Lay the first paneling sheet face-side down. Measure 


finder to locate the center ofthe stud closest to, but less than’ _the distance from corner to the first plumb mark and add 1" to 
43" from, the corner. Find and mark stud centers every 48" allow for scribing. Use a circular saw and clamped straightedge 
{rom this frst stud, Snap a plumb chalk ine down the wall at _—_to cut paneling to this measurement. 


each location. Paneling seams will fall along these lines. 


Position the first sheet of paneling against the wall so Spread the legs of a compass to 1, then run the 

that the cut edge is 1” away from the comer, andthe opposite, compass down the full height of the wall to scribe the corner 
finished edge is plumb. Temporarily tack the top of the paneling irregularities onto the face of the paneling. Remove paneling 
to the wall from wall 


(continued) 
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Lay the paneling face-side up and cut along the seribe Apply stain or paint to the wall at the plumb lines so the 


line with a jigsaw. To prevent splintering, use a fine-tooth ‘backer will not show through the slight gaps at joints. Select 2 
‘woodcutting blade, The scribed edge will ft perfectly against ——_color that matches the color of the paneling edges, which may 
the wall corner, be darker than the paneling surface, 


Use a caulk gun to apply 2-long ‘Attach the paneling to the top of |_—_-Hang the remaining paneling so 
beads of panel adhesive tothe wall at the wail, using 4d finishing nails riven _thatthere isa slight space atthe joints 
6" intervals and in a continuous, wavy every 16". Press the paneling against This space allows paneling to expand 
bead about 1" back from plumb lines the adhesive, then pull it away from the in damp weather. Use a dime as a 

{to prevent adhesive from seeping wall Press the paneling back against the spacing gauge. 

Cut through the ints, For new con- wall when the adhesive is tacky, about 

struction, apply adhesive directly to 2 minutes, 

the studs 
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How to Cut Openings in Paneling 


For receptacles, switches, fixtures, and heating vents, 


For window, door and other openings, measure the 
‘coat the edges of electrical boxes and ductwark with chalk. 


‘opening and mark the outline on the backside of the paneling, 
Cutto size using a circular saw and straightedge. install as you 
‘Would a full sheet of paneling (page 212). 


Press the paneling against the wall, so the backside Lay the paneling face-side down. Drila folz at one 
presses against the outlet or vent—the chalk outline will corner of each outline, then use a jigsaw with a fine-toath 


transfer to the paneling. woodcutting blade to make the cutouts. 
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ainscoting refers to virtually any specialized 
treatment of the lower three to four feet of 

interior walls. The form demonstrated here, using 

tongue-and-groove boards, frst gained popularity 

in the early twentieth century. Recently, it has re- 

cemerged as a stylish way to dress up a room. 

“Typical tongue-and-groove boards for wainscoting 
are made of pine, fir, or other softwoods and measure 

4" ta 4" thiek. Each board has a tongue on one edge, 
groove on the other, and usually a decorative bevel 
‘or bead on each edge, Boards are cut to length, then 
attached with nails, most of which are driven through 
the tongues of the boards, This technique, known as 
blindnailing, hides the nails from view, 

Once installed, the wainscoting is capped at a 
height of 30" to 36” with a molding called a cap rail. The 
exact height of the wainscoting isa matter of personal 
preference. When installed to the height of the furniture 
in the room, wainseoting provides visual symmetry 
It also allows the cap rail to double as a chair rail, 
protecting the lower portion of the walls from damage 

When installed over finished wallboard, 
‘wainscoting usually requires that nailers be fastened to 
the wall studs to provide a reliable backing for nailing, 
You can skip this step if you know there is consistent 
blocking between the studs to substitute for this 
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WH installing Beadboard Wainscoting 


backing, However, this is usually difficult to confirm 
unless the walls were framed with tongue-and-groove 
wainscoting in mind, 

Wainscoting ean be painted or stained. Oil-based 
stains can be applied before or after installation, since 
‘most of the stain will be absorbed into the wood and 
won't interfere with the tongue-and-groove joints 
If you're painting, choose a latey-based paint; it w 
resist eracking as the joints expand and contract with 
changes in the weather. 


| Tools &Materialsy 


Pencil ‘Tape measure 

Level Paintbrush 

Circular saw “Tongue-and-groove 
Miter saw hoards 

Miter box Finish nails 

Hammer 1x3 furring strips 
Nail set 2" 10d finish nails 
Plane Receptacle box 

Gircuit tester extenders, as required 
Pry bar Paint or stain 


‘Tongue-and-groove wainscoting boards 
are milled with smooth faces or contoured 
to add ditional texture to your walls, For 
staining, choose a wood species with a 
pronounced grain. For painting, poplar is 
‘2 good choice, since it has few knots and 
‘a consistent, closed grain that accepts, 
paint evenly 


How to Prepare for a Wainscoting Project 


‘Measure to make a plan drawing of each wal in your Condition the planking by stacking itn the room where it 
project. Indicate the locations of fixtures, receptacles, and will be installed, Place spacers between the planks to let air 
windows. Use a level to make sure the corners are plumb. if circulate around each board, allowing the wood to adjust to 
rot, mark plumb lines on the walls to use as referenice points. the room's temperature and humidity. Walt 72 hours before 


staining or sealing the frant, back, and edges of each plank. 


Remove the baseboard moldings, along with any ‘Mark the walls with level lines to indicate the top of the 
receptacle cover plates, vent covers, or ather wall fixtures wainscoting. Marka line "from the floor to provide a small 
within the area you plan to cover: Before you begin, turn off the gap for expansion at the floor. 

electricity tothe circuits in the area. 
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Begin installation at the corners, 
Install any outside comers (A) first, 
‘working your Way toward the inside 
corners, In sections of a room that have 
‘no outside corners, start at the inside 
corners (8), and work your way toward the: 
door and window casings. Calculate the 
umber of boards required for each wall 
Using the measurements on the drawing 
you created earlier (ength of wall divided 
by width af one plank). When making this 
calculation, remember that the tongues 
are removed from the comer boards. the 
total number of boards for a wall includes 
a fraction of less than ‘ of a board, plan 
to trim the first and last boards to avoid 
ending with a board cut to ess than half 
its original width 


Cut a pair of boards to the widths Position the boards at the comer, Position a piece of corner trim and 

indicated in the calculations you butting them to create a plumb comer, nail tin place, using 6d finish nails. 

developed during the planning process. _Facenall the boards in place, then nail Install the remaining boards (opposite, 
the joint using 6d finish nails. Drive steps 5 and 6) 


the nails to within ¥ of the face of the 
boards, then finish with a nail set 
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gyroscope with the variable radius (see photo on the 
1st cover page). The mercury was used as rotating fluid. 
‘Tests were made in the Research Institute of Space 
‘Systems named by Krunichev. In three experiments, at 
a certain speed of rotating fluid there was fixed a 
decreasing of the engine weight (38,5 kg) upto 1.0-1.5, 
kg (2-3%). The specific impulse of the engine was equal 
to 2.5-3.0 kg per kilowatt of electric power. Analysis 
shows, that the increasing of propulsion force is possible 
at optimization of design and operating modes. 


Some preliminary resume 


Inthe magazine “Foreign Literature” #1, 1967 the article 
‘For hundred years forward...” by Jack Marabini was 
published. There were made some conclusions about 
prognostic work of firm Rand Corp., including the area 
of gravitational technique. Namely. 
* Development of communication facilities on 
gravitational waves in 2000; 
* Creation of spaceships with antigravity 
engines in 2050; 
+ Transformation of gravitational energy into 
electric one in 2100. 


In the article it was noted, that the most “fantastic” 
predictions of this firm, as a rule, come true passing 
ahead. 


According to our crude estimations, the propagation 
speed of gravitational radiation is “C” times as much 
than the velocity of light, but we know neither laws of 
attenuation and propagation of gravitational waves, nor 
Jaws of their reflection and refraction, nor laws of their 
interaction with the substance.... The large routine work 
is expected: making of measurements and 
investigations, tabulating of obtained data, publishing 
and society familiarization of the results, their 
“popularization”. It is necessary to learn to use 
gravitational radiation and to protect oneself from its 
accidental influences, to design standards and 
dosimeters, etc., ie. to repeat the way of radio 
engineering and nuclear physics comprehension. 


For that we need generators and receivers of 
gravitational radiation. It means that the financial 
support is necessary. And engineers are sure tobe ready 
to pay the highest price for the chance to give to the 
Mankind spaceships, systems of instanteneous 
communication with them and real perspectives for the 
very long history. 


Conclusion 


We have already passed the long way, if not in space, 
then in time. We have made 
‘© Gravitational engines of continuous action with 
the specific impulse about 2.5 kg/kWt [11]; 
* Transformers of gravitational energy into 
thermal and electrical ones [12]; 
‘+ Communication system based on gravitational 
waves [13]; 
* Receivers of gravitational (microlepton) 
radiation of biological and mineral objects [5]; 
‘© Devices for control of “laboratory time” flow 
(time machine) [14] 


‘The main goals of the authors were to attract readers’ 
attention to the problems, which demand an urgent 
solution. Some questions were decided, and even 
seemed to be clear. It also seems to be clear what to do 
further. And what do you think about it? 
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How to Install Wainscoting at Inside Corners 


Hold a level against the first board and 
Hold the board flush with the corner, iF 
the wal is out of plum, trim the board 
to compensate: Hold the board plumb, 
position a compass at the inside corner 
Of the wall, and use it to scribe a line 
down the board 


“Tm 


Install a second board at the corner 
‘by butting it against the first one, then 
facenaiing in at least twa locations. Nail 
10 within 1" of the face of the board, 
then use a nal set to finish, 


Cut along the scribed line with a 
circular saw. Subsequent Doards may 
Tequire minor tapering with a plane to 
adjust for plumb, 


Position subsequent boards. Leave 
2 Yu" gap at each joint to allow for 
seasonal expansion. Use a level to 
‘check every third board for plumb. 
Ifthe wainscating is out of plumb, 
adjust the fourth board, as necessary, 
to compensate, 


Hold the first board in the comer, 
leaving @ ¥" gap for expansion, and 
facenail into the center of the board 

at each nailer location, using éd finish 
rails, Drive the top nails roughly % fram 
the edge so they'll be hidden from view 
‘once the cap rail is attached 


® 


Mark and cut the final boatd to fit. IF 
you're at @ door casing, cut the board to 
fitflush with the casing (trim off at least 
the tongue). if you're at an inside corner, 
make sure itis plumb, If rot, scr 

trim the board to fit 
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How to Make a Cutout 


Test the receptacle (inset) 10 make sure the power is oft 
Then, unscrew and remove the receptacle from the Dox. Coat 
the edges of the electrical box with bright colored chalk 


then reattach the 


the outline. Use a jigsaw fitted with a 
fine-toth woodcutting blade to mak 
the cutout. Be careful not to cut outside 
the lines. 


THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Facenail the wainscoting to the wall 


tabs overlapping the wainscoting so the 
receptacle is flush with the o 
may need longer screws, 


Press the back of the board that will be installed over 
the receptacle, directly against the electri 
cutting outline, 


| boK, to create @ 


Tip> 


recept 
you will need to attach a 
receptacle box extender to 
the Inside of the box, then 
econnect the receptacle so 
itis fish with the opening in 
the paneling. 


le with the 


ing. You 


How to Install Wainscoting Around a Window 


| | SS. ])) 


i ii i I i = 
on casement windows, install wainscoting upto the casings On double-hung windows, remove any window tim anc 
on the sides and below the window, install" cove molding, install wainscoting Upto the jambs an the sides and below the 
quarter round, or ater trim to fish te edges. vandow. Cut te stool ot over the wainscoting, then reinstall 

the apron. 
How to Finish a Wainscoting Project 
- ~ i 
Ail 
° 

‘Cut baseboard moldings (pages ‘Cut cap rail to fit as you would Attach the cap rail by nailing 4d finish 
242 to 245) to fit over the wainscoting toured chair rail (page 249). At d nails through the flats of the moldings 
and attach them by naling éd fisting and windows, instal te cap rail so ts at te stud location so tet nals enter 
nails at the stud lotatons Ifyou pian ta edges lush wth he side cosines both th studs and the wanscotng Set 
install ba small gap at the alls wi 2 na set 


the floor 
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Building Glass Block Walls 


\ [\ ith its ability to transmit light, a 
\ 


VV partition wall defines separate living 


lass block 


sine | ‘Tools & Materials > 


maintaining a sense of openness. You can find glass 


block at specialty distributors and home centers in a Chalk line Panel anchors 

variety of patterns, shapes, and sizes, along with all the Circular saw 212" drywall screws: 

products needed for the installation. Jigsaw Foam expansion 
You can build your wall to any height. Top a low Paintbrush strips 

wall with a course of bullnose blocks to give it a finished Drill Glass block mortar 

rounded edge, or with flat block to create a shelf. To build Mixing box 8" glass blocks 

« full-height wall, calculate the number of courses of block Trowel Pspacers 

you'll have, then frame-in a header to fill the remaining Level Board 

space between the finished black and the ceiling, Pliers Reinforcement wire 
Because of its weight, a glass block wall requires Jointing tool 16-gauge wire 


Nylon- or natural: 


‘aulk or wall trim 


a sturdy foundation. A four-inch-thick conerete 
| bristle brush Baseboard 


basement floor should be strong enough, bu 
floor may need to be reinforced. Contact the local Sponge 

building department for requirements in your area, 2% 6 lumber 

Also bear in mind that glass block products and 16d common nails 


installation techniques vary by manufacturer—ask a Water-based 
asphalt emulsion 


lass block retailer or manufacturer for advice about 
the best products and methods for your project. 


Glass block has many uses in modern up-scale homes arid today's installation systems allow homeowners to easily 
‘work witht 
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| How to Build a Glass Block Wall 


- Expansion strip 


/ Panel anchor 


Glass Reinforcement wire 
Book 

Mortar 

a | Sf Emulsion 


| 


The block wall in this project has a sill made of two 2 « és 
cut to the exact width of the block. This provides a stable base 
to help resist floor mavement and protect the lower courses. 
The block wall is secured to an anchor stud in an adjoining 
\wall, by means of metal panel anchors. Expansion strips 
between the two walls alow for movement. 


Dry-lay the first course of glass block, using a "wood 
spacer between the wall and the first block, and" spacers 
between the remaining blacks, to set the gaps for the mortar 
joints. Mark the wall position onto the floor then remove 

he blocks. Snap chalk lines along the marks to create the 
sill outline, 


Determine the sill thickness based on the size of your 
baseboard and thickness ofthe floorcavering. Rip 2 x é lumber 
to the width ofthe block. f the end blocks are shaped, tim 
the sill pieces to match, using a jigsaw. Fasten the sil to the 
subfloor and framing below with 16d common nails. Apply 
asphalt emulsion to the sil, using a paintbrush, 


‘Mark plumb lines on the adjoining wall, straight up from 
sides ofthe sil. Mark the finished height of each course along, 
the lines. Fasten a panel anchor to the anchor stud at the 
top of every second course, using 27" drywall screws Cut 
sion strips to size and adhere them to the wall between 


(continued) 
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‘Mix only as much mortar as you can apply in about Lay the remainder of the course. |f the wall fias a comer, 
‘30 minutes. Lay a"-thick mortar bed on the sil, enough for work from both ends toward the center, and install the comer 
three or four blocks Set the first block, using YA" Fspacers at —_piece last. Use Ye" spacers between blocks to maintain 

the mortar jaint locations (follow the manufacturer's directions proper spacing, Plumb and level each block as you work, then 
‘or modifying F-spacers at the bottom and sides of the wall).Do check the entire course, using a flat board and a level. Tap 
not place mortar between blocks and expansion strips. Butter _ blocks into place using a rubber mallet—do not strike them 
the trailing edge of each subsequent block with enough mortar with a metal tool 

to fil the sides of both blocks. 


At the top of the course, fil the joints with mortar, and then Apply a %" bed of mortar over the second course, then 
lay a Ye" bed of mortar forthe second course. Lay the block for press the panel anchor into the mortar. Repeat this process at 
the second course, checking each block for level and plumb as each anchor location. 

you work 
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Add reinforcement wire in the same joints as the panel 
anchors, overlapping the anchors by 6". Also averlap the wire 
by 6" where muitiole pieces are needed. At comers, cut the 
inner ral ofthe wire, bend the outer rail to follaw the comer, 
then tie the inner rail ends together with 16-gauge wire, Add 
another Ve" mortar bed, then lay the next course of block 


Clean the glass block thoroughly, using a wet sponge and 
Tinsing it often. Allow the surface to dry, then remove cloudy 
residue with a clean, dry cloth. After the mortar has cured for 
two weeks, apply a sealant, Caulk the seam between the glass 
block and the adjoining wall, or cover the gap with trim, 


Build the wall in complete courses, checking the mortar 
after each course. When it is hard enough to resist ight finger 
pressure (usually within 30 minutes), twist off the spacer tabs 
(inset) and pack mortar in the voids. Then, tool all of the joints 
with a jointing tool. Remove excess mortar from the glass, 
Using a brush or damp sponge. 


Reinstall the flooring, if necessary then cut baseboard to fit 
around the sil (see pages 242 to 245). Ifthe end af your wall 
has curved (bulnose) black, wrap the end with three pieces, 
of tim, 
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hile gypsum wallboard all but wiped out 
traditional plaster and lath in the 1940s, a new 

xeneration of plaster produets now make plaster easier 
and cheaper to apply leading to renewed popularity 
for this classic material 

Veneer plaster systems provide a solid, uniform 
‘wall surface that is highly resistant to nail pops, cracks 
and surface damage. A skim coat of plaster is troweled 
onto a gypsum wallboard base that has a distinetive 
blue calor, commonly called blueboard. While 
bluchoard is installed like standard wallboard, it has 
a highly absorptive face paper to which the wet-mix 
plaster bonds. Blucboard joints do not need to be taped 
as precisely as standard wallboard joints, and seams and 
fastener heads do not show through the Finished plaster 
surface, a common prublem with standard wallboard 

Venwer systems are available in one-coat and 
at systems have a single 
layer of Finish plaster applied directly to the blueboard 
bas stems, a rough basecoat for the fi 
plaster to mechanically “key” or bond to, providing 
a more rigid surface. Finish plaster ean be troweled 
smooth or tooled fora texture, Sand and other 
additives can be used to ereate coarser textures. 


hwo-coat systems. One~ 


two-cout § 


Tools and materials for installing veneer plaster include: 
‘ory-mix veneer plaster basecoats (A) finish plaster (8), 
available for smooth or textured applications; spray bottle for 
moistening surfaces (C}; non-adhesive fiberglass mesh tape 
{or covering blueboard panel seams and inside corners (Dj, 
outside corner beads with metal beads and mesh flanges () 
‘mortar hawk (F), 12" trowel (6); thin-wire rake for roughening 
the base coat (H). 
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WH! Applying Veneer Plaster 


Applying veneer plaster effectively does take 
some time to master, but no more so than that of any 
masonry technique that requires troweling. The key 
is to apply the plaster in quick, short strokes, called 
“scratching in,” and then to immediately trowel it over 
with a steady, even stroke to smooth the plaster toa 
consistent thickness, typically 


oR 


"Tools & Materials > 


Stapler 
Hammer 


Metal corner bead with 
mesh flanges 

Heavy-duty 4" 114" wallboard serews 
drill with Non-adhesive fiberglass 
mixing paddle mesh tape 

V6-gal. drum Ye staples 

Mortar hawk Clean potable water 

12” trowel Dry-mix veneer 

Fine-wire rake hasecoat plaster (for 
or broom ‘wwo-coat application) 
(for basecoat) Dry-nix ve 

Spray water battle finish plaster 


ONE- AND TWO-COAT VENEER 
PLASTER SYSTEMS 


‘one-coat veneer plaster 
systems use a single, Yu" 


Two-coat veneer plaster 
systems are composed af 
"sto 7" basecoat plaster 
applied to blueboard, folowed 
by.a Yu"-to%"-thick coat of 
finish plaster. The finish coat 
bonds with the seratched 
bbasecoat surface, forming a 
‘mote uniform and monolithic 
surface than that of a 
‘one-coat system, 


to %:"-thick coat of finish 
plaster applied directly to 

a blueboard base, The coat 
ccan be troweled smoath or 
textured, resulting in a hard, 
‘monolithic surface. 


How to Apply a One-Coat Veneer Plaster System 


Cover all seams first. Apoly a thin 
layer of plaster along all fiat seams and 
comer bead, feathering out the edges 
by 6", For inside corners, apply a thin 
bed of plaster and embed the loose 
tape, then caver with another thin layer. 
Allow all taped seams to set 


Variation: Blueboard joints can also be reinforced with paper tape, Embed the tape 
ina thin plaster bed, then and cover with another thin layer to conceal the tape fully. 
‘Note: Some manufacturers recommend setting-type compound for embedding paper 
tape; always follow the manufacturer's directions for the products you use, 


After the seams have set, begin plastering the surface, beginning at one comer and moving to the opposite, Start with cellings 
and then do the wals, completing one entire surface before moving onto the next. To apply the plaster, tightly scratch in the 
‘material up the wall (photo lef), then immediately double-back over it, smoothing aver the material to thickness of Ys to Ys 

a specified by the manufacturer Us tight, quick strokes to apply the plaster during the “scratch pass" and long, even strokes to 
achieve consistency during the “smooth pass” 


(continued) 
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Continue to apply plaster by scratching in and smoothing Once the plaster begins to firm, trowel the surface to 


ver the surface. Don't worry about uniformity and trowel {ill any voids and remove tooling marks and imperfections, 
ridges at this point. Rather, make sure the entire surface is integrating the surface into a uniform smoothness. 
completely concealed with a relatively even plaster coat, Ys" 

10 %"-thic. 


Prior to the plaster setting, make a fal pass with the Variation: For textured surfaces, skip the final troweling and 
‘rowel to smooth the surface, using water sparingly. Do not work the surface with a texturing tool to achieve the desired 
‘over trowel; stop before the plaster begins to darken and sets, results. Note: Sand or texture added tothe plaster mixture 


does not require tooling. 
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How to Apply Basecoat in a Two-Coat Veneer Plaster System 


Apply a thin layer of basecoat along all fat seams and 
‘corner bead, feathering out the edges by 6°, For inside 
comers, apply @ thin bed of basecoat and embed the loose 
tape, then cover with another thin layer. Allow all taped seams 
toset. 


‘Once the plaster begins to firm or “take up," trowel 
the surface to fill ny voids and remove toaling marks and 
imperfections, integrating the surface into a reasonably 
uniform surface—do nat overtrawel ta a smooth surface, 
CCreate keys for the final coat, using a thir-wire rake to roughen 
the basecoat 


After the seams have set, tightly scratch in basecoat, then 
immediately double-back over it, smoothing over the material 
toa thickness of Yu" to w", as specified by the manufacturer 
Use tight, quick strokes to apply basecoat for the “scratch 
pass” and long, even strokes to achieve consistency for the 
“smooth pass” 


MW: 
i 


Approximately two hours after the basecoat has set, 
the finish coat can be applied using the same techniques as 
for a one-coat veneer plaster system (see pages 225 to 226). 
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WW) Paneling Ceilings 


Tirnenend rn ping epeningalenaive 
toa wallboard ceiling, particularly in a knee-wall 
attic, Pine paneling is most common, but any tongue- 
and-groove material can be used. These materials 
are typically *" to 1" thick and are attached dir 
to ceiling joists and rafters (over faced insulation, 
when required). Most codes require you to install 
wallboard as a fire stop under ceiling material thinner 
than 4" 

Allow for waste by purchasing 15% more 
material than the square Footage of the ceiling; 
add more for waste if the ceiling requires many 
angled cuts. Since the tongue portion on most pieces 
slips into the groove on an adjacent piece, square 
footage is based on the exposed face (called the 
reveal) once the boards are installed. A compound 
miter saw is the best tool for ensuring clean cuts, 
This is especially important if the ceiling includes 


nion-90° angles 

Tongue-and-groove boards are attached with 
flooring nails driven through the shoulder of the 
tongue into each rafter (called blindnailing becaus 
the nail heads are covered by the next board). Naili 
through the board face is only necessary on the first 
and last course and on scarf joints 


Layout is very important to the success of a paneled 
surface, because the lines clearly reveal flaws such as 
pattem deviations, misaligned walls, and installation 
mistakes. Before beginning the installation, measure to 
see how many boards will be installed (using the reveal 
measurement). If the final board will be less than 2 
inches wide, trim the First, or starter board, by trimming 
the long edge that abuts the wall 

the angle of the ceiling peak is not parallel to the 
\wall, you must compensate forthe difference by ripping 
the starter piece at an angle so that the leading edge, 
and every piece thereafter, is parallel to the peak. 


"Tools & Materials » 


Chalk line 

Compound miter saw 

Circular saw 

Drill 

Nail set 

‘Tongue-and-groove 
paneling 


14" spiral 
flooring nails 
‘Trim molding 


‘Tongue-and-groove paneling can be installed directly over rafters or jlsts or aver wallboard. In atic installations, is important 
to Insulate first, adding a separate vapor barrier if required by building codes. Local code may also require that paper-faced 
insulation behind a kneewall be covered with drywall or other material 
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How to Panel a Ceiling 


1 
a” 


ap 


ie reveal of the boards, 


To plan your layout, frst measure 
Fittwo pieces together and measure from the bottom edge 
Of the upper board ta the bottom edge of the lawer board, 
Calculate the number of boards needed to caver ane side of 
the ceiling by dividing the reveal dimensi he overall 
cistance between the top of the wall and the peak 


ling, 


If the boards aren't long enough to span the entire 
plan the locations ol staggering the joints in a thr 
step pattern wil make them less conspicuous. Note that each 
joint must fall aver the middle ofa rafter. For best appearance, 
select boards of similar coloring and grain for each ro 


ral line for 
nends of the 
and 


Use the calculation from step 1 to make @ co 
the first row of panels—the starter boards. At bot 
ceiling, m jown fram the peak an equal dist 
make a mark to represent the top (tongue) edges of the starter 
‘ap a chalk line through the marks, 


_ 


Astboard 2nd board 


= 


Rip the first starter board to wicth by bevel-cutting the 
1m (grooved) edge. Ifthe starter row will have joints, cut 
the board to length using a 20° bevel cut on the joint end only, 
Two beveled ends jained together farm a scart joint (ised, 
which is less noticeable than a butt joint f the board spans the 
ceiling, square-cut both ends. 


(continued) 
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Walle & Ceiling 


Position the first starter board so the tongue is on the Cut and install any remaining boards in the starter row 


‘control lin. Leave @ Ys" gap between the square board end tone at a time, making sure the scarf joints fit together tightly 
and the end wall Fasten the board by nelling through its face teach scart joint, drive two nails through the face of the top 
about 1" from the grooved edge and into the rafters. Then, board, angling the rail to capture the end of the board behind 
blind-nall through the base of the tongue into each rafter, it if necessary predril the nail holes to prevent spitting, 


angling the nail backward at 45°. Drive the nail heads beneath 
the wood surface, using a nail set. 


CCut the first board for the next row, then fits grooved —_AS you install successive rows, measure down from 
exdge over the tongue of the board in the starter row, Use a the peak to make sure the rows remain parallel to the peak 
hammer and a scrap piece of paneling to drive downward.an _Cotrect any misalignment by adjusting the tongue-and-groove 
the tongue edge, seating the grooved edge over the tongue of joint sightly wth each row. You can also snap additional 


the starter board, Fasten the second row with blind-nails only. control lines to help align the rows, 
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Rip the boards for the last row to width, beveling the top _Install trim molding along walls, at joints 
edges so they fit flush against the ridge board. Facenail the and along inside and outside comers, if desi 
boards in place, install paneling on the other side of the celling, 1 x 2 works well as trim along walls) Whe 


around obstacles, 
5d. (Select-grade 


then cut and instal the final row of panels to form closed ‘o 
joint under the ridge board (inseb. 
Tips for Paneling an Attic Ceiling» 
S\ 
A 
‘Trim 
Colter 
tie 
Panel 
<j material 


Wrap collar ties or exposed beams with custom 
cut panels. install the paneling on the celling first. Then, 
may want to 
tas part of the trim 
rim so it fs tight to the 


panel around. It may be 
and hide the but joints 
also 


ue-and-groa 
tthe ends of th 


ling panels. 


Crete elgenes eittioaly pate 
ceiling finishes for basements and utility areas, 
particularly because they hang below pipes and other 
mechanicals while providing easy access to them. 
However, the commercial appearance and grainy 
texture of basic ceiling tiles make them an unlikely 
choice for formal areas such as living rooms. Basic 
tiles are not your only option. 

Suspended ceiling tile manufacturers have a wide 
array of eciling tiles to choose from that go above and 
beyond traditional institutional tiles. Popular styles 
mimic historical tin tiles and add depth to the ceiling 
‘while minimizing sound and vibration noise. 

A suspended ceiling is a gid framework made of 
lightweight metal brackets hung on wires attached to 
ceiling or floor joists. The lrame consists af T-shaped 
main beams (mains), eross-tees (tees), and L-shaped 
‘wall angles. The grid supports ceiling panels, which rest 
con the anges of the framing pieces. Panels are available 
in 2x 2. or 2x 4-lt. sizes, ina variety of styles. Special 
options include insulated panels, acoustical panels 
that absorb sound, and light-diffuser sereens for use 
‘with fluorescent lights. Generally, metal-frame ceiling 
systems are more durable than anes made of plastic. 


WW) Installing Suspended Ceilings 


“To begin your ce 
layout based on the si 


ing project, devise the panel 
of the room, placing equally 


sized trimmed panels on opposite sides to create a 
balanced look. Your ceiling must also be level. For 
small rooms, a 4-foot or 6-foot level will work, but a 
water level is more effective for larger jobs. You can 
make a water level with two water-level ends (available 
at hardware stores and home centers) attached to 
flexible plastic tubing, 


Water level Utility knife 
Chalk fine Suspended ceiling 
Drill kit (frame) 
Aviation snips Screw eyes 

String Hanger wires 


Lock-type clamps Ceiling panels 
Screw-eye driver 112" drywall screws 
Pliers ‘or masonry nails 
Straightedge 


‘Suspended ceilings are the most comman ceiling choice in areas, such as basements, where access to the joist cavities needs 
to be maintained. They're also installed as a way to conceal problem cellings. 
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| Installing a Suspended Ceiling 


Drywall or 
ceiling panel 


Build a valance around basement awning windows so they 
ccan be opened fully, Attach 1 x lumber of an appropriate width 
10 joists or blocking, Install drywall (ora suspended:-celling 
panel trimmed to fit) to the joists inside the valance. 


| How to Install a Suspended Ceiling 


‘Make a mark on one wall that 
represents the celiing height plus the 
height of the wall angle. Use a water 
level to transfer that height to both 
fends of each wall, Snap a chalk line to 
‘connect the marks. This line represents 
the top of the ceiling’s wall angle. 


using aviation snips. 


‘Attach wall angle pieces to the studs 
‘on all walls, positioning the top of the 
wall angle flush with the chalk lina, Use 
116" drywall screws (or short masonry 
rails driven into mortar jaints an 
‘concrete block walls). Cut angle pieces 


Draw your ceiling layout on paper, based on the exact 
dimensions of the room, Pian so thet trimmed border panels 
(on opposite sides ofthe room are aggqual wiath and length 
(avoid panels smaler than Y-size), If de lighting 

fixtures in your plan, make sure they follow th 


Trim wall angle pieces to 
fit around corners. At inside 
‘comers (top), back-cut the 
vertical flanges slightly, then 
‘overlap the horizontal flanges. 
‘At outside corners (bottom), 
mmiter-cut one horizontal 
fiange, and overlap the flanges. 


(continued) 
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‘Mark the location of each main on the wall angles at the 
ends of the room. The mains must be parallel to each other 
and perpendicular to the celing jolsts. Set up a guide string 
for each main, using a thin string and lock-type clamps (inset 
Clamp the strings to the opposing wall angles, stretching them 


very taut so there's no sagging. 


‘Measure the distance from the 
‘bottom of a main’s flange to the 
hanger hole in the web (inset). Use 

this measurement to prebend each 
‘hanger wire, Measure up fram the guide: 
string and make a 90* bend in the wire, 
using pliers 


Install screw eyes for hanging the mains, using a oll and 
screw-eye driver. Dril plot Noles and ive the eyes into the 
joists every 4f, locating them directly above the guide strings. 
Attach hanger wire to the screw eyes by threading one end 
through the eye and twisting the wire on itself at least three 


times. Tim excess wire, leaving a few inches of wire hanging 
below the level ofthe guide string, 


Following your ceiling plan, mark the 
placement of the first tee on opposite 
‘wall angles at one end of the room. Set 
up a guide string forthe tee, using a 
string and clamps, as before. This string 
must be perpendicular to the guide 
strings for the mains 
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Trim one end of each main so thet 2 
tee slot in the main’s web is aligned with 
the tee guide string, and the end of the 
main bears fully on a wall angle. Set the 
main in place to check the alignment of 
the tee slot withthe string 


Cut the other end of each main to fit, so that it rests on 
the oppasing wall angle. ifa single main cannot span the room, 
splice two mains together, end-to-end (the ends should be 
fashioned with male-female connectors). Make sure the tee 
slots remain aligned when splicing. 


Attach tees to the mains, siooing the tabbed ends into 
the tee slots on the mains. Align the fist row of tees with the 
tee guide string; instal the remaining rows at 4 intervals. If 
you're using 2x 2. panels, instal 2-t.cross-tees between 
the midpoints of the 4-R. tees. Cut and install the border tees, 
setting the tee ends on the wall angles. Remove all guide 
strings and clamps. 


Install the mains by setting the ends on the wall angle and 
threading the hanger wires thraugh the hanger holes in the 
webs, The wires should be as close to vertical as possible. 
\Wrap each wire around itself three times, making sure the 
rmain's flange is level with the main guide string. Also install a 
hanger near each main splice. 


2a] 


Place full ceiling panels into the grid first, then instal the 
border panels. Lift the panels in at an angle, and position them 
so they rest on the frame's flanges, Reach through adjacent 
openings to adjust the panels, if necessary. To trim the border 
panels to size, cut them face-up, using a straightedge and 
utility knife (inset) 
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Installing Acoustical Ceiling Tiles 


= asy-to-install ceiling tile ean Jend character to a plain 

ceiling or help turn an unfinished basement or attic 
into beautiful living space. Made of pressed mineral 
and fiberboard, ceiling tiles are available in a variety of 
styles. They also provide moderate noise reduction 

Ceiling tiles typically can be attached directly to a 
drywall or plaster ceiling with adhesive. If your ceiling 
is damaged or uneven, or if you have an unfinished 


Most ceiling tile comes prefinished, but it ean be 
painted to match any decor. For best results, apply 
two coats of paint using a roller with a !4" nap. Wait 
24 hours between couts, 


joist ceiling, install | x 2 furring strips as a base for the | Tools & Materials > 


tiles, as shown in this projeet, Some systems inelude 
metal tracks for clip-on installation, 

Unless your ceiling measures in even feet, you 
won't be able to install the 12-inch tiles without some 
cutting, To prevent an unattractive installation with 
small, irregular tiles along two sides, include a course of 
border tiles along the perimeter of the installation. Plan 
so that tiles at opposite ends of the room are cut to the 
same width and are at least half the width of a full tle 


Afi level Stapler 
Stepladder 1 x2 furring strips 
Chalk line 8d nails or 2" screws 
Utility knife String 

Straightedge Ceiling tiles 


Hammer or drill 
Handsaw 


im molding 


Acoustic tile improves the sound quality inside a home theater and reduces the transmission of sound to the rooms 
surrounding it, 
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Experimental Research 
on Gravitational Propulsion 
System 


Editor's: It isa review of the article by V.A. Menchikov, 
the Director of Research Institute of Space Systems, 
named by Krunichev, Russia. The article was published 
in"Polyet” magazine #10,2001, p.38-39, Russia. It 
scrutinizes the matters on development of propulsion 
systems based on the unconventional approach to the 
problem of gravity, ie. gravitational engines. It also cites 
the results of the gravitational engine model research 
made by means of the experimental facility, created in 
the Khrunichev Research Institute of Space Systems. 


The device, transforming rotary motion into 
unidirectional motion, looks like S.M. Poliakov’s one. It 
also operates with rotation of liquid, which causes the 
propulsive force. Truly speaking, Poliakov had an 
agreement with Research Institute of Space Systems 
named by Khrunichev in 2001. Some funds were assigned 
to develop the device, however the project, into which 
Poliakov had put a lot of work, still remains unrealized. 
Besides, the scientist's name is not even mentioned in 
the patent. 

Scientific and technological advance opens to mankind 
more and more wide abilities to use space for the 
solution of global problems. In many respects the 
complete realization of these abilities will be defined 
by the developement of means used for delivery of 
payloads into the space. In the XXI century the 
dominating use of reactive chemical and electrical 
propulsion systems in rocket-space technique as well 
as low application level of engines with other physical 
principles can be the factor of an “inhibitory” influence 
for the development of such techniques. It is caused by 
the fact that created rockets practically do not 
correspond to noticeably increased standards of safety, 
operating costs, costs for transport operations execution 
and ecological influence on the environment. 


‘Thus, there becomes to be urgent the problem of 
development of alternative approaches towards the 
creation of propulsion systems, made for the rocket- 
space technique on the base of unconventional ideas 
and engineering solutions. A rather old-established idea 
of creation of gravitational engine should be concerned 
as one of such ideas. It is based on the unconventional 
approach to the problem of gravity. Nowadays many 
countries take part in solution of the gravitational 
problem, namely Russia, USA, Japan, etc., and if till 
recently only some scientists and inventors showed the 
interest to this problem, then now it arouses interest of 
research-and-production majors. Unfortunately, now it 
is not possible to speak about sufficient theoretical or 
practical development of this idea. However, the interest 
is so considerable, that practically separate experiments 
on this subject were made earlier and they are still made 


nowadays. After all, stakes are very high and are 
defined by applied nature of the problem (the ability to 
create qualitatively new engines for the rocket-space 
technique), as well as by its scientific significance. 


One of the directions to solve the problem of the creation 
of gravitational propulsion systems is the realization of 
associated theoretical and experimental methods of the 
search of physical processes, leading to the antigravity 
effects appearance, which cannot be adequately 
described by existed theoretical conceptions. 
V, Shauberger's patent, based on the postulate of 
gravitational energy radiation by “disturbed rotating 
mass” can be considered as an example of such 
practical realization. Taking into account a number of 
imown experimental results, a model of gravitational 
engine and experimental system for estimation of this 
model parameters were made in Research Institute of 
Space Systems named by Khrunichev to provide the 
practical realization of Shauberger idea (Fig. 1). It is the 
metal construction, which provides the model 
displacement in upward direction with the ability of its 
rotation around vertical axis. 


— 


Prepalion 


— 


Fig 
‘Schematic circuit of the experimental system 


Later, to increase the system sensitivity it was improved 
and the block system of suspension was replaced by 
the lever frame. 


‘Turing angle of the stand frame, where the model of 
gravitational engine is suspended, depends on the 
following: weight and geometry characteristics of the 
frame; weight characteristics of the engine (of 
counterweight); engine propulsion and frictional forces 
in bearings. Laser indicator of frame turning angle and 
vertical ruler let increase the gauge of lifting height of 
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How to Install Ceiling Tile 
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Measure the ceiling and devise a layout. If the lent (or width) doesn’t measure 
in even feet, use this formula to determine the width of the border tiles: add 12 to 

er of inches remaining and divide by 2, The result is the width of the border 
cample, ifthe room length is 15 ft, 4", add 12 ta the 4, then divide 1 by 2, 
Which results in an 8° border tl.) 


Install the first furring strip flush 
With the wall and perpendicular to the 
joists, fastening with two 8d nails or 2 
screws at each joist, Measure out from 
the wall a distance equal to the border 
tile wieth minus snap a chalk 
line. install the second furring strip with 
its wall-side edge on the chalk ne 


Install the remaining strips 12° on-center from the second str. Measure from the 
‘second strip and mark the joist nearest the wall every 12". Repeat along the joist on the 
jpposite side of the raam, then snap chalk lines between the marks, Install the furring 
strips along the lines. Install the last furring strip flush against the opposite side wall 

Stagger the butted end joints of strips between rows so they aren't all on the same joist 


Check the strips with a 4-2 
Insert woud shims between the strips 
and joists as necessary to bring the 
strips into a level plane, 


(continued) 
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‘Set up taut, perpendicular string lines along two adjacent 
Ip guide the tie installation. Inset the strings fi 
a distance that equals that wail’s border tile 

2 framing square to make sure the strings 


fiting them, The re 
width plus ¥ 
are square 


ling flange, 


with fullsi Continue working 
dlagonally in this manner, toward the 
opposite comet. For the barder tiles 
ak trim off the fang 
‘edges and staple through the faces of 
the tile, close to the wall 


aligned with the two string 
ten It to the furring strip 
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Cut the corner border tile to size 
mn and straightedge. Cutting the border tiles 


be covered by trim. Cut only an th 


ith a uty knife 
short will ease 
ulting gap between the tle and wall 


without the 


Install the final row of tiles, saving 
the far corner tle and its neighbor for 
last. Cur the last 

the tongue and nailing 
side edges. Fin 
trim along the edges. 


talling 


Leese eg inthe tr tgp 
of 19th-century tin tile in a durable, washable 
ceiling finish, Available at home centers and specialty 
distributors, metal ceiling systems include field panels 
(in 2x2, 2x-4-, and 2.x Sf. sizes), border panels 
that can be cut to fit your layout, and cornice molding 
for finishing the edges. The panels come in a-variety 
of materials and finishes ready for installation, or they 
can be painted. 

“Ta simplify installation, the panels have round 
catches, called nailing buttons, that fit into one another 
to align the panels where they overlap. The buttons are 
also the nailing points for attaching the panels. Use 
1" decorative conchead nails where nail heads will be 
exposed, and /s" wire nails where heads are hidden. 

Install your metal ceiling over a smooth layer of '" or 


4" plywood, which can be fastened directly to the ceiling 
joists with drywall screws, or installed over an existing 
finish. The plywood provides a flat nailing surface for the 
panels, Asan alternative, some manufacturers offer a 
track system for clip-on installation 


MW) installing Metal Ceilings 


Begin your installation by carefully measuring the 
citing and snapping chalk lines to establish the panel 
layout. For most tile pattems, it looks best to cover 
the center of the space with full ties only, then fill in 
along the perimeter with horder panels, which are not 
patterned. Make sure your layout is square. 


Tools & Materials > 

Chalk line Field panels 
Level Border panels with 
Tin snips molding edge 
Drill with 4" Comice molding 


metal bit Masking tape 
Compass 14° wire nails 
Metal file 1 conehead nails 
26" or " plywood Woad block 


2" drywall serews 


Real metal ceilings have traditional embossed patterns with an unmistakable luxurious quality. But, they are expensive and a bit 
‘unwieldy to install, Acoustic panels with an embossed vinyl pattern layer are much cheaper and easier to install, but are also less authentic. 
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How to Install a Metal Tile Ceiling 


Cornice 


Border panel 


Field panel 


Measure to find the center of the ceiling, tiien snap perpendicular chalk ines 
intersecting the center. On the walls, mark a level reference line repr 
I th 
to help conceal the seams, 


;attom edges of the comice molding. 
they overlap toward the room's entran 


ere possible, plan t 


Continue to install field panels, working along the lent 
ofthe area first, then overlapping the next row, Make sure the 
aligned. Underlap panels by sliding the new 

ition beneath the installed panel, then fasten 
through both panel 
is Where field 
the conenead nails 
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Align the first field panel with the 

halk lines atthe celing’s center, and 
attach Itwith ¥" wire nails along the 
‘edges where another pane! will averiap 
it. Drive the nails beside the nailing 
buttons—saving the buttons for nailing 
the overlapping pane! 


Cut the border panels to width so they wil underlap the 
cornice by at least 1°. Use sharp tin snips, and cut from the 
edge without ing. Install the panels so the nailing 
buttons on the molding align with those an the field panels 
Fasten through the buttor 
cut edge with wire nails. At 
drive conehead nails every 6" along the seam, 


Install each comice piece with its 
‘bottom edge on the level ine, Drive 

1 conehead nails through the naling 
‘buttons and into the wall studs. Don't nail 
the ends untl the succeeding piece isin 
place. Fasten the top edges to the ceiling 


At inside corners, install ane cornice piece tightly into the corner, then scribe the 
‘mating piece to fit, using masking tape and a compass, Cut along the scribed line 
‘with tin ships, and make minor adjustments with @ metal file. You may have to cut the 
mating piece several times, So start with plenty of length. f you have Several corners, 
Use this technique to cut templates for the corner pieces. 


At outside corners, cut the ends of two scrap pieces ata Using a hammer and a piece of wood, careiully tap 
33° angle. Fit the pieces together at the comer, then trim and any loose joints to tighten them. ifthe cornice willbe left 

mark each plece in turn, making minor adjustments until they unpainted, file the joins for a perfect fit. If you're painting the 
fitwell. Use the scrap pieces as templates for marking the celling, seal the seams with paintable silicone caulk, then apply 
workpieces. Fasten near the corner only when both mating two coats of paint using a roller with a Ye" nap. Allow the first 


pieces are in place, 


coat to dry for 24 hours before applying the second coat 
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asebourd trim is installed to conceal the joint 
between the finished floor and the walleovering 

It also serves to protect the wallboard at the Mloor 

Installing plain, one-piece baseboard such as ranch- 

style base or cove base isa straightforward project. 

Outside comer joints are mitered, inside corners are 

coped, and long runs are joined with searf cuts 

“The biggest challenge to installing base is dealing 
with out-of-plumb and nonsquare comers, However, a 
‘Thevel makes these obstacles easy to overcome. 

Plan the order of your installation prior to cutting 
any pieces and lay out a specilie piece for each length 
of wall, It may be helpful to mark the type of cut on 
the back of each piece so you don't have any confusion 
during the install. 

Locate all studs and mark them with painter's 
tape, 6 inches higher than your molding height, I 


WW) installing Base Molding 


you need to make a sear? joint along a wall, make 
sure it falls on the center of a stud. Before you 
begin nailing trim in place, take the time to pre- 
finish the moldings. Doing so will minimize the 
cleanup afterward. 


"Tools & Materials > 


Pencil Pneumatic finish nail 
‘Tape measure gun & compressor 
Power miter saw Moldings 


‘Thevel Pneumatic fasteners 
Coping saw 


Metal file set 


Carpenter’ glue 
ishing putty 


| How to Install One-piece Base Molding 


‘Measure, cut, and install the frst piece of baseboard 
Butt bath ends inta the corners tightly. For longer lengths, it 
is.a good idea to cut the piece slightly oversized (up to Ys" 
‘on strips over 10 ft. long) and “spring” it into place. Nail the 
‘molding in place with two nails at every stud location. 
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Cut the second piece of molding oversized by 6" to 10° and 
ccope-cut the adjoining end to the first piece, Fine-tune the 
cope with a metal fle and sandoaper. Dry-fit the joint, adjusting. 
it as necessary to produce a tight-fting joint. 


Check the corner for square with a framing square. If 
necessary, adjust the miter cut of your saw. Use a T-bevel to 
transfer the proper angle, Cut the second piece (coped) to 
length and instal it with two nalls at each stud location. 


Adjust the miter angle of your saw to cut the adjoining. 
outside corner piece (3), Test-t the cut to ensure a tight joint 
(inset photo). Remove the mating piece of trim and fasten the 
first piece for the outside comer joint. 


Lay out any scarf joints by placing the plece in position so 
that the previous joint is tight and then marking the center of 

a stu location nearest the opposite end. Set the angle of your 
32W to a 30° angle and cut the molding at the marked location, 


ner 


Nail the third piece in place, making sure the outside 
joint is tight. Cut the end of the fourth piece to match the 

scarf joint angle and nal tin place with two nails at each stud 
location, Add the remaining pieces of molding, fil the nail holes 
with putty, and apply a final coat of finish 
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How to Install Built-up Base Molding 


Dress up simple baseboard stock with cap moldings and 
base shoe or quarter round. The baseboard can be made 

Of solid wood, as shown above, or from strips of veneered 
plywood, as shown at right 


Cut the plywood panel into 6" strips with a table saw ora 
straightedge guide and a circular saw. Lightly sand the strips, 
removing any splinters left from the saw. Then, apply the finish 
Cf your chaice to the moldings and the plywood strips. 
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Attach 
age shoe 
to subfloor 
‘with 1s" 
finish nails 


Built-up baseboard requires more attention to the nailing 
schedule than simple one-piece baseboards. The most important 
consideration (other than making sure your nails are al driven 
into studs or other solid wood) is thatthe base shoe must be 
attached to the floor, while the baseboard is attached to the wall 
This way, as the gap between the wall and flaor changes, the 
parts of the built-up molding can change with them, 


Tip> 


Baseboard can be built up on the back with 
spacer strips soit will project further out from the 
‘wall. This can allow you to match existing casings 
‘or to create the impression ofa thicker moling 
However, the cap rail needs to be thick enough to 
cover the plywood edge completely, or the core af 
the panel may be visible, 


Install the plywood strips with 2° finish nails driven at stud 
locations, Use scarf joints on continuous runs, driving pairs of 
fasteners into the joints. Cut and install moldings so that all 
scart joints fall at stud locations, 


Nail and glue 45° 
outside miter joint 
‘before attaching 
‘baseboard 


Miter outside corners squarely at 45°. Use wood glue and 
11% brad nals to pull the mitered pieces tight, and then nail 
the base to the wall at stud lacations with 2° finish nails. small 
{gaps at the bottom or top of the base molding will be covered 
‘with cap or base shoe. 


Test-fit inside comer butt joints before cutting 2 
workpiece: Ifthe walls are not square or straight, angle 

or bevel the end cut a few degrees to fit the profile of the 
adjoining piece, The cap malding will cover any gaps at the top 
of the joint. 


Use a brad nailer with 18-gauge, ”* brads to install the 
cap and base shoe moldings along the edges of the plywood 
base. Fit scarf joints on longer lengths, coped joints an inside 
corners, and miter joints on outside comers. Stagger the 

seams so thet they do not line up with the base molding 

seams, following the suggested nailing pattern (right). Set any 
protruding nails with a nail set and fil al nail holes with putty 
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WH | Installing Picture Rail 


Picasa legen aptly mag neve 
installed in many older homes so the homeowners 
could avoid making nail holes in the finished walls 
Picture rail molding is @ simple but elegant way to add 
style to any room. Special picture hanging hooks slide 
over the molding and artwork may be hung with a cord 
over the hook. Picture rail molding also provides its 
‘own decorative touch, breaking up the vertical lines 
from floor to ceiling, For this reason, it is also installed 
asa decorative touch by itself, 

Picture rail molding is easy to install but 
should be reinforced with screws, not brads or 
nails, especially if you are hanging large, heavy 
items. Depending upon the style of your home, 
picture rail ean be hung anywhere from 1 ft. to a 
few inches down from the ceiling. In some homes, 
picture rail is added just below the cornice or 
crown molding to add an additional layer of depth, 
When applied this way, it is commonly referred 10 
asa frieze board. 

In the example shown, the picture rail is installed 
using a level fine to maintain height. If your ceiling 
is uneven, you may choose to install picture rail 
constant distance from the ceiling to avoid an 
uneven appearance. 


‘Traditionally, picture rail (see top of photo) is used in 
conjunction with special hooks to hang artwork in formal 
rooms without penetrating the wall with fasteners. 


| Tools & Materials > 


Ladder ft level 
Pencil or laser level 
Stud finder Drill with bits 
‘Tape measure Painter's tape 
Power miter saw Moldings 


Thevel 
Pheumatie finish nail 
‘gun & compressor 


Pneumatic fasteners 
196" wallboard screws 
Hole filler 


| How to Install Picture Rail Molding 


‘Measure down the desired distance from the celling ané 
raw a level reference line around the room using a pencil 
and a ft level (or, take advantage of madern technology and 
Use a laser leve). While you are up there, use a stud finder to 
locate the freming members, and mark the locations on the 
walls with blue painters tape. 
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‘Most comers are close to 90°, but to cuta tight inside 
corner, the actual angle must be divided exactly in half, Use 2 
bevel to measure the angle of the corner tightening the lack 
‘ut with the blade and the handle on the reference line. 


the gravitational engine model proportionally to the arm 
of light beam. 


On using this system there was made a wide cycle of 
tests, which qualitatively confirmed the presence of 
propulsion force. Tests were recorded by video. The 
analysis of experimental results shows, that acting time 
of propulsion was about 12 s at each switching. During 
repeated switching of the gravitational engine model 
in different conditions it is able to create the propulsion, 
the value of which at 40...50 s of operation can be about 
3 standard units of propulsion force (1 standard unit of 
thrust is about 10gs), and while using the powerful 
electromotor it can be about 80 standard units of 
propulsion at the intervals up to 4 s. 


Research Institute of Space Systems named by 
Khrunichev, works on automation of experimental 


researches and on development of laboratory resources 
for factor analysis of appearance of the propulsion vector 
with the usage of the described model of gravitational 
engine. 


Patent 


The patent was published in the Bulletin of Patent 
Information in 2001, 

(11) 20946 

(51) 7F 16H 27/00 

(21) 2001121237/20 

(24) 01.08.2001 


Editorial: VA. Menchikov together with AE. Akimov, 
AA. Kachegan and VA. Svetlichnyi have got this patent. 
Dr. Spartak M. Poliakov, being the author of the principle, 
is not mentioned at all in the patent. 


NEWS REVIEW 


Boeing Tries to Defy Gravity 


According to Jane's Defence Weekly (UK), 
hittp://wwwjanes.com, Boeing, the world’s largest 
aircraft manufacturer, has admitted it is working on 
experimental antigravity projects. These projects are 
able to overturn a century of conventional aerospace 
propulsion technology and alter the entire aerospace 
business. Boeing uses researchers by Yevgeny 
Podkletnov, who claims to have developed a device, 
which can shield objects from the Earth's gravity. Many 
conventional scientists, who have not been able to 
reproduce Dr Podkletnov’s results, view his project, 
named «GRASP» (Gravity Research for Advanced Space 
Propulsion) with suspicion. 


Dr Podkletnov claims to have countered the effects of 
gravity in an experiment at the Tampere University of 
‘Technology in Finland in 1992. The scientist says he 
found that objects above a superconducting ceramic 
disc rotating over powerful electromagnets lost weight. 
‘The researches have shown that the reduction in gravity 
was small, about 2%, but the implications - for example, 
interms of cutting the energy needed for a plane to 
fly - were immense. 


His devise, named “impulse gravity generator” is 
capable to produce a beam of “gravity-like” energy that 
can exert an instantaneous force of 1,000g on any 
object ~ enough, in principle, to vaporize it, especially 
if the object is moving at high speed. Laboratory 
installation has already demonstrated the 4in (10cm) 
wide beam’s ability to repel objects a kilometer away 
and that it exhibits negligible power loss at distances 
of up to 200km. 


Applications of the device can include space launch 
systems, artificial gravity on spacecraft, aircraft 


propulsion and “fuel-less” electricity generation (“free 
energy”). However, observers say that Podkletnov's 
device could be engineered into a radical new weapon, 
for example, adapted for use as an anti-satellite weapon 
or a ballistic missile shield. 


Documents, obtained by reliable sources, show that 
Boeing is taking Dr Podkletnov's research seriously. It 
is also possible, Boeing admits, that “classified 
activities in gravity modification may exist”. The paper 
points out that Podkletnov is strongly antimilitary and 
will only provide assistance if the research is carried 
out in the “white world” of open development. 


Boeing is the latest in a series of high-profile institutions 
trying to replicate Dr Podkletnov's experiment. The 
military wing of the UK hi-tech group BAE Systems is 
working on an anti-gravity programme, dubbed Project 
Greenglow. The US space agency, Nasa, is also 
attempting to reproduce Dr Podkletnov's findings, but 
a preliminary report indicates the effect does not exist. 


1. Solenoids create magnetic field 
2. Spinning, super-conducting ceramic ring 
3. Liquid Nitrogen acts as coolant, 


New Energy Technologis Issue #4 (7) July-August 2002 [7] 


y power miter saw and Read the angle from the miter saw table, divide the 
the miter blade so that it matches the angle. With the ‘number by two, and add or subtract that number from 4 

| tight to the fence ingle the saw is set degrees to find the proper cutting angle for each comer. Cut 
igns with the Fbe, blade is angled to the right of ‘molding slightly longer than the measured length, 
zero degrees the angle is larger than 90; to the left, smaller, 


5 


Nail the molding at the stud locations, covering the level__Fill nail holes with wood filler. 
line araund the room (if you're using a laser level, you simply ——_smaoth, Then apply a final coat of paint 
iin position and turned on to cast a reference line you 

smpletely nailed in place, 

go back to e tion and drive 15" wallboard screws 

into the molding through counter-bored pilot holes. 


dry and sand it 
ver the molding face. 
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WW) Installing Chair Rail 


hair rail molding typically runs horizontally along, 

~ walls at a height of around 36” (the rule of thumb 
is to install it one-third of the way up the wall) 
Originally installed to protect walls from collisions 
with chair backs, today chair rail is commonly used to 
divide a wall visually. Chair rail may cap wainscoting, 
seme as a border for wallpaper, or divide two different 
colors on a wall, Interesting chair rail profiles can be 
effective alone on a one-color wall 

Stock chair rail moldings are available at most 

lumberyards and home centers. However, more 
intricate and elaborate chair rails can be created by 
combining multiple pieces of trim, Keep in mind the 
height of your existing furnishings when installing a 
chair rail. It would be disappointing to discover that 
the new molding has a bad visual effeet with your 
couch or chair backs when the project is completed. 


Tools & Materials > 


Metal file set 
Moldings 
Pneumatic fasteners 
Painter's tape 
Carpenter's glue 
Finishing putty 
Finishing materials 


Pencil 

Stud finder 
Tape measure 
Power miter saw 
A-ft, level 

Air compressor 
Finish nail gun 


! How to Install Chair Rail 


a 


Wall stud locations 


ill 


On the starting wall of your installation, measure up to 
the height at which you plan ta instal the chair rail, minus the 
\width of the maiding. Mark a level line at this height around the 
room, Locate all studs along the walls and mark their locations 
with painter's tape below the line. 


248 a THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Chair rail once was installed to protect fragile walls trom chair 
backs, but today itis mainly installed as a decorative accent 
that breaks up dull walls visually 


Measure, cut, and install the first plece of chair all with the 
ends cut squarely, butting into both walls (in a wall run with 
two inside corners) Nail the molding in place with two 2" finish 
nails at each stud location, 


Miter-cut the second piece of 


When the coped joint fits tightly, measure, mark, and cut the opposing end of 


molding with a power miter saw and the second piece of trim squarely with a miter saw. Nall the second piece in place 
then cope the end with a coping with two nails at each stud location, Follow the level ine with the bottom edge of 
Clean up the edge of the cope cutwith a the molding 

metal fle to ensure a tight fit 


it Dry-fitthe 
heck for any gaps in the joint 


piece to 


Casi 


Install the third piece of chair rail 
the molding ru 
and apply a final coat of finish to the molding, 


ia cope 


atone 


d. Use a butt joint 


‘door and window casings. Fill nail holes with putty 


Option: Cut a mitered return for the 
chair rail in areas where itwill end 
‘without joining inta another molding, 
Cut the return with a miter saw and gl 
itin place, using painter's tape to hold it 
Until the glue dries. 
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WW) installing 
Crown Molding 


imply put, erown molding is angled trim that 
bridges the joint between the ceiling and the 
wall. In order to cover this joint effectively, crown, 
moldings are “sprung.” This means that the top and 
bottom edges of the molding have heen heveled, 
so when the molding is tilted away from the wall 
tan angle the tops and bottoms are flush on the 
wall and ceiling surfaces. Some crown moldings 
have @ 45° angle at both the top and the bottom 


Cutting compound miters is tricky. Here, crown molding 


edges; another common style ("38° crown") has is cut with the workslene held aaalist a fence’ fence 

4 38° angle on one edge and a 52° angle on the extension. This hand-held approach fs quick and effective, 

other edge. but takes some getting used to, A practically foolproof option 
Installing crown molding can be a challenging ‘Sto use an adjustable jig, suchas the compound miter ig 

and sometimes confusing process. Joints may STOTT. 

be difficult for you to visualize before cutting, 

and wall and ceiling irregularities can be hard 

to overcome. If you have nat worked on crown | Tools & Materials > 

molding joints before, it is recommended that your 

first attempt be made with paint-grade materials, Pencil Nail set 

Stain-grade crown is commonly made of solid Tape measure Hammer 

hardwood stock, which makes for expensive cutting Circular saw Metal files 


errors, and difficulty concealing irregularities Straightedge guide —-2. 4 material 

in joints. Drill with bits for backing 
Inside comer joints of erown molding should Coping saw 3" wallboard screws 

be cope cut, not mitered, except in the ease of very Power miter saw Carpenter's glue 

intricate profile crown that is virtually impossible to Preumatie Finish Crown molding 

cope (and must therefore be mitered). While mitering nail gun 2", 112 Finish nails 

inside comers may appear to save time and produce Framing square Fine-grit sandpaper 

adequate results, after a few changing seasons orcombination Hole filler 

the joints will open up and be even more difficult square Paint and brushes 


to conceal. 


Basic crown molding softens the transitions betveen walls and calings. I itis made from quality hardwood crown molding can 
be quite beautiful when installed and finished with a clear topcoat, Bu historically itis most often painted—either the same color 
a the celig your eye tends to see itas a celing molding nota wall molding) or with highly elaborate painted and carved detall 
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) How to Install Basic Crown Molding 


Mitered joint Coped joint 


2 


Plan the order of the installation to minimize the number of dificult joints on each piece and use the longest pleces for the 
most visible sections of wall. Notice that the left end of first piece Is cope-cut rather than butted into the wall, Cope-cutting the first 
end eliminates the need to cope-cut both ends of the final piece, and places the cuts in the same direction. This simplifies your 
installation, making the method to cut each piece similar. 


Cut a piece of crown molding about 1-ft jong with square _—Place the first piece of molding upside down and sprung 
ends. Temporarily install the piece in the corner of the last against the fence of the miter saw. Mark a reference line on 
installation wall with twa screws driven into the blocking. This the fence for placement of future moidings, and cut the first 
piece serves as a template for the frst cope cut an the first coped end with an inside miter cut to reveal the profile af 
piece of molding the piece, 


(continued) 
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i 


‘Temporary scrap 


Cope-cut the end of the first piece Measure, cut to length, and install the first piece of crown molding, leaving 


with a coping saw. Carefully cut along —_—the end near the temporary scrap loose for fir 


| Fitting ofthe last piece, Nail the 


the profile, angling the saw as you cut to molding at the top and bottom of each stud location, 


back-bevel the cope, Test-fitthe coped 
‘cut against the temporary scrap from 

Step 1. Fine-tune the cut with files and 
fine-grit sandpaper. 


Cut two test pieces to check the fit of outside comers, Start 
with each molding cut at 45°, adjusting the angles larger 
smaller unti the joints are tight. Make sure the test moldings 
are property aligned and are flush with the ceiling and walls, 
Make a note of your saw settings once the joint fits tightly, 
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Position the actual stock so 2 cut end is fish against the 
wall at one end and, at the other end, mark the autside corner 
on the back edge of the molding. Mitercut the piece at the 
‘mark, according to the angles you noted on the test pieces. 


‘Measure and cut the third piece with an outside comer 
miter to match the angle of your test pieces. Cut the other end 
‘squarely, butting it into the comer. Install the piece with nails 
riven at stud locations. Install the subsequent pieces of crown 
‘molding, coping the front end and butting the other as you 
\work around the room. 


Fill all nail holes (use spackling compound if painting; walt 
Until the finish is applied and fill with tinted putty for clear 
finishes). Use a putty knife to force spackling compound 

or tinted wood putty into loose joints and caulk gaps 7" or 
smaller between the molding and the wall or ceiling with 
flexible, paintable, latex caulk. 


To fit the final piece, cope the end and cut ito length. 
Remove the temporary scrap piece from Step 3, and slide 
the last molding into position. Nail the last piece at the 
stud locations when the joints fit well, and finish nailing the. 
first piece. 


Lightly sand the filled nail holes and joint gaps using fine 
sandpaper. Sand the nail holes flush with the surface of the 
‘moldings and paint the entire project. 


Wille & Coin 


Windows 
& Doors 


nee you've got a feel for the style of windows or 
\ doors you'd like to add to your home, the next 
step involves careful planning. You'll need to consider 
how a new door or window meets your needs for 
energy efficiency, durability, ease of maintenance, 
and security 

There's also the equally important matter of how a 
new window or door will impact your home livability 
Will it face a direction that takes advantage of sunlight 
and prevailing breezes or make the room stifling hot in 
mid July? Adding a window to a living space may also 
bring matters of egress into consideration. Buildin 


codes mandate that your project window must satisfy 


these requirements 


In this chapter: 

* Framing & Installing Windows 
Installing Garden Windows 
Installing Bay Windows 
Installing Skylights 

* Installing Tubular Skylights 

* Installing Interior Doors 

* Installing Entry Doors 

* Installing Storm Doors 


Installing Patio Doors 
Installing Door & Window Casing 


WH! Framing & Installing Windows 
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/| any windows must he custom-ordered several 


V I weeks in advance, ‘Ta save time, you can 


complete the interior framing before the window unit 
arrives, but be sure you have the exact dimensions of 
the window unit before building the frame. Do not 
remove the outside wall surface until you have the 
sssories and are ready to install them. 
Follow the manufacturer's specifications for rough 


window and a 


‘opening size when framing for a window. The listed 
opening is usually 1" wider and /2" taller than the 
actual dimensions of the window unit. The following 
pages shaw techniques for wood-frame houses with 
platform framing, 

If your house has balloon framing where wall 
studs pass continuously from one floor to the next, 
use the method shown on page 271 to install a header. 
Consult a professional to install a window on the 
second story of a balloon-framed house 

If your home's exterior has siding or is stucco, see 
pages 34 to 35 for tips on removing these surfaces and 
making the ope 


' Tools & Materials > 
Tape measure 10d common nails, 
1" galvanized 
roofing nails 


Pencil 
Combination square 


Hammer Shims 
Level 2x lumber 
Circular saw 44" plywood 
Handsaw Building paper 
Pry bar Drip edge 
Nippers 10d galvanized 
Drill casing nails 


Reciprocating saw 8d casing nails 
Fiberglass insulation 


Pair 


Stapler 
Nail set 
Caulk gun 


ble 


silicone caulk 
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Correct framing techniques will ensure ease of installation 
and keep your windows operating smoothly 
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How to Frame a Window Opening 


Prepare the project site anc remave 
the interior wall surfaces (pages 30 

to 31). Measure and mark the rough 
‘opening width on the sole plate. Mark 
the locations ofthe jack studs and king 
studs on the sole plate, Where practical 
use the existing studs as king studs. 


Measuring from the floor, mark the 
top of the rough opening on one of 

the king studs. This ine represents the 
bottom of the window header. For most 
windows, the recommended rough 
opening is 72" taller than the height of 
the window frame, 


Measure and cut the king studs, as 
‘needed, to fit between the sole plate 
and the top plate. Position the king 
studs and toenail them to the sole plate 
with 10d nail 


King stud 


Measure and mark where the top of 
the window header will it against the 
king studs, The header size depends 
on the distance between the king 
studs, Use a carpenter's level to extend 
the lines across the old studs to the 
‘opposite king stud. 


Check the king studs with a avel to 
make sure they are plumb, 
them to the top plate with 1od nails. 


Measure down fom the header line 
and mark the double rough sillon the 
king stud. Use a carpenter's level to 
‘extend the lines across the old studs to 
the opposite king stud. Make temporary 
supports (page 29) if removing more 
than one stud, 


(continued) 


Doors ® 257 


Set a circular saw to its maximum blade depth, then cut 
through the old studs along the lines marking the bottom of 
the rough sill and along the lines marking the top of the header. 
Do not cut the king studs, On each stud, make an additional 
cut about 3° above the sill cut, Finish the cuts with a handsaw. 


a 


Built-up head 


Construction 2x 
‘adhesive 


Plywood 


Build a header to fit between the king studs on top of the 
Jack studs, using two pieces of 2x lumber sandwiched around 
Ye" plywood. 
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Cripple stud 


ie: ‘Top of header 


Bottom of sill 


Knock out the 3" stud sections, then tear out the old 
studs inside the rough opening, using a pry bar. Clip aw. 


Ny any 


exposed nails, using nippers. The remaining sections of the cut 
studs will serve as cripple studs for the window, 


Cut twa jack studs to reach from the top of the sole plate to 
the bottom header lines on the king studs, Nail the jack studs 
to the king studs with 10d nails driven every 12° 


Cripple stud 


Header 


Position the header on the jack studs, using @ hammer if 
necessary. Attach the header to the king studs, jack studs, and 
Cripple studs, using 10d nails. 


Build the rough sill to reach between the jack studs by 
nailing a pair of 2x 4s together, Position the rough sillon the 
cripple studs, and nail ito the jack studs and cripple studs 
with 10¢ nails 


How to Install a Replacement Window with a Nailing Flange 


= 


Remove the existing window and set the new window 
into the rough opening. Center it left to right, and shim 
tbeneatt the sill to level it.On the exterior side, measure 
‘out from the window an all sides, and mark the siding for 
the width of the brick molding you'll install around the 
new window. Extend layout lines to mark where you'll cut 
the siding, 


Remove exterior siding around the window area to expose 
the wall sheathing, Use a zip taol to separate Vinyl siding 

for removal or use a pry bar and hammer to remove waod 
Clapboard. For more on removing exterior surfaces, (see pages 
321033), 


(continued) 
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Cover the sill and rough opening framing members with 
seif-adhesive, rolled flashing. Apply additional strips of flashing 
behind the siding and up the sil flashing, Finish flashing with 

a strip along the header. The flashing should cover the front 
‘edges and sides af the opening members. 


Apply a bead of silicone caulk around the back face of the 
window flange, then sett into the rough opening, centering 

it side-to-side in the opening. Tack the window in place by 
driving one roofing nail partway thraugh the tap flange. On the 
interior side, level and plumb the window, using shims to make 
any necessary adjustments, 


‘Tack the window to the header at one end ofthe nailing lange, 
using a 1” galvanized roofing nail. Drive @ roofing nail through the 
‘ther top comer ofthe lang to hold the window in place, then 
‘secure the flange all around the window with more roofing nals. 
‘Apply strips of roled, self-adhesive flashing to cover the window 
flanges. Start with a strip that covers the bottom flange, then cover 
the side flanges, averiapping the bottom flashing and extending 

£8 to 10° above the window, Complete the flashing with a stip 
along the top, overlapping the side flashing. 
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Install a piece of metal drip edge behind the sicing and 
above the window. Secure it with slicone caulk only, 


Cut and attach brick molding around the window, leaving —_Use high-quality caulk to fl the gap between the brick 

a slight gap between the brick molding and the window frame. molding and the siding. On the interior side, fill gaps between 
Use &d galvanized casing nails driven into pilot holes to secure the window frame and surrounding framing with foam backer 
the brick molding to the rough framing. Miter the comer joints. rod, law-expansion foam, or fiberglass insulation. Install the 
Reinstall the siding in the window installation area, trimming interior casing, 

as needed 


Tip Installation Variation: Masonry Clips > 


Use metal masonry clips when the brick molding on a window cannot be nailed because it rests against a masonry 
cf brick surface. The masonry clips hook into precut grooves in the window jambs (above, left) and are attached to the 
jambs with screws. After the window unit Is positioned in the rough opening, the masonry clips are bent around the 
framing members and anchored with screws (above, right). Note: Masonry clips can also be used in ordinary lap siding 
installations if you want to avoid making rail holes in the smooth surface of the brick moldings. For example, windows 
that are precoated with polymer-based paint can be installed with masonry clips so that the brick moidings are not 
punctured with nails 
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How to Install a Round-Top Window 


i 


Remove the exterior wall surface as directed on pages Trace the outline of the brick molding on the woud siding 
32 to 33, then testfit the window, centering itin the rough Remove the window after finishing the outline. Nate: f 
‘opening. Support the window with wood blocks and shims you have vinyl ar metal siding, you should have enlarged 
placed under the side jambs and mullion post. Check to make _the outline to make room for the extra J-channel molaings 
sure the window is plumb and level, and adjust the shims, required by these sidings. 

if necessary, 


Tips for Framing a Round-top Window > 


Create a template to Help you mark the rough opening Tape the template to the sheathing, with the top 

con the sheathing, Scribe the outline of the curved frame _ flush against the header. Use the template as @ guide 

‘on cardboard, allowing an extra \s" for adjustments within for attaching diagonal framing members across the top 

the rough opening. A Y4> 1%" metal washer makes a good corners of the framed opening. The diagonal members 

spacer for scribing the outline. Cut out the template along should just touch the template. Outline the template 

the scribed line. on the sheathing as a guide for cutting the exterior 
wall surface, 
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Cut the siding along the outline just down to the Cut 8"-wide strips of building paper and slide them 
sheathing. For 2 round-top window, use a reciprocating saw between the siding and sheathing around the entire window 
held ata low angle, For stright cuts, use a circular saw ‘opening. Bend the paper around the framing members 
adjusted so the blade cuts through only the siding. Use a sharp and staple itn place, Work from the bottom up, so each 
cchisel to compiete the cuts at the corners. piece overlaps the piece below, Note: You can also use 
adhesive-backed, roied flashing instead of building paper. 


Cut a length of drip edge to fit over the top of th Insert the window in the opening, and push the brick 
then slide it between the siding and building paper. For ‘molding tight against the sheathing. Nall through the brick 
round-top windows, use flexible vinyl drip edge; for rectangular molding, a5 usual, to secure the window in the opening 
windows, use rigld metal drip edge (inset) 


WW! installing Garden Windows 


Ithough often found in kitchens, a garden window attaches to the framing and holds the window against 
is an attractive option for nearly any room in your the house. Other models hang on a separate mounting 
home. Projecting out from the wall 16 to 24”, garden frame that attaches to the outside of the house. In this 
windows add space to a room, making it feel larger. The project, the garden window has a built-in mounting 
lass roof and bow-like design make them ideal growing sleeve that slides into the rough opening and is 
environments for plants or display areas for collectibles. attached directly to the rough Framing. 
Garden windows also typically include front- or side 


opening windows. These allow for ventilation and are 


usually available in either awning or easement style 


Home stores often stock garden windows in | Tools & Materials> | 


several common sizes, However, it may be difficult 


to locate a stock window that will fit in your existing ‘Tape measure 2x4s 
‘window rough opening. In cases like this you must Hammer Shims 
rebuild the rough opening to the proper size. It may be Level Exterior trim 
worth the added expense to custom-order your garden Framing square Building paper 
‘window to fit into the existing rough opening Gircular saw 3" screws, 
“The large amount of glass ina garden window Wood chisel Drip edge 
has a ditect effect an the window's energy efficiency, Stapler Construction adhesive 
‘When purchasing a garden window, as « minimum, Drill and bits 4d siding nails 
look for double-pane glass with low-emissivity (low-E) Gaulking gun 8d galvanized 
coatings. More expensive super-efficient types of glass Utility knife casing nails 
ane available for severely cold climates. Garden window kit Interior trim 
Installation methods for garden windows vary by Wood strips Paintable silicone caulk 


manufacturer. Some units include a nailing flange that 


A garden window's glass roof makes 
itan ideal sun spot for houseplants, It can 
also help a room feel larger. 
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| How to Install a Garden Window 


Prepare the project site and remove the interior and 
exterior trim, then remove the existing window 


Check the rough opening measurements to verify the 
correct window sizing, The rough opening should be about 
larger than the windaw height and width, tf necessary, attach 
Wood strips to the rough framing as spacers to bring the 
opening to the required size, 


Use a level to check that the sill of the rough opening is level 
and the side jambs are plum. Use a framing square to make 
sure each comer is square, The raugh framing must be in 
‘good condition in order to support the weight of the garden 
Window, ifthe framing is severely deteriorated or aut of plumb 
Or square, you may need to reframe the rough opening (pages 
4010.43), 


Insert the garden window into the opening, pressing 
it tight against the framing. Support the unit with notched 
24s under the bottom edge of the window until it has been 
fastened securely to the framing. 


(continued) 
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The inside edge of the window sleeve should be flush 
with the interior wall surface, Check the sill ofthe garden 
\window for level. Shim beneath the lawer side ofthe sil if 
necessary, to make it level 


| 


‘Once the garden window isin place and level, hold a piece 
cf window trim in place along the exterior of the window and 
trace the auttine onto the siding. Remove the window. Cut the, 
siding down to the sheathing using a circular saw, 


Install strips of building paper between siding and 
sheathing. Wrap them around the framing and staple them in 
place, On the sides, work from the bottom up s0 each piece 
overla below. Reposition the window and reshim, 
Make sure the space between the window and the siding is 
‘equal to the width of the trim on al sides 
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Drill countersunk pilot holes every 12° to 16" through the 
window sleeve into the rough header, jack studs, and sil 


Beamship Technology: 


a Re-working of Early 20th century Discoveries 


Russell Anderson 


Appliod Electrogravitics 377 Avon Rd., Ste. D-119 
‘Devon, PA 19929 russanderson2@hotmail.com 
484-255-1072 


‘Some Basic Background 


‘The concept of an electric aero-spacecraft with no 
moving parts was initiated by the Yugoslavian electrical 
wizard Nikola Tesla, who lit the entire world 100 years 
ago, at the turn of another century, with his 
revolutionary AC electric current, In 1916-17, Dr. Francis 
Niepher performed meticulous mass-deflection 
experiments under rigorous scientific conditions with 
lead spheres suspended by wires with shielded and 
unshielded containers. An accounting of this important 
series of experiments is in TRANSACTIONS OF THE 
ACADEMY OF SCIENCE OF ST. LOUIS VOL.23, 1916 
and 1917. Related article is in THE ELECTRICAL 
EXPERIMENTER, March 1918. 


Before 1905, George S. Piggot was routinely 
suspending small silver balls to water globules, corks, 
wood, using the electrostatic field from a specially 
designed Wimshurst machine in a glass container under 
several atmospheres of pressure to raise the current 
level. Output voltage was typically S00KV. The field was 
propagated by a charged sphere. A small curved 
conducting plate on the floor acted as a ground. He 
observed unusual patterns of blue dots with filaments 
over the suspended objects, sometimes with an 
anomalous 1/2 cm “dark band” on the suspended 
objects. Piggot states, “It is my firm conviction that that 
somewhere on the outer confines of our planet there 
exists a similar contracting belt thru which naught but 
the gravitational vibrations of the sun penetrate, and 
these vibrations absolutely annihilate or absorb all other 
less powerful ones”. If the force was Coulombic in 
nature, objects would be first attracted, and then 
strongly repelled by the charged metal sphere. After 
the objects were suspended, Piggot found he could 
remove the conducting ground plate, and the objects 
still floated, suspended. The phenomenon of levitation 
was accompanied by “luminous halos”. 


In 1925-27, Albert Einstein released his scientific 
“gem”, his “zur Einheitlichten Feldtherie”, or the Unified 
Field Theory for Gravitation and Electricity, to the press 
and the scientific community. It combines electricity, 
magnetism, and gravitation into a single mathematical 
expression, showing how High-Voltage/Low Current 
electricity (Electrogravity) -and conversely Low- 
Voltage/High-current (magnetogravity) “acceleration- 
fields” (G-field) could be produced using then-available 


relatively LOW-technology. Indeed, a very simple 
technology. The unifying field is the electrical field 
(because it can produce gravitation and repulsion fields, 
as well as magnetism). His Crowning work was 
released with much press write-ups and fanfare, then 
it was quickly forgotten as if the scientific community 
and the world had suffered some kind of collective 
amnesia! 


Allof the readers of this magazine need no introduction 
to the pioneering work of American Scientist Thomas 
‘Townsend Brown, who was playing around with an X- 
ray tube around the same year as Einstein's Unified 
Field Theory was released. He filed his first patent for 
this newly and accidentally discovered 
Jlectrogravitational-effect” which causes motion ina 
high-voltage condensor or capacitor configuration. He 
was only 17 at that time. The discovery that high- 
voltage/low amperage electrostatic potentials applied 
to an object causes motion in the direction of the positive 
pole, and electrical charges naturally move to the 
OUTER surface of an enclosed charge-conductor, held 
strong prospects for what Brown would later name the 
“space-car", and wrote an article “HOW I CONTROL 
GRAVITATION”. His pioneering work, and 
demonstration of devices in Hawaii during World War 
II, drew attention from the department of Naval 
Intelligence. He was invited to work on “Project- 
Rainbow” (the Philadelphia Experiment for 
Electromagnetic Stealth) because of his pioneering work 
on what was starting to be understood very covertly 
asa true WARP DRIVE. Experiments with certain new 
and classified arc-welding apparatus at the 
Philadelphia Navy Yards to weld armor-plate for 
battleships was (by use of banks of primitive but 
powerful avalanche-discharge capacitors) producing 
anomalous and unexplained effects, such as 
disappearing tools and other apparatus in the heavily 
shielded welding chamber. These strange effects were 
accompanied by a strange “blackout -zone" which, like 
Piggot's early work, was not optical in nature. TT 
Brown's devices in his AH Bahnson Labs home movies 
lift more than their own weight and move inside vacuum 
chambers in these films. TT Brown later founded NICAP 
in 1956, which became the most respected UFO data 
gathering and hard scientific organization in the world, 
besides the US department of Naval Intelligence itself, 
and the Foreign Technology Division at Wright-Patterson 
Air Force base in Ohio. 
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Insert shims between the window sleeve and rough frame at 
each hole lacation along the top and sides to prevent bowing 
of the windaw frame, Fasten the window to the framing using 
3° screws. Continue checking for level, plumb, and square as 
the screws are tightened, 


Locate and mark the studs nearest the edges of the 
window using a stud finder. Cut two pieces of siding to it 
behind the brackets, and tack them in place over the marked 
studs with 4d siding nails. Position the support brackets with 
the shorter side against the siding and the longer side beneath 
the window. Fasten the brackets to the window and the studs 
Using the included screws, 


Cut a piece of drip edge to length, apaly construction 
adhesive to its top flange, and slide It under the siding abave 
the window. Cut each trim piece to size. Position the trim and 
attach it using 8¢ galvanized casing nails driven through pilot 
holes. Seal the edges of the trim with a bead of paintable 
slicone caulk, approximately %" wide, 


Cut all protruding shims fish with the framing using 
a.utilty knife or handsaw, insulate or caulk gaps between 
the window sieeve and the wall. Finish the instalation by 
reinstalling the existing interior trim or installing new trim, 
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Installing Bay Windows 


odern bay windows are preassembled for easy 
installation, but it will still take several days to 


complete an installation, Bay windows are large and 


heavy, and installing them requires special techniques. 


Cutaway view 


Metal ashing 
Roof frame — 
Sheathing 
Shingles 


Building 
paper 


Drip edge 


Insulation 


Skirt board 


Preattached. 
‘seat board: 


Plastic vapor 
barrier 


Furring 
strip 


Insulation 


Plywood skirt 
bottom 


sheathing 


Siding 
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Have at least one helper to assist you, and try to 
schedule the work when there's litle chance of rain. 
Using prebuilt bay window accessories will speed your 
work (see next page). 

A large bay window can weigh several hundred 
pounds, so it must be anchored securely to framing 
members in the wall and supported by braces attached 
to framing members below the window, Some window 
manufacturers include cable-support hardware that 
can be used instead of metal support braces, 


Before purchasing a bay window unit, check with 


the local building department regarding the code 
requirements, Many local codes require large windows 
and low bay windows with window seats to be glazed 
with tempered glass for salety 


[ Tools & Materials > 


Straightedge 
Gireular sav 


Wood chisel 


16d casing nails 
Tapered wood shims 
Building paper 


Pry bar Fiberglass insulation 
Drill 6-mil polyethylene 
Level sheeting 

Nail set Drip edge 

Stapler 1" roofing nails 


Aviation snips Step flashing 
Shingles 

‘Top flashing 
Roofing cement 
2x2 lumber 
514" skirt boards 
terior-grade 


Roofing knife 
Caulk gun 
Utility knife 
Thevel 

Bay window unit 


Prebuilt roof 


frame kit plywood 
Metal support Paintable 
brackets silicone caulk. 


2x lumber 

16d galvanized 
common nails 

16d and 8d 
galvanized 
casing nails 

3" and 2 
utility screws 


Tips for Installing a Bay Window > 


Use prebuilt accessories to ease installation of a bay window. Roof frames (A) come complete with sheathing (8), metal 

flashing (C), and step flashing (0) and can be special-ordered at most home centers, You wil h city the exact 
your window unit and the angle (pitch) you want for the roof. You can cover the roof inexpensively with building 
paper and shingles or order @ copper or aluminum shell. Metal support braces (E) and skirt boards (F) can be ordered at 
your home center if not included with the window unit, Use two braces for bay windows up to 5 ft. wide and three brac 
for larger windows. Skirt boards are clad with aluminum or vinyl and can be cut to fit 


or miter saw, 


Construct a bay window frame similar to tra 


a Build an enclosure above the bay window ifthe root 
standard window (see page 257) but use a built-up sill soffit overhangs the window, Build @ 2 x 2 frame (top) 
made from two 2 » 6s sandwiched around 16" plywood. to match the angles of the bay window, and attach the 
Install extra jack studs under the sill ends to help carry the frame securely to the wall and overhanging soffit. Install a 


eight. 


vapor barrier and insulation, then fi 
matches the siding ( 


he enclosure so it 


| How to Install a Bay Window 


Prepare the project site and remove interior wall surfaces 
(pages 32 to 35), then frame the rough opening. Remove the 
exterior wall surfaces. Mark for removal a section of siding. 
irectly below the rough opening, The width of the marked area 
should equal that of the window unit and the height should 
‘equal that of the skirt board. 


Position the support braces along the rough 
the widest part of the bay window and above the crigple 
stud locations. Add cripple studs to match the support brace 
locations, if necessary. Draw outlines of the braces on the 
top of the sil. Use a chisel or circular saw to notch the sill 
toa depth equal to the thickness of the top arm of the 
support braces. 
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Set the blade on a circular saw just deep enough to cut 
through the siding, then cut along the outline. Stop just short of 
the comers to avoid damaging the siding outside the outline. 
Use a sharp chisel to complete the comer cuts. Remove the 
cut siding inside the outline, 


Slide the support braces down between the siding end the 
sheathing. Pry the siding material away from the sheathing 
slightly to make roam far the braces, if necessary. Nate: On 
‘ucco, you will need to chisel notches in the masonry surface 
to fi the support braces. 


Attach the braces to the rough sill with galvanized 143 
‘comman nails. Drive 3* utlity screws through the frant of the 
braces and into the raugh sill to prevent twisting. 


Check the window unit to make 
sure itis level. f necessary, drive shims 
Under the low side to level the window. 
Temporarily brace the outside battam 
‘edge of the unit with 2 » 4s to keep it 
from maving on the braces, 

and shingles. 


Set the roof frame on top of the 
‘window, with the sheathing loosely 
tacked in place. Trace the outline of the 
‘window and roof unit onto the siding. 
Leave a gap of about ¥ 

oof unit to allow roam for flashing 


Lift the bay window onto the support braces and slide it nto 
the rough opening. Center the unit within the opening, 


Sheathing 


‘Marke 

blocks 

flush with 
‘of 


If the gap between the side jambs and 
jack studs is more than 1" wide, mark 
‘and cut wood blocks to bridge the gap 
(smaller gaps require no blocks). Leave 
a small space for inserting wood shims. 
Remave the window, then attach blocks 
every 12" along studs. 


round the 


(continued) 


Doors ® 271 


Cut the siding just down to the sheathing along the outline 
using a circular saw. Stop just short of the comers, then 

se @ wood chisel to complete the comer cuts. Remove the 
‘out siding, Pry the remaining siding slightly away from the 
sheathing around the raof outline to allow for easy installation 
Of the metal flashing. Cover the exposed sheathing with 
8*-wide strips of building paper (step 3, page 260) 


Anchor the window by oiling allot 
holes and driving 16d casing nails 
through the brick molding and into the 
{raring members. Space nails every 
12", and use a nail set to drive the nail 
heads below the surface of the wood, 


Set the bay window unit back on the braces, and slide it 
back into the rough opening until the brick moldings are tight 
against the sheathing. Insert wood shims between the outside 
end of the metal braces and the seat board (inset), Check the 
Unit to make sure itis level, and adjust the shims, if necessary, 


Drive wood shims jnto the spaces between the side jambs and the blocking or jack 
studs and between the headboard and header, spacing the shims every 12°. Fill the 
‘spaces araund the window with loasely packed fiberglass insulation, At each shim 
location, drive 16d casing nails through the jambs and shims and into the framing 
members, Cut off the shims flush with the framing members using a handsaw or 
uty knife, Use a nail set to drive the nail heads below the surface. f necessary, dill 


pilot holes to prevent spiting the wood. 
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Staple sheet plastic over the top of the window unit to serve 
aS. Vapor barrier. Tim the edges of the plastic around the top 
Of the window using a utility knife, 


Remove the sheathing pieces {/07 the roof Tame, then 
posttion the frame on top of the window unit. Attach the roof 
fame to the window and to the wal at stud locations using 3* 
utlty screws 


Fill the empty space |nside the root ‘Staple asphalt building paper over —_—_Cut drip edges with aviation snips, 
frame with loosely packed fiberglass the roof sheathing. Make sure each then attach them around the edge of 
insulation. Screw the sheathing piece of building paper overlaps the one the roof sheathing using roofing nails. 
back onto the roof frame using 2" below by at least 5°. 
utility screws. 

(continued) 
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‘Trim the end of the flashing to the 
same angle as the drip edge. Nall the 
flashing to the sheathing with roofing nals. 


Pull row 
of shingles 


16* starter row | 


Drip edge 


Cut 6"-wide strips of shingles for the starter row. Use roofing nails to attach the Nail a full row of shingles over the 


starter row shingles so they overhang the drip edge by abou 
along the roof hips using a straightedge and a roofing knife, 


Cut the shingles starter row, aligning the bottom edges with 
the bottom edge ofthe starter row. Make 
sure shingle notches are not aligned, 


Install another piece of step flashing on each side of the 
roof, overlapping the first piace of flashing by about 5". 
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Cut and install another row of full shingles. The bottom 
ledges should overlap the tops of the notches on the previat 
row by 1s". Attach the shingles with raofing nails driven just 
above the notches, 


Continue installing alternate rows of step flashing and 
shingles to the top of the roof, Bend the las ‘of step 
flashing to fit aver the roof hips. 


When the roof sheathing is covered with shingles, instal 
the top flashing. Cut and bend the ends over the roof hips, 
and attach it with roofing nails. Attach the remaining rows of 
shingles over the top flashing. 


Find the height of the final row of shingles by measuring 
from the top of the roof to a point ¥" below the top of the 
notches on the last installed shingle, Tim the shingles to fit 


Make ridge caps by cutting shingles into 1-1-0 
Use a roofing knife to trim aif the tap comers of each piece, so 
the ridge caps will be narrower at the tap than at the bottom, 


Attach the final row of shingles with a thick bead of roofing 
‘cement—nat nails. Press firmly to ensue 2 good bond. 


Install the ridge caps over the roof hips, beginning at the: 
bottom of the root Trim the battom ridge caps to match the edges 
of the root Keep the same amount of overlap with each layer 


(continued) 


‘At the top of the roof hips, use a roofing knife to cut the Staple sheet plastic over the bottom of the window unit to 
shingles to fit flush with the wall. Attach the shingles with Sefve as @ vapor barrier. Trim the plastic around the bottom of 
roofing cement—do not use any nails. the window, 


Cut and attach a 2 x 2 skirt frame around the bottom of Cut skirt boards to match the shape of the bay window 
the bay window using 3° galvanized utility screws. Set the skirt bottom, mitering the ends to ensure a tight fit Test-fit 
frame back about 1° fram the edges of the window, the skirt board pieces to make sure they match the bay 


window bottom. 
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‘My background and work 


I primarily have a background and degree in computer 
programming, electronics, most fields of science, Flying 
Saucer Technology research (almost 30 years worth), 
Radio/Control fixed and rotary-wing aircraft since 1972. 
T have been experimenting and working with high- 
energy and electrogravitic devices and systems since 
1987. I built my first small High-Voltage generators 
starting around this time. I built kits from Information 
unlimited and elsewhere. 


Inlate January 1990 Ibuilt my first working 2-foot flying 
discs, which were a direct replication of Thomas 
‘Townsend Brown's most important representation of his 
electrogravity-propelled scale-model vehicular concept, 
from US Patent #2,949,550. In January 1992, I built a 
120KV high-voltage/low-current electrostatic generator 
from an Information Unlimited kit, primarily for force- 
field propulsion research. 


In June 1999, I built a tower and rotor apparatus to 
complete the experiment, and I powered it with the 
output from a 100KV generator I built from an 
Information Unlimited Kit. The results were spectacular, 
and taught me a great deal about what was involved in 
producing and maximizing the Biefeld-Brown Electro- 
gravitational effect. I suspected from my research, and 
my experiments, that the basic effect was not due to 
current-flow and resulting ion-wind. When there was 
current-flow, the effect is attenuated, power 
consumption goes up, and thrust goes DOWN. In late 
June of 2000, I presented this working TT Brown 
Electrokinetic Apparatus with larger 1-meter discs at 
the 2nd Antigravity Conference in Reno, NV, hosted by 
Jim Cox. A VHS videotape of this working and 
spectacular presentation at the first part of the 
conference is available from 
www.soundphotosynthesis.com 


Now that I had mastered producing horizontal thrust, 
vertical thrust, or antigravity, was the next goal. About 
this same time, there was buzz all over the Internet 
about claims of two or three individuals who sounded 
credible at the time who had successfully replicated 
the many multi-layered “gravity-warp capacitor” or 
“electric rocket”. Oddly, these claims could not be 
verified, and the individuals making the claims 
disappeared back into the woodwork. Such actions are 
bizarre and hinder the progress of true science, which 
is undergoing a shift in paradigms right now, if not a 
change in dogma. 


I spent months die-cutting hundreds to thousands of 
tinfoil and aluminum-foil circular-notched conductor 
plates and wax paper and mylar rings. I did some initial 
testing with a Tin and wax-paper 400-layer gravity 
warp-capacitor heap, according to plans Ihad acquired 
from H & A Industries in 1992, and what was on Bill 
Beatty’s amateur science site. No one else has come 
forward with positive results on this tedious and time- 
consuming device. So much work for so little effect! And, 


if you short out the stack with too much power, you 
must tediously and laboriously search thru hundreds of 
layers to find the dielectric layers with the telltale 
carbonized holes. The Electric rocket has been recently 
successfully replicated and tested in hard vacuum and 
patented recently by Hector Serrano. The Serrano effect 
is identical to the so-called Biefeld-Brown 
Electrogravitational effect. They are one in the same 
thing. Imay dust off my completed 400-layer grav-cap, 
but [hardly find it worth the time and effort, because of 
my recent work starting in early October 2001. 


‘The Lifter and The Evolution to Beamship Model 
Flying Craft 


Although Ihad attempted a few small “Hagen” patent- 
type antigravity (VTOL) models in the early 90s, Ifound 
their performance poor at best and their power 
consumption high. In late summer, 2001, someone, I 
forget who, on the JLN's lab list of researchers and 
anomalous science-experiment and technology 
enthusiasts ran across a website owned by 
‘Transdimensional Technologies, of Huntsville, Alabama 
(famous for NASA research facilities, the late Dr. Rolf 
Schaffranke, author of the important ETHER 
TECHNOLOGY, under the pseudonym “Rho Sigma”, and 
Dr. Tom Bearden) had produced a hovering device. From 
my previous work, I recognized it immediately as TT 
Brown's Electrokinetic Apparatus that I had 
successfully replicated and demonstrated before a live 
audience years earlier. I noticed the capacitors were 
made from Aluminum FOIL, not the thin-but-heavy 
Aluminum sheet stock from Home Depot that Ihad been 
using for years, (Ihad assumed that to make my 3-foot 
discs hover and ascend vertically, I would have to use 
voltages in the hundreds of kilovolt range, and generate 
high x-ray, UV, and possibly gamma-ray emissions as a 
by-product, in other words, a typical flying saucer with 
all the associated radiological effects that have been 
documented for over half a century) so they could lift, 
their own weight. The result matches almost exactly 
the simplest graphical representations of TT Brown's 
patent from 1960, and De Seversky's Ionocraft patent 
from 1964, which was a thin foil cathode plate with a 
thin anode wire separated from the cathode by stand- 
off insulator posts. I was eager to reproduce these 
devices (I don't know how I overlooked this simple 
solution, it was all sitting in those old 1960s Brown and 
De Seversky patents I have studied for 15 years 
previously) and many people around the world, 
especially the webmaster of the JLN Lab's site French 
researcher Jean-Louis Naudin, who began replicating 
many different types of larger and more sophisticated 
devices, some of which resembled model spacecraft, 
and began amassing tables of very useful data, that 
researchers could use as basic guidelines to follow. I 
replicated the first hovering device, the “Lifter” (so- 
called by Transdimensional Technologies) as a 1-foot 
triangle, with 2-inch foil cathode and #42 enameled 
copper magnet wire. To energize it used a commercial 
power supply from Gamma High-Voltage Research that 
Thad acquired from Ebay some years ago. It was perfect 
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Cut a 2 » 2 furring strip for each skirt board. Miter the ends Attach the skirt board pieces to the skirt frame. Dri «" 
to the same angles as the skirt boards. Attach the furring strips plot holes every 6” through the back ofthe skirt frame and 
to the back of the skirt boards, 1" from the bottom edges, into the skirt boards, then attach the skirt boards with 2" 
using 2" galvanized utlity screws galvanized utiity screws. 


Measure the space inside the skirt boards using a Fbevel to 
duplicate the angles, Cut a skirt bottom from %" exterior grade 
plywood to fit this space. 


| Furring strip 


Lay fiberglass insulation on the skirt bottom. Position the Install any additional trim pieces (inset) specified by your 
skirt bottom against the furring strips and attach itby driving window manufacturer using &d galvanized casing nails. Seal 
2° galvanized utility screws every 6" through the bottom and —_the roof edges with roofing cement, and seal around the rest 
into the furring strips. of the window with paintable silicone caulk, 


Buors 
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WW! installing Skylights 


Ceara ef ssl Dh, ne tg 
and placement are important considerations, 
A skylight that’s too big can quickly overheat a space, 
especially in an attic. The same is true of using too 
many skylights in any one room. For that reason it's 
often best to position a skylight away from the day's 
brightest sum. You may want an operable skylight that 
opens and closes to yent warm air. 

When a skylight is installed above an 
unfinished attic space, a special skylight shaft must 
be constructed to channel light directly to the 
roam below 


‘Skylights can offer warmth in the winter, cooling ventilation 
in the summer, and a View of the sky ar the treetops around 
your house during any season. And, af course, skylights 
provide natural light. 
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Installing a skylight above finished space involves 
other considerations. First, the ceiling surface must. 
be removed to expose the raft 
ceiling surfaces, see pages 28 to 31 

A skylight frame is similar to a standard window 
frame. It has a header and sill, like a window frame, 
but it has king rafters rather than king studs. Skylight 
frames also have trimmers that define the sides 
of the rough opening. Refer to the manufacturer's 
instructions to determine what size to make the 
‘opening for the skylight you select 

With standard rafter-frame roof construction, you 
can safely cut into one or two rafters as long.as you 
permanently support the cut rafters, as shown in the 
following steps. If your skylight requires alteration 
of more than two rafters or if your roofing is made 
with unusually heavy material, such as clay tile or 
slate, consult an architect or engineer before starting 
the project 

“Today's good-quality skylight units are unlikely 
to leak, but a skylight is only as leakproof as its 
installation, Follow the manufacturer's instructions, 
and install the Flashing meticulously, as it will last a lot 
longer than any sealant 


s. To remove wall and 


"Tools & Materials > 


4-1, level led and 10d 
Gircular saw common nails 
Drill Building paper 


Gombination square 
Reciprocating saw 


Roofing cement 
Skylight flashing 


Pry bar 2", 14", and 4" 
Chalk line roofing nails 
Stapler Finish nails 

Caulk gun Fiberglass insulation 
Utility knife wallboard 
Aviation sni Twine 

Plumb bob Wallboard screws 
Jigsaw 6-mil polyethylene 
Wallboard tools sheeting 

2x lumber Finishing materials 
1x4 


How to Install a Skylight 


Use the first rafter on each side ofthe planned rough Brace the intermediate rafter by installing two 2% 4s 
opening as aking rafter. Measure and mark where the between the rater and the atic flor. Position the braces 
<ouble header an sill will ft against the king rafters. Then, just above the header marks and just below the sil marks. 
se a level as a straightedge to extend the marks across the Secure them temporarily to the rafter ancl subfloor (or joists) 
intermediate rater. with screws 


a: , 
13), a 


Reinforce each king rafter by attaching a ful-length “sister Use a combination square to trans‘er the sill ané header 
rafter against its outside face. Cut sister rafters from the same marks across the face ofthe intermediate rafter, then cut 


size of lumber as existing raters, matching lengths and end along the outermast lines with a reciprocating saw. Do not cut 
cuts exactly. Work each one into position, flush against the into the roof sheathing. Carefully remove the cutout section 
outside face of the king rafters, then nail the sisters to the with a pry bar. The remaining rafter portions will serve as 
Kings with pairs of 10d common nails spaced 12" apart. cripple rafters. 

(continued) 
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Build a double header and double sil to fit snugly between 
the king rafters, using 2x lumber that is the same size as the 
rafters. Nail the header pieces together using pairs of 10d nails 
spaced 6” apart. 


Install the header and sill, anchoring them to the king 
rafters and cripple rafters with 16d common nails, Make sure 
the ends of the header and sill are aligned with the appropriate 
‘marks on the king rafters. 


If your skylight unit is narrower than the opening between 
the king studs, measure and make marks for the trimmers: 
‘They should be centered in the opening and spaced according 
to the manufacturer's specifications. Cut the trimmers from the 
‘same 2x lumber used for the rest of the frame, and nail them 
in place with 10d common nails. Remove the 2 x 4 braces. 
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Mark the opening for the roof cutout by driving a screw 
through the sheathing at each comer of the frame. Then, tack a 
couple of scrap boards acrass the opening to prevent the raof 
cutout from falling and causing damage below, 


From the roof, measure between the screws to make Tack a straight 1 x 4 to the roof, aligned with the inside 
sure the rough opening dimensions are accurate Snap chalk edge of ane chalk line. Make sure the nail heads are flush with 
lines between the screws to mark the rough opening, then the surface of the board. 

remove the screws. 


Cut through the shingles and sheathing along the chalk Remove the shingles aroun the rough opening with a flat 
line using a circular saw and an old blade or a remodeling pry bar, exposing at least 9° of building paper an all sides of 
blade, Rest the saw foot on the 1 x 4, and use the edge of the opening. Remove Whole shingles rather than cutting them. 


the board as a guide. Reposition the 1 x, and cut along the 
remaining lines. Remove the cutout roof section, 


(continued) 
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Cut strips of building paper and 
slide them between the shingles and 
existing buliding paper. Wrap the paper 
so that it covers the faces of the framing 
members, and staple it in place, 


Patch in shingles up to the bottom 
edge of the skyfight unit. Attach 

the shingles with 1% roofing nails 
riven just below the adhesive strip. f 
necessary, cut the shingles with a utlty 
knife so they it against the bottom of 
the skyfignt 


Spread a 5"-wide layer of roofing 
‘cement around the raof opening, Set 
the skylight into the opening so that 
the nailing flange rests on the root 
Finally, aust the unit so it sits squarely 
in the opening. 


‘Spread roofing cement on the 
bottom edge of the sill lashing, then 
fit the flashing around the bottom of 
the unit. Attach flashing by driving 44" 
galvanized roofing nals through the 
vertical side flange (near the top of the 
flashing) and into the skylight jembs. 
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Nail through the flange and into 
the sheathing and framing members 
with 2" galvanized roofing nails spaced 
every 6°, Note: f skylight uses L-shaped 
brackets instead of a nailing flange, 
follow manufacturer's instructions, 


Spread roofing cement on the bottom 
of a piece of step flashing, then slide 
flashing under the drio edge on one 

side of the skylight Step fiashing should 
averiap sill flashing by 5". Press the step 
flashing down to bond tt, Repeat on the 
‘opposite side of the skylig 


Patch in the next row of shingles on 
each side of the skylight, flowing the 
existing shingle patter. Drive a 1s" 
roofing nail through each shingle and 
the step fiashing and into the sheathing 
Drive additional nals just above the 
notches in the shingles 


‘Spread roofing cement on the bottom 
Cf the head flashing to bond it to the root 
Place the flashing against the top of the 
skylight so the vertical flange fits under 
the crip edge and the Horizontal flange 
fits under the shingles above the skylight. 


Continue applying alternate rows of 
step flashing and shingles using roofing 
cement and roofing nails. Each piece of 
flashing should overlap the preceding 
plece by 5* 


Fill in the remaining shingles, 
cutting them to fit, f necessary. Attach 
the shingles with rooting nails driven 
Just above the notches. 


At the top of the skylight, cut and 
bend the last piece of step flashing on 
each side, so the vertical flange wraps 
‘around the comer of the skylight, Patch 
in the next row of shingles. 


Apply a continuous bead of roofing 
cement along the joint between the 
shingles and the skylight, Finish the 
interior ofthe framed opening as 
desired 
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How to Build a Skylight Shaft 


284 


A skylight shaft is mace with 2 « 4 lumber and wallboard Remove any insulation in the area where the skylight will 
and includes a vapar barrier and fiberglass insulation. You can _be located; turn off and reraute electrical circuits as necessary. 
‘oullda straight shaft with four vertical sides or an angled shaft —_Use a plumb bob as a guide to mark reference paints on 

that has a longer frame at celling level and one or more sides _the ceiling surface, directly below the inside carners of the 

set tan angle. Since the celiing opening is larger, an angled skylight frame. 

shaft lets in more direct light than a straight shaft 


If you are installing a straight shaft, use the plumb marks From the room below, mark cutting lines, then remove the 
‘made in step 1 to define the comers of the celiing opening; ceiling surface 

ive a finish nail through the ceiling surface at each mark. If 

Yyou are installing an angled shaft, measure out trom the plumb 

‘marks and make new marks that define the corners of the 

ceiling opening drive finish nails at the new marks. 


8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Use the nearest joists on either side of the celling opening _f you will be removing a section of an intermediate jist, 
to serve as king joists. Measure and mark where the dauble reinforce the king joists by nailing full-length “sister” joists to 
header and double sil will ft against the king joists and the outside faces of the king joists using 10d nails. 

\where the outside edge of the header and sill will cross any 

intermediate joists. 


Install temporary supports below the project erea to Build a double header and double sill to span the distance 
support the intermediate rafter on both sides of the opening, between the king joists using 2x dimensional lumber the same 
Use a combination square to extend cutting ines dawn the size as the joists 

sides of the intermediate jist, then cut aut the joist section 

with a reciprocating saw. Pry loose the cutout portion of the 

joist, being careful not to damage the celiing surface. 


(continued) 
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Install the double header and double sill, an 
tothe with 104 nal 
Should be alig 


ring them 
The inside 
ith the edge of 


—— Rafter header 


Nailing strip 
Tocation . 


Comer post 
(positioned for 
‘marking) 


Cutting 
ines 


the tap to 
weader and 
attom 
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Complete the celling opening 
rimmers i, along th 
and sill Toenall the trimmers to the 


header and sill with 10d nal 


g enough to reach fram 
op of the rafter 
or trimmer an 

m of the frame wit 


where the 2 


toenail the posts to the top and bott 


for antigravity research, having full metering, and 
variable voltage from 0 to 40KV, and current limiting 
from Oto 1.5 milli Amperes of current. The heavy 1-meter 
discs of the Electrokinetic Apparatus were too heavy 
and the rotor-friction to great for this low-powered 
device (60 Watts, maximum), but for the lifter, it proved 
ideal. 


My first “lifter” antigravity device worked, but its 
performance was less than ideal. It had to be stripped 
ofits lower balsa-wood frame and some of its foil before 
it would degravitate (counterbary), and it “maxed-out’ 
the current-limited power supply at 33KV 1 1.5mA, for a 
stable hover (actually this is an upward flight 
configuration, because the device is tethered to the lab 
table with 3 sewing threads). That is 49 Watts. The 
concept of a hovering TT Brown Electrokinetic 
Apparatus had been proven to my satisfaction, however, 
and I initiated more research into past works and 
patents to raise efficiency to workable levels. The 
performance was slightly better than my early 1990s 
“wire-grid” type devices. I found this slightly 
encouraging, 


After a couple months reading and research (why re- 
invent the wheel, its all been done before), I started to 
replicate larger models in February and March 2002, 
but kept coming up against a size-barrier with the Multi- 
cellular (grid) approach that many researchers had 
assumed would raise thrust, and efficiency. This 
approach obviously did neither, as no one seemed to 
be able to produce hovering devices above a certain 
size, the current consumed (adding to total wattage 
consumed) was prohibitive with the low-powered (still 
high-voltage, low-current) devices that most of the 
mostly amateur researchers were using. Researchers 
around the world started to replicate different versions 
of the basic lifter 1 (an 6 to 12-inch equilateral triangle) 
‘The lifters are always tethered to the testing surface 
with 3 strings to keep them from going dangerously 
unstable and possibly short-circuit when they reach the 
limit of the umbilical supplying power to the device. 


From my previous Biefeld-Brown effect replications 
years earlier, and from carefully reading Brown's EK 
Apparatus patent, knew that increasing the diameter 
of the wire would reduce leakage current created by 
coronal discharge, mostly coming from the forward 
electrode, which in the 2 and 3-foot saucers consisted 
of an arc of copper tubing in the front quadrant of the 
saucer, or disc. Corona robs power (amperage) from the 
disc that otherwise would be used to “propel” the disc. 
Increasing the diameter of the copper tubing, as per 
Brown's patent if the effect was due primarily to ion- 
wind, more current and current flow between the 
electrodes would be desired to effect more air 
movement. But this is not what I saw in the saucers. 
‘There was apparently another, far more powerful but 
subtle force effecting silent propulsion of the saucers 
that had nothing to do with charge-transfer and ion- 
momentum. 


In February of this year, [undertook an effort to replicate 
and improve performance and reduce power 
consumption of the lifter device, based on data from 
my electrogravitic work of years past. I started by using 
thicker diameter enameled copper magnet wire, #35 
to #30 diameters. I first built a 1-foot equilateral 
triangular basic “Lifter-1”, weighing only 3.5 grams. On 
March 16th, I built a lifter with the thicker #35 enameled 
copper wire. 


Imade the three sides 1-foot long and exactly 2-inches 
high. After experimentation, I found the optimum spark 
gap for my High-Voltage power supply (Gamma High 
‘Voltage Research 40KV with current limiting to 1.5mA). 
‘The small silver-colored device leapt off the test table 
and pulled violently against its anchor strings to a 
distance of about a foot. This seemed like a great deal 
of force for such low power. The large discs of my TT 
Brown EK apparatus required a good deal higher voltage 
to initiate motion in the direction of the anode. The 
device consumed 26KV I 0.56mA DC, which calculates 
out to 14.56 Watts. I was getting more excited, because 
this was the best efficiency seen of any result yet 
posted. 


On March 19th, I tested 2 lifters glued together in a 
“diamond” shaped configuration. 


This 2-foot device weighed 6.0 grams, with the same 
#35 wire and a2 and §/8" air gap. It took 25KV to nullify 
the weight of the device, and it achieved a stable hover 
at 35KV I 0.8mA. That is 28 Watts. This is about what I 
had initially expected, double the power for double the 
‘Watts. Still, this was far less overall power going into 
the device to achieve a stable hover than my first, 
primitive and radically shorn and trimmed device. After 
lift offto the extent of the anchors, I found I could reduce 
power slightly and maintain a stable hover. On march 
22nd at 3:49 pm I got the diamond lifter to achieve a 
stable hover with a 2 and 5/8" air gap at 29.5 KV I 
0.32mA. This was only 9 Watts! This was unheard-of 
efficiency. I was further encouraged to build and test 
larger hovering devices to see how large I could get 
them with my low-powered commercial power supply. 


I then built a “lifter-2", which consists of three 1-foot 
triangular capacitor cells taped together. It weighs 11.4 
grams. March 30th at 3:22 pm, the device achieved a 
stable hover at 38KV I 0.57mA for 19.76 Watts total 
power. The larger device was more energy efficient than 
adevice 1/3 the size. Iwanted to see how far this could 
go, so I added three more lifter cells to make a 6-cell 
device, 3 feet on each of its three sides. I was eager to 
check the performance of this fairly large device. This 
was the diameter of my horizontally propelled TT Brown, 
Discs. 


‘This device weighed 21.6 grams. I kept the spark gap 
the same distance on this device. However this device 
failed to achieve counterbary (lift). It just sat on the 
test table, filling the air with the smell of ozone and 
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‘Attach a 2 «4 nailing strip to the outside edge of each 
‘corner post to provide a nailing surface for attaching the 
‘wallboard. Notch the ends of the nailing strips to ft around the 
trimmers; a perfect ft is not necessary, 


Install additional 2 « 4 nailing strips between the corner 
posts ifthe distances between posts are more than 24” 
Miter the top ends ofthe nailing strips to fit against the 
rafter trimmers 


wattoara ana 
_ removed for ey 


Wrap the skylight shaft with From inside the shaft, staple. plastic Finish the inside of the shaft wit? 
fiberglass insulation. Secure the vvapar barrier of 6-mil polyethylene wallboard (pages 48 and 51). Tip:To 
insulation by wrapping twine araund the sheeting over the insulation. reflect light, paint the shaft interior with 


shaft and insulation, 


a light-colored, semigioss paint 
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WH! installing Tubular Skylights 


Pre gers on linn en ale 
skylight, Tabular skylights are quite energy- 
y to install, with no 


efficient and are relative 
complicated framing involved 

“The design of tubular skylights varies among 
manufacturers, with some using solid plastic reflecting 
tubes and others using flexible tubing. Various 
diameters are also available. Measure the distance 
between the framing members in your attic before 
purchasing your skylight to he sure it will fit 

This project shows the installation of a tubular 
skylight on a sloped, asphalt-shingled roof. Consult 
the dealer or manufacturer for installation procedures 
‘on other roof types. 


Pencil Reciprocating saw 
Drill Pry bar 

‘Tape measure Screwdriver 
Wallboard saw Hammer 


‘A tubular skylight is an economical way to introduce 
‘more sunlight into room withaut embarking on a major 
framing project. 


Stiff wire 


Wire cutters 
Utility knife 

Chalk 

‘Tubular skylight kit 


2" rooting nails 
or flashing serews 
Roofing cement 


| How to Install a Tubular Skylight 


Mr 


NY 


Drill a pilot hole through the celing 
at the approximate location for your 
skylight. Push a stiff wire up into the: 
attic to help locate the hole, In the 
atic, make sure the space around the 
hole is clear of any insulation. Drill a 
second hole through the ceiling at the 
Centerpoint between two joists. 


Center the ceiling ring frame over 
the hole and trace around it with a 
pencil. Carefully cut along the pencil line 
‘with a wallboard saw or reciprocating 
‘saw, Save the wallboard ceiling cutout 
to use as your roof-hale pattern. Attach 
the ceiling frame ring around the hole 
‘with the included screws. 
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In the attic, choose the most direct 
route for the tubing to reach the 

Toof. Find the center between the 
appropriate rafters and drive a nail up 
through the raof sheathing and shingles, 


Use the wallboard ceiling cutout, centered aver the nail 
hole, asa template for the roof opening, Trace the cutout 
onto the roof with chalk. Dilla starter hole to insert the 
reciprocating saw blade, then cut out the hole in the root Pry 
up the lower portion of the shingles above the hole. Remove 
any staples or nails around the hole edge. 


Lower the tubing through the roof 
hole and slide the flashing into place 
‘with the upper portion ofthe flashing 
underneath the existing shingles. This is 
easier with two people, one on the roof 
and one in the attic. 


Pull the tubing over the top frame ring. Bend the frame tabs, 
out through the tubing, keeping two or three rings of the tubing 
wire above the tabs. Wrap the junction three times around with 
included PVC tape. Then, in the atti, measure from the roof 

to the ceiling. Stretch out the tubing and cut ito length with a 


utlity knife and wire cutters, Pull the loose end of tubing over 
the lower ring and wrap it three times with PVC tape. 


Secure the flashing to the roof with 
2" roofing nails or flashing screws. Seal 
Under the shingles and over all he nail 
heads with roofing cement. attach the 
skylight dome and venting to the frame 
with the included screws 


Pull the lower end of the tubing down 
through the celling hole, Attach the 
lower tubing ring to the ceiling frame 
ring and fasten it with screws, Attach 
the gasket to the diffuser lens and work 
the gasket around the perimeter of the: 
celling frame, Repack any insulation 
around the tubing in the atic 
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Installing Interior Doors 


(Creating an opening for a door in a wall Door framing requires flat, straight, and dry 
\G involves building a framework about 1" wider framing lumber, so choose your king, jack, and header 
and taller than the doors jamb frame, ‘This pieces carefully. Sight down the edges and ends to look 


dveriized opening, called aisongh pining, will Ror warpeas, andlcuk aff the:erids o€ pieces with spits 
enable you to position the door easily and shim 

it plumb and level. Before framing a door, it's 

always a good idea to buy the door and refer to 

the manufacturers recommendations for ourh TOOLS & Materials > 


opening size 


Door frames consist of a pair of full-length ‘Tape measure 10d or pneumatic 
king studs and two shorter jack studs that support Framing square framing nails 

the header above the door. A header provides an Hammer or nail gun %" plywood (for 
attachment point for wallboard and door casings Handsaw or structural headers) 
On load-bearing walls, it also helps to transfer reciprocating saw Construction 

the building’ structural loads down into the wall Framing lumber tice 


Framework and eventually the foundation. 


Creating a square, properly sized opening for a door is the most important element of a successful door instalation project. 
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How to Frame a Rough Opening for an Interior Prehung Door 


Door frames for prehung doors (ett 


‘Top plate 


Cripple 
stud 


Built-up header Vv. 
Construction 


‘adhesive 


~ Bottom 


Sire 4 plywood 


Door unit width 


King stud Jack stud Jack stud ere 
marking marking marking marking 


How to Frame a Prehung Door Opening 


Mark layout lines for tie king and jack Cut the jack studs to length (they Im a partition wall, the header can 
studs on the walls top and sole plates, should rest on the sole plate). The height be a piece of 2x framing lumber that 
Cut the king studs slightly longer than of a jack stud for a standard interior lays flat on top of the jack studs, Cut 
the distance between the wall plates, door is 83", or ¥ taller than the door. it to length, and install by endnailing 
and toenail them in place with 10d nails ‘Nail the jack studs to the king studs, through the king studs ¢ 


(or 3" pneumatic nails, jack studs 


pe em 


ne door yet, do 


Fasten a cripple stud above the ti y between If you haven't cut a sole plate opening for 
Tim the sole 


the king studs It will prevent the header fram warping, Toenail that now with a reciprocating saw or handsay 
itinto the top plate, and drive nails into itthraugh the header. _—_plate flush with the jack studs. 
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| How to Frame an Opening for a Load-bearing Wall 


Door framing on load-bearing walls ‘Install the built-up header by esting 
will require a structural header that iton the jack studs and endnaling 
transfers loads above the wall into through the king studs. Use 10d nails or 
the jack studs, sole plate, and down 3" pneumatic nals 


into the house foundation. Build it by 
sandwiching a piece of #/<" plywood 
between two 2 4s. Use construction 
adhesive and nalls to fasten the 
header together, 


Toenail a cripple stud between the 
top plate and header, halfway between 
the king studs. It transfers structural 


loads into the header, 


| Option: Framing Openings for Sliding & Folding Doors 


The same basic framing techniques are used, whether you're planning to install 
asliding, bifold, packet, or prehung interior door. The different door styles require 
cifferent frame openings. You may need to frame an opening 2 ta 3 times wider 
than the opening for a standard prehung door. Purchase the doars and hardware 

in advance, and consult the hardware manufacturer's instructions for the exact 
‘cimensions of the rough opening and header size for the type of door you select, 


Most bifold doors are designed 
to fit ina 80*-high finished opening, 
Wood bifold doors have the advantage 
of allowing you to trim the doors, if 
necessary, to fit openings that are 


slightly shorter. 
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Installing a Prehung Interior Door 


Install prehung interior doors after the Framing work = 

is complete and the wallboard has been installed. 

If the rough opening for the door has been framed | 

accurately, installing the door takes about an hour, 
Standard prehung doors have 4!4"-wide jambs and 

are sized to fit walls with 2 x 4 construction and)" 

‘wallboard, If you have 2 X 6 construction or thicker 

wall surface material, you ean special-order a door to 

match, or you ean add jamb extensions to a standard- 

sized door (photo, below). 


Level Prehung interior door 
Hammer Wood shims 
Handsaw 8d casing nails 
Tip> 


{f your walls are built with 26 studs, you'll need 
to extend the jambs by attaching 1"-thick wood strips 
to the edges ofthe jamb after the door i installed. 
Use glue and ad casing nails when attaching jamb 
extensions, Make the strips from the same Wood as 
the jamb, Prehung doors are shipped as single units with the door 
aleady hung on hinges attached to pre-installed jambs. 
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How to Install a Prehung Interior Door 


r 


Slide the door unit into the framed Insert pairs of wood shims criven Anchor the hinge-side jamb with & 
‘opening so the edges ofthe jambs from opposite directions into the gap casing nails driven through the jam 
are fish with the wall surface and the ‘between the framing members and and shims and into the jack stud, 
hinge-side jamb is plumb, the hinge-side jamb, spaced every 12° 


Check the hinge-side jamb to make sure 
itis stl plumb and does not bow. 


Insert pairs of shims in the gap between the framing Cut the shims flush with the wall surface, using a handsaw, 
‘members and the latch-side jamb and ton jamb, spaced every Hold the saw vertically to prevent damage to the door jamb 
12". With the door clased, adjust the shims so the gap between or Wall. Finish the door and install the lockset as directed by 
door edge and jamb is 14" wide, Drive 8d casing nails through the manufacturer. See pages 318 to 321 to instal trim around 
the jambs and shims, Into the framing members the door. 
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| Pocket Doors 


Pocket doors are a space-saving alternative to traditional 
hinged interior doors. Swinging doors can monopolize 
up to 16 square feet of floor space in a room, which is 
why pocket doors are a perfect choice for tight spaces, 
like small bathrooms, Installed in pairs, pocket doors 
ccan divide large rooms into more intimate spaces and 
can still be opened to use the entire area, 

Pocket door hardware kits generally are 
universal and can be adapted for almost any interior 
door. In this project, the Frame kit includes an 
adjustable track, steel-clad split studs, and all the 
required hanging hardware, The latch hardware, 
jambs, and the door itself are all sold separately 
Pocket door frames can also be purchased as 
preassembled units that can be easily installed into 
a rough opening 

Framing and installing a pocket door is not 
difficult in new construction or a major remodel. But 
retrofitting a pocket door in place of a standard door 


296 | THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


or installing one in a wall without an existing door, is a 
major project that involves removing the wall material, 
framing the new opening, installing and hanging the 
door, and refinishing the wall. Hidden utilities, such as 
\wiring, plumbing, and heating duets, must be rerouted 
ifencountered, 

‘The rough opening for a packet door is at least 
twice the width of a standard door opening. If you are 
installing the pocket door in a partition wall, see page 
292 to learn how to frame the opening. If the wall is 
load bearing, you will need to install an appropriately 
sized header (page 293). 

Because pocket doors are easy to open and 
close and require no threshold, they offer increased 
accessibility for wheelchair or walker users, provided 
the handles are easy to use (page 299), If you are 
installing a pocket door for this purpose, be aware that 
standard latch hardware may be difficult to use for 
some individuals. 


‘Tape measure 

Circular saw 

Hammer, nail set 

Screwdriver 

Level 

Drill 

Handsaw 

Hacksaw 

Wallboard tools 

2x4 lumber 

16d, 8d & 6d 
common nails 

Pocket door frame kit 

Door 

114" wallboard screws 

Wallboard materials 

Manufactured pocket door 
jambs (or build jambs 
from Lx material) 

8d & 6d finish nails 

14" wood serews 

Door casing 


making a sizzling sound (corona noise). I noticed that 
the current maxed-out on the power supply at a fairly 
Jow voltage and would not go any higher. 


Iconcluded in my disappointment that all that wire from 
all the inter-connections to the cells was causing corona 
leakage and robbing current, which otherwise would 
be used by the device for propulsion. 


‘The idea then hit me that perhaps Icould make a device 
with the same outer diameter as the 3-foot device, but 
have greater efficiency because of amuch shorter length 
of wire. [built basically a 3-foot (1-meter) version of the 
first 1-foot device. This device weighed 16 grams. It 
lifted off the table with amazing force and hovered 
stably with 152mA S0KV which is 15.6 Watts. Not only 
had achieved a larger-size device, but far better power 
efficiency for a much larger and heavier device. I was 
overjoyed! I saw that I had a great deal of lifting force 
to spare. [had not even come near the limit of my power 
supply. I added extra bracing at the corners and extra 
balsa and a triangular paper “payload -tray” in the 
center of the device, supported by three 1/16°x1/16-inch 
balsa stock. The extra bracing and payload area added 
approximately 2 more grams. With a 5 gram payload, 
the device consumed 39.9KV10.99mA, for total power 
consumption of 39.5 Watts. Iwas really encouraged at 
that point, because I knew that these results were 
unheard-of, in terms of energy efficiency. I had solved 
the problem of decreasing efficiency by dispensing with 
a “grid-based” device. Increasing the area of the 
capacitor plate was one of the factors that increased 
performance and efficiency, lessening the input power 
requirements with increasing size. Now the Biefeld- 
Brown effect could be properly studied, now that most 
of the ion-flux had been eliminated, resulting 
conservation of energy by the device, and resulting in 
greatly increased propulsive force 


Since I now knew the limit of payload for the device at 
the power level I was using, I added a balsa framework 
that approximated a central cabin area, and three small 
styro-foam spheres on the center of the straight sides 
on short lengths of balsa. The device no longer looked 
like a test device, but now looked like a scale model 
spacecraft. I remembered the Edouard “Billy” Meier 
UFO contact case, and knew that all his original 
photographs and movie footage of extraterrestrial 
spaceships the extraterrestrials themselves called 
“beamships" (there are several styles and variations, 
all with different specific functions and capabilities, 
some manned, some remote-controlled “telemeter 
discs” that had a tri-hemispherical undercarriage that 
Iknew from past research were propulsion condensors) 
and that the original un-tampered photos all passed 
rigorous analysis using the latest and most 
sophisticated computer and other equipment, case 
detractors not withstanding. Also the spiritual 
messages of these genetic brothers of Man and their 
accounting of humankind’s history and origins from far 
across space rang true and struck a chord with me. 


I decided to name this new 1-meter model spacecraft 
Beamship Variation I. The three sides of the device 
performed the same function on this device that the 
three spherical or hemispherical capacitors often seen 
on the underside of full-size “beamships” (Daylight- 
disc-type UFOs), which illustrates a similar if not 
identical propulsion methodology to full-size 3 to 7 meter 
and larger “off-Earth-built” aero-spacecraft. Clearly the 
propulsion methodologies were exactly the same in the 
model as in the full-size flight device. 


I immediately built a 4-foot diameter model with a full 
cabin framework and internal payload area and 
achieved even greater performance and efficiency. I was 
ecstatic. This 4-foot device I dubbed Beamship 
Variation Il. [received a suggestion from Mr. Tim Ventura 
of American Antigravity that performance could be 
increased by using small diameter stainless-steel wire. 
It seemed unlikely to me that smaller diameter wire 
would increase performance, it contradicted Brown's 
patent, and my own past research with large 
electrogravitic discs. But Stainless steel has a high 
number of free electrons in the outer valence atomic 
shells (electron orbits). 


So I obtained some #40 stainless locally and the results 
confirmed Mr. Ventura’s suggestion. Corona noise was 
heard at a much higher power level, and was greatly 
attenuated in volume. Leakage current was less, and 
the two Beamships now had more thrust with less 
power input. They even carried more payload at less 
power input. Variation II weighs 21 grams and loft a 
payload of 6 grams at 40KV I ImA for 40 Watts total 
power. Again, this was unheard-of efficiency. The 
anode wires sang a strange harmony as the Beamships 
floated in the air, stably at any altitude, from floor to 
ceiling, without any fuel or visible means of support. 
‘This was very Beamship-like. 


I thought that now since corona discharge on the anode 
wire was less, I could decrease the spark-gap distance 
without creating a spark (which kills lift). Thrust seemed 
initially to increase, but efficiency went down because 
there was current-flow now, and current consumption 
went way up. The supply would now max-out at 
37KV I 1.5mA and would not increase because of the 
current limiting. The Beamships now were noisy, as the 
foils chattered loudly because of all the ion-wind that 
was now rushing downward along and past the foils. 1 
used a concert fog machine to observe the ion-flux 
vector, and filmed it digitally with my Logitech web- 
cam, and with VHS analog video. 


Analysis of the fog -tests showed a circular vortex of 
air surrounding the anode wire that flared out into a 
downwash of air below the Beamship. I was 
disappointed, because I thought then that the thrust 
action of the device was due to simple ion-transfer. A 
useful-enough effect, but of questionable use in the 
vacuum of space without an ionizing medium. 
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How to Install a Pocket Door 


2 


Prepare the project area and frame the rough opening to 
the manufacturer's recommended dimensions, Measuring 
from the floor, mark each jack stud at the height of the door 


plus % to 114" (depending on the door clearance above the 
floor for the overhead door track. Drive a nail into each 
Jack stud, centered on the mark. Leave abouts" of the 
nail protruding 


Set end brackets of the track on the 
nails in the jack studs. Adjust the track 
to level and set the nails, Then drive 8d 
‘comman nails through the remaining 
holes in the end brackets. 


split studs. Butt o 


Trim 
oards 


Remove the adjustable end bracket {rom the overhead 
door track. Cut the wooden track header at the mark th 
‘matches your door size. Turn the track over and cut the 
‘metal track 124" shorter than the wooden track header using 
a hacksaw (top). Replace the end bracket. Cut the side trim 
bboards along the marks corresponding to your d 
careful not to cut the metal track (bottom). 


‘Snap chalk lines on the floor acrass the opening, even with the sides of the rough 
‘opening, Tap the floor plate spacers into the bottom ends of the pairs of steel-clad 

slit stud pair against the daor track trim board, check it for 
plumb, and fasten itto the track header using 6d common nails (lef). Center the ather 
spit stud pair in the “packet” and fasten it ta the track header. Plumb the split studs 


‘again and attach them to the floor with 8d common nails or 2" screws driven through 


spacer plates (right, 


(continued) 
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Cover the open framing with wal: 
board ta the edge of the opening. You 
may want to leave the wallboard off 
one side of the wall to allow for door 
adjustment, Use 11" wallboard scr 
which will nat protrude into the packer, 


Cut the strike-side jamb to length and width. Fast 
the jack stud using &d finish nails, shimming the jamb to plumb 


as necessary, 
fine-tune the door height so the 
from top to bottom 


adjust the fi 
00r Is paral 
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Paint or stain the daor as desired. 
When the doar has dried, attach two 
door brackets to the top af the doa 

Using included screws driven through 
pilot holes, install the rubber bumper 
to the rear edge of the door with its 

Included s 


it 


Main 


nger nuts to 
ith the jamb 


E IMPROVEMENT 


‘Tri-wheeled hanger 


Slide two tri-wheeled hangers into 
the overhead door track. Set the door in 
the frame, aligning the hangers with the 
door brackets, Then raise the door and 
press each hanger into the daor bracke 
Unt it snaps into place, Clase the 
arm over the hanger. 


‘Measure and cut the split jambs to size. Fasten each split 
nb to the front edge of the split stud using 8d finish nails, 

ance on both 
shim between the bumper and door until the door Is flush with 
the jambs when open, 


es of the door. fr necessary, 


Measure and cut the split head jambs to size. Use 1° wood Install the included door guides on both sides of the door 
ssrews driven through countersunk pilot holes to attach the ‘ear the floor at the mouth of the pocket. Install the latch 
ead jamb on the side that has access to the lock arm of the hardware according to the manufacturer's directions, Finish 
hangers to allow for easy removal of the door Attach the other the wallboard and install casing around the door. Fil all nail 
head jamb using 4d finish nails, Maintain ¥4* clearance on holes, then paint or stain the jambs and casing as desired 
each side of the door. 


| Improving Pocket Door Accessibility > 


D-pull handle 


ae 


ag Stop block 


D-pull handles are easier to use than standard recessed hardware. Choose pulls that project atleast 114° from the door 
‘Mount the pulls 1)" from the edge of the door to provide room for fingers when the door is closed (eft. Install a stop 
block at the back of the fram (right), so the door stops 1)" short of the D-pull to provide room for fingers when the door 
's open. Because this design reduces the width af the door opening by 3°, you must use a 36"-wide door to maintain the 
recommended doorway width of 32° 
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Bifold Doors 


Bifold doors provide easy access to a closet without eae 
requiring much clearance for opening. Mast home Tools 


centers stock kits that include two pairs of prehinged 


Materials» 


doors, a head track, and all the necessary hardware ‘Tape measure Screwdriver 

and fasteners. Typically; the doors in these kits Level Hacksaw 

have predrilled holes for the pivot and guide posts. Cireular saw Prehinged bifold doors 
Hardware kits are also sold separately for custom Straightedge Head track 

projects. There are many types of bifold door styles, (optional) Mounting hardware 
so be sure to read and follow the manufacturer's Drill Panhead serews 
instructions for the product you use. Plane Flathead screws 


Avvariety of designer bifold doors are avaliable for installation between rooms and closets. They provide the same attractive 
appearance as French doors but require much less floor space, 
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How to Install Bifold Doors 


1 


Cut the head track to the width of the opening using a ‘Measure and mark each side jamb at the floor for the 
‘hacksaw. Insert the roller mounts into the track, then position anchor bracket so the center of the bracket aligns exactly with 
the track in the opening, Fasten itto the header using the center of the head track, Fasten the brackets in place with, 
panhead screws, flathead screws 


Check the height of the doo's in the opening, and trim Fold one pair of doors closed and lft into position, inserting 
if necessary. Insert pivat posts into predrilled holes at the the pivot and guide posts into the head track. slip the bottom 
bottoms and tops of the doors. Insert guide posts at the tops of pivot post into the anchor bracket. Repeat for the other pair 
the leading doors. Make sure all posts fit snugly of doors. Close the daors and check alignment along the side 
jembs and down the center. necessary, adjust the top and 
bottom pivots following the manufacturer's instructions. 


Windows & Doors 
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| French Doors 


French doors are made up of two separate doors, 
hinged on opposin 
swing out from the center of the doorway and into or 


jambs of a doorway. The doors 


out from a room, Like most doors, French doors are 
typically sold in prehung units, but are also available 
separately. They are generally available only in wood 
With a variety of designs and styles to choose from 

Before purchasing a prehung French door unit 
determine the size of doors you will need, If you are 
planning to install the doors in an existing doorway, 
measure the dimensions of the rough opening from, 
the unfinished framing members, then order the unit 
to size—the manufacturer or distributor will help you 
seleet the proper unit. 

You can also pick the prehung unit first, then alter 
aan existing opening to accommodate it (as shown in 
this project). In this case, build the rough opening a 
litle larger than the actual dimensions of the doors 
to accommodate the jambs. Prehung units typically 
require adding 1" to the width and '" to the height 

If the doorway will be in a load-bearing wall, 
you will need to make temporary supports (page 29) 
and install an appropriately sized header. Sizing the 
header (depth) is critical: i's hased on the length of 
the header, the material it’s made from, and the weight 
of the load it must support. For actual requirements, 
consult your local building department. 

When installing French doors, it is important to 
have consistent reveals between the two doors and 
id jamb. This 
allows the doors to close properly and prevents the 
hinges from binding. 


between the top of the doors and the he 


_ Tools & Materials > 


Tape measure 2x 4and 2x6 


Cireular saw lumber 

4-ft. level 4" plywood 
Hammer 10d & 16d 
Handsaw common nails 
Drill Wood shims 
Utility knife 8d finish nails 
Nail set 


Prehung French 
door unit 
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Traditionally, French doors open onto the patio or lush 
garden of a backyard. But you can create stylish e 

inside your home by bringing French doors to formal dining 
jtting rooms, dens, and master suites. 


How to Install French Doors 


1 


New 
‘king stud 
Use existing Lei 
‘framing 
‘where 
possible, 


Wallboard 
‘cut back 
Old header and for access 
jack stud to be 

removed 


|— New 
jack stud 
Tocation 


‘Shut off power and water to the area. Remove the wall surfaces from both sides of the wall (pages 276 to 279), leaving ane 
stud bay open on each side af the new raugh opening. Also remove of reraute any wiring, plumbing, ar ductwork. Lay out ti 
‘new rough opening, marking the locations ofall new jack and king studs on both the top and bottom plates, Where practical, use 
existing framing members. To install a new king stud, cut a stud to size and align with the layout marks; toenail to the bottom plate 
vith 10d common nails, check for plumb, then toenail to the top plate to secure. Finally, mark both the bottom and top of the new 
header on one king stud, then use a level to extend the lines across the intermediate studs to the opposite king stud. ff using 
existing framing, measure and mark from the existing jack stud, 


Cut the intermediate studs at the reference marks forthe ‘To install a jack stud, cut the stud to fit between the sole 
top of the header using a reciprocating saw. Pry the studs plate and the bottom of the header, as marked on the king 
away from the sole plates and remove—the remaining top stud, Align it atthe mark against the king stu, then fasten it 


pieces will be used as cripple studs inplace with 10d common nails driven every 12" 


(continued) 
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Build the header to size (pages 292 t0 299) and instal 
fastening it to the jack studs, king studs, end cripple studs 
using 16d common nails. Use a handsaw to cut through the 
bottom plate so it’s flush with the inside faces of the jack 
studs. Remove the cutout portion, 


—* 
i 


Using a level, adjust the unit to plumb one of the side jambs 
Starting near the top of the door, insert pairs of shims driven 
from opposite directions into the gap between the framing and 
the jamb, sliding the shims until they are snug. Check the jamb 
‘to make sure it remains plumb and does not bow inward 
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Finish the walls (for wallboard installation, see pages 44 to 
51) before installing the doors, then set the prehung door unit 
into the framed apening so the jamb edges are flush with the 
finished wall surfaces and the unit's centered fram side 

to side 


Working down along the jamb, instal shims near 8 
hinge and near the floor. Make sure the jamb is plumb, then 
anchor It with &¢ finish nails driven through the jamb and 
shims and into the framing, Leave the nail heads partially 
protruding so the jamb can be readjusted later if necessary. 


Install shims at the other side jamb, aligning them roughly 
‘with the shims ofthe first jamb, With the doors closed, adjust 
the shims so the reveal between the doors is even and the 
‘tops of the doors are aligned. 


Drive all the nails fully, then set therm below the surface: 
Of the wood with a nal set. Cut ff the shims flush with the 
wall surface using a handsaw or utility knife. Hold the saw 
vertically to prevent damage to the door jamb oF wall nstall 
the door casing. 


Shim the gap between the header and the head jamb to 
Create a consistent reveal along the top when the doors are 
closed. insert pairs of shims every 12". Drive Bd finish nails 

through the jambs and shims and into the framing members, 


‘Shown cutaway 


Option: Replace the center mounting screw on each hinge 
with a 3° wood screw to provide extra support for door 
hinges and jambs. These lang screws extend through the side 
jambs and deep into the framing members. Be careful not to 
vertighten screws, which will cause the jambs to bow. 


Windows & Doors 305 


WH] installing Entry Doors 


306 


[lew parts of a house have a more dramatic effect 
‘on the way your home is perceived than the main 
entry door. A lovely, well-maintained entryway that 
is tastefully matched architecturally to the house 
can utterly transform a home's appearance. In fact 
industry studies have suggested that upgrading a plain 
entry door to a higher-end entry door system can 
pay back multiple times in the resale of your house, 
But perhaps more importantly, depending on your 
priorities, it makes a great improvement in how you 
feel about your home, Plus, it usually pays benefits in 
home security and energy efficieney as well 
If you are replacing a single entry door with a 
double door ora door with a sidelight or sidelights, you 
will need to enlarge the door opening (see pages 32 to 
35). Be sure to file your plans with your local building 
department and obtain a permit. You'll need to provide 


temporary support from the time you remove the wall 
studs in the new opening until you've installed and 
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secured a new door header that’s approved for the new 
span distance 
The American Crafisman style door with sidelights 


(see Resources, page 554) installed in this project 

has the look and texture of a classic wood door, but it 
is actually created from fiberglass. Today’ fiberglass 
doors are quite convincing in their ability to replicate 
‘wood grain, while still offering the durability and low- 


maintenance of fiberglass 


Tools & Materials > 


Shims 
Framing nails 
Finish nails 

Nail set 

Finishing materials 


Tape measure 
Level 
Reciprocating saw 
Caulk & caulk gun 
Hammer 


Replacing an ordinary entry door 
with @ beautitul new upgrade has an 
exceptionally high payback in Increased 
curb appeal and in perceived home 
value, according to industry studies. 


Beamship Variation I 


Ireasoned I had just about enough power in the supply 
to build and fly a 6-foot (2-meters) Beamship. Since the 
balsa came in 3-foot lengths, this was simple. As with 
all the lifter devices and the more evolved and efficient 
Beamship-series model aircraft, construction 
techniques are extremely simple and require little skill 
to assemble. Weight of the Beamship Variation III is 
42 grams, with 6-feet of length on its 3 sides. Height of 
the foils was still 2', Full frame and cabin, with Sear] 
“IGV"-type landing legs, to support the weight of this 
heavy and very large device. I set the spark gap at 2 
and 1/2 inches. At 12:15pm EDT, May 12th, 2002 the 
Beamship was weightless at 32KV with current maxed- 
out at L5mA. 


‘The device barely lifted off, and “hopped”, across the 
floor once or twice at full power. It had the same loud 
rattling of the foils due to the terrific downwash of 
electrified air. I needed to raise the power level. I 
increased the distance of the spark gap to 2 and 3/4" 
‘Now the Beamship took off straight up with power to 
spare, as if it was one of the smaller craft. Beamship 
Variation Ill is weightless at 30KV10.85mA (25.5 Watts), 
and airborne into a stable hover at 35KV11.35mA. That 
is only 47.25 Watts. It can carry a payload of 5 grams, or 
5 grams worth of additional framework and structure, 
to the limit of the power supply, which is 60 Watts 
(40KV I 1.5ma). 


‘The 42-gram, six-foot model aero-spacecraft only 
consumes 47.25 Watts at hover, but my first small and 
trimmed device ate up 49 Watts! Clearly, using the 
single-cell Beamship methodology had a huge 
advantage over the “multi-cellular” design that other 
researchers had built and tested, seemingly reaching 
an impasse in terms of size and efficiency, which my 
large single-cell Beamship technique had seemingly 
solved. In early April my 1-meter Beamship, weighing 
22 grams including 5-gram payload, consumed 
39.6 Watts. So the 42-gram, 6-foot Beamship used only 
7.65 Watts more total input power at stable hover that 
the I-meter Beamship. Power-to-weight ratio for the 
2-meter Beamship V. III works out to 1.125 Watts to lift 
1 gram stably of scale model electric spacecraft. With 
little to no ion wind, the Beamship had plenty of upward 
force and achieved stable counterbary at greater 
efficiency than I had ever heard or read about. Also, I 
was not aware of any devices in scientific history that 
has achieved this type of counterbary for this little input 
power and this colossal size. I performed additional fog- 
tests with two red semiconductor-emitted laser beams 
in the plane of one side of the device, one above the 
wire, one below the foil. The Beamship without all the 
ion-wind was nearly silent again, except for “singing 
and softly “thrumming” anode wires. These laser-beam 
tests further confirmed the marked absence of ion-wind 
with a larger spark gap. 


‘At 1.125 Watts-per gram at 57KV I 1.4mA (78.8 Watts) 
would lift 89.775 grams worth of electric spacecraft. So 


not only is the larger size in a single cell far more efficient 
that the “grid” design, in thrust and power 
consumption, but the reduction in current from 
increasing the spark gap raised power level to the 
device, while dropping power consumption of the 
device. My initial suspicion of ion-wind producing most 
of the thrust in the Biefeld-Brown effect had been dis- 
proven also because of the great weight of the device. I 
never would have discovered this important fact if had 
stayed with smaller devices, trying to raise their 
efficiency. And I never would have discovered the 
efficacy of the Biefeld-Brown effect if [had stayed with 
the multi-cellular “lifter” methodology. One of the 
factors that raises the level of propulsive force (if 
“propulsion” is the right word) is increasing the area of 
the plate, according to TT Brown's patents. So the larger 
size single-cell capacitor's ability to reduce power 
consumption and effect greater propulsive force and 
upward acceleration, was easily explained by the 
Biefeld-Brown Effect. Brown had been vindicated. My 
gut feeling had seemingly been confirmed: this was our 
first warp-drive (reaction-less drive). 


‘My experiments had yielded greater efficiency, and 
greater size and weight of VTOL hovering models than 
any that Ihad ever heard or read about. I still am having 
difficulty taking in these facts; and it is very awe- 
inspiring to see such a large device de-gravitate and 
hover stably at any altitude, from floor to ceiling. 


‘Next for me is a higher-powered supply (60KV), moving 
up to a three-meter Beamship Variation IV, 
improvements to the cathode such as a thin, 
symmetrical airfoil shape, as Brown suggests in his 
patents, tungsten wire, and then carbon-wire for the 
anode, and full heat-shrink coverings on the frames, 
running lights, onboard lasers, onboard digital/ 
proportional Radio/Control, and now that we know the 
power requirements, and have a good handle on 
efficiency, onboard power generation. I have already 
begun designing with my associates our own custom- 
made outboard and inboard battery-powered power 
supplies, and finally will cut the power umbilical to the 
model electric spacecraft permanently, and Beamship 
technology advances further. If the on/off duty cycle is 
pulsed at a low frequency, power input can be reduced 
by two-thirds, at least. Experiments conducted by Jean- 
Louis Naudin last fall (2001) confirm this phenomenon, 
suggested by Brown and De Seversky in their patents, 
Clearly, onboard power can easily be effected, using 
modern miniaturization and circuitry. Pitch and roll 
vector control can be achieved by electrically isolating 
the anode wires on the three sides of the ship, and 
varying pulses to these three wires. Yaw control can be 
achieved by simply installing a horizontal-double sided 
capacitor inside the ship near one corner. Simple full 4- 
channel flight control is thus achieved. 


‘The Beamship series aircraft are fascinating research 
and entertainment devices (see cover page), and are 
the vanguard of a whole new generation of radio/ 
controlled antigravity model aircraft with no moving 
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| How to Replace an Entry Door 


Remove the old entry door by cutting thraugh the fasteners 
riven into the jamb with a reciprocating saw (see pages 32 and 
35), If the new door or door system is wide, mark the edges of 
the larger rough opening onto the wall surface. f possible, try to, 
locate the new opening So one edge will be against an existing 
wall stud, Be sure to include the thickness of the new framing 
You'll need to add when removing the wall coverings. 


Cut metal door dripcap molding to fit the wiath of the 
‘opening and tuck the back edge up behind the wallcovering 
at the top of the door opening, At 
‘nily-do not use nalls or screws, 


Frame in the new rough opening for the replacement door 
(see pages 257 to 261). The instructions that come with the 
door will recommend a rough opening size, which is usually 
sized to create a Yo" gap between the door and the studs and 
header Patch the wall surfaces 


Unpack the door unit and set it in the rough opening to 
make sure it fits correctly. Remove it, Make sure the subfloor is 
clean and in goad repair, and then apply heavy beads of caulk 
to the underside of the door sill and to the subfloar in the sil 
installation area. Use plenty of caulk, 


(continued) 
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‘Set the door sill n the threshold and raise the unit up so It Use a 6-ft. level to make sure the unit is plumb and then 

fits cleanly in the opening, with the exterior trim flush against _tack itto the rough opening stud on the hinge side, using 

the wall sheathing, Press down on the sillto seat tin the caulk pairs of 10d nails driven partway through the casing on the 

and wipe up any squeeze-out with a damp rag weatherstrippad side of the door (or the sidelight).On single, 
hinged doors, drive the nails just above the hinge locations. 
Nate: Many door installers prefer deck screws over nails when 
attaching the jambs. Screws offer more gripping strength and 
are easier to adjust, but covering the screw heads Is more 
dificult than filing nai holes. 


Drive wood shims between the jamb and the wall studs ta ——_—Drive shims between the jamb an the latch side of the unit 
Create an even gap, Locate the shims directly above the pairs and into the wall stud. Only drive the nails part way. Test for 
of nails you drove. Doublecheck the daor with the level to plumb again and then add shims at nail locations (you may 

make sure itis stil plumb. eed to double-up the shims, as this gap is often wider than 


the one on the hinge side). Check to make sure the door jamb 
is not bowed. 
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Drive finish nails at all remaining locations, follawing the 


nailing schedule in the manufacturer's installation instructions. 


Use a nail set 1 drive the nail heads below the wood surface, 
Fill the nail holes with wood putty (you'l get the best match if 
you apply putty that's tinted to match stained wood after the 
finish is applied). The presence of the wood shims at the nail 
locations should prevent the jamb from bowing as you nail 


Install the lockset, strikeplates, deadbolts or multipoint 
locks, and any other door hardware. If the door finish has 
‘not been applied, you may want to do so fist, but generally 
it makes more sense to install the hardware right away so 
the door can be operated and locked. Attach the door sill 
to the threshold and adjust it as needed, normally using the 
adjustment screws (inset) 


Apply your door finish |fit has not yet been applied. Read 
the manufacturer's suggestions for finishing very closely and 
follow the suggested sequences. Some manufacturers offer 
finish kits that are designed to be perfectly compatible with 
their doors. install interior case molding and caulk all the 
exterior gaps after the finish dries. 
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WH installing Storm Doors 


nstall a storm door to improve the appearance and 
weather resistance of an ol entry door or to protect a 
newly installed door against weathering. In all climates, 
adding a storm door can extend the life of an entry door: 
When buying a storm door, look for models that 
have a solid inner core and seamless outer shell 
construction. Carefully note the dimensions of your 
door opening, measuring from the inside edges of the 
entry door’s brick molding. Chouse a storm door that 


opens from the same side as your entry door 


Tools & Materials> 


Tape measure Drill and bits 

Peneil Screwdrivers ae 

Plumb bob Shain ate Adjustable sweeps hep miake storm doors weathetignt 
Before Installing the door, attach the sweep to the bottom of 

Backes Wood spacer strips the door. After the door is mounted, adjust the height of the 

Hammer 4d casing nails sweep so It brushes the top ofthe sil lightly when the door 
is closed. 


| How to Cut a Storm Door Frame to Fit a Door Opening 


Brick 
‘molding ae 
Doorstop a 


outsiae 
edge 


Because entry door thresholds Subtract \s" from measurements A Use a hacksaw through 
are slanted, the bottom of the storm ‘and 8 to allow for small adjustments the bottom of the storm daor fa 

door frame needs to be cut to match when the door is installed. Measuring following the angled line. Make sure ta 
the threshold angle. Measure from the _from the top of the storm door frame, hold the hacksaw at the same slant as 
threshold to the top of the door opening —_mark the adjusted points A and B on the angled line to ensure that the cut 
along the commer of the brick molding the comer bead, Draw aline from point will be smooth and straight. 

(then measure along the frontedge A to the outside edge of the frame and 


of the entry doorstop (8) 1B to the inside edge. Dr 
angled line from paint A on the corner 


bead to point & on the inside edge, 


an 
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| How to Fit & Install a Storm Door 


Push hinge 
side tight 


Position the storm door in the 
‘opening and push the frame tight, 
against the brick molding on the hinge 
side of the storm door, then draw a 
reference line on the brick molding, 
following the edge of the storm 

door frame. 


Replace the storm door anid push it 
tight against the brick molding on the 
hinge side, Drill pllat holes through the 
hinge-side frame of the storm door and 
into the brick malding spaced every 12°, 
‘Attach the frame with mounting screws, 


Push the storm door frame tight 
‘against the brick molding on the latch 
side, then measure the gep between 
the reference line and the hinge side of 
the door frame. the distance Is greater 
than %", spacer strips must be installed 
to ensure the door wil ft srugty 


] 
E 


Remove any spacer clips holding 
the frame to the storm door. With the 
storm door closed, drill pilot holes and 
attach the latch-side frame to the brick 
molding. Use a coin to keep an even gap 
between the storm door and the storm 
door frame, 


To install spacers, remove the door, 
then nai thin strips of wood to the 
inside of the brick molding at storm 
‘door hinge locations. The thickness of 
the wood strips should be 4" less than 
the gap measured in step 2 


Center the top piece of the storn 
{door frame on top of the frame sides, 
Dril pilot holes and screw the top 
piece to the brick molding. Adjust the 
bottom sweep, then attach the locks 
and latch hardware as directed by 
the manufacturer, 
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WH] installing Patio Doors 


Pre cey alten uy patito with the dae 
panels already mounted in a preassembled frame. 
‘Try to avoid patio doors sold with frame kits that 


Tools & Materials > 


require complicated assembly. Pencil Nail set 
Because patio doors have very long hottom sills Hammer Shims 
and top jambs, they are susceptible to bowing and Circular saw Drip edge 
warping. To avoid these problems, be very careful to Handsaw Building paper 
install the patio door so it is level and plumb and to Wood chisel Silicone and 
anchor the unit securely to framing members, Yearly Stapler latex caulk 
caulking and touch-up painting helps prevent moisture Caulk gun 10d casing nails 
from warping the jambs. Level 3" wood screws 
Pry bar Sill nosing 
Cordless screwdriver Fiberglass insulation 
Drill and bits Patio door kit 


Patio doors offer the best qualities af both windows and doors—plenty of natural Hf not included with the unit, screen 

light, a great view, wide room access, and reasonable security doors can be ordered from most patio 
door manufacturers, Screen doors have 
spring-maunted rollers that ft into a 
arrow track on the outside of the patio 
door threshold 
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Installing Sliding Patio Doors 


Remove heavy glass panels if you must install the door Adjust the bottom rollers after instalistion is complete, 
‘without help, Reinstall the panels after the frame has been Remove the coverplate on the adjusting screw, found on 
placed in the rough opening and nailed at opposite corners. To _the inside edge of the bottom rail. Turn the screw in small 
Temave and install the panels, remove the stop rail found on increments untl the door rolls smoothly along the track 
the top jamb of the dor unit. without binding when itis opened and closed. 


Tips for Installing Hinged Patio Doors > 


yoy 


TANG 


Provide extra support for door hinges by replacing the Keep a uniform ¥" gap between the door, side jambs, 


center mounting screw on each hinge with a3" wood and top jamb to ensure that the door will swing freely 
screw. These long screws extend through the side jambs without binding. Check this gap frequently as you shim 
and deep into the framing members, around the door unit. 
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) How to Install a Patio Door 


Prepare the work area ani remove the interior wall Test-fit the door unit, centering itn the rough opening 
surfaces, then frame the rough opening for the patio door Check to make sure the door is plumb. I necessary, shim 
Remove the exterior surfaces inside the framed apening under the lower side Jamo until the door is plum ani level, 


Have a helper hold the door in place while you adjust it 


Trace the outline of the brick molding Cut the siding along the outline, |ust_ To provide an added moisture 
conto the siding, then remove the door down to the sheathing usinga circular barrier, cut a piece of drip edge to fit 
unit. Note: If you have vinyl or metal ‘saw. Stop just short of the comers to the width of the rough opening, then 
siding, see page 282 for advice an prevent damage to the remaining siding. slide it between the siding and the 
removing the siding. Finish the cuts at the corners with a existing building paper at the top of the 
sharp wood chisel ‘opening, Do not rail the drip edge. 
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MA 


Cut 8"-wide strips of building paper 

and slide them between the siding and 
sheathing. Bend the paper around the 
framing members and staple tin place 
Each piece overlaps the piece below it 


Use a pry bar to center the door in the raugh opening so 
the brick molding is tight against the sheathing, Have a helper 
hold the door unit from outside 


Apply several thick beads of slicone 
caulk tothe subfioor at the bottom of 
the door opening. 


Apply silicone caulk around the front 
‘edge of the framing members where the 
siding meets the building paper. 


Check the door threshold to make sure its level. 
necessary, shim under the lower side jamb until the patio door 
Units level 


(continued) 


Windows & Doors 316 


If there are gaps between the threshold and subfloor, insert —_Place pairs of hardwood wedge shims together to form 
shims coated with caulk into the gaps, spaced every 6". Shims flat shims, Insert the shims every 12" into the gaps between 
should be snug, but not so tight that they cause the threshold _the side jamibs and the Jack studs. For sliding doors, shim 

to bow. Clear off excess caulk immediately. behind the strike plate for the door latch. 


Insert shims every 12" jnto the gap From outside, drive 10d casing rails, fe, drive 10d casing nails 

between the top jamib and the header. spaced every 12", thraugh the brick through the door jambs and into the 
molding and into the framing members. framing members at each shim location 
Use a nail set to drive the nail heads Use a nail set to drive the nail heads 
below the surface of the wood. below the 
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parts and dead silent propulsion. But they are more than 
that. The Beamships, if allowed, could probably rise 
up at any speed thru the atmosphere, right up to near- 
Earth-orbit, and probably keep on going out into 
limitless space. No need to achieve ballistic escape 
velocities of miles-per-second. This is non-ballistic 
flight. They even have a certain amount of wind 
resistance outdoors and indoors because the electrical 
field causes air to flow AROUND the model flying craft, 
not into it. This is such a safer, environmentally cleaner, 
vibration and nearly silent and more pleasant method 
of aero- space travel than carrying tons of explosive 
reaction mass, which can and does explode. No more 
use of heat energy to effect transportation. 


The 2Ist century has begun in earnest! 


Beamship series aircraft are available for sale for 
research and hobby/entertainment use right now 
through the American Antigravity website: 
www.americanantigravity.com. Look for the Applied 
Electrogravitics antigravity technology website late 
spring, 2002. You can contact me, Russell Anderson 
for details on pricing, and new and improved variations, 
and power supplies for outboard and onboard drive, 
which are currently in design stages. 


Editor's note: More ideas on development of TT Brown's 
patents are on our web site: http://www.faraday.ru. 
‘Read about T-capacitor! 


Data Table 1 
Antigravity Weight Wire type | Voltage/current | Total | Payload | Payload/power 
device of device Watts 
1foot “Flyer-1” | 3.2grams_| #42 enameled | 33KV 1 1.5mA 49 | None 
copper 
1-foot “lifter 3.5grams |#35enameled|26KvI056mA | 1456] None 
copper 
2-foot “diamond- | 6.0 grams | #35 enameled |295KV10.32mA | 9 None 
lifter” copper 
2-foot, 3-cell 11.4 grams |#35 enameled |38Kv1057mA | 19.76] None 
““lifter-2” copper 
Boot, single-cell [16 grams [#35 enameled|30KV1052mA | 15.6 | None 
“Beamship copper 
Variation I” 
Beamship Variation] 18.5 grams | #35 enameled 39.5 | 5 grams 39.9KV 
Lfully-rigged copper 10.99mA 
4-foot “Beamship |21grams | #40 stainless- 40 | 6 grams 40KV 
Variation II” steel Tima 
6-foot “Beamship |42grams | #40 stainless-|35KV1135mA | 47.25| None 
Variation III” steel 
References Patent references 


Ether Technology, by Rho Sigma, 
Lost Scionce, by Gerry Vassilatos, 

‘The Philadelphia Experiment, by William Moore, 

High Energy Electrostatic Research Vol. 1, Antigravity and 
UFOs, by Raymond A. Neli, Homemade Lightning, by RA. 
Ford, 


“Antigravity - the Dream Made Reality, by John Searl, The 
Law of the Squares Book 4, by John Seat 


‘The Antigravity Handbook, compiled by D.H. Childress, 
‘The Coming Energy Revolution, by Jeanne Manning, 
Agnew H, Bahngon Labs home movies (1957-60), JLN labe 


website, BillBeatty’s “weird-science" website, American 
Antigravity website (www.amercanantigravity.com). 


A. Bahnson, Jr. Electrical Thrust Producing Device, USP 
“# 2,958,700, fled May 12,1958, granted Nov. 1, 1960. 
Marcel Jean-Joseph Pages (France), # 1,253,902 Petit: 
Viton, filed Jan 5, 1960, granted January $th, 1961 

G.E. Hagen, Flying Apparatus, #3,120,363, fled Sept 
11th, 1958, granted Feb. 4th, 1964 

TT. Brown, Electrokinetic Apparatus, #2,949,550, filed 
July 3rd, 1957, granted Aug. 16th, 1960 

‘TT Brow, Electrokinetic Generator, #9,022,490, filed July 
31d, 1957, granted Feb. 20th, 1962 

AB De Seversky, lonocraft, # 3,130,945, filed Aug. 3tst, 
1959, granted April 28th, 1964 

V. Gradecek, Electric Aerospace Propulsion System, # 
2,177,654 filed Sept. 26th 1961, granted April 12th, 1965 


New Energy Technologis Issue #4 (7) July-August 2002 [13] 


Remove one of the screws ard cut Cut off the shims flust with the Reinforce and seal the edge of the 


the shims flush with the stop block face of the framing members using threshold by instaling sil nosing under 
found in the center of the threshold, ‘a handsaw. Fill gaps around the door the threshold and against the wall, Drill 
Replace the screw with a 3 wood jamibs and beneath the threshold with _pilot holes and attach the sill nosing 
screw driven into the subfloor as loosely packed fiberglass insulation ‘with 10d casing nails. 

an anchor. 


Make sure the drip edge is tight against the top brick 
‘molding, then apply paintable silicone caulk along the top of 
the drip edge and along the outside edge of the side brick 
moldings Fill all exterior nail holes with caulk 


Caulk completely around the sill nosing using your finger 
to press the caulk into any cracks. As soon as the caulk is dry, 
paint the sill nosing, Finish the door and instal the lockset as 
directed by the manufacturer 
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Installing Door & Window Casing 


oor and window easings provide an attractive 
border around doors and windows. They also 
cover the gaps between door or window jambs and the 
surfaces of surrounding walls 
Install door and window casings with a consistent 
reveal between the inside edges of the jambs and 


casings, making sure the casings are level and plumb. 

In order to fit casings properly, the jambs and 
walleoverings must lie in the same plane. If either one 
protrudes, the casings will not lie flush. ‘Ta solve this 
problem, you'll need to remove some material from 
whichever surface is protruding 

Use a block plane to shave protruding jambs or a 
surface forming rasp to shave a protruding wallboard 
edge. Wallboard screws rely on the strength of 
untorn facing paper to support the wallboard, If 


the paper around the serews is damaged, drive 
additional serews nearby where the paper is 
still intact. 


"Tools & Materials > 


‘Tape measure Hammer or 


Peneil pneumatic nailer 
Combination square Casing material 
Nail set Plinths and comer 
Level blocks (optional) 
Straightedge 44d and 6d finish nails 


Power miter saw Wood putty 


‘Case molding is installed around windows and doors to conceal the gaps between jambs and the wall. Venturing beyond the very 
common ranch-style casing offers some high design payback 
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| How to Install Mitered Casing on Doors & Windows 


(On each jamb, mark a reveal jr 
from the inside edge. The casings will be 
installed flush with these lines. Note: On 
double-hung windows, the casings are 
usually installed flush with the edge of 
the jams, 50 no reveal fine is needed, 


Place a length of casing along one 
side jamb, flush with the reveal ne, 
‘Atthe top and bottom of the molding, 
mark the points where horizontal 

‘and vertical reveal lines meet. (When 
‘working with doors, mark the molding. 
at the top onty) 


Make 45° miter cuts an the ends 
of the moldings, Measure and cut the 
ther vertical molding piece, using the 
same method, 


Drill pilot holes spaced every 12° 
to prevent spitting and attach the 
vertical casings with ad finish nails 
driven through the casings and into the 
Jamis, Drive 6d finish nails into framing 
members near the outside edge of 

the casings. 


Measure the distance between the 
side casings, and cut top and bottom 
‘casings to fit, with ends mitered at a5. 
IF window or door unit is nat perfectly 
square, make test cuts on scrap pieces 
to find the correct angle of the joints 
Dri pilot holes and attach with 4d and 
64 finish nails 


Locknail the comer joints by cling 
pilot holes and driving 4d finish nails 
through each camer, as shown. Drive 
all nall heads below the waod surface, 
Using a nail set, then fill the nail holes 
with wood putty. 
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How to Install Butted Door Casings 


On each jamb, mark a fevea! line Yi" Cut the head casing to length. Wark the centerpoint of the head casing and 
from the inside edge. The casings willbe the centerpoint of the head jamb. Align the casing with the head jam reveal line, 
installed flush with these lines. matching the centerpoints so that the head casing extends evenly beyond both side 


Jami casings, Nail the casing to the wall at stud locations and at the jamb (inset) 


i} 
| 


{ 
iil 


Hold the side casings against the ‘Align the side casings with the side jamb reveal ines, then nail the casings to the 
head casing and mark them for cutting, jambs and framing members, Set the nails, using ¢ nal set. Fill the nail holes with 
then cut the side casings tof wood putty, 
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Options for Installing Door & Window Casings 


Dress up door casings by adding plintns. Cut the pints from Add corner blocks, also known as rosettes, at the ends 
‘bx stock and bevel one edge. Nail the plinths to the jambs with _of the head casing, Attach the comer blocks once the side 
2° 10d finish nails so the beveled edges are aligned with the casings are in place, then cut the head casing to ft. Set the 
reveal lines for the casings Measure and cut the casings to fit. nails, using a nailset, after all pieces are installed, 


Backband molding can dress up butted window casings. Create a decorative door header ty nailing a combination 
Install the back band around the perimeter of the window, of bed and lattice moldings over the top casing. Size the 
mitering the joints at the corners. Nall the back band in place ©——_—header to overhang the side casings, 


with 4¢ finish nails or pneumatic brads. 
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Lighting 


Atte lighting is a necessary component of any 
room, but beyond simply providing illumination, 
lighting fixtures are an important part of a room’ design, 
From the low-key but modern appearance of recessed 
canister lights to the elegance of a erystal chandelier, our 
choice of fixture will go a long way toward defining your 
remodeled room, 

‘The casiest lighting improvement is to simply 
make a one-for-one replacement of an old fixture 
‘The electrical connections are simple and, depending 
on the style you choose, you may not have to do any 
alterations to the room at all. Just make sure the light, 
the new fixture provides is adequate for your room. 

In other words, don't replace an old fixture that holds 
three 60-watt bulbs with a single 25-watt pendant 
unless you are providing additional new light. 

‘This chapter shows how to hook up the three types 
of light fixture you're most likely to include in your 
remodeling plan: an overhead ceiling ight, recessed 
canister lights, and track lighting. Ifyou need to add 
new wiring to supply the light, see the information on 
pawes 82 through 147, Alvays shut off power at the 
‘main service panel before beginning even the simplest 
\wiring project. Call a professional if you are unsure 
about your wiring job. 


In this chapter: 

* Installing Ceiling Lights 

« Installing Recessed Ceiling Lights 
‘Installing Track Lighting 


323 


Installing Ceiling Lights 


‘ling fixtures don't have any moving parts and - 
their wiring is very simple, so, other than changing | LOOMS & Materials > 


bulbs, you're likely to get decades of trouble: 


service from a fixture, This sounds like a good thing, Replacement light fixture 
but it also means that the fixture probably won't fail Wire stripper 

and give you an excuse to update a room's look with Voltage sensor 

1 new one. Fortunately, you don't need an excuse, Insulated serewdrivers 
Upgrading a fixture is easy and can make « dramatic Wire connectors 

impact on a room, Yau can substantially increase the 


light in a room by replacing a globe-style fixture by one 
with separate spot lights, or you ean simply install a 
new fixture that matches the room's décor 


an aesthetic lit, t's one of the easiest 
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| How to Replace a Ceiling Light 


1 if 


‘Shut off power to the ceiling light and remove the shade“ Remove the twist connectors from the fixture wires or 
or diffuser. Loosen the maunting screws and carefully lower unscrew the screw terminals and remove the white neutral 
the fixture, supporting it as you work (do not let light fixtures wire and the black lead wire (inset) 

hang by their electrical wires alone), Test with a voltage sensor 

to make sure no power Is reaching the connections, 


3 


Before you install the new fixture, click the ends of the Attach a mounting strap to the ceiling fixture box if there Is 
Wires coming from the celing electrical box. They should be Not one already present. Your new light may come equipped 
clean and free of nicks or scarch marks. they're dirty ar wom, with a strap, otherwise you can find one for purchase at any 
clip off the stripped portion with your combination tool. then hardware store. 


sttip away about %" of insulation from the end of each wire. 


(continued) 
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Lift the new fixture up to the ceiling (you may want & With the fixture supported by a ladder or a helper, 
helper for this) and attach the bare copper ground wire from —_join the white wire lead and the white fixture wire with a wire 
the power supply cable to the graunding screw or clipon the connector (often supplied with the fixture). 

‘mounting strap. Also attach the graund wire from the fixture to 

the screw or clip. 


y 
() 
h 
Connect the black power supply wire to the black fixture Position the new fixture mounting plate over the box 
\wire with a wire connector. so the mounting screw holes align. Drive the screws unti the 


fixture is secure against the celling. Note: Some fixtures are 
supported by a threaded rod or nipple in the center that screws 
into a female threaded opening in the mounting strap (inset 
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SmartPAK ee esy 
invention by William Alek 


the world’s first commercial all solid-state system 
that provides a “standard” platform for 
experimenters, researchers, and developers to do 
energy-related practical applications, experiments, 
and perform exploration of highly efficient 
alternate energy system 


The theory of operation is based on the amount of energy that is required 
to magnetize and de-magnetize ferromagnetic materials utilizing a 
core/coil/magnet assembly. It has been discovered that it takes MORE 
energy to magnetize a suitable core assembly than to de-magnetize it. 
The SmartPAK system is designed to measure and collect the difference, 
and store the excess energy for later use. 


The SmartPAK device is controlled by a 68HC908GP32 micrcontroller 
programmed to measure input/output voltages and currents, calculate 
COP, and contains software algorithms for a complete “turn-key” power 
management system. The device features a “standard” user interface, 
which allows the user to design their own custom core/coil/magnet 
“head assemblies", and immediately test and display in real-time its’ 
performance. 


William Alek 
President and CEO of INTALEK, INC 
3506-43rd. Place Correspondence Address: POBox 37, 
Highland, Indiana 46322-3129 a 


e-mail: wsalek@intalek.com net@faraday.ru, www.faraday.ru 


Installing Recessed Ceiling Lights 


cecessed lights are versatile fixtures suited for 

a variety of situations. Fixtures rated for 
‘outdoor use can also be installed in roof soffits and 
overhangs for accent and security lighting. Recessed % 
fixtures can also be installed over showers or tubs. T] 


Be sure to use fixture cans and trims rated for 
bathroom use. 
There are recessed lighting cans in all shapes 


and sizes for almost every type of ceiling or 
cabinet, Cans are sold for unfinished ceilings Choose the proper type of recessed light fxture for your 


(new construction) or for finished ceilings (retrofit project. There are two types of fixtures: those rated for 
i installation within insulation (lef), and those which must be 


installation). Cans are also rated as insulation 


: : kept at from insulation (right. Self-contained thermal 
compatible or for uninsulated ceilings, Be sure to switches shut off power ifthe unft gts tao hat for is rath 
use the correct one for your ceiling to prevent ‘recessed light fixture must be installed atleast "from 


creating a fire hazard comb 


| Tools & Materials > 


Recessed-lighting can for Circuit tester Pliers Drywall saw 
new construction or Cable ripper Fish tape NM cable 
remodeling and trim Combination tool 


Recessed ceiling lights often are installed in series to provide exacting control over the amount and direction of light. Spacing 
the canisters in every other celling joist bay is a common practice. 
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How to Install Recessed Ceiling Lights 


Mark the location for the light canister. you are Install the housing for the recessed fixture. Housings 
installing multiple lights, measure out from the wall at the for new construction (or remodeling installations where the 
start and end of the run, and connect them with a chalkline Installation area is fully accessible from either above or below) 
snapped parallel to the wall If the celing is finished with a have integral hanger bars that you attach to the each joist in 
surface (wallboard), see next page the joist bay. 


canister location, Run the feeder cables into the electrical boxes attached to 
Multiple lights are generally installed in series so there is no the canister housings. You'll need to remove knockouts first 
‘need to make pigtal connections in the individual boxes. Make and make sure to secure the cable with @ wire staple within &" 
sure to leave enough extra cable at each location to feed the of the entry point to the box. 

Wire into the housing and make the connection. 


Run electric cable from the switch to e: 
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Connect the feeder wires to the fixture wires inside 
the junction box. Twist the hot lead together with the black with 
fixture wire, as well as the black lead to other fixtures further 
downline, Also connect the neutral white wires, Join the ground 
ail them to the grounding screw or clip in the 


wires and pi 
box. Finish the cs 


ing, 2s desired. 


Attach your trim kit of choice. Normally these are hung. 
Sion spring clips from notches ar hooks inside the 

Canister. This should be done after the ceilings instaled and 
finished for new construction projects. With certain types of 
trim kits, such as eyeball trim, you'll need to inst 


the lg 


bulb before the trim kit 


How to Connect a Recessed Fixture Can in a Finished Ceiling 


Make the hole for the can. Most 
fixtures will include a template for 
sizing the hole. Fish 14/2 cable from the 
switch location to the hole, Pull about 
16" of cable out ofthe hole for making 
the connection. 


2 = 


Remove a knockout (fom the 
electrical box attached to the can. 
Thread the cable into the bax; secure it 
with a cable clamp. Remove sheathing 
insulation. Connect the black fixture 
Wire to the black circuit wire, the white 
fixture wire to the white circuit wire, 
‘and then connect the ground wire to 
the grounding screw or groundin 
attached to the box 


Retrofit cans secure themselves in 
the hole with spring-loaded clips. Install 
the can in the ceiling by depressing the 
‘mounting clips so the can wil fit ita the 
hole. Insert the can so that its edge is 
tight to the ceiling. Push the mounting, 
clips back out so they grip the drywall 
and hold the fixture in place. Install the 
trim plece, 


Lighting 
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Installing Track Lighting 


i eae lighting offers a beautiful and functional way 


th inerease:the amount of light in a room rstinply | Tools & Materials > 


to update its look. A variety of fixture and lamp options 


lets you control the shape, color, and intensity of the Drill/driver and bits Prewired track 
light. Installing track lighting in place of an existing, Wire stripper _and fittings 
ceiling-mounted light fixture involves basic wiring and Screwdriver ‘Track light heads 


hand-tool skills, but the connections are even easier Voltage sensor Wire connector 
to make than with traditional light fixtures. Once Toggle bolts Ceiling box 
installed, the system is very easy to upgrade or expand 

in the future 


Ifyou currently have a ceiling-mounted light fixture that is not meeting your lighting needs, it’s simple to replace it with a 
‘rack-lighting fixture. With track lighting you can easily change the type and numer of lights, thelr position on the track, and the 
irection they aim. These fixtures come in many different styles, including short 3-t. track systems with just one or two lights up to 
‘e-ft. systems with fve or more lights. 
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) How to Install Track Lighting 


1 


Disconnect the old ceiling light fixture (for remodeling 
projects) after shutting off power to the circu at the main 
service panel. The globe or diffuser and the lamps should be 
removed before the fixture mounting mechanism is detached. 


3 


Attach the mounting strap for the new track light to the 
ld celling box. if the mounting strap has a hole in the center, 
thread the circuit wires through the hole before screwing the 
strap to the box. The green ar bare copper ground fram the 
Circuit should be attached to the grounding screw or clip on 
the strap or box 


Test the fixture wires with a voltage sensor to make sure 
the circuit is dead, Support the fixture from below while you 
Work—never allow a light fixture to hang by its electrical wires 
alone, Remove the Wire connectors and pull the wires apart. 
Remove the old light fiature, 


Cut the track section to length, if necessary, using 2 hack 
saw, Deburr the cut end with a metal file, f you are installing 
rmultiale sections of track, assemble the sections with the 
correct connector fittings (sold separately from your kt). You 
can also purchase T-fittings or Lfittings inset photo) if you 
wish to install tracks in either of these configurations. 


(continued) 


Light 
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Position the track section in the mounting saddle on the 
‘mounting strap and hald it temporarily in place in the location 
‘where it will be installed, The track section will have prediiled 
‘mounting holes in the back. Draw a marking point on the 
ceiling at each of these locations. If your track does nat have 
predrilled mounting holes, remove it and dril a %«" hole in the. 
back every 16° 


Insert the toggle or molly into the access hole far 
‘enough so it clears the top of the hole and the wings snap 
‘outward, Then tighten each bolt so the track is snug against 
the celing, if the mounting hole happens to fall aver a ceiling 
joint, simply drive a wallboard screw at that hole lacation. 
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Insert the bolt from a toggle bolt or molly bolt nto each 
predriled screw location and twist the toggle or molly back 
onto the free end, These types of hardware have greater 
holding power than anchor sleeves. Dilla %" dia. access 
hole n the ceiling at each of the mounting hole locations you 
‘marked an the ceiling in step 5. 


Hook up wires from the track's power supply fitting 10 
the circuit wires. Connect black to black and white to white 
The grounding wire from the power supply fitting can elther 
be pigtailed to the circuit ground wire and connected to the 
grounding screw or clip, or it can be twisted together with 
the circuit grounding wire at the grounding terminal. Snap the 
fitting inta the track if you have not already done so. 


Attach the protective cover that came with your kit to Cap the open ends of the track with 4 dead end cap fiting. 
‘conceal the ceiling box and the electrical connections, Some ‘These also may require a mounting screw, Leaving track ends 
ccovers simply snap in place, others require a mounting screw, open isa safety violation, 


Insert the light heads into the track by slipping the stem Arrange the track light heads so their light falls in the 
into the track slot and then twisting itso the electrical contact manner you choose, and then depress the locking tab on 


points on the head press against the electrified inner rails of each fixture to s 
the track slot. Tug lightly on the head to make sure itis secure the lights. 
before releasing it. 


eit in position, Restore power and test 
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Commercial Antigravity 


‘Tim Ventura 


twentura6@attbi.com 


Introduction 


Let me begin by posing a simple question that I would 
like the reader to keep in mind throughout this article: 
How far away is commercial antigravity? I'm not talking 
about a laboratory experiment where a giant magnet is 
used to levitate a frog, or secret UFO experiments that 
the government isn't sharing with the business world, 
but areal, viable antigravity solution to what Iconsider 
to be the most pressing issue facing the world today ~ 
transportation, 


‘Who can answer a question like that? How far away is, 
commercial antigravity? The author has read numerous 
scientific texts on the subject, and is familiar enough 
with contemporary theories of gravity, antigravity, and 
electromagnetism to suggest that most scientists 
believe that commercial antigravity is at least 100 years 
away from existence. But the author believes that most 
scientists are wrong. 


Defining terms 


Any article about antigravity would not be complete 
without properly defining the terms to be used. In this 
article, antigravity is not used in the strict sense of the 
word. The author's intent is to discuss a method of 
propulsion, which for all intents and purposes can be 
considered antigravity, and may include antigravity — 
but also may include several other forms of similar 
propulsion. The reasoning behind this is that experience 
has shown that the majority of people in the world don't 
care how something works - they care what it can do 
for them. This article is about the effect of Antigravity — 
not the cause. 


Real Antigravity would consist of an apparatus used to 
either reduce the apparent mass of an object or reduce 
the effects of gravitational attraction between the Earth 
and an object. An example of an apparatus that may in 
fact do this is the Podkletnov superconductor apparatus 
currently being tested by NASA. 


‘This Podkletnov device essentially consists of a spinning 
superconductor that self-levitates above a pool of liquid 
nitrogen and supposedly creates a “beam” or “shaft” 
of antigravity (or reduced gravity) directly above it as it 
operates. The levitation of the superconductor itself is 
not antigravity — it is a well-known side effect of 
ceramic-superconductors called the “Meissner Effect”. 

‘The Meissner effect is simply a side effect of the 
superconductor's interaction with the Earth's magnetic 
field, and is easily explained by physics. 


Podkletnov claims that when he worked with a team of 
researchers investigating superconductors in Russia 


around 1991, the smoke from the tobacco pipe of a fellow 
researcher began to climb steeply in a column directly 
above the superconductor. The researchers began to 
think that they were on to something, and Podkletnov 
subsequently performed several follow-up experiments 
that led him to the conclusion that the levitating 
superconductor produced a shielding effect between 
the Earth and anything positioned directly above the 
superconductor. He reasoned that gravitational 
shielding would provide a “column” of reduced gravity 
above the superconductor that should extend up and 
away from the Earth indefinitely. Podkletnov calculated 
that with a rapidly spinning levitating superconductor 
he had achieved a 2% loss in weight for anything directly 
over the superconductor. 


Podkletnov's research is interesting and compelling, and 
it would fall into the category of “real” antigravity — 
but Iam writing about Podklentov's type of research as 
well as enormous amount of research and theory 
available on electromagnetic propulsion systems. These 
can be considered “effective” antigravity. 


‘The Harrier jet fighter can swivel its engine exhaust- 
nossels to create vertical lift, which resembles 
antigravity in that it is VIOL takeoff. However, the 
Harrier does not use effective antigravity because it has 
all of the functionality and side effects of an aircraft. A 
helium blimp would be a closer example to “effective” 
antigravity, but it too is not ~ because it works on basic 
aerodynamic principles 


Aerodynamics is not effectively antigravity - 
aerodynamics is instead expensive, difficult to 
manufacture, prone to explosive failure, and highly 
unreliable. This is not to suggest that a jet aircraft is 
unreliable, because it has a variety of backup systems, 
but that the technology itself is unreliable in that a jet 
is adversely effected by the medium that it uses to 
propel itself. Air pressure, humidity, temperature, and 
strong winds all cause a degree of unreliability. In 
addition, turbine engines stretch the limit of what 
mechanical engineering can achieve ~ which is why 
they are prone to break if even something as smallas a 
bird gets sucked in during flight. 


Antigravity is not about moving the air around — it is 
about a medium-agnostic means of air transportation 
that produces vertical and/or directional lift without 
relying on air-pressure like a wing or blimp. Antigravity 
is an electromagnetic or electrogravitic system for 
reducing the weight of an apparatus to allow it to lift 
more easily. Antigravity is pushing a button and having 
your vehicle take off without runways, noisy engines, 
minimum flight-speeds, propellers, or any of the other 
drawbacks that limit conventional aircraft from 
achieving popularity similar to what an automobile 
might have. 


‘The author's definition of Antigravity for the purposes 
of this article is confined to electromagnetic or 
electrogravitic devices that reduce the weight of an 
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Kitchen 
Remodeling 


[Kitzienssteremeseed with greater frequeney 
than any other room in the house. This happens 
often for reasons of style: keeping up with design 
trends is important to many homeowners. But it also 
happens for more practical reasons. Kitchens receive 
avast amount of wear and tear that results from high 
usage, Appliances stop working, flooring wears out, 
cabinets fail, even windows and doors suffer from 
ant wear. High humidity levels are also an issue 
in kitchens, where steam is a necessary byproduct of 
daily life 

“The information in this chapter is unique to 
kitchen remodeling projects. But in practice, you will 
need to refer to the other chapters in this book to 
complete all of the design, planning and installation 
work that go into ereating a new kitchen, 


In this chapter 
Planning & Designing Kitchens 
Installing Kitchen Cabinets 
Building Kitchen Islands 
Building Tiled Islands 

Installing Postform Countertops 
Installing Laminate Countertops 
* Installing Tile on Countertops 

« Installing Tile Backsplashes 
‘Installing Kitchen Sinks 

* Replacing Kitchen Faucets 

* Connecting Drains 

‘« Hooking Up Dishwashers 

* Installing Food Disposers 

* Installing Undercabinet Lights 
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Planning & Designing Kitchens 


‘our motives for remodeling your kitehen probably 
fall into one of two categories: efficiency or 
appearance, In other words, either your kitchen is 
inconvenient for your family to use, or you just don't 
like the way it looks. Or maybe it’s both dysfunctional 
and ugly: A logical place to start, then, is by 
documenting the elements that need improvement 
Begin by simply taking the time to abserve how 
you now use your kitchen, Keep a notepad handy 
‘and jot down any major or minor problems and 
anneyances that prevent you from being as efficient 
cor as comfortable as you'd like to be when cooking 
‘or eating, Also consider how your kitchen is used 
for special occasions and what issues arise at those 
times. Don't forget to make note of the positives. If 
you love having that window over your kitchen sink or 
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the skinny cabinet next to the steve, jot down those 
observations as well 

Once you have documented the problems with your 
kitchen, give your imagination permission to roam. Don't 
‘worry about money yet. This is your dream kitchen, 
alter all, and there will be plenty of time to bring your 
fantasies dawn to earth as you begin the planning stages. 
Now is the time to consider every possibility. Look at 
friends’ kitchens, at magazine kitchens and at model 
kitchens, When looking at photographs like the ones 
included in this book, look at both the overall effect 
and the individual components, Don't let an odd color 
scheme seare you away from a faucet that you Tove, Use 
afile folder to collect pictures of kitchens or items you 
like, When it comes down to business, youl have a 
refined idea of what you're looking for 


if your kitchen needs remodeling, 
you will know it The trick in coming up 
\with a workable design for your space 

's to get past the “ick” factor and really 
examine what you have to work with, 
When you assess your cabinets, you may 
Notice immediately that they are very 
dark and outdated in appearance. But go 
past that and ask yourset if they are laid 
ut efficient, Imagine them as brand 
new cabinets inthe same arrangement, 
and then try and think of ways you could 
Improve the layout. Whether it's with 
cabinets or countertops oF lighting or 
appliances, consider the components of 
Your kitchen as generic elements. 


Special Considerations 


Ifyou're 


ing through the trouble of remodeling 

nd the remodel is not solely for resale 
value—consider making room for some of your own 
interests and idiosyncrasies. A pull out recycling 
center with bins for separating different categories is 


your kitehe 


always a smart idea. A built-in beer refrigerator with 
a custom tap is g 


great for a home-brew enthusiast. A 
pull out shell custom-sized to display a selection of 


‘as 


It’s okay to hang onto elements you love. Even i your favorite pullaut shelf or work table 


tea is perfectly located next to the kettle. Another 
perhaps more practical, investment is the careful 
measurement of counter heights and seat heights 

to ergonomically suit your personal needs. Finally, 
consider how your kitchen will be used over the 
next five to twenty years. The needs of a family with 
young children are much different than the needs o 
empty nesters 


wh Sake 


stool doesn’t immediately 


appeer to go with the new elements you hope to introduce, as the owner of the kitchen you're allowed to hang onto the things 


you're used to working with, 


| Design Standards 


While you may imagine that the answer to every 
cramped kitchen is to knock down walls and add more 
space, that's often not the easiest or best solution. 
One alternative to tearing down the walls, is to add 
more windows for added light. An extra door, oF 
even a pass-through window from the kitchen to an 
adjacent room, can also help make the space feel more 
airy. In short, the cramped feeling may anly be one 
of perception. 
Most kitchens fall into one of four categories: 
Galley, L-shaped, U-shaped and Open Plan, Whether 
they are small or large, old ar new, these floor plans 
have proven to be popular models for efficient 
kitchens, though that doesn’t mean they'll necessarily 
be the most efficient for your needs. 
Galley: In small homes or city apartments, 
the galley kitchen is a space-saving choice that is 
ideal for one or two users. The components may all 
be lined up along one wall or divided between two 
parallel walls. For this floor plan to work best, the 
central galley space should he large enough to allow 
for all appliances to be open at the same time, with 
enough space remaining for someane to walk through 
the middle, 
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L-shape: This corner kitchen layout can feel 
roomier than itis in reality, because of the L-shape 
floor plan. However, the two “arms” might also create 
an awkward workstation, with little room to set items 
down mid-way through a meal. Consider taking 
advantage of the lost central space with a counter- 
height dining table that can double as a prep station or 
even a freestanding central island, 

U-shape: This layout takes the benefits of a galley 
kitchen—space-saving solution plus accessibility for 
one user—and adds a third wall to create the ultimate 
triangular floor plan, In a compact space, placing the 
sink at the far end with the refrigerator and range on 
opposing walls creates a simple workstation. On a 
larger scale, a sizable island ean anchor the center of 
the room und provide mote storage, 

Open Plan: Whether the kitchen is located in 
the middle of a larger great room or olf to one side, 
an open plan layout works best with the addition of 
a central island or a dividing counter of some type 
Perfect for family kitchens or entertaining spaces 
where the cooks can easily visit with guests, it's 
important for this floor plan to be well organized so 
that all necessities are close at hand. 


Whatever layout plan you opt for, the 
‘most fundamental principle that you don’t 
want to violate is to maintain plenty of free 
area between appliances, sinks and other 
elements ofthe work triangle. Ina galley 
kitchen lke the one seen here, the corridor 
between kitchen walls should be at least 

4 ft. wide, and preferably wider. 


| Common Kitchen Layouts 


Galley 
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Whether you are doing the work yourself or hiring 
others, once you have a good idea of the Features you 
‘want in your new kitchen, its time to ereate detailed 
plan drawings. Good planning drawings will help you 
in several phases of the planning process 


# Selecting cabinets and appliances to fit your 

kitchen layout 

Soliciting accurate work bids when 

negotiating with plumbers, electricians and 

other subcontractors 

* Obtaining a building permit at your local Building 
Inspections office. 

+ Scheduling the stages of a remodeling project. 

Evaluating the work of contractors. If a carpenter 
or cabinetmaker fails to meet your expectations, 
your plan drawings serve as proof that the 
contractor did not complete the work as agreed. 


CODES & STANDARDS 

Greating plans for a kitchen ean seem like an 
overwhelming challenge, but fortunately there 
are guidelines available to help you. Some of 
these guidelines are legal regulations specified by 
your local Building Code and must be followed 
exactly. Most codes have very specific rules for 
basie eonstruetion, as well as for plumbing and 
electrical installations. 

Another set of guidelines, known as standards, 
are informal recommendations developed over time 
by kitchen designers, eahinetmakers and appli 
manufacturers. These design standards suggest 
parameters for good kitchen layout, and following 
them helps ensure that your kitchen is comfortable 
and convenient to use 


ice 
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The work triangle (sa layout concept 
that lets you develop a convenient 
arrangement of the range, sink and 
refrigerator in the kitchen. 


GUIDELINES FOR LAYOUT 
‘The goal of any kitchen layout is to make the cook's 
work easier and, where possible, to allow other people 
to enjoy the same space without getting in the way 
Understanding the accepted design standards can 
help you determine whether your present layout is 
sufficient or if your kitchen needs 

a more radical layout change or expansion. 

Work triangle & traffic pattems. A classic kitehen 
design concept, the work triangle theory proposes 
that the sink, range and refrigerator be arranged in a 
triangular layout according to the Following guidelines 


‘© Position of the triangle should be such that 
traffic flow will not disrupt the main functions of 
the kitchen. 

* Total distance between the comers of the triangle 
should be no more than 26 ft. and no less than 
12 ft. 

* Each side of the triangle should be between 4 and 
9 fin length, 


Iwo people frequently work in the kitchen 
simultaneously, the layout should inelude two work 
triangles. In a twortriangle kitchen, the triangles may 
share one side, but they should not crass ane another 

Don't fret too much if you can't make the triangle 
layout work perfectly. Some kitchens, for example, 
may have four workstations instead of three, and 
others may not have enough space to accommodate 
the classic triangle, 

For general traffie design, itis recommended to 
leave 4-f. “corridors” between all stationary items 
for walking comfort. Some designers will allow this 
standard to be reduced to 3 feet in smaller kitchens. 


Shown cutaway 
for clarity 


Maximum 
height 60" 
x 


Minimum 
18" 


Dimensions and positions of cabinets follow accepted 


The sizes of base cabinets and wall cabinets arc 


fairly uniform among manufacturers, and unless you 
have them custom-built in unusual sizes, they wil 
conform to the following standards: 


23" to 2 


* Base cabinets: height—34'4"; depth 
width—9" to 48", in 3" increments. 


© Wall cabinets: height—12", 15°, 18°, 2 


3", 42"; depth—12"; width—24", 30' 


42", 48 
© Oven cabinets: height—84", 96"; depth—24 
width—27", 30", 3. 


* Utility cabinets: b 


width—18", 24", 36 


ht—84"; depth—12", 24) 


Not every manufacturer will offer all these 


sizes and styles, so it’s a good idea to obtain product 


catalogs when planning the layout of cabinets. Some 


other tips 


* Use functional comer cabinets rather than “blind 


cabinets that provide no aceess to the comer area 


© Include at least five storage/organizing units, such 


Eating areas. Kitchen tabletops and countertops 
used for dining are generally positioned 30", 36", or 


4 


for each person varies according to the height of 


above the floor, and the recommended space 


the surface 
Islands. A kitchen island should be positioned so 
u 


of its countertop and surrounding walls or cabinets 


re is at least 36” of clear space between the edges 


GUIDELINES FOR BASIC CONSTRUCTION 
Plans for a major remodeling project that involves 
moving or adding walls, or building a new room 
addition must accurately show the locations and 
dimensions of the new walls and all doors and 
windows. This will allow the construction carpenter 


to give you an accurate bid on the work and will 


allow him to obtain the necessary building permit 
IF you will be moving walls or adding windows 
or doors, you must identify load-bearing walls 
and provide appropriate support during removal 


aaa 


winDows 
Most Building Codes require that kitchens have 

at least one window, with at least 10 sq. tof glass 
area. Seme local Building Godes, however, will allow 
‘windowless kitchens, so long as they have proper 
venting. Kitchen designers recommend that kitchens 
have windows, doors or skylights that together have 
total glass surface area equal to at least 2: 
total flour area, 


5% of the 


Doors 
Exterior entry doors should be at least 3 ft. wide and 
64 Tt, high. Interior passage doors betw 
rust be at least 21 ft. wide. A kitchen 
least two points of entry, arranged so traffic patterns 
don't intrude on work areas. 


$n rooms 


ust have at 


Examine your circuit breaker panel. it may have an 
index that identifies circuits serving the kitchen. I your service 
‘pane! has open slots, an electrician can add adcitional kitchen 
Circuits relatively easily. If your service panel is full, he may 
have to install a new service panel at edcitional cost 
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GUIDELINES FOR ELECTRICAL 
SERVICE & LIGHTING 

Nearly any kitchen-remodeling project will require 
some upgrading of the electrical service. While 

your old kitchen may be served by a single 120-volt 
circuit, i's not uncommon for a large modern kitchen 
to require as many as seven individual circuits 


And in a few cases, the extra demands of the new 
kitchen may require that the main electrical service 
for your entire house be upgraded by an electrician. 
By comparing the electrical service in your present 
kitchen with the requirements deseribed below, you'll 
get an idea of how extensive your electrical servie 
improvements will need to be. Your plan drawings 
should indicate the locations of all the outlets, 
lighting fixtures and electrical appliances in your 
new kitchen. 

‘The National Electric Code requires the following 
for kitchens: 


+ Two small-appliance circuits (120-volt, 


amp) to supply pawer for the plug-in 
countertop appliances, 

© Wall outlets spaced no more than 12 ft. apart 

* Countertop outlets spaced no more than 
4 ft. apart. 

© GFCI (ground-fault circuit interrupter), protected 
receptacles installed in any general use outlet, 
whether above counter or at floor level 

* Dedicated circuits for each major appliance 
Install a 20-amp, 120-volt cireuit for a built-in 
microwave, a 15-amp circuit for the dishwasher 
and food disposer, An electrical range, cooktop 
or wall oven requires a dedicated 50-amp, 
240-volt circuit. 


The Electric Code only requires that a kitchen 
have some form of lighting controlled by a wall 
switch, but kitchen designers have additional 
recommendations: 


© A general lighting circuit (120-volt, 15-amp) that 
operates independently from plug-in outlets. 

*  Plentiful task lighting, usually mounted under 
\vall cabinets or soffit, to illuminate each 
work area. 

* Decorative lighting fixtures to highlight attractive 
cabinets or other features of the kitchen 


GUIDELINES FOR PLUMBING 

IF your new kitchen layout changes the location of the 
sink, or if you are planning to add an additional sink or 
dishwasher, the water supply and drain pipes will need 
to be upgraded, Your plan drawings should indicate 
these intended changes. 

Extending plumbing lines for a new kitchen is 
often fairly easy and surprisingly inexpensive, but 
there are some exceptions you should note 

Old pipes. If your present plumbing is more than 
25 years old, there is a good chance the plumber will 
recommend replacing the pipes before installing the 
kitchen fixtures. Depending on circumstances, this 


can be an expensive proposition, but if you're faced 


with this decision, we strongly urge you to take a deep 
breath and do what the plumber suggests. Those 
corroded old pipes will need to he replaced someday, 
and this work is easier and cheaper if you're already in 
the process of remodeling the kitchen. 


Outdated systems, Older plumbing systems 
may have drain trap and vent arrangements that 

ts. If your plumber 
needs to run all-new vent pipes, this will increase 


violate modern Code requirem 


the costs, 
Island sinl 
an island sink, your plumber will n 


. If your new kitchen will include 
d to run vent 


pipes beneath the floor. For this reason, plumbing 
an island sink is more expensive than plumbing a 
wall sink. 


GUIDELINES FOR HEATING, VENTILATION 
& AIR-CONDITIONING 

Your plan drawings should also show the locations 

of heating/air-conditioning registers or fixtures in 
your proposed kitchen. If you're planning a cosmetic 
make-over or a simple layout change, there is a pretty 
good chance you can get by with the same registers, 
radiators or heaters found in your present kitchen 


Code books can help you understand 
the structural, electrical and plumbing 
requirements for kitchens. in addition to 
the formal Code books, which are written 
for professional tradesmen, there are 
‘many Code handbooks available that are 
written for homeowners, Bookstores and 
libraries carry both the formal Cade books 
and Code handbooks. 
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But if your new kitchen will be substantially larger 


than it is now, or if the r 


io of wall space filled 
by glass windows and doors will be greater, i's 
possible that you'll need to expand its heating and 
cooling capacity 

Increasing your kitchen’s heating and cooling 


can be as simple as extending ducts by a few feet 


or as complicated as installing a new furnace, When 


installing a large room addition, for instance, you 
may learn that the present furnace is too small 
to adequately heat the increased floor space af 
your home 

How do you determine what your kitchen needs 
in the way of expanded heating and cooling? Unless 
you happen to be a mechanical engineer, you'll need 
to consult a professional to evaluate your heating) 
ventilation/air-conditioning (HVAC) system, The Code 
requirements for room heating are quite simple, but 
the methods used to calculate required energy needs 
of room are fairly complex 

The Building Code requires simply that a room 
must be able to sustain a temperature of 70°F 
measured at a point 3 ft. above the floor. HVAC 
contractors use a complicated formula to calculate the 
most efficient way to meet this Code requirement. You 
can make this estimation more accurate by providing 


© The exact dimensions of your kitchen, 


The thickness and amount of insulation in 
the walls 

* ‘The number of doors and windows, including 
their size and their energy ratings. 


* The total square footage of your house 


* The heating and cooling capacity of your furnace 


and central air-conditioner, measured in BTUs. 


This information, usually printed on the unit's 
access panel, will help the HVAG contractor 
determine if the system can adequately serve your 
new kitchen. 

Finally, your cooktop should be equipped with 
an electric vent hood to exhaust cooking fumes 
and moisture from the kitchen, The volume of air 
moved by a vent fan is restricted by Code, so you 
shou 


always check with a Building Inspector before 


selecting a vent hood. 


Metal ductwork for the vent hood must be run 


through an exterior wall or through the ceiling, Fyour yet hoods are required by som 
cooktop is located in an island cabinet, a special island and cooktops, the vent fan exhau 


vent fan is necessary ‘moisture to the outdoors 


codes on all ranges 
cooking fumes and 
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object to enable it to take off without conventional 
thrust-producing apparatus. This definition might also 
fit many of the classical characteristics known at one 
time as “the electric spacecraft”. 


1. Business Analysis versus Scientific Analysis 
‘The author disagrees with the majority of scientists as 
to when commercial antigravity will become possible 
for some very basic and obvious reasons. To begin with, 
the majority of credentialed physics-related scientists 
come from a theoretical school of thought, which tends 
to limit their world-view to only contain those things 
that are currently or potentially explained by theory. 
‘The author, however, comes from an experimental 
school of thought that seeks to capitalize on existing 
observational data without the rigorous need to explain 
every last detail of its functionality. The author is an 
engineer, not a scientist ~ and engineers don't need to 
totally understand how something works in order to 
make it better. 


‘This difference between the engineering point of view 
and the physicists is also different in the manner in 
which they seek out observational data. A physicist 
looks towards naturally observable data, and in the 
event that none exists they look towards current 
theories to explain potential future observations. The 
engineer is more open to ideas that are less rigorously 
tested from the perspective of scientific method, but 
are currently observed as potential solutions to real- 
world problems. 


2. Potential Technologies Overivew 
Phycists currently tend to dismiss the entire concept of 
Electrogravity, and the reasoning behind their logic is 
very sound. To begin with, Electrogravity is not 
observable in nature. In addition, many of the claims 
by those persons who submit Electrogravity and 
antigravity devices for public review are faked, 
exaggerated, or just plain wrong, 


Physicists are responsible for maintaining a working 
body of theoretical knowledge, and if they were to admit 
results such as Schnurer's without skeptical scrutiny it 
would undermine the very fabric of technology itself. If 
the Podekletnov results were to be accepted as fact at 
face value without rigorous prrof, imagine the amount 
of money that would be wasted in attempts to build 
enormous Antigravity vehicles based on this theory. 


Inthe middle of the spectrum lies the concept of Maglev, 
which is mentioned here only for the purpose of 
specifying that Maglev is not commercial antigravity. 
It has been mistakenly thought of as antigravity by 
many because it utilizes a magnetically-levitated train 
to improve the velocity of the train and reduce transit 
time between stops. In reality, Maglev is not really a 
vehicle at all. 


‘The definition of a vehicle would be a device that 
transports itself as well as its passengers and cargo 
between two points. This is why an automobile is 


considered a vehicle but an escalator or elevator is not 
- the automobile transports its entire propulsive 
apparatus to another location, but an escalator or 
elevator does not move ~ it merely repositions its cargo 
between points. The Maglev train is not really a vehicle 
at all ~ it is actually a very long electromagnetic 
armature that transports people and cargo between its 
ends at high speed. While it may serve a commercial 
need, it is not to be confused with Antigravity. 


On the opposite end of the spectrum is the author of 
this article - who has built and successfully tested over 
30 electromagnetic “Lifters” at the time of this writing. 
The Lifter is a device based on research by 
‘Transdimensional Technologies and related to research 
by Thomas Townsend Brown that demonstrates an 
antigravity effect when a High-voltage DC current is 
applied to it. 


Currently, the exact method of propulsion for the Lifter 
is being debated. It is thought to be one of two things ~ 
either an effective form of “ion-wind” propulsion, or else 
a form of field-effect propulsion based on an as-yet 
unknown force. While the debate about the exact nature 
of this propulsion is important with regard to future 
research, in reality it does not change the observational 
data that demonstrate that this technology works 
perfectly, consistently, and reliably. 


‘The Lifter design was demonstrated by the author ina 
continuous mode of operation for over 7 hours straight 
on Sunday, April 21*, 2002, at the Seattle Center 
“EarthDay and Renewable Energy Exhibition”. During 
this seven hour period of time, the author's Lifter 
hovered at a tethered height of 12 inches from the 
surface of the table, powered by a 30 watt load from a 
simple computer monitor. 


This article is not meant to get into the details of 
methods of antigravity, only to suggest that it already 
exists in the form of electromagnetic propulsion systems 
if nothing else. The author is confident that in time 
physicists will find a theoretical reason for why the Lifter 
operates as it does, but for the time being the fact of its 
operation overshadows the method of its operation. 


3. Market Needs 
Commercial Antigravity doesn't require a 2% loss in 
weight to operate ~ it will require something akin to a 
200% loss in weight. A commercial antigravity device 
will have to demonstrate exceptional performance to 
gain market acceptance, but not for the reasons that 
might immediately come to mind, 


One might believe that skepticism from the scientific 
community would prevent antigravity technology from 
gaining the scientific acceptance needed to become a 
commercially accepted engineering discipline. The long 
term view, however, shows that this is not the case ~ 
engineering and market forces drive innovation, and 
formal science plays a supporting role in explaining and 
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Energy Efficiency 


For the sake of both environmental resources and your 
‘own budget, selecting a kitchen design that incorporates 
cenergy- and water-saving appliances is a good iddea. Most 
of the new appliances on the market are more energy 
efficient than older models, but the relative quality of 
their performance yaries, Do some comparison-shopping 
when it comes to appliances and you are sure to outfit 
your kitchen with fixtures that save energy and money 
Lighting is another way to save energy. Consider 
the aesthetie henelits of adding a skylight or window 
to your kitchen; now think of the impact that natural 
lighting will have on your energy budget. Less artificial 
light will be needed, thus lowering electric bills 
Another way to cut down on energy requires 
is to use fluorescent lighting or new innovations like 
LED lighting in the kitchen, These products not only 
reduce glare better than incandescent bulbs, they 
also use a fraction of the energy used by incandescent 
bulbs and need to be replaced less frequently 
Newer versions of fluorescent bulbs produce a more 
true-to-life light color, rather than the old buzzing, 
overhead tubes that gave everything a greenish hue. 
Some local building codes require a certain percentage 
ofa kitchen’ lighting to be Muarescent, so consider 
the benefits before lamenting this ordinance. 


ts 


Energy usage labels can be found on most major appliances 
you'll encounter at the appliance store, More energy efficient 
‘models may qualify fora rebate from your local public utility 
‘company, Ask the sales staf for information on these programs, 


‘As a general rule, riewer appliances are more efficient when it comes to energy and water consumption. For example, this dishwasher 
thas a feature that allows the user to wash only one of the racks, using less water and energy when smaller loads are being cleaned. 
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| Accessible Kitchens > 


Universal Design and Accessible Design are the terms used 
by architects, engineers, and product designers to describe 
‘making accommodations for the needs of every type of 
person, regardless of age and physical ability. For example, 
Jarge handled tools, contrasting typeface, wide doorways, 
and smooth flooring are all results of Universal Design 
research. in the kitchen, the consideration of accessibility 
‘must be more extensive than almost anywhere else in 
the home. From safety lighting, to pull out shelves, to the 
height of counters, planning a kitchen that everyone can 
easly use requires careful forethought. There are tips on 
Universal Design throughout this book, offering advice on 
accessibility for many ofthe standard kitchen elements, 
Universal design for kitchen cabinets puts the 
‘majority of items in the comfortable reach zone between 
2and 5 feet above the floor: Using pop-up and pull-down 
shelves can extend this area, Full-extension hardware 
‘on drawers and pull-out shelves eliminates reaching and 
fumbling for unseen items at the back of drawers and 
cabinets. Base cabinets installed ot various heights serve 
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users of different heights Hanging some sections of upper 
cabinets at 12" to 15° above the countertop—rather than 
18°—makes it easier to See and access items. 

‘A ulllength panty also increases the amount of 
storage space in the comfortable reach zone. A pull-out 
pantry allows for easier viewing ofthe contents, but make 
sure the hardware is top quality and operates easly and 
smoothly, An appliance garage, a cabinet with @ tambour 
door that sits on the countertop, is an excellent way to 
efficiently use commer space and store heavy or frequently 
Used appliances out of sight. Make sure an electrical 
outlet or two are inside the garage 


UNIVERSAL TIPS 

‘© Magnetic touch latches or c-shaped handles are the 
easiest to open. 

‘© Avoid gloss cabinet finishes to reduce glare for the 
vision impaired. 

‘+ Countertops at a varity of heights should be 
ergonomically correct fora range of different users. 


Countertop height and ease of 
fixture operation are two of the most 
Important aspects of universal design, If 
‘your kitchen remodeling project needs 
to accommodate a person with special 
needs, most states have agencies 

that can offer you specific advice for 
your situation, 
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Design your kitchen around a clear, circular space of at east 5 ft.in diameter to provide room for a wheelchair. It 
your kitchen doesn’t have 60" of clear space, allow 48° for pathways. Plan for 30 to 48" af clear approach space in front 
of all appliances and workstations. 


Kitchen 
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WH installing Kitchen Cabinets 


Cities must be firmly anchored to wall studs, and 
they must be plumb and level when installed. The 
best way to ensure this is by attaching a ledger board 
to the wall to assist in the installation, As a general 


rule, install the upper cabinets first so your access is 
not impeded by the base cabinets. (Although some 
pros prefer to install the base cabinets first so they 
can be used to support the uppers during installation.) 
Us also best to begin in a comer and work outward 
from there. 


Handserew clamps 


Level Trim molding 
Hammer ‘Toe-kick molding 

Utility knife Filler strips 

Nail set Valance 

Stepladder 6d finish nails ‘Stock cabinets are sold in boxes that are keyed to door 
Drill ‘inches and drawer packs (you need to buy these separately). tis 


; important that you realize this when you are estimating your 
Counterbore drill bit #1024" wood screws project costs atthe building center (ften a door pack will cost 
Cordless screwdriver #8 x2" screws as much oF more than the cabinet). Allow plenty of time for 
ieee 3t diywall’sesews cesémblng the cabtnets out ofthe bos. tean take at hour of 
more to put some more complex cabinets together. 


Howto FitaCornerCabinety ae 


Before installation, test-ft comer and 
adjoining cabinets to make sure doors 
and handles do nat interfere with 

leach other. f necessary increase the 
clearance by pulling the comer cabinet 
‘away from the side wall by no more 
than 4", To maintain even spacing 
between the edges ofthe doors and 
the cabinet comer, cut a filer strip and 
attach itto the comer cabinet or the 
adjoining cabinet, Filler strips should be 
made from material tat matches the 
cabinet doors and face frames. 
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| How to Prepare Walls 


Find high and low spots on wall surfaces, using long _Fill in low spots of wall by applying wallboard compound 
straight 2 x 4, Sand down any high spots. Using a taping knife. Let the compound dy, and then sand 
it ighty, 


3 4 


Locate and mark wall studs, using an electronic stud Find the highest point along the floor that wil be 
finder. Cabinets normally will be hung by driving screws into covered by base cabinets, Place a level on a long, straight 
the studs through the back of the cabinets. 2-4, and mave the board across the floor to determine Ifthe 


floor is uneven. Mark the wall at the high poi, 


(continued) 
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‘Measure up 34%" from the high-point mark (for 
standard cabinets). Use a level (a laser level is perfect) to mark 
a reference line on walls Base cabinets will be installed with 
top edges flush against this line 


‘Measure down 30" from the wall-cabinet reference 
line and draw another level line where the bottoms of the 
cabinets will be. Temporary ledgers will be installed against 
this tine, 
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‘Measure up 84" from the high-point mark and draw a 
second reference line. Wall cabinets will be installed with their 
top edges flush against ths line. 


Install 1 x 3 temporary ledgers with top edges flush 
against the reference lines, Attach ledgers with 2s" wallboard 
screws driven inta every other wall stud. Mark stud locations 
on ledgers. Cabinets will rest temporarily on ledgers during 
instalation (the ledgers alone will not support them, however), 


How to Hang Wall Cabinets 


Position a comer upper cabinet on a ledger (see nage 
352) and hold it in place, making sue its resting ciganly on 
the ledger. Drill" pilot holes into the wall studs through the 
hanging strips atthe top, rear of cabinet. attach the cabinet to 
the wall with 2%" screws, Do nat tighten fully unt ll cabinets 
are hung, 


Attach a filler strip to the front edge of the cabinet, 
if needed (see page 350). Clamp the filer in place, and dri 
counterbored pilot holes through the cabinet face frame, near 
hinge locations. attach filer to cabinet with 2%" cabinet screws 
oF fathead wood screws. 


: & 
Check the front cabinet edges or face frames for plumb. 


Position the adjoining cabinet on the ledger, tight 
against the corner cabinet or filler strip, Clamp the comer 
‘cabinet and the adjoining cabinet together at the top and 
‘bottom, Handscrew clamps will not damage wood face frames 


Drill "pilot holes into wall studs through hanging strips in 
rear of cabinet. Attach cabinet with 214" screws. Do not tighten 
wall screws fully unt all cabinets are hung. 


(continued) 
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Attach the corner cabinet to the adjoining cabinet. 
From inside comer cabinet, dil pilot holes through face frame. 
Join cabinets with sheet-metal screws, 


Position and attach each additional cabinet. Clamip 
frames together, and drill counterbored pilot holes through 
side of face frame_loin cabinets with wood screws, Drie" 
pilot holes in hanging strips, and attach cabinet to studs with 
Wood screws. 


Join frameless cabinets with #8 = 11" panhead Wood 
‘Screws or wood screws with decorative washers, Each palr of 
cabinets should be joined by at least four screws. 
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Fill gaps between the cabinet and wall or neighboring 
appliance with a filer strip. Cut the filler strip to fit the space, 
then wedge wood shims between the filer and the wall to 
create a friction fit that holds it in place temporarily. Dril 
counterbored pilot Noles through the side of the cabinet (or the 
‘edge of the face frame) and attach filer with screws. 


Remove the temporary ledger. check the cabinet run for plumb, and adjust i Use trim moldings to cover sny 
necessary by placing wood shims behind cabinet, near stud locations. Tighten wall gaps between cabinets and walls Stain 
screws completely. Cut off shims with utility knife. moldings to match cabinet finish. 


Attach decorative valance above sink. Clamp valance Install the cabinet doors. if necessary, adjust the hinges so 
to edge of cabinet frames, and drill counterbored pilot holes -—that the daors are straight and plumb: 

through cabinet frames into end of valance. Attach with sheet- 

metal screws, 
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How to Install Base Cabinets 


‘Begin the installation with a comer cabinet. Draw 
plumb tines that intersect the 34)" reference line (measured 
{rom the high point ofthe floor—see page 351) at the locations 
for the cabinet sides. 


Place cabinet in corner. Nake sure the cabinet is plum 
and level. necessary, adjust by diving wood shims under 
cabinet base, Be careful not to damage flooring. Drill" pilot 
holes through the hanging strip and into wall studs. Tack the 
cabinet to the wall with wood screws or wallboard screws. 


Clamp the adjoining cabinet to the corner cabinet, Make sure the new Use a jigsaw to cut any cabinet 
cabinet is plumb, then drill counterbared pilat nales through the cabinet sides or the openings needed in the cabinet backs 
face frame and filer strip. Screw the cabinets together. Drill" pilot holes through (for example, in the sink base seen here) 
‘hanging strips and into wall studs. Tack the cabinets loosely to the wall studs with {or plumbing, wiring or heating ducts, 


\wood screws or wallboard screws. 
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quantifying the innovations that engineers have already 
commercially qualified as valid. 


‘The real roadblock to success for commercial antigravity 
is market acceptance. The author's demonstration of 
the Lifter technology at the Renewable Energy 
Exhibition helped him to realize that the vast majority 
of consumers have no idea what antigravity technology 
could be used for, much less what they themselves 
could use it for. The same thinking was apparent at the 
dawn of the age of personal computing, when the idea 
of having a computer in the home was a completely 
foreign concept. 


So in brief, a market does not exist for antigravity 
technology, which is why inventors working with this 
technology have been unable to find appreciable 
support for their work. Many inventors look at this 
technology and ask, “how could the public not 
understand how valuable a technology like this is?” — 
but that isn't the problem. The problem is that most 
innovators with an interest in antigravity are so closely 
tied to the science behind the technology that they fail 
to review and address the business needs that drive 
the market acceptance of a new technology. In other 
words, people don't buy antigravity - they buy 
solutions. People don't buy cars to simply have a car ~ 
they buy cars because people need transportation 
needs that they have to fulfill. People don't buy 
computers because they want to have a computer — 
they buy computers because they want to share and 
process information and communications. 


Marketing Requirements 


How will antigravity technology gain the market 
acceptance to become a commercially viable 
technology? There are a variety of ways in that 
antigravity technologies will become commercially 
viable, but only after antigravity is no longer sold as 
antigravity ~ it needs to be sold as a personal or 
business solution. 


‘The solutions that antigravity technologies are best 
prepared to provide at the moment are in the realm of 
‘transportation technology. This includes moving people 
and cargo to destinations in a similar manner to 
conventional transportation technologies such as 
aircraft or automobiles. 


With regard to providing transportation solutions, 
antigravity has the ability to incorporate the best 
features of both contemporary automotive and 
aerospace technologies into a single technology that 
will serve point-to-point transportation needs better 
than either of the two aforementioned technologies 
could by itself 


For a moment, assume that a person wants to travel 
from Los Angeles to New York in a short period of time. 
Currently, the most convenient method of transportation 
to accomplish this would require the person to take an 
automobile to the airport, and from there take an aircraft 
from the Los Angeles airport to the New York airport. 


After departing at the New York airport, the passenger 
must then take another vehicle to their intended 
destination. 


Commercial antigravity technology could serve a dual- 
purpose short and long-range transportation role, taking 
on the aspects of both ground transport as well as air 
transport. 


Product Delivery Requirements 


In order to deliver commercial antigravity as a viable 
solution to business needs, a variety of work will need 
to be completed on the various component systems of 
this technology to tum it from what is currently a “proof 
of concept” into a commercial reality. 


Let us assume for a moment that we have developed a 
working device based on Antigravity or some method 
of Field-Effect Propulsion. While this is the critical 
stepping stone to success, this is by no means the end 
al be all of the development cycle. 


‘To begin with, the technology must be perfected to the 
point of being both economical and reliable. As it stands 
now, the market already has technologies in place that 
fulfill some or all of the requirements for the technology 
that Antigravity is being developed to replace. In order 
to serve as an effective replacement for these 
technologies, antigravity technology must then 
demonstrate that it both costs less in terms of operation 
and manufacture, as well as being more reliable than 
conventional air-transportation solutions. 


Imention reliability in light of the recent negative media 
attention surrounding several recent commercial airline 
crashes. From a marketing perspective, air-travel 
disasters provide a great deal of negative publicity for 
the airline industry. Since the airline industry has a 
mostly successful track record of delivering passengers 
and cargo, people are for the most part willing to forgive 
the occasional air-disaster. However, with a new 
technology such as antigravity-based air-transport, 
there is not a long enough track record to permit public 
acceptance of air-disasters. One substantial disaster in 
the early days of antigravity could serve to forever 
damage the credibility of this new technology. 


With regard to being economical, any type of antigravity 
system that intends to surpass existing methods of air- 
‘transport must be able to do so at aless-expensive rate 
to own and operate, and must have a vehicular lifespan 
at the very least similar to conventional air-transport 
devices. This would allow the total cost of ownership 
(TCO) to be less for an antigravity vehicle than it would 
otherwise be for a conventional craft. 


‘There is one caveat to acceptance of antigravity 
technology as compared to conventional aircraft, which 
is simply that if antigravity vehicles are able to operate 
in an environment or manner that precludes 
conventional aircraft, then they should be able to gain 
a market niche without immediately having to surpass 
conventional aircraft in the area of TCO. 
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Position and attach additional cabinets, making sure ‘Make sure all cabinets are level. if necessary, adjust 


the frames are aligned and the cabinet tops are level. Clamp —_by driving shims underneath cabinets, Pace shims behind 
cabinets together, then attach the face frames or cabinet sides the cabinets near stud locations to fill any gaps. Tighten wall 
with screws driven into pilot holes. Tack the cabinets to the screws. Cut off shims with utility knife. 


wall studs, but don't drive screws too tight—you may need to 
‘make adjustments once the entire bank is installed, 


Use trim moldings to caver gaps 
between the cabinets and the wall or 
floor. The toe-kick area is often covered 
\with a strip of wood finished to match 
the cabinets or painted black. 


Hang cabinet doors and mount drawer fronts. Test to make sure the drawers close 
‘smoothiy and the doors fit evenly and flush. Self-closing cabinet hinges (by far the 
‘most common type installed today) nave adjustment screws that allow you to make 
minor changes to the hardware to correct any problems. 
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WW! Building Kitchen Islands 


Je igen ae ct ee al ign GET ER IES 


of methods, from repurposing an old table to 
fine, custom woodworking, But perhaps the easiest 


(and most failsafe) way to add the conveniences and Marker 2 base cabinets 
conviviality of a kitchen island is to make one from Drill/driver (approx. 36" 
stock base cabinets. The cabinets and countertops 2x4 cleats wide x 24" deep) 
don't have to match your kitchen cabinetry, but that Pneumatic nailer Countertop 


and 2" finish nails Wallboard serews 
or hammer and 
6d finish nails 


is certainly an option you should consider. When 
designing and positioning your new island, be sure 
to maintain a minimum distance of 3 ft, between the 
island and other cabinets (4 ft. or more is better) 


‘Two base cabinets arranged back-to-back make a sturdy kitchen island base that’s easy to instal. When made with the same 
style cabinets and countertops as the rest of the kitchen, the island is a perfect match. 
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How to Create a Stock-cabinet Island 


‘Set two base cabinets back-to-back in position on 
the floor and outline the cabinet comers onto the flooring, 
Remove the cabinets and draw a new autine inside the one 
{you just created to allow forthe thickness ofthe cabinet sides 
(usually #’) 


Join the two base cabinets by driving 1" wallboard 
screws through the nailing strias on the backs of the cabinets 
from each direction. Make sure the cabinet sides are flush and 
aligned, Lower the base cabinets aver the cleats, Check the 
‘cabinets for level, and shim undemeath the edges of the base 
if necessary. 


Cut 2 « 4 cleats to fit inside the inner outline to provide 
nailing surfaces for the cabinets. Attach the cleats to the floor 
with screws or nails, Tip: Create an L-shape cleat for each 
inside comer. 


Attach the cabinets to the floor cleats using éd finish 
‘alls. Drill pilat holes for nals, and recess nail heads with a nail 
set. Install a countertop an top of the cabinets (see pages 362 
10.388), 
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WH) Building Tiled Islands 


J slands are one of the most requested kitchen 


features, People lave them for many reasons, [ Tools & Materials > 


including their value as bi-level counter space, In most J 
‘Tape measure Tile spacers 


cases, the lower level is used as work space and the 
Cireular saw 


upper as casual dining space. The upper level provides 4" exteriorgrade 


alittle camouflage for the work space, something Drill CDX) plywood 
lly welcome in open-plan kitchens where Utility knife 4m polyethylene 


that's espec 
in from other areas. Straightedge sheeting 


meal preparation areas can be s 


When planning casual dining space, remember Stapler Packing tape 
that designers suggest at least 24" per person. For the Drywall knife 4 cementboard 
work space, remember that standard design guidelines Framing square 14" deck screws 
recommend at least 36" of uninterrupted work space Notched trowel 3" deck screws 


to the side of a sink or cooktop. Tile cutter Fiberglass mesh tape 


On work surfaces, mosaic and other small tile is Carpeted 2x4 Thinset mortar 
the best choice. Lamger tie requives fewer grout Mallet Grout with latex 

lines, always a good idea when it comes to cleaning and Rubber grout float additive 
maintenance. But there is no rule that all three elements Sponge Silicone caulk 
of a bi-level island have to use the same material, In Foam brush Silicone grout sealer 
fact, projects like this offer wonderful opportunities to Caulk gun L-brackets 
mix materials or colors or textures. Choose floor tile Birch plywood 6d finish nails 
or tile made especially for counters for the horizontal 12 hardwood Drywall screws 
surfaces, and then branch out when it comes to the 2%4 lumber Glue 
backsplash. Wall tile and mosaics work beautifully. Ceramic tile 


Attractive backsplashes complete tile contertops. Here, ndividual tiles seamlessly stack side by side to create one cohesive, 
interwoven pattern. Using the same material and tones as the surrounding countertop allows the pattem to add interest without 
cluttering the small isiand, resulting in a sophisticated finished design. 
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How to Build a Tiled Bi-level Island 


Build a 2 4 base for the sland cabinet by cutting the 2 x 4s 
to length and joining them in a square frame that lays fat (wide 
sides down) on the floor Use metal L-brackets to reinforce the 
joints. if you don’t wish to move the island, fasten the frame 

to the floor in position with construction adhesive and/or 

deck screws. 


Cut the 2 x4 cross supports to length and install them 
between the side panels at every corner, including the 
comers created by the L-shape cutout, Use 3" deck screws 
civen through the side panels and into the ends of the 
cross supports. 


‘i | Yea ial 


Cut bottom panels the sare dimensions as the base frame 
from ¥" birch plywood. Attach it to the frame with finish nalls. 
Then, cut the side panels to size and shape and fasten them 
to the edges of the curb with éd finish nails and adhesive. Slip 

A" shims (scrap plywood works well) beneath the side panels 
before fastening them, 


Lightly sand the cabinets and then clean off the dust. Prime 
and paint the cabinet interior and exterior. 


(continued) 
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Build a face frame from 1 x 2 hardwood to fit the cabinet 
front, Attach it to the cabinet with éd finish nalis and hang 
cabinet doors (we installed three 12"-wide overlay doars) 


Cut 2" wide strips of plywood for bulldup strips and attach to 


the undersides oft 


subbases with glue and scr 
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Cut strips of %" exterior plywood to make 
for the countertops and a backer for the backsplash. The 
F counter subbase should aver hang by 2° on the front 
and sides. The upper should overhang 2" on the sides ana 
be centered on the cabinet front to back. Attach the backer 
‘and subbases with drywall screws driven down into the 24 
cross supports, 


Attach tile backerboard (0 the counter subbases and the 


backsplash and tape seams and cover screws heads 
compound (see page $80), 


Cut mosaic sheets 
them with thinset adhe 


he backsplash area and attach Cut edge tiles and fasten them around the perimeter of the 
esive (See Tiling a Backsplash, page 387), _sulbbase with thinset adhesive. Hola tiles in place with tape 
me tiles should be flush or slightly 


Install the field tiles Choose a suitable grout color and apply itt the tile with 
376 t0 385 a grout float (page $85). Buff of once it has dried. Seal 
the grout with grout sealer. 
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Installing Postform 
Countertops 


[Dostiorm larninate countertops are available in 
stock and custom colors. Pre-mitered sections 
are available for two- or three-piece countertops that 
continue around corners, If the countertop has an 
exposed end, you will need an endcap kit that contains 
4 preshaped strip of matching laminate, Postform 
countertops have either a waterfall edge or a no-deip 
edge. Stock colors are typically available in 4-, 6-, &- 
10- and 12-foot straight lengths and 6- and 8-foot 
mitered lengths. 


Materials and tools for installing a post-form countertop 
include: Wood for shimming (A, take-up bolts for drawing 
rmiters together (8), household iron (C), endcap laminate to 
‘match countertop (0), endcap battens (E, file (),adju 
wrench (6), buildup blacks (H), compass (), fasteners (I, slicone 
‘caulk and sealer (0. 


Post-form countertops are among the easiest and cheapest to instal. They are a good choice for beginning Divers, but the 
design and color options are fairly limited, 
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How to Install a Postform Countertop 


| Tools & Materials > 


Tape measure Belt sander 

Framing square Drill and spade bit 

Peneil Cordless screwdriver 

Straightedge Postform countertop 

C-clamps Wood shims 

Hammer Take-up bolts 

Level Drywall screws 

Caulking gun Wire brads 

Jigsaw Endcap laminate 

Compass Silicone caulk Option: Ifthe saw foot must rest on the good surface of the 
Adjustable teach: | Woed gline postform, use a jigsaw ited with a downsiroke blade to cut 


the postform. If you are unable to locate 2 downstroke blade, 
you can try applying tape over the cutting lines, but you are 
stil ikely to get tear-out from a riormal upstroke jigsaw blade, 


L 


= 


iy 


Use a framing square to mark a cutting neon the botiam Attach the battens from the endcap kit to the edge of 


surface of the countertop. Cut off the countertop with a jigs the countertop, using carpenter's glue and small brads. Sand 
sing 4 clamped straight-edge as a guide. out any unevenness with @ belt 


(continued) 
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Hold the endcap laminate against the end, slightly 
overlapping the edges. Activate adhesive by pressing an 
iron set at medium heat against the endcap. Cool with a wet 
loth, then file the endcap laminate flush with the edges of 
the countertop, 


Position the countertop on base cabinets. Make sure 
the front edge of the countertop is parallel to the cabinet faces. 
Check the countertop for level. Make sure that drawers and 
doors open and close freely. If needed, adjust the countertop 
with shims, 


Because walls are usually uneven, use 2 compass to 
‘race the wall cutiine onto the backsplash, Set the compass 
arms ta match the widest gap, then move the compass along 
the length of the wall to transfer the outline to the top of 

the backsplash, Apply painter's tape to the top edge of the 
backsplash, following the scribe line (inset) 
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Remove the countertop. Use a belt sander to grind the 
backsplash to the serive line, 


Assuming that we can develop a propulsion system that 
is both more reliable and less expensive to operate for 
the transportation of passengers and cargo, we then 
have to build up the skeleton of a vehicle compatible 
with this form of propulsion around the actual propulsion 
system. 


For instance, a conventional aircraft has pitch, yaw, and 
several other flight controls, but for an antigravity 
vehicle there is a high likelihood that some or all of these 
controls will not be required, thereby changing the 
dynamic of flight associated with the craft. This will 
require new methods of pilot certification and flight- 
qualification, as well as requiring a control-philosophy 
to be created surrounding how the craft will operate. 


Tuse the phrase “control-philosophy” instead of simply 
“control layout” because one of my assumptions about 
antigravity propulsion systems is that they will allow 
more flexibility in the design process for engineers to 
determine how the craft “should” fly, as opposed to an 
aircraft or helicopter, in which the components 
determining speed and handling are based primarily 
on an interaction between the design of the craft and 
the atmosphere. 


In brief, an antigravity cargo-transport may have very 
different needs for flight than perhaps a lightweight 
passenger vehicle would, although there would also 
need to be a consistency between the control-systems 
of these devices to reduce the need for extra pilot 
training and competency testing. 


‘Therefore, it should be apparent from the last few 
paragraphs that not only are there several propulsion- 
system related challenges involved with developing a 
commercial antigravity device, but there are also several 
challenges in the design, training, support aspects of 
this technology that also factor into the requirements 


to be complete before a complete product can be 
delivered. 


Conclusion 


At the beginning of this treatise, I posed the simple 
question of “how far away is commercial antigravity” 

The reader, Iexpect, probably interpreted that question 
in terms of time, which is the usual measurement of 
questioning when new technologies will become part 
of our lives, 


However, as I have attempted to demonstrate 
throughout this article, the time component is much 
less important to the development process than is the 
distance component - that is, how far away from 
commercial antigravity we are. When I use the word 
distance, I mean specifically what tasks must be 
completed in order for antigravity to go from being a 
proof-of-concept approach to a new form of propulsion- 
system to being a completed vehicle ready for 
manufacture, 


Thave attempted not to address the legal implications 
of antigravity technology with regard to certification 
for general or specific use ~ my thought on this is that 
the discussion of legal ramifications of antigravity is 
best left for another time. This is due primarily to the 
size and scope of that discussion, which is beyond what 
Iam attempting to analyze in this article. 


So, in finale, how far away from commercial antigravity 
we are depends not so much on time as on the rate at 
which we can perform the work required to provide the 
underpinnings on top of which the technology can be 
built. This seems important to me, as it underscores 
how close we appear to be to a working method of 
antigravity propulsion, and how we might consider 
focusing resources and goals to achieve the realization 
of this common dream that we share. 


EDITORIAL: PERPETUAL MOBILE OF 1902 


‘There is one more interesting example of perpetual 
mobile, which was described in the collected articles 
[1]. The motor shown in Fig.1 was invented in 1902. 
‘The vessels b, c, d and e are mounted on a shaft a, and 
have one side f tangential to the shaft, and the other 
side radial. Compressed air is forced into each vessel 
through the valves p. It is stated that under “the action 
of the internal pressure of the vessels, and after a slight 
impulse has been given to same, in the direction of the 
arrow, the whole apparatus will begin to move and 
continue to do so without ever stopping, the velocity 
corresponding to the pressure established within the 
vessels” 


Really simple... Let's try to examine it, 


Reference 
R.A. Ford. The Perpetual Motion Mystery. A Continuing Quest, 1987 
Lindsay Publications, Ine., Bradley, IL 60915 
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Mark cutout for self-rimming sink. _Drill a starter hole just inside the 
Position the sink upside down on cutting line, Make sink cutouts with a 
the countertop and trace its outline. Jigsaw, Support the cut 
Remave the sink and draw a cutting below so that the f 
line 56" inside the sink outline damage the cabinet. 


Apply a bead of silicone caulk to 
the edges of the mitered countertop 

ut ares from sections. Force the countertop pieces 
ing cutout does not tightly together. 


From underneath the countertop, install and tighten Seal the seam between the backsplash and the wall with 
miter take-up bolts. Position countertop tightly against the silicone caulk, Smooth the bead with a wet fingertip, Wipe 
wall and fasten it to the cabinets by driving wallboard screws away excess caulk. 

up through comer brackets and into the countertop, Screws 
should be long enough to provide maximum holding power, 
but not long enough to puncture the laminate surface. 


Kitchen 
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| Installing Laminate 


Countertops 


Piezo onsen tne 
sheets of plastic laminate and particleboard offers 
two advantages: the countertop you get will be less 
expensive than a custom-ordered countertop, and it 
will allow you more options in terms of colors and edge 
treatments. A countertop made with laminates also ean 
be tailored to fit any space, unlike premade countertop 
‘material that isa standard width (usually 25"), 
Laminate commonly is sold in 8-ft. or 12-f. 
lengths that are about “" thick. In width, they 
range from 30" strips to 48" sheets. The 30" strips 
are sized specifically for countertops, allowing for a 
25".wvide countertop, a 1)" wide front edge strip and 
a short backsplash 
‘The plastic laminate is bonded to the 
particle-board or MDF substrate with contact cement 


il 


Tape measure Screwdriver 
Framing square Belt sander 
Straightedge File 

Scoring tool Router 

Paint roller ‘4! particleboard 
3-way clamps Sheet laminate 
Caulk gun Contact cement 
Jroller and thinner 
Miter saw Wood glue 
Scribing compass Drywall screws 
Gircular saw 


{although most professional installers use products 
that are available only to the trades). Water-base 
contact cement is nonflammable and nontoxic, 
but solvent-base contact cement (whieh requires a 
respirator and is highly flammable) ereates a much 
stronger, more durable bond. 


Fabricating your own custom countertop irom particlevoaid and plastic laminate is not exactly an easy DIY project, but it 
gives you unlimited options and the results can be very satisfying. 
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Tips for Working with Laminate > 


‘Add 1-inch overhang 


‘Measure along tops of base cabinets to determine the size of the countertop. if wall corners are not square, use @ 
framing square to establish a reference line (R) near the middle of the base cabinets, perpendicular to the front af the 
cabinets, Take four measurements (A, B, C, D) from the reference line to the cabinet ends, Allow for overhangs by 
adding 1” to the length for each exposed end, and 1" to the width (). 


Backsplash substrate 


Countertop substrate 


Buildup substra 


can rip-cut the substrate a 


How to Create a Laminate Countertop 


Join the countertop substrate pieces on the bottom side Attach 3"-wide edge buildup strips to the botiom of the 


(ee page 369 for sizing and cutting substrate) Attach a 4” Countertop, using 1%" wallboard screws. Fil any gens on the 
particleboard joint supnort across the seam, using carpenter's outside edges with latex wood filler, and then sand the edges 
sglue and 11" wallboard screws. with a belt sander 


To determine the size of the laminate 
top, measure countertop substrate. 
Laminate seams should not overlap 
‘substrate, Add ¥4" trimming margin to 
both the length and width of each piece. 
Measure laminate needed for face and 
‘edges of backsplash, and for exposed 
‘edges of countertop substrate, Add %" to 
each measurement, 


970 8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Cut laminate by scoring and breaking it. Draw a cutting 
ling, then etch along the line with a utility knife or other sharp 
citing tool. Use a straightedge as a guide. Two passes of 
scoring too! will help laminate break cleanly, 


Bend laminate toward the scored line until the sheet 
breaks cleanly. For better contral on narrow pieces, clamp a 
straightedge along scored line before bending laminate. Wear 
gloves to avold being cut by sharp edges 


Option: some laminate installers prefer to cut laminate 
with special snips that resemble avaiator snips, Available 
‘fom laminate suppliers, the snips are faster than scoring 
‘and snapping, and less likely to cause cracks or tears in 
the material. You'l stil need to square the cut edges with a 
trimmer or router. 


Create tight-piloted seams by using 
bit to trim edges that wil but t re from cut 
‘edge of the bit ta edge of the router baseplate (A), Place 
laminate on scrap wood and align edges. To guide the route 
clamp a straightedge on the laminate at distance A plus ¥", 
parallel to laminate edge. rim laminate. 


ng 


(continued) 
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Apply laminate to sides of countertop first. Using 2 
paint roller, apply two coats of contact cement to the edge 

Of the countertop and one coat to back of laminate, Let 
‘cement dry according to manufacturer's directions. Position 
laminate carefully then press against edge of countertap. Bond 
with Joller 


a 
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Use a router and flush-cutting bit to trim edge stip flush 
with top and bottom surfaces of countertop substrate. At 
edges where router cant reach, tim excess laminate with a 
file, Apply laminate to remaining edges, an trim with router 


Test-fit laminate top on countertop 
substrate, Make sure laminate overhangs 
all edges. At seam locations, draw a 
reference line on core where laminate 
‘edges will butt together, Remove 
laminate. Make sure all surfaces are free 
Of dust, then apply one coat of contact 
cement to back of laminate and two 
coats to substrate, Place spacers made 
lf v"-thick scrap wood at 6" intervals, 
across countertop care. Because contact 
cement bonds instantly, spacers allow 
laminate to be positioned accurately over 
‘core without bonding, Align laminate with 
seam reference line. Beginning at one end, 
remove spacers and press laminate to 
‘countertop care 


| Apply contact cement naining 


10 substrate and next piece of laminate. 
Let cement dry then position laminate 
= on spacers, and carefully align butt 
SS = S seam. Beginning at seam edge, remove 
5 i press laminate to the 
ertop substrate 


Flush cutting bit 


Roll the entire surface with a J-roller to bo! 
laminate 
with a soft 


Remove excess laminate with a router and flush-cutting 
At edges where ray n trim laminate 
a file, Countertop is now ready for final trimming with 
bevel-cutting bit, 


(continued) 
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15° hovel-cutting bit, 


Finish-trim the edges with router and 15° bevel-cutting bit, File all edges smooth, Use downward fle strokes 
Set bit depth so that the bevel edge is cut only on top laminate to-avold chipping the laminate. 
layer. Bit should not cut into vertical edge surface, 


Cut 11"-wide strips of %" plywood to form an Test-fit the countertop and backsplash. Because your 

overhanging scribing strip for the backsplash. Attach to the top walls may be uneven, use a campass to trace the wall outline 
and sides of the backsplash substrate with glue and wallboard onto the backsplash scribing strip. Use a belt sander to grind 

screws. Cut laminate pieces and apply to exposed sides, top backsplash to scribe line (see page 366), 

and front of backsplash. Trim each piece as it is applied. 


THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


he bottom edge of Position the backsplash on the countertop, and clamp 
into place with bar clamps. Wipe away excess caulk, and 
dry completely 


Apply a bead of silicone caulk 
the backsplash 


L Drive 2" wallboard screws through the 
to the backsplash core. 
eats are countersunk 
ympletely fora tight fit against the base 


inet. Install countertops. 


ceramic and porcelain tile remain popular choices 
for countertops and backsplashes for a number of 

reasons: Its available in a vast range of sizes, styles and 

colors; i's durable and repairable; and some tile—not 

all—is reasonably priced. With careful planning, tile 

is also easy to install, making a custom countertop a 

good do-it-yourself project. 

“The best tile for most countertops is glazed 
ceramie or porcelain floor tile, Glazed tile is hetter 
than unglazed because of its stain resistance, and floor 
tile is better than wall tile because it’s thicker and 
more durable. 

While glazing protects tile from stains, the grout 
between tiles is still vulnerable because it's so porous. 
‘To minimize staining, use a grout that contains a latex 
additive, or mix the grout with a liquid latex additive, 
Alter the grout cures fully, apply a quality grout sealer, 
and reapply the sealer once a year thereafter. Choosing 
larger tiles reduces the number of grout lines. Although 
the selection is a bit limited, if you choose 13" x 13" 
floor tile, you can span from the rant to the back edge 
of the countertop with a single seam. 

“The countertop in this project has a substrate of 
4%! exterior grade plywood that’s cut to fit and fastened 
to the cabinets, The plywood is covered with a layer of 
plastic (fora moisture barrier) and a layer of "-thick 
cementboard, Cementboard is an effective backer for 
tile because it won't break down if water gets through 
the tile layer. The tile is adhered to the cementboard 
‘with thin-set adhesive. The overall thickness of 
the finished countertop is about 1!4". If you want a 
thicker countertop, you can fasten an additional layer 


WH] installing Tile on Countertops 


of plywood (of any thickness) beneath the substrate, 
“Two layers of %" exterior-grade plywood without 
cementhoard is also an acceptable substrate 

You can purchase tiles made specifically to serve 
as backsplashes and front edging. While the color and 
texture may match, these tiles usually come in only 
one length, making it difficult to get your grout lines 
to align with the field tiles, You ean solve this problem 
by cutting your own edging and backsplash tiles from 


Ceramic tile 
Tile spacers 


‘Tape measure 
Circular saw 
Drill 6 exterior grade 


Utility knife 
Straightedge 
Stapler 

Drywall knife 
Framing square 
Notched trowel 


(CDX) plywood 
4-mil polyethylene 
sheeting 
Packing tape 
4" cementboard 
114" galvanized 


Tile cutter deck screws 
Carpeted 24 Fiberglass mesh tape 
Mallet Thin-set mortar 
Rubber grout float Grout with 

Sponge latex additive 
Foam brush Silicone caulk 

Caulk gun Silicone grout sealer 


Ceramic or porcelain makes a durable countertop that is heat-resistant and relatively easy for a Diver to create. By using 
larger tiles, you minimize the grout lines (and the cleaning that goes with them). 
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Action without Reaction 


New Gravidynamic Paradox 


Yu. N. Ivanov 
Academician of Russian Academy 
of Natural Sciences, 


Saikina, 11/2, app.4, Moscow, Russia 
‘Tek: (098) 277-33-76/276-50-39 
mirit@nared.ra 
hitp://www.mitit org, 


Editorial: Yu.N. Ivanov discovered a new unusual 
physical phenomenon that is a gravidynamic paradox. 
The sense of the paradox is the existence of the situation, 
which is not forbidden by physical laws and which 
allows any man (even a child) easily hold suspended or 
carry things with 100kg or more weight by means of 
some simple device. This phenomenon is just a part of 
the significant applied topic and a demonstration of the 
possibility to cancel weight characteristics of any 
material object. Per se it is a work on the obtaining of 
the methods to eliminate aircrafts weight. 


We can use only resistant things as a support! 


Galilee-Newton's Laws are in the basis of classical 
mechanics. Thought concerned fundamental, these 
laws do not explain the main thing, ie. the intemal 
processual essence of the phenomena, described by 
them. There is another scientific line - the quantum 
mechanics, which tries to discover the essence of deep 
processes. There is no connection between these lines, 
therefore they as if exist independently. There are also 
long-time conversations about necessity to combine the 
quantum and the classical approaches. We suppose, 
that practically the combining has already happened, 
since thanks to rhythmodynamics, there appeared 
phase, frequency and velocity of light in formulae of 
classical mechanics (without these attributes the 
quantum mechanics is impossible). It was revealed, that 
phase-frequency method of late mechanics formulae 
presentation gives a real physical sense both to 
formulae themselves, and to concepts which seemed 
vague before (namely: cause of motion, force, velocity, 
inertiality, gravitation). In this sense, the upcoming 
thythmodynamics fills up the gap between the main 
physical lines and draws them together. But let's 
change the vector, since the subject of the given article 
is to concern cases in which the third Newton law is 
not directly valid. 


Newton formulated the third law in the following way: 


“Action always has equal and opposite interaction, in 
other words, actions of two bodies on each other are 
equal and directed in opposite sides”. 


‘This law represents the fact that one-way action of one 
body to another cannot exist in nature, but there is only 
an interaction between them, ie. there is no action 
without reaction [1] 


‘We must note, that the third Newton law is valid only 
for systems with 100% feedback, appeared in the 
interaction period. For example, during the magnet 
influence on the iron object it is revealed, that this object 
also starts to influence upon the magnet, ie. to attract 
it with the same force. It happens because in the period 
of action of magnetic field the iron object itself becomes 
the source of magnetic field (Fig.1). Here the magnetic 
field, as an especial environmental condition, acts as a 
mediator, ie. exists by itself in the interval between 
object and magnet 


Fig. 


Interaction of magnet and metal body M. Here the action is equal 
‘to reaction, ie, the third Newton law is valid, 


It is considered to be that magnetic field, created by 
electric current, spreads with the velocity of light. If 
current impulse is short, then the magnetic field spreads 
independently from the conductor and no matter if there 
is current in the conductor at present, or not. If the 
distance up to the object is big, then the magnetic field 
remains between source and object for some time, and 
has no influence upon the object. In this sense the 
portion of magnetic field, placed on the path between 
source and body, can be considered as moving 
independent “entity”, ie. the space by means of itself 
carries its changed state (magnetic properties) from one 
place to another. In this period magnetic properties in 
the form of quantum can influence neither on the source, 
from which the magnetic quantum is already detached, 
nor on the object, which the magnetic quantum still 
does not reach. 


But having reached the object, magnetic field changes 
the state of this object. If as the result of influence the 
object becomes a source of magnetic field, then the part 
of the field is reradiated in the direction of source, ie. 

the object itself becomes the source for some time, and 
by this it is able to influence on the first primary source. 

In this situation the principle of action and reaction 
works, because the feedback takes place. 


If the feedback does not appear during the period of 
influence of one body to another, then the action and 
reaction law is not valid in the system. Let's 
demonstrate it by the example of the mechanical 
experiments, in which there is a feedback between 
objects. 
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Thin-set adbesive layer 


- Cementboai 
Cementboard 
edge strip 
Plastic 
= sheeting . 
Plywood core 


ge 7 


A ceramic tile countertop ore of 
polyethylene sheeting, H 
with flberglass mesh ta 


dges of field ti 


exterior grade plywood that's coverec 


inch cementboard is screwed to the plywood, and the edgi 


id thin-set mortar. Tik 


| Options for Backsplashes & Countertop Edges 


SET 


Standard 
tile (cut) 


Backsplashes can be made from cove 
wall at the back of the coun 
type bi 
‘ountertop. Attach th 


Edge options include V 


or builds 


ap edge tile and harcw 


*Fiheralass 
wallboard 


oe 


ith @ moisture barrier of 4-mil 
fe capped with cementboard and fi 
for edging and backsplashes may be bullnose or trimmed from the factory 


V-cap 
edge tile 


plywood core so 
es of the tiles, 
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|) Tips for Laying Out Tile > 


‘You can lay tie over a laminate countertop that's 
square, level and structurally sour. The laminate 
cannot have a no-drip edge. Use a belt sander 

with 60- or 80-grit sandpaper to rough up the 
surface before setting the tes. you're using a 

new substrate and need to remove your existing 
Countertop, make sure the base cabinets are level 
front to back, side to side and with adjoining cabinets, 
If necessary, unscrew a cabinet from the wall and use 
shims on the floor or against the wall o level it 
Instaling battens along the front edge ofthe 
Countertop helps ensure the first row of tie is 
perfectly straight. For V-cap tes, fasten a 1 x2 batten 
along the reference line, using screws. The first row 
of field te is placed against this batten. For bullnase 


1313" tile 12x12" tile 


tiles, fasten a batten that's the same thickness as 
the edging tle, plus 14" for mortar thickness, to the 
face of the countertop so the top is flush with the 
top of the counter. The bulinose tiles are aligned with 
the outside edge of the batten, For wood edge trim, 
fasten a 1 x2 batten to the face of the countertop 50 
the top edge is above the top of the counter. The tes 
2re installed against the batten, 

Before installing any tie, lay out the les Ina dry run, 
using spacers. your counter is L-shaped, start at 
the comer and work outward, Otherwise, start the 
layout ata sink to ensure equal-sized cuts on both 
sides of the sink: If necessary, sift your starting 
point so you don't end up cutting very narrow 

tile segments, 


6x6" tile 


5x5 tile 


‘The bigger the tile, the fewer the grout lines. if you want a standard 25"-deep countertop, the only way to get 
there without cutting tiles Isto use mosaic strips or 1° tle, With 13 x 13" tle you need to trim 1° off the back tile but have 
only one grout line front to back. As the size of the tle decreases, the number of graut lines increases. 
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How to Build a Tile Countertop 


Overhang here 


Overhang here “ 


The finished top should overhang 
4, adhesive and tle when deciding 
cular Saw. Make cutouts for sinks and 


ofthe cementboa 


Determine the size of the plywood substrate by measuring acr 
the drawer fronts by at least ", Be sure to account for the thickr 
ge to make the overhang, Cur the subs s plywood, using a 


10 fa 
ather fistures, 


2 


Corner 
brackot 


ip. Hold the straightedge 


Set the plywood substrate on top of the cabinets, 
al times with 


wws driven through the cabinet comer 
ould not be long enough to go throug 


0 break it along the s 


thet 


ine, Back-cutto finish. 


(continued) 


379 


Dry-fit cementboard pieces on the plywood core with the Lay the 4-mil plastic moisture barrier over the plywood 


‘ough sides of the panels fecing up. Leave @ ls" gap between substrate, draping it over the edges. Tack it in place with afew 
‘the cementhoard sheets arid 8%" gap along the perimeter. staples. Overlap seams in the plastic by 6", and seal them with 
packing tape 


Lay the cementboard pieces rough-side up an the ‘Tape all cementboard joints with fiberglass mesh tepe. 
plywood and attach them with cementboard screws driven Apply three layers of tape along the front edge where the 
every 6". Drill pilot hales using a masonry bit, and make sure all horizontal cementboard sheets meet the cementboard edging 
screw heads are flush with the surface. Wrap the countertop 

ledges with 1/"-wide cementboard strips, and attach them to 

the core with cementboard screws. 
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Fill all gaps and cover all of the tape with 3 ayer of 
thin-set mortar, Feather out the mortar with @ drywall knife to 
create a smooth, flat surface. 


Determine the required width of your edge tiles. Lay 
a field tle onto the tile base so it overriangs the front edge by 
16" oF so. Then, hold a metal rule up to the underside of the te 
and measure the distance from the te to the bottom of the 
subbase, Your edge tiles should be cut to this width (the gap 
for the grout line will cause the edge tile to extend past the 
subbase, concealing it completely) 


Cut your edge tiles to the determined width, using a 
tile saw. t's worth renting a quality wet saw for tie if yau don’t 
‘own ane. Floor tie is thick and dificult to cut with a hand 
‘cutter (especially porcelain ties) 


Cut tiles for the backsplash. The backsplash tiles (3)s" 
wide in our project) should be cut with a factory edge on each 
tile that will be oriented upward when they're installed. You 
can make efficient use of your tles by cutting edge tiles from 
the center area ofthe tiles you cut to make the backsplash. 


(continued) 


Kitchen Remoleliog © 381 


Dry-fit tiles on the countertop to find the layaut that works best, Once the layout is established, make marks slong the vertical 
‘and horizontal rows. Draw reference lines through the marks and use a framing square to make sure the lines are perpendicular. 


Variation: Laying Out with Small Floor Tiles 
and Bullnose Edging > 


Lay out tiles and spacers in a dry run. Adjust Place the first row of field tile against the edge tle, 
starting lines, if necessary. fusing battens, ay the field separating the tile with spacers. Lay out the remaining 
tile flush with the battens, then apply edge tile. Otherwise, rows of tle, Adjust starting lines if necessary to create a 
install the edging first. f the countertop has an inside layout using the least number of cut tes 


‘corner, start there by installing a ready-made inside 
corner or cutting 2 45° miter in edge tile to make your 
‘own inside comer. 
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Use a %" square notched trowel to apply a ayer of Set the first tile into the adhesive. Hold a piece of the 
thinset adhesive to the cementboard. Apply enough for two ‘edge in tle against the countertop edge as @ guide to show 
or three tiles, stating at one end, Hold the trowel at roughly You exactly haw much the tile should overhang the edge, 

a 30-degree angle and try nat to overwork the adhesive or 

remove too much, 


Cut all the back tiles for the layout to fit (you'llneed to Option: To maintain even grout lines, some beginning tiers 


remove about 1" of 2 13 x 13" tle) before you begin the actual__insertx-shaned plastic spacers at the joints. Ths is less likely 
installation, Set the back tiles into the thinset, maintaining the to be useful with large tle lke those shown here, but itis 
gap for groutlines created by the small spacer nubs castinto _effective with smaller tle. Many tiles today feature built-in 
the tiles. If your tes have no spacer nubs, see next step. spacing lugs, 50 the spacers are not necessary f you use 


spacers, remove them before the thinset sets, If you leave 
them in place they will corrupt your grout ines. 


(continued) 
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Variation: To mark border tiles for cutting, allow space for —‘To ereate a support ledge for the edge tiles, prop 
backsplash tiles, grout and mortar by placinga te against the _pieoes of 2x4 underneath the front edge ofthe substrate 
‘back wall. Set another tle (A) on top ofthe last ful tle nthe overhang, using wood scraps to prop the ledge tightly up 
field, then place a third tie (8) over tile A and hold it against the against the substrate, 

upright tile. Mark and cut te and instal it with the cut edge 

toward the wall Finish filing in your fed ties, 


‘Apply a thick layer of thinset to the backside of the edge «Butter each backsplash tile and press it into place, doing 
tile with your trowel. Ths is called “buttering" and it is easier your best to keep all of the grout nes aligned. 

and neater than attempting to trowel adhesive anto the 

‘countertop edge. Press the tiles into position so they are flush 

with the leading edges of the field tes. 
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Mixa batch of grout to complement the tile (keeping Let the grout dry until a light film is created on the 
in mind that darker grout won't look dirty as quickly as lighter countertop surface and then wipe off the excess grout using a 
grout). Apply the grout to the grout line areas with @ grout float, sponge and warm, clean water, 


After the grout has dried run a bead of clear silicone caulk Wait at least one week and then seal the graut lines with 

along the jaint between the backsplash and the wail. Install a penetrating grout sealer. This is important to do, Sealing 

your sink and faucet the tiles themselves is not a good idea unless you are using 
Lnglazed tiles (a poor choice for countertops, however) 
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WH! installing Tile Backsplashes 


here are few spaces in your home with as much 
potential for creativity and visual impact as 

the space between your kitchen countertop and 
cupboards. A well-lesigned backsplash can transform 
the ordinary into the extraordinary 

Tiles for the backsplash can be attached directly 
to wallboard or plaster and do not require backerhoutd. 
When purchasing the tile, order 10 percent extra to cover 
breakage and cutting. Remave switch and receptacle 
ccoverplates and install boy extenders to make up for the 
extra thickness ofthe tile, Protect the countertop from 
scratches by covering it with a drop cloth, 


| Tools & Materials > 


Level Straight 12 

‘Tape measure Wall tile 

Pencil Tile spacers 

Tile cutter (i needed) 

Rod saw Bullnose trim tile 
Notched trowel Mastic tile adhesive 
Rubber grout float Masking tape 
Beating block Grout 

Rubber mallet Caulk 

Sponge Drop cloth 


tiled backsplash normally extends all the way from 
Bucket Grout sealer countertop to the bottoms of the wall cabinets. The tile pattern 
also can be extended to the wall underneath your range hood. 


Tips for Planning Tile Layouts > 


Gather planning brochures and _—Break tiles into fragments and Add painted mural tiles to create 
design catalogs to help you create make a mosaic backsplash. Always _a focal point. Mixing various tile 
decorative patterns and borders for use a sarided grout for joints wider _—_styles adds an appealing contrast, 
the backsplash than Ye. 
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Let there is a device (Fig. 2), which throws off two water 
(air) streams in the opposite directions in such a way, 
that reactive forces completely compensate each other. 
At that the thrown down stream compensates the 
gravity too, In this case the device will fly without 
falling, i.e. it will have zero weight. 


P,,=10kg 
weight of the ball 
is 10kg 
‘ water 

a 
Pn = 0kg 
weight of the node 
is zero 


Fig.2 


“The ball, suspended in the water stream, does not put pressure 
on the source. It happens because there is no feedback 
‘between the ball and the source. If you have such a device, 
then, lifting the ball by means of it, you will nt feel the weight 
ofthe ball. The reason: the ball hangs due to the kinetic energy, 
which the stream passes to it and and this ball can not 
influence on the source through the water stream, 


‘The appearance of the ball with the weight P, does not 
influence on the weight P, of the device. And even in the case 
if we press the ball down, ie. essentially displace its location, 
in the stream, the device will feel nothing. 


‘The absence of device weight is evident for us; therefore 
we can easily move the device if its original (vertical) 
orientation remains unchanged. 


Let's change the situation and place the ball (body with 
the shape, which is steady for hanging) in the upper 
stream. This ball with the weight about 10 kg is placed 
ina way to be kept by this stream at some distance, for 
example at 0.5 m. Will the device react on the changed 
situation, i.e. on the ball appearance? Will the weight 
of the ball, hanging in the stream, be added to zero 
weight of the device (0 + 10 kg)? 


‘The calculation shows that it will not: 3P=0+10= 0 [kg] 
‘There is only an illusion that the ball is supported by 
the stream and that itis a part of the system. As amatter 
of fact, the ball is detached from the system and hangs 
due to the water kinetic energy. It is easy to check it by 
making an experiment in a bathroom: “Remove the 
douche sprayer, then direct the stream up and holding 
it by the one hand with the aim of weighting, try to 
influence on the source by the other hand through the 
stream. You will be surprised to feel that the hand, which 
is supported by the stream or any object, which is 
hanged in the stream, does not influence on the source” 


At first sight the situation seems to be a paradox, 
however it very illustrates the possibility of the force 


action without reaction. So, the action can be one-way, 
i.e. calling no reply reaction in the form of pressure on 
the action source. 


In such an unusual way it is possible to keep the ball of 
bigger weight (100 kg and more), at that to move it 
easily by means of the device and at the same time not 
to feel the presence of additional weight in the stream. 
It is possible only in the case when there is no 
feedback between body and source, i. the body, 
hanged in the stream, has no ability to act on the force 
source. Thus, we can both hold and move the heavy 
ball without additional efforts, and also lift it up to any 
height (for example, 100 m). As a matter of fact, we 
deal with the new gravidynamic paradox. 


It is interesting then, how to solve the task of the 
following type: “Let the body with 100 kg weight is 
hanged in the water (air) stream in such a way, that it 
does not change the velocity and direction of liquid 
outflow from the source nozzle. How much energy the 
operator must spend to lift this body to the height about. 
10 m?" (Here it means that the operator must take the 
device, which supports the ball, and, moving upstairs, 
lift the body, which hangs in the stream, by means of 
this device to the height about 10 m). If to solve this 
problem correctly (the condition is that the operator lifts 
himself together with the device and the ball), we will 
find out, that operator's energy is spent only for lifting 
of the device, which creates water streams. The 
operator, lifting together with the device, will not even 
notice that in the stream there is a body with about 
100 kg weight (this is the sense of the paradox). 


The situation only seems to be absurd, and even 
paradoxical for theorists, but it is not a hopeless one. 


We can also observe the effect of action without reaction 
in ultrasonic field of the source. Ifthe source is fixed on 
scales (Fig.3) and body is hanged, as it was made in 
the stream, the scales will show only the precise weight 
of the source and will not react on the weight of the 
hanged body, no matter how heavy it is. 


Fig. 3 


‘The ball, made of the special absorbent 
material, hanged in the powerful 
ultrasonic field, does not put pressure on 
the scales. It happens because of the 
absence of feedback between the ball, 
which has changed its state, and the 
radiation source. If you have such 
ultrasonic device in your hands, then 
lifting the ball by means of this device 
‘you will not feel the ball weight. 


Ultrasonic generator 


Special absorbent (silencer) 


New Energy Technologis Issue #4 (7) July-August 2002 [19] 


How to Tile a Backsplash 


3 


Make a story stick by marking @ board atleast half as long ‘Starting at the midpoint of the installation area, use 

as the backsplash atea to match the tile spacing. the story stick to make layout marks along the wall. fan end 
plece is too small (less than hatf tle), adjust the midpoint to 
sive you larger, more attractive end pieces. Use a level ta mark 
this point with a vertical reference line. 


While it may appear straight, your countertop may not be level and therefore is nota reliable reference line. Run a level 
along the counter to find the lowest point on the countertop. Mark a paint twa tiles up from the low paint and extend a level line 
across the entire wark area, 


(continued) 
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Variation: Diagonal Layout. Mark vertical and horizontal reference lines, making sure the angle is 90°. To establish diagonal 
layout lines, measure out equal distances from the crosspoint, then connect the points with a line. Additional layout lines 
can be extended from these as needed. To avoid the numerous, unattractive perimeter cuts common to diagonel layouts, 
‘ry using a standard border pattern as shown, Diagonally seta fleld of ful tiles, then cut enough half tiles to fill out the 


perimeter, Finally, border the diagonal field with tles set square to the field 


Apply mastic adhesive evenly to the Starting at the vertical reference line, 


area beneath the horizontal reference _pressttles into the adhesive using a slight 
line, using a notched trowel. Comb ‘twisting motion. the tes are nat self 
the adhesive horizontally with the ‘spacing, use plastic spacers to maintain 
notched edge. even grout lines. if the tles do not hang 


in place, use masking tape to hold then 
in place until the adhesive sets. 
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Install a whole row along the 
reference line, checking occasionally to 
make sure the tles are level, Continue 
installing ties below the first row, 
trimming tiles that butt against the 
countertop as needed. 


Apply adhesive to an area above tie When the tiles are in place, make ‘Mix the grout and apply it with) 


line and continue placing tiles, working sure they are flat and firmly embedded a rubber grout float, Spread it over 

from the center to the sides Install im by laying a beating biock against the the tiles, Keeping the float at alow 

tile, such as bulinose tile, to the edges of tle and rapping it ligntly with @ mallet, 30" angle, pressing the grout deep 

the rows. Remave the spacers. Allow the mastic _—_into the joints, Note: For grout joints 
to dry for atleast 24 hours, or as "e" and smalter, be sure to use a 
directed by the manufacturer rnon-sanded grout. 


Wipe off excess grout, folding the float at a right angle to 
the tile working diagonally so as nat to remove grout from 
the joints, Clean any remaining grout from the ties with a 
‘damp sponge, working in a circular mation, Rinse the sponge 
thoroughly and often. 


faa 


Shape the grout joints by making slow, short passes with 
the sponge, shaving dawn any high spots, rinse the sponge 
frequently Fil any volds with a fingerful of graut, When the 
grout has dried to a haze, buff the tile clean with a soft cloth. 
Apply a bead of caulk between the countertop and tiles. 
Reinstall any electrical fixtures you removed, After the grout 
has completely cured, apply grout sealer 
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WH) installing Kitchen Sinks 


ost drop-in, self-rimming kitchen sinks are 


casily installed. 


Drop-in sinks for do-it-yourself installation are 
© When purchasing a sink you also need to buy 


strainer bodies and baskets, sink clips and a 
drain trap kit 

Look for basin dividers that are lower than the 
sink rim—this reduces splashing 

‘+ Drain holes in the back or to the side leave more 
usable space under the sink. 

‘When choosing a sink, make sure the predrilled 
‘openings wil fit your faucet. 


made from cast iron coated with enamel, stainless 


steel, enameled steel, acrylic, fiberglass or resin 
composites. Because cast-iron sinks are heavy, their 
weight holds them in place and they require no 
mounting hardware, Except for the heavy lifting, they 
are easy to install, Stainless steel and enameled-steel 


sinks Weigh less than cast-iron and most require 
mounting brackets on the underside of the countertop. 
Some acrylic and resin sinks rely on silicone eaulk to 
hold them in place. 

Ifyou are replacing a sink but not the countertop, 
make sure the new sink is the same size or larger. 


All old silicone caulk residue must be removed with Tools & Materials > 

acetone or denatured alcohol, or the new caulk will 

not stick Gaulk gun Plumber's putty 
Spud wrench or silicone caulk 
Screwdriver Mounting clips 
Sink Jigsaw 
Sink frame Pen or pencil 


Drop-in sinks, also known as self-rimming sinks, have a wide sink flange that extends beyond the edges of the sink cutout, 
They also have a wide back flange to which the faucet is mounted airectly 
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How to Install a Self-rimming Sink 


Invert the sink and trace around the 
‘edges as a reference for making the 
sink cutout cutting lines, which should 
bbe parallel to the cutlines, but about 1" 
inside of them to create a 1° ledge. If 
your sink comes with a template for the 
cutout, use it 


Apply a bead of silicone caulk 
around the edges of the sink opening, 
The sink flange most likely is nat fat, so 
‘ry and apply the caulk in the area that 
will make contact with the flange 


Drill a starter hole and cut out the 
sink opening with a jigsaw. Cutright 

Up to the lin. Because the sink flange 
fits over the edges of the cutout, the 
‘opening doesn't need to be perfect, but 
{aS always you should try to doa nice, 
neat job. 


Place the sink in the opening. try 
‘and get the sink centered right away so 
Yyou don’t need to move it around and 
disturb the caulk, which can break the 
‘eal f you are instaling a heavy cast- 
iron sink, i's best to leave the strainers 
off so you can hold the sink atthe 
rain openings. 


‘Attach as much of the plumbing as 


makes sense to install prior to setting 


the sink into the opening. Having access 


to the underside of the flange is @ 
great help when it comes to attaching. 
the faucet body, sprayer and strainer, 
in particular. 


For sinks with mounting clips, 
tighten the clips from below using 2 
screwdriver or wrench (depending on 
the type of clip our sink has}. There 
should be atleast three clips on every 
side, Don't overtignten the clips—this 
can cause the sink flange to flaten or 
become warped. 
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WH! Replacing 


Kitchen Faucets 


M ost new kitchen faucets feature single-handle 
control levers and washerless designs that rarely 
require maintenance. Additional features include 
brushed metallic finishes, detachable spray nozzles, 
or even push-button controls. 

Connect the faucet to hot and cold water 
lines with easy-to-install flexible supply tubes 
made from vinyl or braided steel, If your faucet 
has a separate sprayer, install the sprayer first. 
Pull the sprayer hose through the sink opening 
and attach to the faucet body before installing 
the faucet 


Tools & Materials > 


Adjustable wrench 
Basin wrench or 
channel-type pliers 


Scouring pad 
Scouring cleaner 
Plumber's putty 


Hacksaw Flexible vinyl or 
Faucet braided steel 
Putty knife supply tubes 
Screwdriver Drain components 


Silicone caulk Penetrating oil 


Where local codes allow, use plastic tubes for dain 
hookups. A wide selection of extensions and angle fittings 
lets you easily plumb any sink configuration, Manufacturers 
olfer kits that contain all the fitings needed for attaching a 
foad disposer or dishwasher to the 


‘Modern kitchen faucets tend tobe single-hencle models, often with useful features such as a pull-out head thet functions as @ 
sprayer. This Price Pister™ model comes with an optional mounting plate that conceals sink holes when mounted on a predlled 
sink flange 
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| Choosing a New Kitchen Faucet 


When choosing new kitchen faucet, youl find many 
options. The best place to start the process is with 
your sink. In the past, most faucets were mounted 
directly to the sink deck, which had three or four 
predrilled holes to accommodate the faucets, spout, 
sprayer and perhaps a liquid soap dispenser or an 
air gap for your dishwasher, Modern kitchen faucets 
don't always conform to this set-up, with many of 
them designed to be installed in a single hole in the 
sink deck or in the countertop. If'you plan to keep 
your old sink, look for a faucet that won't leave empty 
holes in the deck. You can buy snap-in plugs to fill 
unfilled stainless steel sink holes, or you ean add a 
soap dispenser, but in general youl have the best luck 
if you replace like for like 

The two most basic kitchen faucet categories are 
one-handle and two-handle, One handled models 
are much more popular now because you can adjust 


the water temperature easily with just one hand. 
Another difference is in the faucet body. Some faucets 
have the taps and the spout mounted onto a faucet 
body so the spacing between the tailpieces is preset 
Others, called widespread faucets, have independent 
taps and spouts that ean be configured however you 
please, as long as the tubes connecting the taps to the 
spout reach. This type is hest if you are installing the 
faucet in the countertop (a common way to go about 
it with new countertops such as solid surface, quartz 
or granite). 

In the past, kitchen faucets almost always had 
remote pull-out sprayers. The sprayer was attached to 
the faucet body with a hose directly below the mixing 
valve, While this type of sprayer is still fairly common, 
many faucets today have an integral pull-out spout 
that is very convenient and less prone to failure than 


Asingle-handle, high arc faucet with traditional remote 
sprayer. The mounting plate is decorative and optional, 


‘Two-handied faucets are less common, but remain 
‘popular choices for traditional kitchens. The gooseneck spout 
also has a certain elegance, but avoid this type if you have a 
shallow sink that's less than 8” deep, 


Single-handle faucets may require four holes, 8s does this, 
‘model with its side sprayer and matching Soapylotion dispenser, 


a 


Asingle-handle faucet with pull-out spray head requires 
only one hale in your sink deck or countertop—a real benefit Ir 
your sink is not predrilied or ifit is an undermount model 
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How to Remove an Old Faucet 


Sprayer hose 


To remove the old faucet, start by clearing out the cabinet 
under the sink and laying down towels. Turn off the hot and 
n the faucet to make sure the water 


to the sink deck. Pull the sprayer hose out through the sink 
deck opening 


Unhook the supply tubes at the stop valves. Don’t 
tld chrome supply tubes, if the 
unworkable, replace them. Then rem 
the mounting nuts on the tallpieces of th 
wrench or channel-type pliers. 
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Spray the mounting nuts that Hold the fa 
handles (on the underside of the sink deck) with 
easier removal, Let the oil soak in for @ few minutes 


Pull the faucet body from the sink. Remove the spraye" 

base if you wish to replace it. Scrape off old putty or caulk v 

a putty knife and clean of the sink with a scouring pad and 

an acidic scouring cleaner lke Tip: Scou 

stainless steel with a back leaving 
tly circular markings 


How to Install a Kitchen Sink Faucet 


Shut off hot and cold water at the faucet stop valves, 
‘Assemble the parts of the deck plate that cover the outer 
mounting holes in your sink deck (unless you are Installing 

a two-handle faucet, or mounting the faucet directly t 
‘countertop, as in an undermaunt sink situation), Add a ring 
Of plumber’s putty in the groove on the underside of the 
base plate. 


3 


Pullout hose 


Retract the pullout hose by crawing it out through the 
fauicet body until the fiting at the end of the hse is flush with 
the bottom of the threaded faucet shank. Insert the shank and 
the supply tubes down through the top of the deck piate. 


Set the base plate onto the sink flange so it|s correctly 
aligned with the predtilie holes in the flange. Fram below, 
tighten the wing nuts that secure the deck plate to the 

sink deck. 


Slip the mounting nut and washer aver the free ends of 
the supply tubes and pullout hose, then thread the nut onto 
the threaded faucet shank. Hand tighten. Tighten the retainer 
screws with @ screwdriver to secure the faucet, 


(continued) 
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Slide the hose weight onto the Connect the end of the pullout tube Hook up the water supply tubes to 


pullout hose (the weight helps keep the _to the outlet port on the faucet body the faucet inlets. Make sure the lines are 
hose from tangling and makes iteasier —_using @ quick connector iting Jong enough to reach the supply risers 
to retract the hase), without stretching or kinking 


Connect the supply lines to the supply risers at the Attach the spray head to the end of the pullout hose and 
stop valves. Make sure to get the hot lines and cold lines tum the fitting to secure the connection. Turn an water supply 

and test. Tia: Remove the aerator in the tip ofthe spray head 
and run hot and cold water to flush out any debris 
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‘The experiment of such type was made in one of the 
secret institutes. Water was used as an acoustic 
environment. The heavy ball easily floated up from the 
vessel bottom i.e. it behaved as if it had no weight. 


The similar phenomena but such of the other 
organizational level, sometimes become apparent in 
nature. The phenomenon has its very name because 
the event happens unexpectedly and is not analyzable 
through laboratory research [3] 


“A spherical ball lightning about the size of a football 
ball flew over a village Galtsovka of Altaisky Krai at a 
height of twenty to thirty meters. The first shed in its 
way, with ferroconcrete poles, was crushed and 
collapsed. Flying over a slated house, the ball lightning 
tore away the roofing slate together with nails, raised 
it into air and pulled it along, scattering its parts all 
over the village. Flying over a tractor station, the ball 
lightning crushed a frame, welded of metal angles and 
covered with tarpaulin. On the approaching of the ball 
lightning to another frame, it was at first dragged along 
the ground, and after the ball lightning had passed it, 
the frame was lifted and carried at a distance of 
300 meters. The weight of the frame was no less than 
100 kg” 


Further the author analyzes the situation from point of 
view of the known physical laws: “The frame of 
hundreds kilograms weight was carried by fields of the 
flying ball lightning. However, for some reason the ball 
lightning kept on flying straight and did not note that 
some metal frame was caught toit. Ifthe ball lightning, 
as it is usually considered, has a density of air and it is 
a weightless formation, then why the frame with the 
weight not less than 100 kg could not change its flight 
trajectory even in some extent?” 


It draws attention that in some cases the ball lightning 
field pushed objects away, and in other cases it 
attracted them. It can be explained only by fact that in 
each case the ball lightning field specifically influenced 
on internal properties of objects, and then objects 
themselves somehow reacted on their new state (they 
changed their motion) . The feedback absence (in other 
way ithappens between magnet and iron object) allows 
the ball lightning not react upon the things, which take 
place in its field. If these objects themselves became 
sources of similar field, i.e. reradiated it, they would 
influence on the ball lightning trajectory. Most likely, 
in the given case, there was realized the situation 
when action caused no reaction. 


Conclusions 


In the context of known physical laws the particular 
problem of direct action without feedback was 
formulated and solved. The solution of this problem 
provides deep understanding of how to control weight 
characteristics of material objects in open systems. As 
it was shown by the example with water (which is only 
an illustration of more fundamental processes) we can 


“deceive” the nature, but only through the deep 
understanding of the processual character of the 
concerned events. 


By the example of ultrasound we show, that in principle 
there can exist such field flows, which are able to 
influence on bodies without the feedback effect. There 
were defined some conditions and criteria of bodies and 
methods of influence, at which the third Newton law is 
not directly valid (it is not published in this article), 


‘The described type of influence can be called as 
pressure. But during consideration of processes at 
atomic or deeper level, i.e. from the position of 
rhythmodynamics, we find out something of another 
kind, that is phase-frequency one. It prompts to us, what, 
Kind of technologies will exist and how our aircrafts 
will look in nearest future. But not everyone is able to 
understand it at once. 


‘Moscow 15.05.2002 
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Comment 


In the gravitation field we have a balanced open system, 
in which appearance of the new body at first sight must 
cause this system reaction such as weight increase. 
However, this is not the case. 


‘The given problem is solved in two independent steps: 


1) examination of interaction between water source and 
water (reactive effect, which is compensated by counter 
flow); 


2) examination of interaction between water, detached 
from the source, and the body (unit time impulse per 
unit area). 


Itis impossible to examine the interaction between the 
source and the body because water has no rigidity. 
‘There are no means to influence on the source through 
the intermediate stream, therefore the principle of action 
and reaction is valid for each step individually, but not 
for both! But in this case the third Newton law must be 
developed as following: “If there is a 100% feedback 
between two bodies, their interactions are equal and 
inversely directed. And ifthere is no feedback, the action 
of one body to another causes no reaction, ie. the action 
is not equal to reaction”. And this is already another 
law! 


[20] New Energy Technologis Issue #4 (7) July-August 2002 


Variation: One-piece Faucet with Sprayer > 


Apply a thick bead of silicone 
caulk to the underside of the faucet 
base, then insert the talpieces of the 
faucet through the appropriate holes 
inthe sink deck. Press down lightly 
on the faucet to set itin the caulk 


Sprayer 
tailpiece 


of silicone caulk to the under 
of the sprayer base. With the base 
threaded onto the sprayer hose, 
insert the tailplece of the sprayer 
through the opening inthe sink deck 


Mounting 
aut 


Slip a friction washer onto each 

talipiece and then hand-tighten a 
junting nut. Tighten the mounting 

rut with channel-type pliers or a 

basin wrench. Wipe up any silicone 

squeeze-out on the sink deck with a 

‘wet rag before it sets up. 


From beneath, slip the friction 
over the sprayer tallpiece 
1d then screw the mounting nut 
‘onta the taliplece. Tighten wit 
channel-type pliers or a basin 
wrench. Wipe any excess putty or 
lk an the sink deck from around 
the ba 


1 


Coupling 
mut 


Connect supply tubes to the 
faucet t make sure the 
tubes you buy are lang enough 
{0 reach the stop Valves and that 
the coupling nuts will ft the tubes 
and talipieces. 


Screw the sprayer hose onto 
the hose nipple on the bottom of 
the faucet. Hand-tighten and then 
give the nut one quarter turn with 
pllers or a basin wrench. Tum on the 
water supply at the shutoff, remove 
the aerator and flush debris fram. 
the faucet. 


Connecting Drains 


feist es fons bch 
very easy and inexpensive to replace. The most 
common models today are made of PVC plastic pipe 
and fittings held together with slip fittings. In addition 
to making the installation fairly forgiving, the slip 
fitting makes the drain easy to disassemble if it gets 
clogged. The project shown here is a bit unusual by 
today’s standards, in that it does not include either a 
dishwasher drain or a garbage disposer, But you will 
see how to add each of these drain systems to your 
kitchen sink in the following two sections, 

You can buy the parts for the kitchen drain 
individually (you can usually get better quality 
materials this way) or in a kit (see photo, next page). 
Because most kitchen sinks have two bowls, the kits 
include parts for plumbing both drains into a shared 
trap, olten with a baffle in the Ffiting where the 


outlet line joins with the tailpiece from the other bowl 
If you are 


ystalling a disposer, consider installing 
individual traps to eliminate the baffle, whieh reduces, 
the flow capacity by half 


| Tools & Materials > 


Flat screwdriver 
Spud wrench 


‘Teflon tape 
Washers 


‘Trap arm Waste-T fitting 
Mineral spirits S-or P-trap, 
Cloth 


Strainer kit 
Plumber's putty 


Kitchen sink drains include a strainer basket (A), tailpiece (P), continuous waste T(C), P- or S-trap (0), outlet drain ines ©), trap. 
arm (F), and wall stubout (G). 
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_ Drain Kits» 


kits for installing a new sink drain include all the pipes, 
slip fittings, and washers you'll need to get from the 

sink tallpieces (most kits are equipped for a double bow! 
kitchen sink) to the trap arm that enters the wall or floor. 
For wall trap arms, you'll need kitwith a P-trap. For 
floor drains, you'll need an S-trap, Both drains normally 
are plumbed to share a trap. Chromed brass or PVC with 
slip fittings let you adjust the drain more easily and pull it 
apart and then reassemble if there isa clog, Kitchen sink 
drains and traps should be 11" ad. pipe—the 1%" pipe 
is for lavatories and doesn’t have enough capacity for 
kitchen sink. 


Wall thickness varies in sink drain Slip joints are farmed by tightening —_Use a spud wrench to tighten 


pipes. The thinner plastic materialis a male-threaded slip nut over @ the strainer body against the 
cheaper and more diffcultto obtain _female-threaded fiting, trapping and underside of the sink bowl. Normally, 
‘goad seal with than the thicker, compressing beveled nylon washer the strainer flange has.a layer of 
‘more expensive tubing, The thin ‘0 seal the joint. plumber's putty between it and the 
product is best reserved for lavatory sink drain, and a pair of washers: 
drains, which are far less demanding. (one rubber, one fiorous) below. 
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How to Hook Up a Kitchen Sink Drain 


If you are replacing the sink strainer body, remove Apply plumber's putty around the perimeter of the drain 
the old one and ciean the tap and bottom of the sink deck ‘opening and seat the strainer assembly into it. Add washers 
around the drain opening with mineral spirits. Attach the drain below as directed and tighten the strainer locknut using @ 
tailpiece to the threaded outiet of the strainer body, inserting _spud wrench (see photo, previous page) or striking the 

a nonbeveled washer between the parts, if your strainer kits ‘Mounting nubs at the top of the body with a flat screwdriver. 


include one. Lubricate the threads or apply Teflon tape so you 
‘can get a good, snug ft. 


‘Attach the trap arm ta the male-threaded drain stuboutin _—ttach a waste-T-fitting to the drain tailpiece, orienting 
the wal, using a sip nut and beveled compression washer. The the opening inthe fitting side soit will accept the outlet drain 
‘outlet forthe trap arm should point downward. Note: The trap line from the other sink bowl. the waste-T is higher than the 


arm must be higher on the wall than any of the horizontal lines top of the trap arm, remove it and trim the drain talpiece, 
inthe set-up, including lines to dishwasher, disposer, or the 
outlet ine to the second sink bowl 
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Joint the short end of the outlet drain pipe to the 
tallplece for the other sink bow/ and then attach the end of the 
long run to the opening in the waste-T. The outlet tube should 
extend into the T " or so—make sure it does not extend far 
enough to block water flow from above, 


| Variation: Drain in Floor > 


If your drain stubout comes up out of the floor 
instead of the wall, you'l need an S-trap to tie into It 
Instead of a P-rap. Attach one half of the S-trap to the 
threaded bottom of the waste-T, 


Attach the long leg of a P-trap to the waste-T and attach 
the shorter leg to the downward-facing opening af the trap 
arm, Adjust as necessary and test al joints to make sure they 
are stil tight, and then test the system. 


Attach the other half of the S-trap to the stubout 
using a slip fitting, This should result in the new fitting 
facing downward, Join the halves of the $-trap witha slip 
‘ut, trimming the unthreaded end if necessary 
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Hooking Up Dishwashers 


dishwasher that’s past its prime may be inefficient 
Jn more ways than one. IF it’s an old model, it 
probably wasn't designed to be very efficient to begin 
with, But more significantly, if it no longer cleans 
effectively, you're probably spending a lot of time 
and hot water pre-rinsing the dishes. This alone can 
consurme more energy and water than a complete 
wash cycle on a newer machine, Even if your old 
dishwasher still runs, replacing it with an efficient 
new model can be a good green upgrade. 
In terms of sizing and utility hookups, dishwashers 
are generally quite standard, If your old machine 
is.a built-in and your countertops and cabinets are 
standard sizes, most full-size dishwashers will fit 
right in. Of course, you should always measure the 


dimensions of the old unit before shopping for a new 
one to avoid an unpleasant surprise at installation 
time. Also, he sure to review the manufacturer's 
instructions before starting any work. 


Tools & Materials > 


Cable connector 
Teflon tape 


Screwdrivers 

Adjustable wrench 
2-ft. level Hose clamps 
" automotive heater hase Wire connectors 
Automotive heater hose 


4'length of 


Carpet serap 


"copper tubing Bowl 


Replacing an old, inefficient dishwasher is a straightforward project that usually takes just a few hours. The energy savings begin 


\with the first load of dishes and continue with every load thereatter 
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| How to Replace a Dishwasher 


Start by shutting off the electrical power to the 
ishwasher circuit atthe service panel, Also, turn off the 
water supply at the shutoff valve, usually located directly 
under the floor, 


Disconnect ald plumbing connections. First unscrew the 
front 20 "el, Once the access panel s removed, disconnect, 
the water supply line from the Lefting on the bottom ofthe unit 
This is usually a brass compression fitting, so just tuming the 
‘compression nut counterclockwise with an adjustable wrench 
should do the trick. Use @ bow! to catch any 
‘outwhen the nutis removed. 


Disconnect old wiring connections. The dishwasher has 
an integral electrical box at the front ofthe unit where the 
power Cable is attached to the dishwasher's fixture wires. Take 
Off the box cover and remave the wire connectors that join the 
wires together. 


Disconnect the discharge hose, which is usually connected 
to the dishwasher port an the side of the garbage disposer. To 

remove it, just loasen the screw an the hase clamp and pull it 

off. You may need to push this hose back through a hole in the 
cabinet wall and into the dishwasher compartment so it won't 
get caught when you pull the dishwasher out 


(continued) 


Detach the unit from surrounding cabinets before you Prepare the new dishwasher. Tip it on its back and attach 
pull it out. Remove the screws that hold the brackets to the the new L-iting into the threaded port on the solenoid. Apply 
underside of the countertop. Then put a plece of cardboard or some Teflon tape or pipe sealant to the fiting threads before 
ld carpet under the front legs to pratect the fioor from getting _tightening it, to prevent possible leaks, 

scratched, and pull the dishwasher out. 


Attach a length of new automotive heater hose, ususlly Prepare for the wiring connections. Like the old dish- 


"4° diameter, to the end of the dishwasher's discharge hose washer, the new one will have an integral electrical box for 
nipple with a hose clamp. The new hose you are adding should making the wiring connections. fo gain access to the box, just 
‘be long enough to reach from the discharge nipple to the port remove the box cover, Then install @ cable connector on the 
Con the side of the kitchen sink garbage disposer, back of the box and bring the power cable fram the service 


panel through this connector, Power should be shutoff at the 
‘main service panel at all times. 
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Install a leveling leg 2t each of the four corners while the 
‘new dishwasher is stil on its back, Tum the legs into the 
threaded holes designed for them. Leave about ¥ of each leg 
projecting from the battom of the uni, (These will have to be 
adjusted later to level the appliance) Tip the epoliance up onto 
the feet and slide it nto the opening. Check for level in bath 
irections, and adjust the feet as required, 


Once the dishwasher is level, attach the brackets to the 
underside of the countertop to keep it from moving, Then pull 
the discharge Nose into the sink cabinet and install it so there's 
a loop that is attached with a bracket to the underside of the 
countertop. (This loop prevents waste water from flowing from 
the disposer back into the dishwasher) 


| Lengthening a Discharge Hose > 


If the discharge hose has to be modified to fit onto 
the disposer port, insert a 4’-lang piece of %" copper 
tubing into the hose and hold it in place with a hose clamp, 
‘This provides a nipple for the rubber adapter that fits onto 
the disposer 


Clamp the rubber disposer adapter to the end 
Of the copper tubing nipple. Then tighten the hose 
clamp securely. 


(continued) 
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Push the adapter over the disposer’ discharge nipple 
and tighten it in place with a hose clamp. Ifyou don’t have 
a disposer, this discharge hose can be clamped directly to 
‘a modified sink tailpiece that's installed below a standard 
sink strainer. 


Complete the electrical connections by tightening the 
cconnectar’s clamp on the cable. Jain the pawer wires ta the 
fixture wires with wire connectors. Attach the ground wire 
(or wires) to the grounding screw on the box, and replace 
the cover. 


406 | THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT. 


Adjust the L-fitting on the cishwasher’s water inlet valve 
Until it points directly toward the Water supply tubing. Then 
lubricate the threads slightly with a drop of dishwashing liquid 
and tighten the tubing’s compression nut onto the fitting. Use 
an adjustable wrench and turn the nut clockwise. 


Install the access panel, usually by hooking iton a couple of 
prongs just below the dishwasher’s door. nstal the screws (ifany) 
that hold itn place, and turn on the water and power supplies. 
Replace the toe-kick panel atthe bottom of the dishwasher 


New Possibilities of Vortex 
Electric Power Devices 


Stanislav A. Lisnyak 


Prospect Stoletiya Viadivostoka, 112-37 
1690069, Vladivostok, Russia 
"Tel/Fax: (7-4282)310-554 
Email: Stasvladcommu@mail.u 


‘The earlier published article [1] was devoted to the 
explanation of the excess energy output at the rotation 
of flow medium in vortex tube (VT). The researches on 
VT demonstrated by the real examples that the excess 
energy output is a real fact, which is determined by 
natural physical processes. These processes take place 
in the fluid at its vortex (rotational) motion in the closed 
volume by means of phase transformations (skips) of 
the fluid state. However, the practice shows that for 
obtaining of patents and benefits for the real vortex 
devices, which are made for heat generation, it is 
necessary to write a little about their real technical 
characteristics, though technical and constructive 
possibilities of vortex devices can be much better. 
‘Temperature of water of these devices could not be 
higher than 120°C, and value of fluid pressure is 
confined within 5...6 kg/cm*. Circulation pumps of 
pressure over 6 kg/cm* are used to increase thermal 
power output of vortex heat generators (VHG). It causes 
the discredit of VHG since at such a method their 
generative possibilities reduces to 100% value and less! 
‘We set a problem to discover the ways and engineering 
solutions for the essential increase of the coefficient of 
VHG energy conversion to not less than 200% value. 


Our experience in development and exploitation of 
deep-sea physical devices has given some engineering 
solutions in this way. Actually, we have the opportunity 
to use the generally applicable circulation pumps, 
which have pressure not more than 4.0 kg/sm*. At the 
same time we can raise the temperature of the heat 
carrier to 300°C and higher! and the pressure can be 
increased to 1000kg/sm*! Such fluid parameters allow 
to use this fluid as a heat carrier in powerful hot-water 
generators of steam engines, turbines etc. By the way, 
this method allows to make the value of temperature 
of water enough to supply its PYROLESIS! The main 
point of the method is the following: all the closed 
system of water-filled VHG works at pressure with the 
value under 1000kg/sm*. It is provided by means of the 
special device, the so-called automatic 
pneumohydraulic block (APHB). This lets to raise the 


temperature of working fluid to 1000°C with no change 
inits aggregative state. The practical functional scheme 
of such a device is shown in Fig. 


Fig. 


41— vortex tube: 2 ~ entry vortex chamber, 3 ~ by-pass: 
4— upstream end: § ~ circulation pump; 6 - heat-exchangers: 
7 APHB; 8 - volume of fiuid leakage compensation: 

9- compressed-air flask; 10 - gas pressure regulator 


The device works in the following way. The whole 
device is filled with working fluid without entrapped 
gas. At the operation of the circulation pump (5), fluid 
through the upstream end (4), placing in the entry vortex: 
chamber (2), swirls, accelerates and gets into the vortex 
tube (1), where its “energy saturation” is realized. Then 
heated fluid gets into the heat-exchangers (6) for 
heating or for other purposes. After passing through 
the heat-exchangers, fluid gets into the 
pneumohydraulic device (7), where there is kept up the 
proper level of fluid pressure in the whole system. To 
prevent the system breakdown at the accidental fluid 
leakage, there is a device (8), which compensates such 
leakages. Compressed-air flask (9), with the volume 
under 1000kg/cm!, and gas pressure regulator (10) keep 
up the selected level of the pressure in the system. The 
use of blocks (7,8,9,10) excludes evaporation in the 
system and prevents the breakdown of the circulation 
pump (5). 


This VHG scheme allows to double the effectiveness of 
YUSMAR devices [2] only at the expense of rise in 
working fluid temperature in 2...3 times. 


Observation of any fluid swirls and film documents of 
windspouts arrive to conclusion that all vortex 
structures are rotation bodies, created by the lines of 
the second order: Y=aX". In other words, as a result of 
the rotation in the swirl, air or fluid mass gets the 
acceleration of the second order. Taking into account 
the aforesaid, it is evident that in order to form the 
classical swirl in the VT, the very VT should be a tubular 
body of rotation. This body is created by the curve (see 
below Fig.2) 


In YUSMAR and similar devices the vortex fluid motion 
take place in straight cylinder and 1/3 of this area is 
used for fluid deceleration that causes vortex flew 
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Fiestas ace snl ales 
modem home, and most of us have come to 
depend on them to macerate our plate leavings 
and crumbs so they can exit the house along with 
waste water from the sink drain. IF your existing 
disposer needs replacing, you'll find that the 
job is relatively simple, especially if you select a 
replacement appliance that is the same model as 
the old one. In that case, you ean probably reuse 
the existing mounting assembly, drain sleeve, and 
drain plumbing 

Most food disposers are classified as “continuous 
feed” because they can only operate when an ON/ 
OFF switch on the wall is being actively held down, 
Let go of the switch, and the disposer stops. Each 
appliance has a power rating between and | HP 
(horsepower). More powerlul models bog down less 
under load and the motors last longer because they 
don't have to work as hard. They are also costlier 


WH! installing Food Disposers 


A disposer is hardwired to a switch mounted in an 
electrical box in the wall above the countertop. If your 
kitchen is not equipped for this, consult a wiring guide 
or hire an electrician. The actual electrical hookup of 
the appliance is quite simple (you only have to join 
two wires) but you can hire an electrician if you are 
not comfortable with the job. 


Tools & Materials > 


Patty knife 
Mineral spirits 
Plumber's putty 
Wire caps 

Hose clamps 
Threaded ¥-fitting 
Electrical tape 


Screwdriver 
Ghannel-type plicrs 
Spud wrench (optional) 
Hammer 

Hacksaw or tubing cutter 
Kitchen drain supplies 
Drain a 


‘A properly functioning food disposer that's used correctly can actually nelp reduce clogs by ensuring that large bits of organic 
‘matter don’t clog the drain system. Many plumbers suggest using separate P-traps far the disposer and the drain outlet tube as 
shown here 
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How to Install a Food Disposer 


Remove the old disposer if you have one. You') need to 
disconnect the drain pipes and traps first. If your old disposer 
has a special wrench for the mounting lugs, use it to loosen 


the lugs. Otherwise, use a screwdriver. If yau do not have ‘Alternate: If you are instaling a disposer in a sink 

a helper, place a solid object directly beneath the disposer that did not previously have one, remove the old 

to support it before you begin removal. portant: Shut off sink strainer and drain tallpiece. Scrape up any old 
electrical power at the main service panel before you begin plumbers putty and clean the sink thoroughly around 
removal. Disconnect the wire leads, cap them, and stuff them the drain opening with mineral spirits 


into the electrical box. 


Clear the drain fines all the way to the branch drain before ——_—Disassemble the mounting assembly anc the! 
you begin the new instalation. Remove the trap and trap the upper and lower mounting rings and the backup ring. Also 
arm first. remove the snap ring from the sink sleeve, 
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Press the flange of the sink sleeve for your new disposer 
into a thin coil of plumber's putty that you have laid around 
the perimeter of the drain opening. The sleeve should be 
‘well-seated in the putty, 


"6 


Insert the upper mounting ring onto the sleeve with the 
slotted ends of the screws facing away from the backup ring 
‘50 yOu can access them, Then, holding all three parts atthe 
top of the sleeve, slide the snap ring onto the sleeve until it 
sshans into the graave. Tighten the three mounting screws an 
the upper mounting ring unti the tips press firmly against the 
‘backup ring (inset photo). tis the tension created by these 
‘screws that keeps the disposer steady and minimizes vibrating, 


cae) 


Fiber gasket 


Slip the fiber gasket and then the backup ring onto the sink 
sleeve, working from inside the sink base cabinet. Make sure 
the backup ring is oriented the same way it was before you 
disassembled the mounting assembly 


‘Make electrical connections before you mount the disposer 
Unit on the mounting assembly, Make sure the power is stil 
turned off at the service panel, Remove the access plate from 
the disposer Attach the white and black feeder wires from the 
electrical box to the white and black wires respectively) inside 
the disposer Twist a small wire cap onto each connection and 
\wrap it with electrical tape for good measure. Also attzch the 
‘green ground wire from the box to the grounding terminal an 
your disposer. 


(continued) 
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Knock out the plug in the disposer port if you will be Hang the disposer from the mounting ring attachied to 


‘connecting your dishwasher to the disposer. you have the sink sleeve. To hang it, simply lift it up an position the unit 
‘no dishwasher, leave the plug in, Insert a large flathead so the three maunting ears are underneath the three mounting. 
screwdriver into the port opening and rap it with a malt screws and then spin the untt so all three ears fit into the 
Retrieve the knock plug fram inside the disposer canister ‘mounting assembly. Wait until after the plumbing hookups 


have been made to lack the unit in place. 


‘Attach the discharge tube tothe disposer according to the Attach a Y-fiting at the drain stubout, The Vfting should 


‘manufacturer's instructions. itis important to get a very good —_be sized toaccepta drain ine from the disposer and another 
seal here, or the disposer will leak. Go ahead and spin the from the sink. Adjust the sink drain plumbing as needed to get 
isposer if it helps you access the discharge port. ffom the sink P-trap to one opening of the ¥. 
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Install a trap arm for the disposer in the open port of 
the Vetting at the wall stubout. Then, attach a P-trap or a 
‘combination of a tube extension and a P-trap so the low 
lend of the trap will align with the bottom of the disposer 
ischarge tube, 


Spin the disposer so the end of the discharge tube is ined 
Up over the open end of the P-trap and confirm that they will 
fit together correctly the discharge tube extends down too 
far, mark a line on itat the top of the P-trap and cut through 
the line with a hacksaw. If the tube is too shor, attach an 
extension with a slip joint. You may need to further shorten the 
discharge tube first to create enough room far the slp jaint on 
the extension. Slide slip nut and beveled compression washer 
onto the discharge tube and attach the tube to the P-trap. 


Connect the dishwasher discharge tube to the inlet port 
located at the top of the disposer unit. This may require a 
«ishwasher hookup kit 


Lock the disposer into position an the mounting ring 
assembly once you have tested to make sure itis functioning 
correctly and without leaks. Lock it by turning ane of the 
‘mounting lugs with a screwariver until it makes contact with 
the locking notch. 
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Installing Undercabinet Lights 


ardwired undercabinet lights illuminate the 

kitchen countertop and sink areas that fallin the 
shadow of ceiling lights. Most of these light fixtures, 
which are often called strip lights, utilize fluorescent, 
halogen, or xenan bulbs that emit very low levels of 
heat and are therefore very efficient. 


Ifyou are doing a kitchen remodel with all-new 
cabinets, run the new light circuit wiring before the 
cabinets are installed. Fora retrafit, you'll need ta 
find an available power source to tie into, Options 
for this do not include the dedicated 20-amp small- 
appliance circuits that are required in kitchens. The 
best bet is to run new circuit wire from a convenient 
ceiling light switch box, but this will mean cutting 
into the walls to run cable. Another option is to 
locate u receptacle that’s on the opposite side of a 
shared wall, preferably next to a location where a 
base cabinet is installed in the kitchen, By cutting an 
access hole in the cabinet back you can tie into the 
receptacle bos and run cable through the wall behind 


the cabinets, up to the upper eabinet location, and 
out the wall to supply the fixture that’s mounted to 
the underside of the upper cabinet 

You can purchase undereabinet lights that are 
controlled by a wall switch, but most products have 
an integral on/off button so you can control lights 
individually 


| Tools & Materials > 


Gireuit tester Wire stripper 


Utility knife Undereabinet 
Wallboard saw lighting kit 
Hammer 14/2 NM cable 


Wire connectors 
Switch box 
Switch 


Screwdriver 
Drill and hole saw 
Jigsaw 


Undercabinet lights provide directed task lighting that bring sinks and countertop work surfaces aut fram the shadows. 
Hardwired lights may be controlled either by a wall switch or an onboard or/off switch located on the fixture. Note: Do not supply 
‘power for lights from a small-appliance circuit 
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How to Install a Hardwired Undercabinet Light 


———— 


\ 


‘Look in an adjoining room for a usable power source in 
the form ofa receptacle that has a box located in the wall 
behind your base cabinets, Unlike the smallappliance circuit 
\with outlets in your backsplash area, these typically are not 
dedicated circuits (which can't be expanded). Make sure 
thatthe receptacles circult has enough cepa to support 
another load, Shut the power to the receptacle off at the main 
service pane! and test for power. 


Cut a hole in the base cabinet back panel, raughly the 
area where you know the usable receptacle to be. Use a 
keyhole saw or drywall saw and make very shallow cuts until 
Yyou have positively identified the locations of the electrical box 
and cables, Then finish the cuts with a jigsaw. 


Drill an access hole through the cabinet frame and wall for 
the cable that will feed the undercabinet light. A Ys" di. hole 
should be about the right size if you are using 12-ga. or 14-ge, 
sheathed NM cable, 


Cut a small access hole (4 x4 or so) nthe back pane! of 
the base cabinet directly below the undercabinet light location. 


(continued) 
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Feed cable into the access hole at the light lacation unt 
the end reaches the access hole below. Don't cut the cable 
yet. Reach into the access hole and feel around for the free 
cable end and then pullit aut through the access hole once 
you've found it. Cut the cable, making sure to leave plenty of 
extra on both ends. 


String the cable into a piece of flexible conduit that’s 
Jong enough to reach between the twa access holes in the 
base cabinets. To make patching the cabinet back easier, drill 
anew access hale for the cable near the square access hole. 
Attach a connector ta each end of the conduit ta protect the 
cable sheathing from the sharp edges of the cut metal. 


Hang the conduit with hanger straps attached to the base 
cabinet frame or back panel, driling holes in the side walls of 
the cabinet where necessary to thread the conduit through, 

(On back panels, use small screws to hang the straps instead of 
brads or nails. Support the conduit near both the entrance and 
the exit holes (the conduit should extend past the back panels 
‘bya couple of inches), 
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Variation: f you are installing more than one undercabinet 
light, run cable dawn from each installation point as you did for 
the frst ight. Mount an electrical junction box to the cabinet 
back near the receptacle praviding the power. Run the power 
cables from each light through flexible conduit and make 
connections inside the junction box. Be sure to attach the 
Junction box cover once the connections are made. 


uli i , 


Remove the receptacle from the box you are tying into Install the undercabinet light. Some models have a 
and insert the new circuit cable into one of the knackouts removable diffuser that allows access to the fixture wires, 
using a cable clamp. Check a wire capacity chart (See page 90) and these should be screwed to the upper cabinet prior 

{to make sure the box is big enough for the new conductors, to making your wiring hookups. Other models need to be 
Replace it with a lager box if necessary, Reinstall the connected to the circuit wires before installation. Check your 
receptacle once the connections are made, ‘manufacturer's installations, 


Connect wires inside the light fixture according to the Cut patches of hardboard anc fit them over the access 
light manufacturer's directions. Make sure the incoming cable holes, overlapping the edges of the cutouts. Adhere themn to 
is stapled just before it enters the light box and that a cable the cabinet backs with panel adhesive. 


clamp is used at the knockout in the box ta protect the cable. 
Restore power and test the light 
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| Green Kitchens > 


Inmany ways, a green kitchen is just like any 
well-designed kitchen, There are windows for natural 
lighting and air circulation, Surfaces are durable, hygienic, 
and low-maintenance. The roan is well lighted, with 
overhead fixtures and plenty of task lighting. And the 
overall plan is designed for maximum work efficiency 
and tailored to the way the homeowners use the 

kitchen on a daily basis. In terms of aesthetics, a green 
kitchen can be just as beautiful, if not more so, than a 
‘conventional kitchen, 

‘So what's cifferent about a green kitchen? For 
starters, t has highly efficient appliances, particularly 
the refrigerator. It contains sustainable and non-toxic 
materials, ike formaldehyde-frea cabinet cases and 
linoleum flooring, t’s also ready to deal with the variety 
of waste products surrounding food preparation, 


including organic garbage, recyclable materials, and 
gray water 

Many green kitchens are further defined by what 
they don't have: trendy upgrades and extras that do litle 
to improve anyone's daily experience in the kitchen. 
Depending on the tyne of caoking you do, you might get a 
lot of use out of special features, ike @ pot filer faucet, an 
‘extra prep sink, warming drawers, or a commmercial-styk 
range, But in reality, mast cooks don’t get full value from 
these pricey additions, which take up space and are often 
over engineered and energy-ineffcient (not to mention the 
environmental impact of producing them. 

‘Whether you're planning a major kitchen remode! 
cr simply replacing an item or two, here are some of the 
‘main elements you should consider for making the space 
‘mote useful, healthful, and resource-efficient. 


Efficiency and common sense are two ofthe halimarks of any green raom, but this s especialy true in the kitchen, Keep 


the appliances as small as you 
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‘and look for natural material 


lke this butcherblack counter 


p made fram maple cutotts. 


disruption. This results in the impossibility to increase 
additional heat in the straight tube in more than 1.54 
times. It is caused by the fact that the main vortex 
formation takes place only in the vortex chamber and 
the flows separation does in the tube itself. Then, this 
vortex formation is right away disrupted by different 
plate brakes! It suggests itself that output part of VT 
should be made in the spiral form, expanding at the 
flow passage. 
* 


Fig.2 
Generatrix of the wall of vortex tube 


Fig. 
Upper part of the tube 


Such section, made on the outlet of the vortex tube, 
helps to slow down the flow avoiding its disruption, 
since axial-cold flow, placed along the tube axis, should 
stay intact. Two of such engineering solutions allow 
raising the level of the additional VHG energy up to 
180...200%. 


YSMAR devices are designed for one tube with the 
assigned heat output. However, if to take into 
consideration and touse the aforesaid conclusions, then 
we can raise energy conversion coefficient (ECC) above 
200% at the series connection of two and more VT. The 
scheme of such a device is shown in Fig. 4. 


Fig. 4 


Where: 1 - the first VT; 2-the second VT; 3— circulation 
pump; 4 ~ heat exchanger 


According to Fig.4, the total energy output of the 
presented device is: 


=k 


Where: Q is the total output of the device; K is energy 
conversion coefficient of one VT; 2 - quantity of serially 
connected VT; P- the assigned power of the circulation 
pump. 


In our earlier article [1], concerning VT application, we 
supposed that there is a straight transformation of 
vortex motion of ionized fluid into electric current. Under 
studying of many articles, devoted to the methods of 
water ionization, we discovered a significant one. It 
demonstrates that at the determined temperature, pure 
water increases its ionization capacity up to 3 orders 
without changing in the aggregative state [3]. The 
diagram in Fig.5 shows such dependence. 


FigS 
Diagram of the dependence of pure water ionization from 
temperature 


The diagram demonstrates that water at 300°C 
temperature increase the quantity of ions in 4000 times 
as compared to 0°C and in 40 times as compared to 20°C. 
If to take into consideration that first experiments on. 
VHG modernization help us to find the ways of fluid 
heating up to the practically any temperature without, 
changing of its phase state, then on using the 
dependences (see Fig.5) it seems possible to create 
vortex fluid electric generators of the forward 
transformation. The aforesaid pneumohydraulic block, 
which is used for VHG functioning, allows to keep up 
water temperature at 300°C and pressure at about 
90kg/cm? without threat of water evaporation! Presence 
of any rotation of fluid medium always causes 
appearance of two vortex flows. These flows always 
move and rotate in opposite directions and if we do 
not put obstacles for their motion then they transform 
into each other and can exist without energy supply 
for an indefinite period of time. 


The presented VT form (see Fig.6) provides the 
producing of two fluid flows in the tube. These flows 
do not influence to each other and there is only their 
reciprocal overflow without disruption of the flows in 
the central part of VT. The tube presents a tubular body 
of rotation, which is created by hyperbola. There is 
positive angular acceleration of fluid in the lower part 
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PORTRAIT OF A GREEN KITCHEN 


‘Windows and skylights for 
Convenient recycling! daylighting and cross-ventilation, 
‘garbage/compost center. 


Water filter 
(as needed for occupants 
‘and local conditions). 
Cabinets made from sustainable, 
‘non-toxic materials.. 


High-efficiency 

dishwasher with 
‘eneray-saver” 
dry setting. 


Efficient cooktop 
and oven or range. 


Vent fan ducted to outdoors 


Effective overhead light fixtures 
for general illumination. 


Durable, environmentally 
‘riendly flooring. 


Countertop materials selected for 
specific performance factors and 
jendly production. 
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Because it's full of hardworking appliances, the kitchen 
Uses more energy than any other room in the house. 
Upgrading your old machines with more efficient models 
is one of the simplest ways to help make your kitchen 
green. Refrigerators are the big consumers, accounting for 
Up to 15% of the average home's total electricity usage 
Fortunately, you don’t have to sacrifice quality ar style to 
save energy. Highly efficient appliances, like many other 
machines, are simply better designed and better built than 
their haggish counterparts, And you can't tella miserly 
‘model by its looks. 

Lots of do-t-yourselfers install their own appliances; see 
pages 402 to 407 for steps on installing a high-efficiency 
dishwasher. A refrigerator is the easiest to install: Just plug 
itn, slide itn place, and jevel it. f yours has an icemaker, 
you'll have to connect a small water line in the back of the 
unit (and check it for leaks in the beginning) 


European sized refrigerators are becoming increasingly 
popular as a way to control energy usage. A typical model 
like the one above has a refrigerator compartment of 7-0 
8 cubic feet in capacity, with a freezer that’s 3 to 4 cu, 
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if you're replacing an existing appliance, find out 
\where you can recycle the old unit, Appliances are a 
‘major source of recyclable steel and other materials, 
and besides, dumping an operable machine in the land 
filljust to make room for a new one isn’t a very green 
‘move. Appliances that still work can find a great home 
through a local charity organization (this means an ald, 
inefficient appliance is stil in circulation, but it postpones 
the production of a new product, and it helps out those 
In need). To scrap an ailing or dead appliance, contact 
your local recycling authority or Earth 911, online at 
wwwwearthot org, 

‘Whatever you do, don't keep your old refrigerator and 
‘move it nto the garage for backup storage. Keeping a 
‘second fridge plugged in will undo all energy-saving 
efforts from your kitchen upgrades many times over 


Scale is important and many kitchen appliance: 
manufacturers have begun marketing to this, Narrow 
dishwashers with smaller compartments offer ample space 
for some users, and they do their job with much less water 
and energy, 


ENERGY STAR & ENERGYGUIDE LABELS 
If you're in the market for anew appliance I's time to start 
paying attention to those yellow'-and-black ENERGYGUIDE 
labels you see pasted tote front of many new products. 

The labels, required by the Federal Tade Commission, help 
consumers quickly compare mode's for their energy efficiency. 
‘The box inthe middle of each abel provides the "energy use” 
ofall models ina glven class, with an arrow showing where 
that particular model fals within the range. The label also gives 
you an estimated annual operating cost forthe appliance, 


Energy Star is the Department of Energy's 
wide-reaching program that awards Energy Star status 
to the most efficient products in a given class. The 
program applies to major appliances, windows, doors, 
HVAC systems, and other household items. In general, 
Energy Star products exceed the federal government's 
energy-efficiency standards and perform within the top 
25% of their category, 


ADDITIONAL RESOURCES FOR CHOOSING & USING KITCHEN APPLIANCES 


‘= _ US. Department of Energy (DOE): www.eere energy. gov 

+ Energy Star wwwenergystargov 

‘= Consumer Reports, for unbiased analysis of appliance 
performance and other shopping considerations, 
online at www.consumerreportsorg 

‘© American Council for an Energy-Efficient Economy: 
wwwaceee.org 


‘= Your local utility provider 

+ Your state's energy authority, some states offer 
rebates on high-efficiency appliances 

‘+ Association of Home Appliance Manufacturers: 
wanwaham org 

‘©The Green Guide: wwwthegreenguide.com 


Kitchen Remo 


ing 


Bathroom 
Remodeling 


athroom fixtures and materials have changed 
dramatically in recent years. Tubs can rival 

healthclub spas, toilets and showerheads are more 

‘water efficient, and sinks run the gamut from stainless 


steel to wood basins. 

Before you jump into a bathroom remodeling 
project, decide what's most important to you. Budget 
determines how luxurious you ean ge 
worthwhile to splurge on that one item that would 
make you feel most pampered. 

Home centers and kitchen and bath showrooms have 
a variety of bathroom setups you can browse through to 
see how the products look and feel. Ifs always a good idea 
to see a product in person before doling out the cash 


, but maybe it's 


In this chapter: 

* Planning & Designing Bathrooms 
* Installing Shower Kits 

* Installing Alcove Bathtubs 

* Installing 3-piece Tub Surrounds 
= Installing Sliding Tub Doors: 

* Tiling Bathroom Walls 

* Installing Toilets 

* Installing Wall-hung Vanities 

* Installing Vessel Sinks 

* Installing Pedestal Sinks 

* Installing Vanity Cabinets 

* Installing Bathroom Sink Faucets & Drains 
«Installing Tub Spouts 

* Installing Vanity Lights 

= Installing Grab Bars 

* Installing Glass Shelving 

* Installing Towel Warmers 


MW! Planning & Designing Bathrooms 


(Deezer draw up your plans and erent a 
J materials list, you'll need to have them reviewed 


by your local building department. Getting approval 


early in the process can save you time and expense 


we 


later. To help ensure success, here are some design 
standards for you to follow: 
The 


ational Kitchen and Bath (NKBA) publishes 


alist of bathroom design standards to help people plan 
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des and permits are necessary to ensure safety in any 
remodel. They're not the most fun to focus on—not like 
choosing just the right floor covering or deciding between 
sranite or marble countertops—but they are important, 


‘= Plan doorways with a clear floor space equal to the 
ddoor's width on the push side and greater than the 
doors width on the pull side. Note: Glear floor spaces 
within the bathroom can overlap. 

‘+ Design tollet enclosures with atleast 36" x 66° of 
space; include a pocket door or a door that swings 
‘out toward the rest of the bathroom. 

‘© Install toletpaper holders approximately 26" above 
the floor, toward the front ofthe toilet bowl 

‘© Place fixtures so faucets are accessible from outside 
the tub or shower, Add antiscald devices ta tub and 
sink faucets (they are required for shower faucets). 

‘+ Avoid steps around showers and tubs, if possible, 

‘+ Fitshowers and tubs with safety rails and grab bars. 

‘+ Install shower doors so they swing open into the 
bathroom, not the shower. 

‘= Use tempered glass or another type of safety glass 
forall gass doors and partitions. 


‘+ Include storage for soap, towels, and other items near 


the shower, located within 15" to 48* above the floor. 


‘These should be accessible to a person in the shower 


or tub, 

‘= Provide ratural ight equal to at least 10% of the floor 
area in the room, 

+ Iluminate all activity centers in the bathroom with 
task and ambient lighting. 

‘© Provide a minimum clearance of 15° from the 
Centerline of sinks to any sidewalls, Double-bow! 


422.4 
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rooms that are safe and accessible to all users 
(see Resources, page 554). 

Your bathroom probably won't conform to 
all of the recommended standards, but they ean 
help guide your overall plan, What your plan 
must include is everything preseribed by the 
local building codes, including plumbing and 
wiring codes. 


sinks should have 30° cl 

centerine to centerline 

Provide access panels for all electrical, plumbing, and 

HVAC systems connections. 

‘+ Include a ventilation fan that exchanges air at a rate 
of 8 air changes per hour 

‘© Choose countertops and other surfaces with edges 
that are smoothed, clipped, or radiused. 


rance between bowls from 


| Building Codes for Bathrooms > 


‘The following are some of the most common building 
‘codes for bathrooms. Contact your local building, 
department fora list ofall cades enforced in your area. 


+ The minimum celing height in bathrooms i 7 f. 
Minimum floor area is determined by clearances 
around fixtures. 

‘+ Sinks must be atleast 4” from side walls and have 
27" of clearance infront, 

+ Sinks must be spaced 4” away from neighboring 
Sinks and tolets, and 2° away from bathtubs. 

‘Toilets must be centered 15” from side walls and 
‘tubs, with 21° clearance in front, 

‘+ New and replacement tollets must be low-flow 
models (1.6 gal/flush). 

‘+ Shower stalls must be atleast 30” x 30°, wth 24” of 
clearance in front of shower openings, 

‘steps must be at least 10° deep and no higher 
than 7¥". 

‘+ Faucets for showers and combination tub/showers 
must be equipped with antiscald devices. 

+ Supply lines that are %* in diameter can supply a 
single fixture, or one sink and one toll. 


*Note: Codes for accessible bathrooms may difer (see page 429). 


‘A.¥¢-lameter supply line must be used to supply 
two oF more fixtures. 

\Waste and drain lines must slope 1" per foot toward 
the main DW stack to ai flaw and prevent blockage 
Each bathroom must be wired with at east one 
20-amp circuit for GFCL-protected receptacles, and 
‘one 15-amp (minimum) circuit for ligt fixtures and 
vent fans without heating elements. 

All receptacles must be GFCI protected. 

‘There must be at least one permanent ight fixture 
controlled by a wall switch. 

‘Wall switches must be atleast 60° away from 
bathtubs and showers. 

Toilet, shower, vanity, or other bathroom 
compartments must have adequate lighting, 

LUght fixtures over bathtubs and showers must be 
\vaporproof with @ UL rating for wet areas 

Vanity light fitures with buit-in electrical receptacles 
are prohibited. 

Whirlpool motors must be powered by dedicated 
GFC-protected circuits 

Bathroom vent ducts must terminate no less than 

‘10 ft horizontally or 3. verticaly above skylights 


Follow minimum, 
clearance and size 
guidelines when planning 
locations of bathroom 
fixtures. Easy access to 
fixtures is fundamental to 
creating a bathroom that 
\s comfortable, safe, and 
easy touse. 
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| Accessible Bathrooms (Universal Design) 


‘The safety and accessibility of nearly all aspects of 
a bathroom can be improved by following universal 
design guidelines, 

For safer floors, add a slip-resistant glaze to ceramic 
tile, and add nonslip adhesive strips or decals to shower 
floors. If you're replacing your loor, look for mosaic tiles, 
vinyl, and cork materials, Matte finishes tend to be less 
slippery than polished surfaces, and they reduce glare, 


Toilets, faucets, sinks, cabinets, tubs, and showers 
can all be adapted or changed for increased usability 
by people who have experienced inflexibility or loss 

of strength. 

“Toilet height can be adjusted with the installation 
of a height adapter that raises a standard toilet seat 
2.10 5°. You ean also consider an adjustable-height 
toilet or a madel with a powerlft seat 


A bathroom designed for accessibility is an increasingly important element found in today’s homes, 
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‘An integral personal hygiene system 
can be installed ta help people with 
physical disabilities maintain independence, 


Power-ifts make toilet use easier for people with limited leg _—_—Roll-out base cabinets provide the option of seating space 
(or joint strength at the countertop, 


(continued) 
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Consider replacing your toilet with a wall-hung 
style that can be installed at any height, providing 
additional clear space for maneuvering a wheelchair 
or walker, To help people with physical disabilities 
maintain independent personal hygiene, install ether 
bidet or a toilet with an integral personal hygiene 
system. Grab bars are a must on walls around the toilet 

Install antiscald guard and volume-control devices 
on faucets and showerheads. Replace double-handle 
faucets with single-lever models, which are easier 
to use. A faucet with motion-sensor operation for 
hands-free use is a plus. 

Change a standard showerhead to an adjustable 
showerhead mounted on a vertical slide-bar to 
accommodate people of all heights, Look for handheld 
models for hest control 

Vanities and cabinets with C-shaped pulls or 
magnetic touch latches are easy to use, Add pull-down 


Side-mounted faucet and drain pulls in combination with 
‘a wall-mounted sink ate easly accessible. 
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hardware to cabinets to bring items within reach for 
seated people or those with limited mobility. 

Install your countertops at varied heights to 
serve both seated and standing users. Also consider 
mounting the faucet controls at the side of the sink, 
rather than the back, for easier access 

If you are replacing your sink, choose a style 
that is shallower at the front and deeper at the 
drain, Or install a wall-mounted sink positioned 
at 30 to 32". Providing a clear space under sinks 
and low sections of countertop allows seated users 
to comfortably reach the vanity, Use fold-away 
doors, remove face frames on hase cabinets, or 
install roll-out base cabinets to gain clear space. 
Always finish the floor under fold-away or roll-out 
cabinets, Then insulate hot-water supply pipes 
or install a protective panel to prevent burns to 
seated users, 


AA tilted mirror allows seated or short users to easily 
see themselves. 


of the tube; maximum speed of rotation of the axial and 
peripheral flows is in the middle part and negative 
angular acceleration, ie. deceleration and transfer of 
kinetic energy into heat energy, is in the upper part of 


VI. 
y counter 
° x 
vr 


ENTRANCE 


Fig 6 


‘The maximum heating of fluid and its polarization is in 
the point Y=0. The polarization potential in the point 
can reach 10.000 V at 5m/sec flow speed for 10 cm 
diameter in the point. The cold flow, which comes along 
VT axis, is opposite to the peripheral hot flow. These 
flows close into one system in lower and upper 
chambers of VT. Thus, the presented VT classically 
modeled “rolling” and “unrolling” of water area. 


‘There are no single vortexes in nature. Two vortexes, 
rotating in opposite directions, always appear while 
fluid mediums rotation! Science is not still able to 
describe energy overflows from one vortex center to the 
center of another one by means of mathematics. 
However we believe that this moment is close. There 
are maximum energy transformations of rotating water 
in the point Y=0. 


‘The potential of the inner flow is equal to the outer flow 
by its value but is opposite by its sign. Potential 
difference is maximum in the point Y=0, in which 
removal of electric charges is the most effective. 


It is appropriate mention here the name of Romanian 
engineer and researcher Henry Koanda, who in 20" of 
the last century discovered the so-called “Koanda 
effect” (attachment of fluid jet to the surface of usual 
kettle at pouring of it out the cups). Basing on this effect, 
he suggested to make new type of aircrafts, which could 
have advanced bearing capacity and maneuverability. 
Unfortunately, money and conservatism of aircraft- 
industrialists did not allow realization of these 
engineering solutions. 


At the same time, Koanda charged his disciple Patrick 
Flanagan with the job to research all water properties. 
‘The result was amazing! It was turned out that water 
actually has infinitely many phase states and when it 
is moving, then it can trap energy from the environment 
by some way. The publications on the point appeared 
in our press in the early eighties, late nineties of the 
last century. Most likely, they had become the basis of 
the invention, made by Potapov, ie. vortex tubes for 
water! 


ELECTRODE 
ielectic 
L—— 
VORTEX TURE. 
‘METAL 


Fig? 
Scheme of vortex electric generator 


Inthe presented scheme of electric generator the entry 
and outlet vortex chambers are made of dielectric 
material in the spiral form. This material certainly 
should withstand not less then 300°C of fluid 
temperature and about 100kg/sm* of pressure 
Fluoroplastic or ceramic can be used as such a material. 


From aforesaid it seems to be possible to submit the 
new scheme of electric generator for readers’ 
consideration (see Fig.8) 


— 


Fig8 
Generalized scheme of vortex electric generator 

1 — vortex tubes; 2 — circulation pump: 3 - heat exchanger; 4 

automatic pneumohydraulic block; § - compressed-air flask 


Actually we could finish the article if it were no 
disputes about excess energy, which is released at 
vortex motion of fluid in tubes. Having used a simple 
experiment, which any inquisitive person can repeat, 
we found the positive solution (see the scheme of the 
experiment in Fig. 9). 

fountain 


vortex pipe 
water-filled 
vessel 


Fig.9 
Demonstration of energy increase of fluid, rotating in vortex tube 
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Install grab bars in and around the shower 
and tub, Adding a shower seat or installing a 
pull-down or permanent seat in the shower allows 


elderly or disabled family members to sit while 
bathing. Install a permanently mounted shower 
seat at 18" high, and be sure the seat is at least 
15" deep 

Water controls and faucets on tubs repositioned 
toward the outside edge at a height of 38 to 48" allows 
the water to be turned on and adjusted before getting 
in to bathe. If you're buying a new bathtub, consider 
one with a side-access door. 


Consider replacing a combination tub and shower 
with a stand-alone shower with a floor that slopes 
gently toward the drain, rather than a curb to contain 
water. When fitted with a pull-down seat and an 
auljustable handheld showerhead, roll-in showers ean 
accommodate people with a wide range of abilities. 

Reverse door hinges so the doors open out. That 
‘way, the door swing won't be blocked if someone falls. 

If needed, widen doorways to 32 to 36" so 
wheelchair and walker users can enter the bathroom 
easily. Or, replace a swing door with a pocket door to 
gain clear space 


Roll-in shower designs, roll-under sinks, grat bars, adjustable slide-bar showers, and open floor space make bathing easier for 
people with disabilities 


(continued) 
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A swing-in door makes bathtubs accessible to practically anyane. The door creates a tight seal when closed and cannot be 


‘opened ifthe tub is full, 
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Install a pocket door in your bathroom 
10 gain more clearance room for whee!- 
chairs and walkers, Packet doors do not 
require door stop molding, allawing for 
some additional clearance. 


| Recommended Clearances > 


A bathroom should be planned with enough approach 
space and clearance room to allow @ wheelchair or walker 
User to enter and turn around easly. The guidelines for 


‘approach spaces (patterned areas) and clearances shown 
here include some ADA guidelines and recommendations 
from universal design specialists. 


18" 
‘trom wal 
to center Seat height 


+ 


40° max. 


ah 


x 4 


Toilet Sink & Vanity 
= Door 36 
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fi | 
‘ | 
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i Tub 
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Hand-held 
showerhead 
gs 


18°-wide 
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Floor Plan 


| Installing Shower Kits 


he fastest and easiest way to create a new shower 
in your bathroom is to frame in the stall area 
\with lumber and wallboard and then install a shower 
enclosure kit. Typically consisting of three fiberglass 
or plastic walls, these enclosure kits snap together at 
the comers and nestle inside the flanges of the shower 
pan to create nearly foolproof mechanical seals. Often, 
the walls are formed with shelves, soup holders, and 
other conveniences, 

Ifyou are on a tight budget, you can find 
extremely inexpensive enclosure kits to keep costs 
down. You can even ereate your awn custom enclosure 
using waterproof headboard panels and snap-together 
connectors. Or, you can invest in a higher grade 
kit made from thicker material that will last much 
longer. Some kits are sold with the receptor (and 
perhaps even the door) included. The kit shown here 
is designed to be attached directly to wall studs, 
but others require a backer wall for support, The 
panels are attached to the backer with high-tack 
panel adhesive. 


‘Tape measure Masking tape 

Pencil Silicone caulk 

Hammer and caulk gun 

Carpenter's square Shower enclosure kit 

Screwdrivers Shower door 

Pipe wrench Showerhead 

Level Faucet 

Strap wrench Plumbing supplies 

Adjustable wrench Panel adhesive 

Pliers Spud wrench 

Drill/driver Lange-head roofing nails 

Cemter punch Jigsaw 

File Duct tape 

Utility knife Miter box {A paneled shower surround is inexpensive andi easy to 
Hacksaw install. Designed for alcove installations, they often are sold 


with matching shower pans (called receptors), 
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| How to Install a Shower Enclosure 


Remove the wallcovering and floor covering in the 
installation area, Dispose of the materials immediately and 
thoroughly clean the area, Note! Mast kits can be installed 
‘ver wallboard, but mare prafessional-looking results can be: 
achieved iit is removed. 


Align a straight 2 x 4 right next tothe sill plate and make 
a mark on the ceiling. Use a level to extend that line directly 
above the sill plate, Attach the cap plate at that point. 


If you are adding a wall to create the alcove, lay ou 
the locations for the studs and plumbing on the new wood 
sill plate. Also lay out the stud locations on the cap plate 
that will be attached to the celling, Refer to the enclosure 
kit instructions for exact locations and dimensions of studs 
Attach the sill plate to the floor with nd pane! 
adhesive, making sure itis square to the back wall and the 
cortect distance from the side wall 


Install the 2 x 4 studs at the outlined locations. Check with 
a level ta make sure each studs plumb, and then attach them 
by driving deck screws toenail style into the sill plate and 

cap plate, 
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Drain location 


>--- = < 
Cut an access hole in the floor for the drain, according —_nstall a drain pipe and branch line and then trim the 
to the installation manual instructions. Drill openings in the drain pipe flush with the floor, If you are nat experienced with 
sill plate of the wet wall (the new wall in this project) for the plumbing, hire a plumber to install the new drain line. 


‘supply pipes, also according to the instructions, 


Faucet body 


ey 


/ 
Gross brace 


Bull valves 


Supply riser 
Install new supply risers as directed in the instruction If the supply plumbing is located in a wall (old or new) 
manual again, have a plumber do this if necessary). Also install that is accessible from the non-shower side, install framing for 


cross braces between the studs in the wet wall for mounting a removable access panel. 
the faucet body and shower arm. 
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‘Attach the drain tailpiece that came with your receptor 
to the underside of the unit, following the manufacturer's 

tuctions precisely. Here, an adjustable spud wrench is, 
being used to tighten the tailpiece 


Option: To stabilize the receptor, especially if the faor is 
Uneven, pour or trowel a layer of thinset mortar into the 
installation area, taking care to keep the mortar out of the 
drain access hole, Do not apply mortar in areas where the 
ceptor has feet thet are intended to make full contact with 
the floor. 


Set the receptor in place, clieck to make sure its level, 
and shim itf necessary, Secure the receptor with large-head 
roofing nails driven into the wall stud so the nailheads pin the 
flange against the stud. Do nat overdrive the nails. 


Lay out the locations for the valve hole or holes jn tie 
end wall panel that willbe installed on the wet well. Check 
Your installation instructions. Some kits come with a template 
‘marked on the packaging carton. Cut the access hole with 
anole saw and drill or with a jigsaw and fine-tooth blade. 

If using a jigsaw, orient the panel so the finish surface is 


(continued) 
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Position the back wall so there isa slight gap (about ¥") 
between the bottom of the panel and the rim of the ae 
set a few small spacers on the rim ifneed be. Tack a pair af 
roofing nails above the top of the back panel to hold iin place 
(of, use duct tape). Position both end walls and test the fs. Make 
clip connections between panels (inset) if your kit uses them, 


14 


Reinstall the end panels, permanently clipping them to the 
back panel according to the kit manufacturer's instructions, 
Make sure the front edges af the end panels are flush with the 
front of the receptor. 
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iF 
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Remove the end walls so you can prepare the instalation 
area for them, if your kit recommends panel adhesive, apply it 
to the wall or studs. In the kit shown here, only a small bead of 
silicone sealant an the receptor flange is required, 


4 | 
Once the panels are positioned correctly and snapped 
Together, fasten them to the wall studs. the panels have 


predrilled nail holes, drive roofing nails through them at each 
stud at the panel tops and every 4" to 6" along vertical surfaces, 


Install wallcovering material above the enclosure panels, Finish the walls and then caulk between the enclosure 
and anywhere else itis needed. Use moisture-resistant panels and the walleaverings with sil 
materials, and maintain a gap of" between the shaulders 

of the top panel flanges and the wallcovering 


19 


== Ie 


— 
Install the faucet handles and escutcheon and caulk ‘Make an access panel and attach it atthe framed opening 
around the escutcheon plate. Install the shower arm Created in step 8. A piece of ‘" plywood framed with mitered 


sscutcheon and showerhead. case molding and painted to match the wall is one idea for 
access panel covers. 
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' How to Install a Hinged Shower Door 
= 


Measure the width of the shower opening. ifthe walls of 
the shower slope inward slightly before meeting the base, take 
Yyour measurement from a higher point at the full width of the 
‘opening so you don't cut the door base too short. Cut the base 
piece to fit using a hacksaw and a miter box. File the cut ends 
if necessary to deburr them. 


z 


v 


Place the base jamb on the curb of the shower base. if 
the joint where the wall meets the curb is sloped, you'll need 
to trim the comers of the base piece to follow the profi, Place 
a jamb carefully onto the base and plumb it with a level. Then, 
mark a driling paint by tapping a centerpunch in the middle of 
each nail hole in each jamb, Remove the jambs, dril pilot holes, 
and then attach the jambs with the provided screws, 
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Identify which side jamb will be the hinge jamb and 
which will be the strike jamb according to the direction 
you want yaur hinged door to swing—an outward swing is 
preferred. Prepare the jambs for installation as directed in 
your instructions. 


Remove the bottom track and prepare the shower 
base curb for installation of the base track, following the 
manufacturer's dlrections. Permanentty install the bottom 
track. Bottom tracks (nat all doors have them) are usually 
attached to the side jambs or held in piace with adhesive. 
Never use fasteners to secure them to curb, 


Apipe with not less than 60cm length and about 
Linch diameter is placed in a reservoir with not less 
than 50 cm depth. The lower part of the pipe is formed 
as an arm circular generator with about 15...17em 
diameter. The gap width is about 2 cm. If we place the 
pipe with closed top end, which then will be open, into 
the reservoir, then water is splashed out above 20 cm 
of the reservoir level. Thus at the least 20% energy 
increase of energy mgH is observed. 


By the way, we suggest orthodoxies of physics and 
other who have doubts to make one more simple 
experiment. Try to boil water in a can. When water 
starts to boil, swirl it with a spoon to the right or to the 
left. Then you will suddenly discover that all water 
surface is calm and only in the center of the can there 
is a water-steam mixture, which is about 20% higher 
than the level of water surface. You will also see that 
water is absolutely calm at walls of the can. This 


experiment can be reproduced anytime and anywhere, 
even in space, since it is a demonstration of vortex 
fluid motion and its actual influence on everything, 
which is around! 


All presented engineering solutions are practically 
reproducible in any laboratory. The authors of the article 
would welcome the opportunity to co-operate with 
science and industry representatives for realization of 
the ideas in real serial production devices. 
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(Editor's notes by Alexander V. Frolov) 


It has been found that at low frequency (1-25 kHz and 
higher) electric power can be transmitted with low 
losses from generator to receiver along single channel 
made of non-metallic conductive media such as water 
in plastic tube carbon thread, layer of damp soil, ITO 
films on glass substrate, laser and electronic beams. 


‘Transmitted power, as well as for traditional three phase 
lines, is limited by natural power of the transmission 
line and line capacity may reach at high voltage and 
pulse and operation modes the value 10°Wtt. 


Introduction 


‘The well-known methods of electric power transmission 
are based on transmission of active energy by means of 
conductivity currents in closed circuit. Electromagnetic 
energy spreads along power transmission lines (PTL) 
as progressing waves of electromagnetic field or field 
of charge [1]. Line wires made of aluminum or copper 
are conductive (guide) channels. Electromagnetic 
energy stream moves along these channels from 
generator to energy receiver and backwards to the 
generator. Maximum transmission possibility of 3-phase 
PTLsis limited by losses on the line resistance, by peak 
voltage (which is determined by electric strength of the 
insulation) and by electromagnetic stability of the line. 


‘The modern approach to provide the electromagnetic 
stability consists in rigid regulation of line parameters 
by means of high-speed shunt reactor and consequence 
capacitive compensation for the purpose to except 
changes of electromagnetic power flows and to 
suppress resonant properties of a line [2] 


In Tesla works [3] and in the researches of Russian 
scientists [4] a method of active power transfer was 
offered. This method supposes to transfer active power 
by means of electromagnetic capacitive current 
assisting with resonant properties of a single-wire line 
(SWL), made of a metal conductor. The purpose of the 
present work is a research of an opportunity to use non- 
metal conducting mediums for transmission of electric 
energy. 
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Working on the floor or another flat surface, aitach the Attach the hinge to the door panel, according to the 


‘door hinge to the hinge jamb, if required. In mast systems, ‘manufacturer's instructions, Attach any cap fitting that keeps 
the hinge is fitted over the hinge jamb after you attach it to water out of the jamb, 
the wall 


Fit the hinge jamb over the side jamb and acjust jt as, Install the magnetic strike plate and any remaining caps 
irected in your instruction manual Once the clearances are of accessories such as towel rods. Also attach the sweep that 
correct, fasten the jambs to hang the door, seals the passage, if provided. 
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M any of our homes are equipped with an alcove 
tub that includes a tub surround and shower 
feature. By combining the tub and the shower in one 
fixture, you conserve precious bathroom floorspace 
and simplify the initial installation, Plus, you only have 
one bathing fixture that needs cleaning 

But because tub/showers are so efficient, they 
do get a lot of use and tend to have fairly limited 
lifespans. The fact that the most inexpensive tubs 0 
the market are designed for alcove use also reduces 
the average tub/shower lifespan. Pressed steel tubs 
have enamel finishes that crack and craze; plastic and 
fiberglass tubs yet grimy and stained; even acrylie and 
composite tubs show wear eventually (and as with 
ther fistures, styles, and colors change too). 

Plumbing an alcove tub is a relatively difficult 
job because getting access to the drain lines attached 
to the tub and into the floor is often very awkward, 
Although an access panel is required by most codes, 
the truth is that many tubs were installed without 
them or with panels that are too small or hard to reach 
to be of much use. If you are contemplating replacing 
your tub, the first step in the decision process should 
be to find the access panel and determine if it is 


WH! installing Alcove Bathtubs 


sufficient. IF tis not (or there is no panel at all), 
consider how you might enlarge it, Often, this means 
cutting a hole in the wall on the adjoining room and 
also in the ceiling below. This creates more work, of 
course, but compared to the damage caused by a leaky 
drain from a subpar installation, making an access 
opening is a small inconvenience. 


' Tools & Materials > 


Channel-type pliers Drain-waste- 
Hacksaw overflow kit 
Carpenter's level 1x3,1x4, 
Pencil 2x4 lumber 
Tape measure anized 

Saw roofing nails 
Screwdriver alvanized 

Drill roof flashing 
Adjustable wrench ‘Thinset mortar 
Trowel Tub & tile caulk 
Shims Propane torch 


Galvanized deck screws 


By replacing a dingy old alcove tub with a fresh new one, you can make the tub and shower area as pleasant to use 
as itis efficient, 
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Tips for Installing Bathtubs > 


ERY 


Choose the correct tub for your plumbing setup. 
Alcove-installed tubs with only one-sided aprons are sold 
as either “left-hand” or “right-hand” models, depending on 
of the predriled drain and overflow holes in 
the tub. To determine which type you need, face into the 
alcove and check whether the tub drain fs on your right or 
your let 


nipple 


Tub ledger 


supply 


Drain 
tailpiece 


Drain T 


Drain 


‘A Drain-waste-overflow kit with stopper mechanism 
rust be purchased separately and attached after the tub 

is set. Avaliable in both brass and plastic types, mast kits 
include an overflow coverpiate,an overflow pipe that 

can be adjusted to cifferent heights, a drain fitting, an 
adjustable drain tailpiece, and a drain coverplate that 
screws into the tallpi 


The supply system fora 
bathtub includes hat and col 
supply pipes, shutoff valves, 
a fauicet and handle(s), and 

spout, Supply connections can 

be made before or after the tub 
is installed 


id 


‘The drain-waste-overflow 
system fora bathtub includes 
the overflow pipe, drain , Prep, 
and branch drain, The overflow 
pipe assembly is attached to the 
Overtlow pipe tub before installation. 


= 


Flashing 


Drain 


refitting 


> Hot wate 


Brat 
‘drain 


P-trap © 


supply 


Wall and floor sections 
removed for clarity 


| How To Remove an Alcove Bathtub 


Cut the old supply tubes, if you have access to them, with 
a reciprocating saw and metal cutting blade or with a hacksaw. 
Be sure to shut off the water supply at the stop valves first. Cut 
the shower pipe just above the faucet body and cut the supply 
‘bes Just above the stop valves. 


Remove the drain plug, working from the tub side. If the tub 
has a pop-up drain with linkage, twist the plug to disengage the 
linkage and remove the plug (inset). Then, insert the handles 
ofa channel-type pliers into the drain opening and past the 
rain crosspiece. Twist the pliers counterclockwise to remove 
the plug, 
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Remove the faucet handles, tub spout, shower head 
and escutcheon, and arm. For the spaut, check the 
underside for a set screw and loosen it if you find ane. 
Then, insert a long screwdriver into the spout and turn the 
spout counterclockwise, 


Remove the overflow coverplate (top photo) and 
then withdraw the pop-up drain linkage through the 


overflow opening (lower photo) 


Disconnect the overflow pipe from the drain assembly and 
remove both parts (your access may not be as unrestricted as 
seen here}. |F you need to cut the pipes, go ahead and do it 
In most cases, itis difficult to maneuver the tub out with the 
DWO assembly sil attached 


7 


If you can, pry out fasteners and then pul the tub away 


from the walls by lo 


n the back rim of th 


ub 


caulk ar even flooring blocking 
needed, raise t nd slide a pair of 14 runners under 
the skirt edge (inset photo) to make it easier to slide out 


Option: Cut stubborn tu 
alcove, This has the adk 


Cut the wall to a line about 6" above the tub rim, 
Alcove tubs are fastened to the wall studs 
ave a flange that exter 
‘need to remove a bit of the wall covering so yau can remove 
the fasteners. 


In half to wrang 
ied ben 
‘get out the daor, dawn the stairs, and into the dumpster 


le them out of the 
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How to Install a New Alcove Tub 


Prepare for the new tub. inspect and remove old or 
deteriorated wall surfaces or framing members In the tub area. 
With today’s mold-resistant wallboard products, it makes extra 
sense to go ahead and strip off the ald alcove wallboard down 
to the studs so you can replace them. This also allows you to 
inspect for hidden damage in the wall and celling cavities. 


Check the height of the crossbraces for the faucet body 
and the showerhead. i your family members needed to stoop 
to.use the old shawer, consider raising the brace for the 
showerhead. Read the instructions for your new faucet/diverter 
and check to see that the brace for the faucet body will conform 
to the requirements (this includes distance from the surround 
\wall as well 2s height). Adjust the brace locations as needed. 
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Check the subfloor for level—i its not level, use pourcon 
floor leveler compound to correct it (ask at your local flooring 
store). Make sure the supply and drain pines and the shutoft 
valves are in good repair and correct any problems you 
encounter. If you have no bath fan in the alcave, now is the 
perfect time to add one. 


Begin by installing the new water supply plumbing. 
Measure to determine the required height of your shower riser 
tube and cut it to length, Solder the bottom ofthe riser to the 
faucet body and the top to the shower elbow. 


— 


| 
| 


‘Attach the faucet body to the crass brace with pioe 


hanger straps. Then, attach supply tubing from the stop valves 


to the faucet body, making sure to attach the hot water to the 
left port and cold to the right port, Also secure the shower 
elbow to its cross brace with a pipe strap. Do nat attach the 
shower arm yet. 


‘Mark locations for ledger boards. To do this, trace the 
height of the tap of the tub’s nailing flange onto the wall studs 
in the alcove. Then remove the tub and measure the height of 
the nailing flange. Measure down this same amount from your 
flange lines and mark new ledger board! location 


Slide the bathtub into the alcove. Wake sure tub is flat on 
the floor and pressed flush against the back wall f your tub 
ddd not come with a tub protector, cut a piece of cardboard to 
line the tub bottom, and tape pieces of cardboard around the 
rim to protect the finish fram shoes and dropped tools, 


Install 1 x 4 ledger boards. Drive two ar three 3"-galvanized 
deck screws through the ledger board at each stud. All three 
walls should receive a ledger. Leave an open space in the wet 
wall o allow clearance for the DWO kit. 


(continued) 
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Install the drain-waste-overflow (D\V0) pipes before you 
install the tub. Make sure to get a good seal on the slip nuts at 
the pipe jaints. Follow the manufacturer's instructions to make 
sure the pop-up drain linkage is connected properly. Make sure 
rubber gaskets are posttioned correctly at the openings on the 
‘outside ofthe tub. 


‘Attach the overflow coverplate, making sure the pop-up 
rain controls are in the correct position. Tighten the mounting 
screws that connect ta the mounting plate to sandwich the 
rubber gasket snugly between the overflow pipe flange and 
the tub wall. Then, finish tightening the drain strainer against 
the waste elbow by inserting the handle ofa pair of pliers into, 
the strainer body and turning, 
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Drain strainer 


ca 


‘Thread the male-threaded drain strainer into the 
female-threaded drain waste elbow. Wrap a coil of plumber's 
putty around the drain outlet undemeath the plug rim first. 
Hand tighten only, 


Place the tub back into the alcove, tating care not to 
‘bump the DWO assembly and disturb the connections, You 
definitely will want a helper for this job. If the drain outlet of 
the DWO assembly is not directly over the drain pipe when the 
tub isin position, you'll need to remove it and adjust the drain 
Tine location, 


Attach the drain outlet from the DWO assembly to the drain 
P-trap. This is the part ofthe job where you will appreciate 

the time you spent creating a roomy access panel for the 

tub plumbing, Test the drain and overflow to make sure they 
don’t leak, Also test the water supply plumbing, temporarily 
attaching the handles, spout, and shower arm so you can 
operate the faucet and the diverter 


Install the wallcoverings and tub surround (see pages 
446 to 449 for @ 3-piece surround instalation), You can also 
‘make a custom sufround from tileboard or cementooard 
and tile, 


Drive a 1%" galvanized roofing nail at each stud location, 
lust over the top of the tub’s nailing flange. The nail head 
should pin the flange to the stud. Be careful here—an errant 
blow or overdriving can cause the enameled finish ta crack 
Of craze. Option: You may choose to drill guide holes and nail 
through the flange instead, 


Install fittings. First, thread the shower arm into the shower 
elbow and attach the spout nipple to the valve assembly. Also 
attach the shower head and escutcheon, the faucet handle” 
diverter with escutcheon, and the tub spout, Use thread 
lubricant on ail parts 
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IAs atin Bane tha ng 
or yellowed from years of use. A shiny new 
tub surround can add sparkle and freshness to your 
dream bath 
‘Tub surrounds come in many different styles, 
materials, and price ranges. Choose the features you 
‘want and measure your existing bathtub surround 
for sizing, Surrounds typically come in three or five 
pieces. A three-panel surround is being installed here, 
but the process is similar for five-panel systems. 
Surface preparation is important for good glue 
adhesion. Plastic tiles and wallpaper must be removed 
and textured plaster must be sanded smooth. Surrounds 
ccan he installed over ceramic tile that is well attached 
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fal Installing 3-piece Tub Surrounds 


and in good condition, but it must be sanded and primed, 
All surfaces must be primed with a water-based primer. 


Tools & Materials > 


Jigsaw Adhesive 

Hole saw Screwdriver 

Drill Adjustable wrench 
Measuring tape Pry bar 

Level Hammer 

Caulking gun 3-piece tub surround 
Primer 


Three-piece tub surrounds are 
‘Inexpensive and come in many colors 

‘and styles. The typical unit has two end 
ppanels and a back panel that overlap in 
the carers to form a watertight seal, They 
are formed fram fiberglass, PVC, acryi, 
Or proprietary resin-based polymers 

Five piece versions are also avallable 

and typically have more features such as 
Integral soap shelves and even cabinets. 


Apipe with not less than 60cm length and about 
Linch diameter is placed in a reservoir with not less 
than 50 cm depth. The lower part of the pipe is formed 
as an arm circular generator with about 15...17em 
diameter. The gap width is about 2 cm. If we place the 
pipe with closed top end, which then will be open, into 
the reservoir, then water is splashed out above 20 cm 
of the reservoir level. Thus at the least 20% energy 
increase of energy mgH is observed. 


By the way, we suggest orthodoxies of physics and 
other who have doubts to make one more simple 
experiment. Try to boil water in a can. When water 
starts to boil, swirl it with a spoon to the right or to the 
left. Then you will suddenly discover that all water 
surface is calm and only in the center of the can there 
is a water-steam mixture, which is about 20% higher 
than the level of water surface. You will also see that 
water is absolutely calm at walls of the can. This 


experiment can be reproduced anytime and anywhere, 
even in space, since it is a demonstration of vortex 
fluid motion and its actual influence on everything, 
which is around! 


All presented engineering solutions are practically 
reproducible in any laboratory. The authors of the article 
would welcome the opportunity to co-operate with 
science and industry representatives for realization of 
the ideas in real serial production devices. 
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(Editor's notes by Alexander V. Frolov) 


It has been found that at low frequency (1-25 kHz and 
higher) electric power can be transmitted with low 
losses from generator to receiver along single channel 
made of non-metallic conductive media such as water 
in plastic tube carbon thread, layer of damp soil, ITO 
films on glass substrate, laser and electronic beams. 


‘Transmitted power, as well as for traditional three phase 
lines, is limited by natural power of the transmission 
line and line capacity may reach at high voltage and 
pulse and operation modes the value 10°Wtt. 


Introduction 


‘The well-known methods of electric power transmission 
are based on transmission of active energy by means of 
conductivity currents in closed circuit. Electromagnetic 
energy spreads along power transmission lines (PTL) 
as progressing waves of electromagnetic field or field 
of charge [1]. Line wires made of aluminum or copper 
are conductive (guide) channels. Electromagnetic 
energy stream moves along these channels from 
generator to energy receiver and backwards to the 
generator. Maximum transmission possibility of 3-phase 
PTLsis limited by losses on the line resistance, by peak 
voltage (which is determined by electric strength of the 
insulation) and by electromagnetic stability of the line. 


‘The modern approach to provide the electromagnetic 
stability consists in rigid regulation of line parameters 
by means of high-speed shunt reactor and consequence 
capacitive compensation for the purpose to except 
changes of electromagnetic power flows and to 
suppress resonant properties of a line [2] 


In Tesla works [3] and in the researches of Russian 
scientists [4] a method of active power transfer was 
offered. This method supposes to transfer active power 
by means of electromagnetic capacitive current 
assisting with resonant properties of a single-wire line 
(SWL), made of a metal conductor. The purpose of the 
present work is a research of an opportunity to use non- 
metal conducting mediums for transmission of electric 
energy. 
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! How to Install a 3-piece Tub Surround 


Remove the old plumbing fixtures and wallcoverings in 
the tub area. In some cases you can attach surround panels to 
ld tileboard or even tile, but tis generally best to remove the 
‘wallcoverings down to the studs if you can, so you may inspect, 
for leaks or damage. 


Test-fit the panels before you start; the tub may have 
settled unevenly or the wells may be out of plumb. Check 
the manufacturer's directions for distinguishing right and left 
‘panels, Place a panel in position on the tub ledge. Use a level 
‘Across the top of the panel to determine if tis level. Create 
a vertical reference line to mark the edge of the panel on the 
plumbing end, 


Replace the wallcoverings with appropriate materials, 
such as water and mald-resistant wallboard or cementboard 
(for ceramic tle installations). Make sure the new wall surfaces 
{are smooth and flat, Some surround kit manufacturers 
recommend that you apply a coat of primer to sheet goods 
such as greenboard ta create a better bonding surface for the 
panel adhesive. 


Ensure a perfect fit by taping the surtound panels 
to the walls in the tub area, Make sure the tops are 
level when the overiap seams are aligned and that 
you have a consistent 1" gap between the panel 
bottoms and the tub flange. Mark the panels for 
‘uitng ifnnecessary and, once the panels have been 
removed, make necessary adjustments tothe walls. 


(continued) 
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‘Some kits are created to fit a range of bathtub 
dimensions. After performing the test fit, check the fting 
instructions to See if you need to trim any of the pieces. Fal 
the manufacturer's instructions for cutting. Here, we had to 
cut the corner panels because the instructions advise not to 
overlap the back or side panel over the comer panels by more 
than 3°. Cut panels using a ligsaw and a fine-tooth biade that 
is appropriate for cutting fiberglass or acrylic tileboard, The cut 
panels should be overlapped by panels with factory edges. 


A 


/ 


7 


Install the plumbing end panel, test-fitting frst. In this 
surround, the end panels are installed first. Apply adhesive 

to the back of the plumbing panel. Circle the plumbing outlet 
holes 1° fram the edge, Do nat apply adhesive closer than 1 
to the double-sided tape (if your kit has tape) or to the bottom 
edge of the panel 
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‘Measure and mark the location of the faucets, 
and shower outlets, Measure in fram the vertical reference 
ine (made in step 3) and up from the top of the tub ledge. 
Re-measure for accuracy, as any cuts to the surround are 

final. Place the panel face-up on a sheet of plywood. Mark the 
location of the roles. Cut the holes %" larger than the pipe 
diameter. if your faucet has a recessed trim plate (escutcheon), 
cout the tole to fit the recess, Using a hole saw or a jigsaw, cut 

plumbing outlets, 


Remove the protective backing from the tape. Carefully 
ft the panel by the edges and place against the corner and 
top of the tub ledge. Press firmly from top to bottom in the 
corner, then throughout the panel. 


Test-fit the opposite end panel and make any necessary Apply adhesive to the back panel following the 


adjustments. Apply the adhesive, remove the protective ‘manufacturer's instructions. Remove protective backing from 
backing from the tape, and put in place. Apply pressure the tape. Lift the panel by the edges and carefully center 

to the comer first from top to bottom, and then apply beeen the two end panels. When positioned, firmly press in 
pressure throughout. place from top to bottom, 
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Apply caulk to the bottom and top edges af the panels Apply silicone caulk to escutcheons or trim plates and 
and at panel joints, Dip your fingertip in water and use it to reinstall them. Allow a minimum of 24 hours for caulk and 
‘smooth the caulk to a uniform bead. adhesive to dry thoroughly before using the shower or tub. 
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WH installing Sliding Tub Doors 


urtains on your bathtub shower are a hassle, I'you ean be installed on ceramic tile walls or through a 
forget to tuck them inside the tub, water flows freely fiberglass tub surround. 

‘onto your bathroom floor. If you forget to stide them 

closed, mildew sets up shop in the folds. And every time 

you brush against them, they stick to your skin. Shower Tools & Materials > 

curtains certainly don't add much elegance or charm to 

dream bath. Neither does a deteriorated door. Clean 


Measuring tape Masonry bit 
up the look of your bathroom, and even give it an extra eee eee for tle wall 
touch of elegance, with a new sliding tub door. Hacker Phillips screwdriver 

‘When shopping fora sliding tub door, you have a Mee bax (Gaalle gin 

choice of framed or frameless, A framed door is edged Level iMadidng pe 
in metal. The metal framing is typically alurninum Drill Silisonesealant 
but is available in many finishes, including those that ‘Centeraunes pore 
resemble gold, brass, or chrome. Glass options are also Basbe ladle TTiab door lit 
plentiful. You can choose between frosted or pebbled ‘viel Masldng tape 


shass, clear, mirrored, tinted, or patterned glass. Doors 


‘Assliding tub door framed in aluminum gives the room sleek, clean look and is just ane ofthe available options. 
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How to Install Sliding Tub Doors 


Remove the existing door and inspect the walls. Use a 
razor blade to cut sealant from tile and metal surfaces. Do not 
use 2 razor blade on fiberglass surfaces. Remove remaining 
sealant by scraping or pulling. Use a silicone sealant remover 
to remove all residue. Remove shower curtain rods, if present. 
(Check the walls and tub ledge for plumb and level 


Using a hacksaw and a miter box, carefully cut the track 
to the proper dimension. Center the track on the bathtub ledge 
\with the taller side out and so the gaps are even at each end. 
Tape into position with masking tape. 


‘Measure the distance between the finished walls 
along the top of the tub ledge. Refer to the manufacturer's 
instructions for figuring the track dimensions. For the product 
seen here, 7" is subtracted from the measurement to 
calculate the track dimensions. 


Place a wall channel against the wall with the jonger 

side out and slide it into place over the track sa they overlap 

Use a level to check the channel for plumb, and then mark 

the locations of the mounting holes on the wall with a marker 

Repeat for the other wall channel. Remove the track 
(continued) 
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Drill mounting holes far the wall channel at the marked 
locations in ceramic tile, nick the surface ofthe tile with a 
center punch, use @ 4" masonry bit to dril the hole, and then 
insert the included wall anchors, For fiberglass surrounds, use 
a" dil bit; wall anchors are not necessary 


| 


A 


Position the track on the tub ledge and against the wall 
‘Attach the wall channels using the pravided screws. Da nat 
use caulk on the wall channels at this time. 
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Apply a bead of silicone sealant along the joint between 
the tub and the wall at the ends of the track. Apply @ minimum 
\%" bead of sealant along the outside leg ofthe track underside. 


Cut and install the header, At a location above the tops 
of the wall channels, measure the distance between the 

walls. Refer to the manufacturer's instructions for calculating 
the header length. For the door seen here, the length is the 
distance between the walls minus Ys". Measure the header 
and carefully cut itto length using a hacksaw and a miter box 
Slide the header down on top of the wall channels until seated. 


‘Mount the rollers in the roller mounting holes To begin, use Carefully lift the inner panel by the sides and place the: 


the second-trom-the-top roller mounting holes, Follow the rollers on the inner roller track. Rol the door toward the 
‘manufacturer's instructions for spacer or washer placement shower end of the tub. The edge of the panel shauld touch 
and orientation. both rubber bumpers. ft doesn’t, remove the door and move 


the rollers to different holes. Drive the screws by hand to 
prevent overtightening 


Lift the outer panel by the sides with the towel bar facing Apply a bead of clear silicone sealant to the inside seam 
out from the tub, Place the outer rollers aver the outer raller of the wall and wall channel at bath ends and to the U-shaped 
track. Slide the door to the end opposite the shower end of the joint ofthe track and wall channels. Smooth the sealant with a 
tub. If the door does not contact both bumpers, remove the fingertip dipped in water. 


oor and move the rollers to different mounting holes. 
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WH! Tiling Bathroom Walls 


ile isan ideal covering for walls in kitchens and 

bathrooms, but there's no reason to limit its use to 
those rooms, It's not as common in North American 
homes, but in Europe tile has been used in rooms 
throughout the house for generations. And why not? 
Beautiful, practical, easy to clean and maintain, tile 
walls are well suited to many spaces. On the preceding 
pages, you've seen some design ideas for tile walls 

When shopping for tile, keep in mind that tiles 
that are at least 6” x 6" are casier to install than small 
tiles, because they require less cutting and cover more 
surface area, Larger tiles also have fewer grout lines 
that must be cleaned and maintained, Check out 
the selection of trim and specialty ti 
accessories that are available to help you customize 
your project. 

Most wall tile is designed to have narrow grout 
lines (less than 4" wide) filled with unsanded grout 
Grout lines wider than )" should be filled with 
sanded floortile grout. Either type will last longer if it 
contains, or is mixed with, a latex additive. To prevent 
staining, it’s a good idea to seal your grout after it fully 
cures, then once a year thereafter 

You can use standard drywall or water-resistant 
drywall (called "greenboard”) as a backer for walls in 
dry areas. In wet areas, install tile over cementhoard. 
Made from cement and fiberglass, cementboard 


and ceramic 


cannot be damaged by water, though moisture ean pass 
through it. To protect the framin 
membrane, such as roofing felt or polyethylene 
sheeting, between the framing members and the 
cementboard. Be sure to tape and finish the seams 
between cementhoard panels before laying the tile 
See page 45 for information on planning and 
laying out ti 


install a waterproof! 


walls. 
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Tile-cutting tools 

Marker 

‘Tape measure 

4-ft. level 

Notched trowel 

Mallet 

Grout float 

Grout sponge 

Sofi cloth 

Small paintbrush 
or foam brush 

Caulk gun 

Straight 1 x 2 


Dry-set tile mortar 
with latex additive 
Ceramic wall tile 
Ceramic trim tile 
(as needed) 
2x4 
Carpet serap 
‘Tile grout with latex 
additive 
‘Tub & tile caulk, 
Alkaline grout sealer 
Cardboard 
Story stick/pole 


Wall tile is very popular and practical in bathrooms, where it can be used on all surfaces or primarily as an accent. Installing 
‘custom-tiled tub and shower surraunds is a popular DIY project. 
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How to Install Wall Tile in a Bathtub Alcove 


Beginning with the back wall, measure up and mark 2 
point ata distance equal to the height of ane ceramic tle (if 
the tub edge is not level, measure up from the lowest spot) 
Draw a level line through this point, along the entire back 
‘all. This line represents a tile grout line and will be used as a 
reference line for making the entire tile layout. 


Use a level to draw a vertical reference line through the 
adjusted midpoint from the tub edge to the celing, Measure up 
from the tub edge along the vertical reference line and mark 
the rough height of the top raw of tiles. 


‘Measure and mark the midpoint on the horizontal reference 
line, Using a stary stick, mark along the reference line where 
the vertical grout joints will be located. f the story stick shows. 
that the corner tiles wil be less than half of a full the wid 
‘move the midpoint hatf the width of a tie in either direction 
and mark (shown in next step) 


Use the story stick to mark the horizontal grout joints along 
the vertical reference line, beginning at the mark for the top 
row of ties Ifthe cut tiles atthe tub edge will be less than half 
the height of@ full til, move the top raw up half the helght of a 
tile. Note: f ting to a ceiling, evenly divide the tiles to be cut at 
the ceiling and tub edge, as for the comer tiles 


(continued) 
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aad 


Use a level to draw an adjusted horizontal reference line 
through the vertical reference line at a grout joint mark close 
to the center of the layout. This splits the tile area into four 
‘workable quadrants. 


stance ser 


vrtest & sat] Shiels BF 


Mix a small batch of thinset mortar containing a latex 
additive. (Some mortar has additive mixed in by the 
manufacturer and some must Nave additive mivec 
Spread adhesive on a small section of the wall, 
Of one quadrant, using a %" notched trowel. 


parately) 
jong both legs 
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Use a level to transfer the adjusted horizontal reference 
line from the back wall to both side walls, then lay out both 
side walls. Adjust the layout as needed so the final column 
Of tiles ends at the outside edge of the tub. Use only 

adjusted horizontal and vertical reference lines for ceramic 
tile installation. 


Use the edge of the trowel to create furrows In the mortar, 
Set the first tle in the corner of the quadrant where the lines 
intersect, using a slight twisting mation. Align the tile exactly 
with both reference lines, When placing cut ties, position the 
cut edges where they willbe least visible 


Methods 


For realization of the experiments a single-wire energy 
system (SWES) was used. Its electric circuit is shown, 
in Fig. 1 a,b. SWES consists of the following parts: high- 
frequency generator (1) of 28V voltage AG and 1 kWtt 
power; transmitting (2) and receiving (3) Tesla 
transformer with conductive channel (4) between them; 
rectifier (5) and electric load (7) as_an incandescent 
lamp or electric motor (220V, 1 kWtt power). High- 
voltage winding of Tesla transformer is made in the form. 
of cylindrical winding on the ferrite core with 50-100mm_ 
in diameter, 4000-6000 turns. The internal end of a high- 
voltage winding is connected to the conducting 
channel, and the external end is not connected at all 
(free end). A low-voltage winding that consists of 40- 
60 turns provides power supply of Tesla transformer. 
At the submission of electric power from the high- 
frequency generator to the winding of power supply 
zero potential appears on the free end of the high- 
voltage winding, and voltage with corresponding tothe 
generator 1-25 kHz frequency is formed on the 
conducting channel. Besides, Tesla transformer as the 
spiral antenna generates electromagnetic waves of 5- 
10 cm length , which corresponds to the turn length of 
a high-voltage winding. Current resonance mode is 
formed in a supply circuit of Tesla transformer. At the 
same time, voltage resonance mode (of frequency equal 
to the generator frequency) is formed both in the 
reception and transmitting circuit of high-voltage 
windings and in the conducting channel (1). 


‘The following materials were used as the conducting 
channels: filled with water or sea water polythene tubes 
with 10 mm diameter and 1,5 m long; plastic tray with 
soil layer of 15010x400mm; film of tin dioxide indium 
oxide (ITO) on 0,3 micrometer thick and 300 Ohm 
resistant glass substrate; graphite thread of 0,1 mm 
diameter, 500 mm long and with 100 Ohm resistance. 
For comparison steel and copper wire of 0,1 mm 
diameter and 5 m long was used also. 


‘The voltage on the conducting channel changed in limits 
1-10 kV, generator frequency changed from 1 up to 
25 kHz. Voltage, current and capacity were measured 
on SWES output and on the load by standard electric 
measurement equipment. 


Results and discussion 


‘The replacement of the metal conductive channel to the 
channel made of non-metallic conductive materials does 
not effect to any reduction of possibilities of transmitting 
SWES or heating of a material of conducting channels. 
‘The consecutive connection of the channels did not 
resulted in reduction of transmitted power. Circuits 
break in the conducting water channel by the creation 
of an air gap led to the occurrence of arc discharge of 
reactive capacitor current. However this discharge did 
not cause increase of water temperature at transmitted 
power 300 Wt and voltage 4,5 KV within 1 hour, that 
confirms the absence of energy losses in the conducting 


channel. The increase of water temperature did not 
result in decrease of transmitted power. Water PH 
reduction from neutral value up to 4 was detected. 


The increase of sea salt concentration in water up to 
the level of 5-7 g/l did not increase transmitted power 
in comparison with tap water. However the replacement 
of tap water to dionized water with 16 MOhm 
resistances resulted in 100 % decrease of transmitted 
power. 


Thus, it is experimentally shown, that conducting 
channels, produced from non-metal materials, have 
quasisuper-conductive properties in SWES at 
resonant mode. Possible explanation of this effect is 
the absence of active conduction current in the channel 
and the dominant role in the process of energy transfer 
belongs to displacement current, for which Joule Lentz 
law is not valid [11]. In the supply circuit of Tesla 
transformer current is practically reactive, and in 
resonance conditions active values of inductive and 
capacitive currents are equal. Vectors of these currents 
are opposite in their phases. Current of the high- 
frequency converter is spent for losses (component less 
than 2%) in supply circuit wires and in the core of Tesla 
transformer and also for creation of reactive current in 
the conducting channel. In the mode of voltage 
resonance we have measured voltage active values of 
high-voltage inductance windings and conducting 
channel, interturn capacitance of windings and the 
capacities of the conducting channel. We have 
discovered that they were equal and their phases 
were opposite to each other. Losses from transmission 
of capacitive current through active resistance of the 
conducting channel are insignificantly small. Corona 
discharged losses and leakage current could be 
decreased by isolation of conducting channel. In this 
case active current and magnetic field of the line are 
equal to zero. Electric field of the line has maximum. 
value. As well as in usual PTLs, maximum transferred 
power is limited by charge power of the line. Angle 
between vectors of voltage is equal to zero in the 
beginning and at the end of a line. Quality factor of 
SWES at frequency 5 kHz is in 100 times above than 
usual PTLs at frequency 50 kHz, In the conditions of 
resonance it leads to the significant increase of voltage 
along the conducting channel and it also leads to 
transmission power. 


In usual PTLs voltage changes along the line are 
insignificant. The angle between vectors of voltage in 
the beginning and in the end of PTL constitutes the 
value, which is proportional to the wavelength of line. 


On the basis of the researches the methods and devices 
are offered for transmission of electrical energy through 
plastic water guide, electro-insulated from ground, 
through irrigational channels and through isolated 
pipelines, which are used for gas, oil, hot and cold water 
transportation. Also the energy can be transferred 
through fiber-optic cable with conducting film on the 
surface, through all-carbon composite cable and 
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Continue installing tiles, working from the center out into the field of the quadrant. Install remaining tiles, including 
Keep the tes aligned withthe reference lines and tlle n one quadrant at atime. ifthe border areas. Wipe away excess mortar 
tiles are not seit spacing, use plastic spacers inserted in the corner joints to maintain _along the top edges of the edge tiles. 
‘even grout lines (inset), The base row against the tub edge shauld be the last row of 

tiles installed. 


= 


Mark and cut tiles to fit around all plumbing accessories ar ~—_Install any ceramic accessories by applying thinset mortar 

plumbing fixtures. to the back side, then pressing the accessory into place. Use 
‘masking tape to support the weight until the martar dries 
(inset), Fil the tub with water, then seal expansion joints 
around the bathtub, floor, and comers with silicone caulk 
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WW] installing Toilets 


Venger at neosiger be 
toilet with a high-efficiency, high-quality new toilet in 
just a single afternoon, All toilets made since 1996 have 
been required to use 1.6 gallons or less per flush, which 
has been a huge challenge for the industry: Today, the 
most evolved I.6-gallon toilets have wide passages behind 
the bowl and wide (3") fish valve openings—features 
that facilitate short, powerlul flushes. This means fewer 
second flushes and fewer clogged toilets, These problems 
‘were commen complaints of the first generation of 
1.6-gallon toilets and continue to beleaguer inferior 
models today: See what toilets are available at your local 
home center in your price range, then go online and see 
‘what other consumers’ experiences with thase models 
have been, New toilets often go through a “de-bugaing” 
stage when problems with leaks and malfunctioning parts 
are more common. Your erteria should include ease of 
installation, good flush performance, and reliability. With 
alittle research, you should be able to purchase and 
install a high-functioning economical gravity-flush toilet 
that will serve you well for years to come. 
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Adjustable wrench 
Bucket and sponge 
Channel-type pliers 
Hacksaw 
Penetrating oil 

Pliers 

Putty knife 

Rubber gloves 
Screwdriver 

Supply tube 

Teflon tape 

Teller seat bolts 
Toilet seat 

‘Towels 

Utility knife 

Wax ring with flange 


Replacing a toilet is simple, and 
the latest generation of 1.6-gallon 
water-saving toilets has overcame the 
performance problems of earlier models. 


) How to Install a Toilet 


Clean and inspect the old closet flange. Look for breaks 
(or Wear. Also inspect the fiooring around the flange. either 
the flange or floor is worn or damaged, repair the damage. 
Use a tag and mineral spirits to completely remove residue 
from the old wax ring, Place a rag into a plastic bag and use it 
to block toxic sewer gas in the drain opening. 


If you will be replacing your toilet flange or if 
yyour existing flange can be unscrewed and moved, 
‘orient the new flange so the slots are parallel to the 
‘wall. This allows you to insert bolts under the siatted 
‘areas, which are much stronger than the areas at the 
ends of the curved grooves. 


Insert new tank bolts (don't reuse old ones) into the 


‘openings in the closet flange. Make sure the heads of the bolts 
are oriented to catch the maximum amount of flange material 


Remove the wax ring and apply it ta the underside of the 


|, around the horn. Remove the protective covering. Do not 


touch the wax ring. Itis very sticky. Remave the plastic bag, 


(continued) 


Basthroom Rewevdeling © 459 


460 8 


Spud nut e 


Lower the bowl onto the flange, taking care riot to disturb Attach the tollet tank, Some tanks come with a flush valve 
the wax ring, The holes in the bow! base should align perfectly _and.a fill valve preinstalled. For models that do not have this, 
\with the tank bolts. ddd a Washer and tighten a nut on e: insert the flush valve through the tank apening and tighten 
bolt. Hand tighten each nut and then use chennel-type pliers to a Spud nut over the threaded end of the valve, Place a foam 
further tighten the nuts. Altemate back and forth between nuts spud washer on top of the spud rut; 

Until the bowl is secure, Do not overtignte 


Intermediate nut goes, 
‘between tank and bow! 


lt 


Adjust the fill valve as directed by the manufacturer to set —_With the tank lying on its back, thread a rubber washer 


the correct tank water level height and instal the valve inside onto each tank bolt and insert it into the bolt holes from inside 
the tank. Hand tighten the nylon lock nut that secures the the tank. Then, thread a brass Washer and hex nut onto the 
valve to the tank (inset photo) and then tighten itfurther with _ tank bolts from below and tighten them to a quarter turn past 
cchannel-type pliers. hand tight. Do not overtighten, 
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Position the tank on the bowl, spud washer an opening, You may stabilize the bolts with a large slotted screwelriver 


bolts through bolt Holes. Put a rubber washer, followed by a from inside the tank, but tighten the nuts, not the bolts. You 
brass washer and wing nut, on each bolt and tighten these may press down a little on a side, the front, or the rear of 
upeveniy. the tank to level it as you tighten the nuts by hand. Do not 


vertighten and crack the tank. The tank should be level and 
stable when you're done, 


11 


Hook up the water supply by connecting the supply tube to Attach the toilet seat by threading the plastic or brass bolts 
the threaded fll valve with the coupling nut provided. Turn on _ provided with the seat through the openings on the back of 
the water and test for leaks. Do not overtighten. the rim and attaching the nuts. 
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WW! installing Wall-hung Vanities 


hink of a wall-mounted sink or vanity cabinet the presentation; athers look like standard vanities 
and you're likely to conjure up images of public without legs. Install wall-hung sinks and vanities by 
restrooms where these conveniences are installed to attaching them securely to studs or wood blocking, 


improve access for floor cleaning, However, wall-hung 

sinks and vanities made for home use are very - 

different from the commercial installations. Tools & Materials > 
Often boasting high design, beautiful modem . 

sand sinks come in a variety of styles and 


Studfinder Level 
nd glass. Some sex 


including wood, me Vanity 


attach with decorative wall brackets that are part of 


Today's wall-hung sinks are stysh and attractive. Tey must be mounted into studs or added blocking to keep them secure 
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How to Install a Wall-hung Vanity Base 


Remove the existing sink or fixture and inspect the wall 
framing. Also determine if plumbing supply and waste lines will 
need to be maved to accommodate the dimensions of the new 
fixture. Locate the studs in the sink location with a stud finder 


Mark the locations of the mounting holes on the wall using 
a template or by supporting the sink or vanity against the wall 
\with a temporary brace (made here from scrap 2 x 4s) and 
marking through the mounting holes. 


Hold the sink or cabinet in the installation area and 
check to see ifthe studs align with the sink or sink bracket 
‘mounting holes. if they do, skip to step 3, f the studs do not 
align, remove the wallboard behind the mounting area. Install 
26 blocking between studs at the locations of the mounting, 
screws, Replace and repair wallboard 


Drill pilot holes at the marks Have a helper hold the vanity 
in place while you drive the mounting screws. Haok up 
the plumbing 


Installing Vessel Sinks 


he vessel sink harkens back to the days of 

wwashstands and washbowls. Whether it's round 
square, or oval, shallow or deep, the vessel sink offers 
great opportunity for creativity and proudly displays 
its style. Vessel sinks are a perfect choice for a powder 
room, where they will have high visibility 

Most vessel sinks can be installed on any flat 
surface—from a granite countertop to a wall-mounted 
vanity to an antique dresser. Some sinks are designed 
to contact the mounting surface only at the drain 
flange. Others are made to be partially embedded in 
the surface. Take care to follow the manufacturer's 
instructions for cutting holes for sinks and faucets. 

A beautiful vessel sink demands an equally 
attractive faucet. Select a tall spout mounted on the 
countertop oF vanity top or a wall-mounted spout to 
accommodate the height of the vessel. To minimize 


Vessel sinks are available in countiess styles and m 
installed on a fat surface. 
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als, shapes, and sizes, Their of 


splashing, spouts should direetly flow to the center of 
the vessel, not down the side. Make sure your faucet is 
compatible with your vessel choice. Look for a centerset 
or single-handle model if you'll be custom drilling the 


countertop—you only need to drill one faucet hole 


" Tools & Materials > 


Jigsaw Vanity oF countertop 
Trowel Vessel sink 

Pliers Pop-up drain 
Wrench P-trap and drain kit 
Caulk gun and caulk Faucet 

Sponge Phillips screwdriver 
Drill 


ynmonality is that they all need to be 


| vessel Sink Options 


This glass vessel sink embedded in a “iloating” glass The natural stone vessel sink blends elegantly nto the 
countertop is a stunning contrast to the strong and attractive _—_stone countertop and is enhanced by the sleek faucet and 
frame anchoring it to the wall round mirror. 


The stone vessel sink is complemented by the wall-hung Vitreous china with a glazed enamel finish is an economical 

faucet. The rich wood vanity on which it's perched adds and durable choice for a vessel sink (althaugh itis less durable 

warmth to the roam, cause of the adaptability of bath the mater 
and the glaze, the design options are virtually unlimited with 
vitreous china, 
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' How to Install a Vessel Sink 


‘Secure the vanity cabinet or other countertop that you'll be 
using to mount the Vessel sink (see pages 464 to 465), 


‘Mounting 
stud 


Begin hooking up the faucet. insert the brass mounting 
stud into the threaded hole n the faucet base with the slatted 
end facing out Hand tighten, and then use a screweiriver to 
tighten another half tur. insert the inlet hoses into the faucet 
body and hand tighten. Use an adjustable wrench to tighten 
another half turn. Do not avertighten, 


Place the O-ring on top of the riser-ring aver the faucet 
{cutout in the countertop. From underneath, slide the rubber 
‘gasket and the metal plate over the mounting stud Thread the 
mounting stud nut onto the mounting stud and hand tighten, 


Use an adjustable wrench to tighten another half turn. 
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To install the sink and pop-up drain, frst place the 
small metal ring between twa O-rings and place over the 
drain cutout 


through electro-insulated part of a ground and water 
surface, including highway parts. There are also 
methods and devices, designed for the following 
transmissions. These methods can be applied for 
transfer of power to stationary and mobile units. There 
are also generated requirements to electrical safety and 
to restriction of use of drinking and hot water from 
pipelines, which are under electrical voltage. These 
requirements and restrictions are generally the 
grounding of pipeline parts, which are located on certain 
distance from the generator. This distance is equal to 
the whole number of half-waves and for it SWES voltage 
is equal to zero, In the case of a side pipeline it is 
necessary to ground the parts of the pipeline that are 
placed on the distance of odd number of quarter- 
wavelength from the main pipeline. For SkHz frequency 
the quarter-wavelength is equal to 15000 m. 


N. Tesla grounded one end of high-voltage windings of 
his transformer on the receiving and on the transmitting 
end of SWES. Tesla considered this condition as the 
necessary one for the transfer of power along the Earth. 
‘The results of our researchers demonstrate that it is not 
necessary to use metal self-closed conductor (and 
current lines in the Earth) for transmission of electric 
energy on low frequency (1-25 kHz). 


For this frequency energy could be transferred from the 
generator to the receiver if we have single-wire guide 
system created as non-metal conducting channel. By 
the similar way electromagnetic energy is transferred 
by laser beam or microwave-beam. But in our case we 
can obtain high degree of efficiency that is caused by 
slight losses on energy absorption and energy 
emanation. Thus one of the ends of high-voltage 
winding at the energy generator will have zero potential 
and remain free. The symmetric end of a high-voltage 
winding on the reception end should be connected to 
some natural capacity 6 (Fig. a), which can represent 
the case of a balloon or frame of a tractor. In our 
experiments we used metallic safe-box as such natural 
capacity. 


Editor's note: In 1887, October 11, the famous Russian 
scientist Pavel Yablotchkov got the France Patent 
#120684, which described the method to increase 
efficiency of electrical circuit by means of “atmosphere 
electricity”. It was confirmed in many experiments that 
output power can be twice more than power provided 
for the circuit from primary electric generator. For that 
itis necessary to use a single-plate capacitor. The special 
feature by Yablotchkov, that provides maximum 
efficiency, is the high degree of air ionization. For this 
Yablotchkov proposed to use the special capacitor, which 
consists of a big number of metallic needles. By its view 
this construction reminds of a hedgehog. Thus we can 
assumed; that above described natural capacity (balloon 
or frame of a tractor) serves as a collector of free electrons. 
By Yablotchkov the efficiency of such systems can be 
increased by means of maximization of ionization 
process. It will not lead to the increase of losses if the 
second end of the high-voltage winding is not grounded. 


In the other method of energy transfer, a condenser- 
diode block 8 was connected to the conducting channel 
on the receiver end. This block is one of the known. 
circuit of voltage doubling, Fig.1 (b). On the condenser 
Selectric energy is transferred through electronic switch 
9 to load 7. In this case the entire length of conducting 
channel 4 and Tesla transformer winding 2 at generator 
must be equal to odd number of quarter wave-lengths. 


‘Non-metal conducting channel (for instance, fiber-optic 
or coal-plastic cable) can be used for transfer of electric 
energy not only along but also as perpendicular to the 
Earth (for example, to relay aerostat or sounding 
balloon). 


SWES conducting channel can be also created by 
ionization of air ions with laser beam [13]. Neodymium 
laser with double frequency and with energy 1 Joule in 
impulse is able to create 10°*cm *ion concentration in 
air. This concentration is sufficient for streamer initiation 
and for transfer of electric energy through the 
conducting channel. Ionization potential, time of ion 
existence and of excited molecule state, coefficient of 
multiquantum absorption, all these determine the 
limiting length of conducting channel in atmosphere 
that is equal to 300 km and its wave resistance at 200- 
400 Ohm. Voltage which is necessary for SWES comes 
to the quantity 0,5 MV ~ 15 MV, that depends on the 
length of a channel, 


We suggest to use relativistic electron bunches of high 
energy as the conducting channel out ofthe atmosphere. 
As distinct from laser bunches they do not have 
divergency. In this connection the Moon or artificial 
conducting body, where the energy receiver is placed, 
can be used as natural capacity 6. Whereas energy 
generator can be installed on the Earth or onits satellite. 
‘Transmission range of electric energy is determined by 
the length of the generated conducting channel. The 
entire length of the conducting channel in the beginning 
and in the end must be equal to the whole number of 
half-waves. Here the length of high-voltage windings 
of two Tesla transformers must be taken in 
considerations. Electric energy, transmitting through 
the conducting channel, can exceed the energy of 
electron and laser beams generators in 10-100 thousand 
times. These generators play the role of a directing 
system (of usual SWEG wires), along which the transfer 
of electric energy proceeds. 


It was offered to use colliding and crossing electron and 
laser beams with conducting transitional bodies as 
conducting channels for transfer of energy from the 
Space to the Earth and back. On the heights up to 
30 km compositional coaly and fiber-optic cables can 
be used. To create the global energy system of the Earth 
it was also suggested to apply single-wire energy 
system and conducting layers of the Earth ionosphere 
as the conducting spherical channel [14]. 


‘Thus for electricenergy transfer at the frequency 
1.25 kHz and higher in the resonance mode a single- 
wire channel from the following non-metal conducting 
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Place the vessel bow on top of the O-rings. In this 
installation, the vessel ls not bonded ta the countertop, 


pS CETTE 


From underneath, push the large rubber gasket onto the 
threaded portion of the pop-up assembly. Thread the nut onto 
the pop-up assembly and tighten. Use an adjustable wrench 
cr basin wrench to tighten an addtional half turn, Thread the 
taliplece onto the pop-up assembly. 


Put the small rubber gasket over the drain hole n the 
vessel. From the top, push the pop-up assembly through 
the drain hole 


Tailpiece 


Drain arm 


Install the drum trap. Laosen the rings on the top and 
outlet of the drum trap Slide the drum trap top hole over the 
tailpiece. Slide the drain arm into the side outlet, with the flat 
side of the rubber gasket facing away from the trap. Insert the 
drain arm into the wall outlet. Hand tighten the rings. 
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WH! installing Pedestal Sinks 


edestal sinks move in and out of popularity more fre- benefit is that they conceal plumbing some 
quently than other sink types, but even during times homeowners would prefer not to see 
they aren't particularly trendy, they retain fairly stable Pedestal sinks are mounted in two ways. Most 
demand, Youll find them most frequently in half baths, of the more inexpensive ones youll find at home 
where their small footprint makes them an efficient stores are hung in the manner of wall-hung sinks. The 
choice. Designers are also discavering the appeal of pedestal is actually installed after the sink is hung and 
tandem pedestal sinks of late, where the smaller profiles its purpose is only decorative. But other pedestal sinks 
allow for his-and-hers sinks that don't dominate visually. (typically on the higl end of the design scale) have 
The primary drawback to pedestal sinks is that structurally important pedestals that bear most or all 
they don’t offer any storage. Their chief practical of the weight of the sink. 


Pedestal sinks 
contained look to 


lable ina variety of sty fect fit for small haf baths, They keep plumbing hidden, lending 4 nest, 
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How to Install a Pedestal Sink 


Install 2 « 4 blocking between the wall studs, behind the Set the basin and pedestal in position and brave it with 
planned sink location, Cover the wall with water-resistant drywall, 24s. Outline the top of the basin on the wall, and mark the 
Waste and supply lines may need to be moved, depending _base of the pedestal on the floor Mark reference points on the 
(on the sink 


Set aside the basin and pedestal. 
pilot holes in the wall and floor at 
the reference points, then reposition 
the pedestal, Anchar the pedestal ta 
the floor with lag screws. 


wall and floor through the mounting holes found an the back 
of the sink and the bottom of the pedestal 


Attach the faucet, then set the sink Hook up the drain and supply fittings 
‘on the pedestal. Align the holesin the Caulk between the back of the sink and 
back of the sink with the pilot holes the wall when installation is finished, 


dhilec in the wall, then drive lag screws 
‘and washers into the wall brace using 
a ratchet wrench. Do not avertighten 
the screws. 
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WH! installing 
Vanity Cabinets 


[fesse countertops nelle tay a 
integral (one-piece) sink-countertop units, 
made from cultured marble or other solid materials, 
like solid surfacing. Integral sink-countertops are 
convenient, and many are inexpensive, but style and 
color options are limited, 

Some remodelers and designers still prefer the 
distinctive look of a custom-built countertop with 


a self-rimming sink basin, which gives you a much 

greater selection of styles and colors. Installing a 

self-rimming sink is very simple. 

| Tools & Materials > 
Pencil Cardboard \ Na 
Sesser Masking tape \\ \ 
Carpenter's level Plumber's putty \\ | 
Serewilciver Lagscrews SS 


Tub and tile eaulk 
Plumber's putty 


Channel-type pliers 


es : Integral sink-countertops are made in standard sizes to ft 
jatchet wreneh 


common vanity widths. Because the sink and countertop are 
cast from the same material, integral sink-countertops do not 
leak, and do not require extensive caulking and sealing, 


Basin wrench, 


| How to Install a Vanity Cabinet 


Drain 
tailpl 


Set the sink-countertop 
sawhorses. Attach the faucet and slip 
the drain lever through the faucet body, 
Place a ring of plumber’s putty around 
the drain flange, then insert the flange in 
the drain opening 


Thread the locknut and sealing gasket 
‘onto the drain tailpiece, then insert the 
taliplece into the drain opening and screw 
itonto the drain flange Tighten the lacknut 
‘securely Attach the taipiece extension, 
Insert the pop-up stopper linkage. 
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Apply a layer of tub and tile caulk 
(or adhesive if specified by the 
countertop manufacturer) to the top 
‘edges of the cabinet vanity, and ta any 
corner braces. 


Center the sink-countertop unit aver the vanity so the Cabinets with corner braces: Secure the countertop to 


‘overhang is equal on both sides and the backsplash of the the cabinet by driving a mounting screw thraugh each corner 
Countertop is flush with the wall. Press the countertop evenly brace and up into the countertop, Note: Cultured marble 
into the caulk. and other hard countertops require predriling and a plastic 


screw sleeve, 


1 
Vale Supply tub 


; Be 
f 
man 


Drain 
stub-out 


Ce 
: 


— 


‘Attach the drain arm to the drain stub-out in the wall, using _Seal the gap between the backsplash and the wall using tub 
asslip nut. Attach ane end of the P-trap to the drain arm, and and tle caulk 

the other to the tailpiece of the sink drain, using slip nuts. 

Connect supply tubes to the faucet talpieces. 


Bustroom Rewevdeling ® 471 


WH) installing Bathroom Sink Faucets & Drains 


(7) ne-pieve faucets, with either one or two x 
J handles, are the most popular fixtures for Tools & Materials > 


bathroom installations 


‘Wifkléspread? fences with separite spout Hacksaw or tin snips "Teflon tape 

and handles are being installed with increasing, Channel-type pliers Bauees kit 
frequency, however. Because the handles are Pliers Pipe joint compound 
connected to the spout with flex tubes that can Basin wrench Flexible supply tubes 
be 18" or longer, widespread faucets can be arranged Aelustable viznchi ———Heae pepoliatease: 
iar : - 3 Screwdriver Loctite (adhesive) 


Plumber's putty 


Bathroom sink faucets co’ 


‘two basic styles: the widespread with independent handles and spout (top) and the single-body, 
deck-mounted version (otto 
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Bathroom Faucet & Drain Hookups 


Spout 


i 


Aerator 


Tailpiece 


‘ye coupling 


‘nuts 


Widespread lavatory faucets have valves that are independent from the spout i 
they can be configured however you choose, provided that your flex t 
are long enough to span the distance, 


‘Single-body lavatory faucets have 
be connectors both valves and the spout permanently 

affived to the faucet body. They do not 
offer flexibility in configurations, but 
they are very simple to instal 


The pop-up stopper fits into the drain opening so the 
stopper will close tightly against the drain flange when the 
pop-up handle Is lifted up, 


The linkage that connects the pop-up stopper to the pop-up 
handle fits into @ male-threaded port in the drain talipiece, 
Occasionally the linkage will require adjustment or replacement. 
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How to Install a Widespread Faucet 


Insert the shank of the faucet spout through one of the 
holes in the sink deck (usually the center hole but you can 
offset itin one of the end holes if you prefer). If the faucet is 
not equipped with seals or O-rings for the spout and handles, 
pack plumber's putty on the undersides before inserting the 
Valves into the deck. Note: iF you are installing the widespread 
faucet in @ new sink deck, dril three holes of the size 
suggested by the fauicet manufacturer. 


Mount the valves to the deck using whichever method the 
manufacturer specifies (it varies quite a bi). In the model seen 
here, a maunting ring is positioned aver the deck hole (with 
plumbers putty seal) and the valve is inserted trom below. 
‘clip snaps onto the valve from above to hold iin place 
temporarily (you'll want a nelper for this) 
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‘Rotainer/ 


‘spacer 


‘Mounting nut 


Sink deck soon in 
‘cutaway for clarity 


In addition to mounting nuts, many spout valves for 
widespread faucets have an open-retainer fitting that goes 
between the underside of the deck and the mounting nut. 
(Others have only a mounting nut. in ether case, tighten the 
‘mounting nut with pliers or a basin wrench to secure the spout 
valve. You may need @ helper to keep the spout centered and 
facing forward, 


From below, thread the mounting nuts that secure the valves 
to the sink deck, Make sure the cold water valve (usually has 
a blue cartridge inside} isn the right-side hole (from the front) 
and the hot water valve (fed cartridge) is in the left hale (fram. 
the front). Install both valves. 


‘Once you've started the nut on the threaded valve shank, 
secure the valve with a basin wrench, squeezing the lugs 
\where the valve fits against the deck. Use an adjustable 
wrench to finish tightening the lock nut onto the valve. The 
valves should be oriented so the water outlets are aimed at 
the inlet on the spout shank. 


Attach flexible braided-metal supply risers to the water 
stop valves and then attach the tubes to the inlet port on each 
valve (usually with Teflon tape and a twist-on fiting at the valve 
end of the supply risen. 


Attach the flexible supply tubes (supplied with the faucet) 
to the water outlets on the valves, Some twist onto the outlets, 
but others (lke the ones above) click into place. The supply 
hoses meet in a Fitting that is attached to the water inlet on 
the spout, 


Attach the spout. The model shown here comes with a 
special hex wrench that is threaded through the hole In the 
spout where the lift rod for the pop-up drain will be located. 
Once the spout is seated cleanly on the spaut shank, tighten 
the hex wrench to secure the spout. Different faucets will use 
bother methods to secure the spout to the shank 


(continued) 
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If your sink did not have a pop-up stopper, you'll need Attach the clevis strap to the pivot rod thet enters the 
to replace the sink drain tallpiece with a pop-up stopper body pop-up drain bady, and adjust the position of the strap so 
(often supplied with the faucet). See page 473. Insert the lit itraises and lowers properly when the lift rad fs pulled 
rod through the hole in the back of the spout and, from below, up, Tighten the clevis screw at this point. t’s hard to fit a 
thread the pivot rod through the housing forthe clevis screw, screwdriver in here so you may need to use a wrench or pliers 


Attach the faucet handles to the valves using wi 


‘yer Turn on the water supply and test the faucet. Remove 
method is required by the faucet manufacturer. Most faucets the faucet aerator so any debris in the lines can clear 

are designed with registration methods to ensure that the the spout 

handles are symmetrical and oriented in an ergonomic way 

‘once you secure them to the valves. 
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mediums can be used: water, damp soil, coal-plastic, 
oxide film, ionized air channels, that are created by laser 
beams in the atmosphere, ionosphere conducting layers, 
and also beams of relativistic electrons out of the 
atmosphere. These non-metal conducting channels in 
the resonance mode have negligibly small resistance 
losses especially if to be compared with metal 
conductors, which are used in the known non-resonance 
methods of energy transfer by means of active 
conduction currents in the closed circuit. Electric energy 
in the resonance mode can be transferred with small 
losses from the generator to the receiver along the 
single-wire channel, made of non-metal conducting 
materials. The transfer can be realized at the frequency 
1-25 kHz and higher, to any distance and to any direction 
relatively to the Earth. The transmission capacity is 
limited by charge power of a line as well as in the usual 
PTL. At high voltage the transmission capacity can 
reach the quantity from 10 Wt to 10° Wit in the pulse 
and streaming modes. 


ie 


a) 


HH 


yA 


») 


Fig. 
Bloctric circuit of single-wire energetic system 
‘with non-metal conducting channel 
1) SWES with symmetric array of Tesla generators 


b) SWES with diode-capacitor block in the end 
of conducting channel 
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| Variation: How to Install a Single-body Faucet > 


Coupling 


Flexible sink 
supply riser 


Insert the faucet tallpieces through the holes in the 
sink. From below, thread weshers and mounting nuts over 
the talpieces then tighten the mounting nuts with a basin 
wrench untl snug. Put a dab of pipe joint compound on 
the threads ofthe stop valves and thread the metal nuts 
ofthe flexible supply risers to these. Wrench tighten about 
a hal-turn past hand tight, Overtightening these nuts will 
strip the threads. Now tighten the coupling nuts to the 
faucet talpieces witha basin wrench, 


Grease the fluted valve stems with hestproof grease, 
then put the handles in place. Put a drap of Loctite on 
each handle screw before tightening it on. (This will keep 
your hanidles from coming loose) Cover each handle 
screw with the appropriate index cap—Hot or Cold. 


Most faucets come with a plastic or 
foam gasket to seal the battam of the 
faucet to the sink deck. These gaskets will 
not always form a watertight seal. If you. 
‘want to ensure no water gets below the 
sink, discard the seal and press a ring of 
plumber’s putty into the sealant groove 
built into the underside of the faucet body. 


Pivot rod 


Slide the lift rod of the new faucet into its hole 
behind the spout, Thread it into the clevis past the clevis 
screw, Push the pivot rod all the way down so the stopper 
's open. With the lift rod also all the way down, tighten the 
levis ta the lft rod 


Unscrew the aerator fom the end ofthe spout. Tun 

the ot and cold wate taps on ul Tun the water back on 
atthe stop Valves an fush out the fact fora erupt 

minutes before ring of the vate at re faucet. Check 

the riser connection for cin. Tighten a compression nut 
aly unis arp stops 


Bathroom Remodeling 


How to Install a Pop-up Drain 


Put a basin under the trap to catch water. Loasen the Unscrew the cap holding the ball-and-pivot rod in the 
ruts at the outlet and inlet to the trap bend by hand or with pop-up body and withdraw the ball. Compress the spring clip, 
‘channel-type pliers and remove the bend. The trap will side off |—_on the clevis and withdraw the pivot rod from the clevis. 

the pop-up body tallplece when the nuts are loose. Keep track 

(of washers and nuts and their up/dawn ontentation by leaving 

them an the tubes, 


Remove the pop-up stopper. Then, from below, remove Clean the drain opening above and below, and then thread 
the lock nut on the stopper body, f needed, keep the flange the locknut all the way down the new pop-up body, followed 
from turning by inserting a large screwdriver in the drain from _by the flat washer and the rubber gasket (beveled side up), 

the top. Thrust the stopper body up through the hole to free \Wrap three layers of Teflon tape clockwise onto the top of the 
the flange from the basin, and then remove the flange and the _ threaded body. Make a %-dla. snake from plumber's putty, form 
stopper body, itinto a ring, and stick the ring undemeath the drain flange. 


478, 1 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT. 


Plumber's putty 


From below, face the pivot rad opening directly back toward 
the middle of the faucet and pull the body straight down to 
seat the flange. Thread the locknut/washer assembly up under 
the sink, then fully tighten the locknut with channel-type pliers. 
‘Do rot twist the fiange in the process, as this can break the 
putty seal. Clean off the excess plumber's putty from around 
the flange, 


Put the cap behind the ball on the vot od as shown, 
Sandwich a hole inthe clevis with the spring clip and thread 
the long end ofthe pivot rod through the clip and clevis. Put 
the ball end of the pivot rod into the pop-up body opening and 
into the hole in the the stopper ster. Screw the cap onto the 
‘pop-up body over the ball 


Drop the pop-up stopper into the drain hole so the hole 
at the bottom ofits post is closest to the back of the sink, Put 
the beveled nylon washer into the opening in the back of the 
pop-up body with the bevel facing back 


Loosen the clevis screw tiolding the clevis tothe lift rod 
Push the pivat rod al the way dawn (which fully opens the 
pop-up stopper). With the lift rod also all the way down, tighten 
the clevis screw ta the rod. Ifthe clevis runs into the top of the 
trap, cut it short with your hacksaw or tin snips. Reassernble 
the bend trap. 


Bastroon Rewevleling ® 479 


480 


Installing Tub Spouts 


J» many situations, replacing a bathtub spout can 
be almost as easy as hooking up a garden hose to.an 

‘outdoor spigot. There are some situations where itis a 

bit more difficult, but still prety simple. The only time 

it's a real problem is when the spout is attached to a plain 

copper supply nipple, rather than a threaded nipple. You'll 
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know this is the case if the spout has a setserew on the 
underside where it meets the wall. Many bathtub spouts 
are sold in kits with a matching showerhead and handle 
or handles. But for 
spouts are sold separately. You just need to make sure the 
new spout is compatible with the existing nipple 


simple one-for-one replacement 


‘Tub spouts can be relatively complicated 
plumbing fittings, often performing three 
Cr four important functions, The spout 
ise is simple enough, since its only 
function is to deliver bathwater to the tub, 
But the diverter network and pop-up drain, 
contain multiple maving parts that require 
precise adjustment and occasional repait 
Of replacement (see photo, next pagel. 
The diverter is basically a stop valve that's 
ctivated by a lever or knob to block flow 
cf water from the spout, forcing it up to 
a showerhead or out through a handheld 
showerhead, as seen here, 


| Jr 
i | = 


Diverter lever 


Gate diverter 


=a 
in many bathtub/shower plumbing systems, has the important job of housing the gate inside the spc 
that is operated by a lever witha knob for pulling, An open gate allows water to come out of the spout when the faucet is turned 
an, When the divert i, the water is redirected up a riser pipe and to the ad, Faure ofthe diverter Is one o 


Tools & Materials > | Installation Tip > 


Pliers Teflon tape Ifyou are instaling a brand new tub/shower faucet, 
Adjustable plier: Utility knife It likely contains an antiscald device. Most of these 
Channel-type pliers devices work by sensing a decrease in cold water 

Ra flow and compensating by stemming the hot wa 
Masking tape flow too. As you install the new plumbing, be aware 
Screwdrivers that faucets with antiscald protection will not function 
Allen wrenches at all f both water supply tubes are not tumed on at 


Replacement spout the stop valve. In other words: you can't test the hat 
Measuring tape and cold supply independently 


| How to Install a Slip-fit Spout 


‘Slip fitting: Check underneath the tub spout to look for an 
‘access slot oF cutout, which indicates the spout is @ slip-fit 

style that is held in place with a setscrew and mounted on 

‘a copper supply nipple, Loosen the screw with a hex (Allen) 
Wrench, Pull off the spout 


With the spout upside down for ease of access, tighten the 
ssetscrews on the clamp, working through the access slot or 
‘cutout, until you feel resistance, 
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Clean the copper nipple with steel wool. If you find any 
sharp edges where the nipple was cut, smooth them out with 
emery paper. Then, insert the O-ring that comes with the spout, 
onta the nipple (see the manufacturer's instructions) and slide 
the spout body over the nipple in an upside-down pasition. 


Spin the spout so it’s right-side up and then tighten the 
setscrew from below, making sure the wall end of the spout is 
flush against the wall. Da not overtighten the setscrew. 


| How to Install a Threaded Spout 


If you see no setscrew or slot on the underside of the 
spout, itis attached to a threaded nipple, Unscrew the tub 
Spout by inserting 2 heavy-duty flat screwdriver Into the spout 


‘opening and spinning it counterclockwise. 


Wrap several courses of Teflon tape clockwise onto ‘Twist the new spout onto the nipple unt ts lush 

the pipe threads ofthe nipple. Using extra Tefion tape on the against the wall and the spout is oriented properly te spout 
thteads creates resistance ifthe spout tip points past six falls short of six o'clock, you may protect the finish of the 
‘o'clock when tight. spout with tape and twist it litle beyond hand tight with your 


channel-type pliers—but don't overdo i; the fiting can crack. 
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WH) installing Vanity Lights 


PAP ata eso ipo 
above the vanity, but a light source in this 
position casts shadows on the face and makes 
grooming more difficult. Placing light fixtures on 
either side of the mirror is a better arrangement. 

For a remodel, mark the mirror location, run 
cable, and position boxes before drywall installation, 
You can also retrofit by installing new hoves and 
drawing power from the existing fixture 

“The light sources should be at eye level; 66" is 
typical, The size of your mirror and its location on 
the wall may affect how far apart you can place the 
sconces, but 36 to 40" apart is a good guideline. 


Vanity lights on the sides of the mirror provide even lighting, 
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Tools & Materials > 


Drywall saw 

Drill 

Combination tool 

Gireuit tester 
Screwdrivers 

Hammer 

Electrical boxes and braces 
Vanity light fixtures 

NM cable 

Wire connectors 


How to Replace Vanity Lights in a Finished Bathroom 


Cable 
protector plates 


Turn off the power atthe service Mark the location for the fixtures Open the side knockouts on the 
panel, Remove the old fixture from the and instal new boxes install the boxes _—_electrical box above the vanity. Then 
Wall and test to make sure that the about 66" above the floor and 18 10 dil #* holes in the centers of any studs 
power is off Then remove a strip af 20" from the centerine ofthe mirror between the old fixture and the new 
irywall from around the old fixture to he mounting base of some fatures is ones. Run two NM cables from the new 
the frst studs beyond the approximate above or below the bul, so adjust the boxes forthe fixtures to the Box above 
location of the new fixtures. Make the height the bracing accordingly). the the vanity. Protect the cable with metal 
‘opening large enough that you nave ‘correct acation ison or next to a stud, _ protector plates. Secure the cables with 
room to route cable from the existing you can attach the box directly to the cable clamps, leaving 11" of extra cable 
fixture to the boxes, stud, otherwise you'l need to instal for making the connection tothe new 
blocking or use boxes with adustable tures, Remiove sheathing and strip 
braces (shown) insulation from the ends ofthe wires. 


Connect the white wires fiom the new cables to the White Install the fixture mounting braces on the boves. Attach 
‘wire from the old cable, and connect the black wires from the fixtures by connecting the black circuit wire to the black 
the new cables to the black wire from the old cable. Connect —_fixture wire, and connecting the white circuit wire to the white 
the ground wires. Cover all open boxes and then replace the _fixture wire, Connect the ground Wires. Position each fixture: 
‘rywall, leaving openings for the fture and the old box. (Cover over each box, and attach with the mounting screws. Restore 
the old box with a solid junction box cover plate.) power and test the circuit 
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WW! installing Grab Bars 


princess ane sel vi dashing enema, 
showers, and floors, but add water and moisture to 
the mix and you've created the perfect conditions for a 
fall.'The good news is many falls in the bathroom can be 
awoided by installing grab bars at key locations. 

Grab bars help family members steady themselves 
on slippery shower, tub, and other floor surfaces. Plus, 
they provide support for people transferring from a 
wheelchair or walker to the shower, tub, or toilet 

Grab bars come in a variety of colors, shapes, 
sizes, and textures, Choose a style with a 1% to 12" 
diameter that fits comfortably between your thumb 
and fingers, ‘Then properly install it 1" from the wall 
with anchors that can support at least 250 pounds. 

“The easiest way to install grab bars is to screw them 
into wall studs or into blocking or backing attached to 
studs. Blocking is a good option if you are framing a 
new bathroom or have the wall surface removed during 
a major remodel (see Illustration A). Use 2x 6 or 2% 8 
lumber to provide room for adjustments, and fasten the 
blocks to the framing with 16d nails. Note the locations 
of your blocking for future reference. 

Asan alternative, cover the entire wall with %" 
plywood backing secured with screws to the wall 
framing, so you can install grab bars virtually anywhere 
‘on the wall (see Illustration B). 

Grab bars can be installed in areas without studs. For 
these installations, use specialized heavy-duty hollowewall 
anchors designed to support at least 250 pounds 


Grab bars promote independence in the bathroom, where 
privacy is especially important. Grab bars nat only help prevent 
slips and falls, they also help people steady themselves in 
showers and lower themselves into tubs. 


Tools & Materials > | 


Studs 2 blocking Studs >" plywood Measuring tape Masonry bit 
Pencil Grab bar 
Blocking or backing is required for secure grab bars Ifyou Shad Budee ale wallkeleiees 


kaw where the grab bars wil be located, add 2x blocking 
between studs (illustration A). You also can cover the entire 
wall with 2" plywood backing, which allows you to install grab Drill Silicone caulk 
‘ars virtually anywhere on the wall 


Level #12 stainless steel screws 
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Microcosm, Universe, Life 


Alexey G. Shlienov 
Budapeshtskaya, 66-1-77.Saint Petersburg, 192286 Russia 


‘The authors of this article have prepared the 3" edition 
of the book “Microcosm, Universe, Life” and now they 
are looking for a publisher to edit Russian and English 
version. In particular, the mechanism of energy 
transformation in the Universe (Fig.1) is described in 
the book. Matter radiates energy in the form of photons 
(as well as neutrinos). In general this energy is observed 
in the form of Cosmic Microwave Background Radiation 
(CMBR). Photons and neutrinos transfer the most of 
energy to de Broglie longitudinal photons. Matter 
absorbs energy mainly in the form of longitudinal 
photons. Thus, a cycling process of energy 


Ernest L. Petrov 
‘Marshala Zaharova, 50-809, Saint Potersburg, 198330 Russia, 
Fax: (812) 587-9949 


‘transformation (as well as matter transformation) occurs 
in the Stable Universe. 


‘The 3* edition is devoted to the description of 6 World 
Systems (Table 1), at that the 6° System is based on 
Unified Field Theory, which is developed by the authors, 
and proceeds from the following: 


(Editor's: The understanding of the energy 
transformation mechanism allows to develop new fuel- 
less energy sources based of mutual transformations: 
longitudinal photons <—> transverse photons). 


Table 1 


System 


Principal Ideas 


The 1% - Geocentric (Ptolemaic system) 


Geocentrism and Anthropocentrism 


‘The 2» — Classic (Copernicus — Newton's system) 


Description of the Universe on basis of Newton's 
Law of Gravity 


The 3" - Compromise (Tycho Brahe's system) 


‘The compromises between two first systems 


The 4" ~ Fractal (Charlie's system) 


‘Non-heterogeneity of Large-Scale distribution of 
matter in the Universe 


‘The 5® — Relativistic (Einsteinian system) 


Description of the Universe on basis of gravitational 
field equations. Anthrop principle 


‘The 6% — based on Unified Field Theory 


Electromagnetic nature of all physical interactions. 
Irreversibility of all elementary micro-processes in 
combination with circular character of 
transformations in Large Scale of space (¢/H- 
order) and time (t,,=1/H order). 


1. Fortheoretical results, which agree with the facts, 
it is necessary to use assigned inertial system (as 
Lorentz did), which, as we have known, is connected 
with CMBR. Obtained by this way decisions can be 
applied to the other systems, in particular, with use of 
Lorentz transformation for mass, energy, momentum, 
time and length. 


2. Theory must agree with the whole known 
collection of facts, starting with such established 


empirical generalizations as basic principles of Natural 
science (Giordano Bruno, Lyell) and conservation laws 
(Mayer, Joule, Helmholtz, Faraday, Newton, Huygens, 
Vernadsky). 


3. All physical objects could be presented as the 
systems, consisting of quanta of positive electric charge 
(protons), quanta of negative electric charge (electrons 
in fermions or boson states, which are part of neutrons 
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How to Install Grab Bars 


1 
i 3 ~<a 


rr cc 
ZIRCON, 


1% 
Locate the wall studs inthe instalation area, using a stud 
finder. If the area is tiled, the stud finder may not detect studs, 
So tr to locale the studs above the tle, possible then use 
levelto transfer the marks ower onthe wal Otherwise, ou 
Can dil smal, exportory holes trough grout isin het, 
then fl the oles with scone cak to seal them. Be careful 
not to dle pies 


‘Mark the grab bar height at ane stud location, then use a 
Jevel to transfer the height mark to the stud that will receive 
the other end of the bar. Position the grab bar on the height 
‘marks so at least two of the three mounting holes are aligned 
with the stud centers, Mark the mounting hole locations onto 
the wall 


Drill pilot holes for the mounting screws. if you are driling 
through tile start with a small bit (abouts), then redril the 
hole with the larger bit. For screws that won't hit studs, drill 
holes for wall anchors, folowing the manufacturer's directions. 
for sizing. Install anchors, f necessary. 


Apply a continuous bead of silicone caulk to the back 
side of each bar end (inset). Secure the bar to the studs using. 
#12 stainless steel screws (he screws should penetrate the 
stud by at least 1"). Install a stainless steel screw or bolt into 
the wall anchors. Test the bar to make sure it's secure 


Bastroom Revwevleling © 487 


lass shelving is unobtrusive, so it ean fit many 

styles of bathrooms—from sleek modem to 
Victorian. You ean find a wide variety of shelving 
available in home stores and online. 

Most glass shelves are held in place with metal 
mounts. How the shelves are secured to the mounts 
and how the mounts are attached to the wall differs 
Most shelves have a hidden bracket that is secured to 
the wall, The mount then slips over the bracket and is 
secured with a setscrew. The most basie models may 
have mounts that are screwed direetly into the wall with 
exposed screws. The directions here are for shelving 
that uses hidden brackets 


~ 


WH] installing Glass Shelving 


I you are installing shelves on a tiled wall, mount 
the brackets in grout lines if at all possible to minimize 
the possibility of cracking the tiles. Many glass 
shelves have some variability in the distance between 
the mounts. 


Tools & Materials > 


Level Pencil 
Drill Glass shelves 


Glass shelves fit any style and size of bathroom. They are held in place with metal mounts attached to the walls. 
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How to Install Glass Shelves 


Assemble the shelf and shelf holders (not the bracket 
if against the wall in the desired location. On t 

rk each holder, where the 

is Remove the shelf from the holders and set aside. 


ia\ _ 


Center the middle round hole of the bracket over the 
intersection of the vertical and horizontal lines, Mark the 


each mark. Insert t 
ethe 


the holder and shelf 
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Pest Bete int nt nn td 
to high-end hotel stays. You can have toasty 
towels in your own bathroom with an easy-to-install, 
towel warmer, In a relatively cold room, this can 

make stepping out of the shower a much more 
pleasant experience. 

Heated towel racks are available in a wide 
range of styles and sizes, Freestanding floor 
models as well as door- and wall-mounted 
versions can be plugged in for use when desired. 
Hardwired wall-mounted versions ean be switched 
‘on when you enter the bathroom so your towels 
are warm when you step out of the shower. 
Although installing them requires some electrical 
skills, the hardwired models do not need to be 
located near wall receptacles and they do not 
have exposed cords or extension cords hanging 
on the wall, However, if you locate the warmer 
directly above an existing receptacle, you ean 


j| Installing Towel Warmers 


save a lot of time and mess by running cable up 
from the receptacle to the new electrical box for 
the warmer. 

Before installing hardwired models, check your 
local electrical codes for applicable regulations. If 
you are not experienced with home wiring, have an 
electrician do this job for you or opt for a plug-in model, 


Drill Retrofit electrical 
Level outlet box 
Keyhole saw NM cable 
Wiring tools "Towel warmer 
Phillips screwdriver Pencil 


Stud finder 
Wire connectors 


Masking tape 


‘A hard-wired towel warmer offers the luxury of heated towels without the safety concerns of a plug:in device. 


| How to Install a Hardwired Towel Warmer 
1 


Use a stud finder to locate the studs in the area you wish to 
place the towel warmer. Mark the stud locations with masking 
tape or pencil fines. Attach the wall brackets to the towel 
‘warmer and hold the unit against the wall at least 7" from 

the floor and 3" from the celing or any overhang. Mark the 
locations of the wall bracket outlet plate (where the electrical 
‘connection will be made) and the mounting brackets. 


Position the towel warmer over the outlet Dox and mark 
the locations of the screw holes for the wall brackets. Make 
sure the appliance is level, Remove the warmer and drill 


Shut off electrical power at the main service panel. atthe 
‘mark for the wall bracket outlet, cut @ hole in the wallcovering 
for a retrofit electrical box. Run NM cable fram the opening to a 
GFCT-protected circuit (here, we ran cable down to a receptacle 
directly beneath it, or instal a separate GFCE protected circuit 
(you'll need ta consult @ wiring baok or an electrician). Pull 

the cable thraugh the hole in the retrofit box, and then tighten 
the cable clamp, Place the box in the hole flush with the wall 
surface and tighten the mounting screw in the rear of the box. 
Cut the wires so about 5" extends inta the box and strip the 
insulation off at %" from the end of each wire 


After the electrical connections are made, fasten the 
towel rack brackets to the wall. Turn on power and test the 
towel warmer. Finally atach the electrical cover plate with 


& pilot holes at the marked locations. f the marks are located 
Cover studs, fil 4 plot holes f not, push wall anchars into the: 
holes. Thread the mounting screws through the brackets. Have 
a helper hold the towel rack in place and use wire connectors, 
to connect the wires, including the ground wire, according to 
the instructions. 


integral on/off switch, 


Bathroom Remodel 


i ay 


TOS EL TAN 
¥ Le i se 
: | 


—aee 
————s 
|| 


| 


Basements 
& Attics 


's your house lacking just a little more space but you 
Jove it ton much to think about moving? Has your 

life changed since you bought the house and now you 
find you need a home office for your freelance work or 
telecommuting, a place for the children in your life to 
play, or an extra bedroom for a relative? Or maybe now 
that your obligations have changed, you find yourselt 
fantasizing about a space dedicated to your habbies? 

‘This chapter can help you determine how best to 
use your tantalizingly empty attie or basement, inspire 
you with great design ideas, and give you the practical 
how-to to tackle the projects on your own. 

Over half of houses in North America are more 
than 30 years old. The atties and basements in these 
older homes are often significantly underutilized 
spaces. Even in new construction, attics and 
basements often are left unfinished so that the new 
homeowners ean determine for themselves how best 
to incorporate the space. 


In this chapter: 
+ Evaluating Your Attic 

+ Evaluating Your Basement 
Planning the Framing 

Installing Basement Floors 
Installing Attic Floors 

Installing Basement Walls 
Installing Attic Walls 

Finishing Attic Ceilings 

‘Adding Basement Egress Windows 
+ Installing Baseboard Heaters 
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WH! Evaluating Your Attic 


Gis poetic nani hgh ag 
inspection. If the roof is framed with rafters, you 
can continue to the next test. IFit’s built with trusses, 
however, consider remodeling your bas stead. 
‘The problem is that the internal supports in trusses 
leave too little space to work with, and trusses cannot 
be altered 

“The next step is to check for headroom and overall 
floor space. Most building codes call for 7) t. af 
headroom over 50% of the “usable” floor space, whieh 
is defined as any space with a ceiling height of at least 
5 fi, Remember that these minimums apply to the 
finished space—alter the flooring and ceiling surfaces, 
are installed. Other things can affect headroom, 
as well, such as reinforcing the Floor frame, and 
increasing rafter depth for strength or insulation. 

‘You may also find various supports in your attie that 
are there to strengthen your roof but may limit your 
space, Collar ties are horizontal boards that join wo 
rafiers together in the upper third of the rafter span. 
‘They prevent rafter uplift in high winds. Often collar ties 
ccan be moved up a few inches but cannot be remaved. 
Rafter ties join rafters in the lower third of the 
to prevent spreading. In most attics, the ceiling or Floor 
joists serve as rafter ties. Purlins are horizontal boards 
that run at right angles to the rafters and are supported 
by struts. These systems shorten the rafter span, 
allowing the use of smaller lumber for the rafters. You 
may be allowed to substitute kneewalls For purlins and 
struts. If youl need to have any support system altered 
or moved, consult an architect or engineer. 


ment 


span 


Rafters 


Floor joist 


Rafter framing creates open space in an attic because the 
rafters carry most of the root's weight. 
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“The rafters themselves also need careful 
examination, Inspect them For signs of stress or damage, 
such as cracks, sagging, and inseet infestation. Look for 
dark areas indicating roof leaks. If you find leaks or you 
know your roofing is past its useful life, have it repaired 
or replaced before you start the finishing process. And 
even if the rafters appear healthy, they may be too 
small to support the added weight of finish materials 
Small rafters can also be a problem if they don't provide 
‘enough room for adequate insulation 

At this point, its good idea to have a professional 
check the structural parts of your atte, including the 


New dormer 


Habitable rooms must be at least 70 sq.ft. total and 
measure at least 7 ft. n any one direction, To meet headroom 
requirements, 50% of the usable floor space must have a ceiling 
height af 77 ft. You can add to your floor space and headroom, 
by adding protruding windows called dormers. In additian to 
space, dormers add ight and ventilation to your attic, 


Trusses are made of interconnected cords and webs, 
which close off most ofthe attic space. 


\ 


rafiers and everything from the floor down. In some 
ccases, finishing an attic is ike adding a story to your 
home, which means that the structure must have 
adequate support for the new space. Attic floors are 
often built as ceiling frames for the level below and 
are not intended to support living space, Floors can he 
strengthened with additional joists, known as sister joists 
‘or with new joists installed hetween the existing ones. 

Support for the attic floor is provided by the 
load-bearing walls below and, ultimately, by the 
foundation. If these elements can't support the 
finished attic, they'll need to be reinforced. This may 
be as simple as strengthening the walls with plywood 
panels or as complicated as adding support posts and 
beams or reinforcing the foundation. 

In addition to these structural matters, there are 
afew general code requirements you should keep in 
mind as you inspect your attic. Ifyou plan to add a 


Gable vent 


AN 


iN 


bedroom, it will need at least one exit to the outside. 
‘This can be a door leading to an outside stairwell or 

an egress window. Most codes also have minimum 
requirements for ventilation and natural light, which 
means you may have to add windows ar skylights 

One of the largest expenses of finishing an attic is 
in providing access: You'll nced a permanent stairway 
at least 36" wide, with room for a 36" landing at the 
top and bottom, This is an important planning issue 
because adding a stairway affects the layout and traffic 
patterns of the attic as well as the Floor below. 

Finally, take an inventory of existing mechanicals 
in your attic, While plumbing and wiring runs ean 
moved relatively easily, other features, such as 
chimneys, must be incorporated into your plans. ‘This 
is a good {ime to have your chirmney inspected by a fire 
official and to obtain the building code specifications 
for framing around chirmneys. 
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he two things that put an end to most basement 

finishing plans are inadequate headroom and 
moisture, Begin your evaluation by measuring from 
the basement floor to the bottom of the floor joists 
above. Most building codes require habitable rooms to 
have a finished ceiling height of 7! 
the Finished floor to the lowest part of the finished 
ceiling, However, obstructions, such as heams, solfits, 
and pipes, (spaced at least 4 ft, on center) usually 
can hang down 6" below that height, Hallways and 
bathrooms typically need at least 7-f ceilings 

While it's impractical to add headroom in a 
basement, there are some ways of working around the 
requirements. Ducts and pipes often 
and beams and other obstructions can be incorporated 
into walls or hidden in closets or other uninhabitable 
spaces. Also, some codes permit lower ceiling heights 
in rooms with speciie purposes, such as recreation 


f.., measured from 


in be moved, 


¥ 
4 4 
(Obstructions 
‘spaced 4 ft. Hallway 
‘apart: 7 ft. Bathroom: 
Habitable pe 
Rooms: 


Tait 5 


v v 


= Sy 


Basement headroom is often limited by beams, ducts, pipes, 
‘and other elements, Typical minimums for ceiling height are 
shown here: 7 ft, for habitable rooms; 7 ft, for bathrooms and 
hallways; 7 ft.for obstructions spaced no less than 4 ft. apart. 
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WH! Evaluating Your Basement 


rooms, If headroom is a problem, talk to the local 
building department before you dash your dreams, 

A well-built basement is structurally sound and 
provides plenty of support for finished space, but 
before you cover up the walls, Moor, and ceiling, check 
for potential problems. Inspect the masonry carefully. 
Large cracks may indicate shifting of the soil around 
the foundation; severely bowed or out-of-plumb walls 
may be structurally unsound. Small eracks usually 
cause moisture problems rather than structural woes, 
but they should be sealed to prevent further cracking 
Contact an engineer or foundation contractor for help 
with foundation problems. If you have an older home, 
you may find sagging floor joists overhead or rotted 
wood posts or beams; any defective wood framing will 
have to he reinforced or replaced 

Your basement’s mechanicals are another 


important consideration. The locations of water 
heater and 
ductwork can have a significant impact on the cost 
and difficulty of your project. Can you plan around 
components, or will they have to be moved? Is there 
enough headroom to install a suspended ceiling so 
‘mechanicals can remain accessible? Or, will you have 
to reroute pipes and ducts to increase headroom? 
ectricians and HVAC contractors can assess your 
systems and sug 
Aside from being dark and scary places, 
unfinished basements often harbor toxic el 
One of the most common is radon, a naturally 
occurring radioactive gas that is odorless and colorless. 
It's believed that prolonged exposure to high levels 
of radon can cause lung cancer. The Environmental 
Protection Agency has free publications to help 
you test for radon and take steps to reduce the 


pipes, wiring, circuit boxes, furnace: 


,est modifications, 


ents. 


levels in your house. For starters, you ean perform 
“short-term” test using a kit from a hardware store 
or home center, Look for the phrase “Meets EPA 
Requirements” to ensure the test kit is accurate. Keep 
in mind that short-term tests are not as conclusive as 
professional, long-term tests. If your test reveals high 
levels of radon, contact a radon specialist 

Another basement hazard is insulation containing 
asbestos, which was commonly used in older homes 
for insulating ductwork and heating pipes. In most 
ceases, this insulation can be left alone provided it's in 
good condition and is protected from damage. If you 


and atomic nuclei) and quanta of energy, impulse, 
moment of momentum (apeirons). 


4. The leading role in the Universe energetic 
belongs to de Broglie longitudinal photons (of the first 
class, i.e. with the spin I=0), energy of which is twice 
as much as apeiron energy and is equal toh H, where h 
~ is Plank’s constant, H— is Hubble's constant. 


5. Longitudinal photons, polarizable and 
depolarizable by matter particles, are the carriers of 
gravitational, magnetostatic and strong interaction. 
Electromagnetic interaction is carried by photons with 
spin I=1 and weak interaction is carried by neutrinos 
and apeirons with spin I= +0.5, 


6. All elementary microprocesses are irreversible, 
that correlates with circular character of transformations 
in Large Scale of space and time. 


7. In particular, there is an irreversibility of the 
process of photons and neutrinos motion. At each 
segment, equal to the length of de Broglie wave, 
photons and neutrinos lose energy h H, which is equal 
to longitudinal photon energy. In such a way, Hubble's 
law can be presented as the following: 


. exp(Ht), 


where A, 2, - are observable and laboratory wave 
lengths, r - is distance, R ~ is radius of gravitation 
interaction, which is equal to the radius of Metagalaxy, 
t~is time, Z— is cosmological red shift. 


8 As resulted upon this process, the excess of 
longitudinal photons is absorbed by matter. At that, 
mass is considered as measure of capacity, which is 
absorbed by matter in form of longitudinal photons. 
Thus, energy of the matter should be increased 
according to the law: 


B()=me? ex 


at that, 


137°" 

where e’-is the capacity, which is absorbed by unit mass 
in form of longitudinal photons, ¢ - is velocity of light. 
In particular, electron of the 1" Bohr orbit in hydrogen. 
atom (Le. in this case at de Broglie wave length) absorbs 
energy h Hat 1 period, 


9. Being in ionization state, intergalactic matter is 
the general portion of average density of matter in the 
Universe p,,, besides, the average value of absolute 
velocity of baryon component is close to /137. Let's 
consider this correlation to be exactly executed. 


CMBR is the most powerful cosmic radiation. Its specter 
is close to that one of black body at temperature 


T,=2.726K, i.e. its spectral density is maximal at 
frequency v=160GHz. Cosmological red shift causes the 
increase of spectral density in radio-region (v<160GHz) 
and the decrease of it in microwave region (v>160GH2z). 
Each of these processes is compensated by the inverse 
Compton effect, i.e. by the dispersion of radio-photons 
at matter corpuscle, first of all at protons. Calculations 
demonstrate, that average energy of absorbent radio- 
photons is equal to 0.45-10 “erg (v=68GHz) and average 
energy of radiated microwave photons is equal to 
2.17-10erg (v=330GHz). There is one re-radiated 
microwave photon per one absorbed radio-photon. At 
that, the concentration of photons and CMBR spectrum 
remain unchangeable. Syunyaev and Zeldovich 
concerned the close inverse Compton-effect of CMBR 
dispersion on electrons in clusters of galaxies. Actually 
such an effect was discovered in 2 clusters of galaxies. 


Thus, on transferring of energy to photons, matter 
corpuscles must fill the deficiency of energy by receiving 
it from longitudinal photons. In fact, there are observed 
demonstrations of longitudinal photons, they are “static 
fields”. In this case it is a cosmic magnetic field, which 
accelerates charged particles of matter (Alfven). More 
detailed consideration let us to find a virial correlation 
between 4 main components of energy density: 


Pav 
137 


where rc’ is an energy equivalent of mass density of 
matter; E, - is energy density of CMBR; E,,- is average 
energy density of magnetic field; E,,"- is average 
density of kinetic energy. Thus, some kinds of energy 
circularly transfer to another, which are interrelated 
(Fig. 1). 


fahoV HV =2E,HV =2E,,HV 
1.26 


VP. 


~~ 0.26 


where &,, - is average capacity, radiated by unit mass 
in form of photons; V ~ is volume of 10" cm’ order, 
according to which the averaging is made. 


Ll 


tudinal 
photons 


wm 


Energy transformation in Large Scale ¢, =0.0842 erg grsec* ~ 
average energy, which matter unit radiates in unit time; 
07476 erg gr'sec’ ~ is energy, which matter unit absorbs in 
form of de Broglie longitudinal photons in unit time; 
,=0.8730:10 gr em is average matter density in the 
Universe; £,=4.18-10" erg cm” is energy density of cosmic 
‘microwave background radiation (CMBR); V=10em? is volume 
at which the averaging is made; H=1.562-10" Hertz 


oe + 
=e),V 


‘matter 
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fear the insulation in your basement poses a hazard 
contact an asbestos abatement contractor to have it 
evaluated or safely removed 

Also check the local codes for exits from finished 
basements—most codes require two. The stairway 
commonly serves as one exit, while the other ean 
be a door to the outside, an egress window, or a 
code-compliant bulkhead (an exterior stairway with 
cellar doors). Each bedroom will also need an egress 


window or door for escape. 


Rerouting service lines and mechanicals adds quickly to 
the expense of a project, so consider your options carefully. 


ld insulation containing asbestos poses a serious health 


risk ft 


deteriorating of is cisturbed. 


Stairways must also meet the local eode 
specifications, If yours doesn‘, you'll probably 
have to hire someone to rebuild it 

As a final note, if you're planning to finish the 
basement in a new house, ask the builder how long 
you should wait hefore starting the project, Poured 
concrete walls and floors need time to dry out before 
they can be covered. Depending on where you live 
you may be advised to wait up to two years, just to 
be safe 


Weakened or undersized joists and o 
members must be reinforced or replaced 


‘Minor cracks such as these in masonry walls end floors 
Usually can be sealed and forgotten, while severe cracking may 
indicate serious structural problems. 
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WH! Planning the Framing 


U se walls to define your new spaces. Walls can 
create quiet private retreats or comfortable 
bathrooms or serve as barriers between formal 

living areas and dusty, unfinished storage spaces. 

‘To determine where your walls should go, start with 

a thorough investigation of the unfinished space. 

All obstacles, such as mechanical systems, service 
lines, floor drains, support columns, chimneys, and 
roof framing, must be considered, As you work with 
Uifferent layouts, think about which of these elements 
can be enclosed by walls, which ean be hidden within 
a wall or concealed by a soffit or chase, and which, 
can be moved. 

One technique to help you get started is to draw 
full-scale “walls” onto your basement floor, using 
children’s sidewalk chalk (on wood att 
‘wide masking tape instead of chalk). This ean help 
you visualize the planned spaces and give you a better 
sense of room sizes. Complete the proposed layout in 
chalk, then walk through the rooms to test the traffic 
patterns. As you plan your rooms, keep in mind that 
most building codes require habitable rooms to have at 


a 


floors, use 


Use graph paper to sketch your wall layouts. Scale your 
floor plan (aerial view) drawings at ¥" equals 1 ft. For elevation 
‘rawings (wall details as viewed from the side), use a scale of 
1 equals 1 ft. 
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least 70 sq. tof floor space and measure a rvinimuim 
of 7 fi. in any direction. 

‘The next step is to draw floor plans. This doesn't 
require drafting skills—just a tape measure, a ruler, 
graph paper, and some pencils. Simply measure 
your basement or attic floor space, then seale down 
the dimensions and transfer them to the graph 
paper, Add all obstacles, windows, doors, and other 
permanent fixtures, When everything is in place, start 
experimenting with different layouts, IF you have your 
home's original blueprints, trace the Moor plans onto 
tracing paper and work on new layouts from there 

Greating a successful layout takes time and 
often requires some creative problemsolving. To 
help generate ideas for your remodel, study the 
before-and-after drawings on page 499, While these 
floor plans may not look like your basement, they 
include many of the common elements and obstacles 
involved in a finishing project. They also show how 
carefully placed walls can transform an unfinished 
space into several livable areas that still leave room for 
storage and mechanical elements. 


Draw layouts onto your basement floor with sidewalk 
chalk. Use different colors to represent elements ather than 
walls, such as doors, windows, and ceiling soffts Remove the 
chalk with @ damp rag. 


| Basement Layouts: Before and After 


Utility window 


° ©— Columns —O. ° 


water neser @) 
Purnace 


Before: This basement had three utility windaws along the 
end walls and structural columns running parallel to the long 
ide wall, A furnace and water heater broke up the centre 
space, and there was a sump pit in one corner. The goal fr 
this space was to create a large family roam, home office, 
bathroom, pool room, and storage area 


_ Egress 
window 


Family room Built-in 
cabinet 


After: A few walls at ane end of the basement define several 
cf the new rooms. To add light to the home offic, the existing 
window opening was expanded. An egress window was. 
sed as a bedroom as well 

window and well were installed to provide light and 
better view from the family room, One column was hidden 

hin the office wall; the remaining three were wrapped 
ins the furnace 
‘and water heater, with plenty of space for servicing the units 
Next to the office isa full bathroom, designed with a square 
layout that leaves a comfortable amount of space between the 
fixtures, The pool room occupies a well-defined space, where 
games won't disrupt activity in the family room. A wet bar can 
easily be accessed from both the pool room and family room. 
ly anew handrail to become code. 
ym of the stairs, a built-in cabinet 


Storage room 


® 
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Per ston lee Ba art lilo, 
Vinyl, or wood flooring—has changed for the 
better in dramatic fashion, thanks to new subfloor 
products that have built-in vapor barriers and cleats 
that create a slight air gap between the subfloor 

and the conerete slab. This system allows air to 
circulate, protecting the finished flooring from any 
slab moisture, The older method of laying %" plywood 
over a frame of 2 x-4 “sleepers” was difficult, time 
consuming, and raised the floor level by 2” or more—a 
significant drawback in basements where ceiling levels 
may already he too low. The new dry-floar subfloor 
systems are less than 1" thick and are very easy to 
install, There are several types of these dry-floor 
systems available, but the one most readily available 
and easiest to use is a product sold in 2 % 2-It. tongue- 
and-proove squares. 

Although subfloor panels ean be adjusted for 
slight irregularities in the concrete slab, they can't 
‘overcome problems with a floor that is badly eracked 
and heaved. Nor is the built-in air gap beneath the 
system a solution to a basement that has 
problems. A badly heaved slab will need to be le 
with a cement-based leveling compound, and s 


rious 
‘water problems will need to be rectified before you 


consider creating finished living space in a basement. 


WW! installing Basement Floors 


Allow the subfloor panel squares to acclimate in 
the basement for at least 24 hours with the plastic 
surfaces facing down before installing them. In 
humid summer months, the squares—as well as the 
finished wood flooring product, if that's what youl be 
installing—should be allowed to acclimate for a full 
two weeks before installation. 

“To estimate the number of 2 


-sqjuare subfloor 
panels you'll need, calculate the size of the room in 
square feet (multiply the width times the length of the 
room), then divide by 3.3 to determine the number of 
panels required. 


i 


Tools & Materials» 


Long straightedge 
Straightedge trowel 
Circular saw 


Eye protection 
Portland-cement— 
based leveling 


or igsaw compound 
Hammer Dry-floor 
Carpenter's square subfloor squares 
Flat pry bar Leveling shims 
Dust mask Flooring spacers 


Basement slab 


‘Most basement floors need some preparation before flaoring can be |aid. Patching compound and floor leveler can smooth 
rough concrete, while a subfloor system creates a new surface that is safe from moisture and feels ikea framed wood floor, 


5600 8 THE Ce 
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Preparing Concrete Floors 


Vacuum the floor thoroughly, then use a long straightedge 
10 look for areas of the floor with serious dips or heaves. Note 
Any ofd floor coverings that may trap moisture should be 
removed before installing subfioor panels, 


How to Install Subfloor Panels 


4 
4 


‘Mix a batch of cement-based mortar and apply the 
compound to low areas with a straightedge trowel, After the 
patch dries, scrape the edges to feather the patch into the 
surrounding floor 


Beginning with the longest straight wall in the room, 
‘check one comer for square, necessary, cut the first panel to 
match the angle of the corner. Pasition the panel in the corner, 
using ¥" spacers to create @ gap between the panel and the 
‘walls, with the grooves of the panel against the spacers. Slide 
in the next panel, and use a piece of wood and a hammer to 
tap It firmly against the first panel, Repeat this placement along, 
the entire wall. Cut the last panel to size. 


By hand, press along the entire row of panels, looking 
for low spots. At points where the subticar flexes, lit the 
panels and place leveling shims on the floor. In some areas, 
you may find it necessary to stack two, three, or more shims ta 
Create the correct thickness to fil the low spot, Tape the shims 
to the floor to keep them in place as you reposition the panels. 


(continued) 
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the entire room in this fashion, testing each row for fk 
shimming where necessary, and making sure joints are offset 
between rows. 


If the room has a floor drain, building code requires that 
You cut a round patch in the panel that fas directly over the 
floor drain, This patch can be removed to allow access to the 
floor drain should it ever be necessary. 


For the last row of panels, measure and cut panels to fit, 
maintaining a %" gap between the panels and the wall. Wark 
each panel into place with a flat ary bar. When all panels are 
in place, you can remove all snacers and con 
installation ofthe finished flooring. Laminate flooring can be 
installed directly over the subfloor panels. 
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Variation: Where slab moisture is known to be a problem, you 
‘can cut vent openings spaced every & to 12", sized to match 
standard metal floor vent cavers. race the vent opening onto 
the panel, and cut the opening with a jigs 


Variation: i carpeting will be stretched over the dry-floor 
panels, anchor the panels to the flaor araund the perimeter 
of the roam and at the center of the room using concrete 
masonry anchors. Use 3 powsler-actuated nailer to drive 2° 
nails through the panels and into the concrete slab, 


Variation: For ceramic tl, install Ys" cementboard over the 
subfloor panels, and attach it using ¥" screws, 


Variation: For viny flooring or for engineered wood flooring, 
install Ye" plywood underlayment over the dry-floor panels, 
Using ¥" screws or nails, which won't penetrate the moisture 
barrier on the underside of the panels. Don’t glue the plywood 
to the subfloor panels, and never glue vinyl flooring directly to 
the subfloor panels. 


Where floor heights change, install transition strios 
or reducers, avalable in flooring departments of home 
Improvement centers, to bridge the changes in floar heights, 
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How to Install a Sleeper Floor 


Chip away loose or protruding concrete with a masonry 
chisel and hammer, then vacuum the floor. Roll out trips of 
6-mil polyethylene sheeting, extending them 31” up each wall, 
Overlap strips by 6°, then seal the seams with packing tape. 
Temporarily tape the edges along the walls. Be careful not to 
damage the sheeting. 


—| 


Using a circular saw, cut the sleepers to fit between the 
perimeter boards, leaving i" gap at each end. Position 

the first sleeper so its center is 16” from the outside edge of 
the perimeter board. Lay out the remaining sleepers, using 
16"-on-center spacing, 


8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT. 


Lay out pressure-treated 2 x 4s along the perimeter of the 
room. Position the boards %" in from all walls (inset). Note: 
Before laying out the sleepers, determine where the partition 
walls will go i wal! wil fal between paralle! sleepers, add an 
extra Sleeper to support the planned wail. 


Use tapered cedar shims to compensate 
for dips and variations in the floor, Place @ 4-ft. level across 
neighboring sleepers, Apply construction adhesive to two 
Wood shims. Slide the shims under the board from apposite 
sides until the board is level with adjacent sleepers. 


Fasten the perimeter boards and sleepers to the oor 
using  powder-actuated nailer or masonry screws. Drive a 
fastener through the center of each board at 16" intervals, 
Fastener heads should not protrude above the board's surface. 
Place a fastener at each shim lacation, making sure the 
fastener penetrates both shims. 


Position the first sheet of plywood so the end is" away 
from the wall and the grooved edge is fish with the control 
line. Fasten the sheet to the sleepers using 2° wallboard 
screws. Drive @ screw every 6” along the edges and every 8" in 
the field, Don't drive screws along the grooved edge until the 
‘et row of sheeting isin place. 


Establish a control line for the first row of plywood sheets 
by measuring 49" from the wall and marking the outside 
‘sleeper at each end of the room, Snap a chalk line across the 
sleepers at the marks. Run a ’"-wide bead of adhesive along 
the first six sleepers, stopping just short of the contra line. 


Install the remaining sheets inthe frst row, maintaining an 
'" gap between ends. Begin the second row wth a hal-sheet 
(4ft long) sa the end joints between rows are staggered. Fit 
the tongue of the half sheet into the groove ofthe adjoining 
sheet, necessary, use a sledgehammer and wood block to 
help close the joint. After completing the second row, begin 
the thie row witha full sheet. Altemate this patter until the 
subfloor is complet. 
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WH) installing Attic Floors 


Pope to twit ll i 
rooms in your attic, you'll need a sturdy oor 
beneath it all, Existing floors in most unfinished atties 
are merely ceiling joists for the floor below and are too 
small to support a living space. 

‘There are several options for strengthening your 
attic’ floor structure. The simplest method is to 
install an additional, identically sized joist next to 
each existing joist, connecting the two with nails, This 
process is known as sistering. 

Sistering doesn't work when joists are smaller 
than 2 6s, are spaced too far apart, or where there 
are obstructions, such as plaster keys, from the ceiling 
below. An alternative is to build a new floor by placing 
larger joists between the existing ones. By resting 
the joists on 2 x4 spacers, you avoid obstructions 
and minimize damage to the ceiling surface below. 
However, be aware that the spacers will reduce your 
headroom by 1!4", plus the added joist depth, 

“To determine the best option for your attic, 
consult an architect, engineer, or building contractor, 
as well as a local building inspector. Ask what si 
of joists you'll need and which options are allowed 
in your area, Joist sizing is based on the span (the 
distance between support points), the joist spacing 
(1ypically 16" or 24” on-center), and the type of 
lumber used. In most eases, an attic floor must 
be able to support 40 pounds per sq.ft. of live 


load (occupants, furniture) and 10 psf dead load 
(wallboard, floor covering) 

The floor joist cavities offer space for concealing 
the plumbing, wiring, and ductwork servicing your 
attic, so consider these systems as you plan. You'll 
also need to locate partition walls to determine if any 
alditional blocking between joists is necessary 

When the framing is done, the mechanical 
elements and insulation are in place, and everything 
has been inspected and approved, complete the 
floor by installing %" tongue-and-groove plywood, If 
your remodel will include kneewalls, you can omit 
the subflooring behind the kneewalls, but there are 
good reasons not to: A complete subfloor will add 
strength to the floor, and will provide a sturdy surface 
for storage 


| Tools & Materials > 


16d, 10d, and 8d 


‘common nails 


Circular saw 
Rafter square 


Drill 4" T&G plywood 
Caulk gun Gonstruetion adhesive 
2 xjoist lumber 24" wallboard screws: 
2x4 lumber 


Attic joists typically rest on top of exterior walls and on an interior load-bearing wall, where they overlap from side to side 
and are nailed together. Always use a sheet of plywood as a platform while working over open joists, 
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10. These correlations include pressures, densities 
and temperature T,, ie. we have the equation of the 
state of intergalactic matter, and thus of Metagalaxy 
and the Universe. Let us present this equation in simple 
form: 


HEP wR _ EwPaR 


E = SaPo® 


¢ © 


and let us compare it with correlation for density of 
radiant energy on surface of a star * or of star system 


atthat — E, 


‘This equation agrees with the whole observed data of 
globular clusters, galaxies, groups and clusters of 
galaxies, in particular, with empirical correlations, 
which are magnitude - angular diameter. 


11. The stated approach lets to determine the values 
of many fundamental constants by different ways. As a 


case in point, the results of definite values ¢,,and €, erg 
It is an especially amazing analogy between gc" are presented in the Table 2 
Metagalaxy (and the Universe) and large-scale cosmic 
system g, for which 
# Data © & 
1. | The boarder between two parts of the Main of 0.1 order of 0.1 order 
Sequence of stars 
2. | The results of recalculation of observed star of 0.1 order of 0.1 order 
characteristics as respects to their centers 
3. | The local minimum of star luminosity function of 0.1 order of 0.1 order 
near the Sun (according to G.A. Starikova's data) 
4. | The coreelation: mass - luminosity of white of 0.1 order of 0.1 order 
dwarf stars 
5. | The correlation: mass - luminosity of neutron stars of 0.1 order of 0.1 order 
6. | The conelation: mass - luminosity of globular clusters | less than 0.5 Tess than 0.5 
7._| The conelation: mass - lumonosity of elliptic galaxies more than 0.06 more than 0.06 
@. | The conelation: mass - luminosity of spiral galaxies Jess than 0.5 less than 0.5 
and irregular galaxies Ir I 
9. | The concelation: mass - luminosity of galaxies as of 0.1 order of 0.1 order 
whole 
10. | The correlation: mass ~ luminosity of clusters of of 0.1 order of 0.1 order 
galaxies 
11. | Empiric values of H, p,, H, constants of 0.1 order of 0.1 order 
12, | The most exact values of h, e, G, E, constants 0.0942 0.07476 


12. Uncontradictory description of Microcosm and 
the Universe promotes the better understanding of Life, 
which is inseparably unified with them. The statistical 
data manipulation of more than 100 catalogues of 
microphysics and cosmic objects let us to get more than 
1000 empirical correlations and diagrams, and to 
determine, that they agree with theoretical correlations, 
which were received according to the ideas on circular 
character of energy transformations (Fig. 1) and of 
matter in the Universe, 


‘The Russian edition of the book is mailed out: the 
edition (1995) at the cost of $3; the 2"! edition (1998) at 
the cost of $6. 


The authors are thankful for valuable 
discussions to Yaroslav G. Klyushin 
and to Alexander V. Frolov. 


[30] New Energy Technologis Issue #4 (7) July-August 2002 


How to Add Sister Joists 


ad t 


Remove all insulation from the joist cavities and carefully 
remove any blocking or bridging between the joists. Determine 
the lengths for the sister joists by measuring the existing Joists. 
‘Also measure at the outside end of each jaist to determine 
how much of the top comer was cut away to fit the joist 
‘beneath the root sheathing, Note! Joists that rest on a bearing 
wall should overtap each other by at least 3° 


+f 
| a 


Set the sister joists in place, flush against the existing joists 
and with their ends aligned. Toenail each sister joist to the top 
plates of bath supporting walls, using two 1éd common nails. 


Before cutting, sight down both narrow edges of each board 
ta check for crowning—upward arching along the length of the 
board. Draw an arrow that points in the direction ofthe arch 
Joists must be installed “crown-up” this arrow designates the 
top edge. Cut the board to length, then clip the top, outside 
corner to match the existing joists 


‘ail the joists together using 10d common nails. Drive 
three nails in 2 row, spacing the rows 12 to 16" apart. To 
minimize damage to the celling surface below caused by 
the hammering (such as cracking and rail popping), you can 
Use an air powered nail gun (avalable at rental stores), or 3" 
lag screws instead of nails. Install new biocking between the 
sistered jst, a5 required by the local building code. 
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How to Build a New Attic Floor 


a 
| 
r 


Remove any blocking or bridging from between the Create a layout for the new joists by measuring across 
existing joists, being careful not to disturb the celiing below. the tops of the existing joists and using a rafter square to 
Cut2>-4 spacers to fit snugly between each pair of joists Lay _ transfer the measurements down to the spacers. Falowing 
the spacers flat against the top plate of al supporting walls, 16"-on center spacing, mark the layout along one exterior wall, 
and nail them in place with 16d common nails. then mark an identical layout onto the interior bearing wall 


‘Note that the layout an the opposing exterior wall wll be offset 
114", to account for the joist overlap atthe interior wall 


a 


To determine joist length, measure from the outer edge of _Set the joists in place on their layout marks. Toenail the 
the exterior wall to the far edge of the interior bearing wall The outside end of each joist to the spacer an the exterior wall 
Joists must overiap each other above the interiar wall by 3° using three &d common nails. 

Before cutting, mark the top edge of each joist. Cut the joists 

to length, then clip the top autside comers so the ends can ft 

under the roof sheathing, 
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mt q 
rt a 
Nall the joists together wiere they overlap atop the interior Install blocking or bridging between the joists, 2s, 
‘bearing wall, using three 10d nails for each, Toenail the joists to required by the local bulding code. As a suggested minimum, 
the spacers on the interior bearing wall, using 8d nails. the new joists should be blocked as close as possible to the 
outside ends and where they averlap at the interior wall 


How to Install Subflooring 


Install the subflooring only afterall framing, plumbing, wiring, and ductwork Is completed and has received the required 
bullding inspections, Also install any insulation and complete any caulking necessary for soundpraofing. Fasten the sheets with 
construction adhesive and 27” wallbaard or deck screws, making sure the sheets are perpendicular to the joists and the end joints 
are staggered between rows, Where joists overlap at an interior bearing wall, add backing as needed to compensate forthe offset 
in the layout, Nail a 2 x 4 or wider board to the face of each joist to support the edges of the intervening sheets. 


Bowrents & Ades ® 509 


here are two common methods far covering 

foundation walls. Because it saves space, the 
more popular method is to attach 2 X 2 furring strips 
directly to the masonry wall. These strips provide a 
11"-deep cavity between strips for insulation and 
service lines, as well as a framework for attaching 
wallboard, The other method is to build a complete 
2x4 stud wall just in front of the foundation wall 
‘This method offers a full 3)" for insulation and lines, 
and it provides flat, plumb wall surface, regardless of 
the foundation walls condition, 

‘To determine the best method for your project, 
examine the foundation walls. If they're fairly plumb 
and flat, you can consider furring them, If the walls 
are wavy or out of plumb, however, it may be easier 
to build stud walls, Also check with the local building 
department before you decide on a framing method. 
There may be codes regarding insulation minimums and 
methods of running service lines along foundation walls 

A local building official ean also tell you what's 
recommended—or required—in your area for sealing 
foundation walls against moisture. Common types of 
moisture barriers include masonry waterproofers that 


WH! installing Basement Walls 


are applied like paint and plastie sheeting installed 
between masonry walls and wood framing, ‘The local 
building code will also specify whether you need a 
vapor barrier between the framing and the wallboard 

Before you shop for materials, decide how youl 
fasten the wood framing to your foundation walls and 
floor. If you're covering a large wall area, it will he worth 
it to buy or rent a powder-actuated nailer for the job. 


i Tools & Materials > 


Caulk gun 
Trowel 


Paper-faced insulation 
Hydraulic cement 
Paint roller Masonry waterproofer 
Gircular saw 2x2and 2x4 lumber 
Drill 216" wallboard screws 
Powder-actuated Construction adhesive 
nailer Concrete fasteners 
Plumb bob 


Silicone caulk 


Insulation 


Rigid foam insulation 


Plastic moisture barrier 


‘Basement walls can be made more livable by installing rigid foam insulation board between wood furring strips and then adding. 
‘mold-resistant wallcovering. Although codes and practices vary dramatically the current recommendation is to avoid the use of 


\vapor barriers on the interior side of the wall 
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How to Seal and Prepare Masonry Walls 


Insulate the rim-joist cavities (above Apply silicone caulk to the joints Fill small cracks with hycraulic 
the foundation walls) with sald pieces between the sil plates and the cement or masonry caulk, and smooth 
of paper-faced fiberglass insulation. foundation walls the excess with a trowel. Ask the 
‘Make sure the paper, which serves as 8 building department whether masonry 
‘vapor barrier, faces the room, waterproofer or a plastic moisture 
barrier is required in your area. Apply 
waterproofer 3s directed by the 


manufacturer, or instal plastic sheeting 
following code specifications. 


| Options for Attaching Wood to Masonry 


‘Masonry nails are the cheapest way to attach Wood to concrete block walls. Drive _—_Self-tapping masonry screws hold 

the nails into the mortar joints for maximum holding power and to avoid cracking the well in block or poured concrete, but 

blocks. Drill plot holes through the strips ifthe nails cause splitting. Masonry nails are they must be driven into predriled 

dificult to drive inta poured concrete. holes, Use a hammer drill ta drill holes 
of the same size in both the wood 
and the concrete after the wood is 
positioned. Drive the screws into the 
‘web portion of the blocks. 


(continued) 
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Cut a 2 x 2 top plate to span the length of the wall, Mark the 
furring-strip layout onto the bottom edge of the plate, using 
16"-on-center spacing. Attach the plate to the bottom af the 
joists with 25" wallboard screws, The back edge of the plate 
should line up with the front of the blocks. 
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Powderactuated nailers offer the 
{Quickest and easiest method for fastening 
framing to block, poured concrete, 

and steel. They use individual caps of 
gunpawder—called loads—to propel 

a piston that drives @ hardened-steel 

‘all (oin) through the wood and into the 
masonry. The loads are color-coded for 
the charge they produce, and the pins 
ccome in various lengths. Nate: Always 
drive pins into the solid web portions 

cof concrete blocks, nt nto the voids 
Trggertype nailer, ke the one shown 
here, are easiest use, but hammer 
activated types are also avaiable. You can 
buy nallers at home centers and hardware 
stores, or rent them from rental centers 
(Ask fora demonstration atthe rental 
center) Always wear hearing and eve 
protection when using these extremely 
{oud too 


‘Sill plate 


Note: Ifthe joists run parallel to the wall, you'll reed to install 
backers between the cuter joist and the sill plate to provide 
support for ceiling wallboard. Make T-shaped backers from 
short 2x 4s and 2 x 2s. Install each so the bottom face of the 
2.x 4s flush with the bottom edge of the joists, Attach the top 
plate to the foundation wall with its top edge flush with the top 
of the blocks. 


Install a bottom plate cut from pressure-treated 22 CCut 2 x 2 furring strips to fit between the top and bottom 


lumber so the plate spans the length of the wall, Apply plates. Apply construction adhesive to the back af each furring 
‘construction adhesive to the back and bottom of the plete, stip, and position iton the layout marks on the plates. Nail 
then attach itto the floar with a nailer Use a plum bab to along the length of each strip at 16" intervals, 

transfer the furring-stri layout marks from the top plate to the: 

bottom plate. 


Option: Leave a channel forthe instalation of wires or supply Fill the cavities between furring strips with rigic insulation 

pipes by nstaling pairs of vertically aligned furring strips with aboard. Cut the pieces so they ft snuely within the framing 

2" gap between each pal. Note: Consult local codes to ensure _if necessary, make cutouts in the insulation to fit around 

‘proper instalation of electrical or plumbing materials. mechanical elements, and caver any channels with metal 
protective plates before attaching the wall surface. Add a 
vapor barrier if required by local building code. 
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Installing Attic Walls 


(\ thie kneewalls are short walls that extend from 
F\ the attic floor to the rafters. They provide a 
vertieal dimension to attie rooms, and without them, 
attics tend to feel cramped. Kneewalls are typically 

5 ft. tall, for a couple of reasons: That's the minimum 
ceiling height for usable floor space according to most 
building codes, and it defines 
without wasting too much floor space. The unfinished 


comfortable room 


space behind kneewalls doesn’t have to go to waste 
I's great for storage and for concealing service lines. 
To provide access to this space, create a framed 
‘opening in the wall during the framing process 
Kneewalls are similar to partition walls, except they 
have beveled top plates and angle-cut studs that follow 
the slope of the rafters. The added stud depth created by 
the angled cut requires a 2 x 6 top plate. Before starting 
‘on your kneewall project, it may help to review the 


techniques for building a partition wall 


| Tools & Materials > 


Cireular saw 2x4 and 


Level 2x6 lumber 
Chalk line lod 
Thevel 8d common nails 


How to Build a Kneewall 


Create a storyboard using a straight 2x 4. Cut the board a 
f i longer than the planned height of the wall, Measure 
from one end and draw a line across the front edge of the 
board at the exact wall height. 
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Attic kneewalls a 
for furniture, and they 
storage units 


ist the right height to be backdrops 
ake a perfect foundation for built-in 


‘At one end of the room, set the storyboard flat against the 
outer rafter, Plumb the storyboard with a level while aligning 
the height mark with the bottom edge of the rafter. ransfer the 
height mark onto the rafter edge, then make a mark along the 
front edge of the storyboard onto the subfloor. These marks 
represent the top and bottom wall plates, 


Holding the storyboard perfectly plumb, trace slong the —-Repeat the wall-plate marking process on the 

bottom edge of the rafter to transfer the rafter slope onto the _of the room. Snap a chalk line through the marks—acro 

face of the storyboard, rafters and along the subfloor. f necessary, add backing for 
fastening the top plate ta the gable wall 


‘Mark the stud locations on the wall plates. install the 
plates along the chalk lines, fastening them to the rafters and 
10 adjust the blade ofa circular saw or table saw to the floor joists, respectively, using 16d nails. Measure and cut each 
proper angle. Then, bevel-cut one edge of the 2x6 top pl stud to fit, angle-cutting the top end so that it meets flush with 
Note: When the top plate Is lad flat across the rafters, the front the top plate, Toenail each stud in place with three 8d nails 
ecige should be perpendicular tothe floor. 


Basements & Atti 


y Virtue of sloping rools, most atties naturally 
have “cathedral” ceilings. It's up to you whether 

to leave the peaks intact—and apply a finish 

surface all the way up to the ridge—or to frame-in a 

horizontal ceiling, creating a flat surface that’s more 

like a standard ceiling, Before deciding, consider the 

advan 


ages and disadvantages of each treatment 
If your attic has callar ties—horizontal braces 

installed between opposing rafters—your planni 

should start with thase. Are the ties high enough to 


meet the code requirements for attic headroom? I not, 


consult an architect or engineer to see if you can move 
them up a few inches (do not move or remove them 
‘without professional guidance). Ifthe ties are high 
enough, you can incorporate them into a new ceiling 
or leave them exposed and wrap them with a finish 
material, such as wallboard or finish-grade lumber. Do 
not use collar ties as part of your eciling frame 

A peaked ceiling is primarily an aesthetie option, 
Its height expands the visual space of the room, and 
its rising angles provide a dramatie look that’s unique 
in most homes. Because a peaked ceiling encloses the 
rafier bays all the way up to the ridge, this treatment 
may require additional roof vents to maintain 
proper ventilation, 


Flat attic ceilings provide space for recessed light fixtures, vents, and speakers, 
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WH) Finishing Attic Ceilings 


By contrast, a flat ceiling typical offers a 


cleaner, more finished appearance closer to that of 


a conventional room, and Flat ceilings offer some 
First, they 
provide a concealed space above the ceiling, great for 
running service lines. If there are vents high on the 
gable walls, this open space can help ventilat 
(make sure to insulate above the ceiling). ‘The ceiling 
itself can hold recessed lighting fixtures or support 
a ceiling fan, And if your plans call for full-height 
partition walls, you may want a ceiling frame to 
enclose the top of the wall 

When determining the height of flat-ceiling 
framing, be sure to account for the floor and ceiling 
finishes. And remember that most building codes 
require a finished ceiling height of at least 90" 


practical advantages over peaked styles 


the roof 


| Tools & Materials > 


Aft, level 
Chalk line 
Circular saw 


2x4and 
2x6 lumber 
10d common nails 


Exposed collar ties can add an) 
interesting architectural element toa 
peaked celling. By adding ta the existing 
ties, you can create a channel for 
holding small ight fixtures. 


HYPOTHESIS OF A 
THEORY OF 
EVERYTHING 


Jack P. Gibson 
wwwcrikeritter@infoave.net 


‘This work grew out of an interest in curious occurrences, 
physical, mathematical and metaphysical. Many things 
just do not fit normal knowledge or are of unknown 
origin. Items such as gravity, time, mathematical 
equations of higher order, ghosts, e.s.p,, etc. After a 
number of years, the problem began to appear to be 
not of this physical dimension but of a grander scale. A 
multi-dimensional space-time format seems to offer 
solutions to understanding most of the problems. In the 
following hypothesis all known physics and 
mathematics are considered to be valid. Metaphysical 
aspects, while not accounted for by physics and 
mathematics, are considered to be present in nature, 
either real or as a defect in physical processes, simply 
because they are experienced by so many people. The 
hypothesis will be kept simple because the details 
require the work of many specialists beyond my abilities 
and there is an endless list of speculative problems to 
which the hypothesis could be applied. To save time 
and distractions to the reader the following is stated as 
fact, knowing full well it may not be so, in order to 
present the most concise statement of the hypothesis. 


‘The Universe, from the smallest to largest unit, is a 
quantum probability based fractal illusion. All matter 
exists in three-dimensional space, both internal and 
external. Any grouping can be considered a fractal 
space. It is both real and imaginary at the same time 
acting according to Eulers equation: 


(e* (*Pi))+1=0 
more useful in this instance is the general form: 
e*ix = -1=cos x + isin x = -tan 45 deg 


which allows use of a variable where Pi, a constant, is 
used in the original. The key to understanding of multi- 
dimensional space time is the realization that Pi is a 
variable! As we know Piis the lock on three-dimensional 
space. Because of its mathematical nature it can neither 
grow nor diminish, thereby locking in the three 
dimensional form of the fractal unit under consideration. 
Such a fractal unit is considered to be at rest. But 
Einstein's equation E=mc* includes speed or 
movement. When objects are moving relative to a fixed 
point, the moving object is foreshortened in the direction 
of movement. A circle becomes an ellipse and Pi 
becomes indeterminate letting the circumference 
fluctuate, according to its relative speed, between two 
and Pi in a circle of unit diameter. If one goes beyond 
the value Pi the Universe grows out of bounds without 


limit becoming unstable. If the value goes below two 
then the Universe blinks out. Le., one has exceeded the 
value of the constant c. Since all matter moves relative 
to a fixed fractal point and there are infinitely many 
points in the Universe of constantly changing velocities, 
the Universe is constantly adjusting its reality to the 
relative speeds of its components. Thus you get at times 
some weird things. Since not only time changes but 
the structure and observable mass also, one finds such 
things a matter appearing and disappearing as the 
small units of chaos move through the Universe. 
Changes in the local probability structure cause matter 
or reality to change in the image structure of the 
Universe. 


To delve further into the aspects of what is happening, 
let us consider the following. Einstein's familiar formula 
gives the relationships for our three-dimensional fractal 
space. The inverse of the formula gives the speed with 
which any fractal space can change, including the 
Universe. There is both a positive and negative 
component to the change. If we consider our fractal 
space to be positive then we may consider any other 
point to be negative. There are an infinite number of 
such points and while the effect on our space may be 
small from any one point; the effect adds up. Any moving 
or changing of mass must effect the entire Universe. 
Mass and inertia are tied together in such a system. 
Measured mass is the attempt of the mass to return to 
zero relative speed in its associated fractal space 
according to the laws of physics, i.e. return to its lowest 
energy state. Inertia is the same effect of the changing 
state of the mass from one-dimensional state to another. 
Both are the result of efforts to change the dimensional 
state of mass. The positive aspect of the square root of 
the ratio of energy/mass is the view we behold from 
our position in space while the negative is the view 
from the opposite position. 


In addition to the view of the Universe as being made 
up as fractal space, all moving at different relative 
speeds to any other fractal space, one must consider 
the make up of space having at the same time 
dimensional space, according to Euler's formula given 
above. There are at any moment an infinite number of 
spatial dimensions, defined by the relative speed of the 
fractal units involved, extending throughout the 
Universe. Each fractal unit is constantly changing its 
position in dimensional space. There are thus constantly 
changing energy states throughout the Universe both 
in relative position in real space and in dimensional 
space. While on one hand the distances across the 
Universe are immense in relative space, many points 
across the Universe are present in the same dimension 
at the same moment, possibly allowing for instance 
travel across space without the time penalty. This 
results in what might be considered a tuned circuit for 
the Universe or its components 


If we consider the structure of the relative Universe to. 
be stored energy analogous to magnetic fields and the 
dimensional fields to be capacitive, then we can plot 
the results on a conventional two-dimensional chart 
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How to Frame a Flat Ceiling 


Make a storyboard for the planned height ofthe ceiling Using a level and the storyboard, level over ‘rom the chalk 
frame, At one end of the attic, hld the storyboard plumb and —_line and mark two outside rafters on the other side of the attic. 
align the height mark with the bottom edge of a rafter. Tansfer Snap a chalk line through the marks, Note: The storyboard is 
the mark to the rafter, Repeat at the other end of the attic, then used merely as a straightedge for this step 

snap chalk line through the marks. Ths line represents the 

bottom edge ofthe celiing frame, 


Cut 2 x 6 joists to span across the rafters, angle-cutting _Nail each joist to the rafters with three 1od common nails 
the ends to follow the roof pitch, Check each joist for crowning _at each end. Be sure to maintain 16"- or 24°- on-center spacing 
‘to make sure you're cutting itso it wil be installed with the benween joists to provide support for attaching wallboard or 
‘crowned edge up. Make the overall length about s" shortso other finish material 


the ends of the jolsts won't tauch the roof sheathing, 


Bauwments & Atics ® 517 


Piracesisice ars plmemtscinen stat 
and ventilation to a dark, dank basement. 

More importantly, it ean provide a life-saving means of 

escape in the event of a fire. Before you proceed with this 


project, read more about building code issues regarding 
basement egress on page 17. Contact your local building 
department to apply for the proper permits and to learn 
more about the code requirements for your area. 

As long as the window opens wide enough to 
meet minimum standards for egress, the particular 
window style is really up to you. Casement windows 
are ideal, because they crank open quickly and provide 
unobstructed escape. A tall, double-hung window or 
wide sliding window can also work, Select a window 
with insulated glass and clad with vinyl or aluminum 
for durability; it will be subject to humidity and 


Replacing a small basement window with an egress 
window is big job, but itis required if you want to convert 
part af a basement into livable space, especially a bedroom. 
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WW! Adding Basement Egress Windows 


temperature fluctuations just like any other above- 
grade window in your home, 

The second fundamental component of a basement 
egress window project is the subterranean escape well you 
install outside the foundation. ‘There are several options to 
choose from: prefabricated well kits made of lightweight 
plastic that bolt together and are easy to install; corrugated 
metal wells are a lower-cost option; or, you can build a well 
from scratch using conerete, stone ar landscape timber. 

Installing an egress window invalves four major 
steps: digging the well, cutting a new or larger window 
‘opening in the foundation, installing the window, and 
finally, installing the well, You'll save time and effort if 
you hire a backhoe operator to excavate the well, In most 
ceases, youll also need a large concrete saw (available at 
most rental stores) to cut the foundation wall. 


"Tools & Materials > 


Tape measure Caulk and caulk gun 


4-ft, level Gloves 
Stakes and stringline Window well 
Shovel and window 


Colored masking 
Hammer deill with 
ve dia. x 12- 

to 16"-long 
masonry bit 
Conerete saw 
Hand maul 
Wide masonry chisel 
‘Trowel, miter saw 
Drill/driver, hammer 


Pea gravel 

Plastic sheeting 

Sell-tapping 
masonry screws 

2x pressure-treated 
lumber 

Shims 

Insulation materials 

Concrete sleeve 
anchors 


How to Install an Egress Window & Window Well 


Lay out the border of the window well area with stakes Excavate the well to a depth 6 to 12" deeper than the wells 
and string. Plan the length and width of the excavation to overall height to allow room for drainage gravel, Make sure 
bbe several feet larger than the window well's overall size to to have your local public utilities company inspect the well 
provide extra room for installation and adjustment excavation area and okay it for digging before you start 


Measure and mark the foundation wall with brightly colored If the floor joists run perpendicular to your project wal, 


masking tape to establish the overall size of the window's build a temporary support wall parallel to the foundation wall 
rough opening (here, we're replacing an existing window). and 6 to 8 ft. fram it for more on building support walls, see 
Be sure to take into account the window's rough opening page 29), Staple sheet plastic to the wall and floor joists to 
dimensions, the thickness of the rough framing (usually 2x form a work tent that will help control concrete dust. 


stock) and the width of the structural header you may need to 
build, Remember also that sill height must be within 44” of the 
floor. Remove existing wall coverings inside the layout area, 

(continued) 
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You'll need to cut through the foundation from both the “Equip a masonry cutting saw (or large angle grinder) with a 


inside and outside so the blocks will break cleanly Drill ahole diamond blade and setit for 81s" cut to score the blocks first, 
through the wall at each bottom corner with a hammer drill then reset the saw to full depth and make the final bottom and 
and jong masonry bit to give you reference points for marking _side cuts through the blocks, Wear a tight-fitting particle mask, 
the outside cuts. ear and eye protection, and gloves for all ofthis cutting work, 


the saw will generate a tremendous amount of thick dust. Feed 
the saw slowly and steadily Stop and rest periodically so the 
dust can settle, 


Connect the holes you driled previously with a level and Strike the blocks with a hand maul to break or loosen the 
plumb lines to mark the outside foundation wall for cutting block sections, When all the blocks are removed, carefully 
‘Measure the apening between the holes to make sure [tis chip away remaining debris with a cold chisel to create 

the correct size and that itis square. Score the cuts first, then flat surfaces. 


‘make the fulldepth cuts. 
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In concrete block walls, fl the hallaw voids with broken If your project requires 2 new header above the new 

pieces of block, then level and smoath the voids by trowelling indow, build it from pieces of 2x lumber sandwiching some 

ona fresh layer of quick-curing concrete. Flatten the surfaces, 1%" plywoad and fastened together with construction adhesive 

and allow the concrete to dry overnight. ‘and 10d nails. Slip it into place and tack it temporarily to the 
rmudsill with 31" deck screws driven toenail style, 


Cut the sill plate for the window's rough frame from 2« Cut two pieces of treated lumber just slightly longer than 
treated \umber that’s the same width as the thickness of the the opening so they'l fit tightly between the new header and 
foundation wall Fasten th the foundation with Ms x3%" sil. Tap them into place with a maul. Adjust them for plumb 

‘countersunk masonry screws, Drill pilot oles forthe screws ‘and fasten them to the foundation with countersunk masonry 


first with a hammer dil screws of powder-actuated fasteners. 
(continued) 
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Apply a thick bead of slicone caulk around the outside 
edges ofthe rough frame and set the window in its opening, 
seating the naling flanges into the caulk. Shim the window so 
the frame is level and plum, Test the action of the window to 
make sure the shims aren't bowing the frame, 


Attach the window's nailing flanges to the rough frame 
with screws oF nai sd by the manufactures, Check 
the window action periadically as you fasten it to ensure that it 
still operates smoothly. 


‘Seal gaps between the rough frame and the foundation with 
a bead of exterior silicone or palyurethane caulk. if the gaps 
are wider than ‘A, insert piece of backer rod first, then 
ccover it with caulk. On the interior, fil gaps around the window 
shims with strins of foam backer rod, fiberglass Insulation, or 
a bead of minimally expanding spray foam. Do not distort the 
window frame. 
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Fill the well excavation with 6 to 12" of pea gravel. This will 
serve as the window's drain system. Follow the egress well 
kit instructions ta determine the exact depth required; you 
may need to add more gravel so the top of the well willbe 
above the new window, Note: We added a drain down to the 
foundation's perimeter tle for improved drainage as well 


Stack the second well section on top of the first, and 
position it evenly from left to right relative to th ‘connect the two with the appropriate fasteners. 


Adjust the gravel surface to level the well section carefully. 


9 a 


"7B 


) 


Fasten the window well sections to the foundation wall When all the well sections are assembled and secured, 

with concrete sleeve anchors driven into pre-bored pilot ‘all pleces of treated lumber trim around the window frame 
You could also use masonry nails driven with a powder —_ta hide the naling flange. Complete the well installation by 

actuated nailer, Using excavated dirt ta backfl around the outside of the well 


Pack the soil with a tamper, creating a slope for good drainage, 
I you are installing a window well cover, sett in place and 
fasten it according to the manufacturer’ instructions. (The 
‘cover must be removable) 
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Installing Baseboard Heaters 


ascbourd heaters are a popular way to provide 
additional heating for an existing room or primary 
heat to a converted attic or basement 


Heaters are generally wired on a dedicated Drill/driver 
240-volt circuit controlled by a thermostat. Several Wire stripper 
heaters can be wired in parallel and controlled by a Cable ripper 
single thermostat (see circuit map 11, page 143). Wallboard saw 
Baseboard heaters are generally surface-mounted Baseboard heater or heaters 
without boxes, so in a remodeling situation, you on 240-thermostat (in-heater or in-wall) 
need to run cables before installing wallboard. Be sure 12/2 NM cable 
to mark cable locations on the floor before installing Electrical tape 
drywall, Retrofit installations are also not difficult, You Basic wiring supplies 
can remove existing baseboard and run new cable in 
the space behind 


‘Baseboard heaters can provide primary or supplemental heat for existing rooms or aditions. Install heaters with clear space 
between the heater and the floor. 
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| Baseboard Thermostats 


‘Single-pole and double-pole thermostats work na similar__—_In-heater and wall-mount are the two types of baseboard 


manner, but double-pole models are safer. The single-pole thermostats you can choose from. f you are installing multiple 
made! will open the circuit (causing shut) in only ane leg of heaters, a single wall-maunt thermostat is mare convenient. 
the power service, Double-pale models have two sets of wires Individual in-heater thermostats give you more zane control, 


to open both legs, lessening the chance that a person servicing which can result in energy savings. 
the heater will contact a live wire. 


| How Much Heater Do You Need?» 


If you don't mind doing a litle math, determining how 7. Add 20% if the space above is not well insulated: 
‘many lineal feet of baseboard! heater a room requires is — 
hot hard, 8. Add 10% if ceiling is more than 8 ft, high: 


Total ofthe baseline wattage plus all additions: 
1, Measure the area of the room in square feet —= 
(dength x width): _ 10. Divide this number by 250 (the wattage produced per 


2. Divide the area by 10 to get the baseline minimum foot of standard baseboard heater) 
‘wattage: 41. Round upto a whole number. This isthe minimum 
3. Add 5% for each newer window or 10% for each number of feet of heater you need, 
colder window: 
4, Add 10% for each exterior wall in the room: _ Note: tis much better to have more feet of heater than is: 
5. Add 10% for each exterior door ——— required than fewer. Having more footage of heater does 
6. Add 10% if the space below is not insulated! not consume more energy; it does allow the heaters to 


work more efficiently. 


| Planning Tips for Baseboard Heaters > 


‘+ 240-volt heaters are much more energy efficient than Do not mount heaters directly on the floor You 


‘120-olt heaters. should maintain at least 1" of clear space between 

‘+ Baseboard heaters require a dedicated circult. A the baseboard heater and the floor covering, 
20-amp, 240-volt circuit of 12-gauge copper wire will * ‘Installing heaters directly beneath windows is a 
power up to 16 ft. of heater. ‘200d practice, 

‘© Donotinstalla heater beneath a wall receptacle, Cords * Locate wall thermostats on interior walls only, and do 
hanging down from the receptacle area fire hazard. Not Install directly above a heat source. 
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How to Install a 240-volt Baseboard Heater 


4" above the floor Pull 12/2 NM cables through the first hole: 
Cone fram the thermostat, the ather to the next heater. Pull ll 
the cables for subsequent heaters. Middle-of-run heaters wil 
have two cables, while end-of-run heaters have only one cable, 


Anchor heater against wall about 1° off floor by criving 
flathead screws through back of housing and into studs, Strip 
away cable sheathing so at least!" of sheathing extends 
into the heater. Strip" of insulation from each wire using a 
‘combination tool 
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Remove the cover on the wire connection box. Open 2 
knockout far each cable that will enter the box, then feed the 

ccables through the cable clamps and into the wire connection 
box. Attach the clamps to the wire connection box, and tighten 
the clamp screws until the cables are gripped firmly, 


‘To next heater 


4 


‘To element 


‘Make connections to the heating element ifthe power 
wires are coming from a thermostat or another heater 
controlled by a thermastat. See next page for ather wiring 
schemes, Connect the white circuit wires to one of the wire 
Jeads on the heater. Tag white wires with black tape to indice 
they are hot. Connect the black circuit wires to the other wire 
lead. Connect a grounding pigtall to the green grounding screw 
inthe box, then join all grounding wires with a wire connector. 
Reattach cover, 


where x is the horizontal axis and the vertical is the 
imaginary axis. A well-known construction in electrical 
physics and which is known to very often follow 
relativity closely. That throws the negative side of into 
the second quadrant and the positive into the fourth 
quadrant, if we consider the Universe to be reflective 
and xto be negative when iis positive. Euler's equation 
does not reflect a totally positive ornegative result. One 
wonders at this point as to other equations where unity 
is set to one or higher dimensional equations where the 
three dimensional components are factored out leaving 
another component. The fourth is considered to be time 
but how do the remaining fit into a Universe as this 
hypothesis describes? The line of thought can be 
followed further into electrical analogy, which I leave 
to the reader. The important result is that there should 
be a resultant O, figure of merit, of the Universe resulting 
in nodes, or peaks, of probability. The resultant tuned 
frequencies of the Universe can be calculated from 
known factors of the Universe. Such an effect should 
show nodes of reality where matter occurs. 


Properly applied the above hypothesis gives speculative 
answers to most of the problems facing science today. 
Questions such as: 


Is the Universe open or closed? 


Both. At each fractal component of the Universe there 
is a separate universe each reaching limits beyond 
which it cannot exist. At the same time there is 
somewhere a top Universe that must ever remain open. 


What is the structure of time? 


‘Time results from the ever changing fractal Universe 
and goes forward because all justification of the 
Universe causes a corresponding change in reality. Time 
moves slower at higher relative speeds and as all time 
is perceived to be slower in other fractal units, changes 
in our time are perceived to always go forward. 


What are such phenomena as ghosts, spirits, 
apparitions, etc? 


Events such as these are fragments of probability left 
behind due to sudden changes in the probability of the 
illusion we perceive to be reality. Having little energy 
they are perceived but are not able to interact with the 
more forceful real reality. They float free in probability 
space interacting at random intervals with the more 
forceful realities of the real world. 


Where is the missing matter of the Universe? 


‘There may be clouds of matter floating about in deep 
space, however, most of the approximately 90% of 
matter missing will be found in the layers of dimensions 
making up space and which, though interacting, do not 
appear in our reality. Calculations show only about ten 
dimensions are active in any one reality. The rest curl 
up in a ball or knot. While an essential part of space or 
reality they are not perceivable from the fractal Universe 
of which they are a part. 


Parapsychology? 


Events of this type can be attributed to interconnections 
on the dimensional, or imaginary, level where there can 
be interactions between fractal units though not directly 
associated with each other in relative space. The 
manifestation varies or is temporary due to the 
constantly changing and adjusting due to interactions 
of the probabilities of the Universe. Due to the innate 
probabilities of each individual, one may be more 
susceptible or sensitive than other individuals. 


Bible, prophesies, angels, demons, aliens, etc. 


Ifone takes the Bible at face value, with some leeway 
for it's age and many translations, it pretty well 
describes what it purports to describe. Historic 
predictions and conditions of today. If we assume this 
hypothesis has any value then the passage in which 
God says “Let us make man in our image.” takes on 
new meaning. If we assume the probability basis of the 
Universe and the constant changing due to justification 
of reality and time then the miracles listed do not seem 
so in violation of the physical world. The miracles only 
require some ability to control reality. Certainly well 
within the providence of a creator. It speaks of heavenly 
beings capable of traveling through the Universe in real, 
time and some who interfered with mankind on the 
Earth and that they are still doing so today. If this 
hypothesis is correct then it is readily seen how such 
events could occur. Creation events closely compare 
with the way todays computers are made and 
organized. If man can do it, why could not the original 
creator? Ifone ignores a creator, then one is hard pressed 
for an answer as to how the Universe was created. 


UFOs 


Ifone accepts any part of the above then the functioning 
of UFOs begins to be understandable. They move 
through space by making spatial jumps through fractal 
nodes. Their appearing around magnetic and electrical 
sources maybe due to some, on our part unrealized, easy 
entry and exit to other space at those points, They are 
able to make right angle turns at high speeds because 
the speed is only from our viewpoint. From the viewpoint 
of the craft it is simply changing locations in space. 
‘The turning on edge may be only a different orientation 
of space at that point. 


Particles “Out of the Vacuum" 


As we shoot atomic matter at higher and higher speeds 
into nuclei we are able to fracture the construction of 
the building blocks of matter. The high speed fractal 
construction of probabilities of the unit used smashes 
into the target with enough speed to mix the 
probabilities resulting in new nodes from the total 
probabilities present. Various probabilities are ejected 
resulting in short lived particles in unstable nodes. At 
times fragments of probabilities appear out ofnowhere 
as they form up to combine into larger nodes. Travel 
distance and speed observed may give a clue to the 
basic frequency of the Universe. 
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‘One heater with end-cap thermostat. 
Run both power leads (black plus tagged 
neutral) into the connection box at either 
end of the heater. f installing a single-pole 
thermostat, connect one power lead 

to one thermostat wire and connect, 

te other thermostat wire to one of the 
heater leads. Connect the other hot 

LUNE wire to the other heater lead, If you 
are installing a double-pole thermostat, 
make connections with both legs of the 
ower supply 


Multiple heaters. At the first heater, 
join both hot wires from the thermostat 
to the wires leading to the second heater 
Inline. Be sure to tag all white neutrals 
hot. Twist copper ground wires together 
and pigtail them to the grounding screw 
in the baseboard heater junctian box. 
This parallel wiring configuration ensures 
that power flow will not be interrupted to 
the downstream heaters if an upstream 
heater fails. 


Wall-mounted thermostat. installing 2 
wall-mounted thermostat, the power leads 
should enter the thermostat first and then 
be wired to the individual heaters singly or 
In seties. Hookups at the heater are made 
‘a5 shown in step 4. Be sure to tag the 
‘white neutral as hot in the thermostat box 
‘a5 Wellas in the heater box, 


Exterior 
Improvements 


) oofing, siding, and exterior trim details create the 
outer envelope of your home, safeguarding it from 
the elements, Aside from their protective purposes, 
these three systems should also blend together 
aesthetically to improve your home's appearance 
Roofing and siding replacement, in particular, are 


among the more costly projects you'll face as a 
homeowner, and gencrally they're investments youll 


make only every few decades or so. For these reasons, 


it’s wise to plan your projects carefully, so you ¢ 
keep all the relevant factors in mind before you begin. 
This chapter will help you get started on the right 
foot, You'll begin the planning process by evaluating 
your needs and estimating both price and material 
{quantities required for the job, Then, you'll take a more 
in-depth look at the wide variety of product options 
available. New forms and styles of roofing and siding 
continue to come to market, and there may be some 
you simply aren't aware of yet. A roofing, siding, or trim 
project will usually require at least some work 
at heights. You'll learn important tips for working, 
safely, how to set up scaffolds, and how to prepare 
your job site to minimize damage, manage debris, 


and work efficiently 


In this chapter: 

« Estimating Roofing, Siding & Trim 
* Preparing the Roof for Shingles 

* Shingling a Roof 

‘Installing Vinyl Siding 


| ordering Roofing Materials 


Roofing materials are ordered in squares, with one 
square equaling 100 square Feet. To determine 
how many squares are needed, first Figure out the 
square footage of your roof, ‘The easiest way to 
make this calculation is to multiply the length by 
the width of each section of roof, and then add the 
numbers together 

For steep roofs and those with complex designs, 
do your measuring from the ground and multiply by a 
number based on the slope of your roof. Measure the 
length and width of your house, include the overhangs, 
then multiply the numbers together to determine the 
overall square footage, Using the chart at the lower 
right, multiply the square foot 
on the roof's slope. Add 10 percent for waste 
divide the total square footage by 100 to determine 
the number of squares you need, Don't spend time 
calculating and subtracting the areas that won't be 


by a number based 
hen 


covered, such as skylights and chimneys. They're 
usually small enough that they don't impact the 
number of squares you need. Besides, it ood to have 
extra materials for waste, mistakes, and later repairs, 
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WW! Estimating Roofing, Siding & Trim 


To determine how much flashing you'll need, 
measure the length of the valley to figure valley 
flashing, the lengths of the eaves and rakes to figure 
drip edge, and the number and size of vent pipes to 
figure vent flashing 


‘Asphalt shingles come in packaged buncles weighing 
around 65 pounds each, For typical three-tab shingles, three 
bundles wil cover one square (100 sq, ft) of roof 


Calculate the roof's surface by 
multiplying the height of the roof by the 
width, Do this for each section, then add 
the totals together. Divide that number by 
100, add 10 percent for waste, and that’s 
the number of squares of roofing materials, 
you need 


Conversion Chart 
‘Sle Null by Slope Mui by 
Tn 102 Bint? 1.20 
Binl2 103 Yin? 1.25 


Hint? 1,06 1012 1.30 
Sin? 100 Mint? 136 
int? 1212121. 
Tint? 1.16 


| ordering Siding Materials 


Siding is sold by the linear foot, square foot, board 
foot, or square, depending on the type of material 
To determine the amount of siding materials 
you'll need, calculate the square footage of each 


wall, then add them together to get your total 
surface area 

To figure the square footage for a wall, multiply 
the length of the wall by the height, Galeulate the 
area on the gable end of a wall by using the formula 
for triangles, which is one-half the length of the base 
multiplied by the height of the triangle. You won't 
need to subtr 
doors, and you won't need to add an extra 10 percent 
are roughly 
equal to the amount of waste youll need, 


1 for areas covered by windows and 


for waste. The window and door at 


Use your height and length measurements from 
the walls to determine how many feet of starter strip, 


channels, comer posts, and trim you'll need. Keep 

in mind you'll probably also need to apply trim or 

channels around all of your doors and windows. 
Depending on the siding material you're ordering, 

you may need extra material to allow for overlap. For 

example, if you want to install 10" lap siding with an 


8" exposure, you'll need to account for a 2" overlap 
for each board. Likewise, the exposure rate for wood 
shakes or shingles will determine how many squares 
you'll need, Depending on the exposure rate, one 
square of shingles could cover 80 sq, fi, 100 sq. ft 
or even 120 sq, ft. Most manufacturers have charts 
that show how much material is needed to cover a 
specified number of square feet at various rates of 
exposure. If you have trouble estimating how much 
material you need to purchase, ask your supplier 

for help. 


Estimate the amount of siding you'll need by calculating the square footage of each wall, then adding the numbers tagether 
To determine the square footage of a wall, multiply the wall length by its height, Subtract the square footage of all windows and 
doors, and then add 10 percent for waste to get square footage. Don't forget about corner trim, -channel and other trim pieces 
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Preparing the Roof for Shingles 


orking conditions on a roof ean be arduous, Some of these tools, such as a pneumatic nailer 

so make the job as easy as possible by and roofers hatchet, are specific to roofing projects. If 
gathering the right tools and equipment before you don't have them and don't want to buy them, you 
you begin. can rent them from a rental center 


‘Specialty roofing tools include roof 
ks (A) for use on steep roots, rooting 
(ove! (8) for tearoff work, preuma 
nailer (C), utility knife with hooked blade 
(0) for trimming shingles, roofing hammer 
with alignment guides and hatchet blade 
(© for shingie installation, and a release 
magnet for site cleanup (F), 


Use roof jacks on steep roofs. Nail the supports at the For more secure footing, fashion @ rooting ladder by nailing 
fourth or fifth course of shingles, and ade the widest board the od strips actoss a pair of 2» 4s, Secure the ladder to the 
supports will hold roof jacks, and use it to maintain your footing, 
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Drip edge 


Preformed 
valley flas 


Rolled flashing 
‘material 


= 


Aviation 
snips, 


A \ 
Vent pipe flashing hing blan! Skylight flashing 
pip 9 Step flashing blanks Dae 


be, * = 

x yo Pn. | 
Roof flashing can be hand cut or purchased in preformed she 
idles, and other nonstandard pieces can be cut from rol 
rnp needa 
Penance ni 


g pieces of valley flashing, base flashing, top 

flashing material using aviation snips. Step flashing blanks can be 

Drip edge and vent pipe flashing are available preformed. Skylight flashing usually comes 
s chimney ustom fabricated by a metalworker. 


2 


Aluminum 


— is { 

, : 

EF Rubber 
aasket nails 


Galvanized 
roofing nails 


Felt paper (304) 


Roofing nail coil 
(for pnoumatic 
nailer) 


Different fasteners, 
jobs. Use galvanized root 
aluminum nas 


e specially developed for diferent felt paper for use as 

i nals to hand nail shingles; use Underlayment; ice-guard membrane for use as underlayment 

aluminum flashing; use rubl climates; and tub fing cement for sealing small 
cracks, and joints. 


How to Tear Off Old Shingles 


Remove the ridge cap 
pry bar, Pry up the cap shing 
nail locations. 


ing a flat Working downward from the peak, _Unless flashing is in exceptional 
atthe tear off the felt paper and old shingles condition, remove itby slicing through 
a roofing shavel or pitchfork. the roofing cement that attaches it to 
the shingles. You may be able to salvage 
flashing pieces, such as chimney 
saddles and crickets, and reuse them: 


After removing the shingles, felt paper, and fi if an unexpected delay keeps you from finishing a section 
the entire tear-aft section, pry out any remaining nails and before nightfall, cover any unshingled sections, using tarps 
sweep the roof with a broam. weighted down with shingle bundles. 
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How to Replace Damaged Sheathing 


Use a reciprocating saw to cut next to the rafters nani area Attach 2 x 4 nailing strips to the inside edges of the rafters 
that extends well beyond the damaged area. Pry out using 3 deck screws 
the damaged sections using a pry ber. 


Use exterior grade plywood to make a patch, Measure Option: if our existing raat dack is made of boards (1 x 6 
the cutout area, allaw fora" gap on all sides for expansion, was cornmon before plywoad took aver the market), tis 

and cut the patch to size. Attach the patch to the rafters perfectly acceptable to use plywood when replacing a section 
and nailing strips using 2)" deck screws or &d ring-shank of the deck. The plywood should be the same thickness as the 


siding nails boards, generally 
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How to Install Underlayment 


‘Snap a chalk line 35%" up fram 
the eaves, so the frst course of the 
36"-wide membrane will overhang the 
jes by %". Install @ course of ice 
‘and water shield, using the chalk line 
asa reference, and peeling back the 
protective backing as you unrollit 


Measuring up from the eaves, make 
‘a mark 32" above the top of the last 
ow of underlayment, and snap another 
chalk line, Roll out the next course of felt 
paper (or ice guard, if required) along the 
chalk line, overlapping the first course 
ry to 12" 

2s of felt paper, and one 


‘At valleys, rol felt paper across from 
both sides, overlapping the ends by 36’ 
Install felt paper up to the ridge—ruled 
side up—snapping horizontal lines 
‘every two or three rows to check 
alignment. Over'ap horizontal seams by 
4, vertical seams by 12", and hips and 
ridges by 6". Trim the courses flush with 
the rake edges, 


Apply felt paper up to an obstruction, then resume 
the caurse an the opposite side (make sure to maintain th 
line), Cuta patch that overlans the felt paper by 12" an all 
sides. Make @ crosshatch cutout for the abstruction. Pt 
the patch over the obstruction, staple it in place, then caulk the 
seams with roofing cement, 


ying 
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At the bottom of dormers and sidewalls, tuck the fe 
paper under the siding where it intersects with the root, 
Carefully pry up the siding and tuck atleast 2" of paper under 
Also tuck the paper under counter flashing or siding on 
chimneys and skylights, Leave the siding or counter flashing 
of siding unfastened until after you install the step flashing. 


Black Holes 


The midpoint of the tuned circuit of the relative 
structure and dimensional structure of the Universe. 
As matter spirals in, from the relative structure, to be 
torn apart into its basic probabilities it passes through 
to the dimensional structure of space which holds 90% 
of the matter. There it is available for recollection and 
use by the relative space. 


Probability. Basic structure of the energy of space. 


Everything operates at random but within preferred 
patterns set by the frequencies involved. Ifyou look long 
enough anything can be found. As a result we find odd 
bones of prehistoric creatures that may have never 
existed. Weird things can happen. Odd pieces of 
structure can occur such as metaphysical events. The 
Qof space is sometimes sharp and sometimes rounded, 
spreading out to include things not really meant to be 
in the overall scheme of the Universe. Christ said “If 
you had the faith of a mustard seed, you could say to 
the mountain move and the mountain would move". (For 
those not of the Christian faith, this may be considered 
not as any proof but as a representative statement of 
the meaning of this paragraph.) That is in keeping with 
the quantum statements that nothing exists until it is 
seen and that we have some control over the 
probabilities. If the structure of space is based on 
probability then the next important question is ‘What 
is a probability’. We look to probability as a simple 
mathematical work. But, what makes probability work? 


JACK P. GIBSON 


About the Author: 


EDUCATION: University of North Carolina at Raleigh 
(Nuclear & Electrical Engineering), Air University, Gunter 
‘Air Force Base (Radio Fundamentals, Motorized Equipment) 
‘Western Electric Co Engineering Center 


The entire Universe is based on mathematics but we 
have no idea what is underneath the mathematics. Are 
dimensional planes perhaps better represented by other 
number bases? Are some of the unsolvable 
mathematical problems solvable in other number 
bases? 

Gravity 


Allforces in the Universe are the same. Gravity happens 
to be the one that works on our fractal space. Others, 
molecular, atomic, and nuclear are the same but work 
in different fractal space. All are the result of matter 
trying to reach its lowest potential. 


The above are only random questions chosen without 
any order. Most other problems can in some way be 
answered in line with the hypothesis, if not in detail. 
‘Too many questions can be fitted to the hypothesis not 
to take a serious look at it even though it may seem a 
little far out. The number of answers from one simple 
statement of the structure of the Universe defends the 
idea better than details. 


One possible proof, and a relatively simple one, occurs 
tomind, Einstein's theory of relativity was proved when 
NASA flew a clock in space and then determined that 
time did slow down. To test the above hypothesis I 
would like to see four clocks used in the following 
manner. 


Four atomic clocks in sets of two each. Two to be left 
on the Earth and two to be placed in space for an 
appropriate time. At the end of that time one of the 
clocks on the Earth to be taken into space and compared 
to the two already in space. Bring one of the clocks in 
space down to the Earth and compare to the clock left 
on the Earth. 


The clock taken to space should read slower compared 
to the clocks in space because the ones in space were 
at rest compared to the one on the Earth. 


‘The clock brought back from space should read slower, 
the same as the first one flown by NASA, because the 
clock on the Earth was at rest compared with the one 
in space. 


The two clocks left in space should be returned after 
an appropriate time and compared to the ones on the 
Earth. The original in space should now be slower than 
the original on the Earth and its mate from space. The 
fourth clock is unpredictable, 


The author apologizes for any errors in theory, 
mathematics, etc. There was no one to consult on the 
hypothesis which is an original work of my own and 
drawn on many references of others from the past If it 
has any value am indebted to the work of all the others 
whose work I relied on. Any errors are entirely my own 
and not attributable to others. This work is freely 
published in the public domain to be used by any and 
all who wish to do so. It is not to be copyrighted or 
patented in any manner so as to restrict others rights 
to the hypothesis or it’s use. 
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How to Install Drip Edge 


Cut a 45° miter at one end of the drip edge using aviation Overlap pieces of drip edge by 2°. install drip edge 
sips, Place the drip edge along the eaves end of the roof, across the entire eaves, ending with a mitered cut on the 
aligning the mitered end with the rake edge. Nail the drip opposite comer. 


‘edge in place every 12" 


3 


‘Apply felt paper, and ice guard if needed, to the root, Cut a 45° miter in a piece of drip edge and install it along the 

overhanging the eaves by Je" rake edge, forming a miter joint with the drip edge along the 
eaves. Overlap pleces by 2", making sure the higher plece Is 
Con top at the overlap. Apply drip edge all the way to the peak 
Install drip edge along the other rake edges the same way 
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Shingling a Roof 


J { you want to install asphalt shingles on your rool, 
then you're in good company. Asphalt shingles, 
also known as composition shingles, are the roofing 

of choice for nearly four out of five homeowners 

in America. They perform well in all types of 

climate, are available in a multitude of colors, 

shapes, and textures to complement every housing 

design, and are less expensive than most other 

rooling products 
Asphalt shingl 


are available as either fiberglass 

shingles or organic shingles. Both types are made with 
asphalt, the difference heing that one uses a fiberglass 
iber 
mat. Fiberglass shingles are lighter, thinner, and have 

better fire rating. Organic shingles have a higher tear 
strength, are more Flexible in cold climates, and are 


reinforcing mat, while the other uses a cellulos 


used more often in northern regions 
Although the roofing market has exploded with 
innovative new asphalt shingle designs, such as 
the architectural or laminated shingle that offers 
a three-dimensional look, the standard three-tab 


asphalt shingle is still the most common, whieh is the 
project we're featuring here. The tabs provide an easy 
reference for aligning shingles for installation 

To help the jab get done faster, rent an ai 
gun. This will 
greatly reduce the time you spend nailing, 


compressor and pneumatic roofin, 


I Tools & Materials > 


Aviation snips Chalk gun 


Carpenter's square Flashing 

Chalk line Shingles 

Flat bar Nailing cartridges 
Rooler's hatchet or Roofing cement 


pneumatic nailer Roofing nails 
Utility knife Ch, Ve 
Straightedge Rubber gasket nails 


Tape measure 


‘Stagger shingles for effective protection against leaks. I the tab slats are aligned in successive rows, water forms channels, 


increasing erosion of the mineral surface of the shingles. Creating a 6” offset between rows of shingles—with the three- 


shingles shown above—ensures that the tab siots do not align. 
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How to Install Three-tab Shingles 


Cover the roof with felt paper (page 536) and install drip 
cedige (nage 537), Snap a chalk line onto the felt paper or ice 
guard 1116” up from the eaves edge, to mark the alignment of 
the starter course. This will result in a Ys" shingle overhang for 
standard 12" shingles, Tip: Use blue chalk rather than red. Red 
chalk will stain raofing materials. 


© ait tap | 


Trim off one-half (6°) of an end tab on a shingle, Position the: 
shingle upside down, so the tabs are aligned with the chal line 
and the half-tabis flush against the rake edge. Drive s" roofing 
nails near each end, 1" down from each slat between tabs. 
Butta full upside-down shingle next to the trimmed shingle, 
and nail it. Fill out the row, trimming the last shingle flush with 
the oppostte rake edge 


Apply the first full course of shingles over the starter 
course with the tabs pointing dawn. Begin at the rake edge 
\Where you began the starter row. Place the first shingle so 

it overhangs the rake edge by Ys" and the eaves edge by 7 
Make sure the top of each shingle is lush with the top of the 
starter course, following the chalk line 


‘Snap a chalk line from the eaves edge to the ridge to create 
a Vertical line to align the shingles. Choose an area with no 
obstructions, as clase as possible tothe center af the raot 
cchakk line shauld pass through a slat ara shingle edge on the 
first full shingle course, Use a carpenter's square to establish a 
line perpendicular to the eaves edge 


a 


(continued) 
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Use the vertical reference line to establish a shingle 
pattern with slots that are offset by 6” in succeeding c 
Tack down a shingle 6* to one side of the vertical line, 5" 
above the bottom edge of the first-course shingles to start 
the second row. Tack down shingles for the third and fourth 
courses, 12" and 18" fram the vertical line, Butt the fifth course 
against the line, 


5e5, 


Check the alignment of the shingles after eat sourse 
cycle. In several spots on the last installed course, measure 

from the bottom edge af a shingle to the nearest felt 
paper line. f you discaver any misalignment, make minot 
adjustments over the next few rows until it’s corrected. 
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Fill in shingles in the second through fifth courses, working 
‘urse and maintaining a consistent 
5° reveal. Slide lower-course shingles under any upper-course 


Upward from the secor 


shingles left partially nailed, and then nail them down. Tip 
Install roof jacks, if needed, after filing out the fifth course, 


|=} 


When you reach obstructions, suich as dormers, install 
a full course of shingles above them so you can retain 
your shingle offset pattern. Qn the unshiingled side of the 
obstruction, snap another vertical reference line using the 
shingles above the obstruction as a guide, 


‘Shingle upward from the eaves on the unshingled side Trim off excess shingle material at the V inthe valley 


Of the obstruction using the vertical line as a reference for flashing using a utility knife and straightedge, Do not cut into 
re-establishing your shingle slot offset pattern. Fill out the the flashing. The edges will be trimmed back farther ata slight 
shingle courses past the rake edges of the roof, then trim taper after both roof decks are completely shingled, 


off the excess 


Install shingles on adjoining roof decks, starting at the Install shingles up to the vent pipe so the flashing rests 
bottom edge using the same affset alignment pattern shawn on at least one raw of shingles. Apply a heavy double bead of 
in steps 1 t0 6. Install shingles until courses overiap the center roofing cement along the bottom edge of the flange. 

Of the valley flashing. Trim shingles at both sides of the valley 

when finished. 


(continued) 
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Place the flashing over the vent pipe. Position the 
flashing collar so the longer portion of the tapered neck slopes 
down the roof and the flange lies over the shingles. Nail the 
perimeter of the flange using rubber gasket nals, 


Outline of 


Shingle up to an element that requires flashing so the 
top ofthe reveal areas are within 5" ofthe element. Install 
base flashing using the old base fiashing as a template 
Bend a piece of step flashing in half and set it next to 

the lowest comer of the element. Mark a trim line on 

the flashing, following the vertical edge of the element. 

Cut the flashing to ft, 
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Cut shingles to fit around the neck of the flashing so they ie 
flat against the flange. Do not drive roofing nails through the 
flashing. instead, apply roofing cement to the back of shingles 
where they le over the flashing 


Pry out the lowest courses of siding and any trim at the 
base of the element. Insert spacers to prop the trim or siding 
‘away from the work area. Apply roofing cement to the base 
flashing in the area where the averiap with the step flashing 
will be formed. Tuck the trimmed piece af step flashing under 
the propped area, and secure the flashing. Fasten the flashing. 
with one rubber gasket nail driven near the top and into the 
roof deck 


Apply roofing cement to the top side of the frst piece of 
step flashing where it will be covered by the next shingle 
‘course, instal the shingle by pressing it firmly into the roofing 
‘cement. Do not nail through the flashing undemeath, 


Shingle up to the chimney base. Use the old base fasting 
as a template to cut new flashing, Bend up the counter 
flashing. Apply roofing cement to the base of the chimney and 
the shingles just below the base, Press the base flashing into 
the roofing cement and bend the flashing araund the edges 
of the chimney, Drive rubber gasket nails through the flashing 
flange into the roof deck. 


Tuck another piece of flashing under the trim or siding, 
overlapping the first piece of flashing at least 2". Set the 
flashing into roofing cement applied on the top of the shingle, 
Nail the shingle in place without driving nails through the 
flashing, Install flashing up to the top of the element the same 
way. Trim the last piece of fiashing to fit the top corner of the 
element. Reattach the siding and trim. 


Install step flashing and shingles, working up to the high 
side of the chimney. Fasten flashing to the chimney with 
roofing cement. Fold dawn the counter flashing as you go. 


(continued) 
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Top flashing 


Cut and install top flashing (also called a saci) When you reach a hip or ridge, shingle up the first side 
the high side of the chimney. Overlap the final piece of flashing _until the top of the uppermost reveal area is within 5” of the 
along each side. Attach the flashing with roofing cement hip or ridge. tim the shingles along the peak. Install shingles 
applied to the deck and chimney and with rubber gasket nails on the opposite side of the hip or ridge, Overlap the peak na 
civen through the flashing base into the raof deck, Shingle more than 5°, 

past the chimney using roofing cement (not nails) to attach 

hingles over the flashing, 


Cut three 12"-sq. cap shingles from each three-tab shingl ‘Snap a chalk line 4” down from the ridge, parallel to the 
Nith the back surface facing up, cut the shingles atthe tab peak. Attach cap shingles, starting at one end of the ridge, 
lines. Trim the top comers of each square with an angled align he chalk line. Drive two 1%" roofing nails per 
Cut, starting just below the seal strip to avoid overlaps in the ‘cap about 1” from each edge, just below the seal strip, 
reveal area, 
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Following the chalk line, instal cap shingles halfway along 
the ridge, creating a 5° reveal for each cap. Then, starting at 
the opposite end, install caps over the other half of the ridge 
‘to meet the first run in the center. Cuta 5"-wide section from 
the reveal area of a shingle tab, and use it as a “closure cap" 
‘to cover the joint where the caps meet. 


After all shingles are installed, tim them at the valleys 
to create a gap that's 3° wide atthe top and widens at a 

rate of per foot as it moves downward. Use a utility knife 
and straightedge to cut the shingles, making sure nat to cut 
through the valley flashing. At tne valleys, eal the undersides 
and edges of shingles with roofing cement. Also cover exposed 
‘ail heads with roofing cement. 


Shingle the hips in the same manner using a chalk 
reference line and cap shingles. Start at the bottom of each hip, 
‘and work to the peak. Where hips join with roof ridges, install 

‘a custom shingle cut from the center of @ cap shingle. Set the 
‘cap at the end of the ridge and bend the corners so they fit 
ver the hips. Secure each comer with a raofing nail, and cover 
the nall heads with roofing cement. 


‘Mark and trim the shingles 2t the rake edges of the roof. 
Snap a chalk line from the edge to make an overhang, then 
trim the shingles. 


Exterior Improvements © 545 


WW) installing Vinyl Siding 


inyl has become one of the most popular sidings 
due to its low cost, uniform appearance, and 

-free durability. Installation is fairly 
simple, with each row locking onto the lip of the 
underlying course, then nailed along the top. 

There are a couple of key factors that will make 
or break your siding project. First, the sheathing must 
be straight and solid before the siding is applied. 

‘The siding will only look as straight and smooth as 

the wall its on, Second, determine how the siding 
should overlap to hide the seams from the main traffie 
patterns. This usually means starting in the back and 
‘working toward the front of the house 

Do not nail the siding tight to the house. The 
panels need to slide back and forth as they expand and 
contract with changes in the temperature. If the siding 
can't move, it will bow and need to be reinstalled. Keep 
a /s" gap between the head of the nail and the siding. 

Vinyl siding is available in a wide variety of colors 
and styles, and with a lot of accessories such as trim, 
fluted lineals, vertical columns, crown molding, 
and band boards. The most common vinyl siding is 
horizontal lap siding, which is shown starting on page 


maintenani 


548, This project shows a foam underlayment, which 
reduces outside noise, protects the siding from dents, 
and adds an insulation value. Vertical vinyl siding is also 
available. I's specifically made for vertical applications, 


) Tools & Materials > 


Hammer 
Cireular saw 


Zip-lock tool 
Snap lock punch 


orradial-arm saw Caulk gun 
Clamps Vinyl siding 
Tape measure Jechannel 
String Comer posts 
Straightedge Undersill 
Utility kn Starter strip 
Aviation snips Nails 

Level ‘Cutting table 


halk line 
Framing square 
Nail slot punch 


Salety glasses 
Silicone caulk 


Vinyl siding can look very similar to wood lap siding, but it doesn’t require regular upkeep. Vinyl can be installed on any type and 
style of house. 
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The Charge and Mass 
of a Photon 


Dzabrail Kh. Baziev 


Sirenevy blv., 65 building 4, apt.S5 
105484, Moscow, Russia 


(095) 461-9998, (866-22)-5-10-11 
Abstract 


The discovery of true elementary particle named 
electrino, which has a constant mass and constant 
positive charge and which is a material carrier of 
magnetic field, electric current and all kinds of 
emanation, was firstly practically applied at the 
modernization of wireless telephone. In the review 
V. Anpilogov writes: “The question on the influence of 
low intensity microwave radiation on human health still 
remains open for discussion for more than 50 years" 
[3]. Discussion on this question has been already 
inappropriate still it was definitely proved in the patent 
application “Device, which is made to put away the 
charged particles flux from the head of the user of mobile 
wireless phone”. During the talk on mobile 
wirelessphone 2,6-10" particle/sec pass through user's 
brain, whereas their energy is 7,65:10"" Joule, and the 
energy of binding of molecules in protein polymers 
ranges at 4,3-7,6-10"" Joule according to L. Poling. From 
that we can conclude that microwave radiation of the 
radiotelephone with top antenna leads to the 
destruction of user's brain tissue. The author of the 
patent application D. Baziev (#2001105456, 28.02.01. 
in Russia and #PCT/RU02/00054 of the international 
application) offers to fix the antenna on the low part of, 
the radiotelephone and to produce radiotelephones with 
minimal length within 10 cm. In this case the diagram 
ofthe directional radiation pattern is on the level of the 
user's chin and the brain is out of the direct exposure 
area. This harmless of the microwave radiation could 
not be proved before the discovery of “electrino”, 


Introduction 


systems analysis of all experimental and observation 
material gathered in physics, astronomy, and 
astrophysics from the times of Galileo let us reveal the 
following: 


1. Experimental materials do not agree with the 
existing physical theory. 
2. There is a certain fundamental disadvantage of 


the experimental material, which prevents to build a 
consistent theory. 

3. This fundamental disadvantage consists in the 
absence of a charge antipode of electron, which is in 
the form of a true elementary particle with a positive 
charge and finite mass, 

4. The proton and positron are not true elementary 
particles and neither of them can be a charge antipode 
of the electron because they are subjected to splitting, 


5. Discovery of the second true elementary particle 
with a positive charge could restore the charge 
symmetry in physics, thus leading to a radical revision 
of the existing theoretical physics and resolving its 
current crisis state, 


Searching for this particle required to ascertain physical 
nature of Planck's constant. This became possible only 
after the structure of a light beam had been understood. 
Namely, it was the photon sector velocity, known as 
Millikan constant 1, rather than the speed of light c, 
that proved to be a constant, viz. 


119.916984 m?* 


M=2v, constant, (1) 


where A, and v, are the wavelength and frequency of 
the ion monochromatic beam in the light beam. 


‘This new quantity elucidated the physical nature of 
Planck’s constant: 


Van73 _ 
(2) 


6.626268 1-10™' kg m?/s = constant, 


where m, is the mass of the second (after electron) true 
elementary particle to be called “electrino”. From this 
expression we have 


Oh: 
© wlan 13 
6.85575729963- 10" kg 


‘The electrino has a positive charge ¢ determined by 


m, 
(3) 


onstant. 


m,ne 


—3.229526609098- 10 
m,—nm, _ 1,6578584539-10™ 
=1,98764431671-107" C, 


@ 


where m, =1.66057 x 10%’ kg is the mass of an 
elementary atom accepted as a mass equivalent of one 
atomic unit; nm, = 3is the number of electrons in one 
elementary atom; e = 1.6021892 x 10" Cis the charge 
ofanelectron; m, = 9.038487 x 10° kgis an improved 
value of electron mass; n, = 2.418198867 x 10° is the 
number of electrinos in an elementary atom. 


‘Thus, it is obvious that Planck's constant is the angular 
momentum of the electrino. Moreover, it was Planck's 
constant that concealed the second true elementary 
particle, which is the charge antipode of the electron 
discovered by J.J. Thompson as far back as in 1897. 


‘The solution of Planck's constant has become a basis 
for the synthesis of the new theory of physics [1]. This 
theory in particular shows that the electrino is the 
carrier of the magnetic field and electrical current. It is 
a photon of radiation of all ranges, and serves as a 
universal carrier of energy and information. The electrino 
plays the role of a neutrino in moving along the first 
order trajectories. 


[34] New Energy Technologis Issue #4 (7) July-August 2002 


Cutting Vinyl Siding 


Use a fine-tooth blade installed backward in the 
cut vinyl siding, Use a radial-arm s 
circular saw, 

Always 


‘Support the siding on a cutting table when cutting, Vinyl 
v, power miter Saw, oF 3 siding is too flimsy to be placed across sawhorses without 
suppor. You can build a cutting table by fastening a long piece 


crap plywood between two sawhor 


Assnap lock pune! 1d to make raised tabs, or dimples, A.nail slot punch is used to make horizontal nall 
in a cut edge of siding where the naling hem has been the face of panels. it can also be used to add or 
removed, This eliminates the need to facenail the panel opening of an existing nail slot to match iregular stud spacing 
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How to Install Vinyl Siding 


Install housewrap following manufacturer Instructions. 
Identify the lowest corer of the house that has sheathing, 
and partially drive a nail 1%6" above the bottom edge of the 
sheathing. Run a level string to the opposite comer of the wall 
and partially drive a nail Do this araund the entire hause. Snap 
chalk lines between the nails. 


Place the top edge of the starter strip along the chalk 
line and nail every 10°, Nail in the center of the slots and 
don't nail tight to the house. Keep a ¥" gap between 
strips, and leave space at the comers for a" gap 
benween starter strips and comer posts 


‘Option: Install foam viny! siding underlayment on the 
house using cap nails, Align the bottom of the underlayment 
With the starting strip. To cut panels ta size, score them, 

with a utility knife, then break them over your cutting 

table. Some panels need to be taped at the seams Follow 
manufacturer's recommendations. 
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Install a corner post, keeping a /" gap between the top of 
the post and the soffit, Extend the bottom of the past 1" below 
the bottom of the starter strip. Drive a nail at the top end of the 
Uppermost slot on each side of the post (the past hangs from 
these nails). Make sure the post is plumb on both sides using. 
alevel. Secure the past by driving nails every 8 ta 12" in the 
center ofthe slots Do not nail the post tight. Install the other 
posts the same way. 


Hf more than one corner post is needed to span the length 

fa corner, the upper post overlaps the lower post. Far an 
‘outside corner post, cut off 1" from the nailing flanges on the 
bottom edge of the top post. For an inside comer post, cut aff, 
1" from the nailing lange on the upper edge of the bottom 
post. Overlap the posts by=%", leaving %" for expansion, 


At the top of the window, measure between the outside 
‘edges of the side J-channels and cut a piece of J-channel to 
fit. Cuta %" tab at each end. Bend the tabs dawn to form 
a drip edge. Miter cut the face at each end at 4S", Center 
the J-channel over the window and nail itn place. The top 
J-channel overiaps the side pieces, and the rip edges fit 
inside the side pieces. Do this for each window and door 


‘Measure and cut two J-channels that are the length of 
‘a window plus the width of the J-channel, Place one of the 
J-channels against the side of the window, aligning the bottom 
edge with the bottom edge of the windaw. Nall the channel in 
place. Nall the second J-channel against the opposite side of 
the window the same way. 


‘Measure, cut, and install J-channel along the gable ends. 
Nail the channels every 8 to 12°. To overlap I-channels, cut 1" 
from the nailing hem. Overlap the channels %", leaving Yi" for 
expansion. At the gable peak, cut one channel at an angle 10 
butt against the peak. Miter the channel on the opposite side 
to overlap the first channel. 


(continued) 


tor provements © B49 


660 4 


To install J-channel over a roof line, snap a chalk line along 
the roof flashing %" above the root, Align the bottom edge 

of the J-channel along the chalk line, and nail the channel in 
place. Make sure the channel does not make direct contact 
‘with the shingles, 


1 mid 


1 il 


‘Measure, cut, and install undersil beneath each window, 
The undersill should be flush with the outside lip of the 
side channels, 


Measure, cut, and install undersill along the horizontal 
eaves on the house. if more than one undersil is needed, cut 
the naling hem 1%" from the end of one undersil, Overlap the 
undersils by 1", 
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Snap the locking leg on the 
the starter strip, making sure [ 
Keep a)" gap between the end of the panel and the camer 
post. Nail the panel a minimum of every 16° on center. Don't 


drive the nails tight. Note: This installation shows a vinyl siding 
underlayment in place. 


‘Overtap panels by 1". Cut panels so the factory cut edge 
isthe one that’s visible. Keep nails at least 6” from the end 
Of panels to allow for smooth overtap. Do not overlap panels 
directly under a window. 


For hose spigots, pipes, and other protrusions, create 2 
seam at the obstacle, Begin with a new panel to avoid extra 
‘seams. Cut an opening "larger than the obstacle, planning 
fora 1" overlap of siding. Match the shape and contour 

as closely as possible, Fit the panels together around the 
‘obstruction and nail in place. 


Place the second row over the first, snapping the locking 
leg into the lock of the underlying panels, Leave Ys" gap at 
‘corners and J-channels. instal subsequent rows, staggering 
seams at least 24” unless separated by more than three rows, 
Check every several rows for level, Make adjustments in slight 
increments, if necessary. 


Place mounting blocks around outlets, lights, and doorbell. 
‘Assemble the base around the fixture, making sure i’ level, 
and nail in place. Install siding panels, cutting them ta fit 
around the mounting block with a i" gap on each side. 
Fasten the cover by snapping it over the block 


(continued) 
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Where panels must be notched to fit below a window, 
position the panel below the window and mark the edges 

Of the window, allowing for a %" gop. Place a scrap piece of 
siding alongside the window and mark the depth of the natch, 
keeping a i" gap, Transfer the measurement to the panel, 
mark the notch, and cut it out, Create tabs on the outside fac 
every 6" using a snap lock punch. install the panel, locking the 
tabs into the undersil 


To fit siding over a window, hold the panel in place over 
the window and mark it. Use a scrap piece of siding to mark 
the depth of the cut. Transfer the measurement to the full 
panel and cut the opening. Fit the cut edge into the J-channel 
above the window, lock the panel in place, and nail it 
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Install cut panels between windows and between windows 
‘and corners as you wauld regular panels, Avoid overlapping 
panels and creating seams in small spaces. The panels need to 
align with panels an the opnosite side of the window. 


For dormers, measure up from the bottom of the channel 
the height ofa panel and make a mark. Measure across to the 
opposite J-channel, Use this measurement to mark and cut the 
panel to size. Cut and install panels for the rest of the domer 
the same way. 


‘Measure the distance between the lock on the last fully Place a scrap panel in the J-channel along the gable end 

installed panel and the top of the undersill under the horizontal _of the house. Place another scrap over the last row of panels 

‘eaves, Subtract /, then mark and rip 2 panel to fit, Use a snap _before the gable starts, slide It under the first scrap, and mark 

lock punch to punch tabs on the outside face every 6". Install the angle where they intersect, Transfer this angle to full panels. 

the panel, locking the tabs into the undersil Make a similar template for the other side. Cut the panels and 
set the cut edge into the J-channel, leaving a Ys" gap, 


Cut the last piece of siding to fitthe gable peak. Drive a ‘Apply caulk between all windows and J-channel, 
single aluminum or stainless steel finish nail trough the top and between doors and J-channel 

of the panel to hold it in piace, This is the only place where 

{you will facenail the siding 
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Resources 


‘American institute of Architects 
200-364-9364 
‘wnwwaigoniine,com 


‘American Lighting Association 
800-724-4484 
\www.americanlightingassoc.com 


‘American Society of Interior Designers 
202-546-3480 
Wwww.asid.org 


‘Association of Home Appliance 
Manufacturers 

202-872-5955 

‘ww.ahiam.org. 


Certified Forest Products Council 
503-224-2205, 
\www.certifiedwood org 


Construction Materials Recycling 
Association 

630-548-4510 

\www.cdrecycling org 


Photo Credits 


‘Alcoa Home Exteriors, in. 
1.531, 546 


‘American Standard 
438 


‘Armstrong World industries 
1.174, 180 (left), 236 


Brian Greer’s Tin-Ceilings 
519 570 1447, 
239 


Broan Nutone 
i327 


Ceramic Ties of Italy 
p.a54 


CertainTeed, Corp. 
1. 530 (lower) 


Cherry Tree Des 
1.428 (lower) 


Daltile 
386 


Economic Mobiiy nc 
1.425 (lower left) 


Elkay 
1.348, 426 (eft) 


‘The Energy Conservatory 
\www.energyconservatory.com 
1. 218 (right) Energy Star Program 


Energy & Environmental Building 
Association 

952-881-1098 

www.eeba org 


International Residential Code (book) 
International Conference of Building 
Officials, 

800-284-4406 

‘wowwsicbo.cam 


Kohler Co. 
800-456-4537 
‘wnt kohier.com 


Laticrete international 
(adiant floor mats) 
800-243-4788 

‘wn laticrete.com 


Light Gauge Steel Engineers Association 
615-279-9251 
wowwigsea.com 


National Association of the 
Remodeling Industry (NARD 

1847-298:9200 

www.narorg 


Fotolia / www-fotolia,com 
480 


General Electric 
478 (right) 

Ginger 

1.46 (right) 

Harrell Remodeling, Inc, 
427, 486 


IKEA Home Fumishings 
pate 


ISTOCK Photo / wwwistack.com, 
1.324 George Peters, 420, 422, 468 
Nicola Gavin, 528 


Jacuzz 
. 428 (top) 


Kentucky Wood Floors 
170 


Kohler 
. 19, 392, 424, 425 (lower right), 446, 484 


keraftmaid 
p.339 


‘Marvin Windows 
p.318 


MIRAGE Prefinished Hardwood Floors 
162 
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National Fire Protection Agency 
617-770-3000 
‘ww nfpa.org 


National Kitchen & Bath Association 
(NKBA) 

800-843-8522 

‘wewwrikba org 


National Wood Flooring Association 
300-422-4556 
\www.woodfoors org 


North American insulation 
‘Manufacturers Association 

703-684-0084 

‘waww.naima org 


Tile Council of America 
364-646-8453, 
wwwwtleusa,com 


US. Environmental Protection Agency— 
‘Indoor Air Quality 
wwniepa.gov/iag/ 


‘Oasis Montana 
p.418 (eft) 


Robert Perron, photographer / 
\woww.bobperron, com 
p.516 (left & right) 


Price Pfister 
. 393 (al), 472 (top & lower) 


Seattle Glass Block 
p.220 


slematic 
P.336 


Swanstone 
.470 (top) 


Toto 
.428 (top) 


Urban Homes, NY 
p.340 


Brian Vanden Brink, photographer / 
‘www.brianvandenbrink com 
p.a92 


VELUX-Ametica 
p28 


Weather Shield 
P.18 (top) 


Wester Red Cedar Lumbar Association 
p28 


WW! Conversion Charts 


Metric Equivalent 

Inches Gn) tne th ue MO A MH 1 2 3-4 5 6 7 B 9 1M 12 3 34 
Feot (th) 13th 
Yas (yt) 1 We 
Aims (nm) 0.40 0.79 11.59 3.18 6.35 959 10 12.7 15.9 19.1 22.2 254 80.6 76.2 101.6127 152 178 203 229 254 279 305 914 1,000 
Centar (cn) 0,951 1.27 1,591.91 2.22 2.54 5.08 7.62 106127 15.2 17.8 20.3 22.9 25.4 27.9 30.5 91.4 100 
tars) 3091 100 


Converting Measurements 


ToConvert: To: Multiply by: To Convert: ‘Multiply by: 

Inches: Millimeters 254 Milimet ers 0.039 

inches Cntineters 24 Centinates 03 

Feet Meters 0.305 ‘Meters: 3.28 

Yards eters and eters 109 

Ailes lets 1.409 Aionas ies oni 

‘Sune inches ‘quote centineas 6.45 ‘Sune centimeters Sune inches 0155 

‘Square feet Squore meters 0.093 ‘Square meters Square feet 108 

‘Sauae yds ‘uote eles 0836 Sure mets Sore yrs 12 

Cubic inches Cubic centimeters 164 Cubic centimeters Cubic inches 0.061 

obi feet Cubic meters 0.0783 Cobic meters (Gicfeet 3 

Cubic yords Cubic meters 0.765 Cubic meters Cubic yords 131 

Pints (WS) O.AT3 imp. 0.566) ies Pits (US) 2.114 Ch 1.78) 

‘Quarts (U.S.) 0.946 (Imp. 1.136) Liters Quarts (U.S.) 1.057 (mp. 0.88) 

Gallons (U.S.) 3.785 (imp. 4.546) ‘ites Gallons (U.S.) 0.264 (imp, 0.22) 

Ounces: 28.4 Ounces: 0.035 

Pounds st Funds = 
" 

Converting Temperatures Fahrenheit Celsius 


Convert dates Foreneit (F) o degrees Ces (C) by following this simple 
foxmul: Subhact 32 fromthe Fohrenbit temperature reading, Then muy that 


ror For example, 77°F 32 = 45,45 x = 25°C. 35° a 
To covet dgtes Cli Yo degrees Fabel, mull the Ces temperaure 50° x 
tating by the fd 32. For example, 25°C x Y= 4S. 45 +32 = 77% = toe 
ae 5 
a Freezing © 
ra - 
w a 
16° ase 
0 “29° 
° “as 
. ae 
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The first experiment 


‘An extraordinary importance and novelty of the new 
theory required an experimental proof of the electrino. 
For that several experiments were made in the Institute 
of General and Inorganic Chemistry, Moscow. The 
experiment was based on the following effects 
predicted by the theory. 


1. Ifassume that electrino exists and that light beam is 
a flux of particles having positive charge and finite 
mass [1] we can conclude the following. At the 
discharge of the de source through an incandescent 
lamp in which the current is converted to light and 
irreversibly emitted, the source weight in charged 
state must differ from its weight in discharged state. 
If we prove this difference experimentally we may 
say that light does consist of material particles of 
finite mass and a de charge carried away by light is 
positive because an incandescent lamp (W=15 Wit) 
does not emit electrons, which are the carriers of 
negative charge 


2. The second effect to prove was that the weight of a 
discharging de source is increasing whereas its 
weight when charged is decreasing. 


‘To prove the validity of these predictions, several sealed 
containers with different de sources inside were 
fabricated. The electrodes were brought out through 
glass insulators, The batteries were discharged through 
an electric lamp radiating in the visual and infrared 
ranges. The weight of containers was measured before 
and after discharge process with accuracy 
AW=+0,02 mg; balance error was equal to 
A = = 0,05 mg the standard deviation of the 
measurements was within = +0,03mg; the buoyancy 
was calculated for each measurement of weight. In this 
paper, we present test results of only one container with 
four generally marketed GP rechargeable cells 
connected in series. The total battery voltage reached 
5400 mV at 6000 mA/h charge capacity. The discharge 
was interrupted when the voltage dropped to 4000 mV, 
the duration of the discharge was measured accurate 
to one second. Two series of experiments were run: one 
in air, the other, under argon. Each series had ten charge- 
discharge cycles (Table 1 and Fig. 1). The total amount 
of the experiments and detailed discussion of results 
have been summarized in a recently published brochure 
(2. 


‘The results of the above tests allow us to make the 
following conclusions: 


1. Both galvanic and rechargeable cells during a 
discharge through an electric lamp show sufficient 
changes in their weight and charge thus proving that 
photons have a finite mass and a positive electric 
charge. 


2. Anew elementary particle, named electrino, derived 
from Planck’s constant in August 1982, and 
published in May 1994, thus gets a complete and 
absolute experimental confirmation, 


The second experiment 


One of the concepts of the new theory is that the speed 
of light in vacuum is a function of photon frequency 
along the beam axis, according to the proportions: 


c= uv, [mis], (5) 
v=M/R [st]. ©) 


According to the new theory, for the velocity of 
monochromatic light (solar light or mercury-discharge 
lamp, but not a laser) with a wavelength of 
2,=6.8x10" m (mid-point of the red spectral line), we 
have 


5933603810" st, (7) 


iv, =1.76348505882 +10 m/s, (8) 


which is 58.823% of the speed c, = 2.9979246x10" m/s 
of a violet beam with a wavelength of 4x 10” m. 


We have to account that, according to this theory, the 
laser beam is not a true light beam though it is created 
of electrinos. The speed of laser beam is equal to the 
speed of beam plus the speed of current in the 
conductor, viz., 


Vo = 2.8992629-105m/s=const (9) 


Ifwe select a monochromatic beam of ultra-violet light 
with a wavelength of 2, =4- 10 * m then its velocity 
will be c,=10 C: 


119,916984m? /sec _ 
410% 
2,9979246-10? m/sec 


=pla,= 


= M/A; = 116-10"? = 7,49481 15-10" sec 


AW, mg 


Fig. 1 
Voltage drop [mV] of a battery and (2) weight increment [mg] of 
container #6 in an argon atmosphere during the second 
discharge cycle [minutes]. X-direction - is spark duration in 
‘minutes; Y-direction — ie voltage of a battery; 
auxiliary ¥direction — is weight incensement (mg). 
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Index 


A 
‘ABS pipes. See Plastic pipes (ABS, 
PVC, CPVC) 
Acoustical ceiling tiles, installing, 
236-238 
Air-conditioning, guidelines for 
kitchen, 345-346 
“Ampacity (amperage) of wires, 90, 91 
Appliances 
Circuit maps for, 142-143 
dishwashers, hooking up, 402-406 
energy efficient, 347, 418-419 
food disposers, installing, 407-411 
minimum trap sizes for, 80 
Asbestos, 24, 176 
Attics 
finishing ceilings, 516-517 
installing 
baseboard heaters, 524-527 
floors, 506-509 
walls, 514-515 
planning remodeling, 494-495, 498 
8 
Balloon framing, elements of, 11 
Bamboo flooring, installing, 186~190 
Bamboo panels, 210 
Baseboard heaters 
circuit maps for, 143 
installing, 524-527 
Basements 
adding egress windows, 518-523 
installing 
baseboard heaters, 524-527 
floors, 500-505 
walls, 510-513 
planning remodeling, 496-499 
Base molding, installing, 242-245 
Bathrooms 
accessibility of 424-429, 486-487 
codes & standards, 135, 422-423 
installing 
alcove bathtubs, 438-445 
drains, 472-473, 478-479 
faucets, 472-477 
flooring 
ceramic tile, 191-197 
mosaic tile, 198-199 
floor-warming systems, 156-161 


sliding tub doors, 450-453 
3-piece tub surrounds, 446-449 
toilets, 458-461 
towel warmers, 490-491 
tub spouts, 480-483 
vanity cabinets, 470-471 
ights, 484-485 
wall-hung vanities, 462-463, 
tiling walls, 454~457 
Bay windows, installing, 268-277 
Beadboard wainscoting, installing, 
216-219 
Bedrooms, highlights of National 
Electrical Code about, 135 
Bifold doors, installing interior, 
300-301 
Branch pipes, sizing for, 79 
Brass valves, soldering, 62 
Building codes & permits, 16-19 
bathrooms, 135, 422-423 
electrical 
basic requirements, 131-131 
highlights, 134—135 
learning about, 128, 131 
kitchens, 135, 342-343, 
for PEX, 71 
for plumbing, 77-78 
Bullt-up base molding, installing, 
244-245 
Butted casings on doors, 
installing, 319 
¢ 
Cabinets 
installing bathroom vanity, 
470-471 
installing kitchen 
‘base cabinets, 356-357 
hanging cabinets, 353-355 
overview of, 350 
preparing walls, 351-352 
removing, 39 
Cables 
entering receptacles, 122 
highlights of National Electrical 
Code about, 134 
installing NM (Nonmetallic) 
98-101 
overview of, 90-92 


Blass shelving, 488-489 Carpet squares, installing, 200-203, 

grab bars, 486-487 Ceilings 

showers finishing attic, 516-517 
enclosure kits, 430-435 Installing 
hinged doors for, 436-437 ‘acoustical tles, 236-238, 

sinks ‘crown molding, 250-253 
pedestal, 468-469 electrical boxes on, 114 
vessel, 464-467 light fixtures on, 324-326 
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metal, 239-261 
panels on, 228-231 
recessed light fixtures on, 
327-329 
skylights, 278-283 
building shafts for, 284-287 
tubular, 288-289 
suspended, 232-235, 
track lighting on, 330-333 
wallboard on flat, 47 
Cementboard underlayment, 
Installing, 152 
Ceramic tile flooring, installing, 
191-197 
Chair rails, installing, 248-249 
Circuit maps, using, 138-145, 
Codes. See Building codes & permits 
Color chart of wires, 90 
Concrete walls, installing wires on, 
106-107 
Conductors, maximum number 
permitted per electrical box, 108 
Conduit 
connecting nonmetallic, 105 
installing on concrete walls, 
106-107 
overview of, 102-104 
‘Construction plans, 22-23 
Copper pipes 
cutting, 59 
soldering, 56, 58, 60-62 
working with, 56-57 
‘Countertops, installing 
laminate, 368-375 
postform, 364-367 
tiled, 376-385 
PVC pipes. See Plastic pipes (ABS, 
PVC, CPVC) 
Crown molding, installing, 250-253, 


D 
Demolition 
making opening for exterior 
doors, 32-35 
overview of, 28 
removing 
cabinets, 39 
partition walls, 36-37 
plaster walls, 31 
trim, 38 
wallboard, 30 
support, installing temporary, 29 
Dining rooms, highlights of National 
Electrical Code about, 135 
Dishwashers, hooking up, 402-406 


Doors 
codes for exit, 17 
exterior 
making opening for in lap 
siding, 32-33 
making opening for in stucco, 
34-35 
framing, 12-13 
framing interior, 290-291 
for load-bearing walls, 293 
prehung, 292 
sliding & folding doors, 293 
guidelines for kitchen, 344 
installing casings, 318-321 
installing entry, 306-209 
installing interior 
bifold doors, 300-301 
French doors, 302-305 
overview of, 290 
pocket doors, 296-299 
prehung, 294-295 
installing paneling around, 213 
installing patio, 312-317 
installing storm, 310-311 
Drains 
hooking up kitchen sink, 398-401 
installing bathroom sink, 472-473, 
478-479 
Drain-waste-vent system 
cleanouts for, 80 
drain pipe sizes, 80 
overview of, 55, 
vent pipe sizes & orientation, 80 
Drawings, 20-21 
ry-backed resilient flooring tiles, 
installing, 175, 176, 180-184 
E 
Electrical boxes 
common types of, 108, 109, 110 
highlights of National Electrical 
Code about, 134 
installing 
on ceilings, 114 
Junction boxes, 114-115 
for light fixtures, 113, 
for receptacles, 112 
for switches, 113 
locating, 111 
‘maximum number of conductors 
permitted per box, 108 
overview of, 85, 108 
wall covering thickness and, 111 
Electrical symbols, 137, 
Electrical system 
delivery from power plants, 83 
glossary of terms, 87 


guidelines for kitchen service, 344 
meters described, 84 
overview of home, 86 
parts of, 84-85 
safety, 25, 28 
Entertainment rooms, highlights of 
‘National Electrical Code about, 135 
Entry doors, installing, 306-309 
Exits & openings, codes for, 17 
F 
Faucets 
installing bathroom, 472-47 
installing kitchen 
overview of, 392-393 
putting in new faucet, 395-397 
removing old faucet, 394 
Fire protection, codes for, 18 
First-aid kits, 25 
Fittings 
‘methods used with copper pipes, 56 
soldering copper pipes & 56, 58, 
60-62 
Fixtures 
installing panels & wainscoting 
around, 213, 218 
‘minimum trap sizes for plumbing, 80 
See also Light fixtures 
Flexible copper pipes 
cutting, 59 
overview of, 56, 57 
Flooring 
elements of, 14 
instaling 
bamboo planks, 186-190 
carpet squares, 200-203 
ceramic tle, 191-197 
hardwood strip, 162-165 
laminate, 166-169 
mosaic tle, 198-199 
parquet, 170-173 
radiant floor-warming systems, 
156-161 
resilient tiles, 175, 176, 180-185 
sheet vinyl, 174-179 
installing attic, 506~509 
installing basement, 500-505 
refinishing wood, 204-207 
underlayment for 
installing 
cementboard, 152 
isolation membrane, 153, 
panels, 154 
plywood, 151 
raised panels, 154155 
overview of, 150 


Food disposers, installing, 407-411 
Four-way switches 
circuit maps for, 145 
installing of, 119 
overview of, 119 
testing, 121 
Framing 
doors, 12-13, 290-293 
elements of, 10-11 
with steel, 42-43 
windows, 12-13, 256-259 
French doors, installing interior, 
302-305 
FRP panels, 210 


6 
Garden windows, installing, 264-267 
GFCI (ground-fault circuit-interrupter) 
receptacles 
circuit maps for, 139, 142 
installing, 127 
overview of, 126 
Glassblock walls, building, 220-223, 
Glass shelving, installing, 488-489 
Grab bars, installing, 486-487 
Green kitchens, 347, 416-419 
Grounding 
highlights of National Electrical 
Code about, 135, 
wires 
described, 84 
installing through metal 
conduits, 102 
H 
Hallways, highlights of National 
Electrical Code about, 135 
Handicapped persons. See Universal 
design 
Hard copper pipes. See Rigid copper 
pipes 
Hardwood strip flooring, installing, 
162-165 
Headers, overview of, 12-13 
Heating 
guidelines for kitchen, 345-346 
installing baseboard heaters, 
524-527 
installing panels & wainscoting 
around vents, 213, 218 
installing towel warmers, 490-491 
1 
inspections, 16 
Isolation membrane underlayment, 
installing, 153 
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J 
Joints, taking apart soldered, 63 
Joists, installing temporary, 29 
Junction boxes, installing, 114-115 
K 
Kitchens 
accessibility of, 348-349 
appliances 
Circuit maps for, 142-143 
dishwashers, hooking up, 
402-406 
energy efficient, 347, 418-419 
food disposers, installing, 
407-411 
minimum trap sizes for, 80 
building islands 
stock-cabinet, 358-359 
tiled, 360-363 
codes & standards 
electrical, 135, 344 
heating, ventilation & air- 
conditioning, 345-346 
plumbing, 345 
designing 
‘general guidelines, 342-344 
layouts, 340-343 
overview of, 338-339 
dishwashers, hooking up, 402-406 
drains, hooking up sink, 398-401 
green, 347, 416-419 
installing backsplashes, 386-389 
installing cabinets 
base, 356-357 
hanging, 353-355 
overview of, 350. 
preparing walls, 351-352 
installing countertops 
laminate, 368-375 
postform, 364-367 
tiled, 376-385 
installing faucets 
overview of, 392-393 
putting in new faucet, 395-397 
removing old faucet, 394 
installing food disposers, 407-411 
installing sinks, 390-391 
installing undercabinet lights, 
412-415 


iL 
Laminate flooring, installing, 166- 
169 
Laminate panels, 210 
Lap siding, making opening for 
exterior doors in, 32-33, 
Laundry rooms, highlights of 
‘National Electrical Code about, 135 
Light fixtures 
circuit maps for, 139-141, 
144-145 
described, 84 


highlights of National Electrical 
Code about, 134 
installing 
bathroom vanity, 484-485 
on ceilings, 324-329 
electrical boxes for, 113, 114 
track on ceilings, 330-333 
Uundercabinet in kitchens, 
412-415 
Lighting 
codes for natural, 18 
guidelines for kitchen, 344 
Living roams, highlights of National 
Electrical Code about, 135 


M 
Materials 
for applying veneer plaster, 224 
for framing with steel, 42 
for wood floors, refinishing, 204 
for working with conduit, 104 
for working with PEX pipes, 68 
Mitered casings on doors & windows, 
installing, 319 
Molding 
installing base, 242-243 
installing built-up base, 244-245 
installing crown, 250-253 
Mosaic tile flooring, installing, 
198-199 


N 
National Electrical Code highlights, 
134-135 
‘NM (Nonmetallic) cable 
about, 91,92 
installing, 98-101 
reading, 93 
stripping sheathing & insulation, 94 
° 
‘One-coat veneer plaster system, 
applying, 224-226 
Outdoors 
highlights of National Electrical 
Code about, 135, 
installing ceramic tiles, 191-197 
Outlets, See Receptacles 
P 
Paneling 
installing 
on ceilings, 228-231 
metal on cellings, 239-241 
on walls, 211-213 
types, 210 
Parquet flooring, installing, 170-173 
Partition walls 
building, 40-42 
removing, 36-37 
Patio doors, installing, 312-317 
Perimeter-bond sheet vinyl, 
institution, 174-175, 177-179 
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Permits, See Building codes & permits 
PEX pipes 
buying, 71 
connecting, 73 
installing, 70, 
overview of, 68 
plumbing water-supply system 
with, 74-75 
system designs for, 72 
tools & materials for, 68 
Picture rails, installing, 246-247 
Pipes 
copper 
cutting, 59 
soldering, 56, 58, 60-62 
working with, 56-57 
PEX 
buying, 71 
connecting, 73 
installing, 70 
overview of, 68 
plumbing water-supply system 
with, 74-75 
system designs for, 72 
tools & materials for, 68, 
plastic 
cutting, 65 
Joining with solvent-glue, 66-67 
overview of, 64 
sizing for, 79 
supports for, 80 
Plaster, applying veneer, 224-227 
Plaster walls, removing, 31 
Plastic pipes (ABS, PVC, CPVC) 
cutting, 65 
joining with solvent-glue, 66-67 
overview of, 64 
Platform framing, elements of, 10, 
Plumbing 
codes & permits, 77-78, 423 
guidelines for kitchen, 345 
‘mapping system, 76 
overview of, 52-55 
symbols, 76 
water supply system with PEX 
pipes, 74-75 
Plywood underlayment, installing, 151 
Pocket doors, installing interior, 
296-299 
Prefung doors, installing interior, 
294-295 
PVC pipes. See Plastic pipes (ABS, 
PVC, CPVC) 


R 
Radiant floor mats, 
‘bamboo flooring and, 186 
installing, 156~161 
Raised underlayment panels, 
installing, 154-155 
Ranges, circuit maps for, 143 


Receptacles 
circuit maps for, 138-139, 142 
highlights of National Electrical 

Code about, 134 
installing 
electrical boxes for, 112 
GFCI, 127 
new, 124-125 
panels & wainscoting around, 
213,218 
overview of, 85, 122-123 

Recessed ceiling lights, installing, 
327-329 

Remodeling steps, 20-23 

Resilient flooring tiles, installing, 175, 
176, 180-185 

Resilient sheet vinyl flooring, 
installing, 174-179 

Rigid copper pipes 
cutting, 59 
overview of, 56 

Rigid plastic pipes. See Plastic pipes 
(ABS, PVC, CPVC) 

Roofs 
elements of, 15 
estimating material needed, 531 
shingling 

installing drip edge, 537 

installing three-tab shingles, 
538-545 

installing underlayment, 536 

preparation, 532-533 

removing old shingles, 534-535 

Room dimensions, codes for, 17 

Round-top windows, installing, 
262-263 


s 
Safety, 24-25 
asbestos and, 24, 176 
wiring, 88-89 
Self-adhesive resilient flooring tiles, 
installing, 175, 176, 180, 185, 
self-rimming sinks, installing, 
390-391 
Service masts, described, 84 
Service panels 
described, 85 
highlights of National Electrical 
Code about, 134 
new wiring and main, 128, 130 
Sheet vinyl flooring, installing, 
174-179 
showers, installing 
enclosure kits, 430-435 
hinged doors for, 436-437 
siding 
estimating material needed, 532 
installing vinyl, 548-553 
overview of, 546 
tools for, 547 


making opening for exterior doors, 
in lap, 32-33 
Single-pole wall switches 
circuit maps for, 140-141 
installing, 117 
overview of, 117 
testing, 120 
sinks 
hooking up drains, 398-401 
installing 
bathroom pedestal, 468-469 
bathroom vessel, 464467 
self-rimming, 390-391 
Skylights 
building shafts, 284-287 
installing, 278-283, 
tubular, 288-289 
Sliding patio doors, installing, 
312-317 
‘Small appliances, circuit maps for, 142 
Soft copper pipes. See Flexible 
copper pipes 
Soldered joints, taking apart, 63 
Soldering copper pipes, 56, 58, 
60-62 
Solvent-glue, joining plastic pipes 
with, 66-67 
Split-circuit receptacles, 122, 123, 
Stairs, highlights of National 
Electrical Code about, 135 
Steel, framing with, 42-43 
Storm doors, installing, 310-311 
‘Stucco, making opening for exterior 
doors in, 34-35 
‘studs, joining sections using steel, 
43 
‘supply tubes, sizing for, 79 
Suspended ceilings, installing, 
232-235 
‘switches 
four-way 
circuit maps for, 145, 
installing of, 119 
overview of, 119 
testing, 121 
highlights of National Electrical 
Code about, 134 
Installing electrical boxes for, 113, 
installing panels & wainscoting 
around, 213, 218 
overview of, 85, 116 
single-pole wall 
circuit maps for, 140-141 
installing, 117 
overview of, 117 
testing, 120 
testing, 120-121 
three-way 
circuit maps for, 144 
installing, 118 


overview of, 118 
testing, 121 
symbols 
electrical, 137 
plumbing, 76 
A 
Thermostats, circuit maps for, 143 
Three-way switches 
circuit maps for, 144 
installing, 118 
overview of, 118 
testing, 121 
Tileboard panels, 210, 
Tiles 
building tiled kitchen islands, 
360-363 
installing 
acoustical celling, 236-238 
backsplashes, 386-389 
on bathroom walls, 454-457 
flooring 
ceramic, 191-197 
mosaic, 198-199 
‘metal ceiling, 239-241 
tiled countertops, 376-385 
Toilets, installing, 458-461 
‘Tongue-and groove hardwood 
flooring, installing, 162-165 
Tools 
for applying veneer plaster, 224 
for framing with steel, 42 
installing vinyl siding, 547 
for installing wallboard, 45 
for resilient floors, 175, 
safety and, 25 
stilts, 47 
for wood floors, refinishing, 204 
for working with conduit, 104 
for working with PEX pipes, 68 
‘Towel warmers, installing, 490-491 
‘Track lighting, installing on ceilings, 
330-333 
Trim, removing, 38 
Tubs, installing 
alcove, 438-445 
sliding doors, 450-453 
spouts, 480-483 
piece surrounds, 446-449 
‘Two-coat veneer plaster system, 
applying basecoat in, 224, 226 
Two-slot receptacles, 122, 123 


u 
Undercabinet kitchen lights, 
installing, 412-415 
Underlayment for floors 
installing 
cementboard, 152 
isolation membrane, 153 
panels, 154 
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plywood, 151 
raised panels, 154-155, 
overview of, 150 
Underlayment for roofs, installing, 536 
Universal design 
in bathrooms, 424-429, 486-487 
in kitchens, 348-349 
overview of, 19 
Utility rooms, highlights of National 
Electrical Code about, 135 
v 
Valve requirements, 79 
Vanities 
installing lights for, 484-485, 
Installing wall-hung, 462-463 
Veneer plaster, applying, 224-227 
Ventilation 
codes for, 18 
uidelines for kitchen, 345-346 
Vent system. See Drain-waste-vent 
system 
Vinyl siding, installing, 546-553 
Voltage ratings, 83 


w 
Wainscoting, installing, 214-219 
Wallboard 
cutting, 46 
installing 
at corners, 49, 51 
finishing & taping, 50-51 
on flat ceilings, 47 
overview of, 44 
tools & prep work for, a5 
on walls, 48 
removing, 30 
Wall-hung vanities, installing, 
462-463 
Walls 
applying veneer plaster, 224-227 
building 
alassblock, 220-223 
partition, 40-82 
cabinet installation preparation of, 
351-352 
elements of, 15 
Installing 
attic, $14-515 
basement, 510-513 
base molding, 242-245 
beadboard wainscoting, 
214-219 
chair rails, 248-249 
‘crown molding, 250-253, 
picture rails, 246-247 
wallboard on, 48 
wires on concrete, 106-107 
‘wood paneling, 210, 211-213 
removing partition, 36-37 
tiling bathroom, 454-457 


Waste system. See Drain-waste-vent 
system 
Water supply system 
‘copper pipes, 56-57 
overview of, 54 
plumbing with PEX pipes, 74-75 
sizing for distribution pipes, 79 
Windows 
adding basement egress, 17, 
518-523 
framing, 12-13, 256-259 
guidelines for kitchen, 344 
Installing 
bay, 268-277 
casings, 318-321 
garden, 264-267 
paneling around, 213 
replacements with masonry 
clips, 261 
replacements with nailing 
flange, 259-261 
round-top, 262-263, 
‘wainscoting around, 219 
Wires/wiring 
connecting 
with push-ins, 95 
to screw terminals, 95 
using wire connector, 96 
connector types, 93 
grounding 
described, 84 
installing through metal 
conduits, 102 
installing on concrete walls, 
106-107 
new 
drawing plans, 136-137 
examining main service 
panel, 130 
National Electrical Code 
basic requirements, 
131-133 
highlights, 134-135 
planning steps, 128-129 
overview of, 82, 90-92 
pigtalling, 97 
reading unsheathed individual, 93 
safety, 88-89 
Wood floors, refinishing, 204-207 
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Table 1 


Weight of container #6 (under argon) in charge-discharge experiments 


Charged battery Discharged battery charge 

Run] Measured Buoyancy | Real weight Measured [Buoyancy Realweight | weight 
value Gmg w.=W+G value Gmg | wew+e  |aw,= ww, 
W+o,mg w+ a,mg mg 


1_|126825.13+0,02 | _85.031_| 126910.166 +.0.02| 126825.901 +0.01| 85.002 |12691.903 +0.01 |_ 0.737 


126825.107+0.02| 26.672 _| 126911.679 +0.02 | 126826.221 +0.01] 86.538 | 126012.789 0.01] 1.080 


126825.210.01 | 26.782 | 126911.992 +0.01 | 126826.279 0.01] 86.560 | 126012.899 +0.01| 0.847 


126825.187=0.01| 26.663 | 126911.749 0.01 | 126826493 +0.02 86.905 | 126012.878 =0.02| 1.128 


126825. 65+0,0a[ 26.290 | 126911.941 0.04 | 126826.65 =0.01 | 26.836 | 126012.941 =0.0a| 0.770 


126827.28+0.00 | _a5.187_| 126912.467 0.00 | 126827.990 +0.01| 86.204 | 126013.194 0.01] 0.727 


126826.98+0.00 | a6.182_| 126913.162 +-0.00 | 12682 7.897 +0.04 86.308 | 126014.205 =0.02| 1.042 


126826.95+0.00 | 26.307 | 126913.287 0.00 | 126827.757 =0.01| 86.402 | 126014.169 =0.01| 0.902 


10 | 126827.25=0.00 | 26.204 | 126913.544 0.00 | 126828.95 =0.00 | 85.729 | 128014079 =0.00| 0.835 
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ectrical wiring requires atten= 
tion to detail, patience, and a 
little dexterity, but it's nothing the 
average homeowner can't tackle. 
Before you buckle on that tool belt, 
however, take a few moments to 
read the first section, which pra: 
vides an overview of electrical 
systems and a handful of essential 
safety tips. Section Two walks you 
through the tools you'll need and 
various techniques you'll use again 
and again, The remainder of the 
book takes you through every 
step of the wiring process-from 
replacing an old light fixture to 
wiring an entire house, 

Before you buy tools and materi: 
als, however, check with local build 
Ing code authorities. Although most 
Jacal building codes do nat forbid an 
owner's doing his or her own elec 
trical work, most require a rough 
Inspection-that Is, before wires are 
connected to switches, receptacles 
and so anand a final inspection 
when everything |s wired, trimmed, 
and tested, Besides, building inspec: 


tors are usually knowledgeable: They 
can tell you jf local codes conform 
to the National Electrical Code® or, 


not, how they vary. Finally, check 
with your insurance agent to make 
sure that doing your own electrical 
work won't jeopardize your home- 

‘owners insurance coverage. 


ORKING 


EFORE WORKING WITH electricity, 
Ing of how it works. This chapter is 
designed to give you a quick overview of the 
electrical system in your home, including 
the major components. Since grounding is 
essential to keeping you safe, we cover that 
in detail. We'll also show how to do a basic 
Inspection of your home for wiring prob- 
lems. Respecting the power of electricity is 


BASICS 


WITH 


LECTRICITY 


essential to working safely. Always follow 
the instructions carefully, use appropriate 
safety equipment, and when in doubt con- 
sult a licensed electrician. 

Before beginning work, check with local 
building authorities to make sure local 
regulations allow you to do your own work 
and that you are conforming to local code 
requirements. 


CUTTING TESTING 
Understanding POWER: ‘Testing with 
electricity, 6 Cutting power a neon lester, p. 
Working safely, p. 7 atthe panel, p16 ‘Testing with an 


Service panels, p. 8 


Inductance tester, p18 


UNDERSTANDING ELECTRICITY 


ne easiest way to understand how electricity flows isto visualize 

water flowing thraugh a pipe. Electricity flowing electrons called 
current) moves through a circut Ike water in a pipe. Just as the flow 
fof water is measured in gallons per minute, the electrical flow of elec- 
trons is measured in “amperes” or amps, Water pressure is measured 
In pounds per square inch, and the force of electrons in acircult is 
‘measured In volts. The larger the pipe, the more water that can flow 
through it; likewise, the larger wires allow a greater flow of electrical 
current. Too much water can rupture a pipe. Wiring that is too small 
will resist the flow of current. If that resistance (measured in ohms) is 
too great, the wires can melt and cause a fire, 


CIRCUIT BASICS 


Electricity always flows in a circult. The hot wire carries 
tthe current from the power source to the fixture and the 
‘neutral wire returns It to the power source. 


[AC (alternating current) electrical systems can be thought of 
852 loop that runs from the generation point (or power source) 
through utilization equipment (alight bulb for instance) and back 

to the generation paint, Along the way it may cross the country 
through reat transmission lines, through the power lines on your 
street, and through the cables inthe walls of your house. In your 
home, the main loop, that is the service to your home, is broken into 
smaller loops called circuits. Typically, a hot wire (usually black or 
red) carries current to the utilization equipment from the service 
panel, and a neutral wire (typically white or light gray) carries 
current back to the service panel. 


Key Terms 


Power (Volt-Amps or VA) 

The potential in the system to create 
motion (motors), heat (heaters), light (fix- 
tures or lamps), etc. Volt-amps 
volts x available amps (VA). 


Watts 
Are a measure of power consumed. Watts 
are very similar to volt-amps, the main 
difference being that some energy is lost 
through heat and/or inherent inefficiencies 
in equipment. 


Voltage 
Voltage is the pressure of the electrons 
in a system. Voltage Is measured in volts. 
Amperes (Amps) 

The measure of the volume of electrons 
flowing through a system (current). 


Current 
The flow of electrons in a system. Current 
is measured in amperes (amps). There are 
two types of current: DC (direct current) 
and AC (alternating current). Typically 

AC is found in homes and buildings. 

‘Ohms 

Ohms is the measure of resistance to 

the flow of electrons (current) in a material 


(ike a cable). The higher the resistanc 
the lower the flow of electrons. 
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WORKING SAFELY 


Tce wt ety ou ust 
respect its power, If you understand its 
nature and heed the safety warnings in this 
book-especially shutting off the power and 
testing with a voltage tester to make sure 
ower is aff-you can work with it safely. The 
cardinal rule of home-improvement projects, 
which goes double for electrical work, is 
Know your limitations. Uniess you have previ 
us experience doing electrical work and feel 
confident about your skils, ou should leave 
certain projects to a pro. Working inside 3 
service panel or removing its cover can be 
especially dangerous. There is an area 
‘round the main breaker that remains hot 
even after the breaker is set to the off posi 
tion, Never attempt to remove or repair the 
main service panel or the service entrance 
head. When in doubt, calla licensed elect: 
cian rather than risk harm, 

For mast projects, careful attention to fol- 
lowing the instructions in ths book will keep 
you safe and ensure good results. Where 
there is a particular risk in a project, we will 
call attention to it with a warning, such as 
the following: 


‘Turn off the power to the circult at the After removing the plate or caver, test 
‘again to make Sure power Is ofl 


WARNING 
Please read this Information 


‘Always Wear appropriate safety gear, 
Including rubber-soled shoes, gloves 

(if working with cables, wires, or metal 
boxes); and safety glasses and a dust 
‘mask (when sawing or working overhead). 
‘And remember that current flows mast 
easily along a path of least resistance, but 
it will folow any path that’s available 
Including yout 


WoRKING SAFELY | 7 


SERVICE PANELS 


t the main service panel, the two 
hhot cables from the meter base 
attach ta lug terminals atop the main 
breaker, The incoming neutral cable 
attaches to the main lug of the new- 
tral/ground bus. n main service panels, 
nneutral/ground buses must be bonded, 
usually by a main bonding jumper. 
In subpanels and all other locations 
downstream fram the main service 
panel, ground and neutral buses must 
bbe electrically isolated fram each other, 


Ina main fuse box, the hot cables 
attach to the main power lugs, and 
the neutral cable to the main neutral 
‘ug. Whether the panel has breakers 
or fuses, metal buses run from the 
‘bottom of the main breaker/main fuse. 
Running down the middle of the panel, 
bbuses distribute power to the various 
branch circuits. Similarly, neutral/ 
‘ground buses are long aluminum 
strips with many screws, to which 
‘ground and neutral wires attach, 

Each fuse or breaker is rated at 
a specific number of amps, such as 
18 0r 20, When a circuit becomes 
overloaded, its current flaw becomes 
excessively high. This causes its 
breaker to trip or its fuse strip to melt, 
thereby cutting voltage to the hat 
wires. All current produces heat; but 
as current doubles, the heat generated 
quadruples. f there were no break- 
ers or fuses, current would continue 
flowing until the wires overheated 
and a fire started. Thus the amper- 
‘age ratings of breakers and fuses are 
matched to the size (cross-sectional 
area) of the circuit wires. 


The main breaker 
All electricity entering a house goes 
through the main breaker, which is 
usually located at the top of a main 
panel. In an emergency, throw the 
main breaker switch to cut all power 
to the house, The main breaker is also 


VICE PANELS 


Branch circuits 


“The main panel houses incoming cables 
from the meter as well as the breakers 
and wires that distribute electricity to 
Individual circuits, At the service, neutral 
conductors (white wires), equipment 
grounding conductors (bare copper or 


Hot feeder fines 
(incoming power) 


Incoming 
neutral 


— Main breaker 


— Hot bus bar 
(ehind breakers) 


— Neutral bus bar 


— Ground bus bar 


Hot cables from meter 
attach to lug terminals 
Main breaker 


[-Neutrat/around 
cable attaches 
here. 


Main bonding 
Jumper 


H jFNeutral/around 
‘buses 


Hot buses 


tf knockouts 
I for cireutt cables 


green insulated wires), the metal service 
panel, and the grounding electrode system 
(rounding rods) must be bonded together. 


onall sides, 
of panel 
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This article discusses experiments, which enable the 
identification of the seat of mechanical forces in 
homopolar-machines. Authors provide a suitable 
variation on a recent work “The Unipolar Dynamotor: A 
Genuine Relational Engine” [3], where “relational” 
implies “absolutely relativistic". The authors’ view 
agrees with both Weber's recognition in the 19* century 
of the importance of relative motion in electromagnetic 
phenomena [4] and Einstein's 1905 statement 
concerning electromagnetism |5}. 


‘The Faraday disk: a reversible engine 


‘The essential components of the homopolar machine, 
first conceived by Faraday in 1832, are shown in Figure 
1. A conducting disk, free to rotate in the neighborhood 
ofa permanent magnet, is attached to the end of a shaft. 
A closing wire provides a conducting path between two 
arbitrary points of the disk. Such a device exhibits 
reversible behavior. 


Closing wire 


Fig 
Faraday's setup magnet, disk and closing wire 


A radial current path of length L takes place in a region 
of the disk when direct current (dc) from an external 
source is injected into the closing wire. The interaction 
of the current with the magnetic field produces a 
Laplace force [6] 


F= J [(arxB) causing the rotation of the disk. This 


set-up is the motor configuration. 


When the disk is spun by an external source of 
mechanical energy, an emf appears in it. The 
displacement of free charges is produced in this case 
by the Lorentz force f = q(vxB), converting the 
conducting disk into an emf source able to drive de 
through the whole disk plus closing-wire circuit. This 
set-up is the generator configuration. 


A seemingly curious fact occurs in the motor 
configuration, when dc is injected into the circuit with 
the disk attached to the magnet. Both disk and magnet 
turn together. 


‘Two rival theories, a relativistic and an absolutistic one, 
have been applied to understand the observed facts: 


Inrelativistic view, generator configuration makes sense 
only when there is relative motion of the magnet with 
respect to either the disk or the closing wie. Also, a 
motor configuration will only take place if the possibility 
of relative motion between magnet and either disk or 
closing wire is enabled. 


‘Thus, in the relativistic framework, with the magnet 
attached to the disk, the closing wire becomes the 
“active” part for the production of mechanical forces or 
emf. In this case the disk itself behaves as a “passive” 
element providing a closing-circuit current path. 


Conversely, in the eyes of an absolutist, a generator 
configuration is enabled only because of the disk or 
closing-wire absolute motion. Here, absolute means 
“relative to a frame where the preponderance of the 
mass of the universe is at rest” [7,8]. In our case, the 
lab frame acts as an acceptable absolute-motion 
reference. Thus, from an absolutistic view, the magnet's 
rotation with @ B/t = 0 in each point of the surrounding 
space is unable to produce an emfon nearby conductors, 
When in a motor configuration, de is injected in the 
circuit, and the absolutist assigns the observed rotation 
to the magnet “dragging” by the conductor. Here, the 
closing wire acts as a “passive” circuit element. 


New experimental work, complementary to that 
currently known on the subject, introduces arguments 
in favour of the relativistic viewpoint. The related 
experiments, whose underlying physics rests upon a 
modified version of the original Faraday setup, are 
described in the following sections. 
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the primary overcurrent protection 
for the electrical system and is rated 
accordingly (The rating is stamped on 
the breaker handle.) Thus f the main 
breaker for a 200-amp panel senses 
incoming current that exceeds its over: 
load rating, the breaker will automati- 
cally trip and shut off all power 


Meter-main combos 
Increasingly common are meter-main 
‘combos, which house a meter base and 
2 main service panel in a single box. 
Meter-main combos allow a hameowner 
to put the main breaker outside the 
house, where it can be accessed in an 
emergency-say, if firefighters want 
to.cut the power toa blazing house 
before they enter it. When the service 
panelis located outside, electricians 
typically locate the subpanel close by, 
Inside the house, to minimize runs of 
large SER (service entrance) cable to 
the subpanel. 


Fuse boxes 

Breaker service panels are the most 
‘common type you'l find in today's 
homes, but many older homes stil 
have fuse boxes. Fuses are among the 
earliest overcurrent devices, and they 
‘came as either Edison-type (screw-in) 
fuses or cartridge (slide-n) fuses. The 
Edison-style fuses that screw in tike a 
light bulb are more common, and they 
hhave litte windows that you can peer 
inta to see if the filament is separated, 
Separation means that the circuit was 
‘overloaded and the fuse has blown. A 
blackened (from heat) interior could 
mean a short circut-a potentially 
‘dangerous situation calling for the 
Intervention ofa licensed electrician. 
The less common cartridge fuses are 
used to control 240-vot (240v) circuits 
and are usually part of the main 
disconnect switch. 


Stay away from the area around the main 


breaker switeh, Ie rem 
dangerous. 


thot an Is extremely. 


Labeling brea 


rs speeds ident 


‘of the switch that turns off power toa device. 


SERVICE PAN 


HOME ELECTRICAL SYSTEMS 


Wend undeona servic 
cables tote bling on wi 
eran pve wih lensed 


GFCI recep: 


ey 
tant Inkltehens 
‘nd bathrooms, 

where water 


Tncrease the 
potential for 
‘hocks. 


Modern three-prong outlets provid 
low impedance path to ground Inca 
mt occurs. 


WARNING 
Whether the connection 
ER cable clamped 
to the lugs of a main 


breaker or between wires 
liced together In an 
outlet box, the connection 


must be tight to be safe. 
an leap 2 qap-it's called 
arcing-and that could lead 


HOME ELECTRICAL SYSTEMS 


NG INSIDE OUT 


cable for 
dining room 
receptacles 


Main service panel 


Grounding electrode conductor 


Grounding electrode 


Dedicated circuit for dryer receptacle 


cold-water ground from service panel 


Fe PPed around a 
bare messenger cable, which also 
serves as the neutral. 
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GROUNDING BASICS 


Btrraecretenmesnacioatt 
will return to its source unless the path 
's interrupted, The return path is through the 
White neutral wires that bring current back to 
the main panel. In the event that the current 
seeks to return to the panel through a path 
tther than the neutral wire, ground wires 
provide the current with an alternative low- 
resistance path, 

‘Why is this important? Before equipment: 
‘grounding conductors (popularly called 
ground wires) were widespread, people 
could be electrocuted when they came 
In contact with fault currents that uninten- 
tionally energized the metal casing of a too! 
fran electrical appliance. Ground wires 
‘bond all electrical devices and potentially 
current-carrying metal surfaces. This 
bonding creates a path with such low 
Impedance (resistance) that fault currents 
ip along it, quickly tripping breakers or 
fuses and interrupting power. Contrary to 
popular misconceptions, the human body 


GROUND FAULTS 
CAN KILL 

Current flowing 
through an unintended 
conductor, such as 


little current flowing 
through your heart 
ccan kill you, ground 
faults can be fatal. 
Likewise, you can 

t badly shoch 
by touching an 


and touching the 
other hand toa 


you become part 
of the circuit and 
current flows 
through you. 


AVOIDING ELECTRICAL SHOCKS 


has a relatively high impedance (compared 
to copper wire), sof electricity is affered a 
path with less resistance (a copper ground 
Wire), it wil take i 


Individual ground wires connect to every 
part ofthe electrical system that could 
become a potential conductor-metal boxes, 
receptacles, ixtures-and, through three- 
jpronged plugs, the metallic covers and 
{rames of tools and appliances. The conduc- 
tors, usually bare capper or green insulated 
wire, create an effective path back to the 
‘main service panel in case the equipment 
becomes energized. 


The neutral/ground bus 

‘The ground wires attach to a neutral/ground 
‘bus bar, which is itself bonded to the metal 
panel via a main bonding jumper. there's a 
‘ground fault in the house, the main bonding 


One hand 
‘touches defecti 
appliance with 
fautt 


GROUNDING Basics 


‘The smaller copper wire atthe top 
runs to a ground rod; the thicker cop 
per wire below and the neutral wire 
feed a subpanel within the hot 


‘outside voltage, such as lightning 
strikes. 


Connections to cold-water pipes 
prevent shocks should the pipes 
become inadvertently energized. 


jumper will ensure that the current can be 
safely directed to the ground-away from the 
house and the people inside. It's probably 
the single most important connection in the 
entire electrical system. 

Also attached to the neutral/araund bus 
Inthe service panel is a large, bare copper 
‘ground wire-the grounding electrode con 
ductor (GEC)-that clamps to a grounding 
electrade (also called a ground rod)-which 
is driven into the earth or attached to steel 
rebar in the footing of a foundation, The 
electrade's primary function isto divert 
lightning and other outside high voltages 
before they can damage the building's 
electrical system. Although the grounding 
electrode system (GES) is connected to the 
equipment grounding system at the service 
panel, the GES has virtually nothing to da 
with reducing shock hazards. 

The National Electrical Code (NEC) sizes 
‘grounding electrode conductors based 
fn the sizes and types of conductors in 
the service. Typically, residential GECs are 
size 6 American wire gauge (GAWG) copper. 
Ground rods are typically 3/e-n, to3/ein. 
copper-clad steel rods 8 ft, to 10 ft. long: the 
longer the rod, the more likely it wil reach 
‘moist soll, whose resistance is less than that 
of dry soil, Be sure to install multiple rod 
systems in lightning-prone areas, 


GFCIs 
Ground-fault circuit interrupters (GFCIs) are 
sensitive devices that can detect even small 
current leaks and shut off power almost 
instantaneously. The NEC now requires GFCI 
pratectian on all bathroom receptacles; 
kitenen receptacies within 4 ft of a sink; all 
receptacles serving kitchen counters; all out~ 
‘door receptacles; all accessible basement or 
(garage receptacles; and all receptacles near 
pools, hot tu, and the lke. 


MAJOR GROUNDING ELEMENTS 
‘The equipment-grounding system acts as an expressway for stray current. 
‘conductors, the system provides a low- 
the circuit. 
Neutral/ground 
bus 
Large copper 
‘round wire 
Main 
bonding 
Grounding 
electrode 
conductor 
Grounding 
electrod 
Cola-water 
jumper 
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Bcc worn on your et 
cal system, you should have a general 
knowledge of its condition. Certain situations 
ould have a big impact on your safety as you 
work. Others, such as the electrical require 
‘ments of your home, could affect whether 
you can add new circuits or certain kinds of 
devices. For your peace of mind and safety 
Yyou may want to hire a licensed electrician or 
qualified home inspector to advise you about 
what needs to be done. Start by considering 
the following aspects of your existing service, 


The service ‘This panel is so overloaded that It willbe Sloppy, unstapled cable can work loose 
Is there two-wire or three-wire service to tough to replace the cover. or be damaged. 


the house? In alder homes, electrical service 
(s often undersize for the demands of a 
‘modern household. If your house has only 
two cables running fram the utility pole-one 
hhot and one grounded neutral conductor~it 
hhas only 120V service and shauld be upgraded 
to three-wire, 240 service, A 100-amp, 
circut-breaker service panel is considered 
‘minimal today. 


General condition of panels 
If you see scorch marks, rust stains, 

Wires with frayed or cracked insulation, or 
condensation on the service panel or damp 
conditions around it, the service is unsafe. 
Dampness is particularly unsafe, and many ‘These fuses are too large (30 amps) ‘These scorch marks Indleate electrical 


electricians will refuse to work on a panel forthe load rating of the circut wires, arcing (electrical leaps between connec 
‘The wires could melt and start a fire. fone that have worked loos 


Aluminum wiring Wisely used in house circuits in the 1960s and 1970s, aluminum wiring 
expands and contracts excessively, which leads to loose connections, arcing, overheating, and-in 
many cases-house fires. The most common symptoms will be receptacle or switch cover plates that 
are warm to the touch, flickering lights, and an odd smell around electrical outlets. Once arcing 
begins, wire insulation deteriorates quickly. An electrician who checks the wiring may recommend 
adding COPALUMG connectors, CO/ALR-rated outlets and switches, or replacing the whole system. 
Aluminum service cable, however, is not a problem when terminated correctly and is still used today. 
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EVALUATING THE ELECTRICAL SYSTEM 


Until the surrounding dampness is remedied 
Look for melted plastic around wires, which 
could indicate overheating, Make sure the 
wire gauges match up with the size of 

the breaker (14 wire an a 1S-amp circuit, 
1WI2 on 2 20-amp, and so forth). Ifthe panel 
seems so stuffed with wires that you can 
barely close it, you should calla proto da 
an inspection, 


Current usage 
Installing fuses too big for 3 circuit to prevent 
blown fuses is a foo's bargain; such circuits 
could overheat and start a fire. Make sure 
that neavy-duty circuits for ranges, dryers, 
and air-conditioners have the appropriately 
sized breakers installed. Likewise note over- 
loaded receptacles, extension cords under 
rugs, and the like inside the house. These are 
Invitations for a fire and a definite sign that 
more receptacles are needed in the area, 


Grounding 
Is the main service panel grounded? There 
should be a large grounding wire running 
from the panel and clamped to a cold-water 
pipe and/or a grounding rod, 

Is there fixture and outiet grounding? 
Grounding the panel is nat enough. For the 
entire electrical system to be grounded, 
there must be continuous ground wires run 
ring to every device in the house. 

ifthe house has only two-sit receptacles, 
the system may be grounded by armor-clad 
cables. Test the receptacles by inserting the 
probe ofa voltage tester into the short slot 
and touch the other to the mounting screw, 
(Make sure It's not covered with paint, Ifthe 
tester lights, you should install a grounded 
receptacle. Otherwise, consider upgrading 
the circuit I there are three-siot recepta- 
cles, use a receptacle analyzer (p. 24) 
to check whether the plugs are grounded 
and polarized, 


‘The ground Is clamped to the wrong si 
‘on this cop 
‘water pipe, so there's ne ground, 


lectrie union (coupling 


Unlike this installation, all wire spllees 
‘must be protected by covered boxes that 
{are installed in ry locations, 


Moisture wicking throug! 
Surface has rusted the fuse box 
compromised electrical safety. 


Arcing 
When nals puncture wires or electrical con- 
nections are loose or corroded, electricity 

can arc (ump) between points and cause 

fires. The NEC now requires arc-fault circuit 
interrupter (AFC) protection forall 1S-amp 
and 20-amp bedroom circuits. AFCis detect 


h this masonry 


-amp main |s Inadequate for modern 
‘Uses; 200-amp service would be more 
propriate. 


‘minute fluctuations in current associated 
with arcing and de-energize the circuits 
before a fire can start. Instaling AFC! break 
ers is essentially the same as installing GFCI 
circuit breakers. 
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CUTTING POWER AT THE PANEL 


ly tip the relevant break 


{0 the off position. 


IW cartridge fuses are used, remo. 
or cartridge block 


fh terse nes ome 
before working on it-and then test with 
‘an electrical tester to be sure there's no cur~ 
rent present. Because individual devices such 
as receptacles, switches, and fitures can 
tive false readings if they are defective or 
Incorrectly wired, the only safe way to shut 
of the electricity is by flipping breaker in 
the service panel or subpanel 

Turning off the power at a breaker pane! 
[s usually straightforward. After identifying 
the breaker controlling the circuit, push the 


‘the cartridge 


working on a fuse panel uns 
the clreut you're working on. 


‘Once the power Is off, ost a 


rew the fuse that protects 


{rom turning the power back on while you're still working on it. 


breaks 


switch into the off pasition @. 
The breaker switch should click loudly Into 
place: it doesn’, flip it again until you hear 
aloud click. (A breaker that won't snap into 
place may be worn out or defective and 
should be replaced by an electrician.) 

It your home has a fuse panel instead, 
remove the fuse that controls the circuit @, 
and tape a warning sign to the panel caver. 
Partially unscrewing a fuse isnot a solution, 
‘because the fuse body Is still in contact with 
the socket and possibly could be jiggled ar 


rescrewed sa that current resumes flowing 
through it. Remove the fuse, Likewise, if ci- 
cuits are controlled by cartridge fuses, pul 
the cartridge or cartridge block out of the 
panel @. 

Inany case, once you've cut off the pawer, 
shut the panel cover and tape a sign ta it, 
telling athers to stay out @. Otherwise, 
someone nat aware of the situation could 
flip the switch on, energizing the circuit 
vyau're working on, 


TESTING WITH A NEON TESTER 


hen using a neon teste, hold the insu 
lated part of the tester, and insert its 

probes into the receptacle siots. To test 2 
three-slot receptacle first insert the probes 
into the hot (short) and neutral (long) slots @. 
If the tester light does not glow, insert one 
prabe inta the hot slot and the other probe 
Into the round ground slot. If there's current 
present, the tester will light up @. Next, insert 
tone probe into the neutral slot and the other 
Into the ground slot. Here, the tester will glow 
only if there is current and the hat and neu: 
tral wires have been reversed @. 

ifthe tester does not ight up for any of 
these three combinations, there's probably 
ro voltage present. However, if the recep: 
tacle is faulty or a wire Is loose, the previous 
tests may not detect voltage actually present 
Inthe outlet box. To be certain, unscrew the 
receptacle cover plate and the two screws 
holding the receptacie to the outlet box, Pull 
the receptacle out from the outlet box, being 
careful nat to touch bare wires, receptacle 
screw terminals, or metal outlet boxes. 

Then apply tester probes to the bare wire 
ends on both sides of the receptacle and 
to the gold and silver screw terminals ©. 
Finally, ifthe outlet box is metal, touch ane 
probe to the hot wire/screw and the other 
probe to the metal box @, Ifthe tester 


doesn't glow during these tests, the power 3B Bese neu 
Is off and the grown 


Insert probes into both the hot and Test the hot (shorter) 
the neutral slots on the receptacle. and the ground slots 


WARNING 


To avold er 


WARNIN' 


Touch ane probe to the hot wire 
rew and the other to the metal box 
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TESTING WITH AN INDUCTANCE TESTER 


Ay Ritsscnes 2 opr nary operates 
voltage tester that is reliable, Inexpensive, and fits 

Ina shirt pocket. Its tip glows when touched to a hot 
(energized) screw terminal or receptacie slot, Each time 
You use an inductance tester-or any voltage tester-first 
test its accuracy on a receptacle that you know is hot @. 

After shutting off the power at the panel, first insert 
the tester tip into the short (hot) siot of a receptacle @. 
Ifthe tester tip does not glow, there is probably no volt- 
age present, To he sure, next insert the tester tip into 
the receptacie’s long (neutral) slot @. This second 
Insertion should protect yau in case the receptacle was 
Incorrectly wired. 

I you need to remove the receptacle~say, ta replace it~ 
remave its cover. Then, being careful not to touch the sides 
tf the receptacle, unscrew the two mounting screws hald 
ing the receptacle to the outlet box. (If the box is metal, 
avoid touching it, too.) Grasp the mounting straps and 
‘gently pull the receptacle out of the box. First touch the 
tip of the tester to the hot (black) wire or the gold screw 
terminal @, then touch the tip to the white (neutral) wire or ‘' 
silver screw terminal @ Ifthe tester tip does not glow. it's 
safe to handle the receptacle and the wires feeding it. 

An inductance tester will often glow when its tip is merely, 
near a hot wire-that is, it can “read” current through @ 
Wire's insulation. Thus you can sometimes detect electrical 
current at a switch or fixture without removing the outlet 


Dor more on testing switches and tight fixtures, 
‘see Chapters 3 and 4. 


TRADE SECRET 


in f e tester is far sal 
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The asymmetrical rotor 


Figure 2 shows the disk-shaped ceramic permanent 
magnet creating the axial magnetic field B. The removal 
of a 12° sector introduces a field-reversion region. 
Outgoing and ingoing B field lines are represented by 
the and symbols, respectively. 


Boaring 


Magnet ¥ 
< Power source 


Probe 


Mercury 
collector . 
rings NS 


Power source 


Closing wire 


Probe 


Shaft 


Fig2 
Layout of the Asymmetrical Rotor applied to the experiments 


‘Two mercury collector rings are embedded in a wood 
cylinder. One is located close to the hollow-disk magnet 
inner rim and the other in the proximity of the outer 
rim, The magnet’s inner and outer radii are 25 and 75 
mm, respectively, and its height 25 mm. Its average flux 
density 2 mm above the magnet has been estimated to 
be 0.05 T based on a generator experiment with a 
rotating copper disk. The magnet-and-wood-cylinder 
body (the asymmetrical rotor from here on) is firmly 
anchored to a vertical shaft terminated in sharp points 
at both ends. While the lower one lays on a hard- 
polished surface, a conical bearing, enabling its almost 
frictionless rotation, centers the upper one. 


Unlike the series-connected conductors diametrically 
anchored to the shaft in the Guala-Valverde case [3], 
only one radial conductor wire, a probe located 2 mm. 
above the magnet's face, was considered. By mounting 
it on a bearing, its free rotation is permitted with its 
ends remaining in contact with both collector rings. A 
12V lead-acid battery applied to the closing wire feeds 
the probe through the collector rings. In the first four 
experimental cases presented the closing wire remains 
firmly anchored to the lab. In two complementary 
experiments, rotation of the closing wire mounted on 
two shaft-centered bearings is allowed. Its behavior as. 


a probe occurs by the injection of de from an additional 
closing-circuit wire anchored to the lab. 


Experimental 


Six experiments performed are described below: 


1. Rotor anchored to the lab, probe free to rotate 
above the magnet's upward magnetic-field region: 
A radially-ingoing injected de in the 0.2 A range 
was enough to overcome conductor-bearing and 
mercury-wire contact friction. A net 
counterclockwise rotation of the probe took place. 


2. Probe anchored to the rotor above the magnet’s 
upward magnetic-field region, with both free to 
rotate: A radially-ingoing injected de in the 5 A 
range was enough to overcome conductor-plus- 
rotor inertia and friction. A net counterclockwise 
rotation of the probe took place. 


3. Rotor anchored to the lab, probe free to rotate 
above the magnet’s downward magnetic-field 
region: A radially-ingoing injected de in the 0.2 A 
range was enough to overcome conductor-bearing 
and mercury-wire contacts friction. A net clockwise 
rotation of the probe took place. 


4, Probe anchored to the rotor above the magnet’s 
downward magnetic-field region, both free to 
rotate: A radially-ingoing injected de in the 5 A 
range was enough to overcome conductor-plus- 
rotor inertia and friction. A net counterclockwise 
rotation of the probe took place. 


5. Rotor anchored to the lab, closing wire free to 
rotate above the magnet’s upward magnetic-field 
region: A 0.4 A dc injected in the inner collector 
ring was enough to overcome conductor-bearing 
and mercury-wire contacts friction. A net clockwise 
rotation of the closing-wire took place. 


6. Rotor anchored to the lab, closing wire free to rotate 
above the magnet’s downward magnetic-field 
region: A 0.4 A de injected in the inner collector 
ring was enough to overcome conductor-bearing 
and mercury-wire contacts friction. A net clockwise 
rotation of the closing-wire took place. 


Discussion of results 


Experiments (1) and (3) can be explained using either 
absolutist or relativistic viewpoints because of the 
coincidence of the probe motion relative to the lab with, 
the probe motion relative to the magnet. 


Experiment (2) can be explained by a trivial absolutist, 
argument founded on a hypothetic probe “dragging 
effect” on the magnet. A relativistic viewpoint 
recognizes the “active” rotational torque on the closing 
wire rather than on the probe where, hinging on 
Newton's third law, the whole action may be split in 
two: 


[38] New Energy Technologis Issue #4 (7) July-August 2002 


G Wu car atten detect current through an outlet cover 
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OLS & 


ATERIALS 


OU DON'T NEED A LOT OF expen- 
fully. And there's little uniformity 
among the tools electricians prefer. Some 
pros carry a dozen different pliers and wire 
strippers in their tool belts, whereas others 
streamline their movements and save time 
by using the fewest tools possible, This 
chapter introduces the basic tools and 
materials you'll need and a few of the basic 


Choosing electrical 
bones, p25 

Installing new work 
bones, 

Removing 
knockouts, p. 28, 
Mounting devices, p. 29 


Powertools, p23 
lctrcal testers, p. 24 


techniques you'll perform repeatedly. All 
materials should bear the Underwriters! 
Laboratory (UL) stamp, which indicates 
that 2 component meets the safety stan- 
dards of the electrical industry. 

The first test of any tool is to fit your 
hand comfortably; the second, that it feels 
solid and well made. Better tools tend to 
bit heftier and cost more, 


Stripping cable with 
cable ripper, 35 


Choosing wire, p36 
Stripping & spicing 
wires, p37 


‘taming, p. 33 
Stripping cable with 
a utity knife, p34 


ELECTRICAL ~ 


Clamp-on 
ammeter 


rewdriver set 


Lg Analyzer 


Needle-nose, 

liens 

Pers viaconat 
cutters 


screwdrivers 


HAND TOOLS 


hand tools should have insulated 

handles and fit your hand comfortably. 
Manufacturers now make tools in various 
sizes; to fit everyone from the largest male 
to the most petite female. Here again, don't 
serimp on quality. 


Pliers and strippers 

LLineman’s pliers are the warkhorse of an 
electrician’s toolbox. They can cut wire, hold 
Wires fast as you splice them, and twist out 
box knockouts. Needle-nase (long-nase) 


‘A combination stripping tool not only euts 
{and strips wire but alzo crimps connectors, 
uts small machine screws, and mor 


HAND TooLs 


Drywall 


piles can grasp and pull wire in tight spaces. 
These pliers can loop wire to fit around 
place and switch screws, A large pair 
can also loosen and remove knockouts in 
‘metal outlet boxes, Diagonal-cutting and 
cend-cutting pliers can cut wires close in 
tight spaces: end cutters (sometimes 

called nippers) also pull out staples easily. 


‘A multipurpose or combination stripping tool 
's used to strip individual wires of insulation, 
cut wire crimp connections, and quickly loop 
Wire around screw terminals. 

A cable ripper (see p. 21) strips the plastic 
sheathing from Romex® cable without 
harming the insulation on the individuat 
wires inside, Many pros use a utility knife to 

strip sheathing, but that takes 
practice anda light touch 
to avold nicking the 
insulation of individual 


wires, To strip armored cable, 


Hammer 


Ge 


Torpedo level 


Tint 
tool 
(useful 
to tree 
device 
plates 
encased 
Im paint) 


use a Roto-Split® cable stripper (p. 202); I's 
vastly superior to the old method of using a 
hhacksaw and diagonal cutters. 


Other useful tools 
No two electrician’s too! belts will look the 
same, but most contain a tape measure, 
flashlight, small level, hammer, Speed® 
Square, and a large fell-tipped marker. In 
the course of a wiring job, you may need 
several sizes of slotchead and Philips®-head 
screwdrivers, plus an offset screwdriver and 
anut driver 

Fish tape is used to run cable behind fin- 
ish surfaces and pull wire through condult. 
A fish tape Is invoked in almost every old 
wiring how-to book on the market. Mod- 
cern-day pros, however, swear by a pulling 
‘rip, also called a swivel Kellum (p. 132) 
For remodel work, You may need a plaster 
chisel, fat bar, and a drywall saw. 


POWER TOOLS 


Drills 
A’Y/xin,right-angle dill allows you to fit the 
aril head between studs or joists and dri 
perpendicular to the face of the lumber 


‘Buy a drill with a clutch, Unless there's 
a clutch to disengage the motor, a drill bit 
that suddenly jams or ladges against a nall 
shank, could cause the body of the tool to 
torque powerfully and thus could injure you. 


Auger bit 


Drill bits 
‘Spade bits cut quickly, but tend to snap in 
hard wood. For this reason most elect: 
cians prefer auger bits, Self-feeding chipper 
bits dril doggedly through hard, old wood 
but won't last long if they hit nails. A en. 
Greenlee® Nall Eater™ bit is your best bet 
fold lumber Is nai infested. 


Reciprocating saw 
‘reciprocating saw is indispensable for most 
remodeling jobs, whether to cut box open- 
ings in plaster or to notch framing. Choose 

2 blade that’s appropriate for the material 
you're cutting: coarser teeth for cutting 
‘wood, finer for plaster and metal, Special 
bimetal remodel blades can cut through 
occasional nas without destroying the blade. 


Reciprocating saw 


> 700 


Rotary cutter 
Using slightly different bits, @ rotary cutter 
can cut through plaster or drywall to create 
box openings. Typically, drywallers install 
panels over installed outlet boxes, then use a 
rotary cutter to trim around the outside of a 
box; this method is much quicker than hand 
cutting openings beforehand, Set the tool's 
depth to avoid nicking wires 


Cordless power tools 
Cordless drils and saws enable you to Keep 
working when the powers is off or not yet 
connected, They don't need an extension 
cord and won't electrocute you if yau inad 
vertently dil or cut into alive wire, Cordless 
reciprocating saws can cut anything from 
plaster lath to studs. 


Rotary cutter 


power Toots | 23 


24 


ELECTRICAL TESTERS 


[ae actor 
energized is crucial to safety and 

correct wiring, There are several to choose 
from, and some perform multiple functions. 


Neon voltage testers 

Neon voltage testers are inexpensive 

and widely available, but there's a danger 
of touching the bare metal probes and 
getting shacked. Better neon testers have 
Insulated handles, To use this tool, insert 
the probes into the receptacle slots or 
touch them to the screw terminals or to 
2 metal outlet box to see if the unit is 

hot (eneraizedh, 


Plug-in circuit analyzers 

Plugsn circuit analyzers can be used only 
with three-hole receptacies, but they quickly 
tell voult a circuit is correctly grounded 
‘and. if not, what the problems. Different 
light combinations on the tester indicate 
various wiring problems, such as no ground 
‘and hot and neutral reversed, They're quite 
handy for quick home inspections 


Solenoid voltage testers 

Solenoid voltage testers (often called wig- 
dies) test polarity as well as AC voltage. 
‘They also test DC voltage fram 100v to 
600, Most models vibrate and light @ bulb 
when current is present. Solenoid testers 
don't use batteries, so readings can't 

bbe compromised by low battery power. 
However, because of their low impedance, 
solenoid testers wil trip graund-fault 
circu interrupters (GFCIs). 


Inductance testers 

Inductance detectors provide a reading 
without directly touching a conductor. 
They often allow you to detect electrical 
currents without having to remove cover 
plates and expose receptacles or switches, 
Touch the too!’ tip to an outet, a fixture 
screw, or an electrical cord ifthe tip glows 


ELECTRICAL TESTERS 


‘Some comman electrical testers. A clrcult ana- 
Iyer (op shows problems in the wiring of 3 

ronged plug. Test whether an outlet Is ener- 
sized witha neon vetage tester if) or check 
{or power with an Inductance tester (right). 


mez 


‘ed, it means there's voltage present, 
Inductance testers rely on battery power. 


Multimeters 

‘A multimeter, as the name suggests, offers 
precise readings in multiple scales, which 
You select beforehand, Some models are 
even autoranging, meaning that they select 
the correct scale for you. Extremely sensi: 
tive, multimeters can detect minuscule 
amounts of voltage. Better models test 

AC and DC voltage, resistance, continuity, 
capacitance, and frequency. 


Continuity tester 
In addition to voltage testers, get 2 conti- 
rnuity tester to test wire runs and connec: 
tors for short circuits or ather wiring flaws. 
‘And be sure to do all your testing before a 
circuit is connected to power. 


Digital multimeters 
provide precise 
Feadings In multiple 


Solenoid voltage 
font require 


A continuity tester enables you to determine 
‘whether an electrial device or length of wire 
Ts detective. 


CHOOSING ELECTRICAL BOXES 


here isa huge selection of boxes, varying Double-gang plastie _Triple-gang 
by size, shape, mounting device, and 
‘composition. But ofall the variables to consider 
when choosing boxes, size (capacity) usually 
trumps the others. Correctly sized boxes are 
required by Code and faster to wire because you 
don't have ta struggle to fit wires and devices, 


Box capacity 

The most common shape is a single-gang box. 

‘A single-gang box 32 In. deep has a capacity of 
roughiy 22/2 cu. in; enough space for a single 
device (receptacle or switch) three 12-2 wlard 
cables, and two wire connectors. Double-gang 
boxes hold two devices triple-gang boxes hold 
three devices. Remember: Everything that takes 
Up space ina box must ft without cramping 
devices, cable wires, wire connectors, and cable 
clamps-so follow NEC recommendations for the 
‘maximum number of conductors per box. 

You can get the capacity you need in a 
umber of ways, Some pros install shallow 
four-squares (4 in. by 4 in. by 172in. deep) 
throughout a system because such boxes are 
versatile and roomy. I location requires 3 
single device, pros simply add a mud-ring cover, 

Because of thelr shallow depth, these boxes, 
can also be installed back to back within a 
standard 2x4 wall. This allows you to keep even 
back-to-back switch boxes at the same height She xca inion coal see: 
from one roam to the next. Shallow pancake 1B.eu, ny 20.4 cu, In. and 22.5 eu. In. 
boxes (4 In. n diameter by Y/2 in. deep) are 
commonly used to flush-mount light fixtures 


‘Single-gang adjustable with 
(orange) snap-on data ring 


‘avin. box and I's 


BOX FILL 
Metal vs. plastic boxes Item Size(cu.in.) Number Total 
Metal bores are sturdy and are avalable in more eiereetenertna tee ex) 
sizes than are plastic boxes. Some metal boxes GS ESANC ORORIE 5 
can be interiocked for larger capacity. Also, met ORES ann 
al boxes are usually favored for mounting celling SESE tea oe Baa 
fixtures because steels stronger than plastic. It RC como ati te oon 
Code requires steel condult, armored cable (BX), Targa grounding daclea 
or MC cable, you must use steel boxes, All metal count only one i 
boxes must be grounded. Devices; two times connected 
>> 99 >> conductor size 
internat clamps; one based on 5 


largest wire present 


CHOOSING ELECTRICAL Boxes | 25 


CHOOSING ELECTRICAL BOXES (CONTINUED) 


For most other installations, plastic is king. 
(Plastic boxes may be PVC, fiberglass, oF ther~ 
‘moset) Electricians use far more plastic boxes 


‘The serew on the 
side ofan adjustable 
Box enables you to 
ralse or lower the 
face of the Box to 
make It flush to 

{he finish wall. 


because they are less expensive, Also, because 
they are nonconductive, they're quicker to 
Install because they don't need to be grounded 
However, even if a box doesn’t need to be 
‘grounded, all electrical devices inside must be 
‘grounded by @ continuous ground. Another rear 
son to buy plastic: Box volumes are stamped on 
the outside, 


remodel box 
ent mount to. 


Cut-in boxes 

The renovator's mainstay are cut-in boxes 
because they mount directly to finish surfaces. 
These boxes are indispensable when you want 
to-add a device but don't want to destroy a large 
section of a ceiling or wall to attach it to the 
framing. Most cut-n boxes have plastic ears that 
keep them from falling into the wall cavity; what 
vary are the tabs or mechanisms that hold them 
snug to the back side of the wall: screw-adjust- 
able ears, metalspring ears, swivel ears, or 
‘bendable metal tabs (Grip-Lok™ is ane brand), 


——-—zZ eee 


Single-gang 
with swivel ears 


WARNING 


Double-gang 
with swivel ears Lipped round box 
with metal spring ears 
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INSTALLING NEW WORK BOXES 


here are few set rules about locating 

boxes. In general-use roams, set the 
bottom of outlet boxes 12 in. above the 
subfloor-which you can approximate by 
resting a box atop a hammer held an end @. 
Inhhousing for disabled occupants, outlet box 
bottoms should be a minimum of 18 in, above 
the subfloor. 

For autiets aver kitchen and bath coun- 
ters, set box bottoms 42 in. from the fin 
[shed floor, so they'll end up 8 in, above 
counters and 4 in. above a standard 4-in 
high backsplash, Locate wall switches on the 
lock side of 2 door (opposite the hinges). 


D For more about locating boxes, 
‘seep. 184, 

Mount boxes so that they'll be flush with 
finish surfaces, Mast boxes have tabs or 
‘gauge marks stamped on the side to Indi- 
cate different surface thicknesses. If that's 
not the case, hald a scrap of the finish 
material-for example, °/e-in, drywali-next 
to the front edge of the box as a depth 
‘gauge. Uniess you're installing nalt-in boxes, 
se screws te maunt the boxes so you can 
‘make adjustments If you need to @. As 
Noted elsewhere, adjustable boxes can be 
tweaked after the drywall is up. 


Betore position 


heck to see 


local building codes 
require them t 
TALLING NEW WORK BOX 
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REMOVING KNOCKOUTS 


‘ce you've mounted boxes, you'll need to remove 

the sppropriste number of box knockouts and instal 
cable cannectars (clamps). Single-gang, new construction 
plastic boxes don't need clamps: Simply strike a screw- 
driver handle with the heel of your hand to drive out the 
knockout. To remove a metal-box knockout, jab it with the 
nose of needie-nose pliers to loosen it @, then use the 
plier’s jaws to twist it free @. 
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Magnet-probe. The magnet produces a 
counterclockwise torque on the probe, and the 
probe exerts an equal but opposite torque on the 
magnet, 


Magnet-closing wire. The magnet exerts a 
clockwise torque on the closing wire, and the wire 
an equal but opposite torque on the magnet. 


With the probe attached to the magnet, there is no 
chance for relative motion between them. Consequently, 
due to the action-reaction cancellation, rotation is 
forbidden. Conversely, with the closing wire 
mechanically decoupled from the magnet, relative 
motion of the latter is permitted. The torque exerted by 
the closing wire on the magnet is responsible for the 
observed rotation. 


Experiment (4): Due to its similarity with (2) a trivial 
relativistic explanation is applicable to the 
counterclockwise torque exerted by the closing wire 
on the magnet. There is no known plausible absolutistic 
explanation for it. As quoted above, the hypothetical 
dragging effect would produce a clockwise rotation in 
this case. The consideration of the experiments (2) and 
(4) suffices to reject the dragging hypothesis. 


Complementary experiments (5) and (6) confirm the 
short-range extension of the field-reversion region 
founded on the closing-wire clockwise rotation (6). 
Briefly speaking, the closing wire is not sensitive to the 
field reversion and the magnet's counterclockwise 
reaction explains at once the outcome of (4). Clearly, 
experiments (5) and (6) show that the torque on the 
closing wire is independent of its location on the 
magnet. 


Figure 3 depicts the two rotational torques involved in 
(2) and (4). 


Fig3 
Rotational torques acting on the magnet and 
on the closing wire 


‘Topological and miscellaneous considerations 


One of the keys to the success of the above described 
experiments lies in the dynamotor's magnet design (see 
Fig.4). The short-range field reversion region allows the 
inversion of the Laplace force on the probe, making the 
force on the closing wire insensitive to that B-field 
reversion. 


Ny 


Fig. 4 
"The magnet's field-revision region 


In all the above cases the electromagnetic forces 
between probe and closing wire were neglected 
because of its small magnitude compared to the 
predominant magnet-wire interaction forces. 


The observed torques became, in all the experiments, 
independent of the location of the contact points 
between closing wire and collector rings. Also, the 
closing wire shape exhibited no noticeable influence 
on torques. These observations can be easily explained 
using the divB = 0 fundamental law, Laplace force, and 
some elementary topological considerations. 


Kennard [1], Bartlett [1}-Panosky [7,8], Muller [9], Wesley 
[10] and some of this article's authors took absolutistic 
viewpoints when dealing with homopolar phenomena 
[11,12]. On the contrary, Weber [4], Assis [13], and Kelly 
[14] adopted a relativistic framework on the issue from 
the beginning. 


By attaching the magnet to the disk in the original 
Faraday setup, the relative rotation between disk and 
closing wire remains unchanged. Therefore, in a 
generator configuration, the disk plus magnet rotation 
at with the closing wire at rest in the lab is entirely 
equivalent to the closing-wire rotation at - with the disk 
plus magnet at rest. This fact introduced a correct but 
physically “colorless” weak relativism to the homopolar 
generator description: the “unipolar generator really has 
three components, the magnet, the cylinder and the 
meter (including the contacts). A relative motion of the 
last two, not the first two, is required” [1] 


A growing interest in basic electromagnetism [15,27] 
can not be ignored, and from time to time some authors, 
attempting to catch “free energy" from the space, have 
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MOUNTING DEVICES 


Heavyweight bar for new work 
where there is access to framing. 


Lightweight bars should used only fora lightweight 
fixture such as simple overhead light. 


TT ieee mat arn tr oc nb you ee depentean 
whether you're mounting a box to finish surfaces or structural 
‘members, When you're attaching a box to an exposed stud or joist, 
You're engaged in new construction, or new work (as distinguished 

from old work, or remodel work), even if the house is old. New-wark 
boxes are usually side-nalied or face-nalled through a bracket; nal 

‘on boxes have Integral nal holders. The mounting bracket for adjustable 
boxes is particularly ingenious. Once attached to framing, the box depth 
can be screw-adjusted untl it's flush to the finish surface. 

‘Adjustable bar hangers enable you to mount boxes between joists 
and studs; typically, hangers adjust fromm 4 In to 22 in, Boxes mount 
to hangers via threaded posts or, more simply, by being screwed to the 
hangers. Bar hangers vary in thickness and strength, with heavier strap 
types favored to support ceiling fans and heavier fixtures. 


Heavyweight remodel bar is passed through 
an opening in the celling and adjusted in place. 


‘A mounting bar I screwed into the celing Jost. 


MOUNTING DEVICES 


CABLE & CONDUIT 


NONMETALLIC 
SHEATHED CABLE 


Black or red 
(usually hot) 


I izeertassrnatrtoaie 
cable, but you may find any-or all~ 
of the wiring types described here in older 
houses, Inside cables oF conduits are 


Individual wires, or conductors, that vary 
in thickness sccording to the load (amperage) 
they carry. Here's a quick overview. 


Cable 
Nonmetallic sheathed cable (NM or Ramex) 
Is by far the most common flexibie cable, 
Covered witha flexible thermoplastic sheath- 
ing, Romer is easy to route, cut, and attach, 
Cable designations printed on the sheathing 
and the sheathing color indicate the gauge 
and the number of conducting wires inside. 


Most of the NM cable used for a standard 
15-amp lights-and-outlts cirult is 14/2 w/ard. 
For a 20-amp circuit, use 12-gauge cable. 
Three-way switches are wired with 14/3 or 
12/3, The third conductor is red. Either the 
red or the black wire can be hat, depending 
‘on the switch position. 
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Ground 


ical 


(usually neutra 


Remember that you can wire IS-amp 
circuits with 12-gauge wire, but you can’t 
se 14-gauge wire for 20-amp circuits 
Metal-clad (MC) cable is often specified 
Where wiring is exposed. Same codes 
still allow armored cable (AC), But that's 
Increasingly rare. 


Knob-and-tube 
Knobrand:-tube wiring is no longer installed, 
but there's still plenty of itn older nouses. if 
its sheathing is intact and not cracked, it may 
still be serviceable, You may even be able 

to extend it, but have an electrician do the 
work. Knob and tube Is eccentric, requiring 
experience and a skilled hand. 


Circuit wiring 

Copper is the preferred conductor for 
residential circult wiring. Aluminum cable 

is frequently used at service entrances, but 
It Is not recommended for branch circuits. 
Individual wires within @ cable or conduit are 
calor coded, White or light ray wires are 
neutral conductors. Black or red wires denote 
hot, oF load-carrying, conductors. 


‘Some old houses still have knob-and-tube 
Wiring, which doesn't necessarily need to be 
Faplaced, Have it tested to make sure It's 

Stn good shape. 


Green or bare (uninsulated) wires are ground 
wires, which must be connected continuausly 
throughout an electrical system. 

Because most of the wiring ina residence 
[s 120 service, most cables will have three 
wires: two insulated wires (one black and 
fone white) plus a graund wire, usually 
Uninsulated, Other colors are employed 
when a hookup calls for more than two 
wires-for example, 240v circuits and three: 
or four-way switches, 


Conduit 

Conduit may be specified to pratect exposed 
wiring: it is commonly thin-wall steel (electr- 
cal metallic tubing; EMT), aluminum, or poly 
Vinyl chloride (PVC) plastic. Metal conduit 
serves as ts own ground, Apart from service 
entrances, conduit is seldom used in home 
wiring, When connected with weather-tight 
fittings and boxes, conduit can be installed 
outdoors. 


CABLE AND CONDUIT 
FOR SERVICE PANELS 


‘Type-SER Is used between Flexible conduit is used 
panels and subpanels in dry, 
protected areas. 


Cables provide a lot of information in 
the abbreviations stamped into their 
sheathing-for example, NM indicates 
nonmetalic sheathing, and UF (for 
Underground feeder) can be buried. 
The size and number of individual con- 
ductors inside a cable are also noted: 
12/2 ward or 122 W/G, for example, 
indicates two insulated 12AWG wires 
plus a ground wire, Cable stamped 
14/3 W/G has three 14AWG wires plus 

8 ground wie. (The higher the number, 
the smalier the wire diameter) The 
maximum voltage, asin 600v, may 
‘also be indicated. 

Individual wires within cable have 
cades, too. T (thermoplastic) wire Is 
Intended for dry, indoor use, and W 
means wet; thus TW wire can be used. 
indy and wet locations. H stands for 
heat resistant. N, for nylon jacketed, 
Indicates a tough wire than can be 
drawn through conduit without 
being damaged, 

Finally, make sure the Romex cable 
Is marked NV-B. Cable without the final 
B has an old-style insulation that is not 
‘as heat resistant as NM-B cable, 


is for damp crawispaces 
‘or underground. 


READING A CABLE 


ELECTRICAL CABLE. 


‘The sliver wire in the AC eable Is a bonding wire, nota ground. In the MC cable, the green wire 
Is ground, the white Is neutral and the red and Black are het. 
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Schedule-40 PVC conduit 


CABLE CLAMPS & CLIPS 


Romex cable connectors. 
nit 


From bottom to top plastic push-in connector, two-cabl 
connector, 3/s-in. NM clamp with locknut, metal box with internal clamps. 
‘connectors are set in box knockouts to prevent wires from wearing against 
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1's important to secure cable as you run it and 

to protect it from puncture or being accidently 
severed. I's also essential to make sure cable Is 
tightly secured into boxes, 


Clamps 

Clamps secure cable ta boxes to protect 
connections inside the box so wire splices 

or connections to devices cannot get yanked 
apart or otherwise compromised. Every wiring 
system-whether nonmetallic (Romer), MC, ar 
canduit-has clamps (connectors) specific to that 
system, Cable clamps in metal boxes also keep 
wires from being nicked by burrs created when 
metal box knockouts are removed, (Use a screw- 
driver to start knockouts and lineman's pliers to 
twist them free-or a pair of heavy-duty needle- 
nose pliers for both tasks) 

The exception to this rule Is single-gang plas- 
tic boxes. f framing is exposed (new construc 
tion) and cable can be stapled within 12 in, 

‘of the box, Code doesn't require cable clamps 
ina single-gang plastic box. However, two- 
‘gang plastic boxes must have cable clamps 
typically. a plastic tension clip that keeps cables 
{rom being pulled out. And, as noted in the 
preceding chapter, all cut-in boxes must contain 
cable clamps. 

‘Tworpiece lacknut connectors @ are still the 
‘most common cable clamp, but professional 
electricians who are racing the clock swear by 
plastic snap-in cable connectors @, which seat 
instantly and grip NM cable tight. 


D> For more on positioning boxes, see p. 27. 


WARNING 


Cordless drills and screwdrivers 


duce the tedium of screwing wires 
terminals, attaching devices to 
boxes, putting on cover plates, and 
conn myriad other items, But 
always tighten cable clamps by hand 


overtightening them and 


SECURING CABLE TO FRAMING 


he quickest way to secure cable is 
to staple it The trick isto staple it 
carrectiy-flat and not so tight that the 
sheathing is squeezed against the framing, 
Staples should be snug but not too tight. 
Use enough staples to secure cable, remem: 
bering that code requires staples atleast 
every 54 in, Use particular care when 
stapling cable overhead @, Avoid making a 
sharp bend immediately after a staple, and 
leave yourself enough slack around boxes. 

When a large number of cables run into a 
single box, it can be difficult to staple them 
within the 12in, required by Code. Here's 
where cable clips come in handy. Simply nail 
for screw the clip tothe stud where the box is 
attached @, Thread the cables into the clip 
for a neat, organized box @, 

There are several styles of cable clips 
with different capacities. Avoid exceeding 
the capacity ofthe clip; it should hold the 
cable snugly but be loase enough to diss 
pate heat, 


ACCORDING 


Neatly thread the cable 
Into the cp, 


Nall eable clips within 12 In 
atthe box the cables will enter 


syle of able lp tho 
‘near enough fo the box but auto 


the cable 
ms Wa 


CABLE TO FRAMING 
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STRIPPING CABLE WITH A UTILITY KNIFE 


7 


2D Site the sheathing of ofthe cae. 


Remove the kraft paper covering the ground wires, and you're 
ready to make connections 


any electricians use a utility knife to sit and remove 
NM cable sheathing, but it requires a light touch that 
takes a lot of practice. Typically, pros hold the blade at 3 low 
‘angle to the cable and lightly run the blade tip down the 
‘middle ofthe cable and over the bare ground wire inside 
vely, one can score the front and back face af the 
sathing with diagonal slits @ and then yank the sheathing 


‘Once the sheathing is off, ear off the kraft paper cover: 
ing the bare ground wires @. Then tuck the cables back into 


Cable strippers remove the wire’ Jacket without damaging 
the box until you're ready to wire the receptacle or switch ‘the conductor Insulation 


STRIPPING CABLE WITH A CABLE RIPPER 


‘0 remove sheathing with less risk of 
per to slit the sheathing along its length @. 
Because the ripper's tooth is intentionally 
dull (sit wor't nick wire insulation), it usu 
ally takes several pulls to slit the sheathing 
completely. Once that's done, pull back the 
sheathing and the kraft paper. You can snip 
both off using diagonal cutters ©. 


‘i 
4 Puts evi oper atong the length of elas few ches of cable 


3B Hash te around wire to eet x 


Because cable clamps grip sheathing-nat 
individual wires-there should be at least 
'/21n. of sheathing stil peeking out from 
under cable clamps when you're done, If 
you didn’t tighten cable clamps earlier, 
do so now. 

Iv there Is only one cable entering a box, 
simply cut individual wires to lenath (typ) 
cally, 8 in.) and tuck them into the bok. If 


the box is metal, first bond the cable's 
‘ground wire to the box, using a graunding 
clip or a green grounding screw @. Once 
the wires are stripped and the box is 
‘grounded, fold the rest of the wires back 
Into the box until you're ready to wire 
switches and cutlets . 


CHOOSING WIRE 


‘round wire to'a device or a metal box. 


CHOOSING WIRE 


WIRES 
AND WIRE 
CONNECTORS 


& 


wuge stranded 


60 amps: central 
air-conditioners 
ind furnaces 


10 gauge stranded 


30 amps: range and 
central air-conditioners. 


‘copper ground wire 


14 gauge 


Ine comes in several gauges meant for 
different amp circuits, The higher the 
‘gauge, the smaller the wire. Larger wires can 
carry greater amperage, ust as a larger pipe 
can carry greater water volume, If you use 
too small a wire, the resistance (measured 
in ohms) is too great and the wire can melt, 
‘causing a house fire, That's why i's impor- 
tant to use the right gauge wire forthe load. 


Wire connectors 

Wire connectors, sometimes called by the 
popular brand Wire-Nut®, twist onto a group 
of lke-colored wires to splice them together 
and ensure a solid mechanical connection. 
The importance of solid connections between 
spliced wires (or between wires and devices) 
can't be overstated. If wires work loose, elec- 
tricity can leap the gaps between them and 
cause a house fire, Wire connectors are sized 
according to the number of wires and/or wire 
‘gauge they can accommodate; each size is 
color coded. 


A divided pouch transforms a 5-gal. bucket 
Into a portable hardware store of wire 
connectors, cable clamps, screws, staples, 


STRIPPING & SPLICING WIRES 


Tat tartan et spe ne 
‘ground wires, which are usually bare 
copper. (i they're green insulated wire, 
first strip approximately 3/4 in of insula 

tion off their ends.) If you use standard 

wire connectors, trim the ground wires and 
butt their ends together, along with a 6-in. 
pigtal, which you'll connect later to the 
‘green ground screw of a receptacle, However, 
‘many pros prefer to twist the ground wires 
together, leave one ground long, and thread 
it thraugh the hole in the end of a special 
wire connector @. Splicing hot and neutral 
wire groups is essentially the same. Trim hot 


wie tothe same lenath @. Strip in. of Twist ground wires and spice 


Insulation off the cable wires and the pigtail, 
©. and use lineman’s pliers to twist the wires 
©. Then screw on a wire connector @. 
When all the wire groups are spliced, gen- 
tly fold the wires-rather like an accordion 
fold~and push them into the back of the box, 
where they'll be safe from drywall saws and 


rails @. 


TRADE SECRET 


Strip wire ends ving wire stripper 


(approximately 


1G Iaon2 wie connector unt 


ts tight 


Trim hot wires, eaving enough 
length to work around the device. 


That he wires together ith 
lineman’ 


‘Carefully fold the wires 
into the box. 


wires 
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ECEPTACLES 


ECEPTACLES AND SWITCHES. 
in a house. They're generally reli- 
able and offer a long life, but they are 
often replaced when they become cracked 
or outdated or, eventually, cease to work. 
Fortunately, replacing them is straight- 
forward and safe if you first shut off the 
power to the circuits that feed them-and 
test with a voltage tester to be sure that 
power Is, In fact, off. This chapter shows 


‘Testing a singlepole 
site, p. 50 
Testing three-way 
suit, p51 
‘Testing a four-way 
switch, p. 31 


site, 


Wiring a sinle-pole 

32 swith, p. 59 
Single-pole switch with 
Aaei-fed wiring, p. 53 


& SWITCHES 


you how to safely remove receptacles and 
switches, how to use a continuity tester 

to see If devices are defective, and how to 
install new receptacles or switches. 

Wiring an electrical device is considered 
part of finish wiring-also called the trim- 
‘out stage-when finish walls are in place and 
painted. At the trim-out stage, everything 
should be ready so that the electrician 
needs only a pair of strippers and a screw- 
driver or screw gun. 


Wiring a three-way 
Wiring a switeh/receptacte 


Wiring a backfed combo, p. 62 


‘theeerway suite, Wiring 3 double 
».60 site, p. 63 

Wiring a foureway Wiring 2 metion 
swith, p61 detector, p63 


Wiring an electronic 
timer swite,p. 64 
Wiring 2 manual 
timer, p. 65 


claimed the design of homopolar engines with efficiency 
greater than unity, as can be checked by searching for 
homopolar motor on the Internet. The strict application 
of Newton's third law precludes the above non-physical 
possibility. 


It is worthwhile to stress that the homopolar machine 
is a famous example where Faraday’s flux rule fails. 
This fact worried Faraday himself and is clearly 
discussed by Feynman [28] who emphasized that the 
correct physics is always given by the Lorentz force 
law and the Maxwell fundamental equation 
curl E = -B/t. Homopolar induction is fully understood 
using only the Lorentz force. Our experiments 
enhance the relativistic structure of the Lorentz force 
because the only relevant velocity is the velocity of 
the conductor relative to the magnet. 


Acknowledgments: To Profs. C.N. Gagliardo and A. 
Ipohorski-Lenkiewicz for the conceptual comments on. 
this development, 
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CHOOSING RECEPTACLES & SWITCHES 


‘he difference in quality from one receptacle or 
‘switch to another can vary greatly. Over the life of 
the device, the difference in price is trivial, but the differ- ex 
ence in performance can be substantial, For this reason, 
‘buy quality. As you can see in the top photo at right, 
‘cheap receptacles are pretty much all plastic, their thin 
‘metal mounting tabs will distort easily, and they tend to 
crack if subjected to heavy use. 

On the other hand, quality receptacles and switches 
tend to have heavier nylon faces and may be reinforced 
with metal support yokes that reinforce the back of 
the devices. 

Another telling detail js how wires are attached- 
whether they're screwed to terminals on the side of the 
device, Inserted into the back of the device and held by saetaat posit 
Internal clamps (backwired), or some combination of relia 
the two, Again, better quality devices have better mech- me 
nisms for gripping wire. 


Most household receptacles are rated for 15-amp 
circuits and wired with 14AWG or T2AWG wire, The 
National Electric Code (NEC) specifies 20-amp protection 
{or kitchen appliance, garage, and workshop circuits. 
‘The NEC specifies qround-fault circuit interrupter 
(GFCI protection for many locations, including bath- 
oom, outdoor, and kitchen-counter receptacles, so 
there are also 15-amp and 20-amp GFCI receptacles. 
In addition, you can obtain various kinds of specialty 
1S-amp receptacles, including childproof models that 
require an adult’s rip to uncover them, weatherproof 
receptacles that combine cover and receptacle in an 
Integral unit, recessed receptacles in which clock wires 
can be hidden, and covered floor receptacles. In addi- 
tion, there are receptacles specifically matched to the 


ptacles and switches are usually heftier and more 
"The quailty receptacte on the right has a nylon face and its 
reinforced with a brass yoke. 


ACCORDING 
TO CODE 

All bathrooms and kitchens should 
have GFCI receptacles. All outdoor 
outlets and some garage outlets m 
also be GFCIs. Your local building code 
will have the final say on GFCIs. 


Specialty switches (from left): A timer switch, paddle-switch dimmer 
with small slide dimmer, linear slide dimmer. 
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plugs of 30-amp, 40-amp, and 5O-amp appll- 
ances. Your electrical supplier can help you 
find the right receptacle for your needs. 


Matching load ratings 
Circult components must be matched accord: 
Ing to their load ratings. That is, 8 20-amp 
receptacle must be fed by 12AWG cable, 
Which is also rated at 20-amps, and protected 
by a 20-amp breaker or fuse. A tSeamp recep: 
tacle or switch must be fed by T4AWG cable, 
Which is rated for 15-amps, and protected by 
2 1S-amp breaker or fuse, 

NM Cable sheathing is color coded to help 
you correctly match wire size and devices: 
White sheathing denotes 14-gauge wire: yel- 
low sheathing, 12-gauge: orange sheathing, 
10-gauge; and so on, 


Polarized Teceptacies 
Receptacles, plug: 
fixtures are porto so 
they can fit together only 
‘one way. A receptacle’s gold 
screw terminal connects 

to hot wires and, internally, 
to the hot (narrow) prong 

of a polarized plug. The 
receptacle's silver screw 
terminal connects to neutral 
wires and, Internally, to the 
neutral (wide) prong of a 
polarized plug. Finally, the 
green ground screw connects 
to the ground wire and the 
U-shaped grounding prong 
of the plug. 


>» f 


POLARIZED RECEPTACLE: 


‘Cannat receive 20-amp plugs. Both receptacles are also polarized, so that only 
‘the large blade of a plug can ft nto the large sot of the receptacie. 


RECEPTACLES FOR DIFFERENT LOADS 
‘SO-amp range 
(2500) 


20-amp feed-through 
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BACK-WIRED DEVICES 


‘ack-wiring receptacles or switches is 9 
faster alternative to wrapping wires around 

‘screw terminals, Backwired devices have holes 
inthe back, into which you insert stripped wire 
‘ends, But although back-wiring s quicker, many 
‘electricians-and some local electrical codes~ 
consider it unsafe, especialy for receptacles. 
‘Their primary objection is that receptacles! 
Internat tension clamps are made of thin metal 
strips, which can fatigue, leading to loose wires, 
flickering lights, and arcing, Moreover, each time 
Users insert or remove plugs, the receptacles 
move slightly, which increases the likelihood 
of clamp failure, Manufacturers have stopped 
making back-wired 20-amp receptacles, so : 
think twice about installing backwired 15-amp 
receptacles 

Of course, there's an exception to every rule, 
Anigh-quality device such as the GFCI recep: 
tacle shown in photo @ on p. 48 allows you to 


‘of the switch Body. 


Back-wired switenes 
are acceptable to 
mast electrical 
Codes, Use the strip~ 
ping gauge on the 
Back the switch to 


determine how much 

Jaap wires around its screw terminals or insert Insulation to strip. 

Wires into holes on the back of the device, Here, oa aee 

bback-wiring is acceptable because you must 

screw down screws on either side to tighten, 

Internal clamps that grip the wire and ensure a 

solid connection, 

Finally, back-wired switches are acceptable to 

Cade. They rarely fal because switches aren't 

subject to the stresses of inserting and remo 

ing plugs; thus wire connections stay solid. 

Nonetheless, many pros don't ike back-wired 

‘switches because their tension clamps can also Aivecabaciagite 

fatique and loosen. Use a screw terminal, wire end, nsert 8 
Inte a back port/hole 


they argue, and you're guaranteed a solid 
wire connection, 


‘ntl the wire bot 


ped 
‘the wire securely, 
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TESTING FOR POWER 


‘ identify the circuit that serves a particu 
the receptacle and have a helper at the service 
panel flip breakers until the tester light goes the neutral wires-rather than the hot 

‘ut. To identity the circuit that serves a particu- wires-may be attached (incorrectly) to 

lar switeh, turn on the fixture it controls and flip receptacles or switches, in violation of Code. 
breakers until the light goes out. f that test is When testing existing receptacles, switches or 
Inconclusive or you aren't sure the receptacle or fixtures, test all wires for voltage 

switch is operable, remove the cover plate and 
the two screws holding the device to the box. 
Being careful not to touch screw terminals or 
Wires with your fingers, pull the receptacle out 
of the box. Touch tester prongs to each screw 
and to spliced wire groups. Here, an Inductance 
tester is superior to a two-prong voltage tester 
because the inductance tester can usually read 
current through wire insulation or @ wire 
connector. 


WARNING 


It's worth noting that in some old houses, 


Before touching a wired receptace, switch, oF 
finture, use an Inductance tester to see If power 
's present. 
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TWO WAYS TO WIRE A RECEPTACLE 


The preferred way to wire a mideircult 
receptacle 


he duplex receptacle is the workhorse 
‘of house wiring, because it enables 

you to plug ina variety of eneray users at 

locations around the house. Receptacles are 

so Indispensable to modern ife that Code 

dictates that no space along a wall ina habit 

able room should be more than 6 ft. from 

a receptacle and any wal at least 2 ft wide 

must have a receptacle, 


The NEC requires that all conductors (wires) 


be solidly connected to devices such as recep” 
tacles, but several different wire configura 
tions are acceptable. In brief, you can use 
pigtalls-short lengths of wire running fram 
Wire splices to a device-or attach conductors 
directly to devices. Using pigtails to connect, 
conductors ensures continuous power down: 
stream, but sometimes, at the end of arun, 
for example, it makes sense to connect con- 
ductors directly to the device. 


TWO WAYS TO WIRE A RECEPTACLE 


[At the end of a circuit, wies from the 
ble attach directly to the receptacte. 


Most electricians prefer using pigtails to 
connect conductors to midcircuit recep- 
tacles because it ensures continuous power 
and, If it's necessary to replace the recepta 
cle at some future date, there are only three 
pigtalls to disconnect. Wiring with pigtals is, 
shown in the photo @. 

At the end of a circuit, where only one 
cable feeds an autiet, there's no need for 
pigtalls. Just attach incoming wires directly 
to the receptacle as shown in photo @. As 
with pigtail wiring, connect the ground wire 
first, then the neutral, then the hot wire, 


Route the circuit 
through the receptacle 

Feeding circuits through receptacles is a wide- 
spread wiring method because, on the whole, 
it is quicker, requires fewer conductors, and 
results in boxes that are ess crowded than 
those wired with spliced wires and pigtails @. 


An alternate to wiring a mideut recept 
‘without using patalls. (Not recommens 


But this method has detractors, who 
argue that in a circuit so wired, if recep 
tacle upstream fails or a wire comes loose, 
receptacles downstream will lase power. 

For this reason, feeding a circuit through a 
receptacle is particularly risky if you also 
use back-wired receptacles whose internal 
clamping mechanisms can weaken and 
result in loose connections. Moreaver, there 
isa voltage drop of about 1 percent per 
receptacle wired in this manner because 
receptacles offer more resistance to current 
flow than do wires. if you have 6 or 10 recep: 
tacles daisy-chained in this manner, those 
overheated connections can waste eneray 
‘and increase your electricity bil, 


WIRING A DUPLEX RECEPTACLE 


hen a duplex receptacle isin the 
middle of a circult, there willbe two 
12/2 or 14/2 cables entering the box-one 
from the power source and the other running 
downstream to the next outlet. In the se- 
‘quence shawn here, there are two 12/2 cables 
because the box houses a 20-amp receptacle 
To ensure continuity downstream, all ire 
‘groups will have been spliced with wire con 
rectors during the rough-in stage. A pigtail 
from each splice will need to be connected 
toa screw terminal on the receptacle, 
Unless the small tab between screw palrs 
has been removed, you need attach only one. 
conductor to each side of the receptacle, 


‘Loop and install the ground wire to the 
receptacle's green grounding screw first, 
Place the loop clockwise on the screw 

shaft so that when the screw is tightened 
down, the screw head will grip-rather than 
disiodge-the wire @. 

Next, loop and attach a neutral conductor 
to. sliver screw terminal. Tighten down the 
screw that you don't use to avoid electro- 
‘magnetic interference on radio receivers 
‘and the lke. Then flip the receptacle over 
to access the brass screw terminals on the 
other side, Ifa looped wire end is too wide, 
use needle-nose pliers to close it @. 


>F 


ect the neutral wire next, 


Wiring in an orderly way Any havit 
that increases your safety is worth adoptin 
When connecting wires to devices, most 
electricians connect the ground wire firs 
then the neutral wire, and then the hot wire. 


When disconnecting wires, they reverse the 


then the ground wire. Because the ground 
wire offers the lowest impedance path to 
ground, it makes sense to leave it connected 
as long as possible. Even if you're working on 
circuits that are disconnected, as veteran 
electricians say, “Treat every conductor as 

if it were live and you'll stay alive. 
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WIRING A DUPLEX RECEPTACLE (CONTINUED) 


Screw down the brass screw so that it grips 
the hot wire. Pros frequently use screw guns 
{or this operation, but weekend electricians 
should tighten the screw by hand to ensure a 
solid connection @. 

Push the wired receptacle inta the box by 
hand, Keeping the receptacle face parallel to 
the wall. Then hand-screw the device to the 
‘box. Avoid the temptation to use a screw gun 
because it can strip the screw holes in a plastic 
‘box @. Finally, installa caver plate to protect 
the electrical cannections in the box and ta 
prevent someone from inadvertently touching 
a bare wire end ar the end of a screw terminal 


TRADE SECRET 
ft doesn’t matter whether v 
tall three-slot (grounded) 


1G Score ese to tebe 


MAKING RECEPTACLE BOXES FLUSH TO DRYWALL 


tutlet boxes are frequently installed below 
the surface af the drywall if you're using 

adjustable boxes in new work, that's not a prob 
Jem because you can turn a screw to raise the 
box until t's flush with the drywall I's impere 
tive to bring the device flush to the drywall and 
to mount it securely After a plug is inserted 
Into the receptacle a few times, the receptacle 
moves ang the cover plate cracks, which is both 
Unsightly and unsafe 

If you're using a typical nall-on box, you 
can use plastic spacers (often called caterpih 
fars) to build up the level of the receptacle 
so its mounting tab is flush to the drywall. 
‘These spacers take up the space between the 
‘mounting plate on the box and the device, so 
the mounting plate can be flush. Break off the 
pieces from the strip, This style folds. Insert 
the spacer behind the screw tabs. 


TRADE SECRET 


box is recessed more than 
must use a “goof ring" (p. 26 


Feceptactes with two si 
three) are ungrounded. 


(instead of 


If nall-on boxes are 


the spacers be 
crew the 


Receptacles with only two slots are un 
‘grounded. Because they are fed by two-wire 
cable without a ground wire, they are inher- 
ently less safe than three-siot receptacles 
fed with a grounded cable. If existing cables 
and receptacles are correctly wired and in 
‘900d condition, most codes allaw you to 
Keep using them. Should you add circuits, 
however, Code requires that they be wired 
with grounded cable (12/2 ward or 14/2 
Ward) and three-siot receptacles, 

Replacing a two-siat receptacle with 
a GFCI receptacie can be a cast-effective 
‘Way to add pratection to a two-wire circuit. 
There wil stil not be a ground wire on the 
circuit, but the GFCI will rip and cut the 
power if it detects a ground fault. You can 
Wire the GFCI receptacle to protect just that 


4 to low, use pla 
receptacle or switch 30 Its mouiting tab Is fh 


le spacers to bulld up the level of the 


fo the drywall 


ween the device's mounting tab and the edge of 
vice solaly to the 


outlet or that outlet and all outlets down- 
stream (away from the power source) 


> For more on wiring GFCI receptacies, 
seep. 48. 


Note: f ane slat of a tworslot receptacle 
Is longer, the receptacie wil be polarized. 
That is, a receptacles gold screw terminal 
will connect to a hat wire and, internally, to 
the hot (narrow) prong of a polarized two~ 
prong plug. The receptacl's silver screw 
terminal connects to neutral wires and, 
internally, to the neutral (wide) prong of @ 
polarized plug, 


P For more about polarity, see p. 1. 
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WIRING A GFCI RECEPTACLE 


hen wiring a GFCI receptacle, it's important 
to connect incoming wires (from the pawer 

source) tothe terminals marked "line" on the 
back of the receptacle Attach outgoing wires (to 
outlets downstream) to terminals marked "load 
To distinguish line and load wires during rough 
in, write each term on small pieces of the cable 
sheathing and slip them over the appropriate 
Wires before folding them into the box. 

‘The GFCI shawn here is something af a hybrid 
because it allows you to loop stripped wire 
lends araund the screw terminals orto leave the 
stripped wire ends straight and insert them into 
holes in the back of the device-also known as 
bback-wiring. In this case, back-wiring Is accept 
‘able because you must tighten screws on either 
side to engage internal clamps that grip the wire, 
thus ensuring a solid connection, 


Irthe GFCI is going to protect users at a single 
outlet, attach wires to only one set of screw 
terminals @. The yellow tape across one set of 
screws indicates that they are load terminals: If 
you are hooking up the device to protect anly 
2a single point of use, leave the tape in place 
‘and connect wires anly to the screw terminals 
marked "line." After attaching the ground 
pigtall, screw dawn the silver screw to secure 
the neutral pigtal 

Connect the hot pigtail to the brass screw last, 
then push the device into the box carefully, hand 
screw it to the box, and install a cover plate @. 


Feeding the circuit 
through a GFCI receptacle 

If you want a GFCI receptacle to protect the out- 
let and all outiets downstream, feed the circuit 
through the receptacie. That is, connect incoming 
and outgoing cable wires directly to the device, 
rather than using piotails. Again, its important 
{0 connect incoming wires to the terminals 
marked “tine” and outgoing wires to terminals 
load" 


48 | winine a orci RECEPTACLE 


ORIEN 


Quality GFCIs can be back-wired ‘A GFCI receptacle can be wired 
or side-wired, to protect a single outet 


‘Connect the hot pitall ast. Circults can be fed through 
2 GFCI receptacle, 


Weight Reductions Generated by Bucking-Field Permanent Magnets 
LAB REPORT ON SmCo RING MAGNET 
EXPERIMENTS 


Experiments conducted by: 
William C. Simpson 


‘New Horizons Research 600 Meridian Street Extension, 
#202 Groton, CT 06240 
Tel. (860) 405-1157 


The following experiments were conducted at the 
Coastal Environmental Laboratory (CEL) at Avery Point, 
Groton, Connecticut. (41° 19" 0.17" N. latitude x 72°3' 
50.27" W. longitude x 35 feet elevation above mean sea 
level) I wish to thank the personnelat the CEL for their 
generosity for providing the use of their Mettler Toledo” 
Model AG104 electronic scale for the measurements 
taken in the proceeding experiments. The AG104 
electronic scale is an enclosed pan unit with a maximum 
mass range of 101-grams with 0.0001-gram readability. 


Editorial: This article is one more 
link between magnetizm and 
theory of aether, tomy mind. It is 
possible to assume that in his 
experiments the author creates 
small but detectable changes in 
density of aether, that 
demonstrates itselfas the weight 
changes. 

Alexander V; Frolov. 


‘The purpose of these experiments was to see if there is, 
any detectable weight change when permanent 
magnets are forced together with their like-poles facing 
each other. The magnets were weighed individually, in 
both directions, with their field poles oriented vertically. 
The sums of the two individual magnet weights (magnet, 
#1 and magnet #2) in each vertical orientation were 
compared to the weight measurements taken when they 
were assembled using the nylon bolt and wing nut 
depicted in DIAGRAM 1. The specifications for the two 
Samarium Cobalt magnets used in the following 
experiments are shown in DIAGRAM 1. 


The first set of experiments with the SmCo Ring 
magnets were conducted January 14, 2002. An inverted 
paper cup was used to raise the test sample magnets 
2.75" above the AG104 electronic scale pan in order to 
minimize possible magnetic interaction with the scale- 
sensing element, as depicted in DIAGRAM 2, The tare 
adjustment was used to set the scale readout to 
0.0000-gram with the cup in place. The magnets were 
weighed individually. Magnet #1 weighed 9.9450-gram 
with the N pole facing up and 9.9397-gram with the S 
pole facing up. Magnet #2 weighed 9.9520-gram with 
the N pole facing up and 9.9443-gram with the S pole 
facing up. 


The second set of experiments with the SmCo Ring 


magnets were conducted February 4, 2002. These 
experiments were shielded with Mu 80 magnetic 


‘BARE EARTH MAGNET SPECIFICATIONS: 


Samaium Cobat (Co wine) ~ SCENTIFICS Cal 469030730 
Reape. OD =O70" 10-047. Thokness 0.2" 

Gaus 8.000 

derety= 8 Pzanlee 


oe 
oie 
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‘NYLON RETAINER BOLT AND WING NUT: 


278 ete «1-1/2 rg head rykn bot 
=] 
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o 


378" ane ron ving 
sass of wyonbol hs nylon wing mt = 5.1610-gams 
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WIRING A SPLIT- 


tmstvru words esd 


To create a splittab receptacle, use needie~ 
rose pliers to twist off the small metal tab 
between the brass screws @. Next connect the 
bare graund wire to the green grounding screw 
fon the device and connect the white neutral 
Wire to a silver screw. f you keepa slight ter 
sion on the wires as you tighten each screw, 
they'll be less likely to slip off @ 

Flip the receptacle over to expose the brass 
screws on the other side, and connect a hot 


lead to each brass screw. i you're running 12/3 
‘or 14/3 cable, ane hat wire will typicaly be rea 
and the other black ©. Finally, push the device 
Into the box by hand until it's fush and install 
the cover plate @, 

Though this 15-amp split-tab receptacie is 
fed with 12/3 cable (rated for 20 amps, there's 
na danger of the load exceeding the rating of 
the receptacle, Because of the configuration 
of its siots, the receptacle can receive only 8 
15-amp plug. 


‘AB RECEPTACLE 


Connect the hot wires last. 


‘Connect the ground, then the 


receptacle 
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TESTING A SINGLE-POLE SWITCH 


‘o test a disconnected switch, 
TT tech neste ep oon en 
cr lead wire of the switch and touch 
the tester probe (point) to the other 
©. Turn the switch off and on @. 
Repeat the process several times. If the 
tester doesn't light-or doesn't go off 
Inelther position-the switch is a dud. 
Replace it, 

Because they're always racing the 
clock, many pros will simply replace 
a switch or receptacle that's suspect. 
But testing a device makes sense for 
homeowners. Continuity testers are 
Inexpensive and easy to use. Testing & 
switch can save amateur electricians 
Who are mare likely to miswire a 
device-a trip to the hardware store to off light oft ‘Swlteh on, ight on. 
replace a switch that isn't defective. 


WARNING 
Use continuity testers only Test the tester 


on devices that are not 
connected to wiring Before you start, 
make sure the 
tester is working 
properly. Touch 
the point and the 
clip of the continu- 
ity tester to each 
other to be sure 
the tool is working. 
This completes the 
circuit and fights 
the tester bulb. If 
the bulb doesn't 
light, replace the 
bulb and/or the 
battery or get a 
new tester-they're 
inexpensive. 
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TESTING A THREE-WAY SWITCH 


hree-way switches allow you 

to operate a fixture {rom two 
locations-from the top and bottom 
of stairs, for example, of fram op- 
posite ends of @ room. When testing 
a three-way switch, attach the tester 
clip to the common terminal and touch 
the probe to one of the traveler screw 
terminals. The tester should light @. If 
the switch is functioning property flip 
the switch and the light should turn off 
©. Leave the clip in place, touch the 
probe to the other traveler screw, and 
flip the switeh again, Ifa that works, 
the switen is good. 


‘est the common terminal and one 


Toggle the switch off and the bulb 
should not light 


TESTING A FOUR-WAY SWITCH 


addition to its green grounding 

screw, 3 four-way switch has four 
screws: two common (dark) screws at 
the top, and two traveler (brass) screws 
at the bottom @. To successfully test a 
four-way switch, move the test clip and 
prabe to test all possible combinations. 

Start by testing bath screws on 
each side of the switch @. Flipping the 
switch toggle should turn the switen 
off or on, After testing screw pairs on 
the same side of the switch, move the 
clip and probe diagonally. Again, flip 
the switch to turn the light off (tit 
was on) or on (if it was off) 


TESTING A FOUR-WAY SWITCH 


WIRING A SINGLE-POLE SWITCH 


‘he most commonly installed switen, 
Spliced together during the roughin stage, 
the neutral wires stay tucked in the outlet 
‘box, Pull ground and hat-wire groups aut of 
the roughed-in box. Use the hole in the han- 
dle of your wire strippers or use needie-nose 
pliers to loop the conductor ends so they can 
bbe wrapped around the screw terminals, 

First attach the ground wire to the green 
‘grounding screw on the switch @. Orient 
the wire loop in a clockwise direction-the 
same direction the screw tightens, & loop 
facing the wrong way may be distodged This switch controls a fixture at the end 
bythe prassurkaf thesctew head as tt a. cable ru, (San 9.172 for comelata ‘Always attach the ground first. 
tightens down, 

Next, connect the hot wires to the switch 
terminals, again orienting wire loops clack 
wise @, One black wire is hat (power coming, 
Im, and the other is the switch leg (power 
going out to the fixture). With a single-pole 
switch, however, it doesn’t matter which 
Wire yau attach to which screw. Generally, 
pros attach the hot wire last, much as they 
attach the hot wire on a receptacle last. 

‘Once the ground and hot wires are con: 
nected to the device, they're ready to be 
tucked into the box @. Always push the 
device into the box by hand until it's flush to 
the wall, Don't use screws to draw a device 
to.a box because the device may not le flat, Place the wire loops clockwise 
and i's easy to strip the screw holes in a as 
plastic box, Likewise, although using a screw 
‘un is faster than a screwdriver, hand screw 
switches until you get the hang of it @. 


Wiring switches Before connecting or disconnecting 
wires to a switch, use an inductance tester or a voltage 
tester to make sure that the power to the switch outlet 
is off. Test with the switch both on and off to be sure. 
Because switches interrupt only hot wires, you'd think 
they'd all be easy to wire. As you'll see, however, switch 
wiring can also be quite complex, especially three-way and 
four-way switches and switches with electronic components. 
Follow the manufacturer's instructions carefully. 
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SINGLE-POLE SWITCH WITH BACK-FED WIRING 


A single length of cable 
serves as a switch leq. 


Hot white wire 
taped black 


Connect the switch leq, 


hen an outlet or fixture box is closer 

to the power source than to the switch 
box, it's common ta run a single length of 
12/2 oF 14/2 cable as a switch loop. This 
‘means bringing the power down from the fix: 
ture to and through the switch and then back 
upto the fixture, As such, the Black wire in 
the 12/2 or 14/2 switch loop functions as the 
incoming hot wire, and the normally neutral 
white wire acts to return the power to the 
fixture, The white wire is actually @ hot wire 
and is marked to identify it as such. 

At the outlet or fiture box, spice all the 
‘grounds together. Attach the source neutral 
wire to the fixture neutral wire. Attach the 
source hot wire to the white wire (taped black) 


‘Tape the white wire black 


of the switch loop. Last, connect the switeh 
Joop black wire to the black fixture wire. 


Note; Here, far convenience, we bend 
the rule of using a white wire only asa 
‘neutral wire and instead wind black tape 
‘on each end of the white wire to show that, 
inthis case, the white wire is being used as 
ahat wire 

A the switch, start by stripping and loop- 
ing the wire ends in the switch loop. Next, 
tape the white wire with black electrician’s, 
tape to indicate that itis serving as a hot 
wire to the back-fed switch, Convention 


‘Connect the ground wire frst 


‘The wires are ready to be tucked 
into the box. 


dictates that the white wire in back-ed 
Wiring Is always the hot lead (power coming 
In) @. The biack wire, on the other hand, is 
the switch leg that runs back to the fixture, 

First, connect the ground wire to the green. 
‘ground screw on the back-fed switch @, 
Next, connect the switch-leg wire (black) ©, 
then the hot wire (white taped black) to 
the switch terminals, To keep looped wire 
lends snug against the screw shaft as you 
tighten down the screw, pull gently on wires, 
as shown @. Not fumbling with wire ends 
saves te, 

Finally, tuck the wires into the box, screw 
the switch to the box, and install the cover 


plate. 


SINGLE-POLE SWITCH WITH BACK-FED WIRING 


REPLACING A SINGLE-POLE SWITCH 


TY ucanreace a sia ole tage vt 
with a convertible dimmer that's wired as 
a single-pole dimmer, You can use the existing 
wires, but first turn off the power to the circuit 
Use an inductance tester ta see if voltage is 
present at the switch box @ (most inductance 
testers can detect the presence of power even 
before you remove the caver plate). Ifthe tester 
glows, there's power present: Turn it off at the 
fuse box or breaker panel, Test again. If the 
ppower's off, unscrew the old switch and pull it 
‘ut from the box @. 

Disconnect the switch wires and note their 
condition @. ifthe cable's fiber sheathing is 
{rayed but individual wire insulation Is intact, 
the wires are probably safe to attach to the 
replacement switch, f there's debris present in 
the box, sweep of vacuum it out 

Connect the wires to the new switch @. 
‘There may not be a graund wire to attach 
to the new switch’s ground screw but Code 
doesn't require grounding a switch if there's 


Cover all connections 
All electrical connections not 
ending at a switch, fixture, 

or receptacle must be housed 
Inside a covered junction box so 
they can't be disturbed. Often, 
electricians will use an existing 
light box as a junction box in 
which to splice a cable feeding 
anew fixture. When there's not 
enough room in an existing box, 
use a separate junction box to 
house the splices. 


connections. 
fo be house 
Inajunetion 


er plate. 
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‘no ground wire feeding the box. Once the 
cdimmer’s connected, set it flush to the wall, and TRADE SECRET 
screw it to the box 

‘Note: A dimmer must match the type of 
fixture it controls, whether incandescent 
cor halogen or low-voltage. Typically, the 
«dimmer rating is stamped on its face . In 
this case, the rating specifies, "For permanent 
Incandescent fixtures.” 

Finally, install the cover plate to protect the 
connections in the box and to prevent switch 
users fram inadvertently touching the wire 
tends or dimmer terminals @. 
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WIRING A LINEAR SLIDE DIMMER 


‘ewer, more sophisticated dimmers often 
rather than screw terminals-but they're stil ba- 
sically switches and so interrupt only hot wires, 
For standard single-pole switches, it doesn’t 
matter which screw terminals you connect a 
switch leg or hot wire to, but it does matter 
hich wire you attach to dimmer leads, 

‘Today's dimmers are sophisticated and 
expensive, so always read the directions that, 
come with them. The slide dimmer shown in, 
photo @ can be wired as a single-pole or three 
way switch, depending on which wires yau con: 
rect. Thus it has a bare-wire ground, red and 
black hot wires, and a yellow wire that is used 
to wire the dimmer as a three-way device @. 

It the convertible device willbe used asa 


sinale-pole dimmer, you wont need the yellow Dimmer spells can fer trom one 
wire. So ap it with a wire connector ©. ed the scion beter sth 

Splice the graund pigtal tothe device's bare 
around lead. Then spice the switch fq from 
the bor to the red lead onthe device, On 
devices with wire leads, typically ed lead 
attaches to the switch leg @. 

Finally attach the incoming hot wire to the 
‘other hot lead (black) on the device @. Care- 
fully fold the wires into the box and push the 
wired immer into the box, Screw the device to 
the bor, and install the cover pate 
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Dimmer leads 


IG Connect the lac ea toot wie 
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ROUGHING IN A THREE-WAY SWITCH 


nree-way switches allow you to operate a ight 
from two locations. They're often used at the 

top and bottom of a set of stairs or at two entrances 
to.@room, if you get confused about which wire 
‘goes where, refer to the wiring schematics on 
1p. 172-174 or make a drawing of your own 

Innew wiring, wires are roughed in when 
the framing Is still exposed. Here, 12/2 and 
12/3 cables were ished in to feed a three-way 
switch that was added after the drywall was up. 


After stripping sheathing from the 12/2 cable, 
strip the 12/3 cable, Removing 12/3 sheathing is. 
alittle different: Start by lightly scaring the 12/3, 
‘cable along its length, up into the box @. Then, 
When you reach the end of the cable, cut through 
the sheathing. Because you'll soon be stripping 
the ends of individual wires, cutting through the 
sheathing end won't compromise wire insulation. 


Starting at the cut-through sheathing at the 
end of cable, pull te sheathing free of the wires 
within @, The sheathing will separate easily 
along the scored fine, At the cable's upper end 

In the box, carefully cut free the sheathing, 

‘Twist together the ground wires before 
splicing them with a wire connector @, To use a 
‘green wire connector, cut ane of the leads shorter 
than the other so that it sticks out of the hole in 
the end of the wire connector. Then connect that 
‘ground lead to the switch’s green ground screw. 
Next, strip wire insulation from the neutrals, 
splice them, cap them with a wire connector, and 
push them into the box @. (Neutrals don't con: 
rect ta standard switches.) 

After professional electricians strip cable 
sheathing, many wrap individual wires ina dis 
tinct fashion so any other electrician will know 
Which wires are travelers and which are switch: 
{eg wires, Group and twist traveler wires clock- 
wise, then wrap the switch-leg wire counterciack- 
wise about the travelers. This way there's no 
need to put tape or labels on the wires to identify, 
them o to pull out all the cables and figure out 
which wire is what @. 
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the 12/3 cable along 


Twist the ground wires before 


Wrap the switeh-ieg wires around 
the travelers 


shielding material as depicted in DIAGRAM 3. The 
scale was tare adjusted to 0.0000-gram with the entire 
set of Mu 80 shield pieces in place. Then the magnets 
were weighed individually. Magnet #1 weighed 9.9483- 
gram with the N pole facing up and 9.9486-gram with 
the S pole facing up. Magnet #2 weighed 9.9527-gram 
with the N pole facing up and 9.9542-gram with the S 
pole facing up. The Nylon bolt and wing nut were 
placed in the Mu 80 shield can (without the magnets) 
and the scale was tare adjusted to 0.0000-gram. 
Therefore, the readouts would only be reading the 
weight of the bucking magnets. 


‘The first column in TABLE 1, the vertical measurements, 
is the distance of separation d, or air gap, of the 
magnets. The second column shows the January 14, 
2002 weight measurements of the two magnets, as 
shown in DIAGRAM A. The third column shows the 
January 14, 2002 weight measurements of the two 
magnets, as shown in DIAGRAMB. The fourth column 


DIAGRAM 2 
(01/14/2002 EXPERIMENNTS. 
CUP HEIGHT: 275" above 


shows the February 4, 2002 weight measurements of 
the two magnets, as shown in DIAGRAM C. The fifth 
column shows the February 4, 2002 weight 
measurements of the two magnets, as shown in 
DIAGRAM D. 


‘The horizontal measurement, as depicted in TABLE 2, 
TABLE 3, TABLE 4 and TABLE 5, are through the four 
basic magnetic compass headings; North, East, South, 
and West respectively. They are referenced to 
DIAGRAM E and DIAGRAM F for the January 14, 2002 
experiments and DIAGRAM G and DIAGRAMH for the 
February 4, 2002 experiments. The corresponding 
graphs of the force change plots, GRAPH 1, GRAPH 
GRAPH 3, GRAPH 4, and GRAPH 6 accompany eac! 
table. The forces were converted from the mass 
readings, which are a scalar measurement, to dynes. 
‘The convention used for the force vector was chosen as 
plus (+) for up, or a weight reduction, and minus (-) for 
a weight increase. 


seal pan 1.75" upper ameter, PAPER 
25" le ameter cur 
SCALE 
PAN 
DIAGRAM 3 
(02/04/2002 EXPERIMENTS, 


‘MU METAL SPECIFICATIONS: 


‘Source: NATIONAL ELECTRICAL ALLOYS 
Oakland. NI 

SPECICATION: MIL N'14411C COMP 1 

GRADE: HY MU 80 SHIELDING ALLOY 
COLD ROLLED BRIGHT 

DESCRIPTION: COIL 

HEAT # 982011207 

‘CHEMICAL ANALYSIS: 

Nc 80.16% 

Mo 4% 

S:0.0007% 

Comox 

Poon 

Mr 0.486% 

Sec 0.010% 

Fe: BALANCE 

MECHANICAL PROPERTIES: 

HARDNESS: HV1 = 153 

GRAIN SZE. 85 

(COERCIVE STRENGTH: 

HC= 0.0080 08 

PERMEABILITY: MUMAK = 355000, 

SATURATION: 7900 Gauss 

THICKNESS: 0.010" 

DENSITY: 8747-gem/ce 


MU 80 
COVER 
275'da xO010" 
33573-eam 


MU 80 
CAN WITH 

BOTTOM 

25° da 225" high 0.010" 
A761 gm 

‘The canbotiom ilar 
seller tothe can cpindar 
‘vith VSD Sw soe and 
the overlapping cylinder 
seam as atached with 
epoxy. 


Mue0 
PAN SHIELD 
3375" da x0010" 
126636. 
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1B Maen te round then a travee. ‘Connect the second traveler 


Tintcaeereyateuine screen ipteawicnont Aerating te sean rover 
conductors out of the outlet box. and connect the second (red) traveler @. connect the hot conductor (switch leg or 
Unwrap he sich eg wie from around (Note: it doesnt maiter whlch traveler wre hot wr) tothe common screw terminal, 
the travelers and separate the wires so the ‘goes where-you'll still be able to turn lights —_ which is color coded black @, Push the 
travelers are on one side andthe swch off andon. The oly riteal connections device ino the bos by hand, screw the 
Jeg on the other @. If Individual wire ends the common terminal.) device to the box, and install a cover plate, 
weren't stripped during the rough-in phrase, if you connect traveler wires in the same Photo @ is a frontal view of the switch 
oso now. Give he strippers aqulcktwist, postion onto three-way switches-say, you wejust wired t's typlcl fora three-way 
Use your thumb asaferum to pus the ire attach the red traveler tate est terminal, that's located between the power source 
insulation aff, and loop the wire ends @. ‘as just described-the lights will be off when and the light fixture it controls. 

‘Alter attaching the bare gcund wie to swfch toggles are both up or both down 
the green grounding screw onthe device, Thsis. fine point and most people neecnit. PAIN ina Tee Way SHEN” 
attach the first traveler wire @Loop wires _agonize about it: The three-way switches 
tlocksearcund the screw shafts, and ils work as ong as you attach traveler 
theyll be lessikey tsp off whenthe wires to traveler terminals 
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WIRING A THREE-WAY 
SWITCH (CONTINUED) 


Typleal connections for at 
witch, 


WIRING & BACK-FED THREE-WAY SWITCH 


WIRING A BACK-FED 
THREE-WAY SWITCH 


Fr nee ise eo se eee abet ste 
located beyond the light fa 3t wires run from a splice in the fixture box. 
Inthis case, the red and black wires are travelers. The white wire here is not a 

neutral; thus itis taped black to indicate that its the hot conductor connected to 


the common terminal 


‘This iso typleal three-way switeh with back-fed wiring. 


WIRING A FOUR-WAY SWITCH 


Frocucr oon: have oo raters care 
Jing (from the power source) and two travel 
ers outgoing (toa second four-way switch), Thus 
there will usually be two three-wire cables enter- 
ing the box, (In the sequence shown here, you 
know we're working with 14/3 cable because the 
cable sheathing, visible inthe box, is white.) 

Twist and splice the neutral wires with wire 
connectors and push them out of the way, into 
the back of the box. Then strip and loop the 
tends ofthe ground wire and the hot conductors 
and twist them so they turn clockwise around 
the screw shaft. Next, connect the ground to 
the four-way switch, as you do for all devices @. 

Connect a set of travelers on one side of the 
switch. On each side of a four-way switch, there s 
|. a dark terminal and a brass terminal: Con- Connect the ground wire frst. 
rect similar wires to similar terminals. You can 
connect red wires to dark terminals or black 
wires to dark terminals-it doesn't matter-just 
be consistent on bath sides of the box. Note 
how the electrician exerts a slight tension on 
the wires to keep them from slipping off as he 
tightens the screw terminals @. 

To summarize haw the wires connect to 
the four-way switch in this photo sequence: 
Red travelers are attached lo brass screws; 
black travelers, to dark screws @. When you've | 


aly - 


TRADE SECRET 
When replacing a 
detective or outdated 
switch, use a felt-tipped 
wires connect to which 
switch terminal before 
disconnecting the 


‘ot this many wires in a box, it's helpful if you 
partially accordion fold the wires before you 
push them into the box. Screw the switch to the 


Similar wires connect t 


power to the switch 
before you begin. 
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‘Connect the ground wire and then the hot 
wires to thelr respective terminals the switeh leg. 


S witch/receptacie combinatians are often installed along kitchen 
counters, where space is at a premlum, because It enables you to 
fit switch and a receptacle into a single outlet box. In effect, you'll be 
Wiring both a single-pole switch-which interrupts hot wires~and a 
receptacle that will slways be hot. The switch requires 2 hot wire (from 
the power source) coming in and a switch leg going aut, and the recep: 
tacle requires a hot and a neutral wire. A ground wire connects to the 
device too 


Inthe sequence shown here, two 14/2 or 12/2 cables feed the setup. 
During the rough-in stage, splice ground and neutral wires and run 2 
pigtall from each graup, which will be connected to the device later 

Connect the ground pigtall to the green ground screw on the device; 
then connect the hot lea @. Note: The tab between the two brass 
Screws has not been broken out, so the hot wire will feed both the 
switch and the receptacle. 

‘Turn over the switch, Notice that, on this side of the device, there is a 
bbrass screw anda sliver screw. (The two screws are physically isolated 
from each other Inside the device) Attach the neutral (white wire) to 
the silver screw, which serves the receptacle, Then connect the black 
switch leg to the brass screw nearest the switch @. 

‘The wired device as seen from the front is shown in photo @. 

(On this device, the two screw terminals of the single-pole switch 
‘are on opposite sides. 


WIRING A SWITCH/RECEPTACLE COMBO 


‘Attach the neutral and then 


WIRING A PILOT LIGHT ———+ 


Pilot light switches are used when the light tlture is 
‘on the ather side of a door that is usually clased, such 
as a basement door or the door to a walk-in cooler. 
This specialty switch requires a neutral wire so its 

tiny pilot light will glow. Wiring this device is similar to 
wiring a switch/receptacle combo: A single hot wire 
feeds both the switch and the tiny light bulb, a neutral 
‘serves the light, and a black switch leg runs fram the 
switch to the light fixture inthe next room, 


° 
a 
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‘The pilot tights let you know whether the light on the 
‘other sige of the door is on. 


WIRING A 
DOUBLE SWITCH 


his economy switch has only pust+in 
(backwired) terminals and no ground 
screw, On one side isa single hot lead com: 
ing in, and on the other side are switch legs 
running to two different energy users. This 
switch might be used in a bathroom with 
a light/fan combination; one switch would 
control the fan and the other, the light, This 
setup would require ane 12/2 cable coming in 
to supply power and a 12/3 cable going out. 
‘Note: Putting a bath fan on a timer Is 
preferable to wiring it with an on/off switch 
‘Atimer allows the fan to continue running 
‘while after the user has left the bathroom 
and turned off the light. 


A stacked or double switch controls power 
‘to two energy users. 


>F 


WIRING A MOTION DETECTOR 


otion detectors are specialized switches that sense motion by infrared or 
as there is sound or motion present and for a fixed interval thereafter. Then it will 
shut itself off automatically. 

Because manufacturing details vary widely it's difficult to generalize about 
wiring motion detectors; the switch’s location in the layout-midcircut ar back 
fed-will also dictate the type of cables feeding it and how they're connected to 
‘switch leads, Some mation detectors require 2 neutral connection: others don't. 
The motion detector shown here has ne neutral connection, its green wire is 
‘ground lead, the back lead connects to the incoming hot wire, and the blue wire 
connects to the switch leg @. 

This motion detector's sensor is the large “eye” at the top of the unit. Finally 
secure the cover plate ©. 


G 


a 
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WARNING 
Speclalty switches often combine several functions and 
may require more complex hookups. Reading the dir 
ons will ensure a correct installation and prevent you from 
damaging the switch. Switches with solid-state electro 
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WIRING AN ELECTRONIC TIMER SWITCH 


Ay tates tine stn sa sepsis 
piece of equipment. in addition toa control 
screen and several programming buttons, the 
device is surrounded by a metal fin called a heat 
sink, which dissipates the heat generated by 
resistance within the switch, thus prolonging the 
life of the device. Better quality dimmers and 
‘programmable switches tend to have heat sinks, 

This timer switch has four leads, including a 
neutral, sa two 12/2 cables feed this box. Start 
by splicing the stranded green ground lead 
directly to the incoming ground wire group-no 
heed to run 3 separate ground pigtail to the 
switeh @. 

Uniike most mechanical switches, this timer 
switch has electronic components that require 
‘a neutrat wire to operate-hence the timer's 
neutral (white) lead is spliced to a neutral wire 
‘group from the cable feeds. Splice the hot 
(black) wire to the black lead of the switch ang 
the switch leg to the blue wire of the switch @. 
‘Again, read the directions to be sure you're 
Installing it right 

After carefully folding the spliced wires into 
the box, hold the face of the switch flush to the 
wall and screw it into the box @. Then install 
the cover plate @ (Note: The timer switet’s 


control screen, large override button, and 
three smaller programming buttons are at 
the bottom.) 


TRADE SECRET 
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WIRING A 
MANUAL TIMER 


Yes hioiteltinnahat 
and simple to wire: They/re basically 

2 single-pole switch. The model shown here 
has no ground lead, and its ead wires attach 
to a hot wire and a switch leg, Because both 
leads are black it probably doesn't matter 
Which lead you connect to the hot wire or 
switch leg, After installing the cover plate, 
snap the plastic dial onto the metal post in 
the middle of the unit. 


This timer requires four leads. 


‘A manual timer turns off alight after a set 
period of time. 
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IGHTING 


REPAIRS BASIC WALL CHANDELIERS 
Testog lamps & FIXTURES SCONCES Prepping & mounting 
removing ountng ight Removing an existing 9-85 
p70 fitres ps 78 wallsconee, 9.82 Disconnectiog 2 
Rewiring a Instaling a simple Connecting anew ——_chanelie, . BS 
Replacing apg. 74poreeai ure, . 80. scone, p63, Instatng a 
Refurbishing a Instaling halogen bulbs chandelier, 
chanel, p75 EE ocenssores, p84 


mt s 
RECESSED UNDER LOW-VOLTAGE FIXTURES MONORAIL 
Low-vatage systems, 9.94 
Cutting a cating bole FLUORES- Installing low-voltage cable lighting, p. 95 BIGHIING, 
ferrecesedigntin, CENTS faeapblvemeterernsinde Installing o-raltane 
#08 Undercaboet cara str 4 ‘monorail track ihting, 
Wiring a recessed fluorescent Fixtures, unnin cable, p. 9.103 
fiture, p90 792 ‘Tensionng cables, p. 97 Locating the track 
Securing the can, Locating the canopy, p98 Estandots, p04 
nat ousting the box & wing Mounting & wiring the 
the transformer, . 98 Iransformer, 105 
Anstalng the canopy, p. 101 Hanging the track, 
‘Attaching the feed rods & fintures,p. 102 9-106 
{Installing the ht 


fixtures, p. 107 
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FIXTURE WIRING 


‘he temporary lighting socket 
in the photo below shows the 

basics of connecting a light fixture 
to supply or source wires, The sup 
ply ground wire connects to green 
‘box pigtall its neutral (white) supply 
Wire connects to the neutral pigtail, 
‘and its hot (black) supply wire con- 
nects to the hot pigtail, 

Connect wires inthis order: 
‘ground, neutral, and then hot. And 
disconnect them in the reverse 
‘order: hot, neutral, and then ground. 
In this manner, the grounding sys- 
tem stays connected as long as 
possible to protect you. Remember 
to ground metal boxes, mounting 
plates, and fixtures. 


‘The basics of light fixture wiring. 
(The bare copper and green wires are 
bartially covered with white paint) 
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Wiring, Lighting, and Low-Voltage Terms 


Hickey 

A threaded coupling that 

joins two lengths of thr 

tubing. 

Lamp 

For most of us, a light 

fixture that sits on a table 

or floor. To an electrician, 

Jamp \s the preferred term 

for a light bulb: A standard 

incandescent bulb is thus a 
‘type A lamp.” To avoid 

confusion in this book, a tamp 

Is a fixture, not a bulb, 


Leads 

Wires preattached to a 

fixture. Leads are spliced 

to supply wires to energize 
the fixture. Typically, a fixture 
has ground, neutral, and hot 
leads. Fixture leads are often 
stranded wire. 

Light Box 

An outlet box that 

serves a light fixture. 

Line Volta 
The standard current in 
most house circuits: 120v. 
Lumens 

A measure of light on 

the surface of a bulb. 


Nipple 
Short section of hollow 
threaded rod. 


Lo Vo or LV 
Low voltage. These 
systems are typically 
12v but sometimes 24v. 
Omnidirectional Flare 
Light from a standard 
incandescent bulb that 
directions; 


Primary Wires 
In a fo-vo system, wires 

running from a 120v power 
source to the transformer. 


rod or pipe 

in the center of a light fixture, 
which provides a conduit for 
wires and a way to connect 
various fixture parts. 
Secondary Wires 

Wires running from a 
transformer to lo-vo tracks, 
cables, or fixtures. 


‘Source or Supply Wires 
Wires from the power source, 
typically 120v. 


‘Transformer 
An electrical device that 
reduces line voltage to low 
voltage, All lo-vo lighting 
systems require a transformer. 


NOTE: 


ELEVATION VIEW OF THE 
VERTICAL EXPERIMENTS 


January 14, 2002 Experiments: Start 
time: 13:27 hours EST, End time: 15:40 


hours EST. 
DIAGRAMS. DAGRAMH 0, 
gaa manus | pia aan 
erroRete , emmunica|  MOTTOSCAE erate. February 4, 2002 Experiments: Start 
GIVER STOCK oye ‘stock time: 13:18 hours EST, End time: 14:50 
hours EST. 
puns muss 
TABLE 1: 
01/14/2002. EXPERIMENTS (02/04/2002 EXPERIMENTS 
OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 
Airgap| Diagram A Diagram B Diagram ¢ Diagram D 
a NtoN vertical Sto $ vertical NtoN vertical Sto § vertical 
19.8899-gram 19.8917-gram 19.9025-gram 19.9019-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 
00 — | 19.8759-gram 19.8757-gram 19.8760-gram 19.8758-gram 
Inch | 0.0134-gram weight | 0.0160-gram weight] 0.0265-gram weight | _0.0255-gram weight 
reduction (0.06737%) reduction(0.08045%)| reduction(0.13324%) reduction(0.12821%) 
ve | 19.8761-gram 19.8751-gram 19.8760-gram 19.8769-gram 
Inch | 0.0132-gram weight | 0.0166-gram weight | 0.0265-gram weight | _0.0250-gram weight 
reduction(0.06637%) reduction(0.08346%) reduction(0.13324%) reduction(0.12570%) 
14 | 19.8769-gram 19.8748-gram 19.8760-gram 19.8768-gram 
Inch | 0.0130-gram weight | 0.0169-gram weight | 0.0266-gram weight 0.0245-gram weight 
reduction(0.06536%) reduction(0.08497%) reduction(0.13324%) reduction(0.12318%) 
ae | 19.8765-gram 19.8753-gram 19.8760-gram 19.8777-gram 
Tach | 0.0128-gram weight | 0.0164-gram weight | 0.0265-gram weight | _0.0236-gram weight 
reduction(0.06436%) teduction(0.08246%) reduction(0.13324%) reduction(0.11866%) 
12 | 19.8774-gram 19.8753-gram 19.8757-gram 19,8809-gram 
Inch | 0.0119-gram weight | 0.0164-gram weight | 0.0268-gram weight | _0.0204-gram weight 
reduction(0.05983%) reduction(0.08246%) reduction(0.13475%) reduction(0.10257%) 
se | 19.8776-gram 19.8754-gram 19.8779-gram 19.9806-gram 
Inch | 0.0117-gram weight | 0.0163-gram weight | 0.0246-gram weight | 0.0207-gram weight 
reduction(0.05883%) reduction(0.08195%) reduction(0.12368%) reduction(0.10408%) 
avis | 19.8777-gram 19.8748-gram 19.8773-gram 19.8892-gram 
Inch | 0.0116-gram weight | 0.0169-gram weight | 0.0252-gram weight |  0.0181-gram weight 
reduction(0.05832%) reduction(0.08497%) reduction(0.12670%) reduction(0.09100%) 
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here are more bulb types than there's 

oom to describe them, so we'll stick to 
the three most common types here: incan~ 
descent, fluorescent, and halogen. When 
changing burned-out bulbs, make sure that 
the replacement bulb fits the fixture socket 
because, even within each bulb type, there 
are variations in diameter, pin size (for 
tluorescents and halagens), and so on, You 
should never have to force a bulb to make 
It ita socket. 


Incandescent bulbs 
Incandescent bulbs screw inta threaded sock: 
ets and complete a circut by making contact 


with the aluminum or brass shell (neutral) 
{and the contact tab (hot) in the bottom of the 
‘socket. Typically, the sacket is energized with 
hhouse current (I20v). Incandescent bulb watt- 
‘age is stamped on the top of the bulb. 


Fluorescent bulbs 
Fluorescent bulbs have contact pins at either 
fed that slide into fixture sackets and then 
rotate into final position; two-pin bulbs plug 
into magnetic balasts,four-pin bulbs plug 
into electronic ballasts. fluorescent tube 
Increases wattage as it increases in length, 

It can also coil to increase wattage, Fluores- 
cent bulbs are more energy efficent than 


incandescent ones, so many building codes 
‘now mandate that a certain percentage of 
house lighting be fluorescent. 


Halogen bulbs 
Halogen bulbs can be installed in both 
standard and low-voltage (lo-vo) systems. 
But even an reduced current, they burn 
bright-and hot. The filament in a halogen 
bulb reaches in excess of 12009F, so be sure 
to install these bulbs where they can't be 
accidentally touched. 


BULB TYPES 
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TESTING LAMPS & REMOVING OLD WIRES 


70 


f alamp flickers or doesn't ight at al, you can perform 

a series of tests to identity the problem. A chandelier is 
‘more complicated because it will have several sockets, but 
investigating its problems is essentially the same, Perform 
these tests with the lamp unplugged or the chandelier dis 
connected. 

Scrub the inside of an old socket with stee! woo! to 
remove corrosion and improve electrical contact, Remove 
any stee! woo! particles as they can cause shorts, Use nee 
dle-nose pliers or a screwdriver point to lift the contact tab 
Inthe middie of the socket. Plug the lamp in and screw in a 
light bulb to see if these repairs help. If nat, test the socket. 

Itnecessary, press the sides of the sacket shel to pop it 
‘out ofthe base, On most brass shells, press here" Is typl- 
cally stamped on the socket shell. Slide off both the shell 
and the cardboard liner. Pull the socket loose @. You can 
conduct the next test with the wires disconnected from the 
socket, but you don’t need to remove them yet. Attach the 
continuity tester clip to the socket's brass screw terminal 
hot) and the tester probe to the tab in the bottom of the 
socket. Turn the switch off and on @- If the tester doesn't 
light, the socket s defective and should be replaced. 

Itthe socket is okay, test the cord. Turn the socket on 
‘and connect the tester clip to the narrow plug prong and 
the tester point alternately to either the bare wire ends 
hheld down by the screws or tothe contact tab and the 
shell, Touch the tester point to both wires (or to the tab and 
shell), move the clip to the wide prong, and repeat the test 
© LI there's no continuity in either (ar both) ofthe wires, 
there's a break in the wire or faulty connections to the 
plug. Replace the cord and plug. 

Irthe lamp base is metal, test for sharts by attaching the 
tester clip to the narrow (hat) prong of the plug, and touch: 
Ing the tester point to the lamp metal base, Switch the lamp 
ff and on. if there's a short, the tester will ight @ Ifthe 
plug is not polarized. repeat the test with the other prong, 

To replace the switch, unscrew the wires fram their 
terminals and install a new switch @, However, if you're 
replacing the cord and plug 2s well, simply ship one end of 
the lamp cord and pull the socket and cord out of the lamp. 

To replace entire socket assembly, unscrew the set screw 
that holds the socket base to the threaded rod that runs 
through the center of the lamp. Then turn the socket base 
counterclockwise to remove it @. 


TESTING LAMPS & REMOVING OLD WIRES 


Use steel woo! to clean and improve electrical contacts. 


Slide off the socket shell and cardboard liner 


TRADE SECRET 


notos of lar 


and fixtures before you 


disassemble them, and the fixtures will be eas! 
to put back together. To avoid losing hard-to-find 
and tiny parts, put similar pleces in plastic bags 


and label them 


‘the cord for continuity 


‘Unscrew wires from each of the screw terminals 


Work safely Unplug tamps or shut off power 
to chandeliers before working on them. If a 
chandelier is presently connected to a circul 
use a voltage tester to make sure the power Is 
off before disconnecting the fixture. If a fixture 
Is heavy, by all means get help supporting it 
and lowering it after it has been safely 
disconnected. 


{rom the threaded rod 


Wear work gloves to protect your hands; 
wires, sockets, and other metal parts are often 
sharp. Many repair pros favor disposable rubber 
or latex gloves, which are flexible enough for fine 
work, but impervious to cleaning solvents and 
toxic metal dusts. If you use power tools to dri 
grind, or polish metal or if you solder connec- 
tions, wear a respirator mask and eye protection. 
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REWIRING A LAMP 


Strip the wires. Here, an automatle stripper Is used. 


{ter the old wires have been removed, 
2 fixture is ready for rewiring. Screw 

the new sacket base onto the threaded rag 
ntl the base Is snug against the curved 
harp saddle (the harp, when fitted into its 
saddle, supports the lamp shade) @, Cut the 
replacement card to length. Typically, that's 
about 9 ft: 6 ft. af card fram the lamp ta the 
plug 2 ft for the cord hidden inside the lamp, 
‘and roughly ft. above the socket, which 
Vout strip, tie, and trim @, 

It the cord has a fabric sheathing, use a 
utility knife to sit it along its length, Then 


REWIRING A LAMP. 


Fasten the wires to the screws, press them into the socket, and 


assemble the liner and shel, 


‘pull apart the two wires inside the cord ©. 
Next, tie an underwriter’s knot, which 
prevents the cord from being pulled back 
into the lamp and stressing connections 

to switeh terminals @. Trim the wire so 
there's about 1/2 in, above the knat. Then 
strip the wire sheathing to expose bare wire. 


Although you can use a standard wire strip- 
per, the automatic wire stripper shawn here 
severs and pops off the sheathing with one 
squeeze of the tool @, 

‘Twist and loop the bare wire ends. Then 
place the loops on the screw terminals of 


the switch-make sure they loop clockwise, 
Tighten the screws dawn, using your thumb 
ta press the wires into the bottam of the 
socket. Note: Attach the marked or ridged 
Wire to the silver (neutral) screw on the 
switch. Slide the cardboard liner over the 
wired switch, Then slide the socket shell 
‘over the liner @. Rock the shel! into its base 
until you hear two clicks @. After snapping 
‘a socket shell into its base, gently wiggle the 
shell to make sure it's seated solidly 


Sit the lamp cord with a utility knife, Then separate the wie Tle an underwriter 


Tinning Tinning, often referred to 
as soldering, stranded wires is not 
absolutely necessary, but pros do 
because it fills in spaces between wire 
strands. In effect, soldering makes 
stranded wire solid, so it’s unlikely 

to crush and spread out when a screw 
head tightens on It. Tinned strands 
are also easier to twist wire connectors 
‘onto. Note: Use only rosin-core solder 
for electrical connections; acid-core 
solder will corrode them. And make 
sure you solder only on a heat- 
resistant surface. 


With completely new wiring, 
good as new. 


Soldering makes stranded wire soll an 
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‘The points ofa quick plug plerce the lamp cord 


Yusha ele ayo tat 
cracked, dificult to remove, or whose 
cord is damaged near the plug All amp card 
{s 18 gauge and wil ft any type of lamp plug 
Ifthe plua’s prongs are different sizes~one 
prong Is wider-then the plug is polarized, 

Individual wires in lamp cord are also 
differentiated so you can attach them 
correctly to switch and plug terminals. 

It the lamp cord is plastic sheathed, the 
wire to be connected to neutral terminals 
will be ridged; the wire to be connected 
to hot terminals is smooth. If the cord is 
sheathed with fabric, remove the sheath: 
{ng and you'l see that one wire is striped or 
‘marked in some way-that’s the neutral. 

There are two main types of lamp cord 
plugs. Connect plastic-sheathed lamp cords 
toa “quick plug” @. Cut the end of the cord 
‘square, thread It through the plug shell, ana 
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REPLACING A PLUG 


insert it into the body of the plug. As you 
‘squeeze the plug prongs together, two sharp, 
points on the prongs pierce the sheathing 

to create an electrical connection. Slide the 
plug shell over the body to lock the cord and 
prongs in place, 

If you have fabric-sheathed cord, how- 
fever, use a plug with screw connections. 
Strip about Vin. of fabric sheathing, then 
strip about /2 In. of insulation off each wire 
fend to expase bare wire. Thread the wire 
through the plug body, tle an underwriter's 
nat, loop each wire clockwise around 
screw terminal, then tighten the screws @, 


Polarized fixtures 

Light fixtures parts are polarized, so they fit 
together only one Way. On a correctly wired 
light fixture, the neutral wire of the lamp cord 
connects to the silver screw on the socket, 
whereas the hot wire connects to the brass 
screw an the socket. 


It the hidden parts of the socket were vis 
ible, you's see that the sliver screw makes 
contact with the sides of the sacket shell 
the part that the bulb screws into), and the 
brass screw makes contact with the tab in 
the bottom of the socket, Should you Inad: 
vertently touch the side of the shell while 
changing a bulb, there's no harm dane if 
the socket is correctly wired. However, if 
you reverse the order in which wires are 
attached-knawn as reversing the palarity~ 
the outside of the screw shell becomes 
hot (energized) and could shock someone 
changing 3 bulb, Make sure you have the 
wires praperly connected, paying attention 
ta the striped, ribbed, or otherwise marked 
neutral wire and cannecting it to the neutral 
(silver) screw. 

Finally, the neutral wire of lamp cord con- 
nects to the wider prang of a plug; the hot 
wire connects to the narrow prong of 3 plug, 


REFURBISHING A CHANDELIER 


handetiers vary widely, especially 
those designed in the early decades of 

the 20th century. Fortunately, you can get 
replacement parts for many chandeliers 
and substitute modern equivalents for many 
other parts, Stil i's wise to save all original 
parts of a fixture. Photograph the fixture be- 
fore you take it apart, and you'll know what 
{goes where when it's time to reassemble it, 

Survey the chandelier for missing or dam- 
aged parts. As you disassemble the unit, put 
like parts in plastic bags and label them. in 
‘many cases, old switch and socket assem- 
biles will stil work. Use a continuity tester 
to test old switches and lightly rub steel 
wool inside sockets to remove corrosion and 
Improve electrical contacts. 

01d wiring is rarely worth saving, how- 
ever. At best, it wil be brittle and, at worst, 
broken or unsafe. Snip the wires running 
to each socket @ (see p. 76) so you can 
remove the sockets from the shade hold- 
ers, Removing sockets takes finesse and 
patience. Socket shells snap inta sacket 
bases, so rock the shells gently from side to 
side until they unsnap. Then angle the shells 
ut of the holder @ (see p. 76). Chances 
are, the cardboard liners (sleeves) inside the 
shells will have deteriorated and should be 
discarded 

In many older chandeliers, source and 
switch wires are spliced together and 
housed in the fixture body. Ta disconnect 
the body, unscrew the finial at the bottom. 
Separate the cover (top) and pan (bottom) 
of the body, disconnect the wire splices and 
remove the old wires. Be sure to save the 
ripples (short threaded rods) and hickey 
(U-shaped coupling), because you'll need 
them to reassemble the chandelier bady. 


Rewiring the fixture 

Befare rewiring a chandelier, refinish it or 
simply clean up its parts. These days, lea 
Ing the surface patina intact isin vogues the 
fisture seen here was washed with a simple 
household cleaner, rubbed with steel wool to 


WIRING A VICTORIAN LIGHT FIXTURE 


Connecting incoming wires to fixture leads is standard: hot to hot, 


neutral to neutral. Grounds are spliced 
and fixture ground serews, if any. Note: 
devices vary considerably. 


Grounding 


Neutral le 


Hanging 
chain 


‘and connected to metal boxes 
ixture bodies and mounting 


Metal box mounts 


Ground wires 
Mounting strap 
Grounding screw 


‘socket 
assembly 
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REFURBISHING A CHANDELIER (CONTINUED) 


remove rusted spots and other obvious flaws, 
‘and then lacquered. Because the fiture's 
sockets still worked after 80 years, the 
restorer decided to reinstall them and wire 
them with rayon lamp cord. Use 3 utlity knife 
to remove about 1'/2n. of the fabric sheath 
Ing. and then use wire strippers to strip /2in. 
of insulation ff the individual wire ends. 
Loop the wire ends and piace them clockwise 
tonto the socket screws~in the same direc- 
tion that the screws tighten €. For most 
amp cord, individual wires are different 
colors; in this example, the installer made 
the blue wire neutral and the brown wire hot, 
It doesn't matter what color you designate 
hot or neutral, as long as your designations 
are consistent. 

After wiring each socket, slide on a new 
cardboard liner to insulate the screw ter- 
rminals. The socket base should also have 
‘anew liner @, Snap each socket shell to 
‘a base, Then use a small screwdriver to 
tighten the threaded part of the socket base 
toa male threaded loop linked to the fixture 
tbody. (A screwdriver won't mar the fixture 
surface as pliers would.) @ 

Feed the wires from each socket into the 
fixture body @. Group the neutral and hot 
wires from all the sockets. Then splice each 
‘group to the main lead wires, which you'll 
eventually connect to the source wires (neu 
tral to neutral, not to hot). Although it's nat 
‘essential, professionals prefer to tin (solder) 
the ends of stranded wires, using rosin-core 
solder, so the wires wil splice better. Use 
wire connectors to spice each group, tug 
gently to be sure wires are solidly spliced, 
then wrap each splice generously with elec 
trician’s tape @. 


Reassemble the fixture 

Once you've spliced socket wires to main lead 
Wires feed these leads through the opening 
Inthe hickey and into the threaded rod that 
‘runs through the top of the fixture body @. 
Then stack the chandelier pan, cover, and 
related parts onto the hickey-and-threaded: 
rod assembly @. 


REFURBISHING A CHANDELIER 


ofthe fixture, 


into the body 


‘Chandelier assemblies vary, so be quided 
by the photagraph you took of your fixture 
before disassembling it. Typically, a finial 
screws to the bottom nipple, and a female 
threaded loop to the top nipple. After the 
‘main leads emerge from the top nipple and 
loop, thread the leads thraugh the hanging 
chain that supports the chandelier body. 
Then feed the leads into the hollow past that 
the canopy screws to. Leave roughly It. of 


Carefully rack the sockets out of 
their holders. 


— 


‘ape, 


free cord above the post, to strip and 
attach to source wires, (The power will 
be off, of course) 

Chandeliers’ mounting detalls also vary, 
0, again, be guided by your fixture. If your 
old fisture has a crow’s foot, remave it, 
‘because it was intended to screw directly 
t0.acelling joist and doesn't allow much 
flexibility. Replace it with a standard mount- 
ing bar, which screws to a properly rated 


Connect the new wires to the old socket 


Feed main eads into the hickey. 


celling bok, The threaded post under the 
canopy screws into a threaded hole in 
the center of the mounting bar @. 

‘Shades are usually held in place with three 
small thumbscrews; tighten them just snug 
and then back off the screws a fraction so 
the shades will have room to expand without 
cracking when they heat up @. 


Install the finers on the socket 


‘Stack the various parts ofthe fixture 
onto the threaded rods 


The refurblshed chandelle ls as good 
as new but has an antique charm. 


A screwdriver tightens a socket base 
without marring I 


Remove the old crow's foot mount 
Feplace with new mounting 
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MOUNTING LIGHT FIXTURES 


;-— CEILING FIXTURE ELEMENTS ——— 


In this basic setup, the ceiling box mounts to an adjustable bar, 
which Is screwed to celling joists. The fixture, In turn, serews to a 
‘mounting bracket, which screws to the celling box. All metal boxes 
and brackets must be grounded to be safe, Many electricians use 
‘grounding serews In both the box and the bracket, but one ground 
Is sufficient: The metal mounting screws provide grounding’ 
‘continuity to box and bracket. 


Adjustable 


Mounting bracket 


ature boxes must be mounted to framing to 
adequately support the weight. (Boxes that are not 
solidly mounted are a hazard because in time they'll 
move, and that mavement could compromise electrical 
‘connections inside.) There are many mounting options for 
boxes: The main choice is whether you nail or screw the 
box directly to stud or ceiling joist or use an extendable 
‘mounting bar to which the box attaches, as shown here, 
Either method works fine, but because the box slides 
along a mounting bar, you can position the box-and hence 
the light fxture-where you want. The other cholce for a 
recessed can, which is also adjustable s a housed unit 
such as that shown inthe bottom phato on the facing pave. 


Mounting fixtures to boxes 
| mounting screws on all ight fixtures were exactly the 
same diameter and spacing as the screw holes on all 


euntingsere 
rounding u bones ife weld be simple ond you's screw ne ire 
hot stture det othe box Bu tere ae many ferent box Ses 
Neutral lead ‘and configurations, and light fixtures vary considerably. 
fixture lead ‘Consequently, there are many mounting brackets to rec- 
ate onc these ernce. Pas ram xt ote 
= oe irs Ba Tarts Tee ak 
‘Globe: bulb fixture hardware can mount to existing boxes. Otherwise, 
a rutne etalon cuir no ong, owt 
afi wth ot frst the hraware stor. 
MOUNTING BRACKETS. 
erin, bar — 
pee ietenk 
alanis 


(sliding, adjustable) 
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* Magnets #1 and #2 were individually weighed in 
the orientation used in each experiment and their 
separate weights were added together. 
The following equation was used to calculate the 
weight changes, in dynes, in the proceeding graphs 
a 
AF = k-Amass -g 


where 
k = 980.665 -dyne- gm* 


and 
g = 9.80665 m: sec* 
which is the local rate of gravitational acceleration. 


‘The product of the measured changes in mass, Amass, 
and g is denoted as follows on the graphs: 


NNopen ,, = Amass-g 
for N-to-N pole facings in the open (or unshielded). 


SSopen ,, = Amass.g 


for S-to-S pole facings in the open (or unshielded). 


NNshield ,, = Amass +g 
for N-to-N pole facings shielded with Mu 80 shielding. 
SSshield ,, = Amass -g 


for S-to-S pole facings shielded with Mu 80 shielding. In 
the subscripts, , and , refers to the respective number of 
data points per plot. The subscript , refers to the vertical 
change in force (weight change) axis and , refers to the 
horizontal distance d axis. In GRAPH 1 


GRAPH 1 


ISOMETRIC AND ELEVATION VIEW OF THE HORIZONTAL EXPERIMENTS 
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What follows is an overview of how various fixtures 
‘mount to outlet boxes. Later in the chapter (see p, 85), 
we caver how to attach a standard actagonal autlet box 
for aceiling fixture 

All metal brackets, boxes, and lamp fixtures must be 
‘grounded to be safe. The green grounding screws have 
a specified thread count to ensure a positive connection 
to metal boxes or plates. 


Flat-mounting brackets 
‘Typically, a mounting bracket screws to an outlet box, and 
the fixture attaches to the bracket, elther by machine 
screws of, as is more comman for chandeliers, by 8 
threaded post that screws into a threaded hole in the 
center of the mounting bracket, Brackets can be as sim- 
ple as a flat bar with screw slots; but some adjust by slid 
Ing, whereas others are offset slightly to provide a ittle 
‘more room for electrical connections-and fingers. Ring 
brackets can be rotated so the slots line up perfectly with 
outlet box and fixture screw holes. 

Even simple brackets give you several mounting 
‘options, The flat bar shown in the top photo at right, for 
‘example, js slatted to recelve fixture machine screws. It 
also receives a threaded nipple to which a chandelier 
will mount, 


Matched brackets 

‘Some mounting brackets are specifically matched to a 
fixture, as with the clever martini wall sconce shown on 
p. 83. Because the fixture designer didn't want screws 

fon the face ofthe fixture base, he specified a flanged ring 
bracket, which receives serews on the side, where they'll 
be less visible 


No brackets 
Some fixtures, such as the recessed lighting fixture 
shown on p, 88, don't require @ mounting bracket. 

The fiture's can (housing) is its own junction box; and, 
once inserted into a hole cut in the ceiling the fixture Is 
supported by the ceiling it sits on. The fixture can is fur~ 
ther secured by Integral clips and trim pieces that pull it 
tight to the plaster or drywall ceiling, Recessed cans are 
IC rated (they may be covered with insulation) or non IC 
rated (cannot be covered with insulation). (IC stands for 
“insulated contact") 


Screwing 3 
‘mounting bracket 
‘witha threaded 
nipple toa 
eelling Box. 


‘This wall sconce 
‘requires a special 
flanged ring bracket 
tomount I 


An icrated 
incandescent fixture 
can be covered 
‘with Insulation, 


WARNING 
Most bar and box assembiles 
are rated for 50 Ib; If your light 
fixture weighs more than that, 
install a fan box Instead, 
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1B (2rnect the suply wires tote screw termina 


eee ier betaling yt, 
shut off the power to the outlet and test 
to be sure it's off, Use an inductance tester 
to test both hot @ and neutral @ wires for 
power because there's no guarantee that the 
fixture was wired correctly, 

1 the existing cable has fraying fabric 
sheathing but the thermoplastic insulation 
around individual wires is intact, it's safe 
to reattach the wires to a new fiature. To 


INSTALLING A SIMPLE 


ep the fabric from fraying further, wrap 
the sheathing with electrical tape, Use biack 
tape on the hot (black) wire @ and white 
tape on the neutral (white) so there will 
be no future confusion about which wire 
is which @, Of course, ifthe sheathing is 
Intact, t's not necessary to wrap wires 
with tape. 

Connect wires to the appropriate screw 
terminals on the fixture: neutral wire ta the 


LAIN FIXTURE 


Gee he star tone 


sliver serew, hot wire to the brass screw @. 
Ita fixture has two or more mounting 
screws, start each screw before tightening 
any one screw all the way down, it will be 
‘easier to line up the screws to the holes in 
the outlet box or mounting bracket @. 

With porcelain fixtures, don't overtighten 
the screws that hold it to the wall or ceiling, 
Likewise, never overtighten a bulb, A snug 
fit is fine @. 


Wap black tape on hot wire White tape marks the neutral wire 


PLAY IT SAFE! ——— 


‘Before working on any electrical fixture, 
shut off power to the circuit by flipping the 
breaker or removing the fuse controling 
that circuit. Then use an inductance tester 
to be sure the power is ff 

Electrical codes require that all fixtures 
‘and devices-everything that gets installed— 
‘must be “listed” and must be recognized 
by the authority having jurisdiction (AH), 
usually the local inspector checking your 
installation. (Typically light fstures wil 
have an Underwriters Laboratories [UL] 
listing.) If an inspector doesnt see a UL 
sticker, he ar she could ask you to remove 
the fixture, 

Pay attention to a fixture’s wattage 
rating, usually specified ona sticker on the 
fixture’s base. Substituting a bulb with a 
higher wattage can overheat and damage 
the fixture and, in some cases, ignite 
nearby combustible surfaces. 


Don't overtighten the bul, 


WARNING 


Porcelain fixtures 


ave endured for decades 


because they're inexpensive and reliable, But they 


are relatively fragile, Avoid overtighteni 


g the machine 
screws that hold a porcelain fixture base to a box, 

because if you fracture t 
it. When the screw 


you'll have to replace 


nug, stop turning. 
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REMOVING AN EXISTING WALL SCONCE 


holding screws 


hhen removing an existing sconce, 

save all the old screws and incidental 
hhardware-you never know what you might 
need when you attach the new one, Choose a 
sconce that sults your taste. Inthis case, we 
sed something a bit more playful-a sconce 
whose shade is a martini glass and whose 
halogen bulb shines through colored glass ice 
cubes. Because the new sconce is & low-valt- 
age unit, It also requires a transformer, which 
fits under the fixture base. 

First remove the glass shade from the 
existing fixture; most are held an by small 
selscrews, Always support the shade 
especially if it's inverted-to prevent its fll 
ing out and breaking @. Turn aff power to 
the outlet, then use an inductance tester to 
make sure the power is off @. If the tester 
doesn’t light, it's safe to disassemble the 
fixture and handle its wires. 

Remave the fixture's mounting screws; in 
this case, they're on the side of the fixture 
‘base @. Pull the fixture away from the wall 
to reveal its mounting brackets and the wire 
connectors that splice the supply and fixture 
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isting fixture. 


Remave the fixture to expose the wi Disconnect the wires and remove 


wires @. (The green-and-yellow striped 
wire isthe fisture's ground lead.) 

Aiter disconnecting the splices to the 
fixture leads, remove the special mount: 
ing bracket because it won't be needed to 
mount the new fixture @, (its holes won't 
line up with the new fixture's mounting 
screws.) Save this bracket in case you want 
to reinstall the old sconce elsewhere. 


CONNECTING A NEW SCONCE 


Cyt sas etre 
you're ready to connect the new ane, 
install the new scance's mounting bracket @. 
In this case, the new bracket has tabs on 
each side rather than a continuous flange, 
like the old one. 

It You hold the fixture ane handed as 
shown, It frees your other hand to make con: 
nections @, Here, the fixture takes a 12, 
bi-pin halagen bulb, soit requires a trans 
former (the black box) to reduce the house's 
120v power. (The transformer here is an 
electronic, slid-state device-essentially, a 
circuit beard-with no moving parts.) 

Splice the ground wires, then the neutral 
Wires, and then the hot wires @. After you 
finish splicing the wire groups, push the 
excess wire and the wire connectors into 
the outlet box behind the maunting bracket 
so there will be room for the transformer 
Under the fixture base @. 

Line up the holes in the fixture base to the 
holes in the maunting bracket, and screw 
the base to the bracket @. Don’t tighten one 
screw all the way down until you've at least 
started the screw an the other side, 


3° ‘The transformer fits under 
the base, 


1G Sere teint othe brace 
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INSTALLING HALOGEN BULBS & ACCESSORIES 


Berens nytt re 
socket, check its rating. As noted earlier 
In this chapter, i the halogen bulb pins 

don't fit the socket, dan't force them-you 
‘may have the wrong bulb. Grip the protec: 
tive plastic wrapping-not the bulb-as you 
Insert the halogen bult into the socket @. 

AAs you remave the bulb from its packaging, 
gently pinch the end of the buib~ ttle like 
squeezing a fast-food packet of Ketchup-unti 
Its pins stick out through the plastic. Once 
you've pressed the bulb into the socket, you 
can easily slide the plastic off @. 

LLo-vo bulb pins are so tiny that if they 
become oxidized, carbon can bulld up in 
the socket, causing the bulb to flicker or 
‘ot shine at all, Ta avold replacing a socket 
(which means rewiring the lamp), electri: 
clans routinely apply an antioxidant paste 
to the lo-vo pins before inserting them into 
a socket 


It your fixture has novelty items such as 
these glass ice cubes, take care when install: Grip the plastic wrapping when 
ing them so you don't damage the halogen asia Rin 

bulb ©. The cubes are tempered glass, so 
they can withstand heat. Always allow the 
lamp and cubes ta cool before handling 
them or you'll burn yourself badly @. 


‘Touching a halogen bulb with 
hortens the bul's If, Instea 
bag the bulb is shipped 

you insert the bulb. 


fingers 
Hit the plastic 
the bag as, 


INSTALLING HALOGEN BULAS & ACCESSORIES 


'A bicpin bulb must be properly 


PREPPING & MOUNTING A CEILING BOX 


GS eens ar secre 
are rated for 50 Ib. If your light fixture 
weighs mare than that, installa fan bax 
Instead, 


> For more on mounting fan boxes, 
seep. 145. 


Start by using a sturdy pair of needie- 
‘nose pliers or lineman’s pliers to knock loose. 
and twist out the center knockout In the 
box @. To attach the box to the bar, line up 
the threaded fitting on the bar to the knock: 
‘ut in the center of the box @. 

Most bar ar bar assemblies come with a 
center screw and washer designed to attach 
the box ta the bar. Fasten the screw and 
‘washer to the threaded fitting on the bar @. 
Mounted together, the box and bar are rated 
to support a 50+b. light fiatur. 

In new construction, this bar and box 
assembly would be Installed before the ceil 
Ings are covered, {rom below. Thus the bar's 
tabs face down, Ina retrofit, however, you'l 
be screwing or nailing the tabs ta joists from 
above (if there's access). So when retrafit 


Insert the bar fitting Into the knack 
out 


‘Bend bar tabs upward for retrofit 
appilcation 


ting a ceiling box, bend up the tabs 
‘and they'll be easier to secure @. 

Extend the bar until both ends are snug 
‘against the joists. Measure the thickness of 
the ceiling, adjust the height of the mount 
Ing bar sa the box will be lush to the ceiling 
below, and screw the bar tabs to the 


joists ©. 


‘Screw the box bracket onto 
the bar fitting 


to jlsts 
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MAGNETIC DECLINATION FROM THE LOCAL TOPOLOGICAL MAP: 


sh ae 


142 30" 


258 miles 


1984 Magnetic Declination~ U, 8. Geological Survey 
New London, Connecticut Quadrangle Topological Map 


TABLE 2 
North # 01/14/2002 EXPERIMENTS 02/04/2002 EXPERIMENTS 
Heading OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 
Air gap | Diagram E Diagram F Diagram G Diagram H 
a NtoNhorizontal | Sto $ horizontal Nto N horizontal Sto S horizontal 
19,8905-gram 19.8905-gram 19.9019-gram 19.9019-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 
0.0 19.8735-gram 19.8778-gram 19.8890-gram 19.8810-gram 
Inch | 0.0170-gram weight | 0.0127-gram weight | 0.0129-gram weight | 0.0209-gram weight 
reduction (0.08547%) | reduction(0.06385%) | reduction(0.06479%) | — reduction(0.10497%) 
1/8 19.8728-gram 19.8790-gram N/A** N/A** 
Inch | 0.0177-gram weight | 0.0115-gram weight 
reduction(0.08899%) | reduction(0.05782%) 
1/4 19.8721-gram 19.8798-gram N/A** N/A** 
Inch | 0.0184-gram weight | 0.0107-gram weight 
reduction(0.09251%) | reduction(0.05379%) 
3/8 19.8705-gram 19.8800-gram N/A** N/A** 
Inch | 0.0200-gram weight | 0.0105-gram weight 
reduction(0.10055%) | reduction(0.05279%) 
1/2 19.8698-gram 19.8811-gram N/A** N/A** 
Inch | 0.0207-gram weight | 0.0094-gram weight 
reduction(0.10407%) | reduction(0.04726%) 
5/8 19.8693-gram 19.8818-gram N/A** N/A** 
Inch | 0.0212-gram weight | 0.0087-gram weigh 
reduction(0.10658%) | t reduction(0.04374%) 
11/16 | 19.8696-gram 19.8827-gram 19.9190-gram 19.9029-gram 
Inch | 0.0209-gram weight | 0.0078-gram weight | 0.0171-gram weight | 0.0010-gram weight 
reduction(0.10508%) | reduction(0.03921%) | increase(0.08588%) increase(0.00502%) 


# Compass Heading is approximate 
* Magnets #1 and #2 were individually weighed with pole faces oriented vertically, with N up then with S up, 
and the results were averaged and added. 
** Due to time constraints, these measurements were not taken, 
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Support the chandeller while removing 
the fsture, bracket 


the sequence shown here the homeowners swapped a 19205 
fixtures were quirky, and the canopy ofthe Mexican fixture was small 
for a fixture of its size. Fortunately the celing box was deep enough 
to house the supply cable and the wires feeding the four chandelier 
arms Had there been a shallow “pancake box" inthe cen, the box 
would have been too small to house all the wire connections and 
would have had to be replaced by a deeper one 

‘Because ahelper didn't show up the electrician had to support 
the very heavy fixture with one hand while he attached wire con 
rectors withthe other, Sometimes you've got to make do with 
the resources at hand. Buti you installa chandelier this ba or 
Unwield, by all means get help. Before disconnecting a chandelier, 
turn off the breaker controling the fixture. Unscrew the setscrew 
holding the canopy to the fixture post @ and slide the canopy down 


SCONNECTING A CHANDELIER 


3 Faove te wre comes 


TRADE SECRET 


fe the ceilin 


wires (and wire 


ob 


the post to expose the wire connections behind it. 

After lowering the canopy, pull out the wire splices-being 
careful not to touch bare wires-and use an Inductance tester to see 
if there's power @. If the tester glows, there's power: Flip the circult 
breaker or remave the fuse controlling the circuit and test again, 
Once you're sure the power is off, twist off the wire connectors and 
separate the wires @. To avald misplacing them, temporarlly twist 
the wire connectors onto source wires. 

Remove the chandelier. n most cases, that means unscrewing 
two mounting screws; but here the fixture post was threaded, soit 
was necessary to spin the whole fixture to unscrew the post from a 
threaded bracket in the box @. 

See if the replacement chandelier can be mounted to the existing 
bracket if nat, remave the bracket @. Also, ifthe outlet box is not 
flush to the ceiling, now is the time to rectify that condition. 


INSTALLING A CHANDELIER 


efore instaling a chandelier, preassem 
ble the mounting bracket for the new 

fnture. This bracket I typical: A threaded 

nipple screws into the mounting bracket; 

2 chandelier fiting wil screw anto that 

riot Not, tothe green grounding sre, j 

which wit secure a pigtll fom the ground 

bracket tothe cling box @, ——~ 
Get help Ifthe fixture’s heavy, especially < 

if serews directly to the box rather than 

to a nipple. Buti you must install single 


handedly, assemble all the tools and parts \ 


beforehand so you can focus on lifting the 2 * 
The mounting bracket Is equipped ‘Attach the bracket for 
with a grounding serew. the new chandelier. 


fixture and securing it quickly ©. Make sure 
the wires won't obstruct the nipple in the 
box, and have the cap screw handy, AS 
you raise the fixture, support its canopy @ 
rather than holding individual lamp sup- 
ports, which may be assembled in sections 
and come apart. 

if the nipple supporting the fixture is long 
enough, there will be adequate roam to 
reach in and splice wires. Spice the ground 
wires first, then the neutrals, and then the 
hot wires @. When the splices are complete, 
tuck the conductors into the ceiling box or 
betind the canopy, hold the canapy flush to 
the ceiling, and tighten the mounting screws 
all the way down. Here, a cap nut covers the 


end of the threaded ripple @. {oir and tio aaore you it ante ne canay at 


1 With the fixture supported, Tuck In the wires. Tlahten 
splice the wires canopy flush to the eeling 


CUTTING A CEILING HOLE FOR RECESSED LIGHTING 


RECESSED LIGHT FIXTURE 
Recessed light fixtures vary. The low-voltage model in the photo 


Sequences has a transformer at the end of its assembly to reduce house 
voltage. The drawing shows a mode! that runs on house voltage (120v), 
so it has no transformer. If the unit is watertight, it will have additional 
trim or lens elements. Closely follow the installation instructions 
provided with your fixture. 


Frame or armature 


me 
: 
ae pee 


Finish ceting 


Battle or 
‘rim plece 


Retrofitting recessed lighting tn retrofit 
installations, the supply cable to the recessed light- 

ing unit typically comes from an existing ceiling box or 
nearby switch box, The supply cable feeds to an integral 
junction box on the fixture. Finding the nearest power 
source and fishing the wires to the fixture are always 
an adventure if there's not accessible space above. 

If the recessed fixture is a low-voltage unit, such as 
the one shown here, it will come with a transformer, 
which reduces the 120v current of the supply cable. 


CUTTING A CEILING HOLE FOR RECESSED LIGHTING 


the name implies, recessed lighting 

fixtures fit up into space above the cell- 
ing and so don't distur the fat plane below. 
Recessed fstures distribute light evenly and 
thus are frequently used to illuminate work 
areas or tight spaces. (The watertight unit 
shown here Is installed in a shower alcove.) 
[Because a retrofit recessed light can (haus- 
ing) doesn't weigh much, it rests lightly atop 
celling drywall or plaster, Spring-loaded clips 
‘or trim pieces draw the can lip tight tothe 
celling surface. Of course, all connections are 
done with the power off, 

“There's no absolute on where to place a 
recessed light; bt in a small space, such as 
a shower alcove, a fixture centered in one 
direction or another will look best @. in 
addition, you may want to use a stud finder 
to avoid hitting ceiling joists above, 

Drilla pilot hole to see what's above @, 
‘and to make sure there's room for the can, 
‘Make the hole small because if there's an 
‘obstruction sbove it, you'l need to patch it 
After driling the hale, you can insert @ 
4:in. piece of bent wire and rotate It to see 
ifit hits 2 ceiling joist. Also, dri a small pilot 
hole to keep the point of a hole-saw blade 
from drifting, 

Keep the dri vertical, and the circle 
of the sawblade parallel to the ceiling ©. 
‘There are special carbide hole saws for 
driling through plaster. A bimetal hole 
‘saw will also cut through drywall or plaster, 
‘but itl destroy the saw in the process. 
Wear goggles. 

ithe hole saw is the right size for the 
can, you won't need to enlarge It. But for 
the light shawn here, the saw was a shade 
too small, so the installer used a jab saw to 
enlarge the hole slightly @. in a pinch, you 
can also use just a jab saw. 

Testfit the unit ©. Although you want 
the can to fit snugly, the unit's junction 
‘box and transformer also need to fit 
through. The black box about to enter 
the hole Is the transformer. 


Dil a plot hole, 


Enlarge the hole as needed, 
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WIRING A RECESSED FIXTURE 


By (pectticanateeoh tater 
‘a Ramex knockout from the unit's 
Integrat junctian box @. Inside the 
knockout, there is @ spring-loaded, 
strain-relief clamp that wil grip the 
Incoming cable, so you dan't need to 
Insert a Romex connector. Run a length 
of (unconnected) Romex cable from 
the nearest power source (power olf 

of course) and feed it into the knockout 
Just removed. (To wire the box with AC 
‘or MC cable, remove one the circular 


Yin, knockouts and insert an appro: 


priate connector) 
Remove a knockout from the 
For more on connectors, see p. 36. Junetion box 


Inside the fisture’s junction box wi 
bbe two sets of wires that were spliced 
at the factory. They connect the sec: 
londary wires that run from the trans- 
former to the socket. (At the trans 
former, the current is reduced from 
120v to 12, so polarity is no longer 
‘an issue.) There are also three uncon- 
nected fixture leads in the box, to 
which you'll splice the supply wires @. 
Using wire connectors, connect the 
Incoming ground wire to the green 
fixture lead, the incoming neutral to 
the white lead, and the hot wire to the 
black fixture tead ©. the ground wires first. 

“Tuck the spliced wire groups into the 
fixture junction box @. At the right of 
the photo isa piece of threaded rod 
that can be adjusted to support the 
transformer at the correct height. Snap 
shut the junction box cover @ As with 
‘ther outiet boxes, Code determines 
the number of wires you can splice ina 
fixture junction box, based on the cubic 
Inches in the box. 


1G ciet theneton bo cover 


Splice the fixture wires to 
the supply wires 


dy Bk the spiced wires inte the box. 
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SECURING THE CAN 


nee the recessed lighting fiature has 
hal, being careful not to bin the Romex 
cable as you do so @. Ifthe fits snug, use 
the side of your ist to seat help ofthe 
fixture fush to the ceiing ©. 

Use a serewarver to push up the spring- 
\oaded clips that pivot and press against the 


back face of the drywall to hold the fixture 
snugly in place @. To remove the fixture 
later, pop out the clips 

Insert the bulb (the fixture here uses an 
‘MR-16 bi-pin halogen bulb) into the fixture 
socket @. Here, the installer is gripping 
the lamp's reflector, not the bulb itself. The 
lamp pins should seat securely, Install the 


3B Ensvce the cs to secure the rxtur. 
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trim piece-this ane has a watertight gasket 
‘Snap in the lamp and socket and push the 
assembly up into the can, The three arms on 
the side of the assembly will grip the inside 
of the can @. 
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UNDERCABINET FLUORESCENT FIXTURES 


fosition undercabinet fluorescent fixtures _up the housing with ane hand and use a 
to.give youthe countertop light cover- cordless screw gun in the other. 
‘Snap on the wiring compartment @, 
Romex cable to the fixture, you must protact which contains numerous prewired connec- 
It either by placing the fiture tlush against tions and the ballast (the white rectangle 
the back of the cabinet or by covering the seen atthe right in the photos). Use wire 
Romex with a piece of trim. If you preferto connectors to splice the fixture leads to 
place the fixture out from the wall, you can the supply wires @. (Extend the stranded 
also run MC cable, which can be left exposed. wire ends beyond the ends of the solid 
Wires so that the wire connectors engage 


Derr mare on MC cable) See DLS AME ZONE soc wires first.) 


‘age you want in each area, if you're running 


Run the supply cable to the fixture loca- 


fixture ta facilitate wire splices. Remove the 
sheathing and then feed the supply wires 


{As with incandescent and halogen 
fixtures, there are also low-voltage 
fluorescent fixtures that have a 


‘As you shut the wiring compartment, do 
through a knockout in back of the housing _your best to keep the wires neat and com- 
shell. Clamp the cable, then screw the hous- pact @. Messy wires are more likely to get 
Ing to the underside of the cabinet @.Hold pinched by the cover and short out-which 


UNDERCABINET FLUORESCENT FIXTURE 


Ballast 


‘means taking the unit apart and starting all 
over, Also, avaid locating the wire cannec- 
tors too near the ballast, which may keep 
the cover from shutting. Screw in the cover 
screws that secure the wiring compartment. 

‘As with mast fluorescent tubes, insert 
their end pins into the slots in each key- 
stone, then rotate the bulb clockwise to 
seat the pins in the sockets @. When turn 
ing fluorescent bulbs, arab them close to 
thelr ends and never force the lamps into 
place-they should seat easily. Finally, snap 
the plastic diffuser lens) ofthe fixture into 
place. Be gentle because the diffusers break 
easily. 
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1G Slt he pos nto te sockets, ten rotate G Sm he ens tse into place 
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LOW-VOLTAGE SYSTEMS 


Low-voltage tracks are safe te touch, but you should shut off power to the 


circuit anyway. 


‘ow-voltage lighting systems are installed 

Inside and outside houses and typically 
‘operate on 12v current, so they require a 
transformer to reduce standard house volt- 
‘ge from 120y. Transformers vary-some are 
coll-wound magnets, whereas others are 
electronic-so follow the installation instruc- 
tons provided with your unit 


D> For more on fow-voltage systems, 
‘00 p. 233. 


Lo-vo systems have become extremely 
popular because they're safer (I2v is roughly 
the same voltage as a car battery) and 


LOW VOLTAGE SYSTEMS 


ceneray efficient; plus, their bulbs are easier 
to direct, enabling you to highlight apaint- 
ing or a work area. Lo-vo bulbs come in a 
‘greater range of options than do incandes- 
cent bulbs; and, n general, lo-vo bulbs offer 
better quality of ight. Lo-vo systems can 
bbe controlled by standard switches or dim 
‘mers, but you should check the literature 
that comes with your system, 

‘Though it's safe to touch the tracks of 
alo-vo system, you should turn off the 
power whien working on the system. The 
upstream part of the system (between the 
transformer and the power source) has 


Safety and 
low-voltage 
systems 

Experienced electricians 
often handle low-voltage 
tracks while those parts 
are energized-with 12v 
of current=downstream 
from the transformer. 

If you install your lo-vo 
system correctly, and 
are careful never to 
touch the supply wires 
that run to the trans~ 
former, you can touch 
energized lo-vo tracks 
and install light fixtures 
without getting shocked. 
But if you have any con- 
fusion about which wires 
are 120v and which are 
12y, shut the power off 
before doing any work on 
your lo-vo system. Best 
to be too cautious 
and stay safe. 


{2ov power, which could detiver a fatal 
shock. On the low-voltage side, there Is a 
potential to short the system and damage 
the transformer, 

After installing all the parts and doing a 
preliminary check of the system, it's safe 
to energize the system. (Note: Because any 
high-intensity bulb can get very hat, do 
‘not install any cable fixtures within 4 in, 
of a combustible surface) Trackighting 
systems are inherently complex, so read 
the instructions carefully before you begin 
the installation, 


>» 


INSTALLING LOW-VOLTAGE CABLE LIGHTING 


‘Track lighting systems may have a remote transformer ora _they are to keep position when the cable is tensioned. Cables 
surface-mounted transformer. There is also a range of cable _are typically spaced 41/2 in. or 8 in. apart. The illustration 
standoff supports, both rigid and adjustable, mounting to hhas been adapted from installation instructions for a product 
‘walls and ceilings; they must be mounted solidly to framing it from Alfa Lighting Systems; your Instructions may vary. 


+ remote transformer 
= i 
. Secondary wires 


(low voltage) from 
‘transformer 


Two-wire 
canopy 


Feed 
rods 


Turnbuckle 


Stranded cable 
(conductor) 


ANCHORING LOW-VOLTAGE STANDOFFS 


he key to a good+looking, correctly 
functioning cable system is getting the 
cables taut and level, Thus your first task in 
Installing alo-vo system is finding soli loca~ 
tions in which to anchor the cables. n this 
Installation, the principle anchors were stand 
offs in each corner so the cable could be 
stretched around the perimeter of the room, 
Alternatively, you can anchor standoffs in a 
calling to support cables and bulbs. Stand: 


offs are also called rerouters because cables 
often change direction as they emerge. 
Use a laser level to establish level anchor Predril al an 


th Into the framing 


ing points around the room. Predrillhales in 
the plaster for anchor screws @. Plaster is 
harder than drywall and there may be lath 
rails in the way, so Wear goggles and have 
extra dill bits on hand, > >> > 
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NOTE: 


GRAPH 2: 
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‘The calculated mass of each magnet was determined by the 
following formula based upon the manufacturer's dimensions 
and density value. 


o75in\?_ foa3.in\ | 1 

Otin (2B y Lt) in 
2 2 4 

volume = 1.214963 cm? 

density = 8.7-gmem* 


mass = density-volume 


mass = 10.570177 gm. 
‘This is higher than the magnetized mass ofeach 
magnet. 


However, some tables give a lower density for 
the SmCo magnet, 0.3001b/in*, which equals: 
density = 8.303971-gm-cm? 
mass = 10.089017 gm. 
This is still higher than the magnetized mass of 


each magnet. Does the SmCo material become 
slightly lighter in weight when it is magnetized? 


TABLE 3 
East # 01/14/2002 EXPERIMENTS 02/04/2002 EXPERIMENTS 
Heading OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 
Air gap | Diagram E Diagram F Diagram G Diagram H 
D to N horizontal S to S horizontal N to N horizontal Sto Shorizontal 
19.8905-gram 19.8905-gram 19.9019-gram_ 19.9019-gram 
(Sum of 1 & 2)* ‘Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 
0.0 19.8763-gram 19.8755-gram 19.8928-gram_ 19.8731-gram 
Inch | 0.0142-gram weight | 0.0150-gram weight | 0.0091-gram weight | 0.0288-gram weight 
reduction (0.07139%) |__reduction(0.07541%) _| reduction(0.04670%) |_reduction(0.14464%) 
18 19.8777-gram 19.8750-gram N/A** N/A** 
Inch | 0.0128-gram weight | 0.0155-gram weight 
reduction(0.06435%) | _ reduction(0.07793%) 
v4 19.8782-gram 19.8743-gram N/A** N/A** 
Inch | 0.0123-gram weight | 0.0162-gram weight 
reduction(0.06184%) | _reduction(0.08145%) 
3/8 19.8779-gram 19.8722-gram N/A** N/A** 
Inch | 0.0126-gram weight | 0.0183-gram weight 
reduction(0.06335%) | _reduction(0.09200%) 
2 19.8792-gram 19.8715-gram N/A** N/A** 
Inch | 0.0113-gram weight | 0.0190-gram weight 
reduction(0.05681%) | _reduction(0.09552%) 
5/8 19.8814-gram 19.8712-gram N/A** N/A** 
Inch | 0.0091-gram weight | 0.0193-gram weight 
reduction(0.04575%) | _ reduction(0.09703%) 
11/16 | 19.8815-gram 19.8720-gram 19.9338-gram 19.9030-gram 
Inch | 0.0090-gram weight | 0.0185-gram weight | 0.0319-gram weight | 0.0011-gram weight 
reduction(0.04525%) | reduction(0.09301%) | increase(0.16021%) | increase(0.00552%) 


# Compass Heading is approximate 
* Magnets #1 and #2 were individually weighed with pole faces oriented vertically, with N up then with $ up, 
and the results were averaged and added. 

** Due to time constraints, these measurements were not taken. 
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ANCHORING LOW-VOLTAGE STANDOFFS (CONTINUED) 


Because cables will be stretched taut, 
standoff anchors must be screwed to wood 
framing-in this case, into doubled studs 

Inthe corner @, Use screws at least 2 in 
fang to attach the anchors, After sliding a 
chrome base plate (washer) over the anchor, 
screw the standoff socket to the exterior 
threading of the anchor @. insert the ball 
fend of the fiberglass rad into the standoff 
socket @, This bal'and-socket assembly 
allows the standoff to swivel freely so you 
can fine-tune the cable positions. The cables 
will be spaced 4/2 in, apart. the standoff into the socket 


RUNNING CABLE 


he next step in installing this system is to 
run the cable, Nate the standoff at the top 
‘of photo @. Because the walls in this room 
were only 12 ft. apart, both cables could be run 
through a single angled standoff with two slot- 
ted posts. f the walls are farther apart, you may 
need a cable support in the middle of the run, 

Measure the cable length you need and cut it 
3iin. to 4 in. longer than your measurement so 
You can insert the ends into turnbuckles with 
‘out having to struggle. Once you tighten the 
turnbuckles and tension the cable you can snip 
off any excess cable. On the other hand, if you 
cut 2 cable too short, you'll have to discard it 
and start again with anew piece, 

Place each cable into a slotted post, rather 
than pulling it through the slot, whose sharp 
ledges can cut into stranded cable © (This is 
2 quirk of the particular system shown here; 
ther standoff types allow you to pull cable 
more freely.) 

After placing the cable intaa slotted post, 
screw on the past cap to keep it from popping 
‘out when the cable is tensioned @. As you 
place the cable into the subsequent standoffs, 
Joosely tension it to take up the slack @. With 
this system, the second cable will be about 
Vein from the first. 


Place the cables carefully 
In the slots. 


Tension the cable to take up 
the slack 


RUNNING CABLE 


TENSIONING CABLES 


orrectiy installed, the cables ofa low: 
horizontal and equally spaced (parallel along 
their lengthy. As with most systems, this 
installation uses turnbuckles to tighten the 
cables after they have been placed in the 
standoffs, The cables’ Kevlar® core prevents, 
stretching or sagging once the lightweight 
fixtures have been installed. 

(Once you've loosely run the cable, insert 
{an end into a turnbuckle @. The cable 
tend feeds in the end of the turnbuckle and 
exits in a slot in the middle. Tighten the 
setscrew(s) on the assembled turnbuckle to 
keep the cable from pulling out, then trim 
the excess cable sticking out @. Don't rush 
trimming the cable: Wait until you've made 
final adjustments to the whale layout before 
trimming. 

‘Aturnbuckle’s center post has a thumb- 
screw with threads on both ends. As you 
tur the thumbscrew in one direction, it 
draws tight both ends of a cable; turn in 
the oppasite direction to slacken cable ten 
sion @. With cable attached to both sides of 
a turnbuckle, the Installer may strugale to 
draw the cable tight enough to join them @. 
This is a good reason nat to trim the cable 
Until the turnbuckle starts tightening bath 
ends, 

‘Acertan amountiot aejustment ls: ‘One section of the turnbuckle Draw the cable ends together 
necessary after both cables are taut. cnr 
Here, the installer adjusts the cables so 
that the standoff comes out of the corner 
at a 45-degree angle, thus ensuring that 
the wires will be equidistant ©. 
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LOCATING THE CANOPY 


rice the tensioned cable has 
been installed, you'll need 
to locate the canopy. The canopy 
(also calied a canopy feed) receives 
‘ow-voltage current from the trans: 
{former and delivers itto the cables 
The canopy mounts toa junction 
box on the ceiling or wall and should 
fit flush to the finish surface. 

Before installing the canopy, 
‘make its holes-or those of its 
‘mounting bracket-line up to the 
holes of the junction box you'll be 
installing in the wail or ceiling @. 
The slatted mounting bar on the 
back of this two-wire canopy can fit 
several box widths, 

It the canopy will be ceiling 
‘mounted, drill a hole for it. To mini- 
rmize the mess, use a hole-cutting 
tool with a dust cover €, Nate: A 
screw gun with a Ye-in. chuck will 
accept large-shank tools such as 
the one shown here, Set the hole~ 
cutting tool's blade to the diameter 
of the junction box @. Far large 
holes, this tool has a counterweight 
that attaches to the right side 
of the cutting bar to balance the 
torque of the blade, 

Hold the caver of the tool snug 
against the ceiling soit can contain 
the dust @. Wait a few seconds for 
the dust to settle inside the cover 
before lowering the tool 
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‘Set the cutter tothe diameter 
othe box eiling as you drill 
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Ayer te adie nto the transformer. 


Ai iaitecnene tare secin s 
time to mount the box and wire the 
transformer. The transformer shown here 
permits T2v or 24v wiring, Your installation 
‘may vary $0 fallow the Instructions provided, 

When retrofitting  celling box, bend up 
the bar tabs to make them easier ta nail or 
screw. Extend the support bar unti its tabs 
are snug against joists, adjust the helght af 
the bar so the box is flush to the celling, and 
then screw the tabs to joists @. 


‘For more on installing ceiling boxes, 
seep. 85, 


Place the trar 
Insulation 


[5 Pa the supply cane tothe transtormer 


Install the transformer above the insula 
tion so that its vents wark praperly and 
the unit can be accessed easily @, Run 
the secondary (Io-vo) cable between the 
transformer and the ceiling box, stapling 
it within 2 In of a box and every 4 ft along 
its run ©. Feed the other end of the lo-va 
cable into the transformer @. The gray 
cable connectors are one-way clamps: easy 
to insert but aificult to pull out 

Run the supply cable (120v) from an exist 
ing outlet to the transfarmer @. Protect the 
cable by stapling it tothe side of ajoist or to 
‘a runner added for the purpose. 


MOUNTING THE BOX & WIRING THE TRANSFORMER 


FIT 


MOUNTING THE BOX & WIRING THE TRANSFORMER (CONTINUED) 


J connect te primary wires, 


shown, and the primary Rot wire to one of the tap 


After stripping /2 in, of insulation off the wire 
terminals. Tighten the terminal screws to grip the 


lends, use wire connectors to splice the secondary 
Wires, which run from the transformer ta the cell+ wires @. 
ing box @. Next, splice the primary ground wires, Clase the transformer caver ta protect the con: 
Using @ wire connector. Then connect the primary nections inside @. 

neutral to the common (neutral) terminal, as 
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INSTALLING THE CANOPY 


he canopy is installed after the trans: 

former has been wired, Install the 
‘mounting bracket to the new celling bax it 
will support the canopy that supplies lo-vo 
power to the cables @, The wire hanging 
from the box isthe secondary (lo-vo) cable 
fram the transformer, 

‘Separate and strip the two wires in the 
lo-vo cable and solder their ends, Soldering 
fine-strand wire makes it solid and unlikely 
to-smash flat as you tighten down the set 


Using extra-iong mounting screws eases the installation 


screws an the canopy terminals. Soldered 
Wire is also ess likely to arc and overheat 
© (Note the tiny Allen wrench inserted into 
the setscrew on the right of the phate.) 

Use mounting screws that are iong 
enough to extend beyond the canopy face 
they/re faster to install than short 
screws because they give you room to 

Slide the canopy over the mounting 
screws and turn the canopy cap nuts onto 


the mounting screws @, When the nuts 
bottom out an the screws, continue turning 
the cap nuts, which will turn the extra-iong 
screws back up into the box. This will make 
the canopy nice and snug, 


Install the cap nuts on the mounting serews. 
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ATTACHING THE FEED RODS & FIXTURES 


dy M82 the ture crossbars to cables 


Pinhatinttorisaing alone 
system is adding the feed rods snd fh 
tures. The feed rods transfer low-voltage cur- 
rent from the canapy terminals ta the cables, 
‘Setscrews on the terminals secure the rods. 
Because the canopy is centered over the 
two cables, you may need to bend the feed 
rods ta bring them to the cables @. Secure 
the rods in a vise between two wood scraps, 
(to minimize marting the finish) and bend 
them at the point equal to the distance {rom 
the canopy to the cables. Some systems will 


ATTACHING THE FEED RODS & 


One fad has aireasy been attaches 


1B Once everyting i iste, tur on te power. 


provide horizontal connectors for this pur- 
pose, eliminating the need for bending. 
Bend the first rod and test-fitit, using a 
torpedo level to ensure that the rod is plumb 
‘and the cable is stil level @ Ifthe first rod 
fits well, use it as a template for the second, 
Repeat the process with the second feed 
‘od. Note that rod ends are slotted like the 
standoff posts that anchor the cables in the 
corners of the raom, A cap nut screws on to 
the slotted rod end to capture the cable @, 


XTURES 


Insert the bulbs into the fixtures before 
you attach fixtures to the cables. f your 
system uses halogen bulbs, don't touch 
them with your bare hands because the oil 
in your skin will shorten the bulb life. in gen 
eral, fixtures need to connect both cables 

to become energized, so each fixture has a 
ccrassbar that spans the cables. Handttighten 
‘the fixture connectors so they're snug ©. 
After you'llinstaled all the fixtures and sur- 
veyed the system, turn on the power @. 


INSTALLING LOW-VOLTAGE 
MONORAIL TRACK LIGHTING 


‘surface-mounted 


because the track and fixtures are lightweight. The illustrations, 
have been adapted from installation instructions from a product 
by Tech Lighting™; your instructions may be different. 


Monorail track 


Housing 
nipple 


‘Auger anchor Braided cable 
‘Threaded washer — eek: 
Screw. 
Standoff base 
Pendant 
tixture 


| Track housing 
‘| | Alnverted) 


‘fore installing lo-vo monarall track lighting, 

tur off the power at the breaker panel or 
fuse box. As with any low-voltage system, a trans: 
former will reduce the 120v current to 12v or 24v. 
Because monorail track systems have alot of smal 
parts that are easily lost, don't open the packages 
Until you're ready to use the parts 


Inccross-section, the monorail track Is two 
square pieces of chrome-plated copper conductor 
sandwiched together with a clear (insulating) plas- 
tic piece. Although the track Is sturdy, it can be 
bent freehand or shaped against 3 curved piece 
of plywood. 


INSTALLING LOW-VOLTAGE MONORAIL TRACK LIGHTING 


LOCATING THE TRACK & STANDOFFS 


f possible, before working overhead, shape 

the track sections of your monorail system 
‘and preassemble ther on the floor, then use 
‘a plumb bob or laser level to plumb up to the 
celing. If there's an obstruction in the room 
you'l have to improvise. First determine 
Where you'll place the transformer box for 
the system, then mark off the standoffs that 
will mount the track to the celling. 

With a helper halding one end, hold sec: 
tions of the track against the celling and 
‘mark off standoff points atthe track ends, 
where sections meet, and at intervals sug 
‘gested by the fixture maker-usually, every 
3 ft.@. Standoffs have multiple parts, which 
‘anchor them to the ceiling and support the eek aut tha etantett locations on 
track (See “Standoff Parts" below), the ceiling 

Fortunately, because the track weighs 
little, you can mount standatfs almost any 
where on a drywall or plaster celling, using 
auger anchors with wide threads. (That Is, 
You don’t need to mount standoffs to fram- 
Ing, Sink the anchors flush, then screw a 
threaded washer to each anchor @, Then, 
using a setscrew, screw the standoff base to 
that threaded washer ©. 

Mount ail the standoffs so that when you 
raise the monorail again, you can attach it 
quickly to the standoffs and to the bottom 
of the transformer housing. If you need 
to reposition a standoff or two, it's easy 
to patch the small holes left by misplaced 
standaff anchors, 


u 
a 


Screw threaded washers onto the 


‘Screw the standoff to the threaded washers 


Standoff supports 


for monoral track {ram top lett: 
systems consist ‘auger anchor, 
threaded washer, 
‘of many small threaded w 
parts. ‘ft post, Allen 
‘wrench, housing, 
housing nipple. 
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MOUNTING & WIRING THE TRANSFORMER 


‘Attach the mounting bracket 


‘Splice the supply wires to the primary leads. 


(0 |iceictanberaialioreberas 
the ceiling box toa ceiling jst and 
attach the bracket that will support the 
transformer @. In this case, a nipple screws 
Into the bracket and runs through the center 
of the transformer housing, The supply wires 
sticking out of the box will connect to the 
primary leads on the transformer 


Feed the supply wires nto the center of 
the transformer housing @, push the top 


Test the connections and then close the housing. 


piece of the housing snug against the ceiling 
box, slip a Washer aver the end of the nipple, 
‘and then tighten the inside nut that secures 
the transformer housing ©. The circular 
‘mass inside the housing is a magnetic trans: 
former, which has a series of copper cals, 
Many transformers come with second: 

ary leads preattached, so that the installer 
need only splice supply wires to the primary 
fixture leads, Using the wire connectors pro 
vided, splice the ground wires first then the 
neutral leads, and finally hot wires @. When 


MOUNTING & WIRING THE TRANSFORMER 


all the wire connections are snug-gently 
tug on spliced wires to be sure-close the 
transformer housing by snapping the bot 
tom to the top and tightening the setscrews 
provided @. (By the way, the fat striped 
Wires are secondary leads, which run from 
the transformer to the lo-vo power feed that 
energizes the track) 


2. BOMZNYAL HUCHING MELD FPA 


reduction(0.10156%) | reduction(0.04424%) 


increase(0.20290%) 


4 
“2 
a D 
a gene Hg» My Ts a 
whine Teceme ee 
TABLE 4 
East # 01/14/2002 EXPERIMENTS 02/04/2002 EXPERIMENTS 
Heading OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 

‘Air gap | Diagram E Diagram F Diagram G Diagram H 
D N to N horizontal Sto S horizontal NtoNhorizontal | Sto$ horizontal 

19.8905-gram 19.8905-gram 19.9019-gram 19.9019-gram 

(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 
00 19.8746-gram 19.8769-gram 19.8896-gram 19,8660-gram 
Inch | 0.0159-gramweight | 0.0136-gram weight | 0.0123-gram weight | 0.0359-gram weight 

reduction (0.07994%) | reduction(0.06837%) |} reduction(0.06178%) | reduction(0.18030%) 
18 19.8720-gram 19.8788-gram N/A‘ NA‘ 
Inch | 0.0185-gram weight | 0.0117-gram weight 

reduction(0.09301%) | _reduction(0.05882%) 
14 19.8709-gram 19.8797-gram NIA** N/A** 
Inch | 0.0196-gram weight | 0.0108-gram weight 

reduction(0.09854%) | _reduction(0.05430%) 
3/8 19.8704-gram 19.8803-gram NIA** N/A** 
Inch | 0.0201-gram weight | 0.0102-gram weight 

reduction(0.10105%) | _reduction(0.05128%) 
a2 19.8711-gram 19.8814-gram N/A‘ N/A‘ 
Inch | 0.0194-gram weight | 0.0091-gram weight 

reduction(0.09753%) | _reduction(0.04575%) 
5/8 19.8698-gram 19.8825-gram N/A** N/A** 
Inch | 0.0207-gram weight | 0.0080-gram weight 

reduction(0.10407%) | _reduction(0.04022%) 
1116 | 19.8703-gram 19.8817-gram 19.9423-gram 19.8810-gram 
Inch | 0.0202-gram weight | 0.0088-gram weight | 0.0404-gram weight | _0.0209-gram weight 


reduction(0.10497%) 


# Compass Heading is approximate 
* Magnets #1 and #2 were individually weighed with pole faces oriented vertically, with N up then with $ up, 
and the results were averaged and added. 
** Due to time constraints, these measurements were not taken. 
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HANGING THE TRACK 


WwW ith the transformer se 
cured and the standoffs, 
Installed in the ceiling, you're 
ready to hang the track, Get 
help supporting the track until 
you have two or three points 
secured. Place the track into 

the standoff housing-the lowest 
piece on that assembly-then 
screw on the housing nipple @. 
(Once that's done, tighten the 
setscrew that holds the nipple to 
the support ral 

Where track sections meet, 
Join them with conductive con- 
rectors and support the junc 
tion with a standott @, Once 
the track is supported at several 
points, loosely attach the hous- 
ing and nipple assemblies at sev- 
eral points, side them beneath 
the support rails, and use an 
Allen wrench to tighten the set 
screws that join the nipples to 
the rails ©, Make sure the con- 
nections are tight. 

Because the housing on the 
bottom of the transformer has 
setscrews on the side and the 
bottom, you'll need two differ- 
tent sizes of Allen wrenches, reattach the housing as we transformer support requires 
Loosen the small screw on the cies Hea 
side of the housing nipple so you 
can turn it onto the threads of 
the housing. Once the nipple is 
tight on the housing, retighten 
that small screw. Then use a 
3Aen, Allen wrench to tighten 
the setscrew on the bottom of 
the housing @. Finally, retighten 
all connections and place end 
caps on the ends of the track @. 


TRADE SECRET 
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INSTALLING THE LIGHT FIXTURES 


rice the monorail tracks are installed, 
You can add the light fixtures. The 

fintures require a two-part assembly that 
straddles the monorail track; note that, 
Inthis case, the housing and nipples are 
Inverted. Insert the housing on top of the 
track and the nipple on the bottom @. Screw 
the pleces together, insert the shaft of the 
light fixture ita the inverted nipple @, then 
screw the fixture nipple onto the threaded 
housing nipple and hand tighten it 

Attaching the pendant lights is similar, 
although the light pendants use braided 
cable rather than a solid shaft, Braided cable 


can be shortened if necessary, allowing you 
to install the pendant lights at the same or 
varying heights @, Once you've adjusted 
the pendant cables, tighten the fixture 
nipple to the housing nipple on the track @. 
‘Most manufacturers recommend energiz- 
Ing the system and then turning the lights 
1n for 20 minutes or 30 minutes before 
checking the monorail connections to see if 
{any are hot to the touch. Warm is normal, but 
hot connections should be retightened @. 
Do not, however, ouch any halogen lights; 
they are certain to be hot enough to burn 
you (which is norma). 


troverheated. 


TRADE 
SECRET 
Retighten all 
connections after 
the first 10-20 
hours of use. 


INSTALLING THE LIGHT FixtuRES | 107 


EPAIRING LOW-VOLTAGE 
if you've read the earlier chapters 

on switches and installing light fixtures. 
Basically, doorbell buttons and thermostats 
are switches. To repair or replace doorbell 
units, thermostats, and transformers, you'll 
need only basic tools such as those needed 
to Install switches or lighting. And like low- 
voltage lighting, doorbell units and thermo- 
stats are energized by a transformer, which 


Installing a chime unit p. 114 
Instalting a doorbell transformer, p. 15 


“par 


THERMOSTATS, 


‘Testing an old 
‘thermostat, p. 116 
Installing 2 
programmable 
thermastat, 


EPAIRING 
OW -VOLTAGE 
CONTROLS 


reduces house voltage. You can safely test 
or handle existing low-voltage wires without 
turning off the power. But because trans- 
formers are energized with 120v house 
current, you must always turn off the power 
before testing or repairing a transformer 

or wires upstream-those that run from the 
transformer to a power source. Thus an 
Inductance tester and a multimeter are 
essential tools to keep you safe. 


Replacing a furnace 
transformer, p. 18 


TROUBLESHOOTING A DOORBELL 


[eat satin ata sae 
‘older systems, the problem is usually the chime or bel unit~we'l 
use the term chimes to denate either. In many cases, the plunger 
springs on the chimes become compressed, resulting in chimes that 
no longer ring predictably-or at all, Corrasion or dust buildup can 
also silence chimes. Try the tests given here to determine whether 
the problem Is the switeh, the chimes, the transformer, or the wiring 
between the transformer and the switch, 

‘Start by testing the doorbell switch, Unscrew it and gently pull 
itout from the wall to expose its connections on the back side @. 
Disconnect one of the wires and, using a continuity tester, touch the 
tester clip to one switch terminal and the tester point to the other 
Press the button: I the tester lights as you depress the button, the 
switch works @. If nat, the switch is faulty and should be replaced. 


Amore thorough testing 
Alternatively, you can detach both wires from the switch and touch 
their bare ends together to perform several tests. f the chimes sound 
when you join the wires, the switch is defective © Ifthe switch wires 
spark when you touch them but the chimes don't ring, test the chimes 
as shown in “Testing Chimes,” on p. 2. 

If there's no spark when you touch the switch wires, use a vot: 
meter to test the transformer output @. 

If the transformer is working, you'll need to replace the wiring 
to the doorbell switch ar install a wireless system. 


the system. 


Gq Tena the transormer is the last tion 


Perhaps the trickiest part of low-voltage repairs is run- 
ring the cable. I you're replacing dead lo-vo wires, such 
as thase running ta a doorbell, try ta twist and tape new 
low-voltage wires to the old ones and pull them through 
the walls. Because low-voltage wire is thin i’ flexible 
and much easier to pull than Romex. 

If you must drill through an exterior wall to bring low- 
Voltage wiring Into a room, avoid hitting cables that may 
be hidden in the walls, The safest place to drillis gener 
ally low an the wall, away from studs, 


[As shawn in the rougtin sequences an p, 197, mast 
house circuits are routed horizontally about 2 ft. high 
and secured to studs before entering outlet boxes. If you 
dril below that height and between studs, chances are 
{good that you'll avoid hitting cables, To further reduce 
any chance of getting a shack, use a cordless drill for 
this task. 

(Once you've found the right location, drill from the 
Interiar af the house downward to keep water from un 
hing into the wall. 


‘After pulling the cable, fil the hole with siliconized 
latex caulk, which, unike pure silicon, is paintable. When 
running low-voltage wire, staple it at least every foot to 
prevent sagging, strains on cannectians, and an unsight= 
ly appearance, 


WARNING 
It's safe to handle the energized low- 
voltage wires that run from the transformer 
to the doorbell switch or from the chimes to 
the switch, However, because 120v current 
can harm you, turn off the power befor 

testing or repairing a transformer or the 
wires upstream-that Is, toward the power 


source-as shown in the upper right drawing, 


SINGLE DOORBELL WIRING 


Ina single doorbell system, the circuit runs from the transformer 


to the doorbell 


switch, from the switch to the chime unit, and then 


back to the transformer. By pressing the doorbell, you complete 
tthe circuit, and the chime unit rings. 


Power source 
(1z0v) 


‘TROUBLESHOOTING A DOORBELL 


TROUBLESHOOTING A DOORBELL (CONTINUED) 


DOUBLE DOORBELL WIRING 


‘A double doorbell 
‘system has two circuits, 
‘each controlled by a 
doorbell switch, whose 
power comes from the 
transformer. Thus the 
cchime unit for a double 
‘doorbell has three termi- 
nals. Typically, the chime 
unit has two different 
ring patterns (ding and 
ding-dong) so you can tell 
whether the visitor is at 
tthe front or rear door. 


Rear terminal 
Trans terminal 


Testing chimes 1f the chimes don’t ring when you 
touch the doorbell switch wires together, remove the 
chime cover and vacuum out accumulated crud. If the 
chime plungers are rusty or corroded, spray them with 
WD-40® or a similar jubricant and move them by hand 
to get them sliding freely. Rubbing screw terminals with 
steel wool may improve electrical contacts. But chances 
are the old unit is worn out and needs to be replaced. 
To find out, dial a multimeter AC setting that's close 

to the low-voltage rating on the chime unit, then touch 
the tester probes to the trans and front terminals and 
to the trans and rear terminals, as shown in the photo 
at right. If you get a reading close to the unit's rating 
but the chimes won't ring, the transformer is delivering 
power, but the chime unit is defective. Replace it. ‘Test the chime terminals using a multimeter, 
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REPLACING A DOORBELL SWITCH 


‘eplace a doorbell switch iit sticks, itis 
‘damaged, or continuity no longer exists 

‘between the contacts when the switch is 
depressed, You may also decide to upgrade 
simply because you want a newer style. 

Unscrew the low-voltage wires and pull 
them aut from the box for easy access. if 
they show corrosion, scrape or sand the 
wires lightly. Once the wires are clean and 
‘exposed, screw them to the terminals on 
the new doorbell switch. Then screw the 
new switch to the wall. 


Choosing a new 
doorbell When replacing 

a doorbell switch/button pay 
close attention to the existing 
mounting holes. Purchase a 
replacement button that has 
the same hole pattern or a 
larger hole pattern. Installing 
a replacement button that is 
smaller than the original will 
require patching and painting 
of the original holes, which 
can be difficult and, depending 
on the mounting surface, may 
add to the amount of work 
necessary to complete the 
project. Installing a button 
with a hole pattern that does 
not match the existing button, 
but Is close, can lead to prob- Screw the old wires to the terminals onthe new switch, 
lems when trying to install 

new screws too close to 

the existing screw holes. 
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INSTALLING A CHIME UNIT 


Omer ceerines native 
tld chime is defective, unscrew 
the low-voltage wires from their ter 
‘minals and unscrew the mounting 
screws that secure the unit to the 
wall As you carefully remove the 
‘ld unit, old on ta the low-voltage 
Wires so they dont fall nto the wal, 
Ifthe exposed wires are especially 
short, t's a good idea to tape them 
to the wall with duct tape, 

After making sure the new unit 
has the same voltage rating as 
the old unit, remove it from the 
packaging, Feed the low-voltage 
Wires through the access hale in 
the new unit @. Level the unit's 
housing and then screw it to the 
wall. Because chime units are light 
Weight and installed in outof-the- 
way places, it's seldom necessary 
to screw the chimes to the framing. 
it's usually sufficient simply to 
screw them to drywall or plaster @, 

It the low-voltage wires look 
corroded or cracked and there's 
‘enough extra wire, snip their bare 
fends and restrip them. Then use 
needle-nose pliers to loop the ends 
clockwise ©. Place the looped ends 
‘an the unit's terminals, exerting Sivan oo he low-voltage wires 
a slight pressure on the wires to 
keep them from slipping off as 
you tighten the screw terminals @. 
After you tighten the screw termi 
nals, press the doorbell switch to 
test the new chimes. f they work 
correctly, snap on the unit's protec: 
tive cover @. 


Feed the wires from the wall into the 
new unit. 


Sap the cover Into place and turn on 


the power. 


INSTALLING A CHIME UNIT 


Level and mount the chime unit on 


F Gontestddicke ot tei 
any junction box that has enough room 
to accommadate the additional wire splices 
ands close enough to the doorbell switch 
that running wires to it is practical, But be- 
cause junction boxes house wires with 120v 
voltage, you need to shut off the power to 
the junction bor, carefully remove its cover, 
and then test to be sure the power is off @. 

(Once you've confirmed that no power 
Is present, use a screwdriver or sturdy 
pliers to remove @ knockout fram the junc: 
tion box ©, Feed the new transformer's 
wires through the knockout opening @. 
Tighten the transformer’s mounting screw 
to draw the unit tight to the junction box and 
cover the knockout opening @. (There is no. 
need for Ramex cable clamps or the lke.) 

If there is a green grounding wire from 
the transformer, screw it to the metal 
Junction box, using a green grounding 
screw. Ifthe bok is plastic, splice the trans 
former's graund wire ta the ground wire 
of the supply cable. 

Strip the ends of the transformer wires 
and use twist-on wire connectors to splice 
them to the 120v supply wires. Spice ike 
to like: Splice the hot (red or black) trans: 
former wire to the hot supply wire; the neu 
tral (white) transformer wire to the neutral 
supply wire ©, 

‘Once you have spliced the wires, tuck 
them into the junction box and replace the 
cover (the base of a porcelain light fixture Is 
shown in the photo). Then connect the low: 
voltage wires to the screw terminals on the 
transformer @, Turn on the pawer and test 
the system. 


TRADE SECRET 


Turn off the power, then use an 
ductance tester to make sure I's off 


Use needle-nose pers to remove 


Pull the wires from the new trans: 
former through the knockout 


Splice the transformer wires to the 
supply wires. 


[Attach the low-voltage wires 
to the transformer terminals 


INSTALLING A DOORBELL TRANSFORMER 
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wT 1 
TABLE 5 
West # 01/14/2002 EXPERIMENTS 02/04/2002 EXPERIMENTS 
Heading OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 
Airgap | Diagram E Diagram F Diagram G Diagram H 
D N to N horizontal S to S horizontal N to N horizontal Sto S horizontal 
19.8905-gram_ 19.8905-gram 19.9019-gram_ 19.9019-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 
0.0 19.8777-gram_ 19.8748-gram 19.8933-gram_ 19.8724-gram 
Inch | 0.0128-gramweight | 0.0157-gram weight | 0.0086-gram weight | _0.0295-gram weight 
reduction (0.06787%) | _reduction(0.07893%) | reduction(0.04319%) | _reduction(0.14816%) 
1/8 19.8767-gram_ 19.8737-gram N/A** N/A** 
Inch | 0.0138-gram weight | 0.0168-gram weight 
reduction(0.06938%) | _reduction(0.08446%) 
v4 19.8777-gram 19.8733-gram N/A** N/A** 
Inch | 0.0128-gram weight | 0.0172-gram weight 
reduction(0.06435%) | _reduction(0.08647%) 
3/8 19.8783-gram 19.8727-gram N/A** N/A** 
Inch | 0.0122-gram weight | 0.0178-gram weight 
reduction(0.06134%) | _reduction(0.08949%) 
1/2 19.8806-gram 19.8722-gram N/A** N/A** 
Inch | 0.0099-gram weight | 0.0183-gram weight 
reduction(0.04977%) | reduction(0.09200%) 
5/8 19.8811-gram 19.8715-gram N/A** N/A** 
Inch | 0.0094-gram weight | 0.0190-gram weight 
reduction(0.04726%) | _reduction(0.09552%) 
11/16 | 19.8803-gram 19.8723-gram 19.9427-gram 19.8976-gram 
Inch | 0.0102-gramweight | 0.0182-gram weight | 0.0408-gram weight | __0.0043-gram weight 
reduction(0.05128%) | reduction(0.09150%) | increase(0.20491%) | _ reduction(0.02160%) 


+# Compass Heading is approximate 

* Magnets #1 and #2 were individually weighed with pole faces oriented vertically, with N up then with $ up, and the results 
were averaged and added, 

‘© Due to time constraints, these measurements were not taken. 
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TESTING AN OLD THERMOSTAT 


f your thermostat is a low-voltage 

Unit, it gets its reduced voltage 
from a transformer Ifthe thermo- 
stat doesn't turn the furnace on 
and off, remove its cover to see if 
W's clogged with dust or if the wires 
are loose @. Remove dust using a 
small painter's brush and reattach 
loose wires 

Itthe thermostat still doesn’t 
work, use a continuity tester or 2 
‘multimeter set to ohms (resistance) 
to test the unit. Unscrew the low= 
voltage wire attached to the R ter- 
‘minal and touch the tester probes 
ta the Rand W terminals. As you 
hhold the probes to the terminals, 
flip or turn the setting lever fram Remove the caver of the e 
one side to the other ©. Shestnessat 

It the continuity tester lights up 
fr the multimeter shows any read- 
{ng at all the thermostat works and 
the problem isthe transformer. If 
there's no light ar no meter read- 
Ing, the thermastat Is defective. 
Disconnect the remaining wire(s) 
‘and remove the unit ©, 


defective, remove the existing 
unit 


TESTING AN OLD THERMOSTAT 


Test the terminals using 2 multimeter 
while adjusting the setting lever. 


WARNING 


nges. Although 
thermostats are low: 


afe to handle, your unit 
dle if 
an electrical 


box and is connected t 
house wiring. Shut off the 
power, test to be sure it’s 
aff, disconnect the thermo: 


stat, and have a heating 


INSTALLING A PROGRAMMABLE THERMOSTAT 


CHECKPOINT 3-23 


‘Mount the new thermostat and make sure its level. 


Insert batteries and select the appropriate heat source. 


hough most thermostats are Installed 
Inthe same way, be sure to follow the 
Installation instructions that come with 
your programmable unit. Mast thermostats 
require leveling to function properly @. Once 
the unit is on the wall, attach the existing 
low-voltage wires to the designated terminals 
fon the new unit @, Either insert the stripped 
wire ends into pustvin clamps or loop them 


clockwise around screw terminals, Many 
‘modern units have batteries that need to be 
changed periadically, You may also need to 
set a switch on the back of the thermostat 
plate ta select the type of heat (electric, oll, 
or gas) ©. Replace the thermostat's cover, 
consult the instructions, and program the 


unit @. 


Attach the existing wires 
‘on the thermostat 


TRADE SECRET 
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f your thermostat isn't getting power, the furnace trans: 

former may be defective. it your furnace Is relatively new, 
the transformer will be inside the furnace housingin which 
case, call a HVAC (heating, cooling air-conditioning) speci 
Ist to assess and replace it, New HVAC units are sensitive 
and complicated. However, If the transformer is mounted to 
a junction box an the outside af the hausing, it's relatively 
easy to replace. 

Set your multimeter to @ low-voltage AC setting and 
touch its probes to the two terminals ofthe transformer @ 
If there’s no reading, replace the transformer, Begin by 
shutting off the power and then using a voltage tester to be 
sure it's off. Then remave the old transfarmer and unscrew 
the cover on the junction box. (In the example shown here, 
the transformer and box cover are an integral unit) After 
‘removing the cover, test the exposed house wires again to 
be sure the power's of 

Use a screwdriver or a sturdy pair of pliers to remove a 
knockout on the side of the box and insert the wire leads 
of the new transtormer into the opening @. Tighten the 
diagonal screw that mounts the transformer to the junction 
‘box, then screw the transformer's green grounding wire to 
the metal box using a green grounding screw. Ifthe box is 
plastic splice the transformer’s ground wire to the ground 
Wire of the supply cable. Use wire connectors to splice like 
Wire groups: connect the transfarmer's hot lead (black) to 
the hot supply wire and the neutral lead (white) to the neu 
tral supply wire ©. 

After making these connections~but before cavering the 
Junction box-turn the power back on. Touch the probes on 
the multimeter to the transformer terminals to make sure 
the new unit functions normally @. Then turn the power off 
‘again. Snip, strip, and loop the existing low-voltage wires as 
needed and attach them to the transformer terminals 
Finally, gently push the wire splices back into the junction 
‘box and screw the cover in place @. 


(@) WARNING 


l “Turn off the power, then test the new transformer 
Using a multimeter 
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ULTIMEDIA 


ULTIMEDIA ENCOMPASSES varl- 
‘ous types of video, sound, voice, 
and data signals, and have multiple 


M 


format options. Wiring multimedia outlets 
and distribution panels is somewhat like as~ 
sembling a computer, though prefabricated 
modules and interchangeable parts make 
home wiring fairly straightforward. 

The tools and methods used to install, 
cables are similar to those used to install 


basic residential electrical circuits. Whether 
you're adding a phone jack to existing ser- 
vice or installing a media distribution panel, 
you'll need only a few specialized tools, such 
as a long, flexible drill bit if you'll be running 
wires through walls. Multimedia connections 
are extremely precise, so it’s important 

to follow installation instructions exactly 

to ensure strong signals throughout your 
sound, video, phone, and data networks. 


TOOLS & ADDING DISTRIBUTION — INSTALLING. 
MATERIALS PHONE JACKS (PANELS. A MULTIMEDIA 
Muitimeia cable Mounting a media OUTLET 
Konnectors, . 122 ‘istribution panel, 
Stripping cable, p, 123 Mounting a new p.aT 
Jack, p. 126 Running 

‘4 media distribution 

panel, p. 130. 

‘Connecting cables 


ist 


Attaching jacks ta 
an outlet plate . 136 


122 


MULTIMEDIA CABLE & CONNECTORS 


Hic onsrien one cave an ca 
rectors you'll need to wire your house for 
sound, video, data, and telephone service: 


Coaxial cable includes double-shielded RGE 
and RGSS cable and single copper-shielded 
RGS9, RGS cable has a slightly thicker wire 
‘gauge than does GRS9, Used for video distribu 
tion (cable TV), coaxial cable has been around 
{or years. Video cable terminates in an Fecon 
nector such as the watertight RGS connector 
shown in the photo at right. To simplity life and 
forestall callbacks, many professional electri 
cians instal watertight Feconnectors inside 

and out. 


Data cable can carry data or phone signals; 
itis typically 24-quage, solid‘wire unshielded 
twisted pair (UTP) cable, Although Category 
(Cat) Se cable meets present-day standards 

for data transmission, Cat 6 wire is kely to 
supplant It. In general, the higher cable numbers 
denote faster data-transmission capabilities. 
Data cable contains four pairs of wires, thus 
RJ+45 data jacks contain elght pins. 


Telephone cable is usually Cat 3cabie, 
Which is not twisted: Is solid wire is consider- 
ably thinner than Cat Se cable. RII phone jacks 
contain six pins, Although data cable can carry 
phone or data signals, Cat 3 phone cable is not 
rated for high-speed data transmission, 


Audio (speaker) cable is ususily 8-auge 
to 12-gauge finely stranded wire. Speaker wire 
terminations vary from bare wires compressed 
between stacked washers to screw-on or 
crimped jacks that plug into speaker ports. 
Plug-in jacks are color striped to match speaker 
polarity: red'striped jacks for positive terminals 
‘and black-striped Jacks for negative terminals, 


MULTIMEDIA CABLE & CONNECTORS 


{ 
\= he 


Each multimedia connector Isto the let of the cable it terminates. From left: 
RG6 Fconnector,dual-shielded RGS coaxial cable; RJ-45 (elght-pin) Jack, Cat 6 UTP 
data cable; RJ (slacpin) jack, Cat 3 phone cable; two audlo jacks (sometimes called 
‘banana jacks), 14-qauge low-loss audlo cable. 


Signal strength: coming in loud and clear 
Although solid connections are as important 

‘to multimedia as they are to all electrical systems, 
signal strength-not voltage-Is the objective when 
connecting data, sound, video, and phone components. 
In fact, most multimedia input is not impetied by AC, 
as is house wiring. Rather, video and phone signals 

are generated by cable or phone companies. Computers 
and routers amplify data signals, and stereo amplifiers 
boost sound signals; but although those devices run 
on house current, the signals themselves are not 

AC. Thus the cables that carry multimedia signals 

are dramatically different from, say, Romex cables, 
and require different connecting devices and a few 
specialized tools. 


TRADE SECRET 
watertight 


necto 


axial cable con 
ertight connectors such 


sth photo above don’t cost much more and 


STRIPPING CABLE 


fr saeetieetiierinesipe 
stripper and use it to strip everything, thus 
reducing the number of tools in their belts 

Splicing scissors can trim tiny wires, but they 
can also score sheathing: Hold the cable in one 
hand, and, with the other, hold a scissors blade 
perpendicular to the cable and rotate it around 
the cable @. It's not necessary to cut through 
the sheathing. Once scored, the sheathing 
will strip off when you pull on the scored 
sections @. Infact, merely scoring the 
sheathing is less likely to damage individual 
wire insulation. 

The cable scorer shown in photo @ is faster 
than using splicing scissors, but its azar blade 
Is so sharp that it can easily nick wire insula 
tion if you're not careful, Wire strippers are the 
most reliable way to strip insulation off indi- 
vidual wires because you can choose a stripper 
setting that matches the wire gauge ©. Finally, 
whether stripping wire, driling holes, or doing 
any other wiring task, wear eye protection and 
sturdy gloves. 


;_—— TWISTED WIRES —__ 


Remove the sheathing from Cat Se or 
Cat 6 cable, and you'll discover twisted 
wires within, Twisting wires reduces the 
occurrence of cross-talk, in which electro- 
magnetic signals jump from wire to wire 
Although itis necessary to straighten 
some data cable wires to attach them to 
some jacks, the twisting must be main 
tained to within Ys in. of the termination 
on the jack, 


Cat Se and 6 cables are examples of 
UTP cable, which Is twisted fo prevent 
signals from jumping between wires. 


‘Multimedia installation tools. From lett: low-voltage cut-in ring template, splicing sels~ 


sors, wire strippers, and puneh-down tool, 


To scare sheathing, lightly rotate 
splicing sclasors around the cable 


: 
All 


Properly scored, the sheathing 
should slide off with a gentle tug, 


Wire strippers have setti 
that match wire gauges. 
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EXTENDING A PHONE LINE 


hanks to cell phones and remotes, we're no longer tied 

ta the room where the phone line ends. But far clear, 
reliable service you can't beat a hard-wired phane plugged 
Into a nearby jack. Happily, almost anyone can run an exten- 
sian from an existing jack, thereby saving a hefty installation 
{ee from the phone company. 

‘The only tricky part of the job is running the cable to the 
‘new jack. You can tuck it under carpets, tackit atop base 
boards or run it around door jambs, but it won't jook great. 
For the cleanest job, route that extension line into the attic 
fr basement or-as shown here-dril through the wall and 
run it outside. 

Befare you start, find the shortest route between the 
existing jack and the new one. Measure that route carefully 
‘and add enough extra cable for drip loops and at least ft 
extra an each end for the thickness of walls and for strip 
ping and connecting to the jacks, Buy Cat 3 or Se cable, 
which contains four pairs of solid-core, 24-gauge wire. 
Because phone lines are low valtage, they're safe to handle. 
‘You can do the job with common tools 


Connecting to an existing jack é 
Start by unscrewing the cover on the jack and the maunting Gently pull the jack out from the wal 
screws that hold the jack tothe wall. Gently pull the jack 
‘out from the wall, being carefully not to pull loose the wires, 
attached to the jack terminals @. R 
Iv the jack is surface mounted, drill @ hole for the exten 
sion cable that will be covered by the jack. Ifthe jacks 
flush mounted, drill anywhere inside the ring, because the 
hole willbe covered by the jack cover, Drill at a downward 
‘angle @ so that exterior water will tend ta run out of the 
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Drill downward to 


font water from t 


ling tothe Interior. 


hole, Look into the outlet opening before driling to avoid 
electrical cables in the wall, Use a Ysvin. extension bit in 
cordless dril for the job. 

After driling through the wall, use duct tape to attach a 
plece of string to the bit and pull the bit back through the 
wall. Then tie the new Cat 3 or Se phone cable to the string 
‘and pull it into the hale behind the jack. Once you've pulled 
the new cable to the existing jack, strip about 2 in. of the 
cable sheathing and separate the cable wires into pairs @. 

Using splicing scissors or a wire stripper, strip about 
Y¥2in.of insulation from a wire pair (lor example, a blue and 
a blue-white wire), loop the bare wire ends clockwise, and 
attach one wire to each of the two jack terminals that 
are presently wired @. Typically terminals have stacked 
‘washers that hold several wires. 


Wiring techniques 
When connecting to 

an existing phone line, 
avoid bending existing 
wires repeatedly because 
they can become weak 
and break off. Screw 
terminals come with 
multiple washers and are 
Intended to have one wire 
under each washer. It is 
not recommended to twist 
wires together and install 
them under one washer. 
Finally, always wrap wires 
around screw terminalis in 
a clockwise direction. 
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GRAPH 5: 


Vey 
fit a! 
pla 


‘ deme Has HINA» HI a 


was 


RING MAGNET #1,N UP: 9.9483-grams 
RING MAGNET #2, N UP: +9.9527-grams 
‘TOTAL WEIGHT: 19.9010-grams 


WEIGHT INCREASE WITH OPPOSITE POLES ATTRACTING, AS DEPICTED IN DIAGRAM I, IN MU £0 SHIELD 


where 19.9861-grams was the measured value: 
19.9861-grams ~ 19.9010-grams 


DIAGRAM I 
WA EW NOTE: att sy 60 
fortoscae” ComPonents 


: ARE FABRICATED 
Mu a WITH 0.610" Tacx 
STOCK 


THREE RIVERS COMMUNITY COLLEGE, 
THAMES VALLEY CAMPUS 
LAB REPORT ON SmCo RING MAGNET 
EXPERIMENTS 


The following experiments were conducted at the 
Thames Valley Campus (TVG) of the Three Rivers 
Community College, Room #207 Chemistry Laboratory, 
in Norwich, Connecticut on March 8, 2002. (41°30 34.62" 
N. latitude x 72°6' 13.63" W. longitude x 115 feet 
elevation above mean sea level) I wish to thank the 
instructors at Three Rivers for their generosity for 
providing the use of their Sartorius® Model # 2442 
analytical balance for the measurements taken in the 


0.0851-gram weight increase, 


proceeding experiments. The Sartorius Model # 2442 
analytical balance is an enclosed pan unit with a 
maximum mass range of 200-grams with 0.0001-gram 
micrometer readability and a precision of 0.05-mg 
standard deviation. 


‘The purpose of these experiments was to compare the 
Avery Point vertical measurements conducted on the 
Mettler Toledo® Model AG104 electronic scale, in 
TABLE 1, with the Sartorius Model # 2442 analytical 
balance measurements recorded in TABLE 6. The same 
two Samarium Cobalt magnets (magnet #1 and magnet 
#2) weighed individually in each vertical orientation 
were compared to the weight measurements taken 
when they were assembled using the nylon bolt and 
wing nut depicted in DIAGRAM 1. The specifications 
for the two Samarium Cobalt magnets used in the 
following experiments are shown in DIAGRAM 1. 


‘The first column in TABLE 6, the vertical measurements, 
is the distance of separation d, or air gap, of the 
magnets. The second column shows the weight 
measurements of the two magnets, as shown in 
DIAGRAM A. The third column shows the weight 
measurements of the two magnets, as shown in 
DIAGRAM B. An inverted paper cup was used to raise 
the test sample magnets 2.75' above the Sartorius 
Model # 2442 balance scale pan in order to minimize 
possible magnetic interaction with the balance, as 
depicted in DIAGRAM 2. The fourth column shows the 
weight measurements of the two magnets, as shown, 
in DIAGRAM C. The fifth column shows the weight 
measurements of the two magnets, as shown in 
DIAGRAM D. These experiments were shielded with 
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MOUNTING A NEW JACK 


[5 poblantabitactanbtea 
and remounting the existing jack, staple 
the new cable so it can't mave and stress 
electrical connections, If the cable runs out- 
Side, loop it downward so water will drip off, 
and staple it with insulated cable staples @. 
Then fil the hale in the siding with siiconized 
latex caulk. 

Locate the new jack and drill through the 
wall to bring cable to the location @. As 
described earlier, tape a string to the end 
of the drill bit before withdrawing it, then 
tie the new cable tothe string, Once you've 
pulled the new cable into the room, remove 
its sheathing, strip insulation from a pair of 
Wire ends, feed the cable through the new 
Jack, and screw the jack to the wall ©. 

Loop the bare wire ends clockwise, insert 
them between the stacked washers on the 
Jack, and screw them tight @. Finally, tug 
‘gently an the wires to be sure they're well 
attached, tuck the wires neatly out of the 
‘way, and snap an the jack cover @. 


Form a drip loop, then staple the 


Snap on the jack cover and dou 
Dle-check to make sure it Works 


Dri a hole at the new Jack loca- 
tion and pul In phane cable, 
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MOUNTING A MEDIA DISTRIBUTION PANEL 


distribution panel is the heart of a home 
multimedia network because Itrecelves 

Incoming signals from phone, cable, and data 
companies and distributes them through: 
cut a house, Panels can also distribute the 
signals from a stereo ar sound systern to 
speakers in many rooms. Many panel makers, 
offer solutions with prewired modules, so 
homeowner can configure a multimedia 
network today that can be easily changed 
tomorrow. To successfully Install your system, 
clasely follaw the instructions provided, 
Using the recommended tools, 

‘As with other electrical installations, con: 
nect the power last, after wiring the panel 


ew the panel to the studs. 


‘and running cable to the outlets. Wear 
safety glasses at al times and work glaves 
to protect your hands, Panel edges can 
stice your hands in 3 flash; metal shards 
dislodged by hammers or dill are also 
dangerous. Finally, sturdy gloves enable 
you to grip and pull cables more easily 


Mounting the panel 
Locate the distribution panel centrally so 
You'll have shorter cable runs: None should 
bee longer than 300 ft. fram the panel to an 
outlet, To minimize electrical interference, 
locate the multimedia panel away from 

the service entrance panel or a subpanel 


Set the edar 


of the panel 
with the drywall 
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Ideally, place the distribution panel on an 
Interior wall to minimize temperature fluctua 
tons-never lacate it in an attic or unheated 
‘garage, You'l bull in future flexibility if you 
run Cat Se or Cat 6 cable forall data and 
telephone lines. 

Install the raugh-in box for the multimedia. 
distribution center by screwing it to adjacent 
studs @. if you've already pulled most of 
cables to feed the panel, as shown here, tack 
them to one side so they'l be out of the way. 
Slide the panel in or out so its edges will 


be flush with the drywall @, >>>» 
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MOUNTING A MEDIA DISTRIBUTION PANEL (CONTINUED) 


Remave the knockouts) for the 
power supply ©. If your panel will 
house only telephone and cable TV, 
you may not need a power supply, 
bout routers require line voltage, so 
installing a power supply module 
Will pravide future flexibility. Drop 
the power-supply unit into the 
‘opening, run Romex cable to it, 
and screw the madule to the panel 
housing @. 

Install the final locknut on the 
utity conduit ©. The conduit may 
un autside to the utility pole or to 
‘an underground pull box. Depend: 
Ing on your utility's main point of 
entry (MPOE) or demarcation, you 
may need an exterior box to which 
the utility wil run the service, Or 
the utility may install the MPOE 


Inside, in the distribution panel 
‘Attach a power-supply module 
to the panel 


1B Tatton the tcknut secure the tity cond to the pane 


DIA DISTRIBUTION PANEL 


A TYPICAL MULTIMEDIA PANEL 

From this one multimedia panel (its outgoing low-voltage wiring has 
been completed), cables distribute video, sound, telephone, and data 
signals throughout the house. In this panel, the Incoming utility and. 
cable services are not yet installed-they will be pulled in through 
‘the conduit at the lower left. 


Panel basics 
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RUNNING CABLES TO A MEDIA DISTRIBUTION PANEL 


Tiere one tte tenn 
media cable to 2 multimedia distribu 
tion panel. In new construction, electricians 
typically start from the distribution panel 
{and pull cable outward. But remodel wiring 
is rarely predictable because you can't see 
‘obstructions hidden in walls and floors 
Before pulling cable inta the panel, snap 
plastic bushings into the panel knockouts so 
sharp edges won't chafe the cable sheatt 


ig @. As you plicable into the panel 

opt genty so that you dont crimp 

you havea ot of cables entering a pane, 

‘oughly die them between two ormare 

naekouts othe bot wl ook neater. 1 
Install previed data and phone distribu 


se snap-in bus 
protect cables 


tion boards and other modules. in photo ©, 
the two columns on the left are jacks with 
10-type punchdowns to which you'll attach 
data cables. Incoming phone lines terminate 
in the center of the madule, which are 


then distributed to phone jacks throughout, 
the house, permitting multiple tines at 
different locations. 

{As you route cable through the panel 
tle-wrap cable bundles to free up wor 
‘and enable you to see connection 
Labeling both ends of every cable 
essential, so you'll knaw which cable is 


Which, should you need to repair or modify 
the multimedia wiring @. Finally, create 

‘a numbered house map to show the 

cable locations. 


‘Bundle the cables to conserve Label the cables at both panel 
space and outlets, 
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CONNECTING CABLES AT THE PANEL 


By rseatteret ype ot ates converge 
at the distribution panel, there are, 
naturally, different connectors used to attach 
each one, 

Speaker wires are typically stranded. 

Strip the ends as indicated by the panel maker— 
Vein. ts typical-insert them Into the connec: 
tors’ screw-down terminals and tighten ther 
securely @, Some panels will terminate speak 
ler wires in a banana jack, as shawn in the photo 
on p. 122, here, a plastic Jack snaps to a bridg- 
ing module @. 

Using a combination stripping and crimping 
tool, strip the coaxial cable that carries data or 
phone signals and crimp an F-connector into 
the cable ©. Plug coaxial cables into the pas 
sive splitter and tighten them snug @. (Note; 
The capped blue terminal is far input from the 
cable company.) 

Strip approximately 3 in, of sheathing 
fram the ends of Cat Se and Cat 6 cable (data 
and phone); separate the stranded wire pairs 
and, using a punchdawn tool, press the ing 
vidual wires onto the insulation displacement 
connector (IDC) prongs on the data and phone 
board @. The punchdown too! also removes 
excess wire, The blue cables in the foreground 
are data cables; the beige cables are phone 
lines @. Finally, plug in patch cords that con- 
rect router input to jacks on the data and 
phone board @, 


the data and phone wires. 


Oly 


‘Scraw down the speaker wires 
inthe terminal 


insert the speaker jack nto 
the bridging modula 


lug the coaxial cables onto 
the splitter terminals 


Once connected, group ang strap 
the cables to Keep the panel neat, 


Use patch cords to connect the 
Fouter tothe data, 
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LOCATING THE MULTIMEDIA OUTLET 


132 


Align the new outlet with a nearby 


Use a fexibit te drill access hole 
for the cables, 


[ee see sedi we 
phone, and one video cable to each outlet. 
In the example here, however, specs dictated 
two data lines (green and blue cables) and a 
coaxial cable for video. 

‘When locating the cut‘in ring for a new 
outlet set alongside an existing receptacle, 
always measure from the center af the exist- 
Ing box, so the center screws on the cover 
plates will ine up @. The two types of cover 
plates may be different sizes, so ining up 
thelr tops or bottoms won't look good, Level 
the cut-in ring and trace its outline an the 
wall. (The template shown in the top photo 


LOCATING THE MULTIMEDIA OUTLET 


Level the cut-n ring and allgn it with 
nearby receptactes, 


Hook the Kellum to the bit and pull 
the cable to the outlet 


‘on p.123 is another option.) Don't try to 
‘eyeball level: If you're even slighty off, the 
‘outlet will look cockeyed @. 

Use a drywall saw (also called a jab saw) 
to-cut out the opening. To start the cut accu: 
rately, strike the heel of your hand against 
the saw handle, To avoid cutting too large a 
hole, cut on the waste side of the outtine ©. 

‘To bring cables from the distribution part 
¢l, drill hales into the wall plate using a flex 
bit ©. Wear gloves or use a driling guide 
to protect your hands while guiding the bit, 
Flexibits have a hole n the paint. After the 
bit emerges thraugh the wall plate, have 


Route the cables through the eut-in ing 
and install ton the wall 


someone tape the cables together, side a 
swivel kellum over the taped wires, and hook 
the Kellum to the bit @, The kellum swivels, 
so the wires won't twist up as you reverse 
the dril and pull them back up through 

the hale. Install the cutrin ring to provide 3 
mounting surface for the outlet plate @. 


INSTALLING CABLE CONNECTORS 


 Pibedeseilasechetl parodied 
of several different types of cable connectors: 
F-connectors used on coaxial cable (video), as well as 

two popular systems (from Leviton® and Panduit) 

that connect to Cat 3 cable (phone), Cat Se and 

Cat 6 cables (telephone or data). Each connector maker 
specifies tools and methods of assembly, so follow its 
Installation instructions closely. 

Use a combination stripper-crimper to strip insulation 
off the end of the coaxial cable. Stick the cable in the end 
of the too, spn it, and pee! off both types of insulation 
from the outer sheathing @. The too! leaves sbout 
ein of bare copper and Yin, of white insulation with 
the shielding anit. Side an F-cannector aver the stripped 
end of the coaxial @, Place an F-cannector in the crimp- 
Ing bay, insert the stripped cable, and squeeze the tool 
to.crimp the connector tight to the cable @, (Note: The 
Frconnector shown here is s watertight variety) 
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4 Seperate and straigten the wre pars. 


“Trim the wire ends sa 


CONNECTING PANDUIT JACKS 


en 


ting phone or data cable jacks 
nultimedia outlet requires a few 
steps. Start by reviewing cable stripping 
(ee p. 123). Cat Se and Cat 6 cable are 
UTP cable, 50 


er stripping about 3 in. of 
sheathing, separate the wire pairs before 

attaching them to a jack. f you use Panduit 
jacks (aften referred ta as Pan jacks), you'll 
also need to unwind (untwist) the wires. (Cat 


3 phone wires are straight and so do not 
need untwisting,) 


andl Jack ho 


1D Cut the wire ends agora 


a 


Use stripping scissors to unwind the 
taching 

them to a Pan jack @, Using light pressure, 

 ascissor blade ta 


Individual cable wires befor 


pull the wires acr 
straighten them, Next, slide the wires Into a 
plastic cap, which is color coded to indicate 
1e wires go. Flatten the wires and 


where 
cut their ends diagonally so they'll slide 
caslly Into the cap @. Push the wires all 
the way into the cap @, then trim the 
wire ends straight across @. 


Push the wires inal the 


ing and cap together 


The wired cap snaps into a jack housing, 
forcing the wires into V-shaped IDC prongs 
that slice the wire insulation to make the 
electrical contact @. Place the wired cap 
onto the jack housing and use the small 
plastic lever pravided to snap t 
bly together @, Panduit jacks are reliable 
because they make secure connections. 


INSTALLING 
LEVITON JACKS 


Tse ie Gn at 
required to punch dawn wires in the distribution 
panel (see photo 5 on p, 13), But the system takes prac- 
tice to avoid laase wires, so amateur electricians might 
‘get more predictable results using Panduit jacks 


Inthe Leviton system, there's no need to untwist 
wires. Separate the wire pairs and punch them directly 
into the IDC prongs built into the jack, Use the plasti 
disc provided to back the jack as you punch down @. 

The punchdown tool comes with 110 and 66 blade sizes 


‘each blade has a side that punches the wire dawn and 
a side that cuts off excess wire, For best results, work 


Irom back to front ta avoid disturbing wires that are 


already down, Once you've connected the wires, snap 
an the jack's trim cap, which keeps wires n place and 
relieves strain on the connection @. 


Mu 80 magnetic shielding material as depicted in 
DIAGRAM 3. The resultant data of TABLE 6 is plotted 
on GRAPH 6. The results of the previous experiments 
at Avery Point, from GRAPH 1, and the recent Thames 
Valley experiments, from GRAPH 6, are plotted on 
GRAPH 7 for comparison. The Mu 80 magnetically 
shielded experiments on the Sartorius Model # 2442 
analytical balance at Thames Valley are in close 
agreement with the data collected with the AG104 
electronic scale at Avery Point. However, the Thames 
Valley data collected for the unshielded experiments is 
somewhat smaller in weight reduction. I attribute this 
to external interference. The Thames Valley setup 


included a nonferrous tabletop, as did the Avery Point 
setup. However, the Thames Valley balance table 
consisted of a steel frame and legs, which may have 
altered the readings. The Mu 80 shielding provided a 
more intrinsic method for accurate data collection. 


‘The horizontal measurements were not taken in this set 
of experiments due to time constraints. A final 
experiment was attempted to replicate the relative 
weight increase with the opposite poles of the ring 
magnets “stuck” together, as depicted in DIAGRAM TI; 
however, the magnets shattered during assembly! 


TABLE 6 
03/08/2002 TRCC EXPERIMENTS, 03/08/2002 TRCC EXPERIMENTS, 
@ TVC: OPEN, WITH PAPER CUP @ TVC: WITH MU 80 SHIELDING 

Airgap | DiagramaA Diagram B Diagram C Diagram D 

a N to N vertical Sto S vertical N to N vertical Sto S vertical 
19.8734-gram_ 19.8726-gram 19.8912-gram_ 19.8929-gram 
(Sum of 1 & 2)" (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 

0.0 19.8699-gram_ 19.8696-gram 19.8691-gram_ 19.8706-gram 

Inch 0.0035-gram weight } 0.0030-gram weight | 0.0221-gram weight | _0.0223-gram weight 
reduction (0.01761%) | reduction(0.01510%) | reduction(0.11110%) | __reduction(0.11210%) 

1/8 19.8699-gram_ 19.8699-gram 19.8688-gram_ 19.8707-gram 

Inch 0.0035-gram weight | 0.0027-gram weight | 0.0224-gram weight | _0.0222-gram weight 
reduction(0.01761%) | _reduction(0.01359%) | reduction(0.11261%) |__reduction(0.11160%) 

v4 19.8695-gram 19.8695-gram 19.8687-gram 19.8712-gram 

Inch 0.0039-gram weight | 0.0031-gram weight | 0.0225-gram weight | _0.0217-gram weight 
reduction(0.01962%) | _reduction(0.01560%) | reduction(0.11312%) | _ reduction(0.10908%) 

3/8 19.8695-gram_ 19.8699-gram 19.8692-gram_ 19.8730-gram 

Inch 0.0039-gram weight | 0.0027-gram weight | 0.0220-gram weight | _0.0199-gram weight 
reduction(0.01962%) | _reduction(0.01359%) _| reduction(0.11060%) | _reduction(0.10004%) 

2 19.8689-gram_ 19.8699-gram 19.8695-gram_ 19.8738-gram 

Inch 0.0045-gram weight | 0.0027-gram weight | 0.0217-gram weight | _0.0191-gram weight 
reduction(0.02264%) | _reduction(0.01359%) _| reduction(0.10909%) | _reduction(0.09601%) 

5/8 19.8686-gram_ 19.8699-gram 19.8702-gram_ 19.8746-gram 

Inch 0.0048-gram weight | 0.0027-gram weight | 0.0210-gram weight | _0.0183-gram weight 
reduction(0.02415%) | reduction(0.01359%) _| reduction(0.10557%) | _reduction(0.09199%) 

11/16 | 19.8680-gram 19.8699-gram 19.8707-gram_ 19.8756-gram 

Inch 0.0054-gram weight } 0.0027-gram weight | 0.0205-gram weight | _0.0173-gram weight 
reduction(0.02717%) | _reduction(0.01359%) | reduction(0.10306%) | __reduction(0.08697%) 


* Magnets #1 and #2 were individually weighed in the orientation used in each experiment and their separate 


weights were added together. 


NOTE: 


March 8, 2002 Experiments: Start time: 12:12 hours EST, End time: 18:47 hours EST. 
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ATTACHING JACKS TO AN OUTLET PLATE 


=o 


Snap on the screw-in coupling for coaxial cable 


[eisai are wee tnsamg inteLareon 
and the Panduit jacks to show that despite variations 
In jack wiring, both snap into the most common type of 
face plate, the keystone style. 

o install coaxial terminals. snap the threaded cou- 
pling into the face plate @. The coaxial cable's Fcar 
nectar screws to the coupling, creating a clean termi: 
nation instead of having cable hanging out of the wall 
©. Snap 2 RJ-45 (eight-pin) Leviton jack into the face 
plate @. Note the colar coding an the side af the jack to 
Indicate the arder of wires you punched down earlier. 
Finally, snap a Ru-45 Panduit jack Into the remaining 
port in the keystone plate @, 

Carefully feed the cable into the wall, ald the face 
plate flush to the wall, and screw it to the cut-in ring @. 
‘The outlet shawn uses phone and data jacks that are 
different calors so that users can quickly differentiate 
Which jack is which, This differentiation is not an issue in 
residences, but it's imperative in business installations, 


ATTACHING JACKS TO AN OUTLET PLATE 


Faceplate options 

‘There are many types of faceplates 
‘on the market for mounting tele~ 
phone, data, coaxial, and specialty 
jacks. They come designed to match 
the adjacent electrical outlet (for 
example, duplex or Decora® style) 
and in various colors. Although it is 
beyond the scope of this book, there 
are also faceplates and adapters for 
an array of applications such as video 
(HDMI, S-video, component video, 
VGA), sound (binding posts, banana), 
and fiberoptics. 


"a 


‘Snap inthe Leviton data jack. ‘Snap in the Panduit jack. 


Screw the faceplate into place 
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ESIDENTIAL FANS CAN BE divided 
R into two groups. The first group 

might be better called exhaust or 
vent fans, because their primary function 
is to remove moist or ador-laden air from 
living spaces, route it through ducts, and 
expel it outside. Commonly installed bath 
fans and range hoods both fall into this, 
category. By removing excessive interior 
moisture, these fans help forestall mold and 
other unhealthy conditions. 


WIRING TIPS BATHROOM CEILING FANS 
Before you begin, VENT FANS. Mounting & ducting _Instaling the ceiling 
40. range hood, p. 149 fan box, p. 152 
Mounting the citing 
fan, p. 154 


{nstating the rot 
vent, p43 
Mounting the fan 
box, p 145 
Retrofitting a 
bathroom fn, p, 146 


Wiring 2 bathroom 
fan, p. 147 


RANGE HOODS 


The second group, primarily ceiling fans, 
circulate still, summer air and thus increase 
comfort by evaporating moisture on your 
skin, In cold climates, these fans push warm 
air down from the ceiling where it collects, 
so it can once again warm the bodies below. 
Whole-house fans, installed in attics in 
warm regions, also circulate hot air, but 
because they typically push it out roof or 
gable-end vents, whole-house fans are more 
like exhaust fans without ducts. 


BEFORE YOU BEGIN 


here are two important tips to note 
befare wiring any type of fan. First, 

‘check out the wiring schematic that comes 
with the unit @, In most cases, the schematic 
is affived either to the fan housing or to the 
backside of a cover. Orit may be included in 
the installation instructions. You'l alsa find 
essential information such as the fan's rating, 
‘expressed in amperes, 


off the electrical 


tage tester to be sure the 


Second, most units have an integral 
Junction box, like the one seen in photo @. 
The junctian box contains wire leads that 
You'll splice to the incoming house wiring. 
All metal boxes-including fan housings~ 
‘must be graunded, so if the fan maker 
doesn't include a grounding pigtail to the 
housing, add one. 
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e that all the parts 


amparing the parts in the box te 


e contents before you start 


the inventory list included in the 
owner's manual, Smaller part: 
uch as screws, are typically pack: 


aged in clear plastic so you can 


unt them without having to open 


e packet-a good idea be 


‘An Integral Junction box Is In the housing of this bathroom vent 
‘The secand green wire grounds the metal housing. 
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You BEGIN 


CHOOSING A BATHROOM FAN 


athroom fans are increasingly power- 

ful, quiet, and avallable with numerous 
bells and whistles. When considering all the 
extra features, however, remember that the 
primary function of a bathroom fan is to 
remove moisture 

There are complex formulas for sizing 
bath fans, but a good rule of thumb Is cfm 
(cubic foot per minute) per square foot for 
bathrooms 100 sq, ft. or smaller. For bath 
rooms larger than 100 sq, ft. allot 50 cfm 
for each fixture (toilet, lavatory, shower) and 
100 cfm far hat tubs. 

‘Also, get a quiet fan: a rating of 3 sones 
to sones is tolerable, 1soneis very quiet, 
‘And remote inte fans, typically installed 
Inattics some distance above bathrooms, 
are quieter stil. Consequently, you can 
Install a larger fan inline and stil have a 
‘uit bathroom, 

‘Next, consider switches. Fans usually 
need to continue venting after you leave the 
shower or use the tollet, so get an electronic 
switch with an integral timer so that the fan 
continues running after the light is turned 
off If there's na integral timer an the switch, 
you can run the light and the fan on sepa- 
rate switches, You can also connect the fan 


to. humidistat, which is a moisture sensor 
that turns the fan off once a preset moisture 
level is attained, 


WARNING 
Never Install a rheostat~ 
commonly called a dimmer 
switch-to control an exhaust 
fan, Fan motors are designed to 
run on a fixed voltage, and if you 
reduce the voltage by using a 
rheostat, you may burn out 

the fan motor. 


FAN COVERS 


Most exhaust fans come with plastic covers, but they can be replaced with 
metal plates. Here, an antique wall register was plated to match the ather 
fixtures in the roam, 


REMOTE INLINE FANS 


Even a well-made bathroom fan will be relatively noisy if the matar is 
2 ft. from your head in the bathroom ceiling, But if you install the fan some 
distance from the bathroom, you'l reduce the noise considerably. That 
remate location may mean that you have longer duct and wiring runs, but 
routing them is rarely a problem. In fact, with a large"enough fan motor and 
a duct Y-connector, you can vent two bathrooms with one fan, Because 
longer duct runs can mean greater alr resistance, consider installing rigid- 
metal or polyvinyl chloride (PVC) ducts, whose smooth surfaces offer ess 
resistance, rather than flexible metal ducts, Alternatively, you could oversize 
the fan slightly. Better fan makers, such as Fantech® and American Aldes™, 
offer acoustically insulated cases to deaden sound further. 


emote inline fans require longer ducting, but they're quleter because they're 
located farther away from the bathroom. 
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LOCATING A BATHROOM FAN 


here are three primary considerations 

‘when locating a bath fan. Firs, place the 
fan where it can expel moisture effectively~ 
Ideally, near the shower, where most of the 
moisture is generated, 

Second, locate the fan so that its duct run 
{sas short as possible and minimizes cut- 
‘outs in the blocking or framing members~ 
especially rafters. Vent the ductwork from 
the fan aut the root ar through a gable-end 
wall. Avaid sidewall vents because moist air 


‘expelled by them could be drawn up into the 
atic by soffit vents in roof overhangs. 
Third, locate roof vents away from prab- 
fem areas such as skylight and valley flash 
ing, Water usually dams up on the uphill side 
of a skylight, creating a leak-prane area that 
must be carefully flashed. Typically, skylight 
flashing consists of two pieces: a base flash- 
ing and a counterflashing that goes over it, 
Locate a roof vent near skylight flashing 
‘and you're inviting trouble. Valley flashing, 


fon the other hand, may consist of a single 
broad piece of metal or elastomeric material 
{folded up the middle. But because this flash- 
ing is located where roof planes converge, 
itchannels an enarmous amount of water 
during rainy seasons. So keep things simple: 
Locate roof vents away from obstructions 

In the roaf or cancentratians of water. 

Don't put a roof vent near an operable 
window, either. 


A BATHROOM FAN 


‘To keep moisture from leaking into the attic, apply silicon caulk between the fan 
box flanges and the ceiling drywall, Use metal foil tape to ensure airtight joints 
where ducting attaches to fan and vent takeoffs. 


Fan box (housing) 


Silicone caulk between 
flange and drywall 


LOCATING A BATHROOM FAN 
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Before you cut a hole 

In the ceiling, be sure 
there are no obstructions 
along the way. Tentatively 
locate the fan and use a 
Vain, extension bit to drill 
along the proposed duct 
path. You'll also want to 
drill an exploratory hole up 
through the roofing. 


INSTALLING THE ROOF VENT 


With the 


nt In ph 
arc of the vent 


2, trim the shingles to fit the upper 


[2s ie te es ean cae 
around the exploratory hole and there happened to be a roofer 
‘on site, sa the crew decided to install the roof vent first, (Roof 
vents varys the madel shown has a round stack and a weather- 
proof cap) 

Go onta the raof and find the in. exploratory hole drilled 
hile locating the fan. The hole represents the center of the 
Vent hole you'll need to cut, 

Mast ducting and raof-vent takeoffs are 4 in, diameter, so 


Use a utility knife to cut the shape of the 
through the roofing paper. 


nt hole 


sketch that circle onto the roat. Ifthe circle would cut into 
the tabs of any shingle-roughly the bottom haif of a shingle 
strip-use a shingle ripper or a cat's paw to remove the nails 
holding those shingles in place before cutting the vent hole @. 
Be gentle when removing shingles so you can reuse them @. 
Slide the upper flange of the roof vent under the shingle 

courses above and use a utility knife to trim its arc onto the 
shingles above @, then cut out the vent's circle into any 
remaining shingles and the raofing paper @. Next, use a 
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ays > parupogw vere 


INSTALLING THE ROOF VENT (CONTINUED) 


IB Cut the root sneathing oa forte vet 


reciprocating saw to cut through the sheathing @. 

Itthe root pitch is 412 or greater, it usually isn't 
necessary to caulk the vent edges. Here, a 2:12 pitch 
required caulking to forestall leaks @. Carefully lift the 
shingle course above the vent and nail the two corners 
of the vent's upper flange into place @, Do not nail the 
lower corners of the vent: those nails would be exposed 
ta weather and could leak. Slide in the surrounding 


shingles and renail them. 
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17 Nei he to corer ofthe vent-stnges cover heen 
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MOUNTING THE FAN BOX 


1" reded: a4 blocking Between the raming members. 


{ bathroom framing is exposed, mounting the fan is pretty straight 
forward. If you remave the fan assembly from the fan box, the 
box willbe lighter and easier to hald in place one-handed while you 
use your other hand to screw the unit to the celling joists. Most fans 
have expandable brackets which extend between joists spaced 16 in. 
‘on-center (o,c). But you should always screw atleast one side of the 
fan box toa joist, to ensure that it's anchored securely, For celling 
joist (or rafter) spacing greater than 16 in. a. it's a good idea to add 
blocking @ 
If the fan box flange mounts flush ta the underside of the ceiling, 
Use a piece of drywall scrap to gauge the depth of the unit relative 


nen positioning the fan, 2 
for the finished eeling, 


3 Side on the ex aut ana tape tin pac. 


to the finished ceiling @. Regardless of whether the box flange 
sits above or below the ceiling drywall, caulk the flange with 
polyurethane sealant to create an airtight seal between the two 
materials f you remaved the fan assembly earlier, reinstall it now. 
Keep duct runs as short as possible to reduce air resistance. Side 
the lower end of the flexible duct to the fan's exhaust port @ and 
seal the joint with metal duct tape, then attach the other end to the 
roof vent takeoff. Or, if you haven't yet cut the hole in the root, hold 
the free end of the duct to the underside af the root sheathing and 
trace its outline onto the surface. 
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GRAPH 6: MAGNETIC DECLINATION FROM THE LOCAL 
TOPOLOGICAL MAP 
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For N-to-N pole facings in the open (or unshielded) at Avery Point (AP): 


NNopenAP 

For S-to-S pole facings in the open (or unshielded) at Avery Point (AP): 

SSopenAP 

For N-to-N pole facings shielded with Mu 80 shielding at Avery Point (AP) 

NNshieldAP 

For S-to-S pole facings shielded with Mu 80 shielding at Avery Point (AP): 
JAP 

For N-to-N pole facings in the open (or unshielded) at Thames Valley (TV) 

NNopenTV 

For $-to-S pole facings in the open (or unshielded) at Thames Valley (TV) 

SSopenTV 


For N-to-N pole 
1aTV 
o-S pole facings shielded with Mu 80 shielding at Thames Valley (TV): 
iTV 


ings shielded with Mu 80 shielding at Thames Valley (TV): 


‘The subscripts for the data points , 7 are all the same value in 
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f you are remodeling or installing a 

bath fan and the finished ceiling is 
already in place, begin by creating 3 card: 
‘board template of the fan housing, Mark the 
‘approximate position of the fan by driving a 
screw or nail through the ceiling and then go 
up nto the space above the bathroom and 
find the marker. If there isan insulated attic 
above, take along 3 dustpan to shove! loose 
Insulation out of the way and be sure to wear 
‘a dust mask and gloves. After you've located 
the marker, place the fan template next to 
the nearest joist and trace araund it, Most 
fan boxes mount to ceiling joists. If the fan 
‘box has an adjustable mounting bar, you have 
‘more latitude in placing the fan. Use a jigsaw 
(oF reciprocating saw to cut out the opening. 
To keep the drywall cutout from falling to 
the floor below, take a piece of scrap wood 
slightly longer than the cutout and screw it 
to the drywall 

Before placing the fan box on top of the 
celling drywall, caulk around the perimeter 
af the opening to create an airtight bond to 
the box flange @. Once the box is wired and 
the ceiling has been painted, install the trim, 
piece to cover any gaps araund the 
fan opening @. 
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2D stale trim pieces to cover the gaps between the fan andthe cling cutout 


WIRING A BATHROOM FAN 


1B Seles earn wires tat 


efore making any connections in the 
fan's junction box, make sure the power 
|s off, Follow the wiring dlagrams provided by 
the fan manufacturer, In general, i's easler If the 
Incoming power runs through a switch box first; 
then you don't have to try to spice the switch 
legs in the fan junction box-junctian boxes Inside 
fan housings tend to be cramped. Bathroom fans 
should also have ground-faut cicult interrupter 
(GFC) protection i installed in a shower whose 
cellings are 8 ft. above the finish floor o lower. 
ifthe duct space is tight, it's usually best to 
Wire the fan box before installing the duct. When 
running cable to the fan box, allow a generous 
loop of cable, justin case, As with light fixtures 
and receptacles, staple the cable within ft. of the 


p12 the sce wes 


fan box @. Insert a cable connector into a junction 
box knockout, feed the cable through it, and strip 
the cable sheathing @. 

Using wire connectors, first spice the incaming 
‘ground wire to the fixture ground © (i the fx 
ture lead wires are stranded, extend them slightly 
beyond the solid wire sa that the wire connector 
will engage them first) Splice the neutral wires and 
then the hot wires. Ifthe light and fan are wired 
separately there will be two sets of hot wires. 

Tug each wire group gently to be sure the splices 
are secure, When all groups are spliced, carefully 
fold the wires into the fan junction box and cover 
the box @. 


Into the junetion box 
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RANGE HOODS 


Choosing a 
Range Hood 


All cooktops and stoves should be vented by a 
range hood. In addition to sucking up the smoke of 

2 charred steak, range hoods exhaust alrborne grease 
that might atherwise migrate to 2 cool corner and 
feed mold or adhere to woodwork and discolor its 
finish, Range hoods come in many configurations but 
basically there's a hood to collect smelis and smoke, 

2 fan to expel them, ducts to carry exhausts out, and 
Shrouds and other trim pleces plus, of course, wires, 
switches, lights, and whatnot. Range hoods vary trom 
low-powered and inexpensive (less than $50) to cus 
tom-designed units (which cost thousands). 

Range hoods are most often wall-mounted directly 
vera range. Alternatively, there are downdraft and 
+side-draft vents that pop up trom a counter area to 
suck away fumes. Over island and peninsula ranges, 
You can install chimney-type vents. In general, install 
‘the type of vent that will carry exhaust gases outdoors 
with the shortest and straightest duct run possible. 
Because heated air rises, wall-mounted and chimney 
types are inherently efficient, whereas downdraft and 
side-draft vents pull heated gases in directions they 
wouldn't go naturally and can even pull burner 
flames sideways. 

Ideally, a range hood should be slightly wider than 
the range, say, 3 In. wider on each end, and mounted 
30 in. above the range, but follow the hood maker's 
suggested mounting height. More powerful hoods can 
be installed higher. Finally, buy a unit with a good- 
duality filter that can withstand regular washing 
with soap and water. Most filters are aluminum mesh, 
better ones are stainless steel: many can be popped 
Into the dishwasher, which spares homeowners a very 
greasy and unpleasant task. In general, be skeptical 
of range hoods that recirculate air through a series 
of filters rather than venting it outside. 


Range hoods can be handsome additions te kitchen deco 
‘This one Is @ European-style wall‘mounted hood Tram Kabe®, 


‘The helght of the fan and the fact that It is nota 
‘awall mean that the hood needs to draw more ar to be effec: 
tive. This stylish design is set higher than a typical range hood 
{0 provide sight lines aeross the rooms. 


SIZING THE HOOD 


A100-ctm wall-mounted hood should be adequate 
to vent the average four-burner, 30-in-wide 
range. But if that same range Is located on a 
kitchen isiang, its range vent should draw 125 cfm 
to 150 cfm. More is not better when sizing range 
hoods. For one thing, larger hoods are noisier. 
Midsize range hoods average 3 sones to 3.5 sones 
(a measure of noise), which Is too noisy to have 
‘a conversation nearby; monster hoods can reach 
8 sones. (In comparison, refrigerators register 1 

1 so much air 
create back-drafting, in which negative 
in-house air pressure draws furnace or fireplace 
‘exhaust gases back down the chimney. 


er the hood takeott and 


A Lover tne act 


PR eerie tia sree 
the underside of a cabinet or mounted 
directly to a wall A hood should be mounted 
about 30 in, bove the range, and the ducting 
that vents it should est the house as directly 
2s possible. As you plan your duct route, use 
a stud finder to locate studs in the wall behing 
the stove or through ceiling joists above, The 
duct run should exit through the siding or the 
roofing. To lacate the hole for the duct work, 
level the haad and center it aver the range. 


the joint with metal tape. 


Cut a hole in the wall or ceiling and 
Insert a thimble-a specialized fitting that 
creates an opening through a wall or ceiling 
Into which the duct fits I there already is 
‘a thimble in place, insert the duct from the 
range hood up into the thimble 3 in. to 4 in. 
above its final position @. Friction should 
hold the duct in place. 

Level the hood, center it over the range, 
‘and bolt it to the wall @, Mount the hood in 
at least two points: If the studs behind the 


iar 


MOUNTING & DUCTING A RANGE HOOD 


ne side of the hood 


TRADE 
SECRET 


hood are 16 in. 0.c, you may have ta bolt 
‘ane side of the hood to a stud @ and 
secure the other side of the hood with 3 
toggle bolt. After the haod is mounted, 
slide the duct down over the takeoff atop 
the hood @, Tape all of the joints with se 
adhering metal tape. 
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WIRING THE RANGE HOOD 


‘any range hoods have discrete electrical junction boxes with knockouts, into wich 
the duct doubles as a junction bax. The lead wires from the fan and light emerge thraugh 
‘@ bushing on the top of the hood and attach to wires in a Romex supply cable, which emerges 
{ram the wall cavity 
Strip and splice ike wire pairs using wire connectors. Splice the ground wires first-be sure installing © 
there's a grounding pigtail to the hood itself~then neutral wires, and then hat wires 
To minimize weight and avold marring shiny trim pieces, many pros install the fan 
blades, filters, trim, and other trappings after the hood shell is mounted, Most of the parts 
simply snap inta place~just follow the instructions pravided €. Then, if your hood has a 
tbottom casing, screw it into place @. Finally, fit the shroud over the ducting and the wire 
connection-they’re usually held in place with one pair of screws at the top and another pair 
at the bottam ©, 
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CEILING FANS 


This lowprotle Nouvelles fn 
with a Bronze patina and 
wamnut blades. 
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Remote controls lhe this 
‘Agapt-Touch™, alow you to 
forge lang pull chains. 


| CEILING FAN LIGHTS 


The ineorateg LED Ht ture ofthis Seana fan 
can be modulated by 3 dimmer switch. 
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INSTALLING THE CEILING FAN BOX 


Mounting details and fan assemblies vary: 
Follow the installation instructions that come 
with your unit. Add down-rod extensions as 
needed to locate the fan blades 8 ft. to 10 ft. 
‘above the floor. 


Wire leads from fan. 


CEILING FAN ELEMENTS 


Fan-rated box 


Celting wires, 


Ball hanger 


‘canopy 


WARNING 

Although there are plastic ceiling boxes rated 

for fans, many installers won't touch them 

oked by the possibility of stripped screw holes 
and crashing fans, they Insist on using a metal 


jan box. 


teint corsets tema sss 
especially true of ceiling fans, which are weighty and subject 
to vibration and wobbling, All fans must be installed ina ceiling box 
rated for fan use-that is, capable of supporting 50 Ib. or more. 
CCheck your fan's installation specs. If your fan is particularly heavy 
(or complex, it may require a box with a higher weight rating ar 
‘additional bracing 

If ceiling joists are exposed, you have several options. You 
can instal a piece of 2x4 oF 2x6 blocking to the ceiling joists 


INSTALLING THE CEILING FAN BOX 


(or rafters), then mount a 2-In-deep octagonal metal box to the 
blocking. Mark the location of the blocking so the box wil be flush 
to the finished celling surface. Then drive three 3-In. toenailed wood 
screws through each end of the blocking and into the joists, keeping 
the blocking on your marks. 

If you must hang a fan from a celling joist's edge, screw a /2-in~ 
deep metal pancake box directly tothe joist. Before doing so, how: 
ever, be sure there is enough room inside the fan's canopy to hide 
electrical connections~because there's no roam for them in the pan: 
cake box! If not, mave the fan oF modify your plans. 

‘An alternative Is to mount an adjustable hanger to the framing. 
Bar hangers are strong, easier than nalling up blocking, and easily 
positioned by sliding the box along its support bar. Some types of 
hangers can also be used as remodel bars. 


ILjolsts are exposed, install the blocking and mount a 


[Expand the remodel bar by hand. Th 
by turning the bar with a wrench, 


If joists are nat exposed, install a remodel bar (AKA 
' braced bon) If there's @ finish celing, Locate the fan, 
cut a 4in-diameter hale in the ceiling, insert the bar 
Into the hole @, and maneuver it until its feet stand on 
top of the drywall. Then hand-turn the bar to expand i 
When the bar touches a joist on both ends, turn the bar 
with a wrench to drive the bar points into the joists @. 
Finally, alt the ceiling box to the remodel bar using the bor to the rem 
hardware provided ©. 
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MOUNTING THE CEILING FAN 


Frstsctis sterner 
bbe sure to follow the installa 
tion instructions that come with 
Your fan, After testing to be sure 
the power is off, feed the ceiling 
Wires through the opening in the 
‘mounting bracket and screw the 
‘bracket to the fan box. Note: For 
some assemblies, the mounting 
bracket is simply a flat crossbar 
that spans the fan box; for other 
types, the fan's weight is supported 
by a bracket that fs somewhat like 
asslotted dame, into which a bal 
hanger fits, 

Preassemble the parts neces- 
sary for hanging the fan motor 
and housing. Typically, you feed 
the fan's wire leads up thraugh a 
canopy and a hollow downrod. The 
downrod has a ball head that slips 
Into, and is supported by, a siotted 
mounting bracket screwed to a cell 
ing outlet box @. 

Carefully lft the fan motor 
toward the mounting bracket in the 
ceiling, Being careful not to pinch 
the wires from the ceiling or those 
fram the fan motor, insert the ball 
head of the downrod inta the oper 
ing of the mounting bracket @. 
(On some models, you may need 


to ratate the fan body until a slot 
Inthe ball head aligns with a pin 
inthe bracket. Il there is a locking 
bolt or hanging pin that secures the 
assembly, be sure to attach it or 
the unit may fall 

Now wire the unit. Because all 
‘metal boxes must be grounded, 
attach a grounding pigtail to the 
bracket. Use wire connectors to 
Join ike wire pairs, starting with 
‘rounding wires, then the neutral 
Wires, and then hot wires. If there's 
‘a fan light, there willbe two hot 
wire leads: The black lead typically 
connects to the fan and the blue or 


ING FAN 


red lead controls the light. Tuck the 
spliced wires behing the canopy, 

slide the canopy up the dawnrad 

Until the canopy is flush to the ceil 
ing, then tighten the setscrew that 
holds it in place. 

Attach the fan blades last, Typ 
cally four machine screws attach 
2 blade to each blade holder: 
each screw hole is fined with 2 
rubber grommet that cushions 
the screw-and-nut assembly and 
forestalls vibration, Each blade 
holder then bolts to the underside 
of the fan motor ©. Because fan 
blades are prebalanced at the fac- 
tory, never use blades from other 
fans. Once yau've tightened and 
checked all bolts and screws, turn 
the fan on its slowest speed to 
check for wabbiing. 


TRADE SECRET 
The most common 
of wobbling is a blade 
holder that's become mis: 
aligned. To check for that 
turn off the fan and use a 
yardstick to see if all blade 
holders are the same height 
from the celling. Most blade 
holders can be removed 

and bent slightly back Into 
alignment; the store that 
sold you the tan may also 
have a technician, Fan mak: 
ers also have websites that 
describe how to balance and 
troubleshoot their fans, 


>> 


WIRING A FAN-LIGHT COMBINATION 


‘The fan types discussed in this section are frequently configured with both fans. 
and lights. Running a three-wire cable (12/3 with ground or 14/3 with ground) 

ss you to operate the fan and light separately. When a celling fan's junction 
box is closer to the power source than to the switch box, as shown in the drawing 
below right, the switch is called a "back-fed switch.” When wiring a back-fed 
switch leg, tape the white wire black to indicate that It's being used as a hot wire. 


INCOMING POWER BACK-FED SWITCH 
THROUGH SWITCH BOX 


Incoming 
power 


FAN SIZi 


Blade Span Room Size (sq. ft), 


in) max* 
320° 36 100 
42 or 44 148 
48 225 
50 or 52 400 
54 to 60 »400 
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Advanced Nuclear Waste Decontamination 


Technologies 


Mark Porringa 


Zeropoint Techtonix Inc, 430 Bass Lake Road, RR # 1, 
Deep River, Ontario KOJ 1PO, Canada 
(613) 584-2960 fax: (613) 584-4616 porringam@aecl.ca 


It is a review of nine alternative, peer-reviewed techniques as candidates for the global clean-up of nuclear waste. 


‘The following is a reasonably comprehensive list of 
potentially effective nuclear waste treatment methods 
that might be employed to treat the entire range of 
radioactive wastes that have proven to be such a 
daunting and horrendously expensive problem for the 
nuclear industry (in all its forms) with major, long term 
implications for the environment. 


Awide variety of methods will probably be required to. 
accommodate the many different radioactive waste 
sources including high and low level, solids, liquids and 
gases. Process names used here are in some cases just 
convenient labels used to categorize and set them apart 
from each other. 


‘Theories on several of these processes are still quite 
speculative and solid evidence that would pass 
conventional peer review is still lacking. This is after 
all a very new field of science. 


Some of these technologies are already well protected 
by international or national patents, with additional US 
and international patents pending, and further patents 
may be obtained on new developments as they are 
made. 


‘The Brown's Gas-Metal Matrix Process: 


‘The BG-MMK process utilizes a patented electrolysis 
cell of the Australian Prof. Yull Brown's design that is 
said to produce a stoichiometric mixture of monatomic 
hydrogen and oxygen or possibly a quasi-stable water 
molecule raised to a high-energy state. This gas has 
some very peculiar properties including the ability to 
sublimate tungsten (6000°C) with an implosive flame 
that burns cool in air with a temperature of only 130°C. 


‘The gas is used to heat a proprietary mixture of metals 
and/or metal oxides including the radwaste to be 
neutralized. A highly exothermic radiant reaction 
appears to result in the immediate reduction of 
radioactivity approaching 95% of the original levels 
judging from preliminary tests, within seconds of 
treatment. The process is conjectured to be effective 
with high level solid wastes and possibly gasses, but 
probably not liquids. The high temperatures involved 
may also preclude the processing of more volatile 
wastes. 


Since 1991, this technology has been successfully 
demonstrated, on a small scale, at least 50 times to US, 
Chinese, Japanese and United Kingdom officials on a 
variety of nuclear waste products including Americium, 
Cobalt, Uranium, and Plutonium. The technique can be 
applied for the immediate decontamination of stockpiles 
of nuclear waste materials being held near nuclear 
power plants. The process is very simple, safe, and 
inexpensive to develop further into robotics application 
for on-site treatment with no foreseen environmental 
effects. 


Photoremediation 


‘The Photoremediation process of the American Dr. Paul 
Brown is essentially conventional physics, albeit 
applied in a new and novel way. The process involves 
the use of a high-energy electron beam impinged on a 
target, which in turn produces a monochromatic gamma 
radiation that is tuned to induce Photofission and 
Photoneutron reactions in the target material causing 
rapid neutralization of radioactive isotopes. The 
efficiency claimed exceeds 500% due to the high cross- 
section reactions in the Giant Dipole Resonance region. 
‘The 10 MeV electron beam produces typical fission 
reactions in the 200MeV range effectively turning high 
level solid wastes such as spent fuel into an energy 
source. The process is apparently intended for on-site 
treatment with some waste-partitioning required, an 
aspect which may not be desirable in certain countries. 


‘While this idea is similar in topology to a system being 
developed by Los Alamos National Labs, Dr. Paul 
Brown's approach offers several advantages: no need 
for extensive chemical pre-processing and the energy 
required to effect transmutation is greatly reduced. No 
new technology needs to be developed, yet the 
engineering of such a photon reactor must be completed 
and it could itself become a practical method for 
generating power. 


ZIPP Fusion 


‘The ZIPP fusion process, identified by Mark Porringa, 
induces a wide variety of fusion reactions, resulting from 
the radial compression of individual diatomic and other 
simple molecules dissolved or suspended in a light 
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EING DETAIL ORIENTED IS AS 
BB imran tern te 
installation. When you pian a wiring 
project, be methodical: Assess the existing 
system, calculate electrical loads, check 
local codes, and draw a wiring floor plan. 

If you are only replacing existing 
devices-changing a light fixture, replacing 
a faulty switch, or upgrading a receptacle, 
for example-you seldom need a permit from 
the local building department. However, 
if you extend or add any circuit, you must 
pull (or file) a permit. 


1 


BEFORE 


ACCORDING 


condition, p. 160 
Is the system 
adequately sized, 
pt6t 


requirements p 164 


2.168 
Receptacles, p 170 


WORKING 


LANNING 
EW WORK 


Most local electrical codes are based 
on the NEC. When it's necessary to pull 
a permit, local code authorities will want 
to approve your plans and later inspect 
the wiring to be sure it's correct. Don't 
short-circuit this process: Codes and 
inspections protect you and your home. 
Whatever the scope of your project, 
if you work on existing circuits, first turn 
off the power and test to be sure it's off, 
as shown throughout this book. 


YOU BEGIN TO CODE DRAWINGS 
Inspecting the fuse bor Common code floor 
fr breaker panel 158 requirements p. 163 

Assessing wiring General-use circuit Electrical notation, 
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yy looking at the outside of the service panel and 

Wiring that’s exposed in the basement and attic, you 
can get a basic overview of the system's condition. if the 
Wiring is in decent shape, you can probably continue using 
itand safely add an outlet or two. However, if the system 
seems unsafe or inadequate, hire a licensed electrician 
to.open the panel and do @ more thorough examination. 
Here's what to look for. 

Start your investigation at the fuse box or breaker 
panel, You can learn a lot about the condition of the 
system by examining the outside of the service box. 
Examining the inside of a panel or fuse box is best left 
toa licensed electrician, however, 


Rust and corrosion on the outside of a service box 
or an the armored cable or conduit feeding it can indi- 
cate corroded connections inside @. Such connections: 
can lead to arcing and house fires, so have a licensed 
electrician replace the fuse box or panel. Likewise, 

if you see scorch marks an breakers or a panel, have 

a pro examine it 

Melted wire insulation is a sign elther of an overheated 
circutt-usually caused by too many appliances in use 
at the same time-or of a poor wire connection in which 
arcing has occurred. Inthe first case, a homeowner 
typically installs an oversize fuse or breaker to keep 
an overloaded circuit from blowing so often; but this, 
remedy" exceeds the current carrying capacity af the 
wire. The wire overheats and melts its insulation, which 
can lead to arcing, house fires, or-if someone touches 
that bare copper wire-electrocution. 

‘use box full of oversized fuses may not melt wires 
where you can see them, but it may have damaged wire 
insulation somewhere you can't. Have an electrician 
Inspect the electrical system. Installing type-S fuse 
socket inserts can prevent overfusing 

“Penning” a fuse is another unsafe way to deal with 
an overloaded circuit that keeps blowing fuses, In this 
case, someone unscrews a fuse, inserts @ penny ar 8 
blank metal slug into the bottom of the socket~a danger- 
us act initself-and then reinstalls the fuse. The penny 
allows current to bypass the fuse and the protection it 
offers, Here, again, have an electrician examine the cir- 
cuits for damage to the wire insulation. 

Panel cavers that don't fit, have gaps, ar are missing 
are unsafe, Likewise, any installation in which panels, 
cavers, and breakers are fram different manufacturers 


isa Code violation; the NEC requires that panel compo: 
nents be listed (UL listed for example) and come from a 
single manufacturer. So if you see covers that have been 
cut tft a breaker, cover knockouts that are missing, 
bus bars that are visible when the pane covers on, or 
mismatched components, hire a licensed electrician to 
correct those problems. Some older brands af breaker 
panels, suchas Federal Pacific® and Zinsco®, have 
spotty reputations and should also be replaced @. 

Nissing cable connectors or unfilled knockouts 
{enable mice and vermin to enter the panel and nest in 
it-which canbe a fire hazard, Missing connectors also 
allow cables tobe yanked, stressing electrical connec 
tions inside the panel @. A missing cable clamp may 
also allow the sharp edge of the panel to slice through 
thermoplastic cable sheathing, which could energize the 
pane! and electrocute anyone who touches it ®. 

An ungrounded service panel, a msjorhazsrd, is 
explained in greater lenathin Chapter. A properiy 
Grounded pane will have a large grounding wie running 
{rom the pane to a grounding electrode (rod. For the 
entire electrical system to be grounded, there must be 
4 continuous ground wire or other effective grounding 
path running from each device or iture tothe service 
panel and, by extension, to the grounding electrode. Cold 
water and ges pines must also be connected (bonded), 
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ASSESSING WIRING CONDITION 


Cees terme 
service panel and as they run through 
attics and basements. if there are covered 
junction boxes, carefully remove the covers 
and examine the wire splices inside-without 
touching them. You can also turn off power 
and pull a few receptacles out to better 
‘examine the wires, 

Deteriorated sheathing isa potential 
shock hazard, so nate brittle fiber insulation 
‘and bare wire, but avoid touching it. Sheath- 
ing that’s been chewed on by mice, rats, or 
‘squirrels should be replaced, 

NM cable must be stapled within 2 in, 

‘of boxes and every 4/2 ft. Sagging wire is 
hazardous because it can get inadvertently 
strained, jeopardizing electrical connec 
tions. Likewise, all boxes must be securely 
‘mounted, All NM cable entering metal boxes 
must be gripped by cable clamps; whereas 
plastic boxes do not require the strain rliet 
of cable clamps. 

Aluminum circuit wiring isa fire hazard 
Unless itis correctly terminated with 
COPALUM connector ar CO/ALR-rated out: 
lets and switches. If its incorrectly termi 
nated in a copper device, the twa metals will 
corrode and expand and contract at differ 


Ungrounded outlets 
You can continue using 
two-slot, ungrounded 
receptacles on general-use 
circuits as long as the 
wires are in good condition 
and the connections are 
correctly made. Most new 
lamp and appliance plugs 
are double-insulated so 
there's almost no risk of 


ent rates each time the circuit is under load. 
This can lead to loose connections, arcing, 
overheating, and house fires. 

Wire splices must be housed within a 
covered junction box, outlet box, or future 
box. Wires that are spliced outside a box or 
Inside an uncovered box can be a fire hazard 
because of the dangers of arcing (sparks 
leaping gaps between wires). Laose connec 
tions not contained in a cover box can easily 
ignite combustibles nearby because arcs 
approach 2,000°F. 

Knoband-tube wiring, although out: 
dated, Is inherently safe unless individual 
wire insulation is deteriorated or splices 
are incorrectly made. Typically, spices that 
were part of the original installation will not 
be in a junction box, but must be wrapped 
with electrical (friction) tape and supported 
by porcelain knobs on both sides of each 
splice. Nonoriginal splices must be housed in, 
covered boxes. Have knobrand-tube wiring 
assessed or modified by an electrician fami 
Jar with i; it's quirky stuff. The NEC does not 
allow knob-and-tube wiring to be buried in 
insulation, though same local inspectors are 
okay with the practic. 


getting a shock from the 
plug. However, if you want 
to use appliances or tools 
with three-pronged plugs 
or a surge protector at the 
location, you must upgrade 
to a grounded circuit, Put- 
ting a two-pronged adapter 
on a three-pronged plug 

is unsafe! 
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LUnstapled cable can be inadvertently yanked 
‘and stress electrical connections. you see 
work this sloppy, suspect substandard wiring 
‘throughout the house. 


7 A PRO'S TAKE 
ON REWIRING 


Ian older home's wiring is in decent 
shape, it's probably okay to continue 
Using it, even though it may not meet 
electrical code for a new installation. 
If you are planning to gut the house 
‘completely, it might make sense to rip 
‘out all the old wiring and completely 
rewire the house. But if you're remod- 
ling only part of the house, leave mast 
of the old wiring in place and spend, 
Yyour money rewiring the kitchen, 
baths, and laundry circuits. That will 
sive you more bang for your buck. 
However, you should replace old 
wiring that's unsafe. If you observe any 
of these conditions, the wiring should 
be replaced: 


"Circuits that have been extended 
improperty, as evidenced by loose 
‘connections, unprotected splices, 
or arcing 

‘= Knob-and-tube wiring whose insula~ 
tion has been damaged. Also, if 
‘knab-and-tube wiring in the att 
hhas been covered with loose-fill insu= 
lation or insulation batts, that is 
a serious Code violation that could 
lead to overheating and fire danger 
that wiring should be replaced, 

"= Circuits wired with unsheathed 
wires rather than with sheathed cable 
‘or conduit. 


IS THE SYSTEM ADEQUATELY SIZED? 


teem with mutpogsand —-200-amp pene I the home made up of two lara, 
Hiaddmore oliets:butthere house at sore poot or acrutte acta saps 
are also more subtle clues: If alot of heavy energy-using carn 
Yeusowtsesoriionstrsapplaner sires ci 
or an electric hair dryer, you've RULES OF THUMB 
reestoasdrewerstsare” fod gtengherpdy 
aero este 
caveats erg cre isiracasioel 

But for the benefit of those AND WATTS 

Electrical'service; who wish that an electrician 
Let's start with a recap of the jon of what works most of the form, electricity is potential energy, just like a charged 


battery. When electricity is put to wark at an outlet, 
electrons flow thraugh the wires, and power is deliv 
tered as heat ar light. The ampere (amp) is a unit by 
\which this current flow Is measured. The amount of 


electrical service running from the time, the “rules of thumb” below 
Utlity pole to your house. there continue on the next page. 
are only two large wires running 


from the utilty pole to the house, Fuse box service If youve energy consumed at a given point-say, ata toaster or 
they deliver only Ov service. A got fuse box with a 30-amp a ight bu-fsmeasuedin wats. Vols, amperes, and 
house with tworwire service prob Gr 60 fh weatis are’ tits Interrelaees 

‘G0-ommp main fse, the best ' Voltage: the potential to do work 
ably has a30-amp or 60-mp ——_agvice we can give is Get rid ‘electrical pressure). 
main use or breaker which 'S tor upgrade your service. Amperes: the rate of electrical flow. 
inadequate for modern usage. ont add outlets or circuits ' Watts: the rate at which energy is consumed, 


until you replace the outside r, expressed as mathematical formulas: 
See vice box enka cn '=Watts = Voltage x Amperes 
service box with a breaker pane! Siete itn Yea 


‘A used main should be replaced 


“Ta aay: aren Barc ‘To reiterate briefly, electricity impelied by volt 
reek dats threes SeTvc® because itis frequently abused ae, flows from the power source. Along the way (at 
na P Pane! by people trying to bypass ts ‘outlets, it encounters resistance and does work. I 
is considered minimal, and many protection, andit is hated by then elursto the power source, its votage reduced 
see ‘or spent, 


To determine the load-bearing capacity of a circuit 
{you want to extend, identify the circuit breaker con 

{rolling the circuit and note the rating of the breaker. If 
i's a general-purpose circult, the breaker will probably 


bei spor 20 ane A rai onl oy a amo 
breaker hes apecy of LeDow ts amp x2) one 
essere vies [vas oscil [SST Canecael Conttoteaby a Zo-amp beaker es 200 


ie “The total wattage ofall eneroy users on the newly 
bes ‘elit ‘extended circuit must not exceed these capaci- 


EEE 1200 1380) ties; otherwise, you risk overheating wires, To avoid 
20120 2,400 1920 ‘overloading, actual load is calculated at 80 percent of 
725x120 3,000 2,400 ‘capacity. For example, 80 percent of 1,800w is 1.440" 
Born Bea eon {or a 15-amp circuit; 80 percent of 2,400w equals 


11920w for a 20-amp circuit 


“Ampere ries yw emus watts. “alcapcy = 80 pte tte apy 
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RULES OF THUMB, continued 


Insurance campanies. Upgrade the service, 
and your insurance premiums may decrease, 
In many setups with fused mains there will 
also be a fuse box inside, which distributes 
power to house circuits. 


Adding outlets 11 you've got a breaker 
panel, you can almost always add an outlet 
fr two oF mare lights, for instance. If, for 
example, you have three-wire service and a 
100-amp main, there's usualy a lot of excess 
capacity. 


Adding a circuit for general use 
It there's space in the panel to remove a 
knockout and add a breaker, go ahead. This 
may be necessary if you're adding a home 
entertainment center or a computer 


Adding a kitchen or bath circuit 
First, see if there's space in the panel to 

add a breaker. If you're adding a bath fan or 
some new light fitures, na prablem. If you're 
‘adding a 20-amp, small-appliance circult to 
reduce the load on an existing circuit, you're 
probably okay. 


Remodeling a kitchen kitchens are 
complicated and often full of big energy 
Users. Use the chart at right to help you 
add up the loads. If there aren't many 
‘open spaces for breakers, you may need to 
upgrade toa larger panel 


Adding dedicated circuits \f younees 
to add dedicated circuits for heavy-use items 
such a8 an electric range (50 amps) or a hot 
tub (60 amps), get out the calculator and do 
the math, 
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EXAMPLE OF LOAD CALCULATION FOR SINGLE FAMILY DWELLING 


CALCULATING GENERAL LIGHTING LOAD. 


Calculation Total VA 
Lighting Load Table 220°3(b) 2000 sqft.X3VA 6000 VA 

‘Small Appliance Load Section 22016 (a) 2circults X 1500 VA 3000 VA 
Laundry Load Section 220-16 (b) _Leireuit X1500VA 1500 VA 

‘Total General Lighting 10500 Vat 


@ CALCULATING DEMAND FOR GENERAL LIGHTING LOAD 


Type of Load Calculation Demand Factor (DF) Total VA 
General Lighting First 3000 Vax DF 100% 3000 VA 
General Lighting 7500 X OF 35% 2625. VA 

‘Total Lighting, Small Appliances & Laundry. @ 5625. VA 


© CALCULATING DEMAND FOR LARGE LOAD APPLIANCES 


Type of Load Nameplate Rating Demand Factor (DF) Total VA 
Electric Range Not Over 12KVA Use BKVA 5000.VA 
Clothes Dryer “8600 VAX OF 100% 6600 VA 
Water Heater 6600.VA X DF 100% 6600.VA 

Other Fixed Appliances 0. VAX DF 100% ova 

‘otal Load for Large Appliances @ 21200 VA 

Total VA (Q+O) 26a25 VA 
Minimum Service Size Total VA /240V. au. VA 


“lise this to calculate 
‘Tata General Lighting toad 10,500 VA ~ First 3000 VA = 7500 vA 


USING THIS TABLE 

1, Sguare ft. for general lighting load is for the entire dwelling including habitable 
basements or attics, 

2. NEC requires a minimum of 2 small appliance loads, but it Is important to add small 
fixed kitchen appliances (microwaves, disposals, et.). 

3. Minimum of 1 laundry foad is required for a single family dwelling. 

44, The demand factor calculation is designed to take actual use Into account (e.g it Is 
Unlikely al lights and small appliances will be running at ane time). 

5. All large load appliances (high wattage) are added at 100%. 

6. The final load calculation Is the minimum. Often increasing capacity has litte cost 
impact and Is @ good practice. 


annect to ground bus in man pane 


lectricians fallow the NEC, which was 

compiled to promote safe practices and 
prevent house fires. Consider these require 
ments before you start drawing plans, but be 
sure to consult local electrical code-it is the 
final authority in your area, 

The requirements given here apply to all 
circuits in the house, whether general light 
Ing or heavy-use appliance circuits. Local 
codes rarely require you to change existing 
circuits-as long as they are safe-but new 
electrical work should reflect current elec- 
trical code. 


Circuit wiring 

Wire gauge must be large enough ta carry 
the circuit load and be protected by 8 com 
paarably sized breaker ar fuse at the panel. 
GGeneral-use and lighting circults are typically 
AWG wire, protected by a 15-amp breakers, 


Large copper ground wire Is clamped 
9 grounding electrode (rod) 


Al metal boxes and appliance housings 
require grounding, 


kitchen, bath, and workshop circuits usu 
ally have 12AWG wire, protected by 20-amp 
breakers. 


See the facing page for more on 
‘ealeulating circu toa 


Acceptable cable 

Most circults are wired with NM Romex cable 
because they are protected behing finish sur- 
faces. When circuit wiring isto be left unpro: 
tected and exposed, it must be armored 
cable or conduit. 


> For more on cable and condult, 
see p. 204, 


Grounding 
All receptacles, appliances, and electrical 
equipment must be connected (banded) to 


The main water pipe should be properly 
bonded. 


the service panel. NM cable contsins a sepa 
rate ground wire, whereas armored cable 
sheathing and metal conduit provide the path 


to ground @-@. 


Boxes 
Alelectrical connections must take place in 
cavered boxes. Based an lacal code require 
‘ments, boxes may be plastic or metal. met 
al, the box must also be connected (bonded) 
ITNM cable is used, the ground wire must be 
connected to the box with either a ground 
screw or a ground clip. if AC cable or metal 
conduit is used, it must be properly attached 
to the box to ensure effective banding, Ifthe 
box Is plastic, it does not need to be (and 
cannot be) grounded; run a ground wire to 
the device or fixture only 
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GENERAL-USE CIRCUIT REQUIREMENTS 


tenerab-use circuits are intended primarily for 
lighting; but small users, such as televisions, 

fans, and vacuums, are allowed~as long as the loads 

they draw don't exceed the capacity of the circult. 


Lighting and small users though 14Aw6 wire 
is sufficient for lighting and switch runs, electricians 
often run 2AWG wire on generat-use circuits to accom- 
rmodate future uses, Calculate lighting loads at 3w per 
square foot, of roughiy one 1S-amp circuit for every 

500 sa. ft. of floor space. When laying out the lighting 
circuits, do not put all the lights on floor on ane circuit. 
Otherwise, should a breaker trip, the entire floor would 
be without lights. 


Receptacles There must be a receptacle within 
Git, of each doorway, and receptacles should be 
spaced at least every 12 ft. along a wall (This is also 
stated as, "No space on a wall should be more than 

6 from a receptacle”) Any wall atleast 21. wide 
‘must have a receptacle; and a receptacle is required in 
hallway walls 10 It or longer, 


Outlets the NEC does not specity a maximum 
‘number of outlets on a residential lighting or appliance 
Circuit, though local jurisdictions may. Figure roughly 
9 outlets per 5-amp circuit and 10 outlets per 

20-amp circuit. 


Light switches There must be atleast one 
wall switch that contralsightng in habitable rooms, 
the garage, and storage areas (incluging attics and 
basements), There must be a switeh near each outdoor 
entrance. Three-way switches are required at each end 
of corridors and atthe top and atom of stairs with 
six steps or more. When possible, put switches near 
the fights they contol t shouldbe noted that the ight 
switch can control a receptacle (considered “ighting") 
in habitable rooms. 


AFCI protection Ail new 15-amp and 20-amp circults 


In bedrooms must have arc-fault circuit interrupter (AFCI) 
breaker protection to guard against house fires. 


GENERAL-USE CIRCUIT REQUIREMENTS 


;-— KITCHEN LIGHTING BASICS —— 


Kitchen lighting should be designed to utilize 
natural light during the day and achieve a balance 
‘of general light and task lighting at night. Do not 

be afraid of energy efficient lighting such as fluo 
‘escent. Today's energy efficient lighting Is instant, 
ddimmable, and available in colors that match incan- 
descent light. Kitchen lighting is often highly requ- 
lated for energy efficiency. Check with local building 
officials before you begin your design. 


GENERAL LIGHTING 
General lighting Is meant to lluminate the space 
generally and can come from recessed cans, surface 
mounted fixtures, rack lighting, or cave uplighting. 
Consider cabinetry and appliances when laying out new 
light fixtures. A general rule Is 2w incandescent or Iw 
fluorescent per square foot of kitchen area, but even 
iluminatian is the goal 


TASK LIGHTING 
Task lighting is meant to provide a higher level of illumi- 
nation at work areas (sinks, counter tops, and islands) 
and can be achieved with recessed cans, pendants, 

or undercabinet fixtures. If cabinets are over counter- 
tops, undercabinet fixtures (T5 fluorescent or halogen 
strips) are by far the best chaice and should be spaced 
far even illumination of the counter surface. For islands 
and sinks choose a recessed can with a slightly higher 
wattage and narrower lamp beam spread, or install 
Pendants with similar attributes. 


‘An AFCI breaker 
‘can detect the 
minute current 
fvetuations 
‘assoclated with 
‘arcing. It then 
Shuts off power 
fo protect you 
‘rom house fires. 


DEVELOPING A FLOOR PLAN 


Dating stot priest plans can ate 
you anticipate problems; find optimal 
routes for running cable; minimize mess and 
disruption; and in general, maximize your 
time and money. A carefully drawn set of 
plans is also an important part ofthe code 
compliance and inspection process. 

{if you're replacing only a receptacle, 
switch, or light fixture, you usually don't 
need to involve the lacal building depart- 
‘ment. But if you run cable to extend a 
circult, add a new circuit, or plan extensive 
Upgrades, visit the building department to 
learn local code requirements and take out 
a permit. 

‘As noted throughout this book, the NEC is 
the foundation of national and local electrical 
codes far homes and businesses, Lacal code 
authorities have the final say. Your wiring 
plans should be approved by a local building 
Inspector before you start the project. 


Phone first 

Call the building department and ask I tocal 
codes allow hameowners to do electrical 
Work or if it must be done by a licensed elec 
trician, You may be required to take atest to 
prave basic competency. This is also a good 
time to ask if the municipality has pamphlets 
that give an overview of local electrical code 
requirements, »> »>9> 


REQUIREMENTS 
ROOM BY ROOM 


Kitchen and bath appliances are heavy power users, so thelr 
circuits must be sized accordingly. 


GFCI PROTECTION 
‘The NEC requires GFCI protection far all bathraom receptacies; all 
receptacles serving kitchen counters; ll outdoor receptacles; acces 
sible basement or garage receptacles; and receptacles near pools, 
hot tubs, and the ke. (Check the current NEC for a complete listing.) 


BATHROOM CIRCUITS 
Bathroom receptacles must be supplied by a 20-amp GFCI protected 
circuit. The NEC allows the 20-amp circuit to supply the receptacles, 
of more than one bathroom or to supply the receptacles, ights, and 
fans (excluding heating fans) in one bathroom, New of remodeled 
bathrooms must have a vent fan. 


[SMALL-APPLIANCE CIRCUITS 
‘There must be at least two 20-amp small-appliance circuits in the 
kitchen, No point along a kitchen countertop should be more than 
2 ft. from an outlet-in other words, space countertop receptacles 
atleast every 4 ft. Every counter at least 12 in. wide must have 
receptacle, 


KITCHEN LIGHTING 
‘Adequate lighting Is particularly important in kitchens so peaple can 
work safely and efficiently. Lay out a good balance of general and 
task lighting. Be aware that many jurisictions have eneray efficiency 
requirements for lighting in kitchens so check with your local building 
authority first. 


BATHROOM LIGHTING 
Itis important to illuminate the face evenly in mirrors. Comman 
practice is to place good quality light sources either above the vanity 
mirror or on either side of it. Be careful when using recessed cans 
ver the vanity for they can leave shadows across the face. Many 
Jurisdictions also have energy efficiency requirements for ighting in 
bathraoms including lighting and occupancy sensors, 


DEDICATED CIRCUITS 
All criticar-use and fixed appliances must have their own dedicated 
(Geparate) circuits. These appliances Include the water pump, freezer, 
refrigerator, oven, cooktop, micrawave, furnace and/or whole-hause 
air-conditioning unit, garbage disposal, window air conditioners, and 
water heater, A bathroom heater requires a dedicated circuit, whether 
Its separate unit or part ofa light/fan. Laundry room receptacles 
must be on a dedicated circuit, as should an electric clothes dryer. 


TRADE SECRET 

Map your electrical system and place a copy near the 

panel so that you can quickly Identify an outlet later 
If a circuit breaker trips or a fuse blows. 
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water, carbon arc electrolysis cell. A variety of other 
cell configurations are envisioned. 


‘The process appears to produce only stable isotopes, 
which should therefore make it capable of stabilizing a 
wide variety of radioactive waste materials. The theory 
on the process draws from Condensed Charge 
phenomena, Brown's Gas implosion, cavitation bubble 
collapse and sonoluminesence - all variations of the 
Casimir effect - which is believed to cohere the Zero- 
point energy of Quantum Vacuum Fluctuations. 
‘Transmutations using variations of this basic process 
may be applicable to a wide variety of nuclear wastes 
and appears capable of operating with an efficiency 
exceeding 100%, 


A major implication of this process is that the Strong 
force of the nucleus is understood as an ultra close range 
Casimir effect. Oakridge Nuclear Laboratories in the 
US in conjunction with several international 
collaborators have just (this month, in fact) announced 
a deuterium cold fusion process based on the essential 
elements of the ZIPP Fusion process first reported in 
1998. The process is very simple and inexpensive to 
develop. 


RIPPLE Fission 


‘The RIPPLE Fission process is an adaptation of existing 
potential technology utilizing a supersonic ionized gas 
to aerosol a counter flow heat exchanger that envelopes 
the radioactive waste aerosol in a vacuum induced 
plasma vortex which appears to disrupt the matter 
stabilizing influence of the Quantum Vacuum 
fluctuations resulting in “gentle” low recoil fission 
reactions which produce only stable fission products, 
with excess neutrons being prompt converted to 
protons via quenched Beta emissions. The process is 
apparently proven with conventional non-radioactive 
wastes and is believed applicable to the entire spectrum. 
of radwaste without the need for waste partitioning. 
‘This process is also conjectured to operate with over- 
unity efficiency. 


‘The LENTEC Processes 


‘The Low Energy Nuclear Transmutation Electrolytic 
Cells of the Cincinnati group produce a variety of 
transmutation reactions using a variety of exotic 
electrolysis cell designs that generally produce 
condensed charge clusters composed primarily of up 
to 10" electrons each. These electron charge clusters 
produced with the use of special electrodes can 
penetrate the nuclei of larger atoms in solution and 
transmute these atoms into stable elements. 


‘The range of design and operating protocols and 
potential applications are essentially limitless provided 
for the waste that is dispersed in the electrolyte. The 
reported transmutation of thorium to stable titanium 
and copper by the Cincinnati Group and by the Salt 
Lake City group is one of the most dramatic examples 


of this type of treatment process. Application to other 
high-level liquid transuranic fissionable wastes such 
as surplus Plutonium seems likely. The glaring absence 
of normal fission yield energies is perplexing but 
probably explicable as another form of low recoil fission 
reaction, similar to RIPPLE fission, 


‘The Plasma Induced/Injected Transmutation - PIT 
Processes (also known as HDCC) 


Plasma Induced/Injected Transmutation processes run. 
include a gamut from recent achievements dating back 
to the Oshawa-Kushi cold plasma transmutations 
reported in 1964. The patented high-density charge 
cluster process (HDCC) was first discovered by Kenneth 
Shoulders and added on to by Harold E. Puthoff. Later, 
the late Stan Gleeson discovered HDCC in properly 
processed solutions. Still later, Alexander Iyanok of 
Belarus discovered HDCC, followed by Vasiliy 
Baraboskin in Russia. 


The production of Condensed Charge Clusters and 
various plasma glow discharge phenomena in a variety 
of gaseous atmospheres is again implicated as the 
underlying cause with what should be by now an 
obvious connection with the coherence of Zero-point 
energy from the Quantum or Stochastic vacuum. 


Desk-top high energy particle accelerators have also 
been envisioned, based on the “piggy back" principle, 
in which the clusters permit acceleration of “piggy- 
backed” heaver +ions to extremely high energies 
capable of causing fusion and transmutations in target 
materials including those in solution and the materials 
of which the electrodes are composed. Brown's Gas 
implosion and cavitation bubble collapse reactions are 
also believed to be prevalent in these types of cells due 
to the prevalence of electrolysis. 


A high-density charge cluster technology was 
discovered and used by Stan Gleeson to stabilize 
radioactive liquid wastes and has been developed 
further in the last 4 years by a group led by S-X Jin and 
Hal Fox. Best results for radioactive liquids have been 
demonstrated in the processing of thorium for a 30- 
minute period and achieving a reduction of radioactivity 
of about 90% from a liquid sample. 


Kervran Reactions 


‘The very compelling evidence compiled by French Nobel 
Candidate Dr. Louis Kervran has identified a wide 
range of nuclear transmutations in biological systems 
that have not been adequately explained. Coherence 
of Zero-point energy via Casimir effects within the 
Somatid particles identified by the Canadian Gaston 
Naessens is implicated as a possible cause. A wide 
variety of in vitro and in vivo reactions are believed to. 
be possible as proven in nature and numerous 
experiments typically involving a reaction medium 
composed of a dielectric fluid such as water. Highly 
radiation resistant microorganisms have been found 
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DEVELOPING A FLOOR PLAN (CONTINUED) 


Read up 
Make a rough sketch of the work you propose, 
develop a rudimentary materials list, and then 
apply for a permit. At the time you apply, the 
building department clerk may be able to 
answer questions generated by the legwork 
You've done thus fr. Ths feedback often 
proves invaluable. 


Inspectors inspect 
Inspectors are not on staff to tell you how to 
plan or execute a Job, so make your questions 3s 
specific as possible, Present your rough sketch, 
discuss the materials you intend to use, and 

ask If there are specific requirements for the 
rooms) you'll be rewiring, For example, must 
bedroom receptacles have AFC! protection? 
Must kitchen wall receptacles be GFCIs if they 
are not aver a counter? Be specific 


Draw up plans 
Based on the feedback you've gotten, draw 
detailed plans. They should include each switch, 
receptacle, and fixture as well asthe paths 
between switches and the device(s) they control. 
From this drawing, you can develop your materi 
als ist, Number each circuit or, better yet, assion 
a different color to each circuit. When you feel 
the plans are complete, schedule an appoint- 
iment with an inspector to review them, 
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MATERIALS LIST: LIGHTING AND SWITCHES 


‘This materials list was derived from “Electrical Pla 
Lighting and Switches Layer," on p. 169. 


ROUGH 

Fisture housings Type 4, 6, and 5 

ea, 3/0 oF 4/0 metal boxes with bar hangars 
(verity fixture eequirements) 

3a. 4/0 NM boxes with bar hangars 
‘wall fixtures only) 

fea, ‘One-gang NM adjustable boxes 

203, Two-gang NM adjustable boxes 

ea, ‘Three-gang NM boxes 

trea. Romex connectors 

500 ft. 14/2 NM Romex: 24 fixtures x15 ft. ave. 


= 360 ft. (use excess for home runs, 
3x50 =150t) 


105 tt. 12/3 NM Romex (use remaining from 
power rough) 


NOTE: 
‘Staples, screws, and nall plates from power rough materials list. 
Recommendations: 


‘Verity all surface-mounted fixtures before rough. Some have 
very small canopies and must have a 3/0 or even a 1 gang box. 


For undercabinet lights, do not Install a box. Stub cable out of wall 
‘approximately 6 in. higher than the bottom of the upper cabinet. This 
‘way the drywall can be notched and the cable brought down to the: 
perfect height by the cabinet installer. If undercabinet fixtures are to 
‘be instalied at the front of the cabinet, some trim plece or metal sheath 
‘must be put over the NM cable to protect it trom the wall to the fixture. 


For recessed and other ceiling lighting, layout fistures on the floor and 
use a plumb bob or laser to set fixtures on the ceiling. 
‘To align straight rows of ceiling fixture 


TRIM 
Trims and lamps Type 4, 6,5 

Fixtures and lamps Type 1, 2,3, 5, 8, 910 

bea. Single-pole Decora switches 
Sea. ‘Three-way Decora switches 
Zea. Single-pole Decora dimmers. 
Vea, Four-way Decora dimmer 


Decora timer 
‘Three-gang plastic Decora plates 
‘Two-gang Decora plate 
‘One-gang plastic plates 

Romex connectors 


Listen well, take notes 
Be low key ang respectful when you meet with 
the inspector to review your plans. First, you're 
‘more likely to get your questions answered. 
Second, you'll begin to develop a personal rap 
port. Because one inspector will often track a 
project from start to finish, this is a person who 
can ease your way or make it much mare dif- 
ficult So play it straight, ask questions, listen 
well, take notes, and-above all~don't argue 

or come in with an attitude, 


On-site inspections 
Once the inspector approves your plans, you can 
start working. In mast cases, the inspector wil 
Visit your site when the wiring is roughed in and 
again when the wiring is finished. Don't call for 
an inspection until each stage is complete, 


TRADE SECRET 
If you're remodeling, keep In mind 


that e nl 


MA’ 


ALS LIST: 


WER 


‘This materials list was determined from “Electrical Plan: 
“The Power Layer,” on p. 169. 


ROUGH 
tees. 
tea, 
tea, 
Bea, 
Vea, 


tea. 
500 ft. 


250. 


sot. 


‘One-gang NM adjustable boxes 
‘One-gang metal cut-in box 

‘Two-gang NM adjustable box (oven) 

NM (Romex) connectors 

Box (500) 2/e-in. staples 

(to be used in rough lighting also) 

ox (100) nail plates (to be used in rough lighting also) 
12/2 NM Romex (2 x 250Mt. rolls): 20 units @ 15 ft. ave. 
= 300 ft (4 home runs @ 50 ft, ave. = 200 ft.) 

12/3 NM Romex (1x 250ft. roll: 2 home runs @ 50 tt 
ave, = 100 ft. (use remainder in rough lighting) 

10/3 NM (purchase cut to length): 1 home run @ 50 ft. 
Bag (250) red wire connectors (to be used in rough 
Highting also) 

Container (500) water-nei 


#10 x2/eIn, screws 


Duplex receptacles 15-amp or 20-amp rated 
GFCI receptacles (15 amp with 20-amp feed through) 
30-amp/220v receptacle (verity with range manufacturer) 
1 gang plastic duplex 
30-amp/220v plate 


GFCIs are packaged with their plates. 
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ELECTRICAL NOTATION 


SS ioonetoperenrevuing 1 sea got 


Especially when drawing kitchens, which can be 
Incredibly complex, use colored pencils to indicate 
different circuits, You can also number circuits, but 
colored circuits are distinguishable at a glance, Use 
solid lines to indicate cable runs between receptacles 
‘and switches and dotted lines to indicate the cables 
that run between switches and the light fistures or 
receptacles they contral, 

The beauty of photocopies is that you can experiment 
with different options quickly. As you refine the draw~ 
Ings, refer back to the list of requirements given earlier 
to be sure that you have an adequate number of recep~ 
tacles, that you have GFC! receptacles aver kitchen 
counters, that there are switches near doorways, and so 
fon. Ultimately, you'll need a final master drawing with 
everything an it, But yau may also find It helpful to make 
individual drawings-say, one far lighting and one for 
receptacles-if the master drawing gets too busy to read, 

It you have questions or want to highlight a fixture 
type, use callouts on the floor plan, As you decide which 
fixtures and devices you want to install, develop a sepa 
rate materials list and use numbered keys to indicate 
where each piece goes on the master drawing, Finally, 
develop a list ofall materials, so you'l also have enough 
boxes, cable connectors, wire connectors, staples, and 
soon. In short, list all You need to do the job, 
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COMMON 


ELECTRICAL 
SYMBOLS 


receptacle, —<OGFCI 


Fourplex 
receptacle 


recepiace =D 
oathersoot 

por rll = 

sw 

renae 


Single-pole 
wich S 


Three-way 
‘switen 


Switeh 
req 


Home run 
(to service ———» 
panel) 


Recessed 
light fixture 


® 
Walt mountes _~) 


wis 
cunt O 
cma 
eten @ 
“at Ove 
RE Or 
ae 


outlet 
Two-wire 
cable 


aS 
Theeewire We 


LIGHTING AND 
‘SWITCHES LAYER 


Running 12/2 cable wil 
accommodate the dishwasher 
elreult. 


© Use 14/2 cable for 

general lighting home 

(Cable runs back to the 
Nee panel). 


@ verity the dimmer tos 
dimmers must be de-rated 
when ganged together. 


POWER LAYER 


© Feed-through wiring of GFCI 
receptacle at beginning of run so 
It affords protection to receptacles 

wnstream (see the top right 
rawing on p. 171) 


© Dishwasher circult. Install under 
sink in cabinet. Cut hot (gold) tab 


Le 
tab Intact. Be sure to install on 
‘two-pole breaker with handle tie, 


@ Single-location GFCI protection. 
Do not feed through (see the bot- 
tom drawing on p. 171). 


© Stove is gas, s0 receptacle is 
‘only fer Igniter and clocb 
to,run with hood. Leave NM 


circuit a5 it will trip the GFCI every 
‘time the stove Is turned on.) 


for home run, 
50 a single cable takes care of 

dedicated refrigerator circult and 
counter (small-appliance) circu 


@ Home run for counter 
(small-appliance) circuit 2, 


© oven outlet. Refer to unit 
specifications to verity receptacle 
(or hard-wired connection. 


ELECTRICAL PLAN: LIGHTING 
AND SWITCHES LAYER 


‘A professional's electrical floor plan may be daunting at first, but i'l start to make sense 
‘as you become familiar with the symbols used. To make the plans easier to read, they 
have been divided Into two layers: (1) lighting and switches and (2) power, whlch 
Consists of receptacles and dedicated circults. (There's some overlap.) The circled letters 
are callouts that indicate areas warranting special attention. The circled numbers 
pe of fixture. Drawing switch legs and 
read. 


All cirults for recessed, drop, and undereablnet 
lighting are noted in diferent colors. Be certain, 
ta track each clreut Back to the appropriate 
wall switen. 


ELECTRICAL PLAN: THE POWER LAYER 


‘This kitchen remodel is typical in that It has many dedicated circults (also called 
designated circuits) and, per Code, atleast two 20-amp appliance circuits wired with 
412 cable, Circled letters are callouts that correspond to the lettered notes. 


Whether for Tov wall outlets or 220 
appliance outlets, each cirult shoul 
with a home run back tothe service panel. 


‘Any receptacle that services the countertop 
‘must be GFCI protected. Refrigerators, however, 
“GFE! receptacle. 


‘Should be run on a 
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RECEPTACLES 


RECEPTACLE IN MIDCIRCUIT ——— 


‘By splicing like wire groups and running pigtals (short wires) 
to the receptacle In this conventional method, you ensure 
continuous current downstream. 


FEEDING WIRES 
THROUGH RECEPTACLE 

(not recommended) 
Attaching hot and neutral wires directly to receptacle 
‘terminals is quicker and results in a less-crowded box. 
However, with this wiring method, ifthe receptacle fails, 
power can be disrupted to downstream outlets. Not 
‘ground wires are always spliced to ensure continuity. 


‘Outgoing power 
(downstream) 


Hot 


Neutrat 


Ground Wires attach 
directly to 


receptacle 
RECEPTACLE 
AT END OF CIRCUIT 
he diagrams in this section show most of the circult wiring 
variations that you're likely to need when wiring receptacies, 
Incoming 
fixtures, and switches. Unless otherwise noted, assume that incoming | power Because there 
cable (from the power source) and all others are two-wire cable with are no receptacles 
downstream, attach 


‘ground, such as 14/2 wlard or 12/2 wiard (#4 wire should be pro- 
tected by 1S-amp breakers or fuses; #12 wire should be protected by 
20-amp breakers). 


All metal boxes must be grounded. Assume that non-grounded 
boxes in the wiring diagrams are nonmetallic (plastic) unless other- 
wise specified. In sheathed cables, ground wires are bare copper, 
Black and red wires indicate hat conductors. (Some devices with 
‘multiple wire leads also use blue hat wires.) White wires indicate 
neutral conductors, unless taped black to indicate that the wire Is 
being used as a hot conductor in a switch leg, 


yo | receeTactes 


all wires directly to 


GANGED RECEPTACLES 


IN METAL BOX 


box with fourplex (double duplex) rec 
x is metal, use insulate 
ound the box. 


Grounding screw 


Incoming power Grounding patil 


Outgoing po 
(downstream) 


GFCI RECEPTACLE, ———____ 
MULTIPLE-LOCATION PROTECTION 


AGFCI receptacle can protect devices* downstream 
if wired as shown. Attach wires from the power source 
to terminals marked “line.” Attach wires continuing 
downstream to terminals marked “load.” As with any 
receptacle, attach hot wires to gold screws, white wires 
to silver screws, and a grounding pigtail to the ground 
‘screw. Note: Here, only ground wires are spliced; hot and 
neutral wires attach directly to screw terminals. 


Devices 
Include 
receptacles, 
sewitenes, and 
light fixtures, 


This configuration provides 
GFCI protection at one location— 
say, near a sink-while leaving 


setup, receptacle use downstream 
Won't cause nuisance tripping of 
the GFCI receptacle. 


Hot wires 
spliced 
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SWITCHES & LIGHTS 


LIGHT FIXTURE BACK-FED SWITCH 
AT END OF CABLE RUN AT END OF CABLE RUN 


‘Switch wiring at its simplest: Incoming and outgoing ‘Attach the incoming neutral to a fixture lead; run the 
tach to the terminals of a single-pole switch. hot toa switch at the end of the cable. Use the white wire 
‘ground are continuous. ‘of a two-wire cable as one of the hot wires attaching to the 
esata Saw switch-but tape both ends of the white wire black to show 
that it's hot. ete 


power 


A 
UY v4 
taped black ae “Ne 


Black wire 
feeds fixture 
(switehed leq). 


‘Nonmetallic box 


> Hot white wire 
‘taped black 
;— GANGED SWITCHES, TWO FIXTURES — -—— CLOSEUP: THREE-WAY SWITCH —— 
typleal setup for switches by exterlor doors. For reaouun ear 
one single-pole switeh controls an exterior light centre hature 
nd switch controls an interior fixture. ‘rom two locations. 
Each switen has two ne 
wires attach to 
To fixtures paaserees 
‘Common (COM) 
terminal 


Incoming 
power 


‘switeh 


wa | switches & LicHTs 


THREE-WAY SWITCHES, LIGHT FIXTURE BETWEEN 


‘Three-wire cable 
In this setup, two 

three-way switches 

‘control alight fix- 


Incoming power 
{two-wire cable) 


THREE-WAY SWITCHES, LIGHT FIXTURE AT START OF CABLE RUN 


— Here, incoming power enters through 
incoming power ty : 
(two-wire cable) Are nue bas 


Hot white 


Hot white wire 
taped black 
‘Travelers ‘Travelers, 
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RECEPTACLES, SWITCHES & LIGHTS 


‘THREE-WAY SWITCHES, LIGHT FIXTURE AT END OF CABLE RUN 


‘Two three-way switches 
precede the fixture on. 
the circuit. 


Grounding 
serew in 
Three-wire metal box 
Incoming power cable 
{two-wire cable) 


‘SPLIT-TAB RECEPTACLE CONTROLLED BY SWITCH, SWITCH UPSTREAM, 
REGULAR RECEPTACLE DOWNSTREAM 


This setup is commonly used to meet NEC requirements if there is no switch-controlled ceiling fixture. As shown, the switch 
controls only the bottom half of the split-tab receptacle. The top half of the split-tab receptacle and all receptacles down 
stream are always hot. Removing the tab Is shown in photo 1 on p. 49. 


x 
Trees cable Bays hot 


Incoming power 
(two-wire cable 


Controlled by switeh Tab removed 
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;— SPLIT-TAB RECEPTACLE CONTROLLED BY SWITCH, — 
‘SWITCH AT END OF CABLE RUN 


Incoming power 


The switch 
controls the 
bottom half of 
the split-tab 
receptacle. 

The white wire 
feeding the switch 
is taped black 

to indicate that 

It is being used 
pd asa hot wire. 


‘The switch controls. 
tthe bottom half 

of the split-tab 
receptacle on the ~ 

left. The top halt of ~ - 
tthe same receptacle 

stays hot, as de 
‘the regular duplex Tab 
receptacle onthe removed 
right. The white wire 

Is taped black to Controlled 
show it Is being used By switch 
asa hot wire. 


Hot white wire Hot white wire 
taped black taped black 


> 120/240V RANGE RECEPTACLE 


Grounding pigtail to 
range housing 


requires an 10/3 


with ground ani 
pole 30-amp breaker. 
‘120v hot wires termini 
‘to “hot” setscrews on the 
receptacle and the breaker 
poles; 

‘the “net 
tthe receptacle and the 
neutral/qround bus bar in 
tthe service panel. 


Neutral/around: 
bus bar 
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thriving in the core of nuclear reactors indicating the 
possibility of microorganisms being capable of 
transmuting some bioactive nuclear wastes in the 
course of the normal metabolism of such organisms. 


‘The Monti Process 


‘The Italian Roberto A. Monti's process involves 
confined explosions involving proprietary mixtures of 
materials that include radioactive waste. Ignition of 
such mixtures causes nuclear transmutations resulting 
in reduced radioactivity (to near-background levels) 
following combustion, gradually over 1 to 4 days. 


‘This technique has been confirmed by the Italian ENEA 
and is supported by the French CEA scientists as a 
serious candidate for treatment of waste stockpiles. The 
system, as currently designed, required waste to be 
inserted into a chamber. 


Higher group symmetry electrodynamics 


Extremely weak, non-classical, higher group symmetry 
electromagnetic fields were found during a 1991 
experiment made by Glen Rein to alter significantly the 
level of radioactivity in materials, even those in the 
environment. The experiments suggest that higher 
group symmetry electrodynamics modulate the 
quantitative and /or qualitative properties of radioactive 
species. If the non-classical fields directly affect the 
radioactive species, it is likely that the appropriate field 
parameters will be discovered to neutralize radioactive 
emissions. In 1999, a theoretical basis for the 
phenomenon was developed by the Welsh physicist, 
‘M. W. Evans, with the participation of Lt. Col. (retired) 
‘Thomas E. Bearden. 


‘The technology is extremely simple and could be 
applied with minimum logistics for treating massive 
structures, in-to outdoors, such as the Chernobyl 
disaster site. 


As the engineer who designed the self- 
sustaining magnetic motor being advertised 
by Psitronics Group Systems, International. It 
pethaps falls upon me to explain (as well as I 
am able) the methods used by me in this 
motor's design: 


The actual “picture” description is totally 
Intellectual Property; Protected as a Trade 
Secret. 


However: This magnetic motor is a 
“perpetually imbalanced configuration” of 
permanent magnets; an unequal number of 
magnets on the rotor & stator; that revolves 
ina “self-sustaining” manner as the magnets 
seek balance... There are no electrical 
components in the design unless one wished 
to insert alternator windings in the stator to 
provide an electrical output. 


We have discovered: through a prior 
unsuccessful prototype that using a para- 
‘magnetic material (we used aluminum) for the 
rotor & stator was self-defeating; as with the 
powerful rare earth magnets used in the 
design aluminum destroyed the magnetic 


Psitronics Group Systems, International 


Robert “Paul” LeBreton, 2901 Hwy. 6, HC 77 Box 42, Laguna, NM 87026 USA 


E-mail: wizzard9@earthlink.net Phone:1-(505)-836-7534 
Psi/Group's Magnetic Motor - Funding for New Prototype Sought: 


fields... On further analysis of the failed 
prototype it was deduced that a “latch up” 
condition would occur between rotor & stator 
magnets; unless the rotor magnets were 
canted or skewed at an angle from the stator 
magnets... The plastic prototype 
contemplated corrects both of these 
problems. 


We are seeking an investor willing to put up 
$4000 (DUS) for the prototype and who can 
offer $40,000 return on investment “ifit proves 
successful” ...We have a Global Distribution 
‘ready to go” as well as a pledge of $ Millions 
towards Manufacturing & Marketing from 
EarthTech, International on submission of a 
running motor. 


Very Respectfully Yours, 
Paul LeBreton 


‘ttp://home.earthlink net/~wizzard9 
(Psi/Group Website) 


Inquiries should be emailed to: 
wizzard9@earthlink.net 
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OUGH-IN 
IRING 


R OUGH-IN WIRING REFERS TO THE exposed framing is called new work, or new 


first phase of a wiring installation. construction. If the framing is covered with 
It is the stage at which you set out- finish surfaces such as plaster and drywall, 
let boxes and run electrical cable to them- however, the job Is referred to as remodel 
as opposed to finish wiring, or connecting _wiring. Remodel wiring is almost always 
wires to devices. more complicated and costly because first 


Rough-in wiring is pretty straightforward you must drill through or cut into finish 
when studs and joists are exposed. Whether surfaces to install boxes and run cable, and 
a house is new of old, running wires through later you need to patch the holes you made, 


GETTING OUTLET RUNNING RETROFIT MAKING UP METAL CABLE 
STARTED BOXES CABLE WORK. BOXES & CONDUIT 


Rough-in basics, Installing wal Dring for cable, Cutting a wall box ‘Making up an outlet 
pa boxes, p. 186 188 into plates, p. 194 


Tools for roughin, Instaling eiting Pooling cable, p.189 Cutting a wal box Instaing MC cable, p. 204 


\ 
ree tae ee etna 

ae eae Se Note 
ough-n,p 182 Fishing cable behind OX 195 00 


Laying cut the ob, finish wal, p. 191 Creating a wiring conduit, p. 206 
vise Fiaingenetoa ech pS Ping ele 
ceiling fixture, p.192 Retrofitting boxes & conduit, . 207 
peatea 07, Prepping receptacles for 
metal bores, p. 208 
Wiring outets, p. 209 


ROUGH- 


ait until rough carpentry is complete 

before you begin rough-in wiring. Part 
of an electricians job is setting boxes so 
they'll be flush to finished surfaces, Thus, 
before an electrician starts working, modifi 
cations to the framing-such as furring out 
fr planing down irreqular studs and ceiling 
Jolsts-must be complete. If you're not sure 
hhow well the studs are aligned, hold a long 
straightedge across their edges and lack for 
high and low spots. 


Where to Start 
Wait until the plumbers are gone. Waste 
pipes are large and often difficult ta locate, 
Which usually means alot of driling and cut 
ting into studs and joists. Once the plumbing, 
pipes are in place, you'l clearly see what 
‘obstacles you face and will have more room 
to move around. 

Check your plans often. if there's not a 
table on-site where you can roll out your 
electrical plans, staple them to a stud~ 


Hil 


N BASICS 


preferably at eye level so you can read them 
easily. Checking and rechecking the plans Is. 
particularly important if you're nat a prafes- 
sional electrician, 

Be flexible. As you lay out devices, you'll 
realize that not everything specified on the 
plans is possible; most plans are developed 
without knowing exactly what the framing 
looks lke or where obstructions are, Be flex 
ible and choose a solution that makes sense. 


Organize Your Work 

Perform one task at atime, Each task-such 
as setting boxes or driling-requires a differ- 
ent set of tools. So once you have the tools 
‘ut to do. given task, o around the room 
‘and complete all similar tasks. You'l become 
‘more proficient as you go: You waste less 
time changing tools, and the job goes much 
faster. In general, the sequence of rough-in 
tasks looks tke this: 


Walk the room with plans, marking outlet 
locations on walls and floor. 


| 


When running cable around doors and windows; find the easiest path. Consider driling 
through wal plates and running cable inthe floor above or below. 
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2. Snap chalklines ar shoot laser lines to 

pinpoint box elevations and so on, 

Attach boxes to studs and celing joists, 

Dri holes for cable runs, 

Pull cable through holes and into boxes. 

- Make up boxes-strip wire ends, spice 
Wires, attach grounds, attach mud rings, 
‘and push wires into boxes. 

7.Roughrin inspection, 


After the inspection, finish surfaces are 
installed. Then, at the trim-out or finish 
stage, wires are attached to the devices, 


The Rough-in Inspection 

At the roughin stage, inspectors look for 

4 few key signs of a job well dane: cables 
properly sized forthe loads they'll carrys the 
‘requisite number and type of outlets specl- 
fied by Cade; cables protected by nail plates 
‘as needed: neat, consistent work throughout 
the system: and, above al, ground wires 
spliced and, in metal boxes, secured to a 


‘ground screw. If grounds aren't complete, 
Yyou won't pass the rough-in inspection, 

At this inspection, only grounds need ta 
be spliced. But since you've got the tools, 
‘ut, it makes sense to splice neutrals end 
continuous hot wires (thase not attached to 
switches). 


D For more on grounding, see p. 12. 


When all splices are complete, carefully 
fold the wire groups into the box. When 

you come back to do the trim-out stage, 
simply pull the wires out of the box, connect 
Wires to devices, and install devices and 
cover plates. 

Connecting circuit wires to @ main panel 
‘or subpane! Is the very last step of an 
Installation. As noted throughout this book, 
You should avoid handling energized cables 
or devices. 


REMODEL WIRING —————_ 
SAFETY ESSENTIALS 


Before removing box covers or handling wires, turn off the power to the area 
and use a voltage tester to be sure it's off. 

First remave the fuse or flip off the circuit breaker controling the circuit 
and posta sign an the main panel warning people of work in progress. Bet~ 
ter yet, f you've got circuit breakers, do as the pros do and installa breaker 
lockout soit will be Impossible for anyone to turn it on, Breaker lockouts are 
available at electrical supply houses and most home centers. 


Dor more on lockouts, see p. 238, 


‘Testing for power is particularly important in remodel wiring, because walls 
and cellings often contain old cables that are energized. Here, an Inductance 
tester is especially useful. Simply touch the tester tip to cable sheathing or 
Wire insulation. That is, you don’t have to touch the tester tip to bare wires to 
get a reading: Ia cable, wire or electrical device is energized, the tip wil glow, 
{An inductance tester can detect current through cable sheathing. 

Whatever tester you use, test it first on an outlet that you knaw is ive to 
make sure the tester is working properly. 


Aways use a voltage tester to test for power before touching cables, devices, 
or ixtures. 


i) WARNING 


Make an emergency plan. It may be as simple as 
carrying a cell phone or having a friend close by-never 
do electrical work alone. Calling 911 is an obvious first step 
if an emergency occurs. On the job site, you should also 
post directions to the nearest hospital and a list of phone 

numbers of people to contact. 
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TOOLS FOR ROUGH-IN 


Meieiitetess yout ne tor ruahrin 
wiring are discussed in Chapter 2, 50 
hhere well focus on tools that make rough-in 
‘easier and more productive. 

Safety tools include voltage testers 
especially an inductance tester), eye pro- 
tection, work gloves, hard-soled shoes, 
kneepads, 2 dust mask, and a hard hat, Hard 
hats are clunky but essential when you're 
working in attics, basements or any other 
location with limited headroom. Every job 
site should also have a fire extinguisher and 
2 first aid kit visibly stored in a central 
location, 

Adequate lighting, whether drop lights or 
light stands, is essential to bath jab safety 
and accuracy. Ifa site Is too dark to see 
what calor wires you're working with, your 
chances of wrong connections increase. 

Sturdy stepladders are a must. In the elec 
trical industry, only fiberglass stepladders 
‘are Occupational Safety and Health Admin: 
{stration (OSHA) compliant because they're 
nonconductive. Wood ladders are usually 
‘nonconductive when dry, but if they get 
rained on or absorb ambient moisture, wood 
ladders can conduct electricity, 

Shop vacuums, push brooms, dust pans, 
‘and garbage cans help keep the workplace 
clean. And a clean site isa safe site, Clean 
up whenever debris makes footing unsafe, 
especially If you're cutting into walls or cel 
Ings. Plaster lath Is especially dangerous 
because it's loaded with sharp tle nals 
that can pierce the soles of your shoes. 

Layout tools include tape measures, spirit 
levels, chaikines, and lasers. Rough-inis a 
misleading term because there's nothing 
rough or crude about locating fixtures or 
receptacles-layout is very exacting. For that 
reason, levels and plumb lasers are increas: 
ingly common when laying out kitchen and 
bathroom outlets @. 

‘The most used hand tools are the same 
pliers, cutters, strippers, levels, and screw: 
drivers mentioned throughout this book. I's 
also handy ta have a wire-nut driver @ it 
you've got dozens of splices to make up. 


TOOLS FOR ROUGH-IN 


An 1B-in. auger bit bores 
easily through several studs. 


There's also a nut-driver bit that fits into a 
screw gun @, but it tends to overtignten. 
wire connectors if you're not experienced in 
using it. If you'll be cutting into and patching 
plaster or drywall, et a drywall saw and a 
taping knife. flat bar (for prying) and an 
‘ld, beat-up wood chisel are always busy in 
remodels, too 

Power tools help speed many tasks. 
Always wear eye protection when using 
them. A screw gun is preferable to nailing 
‘most of the time because you can easily 
remove a screw if you want to reposition, 
‘ay, an outtet box. 


‘A wire reel pr 


Aen. right-angle dri is the workhorse 
‘of rough-n wiring because It has the muscle 
to drill through hard old lumber. If you use 
a standard 6-in-long auger bit, the dri 
head and bit wil fit between studs and joists 
spaced I6-in. on-center. It enables yau to 
drill perpendicular to the framing to make 
wire pulling easier. Longer bits also have 
their merits: An fin, selffeeding auger 
bit ® bores easily through several studs or 
doubled wall plates. 

To cut larger holes in plaster or drywal 
ay, to retrofit pancake boxes or recessed 
light cans-use a fine-toothed hole saw. 


Use a sabersaw or rotary cut-out tool to 
cut individual box apenings into finish sur 
faces, When cutting through plaster lath, 
alternate cuts on each side of the opening 
rather than cutting one side completely. This 
will keep the lath from fluttering and crack 
ing the plaster. Use a reciprocating saw to 
cut through framing or through plaster lath 
toccreate a cable trench 


For more on creating a cable trench, 
seep. 196. 


Use a demolition sawblade to cut through 
wood that contains nails or screws. I'l hold 
up to such heavy work 

There are a number of specialty tools 
designed to ease rough-in. A wire reel, a 
rotating dispenser that enables you to pull 
cable easily to distant points, is worth hav- 
Ing. Reels hold 250 ft. of cable @, A 25-ft 
fishing tape-a flexible steel, fiberglass, or 
nylon tape-enables you to pull cable behind 
finish surfaces @. in most cases, however, 
it's simpler to use a flexibit to drill through 
framing in one direction, 


> For more on pulling cable, see p. 197. 


‘A 48:n, drill extensian will increase the 
effective drilling length of a flexibit. Use an 
Insulated steering guide to Keep the flexibit 
{rom bowing excessively, n a pinch, electri 
clans wear a heavy work glove to guide a 
flexibit, Bt a glove may not pratect you 
from shocks if you accidentally drill through 
‘an energized cable. 
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MATERIALS FOR ROUGH-IN 


‘Single-gang box with 
Grip-Lok tab 


‘Single-gang box 
screw 


Cut-in (remodel) boxes and accessor 


CP sense ne tar wi 


Acmicactat as menses 
stalled during the rough-in phase were 
discussed in Section 2 and can be installed 
either in new construction ar remodel wiring, 
There ate, hawever, a number of specialized 
boxes, hanger bars, and other elements 
Intended for remodel wiring that can be 
Installed with minimal disruptions to existing 
finish surtaces. 

Remadel (cut-in) botes mount to exist- 
Ing finish surfaces-unlike new-work boxes, 
which attach to framing, Most cut‘in boxes, 
hhave small ears that rest an the plaster or 
drywall surface to keep boxes from falling 


into the wall or ceiling cavity. Spring clamps, 


folding tabs, or screw-adjustable wings 
(on the box are then expanded to hold the 


MATERIALS FOR ROUGH-IN 


> 
Double-gang 
box with 
suivel 
Round ceiling 
be 


justable ears 


‘Single-gang box 
with swivel ears 


too deep) 


ox with metal 
spring ears 


‘box snug to the backside of the wall or 
ceiling, The devices that anchor boxes 
vary greatly @. 

Code requires that exhaust fan boxes 
and ceiling boxes be mounted to framing. 
Expandable remodel bar hangers accommo 
date this requirement ©, @. 

Cable connectors (alsa called clamps) 
solidly connect cable to the box to prevent 
strain on electrical cannections inside the 
box @. Cable clamps also prevent sheathing 
from being scraped or punctured by sharp 
box edges. Plastic boxes come with Integral 
plastic spring clamps inside. f you use metal 
boxes, insert plastic push-in connectors into 
the box knockouts; no other cable connector 
is as quick of easy to install in tight spaces, 


Heavyweight bar 


WHAT CAN 
GO WRONG 


Ordering Materials 

In general, order 10 percent extra of all boxes and cover 
plates (they crack easly) and the exact number of switches, 
receptacles, light fixtures, and other devices specified on 
the plans It's okay to order one or two extra switches and 
receptacles, but because they're costly, pros try not order 
too many extras, 

Cable is another matter altogether. Calculating the 
‘amount of cable can be tricky because there are infinite 
‘ways to route cable between two points. Electricians 
typically measure the running distances between sev- 
eral pairs of boxes to come up with an average length. 
‘They then use that average to calculate a total for each 
room. In new work, for example, boxes spaced 12 ft. 
apart (per Code) take 15 It. to 20 ft. of cable to run 
about 2 ft. abave the boxes and drop it down to each 
box, After you've calculated cable for the whole job, add 
1O percent. 

Cable for remodel jobs is tougher to calculate because 
it's impossible to know what obstructions hide behind 
finish surfaces. You may have to fish cable up tothe top 
of wall plates, across an attic, and then down to each 
box. Do some exploring, measure that imaginary route 
‘and again create an average cable length to multiply. 

It takes, say, 25 ft for each pair of wall boxes and 

you have eight outlets to wire, then B outlets x 25 ft.= 
200 ft, Add 10 percent, and your totals 220 ft Because 
the average roll of wire sold at home center contains 
250 ft., one roll should do it. 


Ws time to start 
Installing boxes, 


Rough-in recap: electrical code 


© Circuit breakers, wiring, and devices must 
be correctly sized for the loads they carry. 
For example, 20-amp circuits require 
12AWG wire and receptacles rated for 20 
amps. Mismatching circuit elements can 
lead to house fires. 
i wire connections must be good 
mechanical connections. There must be 
good pressure between the connectors 
you are joining, whether wires are spliced 
together or connected to a device. For 
that reason, buy devices with screw termi- 
nals rather than back-wired (stab-in) 
devices whose internal clamps can deform. 
Deformed clamps can lead to loose wires, 
arcing, and house fires. 


™ All wire connections must be housed 
in a covered box. 


= Boxes must be securely attached to framing 
so that normal use will not oosen them. 


™ Box edges must be flush to finish surta 
In noncombustible surfaces (drywall, 
plaster) there may be a '/-in. gap between 
the box edge and the surface. But in com- 
bustible surfaces, such as wood paneling, 
there must be no gap. 


= All newly installed devices must be 
grounded. Code allows you to replace 
an existing two-prong receptacle or to 
replace a nongrounded box that has 
become damaged. However, if you install 
a new three-prong receptacle, it must 
be grounded. The only exception: You 
can install a three-prong receptacle into 
an ungrounded box if that new device is 
a ground-fault circuit interrupter (GFCI) 
receptacle. If you extend a circuit, the 
entire circuit must be upgraded to 
current Code. 


in new rough-in work, cable must be 
supported within 12 in. of any box and 
every 4'/2 ft. thereafter. 
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LAYING OUT THE JOB 


Wit cists ans a nana wa 
each roam and mark box locations 
for receptacles, switches, and light fixtures, 
Each device must be mounted to a box 
Which houses its wiring connections. The 
only exceptions are devices that come with 
{an integral box, such as bath fans, recessed 
{ight cans, and undercabinet jight fixtures @. 

Mark receptacles and switches on the 
walls frst. Then mark ceiling fixtures. If 
studs and jolts are exposed, use a vividly 
colored crayon that wil show up on the 
wood, If there are finish surfaces, use a pen- 
cilto mark walls at a height where you can 
SHEED GRICE TSN) (Oa ‘Begin the lay out by walking the ‘2 laser level to set box height 
bbe painted aver later, Near each switch bax, room and marking bex locations. 
draw a letter or number to indicate which 
fixture the switch controls. 

‘Once you've roughly located boxes on 
the walls, use a laser level @ to set exact 
tbox heights for each type of box, 


D> For more on box heights, see “Rough-In 
Recap: Box Locations," on the facing page. 

Use the laser to indicate the top, 
bottom, or center lines of the boxes @. 
Many electricians prefer to determine 
‘evel with the laser, then snap a permanent 
chaikline at that height so they can move 
the laser to other rooms @. 

To locate ceiling fixtures, mark them 
ite ere aid ea pan ese, Here, the laser beam indicates the You can snap a level chatkline in 
to transfer that mark up to the ceiling @ Centieine of the bon Resition to using 
This may seem counterintuitive, but it will 
save you @ lot of time. Floors are fat, almost 
always the same size and shape as the ceil 


Ings abaviand-parhaps most portant Avoiding hot wires in remodels, there may be live 
accessible and easy to mark. In complex wires behind finish surfaces. Use an inductance tester to 
rooms, such as kitchens, draw cabinet and test receptacles, switches, fixtures, and any visible wires. 
{sland autfines onto the floor as well. Those The cables feeding those devices will be nearby. Wall 
‘outlines will help you fine-tune celing light receptacles are usually fed by cables running 1 ft. to 3 ft. 
positions to optimally iluminate work areas. above. Switches often have cable runs up to a top plate; 


each ceiling fixture has cable running to the switch(es) 
controlling it. Avoid drilling or cutting into those areas, 
and you'll minimize the risk of shock. 
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fer marks to the cellng. 


WHAT CAN GO WRONG 


Rough-in recap: 

box locations 

= Whatever heights 
you choose to set 
outlets and switches, 
he consistent. 

™ Code requires that 
no point along a wall 
may be more than 6 ft. 
from an outlet. Set the 
bottom of wall outlets 
12 in. to 15 in. above 
the finished floor sur- 
face-or 18 in. above the 

ished floor surface to 
satisfy Americans 
with Disabilities Act 
(ADA) requirements. 

™ Place the top of 
switch boxes at 
48 in., and they will 
line up with drywall 
seams (if sheets run 
horizontally), thus 
reducing the drywall 
cuts you must make. 

© In kitchens and 
bathrooms, place the 
bottom of countertop 
receptacles 42 in. 
above the finished floor 
surface. This height 
ensures that each re~ 
ceptacle will clear the 
combined height of a 
standard countertop (36 
in.) and the height of a 
backsplash (4 in.), 
with 2 In, extra to ac- 
commodate cover plates. 
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Experimental Investigations 
of the Radioactive Isotope Half-Value Period Changing 
in the Local Volume of Cause-Effect Relations 


Igor A. Melnik 


PrFrunze 232, Tomsk, 624021, Russia, Ph. (2822) 244565, 
breg@mailru 


Nuclear-design methods of the elemental analysis are 
based on the property of the radioactive isotope decay 
rate constant. Half period as a constant quantity is 
defined by the time feature (the time flow is uniform in, 
the every space point). The given postulate is confirmed 
by the long-term results and raised no doubts. But in 
last years some researches, investigating enough fine 
effects by change of the registered radiation intensivity, 
came to the conclusion about influence of space cycles 
on the time flow [1]. In his tum, N. A. Kozyrev 
during the investigation of active physical properties 
of time came to the conclusion about violation of its 
uniform flow in the local volume of the cause-effect 
relations, created by the cyclic motion (rotation, 
oscillation) of bodies [2,3,4] 


‘Thus, the author get an idea to use a radioactive isotope 
cezium-137 as a “sensor”, measuring the changes of 
time flow uniformity in the certain local volume of 
cause-effect relations. In basis there are following 
arguments: owing to a conception of time uniformity 
and considerable cezium-137 half-value period, the 
source activity must be permanent during the 
experiment time. By the time flow (period) change, ie. 
changes of uniformity in the local volume of cause-effect 
relations, the half-value period ~ T is changing in the 
direct proportion. Source activity, respectively, is 
changing in the inverse proportion according to the law 
exp (1/T) in relation to the external space volume. 
Hence, registered gamma-quantum intension 
(amplitude impulse distribution) in the absence of the 
cause-effect relations is proportional to the function 
N,~ exp (In2/T,). Then the proportion N,/AN, where 
AN=N,-Nis made, and by means ofit a half-value period 
difference is defined by the formula 


VAT=|1/T,+In (AN/N,)/In2| (1) 


N,- selective average amplitudes of impulses at the 
case of static liquid (in the absence of the cause-effect 
relations); 

N- selective average amplitudes of impulses at the case 
of rotation of liquid. 


In this case, there were investigations of the 
determination of the gamma-quantum intension change 
(ie. change of a half-value period) dependence on the 
angular velocity of the activator rotation, and also on 
the coordinates location and amount of cause-effect 
relations (Fig. 1) 


Fig.t 


The following devices were used as measurement 
equipment: semi-conducting detector (SCD-63V) (1), 
preamplifier (PAG-2K), amplifier (BAI-3K) and analyzer 
(AMA-02F1). Energy gamma-line of 662 KeV was 
measured with the resolution 4 KeV. The gamma- 
quantum source was glued to the detector housing 
at the distance of 100 mm from its surface; so, any 
spatial change through coordinate axes was executed 
together with the detector to avoid even a tiny change 
of the source-detector geometry. 


The vessel with a liquid (2) was placed above the source 
(6), vortex fluid motion was created by an activator (5), 
placed on the rod of electric motor (3). The glass with a 
liquid, connected with the motor and frame (4), was 
displaced regarding to the center of the revolved 
activator, what was the reason of the glass vibration in 
horizontal line, and, hence, one of frame sides vibration 
in vertical line (v). In its base, the frame was a square 
with the side of 200 mm. To assign the direction of the 
space cause-effect relations, one of frame sides was 
vibrating, and the opposite one (on the X axis) was fixed 
on the table (7). An experiment was made in such a 
way, that vibrating parts did not adjoin with the 
detector. The radius of glass is 50 mm, the distance from. 
central axis up to the vibrating frame part is 100 mm. 
N-selection of the every value on the diagram (Fig. 2) 
corresponded to twenty measurements, roots from the 
average variance of numbers distribution D = 160 
impulses. 
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‘that sink Into the stud, A mud ring brings the box flush tothe wall 


ithe rely signer Lov 


> For more on box capacity and 
‘composition requirements, see p. 25. 

In residences, 18-cuvin. single-gang poly” 
vinyl chloride (PVC) plastic boxes are by far 
the most commonly used. This size is large 
‘enough for a single outlet or a single switch 
‘and two cables. Otherwise, use a 22.5-cu-in. 
single-gang box or a four-square box with a 
plaster ring. 

Set each box to the correct height, then 
set its depth so that the box edge will be 
flush to the finish surface, I you use adjust 


INSTALLING WALL BOXES 


To provide sols 
adjustable box br 


able boxes, simply screw them to a stud @. 
To raise or lawer the box depth, turn the 
adjusting screw. Side-nailing boxes typically 
have scales (gradated depth gauges) an the 
side @. If not, use a scrap of finish material 
(such as /2"in. drywall) as a depth gauge. 
Metal boxes frequently have brackets thal 
‘mount the box flush to a stud edge @; 
after the box is wired, add a mud ring 
(plaster ring) to bring the box flush to the 
finish surface. 

Multiple-gang boxes mount to studs in the 
‘same way. But if plans offset the box away 
from studs or a multigang box is particularly 
wide, nail blocking between the studs or 
install an adjustable box bracket and screw 
the box to it @, (The bracket is also called 
‘a screw gun bracket, because a screw gun 


4, $0.use the depth gauge on 
box edges will be flush to finish surfaces 


Is required to mount it and ta attach boxes 
tot) The more securely a box is supported, 
the more secure the electrical connections 
willbe 


TRADE SECRET 
Most e 


INSTALLING CEILING BOXES 


LLING A R 


For boxes that occur midway between 
Jolsts, use an adjustable bar hanger. 


‘xe for ceiling lights are most often 
4in, octagonal or round boxes or inte 

oral recessed light cans. Setting celling boxes 
In new wark is similar to setting wall boxes, 
with the added concern that the ceiling box 
be strong enough to support the fixture 
Wwelght. Many electricians prefer to use metal 
boxes for celing fixtures anyway. Celiing fans 
require fan-rated boxes. 

‘As noted earlier, you can mark ceiling 
box locations an the floor and use a laser to 
plumb up-or simply measure out from a wall 


> For more on laying out, see p. 184, 


Slide the can to fine-tune its position. 
Tighten the screws to lock it in place 


sure the box edge Is flush to the surface. 


In most cases, you'll need to reposition the 
box to avoid obstacies or line it up to other 
fixtures, but it's quick work ifthe box has an 
‘adjustable bar hanger, To install a recessed 
can, for example, extend its twa bar hangers 
to adjacent celing joists. Then screw of nail 
the hangers ta the joists @. Slide the can 
along the hangers unti its opening (the light 
Well is where you want it and then tighten 
the setscrews on the side @. 

To install a 4-in. box, simply nail or screw 
Itto the side ofa jist. It you need to install 
It slightly away from a joist, frst nail 2x 
blocking to the joist, then attach the box to 


fa box position needs to be offset 
slightly from a joist, nail ft to blocking, 


Alternately, you 
between the Jolt 


the blocking ©. Remember: The box edge 
‘must be flush to finish surfaces, 

To installa 4-in, box between joists, frst 
screw an adjustable hanger bar to the joists, 
©. then attach the box to it @, Alternately, 
you can insert 2x blacking between the 
joists and screw the box to it @. 


For a detailed took at installing hanger 
‘bars, see photo 2 on p. 8! 


STALLING CEILING BOXE! 
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DRILLING FOR CABLE 


feces trim 
appliance that has a dedicated circuit~and thus only one ‘A 

bottom plate and then run cable through the attic or base~ ae een et maces onan nt 
you off a ladder ©. 


TRADE SECRET 


18-i. ship bit also allows you to drill through top wall plates 
while standing on the foot 


‘OR CABLE 


PULLING CABLE 


‘or greatest efficiency, Install cable in 
two steps: (1) Pull cable between outlets, 
leaving roughly ft extra beyond each box 
for future splices and (2) then retrace your 
steps, stapling cable fo framing and install 
Ing nait-protection plates. As with driling, 
It doesn't matter whether you start pulling 
cable from the first box ofa circuit or from, 
the last box. If there are several circuits in 
‘a room, start at one end and proceed along 
each circuit, pulling cable until all the boxes 
are wired. Don't jump around: you may be: 
‘came confused and miss a box, 

In new construction, electricians usually 
place several wire reels by the panel and 
pull cables from there toward the first box 
of each circult @, Once they've run cable 
toll these boxes, they mave a reel next to 
teach box and continue to pull cable outward 
until they reach the last (farthest) box @. 
When daing remodel wiring in a house with, 
‘a crawl space, however, electricians often 
start atthe last box and pull cables toward 
the panel. When they reach the first boxes 
of several circuits, they will mave the wire 
reels ta those locations. From there, they 
feed, say, three cables down to a helper in 
the craw space. The helper can pull all the 
cables toward the panel atthe same time. 
This method is much faster than pulling 
single cables three different times. 

Staple cable along stud centers to prevent 
nail or screw punctures. It's acceptable to 
stack two cables under one staple @, but 
use standoffs @ to festen three or more 
cables traveling along the same path. (Multl- 
‘gang boxes are fed by multiple cables, 
for example, Standoffs and ties bundle 
cables loosely to prevent heat bulldup, As 
you secure cable, install nail plates where 
needed ©. 


" 


5 


Drive staples 


within 174 In. ofa stud 
dg, install steel pate 


2 wire whee! near the begin- 
hing of ond of each circu. 


TRADE SECRET 


Put a 


e of red tape 


run cable from it to the 
panel. On a complex job with 
many circuits, you might 
‘un cable between all the 


outlets in a circuit but 


forget to install the home 
un cable that will energiz 
the cireuit. Not something 


you want to disco 


PULLING CABLE 


FEEDING CABLE THROUGH CORNERS 


through a corner, drill a level hole on one side 


up studs, 


lagonal cutters to cut through the sheathing and two of the Wrap the end of the cable soit slides through the hole easier, 
ree wires In the cable, then loop the end af the remaining wire. 


Ceesteual tty satog 
three or four studs together, so feeding 
cable through them can be tricky Ori inter 
secting holes at the same height, as shown 
In photos @ and @, Use diagonal cutters to 
cut through the sheathing and two of the 

hus leaving a single wire protruding 
from the cable @. 


then work the looped wire through the holes. 


Use pliers to loop the end of the wire. 
‘Then wrap tape around the end of the 
cable and onto the wire to create a tapering 
point that wil side easier through the hole. 
Push wire through the corner holes until 
ittemerges from the other side @. If the 
wire gets hung up midway through, insert a 
finger from the other side to ish for its end 


FISHING CABLE BEHIND FINISH WALLS 


ost electricians hate fishing wire 

behind existing walls. It can be tricky to 
find the cable and time consuming to patch 
the holes in plaster or drywall you're add 
ing 2 box or two, try fishing cable behind the 
wall. But if you're rewiring an entire room, i's 
prabably faster to cut a "wiring trench” in the 
Wall. Before cutting into or driling through a 
wall, however, turn aff power to the area, 


if you're adding an outlet over an 
Unfinished basement, fishing cable can be 
straightforward, Outline and cut aut an 
‘opening for the new box, insert 2 flexibit 
Into the opening, then drill down through 
the walls bottom plate @. When the bit 
emerges into the basement, a helper can 
Insert one wire of the new cable into the 
smallish hole” near the bit’s paint, As you 
slowly back the bit out of the box opening, 
You pull new cable into it @. No fish tape 
required! The anly downside is that the 
reversing drill can twist the cable. This 
problem is easily avoided by sliding a swivel 
kellum over the cable end instead of Insert 
ing a cable wire into the flexibit hole ®, 
Because the kellum turns, the cable doesn't. 
Alternatively, you can start by removing a 
Wall box, The closest power source is often 
an existing outlet. Cut power to that outlet 
and test to make sure it's off. The easiest 
way to access the cable isto disconnect the 
wires to the receptacle @ and remove it. 
Then remove the box @, which may require 
using a metal-cutting reciprocating-saw 
biade to cut through the nails holding the 
box to the stud. Fish a new cable leg ta the 
location and insert the new and old cables 
Into a new cutin box. Secure the cut-in box 
to the finish surface, splice the cables inside 
the box, and connect pigtails from the splice 
to the new receptacle. 9999 9 


RUNNING CABLE TO A NEW OUTLET ———> 


Top plate 
New cable Ceiling joist 


Fishing cable to 2 
new outlet can be 
time consuming 
tedious. often, It's 
‘icker and easier 
Existing to cut back sec- 
Feeeptacte tions of drywall to 
the nearest studs oF 
cut beck drywall ling jtsts. With 
fomiddleot studs a stud bay exposed, 
te itch box You can pul wire in 
. en a hurry and ile 
able to studs. 


Tofish cable to anew outlet, insert 2 Pull back after a helper below the 
tlexibit into the new opening and dri floor attaches the cable 
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FISHING CABLE BEHIND 
FINISH WALLS (CONTINUED) 


‘A swivel kellum slides over the end of th 
fished so the cable doesn't twist 


fe the cover plate, un 
the bor, and pull tout, Then disconnect the wires 


FISHING CABLE TO A CEILING FIXTURE 


FISHING CABLE TO 
A CEILING FIXTURE 


To run cable to a ceiling fixture, 
hele with a small-diameter bits 


ishing cable to ceiling 
fixtures or wall switches 
Is usually abit complicated 
It there isan unfinished attic 
above or a basement below, 
run the cable across it, then 
route the cable through a stud 
bay to the new box, To run cable 
to acelling light, for example, 
drill up through the fsture loca 
tion using a ein, by 12in. bt to 
minimize patching later @, Use a 
bit atleast 6 in, long so a helper 
Inthe attic can see it-longer if 
the tloor of the atic is covered 
with insulation. Measure the 
distance from the bit to the wal; 
3 helper in the attic can use that 
‘measurement to locate the near: 
est stud bay to drill an access 
hole into. if you're working alone, 
loop the end of a tif piece of 
wire about 1 ft Jang @ and insert 


start by driling an exploratory 


itn the drilled hole friction will 
keep the wire upright in the hole 
ntl you can locate it in the atc, 
Itthere’s no access above the 
celling and/ar cable must cross 
several ceiling joists to get from 
a switch toa light fixture, you'll 
have to cut into finish surfaces 
at several paints @. To access 
cable ina stud bay, you'llneed a 
cutout to expose the top plate. 
Using a flexibit may minimize 
the number of holes you must 
cut to drill across ceiling joists 
But as noted earlier, it may 
ultimately take less time to cut 
‘and repair a single slot run: 
ning across several joists than 
to patch a number of isolated 
holes. Whatever method you 
choose, make cuts cleanly to 
facilitate repairs. First outline all 
cuts with a utility knife 


ne, Jam 2 
‘then go alott to look 


New opening 
for celing box 


oped wire into the expl ‘Running cable from a celing fixture to a wall switch means 
ter i cutting access h 


FISHING CABLE ACROSS CEILING JOISTS 


Cable from 
|| existing cutie 
y 


ii 
] Lees 
| switch box 


Drywall 


Drill across 
ceiling joists 


‘Sometimes there is no open bay 
toa ceiling fixture location. In 
that case, you'll have drill across, 
ceiling joists to run cable to the 
top plate of the wall. Use a 6-ft. 
Jong flexibit (and a 48-In. exten- 
sion, if needed) to drill across 
joists. Flexibits can wander and 
90 off target, so be patient. When 
tthe drill bit emerges above the 
top plate, attach a swivel Kellum 
taped securely to the new cable. 
Then slowly back the drill bit out, 
pulling the cable to the opening 
you cut in the ceiling. 
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CUTTING A WALL BOX INTO PLASTER 


f wiring isin good condition and an existing circuit has the 

capacity to add an outlet, turn off the power, cut a hole inthe wall, 
fish cable to the location, and secure a cut-in box to the finish sur- 
face, This process is called cuttingrin or retrofitting @ box. 

Hold the new box at the same height as other outlet or switch 
bboxes and trace its outline onto the wall. Use a stud finder or drill a 
small exploratory hole to locate studs or wood lath behind. If you hit 
aa stud, mave the box. Ifyou hit lath, keep driling small holes within 
the opening to find the edges of the ath, If you pasition the box cor 
rectly, you'll need to remave only ane lath section @. 


Position the box and then trace the box 


you chisel out the plaster within 
the outline, use a sabersaw to cut lath 


Use a utility knife to scare along the outline ta minimize plaster 
fractures. Remove the plaster within the outline using a chisel. 
Then cut out the lath, using a cordless jigsaw @. As you cut through 
the lath strip, alternate partial cuts from one side to the other 

to avoid cracking the plaster. Then carefully remove the plaster 
beneath the box ears, so they can rest on lath. Before inserting cut 
inboxes, remove bax knockouts, Insert cable clamps, strip sheathing 
off the ends of incoming cable, and feed cable into the cable clamps. 
I more than one cable enters the box, write the destination of each 
fon the sheathing. Secure the box by screwing its ears to the lath @ 


‘After fishing and pulling cable, secure 


CUTTING A WALL BOX INTO DRYWALL 


ding a cut-in box to drywall essentially the same as adding 
fone to plaster. Start by driling 8 small exploratory hale near the 
proposed bax lacation to make sure there's no stud in the way. 
There are a number of cut-in boxes to choose from; most common 
Is a type with side-mounted ears that swing aut or expand as you 
tum its screws, 


Hold the box against the drywall, plumb one side, then trace the 
‘outline of the box onta the wail @. Drywall is much easier to cut than 
[s plaster: Simply align the blade of a drywall saw to the line you want 
to-cut and hit the handle of the saw with the heel of your hand. 

There is no one right way to cut out the box, but pros tend to 
cut one of the long vertical sides, then make three horizontal cuts 
across. Then score and snap the last cut @. Finish the cutout with 
the drywall saw and a utility kite, 


CUTTING A WALL BOX INTO DRYWALL, 


After drlling an exploratory hole and locating the box 
trace the box outline ante the wal, 


ha tity knife. Z 


RETROFITTING A CEILING BOX 


Aritateecnsegt - 
power to the area and explore , 

first, Fallaw the mounting recom 
‘mendations for your fiture, Attach 
the fixture box to framing, 

If there's insulation in an attic 
above, remove it fram the affected 
area. Be sure to wear eve protec: 
ton and a dust mask when driling 
through any celling-it’s a dusty job. 

Mark the box location and use a 


fine-tooth hole saw to cut through 
plaster or drywall @. Place the 
centering bit ofthe hole saw on the 
exact center of the box opening, 
Drill siowly so you don't damage 
adjoining surfaces-or falloff the 


ladder. Mark the box center onto the ceting, then 


Use an auger bit to drill ahole through 
Fesling Waring the lath 50 You can pull eable to the box 
ready to run cable through the hole 
Inthe ceiling Ifthe celling is plas: 
ter, cut through the lath or leave 
the lath intact and screw a pancake 
box through the lath and into the 
framing, Before attaching a pan- 
cake box, remave a knockout, test 
fit the box in the hole, and trace the 
knackout hole anto the lath, Set 
the box aside, and dril thraugh the 
lath, creating a hole through which 
you can run cable @. 

Feed cable to the location and 
fita cable connectar into the box. 
Insert the cable into the connec 
tor, slide the box up to the celling 
©, and secure it @. Strip the cable 
sheathing and attach the ground Fish cable through the lath and feed it 
Wire toa ground screw in the box. ‘through a connector In the bes. 

Strip insulation from the wire ends 
and you're ready to connect the 
light fixture, 


Screw the pancake box tothe lath strip 
the cable, and prep the wires 
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Fig.2 
Dependence of photopeak-N area from the angular velocity of 
rotation — W, where 1 ~is photopeak area at static liquid, 2— is 
pphotopeak area at clockwise rotation, 2 ~ is photopeale area at 
‘anticlockwise rotation 


During two months eighteen experiments were made 
(at the one geometry) of the given effect fluctuation 
study, and there were no considerable deviation. An 
effect of the time deceleration always appeared at the 
angular speed of the activator rotation W=3780 1/min 
(during the vibration of the whole perimeter of the frame 
base). If there was a vibration on the only one side of 
the frame base (on the X axis), then this effect appeared 
at the higher speed of rotation. Unfortunately, the 
maximum motor speed of rotation W,,, =48801/min did 
not let to define the precise position for the next rotation 
point. During the experimental results extrapolation 
‘W,=5930 r/min (W,=nW/2) was obtained, 


In the table there are selective middle amplitudes of 
impulses -N=5N,/n roots from the numbers distribution 
average variance D, dispersion of the simple average G 
at the different directions of the liquid rotation (for the 
rotation point W=3780 r/min). The half period is 
estimated by the equation (1) and formula T=T,+AT 
where T,=30.2 year (the cezium-137 half-value period), 


Liquid motion | N,imp. [ D G | Byear 
Staticliquia | 16304.0 | 160.7 | 35.9 | 30.200 
Clockwise | 156960 | 1620 | 362 | 30.412 
Anticlockwise| 15553.0 | 165.0 | 36.9 | 30.423 


During the investigation of the activator angular speed 
of rotation dependence on the registered gamma- 


quantum intension, there was discovered the time 
deceleration effect in the fixed point of ambient space 
of the glass with the liquid. The effect was versatile, 
during the further study of the reasons of the effect 
disappearance, the following regularities were found: 


1. Intension change appeared only at the case of 
asymmetrically fixed glass, when there 
appeared horizontal oscillations, transmitted to 
the vertical oscillations of the frame; 


2. Aneffect disappeared, if the gamma-quantum 
source was placed in the glass center 
(~ 2+3 mm down from the glass bottom); 


3. At the same speed of rotation but without 
liquid, with an eccentric activator, the time 
deceleration effect disappeared, 


Will consider the system with liquid, its internal chain 
consisted of three cause-effect relations: 


1. Activator-liquid; 
2. Liquid-glass (frame); 
3, Frame-table. 


Glass oscillations were transmitted to the frame through 
the hard cohesion. There was only one cause-effect 
relation ~ an activator (a frame) ~ a table. Thus, 
amplitude of the time flow changing was, most likely, 
influenced on by the amount of cause-effect relation, 
and also, there was observed a quantum effect, 
dependent on the activator and liquid rotation 
frequency. 


‘The time deceleration maximum amplitude appeared 
during the source displacement from the central axis of 
glass along the X coordinate to the distance ~ 5 mm. 
‘There appeared the necessity to check the given effect 
on space points along the all coordinate axes in the 
radius R = 100 mm from the central point of the glass 
bottom (an extreme vibration point along the X axis was 
placed on this distance), 


On this purpose there were made some experiments, 
results of which are shown on the (Fig. 3), (Fig. 4). 


zm) 


Fig. 3 
Dependence of the increase of photopeak -AN area from the spatial interval in Cause-Effect Relations by X and Z coordinates, 
where XZ, ~is clockwise rotation, X,Z,~ is anticlockwise rotation 
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CREATING A WIRING TRENCH 


‘To ensure a clean cut to line and make patching easier when you're done, 
tse a utlty knife to score slong the chalkines. 


Use a chaikline to mark the top and bottom lines 
of the wiring trench. 


3B Lut apne the chatines olng te reiprcating 
saw at a fow angle. Do not cut the lath 


tet = 


Use a hammer and a flat bar to pry the lath free 
from the studs. Work slowly to minimize damage. 


G Pal owt any nats si stuck nthe stds ths wi make later repairs easier 


196 


pence ator eg 
{an entire room, cutting a wiring trench 
In finish surfaces instead of fishing cable 
‘behind them is much faster: Before cutting 
Cr drilling, however, turn off the power to 
the areas affected, And be sure to wear eye 
protection and a dust mask 

It there are no windows in the walls ta be 
rewired, cut the trench about 3 ft.above 
the floor so you won't have to kneel while 
Working. If there are windaws, cut the 
trench under the windows, leaving at least 
1in, of wall material under the windowsil to 


CREATING A WIRING TRENCH 


facilitate repairs. if there's plaster, make the 
trench as wide as two strips of lath. Snap 
parallel chalklines to indicate the with of 
the trench @. Then use a utility knife to 
score along each line @. Scoring lines first 
produces a cleaner cut and easier repairs. 
Next use a reciprocating saw with a demo 
ftion blade to cut through the plaster or 
drywall. Hold the saw at a low angle: You'll 
be less likely to break blades or cut into 
studs ©, Using a hammer, gently crush the 
plaster between the lines @. Use a utility 
bar (flat bar) to pry out the lath strips or 


drywall section. If you expase any cables in 
the walls, use an inductance tester to make 
sure they're not hot @. Nest, drill through 
the studs so you can run cable in the trench. 
Wherever there's an outlet indicated, 
‘expand the trench width to accommodate 
the bores, 

Finally, walk along the trench and pull 
any lath or drywall nails stil sticking in stud 
edges @. They're easy to overlook because 
they're small if you pull them naw, patching 
the trench will go smoothly, 


RETROFITTING BOXES & PULLING CABLE 


D For more on installing boxes, 
ee p27. 


‘more on pulling cables, 
see p. 199. 

Most electrical cades allow you 
to install either plastic or metal 
boxes in residences, but you must 
use metal boxes in commercial 
bulidings. 

Ht you're installing metal boxes, 
remave knockouts and insert cable 
connectors into their openings @, 
Then screw boxes to studs; screw: 
Ing Is less likely to damage nearby 
finish surtaces @. Be sure that the 
box willbe flush to finish surfaces 
or.if you'll instal plaster rings 
later, flush to the stud edge 
Whenever you install boxes side 
by side~as with the outlet and 
low-voltage boxes shown here~ 
install them plumb and at the 
same height ©. Py 

Instaling cable in remodels can 
be tricky because space(s tight 
and you must avoid bending cable 
sharply, which can damage wire 
Insulation . install nail plates 
wherever the cable is less than 
{Vin fram the stud edges. Feed 
cable through the cable connectors 
Into the boxes @. Finally, staple 
the cable to the framing within 
12 in. of each box. f there's not 
room to loop the cable and staple 
Itto a stud, it's acceptable to 
staple It to other solid framing, 
such as the underside of a sil @. 


" 


1 fee etat boxe, start by removing 
Knockouts and then insert a connector 


Feed the cable through cable conn 
until you have about 1 
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MAKING UP AN OUTLET BOX 


ble ripper to silt sheathing, 


diagonal cutters to eut It 


A388 insulation trom the ends of nvs- 


Lal wires and spice ike wires together make up t 


lectricians call the last stage of rough wiring making up a box. 

Here, you'll remave sheathing fram cables inside the boxes, 
‘group like wires, spice grounds, and-if the box is metal-attach 
‘ground wires to @ ground screw. At this point, many electricians 
simply splice all wire groups because it will save time later. 

First use a cable ripper @ to remove the cable sheathing 
Leave @ minimum of Y¢ in. of sheathing inside the box and a maxi: 
‘mum of 1 in, Electricians favor utility knives to remove sheathing, 
‘but nanpras are less likely to nick wire insulation with a ripper. 
(Once you've remaved the sheathing, separate the Insulated wires 
‘and bare ground wires, 

‘There are several ways to splice graunds. You can use a twist 
‘on wire connector (Wire-Nut Is one brand) and run a pitall to the 
‘ground screw, Or you can twist the bare wires and crimp them @, 


MAKING U 


1 there will be two rec 


Fold the wires into the box and install @ 
plaster ring 


It you go the latter route, leave only one ground wire sticking out 
of the crimp, which you'll wrap around the ground screw ©. 

Next, use a wire stripper to remave 2 In, of insulation from the 
wire ends, Use wire connectors to splice all neutral wires together 
and all hot wires together @. As we recommended earile, splice a 
short pigtall to each wire group as well. Attaching neutral and hot 
pigtails to the receptacle screw terminals ensures continuity power 
even if a receptacle fails f the box will contain twa receptacles, 
create two groups of pigtails @. 

‘Accardion-fold the wire graups into the box and you're ready far 
Inspection. If necessary, install a mud ring ta bring the box open- 
Ing flush to finish surfaces. The mud ring should be installed before 
‘you've repaired the plaster or drywall @ 


MAKING UP A LIGHT CAN 


ring a recessed light can or a celling 

box is essentially the same as make 
Ing up an cutlet box, although light cans 
frequently have stranded wire leads, Always 
follow the installation instructions supplied 
with your lighting unit. 

Run cable to the light can, stapling it at 
least every 41/2 {t. to the side of the cell: 
ing joist and within 12 in, of the box. Also, 
rmake sure that the cable is at least 1 in. 
trom the joist edge, so drywall screws or 
rails can’t puncture it. Because you'll be 
warking over your head and junction boxes 
are cramped, you may want to remove the 


sheathing before feeding cable into the 
box @. Tighten the cable connector to 

the small section of sheathing sticking 

into the box. Then strip insulation from 
individual wires @, 

Group ground wires, neutral wires, and hot 
wires, Then splice each group using wire con- 
rectors. When wiring light cans, electricians, 
typically start by splicing ground wires ang 
running a ground pigtail to ground screw 
(on a metal box @. They then splice the neu 
tral wires and, finally, the hot wires. When all 
Wire groups are spliced, fold them carefully 
Into the junction box and attach the caver 


‘the junction box, remove the sheathing, 


the gra 


rectors to splice palred wire arou 
the ground wire group. Fold the spliced wires Into t 


MAKING UP A LIGHT CAN 
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The ground screw m 


the ground wire 


because the screw would touch only 


Score the sheathing lightly on both sides and give it a qulck tug 


to slide It off the wires. 


Use a twist-on wire connector to splice the neutrals. Do not splice 
the hot wires; they are attached to the switch or receptacle later, 


‘D Use lineman lars to twat te grounds together Leave one 


around longer to be attached to the device 


It there's a single cable entering the 
switch box, the switch is atthe end of a 
switch leg and both insulated wires are hot 
wires, Remove the cable sheathing, strip 
insulation from the insulated wires, and 
wrap a piece of black electrical tape around 
the white wire to Indicate that i is hot. Then 
tuck the wires into the box. 

It there are two cables entering the switch 
‘box, one is incoming power and the other 


Fold the wires in an accordion pattern and tuck them into 


Isa switch leg. Remave the cable sheath 
ing @, then separate and twist the grounds 
tagether before splicing them with a wire 
connector @. Strip insulation from the ends 
cof the neutral wires and splice them ©. Fold 
the wires inta the box @. 


Teo rtf mating pa mana 
switch box Is keeping track of the wires 
‘As you feed each cable into the box, use a 
felt-tipped marker to identify each cable's 
origin or destination. Write directly on the 
cable sheathing, Start by feeding the incom: 
Ing cable into the box and marking It hot 
This incoming cable will supply Nov from a 
panel or from an outlet upstream when the 
cable is connected later. 

Next, nalla standoff to the side of the 
stud So you can secure each switch-leg 
cable as you feed It into the box @, Before 
Inserting a cable into a knockout, however, 
note which fixture or device the switch leg 
controls @. Be specific and use labels such 
{as sconce, can ctr (center can), and perim 
(perimeter fixture), 

‘As you pull each cable into the box, strip 
the sheathing and cut off the small section 
that has writing on it @. When all the cables 
have been stripped, separate and twist the 
bare graund wires clockwise, Leave one 
‘ground about 6 In, longer than the others, 
then feed it through the hole inthe end of 
2 special ground wire connector @. This 
longer ground wire will run to a ground 
screw on each switch. 

Strip the insulation from the ends of the 
neutral wires: then use a wire connector to 
splice them together @. Fold bath graund 
{and neutral-wire graups into the box. 

Cut a hot wire pigtail 8 in, to 9 in. lang for 
each switch and splice all pigtalls to the hot 
wire of the incoming cable-the one that was 
earlier marked Nov @. Finally, pair a hat 
pigtall with each switch leg @. Fold the wire 
pairs into the box. When it's time to wire the 
switches later, you'l connect a hot pigtail to 
‘ane screw terminal and a switerieg wire ta 
the other screw terminal 

Ifa cable serves a three-way or four 
way switch, Indicate whether a wire is a 
traveler" or “common, 


D> For more on three and four-way switches, 
‘see "Receptacies and Switches." p. 38. 


‘Score and remove the sheathing, Side 
the label back on. 


‘Twist on a wire connector to splice 
the neutral wire group. 


Loosely wrap a hot plata around each 
Switeh-leg wire. Then fold into the box 


‘Before pulling each cable nto the box, 
Indleate which fixture it controls 


Feed the around wire through the h 
the connector, then twist the connector 


\ 
a \l 


Cut a 8-in, hot-wire pigtall foreach 
Switch In the box, Use's wire connector 
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Flexible metal cable m 
Tain, from stud edges 


To cut AC or M 
tin the jacket splits, then salp. 


[iia eae ate ana 
often used in short exposed runs-typi- 
cally between a wall box and the junction 
‘box of an appliance. The cable's metal Jacket 
protects the wiring inside, but you should 
stil take pains to avoid puncturing MC or AC 
cable with a nail or a screw. For this reason, 
when flexible metal cable is run through stud 
Walls, it’s 3 good practice to run it through 
the center of the stud @. If several cables 
run through a stud, stack holes vertically 

to avoid compromising the strength of the 
stud, Use nal-protectian plates ifthe cable Is 
Closer than 1Y4 in, to a stud edge. 


‘Dror more on nall-protection plates, 
see p. 189. 

Secure or support flexible metal cable 
Within 12 in. of boxes @ and at least every 
4Y/ft. along the span of the run-electri- 
cians typically staple it every 3{t, Flexible 


LEXIBLE METAL CA 


Staple AC or MC cable within 12 In. of 
the box and 4/2 ft, between boxes: 


‘metal cable should also be secured to the 
underside of every joist it crosses or run 
thraugh holes drilled through joists. Again, 
se nall-protection plates if the cable is less 
than 1Y4 in, fram Joist edge. 

AC and MC cable require specialized con- 
rectors to secure them to boxes, You can 
use a hacksaw with a metal-cutting blade or 
diagonal cutters to cut thraugh cable's met 
al jacket , but » Roto-Split is the tool of 
choice, Whatever toal you use, cut through 
‘only ane coll of the metal jacket to sever, 
it. To prevent damaging the wire Insulation 
within, cut no deeper than the thickness of 
the metal jacket, After cutting through the 
‘metal jacket, insert plastic antishort bush 
ings to protect the wire insulation from the 
sharp edges of the metal jacket. 


IECTORS 


Quick lock 
for Mc 


SnapTite® 


Locknut 
‘connector 
for AC 


Moisture can short out electrical 
‘connectians or, over time, degrade 
conductors and connectors. Thus it's 
important to use materials in 
appropriate locations, 


"= Nonmetallic (NM) sheathed 
‘cable (one brand is Romex): 
Dry locations only 


1 Metal-clad (MC) or armored cable 
(AQ): Dry locations: can be used 
In wet locations only if specifically 
listed for that use. 


= Underground-feeder (UF) cable: 
Can be buried; when used in, 
interiors, same rules as for 
NM cable. 


' Electrical metallic tubing (EMT): 
Wet or dry locations; okay in wet 
locations if fittings (Couplings and 
connectors) are listed for use in 
wet locations; may be in direct 
contact with earth, ifsultable 
and approved by jacal code. 


"= Rigid metal conduit (RMC): Same 
Tules as for EMT; may be buried in 
earth or embedded in concrete. 


'= PVC plastic conduit (schedule 
40 PVC): Can be exposed or 
buried underground; fittings are 
inherently raitight, so can be 
Installed outdoors, in damp 
crawl spaces, and 50 on. 


INSTALLING AC CABLE 


‘o instal AC cable, start by 
‘marking the box heights onto 
the studs and installing the metal 
boxes flush to finish surfaces or 
flush to the stud edges. Remove 
the box knockouts you'll need. Then 
dri the studs and run the AC cable 
through each hole. Staple it every 
4/21, along the run and within 
12in.of each box. 

Use a Roto-Split to cut through 
a single cal of the cable's metal 
jacket, then slide off the severed 
Jacket section to expose the wires 
Inside, Use diagonal cutters to snip 
off the kraft paper covering the 
wires @, Slide a plastic antishort 
bushing between the wires and 
the metal jacket @. Next, wrap the 
silver bonding wire around the out- 
side of the jacket @. Wrapping this, 
wire bonds the jacket and creates a 
continuous ground path, 

Slide a setscrew connector over 
the end of the AC cable and tighten 
the setscrew to the metal jacket @. 
The screw compresses the cable 
Jacket and the bonding wire, hold 
ing them fast and ensuring a con- 
tinuous ground. insert the threaded 
end of the connector into a box 
knackout. Then tighten the locknut 
that secures the connector @. 

Attach a mud ring to the box to 
bring i flush to finish surfaces, 
which will be installed later, and 
fold the wires into the box @ 


Pull the kratt paper to expose the insulated Insert an ants 
wires and bare bonding tracer. wires and the Jacket to prevent s 


To ensure a solid ground path, side a set 
screw connector over the end of the cable 


fe to the box, tight 
connector mud rng) 


Attach a mud ring (her, 
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WORKING WITH EMT STEEL CONDUIT 


To secure pipe te a bor, installa set- 
rerew connector into @ box knockout 


ecause EMT conduit Is easy to work 

with, it's the rigid conduit type most 
‘commonly installed in residences. The main 
difference between conduit and flexible metal 
cable is that conduit comes withaut wire 
Inside, Fortunately, pulling wire into conduit 
Isa straightforward operation. 

Assembling conduit Is also straight 
forward. Alter cutting conduit pipe to length 
and deburring, insert the pipe ends into 
setscrew couplings and tighten the screws 
to secure the pipes. Threaded male fittings 
connect the pipe to boxes and Condulets@ 
covered fittings that facilitate wire-pulling 
‘or enable changes in pipe direction. You can 
buy prebent fittings such as capped-elbows 
(two-piece elbows that you can access to 


aming tool to remove burrs 
ld nick insulation, 


Use strap to secure condult pipe. 


pull wires) and sweeps (single-piece elbows 
with @ wide turning radius). Or you can rent 
‘2 conduit bender to change pipe direction 

By Code, EMT conduit must be strapped 
within 3 ft of every junction box and at least 
10 ft. along runs. in actual practice, electri 
cians strap pipe runs every 6 ft. 108 ft. to 
prevent sagging, 

Work from a layout sketch that indicates 
the power source, structural members, 
obstructions, existing outlets, and the loca 
tions of new outlets, Mount ail the outlet 
boxes at the same height, and plumb each 
‘one. Plumbing boxes ensures that pipe con- 
rectors wil fine up with conduit pipes. 

Use a hacksaw with a metal-cutting blade 
to cut EMT pipe: cuts need nat be perfectly 


ew coupling to jl 
of condult, Be sure to tighter 


TRADE SECRET 


‘square. EMT pipe typically comes in 0-ft 
lengths @. After cutting the pipe, use a 
reaming too! to remove the burrs inside 
and out © 

To join EMT pipe, insert pipe ends into 
setscrew couplings ©. To secure pipe 
to a box, use a connector on the box 
knockout @. In general, plumb vertical 
conduit sections before strapping them into, 
place @, On the other hand, yau may want 
pipe to follow an angled architectural ele 
‘ment such as a brace, 
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Dependence of the increase of photopeale-AN 
‘where XY, 


Let us suppose that positive axis Z is directed from the 
glass bottom center to the ground and axis X~ from the 
central axis of glass to the vibrated part of the frame 
(North-West), in this case Y is directed to the North- 
East. Along the all coordinates, in every adjusted space 
points on the distance R, from the glass bottom center 
(R, = 5; 50; 70; 100; 115 mm), there were forty 
measurements. At that in every point after ten 
measurements connected with the rotation there were 
‘measurements at the static liquid. It was made to avoid 
any systematic errors. The amplitude of the sample 
average impulses at the static liquid - N,=10550 imp. 
In this case the root from the dispersion A=120, 
dispersion of the simple average G=19. Amplitude 
increment was calculated by the formula AN=|N,-N| 

Following regularities were found: 


1. If considering the difference of impulse 
amplitude (in the positive coordinate space) in 
the first cause-effect relation evidence 
(activator-liquid), ie., to put the difference 
between the initial (5 mm) and final (50 mm) 
points of amplitude registration (their middle 
evidence between “clockwise” and 
“anticlockwise") AN,"=|N,-N,.| into the 
formula (1), then relations AT,/AT,=AT,/ 
AT,=1.11 (n/2V2=1.11) 


Change of impulse amplitude difference along 
X is the antiphase of changes along Z and Y; 


At the rotation clockwise and anticlockwise 
there takes place a periodical inversion of 
amplitudes difference relation; 


At the liquid rotation clockwise and 
anticlockwise, there appears an obvious 
distinction in evidences of the increment AN in 
negative region of coordinate axes; 


Sé 
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Ei XN P a, We — eX 

= Z 
ea 

100) 

xy(mm) 
Fig. 4 


ea from the spatial interval in Cause-Effect Relations by X and Y coordinates, 
is clockwise rotation, X, 


is anticlockwise rotation 


5, Along Y and Z-axes in points (5; 100 mm) there 


is observed insignificant time acceleration. 


The whole cause-effect relation system was defined as 
an internal (activator-table), as an external one (ground 
system center of gravity). In the internal space volume 
time at the certain conditions breaks its own 
uniformity, at that the time period change is nonlinear 
and is defined by its quantum nature. Therefore, 
standard clocks in causal relations must be considered 
regarding to the center of gravity and location of the 
measurement point in the internal system space. 
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MAKING TURNS WITH METAL CONDUIT 


10 change directions ina metal conduit 
Install directional tings such as offset adap 
tors elbows, oF Condules, EMT pipe i ii, but 
its wals ae thin enough to bend easily witha 
conduit bender. 

Pros bend conduit whenever possible. Bend- 
ing pipe reduces the numberof speciatyfitings 
to buy and enables pipe to follow the contours 
ot surfaces and structural elements: Is not 
necessary or desirable for conduit to follow Serre 
every lat jog or bulge in a wal: the simpler you the pipe then poston te pie 
can make an instalation, the better it wl ok 
and the faster it wil progress. 

To bend pipe, useafelttipped marker to 
‘mark the beginning of the bend on the pipe 
Slide the pipe into the bender @. Genty step 
an one side ofthe bender and simultaneously 
pullon the lever bar @. The raised marks on 
the outer curve ofthe bender indicate the 
angle you're creating inthe pipe-typicaly, 
15, 2272.30, 45, or 60 degrees 

After bending the condul-but before cut- 
ting itt final length-testit the piece to see if aareRare Datars 
itines up withthe connector on the box @ or Up withthe pipe connector multiple offset ana : 
toa coupling that join two pipe sections. With 
practice, you can also offset pipe @. offsetting 
creates two bends in opposite directions so a 
lenath of conduit can move from one plane 


to another. -—_ USING DIRECTIONAL FITTINGS 


‘There are a couple of rules to keep in mind 


You can also use directional fitings adaptor, Turn the adaptor most 


‘as you bend conduit. First, there’s a minimum tomake turns. A T-condulet enables of the way into the Condulet hub 

requirement bend:radius for conduit: 10x the You to runwires in different direc: and turn the locknut clockwise 
ameter: For Yericiamebercondit foe fions and doubles as a puling point until it seats against the hub, 

adh ll been eo og When fishing wire, To attach pipe _—Backttightening the lacknut in 

‘earned, the: misiriomy benel rains 5 to condulet, frst screw a locknut this manner ensures grounding 
Second, each turn makes It harder to pull tonto the threaded shaft of amale continuity 


Wire. So between each pair of boxes, you can 
hhave no more than 360 degrees of bends. in 
practice, every fourth turn should be a pulling 
point n which you can access and pull wire-in 
‘ther wards, the fourth turn should be a pull> 
ing elbow, a condulet, or @ junction box. There 
[snot enough room to spice wires in a puling 
elbow or ina condulet, Spice wires only in a 
Junctian or outlet box. 


Use a T-condulet asa puling point To attach pipe to a condul 
for fishing wires. Here, wires from adapter and back-tighten 
the source diverge nwo directions, ntl it lodges against the Mub. 
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FISHING CABLE & CONDUIT 


Yasar sa sin we om ter 
fend of the circuit f you're tapping 
Into an existing outlet, it makes sense to 
fish from that outlet-after first turning 
off the power ta the outlet and testing to 
make sure it's afl 

In the installation shown here, a four- 
square extension box was mounted over 
an existing (recessed) box, Thus new 
wires can be pulled into the extension 
box and spliced to an existing cable to 
provide power far the circult extension 
being added, 

The fish tape can be fed easily into the 
condult pipe @ At the other end of the 
conduit, tape wires to the fish tape @. To 
make wire pulling easier, leave the wire 
tends straight-do not bend them over the 
tape, but stagger them slightly so the 
bundled wires taper slightly. Wrap. 
electrical tape tightly around the wire 
bundle so that wires stay together and 
won't snag as they're pulled, The pulling 
will also go easier if you pull stranded 
wire rather than solid wire, which Is. 
stiffer and less flexible. 

Finally, use a wire caddy ©, even if 
you have to build one out of scrap pipe 
and lumber. Using wire spools on a caddy 
helps minimize tangles. 


Push the fish tape down into the 


TAPPING INTO AN EXISTING OUTLET —————+ 


Tapping into an existing outlet is often a convenient way te supply power to a 
conduit extension. Remove the cover plate from the outlet, detach wires from the old 
receptacle, then use lineman's pliers to straighten the old wires so they'll be easier 
to splice to wires running to the new outlets, 


cable Bex Foursquare 
{trom power rounding pon extension 
source) aire 


Platalis 
tonew 
receptacle 


Outgoing wires 
(to receptacles 
downstream) 


When the fish tap 
conduit, attach the wires, 


erges from the 


‘As you pull wires through the 


duit, the 
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PREPPING RECEPTACLES FOR SURFACE METAL BOXES 


‘Use diagonal cutters to snip the plaster « 
0 they'l fit nto industrial ralzed covers. 


3B Ser the covers tothe recepacie's mounting tas. 


iy jasenaien soaeraetiencs 
receptacle wiring of a conduit system 
Into several smaller tasks, each of which 
‘can be done with a single tool, Your conduit, 
system may have slightly different materi 
als, but these prep techniques should save 
you time. 

Standard duplex receptacles come with 
plaster ears Intended to seat against plaster 
‘or drywall surfaces, Cansequently, the ears 
‘may not fit into metal boxes ar behind the 
Industrial raised covers often installed in 
conduit systems. Use diagonal cutters to snip, 


NG RECEPTACLE: 


off the ears @ so they fit inside such covers, 
‘To speed the assembly, precut all the 
pigtalls that you'l attach ta receptacles. To 
loop pigtail ends, strip'/in. of insulation, 
insert the stripped ends into the lttie hale 
‘on the stripper jaw, and twist your wrist. 
Use a screw gun to attach the looped 
‘ends to the receptacle screw terminals @ 
Remember to loop the pigtail ends clockwise 
so that when the screw tightens (clockwise), 
the loop stays on the screw. 
Next, attach the prewired receptacles 
to the covers. Typically, there Is a pair of 


Ay 50 the ground plata to the box. 


machine screws (and nuts) that screw into 
the mounting tabs at top and bottom, and a 
single shart screw for the center hale in the 
front of the receptacle ©. 

Finally, screw a ground pigtail to the 
box @. The threaded hole for the ground 
screw is raised slightly to facilitate surface 
mounting. If you surface-mounted a box on 
‘a concrete wall and the box didn’t have this 
detail, the ground screw would hit concrete 
before it tightened all the way down-thus 
jeopardizing grounding continuity. 


WIRING OUTLETS 


Every newly installed circuit must have continuous 
‘grounding. Steel condult acts as its own ground 
path. MC cable contains an insulated ground be- 
‘cause ils metal jacket does nat serve as a ground 
patty it exists solely to protect the wires inside. 
AAC cable's metal jacket, on the ather hand, does 
Serve as a ground path. To ensure a continuous 
‘ground in AC cable runs, wrap and secure the 
cable's thin sver bonding wire. 
trip 2 in. of insulation from the I Code requires steel conduit, AC or MC, you 
‘ends of the stranded wire. must use steel boxes, Steel bores must be grounded 
‘as well. In addition to tightening the cable or 
‘conduit couplings to the box knockouts, screw 3 
‘grounding pigtail into the threaded hole in the box, 
The box pitail is then spliced to circuit grounds 
and pigtails that run to the device. 

Alternatively, if you're using solid wire, you can 
use a grounding clip to ground a metal box. (Code 
prohibits using a grounding clip with stranded 
wire) Ifthe incoming ground wire is insulated, strip, 
approximately 6 in. of the insulation and slide the 
‘rounding clip onto a section of bare wire, This will 
allow enough wire beyond the clip so you can splice 
the bare wire end to other grounds or attach it 
directly to the graunding screw on a device, 


After spicing lke-colored wire rew the receptacle co 
‘Groups, fold them into place, to'the box 


f you've already attached pigtalls to conduit serves as the graund, there 
the receptacle screw terminals, the willbe no circuit ground wie. 
cannections at outlet boxes on a con: ‘When splicing stranded wire to solid 
duit system will go quickly. Note:In the wire, strip the stranded wire slightly 
project shown here, the ed wire isthe longer than the solid wire, so the 


hhot conductor, the white wire is neu- _stranded-wire end sticks out beyond 
tral, and green s the ground conductor. the solid wir. By doing ths, you force | remade grounding nlatals come with one end looped 
Code requires that green or bare wires the stranded-wire end into the wire Using premade grounds can save alot of time. 
are always the designated ground. connector first, ensuring a solid con 
Use wire strippers to strip 2 In nection, Use linemar's pliers to twist 
of insulation from the wires pulled __ wires slightly before screwing on the 
through the conduit ©. Splice the connector. 
receptacle pigtalls to ike-colored Once you've spliced all wire groups, 
circuit wires pulled through the con- fold the wires into the box @ and 


duit. Typically, electricians splice the attach the caver. Hold the cover tight 
around wires first, which means spllc- against the box and attach it with the 
ing three wires: the receptacle pigtail, cover screws @. 

the grounding pigtail to the box, and 

the circuit ground @. I the metal 


Using 2 ground clip to ground a metal box is suitable 


{for solid conductors only. 
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IRING APPLIANCES, LIKE WIRING 
a matter of solidly connecting 
conductors and following the recommen- 
dations of the NEC and the manufacturer. 
Many appliances are big energy users, so 
it's particularly important to size circuit 
wires and breakers based on appliance 
loads. When your new appliances arrive, 
read-and save-the owner's manuals that 


APPLIANCES 


‘come with them, Owner's manuals contain 
‘essential information on how to install the 
appliance, how to register the appliance and 
comply with its warranty, how to identify 
and order replacement parts, and other use- 
ful information. Increasingly, manufactur- 
ers offer owner's manuals online, so if your 
appliance lacks a manual, download a copy 
at once. There's no guarantee that manuals 
will stay in print-or online. 


GARBAGE OVENS HOUSEHOLD 
Agu ok atitehen  DISPOSERS Roughing inanoven = APPLIANCES 
appliances p. 212 Instating a garbage oti, p. 216 Wiring laundry 
an unfinished disposer, p. 214 Wiring a drop setups, p 218 
‘oven, p. 217 Instaling baseboard 
heaters, p. 220 
Blectre water 


heaters, p. 21 


A QUICK LOOK AT KITCHEN APPLIANCES 


here's a lot going on in a modern 

kitchen. Typically It contains a refrigera- 
tor, 3 dishwasher, 8 garbage disposer, 8 range 
hood, a slew of small countertop appliances, 
and, in many cases, an electric range, cook- 
top, or oven. 


Appliances have different wiring require- 
‘ments, Smaller ones such as disposers, dish- 
washers, and range fans require 120v; other 
appliances require 240v; and others-such 
as electric ranges-require both 120v and 
240, Ranges burners and ovens use 240y, 
‘but a range's timer and clock use 120. 

Let's start with a handful of important 


Covered junction boxes 
Al electrical connections must take place in 
2 covered junction box-either an integral box 
inside the appliance or in a covered junction 
box secured to a framing member, such as a 
wall stud 


Equipment grounding 
Al eppliances must have an equipment 
‘rounding conductor that connects to both 
the appliance frame (or housing) and to the 
‘metal outlet box for the safe discharge of 
fault currents 


Accessible disconnect means 
‘Appliances typically have an accessible “ds 


concepts. connect means” so you can cut the power, 
COMMON ELECTRICAL APPLIANCE REQUIREMENTS 
User ‘Typical Wire Size* Fuse or Breaker 

‘Small-appliance circuit AWG 20 amps 
Refrigerator (120v"* TAWG 20 amps 
Stand-alone freezer (120y)"" AWG 20 amps 
Dishwasher (120v)"* AWG 20 amps 
Disposer (120v)"* AWG 20 amps 
Microwave (1z0vy'* TAWG 20 amps 
Range (120/240v)"" TOAWG 30 amps 
Range (120/240v)"* BAWG 40 amps 
Range (120/240v)"" AWG 50 amps 
General utlity/workshop AWG 20 amps 
Laundry circuit (washer)® TeAWG 20 amps 
Clothes dryer (120/240v)"* 10AWG 30 amps 
Water heater (240v)"* YOAWG 30 amps 
Baseboard heater (120¥)"* TAWG 20 amps 

(max, 1,500 on circuit) 
Baseboard heater (240v)"* TOAWG. 30 amps 

(max. 5,760w on circuit) 
Whole-house fant rRAWG 20 amps 
Window air-conditioner (240v)"* 1OAWG 20 amps 


= aoe 


eat ere 


Lait Spence amet a oon mandates snes 
gt a tae on 20-4 en 
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(Thisisin addition to the fuse or breaker 
controling the circuit.) Far appliances that 
slide aut-such as a dishwasher or a refrig 
cerator-the disconnect means is typically a 
cord and a receptacle plug. Appliances that 
‘are hard wired, such as drop‘in cooktops and 
Wall ovens, must have an access panel near 
the junction box where incaming circult wires 
connect to appliance whips. (Whips are flex 
ible cords-metal clad or plastic sheathed 
that connect to appliance terminals.) 


Dedicated circuits 

Code requires that every fixed appliance 
must be served by a separate, dedicated 
circuit~a circuit that serves only that appli> 
‘ance, This includes appliances that must stay 
fon, such as refrigerators and freezers, as well 
as large eneray users, such as electric rang 
es, electric water heaters, and clothes dryers 
that require heavier wire and higher-rated 
breaker (or fuse) protection. 


TRADE SECRET 


PREPARING AN UNFINISHED APPLIANCE CORD 


a eeiesicatallar stoic 
‘ance cords. Some cords come with @ 
‘molded plug and precrimped cannectars that 
attach to terminals on the appliance, Other 
cords have @ molded plug but an unfinished 
tend that you must strip and splice to the 
lead wires af an appliance. In most cases, the 
splice Is housed in an integral junction box 
Inside an appliance, 

The cord seen here isa typical 20v cord 
that you might attach to a smaller fixed 
appliance, such as a garbage disposer. it 
contains a hot wire, a neutral wire and-in 
the center-a sheathed ground wire. Look 


closely at the cord and you'll see that its The ribbed side of the cord contains 


sheathing has a ribbed side and a smaoth 
side, The ribbed side contains a neutral wire 
that must be spliced to the neutral wire of 
the appliance; the smooth side contains a 
hot wire @. 

‘Start by snipping and separating the three 
stranded wires within the cord @, Using 
‘utility knife, carefully slice and peel back 
the cord's auter (gray) insulation from the 
middle wire, As you do So, you'll expose 
the ground wire's green insulation. Only 
the ground wire has this additional ayer 
of insulation @. Next use a wire stripper to 
remove V2in. of insulation from the ends of 
all three cord wires @. Now you're ready to 
splice those wires to the lead wires on the ar 
tte apslianes ‘expose the ground wi 


Far eons, how-to books 
had sections about replacing 
‘appliance plugs. Forget that. 
Today, you can easily find 
replacement cords~also called 
‘appliance whips-with molded 
plugs and precrimped connec 
tors, which are far easier and 
safer to instal. By the way, 
always grab the plug-not 

the cord-when unplugding Replacing the entire cord is otten easler than 
{an appliance. replacing 8 broken 
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INSTALLING A GARBAGE DISPOSER 


‘The bundled yellow wires supply the 
garbage disposer and dishwasher. 


Tighten the cable connector 
stress on the wire connector 


hough installation of a disposer is largely 


‘the same from brand to brand, be sure 
to follow the instructions that come with 
your unit. Typically, plumbing supply and 
waste pipes are stubbed out, and 12AWG 
cable is roughed-in belore the finish walls 
and cabinets are installed @. After the base 
cabinet is in place, install a 20-amp duplex 
Teceptactete supply power tothe disposer: 
‘and dishwasher. The receptacle for the 
disposer should be a switched receptacle. 


it-tab receptacle, 


smave the cover plate from the june 
ton box and serew on a connector. 


Install the sink and attach the disposer 
‘mounting assembly In the sink outlet. Then 
route the dishwasher overfiow pipe into the 
cabinet under the sink 

With these prep steps dane, you're ready 
to attach the appliance cord. Remove the 
over plate from the bottom of the unit and 
pull its wire leads, Then screw a cable con 
rector inta the knockout in the bottom of 
the unit @. Separate and strip cord wires 
‘and feed them through the cable connec- 
tor. Use needie-nase pliers to pull the wires 
through the junction box @ and then tighten 
the cable connectar @. 


Feed the cord wires through the 
connector and Junetion box. 


Raise the dlaposer into place and turn i 
Until the mounting rings lock ino place. 


Attach the green ground wire to the 
‘ground screw in the junction box. Then use 
wire connectors to splice ike wires-neutral 
to neutral, hot to hot @, Fold all wires into 
the junction box and replace the cover plate, 
Lift the disposer until its mounting ring 
engages the mounting ring on the bottom of 
the sink, Turn the unit untit the rings lock @. 
Slide the tube fram the dishwasher onto 
the dishwasher inlet stub and tighten its 
clamps @. Attach the P-trap to the dis- 
‘charge outlet an the disposer @. Plug the 
disposer plug into the undersink receptacle 
The second plug runs to the dishwasher. 


WIRING A GARBAGE DISPOSER 


BOTTOM OF DISPOSER, 
COVER REMOVED 


Ground 


Ground screw (green) 


I = 
Wire ute | 
card pug 


Appliance cord 


DISPOSERS 
& DISHWASHERS 


Disposers and dishwashers are both 
120, 20-amp appliances, o both are 
supplied by T2AWG cable. Most garbage 
disposers have a covered junction 
box on the bottom, to which a plugged 
cord attaches, You can also hard wire 
2 disposer, but having a receptacie in 
the cabinet under the sink enables a 
homeowner ta quickly unplug the unit 
should he or she need to repair or 
replace it. Typically, an undersink 
outlet is controlled by 2 switch above 
the counter, as shown in “Wiring a 
Garbage Disposer” at left. 
‘dishwasher and a garbage 
disposer usually plug into a duplex 
receptacie in the cabinet under the 
sink spittab receptacle. splittab 
receptacle is a standard duplex recepta- 
cle whose middie tab has been removed 
to create a duplex receptacle fed by two 
Circuits-that is, by two hot wires. 
‘Because they slide out for instal~ 
lation and maintenance, aishwashers 
are also installed with a cord and plug, 
Most of the time, the dishwasher junc: 
tion box is located in the front of the 
nit, just behind the kick panel. After 
attaching cord wires to wire leads in 
the junction box, run the cord in the 
channel behind the dishwasher to 
reach to an outlet. 


WARNING 


flip off the toggl 


INSTALLING A GARBAGE DISPOsER | 215 


UP-TO-DATE INVENTION 


TILLEY ELECTRIC VEHICLE 


Tilley Foundation, Inc. 
181 Hiwassee Road 
Lebanon, TN 37087, USA 
615-443-5315 
E-mail: cktilley@bellsouth.net 


Nowadays there stays urgent the development of 
technologies, which could possibly be combined into 
a reliable, commercially successful advanced self 
powered vehicle with additional desirable but currently 
commercially unavailable features. 


‘The advantages of electric vehicles seem to be 
evident - they are clean, quiet, powerful, require much 
less maintenance than gasoline or diesel-fueled 
vehicles, and are inherently much simpler and easier 
to manufacture. Their drawbacks have been a short 
range, long battery recharging time, and a heavy, bulky 
battery pack. 

After several years of personal accomplishments in the 
alternative energy industry, Carl B. Tilley, the inventor 
from USA, was convinced that it was possible to build 
an electric car that could be powered without the help 
of external power to keep the battery charged. 


‘The concept to produce a useful electric performance 
car that would last more than a few hours and would 
be economical to run, safe to drive around town or 
across the United States and never use a drop of fuel 
challenges the future of transportation as we know it 
today. 


With the establishment of the Tilley Foundation, Inc., 
in the year 2001, Carl Tilley set out to prove it could be 
done. It was an ambitious project and it broke ground 
on the facility in Tennessee that would build the first 
self-generating electric car. 


Construction of a 1,800 square foot building, that was 
powered with another recently developed electric 
device, began in the year 2002. Electricity for this car 
is provided from a different energy invention, which 
was void of any outside power supply. It is ironic that 
one alternative energy device actually built the 
invention to power and build the electric car. 


‘The Tilley Electric Vehicle (TEV), converted from a 
1981 DeLorean, energizes the imagination and defies 
what has been accepted as a standard in the area of 
transportation for years. 


From the selection of the proper car to be converted, to. 
the advanced technology, which is on board, the TEV 
performs comparably to gasoline-powered vehicles. The 
difference is you have no need for fuel and you do not 
have to stop the vehicle to charge it after driving. There 
is no pollution and you can cruise the highways at the 
same speed as any other vehicle. 


‘There is a new car on the road today. A car built with 
technology that defies the concept of fossil fuel 
powered cars, and can run coast to coast without ever 
relying on the battery being charged from an outside 
source. 


‘The long awaited transportation revolution and the end 
ofour reliance on fossil fuel has now begun ....the Tilley 
Electric Vehicle. 


‘The demonstration of a DeLorean powered by an 
electric motor and 12-volt standard car batteries is 
supposed to be on September 7, 2002, at the Nashville 
Superspeedway, USA. The battery bank is kept in a 
charged condition by the “on board” charger which is 
the device invented by Carl B. Tilley. Racing legend 
Bobby Allison is one of the guest drivers for this 
demonstration. 


Details and results of the 
demonstration read in 
our next issue 
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ROUGHING IN AN OVEN OUTLET 


Rewsinsnancrenowtets 
not that different from rough: 
Ing in any other outlet, Remove the 
knockout from 2 four-square box, 
insert aplastic cable connector, and 
then feed in the 10/3 NM cable that 
Will power the range, Staple the 
cable within 2 in, of the box; drive 
the staple just snug @. 

Although an experienced electri 
clan can use a utility knife to strip 
sheathing from any cable, using a 
cable ripper that can accommodate 
large-gauge wire makes sense for 
‘nonprotessionals @. Hold the rip- 
per channel snug to the cable and 
pull it down the Jength of the cable 
to score the sheathing @. 

Pull back the sheathing to expose 
Wires inside. Then use diagonal 
cutters to cut the sheathing free. 
Leave /2/n. to in. of sheath 
Ing inside the box @. Attach the 
‘round wire to the box using a 
‘green ground screw in a threaded 
hole, Wrap the wire clockwise 
‘around the screw so it will stayin 
place as the screw tightens down 
on it @. 

Fold the wires neatly into the bax 
so they can be easily pulled aut 
during the trim-out phase, when 
they'l be attached to a 30-amp 
receptacle or hard wired directly to 
‘8 metal-clad appliance whip. Finally, 
attach a two-gang mud ring to the 
‘outlet box so it willbe flush to the 
finish surface @. 


ROUGHING IN AN 


10/2 NM cable is run toa four-square 


With the wir 
to cut th 


‘exposed, use diagonal 


cutter athing loose 


When discussing cooking appliances, 
You'll need to keep several terms straight: 
The enclosed cooking area in which you 
roast a turkey is an oven; you place pots 
and frying pans on cooktop burners, 
‘range has both an oven and a cooktop. 

in any case, the heating elements of 
ranges, avens, and cooktops generally 
require 240v, but today’s smart applianc- 
‘es come with a plethora of timers, clocks, 
sensors, buzzers, and ather gizmos that 
Use 120\, For this reason, many units 


Use a cable ripper that can 
accommodate larger gauge wire 


Leave the ground wire long to b 
ta the ground in the appliance whip. 


require 120/240 wiring, with twa hot 
wires, an insulated neutral, and an equip- 
ment ground wire. 

‘As noted elsewhere, ifthe unit slides in 
‘and out for maintenance, its usually in 
stalled with a plug inserted into a matched 
receptacle, The outlet box that contains 
that receptacle may be surface mounted 
‘or recessed (so that the receptacle can be 
flush mounted). I the unlt drops in and 
stays put, it is typically hard wired to 2 
junction box via an appliance whip. 


TRADE SECRET 


WIRING A DROP-IN OVEN 


Dmneessanee 
stationary appliances must be 
hard wired. For the project shown 
here, an electric oven has been 
installed in @ base cabinet, and the 
wires in its MC cable are ready to be 
connected to 10AWG wires, roughed 
into a four-square box. The edge 
of the box must be flush to the 
cabinet back, because plywood is 
flammable. f the box or its mud 
ring is below the cabinet back, add a 
four-square box extension to bring 
it fush @. 

Install a two-plece, right-angle 
cable connector (a flex-90) to the 
end of the cable whip, Slide the bot 
tom of the connector onto the end 
of the whip and screw on the top 
of the cable connector €, Remove 
the stamped knackout an the four: 
square covers then feed the whip 
Wires and the cannectar end 
through the knockout @. Tighten a 
locknut onto the threaded connec 
tor end to lock the cable connector 
tothe cover, 

To ground the outlet box, loop 
the incoming ground wire under 
a green ground screw @ Splice 
that ground wire to the appliance 
(ground. Use wire strippers to 
remove ¥2 in. of insulation fram 
the neutral and hot wires on the 
incoming cable @; then use wire 
connectors to splice like-colored 
wires together: black to black, 
red to red, and white ta white. To 
ensure that wire connectors grip 
the wires securely, use needle-nose 
pliers. (There are two hot wires 
red and black-because the oven 
requires 240.) 

Once all the wire groups are 
spliced using connectors @, tuck 
them into the box. Then attach the 
cover to pratect the connections 


within @. 


square box extension 
brings the outlet flush. 


‘A right-angle cable connector 
fs attached 


Remave a knockout and feed 
the wires through. 


Wrap the Incoming cable 
ground under a ground screw 
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WIRING A DROP-IN 
OVEN (CONTINUED) 


Remove 1/2 in. of insulation 


.aettheneeagy, 


Attach the cover to the box 


zie | winiNG LAUNDRY SETUPS 


WIRING LAUNDRY SETUPS 


lectricians sometimes run an insulated 

‘ground wire in conduit. In the setup 
shown here, the metal conduit isthe system 
‘ground. There i, however, a green grounding 
pigtail that runs from each box graunding 
screw to a receptacle ground screw. n this 
project, wires are nat attached to a power 
source, so they are safe to handle 


Start by fishing wire to the box nearest 
to the power source. Here, four wires had 
to be fished: two 1OAWG wires to feed the 
dryer and two T2AWG wires to feed the 
\washer. Untape the wire bundle and then 
trim each set of wires ta rough length so, 
that at least 6 in, of wire sticks out of the 
‘box @; many electricians leave 8 in, to 10 in. 
of wire sticking out 

Attach a green grounding pigtail to the 
‘box and strip /2 in. of insulation off the ends 


(of the incoming wires. if the point of the 
‘grounding serew bits the masanry wal, You 
may need to shorten the grounding screw so 
that it doesn't run into the masonry. Insert 
the stripped wire ends into screw terminals 
‘on the dryer receptacle @, Twist the strand- 
‘ed wires beforehand so they will not spread 
‘excessively when you tighten the screws. 
After tightening the screws, gently tug each 
Wire to be sure it's well attached. The green 
pigtall grounds the device to the box, 

The receptacle for the washer is a stan 
dard 20-amp receptacle. Use a wire stripper 
ta create loops that you can attach to the 
screw terminals on the receptacle @. Once 
both receptacles are wired, fold the wires 
into their respective boxes and altach the 
cover plates @, @. if you install an industri 
alraised cover, secure the receptacle to the 
cover, then screw the cover to the box. Once 
You've installed the covers, attach incoming 


the wires to breakers in the panel 
>>>» 


MEASURING PIPE LENGTH 


To determine the tenath of conduit pipe running between two outlet boxes: 


sure from the centerline 


sch box (A). 


pense in, from the centertine of each box (B). 
‘Subtract the distance each adaptor sticks out of the box (C). 
‘Add the distance that pipe ends fit into adaptor sockets (D). 


Pipe length = A- 28-2C+2D 


Distance between centerlines of box: 


Adaptor 
(ipe connector) 


Outline of 


four-square box 


; WIRING REQUIREMENTS — 
FOR LAUNDRY SETUPS 


Clothes washers and dryers are often 
wired with two surface-mounted 
receptacles, 

‘As with electric ranges, electric 
dryers typically require 120/240y wiring 
because, in addition to thelr 240v heating 
elements, dryers are also equipped with 
several elements that use 120v-such as 
drum mators, timers, and buzzers. So 
dryer circults include two hot wires, a neu- 
tral wire, and an equipment ground wire 

Equipment grounds on washers and 
dryers connect to appliance housings 
to provide a safe raute for fault current, 
should a short circult occur, Washer 
circuits are usually wired with 2AWG wire 
‘and protected by a 20-amp breaker or 
fuse; dryer circuits are wired with 1OAWG 
Wire are protected by a 30-amp breaker 
or fuse. But, a always, note the name 
plate ratings on your appliances and 
Wire them accordingly 

The type of appliances used deter- 
‘mines how many wires you fish. Some 
dryers require three incoming wires (twa 
hot, ane neutral); whereas others require 
two hot wires only. For the washer and 
dryer installed in the projects shown 
here, we ran four wires: two #10 stranded 
THHN wires (two hots) for the dryer 
(2409) and two #12 stranded THHN wires 
not and a neutral) for the washing 
‘machine (1200) 


Insert them into screw terminals wire stripper to create loops. | 


DEDICATED VS. DESIGNATED CIRCUITS 


Electrical codes require that certain 
critica-use appliances, such as refrigerators 
and freezers, be nstalied an a dedicated 
circuit-that is, the circuit serves only one 
appliance, Less well known are designated 
circuits, such as the dryer receptacle shawn, 
inthe photo. The receptacle isthe only ane 
‘on the circuit: The distinction Is that the 
circuit Is designated for one use (laundry) 
but not for one appliance. Thus, if you 
decided to switch to a gas ciathes dryer, 
you plug both that dryer and 3 clothes 
washer into the receptacle. ‘ypleal laundry setup. A 30-amp dryer receptacle on a dedicated circuit (right) 
and a 20-amp washer receptacle on a designated circult (eft), 
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WIRING LAUNDRY SETUPS (CONTINUED) 


“Tuck the wi ptacle into the box. 


Install the co 
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INSTALLING BASEBOARD HEATERS 


Bp eat estes are any poi as tap 
toa central heating system. Installing units with in- 
heater thermostats isa better choice than installing a cen 
tral wall thermostat that controls all units. Baseboard units 
With in-heater thermostats are easier to install and mare 
cost-effective to operate because they deliver heat to areas 
Where it's needed most, Because most baseboard units are 
Installed under windows, units with In-heater thermostats 
can respond faster to cold air as it enters 

Baseboard heaters are available in 120v and 240v 
‘models, but 240v models are generally more efficient. 
‘Asa rule of thumb, you can connect several small heaters 
ta one cable running from the main panel, as long as thelr 
combined continuous load doesn't exceed 80 percent of 
the cable's rating. In other words, if you run 12AWG cable 
with 20-amp protection, the continuous current should 
not exceed 16 amps. But because Wattage varies from 
‘mode! to mode}, follow the Installation instructions that 
come with your model. 

Wiring an in-heater thermostat is pretty straightfor 
ward. Rough-In wiring to each heater location, remove a 
cover plate on one end of each unit, feed the Incoming 
cable through a cable connector and splice the Incoming 
circuit wires to the thermostat wires, Make sure to attach a 
‘grounding pigtail to the metal hausing af the unit. Therma- 
stats willbe single-pole or double-pole switches. Double- 
pole thermostats are preferable because when you flip 
them off, you cut power to both legs of the unit, which is 
safer and more convenient. 


INSTALLING BASEBOARD HEATERS 


WIRING BASEBOARD 
IN-HEATER THERMOSTATS 
SINGLE-POLE 
‘THERMOSTAT 
110/120 VOLTS 


DOUBLE-POLE 
THERMOSTAT ‘Tape white wire black 
to show it's hot. 


220/240 VOLTS t 

Heating 
Incoming seen 
power 

Load side 
Ground coming off 
serew thermostat 
(aren) 


‘Thermostat face 
Ground 


ELECTRIC WATER HEATERS 


placing an electric water heater generally requires a permit, even if you at- 

tach the replacement to existing pipes, The reason is safety: Inspectors want to 
ensure that gas- and oilfired units are property vented and that electric heaters are 
correctly wired, Inspectors are particularly concerned that temperature and pressure 
reliof (TPR) valves are correctly installed, because TPR valves keep water heaters 
from exploding inthe event of a malfunction. For these reasons and for warranty 
Issues, have a professional install your water heater. The drawing below is offered for 
Information only. 


TRADE SECRET 
Electric tank heaters are 
becoming rare, given the greater 
cost-effectiveness of fuel-tired 
water heater: 

gas-fired water heaters. 


especially tani 


WIRING A 240V WATER HEATER 


Here's a look at a typical water heater installation. Three things to note: (1) The cutoff “switch” can be a circuit breaker or 3 
fused switch rated for the load of the water heater, typically 30 amps. Place the cutoff switch close to the unit. (2) If you use 
‘two-wire cable to wire the water heater, tape the white wire with red or black tape on both ends to indicate that it is being used 
as a hot conductor. (3) Use flexible metallic cable (rather than rigid conduit) between the cutoff switch and the water heater 
for extra safety in earthquake regions. 


‘Outlet (hot water) Inlet (cold water) 
Incoming 


White wire taped 
red to Show It's hot 


Metallic cable from 
‘the cutoff switeh fo 
‘the water heater 
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UTDOOR 
IRING 


rity and safety and enable you to enjoy your 
ized tools. But before you start any project, 


review local building code requirements 
for outdoor installations. And remember: 
Before working on an existing outlet or 
fixture, be sure to turn off the power at 
the service panel or fuse box and test to be 
sure the power is off. Also, never operate 
Power tools in damp or rainy conditions. 


BEFORE ‘OUTDOOR OUTBUILDINGS OUTDOOR MOTION- 
YOU BEGIN OUTLETS Muming povertoan PATH LIGHTS =~ SENSOR LIGHTS 
Planning your outdoor Tapping into an ‘utbuiaing,p. 231 {nstaling low-voltage _tnstaling a motion- 
system, p. 224 sting outet,p, 28, path lights, p. 233 sensor light, 9. 235, 
Choosing outdoor Mounting & wiring an 

lights, p. 225 exterior outlet, p. 230 

Tools & materials, 
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PLANNING YOUR OUTDOOR SYSTEM 


tart by walking the property and not 
Ing where you'd Ike adiltional outlets, 

lights, and so on. Make a list. As you go, 
Imagine activities that take place in different 
locations at night and day. Is there enough 
light along the path when you come home at 
right, enough outlets to entertain or to do 
chores on the weekend? At this stage, think 
big and anticipate future uses, especially 
‘you must dig up the lawn to install your pres 
tent project. With a itle advance planning, 
Yyou can avoid digging up the lawn a second 
time, later. 

It Your wishlist is extensive, next make 
‘a scale drawing of the house and yard on 
‘graph paper. Note sidewalks, paths, and 
Important landscape elements such as trees 
and large bushes. Note electrical devices 
that you'd like to add and existing ones 
that need upgrading. The drawing will be 
especially useful when it’s time to calculate 
the number of fixtures and amount of cable 
you'll need. if you intend to take power from 
‘an existing outlet, note where the nearest 
outlet is, even if t's inside the house. 


Getting power 
‘Once you know roughly where you want 
to add exterior outlets or light fntures, 
figure out how to get power to them. This 
will epend, in part, on how many devices 
you're adding 
If you're adding just one exterior recepta- 
cle, for example, find the Interior receptacle 
closest to the one you want to add outside, 
I you position the new receptacle inthe 
same stud bay as the interior receptacle, 
you'll simplify the task immensely because 
you won't have to drill through any studs. 
‘Before cutting holes in anything, however, 
calculate the load on the circuit. Add up 
the wattage ofall the lights and appliances 
presently in use and the wattage of the new 
‘outlet or light you want to add. Ifthe total 
load on a 15-amp circult exceeds 1,440w, run 
new graunded circuit from the panel to the 


PLANNING YOUR OUTDOOR SYSTEM 


exterior device Instead. Likewise, if you are 
running pawer to an outbuilding, run a new 
‘grounded circuit from the panel 

Install a 20-amp circut if your plans call 
for electrical usage that exceeds the load 
limits of an existing circult, includes a large 
‘number of receptacles, or contains three or 
‘more large flood lamps or other large light- 
ing fistures rated more than 300w each. If 
You willbe using large, stationary tools in a 
workshop or heating the area with electric 
ity, you may need to add several 120v and 
240 circuits. Again, calculate the loads 
Involved. 

Two important points: First, the NEC 
allows you to tap into a genera-use or 
lighting circult only. You may not tap into 


circuits feeding kitchen-countertop recen~ 
tacles or bathroom receptacles or into any 
dedicated circuits that supply power to air- 
conditioners, clathes washers or dryers, oF 
other power-hungry appliances. Second, if 
You discover that the circuit you'd like to tap 
Into is wired with nongrounded NM cable, BX 
armored cable, or knoband-tube-don't tap 
Into that circult. The new extension may not, 
be properiy protected. Instead, run a new 
‘grounded circuit from the panel. In addition, 
don't forget weatherproof housings or cov- 
ers and GFCI protection. 

Finally take your plans for new circuits or 
‘extensions to existing line-oltage circuits 
{to the Jocal bullding department and have 
them sign off before you start, 


Outdoor safety: checking codes and 
utilities outdoor outiets and fixtures are exposed to 
weather; because moisture greatly increases the chance 
of electrical shocks, local codes are strict about what 
materials you can use and how they must be installed. In 
general, you don’t need a permit to install low-voltage 
lights because the chance of shock is low; but if you want 
to add an outdoor receptacle or a light fixture that uses 
fine voltage (standard house current of 110v or 220v), 
you'll need a permit. 

If you'll be running cable underground, check with local 
utilities before you dig. Call USA (Underground Service 
Alert) 800-227-2600. There may be water pipes, gas 
lines, telephone or cable lines, or electrical cables buried 
in the yard. Often, utilities will send out a technician to 
show you where such lines are located. If your lawn has 
a sprinkler system, note where sprinkler heads are and 
try to avoid the water pipes that feed them. Remember 
that only a licensed electrician should install hot tubs, 
swimming pools, and the like because such installations 
require special grounding methods. 


CHOOSING OUTDOOR LIGHTS 


ING OUTDOOR LIGHTS 
{As for your own safety, remember that intruders 
istike being in the limelight, install a security ight, 
and they'll probably go elsewhere, A few tips to 
make your lights more effective: 


2 Install motion-sensor lights. Because they are 
dark until triggered by mation, motion-sensor 
lights startle intruders, Better-quality sensors 
can be calibrated so they are activated only when 
someone nears the house-not by every dag walker 
fon the black 


1 Put security lights high on a porch or under the 
aves. Lights that can be reached without a ladder 
can be easily unscrewed, Most security lights have 
‘dual sockets so that if one bulb burns out, 
there's still one shining. 


w= Light walks and doors, i's easier for you to 
{quickly approach and enter your hause if sidewalks 
and entry doors are ll. Groping for your house keys 
In the dark is especially IIradvised if you ve alone 
fr along a dimiy lit street. 


1 There are also security light kits that turn on 
lights inside the house if someone approaches or 
touches a window. And if you're leaving the house 
for an extended period, put lamps on timers to 
canfuse would-be intruders. 


Motion-sensor I 
Intruders away. 


‘nat only welcome you home but also help keep 


CHOOSING OUTDOOR LiGHTs | 225 


The Problem of Time 
Force as the Cause of Change 
of the Course of Time 
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Abstract 


‘Material processes occurring in a physical system under 
the action of force field necessarily influence the course 
of time along the trajectory of motion of particle. A 
general relationship is obtained which relates the course 
of time on one path section of a particle when moving in 
a force field to that on the other path section in the same 
inertial reference frame. According to the results 
obtained, the force in relativistic mechanics is not only 
the cause of acceleration of particle relative to an inertial 
frame of reference, but also the cause of change in the 
course of time along the particle's trajectory. Therein 
lies the physical content of the dynamical principle 
underlying the special theory of relativity (relativistic 
mechanics). The applications of the theory developed 
to homogeneous fields - to the field of gravity and 
electromagnetic field, and to the gravitational field 
produced by a point mass particle are considered. 
Physical properties of the state of imponderability of 
particle in an external force field are investigated. It is 
noted that the change in the course of time in a force 
field is in no way connected with the change in space- 
time metric and is a direct consequence of the causality 
principle of relativistic mechanics. The existence of 
dependence of the course of time on the state of 
motion of particle in a force field points to the 
feasibility of controlling the course of time using force 
fields. 


‘Time is among the most common concepts, which are 
used constantly both in everyday life and in science. 
‘This is because all the events and material processes 
in the world happen in space and develop in time and, 
hence, the laws that govern space-time connections are 
the most general and hold for all the forms of matter. 
Nevertheless, time remains one of the most mysterious 
concepts of physics; its physical essence is not 
adequately revealed up till now [1-4]. The concept of 
time with difficulty yields to logical analysis, 


From the point of view of common sense the essence of 
time is that time characterizes the duration of events 
and processes, indicates their natural sequence, at 
which the present, going away to the past, gives place 
to the future. 


Isaac Newton gave a clear-cut characteristic of the 
concept of time, to which the majority of physicists 


adheres: “The absolute, true, and mathematical time 
in itself and by virtue of its nature flows uniformly and 
regardless to any other object”. Though, according to 
Newton, time flows equally and uniformly and does not 
depend on the processes, occurring in the world, the 
daily experience speaks in favour of the fact that the 
course of time is not uniform. Depending on 
circumstances in our history, it seems to us that time 
either flies swiftly or hangs heavy on our hands; 
sometimes it even changes suddenly, by leaps. In 
connection with these speculations the question arises 
of whether the subjective sensations of non-uniformity 
in the course of time familiar to everyone have an 
objective basis. 


In Newtonian mechanics time is of an absolute 
character, it does not change as one passes from one 
inertial reference frame to another and represents 
merely a parameter, whose change at the will of explorer 
results in the change of state of a mechanical system in 
accordance with the equation of motion. 


In relativistic mechanics time remains a parameter 
describing the development of system. But now time 
and space are intimately linked with each other to form 
a single system, i.e. the 4-dimensional space-time. In 
going from one inertial frame of reference to another 
time gets entangled with spatial coordinates, so that 
time in one reference frame represents a “mixture” of 
time and coordinates in the other. Time ceases to be 
universal, the same in all inertial reference frames; it 
takes on a relative character. 


The indissoluble association of time and space takes 
on special importance in the light of the concept of 
physical field, which was called by Einstein the most 
important discovery in physics after Newton. According 
to this concept, the occurrence in space of a force field 
means that space turns into a physical environment, 
which is capable to interact directly with other bodies 
and gains, thus, physical properties, becoming an active 
participant of physical processes. In view of the fact 
that space and time are indissolubly related to each 
other, the presence of a force field in some area of 
space must necessarily result in the appearance of 
physical properties of time caused by the motion of 
body in this area. 


‘Thus, from the synthesis of the notion of space-time and 
of the idea of physical field it follows with necessity 
that the course of time in a given region of space 
should depend on physical processes in this region, 
i.e. time, as well as space, should have physical 
properties [5-8]. 


It should be emphasized that in special theory of 
relativity (STR) time and spatial coordinates are 
independent and formally equal in rights quantities, 
which determine the position of elementary events in 
space-time. On the other hand, time stands out in 
relation to spatial coordinates. The special role of time 
is due, from the viewpoint of geometry, to the 
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TOOLS & MATERIALS 


Use a square-nosed shovel to create 
the ground 


he toals you need to install outdoor 
wiring are pretty much the same ones 
needed to wire a house interior. The big 
exceptions, obviously, are digging and earth 
‘moving tools. A square-nose shavel or spade 
{s the most useful tool when you're mak 
ing a shallow slot for low-voltage cable @. 
if you're actualy digging a trench, use a 
trenching shovel with a pointed nose and a 
reinforced shaulder that you can stamp an 
with a boot to drive it deep. 

Digging trenches is hard work, hawever; 
50 when the pros have to dig one of any 
length they rent a gas-powered ditch-digging 
‘machine, also known as a trencher @. A 
trencher looks lke a cross between a pow 
ered garden tiller and a chainsaw and typi 


RIALS 


allow slots £0 you can tuck lve cable into 


cally cuts. trench 4 in, to6 in, wide, and as 
deep as 24 in, Spread sheet plastic on either 
side of the trench so you can place the dirt 
from the trench nearby-which makes reil 
ing the trench easier. Wear heavy boots, 
heavy gloves, safety glasses, and ear plugs, 
when operating a trencher, 


Materials 
‘The NEC requires that all exterior outlets 

‘and circuits have ground-fault interrupter 

(GFCD protection. This protection includes 

the following: 

AGFCI receptacle installed in 3 
weatherproof box 

= A standard receptacle installed in 
weatherproof box protected by a GFCI 


Rent a dtch-dgging machine, also known as @ 
cher ta save time and avoid a sore back 


receptacle installed upstream (toward the 
power source) or by a GFCI circuit breaker 
™ A circuit protected by a GFC! breaker 


Exterior light fixtures do not need GFCI 
protection, If the box is surface mounted, 

it needs to be raintight. If the box is 
recessed in the wall it daes not. The fixture 
must be listed for damp locations if under 
eaves and listed for wet lacations if directly 
exposed to weather. 

‘There are two common types af weather 
proof covers (also called raintight covers) 
(see top phate on the facing page), A weath: 
erproof-whilein-use cover has a plastic cav- 
cr that shuts over an electrical cord, such as 
that used for haliday lights. A weathertight 


cover isa gasketed cover that shuts tight 
over the receptacles when not in use, 

‘Aboveground, electrical cable must be 
housed in conduit with raintight fittings 
(see battom photo at right), You can use 
polyvinyl chloride (PVC), thin-walled 
electrical metallic tubing (EMT) conduit, 
threaded intermediate metal conduit (IMC) 
OF rigid stee! conduit (RSC). PVC fittings are 
tlued together to achieve s raintight fit; EMT 
conduit uses compression fittings; and IMC 
‘and RSC use threaded fittings. Note: EMT 
conduit fittings intended for interior use are 
not raintight and are nat approved for 
exterior use. 

Belowground, you can run flexible 
Underground feeder (UF) cable at s depth 
acceptable to lacal cades-typically, 18 in. 
deep. Some codes allow you to dig a shal- 
lower trench i the cable runs in steel con- 
duit but because threading steel candult 
requires special equipment and advanced 
shill, it's nat a reasonable optian for mast 
anprofessianals, 


WARNING 


Avoid plugging or unplugging 
devices into exterior recep: 
tacles-or using corded power 
tools outside—when it’s 

raining ar snowing. 


Raintlaht(weatherproot) covers inlude a weatherproof-in-use receptacle cover with 
adapter plates (left) and a weatherproof box with gasketed cover (ight). Plastic adapter 
plates enable you to use the cover with a duplex or GFCI receptacle. The weatherpreat 
box gasket is precut, soit accepts elther a duplex or GFCI receptacle, 


overview af exterior conduit types, fittings, A, Yarn. PVC pipe: B, PVC elbow: 
, PVC bor with unthreaded openings (or silp-in fittings); D, male adapter (WA) PV 
‘ikting, which can be used with a threaded box or conduit; E, RSC pipe: F, RSC elbow: 
LB conduit HRS counting EMT soe: EMT elbow boll ox wit tree tread 

les; L, threaded EMT compression fitting; M, EMT compression coupling. Note: The 
Ub Condit and bell box accept any Vin rade size threaded itting-whether PVC 
‘adapter, EMT, or RSC. 


TooLs & MATERIALS | 227 


hen adding a single outdoor recep- 

tacle it’s usually easiest to tap into an 
Interior outiet within the same stud bay. In 
the installation shown here, the electrician 
solved the box-capacity problem by replacing 
the old receptacle with a commercial-grade 
duplex receptacle, Instead of spicing new 
‘and old wires and using pigtals-which would 
have required twist-on wire connectors and 
thus a larger box-he joined incoming and 
‘outgoing wires by inserting them into termi= 
1nal holes in the back of the receptacle and 
then tightened down the terminal screws. 
‘Note: Wiring a commercial-grade receptacle 
Inthis manner is not the same as back-wir- 
ing a standard receptacle because standard 
receptacles have inferior spring clamps that 
are unreliable, 


Der information about back-wiring, 
‘see p. 42. 

Start by turning off the power to the 
receptacle at the panel or fuse box; then use 
fan inductance taster to make sure the power 
Is off. Remove the cover plate and unscrew 
the mounting screws securing the recep 
tacle to the outlet box @, 

Pull the receptacte out of the box, being 
careful not to touch the screw terminals; 
then test them again to make sure they're 
not energized @. 


TAPPING INTO AN EXISTING OUTLET 


Pull the receptacle out of the box and re 
move the wires attached to Its terminal 


Detach the wires from the terminals, 
{old them out of the way, and look for a 
knockout in the box ta remove. Typically, a 
pair of knockouts will be hidden beneath an 
Integral cable connector-unscrew it. Then 
‘remove a knockout from the bottom of the 
‘outlet box ©. Dril through the exterior wall, 
‘and into the same stud bay as the interior 
receptacle @. Then, inside the house, push 
fish tape through the knockout hole and into 
the stud bay @. Outside, a helper can catch 
the tape, pull it ut of the hole you just 
drilled, and attach the new cable to it @. 
Inside, pull the fish tape and the attached 
cable inta the box. Pull about ft. of new 
cable out of the box and then replace the 
Integral cable clamp @ to secure the cable, 
Strip the cable sheathing and splice like 
Wires together, starting with the ground 


a 
1B se scene tpry out anoctut 


grounding nuts 


Wires, Use a special green grounding nut to 
splice the grounds @. Use wire strippers 

19 remove 2 in. of the Insulation fram the 
ends of the hot and neutral wires ©. 

‘To save space in the old box, insert the 
Stripped wire ends into terminal holes in the 
back of the commercial-grade receptacle 
@® Because commercial-grade receptacles 
solidly clamp wire ends, this connection is 
as solid as any splice. Fold the wires into the 
‘box 35 you push the receptacle into place 
until its fully seated in the box-do nat use 
‘mounting screws to pull the receptacle into 
the box because this could strip the screw 
threads. Then replace the cover and screw it 
into place. 


Outside, have a helper drill through Push the fish tape through the Outside, retrieve the fish tape 
the siding 


knockout hele, Into the stud bay. and attach the new cable. 


WARNING 


se wire strippers to remove 2 I. of 


ADDING AN OUTDOOR RECEPTACLE 


Exiting terior ees 
Ifyou tap into an recaptocte incoming cable — 
existing receptacle romeo id 
at the end of a cir= 

cuit, there should be 
‘enough room inside 
the box to bring @ 
cable to feed the new 
‘outdoor receptacle. 
However, if there are 
already two cables in 
the box-incoming and 
utgoing-you may 
need to replace the 
existing box with 
larger one. 


Pigtails ensure 
‘continuous 
ower down- 
Stream. 


New cable—! 
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Feed the cable through the connector 
Inthe box and secure Itto the bullding 


Insert wires into serew terminals. Gold scre 
for hot wre silver sere for neutral wire. 


CO mitener ste bsnteatin ts cate 
Inan existing receptacle, feed the cable 
through the cable connector in the back of 
the exterior box and mount the box. (The 
hole drilled in the exterior wall must be wide 
‘enough for the cable connector or the box 
won't sit flat ta the wall) To mount the box, 
‘use mounting ears or the small holes in the 
back. Apply siliconized caulking to the hole 
before attaching the box. Plumb the box and. 
screw it ta the outside of the building @. 
Strip sheathing from the cable and ground 
the box by looping the bare ground wire 
‘round the green grounding screw. Leave 
this ground wire long @. Use a wire stripper 
to remave /2 in, of the insulation from the 


Loop the bare ground wire around 
the green grounding screw. 


1d tuck the wires into the box. 
Then secure the receptacte to the box 


tends of the neutral and hot wires, Attach the 
‘ground wire that you earlier looped around 
the green ground screw to the GFC! recep 
tacle ©. Then connect the hot and neutral 
Wires in thelr respective screw-terminal 
holes ©. 

It the GFCI receptacle has plaster ears, 
use diagonal cutters to remove them; 
‘otherwise, the receptacle may not ft into 
the box. Fold the wires and push the recep: 
tacle into the box; then screw down the 
‘mounting screws that secure the receptacle 
to the box @. A weatherproof gasket is used 
to keep water away from the wires-set it 
in place around the receptacle before you 
attach the cover @. 
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Attach the long ground wire to the 
areen ground screw. 


Fit the gasket around the receptacle 
fang screw on the weatherproof cover 


TRADE SECRET 


he first step to wiring an outbuilding Isto figure out 

how many lights and outlets you need. if your needs 
are madest, you may be able to tap into an existing outlet 
Inthe main house and extend the circuit from it, Calcu- 
late the total loads for the existing circuit and the exten- 
sion to see Ifthe circult has enough capaclty. Otherwise, 
run a new circuit from the panel to the outbuilding. 

Ifthe outbuilding isn't more than 50 ft from the 
house and has 3 few fights and outlets, it usually can be 
supplied by a 120v, 20-amp circuit and 12/2 w/ard UF 
cable, But check with local buliding authorities before 
you start, Get the necessary permit, Code requirements, 
and inspection schedules, 

The hardest part af the job is usually digging the 
trench because local codes typically require it to be 
1B in. deep. Fortunately, you can rent a gas-powered 
trencher to do the digging for you, After removing the 
dirt from the trench, pick out any racks or debris that 
could damage the cable. Then lay the UF cable in the 
trench, flattening tas you go @. > >> 


{As you walk along the trench, unwind the cable. Idealy, it should lay 
flat in the bottom ofthe trench. 


RUNNING POWER TO AN OUTBUILDING 


GETTING 
POWER FROM eae 
THE HOUSE cond 
weatherproct SE eetheroee Juneton box 
mit both 
fover ot PVC nipple 
LB condulet sa 


AT THE OUTBUILDING 


‘Mate adapter (threaded) 
2/en, PVE condult 


: 
ected required i} 


Bushing 


UF cable 12/2 wigra 
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RUNNING POWER TO AN OUTBUILDING (CONTINUED) 


Use electrical-grade PVC conduit, cou 
pilings, and adapters to protect the UF cable 
‘between the bottam of the trench and the 
‘outdoor bokes in which connections will be 
made. At the house, UF cables typically 
spliced to an interior wire in a covered single- 
‘gang, weathertight box @. On the other 

end, the cable typically passes thraugh an 
LB condulet and a short length of PVC pipe 
bbefare terminating in a junction box inside 
the outbuilding @. 


PVC conduit can be heated and bent, a: 
‘owing you to change pipe direction with 
far less cutting and fewer fittings than you 
Would need for rigid pipe. PVC conduit is 
Intended to be used outside: iis flexible, 
durable, and waterproof; but its assemblies 
are nat good-looking or as protective as 
‘metal pipe or cable. Be sure to use only the 
‘gray PVC conduit rated for electrical work 
(also called schedule-40 PVC conduit 
White PVC plumbing pipe is unsuitabie as 
electrical conduit; moreover, heating it can 
‘release noxious fumes. Wear work gloves 
to avoid burns when heating gray PVC pipe. 


fo bend PVC pipe, heat It with a handheld 
MAP-gas torch. Rotate the pipe and keep the 
torch moving to heat the pipe evenly. 


ING WITH PVC CON 

it's best to use a hacksaw with a metal 
cutting blade to cut PVC pipe, though any 
fine-taoth saw will work. Make the cut as 
square as possible. Use a pocket knife or 
curved file to remove burrs from the pipe 
tend, then wipe it with a rag. Apply an even 
coat of PVC cement to the outside of the 
pipe and the inside of the fitting. If you're 
bending pipe, screw the threaded adaptor 
into the outdoor box or conduit first then 
tlue the bent pipe to the adapter. 

To bend PVC pipe, heat it with a MAP- 
{925 torch; one common brand is the Bernz~ 
‘Omatic™, You can also use a hot box or a 


‘you know it’s ready to bend. Shape it to 
the side ofthe Bullding of foundation. 


trap rlgld PVC pipe (with LB. 
sondulet) to the outbuilding. 


PVC heating blanket (Greenlee). Keep the 
torch point moving constantly, rotate the 
pipe periodically, and tape the pipe ends to 
Contain the heat and speed up the process, 
‘When the pipe droops, it's ready to shape, 
Place it against an irregular wall or founda: 
tion and it will conform to that contour, 
Strap the pipe close to the outdoor box 
{and the foundation. Ta secure straps to the 
foundation, first predril with a masonry 
bit. Then insert expandable plastic anchors 
inta the holes and drive strap screws into 
the anchors, 


Use straps to secure the pe t 
walls and foundations. 


RUNNING PO! 


TO AN} 


UILDING 


INSTALLING LOW-VOLTAGE PATH LIGHTS 


 eshockniedsepyaneelana 
‘and walkways safer, are easy to install 
‘and pose almost no shack threat. Always 
follow the installation instructions that come 
with your low-voltage kil Kits usually include 
light assembles lo-vo cable, pasts, ground 
stakes, and a timer-transformer power pack 
whose transformer reduces house current 
from 120v to 12, 

In the installation shown here, the power 
pack was maunted inside the garage, so PVC 


1B, 


riser posts, ant 


of 
pack‘a combination timer and transformer te step down voltage to Fa. 


D Place the lights and run the conduit 


conduit was installed to protect the lo-vo 
Cable asit traveled up the exterior wall into 
the garage. If you instal the power pack out- 
side, you probably won't need conduit. I you 
do install conduit, start by inserting a fish 
tape down the conduit @. Separate the two 
wires in the lo-v cable, snip one, loop and 
tape the remaining wire to the fish tape, and 
pull the lo-vo cable thraugh the conduit. 
Place the lights where they'll best illumi 
nate a walkway or highlight a landscape fea: 


B Sina sit to bury the 


ture, then run the lo-vo cable to them @. 
Run cable along the ground and cover It 
with a few inches of mulch, or use a square 
nosed shovel to create a shallow slot for the 
cable, Stomp on the shovel soit goes dawn 
iin, then rack the shovel fram side to side 


to create a V-shaped slot ©. Press the cable 
Into the slot @; then stamp your feet to 
close the sail over the cable 

Each light fixture has two wire leads that 
terminate in sharp-pointed cable connec- 


Alter Installing PVC conduit, Insert af 
nd pull the wires through. 


making sure that it's fully covered. 
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INSTALLING LOW-VOLTAGE PATH LIGHTS (CONTINUED) 


tors. When snapped tagether, the cannec- 


LOW-VOLTAGE LIGHT PARTS — 


tors pierce the insulation ofthe lo-vo wires 
and supply each light with t2v current ©. 
To pawer the system, attach o-vo cable a 
‘wires to the terminals on the power pack @. 
DETAIL 

Mount the power pack securely tothe wall 
and plugit into the outlet. Power packs are 
equipped with timers so thatthe lights come Prongs 
‘on and turnoff whenever you tike-whether able. 
you're home ar away @. 

Post 

(iser post) 

Wire leads 

totiature, 

Ground 

stake Wire leads 


conpuckarl ace ta fot the ‘bout 1 ft. longer than the sidewalk is wide. 
in the rove tant Hammer one end of the EMT shut 30 it 
creates ‘a hand sledge to 
‘rive the ik. To prevent 
tlosing the end of the pipe you hammer on, 
hold a scrap of 2x4 against the pipe en 
You hit it. When the pointed end emerges from 
the other side of the walk, use a hacksaw to 
cut it off. Then feed the o-vo cable through 
the EMT pipe. Be sure to wear safety goggles. 


of the lo-vo cable to Scrap lumber 


prevents: 


When point 
emerges, cut off 
crimped end. 


‘Once hung, plug the power pack into 
2 nearby outlet and set the timer 
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otion-sensor lights require 120v, 50 

they must be mounted on boxes rated 
for autdoor use. The fixture must be listed 
for damp locations if installed under eaves 
‘or must be listed far wet locations if directly 
exposed to weather. If you are replacing an 
existing light with a motion-sensor ight, 
don’t assume that the old box is raintight~ 
‘examine it, Exterior boxes should have flex- 
ible gaskets between the box snd the fixture 
base and threaded openings with closure 
plugs. f the box has only standard knockouts, 
its not raintight. 

Turn off power to the fixture and test to 
be sure itis off. Then unscrew the mounting 
screws securing it to the box. Holding the 
fiature in one hand, touch an inductance 
tester to the wire splices to be sure they 
are not energized. Disconnect the wire 
splices; ifthe existing box is damaged or 
Inappropriate, remove it. The new box 
must be raintight @. 

Feed the incoming wires through the 
cable connector in the back of the box and 
then attach the bax to the wall €. Mounting 
screws should sink into sheathing or Into a 
biock screwed to the sheathing. Attach the 
‘mounting bar ta the box @ and attach a 
‘ground wire to the ground screw on the box 
‘or mounting bar. Spice the ground wires 
from the box and the incoming cable @. 

Fit a weatherproof gasket over the cable 
Wires; then splice them to fixture leads: 
hot to hot, neutral to neutral @,. Tuck the 
wires into the box and attach the fixture @. 
Before screwing the bulbs into the sackets, 
slide waterproof washers onto them @. 
Adjust the motion sensor so that itis trig 
gered by people approaching the house-not 
by passing cars, dag walkers, and the lik. 


{A Code-approved outdoor box must 
be used, 


‘The green ground screw ensures a 
antinucus ground path to the box 


Slide a weatherproot gasket over 
the incoming cable wires 


Feed incoming wires through the 
back of the Box; then attach the box. 


Fold all of the wires back into the 
box attach the fixture, 


Waterproof washers around each bulb prevent water from getting Into 
the sockets 
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pseudoeuclidity of geometry ofthe 4-dimensional space. 
From the physical point of view, it is associated with 
the dynamical principle (causality principle), according 
to which the state of motion of a physical system at an 
instant of time ¢ uniquely defines its behaviour at the 


next instant of time r + (). The significance of dynamical 
principle lies in the fact that it relates the temporal 
evolution of system to the physical processes caused 
by force fields and in doing so it allows one to determine 
the course of time in the system, its possible 
dependence upon the character of physical processes, 
and not just the sequence of events and their duration. 


‘The idea about the existence of the physical properties 
of time belongs to N. Kozyrev [9]. By introducing into 
mechanics an additional parameter taking into account 
the directivity of the course of time, Kozyrev has 
formulated causal (asymmetrical) mechanics from 
which it follows that time has physical properties. 

According to the results of theoretical and experimental 
investigations conducted by Kozyrev and his followers 
[9-13], events can proceed not only in time, but also 
with the help of time, information being transmitted 
not through force fields, but via a temporal channel, 
and the transfer of information happens 
instantaneously. The appearance of additional forces, 
associated with the physical properties of time and 
capable to fulfill work, testifies that time can serve 
as a power source. 


In the papers by I. Eganova [12] and M. Lavrent’ev and 
I. Eganova [13] it is stated the problem of direct 
experimental research of the physical properties of time 
to ascertain the relations of a new type between 
phenomena and to discover new methods to change 
the state of substance. In [14] O. Jefimenko investigated 
the dynamical effect of the slowing-down of time. 


According to [6-8], the conclusion that physical 
properties of time exist follows strictly from relativistic 
mechanics, without introducing any additional 
hypotheses. The physical properties of time are of purely 
dynamical nature: their existence results from dynamical 
principle. The availability of physical properties of 
time is manifested in that time has a local 
inhomogeneity: its course along the trajectory of 
motion of a point particle in a force field is 
continuously changed, and this change in the course 
of time is a result of the action upon the particle of a 
force field in the inertial reference frame, in which 
the motion is considered. 


Editor's note: The author gives a detailed consideration 
of the physical content of the local dynamical 
inhomogeneity of time. Considering the motion of a 
Classical point particle under the action of a force field 
Jin the inertial reference frames, that moves relatively to 
each other, Valentin P Oleinik derives 73 equations, that 
help him to obtain the following conclusion 
(mathematical details and physical reasoning may be 
found in 
http://temporology.bio.msu.ru/OLEINIK/oleinik htm.) 


‘The elucidation of the physical nature of time is one of 
the most important problems of theoretical physics. The 
purpose of research on the problem of time is to study 
the physical properties of time, i.e. to ascertain the 
possible interrelation between time and material 
processes. In particular, itis of interest to find out 


‘+ whether the flow of time depends upon physical 
processes and whether the back influence 
exists (Le influence of the change of the time 
course on physical processes); 


* what mechanisms of the change of the course 
of time are available; 


© what factors are capable to speed up or to slow 
down the flow of time. 


In papers [5-8] on the basis of Lorentz transformations 
relating to coordinates of points, lying on the trajectory 
of motion of particle in a force field, the phenomenon of 
local dynamical inhomogeneity of time is predicted. The 
main result consists in the proof that material processes 
occurring in a physical system under the action of a 
force field necessarily influence the course of time along 
the trajectory of motion of particle. The case in point is 
the change of the course of time along particle's 
trajectory in one inertial reference frame as compared 
with that in the other. 


In this paper the next step is made: the relationship is 
obtained which relates the course of time on one path 
section of a particle when moving in a force field to that 
on the other path section in the same inertial reference 
frame. The main idea underlying the approach 
developed results from the analysis of Lorentz 
transformations and consists in that the course of time 
of a particle moving by inertia, i.e. ofa particle being 
not exposed to force, should be uniform. 


As is well known [17,18], the existence of dependence 
of the course of time upon the gravitational field 
potential is predicted with the general theory of 
relativity (GTR). According to GTR ({17], p.303), time 
flows differently at the different points of space in one 
and the same reference frame. Since “gravitational field 
is nothing more nor less than a change of the space- 
time metric” ({17], p.313), one can assert, apparently, 
that the change in the course of time is due, in the view 
of GTR, to the change of the 4-space metric. It should 
be emphasized that in the present paper gravitational 
field is considered as an ordinary force field, and the 
particle motion is supposed to occur in pseudo- 
Euclidian space-time. The main formulas of the article, 
(22) and (25), describe the change in the course of time 
in an arbitrary force field at different spatial points in 
one and the same inertial reference frame. As is seen 
from the results received, the change in the course of 
time in a force field is in no way connected with the 
change of space-time metric. It is conditioned by the 
force field action on particle in inertial reference frame 
and is a direct consequence of the dynamical principle 
underlying relativistic mechanics. 
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ANELS 
SUBPANELS 


HIS CHAPTER OFFERS AN overview nonprofessional to be sure that an exist~ 
to an existing panel, earn sbout from shock dangers. Second, some panels 
Installing subpanels, or understand the are s0 old, poorly wired, or overloaded that 


major elements of a service upgrade. Adding simply removing or replacing a cover can be 
a circuit is not difficult, but we recommend dangerous. Third, local building codes may 


having a licensed electrician do all work require that major upgrades be done only 
inside a panel, In particular, only a profes- by licensed electricians. Last, an inexpertly 
sional should upgrade electrical service. wired electrical system may nullify appli 

If you want more information about panel _ance or equipment warranties or even void 
work or service upgrades, hire a proand your homeowner's insurance should an elec- 
watch at a safe distance. trical fire occur. 


There are several reasons for this cau- 
tion: First, there's no obvious way for a 


SUBPANELS 
taling a 
244 


BEFORE 
YOU BEGIN 


Understanding service 
nels & subpanel, 


CIRCUIT 
BREAKERS 


‘Adding a cceut 
breaker, p. 242 
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UNDERSTANDING SERVICE PANELS & SUBPANELS 


lectrical panels vary in size and configuration, con- 

tributing to the general confusion aver haw to wire 
them correctly So let's fist look at how utilities supply 
electricity (service entrances) and then consider the dif= 
ference between service panels (also called main panels 
‘or main service panels) and subpanels. 

For decades, overhead service entrances were 
the only type, with large service conductors running 
from a utility pole toa service head (or weather head) 
‘mounted on or near the raof. But large wires are 
unsightly, so buried service entrances have become 
‘more and mare papular, 

“Typically, three service conductors run to a meter 
tbase. The two hot conductors attach to lugs on the 
supply side of the meter, and the neutral conductor 
attaches to a neutral bus banded to the metal box. 
When a meter is inserted in the base, power flows from 
the house-side meter jugs to a main disconnect (main 
breaker) in a service panel. Important point: All service 
panels contain a main breaker. Subpanels typically do 
‘ot, uniess they are haused in a separate building from 
the main breaker. 

In most setups the main breaker attaches directly 
to two hot buses. Turn off the main breaker and you 
disconnect pawer to all breakers and circults energized 
by those buses and to any subpanels downstream-away 
{rom the power source, Nonetheless, always test to be 
sure the power is off after flipping off the main breaker. 

‘To be safe, an electrical system must be grounded. 
At the transformer, a ground wire runs from the neutral 
conductor to @ ground rod driven into the earth. At the 
service panel, a ground wire attaches to a ground buss, 


;—— WORKING SAFELY IN A SERVICE PANEL ——_ 


Cut power inside the service pane! by tipping the main breaker off or 
‘by remaving the main fuse in a fuse box. This de-energizes the hat buses. 


‘But remember that large feeder wires may still be hot an the incoming 
Side of the main breaker-avoid touching that area. Unscrew the panel 
cover and set it aside. 

Carefully test feeders and breaker terminals for voltage. If voltage on 
any exposed partis still present, carefully replace the caver and calla 
licensed electrician I no voltage is present you can proceed. If you have 
‘any doubt or uncertainty, calla licensed electrician. Do not take the risk! 


Always turn of the power before 
working on an electrical system. 


[After removing the cover touch 
fone tester prong to the bare end of 
‘Teed wire and the ather prong to 


Avoid touching the feeder wires that 
‘attach te the main breaker-they stay 
hot even when the main Breaker Is 
turned oft 


WARNING 
If you are at all uncert 
Is energized, de 


licensed electrician, Do not take the risk 


in whether a panel 


not remove its cover. Call 2 


LOCK ‘EM OUT! 


Once you've shut off power in a 
service panel, tape the panel shut 
and post a warning sign af work in 
progress as good frst steps, But 
it's still possible for someone to 
remove the tape and reenergize 
the system. Pros prefer to use a 
breaker lockout, which limits panel 
access to the person holding the 
key. You can buy panel lockouts 

at electrical suppliers and most 
home centers 
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exits through the bottom of the panel, and clamps to 
a ground rad. If there are separate neutral and ground 
buses in the service panel, both will be bonded to the 
metal body of the panel, In some service panels, both 
neutral and ground conductors attach to a common, 
neutral/araund bus. 

This Isa second important distinction: Neutral and 
‘ground conductors are bonded at the service panel, but 
never ina Subpanel. That isn a subpanel there will always 
be a separate neutral bus and a ground bus. Typically, the 
‘ground bus bar in a subpane! will be bonded to the metal 
body of the panel, whereas the neutral bus bar in a sub- 
panel will be mounted on nonconductive brackets, 

‘Again, downstream from the service panel, grounds and 
neutrals are always separate, Thus, although three service 
conductors feed 3 service panel, four conductors feed 3 
subpanel: two hot wires, one neutral, and one ground. 


> SERVICE ENTRANCE TO ———__ 


THE EAVES SIDE 
‘When the service drop approaches over eaves, the service 
riser Is sent up through the eaves and the point at which 
tthe roof jack is caulked. 


‘galvanized steel 
ine 


‘Though most older homes have overhead service, buried 
‘service Is becoming increasingly common. The utility's 
responsibility ends where the service-drop cables are 
spliced to the service conductors running to the meter. 
In some areas, Code requires that underground 
conductors be housed in conduit. 


AERIAL SERVICE ENTRANCE 


Hot primary 


BURIED SERVICE ENTRANCE 


Service laterals (three Insulated 
conductors) buried 4 ft. underground 
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SIZING PANELS, SUBPANELS & CONDUCTORS 


A METER-MAIN COMBO PANEL A SUBPANEL WITH FEEDS 
Inside a meter-main combination panel, TERMINATED AT LUGS 
Bore the meter hasbeen instal IY there's no room left In the main panel, 


‘adding a subpanel is a good option. 
Hot service 


Neutral 
feed 


‘ground rod 


service 
conductor 


Ground feet 
to subpanet 

Ground 
conductor 


Protective plastic 
bushing 
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Petia aire 
clans calculate household needs (ampac- 
ity), then add 20 percent to 25 percent for 
future needs, 


Because lifestyles and energy consump 
tion vary widely, i's tough to generalize 
about service panel size. For family in a 
2,000-sqft. house, a125-amp service panel 
's probably adequate, But many electricians, 
recommend a 200-amp panel for an “aver- 
age" household in 3 home less than 3,500 
sq. t. that fs not heated electrically. 


Key Terms 


Conductors 
Technic: 


) anything that conducts 


The NEC allows a maximum of 42 breaker 
spaces ina single panel. If your system stil, 
has capacity but you've used up the avall- 
able panel spaces, add a subpanel. If your 
needs exceed system ampacity, upgrade 
the service. 

Allconductors-whether they feed a ser- 
vice panel or energize wall outlets-must 
be sized according to the loads they carry. 
If you'd ike more information an sizing 
conductors you can either get a capy of 
the most recent National Electrical Code 
fr a copy of Code Check: Electrical (Taunton 
Press), which does a good job of surmmariz~ 
Ing the NEC tables, 


Cable 


To give one example of service conductor 
sizing: A home with a 200-amp service 
panel should be powered by three 2/0 
copper THHN/THWN conductors, As noted 
earlier, two of the conductors are hat and 
the third is neutral (taped white), Each not 
conductor carries 120v relative ta the neu- 
tral, so together the twa hot conductors are 
capable of delivering 240¥ relative to each 
other. Remember, only icensed electricians 
and utility company workers should upgrade 
a service entrance. 


Cable is an assembly of several 


electricity Is a conductor, but the 
term most often denotes individual 
wires, regardless of size. Thus the 
large wires that run from a utility pole 
are service conductors. The fat wires 
that run down a service riser to a 

meter base are conductors, as are 

the slim circuit wires that energize 
outlets and light fixtures. 


Wire 

Wire is a generic term that 
an individual conductor, and it 
often used when referring to the size 
or type of the conductor, for example 
12AWG and 2/0 THHN/THWN 
stranded wires. 


conductors, usually in a plastic or 
metal sheathing. Hence, Romex cabli 
metal-clad (MC) cable, SE cable, and 
50 on. SE cable, a frequently misused 
term, is a specific type of large, non~ 
metallic cable that is not an acceptable 
service conductor in all regions. 


Feeds 
Feeds, or feeders, are distinguished 
by function more than form, though 
typically they are larger conductors 
that supply power to an element 
downstream. Thus feeders might run 
from a meter base to a main breaker 
or from a service panel to 3 subpanel. 
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ADDING A CIRCUIT BREAKER 


\Various breakers. From upper tet, clockwise: single 


le 15A, single pole 


220A, single pole 20A GFCI, single pole 208 AFCI, double pole 30A (for 
220'V toads). 


‘Connect the neutral wire to the 


Ircult breakers come in various con 
figurations. n the project shown here, 

‘2 20-amp twin breaker is being installed to 
conserve space. (A twin Is two slim single 
pole breakers Ina standard single-pole 
breaker space.) A typical single-pole breaker 
(s installed in exactly the same way. 
NOTE: Twin breakers can not be used to 
supply 240 volts 

When adding a circuit to an existing panel, 
cut the power to the panel and test to be 
sure i's off, Remove the cover, then use 
‘needle-nose pliers to jab out a knockout @, 
Install a cable connector into the knockout, 
pull the cable through the connector, and 
tighten the connector to prevent strain on 


electrical connections €. Cut enough extra 


ADDING A CIRCUIT BREAKER 


To installa breaker, place its heel on the 
mounting ral and snap I In 


cable to reach the farthest point inside the 
panel. Staple cable within 12 in. of the panel 
Score the cable sheathing by making two 
diagonal passes and sliding the sheathing 
off. Or score the sheathing lightly down the 
‘middle @, peel back the sheathing, and use 
diagonal cutters to snip it off. Leave about 
Yn. of sheathing sticking into the panel 
Separate the ground, neutral, and hot 
wires. Connect the ground wire frst @. In 
service panel, the ground wil attach to 
‘3 ground/neutral bus; ina subpanel, the 
‘ground will attach to a separate ground 
bar, Insert only one ground wire beneath 
‘each lug screw. Next strip 2 in. of insulation 
from the neutral and connect it to the neutral 
bus @. Making right-angle turns in individual 


‘Attach the hot wire tothe br 


neutrals toward the bus creates a neal 
orderly arrays of wires. 

Snap the breaker onto the hot bus @ and 
press down to seat the breaker securely on 
the hot bus poles). Strip /2 in. of insulation 
from the hat wire, then connect it to the lug 
screw on the end of the breaker @. Note 
Before attaching the hot wire, side a circuit 
tag onto the hot wire to Identify the location 
it feeds, 

{After connections in the panel are com 
plete, make sure all splices, switches, recep- 
tacles, fixtures, and/or appliances on the 
new circult are installed and there are no 
‘open wires or shorts in the circuit, Replace 
the cover, turn on the breaker, and test the 
devices for proper function. 


shaft of the ‘Score Romex cable sheathing tightly ‘Connect the ground wire to the ground 


Connector (clamp) int the knockout. toa 


id damaging the wire Insulation, bus of the subpanel. 


GFCI VS. AFCI BREAKERS: 
WHAT'S THE DIFFERENCE? 


Installing GFCI and AFCI breakers is essentially the 
‘same, but these two Code-required breakers offer 
protection from different hazards. 

Ground fault circult interrupter (GFC} breakers 
‘appeared first. A ground fault is any fallure of the 
electrical system that leaks current from a hot wire 
GFCIs are highly sensitive devices that can detect 
‘minuscule (5 milliamp) current leaks and shut off 
power almost instantaneously-typically, within 1/40, 
second. A GFCIs primary function isto protect peo 
ple from electrical shacks, especially when there Is 
‘moisture present. The NEC requires GFC! protection 
1 all bathroom receptacles; kitchen receptacles 
within 4 ft, of a sink: all receptacles serving kitchen 
counters; outdoor receptacles; accessible basement 
or garage receptacles; and receptacles near paols, 
hot tubs, and so on, 

‘Arc-fault circuit interrupter (AFC) breakers, on 
the other hand, help prevent house fires. AFCIs 
detect minute fluctuations in current associated 
with arcing and de-energize the circuits before a 
fire can start, Arcing most commonly occurs when & 
nail or screw punctures a cable, when insulation on 
an extension cord becomes frayed, ar connections 
became loose at an outlet or a switch, The NEC re- 
{quires AFCI protection on all 20v bedroom circus. 


The back of a double-pole breaker has two pressure clips that 
snap onto two hat bus poles-thus providing 240 of power. 
With doubie-pole breakers, both red and black hat wires are 
attached to the breaker. Energy wil flow whether you connect 
8 red or biack hot wire to either terminal, but electriclans rou 
tinely alternate colored wires: black, red, black, red 


DOUBLE-POLE CIRCUIT BREAKERS "| 
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INSTALLING A SUBPANEL 


Tia eet 
subpanel: 


1 Increasingly, main service panels are 
installed outside so firefighters can discon- 
rect power before going into the house- 
in this case, a subpanel inside contains 
all the branch circuits. 

= When a system has unused capacity but 
the service panel has no available slots 
for more circuit breakers, a subpanel 
allows for expansion. 

= A subpanel distributes power toa 
separate building 

"= A subpanel can offset voltage drops on 
circuits that are too distant (70 ft. or 
80 ft.) from the service panel. In this case, 
the larger gauge wires that feed subpanels, 
suffer less voltage drop than the smaller 
‘gauge wires of branch circuits 


Size subpanels based on anticipated loads, 
{1 you're adding a subpanel in the same build 
ingas the main panel so you can add lighting 
and general-use circults, install a 60-amp 
subpane! with atleast 12 breaker slots i the 
subpane is distributing power toa distant 
‘bulding that you want to use as a workshop 
or office, or perhaps expand later, install 
100-amp ar 150-amp subpane, 

People frequently add subpanels when 
planning a major kitchen remodel, because 
kitchens nave a lot of appliances. Locate the 
subpanel as close as possible to the kitchen, 

‘When adding a subpanel to an existing 
system, an electrician first shuts off power 
at the Service panel and tests to be sure the 
power is off. 


ACCORDING TO CODE 

The 
breaker in any subpanel in 
a separate building 


NEC requires a main 


INSTALLING A SUBPANEL 


If studs are spaced 16 in. on-center, install 
a standard, 147-in-wide panel. Use four 
1¥s in. by 10 screws to mount the panel @; 
Screws shauld embed at least in. nto studs. 
Install the panel at a comfortable height, so 
it ill be easy to wire and access. Remove a 
concentric knockout in the panel and instal 
‘a connector appropriate to the cable or con- 
dult that feeds the panel. Also installa pro 
tective cable bushing. Here, the feed is 3 
#2 Romex cable. Pull3 ft of cable into the 
panel, tighten the connector, and strip the 
cable sheathing. (Note the cross-brace 
between the studs, just below the panel) @ 
Code requires that you secure the cable 
within 12 in. ofthe panel, but 2/0 cable is tif. 
Strapping cable to a stud would force it to 
enter the panel ata sharp angle, which could 


stress the knackaut. Is far easier to strap 
the cable to a brace in the middle of the stud 
‘bay and run the cable straight into the panel, 
‘Secure the ground wire to the main lug of 
the subpanel ground bus ©. Cut the three 
insulated feed wires, allawing enaugh extra 
to Joop them gent. Avoid sharp bends, 
which can damage wire. Strip tin. of insular 
tion from the feed ends, Use an Allen wrench 
cor torque wrench to connect the feed wires 
to their respective lugs @. Laop the hot 
{feeds araund the perimeter of the panel, 
distancing them from the neutral feed so 
there willbe a open area through which to 
‘un smaiier circuit wires ©, Looping the wire 
‘generously also ensures that there will be 
‘enough extra cable in case you need to strip 
and reconnect feed ends later @. 


LOCATING A SUBPANEL 


30 In. 36in. 


‘Any panel-whether a main 
fora subpanel-must have 
sufficient clearance around it 
NEC minimums require 78 in. 
cof headroom, 36 in. free space 
In front of the panel, and 30 in, 
across the face of the panel. 
The panel stud be installed 
at a comfortable height, mean- 
Ing that no breaker handle 
‘may be higher than 72 in 

The area must also be dry 
and easily accessed. Do not 
install a subpanel near a bath- 
room or near flammable mate- 
Fials. f you installa subpanel 
ina common area between 
living spaces and an attached 
‘garage, wrap the panel encio- 
sure with two layers of 57s In. 
drywall on al sides. However, 
if you place the panel in a dry 
Interior wall you can install a 
standard two-lug panel, whose 
14Y2 in, width fits neatly be- 
tween two studs spaced 16 in. 
on-center, 


When possible, install a subpane! between stud Remave a knockout, Install ac 
on-center. Secure itn place using at least four feeder cable nto the subpanel 


First connect the ground wire from the feeder cable to the lug 
‘on the ground bus. The ground bus Is Bonded to the metal panel 


un the two ott F Inthe completed subpane al feds terminate Int ig. 
Strip te hot Teed ends 6 
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It should be emphasized that the existence of 
dependence of the course of time on the state of 
motion of particle in a force field points to the 
feasibility of controlling the course of time using force 
fields. 


Note an important peculiarity of the non-inertial 
reference frame, in which the imponderability state of 
a particle is attained: there is such a space-time region 
in which the reference frame at hand can be 
approximately considered as inertial. In connection 
with the fact that such reference frames (it is natural to 
call them quasiinertial in contradistinction to the true 
inertial reference frames) are, generally speaking, not 
equivalent to each other (see previous section), the 
derivation of a rigorous criterion for inertial reference 
frame acquires especial significance. The dynamical 
criteria for defining the inertial and non-inertial states 
are considered in the papers by B. I. Peschevitsky [19] 
‘The heliocentric reference frame seems to be among 
the quasiinertial reference frames, being inertial with 
adequate accuracy only in a restricted region of space 
(for example, within the limits of our Galaxy) [16] 


‘The author is grateful to Yu.D. Arepjev for his interest 
to the paper and stimulating discussions. 
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[AC Armored cable, Also, Alternating current. 
ACCESSIBLE Not permanently concealed by 
the structure or finishes, Able tobe accessed 
Without damaging the building, 

AMPACITY (AMPS) The amount of current 2 
clrcult or conductor can safely carry (conduct) 
Measured in amperes (amps) 

AMPS The measure of the volume of electrans 
fiowing through a system current) 

‘ARC FAULT CIRCUIT INTERRUPTER (AFC) 
A circuit breaker designed to de-energize a circuit 
within a period of imei it senses arcing. An arc 
Isa spark between conductors or connections. 
BONDING JUMPER (MAIN) Conductor con- 
necting the neutral conductor te the grounding 
electrode conductor ina service panel 

CABLE An assembly of several conductors 
Most often refers to plastc-or metal-sheathed 
cable that contains several individual wees, 
CIRCUIT (BRANCH) circuit originating at a 
Circuit breaker or fuse in an electrical panel and 
feeding utilization equlpment (ight, switches, 
receptacles, appliances), 

CIRCUIT BREAKER A device intended to de- 
energize a circu if current exceeds specified 
parameters 

CONDULET A condult body with a cover de- 
signed to act a 2 pulling point in a conduit run, 
tochange conduit direction, or asan intersect- 
Ing point af mutiple conduit runs. 
CONDUCTOR Technically, anything that con 
ducts electricity. Most often, it denotes a wire. 
CURRENT The flow of electrons ina system. 
Current is measured in amperes (amps), There 
are two types of current; DC (direct current) and 
{AC (alternating current). Typically ACs found in 
homes and bulaings, 

ENERGIZED Live, The presence of voltage ina 
circuit or conductor. 

FEEDER A large ampacity circuit suppiying a 
service panel, subpanel or other high current 
piece of equipment, 

FIXTURE A light fiture (table lamp, sconce, 
chandelier, recessed can, etc.) 

FUSE BOX & metal box designed to house 
fuses installe for circuit protection, 

GROUND A connection to earth (the around, 
‘To make such a connection 

GROUND BUSS A piece of metal designed to 
connect multiple wires to a grounding electrode 
conductor. 


GROUNDING CONDUCTOR A wire in an elec- 
trical system designed to bond metal parts of 
the electrical system tothe earth (around) 
GROUNDING ELECTRODE CONDUCTOR 
‘Awire of a gauge determined by the ampacity 
of a service panel that connects the service 
panel (and ground bus) to a grounding electrode 
(round rod or equivalent), 

GROUND FAULT A fauit situation in whieh 

an energized conductor or piece of equipment 
comes in contact with grounded metal parts 
GROUND FAULT CIRCUIT INTERRUPTER 
(GFCI) A special receptacle or cireult breaker 
Intended to protect people by de-eneraizing a 
clreult within a specific period of time if current 
to ground exceeds specified parameters. 
GROUND SCREW A green colored screw used 
ta connect ground conductors to boxes and 
devices 

LISTED Equipment and materials included on 3 
list published by an organization, acceptable to 
the authority having jurisdiction, that states that 
the equipment or materials meet specific design 
criteria or are suitable for the use intended. 
Most commonly UL (Underwrter’s Laboratory) 
listed, 

LOCATION, DAMP Protected from weather 
and not subject to saturation (under eves, cano~ 
pies, ec.) 

LOCATION, DRY Not subject to molsture (inte 
Tio, protectes from weathen) 

LOCATION, WET Underground; exposed to 
weather; subject to saturation, 

MAIN CIRCUIT BREAKER A large ampacity 
circult breaker that protects and acts as a means 
toa de-energize a service panel or subpanel. 

MC Metal clas cable, 

NEUTRAL The neutral or grounded conductor 
(not ground conductor is the return path for 
current in an electrical system; designated by a 
White or light gray color. The neutral s bonded 
to ground atthe service panel. 

NEUTRAL BUS & piece of metal designed to 
connect multiple wires to the neutral conductor. 
OHMS The measure of resistance tothe flow of, 
electrons (current) 

OVERLOAD A situation in which the current 
flowing through a cireult or circuit conductor 
exceeds the safe operating ampacit of the con- 
ductor. 


GLOSSARY 


RECEPTACLE Device designed forthe connec 
tlon of aplug 

ROMEX® Type of NW cable, sheathed with now 
rmatallc material 

‘SERVICE PANEL (MAIN PANEL) The prima 
relectrical pane located Immediately after the 
meter socket and housing the main cicultbreake 
ero main uses and/or other devices designed 
to de-energize and protect circuits. 

SERVICE DROP Conductors from the utlty 
pole to the point of connection (weather head. 
‘SERVICE-ENTRANCE CONDUCTORS. 
(OVERHEAD) Conductors between the point 
cof connection {meter lugs) anda point outside 
(weather head) connected to the service drop 
‘SERVICE-ENTRANCE CONDUCTORS. 
(UNDERGROUND) The conductors between 
the point af connection (meter socket) and the 
ubity service lateral. 

SCREW SHELL The metal conductive interior 
body ofa light socket or fuse holder with large 
threads (or ridges) that allow a bul or fuse to be 
screwed in 

SPLICES The point at which two wires or con 
ductors are joined or connected together. Far 
branch circuits, splices are commonly made with 
pressure connectors (wire nuts). 

‘SUBPANEL An clectrial panel that is supplied 
from a service panel andis installed either to 
provide additional circult breakers or to ds+ 
tribute branch circuits ata distance from the 
service panel 

SWITCH A device that opens and closes 3 cir 
uit, controlling the operation of a ight Fixture, 
fan, other equipment, or appliances. 
VOLTAGE, NOMINAL (VOLTS) & value 
assigned to a crcult or system to designate its, 
class, Modern single family residences inthe 
U.S typically have 120/240V systems. 
VOLTAGE TO GROUND (VOLTS) The sit- 
ference in potential (voltage) between a single 
energized conductor and groune (neutral or 
equipment ground), 

WATERTIGHT Enciosures built to prevent the 
Intrusion of moisture, 

WATTAGE (WATTS) A measure of Power con 
sumed, 

WEATHERPROOF Equipment or enciosures 
bul so that weather wit not interfere with their 
operation 


INDEX 


re fitting, 195, 197, service panel attachment, 8 Cordless power tools, 21, 23 
A oe a 28-08 standoffs/clips for, 33,189 Current, defined, 6 
AFCIs (arc‘ault circuit inter- symbols for, 168 stapling, 33, 189 Gutinbowes. 26 
rupters), 164, 243 wall, 27,186 stripping, 34-35 Cutters and pliers, 21, 
‘Aluminum wiring, 14, 30,160 Buliding codes, 163-64 supporting, requirements, 
‘Amps, volts, and watts, 6,161 boxes 163, 183, 183 D 
Analyzers, 21, 24 cable, 163, 183 12/3, 12/2. 14/3, and 14/2, ted circ, 162, 165, 
Appliances, 210-21 checking, 3, 4,165, 224 30,31 pices ees 
baseboard heaters, 220 icuit breakers, 83 types of, 30, 31 wasens sie 
basics of, 21243 circuit wiring, 163 from ality sarvice fa, Pralamaene vin 
common requirements, 212 common requirements, 163 161, 239 Bera sea 
dishwashers, 215 general-use circuit Ceiling fans, 151-55, 168, Rees 
garbage disposers, 214-15 Fequirements164 Chandeliers. 75-7, 85-67 Doorbell, 0" 
laundry setups, 218-20 ‘rounding, 163,183 Grcuit breakers See also Ser- Dil bits 23.161 
‘oven outlets/connections, homeowner work allowed?, vice panels eae 
gar es Woes Drills, 23, 180, 181 
‘small, circuits, 162, 165 outdoor wiring, 224 AFCI, 164, 243 areal ane eo 
Unfinished cords receptacles, 27, 164 ‘amp ratings, 8 Beppe eee oe 
(preparing), 213 rough-in, 183 code requirements, 183 a7 
water heaters, 221 wire connections, 163, 183 cutting power at, 16 
Acing, 14,15 ouble-pole, 243 E 
c SFC a9 Electrical notation (systems), 
B lockouts, 179, 238 168 
Cope TRS ah 2S fepaeted tcinping ot Jet Electrical systems, See also 
Back-wired devices, 40, 42 Cables, See also Multimedia types of, 243 Meal sen eri 
Baseboard heaters, 220, AC, installing, 203 wire gauges matching size Rougeanatog 
Bathroom circults/lighting, armored, stripping, 22 of 15 Pere el nhl 
Lesa GS eget 165.128 is 10-11 (see also specific 
Bathroom fans, 4-47 Connectors, 32,182, 202 acing 162 loa beats 
bee polices dia bathroom and kitchen, 162, incpecting/evaluating, 14-15, 
capacity of, 25 defined, 241 165 ono 
Geauing teins alate Harel 16 service drops/entrances, 10, 
Yor celling fans, 152-53 evaluating condition of, code requirements, 163, 164 1.164230 
Eee 14515, 160 dedicated, 162,165,212, 219 ing of $6)-62 
code requirements, 163, 183 fishing, 191-93, 207, 228, designated, 219 Electricity, Understanding, 6 
connectors, clamps and 229 load calculation, 162 " 
clips, 32 flexible metal (installing), overloaded, 161 
covering all connections, 202 requirements by room,165 FF 
54,163 home run, marking, 189 wiring requirements, 163 Fans, 138-55 
cuttin, 26 low-voltage. See Low: Clamps and clips, 32, 182 bathroom, 141-47 
Fh Uracil ag voltage (Lo VoorLV) Conductors, 240, 241 integral junction boxes in, 
fill worksheet, 25 fixtures: Conduit, 30, 31, 202, 205-09, 140 
grounding, 163 MC, installing, 204 218-19, 227, 231, 232 range hoods, 148-50 
Unstallng 277 85) 99/182- ‘metal, 202-04 Connectors, cable, 32,182, 202 fogf vents for, 143-44 
53, 18687, 194-95 nall plates protecting, 189, Connectors, wre, 36, 37.182. wiring schematics, 140 
Nocatings 27,047) 184,185, 197 See also Clamps and Feeds, defined, 241 
leaalA ordering, 183 clips Fish tape, 21, 22, 181 
ital Ysa plsencr 2526 pulling, 189, 197 Connectors/jacks, multimedia, — Fishing cable, 191-93, 207, 228, 
mounting between joists, eading:enites on/Si 122, 133-37 oa 
29,182 securing to framing, 33,189 continuity testers, 24 


removing knockouts, 28 
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Floor plan, developing, 165-67 wiring fixtures, 68 (see instating cable connectors, 
Fluorescent bulbs, 69 aso Switches, wielng: 13 
Fluorescent fixtures, 92-93 kitchen circuits/lighting, 162, specific fixture type) media distribution panels, 
Furnace transformers, 118-19 164, IEE Sep alse Line voltage, defined, 68 127-32 
Fuse boxes, 9,16, 158°59, Lighting Lineman’s pliers, 21,22 outlets, locating/nstating, 
161-62 Knobrand-tube wiring, 30,160 | ad calculation, 162 132 
Fuses Load ratings, 1 phone lines and jacks, 
amp ratings, 8 L Low-voltage (Lo Vo or LV) 128-25 
blown 9,18 3 fixtures, 68,94-107 signal strenoth, 122 
“penning 158 OT ils attaching feed rods and stripping cable, 123 
types of, 9 10-73 J fixtures, 102 twisted wires, 123 
replacing plugs, 74 canopies, 95, 98, 101 Multimeters, 24 
6 Saar pecan ai Installing cable lighting 
. tem, 95-102 
Garbage disposers, 214-15 Hegel eid instating ight ixtures,1o7 | N 
tinning wires for, 73 3 National Electric Code® (NEC), 
GGFCI breakers, 243, installing monorall track National Electric Co . 
Gls trout creut i L355 180184 185 fee eo 363, 
terunters) 10,13, 40, aun setups, 216 mounting box for, 99 Needle-nose ples, 21,22 
47,165, 171,226 i ‘outdoor path lights, 233-34 Neon voltage testers, 17, 24 
Glossary, 248 Levels, 22,180 riiniineand tensioning Nipple, defined, 68 
Grounding. Se aso crcis dN box, defined 68. See cables 96-97 Notation, electrical, 168, 
round-fault circuit eee smatic Nut-driver bits, 180, 181 
atoaiet Lighting, 66-107 See also schematics, 95,108 
interrupters) 2 standoffs, 95-96, 104 
Gates Lamps: Low-voltage 2 
ies of 1213, rege systems overview, 94 ° 
Sie sein & 56D avoeeuititues: Trees e5 2 On etre 6 
oo Jutdoor wi 7 ms, defined, 
code requirements, 163, 183 bathroom, 165 rt Toe 1G het Leads ‘Omnidirectional flare, defined, 
pment 22 buys 68 foarte, = 
equipment, ; bells, 10 
service panels, 1213, 15,199, Ceiling box for, 85, 99 owten cine Outdoor wiring, 222-35 
163 ceiling finture elements, 78 coe adding receptactes, 229 


choosing lights, 225 
getting power, 224 


Ungrounded outlets, 47,160 Chandeliers, 75-77, 85-87 


fan-light combinations, 155 thermostats, n6-17 


Lumens, defined, 68 


H general, 164 holiday lights, 229 
installing bulbs, 84 low-voltage path lights, 
Halogen bulbs, 69, 84 kitchen, 164, 165 M 23334 
Hammers, 22 toad calculation, 162 sis aia motion-sensor lights, 225, 
Hand tools, 21, 22, 180 ‘mounting fixtures, 78-79 ‘Media distribution panels, 235 
Hickey, defined, 68 porcelain fixtures geil outlets, 230 
Holes, cutting, 80-8, 194,195 {instaling), 80-81 feter-main combos, 9 planning, 224 
recessed, 88-51, 9 ance power to outbuilding, 
1 femevirgfstures 82 | tion detector wna, 62 i ee 
71.8 iaeianied safety precautions, 
Incandescent bubs, 69 22 Mules BOT =? tapping into exsting outlet, 
Inductance testers, 18-19, 21, sample plan, 168-69 ‘cable, 122-23 228-29 
24,43 ‘symmbals for fixtures, 168 connecting cables at panel, _‘tools and materials, 226-27 
inspections, 3,167, 178-79 task, 164 Ht weatherproof cavers, 
Inspectors, reviewing plans, terms, 68 innattors snd acest 226-27 
166, 167 Undercabinet fluorescent, 8337 ve Outlets. See Receptacles 
92-93 faceplate connections and Oven outlets/connections, 


wall sconces, 82-84 options, 136-37 ee 


P ‘amp ratings, 40-41 code requirements, 183 (see grounding, 12-13, 15,159, 163, 
- bback-wired, 40, 42 also Building codes) how it fits into system, 1 
Phone lines and jacks, 124-25 choosing, 40-41 conduit systems, 205-09 inspecting/evaluating, 14-15, 
Pilot light switches, 62 circuit capacities, 161 ‘corner cable runs, 190 158-59 
Planning new work, 156-75. code requirements, 164 creating wiring trench, 196 internal workings, 8-9 
See also Building GFCls, 10,13, 40, 47,165,171, cutting box holes, 194,195 key terms, 241 
‘codes 226 siling for cable, 188 main breaker, 8-9 
‘adding outlets and circults, grounding, 15, 47, 160, 163. fishing cable, 191-93, 207, meter-main combos, 9 
162 load calculation, 162 inspection, 178-79 ‘minimum amps for, 14 
assessing wiring condition, Igcating, 27, 47,184, 185, installing boxes, 186-87 safety precautions, 7,179, 
160 186 laying out job, 184-88 238 
developing floor plan, ‘making flush to drywall, 47 materials for, 182-83 sizing, 161-62, 240-41 
165-67 matching load ratings, 41 metal cable, 202-04 subpanels, 9, 236, 238-41, 
electrical notation neutral wires attached to, ordering materials, 183 244-48 
(symbols) for, 168 43 outlet box, 98 understanding, 238-39 
electrical system overview, for y20/240 range, 175 pulling cable, 189, 197 Tina tool, 22 
10-1 outdoor, 230 recessed light can, 199 Soldering wires, 73 
getting feedback, 166 polarized, 41, 47 retrofitting boxes, 195,197 Solenoid voltage testers, 24 
inspecting fuse box/breaker spacers (caterpillars) starting and organizing, 778 Source (supply) wires, 68 
panel, 158-59 building up, 47 switch boxes, 200-201 Splicing wires, 37, 64, 180, 183 
load calculation, 162 surface metal boxes for, tools fr, 180-81 Staples, 33,189 
materials lists, 166, 167 208-09 Running thread, defined, 68 Stepladders, 180 
‘orrsite Inspections, 167 symbols for, 168 Strippers and pliers, 21, 22 
pro's take on rewiring, 160 fasting 15, 17-19, 43, s Stripping cable, 34-35, 123 
remodeling kitchens, 162 thse prong. 10 Stripping wires, 37 
requirements by room, 165 two-slot ungrounded, 15, Safety. See also Grounding —_—_Subpanels, 9, 236, 238-41, 
reviewing plans with 47,160 avoiding shocks, 12 244-45 
inspector, 166,187 Receptacles, wiring, 198 evaluating system, 14-15, switches, 38, 40-43, 50-65 
sample plans (lighting/ controlled by switch, 174-75 158-62 backwired, 40, 42 
switches, and power), guplex receptacles, 44-46, 98417, 180 choosing, 40-41 
teeta 170-71, 174-75, general guidelines, 7 code requirements, 164 
sizing system, 161-62 at end of ircult, 144,170 lighting fixtures, 71, 81,82 convertible, 55 
wiring portfolio, 70-75 feeding wires through respecting power i 4,7 dimmer, 40, 56-57 
(Gee also Receptacles, receptacle, 144,170 service panels, 7,179, 238 double, 63 
wiring: Switches, ‘ganged receptacles, 171 wiring in orderly way, 45, four-way, 51,61 
wiring) GFCls, 47, 48,171 Safety glasses, 7 locating, 184,185, 186 
Pliers and strippers, 21,22 in midcircuit, 144, 170 ‘Saws, 22, 23,181 matching load ratings, 41 
Plug'n circuit analyzers, 21.24 —portfjio of options, 170-71, Sconces, B2-B4 motion detector, 63 
Plumb laser, 184 1475 ‘Screwdrivers, 21, 2, 180 neutral wires attached to, 
Polarized fixtures, 74 splittab receptacles, 49, Secondary wires, defined, 68 43 
Polarized receptacles, 4, 47 475, 215, Service conductors, 10, 11 pilot lignt, 62 
Power, defined, 6 switch/receptacle combo, Service drops/entrances,10,11, replacing (single-pole), 
Power tools, 23, 180-81 ew 161, 239 54-55, 
Primary wires, defined, 68 Recessed lighting, 88-91,199 Service panels, 8-9, 236-45, roughing in three-way), 58 
Reciprocating saws, 23 See also Circult break sample plan, 168-69 
R Roof vents, 143-44 ie asec single-pole, 50, 52-55 
- Rotary cutters, 23 ‘cable attachments, specialty, 40, 56-57, 63 
Range hoots 148-50 Rougtvin wing, 176-209 components ilustrated, 8, Symbols for, 168 
getrnmees box locations, 184, 185, S240) 


adding, 162, 229 eur cutting power at, 16 


testing, 43, 50-51, 52 Vv 
three-way, 51, 58-60, 172-74 
timer, 64-65 Volts, amps, and watts, 6, 161 


Switches, wiring, 200-201 
with back-fed wiring, 53, WT 


60,172 Water heaters, 221 
controlling receptacles, Watts, volts, and amps, 6,161 
17475 uci a 


Wire 
double switches, 63 Eee et 
with fixture at end of cable 20h 
choosing, 36 
run, 172 


defined, 241 
touray et 
ganged switches, 172, 201 pike ie ‘impers, 21 
motion detector, 63 Strpping, pias " 
pio gh, 62 pect 36 


portfolio of options, 172-75 
single-pole, 52-53, 200 do 

slide dimmers, 56-57 bsidohlgree nal 
switeh/receptacle combo, Wiring, See also Receptacles, 


Wire connector driver, 180 


2 : 

wiring; Switches, wir- 
eee aed ing: specific compo- 
timers, 64 ark 


Shmbols: comensny 168 assessing condition of, 160 


Circuit, types of, 30 


code requirements, 

F: irements, 163 

Tape measures, 22, 180 new work, See Planning new 

Terms, 6, 68, 241. See also work; Roughin wiring 
Glossary safety precaution, 45 

Testing Wiring trench, 196 


receptacles, 15,17-19, 43 
switches, 43, 50-51, 52 
testers, 50 
testers for, 21, 24 

Thermostats, 16-17 

Timer switches, 64-65 

Tinning wires, 73 

‘Too! belts, 22, 181 

Tools, 20-25, 180-81, 226. See 

also specific tools 

‘Transformers, 68, 95, 99-100, 

105, 15, 18-19 


Undercabinet fixtures, 92-93 
Utility knife, 21, 34 
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Time cannot be absolutely defined, and there is 
zno inseparable relation between time and signal velocity. 
Albert Einstein (1) 


Time does not exist by itself 


‘The phenomenon of time emerges in relationships ~ as 
an expression of properties of physical bodies and 
changes that occur to them. 


‘Time is a factor of energy. Time has to do with the 
increase and decrease of energy. For example, as energy 
is brought down to a “zero level”, time is “eliminated”, 
so in a sense, time cannot be “compressed” - only 
eliminated. In the zero-energy level, electrons occupying 
this level in unlimited numbers are available through 
state transitions for the building of matter and the 
vacuum [2]. So it is the extent and the nature of energy 
flow that determines the characteristics of time. 


How do we know alll this? 


In his seminal foundations of physics work of the early 
1900s, Sir Edmund T. Whittaker demonstrated by 
canonical quantization that there exist physical, time- 
like and longitudinal photons in vacuo [3,4,5]. The 2 
scalar potential functions, F and G which completely 
characterize an electrodynamic field due to electrons 
in the ether are: 


e 
F(x y,2,t) Lymn" 


2 
Gtnnn= DE tan 


Fox 


In these equations, for the fundamental case in which 
a field is due to any number of electrons moving in any 
way, we observe that time emerges only through the 
displacement of energy. Another way of putting it would 
be that time emerges through change in energy. 


‘These photons have an independent physical existence. 
Whittaker himself observed, after computation that the 
“total disturbance at any point, due to this system of 
waves, is independent of the time, and is everywhere 
proportional to the gravitational potential due to the 
particle at the point” [6]. A. D. Sakarov admitted that 


the gravitational field is a “conglomerate of loose things 
and not a fundamental field of nature at all [7] 


Everything electromagnetic, and probably gravitational, 
starts from these potentials, not fields, and under certain 
circumstances, there may exist photons without fields 
being present at all. In the vacuo, the longitudinal light 
photon travels in the direction of the beam, like an 
energy capsule, as a scalar four-potential-function 
energy standing-wave field, with many different 
frequencies, with an internal symmetry based on 
circular polarization [8,9], an energy field or nexus that 
“has an end, but no beginning”. The time-like and 
space-like parts of the four potential are photons with 
spin ~1, 0 and +1 that are longitudinally directed, and 
which are observed in the Compton and the 
photoelectric effect [10]. 


Movement of light affects time 


Philip S. Callahan designed an elegant experiment that 
shows how variations in the movement of light affect 
time [11]. Changes in exposure settings of photographs 
of same objects, including coherent light laser spots 
results in shift of position of images. The more coherent 
the light, the less apparent is a shift in time. He 
suggested that time is neither absolute nor independent 
of photon activity of space. 


We can also state, as a corollary, that the movement of 
light generates time. After all, the electrodynamics is 
associated with photons. This is particularly significant 
in time engineering, as will be seen later. 


Time and life 


Now, it is well known that the ability of cells to sense 
the presence of light is a primary function of life itself. 
Ifa cell can sense light, it is alive; if it cannot, it is dead 
[12]. Callahan was able to observe that time increments 
were detected on light-detecting surfaces of living 
organisms such as the cuticles of leaves. 


‘The Russian time researcher, Nikolay A. Kozyrev 
considered that living systems “consume” time for their 
life-energy [13]. Velimir Abramovich suggests that 
living organisms are naturally-driven “time machines”, 
‘They each have an inbuilt time that serves as a “code’ 
to structure their own physical totality and to regulate 
their own functioning. Thus their “local time” acts as a 
“time operator” (“time condition”) frequency [14]. The 
nature and level of electromagnetic fields in living 
systems could therefore be considered as indicators of 
their “energy level” and how it affects and adjusts the 
inherent rate of time-flow. 


‘Time and consciousness 


‘We append to these statements the notion that, yes, 
time is “consumed” by living organisms ~ but only if 
they are conscious. Essentially, time can be perceived 
by measurement, which always requires a conscious 
observer. 
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Introduction 


ome improvement is a huge subject that demands a big book. The Complete Photo Guide to Home 

Improvement fits the bill, With over 200 projects and more than 2,000 color photos, all of the most popular 
home remodeling subjects and projects are included in this single resource. Here's one way to look at it: Ifa 
picture is indeed worth a thousand words, it would require an 8,000-page volume to convey in written form the 
information packed into the photos in this book. And unlike the tiny pietures found in other home improvement, 
books, the photos within these pages are large and clear and very easy to follow. 

Doing your own home remodeling work takes a combination of skill, planning, and specific information, 

For example, if you decide to remodel your kitehen (the most frequently remodeled room), you should start the 
process by defining the scale of the project and identifying the tasks within the larger job that you will perform 
yourself. This phase corresponds to the first section of this book, “Home Improvement Basics.” If you love getting 
your hands dirty this won't be your favorite part, but itis quite important. 

‘Once you have some background information under your belt and a rough plan in your head, it’s time to 
tackle the skillbuilding most of us need. In “Techniques” you will find clear how-to information for just about 
every task, from demolition to stripping cable. Thorough information on home wiring and home plumbing fill out 
a large part of the section, followed by step-by-step instructions for installing flooring, finishing walls and ceilings, 
‘working with windows and doors, and—finally—upgrading ventilation and lighting, 

In the final section of the book you will move from the general to the more specific, Individual chapters 
on kitchen remodeling and bathroom remodeling deal with projects, planning and information that are specific 
to each subject. Here youl find a host of options for installing cabinets and countertops, for example, to 
supplement the information you've encountered in the Techniques portion of the book. Converting attics and 
basements also gets its own section of targeted information, And for a strong finish, we offer extended how-to 


sequences for the two most common exterior improvements—roofing and installing siding, 

Whether you are simply freshening up the appearance of your house or embarking on a down-to-the studs 
remodel of your bathroom, you'll find the information you need. Even if you have special remodeling nceds, 
such as creating accessible kitchens and baths, youlll see that the subjects are covered. More than a quarter 
of a million homeowners have relied on The Complete Photo Guidle to Home Improvement as thei prineipal 
guidebook through the remodeling process. And now, with this new 3rd edition, youll be pleased that you chose 
to join them. 
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fore you start a do-it-yourself home 
improvement project, you should familiarize 
yourself with a few basic elements of home 
construction and remodeling, Take some time to 
get comfortable with the terminology of the models 
shown on the next few pages. The understanding you 
will gain in this section will make it easier to plan 
your project, buy the right materials, and clear up any 
confusion you might have about the internal design of 
your home 
If your project includes modifying exterior or 
load-bearing walls, you must determine if your house 
was built using platform- or balloon-style framing 
The framing style of your home determines what 
kind of temporary supports you will need to install 
while the work is in progress. If you have trouble 
determining what type of framing was used in your 


ANATOMY OF A HOUSE 
WITH PLATFORM FRAMING 


nfl 


Platform framing (photos, left and above) is 
floor level sole plates and celling-level top plates to which 
wall re attached, Most houses built after 1930 use 
platform framing. Ifyou do nat have access to unfin 
areas, you can remove the wall surface at the bottom of 

to determine what kind of framing wi in your home, 


Identified by 


wall 


home, refer to the original blueprints, if you have 
them, or consult a building contractor or licensed 
home inspector 

Framing in a new door or window on an exterior 
header. Make sure 
that the header you install meets the requirements 
of your local building code, and always install eripple 


studs where necessary 


wall normally requires installi 


Roof sheathing 


Floors and ceilings consist of sheet materials, 
joists, and support beams, All floors used as living 
areas must have joists with at least 2 x 8 construction 
For modification of smaller joists see page 14 

There are two types of walls: load-bearing and 
partition. Load-bearing walls require temporary 
supports during wall removal or Framing of a door or 
‘window. Partition walls carry no structural load and do 
not require temporary supports 


ANATOMY OF A HOUSE 
WITH BALLOON FRAMING 
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Anatomy Details 


Many remodeling projects, like adding new doors or 
windows, require that you remove one or more studs 
ig. When 
planning your project, remember that new openings 
require a 


in a load-bearing wall to create an openi 


permanent support beam called a header, 
above the removed studs, to carry the structural 
load directly 

The required size for the header is set by local 


building codes and varies according to the width of 


the rough opening, For a window or door opening, a 
header can be built from two pieces of 2" dimensional 
lum 


er sandwiched around %" plywood (chart, right 
When a large portion of a load-bearing wall (or an 
entire wall) is removed, a laminated beam product can 


be used to make the new header. 


Jack stud 


King stud 


Door opening: The structural loa 

supported by jack studs (also known as trimim 

the house. The rough ould 

This extra sp nit during install 


5 you adjust the door 
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Ifyou will be removing more than one wall stud 
make temporary supports to carry the structural load 
until the header is installed. 


Recommended Header Sizes 


Rough Opening Recommended Header 


width Construction 

Uptodt, * plywood between two 2 45, 

BhtoSt 24 plywood between two 2 6s 

Shhto7 A i shywood between two 2x Bs 

Tito Bt * plywood between two 2 x 10s 


—— Top plate 


Sole plate 


af the header are 
id the 
including 


jambs 


When we measure, we observe the differentials of 
energy flow. It is the measurement of these differentials 
- as we note from the Whittaker equations of scalar 
fluxes - that allows us to the measure the equivalence 
of time. When we measure differentials, we are 
effectively creating our notion of time. 


Itis difficult for humans to conceive that time does not 
exist when humans think about it. Saint Augustine 
speaks for all humans with his observation: 


While I do not think about time, I know that time exists. 
When I begin to think about it, I stop understanding 
what itis. 


With such conditioning, humans cannot come to grips 
with the notion that the Universe has no beginning and 
no end. It is like the paradigm of absolute nothingness 
= people cannot deal with the concept of no time 
because, effectively, consciousness, like life, consumes 
time. One could advance the notion that thought itself 
is time in motion. When we think, we are creating time. 
Life is movement ~ and the brain registers energy 
differentials and their associated fluxes of scalar 
potentials. 


Time and causal mechanics 


Since time is the result of movement of energy (and 
accordingly, light), then time is associated with the 
cause-effect processes linked to a first position of energy 
to the next. In other words, time is innate to causal 
mechanics. 


Variations in energy flow, logically, lead to variations in 
the characteristics of time. They also permit variations 
in causality. 


Conversely, changes in time lead to changes in physical 
structure [15]. This phenomenon was proven by Kozyrev 
and has been labelled as the Kozyrev effect [16]. He 
demonstrated that changes in the course of time affect 
the performance of electronic components. Figuratively 
speaking, a transistor is like a corral in which light 
behaves in a certain way. By changing the way that 
light behaves, a transistor becomes valueless. 


‘To create an extra-temporal causality (with linkages to 
another level/dimension) one must change the light 
movement. Changing the light patterns means 
changing the behaviour of a wave, and its concordant 
photonic reality. By altering the photons, we make them 
go to another dimension. 


Changes in time can effect change in living systems 
[17]. The engineering of “time-polarized” waves has the 
promise to target and amplify natural healing procession 
in living organisms. It is these natural activities that 
would restore diseased cells to their original and healthy 
condition [18]. Such time engineering may also include 
the reversal of the effects of AIDS, smallpox, anthrax, 
and most bio warfare agents, with treatment times of 
only a few minutes per week, with no more than 3 


treatments required in all. Eventually it may also be 
possible to reverse the effects of genetic disorders, effect 
limb regeneration, and cure spinal cord injuries [19] 


Engineering causality 


Variation in the density of energy determines variation 
in the “the course of time”. By the “speed of course of 
time” is meant the rate of causal transformation and 
the input of additional forces into systems (including 
mechanical tensions). According to Russian scientists 
[20, 21,22] there are interesting possibilities in deploying 
engineering for causal mechanics. 


In preventive time engineering, one could delay the 
approach of a known cause and to artificially close the 
consequence loop, and thereby annulling it from ever 
achieving an effect. In other words, one can make the 
effect “happen” before its normal time, disrupting space 
structure with its related “speed of the course of time”. 
One can also make it “happen” after its expected 
deadline. This technology could have interesting 
implication in strategic situations (preventing a extra- 
planetary body from attaining a collision course). 


According to the Russian experience, when the spatial 
structure is disrupted by time-engineered causal 
mechanics, the affected region undergoes relative 
greater entropy (or, less order). The volume of space is 
forced out to somewhere else, generating torsion fields, 
much like a balloon will drift away from denser air. A 
similar phenomenon occurs when the velocity of a mass 
increases, the force emerges against it, called “inertia” 
[23]. Now, to increase velocity, the energy of the mass 
increases. In the case of time, as the movement of energy 
increases, interaction or reaction with another 
dimension ensues to compensate for that primary 
change [24]. 


‘The boundary layer between the two states of space 
can then act as a mirror and the approaching agent may 
be reflected back to its source. For example, a light beam 
may be reflected back to its emitter, in full, or in part, 
depending on the engineering. 


With space-time engineering, we could develop 
teleportation systems [25]. The course of time goes from 
the past to the future, in the direction of greater disorder. 
Going back to the past represents deceleration. The 
etheric continuum is perceived by Kozyrev is containing 
variations of “density” of structural elements. The 
“denser” the etheric region, the slower is the course of 
time. A zone of accelerated time course would be forced 
out into “rarefied” ether. A zone of slowed time would 
be forced into denser ether, hence the basis for a 
teleportation technique. 


In vivo experiments with a Time Machine 
For over 15 years, a Russian association of scientists 


has conducted experiments with acceleration and 
deceleration of time with 4 prototypes of time machines 
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Top plate 


Jack stud 


Rough sill 


King stud 


Cripple stud 


Sole plate — 


which transfer the load to the sole plate and the foundation ofthe 
which helps anchor the unit but carries no structural weight, 


during installatio ning for a window should be 1 


Framing Options for Window & Door Openings 
(new lumber shown in yellow) 


Enlarging an existing opening 
framing, In many 
form one 


replacement unit that 
and Yé" shorter the 


Floor & Ceiling Anatomy 


Joists 


Floor shown cut away for clarity 


Joists carry the structural load of floors and ceilings, The ends of the joists rest on support beams, foundations, or load-bearing 
walls, Rooms used as living areas must be supported by floor joists that are at least 2 x 8” in si smaller joists can be 
reinforced wit (photos, 


Se 
Coiling joists: ‘ 
¢ er 
. a al 
ppt ving are 
ary when an 
su 


Floors with 2 x 6 joists, sometimes found in attics, cannot 
alongside each original joist to strengthen it (above, left). This often is nei 
‘help header whi ng jsts must be c\ 


te fist isa 
verted to a living area, Sister 
35 when framing a skylight shaft (above, right), 


14 8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Roof Anatomy 


Rafters made from 2 4s or 2x 6s spaced every 16" ar 2 


are Used to support roofs in most houses built before 1950. if 
necessary, rafters can be cut to make room for a large skylight, 
Check in your attic to determine if your roof is framed with 
rafters or roof trusses (right), 


Wall Anatomy 


Ceiling joists 
Double top plate 


Load-bearing walls carry the structural weight of your home, 
In platform-framed houses, load-bearing walls can be identified 
by dauble top plates made from two layers of framing lumber. 
Load-bearing walls include all exterior walls and any interior 
walls that are aligned above support beams. 


Se 


Ls 
Trusses are prefabricated "webs" made from 2" 
dimensional lumber They are found in many houses built after 
1980, Never cut through or alter roof trusses. f you want to 
install skylight in @ house with roof trusses, buy 8 unit that 
fits n the space between the trusses 


Ceiling joists 


Wall studs 


Cutaway view 


Partition walls are interior walls that do not carry the 
structural weight of the house, They have a single top plate and 
can be perpendicular to the floor and ceiling joists but are not 
aligned above support beams, Any interior wall that is paralle! 
to floor and ceiling joists is @ partition wall 
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WH! Building Codes & Permits 


Pp i pene need eran saling 
project that involves a change or addition to your 
home's structure or mechanical systems. Building 
permits are is 
meets local building codes, which establish material 
standards, structural requirements, and installation 
guidelines for your project. In short, they ensure that 
your (or your contractor's) work is done properly 

‘The areas outlined on pages 17 and 18— 
room dimensions, exits and openings, light and 
ventilation, and fire protection—are usually 
covered by general building permits. If your 
project involves major changes to your plumbing, 
electrical, or HVAC systems, you may be required 
to obtain separate permits from the respective 
administration departments. 

Building permits are required by law, and getting 


sued to ensure your remodeling project 


‘caught without them can result in fines from the eity 
and possible trouble with your insurance company. 
Also, work done without permits can cause problems 
if you try to sell your house. 

Most local building codes fallow the national 
codes, such as the National Electrical Code, but are 
adapted to meet the demands of local conditions 
and legislation, Keep in mind that local codes always 
supersede national codes. Always check with your 
local building department before finalizing your plans. 


Before issuing permits, your local building 
department will require plans and cost estimates for 
your project, Alter your plans have been approved, 
you must pay permit fees, which are based on the cost 
of the project. You'll also lear what inspections are 
required and when you should call for inspections. 

Once issued, a building permit typically is good 
's. You can apply for an extension by 


submitting a written request showing justifiable cause 
for the delay. 


Here are some tips to help you prepare for the permit process: 

‘+ Toobtain a building permit, you must flout a form from your local building department that includes a description of 
the project; your home's address, legal descrintion, and occupancy; and an estimate of the project cost, 

‘+ The building department may require two to four sets of construction documents or drawings of your project— 
Including floor and elevation plans—ta be submitted for inspection and approval. 

‘* Abuliding inspector will exemine all construction plans and stamp or send written notification of approval 
‘and acceptance. 

‘+ One set of approved documents is kept by the building official, one set is sentto the applicant, and one set is 
displayed atthe site unt the project is completed. 

‘+ Some permits are granted by phase of construction. After the work for one phase is completed and inspected, a 
petmit for the next phase is issued, However, building officials will not guarantee issuance of subsequent permits, 

+ All work is inspected by a building oficial to ensure compliance with codes and permits. 

‘Your project is complete only after the local building inspector makes a final inspection and glves approval of 
your site, 
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Room Dimensions 


Habitable rooms must be at least 7 ft 

wide and 7 ft. deep. 

* Ceilings in all habitable rooms, hallways, 
corridors, bathrooms, toilet rooms, laundry 
rooms, and basements must he at least 
7 t,, 6" high, measured fram the finished 
floor to the lowest part of the ceiling 

* Beams, girders, and other obstructions 
that are spaced more than 4 fi apart 
can extend 6” below the required 
ceiling height. 

* In nonhabitable rooms, such as unfinished 
basements, ceilings may be 6 ft,, 8" from 
the floor, and beams, girders, and ducts 
may be within 6 ft, 4" of the Noor. 

* Habitable rooms eannot have more than 
50% of their floor area under sloped 
ceilings less than 7 ft, 6" high, and no 
portion of a floor area can be under a 

ing less than 5 ft. high. 

inished floor is not considered 
measurable floor area when it is below 
sloped ceilings less than 5 ft. high or 
beneath furred ceilings less than 7 ft 
6" high, 

* One habitable room in a home must have 

at least 120 square feet of gross floor area, 

Other habitable rooms can have gross 

floor space of 70 sq. ft. minimum. 


Exits & Openings 


* Sleeping rooms and habitable basements must 
have at Teast one egress window or exterior doot 
for emergency escape. Occupants must be able to 
open the exit from inside the home, without a key 
or tool 

#  Anegress window must have a net clear opening 
of at least 5.7 sq. ft, with a minimum height of 
24" and a minimum width of 20". 

* Window sills on egress windows cannot be more 
than 44" above the floor. 

* Egress windows below ground level must have 
window wells. If the wells are deeper than 44°, 
they must have permanent ladders or steps. The 
steps can project up to 6” into the well but must 
be usable when the window is fully opened. Steps 


Kitchens cannot have less than 50 sq. ft. of gross 
floor area. 
Hallways must be at least 3 ft. wide. 


must be at least 12" wide and project at least 
3" from the wall, Ladder rungs must be less than 
18" apart. 

Screens, bars, grills, and covers on emergency 
exits must open easily and be removable from 
inside the home, without tools or keys. 

Exit doors must be at least 3 fi. wide and 6 
fi, 8" high. They must provide direct outside 
access and operate without special knowledge 
or tools. 

Bulkhead enclosures may serve as 

emergency exits in habitable basements if 

they provide direct access to the basement 
and meet the dimension requirements for 
emergency exits 
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{ Natural Light & Ventilation 


* Ventilation includes windows, doors, louvers, and 
other approved openings or mechanical systems. 

* Windows must equal at least 8% of the floor area 
in habitable rooms. The minimum openable area 
ofa window must equal at least 4% of the room's 
floor area 

*  Inbathrooms, windows must be at least 3 sq, ft, 
and at least half of the window must open. 

* Windows must open and operate from inside the 
room, and they must exit to a street, alley, yard, 
court, or porch 

Window light can be replaced by an artificial light 
if it produces 6.46 lux from 30" above the floor. 

* Mechanical ventilation can replace operable 
windows, In bedrooms, ventilation must supply 
outside air at a rate of 15 cubie It, per minute (efin) 
for cach occupant. In primary bedrooms, the rate 
is based on two occupants. In additional bedrooms, 
the rate is based on one occupant per room 

* In bathrooms, intermittent mechanical ventilation 
rates must be 50 cfm, and continuous rates must 
he 20 cfm. Bathroom ventilation must exhaust to 
the outside. 


| Fire Protection 


* Allconcealed and interconnected spaces, such as 
soffts, drop and cove ceilings, stair stringers, and 
areas around vents, pipes, duets, chimneys, and 
fireplaces must be fireblacked to prevent fire spread. 

* Exterior walls must be constructed to resist fire for 
at least one hour, with exposure from both sides. 

* Batts or blankets of fiberglass, mineral wool, or other 
approved material must be secured between wall 
studs and partitions, atthe ceiling and Nloor level, 
and at 10-f. intervals both vertieally and horizontally 

* Foam insulation installed in interior walls covered 
with 1" wallboard or other approved material 
‘must have a flame-spread rating of 75 or less and 
a smoke-developing index of 450 or less. 

* Other insulation, including facings, vapor barriers, 
and breather papers, must have a flame-spread 
index of 25 or less and a smoke-developing index 
‘of 450 or less. 


* Loose-fill insulation mounted with screens or 
supports must have a flame-spread rating of 25 or 
less and a smoke-developing index of 450 or less. 


18. 8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT. 


Wall and ceiling finishes must have a 
flame-classification rating of 200 or less and a 
smoke-developing index of 450 ot less. 

Smoke alarms must be installed in bedrooms, in 
hallways near bedrooms, and on each full story of 
a home. Multiple alarms must be wired together 
so one activation triggers all alarms, 


| Universal Design > 


Universal design i intended forall people. While standard 
hhome and procict designs are based on the “average” 
person—thats, the average adult male—not everyone fits 
into that category. Some people are shor, some tall some 
have cificuty walking, while others walk ably but find 
bending dificult And physical abilities change constantly, 
as do family stuations, By incorporating universal design 
into your remodeling plans, you can create spaces that 
work better for everyone who lives in or visits your home, 
regarcless oftheir siz, age, or ability 

Universal design is simply good design that improves 
everyday situations For example, wide doorways make 
passage easier fora person carrying a load of laundry as 
wall as for someone in a wheelchair, lowered countertop 
enables a child to help prepare dinner and allows a person 
who tites easly to sit while cooking. More 2 way of thinking 
than a set of rules, universal design can be applied to any 
atea of your hhome—from room layouts to light fixtures to 
door hardware. In all cases, universal design encourages 
independence by creating safe, comfortable environment. 

Many people take on remodeling projects to 
accommodate changes in the households, Perhaps you 
are remodeling because your aging parents are coming 
to five with you or your grown children or grandchildren 


are coming for an extended visit Or you may be preparing 
your home for your own retitement years: Considering 
both your current and future needs is an essential part 
‘of a fundamental universal design concent: creating a 
lifespan home—one that accommodates its residents 
throughout their lives A ifespan home enables your aging 
parents to live comfortably with you row andl wil allow 
you to stay in your home as you grow older, And, while 
Universal design makes your everyday life easie, it wil 
also make your home more appealing toa wide range of 
potential buyers if you choose to sell. 

Much of the universal design information in this book 
ccames from universal design specialists, kitchen and 
bath designers, physical therapists, speciaty builders and 
‘manufacturers, and organizations such as the National 
kitchen and Bath Association (NKBA). Some suggestions are 
‘ADA (Americans with Disablities Act) requirements; while 
these generally apply to public spaces, they often are used 
as guidelines for residential design. As aWvays, be sure that 
all aspects of your project meet local code requirements. 

For more help with planning with universal design, 
‘contact a qualified professional. Many kitchen and bath 
designers, home builders, and product manufacturers 
specialize in universal design 
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[arin ae ene foe any renal 
project that involves construction, enlarger 
alteration, repair, demolition, or ehany 
major system within your home. There are two basic 
types of construction drawings: floor plans and 
elevation drawings. 

Floor plans show a room as seen from above. 


toany 


‘These are useful for showing overall room dimensions, 
layouts, and the relationships between neighboring 
rooms, Elevation dravings show a side view of a room, 
showing one wall per drawing, Elevations are made for 
both the interior and exterior of a house and generally 
show more architectural detail than floor plans 

Both floor plans and elevation drawings provide 
you with a method for planning and recording 
structural and mechanical systems for your project. 
‘They also help the local building department to ensure 
your project meets code requirements, 


Use existing blueprints of your home, i available, 10 
‘race original floor plans and elevation drawings anto white 
paper. Copy the measurement scale of the original blueprints 
conto the traced drawings. Make photocopies of the traced 
drawings, then use the photocopies to experiment with 
remodeling ideas. 
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WW! Working with Drawings 


Before you draw up new plans, check with your 
home's architect, builder, oF your local building 
department, ‘These places often have copies of your 
home's floor plans on file. If your home is a historic 
building, your plans may be on file at a state or loc 
historic office or university library. 

Ifyou are unable to obtain a copy of your home's 


floor plans, you can draw your own. This process 
provides you with a wealth of information about 
your home, Drawings let you see how changes will 
affeet your home's overall layout and feel. They also 
help you plot your ideas, list materials, and solve 
design problems. 

Follow the steps on page 21 to create floor plans 
and elevation drawings. Keep in mind that your 
plans may change as your ideas develop; until you 
have worked out all the elements of your design, 
consider your plans to be drafis, When you have 
arrived at a plan that meets your needs, draw up 
final floor and elevation plans to submit to your local 
building department 


“To create floor plans, draw one story ata time. 
First, measure each room on the story from wall to wall 
‘Transfer the rooms’ dimensions to 4" grid paper, using 
ascale of 


1 ft. Label each room for its use and 
note its overall dimensions. Include wall thicknesses, 
‘which you can determine by measuring the widths of 
door and window jambs—do not include the trim. 
Next, add these elements to your drawings: 


Windows and doors; note which way the 
doors swing 

Stairs and their direction as it relates to each story 

* Permanent features, such as plumbing fixtures, 
major appliances, countertops, built-in furniture, 
and fireplaces. 

* Overhead features, such as exposed beams, or 
wall cabinets—use dashed lines. 

* Plumbing, electrical, and HVAC elements. You 
‘may want a separate set of drawings for these 
mechanical elements and service lines. 

* Overall dimensions measured from outside the 
house. Use these to check the accuracy of your 
interior dimensions. 


To create elevation drawings, use the same 
1 ft scale, and draw everything you see on one 
wall (cach room has four elevations). Include: 


* Ceiling heights and the heights of significant 
features such as soffits and exposed beams. 

* Doors, including the heights (from the floor to the 
top of the opening) and widths. 

* Windows, including the height of the sills and 
tops of the openings, and widths 

* Trim and other decorative elements. 


When your initial floor plans and elevations are 
done, use them to sketch your remodeling layout 
options, Use overlays to show hidden elements or 
proposed changes to a plan, Photographs of your 
home's interior and exterior may also be helpful, Think 
creatively, and draw many different sketches; the more 
design options you consider, the better your final plans 
will be 

When you have completed your remodeling plans, 
draft your final drawings and create a materials list for 
the project 


Draft a detailed floor plan showing the layout ofthe area 
that will be remodeled, including accurate measurements 
Show the location of new and existing doors and windows, 
wiring, and plumbing fixtures 


Create elevation drawings showing a side-view layout of windows and doors, as viewed from both inside and outside the 
‘home. Indicate the size of windows and doors, celling heights, and the location of wiring and plumbing fixtures, 
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he best way to prepare for a remodel project is 

to create a construction plan, Having a complete 
construction plan enables you to view your entire 
project at a glance. It helps you identify potential 
problems, provides sense of the time involved, 
and establishes a logical order of steps. Without a 
construction plan, its easy to make costly mistakes, 
such as elosing up a wall with wallboard before the 
rough-ins have been inspected 

The general steps shown here follow a typical 

tion sequence, Your plan may differ at several 
points, but thinking through each of these steps will 
help yau create a complete schedule 


constr 


1. CONTACT THE BUILDING DEPARTMENT 
‘To avoid any unpleasant—and expensive—surprises, 
discuss you project with a building offieial. Find 

out about the building codes in your area and what 
you'll need to obtain the applicable permits. Explain 
how much of the work you plan to do yourself 

In some states, plumbing, electrical, and HVAG 
work must be done by licensed professionals. Also 
smine what types of drawings you'll need to get 
permits and whether you'll need engineer's drawings 
and calculations, 


de 
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WH! Making Construction Plans 


2. CREATE YOUR DRAWINGS. 
Make your floor plans and elevation drawings (see 
pages 20 to 21). This step also involves most of the 
design work for your project; you may want to get 
help from a professional for this phase 


3. GET THE PERMITS 
Have your final plans reviewed by the building 
inspector, and make any necessary adjustments 
required to obtain all of the permits for your project. 
This is also the time to schedule inspections. Find 
cout what work must be inspected and when to call 
for inspections. 


4, HIRE CONTRACTORS 
If you're getting help with your project, it’s hest to find 
and hire the contractors early in the process, as their 
schedules will affect yours. It may be necessary for 
some contractors to obtain their own work permits 
from the building department, To avoid problems, 
make sure all of the contractors know exactly what 
work they are being hired to do and what work you 
will be doing yourself. Always check contractors’ 
references and make sure any contractors are licensed 
and insured hefore hiring them. This is also the time 
to order materials and arrange for delivery 


5. COMPLETE THE FRAMING AND MAJOR 
MECHANICAL CHANGES 

Begin the construction work with any major structural 
oor mechanical changes. Move mechanical elements 
and reroute major service lines. Complete any 
rough-ins that must happen before the framing goes 
up, such as adding ducts, installing under-floor drains, 
or replacing old plumbing. Complete the new framing. 
Build the rough openings for windows and doors, and 
install the windows. 


6. COMPLETE THE ROUGH-INS 

Run drain, waste, and vent (DWV), water, and gas 
supply lines. Install electrical boxes, and run the 
wiring, Complete the HVAC rough-ins. Jot down 
measurements of pipes and locations of wiring, for 
future reference. Have the building inspector approve 
your work before you clase up the walls. Install any 
Fixtures that go in during the rough-in stage (others 
will come after the wall surfaces are installed). 


[26]. Light-heartedly, the units are called “muskrat 
traps" since the experiments conducted in remote forest 
were disguised as a high-tech electromagnetic 
technology for trapping muskrats. The time machine 
units are spheres ranging in diameters of 30cm, 1 meter 
and 2.1-meter. The shells are encased with coils 
designed to produce convergent waves. 


Team leader Vadim A. Chernobrov describes 
converging electromagnetic waves as moving from a 
periphery to a central point. They are observed when a 
hoop is thrown into the water and inside the hoop the 
waves converge. If a potential is applied to do work 
and to initiate the energy differential process, the other 
reverse direction scalar (the reverse-time energy flow) 
must react. Thus, compensation of time - in the form of 
the deceleration or acceleration of the rate of time -can 
take place [27] 


‘The first trials involved mice, in which most (25 out of 
31) died. Eventually, there were successful 2-hours runs 
oftime travel. An experiment with a dog that was clearly 
frightened also showed no ill effects. This led to 
experiment with humans, the first being Ivan Konov 
who, on August 26, 2001 decelerated into the past by 
3% of planetary time during a half-hour trial. Dozens of 
others have experienced the phenomenon and report 
such sensations as: quicker pulse, giddiness, itching 
skin, body twisting, numbness at extremities and a case 
of an out-of-body experience. Harmful effects on living 
systems do not appear to be linked to the change of the 
rate of time, but rather to the variations of the time rate 
value among regions of a living organism. 


Some individuals reported visual experiences such as 
“starry sky”, “luminous vortices” and colour spots. 
Individuals observing outside of the time travel machine 
noted headaches. The most interesting phenomena 
occurred just before the start-up: significant presence 
of ozone for several hundreds of meters around the 
machine, which was located in a forest. Also noted were 
strange lighting effects in the sky above the apparatus, 
accompanied by sounds that inexplicably appeared to 
generated from inside. 


Factors affecting the rate of time 


‘The experiments yielded interesting observations: the 
phenomenon of the rate of change of time varies 
according to the hour of the day and according to the 
lunar phase. The rate can be influenced by a variety of 
external inputs, including mechanical vibration. 


‘The transition into the future differs from than into the 
past. Itis like movement from any point ina tree - where 
downwards represents past time. There are many paths 
possible towards the future - upwards, along the 
branches, but only one towards the past ~ downwards 
to the trunk. The return from the past time is possible 
only ifthe time traveler does not interfere with occurring 
events - or the possibility of returning to another branch 
of the tree. However, a return move from any variant of 


future time is possible regardless of the behaviour of 
the traveller. 


The Russian time-travel experiments point to a 
relationship between inertia and time. In changes of 
rates of time, the region adjacent to the spheres 
develops a boundary layer effect, appearing as an aura 
of “white mist”. The greater the time differential, the 
denser is the mist. 


A similar phenomenon has been observed, and captured 
on film, with some experiments conducted by John 
Hutchison involving remote-controlled lifting and 
disruption of objects [28,29]. It may be that the 
Hutchison effect involves causal mechanics. 


Time and frequency 


‘Time may be viewed as a process - or “change-of- 
space” in any direction that does not exist in our 
dimension [30,31,32]. In physics, new properties are 
commonly acquired as the result of change in some 
property: charge, current, induced magnetic field, etc. 
Here, the new property becomes a new dimension. 
For the frequency of oscillations, the formula is 
£ = 3/; [l/s], where A is wavelength in [m]. Here, the 
velocity of light is equal to 3 (the 10° mathematical 
degree is omitted since it is a question of scale of 
measurement only) 


Therefore, the analogy between our dimension and 
frequency gives us a new notion, which is 
curvature p: p=3/r [I/m] and f = 3/2. [l/s]. The 3- 
dimensional radius is represented by R=A/p= 1/3 [m| 
and time as a period of oscillation has the relationship: 
T = Mf [s]. Time can be considered to be equivalent 
to the radius of curvature p if the linear radius rand 
the wavelength A are the same. This is a condition 
for the spatial resonance effect. Note that in this 
analysis, “m” and “s” are unlike when length is 
measured in meters in our dimension. However, for a 
new dimension it is possible to use equal units for (m) 
of 4th dimension and conventional “second” 
Furthermore, light (photons) is possible in our dimension 
only as a process in such a spatial resonator. 


Experiencing time dilation 


Based on the above discussion, it is proposed that we 
experience changes in rate of time in our daily life. 
During sleep, as our energy level decreases, so it can 
bbe argued that time decreases and we “go” into another 
dimension. Aspects of what is observed during the 
dream-state do not obey the rules of our familiarity of 
physical existence, and conventional causality - 
because the rate of time is different. As we start our 
dreaming, and as we emerge from dreaming, the 
recalled experiences resemble more our regular 
experiences. Before and after sleep, our brain frequency 
tends to resemble the daytime's. In effect, 
understanding our dream state's sense of time may be 
a reference key to comprehending the physics and 
causality mechanics of time engineering, 


[64] New Energy Technologis Issue #4 (7) July-August 2002 


7. FINISH THE WALLS AND CEILINGS 
After your work has passed inspection, insulate the 
walls, ceilings, and pipes. Install fiberglass insulation 
used as fireblocking. Make sure protector plates for 
pipes and wires running through framing are in place 
Add vapor barriers as required by local code 

Make sure everything is in place before you cover 
up the framing, then finish the walls and ceilings. 


If you'e installing wallboard, do the ceilings first 
then the walls. Tape and finish the wallboard. Install 
other finish treatments. Texture, prime, and paint the 
wallboard when it’s convenient. If you are installing a 
suspended ceiling, do so after you Finish the walls, 


8. ADD THE FINISHING TOUCHES 

Install doors, moldings, woodwork, cabinets, and 
built-in shelving, and lay the floor coverings. The best 
order for these tasks will depend on the materials 
you're using and the desired decorative effects, 

Install any new plumbing fixtures you have 
chosen for bathrooms, and complete the drain and 
supply hookups. Make electrical connections, and 
install all fixtures, devices, and appliances, Get a final 
inspection from the building inspector 
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and capablities of the 
ear pr 
when the project will produce a 


Working Safely 


‘our personal safety when working on carpentry 
projects depends greatly on what safety measures 
you take. The power tools sold today offer many 
safety Features, such as blade guards, locks to prevent 
accidental starts, and double insulation to reduce the 


risk of shock in the even 


of a short circuit. It’s up to 
you to take advantage of these safety features. For 
‘example, never operate a saw with the blade guard 
removed. You risk injury from flying debris as well as 
from being cut by the blade 

Follow all precautions outlined in the owner's 
manuals for your tools and ma 


© sure you protect 


yourself with safety glasses, earplugs, and a dust mask 


or respirator to filter out dust and debris. 


i's best to familiar 
is you awn. Always v 
3 when operating a power tool, Wear a dust mask 
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Keep your work environment clean, A cluttered 
work area is more likely to result in accidents, Clean 
your tools and put them away at the end of every work 
period, and sweep up dust and debris 

Some materials emit dangerous fumes or particles. 
Keep such materials stored away from heat sources 
and out of the reach of children; always use these 
products in a well-ventilated area. 


Maintaining safety is an ongoing project. Take 


the time to update your first-aid kit and evaluate your 
workspace, tools, and safety equipment on a regular 
basis, To avoid accidents, repair and replace old and 


worn-out parts before they break. 


‘Some walls may contain asbestos. Mary homes buil 
or remot id 1980 have 


for remo 
find asbestos or materials that may c 
attempt ave them on your own. Even if you d 
that no asbestos is present, itis a good idea to wear a particle 
mask and other safety gear when doing demolition, 


First-Aid Kits 


Assemble a first-aid kit, Cuts from hand or power tools 
can be serious and require prompt and thoughtful 
a 


ntion, Be prepared for such situations with a 
well-equipped first-aid kit that is easy to find, Record 
any emergency telephone numbers on the first-aid 
kit or by the nearest phone so they are available in 

Equip your kit with a variety of items (photo 
right), including bandages, needles, tweezers, 
antiseptic ointment, cotton swabs, cotton balls, eye 
drops, a first-aid handbook, a chemical-filled cold 
pack, elastic bandages, first-aid tape, and sterile gauze 

For puncture wounds, cuts, burns, and other 
serious injuries, always seck medical attention as soon 
as first aid—such as washing and wrapping of cuts— 
has been provided 


Safe Practices 


ptacle 
‘adapter 


Keep your tools sharp and clean. 

Accidents are more likely when blades 
re dull and 

and dirt 


Check with a neon circuit tester 
to make sure the power is off before 
removin plates, exposing wires, 
or driling or cutting into walls that 
contain wiring, 
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Techniques 


{\ [hile every home improvement project is different 
V from the others in some way, the basic skills you 


need come from a common set of DIY techniques. 

id adding 
electrical cireuits are some of the chief techniques 
you'll need to call upon. In this chapter you'll find a 
tion you 


Building walls, running plumbing lines, 


condensed version of the essential infor 
need to put these valuable techniques into practice 


and become an accomplished do-it-yourselfer 


Once the new walls are up (but before they're 
covered) you need to fill them with pipes and wires, In 
the plumbing section that follows you'll lean how to 
plan new lines and hookups as well as how to work with 
basic plumbing materials, In the wiring section you'll 
find useful instructions on working with electrical cables 
and devices. A handy series of circuit maps shows you 
exactly how your remodeled room should be wired. 


In this chapter: 

* Demolition 

= Building Walls 

* Installing Wallboard 

* Understanding Plumbing 
* Working with Copper Pipe 
‘= Working with Plastic Pipe 
© Working with PEX Pipe 

* Planning New Plumbing 
Understanding Wiring 
Working with Wire & Cable 
Working with Conduit 
Working with Boxes 
Working with Switches 
Working with Receptacles 
Planning New Wiring 
Using Circuit Maps 


Demolition 


any home remodeling projects actually begin 


with demolition. When you're remodelin 


2, it's 


doors or windows or even to remove entire walls, 
basic procedures for this type of demolition are the 
same whether you're working with doors and windows 
on exterior walls or altering interior walls. 

Your first step will be to determine how your 
house was framed, House framing variations will 
dictate the proper procedures for creating openings in 
walls or removing walls altogether, Then, you'll need 
to inspect the walls for hidden mechanicals—wiri 
and HVAC lines 


After you've rerouted any utility lines, you're ready to 


plumbi 


remove the interior wall surfuces. If you're replacing old 


windows and doors, now is the time to remove ther 


well. Where necessary, you can now remove exterior wall 
surfaces, but don't remove any framing members yet. 
The next step will depend on the nature of your 


project. IF you are remaving a load-bearing wall or creat 


1 new or enlarged opening in one, youll need to build 
temporary supports to brace the ceiling while the work: 


is bei 


Jone. This step wont be necessary if you are 
removing a non-loadbearing wall. Then you can remove 
any wall framing members, following the applicable 
procedures for load-bearing or non-loadbearing walls. 
With the removal steps of the project completed, 


you'll be ready to install your new windows and doors. 


Disconnect 

wiring he 

| after shutting 
off power 


Cutout area 


ie 
| Path of eireuit 


valls. Wace 
e cutout area, then shut 
3s leading into the cutout 
check for current with a Demolition is the starting point of» 


ll window or door opening is enlarged. 
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How to Install Temporary Support (perpendicular joists) 


Bulld a 2 x 4 stud wall that is 4 ft Raise the stud wall up and position _—‘Slide a 2 x 4 top plate between the 
‘wider than the planned wall opening it3 ft from the wal, centered on the temporary wall and the calling, Check to 
and 1%" shorter than the distance from planned rough opening make sure the walls plumb, and 


floor to ceiling. shims under the top plate at 12" intervals 
Lunt the wal is wedged tightly in place. 


How to Install Temporary Support (parallel joists) 


mt 
Piao 


Build two 4-ft--long cross braces, Place a2 x 4 sole plate cirectly ov Adjust the support structure so the 
2x As nalled together draulic jacks posts are exactly plumb, and pump the 
cross braces to the double on the sole plate. Foreach jack, builda hydraulic jacks until the cross braces 


ends, using post 8" shorter than the jack-to-celling just begin to lift the ceiling. Do not lift 
countersunk lag screws, the posts to the top plate, too far or you may damage the celling 
2 ft from the ends. Cover the braces a floor. 

‘ith the cloth, and set the support 

structure on the jacks 
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|) How to Remove Wallboard 


Rough opening 
‘width, 


rough opening 


| 
| 


Mark the width of the rough opening 
on the wall and locate the first stud 

on either side of the planned rough 
‘opening, i the rough opening is more 
than 8" from the next stud, use @ chalk 
line to mark 2 cutting line on the inside 
edge of the stud 


Continue removing the wallboard by striking the surface 
with the side of @ hammer and pulling the wallboard away 
from the wall with the pry bar or your hands. 


Remove the baseboards and other 
trim, and prepare the work area, Make @ 
deep cut from floor to ceiling along 
both cutting lines, using @ circular saw, 
Use a utility knife to finish the cuts at 
the top and bottom and to cut through 
the taped horizontal seam where the 
wall meets the celing surface, 
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Insert the end of a pry bar into the 
cut near a comer of the opening, Pull 
the pry bar until the wallboard breaks, 
then tear away the broken pieces. Take 
care to avoid damaging the wallboard 
outside the project area, 


Remove nails, screws, and any remaining wallboard from 
the framing members, using a pry bar. Remove any vapor 
barter and insulation. 


How to Remove Plaster Walls 


‘Shut off the power arid inspect the ‘Score each line several times wit Beginning at the top of the wall in the 
Wall for wiring and plumbing. Mark the a utility knife, usingla straightedge as @ center of the planned opening, break 
wall area to be removed by following ‘guide. Scored lines should be at least up the plaster by striking the wall lightly 
the directions on page 30. Apply a ie deep, With the side of a hammer. Clear away 
double layer of masking tape along the all plaster from floor to ceiling to within 
outside edge of each cutting line. 3" of the marked lines. 


Break the plaster along the edges by Cut through the lath along the edges Remove the lath from the studs, 


holding a scrap piece of 2x4 on edge of the plaster, using areciprocating saw using a pry bar. Pry away any remaining, 
Just inside the scored line and rapping it or jigsaw. rails, and remove any vapor barrier 
‘with a hammer. Use a pry bar to remove and insulation. 

the remaining plaster 
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| How to Make an Opening in an Exterior Wall 


Building 
pap 


» Fiberboard 
ee 


A.cross-section view of a typical exterior wall with From inside the house, dil through the wall at the cor 

lap siding of the framed opening, Push casing nalls through the holes 
‘mark their location. For round-top windows, dil hales around 
the curved outline (see variation, page 195), 


Nail a straight 1 > 4 flush with the 
cutting tne Sink 
ing line: chakk line stretched bet scratches to the fo 


Push the nails back through the wall maximum blade dept 
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Time and planetary gravity 


‘The Earth's mass appears to be in continual growth. 
280 to 360 million years ago, our globe may have been 
half size - with all of the continents as one landmass 
[33]. In ancient sediments, the natural angles of slope 
in sand beaches greatly exceeded those of today, 
indicating that gravity has on our planetary surface has 
increased 8-fold, several times, during the last 1.5 billion 
years. Yet the planet's average density may not have 
changed — only the acceleration of free fall [34,35] 


‘There could also be another explanation possible for 
the change of slope of beaches. The pull of the moon 
may have been different in the past. 


Also, the planetary magnetic fields could have 
increased over the millions of years, through interactions 
with the solar flux of hydrogen atoms. The sun is in 
constant explosion ~ production of energy differential. 
Earth and other planets could be responding with 
harmonics to compensate for the solar activity, leading 
to an overall increase in magnetic fields. Such a 
phenomenon may give the illusion that the physical 
body is growing larger. In other words, with time, the 
force of gravity would alter planetary mass and energy. 


Assuming that the Earth's density has not increased, it 
is possible account for, mathematically, the relative 
increase ~ growth processes - of the nuclei of terrestrial 
atoms, including the doubling of mass of nucleons and 
of electrons [36]. Such calculation also accounts for the 
emission of 2 different photons by hydrogen atoms (also 
known as the “red shift” described by E. Hubble). 


‘The phenomenon can be explained with the time-like 
and longitudinal photons described by the bi-directional 
2 scalar potential functions [37,38]. Could it be 
suggested that matter is gravity minus time? In other 
words, gravity is related to accumulation of energy 
differential (time) in mass. 


‘The value of gravity varies throughout the planet, in 
part because of the poles and in part due to local density 
of matter. Kirill P, Butusov has noted a correlation 
between places of civilization and regions of greater 
gravity. A faster rate of evolution may be associated 
with such gravity zones. In these zones there would be 
a greater influx of scalar potentials. Time would be more 
“authenticated” by these energy flows into conscious 
beings. Butusov reminds us that time has a “positive 
energy" and flowing into nuclei of atoms or a “negative 
energy” flowing out of the nuclei of atoms [39] 


‘The outflow would be representative of gravitational 
energy. Longitudinal waves are known to be able to 
enter and to leave nuclei, Such flows of time must come 
from other dimensions. After all, the surface of any 
elementary particle separates our dimension from 
another. This leads to an interesting possibility in which 
all time-associated processes between dimensions are 
synchronized, 


‘Time reconsidered 


Arguments have been laid that suggest that time is 
equal to energy differential (including movement of 
light). Living systems “consume” time as part of their 
consciousness and measuring processes. 


It is possible to engineer causality. An understanding 
of higher-order electrodynamics is required, Techniques 
exist for the generation of scalar potentials. Causality 
technology has many applications. They include: 
therapeutics, energy generation, consciousness 
technology, inter-dimensionality, defence systems, 
teleportation, and of course, “time travel” 


Appreciation is expressed for guidance in this 
discussion by Thomas E. Bearden and 
Bernard de Montréal, 
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Rest the saw on the 1 x 4, and cu 
along the marked line, using the edge 
Of the board as a guide, Stop the cuts 
about 1" short of the corners to keep 
from damaging the framing members, 


Complete the cuts at 
or jigsaw. 


Reposition the 1 x 4, 
remaining straight cuts, Drive nails 
Within 116" ofthe inside edge of the 
board, because the siding under this 
‘area will be removed to make room for 
‘door of window brick moldings 


Remove the cut wall section. you are working with my 
siding, wear work glove 


Variation: For round-top windows, 
make curved cuts using a reciprocati 
saw or jigsaw. Move the saw slowly to 
ensure smooth, straight cuts. To draw 
an outline for round-top windows, use a 
cardboard template, 


i 


if you wish, remove the siding pieces 


from the sheathing and save them for future use. 


Techniques © 33 


How to Make an Opening in a Stucco Wall 


Building 
paper 


Insulation 


Brick 
molding 


sing a chalk line 
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Scribe a cutting line on the stucco 
by maving the compass along the 
‘outline, wth the compass point hela 
(on the marked line, This added margin 
will allow the brick molding to fittight 
against the wall sheathing 


Variation: For round-top windows, 
mark the outline on the stucco, using a 
cardboard template, and aril a series 
of holes around the outline, using a 
‘masonry bit. Complete the cut with a 
‘masonry chisel 


‘Score the stucco surface around the 
‘outside edge of the scribed line, using a 
masonry chisel and masonry hammer. 
The scored grooves should be at least 
"A" deep to serve as a guide for the 
circular saw blade, 


Break up the stucco with a masonry 
hammer or sledgehammer, expasing 
the underlying metal lath. Use aviation 
snips to cut through the lath around the: 
‘opening. Use a pry bar to pull away the 
lath and attached stucco. 


Make straight cuts using a circular 
saw and masonry-cutting blade. Make 
several passes with the saw, gradually 
‘deepening the cuts unti the blade just 
cuts through the metal lath, causing 
sparks to fy. Stop cuts just ahead of the 
corners to avoid damaging the stucco 
past the cutting line; complete the cuts 
with @ masonry chisel 


‘Outline the rough opening on the 
sheathing, using a straightedge as a 
‘guide. Cut the rough opening along the 
Inside edge of the framing members, 
Using a circular saw or reciprocating saw. 
Remove the cut section of sheathing, 
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How to Remove a Partition Wall 


Use a utility knife to score the intersections where the wall 
you're removing meets the ceiling to keep from damaging it 
during wall removal. Pry away baseboard trim and remove 
receptacle plates and switch covers to prepare for demolition. 


Reroute outlets, switches, plumbing, or ductwork. Have 
professionals do this for yau if you are nt experienced with 
these systems or confident in your skills. This work should be 
inspected after it's completed. 
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Use the side of a hammer to punch a starter hole n the 
wallboard, then carefully remave the wallboard with a pry 
bar. Try to pull off large sections at a time to minimize dust. 
Remove any remaining wallboard nails or screws from the 
wall studs, 


Locate the closest permanent studs on the adjacent wall 
‘or Walls with a stud finder, and carefully remave the wallboard 
Up to these studs Score the wallboard first with a utiity knife, 
then cut through it with a circular saw. 


Remove the wall studs by cutting through them in the Cut through the wall’s top plate with a circular saw or 
middle with a reciprocating saw and prying out the upper and reciprocating saw. Pry out the top plate sections carefully to 
lower sections. Remove the endmost studs where the wall avoid damaging the ceiling. 


meets an adjacent wall or walls. 


Remove the sole plate just 25 you did the top plate by Patch the walls and ceiling with strips of wallboard, and 
‘cutting through it and prying up the long pieces. repair the floor as needed with new floor coverings 
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Removing Trim 


Remove base shoe from cabinet base ifthe molding is 
attached ta the floor. 


Remove trim moldings at the edges and tops of the 
cabinets with a flat pry bar or putty knife 


a 


Remove baseboards and other trim moldings witha pry ‘Remove valances above cabinets, Some valances are 
bar. Protect wal surfaces with scraps of wood.Label the trim _attached to the cabinets or softs with screws. Others are 
‘boards on the back side so you can replace them correctly. nailed and must be pried loose 
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How to Remove Cabinets 


Remove doors and drawers to make it easier to get at ‘At the backs of cabinets, femove any screws holding the 
interior spaces. You may need to scrape away old paint to Cabinet to the wall, Cabinets can be removed as @ group, oF 
expose hinge screws can be disassembled, 


- 
: 

"i 
_ 


Detach individual cabinets by removing screws that hold Countertops are usually not salvageable. Cut them into 
face frames together. manageable pieces with a reciprocating saw, or take them 
‘part piece by piece with a hammer and pry bar 
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Building Walls 


artition walls are constructed between sole plate at the bottom of the wall should be 
load-bearing walls to divide space. They should fastened securely to the subfloor and joists with 
be strong and well made, but their main job is to panel adhesive and 16d common nails, Use masonry 
house doors and to support wall coverings. The fasteners on concrete basement floors. 


{ Anchoring New Partition Walls 


When a new wall is perperidicular to the celling or floor When a new wall falls between parallel joists, install 2 4 
joists above, attach the top plate directly to the joists, using blocking between the joists every 24”. the new wall is aligned 
‘6d nails. with a parallel joist, install blacks on both sides of the wall, and 


attach the top plate to the joist (ser), 


| How to Build a Partition Wall 


‘Mark the location ofthe new wallon Cut the top and sole platestolengtn Mark the location of any door framing 
the ceiling, then snap two chalk ines and lay them side by side, Use a ‘on the top and sole plates. Refer to the 
Or use a scrap piece of 2x umber asa combination or framing square to draw doors rough opening specifications 
‘template to mark layout ines for the top pairs of ines across both plates to mark when marking the layout. Draw lines for 
plate, Use a stud finder to locate floor the stud locations. Space the studs at both the king and jack studs, 

joists or roof framing above the celing, 16" intervals, on center. 


‘and mark these locations with tick 
‘marks or tape outside the layout lines. 


40 8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Fasten the top plate to the celling 
using 3" deck screws or 10d nails, Be 
sure to orient the plate so the stud 
layout faces down, 


Measure the distance between the 
top and sole plates at several places 
along the wall to determine the stud 
lengths. The stud length distance may 
vary, depending on structural settling or 
an Out-oF flat floor. Add ¥" to the stud 
lengths), and cut them to size. The extra 
length will ensure a snug ft between 
the wall plates 


Hang a plumb bob from the edge of 
the top plate at several points along its 
length to find the sole plate location on 
the floor The tip ofthe plumb bob should 
‘almost touch the floor Wait unt t stops 
moving before marking the sole plate 
reference point. Connect the points with 
a ine to establish ane edge of the sole 
plate, Use a piece of scrap 2x material as 
aa template for marking the other edge. 


Install the framing members. Use 2 
hammer to tap each stud into position, 
then toenail the studs to the top and 
sole plates, Fit, trim, and nail the studs, 
‘one ata time. Ti. the studs tend to 
shift during nailing, drive pliat holes for 
the nails first, or use 3° deck screws 
Instead of nails. inset) An option for 
attaching wall studs to plates is to use 
‘metal connectors and 4c nails. 


SSS 
Ccut away the portion a the soe plate 
were the new door wil be, and nal 

‘or screw the two sections tthe floor 
between the soe plate layout ines. Use 
the cutaway door section asa spacer 
forthe door when fastening the plates 
Drive the fasteners into te for framing 
For concrete floors atachthe sole pate 
vith a powceractuated rail gun or with 
hardened masonry screws 


Nail the king studs, jack studs, a 
header and a cripple stud in place 
to complete the rough door framing. 


See page 12 for more information on 
framing a doar opening, 


(continued) 
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Hf building codes in your area require 
fire blocking, install 2 cutoff scraps 
between the studs, 4 ft. from the floor, 
to serve this purpose, Stagger the 
blocks so you can endnail each piece. 


[ Tools & Materials for Framing with Steel 


LSS 
Ss See 


Drill holes through the studs 
to create raceways for wiring and 
plumbing. When this work is completed, 
fasten metal protector plates over 
these areas to prevent criling or naling 
through wiring and pipes later. Have 
your work Inspected before praceeding 
with wallboard, 


Cover the wall with wallboard. Plan 
the layout wisely to minimize waste and 
to avoid butted joints with untaperes 
seams, If you are installing wallboard 
‘on a ceiling as well, do that fist. For 
more on installing wallboard 
44t0 51 


‘Stee! framing requires a fe 


1 specialty tools and materials, Aviation snips (A) are needed to cut 


ks and studs, though a miter 


‘saw outfitted with a steet-cutting abrasive blade (B) can speed up the process, drill or screw gun (C) is required for fastening 


framing. Handy for large projects, a stud crimper (0) creates mechanical joints between tra 


and studs. Piastic grommets (E) are 


placed in knockouts to help protect utility lines, Protective eyewear and heavy work gloves (FG) are necessities when working with 


the sharp edges af hand-cut stee! framing. Use 
type S trim-fead screws (M}; to fasten wallboard, type S wallboard screws (); 


panhead screws () 


if 
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nd to fasten studs and 


ppping screws (inset) ta fasten steel components. To install wood trim, Use 


1ckS together, Zs" type S 


v7. 


18 


aa 


2a 
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‘Steel studs and tracks have the same basic Join sections with a spliced joint (A) or notched Joint 
structure—a web that spans two flanged sides—however, _(B). Make a spliced joint by cutting a2" sittin the web 
‘studs also contain a %" lip to improve thei rigiity. of one track. Sip the other track into the iit and secure 


with a screw. For @ notched joint, cut back the flanges of 
lone track and taper the web so it fis into the other track; 
‘secure with a screw. 


Build comers using a slip stud: A slip stud is not fastened Lint the adjacent drywall is in place. Form L-shaped 
corners (A) by overlapping the tracks. Cut off the flange on one side of one track, removing enough to allow room for the 
overlapping track and drywall. Form a T-shaped comer (B) by leaving a gap between the tracks for the drywall. Secure 
each slip stud by screwing through the stud into the tracks of the adjacent wall. Also Screw through the back side of the 
drywall into the slip stud, if possible. Where there's na backing behind the slip stud, drive screws at a 45° angle through 
‘the back corners ofthe slip stud and into the drywall, 
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Installing Wallboard 


anging wallboard is a project that can be completed butted together. These are difficult to finish because 

quickly and casily with a little preplanning and a there's no recess for the compound and tape. In small 
helping hand areas, install long sheets horizontally that run the 

Planning the layout of panels will help you reduce full length of the walls. Or hang the panels vertically 
waste and deal with problem areas. Where possible which produces more seams that need taping but 
install full panels perpendicular to the framing to add eliminates butted end joints, If butted joints are 
strength and rigidity to walls and ceilings. To save unavoidable, stagger the seams and locate them away 
yourself time and trouble during the finishing process, from the center of the wall, or install back blocking to 
avoid joints where two untapered panel ends are help mask unflattering effects 


Professionals install drywall panels, 
horizontally because 8 single horizontal 
seam at chest level (48") andi butted 
Seams every 8 ft até much easier to tape 
and mud than a series of vertical seams 
that run every 4 ft from floor to celing. A 
crywall lifter operated by foot gets panels 
Lp off the floor and lets you hang them at 
a consistent hejght without using spacers. 


THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Tools & Prep Work 


Tools for installing wallboard include: chalkline (A), surform plane (8), compass (C), wallboard compass (0), protective masks (E), 
fil with hole saw (F), trim router (G), drywall gun (H), utility knife (), ee protection (, tape Measure (K), wallboard lifter (L), caulk 
gun (M), pry bar (N), wallboard saw (0), keyhole saw (P, framing square (Q), level (Rl, walloaard T-squate (S), 


Preparing for Wallboard Installation 


Se 
Use protector plates where wires or Nail furring strips tothe framing ta _—-Mark the locations ofthe studs on 
pipes pass thraugh framing members _extend the wall surface beyond any the floor with a carpenters pencil or 
Tess than 1%" from the face. The ‘obstructions such as water pines or masking tape. After wallboard covers 
plates prevent wallboard screws from heating ducts. the studs, the marks indicate the 


‘puncturing wires or pipes. stud locations. 


Techniques 


How to Cut Wallboard 


} 


Position the wallboard T-square with the short arm flus Bend the scored section with both hands tot 
against the edg core the board. Fold back the unwant 


‘along the arm of the square at the cutting point. and cut through the back paper to separate the pieces, 


‘Smooth rough edges with a drywall rasp. 0) Where untapered panel ends wi be ©! 


passes with the rasp should be sufficient. To cutthe outside edges of each pane! 
into a tight space, bevel the edge slightly towar of material. Ths helps pr paper fron 
the panel along the seam. Peel off any loose paper from the ed 
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How to Install Wallboard on Flat Ceilings 


‘Snap a chalk line perpendicular to the Measure to make sure the frst pane! will break on the center ofa Joist. 

joists, 48%" from the starting wall necessary cut the panel on the end that abuts the side wall so the panel breaks on 
the next farthest joist. Load the panel onto a rented drywall it, or use a helper, and 
lft the pane! fat against the joists. 


Drywall stilts bring you 
within reach of ceilings, so 


Position the panel with the leading ——_—After the first row of panels is. you can fasten and finish 
edge on the chalk ine and the end installed, begin the next row with a halt the drywall without a ladder, 
centered on a joist. Fasten the panel panel, This ensures that the butted end Stits are commonly available 
\with appropriately sized screws driven _joints will be staggered between rows. at rental centers and are 
every 12" along the joists. surprisingly easy to use 
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How to Install Wallboard on Walls 


Plan wallboard placement so joints 
do not fall at the comers of doors or 
windows, Wallboard joints at corners 
often crack and cause bulges that 
interfere with miter joints in window ar 
door tim. 


—_ 


~ 


With a helper or a wallboard lift, 
hoist the first panel tight agains 
celing, making sure the side edge fs 
centered on a stud. Push the panel flat 
‘against the framing and clive the starter 
screws to secure the panel, Make any 
cutouts, then fasten the field ofthe pane! 
with crywall riven every 12" 


Measure, cut, and install the 

remaining panels along the upper wal 

Bevel panel ends slightly, leaving a Y 

ap between them at the joint, Butt 

ts can also be installed using back 
255. 


Measure, cut, and install the bottom row, butting the panels 
tight to the upper raw and leaving a 7" gap at the floor. Secure 
to the framing along the top edge using the starter screws, 


then make all cutouts before fastening the rest of the pane! 
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ynen installing wallboard vertically, cut each panel 
so i's * shorter than the celing height to allow for expansion. 
(The gap will be covered by base molding) Avoid placing 
tapered edges at outside corners; they are dificult to finish 


| How to Install Wallboard at Inside Corners 


1 2 


How to Tape Wallboard Joints 


Apply a thin layer of wallboard compound over the jo 
a4" or 6" wallboard knife. To load the knife, dip it into a 
filed with wallboard compound. 


with Press the wallboard tape inta the compound immediately, 
n ‘centering the tape on the joint. Wipe away the excess compound 
smooth the joint with a 6" knife, Let dry overnight. 


Use premixed wallboard compound for most 
taping and finishing jobs to eliminate mixing, 
Apply a thin finish coat of compound with a 10" wallboard Use paper wallboard tape when using premixed 
knife. Allow the second coat to dry and shrink overnight, Apply ‘wallboard compound. 

the last coat and let it harden slightly before wet-sanding 
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| How to Finish Inside Corners 


_ 
\ * 


Fold a strip of paper wallboard tape in hal by pinching Position the end of the folded tape strip 9 of the 
the strip and pulling it between thumb and forefinger. Apply @ joint and pre Wet compound with the knife, 
thin layer of w ish as described in step 3 


Tip» J 


Position corner bead on outside Cover the corner bead with three ‘Sand joints lightly after 
‘wallboard compound dries. Use 
6° oF 10" wall ‘a pole sander to reach high 
dry and shrink overnight before areas without a ladder, Wear a 
(Some corner beads a the next coat. Smooth the final coat ‘dust mask when dry-sanding, 
wallboard compound.) with a wet sander 


ecause most of a plumbing system is hidden inside 
walls and floors, it may seem to be a complex 
maze of pipes and fittings. In fact, home plumbing is 
simple and straightforward. Understanding how home 
plumbing works is an important first step toward doing 


routine maintenance and money-savin 


repairs, 
A typical home plumbing system includes three 
basie parts: a water supply system, a fixture and 
appliance set, and a drain system, These three parts 
can he seen clearly in the photograph of the cut-away 


house on the opposite f 


Fresh water enters a home through a main supply 
line (1), This fresh water source is provided by either 
1. municipal water company ora private underground 
well. If the source isa municipal supplier, the water 
passes through a meter (2) that registers the amount 
‘of water used. A family of four uses about 400 gallons 
of water each day 
Immediately after the main supply enters the 

house, a branch line splits off (3) and is joined to a 
water heater (4). From the water heater, a hot water 
Tine runs parallel to the cold water line to bring the 


water supply to fixtures and appliances throughout 


the house. Fixtures include sinks, bathtubs, showers, 


and laundry tubs. Appliances include water heaters, 
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WW! Understanding Plumbing 


dishwashers, clothes washers, and water softeners 
Toilets and exterior silleocks are examples of fixtures 
that require only a cold water line 

The water supply to fixtures and appliances is 
controlled with faucets and valves. Faucets and valves 
have moving parts and seals that eventually may wear 
out or break, but they are easily repaired or replaced, 

Waste water then enters the drain system, It first 
must flow past a drain trap (5), a 
pipe that holds standi 


gases from entering the home. Every fixture must have 


shaped piece of 


water and prevents sewer 


a drain trap. 

The drain system works entirely by gravity, 
allowing waste water to flow downhill through a series 
of large-diameter pipes. These drain pipes are attached 
to a system of vent pipes. Vent pipes (6) bring fresh 
air to the drain system, preventing suction that would 
slow or stop drain water from flowing freely. Vent pipes 
usually exit the house at a roof vent (7) 

Ail waste water eventually reaches a main waste and 
vent stack (8). The main stack curves to hecome a sewer 
line (9) that exits the house near the foundation, In a 
municipal system, this sewer line joins a main sewer 
line located near the street. Where sewer service is not 


available, waste water empties into a septic system 


Water meters and main shutoff valves 
ed where the main water sup, 


theh 


f your local municipal 
water meter leaks, o 
you suspect itis not functioning p 
all your water company for repairs 
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Preface 


In 1992 the author of this words, having been stimulated 
by Kozyrev's book [1], started to reflect on Time meaning 
and Time and Space asymmetric roles during the 
Universe Expanding. The development of these ideas 
has led to the work (2], it is available now (the Russian 
version only) on the website of the Institute of time 
nature explorations (grant #00-07-90211 of the Russian 
fund of basic research), 


I would like to thank the Chairman of the Russian 
Interdisciplinary Temporology Seminar Dr. A. Levich 
from Moscow State University for his constant support 
and friendly interest. Also I would like to thank 
A. Moskowsky for the 20-year discussion of the physics 
history and philosophy. 


‘The said work [2] pretends to revise radically a number 
of basic physical concepts of the Space - Time, Motion 
and Energy nature. It includes a detail analysis and 
mathematical calculations. Only a brief account of the 
main part of this work is presented below. 


Introduction 


‘The nature of time is not yet enough clear for natural 
science. In Newton mechanics time was presented as 
some universal formal parameter. Its value rises steadily 
at every point of the Universe by unknown for us reason. 
Each physical process occurs in space in 
correspondence with the time course. 


In the Special Relativity (SR) time and space are 
integrated to the common 4D-continuum. However, in 
this theory the time component having imaginary factor 
seems also to be “exotic”. In this concept the increase 
of time is also implied in each reference frame. 


‘The General Relativity (GR) allowed linking the time 
properties with gravitational fields and the space 
geometry. The time currency started to be associated 
with a spatial expansion of the Universe. 


‘The theoretical physics traditional approach to the 
process description is based upon the considering of 
time course as primary (original) one. There are also in 
the modern physics [3] several attempts to deduce the 
time concept as secondary one from different 
fundamental (microscopic) concepts. 


However, the third way (inverse to the first one) is 
possible and forms the basis of this paper. A starting 
point of this way is the following question: “Does any 
universal process exist which could generate physical 
time?” 


(Editor's note: The same question was formulated and 
the answer was proposed by Alexander V. Frolov in 1996, 
report “Matter as process", Scientific congress “New 
Ideas in Natural Sciences”. It was assumed that similar 
process can be produced by special technical methods 
also.) 


Such fundamental cosmic process really exists and it is 
well known in the modern science. It presents the 
Universe expansion and was opened at the first third 
ofthe 20" Century by the American astrophysicist 
E, Hubble and others [4]. It means the general increase 
of distances between all 3D-bodies. The same 
scattering of two-dimensional-figures happens on the 
surface of some spherical balloon during air incoming. 
The centre of this sphere does not belong to the surface; 
all points of the sphere (the Universe) are equivalent. 


‘Some time earlier the theoretical physics had come to 
the same results. As it is well known, the Einstein's GR 
was published in the 1916. After that Friedmann (1922) 
proposed the concept of the expanding Universe. For 
example, in the book [5] a description of the basic cosmic 
model is given. Hereinafter this model is called 
“Einstein-Friedman model”, or “EF-model”. In this 
model the Universe is presented as 3D- hyper surface 
of a 4D- sphere with increasing radius. Of course, the 
curvature of the 3D-hyper surface increases with time 
too. 


Basic hypothesis relative to time nature 


Some simple and pictorial views consist a basis of the 
new concept. Hereinafter it is called briefly as “The 
Spherical Expanding Universe Theory (SEUT) 


In the SEUT, as well as in the EF-model, in every time 
the Universe represents the 3D-hyper surface of a 4D- 
sphere. However, there is one very important difference. 
In the Einstein's theory the spatial components of the 
metric tensor are opposite in sign to the time's one. For 
example, we may consider time as imaginary quantity, 
then spatial coordinate as a real one. On the contrary, 
in the SEUT the 4D-continuum is considered as purely 
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Water Supply System 


Water supply pipes carry hot and cold water 
throughout a house. In homes built before 1960, the 
original supply pipes were usually made of galvanized 
iron, Newer homes have supply pipes made of copper. 
In most areas of the country, supply pipes made of rigid 
plastic or PEX are accepted by local plumbing codes. 

Water supply pipes are made to withstand the 
high pressures of the water supply system, ‘They have 
small diameters, usually 4" to 1", and are joined with 
strong, watertight fittings. The hot and cold lines run 
in tandem to all parts of the house. Usually, the supply 
pipes run inside wall cavities or are strapped to the 
undersides of floor joists. 


ol 


g 


In from municipal 
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Hot and cold water supply pipes are connected 
to fixtures or appliances, Fixtures include sinks, tubs, 
and showers. Some fixtures, such as toilets or hose 
bibs, are supplied only by cold water. Appliances 
include dishwashers and clothes washers. A relrig- 
erator icemaker uses only cold water. Tradition says 
that hot water supply pipes and faucet handles are 
found on the left-hand side of a fixture, with cold 
water on the right 

Because it is pressurized, the water supply 
especially true of 
galvanized iron pipe, which has limited 


system is prone to leaks, This is 


sistance 


to corrosion. 


Drain-Waste-Vent System 


Drain pipes use gravity to carry waste water away 
from fixtures, appliances, and other drains. This waste 
water is carried out of the house to a municipal sewer 
system or septic tank. 

Drain pipes are usually plastic or cast iron, In 
some older homes, drain pipes may be made of 
copper or lead. Because they are not part of the 
supply system, lead drain pipes pose no health hazard 
However, lead pipes are no longer manufactured for 
home plumbing systems. 

Drain pipes have diameters ranging from 1/4” 
to 4", These large diameters allow waste to pass 
through easily: 

Traps are an important part of the drain 
system. These curved sections of drain pipe hold 


standing water, and they are usually found near 


any drain opening. The standing water of a trap 
prevents sewer gases from backing up into the 
home, Each time a drain is used, the standing 
trap water is flushed away and is replaced by 
new water. 

In order to work properly, the drain system 
requires ait, Air allows waste water to flow freely 
down drain pipes. 

To allow air into the drain system, drain pipes 
are connected to vent pipes, All drain systems must 
include vents, and the entire system is called the 
drain-waste-vent (DWV) system. One or more vent 
stacks, located on the roof, provide the air needed 
for the DWV system to work 


Vent lines 


Drain lines 
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opper is the ideal material for water supply pipes 

It resists corrosion and has smooth surfaces that 
provide good water flow. Copper pipes are available 
in several diameters (page 314), but most home water 
supply systems use 14" or 4" pipe. Copper pipe is 
manufactured in rigid and flexible forms. 

Rigid copper, sometimes called hard copper, is 
approved for home water supply systems by all local 
codes, It comes in three wall-thickness grades: Types M, 
L, and K. Type M is the thinnest, the least expensive 
and a good choice for do-it-yourself home plumbing 


Rigid Type L usually is required by code for 
commercial plumbing systems. Because it is strong 
and solders easily, Type L, may be preferred by some 
professional plumbers and do-it-yourselfers for home 
use. Type K has the heaviest wall thickness and is 
used most often for underground water service lines 
Flexible copper, also called soft copper, comes in 
ades: Types Land K. Both are 
approved for most home water supply systems, although 


two wall-thicknes: 


flexible ‘Type L copper is used primarily for gas service 
lines. Because it is bendable and will resist a mile 


frost, Type L. may be installed as part of a water supply 


system in unheated indoor areas, like erawl spaces, 
Type K is used for underground water service lines. 

A third form of copper, called DWY, is used for drain 
systems, Because most codes naw allow low-cost plastic 
pipes for drain systems, DWV copper is seldom used 

Copper pipes are connected with soldered, 


see chart below). Always 


compression, of flare fittings 
follow your local cade for the cortect types of pipes 


and fittings allowed in your area. 


Copper Pipe & Fitting Chart» 


Rigid Copper 
Fitting Method 


Sodered yes | yes | ves | yes 
Compression ves | m0 0 10 
Flore cy mo | yes | yes 
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‘Type M| Type L | Type K| Type L.| Type 


WW! Working with Copper Pipe 


Soldered fittings, aiso called 
jain copper pipes. Correctly soldered fitings 
are strong and trouble-free. Copper pipe can also be joinet 
h compression fittings or flare fittings. Se 


Flexible Copper 


General Comments 


yes negesve shor, on route iting mathod. 
Requires some ski 


0 Nakes opis on elacement cosy 
‘Mare expensive than ober. Best usd on ible cope 


yes Use only with lvl copper pies. Usual sed as 0 
gsi fing. Requires some ski 


ASTM rating 


Diameter 


Grade stamp information inci 

wall-tickn nd a stamp of a 

(american Society for Testing and Materials) Type M pipe 
ied by red lettering, Type L by bl 


ing tubing 


side 


hat mate 
ine using a twisting 


motion. Bend pipe slowly unti it rea 


not me 


Fitting socket 


Elbow cut 
away to 
show depth 
of pipe 


Specialty tools and materials for working with capp 
include: flaring tools (A), emery cloth (@), cal-spring tubing 
bender (C), pipe joint compound (0), soldering paste (flu) (E), 
lead-free solder (FI, wire brush (G), flux brush (H), compres 


Fitting socket 


to show 
depth 
of pipe 


Length of pipe 


Find the length of copper pipe needed by measuring 
away). Mark the length on the pipe with a felt-tipped pen. 


ween the bottom of the copp: 


ting sackets (fitings 


}awn In 


Cutting & Soldering Copper 


The best way to cut rigid and flexible copper pipe is 
with a tubing cutter. A tubing cutter makes a smooth, 
straight cut, an important first step toward making a 
watertight joint. Remove any metal burrs on the cut 
edges with a reaming tool or round file 

Copper ean be cut with a hacksaw. A hacksaw is 
useful in tight areas Where a tubing cutter will not fit 
Take care to make a smooth, straight cut when cutting 
with a hacksaw. 

A soldered pipe joint, also called a sweated joint, 
is made by heating a copper or brass fitting with a 
propane torch until the fitting is just hot enough to 
melt metal solder. The heat draws the solder into the 
gap between the fitting and pipe to form a watertight 
seal. fitting that is overheated or unevenly heated 
will not draw in solder. Copper pipes and fittings must 
be clean and dry to form a watertight seal 


| Tools & Materials > 


Tubing cutter with Cloth 
reaming tip Adjustable wrench 
(or hacksaw Channel-type pliers 
and round file) Copper pipe 
Wire brush Copper fittings 
Fluy brush Emery cloth 
Propane torch Soldering paste (flux) 
Spark lighter Shenitesl Protect wood from the heat ofthe torch flame while 
soldering, using a double layer (two 18" x 18” pieces) 
(or matches) Lead-free solder of 26-gauge sheet metal. Buy sheet metal at hardware 
Round file Rag stores or building supply centers and keep it to use with all 


soldering projec 


Soldering Tips > 
~~ J 


‘Torch valve 


Use caution when soldering copper. Pipes and Prevent accidents by shutting off propane 
fittings become very hot and must be allowed to c torch immediately after use. Make sure valve is 
before handling closed completely. 
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How to Cut Rigid & Flexible Copper Pipe 


Cutting 
‘wheel 


Roller 


Place the tubing cutter over the pipe ani tighten the ‘Turn the tubing cutter one rotation so that the cutting 
s on both ralers, and the cutting whee! scores a continuous straight line around the pipe, 


Reaming 
point 


Rotate the cutter in the 


Remove sharp metal burrs from the inside edge of th 


sing the reaming point on the tubing cutter, or a 


How to Solder Copper Pipes & Fittings 


Clean the end of each pipe by Clean the inside of each fitting Apply a thin layer 
by SCOUTIN 


th. Ends must 


Apply a thin layer of flux to th Assemble each joint by 


enting the Use a clean dry cloth to rer 
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Prepare the wire solder by unwinding Open the gas valve a Adjust the torch valve ur 
lighter to ignite the torch. portion of the flame is 1” ta 2" long 


8" to 10" of wire from spool. Bend the 


first 2" ofthe wire to @ 90° angle 


Move the torch flame back and fortk 
and the fitting to heat the area evenly 


pe Heat the other side of the copper fitting to ensu/ 
Is distribute older will me 
en the pipe is atthe right temperature 


en. Tauch solder to pi 


When solder melts, remove thy 
der into nt C 


Valves should be fully open during all stages of th To prevent valve damage, quickly heat the pipe end the 
" : f the valve, not ti 


soldering prc 
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Euclidean, all the four coordinates are real quantities, 
‘The usual spherical geometry can be used on a surface 
of the 4D-sphere. 


As it is well known, in the GR the Age of the Universe 
can be calculated using the EF-model or a similar one. 
Usually, the radius-age dependence is not a direct 
proportionality in such GR models. However this result 
may be deduced if to neglect the global pressure of 
matter that fills the Universe. In [2] it is demonstrated, 
that an account of the static pressure of matter follows 
to the Universe radius linear dependence on its age (see 
below). 


On the contrary, in the SEUT the time universal course 
is manifested. The Universe age is identified with a 
current Universe radius divided by the velocity of 
light. Numerous important consequences may be 
deduced from this statement. On the other hand, it 
allows avoiding many other arbitrary postulates in the 
model, 


Mechanical motion and maximum velocity in the 
SEUT 


The SEUT states, there is no unlimited set of 
independent mechanical motions. Only world lines of 
moving bodies exist. Each of them has some inclination 
relative to the time line, which presents a normal to the 
hypersurface of the 4D-sphere. It is an inclination angle 
that defines the spatial motion velocity. At the increase 
of sphere radius the intersection point of word line and 
current hypersurface “moves” with exact 
correspondance with a modern physics prediction, 


In particular, immovable objects (stars) have zero 
inclination, their world line are normal to the 
hypersurface. Hence they “scatter” according to the 
Hubble law, their mutual velocity is proportional to 
mutual distance. If a body world line has some 
inclination relative to normal, the angle is more than 
zero. But it can't exceed 90°, therefore maximum 
mechanical motion velocity appears naturally, it is equal 
to the velocity of light. 


Let us consider three variants of motion (see Fig.1). 


Fig. 
Phenomenon of a "motion" of point on a sphere surface for 
immovable (at the left), uniformly moving (at the centre) and 
non-uniformly moving (at the right) 


‘The left picture illustrates the Hubble effect. The right 
picture presents a general case of motion with 
acceleration. The central picture corresponds with an 
inertial motion; its world line is direct. In this case the 
moving body displacement increases proportionally to 


the Universe radius increment. So, inertial motion is not 
postulated in the SEUT, it appears as natural model 
consequence. 


‘At a large 4-sphere radius values all the relationships 
of SR and usual mechanics laws are applicable 
approximately in the SEUT. A Special Relativity light 
cone transforms to all the hyper surface of the 4D- 
sphere. But the analogy is not complete, because an 
absolute remote SR area degenerates to this 3D- hyper 
surface in the SEUT (see Fig. 2) 


bola 
‘sre 
: 
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y 
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SEUT and Minkowski geometry 


Let us consider small increments of time and space 
coordinates along body world lines during the Universe 
expanding. It is enough to consider a small area of the 
Universe, so we can neglect its curvature. Then it is 
acceptably to replace approximately concentric hyper 
surfaces (“isochrones”) by parallel hyper planes. The 
space-hold corresponds with a representative point 
“drift” perpendicularly to isochrones, an inertial motion 
corresponds with displacement along inclined direct 
lines between isochrones. 


‘At each time the Universe is represented by a certain 
isochrone that contains all the real spatial points. Let 
us accept that 4D-sphere radius increment divided by 
velocity of light presents invariant measure of (absolute) 
time increment. We will also state that this quantity 
has the same value in each inertial reference frame, ie 

at a motion along each direct world line. 


Let the angles of world line inclinations from normal 
direction are enough small. Then metric relationships 
like Minkowski geometry ones appears in our purely 
Euclidean 4D-continuum. In particular, well known 
relationship 


Cas? 


at-ar 


can be deduced from the Pythagorean theorem. It 
connects a spatial component dr with a time component 
dt (at moving reference frame) through velocity of light 
c. Here ds is an absolute time interval (between two 
4D-events at a immovable reference frame). Hence, if 
velocities aren't very high, the Lorentz transform is 
correct in different inertial reference frames. 
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How to Take Apart Soldered Joints 


Fitting 


Use channel-type pliers to separate the pipes 
he fitting 


WW! Working with Plastic Pipe 


(7 ut rigid ABS, PVC, or CPVG plastic pipes with, 
\atubing cutter or with any saw. Cuts must be 
straight to ensure watertight joints 

Rigid plastics are joined with plastic Fittings and 
solvent glue. Use a solvent glue that is made for the 
type of plastic pipe you are installing, For example, 
ABS solvent on ABS pipe. Some solvent glues, called 
“all-purpose” or “universal” solvents, may be used on 


all ypes of plastic pipe, but ereate an inferior bond, 

Solvent glue hardens in about 30 seconds, so 
test-fit all plastic pipes and fittings before gluing the 
first joint. For best results, the surfaces of plastic pipes 
and fittings should be dulled with emery cloth and 
liquid primer before they are joined, 

Liquid solvent glues and primers are toxic and 
flammable. Provide adequate ventilation when fitting 
plasties, and store the products away from any source 


of heat, 
Plastic grip Fittings can be used to join rigid or 
flexible plastic pipes to copper plumbing pipes 


Tools & Materials > 


Tape measure Plastic pipe 
Felt-tipped pen Fittings 
Tubing cutter Emery cloth 
(or miter box Plastie pipe primer 
‘or hacksaw) Solvent glue 
Utility knife Rag 
Channel-type pliers Petroleum jelly 
Gloves Solvent welding isa chemical bonding process used to 


permanentiy join PVC pipes and fittings. 


Primer and solvent glue are specific to the plumbing material being used. Do nat use all-purpose or muiti-purpase products. 
Light to medium body glues are appropriate for DIYers as they allow the longest working time and are easiest to use. The products 
‘work best when fresh, so buy small containers and dispose of any unused product after a few months. 
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| How to Cut Rigid Plastic Pipe 


Elbow cut away 
to show depth of fitting 


Fitting soc! 


Find the length of plastic pipe needed by measuring between the bottoms of the fitting sockets (fittings shown in cutaway) 
Mark the length on the pipe with a fet-tipped pen, 


The best cutting tool for plastic pipe is @ power miter saw A ratcheting plastic-pipe cutter can cut smaller diameter 

with a fine tooth Woodworking blade or a plastic-specific blade, PVC and CPVC pipe in a real hurry. If you are plumbing a whole 
house you may want to consider investing in one, They also 
are sold only at plumbing supply stores. 
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How to Solvent-Glue Rigid Plastic Pipe 


Fitting sockets 


Remove rough burrs 07 cut ends of plastic pipe, us 
lity knife 


Test-fit all pipes and fittings. Pipes should fit tightly against 


ee 7 


Mark the depth of the fitting sockets on the pipes. Tak= 
pipes apart, Clean the ends of the pipes and fitting sackets 


Apply a light coat of plastic pipe primer ids of 
f the fitting sockets. Primer dull 


66 8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Solvent-glue each joint by applying @ thick 
glue to the end of the 
surface of the 

in about 30 s 


ive Quickly position the pipe and fitting so thatthe alignme 
he pipe into the fitting 


Spread solvent by twisting the pipe until the marks are Wipe away excess solvent glue with a rag. Do rat distur 
i, Hold the pipe in place he joint for 30 minutes after gluing, 
aint from slipping, 


WW! Working with PEX Pipe 


6B 


(~ross-linked polyethylene (PEX) is growing quickly 

in acceptance as a supply pipe for residential 
plumbing, It's not hard to understand why. Developed 
in the 1960s but relatively new to the United States, 
this supply pipe combines the ease of use of flexible 
tubing with the durability of rigid pipe. It can 
withstand a wide temperature range (from subfreezing 
to 180° F); it is inexpensive; and it's quieter than rigid 
supply pipe 

PEX is flexible plastic (polyethylene, or PE) 

tubing that’s reinforced by a chemical reaction that 
creates long fibers to increase the strength of the 
material. It has been allowed by code in Europe and 
the southern United States for many years, but has 
‘won approval for residential supply use in most major 
plumbing codes only recently, It’s frequently used in 
manufactured housing and recreational vehicles and 
in radiant heating systems. Because it is so flexible, 


PEX can easily be bent to follow comers and make 


in direction. From the water main 


and heater, it s connected into manifold fittings that 
redistribute the water in much the same manner as a 
lawn irrigation system. 
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For standard residential installations, PEX can be 
joined with very simple fittings and tools. Unions are 
generally made with a crimping tool and a crimping 
ring, You simply insert the ends of the pipe you're 
joining into the ring, then clamp down on the ring 
with the crimping tool. PEX pipe, tools, and fittings 
can be purchased from most wholesale plumbing 
suppliers and at many home centers, Coils of PEX are 
sald in several diameters from \s" to 1", PEX tubing, 
and fittings from different manufacturers are not 
interchangeable. Any warranty coverage will be voided 
if products are mixed, 


_ Tools & Materials> 


Manifolds 
Protector plates 
PEX fittings 
Utility knife 
Plastic hangers 
Grimp ring 


Tape measure 
Fel-tipped pen 
Full-cirele crimping tool 
Gofno-go gauge 
Tubing cutter 

PEX pipe 


PEX pipe is relatively ne supply 
material wing in popularity 

in part b an be installed with 
nical connections. in this 
example, we see a standard 4-outlet 
‘apper manifold, with branch water lines 
being attached with a crimping tool 

To ensure leak-free joints, each joint is 
Carefully measured with a go/no-go too! 
before the water is turned on, 


PEX Tools & Materials 


‘Specialty tools for installing PEX are available wherever PEX is sold. The basic set includes a ful-circle crimping tool (A), a tubing 
cutter (B), and @ go/no-go gauge (C) to test connections after they've been crimped 


PEX is connected to other water supply materials with Generally, you should use the same diameter PEX as is 

transition fittings, including CPVC-to-PEX (A), copner-to-PEX (B), specified for rigid supply tubing, but in some "home run 

and iran-to-PEX (C), installations (see page 72) you can use sh" PEX where 7" rigid 
‘copper would normally be used, 
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| PEX Installation 


Check with your local plumbing inspector to verify 
that PEX is allowed in your municipality, PEX has 
been endorsed by all major plumbing codes in North 


America, but your municipality may still be usin 


older set of codes, Follow the guidelines below when 
installing PEX 


© Do not install PEX in above-ground exterior 


applications because it degrades quickly from 
UV exposure 
© Do not use PEX for g 


© Do not use plastic solvents or petroleum-based 


products with PEX (they ean dissolve the plastic) 


Keep PEX at least 12" away from recessed light 


fixtures and other potential sources of high he 


Do not connect PEX directly to a water heater. Use metal 


‘onnector tube: 
water before 
already conne 


fer the cont 
aching PEX 
t0 PEX lines. 


oF tubes to 


f metal 
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Do not attach PEX directly to a water heater. 


Make connections at the heater with metallic 


tubing (either flexible wate er connector 


tubing or rigid copper) at least 18" long; then join 
it to PEX with a transition fitt 


Do not install PEX in areas where there isa possibility 


cof mechanical damage or puncture. Always fasten 
protective plates to wall studs that house PEX 
Always leave some slack in installed PEX lines to 
allow for contraction and in case you need to cut 
off a bad crimp. 


Use the same minimum branch and distribution 


supply-pipe dimensions for PEX that you'd use 
for copper oF CPVC, according to your local 
plumbing codes. 


| Buying PEX 


Color coding isa practice many PEX manufacturers have 
embraced to make identification easier. Because the material is 
identical except fr the color, you can buy only ane calor (ed is 
‘more common) and use it for both hot and cold supply lines. 


PEX combines the flexibility of plastic tubing wit the 
durability of rigid supply pipe. It's sold in calls of common 
supply-pipe diameters. 


| The PEX Advantage > 


EX supply tubing offers a number of advantages over 
traditional rigid supply tubing: 


‘+ Easy to install. PEX does not require coupling joints 
or long runs or elbows and sweeps for turns, The 
mechanical connections do not require solvents 
or soldering. 

‘© Easy to transport Large coils ae lightweight and 
‘much easier to mave around than 10-f. lengths 
of pipe. 

‘+ Good insulation, The PEX material has better thermal 
properties than copper for lessened heat loss. 


General Codes for PEX> 


PEX has been endorsed for residential use by all major 
bulling codes, although some municipal codes may be 
more restrictive. The specific design standards may also 
vary, but here are some general rules: 


‘+ For PEX, maximum horizontal support spacing is 32" 
and maximum vertical support spacing is 10 ft. 


Quiet. PEX will not rattle or clang from trapped air or 
kinetic eneray. 

‘Good for retrofit obs. PEX is easier to snake through 
‘walls than rigid supply tubing and is compatible with 
‘Copper, PVG, or ron supply systems ifthe correct 
transition fittings are used. f your metal supply tubes 
‘ae used to ground your electrical system, you'l 
‘eed to provide a jumper if PEX is installed in midrun, 
‘Check with a plumber or electrician, 

Freeze resistance, PEX retains some flexibility in 
sub-freezing conditions and Is less likely to be 
damaged than rigid pipe, but itis not frostproof 


‘Maximum length of individual istrioution fines 1s 60 ft. 
EX is designed to withstand 210° F water for up 

to 48 hours. For ongoing use, mast PEX is rated for 
+180 degree water Up to 100 pounds per square inch 
of pressure, 

Directional changes of more than 90 degrees require 
‘2 guide fiting (see page 75), 
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| system Designs 


Trunk-and-branch systems are configured in much the Home run systems rely on ane or two central manifolds to 
‘some way as a traditional rigid copper or PVC supply systems. distribute the hat and cold water very efficiently Eliminating 
‘A main supply line the trunk line) carries water to al of the the branch fitings allows you to use thinner supply pipe in 
outlets via smaller branch lines that tie into the trunk and some situations. 


serve a few outlets in a common location. 


_ Choosing a PEX system > 


‘= For maximum single-foture water pressure: 
Trunk and branch 

For economy of materias: Trunk and branch or 
remote manifold 

‘= For minimal wait times for hot water (single 
fixture); Home run 

‘= For minimal wait times for hot water (multiple 
fixtures used at same approximate time): Trunk 
‘and branch or remote manifold 

‘= For ease of shutoff control: Home run 

‘+ Forlawest number of fittings and joints: 
Home run 


Remote manifold systems are a hybrid between traditional 
‘runk-and-branch systems and home run systems Instead 

of relying on just one or two manifolds, they employ several 
smaller manifolds downline from a larger manifold, Each smaller 
‘manifold services a group of fixtures, sina bathroom or kitchen, 
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On the Einstein's relativity principle 


If the world lines inclinations from exact normal 
direction cannot be accepted as small, then Minkowski 
geometry relationships are correct approximately only. 
It means that Einstein's relativity principle is correct 
(in the SEUT) only for reference frames that move with 
velocities enough small relative to selected reference 
frame. Such reference frame is linked hardly with a body 
at (absolute) rest, i. drifting along radial world line. 


‘The selected reference frame existing reminds of old 
ether theories that contradict to the Special Relativitiy 
views. It seems, these theories became a thing of the 
past irretrievably. In fact, the velocity of light in vacuum 
is constant everywhere and everywhen. However, the 
reference frame existing can be detected in principle 
as a light signal frequency bias, i.e. with the help of 
Doppler effect. Well, this phenomenon is really detected 
by the modern astrophysics! 


‘The temperature diagram of the Cosmic Microwave 
Background Radiation (CMBR) coming to the Solar 
system from all the sides of the Universe is presented 
on Fig.3. The data was registrated during 4 years by 
the Cosmic Background Explorer (COBE) satellite 
(NASA Goddard Flight Centre, COBE Science Working 
Group). 


Fig. 3 
“The anisotropy of the Cosmic Microwave Background 
Radiation (CMBR) 


‘The well-known Russian scientist J.B. Zeldovitch in the 
Editorial Addition to [6] in connection with earlier 
experiments notes that careful measurements allowed 
to find out some anisotropy of CMBR. An antenna 
oriented to the Lion constellation detects that the 
radiation temperature is 0.013% more, than mean 
temperature. The radiation temperature in the opposite 
direction is 0.013% less, than mean. Generally, a 
temperature varies continuously between these two 
values. The isotropy presents only for some imaginary 
observer. The Solar system, Earth move to the Lion 
constellation relative to this observer having velocity 
390 + 60 km/s. Hence, as a result of the Doppler effect, 
a incoming radiation seems to be more hot, and an 
overtaking radiation seems to be more cold. This 
example shows that for observer of any point of the 
Universe this CMBR is isotropic. We may consider this 
observer and the connected reference frame as selected 
one. The selected reference frame existence at the 
Universe every point looks like the physicists commonly 


held view preceding to Relativity. They thought that 
the light presented ether oscillations occupying whole 
the Universe. They thought also that a reference frame 
connected with ether was preferable, or selected. They 
tried to detect the Earth motion relative to ether. We 
know that these experiments gave the negative result: 

any ether doesn’t exist. But the Universe evolution 
follows that when CMBR is observed (and only in this 
casel), the selected reference frame (called sometime 
“new ether") appears. The new ether or CMBR just 
realises the motion according to Hubble's law. 


‘The modern NASA‘s data allows to put the relation of 
the Solar system velocity to the velocity of light equal 
to 0,15%. It is enough small value justified Special 
Relativity and Minkowski geometry relationships 
application. But can we believe this phenomenon to be 
an exhaustive proof of the SEUT accuracy? 


To test it we propose a not complicated observational 
experiment. If the CMBR anisotropy is due to the real 
selected frame existence, then it may be detected for 
any electromagnetic radiation. In particular, an 
anisotropy of solar radiation has to exist at the different 
year periods. It has to be detectable in August, when 
the both solar radiation and CMBR come to the Earth 
from the Lion costellation side (see Fig. 4). In February 
these sourses are opposite in disposition relative to the 
Earth, therefore the solar radiation anisotropy direction 
has to be opposite. The expected effect value (with 
account of the Lion constellation straight ascendancy 
and obliquity of the ecliptic) is approximately equal to 
300 km/s, ie. nearly 0,1% of the velocity of light. In 
November and May the anysotropy has to be practically 
absent. 


Lion Constellation December, 22 Barth erbit 
° a 


Mars, 21 rember, 23, 


Fig. 4 
‘The Sun and Lion constellation disposition relative to the Earth 


Probably, an analogous SEUT test in a laboratry is 
realizable with help of artificial radiation sources. 


Particle mass, energy and impulse 


So, we consider the Universe as expanding 3D- 
hypersurface of a 4D-sphere. Mass localisation places 
in the Universe present the points of the hypersurface 
intersection by world lines. So, these world lines have 
areal physical meaning, not abstract illustrative this 
one. We may expect this physical meaning to be more 
essential than simple word expression. 


Particularly, while the Universe global analysis is 
making, we may suppose that such fundamental 
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How to Make PEX Connections 


Inspect the cut end to mak 


Insert the barbed end ofthe fiting Align the jaws ofa ful/-circle crimping Test the connection to make sure it 
into the pipe unti it is snug against the imp ri s 


How to Plumb a PEX Water-Supply System 


‘A manifold may be attached vertically or horizontally, 
a ers screwed 


hored with correctly sized hang 
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ah 


Starting at each fixture (and leaving at least 12" of extra ‘Support the pipe with a plastic hanger near every floor or 
posed), run appropriately sized PEX through holes in cceling and midway up vertical runs. Also use ha 
he pe near the beginnings and ends o 
pl side for sharp curv 
arply that it kinks. 


the framing to the manifolds. Pipes may be bund 


tthe 


a naling plate 
Jack in th 


Cut each branch supply line to length ( 
most manifo ith preattached valves) 
a short length of PEX and a plug to seal any unused outlets (i 


WH! Planning New Plumbing 


76 


(tant planning by drawing maps. Mapping your 
O home's plumbing system is a good way to 
familiarize yourself with the plumbing layout and ean 
help you when planning plumbing renovation projects 
With a good map, you can envision the best spots for 
new fixtures and plan new pipe routes more efficiently 
Maps also help in emergencies, when you need to 
locate burst or leaking pipes quickly 

Draw a plumbing map for each Moor on tracing 
paper, so you ean overlay floors and still read the 
information below, Make your drawings to scale and 
have all plumbing fixtures marked, Fisture templates 
and tracing paper are available at drafting supply stores. 


‘Snoop around your basement for clues about the locations 
Cf supply, drain, Vent, and gas pipes in your walls. 
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Elbow, 90° a Eibow, 
-aweep 80" 
o+— Bow ¢— Etbow, facing 
e+ e+ 
T, outlet 7, outlet 
‘feoing up facing down 


sts — I 1 4 
= ee 
5 8 


Use standard plumbing symbols on your map to identity 
the camponents af your plumbing system. These symbols wil 
help you and your building inspector follow connections and 
transitions more easily 


| Understanding Plumbing Codes 


‘The plumbing code is the set of regulations that 
building officials and inspectors use to evaluate your 
project plans and the quality of your work. Codes 
vary from region to region, but most are based on the 
National Uniform Plumbing Gode, the authority we 
used in the development of this book. 

Code books are available for reference at 
bookstores and government offices. However, they 
are highly technical, dfficult-to-read manuals. More 
user-friendly for do-it-yourselfers are the variety of 
code handbooks available at bookstores and libraries. 
‘These handbooks are based on the National Uniform 
Plumbing Code but are easier to read and include 
many helpful diagrams and photos. 

Plumbing code handbooks sometimes diseuss 
nt plumbing “zones” in an effort to 
accommodate variations in regulations from state 
to state he states included in each zone are 
listed below. 

Zone 1: Washington, Oregon, California, 
Nevada, Idaho, Montana, Wyoming, North Dakota, 
South Dakota, Minnesota, lowa, Wisconsin, 
Nebraska, Kansas, Utah, Arizona, Colorado, New 
Mexico, Indiana, parts of Texas 

Zone 2: Alabama, Arkansas, Louisian 
nessee, North Carolina, Mississippi, Georgia, 
Florida, South Carolina, parts of Texas, parts of 
Maryland, parts of Delaware, parts of Oklahoma, 
parts of West Virginia. 

Zone 3: Virginia, Kentucky, Missouri, 

Illinois, Michigan, Ohio, Pennsylvania, New York, 
Connecticut, Massachusetts, Vermont, New 
Hampshire, Rhode Island, New Jersey, parts of 
Delaware, parts of West Virginia, parts of Maine, 
parts of Maryland, parts of Oklahoma. 

Remember that your local plumbing code always 
supersedes the national code. Local codes may be 
more restrictive than the national code. Your local 
building inspector is a valuable source of information 


three dif 


and may provide you with a convenient summary sheet 


of the regulations that apply to your project 


The plumbing inspector is the final authority when it comes 
to evaluating your work. By visually examining and testing your 
new plumbing, the inspector ensures that your work is safe 
and functional 
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GETTING A PERMIT 

‘To cnsure publie safety, your community requires 
that you obtain a permit for most plumbing proj- 
ects, including most of the projects demonstrated in 
this book. 

When you visit your city building inspection 
office to apply for a permit, the building official will 
‘want to review three drawings of your plumbing 
project: a site plan, a water supply diagram, and 
a drain-waste-vent diagram, These drawings are 
described on this page. If the official is satisfied that 
your project meets code requirements, he or she 
‘ill issue you a plumbing permit, which is your legal 
permission to begin work. The building official also 
will specify an inspection schedule for your project 
As your project nears completion, you will be asked to 
arrange for an inspector to visit your home while the 


pipes are exposed to review the installation and ensure 
its safety. 

Although do-i-yourselfers often complete 
complex plumbing projects without obtaining a permit 
or haying the work inspected, we strongly urge you 
to comply with the legal requirements in your area. A 
flawed plumbing system can be dangerous, and it ean 
potentially threaten the value of your home 


specs 
= 
ath 


| 
i i| 
Hstye | Tsien Pal 
| ‘Sink stbous 
rattle 
Heady 


The supply riser diagram shows the length of the hot and 
ccold water pipes and the relation of the fixtures to one another 
‘The inspector will use this diagram to determine the proper 
size for the new water supply pipes in your system, 
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Ser 65 


‘The site plan shows the lacation of the water main and sewer 
‘main with respect to your yard and hame, The distances from 
your foundlation to the water main and from the foundation to 
the main sewer should be indicated on the site plan, 


it 


da 


A DWV diagram shows the routing of drain and vent pipes in 
your system, Make sure to indicate the lengths of drain pipes 

and the distances between fixtures. The inspector will use 

this diagram to determine if you have properly sized the drain 
traps, drain pipes, and vent pipes in your project. 


| Sizing for water Distribution Pipes 


Fixture __Unitrating _—Size of —‘Size of ‘Maximum length (ft.)— 

ay 5 service distribution total fixture units 
ee we ¢ SL 
Qohnb w i a eT 
Usui = 1 “0 % 8 8 2 
Midoniok OD iE o 7 © % 0 8 
a we wow 6 
(2 

CE ee 


Water distribution pipes are the main pipes extending from the water meter throughout the house, supplying water to the branch 
pipes leading to individual fixtures. To determine the size ofthe distribution pipes, you must frst calculate the total demand in "fixture 
units" (abave, lef) and the overall length of the water supply line, from the street hookup through the water meter and to the most 
istant fixture in the house. Then, use the second table (above, middle) to find the minimum size for the water distribution pipes. Note 
that the fixture unit capacity depends partly on the size of the street-side pipe that delivers water to your meter. 


| Sizes for Branch Pipes 
& Supply Tubes 


Fixture 
Tole 
iy sik 
Shower ue 

a 

ve 
Aachen sik et 
Coes wasters 
Un sink wt * 
Siok “ Na 
Woter heater x Na. 


Branch pipes are the water supply lines that run from the 
distribution pipes toward the individual fixtures. Supply tubes 
are the viny, chromed copper, or braided tubes that carry 
‘water from the branch ppes tothe fixtures. Use the chart 
above as a guide when sizing branch pipes end supply tubes. 


| valve 
Requirements 


‘Main shutoff 


Full-bore bail 
‘on house side 


Full-bore gate valves or ball valves are requires in the 
following locations: on bath the street side and house side 
ofthe water meter; on the inlet pipes for water heaters 

and heating system boilers, Individual fixtures should have 
accessible shutoff valves, but these need not be full-bore 
valves. Allsiicocks must have Individual control valves located 
inside the house 
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Pipe Support Intervals 
Type Vertical-ran Horizontal-run 


ot support support 
pipe interval interval 
Copper lof. 6h. 
PEK Sh. ah. 
cla Toft, ah 
AC TOF, 4h 
Steel Watt. Tf. 
tron 1S tt, Sh 
Drain cleanouts make your DW system ease to service. Minimum Intervals for supporting pipes are determined 
inmost teas, the plumbing cde reques tat youplace ‘by the typeof pipe ads orertaton nthe sstem, 
cleanouts at the end of every horizontal drain run. Where Remember that the measurements shown above are 
horizontal runs are not accessible, removable drain traps will minimum requirements; local code may require supports 
suffice as cleanouts, at closer intervals. 
| Fixture Units | Sizes for Horizontal 
& Minimum Trap Size & Vertical Drain Pipes 
rin Fixture unite Min, trap Pipe site Maximum Mariam 
= ; fees Gaon 
a es forhortsontal for vertical 
Voss Sexes feNee 
a | 1 7 
Dishwasher 1 
Aion sink 2 tle i : 
Aiteen sink* 3 6 10 
Glottes washer Ww an 1 a 
Uility sink % 
| a a v 20 0 
Floor doin i) —— 
tien sink with cached fod dost 9 EE 
Minimum trap size for fixtures is determined by the drain Drain pipe sizes are determined by the load on the pipes, as 
fixture unit rating, a unit of measure assigned by the plumbing measured by the total fixture units. Horizontal drain pipes less 
Code Note: chen ss rete nts they include an than in dlameter sould sige "per fot toward the main 
attached food dsposer 2 uns ohense Gran Pipes or more In iameter soul slope pe fot 
Note: Horizontal or vertical drain pipes for @ toilet must be 3” 


or larger. 
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| vent Pipe Sizes, 
Critical Distances 


Size of Minimum Maximum 
fixture vent pipe critical 
drain distance 
at at. 
wt Wwe Ht, 
a St 
r oh. 
V ay 10h. 


Vent pipes are usually one pipe size smaller than the drain 
pipes they serve. Code reauires that the distance between the 
drain trap and the vent pipe fall within @ maximum “critical 
distance," a measurement that is determined by the size of the 
fixture drain, Use this chart to determine bath the minimum 
size for the vent pipe and the maximum critical distance, 


| wet Venting 


i 


Critical distance 


cif 


2'sink drain | 
serves as | 
‘wet vent for 
bathtub: 


Wet vents are pipes that serve as a vent for one fixture and 
a drain for another. The sizing of a wet vent is based on the 
‘otal fisture units it supports (opposite page); a 3° wet vent can 
‘serve up to 12 fixture units; a 2" wet vent is rated for 4 foxture 
units; 2 1%" wet vent, for only 1 fixture unit. Note: The distance 
between the wet-vented fiture and the wet vent itself must be 
no more than the maximum critical distance (chart above) 


| Vent Pipe Orientation 
to Drain Pipe 


Vent pipes must extend in an upward direction from 
drains, no less than 45° from horizontal. This ensures that 
waste water cannot flow into the vent pipe and block it, At the: 
opposite end, a new vent pipe should connect to an existing 
vent pipe or main waste-vent stack at a paint at least 6" above 
the highest fixture draining into the system. 


| Auxiliary Venting 


Separate 2" vent 
required if toilet- 
to-stack distance 
ismore than 6 ft. 


Fixtures must have an auxiliary vent ifthe distance to the 
main waste-vent stack exceeds the critical distance (illustration 
above). A tollet, for example, should have a separate vent 

pipe ifits located mare than é ft. from the main waste-vent 
stack. This secondary vent pipe should cannact to the stack or 
an existing vent pipe at a point at least 6” above the highest 
fixture on the system. 
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WH! Understanding Wiring 


houschold electrical system can be compared 


with a home’s plumbing system. Electrical current 


jater flows 
under pressure 


Flows in wires in much the same way that water Flows 
inside pipes. Both electricity and water enter the 
home, are distributed throughout the house, do their 
work,” and exit 

In plumbing, water first flows through the 
pressurized water supply system. In electricity, current 


First flow 


ig hot wires. Current flowing along hot 

png hot Current flowing along hot Water supply pipe 
Wires also is pressurized. The pressure of electrical 
current is called vol 


ater volume Drain pipe 


Large supply pipes can carry « 
of water than small pipes. Likewise, large 
electrical wires carry more current than small 
wires. This current-carrying capacity of wires is 
called antper 
Water is made available for use through the 


faucets, spigots, and showerheads in a home 
Electricity is made available through receptacles, 


switches, and fixtures, 


Water finally leaves the home through a drain 


te ree l bay clocttital Water and electricity both flow. The main difference Is that 


(and touching water isnt kely to kil yu) 
ters a fixture under high pressure and 


current flows back through neutral wires. The current 


in neutral wires is not pressurized and is said to be at 


zero voltage 


Current rerarns 
White (neutral) wire —_ i 


Light fixture 


) current flows 
under pressure 


Black (hot) wire 
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particle feature as its mass at rest presents some relative 
value. Such relation (some kind of a quantum number) 
may include, for example, 4D-sphere (the Universe) 
diameter and some characteristic size like de Broglie 
wave period that is inversely proportional to the mass. 
This hypothesis may make clear inertia nature as two 
characteristic times relation. It may also explain the rest- 
energy notion. 


Meanwhile, the Universe radius increases with time. 
‘Well, what happens to mass? Ifa de Broglie wave period 
increased proportionally to time, we couldn't generally 
detect the Universe expansion, including famous “red 
shift". But if particle wave periods are constant, then 
matter mass has to rise proportionally to the Universe 
age and size. 


In the Relativity (like Minkowski geometry) we use 
vectors having imaginary projection to time axis and 
real projections to space ones. Particularly, it is true for 
velocity, acceleration, and energy-impulse 4-vectors. As 
against, vectors having all the real components are only 
used in the SEUT. At that, a 4-interval value (length in 
pseudo-Euclidean space) of some relativistic vector 
answers the absolute time axis projection of a 
corresponding SEUT-vector, and imaginary component 
of a relativistic vector (time of motion) answers the 
corresponding vector length in purely Euclidean 
continuum of the SEUT. For example, the energy-impulse 
vector module presents such quantity. Its projection to 
absolute time axis is energy at rest divided by velocity 
of light, and its projections to spatial axis are impulse 
components. This quantity is constant while the particle 
movement is inertial one. 


A jump to non-inertial motion in the SEUT is connected 
with a corresponding state vector changement law. So, 
if particle motion velocity changes, its energy at rest 
doesn't change, therefore full acceleration at a time 
interval can be calculated using the difference between 
new and old impulse values. Thus, the non-uniform 
motion equation in the SEUT can be found like SR as 
time derivative of an impulse expression. 


‘The force-acceleration relation depends on a mutual 
orientation of force and velocity vectors in the both SR 
and SEUT. But in Relativity a reference frame velocity 
can be choised arbitrary, for example it can be zero, 
then the relation will be equal to one. 


On the contrary, in the SEUT an absolute velocity is 
presented, it is defined by the world line inclination 
relative to the normal. Let the Earth move with any 
velocity relative to the immovable (selected) reference 
frame. Then we will be able to detect the absolute 
velocity using two measurements, the first one along 
the world line, and the second one in a perpendicular 
direction. 


If this absolute velocity is really defined by direction 
and value following from CMBR anisotropy effect, then 
we can expect a relative difference near 2,25 - 10° 
‘between longitudinal acceleration and transversal one. 


Local gravitational fields of particles 


What does the SEUT talk about body gravitational 
fields? Let us imagine all the bodies as immovable and 
drifting exactly along the radial world lines. If there is 
a mutual gravity attraction effect between two bodies 
in such Universe, an observer will detect some curvature 
of their world lines. They will seem to be bending one 
to another instead of a radial divergence. In essence, in 
this case we may replace a world line by a gravitational 
field line. Then the analogy allows us to identify an 
Universe isochronous intersection with an equal 
potential surface that these field lines have to be normal 
to this surface. So, we arrive to a presentation that a 
Universe isochronous intersection is not strictly 
concentric hypersurface. It is perturbed by some kind 
of craters (see Fig.5), that centres correspond with 
gravitating bodies. 


— 


Fig. 5 
Local body gravitation field 


‘The inclination angle of a crater profile relative to non- 
perturbed sphere hypersurface is equal exactly to the 
inclination angle of a normal relative to strict radial 
direction. Hence, a local gravitation field intencity 
measure agrees practically in each point with body 
velocity measure that we used earlier. It authorizes 
energy concept using for both mechanical motion and 
gravitation phenomenon. 


SEUT and General Relativity 


Let us discuss some GR's aspects. Is it acceptable to 
neglect pressure of matter? When Einstein searched for 
his early cosmological static model solution, he had to 
introduce a cosmic constant in his equation. This 
constant answered a negative matter pressure, that 
Einstein could not determine a meaning. In a non- 
stationary model a solution exists independently on 
cosmic constant presence, therefore it may be put often 
as zero. As rule, bodies’ velocities may be put as zero 
too; therefore (dynamic) pressure is usually neglected. 


However, we insist on necessity to account a static 
pressure of gravitating matter. Really, it can be ignored 
in the case when Einstein's relativity principle is 
applicable. Accordingly with it a gravitation field can 
be always replaced by reference accelerated frame. In 
this case a purely kinematical side is only accounted. 
However, not every field may be considered (even 
locally) as uniform one (see Fig. 6). Let the radius of a 
field source (or a probe particle) have the same order 
that the mutual distance. Then the Einstein's equation 
connecting space geometry with matter physical 
features seems to be incomplete. More precisely, it is 
incorrect to put exactly equal to zero a static pressure 
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| The Delivery system 


Electrical power that enters the home is produced 
by large power plants. Power plants are located in 

all parts of the country and generate electricity with 
turbines that are tured by water, wind, or steam: 
From these plants electricity enters large “step-up 
transformers that increase voltage to half a million 
volts or more 

Electricity flows easily at these large voltages 
and travels through high-voltage transmission lines 
to communities that can be hundreds of miles from 
the power plants. “Step-down” transformers located 
at substations then reduce the voltage for distribution 
along street li 
transformers Further reduce the voltage to ordinary 
120-volt current for household use. 

Lines carrying current to the house either run 
underground or strung overhead and attached to a post 
called a service mast. Most homes built after 1950 
have three wires running to the service head: two 
power lines, each carrying 120 volts of current, and a 
grounded neutral wire, Power from the two 120-valt 
lines may be cambined at the service panel to supply 


. On utility power poles, smaller 


Power plants supply electricity to 
‘thousands of homes and businesses 
Step-up transformers increase the 
Voltage produced at the plant, making, 
the power flaw more easily along 
bigh-voltage transmission lines. 


street lines. 


‘Substations are located near the 
‘communities they serve, A typical 
substation takes current from 
high-voltage transmission lines and 
reduces it for distribution along 


current to large 240-volt appliances like clothes dryers 
or electrie water heaters 

Incoming power passes through an electric meter 
that measures power consumption, Power then enters 
the service panel, where itis distributed to circuits 
that run throughout the house. The service panel also 
contains fuses or circuit breakers that shut off power 
to the individual cireuits in the event of a short circuit 
or an overload. Certain high-wattage appliances, like 
microwave ovens, are usually plugged into their own, 
individual cireuits to prevent overloads, 

Voltage ratings determined by power companies 
and manufacturers have changed over the years. 
Current rated at 110 volts changed to 115 volts, 
then 120 volts. Current rated at 220 volts changed 
10 230 volts, then 240 volts. Similarly, ratings for 
receptacles, tools, light fixtures, and appliance 
have changed from 115 volts to 125 volts. These 
changes do not affect the performance of new devices 
connected to older wiring, For making electrical 
calculations, use a rating of 120 volts or 240 volts for 


your cireuits, 


Utility pole transformers reciice the 
high-voltage current that flows through 
power lines along neighborhood streets. 
Autilty pole transformer reduces 
voltage from 10,000 volts to the normal 
1120-volt current used in households. 
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| Parts of the Electrical System 


The service mast isthe metal pole and weat hat 

create the entry point for electricity into your home. The 
ying athird 

runs to the past 


from the nearest transform 


trical power 
use, and 


he amount of 
ed to the side of th 
mast. A thin metal disc ins 


The electric meter meas 


othe 
meter rotates when 
t0 your local pot 
‘ot functioning pr 


Grounding wire connects the electrical system to thy 


er pipe. in the event 
grounding wire allows excess 
armies 


lectrical power to find its way 
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Light fixtures attach directly to 2 household electrical 
They are usually controlled with wall me 
‘common types of light ftu " 
‘ent 


The main service panel, in th 


Switches control electrical current pass 


Weatherhead prevents moisture 
from entering the house, 


Service mast creates an anchor 
point for service wires 


Service wires supply electricity 
to the house from the utility 


| 
ee 


Switch loop Separate 120-volt circuit 
for microwave oven, 


Wall switch 


GPCI receptacies 


a 


Separate 240-volt circuit 
{or water heater, 


Electric meter measures the 
‘amount of electrical power 
consumed and displays Service panel distributes 


the meagurement inside electrical power into circuits. 


| Separate 120/240-volt 


Grounding rod must be at least ssroais Sob DLneSs cover 


B feet long and is driven into) 
the ground outside the house. || Bonding wire to 
metal grounding rod. 


a 


A 


Bonding wire to 
metal water pipe. 


Jamper wire is used to 
bypass the water meter and 
‘ensures an uninterrupted 
Grounding pathway. 
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| Glossary of Electrical Terms > 


Ampere (or amp): Refers to the rate at which 
electrical power flows to a light, tool, or appliance. 


‘Armored cable: Two or more wires that are grouped 
together and protected by a flexible metal covering, 


Box: A device used to contain wiring connections, 
BX: See armored cable (Bx:is the older term). 


Cable: Two or more wires that are grouped together 
and protected by a covering or sheath 


Circuit: A continuous loop of electrical current flowing 
along wires or cables, 

Circuit breaker: A safety device tht interrupts 

an electrical circuit in the event of an overload! or 
short ciuit. 


Conductor: Any material that allows electrical 
current to flow through it. Copper wire is an especially 
good conductor, 


Conduit: A metal or plastic pipe used to protect wires. 


Continuity: An uninterrupted electrical pathway 
through a circuit or electrical fixture, 


Current: The movement of electrons along 
a conductor. 


Duplex receptacle: A receptacle that provides 
connections for two plugs. 


Feed wire: A conductor that carries 120-volt current 
Uninterrupted from the service panel. 


Fuse: A safety device, usually found in older homes, 
that interrupts electrical circuits during an overload or 
short circuit. 


Greenfield: Materials used inflexible metal conduit 
See armored cable, 

Grounded wire: See neutral wire, 

Grounding wire: A wire used in an electrical circuit 


to conduct current to the earth in the event of a short 
circuit. The grounding wire often is a bare copper wire, 


Hot wire: Any wire that carries voltage. in an electrical 
circuit, the hot wire usually 's covered with black or 
red insulation. 


Insulator: Any material, such as plastic or rubber, 
that resists the flow of electrical current, insulating 
materials protect wires and cables, 

Junction box: See box. 


Meter: A device used to measure the amount of 
electrical power being used, 


‘Neutral wire: A wire that returns current at zero 
Voltage to the source of electrical power. Usually 
covered with white or light gray insulation. Also called 
the grounded wire, 


Outlet: See receptacle. 


Overload: A demand for more current than the circuit 
‘wires or electrical device was designed to carry. Usually 
Causes a fuse to blow or a circuit breaker to trip. 


Pigtail: A short wire used to connect two or more 
Circuit wires to a single screw terminal. 


Polarized receptacle: A receptacle designed to keep 
hot current flowing along black or red wires, and 
neutral current flowing along white or gray wires. 


Power: The result of hot current flowing for a period of 
time, Use of power makes heat, motion, or light: 


Receptacle: A device that provides plug-in access to 
electrical power, 


Romex: A brand name of plastic-sheathed electrical 
cable that is commonly used for indoor wiring 
Commonly known as NM cable, 


‘Screw terminal: A place where a wire connects to a 
receptacle, switch, or fixture, 


Service panel: A metal box usually near the site where 
electrical power enters the house. n the service panel, 
electrical current is split into individual circuits. The 
service panel has circuit breakers or fuses to protect 
each circult 


Short circuit: An accidental and improper contact 
between two current-carrying wires, or between a 
current-carrying wire and a grounding conductor, 


‘switch: A device that controls electrical current 
passing through hot circu wires, Used to turn lights 
and appliances on and off 


UL: An abbreviation for Underwriters Laboratories, 
an organization that tests electrical devices and 
manufactured products for safety, 


Voltage (or volts): A measurement of electricity in 
terms of pressure. 


Wattage (or watt): A measurement of electrical power 
in terms of total energy consumed. Watts can be 
calculated by multiplying the voltage times the amps. 


Wire connector: A device used to connect two or 
more wires together. Also called a wire nut, 
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Wiring Safety 


Safety should be the primary concem of anyone working 

with electricity: Although most household electrical 

repairs are simple and straightforward, abvays use 

caution and good judgment when working with electrical 

Wiring or devices, Common sense can prevent accidents, 
The basie rule of electrical safety is: Always tum 

off power to the area or device you are working on, At 

cor shut off the 


the main service panel, remove the fu 
circuit breaker that controls the circuit you are servicing 


Shut power OFF at the main service panel or the main) 
fuse box before beginning any work 


ALY 


Confirm power is OFF by testing at the outlet, switch, or 
fixture with a current tester 
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Then check to make sure the power is off by testing for 
power with a current tester, Restore power only when the 
repair or replacement project is complete 

Follow the safety tips shown on these pages 
Never attempt an electrical project beyond your skill 
or confidence level. Never attempt to repair or replace 
your main service panel or service entrance head. 
These are jobs for a qualified electrician and require 
that the power company shuts off power to your house. 


Create a circuit index and affix it to the inside of the door to 
your main service panel, Update it as needed. 


Use only UL-approved electrical parts or devices. These 
devices have been tested for safety by Underwriters Laboratones 


Wear rubber-soled shoes while working on electrical Use fiberglass or wood ladders whien making routine 


projects. On damp floors, stand on a rubber mat or dry housefiold repairs near the service mast 


Extension cord: 
rated for the intended 


e ‘manufacturer and match the circult capacity 


Never alter the prongs of a plug to fit a receptacle. I Do not penetrate walls or ceilings without fst shutting off 


ble, inst 


«new grounded receptacle, electrical power ta the circuits that may be hidden, 


re for temporary use only. Cords must be «Breakers and fuses must be compatible with the panel 
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ires are made of eopper, aluminum, or aluminum 
covered with a thin layer of copper. Solid eopper 
wires are the best conductors of electricity and are 
the most widely used. Aluminum and copper-covered 
aluminum wires require special installation techniques 
and are rarely used in new installation, due to safety 


A group of two or more wires enclosed in a m 
rubber, or plastic sheath is called a cable (photo, 
‘opposite page). The sheath protects the wires fram 
damage. Metal conduit also protects wires, but itis 
not considered a cable 

Individual wires are covered with rubber or plastic 
vinyl insulation, An exception is a bare copper grounding, 
\wire, which does not need an insulation cover. The 
insulation is color coded (chart, below left) to identify the 
Wire asa hot wire, a neutral wire, ora grounding wire 


I Wire Color Chart > 


Wire color Function 


White Neu wie carrying 
coment zoo vohage, 


Block Hot wie caying 
cant ful vege 


ted Hot wie canying 
caret ot fll vooge. 


Hot we coying 
‘ran ot fl vlogs. 


Green Serves os 0 
rounding pothwoy 


Serves 050 
pounding pothuay 


Bare copper 


—=— 
= 

White, 
 kntins 
= 
—= 


Individual wires are color-coded to identify thelr function 
in some circuit installations, the white wire serves as a hot wire 
that carries voltage. I so, this white wire may be labeled with 
black tape or paint to identity itas a hat wire, 
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WH! Working with Wire & Cable 


In most wiring systems installed after 1965, the 
wires and cables are insulated with plastic vinyl. This 
type of insulation is very durable and can last as long 
as the house itself 

Before 1965, wires and cables were insulated with 
rubber. Rubber insulation has a life expectancy of about 
25 years. Old insulation that is cracked or damaged 
can he reinforced temporarily by wrapping the wire 
with plastic electrical tape. However, old wiring with 
cracked or damaged insulation should be inspected by 
a qualified eleetrician to make sure itis safe 

Wires must be large enough for the amperage rating 
of the circuit (chart, below right). A wire that is too small 
can become dangerously hot. Wire sizes are categorized 
according to the American Wire Gauge (AWG) system. 
To check the size of a wire, use the wire stripper 
openings of a combination tool (page 30) as a guide 


| Wire Size Chart > 


Wire capacity & use 


Wire gauge 


#6 60 amps, 240 volts ental oir 
conéitonr, lec froce, 


#8 40 amps, 240 vols; electing, 
con cir contin 


#1030 amps, 240 vos; window cit 
conéionar, clothes dyer, 


#12 20 amps, 120 vols: ght itunes, 
receptacles, micron oven 


#1415 amps, 120 as: ht 
fs, septs. 


#16 Light uy extension cos 


#18 Thermostats, dorbels, 
fo 22 secu syste 


tual size) are categorized by the 
‘American Wire Gauge system. The larger the wire size, the 


smaller the AWG number, 


Knob and tube wiring, so called 
because of the shape of its porcelain 
insulating brackets, was common. 
before 1940. Wires are covered with 
a layer of rubberized cloth fabric, but 
have no additional protection. 


Flexible armored cable, sometimes called Greentield, 
was used from the 19208 to the 1940s, It was an 
improvement over knob and tube wiring because 
it provided a shield for the wires. Armored cable 
is grounded through the metal coils: there is no 
separate ground wire, 


Metal conduit was installed from the 1940s until 
1970, The metal walls of the conduit provide the 
grounding path: no separate grounding wire is 
present, Conduit is still recommended by codes for 
lations, like a basement or garage. 


Early NM (nonmetallic) cable was used from 1930 
until 1966, It features a rubberized fabric sheathing 
that protects individual wires. NM cable greatly 
simplified installations because separate wites 
no longer had to be pulled by hand through a 
condult or armored cable, Early NM cable had no 
grounding wire. 


Modern NM (nonmetallic) cable came into use 

‘in 1965, It includes a bare copper grounding 

wire, Wire insulation and outer sheathing are 

oth made of plastic vinyl. Modern NM cable 
is inexpensive and easy to install 


cable has wires embedded 
in a solid-core plastic vinyl 
sheathing and includes a bare 
‘Copper grounding wire, It it 
‘designed for installations 


| | UF (underground feeder) 
| in damp conditions, such as 


(| Buried circuits, =, 


Coaxial cable is used to connect cable 
television jacks. Coaxial cable is available 
in lengths up to 26 ft. with preattached 
F-connectors (A). Or you can buy bulk cable (B) 
in any length. 


‘sed for most indoor wiring pro 
Tocations. NM cable is available i 
range of wire sizes, and in either 

with ground” or "3-wire with groun 

'NM cable Is sold in boxed rolls that 

‘rom 25 to 280 ft, of cable, 


‘THHN/THWN wire can be used in all conduit 
applications. Each wire, purchased individually, 
1s covered with a color-coded thermoplastic 
insulating jacket, Make sure the wire you buy 
has the THHN/THWN rating. Other wire types 
‘are less resistant to heat and moisture than, 
‘THEN/THWN wire, 


Large-appliance cable, also called SER cabi 
{is used for kitchen ranges and other 50-amp 
or 60-amp appliances that require 8-gauge 
or larger wire. It is similar to N 

each Individual conducting wir 
fino-stranded copper wires. Large-appliance 

‘cable is available in both 2-wire and 
3-wire types. 


‘Telephone cable is used to connect telephone 
outlets. Your phone company may recommend 
four-wire cable (shown below) or eight-wire 
cable, sometimes called four-pair, Eight-wire 
cable has extra wires that are left unattached. 
‘These extra wites allow for future expansion of 
the system, 


UF (underground feeder) cable is used for 
wiring in damp locations, such as in an outdoor 
lt, It has a white or gray solid-core vinyl 
sheathing that protects the wires inside. It 
also can he used Indoors wherever NM cable is 
allowed. 


Tips for Working With Wire > 


Wire gauge Ampacity Maximum wattage load Wire “ampacity” is 2 
measurement of how much cur 
V4-gouge 15 omps 1440 watts (120 vos) Ege arian eine 
gouge 20 amps 1920 watts (120 vas) iat eoore oe s 
OM instaling 2 new circuit, choose wire 
gage 30 ones, 20 vols) with an ampecity rating matching 
5760 wats (240 vols) ‘cuit size. For dedicated appliance 
circuits, check the wattage rating 0 
gouge 40 omps 7680 watts (240 vos) the appliance and make sure 
t exceed the maximum watta 


gouge 50 amps 9600 watts (240 vos) circuit 
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inthe matter density tensor, itis necessary to introduce 
its (unknown, calculable) value accounting the 
continuum deformation energy. 


o=————> « 


Fig.6 
At the left a locally uniform gravitation field is presented, 
the right field can't be considered as uniform one even locally 


Are the proposed amendments important? Specialists 
mow, that the Metagalaxy gravitation radius is in fact 
comparable with its real size. In [2] we have showed 
that the Universe radius was Jess than its gravitation 
radius. 


It is shown also in the same work [2], that a resulting 
gravitational pressure in the Universe is negative and 
itis responsible for the Einstein's cosmic constant. This 
fact seems to be evident because a gravitation force 
aims to gripe any matter accumulation. But itis possible 
to conclude it by a non-trivial way. Let us consider a 
matter pressure as a reactive force operating within a 
uniform sphere of incompressible liquid. A pressure 
dependence on internal density is presented in [7]. We 
can see [2], that if the sphere gravitation radius 
exceeds its geometric radius not more than 
approximately 1% (or it is still less), then a sudden. 
negative change of the pressure appears at the 
internal abroad. This phenomenon may be explained 
as a volume “expansion” due to a metrics 
perturbation. 


‘The consideration of static pressure allows not only to 
find out a new (linear in time) cosmologic solution, but 
also to calculate a dependence of the Universe 
gravitational pressure on the radius of the Universe. This 
negative value has the representation like that one for 
a non-relativistic sphere (a star or a planet, for example). 
Also we would like to note, the formulation of density- 
Universe radius in the SEUT is exactly the same that 
the formulation of so-called critical density in the EF- 
model, 


‘Two very important circumstances are clarified for all 
that. First, the Universe mass was turned out as 
linearly increasing function of the 4D-sphere radius, 
and it is not a constant. A famous Einstein's 
programme is realized unexpectedly in the SEUT: a 
matter features (density) are reduced to a space 
features (curvature). In other words, a necessity to 
introduce a mass distribution in the equations externally 
(“by hands”) is eliminated in the SEUT. This operation 
is need in the GR to find out a spatial metrics 
changement law. 


Secondly, the seeming paradoxicality of University mass 
(and energy!) non-conservation make us to reflect on 
conditions that the accomplishment allows to the energy 
conservation law correctness (see Fig.7). 


“ c 
——> —s 
— — 
— — 

rT rT 
Fig. 7 


1f space features do not depend on time, then the closed system 
energy is constant (at the left). But if space features evoive in 
time, then the isolated system energy have not to be constant. 


It is evident, we believe, that the energy can be exactly 
constant only in such physical system (or in whole the 
Universe) for which space features (in particular, a 
curvature) are strictly constant in time also. However, 
the both modern physics and SEUT issue from the 
opposite concept. Hence, this state can only be 
accomplished approximately, moderately of a bit of the 
modern rate of a relative space curvature evolution. 
This rate has order 10" per year for the modern 
Universe. 


N.A.Kozyrev [1] basing on astrophysical observations 
stated the common star radiation origin that has to 
be due to the time-energy transformation. Accordinly 
with the SEUT, the relative increment of star mass (and 
its rest energy) is equal to the Universe age relative 
increment. It is interesting that the Sun mass relative 
lost due to the radiation consists in 10° per year, ie. 
five orders less than mentioned above energy 
increment. 


Universe origin and closed geometry 


The cosmological EF-model could not say anything on 
the Universe origin. On the contrary, the work [2] 
approach allows an obvious way to study the problem. 


As it is noted in [7], the metrics of any sphere area 
having a non-zero density is perturbed relative to 
Euclidean one, its geometry agrees with 4D-sphere 
hypersurface geometry. For non-collapsing sphere its 
gravitation potential relief is like a very small “pit” that 
gravitation radius is much less than its geometric size. 
However, when the density rises, the metrics perturbs 
more and more, and the pit transforms to some kind of 
“crater”. The crater is connected with the external 
surface by a narrow neck. Only this neck or its part is 
visible for an external observer, and the gravitation 
insurmountable barrier transmutes an object central 
area into “a lost world”. 


From the point of view of the external world, the central 
area presents a “black hole” absorbing irreversibly all 
the matter and radiation. On the other hand, for our 
Universe inhabitant the “navel-string” connecting with 
the external world has to seem a spherical “white hole”, 
to which a matter and radiation are coming continuously 
(and, may be, carry out an information on the external 
world features). There is an old Russian fiction science 
book called “Sannikov Land”, where an internal gigantic 
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Reading NM Reading Unsheathed, 
(Nonmetallic) Cable Individual Wire 


Maximum voltage rating 
(600 volts) 


‘Wire material 


Number of Cable typ 
insulated wires (nonmetallic) 


‘Maximum voltage rating 


Wire gauge (600 voits) 


stance code 


NM (nonmetallic) cable is labeled with the number of Unsheathed, individual wires are 


Insulated wires it contains. The bare grounding wire is nc aceway installations. Wire insulation is coded with l 
count 4/2 WITH 0 indicate resistance to moistur ail, Code 
GROUND) contain lated 14-gauge wires, plus a bare applications 
grounding wire. Cal cd 14/3 WITH GROUND has t 
4-gauge wires plus @ grounding wire. NM cable also i nce and two Hs indicate high (upto 194° F 
stamped with 8 maximum voltage 5 determing W denotes wire suitable for w oded with af 
Underwriters Laboratories (UL) Nis impervious to damage from oll or ga 


‘Minimum: two 


mum: two 14-gauge wires 7 
i 16-gauge wires 


Minimum: two 
18-gauge wires 
Maximum: four 12-gauge Peper ied 


(or three 10-gauge) wires Rasgauige wiih 


Use wire connectors rated for the wires you are connecting. Wire connector 
varies according to manufacturer. The wire co 
onnections, each connector is rated for both minimum and m 
th conducting wire im 


y size, but the coding scheme 


ctor ‘above come fi turer. To ensure safe 


an be used to connect 


Use plastic cable staples to fasten cables, Choose staples —_—Push-In connectors are a relatively new product for joining 
jack-it@ staples (A) hold up ta four _ wifes, instead of twisting the bare wire ends together, you 
staples (8) for 12/2, 12/3, and all 10-gauge strip off about %* of insulation and insert them into a hole in 


s; coaxial ector, The connectors come with tw 


not pl 


staples (0) 
for attaching 
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! How to Strip NM Sheathing & Insulation 


' =) = 

Measure and mark the cable 8 10 Grip the cable tightly with ane Peel back the plastic sheathing, 
410" from end. Slide the cable ripper hand, and pull the cable ripper toward and the paper wrapping from the 
‘onto the cable, and squeeze too! the end of the cable to cut open the individual wires 


firmly to fo 
Sheathing 


hrough plastic sheathing, 


Wire 
stripper 
openings 


Cut away the excess plastic sheathing Cut individual wires as needed Strip insulation for each wire, 

and paper wrapping, using the cutting _using the cutting jaws of the Using the stripper openings, Choose 

jaws of a combination tool ‘ombination tool the opening that matches the gauge of 
the wire, and take care not to nick or 
scratch the ends of the wires. 
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' How to Connect Wires to Screw Terminals 


Strip about %' of insulation fram 
ach wire using a combination tool 

(Choose the stripper opening that 

matches the gauge of the wire, then 

clamp the wire in the tool, Pull the wire 
firmly to remove plastic insulation. 


Form a C-shaped loop in the end at 
each wire using a needienase pliers. 
wire should have no scratches or nicks. 


| How to Connect Wires with Push-ins 


Mark the amount of insulation 
{0 be stripped from each wire using 
the strip gauge on the back of the 
switch oF receptacle, Strip the wires 
using a combination tool (step 1 
above), Never use pushin fittings with 
aluminum wiring, 


Insert the bare copper wires fimniy 
into the pushin fittings on the back of 
the switch or receptacle. When inserted, 
‘wires should have no bare coppe 
exposed. Note: Although pustvin tings 
are cor ‘most exper 
screw termina/ connections (above) are 
jore dependable. 


Hook each wire around the screw 
terminal so it for wise !O0p. 
Tighten screw firmly. Insulation should 
just touch head of screw Never pl 
the ends of two wires under a single 
screw terminal. Instead, use a pigtall 
Wire (page 97) 


Remove a wire {rom a pushin fitting 
by inserting a small nail or screworiver 
in the release opening next to the 
Wire will pull aut easily 
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How to Join Wires with a Wire Connector 


Ensure power is off a 
in the ja 


touching. 3 pliers clackwise two or 


twist the wire ends together. 


Option: 
me 
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and in 


on each wire tc 


How to Pigtail Wires 


‘\ 
©) 


Join one end of the pigtail to the 


‘onnection using @ wire nut (see pre 


at will share the 


's page) 


How to Install NM Cable 


Where cables will turn corners (: 


anel and 1 foot for ends entering 


Locknut 


Cable clamp 


Open a knockout in the circuit breaker panel using 
Insert @ cable clamp into th 


ot so tightly that 
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Staple the cable to a frami 


‘As each cable is installed in a box, clip back 


) Strip ¥ of insulation from each circu wie in 


10 


\ 
pe 
if 


Continue the circuit by running cable 
electrical boxes, leaving an extra 1 ft. of cable at each end, ‘and attach cables with cable clamps. From inside fix 
weathing. Clip back wires so 
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‘At each recessed fixture and ri 
° fa graunding pig 


At each electrical 
fp 


cables entering eat 


also 
alled, your rough 


e,join groundini 
5 wire connector. IF the box na 


al clamps, tighten the clamps over 


i i jt | Electrical Grounding 
WH! Working with Conduit ped eone 


lectrical wiring that runs in exposed locations must 

be protected by rigid tubing called conduit. For 
example, conduit is used for wiring that runs across 
masonry walls in a basement laundry and for exposed aera 
outdoor wiring. THHIN/THWN wire (page 92) 


normally is installed inside conduit, although UF or 
NM cable can also be installed in conduit. 

There are several types of conduit available, so 
check with your electrical inspector to find out which 


type meets code requirements in your area, Conduit 


installed outdoors must be rated for exterior use 
Metal conduit should be used only with metal boxes, Install a green insulated grounding wire 
circuit that runs through metal conduit. Althoug! 


never with plastic boxes. 


At one time, conduit could only be fitted by using 310s the metal condul fo serve as the grounding 
elaborate bending techniques and special tools. Now, $s’ more dependable means of grounding ine 
however, variety of shaped fittings are available to let grounding wires must be conn 
a homeowner join conduit easily pigtail and grounding screw (left) or 


Sweep forms a gradual 90° bend Elbow fitting is used in tight 
for ease in wire pulling. = comers or fot long conduit runs. 
"The cover can be removed to 
ull Tong lengths of wire. 


Compression fittings 
‘are used in outdoor 
TMC i 


‘connectors are used to connect, 
flexible metal conduit, 


Single-hole & double-hole pips 
straps hold conduit in place 
against walls. Conduit should 
be supported within 3 ft. of 
each electrical box and fitting, 

‘and every 10 ft, thereafter. Peete 
driven Into wooden 
framing members 


Flexible metal conduit in Ys" and 3" sizes is used where rigid to anchor conduit 


is difficult to install. It often is used to connect permanently 


wired appliances, like a water heater. 
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trench concerning central small star is described. Our 
model seems to be like this picture. 


Is it possible that we live in such a black hole? The 
present hypothesis answers affirmatively this 
question. The negative sign of the matter pressure 
due to continuously increasing of our world size 
allows to such conclusion. And the University self- 
closing can be physically explained by the way. 


On the otherhand, as it is shown in [2], in spite of matter 
average density negligibly small, the Universe 
gravitation radius is more than its geometrical radius; 
hence, it presents a black hole. This condition 
accomplishment agrees the Universe self-closing, the 
boundary absence in spite of its finite volume. Also, 
this fact confirms our assumption that the Universe rest, 
energy localisation area does not exceed the gravity 
operation area. 


A specific model of star collapse is created in the modern 
General Relativity. In general, it can study in three 
different reference frames. As a rule, the “point mass” 
models are used. The first model is linked with an 
external observer; the second one accompanies a matter 
falling to the black hole. The third model presents an 
internal reference frame, i.e. an observer within 
collapsing object. 


From an external observer's point of view the matter 
falling time to the black hole is infinitely large. However, 
in an accompanying reference frame itis finite. Since in 
the accompanying reference frame time and space 
coordinates are expressed through the both types of 
extemal reference frame coordinates. What is more, in 
the internal reference frame the time and space 
coordinates quite trade places, the metrics tensor 
components are depending on time. Further, any matter 
point history in this accompanying reference frame 
starts at the zero moment and finishes after same 
universal time period in a special (singular) point, after 
which nothing exists (“time barrier”). 


As we believe, another lacing between internal and 
external collapse pictures will be possible, if we 
consider a non-point collapsing object. Nobody wonders 
now at a situation, when a time period can be finite in 
one reference frame and infinite in another one. 
Therefore, we can believe, unlimited black hole 
collapse in the external Super-Universe may seem to 
present unlimited expansion of our Universe 
observing inside. This expansion seems to start from a 
singular point, and the same point is the history end of 
all the matter of the external Super-Universe that fall to 
the black hole. I would like to note especially, it does 
‘not mean that internal time pass in opposite to external 
one. Rather, it is possible to state, time within a black 
hole passes ortogonally to external one. 
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Fill Capacity 


nhald 
ge THHNY 


‘onduit for greater capacity. 


EMT conduit is available in 
10-ft. lengths and in Ys" and 74" 
diameters. EMT Is used primarily 
for exposed indoor installations. 


Intermediate metallic 
‘conduit (IMC) is rated 
for outdoor use but can 
‘be used indoors: 
sed with, 


Metal Conduit 


EMT (electrical 
‘metallic tubing) 


mc 
(intermediate 


metallic 
conduit) 


Rigid metal 
conduit, 


EMT is lightweight and easy to 
but should not 
Me 
galvanized walls and is a good choice 


for exposed outdoo 
duit provides the greatest prot 


Setscrew coupling connects lengths 


L-body fitting is 
‘ised In outdoor 
conduit installations, 
Ithas watertight 
threaded fittings and 
‘@ removable cover, 


Plastic Conduit 


Plastic PVC conduit i 
many local codes tis assembled 
\with solvent glue and PVC ftings t 
resemble those for metal conduit. 
wiring with PVC conduit, rune 
green grounding wire. 


Offset fitting connects an indoor 
metal electrical box to a conduit 
‘anchored flush against a wall 


Conduit Materials & Tools 


Flexible conduit 


Conduit types used most in homes are EMT (electrical metallic tubing), IMC (inte 
‘nonmetallic conduit), and flexible metal conduit. The mast common diameters by far a 
most buildin 


metallic conduit), ANC (rigid 
and», butlarger sizes are stocked at 


Nonmetallic conduit fittings typically are solvent welded to _A thin-wall conduit bender is used to bend sweeps into 
nonmetallic conduit, as opposed to metal conduit, w n IMC conduit 

be threaded and screwed into threaded fitings or attached 

with setscrews or compression fittings. 
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How to Make Nonmetallic Conduit Connections 


OE Le VIF 


Cut the rigid nonmetallic conduit (RNC) to length witha —-—-Deburr the cut edges with a utility knife or fine sandpaper 
fine-tooth saw, such as a hacksaw, For larger dlameter (1¥5* such as emery paper. Wipe the cut ends with a dry rag. Also 
and above), use a pawer miter box with a fine-toath or plastic e the coupling or fitting to clean it 

cutting blade. 


3M, 


Apply a coat of PVC cement ta the end of the conduit. Insert the conduit into the fitting or coupling and spin it 
Wear latex gloves to protect your hands. The cement shouldbe a quarter tum to help spread the cement. Allaw the joint to set 
applied past the point on the conduit where itenters the fitting undisturbed for 10 minutes. 

or coupling, 


Techniques 
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How to Install Conduit & Wires on a Concrete Wall 


Measure from the floor to position 
electrical boxes on the wall, and mark 
location for mounting screws. Boxes for 
receptacies in an unfinished basement 
rather damp area are mounted 

at least 2 ft. from the floor, Laundry 
receptacles usually are mounted at 48" 


Measure the first length of conduit 
and cut it with a hacksaw. Remove any 
rough inside edges with a pipe reamer 
(ora round file. Attach the conduit 0 
the offset ting on the box, and tighten 
the setscrew, 


Drill pilot holes with a masonry bit, 
then mount the box against a masonry 
wall with masonry anchors, Or use 

masonry anchors and panhead screws. 


‘Anchor the conduit against the wall 
‘with pipe straps and masonry anchors. 
Conduit should be anchored within 

3 ft of each bok and fiting, and every 
1Oft. thereafter 
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‘open one knockout for each ent of 
conduit that will be attached tothe box. 

ch an offset fting to each knockout 
using a locknut 


Make conduit bends by attaching 3 
sweep fitting using a setscrew fitting or 
compression fitting. Continue condutt 
run by attaching additional len 
setscrew or compression fitings. 


Use an elbow fitting in conduit runs 
that have many bends, or in runs that 
require very long wires. The cover on 
iting can be removed to 
o extend a fish tape and 


At the service breaker panel, tun 
the power off, then remove the cover 

oF power. Open a knockout in 
then attach a setscrew fitting, 
‘al the last length of conduit 


and i 


Unwind the fish tape ai 
through the conduit from 
breaker pane! 
the cover on an elt 
extending the fish 
tight 


w fitting when 
around 


Retrieve the wires through the 
nduit by pulling on the fis 
y pressure. Note: Ui 
ametal 


power is tured off 


Clip off the taped ends of the wi 
Leave at least 2 ft of wire at the servi 
panel and 8* at each electrical box. 


07 


WW! Working with Boxes 
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he National Electrical Code requires that wire 
connections and cable splices be contained 
inside an approved metal or plastic box. This shields 
framing members and other flammable materials from 
electrical sparks. 
Electrical boxes come in several shapes. 
Rectangular and square boxes are used for switches 
and receptacles. Rectangular (2 x 3") boxes are used 


for single switches or duplex receptacles, Square 
(4 4") boxes are used any time itis eanvenient For 
ged 


in one box, an arrangement common in kitchens or 


two switches or receptacles to be wired, or "ga 


entry hallways. Octagonal electrical boxes contain wire 
connections for ceiling fixtures, 

All electrical boxes are available indifferent 
depths. A box must be deep enough so a switch or 
receplacle can be removed or installed easily without 
crimping and damaging the circuit wires. Replace an 
undersized box with a larger box using the Electrical 
Ba The NEC also says that all 
electrical boxes must remain accessible. Never cover an 


10x Chart (right) as a guide 


electrical box with drywall, paneling, or wallcoverings. 


‘Octagonal boxes usually contain wire connections for celling 
fixtures. Cables are inserted into the box through knockout 
ings and are held with cable clamps. Because the 
ceiling fixture attaches directly to the box, the box should be 
anchored firmly to a framing member. Often, its nailed directly 
ling jolst, However, metal braces are avallable that 

A property 
‘octagonal box can support a ceiling fixture weighing 
up to 35 pounds. Any box must be covered with a tignty iting 
ccover plate, and the box rust not have open knockouts. 
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Electrical Box Fill Chart > 


Maximum number 
of conductors permitted 
(see Notes below) 


1 16 1412 
AWG AWG AWG AWG 


Box size 
and shape 


Junction boxes 


dR 8 7S 
ixtrtod = 0B 
4xDeRoO 
ees (an et ea 2 
4S en ee) 
HDS LIT SE 
Aare WES ae a 
Ie HS Tn ee 
Wig HS mM 2B 
Device boxes 

3x Dx 1H" Ean awe 
3xIx? aay, 
Bx1x 0K jn ae eer 
3x 2x28" (ein 
Bx Dx Be ee) ib 
3x 2x3" es 
er ee 
Ey a a A ry 
dxthxte 9 BT 


Notes: 

‘= R=Round, 0 = Octagonal 

‘© Each hot or neutral wire ent 
‘Counted as one condi 

‘Grounding wires are counted as one conductor in 
total—do not cunt each one individually. 

‘= Raceway fitings and external cable clamps do not 
‘count. Interral cable connectors and straps count 
as either half or ane conductor, depending an type. 

Devices (switches and receptacles mainly) each 
‘count as two conductors. 

‘Straps (yokes) from mounting devices 
8 two conductors 

= When calculating total 
components should be 
largest wire in the box. 

‘© For wire gauges riot shown here, contact your 
local electrical inspections office 


Square or rectangular 
ering the box is 


ch count 


inductors, any nonwire 
ie gauge of the 


| Common Electrical Boxes 


‘Adapter 


Braced octagonal boxes ti 
celling joists. The metal bra 


pacin 


Jar boxes (shown 
des that 


above) may have 
allow them to be 


Retrofit boxes upgrade older boxes Plastic boxes are common in new 


Outdoor boxes have sealed 


and foam gaskets to guard a to larger sizes. One type (above) onstruction, They can be used only 
of receptacle against moistur it-n clamps that tighten against with NM (nonmetallic) c box 
‘rrosion-resistant coat all the inside of a wall and hold th may include preattached nails for 


‘aming me 
must have gr 


in plastic bo 


metal a 
include a watertight hood. 


10 


2)4*-deep plastic boxes with preattached mounting nails 


are used for any wiring project protected by finished walls, 


‘Common styles include single-gang (A), double-gang (B), 
and triple-gang (C). Double-gang and triple-gang boxes 
require internal cable clamps. 


Plastic 


Metal boxes should be used for exposed indoor 
‘wiring, such as conduit installations in an 
unfinished basement. Metal boxes, also can be used 
Tor witing that will be covered by finished walls. 


Plastic retrofit 
boxes are 
used when a 
new switch 
or receptacle 
must fit inside 
a finished wall 
Use intern: 
cable clamps. 


trofit light fixture box 


lets you install a new fixture in 
‘an existing wall or celling. 


ri 


GPCI plates 


Duplex plates 


Cast alumin 
boxes are 


Metal light fixture 
boxes with heavy. 
‘duty brace bars 
are recommended 
‘when Installing 
heavy light 
‘fixtures or hanging 
a ceiling fan. 


required | 
for outdoor electrical 
‘fixtures connected 
‘with metal conduit. 
"Sealed seams and 
threaded openings 


‘Aeep moisture 


‘out, 


‘A variety of covar 


plates are available. 
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GFCI receptacles. 


How to Locate Electrical Boxes 


Consider the thickness of finished wall 
front face of boxes be flush with th 


How to Install Electrical Boxes for Receptacles 


aH 

J | 
| r 
ssl 


Mark the location of each box on studs. Standar 
ot 12" above fio 


Position each box against a stud so th: ace 
i shed 


7 a 

plate 
If installing square boxes, atta ‘Open one knockout for each cable _Break off any sharp edges that 
the adapter plates that will enter the box using a hammer i 2 le i 


The Experiments on 
Thermo-Gravitation 


This review of the article by Alexander P Schegolev, the 
scientist from Saint Petersburg, was received by NET 
editors from our reader viadrim@mail.ru and presents 
his own view about Schegolev's experiment [1]. The 
opinion of our editorial board is not fully in agreement 
with the author's conclusion. Also we have no 
information who is viadrim@mail.ru. 


It is known from the science history that the very 
experiment gives a push to revising of old knowledge; 
it also checks the new designs and conclusions. The 
knowledge of physical theories is based on the 
experiment; the experiment confirms hypothesizes or 
refuses them. Making experiments, we ask questions 
to the nature. And it always answers us on the clear 
pointed question. However. 


Michael Faraday was trying in vain to find out the 
relationship between gravitation and electricity. These 
experiments were repeated on the modern level. 
Further, there was made an attempt to screen gravity 
force, the influence of environment on gravity was also 
trying to be researched. Many efforts were spent on 
finding out of the gravitational radiation falling to the 
Earth from depths of the Universe, as well as artificial 
generation of gravitational waves. 


‘The experimental studies of weight change must be 
under attention. In particular, the attempt to find the 
differences in weight after sharp turning of body from 
the quiescent state into the state of rotation around its 
own axis was undertaken. The experiments of the 
influence of strong magnetic field and temperature on 
the weight of a body were made. 


But alas! No changes of weight were discovered in 
previous experiment (Editorial: Perhaps, the author has 
no information about sucessful results. We reported 
about such results in our magazine). Analyzing these 
experiments and theoretical premises, the author of the 
given article has made an unusual experiment imitating 
the heat motion in the Earth from core to peripheries. 
For that experiment there was used the steel ball with 
100 mm diameter. The cone hole was made in the ball 
up to its center. The ball was installed by the hole 
upwards on laboratory scales with 50 mg scale factor 
and laser beam was directed inside (into the hole). The 
directed heat flow outgoing from the center of the ball 
was created by this way. While the surface temperature 
increasing, the arrow of scales became to be rejected 
aside weight decrease. The temperature was measured 
by the contact thermocouple. After an hour and half, 
approximately, when the temperature was 300 degrees 
Celsius the laser was switched off. The difference (the 
decrease) in weight against initial value (in the cold 
state) was four grams per 4200 grams of the test body. 


Further, the ball was getting cold slowly on the scales 
and its arrow was creeping to the initial position. For 
acceleration of this process, the ball was periodically 


blown on by pressure air. It 
was the check, if the air 
(heated by the ball) 
influences on scales or not. 
The stability of its data 
independently on actions of 
pressure air stream 
excludes such suggestion, 
When the temperature of 
the ball became the same 
with room temperature, its 
weight return to the value 
nearly initial. However it is necessary to add, that this 
“nearly” is about 200 mg. This confirms that the change 
of the weight was not occurred because of the 
evaporations of metal from action of laser beam, and 
we were the witnesses of absolutely unusual 
phenomenon. (Editorial: Perhaps, it is necessary to take 
into account the deformation). 


Fig. 1 
‘The ball with cone hollow 


‘That is all concerning the question, which was given 
to nature by the author of the given article. However, 
one more doubt remains: did the heat radiation (coming 
from the ball) affect on mechanism of scales? To check 
this, the control experiment was made, under which 
the same ball was heated by usual way in the electrical 
furnace. In spite of its temperature was about 600 
degrees Celsius and the ball was placed on scales for a 
ong time (until full cooling down), the arrow did not 
move from the initial position. Thus, we have really 
turned out face to face with a phenomenon requiring 
an explanation. 


Ifthe weight change in this experiment has happened 
in consequence of gravitational interaction, then, 
therefore we must revise some fundamental concepts. 
Today it is difficult even to assume the consequences. 
The only thing, which is possible to say certainly, is 
that divergent on radius uni-directional (single- 
vector) heat flow is the object for observation, 
absolutely unknown to us or unnoticed before, which 
holds the ensemble of surprises. Up to now, we have 
dealt only with chaotic heat motion, which was 
researched by the thermodynamics and heat 
transmission. 


For analogy, it is possible to give the example of the 
electric current arising, which is possible to get only 
under directed electrons moving. In general, more than 
ten experiments were made, and all of them have given 
the same result: the weight of the body was decreased. 
Who will solve this enigma? 


Editor's note: The question is presented above. The 
answer is the aetherodynamics theory. Any directed 
(unidirectional) heat flow is also a flow of aether. The 
mass changes are the demonstration of natural 
mechanism of existence of this mass as aether vortex 
(Alexander V. Frolov). 
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How to Install Electrical Boxes for Light Fixtures 


‘Mounting 
bracket 


Wallboard 


Internal 
clamp 


Gross block 


Install switch hoxes at accessible locations, vsaly on To install switch box between studs, 
the latch si n studs, with the 


| Ceiling Boxes 


Shown cutaway 


‘Wallboard 


Ceiling boxes for lights sre generally round or octagonal A heavy-duty brace is required for anchoring baxes that 
in shape to fit typical lamp mounting rt heavy chandeliers and celling fans. A remodeling 
s by nailing the the one seen here install through a 
f the ceiling is in 


How to Install a Junction Box 


1 Code vcition 


Open one knockout for each c 


‘Turn off power to circuit wires 


at the main service panel. Carefully that will enter the box using hammer 
remove any tape or and screwdriver, Any unapened 
from the splice. Avoid 

witht ‘wire ends until the win 

ave bee! f 
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Cable clamp 


Anchor the electrical box to a Thread each cable end through a Insert the cables into the electrical 
den framing member using scres able clamp. Tighten the clamp with a box, and screw a lacknut onto eat 
or nails driver. Si eis anyslack in cable clamp, 
n gain a little extra 


D sociass 


Tighten the locknuts by pushing Use wire connectors to reconnect. 
against the lugs with the blag t Pigtail the copper grounding 
a screwdriver. nding screw in 


Make sure the box remains 
and is nat concealed by 
walls or cellings 


WW! Working with Switches 


Vitra gal ep 
repair or replace a switch, itis important to 
identify its type 

Single-pole switch 
lights from one location. Thre‘ 
to control a set of lights from two different locations 
nd are always installed in pairs, Four-way switches 
are used in combination with a pair of three-way 
switches to control a set af lights from three or 
more locations 

Identify switch types by counting the serew 
terminals, Single-pole switches have two serew 
terminals, three-way switches have three screw 


es are used to control a set of 


sway switches are used 
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BACK 


terminals, and four-way switches have four. Most 
switches inelude a grounding serew terminal, which is 
identified by its 
When replacing a switch, choose a n 
that has the same number of screw terminals as the 
old one. The location of the screws on the switch 
body varies depending on the manufacturer, but these 


dif 


1 color 


ew switch 


erences will not alfeet the switch operation, 
Whenever possible, connect switches using the 
screw terminals rather than push-in fittings, Some 

specialty switches have wire leads instead of serew 

terminals. They are connected to circuit wires with 
wire connectors 


‘Awall switch is connected to circult 
wires with screw terminals or with push-in 
fitings on the back of the switch. switch 
may have a stamped strip gauge that 
indicates haw much insulation must be 
stripped from the circuit wires ta make 
the connections. 


The switch body js attached to a 
‘metal mounting strap that allows it to 

be mounted in an electrical box. Several 
rating stamps are found on the strap and 
fon the back of the switch. The abbreviation 
ULOr UND. LAB. INC. LIST means that the 
switch meets the safety standards of the 
Underwriters Laboratories. witches also 
are stamped with maximum voltage and 
amperage ratings. Standard wall switches 
are rated 15A of 125V, Voltage ratings of 
110, 120, and 125 are considered to be 
identical for purposes of identification. 


For standard wall switch 
installations, choose a switch that has 8 
wire gauge rating of #12 or #14, For wire 
systems with solid-core copper wiring, 
se only switches marked COPPER or CU. 
For aluminum wiring, use only switches 
marked CO/ALR. Switches marked AL/ 
CU can no longer be used with aluminum 
wiring, according to the National 
Electrical Code, 


| single-pole wall Switches 


A single-pole switch is the most common type of 
wall switch. It has ON-OFF markings on the 
switch lever and is used to control a set of lights, 
an appliance, or a receptacle from a single location, 
A single-pole switch has two serew terminals and a 
grounding screw. When installing a single-pole switch, 
check to make sure the ON marking shows when the 
switch lever is in the up position. 

Ina correctly wired single-pole switch, a hot 
circuit wire is attached to each screw terminal. 


However, the color and number of wires inside the 
switch box will vary, depending on the location of the 
switch along the electrical circuit 

If qo cables enter the box, then the switch lies in 
the middle of the circuit, In this installation, both of 
the hot wires attached to the switch are black 
Ifonly one cable enters the bos, then the switch 
at the end of the circuit. In this installation 
(sometimes called a switch loop), one of the hot wires 
is black, but the other hot wire usually is white. A white 
hot wire sometimes is coded with black tape or paint 


A single-pole switch is essentially an interruption in the black 
power supply wire that is opened or clased with the togsle, 
Single-pale switches are the simplest ofall home wiring sit 


| Typical Single-pole Switch Installations 


‘Two cables enter the box when a switch is located in 
the middle ofa circuit, Each cable has a white and a black 
insulated wire, plus a bare copper grounding wire, The black 
Wires are hat and are connected to the screw terminals on the 
‘witch, The white wires are neutral and are joined together with 
‘a wire connector. Grounding wires are pigtailed to the switch 


One cable enters the box when a switch is located at the 
fend of a circult. The cable has a white and a black insulated 
wire, plus a bare copper grounding wire. n this installation, 
both of the insulated wires are hot. The white wire may be 
labeled with black tape or paint to identity it as @ hot wire. The 
grounding wire is connected to the switch grounding screw, 


Techiiques 


tches. 
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Three-way Wall Switches 


Three-way switches have three screw terminals and 
do not haye ON-OFF markings. Three-way 


switches are always installed in pairs and are used to 


control a set of lights from two locations 

‘One of the serew terminals on a three-way switch 
is darker than the others. ‘This screw is the common 
The 


terminal on the switch body may vary, depending on 


serew terminal position of the common screw 

the manufacturer, Before disconnecting a three-way 
switch, always label the wire that is connected to the 
common screw terminal. It must be reconnected to 


the common screw terminal on the new switch. 


The two lighter-colored screw terminals on 
a three-way switch are called the traveler serew 
terminals. The traveler terminals are interchangeable 
so there is no need to label the wires attached to them. 
Because three-way switches are installed in 
pairs, it sometimes is difficult to determine which of 
the switches is causing a problem, The switch that 
receives greater use is more likely to fail, but you may 
need to inspect both switches to find the source of 
the problem 


Typical Three-way Switch Installations 


‘Traveler screw 


3 circult. One cable has two wires, plus a bare copper 
grounding wire; the other cable has three wires, plus @ grounk 
The black wire from the two-wire cable is connected to the 
es from 

gether with a 

tailed to the 
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One cable enters the box ich lies at the end of 
he circuit. The cable has a black wire, red id white 

e, plus a bare copper ground black win 
must be connected to minal, which is 
darker than the screw terminals, The white and red 
connected to the twa traveler screw terminals. T 
re Is taped to Indicate that it is hot. The bare copper 
grounding wire is conn a 


| Four-way wall Switches 


Four-way switches have four screw terminals and do 
not haye ON-OFF markings, Four-way switches 


are always installed between a pair of three-way 


switches, This switch combination makes it possible 
to control a set of lights from three or more locations. 
Four-way switches are common in homes where 


large rooms contain multiple living areas, such as a 
kitchen opening into a dint 


1g room. Switch problems 
in a four-way installation can be caused by loose 
connections or worn parts in a four-way switch or in 
one of the three-way switches (facing page 

In atypical installation, there will be a pair of 
three-way cables that enter the box for the four-way 
switch. With most switches, the white and red wires 
from one cable should be attached to the bottom or 
top pair of screw terminals, and the white and red 
wires from the other cable should be attached to the 
remaining pair of screw terminals. However, not all 
switches are configured the same way, and wiring 
configurations in the box may vary, so always study the 


wiring diagram that comes with the switeh 


{ Typical Four-way Switch Installation 


Grounding wires 


four-way switches have 


to help simplify installation. For the 
ch shown above, ane pair of color-matched circuit wires 
crew terminals marked LINE 1, Wi 


tached to the screw termin 


marked LINE 2, 


Testing Switches 


A switch that does not work properly may have worn or 
broken internal pars, Test switches with a battery-operated 
continuity testet, The continuity tester deteets any break in 
the metal pathway inside the switeh, Replace the switeh i 
the continuity tester shows the switch ta be faulty 

Never use a continuity tester on wires that 


might carry live current, Always shut off the 


power and disconnect the switch before testing 
for continuity. 
Some specialty switches, like dimmers, eannot 


be tested for continuity: Electra ches can be 


tested for manual operation usi 


contin 


ester 


but the automatic operation of these switches cannot 


How to Test a Single-pole Wall Switch 
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Low-voltage bulb 


[srevey 


Continuity tester 
metal pat én 
fixtur 


How to Test a Three-way Wall Switch 


‘Traveler screw 
‘terminals 


Attach tester clip to the dark commor terminal. Touch Touch probe to the other traveler screw terminal, and 
ester p " 


120-volt duplex receptacle can be wired to the 
cleetrical system in a number of ways. The most 
common are shown on these pages 
ng configurations may vary slightly from 
these photographs, depending on the kind of 
receptacles used, the type of cable, or the technique 
of the electrician who installed the wiring. To make 
dependable repairs or replacements, use masking tape 
and label each wire according ta its location on the 
terminals of the existing receptacle, 

Receptacles are wired as either end-of-run or 
middle-of-run, These two hasic configurations are 
casily identified by counting the number of cables 
entering the receptacle box. End-of-run wiring has 
only one cable, indicating that the circuit ends. 
Middle-of-run wiring has two cables, indicating that 
the eircuit continues on to ather receptacles, switches, 
or fisture 

A split-circuit receptacle is shown on the next 
page. Each half of a splitcircuit receptacle is wired 
to a separate circuit. This allows two appliances of 
high wattage to be plugged into the same receptacle 
‘without blowing a fuse or tripping a breaker. This 
\wiring configuration is similar to a receptacle that 
is controlled by a wall switch. Code requires a 


switel 


controlled receptacle in any room that does not 
have a built-in light fisture operated by a wall switch, 

Split-cireuit and switeh-controlled receptacles 
are connected to two hot wires, so use caution during 
repairs or replacements. Make sure the connecting tab 
between the hot serew terminals is removed. 

‘Two-slot receptacles are common in older homes. 
‘There is no grounding wire attached to the receptacle, 
but the bax may be grounded with armored eable 
or conduit. 
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WH | Working with Receptacles 


Single cable entering the box indicates end-of-run wiring, 
‘The black hot wire is attached to @ brass screw terminal, and 
the white neutral wire is connected to a silver screw terminal 
Ifthe box is metal, the grounding wire is pigtailed ta the 
grounding screws ofthe receptacie and the box. ina plastic 
box, the grounding wire is attached directly to the grounding 
screw terminal ofthe receptaci. 


‘Two cables entering the box indicate midtle-of-run wiring, 
Black hot wires are connected to brass screw terminals, and 
White neutral wires to siNver screw terminals. The grounding 
Wire s pigtailed to the grounding screws ofthe receptacle and 
the box, 


UP-TO-DATE INVENTION 


The RotoVerter from arkresearch 


Editor's: The description of this invention was received 
from Hector D. Perez Torrez, designer of the “RV” 


Rotoverter and TV 
“transformation” devices. 


transverter OU. 


Here is the first prototype, used to test a 3PH generator. 
Light bulb was a 100W 120V, AC generator required 
380W for excitation to 120VAC plus the light bulb load 
for a total of 480W. Input to rotoverter was 240W for a 
total of 200% efficiency from the prime mover. Friction 
loss and prime mover loss was not calculated, PF unity, 
120VAC unto a purely resistive load excitation pure 
DC120VDC3.1666667A (380W) + 100W = 48ow. - 
240W=240 excess. 


9 Lead JHP 


Wye-Connected Motor 
1 


Itis a common 3PH dual winding 230/460V motor wired 
to 480V run at 120v as a ROTOPHASE converter. That’s 
the beauty of it, OFF the shelve components preferably 
totally enclosed motors (so fan can be removed) low 
friction bearings, from 3HP to 7.5HP Re-rating hp can 
be from 1/7 to 1/3 the original HP (some motors can run 
up to 1/2 HP capacity but will require extreme care and 
cooling.... and exact tuning to load). 


System requires starting and running capacitance; the 
perfect starting capacitance is the one that gives same 
plate current value as 480V but running at 120V. The 
best running capacitance is the one that gives the 
lowest Amperage reading at programmed load. (ALL 
capacitors are AC 370V OIL “no electrolytic"). 


Some motors are better than others; also for generator 
use you must choose the over-unity generator and motor 
combination to obtain OU. It looks easy to gain it, but 
requires quite a good choice of items and common 
sense. In this Research we have found even a few tums 
or a run weld in stator can change drastically the 
results, Up to date best performance has being obtained 
from US (motors 7.5 HP BALDOR 3.5, HP GE 3HP totally 
enclosed, dual winding 230/460V). Higher HP will 
require professional expertise in industrial electricity 
and power eng. (not recommended for amateur 
experimenter). Anyone engaged in this experiments 
must be familiar with safety procedures and basic 
electric and mechanic knowledge. Voltages and 
rotating machinery must be handled with great care. 
SEE basic diagram and connection. 


stat 
4 sn HIGH VOLTAGE 


5 ty 


‘oo oF 


Fig. 1 


New Energy Technologis Issue #4 (7) July-August 2002 


A split-circuit receptacle is attached 
toa black hat wire, a red hot 
a white neutral wire, and a bar 
grounding wire. The wiring is similar to a 
switch-controlled receptacle 

The hot wires are attached to the brass 


screw terminals, and the connecting 
bor fin ne brass terminals 
is remo @ wire is attached 
toasi minal, and the 
connecting tab an the neutral side rem 


intact. The grounding wire is pigtailed 

rounding screw terminal of the 
receptacle and to the grounding screw 
tached to the box. 


A two-slot receptacle is often found 


in alder homes. The black hot wires 
are conne\ brass SCre\ 
terminals, and the white neutral wires 


are pigtailed to a site screw terminal 


be replac 


unding exists at the receptacle box. 
ne municipalities, you may replace a 
two-slot receptacle with a GFC! receptacle 
as long a a sticker that 
reads "No equipment ground, 


! How to Install a New Receptacle 


1 


Position the new pop-in box on the wall ard trace around © Remove baseboard between new and existing receptacle 
it. Consider the location of hidden uttlities within the wall Cut away the drywall about 1" below the baseboard with a 
before you cut. lgsaw, wallboard saw, or utility knife. 


Drill a %¢" hole jn the center of each stud along the opening «Run the branch cable through the holes fram the new 
between the twa receptacles. drill bit extender ar a flexible location ta the existing receptacle. Staple the cable to the stud 
cil bitwill allow you a better angle and make driling the below the box, Install a metal nal plate on the front edge of 


holes easier each stud that the cable routes through 
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‘Tum off the power at the main panel and test for power, _Thread the new and old cables into a pop-in box 
Remove the old receptacle and its box, and pull the new enough to contain the added wires and clamp the cables. Fit 
branch cable up through the hole. Remove sheathing and the box into the old hole and attach it 

insulation from both ends of the new cable. 


Pull the cable through another pop-in box for the ne 
cle, Secure the cable and install the box. Connect th 
new receptacle to the new branch cable. Insert the receptacle 
into the box and attach the receptacle and cover plate 
screws. Patch the opening with ¥"-thick wood strips or drywall 
Reattach the baseboard to the studs. 
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GFCI Receptacles 


The ground-fault cireuit-interrupter (GFC1) 
receptacle protects against electrical shock caused by 


small changes in curre 
in as little as Yo of a second. 

GECIs are now required in bathrooms, kitchens, 
garages, crawl spaces, unfinished basements, and 


le locations, Consult your local 


‘outdoor recey 


for any requirements regarding the installation of 
GFCI receptacles. Mast GFCIs use standard serew 
terminal connections, but some have wire leads 
and are attached with wire connectors. Because the 
body of a GFCI receptacle is larger than a standard 
receptacle, small crowded electrical boxes may need to 
be replaced with more spacious boxes. 

The GFCI receptacle may be wired to pi 
itself (single location), or it can be wired to protect all 


fixtures from the GFCI 


receptacles, switches, and lig 
forward” to the end of the circuit (multiple locations), 


Because the GFCI is so sensitive, it is most 


effective when wired to protect a single location 
The more receptacles any one GFCI protects, the 
more susceptible it is to “phantom tripping,” shutting 
off power because of tiny, normal fluctuations in 


current flow 
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Tools & Materials > 


Wire connectors 


Gireuit tester 


Masking tape 


Receptacle 
grounding 


‘A GFCI wired for single-tocation protection (shown 
jt and ri 


Neutral 
wires 


Hot wires 


‘A GFCI wired for multiple-location protection (si 
id neutral wire: 


minals, and the othe 


w terminals. A 


connected for multiple-locati 
nfiguratio 


a middle-of un 


ed only 


| How to Install a Single-location GFCI 


1 


Pigtail all the white neutral wires 
‘together, and connect the pigtal to the 
terminal marked WHITE LINE on the 
GFCI (see phota on apposite page). 


Disconnect all black hot wires ‘fom 
the brass screw terminals of the old 
receptacle, Pigtal these wires together, 
and connect them to the terminal 
marked HOT LINE on the GFCl 


| How to Install Multiple-location GFCIs 


Ifa grounding wire is available, 
conriectit to the green grounding 
screw terminal of the GFCI, Mount 

the GFCI in the receptacle box, and 
reattach the caver plate. Restore power, 
and test the GFC! according to the 
manufacturer's instructions. 


Connect the white feed wire to the 
terminal marked WHITE LINE an the 
GFCI. Connect the black feed wire to the 
terminal marked HOT LINE on the GFCI 


Connect the other white neutral wire 
to the terminal marked WHITE LOAD on 
the GFOL 


Connect the other black hot wire 
to the terminal marked HOT LOAD on 
the GEC 
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areful planning of a wiring project ensures you 

will have plenty of power for present and future 
needs. Whether you are adding circuits in a room 
addition, wiring a remodeled kitchen, or adding an 
outdoor circuit, consider all possible ways the space 
might be used, and plan for enough electrical service 
to meet peak needs. 

For example, when wiring a room addition, 
remember that the way a room is used can change 
In a room used as a spare bedroom, a single 15-amp 
circuit provides plenty of powver, but if you ever choose 
to convert the same room to a family recreation space. 
you will need additional circuits. 

When wiring a remodeled kitchen, it is a good 
idea to install circuits for an electric oven and 
countertop range, even if you do not have these 
electric appliances. Installing these circuits now 


makes it easy Lo convert from gas to electric appliances 
at a later date 

A large wiring project adds a considerable load 
to your main electrical service. In about 25 percent 


of all homes, some type of service upgrade is needed 


hefore new wiring can be installed. For example, many 
homeowners will need to replace an older 60-amp 
electrical service with a new service rated for 100 amps 
‘or more. This is a job for a licensed electrician but is well 
worth the investment. In other cases, the existing main 
service provides adequate power, but the main circuit 
breaker panel is to full to hold any new circuit breakers, 
In this case it is necessary to install a circuit breaker 
subpanel to provide room for hooking up added circuits. 
This chapter gives an easy five-step method 
for determining your electrical needs and planning 
new circuits. 


| Five Steps for Planning a Wiring Project 


Examine your main service panel (page 120). The amp 
rating of the electrical service and the size ofthe circuit breaker 
pane will help you determine Ifa service upgrade is needed, 
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Learn about codes (pages 131 to 135). The National Electrical 
Code (NEC), and local codes and building codes, 
provide guidelines for determining haw much power and how 
‘many circuits your horn Your local electrical Inspector 
‘can tell you which regulations apply to your job. 


New circuits put an added load on 

sure that total load of the existing 

and the planned its does not exceed the main 
service capacity, 


Draw a wiring diagram and get a permit (pages 136 to 137) This wiring plan will help you organize your work 


Examine Your Main Service Panel 


The first step in planning a new wiring projeet is to 
look in your main circuit breaker panel and find the 
size of the s ql 
the main circuit breaker. As you plan new eireuits 
and evaluate electrical loads, knowing the size of 


rvice by readi 


he amperage rating on 


the main service helps you determine if you need a 
service upgrade 

Also look for open circuit breaker slots in the 
panel. The number of open slots will determine if you 
need to add a circuit breaker subpanel. 


Find the service size by opening the main service panel and 


reading the amp rating printed on the main circuit breaker. 
in most cases, 100-amp service provides enough power to 
handle the added loads of projects lke the ones shown in 
this book. A service rated far 60 amps or less may need to 
be upgrades. 


Look for open circuit breaker slots in the main circult breaker panel ar in a circult breaker subpanel, if your home already hi 


Older service panels use fuses instead of circult breakers, 
Have an electrician replace this type of panel with a circuit 
breaker panel that provides enough power and enough open 
breaker slots for the new circuits you are planning. 


‘one. You will need one open siat for each 120-volt circuit you plan to install and two siots for each 240-voltcircutt. f your main 
circuit breaker pane! has no open breaker slots, install a subpianel to provide room for connecting new citcults. 
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Learn About Codes 


To ensure publie safety, your community requires that 
you get a permit to install new wiring and have the 
‘completed work reviewed by an appointed inspector 
Electrical inspectors use the National Electrical Code 
(NEC) as the primary authority for evaluating wiring, 
but they also follow the local Building Code and 
Electrical Code standards, 

As you begin planning new circuits, call or 
visit your local electrical inspector and discuss 
the projeet with him, The inspector can tell you 
which of the national and lacal code requirements 
apply to your job, and may give you a packet 
of information summarizing these regulations, 
Later, when you apply to the inspector for a work 
permit, he will expect you to understand the local 


guidelines as well as a few basic National Electrical 
Code requirements. 

‘The National Electrical Code is a set of standards 
that provides minimum safety requirements for wiring 
installations. It is revised every three years. The national 
code requirements for the projects shown in this book 
are thoroughly explained on the following pages. For 
mare information, you can find copies of the current 
NEG, as well as a number of excellent handbooks 
based on the NEC, at libraries and bookstores 

In addition to being the final authority of code 
requirements, inspectors are electrical professionals 
with years of experience. Although they have busy 


schedules, most inspectors are happy to answer 
questions and help you design well-planned circuits 


Basic Electrical Code Requirements 


Electrical Code requirements for living areas: Living areas need at least one 15-amp or 20-amp basic lighting/receptacle 
circuit for each 600 sq, ft. of living space and should have a dedicated circuit for each type of permanent appliance, lke an air 
conditioner, computer, ar a group of baseboard heaters and within 6 ft, of any doar opening, Receptacles on basic lighting/ 
receptacle circuits should be spaced ro more than 12 ft. apart. Many electricians and electrical inspectors recommend even closer 
‘spacing, Any wall more than 24° wide also needs a receptacle. Every room should have a wall switch at the point of entry to contral 
either a ceiling light or plug-in lamp. Kitchens and bathrooms must have a ceiling-mounted light fixture. 
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Selected NEC Standards & Tips 


Measure the living areas of your home, exclusing 
closets and unfinished spaces. A sonic measuring tool gives 
room dimensions quickly and contains a builtin calculator 

for figuring floor area. You will need a minimum of one basic 
lighting/receptacie circuit far every 600 sq, ft. of living space. 
The total square footage also helps yau determine heating and 
cooling needs for new room additions. 


kitchen and bathroom receptacles must be protected 
bya ground-fault circuit-interrupter (GFC), Also, all outdoor 
receptacles and general-use receptacles in an unfinished 
basement or crawl space and garages must be protected by 
aGFCl 
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‘Three-way switches 


Stairways with six steps or more must have lighting that 
lluminates each step, The light fixture must be controlled by 
threeaway switches at the top and bottom landings. 


guard 


Furring 
strip 


Cables must be protected against damage by nals 
and screws by atleast 1)" of wood (top). When cables pass 
through 2 x 2 furring strips (bottom), protect the cables with 
metal nail guards 
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THERMAL © MECHANICAL LOSS WAS NOP CALCULATED 


Fig2 
Subject: RV Basic level 1 Full MODEL Disclosure (Public domain) 


This is the RV (Level 1) plan of a full looped RV system: 


Battery provides primary power for 12VDC to 120VAC. As to run prime mover (Roto-converter), second motor 
acts as ansquirrel cage self-exited generator, a triple flux-capacitor LC tank tuned to best Standing wave condition 
as to create standing wave current node internally in battery at 0 voltage to battery “negative resistor”. At 0 
volts “voltage” a negative current is created as to maintain a reverse flow (charge) to battery exceeding the 
forward drain of the inverter demand, detuning system with a forward charge at 10 amperes with a voltage rise 
of approximately 0.83333 V over the battery. Voltage charge produces OU transform from the 0 point standing 
wave component. System gains energy from stochastic resonance within the LC tank components draining 
energy from “thermal” signature of the Aether and K thermodynamic-thermoelectric ambient heat (Electron 
spin). This is a full disclosure of an operational and tested device. System is made of standard off shelve items. 
‘Tuning is made by changing capacitor values and the proper selection of standard items for its construction, 
3PH motors, 10:1 12V or 5:1 24V transformers with the proper core and winding values (standard) off shelve, 
diode bridges capacitor (all standard). 


Warning: System opens (NON standard) space-time anomaly as time is reversed due to aether energy transform, 
Extreme warning: Do not exceed 10KW Nor use of trans-uranic elements near unit as they may reach critical 
mass by regressive “inversed” decay. PB 206, U235, U238 must be maintained as far as possible from unit. 
Extreme Warning: Dangerous Toy, Eldridge, Event horizon and hell raiser effects may be created by protoplasmic 
fields at extreme potentials PK. 

Use wisely. You Can create Paradise or open the gates to Armageddon, 


‘The choice is yours now. 


Hector D Perez Torrez 
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Closets and other storage spaces 
e light fixture that Is 
I switch near the 


need at lea 
controlled by a 


entrance. Prevent fire hazards by 


at least 12" away fr 


‘Ametal brace attached 
ing large light 
supported by an electrical box 


tioning the light fitures so the outer 


Metal brace 


ethan 10 ft longnesd at Amp ratings of receptacles m: 
pace. All hallways 
ave a switch-contrale 


jould match the size ofthe circu, A commo 
fixture, mistake isto use 20-amp receptacles 
(top) on 15-amp circults—a potential 
cause of dangerous circult overloads 
becaus 
appliancs 


Label new circuits on an index attached to the circuit 
bre List the ro pppliances cont 
each circuit. Mal ea around the panel is clean, well 
it, nd accessible, 


|) Highlights of the National Electrical Code > 


BY MATERIAL 

Service Panel (page 130) 

‘+ Maintain a minimum 30 x 36" of clearance in front of 
the service panel. 

Ground all 120-volt and 240-volt circus. 

‘= Match the amperage rating ofthe circult when 
replacing fuses. 

‘Locate service panels and subpanels @ maximum of 
79" above floor level 

‘+ Use handle-tie breakers for 240-valt loads (line to line), 

+ Close all unused service panel openings 

+ Label each fuse and breaker clearly on the panel 


Electrical Boxes (page 108) 

‘+ Use boxes that are large enough to accommodate 
the number of wires entering the box, 

‘Locate all receptacle boxes 12" above the finished 
floor (standard) 

‘+ Locate al switch boxes 48° above the finished floor 
(standard), For special circumstances, inspectors will 
allow switch and location measurements to be atered, 
such as.a switch at 36° above the floor in a chil's 
bedroom or receptacles at 24" above the floor to make 
them more accessible for someone in a wheelchair, 

‘+ Install all boxes so they remain accessible 

‘+ Leave no gans greater than }" between wallboard 
and front of electrical boxes. 

‘+ Place recentacle boxes flush with combustible surfaces. 

+ Leave a minimum of 8" of usable cable or wire 
extending past the front ofthe electrical box, 


Wires & Cables (page 90) 

+ Use wires that are large enough for the amperage 
rating ofthe circuit see Wie Size Chart, page 90), 

+ Drlhoies atleast 2" back from the exposed edge of 
Joists to run cables through. Do nat attach cables to 
the bottom edge of ists. 

‘+ Donotrun cables diagonally between framing members 

+ Rum cable between receptacles 20° above the floor 

+ Use nail plates to protect cable thats run through 
holes arled or cut into studs Jess than 14" from front 
edge of stud 

+ Donot crimp cables sharply. 

+ Contain spliced wires or connections entirely in a 
plastic or metal electrical box. 

+ Use wire connectors to join wires. 

‘+ Use staples to fasten cables within 8" of an electrical 
box and every 48" along its run 
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Leave a minimum ye (maximum 1) of sheathing 
where cables enter an electrical box. 
Clamp cables and wires to electrical boxes with 
‘2ppraved NM clamp, No clamp isrecessary for 
one-gang plastic boxes if cables are stapled within 8° 
+ Labelal cables and wires at each electrical box to show 
which circuits they serve forthe rough inspection, 
+ Connect onlya single wre to. single screw 
tetminal. Use pigtalis to join more than one wire to a 
screw terminal 


‘Switches (page 116) 

‘+ Use a switch-controled receptacle in rooms without 
‘a built-in light fixture operated by a wall switch 

‘+ Use three-way switches atthe top and bottom on 
stairways with six steps or more. 

‘+ Use switches with grounding screw with plastic 
electrical bores, 

+ Locate all wal switches within easy reach ofthe 
room entrance 


Receptacles (page 122) 

‘+ Match the amp rating ofa receptacle with the size of 
the circuit 

‘Include receptacies on all walls 24” wide or greater, 

‘Induce receptacles soa 6 cord can be pluggedin from 
any point along a wall or every 12-t. along a wall 

+ Include receptacies in any hallway that s 10-f long 
or more, 

‘+ Use three-prong, grounded receptacles for all 15- or 
20-amp, 120-voltbranch circuits 

‘Include a switch-controlled receptacie in rooms 
without a bult-n ight fiture operated by a wall switch, 

‘Install GFCLprotected receptacles in bathrooms, 
kitchens, garages, craw! spaces, unfinished 
basements, and outdoor receptacle locations, 

‘+ Insta an isolated-ground circuit to protect sensitive 
‘equipment, ike a computer, against tiny power 
fluctuations. Computers should also be protected by 
2 standard surge protector. 


Light Fixtures 

+ Use mounting straps that are anchored to the 
electrical boxes to mount celing atures. 

‘+ Keep non-IC-rated recessed light ftures 3" from 
insulation and i" fram combustibles 

* Include atleast one switch-operated lighting titre in 
every room, 


Grounding 


Ground all receptacles by connecting receptacle 
grounding screws tothe circuit grounding wites. 
Use switches with grounding screws whenever 
possible. Always ground switches installed in 
plastic electrical boxes and all switches in kitchens, 
bathrooms, and basements 


BY ROOM 
Kitchens/Dining Rooms. 


Install a dedicated 40- or 50-amp, 120/240-volt circuit 
fora range (or two circuits for separate oven and 
countertop units). 

Install two 20-amp small appliance circuits 

Install dedicated 15-amp, 120-volt circuits for dish- 
washers and food disposals (required by many 

local codes) 

Use GFCI receptacles for al accessible countertop 
receptacles; receptacles behind fixed appliances do 
not need to be GFCIS. 

Position receptaces for appliances that will be 
installed within cabinets, such as microwaves or food 
clsposals, according to the manufacturers instructions 
‘nclude receptacles on all counters wider than 12", 
Space receptacles @ maximum of 48" apart above 
countertops and closer together in areas where many 
appliances will be used. 

Locate receptaces 18° above countertop. backsplash 
ismore than the standard 4” or the bottom of cabinet is 
Jess than 18" from countertop, center the box in space 
between countertop and bottam of wal cabinet. 

‘Mount one receptacle within 12" ofthe countertop on 
islands and peninsulas that ae 12 x 24" or greater 

1 rot put lights on small appliance circuits. 

Install addtional lighting in work areas a a sink or 
range for convenience and safety. 


Bathrooms 


Install a separate 20-amp circuit. 
Ground switches in bathrooms. 

Use GFCL protected receptacles. 

Install at least one ceiling-mounted light fixture, 
Place blower heaters in bathrooms Well away from 
the sink and tub, 


Utility/Laundry Rooms 


Install @ separate 20-amp circuit for a washing machine. 
Install @ minimum feed 30-amp #10 THHN wire for 


the dryer powered by a separate 120/240-volt major 
appliance circuit, 

‘= Install metal conduit for cable runs in unfinished rooms. 

Use GFC-protected receptacles, except for fixed 
appliances, such as freezers or dryers, 


Living, Entertainment, Bedrooms 

** Install a minimum of two 1S-amp circuits in iving rooms. 

* Install a minimum of one 15- or 20-amp basic lightingy 
receptacle circult for each 600 sq, ft of living space. 

* Install a dedicated circuit for each permanent 
appliance, like an air conditioner, computer, or group 
of electric baseboard heaters. 

*  Donotuse standard electrical boxes to support 
ceiling fans. 

‘+ Include receptacles on walls 24" wide or more, 

‘+ Space receptacles on basic ighting/receptacle 
circuits 2 maximum of 12 ft. apart. For convenience 
‘you can space them as close as 6 ft 

‘+ Position permanent light fixtures in the center of the 
room's ceiling. 

‘+ Install permanently wired smoke alarms in room 
‘adcitions that include sleeping areas. 


Outdoors 

+ Check for underground utities before digging 

Use UF cable for outdoor wiring needs, 

+ Rum cable n schedule 80 PVC plastic, as required by 
local code. 

* Bury cables housed in conduitat least 18° de 
‘able not in conduit must be buried at least 24" deep. 

* Use weatherproof electrical boxes with watertight covers. 

+ Use GFCiprotected receptacles. 

+ Install receptacles a minimum of 12" above ground level 

+ Anchor freestanding receptacles not attached to a 
structure by embedding the schedule 80 PVC plastic 
Conduit in a concrete footing, so that itis at least 12° 
butno more than 18" above ground level. 

+ Plan on instaling a 20-amp, 120-valt circuit tthe 
circuit contains more than one light fixture rated for 
300 watts, ar more than four receptacles. 


Stairs/Hallways 

‘+ Use three-way switches atthe top and bottom on 
‘stairways with si steps or more. 

‘+ Include receptacies in any hallway that is 10 ft. long 
cor more, 


‘+ Position stairway lights so each step is iluminated, 


Techniques © 135 


| Draw a Diagram & Obtain a Permit 


Drawing a wiring diagram is the last step in planning 
llation. A detailed wiring diagram helps 
you get a work permit, makes it easy to create a list of 
materials, and serves as a guide for laying out circuits 
and installing cables and fixtures. Use the circuit maps 
on pages 138 to 145 as a guide for planning wiring 
configurations and cable runs. Bring the diagram and 
materials list when you visit electrical inspectors to 
apply for a work permit 

Never install new wiring without following your 
community's permit and inspection procedure. A work 
permit is not expensive, and it ensures that your work 
will be reviewed by a qualified inspector to guarantee 
its safety. If you install new wiring without the proper 
permit, an accident or fire traced to faulty wiring could 
‘cause your insurance company to discontinue your 
poliey and le value of your home. 

When electrical inspectors look over your wiring 
diagram, they will ask questions to see if you have 


a circuit ins 


n hurt the re 


a basic understanding of the electrical code and 
fundamental wiring skills. Some inspectors ask these 
questions informally, while others give a short written 
test. Inspectors may allow you to do some, but not all, 
of the work. For example, they may ask that all final 
circuit connections at the circuit breaker panel be 
made by a licensed electrician, while allowing you to 
do all other work. 

A few communities allow you to install wiring 
only when supervised by an electrician, This means 
you can still install your own wiring but must hire 
an electrician to apply far the work permit and ta 
check your work before inspectors review it. The 
electrician is held responsible for the quality of 
the job. 

Remember that itis the inspectors’ responsibility 
to help you do a safe and professional job, Feel free 
to call them with questions about wiring techniques 
oor materials 


‘A detailed wiring diagram and a list of materials is required before electrical Inspectors wil issue a work permit. blueprints 
exist for the space you are remodeling, start your electrical diagram by tracing the wall outlines from the blueprint. Use standard 
electrical symbols (next page) to clearly show all the receptacles, switches, ight fixtures, and permanent appliances. Make a copy 
of the symba! key, and attach it to the wiring diagram for the inspectors’ canvenience. Shaw each cable run, and label ts wire size 
and circult amperage. 
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| How to Draw a Wiring Plan 


Draw a scaled diagram of the space you willbe wiring ‘Mark the location of all switches, receptacles, ght 
showing walls, doors, windows, plumbing pipes and fixtures, and fixtures, and permanent appliances using the electrical symbols 
heating and cooling ducts. Find the flaor space by multiplying shown below, Where you locate these devices along the cable 
room length by width, and indicate this on the diagram. Donat ——_run determines how they are wired, Use the circuit maps on 
include clasets or storage areas when figuring space. pages 138 to 145 as a guide for drawing wiring diagrams, 


aan e 


Draw in cable runs between devices. incicate cable Identify the wattages for light fixtures and permanent 

size and ype, and the amperage ofthe ciculs. Use a appliances and the type and se of each electrical box.On anather 

sitferent-colored pencl far each circuit sheet of paper mate a detailed lst all matals you wil Use. 
Electrical Symbol Key > 


(copy this key and attach it to your wiring plan) 


240-volt == ‘Switched 


receptacle receptacle 


(no eee 
3 


es Electric door 
=O) Isolated ground Oo Weatherproof (6) Ceiling opener 
receptacle we receptacle pul switch lawatase 
7] 
eS Duplex (e) Surface-mounted transformer 
receptacle Sry thermostat light fature Teen 
i 
—@,, 2" Sp Pltight @ Recessed Jack 
D yer receptacle switeh light fixture ee 
Singleplex Single-pole Fluorescent outlet 
Fourplex Timer CO) Walrmounted Getector 
receptacle St suich light fiture vent fon 
vr 
aa GFCI duplex S, _ Tnreeway (@) Weatherproof 
GFCI receptacle 3 switch ‘WP ight fixture 


Techniques 


Using Circuit Maps 


he arrangement of switches and appliances along 
an electrical circuit differs for every project. This 


means that the configuration of wires inside an 


electrical box can vary greatly, even when fixtures 


are identical. 


The circuit maps on the following pages show the 
most common wiring variations for typical electrical 


devices. Most new wiring you install will match one or 


more of the maps shown. Find the maps that match 
The 120. 


are wired for 15 amps u 


nnd use them to plan your cireuit layouts 


nit circuits shown on the following 


14-gauge wire and 


rated at 15 amps. If you are installing a 


tig ta 


20-amp circuit, substitute 12-gauge cables and use 
receptacles rated for 20 amps 

In configurations where a white wite serves as a 
hot wire instead of a neutral, both ends of the wire arc 
coded with black tape to identify it as hot. In addition, 
cach of the circuit maps shows a box grounding 
screw, This grounding screw is required in all metal 


hoses, but plastic electrical boxes do not need to 


be grounded, 
Note: For clarity, all 


the circuit 0 


rounding conductors in 


ys are colored green. In practice, the 


unding wires inside sheathed cables usually are 


are copper 


1, 120-VOLT DUPLEX RECEPTACLES 
WIRED IN SEQUENCE 
Use this layout to link any number of duplex receptacles 


in a basic lighting/receptacle circuit. The last receptacle 


the receptacle shown 
at the right side of the citcuit map below: All other 
receptacles are wired like the receptacle shown an the 
left side. Requires two-wire cables 
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2. GFCI RECEPTACLES 

(Single-location Protection) 

Use this layout when receptacles are within 6 fi of a water 
source, like those in kitchens and bathrooms, To prevent 


nuisance tripping caused by normal power surges, GFCIs 


should be connected only at the line screw terminal so 


they protect a single location, not the fixtures on the le 


side of the circuit, Requires two-vire cables, Where a 


GFCI must protect other fixtures, use cireuit map 3, 


LOAD brass 


3. GFCI RECEPTACLE, SWITCH 

& LIGHT FIXTURE (Wired for 
Multiple-location Protection) 

In some locations, such as an outdoor circuit, it is hy 
1 good idea to connect a GFCI receptacle so it also | 
provides shock protection to the wires and fixtures 4 
that continue to the end of the cireuit. Wires from | 


the power source are connected to the line screw 


terminals; outgoing wires are connected to load 


4, SINGLE-POLE SWITCH & LIGHT FIXTURE 
(Light Fixture at End of Cable Run) 

Use this layout for light fistures in basic lighting/ 

out the home, It is often 


receptacle circuits thr 


5. SINGLE-POLE SWITCH & LIGHT FIXTURE 
(Switch at End of Cable Run) 


Use this layout, sometimes called a switch loop, 


where it is more practical to locate a switch at the 
end of the cable run, In the last length of cable, both 
insu with 
black 


two-wire cables 


id wires are hot; the white wire is ta 


pe at bath ends to indicate it is hot, Requires 
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6. SINGLE-POLE SWITCH & TWO LIGHT 


FIXTURES (Switch Between Light Fixtures, 


Light at Start of Cable Run) 
Use this layc 
from one si 


when you need to control two fixtures 


pole switch and the switch is between 
the two lights in the cable run. Power feeds to one of 


the lights. Requires two-wire and thrce-wire cables, 


7. SINGLE-POLE SWITCH & LIGHT FIXTURE, 
DUPLEX RECEPTACLE (Switch at Start of 
Cable Run) 

Use this layout to continue a circuit past a switched 
light Fisture to one or more duplex receptacles, To add 
multiple receptacles to the eitcuit, see circuit map 1 


Requires two-wire and three-wire cables 


8. DOUBLE RECEPTACLE SMALL- 
APPLIANCE CIRCUIT WITH GFCIs & 
SHARED NEUTRAL WIRE 


Use this layout to wire a double receptacle circuit 


when code requires that some of the receptacles be 
GFCIs. The GFCIs should be wired for single-location 


protection (see circuit map 2). Requires three-wire 


9. DOUBLE RECEPTACLE SMALL 
APPLIANCE CIRCUIT WITH GFCIs & — 


SEPARATE NEUTRAL WIRES | 
GFCls should be wired for single-location protection + lo 


(sce circuit map 2), Requires two-wire cable 
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oh | | 


10. 120/240-VOLT RANGE RECEPTACLE 
This | 


out is fora 50- or 60-amp, 120/240-volt 


<d appliance circuit wired with 6/3 cable, as 
| The black 


required by code for a large kitehen 


circuit breaker in the circuit breaker panel, each bring 


120 volts of power to the setscrew terminals on the 


receptacle, The white circuit wire attached to the 
neutral bus bar in the circuit breaker panel is connected 


to the neutral setscrew terminal on the receptacle 


/ground 
‘bus bar 


11. 240-VOLT BASEBOARD 

HEATERS, THERMOSTAT 

This layout is typical for a series of 240-volt baseboard 
k 


the last heater in the circuit, all heaters are wired as 


aters controlled by a wall thermostat. Except for 


shown below. The last heater is connected to only 
one cable. The size of the circuit and cables are 


the total wattage of all heaters. 


determined by finding 


From source 


To next heater 


12. THREE-WAY SWITCHES & LIGHT 
FIXTURE (Fixture Between Switches) 
This layout for three-way switches lets you control 
a light fixture from two locations, Each switch has 
one common screw terminal and two traveler screws 
Circuit wires attached to the traveler screws run 


between the two switches, and hot wires attached 


to the common serews bring current from the power 


source and carry it to the light fixture. Requires 


two-wire and three-wire cables, 


13. THREE-WAY SWITCHES & LIGHT FIXTURE 
(Fixture at Start of Cable Run) 

Use this layout when it is more convenient to locate 
the fixture ahead of the three-way switches in the 


cable run. Requires two-wire and three-wire cables, 
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14. FOUR-WAY SWITCH & LIGHT FIXTURE 
(Fixture at Start of Cable Run) 


This layout lets ye ht fixture from three 


locations, The end switches -e-way and the 


middle is four-way, A ps hree-wire cables enter 


the box of the four-way switch. ‘The white and red 


wires from one cable attach to the top pair of screw 


terminals (line 1) and the white and red wires from 


the other cable attaches to the bottom serew terminals 


four-way switch and two-wire and three-wire cables. 


15. FOUR-WAY SWITCH & LIGHT FIXTURE 
(Fixture at End of Cable Run) 

Use th 
the f 


layout when it is more practical to locate 


he end of the cable run, Requires two 


three-w hes and one four-way switch and 


two-wire and three-wire cables, 


HOME IMPROVEMENT 
BASICS 


Flooring 


| ike any successful remodeling project, replacing 
your floor covering requires detailed planning and 

attention to design. Flooring is not separate from 

the rest of the room; it should fit into the overall 

design to create a desired effect. A floor can create 

excitement and become a focal point or it can serve as 

a background for the rest of the room. 

Through careful planning, you can choose flooring, 
that can be used successfully in multiple rooms, or 
select a pattern or design that is repeated throughout 
the room or in adjacent rooms. 

Keep in mind that your flooring design will last 
a long time, especially if you install ceramic tile or 
wood. In most cases, the only way to change the 
design of your floor is to install 


In this chapter: 

+ Installing Underlayment 

+ Installing Racliant Floor Mats 
«Installing Hardwood Strip Flooring 
* Installing Laminate Floors 

+ Installing Parquet Flooring 

+ Installing Sheet Vinyl 

+ Evaluating an Existing Floor 
* Installing Resilient Tile 

* Installing Bamboo Flooring 
+ Installing Ceramic Tile 

«= Installing Mosaic Tile 

* Installing Carpet Squares 

* Refinishing Wood Floors 
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Installing Underlayment 


[Jian tre entero 
nailed to the subfloor to provide a smooth, 

stable surface for the floor covering. The type of 
underlayment you choose depends in part on the 

type of floor covering you plan to install. Ceramic 
and natural stone tile floors usually require an 
underlayment that stands up to moisture, such as 
cementboard, For vinyl Flooring, use a quality-grade 
plywood; most warranties are void if the flooring 

is installed over substandard underlayments, IF 

you want to use your old flooring as underlayment, 
apply an embossing leveler to prepare it for the new 
installation, Most wood flooring and carpeting do not 
require underlayment and are often placed direetly on 
plywood subfloor. 

‘When you install new underlayment, attach it 
securely to the subfloor in all areas, including under 
movable appliances, Notch the underlayment to fit 
the room's contours. Insert the underlayment beneath 
door casings and moldings. Once the underlayment 
is installed, use a latex patching compound to fill 
zaps, holes, and low spots. This compound is also 
used to cover screw heads, nail heads, and seams in 


underlayment. Some compounds include dry and wet 
ingredients that need to be mixed, while others are 
premixed. The compound is applied with a trowel oF 
‘wallboard knife. 


Drill Floor patching 

Gircular saw compound 

Wallboard knife Latex additive 

Power sander ‘Thin-set mortar 

4" notched trowel Vs galvanized 

Straightedge deck screws 

Utility knife Fiberglass-mesh 

Jigsaw with carbide wallboard tape 
tipped blade 

4" notched trowel 

Flooring roller 

Underlayment 

1" deck screws 
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| How to Install Plywood Underlayment 


Plywood is the most common underlayment for vinyl coverings, like parquet, can be installed over lower- 
flooring and some ceramic tile installations. For vinyl, quality exterior-grade plywood. For ceramic tile, use 
use !4" exterior-grade, AC plywood. This type has one 5" AC plywood. When installing plywood, leave ! 


smooth side for a quality surface, Wood-based floor expansion gaps at the walls and hetween sheets. 


Install a full sheet of plywood Continue fastening sheets of plywood Using a circular saw or jigsaw, notch 
along the longest wall, making sure the to the subfloor driving the screw heads —_the plywood to meet the existing 
underlayment seams are not aligned with slightly belaw the underlayment surface. flooring in doorways. Fasten the 

the subfloor seams. Fasten the plywood Leave ¥" expansion gaps at the walls Notched sheets to the subfloor 

to the subfloor using 1" deck screws and between sheets, Offset seams in 


Given every 6" along the edges and at 8" subsequent rows. 
intervals in the field of the sheet, 


‘Mix floor-patching compound and latex or acrylic additive _Let the patching compound dry, then sand the patched 
following the manufacturer's directions Spread it over seams areas, using a power sander, 
and screw heads, using a wallboard knife, 
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| How to Install Cementboard 


‘Ceramic and natural stone tile floors usually require 
aan underlayment that stands up to moisture, such 
as cementboard. Fiber/cementboard is a thin, 
high-density underlayment used under ceramic 


tile and vinyl flooring in situations where floor 
height is a concern. Cementboard is used only for 


ceramic tile or stone tile installations. It remains 
stable even when wet, 60 its the best underlayment 
to use in areas that are likely to get wet, such 

as bathrooms. Gementhoard is more expensive 

than plywood, but a good investment for a large 

tile installation, 


‘Mix thin-set mortar according to the manufacturer's 
irections. Starting at the longest wall, spread the mortar 

on the subficor in a figure eight pattern using a \" notched 
‘rowel. Spread only enough mortar for ane sheet at a time. Set 
the cementboard on the mortar with the rough side up, making. 
sure the edges are offset from the subfloor seams. 


Fasten the cementboard to the subfloor using 1%" 
ccementboard screws driven every 6" along the edges and 8” 
throughout the sheet. Drive the screw heads flush with the 
surface, Continue spreading mortar and installing sheets along 
the wall. Option: f installing fiber/cementboard underlayment, 
Use a Yu" notched trowel to spread the mortar, and dri pilot 
hholes forall screws, 


Cut cementboard pieces as 
necessary, leaving an Ye" gap at all joints 
and a %" gap along the roam perimeter. 
For straight cuts, use a utlty knife to 
score a line through the fibermesh layer 
Just beneath the surface, then snap the 
‘board along the scored line 


To cut holes, notches, or regular 
shapes, use a jigsaw with a 
carbide-tipped blade. Continue installing 
‘cementboard sheets to cover the 

entire floor 
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Place fiberglass-mesh wallboard 
‘tape aver the seams. Use a wallboard 
knife to apply thin-set mortar to the 
seams, filing the gaps between sheets 
and spreading a thin layer of mortar over 
the tape. Allow the mortar to set for two 
days before starting the tie installation, 
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) How to Install Isolation Membrane 


Isolation membrane i 


used to protect ceramic used over an entire floor. Isolation membrane is also 
tile installations from movement that may occur available in a liquid form that can be poured over the 
on cracked conerete floors. This product is used project area. 

primarily for covering individual cracks, but it can be 


Thoroughly clean the subfloor, then apply thin-set mortar —_—Rolll out the membrane aver the mortar, Cut the membrane 
with a #* notched trowel. Start spreading the mortar along a_-—_—to fit tightly against the walls, using a straightedge and utility 
\wall in @ section as wide as the membrane and 8 to 10. long. knife. 

‘Note: For some membranes, you must use @ bonding material 

other than mortar. Read and follow manufacturer's directions. 


Starting in the center of the membrane, use a heavy floor = Repeat steps 1 through 3, cutting the membrane as 
roller ta smooth out the surface toward the edges. This frees necessary at the walls and obstacles, until the flaor is 
‘apped air and presses out excess banding material completely covered with membrane, Do nat averiap the 


seams, but make sure they're tight. llaw the mortar to set for 
two days before installing the tle 
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| Installing Raised Underlayment Panels 


Concrete floors are practical and durable—and 
generally cold and uncomfortable. For a fast and easy 
makeover, you can now find raised underlayment panels 
that simply rest on the concrete and provide a surface 
for other flooring materials. The tongue-and-groove 


plywood panels have dimpled plastic on the bottom, 
This allows air to circulate underneath so that the 
concrete stays dry, and insulates the flooring ahove. The 
assembled panels ean support laminates and resilient 
sheets or tiles. And you can install them in a weekend. 


' How to Install Raised Underlayment Panels 


1 


Start at one corner, and measure the length and width of 
the room from that starting point. Calculate the number of 
panels you will need to cover the space in both directions, if 
the starting comer is not square, trim the first row of panels to 
create a straight starting line. 


Dry-lay a row of panels across the room. Ifthe last row 
willbe less than 6° wide, balance it by trimming the frst 


panel or the starting row, if necessary, to account for the row 
end pieces, 
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‘. 


Create an expansion gap around the edges. Place 
spacers at al walls, doors, and other large obstacles. To make 
your own spacers, cut sheets of)" plywood to the thickness 
Of the panels, and hold them in place temporarily with 
masking tape, 


Re 


Starting in the corner, lay the first panel with the grooved 
side against the 1 spacers, Slide the next panel into place and 
press-fit the groove of the second panel ita the tongue of the 
first. Check the edges against the wall 


Repeat these steps to complete the first row. If Cut the last panel to fit snugly between the next-to-last 


necessary, tap the pane's into place with a scrap piece of panel and the %" spacer on the far wall Install the last panel at, 
lumber and a rubber mallet or hammer—just be careful not to an angle and tap it down, Continue working from the starting 
‘damage the tongue or groove edges Starting with the second point, checking after each row to be sure the panels are 

row, stagger the seams so that the panels interlock, square and level 


When you reach the last row and last panel to complete When all the panels are in place and the finished floor is 
{your installation, you may have to cut the panel to fit. Measure _installed, remove the spacers from around the perimeter of 
for fit allowing for the M" expansion gap from the wall.Cut te the room 

‘panel and fit it into place, 
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loor-warming systems require very little energy 

to run and are designed to heat floors only; 
they generally are not used as sole heat source: 
for rooms 

A typical floor-warming 
more thin mats containing electric resistance wires 


tem consists of one or 


that heat up when energized like an electric blanket 
‘The mats are installed beneath the tile and are 
hardwired to a 120-volt GFCI circuit. A thermostat 
controls the temperature, and a timer turns the system 
off automatically 

The system shown in this project includes two 
plastic mesh mats, each with its own power lead that 
is wired directly to the thermostat, Radiant mats may 
be installed over a plywood subfloor, but if you plan 
to install floor tile you should put down a base of 
cementboard first, and then install the mats on top of 
the cementboard. 

A crucial part of installing this sys 
a multimeter to perform several resistance checks to 
make sure the heating wires have not been damaged 
during shipping or installation. 

Electrical service required for a floor-warming 
system is based on size. A smaller system may 


em is to use 


WW) installing Radiant Floor Mats 


connect to an existing GFCI cireuit, but a larger 
one will need a dedicated circuit; follow the 
manufacturer's requirements, 

“To order a floor-warming system, contact the 
manufacturer or dealer (see Resources, page 554) 
In most cases, you can send them plans and they'll 
custom-fit a system for your project area. 


"Tools & Materials > 


Vacuum cleaner Electric wire fault 


Multimeter indicator (optional) 
Tape measure Radiant floor mats 
Scissors 12/2 NM eable 
Router/rotary tool Conduit 

Marker Wire connectors 
Trowel ‘Thinset mortar 


orrubber float Thermostat with sensor 
Notched trowel Junction box(es) 

Staple gun Ti 
Hot glue gun 


or stone 
floorcovering 


NaS 
OEE” 
A radiant floor-warming system employs electric heating mats that are covered with floor tile to create a floor that's cozy 
under foot. 
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|) installation Tips > 


Dedicated circuit cable 


‘Thinset mortar 
Heating mat 

Concrete or cementboard underlayment 
A floor-warming system requires a dedicated circuit to 

power and contral its heating mats, thermostat, and timer. 


Some smaller systems may only need to connect to an 
existing GFCI circuit. Follaw the manufacturer instructions, 


ach radiant mat must have a direct connection to the power lead from the thermostat, with the connection made in 
‘ajunetion box in the wall cavity. Do not install mats in series. 

Do not install radiant floor mats under shower areas. 

Do not averlap maps or let them touch, 

Do not cut heating wire or damage heating wire insulation, 

‘The distance between wires in adjoining mats should equal the distance between wire laops measured center 

to center, 
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Installing a Radiant Floor-warming System 


Floor-warming systems must be installad on a circuit with 
adequate amperage and a GFCI breaker. Smaller systems may 
tie into an existing circut, but larger ones need a dedicated 
circuit, Follow local building and electrical codes that apply 
‘0 your project, 


mat for 

break in 
continuity (for example, fa wire is cut) an alarm sounds. If you 
‘choose not to use an installation tool to monitor the mat, test 
for continuity frequently using a multimeter. 


How To Install a Radiant Floor-warming System 


Install electrical boxes to house the thermostat and timer 
In mast cases, the box should be located 60° above floor level 
Use a 4*-deep x 4wide double-gang box for the thermastat/ 
timer control i your kit has an integral model, If your timer 
and thermostat are separate, instal a separate single box for 
the timer. 


THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


el 


Drill access holes in the sole plate for the power leads 
that are preattached to the mats (they should be over 10 ft 
long). The leads should be connected to a supply wire from the 
masta in a junction box located in a wall near the floor 
and belaw the thermostat box. The access hole far each mat 
should be located directly beneath the knockout for that cable 
inthe thermostat ox. Dril through the sill plate vertically and 
horizontally so the holes meet in an L-shape, 


Run conduit from the electrical boxes to the sil plate. 
‘The line for the supply cable should be %" conduit. Ifyou 
are installing multiple mats, the supply conduit should feed 


into @ junction box about 6" above the sil plate and then 
continue into the" hole you driled for the supply leads. The 
sensor wite needs only %s* conduit thet runs straight from 

the thermostat box via the thermostat. The mats should be 
powered by a dedicated 20-amp GC! citcuitof 12/2 NM cable 
run from your main service panel to the electrical Dox (this is 
for 120-volt mats—check your instruction manual for specific 
citeuit recommendations). 


Clean the floor surface thoroughly to get ri of any debris 
that could potentially damage the wire mats. A vacuum cleaner 
generally does a more effective job than a broom. 


Test for resistance using a multimeter set to measure 
ohms This is@ test you should make frequently during the 
instalation, along with checking for continuity I the resistence 
is off by more than 10% from the theoretical resistance listing 
(See manufacturer's chart in installation instructions), contact 
a technical support operator for the kit manufacturer. For 
example, the theoretical resistance for the 1 x 50 ft. mat seen 
here is 19, sa the ohms reading should be between 17 and 21 


7 


Finalize your mat layout plan. Niost radiant floor warming 
‘mat manufacturers will provide a layout plan for you atthe 
time of purchase, or they wil give you access to an online 
design toal so you can come up with your own plan. This 
an important step to the success of your project, and the 
assistance is free 


(continued) 
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Unroll the radiant mat or mats and allow them to settle, Finalize the mat layout and then test the resistance 


‘Arrange the mat or mats according to the plan you created ‘again using multimeter. Also check for continuity in several 
it's okay to cut the plastic mesh so you can make curves different spots. f there is a problem with any ofthe mats, you 
or switchbacks, but do not cut the heating wire under any should identify it and correct it before proceeding with the 
circumstances, not even to shorten It. ‘mortar installation, 


Run the thermostat sensor wire from the electrical box Variation: f your local codes require i, rol the mats out of 
down the ¥s" conduit raceway and out the access hole inthe ‘the way and cuta channel forthe sensor and the sensor wires 
sill plate, Select the best lacation for the thermostat sensor and into the floar ar floor underlayment. For mast floor materials, 
‘mark the location onto the flaoring. Also mark the locations of _a spiral cutting too! does a quick and neat job of this task. 

the wires that connect to and lead from the sensor Remove any debris. 
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Bond the mats to the floor. the mats In your system have 
adhesive strips, peel off the adhesive backing and roll out 

the mats in the correct position, pressing them against the 
‘oor to set the achesive.f your mats have na adhesive, bind 
them with strips af double-sided carpet tape. The thermostat, 
‘sensor and the power supply leads should be attached with 
hot glue (inset photo) and run up into thelr respective holes in, 
the sil plate if you have not cone this already. Test all mats for 
resistance and continuity. 


So a eT 


Connect the power supply leads fram the mat or mats to 
the NM cable coming from the thermostat inside the junction 
box near the sill, Pawer must be turned off. The power leads 
should be cut so abaut 8" of wire feeds into the box. Be sure to 
use cable clamps to protect the wires, 


Cover the floor installation areas with) 2 layer of thinset 
‘mortar that is thick enough to fully encapsviate all the wires 
‘and mats (usually around ¥" in thickness). Check the wires 
for continuity and resistance regulary and stop working 
immediately iFthere Isa drop in resistance or a failure of 
continuity. Allow the mortar to dry overnight. 


= 


Connect the sensor wire and the power supply lead 
(from the junction bow to the thermastat/timer according 

to the manufacturer's directions. Attach the device to the 
electrical box, restore power, and test the system to make sure 
it works. Once you are convinced that itis operating properly, 
install flooring and repair the wall surfaces. 
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Installing Hardwood Strip Flooring 


[ress gzre tara ewig stays been 
popular with homeowners. It offers an attractive 
look, is one of the longest lasting floor coverings, and 
ccan be stripped and refinished to look like new. 

Oak has been the most common type of strip 
flooring because of its durability and wood graining, 
and it's the species most people think of when 
hardwood is mentioned. Other woods, such as maple, 
opular, 

Exotie species of wood from around the world are 
now finding their way into American homes as people 
want @ premium strip or plank floor that is unique 
and stylish, and expresses their personalities. The 
more than sixty exotic hardwoods include Brazilian 
cherry, Australian cypress, Honduran mahogany, 
tobaccowood, teak, zebrawood, and bamboo—which is 
not really wood but a type of grass. 

This section describes how to install nailed- 
down tongue-and-groove Flooring, how to install 


cherry, and birch, are also becom 


a decorative medallion, and how to install 
tongue-and-groove strip flooring over troweled-on 
adhesive. Customizing your floor with borders, 
accents, and medallions is easier than you may 
think. A number of manufacturers produce a 
variety of decorative options made to match the 
thickness of your floor. 


| Tools & Materials > 


Rosin paper Nail set 
Usility knife Hammer 
Chalk line Pry bar 


8d finish nails 
Drill 
Staple 


Wood mallet 
Power nailer 
Pull bar 


Real hardwood flooring has depth of beauty ané warmth underfoot that even the highest quality laminate imitations struggle 
to match, 


162.8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


How to Install Tongue-and-Groove Hardwood Flooring 


Cover the entire subfloor with rosin paper. Staple the paper 
to the subfloor, overlapping edges by 4". Cut the paper with a 
utility knife to butt against the walls 


Lay out the first 8 rows of flooring in a dry run with the 
‘groove side facing the wall. Make sure the first row of boards 
is straignt. Arrange the boards to get a good color and grain 
mix, Offset the ends by at least 6°. 


‘Make a mark on the floor "from the starter wall at both 
tends of the wall, Snap a chalk line between the marks, Nail 
8d finish nails every 2° to 3° along the chalk line to mark the. 
location for your first row. 


Place the starter row against the nails on the chalk line 
Dril pilot holes in the flocring every 6" to 8", about YA" from 
the groave edge, Face nail the first raw until the nail heads 
are just above the boards, then sink them using a nail set. (Be 
careful not to hit the boards with your hammer or you'll mar 
the surface) 


(continued) 
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To install crooked boards, dri pilot holes above 
the tongue and insert nails. Fasten @ scrap board 

to the subfloor using screws, Force the floor board 
straight using a pry bar and a scrap board placed in 
front of the flooring. With pressure on the floor board, 


Drill pilot holes every 6” to 8” alrectly above the tongue, blind nail it into place, 


Keeping the drll at a a5" angle. 


Blind nail a nail into each pilot hole. ‘Set the second row of boards In place 
Keep the nail heads 4" out, then set ‘against the starter rows iting together 
them just below the surface, using a the tongue and groove connections. ise 
rail set. a scrap board and wood mallet to tap 


the floor boards together. Drill plat holes 
and blind nail the boards. Do this for the 
next few rows. 
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To install the last board in 2 row, 
place the tongue and groove joints 
together, then place a flooring pull bar 
‘over the end of the board. Hit the end 
of the pull bar with a hammer unti the 
board slides into place. Stay 1s" away 
from the walls. 


‘Once you have several rows installed and ave enough 
room, use a power nailer Place the nailer lip over the edge of 
the board and strike it with a mallet. Dive a nail 2" from the 
end of each board an about every 8" in the field. Keep a few 
rows of flooring laid out ahead of you as you work, and keep 


the Joints staggered, 


Install a reducer strip or transition 
strip between the wood floor and an 
agjoining room. Cut the strip to size. Fit 
the strip’s groove over the floor board's 
‘tongue, then drill plot holes and face: 
nail, Set the nails with a nail set, Fill all 
Visible nail holes with wood putty. 


When you're out of room for the pawer nailer, drill plot 
holes and blind rail the boards. For the last rows, dil pilot 
holes in the top of the boards, Ys" from the tongue, and face 
nail them. The last row may need to be ripped to size. Pull the 
lest row into place using the flooring pull bar, leaving 2 4" gap 


along the wall. Dril pilot holes and face nal 


Tip> 


To install around an object, cut 
notch in the board. For larger 
obstacles, cut 45° miters in boards 
‘0 grooves face away from the 
object. Rip tongues off the boards, 
‘set the boards against the object 
and flooring, fitting mitered ends 
‘together. Dril pilot holes and face 
nail in place. Apply silicone caulk 
between the flaar and board edge 


To reverse directions of the 
tongue and grove for doorways, 
glue a spline into the groove of the 
board. Fit the groove of the next 
board onto the spline, then nail the 
board in place, 
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Installing Laminate Floors 


[st ene i ti yc 
is simple to install, even if you have no experience 
\with other home-improvement projects. You may 
instal a floating laminate floor right on top of plywood, 
concrete slab, sheet vinyl, or hardwood flooring, Just 
be sure to follow the manufacturer's instructions. 

The pieces are available in planks or squares ina 
variety of different sizes, colors, and faux Finishes— 
including wood and ceramic. The part you see is 
really a photographie print, ‘Tangue-and-groave edges 
lack pieces together, and the entire floor floats on the 
underlayment. At the end of this project there are a 
few extra steps to take if your flooring manufacturer 
recommends using glue on the joints 

The rich wood tones of beautiful laminate 
planks may cause you to imagine hours of long, hard 
installation work, but this is.a DIY project that you ean 


do in a single weekend. Buy the manufactured planks 
at a home-improvement or flooring store and install 
laminate flooring with the step-by-step instructions 
offered in the following pages. 


| Tools & Materials > 


Gircular saw Painter's tape 


Underlayment Chisel 
4! spacers Rubber mallet 
‘Tapping block Drawbar 


Finish nails 
Nail set strap clamps 
‘Threshold and screws 


Scrap foam 
Speed square 
Manufacturer glu 


Laminate strip floors install quickly, wear well and are among the cheapest floor coverings you can find, Overall they have 
improved in appearance but the lower quality products continue to be fairly unconvincing imitations of natural materials, 
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How to Install a Floating Floor 


To install the underlayment, start in one corner and unvoll 
the underlayment to the opposite wall, Cut the underlayment 
to fit, using a utility knife or scissors, Overlap the second 
underlayment sheet according to the manufacturer's 
recommendations, and secure the pieces in place with 
adhesive tape. 


Set a new plank right side up, on top of the previously laid 
plank, flush with the spacer against the wall at the end run. 
Line up a speed square with the bottom plank edge and trace 
a line. That's the cutline for the final plank in the row, 


Working from the left corner of the room to right, set 

wall spacers and dry lay planks (tongue side facing the wel) 
‘against the wall. The spacers allow for expansion. If you are 
flooring 2 room more than 26 ft. long or wide, you need to buy 
‘appropriate-sized expansion joints. Note” Some manufacturers 
suggest facing the groove side to the wal. 


Press painter's tape along the cutline on the top of the plank 
to prevent chips when cutting. Score the line drawn in Step 3 
with @ utility knife, Turn the plank over and extend the pencil 
line to the backside. 


(continued) 
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Clamp the board (face down) and rigid foam insulation or 
plywood to a work table. The foam reduces chipping. Clamp @ 
‘speed square on top of the plank, as though you are going to 
‘raw another line parallel to the cutiine—use this to make a 
straight cut. Place the circular saw's blade on the waste side of 
the actual cuttine, 


Continue to lay rows of flooring, making sure the joints are 
staggered. This prevents the entire floar from relying on just a 
‘ew joints, and keeps the planks from lifting. Staggering also 
stengthens the floor, because the jaints are shorter and more 
evenly distributed, 
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To create a tight fit forthe last plank in the first row, place 

a spacer against the wall and wedge one end of a drawbar 
between it and the last plank, Tap the other end of the drawbar 
with @ rubber mallet or hammer, Protect the laminate surface 
with a thin cloth, 


To fit the final row, place two planks on top of the last 
course; slide the top plank up against the wall spacer: Use the 
top plank to draw a cutline lengthwise on the middle plank. 
Cut the middle plank to size using the same method as in 
Step 3, ust across the grain. The very last board must be cut 
lengthwise and widthwise to fit 


How to Work Around Obstacles 


Mark indicates left 
‘edge of the pipe 


if 


Mark indicates right 
outside edge of the pipe 


Position a plank and use a pencil to make two marks along 
the length ofthe plank, indicating the points where the obstacle 
begins and ends. 


Use a speed square to extend the four lines. The space 
at which they intersect is the part of the plank that needs ta be 
removed to make roam for the abstacle to go through it. Use 

a drill with a Forstner bit, ora hole saw the same diameter as 
the space within the intersecting lines, and dri through the 
plank at the X. You'll be left with a hole; extend the cut to the 
edges with a jigsaw, 


Position the plank end against the obstacle. Make two 
‘marks with a pencil, this time on the end of the plank to 
indicate where the obstacle falls along the width of the board. 


Install the plank by locking the tongue-and-groove joints 
with the preceding board. Fit the end piece in behind the pipe 
or obstacle, Apply manufacturer-recommended glue to the cut 
edges, and press the end piece tightly against the adjacent 
plank, Wipe away excess glue with a damp clath 
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Installing Parquet Flooring 


Father roth pe delge saa, 
consider installing a parquet floor: It offers more 
visual interest than strip flooring without sacrificing 
the beauty and elegance of wood. Parquet comes in 
variety of patterns and styles to create geometric 
designs. It can range from elaborate, custom-designed 
patterns on the high end, to the more common 
herringbone pattern, to the widely available and less 
expensive block design 

Parquet has experienced a radical transformation 
over the years, A few years ago, each individual piece 
of parquet was hand-cut and painstakingly assembled 
piece by piece. Today, parquet is prefabricated so the 
individual pieces making up the design are available as 
single tiles, which not only has reduced the cost, but 
has made the flooring easier to install 

Many types and designs of parquet floors are 
available, from custom-made originals to standard 
patterns, but they are all installed the same way— 


set in adhesive on a wood subfloor. The effort can be 
very rewarding: Parquet can be used to ereate shapes 
not possible with other wood Flooring, 

‘The finger block pattern is one of the most widely 
available parquet coverings and also one of the least 
expensive. The configuration of perpendicular strips 
of wood emphasizes the different grains and natural 
color variations. 


Tape measure Putty knife 


Chalk line Rubber mallet 
Carpenter's square 100- to 150-pound 
Parquet flooring floor roller 
Adhesive Jigsaw 

Notched trowel Solvent 


Parquet flooring tiles are made with real hardwood and can be a great vehicle for introducing exotic wood species at a 
reasonable cost. The custom parquet floor seen here is expensive, but a basic parquet floor with stock tes isan affordable option 


and an easy DIY project, 
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How to Install Parquet Flooring 


‘Mark the centerpoint of each wall. Snap chalk lines, Lay out a dry run of panels ‘rom the center point along the 

‘betveen the marks cn opposite walls to establish your reference lines to adjacent walls. Place Vs" spacers along the 

reference lines, Use the 3-4-5 triangle method to check the Walls to allaw for expansion. if mare than half ofthe last panel 

lines for squarenass (see page 181), ‘needs to be cut off, adjust the lines by half the width of the 
panel. Snap new working: ines, if necessary 


Put enough adhesive on the subfloor for your first panel, 
using a putty knife. Spread the adhesive into a thin layer with a 
notched trowel held at a 45° angle. Apply the adhesive right up 
to the working lines, but do not cover them, 


Place the first pane! on the adhesive so two sides are 
flush with the working lines. Take care not ta slide or twist the 
panel when setting it inta place. This panel must be positioned 
correctly to Keep the rest of your floor square 


(continued) 
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Apply enough adhesive for six to eight panels and spread it 
with @ notched trowel, 


r 


After every six to eight panels are installed, tap them 
into the adhesive with a rubber mallet. 
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Set the next panel in place by holding it at a 45° angle 
and locking the tangue-and-groove joints with the first panel 
Lower the panel onto the achesive without slicing @t nstall 
remaining panels the same way, 


For the last row, align panels over the top ofthe last 
installed row, Place a third row over the top of these, with the 
sides butted against 1" spacers along the wall. Draw a line 
along the edge ofthe third panels anto the second row, cut the 
panels at the marks, and install 


Experimental Searl Effect 


craft construction Generator 
(self-rotating permanent 
magnet system) 


To work around corners or obstacles, align @ panel over 
the last instaled panel, then place another panel on top of it 
asin step 8. Keep the top panel "from the wall or obstacle 
and trace along the opposite edge onto the second panel (op). 
‘Move the top two panels tothe adjoining side, making sure not 
to turn the top panel. Make a second mark on the panel the 
same way (bottom). Cut the te witha jigsaw and install 


‘Within 4 hours of installing the floor, rol the floor with 
2 100- to 150-pound floor roller, Walt atleast 24 hours before 
walking on the floor again, 


How to Install Parquet in a Diagonal Layout 


Establish perpendicular working lines following Step 1 
(on page 171. Measure 5 ft. from the centerpoint along each 
‘working line and make a mark. Snap chalk lines between the 5 
ft. marks. Mark the centerpoint of these lines, then snap a chalk 
line through the marks to create a diagonal reference line, 


Lay out a dry run of tiles along 2 diagonal line. Adjust your 
starting point as necessary. Lay the flooring along the diagonal 
line using adhesive, following the steps for installing parquet 
(pages 171 to 173). Make paper templates for tile along walls, 
and in comers. Transfer the template measurements to tiles, 
and cut to fit, 
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WH) installing Sheet Vinyl 


reparing a perfect underlayment is the most 5 
Pa phase of resilient sheet vinyl Tools & Materials > 


installation, Cutting the material to fit the contours 


of the room is a close second. The best way to Linoleum knife Heat gun 
ensure accurate cuts is to make a cutting template. Framing square Ye" V-notched trowel 
Some manufacturers offer template kits, or you can Compass Straightedge 
make your own. Be sure to use the recommended Scissors Vinyl flooring 
adhesive for the sheet vinyl you are installing. Many Non-permanent Masking tape 
manufacturers require that you use their glue for felt-tipped pen Heavy butcher 
installation, Use extreme eare when handling the Utility knife or brown 
sheet vinyl, especially felt-backed products, to avoid Straightedge wrapping paper 
ceasing and vearing Vs" Votched trowel Duet tape 
Jroller Flooring adhesive 
Stapler 24" staples 
Flooring roller Metal threshold bars 
Chalk line Nails 


‘Sheet vinyl has no seams (or at least very few searns), which makes ita practical choice for wet areas such as bathrooms. 
‘Advancing technology has made @ host of new patterns and styles available, including the mosaic tile look-alike pattern seen here. 
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Tools for Resilient Floors 


Tools for resilient flooring include: a heat gun (A), -roller (8), floor roller (C), framing square (O), sponge (E), hammer (F), 
notched trowel (4), stapler (H),linaleum knife (),utlty knife (), wallboard knife (K), chalk line (L, straightedge (M). 


Buying & Estimating 


Resilient sheet vinyl comes in full-spresd and perimeter 
‘bond styles. Ful-spread sheet vinyl has a fel-paper backing 
and is secured with adhesive that is spread over the floor 
before installation. Perimeter-bond flooring, identifiable by its 
‘smooth, white PVC backing is laid dlectly on underlayment 
and is secured by a special adhesive spread along the edges 
and seams. 


Dry-back tile 


Resilient tile comes n self-adhesive and dry-back styles 
Self adhesive tle has  pre-applied adhesive protected by 

wax paper backing that is peeled off as the tiles are installed. 
Dry-back tile is secured with adhesive spread onto the 
Underlayment before installation. Self-adhesive tie is easier to 
instal than dry-back tile, but the bond is ess reliable. Don't use 
additional adhesives with self-adhesive tile 
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WH)! Evaluating an Existing Floor 


176 


“The first step in preparing for a new Moor covering is 

evaluating your old floor. A careful examination can 
help you decide whether to repair damaged areas, or 
replace the flooring altogether 

Evaluating your floor is a three-step process. 
Begin by identifying the existing floor material and the 
installation method used. Is your sheet vinyl attached 
using the full-spread method or the perimeter-bond 
method? Is your carpet glued down or stretched? 
Next, check the condition of the floor, Is it securely 
attached or is it loase in spots? Is it chipped or 
cracked? Finally, note the height of the existing floor 
in relation to adjoining floor surfaces. Is it significantly 
higher than surrounding floors? 

A new floor covering or underlayment c: 
be installed on top of existing flooring, If the existing 
flooring is not sound or smooth, however, you will 


often 


have to do some preparation work, Applying a floor 
leveler is one way to make your existing floor easier to 
use, More complex preparations may involve removing 
and replacing the underlayment or making spot repairs 
to the subfloor. 


{] waming> 


Resilent flooring manufactured before 1986 may 
Contain asbestos, which can cause severe lung 
problems if inhaled. The recommended method for 
dealing with asbestos-laden flooring is to caver it with 
an underlayment. the flooring must be removed, do 
‘not do the work yourself. Instead, consult a certified 
asbestos-abatement contractor. 


Determining the number and type of coverings already on your Noor is an important early evaluation step. Too many layers 
of flooring and underlayment can stress floor joists and ultimately cause a new floor to fall. An easy way to check for old flooring is 
to remove floor vents. 
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How to Install Perimeter-bond Sheet Vinyl 


* . = ee | 


Unroll the flooring on any large, flat, clean surface. To For two-piece installations, overip the edges ofthe sheets 
prevent wrinkies, sheet viny| comes from the manufecturer by at least 2, Plan to have the seams fll along the pattern 
rolled with the pattern-side out. Urol the sheet and turn it lines orsimuiated grout joints, Align the sheets so the pattem 
pattern-side up for marking ‘matches, then tape the sheets together with duct tape. 


Position the paper template aver the sheet vinyland tape «Remove the template. Cut the sheet vinyl with @ sharp. 
itin place. race the outline of the template onto the flooring —_ linoleum knife ora utility knife with a new blade, Use a 
using 3 non-permanent felt-tipped pen, straightedge as a guide for making longer cuts. 
(continued) 
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Cut holes for pipes and other permanent obstructions. Cut Roll up the flooring loosely and transfer it to the installation 
asiit from each hole to the nearest edge of the flooring, ‘area, Do not fold the flooring. Unroll ané position the sheet 
Whenever possible, make sits along pattem lines. vinyl carefully Slide the edges beneath door casings. 


Cut the seams for two-piece installations using a Remove both pieces af scrap flooring. The pattern should 
straightedge as a guide. Hold the straightedge tightly against now run continuously across the adjoining sheets of flooring. 
the flooring, and cut along the pattern lines through both 

pleces of viny flooring, 
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Fold back the edges of bath sheets. Apply 2 3° band of Lay the seam edges one at a time onto the adhesive 

multipurpose flooring adhesive to the underiayment or old Make sure the seam is tight, pressing the gaps together with 

flooring, using a ¥" V-notched trowel or wallboard knife, your fingers, if needed. Roll the seam edges with a Holler or 
wallpaper seam roller. 


Apply flooring adhesive underneath flooring cuts at pipes ‘Af you're applying flooring over a wood underlayment, 
(oF posts and around the entire perimeter of the room. fasten the outer edges of the sheet with %" staples driven 
Roll the faoring with the roller to ensure good contact with every 3", Make sure the staples will be covered by the 
the adhesive base molding 
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Asean sate ein 
carefully positioned layout lines. Before 
committing to any layout and applying tile, conduct a 
dry run to identify potential problems. 

Keep in mind the difference between reference 
lines (see opposite page) and layout lines. Reference 
lines mark the center of the room and divide it into 
quadrants, Ifthe tiles don't lay out symmetrically along 
these lines, you'll need to adjust them slightly, creating 
layout lines, Once layout lines are established, installing 
the tile isa fairly quick process. Be sure to keep joints 
between the tiles tight and lay the tiles square. 

Tiles with an obvious grain pattern can be 
laid so the grain of each tile is oriented identically 
throughout the installation. You can also use the 


Resilient tiles have a pattern layer that is bonded to a vinyl 
‘base and coated with a transparent weer layer. Some come with 
adhesive pre-applied and covered by a paper backing, others 
have dry backs and are designed to be set into flooring adhesive, 
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Installing Resilient Tile 


quarter-tum method, in which each tile has its pattern 
grain running perpendicular to that of adjacent 

tiles. Whichever method you choose, be sure to be 
consistent throughout the project. 


‘Tape measure Heat gun 

Chalk line Resilient tile 
Framing square Flooring adhesive 
Utility knife (for dry-back tile) 


Vie" notched trowel 


Check for noticeable directional features, lke the grain of 
the viny! particles. You can set the tiles in a running pattern so 
‘the directional feature runs in the same direction (top), or in 2 
checkerboard pattern using the quarter-turn methad (bottom). 


How to Make Reference Lines for Tile Installation 


Position a reference line (x) by measuring along opposite ‘Measure and mark the centerpoint ofthe chalk line. 
sides of the room and marking the center of each side. Snap a From this paint, use a framing square to establish a second 
chalk line between these marks. reference line perpendicular to the frst one, Snap the second 


line (¥) across the room. 


Z 
a et 
age ae. J 
CCheck the reference lines for squareness using the 3-5 Measure the distance between the marks. Ifthe 
twiangle method, Measure along reference ine X andmakea reference lines are perpendicular, the distance will measure 
mark3 ft. from the centerpoint, Measure from the centerpoint exactly $f. fot, adjust the reference lines unt they're 


along reference line Y and make a mark at 4 ft exactly perpendicular to each other. 
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How to Install Dry-backed Resilient Tile 


‘Snap perpendicular reference lines with a chalk line, Dry-fit 
tiles along layout line Y soa joint fas along reference line X. If 
essary, shift the layout to make the layout symmetrical or 
to reduce the number of tiles that need to be cut 


If you shift the tile layout, create a new line that is parallel 
ta reference line X and runs through a tile joint near line X. The 
‘new line, X1, is the ine you'll use when installing the tle, Use a 
different colored chalk 


< 


™ 


Dry-fit tiles along the new line, X1. If necessary, adjust the 
layout line as in steps 1 and 2, 
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Et 


ut line, V1, that's parallel to 
through a tle joint-Y1 will form the 
Use during installation, 


sand layout line you'l 
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Testatika. Review of well-known electrostatic system. 
Cold Fusion by Plasma Electrolysis of Water. Ph.M. Kanarev, T. Mizuno 

Cold Fusion: What is it and what does it mean to science and society? E. Storms 
‘Technical Introduction to LENR-CANR (Low Energy Nuclear Reactions). E. Storms 
It started in 1989... (History of Cold Fusion Development). P. Hagelstein 

‘A Science Tutorial (Cold fusion). T. Chubb 

LENR (Low Energy Nuclear Reactions) Experiments. 

On Electrogravitation. A.V. Lemeshko 

Avalanchedrive Propulsion Device. M.L. Filho 


|. Hydrogen-Powered Vehicles. P. Behr, G. Schneider 
- Unusual Permanent Magnet Motors. T. Valone 

. Hydrogen Energetics. A. Pashova 

. On the Longitudinal Electromagnetic Waves. A.V. Frolov 

. Space and Terrestrial Transportation and Energy Technologies. T.C. Loder 
. Commercialising the “Sear! Effect”. 

. Interesting Publications of the Last Year. 

. “Lifter” Project 

. New Electric Fire Technology. V.D. Dudyshev 

. New Effect of “Cold” Evaporation. V.D. Dudyshev 

. Conceptual Hurdles to New Millennium Physies. D. Reed 

. Resonant Phenomena Occurring in Alternating Current Circuit, A.V. Frolov 
. Books Review 


Apply adhesive around the intersection o 
sing a trowel with Ys" V-shaped notches 
45° angle and spread 


the layout lines 
s. Hold the trowel at a 


Spread adhesive over most ofthe installation area, covering 
three quadrants, Allow the adhesive to set according to the 
‘manufacturer's instructions, then begin to Install the tle at the 


intersection of the layaut lines. You can kneel on installed tiles 
to lay adaitional tes 


When the first three quadrants are completely tiled, 
spread adhesive over the remaining quadrant, then finish 
ting the tle 


To cut tiles to fit along the walls, place the tile to be cut 
(A) face up on top of the last ful tle you installed. Position a 
he wall, then set a marker tile (B) on 


top of the tile to be c 
t0 draw a cutting line 


183 


To mark tiles for cutting around outside comers, 
make a cardboard template to match the space, 
keeping a %" gap along the walls. After cutting, 
the template, check to make sure it fits. Place the 
template on a tile and trace its outline 


Cut tile to fit using a utility knife and straightedge. Hold the 
straightedge securely against the cutting line to ensure a 
straight cut, Option’ You can use a ceramicctile cutter to make 
straight cuts in thick viny! tiles (see insev) 


Install cut tiles next to the walls If you're precutting all ties 
before installing them, measure the distance between the wall 
and install ies at various points in case the distance changes. 
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Continue installing tile in the remaining quadrants until 
the room is completely covered. Check the entire floor, you 
find loose areas, press dawn an the tiles to bond them to the 
Underlayment. Install metal threshold bars at room borders 
where the new floor joins another floor covering. 


How to Install Self-adhesive Resilient Tile 


‘Once your reference lines are established, p2e! off the 
‘paper backing and install the frst tile in one of the comers 
formed by the intersecting layout lines, Lay three or more tles 
along each layout lines in the quadrant. Rub the entire surface 
of each tile to bond the adhesive to the floor underlayment. 


Begin installing tiles in the interior area of the quadrant. 
Keep the joints tight between tiles, 


Finish setting full tiles in the first quadrant, then set the full 
tiles in an adjacent quadrant. Set the tiles along the layout lines 
first, then fillin the interior tiles. 


Continue installing the tile 7 the remaining quadrants unt 
the room is completely covered. Check the entire floor, you 
find loose areas, press dawn an the tikes to bond them to the 
Underlayment. Install metal threshold bars at room border 
where the new floor joins another floor covering. 


Flin 


fee ili a fede ne 
tongue-and-groove form and in laminate planks, But 
bamboo is not wood. Its really a grass—and one of the 
most popular flooring materials today. 

Bamboo Flooring is made by shredding stalks of 
the raw material, then pressing them together with 
aresin that holds the shreds in their finished shape, 
Not only is bamboo a fast-growing and renewable 
crop, the companies that make bamboo flooring 
use binders with low emissions of volatile organic 
compounds (VOCs). The result is tough, economical, 
and ecologically friendly. In other words, it’s just about 
perfect for flooring 

If you choose tongue-and-groave bamboo, the 
installation techniques are the same as for hardwoods, 
Bamboo is also available as a snap-fit laminate for use in 


WW installing Bamboo Flooring 


floating floors. In this project we show Teragren Synergy 
Strand in Java (sce Resources, page 554): thin, durable 
planks that are glued to the underlayment 


Moisture level meter 
Notched trowel 
Rubber mallet 

Scrap lumber 

Shims 

Straightedge 
Weighted roller 


Adhesive 
Carpenter's level 
Carpenter's square 
Chalk line 

leaning supplies 
Flat-edged trowel 
Marking pen or peneil 
Measuring tape 


186 8 THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT, 


Bamboo plank flooring shauld be one 
‘of the last items installed on any new 
construction or remodeling project. 

All work involving water or moisture 
should be completed before floor 
installation, Room temperature and 
humidity of installation area should 

be consistent with normal, year-round 
living conditions for at east a week 
before installation, Room temperature 
‘of 60 to 70° F and humidity range of 40 
to 60% is recommended. 

‘About radlant heat: The subfloor 
should never exceed 85° F.check the 
manufacturer's suggested guidelines 
for correct water temperature inside 
heating pipes. Switch on the heating 
Unitthree days before flooring 
Installation, Room temperature should 
not vary more than 15°F year-round, 
For glue-down installations, leave 
the heating unit on for three days 
following installation 


How to Install Bamboo Planks 


Give the bamboo time to adjust to installation conditions, Even though thin-plank bamboo is an engineered material 
Store it for at least 72 hours in or near the room where i ican Vary in appearance. Buy all planks from the same lot 
be installed. Open the packages for inspection, but do not and batch numiber. Then visually inspect the planks to make 


store the planks on concrete or near outside wails. re they match. Use the same lighting as you will have in the 


ished room, 


Inspect wood surfaces. The planks and underlayment Make sure the underlayment is level. t should not change 
should have na more than 12% moisture. Bamboo planks can —_—by more than 's" over 10 feet. If necessary, apply a floor leveler 
be installed on plywood or oriented strandboard at least %" to fil any low places, and sand down any high spots. Prevent 
thick. The underlayment must be structurally sound, squeaks by driving screws every 6" into the subfloor below. 


(continued) 


Flooring © 187 


188 


‘Sweep and vacuum the floor surface, then measure all Check comers for squareness using the 
room dimensions. triangle method. 


= 
The planks should be perpendicular to the floor joists Lay the first course of planks with the tongue edge toware 
below. Adjust your starting point f necessary, Snap a chalk line the wall. Align the planks with the chalk line. Hold the edge 

next to the longest wall, The distance from the wall should be course in place with wedges or by nailing through the tongue 


the same at bo 


ends, leaving 1 fo 


‘edge, This row will anchor th 
securely in place. 


1s, So make sure it stays 
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Once the starter row is in place, install the planks using 
a premium wood flooring adhesive, Be sure to fallow the 
‘manufacturer's instructions. Begin at the chalk line and apply 
‘enough adhesive to lay down one or two rows of planks. 
‘Spread the adhesive with a V-notched trowel ata 45° angle. 
Let the adhesive sit for the specified time. 


11 i, 


After you finish the first section, cover the next area with 
adhesive and give ittime to become tacky. Tis slows down the 
project, but it prevents you fram using more adhesive than you 
can use—and it allows the section you just finished to set up, 


When the adhesive is tacky and ready to use, lay the first 
section of bamboo planks. Set each plank in the adhesive by 
placing a clean piece of scrap lumber on top and tapping it 
‘down with a rubber mallet, Check the edge of each section to 
make sure it keeps a stright line 


When the adhesive is ready, jay dow the next section of 
planks. Fit the new planks tightly against the previous section, 
taking care not to knack the finished section out of alignment, 
Ifthe planks have tongue-and-groove edges, fit them carefully 
into place. 


(continued) 
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Continue applying adhesive and installing planks, one 
section at a time, to cover the entire floor, When adhesive gets 
‘on the flooring surface, wipe it off quickly, 


15 


‘As you finish each section, walk across ita few times to 
maximize contact between the planks and the adhesive. When 
all the planks are in place, clean the surface and use a clean 


weighted roller, Push the roller In several directions, covering 
the entire surface many times, 
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‘At the edges and around any fixed objects, such as 
doorways or plumbing nipes, leave a 12" gap for expansion 

Use shims to maintain the gaps if needed. These spaces can 
be covered with baseboards, base shoes, and escutcheons 


In places that are difficult to reach with a roller, jay 
down a sheet of protective material, such as butcher paper, 
and stack weights on the paper Lat the finished floor sit fr at 


least 24 hours, then clean the surface and remove any spacers 
from the expansion gaps. Finally, install the finishing trim, 


| Installing Ceramic Tile 


ceramic tile installation starts with the same steps 

as installing resilient tile, You snap perpendicular 
reference lines and dry-fit tiles to ensure the 
best placement. 

When setting tiles, work in small sections so 
the mortar doesn't dry before the tiles are set. Use 
spacers hetween tiles to ensure consistent spacing. 
Plan an installation sequence to avoid kneeling an set 
tiles, Be careful not to kneel or walk on tiles until the 
designated drying period is over. 


V4" square trowel 
Rubber mallet 

Tile cutter 

Tile nippers 
Hand-held tile cutter 
Needlenose pliers 
Grout float 

Grout sponge 

Soft cloth 

Small paint brush 


‘Thin-set mortar 
Tile 

Tile spacers 
Grout 


Latex grout additive 


Wall adhesive 
2x4 lumber 
Grout sealer 
Tile caulk 
Sponge brush 


Ceramic floor tie continues o be one ofthe most popular DIY floorcoverings. is reatively easy to instal is very durable nd, 
depending on the style you choose, can be quite affordable, 
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How to Install Ceramic Tile 


Make sure the subfloor is smooth, level, end stable. Spread Fasten it in place with) 1° cementboard screws Place 
thin-set mortar on the subfloor for one sheet of cementboard, _fiberglass-mesh wallboard tape over the seams. Cover the 
Piace the cementboard on the mortar, keeping a " gap along remainder of the floor, following the steps on page 152. 


the walls 


Set the first tile in the corner of the quadrant where the 
nce lines intersect, When setting tiles thet are 8° square 
tlle slightly 25 you set itinto position, 


Draw reference lines and establish the tle layout (see 
‘page 181). Mixa batch of thin-set mortar, then spread the referey 
‘mortar evenly against both reference lines of one quadrant, or larger, twist e 
using a Ye" square-notched trowel. Use the notched edge of 

the trowel to create furrows in the mortar bed. 
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Editor comments by Alexander V. Frolov 
General Director, Faraday Lab Ltd 


A running “free energy” machine coming from 
Switzerland, Europe. It was developed over a 20 years 
Research period by a religious group called Methernitha. 
‘This group lives in Linden, Switzerland. The head 
engineer of this superb machine, Mr. Paul Baumann 
discovered its principles while observing nature. He 
claims its running principle was found by studying the 
lightning effects from nature. The documents being 
offered here shed light on this energy marvel. 


‘These documents are the result of work of people who 
have witnessed this wonder machine over the years. 
And here are the facts: 

The Testatika is a rotary-type machine that runs 
onit’s own, once started by revolving it's two discs 
by hand! 

The machine not only runs on it's own energy, 
but produces also a huge amount of excess power, 
at least 3 KWtt of power! This is almost enough to 
supply a small house with one machine! 

The machine is about 70cm wide, by 40cm deep 
and is about 60cm in height! 

It delivers from 250 volts to about 320 volts direct 
current, depending on the humidity in the air! At 
this voltage it can supply at least 10 Amperes of 
pulsating direct current! 

‘Testatika is not a perpetual motion device, but 
an energy machine that collects it's huge amount 
of energy from the ions contained in air. However, 
there are some technological secrets implemented 
to overcome the normal drag-resistance of 
conventional generators. This is but one of it's 
secrets held by the Methernitha group 


‘There are many different sized Testatika machines, 
some of the smaller units deliver only about 200 to 
300 watts, none of which are mass-produced. These 
devices are still laboratory prototype units. 


Methernitha is a spiritual community (Christian 
Alliance) http://www-methernitha.com. They wrote: 
“We are fortunate in gaining the experience that 
paradoxically the most beautiful and useful results can 
be achieved by just using the most simple means. 
‘Never did we use any borrowed capital because we 
want to stay free Swiss citizens and do not want to be 
hindered or even bound in any way in the pursuance 
of our aims.” 


‘The two contrary-rotating discs generate an electrostatic 
charge. One disc represents the earth, the other the 
cloud, Using grid electrodes the charges are bound. After 
that they are collected by non-contacting so-called 
antenna keys and then sorted. 


After being initially turned on by hand, the discs rotate 
by themselves according to the electrostatic laws about 
attraction and repulsion. A rectifying diode keeps the 
cycles in steady state. Otherwise the impulses of 
attraction and repulsion would accumulate and cause 
the discs to run faster and faster. The correct speed is 
of great importance and for optimal power generation 
the discs have to run quite steady and slow. 


By means of grid condensers the energy is stored and 
then uniformly discharged, at the same time reducing 
the high voltage and building up power with 
additional devices. Finally the machine supplies a 
uniform direct current, which varies according to 
the size of the model. The machine furnishes about 
3-4 kWt permanent output, depending on humidity, 
whereby the electric potential ranges from 270 to 
320 Volt. High humidity of the atmosphere prevents 
the build-up of electric potential. The drier the air 
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is, the better. 


Using a soft rubber mallet, gently tap the central area of Variation: For large tiles or uneven stone, use a larger trowel 
each tile 2 few times to set it evenly into the mortar with notches that are at least 16" deep, 


Variation: For mosaic sheets, use a %s" V-notched trowel 


10 spread the mortar and a grout float to press the sheets tile spacers at the comers of the set tle. Wi 
into the mortar, Apply pressure gently to avoid creating an Use spacers equal to the gaps between tes, 
uneven surface. 


‘mosaic sheets, 


(continued) 
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Position and set adjacent tles into the mortar along 
the reference lines, Make sure the tiles ft neatly against 
the spacers. 


To make sure the tiles are level with one another, place a 
straight piece of 2 x 4 across several tiles, then tap the board 
with a mailet. 


Lay tile in the remaining area covered with mortar. Repeat 
steps 2 t0 7, continuing to work in small sections, until you 
reach walls or fixtures, 
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‘Measure and mark ties to fit against walls and into comers 
(see pages 183 to 184). Cut the tiles to fit. Apply thin-set mortar 
directly to the back of the cut tle, instead of the floor, using 
the notched edge of the trowel to furrow the mortar 


Set the cut pieces of tile inta position. Press down cn the tile Measure, cut, and install ties that require notches or curves ta 
until each piece is level with adjacent tiles fitaround obstacles (set, such as exposed pipes or tolet drains, 


J 


Carefully remove the spacers with needienose pliers Apply mortar and settles in the remaining quadrants, 

before the mortar hardens. ‘completing one quadrant before starting the next. Inspect all 
of the tie joints anc use a uty knife or grout knife to remove 
any high spots of mortar that could show through the grout, 


(continued) 
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Install threshold material in doorways. If the threshold js too long for the 
doorway, cut it to fit with a jigsaw or circular saw and a tungsten-carbide blade. Set 
the threshold in thin-set mortar so the top is even withthe tile. Keep the same space 
between the threshold as between tiles, Let the mortar set for at least 24 hours, 


Starting in a corner, pour the grout aver the tle Use a 
rubber grout oat to spread the grout outward from the corner, 
pressing firmly onthe float to completely fil the joints. For best 
results the the float at a 60° angle tothe floor and use @ figure 
eight motion. 
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Prepare a small batch of floor grout 
to fil the tile joints. When mixing grout 
for porous tlle, such as quarry or natural 
stone, use an additive with a release 
agent to prevent graut from bonding to 
the tile surfaces, 


Use the grout float to remove excess grout from the surface 
Of the tile, Wipe diagonally across the joints, Nolding the 

float in 2 near-vertical position. Continue applying grout and 
Wiping off excess until about 25 square feet ofthe floor has 
been grouted. 


IF 


Wipe a damp grout sponge diagonally over about 2 square Allow the grout to dry for about 4 hours, then use @ 
{eet of the floor ata time. Rinse the sponge in cool water soft clath to buff the tile surface and remove any remaining, 
between wines. Wipe each area anly once since repeated grout film, 

‘wiping can pull grout back out of joints. Repeat steps 17 to 18 

+0 apply grout to remainder of foo, 


Apply grout sealer to the grout lines, usinga small sponge Variation: Use a tile sealer to seal porous tile, such as quarry 


‘rush or sash brush. Avoid brushing sealer on to the tle tile or unglazed tile. Following the manufacturer's instructions, 
surfaces. Wipe up any excess sealer immediately. Folla thin coat of sealer over the tile and grout joints, using & 
paint raler and extension handle. 
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WH installing Mosaic Tile 


lent choice for smaller areas. 


osaic tile is an o 
It requires the same preparation and handling as 

larger tiles, with a few differences. Sheets of mosaic 
tile are held together by a fabrie mesh backing. 
makes them more difficult to hold, place, and move. 
‘They may not he square with your guidelines when 
you first lay them down. And mosaic tiles require many 
more temporary spacers and much more grout 

A few cautions: Variations in color and texture are 
just as likely among mosaic tile as individual tiles, so 
buy all your tile from the same lot and batch, Mortar 
‘or mastic intended for ceramic tile may not work with 
alass mosaic tile. Finally, in projects where the finished 
project will be exposed to the elements, make sure you 
have adhesive and grout suitable for outdoor use. 


Tools & Materials > 


Notched trowel 
Recommended 
adhesive 

Rubber mallet 
Sanded grout 
Serap lumber 
Straightedge 
Tile nippers 
Tile spacers 


Carpenter's square 
Chalk line 
Cleaning supplies 
Coarse sponge 
Crafi/utility knife 
Grout sealer 
Marking pen 

or pencil 
Measuring tape 


| How to Install Mosaic Tile 


Clean and prepare the area and then draw reference ines 
(see page 181). Beginning at the center intersection, apply the 
recommended adhesive to one quadrant. Spread it outward 
‘evenly with a notched trawel. Lay down only as much adhesive as 
Yyou can cover in 10 t0 15 minutes. 
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‘Mosaic tiles come in sheets (usually 12 12") and can be 
made from ceramic, porcelain, lass or any number of designer 
‘materials. Normally installed for their appearance, mosaics are 

relatively high maintenance and prone to cracks because of al 

the grout lines 


Select a sheet of mosaic tile, Place several plastic spacers 
within the grid so that the sheet remains square. Pick up the 
sheet of ties by diagonally opposite comers This will help you 
hold the edges up so that you don’t trap empty space in the 
middle ofthe sheet 


Gently press one corner into place on the adhesive. Slowly 
lower the opposite comer, making sure the sides remain 
‘square with your reference lines, Massage the sheet into the 
aghesive, being careful not to press too hard or twist the sheet 
‘out of position, Insert a few spacers in the outside edges of 
the sheet you have just placed. This will help keep the grout 
lines consistent. 


‘At the outer edges of your work area, you wll probably 
need to tim ane or more rows from the last sheet. Ifthe space 
left at the edge is more than the width of a regular graut line, 
use tile nippers to trim the last row that wil fi. Save these 
leftover tiles for repairs 


When you have placed two or three sheets, iay a scrap 
plece of flat lumber across the tops and tap the wood with a 
rubber mallet to set the fabric mesh in the adhesive, and to 
force out any trapped air 


After the adhesive has cured, usually 24 to 48 hours, 
apply grout (see pages 196 to 197). With many more spaces, 
‘mosaic tiles will require more grout. Follow the manufacturer's 
Instructions for spreading and floating the grout. Clean up 
Using the instructions for individual tiles (see page 197). 


Flin 


WW) installing Carpet Squares 


clean, level, dry underlayment or existing floor. If the 
surface underneath is waxed or varnished, check with 


[Vfeetsarnetingtasa singe design and is stretched 
the manufacturer before you use any adhesives on it 


from wall to wall. It covers more square feet of 


American homes than any other material. But if you 
want a soft floor covering that gives you more options, 
carpet squares are an excellent choice. 

Manufacturers have found ways to create 
attractive new carpet using recycled fibers. This not 


Tools & Materials > 


only reuses material that would otherwise become Adhesive Flat-edged trowel 
landfill, it reduces waste in manufacturing as well Aviators snips Marking pen 
So, instead of adding to problems of resource Carpenter's square or pencil 
consumption and pollution, earpet squares made from Chall fine Measuring tape 


Gleaning supplies Notched trowel 


recycled materials help reduce them, 
Grafv/utlity knife Straightedge 


The squares are attached to each other and to the 
floor with adhesive dots, They can be installed on most 


Carpet tiles combine the warmth and comfort of carpet with do-t-yourself installation, custom designs, and easy replacement, 
They can be laid wall-to-wall or in an area rug style, as shown above. 
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How to Install Carpet Squares 


Take the squares out of the package. Be sure the 1 
\well ventilated. Carpet squares should be 
for at least 12 hours before you lay them down, 


Check the requirements for the recommended adhesive, 
You can instal res aver many other flooring 
‘materials, including hardwood, laminates, and resilient 
sheets or tiles. The carpet squares shown here are fastened 
with adhesive dots, t any existing floor provides @ 
Usable surface 


4 


Make sure the existing floor is clean, saath, stable, 
and dry, Use floor leveler if necessary to eliminate any hills or 


valleys. any part of the floor is loase, secure it to the subfloor mine the visual center and 
cr underiayment before you install the carpet squares. Vacuum ross the center and perpendicular to the walls, This set of 
ith a damp cloth. guidelines will show you where to start, 


(continued) 
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Lay a base row of carpet squares on each side of the 
‘two guidelines, When you reach the walls, make note of how 
much you will need to cut. You should have the same amot 
to cut on each side. If not, adjust the center point and realign 
the squares. 


7 


Fasten the base rows in place using the manufacturer's 
recommended adhesive, This installation cals for two adhesive 
dts per square. As you place each square, make sure it 

is aligned with the guidelines ana fits tightly against the 

next square. 
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Check the backs of the squares before you apply any 
adhesive. They should indicate a direction, using arrows 
or other marks, so that the finished pile has @ consistent 


appearance. ifyou plan to mix colors, this is the time to 
establish your pattern 


When you reach a wall, fl the last square over Push it 
against the wall until itis snug. Ifyou are planning a continuous 
pattern, align the arrows with the existing squares. f yau are 
Creating a parquet pattem, turn the new square 90 degrees 
before marking it 


(Editor: It isnecessary to note that the analogues method 
was used by Russian inventor Pavel N. Yablochkov who 
in 1877 take out a patent #120684 “The system of 
distribution and amplification of electrical currents by 
‘means of atmosphere electricity...” As it was shown by 
Yablochkov devices, power doubled in lamps, though 
current of consumption did not increse.) 


No doubt, through the so far achieved results one main 
objective has been reached, namely to prove that it is 
possible to use Free Energy. Nevertheless the research 
work is not yet completed. 


‘To the educated physicist many things of this machine 
may seem impossible, maybe even crazy. Maybe he is 
also offended by the conceptions used to explain the 
whole. Only partly we could use the concepts of 
conventional physical terminology to explain and define 
only approximately the functions and properties of the 
various parts of the machine. 


After all it will be necessary to create some more new 
concepts like the one we have already used before, 
when we termed the non-contacting collectors of 
electric charges as antenna keys 


This machine puts experts, which are just trained in 
conventional physics to a very hard test, because its mode 


of action is not explainable with the state of the art of 
officially accepted physical knowledge, or at the most 
only partially explainable. However also a trained 
specialist should remain free and independent in his 
thinking, and should avoid to be limited by the temporal 
framework of publicly admitted knowledge in any science. 


Ithas tobe noted that the established science was already 
many times forced to change or give up some of its very 
fundamental concepts. Think about Galilee, to name only 
one example. Ourhuman society almost condemned this 
man as a sorcerer and magician, just because he 
investigated and discovered a truth that seemed 
unacceptable by the established science of the days. 


‘The book knowledge of any times is not wrong, but it is 
incomplete, and therefore allows to draw wrong conclusions. 


‘There was used information from the official web site: 
http://www.nethemnitha.com 


Official adress of Methernitha: Methernitha 
Genossenschaft Administration, Moosbuehlweg 2, 
3517, Linden, SWITZERLAND 


Official E-mail of Methernitha: info@methemitha.com 
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Mark notches or draw a line across the back where the 
new square overlaps the next-to-last one, Using a sharp 
carpet knife, a carpenter's square, and a tough work surface, 
ccut along this line, The cut square should fit neatly in the 
remaining space. 


Finish all four base rows before you fi in the rest of 

the room. AS you work, check the alignment of each row, if 
You notice a raw going out of line, find the point where the 
rection changed, then remove squares back to that point and 
start again 


‘Ata door jamb, piace a square face up were it will go. Lean 
the square against the jamb and mark the point where they 
meet, Move the square to find the other cutline, and mark 
that as well. Flip the square over, mark the two lines using a 
carpenter's square, and cut out the corner. 


Work outward from the center so that yau have a known, 
reference for keeping raws straight. Save the cut pieces fram 
the ends. They may be useful for patching odd spaces arqund 
doorways, heat registers, radiator pipes, and when you reach 
the comers 
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Refinishing Wood Floors 


finishing hardwood floors is one of the first major 

home improvement projects homeowners attempt 
The tools you need are readily available for rent, but 
pethaps the main reason so many DIYers attempt floor 
refinishing is that itis a very invasive project that requires 


alot of planning and moving of furniture. Doing it yourself 


allows you to work gradually on your own schedule 


if Tools & Materials > 


Staple gun Nail set 

Zip door Drum sander 

Painter's tape Sandpaper 

Plastic Power edge sander 

Fan Rotary buffer 

Pry bar Paint scraper 

2X4 scrap Sanding block 

Wood shims Tack cloth ‘A drum sander (A) end an edge sande (a) are rental 


that can tackle ust about any floorsanding project. 


Other products and tools for resurfacing and refinishing floors: Paint scrapers (C) are helpful for removing old finish in comers 
and other areas that cannot be reached by sanders, When refinishing floors, chemical stripping products (0) are often a more 
efficient method that yields better results. This is especially true for flaors that are uneven, or for parquet and veneered floors, 
\which cannot be sanded, Stripper knives (E) and abrasive pads (F) are used with the stripping products. For the final finish, 
based polyurethane (G) is poured into a paint tray (H) and applied using a wide painting pad with a pole extension () 
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| How to Refinish Wood Floors 


Staple plastic on all doorways. Place a zip door aver 
the entryway you plan to use for the duration of the project, 
Use painter's tape and plastic to cover heating and cooling 
registers, celing fans, and light fixtures. Finally, piace a fan in 
nearby window ta blow the circulating dust outside. 


Wedge a prybar between the shoe molding and baseboards 
‘Move along the wall as nalls loosen. Once removed, place 2 
scrap 2 4 board against the wall and, wth a pry bar, pry out 
baseboard at nails. Maintain the gap with wood shims. Drive 
protruding nals in floor \* below the surface with a nal set. 


Practice with the drum sander turned off. Move forwaid 
‘and backward; tit or raise it off the floor a couple of times. A 
drum sander is difficult to maneuver. Once it touches the floor 
it walks forward; if you stop it, it gouges the floor. 


For the initial pass with the drum sander, send with the 
grain, using 40- or 60-grit sendpaper. For large scratches use 
20 or 30, Start two-thirds down the room length on the right 
side; work yaur way to the left. Raise drum. Start motor. Siowly 
Jower drum to the floor. Lift the sander off the flor as you 
approach the wall, Mave to the left 2 to 4 and then walk it 
backwards the same distance you just waked forward. Repeat. 
(continued) 


Flooring @ 206 


4 


When you get to the far left side of the room, turn the Use a power edge sander along the walls, using the same grit 
‘machine around and repeat the process. Qveriap the sanded thal you last used with the drum sander. Make a succession of 
‘wo-thitd to featner out the ridgeline, Repeat this drum Coveriapping half-circles as you move along the entire perimeter 
sending process 3 or 4 times using 120-grit paper. For the final ofthe room, Next, run a rotary buffer over the floor twice: fist 
ass oF two use finer paper (150-er), with an 80-grt screen and then with @ 100-grit screen, Finally, 


Use @ random orbital sander to smooth out the floor. 


Use a paint scraper to get to corners and hard-to-reach Remove all plastic on doors, windows, and fixtures and then 
nooks, Pull the scraper toward you with a steady downward sweep and vacuum to prepare the room for finish. Wipe up 
pressure Pull with the grain, Next, sandwith a sanding block. _fine particles with a tack clath, 
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E al Fete 
Seal the sanded wood with 81:1 mixture of water-based Allow the floor to dry. Buf the surface lightly to remove any’ 


polyurethane and water, using a painting pad and pole. raised wood grain, using a medium abrasive pad. Vacuum the 
surface, using a bristle attachment, then wipe with a tack cloth 


Apply at least two coats of undiluted polyurethane finish ta. When the final coat is dry, buff the surface with water and 
get a hard, durable finish. Allow the finish to dry; repeat step 10 fine abrasive pad. Wait at least 72 hours before replacing the 
and then add a final coat. Do not overbrush. shoe molding 


Fling 
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Walls & 
Ceilings 


alls and ceilings are much more than structural 

barriers dividing your house into separate areas, 
They are canvases awaiting an inspired treatment 
that ean set mood, distinguish space, and reflect your 
personality within each individual room. 

‘Through creative design and a thoughtful 
selection of colors, textures, and materials, nearly any 
wall and ceiling design you dream up can become a 
reality. From basic painted wallboard and traditional 
‘wood paneling to elegant glass block and distinet 
veneer plaster finishes, there is an ever-increasing 
variety of wall and ceiling finish materials available 
to you. Most home centers and lumberyards keep 
4an impressive selection in stock and can easily 


accommodate special orders. 


In this chapter: 

* Installing Paneling 

* Installing Beadboard Wainscoting 
*« Building Glass Block Walls: 

* Applying Veneer Plaster 

* Paneling Ceilings 

Installing Suspended Ceilings 

* Installing Acoustical Ceiling Tiles 
* Installing Metal Ceilings 

* Installing Base Molding 

« Installing Picture Rail 

«= Installing Chair Rail 

* Installing Crown Molding 
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WW installing Paneling 


ch widths. Paneling that is 14" or less 
colors, and prices. in thickness requires a solid bucker of at least /" 


Pisvatngiexveradivwallsitereg mired ae ins 
comes in a wide range of styl 


Paneling sheets are made from a variety of materials wallboard; paneling *4" thick or more i rigid enough 
for numerous applications to be fastened directly to framing with sixteen-inch 

Solid and veneer wood paneling is durable and OC. spacing, Installation typically involves a panel 
easy to clean. Available in finished and unfinished adhesive, either applied in heads along the wall 
sheets, wood paneling brings a warm, rich tone to any or framing, or troweled onto the back surface of 
room. It is often used as wainscoting (pages 214 to the panel. Make sure to check the manufacturer's 
219) and also can be used as an inexpensive caver-up instructions for the product you purchase 


for damaged plaster. 

Laminate panels are sheets of MDF, 
particleboard, or plywood faced with paper, print or 
vinyl. Laminates are available in hundreds of colors, 
styles, and patterns, providing a durable alternative to 
paint or wallcoverings. 

FRP (fiberglass reinforced plastic), extruded 
plastic, and vinyl par 
throughout the panel, creating a low-maintenance, 
‘water-resistant wall surface for bathrooms, utility 
rooms, garages and workshops, as well as numerous 
commercial applications 

Tileboard is moisture-resistant hardboard coated 
with melamine, providing a durable, easy-to-clean 
plastic finish. It's designed to replicate the appearai 
of ceramic tle, for use in bathrooms, laundry rooms, 
and kitchens. 

Bamboo paneling is gaining in popularity due to 
its unique look and green-friendly spees. Panels are 
constructed of strips of bamboo laminated to a fabric 
backing, which allows it to conform to any type of 
surface, flat or curved. 

Most paneling is available in 4x 8, 49, and 
4 10 sheets. Some manufacturers also offer sheets 


els contain solid material 


e 


Tools & Materials> 


Pry bar Compass 

Stud finder Jigsaw 

Tape measure Caulk gun 
Plumb bob Paneling sheets 
Circular saw 4d finish nails 
Straightedge Wood stain 
Hammer Panel adhesive 
Carpenter's level Powdered chalk 
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How to Install Wood Paneling 


Starting in the corner farthest from the entry, use 2 stud _Lay the first paneling sheet face-side down. Measure 


finder to locate the center ofthe stud closest to, but less than’ _the distance from corner to the first plumb mark and add 1" to 
43" from, the corner. Find and mark stud centers every 48" allow for scribing. Use a circular saw and clamped straightedge 
{rom this frst stud, Snap a plumb chalk ine down the wall at _—_to cut paneling to this measurement. 


each location. Paneling seams will fall along these lines. 


Position the first sheet of paneling against the wall so Spread the legs of a compass to 1, then run the 

that the cut edge is 1” away from the comer, andthe opposite, compass down the full height of the wall to scribe the corner 
finished edge is plumb. Temporarily tack the top of the paneling irregularities onto the face of the paneling. Remove paneling 
to the wall from wall 


(continued) 
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Lay the paneling face-side up and cut along the seribe Apply stain or paint to the wall at the plumb lines so the 


line with a jigsaw. To prevent splintering, use a fine-tooth ‘backer will not show through the slight gaps at joints. Select 2 
‘woodcutting blade, The scribed edge will ft perfectly against ——_color that matches the color of the paneling edges, which may 
the wall corner, be darker than the paneling surface, 


Use a caulk gun to apply 2-long ‘Attach the paneling to the top of |_—_-Hang the remaining paneling so 
beads of panel adhesive tothe wall at the wail, using 4d finishing nails riven _thatthere isa slight space atthe joints 
6" intervals and in a continuous, wavy every 16". Press the paneling against This space allows paneling to expand 
bead about 1" back from plumb lines the adhesive, then pull it away from the in damp weather. Use a dime as a 

{to prevent adhesive from seeping wall Press the paneling back against the spacing gauge. 

Cut through the ints, For new con- wall when the adhesive is tacky, about 

struction, apply adhesive directly to 2 minutes, 

the studs 
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FUSION BY PLAS: 
‘CTROLYSIS OF WATER 
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Abstract: It has been disclosed that transmutation of 
the atomic nuclei of alkaline metals and the atomic 
nuclei of the cathode material takes place during 
plasma electrolysis of water. 


Key words: atom, nucleus, proton, neutron, electron, 
cathode, low-current, 


INTRODUCTION 


Cold nuclear fusion is the first hypothesis of a source 
of additional energy in heavy water electrolysis. 
Fleischmann and Pons, the American electrochemists, 
are the authors of this hypothesis [1]. They reported 
about it in 1989. Since that time a large number of 
experiments has been carried out in order to obtain 
additional energy from water [2], [3], [4], [5], (7, [8h 
[9], [10], [11], [12]. We continue to discuss this problem. 


‘THE FIRST EXPERIMENTAL PART 


In order to check this hypothesis, the following 
experiments were performed. Two cathodes were 
made of iron with mass of 18.10 g and 18.15 g. The 
first cathode operated during 10 hours in KOH 
solution; the second cathode operated during the 
same period in NaOH solution. Mass of the first 
cathode remained unchanged; mass of the second one 
was reduced by 0.02 g. The voltage by 
plasmaelectrolysis process was 220 V and the current 
(0.5-1.0) A (Fig.1). The indices of the consumption of 
the solution and the gases being generated were as 
follows (Table 1). 


Fig. 1 
Diagram of gas generator. Patent # 2175027: 
1 - lid of the reactor, 3- body of the reactor; 6 - the cathode; 
9 the anode; 11 - solution desing unit; 16 - cooler; 20 pipe for 
gas release; 23 - anemometer 


Table 1 


Experimental results 
indices] Water Volume [Energy expenses| 
consumption, kg | of gasos.m'| _kWh/m* 
KOH, 0.272 8.75, 0.28 
[waOH 0.445 12.66 0.21 


In order to increase safety of experimental results, the 
volume of the gases introduced with the help of 
anemometer is reduced twofold. 


It is known that from one litre of water it is possible 
to produce 1220 litres of hydrogen and 622 litres of 
oxygen. Quantity of the gases generated by the 
plasma electrolytic process is much greater than it is 
possible to get from consumed water (Table 1) [6]. It 
gives the reason to think that not only water 
molecules, but also the nuclei of alkaline metals and 
the atomic nuclei of the cathode material serve as a 
source of these gases. The analysing experiment has 
been performed in order to check this fact. 


‘Tadahiko Mizuno, the famous Japanese scientist (the 
co-author of this article), who works at the Division 
of Quantum Energy Engineering Research group of 
Nuclear System Engineering, laboratory of Nuclear 
Material System, Faculty of Engineering, Hokkaido 
University, Japan, kindly agreed to perform chemical 
analysis of the cathode samples with the help of the 
nuclear spectroscopy method (EDX). Here are the 
results of his analysis. The content of chemical 
elements on the surface of non-operating cathode is 
as follows (Table 2) 


Table 2 
Chemical composition of the cathode surface prior 
its operation in the solution 


Element Fe 
% 99.90 


‘The new chemical elements have appeared on the 

working surface of the cathode, which works in KOH 

solution (Table 3). 

Table 3 

Chemical composition of the surface of the 
cathode, which operates in KOH solution 


Element [_ Si K | G Fe | cu 
% 094 | 480 | 1.90 | 93.00 | 045 


‘The chemical composition of the surface of the cathode, 
which operates in NaOH has proved to be different 
(Table 4) 


Table 4 
Chemical composition of the surface of the 
cathode, which operates in NaOH solution 


fiement] Al [si [ci | K [Ca[G@r| re [cu 
% [2.10 [0.55 ]0.20 0.60 0.40]7,60/ 94.00 [0.65 


New Energy Technologies, Issue #1 January 


February 2003 


How to Cut Openings in Paneling 


For receptacles, switches, fixtures, and heating vents, 


For window, door and other openings, measure the 
‘coat the edges of electrical boxes and ductwark with chalk. 


‘opening and mark the outline on the backside of the paneling, 
Cutto size using a circular saw and straightedge. install as you 
‘Would a full sheet of paneling (page 212). 


Press the paneling against the wall, so the backside Lay the paneling face-side down. Drila folz at one 
presses against the outlet or vent—the chalk outline will corner of each outline, then use a jigsaw with a fine-toath 


transfer to the paneling. woodcutting blade to make the cutouts. 
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ainscoting refers to virtually any specialized 
treatment of the lower three to four feet of 

interior walls. The form demonstrated here, using 

tongue-and-groove boards, frst gained popularity 

in the early twentieth century. Recently, it has re- 

cemerged as a stylish way to dress up a room. 

“Typical tongue-and-groove boards for wainscoting 
are made of pine, fir, or other softwoods and measure 

4" ta 4" thiek. Each board has a tongue on one edge, 
groove on the other, and usually a decorative bevel 
‘or bead on each edge, Boards are cut to length, then 
attached with nails, most of which are driven through 
the tongues of the boards, This technique, known as 
blindnailing, hides the nails from view, 

Once installed, the wainscoting is capped at a 
height of 30" to 36” with a molding called a cap rail. The 
exact height of the wainscoting isa matter of personal 
preference. When installed to the height of the furniture 
in the room, wainseoting provides visual symmetry 
It also allows the cap rail to double as a chair rail, 
protecting the lower portion of the walls from damage 

When installed over finished wallboard, 
‘wainscoting usually requires that nailers be fastened to 
the wall studs to provide a reliable backing for nailing, 
You can skip this step if you know there is consistent 
blocking between the studs to substitute for this 
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WH installing Beadboard Wainscoting 


backing, However, this is usually difficult to confirm 
unless the walls were framed with tongue-and-groove 
wainscoting in mind, 

Wainscoting ean be painted or stained. Oil-based 
stains can be applied before or after installation, since 
‘most of the stain will be absorbed into the wood and 
won't interfere with the tongue-and-groove joints 
If you're painting, choose a latey-based paint; it w 
resist eracking as the joints expand and contract with 
changes in the weather. 


| Tools &Materialsy 


Pencil ‘Tape measure 

Level Paintbrush 

Circular saw “Tongue-and-groove 
Miter saw hoards 

Miter box Finish nails 

Hammer 1x3 furring strips 
Nail set 2" 10d finish nails 
Plane Receptacle box 

Gircuit tester extenders, as required 
Pry bar Paint or stain 


‘Tongue-and-groove wainscoting boards 
are milled with smooth faces or contoured 
to add ditional texture to your walls, For 
staining, choose a wood species with a 
pronounced grain. For painting, poplar is 
‘2 good choice, since it has few knots and 
‘a consistent, closed grain that accepts, 
paint evenly 


How to Prepare for a Wainscoting Project 


‘Measure to make a plan drawing of each wal in your Condition the planking by stacking itn the room where it 
project. Indicate the locations of fixtures, receptacles, and will be installed, Place spacers between the planks to let air 
windows. Use a level to make sure the corners are plumb. if circulate around each board, allowing the wood to adjust to 
rot, mark plumb lines on the walls to use as referenice points. the room's temperature and humidity. Walt 72 hours before 


staining or sealing the frant, back, and edges of each plank. 


Remove the baseboard moldings, along with any ‘Mark the walls with level lines to indicate the top of the 
receptacle cover plates, vent covers, or ather wall fixtures wainscoting. Marka line "from the floor to provide a small 
within the area you plan to cover: Before you begin, turn off the gap for expansion at the floor. 

electricity tothe circuits in the area. 
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Begin installation at the corners, 
Install any outside comers (A) first, 
‘working your Way toward the inside 
corners, In sections of a room that have 
‘no outside corners, start at the inside 
corners (8), and work your way toward the: 
door and window casings. Calculate the 
umber of boards required for each wall 
Using the measurements on the drawing 
you created earlier (ength of wall divided 
by width af one plank). When making this 
calculation, remember that the tongues 
are removed from the comer boards. the 
total number of boards for a wall includes 
a fraction of less than ‘ of a board, plan 
to trim the first and last boards to avoid 
ending with a board cut to ess than half 
its original width 


Cut a pair of boards to the widths Position the boards at the comer, Position a piece of corner trim and 

indicated in the calculations you butting them to create a plumb comer, nail tin place, using 6d finish nails. 

developed during the planning process. _Facenall the boards in place, then nail Install the remaining boards (opposite, 
the joint using 6d finish nails. Drive steps 5 and 6) 


the nails to within ¥ of the face of the 
boards, then finish with a nail set 
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How to Install Wainscoting at Inside Corners 


Hold a level against the first board and 
Hold the board flush with the corner, iF 
the wal is out of plum, trim the board 
to compensate: Hold the board plumb, 
position a compass at the inside corner 
Of the wall, and use it to scribe a line 
down the board 


“Tm 


Install a second board at the corner 
‘by butting it against the first one, then 
facenaiing in at least twa locations. Nail 
10 within 1" of the face of the board, 
then use a nal set to finish, 


Cut along the scribed line with a 
circular saw. Subsequent Doards may 
Tequire minor tapering with a plane to 
adjust for plumb, 


Position subsequent boards. Leave 
2 Yu" gap at each joint to allow for 
seasonal expansion. Use a level to 
‘check every third board for plumb. 
Ifthe wainscating is out of plumb, 
adjust the fourth board, as necessary, 
to compensate, 


Hold the first board in the comer, 
leaving @ ¥" gap for expansion, and 
facenail into the center of the board 

at each nailer location, using éd finish 
rails, Drive the top nails roughly % fram 
the edge so they'll be hidden from view 
‘once the cap rail is attached 


® 


Mark and cut the final boatd to fit. IF 
you're at @ door casing, cut the board to 
fitflush with the casing (trim off at least 
the tongue). if you're at an inside corner, 
make sure itis plumb, If rot, scr 

trim the board to fit 
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How to Make a Cutout 


Test the receptacle (inset) 10 make sure the power is oft 
Then, unscrew and remove the receptacle from the Dox. Coat 
the edges of the electrical box with bright colored chalk 


then reattach the 


the outline. Use a jigsaw fitted with a 
fine-toth woodcutting blade to mak 
the cutout. Be careful not to cut outside 
the lines. 
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Facenail the wainscoting to the wall 


tabs overlapping the wainscoting so the 
receptacle is flush with the o 
may need longer screws, 


Press the back of the board that will be installed over 
the receptacle, directly against the electri 
cutting outline, 


| boK, to create @ 


Tip> 


recept 
you will need to attach a 
receptacle box extender to 
the Inside of the box, then 
econnect the receptacle so 
itis fish with the opening in 
the paneling. 


le with the 


ing. You 


How to Install Wainscoting Around a Window 


| | SS. ])) 


i ii i I i = 
on casement windows, install wainscoting upto the casings On double-hung windows, remove any window tim anc 
on the sides and below the window, install" cove molding, install wainscoting Upto the jambs an the sides and below the 
quarter round, or ater trim to fish te edges. vandow. Cut te stool ot over the wainscoting, then reinstall 

the apron. 
How to Finish a Wainscoting Project 
- ~ i 
Ail 
° 

‘Cut baseboard moldings (pages ‘Cut cap rail to fit as you would Attach the cap rail by nailing 4d finish 
242 to 245) to fit over the wainscoting toured chair rail (page 249). At d nails through the flats of the moldings 
and attach them by naling éd fisting and windows, instal te cap rail so ts at te stud location so tet nals enter 
nails at the stud lotatons Ifyou pian ta edges lush wth he side cosines both th studs and the wanscotng Set 
install ba small gap at the alls wi 2 na set 


the floor 
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Building Glass Block Walls 


\ [\ ith its ability to transmit light, a 
\ 


VV partition wall defines separate living 


lass block 


sine | ‘Tools & Materials > 


maintaining a sense of openness. You can find glass 


block at specialty distributors and home centers in a Chalk line Panel anchors 

variety of patterns, shapes, and sizes, along with all the Circular saw 212" drywall screws: 

products needed for the installation. Jigsaw Foam expansion 
You can build your wall to any height. Top a low Paintbrush strips 

wall with a course of bullnose blocks to give it a finished Drill Glass block mortar 

rounded edge, or with flat block to create a shelf. To build Mixing box 8" glass blocks 

« full-height wall, calculate the number of courses of block Trowel Pspacers 

you'll have, then frame-in a header to fill the remaining Level Board 

space between the finished black and the ceiling, Pliers Reinforcement wire 
Because of its weight, a glass block wall requires Jointing tool 16-gauge wire 


Nylon- or natural: 


‘aulk or wall trim 


a sturdy foundation. A four-inch-thick conerete 
| bristle brush Baseboard 


basement floor should be strong enough, bu 
floor may need to be reinforced. Contact the local Sponge 

building department for requirements in your area, 2% 6 lumber 

Also bear in mind that glass block products and 16d common nails 


installation techniques vary by manufacturer—ask a Water-based 
asphalt emulsion 


lass block retailer or manufacturer for advice about 
the best products and methods for your project. 


Glass block has many uses in modern up-scale homes arid today's installation systems allow homeowners to easily 
‘work witht 
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| How to Build a Glass Block Wall 


- Expansion strip 


/ Panel anchor 


Glass Reinforcement wire 
Book 

Mortar 

a | Sf Emulsion 


| 


The block wall in this project has a sill made of two 2 « és 
cut to the exact width of the block. This provides a stable base 
to help resist floor mavement and protect the lower courses. 
The block wall is secured to an anchor stud in an adjoining 
\wall, by means of metal panel anchors. Expansion strips 
between the two walls alow for movement. 


Dry-lay the first course of glass block, using a "wood 
spacer between the wall and the first block, and" spacers 
between the remaining blacks, to set the gaps for the mortar 
joints. Mark the wall position onto the floor then remove 

he blocks. Snap chalk lines along the marks to create the 
sill outline, 


Determine the sill thickness based on the size of your 
baseboard and thickness ofthe floorcavering. Rip 2 x é lumber 
to the width ofthe block. f the end blocks are shaped, tim 
the sill pieces to match, using a jigsaw. Fasten the sil to the 
subfloor and framing below with 16d common nails. Apply 
asphalt emulsion to the sil, using a paintbrush, 


‘Mark plumb lines on the adjoining wall, straight up from 
sides ofthe sil. Mark the finished height of each course along, 
the lines. Fasten a panel anchor to the anchor stud at the 
top of every second course, using 27" drywall screws Cut 
sion strips to size and adhere them to the wall between 


(continued) 
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‘Mix only as much mortar as you can apply in about Lay the remainder of the course. |f the wall fias a comer, 
‘30 minutes. Lay a"-thick mortar bed on the sil, enough for work from both ends toward the center, and install the comer 
three or four blocks Set the first block, using YA" Fspacers at —_piece last. Use Ye" spacers between blocks to maintain 

the mortar jaint locations (follow the manufacturer's directions proper spacing, Plumb and level each block as you work, then 
‘or modifying F-spacers at the bottom and sides of the wall).Do check the entire course, using a flat board and a level. Tap 
not place mortar between blocks and expansion strips. Butter _ blocks into place using a rubber mallet—do not strike them 
the trailing edge of each subsequent block with enough mortar with a metal tool 

to fil the sides of both blocks. 


At the top of the course, fil the joints with mortar, and then Apply a %" bed of mortar over the second course, then 
lay a Ye" bed of mortar forthe second course. Lay the block for press the panel anchor into the mortar. Repeat this process at 
the second course, checking each block for level and plumb as each anchor location. 

you work 
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Thus, the hypothesis concerning the participation of 
the nuclei of alkaline metals and the atomic nuclei of 
the cathode material in the formation of gases during 
plasma electrolysis of water has experimental 
confirmation. Let us carry out the preliminary analysis 
of the data being obtained (Tables 2, 3, 4). 


‘THE FIRST THEORETICAL PART 


In any of these cases, the atoms and the molecules of 
hydrogen are formed. The part of it is burned and the 
other goes out with the steam. We have already shown, 
that the processes of fusion of the atoms and the 
molecules of hydrogen and its isotopes result in 
occurrence of additional thermal energy [6]. Numerous 
experiments show that up to 50% of additional thermal 
energy are generated during the plasma electrolysis of 
water, it is less than the results of the calculations 
originating from the existing cold fusion theories [6] 

That's why it is necessary to analyse energetics of the 
particle creation process during the atomic nucleus 
transmutation, 


Having considered the model of the electron we have 
found out that it can exist in a free state only when 
it has a definite electromagnetic mass [6]. Being 
combined with the atomic nucleus it emits a part of 
energy in the form of the photons, and its 
electromagnetic mass is reduced. But stability of its 
condition does not become worse, because the 
energy carried away by the photons is compensated 
by binding energy of the electron in the atomic 
nucleus [6]. 


If the ambient temperature is increased, the electron 
begins to absorb the thermal photons and to pass to 
higher energy levels of the atom reducing binding with 
it, When the electron becomes free, it interacts with 
the atom only if the ambient temperature is reduced. 
As this temperature is reduced, it will emit the 
photons and sink to lower energy levels [6] 


If the electron is in a free state due to an accidental 
external influence on the atom and the environment 
has no photons, which are necessary for it to restore 
its mass, it begins to absorb the ether from the 
environment and to restore its constants in such a 
way: mass, charge, magnetic moment, spin and radius 
of rotation. The electron acquires the stable free state 
only after it has restored its all constants [6]. 


Thus, if an interchange of the free state and binding 
state with the atom takes place due to the accidental 
influences on the atom, the electron restores its 


m,=8m,-Am,, = 3-9.109534 10*'- 2305810 


electromagnetic mass every time due to absorbing 
the ether. It means that actually it plays the role of a 
converter of the ether energy into the thermal photon 
energy. 


The Japanese investigators Ohmori and Mizuno [4] 
registered neutron radiation during plasma electrolysis 
of water and reported that not only the nuclear process, 
but also the process of the electron capture by the free 
protons can be the source of this radiation. 


As hydrogen plasma is generated during the plasma 
electrolytic process of water electrolysis, there exists 
atendency of the capture of the free electrons by them. 


It is known that rest mass of the electron is 
m, = 9.109534 - 10 kg, rest mass of the proton is 
-m,=1,6726485 - 10” kg, and rest mass of the neutron is 
mm, =1,6749543- 10” kg. The difference between the mass 
of'the neutron and the mass of the proton is equal to 
Am,,=23.058 - 10°" kg. It is 23.058 - 10" / 9.109- 10" = 

581 of the mass of the electron. Thus, the proton 
should capture 2.531 electrons in order to become the 
neutron. The question arises at once: what will happen 
to the remained of electron mass 
(3.0-2.531)m,=0.469m,? The disturbed balance of 
masses in this process is explained by modern physics 
in a simple way: a neutrino is created [6]. 


As the neutrino has no charge, it is very difficult to 
register it. If the neutrino takes the excess mass 
away or replenish the lacking one, can the 
elementary particles execute this process by 
themselves? 


As the photons are emitted and absorbed only by the 
electrons, the proton, which absorbs the electrons, 
cannot convert the remainder of mass of the third 
electron into the photon. If the electron is absorbed by 
the third one and gives more than a half of its mass to. 
the proton in order to convert it into the neutron, the 
remaining part of mass (0.469m,) of the electron, which 
has no possibility to become the photon, is converted 
into a portion of the ether, which “is dissolved" and 
mixed with the ether in the space. The fact that plasma 
has no photons with the mass corresponding to the 
part of mass of the third electron, which has not been 
absorbed by the proton during its conversion into the 
neutron, can serve as a proof of such affirmation. Let 
us calculate energy of such photon [6] 


The difference the mass of the neutron and the 
proton is equal to Am, =23.058 - 10" kg. If we 
subtract this value from the mass of three electrons, 
we'll get mass m,, from which the photon should be 
formed [6] 


270602-10 kg cy 


If the photon is formed from this remainder of mass m,, its energy will be [6]: 


4.270602 - 10** . (2.997924 . 10°}. 
E,,=m, +2 = EE 
1.602189 - 10° 


=23,956126 - 10'eV (2) 
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Add reinforcement wire in the same joints as the panel 
anchors, overlapping the anchors by 6". Also averlap the wire 
by 6" where muitiole pieces are needed. At comers, cut the 
inner ral ofthe wire, bend the outer rail to follaw the comer, 
then tie the inner rail ends together with 16-gauge wire, Add 
another Ve" mortar bed, then lay the next course of block 


Clean the glass block thoroughly, using a wet sponge and 
Tinsing it often. Allow the surface to dry, then remove cloudy 
residue with a clean, dry cloth. After the mortar has cured for 
two weeks, apply a sealant, Caulk the seam between the glass 
block and the adjoining wall, or cover the gap with trim, 


Build the wall in complete courses, checking the mortar 
after each course. When it is hard enough to resist ight finger 
pressure (usually within 30 minutes), twist off the spacer tabs 
(inset) and pack mortar in the voids. Then, tool all of the joints 
with a jointing tool. Remove excess mortar from the glass, 
Using a brush or damp sponge. 


Reinstall the flooring, if necessary then cut baseboard to fit 
around the sil (see pages 242 to 245). Ifthe end af your wall 
has curved (bulnose) black, wrap the end with three pieces, 
of tim, 
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hile gypsum wallboard all but wiped out 
traditional plaster and lath in the 1940s, a new 

xeneration of plaster produets now make plaster easier 
and cheaper to apply leading to renewed popularity 
for this classic material 

Veneer plaster systems provide a solid, uniform 
‘wall surface that is highly resistant to nail pops, cracks 
and surface damage. A skim coat of plaster is troweled 
onto a gypsum wallboard base that has a distinetive 
blue calor, commonly called blueboard. While 
bluchoard is installed like standard wallboard, it has 
a highly absorptive face paper to which the wet-mix 
plaster bonds. Blucboard joints do not need to be taped 
as precisely as standard wallboard joints, and seams and 
fastener heads do not show through the Finished plaster 
surface, a common prublem with standard wallboard 

Venwer systems are available in one-coat and 
at systems have a single 
layer of Finish plaster applied directly to the blueboard 
bas stems, a rough basecoat for the fi 
plaster to mechanically “key” or bond to, providing 
a more rigid surface. Finish plaster ean be troweled 
smooth or tooled fora texture, Sand and other 
additives can be used to ereate coarser textures. 


hwo-coat systems. One~ 


two-cout § 


Tools and materials for installing veneer plaster include: 
‘ory-mix veneer plaster basecoats (A) finish plaster (8), 
available for smooth or textured applications; spray bottle for 
moistening surfaces (C}; non-adhesive fiberglass mesh tape 
{or covering blueboard panel seams and inside corners (Dj, 
outside corner beads with metal beads and mesh flanges () 
‘mortar hawk (F), 12" trowel (6); thin-wire rake for roughening 
the base coat (H). 
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WH! Applying Veneer Plaster 


Applying veneer plaster effectively does take 
some time to master, but no more so than that of any 
masonry technique that requires troweling. The key 
is to apply the plaster in quick, short strokes, called 
“scratching in,” and then to immediately trowel it over 
with a steady, even stroke to smooth the plaster toa 
consistent thickness, typically 


oR 


"Tools & Materials > 


Stapler 
Hammer 


Metal corner bead with 
mesh flanges 

Heavy-duty 4" 114" wallboard serews 
drill with Non-adhesive fiberglass 
mixing paddle mesh tape 

V6-gal. drum Ye staples 

Mortar hawk Clean potable water 

12” trowel Dry-mix veneer 

Fine-wire rake hasecoat plaster (for 
or broom ‘wwo-coat application) 
(for basecoat) Dry-nix ve 

Spray water battle finish plaster 


ONE- AND TWO-COAT VENEER 
PLASTER SYSTEMS 


‘one-coat veneer plaster 
systems use a single, Yu" 


Two-coat veneer plaster 
systems are composed af 
"sto 7" basecoat plaster 
applied to blueboard, folowed 
by.a Yu"-to%"-thick coat of 
finish plaster. The finish coat 
bonds with the seratched 
bbasecoat surface, forming a 
‘mote uniform and monolithic 
surface than that of a 
‘one-coat system, 


to %:"-thick coat of finish 
plaster applied directly to 

a blueboard base, The coat 
ccan be troweled smoath or 
textured, resulting in a hard, 
‘monolithic surface. 


How to Apply a One-Coat Veneer Plaster System 


Cover all seams first. Apoly a thin 
layer of plaster along all fiat seams and 
comer bead, feathering out the edges 
by 6", For inside corners, apply a thin 
bed of plaster and embed the loose 
tape, then caver with another thin layer. 
Allow all taped seams to set 


Variation: Blueboard joints can also be reinforced with paper tape, Embed the tape 
ina thin plaster bed, then and cover with another thin layer to conceal the tape fully. 
‘Note: Some manufacturers recommend setting-type compound for embedding paper 
tape; always follow the manufacturer's directions for the products you use, 


After the seams have set, begin plastering the surface, beginning at one comer and moving to the opposite, Start with cellings 
and then do the wals, completing one entire surface before moving onto the next. To apply the plaster, tightly scratch in the 
‘material up the wall (photo lef), then immediately double-back over it, smoothing aver the material to thickness of Ys to Ys 

a specified by the manufacturer Us tight, quick strokes to apply the plaster during the “scratch pass" and long, even strokes to 
achieve consistency during the “smooth pass” 


(continued) 
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Continue to apply plaster by scratching in and smoothing Once the plaster begins to firm, trowel the surface to 


ver the surface. Don't worry about uniformity and trowel {ill any voids and remove tooling marks and imperfections, 
ridges at this point. Rather, make sure the entire surface is integrating the surface into a uniform smoothness. 
completely concealed with a relatively even plaster coat, Ys" 

10 %"-thic. 


Prior to the plaster setting, make a fal pass with the Variation: For textured surfaces, skip the final troweling and 
‘rowel to smooth the surface, using water sparingly. Do not work the surface with a texturing tool to achieve the desired 
‘over trowel; stop before the plaster begins to darken and sets, results. Note: Sand or texture added tothe plaster mixture 


does not require tooling. 
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How to Apply Basecoat in a Two-Coat Veneer Plaster System 


Apply a thin layer of basecoat along all fat seams and 
‘corner bead, feathering out the edges by 6°, For inside 
comers, apply @ thin bed of basecoat and embed the loose 
tape, then cover with another thin layer. Allow all taped seams 
toset. 


‘Once the plaster begins to firm or “take up," trowel 
the surface to fill ny voids and remove toaling marks and 
imperfections, integrating the surface into a reasonably 
uniform surface—do nat overtrawel ta a smooth surface, 
CCreate keys for the final coat, using a thir-wire rake to roughen 
the basecoat 


After the seams have set, tightly scratch in basecoat, then 
immediately double-back over it, smoothing over the material 
toa thickness of Yu" to w", as specified by the manufacturer 
Use tight, quick strokes to apply basecoat for the “scratch 
pass” and long, even strokes to achieve consistency for the 
“smooth pass” 


MW: 
i 


Approximately two hours after the basecoat has set, 
the finish coat can be applied using the same techniques as 
for a one-coat veneer plaster system (see pages 225 to 226). 
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WW) Paneling Ceilings 


Tirnenend rn ping epeningalenaive 
toa wallboard ceiling, particularly in a knee-wall 
attic, Pine paneling is most common, but any tongue- 
and-groove material can be used. These materials 
are typically *" to 1" thick and are attached dir 
to ceiling joists and rafters (over faced insulation, 
when required). Most codes require you to install 
wallboard as a fire stop under ceiling material thinner 
than 4" 

Allow for waste by purchasing 15% more 
material than the square Footage of the ceiling; 
add more for waste if the ceiling requires many 
angled cuts. Since the tongue portion on most pieces 
slips into the groove on an adjacent piece, square 
footage is based on the exposed face (called the 
reveal) once the boards are installed. A compound 
miter saw is the best tool for ensuring clean cuts, 
This is especially important if the ceiling includes 


nion-90° angles 

Tongue-and-groove boards are attached with 
flooring nails driven through the shoulder of the 
tongue into each rafter (called blindnailing becaus 
the nail heads are covered by the next board). Naili 
through the board face is only necessary on the first 
and last course and on scarf joints 


Layout is very important to the success of a paneled 
surface, because the lines clearly reveal flaws such as 
pattem deviations, misaligned walls, and installation 
mistakes. Before beginning the installation, measure to 
see how many boards will be installed (using the reveal 
measurement). If the final board will be less than 2 
inches wide, trim the First, or starter board, by trimming 
the long edge that abuts the wall 

the angle of the ceiling peak is not parallel to the 
\wall, you must compensate forthe difference by ripping 
the starter piece at an angle so that the leading edge, 
and every piece thereafter, is parallel to the peak. 


"Tools & Materials » 


Chalk line 

Compound miter saw 

Circular saw 

Drill 

Nail set 

‘Tongue-and-groove 
paneling 


14" spiral 
flooring nails 
‘Trim molding 


‘Tongue-and-groove paneling can be installed directly over rafters or jlsts or aver wallboard. In atic installations, is important 
to Insulate first, adding a separate vapor barrier if required by building codes. Local code may also require that paper-faced 
insulation behind a kneewall be covered with drywall or other material 
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How to Panel a Ceiling 


1 
a” 


ap 


ie reveal of the boards, 


To plan your layout, frst measure 
Fittwo pieces together and measure from the bottom edge 
Of the upper board ta the bottom edge of the lawer board, 
Calculate the number of boards needed to caver ane side of 
the ceiling by dividing the reveal dimensi he overall 
cistance between the top of the wall and the peak 


ling, 


If the boards aren't long enough to span the entire 
plan the locations ol staggering the joints in a thr 
step pattern wil make them less conspicuous. Note that each 
joint must fall aver the middle ofa rafter. For best appearance, 
select boards of similar coloring and grain for each ro 


ral line for 
nends of the 
and 


Use the calculation from step 1 to make @ co 
the first row of panels—the starter boards. At bot 
ceiling, m jown fram the peak an equal dist 
make a mark to represent the top (tongue) edges of the starter 
‘ap a chalk line through the marks, 


_ 


Astboard 2nd board 


= 


Rip the first starter board to wicth by bevel-cutting the 
1m (grooved) edge. Ifthe starter row will have joints, cut 
the board to length using a 20° bevel cut on the joint end only, 
Two beveled ends jained together farm a scart joint (ised, 
which is less noticeable than a butt joint f the board spans the 
ceiling, square-cut both ends. 


(continued) 
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Walle & Ceiling 


Position the first starter board so the tongue is on the Cut and install any remaining boards in the starter row 


‘control lin. Leave @ Ys" gap between the square board end tone at a time, making sure the scarf joints fit together tightly 
and the end wall Fasten the board by nelling through its face teach scart joint, drive two nails through the face of the top 
about 1" from the grooved edge and into the rafters. Then, board, angling the rail to capture the end of the board behind 
blind-nall through the base of the tongue into each rafter, it if necessary predril the nail holes to prevent spitting, 


angling the nail backward at 45°. Drive the nail heads beneath 
the wood surface, using a nail set. 


CCut the first board for the next row, then fits grooved —_AS you install successive rows, measure down from 
exdge over the tongue of the board in the starter row, Use a the peak to make sure the rows remain parallel to the peak 
hammer and a scrap piece of paneling to drive downward.an _Cotrect any misalignment by adjusting the tongue-and-groove 
the tongue edge, seating the grooved edge over the tongue of joint sightly wth each row. You can also snap additional 


the starter board, Fasten the second row with blind-nails only. control lines to help align the rows, 
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Rip the boards for the last row to width, beveling the top _Install trim molding along walls, at joints 
edges so they fit flush against the ridge board. Facenail the and along inside and outside comers, if desi 
boards in place, install paneling on the other side of the celling, 1 x 2 works well as trim along walls) Whe 


around obstacles, 
5d. (Select-grade 


then cut and instal the final row of panels to form closed ‘o 
joint under the ridge board (inseb. 
Tips for Paneling an Attic Ceiling» 
S\ 
A 
‘Trim 
Colter 
tie 
Panel 
<j material 


Wrap collar ties or exposed beams with custom 
cut panels. install the paneling on the celling first. Then, 
may want to 
tas part of the trim 
rim so it fs tight to the 


panel around. It may be 
and hide the but joints 
also 


ue-and-groa 
tthe ends of th 


ling panels. 


Crete elgenes eittioaly pate 
ceiling finishes for basements and utility areas, 
particularly because they hang below pipes and other 
mechanicals while providing easy access to them. 
However, the commercial appearance and grainy 
texture of basic ceiling tiles make them an unlikely 
choice for formal areas such as living rooms. Basic 
tiles are not your only option. 

Suspended ceiling tile manufacturers have a wide 
array of eciling tiles to choose from that go above and 
beyond traditional institutional tiles. Popular styles 
mimic historical tin tiles and add depth to the ceiling 
‘while minimizing sound and vibration noise. 

A suspended ceiling is a gid framework made of 
lightweight metal brackets hung on wires attached to 
ceiling or floor joists. The lrame consists af T-shaped 
main beams (mains), eross-tees (tees), and L-shaped 
‘wall angles. The grid supports ceiling panels, which rest 
con the anges of the framing pieces. Panels are available 
in 2x 2. or 2x 4-lt. sizes, ina variety of styles. Special 
options include insulated panels, acoustical panels 
that absorb sound, and light-diffuser sereens for use 
‘with fluorescent lights. Generally, metal-frame ceiling 
systems are more durable than anes made of plastic. 


WW) Installing Suspended Ceilings 


“To begin your ce 
layout based on the si 


ing project, devise the panel 
of the room, placing equally 


sized trimmed panels on opposite sides to create a 
balanced look. Your ceiling must also be level. For 
small rooms, a 4-foot or 6-foot level will work, but a 
water level is more effective for larger jobs. You can 
make a water level with two water-level ends (available 
at hardware stores and home centers) attached to 
flexible plastic tubing, 


Water level Utility knife 
Chalk fine Suspended ceiling 
Drill kit (frame) 
Aviation snips Screw eyes 

String Hanger wires 


Lock-type clamps Ceiling panels 
Screw-eye driver 112" drywall screws 
Pliers ‘or masonry nails 
Straightedge 


‘Suspended ceilings are the most comman ceiling choice in areas, such as basements, where access to the joist cavities needs 
to be maintained. They're also installed as a way to conceal problem cellings. 
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‘This value of energy corresponds to roentgen spectrum, neutron radiation with intensity of 60,000 neutrons per 
that's why the creation of each free neutron should be second, and they failed to register roentgen radiation [4] 
accompanied by the creation of one roentgen photon. Ifit 

does not take place, we have two opportunities: the first fin this process the roentgen photons were created, they 
‘one ~ we should think that in the case when the neutron would not exceed heat efficacy of the plasma electrolytic 
Js created, the neutrino was formed from mass  Dovese nanausethey would not he the thermal photons 
m,=4.270602 : 10,, kg and flew away in the unknown 

direction; the second one ~ there were no conditions for Tie thermal photona;er radieted and absorbed whee: 
the formation of the photons in the process being _*he electrons make the energy transitions to the energy 
considered, and mass, which failed to be formed as a levela, which are the most ramote from the atomic nuclei, 
particle, “was dissolved” in the ether. Which variant is where the infrared photons and neighbouring ones from 
closer to the truth [6]? There is no exact answer, but it is the optical range of the spectrum with energies of 
known that the Japanese scientists registered only _=(0.001-3.3) eV are generated (Table 5) [6] 


Table 5 
Electromagnetic spectrum bands 


Bands Wave-length, m Energy, eV 
1. Low- frequency band (10"...10°) E=10"..10 
2. Broadcast band 10*...10") E=10"...10° 
3. Microwave band 10*...104) E=10°..10° 
4. Relic band (maximum) he=1-10° E=12-10° 
5. Infrared band 4 = (10*..7.7 +10") E = 10°..1.6-10? 
6. Light band 2 =(7.7-10"..3.8 - 107) E=16-10%..3.27 
7. Ultraviolet band, 2.= (2.8. 10”..10°) E=3.27..1: 102 
8. Roentgen band 4 = (10°...10) E = 10%..10° 
9. Gamma band A= (10"...10%) E=10'..10° 


Thus, the neutron fusion processes in plasma electrolysis of water will not generate additional thermal energy. But 
the appearance of the neutrons in plasma will promote the formation of the nuclei of deuterium and, possibly, of 
tritium, As the balance of masses remains almost unchanged, we have no reason to expect that additional energy 
will take place when deuterium and tritium are formed. But it is sure to appear during fusion of the atoms of 
deuterium and tritium, ie. the hydrogen atoms [6]. 


In order to become a proton, the neutron should radiate something, which mass is Am,,=23.058 - 10" kg. Let us 
convert this mass into energy [6] 
23.058 - 10°" - (2.998 - 10°)? 
ce at (3) 
1.602 - 10° 


E,,= Am, 


This energy corresponds to the gamma range photons, i.e. not to the thermal photons, and this process does not give 
additional energy. Thus, if the process of the formation of the helium atoms takes place during plasma electrolysis of 
‘water, it should be accompanied by gamma radiation. If there is no such radiation, but the helium atoms are formed, 
the neutrino takes away the above-mentioned portion of mass Am., or this mass, which has no opportunity to be formed 
as the photon, “is dissolved” in the environment, ie. it is transferred into the state of the ether [6]. As the roentgen 
photons and the gamma photons are not the thermal ones, this process gives no excessive thermal energy [6]. 


Another variant is possible. When the atoms of alkali metal bombard the cathode atoms, they are destroyed completely 
and destroy the atoms of the cathode materials. Under the notion “completely” we'll understand such state when both 
the atom and the nucleus are destroyed. In this case, the protons of the destroyed nuclei begin to form the hydrogen 
atoms. The process of fusion of the atoms and the molecules of hydrogen generate additional thermal energy [6]. But 
one should bear in mind that if plasma disintegrates water molecule into hydrogen and oxygen and if these gases, 
contact plasma, hydrogen is combined with oxygen, and water is formed. Noise generated by plasma is hydrogen 
microexplosions. Taking into consideration the above-mentioned fact the larger the volume of hydrogen burnt in plasma, 
the smaller its volume in the gas-vapour mixture. It means that such reactor operation modes are required when 
quantity of burnt hydrogen is minimal one. Our theory allows us to have such results. 


Asironis the cathode material, the nuclei ofits atoms are the targets of the atomic nuclei of potassium, alkaline metal, 
During the transmutation of the iron nuclei (Fig. 2b), the atomic nuclei of chromium (Fig. 2 a) and the atomic nuclei of 
copper (Fig. 2 ¢) are formed [6]. 
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| Installing a Suspended Ceiling 


Drywall or 
ceiling panel 


Build a valance around basement awning windows so they 
ccan be opened fully, Attach 1 x lumber of an appropriate width 
10 joists or blocking, Install drywall (ora suspended:-celling 
panel trimmed to fit) to the joists inside the valance. 


| How to Install a Suspended Ceiling 


‘Make a mark on one wall that 
represents the celiing height plus the 
height of the wall angle. Use a water 
level to transfer that height to both 
fends of each wall, Snap a chalk line to 
‘connect the marks. This line represents 
the top of the ceiling’s wall angle. 


using aviation snips. 


‘Attach wall angle pieces to the studs 
‘on all walls, positioning the top of the 
wall angle flush with the chalk lina, Use 
116" drywall screws (or short masonry 
rails driven into mortar jaints an 
‘concrete block walls). Cut angle pieces 


Draw your ceiling layout on paper, based on the exact 
dimensions of the room, Pian so thet trimmed border panels 
(on opposite sides ofthe room are aggqual wiath and length 
(avoid panels smaler than Y-size), If de lighting 

fixtures in your plan, make sure they follow th 


Trim wall angle pieces to 
fit around corners. At inside 
‘comers (top), back-cut the 
vertical flanges slightly, then 
‘overlap the horizontal flanges. 
‘At outside corners (bottom), 
mmiter-cut one horizontal 
fiange, and overlap the flanges. 


(continued) 
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‘Mark the location of each main on the wall angles at the 
ends of the room. The mains must be parallel to each other 
and perpendicular to the celing jolsts. Set up a guide string 
for each main, using a thin string and lock-type clamps (inset 
Clamp the strings to the opposing wall angles, stretching them 


very taut so there's no sagging. 


‘Measure the distance from the 
‘bottom of a main’s flange to the 
hanger hole in the web (inset). Use 

this measurement to prebend each 
‘hanger wire, Measure up fram the guide: 
string and make a 90* bend in the wire, 
using pliers 


Install screw eyes for hanging the mains, using a oll and 
screw-eye driver. Dril plot Noles and ive the eyes into the 
joists every 4f, locating them directly above the guide strings. 
Attach hanger wire to the screw eyes by threading one end 
through the eye and twisting the wire on itself at least three 


times. Tim excess wire, leaving a few inches of wire hanging 
below the level ofthe guide string, 


Following your ceiling plan, mark the 
placement of the first tee on opposite 
‘wall angles at one end of the room. Set 
up a guide string forthe tee, using a 
string and clamps, as before. This string 
must be perpendicular to the guide 
strings for the mains 
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Trim one end of each main so thet 2 
tee slot in the main’s web is aligned with 
the tee guide string, and the end of the 
main bears fully on a wall angle. Set the 
main in place to check the alignment of 
the tee slot withthe string 


Cut the other end of each main to fit, so that it rests on 
the oppasing wall angle. ifa single main cannot span the room, 
splice two mains together, end-to-end (the ends should be 
fashioned with male-female connectors). Make sure the tee 
slots remain aligned when splicing. 


Attach tees to the mains, siooing the tabbed ends into 
the tee slots on the mains. Align the fist row of tees with the 
tee guide string; instal the remaining rows at 4 intervals. If 
you're using 2x 2. panels, instal 2-t.cross-tees between 
the midpoints of the 4-R. tees. Cut and install the border tees, 
setting the tee ends on the wall angles. Remove all guide 
strings and clamps. 


Install the mains by setting the ends on the wall angle and 
threading the hanger wires thraugh the hanger holes in the 
webs, The wires should be as close to vertical as possible. 
\Wrap each wire around itself three times, making sure the 
rmain's flange is level with the main guide string. Also install a 
hanger near each main splice. 


2a] 


Place full ceiling panels into the grid first, then instal the 
border panels. Lift the panels in at an angle, and position them 
so they rest on the frame's flanges, Reach through adjacent 
openings to adjust the panels, if necessary. To trim the border 
panels to size, cut them face-up, using a straightedge and 
utility knife (inset) 
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Installing Acoustical Ceiling Tiles 


= asy-to-install ceiling tile ean Jend character to a plain 

ceiling or help turn an unfinished basement or attic 
into beautiful living space. Made of pressed mineral 
and fiberboard, ceiling tiles are available in a variety of 
styles. They also provide moderate noise reduction 

Ceiling tiles typically can be attached directly to a 
drywall or plaster ceiling with adhesive. If your ceiling 
is damaged or uneven, or if you have an unfinished 


Most ceiling tile comes prefinished, but it ean be 
painted to match any decor. For best results, apply 
two coats of paint using a roller with a !4" nap. Wait 
24 hours between couts, 


joist ceiling, install | x 2 furring strips as a base for the | Tools & Materials > 


tiles, as shown in this projeet, Some systems inelude 
metal tracks for clip-on installation, 

Unless your ceiling measures in even feet, you 
won't be able to install the 12-inch tiles without some 
cutting, To prevent an unattractive installation with 
small, irregular tiles along two sides, include a course of 
border tiles along the perimeter of the installation. Plan 
so that tiles at opposite ends of the room are cut to the 
same width and are at least half the width of a full tle 


Afi level Stapler 
Stepladder 1 x2 furring strips 
Chalk line 8d nails or 2" screws 
Utility knife String 

Straightedge Ceiling tiles 


Hammer or drill 
Handsaw 


im molding 


Acoustic tile improves the sound quality inside a home theater and reduces the transmission of sound to the rooms 
surrounding it, 
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How to Install Ceiling Tile 


y \- T-] io" 
ae i 7 
comer | 
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15,4" 


Measure the ceiling and devise a layout. If the lent (or width) doesn’t measure 
in even feet, use this formula to determine the width of the border tiles: add 12 to 

er of inches remaining and divide by 2, The result is the width of the border 
cample, ifthe room length is 15 ft, 4", add 12 ta the 4, then divide 1 by 2, 
Which results in an 8° border tl.) 


Install the first furring strip flush 
With the wall and perpendicular to the 
joists, fastening with two 8d nails or 2 
screws at each joist, Measure out from 
the wall a distance equal to the border 
tile wieth minus snap a chalk 
line. install the second furring strip with 
its wall-side edge on the chalk ne 


Install the remaining strips 12° on-center from the second str. Measure from the 
‘second strip and mark the joist nearest the wall every 12". Repeat along the joist on the 
jpposite side of the raam, then snap chalk lines between the marks, Install the furring 
strips along the lines. Install the last furring strip flush against the opposite side wall 

Stagger the butted end joints of strips between rows so they aren't all on the same joist 


Check the strips with a 4-2 
Insert woud shims between the strips 
and joists as necessary to bring the 
strips into a level plane, 


(continued) 
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‘Set up taut, perpendicular string lines along two adjacent 
Ip guide the tie installation. Inset the strings fi 
a distance that equals that wail’s border tile 

2 framing square to make sure the strings 


fiting them, The re 
width plus ¥ 
are square 


ling flange, 


with fullsi Continue working 
dlagonally in this manner, toward the 
opposite comet. For the barder tiles 
ak trim off the fang 
‘edges and staple through the faces of 
the tile, close to the wall 


aligned with the two string 
ten It to the furring strip 
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Cut the corner border tile to size 
mn and straightedge. Cutting the border tiles 


be covered by trim. Cut only an th 


ith a uty knife 
short will ease 
ulting gap between the tle and wall 


without the 


Install the final row of tiles, saving 
the far corner tle and its neighbor for 
last. Cur the last 

the tongue and nailing 
side edges. Fin 
trim along the edges. 


talling 


Leese eg inthe tr tgp 
of 19th-century tin tile in a durable, washable 
ceiling finish, Available at home centers and specialty 
distributors, metal ceiling systems include field panels 
(in 2x2, 2x-4-, and 2.x Sf. sizes), border panels 
that can be cut to fit your layout, and cornice molding 
for finishing the edges. The panels come in a-variety 
of materials and finishes ready for installation, or they 
can be painted. 

“Ta simplify installation, the panels have round 
catches, called nailing buttons, that fit into one another 
to align the panels where they overlap. The buttons are 
also the nailing points for attaching the panels. Use 
1" decorative conchead nails where nail heads will be 
exposed, and /s" wire nails where heads are hidden. 

Install your metal ceiling over a smooth layer of '" or 


4" plywood, which can be fastened directly to the ceiling 
joists with drywall screws, or installed over an existing 
finish. The plywood provides a flat nailing surface for the 
panels, Asan alternative, some manufacturers offer a 
track system for clip-on installation 


MW) installing Metal Ceilings 


Begin your installation by carefully measuring the 
citing and snapping chalk lines to establish the panel 
layout. For most tile pattems, it looks best to cover 
the center of the space with full ties only, then fill in 
along the perimeter with horder panels, which are not 
patterned. Make sure your layout is square. 


Tools & Materials > 

Chalk line Field panels 
Level Border panels with 
Tin snips molding edge 
Drill with 4" Comice molding 


metal bit Masking tape 
Compass 14° wire nails 
Metal file 1 conehead nails 
26" or " plywood Woad block 


2" drywall serews 


Real metal ceilings have traditional embossed patterns with an unmistakable luxurious quality. But, they are expensive and a bit 
‘unwieldy to install, Acoustic panels with an embossed vinyl pattern layer are much cheaper and easier to install, but are also less authentic. 


Wills & Ceitngs © 239 


240 


How to Install a Metal Tile Ceiling 


Cornice 


Border panel 


Field panel 


Measure to find the center of the ceiling, tiien snap perpendicular chalk ines 
intersecting the center. On the walls, mark a level reference line repr 
I th 
to help conceal the seams, 


;attom edges of the comice molding. 
they overlap toward the room's entran 


ere possible, plan t 


Continue to install field panels, working along the lent 
ofthe area first, then overlapping the next row, Make sure the 
aligned. Underlap panels by sliding the new 

ition beneath the installed panel, then fasten 
through both panel 
is Where field 
the conenead nails 
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Align the first field panel with the 

halk lines atthe celing’s center, and 
attach Itwith ¥" wire nails along the 
‘edges where another pane! will averiap 
it. Drive the nails beside the nailing 
buttons—saving the buttons for nailing 
the overlapping pane! 


Cut the border panels to width so they wil underlap the 
cornice by at least 1°. Use sharp tin snips, and cut from the 
edge without ing. Install the panels so the nailing 
buttons on the molding align with those an the field panels 
Fasten through the buttor 
cut edge with wire nails. At 
drive conehead nails every 6" along the seam, 


Install each comice piece with its 
‘bottom edge on the level ine, Drive 

1 conehead nails through the naling 
‘buttons and into the wall studs. Don't nail 
the ends untl the succeeding piece isin 
place. Fasten the top edges to the ceiling 


At inside corners, install ane cornice piece tightly into the corner, then scribe the 
‘mating piece to fit, using masking tape and a compass, Cut along the scribed line 
‘with tin ships, and make minor adjustments with @ metal file. You may have to cut the 
mating piece several times, So start with plenty of length. f you have Several corners, 
Use this technique to cut templates for the corner pieces. 


At outside corners, cut the ends of two scrap pieces ata Using a hammer and a piece of wood, careiully tap 
33° angle. Fit the pieces together at the comer, then trim and any loose joints to tighten them. ifthe cornice willbe left 

mark each plece in turn, making minor adjustments until they unpainted, file the joins for a perfect fit. If you're painting the 
fitwell. Use the scrap pieces as templates for marking the celling, seal the seams with paintable silicone caulk, then apply 
workpieces. Fasten near the corner only when both mating two coats of paint using a roller with a Ye" nap. Allow the first 


pieces are in place, 


coat to dry for 24 hours before applying the second coat 
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asebourd trim is installed to conceal the joint 
between the finished floor and the walleovering 

It also serves to protect the wallboard at the Mloor 

Installing plain, one-piece baseboard such as ranch- 

style base or cove base isa straightforward project. 

Outside comer joints are mitered, inside corners are 

coped, and long runs are joined with searf cuts 

“The biggest challenge to installing base is dealing 
with out-of-plumb and nonsquare comers, However, a 
‘Thevel makes these obstacles easy to overcome. 

Plan the order of your installation prior to cutting 
any pieces and lay out a specilie piece for each length 
of wall, It may be helpful to mark the type of cut on 
the back of each piece so you don't have any confusion 
during the install. 

Locate all studs and mark them with painter's 
tape, 6 inches higher than your molding height, I 


WW) installing Base Molding 


you need to make a sear? joint along a wall, make 
sure it falls on the center of a stud. Before you 
begin nailing trim in place, take the time to pre- 
finish the moldings. Doing so will minimize the 
cleanup afterward. 


"Tools & Materials > 


Pencil Pneumatic finish nail 
‘Tape measure gun & compressor 
Power miter saw Moldings 


‘Thevel Pneumatic fasteners 
Coping saw 


Metal file set 


Carpenter’ glue 
ishing putty 


| How to Install One-piece Base Molding 


‘Measure, cut, and install the frst piece of baseboard 
Butt bath ends inta the corners tightly. For longer lengths, it 
is.a good idea to cut the piece slightly oversized (up to Ys" 
‘on strips over 10 ft. long) and “spring” it into place. Nail the 
‘molding in place with two nails at every stud location. 
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Cut the second piece of molding oversized by 6" to 10° and 
ccope-cut the adjoining end to the first piece, Fine-tune the 
cope with a metal fle and sandoaper. Dry-fit the joint, adjusting. 
it as necessary to produce a tight-fting joint. 


a) Cr (24,28) 


b) Fe (26,28) c) Cu (29,34) 
Fig. 2 
Diagrams of the atomic nuclei of a) chromium, b) iron, ¢) copper 


When the atomic nucleus of iron (Fig. 2 b) pass into the 
atomic nucleus of chromium (Fig. 2 a), two protons and 
two neutrons are released; two atoms of deuterium or 
one atom of helium can be formed from them. If the 
neutrons pass into the protons, four atoms of hydrogen 
are formed. 


It is easy to see (Fig. 2) that the atomic nucleus of iron 
(Fig. 2 b) should lose two upper protons and two 
neutrons in order to pass into the atomic nucleus of 
chromium (Fig. 2 a). 


Three additional protons and six neutrons (total 9 
nucleons) are required for the formation of the atomic 
nucleus of copper (Fig. 2 c) from the atomic nucleus 
ofiron, As on the cathode surface (Table 3) the number 
of chromium atoms, which probably are formed from 
the atomic nuclei of iron, four times more than the 
number of atoms of copper, then the solution is sure 
to have superfluous protons and neutrons of the 
destroyed atomic nuclei of iron, and we can 
determined their approximate relative quantity. 


Let us suppose that four nuclei of the iron atoms pass 
into the nuclei of the chromium atom. The total quantity 
of free protons and neutrons (nucleons) is equal to 16. 
As one atom of copper falls on each four atoms of 
chromium, 9 nucleons are spent for the formation of one 
nucleus of the copper atom, and 7 nucleons remain free. 


a) K (19,20) b) 0 (8,8) c) Si (14,14) 
Fig. 3 

Diagrams of the atomic nucla of: 

4) potassium, b) oxygen, ¢) silicon 


Let us see what is formed when the nucleus of the 
potassium atom is destroyed. Potassium is situated in the 
first group of the fourth period of the periodic law. Its 
nucleus contains 19 protons and 20 neutrons (Fig. 3) [6] 


In Fig. 3 a, we can see a weak link of the nucleus of 
the potassium atom [6]. It is situated in the middle 
of its axis neutrons. When the transmutation of the 
nuclei of the potassium atoms takes place, the nuclei 
of the oxygen atoms can be formed (Fig. 3b) as well 
as its isotopes and the nuclei of the silicon atoms 
(Fig. 3 ¢). 


The analysis of the structure of the nuclei of the 
potassium atom (Fig. 3 a) shows that it is the most 
probable source of the nucleus of the silicon atom 
(Fig. 3c), which atoms appear on the cathode (Table 3). 


It is easy to count that during the destruction of one 
nucleus of the potassium atom and the creation of 
one nucleus of the silicon atom 5 free protons and 6 
free neutrons, i.e. 11 nucleons, are formed. 


Thus, the transmutation of the nuclei of the iron 
atoms and the potassium atoms results in the 
formation of free protons and neutrons. As the 
protons cannot exist in free state, the hydrogen atoms 
are created from them. If the protons are connected 
with the neutrons after the destruction of the nuclei 
of the iron atoms and the potassium atoms, the 
formation of deuterium, tritium and helium is 
possible. 


Let us pay attention to the main fact - absence of the 
sodium atoms in the cathode material. It is natural 
that the potassium atoms have appeared on the 
cathode, which operated in KOH solution (Table 3) 

Why are no sodium atoms on the cathode, which 
operated in NaOH solution? The answer is as follows: 

the nuclei of the sodium (Fig. 4,a) atoms are 
completely destroyed during the plasma electrolytic 
process. The presence of potassium on the surface of 
the cathode, which operated in NaOH solution (Table 4), 
can be explained by insufficient ablution of the reactor 
after the operation with KOH solution. 


As free protons and neutrons appear during the 
destruction of the nucleus of the sodium atom 
(Fig. 4,a), some nuclei of this element begin to form 
the atomic nuclei of aluminium (Fig. 4, b), chlorine 
(Fig. 4, c) and calcium (Fig. 5). 


But not all free protons and neutrons are spent for 
the construction of the atomic nuclei of aluminium, 
chlorine and calcium. A part of them is spent for the 
hydrogen atom formation. 


If we knew the total quantity of transmutating 
atomic nuclei of iron, potassium and sodium as well 
as the exact composition of the gases generated 
during the plasma electrolytic process, it would be 
possible to determine the atomic nuclei being 
formed from additional nucleons. Now we can only 
suppose that the majority of new nuclei are the 
protons, i.e. the nuclei of the hydrogen atoms. The 
increased volume of the gases generated during the 
plasma electrolytic process is explained by it [6]. 
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Check the corner for square with a framing square. If 
necessary, adjust the miter cut of your saw. Use a T-bevel to 
transfer the proper angle, Cut the second piece (coped) to 
length and instal it with two nalls at each stud location. 


Adjust the miter angle of your saw to cut the adjoining. 
outside corner piece (3), Test-t the cut to ensure a tight joint 
(inset photo). Remove the mating piece of trim and fasten the 
first piece for the outside comer joint. 


Lay out any scarf joints by placing the plece in position so 
that the previous joint is tight and then marking the center of 

a stu location nearest the opposite end. Set the angle of your 
32W to a 30° angle and cut the molding at the marked location, 


ner 


Nail the third piece in place, making sure the outside 
joint is tight. Cut the end of the fourth piece to match the 

scarf joint angle and nal tin place with two nails at each stud 
location, Add the remaining pieces of molding, fil the nail holes 
with putty, and apply a final coat of finish 
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How to Install Built-up Base Molding 


Dress up simple baseboard stock with cap moldings and 
base shoe or quarter round. The baseboard can be made 

Of solid wood, as shown above, or from strips of veneered 
plywood, as shown at right 


Cut the plywood panel into 6" strips with a table saw ora 
straightedge guide and a circular saw. Lightly sand the strips, 
removing any splinters left from the saw. Then, apply the finish 
Cf your chaice to the moldings and the plywood strips. 


244 § THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Attach 
age shoe 
to subfloor 
‘with 1s" 
finish nails 


Built-up baseboard requires more attention to the nailing 
schedule than simple one-piece baseboards. The most important 
consideration (other than making sure your nails are al driven 
into studs or other solid wood) is thatthe base shoe must be 
attached to the floor, while the baseboard is attached to the wall 
This way, as the gap between the wall and flaor changes, the 
parts of the built-up molding can change with them, 


Tip> 


Baseboard can be built up on the back with 
spacer strips soit will project further out from the 
‘wall. This can allow you to match existing casings 
‘or to create the impression ofa thicker moling 
However, the cap rail needs to be thick enough to 
cover the plywood edge completely, or the core af 
the panel may be visible, 


Install the plywood strips with 2° finish nails driven at stud 
locations, Use scarf joints on continuous runs, driving pairs of 
fasteners into the joints. Cut and install moldings so that all 
scart joints fall at stud locations, 


Nail and glue 45° 
outside miter joint 
‘before attaching 
‘baseboard 


Miter outside corners squarely at 45°. Use wood glue and 
11% brad nals to pull the mitered pieces tight, and then nail 
the base to the wall at stud lacations with 2° finish nails. small 
{gaps at the bottom or top of the base molding will be covered 
‘with cap or base shoe. 


Test-fit inside comer butt joints before cutting 2 
workpiece: Ifthe walls are not square or straight, angle 

or bevel the end cut a few degrees to fit the profile of the 
adjoining piece, The cap malding will cover any gaps at the top 
of the joint. 


Use a brad nailer with 18-gauge, ”* brads to install the 
cap and base shoe moldings along the edges of the plywood 
base. Fit scarf joints on longer lengths, coped joints an inside 
corners, and miter joints on outside comers. Stagger the 

seams so thet they do not line up with the base molding 

seams, following the suggested nailing pattern (right). Set any 
protruding nails with a nail set and fil al nail holes with putty 
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WH | Installing Picture Rail 


Picasa legen aptly mag neve 
installed in many older homes so the homeowners 
could avoid making nail holes in the finished walls 
Picture rail molding is @ simple but elegant way to add 
style to any room. Special picture hanging hooks slide 
over the molding and artwork may be hung with a cord 
over the hook. Picture rail molding also provides its 
‘own decorative touch, breaking up the vertical lines 
from floor to ceiling, For this reason, it is also installed 
asa decorative touch by itself, 

Picture rail molding is easy to install but 
should be reinforced with screws, not brads or 
nails, especially if you are hanging large, heavy 
items. Depending upon the style of your home, 
picture rail ean be hung anywhere from 1 ft. to a 
few inches down from the ceiling. In some homes, 
picture rail is added just below the cornice or 
crown molding to add an additional layer of depth, 
When applied this way, it is commonly referred 10 
asa frieze board. 

In the example shown, the picture rail is installed 
using a level fine to maintain height. If your ceiling 
is uneven, you may choose to install picture rail 
constant distance from the ceiling to avoid an 
uneven appearance. 


‘Traditionally, picture rail (see top of photo) is used in 
conjunction with special hooks to hang artwork in formal 
rooms without penetrating the wall with fasteners. 


| Tools & Materials > 


Ladder ft level 
Pencil or laser level 
Stud finder Drill with bits 
‘Tape measure Painter's tape 
Power miter saw Moldings 


Thevel 
Pheumatie finish nail 
‘gun & compressor 


Pneumatic fasteners 
196" wallboard screws 
Hole filler 


| How to Install Picture Rail Molding 


‘Measure down the desired distance from the celling ané 
raw a level reference line around the room using a pencil 
and a ft level (or, take advantage of madern technology and 
Use a laser leve). While you are up there, use a stud finder to 
locate the freming members, and mark the locations on the 
walls with blue painters tape. 
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‘Most comers are close to 90°, but to cuta tight inside 
corner, the actual angle must be divided exactly in half, Use 2 
bevel to measure the angle of the corner tightening the lack 
‘ut with the blade and the handle on the reference line. 


y power miter saw and Read the angle from the miter saw table, divide the 
the miter blade so that it matches the angle. With the ‘number by two, and add or subtract that number from 4 

| tight to the fence ingle the saw is set degrees to find the proper cutting angle for each comer. Cut 
igns with the Fbe, blade is angled to the right of ‘molding slightly longer than the measured length, 
zero degrees the angle is larger than 90; to the left, smaller, 


5 


Nail the molding at the stud locations, covering the level__Fill nail holes with wood filler. 
line araund the room (if you're using a laser level, you simply ——_smaoth, Then apply a final coat of paint 
iin position and turned on to cast a reference line you 

smpletely nailed in place, 

go back to e tion and drive 15" wallboard screws 

into the molding through counter-bored pilot holes. 


dry and sand it 
ver the molding face. 
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WW) Installing Chair Rail 


hair rail molding typically runs horizontally along, 

~ walls at a height of around 36” (the rule of thumb 
is to install it one-third of the way up the wall) 
Originally installed to protect walls from collisions 
with chair backs, today chair rail is commonly used to 
divide a wall visually. Chair rail may cap wainscoting, 
seme as a border for wallpaper, or divide two different 
colors on a wall, Interesting chair rail profiles can be 
effective alone on a one-color wall 

Stock chair rail moldings are available at most 

lumberyards and home centers. However, more 
intricate and elaborate chair rails can be created by 
combining multiple pieces of trim, Keep in mind the 
height of your existing furnishings when installing a 
chair rail. It would be disappointing to discover that 
the new molding has a bad visual effeet with your 
couch or chair backs when the project is completed. 


Tools & Materials > 


Metal file set 
Moldings 
Pneumatic fasteners 
Painter's tape 
Carpenter's glue 
Finishing putty 
Finishing materials 


Pencil 

Stud finder 
Tape measure 
Power miter saw 
A-ft, level 

Air compressor 
Finish nail gun 


! How to Install Chair Rail 


a 


Wall stud locations 


ill 


On the starting wall of your installation, measure up to 
the height at which you plan ta instal the chair rail, minus the 
\width of the maiding. Mark a level line at this height around the 
room, Locate all studs along the walls and mark their locations 
with painter's tape below the line. 
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Chair rail once was installed to protect fragile walls trom chair 
backs, but today itis mainly installed as a decorative accent 
that breaks up dull walls visually 


Measure, cut, and install the first plece of chair all with the 
ends cut squarely, butting into both walls (in a wall run with 
two inside corners) Nail the molding in place with two 2" finish 
nails at each stud location, 


Miter-cut the second piece of 


When the coped joint fits tightly, measure, mark, and cut the opposing end of 


molding with a power miter saw and the second piece of trim squarely with a miter saw. Nall the second piece in place 
then cope the end with a coping with two nails at each stud location, Follow the level ine with the bottom edge of 
Clean up the edge of the cope cutwith a the molding 

metal fle to ensure a tight fit 


it Dry-fitthe 
heck for any gaps in the joint 


piece to 


Casi 


Install the third piece of chair rail 
the molding ru 
and apply a final coat of finish to the molding, 


ia cope 


atone 


d. Use a butt joint 


‘door and window casings. Fill nail holes with putty 


Option: Cut a mitered return for the 
chair rail in areas where itwill end 
‘without joining inta another molding, 
Cut the return with a miter saw and gl 
itin place, using painter's tape to hold it 
Until the glue dries. 
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WW) installing 
Crown Molding 


imply put, erown molding is angled trim that 
bridges the joint between the ceiling and the 
wall. In order to cover this joint effectively, crown, 
moldings are “sprung.” This means that the top and 
bottom edges of the molding have heen heveled, 
so when the molding is tilted away from the wall 
tan angle the tops and bottoms are flush on the 
wall and ceiling surfaces. Some crown moldings 
have @ 45° angle at both the top and the bottom 


Cutting compound miters is tricky. Here, crown molding 


edges; another common style ("38° crown") has is cut with the workslene held aaalist a fence’ fence 

4 38° angle on one edge and a 52° angle on the extension. This hand-held approach fs quick and effective, 

other edge. but takes some getting used to, A practically foolproof option 
Installing crown molding can be a challenging ‘Sto use an adjustable jig, suchas the compound miter ig 

and sometimes confusing process. Joints may STOTT. 

be difficult for you to visualize before cutting, 

and wall and ceiling irregularities can be hard 

to overcome. If you have nat worked on crown | Tools & Materials > 

molding joints before, it is recommended that your 

first attempt be made with paint-grade materials, Pencil Nail set 

Stain-grade crown is commonly made of solid Tape measure Hammer 

hardwood stock, which makes for expensive cutting Circular saw Metal files 


errors, and difficulty concealing irregularities Straightedge guide —-2. 4 material 

in joints. Drill with bits for backing 
Inside comer joints of erown molding should Coping saw 3" wallboard screws 

be cope cut, not mitered, except in the ease of very Power miter saw Carpenter's glue 

intricate profile crown that is virtually impossible to Preumatie Finish Crown molding 

cope (and must therefore be mitered). While mitering nail gun 2", 112 Finish nails 

inside comers may appear to save time and produce Framing square Fine-grit sandpaper 

adequate results, after a few changing seasons orcombination Hole filler 

the joints will open up and be even more difficult square Paint and brushes 


to conceal. 


Basic crown molding softens the transitions betveen walls and calings. I itis made from quality hardwood crown molding can 
be quite beautiful when installed and finished with a clear topcoat, Bu historically itis most often painted—either the same color 
a the celig your eye tends to see itas a celing molding nota wall molding) or with highly elaborate painted and carved detall 
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) How to Install Basic Crown Molding 


Mitered joint Coped joint 


2 


Plan the order of the installation to minimize the number of dificult joints on each piece and use the longest pleces for the 
most visible sections of wall. Notice that the left end of first piece Is cope-cut rather than butted into the wall, Cope-cutting the first 
end eliminates the need to cope-cut both ends of the final piece, and places the cuts in the same direction. This simplifies your 
installation, making the method to cut each piece similar. 


Cut a piece of crown molding about 1-ft jong with square _—Place the first piece of molding upside down and sprung 
ends. Temporarily install the piece in the corner of the last against the fence of the miter saw. Mark a reference line on 
installation wall with twa screws driven into the blocking. This the fence for placement of future moidings, and cut the first 
piece serves as a template for the frst cope cut an the first coped end with an inside miter cut to reveal the profile af 
piece of molding the piece, 


(continued) 
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i 


‘Temporary scrap 


Cope-cut the end of the first piece Measure, cut to length, and install the first piece of crown molding, leaving 


with a coping saw. Carefully cut along —_—the end near the temporary scrap loose for fir 


| Fitting ofthe last piece, Nail the 


the profile, angling the saw as you cut to molding at the top and bottom of each stud location, 


back-bevel the cope, Test-fitthe coped 
‘cut against the temporary scrap from 

Step 1. Fine-tune the cut with files and 
fine-grit sandpaper. 


Cut two test pieces to check the fit of outside comers, Start 
with each molding cut at 45°, adjusting the angles larger 
smaller unti the joints are tight. Make sure the test moldings 
are property aligned and are flush with the ceiling and walls, 
Make a note of your saw settings once the joint fits tightly, 


THE COMPLETE PHOTO GUIDE TO HOME IMPROVEMENT 


Position the actual stock so 2 cut end is fish against the 
wall at one end and, at the other end, mark the autside corner 
on the back edge of the molding. Mitercut the piece at the 
‘mark, according to the angles you noted on the test pieces. 


a) Na (11,12) 


b) AL(13,14)_—_) C1(17,18) 
Fig. 4. 
Diagrams of the atomic nuclei of 
2) sodium, b) aluminium, ¢) chlorine 


Ca (20,20) 


Fig. 5. 


Diagram of the nucleus of the calcium atom 


‘The analysis of these Tables shows that transmutation 
of the nuclei of iron, of which the cathodes are made, 
results in the formation of chromium and copper in 
both cases. Apparently, aluminium, chlorine and 
calcium are formed from the destroyed sodium nuclei, 
In any case, free protons and neutrons are formed, 


But not all free protons and neutrons are spent for the 
formation of the atomic nuclei of copper, aluminium, 
chlorine and calcium. A part of them is spent for the 
formation of the hydrogen atoms. In any case, the 
atoms and the molecules of hydrogen are formed. The 
analysis has shown that plasma electrolytic process 
extracts not more than 0.005 kg of alkaline metal from 
one litre of the solution. It appears from this that if all 
neutrons of the atomic nuclei of the molecules of water 
and alkali metals are transferred into the protons and 
the atoms and the molecules of hydrogen are formed, 
the formed volume of gas will be considerably less 
than the one registered during the experiment (Table 1). 

A question arises: where do additional gases come 
from? In order to get the answer on this question we 
made the next experiment. 


THE SECOND EXPERIMENTAL PART 


First of all we take into account, that high temperature 
of plasma forms the conditions when a set of various 
processes takes place at the cathode. First of all, water 
is boiled and evaporated. At the same time, one part 
of water molecules is disintegrated with a release of 
the atomic hydrogen; another part of the molecules 
forms the orthohydrogen molecules. A part of water 
molecules is disintegrated completely and is released 
at the cathode together with hydrogen and oxygen. 
A part of hydrogen is combined with oxygen again 
generating microexplosions (noise) and forming water. 


During plasma electrolysis of water, water vapor, 
hydrogen and oxygen are released simultaneously. If 
vapor is condensed, gas mixture is released. In order to 
measure gas flow rate the electronic anemometer have 
been used. Diameter of the electronic anemometer was 
equal to internal diameter of the gas make tube 
(23, Fig. 1). Its readings were registered and processed 
by the computer. The experiment was performed dozen 
times, and each time its readings were reproduced with 
small deviations [11]. But we had no hydrogen analyzer, 
that's why the results being obtained cannot be 
considered as final ones. We admonished it in all editions 
of the book Water is a New Source of Eneray with such 
a phrase: "We abstain from lending an official status to 
these results with the hope to get necessary financing 
and to repeat them with a complete set of the necessary 
devices” |12, page 176]. 


In the middle of the year of 2002 we received small 
financing, which allowed us to make a new reactor and 
to buy some measuring instruments, in particular the 
scales with the measurement limit up to 600 g and 
accuracy of 0.02 g. Careful preparation allowed us to 
increase duration of continuous operation of the reactor 
(to 10 and more hours) and to register solution 
consumption for gas production. 


‘The main difficulty of operation with the hydrogen is 
in the fact that its mixture with air (4-74)% or oxygen. 
(4-94)% is combustible, and the fact was emphasized 
mote than once during the experiments that made the 
researches be very careful. The second difficulty during 
hydrogen quantity measurements generated by the 
plasma electrolytic reactor is in the fact that its 
molecule has the smallest dimensions, that’s why it 
penetrates easily to the places where the molecules of 
other substances do not penetrate. Molecular hydrogen. 
diffuses easily even into metals. For example, one 
volume of palladium absorbs up to 800 volumes of 
hydrogen. 


Gas flow speed was measured with the help of various 
anemometers, its readings being registered with the 
help of the computer. Numerous measurements and 
numerous analysis of gas flow speed measurement 
accuracy with the help of the anemometers showed 
that error of a conventional anemometer can be 100%. 


Fig. 6. 
Diagram of measurement of flow rate of the gas and its volume: 
1- tap for gas flow movement direction awitching, 

2 anemometer, 3 - graduated tank, 4 water tank 
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‘Measure and cut the third piece with an outside comer 
miter to match the angle of your test pieces. Cut the other end 
‘squarely, butting it into the comer. Install the piece with nails 
riven at stud locations. Install the subsequent pieces of crown 
‘molding, coping the front end and butting the other as you 
\work around the room. 


Fill all nail holes (use spackling compound if painting; walt 
Until the finish is applied and fill with tinted putty for clear 
finishes). Use a putty knife to force spackling compound 

or tinted wood putty into loose joints and caulk gaps 7" or 
smaller between the molding and the wall or ceiling with 
flexible, paintable, latex caulk. 


To fit the final piece, cope the end and cut ito length. 
Remove the temporary scrap piece from Step 3, and slide 
the last molding into position. Nail the last piece at the 
stud locations when the joints fit well, and finish nailing the. 
first piece. 


Lightly sand the filled nail holes and joint gaps using fine 
sandpaper. Sand the nail holes flush with the surface of the 
‘moldings and paint the entire project. 


Wille & Coin 


Windows 
& Doors 


nee you've got a feel for the style of windows or 
\ doors you'd like to add to your home, the next 
step involves careful planning. You'll need to consider 
how a new door or window meets your needs for 
energy efficiency, durability, ease of maintenance, 
and security 

There's also the equally important matter of how a 
new window or door will impact your home livability 
Will it face a direction that takes advantage of sunlight 
and prevailing breezes or make the room stifling hot in 
mid July? Adding a window to a living space may also 
bring matters of egress into consideration. Buildin 


codes mandate that your project window must satisfy 


these requirements 


In this chapter: 

* Framing & Installing Windows 
Installing Garden Windows 
Installing Bay Windows 
Installing Skylights 

* Installing Tubular Skylights 

* Installing Interior Doors 

* Installing Entry Doors 

* Installing Storm Doors 


Installing Patio Doors 
Installing Door & Window Casing 


WH! Framing & Installing Windows 
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/| any windows must he custom-ordered several 


V I weeks in advance, ‘Ta save time, you can 


complete the interior framing before the window unit 
arrives, but be sure you have the exact dimensions of 
the window unit before building the frame. Do not 
remove the outside wall surface until you have the 
sssories and are ready to install them. 
Follow the manufacturer's specifications for rough 


window and a 


‘opening size when framing for a window. The listed 
opening is usually 1" wider and /2" taller than the 
actual dimensions of the window unit. The following 
pages shaw techniques for wood-frame houses with 
platform framing, 

If your house has balloon framing where wall 
studs pass continuously from one floor to the next, 
use the method shown on page 271 to install a header. 
Consult a professional to install a window on the 
second story of a balloon-framed house 

If your home's exterior has siding or is stucco, see 
pages 34 to 35 for tips on removing these surfaces and 
making the ope 


' Tools & Materials > 
Tape measure 10d common nails, 
1" galvanized 
roofing nails 


Pencil 
Combination square 


Hammer Shims 
Level 2x lumber 
Circular saw 44" plywood 
Handsaw Building paper 
Pry bar Drip edge 
Nippers 10d galvanized 
Drill casing nails 


Reciprocating saw 8d casing nails 
Fiberglass insulation 


Pair 


Stapler 
Nail set 
Caulk gun 


ble 


silicone caulk 
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Correct framing techniques will ensure ease of installation 
and keep your windows operating smoothly 


How to Frame a Window Opening 


Prepare the project site anc remave 
the interior wall surfaces (pages 30 

to 31). Measure and mark the rough 
‘opening width on the sole plate. Mark 
the locations ofthe jack studs and king 
studs on the sole plate, Where practical 
use the existing studs as king studs. 


Measuring from the floor, mark the 
top of the rough opening on one of 

the king studs. This ine represents the 
bottom of the window header. For most 
windows, the recommended rough 
opening is 72" taller than the height of 
the window frame, 


Measure and cut the king studs, as 
‘needed, to fit between the sole plate 
and the top plate. Position the king 
studs and toenail them to the sole plate 
with 10d nail 


King stud 


Measure and mark where the top of 
the window header will it against the 
king studs, The header size depends 
on the distance between the king 
studs, Use a carpenter's level to extend 
the lines across the old studs to the 
‘opposite king stud. 


Check the king studs with a avel to 
make sure they are plumb, 
them to the top plate with 1od nails. 


Measure down fom the header line 
and mark the double rough sillon the 
king stud. Use a carpenter's level to 
‘extend the lines across the old studs to 
the opposite king stud. Make temporary 
supports (page 29) if removing more 
than one stud, 


(continued) 
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Set a circular saw to its maximum blade depth, then cut 
through the old studs along the lines marking the bottom of 
the rough sill and along the lines marking the top of the header. 
Do not cut the king studs, On each stud, make an additional 
cut about 3° above the sill cut, Finish the cuts with a handsaw. 


a 


Built-up head 


Construction 2x 
‘adhesive 


Plywood 


Build a header to fit between the king studs on top of the 
Jack studs, using two pieces of 2x lumber sandwiched around 
Ye" plywood. 
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Cripple stud 


ie: ‘Top of header 


Bottom of sill 


Knock out the 3" stud sections, then tear out the old 
studs inside the rough opening, using a pry bar. Clip aw. 


Ny any 


exposed nails, using nippers. The remaining sections of the cut 
studs will serve as cripple studs for the window, 


Cut twa jack studs to reach from the top of the sole plate to 
the bottom header lines on the king studs, Nail the jack studs 
to the king studs with 10d nails driven every 12° 


Cripple stud 


Header 


Position the header on the jack studs, using @ hammer if 
necessary. Attach the header to the king studs, jack studs, and 
Cripple studs, using 10d nails. 


Build the rough sill to reach between the jack studs by 
nailing a pair of 2x 4s together, Position the rough sillon the 
cripple studs, and nail ito the jack studs and cripple studs 
with 10¢ nails 


How to Install a Replacement Window with a Nailing Flange 


= 


Remove the existing window and set the new window 
into the rough opening. Center it left to right, and shim 
tbeneatt the sill to level it.On the exterior side, measure 
‘out from the window an all sides, and mark the siding for 
the width of the brick molding you'll install around the 
new window. Extend layout lines to mark where you'll cut 
the siding, 


Remove exterior siding around the window area to expose 
the wall sheathing, Use a zip taol to separate Vinyl siding 

for removal or use a pry bar and hammer to remove waod 
Clapboard. For more on removing exterior surfaces, (see pages 
321033), 


(continued) 
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Cover the sill and rough opening framing members with 
seif-adhesive, rolled flashing. Apply additional strips of flashing 
behind the siding and up the sil flashing, Finish flashing with 

a strip along the header. The flashing should cover the front 
‘edges and sides af the opening members. 


Apply a bead of silicone caulk around the back face of the 
window flange, then sett into the rough opening, centering 

it side-to-side in the opening. Tack the window in place by 
driving one roofing nail partway thraugh the tap flange. On the 
interior side, level and plumb the window, using shims to make 
any necessary adjustments, 


‘Tack the window to the header at one end ofthe nailing lange, 
using a 1” galvanized roofing nail. Drive @ roofing nail through the 
‘ther top comer ofthe lang to hold the window in place, then 
‘secure the flange all around the window with more roofing nals. 
‘Apply strips of roled, self-adhesive flashing to cover the window 
flanges. Start with a strip that covers the bottom flange, then cover 
the side flanges, averiapping the bottom flashing and extending 

£8 to 10° above the window, Complete the flashing with a stip 
along the top, overlapping the side flashing. 
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Install a piece of metal drip edge behind the sicing and 
above the window. Secure it with slicone caulk only, 


Cut and attach brick molding around the window, leaving —_Use high-quality caulk to fl the gap between the brick 

a slight gap between the brick molding and the window frame. molding and the siding. On the interior side, fill gaps between 
Use &d galvanized casing nails driven into pilot holes to secure the window frame and surrounding framing with foam backer 
the brick molding to the rough framing. Miter the comer joints. rod, law-expansion foam, or fiberglass insulation. Install the 
Reinstall the siding in the window installation area, trimming interior casing, 

as needed 


Tip Installation Variation: Masonry Clips > 


Use metal masonry clips when the brick molding on a window cannot be nailed because it rests against a masonry 
cf brick surface. The masonry clips hook into precut grooves in the window jambs (above, left) and are attached to the 
jambs with screws. After the window unit Is positioned in the rough opening, the masonry clips are bent around the 
framing members and anchored with screws (above, right). Note: Masonry clips can also be used in ordinary lap siding 
installations if you want to avoid making rail holes in the smooth surface of the brick moldings. For example, windows 
that are precoated with polymer-based paint can be installed with masonry clips so that the brick moidings are not 
punctured with nails 
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How to Install a Round-Top Window 


i 


Remove the exterior wall surface as directed on pages Trace the outline of the brick molding on the woud siding 
32 to 33, then testfit the window, centering itin the rough Remove the window after finishing the outline. Nate: f 
‘opening. Support the window with wood blocks and shims you have vinyl ar metal siding, you should have enlarged 
placed under the side jambs and mullion post. Check to make _the outline to make room for the extra J-channel molaings 
sure the window is plumb and level, and adjust the shims, required by these sidings. 

if necessary, 


Tips for Framing a Round-top Window > 


Create a template to Help you mark the rough opening Tape the template to the sheathing, with the top 

con the sheathing, Scribe the outline of the curved frame _ flush against the header. Use the template as @ guide 

‘on cardboard, allowing an extra \s" for adjustments within for attaching diagonal framing members across the top 

the rough opening. A Y4> 1%" metal washer makes a good corners of the framed opening. The diagonal members 

spacer for scribing the outline. Cut out the template along should just touch the template. Outline the template 

the scribed line. on the sheathing as a guide for cutting the exterior 
wall surface, 
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It is known that it is possible to produce 1220 litres of 
hydrogen and 622 litres of oxygen from one litre of water, 
Quantity of the gases generated by the plasma 
electrolytic process is much greater than it is possible 
to get from consumed water (Table 1). It was a strong 
reason for a search of the measurement error. For this 
purpose, the diagram of measurement of flow rate of 
the gases and their quantity was used (Fig. 6). 


Thus, the measurement of gas flow with the help of 
the anemometers distorted the result 200 fold. It should 
be mentioned that the reactor operated in the 
production mode of hydrogen and oxygen in the 
cathode zone. As a result, their mixture burst. The 
pulses of these explosions increased the readings of 
the anemometer. 


The results of the measurements were as follows. The 
anemometer showed that 200 litres of gas mixture 
penetrated through it during 10 minutes. Nearly one litre 
of gases was in the graduated tank during this period. 


Ithas become necessary to return to the reactor operation 
modes when no oxygen is released in the cathode zone. 
Our theory allows us to do this easy. 


PROTOCOL 
of tests of the first model of low-current Electrolyzers 


Itis known that it is possible to produce 1.22 1 of H,+ 0.622 O,= 1.843 (H,+0,) from 1 ml of H,0 
Table 6 

Experimental results 
Tndices z 2 ‘Average 
T-duration of experiment, hour T T T T 
2evoltage, V 70 70 70 70 
Seurrent, A C058 1080 09 COTE 
4 = power, W ZT 5.60, 64 491 
4-volume of consumed sohition, ml 167 3.98 432 3.32 
S-density of the solution, kg/l Tod Tor 1.04 1.04 
6-volume of consumed water, il T60 388 a5 319 
"volume of the gas mixture being produced, 1 295 7.06 TB 5.95 
G-volume of hydrogen being produced, T 795 467 5.07 3.80 
T-energy consumption per 11 of hydrogen, W/L 1.38 1.20 1.27 1.28 
B-energy consumption per im" of hydrogen, kWh/m" 1.38 1.20 1.27 1.28 
T-existing energy consumption for production of 1 mi of £00 £00 £00 00 
hydrogen from water, kWh/m* 


CONCLUSION 


‘Transmutation of the atomic nuclei of alkaline metals and the atomic nuclei of the cathode material during 
plasma electrolysis of water existed. Plasma electrolytic process opens new prospects in study of matter on 
the nuclear, atomic and molecular levels. The low-current electrolysis allows us to get the inexpensive hydrogen 
from water. 
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Cut the siding along the outline just down to the Cut 8"-wide strips of building paper and slide them 
sheathing. For 2 round-top window, use a reciprocating saw between the siding and sheathing around the entire window 
held ata low angle, For stright cuts, use a circular saw ‘opening. Bend the paper around the framing members 
adjusted so the blade cuts through only the siding. Use a sharp and staple itn place, Work from the bottom up, so each 
cchisel to compiete the cuts at the corners. piece overlaps the piece below, Note: You can also use 
adhesive-backed, roied flashing instead of building paper. 


Cut a length of drip edge to fit over the top of th Insert the window in the opening, and push the brick 
then slide it between the siding and building paper. For ‘molding tight against the sheathing. Nall through the brick 
round-top windows, use flexible vinyl drip edge; for rectangular molding, a5 usual, to secure the window in the opening 
windows, use rigld metal drip edge (inset) 


WW! installing Garden Windows 


Ithough often found in kitchens, a garden window attaches to the framing and holds the window against 
is an attractive option for nearly any room in your the house. Other models hang on a separate mounting 
home. Projecting out from the wall 16 to 24”, garden frame that attaches to the outside of the house. In this 
windows add space to a room, making it feel larger. The project, the garden window has a built-in mounting 
lass roof and bow-like design make them ideal growing sleeve that slides into the rough opening and is 
environments for plants or display areas for collectibles. attached directly to the rough Framing. 
Garden windows also typically include front- or side 


opening windows. These allow for ventilation and are 


usually available in either awning or easement style 


Home stores often stock garden windows in | Tools & Materials> | 


several common sizes, However, it may be difficult 


to locate a stock window that will fit in your existing ‘Tape measure 2x4s 
‘window rough opening. In cases like this you must Hammer Shims 
rebuild the rough opening to the proper size. It may be Level Exterior trim 
worth the added expense to custom-order your garden Framing square Building paper 
‘window to fit into the existing rough opening Gircular saw 3" screws, 
“The large amount of glass ina garden window Wood chisel Drip edge 
has a ditect effect an the window's energy efficiency, Stapler Construction adhesive 
‘When purchasing a garden window, as « minimum, Drill and bits 4d siding nails 
look for double-pane glass with low-emissivity (low-E) Gaulking gun 8d galvanized 
coatings. More expensive super-efficient types of glass Utility knife casing nails 
ane available for severely cold climates. Garden window kit Interior trim 
Installation methods for garden windows vary by Wood strips Paintable silicone caulk 


manufacturer. Some units include a nailing flange that 


A garden window's glass roof makes 
itan ideal sun spot for houseplants, It can 
also help a room feel larger. 
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| How to Install a Garden Window 


Prepare the project site and remove the interior and 
exterior trim, then remove the existing window 


Check the rough opening measurements to verify the 
correct window sizing, The rough opening should be about 
larger than the windaw height and width, tf necessary, attach 
Wood strips to the rough framing as spacers to bring the 
opening to the required size, 


Use a level to check that the sill of the rough opening is level 
and the side jambs are plum. Use a framing square to make 
sure each comer is square, The raugh framing must be in 
‘good condition in order to support the weight of the garden 
Window, ifthe framing is severely deteriorated or aut of plumb 
Or square, you may need to reframe the rough opening (pages 
4010.43), 


Insert the garden window into the opening, pressing 
it tight against the framing. Support the unit with notched 
24s under the bottom edge of the window until it has been 
fastened securely to the framing. 


(continued) 
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The inside edge of the window sleeve should be flush 
with the interior wall surface, Check the sill ofthe garden 
\window for level. Shim beneath the lawer side ofthe sil if 
necessary, to make it level 


| 


‘Once the garden window isin place and level, hold a piece 
cf window trim in place along the exterior of the window and 
trace the auttine onto the siding. Remove the window. Cut the, 
siding down to the sheathing using a circular saw, 


Install strips of building paper between siding and 
sheathing. Wrap them around the framing and staple them in 
place, On the sides, work from the bottom up s0 each piece 
overla below. Reposition the window and reshim, 
Make sure the space between the window and the siding is 
‘equal to the width of the trim on al sides 
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Drill countersunk pilot holes every 12° to 16" through the 
window sleeve into the rough header, jack studs, and sil 


Insert shims between the window sleeve and rough frame at 
each hole lacation along the top and sides to prevent bowing 
of the windaw frame, Fasten the window to the framing using 
3° screws. Continue checking for level, plumb, and square as 
the screws are tightened, 


Locate and mark the studs nearest the edges of the 
window using a stud finder. Cut two pieces of siding to it 
behind the brackets, and tack them in place over the marked 
studs with 4d siding nails. Position the support brackets with 
the shorter side against the siding and the longer side beneath 
the window. Fasten the brackets to the window and the studs 
Using the included screws, 


Cut a piece of drip edge to length, apaly construction 
adhesive to its top flange, and slide It under the siding abave 
the window. Cut each trim piece to size. Position the trim and 
attach it using 8¢ galvanized casing nails driven through pilot 
holes. Seal the edges of the trim with a bead of paintable 
slicone caulk, approximately %" wide, 


Cut all protruding shims fish with the framing using 
a.utilty knife or handsaw, insulate or caulk gaps between 
the window sieeve and the wall. Finish the instalation by 
reinstalling the existing interior trim or installing new trim, 
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Installing Bay Windows 


odern bay windows are preassembled for easy 
installation, but it will still take several days to 


complete an installation, Bay windows are large and 


heavy, and installing them requires special techniques. 


Cutaway view 


Metal ashing 
Roof frame — 
Sheathing 
Shingles 


Building 
paper 


Drip edge 


Insulation 


Skirt board 


Preattached. 
‘seat board: 


Plastic vapor 
barrier 


Furring 
strip 


Insulation 


Plywood skirt 
bottom 


sheathing 


Siding 
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Have at least one helper to assist you, and try to 
schedule the work when there's litle chance of rain. 
Using prebuilt bay window accessories will speed your 
work (see next page). 

A large bay window can weigh several hundred 
pounds, so it must be anchored securely to framing 
members in the wall and supported by braces attached 
to framing members below the window, Some window 
manufacturers include cable-support hardware that 
can be used instead of metal support braces, 


Before purchasing a bay window unit, check with 


the local building department regarding the code 
requirements, Many local codes require large windows 
and low bay windows with window seats to be glazed 
with tempered glass for salety 


[ Tools & Materials > 


Straightedge 
Gireular sav 


Wood chisel 


16d casing nails 
Tapered wood shims 
Building paper 


Pry bar Fiberglass insulation 
Drill 6-mil polyethylene 
Level sheeting 

Nail set Drip edge 

Stapler 1" roofing nails 


Aviation snips Step flashing 
Shingles 

‘Top flashing 
Roofing cement 
2x2 lumber 
514" skirt boards 
terior-grade 


Roofing knife 
Caulk gun 
Utility knife 
Thevel 

Bay window unit 


Prebuilt roof 


frame kit plywood 
Metal support Paintable 
brackets silicone caulk. 


2x lumber 

16d galvanized 
common nails 

16d and 8d 
galvanized 
casing nails 

3" and 2 
utility screws 


Tips for Installing a Bay Window > 


Use prebuilt accessories to ease installation of a bay window. Roof frames (A) come complete with sheathing (8), metal 

flashing (C), and step flashing (0) and can be special-ordered at most home centers, You wil h city the exact 
your window unit and the angle (pitch) you want for the roof. You can cover the roof inexpensively with building 
paper and shingles or order @ copper or aluminum shell. Metal support braces (E) and skirt boards (F) can be ordered at 
your home center if not included with the window unit, Use two braces for bay windows up to 5 ft. wide and three brac 
for larger windows. Skirt boards are clad with aluminum or vinyl and can be cut to fit 


or miter saw, 


Construct a bay window frame similar to tra 


a Build an enclosure above the bay window ifthe root 
standard window (see page 257) but use a built-up sill soffit overhangs the window, Build @ 2 x 2 frame (top) 
made from two 2 » 6s sandwiched around 16" plywood. to match the angles of the bay window, and attach the 
Install extra jack studs under the sill ends to help carry the frame securely to the wall and overhanging soffit. Install a 


eight. 


vapor barrier and insulation, then fi 
matches the siding ( 


he enclosure so it 


| How to Install a Bay Window 


Prepare the project site and remove interior wall surfaces 
(pages 32 to 35), then frame the rough opening. Remove the 
exterior wall surfaces. Mark for removal a section of siding. 
irectly below the rough opening, The width of the marked area 
should equal that of the window unit and the height should 
‘equal that of the skirt board. 


Position the support braces along the rough 
the widest part of the bay window and above the crigple 
stud locations. Add cripple studs to match the support brace 
locations, if necessary. Draw outlines of the braces on the 
top of the sil. Use a chisel or circular saw to notch the sill 
toa depth equal to the thickness of the top arm of the 
support braces. 
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Set the blade on a circular saw just deep enough to cut 
through the siding, then cut along the outline. Stop just short of 
the comers to avoid damaging the siding outside the outline. 
Use a sharp chisel to complete the comer cuts. Remove the 
cut siding inside the outline, 


Slide the support braces down between the siding end the 
sheathing. Pry the siding material away from the sheathing 
slightly to make roam far the braces, if necessary. Nate: On 
‘ucco, you will need to chisel notches in the masonry surface 
to fi the support braces. 


Attach the braces to the rough sill with galvanized 143 
‘comman nails. Drive 3* utlity screws through the frant of the 
braces and into the raugh sill to prevent twisting. 


Check the window unit to make 
sure itis level. f necessary, drive shims 
Under the low side to level the window. 
Temporarily brace the outside battam 
‘edge of the unit with 2 » 4s to keep it 
from maving on the braces, 

and shingles. 


Set the roof frame on top of the 
‘window, with the sheathing loosely 
tacked in place. Trace the outline of the 
‘window and roof unit onto the siding. 
Leave a gap of about ¥ 

oof unit to allow roam for flashing 


Lift the bay window onto the support braces and slide it nto 
the rough opening. Center the unit within the opening, 


Sheathing 


‘Marke 

blocks 

flush with 
‘of 


If the gap between the side jambs and 
jack studs is more than 1" wide, mark 
‘and cut wood blocks to bridge the gap 
(smaller gaps require no blocks). Leave 
a small space for inserting wood shims. 
Remave the window, then attach blocks 
every 12" along studs. 


round the 


(continued) 
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Cut the siding just down to the sheathing along the outline 
using a circular saw. Stop just short of the comers, then 

se @ wood chisel to complete the comer cuts. Remove the 
‘out siding, Pry the remaining siding slightly away from the 
sheathing around the raof outline to allow for easy installation 
Of the metal flashing. Cover the exposed sheathing with 
8*-wide strips of building paper (step 3, page 260) 


Anchor the window by oiling allot 
holes and driving 16d casing nails 
through the brick molding and into the 
{raring members. Space nails every 
12", and use a nail set to drive the nail 
heads below the surface of the wood, 


Set the bay window unit back on the braces, and slide it 
back into the rough opening until the brick moldings are tight 
against the sheathing. Insert wood shims between the outside 
end of the metal braces and the seat board (inset), Check the 
Unit to make sure itis level, and adjust the shims, if necessary, 


Drive wood shims jnto the spaces between the side jambs and the blocking or jack 
studs and between the headboard and header, spacing the shims every 12°. Fill the 
‘spaces araund the window with loasely packed fiberglass insulation, At each shim 
location, drive 16d casing nails through the jambs and shims and into the framing 
members, Cut off the shims flush with the framing members using a handsaw or 
uty knife, Use a nail set to drive the nail heads below the surface. f necessary, dill 


pilot holes to prevent spiting the wood. 
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,owsEinergy Nuclear Reactions) 


bttp://wwwlenr-canrorg, 


Editorial: There is a collection of some papers on LENR (Low Energy Nuclear Reactions), also known as Cold 
Fusion. CANR, Chemically Assisted Nuclear Reactions, is another term for this phenomenon. These original 
scientific papers are reprinted with permission from the authors and publishers. 


Website http://wwwlenr-canrorg features a growing library of scientific papers about LENR and an extensive 
bibliography of journal papers, news articles and books about LENR. 


COLD FUSION: What is it and what does it mean to 
science and society? 


Edmund Storms 


Cold fusion is important because it promises to be a 
new source of pollution-free, inexhaustible energy. In 
addition, it is important because it reveals the 
existence of a new way nuclei can interact that 
conventional scientific theory predicts is impossible. 
What then is this phenomenon that suffers such 
promise and rejection? 


Energy can be obtained from the nucleus in two 
different ways. On the one hand, a large nucleus can 
be broken into smaller pieces, such as is experienced 
by uranium in a conventional nuclear reactor and by 
the material in an atom bomb. This is called fission. 
On the other hand, two very small nuclei can be joined 
together, such as occurs during fusion of deuterium 
and tritium in a Hot Fusion reactor and in a hydrogen 
bomb. This process, called fusion, also takes place in 
stars to produce much of the light we see. 


The fission reaction is caused to happen by adding 
neutrons to the nucleus of uranium or plutonium to 
make it unstable. The unstable nucleus splits into two 
nearly equal pieces, thereby releasing more neutrons, 
which continue the process. As every one now 
knows, this process produces considerable waste that 
is highly radioactive. The uranium used as fuel also 
occurs in limited amounts in the earth's crust. As a 
result, this source of energy is not ideal, although 
widely used at the present time. 


‘The normal hot fusion reaction requires two deuterium 
or tritium nuclei to be smashed together with great 
energy. This is accomplished by raising their 
temperature. However, this temperature is so high 
that the reactants cannot be held in a solid container, 
but must be retained by a magnetic field. This process 
has proven to be very difficult to accomplish for a time 
sufficient to generate useable energy. In spite of this 
difficulty, attempts have been under way for the last 


40 years and with the expenditure of many billions of 
dollars. Success continues to be elusive while the 
effort continues. 


Cold fusion, on the other hand, attempts to cause the 
same process, but by using solid materials as the 
container held at normal temperatures. The container 
consists of various metals, including palladium, with 
which the deuterium is reacted to form a chemical 
compound. While in this environment, the barrier 
between the deuterium nuclei is reduced so that two 
nuclei can fuse without having to be forced together. 
Because the process causing this to happen is not 
well understood, the possibility is rejected by many 
conventional scientists. Difficulty in producing the 
process on command has intensified the 
rejection. While this difficulty is real, it has not, as many 
skeptics have claimed, prevented the process from 
being reproduced hundreds of times in laboratories 
all over the world for the past 13 years. As you will 
see by reading the reviews and papers in our Library 
(see http://www.lenr-canr.org/LibFrame1.html), 
the process continues to be reproduced with 
increasing ease using a variety of methods and 
materials. 


What is the nature of this process and why has it 
been so hard to understand? To answer this question, 
a person needs to understand the nature of the 
barrier that exists between all nuclei. Because all 
nuclei have a positive charge in proportion to their 
atomic number, all nuclei repeal each other. It is 
only the surrounding electrons that hold normal 
matter together, with the nuclei being at 
considerable distance from each other, at least on 
the scale of an atom. When attempts are made to push 
the nuclei closer, the required energy increases as the 
nuclei approach one another. However, when deuterium 
dissolves in a metal, it experiences several unique 
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Staple sheet plastic over the top of the window unit to serve 
aS. Vapor barrier. Tim the edges of the plastic around the top 
Of the window using a utility knife, 


Remove the sheathing pieces {/07 the roof Tame, then 
posttion the frame on top of the window unit. Attach the roof 
fame to the window and to the wal at stud locations using 3* 
utlty screws 


Fill the empty space |nside the root ‘Staple asphalt building paper over —_—_Cut drip edges with aviation snips, 
frame with loosely packed fiberglass the roof sheathing. Make sure each then attach them around the edge of 
insulation. Screw the sheathing piece of building paper overlaps the one the roof sheathing using roofing nails. 
back onto the roof frame using 2" below by at least 5°. 
utility screws. 

(continued) 
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‘Trim the end of the flashing to the 
same angle as the drip edge. Nall the 
flashing to the sheathing with roofing nals. 


Pull row 
of shingles 


16* starter row | 


Drip edge 


Cut 6"-wide strips of shingles for the starter row. Use roofing nails to attach the Nail a full row of shingles over the 


starter row shingles so they overhang the drip edge by abou 
along the roof hips using a straightedge and a roofing knife, 


Cut the shingles starter row, aligning the bottom edges with 
the bottom edge ofthe starter row. Make 
sure shingle notches are not aligned, 


Install another piece of step flashing on each side of the 
roof, overlapping the first piace of flashing by about 5". 
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Cut and install another row of full shingles. The bottom 
ledges should overlap the tops of the notches on the previat 
row by 1s". Attach the shingles with raofing nails driven just 
above the notches, 


Continue installing alternate rows of step flashing and 
shingles to the top of the roof, Bend the las ‘of step 
flashing to fit aver the roof hips. 


When the roof sheathing is covered with shingles, instal 
the top flashing. Cut and bend the ends over the roof hips, 
and attach it with roofing nails. Attach the remaining rows of 
shingles over the top flashing. 


Find the height of the final row of shingles by measuring 
from the top of the roof to a point ¥" below the top of the 
notches on the last installed shingle, Tim the shingles to fit 


Make ridge caps by cutting shingles into 1-1-0 
Use a roofing knife to trim aif the tap comers of each piece, so 
the ridge caps will be narrower at the tap than at the bottom, 


Attach the final row of shingles with a thick bead of roofing 
‘cement—nat nails. Press firmly to ensue 2 good bond. 


Install the ridge caps over the roof hips, beginning at the: 
bottom of the root Trim the battom ridge caps to match the edges 
of the root Keep the same amount of overlap with each layer 


(continued) 


‘At the top of the roof hips, use a roofing knife to cut the Staple sheet plastic over the bottom of the window unit to 
shingles to fit flush with the wall. Attach the shingles with Sefve as @ vapor barrier. Trim the plastic around the bottom of 
roofing cement—do not use any nails. the window, 


Cut and attach a 2 x 2 skirt frame around the bottom of Cut skirt boards to match the shape of the bay window 
the bay window using 3° galvanized utility screws. Set the skirt bottom, mitering the ends to ensure a tight fit Test-fit 
frame back about 1° fram the edges of the window, the skirt board pieces to make sure they match the bay 


window bottom. 
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Cut a 2 » 2 furring strip for each skirt board. Miter the ends Attach the skirt board pieces to the skirt frame. Dri «" 
to the same angles as the skirt boards. Attach the furring strips plot holes every 6” through the back ofthe skirt frame and 
to the back of the skirt boards, 1" from the bottom edges, into the skirt boards, then attach the skirt boards with 2" 
using 2" galvanized utlity screws galvanized utiity screws. 


Measure the space inside the skirt boards using a Fbevel to 
duplicate the angles, Cut a skirt bottom from %" exterior grade 
plywood to fit this space. 


| Furring strip 


Lay fiberglass insulation on the skirt bottom. Position the Install any additional trim pieces (inset) specified by your 
skirt bottom against the furring strips and attach itby driving window manufacturer using &d galvanized casing nails. Seal 
2° galvanized utility screws every 6" through the bottom and —_the roof edges with roofing cement, and seal around the rest 
into the furring strips. of the window with paintable silicone caulk, 


Buors 
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WW! installing Skylights 


Ceara ef ssl Dh, ne tg 
and placement are important considerations, 
A skylight that’s too big can quickly overheat a space, 
especially in an attic. The same is true of using too 
many skylights in any one room. For that reason it's 
often best to position a skylight away from the day's 
brightest sum. You may want an operable skylight that 
opens and closes to yent warm air. 

When a skylight is installed above an 
unfinished attic space, a special skylight shaft must 
be constructed to channel light directly to the 
roam below 


‘Skylights can offer warmth in the winter, cooling ventilation 
in the summer, and a View of the sky ar the treetops around 
your house during any season. And, af course, skylights 
provide natural light. 
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Installing a skylight above finished space involves 
other considerations. First, the ceiling surface must. 
be removed to expose the raft 
ceiling surfaces, see pages 28 to 31 

A skylight frame is similar to a standard window 
frame. It has a header and sill, like a window frame, 
but it has king rafters rather than king studs. Skylight 
frames also have trimmers that define the sides 
of the rough opening. Refer to the manufacturer's 
instructions to determine what size to make the 
‘opening for the skylight you select 

With standard rafter-frame roof construction, you 
can safely cut into one or two rafters as long.as you 
permanently support the cut rafters, as shown in the 
following steps. If your skylight requires alteration 
of more than two rafters or if your roofing is made 
with unusually heavy material, such as clay tile or 
slate, consult an architect or engineer before starting 
the project 

“Today's good-quality skylight units are unlikely 
to leak, but a skylight is only as leakproof as its 
installation, Follow the manufacturer's instructions, 
and install the Flashing meticulously, as it will last a lot 
longer than any sealant 


s. To remove wall and 


"Tools & Materials > 


4-1, level led and 10d 
Gircular saw common nails 
Drill Building paper 


Gombination square 
Reciprocating saw 


Roofing cement 
Skylight flashing 


Pry bar 2", 14", and 4" 
Chalk line roofing nails 
Stapler Finish nails 

Caulk gun Fiberglass insulation 
Utility knife wallboard 
Aviation sni Twine 

Plumb bob Wallboard screws 
Jigsaw 6-mil polyethylene 
Wallboard tools sheeting 

2x lumber Finishing materials 
1x4 


How to Install a Skylight 


Use the first rafter on each side ofthe planned rough Brace the intermediate rafter by installing two 2% 4s 
opening as aking rafter. Measure and mark where the between the rater and the atic flor. Position the braces 
<ouble header an sill will ft against the king rafters. Then, just above the header marks and just below the sil marks. 
se a level as a straightedge to extend the marks across the Secure them temporarily to the rafter ancl subfloor (or joists) 
intermediate rater. with screws 


a: , 
13), a 


Reinforce each king rafter by attaching a ful-length “sister Use a combination square to trans‘er the sill ané header 
rafter against its outside face. Cut sister rafters from the same marks across the face ofthe intermediate rafter, then cut 


size of lumber as existing raters, matching lengths and end along the outermast lines with a reciprocating saw. Do not cut 
cuts exactly. Work each one into position, flush against the into the roof sheathing. Carefully remove the cutout section 
outside face of the king rafters, then nail the sisters to the with a pry bar. The remaining rafter portions will serve as 
Kings with pairs of 10d common nails spaced 12" apart. cripple rafters. 

(continued) 
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Build a double header and double sil to fit snugly between 
the king rafters, using 2x lumber that is the same size as the 
rafters. Nail the header pieces together using pairs of 10d nails 
spaced 6” apart. 


Install the header and sill, anchoring them to the king 
rafters and cripple rafters with 16d common nails, Make sure 
the ends of the header and sill are aligned with the appropriate 
‘marks on the king rafters. 


If your skylight unit is narrower than the opening between 
the king studs, measure and make marks for the trimmers: 
‘They should be centered in the opening and spaced according 
to the manufacturer's specifications. Cut the trimmers from the 
‘same 2x lumber used for the rest of the frame, and nail them 
in place with 10d common nails. Remove the 2 x 4 braces. 
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Mark the opening for the roof cutout by driving a screw 
through the sheathing at each comer of the frame. Then, tack a 
couple of scrap boards acrass the opening to prevent the raof 
cutout from falling and causing damage below, 


From the roof, measure between the screws to make Tack a straight 1 x 4 to the roof, aligned with the inside 
sure the rough opening dimensions are accurate Snap chalk edge of ane chalk line. Make sure the nail heads are flush with 
lines between the screws to mark the rough opening, then the surface of the board. 

remove the screws. 


Cut through the shingles and sheathing along the chalk Remove the shingles aroun the rough opening with a flat 
line using a circular saw and an old blade or a remodeling pry bar, exposing at least 9° of building paper an all sides of 
blade, Rest the saw foot on the 1 x 4, and use the edge of the opening. Remove Whole shingles rather than cutting them. 


the board as a guide. Reposition the 1 x, and cut along the 
remaining lines. Remove the cutout roof section, 


(continued) 
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Cut strips of building paper and 
slide them between the shingles and 
existing buliding paper. Wrap the paper 
so that it covers the faces of the framing 
members, and staple it in place, 


Patch in shingles up to the bottom 
edge of the skyfight unit. Attach 

the shingles with 1% roofing nails 
riven just below the adhesive strip. f 
necessary, cut the shingles with a utlty 
knife so they it against the bottom of 
the skyfignt 


Spread a 5"-wide layer of roofing 
‘cement around the raof opening, Set 
the skylight into the opening so that 
the nailing flange rests on the root 
Finally, aust the unit so it sits squarely 
in the opening. 


‘Spread roofing cement on the 
bottom edge of the sill lashing, then 
fit the flashing around the bottom of 
the unit. Attach flashing by driving 44" 
galvanized roofing nals through the 
vertical side flange (near the top of the 
flashing) and into the skylight jembs. 
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Nail through the flange and into 
the sheathing and framing members 
with 2" galvanized roofing nails spaced 
every 6°, Note: f skylight uses L-shaped 
brackets instead of a nailing flange, 
follow manufacturer's instructions, 


Spread roofing cement on the bottom 
of a piece of step flashing, then slide 
flashing under the drio edge on one 

side of the skylight Step fiashing should 
averiap sill flashing by 5". Press the step 
flashing down to bond tt, Repeat on the 
‘opposite side of the skylig 


conditions. The surrounding metal atoms produce a 
regular array that is able to support waves of various 
kinds. These waves can be based on vibration of the 
atoms (phonons), vibration of the electrons, standing 
waves of electromagnetic energy, or a wave resulting 
from conversion of the deuterium nuclei toa wave. In 
addition, the high density of electrons can neutralize 
some of the positive charge on the deuterium nuclei 
allowing a process called tunneling, i... allowing 
passage through the barrier rather than over it. The 
mechanism of this neutralization process is proposed 
to involve a novel coherent wave structure that can 
occur between electrons under certain conditions. All 
of these wave processes have been observed in the 
past under various conventional conditions, but 
applying them to the cold fusion phenomenon has 
been a subject of debate and general rejection, 


While the debate based on wave action has been 
underway, people have proposed other mechanisms. 
‘These include the presence of neutrons within the 
lattice. Normally, neutrons are unstable outside of the 
nucleus, decomposing into a proton, an electron, and 
a neutrino. Presumably, this reaction can be reversed 
so that neutrons might be created in a lattice 
containing many free electrons and protons. Having 
no charge, the neutron could then interact with various 
atoms in the lattice to produce energy. These neutrons 
might also be hidden in the lattice by being attached 
to other nuclei in a stabilized form, to be released 


when conditions were right. Several particles normally 
not detected in nature also have been proposed to 
trigger fusion and other nuclear reactions. 


While search for a suitable mechanism has been 
underway, an understanding of the environment that 
triggers the mechanism has been sought, the so-called 
nuclear-active-environment. Initially, this environment 
was thought to exist in the bulk of the palladium 
cathode used in the Pons-Fleischmann method to 
produce cold fusion. It is now agreed that the nuclear 
reactions only occur in the surface region. Recent 
arguments suggest that this surface layer does not 
even require palladium for it to be nuclear-active. 
Nuclear reactions have now been produced in a 
variety of materials using many methods. The only 
common feature found in all of these methods is the 
presence of nano-sized particles of material on the 
active surface. If this observation is correct, four 
conditions seem required to produce the nuclear 
reactions. First, the particle must have a critical small 
size; second, it must contain a critical concentration 
of deuterium or hydrogen; third, it must be constructed 
of certain atoms; and fourth, it must be exposed to a 
source of energy. This energy can take the form of a 
sufficiently high temperature, a significant high ux 
of hydrogen through the particle, application of 
energetic electrons or charged particles, or application 
of laser light of the proper frequency. Until, the 
importance of these factors is understood, the effect 
will continue to be difficult to replicate. 


Technical Introduction to LENR-CANR 


Edmund Storms 


At low energies, the Coulomb barrier prevents nuclei 
from coming together and fusing to form a single 
nucleus. To initiate a nuclear reaction, several methods 
are used. Nuclear reactions are normally initiated by 
pushing two atoms together with enough force to 
overcome the Coulomb barrier by brute force, or by 
using neutrons which penetrate the nuclei without 
seeing a barrier. (Neutrons have no electrical charge, 
so the Coulomb barrier does not stop them.) These 
forces are normally provided by high-temperature 
plasma or by accelerating ions to high energies. In 
contrast, LENR describes the mechanism and 
conditions that cause a variety of nuclear reactions to 
take place with relatively low activation energy. These 
unique conditions reduce the need for excessive energy. 
‘The normal method forces the nuclei together, while 
the new method encourages them to come together. 
‘The challenge has been to understand the unique 
characteristics of the necessary solid structure such 
that this structure could be generated at will. 


Because the proposed method is unique, at odds with 
current nuclear theory, and is still difficult to reproduce, 
support for studies in many countries, but not all, has 


been very limited. Nevertheless, considerable 
information has accumulated over the last 13 years 
since Profs. Stanley Pons and Martin Fleischmann 
showed the world the possibilities inherent in this 
phenomenon. Much understanding is buried in 
conference proceedings and reports that are not 
available to a serious student. This information will, 
as time permits, be made available on this site. 
Students of the subject are also encouraged to use 
this site to interact with other people in the field and 
provide objective critiques of the work published here. 


PHENOMENA DISCUSSED IN SOME OF THE 
PAPERS 


At least 10 ways have been demonstrated to produce 
anomalous heat and/or anomalous elemental 
synthesis. A few of these methods will be described 
here. For course, not all of the claims are worthy of 
belief nor are they accepted by many people. 
Nevertheless, the claims will be described without 
qualifications in order to provide the reader with the 
latest understanding, 
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Patch in the next row of shingles on 
each side of the skylight, flowing the 
existing shingle patter. Drive a 1s" 
roofing nail through each shingle and 
the step fiashing and into the sheathing 
Drive additional nals just above the 
notches in the shingles 


‘Spread roofing cement on the bottom 
Cf the head flashing to bond it to the root 
Place the flashing against the top of the 
skylight so the vertical flange fits under 
the crip edge and the Horizontal flange 
fits under the shingles above the skylight. 


Continue applying alternate rows of 
step flashing and shingles using roofing 
cement and roofing nails. Each piece of 
flashing should overlap the preceding 
plece by 5* 


Fill in the remaining shingles, 
cutting them to fit, f necessary. Attach 
the shingles with rooting nails driven 
Just above the notches. 


At the top of the skylight, cut and 
bend the last piece of step flashing on 
each side, so the vertical flange wraps 
‘around the comer of the skylight, Patch 
in the next row of shingles. 


Apply a continuous bead of roofing 
cement along the joint between the 
shingles and the skylight, Finish the 
interior ofthe framed opening as 
desired 
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How to Build a Skylight Shaft 


284 


A skylight shaft is mace with 2 « 4 lumber and wallboard Remove any insulation in the area where the skylight will 
and includes a vapar barrier and fiberglass insulation. You can _be located; turn off and reraute electrical circuits as necessary. 
‘oullda straight shaft with four vertical sides or an angled shaft —_Use a plumb bob as a guide to mark reference paints on 

that has a longer frame at celling level and one or more sides _the ceiling surface, directly below the inside carners of the 

set tan angle. Since the celiing opening is larger, an angled skylight frame. 

shaft lets in more direct light than a straight shaft 


If you are installing a straight shaft, use the plumb marks From the room below, mark cutting lines, then remove the 
‘made in step 1 to define the comers of the celiing opening; ceiling surface 

ive a finish nail through the ceiling surface at each mark. If 

Yyou are installing an angled shaft, measure out trom the plumb 

‘marks and make new marks that define the corners of the 

ceiling opening drive finish nails at the new marks. 
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Use the nearest joists on either side of the celling opening _f you will be removing a section of an intermediate jist, 
to serve as king joists. Measure and mark where the dauble reinforce the king joists by nailing full-length “sister” joists to 
header and double sil will ft against the king joists and the outside faces of the king joists using 10d nails. 

\where the outside edge of the header and sill will cross any 

intermediate joists. 


Install temporary supports below the project erea to Build a double header and double sill to span the distance 
support the intermediate rafter on both sides of the opening, between the king joists using 2x dimensional lumber the same 
Use a combination square to extend cutting ines dawn the size as the joists 

sides of the intermediate jist, then cut aut the joist section 

with a reciprocating saw. Pry loose the cutout portion of the 

joist, being careful not to damage the celiing surface. 


(continued) 
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Install the double header and double sill, an 
tothe with 104 nal 
Should be alig 


ring them 
The inside 
ith the edge of 


—— Rafter header 


Nailing strip 
Tocation . 


Comer post 
(positioned for 
‘marking) 


Cutting 
ines 


the tap to 
weader and 
attom 
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Complete the celling opening 
rimmers i, along th 
and sill Toenall the trimmers to the 


header and sill with 10d nal 


g enough to reach fram 
op of the rafter 
or trimmer an 

m of the frame wit 


where the 2 


toenail the posts to the top and bott 


‘Attach a 2 «4 nailing strip to the outside edge of each 
‘corner post to provide a nailing surface for attaching the 
‘wallboard. Notch the ends of the nailing strips to ft around the 
trimmers; a perfect ft is not necessary, 


Install additional 2 « 4 nailing strips between the corner 
posts ifthe distances between posts are more than 24” 
Miter the top ends ofthe nailing strips to fit against the 
rafter trimmers 


wattoara ana 
_ removed for ey 


Wrap the skylight shaft with From inside the shaft, staple. plastic Finish the inside of the shaft wit? 
fiberglass insulation. Secure the vvapar barrier of 6-mil polyethylene wallboard (pages 48 and 51). Tip:To 
insulation by wrapping twine araund the sheeting over the insulation. reflect light, paint the shaft interior with 


shaft and insulation, 


a light-colored, semigioss paint 
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WH! installing Tubular Skylights 


Pre gers on linn en ale 
skylight, Tabular skylights are quite energy- 
y to install, with no 


efficient and are relative 
complicated framing involved 

“The design of tubular skylights varies among 
manufacturers, with some using solid plastic reflecting 
tubes and others using flexible tubing. Various 
diameters are also available. Measure the distance 
between the framing members in your attic before 
purchasing your skylight to he sure it will fit 

This project shows the installation of a tubular 
skylight on a sloped, asphalt-shingled roof. Consult 
the dealer or manufacturer for installation procedures 
‘on other roof types. 


Pencil Reciprocating saw 
Drill Pry bar 

‘Tape measure Screwdriver 
Wallboard saw Hammer 


‘A tubular skylight is an economical way to introduce 
‘more sunlight into room withaut embarking on a major 
framing project. 


Stiff wire 


Wire cutters 
Utility knife 

Chalk 

‘Tubular skylight kit 


2" rooting nails 
or flashing serews 
Roofing cement 


| How to Install a Tubular Skylight 


Mr 


NY 


Drill a pilot hole through the celing 
at the approximate location for your 
skylight. Push a stiff wire up into the: 
attic to help locate the hole, In the 
atic, make sure the space around the 
hole is clear of any insulation. Drill a 
second hole through the ceiling at the 
Centerpoint between two joists. 


Center the ceiling ring frame over 
the hole and trace around it with a 
pencil. Carefully cut along the pencil line 
‘with a wallboard saw or reciprocating 
‘saw, Save the wallboard ceiling cutout 
to use as your roof-hale pattern. Attach 
the ceiling frame ring around the hole 
‘with the included screws. 
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In the attic, choose the most direct 
route for the tubing to reach the 

Toof. Find the center between the 
appropriate rafters and drive a nail up 
through the raof sheathing and shingles, 


Use the wallboard ceiling cutout, centered aver the nail 
hole, asa template for the roof opening, Trace the cutout 
onto the roof with chalk. Dilla starter hole to insert the 
reciprocating saw blade, then cut out the hole in the root Pry 
up the lower portion of the shingles above the hole. Remove 
any staples or nails around the hole edge. 


Lower the tubing through the roof 
hole and slide the flashing into place 
‘with the upper portion ofthe flashing 
underneath the existing shingles. This is 
easier with two people, one on the roof 
and one in the attic. 


Pull the tubing over the top frame ring. Bend the frame tabs, 
out through the tubing, keeping two or three rings of the tubing 
wire above the tabs. Wrap the junction three times around with 
included PVC tape. Then, in the atti, measure from the roof 

to the ceiling. Stretch out the tubing and cut ito length with a 


utlity knife and wire cutters, Pull the loose end of tubing over 
the lower ring and wrap it three times with PVC tape. 


Secure the flashing to the roof with 
2" roofing nails or flashing screws. Seal 
Under the shingles and over all he nail 
heads with roofing cement. attach the 
skylight dome and venting to the frame 
with the included screws 


Pull the lower end of the tubing down 
through the celling hole, Attach the 
lower tubing ring to the ceiling frame 
ring and fasten it with screws, Attach 
the gasket to the diffuser lens and work 
the gasket around the perimeter of the: 
celling frame, Repack any insulation 
around the tubing in the atic 
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Installing Interior Doors 


(Creating an opening for a door in a wall Door framing requires flat, straight, and dry 
\G involves building a framework about 1" wider framing lumber, so choose your king, jack, and header 
and taller than the doors jamb frame, ‘This pieces carefully. Sight down the edges and ends to look 


dveriized opening, called aisongh pining, will Ror warpeas, andlcuk aff the:erids o€ pieces with spits 
enable you to position the door easily and shim 

it plumb and level. Before framing a door, it's 

always a good idea to buy the door and refer to 

the manufacturers recommendations for ourh TOOLS & Materials > 


opening size 


Door frames consist of a pair of full-length ‘Tape measure 10d or pneumatic 
king studs and two shorter jack studs that support Framing square framing nails 

the header above the door. A header provides an Hammer or nail gun %" plywood (for 
attachment point for wallboard and door casings Handsaw or structural headers) 
On load-bearing walls, it also helps to transfer reciprocating saw Construction 

the building’ structural loads down into the wall Framing lumber tice 


Framework and eventually the foundation. 


Creating a square, properly sized opening for a door is the most important element of a successful door instalation project. 
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How to Frame a Rough Opening for an Interior Prehung Door 


Door frames for prehung doors (ett 


‘Top plate 


Cripple 
stud 


Built-up header Vv. 
Construction 


‘adhesive 


~ Bottom 


Sire 4 plywood 


Door unit width 


King stud Jack stud Jack stud ere 
marking marking marking marking 


How to Frame a Prehung Door Opening 


Mark layout lines for tie king and jack Cut the jack studs to length (they Im a partition wall, the header can 
studs on the walls top and sole plates, should rest on the sole plate). The height be a piece of 2x framing lumber that 
Cut the king studs slightly longer than of a jack stud for a standard interior lays flat on top of the jack studs, Cut 
the distance between the wall plates, door is 83", or ¥ taller than the door. it to length, and install by endnailing 
and toenail them in place with 10d nails ‘Nail the jack studs to the king studs, through the king studs ¢ 


(or 3" pneumatic nails, jack studs 


pe em 


ne door yet, do 


Fasten a cripple stud above the ti y between If you haven't cut a sole plate opening for 
Tim the sole 


the king studs It will prevent the header fram warping, Toenail that now with a reciprocating saw or handsay 
itinto the top plate, and drive nails into itthraugh the header. _—_plate flush with the jack studs. 
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conditions. The surrounding metal atoms produce a 
regular array that is able to support waves of various 
kinds. These waves can be based on vibration of the 
atoms (phonons), vibration of the electrons, standing 
waves of electromagnetic energy, or a wave resulting 
from conversion of the deuterium nuclei toa wave. In 
addition, the high density of electrons can neutralize 
some of the positive charge on the deuterium nuclei 
allowing a process called tunneling, i... allowing 
passage through the barrier rather than over it. The 
mechanism of this neutralization process is proposed 
to involve a novel coherent wave structure that can 
occur between electrons under certain conditions. All 
of these wave processes have been observed in the 
past under various conventional conditions, but 
applying them to the cold fusion phenomenon has 
been a subject of debate and general rejection, 


While the debate based on wave action has been 
underway, people have proposed other mechanisms. 
‘These include the presence of neutrons within the 
lattice. Normally, neutrons are unstable outside of the 
nucleus, decomposing into a proton, an electron, and 
a neutrino. Presumably, this reaction can be reversed 
so that neutrons might be created in a lattice 
containing many free electrons and protons. Having 
no charge, the neutron could then interact with various 
atoms in the lattice to produce energy. These neutrons 
might also be hidden in the lattice by being attached 
to other nuclei in a stabilized form, to be released 


when conditions were right. Several particles normally 
not detected in nature also have been proposed to 
trigger fusion and other nuclear reactions. 


While search for a suitable mechanism has been 
underway, an understanding of the environment that 
triggers the mechanism has been sought, the so-called 
nuclear-active-environment. Initially, this environment 
was thought to exist in the bulk of the palladium 
cathode used in the Pons-Fleischmann method to 
produce cold fusion. It is now agreed that the nuclear 
reactions only occur in the surface region. Recent 
arguments suggest that this surface layer does not 
even require palladium for it to be nuclear-active. 
Nuclear reactions have now been produced in a 
variety of materials using many methods. The only 
common feature found in all of these methods is the 
presence of nano-sized particles of material on the 
active surface. If this observation is correct, four 
conditions seem required to produce the nuclear 
reactions. First, the particle must have a critical small 
size; second, it must contain a critical concentration 
of deuterium or hydrogen; third, it must be constructed 
of certain atoms; and fourth, it must be exposed to a 
source of energy. This energy can take the form of a 
sufficiently high temperature, a significant high ux 
of hydrogen through the particle, application of 
energetic electrons or charged particles, or application 
of laser light of the proper frequency. Until, the 
importance of these factors is understood, the effect 
will continue to be difficult to replicate. 


Technical Introduction to LENR-CANR 


Edmund Storms 


At low energies, the Coulomb barrier prevents nuclei 
from coming together and fusing to form a single 
nucleus. To initiate a nuclear reaction, several methods 
are used. Nuclear reactions are normally initiated by 
pushing two atoms together with enough force to 
overcome the Coulomb barrier by brute force, or by 
using neutrons which penetrate the nuclei without 
seeing a barrier. (Neutrons have no electrical charge, 
so the Coulomb barrier does not stop them.) These 
forces are normally provided by high-temperature 
plasma or by accelerating ions to high energies. In 
contrast, LENR describes the mechanism and 
conditions that cause a variety of nuclear reactions to 
take place with relatively low activation energy. These 
unique conditions reduce the need for excessive energy. 
‘The normal method forces the nuclei together, while 
the new method encourages them to come together. 
‘The challenge has been to understand the unique 
characteristics of the necessary solid structure such 
that this structure could be generated at will. 


Because the proposed method is unique, at odds with 
current nuclear theory, and is still difficult to reproduce, 
support for studies in many countries, but not all, has 


been very limited. Nevertheless, considerable 
information has accumulated over the last 13 years 
since Profs. Stanley Pons and Martin Fleischmann 
showed the world the possibilities inherent in this 
phenomenon. Much understanding is buried in 
conference proceedings and reports that are not 
available to a serious student. This information will, 
as time permits, be made available on this site. 
Students of the subject are also encouraged to use 
this site to interact with other people in the field and 
provide objective critiques of the work published here. 


PHENOMENA DISCUSSED IN SOME OF THE 
PAPERS 


At least 10 ways have been demonstrated to produce 
anomalous heat and/or anomalous elemental 
synthesis. A few of these methods will be described 
here. For course, not all of the claims are worthy of 
belief nor are they accepted by many people. 
Nevertheless, the claims will be described without 
qualifications in order to provide the reader with the 
latest understanding, 
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| How to Frame an Opening for a Load-bearing Wall 


Door framing on load-bearing walls ‘Install the built-up header by esting 
will require a structural header that iton the jack studs and endnaling 
transfers loads above the wall into through the king studs. Use 10d nails or 
the jack studs, sole plate, and down 3" pneumatic nals 


into the house foundation. Build it by 
sandwiching a piece of #/<" plywood 
between two 2 4s. Use construction 
adhesive and nalls to fasten the 
header together, 


Toenail a cripple stud between the 
top plate and header, halfway between 
the king studs. It transfers structural 


loads into the header, 


| Option: Framing Openings for Sliding & Folding Doors 


The same basic framing techniques are used, whether you're planning to install 
asliding, bifold, packet, or prehung interior door. The different door styles require 
cifferent frame openings. You may need to frame an opening 2 ta 3 times wider 
than the opening for a standard prehung door. Purchase the doars and hardware 

in advance, and consult the hardware manufacturer's instructions for the exact 
‘cimensions of the rough opening and header size for the type of door you select, 


Most bifold doors are designed 
to fit ina 80*-high finished opening, 
Wood bifold doors have the advantage 
of allowing you to trim the doors, if 
necessary, to fit openings that are 


slightly shorter. 
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Installing a Prehung Interior Door 


Install prehung interior doors after the Framing work = 

is complete and the wallboard has been installed. 

If the rough opening for the door has been framed | 

accurately, installing the door takes about an hour, 
Standard prehung doors have 4!4"-wide jambs and 

are sized to fit walls with 2 x 4 construction and)" 

‘wallboard, If you have 2 X 6 construction or thicker 

wall surface material, you ean special-order a door to 

match, or you ean add jamb extensions to a standard- 

sized door (photo, below). 


Level Prehung interior door 
Hammer Wood shims 
Handsaw 8d casing nails 
Tip> 


{f your walls are built with 26 studs, you'll need 
to extend the jambs by attaching 1"-thick wood strips 
to the edges ofthe jamb after the door i installed. 
Use glue and ad casing nails when attaching jamb 
extensions, Make the strips from the same Wood as 
the jamb, Prehung doors are shipped as single units with the door 
aleady hung on hinges attached to pre-installed jambs. 
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How to Install a Prehung Interior Door 


r 


Slide the door unit into the framed Insert pairs of wood shims criven Anchor the hinge-side jamb with & 
‘opening so the edges ofthe jambs from opposite directions into the gap casing nails driven through the jam 
are fish with the wall surface and the ‘between the framing members and and shims and into the jack stud, 
hinge-side jamb is plumb, the hinge-side jamb, spaced every 12° 


Check the hinge-side jamb to make sure 
itis stl plumb and does not bow. 


Insert pairs of shims in the gap between the framing Cut the shims flush with the wall surface, using a handsaw, 
‘members and the latch-side jamb and ton jamb, spaced every Hold the saw vertically to prevent damage to the door jamb 
12". With the door clased, adjust the shims so the gap between or Wall. Finish the door and install the lockset as directed by 
door edge and jamb is 14" wide, Drive 8d casing nails through the manufacturer. See pages 318 to 321 to instal trim around 
the jambs and shims, Into the framing members the door. 


Windows & Doors 286 


| Pocket Doors 


Pocket doors are a space-saving alternative to traditional 
hinged interior doors. Swinging doors can monopolize 
up to 16 square feet of floor space in a room, which is 
why pocket doors are a perfect choice for tight spaces, 
like small bathrooms, Installed in pairs, pocket doors 
ccan divide large rooms into more intimate spaces and 
can still be opened to use the entire area, 

Pocket door hardware kits generally are 
universal and can be adapted for almost any interior 
door. In this project, the Frame kit includes an 
adjustable track, steel-clad split studs, and all the 
required hanging hardware, The latch hardware, 
jambs, and the door itself are all sold separately 
Pocket door frames can also be purchased as 
preassembled units that can be easily installed into 
a rough opening 

Framing and installing a pocket door is not 
difficult in new construction or a major remodel. But 
retrofitting a pocket door in place of a standard door 
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or installing one in a wall without an existing door, is a 
major project that involves removing the wall material, 
framing the new opening, installing and hanging the 
door, and refinishing the wall. Hidden utilities, such as 
\wiring, plumbing, and heating duets, must be rerouted 
ifencountered, 

‘The rough opening for a packet door is at least 
twice the width of a standard door opening. If you are 
installing the pocket door in a partition wall, see page 
292 to learn how to frame the opening. If the wall is 
load bearing, you will need to install an appropriately 
sized header (page 293). 

Because pocket doors are easy to open and 
close and require no threshold, they offer increased 
accessibility for wheelchair or walker users, provided 
the handles are easy to use (page 299), If you are 
installing a pocket door for this purpose, be aware that 
standard latch hardware may be difficult to use for 
some individuals. 


‘Tape measure 

Circular saw 

Hammer, nail set 

Screwdriver 

Level 

Drill 

Handsaw 

Hacksaw 

Wallboard tools 

2x4 lumber 

16d, 8d & 6d 
common nails 

Pocket door frame kit 

Door 

114" wallboard screws 

Wallboard materials 

Manufactured pocket door 
jambs (or build jambs 
from Lx material) 

8d & 6d finish nails 

14" wood serews 

Door casing 


How to Install a Pocket Door 


2 


Prepare the project area and frame the rough opening to 
the manufacturer's recommended dimensions, Measuring 
from the floor, mark each jack stud at the height of the door 


plus % to 114" (depending on the door clearance above the 
floor for the overhead door track. Drive a nail into each 
Jack stud, centered on the mark. Leave abouts" of the 
nail protruding 


Set end brackets of the track on the 
nails in the jack studs. Adjust the track 
to level and set the nails, Then drive 8d 
‘comman nails through the remaining 
holes in the end brackets. 


split studs. Butt o 


Trim 
oards 


Remove the adjustable end bracket {rom the overhead 
door track. Cut the wooden track header at the mark th 
‘matches your door size. Turn the track over and cut the 
‘metal track 124" shorter than the wooden track header using 
a hacksaw (top). Replace the end bracket. Cut the side trim 
bboards along the marks corresponding to your d 
careful not to cut the metal track (bottom). 


‘Snap chalk lines on the floor acrass the opening, even with the sides of the rough 
‘opening, Tap the floor plate spacers into the bottom ends of the pairs of steel-clad 

slit stud pair against the daor track trim board, check it for 
plumb, and fasten itto the track header using 6d common nails (lef). Center the ather 
spit stud pair in the “packet” and fasten it ta the track header. Plumb the split studs 


‘again and attach them to the floor with 8d common nails or 2" screws driven through 


spacer plates (right, 


(continued) 


Baors 


297 


Cover the open framing with wal: 
board ta the edge of the opening. You 
may want to leave the wallboard off 
one side of the wall to allow for door 
adjustment, Use 11" wallboard scr 
which will nat protrude into the packer, 


Cut the strike-side jamb to length and width. Fast 
the jack stud using &d finish nails, shimming the jamb to plumb 


as necessary, 
fine-tune the door height so the 
from top to bottom 


adjust the fi 
00r Is paral 
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Paint or stain the daor as desired. 
When the doar has dried, attach two 
door brackets to the top af the doa 

Using included screws driven through 
pilot holes, install the rubber bumper 
to the rear edge of the door with its 

Included s 


it 


Main 


nger nuts to 
ith the jamb 


E IMPROVEMENT 


‘Tri-wheeled hanger 


Slide two tri-wheeled hangers into 
the overhead door track. Set the door in 
the frame, aligning the hangers with the 
door brackets, Then raise the door and 
press each hanger into the daor bracke 
Unt it snaps into place, Clase the 
arm over the hanger. 


‘Measure and cut the split jambs to size. Fasten each split 
nb to the front edge of the split stud using 8d finish nails, 

ance on both 
shim between the bumper and door until the door Is flush with 
the jambs when open, 


es of the door. fr necessary, 


Measure and cut the split head jambs to size. Use 1° wood Install the included door guides on both sides of the door 
ssrews driven through countersunk pilot holes to attach the ‘ear the floor at the mouth of the pocket. Install the latch 
ead jamb on the side that has access to the lock arm of the hardware according to the manufacturer's directions, Finish 
hangers to allow for easy removal of the door Attach the other the wallboard and install casing around the door. Fil all nail 
head jamb using 4d finish nails, Maintain ¥4* clearance on holes, then paint or stain the jambs and casing as desired 
each side of the door. 


| Improving Pocket Door Accessibility > 


D-pull handle 


ae 


ag Stop block 


D-pull handles are easier to use than standard recessed hardware. Choose pulls that project atleast 114° from the door 
‘Mount the pulls 1)" from the edge of the door to provide room for fingers when the door is closed (eft. Install a stop 
block at the back of the fram (right), so the door stops 1)" short of the D-pull to provide room for fingers when the door 
's open. Because this design reduces the width af the door opening by 3°, you must use a 36"-wide door to maintain the 
recommended doorway width of 32° 
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Bifold Doors 


Bifold doors provide easy access to a closet without eae 
requiring much clearance for opening. Mast home Tools 


centers stock kits that include two pairs of prehinged 


Materials» 


doors, a head track, and all the necessary hardware ‘Tape measure Screwdriver 

and fasteners. Typically; the doors in these kits Level Hacksaw 

have predrilled holes for the pivot and guide posts. Cireular saw Prehinged bifold doors 
Hardware kits are also sold separately for custom Straightedge Head track 

projects. There are many types of bifold door styles, (optional) Mounting hardware 
so be sure to read and follow the manufacturer's Drill Panhead serews 
instructions for the product you use. Plane Flathead screws 


Avvariety of designer bifold doors are avaliable for installation between rooms and closets. They provide the same attractive 
appearance as French doors but require much less floor space, 
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How to Install Bifold Doors 


1 


Cut the head track to the width of the opening using a ‘Measure and mark each side jamb at the floor for the 
‘hacksaw. Insert the roller mounts into the track, then position anchor bracket so the center of the bracket aligns exactly with 
the track in the opening, Fasten itto the header using the center of the head track, Fasten the brackets in place with, 
panhead screws, flathead screws 


Check the height of the doo's in the opening, and trim Fold one pair of doors closed and lft into position, inserting 
if necessary. Insert pivat posts into predrilled holes at the the pivot and guide posts into the head track. slip the bottom 
bottoms and tops of the doors. Insert guide posts at the tops of pivot post into the anchor bracket. Repeat for the other pair 
the leading doors. Make sure all posts fit snugly of doors. Close the daors and check alignment along the side 
jembs and down the center. necessary, adjust the top and 
bottom pivots following the manufacturer's instructions. 
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| French Doors 


French doors are made up of two separate doors, 
hinged on opposin 
swing out from the center of the doorway and into or 


jambs of a doorway. The doors 


out from a room, Like most doors, French doors are 
typically sold in prehung units, but are also available 
separately. They are generally available only in wood 
With a variety of designs and styles to choose from 

Before purchasing a prehung French door unit 
determine the size of doors you will need, If you are 
planning to install the doors in an existing doorway, 
measure the dimensions of the rough opening from, 
the unfinished framing members, then order the unit 
to size—the manufacturer or distributor will help you 
seleet the proper unit. 

You can also pick the prehung unit first, then alter 
aan existing opening to accommodate it (as shown in 
this project). In this case, build the rough opening a 
litle larger than the actual dimensions of the doors 
to accommodate the jambs. Prehung units typically 
require adding 1" to the width and '" to the height 

If the doorway will be in a load-bearing wall, 
you will need to make temporary supports (page 29) 
and install an appropriately sized header. Sizing the 
header (depth) is critical: i's hased on the length of 
the header, the material it’s made from, and the weight 
of the load it must support. For actual requirements, 
consult your local building department. 

When installing French doors, it is important to 
have consistent reveals between the two doors and 
id jamb. This 
allows the doors to close properly and prevents the 
hinges from binding. 


between the top of the doors and the he 


_ Tools & Materials > 


Tape measure 2x 4and 2x6 


Cireular saw lumber 

4-ft. level 4" plywood 
Hammer 10d & 16d 
Handsaw common nails 
Drill Wood shims 
Utility knife 8d finish nails 
Nail set 


Prehung French 
door unit 
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Traditionally, French doors open onto the patio or lush 
garden of a backyard. But you can create stylish e 

inside your home by bringing French doors to formal dining 
jtting rooms, dens, and master suites. 


The most studied method involves the use of an 
electrolytic cell containing a LiOD electrolyte and a 
palladium cathode. Current passing through such a 
cell generates D+ ions at the cathode, with a very 
high effective pressure. These ions enter the 
palladium and, if all conditions are correct, join in a 
fusion reaction that produces He-4. Initially 
palladium wire and plate were used, but these were 
found to form microcracks, which allowed the 
required high concentration of deuterium to escape. 
Later work shows that the actual nuclear reaction 
occurs on the surface within a very thin layer of 
deposited impurities. Therefore, control of this 
impurity layer is very important, but rather difficult. 
The use of palladium is also not important because 
gold and platinum appear to be better metals on 
which to deposit the impurity layer. This method is 
found, on rare occasions, to generate tritium within 
the electrolyte and transmutation products on the 
cathode surface. Different nuclear reactions are seen 
when light water (H,O) is used instead of D,O, 
although the amount of anomalous energy is less 
when H,0O is used. These observations have been 
duplicated hundreds of times in dozens of 
laboratories. 


Application of deuterium gas to finely divided 
palladium, and perhaps other metals, has been 
found to generate anomalous energy along with 
helium-4. Both palladium-black as well as 
palladium deposited as nanocrystals on carbon 
have shown similar anomalous behavior. In both 
cases the material must be suitably purified. 
Palladium deposited on carbon can and must be 
heated to above 200/260°C for the effect to be 
seen. When deuterium is caused to diffuse 
through a palladium membrane on which is 
deposited a thin layer of various compounds, 
isotopes that were not previously present are 
generated with isotopic ratios unlike those 
occurring naturally. 


A plasma discharge under H,O or D,O between 
various materials generates many elements that 
were not previously present. When the electrodes 
are carbon and the plasma is formed in H,0, the 
main anomalous element is iron. This experiment is 
relatively easy to duplicate. 


Several complex oxides, including several 
superconductors, can dissolve D, when heated. 
When a potential is applied across a sheet of such 
material, the D+ ions are caused to move and 
anomalous heat is generated. 


If deuterium ions, having a modest energy, are 
caused to bombard various metals, tritium as well 
as other elements not previously present are 
generated. These ions can be generated in a pulsed 
plasma or as a beam. 


When water, either light or heavy, is subjected to 
intense acoustic waves, collapse of the generated 
bubbles on the surrounding solid walls can generate 
nuclear reactions. This process is different from the 
fusion reaction claimed to occur within a bubble just 
before it disappears within the liquid because 
neutrons are not produced in the former case, but are 
produced in the latter case. This method has been 
applied to various metals in heavy water using an 
acoustic transducer and in light water using a rotating 
vane which generates similar acoustic waves. 


HOW TO EXPLAIN THE CLAIMS 


A major problem in deciding which model might be 
correct is the absence of any direct information 
about the nature of the nuclear-active-environment. 
At this time, two important features seem to be 
important, the size of the nanodomain in which the 
reactions occur and the presence of a deuterium flux 
through this domain. The domain can apparently be 
made of any material in which hydrogen or 
deuterium can dissolve. Until the nature of the 
nuclear-active-state (NAS) is known, no theory will 
properly explain the effect and replication of the 
claims will remain difficult. 


When fusion is initiated using conventional 
methods, significant tritium and neutrons are 
produced. In addition, when other elements are 
generated, they tend to be radioactive. This is in 
direct contrast to the experience using low energy 
methods. These products are almost completely 
absent and, instead, helium-4 is produced. When 
radiation is detected, it has a very low energy. This 
contrasting behavior, as well as the amount of 
anomalous energy, has made the claims hard to 
explain using conventional models. This difficulty 
has been amplified by a failure of many skeptics to 
recognize the contrasting effect of the environment, 
a plasma being used in the older studies and a solid 
lattice of periodic atoms being present as the new 
environment, 


Over 500 models and their variations have been 
proposed, some of which are very novel and some 
are variations on conventional ideas. Most models 
attempt to explain the nuclear reaction once the 
required environment has been created, without 
addressing what that unique environment might be 
like. These models involve conversion of a proton 
(deuteron) to a neutron (dineutron), creation of an 
electron structure that is able to neutralize the 
barrier, conversion of deuterium to a wave which 
interacts without charge, and the presence of 
otherwise overlooked neutrons and/or novel 
particles. Many of the models will have to be 
abandoned or seriously modified once the nature of 
the nuclear active environment is understood. 
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How to Install French Doors 


1 


New 
‘king stud 
Use existing Lei 
‘framing 
‘where 
possible, 


Wallboard 
‘cut back 
Old header and for access 
jack stud to be 

removed 


|— New 
jack stud 
Tocation 


‘Shut off power and water to the area. Remove the wall surfaces from both sides of the wall (pages 276 to 279), leaving ane 
stud bay open on each side af the new raugh opening. Also remove of reraute any wiring, plumbing, ar ductwork. Lay out ti 
‘new rough opening, marking the locations ofall new jack and king studs on both the top and bottom plates, Where practical, use 
existing framing members. To install a new king stud, cut a stud to size and align with the layout marks; toenail to the bottom plate 
vith 10d common nails, check for plumb, then toenail to the top plate to secure. Finally, mark both the bottom and top of the new 
header on one king stud, then use a level to extend the lines across the intermediate studs to the opposite king stud. ff using 
existing framing, measure and mark from the existing jack stud, 


Cut the intermediate studs at the reference marks forthe ‘To install a jack stud, cut the stud to fit between the sole 
top of the header using a reciprocating saw. Pry the studs plate and the bottom of the header, as marked on the king 
away from the sole plates and remove—the remaining top stud, Align it atthe mark against the king stu, then fasten it 


pieces will be used as cripple studs inplace with 10d common nails driven every 12" 


(continued) 


Doors ® 303 


304 


Build the header to size (pages 292 t0 299) and instal 
fastening it to the jack studs, king studs, end cripple studs 
using 16d common nails. Use a handsaw to cut through the 
bottom plate so it’s flush with the inside faces of the jack 
studs. Remove the cutout portion, 


—* 
i 


Using a level, adjust the unit to plumb one of the side jambs 
Starting near the top of the door, insert pairs of shims driven 
from opposite directions into the gap between the framing and 
the jamb, sliding the shims until they are snug. Check the jamb 
‘to make sure it remains plumb and does not bow inward 
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Finish the walls (for wallboard installation, see pages 44 to 
51) before installing the doors, then set the prehung door unit 
into the framed apening so the jamb edges are flush with the 
finished wall surfaces and the unit's centered fram side 

to side 


Working down along the jamb, instal shims near 8 
hinge and near the floor. Make sure the jamb is plumb, then 
anchor It with &¢ finish nails driven through the jamb and 
shims and into the framing, Leave the nail heads partially 
protruding so the jamb can be readjusted later if necessary. 


Install shims at the other side jamb, aligning them roughly 
‘with the shims ofthe first jamb, With the doors closed, adjust 
the shims so the reveal between the doors is even and the 
‘tops of the doors are aligned. 


Drive all the nails fully, then set therm below the surface: 
Of the wood with a nal set. Cut ff the shims flush with the 
wall surface using a handsaw or utility knife. Hold the saw 
vertically to prevent damage to the door jamb oF wall nstall 
the door casing. 


Shim the gap between the header and the head jamb to 
Create a consistent reveal along the top when the doors are 
closed. insert pairs of shims every 12". Drive Bd finish nails 

through the jambs and shims and into the framing members, 


‘Shown cutaway 


Option: Replace the center mounting screw on each hinge 
with a 3° wood screw to provide extra support for door 
hinges and jambs. These lang screws extend through the side 
jambs and deep into the framing members. Be careful not to 
vertighten screws, which will cause the jambs to bow. 
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WH] installing Entry Doors 


306 


[lew parts of a house have a more dramatic effect 
‘on the way your home is perceived than the main 
entry door. A lovely, well-maintained entryway that 
is tastefully matched architecturally to the house 
can utterly transform a home's appearance. In fact 
industry studies have suggested that upgrading a plain 
entry door to a higher-end entry door system can 
pay back multiple times in the resale of your house, 
But perhaps more importantly, depending on your 
priorities, it makes a great improvement in how you 
feel about your home, Plus, it usually pays benefits in 
home security and energy efficieney as well 
If you are replacing a single entry door with a 
double door ora door with a sidelight or sidelights, you 
will need to enlarge the door opening (see pages 32 to 
35). Be sure to file your plans with your local building 
department and obtain a permit. You'll need to provide 


temporary support from the time you remove the wall 
studs in the new opening until you've installed and 
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secured a new door header that’s approved for the new 
span distance 
The American Crafisman style door with sidelights 


(see Resources, page 554) installed in this project 

has the look and texture of a classic wood door, but it 
is actually created from fiberglass. Today’ fiberglass 
doors are quite convincing in their ability to replicate 
‘wood grain, while still offering the durability and low- 


maintenance of fiberglass 


Tools & Materials > 


Shims 
Framing nails 
Finish nails 

Nail set 

Finishing materials 


Tape measure 
Level 
Reciprocating saw 
Caulk & caulk gun 
Hammer 


Replacing an ordinary entry door 
with @ beautitul new upgrade has an 
exceptionally high payback in Increased 
curb appeal and in perceived home 
value, according to industry studies. 


| How to Replace an Entry Door 


Remove the old entry door by cutting thraugh the fasteners 
riven into the jamb with a reciprocating saw (see pages 32 and 
35), If the new door or door system is wide, mark the edges of 
the larger rough opening onto the wall surface. f possible, try to, 
locate the new opening So one edge will be against an existing 
wall stud, Be sure to include the thickness of the new framing 
You'll need to add when removing the wall coverings. 


Cut metal door dripcap molding to fit the wiath of the 
‘opening and tuck the back edge up behind the wallcovering 
at the top of the door opening, At 
‘nily-do not use nalls or screws, 


Frame in the new rough opening for the replacement door 
(see pages 257 to 261). The instructions that come with the 
door will recommend a rough opening size, which is usually 
sized to create a Yo" gap between the door and the studs and 
header Patch the wall surfaces 


Unpack the door unit and set it in the rough opening to 
make sure it fits correctly. Remove it, Make sure the subfloor is 
clean and in goad repair, and then apply heavy beads of caulk 
to the underside of the door sill and to the subfloar in the sil 
installation area. Use plenty of caulk, 


(continued) 
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‘Set the door sill n the threshold and raise the unit up so It Use a 6-ft. level to make sure the unit is plumb and then 

fits cleanly in the opening, with the exterior trim flush against _tack itto the rough opening stud on the hinge side, using 

the wall sheathing, Press down on the sillto seat tin the caulk pairs of 10d nails driven partway through the casing on the 

and wipe up any squeeze-out with a damp rag weatherstrippad side of the door (or the sidelight).On single, 
hinged doors, drive the nails just above the hinge locations. 
Nate: Many door installers prefer deck screws over nails when 
attaching the jambs. Screws offer more gripping strength and 
are easier to adjust, but covering the screw heads Is more 
dificult than filing nai holes. 


Drive wood shims between the jamb and the wall studs ta ——_—Drive shims between the jamb an the latch side of the unit 
Create an even gap, Locate the shims directly above the pairs and into the wall stud. Only drive the nails part way. Test for 
of nails you drove. Doublecheck the daor with the level to plumb again and then add shims at nail locations (you may 

make sure itis stil plumb. eed to double-up the shims, as this gap is often wider than 


the one on the hinge side). Check to make sure the door jamb 
is not bowed. 
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Drive finish nails at all remaining locations, follawing the 


nailing schedule in the manufacturer's installation instructions. 


Use a nail set 1 drive the nail heads below the wood surface, 
Fill the nail holes with wood putty (you'l get the best match if 
you apply putty that's tinted to match stained wood after the 
finish is applied). The presence of the wood shims at the nail 
locations should prevent the jamb from bowing as you nail 


Install the lockset, strikeplates, deadbolts or multipoint 
locks, and any other door hardware. If the door finish has 
‘not been applied, you may want to do so fist, but generally 
it makes more sense to install the hardware right away so 
the door can be operated and locked. Attach the door sill 
to the threshold and adjust it as needed, normally using the 
adjustment screws (inset) 


Apply your door finish |fit has not yet been applied. Read 
the manufacturer's suggestions for finishing very closely and 
follow the suggested sequences. Some manufacturers offer 
finish kits that are designed to be perfectly compatible with 
their doors. install interior case molding and caulk all the 
exterior gaps after the finish dries. 
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WH installing Storm Doors 


nstall a storm door to improve the appearance and 
weather resistance of an ol entry door or to protect a 
newly installed door against weathering. In all climates, 
adding a storm door can extend the life of an entry door: 
When buying a storm door, look for models that 
have a solid inner core and seamless outer shell 
construction. Carefully note the dimensions of your 
door opening, measuring from the inside edges of the 
entry door’s brick molding. Chouse a storm door that 


opens from the same side as your entry door 


Tools & Materials> 


Tape measure Drill and bits 

Peneil Screwdrivers ae 

Plumb bob Shain ate Adjustable sweeps hep miake storm doors weathetignt 
Before Installing the door, attach the sweep to the bottom of 

Backes Wood spacer strips the door. After the door is mounted, adjust the height of the 

Hammer 4d casing nails sweep so It brushes the top ofthe sil lightly when the door 
is closed. 


| How to Cut a Storm Door Frame to Fit a Door Opening 


Brick 
‘molding ae 
Doorstop a 


outsiae 
edge 


Because entry door thresholds Subtract \s" from measurements A Use a hacksaw through 
are slanted, the bottom of the storm ‘and 8 to allow for small adjustments the bottom of the storm daor fa 

door frame needs to be cut to match when the door is installed. Measuring following the angled line. Make sure ta 
the threshold angle. Measure from the _from the top of the storm door frame, hold the hacksaw at the same slant as 
threshold to the top of the door opening —_mark the adjusted points A and B on the angled line to ensure that the cut 
along the commer of the brick molding the comer bead, Draw aline from point will be smooth and straight. 

(then measure along the frontedge A to the outside edge of the frame and 


of the entry doorstop (8) 1B to the inside edge. Dr 
angled line from paint A on the corner 


bead to point & on the inside edge, 


an 
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| How to Fit & Install a Storm Door 


Push hinge 
side tight 


Position the storm door in the 
‘opening and push the frame tight, 
against the brick molding on the hinge 
side of the storm door, then draw a 
reference line on the brick molding, 
following the edge of the storm 

door frame. 


Replace the storm door anid push it 
tight against the brick molding on the 
hinge side, Drill pllat holes through the 
hinge-side frame of the storm door and 
into the brick malding spaced every 12°, 
‘Attach the frame with mounting screws, 


Push the storm door frame tight 
‘against the brick molding on the latch 
side, then measure the gep between 
the reference line and the hinge side of 
the door frame. the distance Is greater 
than %", spacer strips must be installed 
to ensure the door wil ft srugty 


] 
E 


Remove any spacer clips holding 
the frame to the storm door. With the 
storm door closed, drill pilot holes and 
attach the latch-side frame to the brick 
molding. Use a coin to keep an even gap 
between the storm door and the storm 
door frame, 


To install spacers, remove the door, 
then nai thin strips of wood to the 
inside of the brick molding at storm 
‘door hinge locations. The thickness of 
the wood strips should be 4" less than 
the gap measured in step 2 


Center the top piece of the storn 
{door frame on top of the frame sides, 
Dril pilot holes and screw the top 
piece to the brick molding. Adjust the 
bottom sweep, then attach the locks 
and latch hardware as directed by 
the manufacturer, 
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WH] installing Patio Doors 


Pre cey alten uy patito with the dae 
panels already mounted in a preassembled frame. 
‘Try to avoid patio doors sold with frame kits that 


Tools & Materials > 


require complicated assembly. Pencil Nail set 
Because patio doors have very long hottom sills Hammer Shims 
and top jambs, they are susceptible to bowing and Circular saw Drip edge 
warping. To avoid these problems, be very careful to Handsaw Building paper 
install the patio door so it is level and plumb and to Wood chisel Silicone and 
anchor the unit securely to framing members, Yearly Stapler latex caulk 
caulking and touch-up painting helps prevent moisture Caulk gun 10d casing nails 
from warping the jambs. Level 3" wood screws 
Pry bar Sill nosing 
Cordless screwdriver Fiberglass insulation 
Drill and bits Patio door kit 


Patio doors offer the best qualities af both windows and doors—plenty of natural Hf not included with the unit, screen 

light, a great view, wide room access, and reasonable security doors can be ordered from most patio 
door manufacturers, Screen doors have 
spring-maunted rollers that ft into a 
arrow track on the outside of the patio 
door threshold 
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It Started in 1989... 


Peter Hagelstein 


Many of us recall the controversy surrounding the 
announcement of claims of observations of fusion 
reactions in a test tube that were made in 1989. At the 
time, these claims were greeted with considerable 
skepticism on the part of the physics community and 
the scientific community in general. 


The principal claim of Pons and Fleischmann 


‘The principal claim of Pons and Fleischmann in 1989 
was that power was produced in palladium cathodes 
that were loaded electrochemically in a heavy water 
electrolyte. The evidence in support of this was a 
measured increase in the temperature in the 
electrochemical cell. There was no obvious evidence 
for nuclear reaction products commensurate with the 
claimed heat production, Fleischmann speculated that 
perhaps two deuterons were somehow fusing to 
He-4 through some kind of new mechanism. 


Rejection by the physics community 


This claim was not accepted by the physics 
community on theoretical grounds for several reasons: 


First, there was no mechanism known by which two 
deuterons might approach one another close enough 
to fuse, since the Coulomb barrier prevents them from 
approaching at room temperature, 


Second, if they did approach close enough to fuse, 
one would expect the conventional dd-fusion reaction 
products to be observed, since these happen very fast. 
Essentially, once two deuterons get close enough to 
touch, reactions occur with near unity probability, and 
the reaction products (p+t and n+He-3) leave 
immediately at high relative velocity consistent with 
the reaction energy released. To account for 
Fleischmann's claim, the proposed new reaction 
would seemingly somehow have to make He-4 quietly 
and cleanly, without any of the conventional reaction 
products showing up, and would somehow have to 
arrange for this to happen a billion times faster than 
the conventional reaction pathway. Most physicists 
bet against the existence of such a magical new effect. 


‘Third, the normal pathway by which two deuterons 
fuse to make He-4 normally occurs with the emission 
of a gamma ray near 24 MeV. There was no evidence 
for the presence of any such high energy gamma 
emission from the sample, hence no reason to believe 
that any helium had been made. 


Finally, if one rejects the possibility that any new 
mechanisms might be operative, then the claim that 
power was being produced by fusion must be 
supported by the detection of a commensurate amount 


of fusion reaction products. Pons and Fleischmann 
found no significant reaction products, which, given 
the rejection of new mechanisms, implied an absence 
of fusion reactions. 


An alternate explanation is proposed 


‘The physicists decided in 1989 that the most likely 
reason that Pons and Fleischmann observed a 
temperature increase was that they had made an error 
of some sort in their measurements. When many 
groups tried to observe the effect and failed, this led 
most of the physics community to conclude that there 
was nothing to it whatsoever other than some bad 
experiments. 


The claim of Jones 


A second very different claim was made at the same 
time in 1989 by Steve Jones. This work also involved 
electrochemistry in heavy water and the observation 
ofreaction products corresponding to the conventional 
dd-fusion reactions. The initial publication showed a 
spectrum of neutron emission that Jones had detected 
from a titanium deuteride cathode loaded 
electrochemically. The response of the physics 
community was skeptical, as the signal to noise ratio 
was not particularly impressive. Given the polarization 
of the physics community in opposition to the claims 
of Pons and Fleischmann (which were announced 
essentially simultaneously), the physicists were not 
of a mood to accept much of any claims that fusion 
could happen in an electrochemical experiment at all. 
Jones went to great lengths to assure fellow scientists 
that his effect was completely unrelated to the claims 
of Pons and Fleischmann, and was much more 
reasonable. 


Also rejected 


Physicists had reason to be skeptical. Theoretical 
considerations indicated that the screening effects that 
Jones was relying on were not expected to be as strong 
as needed to account for the fusion rates claimed. As 
this experiment could not seem to be replicated by 
others at the time, it was easy for the physics 
community to reject this claim as well. 


Cold fusion, weighed and rejected 
with prejudice 


Cold fusion, as the two different claims were termed, 
was dismissed with prejudice in 1989. The initial 
claims were made near the end of March in Utah, and 
the public refutation of the claims was made at the 
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Installing Sliding Patio Doors 


Remove heavy glass panels if you must install the door Adjust the bottom rollers after instalistion is complete, 
‘without help, Reinstall the panels after the frame has been Remove the coverplate on the adjusting screw, found on 
placed in the rough opening and nailed at opposite corners. To _the inside edge of the bottom rail. Turn the screw in small 
Temave and install the panels, remove the stop rail found on increments untl the door rolls smoothly along the track 
the top jamb of the dor unit. without binding when itis opened and closed. 


Tips for Installing Hinged Patio Doors > 


yoy 


TANG 


Provide extra support for door hinges by replacing the Keep a uniform ¥" gap between the door, side jambs, 


center mounting screw on each hinge with a3" wood and top jamb to ensure that the door will swing freely 
screw. These long screws extend through the side jambs without binding. Check this gap frequently as you shim 
and deep into the framing members, around the door unit. 
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) How to Install a Patio Door 


Prepare the work area ani remove the interior wall Test-fit the door unit, centering itn the rough opening 
surfaces, then frame the rough opening for the patio door Check to make sure the door is plumb. I necessary, shim 
Remove the exterior surfaces inside the framed apening under the lower side Jamo until the door is plum ani level, 


Have a helper hold the door in place while you adjust it 


Trace the outline of the brick molding Cut the siding along the outline, |ust_ To provide an added moisture 
conto the siding, then remove the door down to the sheathing usinga circular barrier, cut a piece of drip edge to fit 
unit. Note: If you have vinyl or metal ‘saw. Stop just short of the comers to the width of the rough opening, then 
siding, see page 282 for advice an prevent damage to the remaining siding. slide it between the siding and the 
removing the siding. Finish the cuts at the corners with a existing building paper at the top of the 
sharp wood chisel ‘opening, Do not rail the drip edge. 
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MA 


Cut 8"-wide strips of building paper 

and slide them between the siding and 
sheathing. Bend the paper around the 
framing members and staple tin place 
Each piece overlaps the piece below it 


Use a pry bar to center the door in the raugh opening so 
the brick molding is tight against the sheathing, Have a helper 
hold the door unit from outside 


Apply several thick beads of slicone 
caulk tothe subfioor at the bottom of 
the door opening. 


Apply silicone caulk around the front 
‘edge of the framing members where the 
siding meets the building paper. 


Check the door threshold to make sure its level. 
necessary, shim under the lower side jamb until the patio door 
Units level 


(continued) 
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If there are gaps between the threshold and subfloor, insert —_Place pairs of hardwood wedge shims together to form 
shims coated with caulk into the gaps, spaced every 6". Shims flat shims, Insert the shims every 12" into the gaps between 
should be snug, but not so tight that they cause the threshold _the side jamibs and the Jack studs. For sliding doors, shim 

to bow. Clear off excess caulk immediately. behind the strike plate for the door latch. 


Insert shims every 12" jnto the gap From outside, drive 10d casing rails, fe, drive 10d casing nails 

between the top jamib and the header. spaced every 12", thraugh the brick through the door jambs and into the 
molding and into the framing members. framing members at each shim location 
Use a nail set to drive the nail heads Use a nail set to drive the nail heads 
below the surface of the wood. below the 
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Remove one of the screws ard cut Cut off the shims flust with the Reinforce and seal the edge of the 


the shims flush with the stop block face of the framing members using threshold by instaling sil nosing under 
found in the center of the threshold, ‘a handsaw. Fill gaps around the door the threshold and against the wall, Drill 
Replace the screw with a 3 wood jamibs and beneath the threshold with _pilot holes and attach the sill nosing 
screw driven into the subfloor as loosely packed fiberglass insulation ‘with 10d casing nails. 

an anchor. 


Make sure the drip edge is tight against the top brick 
‘molding, then apply paintable silicone caulk along the top of 
the drip edge and along the outside edge of the side brick 
moldings Fill all exterior nail holes with caulk 


Caulk completely around the sill nosing using your finger 
to press the caulk into any cracks. As soon as the caulk is dry, 
paint the sill nosing, Finish the door and instal the lockset as 
directed by the manufacturer 
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Installing Door & Window Casing 


oor and window easings provide an attractive 
border around doors and windows. They also 
cover the gaps between door or window jambs and the 
surfaces of surrounding walls 
Install door and window casings with a consistent 
reveal between the inside edges of the jambs and 


casings, making sure the casings are level and plumb. 

In order to fit casings properly, the jambs and 
walleoverings must lie in the same plane. If either one 
protrudes, the casings will not lie flush. ‘Ta solve this 
problem, you'll need to remove some material from 
whichever surface is protruding 

Use a block plane to shave protruding jambs or a 
surface forming rasp to shave a protruding wallboard 
edge. Wallboard screws rely on the strength of 
untorn facing paper to support the wallboard, If 


the paper around the serews is damaged, drive 
additional serews nearby where the paper is 
still intact. 


"Tools & Materials > 


‘Tape measure Hammer or 


Peneil pneumatic nailer 
Combination square Casing material 
Nail set Plinths and comer 
Level blocks (optional) 
Straightedge 44d and 6d finish nails 


Power miter saw Wood putty 


‘Case molding is installed around windows and doors to conceal the gaps between jambs and the wall. Venturing beyond the very 
common ranch-style casing offers some high design payback 
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| How to Install Mitered Casing on Doors & Windows 


(On each jamb, mark a reveal jr 
from the inside edge. The casings will be 
installed flush with these lines. Note: On 
double-hung windows, the casings are 
usually installed flush with the edge of 
the jams, 50 no reveal fine is needed, 


Place a length of casing along one 
side jamb, flush with the reveal ne, 
‘Atthe top and bottom of the molding, 
mark the points where horizontal 

‘and vertical reveal lines meet. (When 
‘working with doors, mark the molding. 
at the top onty) 


Make 45° miter cuts an the ends 
of the moldings, Measure and cut the 
ther vertical molding piece, using the 
same method, 


Drill pilot holes spaced every 12° 
to prevent spitting and attach the 
vertical casings with ad finish nails 
driven through the casings and into the 
Jamis, Drive 6d finish nails into framing 
members near the outside edge of 

the casings. 


Measure the distance between the 
side casings, and cut top and bottom 
‘casings to fit, with ends mitered at a5. 
IF window or door unit is nat perfectly 
square, make test cuts on scrap pieces 
to find the correct angle of the joints 
Dri pilot holes and attach with 4d and 
64 finish nails 


Locknail the comer joints by cling 
pilot holes and driving 4d finish nails 
through each camer, as shown. Drive 
all nall heads below the waod surface, 
Using a nail set, then fill the nail holes 
with wood putty. 
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How to Install Butted Door Casings 


On each jamb, mark a fevea! line Yi" Cut the head casing to length. Wark the centerpoint of the head casing and 
from the inside edge. The casings willbe the centerpoint of the head jamb. Align the casing with the head jam reveal line, 
installed flush with these lines. matching the centerpoints so that the head casing extends evenly beyond both side 


Jami casings, Nail the casing to the wall at stud locations and at the jamb (inset) 


i} 
| 


{ 
iil 


Hold the side casings against the ‘Align the side casings with the side jamb reveal ines, then nail the casings to the 
head casing and mark them for cutting, jambs and framing members, Set the nails, using ¢ nal set. Fill the nail holes with 
then cut the side casings tof wood putty, 
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Options for Installing Door & Window Casings 


Dress up door casings by adding plintns. Cut the pints from Add corner blocks, also known as rosettes, at the ends 
‘bx stock and bevel one edge. Nail the plinths to the jambs with _of the head casing, Attach the comer blocks once the side 
2° 10d finish nails so the beveled edges are aligned with the casings are in place, then cut the head casing to ft. Set the 
reveal lines for the casings Measure and cut the casings to fit. nails, using a nailset, after all pieces are installed, 


Backband molding can dress up butted window casings. Create a decorative door header ty nailing a combination 
Install the back band around the perimeter of the window, of bed and lattice moldings over the top casing. Size the 
mitering the joints at the corners. Nall the back band in place ©——_—header to overhang the side casings, 


with 4¢ finish nails or pneumatic brads. 


Windows & Doors BBL 


beginning of May. It only took about 40 days for the 
physics community to consider the new claims, test 
them experimentally, and then announce loudly to the 
world that they had been carefully weighed and 
rejected. 


Following this rejection, physicists have treated cold 
fusion rather badly. For example, Professor John 
Huizenga of Rochester University was selected to be 
co-chair of the DOE ERAB committee that met to 


review cold fusion and issue a report. Shortly 
afterward, he wrote a book entitled Cold Fusion, 
‘The Scientific Fiasco of the Century, in which he 
discusses the claims, the experiments, and the 
extreme skepticism with which the new claims were 
greeted. Robert Park discusses the subject in his 
book entitled Voodoo Science. You can find many 
places where physicists and other scientists happily 
place the cold fusion claims together with claims 
of psychic phenomena. 


A Science Tutorial 


Talbot Chubb 


First it is important to recognize that there are four 
distinct types of energy production: 

1) chemical energy, that powers our cars and most of 
our civilization; 

2) nuclear fission energy, as used to generate about 
15% or our electricity; 

3)hot fusion nuclear energy, which powers the sun and 
most stars; 

4) cold fusion nuclear energy, which appears as 
unexplained heat in a few experimenters laboratory 
studies and which most scientists believe is 
impossible. 


The three types of nuclear energy produce 10 million 
times as much heat per pound of fuel than occurs with 
chemical energy. How do these types of energy differ? 
To understand this question you need to now some 
chemistry and physics. 


Lesson 1 


Nature has provided us with two types of stable charged 
particles, the proton and the electron. The proton is 
heavy, normally tiny, and has a positive charge. The 
electron is light, normally large and fuzzy, and has a 
negative charge. The positive charge and the negative 
charge attract each other, just like the north pole of a 
magnet attracts the south pole of a magnet. When you 
bring two magnets together with the north pole of one 
facing the south pole of the other, they pull together, 
bang! When they bang into each other they release a 
little bit of energy in the form of heat, but itis too small 
an amount to easily measure. To pull the magnets apart 
you have to do work, which is another way of saying 
you have to use up energy. It’s almost like pulling a rock 
back up a hill. Rolling the rock down a hill actually 
creates a little heat, and pulling the rock back up the 
hill takes energy. In the same way the positive charge 
of the proton pulls on the negative charge of the electron 
and they stick together releasing energy in the process. 
The result is ahydrogen atom, designated H. A hydrogen 
atom is nothing but a fuzzy electron hugging a compact 
proton. The proton is the nucleus of the hydrogen atom, 
If you knock the electron off the hydrogen atom you 


get a positive ion H+, which is nothing more than the 
original proton. An ion is the name applied to an atom 
or molecule that has lost or gained one or more 
electrons, hence is no longer electrically neutral. 


Lesson 2 


As you know, nature has provided us with more than 
one type of atom. We have oxygen atoms, nitrogen 
atoms, iron atoms, helium atoms, etc.. How do these 
atoms differ? The answer is that they all have different 
types of nuclei (plural of nucleus, from the Latin). And 
these different nuclei all have different numbers of 
protons inside them, which means they all have 
different plus charges. The nucleus of the helium atom 
has 2 protons inside it, hence has plus 2 charge, and 
requires 2 electrons to neutralize its charge. When 2 
electrons stick to it, it becomes a helium atom. The 
oxygen nucleus has 8 protons and has charge 8. When 
8 electrons stick to it, it becomes an oxygen atom. The 
nitrogen atom has 7 electrons, and the iron atoms 
something like 26. But all the atoms are built more or 
less the same way, with a compact positively charged 
nucleus embedded in a cloud of fuzzy electrons. The 
difference in size between the compact nucleus and 
the fuzzy electrons is enormous. The sun has a diameter 
only about 100 times that of the earth. The electron 
cloud on an atom has a diameter which is about 100,000 
times that of the nucleus. Cube these numbers to get 
the difference in volumes. 


Lesson 3 


We now are in a position to understand what chemical 
energy is. The atoms, all electrically neutral, can 
actually join with each other and release more energy. 
This is another way of saying that they can join into 
more stable configurations. The electrons in an atom 
try to configure themselves so as to get as close as, 
possible to their nucleus, but their fuzzy nature 
requires that they take up a certain volume of space. 
However, if they join together with the electrons of 
another atom they can usually find a tighter 
configuration that leaves them closer to their beloved 
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Lighting 


Atte lighting is a necessary component of any 
room, but beyond simply providing illumination, 
lighting fixtures are an important part of a room’ design, 
From the low-key but modern appearance of recessed 
canister lights to the elegance of a erystal chandelier, our 
choice of fixture will go a long way toward defining your 
remodeled room, 

‘The casiest lighting improvement is to simply 
make a one-for-one replacement of an old fixture 
‘The electrical connections are simple and, depending 
on the style you choose, you may not have to do any 
alterations to the room at all. Just make sure the light, 
the new fixture provides is adequate for your room. 

In other words, don't replace an old fixture that holds 
three 60-watt bulbs with a single 25-watt pendant 
unless you are providing additional new light. 

‘This chapter shows how to hook up the three types 
of light fixture you're most likely to include in your 
remodeling plan: an overhead ceiling ight, recessed 
canister lights, and track lighting. Ifyou need to add 
new wiring to supply the light, see the information on 
pawes 82 through 147, Alvays shut off power at the 
‘main service panel before beginning even the simplest 
\wiring project. Call a professional if you are unsure 
about your wiring job. 


In this chapter: 

* Installing Ceiling Lights 

« Installing Recessed Ceiling Lights 
‘Installing Track Lighting 
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Installing Ceiling Lights 


‘ling fixtures don't have any moving parts and - 
their wiring is very simple, so, other than changing | LOOMS & Materials > 


bulbs, you're likely to get decades of trouble: 


service from a fixture, This sounds like a good thing, Replacement light fixture 
but it also means that the fixture probably won't fail Wire stripper 

and give you an excuse to update a room's look with Voltage sensor 

1 new one. Fortunately, you don't need an excuse, Insulated serewdrivers 
Upgrading a fixture is easy and can make « dramatic Wire connectors 

impact on a room, Yau can substantially increase the 


light in a room by replacing a globe-style fixture by one 
with separate spot lights, or you ean simply install a 
new fixture that matches the room's décor 


an aesthetic lit, t's one of the easiest 
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| How to Replace a Ceiling Light 


1 if 


‘Shut off power to the ceiling light and remove the shade“ Remove the twist connectors from the fixture wires or 
or diffuser. Loosen the maunting screws and carefully lower unscrew the screw terminals and remove the white neutral 
the fixture, supporting it as you work (do not let light fixtures wire and the black lead wire (inset) 

hang by their electrical wires alone), Test with a voltage sensor 

to make sure no power Is reaching the connections, 


3 


Before you install the new fixture, click the ends of the Attach a mounting strap to the ceiling fixture box if there Is 
Wires coming from the celing electrical box. They should be Not one already present. Your new light may come equipped 
clean and free of nicks or scarch marks. they're dirty ar wom, with a strap, otherwise you can find one for purchase at any 
clip off the stripped portion with your combination tool. then hardware store. 


sttip away about %" of insulation from the end of each wire. 


(continued) 
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Lift the new fixture up to the ceiling (you may want & With the fixture supported by a ladder or a helper, 
helper for this) and attach the bare copper ground wire from —_join the white wire lead and the white fixture wire with a wire 
the power supply cable to the graunding screw or clipon the connector (often supplied with the fixture). 

‘mounting strap. Also attach the graund wire from the fixture to 

the screw or clip. 


y 
() 
h 
Connect the black power supply wire to the black fixture Position the new fixture mounting plate over the box 
\wire with a wire connector. so the mounting screw holes align. Drive the screws unti the 


fixture is secure against the celling. Note: Some fixtures are 
supported by a threaded rod or nipple in the center that screws 
into a female threaded opening in the mounting strap (inset 
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Installing Recessed Ceiling Lights 


cecessed lights are versatile fixtures suited for 

a variety of situations. Fixtures rated for 
‘outdoor use can also be installed in roof soffits and 
overhangs for accent and security lighting. Recessed % 
fixtures can also be installed over showers or tubs. T] 


Be sure to use fixture cans and trims rated for 
bathroom use. 
There are recessed lighting cans in all shapes 


and sizes for almost every type of ceiling or 
cabinet, Cans are sold for unfinished ceilings Choose the proper type of recessed light fxture for your 


(new construction) or for finished ceilings (retrofit project. There are two types of fixtures: those rated for 
i installation within insulation (lef), and those which must be 


installation). Cans are also rated as insulation 


: : kept at from insulation (right. Self-contained thermal 
compatible or for uninsulated ceilings, Be sure to switches shut off power ifthe unft gts tao hat for is rath 
use the correct one for your ceiling to prevent ‘recessed light fixture must be installed atleast "from 


creating a fire hazard comb 


| Tools & Materials > 


Recessed-lighting can for Circuit tester Pliers Drywall saw 
new construction or Cable ripper Fish tape NM cable 
remodeling and trim Combination tool 


Recessed ceiling lights often are installed in series to provide exacting control over the amount and direction of light. Spacing 
the canisters in every other celling joist bay is a common practice. 
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How to Install Recessed Ceiling Lights 


Mark the location for the light canister. you are Install the housing for the recessed fixture. Housings 
installing multiple lights, measure out from the wall at the for new construction (or remodeling installations where the 
start and end of the run, and connect them with a chalkline Installation area is fully accessible from either above or below) 
snapped parallel to the wall If the celing is finished with a have integral hanger bars that you attach to the each joist in 
surface (wallboard), see next page the joist bay. 


canister location, Run the feeder cables into the electrical boxes attached to 
Multiple lights are generally installed in series so there is no the canister housings. You'll need to remove knockouts first 
‘need to make pigtal connections in the individual boxes. Make and make sure to secure the cable with @ wire staple within &" 
sure to leave enough extra cable at each location to feed the of the entry point to the box. 

Wire into the housing and make the connection. 


Run electric cable from the switch to e: 
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Connect the feeder wires to the fixture wires inside 
the junction box. Twist the hot lead together with the black with 
fixture wire, as well as the black lead to other fixtures further 
downline, Also connect the neutral white wires, Join the ground 
ail them to the grounding screw or clip in the 


wires and pi 
box. Finish the cs 


ing, 2s desired. 


Attach your trim kit of choice. Normally these are hung. 
Sion spring clips from notches ar hooks inside the 

Canister. This should be done after the ceilings instaled and 
finished for new construction projects. With certain types of 
trim kits, such as eyeball trim, you'll need to inst 


the lg 


bulb before the trim kit 


How to Connect a Recessed Fixture Can in a Finished Ceiling 


Make the hole for the can. Most 
fixtures will include a template for 
sizing the hole. Fish 14/2 cable from the 
switch location to the hole, Pull about 
16" of cable out ofthe hole for making 
the connection. 


2 = 


Remove a knockout (fom the 
electrical box attached to the can. 
Thread the cable into the bax; secure it 
with a cable clamp. Remove sheathing 
insulation. Connect the black fixture 
Wire to the black circuit wire, the white 
fixture wire to the white circuit wire, 
‘and then connect the ground wire to 
the grounding screw or groundin 
attached to the box 


Retrofit cans secure themselves in 
the hole with spring-loaded clips. Install 
the can in the ceiling by depressing the 
‘mounting clips so the can wil fit ita the 
hole. Insert the can so that its edge is 
tight to the ceiling. Push the mounting, 
clips back out so they grip the drywall 
and hold the fixture in place. Install the 
trim plece, 
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Installing Track Lighting 


i eae lighting offers a beautiful and functional way 


th inerease:the amount of light in a room rstinply | Tools & Materials > 


to update its look. A variety of fixture and lamp options 


lets you control the shape, color, and intensity of the Drill/driver and bits Prewired track 
light. Installing track lighting in place of an existing, Wire stripper _and fittings 
ceiling-mounted light fixture involves basic wiring and Screwdriver ‘Track light heads 


hand-tool skills, but the connections are even easier Voltage sensor Wire connector 
to make than with traditional light fixtures. Once Toggle bolts Ceiling box 
installed, the system is very easy to upgrade or expand 

in the future 


Ifyou currently have a ceiling-mounted light fixture that is not meeting your lighting needs, it’s simple to replace it with a 
‘rack-lighting fixture. With track lighting you can easily change the type and numer of lights, thelr position on the track, and the 
irection they aim. These fixtures come in many different styles, including short 3-t. track systems with just one or two lights up to 
‘e-ft. systems with fve or more lights. 
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) How to Install Track Lighting 


1 


Disconnect the old ceiling light fixture (for remodeling 
projects) after shutting off power to the circu at the main 
service panel. The globe or diffuser and the lamps should be 
removed before the fixture mounting mechanism is detached. 


3 


Attach the mounting strap for the new track light to the 
ld celling box. if the mounting strap has a hole in the center, 
thread the circuit wires through the hole before screwing the 
strap to the box. The green ar bare copper ground fram the 
Circuit should be attached to the grounding screw or clip on 
the strap or box 


Test the fixture wires with a voltage sensor to make sure 
the circuit is dead, Support the fixture from below while you 
Work—never allow a light fixture to hang by its electrical wires 
alone, Remove the Wire connectors and pull the wires apart. 
Remove the old light fiature, 


Cut the track section to length, if necessary, using 2 hack 
saw, Deburr the cut end with a metal file, f you are installing 
rmultiale sections of track, assemble the sections with the 
correct connector fittings (sold separately from your kt). You 
can also purchase T-fittings or Lfittings inset photo) if you 
wish to install tracks in either of these configurations. 


(continued) 
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Position the track section in the mounting saddle on the 
‘mounting strap and hald it temporarily in place in the location 
‘where it will be installed, The track section will have prediiled 
‘mounting holes in the back. Draw a marking point on the 
ceiling at each of these locations. If your track does nat have 
predrilled mounting holes, remove it and dril a %«" hole in the. 
back every 16° 


Insert the toggle or molly into the access hole far 
‘enough so it clears the top of the hole and the wings snap 
‘outward, Then tighten each bolt so the track is snug against 
the celing, if the mounting hole happens to fall aver a ceiling 
joint, simply drive a wallboard screw at that hole lacation. 
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Insert the bolt from a toggle bolt or molly bolt nto each 
predriled screw location and twist the toggle or molly back 
onto the free end, These types of hardware have greater 
holding power than anchor sleeves. Dilla %" dia. access 
hole n the ceiling at each of the mounting hole locations you 
‘marked an the ceiling in step 5. 


Hook up wires from the track's power supply fitting 10 
the circuit wires. Connect black to black and white to white 
The grounding wire from the power supply fitting can elther 
be pigtailed to the circuit ground wire and connected to the 
grounding screw or clip, or it can be twisted together with 
the circuit grounding wire at the grounding terminal. Snap the 
fitting inta the track if you have not already done so. 


beginning of May. It only took about 40 days for the 
physics community to consider the new claims, test 
them experimentally, and then announce loudly to the 
world that they had been carefully weighed and 
rejected. 


Following this rejection, physicists have treated cold 
fusion rather badly. For example, Professor John 
Huizenga of Rochester University was selected to be 
co-chair of the DOE ERAB committee that met to 


review cold fusion and issue a report. Shortly 
afterward, he wrote a book entitled Cold Fusion, 
‘The Scientific Fiasco of the Century, in which he 
discusses the claims, the experiments, and the 
extreme skepticism with which the new claims were 
greeted. Robert Park discusses the subject in his 
book entitled Voodoo Science. You can find many 
places where physicists and other scientists happily 
place the cold fusion claims together with claims 
of psychic phenomena. 


A Science Tutorial 


Talbot Chubb 


First it is important to recognize that there are four 
distinct types of energy production: 

1) chemical energy, that powers our cars and most of 
our civilization; 

2) nuclear fission energy, as used to generate about 
15% or our electricity; 

3)hot fusion nuclear energy, which powers the sun and 
most stars; 

4) cold fusion nuclear energy, which appears as 
unexplained heat in a few experimenters laboratory 
studies and which most scientists believe is 
impossible. 


The three types of nuclear energy produce 10 million 
times as much heat per pound of fuel than occurs with 
chemical energy. How do these types of energy differ? 
To understand this question you need to now some 
chemistry and physics. 


Lesson 1 


Nature has provided us with two types of stable charged 
particles, the proton and the electron. The proton is 
heavy, normally tiny, and has a positive charge. The 
electron is light, normally large and fuzzy, and has a 
negative charge. The positive charge and the negative 
charge attract each other, just like the north pole of a 
magnet attracts the south pole of a magnet. When you 
bring two magnets together with the north pole of one 
facing the south pole of the other, they pull together, 
bang! When they bang into each other they release a 
little bit of energy in the form of heat, but itis too small 
an amount to easily measure. To pull the magnets apart 
you have to do work, which is another way of saying 
you have to use up energy. It’s almost like pulling a rock 
back up a hill. Rolling the rock down a hill actually 
creates a little heat, and pulling the rock back up the 
hill takes energy. In the same way the positive charge 
of the proton pulls on the negative charge of the electron 
and they stick together releasing energy in the process. 
The result is ahydrogen atom, designated H. A hydrogen 
atom is nothing but a fuzzy electron hugging a compact 
proton. The proton is the nucleus of the hydrogen atom, 
If you knock the electron off the hydrogen atom you 


get a positive ion H+, which is nothing more than the 
original proton. An ion is the name applied to an atom 
or molecule that has lost or gained one or more 
electrons, hence is no longer electrically neutral. 


Lesson 2 


As you know, nature has provided us with more than 
one type of atom. We have oxygen atoms, nitrogen 
atoms, iron atoms, helium atoms, etc.. How do these 
atoms differ? The answer is that they all have different 
types of nuclei (plural of nucleus, from the Latin). And 
these different nuclei all have different numbers of 
protons inside them, which means they all have 
different plus charges. The nucleus of the helium atom 
has 2 protons inside it, hence has plus 2 charge, and 
requires 2 electrons to neutralize its charge. When 2 
electrons stick to it, it becomes a helium atom. The 
oxygen nucleus has 8 protons and has charge 8. When 
8 electrons stick to it, it becomes an oxygen atom. The 
nitrogen atom has 7 electrons, and the iron atoms 
something like 26. But all the atoms are built more or 
less the same way, with a compact positively charged 
nucleus embedded in a cloud of fuzzy electrons. The 
difference in size between the compact nucleus and 
the fuzzy electrons is enormous. The sun has a diameter 
only about 100 times that of the earth. The electron 
cloud on an atom has a diameter which is about 100,000 
times that of the nucleus. Cube these numbers to get 
the difference in volumes. 


Lesson 3 


We now are in a position to understand what chemical 
energy is. The atoms, all electrically neutral, can 
actually join with each other and release more energy. 
This is another way of saying that they can join into 
more stable configurations. The electrons in an atom 
try to configure themselves so as to get as close as, 
possible to their nucleus, but their fuzzy nature 
requires that they take up a certain volume of space. 
However, if they join together with the electrons of 
another atom they can usually find a tighter 
configuration that leaves them closer to their beloved 
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Attach the protective cover that came with your kit to Cap the open ends of the track with 4 dead end cap fiting. 
‘conceal the ceiling box and the electrical connections, Some ‘These also may require a mounting screw, Leaving track ends 
ccovers simply snap in place, others require a mounting screw, open isa safety violation, 


Insert the light heads into the track by slipping the stem Arrange the track light heads so their light falls in the 
into the track slot and then twisting itso the electrical contact manner you choose, and then depress the locking tab on 


points on the head press against the electrified inner rails of each fixture to s 
the track slot. Tug lightly on the head to make sure itis secure the lights. 
before releasing it. 


eit in position, Restore power and test 
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Kitchen 
Remodeling 


[Kitzienssteremeseed with greater frequeney 
than any other room in the house. This happens 
often for reasons of style: keeping up with design 
trends is important to many homeowners. But it also 
happens for more practical reasons. Kitchens receive 
avast amount of wear and tear that results from high 
usage, Appliances stop working, flooring wears out, 
cabinets fail, even windows and doors suffer from 
ant wear. High humidity levels are also an issue 
in kitchens, where steam is a necessary byproduct of 
daily life 

“The information in this chapter is unique to 
kitchen remodeling projects. But in practice, you will 
need to refer to the other chapters in this book to 
complete all of the design, planning and installation 
work that go into ereating a new kitchen, 


In this chapter 
Planning & Designing Kitchens 
Installing Kitchen Cabinets 
Building Kitchen Islands 
Building Tiled Islands 

Installing Postform Countertops 
Installing Laminate Countertops 
* Installing Tile on Countertops 

« Installing Tile Backsplashes 
‘Installing Kitchen Sinks 

* Replacing Kitchen Faucets 

* Connecting Drains 

‘« Hooking Up Dishwashers 

* Installing Food Disposers 

* Installing Undercabinet Lights 
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Planning & Designing Kitchens 


‘our motives for remodeling your kitehen probably 
fall into one of two categories: efficiency or 
appearance, In other words, either your kitchen is 
inconvenient for your family to use, or you just don't 
like the way it looks. Or maybe it’s both dysfunctional 
and ugly: A logical place to start, then, is by 
documenting the elements that need improvement 
Begin by simply taking the time to abserve how 
you now use your kitchen, Keep a notepad handy 
‘and jot down any major or minor problems and 
anneyances that prevent you from being as efficient 
cor as comfortable as you'd like to be when cooking 
‘or eating, Also consider how your kitchen is used 
for special occasions and what issues arise at those 
times. Don't forget to make note of the positives. If 
you love having that window over your kitchen sink or 
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the skinny cabinet next to the steve, jot down those 
observations as well 

Once you have documented the problems with your 
kitchen, give your imagination permission to roam. Don't 
‘worry about money yet. This is your dream kitchen, 
alter all, and there will be plenty of time to bring your 
fantasies dawn to earth as you begin the planning stages. 
Now is the time to consider every possibility. Look at 
friends’ kitchens, at magazine kitchens and at model 
kitchens, When looking at photographs like the ones 
included in this book, look at both the overall effect 
and the individual components, Don't let an odd color 
scheme seare you away from a faucet that you Tove, Use 
afile folder to collect pictures of kitchens or items you 
like, When it comes down to business, youl have a 
refined idea of what you're looking for 


if your kitchen needs remodeling, 
you will know it The trick in coming up 
\with a workable design for your space 

's to get past the “ick” factor and really 
examine what you have to work with, 
When you assess your cabinets, you may 
Notice immediately that they are very 
dark and outdated in appearance. But go 
past that and ask yourset if they are laid 
ut efficient, Imagine them as brand 
new cabinets inthe same arrangement, 
and then try and think of ways you could 
Improve the layout. Whether it's with 
cabinets or countertops oF lighting or 
appliances, consider the components of 
Your kitchen as generic elements. 


Special Considerations 


Ifyou're 


ing through the trouble of remodeling 

nd the remodel is not solely for resale 
value—consider making room for some of your own 
interests and idiosyncrasies. A pull out recycling 
center with bins for separating different categories is 


your kitehe 


always a smart idea. A built-in beer refrigerator with 
a custom tap is g 


great for a home-brew enthusiast. A 
pull out shell custom-sized to display a selection of 


‘as 


It’s okay to hang onto elements you love. Even i your favorite pullaut shelf or work table 


tea is perfectly located next to the kettle. Another 
perhaps more practical, investment is the careful 
measurement of counter heights and seat heights 

to ergonomically suit your personal needs. Finally, 
consider how your kitchen will be used over the 
next five to twenty years. The needs of a family with 
young children are much different than the needs o 
empty nesters 


wh Sake 


stool doesn’t immediately 


appeer to go with the new elements you hope to introduce, as the owner of the kitchen you're allowed to hang onto the things 


you're used to working with, 


| Design Standards 


While you may imagine that the answer to every 
cramped kitchen is to knock down walls and add more 
space, that's often not the easiest or best solution. 
One alternative to tearing down the walls, is to add 
more windows for added light. An extra door, oF 
even a pass-through window from the kitchen to an 
adjacent room, can also help make the space feel more 
airy. In short, the cramped feeling may anly be one 
of perception. 
Most kitchens fall into one of four categories: 
Galley, L-shaped, U-shaped and Open Plan, Whether 
they are small or large, old ar new, these floor plans 
have proven to be popular models for efficient 
kitchens, though that doesn’t mean they'll necessarily 
be the most efficient for your needs. 
Galley: In small homes or city apartments, 
the galley kitchen is a space-saving choice that is 
ideal for one or two users. The components may all 
be lined up along one wall or divided between two 
parallel walls. For this floor plan to work best, the 
central galley space should he large enough to allow 
for all appliances to be open at the same time, with 
enough space remaining for someane to walk through 
the middle, 
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L-shape: This corner kitchen layout can feel 
roomier than itis in reality, because of the L-shape 
floor plan. However, the two “arms” might also create 
an awkward workstation, with little room to set items 
down mid-way through a meal. Consider taking 
advantage of the lost central space with a counter- 
height dining table that can double as a prep station or 
even a freestanding central island, 

U-shape: This layout takes the benefits of a galley 
kitchen—space-saving solution plus accessibility for 
one user—and adds a third wall to create the ultimate 
triangular floor plan, In a compact space, placing the 
sink at the far end with the refrigerator and range on 
opposing walls creates a simple workstation. On a 
larger scale, a sizable island ean anchor the center of 
the room und provide mote storage, 

Open Plan: Whether the kitchen is located in 
the middle of a larger great room or olf to one side, 
an open plan layout works best with the addition of 
a central island or a dividing counter of some type 
Perfect for family kitchens or entertaining spaces 
where the cooks can easily visit with guests, it's 
important for this floor plan to be well organized so 
that all necessities are close at hand. 


Whatever layout plan you opt for, the 
‘most fundamental principle that you don’t 
want to violate is to maintain plenty of free 
area between appliances, sinks and other 
elements ofthe work triangle. Ina galley 
kitchen lke the one seen here, the corridor 
between kitchen walls should be at least 

4 ft. wide, and preferably wider. 


| Common Kitchen Layouts 


Galley 


Kitchen Remodeling ® 
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Whether you are doing the work yourself or hiring 
others, once you have a good idea of the Features you 
‘want in your new kitchen, its time to ereate detailed 
plan drawings. Good planning drawings will help you 
in several phases of the planning process 


# Selecting cabinets and appliances to fit your 

kitchen layout 

Soliciting accurate work bids when 

negotiating with plumbers, electricians and 

other subcontractors 

* Obtaining a building permit at your local Building 
Inspections office. 

+ Scheduling the stages of a remodeling project. 

Evaluating the work of contractors. If a carpenter 
or cabinetmaker fails to meet your expectations, 
your plan drawings serve as proof that the 
contractor did not complete the work as agreed. 


CODES & STANDARDS 

Greating plans for a kitchen ean seem like an 
overwhelming challenge, but fortunately there 
are guidelines available to help you. Some of 
these guidelines are legal regulations specified by 
your local Building Code and must be followed 
exactly. Most codes have very specific rules for 
basie eonstruetion, as well as for plumbing and 
electrical installations. 

Another set of guidelines, known as standards, 
are informal recommendations developed over time 
by kitchen designers, eahinetmakers and appli 
manufacturers. These design standards suggest 
parameters for good kitchen layout, and following 
them helps ensure that your kitchen is comfortable 
and convenient to use 


ice 
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The work triangle (sa layout concept 
that lets you develop a convenient 
arrangement of the range, sink and 
refrigerator in the kitchen. 


GUIDELINES FOR LAYOUT 
‘The goal of any kitchen layout is to make the cook's 
work easier and, where possible, to allow other people 
to enjoy the same space without getting in the way 
Understanding the accepted design standards can 
help you determine whether your present layout is 
sufficient or if your kitchen needs 

a more radical layout change or expansion. 

Work triangle & traffic pattems. A classic kitehen 
design concept, the work triangle theory proposes 
that the sink, range and refrigerator be arranged in a 
triangular layout according to the Following guidelines 


‘© Position of the triangle should be such that 
traffic flow will not disrupt the main functions of 
the kitchen. 

* Total distance between the comers of the triangle 
should be no more than 26 ft. and no less than 
12 ft. 

* Each side of the triangle should be between 4 and 
9 fin length, 


Iwo people frequently work in the kitchen 
simultaneously, the layout should inelude two work 
triangles. In a twortriangle kitchen, the triangles may 
share one side, but they should not crass ane another 

Don't fret too much if you can't make the triangle 
layout work perfectly. Some kitchens, for example, 
may have four workstations instead of three, and 
others may not have enough space to accommodate 
the classic triangle, 

For general traffie design, itis recommended to 
leave 4-f. “corridors” between all stationary items 
for walking comfort. Some designers will allow this 
standard to be reduced to 3 feet in smaller kitchens. 


nuclei. For example, 2 hydrogen atoms can join 
together into a more compact configuration if each 
hydrogen atom contributes its electron to a 2-electron 
cloud, which the separate protons share. In this 
manner they form a grouping of the 2 electrons in a 
single cloud, together with the 2 isolated protons 
spaced apart from each other but still within the 
electron cloud. The result is a heat-producing chemical 
reaction H + H => H,. (The => means “goes to” or 
“becomes”.) The H, configuration is the hydrogen 
molecule, and when you buy a tank of hydrogen gas, 
H, molecules is what you get. Furthermore, the 
2 electrons of the H, molecule and the 8 electrons of 
the O atom can find a still more compact configuration 
by combining their electrons to create the water 
molecule H,0, plus heat. The water molecule is really 
a single cloud of electrons in which are embedded 
the three point-like nuclei to form a minimum energy 
configuration. So when we burn oil or coal we 
reconfigure the electrons to produce more stable 
configurations of point-like nuclei embedded in 
electron clouds, liberating heat. So much for chemical 
energy. 


Lesson 4 


‘We have slid over one point in the above discussion. 
How does Nature make a nucleus containing two or 
more protons in the first place. After all, each of the 
protons has a positive charge, and the positive 
charges repel each other very strongly when they are 
separated by a tiny distance, equal to the distance 
across a nucleus. The repulsion of like charges is just 
like the repulsion between the north poles of two 
magnets when they are pushed together the wrong 
way. Something must overcome this repulsion, or else 
the only kind of atoms we would have would be those 
of hydrogen. Fortunately, this is not what we observe. 
‘The answer is that there is a second Kind of force 
which acts on protons. This is the nuclear force. The 
nuclear force is very strong but requires particles to 
almost sit on each other to have any effect. Also, there 
is a second kind of heavy particle, which is just like a 
proton, except that it has no positive or negative 
charge. It is not pushed away by the proton's plus 
charge. This other kind of particle is called the neutron, 
since it is electrically neutral. A peculiar fact of life is 
that it exists in stable form only inside a nucleus. 
‘When not in the nucleus it changes into a proton, an 
electron and a very light anti-neutrino in about 10 
minutes. But it lasts forever inside a nucleus. Anyway, 
the neutron and the proton very strongly attract each 
other once they get close enough together, and then 
they combine to form a highly stable pair called a 
deuteron, which we designate D+. The single 
deuteron, when it combines with a single electron, 
forms the heavy hydrogen atom called deuterium, 
designated D. A second nuclear reaction occurs when. 
two deuterons make contact. When they can be forced 
together so as to make contact, the 2 deuterons fuse, 


making a doubly charged particle. The grouping of 
2 protons and 2 neutrons is even tighter than the 
proton-neutron grouping in the deuteron. The new 
particle, when neutralized by 2 electrons, is the 
nucleus of the helium atom, designated He. Larger 
groupings of neutrons and protons exist in nature and 
serve as the nuclei of carbon, nitrogen, oxygen, and 
iron, etc. atoms. All of these groupings are made 
possible by the very strong nuclear force, which is 
felt between particles only when they are in contact 
or share the same nucleus-size volume of space. 


Lesson 5 


‘We can now understand normal nuclear energy, which 
is really nuclear fission energy. During the early history 
of the universe massive stars were formed. In the 
explosion of these massive stars, lots of different types 
of nuclei were formed and exploded back into space. 
Second and later generation stars and planets were 
formed from this mix, including the sun. In the explosion 
process probably every possible stable configuration 
of protons and neutrons was produced, plus some 
almost-stable groupings, such as the nucleus of the 
uranium atom. There are actually 3 different types of 
uranium atom nuclei, called uranium-234, uranium-235, 
and uranium-238. These “isotopes” differ in their 
number of neutrons, but they all have 92 protons. The 
nuclei of all uranium atoms can go to a lower energy 
configuration by ejecting a helium nucleus, but this 
process occurs so rarely that the Earth's uranium has 
already lasted over 4 billion years. But the uranium 
nuclei are unstable in another way. In general, 
groupings of protons and neutrons are happiest if they 
have about 60 protons-plus-neutrons. The uranium 
nuclei contain more than three times this number. So 
they would like to split in two, which would release a 
lot of heat. But nature doesn't provide a way for them 
to split apart. They have to first go to a higher energy 
configuration before splitting in two. However, one of 
the three forms of uranium nucleus found in nature 
called uranium-235 and designated *"U, gains the 
needed energy if it captures a neutron. The energized 
nucleus that results from neutron capture then splits 
apart with the release of an enormous amount of energy, 
and incidentally with release of additional neutrons. 
‘The additional neutrons can then split more uranium-235 
nuclei, keeping the reaction going. This is what 
happens in nuclear power plants, where the heat, 
which is the end product of the nuclear splitting 
process, is used to boil water, generate steam, and turn 
electrical generators. (One also gets lots of radioactive 
products, which are a nuisance to dispose of safely.) 


Lesson 6 


We are now also in a position to understand hot fusion 
nuclear energy. As mentioned in lesson 5, the groupings 
of protons plus neutrons is most stable when the 
numbers of neutrons and protons approximate those 
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Shown cutaway 
for clarity 


Maximum 
height 60" 
x 


Minimum 
18" 


Dimensions and positions of cabinets follow accepted 


The sizes of base cabinets and wall cabinets arc 


fairly uniform among manufacturers, and unless you 
have them custom-built in unusual sizes, they wil 
conform to the following standards: 


23" to 2 


* Base cabinets: height—34'4"; depth 
width—9" to 48", in 3" increments. 


© Wall cabinets: height—12", 15°, 18°, 2 


3", 42"; depth—12"; width—24", 30' 


42", 48 
© Oven cabinets: height—84", 96"; depth—24 
width—27", 30", 3. 


* Utility cabinets: b 


width—18", 24", 36 


ht—84"; depth—12", 24) 


Not every manufacturer will offer all these 


sizes and styles, so it’s a good idea to obtain product 


catalogs when planning the layout of cabinets. Some 


other tips 


* Use functional comer cabinets rather than “blind 


cabinets that provide no aceess to the comer area 


© Include at least five storage/organizing units, such 


Eating areas. Kitchen tabletops and countertops 
used for dining are generally positioned 30", 36", or 


4 


for each person varies according to the height of 


above the floor, and the recommended space 


the surface 
Islands. A kitchen island should be positioned so 
u 


of its countertop and surrounding walls or cabinets 


re is at least 36” of clear space between the edges 


GUIDELINES FOR BASIC CONSTRUCTION 
Plans for a major remodeling project that involves 
moving or adding walls, or building a new room 
addition must accurately show the locations and 
dimensions of the new walls and all doors and 
windows. This will allow the construction carpenter 


to give you an accurate bid on the work and will 


allow him to obtain the necessary building permit 
IF you will be moving walls or adding windows 
or doors, you must identify load-bearing walls 
and provide appropriate support during removal 


aaa 


winDows 
Most Building Codes require that kitchens have 

at least one window, with at least 10 sq. tof glass 
area. Seme local Building Godes, however, will allow 
‘windowless kitchens, so long as they have proper 
venting. Kitchen designers recommend that kitchens 
have windows, doors or skylights that together have 
total glass surface area equal to at least 2: 
total flour area, 


5% of the 


Doors 
Exterior entry doors should be at least 3 ft. wide and 
64 Tt, high. Interior passage doors betw 
rust be at least 21 ft. wide. A kitchen 
least two points of entry, arranged so traffic patterns 
don't intrude on work areas. 


$n rooms 


ust have at 


Examine your circuit breaker panel. it may have an 
index that identifies circuits serving the kitchen. I your service 
‘pane! has open slots, an electrician can add adcitional kitchen 
Circuits relatively easily. If your service panel is full, he may 
have to install a new service panel at edcitional cost 
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GUIDELINES FOR ELECTRICAL 
SERVICE & LIGHTING 

Nearly any kitchen-remodeling project will require 
some upgrading of the electrical service. While 

your old kitchen may be served by a single 120-volt 
circuit, i's not uncommon for a large modern kitchen 
to require as many as seven individual circuits 


And in a few cases, the extra demands of the new 
kitchen may require that the main electrical service 
for your entire house be upgraded by an electrician. 
By comparing the electrical service in your present 
kitchen with the requirements deseribed below, you'll 
get an idea of how extensive your electrical servie 
improvements will need to be. Your plan drawings 
should indicate the locations of all the outlets, 
lighting fixtures and electrical appliances in your 
new kitchen. 

‘The National Electric Code requires the following 
for kitchens: 


+ Two small-appliance circuits (120-volt, 


amp) to supply pawer for the plug-in 
countertop appliances, 

© Wall outlets spaced no more than 12 ft. apart 

* Countertop outlets spaced no more than 
4 ft. apart. 

© GFCI (ground-fault circuit interrupter), protected 
receptacles installed in any general use outlet, 
whether above counter or at floor level 

* Dedicated circuits for each major appliance 
Install a 20-amp, 120-volt cireuit for a built-in 
microwave, a 15-amp circuit for the dishwasher 
and food disposer, An electrical range, cooktop 
or wall oven requires a dedicated 50-amp, 
240-volt circuit. 


The Electric Code only requires that a kitchen 
have some form of lighting controlled by a wall 
switch, but kitchen designers have additional 
recommendations: 


© A general lighting circuit (120-volt, 15-amp) that 
operates independently from plug-in outlets. 

*  Plentiful task lighting, usually mounted under 
\vall cabinets or soffit, to illuminate each 
work area. 

* Decorative lighting fixtures to highlight attractive 
cabinets or other features of the kitchen 


GUIDELINES FOR PLUMBING 

IF your new kitchen layout changes the location of the 
sink, or if you are planning to add an additional sink or 
dishwasher, the water supply and drain pipes will need 
to be upgraded, Your plan drawings should indicate 
these intended changes. 

Extending plumbing lines for a new kitchen is 
often fairly easy and surprisingly inexpensive, but 
there are some exceptions you should note 

Old pipes. If your present plumbing is more than 
25 years old, there is a good chance the plumber will 
recommend replacing the pipes before installing the 
kitchen fixtures. Depending on circumstances, this 


can be an expensive proposition, but if you're faced 


with this decision, we strongly urge you to take a deep 
breath and do what the plumber suggests. Those 
corroded old pipes will need to he replaced someday, 
and this work is easier and cheaper if you're already in 
the process of remodeling the kitchen. 


Outdated systems, Older plumbing systems 
may have drain trap and vent arrangements that 

ts. If your plumber 
needs to run all-new vent pipes, this will increase 


violate modern Code requirem 


the costs, 
Island sinl 
an island sink, your plumber will n 


. If your new kitchen will include 
d to run vent 


pipes beneath the floor. For this reason, plumbing 
an island sink is more expensive than plumbing a 
wall sink. 


GUIDELINES FOR HEATING, VENTILATION 
& AIR-CONDITIONING 

Your plan drawings should also show the locations 

of heating/air-conditioning registers or fixtures in 
your proposed kitchen. If you're planning a cosmetic 
make-over or a simple layout change, there is a pretty 
good chance you can get by with the same registers, 
radiators or heaters found in your present kitchen 


Code books can help you understand 
the structural, electrical and plumbing 
requirements for kitchens. in addition to 
the formal Code books, which are written 
for professional tradesmen, there are 
‘many Code handbooks available that are 
written for homeowners, Bookstores and 
libraries carry both the formal Cade books 
and Code handbooks. 
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But if your new kitchen will be substantially larger 


than it is now, or if the r 


io of wall space filled 
by glass windows and doors will be greater, i's 
possible that you'll need to expand its heating and 
cooling capacity 

Increasing your kitchen’s heating and cooling 


can be as simple as extending ducts by a few feet 


or as complicated as installing a new furnace, When 


installing a large room addition, for instance, you 
may learn that the present furnace is too small 
to adequately heat the increased floor space af 
your home 

How do you determine what your kitchen needs 
in the way of expanded heating and cooling? Unless 
you happen to be a mechanical engineer, you'll need 
to consult a professional to evaluate your heating) 
ventilation/air-conditioning (HVAC) system, The Code 
requirements for room heating are quite simple, but 
the methods used to calculate required energy needs 
of room are fairly complex 

The Building Code requires simply that a room 
must be able to sustain a temperature of 70°F 
measured at a point 3 ft. above the floor. HVAC 
contractors use a complicated formula to calculate the 
most efficient way to meet this Code requirement. You 
can make this estimation more accurate by providing 


© The exact dimensions of your kitchen, 


The thickness and amount of insulation in 
the walls 

* ‘The number of doors and windows, including 
their size and their energy ratings. 


* The total square footage of your house 


* The heating and cooling capacity of your furnace 


and central air-conditioner, measured in BTUs. 


This information, usually printed on the unit's 
access panel, will help the HVAG contractor 
determine if the system can adequately serve your 
new kitchen. 

Finally, your cooktop should be equipped with 
an electric vent hood to exhaust cooking fumes 
and moisture from the kitchen, The volume of air 
moved by a vent fan is restricted by Code, so you 
shou 


always check with a Building Inspector before 


selecting a vent hood. 


Metal ductwork for the vent hood must be run 


through an exterior wall or through the ceiling, Fyour yet hoods are required by som 
cooktop is located in an island cabinet, a special island and cooktops, the vent fan exhau 


vent fan is necessary ‘moisture to the outdoors 


codes on all ranges 
cooking fumes and 
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Energy Efficiency 


For the sake of both environmental resources and your 
‘own budget, selecting a kitchen design that incorporates 
cenergy- and water-saving appliances is a good iddea. Most 
of the new appliances on the market are more energy 
efficient than older models, but the relative quality of 
their performance yaries, Do some comparison-shopping 
when it comes to appliances and you are sure to outfit 
your kitchen with fixtures that save energy and money 
Lighting is another way to save energy. Consider 
the aesthetie henelits of adding a skylight or window 
to your kitchen; now think of the impact that natural 
lighting will have on your energy budget. Less artificial 
light will be needed, thus lowering electric bills 
Another way to cut down on energy requires 
is to use fluorescent lighting or new innovations like 
LED lighting in the kitchen, These products not only 
reduce glare better than incandescent bulbs, they 
also use a fraction of the energy used by incandescent 
bulbs and need to be replaced less frequently 
Newer versions of fluorescent bulbs produce a more 
true-to-life light color, rather than the old buzzing, 
overhead tubes that gave everything a greenish hue. 
Some local building codes require a certain percentage 
ofa kitchen’ lighting to be Muarescent, so consider 
the benefits before lamenting this ordinance. 


ts 


Energy usage labels can be found on most major appliances 
you'll encounter at the appliance store, More energy efficient 
‘models may qualify fora rebate from your local public utility 
‘company, Ask the sales staf for information on these programs, 


‘As a general rule, riewer appliances are more efficient when it comes to energy and water consumption. For example, this dishwasher 
thas a feature that allows the user to wash only one of the racks, using less water and energy when smaller loads are being cleaned. 
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| Accessible Kitchens > 


Universal Design and Accessible Design are the terms used 
by architects, engineers, and product designers to describe 
‘making accommodations for the needs of every type of 
person, regardless of age and physical ability. For example, 
Jarge handled tools, contrasting typeface, wide doorways, 
and smooth flooring are all results of Universal Design 
research. in the kitchen, the consideration of accessibility 
‘must be more extensive than almost anywhere else in 
the home. From safety lighting, to pull out shelves, to the 
height of counters, planning a kitchen that everyone can 
easly use requires careful forethought. There are tips on 
Universal Design throughout this book, offering advice on 
accessibility for many ofthe standard kitchen elements, 
Universal design for kitchen cabinets puts the 
‘majority of items in the comfortable reach zone between 
2and 5 feet above the floor: Using pop-up and pull-down 
shelves can extend this area, Full-extension hardware 
‘on drawers and pull-out shelves eliminates reaching and 
fumbling for unseen items at the back of drawers and 
cabinets. Base cabinets installed ot various heights serve 
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users of different heights Hanging some sections of upper 
cabinets at 12" to 15° above the countertop—rather than 
18°—makes it easier to See and access items. 

‘A ulllength panty also increases the amount of 
storage space in the comfortable reach zone. A pull-out 
pantry allows for easier viewing ofthe contents, but make 
sure the hardware is top quality and operates easly and 
smoothly, An appliance garage, a cabinet with @ tambour 
door that sits on the countertop, is an excellent way to 
efficiently use commer space and store heavy or frequently 
Used appliances out of sight. Make sure an electrical 
outlet or two are inside the garage 


UNIVERSAL TIPS 

‘© Magnetic touch latches or c-shaped handles are the 
easiest to open. 

‘© Avoid gloss cabinet finishes to reduce glare for the 
vision impaired. 

‘+ Countertops at a varity of heights should be 
ergonomically correct fora range of different users. 


Countertop height and ease of 
fixture operation are two of the most 
Important aspects of universal design, If 
‘your kitchen remodeling project needs 
to accommodate a person with special 
needs, most states have agencies 

that can offer you specific advice for 
your situation, 


Universal Design 
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Design your kitchen around a clear, circular space of at east 5 ft.in diameter to provide room for a wheelchair. It 
your kitchen doesn’t have 60" of clear space, allow 48° for pathways. Plan for 30 to 48" af clear approach space in front 
of all appliances and workstations. 


Kitchen 


Remodeling © 349 


WH installing Kitchen Cabinets 


Cities must be firmly anchored to wall studs, and 
they must be plumb and level when installed. The 
best way to ensure this is by attaching a ledger board 
to the wall to assist in the installation, As a general 


rule, install the upper cabinets first so your access is 
not impeded by the base cabinets. (Although some 
pros prefer to install the base cabinets first so they 
can be used to support the uppers during installation.) 
Us also best to begin in a comer and work outward 
from there. 


Handserew clamps 


Level Trim molding 
Hammer ‘Toe-kick molding 

Utility knife Filler strips 

Nail set Valance 

Stepladder 6d finish nails ‘Stock cabinets are sold in boxes that are keyed to door 
Drill ‘inches and drawer packs (you need to buy these separately). tis 


; important that you realize this when you are estimating your 
Counterbore drill bit #1024" wood screws project costs atthe building center (ften a door pack will cost 
Cordless screwdriver #8 x2" screws as much oF more than the cabinet). Allow plenty of time for 
ieee 3t diywall’sesews cesémblng the cabtnets out ofthe bos. tean take at hour of 
more to put some more complex cabinets together. 


Howto FitaCornerCabinety ae 


Before installation, test-ft comer and 
adjoining cabinets to make sure doors 
and handles do nat interfere with 

leach other. f necessary increase the 
clearance by pulling the comer cabinet 
‘away from the side wall by no more 
than 4", To maintain even spacing 
between the edges ofthe doors and 
the cabinet comer, cut a filer strip and 
attach itto the comer cabinet or the 
adjoining cabinet, Filler strips should be 
made from material tat matches the 
cabinet doors and face frames. 
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| How to Prepare Walls 


Find high and low spots on wall surfaces, using long _Fill in low spots of wall by applying wallboard compound 
straight 2 x 4, Sand down any high spots. Using a taping knife. Let the compound dy, and then sand 
it ighty, 


3 4 


Locate and mark wall studs, using an electronic stud Find the highest point along the floor that wil be 
finder. Cabinets normally will be hung by driving screws into covered by base cabinets, Place a level on a long, straight 
the studs through the back of the cabinets. 2-4, and mave the board across the floor to determine Ifthe 


floor is uneven. Mark the wall at the high poi, 


(continued) 
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‘Measure up 34%" from the high-point mark (for 
standard cabinets). Use a level (a laser level is perfect) to mark 
a reference line on walls Base cabinets will be installed with 
top edges flush against this line 


‘Measure down 30" from the wall-cabinet reference 
line and draw another level line where the bottoms of the 
cabinets will be. Temporary ledgers will be installed against 
this tine, 
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‘Measure up 84" from the high-point mark and draw a 
second reference line. Wall cabinets will be installed with their 
top edges flush against ths line. 


Install 1 x 3 temporary ledgers with top edges flush 
against the reference lines, Attach ledgers with 2s" wallboard 
screws driven inta every other wall stud. Mark stud locations 
on ledgers. Cabinets will rest temporarily on ledgers during 
instalation (the ledgers alone will not support them, however), 


found in the nucleus of an iron atom. Just as uranium 
has too many neutrons plus protons to be 
comfortable, so the light elements like hydrogen, 
helium, carbon, nitrogen and oxygen have too few. 
If the nuclei can be made to make contact under 
proper conditions, they can combine to create more 
stable groupings, plus heat. This is the process of 
fusion. Nature has found a way of doing this in stars 
like the sun, All Nature has to do is heat compressed 
hydrogen hot enough and wait long enough and hot 
fusion will occur. If Nature were to start with 
deuterium, which already has a paired proton and 
neutron, the task would be relatively easy in a star. 
‘Temperature is a measure of how much speed an 
atom of a given type has as it bangs around inside 
acloud of such atoms. The higher the temperature, 
the higher the speed and the closer the atoms get 
to each other momentarily during a collision. In a 
star the temperatures are high enough that all the 
electrons quickly get knocked off the atoms, so one 
is really dealing with a mixed cloud of electrons and 
nuclei. At very high temperature the nuclei 
occasionally get close enough during collisions for 
the pulling-together short range nuclear force to 
turn on. Then the nuclei can stick together and go 
to a lower energy grouping of protons plus neutrons, 
releasing heat. Hot fusion nuclear energy is an 
attempt to carry out this process in the lab, using 
deuterium and mass-3 hydrogen (whose nucleus is 
a compact grouping of 1 proton and 2 neutrons) as 
the gas. Hot fusion requires that the gas be 
contained at temperatures of hundreds of millions 
of degrees, which can be done with the help of 
magnetic fields, but only for 1 or 2 seconds. The 
hope is to contain the gas for longer times. During 
the period of high temperature containment nuclear 
reactions occur during collisions. The main form of 
energy release is ejection of high energy neutrons 
and protons. The proton energy quickly converts to 
heat. The neutron energy can also be converted to 
heat but makes the equipment highly radioactive. 
It then becomes difficult to repair the equipment, 
which could make hot fusion a poor candidate for 
commercial power production. In any case hot 
fusion power is a dream that is still probably at least 
50 years away. But most scientists view hot fusion 
as the only way to achieve fusion power. Hot fusion 
produces less radioactivity than fission power, is 
environmentally benign, and has a virtually limitless 
fuel supply on earth (many millions of years at 
present energy usage rates) 


Lesson 7 


So now we come to cold fusion. Cold fusion may 
provide an easier and non-radioactive way of 
releasing nuclear fusion energy. Cold fusion relies on 
a different way of letting the protons and neutrons 
in one nucleus make contact with those in another 


nucleus, so that the nuclear force can bring them into 
amore stable configuration. The requirement for any 
nuclear reaction to occur is that the reacting nuclei 
occupy the same volume of space. This condition is 
called particle overlap. In hot fusion particle overlap 
is brought about briefly by banging the nuclei 
together so as to overcome momentarily the repulsion 
of the two positive charges which try to keep the 
particles apart. In cold fusion particle overlap 
conditions are achieved by making deuterium nuclei 
act as fuzzy objects like electrons in atoms, instead 
of like tiny points. When either light or heavy 
hydrogen is added to a heavy metal, each hydrogen 
“atom” occupies a position inside the metal where 
it is surrounded by heavy metal atoms. This form of 
hydrogen is called interstitial hydrogen. With 
interstitial hydrogen the electrons of the hydrogen 
atom become part of the pool of electrons of the 
metal. Each hydrogen nucleus oscillates back and 
forth through a negatively charged electron cloud 
provided by the electrons of the metal. They can be 
thought of as moving back and forth like the 
pendulum in a grandfather clock. This vibration 
exists even at very low temperature, due to a 
peculiarity of a branch of physics called quantum 
mechanics. The vibration is called zero point motion. 
‘The nucleus then becomes a fuzzy object, like the 
electrons in an atom, But this amount of fuzziness is 
not enough to permit a hydrogen nucleus to make 
contact with another hydrogen nucleus. To get two 
or more hydrogen nuclei to share the same volume 
one must go one step further. In a metal electrical 
current is carried by electrons that act more like 
vibrating matter waves than like point particles. If 
electrons did not become wave-like inside solids, 
there would be no transistors and no present day 
computers. This wave-like kind of electron is called 
a Bloch function electron. The secret of cold fusion 
is that one needs Bloch function deuterons. One 
needs wave-like deuterons inside or on the surface 
of a solid in order that two or more deuterons share 
the same volume of space. But once the Bloch 
function deuterons are created, the nuclear force 
comes into play and the protons and neutrons making 
up the deuterons can rearrange themselves into the 
more nuclearly stable Bloch function helium 
configuration, with release of heat. To study cold 
fusion the experimenter has to force deuterons to 
assume the wave-like form and keep them in the 
wave-like state. Cold fusion experiments 
demonstrating release of excess heat show that this 
can be done. But at present no one knows how to do 
it reliably. Since cold fusion promises millions of years 
of energy without the problems of global warming 
or radioactivity, a real effort should be made to learn 
how. 


Formore tutorials goto www-hometown.aol.comy/cffuturel 
and www.hometown.aol.com/cffuture2 
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How to Hang Wall Cabinets 


Position a comer upper cabinet on a ledger (see nage 
352) and hold it in place, making sue its resting ciganly on 
the ledger. Drill" pilot holes into the wall studs through the 
hanging strips atthe top, rear of cabinet. attach the cabinet to 
the wall with 2%" screws, Do nat tighten fully unt ll cabinets 
are hung, 


Attach a filler strip to the front edge of the cabinet, 
if needed (see page 350). Clamp the filer in place, and dri 
counterbored pilot holes through the cabinet face frame, near 
hinge locations. attach filer to cabinet with 2%" cabinet screws 
oF fathead wood screws. 


: & 
Check the front cabinet edges or face frames for plumb. 


Position the adjoining cabinet on the ledger, tight 
against the corner cabinet or filler strip, Clamp the comer 
‘cabinet and the adjoining cabinet together at the top and 
‘bottom, Handscrew clamps will not damage wood face frames 


Drill "pilot holes into wall studs through hanging strips in 
rear of cabinet. Attach cabinet with 214" screws. Do not tighten 
wall screws fully unt all cabinets are hung. 


(continued) 
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Attach the corner cabinet to the adjoining cabinet. 
From inside comer cabinet, dil pilot holes through face frame. 
Join cabinets with sheet-metal screws, 


Position and attach each additional cabinet. Clamip 
frames together, and drill counterbored pilot holes through 
side of face frame_loin cabinets with wood screws, Drie" 
pilot holes in hanging strips, and attach cabinet to studs with 
Wood screws. 


Join frameless cabinets with #8 = 11" panhead Wood 
‘Screws or wood screws with decorative washers, Each palr of 
cabinets should be joined by at least four screws. 
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Fill gaps between the cabinet and wall or neighboring 
appliance with a filer strip. Cut the filler strip to fit the space, 
then wedge wood shims between the filer and the wall to 
create a friction fit that holds it in place temporarily. Dril 
counterbored pilot Noles through the side of the cabinet (or the 
‘edge of the face frame) and attach filer with screws. 


Remove the temporary ledger. check the cabinet run for plumb, and adjust i Use trim moldings to cover sny 
necessary by placing wood shims behind cabinet, near stud locations. Tighten wall gaps between cabinets and walls Stain 
screws completely. Cut off shims with utility knife. moldings to match cabinet finish. 


Attach decorative valance above sink. Clamp valance Install the cabinet doors. if necessary, adjust the hinges so 
to edge of cabinet frames, and drill counterbored pilot holes -—that the daors are straight and plumb: 

through cabinet frames into end of valance. Attach with sheet- 

metal screws, 
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How to Install Base Cabinets 


‘Begin the installation with a comer cabinet. Draw 
plumb tines that intersect the 34)" reference line (measured 
{rom the high point ofthe floor—see page 351) at the locations 
for the cabinet sides. 


Place cabinet in corner. Nake sure the cabinet is plum 
and level. necessary, adjust by diving wood shims under 
cabinet base, Be careful not to damage flooring. Drill" pilot 
holes through the hanging strip and into wall studs. Tack the 
cabinet to the wall with wood screws or wallboard screws. 


Clamp the adjoining cabinet to the corner cabinet, Make sure the new Use a jigsaw to cut any cabinet 
cabinet is plumb, then drill counterbared pilat nales through the cabinet sides or the openings needed in the cabinet backs 
face frame and filer strip. Screw the cabinets together. Drill" pilot holes through (for example, in the sink base seen here) 
‘hanging strips and into wall studs. Tack the cabinets loosely to the wall studs with {or plumbing, wiring or heating ducts, 


\wood screws or wallboard screws. 
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Position and attach additional cabinets, making sure ‘Make sure all cabinets are level. if necessary, adjust 


the frames are aligned and the cabinet tops are level. Clamp —_by driving shims underneath cabinets, Pace shims behind 
cabinets together, then attach the face frames or cabinet sides the cabinets near stud locations to fill any gaps. Tighten wall 
with screws driven into pilot holes. Tack the cabinets to the screws. Cut off shims with utility knife. 


wall studs, but don't drive screws too tight—you may need to 
‘make adjustments once the entire bank is installed, 


Use trim moldings to caver gaps 
between the cabinets and the wall or 
floor. The toe-kick area is often covered 
\with a strip of wood finished to match 
the cabinets or painted black. 


Hang cabinet doors and mount drawer fronts. Test to make sure the drawers close 
‘smoothiy and the doors fit evenly and flush. Self-closing cabinet hinges (by far the 
‘most common type installed today) nave adjustment screws that allow you to make 
minor changes to the hardware to correct any problems. 
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WW! Building Kitchen Islands 


Je igen ae ct ee al ign GET ER IES 


of methods, from repurposing an old table to 
fine, custom woodworking, But perhaps the easiest 


(and most failsafe) way to add the conveniences and Marker 2 base cabinets 
conviviality of a kitchen island is to make one from Drill/driver (approx. 36" 
stock base cabinets. The cabinets and countertops 2x4 cleats wide x 24" deep) 
don't have to match your kitchen cabinetry, but that Pneumatic nailer Countertop 


and 2" finish nails Wallboard serews 
or hammer and 
6d finish nails 


is certainly an option you should consider. When 
designing and positioning your new island, be sure 
to maintain a minimum distance of 3 ft, between the 
island and other cabinets (4 ft. or more is better) 


‘Two base cabinets arranged back-to-back make a sturdy kitchen island base that’s easy to instal. When made with the same 
style cabinets and countertops as the rest of the kitchen, the island is a perfect match. 
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How to Create a Stock-cabinet Island 


‘Set two base cabinets back-to-back in position on 
the floor and outline the cabinet comers onto the flooring, 
Remove the cabinets and draw a new autine inside the one 
{you just created to allow forthe thickness ofthe cabinet sides 
(usually #’) 


Join the two base cabinets by driving 1" wallboard 
screws through the nailing strias on the backs of the cabinets 
from each direction. Make sure the cabinet sides are flush and 
aligned, Lower the base cabinets aver the cleats, Check the 
‘cabinets for level, and shim undemeath the edges of the base 
if necessary. 


Cut 2 « 4 cleats to fit inside the inner outline to provide 
nailing surfaces for the cabinets. Attach the cleats to the floor 
with screws or nails, Tip: Create an L-shape cleat for each 
inside comer. 


Attach the cabinets to the floor cleats using éd finish 
‘alls. Drill pilat holes for nals, and recess nail heads with a nail 
set. Install a countertop an top of the cabinets (see pages 362 
10.388), 
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WH) Building Tiled Islands 


J slands are one of the most requested kitchen 


features, People lave them for many reasons, [ Tools & Materials > 


including their value as bi-level counter space, In most J 
‘Tape measure Tile spacers 


cases, the lower level is used as work space and the 
Cireular saw 


upper as casual dining space. The upper level provides 4" exteriorgrade 


alittle camouflage for the work space, something Drill CDX) plywood 
lly welcome in open-plan kitchens where Utility knife 4m polyethylene 


that's espec 
in from other areas. Straightedge sheeting 


meal preparation areas can be s 


When planning casual dining space, remember Stapler Packing tape 
that designers suggest at least 24" per person. For the Drywall knife 4 cementboard 
work space, remember that standard design guidelines Framing square 14" deck screws 
recommend at least 36" of uninterrupted work space Notched trowel 3" deck screws 


to the side of a sink or cooktop. Tile cutter Fiberglass mesh tape 


On work surfaces, mosaic and other small tile is Carpeted 2x4 Thinset mortar 
the best choice. Lamger tie requives fewer grout Mallet Grout with latex 

lines, always a good idea when it comes to cleaning and Rubber grout float additive 
maintenance. But there is no rule that all three elements Sponge Silicone caulk 
of a bi-level island have to use the same material, In Foam brush Silicone grout sealer 
fact, projects like this offer wonderful opportunities to Caulk gun L-brackets 
mix materials or colors or textures. Choose floor tile Birch plywood 6d finish nails 
or tile made especially for counters for the horizontal 12 hardwood Drywall screws 
surfaces, and then branch out when it comes to the 2%4 lumber Glue 
backsplash. Wall tile and mosaics work beautifully. Ceramic tile 


Attractive backsplashes complete tile contertops. Here, ndividual tiles seamlessly stack side by side to create one cohesive, 
interwoven pattern. Using the same material and tones as the surrounding countertop allows the pattem to add interest without 
cluttering the small isiand, resulting in a sophisticated finished design. 
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How to Build a Tiled Bi-level Island 


Build a 2 4 base for the sland cabinet by cutting the 2 x 4s 
to length and joining them in a square frame that lays fat (wide 
sides down) on the floor Use metal L-brackets to reinforce the 
joints. if you don’t wish to move the island, fasten the frame 

to the floor in position with construction adhesive and/or 

deck screws. 


Cut the 2 x4 cross supports to length and install them 
between the side panels at every corner, including the 
comers created by the L-shape cutout, Use 3" deck screws 
civen through the side panels and into the ends of the 
cross supports. 


‘i | Yea ial 


Cut bottom panels the sare dimensions as the base frame 
from ¥" birch plywood. Attach it to the frame with finish nalls. 
Then, cut the side panels to size and shape and fasten them 
to the edges of the curb with éd finish nails and adhesive. Slip 

A" shims (scrap plywood works well) beneath the side panels 
before fastening them, 


Lightly sand the cabinets and then clean off the dust. Prime 
and paint the cabinet interior and exterior. 


(continued) 


Kitchen Remodeling ® 


361 


Build a face frame from 1 x 2 hardwood to fit the cabinet 
front, Attach it to the cabinet with éd finish nalis and hang 
cabinet doors (we installed three 12"-wide overlay doars) 


Cut 2" wide strips of plywood for bulldup strips and attach to 


the undersides oft 


subbases with glue and scr 
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Cut strips of %" exterior plywood to make 
for the countertops and a backer for the backsplash. The 
F counter subbase should aver hang by 2° on the front 
and sides. The upper should overhang 2" on the sides ana 
be centered on the cabinet front to back. Attach the backer 
‘and subbases with drywall screws driven down into the 24 
cross supports, 


Attach tile backerboard (0 the counter subbases and the 


backsplash and tape seams and cover screws heads 
compound (see page $80), 


LENR (Low Energy Nuclear Reactions) 
Experiments 


Review from 
http://wwwlenr-canr.org 


Have you ever wondered what a physics laboratory 
looks like? They are seldom spacious or organized the 
way they are shown in movies. Most LENR researchers 
work at universities or home laboratories, with tight 
budgets in a crowded space. They keep old, broken 
equipment on shelves to scavenge parts for new 
experiments. In this section we present some 
photographs of equipment provided by researchers, 
and close up pictures of equipment. The actual cells, 
cathodes and other equipment used in electrolysis 
experiments often have an ad-hoc, home-made 
appearance, because they are made by hand. They 
have to be; they are unique, one-of-a kind prototypes. 
Nothing quite like them has ever been made before. 


A visitor seeing a LENR experiment the first time may 
feel disappointed. It looks like any other electrochemical 
experiment. The heat or neutron flux produced by the 
experiment are so small they can only be detected with 
sensitive instruments. A null cathode that produces no 
effect looks exactly like an active cathode. The difference 
between one cathode and another is in the microscopic 
structure, or the traces of elements mixed in with the 
palladium. Only one kind of cold fusion looks dramatic i.e. 
the glow discharge reaction. 


Here are a few photographs of cold fusion cells and Fig. 
devices (also see the cover page) aod Geka 


On Fig. 1 there is a 
calorimeter constructed 
by Edmund Storms. Note 
the DieHard® battery, 
lower right, that serves 
as an unninterruptable 
power supply. A power 
failure can ruin an 
experiment. Whenever 
possible, inexpensive, 
ordinary materials and 
instruments are used. 
However, experiments are 
never cheap, and they 
cannot be done on a 
shoestring. The equipment, 
piEN = Nal arranged for another 
nts for yee 4 experiment (see Fig. 2), 
other ooseqma costs about $40,000. 


(Gos and electric controls\\ Valve control 


Turbopump 
— fay Fig.2 (On the left) 

Cooling for A" - ‘Vacuum system to prepare 
lip in cl oreny 
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Cut mosaic sheets 
them with thinset adhe 


he backsplash area and attach Cut edge tiles and fasten them around the perimeter of the 
esive (See Tiling a Backsplash, page 387), _sulbbase with thinset adhesive. Hola tiles in place with tape 
me tiles should be flush or slightly 


Install the field tiles Choose a suitable grout color and apply itt the tile with 
376 t0 385 a grout float (page $85). Buff of once it has dried. Seal 
the grout with grout sealer. 
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Installing Postform 
Countertops 


[Dostiorm larninate countertops are available in 
stock and custom colors. Pre-mitered sections 
are available for two- or three-piece countertops that 
continue around corners, If the countertop has an 
exposed end, you will need an endcap kit that contains 
4 preshaped strip of matching laminate, Postform 
countertops have either a waterfall edge or a no-deip 
edge. Stock colors are typically available in 4-, 6-, &- 
10- and 12-foot straight lengths and 6- and 8-foot 
mitered lengths. 


Materials and tools for installing a post-form countertop 
include: Wood for shimming (A, take-up bolts for drawing 
rmiters together (8), household iron (C), endcap laminate to 
‘match countertop (0), endcap battens (E, file (),adju 
wrench (6), buildup blacks (H), compass (), fasteners (I, slicone 
‘caulk and sealer (0. 


Post-form countertops are among the easiest and cheapest to instal. They are a good choice for beginning Divers, but the 
design and color options are fairly limited, 
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How to Install a Postform Countertop 


| Tools & Materials > 


Tape measure Belt sander 

Framing square Drill and spade bit 

Peneil Cordless screwdriver 

Straightedge Postform countertop 

C-clamps Wood shims 

Hammer Take-up bolts 

Level Drywall screws 

Caulking gun Wire brads 

Jigsaw Endcap laminate 

Compass Silicone caulk Option: Ifthe saw foot must rest on the good surface of the 
Adjustable teach: | Woed gline postform, use a jigsaw ited with a downsiroke blade to cut 


the postform. If you are unable to locate 2 downstroke blade, 
you can try applying tape over the cutting lines, but you are 
stil ikely to get tear-out from a riormal upstroke jigsaw blade, 


L 


= 


iy 


Use a framing square to mark a cutting neon the botiam Attach the battens from the endcap kit to the edge of 


surface of the countertop. Cut off the countertop with a jigs the countertop, using carpenter's glue and small brads. Sand 
sing 4 clamped straight-edge as a guide. out any unevenness with @ belt 


(continued) 
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Hold the endcap laminate against the end, slightly 
overlapping the edges. Activate adhesive by pressing an 
iron set at medium heat against the endcap. Cool with a wet 
loth, then file the endcap laminate flush with the edges of 
the countertop, 


Position the countertop on base cabinets. Make sure 
the front edge of the countertop is parallel to the cabinet faces. 
Check the countertop for level. Make sure that drawers and 
doors open and close freely. If needed, adjust the countertop 
with shims, 


Because walls are usually uneven, use 2 compass to 
‘race the wall cutiine onto the backsplash, Set the compass 
arms ta match the widest gap, then move the compass along 
the length of the wall to transfer the outline to the top of 

the backsplash, Apply painter's tape to the top edge of the 
backsplash, following the scribe line (inset) 
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Remove the countertop. Use a belt sander to grind the 
backsplash to the serive line, 


Mark cutout for self-rimming sink. _Drill a starter hole just inside the 
Position the sink upside down on cutting line, Make sink cutouts with a 
the countertop and trace its outline. Jigsaw, Support the cut 
Remave the sink and draw a cutting below so that the f 
line 56" inside the sink outline damage the cabinet. 


Apply a bead of silicone caulk to 
the edges of the mitered countertop 

ut ares from sections. Force the countertop pieces 
ing cutout does not tightly together. 


From underneath the countertop, install and tighten Seal the seam between the backsplash and the wall with 
miter take-up bolts. Position countertop tightly against the silicone caulk, Smooth the bead with a wet fingertip, Wipe 
wall and fasten it to the cabinets by driving wallboard screws away excess caulk. 

up through comer brackets and into the countertop, Screws 
should be long enough to provide maximum holding power, 
but not long enough to puncture the laminate surface. 


Kitchen 
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| Installing Laminate 


Countertops 


Piezo onsen tne 
sheets of plastic laminate and particleboard offers 
two advantages: the countertop you get will be less 
expensive than a custom-ordered countertop, and it 
will allow you more options in terms of colors and edge 
treatments. A countertop made with laminates also ean 
be tailored to fit any space, unlike premade countertop 
‘material that isa standard width (usually 25"), 
Laminate commonly is sold in 8-ft. or 12-f. 
lengths that are about “" thick. In width, they 
range from 30" strips to 48" sheets. The 30" strips 
are sized specifically for countertops, allowing for a 
25".wvide countertop, a 1)" wide front edge strip and 
a short backsplash 
‘The plastic laminate is bonded to the 
particle-board or MDF substrate with contact cement 


il 


Tape measure Screwdriver 
Framing square Belt sander 
Straightedge File 

Scoring tool Router 

Paint roller ‘4! particleboard 
3-way clamps Sheet laminate 
Caulk gun Contact cement 
Jroller and thinner 
Miter saw Wood glue 
Scribing compass Drywall screws 
Gircular saw 


{although most professional installers use products 
that are available only to the trades). Water-base 
contact cement is nonflammable and nontoxic, 
but solvent-base contact cement (whieh requires a 
respirator and is highly flammable) ereates a much 
stronger, more durable bond. 


Fabricating your own custom countertop irom particlevoaid and plastic laminate is not exactly an easy DIY project, but it 
gives you unlimited options and the results can be very satisfying. 
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Tips for Working with Laminate > 


‘Add 1-inch overhang 


‘Measure along tops of base cabinets to determine the size of the countertop. if wall corners are not square, use @ 
framing square to establish a reference line (R) near the middle of the base cabinets, perpendicular to the front af the 
cabinets, Take four measurements (A, B, C, D) from the reference line to the cabinet ends, Allow for overhangs by 
adding 1” to the length for each exposed end, and 1" to the width (). 


Backsplash substrate 


Countertop substrate 


Buildup substra 


can rip-cut the substrate a 


How to Create a Laminate Countertop 


Join the countertop substrate pieces on the bottom side Attach 3"-wide edge buildup strips to the botiom of the 


(ee page 369 for sizing and cutting substrate) Attach a 4” Countertop, using 1%" wallboard screws. Fil any gens on the 
particleboard joint supnort across the seam, using carpenter's outside edges with latex wood filler, and then sand the edges 
sglue and 11" wallboard screws. with a belt sander 


To determine the size of the laminate 
top, measure countertop substrate. 
Laminate seams should not overlap 
‘substrate, Add ¥4" trimming margin to 
both the length and width of each piece. 
Measure laminate needed for face and 
‘edges of backsplash, and for exposed 
‘edges of countertop substrate, Add %" to 
each measurement, 
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Cut laminate by scoring and breaking it. Draw a cutting 
ling, then etch along the line with a utility knife or other sharp 
citing tool. Use a straightedge as a guide. Two passes of 
scoring too! will help laminate break cleanly, 


Bend laminate toward the scored line until the sheet 
breaks cleanly. For better contral on narrow pieces, clamp a 
straightedge along scored line before bending laminate. Wear 
gloves to avold being cut by sharp edges 


Option: some laminate installers prefer to cut laminate 
with special snips that resemble avaiator snips, Available 
‘fom laminate suppliers, the snips are faster than scoring 
‘and snapping, and less likely to cause cracks or tears in 
the material. You'l stil need to square the cut edges with a 
trimmer or router. 


Create tight-piloted seams by using 
bit to trim edges that wil but t re from cut 
‘edge of the bit ta edge of the router baseplate (A), Place 
laminate on scrap wood and align edges. To guide the route 
clamp a straightedge on the laminate at distance A plus ¥", 
parallel to laminate edge. rim laminate. 


ng 


(continued) 
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Apply laminate to sides of countertop first. Using 2 
paint roller, apply two coats of contact cement to the edge 

Of the countertop and one coat to back of laminate, Let 
‘cement dry according to manufacturer's directions. Position 
laminate carefully then press against edge of countertap. Bond 
with Joller 


a 
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Use a router and flush-cutting bit to trim edge stip flush 
with top and bottom surfaces of countertop substrate. At 
edges where router cant reach, tim excess laminate with a 
file, Apply laminate to remaining edges, an trim with router 


Test-fit laminate top on countertop 
substrate, Make sure laminate overhangs 
all edges. At seam locations, draw a 
reference line on core where laminate 
‘edges will butt together, Remove 
laminate. Make sure all surfaces are free 
Of dust, then apply one coat of contact 
cement to back of laminate and two 
coats to substrate, Place spacers made 
lf v"-thick scrap wood at 6" intervals, 
across countertop care. Because contact 
cement bonds instantly, spacers allow 
laminate to be positioned accurately over 
‘core without bonding, Align laminate with 
seam reference line. Beginning at one end, 
remove spacers and press laminate to 
‘countertop care 


Fig.4 
Fig.3 


Avhigh resolution mass spectrometer used for on-line helium 
detection during a cold fusion experiment at C. R. ENEA Frascati, 
(http://www frascati enea it/ahe/) 


Fig.5 Fig.6 


A flowetype call, courtesy B. Storms Close up of a Miley-style cell, courtesy . Storms 
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| Apply contact cement naining 


10 substrate and next piece of laminate. 
Let cement dry then position laminate 
= on spacers, and carefully align butt 
SS = S seam. Beginning at seam edge, remove 
5 i press laminate to the 
ertop substrate 


Flush cutting bit 


Roll the entire surface with a J-roller to bo! 
laminate 
with a soft 


Remove excess laminate with a router and flush-cutting 
At edges where ray n trim laminate 
a file, Countertop is now ready for final trimming with 
bevel-cutting bit, 


(continued) 
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15° hovel-cutting bit, 


Finish-trim the edges with router and 15° bevel-cutting bit, File all edges smooth, Use downward fle strokes 
Set bit depth so that the bevel edge is cut only on top laminate to-avold chipping the laminate. 
layer. Bit should not cut into vertical edge surface, 


Cut 11"-wide strips of %" plywood to form an Test-fit the countertop and backsplash. Because your 

overhanging scribing strip for the backsplash. Attach to the top walls may be uneven, use a campass to trace the wall outline 
and sides of the backsplash substrate with glue and wallboard onto the backsplash scribing strip. Use a belt sander to grind 

screws. Cut laminate pieces and apply to exposed sides, top backsplash to scribe line (see page 366), 

and front of backsplash. Trim each piece as it is applied. 
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he bottom edge of Position the backsplash on the countertop, and clamp 
into place with bar clamps. Wipe away excess caulk, and 
dry completely 


Apply a bead of silicone caulk 
the backsplash 


L Drive 2" wallboard screws through the 
to the backsplash core. 
eats are countersunk 
ympletely fora tight fit against the base 


inet. Install countertops. 


ceramic and porcelain tile remain popular choices 
for countertops and backsplashes for a number of 

reasons: Its available in a vast range of sizes, styles and 

colors; i's durable and repairable; and some tile—not 

all—is reasonably priced. With careful planning, tile 

is also easy to install, making a custom countertop a 

good do-it-yourself project. 

“The best tile for most countertops is glazed 
ceramie or porcelain floor tile, Glazed tile is hetter 
than unglazed because of its stain resistance, and floor 
tile is better than wall tile because it’s thicker and 
more durable. 

While glazing protects tile from stains, the grout 
between tiles is still vulnerable because it's so porous. 
‘To minimize staining, use a grout that contains a latex 
additive, or mix the grout with a liquid latex additive, 
Alter the grout cures fully, apply a quality grout sealer, 
and reapply the sealer once a year thereafter. Choosing 
larger tiles reduces the number of grout lines. Although 
the selection is a bit limited, if you choose 13" x 13" 
floor tile, you can span from the rant to the back edge 
of the countertop with a single seam. 

“The countertop in this project has a substrate of 
4%! exterior grade plywood that’s cut to fit and fastened 
to the cabinets, The plywood is covered with a layer of 
plastic (fora moisture barrier) and a layer of "-thick 
cementboard, Cementboard is an effective backer for 
tile because it won't break down if water gets through 
the tile layer. The tile is adhered to the cementboard 
‘with thin-set adhesive. The overall thickness of 
the finished countertop is about 1!4". If you want a 
thicker countertop, you can fasten an additional layer 


WH] installing Tile on Countertops 


of plywood (of any thickness) beneath the substrate, 
“Two layers of %" exterior-grade plywood without 
cementhoard is also an acceptable substrate 

You can purchase tiles made specifically to serve 
as backsplashes and front edging. While the color and 
texture may match, these tiles usually come in only 
one length, making it difficult to get your grout lines 
to align with the field tiles, You ean solve this problem 
by cutting your own edging and backsplash tiles from 


Ceramic tile 
Tile spacers 


‘Tape measure 
Circular saw 
Drill 6 exterior grade 


Utility knife 
Straightedge 
Stapler 

Drywall knife 
Framing square 
Notched trowel 


(CDX) plywood 
4-mil polyethylene 
sheeting 
Packing tape 
4" cementboard 
114" galvanized 


Tile cutter deck screws 
Carpeted 24 Fiberglass mesh tape 
Mallet Thin-set mortar 
Rubber grout float Grout with 

Sponge latex additive 
Foam brush Silicone caulk 

Caulk gun Silicone grout sealer 


Ceramic or porcelain makes a durable countertop that is heat-resistant and relatively easy for a Diver to create. By using 
larger tiles, you minimize the grout lines (and the cleaning that goes with them). 
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Thin-set adbesive layer 


- Cementboai 
Cementboard 
edge strip 
Plastic 
= sheeting . 
Plywood core 


ge 7 


A ceramic tile countertop ore of 
polyethylene sheeting, H 
with flberglass mesh ta 


dges of field ti 


exterior grade plywood that's coverec 


inch cementboard is screwed to the plywood, and the edgi 


id thin-set mortar. Tik 


| Options for Backsplashes & Countertop Edges 


SET 


Standard 
tile (cut) 


Backsplashes can be made from cove 
wall at the back of the coun 
type bi 
‘ountertop. Attach th 


Edge options include V 


or builds 


ap edge tile and harcw 


*Fiheralass 
wallboard 


oe 


ith @ moisture barrier of 4-mil 
fe capped with cementboard and fi 
for edging and backsplashes may be bullnose or trimmed from the factory 


V-cap 
edge tile 


plywood core so 
es of the tiles, 


377 


|) Tips for Laying Out Tile > 


‘You can lay tie over a laminate countertop that's 
square, level and structurally sour. The laminate 
cannot have a no-drip edge. Use a belt sander 

with 60- or 80-grit sandpaper to rough up the 
surface before setting the tes. you're using a 

new substrate and need to remove your existing 
Countertop, make sure the base cabinets are level 
front to back, side to side and with adjoining cabinets, 
If necessary, unscrew a cabinet from the wall and use 
shims on the floor or against the wall o level it 
Instaling battens along the front edge ofthe 
Countertop helps ensure the first row of tie is 
perfectly straight. For V-cap tes, fasten a 1 x2 batten 
along the reference line, using screws. The first row 
of field te is placed against this batten. For bullnase 


1313" tile 12x12" tile 


tiles, fasten a batten that's the same thickness as 
the edging tle, plus 14" for mortar thickness, to the 
face of the countertop so the top is flush with the 
top of the counter. The bulinose tiles are aligned with 
the outside edge of the batten, For wood edge trim, 
fasten a 1 x2 batten to the face of the countertop 50 
the top edge is above the top of the counter. The tes 
2re installed against the batten, 

Before installing any tie, lay out the les Ina dry run, 
using spacers. your counter is L-shaped, start at 
the comer and work outward, Otherwise, start the 
layout ata sink to ensure equal-sized cuts on both 
sides of the sink: If necessary, sift your starting 
point so you don't end up cutting very narrow 

tile segments, 


6x6" tile 


5x5 tile 


‘The bigger the tile, the fewer the grout lines. if you want a standard 25"-deep countertop, the only way to get 
there without cutting tiles Isto use mosaic strips or 1° tle, With 13 x 13" tle you need to trim 1° off the back tile but have 
only one grout line front to back. As the size of the tle decreases, the number of graut lines increases. 
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How to Build a Tile Countertop 


Overhang here 


Overhang here “ 


The finished top should overhang 
4, adhesive and tle when deciding 
cular Saw. Make cutouts for sinks and 


ofthe cementboa 


Determine the size of the plywood substrate by measuring acr 
the drawer fronts by at least ", Be sure to account for the thickr 
ge to make the overhang, Cur the subs s plywood, using a 


10 fa 
ather fistures, 


2 


Corner 
brackot 


ip. Hold the straightedge 


Set the plywood substrate on top of the cabinets, 
al times with 


wws driven through the cabinet comer 
ould not be long enough to go throug 


0 break it along the s 


thet 


ine, Back-cutto finish. 
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Dry-fit cementboard pieces on the plywood core with the Lay the 4-mil plastic moisture barrier over the plywood 


‘ough sides of the panels fecing up. Leave @ ls" gap between substrate, draping it over the edges. Tack it in place with afew 
‘the cementhoard sheets arid 8%" gap along the perimeter. staples. Overlap seams in the plastic by 6", and seal them with 
packing tape 


Lay the cementboard pieces rough-side up an the ‘Tape all cementboard joints with fiberglass mesh tepe. 
plywood and attach them with cementboard screws driven Apply three layers of tape along the front edge where the 
every 6". Drill pilot hales using a masonry bit, and make sure all horizontal cementboard sheets meet the cementboard edging 
screw heads are flush with the surface. Wrap the countertop 

ledges with 1/"-wide cementboard strips, and attach them to 

the core with cementboard screws. 
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Fill all gaps and cover all of the tape with 3 ayer of 
thin-set mortar, Feather out the mortar with @ drywall knife to 
create a smooth, flat surface. 


Determine the required width of your edge tiles. Lay 
a field tle onto the tile base so it overriangs the front edge by 
16" oF so. Then, hold a metal rule up to the underside of the te 
and measure the distance from the te to the bottom of the 
subbase, Your edge tiles should be cut to this width (the gap 
for the grout line will cause the edge tile to extend past the 
subbase, concealing it completely) 


Cut your edge tiles to the determined width, using a 
tile saw. t's worth renting a quality wet saw for tie if yau don’t 
‘own ane. Floor tie is thick and dificult to cut with a hand 
‘cutter (especially porcelain ties) 


Cut tiles for the backsplash. The backsplash tiles (3)s" 
wide in our project) should be cut with a factory edge on each 
tile that will be oriented upward when they're installed. You 
can make efficient use of your tles by cutting edge tiles from 
the center area ofthe tiles you cut to make the backsplash. 


(continued) 
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Dry-fit tiles on the countertop to find the layaut that works best, Once the layout is established, make marks slong the vertical 
‘and horizontal rows. Draw reference lines through the marks and use a framing square to make sure the lines are perpendicular. 


Variation: Laying Out with Small Floor Tiles 
and Bullnose Edging > 


Lay out tiles and spacers in a dry run. Adjust Place the first row of field tile against the edge tle, 
starting lines, if necessary. fusing battens, ay the field separating the tile with spacers. Lay out the remaining 
tile flush with the battens, then apply edge tile. Otherwise, rows of tle, Adjust starting lines if necessary to create a 
install the edging first. f the countertop has an inside layout using the least number of cut tes 


‘corner, start there by installing a ready-made inside 
corner or cutting 2 45° miter in edge tile to make your 
‘own inside comer. 
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Fig.7 
‘A coll installed inside a Thermonetics Seebeck calorimeter with 
the lid removed, courtesy E. Storms 


Power (On the Fig. 8 you can 


meter 2 see a glow discharge 
rabator I rover | Fema erecrchmtcal cello 


Hokkaido University, 
‘ ae meter supply courtesy T. Mizuno 
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Logger Computer inside a crowded 
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air-cooled chamber. I 
Coolant out placed on a magnetic 
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plastic tubes attached 
il to the top and bottom. 
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Coolant in 
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Pump 
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bath Fig. 


Mag. Stirrer 


‘A schematic of the 


calorimeter shown above, 


Hydrogen power 
engineering ‘ 


iatediy U sbevetstiea ind atoscowss ona 
Spectrum Investments Ltd, London, started i 

joint R&D project on hydrogen power 

engineering. Photo: Alexander V. Frolov, ¥ 
Fataday Laboratories Ltd and Nicholas Moller, \ 
Spectrum Investments Ltd. The project 

includes designing and building of prototype 

to use hydrogen recombination process for == 

heat generation, 
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Use a %" square notched trowel to apply a ayer of Set the first tile into the adhesive. Hold a piece of the 
thinset adhesive to the cementboard. Apply enough for two ‘edge in tle against the countertop edge as @ guide to show 
or three tiles, stating at one end, Hold the trowel at roughly You exactly haw much the tile should overhang the edge, 

a 30-degree angle and try nat to overwork the adhesive or 

remove too much, 


Cut all the back tiles for the layout to fit (you'llneed to Option: To maintain even grout lines, some beginning tiers 


remove about 1" of 2 13 x 13" tle) before you begin the actual__insertx-shaned plastic spacers at the joints. Ths is less likely 
installation, Set the back tiles into the thinset, maintaining the to be useful with large tle lke those shown here, but itis 
gap for groutlines created by the small spacer nubs castinto _effective with smaller tle. Many tiles today feature built-in 
the tiles. If your tes have no spacer nubs, see next step. spacing lugs, 50 the spacers are not necessary f you use 


spacers, remove them before the thinset sets, If you leave 
them in place they will corrupt your grout ines. 


(continued) 
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Variation: To mark border tiles for cutting, allow space for —‘To ereate a support ledge for the edge tiles, prop 
backsplash tiles, grout and mortar by placinga te against the _pieoes of 2x4 underneath the front edge ofthe substrate 
‘back wall. Set another tle (A) on top ofthe last ful tle nthe overhang, using wood scraps to prop the ledge tightly up 
field, then place a third tie (8) over tile A and hold it against the against the substrate, 

upright tile. Mark and cut te and instal it with the cut edge 

toward the wall Finish filing in your fed ties, 


‘Apply a thick layer of thinset to the backside of the edge «Butter each backsplash tile and press it into place, doing 
tile with your trowel. Ths is called “buttering" and it is easier your best to keep all of the grout nes aligned. 

and neater than attempting to trowel adhesive anto the 

‘countertop edge. Press the tiles into position so they are flush 

with the leading edges of the field tes. 
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Mixa batch of grout to complement the tile (keeping Let the grout dry until a light film is created on the 
in mind that darker grout won't look dirty as quickly as lighter countertop surface and then wipe off the excess grout using a 
grout). Apply the grout to the grout line areas with @ grout float, sponge and warm, clean water, 


After the grout has dried run a bead of clear silicone caulk Wait at least one week and then seal the graut lines with 

along the jaint between the backsplash and the wail. Install a penetrating grout sealer. This is important to do, Sealing 

your sink and faucet the tiles themselves is not a good idea unless you are using 
Lnglazed tiles (a poor choice for countertops, however) 
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WH! installing Tile Backsplashes 


here are few spaces in your home with as much 
potential for creativity and visual impact as 

the space between your kitchen countertop and 
cupboards. A well-lesigned backsplash can transform 
the ordinary into the extraordinary 

Tiles for the backsplash can be attached directly 
to wallboard or plaster and do not require backerhoutd. 
When purchasing the tile, order 10 percent extra to cover 
breakage and cutting. Remave switch and receptacle 
ccoverplates and install boy extenders to make up for the 
extra thickness ofthe tile, Protect the countertop from 
scratches by covering it with a drop cloth, 


| Tools & Materials > 


Level Straight 12 

‘Tape measure Wall tile 

Pencil Tile spacers 

Tile cutter (i needed) 

Rod saw Bullnose trim tile 
Notched trowel Mastic tile adhesive 
Rubber grout float Masking tape 
Beating block Grout 

Rubber mallet Caulk 

Sponge Drop cloth 


tiled backsplash normally extends all the way from 
Bucket Grout sealer countertop to the bottoms of the wall cabinets. The tile pattern 
also can be extended to the wall underneath your range hood. 


Tips for Planning Tile Layouts > 


Gather planning brochures and _—Break tiles into fragments and Add painted mural tiles to create 
design catalogs to help you create make a mosaic backsplash. Always _a focal point. Mixing various tile 
decorative patterns and borders for use a sarided grout for joints wider _—_styles adds an appealing contrast, 
the backsplash than Ye. 
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How to Tile a Backsplash 


3 


Make a story stick by marking @ board atleast half as long ‘Starting at the midpoint of the installation area, use 

as the backsplash atea to match the tile spacing. the story stick to make layout marks along the wall. fan end 
plece is too small (less than hatf tle), adjust the midpoint to 
sive you larger, more attractive end pieces. Use a level ta mark 
this point with a vertical reference line. 


While it may appear straight, your countertop may not be level and therefore is nota reliable reference line. Run a level 
along the counter to find the lowest point on the countertop. Mark a paint twa tiles up from the low paint and extend a level line 
across the entire wark area, 


(continued) 
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Variation: Diagonal Layout. Mark vertical and horizontal reference lines, making sure the angle is 90°. To establish diagonal 
layout lines, measure out equal distances from the crosspoint, then connect the points with a line. Additional layout lines 
can be extended from these as needed. To avoid the numerous, unattractive perimeter cuts common to diagonel layouts, 
‘ry using a standard border pattern as shown, Diagonally seta fleld of ful tiles, then cut enough half tiles to fill out the 


perimeter, Finally, border the diagonal field with tles set square to the field 


Apply mastic adhesive evenly to the Starting at the vertical reference line, 


area beneath the horizontal reference _pressttles into the adhesive using a slight 
line, using a notched trowel. Comb ‘twisting motion. the tes are nat self 
the adhesive horizontally with the ‘spacing, use plastic spacers to maintain 
notched edge. even grout lines. if the tles do not hang 


in place, use masking tape to hold then 
in place until the adhesive sets. 
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Install a whole row along the 
reference line, checking occasionally to 
make sure the tles are level, Continue 
installing ties below the first row, 
trimming tiles that butt against the 
countertop as needed. 


Apply adhesive to an area above tie When the tiles are in place, make ‘Mix the grout and apply it with) 


line and continue placing tiles, working sure they are flat and firmly embedded a rubber grout float, Spread it over 

from the center to the sides Install im by laying a beating biock against the the tiles, Keeping the float at alow 

tile, such as bulinose tile, to the edges of tle and rapping it ligntly with @ mallet, 30" angle, pressing the grout deep 

the rows. Remave the spacers. Allow the mastic _—_into the joints, Note: For grout joints 
to dry for atleast 24 hours, or as "e" and smalter, be sure to use a 
directed by the manufacturer rnon-sanded grout. 


Wipe off excess grout, folding the float at a right angle to 
the tile working diagonally so as nat to remove grout from 
the joints, Clean any remaining grout from the ties with a 
‘damp sponge, working in a circular mation, Rinse the sponge 
thoroughly and often. 


faa 


Shape the grout joints by making slow, short passes with 
the sponge, shaving dawn any high spots, rinse the sponge 
frequently Fil any volds with a fingerful of graut, When the 
grout has dried to a haze, buff the tile clean with a soft cloth. 
Apply a bead of caulk between the countertop and tiles. 
Reinstall any electrical fixtures you removed, After the grout 
has completely cured, apply grout sealer 
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WH) installing Kitchen Sinks 


ost drop-in, self-rimming kitchen sinks are 


casily installed. 


Drop-in sinks for do-it-yourself installation are 
© When purchasing a sink you also need to buy 


strainer bodies and baskets, sink clips and a 
drain trap kit 

Look for basin dividers that are lower than the 
sink rim—this reduces splashing 

‘+ Drain holes in the back or to the side leave more 
usable space under the sink. 

‘When choosing a sink, make sure the predrilled 
‘openings wil fit your faucet. 


made from cast iron coated with enamel, stainless 


steel, enameled steel, acrylic, fiberglass or resin 
composites. Because cast-iron sinks are heavy, their 
weight holds them in place and they require no 
mounting hardware, Except for the heavy lifting, they 
are easy to install, Stainless steel and enameled-steel 


sinks Weigh less than cast-iron and most require 
mounting brackets on the underside of the countertop. 
Some acrylic and resin sinks rely on silicone eaulk to 
hold them in place. 

Ifyou are replacing a sink but not the countertop, 
make sure the new sink is the same size or larger. 


All old silicone caulk residue must be removed with Tools & Materials > 

acetone or denatured alcohol, or the new caulk will 

not stick Gaulk gun Plumber's putty 
Spud wrench or silicone caulk 
Screwdriver Mounting clips 
Sink Jigsaw 
Sink frame Pen or pencil 


Drop-in sinks, also known as self-rimming sinks, have a wide sink flange that extends beyond the edges of the sink cutout, 
They also have a wide back flange to which the faucet is mounted airectly 
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How to Install a Self-rimming Sink 


Invert the sink and trace around the 
‘edges as a reference for making the 
sink cutout cutting lines, which should 
bbe parallel to the cutlines, but about 1" 
inside of them to create a 1° ledge. If 
your sink comes with a template for the 
cutout, use it 


Apply a bead of silicone caulk 
around the edges of the sink opening, 
The sink flange most likely is nat fat, so 
‘ry and apply the caulk in the area that 
will make contact with the flange 


Drill a starter hole and cut out the 
sink opening with a jigsaw. Cutright 

Up to the lin. Because the sink flange 
fits over the edges of the cutout, the 
‘opening doesn't need to be perfect, but 
{aS always you should try to doa nice, 
neat job. 


Place the sink in the opening. try 
‘and get the sink centered right away so 
Yyou don’t need to move it around and 
disturb the caulk, which can break the 
‘eal f you are instaling a heavy cast- 
iron sink, i's best to leave the strainers 
off so you can hold the sink atthe 
rain openings. 


‘Attach as much of the plumbing as 


makes sense to install prior to setting 


the sink into the opening. Having access 


to the underside of the flange is @ 
great help when it comes to attaching. 
the faucet body, sprayer and strainer, 
in particular. 


For sinks with mounting clips, 
tighten the clips from below using 2 
screwdriver or wrench (depending on 
the type of clip our sink has}. There 
should be atleast three clips on every 
side, Don't overtignten the clips—this 
can cause the sink flange to flaten or 
become warped. 
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WH! Replacing 


Kitchen Faucets 


M ost new kitchen faucets feature single-handle 
control levers and washerless designs that rarely 
require maintenance. Additional features include 
brushed metallic finishes, detachable spray nozzles, 
or even push-button controls. 

Connect the faucet to hot and cold water 
lines with easy-to-install flexible supply tubes 
made from vinyl or braided steel, If your faucet 
has a separate sprayer, install the sprayer first. 
Pull the sprayer hose through the sink opening 
and attach to the faucet body before installing 
the faucet 


Tools & Materials > 


Adjustable wrench 
Basin wrench or 
channel-type pliers 


Scouring pad 
Scouring cleaner 
Plumber's putty 


Hacksaw Flexible vinyl or 
Faucet braided steel 
Putty knife supply tubes 
Screwdriver Drain components 


Silicone caulk Penetrating oil 


Where local codes allow, use plastic tubes for dain 
hookups. A wide selection of extensions and angle fittings 
lets you easily plumb any sink configuration, Manufacturers 
olfer kits that contain all the fitings needed for attaching a 
foad disposer or dishwasher to the 


‘Modern kitchen faucets tend tobe single-hencle models, often with useful features such as a pull-out head thet functions as @ 
sprayer. This Price Pister™ model comes with an optional mounting plate that conceals sink holes when mounted on a predlled 
sink flange 
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On Blectrogravitation 


‘Andrey V. ce 


| Kzasnogvardbydkaya st., 14, apt.21 
102084, Kiev, 
E-mail jnet@ule 
i t 


Part I 
“let's go to the Mars!” 


Nowadays it becomes evident that exploration of deep 
space by means of rocket equipment is impossible. 
Aircrafts, which run on jet thrust, are too expensive 
and unreliable. Besides, they are too slow-speed if were 
considered on a scale of solar system. For example, the 
flight to the remote areas of our planetary system can 
drag on tens years. But the main disadvantage of 
rockets is their low load-carrying capacity. Thus, the 
most powerful transport system “Progress” can deliver 
less than 100 ton of load to the orbit of the Earth, and 
only 1 ton to the orbit of the Mars. Rather natural 
question arises as to whether any alternative ways of 
space exploration exist? Are there any transport 
systems, which can compete with rocket equipment 
on the interplanetary routs of future? Actually, at 
present there is only one technology, which is 
alternative to rocket ones ~ it is the so-called light 
sailers, using light pressure for acceleration. Laser and 
maser can be also used for their acceleration from 
satellites, However, there are also some disadvantages 
here. 


There is also one more transport system, which is 
undeservedly consigned to oblivion. It uses electricity 
in acceleration aggregate. This transport system or the 
electric propulsion system is a result of researches and 
investigations of two little-known, but extremely 
talented American physicians and inventors, Thomas 
‘Townsend Brown and Paul Alfred Biefeld (the last one 
was also a professor of Astronomy). 


‘Thomas T. Brown was the first who discovered electric 
principle of this propulsion system. Thus, in twenties 
of the XX century Thomas T. Brown, being the student 
of secondary school, became interested in X-rays. He 
wanted to reveal if the rays, outgoing the X-ray unit, 
could take positive effect. For his researches the 
inventor had got Coolidge Tube, the device, which 
radiates X-rays and consists of a glass tube. Deep 
vacuum is created in this glass tube. Anode and 
cathode are placed in the tube. Cathode radiates 
electrons and anode brakes them. X-rays are created 
at striking of electrons against anode. Brown used 
Coolidge Tube in the way nobody had done before. For 
ease of handling the researcher suspended the device 
on wires, which run to anode and cathode parallel to 
the Earth. During the operation of the device he noticed 
that every time when current fed to the tube, the tube 
was moved aside and tended to make slight 
progressive motion. Subsequent experiments 
demonstrated that the deviation value depended only 
on the value of voltage, which is between anode and 
cathode. The higher voltage is, the more deviation. 


X-rays were neither here not there. Much later at 
participation of Paul A. Biefeld, the same tendency to 
move was revealed at plane disc capacitors. The 
reason, which causes this motion, is the same, ie. 
voltage, which exists between plates and not between 
anode and cathode as in Coolidge Tube. 


Having run series of experiments, the researchers 
proved that electric energy could be directly 
transformed to mechanical. They also devised the 
physical principle, which were included in the scientific 
annals as Biefeld-Brown effect. 


Editor's: Let us note that earlier Ampere and Faraday 
‘have been working on Electrokinetic effects which are 
easily detected at strong current. Modern researches on 
this point are known as “Sigalov's effect” (force appears 
in electric conductor which is bent at angle and at 
current impulse). 


‘The essence of this effect lied in the fact that charged 
disc electric capacitors tend to move in the direction 
of their positive pole. At formulating of the essence of 
this effect the scientists consciously did not mention 
Coolidge Tube in order to demonstrate that according 
to their experimental observations, electron streams 
‘were not involved in generation of electromotive force. 
This effect of the direct transfer of electric energy to 
mechanic one (Biefeld-Brown effect) is observed, when 
current is fed to the Coolidge Tube or to the plane disc 
capacitor. 


However, all this was realized much later, when in 
1923 Brown became a student of Dennis University in 
Greenville, Ohio, where he met his teacher and later 
on a coauthor, Paul A. Biefeld. In school time the 
inventor came to the conclusion that the reopened by 
him phenomenon has nothing in common with X-rays 
and that high voltage, used for rays generation, is the 
basis of this phenomenon. Besides, Brown designed 
a device named “Gravitor”. It looked like a usual 
bakelite box and was made as a simple construction, 
which consisted of several flat aluminum plates. The 
plates were placed as coins in a rouleau and separated 
with dielectric. It had only to place the box on the 
scale and connect it to some energy source with 
100 kV voltage as the device either lost or put on about 
one percent of its weight that depended on polarity. 
An outside observer, who was not familiar with the 
essence of this effect, could think that mass was really 
changed. (Editor's: Weight but not the mass is changed 
here. Weight is the force. There is a possibility of partial 
compensation of the weight by another force.) But this 
was not the case. For better understanding of the 
processes, which take place at gravitor operating, let, 
us make a mental experiment. Let us take a weight, 
put it on the scale and then raise it a little. The scale 
will certainly show that the weight has become 
lighter. After that let us press the weight then the 
scale will show that it has become heavier. However, 
in fact mass does not change. In the same way motive 
force, caused by high voltage, slightly raises the 
gravitor and at changing of polarity presses it. At that 
it seems that there is some change in weight. Thus, 
as if by chance, the scientist has discovered effect of 
direct transition of electric energy into mechanical one. 
(Editor's: Let us specify the author's terminology. In 
TT Brown's Patent of 1927 it was mentioned that there 
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| Choosing a New Kitchen Faucet 


When choosing new kitchen faucet, youl find many 
options. The best place to start the process is with 
your sink. In the past, most faucets were mounted 
directly to the sink deck, which had three or four 
predrilled holes to accommodate the faucets, spout, 
sprayer and perhaps a liquid soap dispenser or an 
air gap for your dishwasher, Modern kitchen faucets 
don't always conform to this set-up, with many of 
them designed to be installed in a single hole in the 
sink deck or in the countertop. If'you plan to keep 
your old sink, look for a faucet that won't leave empty 
holes in the deck. You can buy snap-in plugs to fill 
unfilled stainless steel sink holes, or you ean add a 
soap dispenser, but in general youl have the best luck 
if you replace like for like 

The two most basic kitchen faucet categories are 
one-handle and two-handle, One handled models 
are much more popular now because you can adjust 


the water temperature easily with just one hand. 
Another difference is in the faucet body. Some faucets 
have the taps and the spout mounted onto a faucet 
body so the spacing between the tailpieces is preset 
Others, called widespread faucets, have independent 
taps and spouts that ean be configured however you 
please, as long as the tubes connecting the taps to the 
spout reach. This type is hest if you are installing the 
faucet in the countertop (a common way to go about 
it with new countertops such as solid surface, quartz 
or granite). 

In the past, kitchen faucets almost always had 
remote pull-out sprayers. The sprayer was attached to 
the faucet body with a hose directly below the mixing 
valve, While this type of sprayer is still fairly common, 
many faucets today have an integral pull-out spout 
that is very convenient and less prone to failure than 


Asingle-handle, high arc faucet with traditional remote 
sprayer. The mounting plate is decorative and optional, 


‘Two-handied faucets are less common, but remain 
‘popular choices for traditional kitchens. The gooseneck spout 
also has a certain elegance, but avoid this type if you have a 
shallow sink that's less than 8” deep, 


Single-handle faucets may require four holes, 8s does this, 
‘model with its side sprayer and matching Soapylotion dispenser, 


a 


Asingle-handle faucet with pull-out spray head requires 
only one hale in your sink deck or countertop—a real benefit Ir 
your sink is not predrilied or ifit is an undermount model 
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How to Remove an Old Faucet 


Sprayer hose 


To remove the old faucet, start by clearing out the cabinet 
under the sink and laying down towels. Turn off the hot and 
n the faucet to make sure the water 


to the sink deck. Pull the sprayer hose out through the sink 
deck opening 


Unhook the supply tubes at the stop valves. Don’t 
tld chrome supply tubes, if the 
unworkable, replace them. Then rem 
the mounting nuts on the tallpieces of th 
wrench or channel-type pliers. 
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Spray the mounting nuts that Hold the fa 
handles (on the underside of the sink deck) with 
easier removal, Let the oil soak in for @ few minutes 


Pull the faucet body from the sink. Remove the spraye" 

base if you wish to replace it. Scrape off old putty or caulk v 

a putty knife and clean of the sink with a scouring pad and 

an acidic scouring cleaner lke Tip: Scou 

stainless steel with a back leaving 
tly circular markings 


How to Install a Kitchen Sink Faucet 


Shut off hot and cold water at the faucet stop valves, 
‘Assemble the parts of the deck plate that cover the outer 
mounting holes in your sink deck (unless you are Installing 

a two-handle faucet, or mounting the faucet directly t 
‘countertop, as in an undermaunt sink situation), Add a ring 
Of plumber’s putty in the groove on the underside of the 
base plate. 


3 


Pullout hose 


Retract the pullout hose by crawing it out through the 
fauicet body until the fiting at the end of the hse is flush with 
the bottom of the threaded faucet shank. Insert the shank and 
the supply tubes down through the top of the deck piate. 


Set the base plate onto the sink flange so it|s correctly 
aligned with the predtilie holes in the flange. Fram below, 
tighten the wing nuts that secure the deck plate to the 

sink deck. 


Slip the mounting nut and washer aver the free ends of 
the supply tubes and pullout hose, then thread the nut onto 
the threaded faucet shank. Hand tighten. Tighten the retainer 
screws with @ screwdriver to secure the faucet, 


(continued) 
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Slide the hose weight onto the Connect the end of the pullout tube Hook up the water supply tubes to 


pullout hose (the weight helps keep the _to the outlet port on the faucet body the faucet inlets. Make sure the lines are 
hose from tangling and makes iteasier —_using @ quick connector iting Jong enough to reach the supply risers 
to retract the hase), without stretching or kinking 


Connect the supply lines to the supply risers at the Attach the spray head to the end of the pullout hose and 
stop valves. Make sure to get the hot lines and cold lines tum the fitting to secure the connection. Turn an water supply 

and test. Tia: Remove the aerator in the tip ofthe spray head 
and run hot and cold water to flush out any debris 
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Variation: One-piece Faucet with Sprayer > 


Apply a thick bead of silicone 
caulk to the underside of the faucet 
base, then insert the talpieces of the 
faucet through the appropriate holes 
inthe sink deck. Press down lightly 
on the faucet to set itin the caulk 


Sprayer 
tailpiece 


of silicone caulk to the under 
of the sprayer base. With the base 
threaded onto the sprayer hose, 
insert the tailplece of the sprayer 
through the opening inthe sink deck 


Mounting 
aut 


Slip a friction washer onto each 

talipiece and then hand-tighten a 
junting nut. Tighten the mounting 

rut with channel-type pliers or a 

basin wrench. Wipe up any silicone 

squeeze-out on the sink deck with a 

‘wet rag before it sets up. 


From beneath, slip the friction 
over the sprayer tallpiece 
1d then screw the mounting nut 
‘onta the taliplece. Tighten wit 
channel-type pliers or a basin 
wrench. Wipe any excess putty or 
lk an the sink deck from around 
the ba 


1 


Coupling 
mut 


Connect supply tubes to the 
faucet t make sure the 
tubes you buy are lang enough 
{0 reach the stop Valves and that 
the coupling nuts will ft the tubes 
and talipieces. 


Screw the sprayer hose onto 
the hose nipple on the bottom of 
the faucet. Hand-tighten and then 
give the nut one quarter turn with 
pllers or a basin wrench. Tum on the 
water supply at the shutoff, remove 
the aerator and flush debris fram. 
the faucet. 


Connecting Drains 


feist es fons bch 
very easy and inexpensive to replace. The most 
common models today are made of PVC plastic pipe 
and fittings held together with slip fittings. In addition 
to making the installation fairly forgiving, the slip 
fitting makes the drain easy to disassemble if it gets 
clogged. The project shown here is a bit unusual by 
today’s standards, in that it does not include either a 
dishwasher drain or a garbage disposer, But you will 
see how to add each of these drain systems to your 
kitchen sink in the following two sections, 

You can buy the parts for the kitchen drain 
individually (you can usually get better quality 
materials this way) or in a kit (see photo, next page). 
Because most kitchen sinks have two bowls, the kits 
include parts for plumbing both drains into a shared 
trap, olten with a baffle in the Ffiting where the 


outlet line joins with the tailpiece from the other bowl 
If you are 


ystalling a disposer, consider installing 
individual traps to eliminate the baffle, whieh reduces, 
the flow capacity by half 


| Tools & Materials > 


Flat screwdriver 
Spud wrench 


‘Teflon tape 
Washers 


‘Trap arm Waste-T fitting 
Mineral spirits S-or P-trap, 
Cloth 


Strainer kit 
Plumber's putty 


Kitchen sink drains include a strainer basket (A), tailpiece (P), continuous waste T(C), P- or S-trap (0), outlet drain ines ©), trap. 
arm (F), and wall stubout (G). 
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_ Drain Kits» 


kits for installing a new sink drain include all the pipes, 
slip fittings, and washers you'll need to get from the 

sink tallpieces (most kits are equipped for a double bow! 
kitchen sink) to the trap arm that enters the wall or floor. 
For wall trap arms, you'll need kitwith a P-trap. For 
floor drains, you'll need an S-trap, Both drains normally 
are plumbed to share a trap. Chromed brass or PVC with 
slip fittings let you adjust the drain more easily and pull it 
apart and then reassemble if there isa clog, Kitchen sink 
drains and traps should be 11" ad. pipe—the 1%" pipe 
is for lavatories and doesn’t have enough capacity for 
kitchen sink. 


Wall thickness varies in sink drain Slip joints are farmed by tightening —_Use a spud wrench to tighten 


pipes. The thinner plastic materialis a male-threaded slip nut over @ the strainer body against the 
cheaper and more diffcultto obtain _female-threaded fiting, trapping and underside of the sink bowl. Normally, 
‘goad seal with than the thicker, compressing beveled nylon washer the strainer flange has.a layer of 
‘more expensive tubing, The thin ‘0 seal the joint. plumber's putty between it and the 
product is best reserved for lavatory sink drain, and a pair of washers: 
drains, which are far less demanding. (one rubber, one fiorous) below. 
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How to Hook Up a Kitchen Sink Drain 


If you are replacing the sink strainer body, remove Apply plumber's putty around the perimeter of the drain 
the old one and ciean the tap and bottom of the sink deck ‘opening and seat the strainer assembly into it. Add washers 
around the drain opening with mineral spirits. Attach the drain below as directed and tighten the strainer locknut using @ 
tailpiece to the threaded outiet of the strainer body, inserting _spud wrench (see photo, previous page) or striking the 

a nonbeveled washer between the parts, if your strainer kits ‘Mounting nubs at the top of the body with a flat screwdriver. 


include one. Lubricate the threads or apply Teflon tape so you 
‘can get a good, snug ft. 


‘Attach the trap arm ta the male-threaded drain stuboutin _—ttach a waste-T-fitting to the drain tailpiece, orienting 
the wal, using a sip nut and beveled compression washer. The the opening inthe fitting side soit will accept the outlet drain 
‘outlet forthe trap arm should point downward. Note: The trap line from the other sink bowl. the waste-T is higher than the 


arm must be higher on the wall than any of the horizontal lines top of the trap arm, remove it and trim the drain talpiece, 
inthe set-up, including lines to dishwasher, disposer, or the 
outlet ine to the second sink bowl 
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Joint the short end of the outlet drain pipe to the 
tallplece for the other sink bow/ and then attach the end of the 
long run to the opening in the waste-T. The outlet tube should 
extend into the T " or so—make sure it does not extend far 
enough to block water flow from above, 


| Variation: Drain in Floor > 


If your drain stubout comes up out of the floor 
instead of the wall, you'l need an S-trap to tie into It 
Instead of a P-rap. Attach one half of the S-trap to the 
threaded bottom of the waste-T, 


Attach the long leg of a P-trap to the waste-T and attach 
the shorter leg to the downward-facing opening af the trap 
arm, Adjust as necessary and test al joints to make sure they 
are stil tight, and then test the system. 


Attach the other half of the S-trap to the stubout 
using a slip fitting, This should result in the new fitting 
facing downward, Join the halves of the $-trap witha slip 
‘ut, trimming the unthreaded end if necessary 
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Hooking Up Dishwashers 


dishwasher that’s past its prime may be inefficient 
Jn more ways than one. IF it’s an old model, it 
probably wasn't designed to be very efficient to begin 
with, But more significantly, if it no longer cleans 
effectively, you're probably spending a lot of time 
and hot water pre-rinsing the dishes. This alone can 
consurme more energy and water than a complete 
wash cycle on a newer machine, Even if your old 
dishwasher still runs, replacing it with an efficient 
new model can be a good green upgrade. 
In terms of sizing and utility hookups, dishwashers 
are generally quite standard, If your old machine 
is.a built-in and your countertops and cabinets are 
standard sizes, most full-size dishwashers will fit 
right in. Of course, you should always measure the 


dimensions of the old unit before shopping for a new 
one to avoid an unpleasant surprise at installation 
time. Also, he sure to review the manufacturer's 
instructions before starting any work. 


Tools & Materials > 


Cable connector 
Teflon tape 


Screwdrivers 

Adjustable wrench 
2-ft. level Hose clamps 
" automotive heater hase Wire connectors 
Automotive heater hose 


4'length of 


Carpet serap 


"copper tubing Bowl 


Replacing an old, inefficient dishwasher is a straightforward project that usually takes just a few hours. The energy savings begin 


\with the first load of dishes and continue with every load thereatter 
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was generated a force which partially compensated 
weight. The matter was always about the generation 
of x-force while gravitational field remained 
unchangeable). 


Having graduated from the University, from 1926 up to 
1952 Brown already by himself was being occupied with 
development of his electrical propulsion system. At the 
same time whether in chase of fame or in hope to obtain 
money for his researches, IT. Brown began asserting 
that he had discovered something new in physics, viz 
“electrogravitation’, ie. some connecting effect between 
gravitation and electricity. (Editor's: In my opinion, 
TT. Brown has never posed a problem in such @ way. 
The matter always concerned the fact that X-force 
appears while gravitational field does not change.) As 
for the development of the invention, it came to the 
decrease of weight of the device and increase of DC 
voltage, which fed the plates of the “gravitor”. As a 
result the devices could fly and lift weight which greatly 
exceeded their own. Thus in 1953 in his laboratory Brown 
demonstrated the flight of aircraft which had a disk form, 
‘The device made 51 m/c (180 km/h), flying at circular 
course of 6 m diameter. This device was nothing but 
very lightweight capacitor in which by means of the 
special construction electromotive force was redirected 
in two planes upward and sideward. It made the device 
rise in air and fly around the mast. Current of SOkWtt 
voltage was supplied to the central mast by the wire. 
‘Then speed of “flying disks” became higher, the payload. 
capacity was increased but that was again resulted by 
decrease of weight and increase of the supplied voltage. 
‘TT Brown so succeeded in decreasing of the thickness 
of capacitor plates and in making his devices superlight, 
that the witnesses of these demonstrations called these 
devices as “air films” 


Later on all works in this area were placed on secret 
list and then closed because of lack of prospects. Thus, 
accounts and experiments demonstrated that it was 
impossible to overcome terrestrial attraction entirely 
and go to outer space by means of the gravitor 
because there are no such natural materials which 
could take huge electric and heat loads. Besides, 
sufficiently massive electric power station would be 
needed to produce required currents. (Editor's: 
Thereupon the following question appears: why the 
author looks for “currents” while the essence of the 
technology is in applying of high voltage but not of 
the currents?!) Moreover some alternative was made, 
i.e. jet engines. Gravitor could not compete with them 
by above-mentioned and quite objective reasons. In 
time, since the mechanism of transition of electric 
energy into mechanical one was not disclosed and 
Brown's populist idea has received some publicity, this 
effect became surrounded with idle talks and guess- 
works. However the scientists who researched this 
very effect, has developed only three theory wh ich 
could explain its existence 


‘The first theory was suggested by TT. Brown, the 
discoverer of this effect. To his dying day Brown 
asserted that he had discovered the effect which could 
connect gravitation and electricity, i.e. 
“electrogravitation”. But this theory can be easily 
refuted by practice. It is enough to put Brown's bakelite 
box to the scale in such a way as to place the plates of 
the “gravitor” at right angle to the surface of the scales. 


‘Then poles of the "gravitor" will be placed at the same 
level and parallel to ground and as a consequence 
electromotive force will influence in no way on the 
scale, since this force is directed sideward but not 
upward or downward. The scale will accurately show 
that there are no changes in weight and hence there is 
no electrogravitation. (Editor's: The author will obtain 
propulsive force and it is directed not upward and 
downward but sideward. However the effect exists in 
any case. The changing of weight appears only when 
propulsive force generated by the device is directed 
against the weight force, ie. upright.) 


‘The second theory was suggested by T. Brown's 
opponents. They asserted that electromotive force 
appears as a result of the so called “electron wind”, i. 
Jlectron streams which exist between the plates of the 
gravitor”. In their argumentations Brown's opponents 
rest upon the following facts which are well-known to 
every physicist. Fast electrons, as well as photons, have 
dual properties, i.e. interacting with matter and 
environment, they behave both as a wave and as a 
material particle. Since light or photons carry energy, 
then they heat bodies which are in their way and put 
pressure on the illuminated surface etc. Similarly electron 
streams carry heat or kinetic energy and hence they can 
put pressure on the anode of Coolidge Tube and get it 
moving forward. This theory seems to be interesting, 
however it explains appearance of electromotive force 
only in Coolidge Tube, but there is no explanation why 
discoid capacitors tend to move. Point is that there are 
no free electron streams in the capacitors. Usually 
between the plates of capacitors there is a dielectric 
which brings electron streams to nothing. If there is no 
electron wind, then what makes capacitors move? 


Editor's: There is always a surface charge and reactive 
outflows of ions. But it is just 2 partial explanation of 
Biefeld-Brown’s effect. 


‘The third theory is based on the following fact. It is well 
known that electrons can have heat or Brownian chaotic 
motion. Free electrons, placed in a conductor, are in the 
similar chaotic heat motion before voltage is applied to 
this conductor. The higher temperature of the 
environment is the higher speed of this heat motion. 
According to school course of physics, heat energy or 
energy of chaotic motion of molecules (electrons) can 
be entirely transferred into mechanical one. If all 
molecules (electrons) start to move simultaneously and. 
in the same direction, and if they push some piston 
toward this direction then heat energy of molecules 
(electrons) will be entirely transferred into mechanical 
work. In other ways, this piston will move until 
molecules (electrons) calm down. It is considered that 
this process is unrealizable in practice. 


However, it seems that this is not quite the case, ie. it 
is possible to regulate chaotic heat motion of electrons. 

Obviously this process takes place in the capacitor and 
in Coolidge Tube. It is no secret that when negative 
electrons try to move to the neighbor positive charged 
electrode, then dielectric layer which is placed between 
the plates of the capacitor prevents it. Electrons rest 
upon this layer and start to heat. Their internal energy 
is also increasing. The higher voltage is the higher 
heating of electrons, i.e. their capacity to have chaotic 
heat motion increases. However, chaotic motion of 
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| How to Replace a Dishwasher 


Start by shutting off the electrical power to the 
ishwasher circuit atthe service panel, Also, turn off the 
water supply at the shutoff valve, usually located directly 
under the floor, 


Disconnect ald plumbing connections. First unscrew the 
front 20 "el, Once the access panel s removed, disconnect, 
the water supply line from the Lefting on the bottom ofthe unit 
This is usually a brass compression fitting, so just tuming the 
‘compression nut counterclockwise with an adjustable wrench 
should do the trick. Use @ bow! to catch any 
‘outwhen the nutis removed. 


Disconnect old wiring connections. The dishwasher has 
an integral electrical box at the front ofthe unit where the 
power Cable is attached to the dishwasher's fixture wires. Take 
Off the box cover and remave the wire connectors that join the 
wires together. 


Disconnect the discharge hose, which is usually connected 
to the dishwasher port an the side of the garbage disposer. To 

remove it, just loasen the screw an the hase clamp and pull it 

off. You may need to push this hose back through a hole in the 
cabinet wall and into the dishwasher compartment so it won't 
get caught when you pull the dishwasher out 


(continued) 


Detach the unit from surrounding cabinets before you Prepare the new dishwasher. Tip it on its back and attach 
pull it out. Remove the screws that hold the brackets to the the new L-iting into the threaded port on the solenoid. Apply 
underside of the countertop. Then put a plece of cardboard or some Teflon tape or pipe sealant to the fiting threads before 
ld carpet under the front legs to pratect the fioor from getting _tightening it, to prevent possible leaks, 

scratched, and pull the dishwasher out. 


Attach a length of new automotive heater hose, ususlly Prepare for the wiring connections. Like the old dish- 


"4° diameter, to the end of the dishwasher's discharge hose washer, the new one will have an integral electrical box for 
nipple with a hose clamp. The new hose you are adding should making the wiring connections. fo gain access to the box, just 
‘be long enough to reach from the discharge nipple to the port remove the box cover, Then install @ cable connector on the 
Con the side of the kitchen sink garbage disposer, back of the box and bring the power cable fram the service 


panel through this connector, Power should be shutoff at the 
‘main service panel at all times. 
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Install a leveling leg 2t each of the four corners while the 
‘new dishwasher is stil on its back, Tum the legs into the 
threaded holes designed for them. Leave about ¥ of each leg 
projecting from the battom of the uni, (These will have to be 
adjusted later to level the appliance) Tip the epoliance up onto 
the feet and slide it nto the opening. Check for level in bath 
irections, and adjust the feet as required, 


Once the dishwasher is level, attach the brackets to the 
underside of the countertop to keep it from moving, Then pull 
the discharge Nose into the sink cabinet and install it so there's 
a loop that is attached with a bracket to the underside of the 
countertop. (This loop prevents waste water from flowing from 
the disposer back into the dishwasher) 


| Lengthening a Discharge Hose > 


If the discharge hose has to be modified to fit onto 
the disposer port, insert a 4’-lang piece of %" copper 
tubing into the hose and hold it in place with a hose clamp, 
‘This provides a nipple for the rubber adapter that fits onto 
the disposer 


Clamp the rubber disposer adapter to the end 
Of the copper tubing nipple. Then tighten the hose 
clamp securely. 


(continued) 
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Push the adapter over the disposer’ discharge nipple 
and tighten it in place with a hose clamp. Ifyou don’t have 
a disposer, this discharge hose can be clamped directly to 
‘a modified sink tailpiece that's installed below a standard 
sink strainer. 


Complete the electrical connections by tightening the 
cconnectar’s clamp on the cable. Jain the pawer wires ta the 
fixture wires with wire connectors. Attach the ground wire 
(or wires) to the grounding screw on the box, and replace 
the cover. 
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Adjust the L-fitting on the cishwasher’s water inlet valve 
Until it points directly toward the Water supply tubing. Then 
lubricate the threads slightly with a drop of dishwashing liquid 
and tighten the tubing’s compression nut onto the fitting. Use 
an adjustable wrench and turn the nut clockwise. 


Install the access panel, usually by hooking iton a couple of 
prongs just below the dishwasher’s door. nstal the screws (ifany) 
that hold itn place, and turn on the water and power supplies. 
Replace the toe-kick panel atthe bottom of the dishwasher 


Fiestas ace snl ales 
modem home, and most of us have come to 
depend on them to macerate our plate leavings 
and crumbs so they can exit the house along with 
waste water from the sink drain. IF your existing 
disposer needs replacing, you'll find that the 
job is relatively simple, especially if you select a 
replacement appliance that is the same model as 
the old one. In that case, you ean probably reuse 
the existing mounting assembly, drain sleeve, and 
drain plumbing 

Most food disposers are classified as “continuous 
feed” because they can only operate when an ON/ 
OFF switch on the wall is being actively held down, 
Let go of the switch, and the disposer stops. Each 
appliance has a power rating between and | HP 
(horsepower). More powerlul models bog down less 
under load and the motors last longer because they 
don't have to work as hard. They are also costlier 


WH! installing Food Disposers 


A disposer is hardwired to a switch mounted in an 
electrical box in the wall above the countertop. If your 
kitchen is not equipped for this, consult a wiring guide 
or hire an electrician. The actual electrical hookup of 
the appliance is quite simple (you only have to join 
two wires) but you can hire an electrician if you are 
not comfortable with the job. 


Tools & Materials > 


Patty knife 
Mineral spirits 
Plumber's putty 
Wire caps 

Hose clamps 
Threaded ¥-fitting 
Electrical tape 


Screwdriver 
Ghannel-type plicrs 
Spud wrench (optional) 
Hammer 

Hacksaw or tubing cutter 
Kitchen drain supplies 
Drain a 


‘A properly functioning food disposer that's used correctly can actually nelp reduce clogs by ensuring that large bits of organic 
‘matter don’t clog the drain system. Many plumbers suggest using separate P-traps far the disposer and the drain outlet tube as 
shown here 
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How to Install a Food Disposer 


Remove the old disposer if you have one. You') need to 
disconnect the drain pipes and traps first. If your old disposer 
has a special wrench for the mounting lugs, use it to loosen 


the lugs. Otherwise, use a screwdriver. If yau do not have ‘Alternate: If you are instaling a disposer in a sink 

a helper, place a solid object directly beneath the disposer that did not previously have one, remove the old 

to support it before you begin removal. portant: Shut off sink strainer and drain tallpiece. Scrape up any old 
electrical power at the main service panel before you begin plumbers putty and clean the sink thoroughly around 
removal. Disconnect the wire leads, cap them, and stuff them the drain opening with mineral spirits 


into the electrical box. 


Clear the drain fines all the way to the branch drain before ——_—Disassemble the mounting assembly anc the! 
you begin the new instalation. Remove the trap and trap the upper and lower mounting rings and the backup ring. Also 
arm first. remove the snap ring from the sink sleeve, 
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Press the flange of the sink sleeve for your new disposer 
into a thin coil of plumber's putty that you have laid around 
the perimeter of the drain opening. The sleeve should be 
‘well-seated in the putty, 


"6 


Insert the upper mounting ring onto the sleeve with the 
slotted ends of the screws facing away from the backup ring 
‘50 yOu can access them, Then, holding all three parts atthe 
top of the sleeve, slide the snap ring onto the sleeve until it 
sshans into the graave. Tighten the three mounting screws an 
the upper mounting ring unti the tips press firmly against the 
‘backup ring (inset photo). tis the tension created by these 
‘screws that keeps the disposer steady and minimizes vibrating, 


cae) 


Fiber gasket 


Slip the fiber gasket and then the backup ring onto the sink 
sleeve, working from inside the sink base cabinet. Make sure 
the backup ring is oriented the same way it was before you 
disassembled the mounting assembly 


‘Make electrical connections before you mount the disposer 
Unit on the mounting assembly, Make sure the power is stil 
turned off at the service panel, Remove the access plate from 
the disposer Attach the white and black feeder wires from the 
electrical box to the white and black wires respectively) inside 
the disposer Twist a small wire cap onto each connection and 
\wrap it with electrical tape for good measure. Also attzch the 
‘green ground wire from the box to the grounding terminal an 
your disposer. 


(continued) 


Kitchen Remodeling ® 409 


Knock out the plug in the disposer port if you will be Hang the disposer from the mounting ring attachied to 


‘connecting your dishwasher to the disposer. you have the sink sleeve. To hang it, simply lift it up an position the unit 
‘no dishwasher, leave the plug in, Insert a large flathead so the three maunting ears are underneath the three mounting. 
screwdriver into the port opening and rap it with a malt screws and then spin the untt so all three ears fit into the 
Retrieve the knock plug fram inside the disposer canister ‘mounting assembly. Wait until after the plumbing hookups 


have been made to lack the unit in place. 


‘Attach the discharge tube tothe disposer according to the Attach a Y-fiting at the drain stubout, The Vfting should 


‘manufacturer's instructions. itis important to get a very good —_be sized toaccepta drain ine from the disposer and another 
seal here, or the disposer will leak. Go ahead and spin the from the sink. Adjust the sink drain plumbing as needed to get 
isposer if it helps you access the discharge port. ffom the sink P-trap to one opening of the ¥. 
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Install a trap arm for the disposer in the open port of 
the Vetting at the wall stubout. Then, attach a P-trap or a 
‘combination of a tube extension and a P-trap so the low 
lend of the trap will align with the bottom of the disposer 
ischarge tube, 


Spin the disposer so the end of the discharge tube is ined 
Up over the open end of the P-trap and confirm that they will 
fit together correctly the discharge tube extends down too 
far, mark a line on itat the top of the P-trap and cut through 
the line with a hacksaw. If the tube is too shor, attach an 
extension with a slip joint. You may need to further shorten the 
discharge tube first to create enough room far the slp jaint on 
the extension. Slide slip nut and beveled compression washer 
onto the discharge tube and attach the tube to the P-trap. 


Connect the dishwasher discharge tube to the inlet port 
located at the top of the disposer unit. This may require a 
«ishwasher hookup kit 


Lock the disposer into position an the mounting ring 
assembly once you have tested to make sure itis functioning 
correctly and without leaks. Lock it by turning ane of the 
‘mounting lugs with a screwariver until it makes contact with 
the locking notch. 
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Installing Undercabinet Lights 


ardwired undercabinet lights illuminate the 

kitchen countertop and sink areas that fallin the 
shadow of ceiling lights. Most of these light fixtures, 
which are often called strip lights, utilize fluorescent, 
halogen, or xenan bulbs that emit very low levels of 
heat and are therefore very efficient. 


Ifyou are doing a kitchen remodel with all-new 
cabinets, run the new light circuit wiring before the 
cabinets are installed. Fora retrafit, you'll need ta 
find an available power source to tie into, Options 
for this do not include the dedicated 20-amp small- 
appliance circuits that are required in kitchens. The 
best bet is to run new circuit wire from a convenient 
ceiling light switch box, but this will mean cutting 
into the walls to run cable. Another option is to 
locate u receptacle that’s on the opposite side of a 
shared wall, preferably next to a location where a 
base cabinet is installed in the kitchen, By cutting an 
access hole in the cabinet back you can tie into the 
receptacle bos and run cable through the wall behind 


the cabinets, up to the upper eabinet location, and 
out the wall to supply the fixture that’s mounted to 
the underside of the upper cabinet 

You can purchase undereabinet lights that are 
controlled by a wall switch, but most products have 
an integral on/off button so you can control lights 
individually 


| Tools & Materials > 


Gireuit tester Wire stripper 


Utility knife Undereabinet 
Wallboard saw lighting kit 
Hammer 14/2 NM cable 


Wire connectors 
Switch box 
Switch 


Screwdriver 
Drill and hole saw 
Jigsaw 


Undercabinet lights provide directed task lighting that bring sinks and countertop work surfaces aut fram the shadows. 
Hardwired lights may be controlled either by a wall switch or an onboard or/off switch located on the fixture. Note: Do not supply 
‘power for lights from a small-appliance circuit 
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electrons is not observed on the capacitor plates, since 
the directed force (voltage) influences electrons. 

Electrons tend to move upward, downward, to the right 
and to the left, but voltage prevents it. Thus they just 
are forced to move in space in one direction and with 
the same speed. Capacitor or gravitor has to move 
alongside with electrons because plates of the 
capacitor (gravitor) become a piston which is pushed 
by heated electrons. This piston is in progressive 
motion. It starts to move under the influence of 
electrons, or rather together with electrons. The higher 
voltage is, the higher temperature of electrons and 
hence the higher their speed. Therefore speed of 
capacitor (gravitor) increases at voltage increase. There 
is a.usual chain, ie. electric energy transfers into heat 
energy and heat energy transfers into mechanical one. 

Approximately the similar process takes place in 
Coolidge Tube, but there the heat of electrons is caused 
by thermoelectric emission on the cathode. Electrons 
evaporate from the cathode surface. Voltage, existing 
between anode and cathode, makes electrons move in 
one and the same direction. They move towards anode, 
which serves as piston and takes heat push upon itself, 
i.e. it transfers heat energy of electrons into mechanical 
work. It is clear that the higher voltage is the more 
intensively electrons are heated. Therefore electrons 
more intensively influence anode and the suspended 
tube is deviated to a greater extent. (Editor's: 

Nowadays this very explanation is the most admitted 
one. ) 


Resting upon Biefeld-Brown’s theory and experimental 
results and at sufficient financing, already within the 
next few years it would be possible to create a unique 
electric engine which can operate on hot or quick 
electrons. Besides there will appear a possibility to 
orbit the first spaceship equipped with a propulsion 
system similar to gravitor one’s. In near future 
scheduled cargo-and-passenger service could be 
organized within planetary system. First of all such 
transportations can be organized between the Mars, 
Moon and Venus orbits that will let to start active 
colonization of these planets 


Thus, more than 200 flights to the Moon and back and 
about 70 flights to the Mars are possible by means of 
the gravitor which is made of modern fusions and 
dielectric materials and which is placed on the Earth 
orbit. At that there is a minimum risk for its breakdown 
during the flight, because gravitor has no movable parts 
and no explosives are used. Negative consequences 
for the crew in an improbable emergency are 
insignificant. Even if high voltage causes disruption of 
dielectric layer between the electrodes and voltaic arc 
appears then the spaceship, equipped with such a 
propulsion system, will mechanically arrive its 
destination. The source of energy will be its only trouble 
spot and it will happen only if nuclear reactor instead 
of solar batteries is used. There is also an idea to attach 
dwelling capsules and cargo bays, equipped with such 
electric engine, one after another, like carriages are 
attached to a locomotive. It will let to equip this 
interplanetary vehicle in several stages by compactly 
packed modules which are delivered from the Earth. 
Unfortunately, this project exists only on paper and 
support of government or financial institutions is not 
expected in the near future. Faint hope is rested upon 
enthusiasts but there are too few of such people, 


besides almost all of them are rather hardly related to. 
space flights and science. Most of scientists even hear 
nothing about Biefeld-Brown Effect, because it has 
never become widely known, since all works of this 
field, except the very first experiments from the USA, 
were run and then closed in secrecy. 


Part II 


it's time to go to the stars” 


Due to the theory of relativity there is an ingrained belief 
of several generations that it is impossible to move with 
more than 300 000 m/c speed, ie. to move faster than 
light, since the postulates of this theory read that mass 
is directly depended on speed. Calculations 
demonstrate that while speed of some accelerated 
body verges towards light speed its mass will increase 
and in the point of equilibrium (V=c) it will 
unrestrictedly increase. Hence acceleration will tend 
to zero and speed will not virtually increase, no matter 
how long acceleration speed acts on the object. In other 
words, the accelerating mass dissipates speed. In 
principle it is correct but another conclusion can be 
also drawn from the dependence of mass and speed, 
for example, the following one: to accelerate an object, 
to the speed which exceeds light speed, mass of the 
accelerated body should decrease and its speed should 
increase. Any physicist will say that this statement is 
correct. At first sight it is practically impossible to 
realize this idea therefore it was wrongly give to writers 
of science fiction. They added this idea to their armory 
and the hypothetical device, which realizes it, was 
named as gravitational engine. Let us realize this idea 
from the practical point of view and basing only on facts, 
and logic. 


Thus let us apply to the facts and give the description 
of one experiment. Professor of Pulkovo Observatory 
N.A. Kozyrev is the author of this experiment, he was 
also the first to discover the phenomenon of lunar 
volcanism. Kozyrev used a gyroscope, ie. the device 
consisting of two rings of different diameter. These 
rings are placed athwart one in another and movably 
jointed. Top is attached to the inner ring through the 
cardan. The scientist put usual thermos filled with hot 
water near the beam scale. The top of the gyroscope 
was preliminarily spun up counterclockwise. At that 
balance indicator showed that gyroscope top at 
90 gram weight became 4 milligram lighter in weight. 
‘Then Kozyrev started to pour water ofroom temperature 
inside the device through the vinyl chloride tube fixed 
into the hole, which was made in the plug of the 
thermos. Seemingly it is impossible to influence upon 
the gyroscope operating and its weight by a balloon 
filled with hot water, which is being cooled. Besides 
the thermos consists of a double-walled container 
which practically entirely excludes heat exchange with 
the environment. However balance indicator moved at 
one or two points, i.e. such connection existed. 


‘This experiment can be divided into two steps. At the 
first stage the thermos filled with hot water is placed 
near the gyroscope and we can register the decrease 
of the top weight. At the second stage water of room 
temperature is poured into the thermos and the scale 
again shows that the weight has been changed. 
Somehow Kozyrev explained the second stage of this 
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How to Install a Hardwired Undercabinet Light 


———— 


\ 


‘Look in an adjoining room for a usable power source in 
the form ofa receptacle that has a box located in the wall 
behind your base cabinets, Unlike the smallappliance circuit 
\with outlets in your backsplash area, these typically are not 
dedicated circuits (which can't be expanded). Make sure 
thatthe receptacles circult has enough cepa to support 
another load, Shut the power to the receptacle off at the main 
service pane! and test for power. 


Cut a hole in the base cabinet back panel, raughly the 
area where you know the usable receptacle to be. Use a 
keyhole saw or drywall saw and make very shallow cuts until 
Yyou have positively identified the locations of the electrical box 
and cables, Then finish the cuts with a jigsaw. 


Drill an access hole through the cabinet frame and wall for 
the cable that will feed the undercabinet light. A Ys" di. hole 
should be about the right size if you are using 12-ga. or 14-ge, 
sheathed NM cable, 


Cut a small access hole (4 x4 or so) nthe back pane! of 
the base cabinet directly below the undercabinet light location. 


(continued) 
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Feed cable into the access hole at the light lacation unt 
the end reaches the access hole below. Don't cut the cable 
yet. Reach into the access hole and feel around for the free 
cable end and then pullit aut through the access hole once 
you've found it. Cut the cable, making sure to leave plenty of 
extra on both ends. 


String the cable into a piece of flexible conduit that’s 
Jong enough to reach between the twa access holes in the 
base cabinets. To make patching the cabinet back easier, drill 
anew access hale for the cable near the square access hole. 
Attach a connector ta each end of the conduit ta protect the 
cable sheathing from the sharp edges of the cut metal. 


Hang the conduit with hanger straps attached to the base 
cabinet frame or back panel, driling holes in the side walls of 
the cabinet where necessary to thread the conduit through, 

(On back panels, use small screws to hang the straps instead of 
brads or nails. Support the conduit near both the entrance and 
the exit holes (the conduit should extend past the back panels 
‘bya couple of inches), 
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Variation: f you are installing more than one undercabinet 
light, run cable dawn from each installation point as you did for 
the frst ight. Mount an electrical junction box to the cabinet 
back near the receptacle praviding the power. Run the power 
cables from each light through flexible conduit and make 
connections inside the junction box. Be sure to attach the 
Junction box cover once the connections are made. 


uli i , 


Remove the receptacle from the box you are tying into Install the undercabinet light. Some models have a 
and insert the new circuit cable into one of the knackouts removable diffuser that allows access to the fixture wires, 
using a cable clamp. Check a wire capacity chart (See page 90) and these should be screwed to the upper cabinet prior 

{to make sure the box is big enough for the new conductors, to making your wiring hookups. Other models need to be 
Replace it with a lager box if necessary, Reinstall the connected to the circuit wires before installation. Check your 
receptacle once the connections are made, ‘manufacturer's installations, 


Connect wires inside the light fixture according to the Cut patches of hardboard anc fit them over the access 
light manufacturer's directions. Make sure the incoming cable holes, overlapping the edges of the cutouts. Adhere themn to 
is stapled just before it enters the light box and that a cable the cabinet backs with panel adhesive. 


clamp is used at the knockout in the box ta protect the cable. 
Restore power and test the light 
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| Green Kitchens > 


Inmany ways, a green kitchen is just like any 
well-designed kitchen, There are windows for natural 
lighting and air circulation, Surfaces are durable, hygienic, 
and low-maintenance. The roan is well lighted, with 
overhead fixtures and plenty of task lighting. And the 
overall plan is designed for maximum work efficiency 
and tailored to the way the homeowners use the 

kitchen on a daily basis. In terms of aesthetics, a green 
kitchen can be just as beautiful, if not more so, than a 
‘conventional kitchen, 

‘So what's cifferent about a green kitchen? For 
starters, t has highly efficient appliances, particularly 
the refrigerator. It contains sustainable and non-toxic 
materials, ike formaldehyde-frea cabinet cases and 
linoleum flooring, t’s also ready to deal with the variety 
of waste products surrounding food preparation, 


including organic garbage, recyclable materials, and 
gray water 

Many green kitchens are further defined by what 
they don't have: trendy upgrades and extras that do litle 
to improve anyone's daily experience in the kitchen. 
Depending on the tyne of caoking you do, you might get a 
lot of use out of special features, ike @ pot filer faucet, an 
‘extra prep sink, warming drawers, or a commmercial-styk 
range, But in reality, mast cooks don’t get full value from 
these pricey additions, which take up space and are often 
over engineered and energy-ineffcient (not to mention the 
environmental impact of producing them. 

‘Whether you're planning a major kitchen remode! 
cr simply replacing an item or two, here are some of the 
‘main elements you should consider for making the space 
‘mote useful, healthful, and resource-efficient. 


Efficiency and common sense are two ofthe halimarks of any green raom, but this s especialy true in the kitchen, Keep 


the appliances as small as you 
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‘and look for natural material 


lke this butcherblack counter 


p made fram maple cutotts. 


PORTRAIT OF A GREEN KITCHEN 


‘Windows and skylights for 
Convenient recycling! daylighting and cross-ventilation, 
‘garbage/compost center. 


Water filter 
(as needed for occupants 
‘and local conditions). 
Cabinets made from sustainable, 
‘non-toxic materials.. 


High-efficiency 

dishwasher with 
‘eneray-saver” 
dry setting. 


Efficient cooktop 
and oven or range. 


Vent fan ducted to outdoors 


Effective overhead light fixtures 
for general illumination. 


Durable, environmentally 
‘riendly flooring. 


Countertop materials selected for 
specific performance factors and 
jendly production. 
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| Green Kitchen Appliances > 
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Because it's full of hardworking appliances, the kitchen 
Uses more energy than any other room in the house. 
Upgrading your old machines with more efficient models 
is one of the simplest ways to help make your kitchen 
green. Refrigerators are the big consumers, accounting for 
Up to 15% of the average home's total electricity usage 
Fortunately, you don’t have to sacrifice quality ar style to 
save energy. Highly efficient appliances, like many other 
machines, are simply better designed and better built than 
their haggish counterparts, And you can't tella miserly 
‘model by its looks. 

Lots of do-t-yourselfers install their own appliances; see 
pages 402 to 407 for steps on installing a high-efficiency 
dishwasher. A refrigerator is the easiest to install: Just plug 
itn, slide itn place, and jevel it. f yours has an icemaker, 
you'll have to connect a small water line in the back of the 
unit (and check it for leaks in the beginning) 


European sized refrigerators are becoming increasingly 
popular as a way to control energy usage. A typical model 
like the one above has a refrigerator compartment of 7-0 
8 cubic feet in capacity, with a freezer that’s 3 to 4 cu, 
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if you're replacing an existing appliance, find out 
\where you can recycle the old unit, Appliances are a 
‘major source of recyclable steel and other materials, 
and besides, dumping an operable machine in the land 
filljust to make room for a new one isn’t a very green 
‘move. Appliances that still work can find a great home 
through a local charity organization (this means an ald, 
inefficient appliance is stil in circulation, but it postpones 
the production of a new product, and it helps out those 
In need). To scrap an ailing or dead appliance, contact 
your local recycling authority or Earth 911, online at 
wwwwearthot org, 

‘Whatever you do, don't keep your old refrigerator and 
‘move it nto the garage for backup storage. Keeping a 
‘second fridge plugged in will undo all energy-saving 
efforts from your kitchen upgrades many times over 


Scale is important and many kitchen appliance: 
manufacturers have begun marketing to this, Narrow 
dishwashers with smaller compartments offer ample space 
for some users, and they do their job with much less water 
and energy, 


ENERGY STAR & ENERGYGUIDE LABELS 
If you're in the market for anew appliance I's time to start 
paying attention to those yellow'-and-black ENERGYGUIDE 
labels you see pasted tote front of many new products. 

The labels, required by the Federal Tade Commission, help 
consumers quickly compare mode's for their energy efficiency. 
‘The box inthe middle of each abel provides the "energy use” 
ofall models ina glven class, with an arrow showing where 
that particular model fals within the range. The label also gives 
you an estimated annual operating cost forthe appliance, 


Energy Star is the Department of Energy's 
wide-reaching program that awards Energy Star status 
to the most efficient products in a given class. The 
program applies to major appliances, windows, doors, 
HVAC systems, and other household items. In general, 
Energy Star products exceed the federal government's 
energy-efficiency standards and perform within the top 
25% of their category, 


ADDITIONAL RESOURCES FOR CHOOSING & USING KITCHEN APPLIANCES 


‘= _ US. Department of Energy (DOE): www.eere energy. gov 

+ Energy Star wwwenergystargov 

‘= Consumer Reports, for unbiased analysis of appliance 
performance and other shopping considerations, 
online at www.consumerreportsorg 

‘© American Council for an Energy-Efficient Economy: 
wwwaceee.org 


‘= Your local utility provider 

+ Your state's energy authority, some states offer 
rebates on high-efficiency appliances 

‘+ Association of Home Appliance Manufacturers: 
wanwaham org 

‘©The Green Guide: wwwthegreenguide.com 
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Bathroom 
Remodeling 


athroom fixtures and materials have changed 
dramatically in recent years. Tubs can rival 

healthclub spas, toilets and showerheads are more 

‘water efficient, and sinks run the gamut from stainless 


steel to wood basins. 

Before you jump into a bathroom remodeling 
project, decide what's most important to you. Budget 
determines how luxurious you ean ge 
worthwhile to splurge on that one item that would 
make you feel most pampered. 

Home centers and kitchen and bath showrooms have 
a variety of bathroom setups you can browse through to 
see how the products look and feel. Ifs always a good idea 
to see a product in person before doling out the cash 


, but maybe it's 


In this chapter: 

* Planning & Designing Bathrooms 
* Installing Shower Kits 

* Installing Alcove Bathtubs 

* Installing 3-piece Tub Surrounds 
= Installing Sliding Tub Doors: 

* Tiling Bathroom Walls 

* Installing Toilets 

* Installing Wall-hung Vanities 

* Installing Vessel Sinks 

* Installing Pedestal Sinks 

* Installing Vanity Cabinets 

* Installing Bathroom Sink Faucets & Drains 
«Installing Tub Spouts 

* Installing Vanity Lights 

= Installing Grab Bars 

* Installing Glass Shelving 

* Installing Towel Warmers 


MW! Planning & Designing Bathrooms 


(Deezer draw up your plans and erent a 
J materials list, you'll need to have them reviewed 


by your local building department. Getting approval 


early in the process can save you time and expense 


we 


later. To help ensure success, here are some design 
standards for you to follow: 
The 


ational Kitchen and Bath (NKBA) publishes 


alist of bathroom design standards to help people plan 


| Bathroom Design Standards > 


des and permits are necessary to ensure safety in any 
remodel. They're not the most fun to focus on—not like 
choosing just the right floor covering or deciding between 
sranite or marble countertops—but they are important, 


‘= Plan doorways with a clear floor space equal to the 
ddoor's width on the push side and greater than the 
doors width on the pull side. Note: Glear floor spaces 
within the bathroom can overlap. 

‘+ Design tollet enclosures with atleast 36" x 66° of 
space; include a pocket door or a door that swings 
‘out toward the rest of the bathroom. 

‘© Install toletpaper holders approximately 26" above 
the floor, toward the front ofthe toilet bowl 

‘© Place fixtures so faucets are accessible from outside 
the tub or shower, Add antiscald devices ta tub and 
sink faucets (they are required for shower faucets). 

‘+ Avoid steps around showers and tubs, if possible, 

‘+ Fitshowers and tubs with safety rails and grab bars. 

‘+ Install shower doors so they swing open into the 
bathroom, not the shower. 

‘= Use tempered glass or another type of safety glass 
forall gass doors and partitions. 


‘+ Include storage for soap, towels, and other items near 


the shower, located within 15" to 48* above the floor. 


‘These should be accessible to a person in the shower 


or tub, 

‘= Provide ratural ight equal to at least 10% of the floor 
area in the room, 

+ Iluminate all activity centers in the bathroom with 
task and ambient lighting. 

‘© Provide a minimum clearance of 15° from the 
Centerline of sinks to any sidewalls, Double-bow! 


422.4 
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rooms that are safe and accessible to all users 
(see Resources, page 554). 

Your bathroom probably won't conform to 
all of the recommended standards, but they ean 
help guide your overall plan, What your plan 
must include is everything preseribed by the 
local building codes, including plumbing and 
wiring codes. 


sinks should have 30° cl 

centerine to centerline 

Provide access panels for all electrical, plumbing, and 

HVAC systems connections. 

‘+ Include a ventilation fan that exchanges air at a rate 
of 8 air changes per hour 

‘© Choose countertops and other surfaces with edges 
that are smoothed, clipped, or radiused. 


rance between bowls from 


experiment. He assumed that when we pour cold water 
in the thermos, then the equilibrium of the system is 
broken because some irreversible processes take place 
there. Cold water can not cause temperature increase 
of water in the thermos. Until the system come to 
equilibrium at a new level, ie. until the same 
temperature is set in the whole volume of the thermos, 
this process will cause the condensation of time which 
“additionally” influences the top. However the scientist 
missed that the weight of the top had decreased long 
before the moment when cold water was poured into 
the thermos, Le. before irreversible processes appeared 
there. (Editor's: Evidently, the author of the article is 
not well familiar with Kozyrev's researches and with 
works of other experimenters who investigated this 
problem.) In other words, at the first stage of the 
experiment there is nothing to condense time and that 
insignificant weight condensation, which was equal 
to4 milligram, absolutely does not fallen into his theory. 
Some other process is presented there. 


It is quite possible that at the first stage of the 
experiment we deal with nullification of the top weight, 
i.e, mass of the top tends to zero. Some conclusion 
arises from this assumption, ie. hot water can influence 
the mass of the top in some still incomprehensible way. 
(Editor's: The point is not in water temperature but in 
the process of changing of the entropy.) Thus there is a 
simplest and primitive model of the gravitational 
engine, viz there are hot water along with gyroscope 
and the required decrease of mass at the “outlet 
Certainly, it is very bold assumption but it can be easily 
checked. Near the gyroscope there should be placed 
thermos filled with not boiling water (of 100°C. 
temperature) but with water of 50°C temperature. If 
the weight of the top decreased by one half (for 
example, by 2 milligram instead of 4 milligram), then 
we can surely ascertain that the hotter water in the 
thermos is the more decrease of mass. Besides, each 
100°C of water heating will decrease mass of the top 
by 4 milligram. It is not very difficult to calculate the 
‘temperature at which mass of the top will verge toward 
zero and the top will start accumulating negative mass. 


Let us now assume that our experiment was successful 
‘then water as well as any other matter cannot be heated 
to such high temperature. However it is possible to heat 
electrons. They are very compact and have insignificant 
mass and can be heated to very high temperature. It is 
necessary to take several plates then to place a dielectric 
‘between them and to apply voltage. Electrons rest on 
the dielectric and start heating. The top can be rotated 
anti-clockwise by means of electric engines, i.e. 

capacitor and gyroscope should be combined in one 
system with common center of gravity. It is not very 
difficult, as the saying goes, it is just an engineering 
problem. The higher temperature of electrons is the more 
decrease of the top mass. Finally there is a moment when 
mass of the capacitor-gyroscope system will reach zero 
and this electric machine will rise to the surface of the 
gravitational field of the Earth or any other planet. It 
will be Biefeld-Brown’s force that will make our 
apparatus taking off the gravitational field of the Earth. 

‘This very force will start to accelerate our apparatus in 
the space vacuum and top of the gyroscope will lose its 
mass which appears at acceleration. Thus it is quite 
possible to reach speed, which is close to the light one, 
or even to overcome the threshold of light speed. 


Part III 
“...what is new?” 


‘What is implied by gravitational waves? This question 
has been exciting the scientists from the half of the XX 
century. But still nowadays, in spite of all attempts of 
the scientists to dissolve the problem, these waves 
were not discovered. There is a standard way to 
discover them, which is based on general relativity. 
Basing on this theory, scientists assume that 
gravitational waves should change in some way the 
weight of material objects. According to this 
assumption the scientists suspend very heavy balls to 
very precision scale and then try to trace changes of 
their weight. There were only negative results, It seems 
that mass changes so quickly and to such short period 
of time that scale fails to react upon these changes. 
However there is another way which seems to be very 
promising, 


‘Dependence of time and gravitation is a well-known fact. 
‘Thus speed of time course depends on force of the 
gravitational field of an object. Stars and planets can be 
considered as an example. The more intense attraction 
near them the more slowly time passes there. In other 
words, the greater mass of the planet the more slowly 
time passes near it. It is possible that oscillations of 
masses, which generate gravitational waves, in some 
way change speed of the time course along the whole 
way of the propagation of gravitational waves. In other 
words, gravitational waves are always attended with 
slight time fluctuations. Time starts to pass a little faster 
oralittle more slowly as compared with its usual course. 

‘These changes can be traced by means of usual quartz 
plates. Let me remind of the fact that quartz plates are 
used at some models of clocks to keep time. Thus, 
oscillations of gravitational masses produce in space 
both gravitational waves and time fluctuations 
(chronowaves), which can be easily detected. Possibly 
these chronowaves are the part of gravitational waves. 

This assumption is already a scientific fact which is 
unfortunately ignored by more than one generation of 
researchers. 


Professor N.A. Kozyrev was the first who surmised about 
the existence of time ways (chronowaves). He called 
them as “time flows”. The scientist worked out and run 
a simple experiment to confirm his hypothesis. Telescope 
and quartz plates were used. Quartz plates were placed 
in focus of the telescope, which was pointed to some 
bright star. Its objective lens was covered with black 
paper or tin plate in order to exclude the influence of 
light beams. At that quartz plates reacted upon the 
presence of chronowaves. Thus there was changed the 
frequency of oscillations of plates which were placed in 
focus of the telescope. 


Besides the scientist discovered that in focus of the 
telescope there were changed electroconductivity and 
volume of some matters. It is explainable since some 
parameters of space as well as speed of passing of some 
physical processes and phenomena depend on the 
speed oftime course. Outwardly it appears in change of 
electroconductivity and volume. In spite of the fact that 
during the experiments tin plate (thick metal cover) was 
used some skeptics insisting that the point isin infrared 
radiation which is produced by the heated cover. 
However they was silenced by Kozyrev's researches 
Basing on the fact that we usually see stars not where 
they really are, but at the place they were at the moment 
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| Building Codes for Bathrooms > 


‘The following are some of the most common building 
‘codes for bathrooms. Contact your local building, 
department fora list ofall cades enforced in your area. 


+ The minimum celing height in bathrooms i 7 f. 
Minimum floor area is determined by clearances 
around fixtures. 

‘+ Sinks must be atleast 4” from side walls and have 
27" of clearance infront, 

+ Sinks must be spaced 4” away from neighboring 
Sinks and tolets, and 2° away from bathtubs. 

‘Toilets must be centered 15” from side walls and 
‘tubs, with 21° clearance in front, 

‘+ New and replacement tollets must be low-flow 
models (1.6 gal/flush). 

‘+ Shower stalls must be atleast 30” x 30°, wth 24” of 
clearance in front of shower openings, 

‘steps must be at least 10° deep and no higher 
than 7¥". 

‘+ Faucets for showers and combination tub/showers 
must be equipped with antiscald devices. 

+ Supply lines that are %* in diameter can supply a 
single fixture, or one sink and one toll. 


*Note: Codes for accessible bathrooms may difer (see page 429). 


‘A.¥¢-lameter supply line must be used to supply 
two oF more fixtures. 

\Waste and drain lines must slope 1" per foot toward 
the main DW stack to ai flaw and prevent blockage 
Each bathroom must be wired with at east one 
20-amp circuit for GFCL-protected receptacles, and 
‘one 15-amp (minimum) circuit for ligt fixtures and 
vent fans without heating elements. 

All receptacles must be GFCI protected. 

‘There must be at least one permanent ight fixture 
controlled by a wall switch. 

‘Wall switches must be atleast 60° away from 
bathtubs and showers. 

Toilet, shower, vanity, or other bathroom 
compartments must have adequate lighting, 

LUght fixtures over bathtubs and showers must be 
\vaporproof with @ UL rating for wet areas 

Vanity light fitures with buit-in electrical receptacles 
are prohibited. 

Whirlpool motors must be powered by dedicated 
GFC-protected circuits 

Bathroom vent ducts must terminate no less than 

‘10 ft horizontally or 3. verticaly above skylights 


Follow minimum, 
clearance and size 
guidelines when planning 
locations of bathroom 
fixtures. Easy access to 
fixtures is fundamental to 
creating a bathroom that 
\s comfortable, safe, and 
easy touse. 
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| Accessible Bathrooms (Universal Design) 


‘The safety and accessibility of nearly all aspects of 
a bathroom can be improved by following universal 
design guidelines, 

For safer floors, add a slip-resistant glaze to ceramic 
tile, and add nonslip adhesive strips or decals to shower 
floors. If you're replacing your loor, look for mosaic tiles, 
vinyl, and cork materials, Matte finishes tend to be less 
slippery than polished surfaces, and they reduce glare, 


Toilets, faucets, sinks, cabinets, tubs, and showers 
can all be adapted or changed for increased usability 
by people who have experienced inflexibility or loss 

of strength. 

“Toilet height can be adjusted with the installation 
of a height adapter that raises a standard toilet seat 
2.10 5°. You ean also consider an adjustable-height 
toilet or a madel with a powerlft seat 


A bathroom designed for accessibility is an increasingly important element found in today’s homes, 
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‘An integral personal hygiene system 
can be installed ta help people with 
physical disabilities maintain independence, 


Power-ifts make toilet use easier for people with limited leg _—_—Roll-out base cabinets provide the option of seating space 
(or joint strength at the countertop, 


(continued) 
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Consider replacing your toilet with a wall-hung 
style that can be installed at any height, providing 
additional clear space for maneuvering a wheelchair 
or walker, To help people with physical disabilities 
maintain independent personal hygiene, install ether 
bidet or a toilet with an integral personal hygiene 
system. Grab bars are a must on walls around the toilet 

Install antiscald guard and volume-control devices 
on faucets and showerheads. Replace double-handle 
faucets with single-lever models, which are easier 
to use. A faucet with motion-sensor operation for 
hands-free use is a plus. 

Change a standard showerhead to an adjustable 
showerhead mounted on a vertical slide-bar to 
accommodate people of all heights, Look for handheld 
models for hest control 

Vanities and cabinets with C-shaped pulls or 
magnetic touch latches are easy to use, Add pull-down 


Side-mounted faucet and drain pulls in combination with 
‘a wall-mounted sink ate easly accessible. 
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hardware to cabinets to bring items within reach for 
seated people or those with limited mobility. 

Install your countertops at varied heights to 
serve both seated and standing users. Also consider 
mounting the faucet controls at the side of the sink, 
rather than the back, for easier access 

If you are replacing your sink, choose a style 
that is shallower at the front and deeper at the 
drain, Or install a wall-mounted sink positioned 
at 30 to 32". Providing a clear space under sinks 
and low sections of countertop allows seated users 
to comfortably reach the vanity, Use fold-away 
doors, remove face frames on hase cabinets, or 
install roll-out base cabinets to gain clear space. 
Always finish the floor under fold-away or roll-out 
cabinets, Then insulate hot-water supply pipes 
or install a protective panel to prevent burns to 
seated users, 


AA tilted mirror allows seated or short users to easily 
see themselves. 


Install grab bars in and around the shower 
and tub, Adding a shower seat or installing a 
pull-down or permanent seat in the shower allows 


elderly or disabled family members to sit while 
bathing. Install a permanently mounted shower 
seat at 18" high, and be sure the seat is at least 
15" deep 

Water controls and faucets on tubs repositioned 
toward the outside edge at a height of 38 to 48" allows 
the water to be turned on and adjusted before getting 
in to bathe. If you're buying a new bathtub, consider 
one with a side-access door. 


Consider replacing a combination tub and shower 
with a stand-alone shower with a floor that slopes 
gently toward the drain, rather than a curb to contain 
water. When fitted with a pull-down seat and an 
auljustable handheld showerhead, roll-in showers ean 
accommodate people with a wide range of abilities. 

Reverse door hinges so the doors open out. That 
‘way, the door swing won't be blocked if someone falls. 

If needed, widen doorways to 32 to 36" so 
wheelchair and walker users can enter the bathroom 
easily. Or, replace a swing door with a pocket door to 
gain clear space 


Roll-in shower designs, roll-under sinks, grat bars, adjustable slide-bar showers, and open floor space make bathing easier for 
people with disabilities 


(continued) 
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A swing-in door makes bathtubs accessible to practically anyane. The door creates a tight seal when closed and cannot be 


‘opened ifthe tub is full, 
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Install a pocket door in your bathroom 
10 gain more clearance room for whee!- 
chairs and walkers, Packet doors do not 
require door stop molding, allawing for 
some additional clearance. 


| Recommended Clearances > 


A bathroom should be planned with enough approach 
space and clearance room to allow @ wheelchair or walker 
User to enter and turn around easly. The guidelines for 


‘approach spaces (patterned areas) and clearances shown 
here include some ADA guidelines and recommendations 
from universal design specialists. 
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| Installing Shower Kits 


he fastest and easiest way to create a new shower 
in your bathroom is to frame in the stall area 
\with lumber and wallboard and then install a shower 
enclosure kit. Typically consisting of three fiberglass 
or plastic walls, these enclosure kits snap together at 
the comers and nestle inside the flanges of the shower 
pan to create nearly foolproof mechanical seals. Often, 
the walls are formed with shelves, soup holders, and 
other conveniences, 

Ifyou are on a tight budget, you can find 
extremely inexpensive enclosure kits to keep costs 
down. You can even ereate your awn custom enclosure 
using waterproof headboard panels and snap-together 
connectors. Or, you can invest in a higher grade 
kit made from thicker material that will last much 
longer. Some kits are sold with the receptor (and 
perhaps even the door) included. The kit shown here 
is designed to be attached directly to wall studs, 
but others require a backer wall for support, The 
panels are attached to the backer with high-tack 
panel adhesive. 


‘Tape measure Masking tape 

Pencil Silicone caulk 

Hammer and caulk gun 

Carpenter's square Shower enclosure kit 

Screwdrivers Shower door 

Pipe wrench Showerhead 

Level Faucet 

Strap wrench Plumbing supplies 

Adjustable wrench Panel adhesive 

Pliers Spud wrench 

Drill/driver Lange-head roofing nails 

Cemter punch Jigsaw 

File Duct tape 

Utility knife Miter box {A paneled shower surround is inexpensive andi easy to 
Hacksaw install. Designed for alcove installations, they often are sold 


with matching shower pans (called receptors), 
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| How to Install a Shower Enclosure 


Remove the wallcovering and floor covering in the 
installation area, Dispose of the materials immediately and 
thoroughly clean the area, Note! Mast kits can be installed 
‘ver wallboard, but mare prafessional-looking results can be: 
achieved iit is removed. 


Align a straight 2 x 4 right next tothe sill plate and make 
a mark on the ceiling. Use a level to extend that line directly 
above the sill plate, Attach the cap plate at that point. 


If you are adding a wall to create the alcove, lay ou 
the locations for the studs and plumbing on the new wood 
sill plate. Also lay out the stud locations on the cap plate 
that will be attached to the celling, Refer to the enclosure 
kit instructions for exact locations and dimensions of studs 
Attach the sill plate to the floor with nd pane! 
adhesive, making sure itis square to the back wall and the 
cortect distance from the side wall 


Install the 2 x 4 studs at the outlined locations. Check with 
a level ta make sure each studs plumb, and then attach them 
by driving deck screws toenail style into the sill plate and 

cap plate, 
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Drain location 


>--- = < 
Cut an access hole in the floor for the drain, according —_nstall a drain pipe and branch line and then trim the 
to the installation manual instructions. Drill openings in the drain pipe flush with the floor, If you are nat experienced with 
sill plate of the wet wall (the new wall in this project) for the plumbing, hire a plumber to install the new drain line. 


‘supply pipes, also according to the instructions, 


Faucet body 


ey 


/ 
Gross brace 


Bull valves 


Supply riser 
Install new supply risers as directed in the instruction If the supply plumbing is located in a wall (old or new) 
manual again, have a plumber do this if necessary). Also install that is accessible from the non-shower side, install framing for 


cross braces between the studs in the wet wall for mounting a removable access panel. 
the faucet body and shower arm. 
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of emanation of light signal, the scientist calculated the 
location of Procyon star, which is the nearest to the Earth. 
Kozyrev pointed the telescope to this “clear” part of the 
sky zone that allowed to avoid the influence of infrared 
radiation and to fix the location of the star. Thus it is 
nothing but chronowaves generated by the star that can 
change oscillation frequency of quartz plates. 


After Kozyrev's death this field of research is not 
considered by official science and the very existence of 
chronowaves is denied. Only some theorists warily impute 
the above listed effects to the action of some torsion fields 
and waves the existence of which is rather questionable. 

However chronowaves exist and they can be used in 
practice, for example, to get information from any point 
ofour galaxy in several seconds. It is quite possible since 
chronowaves have no mass and thus they are 
propagated more quickly than light waves. However it 
is still a question what will transmit this information to 
us because the transmitter of these waves yet has not 
been invented. (Editor's: It is interesting what mass of 
light waves the author means. It is a pity that the author 
of the article did not read 9 previous issues of NET 
magazine! There was a detailed demonstration of the 
connection of Kozyrev's theory and experiments with the 
theory of longitudinal waves in aether. If to replace 
Kozyrev’s notion of “waves of time density” by the notion 
of “waves of aether density” then we will get a real 
experimental approach which can help to solve the 
problem of antigravitation and time control) 


Of course theoretically chronowaves can be also 
generated without participation of great gravitational 
waves (it seems that heat processes can also generate 
them). However no particular success was achieved in 


this field. Thus by means of chronowave transmitter it is 
possible just to “listen” to remote stars the light of which 
will reach the Earth in many years. This receiver is very 
simple and it can be made by anyone who knows alittle 
about radio engineering. Under home conditions it is 
‘better to use a miniature incandescent bulb (lamp with 
filament tungsten) as a receiver and usual ohmmeter as 
measuring instrument. 


If in usual receivers radio waves are excited by weak 
electric currents existing in antenna then chronowave 
antennas constantly under tension. Chronowaves donot 
excite current there but change some characteristics of 
it, influencing on electroconductivity of the matter which 
was used for the antenna (let us remember Kozyrev's 
experiments). Later on these insignificant changes are 
transferred in audio signal or fixed by any other means. 
‘That is the principle of operation of the device. 


Editor's: These experiments on the registration of flicker 
effect in more detail are described in A.M. Mishin works 
which were published in previous issues of our magazine. 
As the reader could notice, the editors’ opinion in many 
respects does not coincide with the author's point of view. 
(Alexander V, Frolov) 


References 


1. G.Ya. Myakishov, BB, Bubovtsov, Physics, M: Prosvaschenie, 1991 
2. AS. Kuzovkin, N.N. Nepomnyaschy, What happened to 
torpedo-boat “Eldridge”? M.: Znanie, 1991, Series "Znak 
voprosa” #3, p.37 

3. SN. Zigunenko, How the time machine is made? M: Znanie, 
1991, Series “Znak voprosa” #5, p.35 

4. A Einstein and gravics, Collection of articles, M.: Mir, 1979 
5. A.D. Chemin Physics of time, M: Nauka, 1978 

6. A. Voinik Thermodinamics of natural processes 


Time Machine 


Alexander V. Frolov gave this interview to the Spain 
magazine “Mas Alla de la Ciencia” ("Science"). The 
interview concerns some questions about scientific- 
research work on investigation of active properties of 
time. Let us remind that in 2002 Faraday Lab Ltd and 
Vadim A. Chernobrov (Moscow) started the join Time 
Machine Project. 


Miguel Segui: How does it value the results obtained by 
the prototype of time machine? 

Alexander V. Frolov: Usually it is about 3% changes, ie. 
3 sec per 100 sec of experiments. 


MS.: How other devices are preparing inside the project 
Time Machine? 

AE: Now we have project with special electromagnets, 
which are emitters of the longitudinal waves. So, other 
devices are electronics parts to provide impulse current. 
But it is not the only one version of the system. If the 
emitters of the longitudinal waves are based on other 
principles so all device has other design. 


MS.: Do you believe that some day the time trips willbe 
possible? 

AE: Yes, sure. We have the clear theory for it and it is 
based on understanding of physical sense of the aether, 


its relation with notion of time and with concept about 
existence of elements of matter in space-time. According 
to aether-vortex theory any element of matter is created 
from aether and its temporal parameters depend on 
density of aether. 


MS.: What practical applications can have the prototypes 
that are developing? 

AE: Any change in the time course is the method of 
influence onto biological systems and the medical aspect 
is the main application. Also any physicist know relation 
between G (the gravity constant) and time course (rate 
of time). For example, time is slower on the surface of 
Earth than in space. So, local time changes (which are 
changes in density of aether or direction of aether wind) 
canbe used to get propulsion force without reactive mass 
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‘Attach the drain tailpiece that came with your receptor 
to the underside of the unit, following the manufacturer's 

tuctions precisely. Here, an adjustable spud wrench is, 
being used to tighten the tailpiece 


Option: To stabilize the receptor, especially if the faor is 
Uneven, pour or trowel a layer of thinset mortar into the 
installation area, taking care to keep the mortar out of the 
drain access hole, Do not apply mortar in areas where the 
ceptor has feet thet are intended to make full contact with 
the floor. 


Set the receptor in place, clieck to make sure its level, 
and shim itf necessary, Secure the receptor with large-head 
roofing nails driven into the wall stud so the nailheads pin the 
flange against the stud. Do nat overdrive the nails. 


Lay out the locations for the valve hole or holes jn tie 
end wall panel that willbe installed on the wet well. Check 
Your installation instructions. Some kits come with a template 
‘marked on the packaging carton. Cut the access hole with 
anole saw and drill or with a jigsaw and fine-tooth blade. 

If using a jigsaw, orient the panel so the finish surface is 
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Position the back wall so there isa slight gap (about ¥") 
between the bottom of the panel and the rim of the ae 
set a few small spacers on the rim ifneed be. Tack a pair af 
roofing nails above the top of the back panel to hold iin place 
(of, use duct tape). Position both end walls and test the fs. Make 
clip connections between panels (inset) if your kit uses them, 


14 


Reinstall the end panels, permanently clipping them to the 
back panel according to the kit manufacturer's instructions, 
Make sure the front edges af the end panels are flush with the 
front of the receptor. 
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iF 
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Remove the end walls so you can prepare the instalation 
area for them, if your kit recommends panel adhesive, apply it 
to the wall or studs. In the kit shown here, only a small bead of 
silicone sealant an the receptor flange is required, 


4 | 
Once the panels are positioned correctly and snapped 
Together, fasten them to the wall studs. the panels have 


predrilled nail holes, drive roofing nails through them at each 
stud at the panel tops and every 4" to 6" along vertical surfaces, 


Install wallcovering material above the enclosure panels, Finish the walls and then caulk between the enclosure 
and anywhere else itis needed. Use moisture-resistant panels and the walleaverings with sil 
materials, and maintain a gap of" between the shaulders 

of the top panel flanges and the wallcovering 


19 
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— 
Install the faucet handles and escutcheon and caulk ‘Make an access panel and attach it atthe framed opening 
around the escutcheon plate. Install the shower arm Created in step 8. A piece of ‘" plywood framed with mitered 


sscutcheon and showerhead. case molding and painted to match the wall is one idea for 
access panel covers. 
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' How to Install a Hinged Shower Door 
= 


Measure the width of the shower opening. ifthe walls of 
the shower slope inward slightly before meeting the base, take 
Yyour measurement from a higher point at the full width of the 
‘opening so you don't cut the door base too short. Cut the base 
piece to fit using a hacksaw and a miter box. File the cut ends 
if necessary to deburr them. 


z 


v 


Place the base jamb on the curb of the shower base. if 
the joint where the wall meets the curb is sloped, you'll need 
to trim the comers of the base piece to follow the profi, Place 
a jamb carefully onto the base and plumb it with a level. Then, 
mark a driling paint by tapping a centerpunch in the middle of 
each nail hole in each jamb, Remove the jambs, dril pilot holes, 
and then attach the jambs with the provided screws, 
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Identify which side jamb will be the hinge jamb and 
which will be the strike jamb according to the direction 
you want yaur hinged door to swing—an outward swing is 
preferred. Prepare the jambs for installation as directed in 
your instructions. 


Remove the bottom track and prepare the shower 
base curb for installation of the base track, following the 
manufacturer's dlrections. Permanentty install the bottom 
track. Bottom tracks (nat all doors have them) are usually 
attached to the side jambs or held in piace with adhesive. 
Never use fasteners to secure them to curb, 


Working on the floor or another flat surface, aitach the Attach the hinge to the door panel, according to the 


‘door hinge to the hinge jamb, if required. In mast systems, ‘manufacturer's instructions, Attach any cap fitting that keeps 
the hinge is fitted over the hinge jamb after you attach it to water out of the jamb, 
the wall 


Fit the hinge jamb over the side jamb and acjust jt as, Install the magnetic strike plate and any remaining caps 
irected in your instruction manual Once the clearances are of accessories such as towel rods. Also attach the sweep that 
correct, fasten the jambs to hang the door, seals the passage, if provided. 
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M any of our homes are equipped with an alcove 
tub that includes a tub surround and shower 
feature. By combining the tub and the shower in one 
fixture, you conserve precious bathroom floorspace 
and simplify the initial installation, Plus, you only have 
one bathing fixture that needs cleaning 

But because tub/showers are so efficient, they 
do get a lot of use and tend to have fairly limited 
lifespans. The fact that the most inexpensive tubs 0 
the market are designed for alcove use also reduces 
the average tub/shower lifespan. Pressed steel tubs 
have enamel finishes that crack and craze; plastic and 
fiberglass tubs yet grimy and stained; even acrylie and 
composite tubs show wear eventually (and as with 
ther fistures, styles, and colors change too). 

Plumbing an alcove tub is a relatively difficult 
job because getting access to the drain lines attached 
to the tub and into the floor is often very awkward, 
Although an access panel is required by most codes, 
the truth is that many tubs were installed without 
them or with panels that are too small or hard to reach 
to be of much use. If you are contemplating replacing 
your tub, the first step in the decision process should 
be to find the access panel and determine if it is 


WH! installing Alcove Bathtubs 


sufficient. IF tis not (or there is no panel at all), 
consider how you might enlarge it, Often, this means 
cutting a hole in the wall on the adjoining room and 
also in the ceiling below. This creates more work, of 
course, but compared to the damage caused by a leaky 
drain from a subpar installation, making an access 
opening is a small inconvenience. 


' Tools & Materials > 


Channel-type pliers Drain-waste- 
Hacksaw overflow kit 
Carpenter's level 1x3,1x4, 
Pencil 2x4 lumber 
Tape measure anized 

Saw roofing nails 
Screwdriver alvanized 

Drill roof flashing 
Adjustable wrench ‘Thinset mortar 
Trowel Tub & tile caulk 
Shims Propane torch 


Galvanized deck screws 


By replacing a dingy old alcove tub with a fresh new one, you can make the tub and shower area as pleasant to use 
as itis efficient, 
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Tips for Installing Bathtubs > 


ERY 


Choose the correct tub for your plumbing setup. 
Alcove-installed tubs with only one-sided aprons are sold 
as either “left-hand” or “right-hand” models, depending on 
of the predriled drain and overflow holes in 
the tub. To determine which type you need, face into the 
alcove and check whether the tub drain fs on your right or 
your let 


nipple 


Tub ledger 


supply 


Drain 
tailpiece 


Drain T 


Drain 


‘A Drain-waste-overflow kit with stopper mechanism 
rust be purchased separately and attached after the tub 

is set. Avaliable in both brass and plastic types, mast kits 
include an overflow coverpiate,an overflow pipe that 

can be adjusted to cifferent heights, a drain fitting, an 
adjustable drain tailpiece, and a drain coverplate that 
screws into the tallpi 


The supply system fora 
bathtub includes hat and col 
supply pipes, shutoff valves, 
a fauicet and handle(s), and 

spout, Supply connections can 

be made before or after the tub 
is installed 


id 


‘The drain-waste-overflow 
system fora bathtub includes 
the overflow pipe, drain , Prep, 
and branch drain, The overflow 
pipe assembly is attached to the 
Overtlow pipe tub before installation. 


= 


Flashing 


Drain 


refitting 


> Hot wate 


Brat 
‘drain 


P-trap © 


supply 


Wall and floor sections 
removed for clarity 


| How To Remove an Alcove Bathtub 


Cut the old supply tubes, if you have access to them, with 
a reciprocating saw and metal cutting blade or with a hacksaw. 
Be sure to shut off the water supply at the stop valves first. Cut 
the shower pipe just above the faucet body and cut the supply 
‘bes Just above the stop valves. 


Remove the drain plug, working from the tub side. If the tub 
has a pop-up drain with linkage, twist the plug to disengage the 
linkage and remove the plug (inset). Then, insert the handles 
ofa channel-type pliers into the drain opening and past the 
rain crosspiece. Twist the pliers counterclockwise to remove 
the plug, 
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Remove the faucet handles, tub spout, shower head 
and escutcheon, and arm. For the spaut, check the 
underside for a set screw and loosen it if you find ane. 
Then, insert a long screwdriver into the spout and turn the 
spout counterclockwise, 


Remove the overflow coverplate (top photo) and 
then withdraw the pop-up drain linkage through the 


overflow opening (lower photo) 


Disconnect the overflow pipe from the drain assembly and 
remove both parts (your access may not be as unrestricted as 
seen here}. |F you need to cut the pipes, go ahead and do it 
In most cases, itis difficult to maneuver the tub out with the 
DWO assembly sil attached 


7 


If you can, pry out fasteners and then pul the tub away 


from the walls by lo 


n the back rim of th 


ub 


caulk ar even flooring blocking 
needed, raise t nd slide a pair of 14 runners under 
the skirt edge (inset photo) to make it easier to slide out 


Option: Cut stubborn tu 
alcove, This has the adk 


Cut the wall to a line about 6" above the tub rim, 
Alcove tubs are fastened to the wall studs 
ave a flange that exter 
‘need to remove a bit of the wall covering so yau can remove 
the fasteners. 


In half to wrang 
ied ben 
‘get out the daor, dawn the stairs, and into the dumpster 


le them out of the 
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How to Install a New Alcove Tub 


Prepare for the new tub. inspect and remove old or 
deteriorated wall surfaces or framing members In the tub area. 
With today’s mold-resistant wallboard products, it makes extra 
sense to go ahead and strip off the ald alcove wallboard down 
to the studs so you can replace them. This also allows you to 
inspect for hidden damage in the wall and celling cavities. 


Check the height of the crossbraces for the faucet body 
and the showerhead. i your family members needed to stoop 
to.use the old shawer, consider raising the brace for the 
showerhead. Read the instructions for your new faucet/diverter 
and check to see that the brace for the faucet body will conform 
to the requirements (this includes distance from the surround 
\wall as well 2s height). Adjust the brace locations as needed. 
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Check the subfloor for level—i its not level, use pourcon 
floor leveler compound to correct it (ask at your local flooring 
store). Make sure the supply and drain pines and the shutoft 
valves are in good repair and correct any problems you 
encounter. If you have no bath fan in the alcave, now is the 
perfect time to add one. 


Begin by installing the new water supply plumbing. 
Measure to determine the required height of your shower riser 
tube and cut it to length, Solder the bottom ofthe riser to the 
faucet body and the top to the shower elbow. 


flow. Also we can hope that some new materials can be 
produced in special area of slowed or accelerated time 
course, 


‘MS: Which are the main difficulties of developing ofthese 
devices at the moment? 

AE: For us now it is a part of the work that is related 
with designing of the powerful current electronics circuits. 
Also there are no known analogies for patent work, but 
we hope to complete our patent claim in March of 2003. 


‘MS: Is it foreseen that they carry out experiments with 
human beings and the machine of modification of the time, 
just as V. Chernobrov carried out? 

AE: We, ie. Faraday Laboratories Ltd, are developing 
small unit for testing of the principles. In future we'll work 
with other design and with participation of the pilot 
(human passengers). But it will be the system of other 
kind. Let me explain: now we are working to get small 
local change of the aether density, so called “chronal 
charge”. It is analogy with electric charge, which 
produces electric field in space. If the electric charge is 


moving then it will produce magnetic field. According to 
our plans after confirmation of the principles we are going 
to create design with moving “chronal charge” to 
generate “chronal field”. There are suppositions that this 
field can be used practically for antigravitation propulsion 
transport. 


‘murilo@intrumenti.com br, avalanchedrive@hotmail.com 


For the while, this project has only these two names, as, 
above. There is still a lot to do upon this development 
that involves free energy and / or “over-unity". It is 
designated to be of free use and application by everybody 
and everywhere, without any royalties just like it was a 
very old idea, which is now opened for entire community 
use, The inventor has enough strong reasons for this will. 


‘This is a kind of donation, a personal donation, for the 
very best future of the Earth. Pioneers are needed (late 
pioneers?) Any person may be involved in this 
development to make money since there are no barriers 
for that. This means that this is an open idea and in this 
way it must stay. The principles are new and original and 
the energy involved is quite huge. In the inventor's mind 
there is realized the possibility to create an expert hands- 
on group to finish the project. In this article there is a 
rough draw which seems to be enigmatic but in fact it 
can clear the understanding of the principle and show 
the situation at which body may offer controlled spatial 
variation of length for the same weight. 


‘The short text and a schematic draw (see Fig.1) are 
the way to show the principles and a few possible 
construction solutions. The photo shows a part of the 
device which can clear the so called weight localized 
rarefaction. Possibly the understanding of capacity for 
an observer will be a little forced. Ifnecessary author can. 
send the full patent requirement text, which contains 54 
pages and 32 figures, not in English but in Portuguese. 


FRCM - “AVALANCHEDRIVE” 


Positive Column, 


Fig. 1 


Understanding of FRCM / avalanchedrive is a challenge in itself. When you start to lean about FRCM you will find 
complete original problems to deal. Free your mind basing on some mechanical and physics knowledge and then 
avalanchedrive will come to make a part of your life. Feel free to work. 
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‘Attach the faucet body to the crass brace with pioe 


hanger straps. Then, attach supply tubing from the stop valves 


to the faucet body, making sure to attach the hot water to the 
left port and cold to the right port, Also secure the shower 
elbow to its cross brace with a pipe strap. Do nat attach the 
shower arm yet. 


‘Mark locations for ledger boards. To do this, trace the 
height of the tap of the tub’s nailing flange onto the wall studs 
in the alcove. Then remove the tub and measure the height of 
the nailing flange. Measure down this same amount from your 
flange lines and mark new ledger board! location 


Slide the bathtub into the alcove. Wake sure tub is flat on 
the floor and pressed flush against the back wall f your tub 
ddd not come with a tub protector, cut a piece of cardboard to 
line the tub bottom, and tape pieces of cardboard around the 
rim to protect the finish fram shoes and dropped tools, 


Install 1 x 4 ledger boards. Drive two ar three 3"-galvanized 
deck screws through the ledger board at each stud. All three 
walls should receive a ledger. Leave an open space in the wet 
wall o allow clearance for the DWO kit. 


(continued) 
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Install the drain-waste-overflow (D\V0) pipes before you 
install the tub. Make sure to get a good seal on the slip nuts at 
the pipe jaints. Follow the manufacturer's instructions to make 
sure the pop-up drain linkage is connected properly. Make sure 
rubber gaskets are posttioned correctly at the openings on the 
‘outside ofthe tub. 


‘Attach the overflow coverplate, making sure the pop-up 
rain controls are in the correct position. Tighten the mounting 
screws that connect ta the mounting plate to sandwich the 
rubber gasket snugly between the overflow pipe flange and 
the tub wall. Then, finish tightening the drain strainer against 
the waste elbow by inserting the handle ofa pair of pliers into, 
the strainer body and turning, 
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Drain strainer 


ca 


‘Thread the male-threaded drain strainer into the 
female-threaded drain waste elbow. Wrap a coil of plumber's 
putty around the drain outlet undemeath the plug rim first. 
Hand tighten only, 


Place the tub back into the alcove, tating care not to 
‘bump the DWO assembly and disturb the connections, You 
definitely will want a helper for this job. If the drain outlet of 
the DWO assembly is not directly over the drain pipe when the 
tub isin position, you'll need to remove it and adjust the drain 
Tine location, 


Attach the drain outlet from the DWO assembly to the drain 
P-trap. This is the part ofthe job where you will appreciate 

the time you spent creating a roomy access panel for the 

tub plumbing, Test the drain and overflow to make sure they 
don’t leak, Also test the water supply plumbing, temporarily 
attaching the handles, spout, and shower arm so you can 
operate the faucet and the diverter 


Install the wallcoverings and tub surround (see pages 
446 to 449 for @ 3-piece surround instalation), You can also 
‘make a custom sufround from tileboard or cementooard 
and tile, 


Drive a 1%" galvanized roofing nail at each stud location, 
lust over the top of the tub’s nailing flange. The nail head 
should pin the flange to the stud. Be careful here—an errant 
blow or overdriving can cause the enameled finish ta crack 
Of craze. Option: You may choose to drill guide holes and nail 
through the flange instead, 


Install fittings. First, thread the shower arm into the shower 
elbow and attach the spout nipple to the valve assembly. Also 
attach the shower head and escutcheon, the faucet handle” 
diverter with escutcheon, and the tub spout, Use thread 
lubricant on ail parts 
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IAs atin Bane tha ng 
or yellowed from years of use. A shiny new 
tub surround can add sparkle and freshness to your 
dream bath 
‘Tub surrounds come in many different styles, 
materials, and price ranges. Choose the features you 
‘want and measure your existing bathtub surround 
for sizing, Surrounds typically come in three or five 
pieces. A three-panel surround is being installed here, 
but the process is similar for five-panel systems. 
Surface preparation is important for good glue 
adhesion. Plastic tiles and wallpaper must be removed 
and textured plaster must be sanded smooth. Surrounds 
ccan he installed over ceramic tile that is well attached 
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fal Installing 3-piece Tub Surrounds 


and in good condition, but it must be sanded and primed, 
All surfaces must be primed with a water-based primer. 


Tools & Materials > 


Jigsaw Adhesive 

Hole saw Screwdriver 

Drill Adjustable wrench 
Measuring tape Pry bar 

Level Hammer 

Caulking gun 3-piece tub surround 
Primer 


Three-piece tub surrounds are 
‘Inexpensive and come in many colors 

‘and styles. The typical unit has two end 
ppanels and a back panel that overlap in 
the carers to form a watertight seal, They 
are formed fram fiberglass, PVC, acryi, 
Or proprietary resin-based polymers 

Five piece versions are also avallable 

and typically have more features such as 
Integral soap shelves and even cabinets. 


! How to Install a 3-piece Tub Surround 


Remove the old plumbing fixtures and wallcoverings in 
the tub area. In some cases you can attach surround panels to 
ld tileboard or even tile, but tis generally best to remove the 
‘wallcoverings down to the studs if you can, so you may inspect, 
for leaks or damage. 


Test-fit the panels before you start; the tub may have 
settled unevenly or the wells may be out of plumb. Check 
the manufacturer's directions for distinguishing right and left 
‘panels, Place a panel in position on the tub ledge. Use a level 
‘Across the top of the panel to determine if tis level. Create 
a vertical reference line to mark the edge of the panel on the 
plumbing end, 


Replace the wallcoverings with appropriate materials, 
such as water and mald-resistant wallboard or cementboard 
(for ceramic tle installations). Make sure the new wall surfaces 
{are smooth and flat, Some surround kit manufacturers 
recommend that you apply a coat of primer to sheet goods 
such as greenboard ta create a better bonding surface for the 
panel adhesive. 


Ensure a perfect fit by taping the surtound panels 
to the walls in the tub area, Make sure the tops are 
level when the overiap seams are aligned and that 
you have a consistent 1" gap between the panel 
bottoms and the tub flange. Mark the panels for 
‘uitng ifnnecessary and, once the panels have been 
removed, make necessary adjustments tothe walls. 


(continued) 
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‘Some kits are created to fit a range of bathtub 
dimensions. After performing the test fit, check the fting 
instructions to See if you need to trim any of the pieces. Fal 
the manufacturer's instructions for cutting. Here, we had to 
cut the corner panels because the instructions advise not to 
overlap the back or side panel over the comer panels by more 
than 3°. Cut panels using a ligsaw and a fine-tooth biade that 
is appropriate for cutting fiberglass or acrylic tileboard, The cut 
panels should be overlapped by panels with factory edges. 


A 


/ 


7 


Install the plumbing end panel, test-fitting frst. In this 
surround, the end panels are installed first. Apply adhesive 

to the back of the plumbing panel. Circle the plumbing outlet 
holes 1° fram the edge, Do nat apply adhesive closer than 1 
to the double-sided tape (if your kit has tape) or to the bottom 
edge of the panel 
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‘Measure and mark the location of the faucets, 
and shower outlets, Measure in fram the vertical reference 
ine (made in step 3) and up from the top of the tub ledge. 
Re-measure for accuracy, as any cuts to the surround are 

final. Place the panel face-up on a sheet of plywood. Mark the 
location of the roles. Cut the holes %" larger than the pipe 
diameter. if your faucet has a recessed trim plate (escutcheon), 
cout the tole to fit the recess, Using a hole saw or a jigsaw, cut 

plumbing outlets, 


Remove the protective backing from the tape. Carefully 
ft the panel by the edges and place against the corner and 
top of the tub ledge. Press firmly from top to bottom in the 
corner, then throughout the panel. 


Test-fit the opposite end panel and make any necessary Apply adhesive to the back panel following the 


adjustments. Apply the adhesive, remove the protective ‘manufacturer's instructions. Remove protective backing from 
backing from the tape, and put in place. Apply pressure the tape. Lift the panel by the edges and carefully center 

to the comer first from top to bottom, and then apply beeen the two end panels. When positioned, firmly press in 
pressure throughout. place from top to bottom, 


10 


Apply caulk to the bottom and top edges af the panels Apply silicone caulk to escutcheons or trim plates and 
and at panel joints, Dip your fingertip in water and use it to reinstall them. Allow a minimum of 24 hours for caulk and 
‘smooth the caulk to a uniform bead. adhesive to dry thoroughly before using the shower or tub. 
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WH installing Sliding Tub Doors 


urtains on your bathtub shower are a hassle, I'you ean be installed on ceramic tile walls or through a 
forget to tuck them inside the tub, water flows freely fiberglass tub surround. 

‘onto your bathroom floor. If you forget to stide them 

closed, mildew sets up shop in the folds. And every time 

you brush against them, they stick to your skin. Shower Tools & Materials > 

curtains certainly don't add much elegance or charm to 

dream bath. Neither does a deteriorated door. Clean 


Measuring tape Masonry bit 
up the look of your bathroom, and even give it an extra eee eee for tle wall 
touch of elegance, with a new sliding tub door. Hacker Phillips screwdriver 

‘When shopping fora sliding tub door, you have a Mee bax (Gaalle gin 

choice of framed or frameless, A framed door is edged Level iMadidng pe 
in metal. The metal framing is typically alurninum Drill Silisonesealant 
but is available in many finishes, including those that ‘Centeraunes pore 
resemble gold, brass, or chrome. Glass options are also Basbe ladle TTiab door lit 
plentiful. You can choose between frosted or pebbled ‘viel Masldng tape 


shass, clear, mirrored, tinted, or patterned glass. Doors 


‘Assliding tub door framed in aluminum gives the room sleek, clean look and is just ane ofthe available options. 
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How to Install Sliding Tub Doors 


Remove the existing door and inspect the walls. Use a 
razor blade to cut sealant from tile and metal surfaces. Do not 
use 2 razor blade on fiberglass surfaces. Remove remaining 
sealant by scraping or pulling. Use a silicone sealant remover 
to remove all residue. Remove shower curtain rods, if present. 
(Check the walls and tub ledge for plumb and level 


Using a hacksaw and a miter box, carefully cut the track 
to the proper dimension. Center the track on the bathtub ledge 
\with the taller side out and so the gaps are even at each end. 
Tape into position with masking tape. 


‘Measure the distance between the finished walls 
along the top of the tub ledge. Refer to the manufacturer's 
instructions for figuring the track dimensions. For the product 
seen here, 7" is subtracted from the measurement to 
calculate the track dimensions. 


Place a wall channel against the wall with the jonger 

side out and slide it into place over the track sa they overlap 

Use a level to check the channel for plumb, and then mark 

the locations of the mounting holes on the wall with a marker 

Repeat for the other wall channel. Remove the track 
(continued) 
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Drill mounting holes far the wall channel at the marked 
locations in ceramic tile, nick the surface ofthe tile with a 
center punch, use @ 4" masonry bit to dril the hole, and then 
insert the included wall anchors, For fiberglass surrounds, use 
a" dil bit; wall anchors are not necessary 


| 


A 


Position the track on the tub ledge and against the wall 
‘Attach the wall channels using the pravided screws. Da nat 
use caulk on the wall channels at this time. 
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Apply a bead of silicone sealant along the joint between 
the tub and the wall at the ends of the track. Apply @ minimum 
\%" bead of sealant along the outside leg ofthe track underside. 


Cut and install the header, At a location above the tops 
of the wall channels, measure the distance between the 

walls. Refer to the manufacturer's instructions for calculating 
the header length. For the door seen here, the length is the 
distance between the walls minus Ys". Measure the header 
and carefully cut itto length using a hacksaw and a miter box 
Slide the header down on top of the wall channels until seated. 


PATENT REQUIREMENT RELEASE 


This patent requirement is basically the application 
of a new physical principle which could be defined 
and found at least 400 years ago, so simple it is. 
Surely it is one of such things which was let behind 
by human mind and concern. FRCM is odd and 
amazing. The key for this project is a special body 
that can behave like a solid and like a fluid, at the 
same time, with combined characteristics just as 
designed and required. 


The mass potential of a specially designed 
segmented body is hold and managed, and 
throughout proper means is sequentially fractured 
while suspension balance is kept. This causes, after 
start, a constant and cyclic movement, since 
arrangement goes, and the conducting and forcing 
form of the mass is not interrupted. 


Also called “avalanchedrive", this principle work 
is based on just three main parts or components: 
is the special segmented body ~ a chain; 2" is 
the stationary and external assembling to hold and 
conduce the chain; 3" is the straight vertical, in 
order to achieve the maximal weight storage 
position in the arrangement. 


The chain is an endless repetitive zigzag 
construction with weights and defined angles that 
looks like an entire and elongated ellipse. Its design 
makes easy the change of its profile and form 
(mutant profile) that will be contracted or elongated, 
according to the way it is organized, supported and 
driven. When contracted or expanded, the chain 
assumes its maximal or minimal weight, in 
comparatively the same heights and level, but at 
different cross sections (tunneling?). 


For distribution of the chain track the external 
assembling forms a kind of duct or rail, which is 
also elliptical. It allows to the chain to be contracted 
and expanded, to change direction, move, and pass 
away, as desired. The chain follows the way that 
the rail allows, in four different zones: mass-united 
zone, or positive column, or weight capacitor; the 
lower reversion input zone; the liberation zone, or 
negative column, with same height of the positive 
one; and the upper reversion zone, and its “zero 
point”, or non-resistance top. 


Both reversion zones are composed mainly of 
wheels. However, while the lower zone has to 
hang, open and bolt the chain, in order to change 
its profile and natural falling-down trajectory, the 
upper has a very passive function, that is just to 
let the chain cross over, and avoid any turn back 
possibility. 


Fact is that in all circuit the chain follows with 
passivity the “voids” of trails, but assumes a very 
strong positive and pressure action in mass-united 
zone, especially in the button, where to the wheel 
there is applied all the active potential weight of 
the device, formed by the entire stack of the full 
contracted state, forcing movement. 


Photo of FRCM (Avalanchedrive) 


It is easy to understand how and why FRCM works. 
Weight of the positive column is directly connected 
~ as a compressed spring ~ against the relatively 
lighter negative column, through lower reversion 
wheel, where happens a kind of flux (the “solid 
flux") of the chain, that never can find a state of 
rest. Cycles of “breaking” of the chain can 
beconsidered as the instant of touch of each corner 
of the chain to the lower step wheel. To complete 
the circuitry, the chain excess, which is much 
lighter, passes over the upper wheel and turns 
back to the positive column top. It is impossible 
to turn the full subtracted potential to its source 
but mechanically the easier job to be done in 
FRCM. 


FRCM manages and converts mass in 
energy... 


‘The chain flows from the positive column, naturally 
finds changed profile and reverses to opposite way, 
and then it is pushed up to the negative column and 
to top. Finally it is collected, friendly, to restore the 
potential, at non-stop run! The only alternative to the 
chain is to move and move, and apply the positive 
surplus of weight to wrench under axle of the wheel. 
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‘Mount the rollers in the roller mounting holes To begin, use Carefully lift the inner panel by the sides and place the: 


the second-trom-the-top roller mounting holes, Follow the rollers on the inner roller track. Rol the door toward the 
‘manufacturer's instructions for spacer or washer placement shower end of the tub. The edge of the panel shauld touch 
and orientation. both rubber bumpers. ft doesn’t, remove the door and move 


the rollers to different holes. Drive the screws by hand to 
prevent overtightening 


Lift the outer panel by the sides with the towel bar facing Apply a bead of clear silicone sealant to the inside seam 
out from the tub, Place the outer rollers aver the outer raller of the wall and wall channel at bath ends and to the U-shaped 
track. Slide the door to the end opposite the shower end of the joint ofthe track and wall channels. Smooth the sealant with a 
tub. If the door does not contact both bumpers, remove the fingertip dipped in water. 


oor and move the rollers to different mounting holes. 
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WH! Tiling Bathroom Walls 


ile isan ideal covering for walls in kitchens and 

bathrooms, but there's no reason to limit its use to 
those rooms, It's not as common in North American 
homes, but in Europe tile has been used in rooms 
throughout the house for generations. And why not? 
Beautiful, practical, easy to clean and maintain, tile 
walls are well suited to many spaces. On the preceding 
pages, you've seen some design ideas for tile walls 

When shopping for tile, keep in mind that tiles 
that are at least 6” x 6" are casier to install than small 
tiles, because they require less cutting and cover more 
surface area, Larger tiles also have fewer grout lines 
that must be cleaned and maintained, Check out 
the selection of trim and specialty ti 
accessories that are available to help you customize 
your project. 

Most wall tile is designed to have narrow grout 
lines (less than 4" wide) filled with unsanded grout 
Grout lines wider than )" should be filled with 
sanded floortile grout. Either type will last longer if it 
contains, or is mixed with, a latex additive. To prevent 
staining, it’s a good idea to seal your grout after it fully 
cures, then once a year thereafter 

You can use standard drywall or water-resistant 
drywall (called "greenboard”) as a backer for walls in 
dry areas. In wet areas, install tile over cementhoard. 
Made from cement and fiberglass, cementboard 


and ceramic 


cannot be damaged by water, though moisture ean pass 
through it. To protect the framin 
membrane, such as roofing felt or polyethylene 
sheeting, between the framing members and the 
cementboard. Be sure to tape and finish the seams 
between cementhoard panels before laying the tile 
See page 45 for information on planning and 
laying out ti 


install a waterproof! 


walls. 


Tools & Materials > 


Tile-cutting tools 

Marker 

‘Tape measure 

4-ft. level 

Notched trowel 

Mallet 

Grout float 

Grout sponge 

Sofi cloth 

Small paintbrush 
or foam brush 

Caulk gun 

Straight 1 x 2 


Dry-set tile mortar 
with latex additive 
Ceramic wall tile 
Ceramic trim tile 
(as needed) 
2x4 
Carpet serap 
‘Tile grout with latex 
additive 
‘Tub & tile caulk, 
Alkaline grout sealer 
Cardboard 
Story stick/pole 


Wall tile is very popular and practical in bathrooms, where it can be used on all surfaces or primarily as an accent. Installing 
‘custom-tiled tub and shower surraunds is a popular DIY project. 
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How to Install Wall Tile in a Bathtub Alcove 


Beginning with the back wall, measure up and mark 2 
point ata distance equal to the height of ane ceramic tle (if 
the tub edge is not level, measure up from the lowest spot) 
Draw a level line through this point, along the entire back 
‘all. This line represents a tile grout line and will be used as a 
reference line for making the entire tile layout. 


Use a level to draw a vertical reference line through the 
adjusted midpoint from the tub edge to the celing, Measure up 
from the tub edge along the vertical reference line and mark 
the rough height of the top raw of tiles. 


‘Measure and mark the midpoint on the horizontal reference 
line, Using a stary stick, mark along the reference line where 
the vertical grout joints will be located. f the story stick shows. 
that the corner tiles wil be less than half of a full the wid 
‘move the midpoint hatf the width of a tie in either direction 
and mark (shown in next step) 


Use the story stick to mark the horizontal grout joints along 
the vertical reference line, beginning at the mark for the top 
row of ties Ifthe cut tiles atthe tub edge will be less than half 
the height of@ full til, move the top raw up half the helght of a 
tile. Note: f ting to a ceiling, evenly divide the tiles to be cut at 
the ceiling and tub edge, as for the comer tiles 


(continued) 
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Use a level to draw an adjusted horizontal reference line 
through the vertical reference line at a grout joint mark close 
to the center of the layout. This splits the tile area into four 
‘workable quadrants. 


stance ser 


vrtest & sat] Shiels BF 


Mix a small batch of thinset mortar containing a latex 
additive. (Some mortar has additive mixed in by the 
manufacturer and some must Nave additive mivec 
Spread adhesive on a small section of the wall, 
Of one quadrant, using a %" notched trowel. 


parately) 
jong both legs 
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Use a level to transfer the adjusted horizontal reference 
line from the back wall to both side walls, then lay out both 
side walls. Adjust the layout as needed so the final column 
Of tiles ends at the outside edge of the tub. Use only 

adjusted horizontal and vertical reference lines for ceramic 
tile installation. 


Use the edge of the trowel to create furrows In the mortar, 
Set the first tle in the corner of the quadrant where the lines 
intersect, using a slight twisting mation. Align the tile exactly 
with both reference lines, When placing cut ties, position the 
cut edges where they willbe least visible 


Continue installing tiles, working from the center out into the field of the quadrant. Install remaining tiles, including 
Keep the tes aligned withthe reference lines and tlle n one quadrant at atime. ifthe border areas. Wipe away excess mortar 
tiles are not seit spacing, use plastic spacers inserted in the corner joints to maintain _along the top edges of the edge tiles. 
‘even grout lines (inset), The base row against the tub edge shauld be the last row of 

tiles installed. 


= 


Mark and cut tiles to fit around all plumbing accessories ar ~—_Install any ceramic accessories by applying thinset mortar 

plumbing fixtures. to the back side, then pressing the accessory into place. Use 
‘masking tape to support the weight until the martar dries 
(inset), Fil the tub with water, then seal expansion joints 
around the bathtub, floor, and comers with silicone caulk 
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WW] installing Toilets 


Venger at neosiger be 
toilet with a high-efficiency, high-quality new toilet in 
just a single afternoon, All toilets made since 1996 have 
been required to use 1.6 gallons or less per flush, which 
has been a huge challenge for the industry: Today, the 
most evolved I.6-gallon toilets have wide passages behind 
the bowl and wide (3") fish valve openings—features 
that facilitate short, powerlul flushes. This means fewer 
second flushes and fewer clogged toilets, These problems 
‘were commen complaints of the first generation of 
1.6-gallon toilets and continue to beleaguer inferior 
models today: See what toilets are available at your local 
home center in your price range, then go online and see 
‘what other consumers’ experiences with thase models 
have been, New toilets often go through a “de-bugaing” 
stage when problems with leaks and malfunctioning parts 
are more common. Your erteria should include ease of 
installation, good flush performance, and reliability. With 
alittle research, you should be able to purchase and 
install a high-functioning economical gravity-flush toilet 
that will serve you well for years to come. 
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Adjustable wrench 
Bucket and sponge 
Channel-type pliers 
Hacksaw 
Penetrating oil 

Pliers 

Putty knife 

Rubber gloves 
Screwdriver 

Supply tube 

Teflon tape 

Teller seat bolts 
Toilet seat 

‘Towels 

Utility knife 

Wax ring with flange 


Replacing a toilet is simple, and 
the latest generation of 1.6-gallon 
water-saving toilets has overcame the 
performance problems of earlier models. 


) How to Install a Toilet 


Clean and inspect the old closet flange. Look for breaks 
(or Wear. Also inspect the fiooring around the flange. either 
the flange or floor is worn or damaged, repair the damage. 
Use a tag and mineral spirits to completely remove residue 
from the old wax ring, Place a rag into a plastic bag and use it 
to block toxic sewer gas in the drain opening. 


If you will be replacing your toilet flange or if 
yyour existing flange can be unscrewed and moved, 
‘orient the new flange so the slots are parallel to the 
‘wall. This allows you to insert bolts under the siatted 
‘areas, which are much stronger than the areas at the 
ends of the curved grooves. 


Insert new tank bolts (don't reuse old ones) into the 


‘openings in the closet flange. Make sure the heads of the bolts 
are oriented to catch the maximum amount of flange material 


Remove the wax ring and apply it ta the underside of the 


|, around the horn. Remove the protective covering. Do not 


touch the wax ring. Itis very sticky. Remave the plastic bag, 


(continued) 
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Spud nut e 


Lower the bowl onto the flange, taking care riot to disturb Attach the tollet tank, Some tanks come with a flush valve 
the wax ring, The holes in the bow! base should align perfectly _and.a fill valve preinstalled. For models that do not have this, 
\with the tank bolts. ddd a Washer and tighten a nut on e: insert the flush valve through the tank apening and tighten 
bolt. Hand tighten each nut and then use chennel-type pliers to a Spud nut over the threaded end of the valve, Place a foam 
further tighten the nuts. Altemate back and forth between nuts spud washer on top of the spud rut; 

Until the bowl is secure, Do not overtignte 


Intermediate nut goes, 
‘between tank and bow! 


lt 


Adjust the fill valve as directed by the manufacturer to set —_With the tank lying on its back, thread a rubber washer 


the correct tank water level height and instal the valve inside onto each tank bolt and insert it into the bolt holes from inside 
the tank. Hand tighten the nylon lock nut that secures the the tank. Then, thread a brass Washer and hex nut onto the 
valve to the tank (inset photo) and then tighten itfurther with _ tank bolts from below and tighten them to a quarter turn past 
cchannel-type pliers. hand tight. Do not overtighten, 
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Position the tank on the bowl, spud washer an opening, You may stabilize the bolts with a large slotted screwelriver 


bolts through bolt Holes. Put a rubber washer, followed by a from inside the tank, but tighten the nuts, not the bolts. You 
brass washer and wing nut, on each bolt and tighten these may press down a little on a side, the front, or the rear of 
upeveniy. the tank to level it as you tighten the nuts by hand. Do not 


vertighten and crack the tank. The tank should be level and 
stable when you're done, 


11 


Hook up the water supply by connecting the supply tube to Attach the toilet seat by threading the plastic or brass bolts 
the threaded fll valve with the coupling nut provided. Turn on _ provided with the seat through the openings on the back of 
the water and test for leaks. Do not overtighten. the rim and attaching the nuts. 
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WW! installing Wall-hung Vanities 


hink of a wall-mounted sink or vanity cabinet the presentation; athers look like standard vanities 
and you're likely to conjure up images of public without legs. Install wall-hung sinks and vanities by 
restrooms where these conveniences are installed to attaching them securely to studs or wood blocking, 


improve access for floor cleaning, However, wall-hung 

sinks and vanities made for home use are very - 

different from the commercial installations. Tools & Materials > 
Often boasting high design, beautiful modem . 

sand sinks come in a variety of styles and 


Studfinder Level 
nd glass. Some sex 


including wood, me Vanity 


attach with decorative wall brackets that are part of 


Today's wall-hung sinks are stysh and attractive. Tey must be mounted into studs or added blocking to keep them secure 
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‘This FRCM principle allows develop the equipment 
which is going to be able to take energy, work and 
force from gravity potential, so as it happens from 
wind and water at electrical generator machines, 
today. The potential is kept in such critical situation, 
that the only way for it is to escape and move. 
Besides in consequence of the suspending mass 
state the linear constant repetition of event will 
suffer. Water and other fluids do not offer “mutant 
profile" with fixed value of pressure, just as solid 
materials. There are many arguments for this view. 


Fig. 2 


Sogment of a chain 


Considering all mechanical losses, a part of the 
mass will be very active and applied in eccentric, 
or radial position to the wheel, even with the risk 
to cause too high speed. FRCM manages and 
converts mass in energy. 


See a non-scale schematic draw (Fig. 2) and photo 
of a chain segment to compare densities between 
columns at right and at left, 


A theoretical case can be calculated: at total 
chain weight - 100, general losses - 20, total 
negative resistance - 30, active or positive 
surplus is 50 ~ 30 = 20. This surplus that may be 
of 2kg, 200kg or 2,000kg, depending on scale, will 
force and free edge of the wheel, while the total 
weight keeps confined in the device. In the above 
case the difference of balance is 1.66. This means 
that the flowing velocity of the negative pile is 1.66 
times higher than the falling of opposite positive 
pile. Just like a this change and 
relation is fixed, and in other cases may be varied 
or calculated to 3, 4 or even more! In all cases the 
speed must be hold that is not very easy job while 
one faces gravity acceleration. 


‘The author of FRCM conceptions feels like these 
ideas have been around for many centuries, and that 
they are now discovered just like old draws, And this 
can be the bigger and the best moment to release 
this. Many thousands of different designs and 
solutions are coming in the future at looking for the 
better performance, costs and durability. Author 
thinks it to be strange that previous guesses could 
not reach this macro-physical concept. To build 
FRCM circuits, even re-applied or used old pieces, 
for example from ships and trains, will be useful. 


‘This is only a start to a “new-old” development and 
clue to the sources of the modern mechanical 
engineering. Certainly some oppositions should be 
overcome. It is expected that other names are also 
going to be created and proposed to FRCM, but 
“avalanchedrive” seems to be a good one. 


Author expects to get the invention and concept 
credits but not royalties and would also be glad to 
keep working on this concern. So, this message is a 
kind of invitation. 


Editor: Unfortunately we have no photo or video 
documents of the operative device. We wait for readers’ 
comments on this invention. 


Complete text of the patent is avaible in 
Pourtuguese only. 
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How to Install a Wall-hung Vanity Base 


Remove the existing sink or fixture and inspect the wall 
framing. Also determine if plumbing supply and waste lines will 
need to be maved to accommodate the dimensions of the new 
fixture. Locate the studs in the sink location with a stud finder 


Mark the locations of the mounting holes on the wall using 
a template or by supporting the sink or vanity against the wall 
\with a temporary brace (made here from scrap 2 x 4s) and 
marking through the mounting holes. 


Hold the sink or cabinet in the installation area and 
check to see ifthe studs align with the sink or sink bracket 
‘mounting holes. if they do, skip to step 3, f the studs do not 
align, remove the wallboard behind the mounting area. Install 
26 blocking between studs at the locations of the mounting, 
screws, Replace and repair wallboard 


Drill pilot holes at the marks Have a helper hold the vanity 
in place while you drive the mounting screws. Haok up 
the plumbing 


Installing Vessel Sinks 


he vessel sink harkens back to the days of 

wwashstands and washbowls. Whether it's round 
square, or oval, shallow or deep, the vessel sink offers 
great opportunity for creativity and proudly displays 
its style. Vessel sinks are a perfect choice for a powder 
room, where they will have high visibility 

Most vessel sinks can be installed on any flat 
surface—from a granite countertop to a wall-mounted 
vanity to an antique dresser. Some sinks are designed 
to contact the mounting surface only at the drain 
flange. Others are made to be partially embedded in 
the surface. Take care to follow the manufacturer's 
instructions for cutting holes for sinks and faucets. 

A beautiful vessel sink demands an equally 
attractive faucet. Select a tall spout mounted on the 
countertop oF vanity top or a wall-mounted spout to 
accommodate the height of the vessel. To minimize 


Vessel sinks are available in countiess styles and m 
installed on a fat surface. 
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als, shapes, and sizes, Their of 


splashing, spouts should direetly flow to the center of 
the vessel, not down the side. Make sure your faucet is 
compatible with your vessel choice. Look for a centerset 
or single-handle model if you'll be custom drilling the 


countertop—you only need to drill one faucet hole 


" Tools & Materials > 


Jigsaw Vanity oF countertop 
Trowel Vessel sink 

Pliers Pop-up drain 
Wrench P-trap and drain kit 
Caulk gun and caulk Faucet 

Sponge Phillips screwdriver 
Drill 


ynmonality is that they all need to be 


| vessel Sink Options 


This glass vessel sink embedded in a “iloating” glass The natural stone vessel sink blends elegantly nto the 
countertop is a stunning contrast to the strong and attractive _—_stone countertop and is enhanced by the sleek faucet and 
frame anchoring it to the wall round mirror. 


The stone vessel sink is complemented by the wall-hung Vitreous china with a glazed enamel finish is an economical 

faucet. The rich wood vanity on which it's perched adds and durable choice for a vessel sink (althaugh itis less durable 

warmth to the roam, cause of the adaptability of bath the mater 
and the glaze, the design options are virtually unlimited with 
vitreous china, 
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' How to Install a Vessel Sink 


‘Secure the vanity cabinet or other countertop that you'll be 
using to mount the Vessel sink (see pages 464 to 465), 


‘Mounting 
stud 


Begin hooking up the faucet. insert the brass mounting 
stud into the threaded hole n the faucet base with the slatted 
end facing out Hand tighten, and then use a screweiriver to 
tighten another half tur. insert the inlet hoses into the faucet 
body and hand tighten. Use an adjustable wrench to tighten 
another half turn. Do not avertighten, 


Place the O-ring on top of the riser-ring aver the faucet 
{cutout in the countertop. From underneath, slide the rubber 
‘gasket and the metal plate over the mounting stud Thread the 
mounting stud nut onto the mounting stud and hand tighten, 


Use an adjustable wrench to tighten another half turn. 
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To install the sink and pop-up drain, frst place the 
small metal ring between twa O-rings and place over the 
drain cutout 


Place the vessel bow on top of the O-rings. In this 
installation, the vessel ls not bonded ta the countertop, 


pS CETTE 


From underneath, push the large rubber gasket onto the 
threaded portion of the pop-up assembly. Thread the nut onto 
the pop-up assembly and tighten. Use an adjustable wrench 
cr basin wrench to tighten an addtional half turn, Thread the 
taliplece onto the pop-up assembly. 


Put the small rubber gasket over the drain hole n the 
vessel. From the top, push the pop-up assembly through 
the drain hole 


Tailpiece 


Drain arm 


Install the drum trap. Laosen the rings on the top and 
outlet of the drum trap Slide the drum trap top hole over the 
tailpiece. Slide the drain arm into the side outlet, with the flat 
side of the rubber gasket facing away from the trap. Insert the 
drain arm into the wall outlet. Hand tighten the rings. 
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WH! installing Pedestal Sinks 


edestal sinks move in and out of popularity more fre- benefit is that they conceal plumbing some 
quently than other sink types, but even during times homeowners would prefer not to see 
they aren't particularly trendy, they retain fairly stable Pedestal sinks are mounted in two ways. Most 
demand, Youll find them most frequently in half baths, of the more inexpensive ones youll find at home 
where their small footprint makes them an efficient stores are hung in the manner of wall-hung sinks. The 
choice. Designers are also discavering the appeal of pedestal is actually installed after the sink is hung and 
tandem pedestal sinks of late, where the smaller profiles its purpose is only decorative. But other pedestal sinks 
allow for his-and-hers sinks that don't dominate visually. (typically on the higl end of the design scale) have 
The primary drawback to pedestal sinks is that structurally important pedestals that bear most or all 
they don’t offer any storage. Their chief practical of the weight of the sink. 


Pedestal sinks 
contained look to 


lable ina variety of sty fect fit for small haf baths, They keep plumbing hidden, lending 4 nest, 
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How to Install a Pedestal Sink 


Install 2 « 4 blocking between the wall studs, behind the Set the basin and pedestal in position and brave it with 
planned sink location, Cover the wall with water-resistant drywall, 24s. Outline the top of the basin on the wall, and mark the 
Waste and supply lines may need to be moved, depending _base of the pedestal on the floor Mark reference points on the 
(on the sink 


Set aside the basin and pedestal. 
pilot holes in the wall and floor at 
the reference points, then reposition 
the pedestal, Anchar the pedestal ta 
the floor with lag screws. 


wall and floor through the mounting holes found an the back 
of the sink and the bottom of the pedestal 


Attach the faucet, then set the sink Hook up the drain and supply fittings 
‘on the pedestal. Align the holesin the Caulk between the back of the sink and 
back of the sink with the pilot holes the wall when installation is finished, 


dhilec in the wall, then drive lag screws 
‘and washers into the wall brace using 
a ratchet wrench. Do not avertighten 
the screws. 
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WH! installing 
Vanity Cabinets 


[fesse countertops nelle tay a 
integral (one-piece) sink-countertop units, 
made from cultured marble or other solid materials, 
like solid surfacing. Integral sink-countertops are 
convenient, and many are inexpensive, but style and 
color options are limited, 

Some remodelers and designers still prefer the 
distinctive look of a custom-built countertop with 


a self-rimming sink basin, which gives you a much 

greater selection of styles and colors. Installing a 

self-rimming sink is very simple. 

| Tools & Materials > 
Pencil Cardboard \ Na 
Sesser Masking tape \\ \ 
Carpenter's level Plumber's putty \\ | 
Serewilciver Lagscrews SS 


Tub and tile eaulk 
Plumber's putty 


Channel-type pliers 


es : Integral sink-countertops are made in standard sizes to ft 
jatchet wreneh 


common vanity widths. Because the sink and countertop are 
cast from the same material, integral sink-countertops do not 
leak, and do not require extensive caulking and sealing, 


Basin wrench, 


| How to Install a Vanity Cabinet 


Drain 
tailpl 


Set the sink-countertop 
sawhorses. Attach the faucet and slip 
the drain lever through the faucet body, 
Place a ring of plumber’s putty around 
the drain flange, then insert the flange in 
the drain opening 


Thread the locknut and sealing gasket 
‘onto the drain tailpiece, then insert the 
taliplece into the drain opening and screw 
itonto the drain flange Tighten the lacknut 
‘securely Attach the taipiece extension, 
Insert the pop-up stopper linkage. 
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Apply a layer of tub and tile caulk 
(or adhesive if specified by the 
countertop manufacturer) to the top 
‘edges of the cabinet vanity, and ta any 
corner braces. 


Center the sink-countertop unit aver the vanity so the Cabinets with corner braces: Secure the countertop to 


‘overhang is equal on both sides and the backsplash of the the cabinet by driving a mounting screw thraugh each corner 
Countertop is flush with the wall. Press the countertop evenly brace and up into the countertop, Note: Cultured marble 
into the caulk. and other hard countertops require predriling and a plastic 


screw sleeve, 


1 
Vale Supply tub 


; Be 
f 
man 


Drain 
stub-out 


Ce 
: 


— 


‘Attach the drain arm to the drain stub-out in the wall, using _Seal the gap between the backsplash and the wall using tub 
asslip nut. Attach ane end of the P-trap to the drain arm, and and tle caulk 

the other to the tailpiece of the sink drain, using slip nuts. 

Connect supply tubes to the faucet talpieces. 
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WH) installing Bathroom Sink Faucets & Drains 


(7) ne-pieve faucets, with either one or two x 
J handles, are the most popular fixtures for Tools & Materials > 


bathroom installations 


‘Wifkléspread? fences with separite spout Hacksaw or tin snips "Teflon tape 

and handles are being installed with increasing, Channel-type pliers Bauees kit 
frequency, however. Because the handles are Pliers Pipe joint compound 
connected to the spout with flex tubes that can Basin wrench Flexible supply tubes 
be 18" or longer, widespread faucets can be arranged Aelustable viznchi ———Heae pepoliatease: 
iar : - 3 Screwdriver Loctite (adhesive) 


Plumber's putty 


Bathroom sink faucets co’ 


‘two basic styles: the widespread with independent handles and spout (top) and the single-body, 
deck-mounted version (otto 
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=~ By jen-Powered. 
“Wehicles at'Least a Decade Away ~ 
Peter Behr . 
@yeg Schneider 
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Washington Post 
utp//ormwrwashingtonpost.com/wp-dyn/artcles ABQS122003Jan29.html 
"Thursday, January 30, 2003; Page AOS 


‘This information is forwarded as a courtesy from: 
inttp://www.integrityresearchinstitute.org, 


President Bush’s vision of a hydrogen-powered, 
non-polluting "Freedom" car for the next 
generation of American motorists pulled out 
silently from a Newport Beach, Calif., garage with 
Gregg Kelly at the wheel, bound for his office 
10 miles away. 


Kelly, president of a California robotics company, 
happens to drive a Toyota prototype of a 
hydrogen-fueled car, one of a handful in the United 
States today. 


It will take at least a decade before a host of 
technological, economic and political barriers are 
overcome, permitting a fleet of these 
revolutionary vehicles to appear on U.S 

highways, industry experts said. But by including 
the goal of hydrogen fuels in his State of the Union 
message Tuesday, Bush has opened the door to a 
fledgling movement that has already attracted a 
surprising coalition of supporters. 


Environmentalists, automakers, oil companies and 
coal producers, engineering labs and strategists 
have seized on hydrogen as an almost too-good- 
to-be-true power source. It is abundant in water 
and air, it burns cleanly and it could free the nation 
from its dependence on Middle Eastern oil. 


“For President Bush to frame the goal as he did is 
significant,” said Jeremy Rifkin, consultant and 
author of a book advocating a transition from oil 
and gas to hydrogen. “How much is made of this, 
time will tell.” 


The president said he hoped that Americans born 
today would learn to drive in hydrogen-powered 
cars, a schedule that auto experts said could 
technically be met. But whether these vehicles 
will be commercially available depends on a huge 
array of variables. 


First, the technology is still incomplete and 
unaffordably expensive. The specially equipped 
Toyota Highlander that Kelly drives has no price 
tag. The Japanese manufacturer, after investing 
millions of dollars in research, lent the vehicle to 
a University of California research project that 
Kelly’s company supports. “My checkbook isn’t 
fat enough,” Kelly said. 


The car is powered by electricity generated in a 
fuel cell by chemically combining hydrogen and 
oxygen. The engine spits out water drops instead 
of the carbon dioxide and other pollutants 
generated by burning gasoline. 


With foreign manufacturers committed to press 
ahead, Detroit’s carmakers have had to accelerate 
their research programs. In June, Ford Motor Co. 
will unveil a prototype car that uses hydrogen to 
power an internal combustion engine ~ part of a 
“bridging strategy” to help ease hydrogen into 
the marketplace until fuel cells are fully 
developed. 


General Motors Corp. has developed a fuel cell- 
powered, car-sized “skateboard” ~ four wheels 
attached to a platform less than a foot thick, to 
which any kind of car body could be buckled. 


Rather than use fuel cells, BMW has refitted 10 of 
its $70,000 Model 745 sedans with hybrid engines 
that burn either gasoline or liquid hydrogen 
directly. It could be mass producing them by the 
end of the decade at a “reasonable” cost for its 
customers if there were enough hydrogen fueling 
stations to power them, said spokesman Gordon 
Keil. “We're trying to get [fuel suppliers] interested 
in hydrogen. We've not met with a lot of 
enthusiasm.” 


As daunting as the engineering challenge is the 
need for a national hydrogen fuel infrastructure — 
factories to produce the fuel, pipelines and trucks 
to distribute it and stations to store and sell it. 
Environmentalists dream of a totally “green” 
strategy in which solar or wind power is used to 
separate hydrogen from water - an approach 
whose costs now would be prohibitive. A nearer 
prospect is producing hydrogen from natural gas 
or coal, however in either case, the carbon dioxide 
byproduct would have to be injected underground 
to avoid a huge increase in greenhouse-gas 
emissions, experts say. 


Rifkin argues that an eventual scarcity of oil and 
gas, decades ahead, will push prices of these fuels 
up to a point where hydrogen becomes cost- 
competitive. “It isn’t a problem that will yield to 
technology alone,” agreed David M. Nemtzow, 
president of the Alliance to Save Energy. 


While all the major automakers are developing fuel- 
cell technology, most are cautious about hyping it. 
“We don't want to get too exuberant about it in 
that sense, overselling it,” said Greg Dana, vice 
president for environmental affairs at the Alliance 
of Automobile Manufacturers. 


Fresh in some minds is the experience of the 
Clinton administration, which launched a high- 
profile, $1.5 billion research venture with the 
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Bathroom Faucet & Drain Hookups 


Spout 


i 


Aerator 


Tailpiece 


‘ye coupling 


‘nuts 


Widespread lavatory faucets have valves that are independent from the spout i 
they can be configured however you choose, provided that your flex t 
are long enough to span the distance, 


‘Single-body lavatory faucets have 
be connectors both valves and the spout permanently 

affived to the faucet body. They do not 
offer flexibility in configurations, but 
they are very simple to instal 


The pop-up stopper fits into the drain opening so the 
stopper will close tightly against the drain flange when the 
pop-up handle Is lifted up, 


The linkage that connects the pop-up stopper to the pop-up 
handle fits into @ male-threaded port in the drain talipiece, 
Occasionally the linkage will require adjustment or replacement. 


shroom B 
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How to Install a Widespread Faucet 


Insert the shank of the faucet spout through one of the 
holes in the sink deck (usually the center hole but you can 
offset itin one of the end holes if you prefer). If the faucet is 
not equipped with seals or O-rings for the spout and handles, 
pack plumber's putty on the undersides before inserting the 
Valves into the deck. Note: iF you are installing the widespread 
faucet in @ new sink deck, dril three holes of the size 
suggested by the fauicet manufacturer. 


Mount the valves to the deck using whichever method the 
manufacturer specifies (it varies quite a bi). In the model seen 
here, a maunting ring is positioned aver the deck hole (with 
plumbers putty seal) and the valve is inserted trom below. 
‘clip snaps onto the valve from above to hold iin place 
temporarily (you'll want a nelper for this) 
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‘Rotainer/ 


‘spacer 


‘Mounting nut 


Sink deck soon in 
‘cutaway for clarity 


In addition to mounting nuts, many spout valves for 
widespread faucets have an open-retainer fitting that goes 
between the underside of the deck and the mounting nut. 
(Others have only a mounting nut. in ether case, tighten the 
‘mounting nut with pliers or a basin wrench to secure the spout 
valve. You may need @ helper to keep the spout centered and 
facing forward, 


From below, thread the mounting nuts that secure the valves 
to the sink deck, Make sure the cold water valve (usually has 
a blue cartridge inside} isn the right-side hole (from the front) 
and the hot water valve (fed cartridge) is in the left hale (fram. 
the front). Install both valves. 


‘Once you've started the nut on the threaded valve shank, 
secure the valve with a basin wrench, squeezing the lugs 
\where the valve fits against the deck. Use an adjustable 
wrench to finish tightening the lock nut onto the valve. The 
valves should be oriented so the water outlets are aimed at 
the inlet on the spout shank. 


Attach flexible braided-metal supply risers to the water 
stop valves and then attach the tubes to the inlet port on each 
valve (usually with Teflon tape and a twist-on fiting at the valve 
end of the supply risen. 


Attach the flexible supply tubes (supplied with the faucet) 
to the water outlets on the valves, Some twist onto the outlets, 
but others (lke the ones above) click into place. The supply 
hoses meet in a Fitting that is attached to the water inlet on 
the spout, 


Attach the spout. The model shown here comes with a 
special hex wrench that is threaded through the hole In the 
spout where the lift rod for the pop-up drain will be located. 
Once the spout is seated cleanly on the spaut shank, tighten 
the hex wrench to secure the spout. Different faucets will use 
bother methods to secure the spout to the shank 


(continued) 
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If your sink did not have a pop-up stopper, you'll need Attach the clevis strap to the pivot rod thet enters the 
to replace the sink drain tallpiece with a pop-up stopper body pop-up drain bady, and adjust the position of the strap so 
(often supplied with the faucet). See page 473. Insert the lit itraises and lowers properly when the lift rad fs pulled 
rod through the hole in the back of the spout and, from below, up, Tighten the clevis screw at this point. t’s hard to fit a 
thread the pivot rod through the housing forthe clevis screw, screwdriver in here so you may need to use a wrench or pliers 


Attach the faucet handles to the valves using wi 


‘yer Turn on the water supply and test the faucet. Remove 
method is required by the faucet manufacturer. Most faucets the faucet aerator so any debris in the lines can clear 

are designed with registration methods to ensure that the the spout 

handles are symmetrical and oriented in an ergonomic way 

‘once you secure them to the valves. 
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| Variation: How to Install a Single-body Faucet > 


Coupling 


Flexible sink 
supply riser 


Insert the faucet tallpieces through the holes in the 
sink. From below, thread weshers and mounting nuts over 
the talpieces then tighten the mounting nuts with a basin 
wrench untl snug. Put a dab of pipe joint compound on 
the threads ofthe stop valves and thread the metal nuts 
ofthe flexible supply risers to these. Wrench tighten about 
a hal-turn past hand tight, Overtightening these nuts will 
strip the threads. Now tighten the coupling nuts to the 
faucet talpieces witha basin wrench, 


Grease the fluted valve stems with hestproof grease, 
then put the handles in place. Put a drap of Loctite on 
each handle screw before tightening it on. (This will keep 
your hanidles from coming loose) Cover each handle 
screw with the appropriate index cap—Hot or Cold. 


Most faucets come with a plastic or 
foam gasket to seal the battam of the 
faucet to the sink deck. These gaskets will 
not always form a watertight seal. If you. 
‘want to ensure no water gets below the 
sink, discard the seal and press a ring of 
plumber’s putty into the sealant groove 
built into the underside of the faucet body. 


Pivot rod 


Slide the lift rod of the new faucet into its hole 
behind the spout, Thread it into the clevis past the clevis 
screw, Push the pivot rod all the way down so the stopper 
's open. With the lift rod also all the way down, tighten the 
levis ta the lft rod 


Unscrew the aerator fom the end ofthe spout. Tun 

the ot and cold wate taps on ul Tun the water back on 
atthe stop Valves an fush out the fact fora erupt 

minutes before ring of the vate at re faucet. Check 

the riser connection for cin. Tighten a compression nut 
aly unis arp stops 
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How to Install a Pop-up Drain 


Put a basin under the trap to catch water. Loasen the Unscrew the cap holding the ball-and-pivot rod in the 
ruts at the outlet and inlet to the trap bend by hand or with pop-up body and withdraw the ball. Compress the spring clip, 
‘channel-type pliers and remove the bend. The trap will side off |—_on the clevis and withdraw the pivot rod from the clevis. 

the pop-up body tallplece when the nuts are loose. Keep track 

(of washers and nuts and their up/dawn ontentation by leaving 

them an the tubes, 


Remove the pop-up stopper. Then, from below, remove Clean the drain opening above and below, and then thread 
the lock nut on the stopper body, f needed, keep the flange the locknut all the way down the new pop-up body, followed 
from turning by inserting a large screwdriver in the drain from _by the flat washer and the rubber gasket (beveled side up), 

the top. Thrust the stopper body up through the hole to free \Wrap three layers of Teflon tape clockwise onto the top of the 
the flange from the basin, and then remove the flange and the _ threaded body. Make a %-dla. snake from plumber's putty, form 
stopper body, itinto a ring, and stick the ring undemeath the drain flange. 
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Plumber's putty 


From below, face the pivot rad opening directly back toward 
the middle of the faucet and pull the body straight down to 
seat the flange. Thread the locknut/washer assembly up under 
the sink, then fully tighten the locknut with channel-type pliers. 
‘Do rot twist the fiange in the process, as this can break the 
putty seal. Clean off the excess plumber's putty from around 
the flange, 


Put the cap behind the ball on the vot od as shown, 
Sandwich a hole inthe clevis with the spring clip and thread 
the long end ofthe pivot rod through the clip and clevis. Put 
the ball end of the pivot rod into the pop-up body opening and 
into the hole in the the stopper ster. Screw the cap onto the 
‘pop-up body over the ball 


Drop the pop-up stopper into the drain hole so the hole 
at the bottom ofits post is closest to the back of the sink, Put 
the beveled nylon washer into the opening in the back of the 
pop-up body with the bevel facing back 


Loosen the clevis screw tiolding the clevis tothe lift rod 
Push the pivat rod al the way dawn (which fully opens the 
pop-up stopper). With the lift rod also all the way down, tighten 
the clevis screw ta the rod. Ifthe clevis runs into the top of the 
trap, cut it short with your hacksaw or tin snips. Reassernble 
the bend trap. 
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Installing Tub Spouts 


J» many situations, replacing a bathtub spout can 
be almost as easy as hooking up a garden hose to.an 

‘outdoor spigot. There are some situations where itis a 

bit more difficult, but still prety simple. The only time 

it's a real problem is when the spout is attached to a plain 

copper supply nipple, rather than a threaded nipple. You'll 
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know this is the case if the spout has a setserew on the 
underside where it meets the wall. Many bathtub spouts 
are sold in kits with a matching showerhead and handle 
or handles. But for 
spouts are sold separately. You just need to make sure the 
new spout is compatible with the existing nipple 


simple one-for-one replacement 


‘Tub spouts can be relatively complicated 
plumbing fittings, often performing three 
Cr four important functions, The spout 
ise is simple enough, since its only 
function is to deliver bathwater to the tub, 
But the diverter network and pop-up drain, 
contain multiple maving parts that require 
precise adjustment and occasional repait 
Of replacement (see photo, next pagel. 
The diverter is basically a stop valve that's 
ctivated by a lever or knob to block flow 
cf water from the spout, forcing it up to 
a showerhead or out through a handheld 
showerhead, as seen here, 


| Jr 
i | = 


Diverter lever 


Gate diverter 


=a 
in many bathtub/shower plumbing systems, has the important job of housing the gate inside the spc 
that is operated by a lever witha knob for pulling, An open gate allows water to come out of the spout when the faucet is turned 
an, When the divert i, the water is redirected up a riser pipe and to the ad, Faure ofthe diverter Is one o 


Tools & Materials > | Installation Tip > 


Pliers Teflon tape Ifyou are instaling a brand new tub/shower faucet, 
Adjustable plier: Utility knife It likely contains an antiscald device. Most of these 
Channel-type pliers devices work by sensing a decrease in cold water 

Ra flow and compensating by stemming the hot wa 
Masking tape flow too. As you install the new plumbing, be aware 
Screwdrivers that faucets with antiscald protection will not function 
Allen wrenches at all f both water supply tubes are not tumed on at 


Replacement spout the stop valve. In other words: you can't test the hat 
Measuring tape and cold supply independently 


| How to Install a Slip-fit Spout 


‘Slip fitting: Check underneath the tub spout to look for an 
‘access slot oF cutout, which indicates the spout is @ slip-fit 

style that is held in place with a setscrew and mounted on 

‘a copper supply nipple, Loosen the screw with a hex (Allen) 
Wrench, Pull off the spout 


With the spout upside down for ease of access, tighten the 
ssetscrews on the clamp, working through the access slot or 
‘cutout, until you feel resistance, 
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Clean the copper nipple with steel wool. If you find any 
sharp edges where the nipple was cut, smooth them out with 
emery paper. Then, insert the O-ring that comes with the spout, 
onta the nipple (see the manufacturer's instructions) and slide 
the spout body over the nipple in an upside-down pasition. 


Spin the spout so it’s right-side up and then tighten the 
setscrew from below, making sure the wall end of the spout is 
flush against the wall. Da not overtighten the setscrew. 


Detroit automakers a decade ago to produce an 80 
miles-per-gallon family car. No cars emerged, and 
the Bush administration halted the venture in favor 
of its hydrogen strategy. 


Some of the president's political opponents contend 
the hydrogen option is a way of deflecting criticism 
over administration policies favoring energy 
production over conservation. “The president seems 
content with the auto industry's approach: ‘Don't 
make us do anything today’,” said the Sierra Club's 
Daniel Becker. Others say it does not go nearly far 
enough. Sen. Byron L. Dorgan (D-N.D), chairman of 


the Democratic Policy Committee, said recently, “It’s 
moving in the right direction. But his proposal is rather 
timid. I think we need a bolder plan.” 


Bush's spending plan for the hydrogen project, 
$1.5 billion over five years, represents a $500 million 
increase over his current budget. The administration 
proposes to earmark $273 million for the 2004 fiscal 
year, but did not offer many specifics yesterday. The 
funding would support research on fuel cells, vehicle 
technology and distribution issues, 


‘The magnitude of the goal demands an effort on the 
scale of the Apollo Moon project, Dorgan said yesterday. 
‘You have to set benchmarks for five, 10 years out.” 


UNUSUAL PERMANENT MAGNET MOTORS 


‘Thomas Valone 


Integrity Research Institute, 
www integrityresearchinstitute.org 
1220 L St. NW, Suite 100-292, Washington, DC 20005 
Email: ii@erols.com 


Abstract 


Permanent magnet motors that try to achieve 
unusual overunity efficiencies with changes in 
wiring geometry, electronic switching schemes 
and magnetic configurations often are not 
successful. There are some designs that should 
be regarded as conventional and others as 
promising. Hopefully this article will help the 
reader to tell the difference before investing or 
accepting investment. Note: patents can be 
viewed for free at www.uspto.gov and also 
http://gb.espacenet.com/espacenet. 


Introduction 


An article about permanent magnet (PM) motors 
would not be complete without first reviewing the 
basic configurations that are present on the 
market today. Commercial PM motors are 
necessarily DC motors since their magnets are 
permanently polarized before assembly. Many PM. 
motors which use brushes are switching to 
brushless motors that promise less friction and 
wear. Brushless motors include electronic 
commutation or step motors. A step motor, often 
used in the automotive industry, offers more 
continuous duty torque per unit of volume than 
any other electric motor but it is often a lower 
speed motor. The electronic commutation design 
is applicable to the switched reluctance (SR) 
motor. The SR motor substitutes soft iron in the 
place of higher cost permanent magnets for the 
outer stator and instead has an inner PM rotor. 


Brushless motors in general produce torque from 
current in the armature by the application of 
Faraday's Law. The ideal PM motor has a linear 
torque vs. speed curve. There are both outer rotor 
and inner rotor designs that are standard in PM 
motors 


Fig.1 


Lenz's Law 
Induced B-field opposes motion. 


‘To point out the focus of many of the problems with 
analyzing motors, the Motion Control Handbook 
(Designfax, May, 1989, p. 33) says that there is a 
“very important relationship between torque and 
back emf that is sometimes not understood.” This 
relates to the electromotive force (emf) that is 
produced by the application of a changing magnetic 
field (4B/dt). In engineering terms, the “torque 
constant” (N-m/amp) equals the “back emf constant” 
(V/radian/sec). In physics, the motor terminal voltage 


New Energy Technologies, Issue #1 January - February 2003 


| How to Install a Threaded Spout 


If you see no setscrew or slot on the underside of the 
spout, itis attached to a threaded nipple, Unscrew the tub 
Spout by inserting 2 heavy-duty flat screwdriver Into the spout 


‘opening and spinning it counterclockwise. 


Wrap several courses of Teflon tape clockwise onto ‘Twist the new spout onto the nipple unt ts lush 

the pipe threads ofthe nipple. Using extra Tefion tape on the against the wall and the spout is oriented properly te spout 
thteads creates resistance ifthe spout tip points past six falls short of six o'clock, you may protect the finish of the 
‘o'clock when tight. spout with tape and twist it litle beyond hand tight with your 


channel-type pliers—but don't overdo i; the fiting can crack. 
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WH) installing Vanity Lights 


PAP ata eso ipo 
above the vanity, but a light source in this 
position casts shadows on the face and makes 
grooming more difficult. Placing light fixtures on 
either side of the mirror is a better arrangement. 

For a remodel, mark the mirror location, run 
cable, and position boxes before drywall installation, 
You can also retrofit by installing new hoves and 
drawing power from the existing fixture 

“The light sources should be at eye level; 66" is 
typical, The size of your mirror and its location on 
the wall may affect how far apart you can place the 
sconces, but 36 to 40" apart is a good guideline. 


Vanity lights on the sides of the mirror provide even lighting, 
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Tools & Materials > 


Drywall saw 

Drill 

Combination tool 

Gireuit tester 
Screwdrivers 

Hammer 

Electrical boxes and braces 
Vanity light fixtures 

NM cable 

Wire connectors 


How to Replace Vanity Lights in a Finished Bathroom 


Cable 
protector plates 


Turn off the power atthe service Mark the location for the fixtures Open the side knockouts on the 
panel, Remove the old fixture from the and instal new boxes install the boxes _—_electrical box above the vanity. Then 
Wall and test to make sure that the about 66" above the floor and 18 10 dil #* holes in the centers of any studs 
power is off Then remove a strip af 20" from the centerine ofthe mirror between the old fixture and the new 
irywall from around the old fixture to he mounting base of some fatures is ones. Run two NM cables from the new 
the frst studs beyond the approximate above or below the bul, so adjust the boxes forthe fixtures to the Box above 
location of the new fixtures. Make the height the bracing accordingly). the the vanity. Protect the cable with metal 
‘opening large enough that you nave ‘correct acation ison or next to a stud, _ protector plates. Secure the cables with 
room to route cable from the existing you can attach the box directly to the cable clamps, leaving 11" of extra cable 
fixture to the boxes, stud, otherwise you'l need to instal for making the connection tothe new 
blocking or use boxes with adustable tures, Remiove sheathing and strip 
braces (shown) insulation from the ends ofthe wires. 


Connect the white wires fiom the new cables to the White Install the fixture mounting braces on the boves. Attach 
‘wire from the old cable, and connect the black wires from the fixtures by connecting the black circuit wire to the black 
the new cables to the black wire from the old cable. Connect —_fixture wire, and connecting the white circuit wire to the white 
the ground wires. Cover all open boxes and then replace the _fixture wire, Connect the ground Wires. Position each fixture: 
‘rywall, leaving openings for the fture and the old box. (Cover over each box, and attach with the mounting screws. Restore 
the old box with a solid junction box cover plate.) power and test the circuit 
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WW! installing Grab Bars 


princess ane sel vi dashing enema, 
showers, and floors, but add water and moisture to 
the mix and you've created the perfect conditions for a 
fall.'The good news is many falls in the bathroom can be 
awoided by installing grab bars at key locations. 

Grab bars help family members steady themselves 
on slippery shower, tub, and other floor surfaces. Plus, 
they provide support for people transferring from a 
wheelchair or walker to the shower, tub, or toilet 

Grab bars come in a variety of colors, shapes, 
sizes, and textures, Choose a style with a 1% to 12" 
diameter that fits comfortably between your thumb 
and fingers, ‘Then properly install it 1" from the wall 
with anchors that can support at least 250 pounds. 

“The easiest way to install grab bars is to screw them 
into wall studs or into blocking or backing attached to 
studs. Blocking is a good option if you are framing a 
new bathroom or have the wall surface removed during 
a major remodel (see Illustration A). Use 2x 6 or 2% 8 
lumber to provide room for adjustments, and fasten the 
blocks to the framing with 16d nails. Note the locations 
of your blocking for future reference. 

Asan alternative, cover the entire wall with %" 
plywood backing secured with screws to the wall 
framing, so you can install grab bars virtually anywhere 
‘on the wall (see Illustration B). 

Grab bars can be installed in areas without studs. For 
these installations, use specialized heavy-duty hollowewall 
anchors designed to support at least 250 pounds 


Grab bars promote independence in the bathroom, where 
privacy is especially important. Grab bars nat only help prevent 
slips and falls, they also help people steady themselves in 
showers and lower themselves into tubs. 


Tools & Materials > | 


Studs 2 blocking Studs >" plywood Measuring tape Masonry bit 
Pencil Grab bar 
Blocking or backing is required for secure grab bars Ifyou Shad Budee ale wallkeleiees 


kaw where the grab bars wil be located, add 2x blocking 
between studs (illustration A). You also can cover the entire 
wall with 2" plywood backing, which allows you to install grab Drill Silicone caulk 
‘ars virtually anywhere on the wall 


Level #12 stainless steel screws 
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How to Install Grab Bars 


1 
i 3 ~<a 


rr cc 
ZIRCON, 


1% 
Locate the wall studs inthe instalation area, using a stud 
finder. If the area is tiled, the stud finder may not detect studs, 
So tr to locale the studs above the tle, possible then use 
levelto transfer the marks ower onthe wal Otherwise, ou 
Can dil smal, exportory holes trough grout isin het, 
then fl the oles with scone cak to seal them. Be careful 
not to dle pies 


‘Mark the grab bar height at ane stud location, then use a 
Jevel to transfer the height mark to the stud that will receive 
the other end of the bar. Position the grab bar on the height 
‘marks so at least two of the three mounting holes are aligned 
with the stud centers, Mark the mounting hole locations onto 
the wall 


Drill pilot holes for the mounting screws. if you are driling 
through tile start with a small bit (abouts), then redril the 
hole with the larger bit. For screws that won't hit studs, drill 
holes for wall anchors, folowing the manufacturer's directions. 
for sizing. Install anchors, f necessary. 


Apply a continuous bead of silicone caulk to the back 
side of each bar end (inset). Secure the bar to the studs using. 
#12 stainless steel screws (he screws should penetrate the 
stud by at least 1"). Install a stainless steel screw or bolt into 
the wall anchors. Test the bar to make sure it's secure 
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lass shelving is unobtrusive, so it ean fit many 

styles of bathrooms—from sleek modem to 
Victorian. You ean find a wide variety of shelving 
available in home stores and online. 

Most glass shelves are held in place with metal 
mounts. How the shelves are secured to the mounts 
and how the mounts are attached to the wall differs 
Most shelves have a hidden bracket that is secured to 
the wall, The mount then slips over the bracket and is 
secured with a setscrew. The most basie models may 
have mounts that are screwed direetly into the wall with 
exposed screws. The directions here are for shelving 
that uses hidden brackets 


~ 


WH] installing Glass Shelving 


I you are installing shelves on a tiled wall, mount 
the brackets in grout lines if at all possible to minimize 
the possibility of cracking the tiles. Many glass 
shelves have some variability in the distance between 
the mounts. 


Tools & Materials > 


Level Pencil 
Drill Glass shelves 


Glass shelves fit any style and size of bathroom. They are held in place with metal mounts attached to the walls. 
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How to Install Glass Shelves 


Assemble the shelf and shelf holders (not the bracket 
if against the wall in the desired location. On t 

rk each holder, where the 

is Remove the shelf from the holders and set aside. 


ia\ _ 


Center the middle round hole of the bracket over the 
intersection of the vertical and horizontal lines, Mark the 


each mark. Insert t 
ethe 


the holder and shelf 
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Pest Bete int nt nn td 
to high-end hotel stays. You can have toasty 
towels in your own bathroom with an easy-to-install, 
towel warmer, In a relatively cold room, this can 

make stepping out of the shower a much more 
pleasant experience. 

Heated towel racks are available in a wide 
range of styles and sizes, Freestanding floor 
models as well as door- and wall-mounted 
versions can be plugged in for use when desired. 
Hardwired wall-mounted versions ean be switched 
‘on when you enter the bathroom so your towels 
are warm when you step out of the shower. 
Although installing them requires some electrical 
skills, the hardwired models do not need to be 
located near wall receptacles and they do not 
have exposed cords or extension cords hanging 
on the wall, However, if you locate the warmer 
directly above an existing receptacle, you ean 


j| Installing Towel Warmers 


save a lot of time and mess by running cable up 
from the receptacle to the new electrical box for 
the warmer. 

Before installing hardwired models, check your 
local electrical codes for applicable regulations. If 
you are not experienced with home wiring, have an 
electrician do this job for you or opt for a plug-in model, 


Drill Retrofit electrical 
Level outlet box 
Keyhole saw NM cable 
Wiring tools "Towel warmer 
Phillips screwdriver Pencil 


Stud finder 
Wire connectors 


Masking tape 


‘A hard-wired towel warmer offers the luxury of heated towels without the safety concerns of a plug:in device. 


| How to Install a Hardwired Towel Warmer 
1 


Use a stud finder to locate the studs in the area you wish to 
place the towel warmer. Mark the stud locations with masking 
tape or pencil fines. Attach the wall brackets to the towel 
‘warmer and hold the unit against the wall at least 7" from 

the floor and 3" from the celing or any overhang. Mark the 
locations of the wall bracket outlet plate (where the electrical 
‘connection will be made) and the mounting brackets. 


Position the towel warmer over the outlet Dox and mark 
the locations of the screw holes for the wall brackets. Make 
sure the appliance is level, Remove the warmer and drill 


Shut off electrical power at the main service panel. atthe 
‘mark for the wall bracket outlet, cut @ hole in the wallcovering 
for a retrofit electrical box. Run NM cable fram the opening to a 
GFCT-protected circuit (here, we ran cable down to a receptacle 
directly beneath it, or instal a separate GFCE protected circuit 
(you'll need ta consult @ wiring baok or an electrician). Pull 

the cable thraugh the hole in the retrofit box, and then tighten 
the cable clamp, Place the box in the hole flush with the wall 
surface and tighten the mounting screw in the rear of the box. 
Cut the wires so about 5" extends inta the box and strip the 
insulation off at %" from the end of each wire 


After the electrical connections are made, fasten the 
towel rack brackets to the wall. Turn on power and test the 
towel warmer. Finally atach the electrical cover plate with 


& pilot holes at the marked locations. f the marks are located 
Cover studs, fil 4 plot holes f not, push wall anchars into the: 
holes. Thread the mounting screws through the brackets. Have 
a helper hold the towel rack in place and use wire connectors, 
to connect the wires, including the ground wire, according to 
the instructions. 


integral on/off switch, 
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Detroit automakers a decade ago to produce an 80 
miles-per-gallon family car. No cars emerged, and 
the Bush administration halted the venture in favor 
of its hydrogen strategy. 


Some of the president's political opponents contend 
the hydrogen option is a way of deflecting criticism 
over administration policies favoring energy 
production over conservation. “The president seems 
content with the auto industry's approach: ‘Don't 
make us do anything today’,” said the Sierra Club's 
Daniel Becker. Others say it does not go nearly far 
enough. Sen. Byron L. Dorgan (D-N.D), chairman of 


the Democratic Policy Committee, said recently, “It’s 
moving in the right direction. But his proposal is rather 
timid. I think we need a bolder plan.” 


Bush's spending plan for the hydrogen project, 
$1.5 billion over five years, represents a $500 million 
increase over his current budget. The administration 
proposes to earmark $273 million for the 2004 fiscal 
year, but did not offer many specifics yesterday. The 
funding would support research on fuel cells, vehicle 
technology and distribution issues, 


‘The magnitude of the goal demands an effort on the 
scale of the Apollo Moon project, Dorgan said yesterday. 
‘You have to set benchmarks for five, 10 years out.” 
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Abstract 


Permanent magnet motors that try to achieve 
unusual overunity efficiencies with changes in 
wiring geometry, electronic switching schemes 
and magnetic configurations often are not 
successful. There are some designs that should 
be regarded as conventional and others as 
promising. Hopefully this article will help the 
reader to tell the difference before investing or 
accepting investment. Note: patents can be 
viewed for free at www.uspto.gov and also 
http://gb.espacenet.com/espacenet. 


Introduction 


An article about permanent magnet (PM) motors 
would not be complete without first reviewing the 
basic configurations that are present on the 
market today. Commercial PM motors are 
necessarily DC motors since their magnets are 
permanently polarized before assembly. Many PM. 
motors which use brushes are switching to 
brushless motors that promise less friction and 
wear. Brushless motors include electronic 
commutation or step motors. A step motor, often 
used in the automotive industry, offers more 
continuous duty torque per unit of volume than 
any other electric motor but it is often a lower 
speed motor. The electronic commutation design 
is applicable to the switched reluctance (SR) 
motor. The SR motor substitutes soft iron in the 
place of higher cost permanent magnets for the 
outer stator and instead has an inner PM rotor. 


Brushless motors in general produce torque from 
current in the armature by the application of 
Faraday's Law. The ideal PM motor has a linear 
torque vs. speed curve. There are both outer rotor 
and inner rotor designs that are standard in PM 
motors 


Fig.1 


Lenz's Law 
Induced B-field opposes motion. 


‘To point out the focus of many of the problems with 
analyzing motors, the Motion Control Handbook 
(Designfax, May, 1989, p. 33) says that there is a 
“very important relationship between torque and 
back emf that is sometimes not understood.” This 
relates to the electromotive force (emf) that is 
produced by the application of a changing magnetic 
field (4B/dt). In engineering terms, the “torque 
constant” (N-m/amp) equals the “back emf constant” 
(V/radian/sec). In physics, the motor terminal voltage 
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Basements 
& Attics 


's your house lacking just a little more space but you 
Jove it ton much to think about moving? Has your 

life changed since you bought the house and now you 
find you need a home office for your freelance work or 
telecommuting, a place for the children in your life to 
play, or an extra bedroom for a relative? Or maybe now 
that your obligations have changed, you find yourselt 
fantasizing about a space dedicated to your habbies? 

‘This chapter can help you determine how best to 
use your tantalizingly empty attie or basement, inspire 
you with great design ideas, and give you the practical 
how-to to tackle the projects on your own. 

Over half of houses in North America are more 
than 30 years old. The atties and basements in these 
older homes are often significantly underutilized 
spaces. Even in new construction, attics and 
basements often are left unfinished so that the new 
homeowners ean determine for themselves how best 
to incorporate the space. 


In this chapter: 
+ Evaluating Your Attic 

+ Evaluating Your Basement 
Planning the Framing 

Installing Basement Floors 
Installing Attic Floors 

Installing Basement Walls 
Installing Attic Walls 

Finishing Attic Ceilings 

‘Adding Basement Egress Windows 
+ Installing Baseboard Heaters 
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WH! Evaluating Your Attic 


Gis poetic nani hgh ag 
inspection. If the roof is framed with rafters, you 
can continue to the next test. IFit’s built with trusses, 
however, consider remodeling your bas stead. 
‘The problem is that the internal supports in trusses 
leave too little space to work with, and trusses cannot 
be altered 

“The next step is to check for headroom and overall 
floor space. Most building codes call for 7) t. af 
headroom over 50% of the “usable” floor space, whieh 
is defined as any space with a ceiling height of at least 
5 fi, Remember that these minimums apply to the 
finished space—alter the flooring and ceiling surfaces, 
are installed. Other things can affect headroom, 
as well, such as reinforcing the Floor frame, and 
increasing rafter depth for strength or insulation. 

‘You may also find various supports in your attie that 
are there to strengthen your roof but may limit your 
space, Collar ties are horizontal boards that join wo 
rafiers together in the upper third of the rafter span. 
‘They prevent rafter uplift in high winds. Often collar ties 
ccan be moved up a few inches but cannot be remaved. 
Rafter ties join rafters in the lower third of the 
to prevent spreading. In most attics, the ceiling or Floor 
joists serve as rafter ties. Purlins are horizontal boards 
that run at right angles to the rafters and are supported 
by struts. These systems shorten the rafter span, 
allowing the use of smaller lumber for the rafters. You 
may be allowed to substitute kneewalls For purlins and 
struts. If youl need to have any support system altered 
or moved, consult an architect or engineer. 


ment 


span 


Rafters 


Floor joist 


Rafter framing creates open space in an attic because the 
rafters carry most of the root's weight. 
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“The rafters themselves also need careful 
examination, Inspect them For signs of stress or damage, 
such as cracks, sagging, and inseet infestation. Look for 
dark areas indicating roof leaks. If you find leaks or you 
know your roofing is past its useful life, have it repaired 
or replaced before you start the finishing process. And 
even if the rafters appear healthy, they may be too 
small to support the added weight of finish materials 
Small rafters can also be a problem if they don't provide 
‘enough room for adequate insulation 

At this point, its good idea to have a professional 
check the structural parts of your atte, including the 


New dormer 


Habitable rooms must be at least 70 sq.ft. total and 
measure at least 7 ft. n any one direction, To meet headroom 
requirements, 50% of the usable floor space must have a ceiling 
height af 77 ft. You can add to your floor space and headroom, 
by adding protruding windows called dormers. In additian to 
space, dormers add ight and ventilation to your attic, 


Trusses are made of interconnected cords and webs, 
which close off most ofthe attic space. 


\ 


rafiers and everything from the floor down. In some 
ccases, finishing an attic is ike adding a story to your 
home, which means that the structure must have 
adequate support for the new space. Attic floors are 
often built as ceiling frames for the level below and 
are not intended to support living space, Floors can he 
strengthened with additional joists, known as sister joists 
‘or with new joists installed hetween the existing ones. 

Support for the attic floor is provided by the 
load-bearing walls below and, ultimately, by the 
foundation. If these elements can't support the 
finished attic, they'll need to be reinforced. This may 
be as simple as strengthening the walls with plywood 
panels or as complicated as adding support posts and 
beams or reinforcing the foundation. 

In addition to these structural matters, there are 
afew general code requirements you should keep in 
mind as you inspect your attic. Ifyou plan to add a 


Gable vent 


AN 


iN 


bedroom, it will need at least one exit to the outside. 
‘This can be a door leading to an outside stairwell or 

an egress window. Most codes also have minimum 
requirements for ventilation and natural light, which 
means you may have to add windows ar skylights 

One of the largest expenses of finishing an attic is 
in providing access: You'll nced a permanent stairway 
at least 36" wide, with room for a 36" landing at the 
top and bottom, This is an important planning issue 
because adding a stairway affects the layout and traffic 
patterns of the attic as well as the Floor below. 

Finally, take an inventory of existing mechanicals 
in your attic, While plumbing and wiring runs ean 
moved relatively easily, other features, such as 
chimneys, must be incorporated into your plans. ‘This 
is a good {ime to have your chirmney inspected by a fire 
official and to obtain the building code specifications 
for framing around chirmneys. 


Bowens & Ades © 495 


he two things that put an end to most basement 

finishing plans are inadequate headroom and 
moisture, Begin your evaluation by measuring from 
the basement floor to the bottom of the floor joists 
above. Most building codes require habitable rooms to 
have a finished ceiling height of 7! 
the Finished floor to the lowest part of the finished 
ceiling, However, obstructions, such as heams, solfits, 
and pipes, (spaced at least 4 ft, on center) usually 
can hang down 6" below that height, Hallways and 
bathrooms typically need at least 7-f ceilings 

While it's impractical to add headroom in a 
basement, there are some ways of working around the 
requirements. Ducts and pipes often 
and beams and other obstructions can be incorporated 
into walls or hidden in closets or other uninhabitable 
spaces. Also, some codes permit lower ceiling heights 
in rooms with speciie purposes, such as recreation 


f.., measured from 


in be moved, 


¥ 
4 4 
(Obstructions 
‘spaced 4 ft. Hallway 
‘apart: 7 ft. Bathroom: 
Habitable pe 
Rooms: 


Tait 5 


v v 


= Sy 


Basement headroom is often limited by beams, ducts, pipes, 
‘and other elements, Typical minimums for ceiling height are 
shown here: 7 ft, for habitable rooms; 7 ft, for bathrooms and 
hallways; 7 ft.for obstructions spaced no less than 4 ft. apart. 
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WH! Evaluating Your Basement 


rooms, If headroom is a problem, talk to the local 
building department before you dash your dreams, 

A well-built basement is structurally sound and 
provides plenty of support for finished space, but 
before you cover up the walls, Moor, and ceiling, check 
for potential problems. Inspect the masonry carefully. 
Large cracks may indicate shifting of the soil around 
the foundation; severely bowed or out-of-plumb walls 
may be structurally unsound. Small eracks usually 
cause moisture problems rather than structural woes, 
but they should be sealed to prevent further cracking 
Contact an engineer or foundation contractor for help 
with foundation problems. If you have an older home, 
you may find sagging floor joists overhead or rotted 
wood posts or beams; any defective wood framing will 
have to he reinforced or replaced 

Your basement’s mechanicals are another 


important consideration. The locations of water 
heater and 
ductwork can have a significant impact on the cost 
and difficulty of your project. Can you plan around 
components, or will they have to be moved? Is there 
enough headroom to install a suspended ceiling so 
‘mechanicals can remain accessible? Or, will you have 
to reroute pipes and ducts to increase headroom? 
ectricians and HVAC contractors can assess your 
systems and sug 
Aside from being dark and scary places, 
unfinished basements often harbor toxic el 
One of the most common is radon, a naturally 
occurring radioactive gas that is odorless and colorless. 
It's believed that prolonged exposure to high levels 
of radon can cause lung cancer. The Environmental 
Protection Agency has free publications to help 
you test for radon and take steps to reduce the 


pipes, wiring, circuit boxes, furnace: 


,est modifications, 


ents. 


levels in your house. For starters, you ean perform 
“short-term” test using a kit from a hardware store 
or home center, Look for the phrase “Meets EPA 
Requirements” to ensure the test kit is accurate. Keep 
in mind that short-term tests are not as conclusive as 
professional, long-term tests. If your test reveals high 
levels of radon, contact a radon specialist 

Another basement hazard is insulation containing 
asbestos, which was commonly used in older homes 
for insulating ductwork and heating pipes. In most 
ceases, this insulation can be left alone provided it's in 
good condition and is protected from damage. If you 


fear the insulation in your basement poses a hazard 
contact an asbestos abatement contractor to have it 
evaluated or safely removed 

Also check the local codes for exits from finished 
basements—most codes require two. The stairway 
commonly serves as one exit, while the other ean 
be a door to the outside, an egress window, or a 
code-compliant bulkhead (an exterior stairway with 
cellar doors). Each bedroom will also need an egress 


window or door for escape. 


Rerouting service lines and mechanicals adds quickly to 
the expense of a project, so consider your options carefully. 


ld insulation containing asbestos poses a serious health 


risk ft 


deteriorating of is cisturbed. 


Stairways must also meet the local eode 
specifications, If yours doesn‘, you'll probably 
have to hire someone to rebuild it 

As a final note, if you're planning to finish the 
basement in a new house, ask the builder how long 
you should wait hefore starting the project, Poured 
concrete walls and floors need time to dry out before 
they can be covered. Depending on where you live 
you may be advised to wait up to two years, just to 
be safe 


Weakened or undersized joists and o 
members must be reinforced or replaced 


‘Minor cracks such as these in masonry walls end floors 
Usually can be sealed and forgotten, while severe cracking may 
indicate serious structural problems. 


Basements & Adie 
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WH! Planning the Framing 


U se walls to define your new spaces. Walls can 
create quiet private retreats or comfortable 
bathrooms or serve as barriers between formal 

living areas and dusty, unfinished storage spaces. 

‘To determine where your walls should go, start with 

a thorough investigation of the unfinished space. 

All obstacles, such as mechanical systems, service 
lines, floor drains, support columns, chimneys, and 
roof framing, must be considered, As you work with 
Uifferent layouts, think about which of these elements 
can be enclosed by walls, which ean be hidden within 
a wall or concealed by a soffit or chase, and which, 
can be moved. 

One technique to help you get started is to draw 
full-scale “walls” onto your basement floor, using 
children’s sidewalk chalk (on wood att 
‘wide masking tape instead of chalk). This ean help 
you visualize the planned spaces and give you a better 
sense of room sizes. Complete the proposed layout in 
chalk, then walk through the rooms to test the traffic 
patterns. As you plan your rooms, keep in mind that 
most building codes require habitable rooms to have at 


a 


floors, use 


Use graph paper to sketch your wall layouts. Scale your 
floor plan (aerial view) drawings at ¥" equals 1 ft. For elevation 
‘rawings (wall details as viewed from the side), use a scale of 
1 equals 1 ft. 
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least 70 sq. tof floor space and measure a rvinimuim 
of 7 fi. in any direction. 

‘The next step is to draw floor plans. This doesn't 
require drafting skills—just a tape measure, a ruler, 
graph paper, and some pencils. Simply measure 
your basement or attic floor space, then seale down 
the dimensions and transfer them to the graph 
paper, Add all obstacles, windows, doors, and other 
permanent fixtures, When everything is in place, start 
experimenting with different layouts, IF you have your 
home's original blueprints, trace the Moor plans onto 
tracing paper and work on new layouts from there 

Greating a successful layout takes time and 
often requires some creative problemsolving. To 
help generate ideas for your remodel, study the 
before-and-after drawings on page 499, While these 
floor plans may not look like your basement, they 
include many of the common elements and obstacles 
involved in a finishing project. They also show how 
carefully placed walls can transform an unfinished 
space into several livable areas that still leave room for 
storage and mechanical elements. 


Draw layouts onto your basement floor with sidewalk 
chalk. Use different colors to represent elements ather than 
walls, such as doors, windows, and ceiling soffts Remove the 
chalk with @ damp rag. 


| Basement Layouts: Before and After 


Utility window 


° ©— Columns —O. ° 


water neser @) 
Purnace 


Before: This basement had three utility windaws along the 
end walls and structural columns running parallel to the long 
ide wall, A furnace and water heater broke up the centre 
space, and there was a sump pit in one corner. The goal fr 
this space was to create a large family roam, home office, 
bathroom, pool room, and storage area 


_ Egress 
window 


Family room Built-in 
cabinet 


After: A few walls at ane end of the basement define several 
cf the new rooms. To add light to the home offic, the existing 
window opening was expanded. An egress window was. 
sed as a bedroom as well 

window and well were installed to provide light and 
better view from the family room, One column was hidden 

hin the office wall; the remaining three were wrapped 
ins the furnace 
‘and water heater, with plenty of space for servicing the units 
Next to the office isa full bathroom, designed with a square 
layout that leaves a comfortable amount of space between the 
fixtures, The pool room occupies a well-defined space, where 
games won't disrupt activity in the family room. A wet bar can 
easily be accessed from both the pool room and family room. 
ly anew handrail to become code. 
ym of the stairs, a built-in cabinet 


Storage room 


® 
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Per ston lee Ba art lilo, 
Vinyl, or wood flooring—has changed for the 
better in dramatic fashion, thanks to new subfloor 
products that have built-in vapor barriers and cleats 
that create a slight air gap between the subfloor 

and the conerete slab. This system allows air to 
circulate, protecting the finished flooring from any 
slab moisture, The older method of laying %" plywood 
over a frame of 2 x-4 “sleepers” was difficult, time 
consuming, and raised the floor level by 2” or more—a 
significant drawback in basements where ceiling levels 
may already he too low. The new dry-floar subfloor 
systems are less than 1" thick and are very easy to 
install, There are several types of these dry-floor 
systems available, but the one most readily available 
and easiest to use is a product sold in 2 % 2-It. tongue- 
and-proove squares. 

Although subfloor panels ean be adjusted for 
slight irregularities in the concrete slab, they can't 
‘overcome problems with a floor that is badly eracked 
and heaved. Nor is the built-in air gap beneath the 
system a solution to a basement that has 
problems. A badly heaved slab will need to be le 
with a cement-based leveling compound, and s 


rious 
‘water problems will need to be rectified before you 


consider creating finished living space in a basement. 


WW! installing Basement Floors 


Allow the subfloor panel squares to acclimate in 
the basement for at least 24 hours with the plastic 
surfaces facing down before installing them. In 
humid summer months, the squares—as well as the 
finished wood flooring product, if that's what youl be 
installing—should be allowed to acclimate for a full 
two weeks before installation. 

“To estimate the number of 2 


-sqjuare subfloor 
panels you'll need, calculate the size of the room in 
square feet (multiply the width times the length of the 
room), then divide by 3.3 to determine the number of 
panels required. 


i 


Tools & Materials» 


Long straightedge 
Straightedge trowel 
Circular saw 


Eye protection 
Portland-cement— 
based leveling 


or igsaw compound 
Hammer Dry-floor 
Carpenter's square subfloor squares 
Flat pry bar Leveling shims 
Dust mask Flooring spacers 


Basement slab 


‘Most basement floors need some preparation before flaoring can be |aid. Patching compound and floor leveler can smooth 
rough concrete, while a subfloor system creates a new surface that is safe from moisture and feels ikea framed wood floor, 
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Preparing Concrete Floors 


Vacuum the floor thoroughly, then use a long straightedge 
10 look for areas of the floor with serious dips or heaves. Note 
Any ofd floor coverings that may trap moisture should be 
removed before installing subfioor panels, 


How to Install Subfloor Panels 


4 
4 


‘Mix a batch of cement-based mortar and apply the 
compound to low areas with a straightedge trowel, After the 
patch dries, scrape the edges to feather the patch into the 
surrounding floor 


Beginning with the longest straight wall in the room, 
‘check one comer for square, necessary, cut the first panel to 
match the angle of the corner. Pasition the panel in the corner, 
using ¥" spacers to create @ gap between the panel and the 
‘walls, with the grooves of the panel against the spacers. Slide 
in the next panel, and use a piece of wood and a hammer to 
tap It firmly against the first panel, Repeat this placement along, 
the entire wall. Cut the last panel to size. 


By hand, press along the entire row of panels, looking 
for low spots. At points where the subticar flexes, lit the 
panels and place leveling shims on the floor. In some areas, 
you may find it necessary to stack two, three, or more shims ta 
Create the correct thickness to fil the low spot, Tape the shims 
to the floor to keep them in place as you reposition the panels. 


(continued) 
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the entire room in this fashion, testing each row for fk 
shimming where necessary, and making sure joints are offset 
between rows. 


If the room has a floor drain, building code requires that 
You cut a round patch in the panel that fas directly over the 
floor drain, This patch can be removed to allow access to the 
floor drain should it ever be necessary. 


For the last row of panels, measure and cut panels to fit, 
maintaining a %" gap between the panels and the wall. Wark 
each panel into place with a flat ary bar. When all panels are 
in place, you can remove all snacers and con 
installation ofthe finished flooring. Laminate flooring can be 
installed directly over the subfloor panels. 
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Variation: Where slab moisture is known to be a problem, you 
‘can cut vent openings spaced every & to 12", sized to match 
standard metal floor vent cavers. race the vent opening onto 
the panel, and cut the opening with a jigs 


is equal to the back emf minus the IR drop due 
to internal resistance. (Example: V = 8.3 v, 
back emf = 7.5 v, IR drop = 0.8 v.) This physics 
principle, also referred to as Lenz's Law, was 
discovered by Friedrich Lenz in 1834, three years 
after Faraday invented the homopolar generator. 
The oppositional nature of Lenz's Law, and its back 
emf, is built into a physical law called Faraday’s Law, 
which is at the root of motor drive. The back emf is 
the reaction of the changing current in the coil. In 
other words, the changing magnetic field naturally 
creates a back emf because they are equivalent. 


Therefore, it is recommended that Faraday's Law 
be carefully reviewed first before proceeding. An 
article such as “Faraday's Law—Quantitative 
Experiments” (Amer. Jour. Phys., V. 54, N. 5, May, 
1986, p.422) will help convince the valiant new 
energy experimenter that the change in flux which 
causes a back electromotive force (emf) is 
INHERENTLY equal to the back emf. It cannot be 
avoided or circumvented for excess energy benefit, 
unless the amount of magnetic flux change per time 
is also altered. They are two sides of the same coin. 
The energy into an inductive coil style of motor will 
naturally equal the energy out. Also referred to as 
“electrical induction,” the changing flux “induce: 
aback emf. 


Switched Reluctance & 
Field Switching Motors 


To explore an alternative method for inducing 
motion, the “Permanent Magnet Motion Conversion 
Device” by Ecklin, patent #3,879,622, uses 
rotatable shutters for alternately shielding the 
poles of a horseshoe magnet. Repeated again in 
the Ecklin #4,567,407 “Biased Unitized Motor 
Alternator with Stationary Armature and Field,” 
the idea of switching the magnetic field with a 
“flux switch” is common to these types of motors. 
To illustrate the underlying principle, Ecklin states, 
“The rotors of most of today’s generators are 
repelled as they approach a stator and are 
attracted back by the stator as soon as the rotor 
passes the stator in accordance with Lenz's law. 
Thus, most rotors face constant nonconservative 
work forces and therefore, present generators 
require constant input torque.” However, “the steel 
rotor of the unitized flux switch alternator actually 
aids the input torque for half of each rotation as 
the rotor is always attracted and never repelled. 
This construction makes it possible for some of the 
current or power fed to the motor windings to 
magnetically feed through a solid magnetic path 
to the AC output windings ..." Unfortunately, 
Ecklin still to this day has not achieved a self- 
running machine 


Also related is the Richardson patent #4,077,001 
which discloses a low-reluctance keeper physically 


moving in and out of engagement with the ends of 
a magnet (p.8, line 35). Lastly, the Monroe patent 
#3,670,189 uses a related principle but 
accomplishes gating with the passing of rotor 
poles between permanent magnet stator poles. 
Monroe's claim 1, seems by its length and detail, 
to have almost guaranteed its patentability but of 
course its utility remains questionable. 


It seems unlikely that as a closed system the Field 
Switching Motor can become self-running. In many 
examples, a small electromagnet will be necessary 
to help push the keeper into a synchronized 
rhythm. The Magnetic Wankel from Popular Science 
(June, 1979) can be compared in a basic manner 
to this type of invention. Also, the Jaffe patent 
#3,567,979 can also be compared (see abstract) 
The Minato patent #5,594,289 is also of a similar 
type as the Magnetic Wankel and quite intriguing 
to many people. 


It has been found with inventions such as the 
Newman motor (U.S. Patent Application Serial No. 
06/179,474), a nonlinear effect such as an impulse 
voltage is advantageous for overcoming the 
Lorentz force conservation effect of Lenz’s Law. 
Also similar is the mechanical analog of the 
Thornson inertial propulsion device which uses 
nonlinear impact to transfer momentum along an 
axis perpendicular to the plane of rotation. A 
magnetic field contains angular momentum which 
only becomes apparent under certain 
circumstances such as Feynman's Disk Paradox, 
where it is still conserved. The impulse technique 
may possibly be used to advantage in this Field 
Switching Motor if the field switching can be done 
fast enough, with a rapid rise time, but more 
research is needed. 


Source 
voltage 


Fig. 2 
‘Switched Reluctance Motor (JEEE Spectrum 1/87) 


‘The best Switched Reluctance Motor that also has 
full accommutation is the Dr. Harold Aspden patent 
#4,975,608 which optimizes the performance of the 
coil input and operating above the knee of the B-H 
curve. Switched reluctance motors are also 
explained and praised in IEEE Spectrum (1/97). 
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Variation: i carpeting will be stretched over the dry-floor 
panels, anchor the panels to the flaor araund the perimeter 
of the roam and at the center of the room using concrete 
masonry anchors. Use 3 powsler-actuated nailer to drive 2° 
nails through the panels and into the concrete slab, 


Variation: For ceramic tl, install Ys" cementboard over the 
subfloor panels, and attach it using ¥" screws, 


Variation: For viny flooring or for engineered wood flooring, 
install Ye" plywood underlayment over the dry-floor panels, 
Using ¥" screws or nails, which won't penetrate the moisture 
barrier on the underside of the panels. Don’t glue the plywood 
to the subfloor panels, and never glue vinyl flooring directly to 
the subfloor panels. 


Where floor heights change, install transition strios 
or reducers, avalable in flooring departments of home 
Improvement centers, to bridge the changes in floar heights, 
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How to Install a Sleeper Floor 


Chip away loose or protruding concrete with a masonry 
chisel and hammer, then vacuum the floor. Roll out trips of 
6-mil polyethylene sheeting, extending them 31” up each wall, 
Overlap strips by 6°, then seal the seams with packing tape. 
Temporarily tape the edges along the walls. Be careful not to 
damage the sheeting. 


—| 


Using a circular saw, cut the sleepers to fit between the 
perimeter boards, leaving i" gap at each end. Position 

the first sleeper so its center is 16” from the outside edge of 
the perimeter board. Lay out the remaining sleepers, using 
16"-on-center spacing, 
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Lay out pressure-treated 2 x 4s along the perimeter of the 
room. Position the boards %" in from all walls (inset). Note: 
Before laying out the sleepers, determine where the partition 
walls will go i wal! wil fal between paralle! sleepers, add an 
extra Sleeper to support the planned wail. 


Use tapered cedar shims to compensate 
for dips and variations in the floor, Place @ 4-ft. level across 
neighboring sleepers, Apply construction adhesive to two 
Wood shims. Slide the shims under the board from apposite 
sides until the board is level with adjacent sleepers. 


Fasten the perimeter boards and sleepers to the oor 
using  powder-actuated nailer or masonry screws. Drive a 
fastener through the center of each board at 16" intervals, 
Fastener heads should not protrude above the board's surface. 
Place a fastener at each shim lacation, making sure the 
fastener penetrates both shims. 


Position the first sheet of plywood so the end is" away 
from the wall and the grooved edge is fish with the control 
line. Fasten the sheet to the sleepers using 2° wallboard 
screws. Drive @ screw every 6” along the edges and every 8" in 
the field, Don't drive screws along the grooved edge until the 
‘et row of sheeting isin place. 


Establish a control line for the first row of plywood sheets 
by measuring 49" from the wall and marking the outside 
‘sleeper at each end of the room, Snap a chalk line across the 
sleepers at the marks. Run a ’"-wide bead of adhesive along 
the first six sleepers, stopping just short of the contra line. 


Install the remaining sheets inthe frst row, maintaining an 
'" gap between ends. Begin the second row wth a hal-sheet 
(4ft long) sa the end joints between rows are staggered. Fit 
the tongue of the half sheet into the groove ofthe adjoining 
sheet, necessary, use a sledgehammer and wood block to 
help close the joint. After completing the second row, begin 
the thie row witha full sheet. Altemate this patter until the 
subfloor is complet. 
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WH) installing Attic Floors 


Pope to twit ll i 
rooms in your attic, you'll need a sturdy oor 
beneath it all, Existing floors in most unfinished atties 
are merely ceiling joists for the floor below and are too 
small to support a living space. 

‘There are several options for strengthening your 
attic’ floor structure. The simplest method is to 
install an additional, identically sized joist next to 
each existing joist, connecting the two with nails, This 
process is known as sistering. 

Sistering doesn't work when joists are smaller 
than 2 6s, are spaced too far apart, or where there 
are obstructions, such as plaster keys, from the ceiling 
below. An alternative is to build a new floor by placing 
larger joists between the existing ones. By resting 
the joists on 2 x4 spacers, you avoid obstructions 
and minimize damage to the ceiling surface below. 
However, be aware that the spacers will reduce your 
headroom by 1!4", plus the added joist depth, 

“To determine the best option for your attic, 
consult an architect, engineer, or building contractor, 
as well as a local building inspector. Ask what si 
of joists you'll need and which options are allowed 
in your area, Joist sizing is based on the span (the 
distance between support points), the joist spacing 
(1ypically 16" or 24” on-center), and the type of 
lumber used. In most eases, an attic floor must 
be able to support 40 pounds per sq.ft. of live 


load (occupants, furniture) and 10 psf dead load 
(wallboard, floor covering) 

The floor joist cavities offer space for concealing 
the plumbing, wiring, and ductwork servicing your 
attic, so consider these systems as you plan. You'll 
also need to locate partition walls to determine if any 
alditional blocking between joists is necessary 

When the framing is done, the mechanical 
elements and insulation are in place, and everything 
has been inspected and approved, complete the 
floor by installing %" tongue-and-groove plywood, If 
your remodel will include kneewalls, you can omit 
the subflooring behind the kneewalls, but there are 
good reasons not to: A complete subfloor will add 
strength to the floor, and will provide a sturdy surface 
for storage 


| Tools & Materials > 


16d, 10d, and 8d 


‘common nails 


Circular saw 
Rafter square 


Drill 4" T&G plywood 
Caulk gun Gonstruetion adhesive 
2 xjoist lumber 24" wallboard screws: 
2x4 lumber 


Attic joists typically rest on top of exterior walls and on an interior load-bearing wall, where they overlap from side to side 
and are nailed together. Always use a sheet of plywood as a platform while working over open joists, 
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How to Add Sister Joists 


ad t 


Remove all insulation from the joist cavities and carefully 
remove any blocking or bridging between the joists. Determine 
the lengths for the sister joists by measuring the existing Joists. 
‘Also measure at the outside end of each jaist to determine 
how much of the top comer was cut away to fit the joist 
‘beneath the root sheathing, Note! Joists that rest on a bearing 
wall should overtap each other by at least 3° 


+f 
| a 


Set the sister joists in place, flush against the existing joists 
and with their ends aligned. Toenail each sister joist to the top 
plates of bath supporting walls, using two 1éd common nails. 


Before cutting, sight down both narrow edges of each board 
ta check for crowning—upward arching along the length of the 
board. Draw an arrow that points in the direction ofthe arch 
Joists must be installed “crown-up” this arrow designates the 
top edge. Cut the board to length, then clip the top, outside 
corner to match the existing joists 


‘ail the joists together using 10d common nails. Drive 
three nails in 2 row, spacing the rows 12 to 16" apart. To 
minimize damage to the celling surface below caused by 
the hammering (such as cracking and rail popping), you can 
Use an air powered nail gun (avalable at rental stores), or 3" 
lag screws instead of nails. Install new biocking between the 
sistered jst, a5 required by the local building code. 
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How to Build a New Attic Floor 


a 
| 
r 


Remove any blocking or bridging from between the Create a layout for the new joists by measuring across 
existing joists, being careful not to disturb the celiing below. the tops of the existing joists and using a rafter square to 
Cut2>-4 spacers to fit snugly between each pair of joists Lay _ transfer the measurements down to the spacers. Falowing 
the spacers flat against the top plate of al supporting walls, 16"-on center spacing, mark the layout along one exterior wall, 
and nail them in place with 16d common nails. then mark an identical layout onto the interior bearing wall 


‘Note that the layout an the opposing exterior wall wll be offset 
114", to account for the joist overlap atthe interior wall 


a 


To determine joist length, measure from the outer edge of _Set the joists in place on their layout marks. Toenail the 
the exterior wall to the far edge of the interior bearing wall The outside end of each joist to the spacer an the exterior wall 
Joists must overiap each other above the interiar wall by 3° using three &d common nails. 

Before cutting, mark the top edge of each joist. Cut the joists 

to length, then clip the top autside comers so the ends can ft 

under the roof sheathing, 
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mt q 
rt a 
Nall the joists together wiere they overlap atop the interior Install blocking or bridging between the joists, 2s, 
‘bearing wall, using three 10d nails for each, Toenail the joists to required by the local bulding code. As a suggested minimum, 
the spacers on the interior bearing wall, using 8d nails. the new joists should be blocked as close as possible to the 
outside ends and where they averlap at the interior wall 


How to Install Subflooring 


Install the subflooring only afterall framing, plumbing, wiring, and ductwork Is completed and has received the required 
bullding inspections, Also install any insulation and complete any caulking necessary for soundpraofing. Fasten the sheets with 
construction adhesive and 27” wallbaard or deck screws, making sure the sheets are perpendicular to the joists and the end joints 
are staggered between rows, Where joists overlap at an interior bearing wall, add backing as needed to compensate forthe offset 
in the layout, Nail a 2 x 4 or wider board to the face of each joist to support the edges of the intervening sheets. 
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here are two common methods far covering 

foundation walls. Because it saves space, the 
more popular method is to attach 2 X 2 furring strips 
directly to the masonry wall. These strips provide a 
11"-deep cavity between strips for insulation and 
service lines, as well as a framework for attaching 
wallboard, The other method is to build a complete 
2x4 stud wall just in front of the foundation wall 
‘This method offers a full 3)" for insulation and lines, 
and it provides flat, plumb wall surface, regardless of 
the foundation walls condition, 

‘To determine the best method for your project, 
examine the foundation walls. If they're fairly plumb 
and flat, you can consider furring them, If the walls 
are wavy or out of plumb, however, it may be easier 
to build stud walls, Also check with the local building 
department before you decide on a framing method. 
There may be codes regarding insulation minimums and 
methods of running service lines along foundation walls 

A local building official ean also tell you what's 
recommended—or required—in your area for sealing 
foundation walls against moisture. Common types of 
moisture barriers include masonry waterproofers that 


WH! installing Basement Walls 


are applied like paint and plastie sheeting installed 
between masonry walls and wood framing, ‘The local 
building code will also specify whether you need a 
vapor barrier between the framing and the wallboard 

Before you shop for materials, decide how youl 
fasten the wood framing to your foundation walls and 
floor. If you're covering a large wall area, it will he worth 
it to buy or rent a powder-actuated nailer for the job. 


i Tools & Materials > 


Caulk gun 
Trowel 


Paper-faced insulation 
Hydraulic cement 
Paint roller Masonry waterproofer 
Gircular saw 2x2and 2x4 lumber 
Drill 216" wallboard screws 
Powder-actuated Construction adhesive 
nailer Concrete fasteners 
Plumb bob 


Silicone caulk 


Insulation 


Rigid foam insulation 


Plastic moisture barrier 


‘Basement walls can be made more livable by installing rigid foam insulation board between wood furring strips and then adding. 
‘mold-resistant wallcovering. Although codes and practices vary dramatically the current recommendation is to avoid the use of 


\vapor barriers on the interior side of the wall 
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How to Seal and Prepare Masonry Walls 


Insulate the rim-joist cavities (above Apply silicone caulk to the joints Fill small cracks with hycraulic 
the foundation walls) with sald pieces between the sil plates and the cement or masonry caulk, and smooth 
of paper-faced fiberglass insulation. foundation walls the excess with a trowel. Ask the 
‘Make sure the paper, which serves as 8 building department whether masonry 
‘vapor barrier, faces the room, waterproofer or a plastic moisture 
barrier is required in your area. Apply 
waterproofer 3s directed by the 


manufacturer, or instal plastic sheeting 
following code specifications. 


| Options for Attaching Wood to Masonry 


‘Masonry nails are the cheapest way to attach Wood to concrete block walls. Drive _—_Self-tapping masonry screws hold 

the nails into the mortar joints for maximum holding power and to avoid cracking the well in block or poured concrete, but 

blocks. Drill plot holes through the strips ifthe nails cause splitting. Masonry nails are they must be driven into predriled 

dificult to drive inta poured concrete. holes, Use a hammer drill ta drill holes 
of the same size in both the wood 
and the concrete after the wood is 
positioned. Drive the screws into the 
‘web portion of the blocks. 


(continued) 


Bowens & Adis ® S11 


512 4 


Cut a 2 x 2 top plate to span the length of the wall, Mark the 
furring-strip layout onto the bottom edge of the plate, using 
16"-on-center spacing. Attach the plate to the bottom af the 
joists with 25" wallboard screws, The back edge of the plate 
should line up with the front of the blocks. 
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Powderactuated nailers offer the 
{Quickest and easiest method for fastening 
framing to block, poured concrete, 

and steel. They use individual caps of 
gunpawder—called loads—to propel 

a piston that drives @ hardened-steel 

‘all (oin) through the wood and into the 
masonry. The loads are color-coded for 
the charge they produce, and the pins 
ccome in various lengths. Nate: Always 
drive pins into the solid web portions 

cof concrete blocks, nt nto the voids 
Trggertype nailer, ke the one shown 
here, are easiest use, but hammer 
activated types are also avaiable. You can 
buy nallers at home centers and hardware 
stores, or rent them from rental centers 
(Ask fora demonstration atthe rental 
center) Always wear hearing and eve 
protection when using these extremely 
{oud too 


‘Sill plate 


Note: Ifthe joists run parallel to the wall, you'll reed to install 
backers between the cuter joist and the sill plate to provide 
support for ceiling wallboard. Make T-shaped backers from 
short 2x 4s and 2 x 2s. Install each so the bottom face of the 
2.x 4s flush with the bottom edge of the joists, Attach the top 
plate to the foundation wall with its top edge flush with the top 
of the blocks. 


‘Adams Motor 


‘The Adams motor has attracted many followers 
including an endorsement from Nexus magazine 
as the best free energy motor they have seen. The 
performance of the machine, however, can be fully 
explained by Faraday’s Law. The pulsing of 
adjacent coils which moves a magnetized rotor is 
actually following the same configuration as a 
standard switched reluctance motor. The delay 
that Adams speaks of in an Internet posting of 
his motor can be understood from the exponential 
voltage (L di/dt) of the back emf. The latest 
addition to this category, which gives credit to 
the Adams motor, comes from down under with 
PCT WO 00/28656 awarded to Brits and Christie 
in May, 2000. The simplicity of this motor is 
immediately obvious with the switchable coils 
and permanent magnet on the rotor. The patent 
also makes it clear that the “input DC current as 
supplied to the stator coil produces the magnetic 
repulsion force and is the only outside input to 
the overall system for total movement...” It is a 
well-known fact that all motors work on this 
principle. The key to their design is on p.21 of 
their patent where the inventors want to 
“maximize the influence of back EMF which tends 
to maintain rotation of the rotor/armature in a 
single direction.” All of the motors in this field- 
switching category try to achieve this effect. 
Figure 4A of Brits and Christie disclose the 
voltage sources “VA, VB, and VC.” Then, on page 
10 it is stated, “At this time current is applied from 
the power source VA and continues to be applied 
until the brush 18 is no longer in contact with one 
of the contacts 14 to 17.” There is nothing unusual 
about this design compared with the more 
sophisticated attempts listed previously in this 
section. All of these motors require an electrical 
power source and none of them are self-running. 


When pulsing a coil with the passing of a 
permanent magnet, a suggestion that would help 
prove the claim for free energy is not to use 


battery power for the coil current. Instead, the 
amazing Weigand wires are recommended (Pop. 
Sci., May, 1979) that exhibit a huge Barkhausen 
jump of magnetic domain alignment and a very 
well-defined pulse shape. Having a coil wrapped 
around a Weigand wire produces a substantial 
pulse of several volts with a changing external 
magnetic field passing a certain threshold. No 
electrical input power is required for this pulse 
generator. 


Toroidal Motor 


As compared to motors on the market today, the 
unusual design of the toroidal motor is similar to 
the Langley patent #4,547,713 with a two-pole 
armature in the center of the toroid. If a single- 
pole design is chosen, with for example North 
poles at each end of the armature, this would 
resemble the radial magnetic field for the 
armature which the VanGeel patent #5,600,189 
uses. The Brown patent #4,438,362 assigned to 
the Rotron company, utilizes varying 
magnetization segments for a rotor in a toroidal 
air gap. The best example of a carousel toroidal 
motor is the Ewing patent #5,625,241, which also 
resembles the Langley patent mentioned above. 
Based upon magnetic repulsion, the Ewing 
invention uses a microprocessor-controlled 
carousel, basically to try and take advantage of 
Lenz's law and get a jump ahead of the back emf. 
The Ewing invention may be seen in operation, 
with co-inventor David Porter, in the commercial 
video, “Free Energy: The Race to Zero Point.” 
Whether it may be more highly efficient than other 
motors on the market remains an open question. 
As the patent states, “it is also possible to 
operate the device as a motor using a pulsed 
direct-current power source” (col. 7, par. 30). It 
also contains a programmable logic controller and 
power control circuit which the inventors thought 
would send it over the top of 100% efficiency. 


Unless a prototype proves to be successful in 
achieving a torque or force conversion linkage, the 
internally propelled magnet may be left without 
a practical application. Commercialization of 
these types of motors may not be favorable, since 
many competing designs are currently available 
on the market, with high flux linkage. 


Linear Motors 


‘The area of linear induction motors is well known 
in the literature. Schaum's Outline Series, Theory 
and Problems of Electric Machines and 
Electromechanics (McGraw Hill, 1981), explains 
that these are the same as cutting the rotor and 
stator of a standard induction motor and laying 
them out flat. The late Dr. Laithwaite, author of 


New Energy Technologies, Issue #1 January - February 2003 


Install a bottom plate cut from pressure-treated 22 CCut 2 x 2 furring strips to fit between the top and bottom 


lumber so the plate spans the length of the wall, Apply plates. Apply construction adhesive to the back af each furring 
‘construction adhesive to the back and bottom of the plete, stip, and position iton the layout marks on the plates. Nail 
then attach itto the floar with a nailer Use a plum bab to along the length of each strip at 16" intervals, 

transfer the furring-stri layout marks from the top plate to the: 

bottom plate. 


Option: Leave a channel forthe instalation of wires or supply Fill the cavities between furring strips with rigic insulation 

pipes by nstaling pairs of vertically aligned furring strips with aboard. Cut the pieces so they ft snuely within the framing 

2" gap between each pal. Note: Consult local codes to ensure _if necessary, make cutouts in the insulation to fit around 

‘proper instalation of electrical or plumbing materials. mechanical elements, and caver any channels with metal 
protective plates before attaching the wall surface. Add a 
vapor barrier if required by local building code. 
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Installing Attic Walls 


(\ thie kneewalls are short walls that extend from 
F\ the attic floor to the rafters. They provide a 
vertieal dimension to attie rooms, and without them, 
attics tend to feel cramped. Kneewalls are typically 

5 ft. tall, for a couple of reasons: That's the minimum 
ceiling height for usable floor space according to most 
building codes, and it defines 
without wasting too much floor space. The unfinished 


comfortable room 


space behind kneewalls doesn’t have to go to waste 
I's great for storage and for concealing service lines. 
To provide access to this space, create a framed 
‘opening in the wall during the framing process 
Kneewalls are similar to partition walls, except they 
have beveled top plates and angle-cut studs that follow 
the slope of the rafters. The added stud depth created by 
the angled cut requires a 2 x 6 top plate. Before starting 
‘on your kneewall project, it may help to review the 


techniques for building a partition wall 


| Tools & Materials > 


Cireular saw 2x4 and 


Level 2x6 lumber 
Chalk line lod 
Thevel 8d common nails 


How to Build a Kneewall 


Create a storyboard using a straight 2x 4. Cut the board a 
f i longer than the planned height of the wall, Measure 
from one end and draw a line across the front edge of the 
board at the exact wall height. 
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Attic kneewalls a 
for furniture, and they 
storage units 


ist the right height to be backdrops 
ake a perfect foundation for built-in 


‘At one end of the room, set the storyboard flat against the 
outer rafter, Plumb the storyboard with a level while aligning 
the height mark with the bottom edge of the rafter. ransfer the 
height mark onto the rafter edge, then make a mark along the 
front edge of the storyboard onto the subfloor. These marks 
represent the top and bottom wall plates, 


Holding the storyboard perfectly plumb, trace slong the —-Repeat the wall-plate marking process on the 

bottom edge of the rafter to transfer the rafter slope onto the _of the room. Snap a chalk line through the marks—acro 

face of the storyboard, rafters and along the subfloor. f necessary, add backing for 
fastening the top plate ta the gable wall 


‘Mark the stud locations on the wall plates. install the 
plates along the chalk lines, fastening them to the rafters and 
10 adjust the blade ofa circular saw or table saw to the floor joists, respectively, using 16d nails. Measure and cut each 
proper angle. Then, bevel-cut one edge of the 2x6 top pl stud to fit, angle-cutting the top end so that it meets flush with 
Note: When the top plate Is lad flat across the rafters, the front the top plate, Toenail each stud in place with three 8d nails 
ecige should be perpendicular tothe floor. 


Basements & Atti 


y Virtue of sloping rools, most atties naturally 
have “cathedral” ceilings. It's up to you whether 

to leave the peaks intact—and apply a finish 

surface all the way up to the ridge—or to frame-in a 

horizontal ceiling, creating a flat surface that’s more 

like a standard ceiling, Before deciding, consider the 

advan 


ages and disadvantages of each treatment 
If your attic has callar ties—horizontal braces 

installed between opposing rafters—your planni 

should start with thase. Are the ties high enough to 


meet the code requirements for attic headroom? I not, 


consult an architect or engineer to see if you can move 
them up a few inches (do not move or remove them 
‘without professional guidance). Ifthe ties are high 
enough, you can incorporate them into a new ceiling 
or leave them exposed and wrap them with a finish 
material, such as wallboard or finish-grade lumber. Do 
not use collar ties as part of your eciling frame 

A peaked ceiling is primarily an aesthetie option, 
Its height expands the visual space of the room, and 
its rising angles provide a dramatie look that’s unique 
in most homes. Because a peaked ceiling encloses the 
rafier bays all the way up to the ridge, this treatment 
may require additional roof vents to maintain 
proper ventilation, 


Flat attic ceilings provide space for recessed light fixtures, vents, and speakers, 
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WH) Finishing Attic Ceilings 


By contrast, a flat ceiling typical offers a 


cleaner, more finished appearance closer to that of 


a conventional room, and Flat ceilings offer some 
First, they 
provide a concealed space above the ceiling, great for 
running service lines. If there are vents high on the 
gable walls, this open space can help ventilat 
(make sure to insulate above the ceiling). ‘The ceiling 
itself can hold recessed lighting fixtures or support 
a ceiling fan, And if your plans call for full-height 
partition walls, you may want a ceiling frame to 
enclose the top of the wall 

When determining the height of flat-ceiling 
framing, be sure to account for the floor and ceiling 
finishes. And remember that most building codes 
require a finished ceiling height of at least 90" 


practical advantages over peaked styles 


the roof 


| Tools & Materials > 


Aft, level 
Chalk line 
Circular saw 


2x4and 
2x6 lumber 
10d common nails 


Exposed collar ties can add an) 
interesting architectural element toa 
peaked celling. By adding ta the existing 
ties, you can create a channel for 
holding small ight fixtures. 


How to Frame a Flat Ceiling 


Make a storyboard for the planned height ofthe ceiling Using a level and the storyboard, level over ‘rom the chalk 
frame, At one end of the attic, hld the storyboard plumb and —_line and mark two outside rafters on the other side of the attic. 
align the height mark with the bottom edge of a rafter. Tansfer Snap a chalk line through the marks, Note: The storyboard is 
the mark to the rafter, Repeat at the other end of the attic, then used merely as a straightedge for this step 

snap chalk line through the marks. Ths line represents the 

bottom edge ofthe celiing frame, 


Cut 2 x 6 joists to span across the rafters, angle-cutting _Nail each joist to the rafters with three 1od common nails 
the ends to follow the roof pitch, Check each joist for crowning _at each end. Be sure to maintain 16"- or 24°- on-center spacing 
‘to make sure you're cutting itso it wil be installed with the benween joists to provide support for attaching wallboard or 
‘crowned edge up. Make the overall length about s" shortso other finish material 


the ends of the jolsts won't tauch the roof sheathing, 
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Piracesisice ars plmemtscinen stat 
and ventilation to a dark, dank basement. 

More importantly, it ean provide a life-saving means of 

escape in the event of a fire. Before you proceed with this 


project, read more about building code issues regarding 
basement egress on page 17. Contact your local building 
department to apply for the proper permits and to learn 
more about the code requirements for your area. 

As long as the window opens wide enough to 
meet minimum standards for egress, the particular 
window style is really up to you. Casement windows 
are ideal, because they crank open quickly and provide 
unobstructed escape. A tall, double-hung window or 
wide sliding window can also work, Select a window 
with insulated glass and clad with vinyl or aluminum 
for durability; it will be subject to humidity and 


Replacing a small basement window with an egress 
window is big job, but itis required if you want to convert 
part af a basement into livable space, especially a bedroom. 
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WW! Adding Basement Egress Windows 


temperature fluctuations just like any other above- 
grade window in your home, 

The second fundamental component of a basement 
egress window project is the subterranean escape well you 
install outside the foundation. ‘There are several options to 
choose from: prefabricated well kits made of lightweight 
plastic that bolt together and are easy to install; corrugated 
metal wells are a lower-cost option; or, you can build a well 
from scratch using conerete, stone ar landscape timber. 

Installing an egress window invalves four major 
steps: digging the well, cutting a new or larger window 
‘opening in the foundation, installing the window, and 
finally, installing the well, You'll save time and effort if 
you hire a backhoe operator to excavate the well, In most 
ceases, youll also need a large concrete saw (available at 
most rental stores) to cut the foundation wall. 


"Tools & Materials > 


Tape measure Caulk and caulk gun 


4-ft, level Gloves 
Stakes and stringline Window well 
Shovel and window 


Colored masking 
Hammer deill with 
ve dia. x 12- 

to 16"-long 
masonry bit 
Conerete saw 
Hand maul 
Wide masonry chisel 
‘Trowel, miter saw 
Drill/driver, hammer 


Pea gravel 

Plastic sheeting 

Sell-tapping 
masonry screws 

2x pressure-treated 
lumber 

Shims 

Insulation materials 

Concrete sleeve 
anchors 


How to Install an Egress Window & Window Well 


Lay out the border of the window well area with stakes Excavate the well to a depth 6 to 12" deeper than the wells 
and string. Plan the length and width of the excavation to overall height to allow room for drainage gravel, Make sure 
bbe several feet larger than the window well's overall size to to have your local public utilities company inspect the well 
provide extra room for installation and adjustment excavation area and okay it for digging before you start 


Measure and mark the foundation wall with brightly colored If the floor joists run perpendicular to your project wal, 


masking tape to establish the overall size of the window's build a temporary support wall parallel to the foundation wall 
rough opening (here, we're replacing an existing window). and 6 to 8 ft. fram it for more on building support walls, see 
Be sure to take into account the window's rough opening page 29), Staple sheet plastic to the wall and floor joists to 
dimensions, the thickness of the rough framing (usually 2x form a work tent that will help control concrete dust. 


stock) and the width of the structural header you may need to 
build, Remember also that sill height must be within 44” of the 
floor. Remove existing wall coverings inside the layout area, 

(continued) 
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You'll need to cut through the foundation from both the “Equip a masonry cutting saw (or large angle grinder) with a 


inside and outside so the blocks will break cleanly Drill ahole diamond blade and setit for 81s" cut to score the blocks first, 
through the wall at each bottom corner with a hammer drill then reset the saw to full depth and make the final bottom and 
and jong masonry bit to give you reference points for marking _side cuts through the blocks, Wear a tight-fitting particle mask, 
the outside cuts. ear and eye protection, and gloves for all ofthis cutting work, 


the saw will generate a tremendous amount of thick dust. Feed 
the saw slowly and steadily Stop and rest periodically so the 
dust can settle, 


Connect the holes you driled previously with a level and Strike the blocks with a hand maul to break or loosen the 
plumb lines to mark the outside foundation wall for cutting block sections, When all the blocks are removed, carefully 
‘Measure the apening between the holes to make sure [tis chip away remaining debris with a cold chisel to create 

the correct size and that itis square. Score the cuts first, then flat surfaces. 


‘make the fulldepth cuts. 
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In concrete block walls, fl the hallaw voids with broken If your project requires 2 new header above the new 

pieces of block, then level and smoath the voids by trowelling indow, build it from pieces of 2x lumber sandwiching some 

ona fresh layer of quick-curing concrete. Flatten the surfaces, 1%" plywoad and fastened together with construction adhesive 

and allow the concrete to dry overnight. ‘and 10d nails. Slip it into place and tack it temporarily to the 
rmudsill with 31" deck screws driven toenail style, 


Cut the sill plate for the window's rough frame from 2« Cut two pieces of treated lumber just slightly longer than 
treated \umber that’s the same width as the thickness of the the opening so they'l fit tightly between the new header and 
foundation wall Fasten th the foundation with Ms x3%" sil. Tap them into place with a maul. Adjust them for plumb 

‘countersunk masonry screws, Drill pilot oles forthe screws ‘and fasten them to the foundation with countersunk masonry 


first with a hammer dil screws of powder-actuated fasteners. 
(continued) 


Bawments & Adis © 521 


Apply a thick bead of slicone caulk around the outside 
edges ofthe rough frame and set the window in its opening, 
seating the naling flanges into the caulk. Shim the window so 
the frame is level and plum, Test the action of the window to 
make sure the shims aren't bowing the frame, 


Attach the window's nailing flanges to the rough frame 
with screws oF nai sd by the manufactures, Check 
the window action periadically as you fasten it to ensure that it 
still operates smoothly. 


‘Seal gaps between the rough frame and the foundation with 
a bead of exterior silicone or palyurethane caulk. if the gaps 
are wider than ‘A, insert piece of backer rod first, then 
ccover it with caulk. On the interior, fil gaps around the window 
shims with strins of foam backer rod, fiberglass Insulation, or 
a bead of minimally expanding spray foam. Do not distort the 
window frame. 
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Fill the well excavation with 6 to 12" of pea gravel. This will 
serve as the window's drain system. Follow the egress well 
kit instructions ta determine the exact depth required; you 
may need to add more gravel so the top of the well willbe 
above the new window, Note: We added a drain down to the 
foundation's perimeter tle for improved drainage as well 


Motion Without Wheels, was famous for monorail 
designs for trains in England based on linear 
induction motors. 


The Hartman patent #4,215,330 is an example of 
one that achieves a linear motor transportation of 
a steel ball up a magnetized incline of 
approximately 10 degrees. Another invention in 
this category is the Johnson patent #5,402,021, 
which uses permanent arc magnets on a four-wheel 
cart, exposed to a parallel track of alternating 
permanent magnets which are in a fixed position. 
An even more amazing permanent magnet patent 
is the Johnson #4,877,983 which an eye witness 
has seen operating at the Johnson home in a closed 
loop for hours. It is reasonable to assume that a 
pickup coil could be positioned nearby so that each 
trip would result in a pulse of electricity to charge 
a battery. The Hartman patent could also be 
arranged in such a circular track so that perpetual 
motion of the first kind can finally be 
demonstrated. 


Fig. 4 


Hartman patent #4,215,330 


The Hartman patent is based upon the same 
principle as the famous electron spin experiment in 
physics called the Stern-Gerlach experiment. With 
an inhomogeneous magnetic field (one that is non- 
uniform) the force on an object with a magnetic 
moment is the gradient of the potential energy. 
Every physics textbook points out that this type of 
field, that is strong at one end and weak at the other 
end, will result in a unidirectional force on the 
magnetic object equal to dB/dx. That is exactly 


what the Hartman patent possesses (note spacing 
of magnets). Therefore, the resulting force 
propelling the ball up a ten degree incline, in the x 
direction, is in keeping with the laws of physics 


With state-of-the-art magnets, including ambient 
temperature superconducting magnets which are 
now finishing the development stage, a 
demonstration of impressive cargo weight will be 
shown to be transportable without maintenance 
electricity costs. Superconducting magnets have the 
unusual property of retaining the initial magnetized 
field for years, without the need for periodic 
energization to restore the initial field strength. 
Examples of the state of development of the 
superconducting magnet market can be found in the 
Ohnishi patent #5,350,958 (lack of cryogenics and 
lighting system output) as well as the reprinted 
article from IEEE Spectrum, July, 1997 on magnetic 
levitation. 


Static Electromagnetic Angular Momentum 


In a provocative experiment with a cylindrical 
capacitor, Graham and Lahoz (Nature, V.285, No.15, 
May, 1980) have expanded upon the proof published 
by Einstein and Laub in 1908 that the Lorentz force 
needs an additional term to preserve action and 
reaction. The article they cite has been translated 
and published in my book, The Homopolar 
Handbook (described below). Graham and Lahoz 
emphasize that there is a “real angular momentum 
density to r x (E x H)/c’* and suggest how to see 
this energy effect in permanent magnets and 
electrets. 


‘This is encouraging work, with an impressive source 
of Einstein and also Minkowski for its information. 
It is possible that it may have a direct application 
for the homopolar generator as well as the magnetic 
energy converter mentioned below since both have 
an axial magnetic field and a radial electric field 
like the cylindrical capacitor experiment of Graham 
and Lahoz 


Homopolar Motor 


My book, The Homopolar Handbook (HH), covers 
experimental tests and history of the Faraday 
discovery, including Tesla’s contribution to it. 
Recently however, there have been new 
developments into a multi-rotor design of a 
homopolar generator, similar to the invention of 
John R. R. Searl. 


Recurring interest in the Searl device, as pictured 
on the cover of Antigravity, the biography of Searl 
by John Thomas, should also center on the 


New Energy Technologies, Issue #1 January - February 2003 


Stack the second well section on top of the first, and 
position it evenly from left to right relative to th ‘connect the two with the appropriate fasteners. 


Adjust the gravel surface to level the well section carefully. 


9 a 


"7B 


) 


Fasten the window well sections to the foundation wall When all the well sections are assembled and secured, 

with concrete sleeve anchors driven into pre-bored pilot ‘all pleces of treated lumber trim around the window frame 
You could also use masonry nails driven with a powder —_ta hide the naling flange. Complete the well installation by 

actuated nailer, Using excavated dirt ta backfl around the outside of the well 


Pack the soil with a tamper, creating a slope for good drainage, 
I you are installing a window well cover, sett in place and 
fasten it according to the manufacturer’ instructions. (The 
‘cover must be removable) 
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Installing Baseboard Heaters 


ascbourd heaters are a popular way to provide 
additional heating for an existing room or primary 
heat to a converted attic or basement 


Heaters are generally wired on a dedicated Drill/driver 
240-volt circuit controlled by a thermostat. Several Wire stripper 
heaters can be wired in parallel and controlled by a Cable ripper 
single thermostat (see circuit map 11, page 143). Wallboard saw 
Baseboard heaters are generally surface-mounted Baseboard heater or heaters 
without boxes, so in a remodeling situation, you on 240-thermostat (in-heater or in-wall) 
need to run cables before installing wallboard. Be sure 12/2 NM cable 
to mark cable locations on the floor before installing Electrical tape 
drywall, Retrofit installations are also not difficult, You Basic wiring supplies 
can remove existing baseboard and run new cable in 
the space behind 


‘Baseboard heaters can provide primary or supplemental heat for existing rooms or aditions. Install heaters with clear space 
between the heater and the floor. 
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| Baseboard Thermostats 


‘Single-pole and double-pole thermostats work na similar__—_In-heater and wall-mount are the two types of baseboard 


manner, but double-pole models are safer. The single-pole thermostats you can choose from. f you are installing multiple 
made! will open the circuit (causing shut) in only ane leg of heaters, a single wall-maunt thermostat is mare convenient. 
the power service, Double-pale models have two sets of wires Individual in-heater thermostats give you more zane control, 


to open both legs, lessening the chance that a person servicing which can result in energy savings. 
the heater will contact a live wire. 


| How Much Heater Do You Need?» 


If you don't mind doing a litle math, determining how 7. Add 20% if the space above is not well insulated: 
‘many lineal feet of baseboard! heater a room requires is — 
hot hard, 8. Add 10% if ceiling is more than 8 ft, high: 


Total ofthe baseline wattage plus all additions: 
1, Measure the area of the room in square feet —= 
(dength x width): _ 10. Divide this number by 250 (the wattage produced per 


2. Divide the area by 10 to get the baseline minimum foot of standard baseboard heater) 
‘wattage: 41. Round upto a whole number. This isthe minimum 
3. Add 5% for each newer window or 10% for each number of feet of heater you need, 
colder window: 
4, Add 10% for each exterior wall in the room: _ Note: tis much better to have more feet of heater than is: 
5. Add 10% for each exterior door ——— required than fewer. Having more footage of heater does 
6. Add 10% if the space below is not insulated! not consume more energy; it does allow the heaters to 


work more efficiently. 


| Planning Tips for Baseboard Heaters > 


‘+ 240-volt heaters are much more energy efficient than Do not mount heaters directly on the floor You 


‘120-olt heaters. should maintain at least 1" of clear space between 

‘+ Baseboard heaters require a dedicated circult. A the baseboard heater and the floor covering, 
20-amp, 240-volt circuit of 12-gauge copper wire will * ‘Installing heaters directly beneath windows is a 
power up to 16 ft. of heater. ‘200d practice, 

‘© Donotinstalla heater beneath a wall receptacle, Cords * Locate wall thermostats on interior walls only, and do 
hanging down from the receptacle area fire hazard. Not Install directly above a heat source. 
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How to Install a 240-volt Baseboard Heater 


4" above the floor Pull 12/2 NM cables through the first hole: 
Cone fram the thermostat, the ather to the next heater. Pull ll 
the cables for subsequent heaters. Middle-of-run heaters wil 
have two cables, while end-of-run heaters have only one cable, 


Anchor heater against wall about 1° off floor by criving 
flathead screws through back of housing and into studs, Strip 
away cable sheathing so at least!" of sheathing extends 
into the heater. Strip" of insulation from each wire using a 
‘combination tool 
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Remove the cover on the wire connection box. Open 2 
knockout far each cable that will enter the box, then feed the 

ccables through the cable clamps and into the wire connection 
box. Attach the clamps to the wire connection box, and tighten 
the clamp screws until the cables are gripped firmly, 


‘To next heater 


4 


‘To element 


‘Make connections to the heating element ifthe power 
wires are coming from a thermostat or another heater 
controlled by a thermastat. See next page for ather wiring 
schemes, Connect the white circuit wires to one of the wire 
Jeads on the heater. Tag white wires with black tape to indice 
they are hot. Connect the black circuit wires to the other wire 
lead. Connect a grounding pigtall to the green grounding screw 
inthe box, then join all grounding wires with a wire connector. 
Reattach cover, 


‘One heater with end-cap thermostat. 
Run both power leads (black plus tagged 
neutral) into the connection box at either 
end of the heater. f installing a single-pole 
thermostat, connect one power lead 

to one thermostat wire and connect, 

te other thermostat wire to one of the 
heater leads. Connect the other hot 

LUNE wire to the other heater lead, If you 
are installing a double-pole thermostat, 
make connections with both legs of the 
ower supply 


Multiple heaters. At the first heater, 
join both hot wires from the thermostat 
to the wires leading to the second heater 
Inline. Be sure to tag all white neutrals 
hot. Twist copper ground wires together 
and pigtail them to the grounding screw 
in the baseboard heater junctian box. 
This parallel wiring configuration ensures 
that power flow will not be interrupted to 
the downstream heaters if an upstream 
heater fails. 


Wall-mounted thermostat. installing 2 
wall-mounted thermostat, the power leads 
should enter the thermostat first and then 
be wired to the individual heaters singly or 
In seties. Hookups at the heater are made 
‘a5 shown in step 4. Be sure to tag the 
‘white neutral as hot in the thermostat box 
‘a5 Wellas in the heater box, 


Exterior 
Improvements 


) oofing, siding, and exterior trim details create the 
outer envelope of your home, safeguarding it from 
the elements, Aside from their protective purposes, 
these three systems should also blend together 
aesthetically to improve your home's appearance 
Roofing and siding replacement, in particular, are 


among the more costly projects you'll face as a 
homeowner, and gencrally they're investments youll 


make only every few decades or so. For these reasons, 


it’s wise to plan your projects carefully, so you ¢ 
keep all the relevant factors in mind before you begin. 
This chapter will help you get started on the right 
foot, You'll begin the planning process by evaluating 
your needs and estimating both price and material 
{quantities required for the job, Then, you'll take a more 
in-depth look at the wide variety of product options 
available. New forms and styles of roofing and siding 
continue to come to market, and there may be some 
you simply aren't aware of yet. A roofing, siding, or trim 
project will usually require at least some work 
at heights. You'll learn important tips for working, 
safely, how to set up scaffolds, and how to prepare 
your job site to minimize damage, manage debris, 


and work efficiently 


In this chapter: 

« Estimating Roofing, Siding & Trim 
* Preparing the Roof for Shingles 

* Shingling a Roof 

‘Installing Vinyl Siding 


| ordering Roofing Materials 


Roofing materials are ordered in squares, with one 
square equaling 100 square Feet. To determine 
how many squares are needed, first Figure out the 
square footage of your roof, ‘The easiest way to 
make this calculation is to multiply the length by 
the width of each section of roof, and then add the 
numbers together 

For steep roofs and those with complex designs, 
do your measuring from the ground and multiply by a 
number based on the slope of your roof. Measure the 
length and width of your house, include the overhangs, 
then multiply the numbers together to determine the 
overall square footage, Using the chart at the lower 
right, multiply the square foot 
on the roof's slope. Add 10 percent for waste 
divide the total square footage by 100 to determine 
the number of squares you need, Don't spend time 
calculating and subtracting the areas that won't be 


by a number based 
hen 


covered, such as skylights and chimneys. They're 
usually small enough that they don't impact the 
number of squares you need. Besides, it ood to have 
extra materials for waste, mistakes, and later repairs, 
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WW! Estimating Roofing, Siding & Trim 


To determine how much flashing you'll need, 
measure the length of the valley to figure valley 
flashing, the lengths of the eaves and rakes to figure 
drip edge, and the number and size of vent pipes to 
figure vent flashing 


‘Asphalt shingles come in packaged buncles weighing 
around 65 pounds each, For typical three-tab shingles, three 
bundles wil cover one square (100 sq, ft) of roof 


Calculate the roof's surface by 
multiplying the height of the roof by the 
width, Do this for each section, then add 
the totals together. Divide that number by 
100, add 10 percent for waste, and that’s 
the number of squares of roofing materials, 
you need 


Conversion Chart 
‘Sle Null by Slope Mui by 
Tn 102 Bint? 1.20 
Binl2 103 Yin? 1.25 


Hint? 1,06 1012 1.30 
Sin? 100 Mint? 136 
int? 1212121. 
Tint? 1.16 


| ordering Siding Materials 


Siding is sold by the linear foot, square foot, board 
foot, or square, depending on the type of material 
To determine the amount of siding materials 
you'll need, calculate the square footage of each 


wall, then add them together to get your total 
surface area 

To figure the square footage for a wall, multiply 
the length of the wall by the height, Galeulate the 
area on the gable end of a wall by using the formula 
for triangles, which is one-half the length of the base 
multiplied by the height of the triangle. You won't 
need to subtr 
doors, and you won't need to add an extra 10 percent 
are roughly 
equal to the amount of waste youll need, 


1 for areas covered by windows and 


for waste. The window and door at 


Use your height and length measurements from 
the walls to determine how many feet of starter strip, 


channels, comer posts, and trim you'll need. Keep 

in mind you'll probably also need to apply trim or 

channels around all of your doors and windows. 
Depending on the siding material you're ordering, 

you may need extra material to allow for overlap. For 

example, if you want to install 10" lap siding with an 


8" exposure, you'll need to account for a 2" overlap 
for each board. Likewise, the exposure rate for wood 
shakes or shingles will determine how many squares 
you'll need, Depending on the exposure rate, one 
square of shingles could cover 80 sq, fi, 100 sq. ft 
or even 120 sq, ft. Most manufacturers have charts 
that show how much material is needed to cover a 
specified number of square feet at various rates of 
exposure. If you have trouble estimating how much 
material you need to purchase, ask your supplier 

for help. 


Estimate the amount of siding you'll need by calculating the square footage of each wall, then adding the numbers tagether 
To determine the square footage of a wall, multiply the wall length by its height, Subtract the square footage of all windows and 
doors, and then add 10 percent for waste to get square footage. Don't forget about corner trim, -channel and other trim pieces 
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Preparing the Roof for Shingles 


orking conditions on a roof ean be arduous, Some of these tools, such as a pneumatic nailer 

so make the job as easy as possible by and roofers hatchet, are specific to roofing projects. If 
gathering the right tools and equipment before you don't have them and don't want to buy them, you 
you begin. can rent them from a rental center 


‘Specialty roofing tools include roof 
ks (A) for use on steep roots, rooting 
(ove! (8) for tearoff work, preuma 
nailer (C), utility knife with hooked blade 
(0) for trimming shingles, roofing hammer 
with alignment guides and hatchet blade 
(© for shingie installation, and a release 
magnet for site cleanup (F), 


Use roof jacks on steep roofs. Nail the supports at the For more secure footing, fashion @ rooting ladder by nailing 
fourth or fifth course of shingles, and ade the widest board the od strips actoss a pair of 2» 4s, Secure the ladder to the 
supports will hold roof jacks, and use it to maintain your footing, 
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homopolar generator (HG). Preliminary analysis 
reveals that there are actually two separate HG 
phenomena occurring simultaneously, one which 
can be called the “revolution” effect (#1) and the 
second that could be called the “rolling” effect 
(#2). The first effect can be visualized as 
magnetized segments of an imaginary solid ring 
revolving around a common center. As suggested 
by drawings in HH, p.141-2, there are precedent 
designs that allow for segmenting an HG rotor. 


With this model in mind, the #1 effect can be 
calculated, for 1 Tesla strength magnets, 
magnetized axially, adjacent to a single ring 
1 meter in diameter, to produce more than 2 volts 
emf across each roller, (E-field directed radially 
from outer diameter of rollers to outer diameter 
of the adjacent ring) with say, 500 RPM. Note that 
this #1 effect is independent of any rolling of the 
magnet. The magnetic field in an HPG is tied to 
space and not to the magnet so rolling will not 
affect this large scale homopolar generator's 
Lorentz force effect (HH, p.10). 


The #2 effect, located within each roller magnet, 
is the one noted in Electric Spacecraft Journal, 
Issue 12, 1994, (HH, p.160) where each roller, is 
a small homopolar generator. This effect is found 
to be somewhat weaker as it generates 
electricity from the center of each roller to its 
periphery. This design is like Tesla’s HG (HH, 
p.81) where a rolling belt is contacting the outer 
edge of a circular magnet. With rollers in the 
vicinity of a tenth of a meter in diameter rolling, 
without slipping, around a 1 meter ring, 
approximately a half of a volt will be generated. 
The Searl design of ring magnetic material will 
normally strengthen the roller's B field 


It is important to realize at this point that the 
principle of superposition applies to these two 
effects. The #1 effect is a uniform E field across 
the diameter of the roller. The #2 effect is a radial 
effect as stated above (see HH, p.6-8). However, 
only the emf in the section of a roller between 
the two contacts, say at the center of the roller 
and its edge which contacts the ring, will 
actually cause current flow in any external 
circuit. This realization means that the effective 
voltage from the #1 effect will be half of the 
available emf, or a little more than 1 volt, which 
is still about double of the #2 effect. Upon 
applying superposition in the limited region 
indicated, we also find that the two effects 
oppose each other and the two emfs must be 
subtracted. The result of this analysis is that 
approximately one half of a volt of regulated emf 
will be present to generate electricity from a 
single set of rollers and one ring about 1 meter 


in diameter. As current is drawn, a Ball Bearing 
Motor effect will also take place (HH, p.54) that 
actually pushes the rollers along, assuming the 
roller magnets have a reasonable conductivity 
(Thanks to Dr. Paul La Violette for this reminder) 


In a related work, (Tech. Phys. Lett., V. 26, #12, 
2000, p.1105-07), Roshchin and Godin have 
published experimental results of their one-ring 
device, called a “Magnetic Energy Converter,” 
with rolling magnets on bearings. It was 
designed as an improvement to the Searl device. 
Though my above analysis does not depend upon 
the ring being made of magnetic material, 
Roshchin and Godin did so. Their findings are 
encouraging and detailed enough for researchers 
to find renewed interest in this type of magnetic 
motor. 


SS 


< 


Fig.5 


‘Magnetic Energy Converter in the experiment 
by Roshehin and Godin (Russia) 


Conclusion 


So far, a couple of permanent magnet motors may have 
achieved perpetual motion, which exceeds 100% 
efficiency. Of course, conservation of energy concepts 
have to be considered and the source of the alleged 
extra energy examined. If permanent magnet field 
gradients do offer a unidirectional force, as the 
textbooks predict, then it is about time for its 
conversion toward useful work. The roller magnet 
geometry, now called a “magnetic energy converte 
is also a unique style of magnetic motor. Exemplified 
in the Russian patent #2158435 by Roshchin and 
Godin, it is a magnetic motor-generator that shows 
potential for excess energy output. Since it relies upon 
the circulating cylindrical magnet rolling around a 
ring, the design is actually a generator rather than a 
motor. However, as they utilize the torque produced 
by the self-sustained motion of the magnets to run a 
separate electrical generator, it is working as a motor. 


Reprint from Proceedings of Institute for Now Energy Conference, 2001 
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g pieces of valley flashing, base flashing, top 

flashing material using aviation snips. Step flashing blanks can be 

Drip edge and vent pipe flashing are available preformed. Skylight flashing usually comes 
s chimney ustom fabricated by a metalworker. 
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Aluminum 


— is { 

, : 

EF Rubber 
aasket nails 


Galvanized 
roofing nails 


Felt paper (304) 


Roofing nail coil 
(for pnoumatic 
nailer) 


Different fasteners, 
jobs. Use galvanized root 
aluminum nas 


e specially developed for diferent felt paper for use as 

i nals to hand nail shingles; use Underlayment; ice-guard membrane for use as underlayment 

aluminum flashing; use rubl climates; and tub fing cement for sealing small 
cracks, and joints. 


How to Tear Off Old Shingles 


Remove the ridge cap 
pry bar, Pry up the cap shing 
nail locations. 


ing a flat Working downward from the peak, _Unless flashing is in exceptional 
atthe tear off the felt paper and old shingles condition, remove itby slicing through 
a roofing shavel or pitchfork. the roofing cement that attaches it to 
the shingles. You may be able to salvage 
flashing pieces, such as chimney 
saddles and crickets, and reuse them: 


After removing the shingles, felt paper, and fi if an unexpected delay keeps you from finishing a section 
the entire tear-aft section, pry out any remaining nails and before nightfall, cover any unshingled sections, using tarps 
sweep the roof with a broam. weighted down with shingle bundles. 
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How to Replace Damaged Sheathing 


Use a reciprocating saw to cut next to the rafters nani area Attach 2 x 4 nailing strips to the inside edges of the rafters 
that extends well beyond the damaged area. Pry out using 3 deck screws 
the damaged sections using a pry ber. 


Use exterior grade plywood to make a patch, Measure Option: if our existing raat dack is made of boards (1 x 6 
the cutout area, allaw fora" gap on all sides for expansion, was cornmon before plywoad took aver the market), tis 

and cut the patch to size. Attach the patch to the rafters perfectly acceptable to use plywood when replacing a section 
and nailing strips using 2)" deck screws or &d ring-shank of the deck. The plywood should be the same thickness as the 


siding nails boards, generally 
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How to Install Underlayment 


‘Snap a chalk line 35%" up fram 
the eaves, so the frst course of the 
36"-wide membrane will overhang the 
jes by %". Install @ course of ice 
‘and water shield, using the chalk line 
asa reference, and peeling back the 
protective backing as you unrollit 


Measuring up from the eaves, make 
‘a mark 32" above the top of the last 
ow of underlayment, and snap another 
chalk line, Roll out the next course of felt 
paper (or ice guard, if required) along the 
chalk line, overlapping the first course 
ry to 12" 

2s of felt paper, and one 


‘At valleys, rol felt paper across from 
both sides, overlapping the ends by 36’ 
Install felt paper up to the ridge—ruled 
side up—snapping horizontal lines 
‘every two or three rows to check 
alignment. Over'ap horizontal seams by 
4, vertical seams by 12", and hips and 
ridges by 6". Trim the courses flush with 
the rake edges, 


Apply felt paper up to an obstruction, then resume 
the caurse an the opposite side (make sure to maintain th 
line), Cuta patch that overlans the felt paper by 12" an all 
sides. Make @ crosshatch cutout for the abstruction. Pt 
the patch over the obstruction, staple it in place, then caulk the 
seams with roofing cement, 


ying 
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At the bottom of dormers and sidewalls, tuck the fe 
paper under the siding where it intersects with the root, 
Carefully pry up the siding and tuck atleast 2" of paper under 
Also tuck the paper under counter flashing or siding on 
chimneys and skylights, Leave the siding or counter flashing 
of siding unfastened until after you install the step flashing. 


How to Install Drip Edge 


Cut a 45° miter at one end of the drip edge using aviation Overlap pieces of drip edge by 2°. install drip edge 
sips, Place the drip edge along the eaves end of the roof, across the entire eaves, ending with a mitered cut on the 
aligning the mitered end with the rake edge. Nail the drip opposite comer. 


‘edge in place every 12" 


3 


‘Apply felt paper, and ice guard if needed, to the root, Cut a 45° miter in a piece of drip edge and install it along the 

overhanging the eaves by Je" rake edge, forming a miter joint with the drip edge along the 
eaves. Overlap pleces by 2", making sure the higher plece Is 
Con top at the overlap. Apply drip edge all the way to the peak 
Install drip edge along the other rake edges the same way 
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Shingling a Roof 


J { you want to install asphalt shingles on your rool, 
then you're in good company. Asphalt shingles, 
also known as composition shingles, are the roofing 

of choice for nearly four out of five homeowners 

in America. They perform well in all types of 

climate, are available in a multitude of colors, 

shapes, and textures to complement every housing 

design, and are less expensive than most other 

rooling products 
Asphalt shingl 


are available as either fiberglass 

shingles or organic shingles. Both types are made with 
asphalt, the difference heing that one uses a fiberglass 
iber 
mat. Fiberglass shingles are lighter, thinner, and have 

better fire rating. Organic shingles have a higher tear 
strength, are more Flexible in cold climates, and are 


reinforcing mat, while the other uses a cellulos 


used more often in northern regions 
Although the roofing market has exploded with 
innovative new asphalt shingle designs, such as 
the architectural or laminated shingle that offers 
a three-dimensional look, the standard three-tab 


asphalt shingle is still the most common, whieh is the 
project we're featuring here. The tabs provide an easy 
reference for aligning shingles for installation 

To help the jab get done faster, rent an ai 
gun. This will 
greatly reduce the time you spend nailing, 


compressor and pneumatic roofin, 


I Tools & Materials > 


Aviation snips Chalk gun 


Carpenter's square Flashing 

Chalk line Shingles 

Flat bar Nailing cartridges 
Rooler's hatchet or Roofing cement 


pneumatic nailer Roofing nails 
Utility knife Ch, Ve 
Straightedge Rubber gasket nails 


Tape measure 


‘Stagger shingles for effective protection against leaks. I the tab slats are aligned in successive rows, water forms channels, 


increasing erosion of the mineral surface of the shingles. Creating a 6” offset between rows of shingles—with the three- 


shingles shown above—ensures that the tab siots do not align. 
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How to Install Three-tab Shingles 


Cover the roof with felt paper (page 536) and install drip 
cedige (nage 537), Snap a chalk line onto the felt paper or ice 
guard 1116” up from the eaves edge, to mark the alignment of 
the starter course. This will result in a Ys" shingle overhang for 
standard 12" shingles, Tip: Use blue chalk rather than red. Red 
chalk will stain raofing materials. 


© ait tap | 


Trim off one-half (6°) of an end tab on a shingle, Position the: 
shingle upside down, so the tabs are aligned with the chal line 
and the half-tabis flush against the rake edge. Drive s" roofing 
nails near each end, 1" down from each slat between tabs. 
Butta full upside-down shingle next to the trimmed shingle, 
and nail it. Fill out the row, trimming the last shingle flush with 
the oppostte rake edge 


Apply the first full course of shingles over the starter 
course with the tabs pointing dawn. Begin at the rake edge 
\Where you began the starter row. Place the first shingle so 

it overhangs the rake edge by Ys" and the eaves edge by 7 
Make sure the top of each shingle is lush with the top of the 
starter course, following the chalk line 


‘Snap a chalk line from the eaves edge to the ridge to create 
a Vertical line to align the shingles. Choose an area with no 
obstructions, as clase as possible tothe center af the raot 
cchakk line shauld pass through a slat ara shingle edge on the 
first full shingle course, Use a carpenter's square to establish a 
line perpendicular to the eaves edge 


a 


(continued) 
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Use the vertical reference line to establish a shingle 
pattern with slots that are offset by 6” in succeeding c 
Tack down a shingle 6* to one side of the vertical line, 5" 
above the bottom edge of the first-course shingles to start 
the second row. Tack down shingles for the third and fourth 
courses, 12" and 18" fram the vertical line, Butt the fifth course 
against the line, 


5e5, 


Check the alignment of the shingles after eat sourse 
cycle. In several spots on the last installed course, measure 

from the bottom edge af a shingle to the nearest felt 
paper line. f you discaver any misalignment, make minot 
adjustments over the next few rows until it’s corrected. 
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Fill in shingles in the second through fifth courses, working 
‘urse and maintaining a consistent 
5° reveal. Slide lower-course shingles under any upper-course 


Upward from the secor 


shingles left partially nailed, and then nail them down. Tip 
Install roof jacks, if needed, after filing out the fifth course, 


|=} 


When you reach obstructions, suich as dormers, install 
a full course of shingles above them so you can retain 
your shingle offset pattern. Qn the unshiingled side of the 
obstruction, snap another vertical reference line using the 
shingles above the obstruction as a guide, 


‘Shingle upward from the eaves on the unshingled side Trim off excess shingle material at the V inthe valley 


Of the obstruction using the vertical line as a reference for flashing using a utility knife and straightedge, Do not cut into 
re-establishing your shingle slot offset pattern. Fill out the the flashing. The edges will be trimmed back farther ata slight 
shingle courses past the rake edges of the roof, then trim taper after both roof decks are completely shingled, 


off the excess 


Install shingles on adjoining roof decks, starting at the Install shingles up to the vent pipe so the flashing rests 
bottom edge using the same affset alignment pattern shawn on at least one raw of shingles. Apply a heavy double bead of 
in steps 1 t0 6. Install shingles until courses overiap the center roofing cement along the bottom edge of the flange. 

Of the valley flashing. Trim shingles at both sides of the valley 

when finished. 


(continued) 
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Place the flashing over the vent pipe. Position the 
flashing collar so the longer portion of the tapered neck slopes 
down the roof and the flange lies over the shingles. Nail the 
perimeter of the flange using rubber gasket nals, 


Outline of 


Shingle up to an element that requires flashing so the 
top ofthe reveal areas are within 5" ofthe element. Install 
base flashing using the old base fiashing as a template 
Bend a piece of step flashing in half and set it next to 

the lowest comer of the element. Mark a trim line on 

the flashing, following the vertical edge of the element. 

Cut the flashing to ft, 
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Cut shingles to fit around the neck of the flashing so they ie 
flat against the flange. Do not drive roofing nails through the 
flashing. instead, apply roofing cement to the back of shingles 
where they le over the flashing 


Pry out the lowest courses of siding and any trim at the 
base of the element. Insert spacers to prop the trim or siding 
‘away from the work area. Apply roofing cement to the base 
flashing in the area where the averiap with the step flashing 
will be formed. Tuck the trimmed piece af step flashing under 
the propped area, and secure the flashing. Fasten the flashing. 
with one rubber gasket nail driven near the top and into the 
roof deck 


Hydrogen Energetics 


Review by Alla Pashova 


A Russian writer Ludmila Ulitskaya, who is rather 
far from energy problems, says: “I'm quite sure that 
cheap electric energy sources have been already 
worked out and are hidden in oil king's safes. 
However such projects won't be taken out of the 
safes until the last oil drop is combusted. They don't 
want redistribution of money, world, power, and 
soon”. Experts are sure to agree with the writer. 


Now only ideas which can coexist together with the 
traditional oil power engineering and with a system 
of world oil distribution can escape the safes. Some 
expensive scientific toys promising future universal 
welfare are created to reassure ecologists, viz 
automobiles equipped with hydrogen engine. 
According to estimation of Japan representatives 
of motor car industry, installation of the hydrogen 
engine into such a car as a classical Sedan now 
comes to about $700 000. Approximate cost of a 
hydrogen bus named Kitaro achieves the astronomic 
amount of $1.25 million. 


The hydrogen engine consists of several fuel 
elements, which are known as fuel cells. Hydrogen 
under pressure of 1.5-2.7 atmospheres comes to an 
anode. A cavernous catalyst splits the molecules 
into electrons and protons. The electrons set the 
electric engine in motion, and the protons come 
through a membrane acting to a cathode as an 
electrolyte. Here the catalyst combines them with 
the working electrons and with atmosphere oxygen 
into water molecules. It should be noted that the 
Europeans and the Americans are extremely 
charmed by this water streamlet which is exhausted 
instead of poisoning gases. Moreover, output of the 
fuel cell is 3-5 times more than output of the petrol 
engine. 


The first hydrogen power station inaugurated in Las 
‘Vegas, Nevada, in 2002, (see Fig.1, 2) represents a 
system of the fuel cells with the proton penetrable 
membrane as an electrolyte (they are designed and 
produced by experts of Plug Power Inc.). The station 
produces hydrogen transforming and cleaning 
natural gas and generates electric power combining 
hydrogen stored in reservoirs with atmosphere 
oxygen. The USA Energy Department and Air 
Products Inc. together paid $ 10.8 million for this 
project. 


It is necessary to note that the priority branch of 
the hydrogen engineering is providing new means 
of transport with fuel, and electric power production 
is just the second aim. The mentioned station 
produces electric power in addition to its main 
function. Nevertheless, if fuel market begins to 


decrease then the electric power payments will 
provide the “hydrogen magnates” with stable profit. 


ia it 


Fig. 1 
Hydrogen power station 


Nowadays the hydrogen automobiles allow oil kings 
keep the system of centralized fuel distribution and 
the infrastructure of service stations which will 
provide the means of transport with methanol, 
natural gas with hydrogen blend, and liquefied or 
gaseous hydrogen. Thus interested companies 
control the hydrogen engineering and scientific 
thought. 


Moreover, oil can be applied as it is useful for board 
reforming (conversion), Le. it can be used as a 
hydrogen source. The systems based on conversion 
have been known for a long time but there was need 
to work at them, 


Russian experts improved the conversion system by 
replacement of the catalyst by plasma. Thus the 
conversion occurs in gas discharge of HVF appearing in 
the blend which needs to be converted. According to 
experts’ opinion the Russian system is portable and has 
high output. In 2001 a group of experts of Russian Centre 
of Automobile Engine represented experimental 
prototype basing on Chevrolet Pickup $ 10. 


‘The ideal of modern hydrogen engineering is the 
following: “There should be minimal changes in the 
system of fuel distribution, non-polluted air, and thin 
streamlet of distil exhausted”. However, evidently, 
the exhausted water is an ideal source for hydrogen 
fuel reproduction by means of high effective 
electrolyzing. If the closed system is worked out we 
would obtain an energy source powered by 
continuous chain of electrolyzing and recombination 
whose efficiency would be more than 100 %. 
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Apply roofing cement to the top side of the frst piece of 
step flashing where it will be covered by the next shingle 
‘course, instal the shingle by pressing it firmly into the roofing 
‘cement. Do not nail through the flashing undemeath, 


Shingle up to the chimney base. Use the old base fasting 
as a template to cut new flashing, Bend up the counter 
flashing. Apply roofing cement to the base of the chimney and 
the shingles just below the base, Press the base flashing into 
the roofing cement and bend the flashing araund the edges 
of the chimney, Drive rubber gasket nails through the flashing 
flange into the roof deck. 


Tuck another piece of flashing under the trim or siding, 
overlapping the first piece of flashing at least 2". Set the 
flashing into roofing cement applied on the top of the shingle, 
Nail the shingle in place without driving nails through the 
flashing, Install flashing up to the top of the element the same 
way. Trim the last piece of fiashing to fit the top corner of the 
element. Reattach the siding and trim. 


Install step flashing and shingles, working up to the high 
side of the chimney. Fasten flashing to the chimney with 
roofing cement. Fold dawn the counter flashing as you go. 


(continued) 
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Top flashing 


Cut and install top flashing (also called a saci) When you reach a hip or ridge, shingle up the first side 
the high side of the chimney. Overlap the final piece of flashing _until the top of the uppermost reveal area is within 5” of the 
along each side. Attach the flashing with roofing cement hip or ridge. tim the shingles along the peak. Install shingles 
applied to the deck and chimney and with rubber gasket nails on the opposite side of the hip or ridge, Overlap the peak na 
civen through the flashing base into the raof deck, Shingle more than 5°, 

past the chimney using roofing cement (not nails) to attach 

hingles over the flashing, 


Cut three 12"-sq. cap shingles from each three-tab shingl ‘Snap a chalk line 4” down from the ridge, parallel to the 
Nith the back surface facing up, cut the shingles atthe tab peak. Attach cap shingles, starting at one end of the ridge, 
lines. Trim the top comers of each square with an angled align he chalk line. Drive two 1%" roofing nails per 
Cut, starting just below the seal strip to avoid overlaps in the ‘cap about 1” from each edge, just below the seal strip, 
reveal area, 
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Following the chalk line, instal cap shingles halfway along 
the ridge, creating a 5° reveal for each cap. Then, starting at 
the opposite end, install caps over the other half of the ridge 
‘to meet the first run in the center. Cuta 5"-wide section from 
the reveal area of a shingle tab, and use it as a “closure cap" 
‘to cover the joint where the caps meet. 


After all shingles are installed, tim them at the valleys 
to create a gap that's 3° wide atthe top and widens at a 

rate of per foot as it moves downward. Use a utility knife 
and straightedge to cut the shingles, making sure nat to cut 
through the valley flashing. At tne valleys, eal the undersides 
and edges of shingles with roofing cement. Also cover exposed 
‘ail heads with roofing cement. 


Shingle the hips in the same manner using a chalk 
reference line and cap shingles. Start at the bottom of each hip, 
‘and work to the peak. Where hips join with roof ridges, install 

‘a custom shingle cut from the center of @ cap shingle. Set the 
‘cap at the end of the ridge and bend the corners so they fit 
ver the hips. Secure each comer with a raofing nail, and cover 
the nall heads with roofing cement. 


‘Mark and trim the shingles 2t the rake edges of the roof. 
Snap a chalk line from the edge to make an overhang, then 
trim the shingles. 
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WW) installing Vinyl Siding 


inyl has become one of the most popular sidings 
due to its low cost, uniform appearance, and 

-free durability. Installation is fairly 
simple, with each row locking onto the lip of the 
underlying course, then nailed along the top. 

There are a couple of key factors that will make 
or break your siding project. First, the sheathing must 
be straight and solid before the siding is applied. 

‘The siding will only look as straight and smooth as 

the wall its on, Second, determine how the siding 
should overlap to hide the seams from the main traffie 
patterns. This usually means starting in the back and 
‘working toward the front of the house 

Do not nail the siding tight to the house. The 
panels need to slide back and forth as they expand and 
contract with changes in the temperature. If the siding 
can't move, it will bow and need to be reinstalled. Keep 
a /s" gap between the head of the nail and the siding. 

Vinyl siding is available in a wide variety of colors 
and styles, and with a lot of accessories such as trim, 
fluted lineals, vertical columns, crown molding, 
and band boards. The most common vinyl siding is 
horizontal lap siding, which is shown starting on page 
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548, This project shows a foam underlayment, which 
reduces outside noise, protects the siding from dents, 
and adds an insulation value. Vertical vinyl siding is also 
available. I's specifically made for vertical applications, 


) Tools & Materials > 


Hammer 
Cireular saw 


Zip-lock tool 
Snap lock punch 


orradial-arm saw Caulk gun 
Clamps Vinyl siding 
Tape measure Jechannel 
String Comer posts 
Straightedge Undersill 
Utility kn Starter strip 
Aviation snips Nails 

Level ‘Cutting table 


halk line 
Framing square 
Nail slot punch 


Salety glasses 
Silicone caulk 


Vinyl siding can look very similar to wood lap siding, but it doesn’t require regular upkeep. Vinyl can be installed on any type and 
style of house. 
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Cutting Vinyl Siding 


Use a fine-tooth blade installed backward in the 
cut vinyl siding, Use a radial-arm s 
circular saw, 

Always 


‘Support the siding on a cutting table when cutting, Vinyl 
v, power miter Saw, oF 3 siding is too flimsy to be placed across sawhorses without 
suppor. You can build a cutting table by fastening a long piece 


crap plywood between two sawhor 


Assnap lock pune! 1d to make raised tabs, or dimples, A.nail slot punch is used to make horizontal nall 
in a cut edge of siding where the naling hem has been the face of panels. it can also be used to add or 
removed, This eliminates the need to facenail the panel opening of an existing nail slot to match iregular stud spacing 
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How to Install Vinyl Siding 


Install housewrap following manufacturer Instructions. 
Identify the lowest corer of the house that has sheathing, 
and partially drive a nail 1%6" above the bottom edge of the 
sheathing. Run a level string to the opposite comer of the wall 
and partially drive a nail Do this araund the entire hause. Snap 
chalk lines between the nails. 


Place the top edge of the starter strip along the chalk 
line and nail every 10°, Nail in the center of the slots and 
don't nail tight to the house. Keep a ¥" gap between 
strips, and leave space at the comers for a" gap 
benween starter strips and comer posts 


‘Option: Install foam viny! siding underlayment on the 
house using cap nails, Align the bottom of the underlayment 
With the starting strip. To cut panels ta size, score them, 

with a utility knife, then break them over your cutting 

table. Some panels need to be taped at the seams Follow 
manufacturer's recommendations. 
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Install a corner post, keeping a /" gap between the top of 
the post and the soffit, Extend the bottom of the past 1" below 
the bottom of the starter strip. Drive a nail at the top end of the 
Uppermost slot on each side of the post (the past hangs from 
these nails). Make sure the post is plumb on both sides using. 
alevel. Secure the past by driving nails every 8 ta 12" in the 
center ofthe slots Do not nail the post tight. Install the other 
posts the same way. 


Hf more than one corner post is needed to span the length 

fa corner, the upper post overlaps the lower post. Far an 
‘outside corner post, cut off 1" from the nailing flanges on the 
bottom edge of the top post. For an inside comer post, cut aff, 
1" from the nailing lange on the upper edge of the bottom 
post. Overlap the posts by=%", leaving %" for expansion, 


At the top of the window, measure between the outside 
‘edges of the side J-channels and cut a piece of J-channel to 
fit. Cuta %" tab at each end. Bend the tabs dawn to form 
a drip edge. Miter cut the face at each end at 4S", Center 
the J-channel over the window and nail itn place. The top 
J-channel overiaps the side pieces, and the rip edges fit 
inside the side pieces. Do this for each window and door 


‘Measure and cut two J-channels that are the length of 
‘a window plus the width of the J-channel, Place one of the 
J-channels against the side of the window, aligning the bottom 
edge with the bottom edge of the windaw. Nall the channel in 
place. Nall the second J-channel against the opposite side of 
the window the same way. 


‘Measure, cut, and install J-channel along the gable ends. 
Nail the channels every 8 to 12°. To overlap I-channels, cut 1" 
from the nailing hem. Overlap the channels %", leaving Yi" for 
expansion. At the gable peak, cut one channel at an angle 10 
butt against the peak. Miter the channel on the opposite side 
to overlap the first channel. 


(continued) 
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To install J-channel over a roof line, snap a chalk line along 
the roof flashing %" above the root, Align the bottom edge 

of the J-channel along the chalk line, and nail the channel in 
place. Make sure the channel does not make direct contact 
‘with the shingles, 


1 mid 


1 il 


‘Measure, cut, and install undersil beneath each window, 
The undersill should be flush with the outside lip of the 
side channels, 


Measure, cut, and install undersill along the horizontal 
eaves on the house. if more than one undersil is needed, cut 
the naling hem 1%" from the end of one undersil, Overlap the 
undersils by 1", 
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Snap the locking leg on the 
the starter strip, making sure [ 
Keep a)" gap between the end of the panel and the camer 
post. Nail the panel a minimum of every 16° on center. Don't 


drive the nails tight. Note: This installation shows a vinyl siding 
underlayment in place. 


‘Overtap panels by 1". Cut panels so the factory cut edge 
isthe one that’s visible. Keep nails at least 6” from the end 
Of panels to allow for smooth overtap. Do not overlap panels 
directly under a window. 


For hose spigots, pipes, and other protrusions, create 2 
seam at the obstacle, Begin with a new panel to avoid extra 
‘seams. Cut an opening "larger than the obstacle, planning 
fora 1" overlap of siding. Match the shape and contour 

as closely as possible, Fit the panels together around the 
‘obstruction and nail in place. 


Place the second row over the first, snapping the locking 
leg into the lock of the underlying panels, Leave Ys" gap at 
‘corners and J-channels. instal subsequent rows, staggering 
seams at least 24” unless separated by more than three rows, 
Check every several rows for level, Make adjustments in slight 
increments, if necessary. 


Place mounting blocks around outlets, lights, and doorbell. 
‘Assemble the base around the fixture, making sure i’ level, 
and nail in place. Install siding panels, cutting them ta fit 
around the mounting block with a i" gap on each side. 
Fasten the cover by snapping it over the block 


(continued) 
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Where panels must be notched to fit below a window, 
position the panel below the window and mark the edges 

Of the window, allowing for a %" gop. Place a scrap piece of 
siding alongside the window and mark the depth of the natch, 
keeping a i" gap, Transfer the measurement to the panel, 
mark the notch, and cut it out, Create tabs on the outside fac 
every 6" using a snap lock punch. install the panel, locking the 
tabs into the undersil 


To fit siding over a window, hold the panel in place over 
the window and mark it. Use a scrap piece of siding to mark 
the depth of the cut. Transfer the measurement to the full 
panel and cut the opening. Fit the cut edge into the J-channel 
above the window, lock the panel in place, and nail it 
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Install cut panels between windows and between windows 
‘and corners as you wauld regular panels, Avoid overlapping 
panels and creating seams in small spaces. The panels need to 
align with panels an the opnosite side of the window. 


For dormers, measure up from the bottom of the channel 
the height ofa panel and make a mark. Measure across to the 
opposite J-channel, Use this measurement to mark and cut the 
panel to size. Cut and install panels for the rest of the domer 
the same way. 


What are the known ways of hydrogen production? 
‘The greatest amount of the gas is produced on the 
base of catalytic conversion of hydrocarbon with 
water vapor. Temperature of the process depends on 
the catalyst composition. It is known that 
temperature of propane reaction can be decreased 
to 370° using bauxite as a catalyst. Approximately 
95% of by-product carbon monoxide is further used 
in the reaction with water vapor. 


A significant part of the total hydrogen production 
is given by a method of water gas. The essence of 
the method lies in reaction of water vapor with coke 
that is followed by the producing of carbon monoxide 
with hydrogen mix. The reaction is endothermal, it 
occurs at 1000°C. The heated coke is processed by 
the vapor; extracted purified mix of gases contains 
some hydrogen, some carbon dioxide, and great 
share of carbon monoxide. Further vapor processing 
of the carbon monoxide at 370°C increases the 
hydrogen extraction. The amount of carbon dioxide 
increases as well however it is easy to be removed by 
passing the gases mix through a scrubber sprayed 
by a water contraflow. 


Fig. 2 


‘There is a well-known iton-vapor method according to 
which vapor is passed above iron at 500-1000°C. 
Hydrogen obtained by this method is usually applied to 
hydrogenise fats and oils. Composition of the iron oxide 
depends on the process temperature. Iron-3 oxide (Fe,0,) 
prevails at the temperature below 560° C. Ifthe vapor is 
passed above the iron at the temperature above 560° C 
then iron-2 oxide (FeO) share increases. A slight 
admixture of carbon monoxide is removed when the 
heated mix passes above a catalyst. At this time the 
carbon monoxide is transformed into methane. 


In the processes of oxidation and thermal cracking of 
hydrocarbons at soot production hydrogen is produced 
as a by-product. 


‘The next effective method is methanol-vapor one. It is 
an endothermal reaction which is proceeds in common 
iron reactors at 260° C temperature and at 20 
atmospheres pressure. 


‘There should be also mentioned a catalytic reaction of 
ammonia decomposition at which nitrogen and 
hydrogen is produced. The reaction can be profitable if 
it is necessary to produce great amount of hydrogen. 
‘The methods useful if the obtained hydrogens directly 
applied. 


Electrolysis is the oldest method to produce hydrogen, 
Direct current comes to electrodes, the cathode collects 
hydrogen, and the anode accumulates oxygen. The 
technology makes hydrogen to be too expensive energy 
carrier. There is often used a technology of hot 
processing of water vapor at 700-900° C accompanied 
with light petrol and heavy liquid fuel which bleeds 
oxygen. This method is quite expensive as well. 


As it is known, wasteful power consumption of 
classical electrolysis is caused by the fact that it is 
used to overcome forces of hydrate bound of ions with, 
water molecules and to compensate endothermal 
effect of water decomposition. Therefore, ions 
reduction at corresponding electrodes requires more 
current intensity than in the case of absence of this 
physical phenomena. Hence production of 1 cubic 
meter of hydrogen requires 18-21.6 MJ, and total 
power consumption exceeds 50 MJ (taking into 
account the electric power production). Therefore 
hydrogen becomes too expensive. 


In 1888 D.A. Lachinov patented a method of non- 
contact electrolysis. Improvement of this method 
promises huge amount of cheap hydrogen and 
appearance of high effective energy source 
operating as a closed cycle. The main problem of 
Lachinov's method is a gas layer covering the 
electrode in some time and impeding the reaction. 
It was proposed by I. A. Goryachev to prevent the 
gas layer using pulsating electric field. A.V. Frolov 
has proposed to increase electrolysis efficiency by 
means of rotation. Centrifugal force causes more 
swift detach of gas blebs from electrodes surfaces. 
Power consumption to overcome frictional force in 
the construction and to generate potential electric 
field is insignificant as compared with output. 
Hence efficiency of the system may exceed 100%, 


‘There is also described the experimental device for 
production of hydrogen and oxygen from water 
where modulated voltage (not de voltage) is applied 
to the electrodes. Modulation frequency is in 
connection with proper oscillation frequency of 
water molecules as well as with spatial structure. 
Possible efficiency of water electrolysis in spark 
discharge which removes oxygen admixture should 
be investigated . Water electrolysis at the radiation 
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‘Measure the distance between the lock on the last fully Place a scrap panel in the J-channel along the gable end 

installed panel and the top of the undersill under the horizontal _of the house. Place another scrap over the last row of panels 

‘eaves, Subtract /, then mark and rip 2 panel to fit, Use a snap _before the gable starts, slide It under the first scrap, and mark 

lock punch to punch tabs on the outside face every 6". Install the angle where they intersect, Transfer this angle to full panels. 

the panel, locking the tabs into the undersil Make a similar template for the other side. Cut the panels and 
set the cut edge into the J-channel, leaving a Ys" gap, 


Cut the last piece of siding to fitthe gable peak. Drive a ‘Apply caulk between all windows and J-channel, 
single aluminum or stainless steel finish nail trough the top and between doors and J-channel 

of the panel to hold it in piace, This is the only place where 

{you will facenail the siding 
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Resources 


‘American institute of Architects 
200-364-9364 
‘wnwwaigoniine,com 


‘American Lighting Association 
800-724-4484 
\www.americanlightingassoc.com 


‘American Society of Interior Designers 
202-546-3480 
Wwww.asid.org 


‘Association of Home Appliance 
Manufacturers 

202-872-5955 

‘ww.ahiam.org. 


Certified Forest Products Council 
503-224-2205, 
\www.certifiedwood org 


Construction Materials Recycling 
Association 

630-548-4510 

\www.cdrecycling org 


Photo Credits 


‘Alcoa Home Exteriors, in. 
1.531, 546 


‘American Standard 
438 


‘Armstrong World industries 
1.174, 180 (left), 236 


Brian Greer’s Tin-Ceilings 
519 570 1447, 
239 


Broan Nutone 
i327 


Ceramic Ties of Italy 
p.a54 


CertainTeed, Corp. 
1. 530 (lower) 


Cherry Tree Des 
1.428 (lower) 


Daltile 
386 


Economic Mobiiy nc 
1.425 (lower left) 


Elkay 
1.348, 426 (eft) 


‘The Energy Conservatory 
\www.energyconservatory.com 
1. 218 (right) Energy Star Program 


Energy & Environmental Building 
Association 

952-881-1098 

www.eeba org 


International Residential Code (book) 
International Conference of Building 
Officials, 

800-284-4406 

‘wowwsicbo.cam 


Kohler Co. 
800-456-4537 
‘wnt kohier.com 


Laticrete international 
(adiant floor mats) 
800-243-4788 

‘wn laticrete.com 


Light Gauge Steel Engineers Association 
615-279-9251 
wowwigsea.com 


National Association of the 
Remodeling Industry (NARD 

1847-298:9200 

www.narorg 


Fotolia / www-fotolia,com 
480 


General Electric 
478 (right) 

Ginger 

1.46 (right) 

Harrell Remodeling, Inc, 
427, 486 


IKEA Home Fumishings 
pate 


ISTOCK Photo / wwwistack.com, 
1.324 George Peters, 420, 422, 468 
Nicola Gavin, 528 


Jacuzz 
. 428 (top) 


Kentucky Wood Floors 
170 


Kohler 
. 19, 392, 424, 425 (lower right), 446, 484 


keraftmaid 
p.339 


‘Marvin Windows 
p.318 


MIRAGE Prefinished Hardwood Floors 
162 
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National Fire Protection Agency 
617-770-3000 
‘ww nfpa.org 


National Kitchen & Bath Association 
(NKBA) 

800-843-8522 

‘wewwrikba org 


National Wood Flooring Association 
300-422-4556 
\www.woodfoors org 


North American insulation 
‘Manufacturers Association 

703-684-0084 

‘waww.naima org 


Tile Council of America 
364-646-8453, 
wwwwtleusa,com 


US. Environmental Protection Agency— 
‘Indoor Air Quality 
wwniepa.gov/iag/ 


‘Oasis Montana 
p.418 (eft) 


Robert Perron, photographer / 
\woww.bobperron, com 
p.516 (left & right) 


Price Pfister 
. 393 (al), 472 (top & lower) 


Seattle Glass Block 
p.220 


slematic 
P.336 


Swanstone 
.470 (top) 


Toto 
.428 (top) 


Urban Homes, NY 
p.340 


Brian Vanden Brink, photographer / 
‘www.brianvandenbrink com 
p.a92 


VELUX-Ametica 
p28 


Weather Shield 
P.18 (top) 


Wester Red Cedar Lumbar Association 
p28 


WW! Conversion Charts 


Metric Equivalent 

Inches Gn) tne th ue MO A MH 1 2 3-4 5 6 7 B 9 1M 12 3 34 
Feot (th) 13th 
Yas (yt) 1 We 
Aims (nm) 0.40 0.79 11.59 3.18 6.35 959 10 12.7 15.9 19.1 22.2 254 80.6 76.2 101.6127 152 178 203 229 254 279 305 914 1,000 
Centar (cn) 0,951 1.27 1,591.91 2.22 2.54 5.08 7.62 106127 15.2 17.8 20.3 22.9 25.4 27.9 30.5 91.4 100 
tars) 3091 100 


Converting Measurements 


ToConvert: To: Multiply by: To Convert: ‘Multiply by: 

Inches: Millimeters 254 Milimet ers 0.039 

inches Cntineters 24 Centinates 03 

Feet Meters 0.305 ‘Meters: 3.28 

Yards eters and eters 109 

Ailes lets 1.409 Aionas ies oni 

‘Sune inches ‘quote centineas 6.45 ‘Sune centimeters Sune inches 0155 

‘Square feet Squore meters 0.093 ‘Square meters Square feet 108 

‘Sauae yds ‘uote eles 0836 Sure mets Sore yrs 12 

Cubic inches Cubic centimeters 164 Cubic centimeters Cubic inches 0.061 

obi feet Cubic meters 0.0783 Cobic meters (Gicfeet 3 

Cubic yords Cubic meters 0.765 Cubic meters Cubic yords 131 

Pints (WS) O.AT3 imp. 0.566) ies Pits (US) 2.114 Ch 1.78) 

‘Quarts (U.S.) 0.946 (Imp. 1.136) Liters Quarts (U.S.) 1.057 (mp. 0.88) 

Gallons (U.S.) 3.785 (imp. 4.546) ‘ites Gallons (U.S.) 0.264 (imp, 0.22) 

Ounces: 28.4 Ounces: 0.035 

Pounds st Funds = 
" 

Converting Temperatures Fahrenheit Celsius 


Convert dates Foreneit (F) o degrees Ces (C) by following this simple 
foxmul: Subhact 32 fromthe Fohrenbit temperature reading, Then muy that 


ror For example, 77°F 32 = 45,45 x = 25°C. 35° a 
To covet dgtes Cli Yo degrees Fabel, mull the Ces temperaure 50° x 
tating by the fd 32. For example, 25°C x Y= 4S. 45 +32 = 77% = toe 
ae 5 
a Freezing © 
ra - 
w a 
16° ase 
0 “29° 
° “as 
. ae 
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Index 


A 
‘ABS pipes. See Plastic pipes (ABS, 
PVC, CPVC) 
Acoustical ceiling tiles, installing, 
236-238 
Air-conditioning, guidelines for 
kitchen, 345-346 
“Ampacity (amperage) of wires, 90, 91 
Appliances 
Circuit maps for, 142-143 
dishwashers, hooking up, 402-406 
energy efficient, 347, 418-419 
food disposers, installing, 407-411 
minimum trap sizes for, 80 
Asbestos, 24, 176 
Attics 
finishing ceilings, 516-517 
installing 
baseboard heaters, 524-527 
floors, 506-509 
walls, 514-515 
planning remodeling, 494-495, 498 
8 
Balloon framing, elements of, 11 
Bamboo flooring, installing, 186~190 
Bamboo panels, 210 
Baseboard heaters 
circuit maps for, 143 
installing, 524-527 
Basements 
adding egress windows, 518-523 
installing 
baseboard heaters, 524-527 
floors, 500-505 
walls, 510-513 
planning remodeling, 496-499 
Base molding, installing, 242-245 
Bathrooms 
accessibility of 424-429, 486-487 
codes & standards, 135, 422-423 
installing 
alcove bathtubs, 438-445 
drains, 472-473, 478-479 
faucets, 472-477 
flooring 
ceramic tile, 191-197 
mosaic tile, 198-199 
floor-warming systems, 156-161 


sliding tub doors, 450-453 
3-piece tub surrounds, 446-449 
toilets, 458-461 
towel warmers, 490-491 
tub spouts, 480-483 
vanity cabinets, 470-471 
ights, 484-485 
wall-hung vanities, 462-463, 
tiling walls, 454~457 
Bay windows, installing, 268-277 
Beadboard wainscoting, installing, 
216-219 
Bedrooms, highlights of National 
Electrical Code about, 135 
Bifold doors, installing interior, 
300-301 
Branch pipes, sizing for, 79 
Brass valves, soldering, 62 
Building codes & permits, 16-19 
bathrooms, 135, 422-423 
electrical 
basic requirements, 131-131 
highlights, 134—135 
learning about, 128, 131 
kitchens, 135, 342-343, 
for PEX, 71 
for plumbing, 77-78 
Bullt-up base molding, installing, 
244-245 
Butted casings on doors, 
installing, 319 
¢ 
Cabinets 
installing bathroom vanity, 
470-471 
installing kitchen 
‘base cabinets, 356-357 
hanging cabinets, 353-355 
overview of, 350 
preparing walls, 351-352 
removing, 39 
Cables 
entering receptacles, 122 
highlights of National Electrical 
Code about, 134 
installing NM (Nonmetallic) 
98-101 
overview of, 90-92 


Blass shelving, 488-489 Carpet squares, installing, 200-203, 

grab bars, 486-487 Ceilings 

showers finishing attic, 516-517 
enclosure kits, 430-435 Installing 
hinged doors for, 436-437 ‘acoustical tles, 236-238, 

sinks ‘crown molding, 250-253 
pedestal, 468-469 electrical boxes on, 114 
vessel, 464-467 light fixtures on, 324-326 
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metal, 239-261 
panels on, 228-231 
recessed light fixtures on, 
327-329 
skylights, 278-283 
building shafts for, 284-287 
tubular, 288-289 
suspended, 232-235, 
track lighting on, 330-333 
wallboard on flat, 47 
Cementboard underlayment, 
Installing, 152 
Ceramic tile flooring, installing, 
191-197 
Chair rails, installing, 248-249 
Circuit maps, using, 138-145, 
Codes. See Building codes & permits 
Color chart of wires, 90 
Concrete walls, installing wires on, 
106-107 
Conductors, maximum number 
permitted per electrical box, 108 
Conduit 
connecting nonmetallic, 105 
installing on concrete walls, 
106-107 
overview of, 102-104 
‘Construction plans, 22-23 
Copper pipes 
cutting, 59 
soldering, 56, 58, 60-62 
working with, 56-57 
‘Countertops, installing 
laminate, 368-375 
postform, 364-367 
tiled, 376-385 
PVC pipes. See Plastic pipes (ABS, 
PVC, CPVC) 
Crown molding, installing, 250-253, 


D 
Demolition 
making opening for exterior 
doors, 32-35 
overview of, 28 
removing 
cabinets, 39 
partition walls, 36-37 
plaster walls, 31 
trim, 38 
wallboard, 30 
support, installing temporary, 29 
Dining rooms, highlights of National 
Electrical Code about, 135 
Dishwashers, hooking up, 402-406 


Doors 
codes for exit, 17 
exterior 
making opening for in lap 
siding, 32-33 
making opening for in stucco, 
34-35 
framing, 12-13 
framing interior, 290-291 
for load-bearing walls, 293 
prehung, 292 
sliding & folding doors, 293 
guidelines for kitchen, 344 
installing casings, 318-321 
installing entry, 306-209 
installing interior 
bifold doors, 300-301 
French doors, 302-305 
overview of, 290 
pocket doors, 296-299 
prehung, 294-295 
installing paneling around, 213 
installing patio, 312-317 
installing storm, 310-311 
Drains 
hooking up kitchen sink, 398-401 
installing bathroom sink, 472-473, 
478-479 
Drain-waste-vent system 
cleanouts for, 80 
drain pipe sizes, 80 
overview of, 55, 
vent pipe sizes & orientation, 80 
Drawings, 20-21 
ry-backed resilient flooring tiles, 
installing, 175, 176, 180-184 
E 
Electrical boxes 
common types of, 108, 109, 110 
highlights of National Electrical 
Code about, 134 
installing 
on ceilings, 114 
Junction boxes, 114-115 
for light fixtures, 113, 
for receptacles, 112 
for switches, 113 
locating, 111 
‘maximum number of conductors 
permitted per box, 108 
overview of, 85, 108 
wall covering thickness and, 111 
Electrical symbols, 137, 
Electrical system 
delivery from power plants, 83 
glossary of terms, 87 


guidelines for kitchen service, 344 
meters described, 84 
overview of home, 86 
parts of, 84-85 
safety, 25, 28 
Entertainment rooms, highlights of 
‘National Electrical Code about, 135 
Entry doors, installing, 306-309 
Exits & openings, codes for, 17 
F 
Faucets 
installing bathroom, 472-47 
installing kitchen 
overview of, 392-393 
putting in new faucet, 395-397 
removing old faucet, 394 
Fire protection, codes for, 18 
First-aid kits, 25 
Fittings 
‘methods used with copper pipes, 56 
soldering copper pipes & 56, 58, 
60-62 
Fixtures 
installing panels & wainscoting 
around, 213, 218 
‘minimum trap sizes for plumbing, 80 
See also Light fixtures 
Flexible copper pipes 
cutting, 59 
overview of, 56, 57 
Flooring 
elements of, 14 
instaling 
bamboo planks, 186-190 
carpet squares, 200-203 
ceramic tle, 191-197 
hardwood strip, 162-165 
laminate, 166-169 
mosaic tle, 198-199 
parquet, 170-173 
radiant floor-warming systems, 
156-161 
resilient tiles, 175, 176, 180-185 
sheet vinyl, 174-179 
installing attic, 506~509 
installing basement, 500-505 
refinishing wood, 204-207 
underlayment for 
installing 
cementboard, 152 
isolation membrane, 153, 
panels, 154 
plywood, 151 
raised panels, 154155 
overview of, 150 


Food disposers, installing, 407-411 
Four-way switches 
circuit maps for, 145 
installing of, 119 
overview of, 119 
testing, 121 
Framing 
doors, 12-13, 290-293 
elements of, 10-11 
with steel, 42-43 
windows, 12-13, 256-259 
French doors, installing interior, 
302-305 
FRP panels, 210 


6 
Garden windows, installing, 264-267 
GFCI (ground-fault circuit-interrupter) 
receptacles 
circuit maps for, 139, 142 
installing, 127 
overview of, 126 
Glassblock walls, building, 220-223, 
Glass shelving, installing, 488-489 
Grab bars, installing, 486-487 
Green kitchens, 347, 416-419 
Grounding 
highlights of National Electrical 
Code about, 135, 
wires 
described, 84 
installing through metal 
conduits, 102 
H 
Hallways, highlights of National 
Electrical Code about, 135 
Handicapped persons. See Universal 
design 
Hard copper pipes. See Rigid copper 
pipes 
Hardwood strip flooring, installing, 
162-165 
Headers, overview of, 12-13 
Heating 
guidelines for kitchen, 345-346 
installing baseboard heaters, 
524-527 
installing panels & wainscoting 
around vents, 213, 218 
installing towel warmers, 490-491 
1 
inspections, 16 
Isolation membrane underlayment, 
installing, 153 
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J 
Joints, taking apart soldered, 63 
Joists, installing temporary, 29 
Junction boxes, installing, 114-115 
K 
Kitchens 
accessibility of, 348-349 
appliances 
Circuit maps for, 142-143 
dishwashers, hooking up, 
402-406 
energy efficient, 347, 418-419 
food disposers, installing, 
407-411 
minimum trap sizes for, 80 
building islands 
stock-cabinet, 358-359 
tiled, 360-363 
codes & standards 
electrical, 135, 344 
heating, ventilation & air- 
conditioning, 345-346 
plumbing, 345 
designing 
‘general guidelines, 342-344 
layouts, 340-343 
overview of, 338-339 
dishwashers, hooking up, 402-406 
drains, hooking up sink, 398-401 
green, 347, 416-419 
installing backsplashes, 386-389 
installing cabinets 
base, 356-357 
hanging, 353-355 
overview of, 350. 
preparing walls, 351-352 
installing countertops 
laminate, 368-375 
postform, 364-367 
tiled, 376-385 
installing faucets 
overview of, 392-393 
putting in new faucet, 395-397 
removing old faucet, 394 
installing food disposers, 407-411 
installing sinks, 390-391 
installing undercabinet lights, 
412-415 


iL 
Laminate flooring, installing, 166- 
169 
Laminate panels, 210 
Lap siding, making opening for 
exterior doors in, 32-33, 
Laundry rooms, highlights of 
‘National Electrical Code about, 135 
Light fixtures 
circuit maps for, 139-141, 
144-145 
described, 84 


highlights of National Electrical 
Code about, 134 
installing 
bathroom vanity, 484-485 
on ceilings, 324-329 
electrical boxes for, 113, 114 
track on ceilings, 330-333 
Uundercabinet in kitchens, 
412-415 
Lighting 
codes for natural, 18 
guidelines for kitchen, 344 
Living roams, highlights of National 
Electrical Code about, 135 


M 
Materials 
for applying veneer plaster, 224 
for framing with steel, 42 
for wood floors, refinishing, 204 
for working with conduit, 104 
for working with PEX pipes, 68 
Mitered casings on doors & windows, 
installing, 319 
Molding 
installing base, 242-243 
installing built-up base, 244-245 
installing crown, 250-253 
Mosaic tile flooring, installing, 
198-199 


N 
National Electrical Code highlights, 
134-135 
‘NM (Nonmetallic) cable 
about, 91,92 
installing, 98-101 
reading, 93 
stripping sheathing & insulation, 94 
° 
‘One-coat veneer plaster system, 
applying, 224-226 
Outdoors 
highlights of National Electrical 
Code about, 135, 
installing ceramic tiles, 191-197 
Outlets, See Receptacles 
P 
Paneling 
installing 
on ceilings, 228-231 
metal on cellings, 239-241 
on walls, 211-213 
types, 210 
Parquet flooring, installing, 170-173 
Partition walls 
building, 40-42 
removing, 36-37 
Patio doors, installing, 312-317 
Perimeter-bond sheet vinyl, 
institution, 174-175, 177-179 
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Permits, See Building codes & permits 
PEX pipes 
buying, 71 
connecting, 73 
installing, 70, 
overview of, 68 
plumbing water-supply system 
with, 74-75 
system designs for, 72 
tools & materials for, 68 
Picture rails, installing, 246-247 
Pipes 
copper 
cutting, 59 
soldering, 56, 58, 60-62 
working with, 56-57 
PEX 
buying, 71 
connecting, 73 
installing, 70 
overview of, 68 
plumbing water-supply system 
with, 74-75 
system designs for, 72 
tools & materials for, 68, 
plastic 
cutting, 65 
Joining with solvent-glue, 66-67 
overview of, 64 
sizing for, 79 
supports for, 80 
Plaster, applying veneer, 224-227 
Plaster walls, removing, 31 
Plastic pipes (ABS, PVC, CPVC) 
cutting, 65 
joining with solvent-glue, 66-67 
overview of, 64 
Platform framing, elements of, 10, 
Plumbing 
codes & permits, 77-78, 423 
guidelines for kitchen, 345 
‘mapping system, 76 
overview of, 52-55 
symbols, 76 
water supply system with PEX 
pipes, 74-75 
Plywood underlayment, installing, 151 
Pocket doors, installing interior, 
296-299 
Prefung doors, installing interior, 
294-295 
PVC pipes. See Plastic pipes (ABS, 
PVC, CPVC) 


R 
Radiant floor mats, 
‘bamboo flooring and, 186 
installing, 156~161 
Raised underlayment panels, 
installing, 154-155 
Ranges, circuit maps for, 143 


Receptacles 
circuit maps for, 138-139, 142 
highlights of National Electrical 

Code about, 134 
installing 
electrical boxes for, 112 
GFCI, 127 
new, 124-125 
panels & wainscoting around, 
213,218 
overview of, 85, 122-123 

Recessed ceiling lights, installing, 
327-329 

Remodeling steps, 20-23 

Resilient flooring tiles, installing, 175, 
176, 180-185 

Resilient sheet vinyl flooring, 
installing, 174-179 

Rigid copper pipes 
cutting, 59 
overview of, 56 

Rigid plastic pipes. See Plastic pipes 
(ABS, PVC, CPVC) 

Roofs 
elements of, 15 
estimating material needed, 531 
shingling 

installing drip edge, 537 

installing three-tab shingles, 
538-545 

installing underlayment, 536 

preparation, 532-533 

removing old shingles, 534-535 

Room dimensions, codes for, 17 

Round-top windows, installing, 
262-263 


s 
Safety, 24-25 
asbestos and, 24, 176 
wiring, 88-89 
Self-adhesive resilient flooring tiles, 
installing, 175, 176, 180, 185, 
self-rimming sinks, installing, 
390-391 
Service masts, described, 84 
Service panels 
described, 85 
highlights of National Electrical 
Code about, 134 
new wiring and main, 128, 130 
Sheet vinyl flooring, installing, 
174-179 
showers, installing 
enclosure kits, 430-435 
hinged doors for, 436-437 
siding 
estimating material needed, 532 
installing vinyl, 548-553 
overview of, 546 
tools for, 547 


making opening for exterior doors, 
in lap, 32-33 
Single-pole wall switches 
circuit maps for, 140-141 
installing, 117 
overview of, 117 
testing, 120 
sinks 
hooking up drains, 398-401 
installing 
bathroom pedestal, 468-469 
bathroom vessel, 464467 
self-rimming, 390-391 
Skylights 
building shafts, 284-287 
installing, 278-283, 
tubular, 288-289 
Sliding patio doors, installing, 
312-317 
‘Small appliances, circuit maps for, 142 
Soft copper pipes. See Flexible 
copper pipes 
Soldered joints, taking apart, 63 
Soldering copper pipes, 56, 58, 
60-62 
Solvent-glue, joining plastic pipes 
with, 66-67 
Split-circuit receptacles, 122, 123, 
Stairs, highlights of National 
Electrical Code about, 135 
Steel, framing with, 42-43 
Storm doors, installing, 310-311 
‘Stucco, making opening for exterior 
doors in, 34-35 
‘studs, joining sections using steel, 
43 
‘supply tubes, sizing for, 79 
Suspended ceilings, installing, 
232-235 
‘switches 
four-way 
circuit maps for, 145, 
installing of, 119 
overview of, 119 
testing, 121 
highlights of National Electrical 
Code about, 134 
Installing electrical boxes for, 113, 
installing panels & wainscoting 
around, 213, 218 
overview of, 85, 116 
single-pole wall 
circuit maps for, 140-141 
installing, 117 
overview of, 117 
testing, 120 
testing, 120-121 
three-way 
circuit maps for, 144 
installing, 118 


overview of, 118 
testing, 121 
symbols 
electrical, 137 
plumbing, 76 
A 
Thermostats, circuit maps for, 143 
Three-way switches 
circuit maps for, 144 
installing, 118 
overview of, 118 
testing, 121 
Tileboard panels, 210, 
Tiles 
building tiled kitchen islands, 
360-363 
installing 
acoustical celling, 236-238 
backsplashes, 386-389 
on bathroom walls, 454-457 
flooring 
ceramic, 191-197 
mosaic, 198-199 
‘metal ceiling, 239-241 
tiled countertops, 376-385 
Toilets, installing, 458-461 
‘Tongue-and groove hardwood 
flooring, installing, 162-165 
Tools 
for applying veneer plaster, 224 
for framing with steel, 42 
installing vinyl siding, 547 
for installing wallboard, 45 
for resilient floors, 175, 
safety and, 25 
stilts, 47 
for wood floors, refinishing, 204 
for working with conduit, 104 
for working with PEX pipes, 68 
‘Towel warmers, installing, 490-491 
‘Track lighting, installing on ceilings, 
330-333 
Trim, removing, 38 
Tubs, installing 
alcove, 438-445 
sliding doors, 450-453 
spouts, 480-483 
piece surrounds, 446-449 
‘Two-coat veneer plaster system, 
applying basecoat in, 224, 226 
Two-slot receptacles, 122, 123 


u 
Undercabinet kitchen lights, 
installing, 412-415 
Underlayment for floors 
installing 
cementboard, 152 
isolation membrane, 153 
panels, 154 
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plywood, 151 
raised panels, 154-155, 
overview of, 150 
Underlayment for roofs, installing, 536 
Universal design 
in bathrooms, 424-429, 486-487 
in kitchens, 348-349 
overview of, 19 
Utility rooms, highlights of National 
Electrical Code about, 135 
v 
Valve requirements, 79 
Vanities 
installing lights for, 484-485, 
Installing wall-hung, 462-463 
Veneer plaster, applying, 224-227 
Ventilation 
codes for, 18 
uidelines for kitchen, 345-346 
Vent system. See Drain-waste-vent 
system 
Vinyl siding, installing, 546-553 
Voltage ratings, 83 


w 
Wainscoting, installing, 214-219 
Wallboard 
cutting, 46 
installing 
at corners, 49, 51 
finishing & taping, 50-51 
on flat ceilings, 47 
overview of, 44 
tools & prep work for, a5 
on walls, 48 
removing, 30 
Wall-hung vanities, installing, 
462-463 
Walls 
applying veneer plaster, 224-227 
building 
alassblock, 220-223 
partition, 40-82 
cabinet installation preparation of, 
351-352 
elements of, 15 
Installing 
attic, $14-515 
basement, 510-513 
base molding, 242-245 
beadboard wainscoting, 
214-219 
chair rails, 248-249 
‘crown molding, 250-253, 
picture rails, 246-247 
wallboard on, 48 
wires on concrete, 106-107 
‘wood paneling, 210, 211-213 
removing partition, 36-37 
tiling bathroom, 454-457 


Waste system. See Drain-waste-vent 
system 
Water supply system 
‘copper pipes, 56-57 
overview of, 54 
plumbing with PEX pipes, 74-75 
sizing for distribution pipes, 79 
Windows 
adding basement egress, 17, 
518-523 
framing, 12-13, 256-259 
guidelines for kitchen, 344 
Installing 
bay, 268-277 
casings, 318-321 
garden, 264-267 
paneling around, 213 
replacements with masonry 
clips, 261 
replacements with nailing 
flange, 259-261 
round-top, 262-263, 
‘wainscoting around, 219 
Wires/wiring 
connecting 
with push-ins, 95 
to screw terminals, 95 
using wire connector, 96 
connector types, 93 
grounding 
described, 84 
installing through metal 
conduits, 102 
installing on concrete walls, 
106-107 
new 
drawing plans, 136-137 
examining main service 
panel, 130 
National Electrical Code 
basic requirements, 
131-133 
highlights, 134-135 
planning steps, 128-129 
overview of, 82, 90-92 
pigtalling, 97 
reading unsheathed individual, 93 
safety, 88-89 
Wood floors, refinishing, 204-207 
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by electromagnetic waves of light range needs to 
be investigated as well. 


Ikar Research Centre informs that plasma 
electrolysis can be the most probable source of 
cheap hydrogen. In 1987 a group of Russian 
scientists patented the first plasma-electrolytic 
reactor. Since the reactor had been worked out at a 
defense establishment then the patent was 
restricted and not covered by press. The patent 
contains a structural scheme of the reactor and 
some results of cleaning and disinfection of water 
by plasma. The patent does not represent any 
information of additional energy generated by 
plasma or hydrogen production. 


In April of 1989 American scientists Pons and 
Fleishman published their experimental results on 
additional energy production at common water 
electrolysis. They claimed cold fusion to be source 
of this energy. However there is no reliable proof for 
this phenomenon. 


In 1996 Yu. Beklyamishev, one of the co-authors of the 
first plasma-electrolytic reactor, published his 
experimental results. They demonstrated that there 
was additional energy in the plasma-electrolytic 
process. However he did not explain the energy 
source. 


In 1998 there were published new experimental 
issues of appearance of additional energy in the 
plasma-electrolytic process. A group of Russian 
scientists tested one of the plasma-electrolytic 
reactors and officially fixed the additional energy. 
‘A report of the testing session was published in 
issue #22 of “Infinite Energy” magazine. In May 
of 1998 the third edition of a book named “Crisis 
of Theoretical Physics” was published by Prof. F. 
M. Kanarev. It contains data of additional energy 
production at plasma electrolysis of water defining 
the energy source. Soon Ohmori and Mizuno 
(Japan) published their results in works of Vancou 
ver conference on cold fusion and in issue #20 of 
“Infinite Energy”. Ohmori and Mizuno observed 
neutron radiation occurring at a plasma process 
as well as iron, chrome, nickel, and carbon 
appearance on a wolfram cathode. That seemed 
to be a strong evidence of cold nuclear fusion at 
plasma electrolysis of water. Ohmori and Mizuno 
have explained neutron radiation as a result of 
electrons captured by protons. Nevertheless their 
conclusions raise doubts as cold fusion would have 
produced much more additional energy than it was 
fixed. 


In 1996 there appeared the first publications where 
hydrogen atoms fusion instead of nuclear fusion was 
supposed as the additional energy source at usual 
electrolysis as well as at plasma source. In Russia 


first experimental results demonstrating energy 
consumption decrease for hydrogen production at 
plasma electrolysis of water were published in 1999 
by Prof. FM. Kanarev. (See FM. Kanarev's article in 
this issue of NET). 


Fig. 3 
Honda FCX-V3 uses hydrogen as a fuel. Hydrogen is fed 
under high pre 


jure in the engine. 


Nevertheless we have to note that high efficiency 
electrolysis is possible! 0. Hvolson in his “Physics” 
(Berlin, 1923) explains a method of designing of a 
machine which can produce heat due to positive 
difference between energy of hydrogen 
combustion and energy consumed to hydrogen 
production by means of water electrolysis. In this 
case we do not consume energy to split the atoms. 
It occurs due to intermolecular forces at water 
dissociation by sulphuric acid ions. Energy is 
consumed only to neutralize charges of existent 
hydrogen ions and acid residue ions. Hydrogen 
combustion produces the energy which would have 
been consumed to split the atoms in the air. Hence 
67.54 Kcal of energy can be produced at 5 Keal 
consumed. (F Lepehin) 


High effective electrolysis application is clear 
future of energetics. Nowadays Stuart Energy Inc 
applies water electrolysis as a hydrogen source in 
a frame of hydrogen-fuel project. Experts of Stuart 
Energy Inc have designed a refueling unit which 
produces hydrogen and stores it in a 104-pound 
reservoir. Thus several auto are provided with fuel 
and it takes a couple of minutes to refuel. 


It is quite simple to predict social and economical 
consequences of innovation of high effective energy 
source operating as a closed cycle energy system. 
Economic activity and private life of people will be 
independent of cities, of their industry and power 
engineering. People will move out of the cities and 
they will use compact and powerful energy sources 
there. Hence, decentralization of world economics 
will happen. 


Regions of any country become more free from the 
central authority, the power of which nowadays is 
based on centralized fuel energetics. 
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PREFACE 


GrowNYC is a hands-on non-profit that has been improving New York City's environment for over thirty 
years. GrowNYC’s dedicated staff green our neighborhoods, create the environmental leaders of the future, 
promote waste prevention and recycling, and run the largest farmers market program in the country. 
GrowNYC achieves its mission through the following projects and programs: The Open Space Greening 
Program, Greenmarket, The New Farmer Development Project, Environmental Education Training Student 
Organizers, Learn It, Grow It, Eat It and Office of Recycling Outreach and Education. 


The Open Space Greening Program (OSG) empowers people in neighborhoods throughout the city to 
create, manage and sustain community gardens and parkiplaygrounds. OSG provides best practices 
workshops, services, tools, donated plant material, and open space planningimapping information and 
other services. Grow Truck provides tools, donated supplies, plants and horticultural advice and assistance 
to gardening groups all over New York City. The Plant-A-Lot Project gives substantial material and 
technical assistance to several new gardens each year and helps the 45 existing gardens created in prior 
years. 


Since 2002, OSG staff has taken the lead in building and maintaining rainwater harvesting systems in 
community gardens across the five boroughs, leading educational workshops, assisting community 
gardeners in identifying alteate water resources and building low cost systems. GrowNYC is an active 
member of the Water Resources Group, a network of NYC greening and environmental organizations 
promoting sustainable water conservation practices in NYC. The New York State Department of 
Environmental Conservation (DEC) recognized GrowNYC’s efforts with The Environmental Excellence 
Award in 2006. This manual was created to disseminate to a wide audience the design parameters and 
building techniques used by GrowNYC staff. 


‘Summer intern was able to prepare this document thanks to a grant from The New York State Department 
of Environmental Conservation in 2008 for Pollution Prevention. Ms. Leung provided many of the photos, 
charts, and drawings used. OSG staff, Lars Chellberg, and Lenny Librizzi provided invaluable guidance, 
advice, and editing of the manual. GrowNYC Executive Director Marcel Van Ooyen and Assistant 
Executive Director Julie Walsh edited the text. Additional information and assistance was provided by NYC 
‘community gardeners and members of the Water Resources Group. 
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Introduction 


“It isn't easy to come up with ‘one size fits all' instructions for building rainwater harvesting 
systems because of variations in styles of roofs, downspouts, storage tanks, and garden layouts. 
You have to use a combination of research, common sense, ingenuity, and dumb luck to design 
and build your system." 

-Lenny Librizzi, Assistant Director of Open Space Greening at GrowNYC 


Rain water harvesting (RWH) is the means of collecting and storing rain water in large, durable 
containers, usually, collecting from rooftop gutters. RWH systems come in a variety of shapes 
and sizes (see pictures below). 


Rain water harvesting systems are fairly easy to construct. Tanks in NYC community gardens 
range in size from 300 to 1000 gallons but can be as small as 55 gallons and as big as 10,000 
gallons. Rain water collected from the downspout of an adjacent building or shed in the garden 
is redirected to the water storage area in the garden. The RWH system includes 3 parts (see 
drawing): the tank (1), the first flush (2) and the overflow pipe (3). 


Gutter 
Existing __| [4] 
® downspout 
Polyethelene Adjacent 
storage tank @ building 


Winterizing 
= tee plunger 
vented [4 inplace in 
opening summer, 
removed in 
winter 
x 
——— 
———— a 
Raised platform, 15" - Drain after rain Sewer or 
18" on gravel or concrete splash basin 


During a rainfall event water from the gutter flows into the downspout. Instead of the water 
going into the sewer system, the rainwater harvesting system diverts the water into pipes. This 
diverter consists of a 3 way tee with a plunger in place during the summer. This plunger keeps 
the water from entering the downspout and forces it to flow into the harvesting system. It is 
taken out in the winter when rainwater is no longer collected (4). 


Here is a closer view of how the plunger works. 


Summer: 

plunger 

diverts water cap to 

into system remove 
plunger 


Winter: plunger 
is removed so 
water does not 
enter system 


=. 


eo ld 


The pipes lead to a roof washer system which is a containment area for the first few gallons of 
water. Since the initial flushes of water contain rooftop debris and leaves, the roof washer acts 
asa filtering system by separating the dirty water from the cleaner water. Once the roof washer 
is full, the cleaner water enters the rain tank. As soon as the tank is full, excess water flows into 
the overflow pipe which leads to an adjacent rain garden (5), is directed back to where it 
originally flowed or piped underground, A rain garden is a plot containing hardy plants that can 


survive with both saturated and dry soil. 


History of rainwater harvesting 


Rainwater harvesting is an ancient practice. Many different cultures have used this technology 
for agricultural purposes. The Philippines have been using rain water for rice terraces for 
thousands of years now. Indian history indicates that rain water systems have been in use since 
3000 BC. Usage can also be traced back 2000 years ago in Thailand and other parts of 
Southeast Asia, where simple gutters were used to fill jars and pots. The earth dams of ancient 
Egypt were used to control runoff. Ancient rain water cisterns can still be seen on the islands of 
Capri and Malta. 


In addition to rainwater harvesting, the Romans also used their systems as air conditioners. 
When the water evaporated, it created a cooling effect in the microclimate. As their 
populations started to increase, the Romans developed underground cisterns. This way, less 
water would be lost due to evaporation. They connected these cisterns to above ground pools 
as a means of water filtration. When these pools overflowed, the cleaner water would enter 
the cisterns. This design was an inspiration for modern day rain barrels. The Roman's shallow 
pool mirrors the modern day roof washer or first flush system. 


The world’s largest cistern is the Yerebatan Sarayi, built by Caesar Justinian in 527 AD. Itis 
located in modern day Turkey and is a popular tourist attraction. It is 140 meters by 70 meters 
big and can store up to 80,000 meters? of water. This huge structure is completely underground 
and involves a series of intersecting vaults. Binbirdik is another cistern in Istanbul, created by 
Caesar Constantine in 389 AD that can store 80,000 meters®. However construction of these 
cisterns stopped due to the difficulty of building underground and the outbreak of human fecal 
contamination in large cities. * 


In the 1970's, a new technology of rain water harvesting was developed where storm water 
‘was stored in well storage tanks in the form of different sized ponds. A thin layer of red clay 
was used to line the bottom of the pond to prevent seepage and trees were planted around the 
pond to prevent excessive evaporation. Over 40,000 of these systems were built in the Loess 
Plateaus of China. ? 


Although rain water harvesting was a significant and successful design in the past, its popularity 
has declined over the centuries. Urbanization demanded a more centralized water supply 
system. Watersheds and pipelines came into use and running water became one of the world’s 
greatest inventions. However, due to modern day water pollution and drought, rainwater 
harvesting techniques have come back into practice again. 


Benefits of rainwater harvesting in urban areas 


By keeping storm water out of the sewage system, gardeners help keep their local water bodies 
clean. Because most of NYC is paved over, rainwater can’t be absorbed by the ground. Instead, 
it runs across the pavement, picking up oil, street debris, animal feces and other waste as it 
moves. This runoff then enters the sewer system. 


Unfortunately, not all runoff makes it to a treatment plant before entering the city’s rivers and 
harbor. This is because most of NYC is on a combined sewer system, whereby the same pipes 
are used to transport both storm water runoff and household waste to sewage treatment 
plants. If these treatment plants overflow, the contaminated water then enters the water 
bodies surrounding NYC. 


During dry weather the sewage treatment system generally works well, but these treatment 
plants can only handle about twice their dry weather volume. This means that heavy rains often 
result in combined sewer overflows (CSOs), which release untreated wastewater, storm water 
and street debris into local waterways. Untreated sewage can carry disease causing pathogens 
and nutrient rich organic material, which can choke the Harbor’s ecosystem. 


Not only can rainwater harvesting prevent water pollution, it also conserves water. Typical 
systems can store up to 1000 gallons of water. Harvesting during rainy days in spring and 
summer provides a source of water for the dry spells between rain events. Instead of running 
the hose to water your garden, you can use the rainwater stored in your tank. This will relieve 
the strain on our reservoirs and also save you money on your water bill. Forty percent of 
household water consumption is used on domestic irrigation! ? 


Rainwater harvesting has proven to be successful. The 35 rain water harvesting systems 
working in NYC’s community gardens collect 422,900 gallons of water every year. That's enough 
for 264,313 toilet flushes! 


Of course small scale construction of rainwater systems is not enough to significantly impact 
our environment. However, if rain barrels were used more extensively and rain gardens became 
a larger part of city landscape planning, water conservation would have a greater 
environmental impact. We would experience cleaner water bodies, less flooding and lower 
water costs. 


Rain water harvesting has great potential to reduce rainwater flow into storm drains by 
collecting rainwater in gardens and can reduce the dependence on the NYC watershed. Every 
drop of water counts and conservation is the most sustainable, cost-effective source of water 
supply for our region. 
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Concerning acoustic waves, we deal with longitudinal 
oscillations of the medium, since degree of air (medium) 
compression and rarefication changes along the 
direction of the wave spreading. Notion of the medium 
of electromagnetic waves propagation, i. notion of 
“gether”, as well as the very possibility of the existence 
of longitudinal electromagnetic waves is disputable 
for some scientists. Let's clarify the situation and 
demonstrate that usual photon is longitudinal wave of 
energy density, which can be described as Umov- 
Poynting vector, 


The transverse character of electromagnetic waves 
means that vector of electric field and vector of 
magnetic field are directed across the wave line. 
However, these vectors are just our subjective way to 
describe the process. Notions of electric and magnetic 
fields can be replaced by the notion of unified helical 
field, since to describe the motion of the point along 
the helical line there should be concerned the linear 
transfer (it is detected as electric field) and the process 
of rotation (it is described with the magnetic field), 
Thus notions of electrodynamics are just one of the 
ways to describe reality. Energy density of the given 
point of space is the real (objective) parameter of the 
wave. This energy density is described by the known 
Umov-Poynting vector 5 = ExT 


Fig.1 


Let us consider electromagnetic wave in classical 
representation (Fig.1). Then we discover that 
direction of Umov- Poynting vector coincides with 
the wave line. The vector is unidirectional and 
“pulsating”, because its quantity changes from zero 
to some maximal value and thenit is reduced to zero, 
besides it takes place at half of the period of 


transverse wave. So, it is the explanation of the fact 
that frequency of longitudinal oscillations is twice 
as much than frequency of transverse oscillations 
(Fig. 2). Previously it was known from the 
mechanism of energy interchange between 
longitudinal and transverse plasma oscillations and 
from the phenomenon of parametrical resonance. 
‘However the physical meaning of this phenomenon 
was not disclosed. 


From the presented here conception it follows that from 
the physical point of view, electromagnetic waves are 
longitudinal oscillations of energy density. In usual 
case these oscillations are unidirectional pulsations 
that determines the ability of the photon to be moving 
unidirectionally. Practically it is possible to create other 
types of photons, ie. types of oscillations of energy 
density with qualitative new physical properties. It can 
be achieved by setting of definite functions and 
superposition of F and # vectors. 


For example, in 1996 a conference “New Ideas in 
Natural Science” was organized by us in Saint- 
Petersburg, with the participation of 30 foreign 
guests and more than 100 Russian scientists. The 
report made by Academician Ignatyev, Krasnoyarsk, 
aroused great interest. During the experiments with 
rotating of crossed vectors F and Fi (see Fig. 3) there 
was created Poiting’s vector, which corresponds to 
propulsion force of 60 N (about 6 kg). 


Fig. 2 
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Current efforts 


Community gardeners across North America and around the world have revived the practice of 
using rain barrels in their gardens out of necessity. 


In Seattle, budget constraints and rising water prices spawned the construction of rainwater 
harvesting systems. Some of Seattle’s rainwater harvesting systems are works of art. Here gate 
pillars support the flow of rainwater from the building on the right into the cistern on the left. 
Seattle Public Utilities have recommended changes to the land use and building codes that 
encourage water conservation. SPU has also sponsored some wildly successful sales of rain 
barrels to Seattle residents. 
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The special curves on this gate represent the monthly The overflow pipe of this Seattle cistern creates a mini waterfall. 
rain fall in Seattle and the amount of water collected 
year round. 


The 10,000 Rain Gardens Program in Kansas 
City is an example of regional efforts to 
educate and introduce water conservation to 
the Kansas City community. Rain gardens are 
areas of vegetation on porous ground that can 
filter and drain excess storm water. Kansas 
City officials encourage their residents to plant 
these gardens on their own property. 


‘Act enjoying the rain garden in Kansas City. 


The City of Vancouver designs and manufactures rain barrels for residents to use for 
irrigation (see picture on right). Vancouver subsidizes the cost of the rain barrels by 


50%. Over 2000 barrels have already bee! 


n sold. 


Portland, Oregon, granted a permit for a household to harvest rainwater for 


use indoors during all but the dry sum 
below). The water undergoes enough 
drinking water. In 1998 this system co: 


mer months (see sketch and picture 
filtering to meet EPA's standards for 
st less than $1,500 to install. 
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Maplewood, Minnesota has forged a coalition 
between its water and sanitation departments 
and residential landowners to plant large-scale 
curbside rain gardens that reduce storm-water 
sewage (see picture on left). 


The Minnesota Arboretum uses its parking lots to 
demonstrate best landscape practices such as 
planting rain gardens and using permeable pavers 
to reduce contamination caused by storm water 
runoff (see picture on right). 


The City of Toronto Downspout Disconnection 
Program offers a free service to homeowners to. 
disconnect downspouts from the sewer system and 
install rain barrels which are available at a discount. 


Chicago also encourages its citizens to disconnect downspouts. In addition, Chicago's Water 
Agenda 2003 included a rooftop garden initiative, a pilot program for permeable alleys, and 
rain gardens planted in the City’s rights-of-way. 


Austin offers rebates of up to $30 for newly installed rain barrels and of up to $500 for 
installation of rainwater harvesting systems, following design approval by the City. 


In 2001, the first Drought Emergency to be announced since 1989 was declared in New York 
City. The reservoir levels were 40% below normal which resulted in mandatory water use 
restrictions. The Water Resources Group (WRG) was founded as a response to this single 
drought year. Since then WRG and GrowNYC have built 35 rainwater harvesting systems in New 
York City, collecting over 422, 900 gallons of storm water per year. 


“New York City currently lags behind other cities like Boston and Chicago, which capture 90% of 
their combined sewage overflow; New York City only captures about 70%, according to the 
city” 


Materials 


Every rain water harvesting system is different but 
they do have similarities. Here is a comprehensive list 
of tools and supplies. Your system will use many of 
these but may not require all of them. 


Tools: 
© Drill 
* Hole saw attachment or jigsaw 
© Screw drivers 
© Hammer 
© Level 


* PVC saw (see top saw in picture) and metal hacksaw (bottom saw) 
© Tinsnips or sheet metal shears 
© Crimping tool (see picture on right) and cable cutting tools 


Gutters: 
© Gutter lengths 
© Leaders and bends 
Pre-fabricated gutter hangers, fi 
Plumbing strap (for securing pipes to wall) 
Flexible, accordion style expandable plastic pipe 
Tube of gutter sealant and caulk gun to apply it 
PVC cleaner and cement 
Teflon tape (for creating a water tight seal on threaded bushings) 


Barrel storage system: 

Tanks and PVC parts or other materials to 
construct the manifold. Here we have a 
capped 4 way tee (see leftmost picture) 
and a 90° and 45° elbow respectively (see 
rightmost picture) 

* Window screen or screened vents for mosquito proof vent 

* Bulk head fittings (An elongated compression fitting, which will allow pipe, to run 
through a bulkhead) 

* Platform material such as treated lumber, plastic lumber or concrete blocks 

© Eyebolts (for securing tank) 

© Spigot 

* Metal flanges of corresponding size to spigot and hardware 

© Rope or cabling supplies to secure the tank 


Where to obtain supplies 


Polyethylene tanks are best purchased locally because of high shipping costs. Search online for 
local suppliers. You can personally ship smaller tanks and save on extra expenses. Here are 
some websites that sell tanks: 


© http://www.liquidlogictanks.com/index.html 
© http://www.tank-depot.com/ 

© http://www.rainbarrelsource.com/ 

© http://www.rainbarrelsandmore.com/ 

© http://www.aquabarrel.com/ 


Drip irrigation suppliers include: 


© http://www.dripdepot.com/ 
http://www.dripirrigation.com/ 
http://www.rainbird.com/drip/index.htm 
http://www.dripworksusa.com/ 
http://www.netafim.com/ 
http://www.chapindrip.com/ 

© http://www-farmtek.com 


Downspout filters and a variety of other specialized parts for systems can be purchased from: 


© http://www.starkenvironmental.com/a-1-filtration.htm| 
© http://www.braewater.com/ 

© http://www.rainharvesting.com.au/default.asp 

* http://downspoutfilter.com/index.php 

© http://rainharvest.com/shop/default.asp 


Tools and PVC gutter pieces can be purchased at your local hardware stores. Lowes or Home 
Depot also sells these items. For locations near you, visit their websites at 
http://www.lowes.com/ or http://www.homedepot.com. 
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Cost Estimates 


Note that the prices listed indicate the values in 2008. Adjust for a 15% — 20% annual increase. 


Polyethylene tanks: Generally, tanks cost $1 per gallon but it can sometimes be too big to 
transport on your own. Shipping costs are about an additional $1 per gallon. 


Leaders and Gutters: The number of leaders and gutters needed per site will vary depending on 
the roof configuration. A 10-foot long gutter is $15.00, a 10 foot long 2”x 3” leader is $9.00, and 
a 10 foot long 3”x 4” leader is $16.00. Connecting parts, corners and bends are anywhere from 
$2.00 to $10.00. 


Platforms: Platforms for containers can be made out of cinder blocks, plywood or any other 
sturdy material. While the tank is light when it is empty, remember that a full tank of water can 
weigh thousands of pounds. A small 55 gallon tank weighs over 400 pounds when full! Be sure 
that your platform is strong enough to withstand large weights. Cement blocks can be 
scavenged from construction sites. Should you have to purchase them, 8” x16” cement blocks 
are $ 1.50 each. The lumber prices are $16.00 for a pressure treated 8 foot long 2”x 10” piece 
or $13.00 for a pine or fir 8-foot long 2”x 10” piece. An 8 foot long 4” x 4” piece costs $12.00. 
4" x 4” lumber laid lengthwise in alternating directions placed on a gravel base makes a sturdy 
platform (see picture on page 25). Using poured concrete pilings and a built wooden deck for a 
platform may cost about $500. 


Miscellaneous Hardware and specialized parts: This category includes accordion connector 
pieces, screens, sealants, sheet metal, screws, nuts, bolts, gravel, filtering parts and supplies, 
roof washers, weed fabric and other specialized parts. These parts will vary by site and type of 
barrel 


Plumbing Supplies: The amount of plumbing you need varies depending on the system you are 
making. This category includes overflow pieces, PVC pipes, connector pieces, rubber fittings, 
spigots, bulkhead fittings and the piping needed to draw the water away from the system. 
Upgrades will include soaker hoses or other type of overflow disperser and roof washers. A 
sophisticated drip irrigation system could add $500 — 1000 to the cost. 


Tool Kit: Some specialty tools are needed such as drill bits, screw bits, hacksaw blades, tin snips, 
hole saws, caulk gun, caulking or silicon, jig saw, pliers and tape measures. 
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Cost analysis for a 300 gallon rainwater system in 2008 


Tank $300 
Shipping of Tank $300 
Leaders and Gutters $100 
Platform $300 
Hardware $100 
Plumbing $100 
Tool Kit 50 
Total Cost $1250 


Cost analysis for a 1000 gallon rainwater system in 2008 


Tank $1000 
Shipping of Tank $1000 
Leaders and Gutters $200 
Platform $600 
Hardware $200 
Plumbing $200 
Tool Kit 50 
Total Cost $3250 
r 


If there is not already an existing roof or shed nearby, a shade 
structure can be constructed. One possible design is the winged 
structure seen here: 


Cost analysis for a 300 gallon rainwater system with winged structure in 2008 


Tank $300 
Shipping of Tank $300 
Leaders and Gutters $100 
Platform $300 
Hardware $100 
Plumbing $100 
Tool Kit $50 
Materials for Shade Structure 2500 
Total Cost $3750 
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PVC Applications 


Up to now PVC or polyvinyl chloride has been the key piping material in the rainwater 
harvesting systems in NYC community gardens. This hard plastic is inexpensive, durable, easy to 
use and readily available. Tees, elbows, bushings and couplings are all made out of PVC. 
Although PVC is fairly stable, there are environmental hazards in manufacturing and burning 
PVC. We are currently looking for other sources that are more environmentally benign but also 
having the same flexibility with parts as PVC does. Although metal can be an alternative, it can 
be costly. If there is a material that you think can be a replacement for PVC, please add your 
information or comment to this wiki: 
http://www.waterresourcesgroup.org/wiki/index.php?title=Main_Page. 


In order to join PVC pipes together, use PVC specific cleaner primer and cement. PVC cleaner 
primer removes dirt and melts the surface for ultimate adhesion. After the pipe is clean, you 
can use cement to join the two pieces together. Only apply cleaner and cement to the outside 
part of the male piece (see picture on left) and the inside part of the female piece (see picture 
on right). It is important to hold the two pieces together for 20 seconds after applying the 
cement because they may move apart. After 20 seconds, the two pieces are permanently 
joined (see bottommost picture). Wipe off excess glue. 


Use bushings and reducer fittings when it is necessary to change the size of your pipes. These 
come in a wide variety of glue (slip) and threaded designs. 
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This 2"x 1%" slip bushing connects a 2” (diameter) piece of pipe 
with a 1% “pipe. Slip bushings can be adhered using the cleaner 
and cement method mentioned above. 


This 2"x 1” slip and thread bushing connects a 2” slip pipe with a 1” threaded pipe. Thread 
bushings can be adhered tightly using Teflon tape. Roll the tape starting at the end of the male 
thread bushing towards the middle. Two or three wraps are sufficient. 


PVC parts are very versatile since no two rainwater harvesting systems are alike. Many 
different combinations of PVC parts can be used for the same function. Here are 5 different 
ways to connect a 2” pipe with a % “pipe. 


gelso 


It is very important to align adjacent pipes. The two tees in the first picture (see picture below) 
must align exactly in order to connect to the same wall. Careless glueing will lead to problems. 
Use a hard, level surface such as a concrete floor to help you align pipes. 
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= The pipes in the second picture (see 
picture on left) must be exactly 
perpendicular to each other. The tee on 
the left will connect to the barrel. The tee 
i on the right will connect to existing pipes. 
Use a marker to indicate the points where 
the one pipe must meet the other. 


The pictures above also point out the use of piping. Notice how the two tees are joined in each 
picture. In the second picture, the two tees are joined by using a small piece of pipe in between 
them, called a sleeve. The interior coupling is too short to be seen in this picture. In a situation 
where you want the tees to be further apart, such as in the first picture, just extend the size of 
the pipe to the desired length. 


Although every rainwater system must be carefully planned before actual construction begins, 
it is very easy to miscalculate or measure incorrectly. Often times, errors are not realized at 
first. To fix a measurement or connection problem where the 2 pipes that were intended to 
connect do not match up, use two 45” degree elbows. A combination of two 45° elbows will 
produce almost any twist or angle desired. 


‘Two pipes that 
did not 
connect before 
can now be 

degree connected 

twist ora with the help 

180" of two 45" 

degree elbows. 

‘twist, 
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‘The experiment is demonstrated on the photo (see Fig. 4), 
where the diameter of the device is equal to 4 meters 
and ends of the coils are to toroidal capacitors. This 
experiment was made in Krasnoyarsk 


E 


Fig. 3 


Since it is impossible to consider vacuum, where some 
form of energy can exist, as “emptiness” then we can 
speak about vacuum as about some medium, Faraday 
and Maxwell, classics of electromagnetic theory, wrote 
exactly about deformations, stresses and expansion of 


aether. From this point of view electromagnetic waves 
are analogues of the waves of longitudinal deformation 
of elastic medium. More than 60 years ago Nicola Tesla 
wrote: “I showed that the universal medium is a 
gaseous body in which only longitudinal pulses can 
be propagated, involving alternating compressions and 
expansions similar to those produced by sound waves 
in the air. Thus, a wireless transmitter does not emit 
Hertz waves which are a myth, but sound waves in 
the ether, behaving in every respect like those in the 
air, except that, owing to the great elastic force and 
extremely small density of the medium, their speed is 
that of light.” [1] 


Nowadays, the development of engineering and the 
new views upon the phenomena of electromagnetism, 
impel us to consider physical vacuum as material 
medium of the special type, which has the well-known 
properties, in particular electrical and magnetic 
properties. Moreover, this medium has energy, and 
energy density can be changed in case of propagation 
of any photon. Thus, as Tesla stated in his article “The 
‘True Wireless”: “The Hertz wave theory of wireless 
transmission may be kept up for a while, but I do not 
hesitate to say that in a short time it will be recognized 
as one of the most remarkable and inexplicable 
aberrations of the scientific mind which has ever been 
recorded in history”. 


Fig. 4 
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Itis also possible to shorten the PVC pipe by cutting and reconnecting it with a rubber coupling. 
Notice that the pipe below is too long to connect with the smaller pipes attached to the wall 
(see top picture). It was shortened and reconnected using a rubber coupling (see bottom 
picture). 


q 


16 


Sizing of the tank and roof washer 


A variety of rainwater systems can be constructed for the same downspout and roof. Here are 
two different systems that have been installed over the years at the 1100 Block Bergen Garden 
in Brooklyn. It is generally better to have a single barrel rather than multiple barrels because of 
possible leakage from the numerous connections. The 9 barrels in the original system had 17 
connections. There were 17 locations where leakage could occur as opposed to 1 location in the 
current system. 


The capacity of the system should be determined by two factors: the size of the roof, which 
determines how much water can be collected and the size of the garden, which measures how 


a7 


much water is needed. A 300 gallon vertical cylindrical storage tank is approximately 42 inches 
in diameter and 51 inches tall. A 1000 gallon polyethylene tank is approximately 92 inches in 
diameter by 60 inches tall or 61 inches in diameter by 100 inches tall. 


The amount of water you can harvest varies depending on the size of your roof. You will be 
surprised how much water you will be able to collect from even the smallest roof. The rule of 
thumb is 600 gallons of water per inch of rain per thousand square feet of catchment area. 
Not all the rain that falls can actually be collected. Efficiency is usually presumed to be 75% 
depending on system design and capacity. Here is the basic formula for calculating the 
potential amount that can be collected: 


(Catchment area) x (inches of rain) x (600 gallons) x (.75) 


1000 square feet 


Remember that a roof can have several downspouts. Your catchment area only consists of the 
region where the downspout that is connected to the rain barrel collects from. Pay attention to 
the gutter and slope of the roof to determine which part is your catchment area. In order to 
calculate the catchment area, use measuring tape to determine the width and length of your 
roof in square feet. Multiply the length and width of your catchment area for the area of your 
roof, 


The sample roof shown below (see picture below’) has a catchment area that is 40 feet wide 
and 30 feet long. Hence, it has a 1200 square feet roof (40 feet wide x 30 feet long). Assume 
that it rains 2 inches. We can now plug this information into our general formula (see equation 
above). 


Catchment Area = 1200 square feet 
‘Amount of Rain = 2 inches 

Gallons of water collected per inch of rain per 1000 square feet = 600 gallons 
Percent Efficiency = 75% or .75 


(1200 square feet) x (2 inches of rain) x (600 gallons) x (.75) 
= 1080 gallons 


1000 square feet 
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Therefore a 1200 square foot roof will collect 1080 gallons of water on a day with 2 inches of 
rainfall. Using this formula and your region’s average rainfall numbers combined with an 
estimated water need, you should be able to calculate the approximate size of your tank or 
barrel system. 


Roof washer sizes also differ according to the size of the roof. The rule of thumb is one to two 
gallons of roof washer capacity for every 100 square feet of catchment area. A 1 foot length of 
6 inch diameter PVC pipe holds 1.5 gallons. A 1 foot length of 4 inch diameter PVC pipe holds 
.66 gallons. 


We will use the same 1200 square foot roof shown above as an example. Since the rule of 
thumb suggests one gallon of roof washer capacity for every 100 square feet of catchment 
area, the sample roof will need 12 gallons of roof washer capacity. 


If you are using 6 inch diameter pipe, use the following formula: 
Number of gallons of roof washer capacity 
1.5 gallons/ feet 


The size of our roof washer on our sample roof can be calculated by: 


12 gallons of roof washer capacity 


= 8 feet of 6” pipe 
15 gallons / feet 
If you are using 4 inch diameter pipe, use the following formula: 
Number of gallons of roof washer capacity 12 gallons 
= = 18 feet of 4” pipe 
66 gallons / feet 6 gallons/ feet 


Therefore a 1200 square foot roof will need 8 feet of 6” diameter pipe or 18 feet of 4” diameter 
pipe. Remember it is possible to separate long lengths of roof washers into several, continuous 
pipes instead of just one long pipe. 
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Construction 


The first step of the construction project is to make a plan drawing. The plan drawing considers 
the location of the downspout and the amount of space available. Each system must include 
the tank, the first flush and the overflow. Here are some issues that should be considered in 
your planning: 


‘+ The most stable place to position your barrel is against a stable wall on level ground as close 
to the downspout as possible. 

* Gravity moves water downhill. Be sure there is available space for a downward pitch in all 
pipes. 

* The barrel on its platform is the highest point of the garden but the lowest point of the 
system. 

+ The overflow pipe should be directed toward a rain garden not toward pathways or 
structures. 

* The overflow pipe should flow from the barrel’s highest point. 

* The spigot should be at the barrel’s lowest point. 
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Tanks 


Tanks can be made from all sorts of materials such as cement (see picture on left’), metal, 
ceramic and wood (see picture on right’). In tropical countries, a terra cotta tank can be used. 
No wintering tee is necessary for these tanks because there is no danger of freezing. 


For design purposes, bladders can also be used to store 
water instead of tanks. Bladders are large, flexible bags 
functioning in a way similar to the water balloon (see 
picture on left®). This way, engineers can create storage 
tanks in a variety of shapes instead of the traditional 
cylinder. 


The tank system includes the spigot, the inflow pipe, the overflow pipe, the lid and the platform 
it rests on. 


Spigot: A variety of bushings can be used to connect the spigot. It is preferable to use a single 
reducer bushing but that is often not possible. For example, the tank's spigot hole is 2 inches in 
diameter. The spigot pictured here is a % "ball valve hose bib. In order to reduce the 2” opening 
to the %"spigot, the following 3 bushings were used: 
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2"x 2" slip and 
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1"x 2" slip 
and thread 


Lid: The lid should remain closed at all times. Still water is a haven for mosquito larvae. Inspect 
the lid and any vents annually and clean as necessary 


Inflow and Overflow pipes: Some tanks come with bulkhead fittings installed for the inflow and 
overflow pipes. For those that don’t, a hole saw is used to drill a large hole in the barrel. Two 
bushing pieces, like the ones pictured below, are used to fashion a bulkhead fitting. 


Use a marker to trace the hole you will cut for the threaded bushings. Make the hole tight to 


the threads. Once the hole is prepared, thread the first piece in from the outside. 
aa 
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Thread the second piece from the inside of the tank using a flexible wrench. Use gutter sealant 
to create a watertight seal. 


Platform: The purpose of the platform is to raise the tank enough to get your watering can 
under the spigot and to create pressure flow for a hose. Spread a thick gravel base over an area 
slightly larger than the platform. This will promote good drainage and allow for final leveling 
once the platform is built. 


Astable arrangement of cement cinder blocks, like this one, makes a great platform for small 
55 gallon tanks but is not ideal for larger tanks. Since the blocks easily shift, rot resistant 4X 4” 
or 6"X 6” lumber laid out in alternating rows is the best option for a platform. Steel platforms 
are also a possibility but are more costly. Be sure to level and compact the ground well where 
the tank will sit. 


Warning Signs: Do not drink the water collected. Only use it to irrigate 
your garden. Installed PVC is inert and it is used as a water supply pipe 
for house trailers and other homes. The possible contamination is 
almost exclusively from harmful bacteria. For water to meet drinking 
water standards it must be treated, usually with chlorine, often filtered 
and sometimes treated with ultraviolet light. A warning sticker or sign 
should be placed on your rain barrel to avoid the possibility of anyone 
mistakenly drinking the water. 
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Leaders 


The leaders of the rain water harvesting system refer to the series of pipes that lead to the 
tank. This includes the pipe that connects the downspout, the wintering tee, the roof washer 
system and the pipe that connects the barrel. Gravity keeps the water flowing. Remember to 
put a downward pitch on all pipes. A quarter inch down for every linear foot will create an adequate 
pitch. Use a level (see picture below). It may be useful for someone to stand back to visually check the 
pitch and help you adjust the pipes as you are pitching them. 


Keep the pitch of your pipes even 
and downhill. The picture on top is 
correct. The picture on the bottom 
has an upward pitch and will create 
problems. 


Keep pipes pitched downward. 


DO NOT pitch pipes upward. 
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Abstract 


This paper reviews the development of antigravity 
research in the US and notes how research activity 
seemed to disappear by the mid 1950s. It then 
addresses recently reported scientific findings and 
witness testimonies - that show us that this research 
and technology is alive and well and very advanced. 
The revelations of findings in this area will alter 
dramatically our 20" century view of physics and 
technology and must be considered in planning for both 
energy and transportation needs in the 21" century. 


Historical Background 


‘Townsend Brown's Technology of 
Electrogravitics [1] 


In the mid 1920's Townsend Brown [2] discovered that 
electric charge and gravitational mass are coupled. He 
found that when a capacitor is charged to a high 
voltage, it has a tendency to move toward the positive 
pole. His findings, which became known as the Biefeld- 
Brown effect, were opposed by conventional minded 
physicists of his time. 


‘The Pearl Harbor Demonstration. Around 1953, Brown, 
conducted a demonstration for military top brass. He 
flew a pair of 3-foot diameter discs around a 50-foot 
course tethered to a central pole. Energized with 
150,000 volts and emitting ions from their leading edge, 
they attained speeds of several hundred miles per hour. 
The subject was thereafter classified. 


Project Winterhaven. Brown submitted a proposal to 
the Pentagon for the development of a Mach 3 disc 
shaped electrogravitic fighter craft. Drawings of its 
basic design are shown in one of his patents. They are 
essentially large-scale versions of his tethered test 
discs, 


Review of Issues from the 1950s 
In 1956, a British research company, Aviation Studies 


(International) Ltd. published a classified report on 
Electrogravitics Systems examining various aspects of 


gravity control. They summarized the pioneering 
work of Townsend Brown and then described the use 
of electrogravitic thrust as follows: 


“The essence of electrogravitics thrust is the use of 
a very strong positive charge on one side of the 
vehicle and a negative on the other. The core of the 
motor is a condenser and the ability of the condenser 
to hold its charge (the K-number) is the yardstick of 
performance ” [3]. 


In one of their conclusions, based on Brown's work, 
they suggested that: “Electrostatic energy sufficient 
to produce a Mach 3 fighter is possible with megavolt 
energies " [4]. 


In spite of Brown's solid research, they later 
stated that, “One of the difficulties in 1954 and 
1955 was to get aviation to take electrogravitics 
seriously. The name alone was enough to put 
people off” [5]. It seems that is as true today as 
it was in the 1950s. 


A report by another British company, Gravity Rand, Ltd. 
in 1956, agrees with this assessment and states: 
“To assert electrogravitics is nonsense is as unreal 
as to say it is practically extant. Management 
should be careful of men in their employ with a 
closed mind or even partially closed mind on the 
subject.” [6] 


However, a trade press magazine, The Aviation 
Report, made numerous references to antigravity 
projects and listed many of the companies pursuing 
research in this area. Quotes from The Aviation 
Report listed in the Aviation Studies (International) Ltd. 
Report [7] are suggestive of what was going on 
behind the scenes. 


In 1954 they predicted that: “... progress has been 
slow. But indications are now that the Pentagon is 
ready to sponsor a range of devices to help further 
knowledge.”... “Tentative targets now being set 
anticipate that the first disk should be complete before 
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Connecting the downspout: Our intent with rain water harvesting is to divert storm water, store 
it for future use and keep it out of the sewers. There are several options to divert the rain 
water: insert a 3 way tee into the downspout (see picture on left) or connect the existing 
downspout directly to the rain barrel (see picture on right). You can design your own custom 
diverter as well. 


existing 
downspout 


Another possibility is to replace the downspout entirely with pipes leading to your rain water 
harvesing system (see picture below and on the next page). 


remove downspout and, 
ct to 
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Connecting to the downspout is one of the last steps in construction of your system. You do not 
want to disconnect your downspout and start collecting rainwater with an unfinished system. 


Wintering tee: The purpose of the wintering tee is to allow the water to be directed back into 
the sewers during freezing temperatures. Rain water should not be collected at that time 
because it may freeze and cause breaks in the system. A simple wintering tee utilizes a 
removable plunger head. The plunger head blocks water flow into the sewer and forces it to. 
enter the system. It is removed during the winter and rain water will just flow straight down 
into the sewer (see picture on left and diagram on page 4). Complicated wintering tees include 
a filtering system. It operates with the same principle but instead of a removable plunger head, 
there is a removable filter which catches debris (see picture on right). 


Roof washer system: Refer to ‘Roof washers’ on page 30. 


Connecting the barrel: Refer to ‘Tanks’ on page 23. 
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Here are some ideas to help you with the design of your leader. 


‘OVERFLOW 
7:2"bushing 


90° elbow 
9: 2"pipe 


This design uses a separate inflow and overflow pipe. 


INFLOW 
1: downspout 
-4"rubber coupling 
cap 

Away tee 

rubber coupling 
90° elbow 
7:4"sleeve 
"rubber coupling 
9:3 way tee 


OVERFLOW 
10: 45" elbow 


‘This design uses the same tank opening for both the inflow and overflow. 
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Roof Washers 


Roof tops are prone to collect leaves and dirt. The rain carries all this debris with it as it enters 
the gutter and downspout. The roof washer or first flush system is a simple way to filter the 
water you collect. It is a series of pipes that storm water flows into before entering the rain 
barrel. Once the roof washer is full, water will begin to fill the rain barrel without mixing with 
the dirty water contained in the first flush. The appropriate size of the roof washer varies 
depending on the size of the roof. Refer to ‘Sizing of the tank and roof washer system’ on page 
18 for details on how to calculate roof washer size. Small first flush systems can be a single 
downward pipe. However, to accommodate larger roofs, first flush systems can be constructed 
of multiple downward pipes. 


The roof washer must be emptied 
promptly after a rain event and valve 
reset in the closed position to be ready 
for the next rain. Drain the roof washer 
to a safe location. Include another spigot 
or valve in your design to drain the first 
flush. 
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An alternative to the container method of the roof washer is a device like the Flow-Rate 
Diverter by Safe Rain. It consists of a plastic ball attached to a spring. The top of the ball 
contains a screen and a movable tab. During a rainfall event, water that enters the pipe will 
either flow into the ball or on its sides (see picture on left). The purpose of the screen on top is 
to gradually allow water to enter the ball. Once the ball is filled, it will sink down and block the 
drain (see picture on right). Water can then start filling up the pipe and start entering the tank. 
The moveable tab controls the amount of water that enters the ball by covering or exposing the 
screen as desired. For example, larger barrels that require larger roof washers require a screen 
that is less exposed. Larger amounts of water will have to pass through the pipe before the ball 
can be filled, The ball will have a small drip hole to slowly empty once the rain has ended to 
then return to its original position to be ready for the next rainfall. 


—| | 


— 


Entering rainwater 


will flow into this Once the ball is 
pipe. Some will enter saturated with water, 
the ball, making it it will sink down and. 

heavier and some will block the pipe. Water 


‘will ill up the pipe 
and finally enter the 
tank. 


flow past the ball and 
‘out of the pipe. 


vo 
R overflow: 


) 


pipe 


This device allows the overflow pipe to be connected to the roof washer pipe. 
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gradually 
enters 
the ball 
through 
this 


Here is an idea to help you design a roof washer of your own. 


ROOF WASHER 
1:3.way tee 
2:6"pipe 
90° elbow 
6'pipe 
3way tee 
6'pipe 

way tee 
pipe 
9: drain valve 


INFLOW 
10: 6"x8" rubber 
coupling 


ANCHORING 
22: plumber's strap 


Although this rainwater harvesting system has a good roof washer design, it does not have a good 
overfiow design. Excess water will back up into the inflow pipe before the overtlow pipe starts 
working. The overflow pipe should also be the same diameter as the inflow pipe to avoid a 
bottleneck situation, 
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Overflow pipes 


When the rain barrel reaches its capacity, the overflow pipe discharges the excess water so that 
water won't start spilling out from around the lid. Cut a hole near the top of the barrel and 
connect an overflow pipe there. Be sure that the overflow pipe is not directed toward water- 
sensitive structures or areas where water can collect and do damage. The overflow pipe should 
be the same size as the inflow pipe so that a bottleneck situation is avoided during heavy 
rainfalls. 


Here are some ideas to help you design an overflow pipe of your own. 
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‘The overflow pipe is connected back to the sewer. 
Building systems close to the downspout requires 
less piping. 


‘OVERFLOW 
1:2" pipe 
90° elbow 
3:2" pipe 


Instead of directing water back into the sewer, you can direct the water into a rain garden, 
gravel filled trench or connect it to a drip irrigation system. Overflow can be turned into works 
of art. Here the overflow is turned into a small water course (see picture on below), which 

ultimately ends in a rain garden. 
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Rain gardens are depressed plots of land (see pictures below). It should be at the lowest point 
in the garden so that water can flow there easily. Dig a deep trench and fill it with 5 inches of 
gravel for seepage. Cover this area with burlap netting so that the soil will not sink down into 
the gravel. Place a couple of inches of soil on top and start planting. Only plants able to survive 
both dry and saturated soil should be grown. Native plants are also encouraged because they 
are more tolerant of local climate and soil conditions. These plants include wildflowers, ferns, 
shrubs and small trees. ° Brooklyn Botanic Garden provides a thorough list of rain garden plants 
for different regions on their website at: 

http://www. bbg.org/gar2/topics/design/2004sp_raingardens.htm| 


Bioswales are alternatives to rain gardens. They are depressions in the landscape with 
collections of rock, gravel and vegetation that act as a filter for water. They effectively strain 
silt, inorganic contaminants, organic chemicals and pathogens. The longer the water is trapped 
inside the bioswale, the easier it is for pollutants to be trapped. They are most commonly found 
surrounding a parking lot so that oil runoff can be filtered before entering the sewer system.’° 


oe 
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Anchoring 


Because the rain barrel is fairly light and may tip or fall when it is empty, it is important to 
anchor the system to the platform or a structure. The easiest method to tie down your system 
is to use nylon rope. Steel cable is also a solution. Since cabling is more complicated, we will 
illustrate these steps. 

Cut a piece of steel aircraft cable and slip 5 cable swedges in it Use the first piece of cable 
swedge (see picture 1) and a crimping tool to connect it into a circle (2). Its circumference 
should be a less than the circumference of the rain barrel but more than that of the lid. Cut two 
more long pieces of steel cable. They should be at least twice the height of the rain barrel. Use 
one cable and slip it through two of the metal cable swedges that are already on the circle. 
Making sure both lengths of cable are even; use the crimping tool to secure the metal swedges 
in place. Do the same with the other cable and two metal swedges (3). 


Screw a metal eyebolt into each of the four corners of your platform. Connect a turn buckle to 
each metal eyebolt (4). Place the series of cables onto your rain barrel. The circle should be on 
top of the rain barrel (5). The four hanging ends should be facing each corner of the platform. 
Loop the ends of the cables into the turn buckle (6). Use a metal swedge to secure the loop. Do 
this for all four corners. Finally, twist the turn buckles until the metal cables are taut (7) to finish 
securing your rain barrel (8). 
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1960 and it would take the whole of the ‘sixties to 
develop it properly, even though some combat things 
might be available ten years from now.” (Aviation 
Report, 12 October 1954) [8]. 


During this time period many of the major defense and 
technology companies were cited as either having 
research projects or activities in this new field. For 
example: "Companies studying the implications of 
gravitics are said, in a new statement, to include Glenn 
‘Martin, Convair, Sperry-Rand, and Sikorsky, Bell, Lear 
Inc. and Clark Electronics. Other companies who have 
previously evinced interest include Lockheed, Douglas 
and Hiller.” (Aviation Report, 9 December 1955) [9] 


Others of these reports mention: AT&T, General 
Electric, as well as Curtiss-Wright, Boeing and North 
American as having groups studying electrogravitics. 


During the same time period, the Gravity Rand report 
notes that: “Already companies are specializing in 
evolution of particular components of an electogravitics 
disk." [10] 


However, in the area of predictions, the Aviation Report 
stated the following based on an extrapolation of 
technology development: “Thus this century will be 
divided into two parts - almost to the day. The first 
half belonged to the Wright Brothers who foresaw 
nearly all the basic issues in which gravity was the 
bitter foe. In part of the second half, gravity will be 
the great provider. Electrical energy, rather irrelevant 
for propulsion in the first half becomes a kind of catalyst 
to motion in the second half of the century.” (Aviation 
Report, 7 September 1954) [11] 


Looking back it is easy to say that they missed the 
mark. Did they really miss it by a half a century? 
Reading through these reports it is quite obvious that 
there was much interest in antigravity among a number 
of very high profile companies, as well as in the 
Department of Defense. What happened to this interest, 
and why was it all downplayed during the following 
four plus decades? After all, T. Brown had shown that 
there is a demonstrable connection between high 
voltage fields and gravity. Why has it taken until the 
1990s for more than just a few scientists to look at these 
results and publish on them in the open literature? A 
review of recent statements by former military personnel 
and civilians connected to covert projects begins to shed 
light on research activity in these areas over the last 
half century. And it appears that there had been 
significant breakthroughs during this time period, well 
shielded from both the scientific and public eye. 


Recent Scientific Developments 
In this section we consider developments in the 


antigravity field since the late 1980s and why the 
confluence of scientific findings and the testimony of 


witnesses associated with the military and covert 
groups indicates that a gravity solution with 
technological implications has been found. 


Although general relativity has not been able to explain 
Brown's electrogravitic observations, or any other 
antigravity phenomenon, the recent physics 
methodology of quantum electrodynamics (QED), 
appears to offer the theoretical framework to explain 
electrogravitic coupling. Recent papers by members of 
the Institute for Advanced Study Alpha Foundation are 
putting a solid theoretical foundation onto the antigravity 
effects within the theory of electrodynamics and include 
papers by Evans [12] and Anastasozki et al [13] 


Earlier in a 1994 breakthrough paper, Alcubierre 
showed that superluminal space travel is, in principle, 
physically possible and will not violate the tenants of 
the theory of relativity [14]. Puthoff [15] later analyzed 
these findings in light of the present SETI (Search for 
Extraterrestrial Intelligence) paradigms that insist that 
we could not be visited by extraterrestrial civilizations 
because of the speed-of-light limitations dictated by 
the general relativity theory. He suggests that super- 
luminal travel is indeed possible. This leads to reduced- 
time interstellar travel and the possibility of 
extraterrestrial visitation, which our limited under- 
standing of physics and scientific arrogance has 
“forbidden” in some sectors for most of the 20 century. 


‘The second aspect of these physics findings deals 
with the zero point or vacuum state energy shown, 
by the Casimir effect [16], which predicts that two 
metal plates close together attract each other due 
to imbalance in the quantum fluctuations. The 
implications of this zero point or vacuum state 
energy are tremendous and are described in several 
papers by Puthoff [17] starting during the late 
1980s. Bearden [18] and colleagues have also 
written extensively on the theoretical physics of 
zero point energy and additionally have described 
various technological means of extracting this 
energy (for example see the recent paper by 
Anastasozki et al [19].). A theoretical book on zero 
point energy (and antigravity) was published by 
Bearden in 2002 [20]. There is significant evidence 
that scientists since Tesla have known about this 
energy, but that its existence and potential use has 
been discouraged and indeed suppressed over the 
past half century or more [21] 


The coupling of the electrogravitic phenomena 
observations and the zero point energy findings are 
leading to a new understanding of both the nature 
of matter and of gravity. This is just now being 
discussed in scientific journals (though some 
evidence suggests that it has been understood for 
decades within the black project covert community) 
‘The question that is being addressed is: what keeps 
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For cinder block platforms, nail a thick wooden plank on top and use the eyebolt method 
mentioned above. 
Pre-fabricated steel brackets are generally used to anchor horizontal tanks. 
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It isa good idea to anchor pipes as well. f the pipe is hugging the rain barrel, anchor the pipe to 
that platform using cable (see picture 1), perforated plumber’s strap (2) or other methods. 


Pipes that are directly against the wall of a building can be secured to the wall using plumber’s 
strap attached with tapcon screws, which seal the hole drilled in the wall to avoid leaks (2). 


37 


Drip Irrigation 


Drip irrigation systems reduce water use. Small amounts of water are supplied to the base of 
plants. Since the water is applied directly to the soil, rather than onto the plant, evaporation 
from leaf surfaces is eliminated, The water is also placed where it is needed rather than sprayed 
over the entire garden. 


With a drip system, water flows into a series of thin flexible hose lines. These irrigation hoses 
have tiny holes at even intervals. These hoses are placed on the surface or beneath a layer of 
mulch. When water enters the system, it slowly trickles out of these holes and waters the roots 
of plants (see pictures below"). The overflow of rain water harvesting systems is sometimes 
connected to these smaller pipes. 


FOR 
VEGETABLE 
GARDENS) 


Tubing comes in many sizes (see pictures below”). It is used to get the water from the source 
to the garden. A variety of fittings are available to go around corners and to connect pieces. 
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In most cases, no special tools or skills are needed. Plastic pipe is punched with an inexpensive 
tube punch that assures the proper hole size. Spaghetti tubes snap into the hole. No gluing is 
required. Because the holes are small, they can easily be plugged if you put one in the wrong 
place. 


Gravity Feed Drip Irrigation Kits are used to connect to rain barrels and rainwater harvesting 
systems where the water pressure is low (see picture below”), This system uses small % inch 
valves instead of emitters to avoid the problem of clogged emitters 


The Premium Gravity Feed Drip irrigation Kit contains 136 pieces... 


x2 x1 x40 


x40 x40 
a> ae ot od 
x1 x2 x2 x6 x2 


Drip Irrigation systems need planning, but are neither expensive nor difficult to install. Most 
drip irrigation suppliers will help you design a system to best meet your gardening needs. Drip 
systems require periodic maintenance. Check regularly for leaks and broken connections. 
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Filtration Systems 


This rain water harvesting system already has two means of filtration, one at the gutter (see 
picture 1) and the other at the roof washer (2). 


@ 


The gutter filters out 
leaves and large debris. 


‘The roof washer filters out the 
particulate matter found on 
rooftops. 


This gutter screen that is put at the mouth of the downspout (see 
picture on right) prevents leaves and other large debris from 
entering the system. If you want to buy a filter, two choices are Rain 
Keeper Downspout filter for smaller roofs and the Rain Keeper 
Downspout collection filter for smaller systems. Refer to “Where to 
obtain supplies” on page 11 for more information. 
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Treatment 


During warm weather, bacteria may grow inside the storage tank. Organic matter also poses a 
problem as algae or other contaminants may grow in storage tanks.WRG recommends adding a 
small amount of chlorine, in the form of unscented household bleach, to your water storage 
tank. Do not use bleach with any additives like fragrances or softeners. A log should be kept to 
ensure the proper addition of the chemical. Store log with bleach container. Please remember 
to wear gloves when handling bleach, to store bleach in a cool, dry place and to label bottle 
clearly to avoid improper use. On the 1" of each month, add a small amount of bleach to each 
water storage container. If the tank is emptied and refilled in less than one month’s time, an 
application of bleach should be added to the tank when it refills 


Tank Size Amount of Bleach to Add 
1000 gallons 1/3 cup 

750 gallons 1/4 cup 

500 gallons 3 tablespoons 

50 gallons 2 teaspoons 


Regularly emptying the roof washer and the addition of a small amount of bleach to your tank will 
ensure the water is safe for watering vegetables. The water stored in the tanks is for irrigation 
purposes only. It is safe to use on vegetables and other plants in the garden, but it is not safe to 
drink. The quality of this water does not comply with local and national drinking water standards. 
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Aesthetics 


“The most beautiful system is carefully constructed and incorporates a carefully thought out, 
well designed and installed plumbing system.” 

-Lars Chellberg, GrowNYC staff 
member 


Although a rain barrel is considered by some to be unsightly, it is easy to beautify your rain 
water harvesting system. PVC pipes and tanks can be covered by plants or painted (see pictures 
below). 


A gazebo at this Seattle community garden covers an underground cistern that stores 5,000 
gallons of collected rainwater (see picture below). 


42 


Promoting the sustainable practice of rain water harvesting is also important. For example, NYC 
community gardens use a “This garden harvests rain water” sign (see picture on right), a good 
idea to put in front of your system. Have printed information for people to learn more about 
rain water harvesting like this Water Resources Group brochure (see picture on left). 


and Helps 
to Prevent 


‘Sometimes it is necessary to break some basic RWH rules for aesthetic reasons. This rain water 
harvesting system has an inflow pipe that is pitched upward which means that it must rain 
enough for the water to fill up the roof washer and the inflow pipe before it can enter the tank. 
This was done so that the roof washer could be positioned below the brick wall and not 
interfere with the tree limb or the neighbor's views. 
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Roofing Material 


Roof tops are essential to any rain water harvesting system. Popular types of roofing include 
corrugated metal decking, shingles, rolled asphalt and cedar shake. 


Corrugated metal decking can come in two 
forms- zinc coated or hot dipped galvanized. 
Because, zinc coated roofs rust easily, hot 
dipped galvanized roofs are more popular. 
These roofs are constructed simply by nailing 
down with sealing washers to your structure 
or screwing. Apply gutter sealant on any nail 
or screw to make sure water doesn’t leak 
from these spots. Metal roofs provide great 
structural support for long amounts of time. It 
has the highest efficiency rate when it comes 
to rain water harvesting because of its 
waterproof surface. Its only downfall is the 
noise factor. It gets very loud when rain water 
clashes with the rooftop. It is an ideal roofing 
material for non residential structures. 


Shingles are small pieces of overlapping wood or slate. Place a % inch 
wide piece of plywood on top of the structure. Start nailing shingles 
ina horizontal, overlapping fashion starting from the gutter line. 
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Work your way up to the top of your roof, making sure your next row overlaps the previous row 
(see picture on left”). 


Rolled asphalt or modified bitumen roofs occur most commonly on flatter rooftops. A large 
sheet of asphalt is simply glued down with tar or plastic. Asphalt roofs 
can either have a granular surface or a smooth surface. Although 
granular surfaces are slightly less efficient in catching rain water 
because it is easily trapped in the pieces of ground glass, it is 
preferred over smoother roofs. Granular roofs wear slowly, resist 
cutting and keep UV rays from degrading it. Typically, a few years after 
the granular roof is installed, it is painted with aluminum to lock in grains that may have fallen 
loose (see picture on right”). 


Cedar shake or wooden roofs are installed in a vertically 
overlapping fashion. Wood is the least efficient in catching rain 
water because it is porous. However, once the wood is saturated, 
it will no longer absorb water (see picture on left"). 


Seasonal Maintenance 


To ensure your health and safety the Water Resources Group recommends the following seasonal 
maintenance schedule for keeping your rainwater free of contaminants. 


Spring 


* Close spigot 

* Re-direct roof water from the drain pipe back into tank storage system by replacing the 

in-line plunger or changing the position of the valve 

Clean any winter debris from gutters, leader inlets and roof 

Repair any leaks in barrel or tanks 

Inspect and clean barrel tops 

Fill system with a few inches of water to check hose connections for leaks 

Inspect rope/cable retainers to assure that barrels are secure 

* Be sure that your tank is labeled with a “do not drink the water” sign in all appropriate 
languages 

* To help ensure that children do not drink the water remove the valve from spigot and 
store with tools 


Summer 
* Keep the roof, gutters and leader inlets clear of debris, check monthly 
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the universe running? Or more specifically, where 
do electrons get their energy to keep spinning around 
atoms? As electrons change state they absorb or 
release energy, and where does it come from? The 
simplistic answer is that it is coming from the vacuum 
state. Puthoff [22] describes the process as follows 
“I discovered that you can consider the electron as 
continually radiating away its energy as predicted by 
classical theory, but simultaneously absorbing a 
compensating amount of energy from the ever- 
present sea of zero-point energy in which the atom is 
immersed. An equilibrium between these two 
processes leads to the correct values for the 
parameters that define the lowest energy, or ground- 
state orbit (see “Why atoms don't collapse,” NEW 
SCIENTIST, July 1987). Thus there is a DYNAMIC 
EQUILIBRIUM in which the zero-point energy 
stabilizes the electron in a set ground-state orbit. It 
seems that the very stability of matter itself appears 
to depend on an underlying sea of electromagnetic 
zero-point energy.” 


Furthermore, it appears that it is the spinning of 
electrons that provides inertia and mass to atoms. 
These theories, linking electron spin, zero point 
energy, mass, and inertia have been presented in a 
number of recent papers, such as those by Haisch [23] 
and colleagues and provide us with a possible 
explanation of the Biefield-Brown effect. It appears 
that an intense voltage field creates an 
electromagnetic barrier that blocks the atomic 
structure of an atom from interacting with the zero 
point field. This slows down the electrons, reducing 
their gyroscopic effect, and thus reducing atomic mass 
and inertia, making them easier to move around. 


Evidence of Extensive Antigravity Technology 
‘The B-2 Advanced Technology Bomber 


In 1993, LaViolette wrote a paper [24] discussing the 
B-2 bomber and speculating on its probable 
antigravity propulsion system, based on a solid 
understanding of electrogravitics, [25] the aircraft's 
design and the materials used in its manufacture. It 
appears that the craft is using a sophisticated form of 
the antigravity principles first described by T. Brown. 
Support for this thesis came from the Aviation Week 
and Space Technology (March 9, 1992), which reported 
that the B-2 bomber electrostatically charges its 
leading edge and its exhaust stream. Their 
information had come from a small group of former 
black project research scientists and engineers 
suggesting the B-2 utilizes antigravity technology. 
This information was supported by Bob Oechsler, an 
ex-NASA mission specialist who had publicly made a 
similar claim in 1990. These findings support the 
contention that there have been major developments 
in the area of antigravity propulsion which are 
presently being applied in advanced aircraft, 


LaViolette later states the obvious that “the 
commercial airline industry could dramatically 
benefit with this technology which would not only 
substantially increase the miles per gallon fuel 
efficiency of jet airliners, but would also permit 
high-speed flight that would dramatically cut flight 
time.” [26] 


‘The Hunt for Zero Point [27] 


This recent book contains some of the strongest 
evidence yet for major efforts and success in the 
field of antigravity technology. The author, Nick 
Cook, who for the past 15 years has been the 
Aviation Editor and Aerospace Consultant for Jane's 
Defense Weekly, spent the last 10 years collecting 
information for the book. This included archival 
research on Nazi Germany's antigravity technology 
and interviews with top officials at NASA, the 
Pentagon and secret defense installations. He 
shows that America has cracked the gravity code 
and classified the information at the highest 
security levels. Because antigravity and its allied 
zero point energy technologies potentially offer 
the world a future of unlimited, non-polluting 
energy it has been suppressed because of the 
“huge economic threat”. His findings support 
those reported by many of the Disclosure Project 
witnesses cited above. 


Antigravity Technology Demonstrations 


Although T. Brown reported many of his findings 
nearly a half century ago, other experimenters have 
just recently begun to reproduce his work and 
report on it in the open literature and on the 
WWWeb. For example, Davenport [28] published 
the results of his work in 1995 supporting the 
findings of T. Brown, while Bahder and Fazi [29] in 
2002 described their assessment of the forces 
associated with an asymmetric capacitor. 
‘Transdimensional Technologies [30] in the USA and 
J. Naudin [31] labs in France have posted on the 
WWWeb: diagrams, web videos, and data on their 
versions of antigravity “Lifters” based on an 
extension of Brown’s work. It is a sad commentary 
on this whole area of research to see that public 
science is requiring us to demonstrate principles 
that were demonstrated nearly fifty years ago. 


There have also been a number of other 
demonstrations of “antigravity” phenomena by 
researchers throughout the world. This includes the 
work of Brazilian physics professor, Fran De Aquino, 
and such devices as: the Searl Electrogravity Disc, the 
Podkletnov Gravity Shield and Project Greenglow, the 
Zinsser Kineto-baric Field Propulsion and the 
Woodward Field Thrust Experiments on 
Piezoelectrics. All of these are described in more 
detail by Greer and Loder. [32] 
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* Inspect vents at top of each barrel to insure that they are clean and intact 

© Visit your system during a heavy rain or shortly after to check for leaks and overflow 
problems. 

Any water from the overflow system should drain within 24 hours of a rainfall; if 
puddles form, you should move the outflow pipe to a more porous site or consider 
installing a small rain garden 

© Inspect pipes and connectors regularly for any damage or disrepair 

* Check man-way hatch on top of your tank to make sure it is securely closed 

Fall 

Remove plunger from the PVC joint to redirect water into the drain pipe to the sewer 
Empty water from the entire system- roof washer and tank 

Open main valve of storage tank and rain barrels 

Open valve on roof washer. Valves should remain open all winter to keep water from 
freezing in system 

* Disconnect leader from system and re-route water as necessary for particular system 
© Cover any openings in leaders 


Living with the RWH System 


Now that you have built your rain water harvesting system, you have helped to conserve one of 
the Earth's most valuable resources. A rain barrel is not something you build and walk away 
from. It is important to make sure there are no leaks in your barrel and to drain the first flush 
after every storm. 


Remember to drain your roof washer and tank during the winter and to take out your 
wintering tee! Freezing water will BREAK the system. The cracks seen in the two pictures 
below are from left over water freezing and expanding. 
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If properly built and maintained, your rain water harvesting system will last many years. Even 
the smallest tanks will save thousands of gallons of water. 


It is essential to learn how to manage 
your water usage. Seventy percent of 
residential water use goes to outdoor 
activities. One third of that water is 


wasted (see diagram on right’’). Using Effective landscape 
umps or sprinklers to water plants are ea 
Fi E 47% 


one of the most inefficient ways to 
irrigate. Plants only need to be watered 
at the roots. Sprinklers relentlessly 
waste water by randomly shooting out 
water to tree branches or leaves. Drip 
irrigation systems with outlets placed 
strategically next to plant roots are the most efficient ways to irrigate. 
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Existing RWH Systems 


Organic Gardening Magazine has been sponsoring construction of rain water harvesting 
systems in community gardens since 2007. Their Waterworks Project funded 30 systems in the 
past 2 years. Looking at existing rain water harvesting systems and talking to community 
gardeners may assist you in building your own. Locations in the USA and Canada include: 


‘Alemany Farm - San Francisco, CA 
Ashview Community Garden - Atlanta, GA 

Aspen Farms - Philadelphia, PA 

Boyd Street Urban Farm - Portland, ME 

Bradner Gardens Park — Seattle, WA 

Brentwood Community Garden - Portland, OR 

Children Garden - Camden, NJ 

City Seeds Urban Farm - St. Louis, MO 

Dias y Flores — New York, NY 

The Farm Garden at the Early Childhood Education Center - Columbus, OH 
Fremont Community Garden - Sacramento, CA 

The Garden of Dreams - New York, NY 

Global Gardens - Tulsa, OK 

Gloryland Community Garden, Detroit, MI 

Growing Green Youth Garden, Buffalo, NY 

Guadalupe Montessori School, Silver City, NM 

Hope Community Garden - Toronto, ON Canada 

Marigold Meadows - Phoenix, AZ 

Master Peace Youth and Community Garden - Riverdale, MD 
Our Saviour Community Garden - Dallas, TX 

The 1100 Block Bergen Street Garden - Brooklyn, NY 

Urban Ministry Center - Charlotte, NC 

Wasatch Community Gardens - Salt Lake City, UT 
Woodlawn Garden - Portland, OR 

Xochiquetzal Peace Garden - Chicago, IL 


For more information on these gardens, visit their website at: 
http://www.organicgardening.com/feature/0,7518,s1-2-10-1531-1-1X2X3-4,00.html 


This guide can be found on GrowNYC's website at: 
http://www.GrowNYC.org/openspace/rainwater 
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10 Ways to Conserve Water 


1. Turn off the faucet when brushing your teeth, washing your face and shaving. 

2. Fix any leaky sinks, toilets or showerheads. 

3. Wash only full loads- for clothing and dishes. 

4. Do not run water to thaw meats. 

5. Water plants at the roots. 

6. Take showers instead of baths. 

7. Replace showerheads and sink aerators with low flow ones. 

8. Use a pitcher to store cold water in the refrigerator instead of running the tap every time. 
9. Water plants during early mornings and late afternoons to reduce evaporation. 


10. Do not flush the toilet unnecessarily. Dispose of bugs, cigarette butts and tissues another 
1819.20 
way. 


The Water Resources Group (WRG), a coalition of NYC greening & community garden groups is 
dedicated to the preservation of NYC water resources through gardening, ecological design and 
education programs. WRG is installing rainwater harvesting systems in gardens across NYC to 
conserve water and prevent pollution. For more information on how you can help conserve 
water in New York City, visit the Water Resources Group website at 
www.waterresourcesgroup.org. 


If you have any questions regarding the construction of your rain water harvesting system e- 
mail Lenny Librizzi, Assistant Director of Open Space Greening at GrowNYC at 
llibrizzi@GrowNYC.org. 
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This manual was put together by Julia Leung, Lenny Librizzi, Assistant Director of Open Space 
Greening at GrowNYC and Lars Chellberg. 


After reading this manual, please fill out this feedback form and mail it to: 
GrowNYC 
51 Chambers Street, Room 228 


New York, NY 10007 


On a scale of 1 - 10, 10 being the most agreeable, 1 being the least, assess the following 
statements: 


This manual is easy to understand. 
1 2 3 4 5 6 7 8 9 10 


This manual contains clear instructions. 
1 2 3 4 5 6 7 8 9 10 


This manual helped you make your rain water harvesting system. 
1 2 3 4 5 6 cS 8 9 10 


You understand how a rain water harvesting system works. 
1 2 3 4 5 6 7 8 9 10 


You are no longer interested in rain water harvesting. 
1 2 3 4 5 6 7 8 E 10 


You would recommend this manual to your friends. 
1 2 3 4 5 6 7 8 9 10 


You know the importance of water conservation. 


1 2 3 4 5 6 7 8 9 10 


What are the strong points of this manual? 


What are the weak points of this manual? 
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Chemtrails Destroyed ! 


How to Build A Cloudbuster to disperse Chemtrails and Improve the Weather 
Deutsch 


Editor's Note: Since this article was first written around the end of 2001, a grassroots network of 
thousands of people has grown who are using and developing this powerful technology ina 
number of ways to convert the negative energies that we are being subjected to, into positive 
ones. Many thanks to genius inventor Don Croft. 


ORGANITE: This is the new word for the basis of Don's creation. I's a mixture of metal filings (in- 
organic substance) and resin (organic substance) and a crystal. converts negative orgone energy 
to positive orgone energy. To be effective over a period of time, it needs to be in earth or running 
water to cleanse itseff of the negative energies it collects. 


This CB was made by Gert Botha, of Namibia, Africa, from scavenged materials, so the result is 
slightly modified from the instructions. This cloudbuster was used in Africa's Namib Desert and 
brought several days of continuous thunderstorms after a 12-year drought. 


Definition of a contrail: A contrail occurs when a plane travels at a high attitude (about 30,000 ft. 
or more) and compresses the air into a water vapor or ice crystals through jet engines or the wing 
tips pushing through the air. This trail disappears after a minute or so due to evaporation, because 
it's water. 


Definition of a chemtrail: The term "chemtrail” is a relatively new word, which appeared in the 
last few years along with the appearance of chemtrails. 


‘Acchemtrail is very different from a contrail At first a chemtrail might look a bit ike a contrail. 
However, instead of disappearing like a contrail does, a chemtrail just keeps spreading out and 
forming a hazy cloud bank. These trails traverse the whole sky and stay for up to around five or 
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even eight hours. They have been known to turn what was originally a clear blue sky into a grey 
haze. (Note: As of Nov 2001 there are already at least several dozen cloudbusters in seven 
countries, so if you see chemtrails that don't last anywhere near this long, there may already be a 
cloudbuster in the area). 


Itis believed chemtrails are composed at least in part by an oil based substance of unknown 
content that is actually being sprayed from jets on populated areas. It has also been found that 
some chemtrails contain unknown biological components. There are many reports of increased 
diseases, especially lung diseases, in areas where there are chemtrails. 


Chemtrails are often seen to be sprayed by white planes with no markings. Sometimes you will see 
these planes give off no contrail at all, and immediately after the same kind of plane in the same 
area will start to leave a thick chemtrail. At other times, distinct short gaps in chemtrails have been 
photographed, as though the plane ran out of chemicals and then had to start spraying with a new 
supply (as in the photo). 


For information on Chemtrails see the sites listed at www.relfe.comiveblinks html#ichemtrails 


‘See also satellite photos of chemtrails at 
www.rense.com/generald/chmgb.him 
www.rense.com/general3imassive.him 


History of the Cloudbuster 


‘The Wilhelm Reich cloudbuster (CB) was well known for its abilty to create rain. But a problem 
existed with its continued use, in that the deadly orgone energy that it absorbed could in fact hurt 
the operator iit was not correctly “drained off". This "draining off" of deadly orgone energy was 
accomplished by 1. Connecting the cloudbuster to a body of running water (difficult) or 2 
Connecting the cloudbuster output to an orgone accumulator. However, the orgone accumulator 
would soon become saturated with the deadly orgone energy which in turn caused more problems 
for the operator. So the cloudbuster, as good a technology as itis, has lain dormant for many years 
only being used by such professional weather engineers as Trevor James Constable, among 
others 


"There is @ principle which is proof against all information, which is proof against all arguments, 
which cannot fail to keep a man in everlasting ignorance; that principle is contempt, prior to 
investigation.” -HERBERT SPENCER 


2001 - The Cloudbuster Re-Invented 


Don Crott, a patriot, alternative scientist, researcher, inventor and freedom fighter has succeeded 
in striking the first blow against the ongoing chemtrails program that is assisting in the destruction 
of our country and the enslavement of its citizens! . By utilizing the research of Wilhelm Reich, 
assisted by his partner Carol and having help from God almighty, Don has created a cheap, 
portable and easy to build device that consistently destroys Chemtrails and heals the atmosphere. 
‘The Reich/Croft " chembuster” is the answer to these ongoing attacks by the forces of darkness. 
Unlike the original cloudbuster, the chembuster actually changes the deadly orgone energy to good 
orgone energy and so does NOT become saturated or dangerous to the operator. 


Join The Battle - Now ! 

Itis human nature to sit on the sidelines and think that one person cannot change the things that 
are happening to our country. You now have no excuse for inaction. For the cost of a few dollars 
and a few hours of your time YOU can make a difference. With this device a mere few thousand 
patriots can SHUT DOWN the mut-billion dollar chemtrail program. The Reich/Croft chembuster 
cannot do any damage. it can only help and heal. Its up to you to join the fight to save America. 
Chembuster Construction Details 


The following was written by Don Croft, who lives in vagabondage 
www. worldwithoutparasites.org 


Don is using Orgone energy, which was the name given to chi, ether, life force, ete., Dr Wilhelm 
Reich. 
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Cloudbuster Materials 


Finished Cloudbuster 
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Middle Plywood Spacer 


Carol and | got these specs by dowsing, and they work very, very well, though may not be the last 
word, if you get my drift. Let us know at zappe k.net if you can successfully modify it. 


BUCKET: Base: 9" in dia., 9” deep. | use two-gallon plastic buckets from the Home Depot paint 
department, but two-gallon food buckets, available from restaurants, or two-gallon spackle buckets 
from drywall contractors are fine. | leave the buckets on, as the handles make it easier to move the 


finished cloudbuster. 
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Implications of This Research 


Antigravity and zero point energy research and their 
applications are finally being addressed by some of 
the open scientific community. This means there will 
have to be a rewriting of textbooks in this area so 
our new generation of students can apply this “new 
knowledge.” Its application will lead to major 
breakthroughs in transportation technologies both 
earthside and in outer space. The implications are 
that we have the potential for human exploration of 
our solar system and beyond, if we have the will, 
within our lifetimes. It also means that the majority 
of 20" century space technology will be obsolete and 
in fact may already be so. 


‘The zero point or vacuum state energy source is seen 
as a totally non-polluting energy source, which has 
the potential to replace all the fossil fuels on this 
planet. It also will provide the energy needed for 
Jong range space flights. This means that fuel cells 
and solar cells in common use today for space flight 
energy applications will only be needed until we 
transition to these new energy technologies 


Based on an analysis of trends in antigravity research 
over the last half-century and the information 
provided by numerous witnesses, it appears that 
there is both good and bad news. The good news is 
that it appears that we (at least covert projects) have 
already developed the theories of antigravity, and 
additionally have developed working spacecraft 
based on these principles. The bad news is that 
these technologies have been developed for at least 
several decades, at the public's expense and that 
human kind has been deprived of these technologies, 
while continuing to waste energy using less efficient 
and pollution enhancing technologies. 


Supporting this contention is the following quote 
from Ben Rich, former head of the Lockheed 
Skunkworks. Just prior to his death, he stated to a 
small group after a lecture [33] that: “We already 
have the means to travel among the stars, but these 
technologies are locked up in black projects and it 
would take an act of God to ever get them out to 
benefit humanity...” He further went on to say that, 
‘anything you can imagine we already know how to 
do.’ Strong words from a knowledgeable deep 
insider and words that support what a number of 
the witnesses stated as well. 


As the reality of this knowledge begins to be 
understood, there will be an outcry among space 
scientists not on the inside for release of these 
technologies to allow all of us to explore space. There 
will be major changes in the way that NASA does 
its business, though predicting these changes is 
difficult, 


Not only has space exploration in the public sector 
suffered, but our planet's environment has suffered 
as well. Thus as this knowledge begins to sink in 
there will be an outcry among all concerned citizens 
on this planet for release of these technologies to allow 
all of us to reduce and ultimately eliminate global 
warming and environmental pollution that so 
threatens our way oflife. These technologies will not 
only affect space travel technologies, but will also 
have a profound effect on transportation and energy 
production on the earth's surface. 


In conclusion, we might consider the observation 
made by Halton Arp [24]: “We are certainly not at the 
end of science. Most probably we are just at the 
beginning!” 
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COPPER PIPES: Six standard 1” copper pipes, 6' long, open at one end, the capped ends 
submerged to within an inch or so of the bottom of the bucket before casting. For portability and 
shipping, you can use 12" sections of pipe in the base, adding five-foot lengths by putting couplers 
between the 12” and five-foot pieces. You won't need 

to buy as much copper pipe this way, too. 


CRYSTALS: | glued a double-terminated quartz crystal, about 2" long, into a .75” section of 
garden hose, and one of these devices is glued in tum inside each of the six copper end caps, 
Pointing in the same direction as the pipe will be after the cap is glued on. | use ‘Goop' glue. | taped 
around the cap where it joined the pipe to prevent resin from leaking into the cap during casting 


METAL PARTICLES: Get some metal particles from a machine shop, recycling yard or a place 
where they saw a lot of aluminum (sign shops and aluminum fabrication shops are good places to 
look). luse aluminum for weight considerations, but ANY metal will do. Very fine particles (such as 
filings from a key-making machine) 

aren't quite as good as ones that will easily go through a window screen & slightly bigger ones are 
okay. There really is a wide margin of suitability! 


PLYWOOD: Template 1 - 3/4” exterior plywood is used to make the base for the copper endcaps/ 
pipes. | arrange the six pipes evenly around a 2 1/2” radius circle, which makes the pipes 2 1/2" 
apart on centers. A flat, 1 1/4" auger bit drils a suitable hole for each end cap. 


Template 2 - Make another piece to fit inside the rim of the bucket. Remember to cut a section 
away so you can fit your fingers under it to remove it from the bucket. This piece is not part of the 
finished CB, just used to get the spacing for the pipes right during construction. Cut the holes in this 
with a 1 1/8" flat bit so that it will fit well over the six pipes. This piece wil hold the pipes in position 
while the second batch of resin hardens. 


Template 3 - | make a circular plywood spacer for the top ends of the pipes, 4” radius with 1 1/8” 
holes on the same 2 1/2" radius circles for the pipe ends. This keeps the pipes parallel with each 
other and fairly rigid so you can point it at unholy things like predatory entities and City Hall) 


CLICK HERE TO VIEW THE TEMPLATE 


RESIN: | use polyester resin (used to build fiberglass boats) but epoxy also works, as does 
envirotech resin from www.et-usa.com (this sets up very quickly, so you need to be proficient with 
it). (if you are going to construct many of these units, try to purchase your resin in 5 gallon buckets 
over the internet, possibly from a surfboard or boat manufacturing supply company. ACE hardware 
for $12.95 per gallon. Home depot gets $24 per gallon for resin. 


Ona level surface, pour an inch or so of catalyzed resin into the bottom of the bucket and stir in 
metal particles until the surface is uniform and flat. 


‘The ratio that seems to work is approx. one part resin to one part metal particles. 


Put the base wood Template 1 onto that before it hardens, so that it just touches the surface and 
doesn't sink in much. Pour a half gallon of catalyzed resin into the bucket after the six pipes are set 
into the holes in the base template. Use the dowel to stir in handfuls of metal particles in the same 
ratio as before. Note that the wood Template 1 should not be pushed down to the bottom of the 
bucket with the resin squishing over the top. 


Expeditiously move the Template 2 down on to the six pipes unti itis snugly within the rim of the 
bucket. Put the top Template 3 onto the top of the pipes and move them until the pipes are parallel 
After the resin has hardened, remove the second template and set it aside. This is only used during 
construction, as | mentioned. 

You can finish off putting the resin/metal mixture in now in two stages if you want, up to within a half 
inch of the rim of the bucket. Now it's finished (wait unt it hardens before you shoot anything ;-) 


AMONEY SAVING SUGGESTION, ALSO FOR BETTER PORTABILITY: 
Cut six pipes, 12" long, and put the crystalsendcaps on them for the base. Buy six joints which 
allow a pipe to come into them from both directions and stop at the middle. This allows you to 


make the rest of the pipe assembly from three pipes, 10! long, cut in half. The finished product 
leaves you with only one piece of pipe, four feet long leftover. 
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When positioning the 12" pipes for pouring the second layer of mix, temporarily tape the top ends 
of the 12" pipes sono metal particles are dropped in them by mistake. 


After the mix is made, take off the tape and push the rim plywood piece down onto the pipes so 
that it its into the rim of the bucket 


Put the spacers, then the 5' pipes onto the 12"base pipes, then put the third (top) plywood piece 
onto the tips. 


The pipes will ook skewed, most likely, so just twist the top plywood piece around until the pipes 
line up parallel. As you do that, the rim plywood piece will move around. You need to do this 
expeditiously, though not in a hurry, so that the resin doesn't harden before you're done. 


We experimented with 5' extensions to the pipes to increase the range. It had a strong effect on the 
moon and on the upper atmosphere of the planet for hundreds of miles. We also apparently shut 
down the weather warfare facility under Homestead Air Force Base while we were in the Keys by 
leaving the extended cloudbuster pointing at the dead orgone field above it for a week 


We found that we don't need to point it in any particular direction in order to clear the atmosphere 
of bad orgone, and the longer its left standing, the nicer it feels for a longer distance from the 
cloudbuster (many miles). We just stand it on its bottom, pointing straight up. We did once eliminate 
a belt of smog which was just off the coast by aiming at it for a few minutes, so direction can be a 
factor. 


We also severely alarmed the operators of a uto that was in the vicinity. Itinstantaneously shot out 
into space, where it remained in the same position relative to us, so the basic 6’ long pipe 
configuration apparently only affects the atmosphere. 


Do be discriminating which UFO's you aim at, though. If they are not predatory and you make them 
mad, they may pay you back by messing with your carburetor or something, as they did to us once. 
‘The really advanced ones are not susceptible to the cloudbuster, as they apparently don't need a 
deadly orgone field to operate. Our take is that all but these use nuclear fusion or some other 
noxious, old-paradigm energy source. I's open season on the B Sirian craft and other predatory 
ones, as far as we're concemed. They can't hurt you, by the way, if you aren't afraid of them. 
Universal law restricts them more than it does us. We can pay later for breaking it, but they are just 
unable to break it, apparently. 


Cloudbusters destroy chemtrails consistently. It may take a few days for your cloudbuster to 
activate the environment enough to do this, but after that point the spew will disappear within 
seconds of leaving the UN jets and dissipated trails that drift within range of the cloudbuster will 
also disperse, but more slowly. The ones that are made up of solids take longer to dissipate, but 
we've found that these only make up about 10% or so of the spewing episodes. 


The evil intent of the UN is most apparent to me in the fact that Lucis Trust (formerty Lucifer Trust) 
publishes all of its official iterature and dictates its philosophy. Only this belief system, which 
closely resembles the doctrine of the Nazi party, could condone the rampant genocide which is 
now being carried out by the UN. 


Dr. Reich's cloudbusters were extremely dangerous when in operation since he had no orgone 
generator attached to them. Bad orgone does carry a charge which can quickly drain one's life 
force away when it's concentrated in one spot. I's slightly similar to a strong positively charges 
static electrical field. When cloudcover is unproductive or unbalanced (too much lightning, for 
instance, or too much rain) the cloudbuster busts it up. We plowed a furrow through a line of 
artificially created thunderstorm in June, 2001. Carol said the square-shaped thunderheads were 
chock full of predatory ET's, bent on mutilating animals at the time. 


Italso stops droughts. Overall, it just balances the weather, | think it sort of mediates between the 
ground and the atmosphere somehow. The one in Namibia finally brought heavy rain to the desert 
there. It happened 9/5/01, and continued for several days. Gert, the fellow who made the 
cloudbuster and reported the occurrence, told me that this had simply never happened in the 
Namib desert before to the best of anyone's knowledge. I's arguably the driest region on the 
planet. 


WARNING: If you touch the pipes when they're drawing in strong unbalanced or dead orgone and 


don't put your hand on the base after that, you may experience headaches, even into the next day, 
asa friend of ours did recently 
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Mind you that our efforts, though somewhat pioneering, should be seen mainly as a springboard for 
further developments rather than the last word. 


‘Somebody's starting a list for cloudbuster aficionados shortly. 
SUGGESTION: If you want even more rain, try putting water on top of the material in the bucket 
and/or hosing down the whole apparatus daily. 

H H ) 


‘The HHG (Holy Hand Grenade) is a small orgone generator that will correct imbalances in energy 
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HHGs 


If you want to clear out the unpleasant entities from your immediate environment, expel parasitic! 
predatory ET's from your auric field, neutralize the energetic effects of chemtrails, etc., just make 
one or more of these and put it on the ground or in your house, according to your intuitive 
promptings. 
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My partner, Carol, and | have found | them very effective for minimizing the deadly orgone fields 
around nuke plants, even the ones buitt on natural vortices (sick puppies did that intentionally). They 
also heal and strengthen all natural vortices and man-made ones, ike the Caribbean Blue Holes. 
Life doesnt have to be difficult and years of training and discipline are no longer necessary it you 
want to do big magic, to which I can bear witness. In the new (present) paradigm one’s character 
and intention count more than training and institutional acclaim. 


There are plenty of people who are nice, but these aren't generally smart. There are about as 
many people who are really smart, but they tend not to be very nice. Have you noticed that more 
nice people have been ‘smartening up’ lately? | would say that that's happening more than smart 
people are getting nice. Does this mean that the ‘meek 

are inheriting the earth’? 


You might think I'm digressing, but the Y factor is very important when working with orgone. "Y" 
stands for ‘you.’ Orgone is attracted to nice people and is repelled and even changed into deadly 
and/or dead orgone by unpleasant, selfish, fearful people. For example, a Joe Cell might not work 
for Joe Stalin, Count de Sade or Henry Kissinger. (I really think it's okay to draw attention to 
predators). Orgone accumulators are susceptible to depletion and pollution by unhealthy orgone, 
but HHG's (orgone generators) draw in the bad stuff, transform it into healthy orgone, and send it 
back out. Miraculous! Astonishing! Fabulous! Thank you, JESUS! Predatory people are 
challenged to lighten up or leave the vicinity of orgone generators. We're about to see the effect of 
one in a federal kangaroo courtroom shortly (we won't actually be present). Speaking of 
predators...update: this device was getting the desired effect, but the judge and prosecutor 
contrived to keep it out of the courtroom after that and managed to railroad the defendant into 
prison, unfortunately] 


Most people will be content to have a HHG in the home to keep the energy clean and healthy 
there. It doesn't matter where you place it to do this. A few people have the skill and inclination to 
find vortices, so here's some advice based on what we've been doing: 


If you can dowse with a pendulum or rods, etc., that may be the best way to find the right spot to 
put a HHG. I's especially effective when placed on a ley line and especially on the junction of two 
or more of these, but this isn’t necessary. Every room and building has its own dynamics, 50 you 
could dowse for the correct spot based on that. 


If your house is built on one of these leyline junctions, though, lucky you! More often than not these 
days the vortices produced by these nodes are distorted and even backward-spinning. The HHG 
very quickly heals and redirects these on its own. You don't need to do anything else (don't hate me 
because I've given you an easy, inclusive way to do this ;>). f you're a weird science guru or 
wannabe you're probably not reading this anyway). Most of us just want to have a nice feeling in 
the house and immediate vicinity. You can put a HHG anywhere for this. 


(One thing that has worked for us in locating major vortices: think of the place from which the most 
degenerate, unspeakable things have been promulgated and you may find that it has been built 
over a vortex. Examples: The Federal Reserve Bank of New York/World Trade Center; the 
Pentagon; NSA headquarters, Montauk, New York; 

Jekyll Island Hotel, Georgia. We already did those, but there are a few more of these left to do (as, 
of May 12, 2001) such as the city reservoir of San Diego, Bohemian Grove, near San Francisco, 
Denver Airport (the new underground facilities have nothing to do with airplanes :-) a spot in Salt 
Lake City, 3 in LA, etc. This really is fun but it you do one of these, make sure you can have a day 
or so afterward to recuperate. Also be sure to ask for divine protection ;-) We'll be visiting those 
spots shortly. We develop sort of energetic callouses when we do it often enough, so that we don't 
miss a beat afterward. (update: we finished them at Bohemian Grove, California, which is a satanic 
gathering site for all of the top world order ‘leaders,’ on June 18, 2001] 


It there are places in your area at which evil has been done ona large scale, put an HHG there, 
t00, to correct the imbalance. We put one in the witch cemetery in Salem, Mass, for instance 
(because of the evil done TO the witches, of course). There are plenty of places where atrocities 
were committed by the alleged gov't on people of color, unfortunately, and every populated area 
(except in Utah) has been violated with chemtrails on a daily basis lately. Pollution = deadly/dead 
orgone and is the sure 

sign that something is being done to violate/destabilize that part of the planet. I's so easy to turn 
that around with a HHG andior a cloudbuster (let me know if you need cloudbuster directions), 
Zapper! 6@earthiink net 
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ENOUGH EXTEMPORIZATION HERE IT IS: 
INGREDIENTS FOR THE HHG: 


Aplastic funnel or cardboard party hat (tape the seam so the resin doesn't leak out) To form a 
point at the end of the funnel, saw off the spout and form a point with 2” wide masking tape, being 
sure to prevent leaks. The funnel will allow you to make several from this mold. Party hats are 
better if you just want to make one. When | make them with party hats, | leave the hats on the 
finished HHg, 


A.couple of cups of aluminum particles (OR a pint of BB's). | use aluminum from the crosscut 
saws in shops that use extruded aluminum a lot, such as large sign shops, fabrication plants, etc. 
‘Some plastic and/or wood in the sweepings is fine. | pick out the cigarette butts for aesthetic 
considerations ;) Larger towns and cities have recycling businesses that have the aluminum 
particles in large bins, which they sell cheaply. 


‘A quart of polyester resin or epoxy resin (this will encourage you to make at least two ;-) More 
politically correct resin is available from Envirotech, at www.eti.com. 


5 double-terminate quarts crystals, at least an inch long. Cloudy and funky are fine, even if an evil 
person has handled them ;-) The mere proximity of an HHG to any crystal will clear it faster and 
better than all the combined resources of the most powerful new age gurus or shamans on the 
planet. 'm just the messenger here, so don’t hate me. The meek are inheriting the earth, after all 
Others have told me that orgone generators remove the cloudiness of quartz crystals. Mine are 
already clear, so | haven't seen it 

happen, myself. One of mine did turn clear when | went to the Bahamas. I'm pretty sure the 
Atlantean energy at the Mars Bay biue hole did that. 


Global Light Network will sell you 5 appropriate crystals from Arkansas for $7, including shipping, 
Contact David for these at davdart@texas.net 


‘The plastic funnel needs to be big enough to make a 4” high cone. The bigger the cone, the more: 
powerful the HHG. | encourage you to experiment with different configurations. Let me know what 
you find out, please, since you'll likely surpass my own efforts thus far. We made one 7" high for 
the vortex at the secret underground base near San Diego from which a few investigators never 
returned. We deployed that one on 6/16/01. Boy, are they mad at us! We'd never been surveilled 
s0 much before that day. 


Set the funnel, point down, in a can or jar. 


Put some aluminum particles or BB's in the bottom, enough to make the vertical crystal stand on 
its own. | put the better defined end of the double terminated crystal toward the point of the cone. 


Pour some resin on top of that and let it soak down through the metal particles. 


Put enough aluminum particles or BB's to cover the rest of the vertical orystal and pour enough 
resin in to cover that, 


Place the other four double terminated crystals horizontally, aligned 90 degrees apart so that the 
four compass directions will be covered when you're ready to deploy the HHG. 


Make a mark on the funnel to indicate where the point of one of the bottom four crystalsis it you 
want. This is marginally important. | never do that, myselt 


Cover the four crystals with aluminum particles or BB's and cover that with resin. At his point, 
make the funnel level, either visually or with a spirit level (the ruler with the bubble thing buit into it). 
You don't need to get it perfect, but pertect is a little better than not. I never flit to the edge of the 
funnel, since this makes it harder to finish off and is pretty messy. 


If you want to make a really big one, make a paper cone (taping the seam) out of a big piece of 
thin poster board and tape that into a large funnel. We'llbe putting a big one in the reservoir in San 
Diego [done, June 01] and at the huge vortex southeast of Bimini soon. Those vortices are 
particularly big and distorted for some reason. 

Remember that lining up with the compass points is not critical. I put small parachutes on the ones | 
use in deep water locations so that they'll be upright when they reach bottom. 
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Make a mark on the flat part of the hardened material now so you'll know how the four bottom 
crystals are aligned, since you can't see them any more. 


‘Take the now-usable but crude HHG out of the funnel now and file the material at the litle end 
down to create a point on the cone. | use a rough belt on my belt sander for this, but feel free to do 
it the hard way. You can file the edges of the bottom a little if you don't want to cut yourself with it 
later. 


Having made the mark on the bottom, you can line it upto the compass wherever you put it. Put 
another mark near the bottom of the cone surface to make this easier ;-) This is optional, as it 
works fine if not lined up with the compass, too. 


You can make it a litle better by getting fancy crystals if you want. You can probably improve it in 
other ways, in which case, please inform me at zapper16@earthlink.net. | won't make these for 
money but feel free to do so yourselt. I've capitalized this way on the pioneering work of other 


people. 


To juice it up even more, make a copper coil on the outside of the funnel or party hat, being sure to 
wind the wire clockwise toward the point (as viewed from the bottom of the cone toward the point. 
Do 7 tums or so. Install this in the cone before putting the other ingredients in. This suggestion! is 
from (through ;-) our masterful friend, Linda 

at www. spiritherbs.com, who is also a Wingmakers aficionado. 


HHG's are also available from www.powerpyramids.com 


IMPORTANT UPDATE March 15 2003: The cloudbuster and HHGs need to be in touch with 
the ground to be most effective. If you cannot place them on the ground, connect them to. 
the ground with copper wire. 


THERAPEUTIC HHG (not for everyone, but body workers find them helpful, as do meditators 
and energy experimenters) 


Do all of the above in a smaller funnel . The resulting cone should be under 2” or so, simply 
because this is easier to use. You'll need non-ferrous metal, preferably aluminum because it's 
easier to tool 


Instead of quartz, get an amethyst gemstone for the top and a garnet gemstone for the bottom, 
center (we use mm amethysts and 6mm garnets). In between, put a strong neodymium magnet 
North side down is customary, but when a single magnet is used, we've found that it doesn't matter 
which pole is toward the body. This is true only when an array is used which causes one pole to be 
dominant in the field. Be sure to get some aluminum material around the magnet before pouring 
more resin in so it doesn't jump toward the can holding the funnel. BB's aren't appropriate for this, 
since they/ljust ball up around the magnet and drive you berserk. 


You need to allow enough space in the pointy end to round off the point to about a half inch 
diameter without assaulting the amethyst during the rounding process. | use a belt sander to round 
off the top but you can do it with a file or a rough rock if you're a Luddite. 


Rounding the top makes it better than the big HHG for directing energy through the bottom into the 
human body, especially at chakras. This one is fun to wear over the crown chakra or sixth chakra, 
‘Anew meaning for the term, party hat.’ It does seriously get rid of pain and will speed healing to 
any part of the body. It also prevents nightmares and promotes lucid dreaming and meditation. 
When I'm meditating, some accuse me of sleeping. The occasional snoring is done just to jerk 
them around - seff righteous twits! 


It you want to put a copper, cone-shaped spiral in this one, contact me for further instructions 
(thanks, Linda). 


I WISH | KNEW HOW THIS WORKS 


‘Thanks a lot for the account of your farmer neighbor, Ber. | saw recently that ALL of the madrone 
and myrtle trees along [5 in Oregon are dead now. | saw a bright green fungus on all of the 
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deciduous trees in that area during the winter of 99-00, which | attributed at that time to the 
mycoplasma of the ever-present chemtrails. | read that nearly all of the foals born in Kentucky this 
year were DOA andlor malformed 


Here's our take on how the cloudbuster works, and also how the UN chemtrails, HAARP, and 
electronic mind control are able to function. It all has to do with non-electromagnetic energy in the 
form of deadly and/or dead orgone. | use Dr. Reich's terms for this energy, since he's the only 
scientist who has done extensive research with it. 


used to make orgone accumulators. | made them in many shapes and sizes and recognized the 
benefits and advantages from the beginning. The only drawback to these is that they absorb 
harmful orgone as readily as they do healthy orgone. 


Orgone is omnipresent. ts ether, ite force, prana, chi, etc., and makes up the energy and matter 
potential in all of creation. Inits balanced state it promotes life, growth, equilibrium, but in its 
unbalanced state (deadly orgone is overactive orgone, dead orgone is, well, DEAD) it has exactly 
the opposite effect. When you see smog, you're seeing dead orgone in which particulate matter is 
suspended, sort of like a colloid. Very strong wind, tornadoes, hurricanes, cloudcover which yields 
no rain, drought, are all manifestations of harmful orgone. 


Inorder for any parasitic activity to take place, an energy field needs to first be developed. 
Parasites do that in the body by excreting acids into their immediate environment. Infections, 
chronic pain, and a host of symptoms are manifestations of the activity of these parasites. Healthy 
orgone results when the polarity of the parasites’ environment is reversed from positive (acidic) to 
negative (slightly alkaline) by the introduction of weak electric current through the skin. This is the 
business we're currently engaged in, so we get plenty of data and confirmation regarding this 
process. 


Inthe atmosphere, agents of the present day order create massive fields of unbalanced orgone 
energy by introducing very powerful, specific frequencies of radio waves, spraying large volumes of 
acidic petrochemicals above the clouds, and by other, less believable means. Enter the orgone 
generator. 


My frustration with the orgone accumulator's fickle behavior was answered three years ago, when 
one of my customers directed my attention to http:/www.orgone.net he was actually experiencing 
some frustration, since he paid $500 for $5 worth of epoxy and metal particles, and apparently 
nothing else. 


My daughter, Nora, was living with me then. She sees energy the way my new wife does (we've 
been together a little over a year) so as soon as | put the two materials together, she confirmed 
that it was, indeed putting out a very strong, constant field of healthy blue orgone. Adding crystals 
‘and copper pipes made it possible for me to direct the energy and alter the characteristics of the 
field 


(One of my first thoughts was that I could create a cloudbuster that didn't need to be connected to 
running water, or any water, for that matter, as Dr. Reich's needed to be, and I could set it up to 
aim at city hall in the town | was living in, Ashland, Oregon. Theyr'e as crooked as any other local 
government, so | expected to get some good, observable resutts. 


Itwas some time before | got around to making a cloudbuster, though. Nora could see energy, but | 
needed some input from somebody older than twelve. A litle over a year ago, Carol and | started 
working together. We began experimenting with small orgone generators, mostly around natural 
vortices, which Carol is able to see. Every one we've ever encountered since, except the one the 
Navajos nurture at Four Corners, has been distorted and misdirected by the present day order. 


Ineach case, putting an orgone generator within the vortex brought it back to vibrant health and 
balance, sometimes instantaneously, other times, as at the Federal Reserve Bank of New York, 
and at the secret facilities under Montauk, NY, over a period of hours and even days, depending on 
the nature of the activities carried out within the vortices previously... We developed the Holy Hand 
Grenade (HHG) during this time, which is a cone shaped orgone generator, 5" or so high, with a 
vertical crystal inside near the point and four horizontal crystals arrayed within the bottom surface. 


We've put these in vortices along the east coast of the US and across the country to the west 
coast, in Canada and the Bahamas. We're just getting started. Some intrepid Canadians are about 
to put one each at the Vatican and Assisi. Im recommending that people put one at every major 
masonic temple in the world, since any time you put one in a focal point of error, the whole region 
gets the benefit and the people of error get deprived of the earth energy they had been abusing. 
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wrote a full account of our activities over several months, which anyone can have if they email me. 
It's also being published serial fashion in Open Line, a monthly metaphysical newspaper. There's 
1o physics like metaphysics, after all 


Inlate March, this year, we had planned to make a sort of pilgrimage to Orgonon, Wilhelm Reich's 
home and lab in Maine. 


| setit up at our site in the RV campground in Ft Pierce, Florida for several hours while we packed, 
then took it apart and put it in the car. I didn't assemble it again for another week, when we arrived 
in Maine. We looked at the weather channel in the motel, and noticed that the whole state of 
Florida was stil experiencing a drought, but there was a circle of heavy rainfall for a twenty mile or 
so radius around Ft. Pierce. 


‘The next morning, on a whim, | assembled the cloudbuster in our motel room. There had been very 
heavy overcast for days, and another blizzard was forecast for that day. We went outside at about 
8:30 to get breakfast and saw a neat blue hole right above us, and several people were standing 
around, staring at it. Itwas surrounded by the same, very dark clouds that had been there for days. 
‘The hole grew gradually for several hours, even after we left that afternoon. The people at the 
Reich Museum had made it clear that we were not welcome, sad to say, though | had emailed 
them a couple of weeks before to let them know that we'd be in the area. | think 

they!l take things like that more seriously in the future ;-) 


Here's how we think it works-when metal particles are put in an organic matrix, orgone is 
apparently generated instead of just accumulated. | don't know why. When unbalanced orgone is 
present, i's drawn into the orgone generating material and transmuted into healthy orgone. | don't 
have a clue how this happens, either. 


Making an orgone generator in a two gallon bucket and sticking copper pipes straight up out of it 
draws harmful orgone into the generator from many miles around and it goes out as healthy orgone 
in all directions, though Carol sees it happening in a sort of lens shape, parallel to the ground more 
or less, then moving up into the atmosphere. This gradual effect may explain why it sometimes 
takes a cloudbuster up to a week to get enough good stuf up to the 20,000’ + altitude to disappear 
the chemtrails. The average radius for effective chemtrail destruction by a cloudbuster seems to be 
about thirty miles. Good weather effects extend a great deal farther. The rest of the region has had 
‘a drought, but the area around Spokane has been getting rain every week or so all summer. As we 
drive along I-90 toward Settle, there's a lot of new green growth and flowers all summer long until 
we reach the Columbia Gorge, 150 miles west. Anyone who lives here can tell you that this is not 
characteristic of the semi-desert environment west of Spokane. 


We have concluded that it takes three things to make any macroparastticipredatory activity to 
succeed: A field of unbalanced orgone, technology of some sort, and an operator who directs his! 
her intention through both. Just as fire requires three things, oxygen, heat and fuel, and removing 
any one of these stops the fire, removing any of the components of parasitic/predatory activity 
stops that process cold. We're focusing on removing the harmful orgone medium, which puts us 
squarely on the side of universal law. No need to go into the other-than-human entities’ involvement 
here, though it does add another dimension, so to speak. 


Parasites are as parasites do, after all. Most people are not parasitic or predatory, so by simply 
neutralizing the effects of those who are by removing their harmful energies, the whole planet will 
‘come up a notch or two in awareness, freedom, etc. Another benefit of a healthy, strong orgone 
field is that fear and anger become diminished, and whatever diminishes fear increases courage; 
whatever diminishes anger increases love and acceptance. 


‘There are two cloudbusters in Spokane this summer. Now that the smog is gone and the orgone 
level has increased, the whole ambiance of the city has improved. | personally used to dread 
having to go there, but now, after a whole day in the city (including traffic) | arrive back home 
feeling refreshed and relaxed. had once vowed that | would never again spend the night in any US 
city because | was so badly affected by the concentration of harmful orgone found in all cites. 


This really is what magic is all about. The possibilities are limitless. 
I've been encouraging people to build holy hand grenades for their homes, too. I've gotten several 
unsolicited reports from people who did that which said that they no longer had trouble being in the 


presence of the overbearing in-laws and others who came to visit them. This needs to be 
experienced to be appreciated, | think. 
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DISCLAIMER & MISSION STATEMENT FOR DON CROFT AND CAROL DERRY 


This is not the same as Dr. Reich's original cloudbuster. The only resemblance is the use of pipes. 
‘The former could cause changes in the atmosphere by drawing the unbalanced orgone out of the 
targeted area and putting it into flowing water. 


This one apparently draws in the unbalanced orgone, revitalizes it as balanced orgone, and sends 
it right back out into the atmosphere. Don't expect the same results as Dr. Reich and others have 
gotten, but do expect the elimination of chemtrails, the elimination or reduction in smog and 
general malaise over a very wide area 

Its not necessary to point this model to remove the chemtrails. It will do that for up to a fifty mile 
radius if i's just left standing in the garden or on the deck. 


‘The base is a large orgone generator, not an accumulator, and has very different characteristics 
from an accumulator, one of which is that it apparently can't be polluted by unbalanced orgone 
fields, even when they re produced by a nuclear reactor. This is why we feel confident to share this 
with anyone. The production of balanced orgone increases in direct proportion to the strength of 
the unbalanced field. 


Carol and | got these specs by dowsing, and they work very, very well, though may not be the last 
word, if you get my drift. Let us know at zapper1 6@earthlink.net if you can successfully modify it 


Carol and | have been engaged in a project to (1) balance some earth energies, (2) provide a 
reliable cure for, among other things, the rather serious illnesses (now endemic) resulting from the 
chemtrail program (our cloudbusters also get rid of the chemtrails and cancel weather warfare 
effects), (3) interact in a productive way with ET's and native non-homo sapiens sentient races who 
have been doing business on, in and around our planet, outside of the awareness of! most people. 


We sincerely believe that what I've been writing about is true. | can't guarantee that any of it is true, 
though, and no doubt some of it is colored by our own limited understanding and perception. 


Due to the almost total absence of true journalism on the planet, I'm offering this work as a less- 
than-adequate substitute in our fields of interest. The Intemet has replaced newspapers, television 
and radio (Art Bell's program excepted, along with a few others). There are journalists who have 
the expertise and even courage to meet the 

standards of objectivity and scholarship needed to present a clear picture of what's really going on 
regarding the criminal activities of members of the alleged New World Order and their business 
and occult dealings with parasiticipredatory ET's, but the media are owned by these same 
predatory humans, so public access through 

the media to true journalism is on hold for the time being, 


The Internets, we believe, a manifestation of the emerging awareness that is causing the 
disintegration of the institutions and political modus operendi of the alleged order mentioned 
above. I's the only bastion for free speech and every effort to control and regulate it by these 
redundant planetary institutions has failed. Our contention is that the Internet itself is giving birth to 
‘a more appropriate world commonwealth and that simply discussing this principle by email is 
speeding up the organic process that wil ring it to full fruition. There is no need, nor is it possible, 
to control this process, 


‘The impetus for writing was our own feeling that we could be risking our own safety by pursuing 
these subjects, a feeling that has been justified historically by the alleged order's persecution and 
even murder of people who have pursued similar paths. Our instincts tell us that there is inherent 
protection in notoriety, as the alleged order is afraid of nothing but the collective awakening of 
humanity and the exposure of their own misdeeds. 


Since the circulation of our stories by Al McClain, Russ Michael, Sue Potter and others (thank you 
very much!) we've felt a considerable reduction in hostile attention by the alleged authorities, many 
of whom are stil people of conscience at any rate, however misplaced their loyalty may be. 


Most remarkable events and processes go relatively un-noticed in their own times. Many of us 
have seen UFO's up close. Notice that when you see them you aren't generally struck with wonder 
atthe time. Also, when we participate in a firewalk it doesn't seem that remarkable when we're in 
the process. The telling of it increases 

our astonishment in both cases. | use these as examples only. 
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| don’t advise anyone to believe what I'm writing. Our own belief in these matters is based (besides 
sense of “knowing’) on corroborating evidence from a variety of sources, not least of which are 
\www.wingmakers.com and www.albielek.com. You need to find your own way to check things out 
Most people will resonate with aspects 

cf what I'm writing, but we all have to know things from our own efforts, not through those of other 
people, however spiritual, ‘connected,’ or competent we believe them to be 


Carol has had pronounced psychic abilities, including telepathy, energy sensitivity and the ability to 
astral travel, her whole life. Years ago, she began applying self discipline and training to hone her 
skills and reduce the tendency to color her perception with her own prejudices, which, | feel, are 
minor. She is also adept at using ordinary playing 

cards to interpret synchronous processes. | met her when | traded an orgone accumulator for a 
Cards of Destiny reading years ago. | knew at that time that orgone devices increase psychic 
perception. Carol's a Jack of Clubs, by the way, and I'm an Ace of Spades. 


I don’t have any special psychic abilities (beyond what other ordinary people have) but | have found 
that i I follow my intuitive promptings good things happen and I get more information. My 
metaphysical path began when I bought my first zapper in April, 1996 and cured my lifelong 
depression. had already been ona spiritual path and knew the 

value of integrity and of reigning in the ‘insistent seit. 


Both of us feel that service to humanity is more important than selt-advancement, though we also 
believe that any work deserves compensation in some form. We've been paying for our “research” 
and for sharing information about the holy hand grenades and cloudbuster by selling Terminators, 
our only product. The long term reward for sharing these devices, though will be attained when the 
true World Commonwealth that is foretold by every prophet and seer in human history, has 
supplanted the parasitic shadow order that currently operates our economies, governments, 
educational institutions, agriculture, medicalidrug cartel, etc. Under the mandate of the emerging 
order, these will all be decentralized and more efficiently and fairly administered at the local level. 
This is not new or unexperienced. There are many cultures, especially in less centralized nations, 
which have been organized this way for thousands of years. 


There are plenty of pitfalls and lots of trickery aimed at diverting us from investigating reality. The 
only defense is to be detached from the process and look for the overview and the unifying 
principle patterns that indicate the signature of the new paradigm and the underlying unity of the 
human race, 


For instance, we now tend to turn away from whatever uses secrecy, elitism, complexity, 
hedonism, and exploitation. What is true doesn't need to be protected any more and no individual 
has the right or responsibilty to tell others what to believe. The new paradigm allows us allto find 
‘our own level and fakers are no longer able to deceive people who are basically aware of the 
parameters of the new paradigm. Happily, there aren’t many professional obfuscators now, at least 
in the metaphysical community. The bottom seems to have dropped out of the obfuscator market 
now that a critical mass of ‘knowers’ has been reached, and knowledge has ceased to be 
institutional property. 


Gregg Braden had written that a study was done on what portion of any population actually 
determines the course of the progress for the rest. They came up with ths figure: the square root 
of 2%, which amounts to a few thousand in the US. I don't remember the rest of it, but | have the 
impression that these few thousand are not generally the experts who are on the payrolls of 
institutions, and some live in Beverly Hills; some live in Harlem and rural Alabama, 


‘The real pioneers now are mostly online and correspond with each other and most are setf- 
financed. This is a sharp departure from the former paradigm in which Nicola Tesla, Wilhelm 
Reich, and many others needed the support and/or approval of the alleged governments and 
monetary establishment to do their work. There's something to contemplate. 


We're on the threshold of having free energy. | personally know one of the inventors and he is 
aware that there are many, many different technologies that provide free energy now, most of 
which can be marketed. We hope to be the first ones to actively promote a demonstrable free 
energy device, the Joe Cell. If someone else beats us to it, that's fine, too. I think we can 
demonstrate that it's now safe to promote these things. I've been openly promoting the benefits of 
the zapper on the Internet for years and haven't been harassed by the alleged gov't, though, 
according to their rules, I'm breaking any number of alleged laws. I've made it clear that opposition 
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Congress “The Time Machine” 


Faraday Labs Ltd invites to participate in scientific congress devoted to experiments on changing of space- 
time properties. It is planned April 12, 2003, Moscow. Main topics of the congress are time and gravitation 
in the context of eatherodynamics, experiments and applied aspects of these technologies. The main report 
is “Method to Control Temporal Parameters of Physical Processes” by Alexander V. Frolov. 


Organizing committee: Vadim A. Chernobrov (KOSMOPOISK research center) and Alexander V. Frolov 
(Faraday Labs Ltd). The registration fees are not required. 


Please, contact us http://www faraday.ru or email congress@faraday.ru Phone/fax 7-812-380-3844 


Please send this pre-registration form by post: P.O. Box 37, St. Petersburg, Russia 193024 
or e-mail: congress@faraday.ru 


PRE-REGISTRATION FORM for participation in the congress “The Time Machine” 
Last name: 

First name: 

Title/ Function: 
Company/ Organization: 


I would like to submit an oral presentation (report). 
(Please, enclose one-page abstract). 


Tintend to participate as a guest 


I'm interested in further information, 


Signature 
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by these unlawful agencies is an endorsement, so I'm not hiding from them. The ‘law of rules’ is not 
and will never be the rule of law. We will continue to trust in our intuition and divine providence for 
personal protection and instruction, as anyone can, 


Rules are made to be broken, which is why everyone ‘cheats’ on taxes. Integrity dictates that if one 
participates in any system, one should abide by the rules or get out of the system. | paid off my 
bank debts and sent their SSN number back to them over five years ago. | simply couldn't bear to 
bbe considered the chattel of the Federal Reserve Corporation any longer, as anyone who uses an 
‘SSNis, de facto, despite the Constitutions clear opposition to those disgusting practices. 


Getting approval from the alleged gov't for innovative devices and proceduress no longer 
necessary, we feel, and is even counterproductive. There are real laws on the books that cover 
fraud and other treacheries. We don't need the Uniform Commercial Code to regulate our 
personal ives. Pretty soon the UCC willbe seen as an unfortunate lapse into tyranny that lasted 
from 1935 to around the year 2,000, after which a world commonwealth was gradually established 
based on the freedom and responsibilty of the individual, as the American Republic had been. We 
simply believe it's no longer necessary to wait to exercise these birthrights, and there are entities 
and supernormal agencies that want us to succeed and are protecting us. Why would anyone 
believe something and not be wiling to take risks for it? Naturally, when one makes this 
‘commitment, it's understood that he/she will persevere alone, if necessary, and until one’s last 
breath. The brainwashing of the baby boomers has dictated that this is unfashionable and even 
unbalanced, but happily the children of this generation feel otherwise, as they have shown by 
opposing the alleged world order itself 


Lastly, | know we're on a path that doesn't jive with what's come to be seen as conventional 
metaphysics (is that an oxymoron?). Stil, we encourage everyone to pursue metaphysical research 
in whatever way is comfortable and to use whatever terminology and cosmology that seems 
appropriate. We're happy to correspond and work with anyone, but we tend to shy away from 
publicly assessing the integrity or viability of others. As | mentioned, we all find our own level in the 
new paradigm and we 

don't really need to institutionalize spirituality or science any more. Ido think professional 
obfuscators and tyrannical agencies are fair game, though. 


NOTE: The cloudbuster is synergistic with Slim Spurling's Harmonizer. 


by Don Croft www.worldwithoutparasites.org 
Email: zapper16@earthlink.net 


Edited by Michael and Stephanie Relfe 
www.metatech.org 


Please distribute far and wide, so long as (1) no alterations are made without 
the approval of Don Croft & (2) you mention and create a link to 
www.metatech.org 


Please save this article and photos on your own computer, in case this site ever goes 
down. 


REPORTS FROM USERS OF THE CLOUDBUSTER 


They are going totally nuts in Los Angeles today (late March 2002). We're talking chemtrails over 
a hundred miles long going from one end of the city to the other. I wish | had a wide angle lens so I 
could illustrate just how effective these CBs are. There is as | type a clear area maybe 30 miles 
across directly over my house. They have been pounding the same area all day and nothing has 
stuck. Unfortunately, I can’t say the same for the areas of the city not protected. At least 50-75 
trails have merged into a huge purple/brown mass to the East. | really feel for anyone under this 
canopy. They are going all out, obviously in desperation. 

Rick Moors, Los Angeles 

P.S. | would like to thank the pilots of the black helicopter that buzzed my house last night at about 
100’ and the several that have made passes directly over my house at low altitude today. Your 
validation of the effectiveness of my CB is very heartwarming. Soon you'll have a lot more to keep 
track of. 


“When we observed chemtrails overhead we directed the cloudbuster at them and saw them 
breakup. The same was repeated the following day. lam now in the same position using the 
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cloudbuster as | was three years ago when I first stated using Slim Spurlings "Harmonizer’. Too 
many coincidences. This simple technology is affecting our environment in a very positive 
‘manner. Itis truly grass roots and I feel blessed to be a part of it” 


Frederick Fischl, Spokane WA 
email: fredfischl@aol.com 


| witnessed Don’s clouabuster in action in Seattle this past summer and was impressed with the 
‘speed of response. Fred Fischl did the demo and noted that the response was much faster than 
he had previously observed, due to the fact that we had a Harmonizer field running at the time in 
close proximity. | have built and used several cloudbusters similar in principle to Reich's starting 
in 1974, with universally good results. 


Don's innovation on the technology is a superb simplification which makes it easily available to all 
and may have some very far reaching benefits in the immediate future as we contemplate 
chemical and bio terrorism from many sources. | believe that the nuclear terrorism has had its 
fangs pulled due to the many Harmonizer units currently in the field in the major population 
centers. However more are needed in the country to strengthen the overall field 


‘Slim Spurling 38969WCR Roggen GO, 80652 Tel:303-849-5411 
www.slimspurling.com 


MORE REPORTS FROM USERS OF THE CLOUDBUSTER AND HHG 


HOW TO OBTAIN PARTS FOR THE CB, OR COMPLETED CBS 
1) http://ctbusters.com 


acer are available from Alteronics, 372 Lodgeview Drive, Oroville, CA 95966, 
oroviledave@yahoo.com for prices 


Emai 


Here are photos of the bottom wooden spacers, and a top spacer made of plastic: 


3) CBs and crystals from Michelle Ridgley 


P.O. Box 66491 
Baltimore, MD 21239 
email her fora price list: mridgley@aol.com 


Neither Don Croft or the webmaster of this site, Stephanie Relfe, receive any money from the sale 
of Michelle's products. 


(David at davdart@toxas.net also sells suitable crystals for cloudbusters) 


HHGS are available from www powerpyramids.com/ 


‘A Good Article sorting out the confusion with: Cloudbusters, Chembuster, Trevor 
Constable, Jeff Rense, Don Croft and Reich is at http://educate-yourself.org/cn/ 
chembustersexplained24feb03.sht 
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Read Also: 


Dolphin Rings: A request relayed ina vision 


CLOUDBUSTERS EGROUPS! 


Please join if you intend to have a cloudbuste 


1)http:/groups.yahoo.com/qroup/cloudbusters/. However, that group got hacked too often by a 
number of parties, including we presume operatives for the secret government. 


2) Don Croft now has an egroup at http:/www.ethericwarriors.com 


NEW! The Tower Buster! Negative mind-controlling energies sent from cell phone 
towers can be reduced with Don’ s new Tower Buster! Don believes making Tower Busters 
is currently more important than making Chembusters! 


www.metatech.org 
Email:info@metatech.org 
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had existed only a few minutes earlier, a result of intensified orgone energy ( http://educate- 
yourself.org/de/dewhatisorgone.shtml ) accumulating in that area. 


Almost simultaneously, we wondered aloud whether a group of people could use this technique to 
break up chemtrails! I tried it a number of times on my own, but I couldn't get chemtrail ‘clouds’ to 
break up and disperse the same way normal clouds would and I wondered silently whether a 
Cloudbuster, a simple invention of Wilhelm Reich.to direct orgone energy in the atmosphere, could 
tackle the job. 


Over the course of 35 years, Trevor Constable had modified Reich's original long pipe arrayed 
Cloudbuster down to a much smaller, compact, and simpler design that could ‘make! or 'break’ 
weather in any direction he chose: He could make rain or stop it; he could relieve drought and break 
up smog or create a dry spell and intensify smog conditions. The manner in which you manipulate 
the atmospheric ether in a given area is the key. 


Trevor discovered that success depends on how you apply his Cloudbuster design to direct the flow 
of etheric energy. Its normal movement is from west to east in northern latitudes. If you reverse its 
flow and build up clouds, you'll get rain. If the flow of orgone is stagnated and bottled up, you'll get 
drought or smog. If you release the etheric flow after being ‘bottled up’ or stuck during a dry spell, 
you will get torrential rains. There is likely no civilian on the face of this earth who has accumulated 
more expertise about weather engineering than Trevor James Constable 


However, the hero of this article is Don Croft, a man who was already familiar with Reich's 
observations of orgone energy and his invention of the Cloudbuster. Don was talking one day with a 
man who told him about a radionics type device that he obtained over the internet. He said that paid 
over $500 for a plastic box which contained some dials and mostly metal shavings and epoxy resin. 


Don was intrigued and read more information about the device. The maker of the device had 
capitilized on an observation that Wilhelm Reich had written about in one of his books on orgone 
energy, The Cancer Biopathy. Reich found that any organic material, when juxtapositioned with 
metal, will act as an absorber of orgone energy which is first attracted to and then reflected away by 
the metal. The device maker was calling his device an orgone generator (abbreviated "orgen" here). 
Apparently, an orgen can generate the positive form of orgone ("OR") energy by transmuting or 
neutralizing the deadly or negative form of orgone energy dubbed "DOR" . Orgone accumulators , 
on the other hand, can accumulate (and intensify) both the positive and deadly polarities of orgone 
energy. Orgone accumulators have traditionally been abbreviated "oracs” and Don sometimes uses 
that term himself, but Don's modified version of a Cloudbuster employs the mixture of metal 
shavings and plastic resin of the orgone generator and is nor the same thing as a traditional Reichean 
orogne accumulator or Reichean Cloudbuster. The marrying of metal shavings and plastic resin of 
the orgone generator with Reich's Cloudbuster pipes has resulted in a different atmospheric 
instrument, with new and inique attributes from the traditional Reich Cloudbuster. 


It's probably more appropo to call it a "Chembuster" to distinguish it from Reich's Cloudbuster and 
avoid misunderstandings among Reich aficionados and pedagogues. The orgone generator portion 
of Don's hybrid devices consists of metal shavings, magnets, crystals, and sometimes a Mobius coil 
or spiral coils that are rigidly held in place by epoxy or polyester resin. With psychic inisights 
gained form his wife Carol, and a little help from dowsing, Don had also put together a much 
smaller, cone shaped orgone generator using the above mentioned materials and called it a Holy 
Handgrenade (HHg) which you can make yourself 

(http://educate-yourself. org/de/HHGconstruction 10jan02.shtml) or obtain one ready made ( 
http://educate-yourself.org/de/orgonegenindex.shtmli#chembusters ) 


A number of people have reported unusual and positive emotional/physical effects produced by a 
HHg, even from a considerable distance. Don also incorporated the orgone generator into his 
Terminator, his latest hybrid modification of a Dr. Hulda Clark type ‘zapper. 
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Five Crystal Orgone Generators 

Orgone generators have the ability to focus life-positive orgone energy and break up areas of 
noxious, life-draining energies of DOR, a word coined by Wilhelm Reich for Deadly ORgone, Don 
found that his orgone generator could neutralize DOR and seemed to only generate positive, life- 
enhancing energies. Don and his wife began planting these five crystal orgone generators at outdoor 
locations near nuclear power plants and other areas of noxious, life depleting energies (secret 
underground and underwater bases, etc.) and started to have a definite effect on improving the 
energy fields radiating from these zones. 


Since he already was thinking about using the Reich Cloudbuster to try and break up chemtrails, 
Don took it a step further and combined a large version of his HHg with the rigid copper pipes of a 
Cloudbuster and a 2 gallon plastic bucket to hold the whole enchilada together. This modification of 
Reich's Cloudbuster into a Chembuster is a unique and original prototype initiated by Don & Carol 
Croft and produces some rather ‘unique’ effects. 


Don originally had set up his Chembuster outside on a chemtrail-overcast day with the pipes 
pointing straight up and sure enough, after a while, the chemtrails started to break up revealing blue 
sky above. The longer he left the Chembuster in place, the clearer the sky got, eventually covering 
an area out to 90 miles. He later improved the Chembuster design and got the coverage to extend 
out to 120 miles. A man named Rick from the Los Angeles area timed how long it took his 
Chembuster to disperse overhead Chemtrails and posted his photos to the Don's original 
Cloudbuster chat forum (now defunct). Amazingly, the area immediately above Rick’s Chembuster 
transformed from Chemtrail laden overcast to CLEAR blue sky in /ess than 10 minutes. You can see 


the photo sequence here: ( http://educate-yourself.org/de/dcricks10minciclearingjob,shtm| ). 


Don had contacted me by E mail last year and was sending me reports of his success with the 
Chembuster both in this country and abroad. He had sent the instructions to an African man named. 
Gert Botha living in Namibia who built a modified version of the device using locally scavenged 
materials (read Africa's First Cloudsbuster ( http://educate- 
yourself.org/ct/africasfirstcloudbusterjun0L.shtml ) 


Initially, Gert found that his Chembuster was having an effect on the incessant sand storms, causing 
them to constantly change direction, but eventually he found that aiming the Chembuster south at an 
angle of 30 degrees to the horizon forced the sandstorms to stop. After being parked in this position 
for two months, his Chembuster brought on torrential rains for the first time in many dry months to 
one of the driest regions of Africa. 


Your Weekend Project 

Complete instructions to make your own Chembuster are included in this article. It will cost you 
about $150 US dollars if you buy all of the materials new, but if you're a scrounger, you can 
probably do it for the cost of the plastic resin, The instructions were written by Don Croft, but the 
original aritlce has assembled, edited and organized by Stephanie Relfe who has a couple of great 
web sites that everyone should take a look at: www.metatech.org and wwwrelfecom . 


Anyone with modest do-it-yourself skills can build these devices, but be aware that a Reichean style 
Cloudbuster is not a toy. It directs orgone energy, both the good type and the harmful DOR type. 
Don's modification of the traditional CB has removed most of the concern and potential dangers of 
DOR, since the orgen neutralizes the DOR, but one individual reported getting a headache after 
touching the pipes of a Chembuster and NOT touching the base to ground himself out. Always 
touch the base after handling the pipes of an active Chembuster. 


A traditional Cloudbuster patterened after Reich's design has the potential to be harmful if you don't 
know what you are doing. Trevor Constable told me first hand a story about the late Robert 
McCullough, Reich's friend and assistant in the Arizona desert in the 1950's. Dr Reich and Bob 
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were running pioneering experiments with Reich's Cloudbuster in the desert when Bob had allowed 
a big (functioning) Cloudbuster to accidentally touch the side of his bare leg-which instantly 
paralyzed his leg and caused him excruciating pain, It took weeks to recover. Bob walked with a 
limp and had to use a cane for the rest of his life. The desert environment contains the highest ratio 
of atmospheric DOR energy than any other place on Earth, so it was the worst possible location to 
have such an accident. You don’t have that sort of concern with Don's Chembuster, but touch the 
base (just to be sure) after handling the pipes to avoid the potential of getting a headache. In general, 
avoid touching the pipes of a Chembuster after it has been set up and running for a few days. If you 
need to touch the pipes of an active Chembuster, it's a good idea to take a heavy copper conductor 
wire, like an battery jumper cable, and touch the jumper cable to each pipe in turn while holding the 
opposite end of the cable against the earth (or at least against the resin/metal matrix of the base if 
you can't get at the soil). 


Below, you'll find the edited reprint of Don's paper on Chemtrail Busting and complete instructions 
for making your own Chembuster or "CB". 


While written some time ago, Don's Introductory Notes offer important insights into the Croft world 
view and their mission. I believe you will find it highly informative and in syne with the emerging 
paradigm of the new millennium. 


CB Parts, Kits, & Finished Chembusters 

Don explains in the paper where to locate most supplies for the CB such as Home Depot. You can 
obtain quartz crystals for the CB or five crystal orgone generator from Gladys 
Bridges<erystals87@sbeglobal.net> in Arkansas 


If you wish to obtain a ready made Chembuster in either a 2 gallon or 5 gallon version, using either 
copper pipes or less costly zine plated iron pipes, or a complete Chembuster kit for making the 2 or 
5 gallon chembuster, then visit this link, http://educate-yourself,org/dc/orgonegenindex.shiml Scroll 
down to Chembusters, 


© Copyright 2002 - 2008 Educate-Yourself.org Alll Rights Reserved. 


How to Build A Chembuster to Disperse Chemtrails 
and Improve the Weather 


Written by Don Croft <terminator3@turbonet.com> 
Edited, assembled, and originally posted by Stephanie Relfe at http//www.metatech.org 


Definition of a contrail: A contrail occurs when a plane travels at a high altitude (about 30,000 fi. or more) 
and compresses the air into a water vapor or ice crystals through jet engines or the wing tips pushing through 
the air. This trail disappears after anywhere from a few seconds to 15 minutes, as the water vapor evaporates. 


Definition of a chemtrail: The term "chemtrail" is a relatively new word, which appeared in the last few 
years along with the appearance of chemtrails. A chemtrail is very different from a contrail, At first a 
chemtrail might look a bit like a contrail. However, instead of disappearing like a contrail does, a chemtrail 
just keeps spreading out and forming a hazy cloud bankout and forming a hazy cloud bank These trails 
traverse the whole sky and stay for up to around five or even eight hours. . . 


They have been known to turn what was originally a clear blue sky into a grey haze. (Note: As of Noy 2001 
there are already several dozen Chembusters in seven countries, so if you see chemtrails that don't last 
anywhere near this long, there may already be a Chembuster in the area). It is believed chemtrails are 
composed at least in part by an oil based substance of unknown content that is actually being sprayed from 
jets on populated areas. It has also been found that some chemtrails contain red blood cells, aluminum, 
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mycoplasma, viruses and other unknown 
biological components. There are many 
reports of increased diseases, especially 
respiratory ailments, in areas where there are 
chemtrails. 


Chemtrails are often seen to be sprayed by 
white planes with no markings. Sometimes 
you will sce these planes give off no contrail 
at all, and immediately after the same kind of 
plane in the same area will start to leave a 
thick chemtrail. At other times, distinct short 
gaps in chemtrails have been photographed, as 
though the plane ran out of chemicals and then 

had to start spraying with a new supply. % 


For information on Chemtrails see the sites 
listed at http://www.carnicom.com/contrails.htm 


History of the Cloudbuster 


The Wilhelm Reich Cloudbuster was well known for its ability to create rain. But a problem existed with its 
continued use, in that the deadly orgone energy that it absorbed could in fact hurt the operator if it was not 
correctly "drained off". This "draining off" of deadly orgone energy was accomplished by 1. Connecting the 
Cloudbuster to a body of running water (difficult) or 2. Connecting the Cloudbuster output to an orgone 
accumulator. However, the orgone accumulator would soon become saturated with the deadly orgone energy 
which in turn caused more problems for the operator. So the Cloudbuster, as good a technology as it is, has 
lain dormant for many years. 


The Cloudbuster Re-Invented 


By utilizing the research of Wilhelm Reich, we have created a cheap, portable and easy-to-build device that 
consistently destroys Chemtrails and heals the atmosphere. The 
“Chembusier” is the answer to these ongoing attacks. Unlike the 
original Cloudbuster, the CB changes the deadly orgone energy to 
good orgone energy and does NOT become saturated or dangerous 
to the operator. You can build one for about $150. 


Join The Battle - Now! 


It is human nature to sit on the sidelines and think that one person 
cannot change the things that are happening to our country. You 
now have no excuse for inaction, For a few dollars and a few hours 
of your time YOU can make a difference. 


A properly constructed CB unit should be able to greatly reduce 
the effects of chemtrails for about 45 miles in all directions (90 
mile diameter) from the unit. If used with Slim Spurling’s 
environmental tools, and a few extra crystals, the diameter can be 
increased to about 120 miles in all directions. 


With this device a mere few hundred concerned citizens can SHUT 


DOWN the multi-billion dollar chemtrail program. The 
Chembuster cannot do any damage. It can only help and heal. It’s up to you to join the fight to save America, 
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Chembuster Construction Details 


Set pipes in bottom spacer 
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Middle Plywood Spacer 
CHEMBUSTER DIRECTIONS, 


BUCKET: Base: 9" in dia., 9" deep. I use two-gallon plastic buckets from the Home Depot paint department, 
but two-gallon food buckets, available from restaurants, or two-gallon spackle buckets from drywall 
contractors are fine. Leave the buckets on, as the handles make it easier to move the finished Chembuster. 


COPPER PIPES: Six standard Type M, 1" copper pipes, 6' long, open at one end, the capped ends 
submerged to within an inch or so of the bottom of the bucket before casting. For portability and shipping, 
you can use 12” sections of pipe in the base, adding five-foot lengths by putting couplers between the 12” 
and five-foot pieces. You won’t need to buy as much copper pipe this way, too. 


CRYSTALS: I glued a double-terminated (two pointed ends) quartz crystal, about 2" long, into a .75” section 
of garden hose, (or use electrical tape) then, glue to the inside of each of the six copper end caps, pointing in 
the same direction as the pipe will be after the cap is glued on. I use 'Goop' glue. Tape, or solder around the 
cap where it joins the pipe to prevent resin from leaking into the cap during casting, (Note) Another option 
is to add one citrine gemstone to each pipe before adding the crystal, this smoothes the CB's energy and 
helps to transmute negative energies. However, citrine does not seem to make the CB any more effective at 
eliminating chemtrails. 


METAL PARTICLES: Get some metal particles from a machine shop, recycling yard or a place where they 
saw a lot of aluminum (sign shops and aluminum fabrication shops are good places to look). I use aluminum. 
for weight considerations, but ANY metal will do. Very fine particles (such as filings from a key-making 
machine) aren’t quite as good as ones that will easily go through a 15” screen are okay. There really is a wide 
margin of suitability! 


PLYWOOD: Template | - 3/4” exterior plywood is used to make the base for the copper endcaps/pipes. I 
arrange the six pipes evenly around a 2 1/2” radius circle, which makes the pipes 2 1/2” apart on centers. A 
flat, | 1/4” auger bit drills a suitable hole for each end cap. 


Template 2 - Make another piece to fit inside the rim of the bucket. Remember to cut a section away so you 


can fit your fingers under it to remove it from the bucket. This piece is not part of the finished CB, just used 
to get the spacing for the pipes right during construction. Cut the holes in this with a 1 1/8” flat bit so that it 
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will fit well over the six pipes. This piece will hold the pipes in position while the second batch of resin 
hardens. 


Template 3 - I make a circular plywood spacer for the top ends of the pipes, 4” radius with 1 1/8” holes on 
the same 2 1/2” radius circles for the pipe ends. This keeps the pipes parallel with each other and fairly rigid. 


Crourmuster. 
“TEemoare =" 
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THIS PATIIAW IS MADE Recon NETO NE Z-Bntuoas 
Home peter GuceeT ($2) 


Not to scale Widest circle is 9 1/8” 


RESIN: L use polyester resin (used to build fiberglass boats), but epoxy also works, as does 
Envirotech resin from wwwaeti-usa.com (this sets up very quickly, so you need to be proficient with 
it). If you are going to construct many of these units, try to purchase your resin in 5 gallon buckets 
over the internet, possibly from a surfboard or boat manufacturing supply company. Home Depot 
gets $24 per gallon for resin. 
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“SEARL EFFECT” for ENERG' 
PROPULSION SYSTEM! 


Review from web site http://www sisre.com/ 
Email address: admin@sisrc.com 


‘The “Searl Effect", discovered by J.J.R. Searl, is a 
method of extracting energy. Some current 
expressions for the source of this energy being The 
Space Fabric, Quantum Space Field, and Zero Point 
Energy. 


SISRC Ltd has been formed to develop and license 
Searl Effect Technology (SET) on a global basis. 


THE COMPANY 


SISRC Ltd is the company formed to administer the 
implementation of the Searl Effect Technology, (SET) 
invented by J. R. R. Searl. SISRC Ltd designs, 
develops and implements Searl Effect Technology as 
it is initiated in various applications and territories, 
SISRC Ltd is the administrative hub of the group and 
will continue to be based in the UK. SISRC Ltd will 
grant production and marketing licenses for Searl 
Effect Technology applications to different companies 
in specific territories. Currently proposed related 
companies include: 


* SISRC -Germany, SISRC -Iberia, SISRC - Sweden, 
SISRC - Australia, SISRC New Zealand. 

* SISRC -AV (Audio Visual) provides computer 
graphics presentations of the SET. 


BACKGROUND 


The Searl Effect Generator (SEG) technology, as 
applied to the commercial market, had been 
previously developed to the point where a few 
prototype SEG generators were made, and used for 
electricity generation and motion. Commercial 
interest at that time focused on the SEG's transport 
potential and, under commercial pressure to deliver 
a fully functioning system, the original generators 
were used and lost in a series of vehicular propulsion 
experiments and demonstrations. Funding was 
insufficient to continue with the manufacture of the 
required larger-scale pressurized cabin machines - 
resulting in the termination of the project at that time. 


Although all the operating principles, precise 
proportions and weights of the required materials 
are known for three of the four required operating 
materials, the precise data of the original magnetic 
layer is uncertain. The objective of the current R&D 
programme is to re-establish the original magnetic 
layer using modern and more efficient materials. 


Originally, the layered materials were constructed 
and magnetized by the now-defunct Midlands 
Electricity Board under the direction of John Searl 
(see colored photo of the experimental craft 
construction on the cover page) 


Modern magnetic materials have advanced 
considerably, and old ones discontinued, so a series 
of tests need to be conducted to establish the 
optimum materials and processes. These tests need 
to comply with the working criteria required and 
must lead to a cost-effective manufacturing process. 


Fig.1 


Experimental ring and rollers 


In recent times SISRC has been re-establishing the 
original research. Due to the very limited funding that 
has been available, only a partially functioning 
demonstration prototype of the SEG principles has 
been possible. This prototype consists of the 
innermost of the three composite rings required and 
several rollers. 


We would like to hear from anyone who worked on 
or was involved with Sear] Technology prior to 1983. 
Also anyone who has any old technical data, 
photographs or films relating to the technology. Such 
information could greatly assist this technology to 
reach the marketplace for the benefit of all and would 
be dealt with in the strictest of confidence. 


TECHNICAL DESCRIPTION 


Physically the Searl Effect Generator (SEG) consists 
of three concentric rings each made of a composite 
of four different materials which are also 
concentrically attached to each other. The three rings 
are fixed to a base. Surrounding each of the rings, and 
free to rotate around them, are rollers - typically 10 on 
the first ring, 25 on the next and 35 on the outer ring. 
Surrounding the rollers on the outer ring are coils 
which are connected in various configurations to 
supply either AC or DC current at a variety of voltages. 
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Ona level surface, pour an inch or so of catalyzed resin into the bottom of the bucket and stir in 


metal particles until the surface is uniform and flat. CAUTION: Resin fumes are flammable; use in 
a warm, but well ventilated area. 


The ratio that seems to work is approx. one part resin to one part metal particles (equal volume of 
resin to metal particles). Put the base Template | onto that before it hardens, so that it just touches 
the surface and doesn't sink in much. Pour a half gallon of catalyzed resin into the bucket after the 
six pipes are set into the holes in the base template. Use the dowel to stir in handfuls of metal 
particles in the same ratio as before. Note that the wood Template 1 should not be pushed down to 
the bottom of the bucket with the resin squishing over the top. 


Carefully move the Template 2 down on to the six pipes until it is snugly within the rim of the 
bucket. Put the top Template 3 onto the top of the pipes and move them until the pipes are parallel. 
After the resin has hardened, remove the second template and set it aside. This is only used during 
construction, as I mentioned. 


You can finish off putting the resin/metal mixture in now in two stages if you want, up to within a 
half inch of the rim of the bucket. Now it’s finished (wait until it hardens before you move it. You 
will actually use about one gallon of metal shavings and 1 % gal. of resin. 


A MONEY SAVING SUGGESTION, ALSO FOR BETTER PORTABILITY: 


Cut six pipes, 12" long, and put the crystals/endcaps on them for the base. Buy six coupler joints 
which allow a pipe to come into them from both directions and stop at the middle. This allows you 
to make the rest of the pipe assembly from three pipes, 10' long, cut in half. The finished product 
leaves you with only one piece of pipe, four feet long leftover. 


When positioning the 12" pipes for pouring the second layer of mix, temporarily tape the top ends 
of the 12" pipes so no metal particles are dropped in them by mistake. 


Afier the mix is made, take off the tape and push the rim plywood piece down onto the pipes so that 
it fits into the rim of the bucket. 


Put the spacers (soldered if desired), then the 5" pipes onto the 12" base pipes, then put the third 
(top) plywood piece onto the 5° copper pipes. 


The pipes will look skewed, most likely, so just twist the top plywood piece around until the pipes 
line up parallel. As you do that, the rim plywood piece will move around. You need to do this 
expeditiously, though not in a hurry, so that the resin doesn't harden before you're done. 


We experimented with 5' extensions to the pipes to increase the range. It had a strong effect on the 
moon and on the upper atmosphere of the planet for hundreds of miles. We also apparently shut 
down the weather warfare facility under Homestead Air Force Base by leaving the extended 
Chembuster pointing at the dead orgone field above it for a week. 


We found that we don't need to point it in any particular direction in order to clear the atmosphere of 
bad orgone, and the longer it’s left standing, the nicer it feels for a longer distance from the 
Chembuster (many miles), We just stand it on its bottom, pointing straight up. We did once 
eliminate a belt of smog, which was just off the coast by aiming at it for a few minutes, so direction 
can be a factor. 


Chembusters destroy chemtrails consistently. It may take a few days for your Chembuster to 
activate the environment enough to do this, but after that point the spew will disappear within 
seconds of leaving the UN jets and dissipated trails that drift within range of the Chembuster will 
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also disperse, but more slowly. The ones that are made up of solids take longer to dissipate, but 
we've found that these only make up about 10% or so of the spewing episodes. 


Dr. Reich’s Cloudbusters were extremely dangerous when in operation since he had no orgone 
generator attached to them. Bad orgone does carry a charge which can quickly drain one’s life force 
away when it’s concentrated in one spot. It’s similar to a strong positively charges static electrical 
field. When cloud cover is unproductive or unbalanced (too much lightning, for instance, or too 
much rain) the Chembuster busts it up. 


Italso may help stop drought. Overall, it just balances the weather, I think it sort of mediates 
between the ground and the atmosphere somehow. The one in Namibia, Africa finally brought 
heavy rain to the desert there. It happened 9/5/01, and continued for several days. Gert, the fellow 
who made the Chembuster and reported the occurrence ( http://educate- 
yourself.org/africasfirstcloudbusterjun0 htm! ), told me that this had simply never happened in the 
‘Namib desert before to the best of anyone's knowledge. It’s arguably the driest region on the planet. 


WARNING: If you touch the pipes when they’re drawing in strong unbalanced or dead orgone and 
don’t put your hand on the base after that, you may experience headaches, even into the next day, as 
a friend of ours did recently. 


Mind you that our efforts, though somewhat pioneering, should be seen mainly as a springboard for 
further developments rather than the last word. 


SUGGESTION: If you want even more rain, try putting water on top of the material in the bucket 
and/or hosing down the whole apparatus daily. In freezing climates, cover the top of the six pipes 
with mini umbrellas so water can’t freeze and shatter the crystals. The CB appears to effect 
chemtrails equally well whether it’s placed indoors or out. Up to seven crystals can be placed in 
each pipe to improve performance. 


CB plowing through chemtrails in the midwest 
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THE 
ORGONE ACCUMULATOR 
HANDBOOK 


Construction Plans, Experimental Use and 
Protection Against Toxic Energy 


by James DeMeo, Ph.D. 
With a Foreword by Eva Reich, M.D. 


The Orgone Accumulator Handbook 


by James DeMeo, Ph.D., with a foreword by Eva Reich, M.D., and an 
appendix examining new experimental evidence demonstrating the 
effectiveness of the orgone energy accumulator. 


al 


Learn how to concentrate and work 
with orgone (life) energy, using simple, 
Feadiy-aralatie saateriala A inden 
auipply is freely available from the atmos 

here. These experimental devices have 
een shown to stimulate plant growth and 
human physiology in controlled studies, 


‘The orgone accumulator is based on dis- 
coveries by the late Dr, Wilhelm Reich, 
whose work remains vital and of wide in- 
terest, despite unprecedented hostility to his 
scientific research. In a court, decision 
unique in American ee his books were 
ordered burned by the U.S. Federal govern- 
mont in 1957. Dr, Reich reported medical 
benefits for his patients who tised the accu- 
mulators. 


In this edition Dr. DeMeo updates infor- 
‘mation on the construction of orgone ener- 
ay blankets, shooters, hox-type aecumuls- 
fors, bion packs and “draw buckets” for at- 
mospherie cleansing, with many insbrae- 
tional diagrams and photographs, as well 
a5 4 complete bibliography and resource 
ide for research, 


‘About the Author: James DeMeo has been researching the topic of the 
life energy, and specifically the works of Dr. Wilhelm Reich since 1970, 
He has authored or edited dozens of published articles, books and re- 
search compendinms (inchiding Sakarasia, Heretie’s Notebook, On 
Wilhelm Reich & Orgonumy, and the German-language Nach Reich) 
which subjected Reich's ideas to rigorous testing, DeMeo formally stud- 
jed Environmental Seience and Geography at Florida International Univ., 
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and the Uniy. of Kansas, where he earned 
his Ph.D. He served o2 (he Faculty of Ge- 
ography at Ilinois State Univ. and the 
Univ. of Miami, and founded the Orgone 
Biophysical Research Laboratory in 1978, 
List Price; $12.95 


Books by James DeMeo 


Ie ‘The 4000 BCE Origins of Child Abuse, 
on, Warfare and Social Violence 


anh the Deserts of the Ola Wort 


* (Editor) Heretic’s Notebook: Emotions, Protocells, 
Ether-Drift and Cosmic Life-Energy, with New 
Research Supporting Wilhelm Reich 


* The Orgone Accumulator Hantlbook: Construction 
Plans, Experimental Use, and Protection Against 
‘Toxic Energy (Second revised edition) 


* Editor) On Wilhelm Reich and Orgonomy 

*(Co-Editor with Bernd Sen) Nach Reich: Neue 
Forschungen zur Organomie: Sexualékonomie, 
Die Entdeckung der Orgonenergie 


+ Bibliography on Orgone Biophysics: 1934 to 1986 
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Cover: NASA pholo of Apelly 12 astronaut walking on the 
surface of the moun (see Life Megazine, 12 Dec. 1969). His body 
orgone energy field is softly glowing a blue color in the lunar 
vacuum, possibly due to excitation by his high-frequency radio 
communications equipment. This blue coloration of the energy 
field in the photo, which has been seen in a few other lunar os- 
tronaut images, hes been systematically ignored or explained 
away as an effect of “lunar dust" or “water vapor”. In fact, itisa 
visible expression of the human orgone (life) energy field. 
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“We consider the discovery of the orgone energy among 
the greatest events in human history." from a letter to the 
‘American Medical Association, signed by 17 medical doc- 
‘tors in 1949. 


“THE ORGONE ACCUMULATOR IS THE MOST IM- 
PORTANT SINGLE DISCOVERY IN THE HISTORY OF 
MEDICINE, BAR NONE” — Theodore P. Wolfe, M.D., from 
Emotional Plague Versus Orgone Biophysics, 1948. 


“It is justifiable that. the discovery of orgone energy and 
its medical applications by means of the orgone accumula 
tor, the orgone shooter, bionous earth, and orgone water have 
opened up an abundance of new and, it appears, amazingly 
good prospects.” — Wilhelm Reich, M.D. from The Cancer 
Biopathy (Discovery of the Orgone, Volume 2), 1948. 


“What would you say of the leading philosophers here to 
whom I have offered a thousand times of my own accord to 
show my studies, but who with the lazy obstinacy of a serpent 
‘who has eaten his full have never consented to look at the 
planets, the moon, or telescope? To such people philosophy is 
a kind of book... where the truth is to be sought not in the Uni- 
verse or in nature, but (I use their own words) by comparing 
texts.” Galileo Galilei, Italian astronomer of the 1600s 
who proved that the Earth moved in the heavens, shortly be- 
fore being prosecuted and tortured by the Catholic Church, 


“the orgone energy does not exist." Judge John D. 

Clifford, from a 1954 U.S. court ruling in which all of Dr. 

Reich's books and research journals were banned, and or- 
dered burned in incinerators; Reich was sent to a Federal 
Penitentiary, where he died. 


Multiple magnetic poles are imprinted on the rings and 
rollers to form frictionless magnetic bearings. These 
also arrange the static charge into opposing charge 
clusters which cause the rollers to rotate around the 
circumference of the ring (as shown in Fig. 2). 


Some expressions currently in use to describe the 
source of the energy for the SEG are The Space Fabric, 
Quantum Energy field of Space or Zero Point Energy. 
This is an unlimited and constant source of energy 
which can be made to flow when the correctly 
proportioned masses concerned are stimulated by the 
correct frequencies creating an ‘open system’. 


‘The idea of utilising this source of energy is currently 
the subject of various devices and experiments such 
as the ‘Lamb shift’, ‘Casimir Effect’ and the work of 
the Russian Nobel Prize winner Ilya Prigogine. 
However these devices and experiments tend to 
only prove the existence of the energy and not a 
method to create a coherent, ordered flow to 
produce useful power. 


Fig. 2 
16 KWe Sear! Effect Generator (SEG) 


In contrast, John Searl has discovered that, in order 
to create a steady and stable flow, all the masses of 
the device (and the stimulating frequencies) must 
conform to precise values determined mathematically 
by the ‘Law of the Squares’. A machine constructed 
to these principles produces a stable and useful power 
output. 


DEFINITION OF A SURFACE OPERATING 
S.E.G. (J. Searl) 15.09.00 


A Linear motor operating on a magnetic bearing with 
the characteristics of an auto-transformer. The S.E.G. 
is defined as a device, which is constructed from 
2,124 component parts, which make up 3 plates and 
66 roller sets (see figures on the cover page). 12 of 
the 2,124 components create the 3 plates, which act 


as reaction components. 2,112 components are 
employed to create 6 roller sets, which act as active 
components. Each roller set consists of 8 segments 
constructed from 32 components. Each segment 
cannot be less than 34 grams in weight, as the law 
of the squares defines that value as the lowest value 
suitable for the reasonable generation of electricity. 
‘Therefore the smallest roller set must weigh 272 grams, 
making a grand total of 2,244 grams per roller set for 
the smallest surface bound SEG. 


Tolerance should be about 0.05 gram per roller set. 
‘The larger the error the greater is the loss of power 
within the unit. Therefore the total tolerance for the 
smallest SEG roller set must not be greater than 3.30 
grams - above this factor the SEG will not function. 
For the best results, the tolerance across the total 
66 roller sets should not exceed 0.05 grams! 


Fig.3 


‘The S.E.G. is a step up rotary transformer. In fact it's 
a ‘three rotary transformers’ operational system, 
within a unit. The inner transformer output is fed in 
to the input of the second plate which increases the 
output of the second unit, which output feeds as an 
input to the final unit, thereby increasing its 
finaloutput to a very high voltage. Therefore the 
S.E.G. is just a prime mover for the production of 
clean electrical energy. The output windings must 
be designed to step down this output to 240 volts at 
18KWt's. 


During 1968 it being upon this issue, as development 
progress both here and in the USA, new findings are 
being created, and updates will be added to this page, 
as they are certified. When the SEG rollers are brought 
into close proximity to the SEG Ring, the Searl Effect 
resonant magnetic field causes negative ions and 
electrons to be drawn into and accelerated through 
the machine. This process is assisted by the highly 
electron-attracting rare earth metal Neodymium. 


‘The unique mechanical and material arrangement of 
the SEG pulses the neodymium to continually release 
and replace the surplus electrons to provide electrical 
or mechanical power, or both. 


New Energy Technologies, Issue #1 January - February 2003 


CONTENTS 


1. Foreword, by Eva Reich, M.D. 
2. Author's Preface 


Part I: 
‘The Biophysics of the Orgone Energy 

. What Is the Orgone Energy? .. 
|. Wilhelm Reich's Discovery of the Orgone Energy | 
and Invention of the Orgone Accumalator . 
Objective Demonstration of the Orgone Energy 
. Discovery of an Unusual man by 

Other Scientists 


Part Ik 
‘The Safe and Effective Use of 
Orgone Accumulating Devices 
7. General Principles for Construction and 
Experimental Use of the Orgone Accumulator. 
8. Warnings and Dangers: Oranur and Dor 
9. Cleaning Up Your Bivenergetic Environment . 
10. Draw Buckets, Bion Waters, Bion Packs ... 
11, Physiological and Biomedical Effects 
12, Personal Observations with the Accumulator 
43. Some Simple and Not-So-Simple Experiments 
with the Orgone Accumulator 
14, Questions and Answers ... 


8 


2s gaseee 


Part IT: 
Construction Plans for 
Orgone Accumulating Devices 
15, Construction of a 2-Ply Orgone Blanket.......... 
16. Construction of a 5-Ply Garden Seed Charger 
17. Construction of a 10-Ply Orgone Accumulator 
18. Construction of an Orgone Shooter Funnal 
19. Construction of an Orgone Shooter Wand .... 
|. Construction of a 3-Ply Human-Sized 
Orgone Energy Accumulator... 


Selected References ... 


Sourees of Additional Information: 
On Wilhelm Reich and Orgonomy 


On Alternative Health Chnies and Institutes ...~ 


Appendix: “The Psycho-Physiologicel Effects 
of the Reich Orgone Energy Accumulator’, 
dy Stefan Maschenich and Rainer Gebauer 


Postscript 1999 .... 


146 
147 


148 


157 


1. Foreword 


At last, thirty two years after the 1957 desth of Wilhelm 
Reich, human beings can begin to study orgonomy like any 
other body of knowledge, helped by the Orgone Accumulator 
Handbook. This concise and informative hook contains in a 
nutshell a condensed, clear account of the discovery, made 
usable by all who are interested in the cosmic life energy. 
Herein is printed: the scientifie definition of the orgone en- 
ergy; the history of how the steps of observation, experimen- 
tation, and theoretical insight led Reich to practical applica- 
tions; the principles for construction and experimental uses 
of the orgone energy accumulator, with detailed suggestions 
for needed material, layering, and dimensions; and final- 
ly a very useful reference list. Professor J. DeMeo shows his 
thorough knowledge of the subject, which as yet is banned 
and omitted from the 20th Century academic curriculum, ex- 
copt for a few pioneering lecture courses (in New York and 
‘West Berlin). 

‘Withelm Reich said that even though the life energy had 
heen known for thousands of years, he managed to make it 
concretely usable, and that the era ofits applications has just 
started. However, this Handbook is the first printed materi- 
al in recent years on specifically how ta concentrate the en- 
exgy from the Earth's atmosphere. It is usable for a laborato- 
Ty course on the subject of cosmic life energy. This material 
could be comprehended by intelligent high school or cellege 
students. It answers my almost fifty year old hope, for the in- 
clusion of life energy facts in the body of knowledge that all 
educated people on Earth should learn in their schooling. 
‘Thank you James DeMeo. 


Eva Reich, M.D. 
‘West Berlin, March 1989 


James DeMeo 


2, Author’s Preface 


When I was 12 years old, a favorite unele of mine died a 
suffering death from lung cancer, The doctors had removed 
one of his lungs, and for a few months he lingered, being in- 
capable of talking or moving very much, and in a great deal 
of pain. My aunts would not allow the children to see him in 
such sorry shape, except for one time, when he was dressed 
up for the entire family, which had gathered to quietly say 
good-bye. I was vory sad when ke died. When I was 15, my 
mother was diagnosed as having breast cancer. I was by her 
bed in the hospital when she recovered from surgery, and 
when she was told that her breast had been amputated in a 
radical mastectomy. J will never forget the look on her face. 
She survived the surgery, but the emotional resignation 
which she carried, and which preeeded her cancer by several 
decades, was never diagnosed or discussed. Friends of our 
family had urged us to look into some alternative treatments 
for cancer, but everybody believed that the doctors in the hos- 
pital knew best. Listed as a “survivor” in the cancer statis- 
tics, my mother progressively declined after the surgery, 
and died ahout eight years later, having refused to undergo 
additional surgery. 

My experience with relatives dying of cancer is not umu- 
sual, as degenerative disease is now at epidemic levels, The 
statistics today demonstrate that the “war on cancer” has 
been lost, and that in spite of all the radical surgeries, drugs 
and radiation treatments, patients today survive no longer 
or more frequently than they did in the 1950s, Indecd, dege- 
nerative disorders have today spread into youthful age 
groups and populations where they once were rare. Scientific 
evidence does not exist to support the assertion that surgery, 
radiation, and chemotherapy are effective forms of treat- 
mont for cancer, and traditional medicine today givas hard- 
ly more than lip service to preventative considerations, 
‘These troubling facts become all the more distarbing when 
one begins to study the various alternative, non-invasive 
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and non-toxie cancer therapies. Dismissed for decades as 
“quackery” by organized medicine, most of these therapies 
appear to be reasonably or even remarkably effective. Their 
advocates and practitioners have often taken great risks to 
bring what they believe are safe and effective treatments to 
sick people. The organized medical community, with finan- 
cial links to the pharmaceutical industry, has not cared to 
seriously look into these techniques. Instead, the techniques 
have been unwarrantedly attacked, and pseudo investiga- 
tions have been launched, with predictable outcomes: clinics 
have been shut by brute police force, through court orders; 
medical records and research protocols have been seized, 
and jail sentences have been handed out, Bocks have also 
been burned. In this context, a great fraud has been perpe- 
trated upon the American people, end apon our courts and le- 
gal system, by the larger organized medical associations, 
and related government bureaucracies. 

In this short Handbook, I cannot give a history of these 
antiscientific and unethical abuses, but a few articles and 
books on the question are listed in the raference section, 
Qlearly, a major reason for the impotence of modern madi- 
cine in dealing with degenerative diseases lies in the fact 
that the organized medical community has used police-state 
tactics to suppress important new findings, and the unortho- 
dox practitioner, irrespective of any scientific evidence that 
exists. In fact, the most well documented and effective unor- 
thodox therapies have been the most hotly attacked. Many, 
many promising therapies have been suppressed over the 
years, through an emotional collusion, and some outright 
conspiracy for economic motives, between medical inter- 
ests, drag companies, plague journalists, prejudiced aca- 
demics, and puritanical government bureaucrats and judg- 
ea In this process, the truth has been trampled badly, and the 
methods of seience, disearded. 

The most clear and telling example of how these social 
forces combine to kill a new discovery, and its discoverer, is 
the case of Dr. Wilhelm Reich and his orgone energy accn- 
mulator. Reich had been one of Freud's younger co-workers, 
and was a prime mover in the early psychoanalytic move- 
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ment in Vienna and Berlin, However, his ideas were more 
revolutionary than those of the older psychoanalysts. He 
forcefully argued that human misery and mental illness 
were partly the result of social conditions, which could be 
changed to prevent neurosis. He urged reform in laws re- 
garding the abusive treatment of children, and in the eco- 
nomic plight of women. He formed a viable social and polit- 
ical movement in pre-Hitler Germany, which urged re- 
forms in laws restricting divoree and access to contracep- 
tion, which were both then illegal. He championed the rights 
of young unmarried people to a healthy sexual life, and a 
Toosening of the father’s pawer and dominance over the fam- 
ily. He wrote extensively about these matters in the 1920s 
and 1930s, and exposed the roots of the Nazi movement in the 
obedience-demanding, patriarchal, sex-negative German 
family structure, For his writings on genitality, and his 
anti-fascist activities, Reich was eventuelly expelled from 
Frend’s inner circle, and also from the International Psy- 
choanalytie Association. German psychoanalysis was at 
that time leaning towards appeasement of the Nazis, and 
some analysts, such as Carl Jung, even became spokesper- 
sons or apologists for National Socialism. Reich was even- 
tually placed on both Hitler's and Stalin's death lists in the 
1980s, and had to flee to Scandinavia, and later from there to 
the United States. His writinge were condemned to flames 
in both Germany and Russia. 

By the time Reich arrived in the United States, in 1959, he 
had made 2 number of major scientific discoveries, and 
quickly attracted a group of young, enthusiastic scientists 
and doctors to assist with his work, The American period of 
his research, which lasted until his death in 1957, was partic- 
ularly productive, in spite of the later court actions against 
him, It was during this period that Reich experimentally 
clarified, and made practical use of the biological and at. 
mospheric life energy, which he called the orgone energy, 
‘The orgone energy, Reich observed, was a real, physical en- 
ergy, which radiated from microbes, animals, humans, and 
from inorganic materials as well, It charged living crea- 
tures, yet also existed in the atmosphere in a free form. It 
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could be accumulated in special enclosures, where it could be 
observed, felt, and measured. 

Reich’s orgone energy experiments attracted the hostile 
criticisms of many in the medical community, and a smear 
‘campaign in the press triggered an investigation by the US. 
Food and Drug Administration (FDA). In its efforts to stop 
Reich's work, the EDA did not seek to responsibly or accur- 
ately reproduce his experimental findings. Instead, FDA 
burcauerate relied upon gossip and rumor, ignored availa. 
ble published evidence, and secured the testimony of “expert” 
witnesses who had no real familiarity with or interest in the 
scientific facte involved. Many breaches of the seientific 
method, and of legal, moral, and scientific ethics occurred, 
as government officials, and a number of psychiatrists, an- 
alysts, and physicists, sought to put an end to his work. 

We also know a lot more today about the inner workings 
of the FDA regarding the Reich case, given that several 
scholarly reviews of FDA files, using the Freedom of Infor- 
mation Act, have taken place. These are cited in the refer- 
ence section. Reich originally offered to cooperate with the 
FDA investigators regarding the orgone energy. But they re- 
fused his offer, as they were hot to “get Reich” on whatever 
charges they could, and had been urged in this direction by 
various highly-placed individuals within the medieal eom- 
munities. The Bulletin of the Menninger Clinic, and the 
Journal of the American Medical Association, for example, 
participated in the spreading of false gossip and rumors re- 
garding Reich’s work. Reich was aware of these unethical 
actions, and a number of his co-workers had heen profes- 
sionally hurt by the lies, and by the actions of the FDA. At no 
time did any governmental or private scientific or medical 
organization attempt to seriously review or replicate his ex- 
periments. 

Those kinds of attacke made Reich understandably fu- 
rious, such that when the FDA finally sought a Complaint for 
Injunction against his activities, he refused ts appear in 
court, to act, as he put it, “as a ‘defendant’ in matters of hasic 
natural scientific research”, Instead, he wrote a compelling 
Response (“Motion to Dismiss") to the judge. Reich’s refusal 
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to grant authority to the courts regarding the velidity of his 
orgone research prompted a legal over-reaction, the likes of 
which we usually associata with despotic societies. In a judi- 
cial ruling that is, to the best of my knowledge, unique in 
American history, the FDA sought and obtained a Federal 
Court Decree of Injunction, which ruled that the orgone ener- 
gy “does not exist”. The court ordered a ban on the interstate 
shipment of books bearing the word “orgone”. This included 
books into which the forbidden word appeared only in the 
preface, or introductory remarks, Additionally, all bocks 
and research journals discussing the orgone energy in. de- 
tail were ordered destroyed, and devices using the energy, 
dismantled or destroyed. (Case #1056, March 19, 1954, US 
District Court, Portland, Maine, Judge John D, Clifford, Jr.) 


“BANNED, until expunged of all references to the orgone 
energy: 
The Discovery of the Orgone 
Vol. J, The Function of the Orgasm 
Vol. If, The Cancer Biopathy 
The Sexual Revolution 
Ether, God and Devit 
Cosmic Superimposition 
Listen, Little Man 
The Mass Psychology of Fascism 
Character Analysis 
‘The Murder of Christ 
People in Trouble 


BANNED and ORDERED DESTROYED: 

The Orgone Energy Accumulator, lis Scientific and 
Medical Use 

The Oranur Experiment 

The Orgone Eneray Bulletin 

The Orgone Energy Emergency Bulletin 

International Journal of Sex-Economy and Orgone 
Research 

Internationale Zeitschrift fur Orgonomie 

Annals of the Orgone Institute” 


The Orgone Accumulator Handbook 


And so, in the late 1950s and early 1960s, Reich’s books 
and research journals, even those which were “only” 
banned, were periodically seized by FDA agents and Feder- 
al Marshals, and burnt in incinerators in Maine and New 
York, No scientific or professional organizations, journal- 
ists or writer’s unions pubbiely objected to the book burnings, 
or acted to help Reich, whose laboratory hesdquarters'was 
invaded by FDA agents, who destroyed instraments with 
axes, In addition to the above actions, the court ordered Reich 
to cease “disseminating information” on the orgone energy, 
effectively censoring his writing and speaking on the sub- 
ject. Several years luter, Reich wus charged with Contempt 
of Court when his assistant committed a technical violation 
of the Injunction, at a time when Reich was more than a 
thousand miles away, engaged in field work in the deserts 
of Arizona, Though he appealed all the way to the Supreme 
Court, Reich lost the case, and was inearcerated in Lewis- 
burg Federal Penitentiary, where he died in 1957, His death 
in prison oceurred two weeks prior to his parole date, at a 
time when he was happily anticipating his freedom, and a 
life in Switzerland with his new wife. 

Whatever we may think of Reich’s response to the court 
challenge, the principles upon which he stoad were very im- 
portant, and date hack at least to Galileo's trial by fire with 
the Catholic Church, The lesson from Galileo's time was that 
no Court, Tribunal, or religious or scientific organization 
on Earth has the capacity to say, on the basis of textual com- 
parisons or divine revelation, just what is or is not Natural 
Law, The results of an experiment, cannot be judged by those 
who have never reproduced it, and the unresearched opin- 
ions of scientists are no betier than the unresearched opin- 
ions of anyone else, be they members of the American Medi- 
cal Association, the National Academy of Sciences, or the 
same Country Club attended hy the President. Galileo urged 
hhis critics to “look into the telescope”, to verify his observa- 
tions in a most direct and simple way. But they refused to do 
so on moral principle, and derisively mocked him. Reich's 
tities have taken the same approach, in their adamant refu- 
sal to reproduce his experiments, and in most cases, to even 
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Fig. 
DEVELOPMENT 


Prior to the production of complete 15KWrt Searl Effect 
Generators (SEGs), a minimum of two demonstration 
Ring & Roller prototypes are to be produced. 


‘The “Ring” is typical of the innermost of the three rings 
required to make a complete SEG. The 69-roller sets in a 
complete three ring SEG are identical. Sixroller sets will 
be made for the prototype inner rings so that the Searl 
Effect can be demonstrated. 


‘The production of a self-running Ring & Roller prototype 
will establish the precise sequence and parameters of 
electrical, magnetising and material processes required 


for the SEG and will demonstrate electrical power 
generation. An operating single inner ring with 1-8 
rollers will also determine if a particular material will 
function correctly and at what level of power output. 


Fig. 5 


Demonstration ring and rollers 


‘The five phases of the development programme that 
commenced in October 1999 have been completed and 
the rollers successfully magnetised with ‘Sear! Effect’ 
magnetic fields. A sixth phase is now required to apply 
the technology developed in Phase five to the “Ring”. 
‘This sixth Phase resulting in a demonstration Ring & 
Roller prototype has duration of 6 months. 


Scientific Breakthrough 
Liberates Energy Users from 
Fossil Fuel Dependence 


Information from 


hitp://eww.genesisworldenergy.org/genesis_world_energy:htm 


Story originally published by Diana Echeverria, USA 


Director of Public Relations 
Guy Rome & Associates, Inc 
208-945-4142 208-602-0225 (cell) 


‘Technology breakthrough harnesses energy from 
the molecular structure of water 


BOISE, ID - Dec. 5, 2002 - Genesis World Energy, a 
privately funded consortium created by a group of 
military and space program research and development 
specialists, today unveiled a scientific breakthrough 
that allows consumers to easily access the energy 
contained within the hydrogen and oxygen molecular 
structure of ordinary water. This scientific breakthrough 
provides a limitless, low cost and environmentally clean 
source of energy that can be implemented with minimal 
cost and effort. The viability of using water as an energy 
source, previously a theoretical concept, is now a 
reality. “Water has always been the source of life on 


this planet, now it will also transform the way we create 
energy” said Charles Shaw, corporate counsel and 
spokesperson for Genesis World Energy. “The 
implications for worldwide energy generation and 
consumption are nothing less than staggering.” 


‘The Edison Device 


‘The first application of this technology is represented 
in the "Edison Device”, a self-contained, self-sustaining 
energy generation unit. Roughly the size of an outdoor 
air conditioning system, the power source can be 
quickly and easily installed in any home or business to 
provide virtually unlimited energy from any available 
water source. The Edison Device utilizes the existing 
electrical wiring and natural gas plumbing in a home 
or business to replace the energy provided by utility 
companies. The home version of the Edison Device 
produces approximately 30 kWtt of combined gas and 
electrical energy per day. By comparison, the typical 
home uses between five to six kilowatts per day. 
The commercial model is capable of producing 
100 kilowatts of energy per day. The energy generation 
portion of the devices has no moving parts. In fact, the 
only “mechanical” aspects of the equipment are small 
circulation pumps and micro-valves, making the Edison 
Device both silent and virtually maintenance-free. A 
minimum amount of water is used over an estimated 
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review the published evidence, Today, over 30 years since 
Reieh’s death, his most voeal eritics still take the same anti- 
scientific approach, and condemn what they have not per- 
sonally read or investigated. 

Based upon these historical facts, it is clear that the FDA, 
and indeed, all courts, academic bodies, and governmental 
agencies of all kinds, have forever relinquished any right to 
say anything about what the average citizen may or may not 
do with respect to the orgone energy accumulator. The dis- 
covery of the orgone is in much safer hands among the aver- 
age citizen, than in the hands of the various politicians, 
academies of scieneo, and medical organizations. This 
Handbook is therefore not primarily directed towards an ac- 
ademic or medical audience. Instead, the case of Dr. Wil- 
helm Reich and the orgone energy accumulator is taken di- 
rectly to the general public, Like the sunlight, the air and 
water, the orgone energy is a part of nature, existing every- 
where, and ought to be available to everyons, free of restric. 
tive regulation and control. As an invention, the orgone at- 
cumulator is also now in the public domain, unpatencable, 
and eannot be dominated by any single individual or cor- 
poration. It is also still perfectly legal for citizens to build, 
own, and use orgone accumulators. 

Of course, with this right comes a great deal of responsi- 
bility, as the proper use and maintenance of an accumulator 
makes both social and environmental demands upon its 
owner, The cosmic orgone energy ocean is, like our air, 
food, and water, fast becoming contaminated and poisoned, 
and swift action by concerned people is required if life on the 
planet is to continue. This Handbook will give a basic over- 
view of the orgone energy, the accumulator, and the con. 
struction and safe use of orgone accumulating devices. For 
the more precise scientific details and data, the reader is en- 
couraged to obtain and review the published materials listed 
in the Reference and Information sections. 

‘Three years after Reich's death, the trustees of his estate 
arranged for republication of his works, Today, most of his 
books have been republished, or are available in libraries, 
and through other sources. A group of Reich’s co-workers 
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also founded the American College of Orgonomy, and by 
1967 had published the first issue of the Journal of Orgono- 
my. Since that time, interest in Reich's works has gradually 
increased, and many new studies verifying his fiadings on 
the orgone energy, and the accumulator, have taken place. 
College courses focusing upon Reich’s life and works now 
exist, and he has been the subject of many reviews, biogra- 
phies, and films, A younger generation of scientists and 
health practitioners is rediseavering Reich, and new jour- 
nals devoted to orgone research or bioenergetic functions 
have appeared in the USA, Germany, France, Italy, Eng- 
Jand, Canada, and Japan. One major new study on the aceu- 
mulator from Germany is summarized in the Appendix. 
The effort to inl the discovery of the orgone has failed. 


James DeMeo 
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Part I: 

The Biophysics 
of the Orgone 
Energy 


3. What Is the Orgone Energy? 


Orgone energy is cosmie life energy, the fundamental 
creative force long known to people in touch with nature, and 
speculated about by natural scientists, bat now physically ob- 
jectified and demonstrated. The orgone was discovered hy 
Dr. Wilhelm Reich, who identified meny of its besie proper- 
ties, For instance, the orgone energy charges and radiates 
from all living and non-living substance. It also can readi- 
ly penetrate all forms of matier, though with yarying rates of 
speed. All materials affect the orgone energy, by attracting 
and absorbing it, or by repelling or reflecting it. The orgone 
can bo secon, felt, measured and photographed. It is a real, 
physical energy, and not just some metaphorical, bypatheti- 
eal force. 

‘The orgone also exists in a froe form in the atmosphoro, 
and in the vacuum of space. It is excitable, compressible, 
and spontaneously pulsatile, capable of expanding and con- 
tracting. The orgone charge within a given environment, or 
within a given substance, will vary over time, usually ina 
cyclical manner. The orgone is most strongly attracted to 
living things, to water, and to itself. Orgone energy can 
layrfully stream or flow from one location to another in the 
atmosphere, but it generally maintains a west to east flow, 
moving with, but slightly faster than the rotation of the 
Earth. It is a ubiquitous medium, a cosmic ocean of dynam- 
ic, moving energy, which interconnects the whole physical 
universe; all living creatures, weather systems, and planets 
respond to its pulsations and movements, 

‘The orgone is related to, but quite different from other 
forms of energy. It can, for instance, impart a magnetic 
charge to ferromagnetic conductors, but it is not magnetic it- 
self. It can likewise impart an electrostatic charge to insula- 
tors, but neither is it fully electrostatic in nature, Ir reacts 
with great disturbance to the presence of radioactive materi- 
als, or to harsh electromagnetism, much in the manner of 
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irritated protoplasm. It can be registered on specially adapt- 
ed Geiger counters. The orgone also is the medium through 
which electromagnetic disturbances are transmitted, much 
in the manner of the older concept of aether, though it is not 
itself electromagnetic in nature. 

Streamings of orgone energy within the Earth’s atmos- 
phere affect changes in air circulation patterns; atmospher- 
ie orgone functions underlie the buildup of storm potentials, 
and influence air temperature, pressure, and humidity. 
Cosmic orgone energy functions also appear tg be at work in 
space, affecting gravitational and solar phenomena. Still, 
the mase-free orgone energy is not any one of these physico- 
mechanical factors, or even the sum of them. The properties 
of the orgone energy derive more from life itself, much in 
the manner of the older concept of a vital force, or élan vital; 
unlike those older concepts, however, the orgone also has 
been found to exist in a mass-free form, in the atmosphere 
and in space. It is primary, primordial cosmic life energy, 
while all other forms of energy are secondary in natare. 

In the living world, orgone energy functions underlie 
major life processes; pulsation, streaming, and charge of 
the biological orgone determines the movements, actions, 
and behavior of protoplasm and tissues, as well as the 
strength of “hioslectrical” phenomena, Emotion is the ebb 
and flow, the charge and discharge of the orgone within the 
membrane of an organism, just as weather is the ebb and 
flow, the charge and discharge of the orgone in the atmos- 
phere, Both organism and weather respond to the prevailing 
character and state of the life energy. Orgone energy func- 
tions eppear across the whole of creation, in microhes, ani- 
mals, stormelouds, hurricanes, and galaxies. Orgone ener- 
gy not only charges and snimates the naturel world; we are 
immersed in a sea of it, much as a fish is immersed in we- 
tor, More, it is the medium which communicates emotion 
and perception, through which we are connected to the cos- 
mos, and made kin to all that is living, 
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4. Wilhelm Reich’s Discovery 
of the Orgone Energy, 
and Invention of the 
Orgone Accumulator 


Reich’s initial work on the question of a biological ener- 
gy began in the 1920's, when he was a student of Sigmund 
Freud, the originator of psychoanalysis. Freud’s early theo- 
rioy on human behsvior discussed in metaphorical terms the 
energy of the drives, which he termed the libido. While 
Freud and most other analysts eventually ceased using this 
torm, Reich found it to be a very useful concept, and he con- 
tinued to seck evidence for this force, which governed hu- 
man emotion, behavior, and sexuality, 

Reich’s extensive clinical work led to the observation of 
vegetative streamings or currents of emotional energy in 
the body, which occurred in healthy individuals during 
states of great relaxation, as following a strong release of 
emotion, or after a very gratifying genital orgasm. The 
free, uninhibited expression of emotion, and natural sexual 
excitation and gratification during orgasm were identified 
by Reich as expressions of unimpeded energetic movement. 
in the body. When the individual experienced great pain, as 
from childhood traumas, when the emotions were rigidly 
suppressed and held back (*big boys don’t ory”, “nice girls 
don't get angry”), or when chronic sexual stasis and starva- 
tion was experienced, the entire nervous system and muscu- 
latare participated in the process of emotional suppression, 
or warding off of feeling. This “holding back” of feeling 
was also accompanied by a greater or lesser anxious retreat 
from pleasurable, or even potentially pleasurable situations, 
which would otherwise stir up suppressed and unpleasant 
feclings. Reich observed that when this kind of response to 
feeling and pleasure became chronic, 0 too did the individ- 
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ual experience a chronic stiffening and desensitization of 
the body, along with a reduction in respiration and contact- 
fulness. 

This chronic neuromuscular armoring, as Reich called 
it, was not a natural condition, though it had @ certain ra- 
tional survival value for situations of pain and trauma. 
When the armoring became chronic, however, as a way of 
life, it would thwart the individual's natural biological 
functioning, and affect their behavior even in circumstane- 
es where pain or trauma was not likely. The armoring ef- 
fectively perpetuated the individual's pleasure-avoiding be- 
haviors and emotion-censoring altitudes. Deep seated fears, 
and pressures to conform to the prevalent armored form of 
social life, usually prevented the individual from méving 
towards emotional health, or taking effective steps to change 
their situation. The bulk of Reich's early writings focused 
upon these social, sexual, and emotional concerns. 

Reich also argued that the heterosexual genital orgasm 
played a central regulatory role in the energy economy of the 
individual, as a means to periodically discharge aceumu- 
lated bioenergetic tension. The more intense the orgastic 
discharge of accumulated bioenergy, the more gratified, re- 
laxed and pleasurably expansive one felt afterward. When 
sexual urges and other emotions were chronically frustrat- 
ed, dammed-up, and repressed, however, great internal ten- 
sion could build up to a bursting point, where neurotic symp- 
toms or sadistic urges would appear. Reich developed thera- 
peutic techniques for releasing dammed-up emotional ener- 
gy within his patients, techniques which led to the release of 
long-buried foclings, and to a grexter capacity for ploasure 
in life, particularly genital pleasure, As his patients became 
more healthy sexually, and as they reported an increase in 
genital gratification, he observed that their neurotic symp- 
toms disappeared, as the quantity of dammed-up emotion 
and sexual tension was reduced. Some of Reich’s early con- 
tributions to psychoanalytic theory and technique were at 
first welcomed, But later on, as he increasingly focused 
‘upon the consequences of child abuse and sexual repression, 
the more conservative analysts rejected and attacked him. 
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Reich eventually left psychoanalysis altogether, and he ar- 
tieulated his work under the new term, Sex-Keonomy. 

Reich's early observations regarding human behavior, 
emotions, the orgasm, and vegetative streaming sensations 
strongly suggested a real, tangible nature to the emotional 
energy. He later used sensitive millivolimeters to confirm 
this point of view, and to quantify bioelectrical energy eur- 
rents, and their emotional correlates. However, he was con- 
vinced that the yery low levels of observed bioelectrical ac~ 
tivity could not fully explain the powerful energy forces ob- 
served in human behavior. This was particularly so regard- 
ing chronic immobilizing psychic disturbances in catatonic 
and other completely withdrawn mental patients. When 
their emotions were finally broken lose, these patients would 
experience a tremendous outpouring of sadness or rage. Af- 
terward, they would also experience a dramatic relaxation 
of musculature, a spontaneous deepening of respiration, and 
a return to more contactful lucidity. In these cases, the pa- 
tient’s emotional energy was held down and bound up, until 
finally set free in the clinical setting. These observations of 
energy bound, and energy released, were reinforced by par- 
allel observations regarding the discharge function of the 
orgasm. Based upon these kinds of observations, the ques- 
tion of exactly how and from where the organism acquired 
its emotional energy, and its exnct nature, became increas- 
ingly important. 

It was at this point in his rosearch that Reich was forced 
to flee Germany for Scandinavia, following Hitler's rise to 
power. In Norway, Reich sought to find a way to confirm his 
model of human functioning. Pleasure, he observed, was 
identified by an increasing bioelectrical charge at the skin 
surface, while anxiety was accompanied by a loss of this 
‘kame peripharal bicelectrical charge. Persons with a deap 
respiration and a relaxed posture would, he observed, regu- 
larly give stronger readings at the millivoltmeter than con- 
tracted, anxions, highly armored persons, who had a life- 
history of trauma, abuse, repressed emotion, and ungrati- 
fied sexuality, As a child grew to adulthood, and became ha- 
bituated or conditioned towards pleasure-seeking, or pleas 
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ure-avoiding (pain seeking) behaviors, so too would their 
skin charge, and other physiological measures, reflect a 
corresponding high or low energy charge. This movement 
of the organism, and their energy charge, in e direction 
“toward” or “away” from the world, he argued, was the result 
of one’s life history. Life naturally moved towards pleasure, 
but retreated, and shrunk from pain, Chronic painful exper- 
ience would eventually armor the organism, and meke it 
difficult for them to reach out, towards the painful world. 
From this central set of observations, he postulated that a 
similar process could be duplicated and observed in lower 
organisms, such as the snail, earthworm, or even micro- 
scopic ameba. 

Reich noted that the ameba had no “nervous system”, or 
*brain”, as with the higher animal, yet it expanded towards 
or contracted away from its environment in a manner simi- 
lar to the higher animals. He believed that many of the fune- 
tions attributed to the brain wore really functions of whole- 
body processes, involving the participation of the autonomic 
nervous system, but primarily being the result of the ener- 
getic forces he had documented in a clinical and laboratory 
setting. These currents of biological energy, he argued, 
functioned the same in all living creatures, and he sought to 
test the iden hy making millivoltmeter measurements of 
ameba during states of expansion and contraction, Reich 
went to the University of Oslo Microbiological Institute, and 
asked to obtain 2 culture of ameba. He was told that these 
kinds of simple organisms were neyer kept on hand in 
stored cultures, because they could be cultured directly from 
a moss or grass infusion. Reich was fully aware of the air 
germ theory, but was surprised to hear this, as the theory had 
not at that time been used to explain the genesis of more com- 
plex microbes, such as ameba and paramecium. These more 
complex microbes cannot be cultured directly from the air, 
for example. 

Raich made the moss and grass infusions, but slso made 
extended and careful microscopical observation of the pro- 
cess whereby the ameba developed. He did not see spores on 
the grass blades, swelling up to become new ameba. Instead, 
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he observed that the moss and grass itself would disintegrate 
and break down into small blue-green vesicles. The tiny 
vesicles would, over a period of several days, develop and 
clump together, after which a new membrane would form 
around the clump; the clump of vesicles would roll and pul- 
sute inside the membrane for a period, and eventually the 
whole thing would move away on its own, having turned into 
a new ameba, Moreover, Reich observed that a number of 
materiels, both organic and inorganic, would, when al- 
lowed to disintegrate and swell in a sterile nutrient solution, 
form the tiny blue-green vesicles. These observations were 
greeted by the universily microbiologists with skepticism, 
and Reich developed a series of stringent control tests to an- 
swer their objections, and to more clearly demonstrate the 
observable process, These control procedures involved 
lengthy autoclaving of nutrient solutions, and heating over 
flame, to incandescence, of the materials placed in the ste- 
rile nutrient medium. His control procedures and observa- 
‘tions on this question were repeated and confirmed by other 
scientists of the day, and were presented to the French Acad- 
emy of Science in 1938. But this did little to satisfy his crit- 
ies, who shamelessly refused to reproduce the experiments, 
while simultaneously attacking him in the Norwegian 
newspapers. 

Reich used very high magnifications, around 3500 to 
4500 power, but not the usual microbiological stains or proce- 
dures which kill the life in the specimen, These facts mado 
Reich's preparations very different from those of the average 
microbiologist, who to this day still kill and stain their prep- 
arations with a religious fervor, and see little value to ob- 
serving living microbes in the light microscope above 1000 
power. Standard electron microscope images, for example, 
can not be made of living specimens, 

Reich gave a new name to the unusual microscopic vesi- 
ele he had discovered: the bion. Bions of similar site, shape, 
and motility would appear in the light microscope when var- 
ious materials were subject to a process of slow swelling and 
disintegration, or when substances were heated to incandes- 
cence, and then immersed into sterile nutrient solutions, 
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Boiling, autoclaving, or heating samples to glowing incan- 
descence would not eliminate the bions from the cultures, but 
could actually liberate them in greater numbers. Reich also 
studied the provess of disintegration and decay of foodstufts 
in the microscope, and noted that similar bionows processes 
wore at work, The hions exhibited a bluish coloration, and 
radiant cnorgy effects were likewise obsorved. It was dur- 
ing these microscopic observations of the bions that Reich 
first discovered the orgone radiation, and later, the principle 
of the orgone energy accumulator, 

Like his findings on human behavior, Reich's bion ex- 
periments are far too intricate and important to be fully re- 
viewed here, but it can be noted that they have been widely 
replicated by various scientists around the world, Classical 
microbiology of today has made confirming discoveries of 
very similar small vesicles, though Reich's priority has yot 
to be acknowledged. His findings on the bions also resolved 
two parallel riddles, the origins of protozoa from disinte- 
grated dead plant tissue in the natural environment, and the 
origins of protozoan cancer cells from the energetically 
(emotionally) deadened tissues of the human body. Reich ob- 
served similar processes at work in both dead grass and 
deadened animal tissue: disintegration into bions, followed 
by @ spontaneous reorganization of bions into protozoan 
forms. In both cases, of soil or tissues, Reich argued that the 
process was initiated by a loss of life energy change of the tis- 
sues, followed hy putrefaction and disintegration 

One special bion preparation, made from pulverized 
beach sand heated to incandeseence and immersed into a 
sterile nutrient broth, yielded a powerful radiant energy 
phenomena. Lab workers developed conjunctivitis if they 
observed the preparations too long, while a skin inflamma- 
tion could be developed by placing the bion solution close to 
the skin for a period. Working for extended hours in the lab- 
oratory, Reich developed a dark tan through his clothing, in 
the middle of winter, 'The radiation imparted a magnetic 
charge to nearby iron or steel implements, and a static 
charge to nearby insulators, such as rubber gloves. Film 
stored in nearhy metal laboratory cabinets spontaneously 
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Discovery by a Group of Scientists Headed by Valerian Sobolev 


Some time ago mass media announced that a 
sensational discovery was made by a group of Russian 
scientists headed by Valerian Sobolev. This discovery 
aroused ambiguous attitude of physic community. We 
have written about this fundamental and, to a certain 
extent, revolution discovery. Let us revise the fact that 
Sobolev claimed 7 scientific discoveries which were 
made, i.e. the process of depletion (a special 
electrochemical process), magnetic discharge, a new 
energy source, a method of low temperature plasma 
generation and superconductor. A laboratory system 
of the experimentally disclosed process as well as its 
industrial prototype is easy to be realized in practice 
for creation of new energy sources and wide-ranging 
production of ultrastrong materials. In many cases 
these materials can replace existing constructional 
materials 


The materials produced as a result of the process are 
multielement chemical compounds which are new 
states of matter. This new state of matter has a time- 
changing magnetic field that can be EMF source in a 
coil of a generator. Ordered structures of matters which 
are in the new modified state are nothing but a magnet 
charge. Materials containing the magnet charge and 
representing a continuous matters are new energy 
sources. Due to the new state matters become able to 
produce electric power as well as to generate low 
temperature plasma. It is easy to be realized in the 
process of common technological procedures. That 
promises designing of propulsors for “unsupported” 
transportation systems in near future. 


Basing on realization of the disclosed process and using 
new materials the group of Russian Scientists headed 
by Sobolev together with American businessmen has 
created superfine and flexible glass for packing. The 
glass was called as “strong glass”. It seems to 
demonstrate higher pressure stability than steel. 
A method of production of these materials was patented 
in 1999, In the patent the scientists of Valerian Sobolev's 
group are represented as authors of this new method, 
and the owner of the patent is Dynelec Corp (Columbus, 
Ohio, USA). You can read about the patent at the Web- 
site of http://patft.uspto.gov/netahtml/stchnum.htm, 
(patent #5,964,913, October 12, 1999). 


Sobolev's group has appeal to the Russian government 
for sponsorship; however only foreign investors have 
provided funds for new energy sources developing. 
According to Russian Information Agency “News”, 
Sobolev's group has signed a $168 million contract with 
one of Canadian companies for developing industrial 
production of energy sources. Manufacturing of such 
energy sources can change energy supply system all 
over the world. According to the contract the Canadian 
company is going to finance building of at least two 
plants. One of the plants is going to be built in Russia, 
and the other one is planning to be established in 
Canada. Each plant is supposed to produce 70 thousand 
ofthe self-running energy sources a year. Power output 
of the sources will come to 3-10 kWt. In other words, in 
the nearest future every person will be able to buy such 
an energy source and to apply it in household. 


Single-Wire Electric Power System 
(see photo on the cover page) 
Experimental Results of Russian Scientists 


Scientists of the All-Russia scientific research institute 
of electrification of agriculture (VIESH) academician 
D.S. Strebkov, engineer §.V. Avramenko, dr., AI. Nekrasov, 
post-graduate student O.A. Roshchin developed anew 
method and the equipment for transmission of electric 
energy on a single-wire line using resonant idle 
operation mode and reactive capacitive currents for 
transmission of active electric power. Tesla 
transformers and frequency converter were used at the 
experiments. 


First there was created the experimental sample of 
single-wire electric power system (SWEPS) with 10 kW 
electric capacity and 3000 V voltage. As a result, 
obtained SWEPS electric parameters a hundred times 
exceeded parameters of a usual two-wire or three-wire 
alternative and direct current line. 


In the end of 2002 there was made an attempt to 
increase transmitted capacity by using of more 
powerful condensers, which were installed in resonant 
circuit. There was developed the electric technique of 


20KW single-wire electric power system (SWEPS) with 
two Tesla transformers. As a result parameters of a low- 
voltage winding of the step-down transformer were 
changed. They exceeded parameters of a usual two- 
phase or three-phase ac line or dc line in two hundred 
times. At room temperature effective specific 
transmitted electric power was 4 MW/mm* and specific 
current density was 600 A/mm*. These parameters 
could be achieved for existing methods of electric 
energy only at use of special materials in a mode of 
low temperature superconductivity. The measurements 
which were made at wire with diameter of Imm, 
100 microns and 80 microns, demonstrated that 
parameters did not depend on diameter of a wire. There 
was also experimentally confirmed the property of a 
single-wire line to transfer active power without 
essential losses on line resistance. Irradiation losses 
at low frequency 3,4 kHz were small. In single-wire 
power system the 80 microns wire plays a role of 
directing system for an electromagnetic energy flow, 
which runs from the generator to the load. 
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fogged. He noted that whatever this bion radiation was, it 
was rapidly attracted to metals, but just as rapidly reflected 
awey, or dissipated into the surrounding air. Organic ma- 
terials, however, absorbed this radiation and held onto it. At- 
tempts to identify the new radiation using traditional nucle- 
ar or electromagnetic radiation detectors failed. 

Reich also noted that the air in rooms containing the spe- 
cial bion cultures would feel “heavy” or charged. When ob- 
served at night, in full darkness, the air would visibly scin- 
tillate and glow with a pulsing energy. He attempted to cap- 
ture the energy radiating from his bion cultures inside a 
spesial cubical enclosure lined with sheet metal, which he 
felt would reflect and trap the radiations inside. As expected, 
the special metal-lined enclosure trapped and amplified the 
effects of the hion radiation. However, to his amazement, he 
found that the radiation was also present in the experimental 
enclosure even when the bion cultures were removed. In 
fact, there was nothing which could be done to make the ob- 
served radiation “go away”. The special motal-lined enclo- 
sure appeared to pull the same form of radiation from the air 
which previously had been observed coming from the bien 
cultures. 

Reich eventually became convinced that the special en- 
closures were capturing a free atmospheric form of the same 
energy that he also observed eoming from living organ- 
isms. He called the newly discovered energy the orgone, 
and he developed ways to amplify the energy accumulating 
affects of the enclosure, mainly through multiple layering of 
the metallic and organic materials. No electricity, magno- 
tism, electromagnetism, or nuclear radiations were em- 
ployed in these accumulating structures, which were entire- 
ly passive in design. The special enclosures were thereafter 
called orgone energy accumulators, 

‘The full sweep of Dr. Reich's clinical findings, his ex- 
periments with bivelectricality, the bions, on biogenesis and 
the origins of the eancer cell, and his discovery of the orgone 
energy and the orgone energy accumulator, cannot be given 
here, but 2 few points are summarized. The orgone accamu- 
lator was found to have specific life-positive effects upon 
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plants and animals exposed to the concentrated life foree in- 
side it. A host of quantifiable effects upon the physical prop- 
erties of the air, or other materials charged up inside the ac- 
enmulators, wera also discovered and dacumentad. Raich 
and his co-workers published a host of research articles on 
the orgone energy accumulator, its unusual physical proper- 
ties, and its life-positive biomedical effects. These effects 
have been repeatedly confirmed, and a research tradition in 
orgone biophysics continues to this day. Briefly, we may 
identify some of the known properties of the orgone energy, 
and effects of the orgone energy accumulator. 


Properties of the Orgone Energy: 

A) Ubiquitous, fills all space. 

B) Mass-free; cosmic, primordial in nature, 

©) Penetrates all matter, but at different rates of speed. 

D) Spontaneously pulsates, expands and contracts, and 
fows with @ spinning wave characteristic. 

£) Directly observable and measurable. 

F) Negatively entropic. 

G) Strong mutual affinity and attraction to/by water. 

H) Accumulated naturally by living organisms through 
foods, water, breath, and through the skin 

1) Mutual excitation and attraction of separate orgone 
energy streams, or of separate systems charged with 
orgone, 

J) Excitability via secondary energies (nuclear, 
electromagnetism, electrical sparking, friction). 


The Orgone Accumulator Handbook 


Physical effects of a strong orgone charge: 

K) Slightly higher air temperature as compared to 
surroundings. 

L) Higher electrostatic potential, with a slower 
clectroscopical discharge rate as compared to 
surroundings. 

‘M) Higher humidity and lower water evaporation rates 
as compared to surroundings. 

N) Squelshing of ionization effects inside gas-filled 
ionization Geiger-Muller tubes. 

0) Development of ionization effects inside non- 
oe vacuum tubes (0.6 micron pressure or 
lower), 

P) Ability to impede and absorb electromagnetism. 


Biological effects of a strong orgone charge: 

Q) General vagotonic, expansive effect on entire 
system. 

R) Sensations of tingling and warmth at skin surface, 

§) Increased core and skin temperature, flushing. 

‘T) Moderation of blood pressure and pulse rato, 

U) Increased peristalsis, deeper respiration. 

V) Increased germination, budding, flowering and 
fruiting of plants, 

W) Increased rates of tissue growth, repair, and wound 
healing, as determined through animal studies and 
human clinical trials, 

X) Increased field strength, charge, integrity of tissues 
and immunity. 

Y) Greater energy level, activity, and liveliness. 
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Simplified Diagram. of the 
Orgone Energy Accumulator 
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A three-ply accumulator in the author's laboratory. A 
ten-ply charger, with attached funnel shooter, is at the lower 
left. This charger normaily sits inside the larger accumu 
tator, under a wooden bench inside the accumulator. 
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5, Objective Demonstration of 
the Orgone Energy 


A number of techniques have been developed over the 
years to document, measure, and objectify the orgone ener- 
zy. These techniques are briefly listed, but the interested 
reader is directed to the references for more specific details. 


A) Bioclectric Fields: Reich identified various bioclec- 
trical phenomenon which he felt demonstrated a more pow 
erful energy current at work in the body. The small milli- 
volt currents of “bivelectricality”, he argued, were only a 
small portion of this stronger energy current in the body, 
which he identified as being both emotional and sexual in 
nature, and which was later objectively identified as the or- 
fone energy. 

B) Radiant Effects from Bion Cultures: Special bion 
cultures derived from beach sand emitted a powerful racia~ 
tion which could be felt and seen in darkrooms. This radia- 
tion did not register on instruments for detecting nuclear or 
electromagnetic energies. Additionally, the radiation could 
fog film, impart a static charge to insulators, and a magnet- 
ie charge to steel laboratory implements. 

af ion: 
Toscope: Reich also observed and categorized various ob- 
servable phenomena which could be seen by the dark- 
adjusted eye in the open air of darkrooms, Scintillating fog- 
like forms, and dancing, luminescent pin-points of light 
were observed, and numerous techniques were developed 
which demonatrated their real, objective nature. One of these 
techniques involved the development of a new instrument, 
the orgonoscope, which used hollow tubes, lenses, and a fluo- 
rescent screen for magnifying the various subjective light 
phenomena. Large room-sized orgone accumulators were 
also constructed, and observations made in these amplified 
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and clarified many of the effects. A special corpuscular or- 
gone unit was identified, whose lawful behavior changed ac- 
cording to cosmic and meteorological factors, These macro- 
scopic particles were also observed in the daytime sky wi 
the unaided eye, as a generally common phenomenon, visi- 
ile to most people once they were pointed out. The Earth was 
observed to possess its own orgone energy envelope, or ener- 
gy field, much as did individual living creatures. 

D) X-Ray Photographs: Reich observed that the x-ray 
“ghost” phenomenon (spontaneous, unexplained fogging of 
xray films) could be explained as an effect of the orgone ra- 
diation, or life energy. He published several photos where 
the ghosts were purposefully created by excitation of orgone 
energy within the field of the x-ray machino, 

E) Visible Light Photographs: Reich observed that his 
special radiating bion cultures would fog film stored in 
nearby metal cabinets, Culture dishes of radiating bions set 
directly upon the film would also render an image of the cul- 
ture dish end its contents. More recently, Thelma Moss of 
UCLA has shown that life energy field photos can he made 
without electrical stimulation (as with Kirlian techniques), 
by energy field enhancement; living objects placed directly 
on a film for a few days within a darkened orgone aceumu- 
Jator will, under the proper conditions, render an image. 

®) The Orgone Energy Field Meter: Reich developed 
this device to measure the strength of energy fields. Using a 
Tesla coil and special accumulator-like metal plates, the de- 
vice could quantify the differences in energy level between 
people or objects, 

G) The Orgone Enerey Pulsation Demonstrator: Reich 
demonstrated that the energy field pulsations of a large met- 
al sphere were capable of setting into motion a smaller me- 
tallic/organie pendulum suspended nearby. 

H) The Accumulator Temperature Differential (To-T): 
‘An accumulator will spontaneously develop a slightly high- 
er temperature than eithor its surroundings or a control en- 
closure, on those sunny and clear days when the orgone 
charge at the Earth’s surface is strong, The effect vanishes 
during stormy, rainy weather, when the orgone charge at the 
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Earth’s surface is weak (but strong in the Atmosphere). The 
results of this temperature experiment, which has been repli- 
cated many times, demonstrates that the orgone energy 
funetions in opposition to the second law of thermodynam- 
ies, 

T) The Accumulator Electrostatic Effects: An electro- 
scope kept inside an orgone accumulator will dissipate its 
charge more slowly than an identical one kept in the open 
air, or inside of a contrel enclosure, A partly charged, or un- 
charged static electroscope which is kept inside an accumu- 
lator will sometimes spontaneously charge itself up. As with 
the temperature differential effect, the electrostatic effects 
vanished during rainy or overcast weather, when the orgone 
charge at the Earth's surface is weak. 

a) The Accumulator onization Suppression 
Amplification Effect: Geiger-Muller tubes and counters 
charged up inside a very strong accumulator for several 
weeks or months tend to go “dead” for a period, but may 
eventually yield an erratic count rate for background. Spe- 
cial vacuum tubes, which Reich had constructed and called 
vacor tubes (which mimic the design of the Geiger-Muller 
tube but are evacuated well below the level at which ioniza- 
tion could cecur), will initially not yield any counts when 
hooked to a radiation detector, After charging up inside a 
yery strong accumulator for weeks or months, however, 
these same yacor tubes will begin to yield very high counts 
per minute for background, even at very low exciting voliag- 
¢s. The results of this experiment run eounter to the classical 
interpretation of the ionization effect inside the Geiger- 
Muller tube, and hence, to the classical particulate interpro- 
tation of radioactive decay. 

K) The Accumulator Humidity/Water Evaporation Ef 
fect (EVo-RV}: More recent studies have suggested that an 
accumulator tends to attract a slightly higher humidity into 
itself, and suppress the evaporation of water from an open 
vessel inside. As with other accumulator phenomena, this 
effect also diminishes or vanishes during rainy weather, 

1) Atmospheric Energetic Pulsation, and the Reversed 
Orgonotic Potential: Based upon observations of the ther- 
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mal, electroscopical, and ionization characteristics of the 
forgone accumulator, Reich identified a patterned and law- 
ful energetic cycle at work within the atmosphere and ener- 
gy field of the Earth. These observations likewise led to the 
identification of a reversed potential at work in the orgone 
energy, running counter to thermodynamic principles, 
which explained why natural orgonotic systems 
(organisms, weather systems, plancis) maintained a higher 
concentration of energy than their surrounding environ- 
tents. The stronger of two orgonotic systems will drain en- 
ergy from the weaker system, and inerease its own potential 
or charge, until the weaker system is drained, or some max- 
imum capacity level is achieved, Discharge may occur 
thereafter. Under sunny, clear weather, the orgone charge at 
the Barth’s surface is quite strong, and in a state of expan- 
sion, preventing any significant growth of clouds. Where 
overcast or stormy conditions prevail, the orgone charge at 
the Earth's surface is weak, while the charge in the atmos- 
phere is strong and in a state of general contraction, This 
loss of charge at the Earth's surface during rainy weather 
slows down the activity of living creatures, and the accumu- 
lator will not function well at those times, 

M) The Millivoltmeter: Virtually all objects and or- 
ganisms within a given environment, to include the air, 
water, and the Earth itself, have a charge that will increase 
and decrease in a cyclical or pulsatory manner, timed to 
cosmic and metecrological factors. In living creatures, high 
potentials produce more active physical and emotional peri- 
ods, while low potentials signal less active periods. In Na- 
tare, high atmospheric potentials signal cloudy periods with 
stronger storms, while high Earth potentials signal cloud- 
free conditions. The tiny currents are excellent predictors of 
powerful biological or environmental processes, but are 
themselves too slight and weak to be the causative agent, 
Reich, and other researchers who have examined these 
small voltage potentials (such as H.S. Burr), viewed them as 
indicative of a more powerful, ubiquitous natural phenome- 
na which energetically linked together the Sun, Moon, 
Earth, weather systems, and all living creatures. 
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N) Plant Growth Enhancement Studies: Seeds and 
plants eorrectly charged up inside an accumulator demon- 
strate higher growth rates and yields of fruit. This is one 
of the more tolling, and widely replicated experiments 
with the orgone accumulator. In my own trials, I have seen 
a six-fold increase in the Ingih of mung bean sprouts in- 
side a strong accumulator, as compared to a control group 
of sprouts. Germination rates, growth rates, budding, flow- 
ering and fruiting can be increased by charging seeds or 
growing plants directly inside the accumulator. The seeds 
can be sprouted directly inside the accumulator, cr charged 
up for a few hours, days, or weeks prior to planting. 
Growth enhancement effects may also gcour when the wa- 
ter alone is charged, and then externally given to the 
plants. 

0) Non-Human Animal Studies: Controlled studies 
on the effects of orgone radiation from an accumulator on 
cancer mice and wounded mice have been performed. 
‘These studies generally confirm Reich's earlier argu- 
ments that tissues with a stronger energetic charge will 
heal more quickly, and develop tumors more slowly, or not 
at all, as compared to energetically weakened tissues, 
‘These findings invalidate many aspects of the DNA theory 
of cellular differentiation, which appears to be mora diract- 
ly under the structuring influence of the organism’s own 
life energy field. 

P) Human_Studias: Aside from those clinical trials 
performed by Reich and his co-workers in the 19403 and 
1950s, very little work hes been done in the USA regarding 
the bioeffects of the accumulator on humans, All research 
into these questions was halted by medical police actions 
in the 1960s. Recent studies from Germany, however, have 
confirmed such bioeffeets. In general, # person sitting in- 
side.an accumulator will focl a varioty of warm, glowing, 
or sometimes tingling sensations at the skin surface; their 
hody core temperature will rise and skin flush, while blood 
pressure and pulse rate will trend towards moderate lev- 
els, being neither too high or low. When properly used, it 
has a distinct vagotonie, enlivening effect. The chapter on 
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We present update information on the experiments with Lifters or asymmetrical capacitors, which use High Voltage 
to produce a thrust. By Jean-Louis Naudin it was demonstrated with “Maximus” experiment, that a Lifter can 
bbe scaled up and also that such a device is able to lift up to 60 g of payload (total weight: 194 g). According to 
‘Naudin, it is now possible to build a craft which will use the Biefeld-Brown effect to fly silently and without 
moving parts only powered by electrical energy. It was also declared that on January 8th, 2003, there was 
successfully done two historical flights with a mouse as a test pilot of the Lifter “Maximus” (propellantless 
electrokinetic craft). Below there is an analysis of electrogravitation experiments made by Jean-Louis Naudin and 
Tim Ventura. (See color photos on the cover page). 


Review of Electrogravitation Experiments made 
by Jean-Louis Naudin and Tim Ventura 


Tim Ventura 


‘Tim Ventura Website: http://wwwramericanantigravity.com 
Email: TVontura@seattle.telecomsys.com, tventura6@atbi.com 


‘There is a spreadsheet containing a jpeg-snapshot of data that I have assembled based upon Jean-Louis Naudin’s 
published results (JLN Labs Website: http://jnaudin free fr. and http://wwwjinlabs.org). In the graphs that I've created, 
it seems to indicate that current plays more of a role in propulsion than voltage does —ie.: for a given amount of power 
in watts, raising the current and decreasing the voltage seems to create a higher level of thrust. 


In light of this, I have been increasing the thrust of my own Lifters by creating an electrical-bypass of the “load- 
resistor” on my power-supply's high-voltage output. This has an interesting result: 


Tuse a current-driven power-supply, which means that if no load is connected to it the voltage will build up on the 
high-voltage output until arcing occurs. In my case the voltage will build up to around 65KY, at which point the power- 
supply will automatically shut down. Conversely, if very light load (such as a short circuit) occurs, the opposite effect 
happens and the power-supply will deliver much higher current at a much lower voltage until the supply is overdrawn 
and once again shuts down. 


Normally the output load-resistor constrains the current, and in doing so it maintains the voltage on the high- 
voltage output at the nominal 50kV output level. However, bypassing the output load-resistor allows the power- 
supply to deliver voltage and current that are based almost entirely on the type of load connected to it. 


When I connect a normal Lifter to the bypassed power-supply, the voltage will build across the air-gap until 
ions begin to flow in a conduction-current across the air-gap. Although this begins to happen at approximately 
15KY, it seems to have some type of “peak efficiency’ at approximately 22.5 kV. The amount of current climbs to 
approximately 11mA at this voltage. 


‘This method of experimental setup seems to allow the Lifter to “find its own sweet-spot" for operation, instead 
ofusing the output-resistor to “force” a specific voltage on it for operation. This appears to maximize the thrust 
output during operation. 


Lifter Efficiency Spreadsheet 


Description Lift Length | Efficiency) Lifter] Voltage | Corona |Current | Power 
capacity | (cm) | (g/m) | Weight | (kilovolts)| Air-Gap | (ma) | (watts) 
(grams) (grams) (centimeters) 
Lifter 1 33 60 55 23 ng 3 os7_| 239 
Lifter 2 96 180 53 66 43.35 3 Ti2_ | 485 
Lifter 3 20 360 56 16 275 3 2.53 | 69.5 
Lifter 4 36, 720 5 32 4 3 2.01_| 132.9 
Stage Litters | 54 7080 5 24 30, 45 8.06_| 240 
Coliseum Lifter | __90 2160 4.16 50 31.769 45 8.06 | 254.15 
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“Physiological and Biomedical Blfects", as well as the Ap- 
pendix article, will provide details on these questions, 


James DeMeo 


6. Discovery of an Unusual 
Energy by Other Scientists 


Studies by various natural scientists have, over the 
years, demonstrated energetic principles at work in the nat- 
vral world which are similar to the orgone energy, Barly 
Chinese medicine acknowledged the existence of such a 
force, called Chi, and the traditional method of acupuncture 
is based upon the existence of such un energy prineiple with- 
in the human body, Acupuncture points do not correspond di- 
rectly with nerve endings, and the most able acupuncturists 
do not rely upon the Western models of physiclogy to explain 
its effects, Given the absence of a vital energy principle, 
Western medicine cannot explain acupuncture, and has re- 
sisted its adoption in the United States. Acupuncture farther- 
more works on animals, invalidating invocation of the pla- 
echo effect; ancient texts from India have also referred to the 
life energy, called Prana, and provide maps of Nila points 
(similar to acupuncture points) on clephants. The texts from 
ancient China and India speak about an energy that is taken 
in through the breath, and flows through the body along the 
various meridians, Health is constituted by a free, unim- 
peded flow of this energy, while sickness occurs when the 
flow of vital energy is blocked. This is very similar to 
Reich's ideas on the orgone energy, though the Asian sources 
say little about the free expression of emotion; they also often 
advocated a conscious control of emotions and sexual feel- 
ing (orgasm avoidance). In contrast, Reich demonstrated 
that euch chronic restraint or self-control was the reason 
why the life energy became blocked or dammed up in the 
first place. 

In the Western tradition, the vitalists of the eighteenth 
and nineteenth centuries also discussed the existence of a 
ological energy or life force, which was called animal mag- 
netism, the odie foree, paychie force, élan vital, and so on. 
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Indeed, Mesmer spoke of animal magnetism as an atmos- 
pheric fluid which surroundod, charged, and animated liv- 
ing creatures, and could be projected across a distance by a 
therapist. Mesmer was a teacher of Charcot, who was, in 
turn, the teacher of Frond, who was one of Reich's early men- 
tors, Reich also studied with other vitalists, such as Kam- 
merer and Bergson, and the vitalist tradition has persisted 
a3 a quietly spoken minority viewpoint in biology. Besides 
Reich, the more recent advocates of a vital or dynamic ener- 
‘gy principle in nature included the late Harold 8, Burr of 
Yale University. Burr argued for the existence of a powerful 
electrodynamic field at work in nature, affecting both 
weather and living creatures. The biologist Rupert Shel- 
drake has similarly developed a theory on morphogenetic 
fields which also takes from this tradition. Like Burr's 
work, Sheldrake'’s theory provides a dynamic, energetic ex- 
planation for inheritance, making the biochemical DNA 
‘theory unnecessary. Most recently, editors for the academic 
publication New Scientist called Sheldrake’s book the “best 
candidate for burning” they had seen in a while. 

‘The surgeon Robert O. Becker developed these prior 
principles to u most amazing state of advancement. His ear- 
Jy research led to the development of a class of devices for the 
electrical stimulation of bone healing and pain relief, His 
later work took these principles, and developed them to the 
point that he could artificially stimulate the regenerative 
growth of amputated limbs of laboratory mice, in a manner 
similar to the way in which a salamander or spider will re- 
grow a lost limb. 'This kind of regrowth is by nature limited 
only to less eomplex creatures, and does not generally exist 
among mammals, such as mice, rabbits, and humans, Re- 
growth of an amputated limb had never been previously 
demonstrated in a mouse, or any mammal for that, matter. 
Becker's work was a severe blow for both the biochemical 
DNA theory of cellular regulation, and the theory that the bi- 
electrical field of a creature was just a meaningless “hy- 
product” of chemical metabolism, like the electri field sur- 
rounding a running automobile engine, His work proved 
that the energy field of the animal was a primary determi- 


a1 


James DeMeo 


nant of growth and repair, as was the case with Reich's 
work. Becker was preparing to replicate the limb regrowth 
experiments on humans, when the biomedical community 
reacted with severe outrage against him, pulling dirty tricks 
of all sorts to have his research funding cancelled, and his 
Taboratory shut down. 

Another yitalist of our era is Bjorn Nordenstrom, direc- 
tor of the Karolinska Radiological Institute in Sweden. Nor- 
denstrom, like Reich, made a study of the x-ray “ghost” phe- 
nomena, which is an unusual spontaneous fogging of x-ray 
films, It appears as a wispy, smoke-like or blob-like form on 
the x-ray images of patients, and sometimes ean be seen on 
the monitors of airport baggage x-ray equipment. It cannot 
be predicted, and most radiologists consider it to be a nui- 
sance, However, Nordenstrom studied it, and observed dis- 
tint pattorns correlated to his patient's hicclectrical fields, 
Like Reich, he also discovered und measured currents of bi- 
celectrieality in the body. His meticulous research was sum- 
marized in a book titled Biologically Closed Electric Cir- 
cuits: Clinica, Experimental, and Theoretical Boidence for 
an Additional Circulatory System. After being heavily ad- 
vertised in medical journals in the USA, it sold less than 200 
copies, evidencing a contempt among mainstream medical 
doctors for any new findings that would support the principle 
of a life energy, even one of a purely bioelectrical nature. 
Unable to find support for his work in the West, Nordon- 
strom recently went to China to pursue his clinical research, 

Other biological scientists have inferred the existence of 
such a vital energy principle, on the basis of their experi 
mental work, When they provide good confirming evi- 
dence, they are hotly attacked, The French scientist Louis 
Kervran, for example, spent years developing very elegant 
and simple experiments demonstrating that the basic ele- 
ments of chemistry were being transmuted by living crea- 
tures. Chickens fed a dict free of calcium, for example, 
would not lay mushy or fragile eggs, unless dictury silica 
was restricted. With a restricted silica intake, however, they 
laid mushy and fragile eggs, and it did not matter how mach 
caleium they ste. Likewise, Isboratory mice would heal 
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broken bones very quickly when fed a diet high in organic 
siliea, but not so fast when silica was minimized and only 
calcium was provided, Those experiments strongly suggest- 
ed that dietary silica was being transmuted into caleium in 
the bodies of animals, Kervran also experimentally demon- 
strated other likely transmutations, and other scientists in 
Europe and Japan confirmed his findings. He eventually 
came to the conclusion that there had to be some unknown 
form of powerful biological energy at work to drive the 
transmutations. But when he wrote to a prominent Ameri- 
can scientist for assistance in obtaining equipment for an 
important experiment, he was impolitely told to go “read an 
introductory textbook on biology”. In the United States, Kery- 
ran is better known among homeopathic doctors and organic 
farmers than by university professors. However, if Kervran 
is right-and the experimental evidence suggests that; he is— 
then the texthooks of biochemistry will need to be rewritten, 
As Kervran pointed ont, biology and biochemistry are two 
entirely different disciplines and should not be confused. 
Biology is concerned with observable fact, while biochemi 
try attempts to explain observed facts by a chemical theory 
which assumes elemental constancy. And it ia with this ba- 
sic assumption that part of the error lies, 

Another French scientist, Jacques Benveniste, actually 
demonstrated such an energy principle at work in homeo- 
pathic dilutions, His experimental work was successfully 
Teplicaied by independent laboratories in other countries, to 
satisfy his obstinate critics. But that was not good enough. 
For making this offending discovery, which lent some sup- 
port to homeopathic physicians (who are often prosecuted and 
jailed in the United States), the science journal Nature dis- 
patched hit squad” of fraud investigators, debunking ma- 
ficians, and skeptical editors to his laboratory, under the 
guise of “evaluating” his laboratory procedures, The Nature 
Science cops made a mess of Benveniste's lab, distracting 
laboratory workers, performing slight-of-hand tricks, and 
shouting, bofore finally being told to leave, Nature subse- 
quently tried to smear Benveniste in their editorials, but did 
Not factually refute his work through replication of experi- 
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ments, Such is the warp and weave of traditional academic 
science in the 1980s, 

Tn the atmospheric sciences, the tradition of dynamic 
energy forces which affect entire regions was preserved for a 
period by older weather forecasters, who used streamline, 
rather than frontal theory to predict weather, Streamline 
analysis more cuherently focused upon streaming move- 
ments of air, or jet streams as they are called today. For 
example, when you look at the dynamic images of clouds, as 
seen from a saiellite in space, youdo not see “fronts”, But you 
do see streaming movements of clouds. Reich independently 
discovered the basic configurations of these streams, years 
before the first weather yatellites were launched. Likewise, 
the older atmospheric scientists often argued for a great 
intereonnectivity in the atmosphere. Charles G. Abbot, head 
of the Smithsonian Astrophysical Observatory in the 1950s, 
used related energetic concepts to predict the weather months 
into the future. But he was ignored and ridiculed for his 
findings, in spite of their uncanny accuracy. Irving Lang- 
muir, one of the originators of cloudseeding techniques, once 
objectively demonstrated that cloudseeding in New Mexico 
would trigger rain siorms all the way into Ohio, and he 
warned his fellow workers aboutthis danger. The cloudseeders 
of today, funded by millions in Federal dollars, act as if 
Tungmuir's work never took place, and refuse to replicated 
his simple experiment. They deny the existence of long 
distance effects from cloudseeding, knowing that if such 
effects became public knowledge, they would be forced to 
ston, 

Among the physical scientists, the idea of an energy in 
space was embodied in the concept of an aether, which dates 
back hundreds of years. The theologian/physicist Isaac New- 
ton forvefully argued that this aether had tobe static, inorder 
to preventit from directly participating in the movementand 
ordering of the heavens, That role, Newton argued, belonged 
only to the anthropomorphic God (who at that time was 
demanding that unbelieversberuthlessly tortured and burned 
at the stake). And, over the years, a dead, unmoving aether 
has never been detected. However, an cether with more 
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dynamic properties was objectively demonstrated by the 
physicist Dayton Miller, Miller also explained why prior 
‘attempts to measure the aether had failed. First, he observed 
that the acther is enirained atthe Barth's surface, and moves 
faster at higher altitudes thaa lower altitudes. Prior at- 
tempts to measure its movement had taken place only at 
lower altitudes, or in heavy stone buildings or basement 
locations. Second, Miller’s acther was reflected by metals, 
and prior aitempts to measure it used instruments with the 
critical parts housed inside metal enclosures. Miller found 
that by doing the crucial aother-drift experimonts ona moun- 
tain top, inside a flimsy building without metals or dense 
window materials, that it was readily detectable and measur- 
able. He made over 200,000 separate measurements, over the 
course of 30 years of investigation, Contrast this to the 
famous Michelson-Morley experiment, which involved a grand 
total of six hours of actual measurement time, made over four 
days in 1887. The Michelson-Morley experiment is widely 
misquoted as having completely failed in the detection of the 
aether, It was a hinge-point in the sciences, after which the 
idea ofthe aether was given up entirely for the “empty space” 
theories of relativity and quantum dynamics. 

Miller's extensive work on the aether question was never 
rebutted when he was alive, but his research was contemptu- 
ously compared with “searching for perpetual motion”. After 
his death, the adherents of the empty space theory breathed 
a heavy sigh of relief. Today, every physics textbook starts 
‘out with the falsehood that “the aether was never measured 
or demonstrated”. It should be pointed out that the theories 
of relativity and quantum dynamics, plus the expanding 
universe and “big bang” theories, are utterly shattered by the 
discovery of an energy in space, and many physicists, who 
dling to their theories religiously, simply refuse to look at this 
‘kind of evidence. Worse, the discipline of physics has became 
a military-oriented growth industry, with multi-billion dol- 
lar funding for the sustenance of nuclear power and bomb- 
making technology, for fusion plants, particle accelerators, 
and “star wars” experiments. This kind of research has not 
brought forth any real benefits or fruits for humankind, but 
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has become u self-perpetuating “research industry", « multi- 
billion dollar edifice which, like the medico- 
pharmacoutical industry, is threatened to the core by these 
discoveries of a primary, cosmic life energy. The physics 
community has unfortunately reacted to these new findings 
with the same arrogance and viciousness that, characterizes 
the medical communities’ reaction to the life energy. Bin- 
stein’s followers, for example, have recently been accused, 
in print, of very nasty stab-in-the-back tactics of censorship 
and suppression. An entire new journal, Scientific Eikics, 
for a short period at least began to expose the whole stinking 
mess. 

OF great interest for Reich’s work is that Miller's dy- 
namie aether was more active at higher altitudes, and re- 
flected by metals, The capacity to be reflected by metals, with 
8: more active stato at higher altitudes, are basic propertios of 
the orgone energy, as independently discovered by Reich. 
‘The orgone also satisfies many other of the hasic proparties 
and functions of an aether, being ubiquitous and mass-free, 
and by providing a medium for the transmission of electro- 
magnetic excitation. However, the orgone also spontaneous- 
ly pulses, superimposes, and directly participates in the 
creation of both matter and life. But even without using the 
taboo word “aether", or the more offending word “orgone”, 
another group of physicists have detected or inferred the ex- 
istence of dynamic energy carrents at work in deep space. 
For example, the American astrophysicist Halton Arp made 
so many photographs of energy/matter bridges hetween deep- 
spaco objects, where those energy/matter bridges should not 
have been there, that he was actually banned from using the 
big American telescopes, His simple photos demolished the 
theories of empty space, the expanding universe, and the “big 
bang” with a single shutter click. So great was the hatred 
against his work that he ultimately had to go to Germany to 
continue with his research, Hannes Alfven, another famous 
physicist, also deeply offended his contemporaries by sug- 
gesting, like Reich, that space was filled with streaming 
currents of plasmatic energy. The space scientists to this 
day refuse to send satelite probes where he says they should, 
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as to do so might confirm that space is energetically rich. In 
fact, physics of today is in a state of turmoil, and is desper- 
ately trying to explain away the newer evidence for an ener- 
gy in space, to preserve the big bang theory, relativity, quan- 
tum dynamies, and the billions of dollars of research money 
that eupports the “empty space” religion, and its institutional 
priesthood, 

Few of the above ideas, nor the findings on sunspot- 
weather correlations, are given much funding or investiga- 
tion today, Science journals still routinely carry the false 
statement that “no mechanism” has been found for solar- 
torrestrial correlations, just as physics textbooks carry the 
falsehood that “the aether had never been detected”. And it is 
‘rue that these relationshins cannot be true, nor do they make 
any sense, from the standnoint of the “empty space” theories 
of physics. They require a medium in the atmosphere and in 
space, through which excitations and influences can pass, 
independent from thermal or pressure phenomena, a force 
which propagates in the atmosphere faster than air currents, 
and which can likewise quickly propagate influences 
across the depths of space. Again, Reich’s orgone energy fits 
such a description. 

Other research has been done to show that living crea- 
tures, and the physical chemistry of water, are sensitive to 
weather or cosmic factors in a manner than cannot be ex- 
plained according to simple mechanical phenomena, such 
as light, temperature, humidity, or pressure. Frank Brown, 
of Northwestern University, spent decades demonstrating 
that the biological clocks of various living creatures were 
sensitive to lunar cycles and other cosmic forces. Nobody 
could refute him when he was alive, but today, after his 
death, his findings are widely ignored. Likewise the works 
of the Italian chemist, Giorgio Piecardi, who demonstrated 
that the physical chomistry of water was changed by magno- 
tism, sunspots, and other cosmic phenomena, His work 
helped to fuel an interest in the magnetic treatment of water 
in Europe, leading to new mothods for reducing scale depos- 
its in household plumbing, and in industrial boilers. Mag- 
netism, correctly applied, can alter the solubility character- 
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istics of water, allowing dissolved substances to remain in 
solution at concentrations higher than normal for a given 
temperature. In the USA, these findings have been greeted 

ith derision, as every physics textbook says magnetiom 
has no effect upon water. Also, almost every chemical labo- 
ratory uses magnetic stirring devices to mix their chemical 
solutions, instead of the “old-fashioned” hand-operated 
glass stirring rods; these magnetic stirring devices would, 
if Piccardi is correct (and he is) alter the chemistry, precipi- 
tate quantity, and titration eurvos for every chemical reae- 
tion exposed to them. And so, the new findings are ignored 
in the USA, while abroad, new products based upon the dis- 
covery are entering the marketplace. Simple magnetic wa- 
ter treatment systems for the home are now common in Bu- 
rope, replacing in many eases the ion-exchange water sof 
toners, with their bags and hags of salt. In the USA, mean- 
while, the water softener industry, in collusion with dogmat- 
ie academics and politicians, has managed to have laws 
passed in a few states to forbid the sale of magnetic water 
treatment davices. 

Piccardi’s work extends beyond the issue of simple mag- 
netic treatment of water, however. At one point he attempted 
to isolate an unknown cosmic energy which was affecting 
bis chemical experiments, in a manner similar to strong 
magnetism. In order to block out the unknown radiation, 
which was correlated to sunspots, he constructed an electro- 
magnetic shicld around his experiments, in the form of an 
Barth-grounded metal box enclosure. Then, in order to stu- 
bilize the temperature inside the metal box, he placed a layer 
of wool around the outside. To his amazement, the metal box 
did not extinguish the cosmic phenomena, but amplified it. 
He and his co-workers spent decades performing chemical 
experiments inside similar enclosures, which mirror the 
construction of Reich’s orgone energy accumulator. This 
independent corroboration of the orgone accumulator prinei- 
ple by Piccardi was also confirmed, though in a less direct 
manner, by the biologist Brown. Brown observed that horme- 
tically sealed meta? enclosures, with a constant pressure, 
temperature, light and humidity inside, would not extin- 
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Abstract 


The article proves importance and prospects of 
development of combustion technologies. In particular 
there is considered application of a new electric fire 
technology for environmentally appropriate combustion 
of any matters and gases. The technology uses electric 
fields as combustion catalyst. There is observed 
application of technology in heat-and-power 
engineering, transport heat engines, disposal units etc. 
[1, 2]. Itis demonstrated that the new technology allows 
intensify combustion processes and increase their 
controllability (i.e. the control of temperature, gases 
pressure, gradient of heat conductivity, and so on). There 
is made a conclusion about availability of the technology 
to solve critical energetic and ecological problems of the 
civilization. 


We hope that this article will excite interest of a wide 
circle of readers, i.e. of professionals in the area of 
combustion and heat technologies, physicists, 
ecologists, and those people who are interested in new 
scientific ideas. 


Global Ecological Problems are the Problems 
of Ineffective Combustion of Hydrocarbon Fuel 


The ecological problems become more and more serious 
and threaten to grow into world ecological catastrophe. 
The main cause of the atmosphere pollution in 
megapolises is imperfection of combustion 
technologies (of heat-and-power engineering, heat 
machines, transport engines, waste combustion...) It 
has been proved that their share of pollution of the 
planet atmosphere comes to 70-80%. The combustion 
technologies mean any technologies of combustion of 
fuel, matters and gases. The combustion technologies 
are the most popular technologies in the world. The 
modern civilization without the combustion 
technologies is impossible. There are many industries, 
which apply these technologies, such as heat-and- 
power engineering, transport, metallurgy, food 
industry, oil-and-gas refining industry, chemical 
industry, waste combustion neutralization. 


Therefore the global ecological problems will not be 
solved until the mankind develops the combustion 
technologies. The article describes and discloses the 
essence of the new technology of ecologically 
appropriate and effective combustion of fuel and 
wastes of any type. 


Why is it difficult for ecologists to 
conserve nature? 


Modern methods and technology used for solving of 
the ecological problems consist in analysis of extent 
and sources of the environment pollution (ecological 
monitoring), and, moreover, in refinement of 
atmosphere, water and soil, which are used in 
different technologies or have been polluted due to 
the imperfection of the technologies (it is refinement 
from such toxic components as drinking and run-off 
water, exhaust and waste gases etc.) 


Unfortunately, methods of measuring of the huge 
spectrum of toxic matters, which are thrown into the 
atmosphere at matters combustion, as well as the 
methods of their utilization are impartially difficult, 
expensive and imperfect. Even using of an ideal 
technics for measuring of the atmosphere pollution is 
not effective since it is a struggle with consequences 
of the combustion and other technologies imperfection 
but not with causes of the atmosphere pollution. 


Ecological and energetic effectiveness of the 
known combustion technologies 


It is known that real effectiveness of transformation of 
chemical energy of fuel in the combustion process is 
low. For example, in heat engines it comes to 25%, 
effectiveness of transformation of heat energy into 
electric energy in thermoelectric power stations does 
not exceed 40%. If energy consumptions of mining, 
processing and delivery of the fuel to consumers are 
taken into account then the summary efficiency of the 
existent combustion technologies (of heat machines 
and devices) comes to no more than 10 - 15%! It means 
that more than the half of chemical energy of the fuel is 
transformed into heat and different toxic matters and 
waste gases, which pollute the planet atmosphere. 
They cause acid precipitation, a global “greenhouse” 
effect, which threaten to cause the climate warming, 
the world flood, and final poisoning of the living nature. 
‘Thus the share of imperfect power engineering in the 
nature pollution comes to 70 ~ 80%! How is it possible 
to cleanse the planet atmosphere, especially the 
environment of world megapolises, in the situation 
when the amount of toxic matters produced by 
transport and industries is comparable with the amount 
of rest pure air? 


Until the mankind learns burn matters and gases by 
effective and ecologically appropriate way the planet 
atmosphere will remain polluted and in near future it 
can become uninhabitable. Thus we will not solve the 
ecological problems until we gain the understanding 
of the combustion processes and processes of 
combustion transformation of matter chemical energy 
into heat energy, and then into other useful types of 
energy (i.e. electric energy, mechanical energy, light 
energy). 
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guish cosmic influences upon biological clocks, but would 
instead allow them to be more clearly observed, or even add 
an unusual dimension to their behavior. For example, in- 
side the metel box, the metaboliam of potatoos followed a cy- 
¢le tha: correlated with lunar, solar, and galactic parame- 
ters. Potato metabolism additionally demonstrated a corre- 
ation to local weather; not the weather today, but the weather 
two days into the future! In the enclosure, the energized pota- 
to would respond to external energetic factors in the environ- 
ment which were also determinants of future weather 
events. 

‘The above are just a few of the kinds of evidence that ex- 
ist for an energetic principle similar, or identical to the or- 
gone energy. In many cases, these researchers had not 
Known of Reich's work. In a few, they hated Reich's guts, 
and would hardly tolerate mention of his name by their stu- 
Acnts! And yet, the facts speak powerfully for a corroboration 
of Reich's orgone energy. It must be stated, however, that 
Reioh’s discovery on the orgone energy is far more inclu- 
sive, comprehensive, and tangible than any of the shove con- 
cepts. In addition to having been quantified, photographed, 
and measured, the orgone can be seen, felt, and, as noted in 
this hook, accumulated within special experimental enclo- 
sures, 

An additional word must also be given regarding the re- 
sponse of the scientific and academic communities to these 
new discoveries, The reader will note that most, if not all, of 
the above researchers were hotly attacked, or isolated and ig- 
nored for their findings, irrespective of their credentials, 
reputations, or the amount of evidence they provided. This 
emotional reaction, of running away from or attacking dis- 
turbing new ideas, was explained by Reich as being the re- 
sults of a specific emotional disorder, which he called the 
emotional plague. Virwwally all scientists who have verified 
portions of this common natural energy principle have been 
assaulted by special emotional plague characters, who build 
their reputations not upon work or research, but upon polit 
cal power, and the number of scalps they have taken. Gossip, 
slander, political tactics, the sneak attack, and even mani 
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ulation of the courts and police are standard tactics of the 
plague. Their secret goal, like the Grand Inquisitors of the 
Church, is to kill disturbing new findings, and the men and 
women who make them, The history of science is filled with 
evidence for this kind of behavior. The reader is encouraged 
to read Reich’s diseussion on the emotional plague, in Cha- 
racter Analysis (3rd Ed.), People in Trouble, end The Mur- 
der of Christ, os it still constitutes the major obstacle in the 
way of human social progress, and scientific research. 
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7. General Principles for 
Construction and 
Experimental Use of the 
Orgone Energy Accumulator 


A) The interior surface of all accumulators must be 
composed of bare metal, Paints, varnishes or coatings on the 
metal will interfere with the accumulating effect, though 
zine galvanizing does not. 

B) The outer, exterior surface of all accumulators must 
be composed of an orgone-absorbing, generally organic, 
non-metallic substance. 

©) Metals and non-metallic materials may be alteat- 
ed in multiple layers within the walls of the accumulator for 
stronger energy accumulation. The more layers, the more 
powerful the accumulator, though one does not simply double 
the strength by doubling the layers. A three ply accumalatar 
will have about 70% of the strength of a ten ply accumalatar 
(one “ply” consists of a layer of metal plus a layer of non- 
metal), Accumulators of different sizes may also be nested 
one inside another, to develop an even stronger charge. 
Points A and B above must be atrictly followed, however. In 
multiple ply accumulators, you can double-up the final outer 
organic, non-metal layer, and the innermost metal layer, 
for additional energy accumulating capacity. 

D) A major common error made by some who reproduce 
Reich's orgone accumulator experiments is the use of inap- 
propriate accumulator materials. For accumulators used on 
living systems, and particularly for human use, copper, alu- 
minum, and other non-ferrous materials must be complete- 
ly avoided as they yield toxic effects, Similazly, certain 
types of polyurethane foams, rigid or soft, do not have a good 
effect upon the living system when used in an accumulator, 
Any type of material impregnated with formaldehyde, or 
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jade with other highly toxic glues or resins should not. be 
used. 


Good non-metals Poor or toxie nor-metais 
‘wool, raw cotton wood or plywood. 

‘acrylic, styrene plastic urethane or polyurathane 
celotex (soundboard) pressboard (very hard) 
cork sheeting organic materials containing 
glasswool, fibreglass formaldehyde, asbestos, 
rock wool or other toxic chemicals 
‘bees wax, candle wax 

soil, water 

Good metals Poor or taxie metals 

‘steel or iron, sheet, screen aluminum, sheet or screen 
galvanized. stecl lead 

steel wool copper 


stainless steel 
steol/tin ean alloy 


E) Some individuals have exporimonted with accurmu- 
Jators composed of buried metal boxes, surrounded with rich 
dark soil, free of pesticides and herbicides. The larger of 
these kinds of accumulators give the appearance of a root 
cellar or “burial mound”, Some authors familiar with an- 
Gient archaeological sites have even speculated that the life 
enorgy principles were known and used by ancient peoples. 
Certain ancient, mounds and structures have a layered char- 
acteristic, using clay soils or stone of high iron content, cov- 
‘ered over with other layers of organic-rich soils or peat. 

F) An exceptionally powerful accumulator can be made 
by using bees wax cr other dielectrical materials for the out- 
er, non-metallic layers, These materials may be quite ex- 
pensive for a larger accumulator, and are also fragile. If 
you use e fragile or crumbly material for the outer non- 
metal layer, you can coat the outer surface with clear shel- 
lac, This has been tried by many people, and does not appear 
to interfere with the accumulation or life enhancing quali- 
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ties of the energy. Never use shellac on the interior surfaces, 
however 

@) Experiments have demonstrated that the shape of the 
accumulator is a factor of lesser importance than its materi- 
al composition. However, accumulators made in the shapes 
of cones, pyramids, or tetrahedrons have yielded occasional 
unexplainable life-negative effects. Unless one is testing 
for sach effects, accumulators should be constructed in rec- 
tangular, cubical, or cylindrical shapes. These have given 
the best results, and are also easier to construct. One anec- 
dote here: in 1980, the author was in Egypt, and went into the 
Great Pyramid of Choops. Whilo inside, I was struck down 
by a most intense choking, and could not get a breath. The 
feeling was relieved by emptying my canteen of water over 
may hond and chest, Later, Iheard reports of whole groups of 
tourists being similarly stricken, to the point that some peo- 
ple had fainted away, and had to be resuscitated outside, I 
cannot say if this is an effect of poor ventilation or not, but in 
smy own case, I was the only one out of 8 people in a tour group 
to be badly affected. Given my observations of stunted and 
killed seedlings within conieal and pyramidal accumula- 
tors, it seems possible to me that these effects are the result of 
a toxic accumulation or overcharge effect. More work neads 
to be done to clarify these factors related to shape, as well as 
accumulator use in energetically stagnated environments, 
such as deserts. See the chapter on “Warnings and Dan- 
gers” for more details. 

H) Corners of accumulators do niet have to be precisely 
constructed, nor do layers have to be air tight or precisely fit- 
ted, though one certainly wishes to have as neat and clean of 
construction as possible. In some eases, I have seen metal 
‘boxes loosely wrapped with layered steel wool and cotton, 
felt, or wool, Also, some have used tin cans, as used for food 
preservation, wrapped with plastic, and then placed inside 
another larger can which was, in turn, wrapped with more 
plastic, These tin-cans were nested inside each other to 
make reasonably effective four or five ply accumulators, for 
seed charging or other purposes, They do not look especially 
neat or “scientific”, but they do function. 
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1) Accumulators should he kept where fresh air ean cir- 
culate. The door or lid to the accumulator should also be kept 
partly open when not in use. Its interior may be kept fresh 
and sparkling by keeping an open basin of water sitting in- 
side when not in use. Periodically wipe the interior and ex- 
terior clean with a damp loth, 

4) Larger accumulators used by humans or farm ani- 
mals are best kept outdoors under a sheltered area, where 
rain will not fall on it. Good air circulation and sunlight 
will assist with the accumulation affect. The best location 
for accumulator research would be inside a large wooden 
barn in the countryside, away from all kinds of electrical 
transmission lines, electromagnetic devices, and nuclear 
facilities. This finding on the best environment for the life 
energy is in full agreement with more recent findings on 
house ecology, wherein a constructed habitat is critically re- 
viewed for toxic effects upon its inhabitants. See the 
“Warnings and Dangers” chapter for more details. 

K) The accumulator will not develop a strong charge 
during wet, rainy weather. On such days, the orgone charge 
at the Karth’s surface is very low, most of it being taken up 
into the storm clouds overhead or at a distance. The strong- 
est orgone charge is found in the accumulator on clear, sun- 
ny days, when the orgone charge at the Earth's surface is 
also quite strong. 

L) Orgone accumulators used at higher altitudes tend to 
yield stronger charges than at lower altitudes; lower lati- 
indes may yield stronger charges than higher latitudes; low- 
er humidity atmospheres tend to yield stronger charges than 
higher humidity atmospheres. Periods with many sunspots 
and solar flares coincide with periods of stronger orgone 
charge, as compared to periods with few sunspots and flares. 
Alignments between the Earth, Sun and Moon, during full 
and new moon periods, appears to yield a stronger, more ex- 
ited charge in the atmosphere, and within the accumulator, 

M) Ifyou run a controlled experiment with the accumu- 
lator, do not place any relevant instruments immediately 
adjacent to it. Remember that the accumulator has an ener- 
gy field, and will partially influence nearby objects in a 
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manner similer to those kept inside it, The electrical or 
electromagnetic fields of various instruments might also 
disturb or otherwise affect an accumulator, making this 
caution doubly important for the research scientist. 

N) Do not use any houschold electrical appliances con- 
nected to a wall plug inside or near to the accumulator. Nei- 
ther should portable computers, TV sets, or other radiating 
devices be used. These will disturb the energy inside, The 
interior metal walls also conduct electricity, and there may 
be a danger of electrical shock. For human-sized aecumula- 
tors, use a battery powered reading lamp if light is desired, 
or place a strong lamp just outside the door opening. Many 
people use such a light to read a book while sitting inside. 
Radio receivers do not appear to have a negative effect if 
used in the room, but the effects of “walkman” type headsets 
inside the accumulator are unknown. 

0) For experimental accumulators, realize that any or- 
ganic or moisture-bearing materials which are place: 
side will absorb the orgone charge. Do not unnecessarily 
store or bring items inside an accumulator. 

P) For human sized accumulators, one wishes the exter- 
jor walls to be no more than 2 to 4 inches from the skin sur- 
face. When sitting inside, it is best to partially or complataly 
disrobe, as heavy clothing will interfere with absorption of 
the orgone radiation. A wooden chair or bench may be used 
as dry lumber is a relatively poor absorber of the argone. 
‘Metal chairs are also OK, but may be uncomfortably cold to 
sit on. 

Q) NOTE: A too-frequent or too-long use of the accumu- 
Jator may lead to symptoms of overcharge, such as pressure 
in the head, slight nausea, general ill-feelings or dizziness. 
In such a case, leave the accumulator immediately and rest 
in the fresh air for a moment. Such symptoms will go away 
in afew minutes. However, Reich warned persons witha 
history of overcharged biopathies to use the accumulator only 
with caution, and then only for shorter periods. These over- 
charged biopathies include: hypertension, decompensated 
heart diseases, brain tumors, arteriosclerosis, glaucoma, 
epilepsy, heavy obesity, apoplexia, skin inflammations, and 
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conjunctivitis. 

R) The question of “how much is enough” is related to 
one’s own energy level, and is primarily a subjective deter- 
mination, different for each individual. No one ever tells 
‘you how much water to drink to quench a thirst. You simply 
drink until you have the feeling of “having enough”. The 
same is true regarding the use of the accumulator, When 
you have the feeling of “enough”, then get out. With most poo- 
‘ple, this will be sometime after they have reached the point 
where their own energy field is gently luminating, or giow- 
ing with a warm excitement at their skin surface, and after 
sweating has commenced. If you are unsure about these 
‘kinds of feelings, be patient, as with some people, it may re- 
quire many sessions hefore they ¢an really feel the energetic 
effects. A good rule of thumb is to limit the sitting period to 
no longer than about 30 to 45 minutes. It may be used more 
than once a day, however. One should not attempt to “nap” 
inside for prolonged periods. Additional information on 
these biceffects is given in the chapter on “Physiological and 
Biomedical Effects”. 

8) The qualitative state of the orgone, as well as its abso- 
Jute charge, are constantly varying at any given location on 
the Earth’s surface, Weather cycles cause the accumulator to 
vary its charge, and toxie environmental conditions 
(oranur and dor, see below) may periodically or chronically 
‘contaminate the accumulator, making its use potentially 
unsafe. Experimental use of the aceamulator therefore de- 
mands that one learn about weather cycles and other enyi- 
‘ronmental factors. 
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8. Warnings and Danger: 
The Effects of Oranur and Dor 


A common problem with use of the cecumulator is the 
difficulty in finding an energetically clean environment 
in which to use it. The orgone energy in the atmosphere is 
vory sensitive to cortain kinds of disturbance and agitation. 
Much in the manner of living protoplasm, otgone energy 
can be excited or irritated, and certain environmental in- 
fluences can drive it towards a toxic condition. If the encr- 
getic atmosphere in your home or neighborhood has been 
made toxic in this manner, use of an accumulator is disad- 
vised, or advised only with great caution, as it will be very 
cifficult to accumulate anything except a toxic charge. 

For example, orgone accumulators, particularly those 
intended for biological experiments or human use, should 
never be used in rooms with the following orgone-irritating 
devices: 


fluorescent lights 

television sets 

computer ormicrocomputer 

other eathode ray tube devices 

microwave ovens, or eddy-current stoves 

electric blankets (even if only plugged in, and of) 

diathermy, x-ray machines 

sparicing electric motors 

induction devices or coils 

other electromagnetic devices 

ionization-type radioactive smoke detectars 

clocks, wristwatches, or other devices containing 
xadioactive, glow-in-the-dark materials 


(phospholuminescent materials, which work onthe 
principle of absorbed visible light, are OK) 
other radioactive materials, or strong chemical fumes 


Physical Essence and Problem of Classical 
Combustion of Matters 


Combustion is one of the most difficult phenomena, 
which are known by the humankind. From the scientific 
point this phenomenon is a chain reaction of sequential 
fragmentation of fuel particles into smaller charged 
radicals; it is physical chemical processes of 
transformation of chemical energy of intermolecular 
connections as well as combustion also includes 
physical processes of transformation of energy into heat 
and light on molecular and atomic levels. Many other 
processes, which proceed simultaneously, are involved. 


From school years we know that combustion is a 
process of interaction of fuel with an oxidant that is 
accompanied by heat and light energy generation. In 
higher school the words of “as well as by cryptic energy 
of chemical connection of waste gases” are added to 
the school definition. The combustion processes are 
studied and improved by scientists and experts of 
different areas (chemists, physicists, heat-and-power 
engineering specialists, thermalphysicists etc.). There 
are known fundamental investigations of combustion 
chain reactions made by such Russian scientists as 
N.N. Semenov, Ya.B. Zeldovich and their followers. 


Until now intensiveness of fuel combustion is increased 
by air blowing into the combustion zone that increases 
the amount of waste toxic gases thrown into the 
atmosphere. Let us arouse several questions, which 
seem naive at first sight. Why is an oxidant (air or 
oxygen) needed for matter combustion? Is it possible 
to do it without any oxidant? How does the 
combustion process begin and proceed? There are a 
Jot of vague questions in physics of combustion. For 
example, how can the temperature and the 
intensiveness of the combustion be regulated? Can the 
heat conductivity of the flame be controlled? How can 
heat motion of particles be regulated in the flame and 
in the waste gases, and what can it cause? There is 
another problem of combustion. It is the very 
hydrocarbon fuels, which are applied at modern heat 
processes. The great Russian scientist, D.I. Mendeleev 
stated that to use oil is the same thing as to stoke a 
stove with banknotes. 


Since the hydrocarbon fuels are complicated chemical 
matters and the combustion processes are imperfect 
then in the process of their combustion a great amount 
of different by-product matters and toxic gases are 
produced. They waste unused self-energy of fuel into 
the atmosphere and pollute our planet. 


Physical essence of the new electric 
combustion technology 


How is it possible to burn the hydrocarbon fuel by 
environmentally appropriate way? How can this 
environmentally appropriate technology be realized in 


practice? A brief answer is following: it is necessary 
to make such conditions of combustion of organic 
fuel, and to introduce such a combustion catalyst that 
the energy of intermolecular and intramolecular 
connections of the organic fuel becomes absolutely 
free. At that the chemical energy can be transformed 
into energy of electromagnetic radiation, for 
example, into light energy and heat energy without 
generation of by-product polluting matters and gases. 
Then a working body (for example, water) is 
effectively heated by this directed concentrated 
electromagnetic radiation. In this process effects of 
electromagnetic waves reflection and concentration 
are used, or the electromagnetic radiation is directly 
transformed into electric energy. In this case there is, 
a new opportunity to regulate flame temperature and 
to extremely decrease quantity of the oxidant, i.e. to 
create organics combustion with minimal quantity of 
waste gases 


Is it principally possible to bum organic matters and 
gases without the atmosphere pollution using electric 
field as a catalyst? It is possible if parameters of this 
field are correctly chosen. More precisely it is possible 
ifhhuge Coulomb forces of the electric field are correctly 
regulated by interaction of electrically charged particles 
ofthe fuel and the oxidant with force lines of the electric 
field, 


One variant of an experimental device is represented 
in Fig. 1. 


Devices for approbation of the new electric 
combustion technology 


Fig..a 


Plan of the experimental device 
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Orgone accumulators should not be used even in the 


same buildings where the more powerful of the above kinds 
of devices (such as x-ray machines) are used, or were re- 
cently used. Experiments by Reich, and more recently by 
others in large German hospitals, have demonstrated that x- 
ray equipment will destroy the life-enhancing effects of the 
orgone radiation. Additionally, there is a persistence effect, 
wherein toxic energetic conditions remain for a time after 
the irritating devices are shut down and removed from a 
room or building. Orgone accumulators should likewise not 
he used in the immodinte neighborhoods or vicinities where 
the following facilities are located: 


airport radar systems 

cellular telephone or microwave relay towers 

very high-tension power lines 

AM, FM, or TV broadcast towers 

nuclear power plants, storage facilities, 
ormuclear waste dumps 

military installations with nuclear bomb storage 

‘past or present nuclear bomb testing areas 


Reich and others associated with him made warnings 
about these devices in the 1940s and 1950s, but only today do 
we see epidemiclogical studies corroborating their life- 
negative effects. Part of this problem has hinged upon the 
difficulty that, by simply demonstrating a correlation be- 
‘tween two events, you do not prove causality. One has to show 
or demonstrate just what the mechanism is, and objectively 
demonstrate each step between the two correlated events, be- 
fore cause and effect are proven. This is in most casos a vory 
wise policy, but it is very unevenly applied in the world of the 
sciences, Orthodox theorems are rarely subjected to valid 
critical review based upon their failures to meet this strict 
criteria (eg, “bad genes”, “viruses”, etc.), while unorthodox 
theories are denied funding or simply thrown out or repre- 
ssed for whatever woeknesses they may have. Industrial 


49 


James DeMeo 


polluters may also raise this issue to avoid taking respon- 
sibility for the environmental damage they have done. 

Regarding energetic questions, according to the best 
calculations of the physical scientists, low-level radiation 
ought not to have a deleterious effect upon the living sys- 
tem, The energy present in the low-level radiation, ax de- 
tected with conventional radiation detection instruments, 
is simply not sufficient to do significant damage. And yet, 
the damage occurs, I emphasize the concern about 
“conventional radiation detection instruments”, because a 
major fallaey of physies is that if an instrument does not 
measure an environmental disturbance, then no distur- 
bance has occurred. The error here lies in the false as- 
sumption that their energy detection instruments must be 
detecting 100% of any disturbance. This unprovable as- 
sumption is, of course, challenged by biological or epidemi- 
ological evidenca which demonatrates that an effect does 
exist, There is furthermore a great distrust of the body in 
the modern sciences, in that average people who are made 
sick by our moder energy radiating devices often are not 
believed, or are viewed suspiciously, 

It is precisely here that Reich's findings on the orgone 
energy provide a clarification, as the life energy (and dis- 
turbunces within it) cannot be detected with ordinary nucle- 
ar or electromagnetic sensing instruments. One has to 
modify the instrument to pick it up, or use entirely differ- 
ent methods, The orgone is also au interconnecting energy 
continuum, which provides a connection between the of- 
fending facility or appliaace (nuclear plant, microwave 
tower, fluorescent light, TV set) and the living creature 
that is affected. As the local orgone energy field of the 
Barth, or the energy field of a home is badly disturbed and 
agitated by these devices, so Loo does the orgone energy 
field of a person in that environment become disturbed, 

Modern physics partly acknowledges these connections, 
in that all nuclear bombs, nuclear reactors, and related fa- 
cilities are said to radinte unshieldable, undetectable, theo- 
retical neutrinos in tremendous quantities. These neutri- 
nos race out from the facilities, penetrating all forms of ra- 


diation shielding, and impinge upon the bodies of everyone 
for milos around, Theoretically, they do not do any damage, 
but this is purely a speculative assumption. The major ob- 
served fact is that according to the best theories of classical 
physics, significant energy is constantly being lost from the 
heart of the nuclear reactor, through the heavy reactor 
shielding into the surrounding countryside, that cannot be 
detected with ordinary radiation detectors. From the por- 
spective of Reich’s findings, it appears that this lost energy 
is not discharged as “particles”, but is discharged directly 
back into the cosmic orgone energy continuum, which be- 
comes greatly agitated and overcharged. Given the ability 
of the orgone energy to penetrate material substance, this en- 
ergetic disturbance is quickly propagated outward, through 
the reactor shiclding to affect living creatures and weather 
in the surrounding area. 

Likewise, the dilemma of illness provoked from low- 
level electromagnetism. Such radiation ought not be mak- 
ing people sick, but it does, The theoretical difficulty here is 
that physics says these electromagnetic waves ere transmit- 
ted eeross the countryside and around the globe without any 
medium of transmission. This position is similar to some- 
one studying and working with sound waves, or water 
waves, but denying the existence of the air or water. But the 
nuclear and electromagnetic “particle-waves” need a medi- 
‘uum through which they can propagate. ‘The big myth of mod- 
ern physics is that this medium was never discovered, and 
this fallacy was discussed in a previous chapter. 

Nuclear and electromagnetic devices and facilities do 
have deleterious effects upon the health of their workers, and 
of people who live nearby, whether or not one accapts the bio- 
energetic point of view outlined here. In general, the health 
hazards are not evenly distributed among a given popula- 
tion. Certain very high energy, or very low energy people, 
and in general the very young and very old, are more sensi- 
tive to these toxic energies, and will react to them more 
quickly and strongly. A few cases may be given. I met a 
secretary who was unable to make the transition from type- 
writer to word-processor computer. Every time she sat in 
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front of the computer, she developed a metallic taste in her 
mouth, and became nauseous. This effect would last for 
weeks after a single exposure to the computer. Her boss and 
friends thought she was erazy, but she was simply more sen- 
sitive than they were. In another case I met a fellow who 
lived one mile from a large radio broadcasting tower, which 
was irradiating the entire araa with a strong dose of electro 
magnetism at radiowave and microwave frequencies. By 
the time he realized the danger of his situation, his children 
had contracted leukemia, and he had to move out of the area. 

Medical practitioners who are confronted by such symptoms 
usually do not make a diagnosis based upon the energetic 
ecology of a patient’s home and work environment. In a 
chapter below, I give a number of practieal things people can 
do to protect themselves, and their accumulators, from these 
environmental hazards. 

Reich's observations on the life-negative aspects of these 
devices and facilities cannot be explained according to con- 
ventional theories of physics and biology, but they have been 
corroborated to a greater or losser oxtent, The varieus elec 
tromagnetic and nuclear devices and materials listed above 
are known to irritate the orgone energy, driving it into a 
wild, frenzied state which Reich identified as the oranur ef- 
fect. Oramar was. inadvertently discovered after small 
amounts of nuclear material were introduced! into a strong 
orgone accumulator, Reich kept several large, 20-ply aceu- 
mulators inside an even larger room-sized orgone accumu- 
lntor at his laboratory in rural Maine, When the radioactive 
material was introduced into this highly-charged environ- 
ment, the orgone energy field of the entire mountain region 
of his laboratory was driven into a state of wild agitation, 
which could be readily felt und seen. Laboratory workers ho- 
came quite ill, and experimental mice kept in another build- 
ing died in large numbers, 

Reich found that the oranur effect persisted long after the 
nuclear materials were removed from the laboratory accu- 
mulators, making the facilities unusable for several years. 
Under such persisting oranur agitation, the orgone energy 
eventually becomes immobilized and “dead”. Reich identi 


i 


The Orgone Accumulator Handbook 


fied this deadened energetic state as dor, which was short for 
deadly orgone. A room charged with dor will feel unbeara- 
bly stuffy, and it will be hard to get a good breath out of it. 
One also feels constantly dehydrated, given the water- 
hungry nature of dor. Some people react to dor with edema, 
and a particular extreme form of dor-sickness was identi- 
fied by Reich and his co-workers, The organism responds 
with lethargy, immobilization, and emotional contactless- 
ness. These effects are quite tangible, sensible, and measur- 
able, 

‘A great deal was learned about the atmospheric life en- 
ergy from this experimental accident, and a 1951 work by 
Reich titled The Oranur Experiment describes the dramatic 
events, Reich later identified a number of other sources of 
mild to severe oranur, which could disturb the orgone energy 
within a home, office, building, neighborhood, or region. 

In most people's homes, the mos common. orgone irri- 
tants are the TV set, the microwave oven, and fluorescent 
lights of any kind (the full-spectrum varieties reduce, but do 
not eliminate this problem). Fluorescent lights often produce 
hyperactive plants, with enlarged, oversized leaves, and so 
fool people into thinking that the lights are “good”. Some 
studies have even shown that depressed people ean be agitat- 
ed to a greater activity or metabolism by exposure to fluores- 
cent lights, Examples are wintertime emotional depression, 
deprosced newborn infants, and even “dopressed” office 
workers, all of whom are agitated to a temporary increase in 
activity under fluorescent oranur. In many cases, the in- 
creased activity was linked to light color or frequency, and 
this also has its influence, But the problem of fluorescent or- 
anur excitation is usually not addressed as a factor in those 
studies. Oranut is, however, produced by all types of fluores- 
cent lights, TV sets, and microwave ovens. It can be objec- 
tively measured through the disturbed electrical potential of 
a house plant exposed to such devices, through use of an or- 
gone charged geiger counter, or by making extended meas- 
urements of accumulator functions, and observing the per- 
turbation which occurs during oranur and dor conditions, 

In any given city neighborhood, radio broadcast towers, 
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Above: Atmospheric energetic disturbance created by a 
fluorescent light, detected by measuring the bioelectrical 
field of a philodendron with a sensitive millivolémeter (HP 
412-A VIVM) both before and after the light was turned on. 
Below: A similar disturbance from a TV set. In both cases, 
no light from the apparatus reached the plant, which was 
shielded behind heavy cardboard. 
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‘airport radars; and microwave telephone communications 
towers also constitute hazards, and producers of oranur. 
Like microwave ovens, and TV sets, they are allowed to leak 
relatively high levels of radiation into their local environ- 
ments, Infrared automatic door opening sensors, or auto- 
matic light switches, also operate closer to the microwave 
end of the infrared spectrum, as do library or commercial 
inventory scanners, which are designed to stop petty lar- 
eeny. These smaller sensors are powerful enough to trigger 
your automobile police radar detector at several hundred 
yards, and may pose a danger to workers who sit near to 
them day after day; the actual risk here is simply unknown. 
Like microwave ovens and TV sets, they are allowed to ex- 
pose the “average” person with an “average” dose, witich is 
irrationally assumed to be harmless. Until more is known 
about them, you should err on the side of eauition. Do not site 
an accumulator near any of these devices. 

Nuclear plants likewise are permitted to yent: (or rather, 
dump) significant quantities of measurable radiation into 
the cooling water and ventilation air that passes through tho 
facilities. Aside from the fact that the local population 
breathes and often drinks this waste, which can accumulate 
in the food chain, there is the problem of oranur and dor. 
Both are created by nuclear plants, and the atmospheric en- 
ergy in these areas will be affected, with one qualitative state 
predominating over the other. Sensitive people ean literally 
feel the difference in a region after a nuclear reactor has 
been operating for a period, and careful cbservations will 
sometimes reveal changes in weather patterns. 

‘Underground atomic bomb tests are perhaps the worst of 
fenders, as they badly shock and agitate the orgone energy 
field of the entire planet. There is some evidence suggesting 
that severe weather extremes, such as drought or severe 
storms, plus epidemics of “flu” symptoms, may be triggered 
by underground atomic bomb tests, through a widespread. 
disturbance of the Earth's energy field. Some evidence, eur- 
teatly under review, has suggested that the entire Barth is 
disturbed in its rotational dynamics, and the upper atmos- 
phere overheated and perturbed, by underground atomic 
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bomb tests. These kinds of effects make no sense whatscever 
from the viewpoint of classical biology and physics, which 
denies the existence of any vital energy prineipla, and as- 
sumes that space is “empty”. From the standpoint of orgone 
biophysics, these effects do make sense, 

Biophysically, the oranur effect can be felt by sensitive 
individuals as a jumpy, overexcited, possibly heated or 
slightly feverish feeling. One may feel a constant agitation; 
some people may mildly contract when it is present, while 
tempers may flare among others. Severe oranur affects each 
person at their weakest point, and tends to drive latent medi- 
cal symptoms to the surface. The palms of the hands may ex- 
hibit a mottled characteristic, and sleep may be nearly im- 
possible, There is a tendency towards inability to maintain 
8 coherent focus upon work or other activities. The atmos- 
pheric expression of oranur is also one of overcharge. Skies 
may maintain a strong blue color, but significant haziness 
will appear on the horizon. Clouds do not coalesce or grow 
under oranur conditions, partly because the highly charged 
and agitated atmosphere cannot contract, and the charge 
within clouds cannot build beyond a certain point, Winds 
may be chaotic under oranur conditions, as if confused or 
agitated. Approaching rainstorms usually begin to frag- 
ment or dissipate as they approach an oranur-affected re- 
gion, The atmosphere may have a “tense” or “strained” 
quality, reflecting the generally overcharged conditions. 
Rains will decrease, particularly as oranur is eventually 
replaced by deadened, immobilized dor conditions. 

Dor has an atmospheric expression as well, and when 
sufficiently widespread, is associated with drought or desert 
conditions. It appears on the landscape as a steel-grey haze 
that reduces visibility, gives sunlight » burning or scorch- 
ing quality, turns rains acidic, or completely blocks the 
rainfall. Clouds are rendered into a tattered state, similar to 
slightly dirty, shredded cotton, and never grow beyond a cer- 
tain small size, Unusual small clouds with a black or dark 
grey coloration sometimes appear; in contrast to other small 
clouds in the area, these darkish clouds maintain their dull 
coloration even when directly illuminated by sunlight. 
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‘These are what Reich called dor clouds. They often form 
and reform continually over certain locations on the land- 
scape, as if energetically attached to that spot. 

While oranur and dor often exist together within a given 
region, one expression will generally predominate over the 
other. Being energetic phenomena, oranur and der cannot 
be “blown away” by winds, though a good rainstorm may se- 
qnester and clean them out. Under exceptionally strong ora- 
nur or dor conditions, rainstorms are blocked and diverted, 
giving rise to prolonged drought, Desert locations are gener- 
ally charged with great quantities of dor, particularly on the 
lower-lying portions of the topography. Regions with multi- 
ple nuclear power, refining, and waste storage facilities 
tend to be very highly charged with both dor and oranur, Se- 
quential episodes of drought often occur in those’areas, given 
that the life energy is rarely in a natural state, and is period- 
ically overexcited, or deadenad. 

Contrast the above descriptions of oranur or dor condi- 
tions with that of the orgone energy in its normally spark- 
ling and pulsing condition. When the orgone continuum 
maintains a state of healthy and vigorous atmospheric pul- 
setion, regular cycles of rain-dry-rain-dry ocour. The at~ 
mosphere is clean end transparent, sparkling and erisp, 
and does not haye any notable atmospheric haze. The eon: 
trast between clouds end blue sky is apparent all the way 
down to the horizon. The open sky has a deep blue eolor, and. 
cloud boundaries are sharp and well-defined. Clouds main- 
tain a rounded shape, like buds of cauliflower, and build 
vertically without leaning sideways, or collapsing, Distant 
mountains maintain a hinish or purple coloration. The veg- 
etation is also lush and crisp, full of life. Birds are active 
and soaring, and other animal life is also active. The sun- 
Tight warms, but does not seoreh or burn as readily. The gen- 
eral subjective feeling during clear weather conditions is of 
great expansion, abounding energy, contactfullness, and 
liveliness. Breathing is so easy that the air literally pashes 
into your lungs. Most people feel exceptionally alive and 
alert, and more relaxed than usual. All of life is pushing up- 
wards, against gravity, as an expression of the surging, 
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gently pushing and expansive nature of the life energy. 
During rainy conditions, one may feel lesx energetic or 
sleepy, but still comfortable and at ease, Rains occur with a 
cyclical regularity. 

Most older people are aware that this quality of atmos- 
phere is increasingly rare, It was more commonly observed 
in the past than today. Hazy, stagnant dorish qualities are 
fast becoming the “norm”, such that many young people, par- 
ticularly in the big polluted cities, do not know what a really 
crisp and sparkling day is like. For example, older airline 
pilots remember when dorish haze was present only over a 
few industrial areas of the Northeast USA, Today, however, 
dorish haze can be observed in unbroken fashion, from coast 
to coast, and also a considerable distance out to sea as well! 
Likewise, with the continuing rampant deforestation and 
desertification that is occurring world wide, dorish desert 
conditions are spreading into regions that were once much 
tore lush and wet. In wetter regions, as the atmosphore be- 
comes dorish, regular rainstorms are replaced by foggy aci- 
dic drizzles. Naturalists report that the blue orgone glow 
‘over mountains vanishes about two years prior to the onset of 
massive forest death, a phenomena which is likewise asso- 
ciated with hazy and stagnant air pollution. Indeed, the blue 
‘orgone glow of the oseans, rivers, forests, and atmosphere is 
vanishing at a disturbing pace, foretelling a collapse of en- 
tire ecosystems. Just when the life energy has been docu- 
mented and objectified, it is being polluted out of existence, 
and killed. 

‘To describe the energetic states of oranur and dor, Reich 
used the example of a wild animal placed into a cage. At 
first, the animal reacts with fury, attempting to break free of 
the constraining enclosure. Later, the animal exhausts it- 
self, and becomes inert and lethargic. This response, ob- 
served by zoo keepers around the world, has likewise been 
corroborated by John Ott in his work Health and Light, Ott 
demonstrated that laboratory mice exposed to agitating radi- 
ation from a TV set would at first become overexcited; later, 
the same mice would become inert and lethargic, eventually 
developing degenerative diseases. Ott gave many examples 
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Photo of the experimental system 


A structure chart of the experimental device, which 
was designed to investigate the new electric 
combustion technology, is demonstrated in Fig.1a. The 
device contains a body (1) equipped with flat 
electrodes, which are insulated from the body (2), 
(they can be placed in either horizontal flat or vertical 
flat). The electrodes (2) are located on opposite inner 
walls of a combustion chamber (3). The device is 
equipped with a mixer (4) with a device for supplying 
of blended fuel to the zone of combustion. At the same 
time the device (5) is used for electrical combustion 
of the blend. The described device is equipped with 
an air track (6), which contains an oxidant activator 
(7) joined with a regulator (8) by a control circuit and 
with the mixer (4) by an air pipe (9). The regulator (8) 
serves for regulation of the oxidant activation extent. 
At the end of the air pipe it is possible to place a vortex 
device (it is not shown in the figure). Also the device 
is equipped with a fuel track (10) containing a fuel 
activator (11) and a regulator (12) of the activator and 
consumption of fuel. The block (11) is joined with the 
mixer (4) by a fuel pipe. The device is equipped with 
an electric combustion activator (14) containing a 
high-voltage transformer (15) of intensity and 
frequency joined to its regulator (16) by a control 
circuit. An electric outlet of the block (15) is joined to 
one of the electrodes (2), and the second outlet is 
safely electrically grounded by a grounding mat (17). 
The high-voltage wire of the outlet of the block (15) is 
connected with the electrode (2) through a bushing 
insulator (it is not demonstrated in Fig-1a). The device 
is equipped with a gas toxicity calculator (18) joined 
to the inlet of a mode optimizer (19), which is a control 
system for interacted regulating of all the parameters 
of combustion. For that the outlet of the mode 
optimizer (19) is joined to the inlets of control of the 
regulators (8), (12), (16) 


The device operates in the following way. At first an 
activated oxidant of 01 is applied through the air track 
(6), activator (7) and air pipe (9) to the mixer (4). Then 
an activated fuel of F1 is applied through the fuel track (10) 


and the activator (11) to the same mixer (4). A 
blended fuel is prepared in the mixer (4) and then is 
atomized and combusted by a sparkle of the block 
(6). In the combustion chamber (3) flame and waste 
gases are processed by strong alternating electric 
field, which is generated by the block (14) in a gap 
between the electrodes (2). In the process of 
combustion waste gases toxicity is measured by the 
special toxicity sensor (18). Depending on current 
toxicity the parameters of flame combustion are 
regulated by the mode optimizer (19). More precisely 
the oxidant consumption and the extent of its 
activation are changed by the regulator (6), the fuel 
consumption and the extent of its activation are 
changed by the regulator (12), the intensity and 
frequency of the alternating electric field generated 
by the block (14) in the combustion chamber (3) is 
changed by the regulator (16). Let us note that the 
electric field in the combustion chamber (3), viz in the 
gap between the electrodes (2), catalytically 
influences on both the flame and the waste gases. 
The essence of the process lies in the fact that the 
processes of fragmentation and oxidation of fuel 
radicals and of toxic oxide molecules are accelerated. 
Intensiveness of combustion and of toxic gases 
refinement increases as well as the intensity of this, 
field and its frequency do. As a result of the 
interconnected regulation of all the listed parameters 
fuel of any kind can be fully, intensively, “cleanly” 
combusted. 


In Fig. 1b there is a photo of the operating experimental 
device designed to investigate the processes of 
influence of electric field on the process of matters 
combustion and of cleaning of waste gases. The photo 
represents following things. 


1. In the left side there is a furnace with a high- 
voltage electrode in a higher part of its body. 

2. In the centre there is a vertical column of the 
electric combustion cleaning (after-burning) of 
toxic gases in the electric field; on the top of the 
column a high-voltage electrode can be seen. Gas, 
pipes designed for toxic gases supply-withdrawal 
are connected with the column and located to the 
right and to the left from it. 

3, Aregulable blower is represented in the upper 
right side of the picture. It is designed for toxic 
gases withdrawal and connected with the gas pipe 
by the column, 

4. At the foot of the picture there is a regulable 
high-voltage tension source (the electric field 
source), which is connected with the furnace and 
the column of toxic gases cleaning by high-voltage 
wires, 


It is experimentally proved that combination of two 
stages of the combustion activation (i. in the furnace 
and the column) ensures ideal cleaning of toxic gases 
at combustion of any toxic matters. 
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where aggressive behavior among breeding animals, such 
as mink and aquarium fish, were eliminated by removing 
oranur-producing fluorescent lights. Similar effects upon 
schoolchildren, from fluorescent lights in the classroom, 
are at work. Some school teachers have found that disruptive 
behavior in the classroom is often easily eliminated by sim- 
ply turning off the fluorescent lights, 

T have observed a similar reaction among childran who 
are allowed to spend enormous amounts of time “watching” 
TY. During the early phases of a child’s TV exposure, there 
is often little focas upon program content. The kids simply 
want the TV on, and they will often busy themselves with 
other things while sitting in front of it. One often sees this 
strange behavior among entire families, where the evening 
or wookend family activity revolves around the big calor 
TV. Nobody seems to care what program is on, just so long 
as the TV is on. Like cocaine-eating laboratory mice, both 
children and adults may becomo addicted to the cranur of 
fects of the TV set. Later, like Ott's mice, they may enter an 
inert, lethargic, or immobilized stage, what is popularly 
called the couch-potato eyndrome, which may be a precursor 
to degenerative disease. Of course, there is an emotional 
component at work here, where emotionally contracted 
adulte and children may use the TV as a mean of exeaping 
an unhappy social or family situation. But recall Reich’s 
discovery that, the orgone is the energy of the emotions. The 
effect of the TV is more than just a “cognitive” exeape, and 
has distinct bioenergetic effects. 

‘This bioenergetic form of electromagnetic/oranur ad- 
diction is most clearly seen when someone tries ta tarn the 
‘DV set off. Agitated or lethargic children, who were bathing 
themselves in the TV radiation, but paying scant attention to 
the program, may suddenly object quite vocally when at- 
tempts are made to shut it off. ven adults suffering from 
this syndrome will be discomforted by the thought of shutting 
the TV off, forcing them, as it would, out of a mildly cataton- 
ie state, into more direct emotional (bicenergetic) contact 
with other human beings, Of course, program content also 
plays a role, in that the more violent, eruel, and sexually tit- 
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Mating it is, the more it will touch upon the repressed sexual 
Jonging and bottled-up anger of people in our society, to far- 
ther feed the syndrome. Couch potatoes, adults or children, 
rarely if ever watch the educational channel. 

Another response that belongs in this category is the 
child in a video game parlor who has run out of quarters, or 
who is ordered to leave. Anguish and even violent outbursts 
may occur as the child or adult is weaned away. Ott has 
shown that these devices, TV and fluorescent lights in par- 
ticular, are often a cause of childhood hyperactivity. Other 
researchers are today have observed similar behavioral dis- 
orders, reinforcing social isolation and omotional contrac- 
tion among young children who are addicted to their micro- 
computers. Some of these computer-addieted kids are now 
gotting cataracts, from constant exposure to the computer 
CRT, and leukemia may likewise be an associated disorder 
of the technology. The oranur in school computer rooms, and 
in video game parlors is so intense that it is readily sensi- 
ble. The TV departments of large stores, which also have 
many fluorescent lights, also assault the casual passers-by 
with intense oranur. 

I saw one clear case of TY radiation addiction with three 
hyperactive children who spent hours each day in front of the 
set, but paid little attention to program content. The minute 
they came home from school, the set had to be on, When the 
TY was finally shut down (the frustrated mother had to cut 
the power cord to defeat the clever kids), there was a wail of 
agonizing protest, and a period of even more agitated behay- 
ior. After about a week, however, the kids calmed down and 
began to develop new friendships and activities, and the hy- 
peractivity disappeared completely. She got rid of the big co- 
lor TV, and got a smaller black and white set. Even though 
the kids were later allowed to watch the black and white set 
as much as they wanted, they never fell back into the same 
trap, and the hyperactive syndrome did not occur again. In 
these cases, the energy system of the human had become ad- 
dicted to the clectromagnetic/oranur agitation, which took a 
clear and conscious effort to overcome, 

When using the orgone accumulator in an-cranur or dor 
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environment, all of the above considerations are most im- 
portant, as the accumulator will amplify whatever kinds of 
energy conditions are present in the local environment, If 
oranur or dor is present, an accumulator will amplify those 
tendencies, imparting a toxic, life-negative quality to its 
charge. In some eases, the effacts of oranur and dor are both 
persistent and widespread, and cannot be affected by simply 
changing things in your own home. This is often the case 
with large polluted cities, and certainly in the regions near 
to nuclear power facilities. Regarding nuclear power facili- 
ties, a distance of around 30 to 50 miles is minimal for safety 
regarding both the biological effects of emitted low-level ra- 
diation, as well as for use of an accumulator. Similarly, if 
you are within a few miles of very high voltage electrical 
transmission wires, or large radio broadcasting towers, use 
of an accumulator is disadvised. Likewise, do not use an ac~ 
cumulator if your area has been recently subjected to a mu- 
clear accident, and fallout is present, 

Ons last set of considerations. Accumulators should 
never be used inside mobile homes or houses with alumi- 
num skin or side paneling. Aluminum imparts a life- 
negative characteristic to the orgone energy, and it is advis- 
able not to live inside such a structure even if an accumula- 
tor is not built or stored there, Mobile homes with wooden sid- 
ing are safer, and no problem inherently exists with them. 
However, note that some mobile homes and buildings are in- 
solated with fibreglass batting that has an aluminum back- 
ing. If this kind of insulation is widely used, it will act very 
much like aluminum siding, and turn the house into a 
large, aluminum accumulator. Also, houses with metal 
roofs, or new homes that use steel wall braces, instead of 
wooden components, will act somewhat like a large accamu- 
lator. I have lived inside such structures for short periods, 
and even without an accumulator, they tend to develop a very 
high charge inside, They can disturb a person’s sleeping cy- 
cle, and lead to an amplification of the oranur effect if fiuo- 
roscent lights, mierowave ovens, or TV sets are used. Newer 
homes designed for energy efficiency often do not have ade- 
quate ventilation, which makes the energetic situations 
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even worse, One does not wish to live inside an accumula- 
tor, and most sensitive people will be driven a bit crazy by the 
overcharge that spontaneously develops within such a struc 
ture, 

Learn to recognize dor and oranur, such that if the feel- 
ing inside a building or accumulator is ever disturbed or 
uneasy, you can take necessary steps and precautions to 
eliminate those effects. Air the room out, and check to make 
-¢ that TV sets, fluorescent lights or other such apparatus 
are not in use in nearby rooms or on floors above and below. 
‘If an accumulator is already present in such a location, air 
it out also, and loam the steps for water-cleaning it. Follow 
the steps and guidelines given in the next chapter for 
“Cleaning Up Your Energetic Environment”. The subjec- 
tive fecling in an accumulator should be one of warmth, 
comfort and relaxation. This is where it becomes most im- 
portant that you learn about your energetic environment, 
and to get in touch with your own body and organ sensations. 
It is clear that factors related to “civilized” living often have 
distinctly negative influences upon both the orgone energy 
field of the Earth, of our homes, and ourselves. Whatever 
can disturb or agitate the atmospheric orgone energy field of 
the Earth, or of your home, will hkewise badly affect our own 
life energy. The next chapter focuses direetly on what can be 
done to mitigate or éliminate these toxic effects. 
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9. Cleaning Up Your 
Bioenergetic Environment 


‘The last chapter identified some potential problems re- 
garding use of the orgone accumulator, or living in an ener- 
getieally disturbed environment. The following points will 
help you to create a living envirenment in which the orgone 
accumulator will yield its strongest charge, with the most 
energetically soft and expansive charactericties. If you un- 
derteke as many of these steps as possible, it will not only 
protect your accumulator, but also yourself and family, 
whether you construct an accumulator or not. 


A) The “Bam in the Woods’: The best of all possible en- 
vironments for locating an accumulator would be on tha dry 
floor of a large, airy barn in the countryside. Most. people 
will not have such a barn, but may have a covered outdoor 
porch, which meots these conceptual criteria, One should try 
to duplicate these conditions as closely as possible. The 
“barn in the woods” environment should ideally be located 
next to open fields and forest, at least 30 to 50 miles from any 
nuclear facility, and 6 miles from any large cross-country 
power transmission wires, It would also not be on the “path” 
between microwave transmission beams, nor within 5 miles 
of any large radio or TY broadcasting towers. It is best to 
have an open, airy structure, with good circulation and sun- 
Tight, but shielded from rains and high winds. No TVs, fluo- 
rescent lights, microwave ovens, radioactive smoke detec- 
tors, and so forth, would be present in the structure. Only a 
few electrical outlets, with overhead incandescent lights, 
should be present. 

B) Plants, Fountains and Waterfalls: You can enhance 
the life-positive energy characteristics in a room by filling 
it with as many living plants as possible, and providing it 
with continuous, adequate ventilation, Green plants soften 
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the effects of dor and oranur, and additionally oxygenate the 
air. The same ic true regarding the cascading water of a 
fountain. Most people can feel these expansive and pleasing 
effects, and indoor plants, with waterfalls or fountains, are 
being inereasingly used to improve the subjective acsthoties 
within both large and small structures, 

C) Direct Water Cleaning: If your environment is nol- 
luted, or is of a dry, decort charactor, bo propared to routinoly 
water-clean the accumulator by regularly wiping the in- 
sides and outside with a damp cloth You can also keep an 
‘open bowl of water inside it during times of non-use, to draw 
off any stagnant energy. 

D) House Building Materials: Books devoted to helping 
people find safe building materials free of toxic chemicals 
are now available from bookstores and libraries. These will 
inform you on the many new non-toxic products and build. 
ing materials on the market, From a bicenergetic stand. 
point, a concern exists about living within, or building accn- 
mulators in, mobile homes or houses with aluminum or stee! 
sking or siding. Aluminum siding makes a dwelling into 
an aluminum accumulator, which is known to have a toxic 
influence in and of itself. Any structure composed of metal 
walls, or eyen the newer homes using metal studs for interi- 
or wall partitions, can create an energy-accumulating ef- 
fect. While you may want to “charge up” inside an accumu- 
lator on a periodic basis, you do not want to “live” inside one! 
Remember, the “barn in the woods" principle, 

E) Lighting: Regarding lighting, all kinds of fluores. 
cent lighting, even the “full spectrum” varieties, are disad- 
vised, These all have an agitating electromagnetic ballast, 
and high-voltage cathodes, that excite and disturb the orgone 
energy continuum. None of these lighting fixtures, or the 
fluorescent tubes themselves, even the cathode-shielded va- 
riety, eliminate the unshieldable oranur effect. The best pos- 
sible type of lighting is simple incandescent, with standard 
unfrosted bulbs, in which you can see the filament through 
clear glass. These bulbs closely duplicate the natural solar 
spectrum, and do not create oranur. 

F) Gooking: Kegarding your cooking, microwave ov- 
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ens, and stoves that work on electromagnetic eddy-current 
principles, are not advised. While these ovens are certified 
as “safe” by the federal government, the standards used to 
sot this criteria are quite out of date, and a collusion between 
oven manufacturers and the government exists. Ovens, 
stoves and toasters that work through electrical resistance 
heating are safer, but they do emit some electromagnetic dis- 
turbances in the extremely low frequency (ELF) range. An- 
other drawback with electrical resistance cooking appliane- 
es is that they are not very efficient in their use of electrical 
energy. From 2 biological and energy efficiency stand- 
point, it is bast to use pilotless, electric-spark, natural gas 
stoves and ovens for cooking. 

G) Television: Regarding television, big color TVs are 
the worst offenders. They have three electron guns in the ca- 
thode ray tube (ORT), and operate at relatively high exciting 
voltages. The TV emits a wide spectrum of noxious ener- 
gies, to include ELF, soft x-rays, radio frequencies and 
pulsed magnetic fields. They can rapidly build up the levels 
of oranur and dor in a room or house. As an alternative, the 
projection televisions, which do not have a cathode ray tube, 
‘appear safer from a bicenergetic viewpoint. They still have 
some disturbance upon the orgone energy, however, and 
should not be used near an accumulator. If you can’t afford a 
projection TV set, try changing to a small black and white 
set, which has only one electron gun operating at a much 
lower voltage. Or take an even more radical step: dramati- 
cally cut hack on, or stop watching TV. When I was a uni- 
versity professor, the first assignment J gave my students, to 
broaden their horizons and clean the mind of cobwebs, was to 
go out and get a big, chunky brick. The second assignment 
was to throw that brick through the front of their television 
set! Of course, no student ever did this, but the point is that 
you would be better off reading bocks, talking to friends and 
family, und more directly experiencing life, than playing 
couch-potato, or soaking up x-rays and propaganda in front 
of the tube, 

H) Computers: Regarding computers, these are often 
worse than television sets, in that a worker sits quite close, 
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and spends # lot more time in front of them. Like a TV set, 
they often employ the same CRT technology, and produce 
BLF, radiofrequencies, soft x-rays, and pulsed magnetic 
fields, and have boon linked to fetal deformities and mis- 
carriages, If you use a computer a lot, itis best to gat one that 
does not use a CRY for display of the information, There are 
newer aystems, moatly on the laptop portable microcomput- 
ers, that use liquid crystal technology. ‘These do not foster 
the eye-irritation and headaches often associated with the 
CRT. Planma screens are another technological alternative 
to the CRT, but they use more energy to operate than liquid 
crystal displays, and may therefore generate biologically 
disturbing radiations. Aside from the computer screen, the 
internal circuitry of the computer will also produce electro- 
magnetic disturbances and oranur. For this reason, it is best 
to use the portable computers that run off rechargeable batter- 
ies and DC current. This kind of computer does not have a 
connection to the 60 cycle AC power outlet, nor does it have 
an internal AC transformer, both of which create signifi- 
cant ELF electromagnetism. Coupled with a liquid erystal 
display, they are probably the safest computers on the mar- 
ket, and additionally require a minimum amount of electri- 
cal energy to operate. Ifyou use a ORT computer, consider to 
purchase a gaussmeter (available from Natural Energy 
Works) and evaluate the strength of the energy disturbance 
you are being exposed to. Anyihing more than J milligauss 
or I Ailovolt (meter, in my view, is too much for a chronic 
long-term exposure, especially for pregaant women, There 
are all kinds of “protective devices” on the market for sup- 
posedly neutralizing CRT radiations, but if they do not re- 
duce the mezsurable field, they probably do not offer any pro- 
tection, Regardless, you should never use any kind of com- 
puter or television in or near an orgone accumulator, 

T) Electric Blankets and Space Heaters: Regarding 
electric blankets, these have also been linked with increased 
miscarriages and spontaneous abortions among pregnant 
women, Even when off and only plugged into the wall sock- 
et, they emit « powerful ELF electrical field that, can have a 
toxic influence. It is advised that you get rid of them, and go 
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back to the wool blanket, down comforter, or heavy quilt. 
Wlectric blankets should never, never be used with an orgone 
blanket, or in an aceumulator. By inference, this caution re- 
garding electric blankets should be extended to cover porta- 
ble electrical resistance space heaters. 

J) Radio or TV Broadcasting Towers, and Power Lina 
Emissions: Regarding radio or TV broadcast towers, and 
large overhead electrical transmission power lines, the en- 
vironmental hazards are only now being documented. Do 
not be surprised if the local power company, or even environ- 
mental groups, have little information on these subjects, Bd- 
ucate yourself about the dangers, and make an assessment 
based upon your proximity, and what you have learned. Ao- 
cording to my own study of the problem, 5 miles is a safe 
distance for both the larger, cross-country, very high voltage 
power lines, and far broadcast or telecommunication towers. 
However, in some special eases, very large electromagnetic 
broadcasting systems, as used by the military for global 
communications, may send a significant quantity of radia- 
tion through your area. In these eases, an independent as- 
sessment would have to be made, 

K) Microwave Emissions from Radar and Telephone 
‘Towers: A major contraversy is brewing about the biolegi- 
cal effects of microwave radiation, which is finding in- 
creasing applications. In addition to use in household ovens, 
microwave frequencies are used for industrial drying and 
materials processing, and for weather, airport, and police 
radar systems, They are used for long distance and cellu- 
lar telephone communications. Automatic door openers and 
‘motion detectors also use infrared frequencies bordering on 
the microwave portion of the spectrum. Accumulators should 
never be sited close to these appliances or facilities. 

L) Smoke Detectors: Regarding smoke detectors, most 
of the cheaper ones use a bit of toxic radioactive waste as a 
Source of ionization, as part of the operating mechanism, 
While they do function well for smoke detection, they should 
not be used in rooms with accumulators, nor where people 
are living or sleeping. The radioactive irritation constantly 
produces oranar, and can rapidly agitate the energy within 
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‘@ room or small apartment, As an alternative, there are sev- 
eral very good smoke detectors that use the photovoltaic prin- 
ciple as an alternative to ionization and radioactive waste. 
Photovoltaic smoke detectors meet or exceed all legal re- 
quirements and fire safety codes. 

M) Nuclear Facilities: Ifyou live in an area close to a 
nuclear power plant or waste storage facility, you should 
make a serious assessment of the danger to yourself and 
family. Get information on these facilities from local envi. 
ronmental groups, Usually, there are one or more of such 
groups trying to clean up or shut down nuclear facilities at 
‘any givon location, These citizen's groups are the bost in- 
formed regarding the health hazards of any given nuclear 
facility. Regardless, it is reasonable advise not to live or 
work in an area closer than 30, preferably 50 miles of such a 
facility. Accumulators should never be used close to nuclear 
facilities. 

N) Simple Radiation Detection Instruments: Most of the 
instruments for detecting electromagnetic fields or ionizing 
nuclear radiation are quite expensive, and many of the 
cheapar instruments are not suitable for detecting low level 
radiation, a5 you would usually encounter in your home or 
neighborhood. For a very rough and quick determination, 
howaver, you can use a faw of the following simple and inex. 
pensive devices, Once you have approximated your exposure 
from these facilities and devices, and can precisely locate 
them, you might be able to get the local Health Department to 
make more quantitative measurements for you, to help you 
‘assess the exact nature of your exposure, 

Microwaves: One way to assess stronger microwave 
emissions in your area is to get a microwave oven meter, 
and an automobile police radar detector. The meters on these 
devices often have a green “safe” area, and a red “unsafe” 
area. In fact, if your cheap microwave oven moter rogistors 
even a little bit, or if the radar detector “chirps” when used 
inside your home, you are likely getting an unsafe micro- 
wave exposure. If they rogistor outdoors also, your location is 
obtaining a dosage of microwaves from some nearby source. 
‘The simple automobile radar detectors operate on micro- 


Some Results of Experiments 


Our experiments and investigations of many-sided 
influence of electric and high-voltage electromagnetic 
fields on the combustion process have proved that such 
practically ideal condition of fuel and matters 
combustion is possible to be realized in practice [1]. 


Low-powered static and alternating electric fields (Le. 
the fields of constant sign and of variable sign) of more 
than 1kV/cm intensity were used as combustion 
catalysts as well as high-frequency electromagnetic 
fields of low power with some frequency of oscillations 
of molecules in the flame (flame power is 0.1 - 1% of, 
heat power of the flame of the combusted organic 
fuel). 


Peculiarities of Oxidants Application in the 
New Technology 


It is known from the thermodynamics and combustion 
‘theory that optimal ratio ofthe oxidant mass, for example 
air, and the fuel is approximately 1:16 in an average 
combustion process. In our experiments with the electro- 
field catalyst the ecologically appropriate combustion 
ofthe hydrocarbon fuel (mazut, straw oil) was achieved 
at oxidant deficiency (for example, at the ratio of oxidant 
mass and the fuel of 1:1). For experts it means that there 
is areal possibility for 10 - 15 times decrease of amount 
of waste gases of any heat machines and to while their 
former power is the same. As the experiments 
demonstrate carbon and hydrocarbon are absolutely 
removed from the waste gases. In the experiments 
oxides of hydrogen and nitrogen were 4 ~ 8 times 
decreased and flame existence was 5 ~ 10 times 
increased. 


‘The issues of the experiments prove the hypothesis 
about possibility of effective environmentally appropriate 
combustion as a process of direct transformation of 
chemical energy of organic fuel into electromagnetic 
radiation energy of the flame (including heat and optic 
diapasons). The transformation is accompanied by 
removal of polluting toxic components from the waste 
gases that occurs due to many times intensification of 
the combustion process under action of electromagnetic 
catalysts. 


Operations of regulable activation of fuel oxidants 
(simultaneous or separate), which are introduced into 
the combustion technology, ensure additional improving 
of the combustion process. Especially it occurs at heavy 
oil fuel combustion and water-fuel emulsion combustion 
that was experimentally tested by us. The process 
becomes especially effective if the flame of the 
combusted activated blended fuel is additionally 
processed by alternating electric field. Due to 
introduction of the operation of all the combustion 
parameters regulation (of consumption of fuel, oxidant, 
of their activation extent, and of their combustion 


intensiveness extent), according to the information of 
the waste gases toxicity, it is possible to achieve 
effective combustion of fuel and waste products of 
practically all kinds, 


Our experiments demonstrate that combination of the 
very flame procession with procession of the waste 
gases and air (ie. an oxidant) by electric field is very 
effective for the waste gases cleaning. The essence of 
this additional cleaning of the waste gases lies in 
fragmentation of carbon particles and exhaust opacity 
by electric forces of an alternating field as well as in 
after-oxidation of some toxic oxides in the medium of an 
ozonized oxidant. Energy consumption for activation of 
the flame combustion by strong electric fields is small 
and does not exceed 1-3% of heat energy of the flame. 
Advantage of this invention is universality of the 
application for combustion of any inflammables. It is 
possible due to widening of the diapason of the electric 
field parameters regulation (of intensity and frequency), 
especially in the mode of their interconnected regulation. 


‘The essence of catalytic action of the alternating electric 
field on the flame combustion process consists in 
effective breaking of dipole radicals of fuel by an 
activated (dipole) oxidant. Moreover, the essence lies in 
better mixing of layers of combusting flame with the 
oxidant that occurs due to removal of a doubled electric 
layer from the limit line of the flame. Thus this technical 
solution allows achieve new positive effects due to its 
significant peculiarities, ie. extending of application area 
of the known electric combustion method over the 
combustion process of any inflammables as well as it 
allows significantly increase controllability of the flame 
combustion process, 


‘Let us note that in the experiments on the combustion 
of organic fuel in strong electric fields the regulation 
of the flame temperature and of its existence was 
achieved at unchanged consumption of fuel and of 
oxidant. That was achieved by changing of the 
parameters of the combustion electric-field catalyst 
(intensity and frequency) of a longitudinal electric 
(electromagnetic) field. Rotation and stabilization of 
the flame was achieved by a rotating transversal 
electric field. Changing of the flame height was 
realized by the longitudinal electric field. 


‘The investigation, which has been performed by us, 
proves that directly acting on the flame the very 
electric field which directly influences on the flame 
and emission of electrons flow (ideal type of oxidation) 
into the flame can most effectively intensify the 
combustion process and make it harmless for the 
humankind and for the environment! 


It has already been experimentally proved that 
energy consumption required for generation and 
regulation of this electric field and of the electrons 
flow for intensification and environmental 
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wave frequencies common to airport radars, automatic in- 
frared door opening systems, and microwave telecommuni- 
cations, which you will readily abserve by driving around 
town with one. Using these simple detectors, you might be 
able to track down and locate local sources of emission in 
your neighborhood. Of course, you would not be able to make 
any real quantitative determination of risk by using these 
cheap and simple detectors, The dosages common for acti- 
vating these detactors are significant, however, and should 
not be trivialized. At one epartment where I used to live, my 
police radar detector would start chirping whenever I parked 
my car facing a certain direction. The detector gave an in- 
dieation similar to being only a hundred yards or so from 
an operating police radar. The activity was stronger higher 
‘up than at street level, and I later discovered that my apart- 
ment building was constructed along the path of a micro- 
wave telecommunicetions beam, that was being transmitted 
from one tower to ancther. The towers were at a relatively 
great distance from me, but the heam between them passed 
right overhead! The people on the upper floors were receiving 
a significant dose of microwaves in their apartments, and 
the oranur agitation in those upper floors was quite apparent. 
At othor times, have driven through entire towns or coun. 
ties close to military facilities and airports, during which 
time the radar detector was constantly chirping away, No 
police radar was in use, and local people were being con- 
stantly bathed in the microwave energy coming from those 
facilities. 

Electrical Fields: 'The electrical component of low fre- 
quency electromagnetic fields can be detected by using a 
cheap AM transistor radio, set to above 1600 KCS on the dial, 
With this setting, it will not pick mp any radio broadcasts, but 
only background static. In fact, you can turn it up to full vol- 
ume, and only hesr a slight hissing sound. However, if you 
then hold it close to an electrical power outlet, power cord, 
electrical dim switch, telephone line or jack, computer, tele. 
vision set, or fluorescent: light, you will find that the electri- 
cal disturbance will dramatically increase the level of in- 
terference and static in the radio. Your portable radio has 
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thereby become sensitive to strong electrical fields in the low 
frequency range, and will give a clear audio signal when so 
exposad. By walking around your house and holding the ra- 
dio close to devices, or even portions of your walls that you 
may suspect are giving off these toxic fields, you can locate 
safe and unsafe areas of your home. Use the cheapest possi- 
ble radio, with a plastic ease and no oxternal antenna, 
available from Radio Shack and similar stores for under 
$10. 

Magnetic Fields: ‘The magnetic component of the ele 
tromagnetic field is likewise potentially toxic, and can be 
detected with a cheap magnetic acoustic coupler and ampli 
er. Radio Shack sells such a “telephone amplifier” (again, 
under $10) for attaching to your telephone. When not at- 
tached to a telephone and set to.a high volume, the coupler is 
sensitive to stray magnetic fields from a variety of house- 
hold sources. Static hiss will inerease as the coupler is 
‘Drought close to a magnetic field, and the amplifier will give 
an audio indication. Use this in the same manner as the 
transistor radio, discussed above, to map out toxic fields in 
your home, Do not locate an accumulator, or your bed, or 
your child’s bed, near to any of these toxic energy sources. 

Nuclear or Atomic Radiation: There are no cheap of 
simple methods known for detection of low level atomic 
Gonizing) radiation. Most Geiger counters are incapable of 
monitoring the weaker amounts of low level radiation that 
comes from computer CRIs or TY sets. Likewise, radiation 
from nuclear facilities is generally rendered dilute, but still 
Fegseie by mixing it with large volumes of air and wa- 
icated methods for long term monitoring, or eon- 
Sis of air and water samples, are required for proper 
Tmeasurement. Holding a simple Geiger counter in front of a 
TV sot or computer screen, or holding one in the air near a 
nuclear plant, will rarely detect anything, and is generally 
a meaningless procedure. Likewise, the cheaper pocket do- 
simeters are generally made to detect fairly high levels of 
radiation, and will not register low level effects, Even so, I 
have seen physics professors hold a Geiger counter tube, 
made for detection of intense gamma radiation, in front of a 
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‘TV set, declaring it to be “completely safe", This, of course, 
is nonsense. 

0) Environmental Action: From the above, it is elear 
that you can do a lot to eliminate toxic energetic disturbances 
inside your house. Dealing with such problems outside your 
‘home, in the local neighborhood, is a matter that requires 
concerted social action, and devotion of some of your time to 
working collectively with like-minded people, A lot of self 
edueation, and education of others, may be required to get 
even small problems resolved. Still, it is a myth to think that 
‘you cannot fight City Hall, or effectively take on a local in- 
dustry or utility. Take the responsibility, and grab the ball 
hy the horns, One thing is sure, the problem with radioactive 
and electromagnetic pollution, and the consequent dor and 
orenur associated with them, will only get worse in the fore- 
secable future, To get started, join a few national environ- 
mental groups, and begin networking with concerned people 
in your own area, Your local library should have a list of lo- 
cal and national environmental groups. 
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10. Draw Buckets, Bion Waters, 
and Bion Packs 


Whenever we take a long sosking tub bath, or relax our- 
selves with a foot bath, we in part gain that feeling of relaxa- 
tion because of the energy absorbing capacity of the water it- 
self. Reich observed that water had a strong mutual affinity 
and attraction for the orgone energy, When we soak our 
hody in a warm bath, our internal orgoniotic charge, and bio- 
energetic tension, is reduced, and we relax. The effect may 
partly be explained by thermal warming of oar bodies, but 
other considerations are clearly at work. By soaking in a 
tub of water, the energetic potential of the body will be re- 
duced, while the energetic potential of the water will in- 
crease, We literally lose energy into the water, and relax, 
somewhat like a balloon that has lost a bit of air. 

The energetic absorbing or drawing effect of water can 
be changed in character, into a combined drawing and 
energizing effect, through use of dissolved crystals, such as 
epsom salts, which increase the enerzy potential of the water, 
thereby making it a more powerful attractor end mobilizer 
of our own biological energy. A similar energizing and 
drawing effect can be brought about by sosking in 8 tub of 
water which contains 1 pound each of sea salt and baking 
soda, Salt and soda baths, lasting around 20 minutes, can be 
used to reduce tension and overcharge, or to drain off a toxic 
charge of energy. 

The mineral baths at various natural springs where the 
water has observed healing properties appears to be based 
upon similar principles. Many resorts and health spas are 
built at locations where hot springs, or other waters or earth 
materials (muds, clays, ash) of an unusual nature exist. It 
is common for people to soak in those mineral waters, or in 
special mud or ash baths, after which they feel greatly re- 
laxed, uncommonly energized, or even healed of chronic 
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ailments. Medical symptoms may be relieved, temporarily 
at least, by partaking of these soaking baths. This tradition 
of the healing waters is more popular in Europe, given the 
hostility in the USA to noninvasive, natural kinds of treat- 
ment. The threat of criminal prosecution and jail often pre- 
yeats clinies and health spas built on such mineral springs 
from openly competing with the hospitals. 

Reich’s work provides a basic explanation for these ef- 
focte of natural waters and earth baths. Reich diseovered the 
orgone energy, or life energy, during experiments which 
demonstrated that microscopic, energy-radiating vesicles 
could be derived from the disintegration of various organic 
and inorganic materials. Olay, soil, ground rock, beach 
sand, and iron filings were among the inorganic materials 
that, when allowed to disintegrate and swell in water or ste- 
rile nutrient broth solutions, would form the smaill radiating 
vesicles, which he later called bions. Certain sands from 
Scandinavian beaches were found to form bions of an excep- 
tionally strong, bluish, radiating character. The blue bions 
from these preparations developed energy fields that could 
irradiate people and objects, and for a period, Reich experi- 
mentelly used the energetic bion solutions for the treatment 
of various disease symptoms. Bion solutions were injected 
into experimental animals, where they had an immobili 
ing influence upon pathogenic bacteria and cancer cells. 
Later, poultices made from bions, or special bion packs, were 
made by which the energy directly liberated from the disin- 
tegrating substance could be used to irradiate the body. Afker 
the discovery of the orgone energy accumulator, which de- 
veloped its charge directly from the atmosphere, Reich 
ceased experimental development of bion packs for such pur- 
poses. In later years, however, with the energetic and chemi- 
cal poisoning of the atmosphere, and the consequent problem 
of contamination of the accumulator, interest in bion packs 
has been rekindled, 

The following simple recipe for the bion pack was devel 
oped from a variety of sources, A bion pack can be made 
from clean beach sand or other earthen or clay materials 
known to have healing properties. A large handful of the 
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earthen material is wrapped in a thick sock, or other heavy 
fabric container, like a sausage, about one foot in length and 
1/2 foot in width. It should be tied or sewn shut so that the ma- 
terial eannot spill out. The bion pack is subsequently satur- 
ated ond boiled in water, or in a pressure cocker, for about 15 
minutes. After this, i is wrapped in wax paper or plastic and 
allowed to freeze solid, in the freezer. For the first use of the 
bion pack, the beiling and freezing process should be alter- 
nated several times. It should not be cooked in a microwave 
oven. The bion pack is used after one of the boilings, being 
aliow ts cool, with excess water drained off. The pack is then 
applied to the body, with additional cloth insulation in case it 
is too hot, As the beach sand disintegrates from the cooking 
and freezing, radiating microscopic blue biona will form. 
The radiation from such a bion pack should continue even 
after the pack has cooled off, and it can be rejuvenated after 
drying out by repeating the boiling, Orgone radiation can be 
obtained from this natural source, even in very dorish, pol- 
luted atmospheres, when use of an orgone blanket or ace: 
mulator would be disadvised. The effect was discovered by 
Reich early in his research, and both the existence and be- 
havior of the bions has been confirmed by other scientists. 
Before the modern era of drugs, health professionals 
used special kinds of warming, radiant clay or sand packs, 
or plasters, which were used to relieve aches and pains, or 
for healing wounds or infections, Many of these poultices or 
plasters were learned from native healers, who knew which 
muds or plants gave tho best effects. The author does not 
know if these kinds of packs or poultices are still commer- 
cially available, There are many plastic or rubber 
“plasters” and “warmth packs” available from drag stores, 
but these are based solely upon thermal phenomena. Howev- 
er, the various health spas and mineral spring resorts, 
where people soak in special muds, clays, or ash baths, are 
using the principles of life energy radiation, liberated from 
those natura) Earth substances through the principles of bi- 
onous disintegration. The people running such spas would 
know where to find the best materials for your bion pack. A 
similar bionous process may also be at work regarding the 
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use of rock dust fertilizers, for reinvigoration of dying fo- 
rests, and in the “mud facile” or “clay masques” applied to 
refresh the face, and tighten the sagging skin. 

Another way to clean up the energetic atmosphere within 
ahome or apartment is the use of draw tubes or draw buckets. 
‘Like the accumulator, these devicos are very simple, passive 
instruments that function by virtue of basic energetic princi. 
ples. Draw tubes are hollow metel tubes, made from 3/4" or 
1” galvanized steal electrical conduit pipe, cut to around 2! 
lengths. The draw bucket is simply a plastic or metal pail, 
placed on a drain board, into which water is allowed to slow- 
ly circulate and overflow. The draw tubes are halfway in- 
serted into the draw bucket, and are allowed to point off into 
various parts of the room or apartment which needs energet- 
ie cleansing. 

‘As the water slowly circulates in the bucket, toxic forms 
of orgone energy are drained out of the room, and possibly 
from adjacent rooms as well. Dor tends to be exceptionally 
water-hungry, and will be removed from the room, assum- 
ing that additional quantities are not being created. Oranur 
will also be lessened, as the draw tubes and bucket gradually 
lower the energy level in the room, reducing agitation and 
overcharge. After the draw system has been in place and op- 
erating for awhile, you'can hold your hand in front of the 
tubes and sometimes feel a slight tingling or “cool breeze” 
phenomenon. It is recommended that the tubes be positioned 
‘away from where people are resting or slecping; thoy should 
likewise not be pointed to any part of the body longer than a 
few seconds. They can be set up for constant use in an office 
or working environment, to reduce oranur overcharge and 
agitation. On several occasions, I have seen such a system 
in uso to lessen oranur in rooms with operating computer 
systems. In these cases, whore a sink or drain is not near the 
areas to be treated, several lengths of hollow, flexible steel 
greenfield or BX cable can be used to extend the drawing ef- 
fect from a sink or bathtub full of water into adjacont rooms. 
Point the open ends of the greenfield cable to the areas you 
want fo clean. ‘This kind of cable is used for electrical wir- 
ing, and can be purchased at most large hardware or electri- 
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cal supply stores. Do not use aluminum greenfield eable, 
and do not run any wires inside it. 

It is essential that the grounding water be clean, unpol- 
luted, and circulating or moving, It must be constantly re- 
freshod, even if only by a trickle of fresh water. A bucket, 
sink, or bathtub can be used, The tubes should be made of 
galvanized steel or stainless steel, though the former is 
cheaper and easier to cut. Silver is also very good, but quite 
expensive. The tubes must he hollow, without dust or dirt on 
the interior. One end of each tube must be completely im- 
mersed into tha water, and a number of tubes should be used. 
‘They may have a plastic coating on the outside. 

‘The principles of the draw tube and bucket are based 
upon Reich’s findings that water has the capacity to strongly 
attract and absorb orgone energy, and that hollow metal 
tubes has the capacity to focus or extend the drawing 
influence of the water some distance outward. At one point 
in his research, Reich developed a device called the medical 
dor-buster, which was used experimentally on paticnts, to re- 
move overcharge and dor from the body. Larger devices 
called cloudbusters, based upon this same principle, ware 
later used to remove accumulations of dor and oranur from 
the atmosphere, to restore atmospheric sparkle and rain‘all 
during oppressive, droughty conditions. Both of these devie- 
es pose considerable hazards and health risks for people who 
would experiment with them, and consequently they not di 
cussed here. However, a good deal of research has gone into 
studying these devices. The author, for example, has en- 
gaged in research with the cloudbuster for more than a dec- 
ade, and has used the apparatus to terminate a number of se- 
vere droughts; other experiments have demonstrated a clear 
ability to increase clouds and rain in deserts, The cloud- 
buster constitute as great of a breakthrough in the enviror 
mental sciences as does the accumulator for the health s 
ences. Space does not permit a discussion here of this re- 
markable technology, but the interested reader can obtain 
more information by contacting the author through the Or- 
gone Biophysical Research Laboratory, listed in the Infor- 
mation section, 
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When draw tubes and buckets are allowed to work in a 
‘room for soveral hours or days, the room gains a softer fecl- 
ing and sweeter smelling condition; stuffy or oppressive 
conditions generally vanish. The metal tubes amplify the 
‘natural drawing effects of the water, grounding out stale 
‘and toxic forms of the orgone energy, changing it from a 
life-negative to life-positive character. 
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11. Physiological and Biomedical 
Effects of the Accumulator 


It will be useful to review the biological effects of the or- 
gone accumulator, as given by various people who have act- 
ally worked with it, and know just what it can and cannot 
do. However, this chapter should not be considered as a de- 
finitive or comprehensive overview of Reich's findings on 
cancer, the biopathies, or even the biological effects of the ac- 
cumulator. It is not, and only constitutes a bare-bones sum- 
mary, to lat the reader know what kinds of things to look for 
if the accumulator is ever used in a health-related context. A 
complete bibliography for the materials summarized below 
appears in the referanca section. 

‘The actual discovery of the orgone energy and accumu- 
lator was first announced by Reich in the 1942 issue (Volume 
1) of the International Journal of Sex-Kconomy and Orgone 
Research, in a section on “The Construction of a Radiating 
Enclosure”. That journal focused also upon the emotional 
aspects of the cancer biopathy, the relationship of cancer to 
emotional resignation, sexual starvation, and chronic ener- 
gy depletion, Reich also published his findings on the spon- 
taneous organization of cancer cells from the patient’s own 
dionously disintegrating tissues. Additional information 
was later published in the Cancer Biopathy, the Orgone En- 
ergy Bulletin, and the Orgonomic Diagnosis of Cancer Biop- 
athy. Reich's findings on cancer were confirmed by others, 
who likewise published in his journals, But he never saw the 
accumulator as a simple “cure” for cancer, and explicitly 
said so on a number of occasions, However, he did lay claim 
to the following diccoverios: 

1) Cancer is a systemic disorder, and not just a tumor. 

2) The cancer biopathy starts in early life, with a major 

component related to early childhood trauma, and 
the consequent respiratory block and suppression of 


appropriateness of the combustion is quite small 
relatively the combustion energy and comes to 
fractions of a percent of the flame energy. Thus our 
experiments prove that the best “oxidants” and 
combustion catalysts are not superfluous air but the 
electron and the electric field! 


Regulation of Heat Conductance of the Flame 
and the Heat Flow 


As our experiments have demonstrated, the electric 
field can act as an effective combustion catalyst as 
well as a regulator of its intensiveness; moreover, it 
can control even a vector of heat conductance. It is 
proved by the experiments that the parameters of this 
field can be regulated as well as temperature of the 
flame and gradient of the flame heat conductance. 
Interesting experimental results were obtained 
measuring full heat of combustion of the same 
quantity of fuel at the usual method of fuel combustion 
and at the method, which uses combustion electric 
catalysts, even in the case of oxidant deficiency. In 
the last case the energy of fuel combustion almost 
1.5 times increases that can be explained by fuller 
transformation of fuel chemical energy into 
electromagnetic radiation. At the usual combustion 
methods the chemical energy of the organic fuel was 
not completely used and remained as a cryptic 
summary chemical energy of intermolecular 
connections of many toxic waste gases, which were 
exhausted into the atmosphere by heat devices 
Basing on the performed experiments it may be 
supposed that, evidently, specific heats of matters are 
20-50% higher at this method than at their usual 
combustion method. The essence of the new electric 
combustion technologies consists in this new physics 
of combustion. 


The author has already got patents for invention of 
Russian Federation [3 - 12] for the methods of 
regulation and intensification of matters combustion 
processes. 


Some peculiarities of atomization, 
inflammation and combustion of organic fuel 
in electric fields 


We have not discussed all the potential capabilities 
and advantages of the new electric combustion 
technology for different areas of technics. Let us 
demonstrate them in more details. 


One of characters of the new electric combustion 
technology is effects of oxidant ozonization, of 
electrostatic atomization and electrostatic injection 
of electrically charged particles of fuel and the 
oxidant that is followed by generation of the finest 
aerofuel opacity on a molecular level in a 
combustion chamber. Naturally, such fine atomization 
of the fuel causes its easier evaporation, inflammation 


and combustion especially in the medium of the 
ozonized oxidant. The mechanism of fuel electrostatic 
fragmentation is physically explained by Coulomb 
interaction of repulsion from each other of 
electrically likely charged fuel drops (particles) that 
is accompanied by their progressing fragmentation 
and corresponding decrease of their mass and electric 
charge. As the experiments have shown the extent of 
the fuel drops (particles) fragmentation depends on 
initial electric potential of fuel charging and initial size 
of injected fuel drops (particles), which for their part 
depend on configuration and size of a fuel-injection 
nozzle as well as on pressure occurring in a fuel line of 
the heat machine. 


Generated by dipolar high-voltage potentials 
catalyzing electric field can be introduced into the 
atomization zone or (and) the combustion zone of the 
combustion chamber of an engine. Its Coulomb forces 
accelerate motion of electrically charged particles of 
fuel and oxidant to an opposite electric potential, 
which is connected with, for example, a piston of an 
engine. Thus electric field acts as an electrostatic 
pump that allows decrease pressure in a fuel line as 
well as allows practically ideally atomize the fuel and 
mix it with the oxidant. Moreover, it lets simplify and 
improve the systems of injection and inflammation of 
the blended fuel in heat machines and devices, for 
example, in internal combustion engines or in boiler 
plants. Their application can cause additional 
improving of energetic and ecological characters of 
the combustion technologies. According to our 
information, such high-performance fuel-injection 
nozzles have yet been unknown in technics therefore 
they have not been applied in heat machines (injector 
internal combustion engine). 


Is it possible to combust water? 
Water as a fuel! 


More amazing experimental results were obtained at 
40-80% dilution (emulsification) of liquid organic fuel, 
for example diesel oil, with habitual water. Summary 
energy as heat and light, which is generated in the 
process of such blend combustion, was not practically 
changed that can be explained by liberation of energy 
of chemical connections of water as well as of fuel. In 
the process of the experiments on combustion of the 
emulsion at first it was transformed into the finest 
water vapor on the molecular level by means of 
capillary electroosmosis and of electrostatic 
atomization. Then dipolar water molecules, which 
had been electrified by field, were fragmented into 
hydrogen and oxygen, and then the hydrogen was 
effectively combusted in the medium of the 
ozonized oxygen. Let us note that at this mechanism 
of water “evaporation” and of following splitting of 
water molecules into hydrogen and oxygen the electric 
field expends energy, and heat of organic fuel 
combustion just accelerates (catalyze) this process. 
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emotions; later in adolescence, and in adulthood, the 
individual has great difficulty establishing a love 
life, and eventually resigns from sexual pleasure, 
and from joy or meaning in life. 

8) The cancer patient possesses significant bioenergetic 
neuromuscular contraction and tension (armoring) 
that restricts circulation and oxygenation in certain 
hody areas, notably the sexual organs. 

4) The cancer patient suffers from a chronic loss, and 
gradual depletion of bioenergetic charge of body tis- 
sues. 

5) Shortly before onset of tumor development, the indi- 
vidual experiences a powerful emotional blow, such 
as loss of a special loved one, which reinforces their 
emotional ‘resignation. 

6) ‘The cancer cell originates from bionous processes, 
arising from the disintegration of the patients own 
energetically weakened tissues. 

7) Asspecific t-bacilli is found in copious quantities in 
the tissues and blood of cancer patients; t-bacilli are 
culturable, and when inoculated into mice will eauso 
tumors to form. 

8) Use of the accumulator could not by itself reverse the 
deeper biopathic nature of the cancer disease; in a 
limited way, however, it could stimulate the bioener- 
gy system to expand, recharge the tissues, and even 
disintegrate tumors. 


While this last point may sound like a cure for cancer, 
Reich was cautious about this, though clearly optimistic, OF 
the case histories given in his writings, he emphasized the 
failures over the successes. He was constantly making 
careful evaluations of the patient's blood, and also developed 
a new bioenergetic blood test, that allowed even precancerous 
tendencies to be identified. He also observed that the gontle 
vagotonic, parasympathetic excitation the accumulator pro- 
vided would often deepen the respiration of the patient, and 
help to bring long-buried feeling to the surface. Reich also 
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worked with his patients characterologically, to overcome 
the emotional and respiratory blocking and sexual stasis 
associated with the cancer. The highly-charged blood would 
distribute new life energy from the accumulator throughout 
the body, into every orgen and tissue, as patterns of emotion 
al holding were likewise being relexed, and the respiration 
deepened. 

Tt was clear that the accumulator could recharge the or- 
ganism, and even in a limited way help to overcome many 
secondary complications of the disorder. People would often 
regain lost organ functions and an increase in energy, for a 
few years, or sometimes in association with a complete re- 
mission of symptoms. But often, at least in the published ac- 
counts, a relapse would occur. In some cases, it was apparent 
that as the patient’s tumors began to disintegrate, they would 
become debilitated by the toxic break-down products of the ta- 
mor, and die of secondary complications, such as kidney or 
liver failure. This was a particular problem when tumors 
deep inside the body were being broken down, and easy dis- 
charge of toxic tumor debris was not possible, 

In come eases when the patient's bioenergy level was be- 
ing recharged by the accumulator, they began to feel a well 
ing-up of buried feelings, which they often did not want to 
deal with. In some cases, as they began to recover, they de- 
yeloped pains in the genital area or thighs, related to their 
sexual stasis. Reich found that almost all of his cancer pa- 
tients had not had sexual intercourse for years, were trapped 
in a loveless, compulsive marriage, or were deeply relig- 
ious, In such cases, overcoming the obstacle of sexual stasis 
and blocked emotion, and restoring their desire to live, was 
the key to a remission, In a few cases, as these emotional 
problems surfaced, his patients would discontinue further 
treatment with the accumulator, even though significant tu- 
mor reduction and restoration of body function had oc- 
curred. 

For these reasons, and also to emphasize his interest in 
cancer prevention, Reich focused upon the central role of 
emotional and sexual resignation in the life histories of 
cancer patients. Where this resignation from life and foel- 
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ing could be overcome, Reich observed that the prognosis was 
better than where the resignation was left untouched, This 
factor appears to explain the common observation that can- 
cer patients who become emotionally mobilized, who learn to 
express their sadness, rage, and terror, and who regain a de- 
sire to live, will have a better prognosis. 

Given Reich’s findings on the emotional component of 
cancer, the following question has to he asked: What effect 
upon emotional and sexual resignation occurs when radical 
cancer surgery deforms or incapacitates the sexual organs, 
or other body areas? Or similarly, what happens emotional- 
ly when the body is s0 badly assaulted by caustic chemicals 
and radiation, such that visible, frightening deformity oc- 
curs, and normal body functions, such as eating, defecation, 
or sexual arousal, are no longer possible? Such horrific 
treatments of degenerative illness surely can only increase 
emotional resignation and sexual stasis. Having done so, 
they cannot help but to also increase the rate of degeneration, 
and likewise increase the rate of relapse and metastases, In 
this context, it is no wonder that the mutilating surgeries 
and toxic chemical treatments advocated by cancer special: 
ists today do not have any greater benefit to patients than the 
treatments of 30 or even 50 years ago! 

OF course, the better known unorthodox troatments, 
which are banned in the USA (but not in Europe, Canada, or 
Mexico) can do much better than this. They commonly offer 
the patient natural foods and herbal remedies that energize 
and detoxify, in a manner similar to the bionous baths and 
bion packs discussed above. Reich, unfortunately, had his 
hands full with the discovery of the life enorgy, and other 
matters, and spent little time focused upon methods for de- 
toxification, In The Cancer Biopathy, he did demonstrate, 
with use of a special fluorophotometer, that honey had about 
eight times the orgone charge of refined sugar, and also that 
unpasteurized milk carried twice the charge of pasteurized 
milk. The implication here is that natural foods highly 
charged with life energy, as compared with synthetic, devi- 
talized, and refined food products. ‘The treatments developed 
by Gerson, Hoxey, Livingstone, and others, appear to have 
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independently discovered these kinds of nutritional differ- 
ences through empirical means, and are clearly more ad- 
vanced than Reich on the effects of diet and detoxification, 
(A list of clinics and research centers that specialize in these 
alternative treatments is given in the “Information” sec- 
tion.) These practitioners likewise employ special herbal or 
nutritional treatments that appear to have a significant bio- 
energetic component. 

Without detracting anything from these alternative 
treatment methods, Reich’s findings do more clearly. pro- 
vide a scientific basis for the origins of the cancer biopathy 
and cancer cell. His discussions on the emotional roots of 
cancer have been independently confirmed, and should as- 
sist in providing effective emotional invigoration of canear 
patients. Reich's findings are also compatible with the vari- 
ous theorems on the causation of cancer from inadequate m- 
trition or environmental toxins, through the question of en- 
ergy level. The measurable energy level of an individual 
appears functionally identical to the classical concept of im- 
munity, or disease resistance, and is a key to understand- 
ing why one person gets sick, while another does not, under 
similar toxic environmental or dietary influences. Social 
and emotional factors, as well inherited factors, work a pow- 
erful influence upon the energy level, or charge of the tis- 
sues. Likewise, the discovery of viral/bacterial pleomorph- 
ism (capability of microbes to change form: viruses into bac- 
teria, and vice versa), the independent observations of the t- 
hacilli, and the rediscovery of the bions by various biogene- 
sis researchers, all confirm Reich's positions on the bion- 
ous, self-generated nature of the cancer cell, The following 
fact cannothe emphasized enough: the causation, process of 
development, and reasonably effective, non-toxic therapics 
for cancer have existed for over 80 years, The obstacle has 
not been a failure of science, but of the corrupting influence 
of politics, and the abuse of the courts and police by the ortho- 
dox medical establishment, 

In spite of many difficulties, a lot of very clear and posi- 
tive evidence has been gathered on the effectiveness of the 
accumulator for treatment of a variety of symptoms and dis- 
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orders, Very effective pain relief for, and subsequent rapid 
healing of severs burns has baen reported. Likewise, a great 
reduction in pain was reported when the accumulator was 
used by cancer patients with tumors, and by persons suffer- 
ing from arthritis. Basides Reich, other doctors associated 
with his research effort published case studies on the treat- 
ment of cancer with the accumulator. These published ac- 
counts demonstrated a significant and promising therapy 
for the disease. Complete remissions were rare, but people 
slways experienced a reduction in pain and other symp- 
toms, with a lengthening of life by at least several months to 
years beyond the conyentional prognosis. Other medical 
problems were experimentally approached, such as diabetes, 
arthritis, tubereulosis, rheumatic fever, anemia, abscesses, 
ulcers, and ichthyosis. In these cases, benefits from orgone 
radiation and therapy were suggested. Reich also wrote 
about the promising application of the therapy to leukemia. 
‘Additional benefits in the form of an immunity to flu end 
colds, the elimination of skin problems, and general in- 
creased vigor and energy level were also discussed in the 
pages of his research journals. 

To my knowledge, no clinical studies on treatment of 
human disease with the accumulator have taken place in the 
USA since Reich’s death in prison, Only animals studies 
have taken place, mainly the effects of the accumulator on 
cancer mice, and on wound healing in mice. These labora- 
tory trials with mice do confirm the wound-healing and 
anti-cancer effects of the accumulator. More recent human 
clinical trials from hospitals in Germany have teken place, 
and prescription of the accumulator is a standard procedure 
for some German doctors, Several of the German physicians 
I met told me that the somatic effects of the orgone enerzy ac- 
eumulator were more powerful in the treatment of cancer 
than any other form of conventional or natural therapy they 
had tried. They reported to me the following effects of the ac- 
‘eumulator on cancer pationts: 

1, Pain was relieved, the appetite was stimulated, and the 
patients became more alert and active, often leaving the hos- 
pital bed, or the hospital itself, to resume activities that inter- 
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ested them. 

2, ‘The blood picture cleaned up, with rod cells showing a 
stronger energetic charge, and fewer t-bacilli. 

3. Tumors ceased growing, and in some cases, declined 
dramatically in size. 

4. While patients often gave the outward appearance of a 
“cure”, accumulator treatment alone could not touch the 
emotional aspect of the biopathy, which would continue to de 
plete the patient ina manner that could not be compensated 
for. While the accumulator would usually extend the life of 
the patient by months or even years, the patient would gener- 
ally experience a relapse at some point, with a sudden rocur- 
rence of all symptoms, and a quick, less painful death, 

5. The German doctors also stated that many cancer pa- 
tients were presented to them that did not possess the charact- 
er traits of the fully-blown cancer biopathy, as described by 
Reich in the 1940s, In particular, many younger people and 
children came to them with tamors and a very poor blood pic- 
ture, and with evidence of a greatly depleted energy level; 
but they did not have the complete sexual stasis or emotional 
resignation typical of the disorder among older persons. 
Thoy attributed this to the prior exposure of the patient to en- 
vironmental toxins and pollutants, and the increasingly de- 
vitalized nature of common foods. These observations sug- 
gested that, under conditions of environmental and distary 
stress, energetically weak individuals are prone to tissue 
disintegration and tumor formation, while energetically 
strong individuals are not. In such cases, accumulator 
treatment gave excellent results, with a much better progno- 
sis for long-term recovery. 


Other German scholars have evaluated the somatic ef- 
fects of the orgone accumulator. One double-blind, con- 
trolled study, published as a dissertation through the Univer- 
sity of Marburg, is titled the Peycho-Physiological Effects of 
the Reich Orgone Bnergy Accumulator, An extended ab- 
stract of that important study appears as an Appendix in this 
Handbook. Based upon these kinds of published findings, 
we may once again summarize the biological effects of a 
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strong orgone charge: 


A) General vagotonic, expansive effect on the entire 
system. 

B) Sensations of tingling and warmth at skin surface. 

) Increased core and skin temperature, flushing. 

D) Moderation of blood pressure and pulse rate. 

E) Increased peristalsis, deeper respiration. 

F) Increased germination, budding, flowering and 
fruiting of plants, 

G) Increased rates of tissue growth and repair, as 
determined through animal studies and human 
clinical trials. 

H) Increased field strength, charge, integrity of tissues 
and immunity. 

D Greater energy level, activity, and liveliness, 


Given these facts, it is not surprising that the accumula- 
tor might stimulate the recession of any symptom which is 
related to low energy charge in the blood or tissues, or to 
chronic overstimulation of the sympathetic nervous system. 
However, some medical problems are the result of chronic 
overcharge, and in those cases, use of an accumulator is dis. 
advised, or advised only with caution, as previously men- 
tioned, Again, Reich warned persons with a history of by- 
pertension, decompensated heart diseases, brain tumors, ar- 
tericsclerosis, glaucoma, epilepsy, heavy obesity, apoplexio, 
skin inflammations or conjunctivitis not to use the accumu- 
lator, er to do so only with great caution and for shorter peri- 
ods, due to the dangers of overchargo in those cases, Not all 
people suffer from a lack of energy, or even from “low ener- 
gy’, Quite often, people suffer more from a clamping down, 
or holding back of the emotional energy which they already 
have, In some cases, additional energy from an accumula- 
tor may simply give a person more energy to clamp down 
with. One should recognize this fact, and understand that. 
regular accumulator use is not mandated for everyone, nor 
is it a panacea. 
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12. Personal Observations with 
the Orgone Accumulator 


In the carly 1870s, I'met a young woman who had treated 
her ovarian cyst with an accumulator. Her doctor had urged 
surgery, but she did not have insurance or much money, and 
decided instead to try the aceamulator, ‘The woman had used 
the accumulator, a three-ply unit big enough to sit in, for 
about 45 minutes a day for two or three weeks. Around the 
middle of the third week, she had a vaginal discharge of 
blackish blood, which was the disintegrating tumor dis- 
charging into the uterine cavity. The woman felt completely 
healthy throughout the entire process, except for some dis- 
comfort during the time of the discharge. Some time after 
koe she went back to the doctor, who could not find a trace of 

the tumor, When told of the form of treatment, the doctor was 
derisive and uninterested. 

Around this same time, I constructed a small but power- 
fall wecumalator, at a time when T was living only 8 miles 
away from the two Turkey Point nuclear power stations, in 
South Florida. I had been advised not to build accumulators 
that close to a nuclear plant, and had read Reich’s account 
about oranur. Still, I remember thinking to myself, “It’s just 
‘a small accumulator, and can’t do much harm”, The accu- 
mulator was left in a garage, along with a number of large 
metal appliances and objects, such as a clothes washer and 
dryer, refrigerator and filing cabinets, Within a week after 
doing so, the entire garage became so highly charged that it 
was impossible to stay in it for long. The sensible agitation 
and overcharge, which was provoked and amplified by the 
‘nuclear power plants, began to spread into the house, and the 
entire area often felt as if it were subtly resonating or vibrat- 
ing. 1 still recall quite distinctly this phenomenon, which 
was most apparent at night, when winds ceased, and city 
noise was quiet. Meanwhile, plants inside the house began to 
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die, and the white blood count of family members began to 
increase. A small Geiger counter began to yield erratic and 
racing counts for “background” radiation. In a bit of a pan- 
ic, I dismantled the small accumulator, and removed other 
metal fram the garage, A small draw-bucket was placed 
there, and the disturbance gradually quieted down, Still, the 
nuclear power plants were a constant worry, and we moved 
out of the area. 

A few years later, I built another very powerful ten-ply 
accumulator, with shooter funnel, as deseribed in the follow- 
ing chapters. One day when I was working outside, barefoot, 
T accidentally stepped on a hot soldering iron that had been 
carelessly left on the ground, My flesh was badly seared, 
and I was in a great deal of pain, However, the new accumu. 
lator and shooter were fortunately nearby, so I placed the 
burned foot into the shooter funnel. Within seconds the pain 
receded, and in a fow minutes there was no pain at all! 
Without further discomfort, I could clean the severe burn, 
which had taken away all the layers of skin. The wound 
healed very rapidly after this, and I subsequently learned 
that pain relief from burns, and rapid healing of new skin, 
was one of the most powerful effects of the accumulator, 

After constructing an accumulator that was large 
enough to sit in, I was able to confirm a number of subjective 
and objective measures that were first observed by Reich. It 
did indeed make one feel more invigorated and warmer, 
with a Mushed skin. I no longer contracted colds or fu like 
before. I have never been sick in any major way, and so 
have no major “healing” of myself to report. Eventually 1 
ceased sitting in the accumulator on a regular basis, as I just 
did not feel the need for it. More often, [ use the orgone ener- 
gy blanket, It is casior to store (on a hanger in an airy place) 
and can be retrieved for use very quickly. The most amaz- 
ing effect of the blanket, I found, was its ebility to stop # head 
cold, or at least. to prevent it from developing into a chest 
cold. Prior to discovering the accumulator and blanket, all 
my colds or flu would spread from head to throat, to chest. 
Since using the blanket, I rarely contract a head cold, and 
when I do, it can be prevented from spreading by simply 
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reeting with the blanket over my chest. and throat, Over the 
years, I have also had a variety of small cuts and bruises, or 
toes cracked from smashing them into table legs (I still go 
barefoot a lot), all of which were treated with the shooter or 
blanket, with great pain relief and healing benefits, 

Only on one occasion did the accumulator fail to help me 
with a health problem. I was bitten on the leg by a poisonous 
brown recluse “fiddleback” spider, the toxin from which 
killed a piece of skin on my calf about 3 inches in diameter. 
did not know about: the dangers of that kind of spider, and 
only began treating the bite after the skin had turned purple 
and became numb, The wound was treated several times per 
day with the shooter, while sitting inside the large aceumu- 
lator. These treatments did not restore feeling or normal co- 
lor, and the entire depth of killed skin eventually tumed 
black and hard, falling out of my leg, leaving me with a 
gaping open wound for several weeks. A secondary blood in 
fection was treated with antibiotics, and I was on crutches for 
weeks. The wound healed over, however, and the leg fune- 
tions today without a problem. Only a small scar exists to 
mark the bite, A survey of medical literature on this kind of 
spider bite indicates that, short of questionable cortisone 
shots into the bite shortly after it occurs, there is no known 
romedy. 

On several oceasions, friends of mine who knew about 
my accumulators would ask if they or their friends could use 
them. In once such ease, a 19 year old female had a dise- 
shaped encapsulated benign tumor of the breast, measuring 
about i" in diameter. The tumor first developed after she be- 
came pregnant out of wedlock several years before. Her par- 
ents had badly mistreated her for this, and called her all 
sorts of names. The pregnancy was terminated, but the emo- 
tional abuse she had gone through led to a powerful bioener- 
getic contraction, and to the development of the tumor, She 
understandably did not tell her parents about the tumor, and 
had avoided doctors, being afraid of losing her breast, She 
had been treating the tumor with a vegetarian dist for sever- 
al years, and it had not grown, nor gotten any smaller. After 
we discussed the matter, she began the orgone accumulator 


Editor: It is necessary to note that electric field can 
not expend energy. If there are no conduction 
currents then the field source does not decrease 
difference of potentials. Hence it can be concluded 
that effectiveness of such power systems is possible 
to be UNRESTRICTEDLY HIGH. The author writes 
about it below as about an “incomprehensible 
phenomenon”, 


‘The most amazing and incomprehensible fact is that 
the electric field transforms water into “vapor” and 
breaks the water molecule into hydrogen and 
oxygen practically without any expenditure at 
minimum of energy consumption. Electric power 
of the intensity high-voltage transformer, which is 
necessary for strong field generation, lies in the 
interval from several watts to tens of watts. As the 
experiments have demonstrated electric 
consumption of the high-voltage source practically 
is not changed at correct shunting of the flame by 
the electric field (i.e. through an air gap). Current 
consumption practically did not increase depending 
on mode of fuel atomization and its combustion (of 
flame height, of combustion intensiveness...). 


‘There are only two conditions of effective work of 
static electric field as an electrostatic pump-atomizer 
of fuel and as a catalyst of blended fuel combustion. 
‘The first one is intensity of the field in the zone of 
fuel atomization and in the zone of flame combustion. 
‘The second one is enough emission of electrons into 
the blended fuel flow. In this mode Coulomb forces 
make work of electrostatic pressure generation and 
of electrostatic fragmentation of particles and 
molecules of fuel and water. The forces repulse likely 
charged drops of water. Heat motion of fuel radicals, 
which are combusted and fragmentized in the flame, 
impedes their chemical recompounding into water 
molecules in the zone of combustion. Moreover, it 
causes proceeding of a very physical chain reaction 
of hydrogen combustion in the flame. 


‘Therefore additional light and heat energy, which 
is generated in the flame by combustion of hydrogen 
generated from water molecules that occurs in the 
ozonized oxygen, does not decrease summary 
energy of combustion of blend of fuel with water 
but increases it, 


‘Thus using of electric and electromagnetic fields as, 
the strongest catalysts of combustion of organic fuels 
and any matters clears great prospects of 
combustion technologies improving. Moreover it 
allows create ecologically appropriate heat machines 
and devices and 20-50% increase their effectiveness 
due to fuller transformation of chemical energy of 
inflammables into heat or light energy. 


Ways of radical improvement of heat machines 
or about a new mechanism of transformation 
of heat energy into mechanical energy 
and into kinetic one 


For clear realization of causes of extremely low output 
of modern heat machines that has generally lead the 
civilization to the ecological catastrophe it is necessary 
to understand their common principle of operation as 
well as a cause of heat energy non-effective using in 
them. 


A mechanism of transformation of heat energy, which 
is generated by fuel combustion, is the same for all 
known heat machines. It consists in generation and 
transformation of superfluous pressure of a heated 
working body (i.e. gas, vapor etc.) into kinetic energy 
of a working element of the heat machine (i.e. a piston 
of an internal combustion engine, a turbine of an 
aviation engine, a reaction jet flowing out a rocket 
nozzle etc.) in special chambers of the machines. 


Itis also known that the higher the temperature of the 
heated working body, for example of a gas, the higher 
initial pressure in the working chamber of a heat 
machine. Why output of heat machines is so low? Any 
expert of thermal physics, thermodynamics, and heat 
machines can answer that efficiency (output) of heat 
energy transformation into mechanical one is defined 
by the second law of thermodynamics and is clearly 
illustrated by Carno heat cycle. According to these 
postulates, output of an ideal heat engine does not 
depend on a working matter and on the engine 
construction but is defined by temperatures of the 
working body in the starting point and in the final point 
ofthe cycle, ie. by the temperatures of the heater and 
of the refrigerator of the heat machine. Real output of 
the heat machines is limited by heat stability of 
materials and by imperfection of engine constructions. 


‘Nevertheless known thermodynamic processes and 
lows of heat motion of particles and molecules are 
significantly changed in strong electric fields and 
demonstrate new prospects for improving of heat 
machines. 


A solution of the problem can be briefly formulated as: 
to increase output of heat machines it is necessary to 
use a new mechanism of redistribution of heat energy 
into energy of directed pressure of a compressed working 
body (ie. gas, vapor, etc.) on the working element of 
the heat machine. At the minimal pressure it should be 
redistributed on sidewalls of the working chamber. 


Can it be realized in practice? On the face of it the 
technical solution is unrealizable nevertheless it exists. 
Itis possible to redistribute and to regulate heat motion 
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treatment by sitting inside for around 45 minutes a day, with 
a large shooter funnel over the breast. After three treat- 
ments, the tumor began to break apart, and disintegrate into 
smaller pieces, She became anxious at this point, however, 
and was openly agitated and upset about the accumulator, re- 
fusing to sit in it any moro, Upset foolings related to the 
treatment she had received during her past pregnancy began 
to surface. She was also a student af the biological sciences, 
‘and, while she had a feeling of desperation about her situa- 
tion, she had maintained a jocular surface attitude, saying 
she would try the accumulator only to “humor” her con- 
corned friends. The fact that the accumulator actually ap- 
peured to work, when nothing else had, was a an intellectual 
confusion, and it simply became too much for her. She never 
sought additional treatment with the accumulator, but 
friends informed me shortly thereafver that the tumor had 
almost completely vanished. Here, it is important to point 
out Reich’s observations that, in spite of the emotional com- 
ponents of the underlying cancer biopathy (which clearly 
emerged in the above case), certain kinds of superficial tu- 
mors, such ag breast or skin cancer, could be offectively 
treated with orgone energy, 

In another ease, a 23 year old woman had heen under 
conventional medical treatment far severe genital herpes 
for several years, but without any relief from the persisting 
genital lesions. She sat in the accumulator once, using a 
tube-type vaginal shooter wand. Within days of this, her le- 
sions began to dry up and heal, leaving her symptom-free 
for the first time in years, She remained free of symptoms 
for at least several years thereafter. 

I know of several cases where the orgone blanket was 
used for treatment, instead of a large accumulator, An eld- 
erly woman was given an orgone blanket to see if it would 
help her arthritis. She used it and found that it did provide 
relief from the discomfort and pain, and she regained a bit 
of movement in the affected areas. After this, she unfortu- 
nately used it with her electric blanket, after which all the 
arthritis symptoms intensified, back to their original condi- 
tion. With great disappointment, she refused to have any- 
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thing more to do with the orgone blanket, 

In another ease, a young woman treated her baby, which 
had a persisting slight fever and cold. She simply placed the 
child on top of the blanket in the crib, and left it there for 
around 15 or 20 minutes. When she returned, the child had a 
temperature of around 102". She quickly removed the orgone 
blanket from the crib, and walked the child about for awhile. 

Tis temperature soon dropped back to normal, but the cold 
symptoms alzo had vanished. Reich noted that orgone irra- 
diation will increase a fever somewhat, even in adults, 
speeding the process of healing. Small children being treat- 
ed for any kind of illness with a blanket or accumulator 
should obviously be watched closely. Also, no small child 
will feel comfortable being put inside a large accumulator 
all by themselves; but if mother will go with them, and make 
a game of it, they can sit on her lap, and this will be just as 
effective. 

Tn another case, an elderly man with fibrosis of the lung, 
related to a life-time of smoking and emotional holding in 
the chest, was predicted to die within a few weeks, He was on 
‘oxygen, and could not speak more than a few words at a time 
or walk very far, given his inability to get a good breath. He 
began to use an orgone blanket and large box-type eccumu- 
lator. Within a few weeks, he was up and about, rowing his 
small fishing boat. He reported that the only time he could 
‘got a good breath was when he was inside the accumulator, or 
when the blanket was on his chest. Many of his symptoms 
were relieved from the orgone therapy, and he remained ac- 
tive for many months thereafter. However, his condition 
worsened after he was put on an experimental medication by 
the doctors (prednazone). He died shortly thereafter. Again, 
no miracles were observed given his original terminal con- 

ion, but a goed deal of comfort and relief, and an addi- 
tional 6 months of life, 

Tonce corresponded with a farmer who had a cow with a 
large gash in its side that had gotten badly infected and fes- 
tered, refusing to heal. The veterinarians had tried all sorts 
of different treatments, but nothing seemed to help, and the 
poor beast was on the decline, Having tried everything else, 
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the farmer made a four-ply orgone blanket, and secured it to 
the festering side of the cow with heavy duct tape. He left: the 
blanket taped to the cow, not expecting to see any cure, and 
anticipated a sorry death for the animal, However, within a 
few days, the blanket, had fallen off, revealing a large scab 
aver the sore. He treated the cow a few more times with anew 
blanket, end says that today you can hardly find a sear on 
the lively beast. 

Another farmer I met was diagnosed as having a fast- 
spreading form of liver cancer. The doctor told him to get hia 
affairs in order, as he would be dead in 6 months. The farm- 
or made an accumulator out of two atec! oil drums, by remov- 
ing both the tops and bottoms of the oil drums, sand-blasting 
the insides down to bare metal, and welding the two eylin- 
ders together, top to bottom. He then wrappod layers of steel 
wool and fibreglass around and around the steel tube he had 
constructed, With this tube accumulator laying on its side, 
he would go inside it, and take a nap from time to time. “Dr. 
DeMeo”, he told me, “I object to your caution about not 
staying inside the accumulator for more than 30 or 45 min- 
utes. I've stayed inside my accumulator for 7 hours at a 
stretch without problems, when I fell asleep inside it!” Well, 
I did not know what to make of this fellow, as when I met 
him, he was very weak and slow-moving, He seemed 20 low 
in energy that, in his ease, the danger of overcharge did not 
exist, Still, he had lived for around a year beyond the termi- 
nal diagnosis of his deetor. About a year afler my meeting 
with the man, I gota letter from him, saying he wanted to al- 
tend one of my workshops, When I finally met him again, I 
was absolutely amazed at his condition. He was about 40 
pounds heavier, his face was raddy and tanned, and he was 
literally bursting with energy. Sometimes, however, he 
would appear quite red in the face, as if he would explode, 
and once he started talking, you could not get him to shut up. 
Characterologically, he had gone from a situation of under- 
charge to overcharge. I pointed ont this danger to him, and he 
did reduce his accumulator treatments. Anyhow, the story 
does not end here, It seems that he went back to his doctor, 
who saw his changed condition and could not find a trace of 
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the liver cancer, The doctor got real mad at him, and ac- 
cused him of going to some big city hospital for « “wonder 
drug’. He told his doctor about the accumulator, but the doctor 
didn’t believe him. Since this was in a small town in the 
‘Midwest, the fact that the farmer had survived the death sen- 
tence of the town's most reputable doctor, and had even 
thrived in spite of that death sentence, was the cause of con- 
siderable interest and discussion. Presently, I've been told, 
there's a shortage of steel oil drums, fibroglass, and steel 
wool in that town, as the man’s friends and neighbors are 
very busy building their own accumulators! 
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13. Some Simple and 
Not-So-Simple Experiments 
with the Orgone Accumulator 


After you construct one or more of the accumulator de- 
signs given in this Handbook, you can run a few simple ex- 
periments to confirm the effects for yourself. Make sure you 
monitor environmental conditions during the experiments, 
as per the factors listed above, Conault the various references 
given in this book for more information. 


A) Confirmation of Subjective Sensations: Ifyou are the 
type of person who works with your hands, who is generally 
relaxed, with a deop, fall respiration, then you will most 
likely be able to confirm the following effects. Place your 
open relaxed hand inside the open end of an orgone eccumu- 
lator, about an inch from the-metal walls. You should feel a 
warm, penetrating radiant sensation, or a slight tingling 
sensation, The effect can also be confirmed by use of the fun- 
nol-typé metal orgone shooter, which ean move the orgone 
charge out of an attached accumulator in a directional man- 
ner, or the shooter wand, which is a pyrex glass test tube 
filled with steel wool, and charged up inside an accumula- 
tor. Holding these shooters close to your hand, upper lip, s0- 
lar plexus, or other sensitive body area, will generally yield 
discernible sensations. Make sure you try this on clear, 
sunny days when the orgone charge at the Earth's surface is 
strong. On wet, rainy days, the effect will be minimal or ab- 
sent. People with a shallow respiration, who work more with 
their brains than their hands, or those who carry a greater 
amount of emotional tension, will require more time and ef- 
fort to confirm these sensations. One general rule of thumb: 
If you cannot feel the life-negative disturbances coming 
from TV sets, CRT displays on a computer, or fluorescent 
lights, it is not likely that: you will be able to feel these subtle 
orgonotic effects. 
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B) Observations in Darkened Rooms: Many people re- 
member from childhood the ability to see various foggy 
shapes or “dancing dot* luminescent phenomena in dark- 
ened rooms, Reich proved that these subjective phenomena 
were real, and not imaginary, nor located only “in the eye”. 
To reproduce these observations, you must be able to discern 
energetic phenomena from the debris or “floaters” in or on 
the surface of your eye. Reich identified a fog-like form of 
the onergy, and a pointed or dot-like form, which was a more 
highly-excited expression. Reports from the 1700s to the mod- 
em day have been made by sensitive people who could see ra~ 
diant energy fields around living creatures and other ob- 
jects in darkness or semi-darkness. Energy fields around 
magnets, or weakly-charged electrical wires, have also 
‘been observed in darkrooms by sensitive people, These ef- 
fects are intensified by the presence of a strong orgene 
charge, as is the case when accumulators are present. Ener- 
getic phenomena inside accumulators is also directly ob- 
servable. For proper viewing, allow your eyes to adjust to the 
full darkness for 20 minutes or s0. To provide a scientific 
basis to these observations, the reader is guided to Reich's 
original accounts in The Cancer Biopathy. 
©) Observations in the Daytime Sky: A dancing dot or 
orgone unit phenomenon is also observable in the daytime 
sky. This is beat séen with a homogeneous background of 
sclid cloud cover or solid blue sky. Trees often appear to be 
flaming this energy into the sky, or attracting it towards 
themselves, much in the manner of a Van Gogh painting. 
One must be relaxed when making these observations; one 
can also “soften” the eye focus, purposefully looking into the 
open space in between yourself and the distant infinity. Ob- 
serving the sky through an open, hollow metal, plastic, or 
cardboard tube helps to facilitate these observations. ‘The 
phenomenon is most apparent against plastic window pan- 
els and skylights, and especially when looking out of the 
plexiglass windows of a high flying jet aircraft. Remember 
that some of these phenomenon will be occurring within the 
eyeball, though most are not. Again, Reich’s accounts of 
these subjective phenomena are most telling. 
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Observable luminating orgone units pulse and random- 
ly move through the sky, with lifetimes of about one second. 


D) Garden Plant Growth Enhancement Exneriments: 
‘The life-positive effects of the accumulator may be observe: 
in its charging up of seedlings, with subsequent increases in 
growth when they are planted. Take your garden seedlings 
and each type inte two separate groups, labeled A and 
B, Place the seeds in group A inside an orgone accumulator 
for a day or two, up to a week, just before planting. Store the 
seeds in group B in a location away from the accumulator, 
but with similar temperature, moisture, and light condi- 
tions, You can keep the seeds in their plastic or paper pack- 
ages while this is done, but make sure that neither group is 
near a TY, fluorescent light, microwave oven, computer, or 
other oranur-producing device. After charging, plant the 
various seeds in a way that you can identify the two groups, 
Monitor and measure the growth in both groups, taking notes 
and photographs. Count or otherwise measure the yields 
from each group. Tho accumulator group should have a 
greater growth and higher yield. Controlled studias by or- 
ganic farmers, particularly those by dutta Espanea of Partu- 
gal, have domonatrated vory significant orgone charging 
effects. Espanca has found that garden seed charging works. 
best if done for only a day, or even a few hours; but this must 
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be done only on a very crisp, clear, and sparkling day, when 
the orgone charge at the Earth's surface, and in the accumu- 
lator, is quite strong and lively. Otherwise, charging may 
have to take place for slightly longer periods. Also note that 
seeds can be overcharged; attempts at charging seeds for 30 
days or more often result in little difference between con- 
trols and charged seedlings, or even stunted growth. 

) Orgone Charging of Poited Plants: This can be done 
by charging up seeds prior to planting, as discussed above, or 
by charging up soil or water before using. One can also 
make a “wrap around” accumulator, using a metal ean with 
the ends removed, and plastic and steel wool layers wrapped 
around the outside, Be sure that the final outside layer of 
plastic is fairly thick, and do not use aluminum materials. 
Leave the steel wool in a fluffy condition; don't compress it, 

F) Home Seed Sprouting Experiments: The life-positive 
effects of the accumulator may also be observed in the way it 
enhaneos seed sprouting. Build an accumulator to house 
your seed sprouting apparatus, Store one sprout container in 
a darkened area away from the orgone accumulator, and 
another inside the darkened orgone accumulator. Make 
sure the temperature, ventilation, and light exposure of the 
two groups is identical and, once again, keep both groups 
away from oranur-producing devices. Measure the quantity 
of seeds going into each container, and make sure the quan- 
tity of water in each is about the same. Observe and record 
any subsequent differences in growth and taste. The accu- 
mulator group should have a greater growth and yield. 

G) Laboratory Seed Sprouting Experiments: Obtain two 
amall shallow glass dishes with a flat bottom, or two shallow 
glass laboratory culture dishes, about 4" diameter with # 1" 
lip. Into each dish place around 20 or 30 dry mung beans, to 
form a single layer of beans on the bottom of the dish. Add a 
measured quantity of water to each dish, which only halfway 
covers up the beans, The tops of the beans should remain ex- 
posed to the air, while the bottoms are wet, Place one dish of 
beans into a small but strong orgone accumulator, and the 
other dish into a control wood or cardboard enclosure of sim- 
ilar dimensions, but with no metals. Cover both the aecumu- 
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lator end control enclosure with a layer of black plastic, to 
seal them against any intruding light. Place the enclosures 
in a woll-ventilated arco, of equal temperature, and ont of 
the direct sunlight, The enclosures should be in nearly iden- 
tical environments with respect to light and temperature, but 
not placed closer to each other than about a moter, Again, no 
oranur-producing devices should be nearby. Bach day, open 
the enclosures up and add as much water as is needed to keep 
the bean dishes wet to approximately the same height as orig 
inally was necessary to cover the beans halfway. [f one dish 
begins to grow more quickly it will require more water, and 
this should be provided on demand. After one of the dishes of 
sprouts has reached about 4” high, record your observations 
of germination rate, length or weight of sprouts, general ap- 
pearance, and other characteristics. Contrast the two groups. 
The accumulator group should have a greater growth and 
germination rate, 
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Contrast of mung bean sprout lengths between a group 
sprouted inside an orgone accumulator, and a group sprout- 
ed inside a control enclosure. (from DeMeo, J.: "Seed 
Sprouting Inside the Orgone Accumulator”, J. Orgonomy, 
12:253-258, 1978) 
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H) Passive Life Energy Photographs: Orgone energy 
field photographs can be made in a manner similar to: that 
used to make Kirlian clectrophotos, except that no electricity 
ig needed. The techniques given here were developed by 
Thelma Moss, who pioneered the techniques of energy field 
eleetrophotography. From Dr, Moss’ descriptions, you will 
need either a darkroom and photo lab, or access to a camera 
shop which can develop individual sheets of photo print pa- 
per. First, obtain some light-sensitive color or black and 
white print paper, making sure you do not open the package 
except in complete darkness. Obtain also a separate, empty, 
light-tight film box in which you ean run your experiments. 
While in the dark, remove e piece of film paper and place it 
on the bottom of the empty film box. On top of the sheet of film, 
place a flower bud, leaf, pisce of fruit, sprouting seedling, 
magnet, or other energized, living, or once-living object. 
Close the box and wrap it completely inside an orgone ener- 
gy blanket, or place it inside a strong orgone accumulator 
‘Make sure the film box is light-tight; cover it, and the blanket 
‘with black plastic, or otherwise insure that no outside light 
will reach the film. Wait a day or two, or up to a week, and 
then develop the photo paper. You should see exposure pat- 
terns on the film that have radiated from the object you used 
in the experiment. Try different exposure times and film 
types; remember that on rainy days, the orgone charge is 
weaker and may take longer to expose the film. Make note of 
weather conditions during the’ trials. These photos should 
yield patterns similar to those seen on Kirlian elactrophoto- 
graphs, except that here, no electrical field was introduced. 
‘These are 100% life energy photographs, otgone-enhanced 
and directly recorded on film, 

T) The Accumulator Temperature Differential Effect: 
Reich demonstrated that the warm glow felt inside the accu- 
mulator possessed an objective aspect which could be meas- 
ured with a sensitive thermometer. An air-tight orgone ac- 
cumulater will spontaneously werm up the air inside itself 
by a few tenths of a degree, up to several degrees. This tem- 
perature increase will make the accumulator interior 
slightly warmer than the surrounding air temperature, or 


(pressure) of heated gas inside a closed reservoir and, 
hence, its temperature in a certain direction. To 
achieve this aim it is necessary to introduce static 
electric field into the combustion chamber of a heat 
machine and to orient heat motion of electrically 
charged and dipolar molecules of expanding 
working bodies (i.e. gas, vapor) along force lines of 
the electric field by electric Coulomb forces. 
Something similar occurs, for example, in liquid crystal 
cells of electronic timer, in Kerr cells (electric optic 
effect) at periodical application of electric field to them 
that causes dipolar molecules tum along a field vector 
as well as change of light penetrability of these 
matters. 


There is a difference between this known in 
electrooptics phenomenon and our case. The difference 
lies in the fact that polarized gas molecules remain 
movable along force lines ofthe electric field in contrast 
to liquid crystals, which do not. This fact causes 
redistribution of parameters of heat energy (i.e 
pressure, temperature, and heat penetrability) of 
dipolar molecules of heated gas just along force lines 
of the field. The more the intensity of the field at the 
initial temperature of the working body is the more the 
difference of pressures on the sidewalls of the chamber 
and on the working element, for example, on an engine 
piston. 


Heat motion of polarized particles of heated gas can 
be decelerated by combination of three electric fields 
of constant sign in accordance with all three 
coordinate axes; hence it is possible to significantly 
and quickly decrease temperature and pressure of 
the gas. In this case the heat energy of the heated gas 
makes jump transformation into electromagnetic 
radiation. 


Editor: Historically this method, i. plasma retention by 
electric field, was proposed by Oleg Lavrentiev in 1948. 
He had 7-grade education and served as a sergeant in 
Armed Forces in Sakthalin. After he sent Stalin a letter 
containing a phrase, as “I know a secret of hydrogen 
bomb creation” he was invited to Moscow to set his ideas 
out to academicians. His ideas were not lost nevertheless 
the scheme of plasma electrostatic retention was not 
applied (“Expert” magazine #23, 18 of July of 2001). In 
1950 Sakharov and Tamm proposed a scheme ofa toroidal 
magnetic thermonuclear reactor which has been 
developed until now. Why isiit so? Itis difficult, expansive 
and practically unreal. 


Thus introduction of strong electric fields into heat 
machines allows significantly increase effectiveness 
of transformation of heat energy of a working body 
into mechanical and kinetic energy of working 
elements of the machines by means of directed 
regulation of temperature and pressure ofheated gas, 


for example, in the starting point and in the final point 
of a working stroke of a piston. In other words it 
allows increase output of the machines. 


APPLICATION AREA OF NEW ELECTRIC 
COMBUSTION TECHNOLOGY 


Practical application of the new combustion 
and thermal technologies 


‘The new technology is universal and applicable in 
practically all spheres of technics. Therefore we 
believe that further development and application 
of this new technology of fuel and waste products 
combustion is very important for radical improving 
of all the heat machines and of all thermal 
technologies. As the civilization uses hydrocarbon 
fuel and matters in its life circle then just this new 
technology can solve critical ecological and 
energetic problems of the civilization. 


It is impossible to view in details all proposed 
perspective technical solutions based on this 
technology [1-25] within one article. Therefore we 
give only one striking example. 


Environmentally appropriate engine 
for motor transport 


Since the transport, which uses thermal internal 
combustion engine (ICE), is most harmful for the 
environment then let us discuss ways of their ecological 
and energy improving. Several years ago the author 
patented “method of intensification of ICE operation” 
[7]. The essence of the invention consists in introduction 
of controllable electric field into combustion chambers 
during the whole operation period of an engine by 
special monoelectrode spark-plugs (Fig.2). 
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Fig.2a 
Plan of an environmentally appropriate ICE 
(for transport) 
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fibreglass (control) or fibreglass and steel 
wool (accumulator) 


——— use a sheot metal lining only in accumu- 
lator 


The To-T Experiment: The orgone accumulator (right) 
and control (left) must be matched az closely as possible with 
respect to size, ventilation, and thermal dynamics for quan- 
titative orgone energy experiments. The interior and exteri- 
or of the control enclosure should be the same size and di- 
mensions as the accumulator, with identical lid dimen- 
sions. However, sheet metal and steel wool should not be 
used in the controt enclosure. While metals are used in con- 
struction of the accumulator, they are strictly excluded from 
‘construction of the control. In the control, additional plastic 
or fibreglass layering is used in the place of steel wool. The 
thermal resistance and heat eapacity must be as closely 
matched as possible. A similar set of environmental condi- 
tions must also be maintained for the two enclosures. 
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the air temperature inside a thermally-balanced control en- 
closure whieh does not use metals in its construction, ‘This 
experiment, called the To-T (temperature in the orgone ac- 
‘cumulator minus temperature of the control) was considered 
by Reich to be a proof of the orgone energy, and a violation of 
the second law of thermodynamics. Albert Einstein once 
replicated the experiment and called it a “bomb in physics"; 
a fascinating booklet titled The Einstein Affair documents 
the correspondence between Reich and Rinstein on the mat- 
ter. A definitive evaluation of the To-T experiment requires 
the construction of thermally balanced accumulator and 
control enclosures, careful monitoring of weather and envi- 
yonmental temperatures, sensitive thermometers capable of 
recording down to tenths of a degree, and prolonged syste- 
matic measurements. Those who wish to reproduce this ex- 
periment should consult the published reports given in the 
reference section for details. It is an area ripe for innovative 
investigation, and I strongly encourage the experimentalist 
to carefully sock out this efffoct. 

J) The Accumulator Electrostatic Effects: Obtain or 
build a simple aluminum or gold leaf static electroscope. If 
you do not know what this is, instructions can be found in a 
good library. Make sure that the electroscope is calibrated 
with degree markings, from 0 to 90, such that its degree of de- 
flection can be accurately measured, By running a plastic 
rod or comb through your dry hair, you ean gather a signifi- 
eant static electrical charge and transfer it to the electro- 
scope, Using a stopwatch, or a watch with a second hand, de- 
termine how long it takes for the electroscope to slowly lose 
its charge into the air, through a predetermined deflection 
angle. Por example, you want to know how long it will take 
for the electroscope to discharge from a 50 to a 30 degree en- 
gle. You therefore should charge the electroseope up to a de- 
flection angle greater than 50 degrees, waiting until it dis- 
charges to the 50 degree mark. Once this happens, you can 
count the number of elapsed seconds that pass until it reaches 
80 degrees. The time elapsed is the electroscopical discharge 
rate. On sunny days, the discharge rate will be quite slow, 
while on rainy days, the discharge rate will be very quick, 
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80 quick that you might not even be able to measure it, Ifyou 
time the electroscopical discharge rate inside an orgone ac- 
cumulator, you will find that it fakes a longer time to dis- 
charge in the accumulator than in the open air. The differ- 
ence between the discharge rate inside the accumulator, and 
the discharge rate in the open air, is called the electroscopi- 
cal discharge rate differential. This differential will be 
large on clear, sunny days, and minimal or zero on rainy 
overcast days. On rare occasions, an slectroscope that is 
only weakly charged, or even completely discharged, may 
if allowed to soak inside an orgone accumulator 
spontaneously charge itself up to a higher level. All of these 
effects will vanish on rainy, overcast days. Por more de- 
tails, see the citations in the “Reference” section, 

K) The Accumulator Evaporation Suppression Effect: 
‘This experiment requires a sensitive weighing scale that 
can measure to fractious of a gram. It also requires an accu- 
mulator and a thermally-balaneed control enclosure of sim- 
ilar dimensions. For this control, do not use water-absorbent 
materials in the interior; instead, line the interior of the 
eontrol with a non-metallic waterproofing material, such as 
plastic, enamel or varnish. Obtain and weigh two small, 
identically shaped and sized glass dishes of about 4" diame- 
ter and 1" high. Weight the dishes when empty, clean and 
dry, Next, add identical quantities of water to each vessel, 
filling them about halfway, and weigh again, calculating 
via subtraction the weight of water in each dish. Place one 
vessel of water inside the orgone accumulator, elevated on a 
small wood block, such that the bottom of the dish does not 
come into direct contact with the metal interior of the accu- 
mulator, The tid of the accumulator should be shut, but fixed 
open with a crack such that air may circulate. It should not 
he placed in a windy or sunlit area, however. Place the sec- 
ond vessel of water inside the control enclosure in a similar 
manner, on an identical wood block, and also prop its lid 
open. Place it in a location at least a meter away from the or- 
gone accumulator, but with similar light, temperature, and 
wind characteristics, You may wish to drape a piece of black 
plastic over both the accumulator and control, in order to 
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Water Kvaporation Curve, EVo-EV: The.curves identify 
the amount of water'evaparated each day from a one cubic 
foot, ten ply orgone accumulator, and a similar one ply ac- 
‘cumulotor, minus the amount evaporated from a control en- 
closure. As the accumulator builds up its charge on clear, 
sunny days, it suppresses the evaporation of water inside it~ 
self. The control enclosure, however continues to evaporate 
moisture at a relatively high rate, up to several grams per 
day more than the accumulator, On wet, stormy days, the ef- 
fect vanishes as orgone charge is lost at the Earth's surface, 
being taken up into the stormclouds. Disturbances in the 
regularity of the curve may also occur, such as (above) when. 
radicactive fallout arrived ot the laboratory site cousing the 
accumulator to go temporarily “dead”, (from DeMeo, J. 
“Water Evaporation Inside the Orgone Accumulator”, J. 
Orgonomy, 14:171-176, 1980) 
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control for slight differences in light. Wait exactly 24 hours 
and remove the dishes of water, being careful not to spill 
any. Carefiilly weigh the dishes and compute the evaporative 
loss for the 24 hour period. Make this measurement once per 
day, preferably in the late evening, such that you can deter- 
‘mine the amount of water evaporated each day from each 
container. You should find that the control enclosure evapo- 
tates significantly more moisture on clear, sunny days, 
when the accumulator suppresses water evaporation. On 
rainy days, when the accumulator no longer builds up a 
charge, the evaporation in the accumulator and control will 
be nearly identical. Subtract the quantity of water evaporat- 
‘od in the orgene accumulator from the quantity evaporated 
in the control for each 24 hour period. This quantity, called 
EVo-RV, will reveal the changing quantity of orgone energy 
charge in the local atmosphere, and in the accumulator. ‘Tho 
evaporative values on any one day are less interesting than 
the dynamic manner in which the evaporation differential 
inereascs and decreases, according to the orgone energy 
charge at the Barth's surface. 
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14. Questions and Answers 


- Q; If the orgone energy really exists, why don't we hear 
about it from scientists working in the universities? 

A; Scientists working in the universities and research 
institutions have engaged in verifying research on. the 
bions, orgone aceumulator, and cloudbuster, and on the hice 
lectrical aspects of life, which Reich also pioneered. For ex- 
ample, Dr, James DeMeo, author of this Handbook, did re- 
search on the weather-related aspects of Reich’s discoveries 
while he was a graduate student and Instructor at the Uni- 
versity of Kansas. He continued with that research while a 
member of the faculty at Mlinois State University and the 
University of Miami, Miischenich and Gebauer, of the Uni- 
versity of Marburg in West Germany, recently completed a 
double-blind, controlled study on the physiological effects of 
the orgone accumulator on humans. Other scholars with a 
research or historical interest in the works of Wilhelm 
Reich have held positions at Harvard University, Temple 
Univorsity, the State University of New Yori, York Univer 
sity, McGill University, and elsewhere. Other research scl- 
entists have repeatedly verified and confirmed Reich’s 
findings, Workshops and courses devoted to his works are 
now held at a few colleges and universities in the USA. Non- 
etheless, the history of science repeatedly shows that large 
institutions do not easily accommodate innovative research 
which may force radical changes in the major theories of 
science. 


= Q: Can an accumulator be used during wet or cloudy 
weather? 

‘A: Use of an accumulator during wet weather condi- 
tions will not be harmful, but it will be less effective, as the 
charge is significantly lower or absent at those times. It is 
best to use it during clear and sunny weather, when the at- 
mospheric orgone energy continuum is strong and expan- 
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sive, and the charge at the Earth's surface is greater. 


+ Q: These accumulating devices are quite simple to con- 
struct, Aren't « lot of them accidentally constructed? 

A: A lot of “accumulators” are being constructed, with- 
out knowledge of the people involved. Every mobile home or 
house with a metal skin or side paneling will accumulate a 
charge, and a toxic one if aluminum is used. Oranur, and 
other toxic effects appear to readily occur in such houses, 
which are filled with all the modern orgone disturbing elec- 
tromagnetic appliances, such as TV sets, microwave ovens, 
fluorescent lights, and so forth. Epidemiological studies that 
would address these general observations have never been 
performed. 


-.Q: Ihave an old styrofoam beverage cooler. Can I line 
it with aluminum foil end make an accumulator? 

‘A: You ean try this, but don’t, expect any firm results un- 
less you comprehend and take into consideration virtually 
ali of the procedures and warnings given in this Handbook. 
Styrofoam and aluminum are life-negative accumulating 
materials. If you run a biological experiment, you may 
wind up demonstrating only a life negative effect. For the 
scientist interested in orgone energy, these considerations 
are even more crucial and eannet be ignored. 


~ Q: My accumulator gave very good charge the first 
months when it was in use, but now does not yield a good 
charge any more, Why is this? 

A; It is likely that the accumulator has been contami- 
nated with dor. Some researchers have noted this effect, 
where the accumulator goes temporarily “dead”, and hence 
keep their accumulators outdoors, sheltered from rain, but in 
the fresh air, with the lids or doors open so that air can cireu- 
late inside quite freely. You may be able to refresh a “dead” 
accumulator by wiping it inside and out with a damp clot, 
every day for a week or so. Also, keep a bow! of water, or a 
draw bucket with draw tubes, inside it when it is not in use. 
Change the water in this bucket every day. Also, be certain 
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that the accumulator is not near any of the oranur-producing 
devices previously identified, and that your neighborhood is 
as oranur-free as possible, The accumulator can also be 
sun-charged, by allowing it to sit in the direct sunlight for a 
few days. These steps should eliminate any dorish tenden- 
cies, and “rekindle” the charge. 


- Q:T have heard that sitting inside an accumulator will 
make a person more sexually potent, Ie this true? 

‘A: This is mostly a false rumor propagated by Reich's 
enemieg, who wrote smear articles in the 1940s and 1950s 
that branded Reich a lunatic, the accumulator a “sex box’, 
and put false words into his mouth about the ability of the ac- 
eumulator to restore lost sexual potency. However, Reich 
never made such a claim; in feet, he continually stressed 
the emotional and psychological foundations of sexual dys- 
funetion, which could not be touched by treatment in an accu- 
mulator_ 


- Q: Is the orgone energy accumulator legal? Can I get in 
trouble with the law for building or using one? 

A: There is no law against orgone energy, or the orgone 
energy accumulator. You may build, own, and use the blan- 
ket or accumulator in your own home, or elsewhere, as you 
choose, It can also be legally used for the self-treatment of 
any health-related condition, just as you can make very be- 
neficial soups, purchase vitamins, or take soaking baths, 
without asking a doctor or the police, Understand, however, 
thai forces within the medical community, pharmaceutical 
industry, and government are hard at work to make it ille- 
gal for you to do these things. If you are concerned shout pro- 
tecting your health freedoms, you should join forces with 
those social orgenizations that ate working to preserve or 
extend those freedoms. The price of liberty is eternal vigi- 
lance! 
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15. Construction of a 2-Ply 
Orgone Energy Blanket 


‘The orgone energy blanket is the most simple to con- 
struct of all the orgone charging and accumulating devices. 
They can be made at any size, and can be easily transported. 
You can use small ones while resting, or place large ones 
under and over a person who is immobilized in a bed. Like a 
standard accumulator, orgone blankets are not meant to be 
used for any prolonged period, though one ean rest or nap 
with one if there is a need, In my experience, people will, 
even when sleeping, push off an uncomfortable orgone blan- 
kket just as they would a regular blanket. The following steps 
tell how to make an orgone energy blanket with final di- 
‘mensions of 2° by 2’. 


A) Obtain enough 100% wool fabric, or acrylic felt, to 
make three 2' x 2' squares. Also obtain several pack- 
ages of very fine (“000” or ‘0000”) steel wool pads. 


B) Lay a2 x2’ piece of fabric on a flat surface. Cover the 
exposed top surface of this fabric with a layer of steel 
wool, from unwrapped steel wool pads. Spread the 
steel wool out, so that it is not too thick. You should be 
he to see parts of the underlying fabric here and 
there. 


C) On top of the steel wool, lay another 2’ x 2’ piece of fab- 
rie. 


D) Cover the exposed top surface of this second fabric 
piece with another layer of steel wool. 


B) Finish with another 2 x 2' piece of fabric, placed on 
top of the last steel wool layer. You now should have 


1. — combustion chamber; 
2. ~ piston, 2a heat-resistant surface of the piston 
(zone of electric-spark discharge) 

3. — admission valve (its canal is not indicated) 

4. ~ exhaust valve (its canal is not indicated) 

5. — combined mono-electrode spark-plug; 5a — fuel 
nozzle with hollow central electrode and end disk 
electrode 

6. ~ electric insulator of the spark-plug ~ fuel nozzle 
7. fuel pump (for example, an electrostatic one) 

8, high-voltage regulable transformer (electric field 
source) 

9. ~ force block of tension high-voltage transformer 
12V/25KV) 

10. ~ system of regulation of electric field source (9) 
11. ~ board current network =12V (SB is a storage 
battery of an automobile). 


This structure chart briefly demonstrates basic 
components of a new ICE, where there is directed 
pressure of gases on a piston. In particular, many 
inventions of the author are realized in practice here, 
i.e. semi-digital spark-plug, electrostatic fuel nozzle (5), 
electrostatic fuel pump (7). A new mode of volume 
inflammation of blended fuel has been realized in 
practice, ie. “a spark coming from a disk electrode 
(5-a) to a piston (2-a)". Since it is possible to regulate 
the electric field intensity generated by a high-voltage 
source of tension then an advance angle of blended 
fuel inflammation can be regulated, gases pressure 
on the piston at explosion stroke of ICE operation can. 
be regulated as well. 


Fig.2b 


Photo of a simplified construction of the new ICE. 


Fig.2b demonstrates simplified three-dimensional 
construction of the proposed energetically and 
ecologically perfect ICE, There are observable elements 
such as a combustion chamber, a piston, valves, a 
monoelectrode spark-plug, and an electrostatic fuel 
nozzle (in the centre on top), which is connected with 
the spark-plug. In the centre of the combustion chamber 


it can be seen volume inflammation of the blended fuel 
at spark appearance from end electrode to the piston. 


As a result a summary positive effect of ecological, 
construction and energetic improving of ICE is 
achieved, ie. effective cleaning of exhausted gases 
directly in the combustion chambers of the engine, 
significant simplification and perfection of a fuel 
injection system, improvement of system of distribution 
and electric inflammation of the blended fuel. In this 
engine a distributor (as well as its analogues) is 
removed at all since sparking and intensive 
inflammation of the blended fuel automatically appears 
between central electrode of the spark-plug and the 
piston which comes to the upper “dead” point. The 
central electrode of the spark-plug is constantly under 
high tension. The advance angle of ignition is regulated 
by change of the electric field intensity. Powerful 
multipoint ignition causes simultaneous intensive 
inflammation of the blended fuel that occurs throughout 
the whole chamber. The electric field as a powerful 
combustion catalyst intensifies the process of the blend 
combustion at the explosion stroke of the engine and 
at after-burning of waste gases directly in the 
combustion chambers at the following output stroke 
of the engine operation. Directed along the axis of the 
piston in the combustion chambers this electric field 
serves as a transformer of gases heat energy into 
mechanical energy of the thermal engine pistons. That 
is caused by the fact that the field orients heat motion 
of the expanding gases along the axis of the pistons in 
combustion chambers of the engine at explosion stroke 
of ICE just. It causes redistribution of heat energy and 
increase of the gases pressure on the very pistons that 
significantly improves effectiveness of transformation 
of heat energy of the fuel combustion into mechanical 
energy of the piston motion (theoretically the 
improvement is by two-three times), ie. it two-three 
times increases output of a classical thermal engine 
making it come to 70-80%. 


The electric field, which is introduced into the 
combustion chambers of an internal combustion 
engine, ensures significant economy of fuel (up to 30- 
40%) at saving of its working characteristics. It occurs 
due to fog electrostatic spray of fuel and to the fuel 
electrization as well as due to oxide ozonization. 
‘Moreover it occurs as a result of deep after-burning of 
hydrocarbon components of fuel, combusting blend and 
waste exhaust gases. This method allows effectively 
regulate temperature of the blend combustion in the 
chambers while required compression in cylinders is 
the same, for example, to minimize nitric oxide 
generation in the exhaust gases. As a result there is no 
necessity in external devices for cleaning of exhaust 
gases of internal combustion engines; ecological 
appropriateness improvement can be simultaneously 
achieved. Additional aerosol hydro-alkaline processing 
of these gases can allow totally clean exhaust gases 
of the transport, which operates on thermal engines. 


New Energy Technologies, Issue #1 January - February 2003 


The Orgone Accumulator Handbook 


Spread steel wool loosely on section of cloth. Trim 
| edges as shown, 


Rolls of steel wook can be purchased from manufacturers, 
or commen steel wool pads, of “00” or “0000” grade, can be 
obtained at most hardware or paint stores. 
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Particle masks should be worn during construction to 
avoid breathing fine steel dust. 
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A functional orgone accumulating blanket showing the 
alternating layers of steel wool and cloth, 
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Finish off your blanket with a trim to keep everything to- 
gether. Several quilt-stitches should be added to keep the in- 
aides from shifting around, 


@) 


H) 
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three pieces of fabric, with two layers of steel wool 
sandwiched in between, 


‘Trim, stitch, and finish the borders, according to 
your own tastes and sewing skills. 


Keep and use the blanket in an environment similar 
to that advised for a regular accumulator, away from 
any TY sets, microwave ovens, fluorescent lights, or 
other electromagnetic or radioactive gadgets. Never 
uge an orgone blanket with an clectric blanket. It 
can be stored on a hanger in the open air, or even in- 
side a larger accumulator for greater charging, 


Do not ever wash or dry clean your orgone blanket, 
as the steel wool will rust! Spot clean only with a 
slightly damp sponge. 


Reich once made very heavy orgone blankets, com- 
posed of galvanized steel wire mesh, and alternating 
layers of wool and steel wool. While these work quite 
well, I find them to be uncomfortable and difficult to 
use. They do not appear to be any more effective than 
the simple design given here. 
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16. Construction of a 5-Ply 
i Garden Seed Charger; The 
“Coffee Can” Accumulator 


One can make a simple garden seed charger from a 
cleaned food container can or coffee can, using additional 
ii steel wool and fabric materials. 


A) Empty a large coffee can or other steel or steel/tin 
food container (no aluminum), clean it, remove all 
labels, and dry thoroughly. Make sure you save the 
cut-out metal lid, or make a replacement from anoth- 
er can, or from galvanized steel sheet metal. Use a 
ean large enough to hold all the seeds you will be 
charging. 


B) Obtain several yards of good 100% wool, or acrylic 
felt fabric, You will neod enough fabrie to go around 

the can about 5 times, plus enough for 5 round top 
pieces, and 5 similar bottom pieces. 


©) Purchase several packages of very fine grade (#000" 
| or "0000") steel wool. You will need enough un- 

wrapped steel wool to cover an area equal to that of the 
fabric. Again, unwrap the steel wool pads as you 
need them, and spread it out, 


D) Cut the fabric into a very long strip which is as wide 
as the can is tall. The length of this long strip should 
be about 6 times the circumference of the can. As you 
‘may not have a single strip of fabric this long. You 
can splice several pieces together. 


| E) Lay the long fabric strip ont flat, and spread a thin 
i layer of steel wool on top of it. Lay the empty can on 
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‘one end of the steel wool/fabric strip and roll the can 
up inside the strip. Stop when the strip has been 
wrapped around the can about five times or more. 
Add a final layer of fabric to the outside, and stitch or 
tape it in place so that it will not unravel. 


Measure the diameter across the top of the can, in- 
cluding the wrappings of fabric and steel wool, Cut 
out 10 circles of fabrie material of this same dieme- 
ter, 5 for the top, 5 for the bottom. 


Sandwich steel wool between the fabric eireles such 
that you have 4 layers of steel wool between 5 layers of 
fabric. Make two of those fabrie/steel wool sondwich- 
¢s, one of which will be used to cover the bottom of the 
can, and the other for the top. 


‘Tale the metal disk cut from the top of the can and 
file smooth any jagged edges. Punch two small nail 
holes near the center, about 1/4” apart, Using a heavy 
upholstery or knitting needle, thread some heavy 
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twine, wire, or yarn through the center of one of the 

steel wool/fabric sendwiches, and bring the twine 

| ‘through the holes in the metal can lid. Secure the can 

lid to the center of the steel wool/fabrie sandwich. 

The steel wool/fabric sandwich should be about 2" 
| wider in diameter than the metal can lid. 


1) Using heavy thread, loosely stitch together the edges of 
the top see! wool/fabric sandwich (the one sewn to the 
metal can lid), Also loosely stiteh the edges of the bot- 
tom stael wool/fabrie sandwich together, and sew it to 
the bottom edge of the steel wool/fabric strip, wound 
around the can, Except for the top opening, the metal 
can should now he encased in the steel wool/fabric 
material. 


| 
| 3) Find a heavy pillowcase, laundry bag, or other larger 
| qylindrieal non-metallic container in which to keep 
the entire charger. Or, if'you are good with a needle 
and thread, stitch together your own fabric cover for 
the charger. The main thing is that the outer layer of 
fabrie, and any open ends of fabric showing pieces of 
steel wool, should not be subject to “knocking about” 
| or moisture, such that it starts to fall apart or rust. 


K) Roview the section on seed charging, in the “Simple 
Experiments” chapter for instructions and addition- 
al ideas on the use of your charger. Or, as an alter- 

I native to constructing this accumulator, you could 
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store your seeds inside a large metal cookie tin 
which would then be wrapped up inside the multiple 
folds of a very large orgone blanket, or be siashed in- 
side one of the other, larger accamulators. Just real- 
ize that the greater the number of plys, and the great- 
er the absolute quantity of materials going into the 
construction of the accumulator “pile”, the stronger 
will be the charge. At the author's laboratory, for 
instance, the small 5- ply coffee can charger is stored 
inside the L0-ply, one-cubic foot accumulator, which 
in turn is stored inside the 3-ply large accumulator. 
‘This is a total of 18 plys, and yields a charge which is 
readily sensible. 
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| 17. Construction of a 10-Ply 
Orgone Energy Accumulator 


‘A very powerful, one-cubic foot, 10-ply accumulator can 
be made following the instructions below. 


A) Cut six galyanized steel, 27 gauge sheet metel 

squares, measuring 1' x 1’. Use heavy tape, om the 

| outer metal walls only, to construct a metal cube. 
Leave the top of the eube open, and do not tape it into 
place. The interior of the cube should remain bare 
metal, without any tape showing. 


B) Use very fine (“000" or “0000") steel wool, and heavy 
clear plastic acrylic carpet protector material for 
construction of the plys. The cloar plastic carpet pro- 
tector is the same material used in model homes to 
protect carpets from wear, and is often sold on rolls 
|| in hardware and department stores. It is not cheap, 
| but works very well. The lear plastic carpet runner 
| should have rows of small tips on the side which nor- 

‘mally faces down on the carpet; these tips work very 
nicely for holding the etal wool in place. Celotex 
(soundboard) should be used for the final outer layer, 
‘with wood corner strips. The final outer celotex may 
additionally be coated with beas wax and/or shellac 
to increase charging, 


€) ‘Ten alternating layers of plastic and steel wool 

roughly measure 2" in thickness. This being the 
| case, you should construct the outer celotex casing in 
the shape of a cuhe, the intarier dimensions of which 
will be 16" x 16” x 16". Cut six celotex panels with the 
following dimensions: 


Workability of such an environmentally appropriate 
engine in two-stroke and four-stroke variants is 
experimentally demonstrated. There are also 
experimentally shown decrease of all toxic components 
in exhaust gases, 20-20% increase of useful power of the 
engine, and simultaneous decrease of fuel consumption. 


Thus practical application of the new electric 
combustion technology can exert revolutionary 
influence upon propulsion engineering development 
and upon increasing of ecological compatibility and 
effectiveness of the transport, which operates on 
thermal engines. 


Diagram of operations of technology of effective using of refinery 
wastes in heat-and-power engineering 


Refinery wastes a 


Heating and 
evaporating of water 


| i 
Fumace 


3. Blectrostatic 


Combined activation of 
liquid oil-alimes 
(in electric and 
magnetic fields) 


Waste 
Bases 


Special fuel 
Pies Poze 


1. Mixing of oil 2. Combined activation of 4, Electric and 


products il emulsions atomization of, ‘waste gases 
combustion water-fuel blend cleaning, 
with water 


Fig.3 

‘Technology of environmentally appropriate combustion of refinery wastes as ful fr boiler plants 
The author has patented other technical solutions of improvement of different devices, which are based on these 
technologies. These solutions concerning boiler plants, gas turbine engines and jet engines and many other heat 
machines and devices allow increase their effectiveness and simultaneously significantly improve their ecological 
factors. As an example of application of this technology in heat-and-power engineering there is a diagram of 
operations of the technology of the environmentally appropriate combustion of refinery waste as a fuel for boiler 
plants (Fig.3). Unfortunately the limits of one article do not allow discuss these inventions in details nevertheless 
the author will realize it in practice in future works. 


Conclusions: 


1. The existent methods of solving of the ecological problems are ineffective as well as work of organizations, 
which deal with ecological and nature conservation activity. It is caused by the fact that they are oriented to 
search and remove consequences of ecological pollution of the nature instead of their causes. 

2. The article demonstrates real causes of global ecological problems, which consist in imperfection of 
technologies of generation and transformation of energy. 

3. Using of strong electric and electromagnetic fields of low power as combustion catalysts allow significantly 
improve ecological factors of combustion technologies and of devices, which realize the technologies in practice. 
In other words it allows realize in practice “clean combustion of fuels and wastes and possible existence of 
“clean” heat technics” 

4. Application of electric and electromagnetic fields in the combustion technologies allows significantly increase 
effectiveness of transformation of chemical and heat energies of fuel into mechanical and electric energies. 

6. The electric combustion technology allows realize in practice principally new ways to control combustion 
process as well as to control many thermal and kinetic processes (i.e. processes of pressure, heat conductance, 
temperature, etc.), Le. allows increase output of heat machines. 
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Celotex Panels: 


top: 47" x17" 
bottom: 17" x17" 
Qsides: 17" x 16" 


2sides: 16" x16" y 2 


D) Use small nails and glue to fasten five of the six celo- 
tex panels together, to make a cube shape. Again, as 
with the metal box, do not attach the top. Add extra 
glue to the edges of the assembled celotex box, and al- 
low it to dry before proceeding, 


B) Using a mitre box, cut wood corner strips for the out- 
side edges of the celotex box. Nail and glue these 
wood corner strips to the celotex box for added 
strength, 


F) Cut 20 square pieces of plastic carpet runner, 16" x 
16". Put ten of these squares aside for later use, Lay 
‘the other ten squares one at a time inside the battom of 
the calotex box, tips facing up. In batween each plastic 
square place a layer of steel wool, taken from un- 
‘wrapped steel wool pads, When finished, the top of the 
ast plastic square will face upward in the bottom of 
‘the celotex box, and it should also be covered with 
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| G) Place the galvanized steel sheet metal cube inside the 

celotex box, on top of the ten plys of plastic and steel 

wool. If you have constructed the celotex box correct- 

| Jy, the top of the metal cube should be about 2" below 

the top of the celotex box, and a space of about 2° 

| should exist between the sides of the metal cube and 
i the iiteviar ailer of the celoiax box, 

! 


! H) Cut 20 pieces of plastic, 12" x 16", and 20 more pieces, 
12" x 12". These will be used to fill the side spaces be- 
tween the metal cube and the celotex. Layer each 
plastic piece with steel wool, and stack into bunches 
of ten layers each. Do this on a flat surface before at- 
tempting to place them into a vertical position, in be- 
| tween the celotex and metal boxes. 


1) Place the two stacks of 16" x 12" plastie/steel wool be- 
tween the celotex and metal cube, on opposite sides of 
the metal cube. An outer layer of plastic should lay 
against the inner wall of the celotex box, while an 
inner layer of steel wool should rest against the out- 
side of the metal box, The upper edge of the plastic 
should be nearly flush with the upper edge of the met- 
al cube, both of which should remain about 2° below 
tho upper edge of the eslotox box. 


J) Place the two stacks of 12" x 12" plastic/steel wool in 
the two remaining spaces between the celotex and 
metal cube, as given in the previous step. 


K) Take the 10 remaining pieeos of 16" x 16" plastic car- 
pet runner and layer them with steel wool, Stack 
| them up and set them aside. Unlike prior stacks, 
however, do not finish the finsl plastic layer with 
steel wool. 


L) Take the 


maining square of galvanized sheet met- 


al, and drill or punch small holes in each corner, 
about 1/2" from each corner. The holes should be 
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A one-cubic foot, 10-ply accumulator with attached funnel. 
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) large enough to accommodate # long but narrow 
| screw. 


M) Find a rough wood or carpeted surface to work on. 

i Lay the stack of plastie/steel wool squares on the last 

i piece of celotex. Center it on the celotex; there should 

be about 1/2” of celotex appearing all around the 

stack. Now place the sheet metal square (with the 

holes) on top of the plastic/stool-wool/celotex stack, 

and center it also. There should be about 2" of plastic 

extending beyond the edge of the metal square on 

each side. Use some masking tape to temporarily 
hold the eclotex/plastie/stee! stack together, 


| N) Using an ize pick, carefully make four vertical holes 
| through the plastic/steel wool atack, and through the 
| celotex, using the corner holes in the sheet metal 
| square as a guide. Do not use a drill, as the steel wool 
‘will spindle around the drill bit. 


©) Using four skinny bolts, along with nuts and LARGE 

washers, secure the metal square and plastie/steel 

| wool stack against the celotex square. Use a bolt no 

longer than necessary, such that the bolt ends will 

| not protrude significantly. When completed, this 

whole lid assembly should fit snugly on top of the ce 

lotex box, The metal plate attached to the lid should 

| closely, but not perfectly, align with the metal cube 

| interior. With the lid in place, only bare metal 
should face to the interior of the accumulator. 


P) For handles, first firmly glue a flat, wide and long 
wood strip to two outer sides of the celotex eube, near to 
the top. When completely dry, serew wood or metal 
handles to these wood strips, A handle should also be 
attached to the upper, outer side of the lid assembly, 

| using a similar support mechanism, The celotex is 

simply too lightweight to accept screws or nails 
alone. You may likewise install « hinge between the 


The Orgone Accumulator Handbook 


Q 


R) 


lid assembly and the box, or coaster wheels to the 
bottom, but these are not necessary. 


For additional charging strength, the outer colotex 
walls may be coated with melted bees wax or paraf- 
fin (not really necessary), but in any ease should 
be given several coats of protective natural shellac, 


For additional charging strength, store this cubical 
accumulator in the bottom part of a larger, human- 
sized accumulator, under the bench that you nor- 
mally sit upon. Be sure to maintain a clean and 
uncontaminated environment for your accumala- 
tor, as per the points given in the previous chapters. 
Prop the lid open when not in use, and store in a 
clean, dry place, without electromagnetic or nucle- 
ar contamination. 
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i 18. Construction of an Orgone 
Shooter Funnel 


| The shooter funnel is similar to other accumulating 
devices, but has an open face allowing for external irradi- 
ation of objects. It is often connected to x larger box accu- 
mulator, but this is not absolutely necessary. 


| A) Obtain a galvanized steel funnel with about 6” di- 
ameter at the large end, from @ hardware, farm 
supply, or auto supply store, Auto supply stores 
sometimes sell these with a flexible metal hose al- 
ready attached, for dispensing oil into a car en- 
gine, and this may help in the later attachment to a 
box accumulator. 


B) Coat the outer metal surface of the funnel with a 
layer of melted bees-wax, or with strips of black 
plastic electrical tape, leaving exposed the bare met- 
al surface of the funnel interior. 


©) If desired, the small “draining” end of the funnel 

| can be attached to a 3/4" or 1" diameter length of 

hollow, flexible metal “greenfield BX” cable (use 

galvanized steel, not aluminum). The other ond of 

the cable is then run into the interior of a small bor 

| accumulator, through a hole in its side or lid, Weap 

the outer surface of the flexible metal cable with 

black-plastic electrical insulation tape. (See page 

121.) Your shooter funnel will then draw orgone 

down the cabie to the funnel opening, increasing its 

| radiating strength. Or, simply store the shooter 

| funnel inside a box-type accumulater, to keep it 
' charged up. 
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19. Construction of an Orgone 
Shooter Wand 


f ‘The shooter wand is a very simple means for demon- 
i strating the subjective sensations of the orgone radiation, 
and also for irradiation of orgone energy into body cavities, 
Simply store the completed shooter wand inside a well main- 
i tained accumulator, and remove it for use when necessary. 
Under relaxed conditions, most people ean hold this wand in 
the hand, or place it on the solar plexus or upper lip, and 
readily feel the soft radiant glow of the orgone energy. 


A) Obtein a pyrex teat tube of about 9/4” to 1” diameter, 
and 6" to 9" long, from @ laboratory or medical sup- 
ply company. 


B) Fill the test tube full 
of fine grade ("000" 
or “0000") steel 
wool. Compress to a reasonable firmness, 


G) Seal the open end of the test tube with a rubber stopper, 
and tape it shut with plastic electrical tape. 


D) Place the shooter wand inside a small orgone accu- 
mulator for a period of several days or weeks before 
using. Keep it stored inside the accumulator in be- 
tween uses. 


E) Ifyou use the shooter wand to irradiate the throat or 
other body cavities, or if the pyrex glass otherwise be- 
comes soiled, wipe the glass clean with isopropyl al- 
cohel prior to pulling it back inside the accumulator, 
The wand should always be alcohol cleaned and air 
dried prior to being replaced into the accumulator for 
charging. 
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20. Construction of a Large 3-Ply 
Orgone Energy Accumulator 


‘This accumulator is large enough to sit in, and is com- 
posed of 6 large rectangular panels. Bach panel is made 
from a wood frame, galvanized steel sheet metal (27 gauge), 
steel wool, fibreglass (without aluminum backing), and ce- 
lotex (soundboard). One side of each wood frame is faced 
with galvanized steel, the other with celotex, and the three al- 
ternating layers of fibregiass and steel wool are sandwiched 
in between, 


A) First compnte the size of the panels for an accumula- 
} tor that will fit your personal needs, adding the ne- 
\ cessary dimensions for overlap between the various 
panels. The side panels and back panel should phys- 
ically sit on the edges of the bottom panel. ‘Tho back 
panel should snuggle between the two side panels 
‘The top panel should overlap and rest upon both side 
panels and the back panel, covering them. The door 
panel should, like the back panel, snuggle between 
the side panels when itis shut. | helieve this arrenge- 
ment is the simplest possible, and most efficient to 
build. Dimensions are given below for accumulators 
to accommodate people of varying sitting heights, but 
of average weight, As the distance of the body surface 
from the metal walls increases, there will be a reduc- 
| tion in effectiveness of the accumulator. The dimen- 
| sions of the accumulator should be carefully selected 
to meet your needs, An additional 1/2” clearance is 
provided in the width dimension (1/4” each side), 
such that the door will open and shut freely. 
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Panel Large Medium ‘Small 
Top: 29.5" x35" 26.5'x32" 23.5" 28" 
Bottom: 29.5" x35" 26.5" x32" 23.5" x 28" 
Left side: -35"58" 32" x54" 28" x 50" 
Right side: 35x58" 32"x54" 28" x 50" 
Back: 25"x08" —-22"x54" 19" x 50" 
Door: 25" 252’ 22" 48" 19" x 44" 
58" 54" 50" 
25" 22" 19° 
ai” 28" 24" 
\ You_will need: 
) Height = height sitting erect in a chair + about 3” 


| Width = shoulder width + about.4” (2" each side) 
Breadth = sitting, knee to back distance + about 3" 


| B) Make wood frames of 3/4” x 1-1/2" pine (called “one 
by two" in lumber yards), like picture frames, such 
that the outer edges conform to the computed dimen- 
sions for your accumulator panels. Nail and glue all 
joints. 


| ©) Arrange the open wood frames together, as they will 
) be when the accumulator is complete, to make sure 
} that all dimensions have been properly calculated 
} and cut, If there is an error in your calculations, now 
| is the time to find out, before the more expensive celo- 
| ‘tex and galvanized sheet metal ha 


been cut, 


D) Cut the celotex panels to size, from 1/2” or 3/4" thick 
celotex sheet, to cover fully one side of each wood 
frame. Nail and glue the celotex panels to exch wood 
frame. Use 1/4" plywood instead of eelatex for the bot- 
tom panel (and only the bottom panel), 


bled Wood Frames for Accumulator Panels 


Asvem 


6. The new electric combustion technology is a universal method of solving of ecological and energetic problems 
of the civilization and a universal way of radical improvement of technics (i.e. of the transport, boiler plants, oil- 
and-gas processing plants, combustion wastes recycling plants, etc.). 


References 


1. WD. Dudyshev Electric combustion technology is an effective way to solve energetic and ecological problems //"Ecology and 
Industry of Russia” ("Ekologia I Promyshlennost Rossii") magazine, #3 1997; 
2. VD. Dudyshev Howr is it possible to save the civilization and the nature from global ecology pollution? //"Eeology and Industry of 
Russia" ("Ekologia I Promyshlennost Rossii") magazine, #11 1997; 

VD. Dudyshev Method of combustion control. Patent of Russian Federation #2071219 of 19.04.1994; 
VD. Dudyshey Method of intensification and regulation of combustion. Patent of Russian Federation #2125682 of 06.06.1995; 
VD. Dudyshey Method of electric combustion of refuse and wastes. Patent of Russian Federation #2117870 of 06.06.1995; 
VD. Dudyshev Method of electric combustion cleaning of waste gases. Patent of Russian Federation #2125168 of 15.11.1995; 
VD. Dudyshev Method of combustion intensification in a fire-chamber of a boiler plant. Patent of Russian Federation #2079766 of 
14.06.1995; 
8. VD. Dudyshev Method of flame extinguishing, Copyright of USSR #1621234 of 12.03.1988 
8. VD. Dudyshev Method of decrease of toxicity of exhaust gases of motor transport. Patent of Russian Federation #2117179 of 
20.02.1996; 
10. VD. Dudyshev New method of environmentally appropriate matter combustion as a radical way of solving of global ecological 


problems. // Collected reports of I! international congress of “Environment for us and future generations: ecology, business and human 
rights in new conditions”, Russia, Samara, 1997; 

11. VDD. Dudyshev New method of refuse electric combustion // Collected reports of Il! international congress of "Environment for us 
and future generations: ecology, business and human rights in new conditions", Russia, Samara, 1998; 

12. VD. Dudyshev Problems of ecological education and upbringing of the youth // Collected reports of Il international practical 
conference of "Pedagogical activity as a cultural activity”, Russia, Samara, 1989; 

13, VD. Dudyshev Environmental safety of motor transport //"Ecology and Industry of Russia” ("Ekologia I Promyshlennost Rossii") 
magazine, #5 1997; 

14. VD. Dudyshev Perspective technical works out and inventions of ecological improvement of motor transport. //"Ecology and Industry 
of Russia" ("Ekologia I Promyshlennost Rossii") magazine, #12 1998 

15. VD. Dudyshev Method of ICE exhaust gases cleaning, ic. electric combustion cleaning and electric filter at ICE output. Patent of 
Russian Federation #1404664; 

16. VD. Dudyshev Probloms and ways of ecological improving of native motor transport. //"Ecology and Industry of Russia" ("Ekologia 
1 Promyshlennost Rossii") magazine, #11 1988; 

47. VD. Dudyshev Method of internal cleaning of exhaust gases of ICE. Patont of Russian Federation #2165031 

18. VD. Dudyshev Method of intensification of ICE operation. Patent of Russian Federation #2135814; 

18. VD. Dudyshev Method of decreasing of toxicity of ICE exhaust gases and a device of its application. Patent of Russian Federation 
2128814; 

20. VD. Dudyshev Method of intensification and regulation of combustion. Patent of Russian Federation #2125682; 

21. VD. Dudyshev Method of heat machine control. Patent of Russian Federation #2134354; 

22. VD. Dudyshev Environmentally appropriate ICE. // "New technologies” ("Novye tekhnologii") magazine #2 2001 Samara; 

23. VD. Dudyshev New electric combustion technologies. // "New technologies" ("Novye tekhnologii") magazine #3 2001 Samara; 
24. VD. Dudyshev New electric combustion technologies. // "New technologies" ("Novye tekhnologii") magazine #4 2001 Samara; 
25. VD. Dudyshev New electric technology of fire non-contact extinguishing and ignition prevention. // "New technologies" ("Novye 
tekhnologii") magazine #9 2002 Samara; 


iGigDe En EAGLE-RESEARCH 


neat Energy Solutions 
since 1984 


Infinite Energy Magazine 


‘A Research Organization that 
* Cold Fusion * New Energy 
AE-9°TRERA * New Science * New Technology Develops & Distributes 
be Practical Energy-Saving 


Subscriptions, 6 Issues Per Year ‘Methods & Devices 


$29.95 North America 
_. $49.95 Foreign 
Single Sample Copy 
$5.95 North America, $10.00 
Foreign 


4 Energy Way, BO. Box 118 
Porthill, Idaho 83853 
FAX: 250/492-7480 


Technical questions to: 
wiseman@eagle-research.com 


Infinite Energy Magazine 
PO. Box 2816-FV 


Concord, NH 03302-2816 
Phone: 603-228-4516 Fax: 603-224-5975 


http://www.infinite-energy.com 


New Energy Technologies, Issue #1 January-February 2003 [Ry 


The Orgone Accumulator Handbook 


B) Cat hats of 1/4” thick fibreglass material to size and 
place a layer inside each of the open panel frames, 
Use gloves end a mask to protect yourself. Do not 
compress, Avoid lumps and holes, You can use wool, 
cotton, aerylie felt, or rock wool instead, if you wish, 
bat for a large accumulator like this, the coats will be 
i higher, and the accumulation will not be signifi- 
h cantly stronger. These other materials may yield a 
different “feel” to the orgone charge, and if that is 
qi important to you, the cost may be justified. 


F) Unroll very fine (4000" or “0000") steel wool pads and 
place a layer inside each of the open panel frames, on 
top of the fibreglass. Leave it fluffy, at around the 
same thickness as when unrolled, in as uniform a 
layer as possible. Some sicel wool comes in large 
rolls which, if you can get it, will speed up construc- 
tion for large aecumulators, 


G) Repeat steps E and F, placing a new layer of fibre- 
glass on top of the previous steel wool layer, and an- 
other layer of steel wool on top of that. 


| 


H) Again repeat steps E and F, placing another new 
, layer of fibreglass on top of the previous steel woo! 
[| layer, and another layer of steel wool on top of that. 


TD You should now have three alternating layers of fibre 
glass and steel wool contained in the open frame of 
each panel. The final layer facing you should be 
composed of ateel wool. The panels should also be 
filling up, and may need to be slightly compressed 
before the final layer of galvanized steel sheet metal 
can be edded. If you have used dome other type of 

non-metalli¢ material than fibreglass, and if the 

material lies loosely in the frame, you may have 
problems with slumping of tho plys when the panols 
are finally sealed and placed in upright position. If 
this is the case, now is the time to do something to pre- 
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Enul Cross-Section of Side, Top, Back and Door Accumulatar Panels | 


‘Thin sida to inside of accumulator 


Enel Cross-Section of Bottom: Accumulator Panel 
"Tis sido to inate faccrnmnlaten 


CZLAFAALIZIZZATTD) “wl 
TED Miregass 


10" Plywood 


The Orgone Accumulator Handbook 


Front View, full-size 3-ply accumulator 


For Warmer, Tropical Climates: Use door with 3” canvec- 
tion gaps at top and bottom, as per measurements on p.127. 
(Photo on p.23.) If needed, tock screen strips to door tap and 
bottom, across gaps, to keep out insects. 

For Cooler or Cold Climates: Use full height door with 
smail window. (Photo on back cover.) Before cutting door 
materials, adjust door measurements {p.127) to only 1/4" lees 
than full height of side panels. Before assembling door, cut 
matching 6” square openings in door sheet meial and celo- 
tex, centered at face height, then frame opening with 1x2" 
wood strips. Complete assembly as per instructions. 

Use hinges with removable hinge pins for easier assembly 
andtake-doun. Secure inside of door with hook and eye. 
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‘yent slumping, 


J) Cut the galvanized steel sheet metal to size such that it 
| fits over the open part of each panel, overlapping and 
covering the wood frames. Use the lightest sheet mot- 
] al available, such as 27 gauge, which can be cut with 
| hand shears for trimming, and still add to structural 
strength of the panels. For the bottom (floor) panel, 
add a layer of 1/4” plywood under the shoat metal, for 
additional weight support, Nail it securely onto the 
wood frames, using a small hole punch if necessary. 
| Small steel tacks should easily penetrate through the 
I sheet metal. After nailing, use file or shears to trim 
all sharp metal corners. As an alternative to gal- 
vanized steel sheet metal, some people have offective- 
ly used galvanized steel wire mesh, or wire screen. 
| ‘This is cheaper to use, and can be secured to the wood 
frame with a heavy duty staple gun. The steel wool 
should be visible through the screen, 


K) Assemble and secure the panels together. Start hy se- 
curing one side panel to the botiom panel, by using an 
“L” shaped metal brace at the front and rear of the 
side panel, near the bottom. Use serews, such that the 
: accumulator can be taken 
apart later for easy moving. 
Secure the other side panel in a 
similar fashion, followed by 
the back panel. The back pan- 
el must be secured indeper 
dently by small metal braces, 
placed between the wood 
frames of the bottom and back. 
Add the top panel, and secure it 
to the sides and back in a sim- 
ilar manner. The accumulator should now be quite 
sturdy, and is almost. complete. 


L) Carefully mark and drill holes for door hinges and 
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™M) 


Q) 


attach them to the door panel and side panel. Make 
sure you center the door in a way that leaves equal 
space at the top and bottom, either for convection 
gaps (for the vented door style), or as clearance to 
allow the door to freely swing open and shut (for the 
fall-height windowed door style). Use hinges with 
romayable pins so that you can easily take the doar 
off when moving the accumulator. After fixing the 
door to tha side panel, it should open fully and close 
snugly, without binding, 


Attach a hook and eye to the door and side panel op- 
posite the hinge, such that the person sitting inside 
can secure it shut, Finally, add several coats of 
natural shellac to the outer exposed celetox, to pre- 
tect it from humidity and add to its accumulating 
strength. 


Your accumulator is now complete, except for a 
seat, You should have a seat which will allow you to 
place other accumulator chargers underneath. For 
this purpose, you might wish to specially construct a 
wooden bench, Wood is a good material to use, as it 
does not absorb the orgone energy significantly, 
and is not cold to the touch. Do not use woods that 
have been soaked in preservative or formaldehyde, 
however. Metal chairs are OK, but will be quite cold 
to sit on unless covered with a light fabric. 


You may also wish to construct a chest board, or or- 
gone pillow, for use inside the accumulator. As you 
sit inside, notice that there is a great distance from 
your chest to the front metal wall, This large 
distance inhibits orgone irradiation to your chest. 
An additional, small accumulator panel, similar 
to those used for the wall panels, could be construct- 
ed for use inside the larger box, to bring the radia- 
tion closer to the chest. However, a simpler way is 
to use a bundle of cotton, wool, or acrylic felt, rolled 
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P) 


into a large pillow shape with equal layers of steel 
wool. The final outer layer should be composed of 
steel wool, and the entire bundle is then placed in 
side a thin cotton pillowcase, It should be large 
enough that it fits very snugly into the pillowcase 
By holding this orgone pillow close to the chest, 
while you are in the accumulator, it will irradiate 
those frontal areas of your body that are not so well 
irradiated by the accumulator walls. Leave the or- 
gone pillow inside the accumulator when not in use, 
to keep it charged up. You can also use this pillow 
outside of the accumulator, in'a manner similar to 
the orgone blanket, with equally good results, 


Da not connect: electrical appliances to the accumula 
tor. Follow the cautions given in the previous chap- 
ters. You can read a book while inside the accumu 
lator, but should use either a strong external light 
source (to shine a beam of incandescent light into 
the accumulator), or you can use a battery-powered 
reading light inside. Again: no fluorescent lights, 
television sets, heating blankets or pads, or ather 
electrical or electromagnetic devicest! 


| 
| 
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There is discovered new electric physical effect of 
intensive “cold” evaporation and dissociation of liquids 
and aqueous solutions into fuel gases without any 
energy consumption due to high-voltage capillar 
electroosmosis [1] 


Prospects and problems of 
hydrogen engineering 


Effective obtaining of hydrogen from water is a long- 
standing tempting dream of the civilization. That is 
connected with the fact that there is a huge amount of 
water on the planet, and hydrogen engineering promises 
the possibility to obtain unlimited quantity of “free” 
energy obtained from water. All the more, the very process 
of hydrogen combustion in oxygen medium, which is 
obtained from water as well, ensures ideal high-calorie 
and environmentally appropriate combustion. 


Ecological and energetic problems are very actual 
nevertheless they have not been effectively solved. All 
known methods and devices of production of hydrogen 
and other fuel gases are ineffective since there is no a 
real high-performance technology of evaporation and 
splitting of liquid molecules. The main cause of 
ineffectiveness of the analogous consists in their difficulty 
and in energy consumption for breaking of intermolecular 
connections at dissociation of water liquid fractions. 


Physical-chemical structure of even habitual tap water is 
quite complicated since there are numerous 
intermolecular connections, chains and other molecular 
structures in water. In particular, in habitual tap water 
there are different chains of oriented water molecules, 
which are peculiarly connected with admixture ions 
(cluster formations), its various colloidal compounds and 
isotopes, mineral matters as well as various dissolved 
gases and admixtures. 


It is a paradox but in the living nature there is a long- 
standing effective way of electric capillar delivery and 
“cold” evaporation of liquid, which allows transform it 
into gaseous state without heat energy and electric 
energy supply line. This natural effect is realized in 
practice by plants, which deliver aqueous solution and 
make its “cold” evaporation by capillar electroosmosis. 
Itis quite comprehensible that this natural energetically 
perfect technology is applicable in methods of liquids 
transformation into fuel gases. The author of this article 
has designed such experimental devices of cold electric 
capillar evaporation of liquids according to electric pumps 
of trees (Fig.1-3) 


The simplest operating device, which experimentally 
realizes in practice the effect of high-voltage capillar 
electroosmosis of the “cold” evaporation and dissociation 
of water molecules, is demonstrated in Fig.1 


New Electroosmotic Capillar Method of 
Obtaining of Fuel Gas from Water 


Fuel gas gathering 


Water gas «+. 


Fig.1 


‘Simplest device of capillar electroosmosis of liquids 


First experiments on the electric capillar dissociation of 
liquids were made with using of habitual water as well, 
as its solutions and water-fuel emulsions of various 
concentrations as liquids. In all these cases fuel gases 
were successfully obtained in spite of the fact that these 
gases greatly varied due to their composition and heat 
capacity. The experiments on the electroosmotic 
evaporation and dissociation of liquids are realized in 
practice by the following way. First a wick (3) and a 
porous evaporator (4) are moisten with a water-fuel 
blend (emulsion) (2) then the blend (2) is poured into a 
reservoir (1). Then a high-voltage source of tension (6) 
is switched on and high-voltage difference of potentials 
(about 20 kV) is supplied to the liquid at some distance 
from the capillaries (i.e. from the wick (3) and the 
evaporator (4)). The source of electric field is joined to 
the device by electrodes (5-1) and (6). A plate perforated 
electrode (6) is placed above the evaporator (4) surface 
at a distance, which is enough to prevent an electric 
breakdown between the electrodes (5) and (5-1) 

Electrostatic forces of longitudinal electric field acts on 
the liquid. As a result dipolar polarized molecules of the 
liquid move along capillaries of the wick (3) and 
evaporator (4) from the reservoir to an opposite electric 
potential of the electrode (5) (i.e. electroosmosis 
occurred). Liquid molecules are detached from the 
evaporator (4) surface by these forces and transformed 
intoa visual fog, ie. the liquid is transformed into another 
aggregative state at minimal energy consumption of the 
electric field source (6). After that they provide 
electroosmotic elevation of this liquid. In the process of 
detaching and collision of evaporated liquid molecules 
‘with molecules of air and ozone as well as with electrons 
there is occurring partial dissociation between the 
evaporator (4) and the upper electrode (6) in an ionization 
zone. At the process a fuel gas is produced, which can 
come thorough a gas collector (7), for example, into 
combustion chambers of motor transport engine. 


It has been experimentally shown that change of 
intensiveness of process of evaporation and dissociation 
of vapor molecules depends on change of distance from 
the electrode (5) to the evaporator (4). Moreover, this 
dependence is conditioned by the following factors, viz 
by changing of the evaporator area, kind of the liquid, 
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On Wilhelm Reich and Orgonomy: 


Orgone Riaphysical Research Lab, Greensprings Research 
‘and Educational Center: PO Box 1148, Ashland, Oregon 
97520 USA. Tel/fiax: S41/ 552.0118. Bmail: demeo@mind.net 
Internet; http:/id.mind.neveommunity/orgonelabvindex.htm 

- Publishes Pulse of the Planet journal, books and Special 
Reports. Public educational lectares & seminars on Wilhelm 
Reich & argonomy. Active program ef ergonomic atmospheri & 
enyironmental research. 


Natural Energy Works: PO Box 1148, Ashland, Oregon 97520 USA 
‘Tel/Fax: 641/552-0118. Fmail: dameo@mind net 
~ Mail order sales of books, products, accumulator construction 
supplies; research instruments, radiation detection meters. 


Institute for Orgonomie Science: PO Box 304, Gwynedd Valley, 
PA19497 ‘Tel: 410/ 739-1200 
- Publishes Annals ofthe Institate for Orgonomie Science. Active 
program of argonoinic research. Training far orgene therapist. 
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‘Tho Witholea Reich Musoum: PO Box 687, Rangeley, Maine 04970, 
‘Vel: 207/ 864-2448, Email; wreich@rangeleyorg 
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gonon) for pablic viewing and tours. Publishes a Newsletter, and 
Orgonomic Functionalism. Sells xerox copies of various out-of- 
print beoks, joumsls, and pamphlets hy Wilhelm Reich. Ozea- 
sional sominare and sympesis. 


‘The American College of Orgonomy: PO Box 490, Prineoton, NJ 
(08542, Tel, 908/821-1144. 
- Publishes the Journat of Orgenomy. Occasional public symposia, 
seminars and workshops, Training for ongone therapists, 


Center for Functional Research: 2175 Mar East, Tiburon, CA 
‘94020, Fax 415/436-2816. Email: CFR@FunctioralResearch.org 
- Active program of orgonomie and related consciousness research, 
Oceasicasl public symposia. Training for orgore therapists, 


Center for Orgonomic Studies: 6823 NE 29th Ave., Seattle, WA 
98115. Tel: 206/523-0800 Email: orgetudies@acl.com 
Training for orgone therapists, Occasional public symposia, 


Orgonics: Email: Orgonies@aoleom ww worgonies.com 
= Sells quality experimental orgone blankets, seed-chargors & 
fall-size accumulators. 


Foreign Research Journals on Orgonomy: 

Bicenergy, $0.37-1 Takomachi, Kanazawa 921, Japan. 

Emotion, Karlshurgellee 25-8, Berlin 14089, Germany. 

Energia, Caracter y Sociedad, Publieationes Orgon, 
C/Serpis 36-342, Valencia 46022 Spain. 

Greek sJournal of Orgonomy, Hellenic Orgonomic Association, 
"DO. 18251, Thesseloniki 4008, Greece. 

Lebensenergie, Zertram fur Crgonomie, Im Braunlesrot 20, 
Waldoran 69428, Germany. 

Revista de Ciencias Orgonomicas, Fundacion Wilhelm Reich, 
G/San Luzuro 2, Figaores, Gerona 17600, Spin. 

Sciences Orgonomiques, “La Rose des Saisies’, Alle due Chene 
Vert, Pare Liserb, 06000 Nice, France. 


Of Related Interest: Summerhill School, Leiston, Bulfolk, P16 
4HY United Kingdom - Democratically operated school founded 
by AS Neill, edacator and pioneer on self-regulation for 
children, Publishes Friends of the Summurhill Trust Journal, 
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‘Health Freedom Organizations and Alternative 
Cancer ‘Treatment Clinies and Institutes: 


Cancer Control Society, and Cancer Control Journal: 
2043 N. Berendo St, Los Angeles, CA 90027; (213) 663-7801 
~ Maintains a complete listing of clinics and medical practitioners in 
the USA and abroad, who use non-toxic, alternative treatments 
for degenerative disease 
Sells books on alternative health topics 
+ Annual conventions on alternative health topics 


Cancer Control Society Clinic Tours and Travel Services: 
(Mexico): PO Box 4661, Modesto, CA. 95352; (209) 529-4697 


Gerson Institute, Charlotte Gerson, Clinic in Mexi 
US Contact: PO Box 430, Bonita, CA 92002; (619) 267-1150 


Hoxoey Herbal Therapy, Bio-Medical Center: 
PO Box 727, 915 General Ferreira (Colonia Juarez) 
‘Tijuana, B.C,, Mexico; (706) 684-9011, 654-9152 


‘Linus Pauling Instituto: 
440 Page Mill Rd., Palo Alto, CA 94308; (415) 827-4064 


Livingstone Immunclogy Clinie: 
8282 Duke St,, San Diego, CA 99110; (619) 224.8515, 


National Health Federation, and Health Freedom News: 
PO Box 688, Monrovia, CA 91016; (618) 357-2181 
~ Annual conferences on alternative health topics 
- Book sales on alternative honlth topics 
- Works to change repressive hoalth laws 


Project Cure: Center for Alternative Cancer Research: 
1101 Conn. Ave., NW #403, Washington, DO 20036 (800) 852-2873 
= Works to change ropressive health laws 
= Publishes anewsletter 
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Appendix: 
ABSTRACT: 


The Psycho-Physiological Effects of 
the Reich Orgone Energy Accumulator 


Dissertation, University of Marburg, 
‘West Germany, 1986. 


by Stefan Miischenich, Dipl-Psych. and 
Rainer Gebsuer, Dipl-Psych. 


‘This dissertation contains an experimental investiga- 
tion of the (psycho-) physiological changes in volunteer test, 
subjects during sessions in a Reich orgone accumulator, 
conducted at the University of Marburg, West Germany. 

Proceeding from clinical observations as well as from 
further research work in the biological and physical fields, 
the Austrian-born physician and psychotherapist. Wilhelm 
Reich postulated a specific bioenergy manifesting itself in 
the living organism, and called it orgone. This hypothesis 
was based on extensive biophysical studies conducted by 
Reich betweon 1934 and 1957 at the universities of Oslo and 
New York, and in his own research laboratories, Steps in 
this development were experiments on changes in endoso- 
matic skin potential due to certain stimuli, the deseription of 
energy-carrying vesicle-like structures (bions) during the 
microscopic observation of disintegrating biological slides, 
and investigations of hitherto unexplained atmospherie en 
ergy phenomena that play a part in forming weather condi- 
tions. Finally Reich claimed that the orgone was a univer- 
sally existing kind of enargy and he attributed to it a specific 
(psycho-) physiological effectiveness on the human organ- 
ism. 
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quality of capillar material of the wick (3) and the 
evaporator (4), parameters of the electric field as well 
as the source of intensity (of power) (6). 


‘The author's first experiments on this simplest device, 
which were organized in 1986, demonstrated that 
“cold” water fog (i.e. gas) appears in capillaries from 
liquid (i.e. water) at high-voltage electroosmosis 
without any observable energy consumption but just 
using potential energy of the electric field. This 
conclusion is evident since in the process of 
experimenting consumed electric current of the field 
source was the same and equal to the consumed 
current of the source idling. This current was not 
changed depending on the appearance of the liquid 
evaporation. 


The experiments demonstrated that capillar 
electroosmosis evaporated quite significant quantity 
of water (1 liter) without any energy consumption for 
10 minutes at a 10-centimeter-diameter capillar 
cylinder. That is to say that the consumed electric 
power (10 Watts) of the electric current source, ie. of 
the tension high-voltage transformer (20 kV), was 
unchangeable and did not depend on mode of its 
operation. It has been experimentally stated that the 
whole consumed energy supplied by the current 
network is insignificantly small comparably with the 
energy of liquid evaporation. It can be explained by 
the fact that power was consumed only to generate 
the electric field and did not increase at liquid capillar 
evaporation that occurred due to work of an ionic pump 
and of a polarized pump. Hence the effect of cold 
electric-capillar evaporation of liquid is very economical 
in respect to the process energy consumption. 


In spite of the fact that energetic essence of this process 
has not been disclosed it is evident that both “cold 
evaporation” and water dissociation are realized in 
practice by potential energy of the electric field. More 
precisely, the visual process of evaporation and water 
splitting into H, and O, at the capillar electroosmosis is 
realized by powerful Coulomb forces of this strong 
electric field. 


Editor: It is not the most surprising fact. The most 
astonishment is aroused by school-day stereotypes that 
work of a field at a closed cycle is equal to zero. These 
stereotypes have been kept in mind of people for a long 
period of time. Everybody understands that a field can 
do work but if a body falling from some height is 
accelerated in a potential field and its kinetic energy 
increases then it requires energy consumption to relevate 
the body up to this height. Nevertheless, the analogy of 
a gravitation field with an electric one is not one-valued 
since the electric field may be generated only at a part 
of trajectory of the accelerated body motion. An electric 
field can be pulsating, it can be screened or it is possible 
to change its direction at the reverse part of the trajectory 
in such a way that the field constantly accelerates the 
body. Hence a principal conclusion can be made: 
‘summary work of a potential field may not be equal to 
zero. This conclusion has earlier been proposed by A.V. 
Frolov in his article published in the USA (Newsletter of 
the Institute for New Energy. May 1994. p. 1-4). 


In principle this uncommon electroosmotic pump- 
evaporator-splitter is an example of the perpetual 
motion machine of the second type. Thus the high- 
voltage capillar electroosmosis of aqueous liquid 
provides really intensive and energetically free 


evaporation and splitting of water molecules into the 
fuel gas (H,,O,, H,0 ) by means of using of potential 
energy of the electric field. 


To produce more complete dissociation of water 
molecules into the fuel gas it is necessary to make the 
whole water molecules collide each other and be split 
into molecules of H, and Q, in an additional 
transversal alternating field (Fig.2). 


Fuel gas 7 H 
Hso,tti0 © H 
ot 9 
20K 
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Fig.2 
Device for production of fuel gas by electroosmosis. The device is 
equipped with an additional high - voltage splitting center of 


liguid molecules by electric 


jternating field 


At the second stage of water dissociation the energy 
of the second electric field is used, more precisely, 
powerful electrostatic forces are used to intensif 
oscillation resonant process of “collision-repulsion’ 
of electrified water molecules represented as water 
gas. The result of this process is complete breaking 
of liquid molecules and generation of fuel gas 
molecules. 


Conditions of optimal dissociation vary due to a kind 
of the liquid, to capillaries properties, and to the field 
parameters. These conditions are caused by required 
productivity of the process of dissociation of concrete 
liquid. Fig.2 demonstrates in details functional 
structure and composition of the device equipped 
with two sources of the electric field. 


In the case of preliminary division of initially 
chemically neutral water into chemically active 
fractions (i.e. acid fraction and alkaline fraction) 
realization of the technology of production of fuel gas 
from water becomes possible at temperature below 
zero (up to ~30°C ). In winter it is quite important 
and useful for motor transport. This “fractional” 
electrically activated water does not freeze at degree 
of frost; hence the device designed for hydrogen 
production from such activated water can operate 
at environment temperature below zero and at 
degree of frost. 


This principle of additional chemical activation of 
water (or liquid) is realized in practice in the device 
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About 1940 Reich published the construction plans for an. 
apparatus that was able to concentrate this energy within its 
interior. He postulated that spending some timo in this or- 
Bone cecumutator (ORAC) produced certain psychic and so- 
matic reactions, Later he used the device for therapeutic pur- 
pores in the treatment of some syndromes. An orgono aceu- 
mulator may be described as a closet-like structure or box, 
each of its walls consisting of a number of alternate layers 
of organic material (for the exterior) and metal (for the in- 
terior), 

In the theoretical part of our dissertation we first dis- 
cussed 2 choice of empirical studies published by various 
scientists who dealt with the physical aspects of the atmos- 
phere within the device. ‘The phenomenon of a constantly in- 
creased air temperature in the accumulator (the To-T' effect), 
the observation of a delayed electroscopical discharge rate, 
and processes connected with alterations in air humidity 
and water evaporation rate are of special interest in this eon- 
text. Furthermore some medical case histories were demon- 
strated to illustrate the effects of the orgone accumulator that 
were conducive to health during the therapy of various dis- 
eases, The studies mentioned were described in their topical 
and historical connection with Reich's research work and 
concepts. In doing so, we critically discussed the scientific 
validity of the theories invelved. 

‘The main effort of our own experimental work was to in- 
vestigate the (psycho-) physiological effects that are attribut- 
‘ed to orgone accumulator sessions. Reich claimed that body 
temperature rose during ORAC sessions and he described a 
general vagotonic activation due to sitting in the device for a 
certain period of time. Considering the contents of orgonom- 
ie publications, and the results of our own pilot tests, we de- 
cided to explore the systematic changes in hody core temper- 
ature, skin temperature, and heart rate (ECG). As far as we 
know, the two last mentioned parameters have never before 
been evaluated in # scientific manner. 

We conducted a long-term study with 15 volunteer sub- 
jects, each of them carrying through 20 experimental hours. 
In this experiment the physiological variables mentioned 
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above were continuously recorded during the sessions with 
the help of electronic devices, Ten persons undertook ten 30- 
minute sessions in an eight-fold coated orgone accumulator 
built according to Reich's instructions. Besides, they carried 
through ten 30-minute sessions in an almost identical- 
looking contro! box. This control box had been constructed 
by us for purposes of comparison. It consisted only of organic 
matter (and no metals), but concerning its size, shape, and 
insulating properties it did not differ from the original aceu- 
mulater box (which did contain metals). Five additional 
subjects conducted all their 20 sessions in the same box: 
three persons used the organe accumulator every time, while 
two subjects used only the control. Before each session the 
subjects sat in a comfortable relaxation-chair for 15 min- 
utes. By this provision we wanted to establish a standardized 
psychophysiological initial level. During this space of time, 
the physiological data mentioned were measured. 

Firstly, by this means a comparison between the physio- 
logical reaction patterns in the orgone accumulator and in 
the control box was made possible, Secondly, one could relate 
the data recorded during the sessions in one of the two boxes 
to the activation standard previously measured in the relax- 
ation-seat, The entire investigation was conducted as a 
“double-blind study”, which means that neither the volun- 
toor subjects (who had beon chosen at random) nor the per- 
sons that gave the instructions and recorded the data knew 
anything chout the experiment they were taking part in, The 
clothing of the eubjects, the positions of the two boxes, the ce- 
quence in which the two devices were used, and the other ex- 
perimental modalities were standardized or balanced out, 
In contrast for example to the medical ease histories men- 
tioned above, we took into consideration psychological 
sources of error, and artifacts caused by superimposition ef 
foots. Intending to control these factors, we had the persons 
fill out a questionnaire after each session, which revealed 
information about their psychophysiological sensations and 
‘moods during their stay in the boxes, The exploration, as 
‘well as the fact that the subjects were absolutely uninformed, 
‘was to eliminate falsifications produced by suggestion (e.g. 
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caused by manipulation through the conductors of the study) 
or autosuggestive factors, 

In this way we evaluated the subjective quality of poten- 
tial physiological changes. Additionally, the recorded ECG 
data conyeyed information about the psychic and emotional 
excitement of the participating persons. Besides, metecro- 
logical and physical variables wore continuously meas- 
ured. They were to be correlated with the psychophysiologi- 
cal data. 

‘The investigation gave the following results: All of the 
(e-priort formulated) hypotheses, which claimed that there 
were no greater psychophysiological alterations between rel- 
axation-chair and orgone accumulator than between relaxa- 
tion-chair and control box, could be rejected with a statistical 
significance on the 1% level, ‘This means that one may pro- 
ceed with a probability of 99% on the assumption that, eom- 
pared with the initial standard during the stay in the relaxa- 
tion-chair, the physiological data recorded in the orgone ac- 
cumulator were subject to greater alterations than the data 
recorded in the control. 

Both of the body temperature variables showed a distinct 
inerease during the accumulator sessions. These facts are 
in accordance with Reich’s predications of a rise in core 
‘temperature and an increase in parasympathetic activation 
produced by orgone accumulator treatment. The interpreta- 
tion of heart rate pattern, however, is more difficult. While 
‘one would expect a decrease, the heartbeat frequency re- 
vealed a clear increase between the initial level and the stay 
‘in the accumulator. These problems may probably result 
from the fact that the ECG-data showed a relatively high sta- 
tistical variance and were much more sensitive to acciden- 
tal external influences and momentary psychic states than 
the more stable temperature parameters. Further follow-up 
studies are to explore to what extent a possible vagotonic 
ECG-effect may have been superimposed by cognitive pro- 
cesses, nervousness, or anxiety. Still, we can conclude that 
the assumption of vegetative changes during orgone acca- 
mulator sessions was strongly confirmed by our data. The 
impression one gets from the Tesults of the first 10 subjects 
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‘was corroborated by the data of those five persons who used 
only the accumulator er only the control every time. The 
number of these last-mentioned cases, however, is too small 
for a statistical test of significance, 

Some further interesting effects are worth mentioning, 
too: for example, one person seemed to be “resistant” to the 
orgone accumulator effects, while another proved to respond 
extremely sensitively to the accumulator. Not only the cbjec- 
tive physiological results but the subjective sensations 
(expreased in the questionnaire) of these two persons justi- 
fied this hypothesis. Besides, the “ORAC-resistant® subject 
was the only one who said that he felt better in the control 
than in the orgone accumulator. All the other persons pre- 
ferred the accumulator. Generally it ean be said that the 
questionnaire data corresponded well to the recorded physio- 
logical changes. In the accumulator box the volunteer sub- 
jects noticed more perceptions of warmth, prickling and 
tickling on the ckin surface; additionally, they connected 
more plensant cognitive associations with the orgone accu- 
mulator than with the control. 

In our study a correlation between psyshophysiological 
alierations and meteorological/physical processes was cor- 
roborated. During late spring and early summer months the 
somatie reactions were stronger than during the colder peri- 
od. Especially the air pressure outside the building seems to 
be quite a good predietor for the physiological pattern in the 
accumulator. The phenomenon of a constantly positive To-T 
difference was statistically confirmed. The total of the meto- 
orological data revealed that the air temperature measured 
in the orgone accumulator differs from that recorded in the 
eontrol on the 1% lavel., 

‘As a conclusion it can be stated that the results received 
in our investigation furnish evidence for the assumption 
that the physical propertios of the orgone accumulator and its 
psychophysiological efficacy on human organisms, postu- 
Jated by Reich and his associates, factually exist. Various, 
more natural-scientifie oriented follow-up investigations 
are expected to determine whether the hypothesis is justified 
that a hitherto unknown biophysical energy (the orgone) is, 


The Orgone Accumulator Handbook 


the causative factor of the phenomena described. Additional- 
jy, amore extensive study might clarify one or other effect, 
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Figure 1. Average Change in Body Core Temperatures, 
for both control box and orgone accumulator, among differ- 
ent volunteer subjects participating in the study (identified 
by number). 


Black = Change in botly core temperature between 
relaxation-chair and control box ecasion 

White = Change in bocly core temperature between 
relaxation-chair and orgone accumulator session 
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Figure 2. Changes in Body Core Temperatures of Sub- 
jects Moving From Relaxation-Chair into Control Box. 
Note the abserive of any significant difference in tempera- 
tures (except for subject #4), 


Appendix Author Contact Addresses: 


Stofan Mischenich, Dr.med_& Diplom-Psychologe, 
Hohenzollernstr, 11, 79106 Freiburg iB., Germany 


Rainer Gebauer, Diplom-Psychologe, Steinweg 5, 
35287 Amoneburg, ER Furtshausen, Germany 
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Figure 3. Changes in Body Core Temperatures of Sub- 
ects Moving From Relaxation-Chair into Orgone Accumu- 
lator, Significant temperature differences are now quite 
apparent (cspecially subjects #4 and #14), 


Copyright © 1986, All Rights Reserved by Stefan 
Maschenich and Rainer Gebauer, Germany. Full text pub- 
lished as Der Reichsche Orgonakkumulator, Naiurwis- 
senschafiliche Diskussion, Praktische Anwendung, Expoe- 
rimentelle Untersuchung, Nexus Press, Frankfurt, 1989. 
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Postscript 1999 


‘This second edition of the Orgone Accumulator Handbook ap- 
peared in 1989, und has eontinued to sell slowly but steadily, 
being the only available book on this important subject and 
spreading information about Reich's discoveries to new audi- 
ences around the world. It is now translated into Grosk, Ger 
man, Spanish, Portuguese, and Japanese, with Polish and 
French editions under preparation, With the spreading of this 
new knowledge hes come a lively communication between my- 
self und various scientists, physicians and experimenters in dif- 
ferent lands, pointing to a need for a few clarifications and ad- 
ditions to the Handbook. 


Clarification on Materials for 
Orgone Accumulator Construction 

Since the 1940s, when Reich frst published his findings on 
the orgone accumulator, he and others (myself included) have 
advocated celatex for construction f the outer, non-metallic layer 
of the accumulator, However, “eelotex” is in fact a brand name 
of the Celorex company, and does not teday designate any one 
specific product, Originally, the Calotex company made only 
organically-based soundboard material, which is formod from 
the crushed and pulverized stalks of sugar cane and other her- 
baceous farm plant residues. The crushed organic material is 
mixed with binders and glues, pressed into a Bat choot to dry, 
and then painted white on one surface. Such soundboard mate- 
rial continues to be available from many different sources. But 
the term “celotex” has lost its original meaning. Celotex com- 
pany today makes a number of rigid insulating panels which 
are totally unacceptable and toxie in the construction of accu- 
mulators, such a8.an aluminum-feil and foam insulation board. 

Another excellent form of masonboard is now available for 
the exterior of the accumulator, called Medite from the Medite 
Corporation. Medite (or similar material from other manufac- 
turer's) is also made from cellulose plant or woody matoriels 
ground into very tiny particles, mixed with binders and glues 
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and pressed into thin flat sheets. It is a dense, hard material, 
not like the often crumbly soundboard, and therefore will last 
much longer. Medita can also be ordered in a special formalde- 
hyde-froe composition. Whathor one uses the original Celotex 
soundboard, or Medite board, it is strongly advised to give the 
exterior surface several heavy coats of natural sheliac to stabi- 
lize it, make it. waterproof, and add to the orgonotic attraction. 

It is also now possible to obtain carded sheep's wool at suffi- 
ciently low cost as to substitute for the fiberglass normally used 
inside accumulator panels, When wool is sheared from a sheap, 
it is gently washed and combed to remove debris, yielding a 
light and fluffy material called carded wool, which is later pro- 
cessed into yarn or thread for the ultimate making of wool fab- 
ries, Carded wool can be pulled and tensed into thin layers as 
needed for use within orgone accumulator panels, and has no 
dusts or toxic qualities whatsoever. Newer biomedical findings 
suggeat fiberglass is much more toxic to breathe and handle 
than previously believed, and so its all around a better idea to 
g0 totally with the more natural materials, such as the carded 
‘wool. It ean be purchased in bulk from wholesale wool products 
suppliers, or by mail-order from Natural Enargy Works (PO Box 
1148, Ashland, Oregon 97520), Fiberglass and some kinds of 
plastics (sea page 43 and below) can still ba used to make excel- 
Tent strong accumulators, but the wool is far easier and more 
pleasant to handle, 

‘We ean also add the following new information regarding 
why some materinls work well for the exterior non-metal layer, 
while others not, In general, those materials with a high di- 
electric constant (such as sheep's wool with its organic oils, cer- 
tain plastics, acrylics, fiberglass, shellac, beeswax, ete.) are also 
good orgone absorbers. Several chemists have also pointed out 
that petrochemical syntheties which make good orgone absorb- 
ers (acrylics, styrene) contain abundant oxygen and water mel- 
ecules imbedded in their molecular structures. Whether these 
preliminary ideas hold true universally for a variety of other 
materials remains to ha seen, but thay are worthwhile points 
for further investigation. 

All other points made in the Handbook reparding good and 
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(Fig.3). In contrast to the devices mentioned above 
(see Fig.1, 2) this device is supplied with an 
electrochemical activator of liquid (3) with evaporators 
(4). 


Fuel water gas. 


Fuel wai ge Block of high tension 


[Roguators of ofcioncy 

ofthe evaporator and of 

|atecules dissociation 
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Block of high tension 


Fig.3 
Hybrid device equipped with two sources of electric field and 
liquid electric activator 


Productivity of 
Fuel blend obtaining B 


4 


Intensity of the longitudinal 
electric field (E1 kV/cm) 


Fig.4 


Productivity of the method increases as well as oscillation 
frequency of the second transversal electric field (4) and 
evaporating area (B) increase. 


There is a known and low-expenditure progressive 
electric technology by Stanly Mayer, which has been 
worked out to obtain fuel gas from water (Mayer cells). 
Our technology is more progressive and ensures higher 
productivity than Stanly Mayer's technology does [3]. It 
can be explained by the fact that this electroosmotic 
effect of evaporation and liquid dissociation combined 
with a mechanism of the electrostatic pump and the ionic 
pump ensures intensive evaporation and dissociation 
ofliquid as well as effective detachment of gas molecules 
from the dissociation zone. The process of gas molecules 
detachment is accompanied by acceleration from the 


upper end of the capillaries. Therefore in our case the 
effect of screening of the working zone of molecules 
electric dissociation is not produced. All these processes 
proceed at minimal energy consumption, which is similar 
to analogous energy consumption. Moreover, the process 
of fuel gas production does not slow down as the process 
in Mayer's technology does therefore gas productivity of 
our method is significantly higher than that of this 
progressive analogue at similar minimal energy 
consumption. 


Some technical and economical aspects of the 
new technology realization 


In the near future production run of these high-effective 
electroosmotic generators of fuel gas from practically 
any liquids (including tap water), which are based on 
the proposed new technology, can be established. At 
the first familiarization level it is especially easy and 
economically appropriate to realize in practice a variant, 
of the device of transformation of water-fuel emulsion 
into fuel gas. A prime cost of the production-run device 
for generation of fuel gas from water of 1000 m‘/hour 
productivity comes to approximately 1 thousand of 
US dollars. Consumed power of such an electric 
generator should come to no more than 50-100 Watts. 
Therefore such compact and effective fuel electrolyzers 
can operate practically in any motor car. As a result heat, 
engines can work on any hydrocarbon liquid or even on. 
habitual water. Mass application of these devices for 
the motor transport can cause immediate energetic and 
ecological perfection of the motor transport as well as, 
designing of an environmentally appropriate and 
economical heat engine. Approximate financial 
expenditures for working out and designing of the device 
for fuel gas obtaining from water, and for bringing the 
investigation of the first testing device of 100 m’/sec 
productivity to an experimental-industrial model come 
to about 450-500 thousands of US dollars. That contains 
the expenditures for projecting and investigation, for 
designing of the very experimental device and ofa testing 
bed, which is necessary for approbation and engineering 
development of the device. The author is interested in 
business and creative cooperation with those companies, 
which can provide this project with investments to bring 
the device to the experimental-industrial model and 
introduce the perspective technology into practice. 


Conclusion 


Electroosmotic “cold” evaporation and dissociation of 
water and aqueous solutions through capillaries is a 
perspective way of highly productive fuel gas 
production at minimum of energy consumption. 
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poor materials for orgone accumulator construction remain un- 
changed and time-tested. 


Cautionary Note on New 
“Wireless” Electromagnetic Gadgets 

On tho subject of safo uso of the accumulatar (see Part II), 
‘we may add the following: Over the last decade, there has been 
an increased use of new “high tech” devices for telecommunica- 
tions purposes which actively emit potentially toxie low-levels 
of electromagnetic radiation: cellular telephones and cell-phone 
relay systems (often located in populated areas) emit micro- 
wave radiations at potentially toxic levels, aa well as new re- 
mote-control apparatus which employ active far infrared (close 
to microwave) frequencies, such as inventory scanners and vari- 
ous kinds of “wireless” technology. In all cases, orgone accurmu- 
lators should not be located near to any of these devices, nor 
should any human being wish to live, work or sleep near them 
either! New elactromagnetie dovices should be viewed as ean- 
trary for safe use of orgone devices uiless proven otherwise 
On the other hand, various passive infra-red sensing devices 
(such as automated outdoor security lights) pose na problems, 


Sprouted Mung Beans: Left side, Orgone-Charged. 
Right side, Controls. (Experimental protocol p.96-97) 


159 


Tames DeMeo 


New Publications and Controlled 
Studies on the Human Bio-Fffects 
of the Orgone Energy Accumulator 

Tn recent years, mainstream publishers in Germany have 
expressed a growing interest in the works of Wilhelm Reich, 
and on tho cubjoct of his roroarch findings (an interest. not ear 
rently shared by any mainstream American publisher), Some 
examples of this interest are given below. 

Appendix I of this Handbosh (page 148-155) prosents an 
extended abstract describing the first double-blind controlled 
study of haman physiological response to the argone eccumula- 
tor, as undertaken by Stefan Muschenich and Rainer Gebauer. 
‘Their study was completed in 1986 at the University of Marburg 
in Germany. Dr. Muischenich subsequently wrote a major book 
on this same subject (in the German language): 

Stefan Muschenich, Der Gesundheitsheariff im Werk des 
Arates Wilhelm Reich (The Concept of Health in the Works of Dr. 
Wilhelm Reich), Doktorarhsit am Rachbereich Humanmedizin 
der Philipps-Universitat. Marburg, Verlag Garich & 
Weiershauser, Marburg 1995, 425 pages, ISBN 3-922906-54-0. 

Inmorerecent years, another similar double-blind and con- 
trolled study was undertaken at, the University of Vienna by 
Gunter Hebenstreit, producing similar positive results. The 
Hebenstreit stury; like that of Mischenich and Gebauer, used 
an orgone accumulator, a control dummy-box that looked like 
an accumulator, and a relaxation-chair in which test subjects 
were evaluated both before and after expestire to either the ac- 
cumulator or contrel enclosure. It produced positive results, 1 
am informed, Unfortunately, we do not have any printed proto- 
cols, but can iva the exact. citation foy those who wish to obtain 
and read the original German-language publication: 

Gunter Hebenstreit, Der Orgonakeumulator Nach Withelm 
Reich. Kine Experimentelle Untersuchung zur Spannungs- 
Ladungs-Formel, Diplomarbeit zur Erlangung des Magister- 
grades der Philosophie an der Grung- und Integrativ- 
wissenschaftlichen Fakultst der Universitat Wien, 1995. 

Another German-language title of significance was pub- 
lished in 1998, containing tha contributed research papers of 
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40 different scientific-professional authors on the subject of 
Wilhelm Reich’s social and biophysical findings, to include many 
papers on the subject of bions, orgone energy, and the orgone 
energy accumulator: 

James DeMeo & Bernd Senf, Editors, Nach Reich: Newe 
Forschungen zur Orgonomie: Sexualukonomie, Die Bntdeckung 
Der Orgonenergie (After Reich: New Research in Orgunomy: Sex- 
Economy. Discovery of the Orgone Energy), Zweitausendeins 
Verlag, Frankfurt, 1998, 898 pp. ISEN 3-86150-230-9, 


An Orgone Energy Darkroom (room-sized. accumulator) at the 
Orgone Biophysical Research Lab's high-altitude Greensprings 
Center near Ashland, Oregon. This structure is made in the 
form of a large accumulator, with a metalstined interior and 
under-layering of jtberglass. Inside are several humon-sized 
“orgone accumulators and experimental chargers. The strength 
of the atmospheric orgone energy charge inside such an orgone 
room is dramatically increased. The argone energy can be more 
easily felt and observed with the eye, andl registers more clearly 
in experiments and with measuring apparat 
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About the 
Orgone Biophysical Research Lab 
(OBRL) and Greensprings Center 


‘The Orgone Biophysical Research Lab is a non-profit science 
rosearch and educational foundation, established in 1978. Over 
the years, OBRL has supported various laboratory and field 
research projects, educational lectures and seminars in both 
the USA and overseas, focused upon the sex-economie and or- 
gone biophysical discoveries of the late, great natural scientist, 
Wilhelm Reich, OBRL also publishes a journal, Pulse of the 
Planet, on an irregular basis, The founder and director of OBRL, 
James DeMéco, has been investigating and extending Dr. Reich’s 
original findings in both the social and natural sciences since 
1971. Early in 1995, the Greensprings Center was established 
in a vibrant forested region of rural Oregon, to provide a better 
foundation for continued public outreach and in-depth study of 
orgona energy functions in nature, The Center also has the West 
Coast's only Orgone Energy Darkroom, for experiments requir- 
ing a higher energy charge, and for direct visual observation of 
orgone enorgy functions. New books (deseribed at right) are also 
occasionally published, and public educational programs, the 
Greensprings Seminars, are held each summer. Accomplished 
scholars in the field of argonomy are invited each year to share 
their knowledge and experience with interested students and 
professionals from around the world. Yearly seminars include: 
Bions, Biogenesis and the Reich Blood Test, The Orgone Energy 
Accumuletor, and Guided Indepencient Study. Contact OBRL 
for an informative brochure and publications catalog, and to 
goton theintornational mailing list for seminar announcements. 

Orgone Biophysical Research Lab 

Greensprings Center, PO Box 1148 

Ashland, Oregon 97520 USA 
‘TeVFax: 641-602-0118 Binail: demoo@mind.net 
OBRL's Global Internet Web Site: 
hittp:/iwww.orgonelab.org 
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Additional Publications Available 

(Contact OBRL for ordering information) 

| tuee@fMueay | Heretic’s Notebook (Pulse of 
Sates Guan k | the Planet #5): Emotions, 

Protocells, Ether-Drifé and 
Cosmic Life-Energy, with New 
Research Supporting Wilhelm 
Reich, Edited by James DeMeo 
Contains 28 insightful essays and 
research articles by 1 cifferentauthors, 
on natural childbirth, sexuality, 
archaeology of early human violence, 
Reich's orgonomic functionalism, exposés oa Reich’s detractors, 
GiordanoBruno’swork, bion-biogenesis research, Dayton Miller's 
ether-driftcdiseoveries, emotionaleffects in REG (psychokinesis) 
experiments, new detector for orgone energy, dowsing research, 
cloudbusting desert greening experimentain Africa, plant growth 
stimulation in the orgone accumulator, the orgone energy motor 
and ‘free energy’, plus UFO research, book reviews, and much 
more, with color cover photos, toxt- photos and illustrations. 
272 pages, Large format $24 Softcover 


SAHARASIA: The 4000 BCE 
Origins of Child-Abuse, 
Sex-Repression, Warfare and 
Social Violence, In the 
Deserts of the Old World, 
| by James DeMeo 
Dr. DeMeo’smagnum opus on the origins 
of human violence and biophysical 
armoring, the first geographical, cross- 
cultural study ofhuman behavior around 
the world, using Wilhelm Reich's sex 
economic discoveries as a basic starting point, presenting world 


/ 


maps of different behaviors and social institutions. Source- 
regions (Arabia and Central Asia) for patriarchal authoritarian 
culture were identified, and migratory-diffusion patterns were 
traced, back in time, to pinpoint where and how the human 
tragedy began. Solves theriddle of the origins ofhuman violence 
and armaring, A brerkthrough in the seientifie study of human 
sexuality, psychology and anthropology, and must-reading for 
every parent, stuclent, professor and clinical worker in the field 
of human heslth and behavior. 454 pages, with over 100 maps, 
photos, and illustrations. Large format with vivid full-color 
cover, extensive bibliography and index. Softcover $34 
AnthorSigned Limited Hardhound First Edition $90 


On Withelm Reich and 
Orgonomy 

(Pulse of the Planet #4) 

Edited by James DeMeo 

Contains Reich's milestone articles on 
psychic and somatic (mind-body) 
processes, and onthe bioelectrical aspects 
of human emotion and sexuality, with 
articles by B.D. Laing on Reich, and a 
diseussion on Reich's work in Denmark 
when he fled Nazi terror in Germany and 
was also expelled from the International Psychoanalytic 
Ascocistion. Other papersdliscuss: Reich's research on bioganesis 
‘and discovery of the microacopical dion; the discovery of organe 
(life) energy, and the ongone energy accumtlator. Also featured 
arearticles aboutthe Food & Drug Administration’sattack upon 
Reich, and their present-day war against the natural health 
movement; the deadly effects from nuclear power plants, and an 
ilhminating scientific challenge to the HIV theory of AIDS — 
plus other reports on current life energy research, weather 
anomalies from nuclear bomb tests, a cloudbusting desert- 
greening experiment in Israel, provocative hook reviews, and 
more! 176 pp. Large format $20 Softcover. 
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Notes Regarding the Use of the Orgone Accumulator 


The Orgone Accumulator is built so as to collect the natural energy of 
the atmosphere (Orgone Energy) and to make this energy about five times 
more concentrated inside the accumulator than in the outside air. Since 
orgone is the same energy that is in the bodies of all living organisms, the 
accumulator has the effect of increasing the body energy of the user-- 
increasing the natural charge of the user's tissue and blood--thus 
strengthening the user's resistance to disease. 


Orgone is not electricity, and the orgone accumulator has no electrical 
connections. WARNING: DO NOT ALLOW EXPOSED ELECTRICAL 
WIRES TO COME IN CONTACT WITH THE ACCUMULATOR! 


The accumulator should be used once or twice daily as follows: the user 
should sit inside the accumulator lightly clothed or without clothing until 
the user becomes quite warm, or for roughly 15 to 45 minutes. The effect 
of the orgone will be best if the user relaxes, breathing out deeply but not 
forcefully. Slight dizziness or heaviness in the head is a signal to come out. 
Fresh air will eliminate such effects immediately. 


In humid weather, the normal time of use should be lengthened, as 
there is then less orgone in the atmosphere. Air the room in which the 
accumulator is kept every day, for the increased orgone concentration 
tends to make the air in the room heavy. 


The funnel end from the shooter box-seat is used for local application 
of orgone. This unattached end should be held close to, but not quite 
touching, the region in question for between two and ten minutes, 
depending on the sensitivity of the region. If it is used on the eyes, they 
should be kept closed. A slight burning sensation in the region that is being 
treated is a signal that the body has had enough for the time being. In 
general, the tube should only be used until the area becomes warm. The 
shooter box-seat tube can be used several times a day. 


© Copyright 1991 by Mary Boyd Higgins as Trustee of the Wilhelm Reich Infant Trust Fund 
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Questions Regarding the Use of the Orgone Accumulator 


Does it lessen the effect of the accumulator if any part of the body 
comes in direct contact with the metal walls? 

It is better if no part of the body touches the metal walls. However this 
cannot always be avoided and it does not lessen the effect to any 
considerable degree. 


If two or three people use an accumulator rapidly in succession, is the 
orgone "used up"; does the last one to use it get energy? 

The effect of the orgone accumulator consists of a mutual excitation of 
the orgone energy which is concentrated within the accumulator and the 
body-orgone energy of the user. It can be assumed that the successive use 
of the accumulator by several persons will not lessen the efficacy. 


Should you spend more or less time in the accumulator, depending on the 
humidity? 

Since the orgone energy concentration in the atmosphere diminishes with 
high humidity, it is advisable to prolong the use of the accumulator on 
very humid days. 


Does the funnel for the pipe of the tube box have to be metal? 
Yes, since plastic or other non-metallic material will tend to "hold" 
orgone energy, while the metal will give it off immediately. 


Can you use the tube box inside a larger accumulator for reasons of 
more intensity, or is it more advisable to use it outside? 

The concentration of orgone energy in the tube box will be stronger if it 
is used within the larger accumulator. 


Is it all right to take objects into the accumulator while using it, such 
as books, magazines, notebook, pen, pillow? 

There is no objection to taking reading or writing material into the 
accumulator or knitting or needlework, etc. We would advise against 
taking pillows into the accumulator because they will soak up orgone 
energy and thus divert it from the body. 


Is it all right to paint the accumulator to match walls? 

As long as the paint does not contain lead or other metals, the 
accumulator can be painted in any color. It may also be covered with 
wallpaper. 
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Abstract 


Time, space, energy and mass form the four-fold 
conceptual basis for gauging physical reality. The 
following paper, as a follow-up to a previous exposition [1] 
which focused on the necessity to change the current 
paradigm for time, continues in this same vein, but will 
also consider in greater depth the interrelations of this 
phenomenon with the other three yardsticks cited above. 
‘Again, information garnered from a wide variety of 
sources will be considered. We hope to provide, through 
just such a unique eclectic format, the beginnings of a 
possible fresh understanding of the workings of nature 
and perhaps ultimately furnish a conceptual basis for 
extending the structure of current physical theory to 
compatibly encompass the elements of a unified 
framework of physics and metaphysics. 


Introduction 


In the former article cited above, by investigating the 
following varied sources and research [2-17], we came 
to the inescapable conclusion that the phenomena of 
time and space are considerably more intimately related 
than is currently suspected by modern science, and will 
require a drastic re-working to fit the conclusions of the 
various evidence cited. Towards this end, the adoption 
of a more expansive paradigm for these yardsticks was 
suggested, which incorporates a fluid-field nature for 
time and space where both are derivatives of the 
fundamental ground-form of energy in flux or oscillation. 
These new approaches involve the inclusion of a 
Kozyrev-type of “substantial” (active) time-flow as 
opposed to the conventional “relational” (passive) 
concept of time, where it is used as a static parameter 
signifying duration. The substantial aspect of time pre- 
supposes that itis an essence which can and does affect 
physical processes, and that those same physical 
systems can cause a reverse action on time [8]. Such 
active fluctuating (deformable) types of time or space, 
implies the establishment of a revolutionary notion: 
positing completely non-scalable metrics for both time 
and space. This is in direct contrast to all contemporary 
orthociox models for physical reality, either in Einsteinean 
relativity (Special or General theory), quantum field 
theory, or even superstring/supersymmetric theory, all 
of which continue to consider both of these yardsticks 
from their relational (length or durational) standpoints. 
Consequently, all these formalisms require scalable 
metrics of some sort for their proper description (for 
refreshing viewpoints on this matter, see [7]). For 
instance, in the standard equations of quantum theory, 
time is regarded merely as an unchangeable static 
parameter. When we later consider applying these novel 
substantial aspects of time to the edifice of quantum 
theory, we will see that time must then become a 
“hidden variable”. It will be seen that by considering 
time in this manner, a clearer and more tractable 
explanation of the inevitable probabilistic aspects of 


quantum theory, evidenced in the signature Uncertainty 
Principle, complementarity and non-locality will arise, 
without having to invoke the counter-productive and ill- 
conceived Copenhagen Interpretation. 


Oscillatory Models for Time and Space 


Upon accepting non-scalable metrics for time and space, 
we observe that a similar field nature for energy and 
mass must in tum also be postulated. Moreover, from 
the Killick description of how (sub-atomic) tachion-pairs 
operate [6], shuttling their energy back-and-forth in a 
free-wheeling but purposeful manner and creating 
oscillatory features of time and space by their action, 
we should consider the possibility of another 
unprecedented concept: a “value-motivated” energy 
might be at the foundation of the structural integrity of 
physical matter. This is conceivable when considering 
Killick’s description of the tachion-pair dynamic/ 
evolutionary cycle as necessarily including the 3-step 
process of observation ~ reflection — action (trinitivity 
of motion). Along the same lines, from the Smith book 
‘The New Science [5], we learn that a so-called “tempic 
field” energy exists, which could be described as the 
parent structure out of which our standard conception 
of “clock-time” (entropy changes) results. The tempic 
field is essentially a scalar (but not static) function which 
has vectorial nature only in terms of its distribution or 
gradient in space. Because of the nature of the tempic 
field, its derivatives — the electric and magnetic fields 
can operate on each other in a specific geometric/ 
topological manner, to produce a local change in the 
time-frame of matter, to use a term coined by the entity 
Kryon [4]. This theoretical description of the alteration 
of inertial/gravitational mass and time-frame has 
possibly seen recent actual demonstration in the 
dramatic experiments of John Hutchison [10] and Rudolf 
Zinsser's “kinetobaric” effect [11], as well as 
unpublished research of both Wilbert Smith and Ken 
Killick with electric caduceus-wound coils [5,6] 


‘New Models for Relativistic-Fluidic Vacuum- 
Structure and Possibility of its Manipulation 


All of this evidence allows us to conclude that 
measurable changes in relativistic parameters of time, 
space, mass and energy might not only be a feature 
accompanying rapid uniform movement of physical 
objects (Special Relativity), or representative of large 
gravitating astrophysical objects (General Relativity) 
Indeed, by relying on current limited paradigms, 
contemporary physics may have missed ascertaining 
the possibility of being able to alter these same 
relativistic parameters by the artificial technological 
manipulation ofthe tempic (vacuum) fields of sub-atomic 
particles in stationary matter, by use of specific 
electromagnetic fields. Tom Bearden, for one, has 
articulated on these various “futuristic”-type 
technologies in his many writings over the years [15] 
‘We have recently seen that some ofthe novel theoretical 
conceptions of the more visionary physicists such as 
David Hestenes on the zitterbewegung (vacuum “jitter") 
phenomenon exhibited by the electron [12-14], has finally 
caught up with some of these advanced ideas by 
presenting new mathematical demonstrations (using 
geometric Clifford-algebraic) manipulations of the Dirac 
equation. In summary, the Hestenes’ study concludes 
‘that the Dirac wave function and its properties, including 
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If one makes one's accumulator light-tight and then sits inside it, is it 
possible to see the orgone energy light phenomena that are described 

in The Cancer Biopathy? 

No; bodily evaporation under these conditions creates too much 
humidity and the orgone phenomena cannot be seen when the humidity is 
high. 


What is the difference in strength between a one layer and three 
layer accumulator? 

The one layer accumulator, has an orgone concentration, measured 
electroscopically, of about 3 times that of the surrounding 
atmosphere. The three layer accumulator, has an orgone 
concentration of about 4 to 5 times that of the surrounding 
atmosphere. However, the concentration of the orgone energy does 
not increase proportionally with the numbers of layers. Thus a 
tenfold accumulator will have a concentration of approximately 6 
times that of the surroundings. 


My accumulator does not fit tightly together. Does this in any way 
lessen the effectiveness? 

Occasionally when an accumulator is dismantled and put together 
again, the walls do not close tightly. These cracks, even if they are as 
large as one inch, do not in any way affect the strength of the 
accumulator. In fact, experimental accumulators have been built with 
openings at the top and bottom for circulation purposes. 


Can paper, felt or material other than fiberglass be used for the non- 
metallic layers of the accumulator? 

Experiments have been made with other materials. However, all 

these materials are liable to absorb humidity, whereas the fiberglass will 
not absorb any humidity. Too strong an absorption of humidity 

would definitely lower the strength of the accumulator. 


If you go into the accumulator with a fever, is the fever increased? 

In most cases, experience shows that the fever will be slightly increased 
while the person uses the accumulator, but that the temperature will drop 
below the previous level after the use of the accumulator. 


Is there any special time of day when the accumulator is more effective 

than at other times? 

Electroscopic measurements show the greatest concentration of orgone 
energy between 12 noon and 2 p.m. However, these variations in a given day 
are so small that it will not make any significant difference at what time of the 
day the accumulator is used. It can easily be regulated by timing. 


Construction of a Three-Fold Orgone Energy Accumulator 


1. General information 


a. The accumulator is made of six panels which are to be screwed together. 
All panels except the bottom are constructed in the same manner, and differ only in 
dimensions. Each panel consists of an inner surface of galvanized sheetmetal and an 
outer non-metallic surface of celotex which encloses a braced wood frame and 
alternate layers of fiberglass and steelwool. 


b. The materials specified may, if necessary, be replaced by other 
materials: 1/4" plexiglass or 1/4" upsonite along with a 1/4" fiberglass layer may be 
used in place of the 1/2" celotex. If substitutions are made, some adjustments in 
dimensions of the frames may be necessary. 


c. Consult the accompanying drawings and tables for dimensions, 
construction details, etc. 


2. Construct the frames 


a. Cutthe 1 1/8" x1 1/2" clear pine to the specified lengths ( see fig. 1). 
Cut a 1/2" x 1/2" rabbet into one side of each piece (see fig. 2). The bottom panel 
frame requires two 1/4" x 1/2" rabbets (see fig. 3). Mitre the corners and join with 
carpenters’ glue and 8-penny finish nails. 


b. Brace each frame with two pieces of | 1/8" x 1" clear pine (see fig. 4). 
Join with two 2 1/2" #8 drywall screws. The top and bottom frame do not need 
bracing. 


3. Attach the outer surface 


a. Cut the celotex to fit inside the rabbets of each frame except for the 
bottom frame. Fasten in place with 1" galvanized wire nails. 


1, Fora fivefold accumulator, increase the dimensions of the frames to allow for four more 1/4" 
layers, two layers of fiberglass and two layers of steelwool. 


2. The 1/2" celotex (which has one side coated with white primer paint) may be known as: white 
construction board, soundboard, etc. It is basically a composite of wood fibers. Flakeboard, 
chipboard, etc. are not the same product and are too dense. There is a styrofoam product with the 
trademark name Celotex; do not use this, 

3. fiberglass building insulation 


4, What is referred to as 5/4" stock by the building industry actually measures | 1/8 inch. 


b. Cut two pieces of 1/4" finish grade plywood to fit inside the rabbets of 
the bottom frame. Fasten one piece in place with 1" galvanized wire nails. 


4, Place the steelwool and fiberglass in the panels 


a. Place a layer of steelwool upon the celotex inside one of the frames. 
Steelwool pads (00 fine or finer) when unrolled are the correct thickness. Make the 


layer as uniform as possible; leave the steel wool fluffy. 


b. Next place a layer of fiberglass about 1/4" thick upon the steelwool 
layer. Avoid lumps and holes. Do not compress the fiberglass. The standard 3 1/2" 
x 15" fiberglass insulation comes in a roll with either a paper or foil backing. Peel 
off the paper or foil. This type of fiberglass is difficult to peel evenly. Try to peel it 
carefully into roughly 1/4" thick pieces. Too much unevenness in the layering will 
cause the sides of the accumulator to bulge. (There is a fiberglass insulation that 
peels more uniformly but might be difficult to purchase. It is a Manville product 
called 1/2" duct liner. It comes in a roll 48" wide by 100 feet long and may be 
available at your local heating and airconditioning shop.) 


c. Ina similar manner place the remaining alternate layers of 
steelwool and fiberglass in position (see fig 2). 


d. Place the steelwool and fiberglass layers in the other panels. 


e. The bottom panel has a different number of layers. Start with a layer of 
fiberglass upon the 1/4" plywood inside the frame (see fig. 3). 


5. Attach the inner surfaces 


a. Cut the sheetmetal slightly smaller than the frames. You might need to 
have the 26 or 28 gage galvanized sheetmetal cut at a sheetmetal shop. It can be cut 
by hand, but the results may be too rough. File the edges smooth and round the 
corners. Cut a 9" x 12" hole for the window in one of the 53" x 24" sheets. Figure 4 
will give the exact location. 


b. Drill 1/8" holes at 1" intervals around the edge of the sheetmetal. They 
should be 1/4" from the edge. 


c. Nail the pieces of sheetmetal to the frames with 3/4" galvanized wire 
nails. Nail the remaining piece of 1/4" plywood to the bottom frame before nailing 
the final piece of sheetmetal over it. (See fig. 3) 


5, Wear protective clothing and a dust mask when handling the steelwool and fiberglass 
6. Steelwool in long rolls can be purchased from an industrial supplier 


6. Attach supports to the bottom panel 


a, Cut two pieces of 1 1/8" x 1 1/2” clear pine 25" long. 
b. Screw them into the outer surface of the panel. (See fig 3.) 


c. Nail two furniture slides to the undersurface of each support. 


7. Assemble the accumulator 


Accuracy is necessary in fastening the sides, top, bottom and door of the 
accumulator, You will want to be able to take apart and put back together your 
accumulator in the event that you need to transport it. It is very bulky when 
assembled. 


a. Pre-drill holes for the 2 1/2" #10 flathead philips screws with a 3/16" 
drill bit. So that the screw heads will countersink, drill a 1/2" hole 1/4" deep. 
Figure 5 gives the locations of these holes. 


b. __ Lay the two side panels upright on their long sides. Place the bottom 
panel upright against the bottom ends of the two side panels and screw together. 
Then place the top panel upright against the top ends of the two side panels and 
screw together. Place the back panel onto the side panels between the overlaps of the 
top and bottom panels and screw together (figure 5). 


c. Tum the box over onto its back and place the door on the side panels. 
Make sure that the door is flush with the top of the box (this will leave a one-inch 
gap at the bottom to allow air circulation). Mount the hinges to the side panel and to 
the door (fig. 6). You can hang the door to open either left or right. 

d. Now stand the accumulator up. 


e You will need a hook and eye to hold the door closed while you sit in 
the accumulator. Place it where most convenient. 


8. Assemble the seat for the accumulator 


You have two options. The simplest is to suspend a piece of 3/4" x 14" x 22" 
wood on two supports fastened to the lower support braces of the two side panels. 
The other option is to turn the seat into a combination shooter box and chest panel. 


Construct the shooter box-seat 


a, Construct two panels in a manner similar to the other panels as, 
explained in sections 2 through 6. 1/4" finish grade plywood is needed for the top 
and front of the seat panels ( fig. 7). 


b. Prepare supports to hold the shooter box-seat panels. Cut four pieces of 
1 1/8" x 1 1/2" pine 12 1/2" long. Fasten two 12 1/2" pieces to the lower supports in 
the side panels with 2" #8 drywall screws. Then fasten the other two pieces 
vertically between the horizontal support and the floor of the accumulator with 2" 
screws. Fasten one 14" x 21 3/4" panel to the horizontal cleat A with 2 1/2" drywall 
screws. The other 14" x 21 3/4" panel will rest against the vertical cleats B (fig. 8). 
Do not fasten this panel. Attach a cabinet pull (metal or ceramic) to the front of this 
panel so you can easily remove it to use as a chest panel (fig. 9). 


9. Construct a shooter funnel for the box seat 


a Take a four-foot length of 3/8" steel Greenfield casing. (Greenfield 
casing can be purchased from an electrical supply store. If you can't find it, you can 
substitute #12 BX electrical cable, but remove the wiring from the flexible metal 
casing before using.) 


b. Insert the spout of a 3" diameter galvanized sheetmetal funnel into one 
end of the flexible metal casing. Wrap carefully the outside of both the flexible 
casing and the funnel with plastic electricians tape, so that no metal is showing. Drill 
a 5/8" hole through the top back corner of the accumulator box seat's top panel. 
Push the flexible tubing into the space below. 


10. Optional 


In order to draw stagnant orgone energy from the accumulator and shooter 
box seat: 


a. You will need approximately three 48" lengths of 3/8" Greenfield 
casing. Use more or less than three depending on individual circumstances. 


b. Drill three 5/8" holes (in a vertical row) through the wood frame of one 
of the side panels. Make sure that one hole will lead into the shooter box seat. 
Insert the three casings into the three holes. Make sure that the casings don't 
protrude inside of the accumulator. 


7. Greenfield casing is a convenient hollow flexible metal tube. IT IS NOT an electrical connection 
and should NOT be used as one. 


c Place the loose ends of the three casings into a pail of clean water. 
You need to change the water every week. 


HAHAH 
The principle of the accumulator box can be adapted to different shapes for 
specific needs. An orgone blanket, or a collar for the neck, or a large funnel for 
the breast can be made as long as the principle of alternating layers of non-metallic 
and metallic materials is maintained. 


3 The inner surface should be made of a flexible metal screen instead of galvanized 
sheetmetal. Screen made from galvanized steel or stainless steel is good, Screen made 
from copper, aluminum and other metals that are not body-own are NOT recommended. 


MATERIALS LIST 


ITEM 
1/2" celotex 


galvanized sheetmetal 
(26 or 28 gage) 


fiberglass insulation 


steelwool (00 fine or finer) 
1/4" plywood ( finish grade) 
clear white pine: 1 1/8" x 1 1/2" 
» bd sd 118x1" 
2 1/2" #10 philips flathead wood screws 
2 1/2 #8 drywall screws 
2" #8 drywall screws 
3" non-mortise or surface mounted hinges 
hook and eye 
nail-on furniture glides 
nails: 3/4" galvanized wire nails 
1" galvanized wire nails 
6-penny finish nails 
carpenters’ glue 
For the shooter box seat panels: 


galvanized sheet metal 
(26 or 28 gage) 


clear white pine: 1 1/8" x 1 1/2" 
3" diameter galvanized sheetmetal funnel 
3/8" Greenfield flexible metal casing 


electricians’ tape (plastic tape) 


APPROXIMATE QUANTITY 
four 4’ x 8' sheets 

2 pieces 53" x 26 1/2" 

2 pieces 53" x 24" 

2 pieces 28” x 24" 


3.1/2" x 15"(1 roll or 
40 linear feet) 


200 pads or 10 Ibs. 
one 4’ x 8! sheet 
80 linear feet 

20 linear feet 

30 pes. 

30 pes. 

10 pes. 

one pair 

one 2" 

4 pes. 

3 oz. 

3 oz. 

2 Ibs. 


‘one small bottle 


2 pieces 13" x 20 3/4" 


16 linear feet 
one 
16 feet 


one roll 
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the Dirac equation and relations to physical observables 
such as energy-momentum, spin and position probability 
current, all possess heretofore obscured important 
geometric relations. These results imply that 
probabilistic features of the quantum theory of the 
electron/positron arise principally from the 
electromagnetic interaction of the accompanying 
zitterbewegung-spin field of these particles with the 
ambient dynamic vacuum. This is, of course, in direct 
contrast to the conventional received view that ascribes 
wave-particle duality as a property of matter that is 
completely independent of the nature ofits interactions. 
This revolutionary geometric interpretation of electron 
dynamics incorporates in its model an electron spin 
which arises from a helical or spiral world-line in space- 
time. The essential unprecedented feature of the 
Hestenes' zitterbewegung idea is the association of the 
spin with the local circulatory-helical motion 
characterized by the phase of the electron wave function. 
Thus, we reach the conclusion that the complex phase 
factor of the electron wave function can be directly 
associated with an objective helical motion of the 
electron which is, in turn, a derivative of the 
zitterbewegung. One intriguing feature of this structure 
is a frequency of oscillation that is inversely proportional 
to the scalar radius of curvature of the particles’ helical 
world-line. Moreover, the Clifford-algebraic analysis 
reveals that this oscillation frequency is identical to 
electron/positron mass, revealing a possible key variable 
particle mass-energy (frequency measure), which is in 
inverse relationship to particle size. It is clear that this 
new model has important classical implications not yet 
considered by established physics which nevertheless 
directly correspond to some of the key features of sub- 
atomic behavior enumerated above and previously. Here, 
we refer to the tachion-pair dynamics [1,6], and also to 
the microscopic dynamics of elementary particles 
revealed by the selected esoteric sources previously 
considered [1-5] 


Another researcher who echoes many of these 
conclusions is C. Sano [21]. Sano built on the work of 
AP Smirnov [22] who postulated that Newton's Third 
Law of action/reaction actually modeled “screw” 
structures, implying that elementary particles 
(specifically electrons/positrons) possess chiral-spiral 
field configurations. Accordingly, Sano posited that all 
actions/reactions are transmitted between actors and 
reactors by parallel or perpendicular clutching of the 
rotating chains of electromagnetic spirals of the hidden 
electrons and positron-pairs of the vacuum. Also, 
similar to the Hestenes’ development cited above, Sano 
postulated that the radius of the outer electromagnetic 
spiral surrounding the electron/positron pair can 
change, oscillating in size around either particle, and 
thus producing the particles’ electric or magnetic 
character. Supporting his theory, Sano cites the key 
research of LM. Shakhporanov [23] whose experiments 
claimed that magnetic monopoles were generated, by 
employing an electrical circuit based upon Moebius 
band topology. Some of the unusual phenomena 
demonstrated by this apparatus, tending to support 
the magnetic monopole hypothesis, was transformation 
of diamagnetic substances into paramagnetic, the 
ferromagnetization of normally non-magnetizable 
materials (graphite, etc.), acceleration of chemical 
reactions, acceleration or deceleration of the decay of 
radioactive materials, etc. Sano also claimed that 


extraction of energy from the vacuum was possible 
using rotational action/reaction using magnetic 
monopoles. 


Referencing this research to the current exposition, we 
recall that the key element of Killick’s hypothetical 
tachion-pair operation was the similar non-linear/non- 
orientable Moebius-type dynamic cycle which results 
in the corresponding deformation (compression or 
rarefaction) of time/space/energy parameters [1,6]. In 
this regard, the remarkable similarity of this model to 
the research of Sano and Shakhporanov may be much 
more than mere coincidence. In fact, later we shall 
examine new research outlining an apparatus (yet 
untested), which claims to overcome the Coulomb 
barrier in low energy nuclear reactions (LENR), and 
achieves nuclear fusion by producing local time-dilation 
of soft photons in proximity of the deuteron reactants. 


Additional Key Russian Research 


To motivate the reader's sensibilities towards 
consideration of some of these unorthodox ideas, we 
defer to the previous article [1] in which many of these 
notions and mentioned research are explored in greater 
depth, as well as consider the following corroborative 
research. 


One intriguing example of such experiments is the work 
of V. Chernobrov, from which he has claimed to 
demonstrate both acceleration and deceleration oflocal 
time-rate, within a small spherical enclosed volume 
conducted since 1988 [18]. The experimental system to 
produce these effects, was a set of electromagnets, 
connected in series and parallel and installed inside the 
globe-shaped surface in several layers. In various 
arrangements including up to 3 to § of such layers, these 
electromagnetic working surfaces (EWS) of various 
diameters were installed inside each other (similar to 
the Russian toy doll “matrioshka") with the maximum, 
EWS diameter was about 1 meter, and the minimum, 
(internal) diameter of 115 mm. With this configuration, 
Chemobrov claimed to measure small but detectable 
deceleration (-30 sec/hr.) and acceleration (+30 sec/hr.) 
of time within the sphere to time monitored outside its 
field of influence. One interesting difference was noted 
between the slowing down vs. the speeding up of time. 
‘The deceleration occurred considerably more smoothly 
and steadily whereas with acceleration, sharp 
discontinuous jumps were observed. These instabilities 
accompanying time-acceleration was observed in 
connection with cycles of the moon, diumal fluctuations, 
and also operator presence. Chemobrov also noticed 
another phenomenon that also was reported in 
connection with the alleged legendary Philadelphia 
experiment, where matter in different time-frames 
apparently exhibited strange relative optical phenomena 
[see 1,4]. Specifically, the human eye in the time-frame 
exterior to the experiment perceives matter within the 
time-frame created by the apparatus as either 
transparent or surrounded by a vague white mist. We 
note with interest that transparent “shimmering” effects 
of substances in the target area were also occasionally 
a feature of Hutchison effect [10]. 


Academician A. Chemetsky produced what he termed 
a self-generating discharge (SGD) in a plasma that 
exhibited longitudinal energy density waves from a 
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produced in your cells. This has to do with the operation of the cell but it also has to 
do with how your cells are functioning. 


One of the first things that takes place as a result of using Sacred G technology is a 
cleanse. Your cells will literally start detoxing and eliminate toxins that have built up 
over the years. If you've done a lot of drugs or pharmaceutical drugs you'll notice 
that those will start to detox or cleanse from you. You might start going to the 
bathroom a few extra times the first few days, you might get some headaches, you 
might experience some old pains that come back up as your cells are releasing their 
memory. 


This process is actually what generates energy for you. This is what that saying that 
you actually heal yourself is talking about. You are actually healing yourself by 
going through this process. Sacred G doesn’t give you energy it gives your cells 
instructions for how to function and those instructions tell your cells to cleanse their 
history or their memory. The toxins inside are inhibiting the cell's function their 
flow and their performance in other words inhibiting the amount of positive energy 
that you feel inside your body. This is how cells break down and age this is what 
Sacred G does and this is specifically the Sacred G spot that actually focuses into 
cleansing your cells. 


The Sacred G Spot focuses into the hypothalamus in your brain and is a master gland 
that regulates all the chemistry inside your body. Using this technology can help 
you to activate your hypothalamus. When your hypothalamus lacks energy your 
body starts to run almost like a dictatorship it doesn’t want you to grow it doesn’t 
want to change it wants to put you into patterns so it doesn’t have to change any of 
the body chemistry and it locks you into a prison. As you build up toxins the cells 
get so stagnate that they don’t want to shift for you, typically your body is supposed 
to adapt to whatever situation you are doing in that moment. That's what makes us 
function effectively in any job your doing or any activity. When you're having fun or 
out partying and you can’t adjust and get into that moment with your family or 
friends you can't really take part in the treasure that we call life. 


This is the very first step that Sacred G is designed to do is to activate and to open up 
your hypothalamus and open up your body so you can start to change and adapt to 
any situation that you come across. What you'll also start to notice is a mass amount 
of energy because as your body clears out these toxins your body is just going to feel 
better a lot of things happens as a result of this first phase. A lot of people turn to 
vegetarian diets or if they're vegetarian a lot of people go raw, simply because they 
can feel the heaviness of heavy foods that aren't good for you which is why it is so 
important to charge all of your food your water and anything you put on, in or 
around your body. 


During this first phase never use a product that has toxic chemicals in it, only use 
products that are green, organic and healthy for your body. Any lotion you put on 
your body you should also be able to eat it because your skin is actually going to eat 
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it, It’s going to go into your body. ‘This is the first phase of what Sacred G 
technology is going to take you through and it's what the Sacred G spot really 
focuses into. So if you notice you have any kind of cleansing effects such as 
headaches or your getting old injuries, try putting the Sacred G spot on the spot 
where it hurts and you'll notice it will take away a lot of the pain. 


You can charge your water and it will charge the water to help detoxify your body. 
So with any type of cleansing that you're doing you can literally charge any type of 
herb or supplement or food or drink to help your body detoxify just simply by 
charging it up with the Sacred G spot. This will bring your body into alignment and 
will help you feel better about whom you are making you feel more comfortable 
inside of your body again. This is the very first phase of how you are going to 
increase energy inside of your body. Sacred G is not a magical technology, it doesn’t 
just give your energy from nowhere, and you actually have to generate that energy 
from inside your body. It is a karma principle, whatever you put in you have to be 
responsible for taking out. 


Transporter 


ht ‘coryherter.com, 555, 


The Sacred G Transporter design focuses on the emotional clearing of past 
memories and current experiences as well. 


The second place you are going to get energy from using Sacred G technology is 
from emotion stored in past memories. | used to do a seminar called the number 
one reason for every health problem is that our brain becomes congested with 
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emotion from past memories and our brains can’t keep up. Emotion stands for 
energy in motion, in other words its energy that the body used to be able to use to 
operate its systems and functionality and now that energy is caught up and trapped 
inside emotion. Your body no longer has access to that energy anymore. 


When you're sleeping your brain is discharging your brain wave states processing 
your memories from the day and freeing up that energy. When you are opening and 
using more energy during the daytime than what your brain is freeing up during the 
night it doesn’t take very long at all until your body realizes it is losing energy every 
single day. As soon as your brain makes that calculation it puts the body into a 
survival state and literally starts shutting down your senses and shutting down your 
body and it will not activate a lot of the future senses and abilities that the body is 
capable of, especially the more enhanced and activated spiritual abilities that we are 
all capable of. This usually happens at the age of two, three or four years of age. You 
can see it in a child when their brain makes this calculation when the child goes 
from “hey these are my toys, you want to share? Do you want to play?” to “its mine!” 
And as soon as they go “it's mine!” their brain just realized it's using more energy 
than its freeing up at night time. 


When the body realizes it’s going to die it wants more energy and it starts to horde. 
Hording the toys is the beginning of a survival state and we never recoup from this 
survival state. As we get older it changes to people; he’s mine, she’s mine, that job is 
mine, that car is mine. Hording material possessions and an endless need to have to 
own more things and own people and control and manipulate to try to get what we 
want is really our body saying I don’t have enough energy and you're still not giving 
me the right type of energy. The energy your body wants is this internal energy so 
that it can heal itself, so how do we offer that? One, we have to increase the amount 
of healing that takes place why we are sleeping this is so important if you increase 
the amount of energy that is freed up at night time why you are sleeping in other 
words enhancing the natural healing process while you sleep. If you can increase 
that to a point where you are freeing up more energy at night time than you are 
using in the day your body will make another calculation it will say the body is no 
longer dying its now starting to regenerate its freeing up more energy every single 
day. Something happens inside, you come out of this survival state. 


Instead of all these outward possessions becoming so important, you find this peace 
you find this calmness inside. You'll lose that edge you lose the rush of needing 
things outside of yourself you start to become very fulfilled. This is what we are all 
looking for, is this inner fulfillment this inner peace and the inner peace comes as 
we open up all this energy so that’s one of the things that Sacred G technology is 
actually designed for is to help you to go inside at night time when you are sleeping 
and accelerate this natural healing process. The more Sacred G you use the more 
this will happen. So what exactly happens at nighttime while you are sleeping? 
First off when you first start sleeping on Sacred G you might get some tossing and 
turning the first few nights or even the first few weeks and if you get that it’s 
essentially your beta brain wave state. you have a lot of extra energy and blocks 
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built into it and you get into these anxiety states and typically it’s because you just 
hate your life, you hate what you're doing you hate how you're serving, you hate 
how you have the same job for so many years, you're not happy with your situation 
and it starts to bring up all these emotions you have been suppressing all these 
years and it brings them up and puts them in your face and it makes you deal with 
them. All of sudden you can’t handle it anymore and bam! You have to make some 
big changes in your life in order for your sleep to actually shift. This is part of 
Sacred G technology helping you to transform what is taking place in your life and to 
stop letting things go, stop letting your life go and start going for what you want 
instead of just settling for less. That is not what we are here for, we are here to 
have the life of our dreams 


The second thing that you can notice is more dream and nightmares taking place 
This is all of your past memories and past emotions clearing out. Your brain takes all 
of your memories and cuts them into little snippets and links them all together. This 
is why your dreams are all scattered and all over the place, because its processing 
series of memories which all have to do with the same types of patterns and 
processing it all so you that you can release these patterns and step out of these 
zombie like states. This is where you start to become alive and animated and where 
all of your energy will come from. This is where you step back into your power and 
take your power back and you actually start living the life that you are looking for. 


This part of the process actually has to do with the limbic system, which is 
responsible for storing all the emotion from your past. Now if you look back into 
any major memory and you focus on that memory for a little while, you'll actually 
feel the emotion come back up. That emotion is simply indicating to you that there 
is still a lot of unprocessed feelings and energy back in some memory that could 20, 
30, or 40 years ago that is literally still holding you back. So when you start cutting 
those cords and clearing that emotional energy, not only do you let go of those 
attachments from the past so you can live more in the moment, but you also get new 
information and new understanding about who you are. You get new lessons and 
fears you have as result of traumas disappear and you stop putting yourself into a 
prison to protect yourself. This whole process is actually initiated from the Sacred G 
design called the Transporter that focuses literally into the limbic system for 
emotional processing. 


Now that is a massive resource of energy, so once that emotion is processed the 
body can use that energy to start healing itself. Sacred G help to heal on you, the 
more emotion that is processed the more energy that is freed up so your body takes 
that energy and it says where can the body best use that energy to reactive it to heal 
it more effectively so the more memories you process the more energy you are 
going to generate the more health and healing you are going to attain. 


‘As you really start to heal the body it’s not just about healing the body, is literally 
only the first step. That's all about performance and opening yourself to a whole 
other way to experience reality so that is the second way that Sacred G frees up 


©2009 - Cory Herter - All Rights Reserved. Sacred G, Inner G, Tree of LOVE, L.O.V.E. 
and all Sacred G Designs are registered trademarks and copy writes of Cory Herter. 


31 


energy inside of you and that energy is inside of you It's not from Sacred G it just 
puts you through the process and when you go through that process your doing the 
work to free up that energy. If you have a couple nightmares and you're not sure you 
want to sleep on this technology, let me tell you one thing; your limbic system is 
directly connected to your hypothalamus and regulates your body's chemistry. If 
you have extreme nightmares, that's extreme negative energy. When that emotional 
energy is converted to chemical energy from your limbic system to your 
hypothalamus, that negative energy is converted to chemical energy that energy is 
the stuff that actually kills you. In the end when you have that anxiety that is 
coming up and you can’t handle sleeping on this technology at night, that’s that 
energy that’s saying | hate my life I don’t even know why am here you lose your 
purpose you lose your point going through that helps you find who you are and your 
purpose. 


Your point it helps you get back on track with your life cleansing emotionally can 
sometimes be a little difficult but stick with it go through it use the Sacred G 
meditation on the website attend some of the webinars get some of that energy 
moving get on a community get on a chat get some support from people who are 
using this technology if you are having a hard time go through the process this is 
your life this is your energy 


Ascender 


‘coryherter.com, 


The Sacred G Ascender design helps you to resolve and internal information 
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conflicts and false belief systems. The Ascender also helps to gain focus and 
clarity in your life and identify your goals. 


Sacred G doesn't just give you energy; Sacred G walks you through a process which 
generates more energy from within. This energy is your energy, the regulators, the 
vibrations and everything that is set with Sacred G is all customized specifically for 
you and your experience. It’s your body that is actually running this energy and this 
development and healing process. There is a development system that every single 
body has built into it, which is have been walking you through this process but our 
experience of Sacred G is completely unique and all customized for us individually. 


This next phase of Sacred G is built off of your belief systems. Belief systems are 
how you like things, your perceptions, do you like experiences in life to happen slow 
or fast? Are there certain aspects of your life you like to happen fast and others you 
like to happen slow? How do you set all your regulators for how you experience life? 
The next phase of Sacred G starts opening up belief systems that you have created 
throughout your life, some because of passion some because of trauma. 


When you start focusing into these belief systems, you'll find that there are a lot of 
belief systems that are not really serving you anymore. In fact a lot of belief systems 
is our brain beating itself up and beating us up telling us that we can’t do it or that 
we are not enough or that we are not smart enough. We have all these belief system 
inside and what are they there for? They are sitting there telling us these things so 
that we don’t expend our energy. 


Remember that when we are in a survival state it does not want to expend energy it 
wants to conserve it. As soon as you start to think of new ideas or new places to go 
or new things to do your body is like no we can just sit here, lets just sit here and 
watch TV or do something less strenuous. However when you start opening up your 
body, in this next phase and start clearing up all the energy from cleansing all the 
toxins and clearing out all the emotions from past memories, you start opening up 
energy and your body starts feeling better and starts coming out of this survival 
state. 


All these belief systems and all these thoughts have to be reconfigured. There is a 
whole process you have to go through coming from “Oh I don’t know maybe we 
shouldn't do that” to “Hey I'm open let's do it! I've never experienced that before lets 
give ita shot” and jumping in and actually immersing yourself into part of the game. 
This phase of Sacred G is the Ascender design, which will open up or unlock your 
belief systems. 


If you have ever heard of post dramatic stress disorder or multiple personalities, 
what happens anytime the body is induced with massive amount of emotional 
energy especially if it is negative because your limbic system is directly connected 
with your frontal lobe which is what is responsible for organizing all your belief 
systems if you induce a massive amount of negative emotional energy it forces your 
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frontal lobe all of your beliefs your personality your identity to actually split and 
when it splits it goes from one unified identity to two separate halves and they are 
in opposite polarities so those are things like bi polar depression and schizophrenia 
all that is actually induced by traumatic states or not properly wiring the brain as 
you are growing up through childhood. So one of the things that the ascender does 
is it starts taking all of these opposites and these two halves and as you clear out the 
negative emotion through sleeping it automatically forces your frontal lobe or your 
brain to start solving conflicts and when you take two pieces of conflicting 
information and you find a unifying piece of information you get this third piece up 
here which unifies these two you get out of this land of the opposites and we move 
into a unified state and this unified state all of sudden you have a new piece of 
information and with this new piece of information we have a new perception. 


A lot times you'll start talking especially with the ascender and this phase of Sacred 
G technology a lot of times someone will ask you about something you'll start talking 
and you'll think “wow I’ve never really thought that way before.” You are actually 
seeing some of the changes that are taking place internally but your actually seeing 
them in hindsight. This is one of the most amazing processes, especially for people 
who value information so much and have a massive amount of information and who 
are really in the game to figuring out how things work because the ascender will 
literally start solving pieces of information for people. What starts to happen if you 
have this identity and self over here and another identity and self over here and all 
of a sudden you eliminate all the things that cause separation between the two of 
them they come together into this bigger personality this bigger identity and this 
bigger identity contains more energy because you've got more active neural activity 
inside of your brain. 


If you've had that experience before where you start making these internal 
connections and you finally get it and you get this rush of energy and you get tingle 
down your arms and legs your just vibrating with energy that is actually what has 
happened. Two different identities have solved conflict and have actually joined and 
integrated together. This is essentially kind of like putting humpty dumpty back 
together again. As you start to increase the size of your identities, confidence goes 
up with confidence comes more energy. You feel like you have more energy that’s 
because you have more neural activity in your brain and more communication going 
on through your body. you can quickly make decisions you can take a lot more 
information in at once you can see larger patterns because you can see more 
information at once in other words you can download more information actively 
into the neurons in the brain so you can detect larger patterns. 


‘The bigger the pattern you can see in life, you start to become aware of some of the 
major belief systems that drive all of your actions throughout your entire life so you 
can start to set yourself free from those. You start to see patterns in your business, 
in your job, in the way you spend money, and the way your relationships happen. 
You start to identify how to see more information at once but those all end up 
leading to creating smarter, wiser choices for you in the long run. This is one of the 
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amazing things about the Ascender design is its ability to unlock new information to 
you. Unlock new perceptions and overcome conflicting belief systems and really 
open your mind to new information and new experiences and to let go of that 
overwhelmed feeling of where we are and the conscious understanding of who we 
are. 


Trancendance 


ht 


coryherter.com, 


‘The Sacred G TranceNdance design assists in clearing emotion from past memories 
as well as solving internal information conflicts. TranceNdance is specifically 
designed to increase intuition and unlock new perceptions and strands of 
information. 


‘The Sacred G Trancendance design is by far the most popular design. This design 
essentially helps to cleanse and detoxify the cells, process the emotional memory 
from our past and also what the ascender design does. So it’s kind of a 
conglomeration of the past three; the g spot, the transporter and the ascender. This 
was crucial in order for me to step forward into the next one. Everyone loves the 
Sacred G Trancendance, it charges water, you can do everything with it. It's very 
powerful because it's combination of the last three. It's been designed to kick in 
some of the artificial intelligence or the ability to start downloading and streaming 
new information from cleansing cells, clearing out the emotion and then solving the 
information. Trancendance helps unlock these information systems even further. 
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A lot of the research has been done with Trancecendance. We have had 
celery last in the refrigerator for about a month compared to uncharged celery only 
lasting four days. Lettuce literally lasts in the refrigerator for three months, milk 
lasts for two or three months. We've had bread that doesn’t mold, flowers lasting 
three to four weeks normally wilting up and dying after one week, contact lenses 
that are disposable that are only good for a week lasting three to four weeks 
because it stops the protein buildup. So many cool things have been done with 
‘Trancendance because we have passed around to so many to people freely and now 
that we have opened up all the designs there is so many cool types of research that 
we can do. I hope you are going to get involved with it and create research projects 
and do them and track the results and really being part of the Sacred G. This is a 
massive discovery for how to really open up the capabilities and the potential of life. 


Simulator 


The Sacred G Simulator design helps you to learn how to express what is inside. 
Speaking your heart and mind and being authentic with your own experience is a 
major part of the transformation induced by this Sacred G design. This design is also 
called the simulator as it bridges your internal reality with your external one to 
prepare you for taking action towards your dreams. 


‘The next phase that Sacred G will take you through is the fourth phase. The first 
phase was clearing and detoxifying the cells. The second phase was clearing out the 
emotion from past memories. The third phase was reconstructing your neural 
network or how your brain is organized and how it organizes all your information, 
eliminating the conflicts and doing that to boost energy, boost confidence, and boost 
intelligence. The fourth phase has to do with expression. Expression is so 
important. Now if you watch my videos labeled 2006, you can see that the 
Simulator wasn’t actually developed then. In fact, I only developed the Simulator 
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structured vacuum. Some unusual effects noted were 
over-unity energy generation (C.OP > 1), as well as 
change of the electrical conductivity of matter (reduction 
of the resistance of resistor) placed between the 
capacitor plates of the SGD. A local structured vacuum, 
was definitely produced since the resistance value 
remained unchanged even when the generator was 
tured off. Here reference must be made to the Kozyrev 
experiments [1,8], in which a type of similar memory 
process was activated ostensibly within the vacuum. 
Specifically, it turned out that in experiments with a 
vibrating torsion balance (or pendulum), at points of 
support the emerging additional forces did not disappear 
when the irreversible process (vibration) was stopped, 
‘but remained in the system for an appreciable time. The 
SGD plasma device may have also produced a detectable 
change in local time-flow rate as evidenced by decrease 
in frequency of a quartz oscillator placed in the discharge 
ofthe generator. The Chernetsky generator thus possibly 
caused anomalies in time-rate at a local space position. 
‘There were also basically anecdotal phenomena where 
psychic ability of personnel in proximity to the SGD was 
apparently enhanced [19]. The latter effects are not 
inconceivable once the intimate connection of 
consciousness to space and time is ascertained, from 
consideration ofnot only hypothetical “value-motivated’ 
tachion-pair dynamics, but from the more prosaic studies 
as we shall see next, 


Pathological Studies in Time-Perception 


‘We can motivate further understanding for the claimed 
intimate connection of time to space by considering the 
results of a recent study of patients possessing a 
disjointed sense of time by Metod Saniga of the Slovak 
Academy of Sciences [20]. Saniga discovered the brain 
is hard-wired to perceive space and time as 
interconnected. Specifically, time pathology is 
apparently always accompanied by space pathology, in 
a sense that space either loses dimensions or acquires 
other dimensions. To quote Saniga “When time seems 
to stop, people often feel as if space becomes 2- 
dimensional. On the other hand, when the subject feels 
they perceive the past, present and future all at once, 
they simultaneously have the impression that space has 
infinite dimensions”. This phenomenon is apparently not 
culturally endemic since Saniga illustrates that both 
pathologies cross cultural lines, evidencing similar 
studies cited from Italian, German and English 
psychological journals. In his report, Saniga combined 
mathematical models (“pencil-conics") and pathology 
reports of schizophrenic, drug-induced and other 
abnormal perceptions of time. His current work also 
encompasses studies of near-death experiences. He 
found that most of those who claim to have allegedly 
crossed over to the “other side” and back, tell similar 
tales. For that brief moment of near-death, the universal 
subjective experience of all individuals in this state of 
consciousness is that time loses its meaning. Although 
such evidence can at best be considered as anecdotal, 
since subjective conscious experience transcends the 
possibility of scientific proof, nevertheless perhaps these 
results from pathological and near-death studies also 
give us a hint towards new conceptions of time and 
space that necessitate both phenomena to be 
inextricably linked. 


Investigation of the Possible Internal Properties 
of Time 


One inescapable conclusion that results from all the 
above varied studies, either scientifically or 
psychologically based, and which cries out for future 
experimental verification, is the possible existence of 
an internal structure for time. Such a structure also 
implies the necessity for constructing a new edifice for 
physical reality that incorporates non-scalable metrics 
for the four fundamental yardsticks. We shall first 
investigate supporting evidence for internal time 
structure and subsequently the various implications of 
space, time, energy or mass that is non-scalable. 


First, accepting an internal time structure, we are led to 
conclude that in quantum theory, time must then attain 
‘hidden variable” status. One recent study that 
brilliantly articulates this notion, is the thought- 
provoking paper by X. Chen [24]. By positing 3 time 
variables as quantum hidden variables, Chen derives 
the Dirac equation classically. Moreover, he 
demonstrates that the non-intuitive property of “spin” 
of an electron or positron , arises naturally as 
a topological property of 3-dimensional time 
+ 3-dimensional space. By extrapolating from this 
model, Chen then concludes that the inherent 
probabilistic aspects of quantum theory itself, as 
evidenced in wave-particle duality, Uncertainty 
Principle, quantum non-locality (“entangled” particles), 
etc., can be interpreted as the behavior of a single 
particle in 3 + 3 time-space. Chen postulates that the 
three dimensions of time geometrically form a “time 
sphere", with a generic point on the sphere possessing 
the following 3 coordinates: time radius, and two “time 
angles”. The mathematical formalism arising from the 
process of stereographic projection from the north pole 
ofthis sphere, having radius of one-half, to any point on. 
the spherical surface, incorporates both the positive- 
energy (north hemisphere) and negative-energy (south 
hemisphere) solutions to the Dirac equation (see Fig. 1 
for clarification; note Z is a four-component spinor wave 
function). Also, by considering the evolution of a single 
particle, from the standpoint of this model of internal 
time-space, we can derive a picture of different paths 
on the time sphere of different weights, and on each 
path causality is satisfied. Through this process, Chen 
derives a purely classical explanation of the originally 
quantum-mechanically canonized Feynman Path Integral 
concept. This result emerges since each path from the 
time-sphere center to the surface corresponds to each 
Feynman path, and the surface ofthe sphere corresponds 
to the “surface” of the wave function. Chen also 
classically explains the processes inherent to Bose- 
Einstein-condensation (BEC) and superconductivity with 
this model. In such phenomena, two particles with the 
same spatial coordinates, cannot possess the same time 
angle, and thus will not have any interaction with each 
other and occupy the same quantum state as evidenced 
in BEC and superconductivity. Finally, Chen's solutions 
of the Dirac equation for a free particle correspond to 
Hopf bundles in monopole theory, and each Hopf fiber 
corresponds to each plane wave with different 
momentum states. This picture corresponds to wave 
packet diffusion in quantum theory. When a particle is 
ina fixed momentum state, each space point can contain 
only one Hopf bundle (one time angle), and various 
different time angles will be distributed in the whole 
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after those seminars, and you'll see the difference in my expression and my 
animation. Now after spending about 14 months on the Simulator, you'll see the 
difference in the way I express myself, and how much I've opened up my expression 
abilities. 


Now there are actually three regions of the brain that the Simulator opens up, and 
those are the parietal, occipital, and temporal lobes. In other words, it opens up 
your ability to take your thoughts and convert them into language. You know that 
when you talk to somebody, you're actually hearing what you say and you're kind of 
getting a visual image of what you're saying as well. When your trying to figure 
something out, it’s so much easier if you have someone to talk to because you start 
understanding it deeper because you are starting to convert it from an internal or a 
two-dimensional state to an external or a three- dimensional state. 


A lot of people ask me, “How can you put these designs onto a flat piece of paper 
and expect them to do anything?” We live in a three-dimensional world but this 
layer of programming is actually what takes this energy and reconverts it back out 
into our three-dimensional reality. Before this, it was all just internal changes and 
changes that were happening inside of you. Now with the expression, the changes 
that are happening internally as a result of using Sacred G can really start to 
manifest through your expression. 


So if you have ever heard of the spiritual ability of channeling or being able to 
download new information, what you are really doing is channeling information 
that the previous design, the Ascender, unlocked by solving conflicts in your own 
belief systems. As it is unlocking new information, your brain has to bring conscious 
awareness of that information. So what starts to happen is someone asks you a 
question and all of a sudden, boom, it comes through you. You're talking it, and 
you've never heard that information before but you talk like you've known it 
forever. You're like, “Oh yeah! That's how it works.” and you're like “Whoa, cool!” 
It’s cool when you get into this one. It’s a really cool one. 


It's called the Simulator because this one actually sets up simulations, so after you 
change your belief systems and you say, “OK, this is what I really want in my life,” 
the body says, “OK, well, we need to just confirm that.” So what the Simulator does 
is actually create a simulation in your life and give you an opportunity to actually 
choose that other choice that you want to get you out of that other pattern. What is 
really cool about the Simulator is that if you don’t pass that little test to change your 
programming, it will create another one, only bigger, and it will create it even bigger 
so you have to pass the test to get what you are actually looking for. It almost 
becomes this mechanical game of the technology literally walking you through the 
process, helping you change all your perimeters and regulators inside of your brain 
so you can have the actual reality that you are looking for. 


The Simulator also focuses into helping you to be able to actually express what is in 
your heart and not just what other people want to hear, but actually saying what 
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you really feel, even if that means opening up to conflict. It means opening up to 
whatever possibility, but opening yourself up and opening your heart up and 
opening up who you really are inside. So it really forces you to start coming into 
integrity to who you truly are and what you're here for. 


That's a really major change, and we actually had the Simulators on posters, which 
we called the Love Chargers, and a lot of people made some pretty major changes in 
their lives with relationships, with jobs, with careers. Usually people who were 
working in the same job for 10 years and didn’t move up, just quit their job. They 
had all this anger and rage that came up at their job, at their boss. Why... because 
everyone else was growing, and they weren't. The company wasn't taking caring of 
them, so why are they there? They could be moving their life forward. They could 
be growing. They could be becoming more, but because they weren't expressing 
themselves, their needs weren't being met, so there was really nothing else to do 
besides go somewhere new and start actually growing and getting the life they are 
really looking for. 


This is where this energy in Sacred G technology really starts to come out into your 
external life because after making all these internal changes you have to integrate 
them into your physical reality in order to make them real. So that’s where Sacred G 
starts to set aside all of the other vibrational technologies because of these 
conversion systems to get your thoughts out here and start manifesting into reality. 
That's where people usually get caught up. They're always looking for ways to 
manifest and meditate more and open themselves spiritually more, so that they can 
get out here. The Simulator is really what starts that process. It's amazing! 


There's so many people in the world looking for this technology, looking for the 
Simulator right now, and have no idea that is what actually will retrain their brain to 
get them into that state of mind so that they can manifest the life that they are 
looking for. It does so much! I learned so much about the new memory systems and 
about expressions and how to really get out here again. Watch my videos from 2006 
and watch them now and see the difference in my animation and how much more 
alive and how much more energy I have from literally the result of the Simulator. 


Activator 
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http://coryherter.com/?p=547 


‘The Sacred G Activator design is specifically built to activate your body. Focusing on 
movement, motion and space, the Activator is all about the value of getting out of 
your head and back into your body so you can create the life you have dreamed of. 


‘The fifth phase of Sacred G technology is going to walk you through another region 
of your brain, and it actually has to do with your cerebellum. Now your cerebellum 
is located in the back of your skull, and your cerebellum is the very last place that 
you can use your brain to do any tweaks to this vibrational energy. The cerebellum 
has to do with motion movement. It means taking the first step, making it happen, 
taking baby steps, moving forward, moving your ideas forward, not just expressing 
what you want, but taking action steps to make it happen. So instead of talking to 
your mom or dad or your friends about doing something you want to do in your life, 
actually taking that step and talking to professionals who can actually move you in 
that direction for where you want to go. Since they're already doing it, they have the 
information you need. 


So the cerebellum is really interesting, and the Sacred G Activator is the design that 
really activates the cerebellum. Of course, we call it the Activator simply because its 
designed to activate and physically activate the body. So this includes things like 
working out, getting in shape, taking action steps in your life. Enough talk! Let's go. 
Let’s make it happen. Let's take those action steps! It also has to do with building 
your identity. What separates you? What sets you apart from everybody else? What 
is your uniqueness? What is your specialty? Who are you? Why are you different 
than everyone else? What is your value? This is the level where you really start to 
manifest and understand your own power because you start to understand your 
own value and what you are worth. When you understand that, you understand 
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what you can offer. When you understand what you can offer, people know what to 
look for. 


For instance, the process |] went through was to understand that my real specialty is 
near-death experiences, Sacred G technology, anti-aging, and memory systems 
because I brought my memory back. I know my specialties for what I am good at, 
there's a lot of things I'm not good at, but those things don’t matter. All I have to do 
is focus on my own personal specialties because that is what I am going to offer to 
the world. That is what the Activator is really designed for, to prep you, and get you 
ready to make you get out there and to get you in that flow. So it’s the very last 
phase to restructuring your internal core so that you can get out into the world and 
really make your magic happen on the planet. You can be somebody who has 
discovered their own wealth and is available to serve humanity. 


Now the cerebellum is really unique. This is where with the Activators we really 
started to understand the value of the Sacred G bed sets. Your cerebellum contains 
more than half the amount of neurons in your entire brain and compresses them 
into a region of only 10% of the space of your entire brain. That's how compact and 
compressed these neurons are. That is pretty dense energy. What we started to 
learn with the technology, when we add more, and stack them together, is that what 
it does is increase the density of the energy field. That density was required to 
activate the cerebellum. That's when we started coming out with the cases of the 
posters and the bed sets because it took that much energy to activate that region of 
the brain. So the difference between the Simulator and the Activator was that it 
really pulled out the need for the bed sets to really manifest and harness what 
Sacred G can really do. Another thing about the Activator is that besides just running 
a simulation like the Simulators, the Activators will not only run a simulation but it 
will actually walk you to that right space in the room to the right person. So the 
Simulator can express what you need because your thoughts have already been 
attuned from the Ascender. You say what you need, and all of sudden you're making 
these really amazing connections to move your life forward to where you want it to 
go. This is where the real magic starts to happen. It’s not fully activated, but this is 
where it starts to happen. It’s training you on a process for how to really manifest 
your dreams. 


So that's all the synchronicities in your life. It's your connection with your external 
environment. Your cerebellum, because it has to do with motion and movement, is a 
three-dimensional mathematical equation. The Activator is a three-dimensional 
system, so it will influence the ways that you move. You start to feel pressure in 
yourself, in your movements, and other people. Your senses start to enhance. People 
that slept on the Activator bed sets noticed that all their senses started to open up, 
especially making love and expressing their sensuality. Because they are exposed to 
the technology through making love, they started to open up. The body is healing 
faster at nighttime from doing workouts and pushing your body to the extreme, 
especially with extreme sports. 
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So that's all part of the Activator and something that is really crucial for unlocking 
our true potential and training our brain, our body, and ourselves on how to really 
be in the flow of energy in this external three-dimensional environment. Not only 
linking up our emotions, our thoughts, and our expressions, but also our physical 
movement, as in knowing where to go, when to leave, who to talk to and who not to 
talk to, as well as some people take up your time. So sometimes we get caught up, 
the Activator says, “I got to go... sorry, my body is just taking me.” 


Each one of the Sacred G designs is focused into specific regions of the brain to 
activate it. Now what is really amazing about the Activators is that it completed this 
cycle of energy. When this cycle was completed, it would start another cycle, but 
you would increase the amount of energy units inside your pineal gland. That's 
what it was, all for if you could continually increase the amount of energy flow in 
this cycle or the amount of inner chi in this cycle. If we can increase the amount of 
energy in this flow, what we start to do is actually activate the pineal gland and the 
pineal gland has all the magic in it, including the DMT, the connection to Source, the 
ability to regulate brain waves, and the ability to regulate and activate hormones for 
maximum growth potentiality, sexuality, and sensuality. It opens life up. The pineal 
gland is literally that point, that central region of the brain that we are all looking for 
that really identifies who we really are. It's our connection to Source. It’s our 
spiritual self and our physical body. It's our environment. It's every level of us 
compacted into one single unit. It’s the singularity point. 


So the more we can go through this flow of energy using all the Sacred G designs, the 
more the pineal gland starts to activate. It only took me a little bit longer of 
integrating, going through all the tests and the activations | had to go through with 
the Activator to reach the next level of technology. 


Sacred G Fusion 


coryherter.com/? 


©2009 - Cory Herter - All Rights Reserved. Sacred G, Inner G, Tree of LOVE, L.O.V.E. 
and all Sacred G Designs are registered trademarks and copy writes of Cory Herter. 


41 


Sacred G Fusion - (Available only in Cases) 
Sacred G Fusion is the ultimate Sacred G design that integrates every single Sacred G 
Design into one cohesive unit. This design enables you and your body to focus into 
whichever previous design at any time to clear and activate each system for 
maximum energy production. The Sacred G Fusion also has additional 
programming that focuses entirely on the pineal gland, activating your connection 
with God, your body, your environment, and the people in your environment. 


Sacred G Fusion is not just another Sacred G Design, it’s a highly advanced system 
that enables you to function on a whole new level that transcends any previous 
Sacred G Design. Instead of going into specific regions in your brain to increase flow 
to activate your pineal gland, Sacred G Fusion activates the pineal gland first and 
then it spreads out into the different regions of your brain. Because it is able to 
reach more regions of the brain at once, it eliminates a majority of the cleansing and 
the detoxing effects such as nightmares. You will still be detoxing and may have 
challenging effects from that but the process will be more smooth, fast and efficient. 
Each different Sacred G design prior to Fusion mainly affects one of five different 
areas of the brain. Sacred G Fusion is an incredible tool for activating human 
potential as it addresses all five areas, increasing the flow of energy to activate the 
pineal gland. This focus on the pineal gland allows Sacred G Fusion to bring about 
an experience of singularity, compressing down to the point of all creation. This 
leads to an intense experience of connection with Source and an unlocking of the 
spiritual senses, helping us to truly understand and know ourselves inside and out. 


Sacred G Fusion has completely transformed my life in 4 months. I've been opening 
up in ways I haven't even dreamed of and the pineal activation is the key. That 
connection to Source has allowed me to channel all of these systems and be trained 
in them as I was taught how to build them. The Sacred G Fusion poster is a 
minimum of 40 X more powerful than the Activator and the Love Chargers. The 
power available in Sacred G Fusion deepens one's ability to go within and bring 
ourselves into complete alignment. What used to take me 2 to 3 weeks to process, 
now I can process in 2 to 3 days. Everything has been accelerated. I sometimes 
refer to Fusion as Sacred G 2.0 because it's a whole new type of inner network that 
you can experience. Here you tap into the magic, the flow, and the synchronicity. 
Every where I go, I'm always meeting people who just had someone pass over, who 
had near death experiences. The particular people that I meet are interested in 
vibrational energy, interested in sacred geometry. Literally every single place I go, I 
am meeting people who already know of Sacred G. The synchronicities are amazing 
and ata level that I've never experienced in my life. 


Living daily consciously in the flow of synchronicity is something I want for you to 
experience. We have different Sacred G designs on the website available for free 
download. | encourage you to print them out and use them to tweak different areas 
of your life. When you're ready to amplify things and take your life, abilities, and 
world to a whole new level, I really encourage you to get on Sacred G Fusion. Due to 
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the complexity of the mathematics and design, Sacred G Fusion is only available in 
poster size. The Fusion design is only available in cases and bed sets simply because 
I want you to have the full experience and that requires enough energy to actually 
activate some of the systems. 


Sacred G Fusion Case — The Tree of LOVE 


http://coryherter.com, 


Sacred G Fusion comes in a specially designed case. Watch the bonus video to learn 
more about how the Sacred G Fusion works with the Sacred G Fusion case. The case 
illustrates the Tree of Love and provides a stabilizing container for the intensity of 
the 300 Fusion posters. On the Tree of Love, you'll notice twelve colored circles that 
stand for the 12 chakras. Since all vibration technology is at the top chakra, all 
Sacred G and energy technology falls in the arena of the blue chakra. This is also 
referred to as the Sacred G Spot and the area associated on the physical body is your 
head. The green chakra, associated with your chest and heart, is the limbic system 
and corresponds with the Transporter design. The yellow chakra relates to your 
identity and has to do with your frontal lobe and the Ascender design. The orange 
chakra here has to do with your expression that is the Simulator and relates to the 
knees. The red chakra essentially has to do with your cerebellum, motion 
movement and that of course is the Activator. 


Sacred G Fusion contains the mathematics of the entire Tree of LOVE, walking you 
through the outer external chakras that have to do with your job, friends, 
discovering your true purpose and passion, your relationships, family, and the ways 
in which you give back to the planet. The orange is the friendship, the green is your 
relationship, the purple is your family, the red is your job, the yellow is about 
discovering your passion your purpose, and the blue is about serving the planet ina 
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really big way. These chakras actually regulate and explain all the biological 
systems for unlocking the body. 1 encourage you to learn more about the Tree of 
Love through my videos and trainings. You'll come to learn about the double helix 
inside the geometry of the Tree and the genetic shifts that occur as you move 
through the chakras. Some of the advanced systems actually reveal the 23 different 
chromosomes that make up your entire genetic code. There are particularly 
amazing things to be found in the Tree of Love related to brain wave states: beta, 
theta, alpha, delta brain as well as the second beta that is the purple chakra 


There are many ways to interact with the Tree of Love and the Fusion case. For 
example, if you have a stomachache, you can put a glass of water on the case with all 
your Sacred G Fusion inside. Place the glass over the yellow chakra that represents 
your stomach. Leave the water there for about 10 minutes and then drink the 
water. You'll physically feel the difference in your stomach. You can charge up 
water, jewelry, food, anything you can physically put onto the chakras on the case 
and it will be energized with vibrations that will be absorbed into your body, 
particularly into that particular chakra. It’s a way to actually direct where you want 
that energy to go and what you want to enhance in your life. We had great 
experiences with putting colored candles matching each different chakra on each 
corresponding chakra on the case. We lit the candles at night and not only was it 
beautiful to look at, it amplifies the energy in the space. ‘This is powerful when 
doing crystal mediations and can support experiencing crystal grids. 


Sacred G Fusion walks you through the internal and external systems represented in 
the Tree of Love. Sacred G Fusion combines all of these systems and moves you to 
the top point, the singularity point we are all one, we are all already perfect. This 
conversion system of energy exchange moves us forward to really manifest the type 
of life we want and that sense of perfect flow. 


Click on the Category section for the Tree of LOVE to learn more about each Chakra. 
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Basic Instructions for Using Sacred G 
Technology 


Select something that you eat or drink or anything you would like to charge and put 
it directly on the Sacred G design. If you want to charge a bottle of water, simply 
place it on top of the Sacred G. Keep the water on the design for at least an hour 
although it's great to experiment with the different lengths of time between one 
hour, several hours and overnight. Whichever Sacred G design you use, it will 
charge the water to target specific regions of the brain and body. For example, if 
you charge the water with the Sacred G Spot, then drink the water, that energy is 
going to focus on the hypothalamus and is going to help detoxify and cleanse your 
cells. If you charge it up with the Transporter, that water will help you purge and 
process negative emotions and emotions that are stored in past memories. 


If you want to make Sacred G even more powerful, you can use more than one. 
Using a bottle of water for example, put one design on the bottom and one on the 
top of the bottle. This creates a pressure field that will enhance the charge of the 
water. To create an even more intense field, you can enclose the water on six sides. 
One way this can be done by taping 4 stickers together in a square and putting one 
on top and one on bottom of the water. This will supercharge your water, 
supplements or anything you decide to charge. 


You can laminate the stickers, posters or print-outs it doesn’t hurt at all. In fact, if 
you're going to laminate them I would suggest printing 3 or 4 sheets with the 
designs printed on both sides. If one-sided, put them back to back so you have the 
design facing out on both sides and then laminate several sheets. The more of them 
you use, the more energy generated which increases the amplitude of the wave or of 
the frequency Sacred G puts out. If you want to increase the energy, simply add 
more. Sacred G lasts forever if the designs aren't damaged. Don't cut any of the 
designs, the pressure systems and mathematics built into them will be affected and 
you'll have energy leaks. Print them in color not black and white. Put the Sacred G 
in your closets, on your shelves, in your refrigerator (best if laminated or you can 
tape them underneath your shelves so they don’t get dirty). 
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35 Ways To Boost Your Energy With Sacred G 
To see the Online Version, click... http://coryherter.com/?page id=594 


The following uses are listed in order of importance, go down the list and place 
Sacred G in every area of your environment to get the maximum benefits. I find it 
best to place them in ways where the technology will not get damaged. For instance, 
in the closet, you can tack the Sacred G to the wall behind your clothing. In your 
fridge, tape the Sacred G to the sides of fridge and underneath the shelves. Be 
creative, remember that Sacred G Fusion is by far the most powerful Sacred G 
Technology and is available for only $1.00 / sheet. 


Mattress 


Pt 
7 


Place the Sacred G technology between your mattress and box spring to encapsulate 
your self in the energy all night long. You can also place them directly on the floor. If 
you have cases you can also place the cases directly on the floor. Sacred G enhances 
anything that you are doing. While you are sleeping your body is working to heal 
itself and refill your energy. This is the optimum place to use Sacred G technology 
and enhanced energy and is the long-term solution for boosting energy 
permanently. Every night, your energy will continue to increase. 

If you are looking to heal your body and activate the Law of Attraction in your life, 
continue adding Sacred G Fusion underneath your mattress. The more Sacred G you 
add, the more powerful your experience is going to become. 
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space but with the same Hopf bundle. Consequently, 
that particle can be found everywhere. This picture 
appears to describe the Uncertainty Principle classically 
using 3 + 3 dimensional time-space. Along similarlines 
R Kiehn [25] has also recently underscored the important 
but overlooked classical connection between spinors, 
minimal surfaces and the Hopf map. 


Recently, Chen's work has been further developed by 
H. Kitada [26] who, by introducing both 3-dimensional 
time and energy operators, sheds new classical light on 
the uncertainty relation that holds between these two 
parameters as well. Moreover, Chen is not the only 
reseracher to derive the Dirac equation classically. 
R.A. Close has published a paper which presents a 
classical mathematical description of circularly-polarized 
waves in 3-dimensions [27]. It turns out that these chiral 
space waves are satisfied by a four-component wave 
function which satisfies a Dirac equation. Furthermore, 
much like the Hestenes' zitterbewegung interpretation 
of quantum theory, the term normally associated with 
electron mass in the Close equation, introduces a rotation 
or oscillation frequency of the propagation direction. 


Classical models for nuclear processes have also recently 
been proposed which incidentally also imply internal 
time structure. Notable among these, C. Cagle claims 
to have developed a fusion energy device employing 
LENR based upon such a classical theory [28]. Normally, 
Deuterium nuclei are diffuse in momentum space (having 
high relative velocities). The process Cagle outlines 
produces a compactification of their momentum space 
(low relative velocities), so that the deuterons develop 
common de Broglie wavelength that is greater than or 
equal to the inter-particle distance. This is claimed to 
be accomplished by passing soft x-ray photons near the 
region of two deuterons in a lattice structure of Lithium, 
Deuteride. The soft x-ray, when absorbed , produces a 
region of total time-dilation, causing two effects: first, 
ionization of atoms by strongly repelling any 
associated electrons in the area, and secondly and 
most importantly, the physical extent of the time- 
dilation causes two adjacent normally repelling 
Deuterium nuclei to overlap ina common momentum 
space; that is, their relative velocities achieve very 
low values. Consequently, due to the time dilation, for a 
very short time their common de Broglie wavelength 
exceeds their inter-particle distance. Thus, they become 
strongly attractive and undergo nuclear fusion, 


Cagle also claims to clarify misconceptions about the 
fusion process in a thermonuclear bomb. He maintains 
that it is not due to extreme kinetic energies (high 
temperatures) of particles as supposed in current 
paradigms, but due to nuclear processes caused by 
absorption of a time-dilated soft photon flux, produced 
by Compton scattering of hard x-rays from a fission 
igniter, passing through a foil of depleted Uranium, 
Again, just like the controlled nuclear fusion process, 
this causes overlapping of deuterons in momentum 
space (low kinetic energies) for a few pico seconds, and 
subsequent fusion with normal exothermal processes 
ensuing. 


Furthermore, as a fundamental component of his LENR 
fusion device, which ostensibly produces time dilation 
and controls energy production from the fusion process, 
Cagle incorporates a topological field structure termed 


an electromagnetotoroid. The toroidal field current 
oscillates between toroidal and poloidal modes in a 
dynamic cycle which is amazingly virtually identical to 
Killick’s description of the oscillation dynamics ofa single 
unit toroidal tachion [1,6](also see Cagle’s website for 
animated simulation), 


Regarding dynamics of astrophysical structures, Cagle 
further claims that the stellar jet core star of HH30 is 
also a gigantic electromagnetotoroid. During the poloidal 
current mode, vast quantities of matter are produced 
and ejected along the poloidal axis when the mode 
changes from poloidal to toroidal. This leads one to 
consider the possibility that the source of superluminal 
gamma ray bursters, which have heretofore mystified 
astrophysicists and defied explanation in terms of 
current paradigms, might be the result of large- scale 
abrupt changes in the time-frame of celestial vacuum 
regions, subsequently causing a boost in light velocity. 


Implications of Non-scalable Metrics 


When postulating fluid-field natures for the four 
yardsticks of physical reality: time, space, energy and 
mass, we must assume the existence of a non-scalable 
metric for our vacuum structure. Such a non-scalable 
vacuum, absent of a defined reference frame, must of 
necessity possess a dual nature. That is, the primary 
feature of a dual vacuum structure implies that infinitely 
‘small quantities must be treated on an equal footing 
with those that are infinitely large. In other words, 
information encoded into infinitesimal elements, is also 
instantly present in the unbounded infinite extents as 
‘well. This is tantamount to the existence of a holographic 
information encoding and transmitting vacuum field, 
which would structure events in space and time as a 
non-Markovian chain. In a non-Markovian chain of 
events, the prediction about the next link in the chain, 
requires a knowledge of alll links, not just the one 
preceding it, 


Metod Saniga’s research into mystical perceptions of 
superconscious reality appears to support such a 
primordial non-Markovian holographic mapping of time 
and space. To quote from a transcript of such a vision: “I 
wake up in a whole different world...a different 
space...This space was distinct from the one we all 
know. It had different dimensions, everything contained 
everything else. One was situated in a state of being in 
which the ‘will be’ (future) and the ‘vanishing’ (past) 
were already included, and this being was my 
consciousness. It contained it all. The ‘being contained’ 
was present very vividly in a geometric way in the form 
of circles of different sizes which again were all part ofa 
unity since all of the circles formed exactly one circle. 
The biggest circle was a part of the smallest and vice 
versa.” [20] 


Such a structure of time and space can best be 
topologically encoded in anon-orientable structure such 
as the Moebius band or Klein bottle. Similar to the data 
presented in the above mystical revelations and in the 
previously treated Killick tachion-pair dynamics [1,5], in 
such configurations “inside” and “outside” lose their 
meanings and meld into one another; ordinary 
dichotomic relations distinguishing thesis from 
antithesis are sublated and supplanted by a higher unity 
defining the evolutionary process of the system. In the 
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You can create unlimited amounts of pure energized water using Sacred G. 
Programmed to a level that no other vibrational energy method can compare to, this 
water is extremely efficient in hydrating the body. Using large amounts of Sacred G 
love chargers can energize your water so much that you can use it as a dietary 
supplement to replace 1 meal a day. Take a big drink of sacred g water whenever 
you are hungry. Charging your water is vital to reducing any negative cleansing 
effects from releasing toxins. This also helps to hydrate the body increasing the 
amount of energy you will feel. 


Food — Fridge, Freezer & Pantry 
fen =a] 


Placing the Sacred G Fusion posters or Sacred G stickers inside your fridge freezer 
and pantry will lengthen the lifespan of your food help you from over eating and 
help you lose weight. Use tape to attach the posters to the sides and back of the 
fridge or on the shelves to prevent damage and get the best results. Charging your 
food will increase the absorption rate reducing the amount of energy the body has 
to spend to digest. Cleansing the digestive system will be one the first things to 
happen when using Sacred G. This will free up your energy, reduce fat and enable 
your body to start eliminating toxins. Charging your food will help prevent 
additional toxins from entering in your body and prevent waste buildup in the 
intestines. 
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Fruit bowl and Bread Basket 


Extend the life of your fruit vegetables and bread by sticking them on top of Sacred 
G technology increases taste energy and fills you up faster. Eat as many fruits and 
vegetables as possible for optimum levels of energy. Replace sugar with natural 
sugar from fruits this is especially a powerful practice for children and eliminates 
emotional outbursts, rage attacks and fighting with family and friends, simply from 
eliminating sugar from the diet and replacing it with fruit symptoms of ADD/ADHD, 
depression, bipolar, MPD and more have disappeared. 


Health supplements 


Supplements and nutritional shakes are being used by millions of people on a 
constant basis to improve health. Double or triple their effects by having Sacred G 
Fusion technology under your supplements all times use herbs to direct where in 
the body you want the Sacred G Fusion energy to go. This is a powerful method to 
really focus where in your body you want more energy and can be used for 
accelerated healing, 
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Clothing 


Your clothing is the first line of defensive between you and your vibrational 
environment place Sacred G Fusion posters in your closet and drawers to keep your 
clothes boosted with energy this will keep you flying with energy all day long. Most 
laundry detergents are filled with chemicals that are no good for your body and rub 
into your skin this can add to the toxins that are put into your body and decrease 
energy. Find some natural and green laundry detergent to use this will help in a 
subtle way to keep your energy boosted. All of these green decisions add up to 
massive boosts of energy and overall health. 


Jewelry 


Magnetic and ionized bracelets are a popular tool to use to boost energy and are 
great for pain relief but they also cost hundreds of dollars and they don’t have much 
style. With sacred g fusion technology you can super charge all of your jewelry to 
keep your energy boosted all day. Keep your energy boosted all day simply by 
charging all of your jewelry while you sleep with Sacred G. Charging your jewelry is 
a powerful technique to help with emotional stability. 
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Cell Phone 


Place the sacred g micros on your cell phone to reduce the heat up to 87%and 
reduce the negative effects of emfs emitted by your cell phone at the same time. 
To Learn more about Cell Phone use and to download your Free Cell Phone Sacred G 


Micros, visit http://www.freeshield.com 


Computer 


Place Sacred G under your computer monitor and under your keyboard this works 
great to reduce the brain drain feeling Sacred G can also help reduce the negative 
effects caused from emf’s. Try placing some Sacred G posters around your desk 
area can increase work productivity by 300%. Stare at the Sacred G Meditation 
Station to physically and mentally give your self a break from work and energize 
yourself do this once or twice a day to accelerate the positive benefits of Sacred G. 
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Personal Hygiene Products 


A lot of products that we put on our body everyday are filled with toxic chemicals 
that poison our body. The more toxic your body is the, more fat the body needs to 
neutralize and store these toxins. Search around for natural and green products to 
ensure your not accidently poisoning your own body. Energize all of your beauty 
products soaps lotions etc... to boost your energy. Charging your products with 
sacred g will also help the body with eliminating any chemicals that are not 
beneficial to your body. Remember your skin will digest anything that you put on it. 
So anything you put on it you should be able to put in your mouth. 


Hot Water Tank 


Try placing Sacred G Fusion technology around the hot water tank. This energizes 
your water and is great for bathing and showering as well as cleaning dishes and 
doing laundry. Notice how soft your skin becomes. 
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Place Sacred G under your seat when you are driving reduces pain and stiffness 
from long periods of sitting. This technology is priceless for truck drivers taxi 
drivers or anyone else who spends a lot of time in their vehicle. Try putting Sacred 
G stickers on your gas tank, gas tank lid and fuel filter for increase gas mileage. 


Picture Frame 


Place 1-20 Sacred G Fusion posters in one picture frame to create a massive blast of 
energy for your room or office place the picture frame for where you want the 
energy to go. Great for the office the practitioner room and of course the living 
room and bedroom for maximum energy and productivity. This will help to keep 
the energy in the air clear and Transcend negative emotions that can cause drama. 
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Air Ducts and Fuse Box 


Use Sacred G Fusion posters in the air ducts in your home. This is a powerful tool to 
charge up all the air in your house and enable all of your family to benefit from the 
positive vibrations emitted from Sacred G. Place Sacred G in your fuse box to 
encode the electricity that enters your home with positive vibrations using more 
Sacred G fusion will give you stronger benefits and more noticeable differences use 
one Sacred G Fusion case for this if possible. 


Directly on the Body 


This technique is extremely for eliminating pain and focusing where you want the 
body to heal simply face the Sacred G design towards the area of the body you want 
to increase energy and eliminate pain sleeping on Sacred G Fusion has been known 
to eliminate chronic back pain within days. 
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Couch Cushions 


Place Sacred G Fusion under couch cushions or directly underneath the couch. 
Boost your energy and enable you body to relax when you are watching tv, movies 
or playing video games. You will find that you can become more immersed in the 
shows you are watching and the emotional reactions will intensify and heighten 
your experience. This is a great tool for kids. Using Sacred G this way has actually 
been known to cut down on the amount of time spent sitting in front of the tv 
increasing the amount of physical activity of children. 


Vision Boards 


Have you ever heard ofa vision board? Simply cut out a bunch of pictures and words 
that you feel passionate about. This is a physical way of moving towards your goals 
that you want in your life and takes goal setting to the next level. Attach some 
Sacred G to your vision board to add extra energy to your intentions. This works 
great for accelerated manifestation if you sleep on Sacred G, place a vision board 
between your mattress and the Sacred G. This will program the energy to start 
building the life of your dreams. The energy will pass these instructions into your 
cells and start the materialization process. 
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Backpack 


Place Sacred G Fusion (Folded Up) in your backpack to charge your lunch and books 
charging your books with Sacred G technology increases your ability to retain what 
you read by 300%. Use Sacred G as a bookmark to help you read and absorb the 
information more effectively. 


Flowers and Plants 


Help prolong the life of your flowers and plants by placing the Sacred G design 
underneath the vase. Try using different designs and see if you have different 
results then share your research with us. Place Sacred G designs under your plants 
to help them grow strong and come back to life if they are dying. 
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Massage Oils / Lotions, Shampoo & Conditioner, etc... 


Charging massage oil can turn the oil into a powerful pain relief solution. Add some 
Fusion 137 Essential Oil to increase the Healing Benefits of products that you use 
everyday. 


Crystals and Precious Stones 


Certain stones that you hold after charging with Sacred G will generate a massive 
influx of energy and sensation in your body. Experiment with different types of 
stones and how each different type of crystal will create a unique feeling for you. 
Crystals pick up all kinds of vibrations from the environment so it is important to 
clear and activate them with Sacred G for maximum energy output. 
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mathematical edifice abstracted from such a vacuum 
structure, duality rather than exclusivity of field 
structures holds sway. This in turn, presupposes a static- 
dynamic triality of fundamental field structures, 
characterized by the three magnitudes: zero, infinity and 
the mediating factor of unity, the latter being an 
indication that each of the other two field extremes are 
in perfect balance. Accordingly, we will assume that the 
stability (coherency) of non-scalable fields results 
whenever more than half their reality is in common. 


Further development pertaining to a specific algebraic- 
geometric structure that would inherently incorporate this 
field model, will be carried out in a future paper. 
Nevertheless, the interested reader can skirmish on this 
frontier by consulting the relevant recent references to a 
Clifford-algebraic structure which encodes the projective 
duality of “space” and “counterspace" into a model for 
mechanics on the quantum level [29]. This promising 
model accounts classically for the phenomenon of 
quantum non-locality. It also heralds a new version of 
quantum field theory which, by treating electron-positron 
pairs as topologically non-orientable, is free of the 
detrimental divergences in self energy and charge, thus 
obviating the necessity for the ad hoc prescription of 
renormalization so endemic to current theory [30] 


However, due to the limited scope of the current 
‘treatment, here we shall only make general comments 
on the significance of the above-mentioned concept of 
field triality. Although this model may appear foreign to 
current physical theory, we underscore that exactly such 
a system was delineated by W. Smith in the book, The 
New Science [5]. Observing, as we have [1], that this book 
in some parts of its exposition can cause confusion, we 
carefully choose the following selected passages that are 
most instructive in clarifying the notion of non-scalable 
metrics and in pointing the way to new paradigms (my 
comments in parentheses). General comment on non- 
scalable metrics: “Unity is half way between zero and 
infinity and always remains the fulcrum about which all, 
other values regardless of scale pivot”. On the electric 
field: “Between the two limits of zero and infinity and 
‘through unity there is divergence which we recognize as 
the electric field, but with the exception that there is no 
point charge at zero. Our awareness establishes the 
charge at radius unity with exactly halfof it being ‘inside’ 
and the other half being ‘outside'”. On tempic field 
dynamics: “The tempic field being purely scalar in nature 
merely contributes to the manner in which changes can. 
occur in the system. If, however, through some 
characteristic of configuration, the tempic field within a 
composite particle displays some irregularity, this will 
manifest as a ‘vibration’, and if the magnitude of the 
vibration is sufficient as to cause the interpenetrating 
fields to exceed the half-and-half point , the whole system. 
will come apart: radioactivity. When a system does come 
apart, those field which were coherent and 
interpenetrating in the correct proportion will remain so 
and take off down the tempic field gradient and become 
diated energy”. On velocity of light/Planck's constant: 

“Within the universe we perceive, we are reasonably 
satisfied that the maximum value of all the coherent fields 
involved in our particles and radiated energy have the 
same value. Planck's constant is the numerical expression 
of this value, and the velocity of light is the expression of, 
the numerical value of the (local) tempic field intensity”. 

On nuclear fusion: “If a region is selected in which there 


are two fields of the same kind, same magnitude, same 
direction, such that very nearly half the reality of each is 
within the region, then the two fields are just on the verge 
of becoming coherent. Ifthe fields are not coherent, the 
total energy in the region is the sum of the energies of the 
two fields; ie., twice the square of the field intensity of 
each integrated over the region, or twice the energy of 
the two fields incoherent. This represents the ‘packing 
energy’ ofbits and pieces of atomic nuclei, and also points 
the way to the precipitation of energy out of the cosmic 
background (vacuum engineering)". Notice how this 
description, written 45 years ago, of how a tempic field 
gradient (time-stress) operates between atomic nuclei to 
produce coherency (half-in half-out condition), perfectly 
parallels the recent Cagle view, which claims the fusion 
process takes place only as a function of time-dilation 
{28}. Finally, on gravitation: “With the exception of skew 
electric fields (electric field possessing tempic field 
gradient) all the other fields of an aggregate mass may 
bbe considered as static because they have no component 
of the tempic field at right angles to them. The skew fields 
(spiral-helical?) on the other hand, are dynamic because 
they do have a quadrature tempic field component. 
Furthermore, skew fields are largely incoherent 
(gravitation cannot normally be shielded) simply because 
the usual almost random orientation precludes their 
meeting the half-in requirement of form to become 
coherent. Since the gravitational field is due to the skew 
electric field, or stated differently, to the induction from 
the ‘motional magnetic field’ (longitudinally moved 
magnetic field), this is the logical region to explore for 
the mechanism by which fields may be produced to 
combine with the gravitational field (of Earth) to produce 
a resultant more to our liking (alteration of local 
gravitational potential)” 


This last quote describes the gravitational field of a 
mass as a residual field phenomenon, similarly to the 
Sakharov and Puthoff conclusions which attribute 
gravitational and inertial mass to the interaction of 
accelerated or gravitating matter with the zero-point- 
vacuum-fluctuations (ZPF) causing a vacuum reaction 
force [31]. Moreover, similar to the Hestenes’ claims, 
in their recent papers [32], Haisch/Rueda/Dobyns 
propose that, via this new interpretation of inertial 
mass as an acceleration-dependent electromagnetic 
(Lorentz) force, that a former postulate of quantum, 
mechanics appears to be derivable classically via the 
interpretation of rest mass as the energy of the ZPF 
driven zitterbewegung; that is, the de Broglie 
wavelength of a moving particle, may be derived from 
Doppler shifts of the Compton frequency oscillations 
associated with zitterbewegung that occurs when a 
particle is placed in motion, 


For further studies of physical theories with non- 
scalable metrics, the reader is directed to the excellent 
work of A.A. Nassikas [16]. Like few theories hitherto 
postulated, Nassikas posits a fundamental probability 
density function for vacuum energy, out of which 
oscillatory-deformable sub-atomic level physical 
aspects of time and space then emerge. This is the 
reverse to most contemporary paradigms, which view 
energy as a derivative of matter, time and space, even 
at the quantum level. Finally, A. Frolov has used 
Nassikas' theory to explain over-unity energy 
generation that has been demonstrated in some LENR 
electrolytic cells of the Pons-Fleischmann variety [17]. 
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Meditation 


Use Sacred G for meditation by sitting or laying down on several Sacred G designs. 
You can charge up several crystals or rocks and place them on your body, listen to 
some nice music and let the energy take you for a ride. Burn Candles on top of the 
Sacred G to take you even deeper. 


Yoga mats 


Place the Sacred G designs or Sacred G Fusion posters underneath your yoga mat to 
instantly increase your strength and flexibility. Sleep on Sacred G Fusion to increase 
the healing at night reducing pain from physically training your body. Sacred G can 
be used to support physically demanding exercises and to accelerate healing as well. 
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Extreme Performance Enhancement 


Place the Sacred G on skateboards surfboards team uniforms or any gear or 
equipment you use. Watch as your performance is enhanced and your game is 
improved. Take your performance to the next level by using Sacred G in any and 
everywhere you can. 


Charge your candles with Sacred G to fill the air in a room with positive vibes. Try 
this method during or after there has been a big argument in a room to help clear 
the air and watch as it helps solve the conflict more peacefully. Charging your 
candles helps boost your concentration helps clear your head and inspire new 
thoughts to come through. Using Candles with Sacred G is great when working on 
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any creative or artistic activities. Use Sacred G with candles to enhance meditation 
enabling you to access deeper states of mind, Natural and alternative health 
practitioners love this simple technique when working with clients as it keeps the 
energy moving and the room free of stagnant energy. 


Contact Lenses / Glasses 


Place Sacred G under your contact lenses and glasses and cleaning solutions to make 
them last longer. Some people have reported disposable lenses lasting 3 to 5 times 
longer. Using Sacred G stickers placed directly on your eyes for at least 15 minutes a 
day will awaken your ability to see energy and energetic fields that surround 
everything. There are layers upon layers in the reality that you exist within when 
you can amp up your energy enough your body will unveil new layers for you to see 
for yourself unlock these new layers of reality through Sacred G. 


Kitchen Utensils 


Charge all your dishes glasses and cutlery to help charge your food even more they 
will pass the chare onto your food and drink. 
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Cleaning Products 


a. 


Activate your cleaning products with Sacred G so they do a better job. The emf’s 
(electro magnetic fields) from power lines program the molecules of these 
substances to group together. Sacred G splits these clusters apart meaning that the 
cleaning products can penetrate deeper to enhance their natural cleaning 
properties. Most cleaners are filled with toxic chemicals try finding ones that are 
green and natural to help keep your body clean and your energy high 


Animals Love Sacred G 


. 


Pets will notice the effect of Sacred G instantly. They will start sleeping on your 
pillow/bed. Cats will chew on the stickers trying to get into where the energy is 
coming from. Turtles will swim at hyper speed. Pets are one of the easiest ways to 
see how powerful Sacred G technology really is. Place sacred g under your pets food 
and water dishes as well as under the area where they sleep. Notice the 
youthfulness and the increased activity in your pet within days. Place the Sacred G 
Fusion posters behind the fish tank to keep the water clean 3x as long. 
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Improving Eyesight and Multi-Dimensional Vision 


a? 


Lose track of time by staring into the design and wondering how it changed your life 
so quickly. Sacred G has been known to improve eyesight as well through regular 
practice of this technique (15 to 30 minutes a day) Sacred G Fusion will also 
produce some interesting multi-dimensional visuals along with heightened states. 


Bath Tub 


After a hard day or an extreme workout, the body needs to relax and unwind. 
Charging up the water in the bathtub by sticking some Sacred G stickers on the 
bottom will ensure that the water is helping the body heal and increase energy. 
Trying adding some bath salts to clear out lactic acid. Add some Sacred G 137 
essential oils to help give your body that extra boost. Water charged with sacred g 
will make your skin silky smooth by breaking apart the clusters of water molecules 
apart enabling a deeper cleanse. Try charging a 5 gallon jug with your Sacred G 
Fusion and adding one gallon to your bath for an extremely powerful experience 
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Pictures & Photo Albums 


Have you ever had an experience when you were thinking or talking about someone 
and then they called? We have all had an invisible connection and we have all felt it. 
Harness this connection with Sacred G by pumping up other people with energy by 
placing their picture on some Sacred G. Try it out, the effects might freak you out 
when you see just how powerful Sacred G can be. This is a perfect tool for when you 
are having problems with someone and don’t know how to solve or overcome it. 


Business Cards 


Direct the energy of Sacred G into your business by placing a business card face 
down to increase the growth and wealth. You may notice instant effects from this. 
This is the next level of simply having a positive intent. A physical action is always 
more powerful than just a thought. Be open to new ideas and direction in your 
company if you need to make more connections and build a team use, the simulator. 
If you are looking for new systems or new ideas to govern your company, use 
TranceNdance. If you wish to accelerate the momentum of your company use the 
Activator. If there is too much drama in your company, be sure to use the 
transporter. Add Sacred G Fusion to your life for an increased focus in wealth 
building. 
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Gardening 


Charging your seeds before planting them. Your food will taste better last longer and 
fill you up faster. The amount of energy influences every generation so be sure to 
replant the new seeds. You can also keep your seed immersed in this field 
continuously by putting Sacred G stickers or minis that have been laminated directly 
into the dirt. Experiment and see what kinds of results you get and then let us know. 
Try placing Sacred G under your sprouts if you make them at home. 


Positive Influence 


Wish you could change the world in a really big way so people were happier and 
having more fun? Place pictures of authority figures on Sacred G to give them some 
positive vibes. Fill them with positive energy so they can make more positive 
decisions that will benefit all of us. Works great for corporate logos as well. 
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Sacred G Food Test 


In the morning take an apple or a banana and place it in between two Sacred G 
designs both facing toward the piece of fruit. Leave the fruit sitting all morning, at 
lunchtime eat the fruit before your regular lunch and feel how full you become. This 
test will show you how charging your food with Sacred G will fill you up faster. 
Charging your food is a vital part of boosting your energy even higher. Using Sacred 
G to charge your food also helps with weight loss. 


Sacred G Temperature Test 


Place your hand on or a couple of inches above the Sacred G technology. Most 
people can feel a breeze of cool or warm air. After the temperature stabilizes you 
will feel tingles and sensations all over your arm and then your body temperature is 
the first system the technology will stabilize for optimum energy flow. Charging 
your clothing with Sacred G will help you remain at a comfortable temperature 


through out your day. 
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Sacred G Full Body Energy Cleanse 


Stand with each foot on one sacred g design then place another Sacred G design on 
top of your head feel the energy trickle out of your fingertips as you are bathed in 
energy now add two more Sacred G designs between your hands feel the buzz. This 
test is a quick energy booster and cleanser as it builds up a pressure of energy 
throughout your entire body. 


The more places you place Sacred G Technology, the more energy you are going to 
have and the better you are going to feel. Have fun, experiment and see what you 
can discover. Energy is a playful system that utilizes imagination to its full extent. 
The only limitation energy will ever have is the limitations that you put on it 
through a lack of imagination. 


When you are ready, be sure to upgrade to a case of Sacred G Fusion for the 
maximum benefits of this incredible technology. 


The following section will help you to understand the processes that take place 
when beginning your use with Sacred G Technology. 
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What to expect when beginning 
Sacred G Technology 


"Karma - Whatever you put in your body, you are responsible for cleaning out!” 
~Humbled State of Consciousness 


10 Most Common Forms of Cleansing 


Cleansing ~ As the cells in your body dump these toxins out, you can get headaches, 
feel tired or woozy, your head can feel congested and foggy. These are all signs that 
Sacred G is working and clearing out the toxins from your cells... Keep Using the 
Sacred G to complete this process or try adding more to speed this process up 
further and cleanse even deeper. 


1. Initial weight gain can happen if your organs are on toxic overload... your 
body will take the toxins and store them temporarily in fat cells while 
your organs are cleansed and strengthened. Then the body will begin 
releasing the toxins so your organs can properly cleanse and clear them 
out of the body. You will also notice that your body will continue to lose 
even more weight, as your organs will continue this purging of toxins 
eliminating the need for fat. Fat is designed as a safe place to neutralize 
and store dangerous toxins. The cleansing effects of Sacred G make this 
technology a powerful tool to add to your weight loss program. 


2. Addictions to toxic substances such as drugs, illegal or pharmaceutical, 
sugar, coffee, yeast, fluoride in water, pesticides on your food and more 
are continually creating a toxic wasteland... Inside Your Body. Is it any 
wonder that it becomes difficult to feel good when practically everything 
in our world is full of processed chemicals that are toxic? Although 
Sacred G initiates the body to clear these toxins out of your cells, it is your 
responsibility to stop putting these toxins back into your body. You will 
notice that your tastes will change and eating organic and healthy will 
come easily and naturally if you are charging everything you put in, on 
and around your body with Sacred G. Please keep in mind, that this also 
means no more putting toxic substances on your body either. 


3. Old injuries often come up from using Sacred G Technology. Although an 
injury heals, the healing is not 100%. As your cells regress back to their 
youth, anti-aging, they are physically releasing memory. These old 
injuries can even have physical bruises show back up, can be very painful 
and can also spur a lot of agitation as well. Stay with it and try using 
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Editor: Actually Prof. Nassikas wrote in this patent 
that the idea which is described in the patent was proposed 
by Alexander Frolov. In 1996 these questions were 
discussed by us in Saint-Petersburg. Specifically, a 
Palladium cathode over-saturated with protons produces 
an imbalance of the vacuum engine in this area, with an 
accompanying change in the local time-rate and 
subsequent breakdown in the Coulomb barrier of the 
nuclei as per schemes articulated by C. Cagle [28] and T 
Bearden [15] 


Conclusions 


In this journey through the latest research and 
speculations involving new interpretations of the four 
physical yardsticks: time, space, energy and mass, we 
hope the reader and technical specialists/theorists have 
been inspired to continue research along the lines 
suggested in the above dissertation. In this regard, certain 
open-ended questions present themselves that focus 
squarely on the viability of technological future 
developments in the new energy field. First, could the 
missing element in our eventual understanding of all 
devices featuring documented over-unity energy 
generation, change in mass (gravitational potential), 
LENR-based transmutation of elements and the 
amelioration of radioactivity, etc., be due the alteration of 
local time-flow in sub-atomic vacuum fields within the 
apparatus? Secondly, could the frustrating feature of the 
capriciousness of over-unity power and the like to yield 
to testable replication in many cases, be due to currently 
unperceived uncontrollable aspects of time and the 
vacuum which must be addressed in order to solve these 
problems? Thirdly, could incorporation of non-orientable 
topological structures such as the Moebius band, Klein 
bottle, etc. in new models of electrodynamic field 
structure, be instrumental in finding the answers to both 
of the previous questions? With sufficient probing for 
possible answers to such questions, the present author 
has the firm belief that new paradigms are certain to soon 
result that will crystallize these thoughts into viable 
scientific hypotheses subject to experimental testable 
verification. As an offshoot and definite bonus of this 
process, possibly a new more expansive understanding 
ofthe role of the vacuum in both nature and consciousness 
will be in the offing. 
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Sacred G Fusion Essential Oil on the injury to accelerate the Healing 
Process. This is a natural process of Sacred G clearing the cellular 
memory and restoring your cells back to 100% health. 


4. If you had drug addictions or taken pharmaceutical drugs for a long 
period of time, these drugs will release out of your cells and you will feel 
their effects. You can have urges, withdrawals, mood swings, etc... that is 
because these drugs are coming out of your cells and hitting your blood 
stream. Stick with the process and drink lots of charged water. 


5. Speed up this entire process by taking the initiative and doing some 
cleanses that you can pick up at your local health food store. Check the 
labels and educate yourself on what is healthy for your body and what is 
not. Don’t put anything on your skin that you wouldn’t eat. Do yourself a 
favor and get off the medications. If you feel the detox, stick with the 
Sacred G... this is Karma, what you put in, you have to take out. And 
remember to take a cheat day every once in a while, you are still human 
and need a chance to celebrate from time to time. 


6. Nightmares can take place as your body purges the most extreme form of 
emotional energy from your past. You can wake up in wet sweats as your 
body simultaneously releases toxins while you are emotionally purging 
your system. You can also wake up triggered or even aware of patterns 
that you are playing out that are causing yourself and others a great deal 
of pain. All of these emotional triggers can be difficult to go through, yet 
peace is on the other side of this chaos and it is worth it to stick through 
it. 


7. Pretty much every single person will go through a 1 ~ 3 week rage attack 
as they wake up and realize they have living their life for everyone else 
and not themselves. This is a process of re-activating a person’s own 
personal power and is an amazing feeling and confidence booster once 
this process completes. 


8. Deep anxiety can come up as well once you realize that you have been 
playing the same patterns in your life, your whole life and you have never 
really been happy. This usually ends up in dissolving old relationships, 
friendships or jobs that are not serving you. Although these changes can 
sometimes make for a difficult transition, sticking with them and going 
through the process is rewarding in itself when you are on track with 
your life, your heart and your purpose once again. 


9. Little bursts of emotion can come out at anytime of the day for the first 
while on Sacred G Technology as memories are busy processing in the 
back ground of your brain. It seems as quick as they come, they go just as 
quickly too. These emotional surges are the body's way of completing the 
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last conscious processing step and are necessary for a complete release. 
‘The majority of the time you won't even know what the emotion is from. 


10. If you have a lot of deep seated emotion come up from never expressing 
how you feel, the best thing to do is to lay on your Sacred G Fusion Bed 
Set as often as possible to help you purge this emotion and free up this 
energy. 


Rewards from Cleansing- When you begin to open up your body and feel good 
again, you will remember that the body is literally the most important thing in your 
life. As the toxins disappear, your respect for your body and other people's body's 
increases. You will automatically treat others with more respect, love and 
appreciation boosting every relationship you have. Eliminating toxins automatically 
increases energy, health and gives a youthful appearance and is a powerful anti- 
aging tool. Your body is your temple and cleaning the toxins out of it is the first step. 
Ensure you charge everything you put in, on and around your body with Sacred G to 
generate the most amount of energy and to assist you in some of these life changing 
positive patterns. 


Clearing the massive amount of emotion stored in past memories is an extremely 
powerful method in freeing up energy for your body to heal naturally. You will 
notice a major increase in energy as well as an overall boost in peace, joy, happiness 
and excitement as old feelings like resentment, anger and sadness are no longer 
there to weigh you down. As you clear the major emotional blockages, you will find 
that you will be able to pick up more subtle sensations in your body. This means 
you will be able to read and communicate with people more effectively as you will 
be able to sense and feel what is going on with them more clearly. Making love 
intensifies as your physical senses become more alive. Even being able to smell the 
fresh morning air after a rain becomes more exhilarating as your senses magnify. 
Clearing the emotions that have become congested in your brain and body not only 
boost your energy but enhance your entire experience of life by heightening your 
senses. This is your body, not just your body, but your very vessel that you 
experience life with, Unlock your body's full potential with the Sacred G Fusion Bed 
Set and discover what life can truly be like. 


3 Stage Development Process 


Sacred G technology has three major stages of development that it will move you 
through. Each of the stages has their own unique attributes. These development 
stages are all required to go through before you will truly stabilize from the increase 
of energy within your body. Once you stabilize, your growth and development will 
feel like it has slowed as you integrate your life into that new level of energy. 
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The first stage of development is a complete body cleansing and rejuvenation. This 
initial part entails that you clear personal memories and issues in your life that you 
are experiencing right now. These are some of the typical experiences that you will 
endure. 


Increase of energy - This will take place if your system is slowed down. 
Decrease of energy ~ This will occur if your system is too accelerated. 


Non-stop dreaming all night - This is the body's way of cleansing and adding 
programming through experiences. 
© You can feel tired after these nights or be bursting full of energy. 
© You can experience nightmares if you are spacey or lack focus. 
© You can experience powerful goals and realizations to get in touch 
with what you really want. 


Deep sleeps - You will have incredibly deep and long sleeps. This is the body 
working through some very deep issues and has decided that it is better for 
you to not get back into old memories. 
© You may feel really tired all the time and want to sleep, sleep, sleep. 
© Listen to your body and sleep as much as possible on Sacred G 
technology. The body needs its rest. The more you do so, the faster 
you will move past this initial stage. 


You can feel very tired or emotional as the body is trying to clear and 
reprogram new emotions to stabilize your internal system. 
© Lay on your bed when this occurs and you will notice that Sacred G 
technology will accelerate this process and rejuvenate you. 
© Make sure you are drinking lots of water that has been programmed. 


You can experience major bursts of energy that you will have no idea what to 
do with. 
© When you feel this much energy, use it how you would like, most 
people realize that they still cannot do anything with this energy. 
© Lay on your bed and let Sacred G technology stabilize this energy so 
that you can speed up the process of this stage of development. 


Old physical injuries or traumas can resurface as the body clears out the 
cellular memory. 
© Bruising, pain from scars, bone breaks, injured joints, etc... can 
resurface as the body clears. 
© Lay on the bed and let Sacred G technology accelerate you through 
this process. 
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Physical cleansing sensations may occur such as excessive need of the 
bathroom. 
© This is part of the physical cleansing process. As the energy of the 
body increases, pollutants and toxins need to be removed from your 
body to fulfill the vibrational instructions. 
© Drink lots of water and lay on your bed to speed up this process. 


All of these effects may or may not take place depending on what your body needs. 
You just have to play it through and realize that most effects will only last 1 to 3 
days. This first initial body cleansing period is the hardest part about using this 
technology. The more Sacred G technology you use, the longer it will take for this 
first stage to complete itself. 


You have to think that you have a whole lifetime of memories and physical abuse 
that you have put your body through. This accelerated cleansing is set to clear as 
smooth as possible. Some major changes do have to be initiated in this stage though 
that is necessary to get you where you want to go. Sacred G is the ideal technology 
to use for this type of cleansing because they give the instructions to your body and 
let the body use its ability of quantum computing to know what needs to be cleared 
and when. It is the most efficient system of cleansing that I know of and far 
surpasses the standard body cleanses and psychological healing. 


Once you finish this first initial stage of cleansing, you will notice that your life will 
dramatically calm down. You will feel powerful, strong and centered. Your body 
will feel stable and strong. 


The second stage of development is vital to setting up new goals and getting in touch 
with where you want to go in your life. Your desires will be brought to the surface 
so you can set out a plan of action for yourself. This is the major rewiring and 
reprogramming part of Sacred G technology. 


Excessive vivid dreaming - Dreams are a way to help bring awareness of 
beliefs and ideals that you have inside of your head. Dreams are used to train 
your brain and awaken new ideas and concepts for what you want in your 
life. 


You will have motivation to get certain things done, yet you will have no 
energy for it. This is the second stage of getting in touch with what you want. 
Make notes and create a plan for your life. 


Your information, beliefs, likes and dislikes, attitude towards certain 
information, activities and people will start to be questioned. Those aspects 
not in alignment will feel like a waste of time. 
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You will go through a level where you will feel like everything is pointless 
and not worth the effort. This is initially cleansing out everything that once 
had value and will eventually replace it with strong passions and desires 
about what you want. This eliminates the clutter of information that is not 
relevant to your true goals and aspirations. 


The void is introduced as the brain clears out all objectivity and rationality as 
you move through one reality into the next. Subtle depression and feeling 
lost can result in this stage. When in your blank stage, keep notes on what 
still makes you smile and you can have foresight into where you are going 
next. Lay on the bed with Sacred G technology so that you can accelerate 
yourself through this process. 


Connections will then be made once all information has been deemed 
irrelevant. This will construct a new plan and new ambitions for your self. 
This will clear your mind ofall irrational thought and you will feel the 
precision in your choices. Construct a plan for what you really want to do in 
your life and prepare for it. Remember that you are alive and that you can do 
anything that you want. 


The second stage of development can be difficult for some people and completely 
rejuvenating for others. This is essential for you to realize that everything in your 
life is irrelevant. This cleansing is what allows you to start functioning on the 
variable vibration program. Afterwards, you will be able to adjust your information 
system within so that you become more flexible and increase your adaptation skills. 
This is part of the training to initiate your ability to flow into the level of pure 
performance. 


The third stage of development is where you will begin to implement the new 
changes in programming into your life. This can and will result in you completely 
restructuring your life. This can be a fun and exciting adventure, as well as a 
difficult one as major life changes are introduced. This level is where you will start 
to see the power of Sacred G technology as it shifts your external world to get you on 
track with where you want to go. 


Initial cleansing of relationships can begin. 

© Thisis to cleanse your external environment for what is working and 
what isn’t working. This can be very difficult depending on the type of 
relationship changing. The easiest and fastest way to overcome this 
level is to meditate by laying down on your bed with Sacred G 
technology. 

© Old relationships that serve no real purpose block you from creating 
new ones. They take up time and energy. 
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© Some old relationships can be strengthened and renewed with your 
new sense of purpose and direction. The body has major key changes 
that need to occur in your life to get you to where you are going. What 
needs to be there will be there stronger than ever. 


Business and Career Restructuring - These changes are a major part of your 
life. In order to reach the point where you want to be. Certain changes need 
to be made. When you feel like something is not right about a situation, take 
note and start preparing for a change to happen. 
© Everyone in the world wants to feel worthy and support the whole. 
1/3 of our life is devoted to serving others. You need to make sure 
that you are serving in the ways that you want for optimum happiness 
and self satisfaction, 
© Remember to think ahead and do not make any major changes by 
impulse alone. Plan, prepare and then act at the right time to initiate 
change the smoothest. We will all learn this lesson the hard way at 
first. Sacred G technology is designed to train you to do this properly. 
Remember not to be hard on yourself; we learn by mistakes. Sacred G 
technology is very resourceful at making whatever connections are 
necessary to help you along the way. 


Physical Health - The body wants to increase your physical level of 
performance so that you can feel strong and confident with your actions. 
This may not take place until the end of this stage, as the body wants to 
complete some of the major life changes first. 


New directions and contacts will need to be made in order to accomplish 
your new objectives and goals. 
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Research 


Infrared Testing with Cell Phones 


Infrared Test with 4 Sacred G Micros 
Red = Normal Tissue Temperature 


Infrared Test with No Sacred G Micros 
White = Highest Heat 


After being exposed to cell phone radiation for fifteen minutes, the head on the left 
shows significant levels of heat radiation. Notice the areas of white, which represent 
the hottest temperature readings. 


After fifteen minutes on the same cell phone with 4 Sacred G Micros installed, the 
head on the right shows far less heat. The red areas show cool, normal tissue 
temperatures. 


After collecting data from numerous infrared thermography trials, there is now 
scientific proof that the Sacred G Micro Reduces Thermal Heat Radiation by up to 
87%! 


Now There's Scientific Proof That... 
a) Cell phones "cook" your head. 
b) Sacred G reduces this effect by up to 87%! 


“Without the Sacred G Micro, my cell phone would always get hot, plus I could feel 
the heat in my head. Now that I put the Micro on my phone, I not longer feel the 
heat...” 

~ Rochelle Coatney, California 
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Gas Discharge Visualization Camera 


‘Tap Water ‘Tap Water Charged with Sacred G 
Many people are interested in structured water, which refers to the way in which 
water molecules align themselves, bond to each other, and interact with each other. 
Generally, it consists of small clusters of water as opposed to normal, larger clusters 
of the water molecule. These smaller clusters are thought to improve hydration. 
Because there are not many effective ways to measure structured water other than 
secondary effects, the Gas Discharge Visualization Camera (GDV), provides an 
important way to assess directly the effects of various treatments of water. The GDV 
Camera, Russian technology that measures photon emission of materials in 
response to a micro current. 


Looking at the above images helps understand what placing a container of tap water 
on the Sacred G Technology does to the water. A GDV assessment of tap water (left 
photo) shows that the water has essentially no energy. However, the photo on the 
right shows that after the same water sat on the Sacred G for 9 hours there was a 
dramatic increase in the energetic responsiveness of the water. This image has a 
significantly increased bright corona discharge, a measure of energy. Also, the 
Charged water has pronounced flares, originating from a few action sites, indicating 
more highly structured water. 


Independent Research Performed by, 
Lisa Tulley 
Phd. Pharmacology & Toxicology 
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Life Span of Flowers 


Flowers 


Flowers Charged with Sacred G 


This is a Fantastic display for the powerful influence Sacred G Technology can have 
on Flowers and the massive potential Sacred G can have for Anti-Aging. 


‘The above flowers were purchased at the same time and were part of the same 
bouquet. Three of the flowers were taken out and put into 2 different vases. While 
the rest were placed in another vase with a Sacred G TranceNdance sticker under it. 


‘These flowers are 12 days old and you can see the huge difference Sacred G can have 
on flowers. Just think what thousands of the Sacred G Posters could do for your body 
and mind! 
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Food Preservation — Celery 


Celery (4 Days Old) Celery Charged with Sacred G (24 Days Old) 


Notice how the celery that is only 4 days old is already starting to wilt and bend 
over. The celery that was Energized by the Sacred Gis still bright, firm and crunchy. 


We used to buy fruits and vegetables every week so they wouldn't go bad. Slowly 
after using the Sacred G our habit shifted and we started buying more Vegetables at 
one time. Now, we buy all of our groceries for the month, at the beginning of the 
month, including our fruits and vegetables. 


I had bought celery at the beginning of the month; the date was March 4, 2005. It 
was the Easter weekend and we were having company so I had to pick up some 
extra food for the dinners we had planned. I picked up an extra stalk of celery from 
the store. This was on March 24, 2005. The first celery had charged up for 2 weeks. 
On March 18, 2005 | took the L.O.V.E. Chargers out of the fridge, I was cleaning out 
the fridge preparing for our move at the end of the month. 


On March 28, 2005 we looked at the two celery stalks that we had bought. The one 
that was charged up for two weeks was in better condition than the one we bought S 
days ago. The one we bought at the beginning of the month still looked fresh and 
crisp; the leaves were still bright green. The ones we had bought 5 days before had 
already started to wilt; the leaves had turned a much darker brown and looked 
terrible compared to the other one. 


Here are the pictures - the celery with more gone is the one that I bought at the 
beginning of the month. The full stalk of celery is the new one. 
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Resonant Phenomena Occurring in Alternating Current Circuit 


Alexander V. Frolov 


‘Tella: 7-(812)-280-98-44 
E-mail: office@faraday.ru 


‘There is a classical (according to manuals) notion that 
resonant phenomena can not influence on efficiency of a 
transformer or a motor as in a capacitive circuit or in an 
inductive circuit power produced at minimal power at 
the input of an oscillation circuit is reactive (let us remind 
that active power is measured at active resistance) 


At the beginning of the last century this aspect was 
viewed differently. Advantages of a resonant case in 
alternating current circuits were used in practice. Let us 
appeal to a rare book by J. Claude-V. Ostwald named 
“Electricity and its applications by popular language” 
(LN. Kushnerev Press, Moscow, 1914, p. 463). 


“The phenomenon proceeds in a corresponding electric 
circuit as well as it occurs in hydraulic model: if self- 
induction and capacity parallel connected with each other 
are under influence of an alternating electric propulsion 
force then the total current coming through the system is 
equal to the difference of currents which pass two certain 
paths. 
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join ammeters to the general circuit (M) and to either 
path (P and N). If P demonstrates 100 Amperes and 
'N demonstrates 80 Amperes then the total current will 
‘be equal to 20 Amperes instead of 180 Amperes. Thus 
alternating current has its own “summary” so we should 
consider its condition. ...capacity introduction 
compensates self-induction action in some way... let us 
begin to change the self-induction by moving a core into. 
‘What will happen if the current coming through the coil 
achieves 80 Amperes, i. is equal to the current observed 
in the path with a capacitor? 


As you guess, since the total current is equal to difference 
‘between currents passing the paths then now it will be 
equal zero. It is an incredible case:the device produces 
zero current dividing into two paths and in each of these 
paths current is equal to 80 Amperes. It is a good example 
forthe first acquaintance with alternating current, isn't it?” 


Andrey A. Melnichenko (Moscow) is one of modern 
investigators who research this phenomenon. Any motor 


of alternating current can be considered as inductance. 
A circuit consists of motor coils and some capacitor 
connected in series with the motor winding. Thus if we 
take the circuit, consisting of motor coils and a capacitor 
which is connected in series to motor winding and adjust 
it in resonance, then mechanical power occurring on the 
motor shaft is produced at zero (minimal) power 
consumption of an alternating current source. 


‘Melnichenko applied a simple method of voltage increase 
by meanse of resonance: he succeeded in obtaining of 
normal voltage for operation of standard motors of 50 Hz 
220 V from a source of 50 Hz 110 V and 70 V. The circuit 
consumption for overcoming of its active resistance (of 
coils) can be considered as insignificant. Low frequency 
currents require a large capacitor. Nevertheless even at 
higher frequency, for example at 400 Hz, the system can 
be compact and effective. This method is worth to be 
applied in a scheme consisting of an alternating current 
motor in resonance mode and an electric generator which 
has a stable load. Change of load causes change of 
rotation speed therefore the system requires to be 
readjusted for resonance. 


Experiments with powerful alternating current motors 
(about 100 Amperes as J.C. Ostwald wrote) working in 
resonance mode should demonstrate all advantages of 
the resonance mode application, 


[Rituation of Alternative Power Enginearin 


Experimenters 


Engineers 
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FAQ’s Regarding Sacred G 


Q. How do I enhance the durability of my Sacred G? 


‘A. Many people have found that laminating the Sacred G is the best way to increase 
its durability. This is a great solution, especially for using the Sacred G in your 
refrigerator, with your water, in or under your bed, and any other places where the 
Sacred G could be exposed to moisture or the possibility of rips and tears. 


Q. Can I cut the Sacred G Fusion Posters? 


‘A. No, it is not recommended that you cut the Fusion posters, but you can fold them 
up to custom fit places like the fridge, freezer, pantry, or any other areas. 


Q. I just downloaded and printed out the digital version of the Sacred G, what 
do I do with it? 


‘A. The best way to use the print out version of the Sacred G is beneath your pillow 
and/or beneath your water & food. Simply place the Sacred G, design side up, 
directly inside your pillowcase on the underside of your pillow. This will prevent the 
Sacred G from moving around too much at night. For a heightened experience with 
the printable Sacred G, print out as many as you can and layer them between your 
box spring & mattress beneath the entire length of your body. For your water and 
food, place the Sacred G design side up beneath your water bottle or glass, beneath 
your plate of food, in your refrigerator or under your fruit bowl. 


Q. just received a Sacred G Sticker Pack, how do I use them? 


A. The Sacred G stickers, which are double sided for extra energy, are great to use to 
charge up anything you put in, on or around your body. You can either stack them 
ALL under your pillow for a big boost of energy or you can place just one design for 
the specific area of your life you want to enhance. You can also use the stickers to 
charge up your water, food, jewelry and more, click on the Sacred G link on the top 
bar of the website to learn a more detailed description of each design and over 35 
Uses. If you purchased the Variety Pack, you are in for some fun. You can utilize all 
of the applications above, or use them like a mini tarot deck. Either read the 
descriptions of what each sticker is for and choose the one the most resonates with 
what you are going through and place it beneath your pillow, or, wave your hand 
slowly over each design with your eyes closed and choose the one that draws your 
attention most strongly. Then place it beneath your pillow, and enjoy! 


Q. I just received a Sacred G Capsule containing the full sized 18” x 24” double- 
sided Sacred G Fusion plus a sticker pack, what do I do with them? 
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A. This package contains either 10 or 20 of the full-sized doubles-sided Sacred G 
Posters. Depending on what type of bed you have, the rule of thumb with this 
product is to place as many as you can beneath the full length of your body either 
under your bed or between your box spring and mattress. If you know that you do 
not move around a lot at night, the you can place them in three piles directly 
beneath where you sleep, vertically, so that the points of the stars are North/South. 
If you do move around a lot, then spread them out evenly throughout the entire 
length of the bed. TIP: Many people have noticed stronger effects when they 
physically sleep with their head to the North and feet to the South. For Variety Pack 
instructions, see above. 


Q. What is the best way to charge my food and water? 


A. Ideally, you want to be drinking water and eating food that has been charged on 
the same amount of Sacred G that you are sleeping on. When possible, only eat, 
drink or use products that carry the same level of charge as your body does. The 
easiest way to do this is to place your groceries and/or bottles of water directly on 
the bed for at least 30 minutes before putting them away. Then, make sure you have 
Sacred G in the fridge, freezer and pantry to help hold the charge. Always carry a few 
pocket chargers with you for when you eat or drink out. Place the Sacred G 
‘Technology under the shelves to protect them. 


Q. What is the best way to charge my supplements, herbs, and medications? 


‘A. Same as above; be sure to charge anything you put in, on or around your body 
with as much Sacred G as you are sleeping on. With herbs, supplements & 
medications, it is VERY IMPORTANT to remember that the Sacred G will amplify 
which can increase the effects of anything it charges. Listen to your body and 
decrease your dosages as your body tells you it is time to do so. Always consult a 
doctor first before altering any suggested dosages or instructions given by them. 


Q. What is the best way to use the Sacred G on the body for aches and pains? 


‘A. Whenever possible, place the Sacred G directly on the body. For example, for back 
pain, grab a stack of Mini Activators and hold directly against your back, or place 
between your back and your chair, or lay directly on them. For an even more 
powerful results, charge up the Fusion 137 Essential Oil Blend we offer and rub it on 
the agitated area. You can also mix the Fusion 137 Essential Oil in your other 
products to give it extra healing properties. And last, charge up a glass of water, and 
when you are drinking it, put all of your focus on the area of your body that requires 
relief directing the energy quickly to the source of the pain or discomfort. 


Q. How do I combine my Sacred G with my vision board or goals list? 


A. If you have a vision board, simply put the Sacred G beneath your pictures, 
inspirational quotes and personal goal list. Sacred G makes a GREAT background for 


©2009 - Cory Herter - All Rights Reserved. Sacred G, Inner G, Tree of LOVE, L.O.V.E. 
and all Sacred G Designs are registered trademarks and copy writes of Cory Herter. 


78 


any vision board. In addition, write out, in as much detail as possible, what you 
desire to manifest in your life, and place the list on top of the Sacred G beneath your 
body. The Sacred G will blast energy through your list and into your body feeding 
your body instructions for exactly what action steps to take to turn your desires into 
reality. 


Q. How do [ use Sacred G with my cell phone and other EMF emitting Devices? 


A. Simply stick the Sacred G directly on the device. We have many different size 
stickers available for this purpose. The L.O.V.E. Micro is made specifically for cellular 
phones, but can be used on anything. Some examples include computers, 
microwaves, even the human body. Did you know that by sleeping on the Sacred G 
you are surrounding yourself in a shield that protects you from EMF's while you 
sleep? 


Q. What is the best way to use my Sacred G for meditation? 


‘A. Our favorite way to use the Sacred G for meditation is to light some candles on top 
of some Sacred G stickers, place some Sacred G charged crystals along the charkas, 
lay on the Sacred G bed and begin by following the G Breath on the Meditation 
Station at http://coryherter.com/Flash/Gspot/index.html 


Q. When I travel, how much of my Sacred G should I take with me? 


‘A. Of course, as much as possible, but due to the weight of the boxes, 25 of the 
regular sized double-sided “posters” should do the trick. The plastic capsule that the 
Sacred G comes in is perfect for traveling and fits into most suitcases. Frequently 
Asked Questions regarding the transformational process that Sacred G Technology 
initiates. IMPORTANT: Sacred G is an extremely powerful technology that can put 
your body through major processing to get you cleaned up from the toxins you have 
been putting in, on & around it over the years. Past events that are left open and 
have never dealt with will come to the surface to be cleared. Belief systems can be 
addressed and recognition will have to be made about the choices you are making in 
your life. In order to achieve higher states of consciousness, you will need to 
embrace the natural systems of the body and release the emotional baggage and 
physical toxins that are being stored. 


Q. I tried sleeping on the Sacred G and I couldn't sleep. I was restless and 
tossed and turned all night long. I had to take them out to get some sleep. 
What should I do? 


A. Sleeping on Sacred G will immediately begin processing the stress of your day to 
day life. If you toss and turn, this is the energy beginning to clear the anxiety and 
stress that has been suppressed. When you spend your time doing something that 
isn’t taking you where you want to go, anxiety, resentment and frustration start to 
build up within the body. If you continue this pattern, you will begin suppressing all 
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of this emotion. Sacred G is built to get you back on track with your purpose so you 
are living your passion. Continue going through this process until it stops. Within 
days of overcoming this first phase, you are most likely going to make a big shift in 
your life. This stage usually only lasts a few days, but can last up to 6 weeks 
depending on the amount of time you have been playing this pattern out. 


Q. As soon as I started using Sacred G, my energy skyrocketed. When I added 
more posters my energy plummeted, what is happening? 


‘A. When you first started, your energy levels increased. After applying more posters, 
your energy state increased beyond your current state. Once this takes place you 
have opened up a new stage of growth and requires the body to purify itself. The 
drop in energy happened because your body went into the internalized cleansing 
and development stages, which is associated with your core. Study the Tree of 
L.O.V.E. to identify which Chakra you are blocked on and take the steps to move 
forward. In time, days or weeks, this phase will pass and your energy will shoot up 
again, and next time way beyond what you experienced at first. 


Q. Ihave been feeling groggy and spacey the last few days, should I stop using 
my Sacred G? 


‘A. The body will initiate the physical cleansing of cells in your body. As the toxins 
are released into the blood stream to be eliminated from the body, you may feel 
groggy or spacey. These toxins have been in your body for a long time and influence 
your choices daily. You are simply becoming aware of the chemicals that have been 
influencing your choices every day. To speed up this process, drink plenty of 
charged water to cut down on cleansing effects and be sure to keep charging your 
food. You can also try doing one of the cleanses mentioned on the Tree of L.O.V.E. 


Q. My dog is acting like a puppy again and has started sleeping on my bed all 
the time. Can he feel this energy too? 


A. Pets LOVE Sacred G and the results are instantaneous. Youthful playfulness and a 
calmer attitude towards people are the most common results. 


Q. 1am dreaming continuously every night, its like watching movies. Does it 
ever stop? 


A. Dreams are the method the body uses to process and clear your internal 
information and emotions. Advanced levels of dreaming include being taught new 
information, running simulations for choices that you want to make and opening up 
some extremely powerful spiritual states. Be sure to have a pen and paper handy 
when you wake up with downloads for exactly what to do for the day and answers 
to questions you have been asking. 

Q. Why do I need to use more than one Sacred G Poster? 
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‘A. Every Sacred G Poster will generate a certain amount of energy. To boost your 
energy levels higher, simply add more Sacred G. Wait until you see the states of 
experience you can access at higher quantities. 


Q. Can I put the Sacred G directly on my body? 


‘A. Yes, Placing the Sacred G directly on the body can help to eliminate pains, aches, 
headaches, cramps etc. Try charging up the Fusion 137 essential oil or massage oil 
with Sacred G and apply it to your body for Pain Relief. 


Q. How long do I leave my water, food and supplements on top of the Sacred G? 


‘A. The best way to use this technology is to put the Posters in the fridge, freezer, 
pantry, medicine cabinet, etc... and leave them there permanently. This ensures the 
most powerful charge; increase the number of posters to infuse everything you 
charge with even more Energy and leads to greater results. 


Q. What exactly happens to my water and food when it is charged with the 
Sacred G? 


‘A. There is a mathematical program embedded within Sacred G technology to 
enhance the cellular absorption strengthening the effects of the energy. When 
charging your food and water, this programming increases absorption into the cells 
filling you up faster and enabling you to eat less. This can be a very powerful tool for 
weight loss. Charging up your food also lengthens the shelf life from the full 
spectrum vibration that doubles as a stabilizing agent and a natural preservative. 


Q. Can I use too Much Sacred G? 


A. Sacred G uses a perfectly balanced full spectrum vibration that enables you to 
continue to increase the quantity as high as you desire. Four people have tested 
Sacred G at extreme quantities of up to 43,200 Posters for over a six month period. 
The results are neither incomprehensible nor explainable to someone that has not 
accessed extremely high states of consciousness, yet I would instantly recommend it 
to anyone that yearns to explore the consciousness of the universe. There is a safe 
guard in the mathematics that prevents anyone from opening higher states of 
energy before they are ready through a precise development system. This safe guard 
program also incorporates a coaching program to help you develop through this 
growth cycle when using enough Sacred G. 


Q. | am starting to download information that I have never acquired before, 
where does this come from? 


A. Welcome to the new way of learning... call it the L..V.E. Innerversity. This new 
education system is a powerful Intelligence System built directly into the technology 
to help you achieve your goals and unlock the potential of the human body. Wait 
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until you start downloading new forms of motion into your body and you watch 
yourself move. Another fun effect is the ability to speak without knowing what you 
are going to say and learning from yourself as you say it. This is really fun with jokes 
because you hear them the first time as you say them. Your body becomes an 
intelligent being that teaches and interacts with you. This is an Absolutely 
Phenomenal state of mind. 


Q. My sensations are incredible; my love life is amazing...what is happening so 
I know how to do more of it? 


‘A. Enhancing the senses literally means enhancing your sensations, as the Sacred G 
continues to boost you to new heights of self acceptance and enable you to open 
your heart; your senses will become much more intense. Wait until the Tantric 
energy starts to fill your being and you can feel your spirits merge... oh so many 
things to experience, I LOVE IT! 


Q. [have spent the last 15 years doing self-development and this technology 
seems to automate everything, do you think this takes away from people's 
individual accountability for the laws of cause and effect if they can have their 
body and mind cleared automatically? 


A. The great thing about the technology is that it is not a free ride, you have to train 
with it and it teaches you to process memories faster, which includes clearing out 
the emotion, eliminating judgments and opening up to new perceptions. Although 
the process is automated, this does not mean that the clearing is instantaneous or 
that each person does not have to be accountable for their actions. In order to learn 
and develop, conscious recognition will be given to ensure the new programming is 
locked in which fulfills the laws of cause and effect. What you put into the body, you 
are also responsible for clearing out, even though it may be uncomfortable at times. 


Q. Does the technology have the same effect from looking at it? Should I put it 
on my walls or on my ceiling above my bed? 


‘A. You can put it anywhere you like... Yes Sacred G does have a powerful effect from 
staring at it. TIP: Placing Sacred G posters under your bed and on the ceiling above 
your bed will create a pressurized effect enhancing your results. Place the Posters 
on your headboard and footboard as well to create an even more powerful effect! I 
know this might sound strange, but, does the Sacred G answer prayers? I mean, at 
night | usually go over my affirmations in my head while I meditate, and it just 
seems like since I have been using the technology, that manifestation, or as | like to 
call it, my prayers being answered is, well, happening faster. When you override 
the massive amounts of vibrational influences contained within our environment, 
the body is able to create your goals more efficiently. Increasing the number of 
Posters essentially will increase the speed that your intentions or prayers are 
manifested. 
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Q. Does the effects and transformation induced by this technology stop or old 
patterns come back if I stop using the technology? 


‘A. When you stop using the technology, your body will re-harmonize with your 
environment. This is the drop in energy that is experienced. In this way the 
technology is used to overcome the negative vibrations created from electricity 
With the additional mathematics in the technology, this energy has the ability to 
help you process the emotions from past memories and help solve conflicts in your 
information unlocking new information. All of these benefits stay with you, it is 
impossible to unlearn them. 

‘The process that the technology uses is a natural occurring cycle in the body. The 
technology is only accelerating this growth cycle and helping to prevent you from 
becoming stuck. As you clear more of the blocks from the past, your spirit can shine 
through brighter than ever before. The technology gives the body an artificial boost 
of energy to take you to a higher state that you are not currently at. 

The physical body is required to create this temporary energetic state into a solid 
reality, which initiates the development procedures that Sacred G will take you 
through. Over time, the level the technology boosts you up to become an integrated 
system, and you will never drop down in energy even if you stop using the 
technology. Increasing the amount of Sacred G takes you to a higher level and will 
speed up the development and integration process. Even though the technology is a 
shortcut, you are still required to go through the process of integration so you can 
become this higher state of consciousness, The beauty of the technology is that 
instead of struggling to grow, the extra energy initiates the growth making this 
transformational process easier which enables more people to step into their 
potential. 


If you have a question that is not answered above, simply email us and we will 
answer it and then add it to our list of FAQ's. Please send your question(s) to 


fo@coryherter.com. 
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Video Library 


The Video Library is actually categorized in the www.CoryHerter.com website. 
Below is an outline of all the videos that are included and a brief synopsis for each 
video. There is a category link included at the beginning of each section as well as 
individual links to each video. 


2006 Video Series — 19 Hours 


hi 


The 2006 Series are a live seminar series that | offered in Santa Monica, CA, These 
seminars were one of my tests that | needed to complete to pass the TranceNdance 
design and get the upgrade to the Sacred G Simulator (also known as the Love 
Charger). The Sacred G Simulator includes the mathematics for expression, you can 
see the before and after results in me from using the Sacred Simulator. The Perfect 
Wave Programmer talked about in this series of Videos is now called Sacred G 
TranceNdance. 1 hope you enjoy these videos, please leave a comment on the 
bottom of the videos to share with other people your experience. 


2006 - Introduction to Sacred G Technology — 2 Hours 


Cory explains Sacred G Technology back in 1996 when the technology was called 
Perfect Wave Programmers. This was before the simulators, activators and fusion 
designs were developed. The Perfect Wave Programmers were an early version of 
the Sacred G Trancendance design. 


ht ‘coryherter.com, 


vl 


2006 — Creating the Council — 2 Hours 


Cory explains the process for splitting apart your identity and growing up the 
fragments into your own internal council. This is a powerful tool for understanding 
how to unlock massive amounts of information in your brain. Sacred G Fusion has 
this system built into it and is a piece of what Cory refers to as the advanced 
memory systems, such as complex pattern recognition. 


http://coryherter.com, 
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2006 - Creating the Collective —- 1 Hour 


‘The Collective is something that we must create within our own energy systems in 
order to gain access to the collective that exists in deeper layers of the human body. 
Cory takes creating the council to the next level in this incredible video. The 
collective is now a system completely integrated into Sacred G Fusion and activated 
by the Pineal Gland. 


ht (coryherter.com, 
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2006 - Advanced Sacred Geometry - Part 1— 2 Hours 


Cory shares some of the advanced Sacred Geometry science behind Sacred G 
Technology. 


ht coryherter.com, 
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2006 - Advanced Sacred Geometry - Part 2 - Time & Space 
—2 Hours 


Cory shares some of the advanced Sacred Geometry science behind Sacred G 
Technology. 


ht /coryherte! 


2006 - Life After Death - Part 1-2 Hours 


Cory shares the Science behind Life After Death using Sacred Geometry. Watch the 
Science of LOVE Video Series first to gain a deeper understanding of the information 
given in these videos. 


ht ‘coryherter.com, 
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2006 - Life After Death - Part 2 — 2 Hours 
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Cory shares the Science behind Life After Death using Sacred Geometry. Watch the 
Science of LOVE Video Series first to gain a deeper understanding of the information 
given in these videos. 


‘coryherter.com, 


2006 - Life After Death - Part 3-2 Hours 


Cory shares the Science behind Life After Death using Sacred Geometry. Watch the 
Science of LOVE Video Series first to gain a deeper understanding of the information 
given in these videos. 


ht /coryherte 
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2006 - Chironium Healing - Part 1 — 2 Hours 


Chironium Healing is an energy healing technique developed by Cory Herter which 
utilizes breath and sacred geometry for healing physical injuries and psychological 
trauma. Chironium Healing is a pre-cursor to the Breath of LOVE Workshops that 
Cory now offers Live in Person. Check the events page to learn more. 


ht ‘coryhertet 
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2006 - Chironium Healing - Part 2 — 2 Hours 


Chironium Healing is an energy healing technique developed by Cory Herter which 
utilizes breath and sacred geometry for healing physical injuries and psychological 
trauma. Chironium Healing is a pre-cursor to the Breath of LOVE Workshops that 
Cory now offers Live in Person. Check the events page to learn more. 


ht ‘coryherter.com, 


738 


I hope you enjoyed the 2006 Video Series. This 19 hour introduction into my work 
is a powerful way to open your mind to some of the more advanced concepts | will 
continue to teach. 


2012 
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Space Power Generator 
and Paramahamsa Tewari Update 


Submitted by Toby Grotz, USA 


http://www.tewari. org 


Anew generation of Space Power Generators is being built by Paramahamsa Tewari. The new design is expected 
to achieve substantial gains over previous models which has been measured over unity by experts in the utility 
industry as well as by independent consultants. Details are presented on the web site http://www.tewari.org. 


From the Electron to a Perpetual System of Motion 


Paramahamsa Tewari, B.Sc. Engg 


As is well known, an electron, despite high-speed interactions with electric and magnetic fields and other particles, 
of matter, remains unaffected structurally—maintaining its mass, charge, inertia, and locality after the interactions. 
This single fact itself is sufficient to postulate on the existence of some unique universal entity constituting the 
electron, such that the structure explains the known properties and behavior of the electron ~ as to how it sustains 
the collisions with the other particles and, yet, remains permanently indestructible without any reduction in the 
quantities of its basic properties. A theory that explains this enigmatic fact is framed and described in detail 
elsewhere. It reveals that the electron is a perpetually rotating system, a space-vortex (vortex of absolute vacuum) 
that through the process of motion in electric current, and interaction with external magnetic field can also lead 
to the development of a system partially violating Lenz's law and, thereby, capable of achieving perpetual motion 
in a machine. Such a conclusion has a new theoretical basis, as well as experimental confirmation ~ briefly 
outlined in this paper. 


The basic understanding of the interaction of electric current with magnetic fields requires deeper knowledge of the 
fundamental nature of the electric current as well the magnetic field; this, in tum, leads to an inquiry on the nature 
of “electric charge” and its distribution in the electron structure. The origin of electron mass and charge, electrostatic 
and electrodynamic forces are described below with the vortex structure of electron, which further facilitates 
explanation of atomic structure and, thereafter, an over-unity efficiency generator. Due to brevity, predominantly 
qualitative-descriptions of the physical processes involved have been presented, 


The full theory and diagrams are presented in From the Electron to a Perpetual System of Motion at 
http://www.tewari.org. 


Universal Principles of Space and Matter 
(A Call for Conceptual Reorientation) 


A new book, Universal Principles of Space and Matter has just been published by Paramahamsa Tewari 
Arangements are being made with the publisher to provide these books outside of India. The price is expected to 
be about $30 depending on shipping costs from India 


Anew theory of matter, that confronts with the existing concepts of space in the contemporary physics. 
‘The basic phenomena dealt with are: 
* Structural interrelationship between space and matter 


* Origin of mass, inertia, and electric charge 
* Creation of the electron from space 


EX] New Energy Technologies, issue #1 January - February 2003 


http://coryherter.com/?cat=95 
Oct 20, 09 Live Webinar — The Truth about 2012 
The Truth about 2012 - Evolution, Conspiracy, 9-11, Privacy Act, Natural Selection, 


Light Workers and more! 
http://coryherter.com/?p=951 


The 2012 Enigma by David Wilcock 


2012: Tragedy, transcension or just another year? David Wilcock exposes many 
great secrets: DNA, consciousness science, wormholes, stargate travel, sacred 
geometry, three-dimensional time, the Mayan Calendar and much, much more! 


ht ‘coryhertet 
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Ascension 


http://coryherter.com/?cat=99 


Merkabah — The Chariot of Ascension 


‘The Merkaba Field is a permanent and highly ordered Merkabic structure of inter- 
connected electro-magnetic counter-rotating energy spirals that exist as an integral 
part of ALL CREATION. The mathematics of the Merkabah are built into the New 


Sacred G Fusion Design to activate the Pineal Gland to Access Higher Consciousness 
Communication and Inter-Dimensional Travel. 


ht ‘coryherter.com, 


817 


Breath of LOVE 


http://coryherter.com/?cat=105, 


LOVE Innerversity — Module 1 — The Breath of LOVE 
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Cory Shares about the Module 1 - Breath of LOVE course taught at his Live 
Workshops. Click the Events page to learn about upcoming events near you. 


‘coryherter.com, 


#1 Reason For Every Health Problem 


Find out what this incredible breakthrough is and how knowing this 1 thing can 
change your life forever. Cory breaks down every single illness into a completely 
customized disease that every single one of us creates for ourselves as the result of 1 
single problem. 


/coryherter.com/?, 


Cory Herter 
http://coryherter.com/?cat=10 


Cory Explains his 300 Near Death Experiences 


Introduction to Cory's Story and how he was triggered into over 300 near death 
experiences. 


Evolution Into Sacred G Technology 


Discover the evolutionary process through vibrational healing technologies Cory 
went through in order to create Sacred G. 


http://coryherter.com, 
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Cory Herter on Sacred G Fusion 
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Cory Herter shares his initial experience with Sacred G Fusion. Video includes a 
quick overview of the New Sacred G Fusion. 


coryherter,com/?p=422 


Cory Herter’s Experience on Sacred G Fusion #2 
Cory Herter's experience using Sacred G Fusion Technology. Another addition to my 
video blog with what I am learning about Sacred G Fusion as I go through this 


incredible process of transformation. 


ht coryherter.com, 


498 


Cory’s Sacred G Fusion Bed Set and Massive Sacred G 
Designs 


1am definitely the biggest fan of Sacred G Technology. As you can see, | have my pad 
here in Las Vegas loaded up with Sacred G everywhere. With this many cases under 
my bed, my 5 meala day diet loaded with steal, chicken and fish to add weight for 
working out has now been reduced to 4 raw seaweed veggie wraps a day along with 
a glass or two of fresh juice! I am still keeping my same weight, losing the outer 
layer of fat and getting totally cut up! My dream is to have a massive warehouse 
with the floor and walls covered in Sacred G Fusion Cases, with my bed resting on 
top ofa pyramid of Sacred G Fusion cases like the mayan temples! I am curious how 
many cases it will take to reduce the food down to nothing but air... or if that is even 
possible. 


coryherter.com/?} 


Cory’s Video Series 
http://coryherter.com/?cat=103 


Sacred G Sleep Test — 5 Video Series 


Learn the different types of Sleep Effects that Sacred G will use to Increase Your 
ENERGY!! 
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ht ‘coryherter.com, 


Pineal Gland Activation — Entire Series — 6 Parts 


Cory’s Sacred G Pineal Gland Activation Video Series. 


ht ‘coryherter.com, 
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Benefits of each Sacred G Design — Entire Series + Bonus 
Video 


Discover the Benefits and Science behind each Sacred G Design. This is a 7 Part 
Series with an extra bonus video at the end explaining the Tree of LOVE Casel! 


ht /coryherte! 
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Science of LOVE DVD — A 3 Hour Video Series on the 
Science behind Sacred G 


Cory Herter gives an amazing presentation into the math and physics behind Sacred 
G Technology. L.0.V.E., which stands for the Laws Of Vibrational Energy is the 
engine that drives Sacred G Technology and is a natural law of the universe 
contained within Sacred Geometry. Discover the deeper meaning of the Flower of 
Life, The All Seeing Eye, DNA Activation and more... 


ht /coryherte! 
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Crazy Sacred G Fun 
http://coryherter.com/?cat=17 
Cool Sacred G Video 
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Cool Video Highlighting Sacred G Technology. Sacred G is a revolutionary new 
technology that increases DMT production in the Pineal Gland. Try this technology 
out for Free today! 


‘coryherter.com, 


Underground Sacred G Party 
Check out the Highlights from a Massive Sacred G Underground Party with Fire 
Dancing, Break Dancers, Sacred Geometry Art Displays and More... The Peeps are 
Loving the Fusion 137 Essential Oil and are calling it the New *Vicks*. 


ht /coryhertet 
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DMT 
http://coryherter.com/?cat=46 


Pineal Gland & DMT by Cory Herter — Part 1 of 6 


Discover the Power of the Pineal Gland and its relation to DMT. Unlock your 
Potential with Sacred G Fusion's Pineal Gland Activation! 


http://coryherter.com, 


20 


DMT: The Spirit Molecule, the Movie 


A series of interview clips from DMT: THE SPIRIT MOLECULE, the movie. 
http://www.thespiritmolecule.com/ 


DMT - The Spirit Molecule — Audio Interview with Film 
Maker Mitch Schultz 
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An audio interview with Mitch Schultz, maker of the film DMT, The Spirit Molecule. 
We'll be talking to Mitch about the film: who's in it, what he's learned along the way, 
and when you can expect it's release. 


ht coryherter.com, 
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DMT, Dreams and Near Death Experiences 


Does DMT play a role in near death experiences? Clip from an episode of the magical 
egypt series featuring Rick Strassman. 


Endogenous DMT, produced in the human brain, is involved in certain psychological 
and neurological states. As DMT is naturally produced in small amounts in the 
brains and other tissues of humans, and other mammals, some believe it plays a role 
in promoting the visual effects of natural dreaming, and also near-death experiences 
and other mystical states. 


coryherter.com, 


Joe Rogan Talks DMT on the Alex Jones Show 


Alex Jones welcomes to the show Joe Rogan to discuss the importance of 
Dimethyltryptamine or more commonly known as DMT. Anyone that has 
experianced a lucid dream or have done an extracted form of DMT knows just how 
important this subject is. 


Joe Rogan Goes off about DMT 


Joe Rogan Goes off about DMT - Joe Rogan recounting his experience with DMT and 
his ideas on humanity. 
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New Sacred G Fusion Bed Set Video 
Cory Herter's Journey Through The After Life Sacred G Fusion Bed Set Video. 


ht ‘coryherter.com, 258 


Sacred G Fusion - ONLY $1.00 / Sheet 


Sacred G Fusion is now only $1.00 / sheet. Packs of 100 Available Now! Boost your 
Energy and Experience the New Sacred G Fusion! 


http://coryherter.com, 


73 


Sacred G Fusion Design — 7 of 7 


Discover what each Sacred G Design can do for you! Learn the process that Sacred G 
uses to unlock your true potential. Finally learn how Sacred G can boost your energy 
so much! Be sure to download your Free Sacred G Designs at www.CoryHerter.com! 


http://coryherter.com/?p=545 


Bonus: Secret of the Sacred G Fusion Case 
Discover the secret behind the New Sacred G Fusion Case!!! 


http://coryherter.com/?p=543 


Cory Herter on Sacred G Fusion 


Cory Herter's experience with using Sacred G Fusion Technology. A Quick Overview 
of the New Sacred G Fusion. 


ht (coryherter.com, 


422 


Cory Herter’s Experience on Sacred G Fusion #2 
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Cory Herter's experience with using Sacred G Fusion Technology. Another addition 
to my video blog with what I am learning about Sacred G Fusion as I go through this 
incredible process of transformation. 


ht coryherter.com, 


498 


The Collective & Sacred G Fusion 


Access the Collective through your 3rd eye. Activate your Pineal Gland and Release 
DMT Now!!! 


ht /coryherte 


629 


Cory’s Sacred G Fusion Bed Set and Massive Sacred G 
Designs 


1am definitely the biggest fan of Sacred G Technology. As you can see, | have my pad 
here in Las Vegas loaded up with Sacred G everywhere. With this many cases under 
my bed, my 5 meal a day diet loaded with steal, chicken and fish to add weight for 
working out has now been reduced to 4 raw seaweed veggie wraps a day along with 
a glass or two of fresh juice! I am still keeping my same weight, losing the outer 
layer of fat and getting totally cut up!! My dream is to have a massive warehouse 
with the floor and walls covered in Sacred G Fusion Cases, with my bed resting on 
top ofa pyramid of Sacred G Fusion cases like the mayan temples! I am curious how 
many cases it will take to reduce the food down to nothing but air... or if that is even 
possible. 


ht ‘coryherter.com, 


736 


Indigo Children 


http://coryherter.com/?cat=89 
Indigo, Rainbow & Crystal Children and Sacred G Fusion 
You have to watch this!! The Spiritual Revolution is here!! It is time to Awaken!! 


©2009 - Cory Herter - All Rights Reserved. Sacred G, Inner G, Tree of LOVE, L.O.V.E. 
and all Sacred G Designs are registered trademarks and copy writes of Cory Herter. 


94 


coryherter.com/?} 


Akiane: child prodigy, artist, poet, “Indigo child” 


An internationally recognized 13-year-old prodigy, considered the only known child 
binary genius, in both realist painting and poetry. Selected as 1 of 20 most 
accomplished visual artists in the world by Tribute Entertainment (London) and ABI 
(United States). Kids Hall of Fame inductee. World Council for Gifted and Talented 
Children inductee. A best selling author of two books "Akiane: Her Life, Her Art, Her 
Poetry" and "My Dream is Bigger than I - Memories of Tomorrow" 


ht coryherter.com, 


634 


Meditation 


http://coryherter.com/?cat=36 


Sacred G Meditation Station 
Learn the mechanics behind the Famous Meditation Station. Cory explains each 
component and why the Meditation is so Powerful. Use this process daily to advance 


through the levels of this meditation and unlock deeper aspect of the self. 


ht ‘coryherter.com, 


674 


Go to the Meditation Station Now... http://coryherter.com/Flash/Gspot/index.html 


Sacred G Inspirational Video by Quantum Power 


Enjoy this amazing inspirational video created by Quatum Power using Sacred G and 
iTom Lab's Galactic Mantra. 


ht ‘coryherter.com, 
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Sacred G Power Meditation by Quantum Power 


Enjoy the Sacred G Power Meditation created by Quantum Power using iTom Lab's 
Galactic Mantra! 


hi ‘coryherter.com/?p=906 


Pineal Gland 
http://coryherter.com/?cat=42 


Pineal Gland & DMT by Cory Herter — Part 1 of 6 


Discover the Power of the Pineal Gland and its relation to DMT. Unlock your 
Potential with Sacred G Fusion's Pineal Gland Activation! 


ht ‘coryherter.com/?p=420 


Pineal Gland & Hormones by Cory Herter — Part 2 of 6 


Pineal Gland & Hormones by Cory Herter - Part 2 of 6. Discover the Power of the 
Pineal Gland and its relation to Hormone Regulation. Unlock your Potential with 
Sacred G Fusion’s Pineal Gland Activation! 


/coryherter.com/?, 


Pineal Gland & Circadian Rhythms by Cory Herter — Part 3 
of 6 


Pineal Gland & Circadian Rhythms by Cory Herter - Part 3 of 6, Discover the Power 
of the Pineal Gland and its relation to Circadian Rhythms. Harness the Power of your 
brain to create synchronicities in your life. Unlock your Potential with Sacred G 
Fusion's Pineal Gland Activation! 


ht ‘coryherter.com/?p=416 
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* Discovery of new fundamental equations on mass and charge 
* Derivation of the presently known universal constants (gravitational, Coulomb's 


e : 


— 
SMSC constant, dielectric, magnetic permeability, electron charge, electron mass, Planck's 


; constant ete) withthe postulate ofa single universal castant ~ the peed of 
BS) NOS SMM isnt in the absolute vacuum 


AND * Discovery of an inward force in nuclear structure against the Coulomb 


repulsive forces, hitherto unimown 
, LRM) * Relationship between light and gravity 


* Theoretical derivation of the surface gravity of the Earth, Sun and the 
planets 

* Discovery of electrical repulsive forces between the Sun and the planets, 
unknown in celestial mechanics 

* Derivation of the planetary orbits 

* Prediction of the continuous creation of universal matter at glactic 
centers and existence of electrical forces of interaction btween the stars 
and galaxies, so far least suspected 

* Identifying the fundamental particle of matter 

* Revelation of conceptual errors in the modern understanding of the basic 
nature of light 

* Vindication of Einstein's conclusion of the speed of light as the limiting speed 

* Vindication of Descartes’ principle of property-less ether. 


New Reviews of P. Tewari’s work 
New reviews of P Tewari's work have been received JNET 
from Dr. John A. Wheeler and Prof. Umberto Bartocci. . 
‘A copy of Universal Principles of Space and Matter New footy Technologies 
was forwarded this summer to Dr. John A. Wheeler a? ection. oven aCISE: 
at his summer residence in Maine. Apanese Version 

Collection of articles from New Energy 
Dr. Wheeler saw the development of modem physics 
Che monblng With Nelle Rhee ot Soe BY and wee | Technologies magazine, 2001-2002 is published 
colleague of Albert Einstein's at Princeton. Credited with in Japen. 
being the “father of the Black Hole Theory”, Dr. Wheeler : 
is well schooled in quantum mechanios and relativity. On purchasing of the book, please, contact 

Eiichi Yamamoto, 
‘After receiving his copy of Universal Principle of Space . 
Sines 8 ee ee ee President Yama Trans Co. Ltd. 
Further reviews ofPTewat's work by Dr Wheeler can be found init Sealants 
a mail: admin@yamatrans.co.jp or 
at: ntp//urwntovrariorg/Crtical Reviews/citical reviews ht. Piniella teipeae 
Prof. Umberto Bartocci 


Universita’ di Perugia 


Dipartimento di Matematia e Informatica Via Vanitl Raum&Zeit 


(06100 PERUGIA - ITALY 
‘ToL: (99)-075-5002494 


E.mai: bartocci@dipmat-unipg.it EblersVerlag GmbH, 


Goltinger Str.146, bea 


This is a very singular book, in front of the current (g2b16 Woltietahatsan: ‘ae ne 


paradigm of contemporary Physics, a “cartesian- 
inspired" work which calls for reorientation in the 
foundations, by wisely warning that: 


‘Telephon: 08171/41 84.76, 
Telefax: 08171/41 84.66 
Internet: 
http://www.raum-und- 
2eit.com 


‘The conclusion of the modern physics that absolute 
space, time, simultaneity, and space filling media are 
discredited ideas is certainly premature (p- 178) Jostint fur Raum-Energie-Forachung (REE) Lm 


‘The books deals with arguments such as: Discovery of 


Charge and Mass Equations; Fundamental States of ~Global Scaling Theory- --Hydrogen-Helium 
Cosmic Energy, Fields and Forces; Gravitation; Universal Energetic 

Constants; Motion of Electron; Atomic Structure; Light; = Gravitation theory Information technologies, 
Creation of Cosmic Matter (about Tewari’s physical -Mathematic Biology - Telecommunication 
conceptions see also the second section of this Episteme's technologies 

special issue http://www dipmat.unipg.it/~bartocci). - Gravitation energetics- Transport technologies 


New Energy Technologies, Issue #1 January-February 2003 EB 


Pineal Gland & Sleep by Cory Herter — Part 4 of 6 


Pineal Gland & Sleep by Cory Herter - Part 4 of 6, Discover the Power of the Pineal 
Gland and its relation to Sleep and Healing. Harness the Power of your Sleep to 
unlock massive amounts of energy in your life and accelerate the natural healing 
process every night while you sleep. Unlock your Potential with Sacred G Fusion's 
Pineal Gland Activation! 


ht ‘coryherte: 


Pineal Gland & Temperature by Cory Herter — Part 5 of 6 


Pineal Gland & Temperature by Cory Herter - Part 5 of 6. Discover the Power of the 
Pineal Gland and its relation to Temperature and Speed. Harness the Power of 
‘Temperature, Adrenaline, Metabolism and more for Total Human Performance by 
Activating your Pineal Gland with Sacred G Fusion. 


ht coryherter.com, 


412 


Pineal Gland — The Master Gland by Cory Herter — Part 6 
of 6 


Pineal Gland - The Master Gland by Cory Herter - Part 6 of 6. The Pineal Gland is the 
Master Gland of the Human Body and Human Experience. The Pineal Gland is our 
direct link to source, our body, our environment, health and performance. Activate 
Your Pineal Gland Now with the New Sacred G Fusion Technology available at 
www.CoryHerter.com 


ht ‘coryherter.com, 


409 


THE PINEAL GLAND IS A STARGATE — 23 PART SERIES 


THE PINEAL GLAND IS A STARGATE SERIES - This Video Player contains 23 videos 
done by incredible beings of Light and they all talk about the Pineal Gland. Sacred G 
Fusion is the mathematical coding to unlock the Pineal Gland. Learn more about the 
information behind the Pineal Activation, watch this Series on www.CoryHerter.com 


http://coryherter.com/?p=395, 
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Research 


http://coryherter.com/?cat=98 


Research with Sacred G Technology 


Learn about some of the cool research and contribute to some of the projects that 
are going on with Sacred G Technology. 


‘coryherter.com, 


Sacred G Designs 
http://coryherter.com/?cat=12 


Sacred G Spot Design — 1 of 7 


Discover what each Sacred G Design can do for you!! Learn the process that Sacred G 
uses to unlock your true potential. Finally learn how Sacred G can boost your energy 
so much! Be sure to download your Free Sacred G Designs at www.CoryHerter.com! 


ht coryherter.com, 557 


Sacred G Transporter Design — 2 of 7 


Discover what each Sacred G Design can do for you!! Learn the process that Sacred G 
uses to unlock your true potential. Finally learn how Sacred G can boost your energy 
so much! Be sure to download your Free Sacred G Designs at www.CoryHerter.com! 


coryherter.com/? 


Sacred G Ascender Design — 3 of 7 
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Discover what each Sacred G Design can do for you!! Learn the process that Sacred G 
uses to unlock your true potential. Finally learn how Sacred G can boost your energy 
so much! Be sure to download your Free Sacred G Designs at www.CoryHerter.com! 


/coryherter.com/? 


Sacred G Trancendance Design — 4 of 7 


Discover what each Sacred G Design can do for you!! Learn the process that Sacred G 
uses to unlock your true potential. Finally learn how Sacred G can boost your energy 
so much! Be sure to download your Free Sacred G Designs at www.CoryHerter.com! 


ht coryherter.com, 51 


Sacred G Simulator Design — 5 of 7 
Discover what each Sacred G Design can do for you!! Learn the process that Sacred G 
uses to unlock your true potential. Finally learn how Sacred G can boost your energy 


so much! Be sure to download your Free Sacred G Designs at www.CoryHerter.com! 


http://coryherter.com, 


Sacred G Activator Design — 6 of 7 


Discover what each Sacred G Design can do for you!! Learn the process that Sacred G 
uses to unlock your true potential. Finally learn how Sacred G can boost your energy 
so much! Be sure to download your Free Sacred G Designs at www.CoryHerter.com! 


coryherter.com/?1 


Sacred G Fusion Design — 7 of 7 


Discover what each Sacred G Design can do for you!! Learn the process that Sacred G 
uses to unlock your true potential. Finally learn how Sacred G can boost your energy 
so much! Be sure to download your Free Sacred G Designs at www.CoryHerter.com! 


ht ‘coryherter.com, 
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Bonus: Secret of the Sacred G Fusion Case 


Discover the secret behind the New Sacred G Fusion Case!!! 


/coryherter.com/? 


Sacred G on MTV 
http://coryherter.com/?cat=107 


The Full Sacred G Episode on MTV’s Rob & Big 


Watch the complete episode of Rob & Big Featuring Sacred G Technology as a 
Performance Enhancement Tool. Sacred G Enhances the Performance Levels of 
Athletes doing Extreme Sports by reducing the amount of Electro-magnetic 
interference from power lines, cell phone towers, satellite signals and radio waves. 
Neutralizing this Negative Electro-Magnetic Polloution enables the brain to process 
information faster, increasing reaction time. In extreme sports, 1/10 of a second in 
reaction time is a very long time and can easily determine whether or not you land 
your trick, score a goal or beat your opponent. 


ht ‘coryherter.com, 


426 


Rob Dyrdek & Steve Berra Share Their Views about 
Sacred G on MTV 


Steve talks about Sacred G being like Steroids while Rob Dyrdek lands a Switch 
Laser, a Skateboarding Trick he has never landed before! 


ht /coryherte! 


273 


Highlights from MTV’s Hit Show Rob & Big Featuring 
Sacred G 


Watch the Highlights from MTV's Hit Show Rob & Big Featuring Sacred G. 


ht ‘coryherter.com, 


270 
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Sacred G Uses & Tests 


http://coryherter.com/?cat=13 


Simple Instructions and Tips for using Sacred G 
Technology 


Cory explains simple instructions on how to use Sacred G Technology from his years 
of experience. You might even learn some cool tricks from this old dog. 


ht ‘coryherter.com, 


670 


35 Uses & 5 Tests for Sacred G 


The incredible thing about Sacred G is that it can be used to charge absolutely 
everything you put IN, ON & AROUND Your Body with it. As you begin sleeping on 
your Sacred G as well as charging your food and water with it, your body will begin 
to tell you how else it wants it to be used. We have listed over 35 methods you can 
use Sacred G to enhance your life below. 


http://coryherter.com/?p=84 


Go to the Full Page of 35 Uses and 5 Tests here by clicking here... 
http://coryherter.com/?page id=594 


Sacred G Water Taste Test 


‘The Sacred G Water Taste Test demonstrates how Sacred G Technology can purify 
your body and mind. Get the explanation for how Sacred G can purify a glass of 
water right before your eyes. 


ht ‘coryherter.com/?| 


Sacred G Sleep Test — 5 Video Series 
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Learn the different types of Sleep Effects that Sacred G will use to Increase Your 
ENERGY!! 


coryherter,com/?p=975, 


Sacred Geometry 
http://coryherter.com/?cat=94 


The Secret of the Universe 


‘The Secret of the Universe is the name given to the ancient knowledge of the inner 
workings of the universe. This includes (but is not limited to) the method by which 
huge megaliths can be reduced in weight and lifted, something also known to the 
Freemasons and the builder of Coral Castle up to the mid 1900's. 


ht ‘coryherter.com, 


641 


Science of LOVE DVD 
http://coryherter.com/?cat=37 


Science of LOVE Introduction 


The Science of LOVE Introduction - Learn the Science behind Sacred G Technology 
with this 3 Hour DVD Special... Available Online for a Limited Time Only!!! 


coryherter.com/?1 


Science of LOVE DVD — A 3 Hour Video Series on the 
Science behind Sacred G 
Cory Herter gives an amazing presentation into the math and physics behind Sacred 


G Technology. L.0.V.E., which stands for the Laws Of Vibrational Energy is the 
engine that drives Sacred G Technology and is a natural law of the universe 
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contained within Sacred Geometry. Discover the deeper meaning of the Flower of 
Life, The All Seeing Eye, DNA Activation and more... 


coryherter.com/?) 


Sleep Test 
http://coryherter.com/?cat=106 


Sacred G Sleep Test — Beta (Tossing and Tuning) — Part 1 
of 5 


‘The Sacred G Sleep Test reveals which brain wave states you have an excess amount 
of unprocessed energy. This energy is released from using Sacred G Technology by 
altering the types of sleep you have. This is the body's natural healing mechanism 
and is crucial for regenerating the body. 


http://coryherter.com, 


002 


Sacred G Sleep Test — Alpha (Emotional Dreams) — Part 2 
of 5 


The Sacred G Sleep Test reveals which brain wave states you have an excess amount 
of unprocessed energy. This energy is released from using Sacred G Technology by 
altering the types of sleep you have. This is the body's natural healing mechanism 
and is crucial for regenerating the body. 


http://coryherter.com/?p=1000 


Sacred G Sleep Test — Theta (Educational Dreams) — Part 3 
of 5 


‘The Sacred G Sleep Test reveals which brain wave states you have an excess amount 
of unprocessed energy. This energy is released from using Sacred G Technology by 
altering the types of sleep you have. This is the body's natural healing mechanism 
and is crucial for regenerating the body. 
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coryherter.com/?) 


Sacred G Sleep Test — Delta (Deep Sleep) — Part 4 of 5 


The Sacred G Sleep Test reveals which brain wave states you have an excess amount 
of unprocessed energy. This energy is released from using Sacred G Technology by 
altering the types of sleep you have. This is the body's natural healing mechanism 
and is crucial for regenerating the body. 


ht /coryherter.com/?p=996 


Sacred G Sleep Test — Brain Wave Conclusion — Part 5 of 5 


‘The Sacred G Sleep Test reveals which brain wave states you have an excess amount 
of unprocessed energy. This energy is released from using Sacred G Technology by 
altering the types of sleep you have. This is the body's natural healing mechanism 
and is crucial for regenerating the body. 


ht coryherter.com, 


993 


Tree of LOVE 
http://coryherter.com/?cat=87 


Secret of the Sacred G Fusion Case 
Discover the secret behind the New Sacred G Fusion Case!!! 


hi ‘coryhert 


43 


The Three Trees — The Tree of Life, Knowledge & LOVE 


Cory shares the science behind the Word of God through Sacred Geometry. The Tree 
of Life, Tree of Knowledge and the Tree of LOVE are explained in detail. Cory shows 
how the ascension is attained through understanding the Laws Of Vibrational 
Energy. 
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ht coryherter.com, 


Secret to Perfect Health - 1 Problem, 1 Solution, 6 Layers 
& the Tree of LOVE 


Oct 27, 09 - Your Health, 1 Problem - 1 Solution - 6 Layers - Tree of LOVE 


‘coryherter.com, 


Video Testimonials 
http://coryherter.com/?cat=28 


Carolanne & Theresa’s Sacred G Experience 


Carolanne and Theresa are natural health practitioners and host workshops. Get the 
scoop on their experience of Sacred G and how they are using it with their practice. 


http://coryherter.com/?p=909 


David Shore, Sacred G Life Saver 
David shares how Sacred G Technology saved his life... Literally! 


http://coryherter.com/?p=901 


David Caddell Sacred G Testimonial 
David shares his experience on Sacred G Technology! 


http://coryherter.com/?p=899 


Druanna on Sacred G Technology 
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1am so excited about how Sacred G has seriously Changed my life! | no longer have 
insomnia problems or Heart problems! My good friend Beau Manley from the 
METAL MULISHA CREW is having wonderful experiences on it as well!! HE CANT 
GET ENUFF! LOL Looking forward to the Sacred Fusion experience and G PILLS!!! 


/coryherter.com/? 


David Shore shares his testimonial of Sacred G 


David's story is definitely one that will keep you smiling as he talks about how 
Sacred G has transformed his life. 


/coryherter.com/?, 


Pete Lewis’s experience on Sacred G Technology 


Listen to Pete share about how Sacred G has helped him get off meds and cleared his 
cat of some emotional baggage. 


‘coryherter.com, 


Loriel Hanon’s Testimonial from Sleeping on 50 Cases of 
Sacred G Technology!! 


Listen to Loriel's incredible story about how Sacred G helped her clear the trauma of 
losing her son and restore the positive memories of his life. 


ht coryherter.com, 


B44 


Taylor Angelos’s amazing testimonial from sleeping on a 
Fusion Bed Set!! 


Within 2 weeks of Sleeping on Sacred G Fusion, Taylor is already downloading new 
information in her dreams. Her ability to recognize patterns in her life and make 
more conscious decisions has already made a major impact and she is just getting 
started. Taylor was so impressed with Sacred G that she flew out to Denver to check 
out the new LOVE Practitioner Course. 
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ht coryherter.com, 


JoAnne Jablonski’s LOVE Practioner Course Experience 


Find out what JoAnne thought about Cory Herter's brand new LOVE Practioner 
course in Denver Colorado. 


ht (coryherter.com, 


840 


Serena Carrico’s experience of Sacred G Technology 


Listen as Serena shares her very first experience of Sacred G Technology and how it 
has impacted her life. 


ht ‘coryherter.com, 


838 


Serena’s Healing with Dog at the LOVE Practitioner 
Course — AMAZING!!! 


Listen to this incredibly gifted healer as she talks about how she used the new LOVE 


Practitioner Techniques to significantly reduce the size of a tumor on a dog at Cory 
Herter's Love Practitioner course held in Denver. 


‘coryherter.com, 


Solei Hannahs testimonial about Sacred G and its 
powerful cleansing effects! 


Doing Healing for over 12 years and eating Raw for over 4 years, Solei's body was 
pretty purified. Sleeping on the Sacred G Bed Set, Solei discovered the amazing 
benefits of Sacred G. Solei shares with us the power of Sacred G's ability to cleanse 
the body on a whole new level than ever before. 
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Loriel Hanon’s experience of the LOVE Practitioner 
Course 


Loriel hosted Cory in Denver for the very first LOVE Practitioner Certification 
Course... Get the scoop from her for how the event went! 


ht coryherter.com, 


831 


Alysha Duran’s experience on her Sacred G Fusion Bed 
Set 
Alysha's noticed a major difference in her ability to detect patterns that she is 


playing out in her life and being able to consciously shift her own internal 
programming to accelerate her growth. 


coryherter.com/?, 


Allison Lee Clark — New Senses, Enhanced Meditation, 
Tons of Benefits!! 


Listen to Allison's Testimonial of Sacred G Technology! 


coryherter.com/? 


Kara’s Sacred G Testimonial — Complete Life 
Transformation in 1 Year 


Discover the Power Sacred G has had in transforming Kara's life as a result of 
sleeping on a Sacred G Bed Set. 


ht ‘coryherter.com, 


731 


Jayson’s Testimonial of Sacred G Technology 
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Discover the power of Sacred G in Jayson's life and how it has helped him get 
everything he had on his dream board 2 years ago. 


coryherter.com/?, 


Lee’s Sacred G Testimonial — Kidney Transplant & 
Medication 


Listen to Lee's incredible story about how Sacred G has been helping him to reduce 
his medication necessary after his kidney transplant. 


/coryherter.com/? 


Sacred G Testimonial from a Pediatrician’s Office 


Watch the Testimonials from a Pediatrician's office about the Power of Sacred G on 
their patients. This is an incredible Testimonial for the Power of Sacred G! 


ht ‘coryherter.com, 


277 


Rob Dyrdek & Steve Berra Share Their Views about 
Sacred G on MTV 


Steve talks about Sacred G being like Steroids while Rob Dyrdek lands a Switch 
Laser, a Skateboarding Trick he has never landed before! 


ht ‘coryherter.com, 


273 


Highlights from MTV’s Hit Show Rob & Big Featuring 
Sacred G 


Watch the Highlights from MTV's Hit Show Rob & Big Featuring Sacred G. 


ht (coryherter.com, 


270 
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Webinar Archives 


http://coryherter.com/?cat=100 


Aug 18, 09 Webinar — Sacred G and the Table of Elements 


Cory weaves Sacred G, Anti-Gravity and the Mathematics of the Coral Castle into the 
Table of Elements and unveils a deeper layer of the mechanics of Life! 


/coryherter.com/?, 


Aug 25, 09 Webinar — Cory shares insights on Sacred G 
Fusion and Q&A 


Cory talks about some of his near death experiences and how they are connected 
with Sacred G Fusion as well as answering a bunch of questions from Skype Chat! 


‘coryherter.com, 


Sept. 1, 09 — Channeling Higher Energy States 


Cory talks about channeling energy, the flow of unlocking information and how we 
all have the energy and power within us to heal. 


ht coryherter.com, ‘851 


Sept. 8, 09 Webinar — Financial Abundance 


Cory tackles the debate on finance and spirituality and kicks the **** out of it!! Enjoy 
as Cory shares how to increase your financial abundance and demonstrates there is 
no conflict at all. Using the Tree of LOVE, Cory illustrates the flow of energy from a 
spiritual source through the core and into our external reality using financial 
abundance to complete the creation process. 


ht (coryherter.com, 
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Sept. 15, 09 Webinar — Cleansing through Sacred G 


Cory shares with everyone how the cleansing effects work and why it is so 
important to clear out the negative energy stored in past memories. Cleansing can 
come up through physical, emotional, mental and spiritual releases that can be a bit 
uncomfortable at times but well worth it in the end. Cory shares some of his story's 
of processing on Sacred G. 


coryherter.com, 


Sept 22, 09 Webinar — Sound Healing + Q & A from Chat 
Room 


Cory shares simple yet extremely powerful techniques to use Sound for boosting 
energy in water and other products for Healing. Cory spends the remainder of the 
webinar answering questions from the Sacred G Skype Chat Room. 


http://coryherter.com, 
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Oct 6, 09 Webinar — Cory talks Energy and Introduces the 
new LOVE Innerversity 

Cory talks about the New Online LOVE Innerversity School. This incredible 

announcement has rocked the world of energy healers and natural health 


practitioners around the world. Join Cory as he literally opens up a new energy 
healing modality every week. 


ht (coryherter.com, 
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Oct 13, 09 Webinar — The Three Trees of Life, Knowledge 
& LOVE 


Cory shares the science behind the Word of God through Sacred Geometry. The Tree 
of Life, Tree of Knowledge and the Tree of LOVE are explained in detail. Cory shows 
how the ascension is attained through understanding the Laws Of Vibrational 
Energy. 


ht ‘coryherter.com, 
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Oct 20, 09 Live Webinar — The Truth about 2012 


‘The Truth about 2012 ~ Evolution, Conspiracy, 9-11, Privacy Act, Natural Selection, 
Light Workers and more! 


ht ‘coryherter.com, 
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Oct 27, 2009 Webinar — Your Health, 1 Problem, 1 
Solution, 6 Layers & The Tree of LOVE 


Oct 27, 09 - Your Health, 1 Problem - 1 Solution - 6 Layers - Tree of LOVE 


ht ‘coryherter.com, 
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EVERYONE AND EVERYTHING WITHIN 
THE VICINITY OF SACRED G WILL GET 
BLASTED WITH POSITIVE VIBES THAT 
UNLOCK ENERGY AND BOOST PERFOR- 
MANGE. INCREASING THE AMOUNT OF 
SACRED G YOU USE WILL INCREASE THE 
AMOUNT OF ENERGY YOU HAVE. 


SACRED G STICKERS COME IN 6 UNIQUE 
DESIGN: 


THE SAGRED G SPOT IS DESIGNED TO 
PHYSICALLY CLEANSE YOUR CELLS, 
FREEING UP MORE ENERGY FOR THE 
BODY TO RUN MORE EFFICIENTLY. 


THE SacRED G TRANSPORTER [5 
DESIGNED TO FREE UP USABLE ENERGY 
TRAPPED AS EMOTION IN YOUR PAST 
MEMORIES. EACH NIGHT THAT YOU 
SLEEP ON SACRED G, MORE AND MORE 
ENERGY IS RELEASED RESTORING YOU 
TO YOUR NATURAL STATE OF PEACEFUL. 
Buss. 


THE SACRED G  ASCENDER 15 


DESIGNED TO SOUST ENERGY AND 
INGREASE SELF CONFIDENCE BY 
SOLVING CONFLICTS WITHIN YOUR 


THOUGHTS AND BELIEF SYSTEMS. THIS 
ENABLES YOU TO PERCEIVE MORE INFOR- 
MATION AT GNGE INCREASING YOUR 
LEVEL OF FOCUS AND REACTION TIME. 


THE SACRED G TRANGENDANCE [5 A 
COMBINATION OF THE FIRST THREE 
DESIGNS 

SYSTEMS 


PLUS ADVANCED MEMORY 
THAT ACCELERATE THE 
LEARNING AND DOWNLOADING OF NEW 
INFORMATION FROM THE COLLECTIVE 
CONSCIOUSNESS. 


THE SACRED G SIMULATOR 15 
DESIGNED TO UPGRADE YOUR FRIEND- 
SHIPS AND RELATIONSHIPS) BY 
ATTRACTING NEW PRODUCTIVE ONES 
WHILE EMPOWERING YOU TO LET GO OF 
OLD ONES THAT NO LONGER SERVE 
YOU. THIS DESIGN WILL INGREASE THE 
NUMBER OF SYNCHRONICITIES IN YOUR 
LIFE AND GREATE AN AWAKENED SENSE 
GF ADVENTURE AND PURPOSE. 


THE SacrRED G L.O.V.E.™ AcTIVATOR 
COMBINES ALL OF THE DESIGNS WITH A 
NEW MOTION ACTIVATION SYSTEM THAT 
TAKES YOU BEYOND YOUR LIMITS TO 
ACHIEVE YOUR GOALS, THE ACTIVATOR 
1S THE ULTIMATE STATE-OF-THE-ART 
DNA AcTivaTION TECHNOLOGY. 


Visit THE WEBSITE TO LEARN ABOUT 


THE MOST ADVANCED SACRED G 
DESIGN GALLED “FUSION”  WHIGH 
INCORPORATES EVERY DESIGN INTO 


ONE. 


SLEEP / PiLLow Case 


PLACE THE SACRED 
BENEATH YOUR PILLOW 
GR INSIDE YouR PILLOW- 
CASE DESIGN SIDE UP. 


Notice HOW THE SACRED G ALTERS YOUR 
SLEEP AND OREAM STATES. THE BODY 
FREES UP THE MOST AMOUNT GF ENERGY 
WHILE YOU SLEEP. SACRED G ENHANCES: 
THIS PROCESS CONTINUALLY INCREASING. 
THE AMOUNT OF ENERGY YOU FEEL. 


}) ENERGIZED WATER 


SureR CHARGE yYouR 
WATER WITH ENERGY BY 
PLACING IT ON TOP OF 
THE SAcRED G. 


Test: TAKE TWO GLASSES OF TAP WATER, 
PLACE ONE ON TOP OF THE SACRED G, AND 
THE OTHER AT LEAST SIX FEET AWAY. 
ALLOW THE WATER TO CHARGE OVERNIGHT, 
THEN TASTE THE DIFFERENCE BETWEEN THE 
TWO GLASSES IN THE MORNING. THIS TEST 
SHOWS HOW SACRED G TECHNOLOGY NOT 
GNLY GLEANS YGUR WATER, BUT IS ALSO. 
INSTRUMENTAL IN PHYSICALLY CLEANSING. 
THE TOXINS FROM YOUR BODY INGREASING 
ENERGY. 


WILL NEVER RIDE 
A BOARD THAT'S NOT 
Gp GUT AGAIN! 


Ras DyrpeK 


X-TREME PERFORMANCE ENHANCEMENT: 
PLACE THE SACRED G ON SKATEBOARDS, 
SURFBGARDS, TEAM UNIFORMS, OR ANY 
GEAR AND EQUIPMENT THAT YOU USE. 
WATCH AS YGUR PERFORMANCE 1S 
ENHANCED AND YOUR GAME IS IMPROVED. 


Visit THE WEBSITE TO LEARN OVER 35, 
WAYS TO USE SACRED G TO s00ST YouR 
ENERGY, PLUS 5 COOL TESTS THAT YOU 
SAN DO. ALSO, BE SURE TO WATCH THE 
SACRED G EPISODE ON MTV's Roe & BIG. 
SHOW TO SEE How SACRED G CaN Boost 
YOUR PERFORMANCE. 


Visiv THE WEBSITE TO DOWNLOAD ALL OF 
THE SacreD G DESIGNS FoR FREE! 
Bonus: WATCH A 3 HOUR VIDEO ON THE 
SCIENCE OF SACRED GEOMETRY! 
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Holographic Archetypes, by lona Miller, 2017 (/) Lic. Hee Sainer 
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DNA Decipher Journal 


ARTICLE 
http://holographicarchetypes.weebly.com/quantum-bioholography.html 


(otp melopashcarenaypes wecly canquanten-aehologaphy nt) 


DNA Decipher Foural | March 2011] Vol I |losue2 [pp 107 
Table of Coments 

Table of Contents 
Articles 


Exploration of Wavegenetics & Wave Immunity 
P. P. Gariaev, A. A. Kokaya, E. A. Leonova-Gariaeva, 
G.G Tertishny & N.V.Ustinova 


R. Muldashev, M. V. Smelow 


Quantum Bioholography 
r | Jona Miller, Richard A. Miller & Burt Webb » 


From Helix to Hologram 
Jona Miller & Richard 4. Miller 


‘Quantum Evo-Devo Universe: Quantum Evolution and the Evidence of Evolutionary- 
Developmental Biology 
Graham P. Smetham 


Gariaev, 2012 - 


DNA Wave biocomputer functions 
+ The problem of creation of the DNA-WAVE biocomputer is considered, in which one the storage locations on 
genetic molecules will be used. In the basis of tendered idea are trusted to experimental and theoretical activities 
of the writers, in which one a) to be demonstrated capacity of DNA to the laser, b) capacity of DNA to generate 
solitonic waves with memory, c) the phenomenon of transition of the localized photons in radio waves is revealed, 
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4d) the phenomenon of spectral storage of DNA by the localized photons is revealed, e) the transport phenomena 
of the genetic information in polarization modulations of an electromagnetic field is revealed at transition of a 
photon - radio wave. On the basis of these data the theory of wave genes is built, in which one the dualistic 
‘explanation of the genetic information as unity of material and wave encoding functions of the chromosomes is 
offered. The hypothesis quantum nonlocality of genome of higher organisms is offered. The set of the obtained 
‘outcomes allows the writers to suspect, that artificial DNA computing cannot be carried out to the full without the 
ragistration of listed properties of the genetic apparatus. Key pattern of the DNA-WAVE computer will be the 
phenomenon of DNA memory on solitons and on the localized photons with participation of quantum nonlocality 
of such memory. 


INSIDE DNA Decipher Journal Volume 4 Issue 2: Wave Genetics, Quantum 
Bioholograhy & Quantum Evolution by Quantum Dream inc. (Mar 29, 2011) 

Jotototet: © (austomerseview) 

Formats Pace ewe Use 

Paperback 


fey FREE SuperSaver Sripping 


Excompt -Etoatiattor*. DNA Decipher Journal Volume 4 Issue 2 larch 204 
‘arandom page in is book: 


Wave Genetics ." See 


LOOKINSIDE DNA Decipher Journal Volume 2 Issue 1: Focus Issue on Biocosmology by 
‘Quantum Dream inc. (Jan 31, 2012) 


Paperback 
user in tne rest 19 nour = getty Manda, Mar 26 $14.90 


Elple t FREE Super Saver Shiing 


Excerpt Front Cover. *.. Decip: 
See a endom page In this book 


journal DNA Decipher Journal Volume 2 issue 1 January 2012.” 


INSIDE, DNA Decipher Journal Volume 4 Issue 3: Quantum Models of Novel 
BiologicaliDNA Effects by Quantum Dream ine. (Nov 30, 2011) 


Foxmats Price New Used 
Paperback 
[ida ne not 18 hours teat by Monday, Mar 26, $14.90 


Excerpt - Final Gover ~.. DNA Decipher Journal Volume 1 fssue 3 November 2017 Quantum Models 
‘$22 a random page inthis book 
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Quantum Bioholography: a review of the field from 1973-2002 
Jona Miller, Richard Alan Miller, and Burt Webb 
URL: www.emergentmind,org/MillerWebbI3a.htm (http://www.emergentmind.org/MillerWebbI3a.htm) 


jion and 


Abstract: Complex information can be encoded in EM fields, as we all know from coding and decoding of t 
radio signals. Even more complex information can be encoded in holographic images. DNA acts as a holographic 
projector of acoustic and EM information which contains the informational quintessence of the biohologram. Only 3% 
‘of human DNA encodes the physical body. The remaining 97% of the 3 billion base pair genome contains over a million 
genetic structures called transposons, that have the capacity to jump from one chromosomal location to another 
(Kelloher, 1999). We are 99.9% alike in our genetic lagacy. Our individuality is expressed in three million small 
variations in our cells, called single nucleotide polymorphisms. 


Gene-expression is the mechanism by which new patterns are called into being (Rossi, 2000). There is also a strong 
correlation between modulation of the brain's EM field and consciousness (Persinger, 1987; McFadden, 2002). The 
Gariaev group has discovered a wave-based genome and DNA phantom effect which strongly supports the holographic 
concept of reality (Miller, Webb, Dickson, 1975). This main information channel of DNA is the same for both photons 
and radio waves. Superposed coherent waves of different types in the cells interact to form diffraction patterns, firstly 
in the acoustic domain, secondly in the electromagnetic domain ~ a quantum hologram ~-a translation process 
between acoustical and optical holograms. 


Creative, novel and enriching psychotherapeutic experiences can lead to neurogenesis, gene expres: 
which facilitate mindbody communication and can have a long-term transformative effect on the whole person (Rossi, 
2002). Thus, bioholography has relevant applications for optimizing health, well-being and even self-realization. It is 
relevant in biophysics, medicine, psychobiology, psychotherapy and the holistic healing arts. It provides us with a 
more genetically integrated model of the complex dynamics of the mindbody ~ one arising in the domain underlying 
the standard genetic code triplet model. 


Wave-genetics, Peter Gariaev 


+ Beat nzoducton no Wavaanatis (pwn factck comigoupalavegeneitec13201 7682496885) 
+ by Petar Gator and tone Caesar 
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Is scope and epportunites 


The history of wave gnats has ben developing for more than 80 years. In 208 and 30s of he ast century Russian sense, AG Gurweseh and AA 
Lucha postulated that ot ony des genta! apparatus ofsving ogansms onthe Earth operate at mali, pysieal evel bt als at. 


‘The optaton of else holographic data cometary facebook comlyoupswavegeneteldc!132816856850301!) 
by Petr Gaviacr (ips sun tacebook com/Peter Gaia) 
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‘ove Genet Bo Management nanotechnologies. (htp:/ewa facebook comigroupslwavepenatidoe/32014663457187) 
by Petr Gaviaer (nips:uune facebook com/Petet Gaia) 

‘Wave Gonetic Bio Management nanotechnolog 
er 4064 (2007) 


Inia paper a futher developrant ot previously popoundd theory of extemal quantum management and self management of organs‘ vain io! 
by means of bo ologreie. 


Antenna Modal (hips seebook, com groupsiwavegenetildci132907648831222) 
by Petr Gaviacr (nips aun tanbook com/Peter Gaia) 
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‘fects i ou experments bear endosge character where even weak absorbed energy of chert ed poled lar igh bythe be peparatons goss 
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by Petr Gaviaer (nips sun facebook com/Peter Gaia) 
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EXPLORING WAVEGENETICS ANO WAVE IMMUNITY. (ps: facebook con/toupswavegenccldoct 1328858701657) 
by Petr Gavlaer (mips sun facebook comiPeter Gaia) 
THEORETICAL MODELS 


Gaiaor PP, Kokeya AA, Leonove-Gariaeva EA, Muldashov ER, Ming LV. 


Silo HL, Tartans G.G, Tommash AY, Chan SF, Show VK, Yaguinls LS. 
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Brief Introduction into WaveGenetics 
By Peter Gariaev and Irene Caesar in Wavegenetic (nips tacsbeck.comigrupslaavegenati 


Its scope and opportunities 


Gariaev Peter 


‘The history of wave genetics has been developing for more than 80 years. In 20s and 30s of the last century Russian 
scientists, A G Gurwitsch and A A Lubishev postulated that not only does genetical apparatus of living organisms on 
the Earth operate at material, physical level but also at certain wavesifields level and is able to transfer genetic 
datalinformation via electromagnotic (EM) and acoustic waves. The science has recently taken a major leap in its 
advancements of the theory and reproducible experiments and thus the theory of wave genome has been put forward. 


‘One of the first attempts to rationalize and expound the wave genome theory in Russia had been made by P P Gariaev 
and A A Borezin from the department of Theoretical Matters of Russian Academy of Science, and also with 
Participation of A A Vaciliev, a fellow member of Institute of Physics of Russian Academy of Science. As a theoretical 
foundation, principles of coherent physical radiations, holography and solitons, theory of physical vacuum, fractal 
representation of DNA and human verbal expression/speech have been employed to describe and substantiate the 
‘empirical results obtained through many experiments conducted. 


‘The quintessence of the wave genome theory may be represented as following: 


genome of the highest organisms is considered to be a bio-computer which forms the space-time grid framework of a 
bio-systems. 


In that bio-system, as the carriers of a field epi-gene-matrix - wave fronts are being used, which are assigned by ger 
holograms and so-called solitons on DNA - distinct type of acoustic and electromagnetic fields, produced by 
biogenetic apparatus of the organismibio-system under consideration and being a medium of strategic regulatory 
datalinformation exchange between cells, tissues and organs of the bio-system. 


Itis also vital to note that the holographic grids/frameworks, which are also the elements of fluctuating structures of 
solitons, are, in fact, discrete simplest cases of code-originated information, anchored in chromosome continuum of an 
organism. 


At present the dominant viewpoint in respect of genetics and molecular biology is that{1]: 


4. the genetic apparatus functions as a purely material structure 

2. all the functions of genetic control of an organism occupy approximately 2 % of DNA of a bio-system and fulfill 
designated functions such as replication of RNA and proteins, so called coding DNA of an organism. The other 
98% is considered to be “junk DNA" not carrying out any genetical functions, which may represent a graveyard 
of virus DNA. 


‘The biologists and geneticists use the language of analogies and metaphors to explain how genetic apparatus 
operates. The genetic apparatus consisting of 46 chromosomes is viewed as a library consisting of 46 volumes or 
books. Each book (a chromosome), contains a text (instructions of how to build an organism) which consists of 
‘sentences (DNA) consisting of words (genes). And each word (a gene) consists of 4 letters (certain “chemical letters"), 
i.e. the “genetic alphabet” consists of only 4 “letters”. The material realizations of the DNA molecules are famous 
double helixes, consisting of segments which are genes. In essence, genetic apparatus operates as follows. The texts, 
written in the “DNA language”, are first translated by the organism into the “RNA language” and then into the “Protein 
language”. And proteins are the stuff that we are mostly made of (not counting water). Proteins perform two principle 
functions in the organism: they metabolize substances that we eat and participate in the morphogenesis, 
development of the spatial-temporal organization of an organism. 


Itis to be pointed out that the primary focus of the wave genome theory is on the remaining aforementioned 98% of 
chromosomes as being the key “intellectual” structure of all cells of an organism including the brain. Itis those 
‘chromosomes that operate on the wave, on the 


It the idea! component, that may be called super-gene-continuum, is a strategic vital figure/formation that ensures 
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development and life of humans, animals, plants and also their programmable natural dying. Along with that, itis 
important to conceive that there is no sharp and insurmountable distinction between genes and super-genes. Both 
these levels of encoding constitute material (physical) matrixes, however genes supply material replications in the form 

jenes transform endo- and exogenous fields, forming from them super-gens 

‘signal wave structures. Furthermore, the genes may be components of holographic grids/frameworks of super-genes 

and supervise their field activity 


of RNA and proteins, whereas sup 


Particular attention in the wave genome theory should be devoted to substantiating of the unity of fractal (replicating 
itself on varying scales) sequence structures of DNA and of a human speech. in 1990 Jeffrey Delrow discovered four 
5" of the genetic alphabet (Adenine, Guanine, Cytosine and Thymine) in DNA “text 


form fractal structure 


Later on, a discovery of similar fractal structures in a human speech, not limited to multy-letter alphabets of Russian 
and English texts and including a sequence of words from those texts came as a promising surprise for both genetics 
and linguists. Nonetheless this is in accordance with a branch in semiotics named “Genetical Linguistics", which 
studies incomprehensible and unexplainable pre 
and intro-lingual words-hybrids. 


spplication of laws of Formal Genetics to formation of interlingual 


‘A group of scientists headed by P P Gariaev and M U Maslov, developed a theory of so called fractal representation of 
natural (human) and genetical languages. Within the confines of this theory it is said that the quasi-speech of DNA 
possesses potentially inexhaustible “supply of words” and, moreover, what had been a sentence on the scales of 
Genetical apparatus 
‘can be viewed as the triunity of its structure-functional organization consisting of holographic, soliton and fractal 
structures. 


DNA~“texts” “phrases” or a “sentence” becomesiturns into a word or a letter on the other scal 


This theory allows a refined quantitative comparison of symbolic structure of any texts including genetical. Thereby a 
possibility has been wide open to approach a deciphering of a lexicon of one’s own gene-code, and accordingly, more 
accurate composition of algorithms of addressing a genome of a human with an aim of potentially any type of 
programming of one’s vital activity such as treatment, increasing one's life expectancy and so on and so forth. 


Empirical tests of wave genetic theory in the light of 


peech” characteristics of DNA demonstrate strat 


ly correct, 
‘stance and direction of the research. 


Phenomenal experimental findings may be briefly presented here. For the first time in history of the science we 


‘successfully managed to obtain experimental evidences of abilities of the ger 
level, for instance, in the wavelfield (electromagn 


ic datalinformation to function on more 


than simply one materi ic) form 


‘Over decades, having been conducting extensive theoretical researches, we successfully managed to formulate 
theoretical biology and physics-mathematical description, explanation and substantiation of fundamental principles of 
‘genetic apparatus functioning on the wave 


Id level. 


‘These principles allowed us to design and create a quantum bio-computer essential element of which is a specially 
tuned laser beam with certain wavelength and frequency characteristics. 


‘The quantum bio-computer can perfor 


i Scanning and reading the wavelfield equivalent of the genetical-metabolic data from the (stem) cells, 


tissues, organs of a donor's bio-system employing photon of the laser beam; 
i Conversion of the photons obtained into wide-wavelength-band preserving the scanned and read data; 


i Precise and pointed introduction of such scanned and converted principalidominant data radio waves into 
the organism-recipient, located at a certain distance from the donor's bio-system (from few centimeters to 20 km); 


wv. Strategic controlimanagement of metabolism and postembryonic morphogenesis of the organism-recipient 
according to two vectorsimodes: 
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a. “Do asiwhat | do” ~ that is holographic principle, and 


b.  Wavelfield transmission of a signal that contains commands activating required programs in the stem cells of, for 
instance, rats; programs that direct/guide the stem cells development on their way of, as in our experiments, building 
pancreas gland in rats. These vectorsimodes ar 


intended to be used on humans. 


At present we 
‘The quantum bio-computer initiates wavelfield-based commands, given to cells and tissues of the donorirecipient, and 
accordingly the stem cells exposed to the wavesifield will be prompted to guided cytodifferentiation leading to 
‘emergence and development of plannediprojected new organs and tissues. This will bring us closer to the fact of 
‘substantially increased life expectancy. 


able to programimanagelencode stem cells of various types by means of a quantum bio-computer. 


Significant achievements in applying WaveGenetics have been made thus far in regeneration of pancreas in rats 
previously destroyed by chemical substance called alloxan 


Three series of experiments with identical protocol were conducted by the groups of P. Gariaev in 2000 in Moscow 
Russia, in 2001 in Toronto, Canada, and in 2005 in Nizhni Novgorod, Russia. These are more advanced experiments 
based on the principles and technology of WaveGenotics. The goal of the experiments was to test new technology for 
regenerating damaged pancreas. Pancreas is an endocrine gland which has several vital functions, the major one 
being production of insulin, a hormone responsible for sugar metabolism. 


A-control group of rats was injected a lethal doses of a poison called alloxan which destroys pancreas. As a result, all 
the rats in the control group died from diabetes in 3-4 days. Then the same lethal dose of alloxan was injected to 
another group of rats. And when the rats reached the critical condition, they were exposed to light imagesiwaves 
‘coming from a quantum bio-computer. Those light imageshvaves wore created beforehand when the bio-computer read 
information from the pancreas surgically removed from healthy newborn rats of the same species as those used in the 
alloxan experiments. 


‘One can explain the results of the experiment using the following analogy. The pancreas gland contains DNA-movies 
with information about healthy condition of the pancreas in its genetic apparatus. And this video morphogenic 
information programmed the stom cells of sick rats to regenerate their pancreas gland. Combined statistics for all 3 
series of experiments is as follows. Altogether, around 90% of all the rats had their pancreas gland restored and their 
health recovered. 


In some of the experiments the quantum bio-computer was modified to allow successful transmission of the healing 
information to sick rats at the distance of 20 kilometers. Note, that no known physical fields have the capability to 
transmit such extremely week signals with such unbelievably powerful results. 


Furthermore, the WaveGenetics research and appl 
process in humans and increase of li 
‘conducting with rats. 


ion has significant prospects of solving issues as regards ageing 
xpectancy. This view is grounded on the experiments we have been 


Itis Opportunities of technologies of WaveGenotics are not limited to what has been outlined above. The development 
and application of the technology is far-reaching and is substantiated by experimental data obtained in numerous 
tests, experiments, observations. 


In addition, it ought to be mentioned, such a technology ~ a quantum bio-computer, is capable of: 


«treating oncological diseases on fundamentally distinct basis - without use of any chemical substances, 


+ eliminating pathogenic viruses and bacteria and agricultural vermin parasites 
chemical substances. 


also without used of any 


It may seem as a technology of another age, from distant future. However, a discovery of fundamental properties of 
living organisms is occurring today and it is our task to research and explain the phenomena and bring it to the service 
of humanity. 
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Antenna Model 


+ By Peter Gariaey (nttps:/hwwwfacebook.com/Peter.Gariaev) in Wavegenetic 
{https:/hwww.facebook.com/groupsiwavegenetic!) 

+ We have noted earlier (Gariaev, Maslova ot all, 1996 ( ;, Masiova et all, 1996 (b)), that in the role of the 
‘main molecules perceiving external electromagnetic fields as a regulators ~ ar the proteins and especially metal 
containing. Functioning of a set of biological macro-moleculs (ferments in particular) is largely determined by 
processes occurring in the active centres surrounded by bio-polimer sequences having a sign topology. Based 
(on this perception of informational bio-macro moleculs, it is normal to suppose that the 
physical fields external in relation to the biosystem and internal radiations leads to excitation dipolar-acti 
fluctuations of monomers, forming the said chain, and they in turn induce fluctuation if the active centre. In toher 
words, such system will work as a peculiar antenna. 


Gariag 


interaction with 


‘There excited fluctuations can lead to transitioning of bio-macr-molecul in to toher conforming (topological, sign) 
state. 


‘Such conception in a principal plane is adequate to the whole set of functionally important bio-macro molecule, 
for example, chlorophyll, hemoglobin, mioglobin and so on,. These macromolecules are joined by two structural 
properties: 1) in their geometrical centre there is ion (in the case of chlorophyll - ion of magnium, in the case of 
hemoglobin ~ion of iron); 2) near ion symmetrically placed 4 pirrolik rings (pseudo structure. ) 


Other types of polymers, corresponding to antenna model, can be relatively simple cycles such as valinomycine 
{potassium ions’ carrier) and complex over-molecular chromosom structures, DNA of which contains higly 
organized associates of such metals as magnesium, calcium, nickel, cobalt, copper, ferrum, zink and so on. Their 
role is not clear and is considered to neutralize OH-groups of remnants of phosphoric acid of polynucleotide. It is, 
proposed that functions of metals in DNA and RNA is substantially wider and is realized along the lines of sign 
and/or energy interchangewith endo — and exogenous, in relation to the biosystem, physical 
applicable to the proteinsnot containing porfirine centre yet specifically binding metals, e.g. as such you can 
considersite-specific proteins with domens like “zink fingers” which participate in regulation genes, often located 
long awayfrom these governing proteins. Atoms of metals in DNA and proteins can in resonance interact vi 
electromagnetic channels within the meaning of antenna model. Let defined the definition of antenna model 


Ids. The same 


External energy (in particular, connected with resonance interaction extremely high frequency electromagnetic 
radiation with proteins) travels to the periphery, that is onto ensemble of sub-units (not necessarily identical in 
structures). As a result of an active “conversation” predetermined by bio-chemical links between peripheral 
acceptor (received encoded energy) and centre-associate (in this case and ion of irongem-containing proteins), 
the latter receives energy (information) which effects the biological action. The degree of reactive ability of bio- 
‘macromoleculs is considerably dependent on the level of excitation of central sub-units. Lets look closely in to 
potential mechanisms of wave interactions of physical fields and active centres of informational bio-moleculs 

within the boundries of the proposed antenna mod 


‘As an example of the simliest model for illustrating antenna effect we consider 2-dimentional closed (cyclic) chain 
of monomers. There is anactive centre, connected to monomers of chain by dipole-dipole interaction. 


http:lleng.wavegeneti 
(http:/eng.wavegenetic.rulindex.php?option=com_content&task=\ 


srulindex.php?option=com_content&task=view&id=208itemi 
»w&id=208ltemid=1) 


Molecular — tissuey “radio stations” 
By Peter Gariaev (https:/iwww.facebook.com/Peter.Gariaev) in Wavegenetic 
(nttps:/iwww.facebook.com/groups/wavegenetici) - 


Additional theoretical approaches here, possibly, lie in effects of so called “weak ifluence” [Chukova, 2002]. Apparently 
regenerative and cytoprotective effects in our experiments bear endoergic character where even weakly absorbed 
‘energy of coherent red polarized laser light by the bio-preparations goes in to escalation of Helmholtz free energy 
accumulated in chemical relations of metabolites of bio-preparations, which leads to significant bio-effects. Atoms of 
informational molecules (DNA, RNA, proteins), interacting with the laser beam together with the energy of the light 
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quanta also obtain their momentum quantity motion, which creates inversed overpopulation in nuclear z 


man levels, 
that is - chemical polarization of nucleuses occur. Quantum polarization exit, that is a number of excess kernel spins 
‘on the top Zeeman level correlated to the every absorbed quantum of light, can be 30%. Inversely populated protonic- 
‘spin system can issue quanta with 6,5-10-26 Jouls of energy which correspond to frequencies of about 10Mhz 
[Buchachenko, 1979]. Further advancing the aforesaid, one could consider that when bio-preparations are scanned by 
the laser beam there appears combinative frequencies, occupying blue and UV diapason. Moreover as we previously 
iapason from 2 omega 
jons there is a 


‘suggested in an appropriate model of localized light, there is transformation of frequencies in 
to zero takes place. [Prangishvili, Gariaev ot al, 2000 (b)]. Besides when scanning the bio-prep: 
presence of wideband radio radiation of the gas discharge laser. Taking this into account, we believe that in our 
‘experiments bio-preparations-donors by the laser) by way of multiplicity of frequenci 
Metabolising chemical compounds of bio-preparations, which interact with dynamically polarized red light of the 
lectromagnetic radiofrequency oscillations. In 
" a role of idiomatic organ-molecular radio stations 
where every type of their molecules possess characteristic frequencies that can be reinforced owing to stochastic 


e scanned 


probing laser (and wide spectrum of additional radiation), can ge 


this instances the bio-samples of pancreas and spleen “assum 


From the other hand, certain types of molecules of pancreas affected by alloxan in the ill animals and/or their stem 
cells in the blood can resonantly absorb such radiation/emission which carries informational component required for 
launching bio-chemical eactions which lead to regeneration of tissues of the pancreas and protective anti-alloxan 
processes. This does not exclude significant contributions of the earlier explored concepts/mechanisms related to 
teleportational and holographic features/properties of bio-preparation-donor's genome. Let's have recourse to known 
theses of chemistry and physics http:/iwww.chem.msu.sulrus/publ/BuchachenkolbuchS.htm! 
(http://waw.chem.msu.su/rus/publ/Buchachenko/buchS.htm)), setting quantum scenario of the genetic-bi 
‘events in question. In the ensemble of molecules-products with inverse population in Zeeman's reservoirlcavity energy 
is accumulated; it can be spent in the form of heat (via spin-grid magnetic relaxation), but can also convert in to 
‘stimulated radiation at Zeeman's nuclear frequency. In this case the reaction does, in fact, become radio frequency 
‘emitter, quantum generator with chemical pumping (similar to chemical lasers). 


chemical 


This is new phenomenon - radio emission of a chemical reaction — it was predicted in theory and than discovered 
ion threshold; the motion of the 
r spins spontaneously becomes coherent and such coherent system of nucleuses then becomes a quantum 


‘empirically. It emerges when Zeeman’s cavitylreservoir energy exceeds the gener 


{generator emittiin in microwave diapasonlspectrum. Yet this is only one aspect of chemical radio physics. Chemical 
reaction can be not only a generator but a receiver of the microwaves. Reception at chemical level follows from 
principles of spin chemistry: resonant microwave radiation stimulates triplet-singlet conversion of radical couples (or 
couples of other spin carriers) and alters exit of chemical products. In this way magnetic-spin phenomena make 

ing can be selective. If the 
microwave pumping touches upon all radical couples (biochemical substratum) then total result boils down to 

Id detected 


biochemical reaction a receiver of microwave irradiation/emission. Moreover such ro 


‘changing the reaction product exit at resonance frequencies. This phenomenon is called ré 
magnetic resonance (RYDMR). 


ction 


Hf the “pumping” is selective and involves only radical couples with magnetic nucleuses, a phenomenon is brought 
about - radio induced magnetic isotopic effect (RIMIE). And, at last, if the microwave “pumping” is selective also in 
respect of nucleuses’ spin orientation (that is involves ensembles of radical couples with chosen orientation of the 
nucleuses’ spins.) then stimulated polarization of the nucleuses (SPN) occur. This is linked to so called spin catalysis It 


is notable for its spin conversion of reagents being induced by paramagnetic particle-spin catalyzer. Conversion 
‘exchange with reagents. Spin catalyzer accelerates recombination 
of radicals, wax isomerization of compounds with double connections (by seven-eight orders), recombination of spin- 


‘occurs as a result of catalyses (ferment) interact 


polarized atoms and so on. Itis possible that spin catalysis functions in bio-chemical processes of the indicated 
8 and in cyto-protective effect. At the base of spin chemistry and chemical 
radio-physics lays manipulation of electronic and nucleus spins. When such manipulations are performed by the 
‘chemical reaction itself, magnetic-spin effects appear and among them ~ generation of microwaves when the reaction 
becomes molecular radiostation. 


phenomenon of regeneration of pancr 


When manipulation with spins occur under microwave influence then other new magnetic effects of the second 
ion receiving. Spin chemistry and chemical 
idual tasks. The former develops new principles of 
.ction management (including microwaves) whereas the latter possessed significant applied bio-medical 


{generation are produces. They serve as indicators of microwave radi 
radiophysics are closely related however they have thei 
chemical r 

aspect to it. 


indi 
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In rolation to version (2) of molecular tissue radiostations vital question arises about highly permeable ability of 
modulated wideband electromagnetic radiation (MWER). As far as we remember one group of the animals (rats) in our 
‘experiment was placed in to isolated concrete ground level chamber and nonetheless the effect of MWER on the 
animals was authentically and reliably recorded. If biologically (morphogenetically) part of MWER occupies microwave 
diapason of Zeoman's reservoir then that region of MWER spectrum would have been fltated by the concrete walls of 
that ground floor bunker where the rats were placed atthe time of wave irradiation on them. Yet the rats 
perceivelreceive the radiation. How? 


Possible explanation could be that electrons og Zeeman’s level energies of all metabolites including genetic structures 
whilst existing in a potential “energy pit/cavity” experience supe fine Lamb shift of those levels by about 1000Mhz. This, 
is allowed by existence of longitudinal atomic kernels of photons causing its longitudinal (electrostatic) field which 
lectrons of atom. They in turn possess 


dipolarly excites the vacuum and with this excitation interact moving orbital 
their own electrostatic fields composed of similar longitudinal photons. 


This way the atomic system of electrons (alternating in time) induces around itself a composit alternation longitudinal 
‘electric field which in the form of longitudinal electric wave (LEW) moves instantly in the entire surrounding 
‘environment infinitely. Umov-Poynting vector of this wave is equal to zero, that is energy-impulse of this given atomic 
‘system is not emitted. However there exist vortexes of longitudinal electric Maxwell's field described by the substantial 
part of bi- quaternions [Bezin et al, 2003] which are able to transfer information/data which has numerical energy 
‘equivalent of Shannon and Brillouin. Yelded in such a way LEW possessing abnormally (incredibly) high permeability 
properties, passes almost without attenuation through various obstacles (metallic screens, ferromagnetics and 
dielectrics, concrete and so on). Cellular nuclouses and their main component - DNA - excite solitons [Smelov, 2001] 
of the linked electron waves and hyper-acoustic fluctuation of liquid crystal chromosomic structures, that is electron- 
jon of DNA’s double helix. The said electron- 


vibron fluctuations [Bersuker, 1976] or electron-nucleus wave fluctu: 
vibron waves retransmit (dissipate) the received LEW back in to the vacuum (ether) and can be received by the other 
bo-systems similar to the first one (radiated by the primary LEW). 


‘Owing to high corpulence (?)-1014 of all electron-vibron fluctuation systems, they possess high sensitivity estimated 
in terms of Planck's quantum piece energy for one element of coherent fluctuating chain which can be a DNA spiral or 
cellular membrane. In opend states DNA spirals, initiated by thermal motion in a living cell, 
fluctuations exist in the form of solitonic (helicoids, spiral, vortical) motions of atoms in the chain. These 
Salerno-Maslovs solitons and these are capable of readinginformation from DNA-RNA “text” sequences. 
Emission/radiation by such “informational” solitons is generated by electron-vibron DNA and RNA fluctuations. 
Herewith scannediread information from genetic molecules can be transmitted to other cells (and beyond the bio- 
system) in a relay mode employing mechanism of dissipation with LEW’s frequency alterations irradiated in to the area 
of radio frequencies and acoustic fluctuations. Along with this, informational radio emission of electron-vibron 
oscillations in the form of LEW at certain frequencies, in principle, can governloperate biochemical processe 
‘other way around, biochemical reactions in preparations being probed by the polarized laser light can generate 
‘electromagnetic radiofrequency oscillations. 


;ctron-vibron 


so called 


And the 


Due to probable wave genetic-symbolic bearing of the vortical solitonic states, initiated on DNA and RNA molecules in 
vivo, let's look at these processes in more details. [Blagodatskix, Gariaev ot al, 1996; Gariaev, 1997] 


Quantum teleportation of genetic-metabolic information/data in permissive version. 
By Peter Gariaev (https:/imww.facebook.com/Peter.Gariaev) in Wavegonetic (nips wa iacebook com/roupavegent) * based 
‘on works of [Prangishvil Gariaev, Maksimenko et al., 2000(6); http:/www.wavegenetics jino-net.ru/zip/Teleport.zip 
(nttp:llworw.wavegenetics jino-net.ru/zip/Teleportzip) 


‘The abovegiven biological experiments on remote transmission of morphogenetic, or more accurately ~ ger 
metabolic information/data from a donor to recipient may be interpreted from views of non-localized contacts in 
accordance with mechanics of quantum teleportation in permissive version/mode. The laser device, practically ~ 
quantum bio-computer (of which we mentioned before), apart from unique capability of wave transfer of morphoger 
information, can also perform a conversion of red coherent photons into radio waves of rather wide spectrum. Thes 
very wav ing. 


re candidates for the first act of scanning and transmit 


When scanning bio-samples or some other substances with the laser light, in essence a biologically active 
‘spectroscopy is performed of a distinct kind. We propounded a tentative explanation of this phenomenon [Gariaev. 
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Tertishnii, Gotovskii, 1997], which is primary substantiation of the new king of spectroscopy - called polarized laser- 
radio-wave spectroscopy (PLRS) [Prangishvili, Gariaev at al, 2000 (b)]. Such spectroscopy is designed to research and. 
‘examine unknown spin-fluctuating quantum-molecular characteristics of bio-systems, bio-tissues, hard, liquid and gas 
substances, and also plasma conditionsistates. The type of PLRS that we describe here takes a narrow optical 
diapason ~ red light, yet itis planned in the future that modification from UV to IR diapason be available. 


‘This present version of the device ~ He-Ne laser () with generation of two orthogonal linked in their intensity optical 
modes, which are mobile and depend on the object being probed and are connected in that way so the total of thei 
intensities remains constant irrespective of preparation (bio-sample, tissue) being scanned. When even one of the 
modes is interacting with the substance, reflected and dispersed emission of which is returned in to optical resonator, 
redistribution of intensities of these optical modes occur in line with the law of polarization change, attributed to the 
new state/condition after the interaction of the laser beam with dynamic micro-polarizers, which are located on 
‘section/cut of illuminated area of the sample in question. Dynamics of the micro-polarizers is determined by internal 
dynamics of the object being examined. (metabolism, acoustics of chromosomes and DNA in vivo-in vitro, fluctuations 
of crystal grids and so on). One of the laser modes, in regime of photons being returned back to resonator, is capable 
of causing emission/irradiation by our device of modulated radio waves in wide spectrum, correlated with modulations 
in optical modes of emission in our laser. (Rather complex sentences-the meaning may be lost ~ rephrase-translator’s, 
remarks) 


‘These modulations depend on spinning fluctuating micro-structural components (for instance, of LCC domens in vivo- 
in vitro) of substances under examination and level of their optical activities. Frequency interval of radio waves created 
when converting photons in accordance with theoretical model (further below) lies in diapason from 2 up to 0. The 
maximum of such irradiation is located in the region of 1 MHz. Radio wave signal having been detected is passed to a 
CPU of a computer with designated software for the signal processing. At the other end Fourier spectrum of 
radiowaves is recorded, charachterising polarized-dynamic features of substances with which one of the laser beams 
is interacting and also a spectral memory of emitting substances. The second light beam is returned to the resonator of 
the laserfor creating a resonance interaction wit hatomic oscillators of the gas mixtures. The reason for photons being 
converted in to radio waves, as we believe is nonw-stiff dispersion and localization of the light of the main laser modes 
upon the system of non- homogeneity of the mirrors in the laser resonator. Mechanism for localization (localization in 
the non-stiff dispersion channel) is given further on. In particular we believe that in the resonator there exists a stiff- 
dispersed localized light. 


‘The radio wave emission that is generated by the laser is able to “read information”, for example, from DNA samples or 
‘organs or tissues. The reading mechanism resembles process of usual induced radiation. An option of closing and 
‘opening laser's resonator allows localization or “record” in it spectrums of various objects/samples under 
‘examination, Radio wave radiation is able to scan and transmit such spectrums. Then we discovered an effect of 
spectral memory; during a certain macroscopic lengh of time one reproduces radio wave spectrums of objects in 
question, which reflect the laser beam back into resonator and than removed from the exposition zones. In this way we 
managed to record DNA spectrums and revealed their highly bio-activities, more likely to be linked with wave mode of 
transmission of genotic-metabolic information/data. [Gariaev, Leonova, 2003). IT appears that quantum non-locality of 
{genetic (chromosome) information/data (as manifestation of its total distribution (continuality) inside multi-cell bio- 
systems), is a particular instance. In reality, there are at least6 levels of non-locality in bio-systems. 


Level 1 - organisms’ level. Non-locality here is expressed in ability to regeneration, for instance in Planaria worms. 
After cutting of these organisms, any part of their body reproduces the whole body. In other words in this case there is 
no an attachment of the common pool of genetic information to any particular part of these worms. The same applies to 
vegetative reproduction in plants. 


Level 2 — cellular. Out of any cell (and not only from zygote) one could grow the whole organism. For living biosystems 
itis more difficult, however possible. Every cell is a potential continuum of the organism. 


Level 3 — cellular-nucleotide. Enucleation of nucleuses from somatic and gamete cells with subsequent injection of 
other nuclouses does not hinder a normal development of an organism. Cloning of this kind is already being performed 
‘on the high bio-systems, sheep for instance. Every cellular nucleus is a potential continuum of a bio-system. 
Localization of genetic potencies on certain kind of cells is not the case. Gamete cells perform the same role but with 
haploid set of chromosomes, combining in zygote in to double set, the same as in somatic cells. 


Level 4 ~ molecular: ribosome “reads” informational RNA not only on separate codons, but the whole of it in certain 
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context, that is, 


‘non locally, but continually. 


Level 5 - chromosomic-holographic. Genome possesses holographic memory [Gariaev ot al., 1991; Gariaev, 1994], and 
this is tipically distributed (non-local) associative memory. At this and the subsequent levels non-locality obtaines new 
‘quality, dualistic material-wavelfield character since the holograms | the same manner as materials are scanned by 
‘electromagnetic orland acoustic fields, which carry genetic-wave information/data beyond material substance of 
‘chromosomes. Here we deal with physical field or fields, as calibration formations marking future space 
organism. It appears that holographic memory of cortex pertains to this fields as well, which sets mental, rational and 
imaginary spaces, which calibrate poten 
the highest level of socio-genetic processes. 


ime of an 


actions of higher bio-systems in a socium (?) as a super-organism. This is 


Level 6 ~ quantum non-locality of genome. Up to the level 6 genetic information/data non-locality is realized in space of 
the organism and also in socium. Level 6 has a special character and new quality. It is expressed in one of the forms of 
‘quantum non-locality, namely - pemissive, postulated in this paper. In that case non-locality is instantly reali 
the space of the bio-system as much as on its own, “compressed” until zeroed - time. instantaneously distributed in 
this manner genome-wave programs, isomorphic materially, perform in the organism “here and there at the same time’, 
therefore it is meaningless to use the semantic structure “now and then”. This is a strategic factor, incredibly vital 
‘evolutionary achievement for multi-cell bio-systems. Billions of cells of the organism ought to “know” one another and 
about one another if not everything than at least a lot and instantly. Without phenomena of “wave informational 
instantaneity” gigantic multi-cell continuum if the highest bio-systems is not capable of holistically coordinat 
metabolism, its own physiological and other functions. Intercellular diffusion of signaling substances and nervous 
processes are overly slow, inert for these purposes. Even if we suppose that symbolic electromagnetic field as quick 
{as speed of light (which is sensible supposition) take part in intercellular exchange, then this is not sufficient either. It 
must possess a mechanism of quantum non-locality and it can be applied to genetic apparatus, which may perform as. 
‘an instantly distributed quantum (wave) object, isomorphic to material chromosomes. 


1d across 


Utilizing non-locality, genetic apparatus of the highest bio-systems creates amazing phenomenon, when at certain 
moments in “compressed” space-time of bio-system “here and there”, “now and then” are working as a continuity 
providing for the organisms super-coherence, informational super-abundance, super-informed, connectedness and as 
‘result integrity (survival). As a manifestation of thes 
land tissues in inferior organisms (hydra, worms, amphibians, lizards, Crustacea), the ability which has largely been 
lost by humans. However, it may be activated considering principles of wave self-organization processes that we 
advance and develop in this paper and in our experiments. 


phenomena one can observe regenerative abilities in organd 


As an illustration of these phenomena serves the very first successful grafting of implanted donor's tissues in a blind 
human with recovery of vision [Muldashev, 2000]. As a foundation (ideology) for such surgeries and regenerative 
processes were used our models of morphogenesis and holographic memory of genome. The key moment of this, 
‘surgery was utilization of donor's retina as a hologram and intercellular substance (alloplant) as systems of additional 
coordination post-embryonic morphogenesis of the eye, which was in fact predicted earlier [Gariaev, 1994]. 


Meanwhile these theoretical-experimental researches here are tentative and initial and require physics-mathematical 
foundation and consideration and advancement. For that reason we show formalized model of photonic-radio-wave 
processes, brought in to existence when laser beam is interacting with the substances, processes, which can be view 
{as foundation of PLRS and one of the version of quantum informational events in chromosomes. 


‘The fundamental grounding of our ideas lies in theories of localization of light in dispersing space-correlated systems. 
‘The Phenomenon of localization of light received a wide acknowledgement since 1985 after works of [Albada, 1985]. 
Today it is one of most dynamically developing spheres in physics, closely interrelating with such issues as, for 
instance, quantum teleportation, new methods of recording and reading information and so on. 


+ Mathematical Modeling of solitons on DNA 

+ By Peter Gariaev (https://www.facebook.com/Peter.Gariaev) in Wavegenatic 
{(https:/iwww.facebook.com/groupsiwavegenetic/) 

+ Mario Salerno was the first to experiment with solitons on DNA on computer not only as formal mathematical 
structures but also tried to link their behavior in a mono-dimensional space of poli-nucleotides with their bi 
genetic, or more accurately with their epi-genetic functions. He had been developing the first soliton model on. 
DNA proposed by Englander and et al. This model and its more detailed vari 


jons including ours (see further 
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below) is represented in term of mechanical systems as a chain of oscillators (DNA base) linked by resilient non- 
linear sugar-phosphate connections. Following Salerno we have paid particular attention to objectively existing 


known DNA sequences and thei effects onto solitons behaviour. 


In the first stage we have replicated his experiments yet on significantly longer DNA parts. Indeed, solitonic kink 
excitations are sensitive to the place of their initiation; their motion along one of DNA chains (when they are 
opened as a result of temperature fluctuations) is accompanied by specific modulation of kink trajectory in time 
and in single-dimension space of poly-nucleotides. Such solitons are structures that emit electromagnetic and 
acoustic fields; their inner oscillation structures are capable of reflecting and retranslating texts and other 
symbolic structures of DNA in to into and out of cellular space at least at the level of large blocks of sequences. 
‘As an example behavior of kink on a fragment of singular DNA chain, which is 1020 nucleotides long from a virus 
of bird sarcoma 


C(orS) area of DNA (1 1020 nucleotide) on 3'-end of virus of bird sarcoma contains several “semantically” 

certain areas such as polypeptide-coding area (between 558 and 675 nucleotides); PolA (936) 3'-end of virus 

RNA, poly-adeniling site; 916 nucleotide - 5’-end of virus RNA (“capping site”); Red-sector -() ~ short end replica 

of the virus genome; Pro — possible component of observing the transcription (between 870-9000); palindrome — 
‘pin” (870 912) . 


(8' beginning) GGC CTA TGT GGA GAG GAT GAA CTA CGT GCA CCG AGA CCT GCG GGC GGC CAA CAT CCT 
GGT GGG GGA GAA CCT GGT GTG CAA GGT GGC TGA CTT TGG GCT GGC ACG CCT CAT CGA GGA CAA CGA 
GTA CAC AGC ACG GCA AGG TGC AAG TTC CCC ATC AAG TGG AGA GCC CCC GAG GCA GCC CTC TAT G6C 
(GGG TTC ACC ATC AAG TCG GAT GTC TGG TCC TTC GGC ATC CTG CTG ACT GAG CTG ACC ACC AAG GGC 
(GGG GTG CCA TAC CCA GGG ATG GGC AAC GGG GAG GTG CTG GAC CGG GTG GAG AGG GGC TAC CGC ATG 
CCC TGC CCG CCC GAG TGC CCC GAG TCG CTG CAT GAC CTT ATG TGC CAG TGC TGG CGG AGG GAC CCT 
GGA GGA GCG GCC CAC TTT TCG AGC TAC CTG CAG GCC CAG CTG CTC CCT GCT TGT GTG TTG GAG GTC 
GCT GAG TAG TGC GCG AGT AAA ATT TAA GCT ACA ACA AGG CAA GGC TTG ACC GAC AAT TGC ATG AAG. 
AAT CTG CTT AGG GTT AGG CGT TTT GCG CTG CTT CGC GAT GTA CGGGCC AGA TAT ACG CGT ATC TGA GGG 
GAC TAG GGT GTG TTT AGG CGA AAA GCG GGG CTT CGG TTG TAC GCG GTT AGG AGT CCC CTC AGG ATA 
TAG TAG TTT CGC TTT TGC ATA GGG AGG GGG AAA TGT AGT CTT ATG CAA TAC TCT TGT AGT CTT GCA ACA 
‘TGG TAA CGA TGA GTT AGC AAC ATA CCT TAC AAG GAG AGA AAA AGC ACC GTG CAT GCC GAT TGG TGG 
AAG TAA GGT GTA CGA TCG TGC CTT ATT AGG AAG GCA ACA GAC CGG GTC TGA CAT GGA TTG GAC GAA 
CCA CTG AAT TCC GCA TCG CAG AGA TAT TGT ATT TAA GTG CCT AGC TCG ATA CAA TAA ACG CCA TTT GAC. 
CAT TCA CCA CAT TGG TGT GCA CCT GGG TTG ATG GCT GGA CCG TCG ATT CCC TAA CGA TTG CGA ACA 
CCT GAA TGA AGC AGA AGG CTT CATT 1020 (3'-ending) 


In Fig.1 and 2 the kinks appear in a form of “mountine ranges” rather tha as steps, because a derivative of sinus- 
Gordon equation function was taken. In here a horizontal axis - DNA sequence, vertical - soliton amplitude. Axis, 
to the observer - time fed at certain sequences of poly- 
nucleotide, the dynamics of that single rangelwave is notably alters too in a form of spinning-fluctuating motions 
along DNA sequence. 


Itis visible that wnen soliton’s initiation location is al 


The molecul’s area under this research is rich functionally (semantically) by biologically significant sectors and 
we are reasonably expecting that these sectors will alter, modulate, that is — will be introducingfinjecting in to a 
single chain of DNA or RNA “textual” information. This such aspect will be realized in the spectrum of solitonic 
wave fluctuations alongside poly-nucleotide chain. This spectrum will mirror sequences of nucleotide and by that 
will perform a role of the carrier of genetic information/datalmessages. Such modulation of the fluctuation 
structures is clearly observed in the presented graphs. It is plausible to believe that spectral composition of 
oscilating frequencies of solitons appear to be one of the mechanisms of text conversion of DNA and RNA 
structures in to wave form and a means of transmitting genetic and other messages in a mono-dimentional space 
alongside the poly-nucleotide chains andlor in 3D of the genome as a single cell as well as the tissue continuum 
of the bio-system. 


‘The same as Fig.1, apart from the epicenter of the perturbation — 450th nucleotide in he 


This is how the soliton dynamics computer modeling works developed by Salerno after it had been propounded 
bby Englender. Salerno gave formalism describing spin nucleotide fluctuations of DNA molecule in order to explain 
‘experimental data in hydrogen-tritium exchange in DNA. In accordance with that model, Engleder, in DNA chain 
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there can appear (under thermal radiation/noise) and distribute open states (“melting” the DNA double-helix in 
short segments enriched by AT-couples) in the form of localized dislocations. 


Mario Salerno continuing works of Englender in a simplified form, discovered influence of nucleotide sequence 
‘on none-linear solitonic dynamics of spin fluctuations of nucleotides within (oqHormxitix- word is not known by 
the translator)... DNA areas, which form such open fields (open states). Later, Yakushevich, Fedianin and 
Khomma et al. revied various generalizations of Englender's model assessing specifics of DNA structuring taking 
in to account a break in hydrogen connection when the base is opened, paired DNA chains and other aspects of 
sms, it is not shown in those works the reasons for emergence of 


reedom distinct from spinning. However, as its 


dislocations in DNA. 


We put forward a possible mechanism of that process in DNA, which is alternative to Englender’s hypothesis 
about thermal noise influence as a cause for opening the bases of couples. We think that dislocations in DNA can 
bbe triggered when the period of DNA double-helix is altered (Maslov's proposition). In our model DNA nucleotides 
are viewd as oscillators suspended on masless non-oxtendable rodipivot; sugat-phosphate links between 
neighbor nucleotides in the chain are modeled by linear springs, spiralisation along the chain is not taken in to 
account; hydrogen links between complementary bases are modeled by “gravitational” potential. Hamiltonian, as 
the following: 


in accordance with M. Salerno, liiks li 


http:lleng.wavegeneti 
(http://eng.wavegenetic.rulindex.php?option=com_content&task=\ 


EXPLORING WAVEGENETICS AND WAVE IMMUNITY.By Peter Gariaev (https:/imww.facebook.com/Peter. Ga 
Wavegenetic (https:/www.facebook.com/groupsiwavegenetici) - Edit Doc 
(https:/iwww.facebook.comlajaxidocsiinline_edit_get.php? 
‘group_id=129999910455329&doc_id=132895870165733&permalink=1&show_brief=0) THEORETICAL MODELS *. 


Ga 


v P.P,, Kokaya A.A., Leonova-Gariaeva E A., Muldashev E.R., Mikhir 


‘Smelov MV., Tertishnii G.G., Tovmash A.V., Chalkin S.F., Shatrov Y.K., Yagujinski LS. 


* Disclaimer: This translation and English text editing have been done to the best knowledge and understanding of the 
translator who is not a specialist in the field although having a good understanding of Russian language and advanced 
level of English complemented with rather good understanding of basic physics and biology. The reader is encouraged 
to seek specialist opinion in any event. Extensive resources are used to understand the concepts in order for the 
translation to be s precise and accurate as possible. Where possible Russian abbreviations are to be preferred as they 
represent the most accurate references. An approach of translating the concepts, not the discrete words, has been 
‘employed in a belief that this is the most appropriate form of conveying a thought andlor concept from one language 

+ of course a detour from this mode is taken where deomed necessary for the sake of clarity. 


into anoth 


All authors have equally contributed to the research in this paper. 


Many researchers have pointed out in their works to the dangers posed by geptil pollution to the environment and that 
it adversely and detrimentally affects health of livings organisms [http:/www-seu.ru/conference/ecoprvolgeptil.htm 
(http:iwww.seu.rulconferencelecoprvolgepti.htm]. In this present paper a possibility of principled approach to the 
development of technology is demonstrated, which allows bio-systems to trigger resistance mechanisms to protect the 
‘organism from the toxic impact of geptil substance by mean of electromagnetic fields/waves. Theoretical foundations 
for conducting this kind of research are illustrated on the following website http:/iwww.wavegenetics jino-net.rul 
(http:liwww.wavegenetics.jino-net.ru)). Prior to commencing this research/investigation in this direction, we had 
organised a series of initial model experiments with alloxan. Alloxan is a cytotoxic substance with a dominant 
detrimental effect on B-cells of pancreas resulting in to Type 1 diabetes. 


Th experimental works [Gariaev PP, Kokaya A.A] have suggested that modulated by pancreas and spleen 
modulated wideband electromagnetic radiation (MWER) generated by helium-neon laser influences upon progression 
of the experimental diabetes in rats. Diabetes is provoked by intro-peritoneal/abdominal injection of alloxan in a dose 
‘of 200mg/kg of the mass of the animal. 
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Irradiating rats with such a frequency resulted in prolonged life expectancy of the animals in the test groups when 
‘compared to the control group, leading to normalisation of blood glucose level and, crucially facilitated pancreas 
tissue regeneration process. 


‘The aim of this present paper is to assess the phenomenon of resistance to alloxan developed in animals having been 
previously preventively irradiated by MWER. For that purpose a special laser was used which features interconnected 
‘complementary orthogonal polarization of the light beam. Generation of the WER (wideband electromagnetic radiation) 
was conducted in accordance with Fabri-Perot interferometer’s scheme, where the operational laser ray many times 
passed through the thin freshly-prepared sections/samples of pancreas and spleen from a healthy rat. We believe that 
the samples specifically and uniquely modulate the laser ray in such a way that this system reveals the following 
capabiliti 


41) reinforce/enhance WER released from discharge interval of He-Ne laser; 


2) WER is parametrically connected with the sample-modulated laser ray and as a result it obtains a property of being 
biologically highly active; 


3) biological effect can be observed at relatively long distances from the source of WER; 


4) Genetical-metabolic managing/primary information is transmitted from bio-donor to the bio-recipiont. The 
information is carried by MWER (modulated wideband electromagnetic radiation) modulated by the bio-object from the 
donor 


‘As a donorlbio-structure tissue, probed by the laser beam in the present system, following can be used: living and/or 
quasi-living organisms, for instance, bacteria, viruses and also living through tissues and organs, metabolites and 
abiogenic substances, 


RESEARCH METHODOLOGY. PHYSICS’ PART 


To obtain WER modulated by the bio-structures/samples we utilized developed earlier biotechnology with use of 
helium-neon laser [Gariaev PP, Tertishni G.G. 1999]. Helium-Neon laser of 2 MW with 632.8 nm of the wavelength 
possesses two superposed, orthogonal linear polarized modes of emission, single-frequency in each of them. Laser 
ray probesiscans DNA samples/bio-structures - newly retrieved tissues of pancreas and spleen of a newborn rat Wistar 
strain. Semitransparent tissues were deposited onto a a lab glass and then covered that by a second lab glass and this 
“sandwiched” object was fixed in front of the optical axis of the laser. Adjustment of the glasses with the tissues had 
been done so as to provide partial reflection of the modulated (by the tissues) laser beam back in to the laser 
resonator. In this way we ensured a multiple passages of the laser beam through the tissues and the tissues be an 
optical correlator [Mazur, Grachev, 1985] and therefore affect redistribution of the secondary modes of the laser 


Optical signals were registered and transmitted to an electronic circuit, which governs laser's generation regimes; 
frequency stabilization of the coherent radiation is also performed at this stage. In this mode the laser generates, apart 
from the red light, WER modulated by the tissues - that is ~ the MWER itself. Distance from the target to the active 
‘element of the laser is 11em. 


RESEARCH METHODOLOGY. BIOLOGICAL PART 


Wistar strain of rats matured to reproductive stage, 5-6 months old were used, with average mass of 180-220 gram. 
Diabetes for the purposes of this experiment was provoked by way of intro-peritoneal/abdominal injection of alloxan in 
‘a dose of 200mgikg of mass of the animal after 24-hour fasting period with normalicommon levels of blood glucose 
level. The animals were divided into 4 groups: 


Group 1 control (n=20) ~ no WER irradiation; Group 2 (n=20) and Group 3 (n=20) - were subject to pr 
irradiation of WER; Group 4 (n=10) ~ placebo, where WER was not modulated by DNA samples and the laser ray passed 
through empty lab glasses without the tissues. 


iminary 


Group 2 rats were placed 20 meters from the source of MWER in the lower ground level of the lab. Alloxan diabetes was, 
provoked one month later from the day of the last irradiation by MWER. 
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Group 3 and Group 4 were placed 70 cm from the source of MWER. Alloxan di 
day after the last irradiation by MWER. 


tes in these groups was triggered one 


Irradiation by MWER of Group 2 and Group 3 was being performed daily for 30 minutes during 4 days scheduled as 
follows: 10 minutes irradiation by MWER (modulated by samples of pancreas), 10 min irradiation by MWER (modulated 
by samples of spleen) and 10 minutes irradiation by MWER (modulated by samples of pancreas). 


Group 4 ~ placebo - was being irradiated by WER not modulated by any samples the laser beam though passing 
through the empty lab glasses ~ for 30 minutes daily during 4 days. 


Group 1 ~ control - was not subject to the irradiation by WER nor was it by MWER. 
During the experiment we assessed general health condition of the experimental animals, recorded the death date for 
the animals from the moment of alloxan injection, in all observed groups. The animals of Group 2 and Group 3 were 
‘observed for 1.5 months from the day of alloxan injection. In 8 animals from Group 2 and 3 were recorded with the 

@ rats from Group 2 and 5 rats 


reproductive function still active when the blood glucose level reached its peak valu 
from Group 3). 


Measurements of the blood glucose level wore performed by glucometer Ascensia Entrust made by Bayer. 
Measurement range of the glucose level spreads from 2.0 mmolll up to 30.6 mmolll. Measurements of glucose level 
higher than 30.6 mmol/l were marked as HI. 


Removal of heart- lung-liver- kidney- spl 
description and histological analysis i 


ind pancreas- tissues was done in order to perform microscopic 


Group 1 ~ control - on day 3 and 4 after alloxan injection which corresponded to the highest death rate of the animals; 


Group 2 and 3 on the day 8 from the alloxan injection, and also on the 42 day of th 
reproductive function in male animals. 


xperiment after assessing 


For histological analysis purposes the tissue had been fixed in 10% neutral formalin, dehydrated in spirits of increasing 
‘concentration and then si 
microtome Leica SM 2000R, were colored in hematocsil 
footage was obtained by using CCD-cameras. 


led them in paraffin wax. Paraffin sections of 5-7 micro kilometers thin were obtained on 
‘eosin and then analysed by microscope Leica DMLS. Video 


Statistical survey ofthe exporiment's results were conducted by means of using statistical software suits “Stastica 
6.0", MS-Exel” for Windows. Degree of accuracy (p) was determined using Student criterion, employing confidential 
cooffcient and a digit of degree of freedom (1) in accordance with tab 

been performed in compliance with commonly known formulas on a PC. 


Calculations of all mathematical values had 


Res 
groups developed di 
rate of the animals in within the groups. On the contrary, in Group 2 and 3 we observed resistancelincreased immunity 


arch in this series of experiments revealed that application of the said dose of alloxan in control and placebo 


jetes complicated by toxic damage of live-crucial organs and systems. This led to low survival 
in the animals to the detrimental/destructive offects of alloxan expressed in various degrees. 


Group 1 ~ control - survival rate after alloxan injection of the animals on the day 2 was 55% yet by the day 4 it went 
down to 30% (Fig.1). Glucose level in Group 1 animals on day 2, 3 and 4 is reliably distinct (p<0.05) from the initial 
valueiievel (Table 1). Animals dying in Group 1 (control at terminal stage were put down by euthanasia (5 rats), organs 
used for patho-morphological analysis. There was no discrete/spontaneous reduction in glucose level in Group 1 
(control) within the period of monitoring. However, there was one rat exhibiting resistance to alloxan and its blood 
‘glucose level remained within the limits. Table 1. Blood Glucose level over time in animals after alloxan injection, dose 
‘of 200mgikg of the mass 


* «blood glucose level in Group 3 by the 2nd, 3rd, and 4th day of initiating alloxan diabetes is different (p<0.05) from 
the level of glucose in blood of the animals in Groups 1 and 2 by the 2nd, 3rd, and 4th day, and is also different (p<0.05) 
from glucose level in blood from the animals in Group 4 by the 2nd day; 
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blood glucose level in Group 1 by the 2nd, 3rd, 4th day is in fact different (p<0.05) from the initial level; 


blood glucose level in Group 2 by the 2nd, 3rd, 4th day is different (p<0.05) from the initial level; 


= blood glucose level in Group 4 by the 2nd day is different (p<0.08) from the initial le 


‘sim Group 4 by the 3rd and 4th day of observance there was one survived rat. 


All animals wer 


injected alloxan ~ 200mg/kg of an animal mass. Group 1 (control) was not subject to WER or MWER. 
Group 2~ MWER was conducted; the animals were places 20 meters from the source of emission. Induction of alloxan 
diabetes was effected one month later after the last radiation by MWER. Group 3 ~ MWER was conducted, animals wore 
located 70 cm from the source. Induction of alloxan diabetes was done one day after the last radiation by MWER. Group 
4 placebo - was irradiated by WER - not modulated by DNA samples (that is to say that the laser beam was passing 
through the empty lab glasses). The animals were placed 70 cm from the source of the emission. Alloxan di 

induced a day after the treatment. 


font from the initial one (p<0.05). 80% of 
ed alive by day 4. This was considerably at variance with what we 


Animals in Group 4 ~ placebo - were observed with altered glucose level di 
the animal survived by the day 2 and only 10% rem: 
‘observed in Group 2 and Group 3; Group 1 exhibited lower death rate and survival was at 30%. (Fig. 1) 


Preventive irradiation by MWER significantly influences the alloxan diabetes progression in the animals of Group 2 and 
Group 3 (Figs. 1, 2,3, Table 1) and is accompanied by safeguarding, cyto-ptotective effect. (Fig. 4). That had been seen 
in both abovenamed Groups despite the fact that di 
preventive irradiationitreatment 


9 in Group 2 was induces a month later after the last 


Survival rat 


in Group 2 (n=20) reached 90% by the 3rd and 4th day from the moment of alloxan injection (Fig-1) which 
is significantly distinct from survival data obtained from the control Group (30%) and in the Group 4 (placebo) (10%). 


Glucose level increase (p<0.05) is observed in Group 2 animals by day 2, 3 and 4 when compared with the initial value 
(Table 1). By the 4th day 13 animals in Group 2 (65%) the glucose level in their blood was 14.5 mmol/l, whereas 5 


animals (25%) from the same group were observed with normal physiological level of glucose (Fig.2) 


Glucose level in Group 2 by the 4th day is (p<0.05) different from the init (Table 1). By the 7th day in Group 3 
survival rate decreased to 75% (out of 20 animals with hyperglycemia 5 animals died) and remained at the same level 
up to the end of observation term (1.5 months Fig.) By the 8th day euthanasia had been conducted to 6 animals from 
Group 2 and tissues wore extracted for patho-morphological analysis. The other 9 animals were observed for a period 


‘of 1.5 months. It is important to note that from the day 8 up to 1Sth animals with hyperglycemia a reduction in glucose 
level was observed (Fig. 2). 


However by the 18th day 4 animals of Group 2 regained the hyperglycemia (more than 30,6 mmol) which remained 
‘during the entire observation period. The overall h isfactory. 
Similar results were present during our previous experiments (Gariaev, Kokaya et al, 2007). The other § animals 
maintained normal level of glucose. 


Ith condition of these 4 animals were assessed as 


Reproductive functions were noted in 3 animals of Group 2 with hyperglycemia (glucose level over 30.6 mmol!). These 
animals gave birth to healthy multiple posterity. After 1.5 months tissues were extracted for the analysis. 


Fig.2 Effects of preventivelpreliminary irradiation by MWER on progression of alloxan induced diabetes in Group 2. 
Alloxan was injected at 200mg/kg dose one month after the preventive irradiation by [MWER] modulated wideband 
‘electromagnetic radiationvfield. The irradiation was being performed for 4 days, 30 minutes in each day. Distance from 
the radiation source ~ 20 meters. The irradiation schedule: 10 min irradi 
10 minutes of the spleen tissues, and for 10 minutes ~ pancr 
injection. 


jon time using tissues of the pancreas, then 


s tissues. The beginning is the day of the alloxan 


‘The most manifested effects were observed in Group 3 located at 70 cm distance from the source of the modulated 
waves. Alloxan diabetes modeling was performed one day after the irradiation by MWER ended (Fig.1,3, Table 1). Every 
‘animal in the Group survived. We observed 100% survival rate during the entire period. itis clear that 90% of animals 

retained their normal physiological glucose level during the 1.5 month of observation, which is clearly different (p<0.05) 
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from the control Group, Group 4 and Group 2. 


However 2 animals from Group 3 by the day 6 of the experiment had excessive glucose level increase of 20 mmol/l with 
‘subsequent reduction to the normal level. On the 8th day of the experiment6 animals were performed euthanasia for a 
patho-morphological analysis. Reproductive function could be detected in 5 animals of Group 3. All the animals gave 
birth to a healthy posterity. 1.5 months later tissues from 6 animals from the same Group were taken for the analysis. 
Glucose level was at normal levels. Health condition of all the animals of Group 3 was satisfactory. 


Fig.3 Effects of preventivelpreliminary irradiation by MWER on progression of alloxan induced diabetes in Group 3. 


Alloxan was injected at 200mg/kg dose one day after the preventive irradiation by [MWER] modulated wideband 
‘electromagnetic radiationfield. The irradiation was being performed for 4 days, 30 minutes in each day. Distance from 
the radiation source ~ 70 centimeters. The irradiation schedule: 10 min irradiation time using tissues of the pancreas, 
then 10 minutes of the spleen tissues, and for 10 minutes ~ pancreas tissues. The beginning is the day of the alloxan 
injection. 


After histological analysis of the pancreas tissues in Groups 1,2 and 3 a number of distinctive features have been 
‘observed (Fig.4). Histological picture of the pancreas tissues from animals of control Group was cjaracterised as 
having clearly visible degenerative alterations of Langer Islands (Fig.4b). The number and size of the islands are 
reduced, they are of unusual and irregular form. Quantity of B-cells is sharply reduced and in most of them cytoplasmic 
vacuolation was observed, the nucleus size decrease, chromatin condensation and cariopicnose in some of the cells. 
Gathering of lymphocyte infiltrate had been revealed around and inside of the islands. 


In Group 2 by the 8th day histological situation if pancreas tissues could be described as having damaging processes 
‘of various degree: the islands were reduced in size, of irregular form, B-cells reduction, the total portion of insulin 
apparatus in the islands was significantly reduced. Only a rolatively small part ofthe islands apparatus maintained 
rather preserved (intact ) structure (Fig. 4c). 


Situation in Group 3 by the 8th day after modeling alloxan diabetes was considerably different from the control Group 
and Group 2. Along with the pathological processes in the tissues of pancreas in question, there was also observed a 
large quantity of islands, large as well as medium and small sizes with lightened cytoplasm, of normal spherical form, 
large roun nucleuses containing the core (Fig.4e). 


A month and a haf later histological situation in Group 2 was also described as having damaged islands’ apparatus 
(Fig.4d) 


‘As opposed to Group 2 and control Group, Group 3 after 1.5 months had hypertrophy and hyperplasia of the pancreas. 
Numerous istands of varying size and normal spherical form were noted (Fig.4f). Attention was attracted by the large 
‘number of small islands and discreete agglomeration of B-cells, where as large islands contained increased number of 
B-cells which in turn were located in a close proximity to one another. The structure if the islands and f-cells were not 
altered, the kernels in the cells were large; round, in which it was possible to locate nucleuses. 

Fig.4 Pancreas tissue structure, Langerhans islands: 


a~ intact rats: 


b— Group 4 (contro) after alloxan injection of 200mgikg dos: 


¢~ Group 2 by the 8th day from the day of alloxan injection of 200mg/kg dose. A month prior to the inducing alloxan 
diabetes, this Group was preventively treated by the irradiation and was located at about 20 meters distance from the 
‘source I the basement of the laboratory. 


d~ Group 2 after 1.5 months after alloxan injection of 200mg/kg dose. 


‘¢~ Group 3 by the 8th day from the day of alloxan injection of 200mg/kg dose. One day prior to the alloxan injection 
this group was also preventively treated by the irradiation being located at 70 centimetres distance from the source of 
radiation. 
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f~ Group 3 after 1.5 months after alloxan injection of 200mgikg dose 


Enlargement: 1 x 400, 1 x 100. Colouring agents: Haematoxylin and Eosin. 
DISCUSSING THE RESULTS 


It can be stated that a positive effect was reached by using MWER in Groups 2 and 3. Differences in the dynamics of 
{glucose level and survival rates of the animals in these two groups point to an interconnectedness betwé 
Of the irradiation by MWER and modeling the alloxan diabetes. Biological long range defensive 
with MEWR which were discovered in our previous experiments [Gariaev, Kokaya et al, 2007] has been confirmed in 
this series of experiments - this research. The effects is manifested in the glucose level dynamics in Group 2 animals 
and also in the very fact of the animals surviving in this group, when compared with control Group and placebo Group. 
In spite of the reliable data (p<0.05) suggesting increase in glucose level in the animals of Group 2 compared to the 
initial stato, and an absence of any reliable differences in the glucose level data obtained from Groups 1 and 2 by the 
2nd, 3rd and 4th day of the alloxan injection, survival rate in the Group 2 was high. Evidential hyperglycemia in 20% of 
the animals in this group did not result in to their death but were remaining | a satisfactory health condition for the 
entire period of the observation. 


Irradiation by the MWER on the animals of Group 3 facilitated development of resistive properties of their immune 
‘system to the alloxan triggered diabetes and the glucose level was at the normal physiological lever at all times for the 
‘entire period of observation (this is reliably different (p<0.05) from data obtained from Groups 1,2 and 4). Survival rate 
in Group 3 was at 100%. Having analyzed the histological data of pancreas from different Groups, it can now be stated 
that preventive irradiation by MWER in Group 3 resulted not only in cyto-protective effect on the cells of pancreas but 
also encouraged hypertrophy and hyperplasia processes in it, which, as it seems, were functioning in a compensatory 
mode. The present experimental findings are in good conformance with the results of our previous experiments 

. [Gariaev, Kokaya ot al, 2007] 


‘conducted ear! 


In this way, thr 


phenomena of MWER irradiation on the animals with alloxan diabetes were manifestly observed: 


Firstly — the factor of survival with contemporaneous and obvious hyperglycer 
‘observation with preserved reproductive functions in the 


ia within prolonged period of 
imals. 


Secondly ~ it was revealed in the previous experiments, and confirmed in the present one that MWER is facilitating 
pancreas regeneration in the ill animals in situ. 


‘Thirdly - proliminary irradiation by MWER on the animals facilitates development of resistance to alloxan effects. 


‘The recorder effects are related to the fundamental issues of “recording” and transmission of electromagnetic 
‘component of genetic information during the post-embryonic growth with wave (frequency) processes taking part in 
genome and organism as a whole. MWER, parametrically linked with photons (which in turn were modulated by the 
tissues), appears to be a carrier and transmitter of the information from the bio-donors to the bio-system (bio-organism 
which precisely and specifically receives this information as strategically superior (that is of higher topology? Of the 
sort that can manage and govern processes in the recipients organism ) ). Most likely, MWER - performs a function of a 
frequesncy (wave) trigger, which initiates “awaiting” (stand by) regenerative morphogenetic processes, of which the 
information is contained in genome of every cell. Quantum mechanisms of MWER effects on embryonic and post- 
‘embryonic processes remain to be discovered, thoughsome ideas were expressed in our earlier works. [Garyaev, 1994; 
Gariaev, 1997; Prangishvili, Gariaev and et al, 2000 (b); Gariaev ot al, 2001; Gariaev, 2003] and are being further 
advances at present. The defensive and cyto-protective action of MWER are promising field of research with rather 
‘sound perspectives. 


It may be that a specific role in the discovered defensive-protective manifestations plays a so called factor of “weak 
influence” [Chukova, 2002]. n this regard it can be put forward that the discovered effects bear endoergic character 
where even weakly absorbed energy of coherent polarized laser beam results in the increase of free Gelmgolc energy 
which is accumulated in chemical links of tissue metabolites in pancreas and spleen. For instance, atoms of 
informational macro-molecules (DNA, RNA and proteins), while absorbing light, together with the energy had by a 
‘quantum of light they gain the same momentum of quantity of motion, which creates inversed population of nuclear 
‘zeeman levels (see Zeeman effect ). Occurs so called chemical polarization of the nucleuses. In this manner, 
biochemical reactions in preparation (tissues) initiated by the polarized laser light are able to generate electromagnetic 
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radio frequencies (fluctuations). In this situation the preparations (tissues) of the pancreas and the spl 
role of specific molecular radio station where every type of molecules has its own frequency (vibration level ) which 
‘can be amplified due to stochastic resonance produced by the wideband radiofrequency gas discharge laser. 


Based on the obtained experimental data it is proposed to attempt to create a technology allowing development of 
resistance to toxic effects of Geptil/ hydrazine in animals. We suppose that the resistance to Geptil/ hydrazine and to 
many other toxic substances can be developed by influencing strategic metabolic vectors. most vital of which are ~ 
functions of genetic apparatus at quantum level http://www.wavegenetics jino-net.rul (http:/iwww.wavegenetics.jino- 
net.ru/). 


DISCUSSION OF THE EXPERIMENTAL RESULTS. 
‘THEORETICAL MODELING. 


‘The obtained data has wider implications than demonstration of capabi 
and require theoretical consideration since they relate to strategic (quantum) mechanisms of gor 
functioning of multicell bio-systems. At his stage we propose three formalized hypotheses of the wave processes while 
“reading or scanning” from bio-structures of donor genetic-metabolic wave information (data), remote addressed 
transmission of it, introduction of the information in to the bio-system-acceptor and metabolism management using 
that information. 


1. Endogenous polarization-holographic processes in bio-systems 


Wave informational scenarios — unfolding in the bio-system itself as well as during scanning by the laser beam at the 
initial phase - occur at photon level. Let’s consider that level in more details. In our previous researches we presented 
‘two- and three-dimensional models of bio-holographic management of building spatial structure of multicell organisms 
during embryogenesis.At the initial view subject to relatively stationary conditions in bio-systems (final phases of 
morphogenesis), these models are plausible. However, in living organisms statics and dynamics are paradoxically 
intertwined. 


An adult organism is relatively static spatially on macro scales and significantly changes on this plane only at the 
‘stages of deep aging. Along with this that statics are provided for by the internal space-time dynamics of metabolic 
processes on micro levels of bio-systems organization. This is a case due to the fact that metabolic processes are a 
mobile aggregate of bio-chemical-bio-physical space-time reformations of the organism's microstructures. Having 
considered the non stationary structures of bio-systems, more advanced model is proposed of endogenous 
informational polarized-holographic managing (governing) processes in multicell organisms, which 
realizedieffected at genome levels. The model reflects bio-holographic aspect of metabolism as a whole and therefore 
includes bio-morphogenesis as it specific case. The model utilizes appropriate physics-mathematical formalism for the 
polarized-holography yet extrapolates it onto probable endogenic analogical processes in the genetic apparatus of 
multicell organisms. 


‘As a foundation for the model we used our experimental data where we employer special double-polarized He-Ne laser 
( = 632,8 nano meter), having two orthogonal, linked optical modes, of which we have mentioned earlier. When such 
laser beam of this quantum generator interacts with the bio-tissues, with dynamic holographying on the oncoming 
beam (bunch) mode on, simultenious acts of recording and scanning of previously unknown information occur, the 
information about dynamic spinning fluctuating processes on optical and atomic-molecular levels. Of particular 
interest can be data obtained about genetic structures andlor living cells. The entire informational structures of an 
‘organism, including DNA, RNA and proteins, are optically active, that is to say they are capable of spinning light 
polarization planes and they are dichroic difference between absorption of right- and left hand polarized light. 
Modulations of polarization that correlate with structural-functional condition of any metabolite, present themselves as 
unique in their capacity storage of information about metabolism and its dynamics and along with it ~ that is a channel 
of intercellular photonic bio-symbolic contacts. 


Such special processes, in their polarized-holographic version, are apparently inherent to genome workings as a bio 
computer. This allows their modeling with use of the aforementioned laser. IT is capable of polarized-holographic 
recording, scanning, remote transmission and “injection” of wave commanding genetic-metabolic information from 
‘one bio-system to another. Besides, such laser performs a conversion of photons probing the bio-system in to 
wideband electromagnetic spectrum with frequencies from 2 to 0 according to mechanisms of localizing and 
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delocalizing of photons. During this stage, it is apparent, quantum non-local (teleportation) polarized connection 
across the whole spectrum of frequencies is retained (maintained, saved), including radio waves. Utilization of such 
laser as reading-transmitting photon-radio-wave system, imitating analogical wave-bio-computer-symbolic non local 
processes intercellular communications provided with opportunity to carry out remote wave transmission of primary 
Imanaging genetic-metabolic information from donor's bio-system to recipient's bio-systems (so called addressed 
transmission ). In the light of this fact it seems rational and vital to attempt presentation of more advanced formalism of 
bio-symbolic photon-polarized-holographic processes in chromosome apparatus of higher bio-systems, all the more 
‘s0 that the radiowave equivalent of these processes possessed strikingly distinct morphogenetic potenci 


Let’s record vector diffraction Kirchhoff's integral in paraxial approximation, which describes wave field, for instance 
photon field, formed by non-stationary bio-system’s fragment. This sort of field may radiate from liquid crystal 
continuum of chromosome (LCCC) in vivo. Such emission may be expressed by the following: 


For the purpose of simplifi 
translucent light. 


ion we will consider that non stationary LCCC is not a function of frequency of 


Both polarisational modes of coheren laser light are depolarized by geno-symbolic acoustic LCCC and are partially 
clliptically polarized. With this, they can interfere forming speci-structures, and their total intensity is transferred from 
‘one mode in to another by means of earlier postulate manner [Prangishvili, Gariaev et al, 2000 (b)]- 


Modified Johns’ vector of every passed orthogonal polarized waves immediately behind the object may be presented in 
the form of partially coherent orthogonal components of elliptical polarization 


In a bio-system in the composition of LEC (with only one polarizational component) we use as a hypothetical a 
carrying wave, which passed, for instance, through infinitely narrow time shitter lock, possessing  - figurative 
characteristic of time transmission (perhaps “gating”). Such a shutter lock completely depolarizes initially polar 
wave. The resulting wave, passed behind the gating lock, has continuous spectrum in the whole diapason with e 
distributed spectral density, wher 
clliptical polarization: 


nly 


as the modified vector of the carrying wave has a form of orthogonal basis of 


Parameters of the total ellipse p and g are defined 
(14) 


cllipse’s polarization component of every basis A and B, as in Ref 


Endogenous biological registration of the summary wave field (5) pertaining to LCCC as a basic element of DNA-wave 
bio-computer, assumes presence of polarization-sensitive environment in organisms, which is not selective of any 
particular spectrum across the whole range of active frequencies (similar to the non stationary fragment of biological 
object, for instance LCCC). 


Due to the polarization characteristics of the inducing light in a light-sensitive registering environment of LCCC, photo- 
anisotropy and photogyrotropy are created (are produced ). To describe the vector photo-response polarized-sensitive 
environment functions of isotropic , anisotropic - and gyrotropic reactions are introduced, which are constants for 
every frequency of the active spectrum. Using Johns’ matrixes and rules of their construction for cases of partially 
polarized inducing irradiation, for the resulting Johns’ matrix we g¢ 


where -LCCC’s hologram fragment size 
+ distance between the point on the hologram surface and the point of observation. 


‘Than, successively substituting in (17) expressions for matrixes (10), (14) and (18), let's define formed by the hologram 
zero, imaginary and real depiction: 


Itis only now that we can determine, what endogenous or/and exogenous wave for 
an organism is necessary to uti 


‘as a reconstructing one in order to obtain in the imaginary style regeneration of the 
required fragment of the wave image of the shaping bio-system. In order to do so itis essential to determine their 
vectors and corresponding values of matrix. It appears that with precision of up to constant multiplier own vectors of 
matrix ar 


It follows that regeneration is performed by a wave identical to the one used while recording by the carrying wave. So, 
as apparently, in bio-systems at LCCC level recording and reconstruction ensue ither simulteniusly or in accordance 
with the last equation, then the reconstructed imaginary depiction corresponds to the real one and it is not subject to 
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any distortions. The latter is principallycrucial for preservation of the wave images-vectors of morphogenesis, which 
‘compensate physiologic-bio-chemical and mechanical non-stationary st 

in particular. Nonetheless, non-stability of strategic photonic-images of organism's structures will occur though in term 
of long lengths of time while aging and its pathological states, for instance in the case of cancerogenesis. 


of the bio-system as a whole and its LOCC 


For a passed wave without diffraction the zero depiction has the following appearance: 


‘An analysis of the last correlation shows that with precision up to its multiplier it contains complete reconstruction of 
‘space-time structure as well as polarization characteristics of the field of its non- stationary object wave that have 
passed through, for instance, LCCC. These photo or/and radio wave dynamic structures are, apparently, used by 
multicellular organisms for their own organization in their own space-time since these structures-images completely 
retain the true real calibration size without deformations imposed by non-stationary bio-systems and reproduce them 
in adequate sizes require for a developing or an adult organism. In accordance with the reconstructed wave gradients 
‘scanned polarized holograms occurs 4D organization of metabolic “fluxes' 
morphogenetic motions during embryo genesis and also partial regeneration of bio-systems in case of them having 
been damaged. In other word what occurs is calibration of dynamic potential space-time of bio-system. 


“streams”, cellular architectonics and 


Under polarized-holographic-bio-control we imply endogenous or intentional (artificial) modification of reci 
structure and condition as a result of controlling holographic operations from donor's side. In our case the holographic 
‘signal, which was modulated by healthy samples (tissues, cells) of the donor, is transmitted and recorder onto donor's 
diseased (ill) cells in form of a hologram. Further, the process of control occurs as follows: in the beginning from the 
modified cells of the recipient by means of regenerative wave the holographic image of donor's healthy cells is 
‘scanned. Itis reconstructed in terahertz wave diapason as a 3D image encompassing every recipient's cell together 
with its content. 


Mainly, there exist two forms sources of regenerative wave. First form is endogenous. In this instance the processes 
flow due to innate reserves i 


“internat” irradiation (emission) of the neighbouring cells. Second form appears to be 
‘exogenous reconstruction, when the sources are external emitters. Both forms of sources operate in the recipient's, 
cells and act simultaneously and continuously, regenerating and complementing the same image of donor's healthy 
cells over and over again 


According to gradients of intensity of donor’s reconstructed cell images, as, growth and 
regeneration of recipient's damaged (ill) cells occur. The cells of the recipient “assume” a role of a photographic film 
(Plate), in which a hologram of the healthy cells is recorded. Processes of the growth and regeneration, flowing 
analogically to processes of photo-tropism, require certain length of time 

partially transfer to healthy ranking and partially destroyed. Products of such decomposition are diverted out of the 
recipient's organism. 


In the upshot the recipient's “sick” cells 


‘That being so, during the replacement process of recipient's cells by healthy ones, analogous to those of donor's, 
‘occurs polarized-holographic-control which is in effect germination of the recipient's damaged cells biomass in to 
offered to them dynamic holographic form of healthy donors cells. As a consequence, while controlling the process, 
the form and dynamic state (condition) of recipient's cells is gradually modified under the controlling signal ~ 
“pattern”, obtained from the donor. 


Needless to say that this form of “pattern” is much more complex than those seen in simple controlling systems. It 
‘sets spatial distributions terahertz signal on gradients of which the growth and formation of live cells in recipients 
‘occur. Therefore acts of growth and formation of recipient's cells happen in line with bio-chemical laws, which control 
their vital functions, and the “pattern” signal sets a program or guide of growth for young cells’ structures. and 
modulation of processes in them. 


For more comprehensive description of internal working mechanisms of holographic circular-polarized informational- 
laser transformation in live organisms it is necessary to have a fair good understanding of basics of polarized-dynamic 
holographic theory and informational exchange between recipient's live healthy cells and all other cells included in 
‘organs and tissues of the ill organism. When dealing with these issues we utilize de 


‘Transmission of modulated information from donor to recipient occurs by means of rectilinearly propagating 
longitudinal mutually entwined waves, carrying multilevel modulated information. For the short distance transmissions 
‘we can use a term of cellular nucleuses — optical poliaroids (polarizers?), where as for longer distances ~ a term of 
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‘quasi lenses (objectives) (he! ence to some previous papers). Let's look in to description of such process 
proffered for purposes of registering color holograms without using lasers [Alexanderov, 1996]. When adapting it to a 
bio-systom, we outline requisite conditions for realizing non-coherent polarized-holographic method of control 
(management). It ought to be noted that in such systems, having done microscopic studies of the systoms, it was 
discovered long ago that they have microscopic polarisers, i.e. cells’ nuclouses, as well as optically active protein 
‘substances, which spin the polarizational plane of emissions that are passed through them. These aspects are long 
knowng to researchers [Bischof, 1995], however until now this observed phenomenon was neither explained not 

od. 


uti 


Holographic transmission function can be defined on the basis of Fourier transformation of equation (13). To remind, 
the wavelength of the probing signal is not included in this formula therefore that wave can be selected from wide 
range of waves light, electromagnetic and acoustic diapason. The created hologram encompasses whole information 
about spatial coordinates features of donor's bio-object being holographed, or about spatial distribution of all donor's 
points in relation to holograph registering planes of recipient. 


So the resulting solution of the task is, generally speaking, analogical to traditional approach. At the same time the 
method put forward is fundamentally different from other known interferential methods and possesses certain 
advantages. 


Firstly, instead of some way 
ability of optically active environments and spat 
recording polarized-dynamic hologram of donor (provided that there is motion in donor's cell in non-coherent wi 
‘spectrum irradiation of the recipient) 


sngth with its monochromatic features and coherence we use dispercing spinning 


3! locally-distributed polarizational filtration. This is sufficient for 


Secondly, this method allows uncovering the reasons of vibro-resistance when registering and reconstructing 
holograms without laser sources of light inside bio-systems in terahertz diapason of waves. It efficacy is determined by 
the value of polarized-optical spinning ability and thickness of the optically active environment . It is known that 
‘spinning ability of certain liquid crystals reaches 40000 degrees/mm, which when used in holographic information-laser 
convertor is sufficient for polarized-holographic transmission of information and accordingly holographic controlling 
of the biosystem’s structures and processes. 


Experimental works on wave interaction in living systems were actively been initiated in 1980s. In the beginning these 
included researched on interactions between cells [Kirkina et al, 1981; Molchanova, 1985], followed by researches on 
interaction of living organism [Burlakov et al., 1999]. These works were successfully furthered by A B Budagovski et al. 
[Budagovski, 1990; Budagovski, Evseeva, 1995; Budagovski et al, 1997; Budagovski et al, 2001]. It was shown that 
there is a communication and exchange of information of non-chemical (wave, coherent) nature. Such kind of 
interchange processes, occurring with participation of bio-regulatory signals and occurring without molecular and ion 
carriers of that information, were labled as processes of remote intercellular interaction (Rll) [Budagovski, 2004]. 
However it seemed incredible that weak electromagnetic cellular signals can produce controlling influences against the 
background of strong 

that with coherent reception light and other electromagnetic non-coherent noises with approximation are zeroed where 
‘as those weak coherent and deterministic signals can accumulate [Tertishni et al, 1997, 1998, 2000] 


lectromagnetic interfering signals of natural and technogenic origins. Nonetheless it appears 


In the last years these works have received the deserved advancements in the Institute of management issues. In 
particular, utilization of polarized-dynamic holography, which allows formation of little movable polarizational rings. For 
urposed of transmitting undistorted image of every donor's point to the remote recipient's zone, a sensory quasi 
objective (lenses) were created, and on its basis a holographic device designated for experimental testing of 
holographic controlling possibi 
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‘The history of wave genetics has been developing for more than 80 years. In 20s and 30s of the last century Russian 
scientists, A G Gurwitsch and A A Lubishev postulated that not only does genetical apparatus of living organisms on 
the Earth operate at material, physical level but also at certain wavesifields level and is able to transfer genetic 
datalinformation via electromagnetic (EM) and acoustic waves. The science has recently taken a major leap in its 
advancements of the theory and reproducible experiments and thus the theory of wave genome has been put forward. 


‘One of the first attempts to rationalize and expound the wave genome theory in Russia had been made by P P Gariaev 
and A A Berezin from the department of Theoretical Matters of Russian Academy of Science, and also with 
Participation of A A Vaciliev, a fellow member of Institute of Physics of Russian Academy of Science. As a theoretical 
foundation, principles of coherent physical radiations, holography and solitons, theory of physical vacuum, fractal 
representation of DNA and human verbal expression/speech have been employed to describe and substantiate the 
‘empirical results obtained through many experiments conducted. 


‘The quintessence of the wave genome theory may be represented as following: 


‘genome of the highest organisms is considered to be a bio-computer which forms the space-time grid framework of a 
bio-systems. 


In that bio-system, as the carriers of a field epi-gene-matrix - wave fronts are being used, which are assigned by ger 
holograms and so-called solitons on DNA - distinct type of acoustic and electromagnetic fields, produced by 
biogenetic apparatus of the organismibio-system under consideration and being a medium of strategic regulatory 
datalinformation exchange between cells, tissues and organs of the bio-system. 


Itis also vital to note that the holographic grids/frameworks, which are also the elements of fluctuating structures of 
solitons, are, in fact, discrete simplest cases of code-originated information, anchored in chromosome continuum of an 
organism. 


‘At present the dominant viewpoint in respect of genetics and molecular biology is that : 
1. the genetic apparatus functions as a purely material structure 

2. all the functions of genetic control of an organism occupy approximately 2 % of DNA of a bio-system and fulfill 
designated functions such as replication of RNA and proteins, so called coding DNA of an organism. The other 98% is. 
considered to be “junk DNA” not carrying out any genetical functions, which may represent a graveyard of virus DNA. 


‘The biologists and goneticists uso the language of analogies and metaphors to explain how genetic apparatus 
‘operates. The genetic apparatus consisting of 46 chromosomes is viewed as a library consisting of 46 volumes or 
books. Each book (a chromosome), contains a text (instructions of how to build an organism) which consists of 
‘sentences (DNA) consisting of words (genes). And each word (a gene) consists of 4 letters (certa 3 otters"), 
ie. the “genetic alphabet” consists of only 4 “letters”. The material realizations of the DNA molecules are famous 
double holixes, consisting of segments which are gones. In essence, genetic apparatus operates as follows. Tho texts, 
, aro first translated by the organism into the “RNA language” and then into the “Protein 
. And proteins are the stuff that we are mostly made of (not counting water). Proteins perform two principle 
functions in the organism: they metabolize substances that we eat and participate in the morphogenesis, 
development of the spatial-emporal organization of an organism. 


“chemi 


Itis to be pointed out that the primary focus of the wave genome theory is on the remaining aforementioned 98% of 
chromosomes as being the key “intellectual” structure of all cells of an organism including the brain. Itis those 
chromosomes that operate on the wave, on the “id 


It the ideal component, that may be called super-gene-continuum, is a strategic vital figure/formation that ensures 
development and life of humans, animals, plants and also their programmable natural dying. Along with that, itis 
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important to conceive that there is no sharp and insurmountable distinction between genes and super-genes. Both 
these levels of encoding constitute material (physical) matrixes, however genes supply material repli 
of RNA and proteins, whereas super-genes transform endo- and exogenous fields, forming from them super-gen 
‘signal wave structures. Furthermore, the genes may be components of holographic grids/frameworks of super-genes. 
and supervise their field activity 


ions in the form 


Particular attention in the wave genome theory should be devoted to substantiating of the unity of fractal (replicating 
itself on varying scales) sequence structures of DNA and of a human speech. in 1990 Joffrey Delrow discovered four 
5” of the genetic alphabet (Adenine, Guanine, Cytosine and Thymine) in DNA “text 


form fractal structure 


Later on, a discovery of similar fractal structures in a human speech, not limited to multy-letter alphabets of Russian 
and English texts and including a sequence of words from those texts came as a promising surprise for both genetics 
ical Linguistics”, which 
3pplication of laws of Formal Genetics to formation of interlingual 


and linguists. Nonetheless this is in accordance with a branch in semiotics named “Ger 
studies incomprehensible and unexplainable pre 
and intro-lingual words-hybrids. 


‘A group of scientists headed by P P Gariaev and M U Maslov, developed a theory of so called fractal representation of 
natural (human) and genetical languages. Within the confines of this theory it is said that the quasi-speech of DNA 
possesses potentially inexhaustible “supply of words” and, moreover, what had been a sentence on the scales of 
DNA~“texts” “phrases” or a “sentence” becomesiturns into a word or a letter on the other scale. Genetical apparatus 
can be viewed as the triunity of its structure-functional organization consisting of holographic, soliton and fractal 


structures. 


This theory allows a refined quantitative comparison of symbolic structure of any texts including genetical. Thereby a 
possibility has been wide open to approach a deciphering of a lexicon of one’s own gene-code, and accordingly, more 
accurate composition of algorithms of addressing a genome of a human with an aim of potentially any type of 


programming of one’s vital activity such as treatment, increasing one's life expectancy and so on and so forth. 


Empirical tests of wave genetic theory in the light of 
‘stance and direction of the research. 


peech” characteristics of DNA demonstrate strat 


ly correct, 


Phenomenal experimental findings may be briefly presented here. For the first time in history of the science we 
ic datalinformation to function on more 


‘Over decades, having been conducting extensive theoretical researches, we successfully managed to formulate 
theoretical biology and physics-mathematical description, explanation and substantiation of fundamental principles of 
{genetic apparatus functioning on the wavelfield level. 


‘These principles allowed us to design and create a quantum bio-computer essential element of which is a specially 
tuned laser beam with certain wavelength and frequency characteristics. 


‘The quantum bio-computer can perform: 


{canning and reading the waveifield equivalent of the genetical-metabolic data from the (stem) cells, tissues, organs 
of a donor's bio-system employing photon of the laser beam; 

ii. Conversion of the photons obtained into wide-wavelength-band preserving the scanned and read data; 

il, Precise and pointed introduction of such scanned and converted principal/dominant data radio waves into the 
‘organism-recipiont, located at a certain distance from the donor's bio-system (from few centimeters to 20 km); 

iv, Strategic control/management of metabolism and postembryonic morphogenesis of the organism-recipient 
according to two vectorsimodes: 

‘a. “Do asiwhat | do” ~ that is holographic principle, and 

b. Wavelt ing required programs in the stem cells of, for 
instance, rats; programs that direct/guide the stem cells development on their way of, as in our experiments, building 
pancreas gland in rats. These vectorsimodes ar 


Id transmission of a signal that contains commands activ: 


intended to be used on humans. 
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To the Question of Work Made by Electrostatic Field. A.V. Frolov (Russia) 
‘Comments to Electro-Reactive LIFTER News. 

Letters from Readers. 
‘Advertisements (books) 


syso2018 Biohologram DNADS - Holographic Archetypes, by Iona Miler, 2017 
At present we 
‘The quantum bio-computer initiates wavelfield-based commands, given to cells and tissues of the donor/reci 
accordingly the stem cells exposed to the wavesifield will be prompted to guided cytodifferentiation leading to 
‘emergence and development of plannediprojected new organs and tissues. This will bring us closer to the fact of 
‘substantially increased life expectancy. 


able to program/managelencode stem cells of various types by means of a quantum bio-computer. 
nt, and 


Significant achi 
previously destroyed by chemical substance called alloxan 


ments in applying WaveGenetics have been made thus far in regeneration of pancreas in rats 


‘Three series of experiments with identical protocol were conducted by the groups of P. Gariaev in 2000 in Moscow 
Russi 


in 2001 in Toronto, Canada, and in 2005 in Nizhni Novgorod, Russia, These are more advanced experiments 
based on the principles and technology of WaveGenetics. The goal of the experiments was to test new technology for 
regenerating damaged pancreas. Pancreas is an endocrine gland which has several vital functions, the major one 
being production of insulin, a hormone responsible for sugar metabolism. 


A-control group of rats was injected a lethal doses of a poison called alloxan which destroys pancreas. As a result, all 
the rats in the control group died from diabetes in 3-4 days. Then the same lethal dose of alloxan was injected to 
another group of rats. And when the rats reached the critical condition, they were exposed to light imagesiwaves 
‘coming from a quantum bio-computer. Those light imagesiwaves were created beforehand when the bio-computer read 
information from the pancreas surgically removed from healthy newborn rats of the same species as those used in the 
alloxan experiments. 


‘One can explain the results of the experiment using the following analogy. The pancreas gland contains DNA-movies 
with information about healthy condition of the pancreas in its genetic apparatus. And this video morphogenic 
information programmed the stom cells of sick rats to regenerate their pancreas gland. Combined statistics for all 3 
1s of experiments is as follows. Altogether, around 90% of all the rats had their pancreas gland restored and their 
health recovered. 


In some of the experiments the quantum bio-computer was modified to allow successful transmission of the healing 
information to sick rats at the distance of 20 kilometers. Note, that no known physical fields have the capability to 
transmit such extremely week signals with such unbelievably powerful results. 


Furthermore, the WaveGenetics research and application has significant prospects of solving issues as regards ageing 
process in humans and increase of life expectancy. This view is grounded on the experiments we have been 
conducting with rats. 


Itis Opportunities of technologies of WaveGenetics are not limited to what has been outlined above. The development 
and application of the technology is far-reaching and is substantiated by experimental data obtained in numerous 
tests, experiments, observations. 


In addition, it ought to be mentioned, such a technology - a quantum bio-computer, is capable of: 
+ treating oncological diseases on fundamentally distinct basis - without use of any chemical substances, 

+ eliminating pathogenic viruses and bacteria and agricultural vermin parasites ~ also without used of any chemical 
substances. 


It may soem as a technology of another age, from distant future 


However, a discovery of fundamental properties of 


living organisms is occurring today and it is our task to research and explain the phenomena and bring it to the service 
of humanity. 
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Invited presentation by Magnus Olsson at the 2017 First Annual Unity and 
Hope Conference 


Invited presentation by Magnus Olsson 


‘Invited presentation by Magus Olsson, atthe 2017 First Annual Unity and Hope Conference” This event was for targeted individuals and those concemed 
about the growing crimes of electronic harassment. 


(hitps://nanobrainimplant.com/240 £ 116650017 rviguuzdnpltxewaattixa25shzySnktd/) 


The conference was held from October 20-22 at the Mass Audubon Blue Hills Trailside Museum: 1904 Canton Ave, Milton, MA 02186, USA. This 
tion was co-produced by Marten Herebring. The speaker, Magnus Olsson, can be reached at bioniegateslive se Event Description from the 
Conference Web Site: “Our goal isto bring together as many support groups, media shows, activism groups, and organizations of targeted individuals, owe 
‘can work together and learn from each other and strategize on solutions to bring about change and end the suffering of hundreds of thousands of victims 
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‘The number of people experiencing electronic harassment an 
‘empower, and educate the community on technology, resources, and suppor 
ce, we will be able to strategically fight for free 


‘owing exponentially daily. Our hope is to come together, to build 
238. unified front attempt to educate the publi. As a result ofthis 


confe ‘and justice for the victim 


targeted crimes. 


is to unify all the groups worldwide 
ed individuals to bring friends and f 


i provide a knowl of the program and the technology. We 


round them on what invisible crimes are being 


ment gang-stalking, Hive Mind, 


By mindcontroleurope « Posted in Man vs Machine, military, Mind Control + Ta 
hybrid 


in, hybrid mind, magnus olsson, mind control, targeted individual, Targeted Individuals, Unity and Hope Conference 


Now declassified & available! Russian Quantum Leap technology enhances 
RNA/DNA, cures diseases, stops Bio hacking 


Now declassified & available online! Russian Quantum Leap enhances RNA, 
DNA & health, cures diseases ( e.g. diabetes, cancer 2), stops TI targeting. 


December 6, 2016 


Now declassified & available online! Russian Quantum Leap technology enhances RNA, DNA & health, cures diseases (e.g. diabetes, cancer ), stops TI 
targeting. 


By Alfred Lambremont Webre 


WATCH QUANTUM LEAP PANEL INTERVIEW 


Watch Russian Television RT Interview with Magnus Olsson [Seen by 14 million persons] 
Mind Control - Remote Neural Monitoring: Daniel Estulin and Magnus Olsson on Russia Today 


htips:nanobrainimplant.com/categoryimind-contrl-2/ 2184 
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wp com/newsinsideout com/wp-content/uploads/2016/12/Alfred. Webee Morton-Hemebring- 


Magnus-Ollson-f.png?esl=1 


alfred-wcre-rten-hermebring-magoa 


You Tube: _ htips/www.voutube.com/watch?y=o¥bd-B2dqCM _(https/vww.youtube.com/watch?v=obd-B2dgCM) 


VANCOUVER, BC - Newly arrived from Russian Quantum Leap by the American Reaserch and Development Company Wave Genos and its Founder 

and Sole Owner Irene Caesar Ph.D. Magnus Olsson and Madlen Namro, are joined by their colleagues Marten Hemebring to launch the public version of 

Quant 

health profile and performance, eye and vision health, as well as provide personal protection against Transhumanist agenda weaponry including remote 
directed energy weapon [DEW] and psychetronic attacks, such as “V2K (Voice To Skull) and cancer guns, subliminal advertising and psychic attacks 


Leap technology of Wave Genome Irene Caesar Ph.D, a declassified technology used by Russian Special Forces to enhance DNA, RNA, personal 


MindTechEnterprises, authorized distributors outside Russia for the ULTIMATE TESLA GENERATOR, created and produced by the American company 
Wave Genome and its President, Sole Owner and Founder Irene Caesar Ph D, 


The information-wave technology of the Laser Bioholography has been perfected by decades of research experience and clinical trials; it has been 

patented, licensed and certified by the Russian Ministry of Health; and, a the present moment, itis widely commercialized all over Russia. The 
phy is based pon the application of Quantum Physics to 

called Structuraist Genetics (© Irene Caesar, Ph.D., 2010), and the application ofthe stabilized He-Ne lasers with internal mirrors 


information-wave technology of Laser Bioholog enetics, a new theory of Genetics, which is 


MindTech-Enterprises Website 


MINDTECH 
ENTERPRISES 


(https://nanobrainimplant.com/2016/12/11/now-availablo-russian-quantum-leap-technology-enhances-rnadna-cures-diseases-stops-bio-hacking/mind.toch 
logo-Dia/) 


Fall details ofthis Frst-ever public roll-out of Russian classified protective and health-status enhancing, 
and at Quantum Leaps distributors website at 


schnology are set out in the above Panel interview 


itpy/Avww.mindtech-entorprises.com/ (http //www mindtech-enterprises com/) 
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Quantum Leap Scalar Technology online 


‘Quantum Leap technology, now available online through mini-Tesla Pal generators from the www MindTech Enterprises com 
(htp://www.mind techenterprises.com) website and through smart-phone apps, reportedly enhances the user's RNA, DNA & health profile, prevents and 
cures diseases such as diabetes, Stage 2 cancer, and stops Transhumanist Agenda weapons such as Voice to Skull and electromagnetic remote targeting, 


‘The Quantum Leap technology's Mini-Tesla Generators come with Digital Pharmacy and a subscription service. 
(Quantum Leap technology, in applications developed in conjunction with Russian scientist Irene Caesar PhD. According to Dr. Caesar, the technology 


results in "Rejuvenation of all the Physiological systems, including endocrine system, digestive system, cardiovascular system, hearing / eye sight, 
reproductive system, intellectual abilities, improvement of memory.” 


Some features of the Quantum Leap Ultimate Generator 


According to Wave Genome Irene Caesar Ph.D, “The dé 


cei easy to sear inthe form ofa pendant cased pear, completely unabtrusie, and people cat tell 
exactly wha ti because ii eased in por adds not lok to unusual or lke a “medical device", ete. The dewice is indestructible. The device is waterproof for basic 


small splashes, but should not be inamerset in water. 


> 


(https:/nanobrainimplant.com/2012/07/1 /eciontists-humans-and-machines-will-merge-in-future/imagesca38v183-5 


The toon w 


a high resolution picture of yourself from early childhood (around 4-6 years of age) to develop sophisticated holography matrices from the picture using laser 

aa quate tecnologies including scalar news. They are abe to recreate your energy field frm aoe you were a child ie perso digital zace matrix 

aad then use the device to continuously fod your current energy field with information from your cildhond energy fl. This helps to restore your current energy field 
tohealthier conditions. This newer madel has logarithmically more poxerful protection features compared to the older versions ofthis device. 


technol 


‘This newo mal stl com 


ith al the health features of the older model including the E-Pharmacy, and ongoing health monitoring by professionals. The older more 
generic version ofthe device has heen wor by meters of parliament and Special Forces in Russia as well as He Russian Olympic Team. Over 5000 scientstlresearchers 
from Rusia hve collaborated to work on this special project developing this device sin 


the most adeancel science inthe world 


Some benefits of the Ultimate Generator: 


The adsanced teclmologies in the device can neutralize psychotroniclelctronic atacks, The device sable o eliminate V2K. You can sign up fora monthly membership 
service to haw the expert profesional staff at the Moscoe clinic in Rusia nunitor your health on an ongoing basis. Ifanything goes rang with your health they are able 
to correct deviations from normal een before you notice symptoms of any actual medical condition. [fmedical conditions exist, many of them canbe completely healed, 
You can receive medications remotely adinnistered through the device. They get filtered through your own energy field and are guaranteed to never cause any adverse 
de effects 


The device helps to boost your immune system to dintinish susceptibility t any illness. The device can help neutralize the negative effects of cosmic aiaton when you 

flyin an airplane long distances, It canals reduce jet lag as well as keep you healtey while traveling. The device can help boost your energy, ear help you slep better, 

and can help you reewcer from any stressful events, slep depriction, ete, much faster. It cam help you think more clearly and improve vzcallcognitiee function. (Irene 
Caesar Ph.D.) 


How purchasing works: 


You ca buy online atthe website. Please see 


itpy/Awww.mindtech-entorprises.com/ (http //www mindtech-enterprises com) 


(Choose hick wersion of the product you want to purchase. We recommend the Ultimate Generator asi the mast pow version. Payments are processed using 
Paypal another methods, You will be contact ta send a high resolution childhood picture of yourself. You will receive the device in the mail within 6 weeks, It takes 
this log to produce this device ara customize it for each invidal. But don’t woary, i wil be torts the zit! 
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Tesla Glasses 


IRENE CAESAR, PH.D: ON TECHNOLOGY AND THEORY OF TESTLA GLASSES 
‘The Panel also discusses Tesla glasses that have been developed and successfully used by Russian Security Forces for prevention and correction of 


Stress and its consequences; 
Deterioration of the physical and mental performance; 
Reduction of immunity and the bodily defenses; 

Eye diseases 
Diseases of the internal organs and physiological systems 


(htips:/i1 wp com/newsinsideout com/wp-content/uploads/2016/12/L TESLA GLASSES3 jpe?s 


Tesla Glasses 


According to Wave Genome Tesla Glasses use the method of Polarized Holography. Polarized Holog 
rejusenating all organs of the person throug 


aphy isthe application of Quartunn Physics forthe purpose of 
the Eye Crystal (Eye Lens and Iris. I i proven to provide sigrafcant physical and mental improvement, including a 
significant improvement in brain functions: decision speed, atention and memory, 


‘The method consists nthe control of the bra vi triggering the holographic signal in the eye, and its mdalation. This control overtvtes any verbal and mental 
imperatces, is ron-local (am be used for instantaneous transmission of information at infinitely large distance), istantancous (exceed speed of light), and 


simultaneously reaching out tnoards every cell a the bay 


The method is based upon Quantum Physics, specifically, upon the theory and technology of Polarized Holography, which uses the modulation of the holographic 
according tothe Kozyrew Mirror principle. 


‘The meth is based upon the special ability ofa ee to convert any linea sig 


tal int the holographic signal. The process of this conversion consists inthe emergence of 

the scalar once difaction grating, polarization and refraction toward the zero center ofthe wee crystal (torus). Since the universe is holographic, we can record and 

transmst information only wa the holographic signal, and Yurough the zero center ofthe wae crystal. The era center of every toroidal wee crystal csiecides from the zero 
center of every chromosome on the cellular level, andl every atom and subatomic particle on the subatomic level to the 


9 center of our gala, 


ejucenatio 


Any hein 


anu mental, psychic, and physical enfaracemert are based tpon the ability to produce, control and enance the holographic signal. The 
rt 


rap signal instantaneously reaches the zero center of 


ery soe crystal in our body, from the subatomic aad atomic tothe molecular levels ~ ram the zero center 
four skull and every bone to the zero center of every metacentrc chromosome. Our eye, skull, ones an chromosomes are centered an fous similar fo our eye crystal 
‘according tothe les ofthe geometrical optics 


Hence, the eye isa very unique receiver, transmitter, aul producer ofthe holographic signal. And that is precisely 
triggering the holographic signal inthe Zero center ofthe eye crystal, woe car immediately reach the 
controling information instantancously into the 


hay vision sa trigger of brain activity, Via correct 
ero center ofthe toroidal save erystal of our brain, thus delivering 
cro center ofthe wae erystalof every metacentric chromosome in cell division, and into the 
exystal of eoory bone, so ta stems cell are programmed in a correct way in the bone marrow. 


center ofthe wave 


MINDTECH 
ENTERPRISES 


ttps:/nanobrainimplant.com/2016/12/1 /now-available-russian-quantum-leap-technology-enhances-rmadna-cur 


logo-Dia/ 


-diseases-stopebin-hacking/mind-toch. 
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Correct triggering consists in the modulation ofthe holographic signal inthe eye. The modulation ofthe holographic signal in Tesla Glasses consists in (1) modulation 
In the Sehuunatnos holographic signal (2) mowtaton By huamare Brae holographic signal (3) modulation by the holographic signal ofa healthy organ and plysiolagical 
system, recorded upon the chip i the glasses. ts combined with the modulation by the marrowbnnd light-emitting diode sources of fee coors. Research had shown that 
five coors, use by the glasses, benefit organs and physiological systems, The signal for every colar is protuce fom the holographic signal of healthy organs anu 
plegsiolgical systems, an, then, its matched withthe colar. The signal of the color isnot simpy the color frequency, 


The carrer holographic signal isthe individual holographic signal ofthe user—the unique indestructible and uncrested] non-local saw matrix ofthe user. This the 
primary holographic signa. The modulation holographic signals ae the holographic enhancers, hich help the unique findestrctible and unerated| non-local rare 
tmatrix ofthe user get centered and focused in this dimension (om this planet). These are secondary holograple signals 


‘The aleantage ofthe glasses over other Quantune Leap Polarized Holograplty devices s that glasses use ant eye as after for fle out all harm linear signals, soil 
tunseal wee crystals. For exemple, crouse ration shortens bain woes via “unsedling” the involuted seave crystals, thus, literally lowering the intellectual 
potential of people 


(https: /nanobrainimplant.com/2016/12/06/now-declassified-available-online-russian-quantum-leap- 
technology/240 £ 68304591 ovkSvsqieanepraueh(2gzahmel4vma) 


Thus, the effect ofthe Tesla Glasses is base not simply upon the superficial stimulation of innersation. The stimulation of enereaton, tone of the eye muscles, blood 
circulation, regeneration, and enhancement ofall other biochemical and bioelectrical processes in the body are based upon the structural efficacy of Polarized Holography, 
twhick centers aad focuses chromosomes, and prevents the transformation of metacenric chromosomes into acrocentric chromosomes 


‘The modulation via secondary holographic signals (see aboee aloes forthe emergence ofthe most coherent and sophisticated scalar ww diffiacton grating 
the more clear zero focus within the roa erst (ofa wee torus on every level fromthe atomic, subatomic to cellular an molecular levels) 


that produces 


the stimulation of the 


‘The movlation occurs through the designated areas of ris, each one corresponding to. specific or 
projection zones in the Irs, each one being coanecte ta. specific organ in the bay. 


1 inthe body, Asa result, the user ache 


In adalition, Tesla Glasses use the same effect asthe Binaural therapy. Binaural therapy uses the stereo effect, when signal in one ar gets nto the baie eth delay 
relation to signal inthe other eur. This produces the emergence ofthe complex scalar wwe difacton grating in the skul, based upon Kazyrev Mirror principle 
(polarization, reaction and emergence ofthe zero center ofthe wae crystaD. Similar to this, Tesla Glasses use the stereo effct of color signal, when color signal in one 
cee gts into the baie wit delay in relation to signal in the other ee 


Product by 


Wave 


(hitps:/nanobrainimplant.com/2016/12/1/now-available-russian-quantum-leap-technology-enhances-rmadna-cures-diseases-stops-bio-hacking/wave- 


Ophthalmologists have found dat alt healthy people 


ritytli alternation visual perception. Man ses in turn by the right eye nd, ther, bythe Te eye at reguar 
intervals, 


These introas last fr 2-3 seconds. The research unas conducted using modern 3D technologies. And ifome eye is covered by abe filter, and the ather eyes is covered by 


the red filter, the healthy person sees btl colors simultaneously and separately. The left eye sees 20% of the image, and the right eye sees 80% ofthe image. 


With age, these regthms gt lroken, But the restoration ofthe “biological clock” is possible using Polarized Holography, modulated by color signals, with the frequency of 
‘the alpha rhytinn ofthe brain ofa healthy person. Ard, as the positive effet, we can achiewe a signifies rejusenation ofthe body. Irene Cassar 2015 


“The text is quoted from http://www wavegenom com (http www. wavegenci com) 


‘More information on Tesla Glasses is available, and Tesla Glasses can be purchased at: 


itpy/Awww.mindtech-entorprises.com/ (http /www mindtech-enterprises com 
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mindtechtradesemail.com 


Send A Message: 
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Alfred Lambremont Webre ContactiNews: 


[https:/nowsinsideout com/2016/09/part-magnus-olsson-reveals-artifical-crystals-blood-spread-via-smart-dust- 


{ranshumanist-remote-neural-weapon-control/ 


PART |: Magnus Olsson reveals artificial crystals in his blood, spread via smart dust, are a Transhumanist remote 
Neural weapon for control (https://newsinsideout.com/2016/09/part-magnus-olsson-reveals-artificial-crystals-blood- 


spread-via-smart-dust-transhumanist-remote-neural-weapon-control/) 


PART Magnus Olsson reveals artificial crystals in his blood, spread via smart dust, area Transhumanist remote neural weapon for control 
Transhumanist think tanks foreshadowed revelation in 2011 VOLVO TV ad - “Magnus Olsson: it gets in your blood” NewslnsideOut.com By Alf 
Lambremont Webre WATCH EXOPOLITICSTV INTERVIEW VANCOUVER, BC. 


September 20, 2016 


In “Al Artificial Intelligence” 


EUCACH Director: Dr. Rauni Kilde radiated for four days with DEW. 


EUCACH Director: Dr, Raunt Kilde radiated for four days with DEW, Remotely assassinated by NSA? By Alfred Lambremont Webre NewslnsideQut.com 
“uropean Coalition against Covert Harassment (EUCACHLORG), revealed 


WATCH ON YOU TUBE VANCOUVER, BC- Magnus Olsson, director of the 
today in a NewslnsideOut.com interview that EUCACH Board of Directors member, 
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By mindcontroleurope « Posted in Man vs Machine, military, Mind Control, News, Uncategorized + Tayged artifical intelligence, biohacking, brain, 
dna, electronics, health, interfaces, magnus olsson, military, military / medical classified search, neurohacking, quantum leap, ma, russian quantum leap, 
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THE Reality of Magnus Olsson’s blood — doctor's report 


THE Reality of Magnus Olsson’s blood — doctor's report 


{bttps{inanobrainimplant.com/2atachment id1102) 


During my staying in Poland, in Lublin I met a specialist Dr, who took a sample of my blood from my Finger and we watched this together through an 
‘atomic microscope, 


will not now describe what is wrong with my blood, but I want you to notice the cristal which was made artificially. 
‘what this is doing to-me: 


| makes my blood, not circulate in a natural manner (blood is too dense } 
2.damage DNA 
3. Influence memory (lack of memory ) 
4. you can not walk normally nor run’ 
5. destroy your skin ( you may have albinism ) 
6. having a hard time sleeping, 
‘easy access tothe brain 
8 lack of oxygen 


and many other symptoms, 


‘There are millions ofthis in my blood. Every victim should do this checking with a doctor who knows about People Online and will check this blood with 
you through a atomic microscope. 


‘This, together with the waves RF, ELF, SCALAR, NEUTRINOS, QUATUM SPECTRA, LASER, SONAR and others is devastating, 


‘tps: /inanobrainimplant.comfcategarylmind-control-21 ana 


Eric Vogels, Sweden 


E-mail: fdp@hemsida.net 
http;//fdp hemsida net 


‘The self-running bicycle wheel was shown to the public 
at the First International New Science Symposium in 
1997, held in Korea. The inventor of the wheel, Mr. Kohei 
Minato, was a speaker during the symposium. On 
www:keelynet.com you can find the quote of an eye- 
witness: 


“The motor is actuated by moving the N pole of a large 
permanent magnet (the drive magnet) toward the 
wheel. As this magnet is moved toward the wheel, the 
wheel starts to spin. As the magnet is moved closer to. 
the wheel it spins faster. 


The acceleration of the wheel is rapid. So rapid in fact, 
as to be startling. To put it another way I was very 
impressed. The motor works. And it works very well 
In the film clip (see http://fdp-hemsida.net) a slight 
pumping action of Minato’s hand holding the magnet 
is apparent. When I braced my hand so that there was 
no pumping action, the motor still ran. In fact it seemed. 
to run better. 


Fig. 1 


Pumping action by the hand held magnet is not the 
power that drives the motor. When the drive magnet 
is moved away from the wheel it coasts rather quickly 
to a stop and comes to rest in a manner typical of any 
spinning bicycle wheel. Again when the wheel is at 
rest and a large magnet is moved up to the wheel it 
starts to spin. At no time it is necessary to touch the 
wheel to get it rotating.” 


Fig. 4 
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ntps:/inanobrainimplant.com/2016/09/1 the. rality-of-magnu-olssons-blood-doctors-report/magnus-olsson-blood. 


‘The most important for us is to secure ourselves and then cure. Iam now working on a breathtaking solution forall of us, and Lope we willbe fre pretty 
soon, Then we can recover and heal. 


Love and Light 
‘Your Magnus 
THE Reality of Magnus Olsson’s blood ~ doctor's report: 


Crimes against humanity are certain acts that are committed as part of a widespread or systematic atack directed against any civilian population or an 
{identifiable part of a population: 
hitpsi/on.m.wikipedia.org/wiki/Crimes against humanity (https:/en.m.wikipedia.org/wiki/Crimes against humanity) 
‘THE PENTAGON'S BLUE-SKY research arm wants to rick out froops' brains, from the areas that regulate alertness and cognition to pain treatment and 
psychiatric well-being. And the scientists want todo it ll from the outside in: 
bttpul google. o in/patents/LUS3951 134 (ht Je.co in/patents/US3951 138) 


bitpsi/en.m wikipedia org/wiki/Rayleigh wave fon m.wikipedia.org/wiki/Rayleigh wave) 


hitpsu/en.m wikipedia orgiwiki/High Frequency Active Auroral Research Program 
(hitpsi//on.m.wikipediaorg/wiki/Migh Frequency Active Auroral Research Program) 
What if machine could read yourmind? 
ttpsy/drive google com/file/d/OBSi7 UaEgN FF /MnpyemSfX IBPTT view (https:/drive. google.com filed /0B4i7 UsEgNITMnpyem5(X1BPTTeview) 
While most developmental robotics projects strongly interact with theories of animal and human development, the degrees of similarities and inspiration 
‘between identified biological mechanisms and their counterpart in robots, as well as the abstraction levels of modeling, may vary alot. 
htips//en mavikipedia org/wiki/Neuron (software) (hitps//en.m. wikipedia org/wiki/Neuron %:28software%s29) 

While some projects aim at modeling precisely both the function and biological implementation (neural or morphological models), such as in neurorobotics 
wey humanbrainprojecteu (http/svww humanbrainprojectcu)), some other projects only focus on functional modeling of the mechanisms and constraints 
described above, and might for example reuse in their architectures techniques coming from applied mathematics or engineering fields. 
bitps:/ien.m.wikipedia.org/wiki/Developmental_ robotics (https:/en.m.wikipedia.org/wiki/Developmental robotics) 


btps://m facebook, com/ A rificial-Brain-Sweden-1014306015204202, (hitps://m facebook. com/Astificial-Brain-Sweden-1014306015294200/) 
What are the ethical issues involved in simulating a human brain and in technology derived from human brain simulation? 
Building computer models ofthe brain may challenge our concepts of personhood, free will and personal responsibility, and the nature of consciousness, 
(Delgado stated that "brain transmitters can remain in a person's head for ie 
‘The energy to activate the brain transmitter is transmitted by way of radio frequencies 
ipsi/en m, wikipedia org/wikillos'sC3%A9 Manuel Rodriguez Delgado (httpefen.m wikipedia org/wiki/los'sC3%A9 Manuel Rodriguez Delgado) 


bitps//drive google com file/d/MB4i7UaE gNIFIZ19iU1 BpbeNITWS)view (hips: /drive google, com/fle/d/0B4i7UaEgNFF#Z19iL IBpbyNITWS/view) 
In medicine, brain simulation could make it easier to communicate with people who cannot speak (e.g. people with severe disabilities, people in a vegetative 
state or with locked-in syndrome) or to enhance cognitive function in people with cognitive disabilities (e.g. dementia, trauma and stroke victims, etc). 
hitpsi/en.m wikipedia org/wiki/Wetwane (brain jen m.wikipedia ong/wiki/Wetware %2Sbrain%29) 
Asin other fields of science, it also possible that new knowledge about the brain will be abused - deliberately for example to ereate new weapons — but also 
involuntarily, because society dows not realize the power and consequences of new technologies 
bitps/im facebook, com/Martin-Ingvar-KI-1528410017453814/ (hips)/m facebook, com/Martin-Ingvar-KI-152$41001 7453814 
For instance, it may be possible inthe future to use knowledge about the brain to predict and modify individual behaviour, or even to irreversibly modify 
‘behaviour through electrical stimulation ofthe brain, pharmacology or neurosurgery. In cases of intractable mental disease, this may be desirable, but in 
other cases, the costs and benefits will be debatable. One example of debate is whether society should allow cognitive enhancement in healthy people. 
Similar considerations apply to technology. Future computers that implement the same principles of computation and cognitive architectures asthe brain 
hhave enormous potential to improve industrial productivity and offer new services to citizens. 
However, they could also be used to implement new systems of mass surveillance and new weaponry. 
bitpss/im youtube com/watch?v=08bd.B82dqCMdefeature=youtu.be (hifps|/m youtube.com watch? v=obd. BddgCMésfeatune=youty be) 
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Ifsuch systems came into widespread use they would undoubtedly have a huge impact on patterns of daily life and employment - this could be both 
‘beneficial and detrimental 
|hipsy/www. humanbrainproject.euag/ethics(hitps://www humanbrainproject.ew/faq/ethics) 


‘This is what it's all about: 
bitps/im youtube.com/watch?v=01hbkh4hXEk& feature=youtu be (htips//m.voutube.com/watch?v=01NbkhhF&feature=youtu.be) 
‘The development of your Future connected to a mindreading machine: 
bltps/jvwu.rtcom/usa/265029-kurzweil-google hybrid-brain/ (htipsy/www.rt.com/usa/265000-kurzweil-google-hybrid-brain) 


Kurzweil got ready for hybrid thinking (htip/www ted com/talks/ray kurzweil get ready for hybrid thinking) 


bitpy/www.ted.com/talks/ra 
And the developing of Future Surveillance: 
https utube. com watch ?list=PLODCCHoTYZ8KaMFrl.sUzNbIMsIECi®vO0sv=30seQeBI-Te (hitps//m youtube com/watch? 
List=PL9DCCHoTYZKaMFrL rlJzNbIMsIECi9vO0sv=30seQeB-Te) 


bitps/m voutube.com/watch?feature=youtu bedev=pWIHACMaOME (https://m, youtube com/watch?feature=youtu belev=pW1HACMaOME) 
Imagine what U.S could do if they could master the nanoparticles that are distributed in vaccine to human's worldwide and use them for remote neural 
monitoring: 
bttps://mind.-computer.com/2012/12/20/remote-neural-monitoring-a-technology-used for-controlling the-human-brainJ (https://mind- 


v-used-for-controlling-the-human-brain/) 


‘computer com/2012/12/20/remote-neural-monitoring--technology 
‘Nanoparticles BMI hitps:/en.m wikipedia. org/wiki/Brain'sEN0"G93computer interface 


(htips//en.m, wikipedia org/wiki/Brain 4E2%80%93computer interface) in vaccine: 
Nanofluids also have special acoustical properties and in ultrasonic fields display additional shear-wave reconversion of an incident compressional wave; the 
effect becomes more pronounced as concentration increases 
bips/en m.wikipedia.org/wiki/Vaccine (https://en.m. wikipedia org/wiki/Vaccine) 


hitpsi//en.m.wikipedia.org/wiki/Aluminium (htips//en.m.wikipedia.org/wiki/Aluminium) 
shagpbrains.com/blog/2015/03/19/non-iwasive-brain. 


itp /sharpbrains,com/blog/2015/08/19/non-invasive-brain-stimulation-meets-nanotechnology/ (http 
-stimulation-meets- nanotechnology) 

itpuliglobalbiodefence.com/2012,07/28/darpa-program hits-milestone.in-plant-based. vaccines for-pandemics 
{http/globalbiodefense.com/2012/07/28/darpa-programhits-milestone-in-plant-based-vaccines-for-pandemics)) 


bitps//en.m.wikipedia.org/wiki/Nanofluid (htips/en.m,wikipedia.org/wiki/Nanofluid) 

‘This speaks volumes about the hidden impact certain vaccines may have on your body and your brain in particular. 
bhtipv/articles. mercola.com/sites/articles/archive/201 1/08)06/vaccine-increases-narcolepsy-by-660-percentaspx 
(http articles mercola comisites/artcles/archive/201 1/08/06 /vaccine-increases-narcolepsy-by-660-percent aspx) 


Delgado stated that “brain transmitters can remain in a person's head for life. 
‘The energy to activate the brain transmitter is transmitted by way of radio frequencies. 


hitps://en.m wikipedia org/wiki/fos'C3%A9 Manuel Rodriguez, Delgado (https:/en.m.wikipedia.org/wikifIos%sC3%A9_ Manuel Rodriguez, Delgado} 
inassignee%3A) 


bitps:/www.google.com/patents/DE10253433?cl-enfedainassignee'3A (hitps:/www.google.com/patents/DE10253438A I?elrended 


hitps:/archive.ong/details pubmed-PMC4086207 (htipsy/archive.org/details/pubmed-PMC4086297) 


bitps://en.m wikipedia org/wiki/Neurorobotics(https:/en.m.wikipedia.ony/wiki/Neurorobotis) 


hitps:/drive google comi/file/d/OB4iZUaEgN EF fell0YWFFMHd3RnM/view (https://drive google.com file/d/0B4iZUaF gNiFfell0YWFEMHd3RnM /view 


hitps:/en.m.wikipedia.ong/wiki/Cybernetics (htipsy/en.m.wikipedia.org/wiki/Cybernetics) 


bttps://en.m.wikipedia org/wiki/Target Motion_ Analysis (htips//en.m.wikipedia.org/wiki/Target Motion Analy 


bttp:/;www.ravtheon.com/ (http://www. raytheon com! 
In analysis such as computational uid dynamics (CFD), nanofluids can be assumed to be single phase fluids. 
the fastest supercomputer/91007 fullarticle (http://www datacenterdynamics com/news/sgi- 


tip//wwww datacenterdynamics.com/news/sxi-gives-us-milta 
gives-us-military-the-fastest-supercomputer)91007 fullarticl) 
curity Grid: MATRIX Smartdust is a system of many tiny microclectromechanical systems (MEMS) such as sensors, robots, or other 


The Worldwide s 
devices, that can detect, for example, light, temperature, vibration, magnetism, or chemicals. They are usually operated on a computer network wirelessly 
and are distributed over some area to perform tasks, usually sensing through radio-frequency identification 
itpy//www foi se/en/Customer-Pariners/Projects/Edge! /Edge! (hp: /www foi solen/Customer--Pariners/Projects/Edgel/Edge)) 
Without an antenna of much greater size the range of tiny smart dust communication devices is measured in a few millimeters and they may be vulnerable 
to electromagnetic disablement and destruction by microwave exposure. 


hitps:/en.m. wikipedia.org, wiki/Smaridust (htipsy/en.m.wikipedia.org/wiki/Smartdust) 

‘The Grid Security Infrastructure (GS), formerly called the Globus Security Infrastructure https://en.m.wikipedia.org/wiki/Grid Security Infrastructure 
(https//on.m wikipedia orgiwiki/Grid Security Infrastructure) isa specification for secret, tamper-proof, delegatable communication between software in a 
grid computing environment. Secure, authenticatable communication is enabled using asymmetric encryption, 


sD 6028683 


itp fiewexplore ieee org/pV/login isp? 


roload=tructetp karnumber=6028683éeurl=htip'3A%2F2Ficeexplore ieee org.2Pxpls%.2Fabs all jsp%3Farnumber® 
tp ieeexplore eve org/xpV/login jsp? 


reload=truodetp Larnumber=6)28683éeurl=hitp's3A%42P%2Ficeexplore.ieoe.org0.2Fxpls%.2Fabs all jsp%3Farnumber' 36028683) 
In software engineering, the terms “front end” and “back end” are distinctions which refer to the separation of concerns between a presentation layer and a 
data access layer respectively 


‘The front end is an interface between the user and the back end. The front and back ends may be distributed amongst one or more systems 


In software architecture, there may be many layers between the hardware and end user. Each can be spoken of as having a front end and a back end. The 
10134 
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front is an abstraction, simplifying the underlying component by providing a user-friendly interface. 

https:/en.m.wikipedia org/wiki/Pervasive_ game (htips://en.m.wikipedia.org/wiki/Pervasive game) 
In software design, for example, the model-view-controller architecture provides front and back ends for the database, the user and the data processing 
components, The separation of software systems into front and back ends simplifies development and separates maintenance. A rule of thumb is thatthe 


front (or “client’) side is any component manipulated by the user. The server-side (or “back end”) code resides on the server. 
bitpsy/en.m.wikipedia.org/wiki/Front and back ends (https://en.m wikipedia orgiwiki/Pront and back ends) 


bitps/im youtube.com/watch?v=obd-B2dqCM&feature=youtu.be (htips://m_voutube.com/watch?v=09bd-B2dqCMtefeature=youtu be} 
‘The Utah Data Center, also known as the Intelligence Community Comprehensive National Cybersecurity Initiative Data Center, isa data storage facility for 
the United States Intelligence Community that is designed to store data estimated to be on the order of exabytes or larger. 
Its purpose is to support the Comprehensive National Cybersecurity Initiative (NCI), though its precise mission is classified. 
bitp/wwww.defense gov) News/Speeches/Speech- View/Artile/606635 (http://www defense goviNows/Speeches/Speech. View/Article/606635) 


bitps//www iarpa gov/index php /research-programs/neuroscience-programs-a-iarpa (https:/www.jarpa gov/index php research-programs/neuroscience: 


‘piograms-at-iarpa 


bitpsyen.m.wikipedia.org/wiki/Wetware (brain) (hitps://en.m. wikipedia org/wiki/Wetware %2Sbrain%29) 


htipy//www datacenterdynamics.com/news/sgi-gives-us-miltary-the-fastest-supercomputer/91007.fullaticle (hip: www datacenterdynamics.com/news/ssi- 


gives-us-military-the-fastest-supercomputer)91007 fullarticl) 


bitpulbioethies gov/node/4704 (httpd bioethics gow/no. 


bttps:/m facebook, com/Brain-Print-1585272778401091/ (htips://m facebook com/Brain-Print-1585272778401091). 
‘The National Security Agency (NSA) leads operations atthe facility as the executive agent forthe Director of National Intelligence, 
Itis located at Camp Williams near Bluffdale, Utah, between Utah Lake and Great Salt Lake and was completed in May 2014 ata cost of $1.5 billion. 
bitpsy/on.m.wikipedia.org/wiki/Utah Data Center (hitps://en.m wikipedia org/wiki/Utah Data Center 


Any Questions? 


bttp:/wwwlifecoachcodecom/2016/05/28 the father-of fracal-geometry-reveals-the-patter/ (http://www: lifecoachcode.com/2016/05/28/the-father-of fractal 
geomet 


Hern) 


In the computer software world, open source software concerns the creation of software, to wintelligence 
hitpsien.m.wikipedia.org/wiki/List of artificial intelligence projects (htips/en.m wikipedia.org/wiki/List of artifical intelligence projects 


https//m facebook com/A ificial-Genocide-1716276305283044) (htipsi/m facebook com/ Artificial. Genocide-1716276305283044), 


bhtips//m facebook. com/Doomsday- Computers. AGI-ASI-516866275144461/(https:/m facebook, com/Doomsday.Computers-AGI-ASL-516866275144461). 


hitps//m youtube.com/watch?list=PLODCCHoTYZ8KaMFrL rUzNbIMSIECI9vO0K 
list=PL9DCCHoTYZ8KaMFrl rU2NbIMSIEC9vO0dev 


JIVBNV6tw (https//m, youtube com/watch? 
IIVBNVéztw 


NBIC sDualUlseTechnology #HBP sLofarLois #Ericsson S1BM SGI tRaytheon #NSA #MilitaryNanoTechnology *Braininitiative *NeuroEthics 


hich access to the underlying source code is freely available. 
This permits use, study, and modification without restriction, 
In computer security, the debate is ongoing as tothe relative merits ofthe full disclosure of security vulnerabilities, versus a security-by-obscurity approach. 
‘There sa different (perhaps almost opposite) sense of transparency in human-computer interaction, whereby a system after change adheres to its previous 
‘external interface as much as possible while changing its internal behaviour. 
‘Thats, a change in a system is transparent to its users if the change is unnoticeable to them. 
bitpsy/en.m.wikipedia.org/wiki/Transparency (behavior) (hitps://en.m. wikipedia org/wiki/Transpareney_ %.28behavior' 


All Human’s are Computers in Ubiquitous Computing that are monitored by Artificial Intelligence/Ambient 


By mindcontroleurope ¢ Posted in Implant for Synthetic Telepathy, military, Mind Control, Nano Brain Implant, Nano ICT Brain Implants + Tagged artifical: 
intelligence, blood, brain-computer interface, doctor intelligence-gathering, magnus olsson, mind control, poland, past doctoral research, waves, world each 
‘AUGS 2016 


Assassination is the murder of a person, often (but not or ruler, usually for 
political reasons or paymen. Or the common man. 


Assassination is the murder of a person, often (but not always) or ruler, usually 
for political reasons or paymen. Or the common man. 
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{hitps//nanobrainimplant com/201 6/08/05 /assassination-Js-the-murder-of-a-prominent-person-often-but-not-alwa 


cor-uler-usually-for-political-weasons-or- 
aymen-oF-the-common: 


janfbrain-control-2/ 


‘An assassination may be prompted by, political, or military motives; it is an act that may be dane for financial gain, to avenge a grievance, from a desire to 
acquire fame or notoriety, or because ofa military, security or insurgent group's command to carry out the homicide 


‘The World Coalition against Covert Harassment is committed to raising awareness to the legal systems as well as to the medical and scientific community to 
the crime of illegal biomedical and weaponry research committed on citizens in the European Union and beyond. Asa European network, EUCACH acts 38 
‘lobbying and advocacy platform towards the EU. Using our intemational network of scientific and technology experts, partner civil and human rights 
‘organisations as well as important stakeholders in civil society, we provide consultancy services to the EU Institutions based on our expertise. FUCACHs 
‘organisational goal isto influence EU legislation and the decision-making process in calling for a worldwide ban on weapons that might enable any form of 
‘manipulation of human beings, 


Online-connected brains and neural networks. 


ICT" = Information and Communication Technolngies 


“BMI" =Brain Machine Interface, bain-computer interconnection 


“PET” =Future and Emerging Technologies 
“ST. 


thetic Telepathy 
“A.L" = Artificial Intelligence, 


(On the road to mind control: DARPA’s new program will use a chip to connect brains For additional background to the latest press release from DARPA 
posted in full below, [encourage you to read the following selection of linked articles 
‘where I discuss the scope and chronology of what is being studied. Therein, you will find that the US. BRAIN Initiative and its European counterpart, the 
Human Brain Project, are not spending multi-billions of dollars on neuroscience research 
simply to help people with Post Traumatic Stress Disorder and organic brain dysfunction. Iti, perhaps first and foremost, a military endeavor that has wide 
ramifications if even 1/10th of what is being studied comes to fruition. In short, i's more about mind control than itis about brain restoration and 
improvement. Please keep this in mind when you read DARPA's emphasis on “new therapies.” ¢Obama Doubles Down on BRAIN Project and Military 
‘Mind Control 


‘Mind Control Scientists Find New Memory Manipulation Technology 
‘Secret DARPA Mind Control Project Revealed: Leaked Document 
‘The 9 Goals of Mind Control: Interim Report 
“*New Mind Reading Research Aims to Synchronize Humans 
‘*Nanoparticles Enable Remote Control Brains Via Magnetic Field: New Study 


DARPA Press Release: 


(htips:/nanobrainimplant.com/2014/12/17/disturbing- weapons-now-being-used-on-the-masses/darpa/) 
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[A new DARPA program aims to develop an implantable neural interface able to provide unprecedented signal resolution and data-transfer bandwidth 
between the human brain and the digital world. The interface would serve as a translator, converting between the electrochemical language used by neurons 
in the brain and the ones and zeros that constitute the language of information technology. The goal is to achieve this communications linkin a 
biocompatible device no larger than one cubic centimeter in size, roughly the volume of two nickels stacked back to back. 


The program, Neural Engineering System Design (NESD), stands to dramatically enhance research capabilities in neurotechnology and provide a foundation, 
for new therapies, 


“Today's best brain-computer interface systems are like two supercomputers trying to talk to each other using an old 3N0-batud modem,” said Phillip 
Alvelda, the NESD program manager. “Imagine what will become possible when we upgrade our tools to really open the channel between the human brain 
‘and modern electronics.” 


Among the program’s potential applications are devices that cauld compensate for deficits in sight or hearing by feeding digital auditory or visual 
information into the brain ata resolution and experiential quality far higher than is possible with current technology. 


Neural interfaces currently approved for human use squeeze a tremendous amount of information through just 100 channels, with each channel aggregating 
signals from tens of thousands of neurons at a time. The result is noisy and imprecise. In contrast, the NESD program aims to develop systems that can 
communicate clearly and individually with any of up to one million neurons ina given region of the brain. 


Achieving the program's ambitious goals and ensuring thatthe envisioned devices will have the potential to be practical outside of a research setting will 
‘require integrated breakthroughs across numerous disciplines including neuroscience, synthetic biology, low-power electronics, photonics, medical device 
packaging and manufacturing, systems engineering, and clinical testing In addition to the program's hardware challenges, NESD researchers will be 
required to develop advanced mathematical and neuro-computation techniques to first transcode high-definition sensory information between electronic and 
cortical neuron representations and then compress and represent those data with minimal loss of fidelity and functionality 


‘To accelerate that integrative process, the NESD program aims to recruita diverse roster of leading industry stakeholders willing to offer state-of-the-art 
prototyping and manufacturing, services and intellectual property to NESD researchers on a pre-compeitive basis. In later phases of the program, these 
partners could help transition the resulting technologies into research and commercial application spaces, 


To familiarize potential participants with the technical objectives of NESD, DARPA will host a Proposers Day meeting that runs Tuesday and Wednesday, 
February 23,2016, in Arlington, Va. The Special Notice announcing the Proposers Day meeting is available 
athttps:/wwww.fb0.gov/spg/OD A/DARPA/CMO/DARPA-SN-16-16jlisting html. More details about the Industry Group that will support NESD is available 
athttps://wwww flo gov/spg/ODA/DARPA/CMO/DARPA-SN-16-17/listing html. A Broad Agency Announcement describing the specific capabilities sought is, 
available at: hitp//go usa gov/eP474 (httpd facebook. com/L php? 


‘vIpiSeSNGhy NqXsCO7BO5HC 
wivg-BZ.aaREH Oxwob2USUXtSkfaCxigGTvilhS/K6HhnY Gindhk AUsHeqAYyBOSRvfuKDrues9 vse 
cDjjTswRaviZiuFpTbFop5HBD3RZ38KhOmXzcBN3gF vy HixaGSLgiM -FvdH137GalxSKne2oujUKZI3EGS=1) 


DARPA anticipates investing up to $60 million in the NESD program over four years. 


NESD is part of a broader portfolio of programs within DARPA that support President Obama's brain initiative. For more information about DARPA's work 
in that domain, please visit-htip://www-darpa.mil. /our-...[darpa-and-the-brain initiative (http//Lfacebook com/L php? 
Hp AS2P9.2Fwwww.carpa.mil¥i2 program %2Four-research¥i2?darpa-and-the-brain-initativath=HAQECCJXjAQEZD20KSMYSVLS5vN- 
‘SEk{v\Vb9bU91 7VZeKmOtienc=AZN CW ef 9R2i6U ySIFdFAj6UBSyMI9uSN. =7K mEONDI doy (ih7TAkHY Civq(G0N OPEL XHOuKaGmXs9WiHDiy7 abl MSI 
xBu6PgPMVGzyRONDSIOL FaQwZVkVgmrv58u3vG7HINdxMSL8zVhn- Sv&s=1) 


FET and ICT research and development (ofthe new “computer — brain language") allows computers to read and learn human thought patterns by using 
injectable brain - machine - interface. 


About the same brain-machine interface has has been used to cure Parkinson's disease , Alzheimer’s and depression can also be used for accessing the brain's 


Digital Mind 
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Professor Goran Hermenin OPINION OF THE EUROPEAN GROUP ON ETHICS IN SCIENCE AND NEW TECHNOLOGIES TO THE EUROPEAN 
‘COMMISSION (ETHICAL ASPECTS OF ICT IMPLANTS IN THE HUMAN BODY) March 2005 
Link to document 


The new software for the brain-machine interface in nano electronics combined with “Europe's new information technology” provides the researchers with 
the possibilities for reading and taking “software images” of the brain's neuron network, 


|A.method that provides high-resolution copies ofthe brains cognitive behavior and human perception. 
‘Tomorrow's high-speed computers and related research has evolved into a sophisticated “computer game" with “mind reading” on real people 
‘These research methods are unknown to ou society's legal system! 
‘So how can research on the brain by “serious” (criminal) organizations in ICT-FET be stopped? 
SYNTHETIC TELEPATHY for medicine or mind reading is a direct communication with nanoelectronics between computer and human brain 
Synthetic telepathy i a communication system based on thought, ot speech, 


It can be used to control for example a prosthesis and cure diseases such as Parkinson's disease but can also decode the patterns used to study cognitive 
behavior such as memory, learning and emotion. With nano technology, the digital information ean be recorded using the new quantum-inspired computers. 


‘Simulation of behavior can be identified and provide diagnostic data for identifying the precursors to diseases such as dementia, stroke and myocardial 
infarction 


‘This letter is intended to demonstrate a paradox in the Swedish so-called “protection of human rights” and thus the entire Swedish justice system. Synthetic 
telepathy could, as practiced in Sweden, lie behind an unknown number of violent crimes and suicides due to research deliberately kept hidden from 
regulators 


Doctors and psychiatrcs diagnose people with “yoices in his head!” following their “manuals. DSM-IV (Diagnostic and Statistical Manual of Mental 
Disorders) published by the American Psychiatric Association and the ICD-10 (International Statistical Classification of Disorders and Related Health 
Problems). 


‘This is an old-fashioned black and white and diagnose when the EU priority FET ICT research and develop new information technologies adapted to nano- 
electronics, 


‘mind-control-weapons 


ULF Gorman writes in the book that with nano technology, we open the doors tp an unknown area where we do not know how to apply ethies. What should 
be and what should not be allowed when you implant a chip that can both read and influence the brain? He takes the example of studying learning and 


Micro Implants can provide unprecedented opportunities to understand how we learn and remember things, and hence why we forget and find it difficult to 
learn, And it can be understood as a form of abuse to look lke that into our most private mental world, 


Lund University writes about the development of nano-electrodes that can both listen and communicate with neuronal synapses and their cell membranes 


EU priority ICT and FET research are talking about a “A whole new communication technology in Europe" “I will help us understand and exploit the ways 

in which social and biological systems, organization and evolution, will pave the way for the development of new opportunities for next-generation software 
and network technologies ” 

‘To understand how the human brain works not only leads to innovations in medicine but also provides new models for energy, faull-tolerant and adaptive 
‘computing technologies“ 

An initiative ofthe Virtual Human Physiology that are individually tailored and virtual simulations of the human body where you would expect enormous 

progress in disease prevention and health care 
‘The pioneering work carried out also on new ideas such as artificial living cells, synthetic biology, chemical communication, collective intelligence and two: 
‘way interface between brain and machine. 


(hits://nanobrainimplant.com/201 6/0805/assassination-isthe-murder-of- 


rominent-person-often but not-always-or-ruler-usually-for-political-teasons-or- 
aymen-or.the.commor 


Brain reading 
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(Other sources, eg The UCI (University of Califomia Irvin, Department of Cognitive Science) describes the development of Synthetic Telepathy: 


Collaboration between cognitive science, neuro-science, specialists in speech recognition and brain imaging will develop a brain-machine interface. This 
device could help paralyzed and soldiers would be able to send messages directly from the brain to a computer. 


Researcher Michael D'Zmura, President of the UCI describes thatthe system begins with “the litle voice in your head” 
How can a medical diagnosis unequivocally describe people's perception of voices in their head and that no alternative can exist except mental disease. 
Why? -because it isa prerequisite to by able to “hear” voices forthe use of new information technology? 

“This s why these esearchers must be forced to go public and announce this new scientific communication technology. 


This paradox must be investigated immediately With the exclusion of the development of a Swedish and European military force with superior two-way 
“radio” communication vith the brain, 


{htips:/nanobrainimplant.com/2012/07/11/scientists-humans-and-machines-will-merge-in-future/imagescaverula/) 


‘A number of past court cases are more or less directly caused by S.T. This “voice to skull” technology must immediately be taken into consideration as an 
alternative for triggering a number of previously committed violent crimes and suicides, 


During the development of BMI, software and network technologies are also computerized and long distance imaging of peoples cognitive behavior and 
‘perception. Material that is recorded in the computer that runs the real time simulation and creation of artificial intelligence (for initializing A.L. and 
computerized decision making.) 

‘The image of the brain's “machine-code" is probably the most comprehensive and advanced ever made. Cognitive behavior depicted and simulated, 
language and meaning of the words for the subjects are identified. Human perception and mapping haw the brain handles information, the image of 
‘mathematics reached its perfection. 

‘neuron wave A new research scandal and the fatal consequences forthe wider community 
Around the clock the computerized study goes on using collective, artificial intelligence and self-learning systems. The victims testimonies tells us that you 
can sadly conclude unequivocally thatthe studies will not be completed until the victim in one way or another has been broken down and / or otherwise 
inactivated 
This provides power to simulate decomposition for the digital copy thus the fact that the criminal research will not end and is never disclosed, 
Descriptions tothe vulnerable people who eat psychotropic drugs due to their experiences the experiments and testing goes on, various medicines can affect 
the “test objects” (or guinea pigs) everything is recorded and compared with previous values (From the multi-annual copy oftheir real-time neural network 
and thus the registration of their behavior.) 

Obviously this is a disgusting and illegal way to meet the advanced development of tomorrow's medicine. 

‘The “studies” have resulted in enormous damage to many subjects:The number of unrecorded victims(subjects is probably very high Families are 
fragmented, the children of these families are suffering tremendously. One of the subjects have recently been hospitalized with a cracked skull, caused by 
disconnecting the balance system remotely. The accident occurred in public settings. 


A now research scandal and the fatal consequences forthe wider community 


To influence the balance system is another 


ypical example of how technology is used against the victim to incapacitate them for society. Direct assassination 
attempts on several previous occasions orchestrated by the brain control deliberately strikes out the human balance system, Why this happens is like 
alternative to the mentally ill t be trated (as “ possessed") or having a neurological disease. 


a 


{htips:/nanobrainimplant.com/2012/06/03/2050-and-immortality.is-within-our-grasp/imagescaaztqrn/) 
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Brain — copying with BMI and broadband access is definitely no longer a marginal research Employers have over the years ost millions of dollars and cut- 
downs isto be expected due to excluded employees. Broken families, children who, years later can not study or work is now forced to seek psychiatric care 


Siblings, grandparents and their closest friends are suffering tremendously. Advanced Medical and hospital care due to study design is a mockery of health- 
‘are and doctors who are not familiar with this research, Insurance in the multi-million Bigures was raised through direct damage caused by brain control 
Property for millions of dollars are lst. 


Injuries and privacy intrusion of thousands of people is done through “volunteers” that serve as multimedia machines ie node for the recording of all 
contacts they have, such as politicians, scientists, lawyers, friends, acquaintances, relatives, international business relations, et. 


Security codes, access codes, etc is with the new technology ne longer private. How can we know that people are not equipped with the new brain-machine 
interface which makes the person a multimedia application with a function as a live missile is already deployed as nodes in the political and financial world 
of illegal recording of their conversations with the world? 


A sinister JOY seems to embrace the researchers and perpetrators over this superior and powerful tool for mind control and copying brainwave patterns. The 
tool is, without a doubt, a weapon of offense and stealth 


Implant technology in these forms should immediately be classified asa lethal weapon! It communicates directly withthe brain’s neurons and can bring the 
entire neural nervous system to a hat (Exclusion of balance can be immediately implied on a victim.) 


‘The technology is now used for purposes of breaking down the persons psyche, with serious accusations, threats, mock execution, incitement to suicide, 
physical violence, e.g, decrease and increase heart rate, 


pain in and around the heart, severe chest pains, suclden and painful headaches, difficulty to breathe, 
tampering with rectum, prostate and muscles to name a few 


‘The macabre in the use of this technology is that subjects are exposed to these atrocities while the society is not legally able to influence the situation. Sweden, 
is in this matter a lawless country where the researchers grossly exploit the situation, 


ie 


(https://nanobrainimplant com/2013/03/24/brain-control-war-too-big-to-filfimagescaay7a87) 


Face mind 


‘This ultimate humiliation has reached a whole new level. The researchers tres with the enforced communication and slow decomposition enslave people 
with exhortations to ty to see the individual results of the brain control. One can calculate due to the nature and perennial perspective that there are 
naturally @ unrecorded number of people who have been driven to madness and death with this technology. 


There is nowhere the victims can hide or escape the access signals to their thoughts. Scientists simulate with computers, 4/7 365 days a year to break down 
the subjects and stop them from trying to understand what's happening to them. 


A series of grotesque roles played in order to manipulate the brain, threats and statements that are mixed with modern technology. Ibis also in the 
researchers’ strategy to make the picture unclear for the subjects if they attempt to get an overall picture of who the perpetrator is and the real goals ofthe 
research, a military strategy conducted by veterans and experts in the matters 


‘The disrespectful research performed and visualized in a 3D virtual game world in the researchers’ computers, with no ethical boundaries and human rights 
‘but with real living human beings as “avatars”. Ibis quite similar to the popular interactive game “The Sims’, But this game delivers human reality-base 
measurement data for research, 


Cover-up of brain monitoring technologies means thatthe crime is waterproof, human rights laws and manipulated by a hidden militant regime researcher 
‘with expertise in information technology. In addition, the researchers say they in the dialogue to be the police power which in itself is an extremely serious 
offense 


For the victims— former high-performance hard-working people with families, children, an orderly life and social contacts. People who all his life been 
performing taxpayers. Because of a work-related mental fatigue and time on medical therapy sessions with the scientists the opportunity to take advantage 
‘of the situation of persons for investigation and contemporary development of the new BMI and brain monitoring technologies, 


As these technologies and opportunities are not announced, but several instances re-written, must be able to use knowledge and skills which are available, 
Sweden is a small country and the people engaged in this activity may not be so difficult to identify and stop. 


‘The researchers in these studies have assumed the right that during the permanent reproduction of human neurotransmitters in the long term also destroy 
them and their life's work. The issue is called for; How affected society to know that the violent crime and suicide has been performed in the Stockholm area, 
and Europe in recent years and clearly diagnosed as being caused by mental illness with the voices in heads is an expression of pure brain research! 


By: Magnus Olsson 
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{https /nanobrainimplant com/2013/04/29/nes-mind-control-and-psyops-2/nal) 


HOW WE DOIT. 


1 Awareness raising campaigns to disseminate information and mobilise public opinion om the issue of covert technologies and techniques that enable the 
‘manipulation of human beings 


Providing expert consultancy to key decision-makers on the creation of appropriate EU legislation to protect citizens from this kind of covert crimes. 


Organising networking events (workshops, seminars, conferences) involving all actors concemed to exchange experiences and best practices for the 
establishment of clear ethical boundaries to strictly regulate the use of systems enabling the manipulation and control of human beings. 


Itis our philosophy that all men are equal before the law. Everybody’ right to life shall be protected. Nobody shall be subjected to torture or held in slavery. 
‘Any technologies and techniques capable of endangering the human physical and/or psychological health, to modify the individuals’ autonomy and affect 
their dignity should be strictly prohibited 
Read more about ICT —implants atthe European Group on Ethics and New Technologies 


hitpu/lec europa cu/.. ouropean-group-eth./daes/avis00 on.pdf (hitp-/ec europa .eu/bepaleuropean-group-ethics/docs/avis20 on pd 


Terminology used in the document: 


Cybernetics, // Magnus Olsson 


912 P54 Fec europa.eui2Fbepa%2 
GiiSpiteonc=AZMg9IIN. 


EPSC_- European Commission (htip/ facebook com/l php?uchitp% european-group: 


ethics %2FdoestiFayvie20 en pdf 


EPSC 


eceuropacu 
By: Magnus Olsson (Sweden) 

By mindcontroleurope # Posted in Computerbrain, Implant for Synthetic Telepathy, military, Mind Control, Uncategorized + Tagged artfical-intelligence, 

brain, brain implant, brain implants cross sectional area, electrical resistance, ou brain intelligence-gathering, magnus olsson, mulilary | medical classified 

research, mind, transcranial-magneticstimulation 

JUL 7 2016 


Worldcach.com’s Leo Angesleva (Sweden) about Mind Control and the 
Transhumanist Agenda and Alfred Webre 
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Alfred Lambremont Webre, Worldcach.com’s Leo Angesleva (Sweden) about 
Mind Control and the Transhumanist Agenda 


he “Obama” [read “US."] Br 
Al Artificial Intelligence read 


Interview vith Alfred Lambremont Webre, Worldeach,com (http /worldcach com/Y's Leo Angesleva details h 


and the US. Army, along with other agencies covertly committed to the Transhumanist Agenda, are facili 
controlling all hus 


Wn brains and minds worldwide, and constructing Cy’ 


(https /nanobrainimplant.com/2012,08/92/ibm et-close-to-mimicking-a-human-brain/imagescastsI4) 


7/07/alfredlambremont-webre-worldcach-coms-loo-angesleva-sweden/world-cach)) 


htpsy/nanobrainimplant.com/2016 


ander, artifical-intelligence, brain-computor. 


ipe ¢ Posted in Computerbrain, Man vs Machine, military, Mind Control © Tagg 
‘yborg-soldier, eucach, hologram, Leo, magnus olsson mind control, nano brain, transeranial-my 
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Magnus Olsson launches World Coalition against transhumanist neural 
robotoid agenda 
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Since the symposium in 1997 and the first publications 
in the Internet several people have tried to replicate 
the wheel, as it seemed to be a perfect energy source 
for the future. Some claims are made that replication 
was successful but no proof in the form of pictures or 
video clips are given. 


Because I have a great interest in magnets and free 
energy and the fact that I did a lot of experiments to 
find a device that could be rotated only by means of 
permanent magnets, I decided to try to replicate the 
wheel by myself. 


‘This journey started by searching on the Internet and 
collecting all the material that was available. A good 
way to sort all the found material was building my 
own website at http://fdp.hemsida.net where all my 
findings are presented. 


One of the devices I build was made from a ‘how to 
build a Minato wheel'-manual that I found on the 
Internet. 


Fig. 5 


Unfortunately this wheel did not show any 
movement at all. I mounted the magnets at several 
angles and distances from the rim without 
achieving any positive results. Since the size of the 
wheel (1 meter diameter) was not very practical to 
handle and since the results were negative I 
searched for an easier way for testing. I found that 
the use of Styrofoam, an old turntable and 
Neodymium disc magnets kept the whole project 
within the edges of my kitchen table. I developed a 
computer program to help me design wheels, since 
Iwant to be able to replicate my own wheel, in case 
I find a model that works. I do not believe in an 
engine that works after several weeks of tuning and 
that fails to function as soon as one magnet is 
replaced. Individual tuning is okay to optimise a 
working design but if a design does not show the 
potential to rotate by itself it's a flawed design. 


After optimising the way to build the small wheels, 
I could design and make a wheel in 30 minutes. 


I made a test scenario and the results for every 
test were posted on the web site. 


Fig. 6 


Isearched for the ‘perfect’ angle, number of magnets and 
position. The set-up with the strongest thrust was used 
as the base for the other experiment. By this time Irealized 
that I was not really trying to rebuild the Minato wheel 
but that I wanted a rotating device, powered by 
permanent magnets. 


‘When for the first time I decided to split a track ofmagnets 
that covered 180 degrees of the wheel in a number of 
smaller tracks, the results became much better. 


Fig. 7 


By using this way of placing the magnets, every track 
differs a little bit from the next track, depending on its 
place on the wheel. The angle of the magnets 
influences on the thrust that is given by the stator 
magnet, depending on the speed that the track is 
entering the magnetic field of the stator. In other words: 
the track at the beginning of the wheel, with magnets 
covered side of the wheel, gives less thrust than the 
track at the end. This is important since a track with a 
lot of thrust has a big ‘sticky spot’ that should pass 
the stator. This ‘sticky spot’ stops the wheel during its 
rotation just before the first track enters the magnetic 
field of the stator. 
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Magnus Olsson launches World Coalition against transhumanist neural 
robotoid agenda 


iframe width="610" height 


World Coalition against Covert Harassment (WorldCACH) 


{htips:/nanobrainimplant.com/2013/00/1 /are-people-superfluousi/) 


STATEMENT OF GARY OWEN 
Itwas Sunday 28" of February 2016, Magnus Olsson was staying at my house in Spain, [had been appointed the Vice President of World CACH 2 days 
before. We were planning the roll out of the World CACH, deciding the agenda of the organisation, we had a great day on the Sat 
technical director, spoke to one of our ¥ that won the war crimes tribunal against Tony Blair and George 
Bush, We explained that what we wanted to do with World CACH was to set up a Global Intelligence Service that acts for the people against the 
Governments and security services that no longer represent the people, and take the Masons who have infiltrated all levels ofthe 
Services to the war crimes tribunal for genocide and racket 


day, we appointed the 


al team Alfred Lambremont Webre, he's the 


overnment and security 
ring against the population of earth. He thought both ideas were sensational and invited us to 
g0 on his show the following day, which would go out to 250,000 people 


On the Sunday, I started hearing the high pitched noise again in my ear I had not heard it for afew day’, since Magnus arrived, and all ofa sudden it was 
back along with the voice to skull. We were to meet for hinch with some people and later talk on Skype with William Binney and then do the show with 
Alfred where we would break the news to the world about what we were doing. It was only 30 minutes tothe lunch meeting and [had heard nothing from 
Magnus, «0 I went down to the apartment he was staying in below my house. I knocked on the door and he answered saying he needed medical help, he was 

ina terrible state. He was physically shackis 


none stop, and his face was bright red with a high temperature. 


ee 


{hitps:/nanobrainimplant.conylinks/slobe1001-2/) 


After some phone calls we decided to go to the eme: 


icy Chemist and get some pain killers and antibiotics as it looked like a virus. The Chemist said we 
should go to the emergency dactors in the town, by this time I was having to support Magnus while he walked, he was on the verge of passing out none stop, 


htips:nanobrainimplant.com/eategaryimind-control-2/ 19138 


‘ys02018 Mind Control | MIND TECH RESEARCH 
Four doctors in the emergency roam at Torrox looked at him and did all the tests they could and found nothing wrong. But they agroed something was 
wrong, so we were dispatched to the main hospital in Valez. I arrived at the emergency entrance, Magnus was no longer able to walk, they put him in a 
‘wheelchair. He was fading in and out and incoherent. After 2 hours we got to see a very proficient doctor, he was very thorough. Magrius had come round a 
little after drinking two litres of cold water. I thought the worst was over, Magnus was dispatched for X-rays and 12 blood tests, we did the X-rays frst, no 
‘problems, then we went to do the blood tests, half way through taking the blood, they took a lot of blood, about 6 tubes, all of a sudden Magnus took a 
severe tum for the worse, it started by Magnus telling me that he was going to pass out I tried to explain this to the Spanish nurse. Then he went as white as, 
snow, allover, his face was pure porcelain white and I noticed that his hands were the same. I was instructed by the nurse to wave his hat infront of his face 
to try and revive him, his eyes rolled back into his head and you could only see white eyes and a white face it was shocking. By this time the nurse was in a 
sheer panic and the doctor that had seen him was called. 


Before the doctor could arrive, Magnus started to have muscle spasms all over his body, they started on his spine, and spread all over, he was put ona 
sgumey and was contorted and jerking all over the place with his eyes rolled back in his head. It was clear he would die of a heart attack if they did not stop it, 
they pressed the emergency button and doctors came from everywhere, he was wheeled at speed to the ICU Critical Emergency ward. They stripped of his 
cloths and by now there was a dozen people trying to figure out what was wrong, 


{heard the original doctor tell the others that Magnus was working with CIA whistle blowers, we had explained a bit about the organisation to the doctor 
during the initial examination. They dismissed it and moved on, they could find nothing wrong. They injected him with Diazepam a strong muscle relaxant, 
He was in critical for two hours, during the frst part [took picture, I had taken several others, so I could put them on the World CACH facebook ste later. 


‘The last photo I took one of the doctors went crazy and threatened me to take no pictures and ifany of the pictures Thad taken were made public I would be 
charged by the police. This escalated and security arrived, one more sensible doctor said would you be OK to delete them, as you're not allowed to take 
‘photos ina Spanish hospital. There were no signs saying you couldn't 


[agreed to delete them rather than be arrested, I was taken tothe public waiting room, three hours went by. A man arrived and told me I could visit Magnus, 
Twas taken through, he was looking better but had an oxygen mask on, and was drained. I was told that ina few hours provided he remained stable he 
could leave, he was put on an intravenous antibiotic and saline drip. They dosed him up with the antibiotics and gave me a prescription for a weeks long 
course and some diazepam in case the spasms started again. 


After 7 hours in there we eft, Magnus was back but very weak. The doctors told me that every test they did showed nothing, everything was exactly normal 
through the whole process. They agreed something was wrong but they did not know what it was, The whole day I had a strong high pitched noise 
‘whistling in my ear that is part of the Gangstakiking they are perpetrating on people now. 


You have to ask yourself about the coincidences invalved. 


1/ Magnus and I were not being attacked like normal until we decided to Form a Global Intelligence Service for the people against the governments. Then we 
‘were bath attacked. 


2 Nothing was found to be wrong with Magnus at all 
3/ That day we were to go on video and announce the plan to the TI world. 


-4/ We were making significant progress on the roll out of World CACH, talking to the leaders around the world ofthe individual country CACHs. 
Appointing the technical director. Getting the war tribunals accepted by a judge. 


(On the way home I started to wondler if we could not get the images back from the camera so L asked a young tech guy Alex Axon to see if it was possible 
‘and a few hours later he had recovered three images and all the thumb nails. They were a bit degraded but we now have the images, 


(https: /i2.wp.com/newsinsideout.com/wp-content/uploads/2016/03/Magnus-Olsson-atHospital-ICU-Critical- 
‘Room-Feb.28-2016 jpg?ecl=I 


Magis Olsson at Hospital ICL Critical Room ~ Feb. 28, 2016 


Magnus in ICU Critical Unit 


Whata day! 
Gary Owen 


World Coalition against Covert Harassment (WorlfCACH) 


By mindcontroleurope + Posted in Implant for Synthetic Telepathy, Magnus Olssans story, military, Mind Cantrol, Nano Brain Implant, Uncategorized © 
‘Tagged airforce, atfical-intlligence, artifical telepathy, interfaces, magnus alsson, Nanobots, science, synthetic-telepathy, technology, transcranial- 
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JAN 28 2015 


The real-life Mind-Matrix. .. 


Mail Online 


(https://nanobrainimplant.files.wordpress.com/2015/01/mail-on-line.png)The 
real-life Matrix: MIT researchers reveal interface that can allow a computer to 
plug into the brain 


(http nanobrainimplant les wordpress.com/2015)01/fsnk 


‘System could deliver optical signals and drugs directly into the brain 
‘Could lead to devices for treatment of conditions such as Parkinson's 


Ithas been the holy grail of science fiction — an interface that allows us to plug our brain into a computer. 
Now, researchers at MIT have revealed new fibres less than a width of a hair that could make ita reality. 


‘They say their system that could deliver optical signals and drugs directly into the brain, along with electrical readouts to continuously monitor the effets of 
the various inputs 


|e wols ve Gonieuni | 
(Christina Tringides, a senior at MIT and member ofthe research team, holds a sample of the multifunction fiber that could deliver optical signals and drugs 
directly into the brain, along with electrical readouts to continuously monitor the effects ofthe various inputs. 


HOW IT WORKS. 


‘The new fibers are made of polymers that closely resemble the characteristics of neural tissues. 
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‘The multifunction fiber that could deliver optical signals and drugs directly into the brain, along with electrical readouts to continuously monitor the effects 
of the various inputs, 


(Combining the different channels could enable precision mapping of neural activity, and ultimately treatment of neurological disorders, that would not be 
‘possible with single-function neural probes. 


‘We're building neural interfaces that will interact with tissues in a more organic way than devices that have been used previously, 


said MIT's Polina 
Anikeeva, an assistant professor of materials science and engineering, 


The human brain's complexity makes it extremely challenging to study not only because of its shoer size, but also because ofthe variety of signaling methods 
it uses simultaneously 
Conventional neural probes are designed to record a single type of signaling, limiting the information that can be derived from the brain at any’ point in time 
Now researchers at MIT may have found a way to change that 


By producing complex fibers that could be less than the width of a hair, they have created a system that could deliver optical signals and drugs directly into 
the brain, along with simultaneous electrical readout to continuously monitor the eects of the various inputs, 


RELATED ARTICLES 


‘The newC technology is described in a paper in the journal Nature Biotechnology 

‘The new fibers are made of polymers that closely resemble the characteristics of neural tissues, Anikeeva says, allowing them to stay in the body much 
longer without harming the delicate tissues around them, 

Todo that, 


team made use of novel fiber-fabrication technology pioneered by MIT professor of materials science Yoel Fink and his team, for use in 
photonics and other applications. 


‘The result, Anikeeva explains is the fabrication of polymer fibers that are soft and flexible and look more like natural nerves. 


Devices currently used for neural recording and stimulation, she says, are made of metals, semiconductors, and glass, and can damage nearby tissues during 
‘ordinary movement. 


‘Wvsa big problem in neural prosthetics’ Anikeeva says, 


‘The result, Anikeeva explains, is the fabrication of polymer fibers ‘that are soft and flexible and look more like natural nerves, 


HOW IT WORKS: 


‘The new fibers are made of polymers that closely resemble the characteristics of neural tissues. 


‘The multifunction fiber that cauld deliver optical signals and drugs directly into the brain, along with electrical readouts to continuously monitor the effects 
‘of the various inputs 


Combining the different channels could enable precision mapping of neural activity, and ultimately treatment of neurological disorders, that would not be 
‘possible with single-function neural probes. 


‘We're building neural interfaces that will interact. 
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(https//nanobrainimplant files wordpress.com/2013/02/mbot-brain ips) 


° The result, Anikeeva explains is the fabrication of polymer fibers ‘that ae soft and flexible and look more like natural nerves.” 
“They are so tif, so sharp — when you take a step and the brain moves with respect to the device, you end up scrambling the tissue. 


The key to the technology is making a larger-scale version, called a preform, ofthe desired arrangement of channels within the fiber: optical waveguides to 
carry light, hollow tubes to earry drugs, and conductive electrodes to carry electrical signals. 


‘These polymer templates, which can have dimensions on the scale of inches, are then heated until th 
retaining the exact arrangement of features within them. 


y become soft, and drawn into a thin fiber, while 


AA single draw of the fiber reduces the cross-section of the material 200-fold, and the process can be repeated, making the fibers thinner each time and 
approaching nanometer scale 


Features that used to be inches across are now microns 


During this process, Anikeeva say 


Combining the different channels in a single fiber, she adds, could enable precision mapping of neural activity, and ultimately treatment of neurological 
disorders, that would not be possible with single-function neural probes. 


Forexample, light could be transmitted through the optical channels to enable optogenetic neural simulation, the effects of which could then be monitored 
with embedded electrodes. 


Combining the different channels in a single fiber, she adds, could enable precision mapping of neural activity, and ultimately treatment of neurological 
disorders that would not be possible with single-funetion neural probes 


tthe same time, one or more drugs could be injected into the brain through the hallow channels, while electrical signals in the neurons are recorded to 
determine, in real time, exactly what effect the drags are having. 


MIT researchers discuss their novel implantable device that can deliver optical signals and drugs to the brain, without harming the brain tissue. 


The system can be tailored for a specific research or therapeutic application by creating the exact combination of channels needed for that task. “You can have 
a really broad palette of devices,’ Anikeeva says. 
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White 


ingle preform a few inches long can produce hundreds of feet of fiber, the materials must be carefully selected so they all sften at the same 


temperature 


The fibers cnuld ultimately be used for precision mappiny 


the responses of different regions ofthe brain or spinal cord, Anikeeva says, and ultimately may 


also lead to long-lasting devices for treatment of conditions such as Parkinsons disease 


8 professor of mater 


science and engineering 
rch, says, “These authors descr 


of chemistry atthe University of Illinois at Urbs 
collection of multifunctional bers, tailored fo 
stimulate and record neural behaviors through electrical, optical, and fluidic means. 


‘hampaign who was not involved in 


scinating, di 


tion into the brain where they can 


The results significantly expand the toolkit of techniques that will be essenti. 


uur development of a basic understanding of brain function, 


x-MIT-researchers-1eyeal-interface-allow-com 


er-plug 
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Medical Nanobots Will Connect Brain to Cloud Computing — Ray Kurzweil 


Thursday, February 6, 2014 


Medical Nanobots Will Connect Brain to Cloud Computing — Ray Kurzweil 
(http://www. activistpost.com/2013/08/the-dna-nanobots-have-arrived.html) 


(hitps://nanobrainimpl 


les, wordpress. com/201.3/05/mbi pe) 


[Nicholas WestThe Human Body Version 2.0 (htspd/i «than arch-Transhumanist 
Ray Kuczweil (hig /wow amazon, com/The Singularity 1e-Near-Transcend/dp/014 I. tf sw2ulinkCode=wswtag=permacultucam-20) as its 
main proponent. The goals have been openly stated for some time: 


snobots) project features none o 
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In the coming de 
organs. We already know hoe to pre 


les, a radical upgrading of our body's physical and mental systems, already underway, will use nanobots to augment and ultimately replace our 
inf most degenerative disease Hough nutrition and supplementation; this will hea bridge tothe emerging biotecoolagy 
fa the nanotechnology revolution. By 2030, reverse-enginering ofthe hun bain will hasbeen completed and nonbiological 
intelligence will merge with our bioog 


revolution, which in ture wil be a Bri 
cal brains. 


b—- 


primo _posthuman.png) 


Picture from Natasha Vite More 


(https: /nanobrainimplant files wordpress com/2014/02/ef606. 


Tink to Vite More: hii ian natasha ce) (hip iwnww natashace 


In fact, the reverse engineering of the human brain (hitpy//www.activistpost com/2013/08/hardwvare.and.-software-combining-to html) has already been 
announced to be well under way via new microchips and accompanying software. And, while full nanobot rewiring of the brain is not expected before 2 


Phys.org (htp://phys.ons/) has reported that our DNA has been successfully targeted by nanobots “for drug therapy or destruction.” 


‘Taking this even one step further, Ray Kurzweil said in a new interview with The WallStreet Journal (see below) that our extension into non-biological realms 
will include nanobot computers that will enter our brain and connect us to Cloud computing. 


From science fiction horror, directly to the human body, the nanobots are no longer speculation, Also unlike science fiction, they won't arrive via immediate 
worldwide takeover — they are already here, and will be introduced incrementally, as Kurzweil has previously stated: 


1 will be an incremental process, one already oll under soy. Although version 2.0 is a grand project, ultimately resulting in the radical upgrading of all our physical 
and mental systems, we will implement it one benign step at a time. Based on our current knowledge, we can already toch and fe the means for accomplishing each 
aspect ofthis vision. (emphasis added) 


(https: /nanobrainimplant files wordpress.com/2014/01/mndentrl.2 ips) 
ave developed a eet of molecular nanorabots that can deliver drugs to specific cells and also identify certain genetic 


by using fluorescent labeling. After such identification, a chain reaction can be initiated: 


Researchers from Columbia University 
marker 


1) initiates a chain reaction among the DNA strands. Each 
staal of DNA that is fluorescently labeled 


component (labeled 0 Bel 
nthe last antibay obtains 


(On cells where all Hee components are attached, robot is foetional anda fourt 
‘component saps a strand of DNA seth another, anti the end ofthe sap, 


Alt the end ofthe chain ration —ohich takes less thar 15 mites ina sample of human blood —only cells withthe three surface proteins ae labeled with the fluorescent 
marker 


com/news/2013.07-molecular.robots- therapeutics himlzinIRIv) could prove 


Naturally, this type of targeted therapeutic approach (http://medicalypre 
beneficial, as the researchers highlight — especially for cancer treatment which sweeps up healthy cells along with malignant ones, very often doing more 
‘harm than good (if one were to choose the establishment medical route). 
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Why doctors 
don't 
‘vaccinate 


thelr own kids 


xcinetnuth htm 


This is always how new technologies are sold to the public, however, and it would be 
naive not to consider the darker applications as well. 


Direct brain modification already has been packaged as “neuroengineering,” A Wired article 

{htip-/www wired.com/science/ discoveries news/2000/03/neuroengineeringl) from early 20089 highlighted that direct brain manipulation via fiber optics isa 

bit messy, but once installed “it could make someone happy with the press of a button.” Nanobots take the process to an automated level, rewiring the brain, 

‘molecule by molecule. Worse, these mini droid can autonomously sel-replicate, forcing one to wonder how this genie would ever be put back in the bottle 
‘once unleashed, 


Here is one scenario offered by Kurzweil for how these nanobots could enter our bodies 


A significant benefit of nanobot technology is that unlike mere drugs and nutritional supplements, nanobots have a measure of intelligence. They cam keep track of 
smys, One scenario is that ie would wear a special “nutrient garment” such asa bel or 


thei on incentores, and intelligently slip in and out of our bodies in cle 
tuershirt. This garment would be loaded with nutrient bearing nanobots,rohich would make their way in and out of our bodies through the skin or other bady cavities. 
(emphasis added) 


That might seem to offer a level of participatory choice — to wear or not to wear the 
garment — but Kurzweil reveals that the nanobots will eventually be everywhere: 


eventually he ubiquitous aa axailableexeryere 


Ultimately we oon't nee to bother with special garments or explicit nutritional resources. Just as computation sill 
tw will hase metalic ranobt resources be embeded everyishere i our environment. 


In a recent interview with The Wall Street Journal, Kurzweil highlights why Google has 
taken an interest in nanotechnology and the possibilities he sees for humans as they 
increasingly become non-biological and form direct connections with computers, 
augmenting and/or supplanting our natural processes as we head into the era of cyborgs 
(http://www.activistpost.com/2014/01/the-era-of-cyborgs-has-begun.html) and beyond: 


And of course once our neocortex is uploaded to the Cloud, it positions Google perfectly for searching our every thought and pre-thought. While this might 
sound like an impossible amount of information to upload, let alone interconnect and search, i is being announced that researchers have designed the frst 
ranocomputer that can push beyond the concept of Moore's Law, which imposes a theoretical limitation on the expansion of compuiter processing power. 


‘The town designed anal assembled, from he baton up, a functioning, ultra-tny control computer that is the densest nanoelectronic syste exer bul. 


A technical paper has been published online (ht) wn gnas.ons/content/early!2014/01/23/1323818111 abstract) inthe Proceedings ofthe National Academy of 
Sciences on the resarch. 


The ultra-small, ultra-low power contol processor—termed a manoelectronic finite-state machine (htty:lien wikipedia.orglwikilFinite-state muschine) or 


‘nano SM" —is smaller than a uma nero cell 


hal 


In their recent collaboration they combine several ies om a single chip to produce a firs-oF isin complex, programmable nanocomputer, (Source 
(lit ro rasa con/201 4103 /nanoomputer pointy to gush- pt tn) 
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Compe Sep 
Tsien Ow 
HOWTO 
BUILD A 
SIKOLATESE A) 
TREE RNERGY 
DEVICE: 


(http://activistpost.net/teslasecret/) 


It shouldn't be seen as coincidence that these developments are happening 
simultaneously. What appears on the surface to be discoveries in entirely different fields 
are coalescing rapidly as we approach the theoretical date of The Singularity — the full 
merger of human and machine — estimated to occur between 2029-2045. 


Despite the benign language of futurists, we know that a concerted effort is already underway to manage and predict human behavior 
(http /www activistpost com/2013)07/seer 


-darpa-mind-control-project html) for a whole range of potentially anti-human applications 
(tp: / www activistpost com/2013/06/7-future-methods-of-mind-contrel html}. As our free will is also targeted like the cells of our body — for drug therapy 
‘oF elimination — ethical concerns must be voiced loud and clear, Scientists seem content with opening Pandora's Bos, then worrying about negative 
consequences later .. and that is only if we assume that their intentions are benign from the beginning, One should take time to examine the history of, 
military experimentation on human populations (http://www amazon com/The- Medusa File-Coverups-Government/dp/963006240/ref=as Ii tf sw? 

‘Glink Code=wswédtag=perm cultucom-20) to see all of this through a very different lens 


At the very least, instead of the fully realized vision of Human Body 20, this might be Big Pharma 2.0 — a new phase where conventional drugs are 
incrementally replaced by nanodrugs (hitp|/www scioncedaily.com /reluasos/2013/08/ 130810063717 htm) and nano-fleet delivery systems, Coupled with 
applications that directly enter our brain to connect us to the computer matrix, we are rapidly entering an entirely new human paradigm 


The funding is already there, and a massive amount of money is waiting to be made by companies like Google. Here again, for those who might only see the 
bright side to this technology, we ought to question who is realy in control of it 


Sources: 
hitp://phys.on/news/2013.08-cina-nanorobots-tag-cellular html (htip://phys ong news/2013-08-<ing-nanorobots-tag-cellular html) 
bitp:/;www.nature.com/nnano/focus/dna-nanotechnology/index html (http://www .nature.comVanano/focus/dna-nanotechnology index.htm 
http /www nature.comVananojournal/v8/aS/index himl (http /wwv nature com/nnanofjournal/vl/n8/index html) 
bitp./blogs esi com/cio/2014/02/IM/googles-ray-kurzwul-envisions-new-era-of-scarch/ (http //blogs. ws com/cio/201402/04/googles-ray-kurzweil-envisions. 
nnew-ora-of search) 


Recently by Nicholas West: 


° Robots to Breed with Each Other and Humans by 2045 (http//wwwactivistpost.com/2014/0/robots-to-broed-with-each-otherand html} 

° Robots to Get Intemet Cloud Brain: “Wikipedia For Robots” (http:/;www activistpost com/2014/01/robots-to-get-intenet-cloud-brain him) 

© Amazon Patents The Use Of Prodictive Behavior Technology For Future Shipments (htp://www.activistpost com/2014/D1/amazon-patenis-use-of- 
‘paidictive him) 


By mindcontroleurope « Posted in Implant for Synthetic Telepathy, Man vs Machine, Mind Control + Tagged artfical-intelligence, artificial telepathy, 
biological brains, chemical stimulus, oud-computing, DNA nanobots, medical nanobots, Nanobots, nonbiological intelligence, science, trans humanist 
‘ranscranial-magnetic-stimulation 
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Mind Control in the 21st Century—Science Fiction and Beyond 


(ntp:/Awww.veteranstoday.com/wp- 


Mind Control in the 21st Century—Science Fiction & Beyond 


... by Steven DiBasio 


* Understanding 


MIND 


(http, www veteranstoday.com/wp-contentJuploads/2014/01/SivrpnPe¥iL ips) 


Is itcaming to a home near you? 


Conspiracy Theory? 


cy theory” or “X-Files” fare. That is, itis seen as possibly not “real,” and certainly not 


a topic commonly perceived as “consy 
something about which one should be “overly” concerned. 


“Mind control’ 


This attitude at least partially arises from the widespread belief or assumption that the human brain is so complicated — (“the most complex entity in the 


universe” isa common formulation) — that it has not, and perhaps cannot, be comprehended in any depth. 
ind-contro-in-the-2Ist. 


(One weiter, for example, describes the brain as of “perhaps infinite” complexity ] (htpu)hwww.veteranstoday com/2014/01/ 
trol-in-the.21st-century-scieny 


contury-scienew-fiction-beyond/ fin1) while another, David Brooks of the New York Times, writes that itis “probably impossible” that “a map of brain 
activity” could reveal mental states such as emotions and desires [2 (htt/vww.voteranstoday.com/2014/01/13/mind-co 
fiction-beyond/# find) 
and that we have only begun 


Republic, opines that neuroscience is stil in its “infancy 
:pport of that position [3] (http://www. veteranstoday.comy/2014/01/13/esing- 


Similarly, Andrew Sullivan, blogger and former editor of Th 
arker piece in 


‘scratching the surface” of the human brain, and links toa Ni 
control-in-the-21st-contury-science-iction-bevond/s_fn3) 


ne entitled “The Myth Of Mind Control” advises the reader that while mind contral 
would be akin to figuring out 


And the cover story for the October 2004 issue of Discovery M 
isa “familiar science-fiction” staple, there is little reason for real concem, because actually deciphering the *neural code 
other “great scientific mysteries" such as the "origin of the universe and of life on Earth,” and is therefore hardly likely [1 
(itty: www vetevanstoday.com/2014101/13/mind-control-in-the-21st-century-science-fiction-beyond/= find) 

2134 
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During the last experiments the stator magnet changed 
place and pushed against the magnetic fields of the 
tracks from above. Simply because more thrust was 
developed by this way. The next wheel will have the 
tracks mounted on a different level. It means that the 
first track will have a bigger distance to the stator 
magnet than the last track. This should make the 
sticky spot weaker and the final ‘kick off’ stronger. 
The final wheel will be mounted vertically, like the 
Minato Wheel. 


‘Thanks to the invention of the Neodymium magnet in 
1983, magnets became much more powerful while the 
size and length decreased. Before 1983 a lot of the 


Mechanism of 
Drive-Free Motion 


experiments could not be done since the size of the 
magnets made the positioning of several magnets in 
tracks like this was impossible. It is my personal 
believes that the strength of these magnets will lead 
to results that are impossible according to the physical 
law books, because these magnets did not exist when 
those books were written, 


Until the moment I write this I have not found the 
perfect energy source yet but by exploitation all the 
material and findings on my web site I hope that more 
people get interested and will help searching for a 
great energy device that will not pollute the air which 
our children and grand children have to breath. 


Sergey A. Gerasimov, Russia 


Physics Department, Rostov State University, Rostov-on-Don, 344090 
Email: GSIM1953@mail.ru 


The article presents results of the experimental study 
of the motion created by vibrations of an internal mass 
of the system of bodies accompanied by impacts of 
the unbalanced load with the external body. This type 
of propulsion drive is known by a number of names. 
Among these are the vibrational propulsion device 
and reactionless machine. Sometimes it is called the 
inertioid {1, 2]. The vibrational transposition is proved 
to go on by means of internal forces of a system of 
bodies [3-5]. The Tolchin’s inertioid [6] is considered 
to be the first device that used the forces of inertia to 
create the reactionless infinite motion in space. We are 
not in a position to be a judge of this. There exist a 
number of projects of such machines but experimental 
results concerning such kind of motion are very limited. 
Below there are the experimental results on average 
velocities of such a motion and the description of a 
propulsion device a main particularity of which is 
absence of wheel-drive. 


Fig. 1 


Scematic representation of a vibratory-impact selftransposition 


The unbalanced load in this device is an electric 
motor E of mass m that executes undumped vibrations 


relative to a platform P of mass M with four wheels W 
which can roll on a horizontal surface L with rolling 
friction the coefficient of which is k. The frictional force 
is determined to be a force which adjusts to keep the 
cart from motion across a surface. A disk cam C at 
one end of the axle of the motor ensures a prescribed 
character of the vibrations and elastic impacts 
between the load m and the follower B of radius a. In 
present experimental device, the cam C consists of 
two semicircles of different radii r and R as it is shown 
in Fig.1. In this experiment r=0.03m, R=0.05m and 
a=0.01m, The electric motor and the platform are 
coupled by a connecting spring S. The force F by 
means of which the electric motor is pressed to the 
follower varies linearly from F=4N at x=0.04m to 
F=4.8N at x=0.08m. The compressed spring S is 
necessary not only for creating close contact between 
the cam and the follower. The restoring force of the 
spring produces the transposition of the cart in a 
direction opposite to F when the follower moves 
without contact from x=2R-r+a up to an impact at 
x=r+a. The impact suppresses the transposition. 
Another mode of transposition is also possible when 
the impact of the cam on the follower is a reason of 
the transposition of the cart in the direction of the 
force F. In this case the frictional force extinguishes 
the transposition of the cart. 


Friction between the load of mass m and the cart is 
negligible since the corresponding effective 
coefficient is less than 0.001. The same is for the 
friction between the cam and the follower. The mass 
of the spring is m,=0.007 kg , and the mass of the 
cam is m,=0.019 kg. The total mass of the wheels is 


m,,=0.082 kg, This value can be useful for a theoretical 
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According to the article, as the brain is “the most significant mystery in science” and quite possibly “the hardest to solve,’ 
(http://www veteranstoday.comy2014,01/13/mind-control-in-the-21st-contury-science-fiction-beyond/= fin) mind control remains at worst a distant concern. 


‘The underlying idea soems to be that sophisticated mind control is unlikely without understanding the brain; and we do not understand the brain. 


//wwwrw vetoranstoday com/wp 
content/uploads/2014/01/mindeontrolgif) 


Understanding the “Neural Code” 


Of course, one might question the notion that a full understanding ofthe “neural code” is a prerequisite for mind contro since itis nat always necessary to 
know how something works for it tobe effective. Nonetheless, the assumption that the brain is so complex that little progress has been made in “solving” it 
is itself incorrect 


{As neuroscientist Michael Persinger has sai, the “great mythology” of the brain is that itis “beyond our understanding; no it's not "[6] 

(httpd /www voteranstodaycom/2014/01/13/mind.control-in-the-21st-century-seience-fiction-beyond/t fin6) In fact according to inventor and “futurist” Ray 
Kureweil,“very detailed mathematical models of several dozen regions of the human brain and how they work..."1Z] 

(http://www veteranstoday com/2014/01/13/mind-control-in-the.21st-century-sclence-fiction-beyond/s fin7) had already been developed over a decade ago, 


Kureveil also said at that time that science is “further along in understanding the principles of operation of the human brain than most people realize.."[8) 
{htip:/www.veteranstoday.com/2014/01/13/mind-control-in-the-?1st-contury-science-fction-beyond/ fin8) While the brain may be complicated, “t's not 
‘that complicated (emphasis added),”[9](hitp_/www.veteranstoday.com/2014/01/13/mind-control-in-the.21st-century-science-fiction-bevond/? find) 


Similarly, an Air Force report from 1995, in a section entitled “Biological Process Control," predicts that before 2050“... [w]e wi 
‘understanding of how the human brain works, how it reall 


have achieved a clear 
y controls the various functions of the body, and how it can be manipulated.."[10) 
(http: www veteranstoday com/2014/01/13/mind.control-in-the.21st-century-science-fiction-beyond/* ftn10) 


One can envision the development of electromagnetic energy sources ... that can couple with the human body in a fashion that will allow one to prevent 
‘voluntary muscular movements, control emotions (and thus actions), produce sleep, transmit suggestions, interfere with .. memory, produce an 
experience set, and delete an experience set. [11] uty: /wwz.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction- 

onde fin) 


As disturbing as such “predictions” may be, is it possible that technologies to prevent (or perhaps even impel) muscular movement, control emotions, 
transmit suggestions, delete memories, create false memories, and so on, have already boen developed? 


Certainly, even a cursory review of the “open literature” reveals that various sophisticated mind control technologies already exist{12] 
(itp. / www veteranstoday.com/2014/01/13/mind-control-in-the-21st-contury-stience-fiction-boyond/# ftn12) Indeed, itis rather shocking to realize how 
‘advanced mind control technology was, even several decades ago. 


(htt /www.veteranstoday com/wp-content/uploads/2014/0U/PTSD Lips) 


“Altering brain waves” 


For example, there isthe 1974 invention of Robert G. Malech for which a patent was granted in 1976 and assigned to defense contractor Dome & Margolin, 
Inc.—for a method of “remotely monitoring and altering brain waves.”[13] (http: /www.veteranstoday.com/2014/01/13/mind.-control-in-the-21st-century= 
fiction-beyond/® fan13 


Moreover, experiments conducted over thirty years ago atthe Stanford Research Institute (SRI) showed that basic mind reading from EEG readouts was 
possible, revealing the existence of “a non-symbolic language” of “brain-wave patterns” which could be deciphered and translated [14] 
itp: www.veteranstoday.com/2014/01/13/mind-control-in-the-21st-contury-science-fiction-boyond/# ftnl4) 
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Indeed, “..[b]y the late 1960s 
realized.” [15] dt: 


‘remote control’ ofthe human brain —accomplished without the implantation of electrodes —was well on its way to being 
//www.veleranstoday.com/2014/01/13/mind-control-in-the-1st-century-science-fition-beyond/_ftn15) A means of stimulating a brain 
“by creating an electrical field completely outside the head” was developed [16] (http /www.veteranstoday.com/2014/01/13/mind-control-in-the-21st- 


sentury-sciunce-ficion-beyond/? fin6) and it was discovered that electric pulses could stimulate the brain using far less energy than previously “thought 
effectual in the old implanting technique." [17| (http Javww.voteranstoday com/2014/01/13/mind-control-in-the- 


stcentury-science-fiction-beyond/t fin17) 
Not surprisingly, with such developments arose legitimate fears of a future world where “human robots" would perform the bidding of the “military."[18] 
(https/ivww.ve 


eranstoday com/2014/01/13/mind.contral-in-the-?1st-century.science-fction-beyond/¢ fen18) 


And one source quotes a 1970s Pentagon agency report as saying that it will likely be possible in “several years” to induce sounds and words directly into 
the brain (bypassing the ears), as well as to use “combinations of frequencies and other signal characteristics to produce other neurological effects. 
tps www. veteranstoday comy2014/01/13/imind-control-inthe.21st-century-science-fiction-beyond/® fin19) 


9) 
The report notes that the Soviets had observed “carious changes in body chemistry” and “functioning” of the brain from the exposure ofthe brain to 


various frequencies. [20] ditty! /wurw.reteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyond/= ftn20) Also mentioned 
‘are studies at MIT showing that “magnetic brain waves can be picked up 


‘and amplified as if the brain were a radio transmitter,” no implants or 
electrodes required [21] (uty wwwnw xeteranstoday.com/2014/01/1V/mind-control-in-the-21st-cent 


-science-fiction-beyondl# ftn21) 
Finally, an article from 1981 describes how “microwave generators" placed in appropriate locations and transmitting at low energy would create 


“interference patterns” out ofthe interaction with brainwaves (brain electricity), 


‘These interference pattems “could then be built up by computer into a three-dimensional moving picture of mental pracesses" 


in other words, a remote 


“thought scanner” (and tracking device) could be developed [22] (http://www. veteranstoday.com/2014/01/13)/mind-control-in-the-21st-century-science- 
fiction-bevond/#_ fin22 


Recent “Advances” 


(itp, www veteranstoday.com/wp-content/uploads/2014/0 Verazy ips) 


Subjected to outside influences 


Jhtof these past developments, its pechaps rather surprising to read modem articles describing supposedly recent innovations in “mind reading” and 
‘mind control technology — in which it is sometimes claimed, for example, that scanners, electrodes and proximity to the subject is required to read and 
“control” minds. 


Such claims reflect an apparent failure ofthe science of “mind control” to progress as one might have expected considering the presumed interest, as well as 
the spectacular rate of advancement of science and technology in general in recent decades: 


(Of course; it would not be all that surprising if mind control technology has advanced considerably, but that research has been carried out in secret for 
reasons of “national security.” 


CIA affiliated scientists have certainly conducted much research which they have been prohibited from sharing with their peers [23] 
(np www. voteranstoday.com/2014/01/13/mind.control-in-the-7ist-century-science-fiction-beyond/t fin23) and inventions that implicate “national 


security” are routinely suppressed under Pentagon secrecy orders. [24] (http://www veteranstoday,com/201401/13/mind-control-in-the-21st-century-science. 
fiction-beyond/t f1n24) Also, it might seem desirable to hide research programs which sometimes “requis 


” relaxation of ethical standards, such as that of 
informed consent, 


‘That said, even ignoring the likely existence of a “secret science” of mind control, recent public advancements are quite troubling in their own right 


‘Some examples: 
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‘New connections” are being made all the time. 


41) In 2004, 25,000 rat neurons on a glass dish learned to fly an F-22 jt fighter simulator [25] (itty: /www.vetevanstoday.com/2014/01/13/mind-control- 
in-the-21st-century-seience-fiction-beyond/+ ftx25) After scientists placed the neurons on the dish, the neurons quickly began “to reconnect themselves, 
forming a living neural network—a brain.” [26] (htty://xoww.veteranstoday,com/2014/01/13/mind-control-in-the-21st-cenlury-science-fiction- 

‘beyond! fn26) 


‘The lead scientist added that “one day,” though of course a “long way off” disembodied brains might actually be used to fly drones,[271 
(itty: wano.vetevanstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyond/# fin27) though the current experiment twas merely 
to enhance knotwledge of how the brain works, and possibly provide “clues to brain dysfunction,” 2S] Gity/ tow zteranstoday.conn/2014/01/1 mini 
control-in-the-21st-contury-science-fction-bevond!? ftn28 


2) In August 2013, researchers revealed that “miniature” human brains had been grown in the laboratory [29] 
(itty /awrw.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyond/# fIn29) As is typical, any negative implications or 
reasons for worry were minimized, while possible “therapeutic” uses were highlighted. Thus, the breakthrough was hailed as a great opportunity to 
understand “developmental defects,” Though the writer does mention “the spectre of what the future might hold,” the reader is reassured that the 
research is “primitive territory" [20] (itty www.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyondl/®_ftn30)— 
though one researcher did comment on the “undesirability” of growing larger laboratory brains.[31] (http /xnenoeteranstoday.com/2014/01/13/mind- 
control-in-the-21st-century-science-fiction-beyond!: ftx31) 


3) On July 1, 2013, a magazine reported a claim by neuroscientist Sergio Canavero that if soas note feasible to transplant the head of one Inman to the 
Body of another and reattack the spinal cord [32] Gitty:!/xwww xeteranstoday,com/2014/01/13/mind-control-in-the-21st-century-science-fiction- 
Beyond! fin32) 


4) Scientists have reconstructed random images viewed by subjects, from fMRI brain scans, in research that “hints” that “one day” scientists mi 
able to “access dreams, memories and imagery...."[33] ditty//wxw.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction- 


Beyond? fin) 


5) The brains of two rats have been linked, such that one, located in North Carolina, responded “telepathically” to the thoughts ofthe other, located in 
Brazil [34] ditty ww.s toranstoday.cov/2014/01/13/mind-control-in-the-D1st-contury-science-fiction-beyond/s fix) The second rat's brain 
‘processed signals from the first rats brain, delivered over the internet, as if they were its own, The scientist speculated about the “future possibility” of @ 
“biological computer, in whick numerous brains are connected...."(35] dutty: /www.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century- 


science-fiction-beyond/? ftn35) 


6) A brain-to-brain interface has been created, allowing humans to move a rat's tail just by thinking about it [361 
‘itty: hwwiw.vetevanstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyond/? ftn36) Readers are told that while itis not yet 
‘possible to “communicate brain to brain with our fellow Inman... we may be on our way to .. controlling” other species [371 

‘itty: howto vetevanstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyondl? ftn37) But, since it is “still very early days" 
uniter “hope(s)" that any ethical concerts can be “ironed out."[38] (itty//wuow.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century- 
science-fiction-beyondli_ftu38) Of note, the study used focused ultrasound to deliver impulses to the rat's brain,{39] 

(ttyl Faxon veteranstoday,com/2014101/13/mind-control-in-the-21st-century-science-fiction-beyond/* x39) 


2) Continuing the ultrasound “theme”: Focused pulses of low intensity low frequency ultrasound, transmitted noninvasively through the skull to the 
human brain, have been shown capable of producing, not only pain, but also sound, as well as evoking “sensory stimuli.” 40) 

(itty: www vetevanstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyondll? ftnd0) Accordingly, a lab with a “close working 
relationship” with DARPA, the Department of Defense, and US. Intelligence communities, has been looking into using pulsed ultrasound to encode 
“sensory data onto the cortex"; in other words, producing hallucinations through the remote and divect stimulation of brain circuits [41] 

(itty: www vetevanstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyond/? find) Possibilities are the ability to “remotely 
control brain activity” and the “creation of artificial memories."[42] http: howw.veteranstoday.com/2014/01/13/mind-contvol-in-the-21st-century- 
science-fiction-beyond!: fin42) Even Sony has gotten in on the act, patenting a device for using ultrasound to produce hallucinations—again described 
4s “transmitting sensory data directly into the human brain."[43] (utty//www.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science- 
fiction-beyond/s_ftn43) Most troublingly, one source recently alleged that the NSA is using this ultrasound technology to target iulividuals through 
‘their smartphones [44] (ett /aww.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyoudl/® ftn44) 


8) A researcher was able to make a fellow researcher in a different office move his finger just by Hhinking about iin the “first” demonstration of a 
Iuman brain-to-brain interface [$5] (itty) howw.weteranstoday.covn/2014/01/13/mind.control-in-the-21st-century-science-fiction-beyondl® ftn45) 


9) A low cost means of tracking people, even through walls, has been developed. While in the past individuals could be tracked anyzohere by the 
“military” using radar technology, this technology might enable entities with fewer resources to track people as well. [46] 
(itty awww veteranstoday.com/2014101/13/mind-control-in-the.21st-century-science-fiction-beyond/# find6) 
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tpn oeteramstaday comp contenttyploads/2014/01/nindeontol nanotesting crop ips) 


10) Scientists have remote controlled a worm by implanting magnetic nanoparticles into it, and then exposing the animal to a “radiofrequency 
‘magnetic field” which stimulated its neurons, The scientists suggest that their research could lead to “innovative cancer treatments” and "improved 
diabetes therapies,” as well as 


11) Americans can now be spied on in their homes through their internet-connected appliances, according to (former) CIA Director David Petracus, 
Petracus made his statements at about the same time a huge microchip company, ARM, wrveiled new processors which will connect home appliances 


such as refrigerators, washers and driers to the internet [48] (http: /uvww eteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science- 
iction-beyondl_fin48) 


12) LED lights have been ostensibly pushed for their efficiency over traditional bulls, However, LED lights are also semiconductors capable of inducing 
“biological and behavior efects."{49] (stt:/fwww.veteranstoday.com!2014/01/13/mind-control-in-the-21st-century-science-fiction-beyoudls_ftn49) 


“Breakaway” Science? 


(atp:/ www.veteranstoday.com/wp-content/uploads/2014/01/stress-510010.jpx) 


Nural Codes 


While the aforementioned public developments are quite concerning, the reality is they may not actualy represent the true state ofthe art in “mind 
control” technology 


It would not be that surprising, after all, for a domain with national security implications to at some point in its development branch off onto separate 
“tracks,” one public and the other “hidden, 


If such a bifurcation were to occur, advancements made in secret would not necessarily be incorporated into the public sphere. Eventually perhaps, 
innovations and breakthroughs would result in the development of an essentially new, covert science. 


‘An example of a domain in which this bifurcation process seems to have occurred is aviation. Inthe public sphere, the most advanced aircraft might well be 
the F-22 Fighter et, or perhaps the F-35. However, if insider testimony is credited, these aircraft seem almost primitive in comparison with flying machines 
cloveloped in secret. 


Peshaps the most compelling statements in this regard come from Ben Rich, former Director of Lockheed-Martin's Advanced Development Projects, or 
“Skunk Works,” a Lockheed division notable for its super high-tech, top secret projects, among them the U2 spy plane and the SR-71 Blackbird. 


As Joseph P. Farrell's reports in his book Saucers, Suustias, and Psyops, Rich made a number of peculiar and provocative comments at the end of his career, 
and following his retirement on December 31, 1990 (prior to his death five years later), comments strongly hinting at “the development of... an off-the-baoks 
physics and technology...."[50] (http://www veteranstoday.com/204/01/13/mind.control-in-the.2Ist-cenfury-science-fieion-beyond/* fin50) 


For example, on September 7, 1988, ina presentation to the American Institute of Aeronautics and Astronautics in Atlanta, Georgia, Rich lamented that 
he was prohibited from discussing Skunkwork’s current projects, but he did say that they “call for technologies once only dreamed of by science fiction 
writers," [5] http use eteranstoday.com/2014/01/13/mind-control-in-the.21st-century-science-flction-beyondl® ftn51) 


In ensuing years, Rich elaborated slightly. For instance, while speaking to the UCLA School of Engineering Alumni Association in 1993, Rich said that 
“an error in the equations” had been discovered and corrected, making it possible “to travel to the stars."[52] 

(itty: www veteranstoday.com!2014/01/13/mind-control-in-the-21st-century-science-fition-beyondl?_ftn52) He added, however, that “these 
technologies are so locked up in lack programs, that it would take an act of God fo ever get them out fo benefit humanity.”[53] 

(itty: hwo vetevanstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyond/® fin53) 
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10! Meret 
Mei (hte: www vetoranstoday.com/wp-content/uploads/2014/01/Ben-Rich- 


Ete 
Ben Rich ~ Who saw itt. lived it all, 
Farrell goes on to relay a statement from an unnamed Lockheed retired engineer who was quoted in a magazine article in 1988 as saying that “we have 
things flying in the Nevada desert that would make George Lucas drool" [54] (http //www.veteranstoday.com/2014/01/13/mind-control-in-the-21st-century= 


science-fiction-beyond/* find) In the same article an Aie Force officer involved in the development of the SR.71 said “[wle are testing vehicles that defy 
description, 


To compare them conceptually to the SR-71 would be like comparing Leonardo da Vinci's parachute design to the space shuttle." And a retired Colonel 
chimed in: “We have things that are so far beyond the comprehension of the average aviation authority as to be really alien to our way of thinking.” [55] 
(hitp:/www.veteranstoday.comv2014/01/13/mind-contral-in-the-21st-century-science-fiction-beyond/_ftn55) 


Consider then for a moment the possibility that within the classified world, in 1993, a teclmology, to quote Ben Rich, “to take ET back home” had 
already been developed [36] (uty/www 2eteranstoday.com/2014/01/LVmind-controlin-the-21st-century-science-fction-beyond/s_ ftx56) The 
implications are enormous, not to mention rather frightening. One wonders where the technology must be in 2014, more than twenty years later. 


[And if the aforementioned statements are true, and this seems plausible (why would these individuals lie, or even exaggerate, especially to Engineering 
Associations and Aeronautics institutes), what might this imply about the current state of the art in domains other than aviation, such as neuroscience, which 
has itself been the subject of intense 


weaponization” efforts, 


Indeed, what does su 


h a vast discrepancy between what people believe and what is actually true suggest about the nature of our perceived reality in 
‘general? 


Steven DiBasio is a writer, attorney, and sometime musician. He lives in the Midwest. And more will be on the way. He can be reached at 
steven dibasiowgmail.com (mailtossteven.dibasiow gmail.com) 


Editing: Jim W. Dea (hitpu/www.veteranstoday.com/staff-writers/) 


Original: hitps/www veteranstoday com/2014/01/13/mind.control-in-the-?lst-century-seience-fction-beyond 
(ttp:/www,veteranstoday.com/2014/01/13/mind-control-in-the.2st-contury-scionce-fiction-bovond) 
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NSA Spy Program Is Absolutely Orwellian Intelligence 


The EMF Brain Mapping Of The People And Its Use As Part Of A Signals 
Intelligence Driven Spy Program Is Absolutely Orwellian 
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Former US National Security Agency contractor Edward Snowden appeared in a televised Christmas message released to the world public by TV station 
Channel 4 on Wednesday. (Dec. 25) 


Investigative Journalists Targeted For An Ongoing FBI COINTELPRO STING OPERATION/SMEAR CAMPAIGN — been used as an unwitting target of 
(MKULTRA) non consensual human experimentation for decades via the NSA’s SIGNALS INTELLIGENCE EMF Scanning Network - a covert spy 
program which uses brain scanners deployed via NSA signals intelligence satellites to remotely scan the brainwaves of any citizen in the world. The 
NSA’s SIGNIT EMF Scanning Network is an outgrowth of the Pentagon and CIA's MIND and TAMI (MKULTRA) “mind control” programs, which ase EEG 
Heterodyning technology to synchronize Al computers with the unique brainvvave print of each citizen. This technology enables the NSA to brand us like 
heads of cattle, Google: AKWEI VS NSA & The Matrix Deciphered by Dr. Robert Duncan to learn more about this Orwellian attack on the people's 
Constitutional rights, 
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During the last experiments the stator magnet changed 
place and pushed against the magnetic fields of the 
tracks from above. Simply because more thrust was 
developed by this way. The next wheel will have the 
tracks mounted on a different level. It means that the 
first track will have a bigger distance to the stator 
magnet than the last track. This should make the 
sticky spot weaker and the final ‘kick off’ stronger. 
The final wheel will be mounted vertically, like the 
Minato Wheel. 


‘Thanks to the invention of the Neodymium magnet in 
1983, magnets became much more powerful while the 
size and length decreased. Before 1983 a lot of the 


Mechanism of 
Drive-Free Motion 


experiments could not be done since the size of the 
magnets made the positioning of several magnets in 
tracks like this was impossible. It is my personal 
believes that the strength of these magnets will lead 
to results that are impossible according to the physical 
law books, because these magnets did not exist when 
those books were written, 


Until the moment I write this I have not found the 
perfect energy source yet but by exploitation all the 
material and findings on my web site I hope that more 
people get interested and will help searching for a 
great energy device that will not pollute the air which 
our children and grand children have to breath. 


Sergey A. Gerasimov, Russia 


Physics Department, Rostov State University, Rostov-on-Don, 344090 
Email: GSIM1953@mail.ru 


The article presents results of the experimental study 
of the motion created by vibrations of an internal mass 
of the system of bodies accompanied by impacts of 
the unbalanced load with the external body. This type 
of propulsion drive is known by a number of names. 
Among these are the vibrational propulsion device 
and reactionless machine. Sometimes it is called the 
inertioid {1, 2]. The vibrational transposition is proved 
to go on by means of internal forces of a system of 
bodies [3-5]. The Tolchin’s inertioid [6] is considered 
to be the first device that used the forces of inertia to 
create the reactionless infinite motion in space. We are 
not in a position to be a judge of this. There exist a 
number of projects of such machines but experimental 
results concerning such kind of motion are very limited. 
Below there are the experimental results on average 
velocities of such a motion and the description of a 
propulsion device a main particularity of which is 
absence of wheel-drive. 


Fig. 1 


Scematic representation of a vibratory-impact selftransposition 


The unbalanced load in this device is an electric 
motor E of mass m that executes undumped vibrations 


relative to a platform P of mass M with four wheels W 
which can roll on a horizontal surface L with rolling 
friction the coefficient of which is k. The frictional force 
is determined to be a force which adjusts to keep the 
cart from motion across a surface. A disk cam C at 
one end of the axle of the motor ensures a prescribed 
character of the vibrations and elastic impacts 
between the load m and the follower B of radius a. In 
present experimental device, the cam C consists of 
two semicircles of different radii r and R as it is shown 
in Fig.1. In this experiment r=0.03m, R=0.05m and 
a=0.01m, The electric motor and the platform are 
coupled by a connecting spring S. The force F by 
means of which the electric motor is pressed to the 
follower varies linearly from F=4N at x=0.04m to 
F=4.8N at x=0.08m. The compressed spring S is 
necessary not only for creating close contact between 
the cam and the follower. The restoring force of the 
spring produces the transposition of the cart in a 
direction opposite to F when the follower moves 
without contact from x=2R-r+a up to an impact at 
x=r+a. The impact suppresses the transposition. 
Another mode of transposition is also possible when 
the impact of the cam on the follower is a reason of 
the transposition of the cart in the direction of the 
force F. In this case the frictional force extinguishes 
the transposition of the cart. 


Friction between the load of mass m and the cart is 
negligible since the corresponding effective 
coefficient is less than 0.001. The same is for the 
friction between the cam and the follower. The mass 
of the spring is m,=0.007 kg , and the mass of the 
cam is m,=0.019 kg. The total mass of the wheels is 


m,,=0.082 kg, This value can be useful for a theoretical 
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GLOBAL LAUNCH OF 
ULTIMATE TESLA 


PSYCHOTRONIC GENERATOR 
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Click here (uitimate-min-tasla-pst-generator him) to read 
PRESS RELEASE on the GLOBAL LAUNCH OF THE 
ULTIMATE TESLA PSI-GENERATOR by WAVE GENOME 


_ 


ULTIMATE TESLA PSL-GENERATOR IS BASED UPON 
IMPORTANT DISCOVERY BY DR. IRENE CAESAR 
REGARDING THE SHAPE OF CHROMOSOMES AS 
DIFFRACTION GRATING / REFRACTION MECHANISM FOR 
FOCUSING GENETIC INFORMATION 


[fips aw youtube con/wateh v=iyirSoSmOBfestre=yeutue) 


ON DECEMBER 2, 2016, IRENE CAESAR, PH.D.. PRESIDENT, 
FOUNDER AND OWNER OF WAVE GENOME, LAUNCHED 
HER NEW PRODUCT — ULTIMATE MINLTESLA PSI- 
GENERATOR FOR THE ULTIMATE PROTECTION AGAINST 
PSYCHOTRONIC AND GENETIC WARFARE. Intallactual and 
Commerical Property belongs to WAVE GENOME. Magnus 
Olsson, President of Mingtech Enterprises, becomes. the 
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Remote management of biosystems based upon the shape of chromosomes as diffraction grating for 
focusing genetic information 


Irene Caesar, Ph.D. 
June 13, 2016 


Abstract 


‘The same gene gets expressed in dysfunctional individuals by acrocentric chromosome, and in 
functional individuals by metacentric chromosome, and till now nobody was able to explain why. I 
claim that chromosome functions as wave crystal, i.e., nonlocal unique wave matrix that focuses genetic 
information unique to this individual via his / her own unique scalar wave diffraction grating. Thus, 
chromosome is a structural / geometric code or shape that has holographic nature allowing for the 
remote management of biosystems via laser polarized holography. 
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Introduction 


We can conduct remote laser management of the biosystems, and, thus, create individuals with 
enhanced physical and psychic abilities, and dramatically extend life span, based upon the implication 
of the holographic principle (© Quantum Biointernet, Irene Caesar 2013), and mastering the geometric 
codes of chromosomes. 


Objectives 


‘The objective is to build a Matrix City, ie, the self-sufficient human settlement of the Quantum Leap Era 
(http://www. thematrixcity.com and specifically: http://www. thematrixcity.com/structure-of-the-matrix- 
city-r...), where enhanced man in enhanced environment can have enhanced life of any life span he 
chooses. The objective includes: (1) creating BANKS OF WAVE MATRICES for every living creature on 
this planet; (2) creating MATRIX CITY ZONES, where individuals receive all their supplements and 
medications via E-DRUGS and I-DRUGS from the MATRIX CITY based upon subscription model; (3) 
cultivating men with enhanced physical, intellectual and psychic abilities. 


Review of Related Literature 


‘The Polarized Holography is mainly based upon Russian research, especially upon the research of 
Nikolai Kozyrev, and his so called “Kozyrev Mirror” principle; the structuralist genetics by Alexander 
Gurvich; as well as upon the toroidal (“torsion”) research by Anatoly Akimov and Gennady Schipov. In 
2002 some information got licked to the West, when two researchers of the NPO “Aura” (NPO 

“Energy” /BINAR, which became “The Institute for National Security” in 2000) Peter Gariaev and George 
Tertyshny, who did not have clearance and full access to the research, have brought a laser to Toronto to 
demonstrate remote management of the artificially induced diabetes via the laser signal at a distance of 
20 kilometers in the rats of the same genetic line. But Gariaev and Tertyshny did not have access to the 
Digital Pharmacy of the digitized bioholograms of healthy bodily organs and physiological systems (aka 
“Digital Cell”), and could not diagnose wave matrices. The technology was classified at that time in 
Russia, and got declassified only in 2008. 


Conceptual Framework 


Universe is holographic, ie, it is entirely contained in its every matrix point. Since universe is 
holographic, we can record, transmit and receive only holographic information. The implication of the 
holographic principle states that, If entire universe is contained in its every matrix point (holographic 
principle), then, every matrix point is not simply different from any other matrix point, but is unique 
(implication of the holographic principle, © Irene Caesar 2012). If we have an exact copy of the unique 
nonlocal wave matrix, we can send information instantaneously through Quantum Nonlocality, from 
one copy of the unique nonlocal wave matrix to the other copy, to any dimension, any planet, or galaxy, 
to the past, and to the future. 


Research Methodology 
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analysis. Thus, the total mass of the unbalanced body 
is chosen to be much larger than the mass of the cam 
or the spring: m=m,+m¢m,=m, 


<v> T, cm 
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Fig. 2 
Frictional coefficient dependence of average velocity 
of the platform at the period of vibrations T=1s for 
various mass ratios m/M: 

(a) M=0.9 kg , (b) m=1.2 kg , (c) m=1.6 kg 


At least in the case of irreversible mode, one could 
expect that the value of average velocity of 
transposition <v> must be proportional to the number 
of impacts per unit of time. In the other words the 
path traveled by the cart per one impact must not 
depend on frequency of vibrations. This is a reason 
why the dependence of the product <v>T versus 
the value of the friction coefficient k and ratio of 
masses d = m/M is investigated in this work. 
‘Measurements were carried out for two magnitudes 
of rotation period T= 1s and T=6s of the cam. The 
obtained results are presented in Fig. 2 and Fig. 3. 
First of all, the assumption mentioned above is not 
confirmed. 


Fig. 3 
Average velocity of the platform <v> as a function of 


frictional coefficient k at T=6s for various mass ratios 
m/M: (a) M=0.9 kg , (b) m=1.2 kg , (¢) m=1.6 kg 


The value <v>T for the period of the rotation T= 1s 
sufficiently differs from that for T=6s measured at the 
same conditions. Besides, when the mass ratio is large 
the cart can change its direction of transposition. The 
reason of these results is not clear but this device 
provides a challenge to explain and investigate this 
kind of motion that enables us to discover the 
reactionless motion if it is probable. One should pay 
attention to a fact that the infinite transposition of the 
platform takes place even if the friction coefficient kis, 
small. 
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‘The chromosome geometry changes the nature of the external signal from linear to holographic (@ Irene 
Caesar 2012, implication of holographic principle) via (1) torus polarization (via the change of the spin in 
the integral toroidal field of DNA); (2) reflection of any external linear signal upon itself and creation of 
the scalar / standing wave diffraction grating, which neutralizes any external signal; (3) refraction of any 
incoming signal towards the zero center of the wave crystal, which functions as a focus similar to how 
our eye functions (Irene Caesar, Chromosome Geometry ©2014). 


Quantum Leap technology applying knowledge of the chromosome geometry is called “polarized 
holography”, and is based upon application of stabilized Helium-Neon Lasers with internal mirrors. 
This kind of lasers are capable of creating holographic signal. Analogously, our bones are capable of 
producing stem cells, only because the shape of the bone is analogous to laser tube and is capable of 
changing the nature of external signal. 


Research Results 


As of today, the Institute for National Security in Moscow offers the local and remote management of 
biosystems, and individuals: 

(1) via electronic / digital drugs (DIGITAL PHARMACY consisting of digitized bioholograms of wave 
matrices for every healthy bodily organ and physiological system; and including E-DRUGS [additional 
upon subscription], of which more than 300 are already created, including E-VYAG-RA and I-VYAG- 
RA); 

(2) via remote laser signal (I-DRUGS or Quantum Biointernet). 


Institute has conducted the first in the world official and public remote lowering of blood sugar in 
diabetic calf via the laser signal at the distance of 20 kilometers for the American Diabetic Association in 
1999. Over 2015, the Institute has created the digital platform for dispensation of E-DRUGS and I- 
DRUGS via subscription analogous to mobile phone subscription programs. 


E-DRUGS are offered in two forms: (1) as chips inside a pendant [MINI-TESLA PSI-GENERATOR] of 
electret nature structured by laser on the nanolevel, and (2) as software program on flash drive sold with 
a MINI-TESLA PSI-GENERATOR, which contains the entire DIGITAL PHARMACY (soon only by 
subscription). 


Discussion 


Itis clear that the exiting model of Human Genome is not correct, since it cannot explain 98% of DNA 
calling it “Junk DNA”. Thus, genetic engineering based upon “cutting and pasting” of “identifiable” 2% 
of DNA is doomed for failure. Only the Holographic Wave Genetics, based upon chromosome geometry, 
can explain the difference between functional and dysfunctional individuals, and promote the advance 
in genetic engineering. 
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Irene Caesar's Article “On how to build Matrix City” in the “I KNOW” Magazine, Canada, March 28, 
2015. 


: Irene Caesar, Ph.D., Colonel of the International Irkutsk Cossack Military, Ataman of the Cossack 
in the United States, Co-founder of the Consortium “Matrix City” with the Institute for 
turity in Moscow. 
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‘The problem with digital insulin seemed to be the fact that digital insulin meant cure. People get cured 
from diabetes, even type 1. This takes a sick person off the insulin market, and, as a result, the insulin 
producer loses money. If the technology produces mass healing, the insulin producer would sooner or 
later get bankrupt. But this is a major misunderstanding of the information-wave technology. This 
technology is in fact a subscription, rather than simply a cure. You get your own personal matrix in 
digital form, recorded onto the MINI-TESLA generator. Then, you connect your personal generator 
every week to the information-wave center, which corrects (tunes) your personal wave matrix, and 
combines it with digital drugs if needed. 


Russian scientists are serving farms with lasers and generators already for many years for the sake 
of manifold increasing the crop yield. They do not sell generators ~ they sell only the service. 
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Irene Caesar “How to Build Matrix City”, “I KNOW” Magazine, Photo credit: G 
NC-ND. 


The same can be done by Big Pharma, after it switches from the analog to the digital 


“subscription” or “contract” will involve much more people into the information-wave s 
now involved by Big Pharma. 


Young people can get the service for enhancing their mental and physical abilities. It is pos 
enhance sexual performance, and take vitamins and other supplements in the information-wave form. 


e-pharmaceuticals! 
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Ibelieve that in one generation, everybody will be using this technology in every aspect of life. Those 
who will accept this technology will get a chance to live for 200 years and longer. In 10 years from now, 
“getting one’s maintenance via information-wave technology” will be like brushing one’s teeth every 
morning. 


WHAT ABOUT CHIPPING? 


believe that information-wave technology has nothing to do with chipping the population. Chipping 
the population is the AI paradigm, when the choice is alienated, and the holographic principle is 
violated. The AI cannot in principle perfect human wave matrices or create a superman (Ubermensch), 
who will be more perfect than humans. Human matrices are “uncreated”, non-local, that is — eternal, 
indivisible, and infinite, while Al is “artificial”, limited, divisible, and finite in virtue of definition. Al can 
in principle only assist in having healthier children. 


‘That is why psi-generators should not be in-built in the human body, but only added to it as a kind of 
amulets of the psychotronic era. Man is himself a powerful and most perfect generator. Having audacity 
of installing into a human a generator that is supposed to “control” or “rule” the human is laughable. 


Iwill give you an example so that you understand what I mean. There are clearly two paradigms of 
Ubermensch right now. The first one is a NATO “transformer”, stuffed with nanobots, who is a 
paradigm of cut-and-paste genetic engineering on the bio-chemical-cyber level. The other paradigm is 
Russian paradigm of non-contact combat. We can enhance a Russian soldier from Special forces with psi- 
generators, as, in fact, Dr. Diashev does, but we cannot substitute a generator or chip for his mind or 
“eidos”, which is quantum infinity itself, non-local and entangled with everything forever. 


CULTIVATION OF OPERATORS 
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‘The matrix is the energy structure, which has a wave component of indestructible omnipresent nature, 
i.e, quantum non-locality and quantum entanglement. This infinite wave literally gives life — it heals, 
increases life span, and gives joy. The point of building Matrix Cities is to have such architecture, 
agriculture, medicine, industry, energy, education, and all other sides of human life, so that they all have 
access to this wave component. 


‘That is why the agenda of Matrix Cities would be the cultivating of operators who would be producing 


wave matrices. This cultivation should be voluntary. And those who do not want to join should be left 
alone. 
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Production of Ball Lightning ing 
Laboratory Environment 


Report by our correspondent Alla Pashova 


Three years ago a working device producing a ball 
lightning in laboratory environment was designed in 
Saint-Petersburg Institute for Nuclear Physics (SPINP). 
The produced ball lightning is accessible for detail 
investigation and quite stable. The lifetime of the ball 
lightning comes to about one second that is rather 
significant for alike artificial formations. The 
experiments on the device made by scientists of SPINE 
ie. A. E, Egorov, G. D. Shabanoy, S. Stepanov, are not 
supported or financed. Let us note that every scientist 
of the group searches proofs for his own hypothesis of 
nature and structure of the balll lightning at all. 


A leading expert of SPINP Anton I. Egorov, pays 
attention to dethronement of scientific myths: 


— There is a myth of ball lightning that is created 
by mass media. The mythical ball lightning is a 
concentrate of mysterious energy which is extremely 
dangerous for a human. It destroys houses, kills 
animals, pursues people. After meeting it a human can 
lose his hair or teeth and different misfortunes begin 
to happen. Supposing a simple story of a farmer- 
eyewitness: “It thundered, and a fist-sized fire ball 
rolled down along a drainpipe. It fell into a barrel of 
water, the water gurgled. I came up to it and put my 
hand into the water. The water seemed to become 
warmer...". After republishing of the story by several 
newspapers a dramatic story about a ball lightning 
which has evaporated a barrel of water appears. No 
wonder that such familiar attitude to facts causes 
hundreds of hypotheses of ball lightning nature. 


— What is your hypothesis about ball lightning 
structure? 


— At the beginning of 90 I. D. Stakhanov, a 
member of Institute of Magnetism (IZMIRAN), 
developed a special method to interview eye-witnesses 
that resulted a right notion on ball lightning 
phenomenon. According to Stakhanoy, ball lightning 
is a clot of hydrated plasma which is generated in wet 
air at electrical discharge. 


Water as a chemical compound is remarkable for its 
anomalous properties: combining of two lightest 
elements does not generate gas but produces a high- 
boiling liquid. This is caused by extremely irregular 
distribution of electrons in a water molecule. Due to 
this property it acquires properties of an electric dipole. 
Water molecules interact with charged ions, aerosol 
particles, and with each other in a special way. 


If @ positive ion and a negative ion are introduced 
simultaneously into a puff of warm wet air then water 
dipoles immediately produce hydrate shells around the 
ions. When the hydrated positive ion approaches the 
hydrated negative ion additional water molecules are 
Grown into gaps between them. As a result, there is a 
stable cluster in which the charged ions are conserved. 
The cluster consists of two ions of opposite charges 
and the hydrate shell. Water molecules prevent the 
ions’ approaching and recombination, hence, lifetime 
ofthe ions in the cluster increases up to tens of minutes, 
ie. in 12-13 orders. Interaction of clusters causes open- 
chain structures followed by space structures. That is 
to say, there is appeared a clot of cold hydrated plasma 
that accumulates great energy (up to 1 kylojoule per 
liter). The clot of plasma loses this energy at 
recombination of ions. 


— Could you, please, tell about the design of the 
device? What processes proceed when the device is 
operating? 


— Our task is to introduce an abundant population 
of ions into a puff of warm air saturated with water 
vapors. A base of the device for laboratory reproduction 
of balll lightning is a capacitor bank which is able to be 
charged up to 5.5 kV. The positive pole of the capacitor 
bank is connected to a ring electrode by means of a 
copper bar. The ring electrode is placed on a bottom of 
polyethylene reservoir filled with water. The negative 
pole of the capacitor bank is connected to a carbonic 
electrode which is placed in the centre of the reservoir 
near water surface. A quartz pipe encloses the 
electrode in such a way that it is possible to drop water 
or to put some natural matter on it, 


‘To generate a balll lightning 2-3 drops of water are put 
on the electrode. When impulse discharge occurs a 
bright plasma spout escapes the centre of the electrode 
that is accompanied by a quiet plop. A glowing 
plasmoid which is an artificial ball lightning parts from 
the plasma spout. It comes up slowly in the air and 
then disappears falling to pieces in 0.2-0.3 seconds. 


We have made thousands of experiments for 
investigation of ball lightning properties, ie. defining 
size, lifetime, colour, average temperature, excessive 
charge, content of a dust component. 


It was ascertained that the artificial ball lightning is 
generated in a narrow interval of breakdown tensions. 
The average size of such a ball lightning is 12-20 cm, 
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STRUCTURE OF MATRIX CITY 


Lasers and generators will constitute the INNER CORE or the NUCLEUS of the Matrix City under the 
protection of agencies for national security. 


The NUCLEUS will consist of concentric circles with centers for the production and conservation of 
wave matrices. 


‘The center of NUCLEUS will consist in the production of non-fossil fuel generators of energy. 
‘The conservation center will take care of the wave matrices banks for the Matrix Zone. 
‘The NUCLEUS will handle the production of bioactive water, which itself is a generator. 


The NUCLEUS will regulate all forms of life in the Matrix Zone, from organism to species, from bacteria 
to man. 


The NUCLEUS will produce lasers and generators. 


Around NUCLEUS, there will be a protective perimeter. 
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Over the protective perimeter, around the NUCLEUS, there will be concentric circles with housing for 
operators, their centers for education and cultivation, the Secondary Production Centers, and the 
Subscription Center. 


Matrix City will handle subscription to its service. Service should be provided via personal mini psi- 
generators, which should be connected to the information-wave system of the Matrix City through the 
internet at least once a week. 


‘The Secondary Production Centers will consist of farms as agro-factories and industrial park, which 
will produce all components of information-wave technology — bioactive construction and industrial 


materials, wave pharmaceuticals, etc. 


MATRIX ZONES 
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‘The country should be divided into the Matrix Zones. Each Matrix zone should have its own Matrix 
City, which would serve its zone with wave matrices. 


It looks like, advanced people will gather in special zones which are serviced by the Matrix City, the 
same way as now those who can are looking for areas with better schools for their children. These zones 
will be ecologically pure, with bioactive architecture, and bioactive water. These zones should accept 
everyone who wants to join, independently of money. The only condition should be the acceptance of a 
connection to the Matrix City. But nobody should be forced to join. 
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This condition will put down all accusations that Matrix Cities are a new exploitation device and a new 
segregation device. In fact, Matrix Cities should take care of personal, racial and national uniqueness 
and survival as much as the rare animal species are protected by the Red Book. DNA wave matrices 
banks should preserve all the variety of human genome. 


SPECIAL CHARTER FOR MATRIX CITIES 


Generators and lasers producing wave matrices should be protected by the state and agencies for 
national security. 


Matrix Cities should have their own Charter, i, be special, semi-military zones, because ultimately this 
is a more powerful weapon than nuclear bomb, and, if used peacefully, generators will be more 
desirable thing than gold. 


It is completely clear that without the control from the state and agencies for national security, this 
technology cannot be commercialized in principle. Matrix City is basically a conversion of psychotronic 
weapons into peaceful applications in industry, medicine, agriculture, etc. 
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Internet by the Institute for National Security 
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QUANTUM INTERNET BY THE INSTITUTE FOR 
NATIONAL SECURITY IN MOSCOW 
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In the case of QUANTUM INTERNET, you send your information REMOTELY and WIRELESSLY. At the 
Institute, the laser reads the feedback from your wave matrix in real time, using your digitised wave 
matrix on record at the Institute. 


According to the holographic principle, the universe is holographic, meaning that it is entirely in its 
every matrix part. The holographic principle has three important implications: 


‘The first implication of the holographic principle postulates the UNIQUENESS of every wave matrix. if 
the universe is entirely in its every matrix point, then, every matrix point is not simply different from 
any other matrix point, but is unique. 


‘The second implication of the holographic principle postulates the NON-LOCALITY of every wave 
matrix. If the universe is entirely in its every matrix point, then every wave matrix is simultaneously 
present in the infinite number of dimensions via its tokens. Though there are infinitely many tokens of 
the same non-local wave matrix, all of them constitute one integrated SYSTEMATIC WHOLE. 


‘The non-local holographic nature of wave matrices also means that the wave matrix has the infinite set of 
waves, particles and fields within its TORUS — from infinitely micro to infinitely macro dimensions. It is 
impossible to talk of each individual wave matrix as “a specific frequency”. And it is impossible to 


postulate any “medium” of its existence, like “scalar wave”, “aether”, “Higgs / boson field”, “torsions”, 
“leptons”, etc. There is no specific medium for transferring the information. 
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The third implication of the holographic principle postulates that there is the QUANTUM 
ENTANGLEMENT in the form of the instantaneous transmission of information between all the tokens 
of the same non-local wave matrix. The signal that records and transmits the ENTANGLED 
INFORMATION between different wave matrices or between the tokens of the same non-local wave 
matrix has specific nature. It is HOLOGRAPHIC. Only lasers can record and transmit holographic 
signal, based upon the principles of the polarised refraction holography (described in terms of 
geometrical optics). Thus, the principle of recording and transmitting the MATRIX SIGNAL is structural, 
and not medium-based. 


Thus, it is possible to remotely and instantaneously transfer some wave information to a man via the 
entanglement between his body (at one location) and his photograph (at another location), as two tokens 
of his non-local wave matrix. 


For example, it is possible to remotely lower blood sugar in a diabetic man via scanning his photograph 
with the laser ray, which is passing through insulin before reaching the photograph. 


© Irene Caesar, Ph.D. from her book “WAVE PHARMACEUTICALS” in co-authorship with Steve 
Schwartz, MD (2014) 


http://w 


vegenome.com 


http://thematrixcity.com/structure-of-the-matrix-city-english.html 


WELLENGENETISCHER HEILUNGSCODE 
seminar by Dr. Irene Caesar in Germany: 


21. November 2014, Freitag, 18 — ca. 21 Uhr 


entrum.de/index.php/abendveranstaltungen/infoabend- 


wellengenetischerheilungscode 
http://www.orania-zentrum.de/index.php/seminare/seminar-wellengenetische-heilungscode 
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Ubermensch 


The Ubermensch (German for "Beyond-Man", "Superman", "Overman", "Superhuman", "Hyperman", "Hyperhuman"; 
German pronunciation: ["y:bemenf]) is a concept in the philosophy of Friedrich Nietzsche. In his 1883 book Thus Spoke 


Zarathustra (German: Also sprach Zarathustra), Nietzsche has his character Zarathustra posit the Ubermensch as a goal 
for humanity to set for itself. It is a work of philosophical allegory, with a structural similarity to the Gathas of 
Zoroaster/Zarathustra. 
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In English 


‘The first translation of Thus Spoke Zarathustra into English was published in 1896. In that translation, by Alexander 
Tille, Ubermensch was translated as "Beyond-Man", In the Thomas Common translation, published in 1909, however, 
Ubermensch was rendered as "Superman". Common was anticipated in this by George Bernard Shaw, who had done the 
same in his 1903 stage play Man and Superman, Walter Kaufmann lambasted this translation in the 1950s for two 
reasons: first, its near or total failure to capture the nuance of the German word itber (while the Latin prefix super- means 
above or beyond, the English use of the prefix or its use as an adjective has altered the meaning); and second, a rationale 
which Fredric Wertham railed against even more vehemently in Seduction of the Innocent, for promoting identification by 
children with the comic-book character Superman (whom Wertham described as “un-American and fascist"), The 
preference of Kaufmann and others is to translate Ubermensch as "overman”, Scholars continue to employ both terms, 
some simply opting to reproduce the German word.!"I2] 


‘The German prefix iiber can have connotations of superiority, transcendence, excessiveness, or intensity, depending on 
the words to which it is attached.) Mensch refers to a member of the human species, rather than to a male specifically. 
The adjective iibermenschlich means super-human, in the sense of beyond human strength or out of proportion to 
humanity.1 
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This-worldliness 


Nietzsche introduces the concept of the Ubermensch in contrast to his 
understanding of the other-worldliness of Christianity: Zarathustra proclaims 
the Ubermensch to be the meaning of the earth and admonishes his audience 
to ignore those who promise other-worldly hopes in order to draw them away 
from the earth.) The turn away from the earth is prompted, he says, by a 
dissatisfaction with life—a dissatisfaction that causes one to create another 


world in which those who made one unhappy in this life are tormented. The 
Ubermensch is not driven into other worlds away from this one. 


Zarathustra declares that the Christian escape from this world also required 
the invention of an eternal soul which would be separate from the body and 
survive the body's death. Part of other-worldliness, then, was the abnegation 
and mortification of the body, or asceticism. Zarathustra further links the 
Ubermensch to the body and to interpreting the soul as simply an aspect of the 
body. 


Friedrich Nietzsche in 1869. 


Death of God and the creation of new 
values 


Zarathustra ties the 0 


bermensch to the death of God. While this God was the ultimate expression of other-worldly values 
and the instincts that gave birth to those values, belief in that God nevertheless did give meaning to life for a time. ‘God is. 
dead’ means that the idea of God can no longer provide values. With the sole source of values no longer capable of 
providing those values, there is a real chance of nihilism prevailing. 


Zarathustra presents the Ubermensch as the creator of new values. In this way, it appears as a solution to the problem of 
the death of God and nihilism. If the Ubermensch acts to create new values within the moral vacuum of nihilism, there is 


nothing that this creative act would not justify. Alternatively, in the absence of this creation, there are no grounds upon 
which to criticize or justify any action, including the particular values created and the means by which they are 
promulgated. 


In order to avoid a relapse into Platonic idealism or asceticism, the creation of these new values cannot be motivated by 
the same instinets that gave birth to those tables of values. Instead, they must be motivated by a love of this world and of 
life. Whereas Nietzsche diagnosed the Christian value system as a reaction against life and hence destructive in a sense, 
the new values which the Ubermensch will be responsible for will be life-affirming and creative (see Nietzschean 
affirmation). 


As a goal 


Zarathustra first announces the Ubermensch as a goal humanity can set for itself. All human life would be given meaning 
by how it advanced a new generation of human beings. The aspiration of a woman would be to give birth to an 
Ubermensch, for example; her relationships with men would be judged by this standard.” 


Zarathustra contrasts the Ubermensch with the last man of egalitarian modernity, an alternative goal which humanity 
might set for itself. The last man appears only in Thus Spoke Zarathustra, and is presented as a condition that would 
render the creation of the Ubermensch impossible. 
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and its lifetime comes to 1 second. Temperature of the 
ball lightning is not very high, ie. 50° C. This can be 
defined if to take into account speed of rising of the 
ball lightning. If the plasmoid is accepted as a puff of 
warm wet air of 14-centimeter diameter which in 
atmosphere comes up at 293 K at speed of 1-1.2 m/sec 
then, consequently, its temperature should not exceed 
330 K. 


Colour of the lightning varies greatly and depends on 
presence of aerosol of matter trapped in the moment 
of discharge. Usually the lilac central part of the 
plasmoid is surrounded by a diffusive yellowish layer. 
Some admixture of natrium salt and calcium makes the 
core of the plasmoid yellow or orange. 


If the central carbonic electrode is replaced by an iron 
or copper or aluminum one then the fundamental 
character of the phenomenon does not change. 
However, colour of the plasmoid depends on a radiation 
spectrum of excited atoms of the electrode, ie. iron 
plasmoids are whitish, copper plasmoids are greenish, 
aluminum ones are white with reddish shimmer. 


— A generated ball lightning exists for about 1 
second. How can it be made more stable? 


— Lifetime of an artificial ball lightning depends 
‘on many conditions, ie. size and geometrical form of 
the central electrode, voltage between the electrodes, 
value and duration of a current impulse, temperature 
and electroconductivity of water which is put on the 
central electrode. Besides, lifetime of the plasmoid can 
be changed by introducing an additional dispersive 
phase into it. We have tested tens of matters and begun 
to investigate suspensions of colloidal graphite and 
fine-dyspersated ferric oxide. 


A suspension of 3 g of colloidal graphite, 8-10 ml of 
acetone (which played role of penetrating agent), and 
90 ml of water is put on the central carbonic electrode. 
When an electrical discharge occurs a layer of the 
suspension forms a flying spherical plasmoid. It comes 
up slowly and disappears in 0.3-0.8 seconds. The core 
of the plasmoid has a colour of flame, i.e. colour of 
burning carbon. 


‘To prolong the existence of the generated ball lightning 
without application of aerosols it will be possible to. 
use the so-called “Faraday’s cylinder” whose 
production has been already begun. For the same 
purpose G.D. Shabanov proposes to put a stopping 
potential on a probe of detention. 


— There is an opinion that physical nature of ball 
lightning is similar to the process of controlled 
thermonuclear fusion. In this case, if your work on 
generation of astable ball lightning is successful then 
you will be a competitor of the expensive project of 
controlled thermonuclear fusion. 


— I think that it is totally incorrect. Hydrated 


plasma is the first enemy of the thermo-nuclear fusion 
as water molecules do not allow neutrons approach each 
other. Effective cold fusion should be realized in organic 
liquids, for example, in heavy acetone or in a water-free 
medium. Somehow, it should be an absolutely “dry” 
process. No experiments on real “dry” cold fusion have 
been realized in practice. It has not been also examined 
the surfaces on which the combination of heavy 
hydrogen atoms produces maximal heating. 


Scientists should pay attention to two most effective 
cold fusion processes. The first one expects association 
of two atoms of deuterium occurring on a totally dry 
deuterated surface which consists of, for example, 
zirconium deuteride. In the moment of fusion of a 
deuterium molecule local heating appears, and neutrons 
depart. The other perspective method of realization of 
the cold fusion process requires an absolutely “dry” 
organic liquid, i. liquid acetone in which hydrogen 
atoms are replaced by deuterium atoms (C,D,0 ) or 
by atoms of cyclic compound of C,(D; ),. A tellurium 
or zirconium tip of an ultra-sonic dispersant is placed 
into a reservoir of this liquid. Cavitation blebs are formed 
on the surface of the dispersant. Neutron output comes 
to 10* particles. Maximal neutron output, which was 
achieved by Lipson, an American experimenter, consists 
of 10° neutrons at a desired result of 10". Certain 
quantity of neutrons can be obtained during ultrasonic 
cavitation which is accompanied by a phenomenon of 
sonoluminescence. Due to sound resonance the only 
cavitation bleb is generated in acetone. When the bleb 
collapses weak glowing is observed. The cause of this 
phenomenon consists in gas heating occurring in the 
bleb that is the result of high pressure produced by its 
collapse. The burst can last from 1/20 up to 1/1000 sec. 
Light intensiveness depends on quantity of gas in the 
bleb. If gas is absent in the bleb then the glowing does 
not occur. Light emission of the bleb is very weak, it 
becomes visible if it is strengthen or in absolute 
darkness 


—Is it rightful that cold fusion is the future of world 
power engineering? 


To my mind another direction seems to be more 
perspective, ie. extraction of uranium from sea water 
and then its burning in heavy hydrogen reactors like 
one which exists in Canada. Photo voltaic accumulators 
can also become a successful approach of the 
alternative traditional fuel engineering. By the way, a 
working model of such a device to utilize free solar 
energy has recently been created in our Institute 
(official web site: http://www-pnpi.spb.ru), 


Editor: Read the publications on this theme in following 
issues of our magazine. Below there is a description of 
other attempts to generate a ball lightning in laboratory 
environment or at home. Besides, we publish an article 
dedicated to the problem of laser control of ball lightning. 
In the article there are photos (also see the cover page) 
and a scheme of the working device designed by this 
scientific group. 
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According to Riidiger Safranski, some commentators associate the Ubermensch with a program of eugenics.'®l This is most 
pronounced when considered in the aspect of a goal that humanity sets for itself. The reduction of all psychology to 
physiology implies, to some, that human beings can be bred for cultural traits. This interpretation of Nietzsche's doctrine 
focuses more on the future of humanity than on a single cataclysmic individual. There is no consensus regarding how this 
aspect of the Ubermensch relates to the creation of new values. 


Re-embodiment of amoral aristocratic values 


For Riidiger Safranski, the Ubermensch represents a higher biological type reached through artificial selection and at the 
same time is also an ideal for anyone who is creative and strong enough to master the whole spectrum of human potential, 
good and "evil", to become an “artist-tyrant". In Eece Homo, Nietzsche vehemently denied any idealistic, democratic or 
humanitarian interpretation of the Ubermensch: "The word Ubermensch [designates] a type of supreme achievement, as 
opposed to ‘modern’ men, ‘good’ men, Christians, and other nihilists ... When I whispered into the ears of some people 
that they were better off looking for a Cesare Borgia than a Parsifal, they did not believe their ears." Safranski argues 
that the combination of ruthless warrior pride and artistic brilliance that defined the Italian Renaissance embodied the 
sense of the Ubermensch for Nietzsche. According to Safranski, Nietzsche intended the ultra-aristocratie figure of the 
Ubermensch to serve as a Machiavellian bogeyman of the modern Western middle class and its pseudo-Christian 
egalitarian value system.["0l 


Relation to the eternal recurrence 


‘The Ubermensch shares a place of prominence in Thus Spoke Zarathustra with another of Nietzsche's key concepts: the 
eternal recurrence of the same. Several interpretations for this fact have been offered. 


Laurence Lampert suggests that the eternal recurrence replaces the Ubermensch as the object of serious aspiration.!""1 
‘This is in part due to the fact that even the Ubermensch can appear like an other-worldly hope. The Ubermensch lies in the 
future — no historical figures have ever been Ubermenschen — and so still represents a sort of eschatological redemption 
in some future time. 


Stanley Rosen, on the other hand, suggests that the doctrine of eternal return is an esoteric ruse meant to save the concept 
of the Ubermensch from the charge of Idealism.'2] Rather than positing an as-yet unexperienced perfection, Nietzsche 
would be the prophet of something that has occurred a countless number of times in the past. 


Others maintain that willing the eternal recurrence of the same is a necessary step if the Ubermensch is to create new 
values, untainted by the spirit of gravity or asceticism. Values involve a rank-ordering of things, and so are inseparable 
from approval and disapproval; yet it was dissatisfaction that prompted men to seek refuge in other-worldliness and 
embrace other-worldly values. Therefore, it could seem that the Ubermensch, in being devoted to any values at all, would 
necessarily fail to create values that did not share some bit of asceticism. Willing the eternal recurrence is presented as 
accepting the existence of the low while still recognizing it as the low, and thus as overcoming the spirit of gravity or 
asceticism. 


Still others suggest that one must have the strength of the Ubermensch in order to will the eternal recurrence of the same; 
that is, only the Ubermensch will have the strength to fully accept all of his past life, including his failures and misdeeds, 
and to truly will their eternal return. This action nearly kills Zarathustra, for example, and most human beings cannot 
avoid other-worldliness because they really are sick, not because of any choice they made. 


Nazism 
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The term Ubermensch was utilized frequently by Hitler and the Nazi regime to describe their idea of a biologically 
superior Aryan or Germanic master race;!"4] a form of Nietzsche's Ubermensch became a philosophical foundation for the 
National Socialist ideas. Their conception of the Ubermensch, however, was racial in nature.!"41l"5) The Nazi notion of the 
master race also spawned the idea of “inferior humans” (Untermenschen) which could be dominated and enslaved; this 
term does not originate with Nietzsche. Nietzsche himself was critical of both antisemitism and German nationalism. In 
his final years, Nietzsche began to believe that he was in fact Polish, not German, and was quoted as saying, "I am a pure- 
blooded Polish nobleman, without a single drop of bad blood, certainly not German blood".!"®! In defiance of these 
doctrines, he claimed that he and Germany were great only because of "Polish blood in their veins""7] and that he would 
be “having all anti-semites shot" as an answer to his stance on anti-semitism. Although the term has been associated with 
the Nazis, Nietzsche was dead long before Hitler's reign. It was Nietzsche's sister Elisabeth Férster-Nietzsche who actually 
first played a part in manipulating her brother's words to accommodate the worldview of herself and her husband, 
Bernhard Forster, a prominent German nationalist and antisemite.''®] In order to support his beliefs he set up the 
Deutscher Volksverein (German People's League) in 1881 with Max Liebermann von Sonnenberg.!"9) 


Anarchism 


‘The thought of Nietzsche had an important influence in anarchist authors (see Anarchism and Friedrich Nietzsche). 
Spencer Sunshine writes that "There were many things that drew anarchists to Nietzsche: his hatred of the state; his 
disgust for the mindless social behavior of ‘herds’; his anti-Christianity; his distrust of the effect of both the market and the 
State on cultural production; his desire for an ‘overman’ — that is, for a new human who was to be neither master nor 
slave; his praise of the ecstatic and creative self, with the artist as his prototype, who could say, ‘Yes’ to the self-creation of 
a new world on the basis of nothing; and his forwarding of the ‘transvaluation of values’ as source of change, as opposed to 
‘a Marxist conception of class struggle and the dialectic of a linear history."°! The influential American anarchist Emma 
Goldman in her famous collection of essays Anarchism and Other Essays in the preface passionately defends both 
Nietzsche and Max Stimer from attacks within anarchism when she says “The most disheartening tendency common 
among readers is to tear out one sentence from a work, as a criterion of the writer's ideas or personality. Friedrich 
Nietzsche, for instance, is decried as a hater of the weak because he believed in the Ubermensch. It does not occur to the 


shallow interpreters of that giant mind that this vision of the Ubermensch also called for a state of society which will not 
give birth to a race of weaklings and slaves."2"1 


Sunshine says that the "Spanish anarchists also mixed their class polities with Nietzschean inspiration." Murray Bookchin, 
in The Spanish Anarchists, describes prominent CNT-FAI member Salvador Segui as "an admirer of Nietzschean 
individualism, of the superhombre to whom ‘all is permitted'.” Bookchin, in his 1973 introduction to Sam Dolgoff's The 
Anarchist Collectives, even describes the reconstruction of society by the workers as a Nietzschean project. Bookchin says 
that “workers must see themselves as human beings, not as class beings; as creative personalities, not as ‘proletarians,’ as 
self-affirming individuals, not as ‘masses’. . (the) economic component must be humanized precisely by bringing an 


‘affinity of friendship’ to the work process, by diminishing the role of onerous work in the lives of producers, indeed by a 
total ‘transvaluation of values’ (to use Nietzsche's phrase) as it applies to production and consumption as well as social and 
personal life,"20) 


In popular culture 


+ The comic-book hero Superman, when Jerome "Jerry" Siegel first created him, was originally a villain modeled on 
Nietzsche's idea (see "The Reign of the Superman"). He was re-invented as a hero by his eventual designer, Joseph 
"Joe" Shuster, after which he bore little resemblance to the previous character. However, Superman does find an 
adversary in the mold of the Nietzschean Ubermensch in the recurring arch-villain Lex Luthor, his greatest enemy on 
Earth. Luthor is preceded, even, by a supervillain resembling Siegel's original concept for Superman bearing the 
synonymous name of 'Ultra-Humanite’. A direct reference to the term ocours in the episode "Double Trouble” of the 
‘TV series Adventures of Superman, in which a German-speaking character calls the title character "verfluchter 
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Ubermensch" ("cursed Superman").21 In the tenth season of the show Smallville, an alternate Lionel Luthor refers to 
Clark as the "Ubermensch". Overman is an alternate version of Superman, from Earth-10, an Earth where the Axis 
Powers won World War 11.251 

+ Jack London dedicated his novels The Sea-Wolf and Martin Eden to criticizing Nietzsche's concept of the 
Ubermensch and his radical individualism 24] which London considered to be selfish and egoisti 

* George Berard Shaw's 1903 play Man and Superman is a reference to the archetype; its main character considers 
himself an untameable revolutionary, above the normal concerns of humanity. 

+ James Joyce utilizes the Ubermensch in the first chapter of his novel Ulysses. Joyce makes Buck Mulligan say it:!25) 

"—My twelfth rib is gone, he cried. I'm the Uebermensch. Toothless Kinch and |, the supermen.” 

+ In The Power, a 1956 book by Frank M. Robinson, the villain consciously models himself upon Nietzsche's 
Ubermensch, and a quotation from Nietzsche serves as the book's motto. 

= In real life, Leopold and Loeb committed murder in 1924 partly out of a superficially Ubermensch-like conception of 
themselves.25l Their story has been dramatized many times, including in the Alfred Hitchcock film Rope, the 1959 
film Compulsion based on Meyer Levin's novel, the 1994 film Swoon, the 2002 film Murder by Numbers, and the 2005 
Off-Broadway musical Thrill Me: The Leopold and Loeb Story. 

= Accharacter in the show Dollhouse (Season 1, Episode 12; titled "Omega") references Ubermensch in relation to 
Nietzsche when trying to describe a person that had the memories, skills, and intelligence of dozens of people 
uploaded into their (single) mind by means of futuristic technology. 

«The Medic character in the video game Team Fortress 2 will sometimes chant "I am the Ubermenscht” for one of his 
"Cheers" voice commands 

= In the Disney TV Cartoon, Pepper Ann, in an episode titled "Effie Shrugged”, Effie, a physically imposing bully 
teaches Pepper Ann some basic information on Ubermensch. 

= David Bowie's song titled "The Supermen’, from his 1970 album The Man Who Sold the World, was inspired by the 
work of Nietzsche. Bowie later said "I was stil going through the thing when I was pretending that | understood 
Nietzsche... And | had tried to translate it into my own terms to understand it so 'Supermen’ came out of that."(27] 


See also 

= Great Man theory = New Soviet man = Randian hero 

= Junzi = Notes from Underground + Strange Life of lan Osokin 
+ Knight of faith + Philosopher-king + Transhumanism 

= Last man = Posthuman * Supermind (Integral yoga) 


+ New Man (utopian concept) 


Metabolic supermice 
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REMOTE MANAGEMENT OF BIOSYSTEMS BASED UPON THE SHAPE 
OF CHROMOSOMES AS DIFFRACTION GRATING FOR FOCUSING 
GENETIC INFORMATION 


Weekend Seminar - October 1-2, 2016 


Jane Mackenzie’s Rejuvenating Centre 
Johannesburg 


We are proud to present Irene Caesar, Ph.D., extraordinary 
researcher, President, Founder and Sole Owner of Wave Genome 
(founded 2010) who created “phenomenal new theory” of genetics 
that perfectly explains Autism and other degenerative diseases (Dr. 
Jay Dubinsky, co-owner of EGG PHARMA) via the application of 
Geometrical Optics to Chromosomes. 


Dr. Irene Caesar is an Exclusive Sales and Marketing Representative of the Institute for National Security in 
the field of Quantum Leap technologies applied to health and rejuvenation, Co-founder of the Matrix City 
Consortium (2012) with the Institute for National Security in Moscow for building self-sufficient cities with the 
help of Russian Quantum Leap technologies, Co-founder of Quantum Biointernet via the remote laser signal 
(2013) with the Krasnoyarsk Scientific Group, and Colonel of the Irkutsk Cossack Military. Dr. Irene Caesar 
was awarded the Medal for Service to Russia (2015), 


In her July 23, 2016 lecture at the International Symposium of the Thonburi University in Bangkok, Thailand, 
Dr. Irene Caesar said: “We are standing at the greatest turning point in the history of humankind, called 
Quantum Leap. Quantum Leap technologies allow us remote management of biosystems, climate and 
geophysical processes and unlimited access to energy and resources — the systems’ management superior 
to Global Artificial Intellect.” Quantum Leap gives us cure of “incurable diseases" and radical rejuvenation, so 
that enhanced man in enhanced environment can live enhanced life of any life span he chooses. 


Dr Irene Caesar will be giving her Seminar at Jane Mackenzie's (MBA, B Pharm) Rejuvenating Centre in 
Johannesburg, with the assistance of Georg Ritschl, Wave Genome's Exclusive Representative in the South 
African Republic. Jane Mackenzie is Wave Genome's partner, and a leading Rejuvenation Practitioner 
focusing on epigenetics, nutrigenomics and homotoxicology. Georg Ritschl is the owner of Organise Africa, 
and a leading producer of Orgonite on the global market. 


Dr Irene Caesar is bringing to the South African Republic the World Leading Russian Rejuvenation 
technology, stil classified in the West. Wave Genome technology was created for the first persons in the 
State, military commanders, diplomats, Special Forces and Olympic Team. 


Wave Genome offers: 
(1) MINI-TESLA PSI-GENERATOR 


MINI-TESLA PSI-GENERATOR consists of two parts: (a) Chip (in casing) structured by laser on nanolevel 
with client's biohologram recorded by laser from client's childhood photograph; for the ULTRA MINI-TESLA 
PSI-GENERATOR, the casing itself is structured by laser on nanolevel with the bichologram of the immune 
system rejuvenation E-DRUG (electronic drug); (b) flash drive with the complete DIGITAL PHARMACY 
(software) consisting of the digitized bioholograms of all essential bodily organs and physiological systems. 
Both of these components are not available elsewhere on the global market. MINI-TESLA PSI- 
GENERATOR is a certified protection against V2K (Voice to Skull), and all other kinds of psychotronic 
weapons, and harmful radiation. THERE ARE NO ANALOGUES ON THE GLOBAL MARKET, or devices 
that provide actual protection. 


(2) AURA PSI-GENERATOR 


AURA PSI-GENERATOR is a large-size device for radical rejuvenation and enhancement of physical, 
mental and psychic abilities. AURA PSI-GENERATOR comes with revolutionary diagnostics, not available 
elsewhere, which detects all malfunctions in your body, inaccessible for any conventional diagnostics, via 
using formerly super secret military technology, which was created by Soviet scientists for detecting enemy 
in the outer space. AURA PSI-GENERATOR has the complete DIGITAL PHARMACY, consisting of 
digitized bioholograms for every essential bodily organ and physiological system, e.g., immune system, 
endocrine system, etc. For example, complete rejuvenation for clients with diabetes type two takes 10 
sessions. Each session is about 2 hours. AURA PSI-GENERATOR detects whether a person got any 
implants, including Nanobots (computers of the molecular size), or whether a person is under Psychotronic 
attack. After detection, AURA PSI-GENERATOR destroys microchips of any kind and protects the client 
from the Psychotronic or Psychic attack, 
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Ball Lightning 
Experiments 


Information from 
http://www-personal.umich.edu/~reginald/ball_Lbtml 


Ball Lightning 
in the Microwave 


This is a great experiment to try at home. It requires a 
microwave oven, a candle, a toothpick and a lighter. 
First you put the candle (~1-2 inches in height) in the 
microwave (remove glass plate from bottom so candle 
sits on metal). Put the toothpick in the candle sticking 
straight up. Light the toothpick on fire so that flames 
are leaping off the tip. Shut the door quickly and turn 
on oven full blast. There will be loud popping noises 
and then balls of fire will leap from the toothpick and 


Gennady D. Shabanov, Russia 


Tel. +7(271)46477 
Email: discharge@gtn.ru 


Oleg M. Zherebtsov, Russia 


Tel. +7(271)46272 
E-mail: omzher@mail.ru 


In the article a possibility of streak lightning control 
by means of low intensive laser emission is observed. 


During investigation of an electric discharge into air 
half-space [1] it was noticed that this discharge can 
be controlled by a low intensive laser beam. Now there 
is a problem of laser control of lightning discharge [2] 

However, numerous works on this approach 
demonstrate that “the hope to get a quick solution of 
the problem of lightning control by laser emission has 
not been confirmed” [3] 


Careful observation of this problem in [2] has shown, 
ways out the situation. The authors of [2] consider 
plasma channel produced (by means of laser) in free 
atmosphere at a possible greatest height to be of 
doubtless interest of the science of lightning. Finally, 
creation of the plasma channel should be of benefit for 
lightning protection. The authors of [2] give notice that, 


fly around inside the microwave while making a 
buzzing sound like a bee. If it doesn’t work at first try 
to move the position of the candle in order to find the 
“hot spot” in the oven for it to work. 


Real Ball Lightning Generated 
by Pulsed Power Inductor 


This experiment is very DANGEROUS. The author did 
this one a few years ago. The Idea was got from an 
article about a guy generating ball lightning using a 
high current transformer (TBA). The author had an idea 
ofusing an inductor to store large amounts of electrical 
energy. The conductor on the end of the stick touches 
the metal ring. This completes the circuit, and start 
the inductor. Then there was used the air compressor 
nozzle to blow out the arc as the wire was pulled away. 
The copper wire explodes and creates rapidly rotating 
and burning molten balls of copper. These ‘Balls of Fire’ 
exhibit many of the properties of real ball lightning. 


“there are many difficulties of fundamental and 
practical importance on this path” 


Weak theoretical understanding of lightning generation 
causes pessimistic estimations of solution of the 
problem. The article [2] notes particularly that “there 
are neither adequate theory, nor numerical calculations 
and qualitative understanding of the phenomena 
defining the speed of a leader... The situation of a 
theory of the leader channel is little better (from 
quantitative point of view)...” 


Realistically the following statement can refer to the 
lightning discharge: “The electric discharge appeared 
to be very “unhandy” for theoretical description but 
the most interesting phenomenon in the experimental 
aspect” [4] 


Experimental Part 


In this work a capacitor bank with 0.6 mF capacity, 
which can be fed up to ~5 kV, was used to produce 
impulse discharge into air half-space. A scheme of the 
device is presented in Fig.1. At connection/ 
disconnection of a discharger 5 a “spout” is let out of an 
electrode 3. The spout carries the potential of the 
cathode (virtual cathode) at a significant height into air 
half-space. A probe placed at the height of ~15 cm fixes 
a potential which is similar to the potential occurring at 
the cathode. The researches have demonstrated that the 
produced formation continues to glow for several 
hundreds of milliseconds (the glow is fixed from a zone 
located at 15-45 cm above the cathode). Typical time of 
the discharge comes to 100+20 msec and depends on 
the cathode material. Electric field generated in the 
spout comes to less than 8 V cm‘ 
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‘You can place an order via filing up THE ORDER 
FORM (Jorder-form.htm). Prices difer depending on 
the serviee, cllent's condition, and disease, 


MINL-TESLA PSI-GENERATOR - WAVE GENOME 


‘Modols of TESLA PSI-GENERATORS dif by the size ofthe chip the number of 
layers) The chip ie multilayered andi takes longer than ane day ta produce just one 
layer. Our SUPER, ULTRA and ULTIMATE PSI-GENERATORS has twice as much layers 
than our BASIC TESLA PSI-GENERATOR. Production of our ULTRA and ULTIMATE 
MINL-TESLA PSLGENERATORS takes about ot longer than one month 


Each model comes in GENERIC and INDIVIDUAL version. Generic version has the 
Universal human biahologram (aka DIGITAL CELL) encoded va laser ini the chip an 
‘nano level. And the individualized version has the personal human biohologram encoded 
Via laser into the chip on nano level. 


GENERIC TESLA PSI-GENERATORS are produced for large families, who would like fo 
‘share the same TESLA GENERATOR for all members ofthe family. Generic Human 
Biohologram, aka DIGITAL CELL. i the result of decades of research, and isthe 
foundation for our diagnostics procedures. 


INDIVIDUAL TESLA PSI-GENERATORS have individual bichologram ofa cient nthe 
chip, being encoded via laser onta the chip on nano level. Individual biohologram is 
record from your childhood photograph (or navel blood / placenta) via laser, digiized, 
lagnosad, and encoded into the chip via laser. 


INDIVIDUAL TESLA PSI-GENERATORS are produced forthe ultimate protection against 
‘genetic and psychotronic warfare, 


Each chip inside a pendant) comes with the COMPLETE DIGITAL PHARMACY as 
software on a flash dive with 44 modules for avery essential bodly organ and 
‘physiological system, Market valua is 35,000 Euros only one madule, 


COMPLETE DIGITAL PHARMACY SOFTWARE PROGRAM 


{All our models of TESLA PSI-GENERATORS (chip) come with @ separate flash drive with 
the complote DIGITAL PHARMACY software program for evory essential bodly organ 
and physiological system (PSLPROGRAM) to run on your computer in order 
to generate E-DRUGS | BIOELECTRONIC DRUGS (aka wave matrices  bioholograms) 
for every health condition. 


SECOND-BIRTH TESLA PSI-GENERATOR 


bntp:vivavegenome.com/tesla-generator him 
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'SECOND-BIRTH TESLA PSI-GENERATOR 


{a} has a more advanced, second generation chip 
‘encoded by laser on nano level with the most 
valuable bioholographic information on the 
‘global market: EMBRYONIC STEM CELL; 


(b) has anew technology of ancoding the chip by the 
‘wy invented laser (patented); 


{6) layers of the chip are made of a new material of 
‘organic natura more advanced than our other chips; 


{d)its efficacy is proven by the clinical rials al the 
‘Medical Clinic ofthe Moscow Bauman Russian State 
‘Technical Univesity the most important Science 
University in Russia, of MIT level, twice as more 
Jayors ofthe chip than tho BASIC MINE-TESLA PSI- 
GENERATOR. 


(o)has 
‘ther GENERIC or INDIVIDUAL biohoiogram. 


(f provides the ultimate modulation forthe scalar 
wave difraction grating forthe most precise focus / 
zero center ofthe biohologram (aka wave cxysta") 
Inthe pracess of rejuvenation, 


(GENERIC MATRIX MINL-TESLA GENERATOR - 


‘$3000 
INDIVIDUAL MATRIX MINL-TESLA GENERATOR - 
$3500 

BASIC-X TESLA. ‘SUPER TESLA ULTRA TESLA ULTIMATE TESLA 

PSI-GENERATOR PSI-GENERATOR PSI-GENERATOR PSI-GENERATOR 
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BASIC TESLA PSI- 
GENERATOR (chip) 


(a) has twice loss layers of the chip 
than aur other models 


{(b) has either the GENERIC or 
INDIVIDUAL biohologram of 2 
‘heathy human inthe hip, being 
‘encodd via laser onto the chip on 
ano level 


(c) BASIC TESLA PSI-GENERATOR 
hhas both sides ofthe casing for the 
Chip made of Real Solid Pear. 


(6) BASIC-X TESLA PSI- 
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SUPER MINLTESLA 
GENERATOR (chip) 


(a) has twice as more layers of the 
Chip than the BASIC MINI-TESLA 
PSI-GENERATOR. 


(b) has other GENERIC or 
INDIVIDUAL bioholegram, 


(c) Bath sid ofthe easing forthe 
chip are made of Real Solid Peart 


GENERIC SUPER MINLTESLA, 
GENERATOR -$1179 


INDIVIDUAL SUPER MINLTESLA, 
GENERATOR - $1768 


MATRIX TESLA. 
PSI-GENERATOR 


MATRIX TESLA PSI-GENERATOR 


(a) has twice as mora layers of the 
chip than the BASIC MINI-TESLA 
PSI-GENERATOR. 


(by has 
‘either GENERIC or INDIVIDUAL bioh 


‘itp iwavegenome.comitesla-generator him 


a 


ULTRA MINETESLA GENERATOR 
(chip) 


ULTIMATE MINL-TESLA 
GENERATOR (chip) 


(a) has twioa 2s more layers of the 
chip than the BASIC MINLTESLA 
PSI-GENERATOR. 


(oy has 
tether GENERIC or INDIVIDUAL bch 
legram. 


(6) One sid ofthe easing forthe chip 
Is made of Real Solid Pear, and 
another side of casing is made of 30 
Printing plastic, encoded withthe 


am 
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(GENERATOR has one side of the 
‘casing for the chip made of Real 
‘Sold Pearl and another side of 
‘casing made of 2D printing plastic, 
‘encoded with tha immune system 
‘rejuvenation E- 

DRUG (BIOELECTRONIC 
DRUG / DIGITIZED 
[BIOHOLOGRAM), This 

‘makes "TWO-CHIPS IN| 

ONE” solution. 


GENERIC BASIC MINLTESLA 
GENERATOR - $856 


INDIVIDUAL BASIC MINL-TESLA 
GENERATOR - $1179 


INDIVIDUAL BASIC-X MINL-TESLA 
PSILGENERATOR - $1534 
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‘logram. 


(c) Bath sides ofthe easing forthe 
chip are made of 30 printing plastic, 
‘encoded with the immune system 
rejuvenation E- 

DRUG (BIOELECTRONIC 

DRUG / DIGITIZED 
BIOHOLOGRAM). This 

makes "TWO-CHIPS IN 

ONE™ solution, 


GENERIC MATRIX MINLTESLA, 
GENERATOR - $2122 


INDIVIDUAL MATRIX MINL-TESLA 
GENERATOR -$2947 


(a) has twice as more layers of the 
‘chip than the BASIC MINL-TESLA 
PSI-GENERATOR. 


(b) has 
‘ether GENERIC or INDIVIDUAL bioh 
‘logram. 


(e) One side ofthe easing forthe chip 
is made of Real Solis Pear, and 
another side of casing is made of 30 
Printing plastic, encoded wit the 
Immune system rejuvenation E- 
DRUG (BIOELECTRONIC 

DRUG / DIGITIZED 
BIOHOLOGRAM). This 

makes "TWO-CHIPS IN 

ONE* solution 


GENERIC ULTRA MINL-TESLA 
GENERATOR -$1768 


INDIVIDUAL ULTRA MINL-TESLA 
GENERATOR -$2358 


INA E-DRUG(BIOELECTRONIC 
DRUG / DIGITIZED 
BIOHOLOGRAM) forthe ultimate 
protection against psychotronic and 
‘genetic warare, This makes “TWO- 
CHIPS IN ONE” solution. 


GENERIC ULTIMATE MINI-TESLA 
GENERATOR - $2358 


INDIVIDUAL ULTIMATE MIN. 
‘TESLA GENERATOR - 82712 
(promotional price) 


MANUAL FOR MINI-TESLA PSI- 


GENERATOR 


‘ABOUT THE DEVICE 


‘The device consists of two parts: a chip in a 
pendant and a computer program (software) on a 


fash drive. 


HIP: 


http iiwavegenome.com/tesla-generator htm 


MINI-TESLA GENERATOR 


sit 
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‘The user wears a pendant with a chip inside on 
histher neck at the leva of the solar plexus. We 
have chips of frst and second generation, Fist 
‘generation chip is an atl polymer erystal with 
flectret properties, which has two modules, 
depending on how you turn it towards your body: 
‘open module (reinforcing the impact of a user on 
the environment) and closed (protecting a user 
fom the harmful effects of the environment) 
‘Second generation chip (more advanced) has the 
fentely holographic technolagy, and functions 
‘through the focus / zeta canter of the scalar wave 
dlifracton grating in the hologram encoded into 
‘the chip via laser an nanolevel 


Chips are structured by laser at the nano level 
‘The laser writes to the chip at the nano level 
Ciont's digitized biohologram, which is read by the 
lasar trom the childhood photograph, placenta or 
‘umbilical cord blood ofthe client forthe individual 
‘generators, or the blogologram of a average 
heathy person forthe ganeric generators. 


When user is wearing the chip, the elactet is 
cemiting the wave exystaline structure (hologram 
for mabix) upon the user, and makes his 
chromosomes repeat the wave crystalline 
‘structure ofa healthy person during cell dvsion. 


‘The laser and chip itself use the principle of 
‘Kozyrev Mirrors. The Universe consists of energy 
{for 93%, and of paticies only for 7%, and particles 
‘are the concentrated energy. The universe Is 
holographic that fit is eniely in its every Mate 
Point. Wave Hologram or Matrices exist in two 
forms: in the form of a Torus (simultaneously 
present from the infinitely small to the infinitely 
large dimensions) and in the form of the Wave 
Crystal. Man exists inthe form of a Torus during 
sleep. During waking hours, the person Is in the 
form of a Wave Crystal, 


Wave Crystals are formed in the structures, which 
teproduce in their shape the Kozyrev Minors. 
‘Kozyrev Mirors reflect ary extemal wave signal, 
‘and, therefore, are called “mirors™. These 
stuctures noutralze any external near signal, 
‘and react it towards thelr Zero Canter oF focus. 
Neutralization of any external signal happens due 
to the rellaction ofthe wave and the polarization, 
land the creation of a so-called slanding (scalar 
wave). Trough of the back-running wave 
neutralizes the peak of the forwaré-going wave, 
When the inital wave is reflected. This provides 
protection from harmful electro-magnetic and 
‘ther technogenic or anthropogenic influences, 


|As a result of the standing (scalar) wave, there 
‘emerges the interference (cifraction) grating, 
Which reacts any next linear signal line towards 
the conter (locus) af he Wave Crystal 


It is necessary to know this, because all the 
Information in the universe's transmited and 
received only through the Zero Center of the 
Wave Crystal. Tis is analogous tothe work of our 
‘eye. We see only bacause there isthe gathering 


http iwwavegenome.comitesla-generator htm 
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“PSI” stands for “psychotronic™, that is, for the 
technology that Is offering technical means for 
‘managing biosystams, 


Every MINL-TESLA psi-generator comes with 


(1) 2 CHIP, structured with a laser on a nano-level 
With the diglized Wave Matrix / Bichologram of 
heathy human ar your own individual wave matrix in 
childhood (recorded fram your childhood 
photograph), and cased olther in pearl or 2D 
printing plastic, or combination of these two 
‘materials. You wear it en a chain on your solar 
ploxus al the time, taking it off ony for bathing: 


(2) and psi-program a lash drive withthe software 
that has the entie DIGITAL PHARMACY generated 
as the holographic / granulated signal (aka “white 
‘nolse" - signal beyond your auditory perception) and 
‘encoded in music. You ara golting the completa 
DIGITAL PHARMACY for your lftime and for every 
‘system and vital organ in your body. You run this 
software atleast once a day for best results. If you 
are sick, you run this software as often as possible. 


‘All sales upon agreeing to client consent 
conditions (icllent-consenthimi), na refunds 


\Vorde-yourmini-tess-generatr- 


russian him) 


Hayantre Ha Pycomnth dinar anz nepemeuonin Ha 
‘sepeno cara Wa PycckoM sane 


A 


olor to our FAQ (Frequently Asked Questions) 
((mini-testa-gonerator-faq html) for any concems, 


IMPORTANT: CHIP has two modes : OPEN and 
CLOSED. In the OPEN MODE, you increase your 
Information-wave impact upon people. The CLOSED 
MODE is the SHIELD MODE, which protects you 
from any psychotronic attack, including V2K (volce to 
‘kul and cancer guns, subliminal advertising and 
psychic allacks. Those customers who are 
‘endangered with these attacks can wear their CHIP 
In the protective mede nonstop. PLEASE NOTE: 
Plastic towards your body is a SHIELD MODE. For 
‘easing which has bath sides from plastic, the 
SHIELD SIDE i thinner so that the chin is 
noticeable beneath plastic. For casing which has 
both sides from Pear, the darker side of Pear! 
towards your body isthe SHIELD MODE. 


DIGITAL PHARMACY SOFTWARE PROGRAM (digital-pharmacy-software- 
-1057105410601058-10621048106010561054104210541049- 
104010551058104510501048.html) 
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‘ofall the external linear signals in the focus of the 
fons (Wave Crystal) If focus is not achieved, and 
the rafracion of the signal takes place before or 
behind the center ofthe lons, we have developed 
the long-sighladness (hyperopia), or the long- 
sightodness (myopia), and we dont see well 
Receiving information by both our eye, and our 
DNA takes place strictly in accordance with the 
laws of gaomatical optics. The technology used 
for creating the chip is 

Holography’ 


called. “Polarized 


It fe possible to record and transmit only a 
holographic signal. To record Wave Crystals 
(Bioholograms or Matrices) of users, we use 
dovioas thal can record and transmit holographic 
signal 

lasers convert any extemal linear signal into a 
holographic signal, Le. changing the nalure ofthe 
intial signal. For example, our bones produce 
stam cells only because their shape and structure 
is analogous tothe laser tubes, which “involut” a 
signal 


He-Ne laser with intemal miors, These 


Similarly, our DNA is able to transmit and receive 
information, only because, nits structure, it is the 
Wave Crystal Two strands of DNA are iteally the 
standing (scala) wave, since in the frst strand of 
DNA, a wave goes in the direction opposite to the 
wave going in the second strand of DNA 
Moreover, DNA cals ino the crystalline structure, 
Which tteraly reproduces the interferance / 
diffraction grating of the standing wave in the 
Kozyrev Miro, inorder to most accurately react 
any external linear signal ward the Zero Center / 
Focus ofits Wave Crystal 


We live only thanks to cell division. During coll 
division, chromosome is formed. A chromosome 
is formed when two sisters chromatids unite 
together into a cruciform structure. Chromosomes 
‘come in two main shapes: 
metacent 
‘endings ofthe sisters chromalids are shorter than 
the other two endings. On the contrary, 
metacantric chromosome has all the endings the 
same, so thal it is absolutly symmetrical 
Metacantric chromosome resembles the quadratc 
symmetical cross (Crux Quadrata_/ 
Gammadion), as well as the lans of a wellseeing 
‘eye. The same gene in apes, in children with 
own syndrome, and wild horses of Przowalsk 
has the aeroeentic chromosome, 


‘aerocentie and 
In acracentic chromosomes, twa 


whereas in 
humans, normal children, and Arabian horses, the 
same gene has the metacentric shape of the 
Cchromasome. That Is, the funcional of the 
species divecly depends upon the shape of 

that is, upon the laws of the 
Polarized Holography of Wave Crystals 


‘chromasome, 


Our dovice is centering and focusing the 
chromosomes during cel division, giving them the 


metacantic frm, 
Because the entre universe is entraly in is every 


Matric Point, each Malric Point ie nat simply 
different from any other Matix Point, but is unique 
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Click hore (/digital-pharmacy-software1057105410601058-10621048106010561054104210541049- 
1104010551058104510501048.html) to see scroen shots ofthe DIGITAL PHARMACY SOFTWARE 


PROGRAM, 
Produced according to TU 9444021 

4244321. Corticate #77, FC.1R,944, —_Inbisalsed ELECTRONIC CODE ne epenaton lou 
2485.11.00 sce rekon 


(Our MINL-TESLA GENERATOR is used by Russian 
Special Forces and Olympic Tarn, 


MINLTESLA GENERATOR is a CHIP (artificial / 
polymer crystal), structured by 
@ nanolevel, as a collector and retransmitter of 
wave structures (Matrices or Bioholograms), 
a dispenser for WAVE 
MATRICES. (http:/iwww.wavegenome.comiwave- 
pharmaceuticals.htm!) within the revolutionary 
paradigm of | LASER —-POLARIZED 
BIOHOLOGRAPHY, which is the true WAVE 
PHARMACEUTICALS (iave-pharmaceuticals hin!) 
information technology of a new generation. 
Generator or retransmitter functions like a 
vibrator, which emits micro vibrations of special 
kind - scalar wave diffraction grating. 


which functions as 


WAVE MATRICES 
(btip:iiwww.wavegenome.comwave 
Pharmaceuticals.himl) canbe generic 


‘oF individualised. Wave matrices can be of @ 
of specific bodily system, oF 
‘of a specific medication, 


human as a whole 


Comes with the software that has 44 modules of 
DicITiseD WAVE MATRICES 
(bttp:tiwww.wavegenome.comwave 
harmaceuticals.htm!) for every bodily system 
land every vital organ in your body. 


(imines 
ee ie 
generator him) 
READ INFORMATION LEAFLET FOR THE MINI 
‘TESLA GENERATOR 
(COMES WITH THE UNIT) (information laftet 


{for-mini-tesia-generator.htm!) 


Over the course of decades, aur institute participated 
in the research in the field of 
technologies of a new generation, and their 
commercalzation. The institute created the system 
of Information-energy correction, which Is the mast 
advanced in the worl, and is the two-way 
‘connection through the enargy-infermation cloud, In 
Russia, our MINL-TESLA generator Is used by 
Special Forces and the Olympic Team in order to 
help them cope with stress and enhance their 
performance. 


Information 


™ 
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(@ trene Caesar, 2012). Each Matrix of each 
person is the uncrealad and indestructible unique 
nonlocal Wave Matrix. If we have two copies af a 
unique Wave 

instantaneously transfer infermation fom one 
copy ofa unique nonlocal Wave Marx to another 
copy. In this way, birds and insects share one 
unique nonocal Wave Matix for their entire 
species, and instantaneously transmit information| 
between all Individuals of a given species. But 
feach man has his own unique nonlocal Wave 
Matrix. you order an individual generator, you 
{got your unique non-local Wave Matrix with the 
most clear focus / canter of the Wave Crystal 
Yur generator transmits upon your chromosomes: 
your unique uncreated and 

information from the noosphere ofthe universe. 
yu order the generic (universal) generator, ts 
‘action is limited, but i, nevertheless, helps your 
Cchromasomes to get centered and focused 


‘non-lcal Matrix, we can 


Indestructible 


We also offer the remate therapy by the distant 
laser signal that instant, through Quantum Non- 
localty, affects your genetic apparatus according 
to the principle described above. The user uses 
hisher individual generator as an antenna and a 
fiter forthe remote laser signal 


DIGITAL PHARMACY SOFTWARE 


‘The user uses the computer program (software) 
‘every day once a day in anormal state of heath 
‘and several times a day, depending on the 
complexity of histher state of health. When 
working with the computer program of the 
‘generator, the user must turn histher generator to 
the open modula 


Computer program of the generator ie a 
‘comprehensive Digital Pharmacy of the digitized 
Bioholograms (Wave Crystal stuctures of 
Matrices) of all healthy vitally important organs 
and physiological systems. The user tales a sell 
test for selltherapy, and the program generates 
for him the granular (holographic) signal, which is 
‘encoded inthe music 


Solftherapy is the binaural therapy, which uses 
the Kozyrev Miors principle alike the chip inside 
the gonerator. Binaural therapy is based on the 
cffect of the stereo signal to both ears, so thal 
signal is delayed in one ear with respect to the 
signal applied to the second eat. I isin this way 
that the Kozyrey Mirars effect is created, when 
human skul self becomes the Kezyrey Micar 
The signal is reflected: thera emerges a standing 
(scalar, the wave interference /difraction grating 
and the signal is refracted toward the Zero Center 
Hocus of the wave crystal 


‘Also, the user can order any pill or tincture in the 
form of a sofware module of the Digital 
Pharmacy. Digtal Pil module is attached to the 
Digital Pharmacy software, and the user racalves 
the Digital Pil as the granular (holographic) signal 
encoded in the music. We record the Digital Pill 
via a laser and as the wave structure (Hologram 
for Matix), which is afterwards gels clglized. 
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piciriseD WAVE 
{httpiiwww.wavegenome.com/wave- 
‘pharmaceuticals.htmi) also can be either generic 
cr individualised, and of a human as a whole, of 
a specific bodily system, or of a 
‘specific medication, 


MATRICES 


= 


‘Te vanaf A saBGNRRAT BR HPREL ERATOR, 
‘hich cmbined he hip wl he Nash ve orang te 


BASIC MINLTESLA GENERATOR emits generic 
HUMAN CELL HOLOGRAM, recorded by 
the laser from healthy human cells and bodily 
systems, and then used to structure the erystal via 
the laser on nanclevel 


SUPER, ULTRA, MATRIX AND ULTIMATE MINI 
TESLA PSI-GENERATORS emit individual HUMAN 
CELL HOLOGRAM in the form of your childhood 
wave mattix, which is recorded from your childhood 
photograph when you ware a healthy child, We also 
need your date of bith. We use the complex 
‘systematic approach to read the bioholographic 
information fom your photograph, including the 
application af laser 


‘Alter your mati is recorded from your photograph, 
We tun a special diagnostic pragram in our insta 
{a reveal the defects in your matrix, and to correct 
them, 


Ino childhood photograph is available, we can use 
your adult photograph, since tha Institute can 
diagnose WAVE MATRICES 
(httpslwmwwavegenome.comiwave- 
pharmaceuticals.html) and correct thom, 


We can “record” wave maties /bioholograms upon 
various media, and not only on tha electret-based 
chip of the MINLTESLA PSI-GENERATOR. 
Examples of such media are CDs that are used "as 
such", and not for extracting the digital files trom 
them. 


We can combine your childhood wave matrix with 
wave medications 


We can tune up your childhood matrix 


fp 

= moos men 
(upoad1/195112207/9725945, gp) 

‘Th tateaon al oN TESLA PSESENEATOR, 


‘hh cmbied the hp wi th ash de coring Be 


in 


The device is infact vary necessary in modern times 
when wa are bombarded by the harmful elactro- 
smagentic radiation. 


The dovic Is designed in such a way that you ean 
turn iether with darker-colorer side to yoursal, and 
in this cate, the generator is programmed to open 
yur bifid: oF to tun it with the Iighter-colored side 
(aspen side in generators coated in wood) to 
yourself, and, n this case, the generater becomes 
your psychotronic“irewal 


radon each ina yy Ran one of ne cae of 
‘tdapeneable or evaeter 


It you get sick, 2. infected witha virus or bactria, 
your wave imprint / data received atthe institute wil 
immediately alr the system, and we will correct the 
sluation via sending you the necessary correction to 
your wave-diagram (available only for ULTRA MINI- 
TESLA PSI-GENERATORS) 
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Digital Pils do not have the danger of overdose 
and side effects, 


our flonlontesR GEHRASHHREUTATANT Ha pc 


cour bees RHA HRO ABO i 
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We can tune up your childhood matrix in such a way 
that soma specific bodily systems or organs are 
stimulated 

er 


‘SELF-MAINTENANCE 


‘You un software with PSLPROGRAM on your 
‘computor in order to perform the seit maintenance 
as often as you need. PSI-PROGRAM has 44 
‘modules for every bodily system and every vital 
‘organ in your body. These 44 modules wore 
recorded by the lager from healthy human eels and 
bouly ystems, and, then, digitised, 


Software has (1) the chart of bodily systems and 
‘organs to choose from for sellmaintenance: (2) the 
‘scale of self-assessment from the worst fo the best; 
(@) and two biofeedback tests, based upon 
graphotogy. 


QUANTUM COMPUTER 


Besides conventional tes! 


Institute developed a 
Ccompletaly new way of recording and transmiting 
information. We call t QAUNTUM BIOINTERNET. 


When you un the PSL-PROGRAM, the spin states of 
the software and the spin states of your crystal / chip 
in the generator constiule one and the same torus 
(hologram). Ther i the instantaneous biofeedback / 
biocesonance two-way communication between the 
running software and the crystal inside the MINI- 
TESLA PSI-GENERATOR. 


The crystal / nano chip in the MNL-TESLA PSI 
GENERATOR and the PSLRPOGRAM software 
(during ts operation on your computer) constitute 
fone integrated QUANTUM COMPUTER. The spin 
slates of the erystal/ nanochip in the generator and 
the spin states of the software coincide /resonae or 
‘oppose each other, according o the principles ofthe 
polarised holography. The principles of the polarised 
holography ara expressed by geometrical optics, 


The software reads via ts own spin stales the 
information off the crystal (ts spin states), and 
conects it. Thon, the cystal tunes via the 
bioresonance of the spin slates to the hologram, 
corrected by the operating software 


In this way, the crystal / anochip Inside the 


generator seltcorects eel based upon the 
‘operation ofthis QUANTUM COMPUTER, 


MAINTENANCE BY 
WAVE GENOME LLC. 


{http:liwwwwavegenome.comiwave-genome-— 
prices.htmi, 


Some bacteria and viruses are considered to be 
incurable because they leave a wave imprint in the 
boty, even after they are cleared up on the 
biochemical lavel. And, then, these wave imprints 
can erally rebuild the virus and bacteria trom 
Scratch. This same principle is seen in the classic 
physics experiment involving passing photons and 
molecules through two sits simultaneously. That is 
Wy itis necessary to protect and cure onesel on 
the wave level 


oe 
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MAINTENANCE VIA QUANTUM 
INTERNET BY WAVE GENOME LLC 


In the case of QUANTUM INTERNET, you send 
your information REMOTELY and WIRELESSLY. At 
the WAVE GENOME LLC, the laser reads the 
feedback from your wave matric in realtime, using 
your digitsed wave matrix on record a the Insitute 


‘According to the holographic principle, the universe 
is holographic, meaning that itis entraly in its every 
matric part. The holographic principle has twee 
important implications: 


‘The first implication of the holographic principle 
postulates the UNIQUENESS of every wave matrix 
ifthe universe is entirely in its every matrix point, 
then, avery matrix point is not simply diferent from 
any other matric point, but is unique 


‘The second implication of the holographic 
principle postulates tha NON-LOCALITY of every 
Wave matrix. Ifthe universe is entirely in its every 
matrix point, then every wave 
Simultaneously present in the infinite number of 
dimensions vais tokens. Though there are infitely 
many tokens of the same nondocal wave mati, all 
ff them constitute one integrated SYSTEMATIC 
WHOLE. 


The nontocal holographic nature of wave mavices 
‘also means that the wave max has the ifrite eet 
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WAVE GENOME offers everyday MAINTENANCE 
fof WAVE MATRICES with the purchase of the 
ULTRA MINLTESLA PSLGENERATOR and 
[SUBSCRIPTION PACKAGES. 


‘The maintenance consists in receiving the 
necessary correction of your biofiold from the 
inst. 


‘To obtain MAINTENANCE from the Institute, you 
‘send in your information. The Insitute tracks down 
the changes in your WAVE MATRIX and makos 
necessary corrections. Corrections also account for 
the changes in the earthly electromagnetic activity, 
Solar and lunar activity, gzophysical activly, weather 
anomalios, and predicted social unrest. 


Thete are two ways to send in your information. You 
can send your biofeedback information either 
DIGITALLY through the conventional intemet, or 
via QUANTUM INTERNET. 


DIGITAL MAINTENANCE BY WAVE 
GENOME 


In the case of DIGITAL MAINTENANCE BY WAVE 
GENOME LLC, WAVE GENOME LLC corrocis the 
lial fies inthe stare cf your PS-PROGRAM. 


When you connect your MINL-TESLA 
GENERATOR to your computer, you both recoive 
and transmit through the intemet the information 
‘noeded for your utmost performance, to and trom the 
our fact 


‘Your childhood matrix, recorded onto the ganerator- 
transmitter, is your antennae that helps your body 
tune to the Waves which are beneficial to you, and 
ward off harmful waves. That is why this technology 
is also called "the resonance technology” 


Device stengthans the Immune system and body's 
‘esitance to infectious and toxins 

Improves performance and cagntive abilities, 
Including, sharpness of thinking and memory, and 
‘overall qualiyof ite; 

Protects against stress factors of any nature 
technogenic, incuding, electromagnetic, as well as 
‘hysical and psychic) 

‘Spoeds up recovery and healing 

tis unique inthe prevention of many diseases 


Especially recommended for people who are in 
stressful situations: to sportsman, businessmen, 
professionals with busy schedule, flights and 
business trips. 


warranty hm!) 


RETURN POLICY (Ietuen- 
policy him!) 


of waves, particles and folds within its TORUS — 
{hom infitely mica ta infinitely macra dimensions. I 
|s impossible to talk of each individual wave matix 
1s ‘a specific frequency". And itis impossible to 
postulate any “medium” of its existence, tke "scalar 
"aather", "Higgs / boson field’, “trsions” 
“leptons, ete. There is no specific medium for 
‘tansferrng the information 


‘The third implication of the holographic principle 
postulates that there isthe QUANTUM 
ENTANGLEMENT in the form of the instantaneous 
‘eansmission af inlormation betwaen all the tokens of 
the same nonlocal wave malik. The signal that 
records and transmits the ENTANGLED 
INFORMATION between diferent wave matrices or 
between the tokens of the same nonlocal wave 
‘mattix has specific nature. It is HOLOGRAPHIC. 
‘Only lasers can record and transmit holographic 
signal, based upon the principles of the 
polarised refraction holography (described in tarms 
fof geometrical optics). Thus, the principle of 
recording and transmitting the MATRIX SIGNAL 
‘i structural, and not medium-based. 


‘Thus, iti possible to remately and instantaneously 
leansfer some wave information to a man via the 
fenlanglemant between his body (at one location) 
land his photograph (at another location), as two 
tokens of his non-ocal wave matte. 


For example, tls possible to remotely lower blood 
sugar in a diabetic man via scanning his photograph 
With the laser ray, which is passing thraugh insulin 
‘before reaching the photograph. 


© Irene Caesar, Ph.D. from her book "WAVE 
PHARMACEUTICALS" (2014) 
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Ball Lightning 
Experiments 


Information from 
http://www-personal.umich.edu/~reginald/ball_Lbtml 


Ball Lightning 
in the Microwave 


This is a great experiment to try at home. It requires a 
microwave oven, a candle, a toothpick and a lighter. 
First you put the candle (~1-2 inches in height) in the 
microwave (remove glass plate from bottom so candle 
sits on metal). Put the toothpick in the candle sticking 
straight up. Light the toothpick on fire so that flames 
are leaping off the tip. Shut the door quickly and turn 
on oven full blast. There will be loud popping noises 
and then balls of fire will leap from the toothpick and 


Gennady D. Shabanov, Russia 


Tel. +7(271)46477 
Email: discharge@gtn.ru 


Oleg M. Zherebtsov, Russia 


Tel. +7(271)46272 
E-mail: omzher@mail.ru 


In the article a possibility of streak lightning control 
by means of low intensive laser emission is observed. 


During investigation of an electric discharge into air 
half-space [1] it was noticed that this discharge can 
be controlled by a low intensive laser beam. Now there 
is a problem of laser control of lightning discharge [2] 

However, numerous works on this approach 
demonstrate that “the hope to get a quick solution of 
the problem of lightning control by laser emission has 
not been confirmed” [3] 


Careful observation of this problem in [2] has shown, 
ways out the situation. The authors of [2] consider 
plasma channel produced (by means of laser) in free 
atmosphere at a possible greatest height to be of 
doubtless interest of the science of lightning. Finally, 
creation of the plasma channel should be of benefit for 
lightning protection. The authors of [2] give notice that, 


fly around inside the microwave while making a 
buzzing sound like a bee. If it doesn’t work at first try 
to move the position of the candle in order to find the 
“hot spot” in the oven for it to work. 


Real Ball Lightning Generated 
by Pulsed Power Inductor 


This experiment is very DANGEROUS. The author did 
this one a few years ago. The Idea was got from an 
article about a guy generating ball lightning using a 
high current transformer (TBA). The author had an idea 
ofusing an inductor to store large amounts of electrical 
energy. The conductor on the end of the stick touches 
the metal ring. This completes the circuit, and start 
the inductor. Then there was used the air compressor 
nozzle to blow out the arc as the wire was pulled away. 
The copper wire explodes and creates rapidly rotating 
and burning molten balls of copper. These ‘Balls of Fire’ 
exhibit many of the properties of real ball lightning. 


“there are many difficulties of fundamental and 
practical importance on this path” 


Weak theoretical understanding of lightning generation 
causes pessimistic estimations of solution of the 
problem. The article [2] notes particularly that “there 
are neither adequate theory, nor numerical calculations 
and qualitative understanding of the phenomena 
defining the speed of a leader... The situation of a 
theory of the leader channel is little better (from 
quantitative point of view)...” 


Realistically the following statement can refer to the 
lightning discharge: “The electric discharge appeared 
to be very “unhandy” for theoretical description but 
the most interesting phenomenon in the experimental 
aspect” [4] 


Experimental Part 


In this work a capacitor bank with 0.6 mF capacity, 
which can be fed up to ~5 kV, was used to produce 
impulse discharge into air half-space. A scheme of the 
device is presented in Fig.1. At connection/ 
disconnection of a discharger 5 a “spout” is let out of an 
electrode 3. The spout carries the potential of the 
cathode (virtual cathode) at a significant height into air 
half-space. A probe placed at the height of ~15 cm fixes 
a potential which is similar to the potential occurring at 
the cathode. The researches have demonstrated that the 
produced formation continues to glow for several 
hundreds of milliseconds (the glow is fixed from a zone 
located at 15-45 cm above the cathode). Typical time of 
the discharge comes to 100+20 msec and depends on 
the cathode material. Electric field generated in the 
spout comes to less than 8 V cm‘ 


New Energy Technologies, Issue #2 March - April 2003 
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(© rene Caasar, PhD., President, Founder and Owner of Wave Genome 


Wave Genome is proud to announce its most advanced MIN-TESLA PSI-GENERATOR 
‘ever: the SECOND-BIRTH Min-Tesla Psi-Generator 


We called the new chip the "SECOND BIRTH" generator, because the clint gets the 
‘mast valuable bioholographie treatment aver for rejuvenation ~ the bichologram af the 


tao isu ee ect Wart et rayon stam cal. The SECOND-BIRTH Bioologram is avaabe asa chip encoded 
Scicipes mod emma todverateae by laser on nanolvel. The cial Wals were conducted by the Bauman Unvesty 
inte scour wave ditecion ging the Reng tte Medical Center. The clinical trials had demonstrated the radical improvement in the 


‘gout wcniea professors overly Pe 
sfotagal mol fred ard theoreti 
‘Susana he 


wellbeing ofthe participants in the clinical tas 


In the GENERIC SECOND-BIRTH Tasia Generator, the biohelogram of the embryonic 
stem cells generic, Iti a DIGITAL CELL. Itis nat the biaholagram of a spectic embryo, 
but the result of the Embryanic research based upon the Quantum Leap diagnostic of 
holograms according tothe coherence ofthe geometrical optics in chromosomes. 


In the INDIVIDUAL SECOND-BIRTH Testa Generator, the biohologram ofthe embryonic 
stem cell is modulated by cliants mast coherent bioholagram,recard via laser from his 
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childhood photograph. 


‘The INDIVIDUAL SECOND-BIRTH Tesla Generator is stronger than the GENERIC ont 
since i has a more precise focus due lo the finer / smaller gid of the scalar wave 
fraction grating. But you can use the GENERIC one for the entre family, and this fs 
‘also great benefit 


HY somebody else wil wear your own unique INDIVIDUAL Tesla Generator, this individual 
will simply not connect to the focus of your unique biohologram encoded on the chip 
since this person has hisiher own geometrical code for refraction In the scalar wave 
difraction grating of histher biohologram, 


‘When the madulaton is added tothe carrier wave in the sealar wave difraction grating, 
the resulting hologram is dliferent from these two components taken separately 


In the biohologram, the polarization emerges due to the change of the spin in the intogral 
torsion. Due to polarization the extrnal signal is reflected upon itsel, so thatthe scalar / 
standing wave emerges. In the scalar wave, the peak of the forward-going wave is 
annulled by the trough of the same wave when it is rellected upon itself. Scalar wave 
creates the diraction grating, so that any next extrnal signal is refracted towards the 
focus | zero center of the biohologram (aka "wave crystal’) 


‘Any extemal signal is only a trigger, and the external signal can be a psychotranc attack. 
This is a great benefit of the Quantum Leap Laser Polarized Bicholography. The more 
‘modulations the bichologram has, the more precise focus / zero centr is achieved via 
refraction, and the bellor is your protection against the psychotranc altack. 


Because the SECOND-BIRTH Tesla Generator has the mast fine / small / scaled scalar 
wave diffraction grid among our other generators, the SECOND-BIRTH Tesla Generator 
provides the most precise focus / zara fecus of cllents blahologram and the best 
\dofense against psychotronic attack 


Thus, with the SECOND-BIRTH Chip, you wil experience the most radical rejuvenation 
‘effets, including mental and physical enhancement, a more emotional contol, and a 
better dofense against psychotronic attacks. 


‘Those of aur clonts, who already own one of our MINI-TESLA PSI-GENERATORS, can 
‘ther wear both generators together, or cary one of the generators in a pocket, or 
alternate generators. 


WAVE GENOME HAS INTELLECTUAL PRIORITY FOR THE WAVE 


OPTICS IN CHROMOSOMES AS BIOHOLOGRAPHY 


Click here Uidiazehev-dipol-d-pal html) to read on how WAVE GENOME's technology 
ditfers from Dr. Gariaev's and Dr. Diaschev's technology (DIPOL or DI-POL Ge 
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Philosophy given or rather 


Technical 
information given 
from the IARGA 
contactteam. 
their describtions on the matter of 
TIME 
- AND MORE 


picture is described later 


12. The analog carrierfield model, an instruction 
model. 


The cosmic carrier field of all space and matter performs a sixfold function, 
of which some have already been discussed in gereral way. 


. The carrier function of an infinitely strong forcefield blocked in itself 
contains the fluidum conducting ail waves without dissipation and 
maintained to eternity. 

The orientation of the time-axes of the universes with respect to nothing 
provides the structure of the carrier-field of three dimensions, the 
bounded Love-will, creating our life and existence. 

The time synchronisation function locks all universes in the iron grip of 
the law of cosmic counter-balance from which no atom can escape. 

The feedback principle of time to the total mass of the universe is the 
function of the coupling-field by counterbalance (and interference) of 
the time-bound waves. 

The function of the timeless primeval atom-field, the atom-principle, as 
the transmitter program containing the code of matter of which all atoms 
are remote manifestations. 

The function as bearer of the absolute ALL-knowledge and goal 
consciousness, manifesting itself as the laws of nature and as the 
intelligent goal of life: the spirit of God. 


» 


be 


- 


uw 


ca 


The last function concerns the existential aspects, which have been discussed 
in the previous section of this book. 


‘tp vigalactinolrunefiarapdx2. html 


0 


snaro18 


Prilosopty given or rather 
The first analog model is a mechanical instruction model explaining the 
cosmic carrier field by means of symbols. This model was built on another 
life-supporting planet on a high mountain and was many meters high. It was 
the gathering point for contemplation of that intelligent race for devotion to 
its Creator. 


It was the symbol by which the majority of the race acknowledged the goal of 
Creation, simultaneously the sign that the cosmic isolation had been lified. 
The other function of the carrier-field will be discussed with the help of this 
mechanical instruction model. 


The analog model consisted mainly of the six edges of a huge equilateral 
triangular pyramid built out of solid soft-iron bars. The many metres thick 
edges of the pyramid contain an impressive number of iron bars parallel to the 
direction of the edges and cast in a kind of plastic resin following a process 
similar to that of casting concrete(betong). So a mainly iron-frame was 
formed especially suitable for conduction of magnetic pulses of high power 
without much loss. 


So far the carrying fuction of the cosmic time-field, which primarily 
maintains the timeless waves is symbolized in the model. The magnetic 
pulses in the edges of the pyramid run backwards and forwards like the 
timeless waves in reality. 


With respect to the other edges of the pyramid, the magnetic pulses are phase- 
shifted. The problem is that up to now the forward propagation (forplantning) 
in time has been missed out. In fact we look for the equivalent of the two little 
wagons on the vibrating rail. The solution can be found in the symbol of the 
rotating flywheel, as with the atom its rotation is continuous in time, it is in 
fact time propagation. Therefore the iron frame of the pyramid is 
discontinued at two places in each of the six edges of the pyramid. At this 
discontinuation point a linear magnetic impulse motor is installed, on the axis 
of which a large flywheel is mounted. 


NBF=NonFerroBridge 
Yon ferro bridge. isha 2 
‘or and flywheel pe _pyramidEdge and 


soft iron bars 


PMR-=PermanentMagneticRotor 
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Prilosopty given or rather 
The flywheel symbolizes not only the propagation of time, but also the inertia 
of matter and so the flywheel is in effect the total mass of the universe. This 
type of magnetic impulse motor is not self-starting, so at the inside on the 
flywheel axis a starter-motor is mounted, fitted solely for the purpose of 
starting. One rotating the synchronous motor maintains the exact number of 
revolutions at the same frequency of the magnetic alternation field. Thus in 
each of pyramid's edges two synchronous motors are mounted making twelve 
flywheels in total. 


The two flywheels per axis rotate in opposite directions to symbolize the time 
propagation in opposite time directions. This type of linear impulse motor is 
chosen because it can be made to rotate in either direction, 


The first analog model. 


In one triangular plane of the pyramid the six synchronous motors in the iron 
frame demonstrate a rotating magnetic field, seen from the center of the 
plane. Each edge of the pyramid has the right phase-shift with respect to the 
other edges of the triangle. 


The first model has four central rotating magnetic field generators in the 
middle of each triangular plane. (See figure of unfolded pyramid indicating 
the actual phase-shift). 


These four synchronous (three phase) generators are coupled together by a 
gearbox and are driven by the main electric motor (not shown in the drawing). 
Consequently the four three-phase generators fulfill the synchronisation and 
constant phase-shifts for the flywheels of the pyramid-edges. The four 
separate rotating fields together, initate the complex three-dimensional 
rotation of the carrier field (or atom-field). 


The disadvantage of the first model is that it is further away from reality, 
because the atomic field is not symboized as one three-demensional rotating 
field. However it shows better how to imagine the complicated rotation in 
three dimensions. 


The second or the real analog model. 


This mechanical model has only one central generator in the middle of the 
pyramid, instead of the four rotating field generators of the first model. All 
magnetic waves in the pyramid edges go straight to the pyramid’s center. The 
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Philosophy given or rather 


rotor of the 3-dimensional rotating generator is like a yo-yo with spherical 
end-surfaces. 


It requires a touch of genius to provide the drive-connection between the 
central motor and the spherical rotor, which has to be started up in a complex 
rotation. The six diametrically opposed pole-shoes from the middle of the 
pyramid's edges around the spherical rotor form in pairs, three axes of right 
angles - representing a Cartesian coordinate system. So it shows that the six 
time-axes of the edges of the pyramid can be converted into the three 
principal time-axes of the central sphere. 


Together it imitates three-dimensional time, which causally creates the three- 
dimensional space of our universe. 


The principles of the first and second analog models are equivalent. One 
version can be converted into the other, for example, converting the four 
rotating fields to one three-dimensional rotation in the centre-mass of the 
pyramid. 


The model can be started by switching on the thirteen drive-motors. As the 
flywheels reach velocity the twelve starter-motors are switched off and only 
the central motor drives the complete gigantic model. The essence is that all 
flywheels have exactly the same number of revolutions. They are all either 
synchronous motors or generators. Then the flywheels are marked and 
illuminated by a stroboscopic flash light. Seen by the normal eve they do not 
appear to move showing the synchronous rotation and the constant phase- 
shifts between the flywheels. 


These mechanical models are meant to explain the unimaginable Creation out 
of the nothing by symbolic imitation of the carrier-field. However it is only a 
weak symbol of Creation. The carrier-field is the esoteric medium, a 
transmutation of the absolute spirit or conscience, it is the spiritual force field 
of infinite strength which is present everywhere in the universe. 


The imitation of the carrier-field 
functions. 


Nevertheless the analogy of reality is incredible. This will be shown in the 
next explanation of the five functions of the cosmic carrier-field. 
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The carrier-function 


The foundation of the carrier-field is the infinite force-field created by 
interference quenching (avbrytende stopp) of the original infinite vibration. 
The mode initiates this force-field with the six bundles of soft-iron bars as the 
edges of the pyramid. 


As in reality, the three-dimensional magnetic rotating field in our model is 
caused by the linear waves of each time-axis. The timeless waves alternate 
backwards and forwards as in our model. They drive the flywheels 
representing the masses of the universes, and their rotation is the propagation 
(spredning) in time. 


The orientation of the time-axes with respect to 
the nothing. 


The relative position of one time-axis in the apparent nothing plays an 
important role in the orientation of the universes in reality, determining the 
direction of each time-axis. Here the first model is shown representing the 
four three-phase synchronous generators in the planes of the pyramid. Only 
with decompostion of the three-dimensional rotation into four rotations can 
one show that the three-dimensional rotating field has left no remaining 
component in the nothing, while in contrast a two-dimensional rotating field 
can not be nullified, a remaining component will always exist in the nothing. 
This can be explained by considering a single plane of the pyramid with its 
six flywheels at the edges, the analog for a two-dimensional 


carrier-field. The rotation impulse of the flywheels is compensated by the 
opposite rotations but the rotation impulse of the central three-phase generator 
is left over. It can be measured by the outside world (the nothing). 


It requires four field three-phase generators (maintaining overall symmetry) 
to compensate for these rotation impulses. 


With this the three-dimensionality of the carrier-field has been shown and the 
orientation of the time-axes with respect to the nothing is determined. 


The time synchronization function. 
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Impressively the model imitates the time synchronization, simultaneously 
maintaining the cosmic counter-balance by which the universes continue to 
exist. The rotation of the two flywheels per axis is in opposite directions and 
they rotate with exactly the same speed. Thus it imitates the circular motion to 
the timeless waves which progresses exactly synchronous by their mutual 
interference coupling. 


The twelve cosmic systems run without any dissipation, once started, the 
perpetuum mobile continues into eternity with the absolute accuracy of time- 
synchronisation. If one supposes the model to be without loss and without 
using the eternal driving motors, it will continue to run synchronously due to 
the inertia of the flywheels and the fact that the synchronous linear impulse 
motors can function as generators as well. 


This symbolizes another property of the continuous circular motion of the 
timeless waves, because every wave somewhere in the pyramid circuit at each 
moment has its opposite value resulting in an overall zero at any moment. 


This is the law of conservation of the nothing. 


The couplingfield function. 


Time synchronization is not alone determined by the iron grip of the three- 
dimensional carrier-field and the principle of cosmic counter-balance. Apart 
from this an important effect is realized from the feedback of the gigantic 
masses of the universes to the timeless waves. These masses can be 
considered as enormous flywheels without loss. Once started by the super 
flash, no change in speed is possible, because a force of sufficient magnitude 
is simply not available. This function of the coupling field can also be shown 
in our model, because the linear synchronous motors of the flywheels are also 
generators. If the central driving motor is switched off, then the flywheels 
continue for some time to drive the central three-dimensioal rotating sphere. 
Everything stays exactly synchronous with the same phase-shifts. 


This experiment shows how the flywheels feed their energy back and have a 
stabilizing function in time-synchronization. The coupling-field of the masses 
of the universes is fed back in the time-bound vibrations of the atom-field 
from which no atom total mass of the universes is fed back to one single 
atom. 
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Fig 1 
A scheme of a device made for producing of long- 
living plasmoids 


1 ~ a polyethylene reservoir, 2 ~ a ring electrode, 
3a central electrode, 4 - a capacitor bank of 
0.6 mF capacity, 5 ~ a discharger, 6 -water or 
aqueous suspension drop, 7 ~ a quartz pipe, 8-acarbonic 
or metal electrode, 9 - a copper bar. 


‘The spout was acted by weak laser emission of less 
than 1 mW at 22-centimeter height. The laser beam 
was directed perpendicular to the discharge axis, the 
spout achieving the laser beam moved along the beam 
towards the laser. 


In Fig.2 the spout has moved ~8.5 cm along the laser 
beam, and a usual sphere formation was generated. 
Due to the horizontal motion it was distorted if to be 
compared with usual sphere formation. The usual 
sphere formation is represented in Fig.3 (also see the 
cover). 


Fig. 2 
‘Motion of the leader channel (spout) along the laser 
accompanied with the sphere formation 


Fig.3 
‘The standard ball formation 


Discussion 


As it is evenly mentioned in [5], results of model 
‘experiments are difficult to be applied directly to laser 
control of lightning because in short intervals 
characteristics of the discharge differ from 
characteristics of lightning discharges. Actually, at 
comparing considered current and the field existing in 
a lightning (i~100 A, ~3 V cm") with these phenomena 
occurring in a laboratory spark (~1 A, ~300 V cm”) 
incorrectness of modeling of this process becomes 
obvious. From the other hand the authors of [2] note that 
“the leader channel is like a channel of electric arc... At 
current strength of ~100 A plasma of the channel of the 
arc is supported by fields the densities of which come 
to several volts by a centimeter. The lightning has such 
leader currents” 


Even an air arc of atmosphere pressure has a field of 
about 100 V cm" at currents of about 1 A. The generated 
discharges (spout) accompanied by the field ofless than 
8 V cm’ (maximal current appearing in the discharge 
gap is 50-60 A) are more appropriate for modeling the 
leader channel of the streak lightning than typical 
discharges used for investigation of these processes, 
for example, like [6] 


At first approximation the leader channel is considered 
as an ideal conductor in the article [2]. We make research 
to define the field in the discharge (spout) more exactly. 
The article [2] makes the following consideration about 
a cause of occasional generation of new leader heads: 

“the surface of equipotential plasma conductor (channel) 
has a property of instability. There is an occasionally 
generated sharp jut. An intensified field appears at the 
jut along the edge. Under the influence of the field the 
jut becomes to grow in any direction including at the 
significant angle to the weak outer field”. The aforesaid 
seems to explain why our leader channel changes its 
direction and runs at right angle to its initial motion. 

(Fig.2). Weak harmonic action of the laser beam to the 
leader channel causes generation of a new head which 
continues motion “on the significant angle” 
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This is a painting by Rudolf Dass of the analogous visual-mechanical carrier-field 
model which symbolizes time and matter creation and synchronization in twelve 
universes. This giant working construction that was a cross between a monument and a 
machine was seen on an artificially flattened mountaintop on Targa. This place was 
perceived as a place of pilgrimage, a place of meditation and contemplation, and the 
machine was a symbol of creation. The Iargans know no separation between science 
and religion, and religious and spiritual theories are entirely scientific. The model was 
several hundred yards(meters) long. The machine seemed to operate by some kind of 
perpetual motion, neither running on fuel or electrical power. 


The Instructional Analog Model 


The mechanical instruction models are the visual representations of the principles of the 
cosmic unified field theory. The model is intended to demonstrate that time, matter, and 
energy are creations out of the nothing and therefore the counter-balance has to be 
maintained to allow the causal infinity of the nothing to exist. In a broader context the 
physical symbols all take on new meaning and demonstrate the unification of science 
and religion. In a religious sense the spherical three-dimensional time-field in the heart 
of the pyramid symbolizes the Soul of the Creator. The pyramid symbolizes his infinite 
lovewili, the cage in which the infinity of His existence has been blocked irrevocably. 
The lines symbolize the different frequencies of the timeless waves. The flywheels on 
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the edges of the pyramid symbolize the twelve associated and interrelated universes, 
including ours, that make up this unity. One cannot exist without the others. 


The timeless primeval atom-principle, the 
transmitter function. 


The atom-field is a time-creating field and as such a remote manifestation of 
the primeval atom principle. It can be compared with a transmitter. As soon as 
the program is converted into waves of great power, billions of radios can 
receive the same program, the number is unlimited, Everything depends on 
the one program of the transmitter, the primeval atom-field. If this exists with 
infinite strength, it is at the same time the vibration medium (the carrier-field) 
which helps it to spread everywhere, Thus any atom in any universe can 
receive the timeless basic program. The second model shows the three- 
dimensional time-field of the primeval atom field most clearly, although this 
is a three-dimensional rotation of the central sphere in spatial sense. This is an 
analog of reality, the atom has a spherical field which is defined by six linear 
time-vibration directions. Any atom is a remote manifestation of the one 
carrier-field of infinite strength. 


Considering this fifth function of the carrier-field one has to realize that only 
the central sphere, the atom, is visible to us. The fields in the pyramid edges 
outside the sphere are invisible. It is the time-field reality of which the atom is 
areflection. 


The mechanical instruction models are the visual representations of the 
principles of the cosmic unified field theory. This requires however some 
marginal notes. A material comparison to explain spiritual abstractions is 
always in some ways incomplete, There are several hiatus of which only the 
three most important ones are mentioned. 


1, In the model one time-axis represents only one frequency of the magnetic 
field, while in reality all frequencies are contained. Every frequency however 
can be initiated for each time-axis for which the interference representation of 
the analog model is valid. 


2. The model demonstrates the rotating field of the timeless waves. It does not 
imitate the time-bound waves by which our time-axis the propagation speed 
of time is X, then the phase velocity of the two time-axes connected to "our" 
pyramid edge is 4X. The other two time-axes connecting our time-axis with 
the other corner of the pyramid is -2X, making up for the time speed of our 
anti-universe -X. The crossing, not-touching time-axis is perpendicular to our 
time-axis and does not contribute. 
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3. In our model the masses of the universes are given by the flywheel symbol. 
In fact this is fundamentally wrong, because it is separated from the three- 
dimensional rotation of the central sphere. It can therefore basically not 
maintain the counterbalance of the nothing. 


The most important conclusion of the analog model is that time, matter and 
energy are creations out of the nothing and therefore the counter-balance has 
to be maintained to allow the causal infinity of the nothing exist. 


14, The existential symbolism of the model. 


So far the physical aspects of the model have been unravelled, but if one 
wants to give a wider context to the model suddenly all the physical symbols 
change their meaning. In relation to philosophical or theological disciplines 
the model takes on the additional meaning of the unification of science and 
religion. By certain inherent (medfdte) laws within any intelligent race the 
denial of God's existence will be destroyed sooner or later. Earth science will 
provide an indestructible contribution to our final knowledge-awareness, 
which we shall attribute as typical human attainment in the cosmic 
integration. It is that piece of our human identity and self-awareness, which 
we shall possess and care for throughout eternity. It the light of this purpose, 
science serves God and the distinction between science and religion fades 
away. 


In a religious sense the spherical three-dimensional time-field in the heart of 
the pyramid has a special meaning. It symbolizes the Soul of the Creator, 
the Father who is the pure Identity of the infinite origin. The pyramid 
symbolizes his infinite Love-will, the cage in which the infinity of his 
Existence has been blocked irrevocably. He sacrificed his Ego and his 
freedom, to love his twelve Sons once. He is present only indirectly in his 
Creation as the reflection of the infinity, the Supreme Being, as the one Ego- 
consciousness of the Archangels, 


That is why the theologian covers the central sphere with pure gold, 
symbolizing the golden Heart, the Holy of Holies, the most sacred secret of 
the universe. The pyramid is then painted dark red, the universal colour of 
love. Over the red many thin golden stripes run in the direction along the 
pyramid edges. These stripes symbolize the different frequencies of the 
timeless waves, the expressions of Love and faith of the Father and his 
infinite Will. 


Gathered around the golden Heart are the twelve flywheels, coloured white, 
the colour of purity and innocence. The model shows that every universe has 
the power to awaken the matter-consciousness and to transform it to the new 
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God: the Son. The goal of Creation is therefore the awakening and the 
formation of the twelve Sons of the Father. 


This is not in contradiction with the Bible telling us that the Father sent his 
only-begotten Son. The Bible is solely directed to man. It is our instruction 
book for life describing our attitude towards God and our fellow man. The 
Bible does not tell anything about life on other planets, because it is not 
relevant in our relationship with God now. 


The same goes for our parallel universes, In fact they do not exist for us, 
because they are not in our world of existence but somewhere else. They do 
not exist for all intelligent races in this universe, we shall never be able to 
observe them nor experience them in any way. Perhaps at the end of all time 
we shall meet. In our world the Father has one only-begotten Son and this 
truth is already so unimaginable that nobody can conceive the consequences 
yet. 


END OF IARGAN DISCUSSION 
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APPENDIX 1 


An Analog Model 


1. Introduction 


This appendix is not a part of the story of the Creation which is explained in religious 
terms in Chapter | (Part 2). It is a complementary way of reasoning to prove the 
existence of God, using the concepts of time, matter and energy. These concepts are 
also used in physics. The problem, which now arises, is that the author will use 
physical concepts without understanding the real meaning of the words, because he is 
not a specialist. The words atom, atom-field, matter, etc., must all be understood 
within the context of this book and they have no direct connection with the ideas used 
in modern science. Especially the words "matter" and "atom" are most confusing, 
because the Iargan author knows about the existence of matter in three configurations 
(and its opposite possibilities as anti-matter); i.e., time-matter, phase-matter 

and reflection-matter (the one we know about in our universe), but he fails to interpret 
these concepts due to his lack of knowledge of physics. He only knows that these 
forms of matter are all related to one or none of the directions of time- propagation 
(tidsforplantning) of the atom of which time is fundamentally three-dimensional. It 
therefore determines in which form these configurations (beskaffenheter) can exist in 
our universe. 


In this appendix - time-creation out of NOTHING is described - by making use of the 
concept of more time-dimensions. The explanation of time-creation is very difficult 


because it uses an overall carrier-field of infinite strength and then this concept is 
called the cosmic unified field theory. In defining this term, one has to be 

careful, because this theory is of a different basic nature from the existing unified field 
theories here on earth. Our unified field theories try to unify the four basic forces in 
nature, which are the electro-magnetic, the weak strong nuclear force and gravitation. 
The unified field theories accepted by most prominent 

(igynefallende) scientists find their origin in the general relativity theory of Einstein, 
which itself explains matter and energy in terms of space and time. 


The problem now is to find a method, explaining the spiritual or esoteric reality, the 
cosmic time-field. On other planets, this problem was solved by explaining the basic 
concepts of the cosmic unified field theory. The elementary functions of these 
concepts can be understood with a mechanical instruction model demonstrating the 


cosmic time-field visually. 


Why indulge in this complication of describing a theory which will probably only be 
fully grasped by a few individuals? It does not concern the author very much, he only 
carries out his commission. His Iargan instructors gave three reasons for publishing 
the concepts of this theory: 


1. The future integration of science and religion requires a material proof of God's 
existence. This explanation could be the start of the exchange between these two. 


2. In the previous story of Creation the limitation of the infinite is explained 
unambiguously(upretendigst), but the working principle was completely 
neglected(forsgmt). 


3. The cosmic unified field theory published in this book will be the only possible 
verification for the true identity of this book, providing the link for the future 
development of the human race. 


2. The physical approximation of the NOTHING. 


One concept in physics is that all atoms and energy consist of vibrations and wave 
appearances. In a material way, every atom or form of energy is caused by vibration. 
The physical approximation (tilnzermelse) describes the nothing of the idea of 
vibration - and does not touch on the spiritual aspects and the consciousness of 
matter. It does not distinguish between the "nothing" and the spiritual "No-Thing" (the 
ALL). It only recognizes the material aspects of the nothing. 


If everything is vibrations or waves, then it is not necessary to speak of matter or 
energy, then Creation is fundamentally based on this concept of vibration. The 
primeval vibration (before the limitation) can be described as infinite in time, infinite 
in all its aspects and possibilities, infinite in frequency and amplitude and existing in 
all time directions (omnitime). Unchanging, timeless and powerful to all limited 
vibrations in every bound power. It is the omnipotent definition. 


In this approximation the nothing is more simple to understand. Before the creation - 
the infinite omnipotent vibration existed- but a vibration in every direction and of 
infinite frequency and amplitude is not a vibration. The apparent paradox can be 
eliminated by stating: Only at the instant when this infinite vibration blocks itself by 
interference, as in a flash, all bound waves and frequencies were created. This 
condition is very close to the existential view of the Creation out of NOTHING in 
Chapter 1. 


The nothing (here) has no counteraction, but in contrast the omnipotent vibration - can 
manifest itself only by counter-acting in such a way that the infinite allows the 
nothing to be. So one can also state that all vibrations were created because the 
nothing bound itself by a mechanism of interference quenching (ble dempet) - 
(counteracting vibrations) of infinite force, which blocked the infinite possibilities of 
these vibrations. This universe can only be considered as the limitation of the 
unbounded nothing. 


3. The bounding of the omnipotent infinite vibration, the 
cosmic time field. 


One of the basic principles on which the mechanism of bounding is based is: [f one 
property of a power (any power) of something is bound, then all properties and 
powers of this something will be bound. In infinity the finite cannot exist. To limit the 
‘omnipotent vibration it was sufficient to bind only one of the perhaps infinite number 
of possibilities. Because if only just a little something were to be formed in the 
nothing, the nothing would be altered and cancelled irrevocably, then the complete 
finity (endelighet/begrensethet) was a fact. OR, if there were just the three- 
dimensional rotating time-field as a possibility of the primeval atom in the infinity of 
the nothing, then the finite was a fact. This atom-field needed to be a force-field of 
infinite strength, the carrier-field, to counteract the omnipotent vibration, the cosmic 
time-field. 


4. The Creation can only exist as a result of counter-balance. 


One of the functions of the carrier-field is time-synchronization by which the cosmic 
counter-action and therefore the nothing can BE. Matter and energy cannot exist on 
its own in the nothing. The principle of time synchronization is given: 


1. Time is only relative, it is motion or propagation (spredning) in relation to at 
least a second motion of time. 

2. the cosmic law of counterbalance dictates that the second time has to 
counterbalance the first time. So time can only exist in relation to a second 
exact opposite direction of time (running backwards in relation to our time). 


3. Time exists only through the presence of atoms or matter. Then the backward- 
running time can only exist through matter in which the time propagation is 
opposite, running backwards in relation to us (antitime matter). Anti-matter or 
reflection antimatter may exist in our universe with an opposite electric charge with 
respect to our known reflection matter. The question, as to which charge antitime 
matter has in the anti-universe, is of no importance in this appendix. 


4, Because neither matter nor energy can exist on its own in the nothing -another 
quantity of matter of opposite properties must exist which is exactly similar to that in 
our universe. This balance of matter and energy is so accurate, that one surplus atom 
(overskuddsatom) is impossible. 


This explains nearly as per definition the cosmic law of counter-balance allowing the 
nothing to be. There must be at least a second universe exactly like ours, in which 
time runs backwards according to us, but normally for life in that universe. In the 
following it is shown that there are not just two, but eleven other universes in addition 
to ours necessary to maintain the cosmic law of counter-balance. 


6. The time-synchronization field. 


The law of counter-balance also applies to time. The timedirection is opposite and the 
time velocity is equal to ours. Time is the propagation of vibrations of the atom. Then 
the atomvibrations in both universes are equal and opposite with respect to the 
timelessness. This is only possible if these times are caused by one field (time-field). 


The definition of a field (any field in physics) is: If an event occurs, because another 
event takes place somewhere else without a mechanical or visible connection between 


these events, then these events are caused by a field. Time-synchronization occui 
according to this definition. The atom vibrations in our universes are exactly similar, 
because the atom vibrations of our anti-universe occur despite the enormous 
difference in time and without any dissipation of energy. It is about 30 billion 
(milliarder) years since the occurrence of the super flash Creation (big bang) between 
the two universes. 


The law of conservation of counter-balance is causal to the law of energy 
conservation in every universe. Each universe is a closed system and without energy 
dissipation outside itself. The amount of matter and energy once created remains 
constant. A loss of energy is impossible, because our time-bound energy propagates 
forwards, while the time-bound matter and energy of the anti-universe propagate 
backwards in time. These universes are separated by a time-barrier through which no 


communication nor transfer of life is known. (Well - according to information in the book UFO- 
CONTACT FROM PLANET KOLDAS and also told by the et-contact ASKET and Semjase - there are some 
methods for entering the mirroruniverse - but this can not be touched here - reseach yourself if interested!! 
RO.remark.) 


6. What is a timeless vibration or wave? 


The question is how the field functions maintain the time-synchronization of the 
atom-waves between the universes separated by billions of years. It is only possible if 
the synchronization stands still in time, but exists simultaneously in all the time 
elapsed (- som er giitt..) since the beginning of the super flash, as well in all the 
future. A timeless vibration does not normally move in time, the amplitudes of the 
field propagation - alternate (veksler) forwards and backwards in time. Time 
synchronization is the principle by which our universe catches every forward-moving 
amplitude and the anti-universe catches every backward moving amplitude of one and 
the same timeless wave. 


On other planets there are simple mechanical models explaining the function of time 
synchronization. One such model is very similar to our well-known mini-model rail 
upon which are two little wagons. The model has two lengths of rail of say 1.50 
meters each, which are in direct line with each other. 


Picture of the model wagons with a Electric drive motor which letting an excentric, and so the 
rails vibrate horisontally. 


Rail and wagon model demonstrating the principle of the timeless waves. The 
vibration is present at any point of the rail and at any time during the whole process 
period. Also from the moment of the super flash until the end of all times 
(ALWAYS). 


The rails are mounted on small springs to allow them to vibrate forwards and 
backwards in horizontal direction (from left to right and vice versa). The two rails are 
connected to a little electric motor with a double eccentric, each driving one rail, 
letting the rails vibrate about 1 millimeter of linear distance, also backwards and 
forwards. The amplitude is small enough to be invisible to the eye. 


Then one little wagon is placed on each rail and each wagon has a catch with a 
catchwheel (tilbakelops-sperre) on one of the wheelaxes, so the wagon can ride in 
only one direction. The movement in the other direction is blocked. The wagons are 
placed with their rears against each other, after which the electric motor is switched 
on. If the teeth of the catchwheel have the same beat as the vibrator mechanism, the 
wagons roll away from each other with exactly the same speed to the end of each rail. 


With this simple model time synchronization for the atom-vibrations of both departing 
universes (in time) by a timeless field "always existing everywhere” has been 
demonstrated sufficiently. At the same time a flaw(feil) comes to light. It is 
impossible to maintain an energy time flux of the timefield for the two departing 
universes, because where is then the inexhaustible (utgmmelige)energy source to 
maintain the time-flux? (betyr det tidsustabiliteten??) 


This is one of the reasons that a one-dimensional time-field is not possible. Only a 
three-dimensional time-field, which encloses the energy time-flux in itself, allows our 
universe and the others to exist. 


7. The principle (mechanism) to create finity: 
INTERFERENCE. 


So far the function of time-synchronization of the carrier-field has been considered. 
Now we will discuss the medium of conserving and maintaining the timeless vibration 
into eternity. It is the infinite force-field carrying all matter and energy. 


The effect of plasma motion towards a light beam is a 
demonstration of a general tendency of propagation of 
the discharges to an incident electromagnetic field [7] 

“Area occupied by plasma usually increases towards 
the laser emission” [8]. Leading character of motion of 
this formation is confirmed in [9] as well as the 
interaction with the laser beam is confirmed in [10]. It 
should be taken into account that in the works [9-10] 
experiments were performed at devices which 
generated such a discharge. However, that discharge 
was by 2 orders weaker than the discharge generated 
by the device represented in this work. Naturally, the 
results were less defined. Comparison of the discharges 
is presented in [11] 


According to our data, the leader channel (spout) has 
avery abrupt bound (less than 1 mm). In this layer the 
field can come to ~30 kV cm' (at height of 15 cm). 


Conclusions 


Due to the assumption [2] about instability of the 
surface of the equipotential leader channel there has 
been successfully performed the “control” action on 
an electric discharge which models a streak lightning, 
It has been achieved by means of weak harmonic 
oscillations made by the laser. This mechanism is 
supposed to be applied for streak lightning control. 
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We are at the moment of the flash or big bang, the moment at which the infinite 
primeval vibration limited (transmutated) itself to the carrier-field. This mechanism of 
blocking is well known and based on the principle of wave interference. (Interference 
of lightwaves is important today in laser technology.) Interference is the action or 
counter-action of two or more waves. If the wave-propagation(-forplantning) 
opposite and parallel and the frequencies of the waves equal, mutual amplification 
(gjensidig forsterkning)or attenuation (fortynnelse) of the intensities of the wave is 
possible, depending on the phase relation between these waves. 


If the phases are opposite and the amplitudes of the waves are equal, total quenching 
(dempning/kvelning)is possible. This is the principle of the binding of infinity. If an 
infinite wave manifests itself in one time-direction, automatically the equivalent 
absolute counteraction is created which counter-balances the infinity, allowing the 
nothing to be. 


The infinite primeval wave(urb¢lgen) blocked itself at the moment it created itself and 
so it never existed in reality. It was in fact a transmutation (forvandling) of 

infinity; the transmutation of the infinite vibration of infinite amplitude and frequency 
to a carrier-field of infinite strength, which blocked itself by interference. 


8. The time-bound vibrations or waves. 


The primeval wave blocked itself in a three dimensional time-axis system. 
(propagation directions) by interference, and trans-mutated to an infinite, timeless, 
immobile force-field. How could the bound timeless waves exist, which synchronize 
our universe? 


It is an error of thinking to suppose that by quenching the omnipotent vibration - all 
finite waves were also cancelled. It is just the opposite. A vibration with infinite 
frequency is not a vibration in reality. The infinite prevented the vibration, because a 
vibration can only exist in the finite. As soon as infinity was removed, the prevention 
disappeared and the real bound wave was a possibility. It is the carrier forcefield 
although of infinite strength and energy density which gets its finite value due to 
interference quenching. All timeless waves are as it were encapsulated in infinity and 
therefore indestructible. However "belonging" to infinity and not bound by time 
themselves, they create time forever, they are the eternal ripples on the static 


("krusning i likevekten"), unchangeable and loss-free field of infinite strength. (This 
must be what the Danish wiseman Martinus call the X2- principle and the primeval-desire or "urbegiae 
Danish. R.O.remark.) 


Because of this, all time-bound waves such as light, radio-waves or gravitation, exist 
in space without any loss and it is the empty space in the universe, which is the non- 
modulated structure of the carrier-field. It is one of the most fantastic touches of 
genius of Creation, that the non-vibrating infinity was transmutated to a loss-free 
medium carrying all time-bound and timeless waves. A few properties of this medium 
can be measured with instruments, the other part of its structure cannot be objectively 
observed yet, it is the esoteric fluidum or the infinite Love-will of the Father which 
carries the whole Creation. 


9. The unimaginable three-dimensional time. 
(Den utenklige tredimensjonale tid) 


One time-axis counter-balances only one direction of time propagation of the 
omnipotent (allmektige)wave. In infinity all possibilities of vibration exist and 
therefore all time-propagation directions. The question is, could infinity be limited by 
just one time-direction and one co-existing propagation direction going the opposite 
way? 


One way to answer this was already given in the previous paragraph, in which it was 
stated that the energy time-flux of the primeval wave of two universes is not a closed 
system. Another plausible answer can be by simply reasoning. 


The atom is causal for the time - and space dimensions, due to its time-creating 
properties, already mentioned. The space-creating properties are easy to understand, 
because the atom takes up space. It is three-dimensional in space and therefore it 
creates space in three dimensions. If all atoms were two-dimensional then the whole 
of creation would have been on a plane and space would not have been more than a 
flat or curved plane(as on a sheet of paper. R.O.remark.) Our time-space is no more 
than a bound part of the nothing (det "noe som er" -X1- som Martinus kaller det. 
R.@.remark.) - being filled with matter or energy. Anything that space distinguishes 
(utskiller) of the time - and - dimensionless void, is caused by atoms or energy. If 
atoms have three space dimensions, then the timeless waves creating the atoms also 
have three dimensions. 


1. The timeless primeval atom-field has three time dimensions. 


2. The timeless waves could not be bound by only one time-axis, but must necessarily 
have three time-axes. 


3. The timeless atom-field should consist of a three-dimensional rotating field of 
infinite strength, which is attenuated (fortynnet) of itself by interference. It conserves 


the law of cosmic counter-balance of the no-thing. The atom of such a rotating field 
structure has six time-axes, but in principle these six axes can always be reduced to 
three time-dimensions, no further reduction is possible. 


S-F=superflash 


Picture of ONE-TIME-AXIS: The cosmic symbol of one time-axis. 


In the following parpagraphs of the analog carrier-field model it is shown, why the 
atom-field has to be a three-dimensional and not a two-dimensional field. 


10. The six time-axes of the time-creating, cosmic carrier field. 


How can it be established that the carrier-field of all matter in twelve universes has six 
time-axes? The first part of the answer is simple to explain. A well-known type of 
rotating field on earth is that of the electric three-phase synchronous motor. 


This type of electromagnetic-field system consists of three linear magnetic fields, 
which are arranged at angles of 120 round a rotor. The phase-differences of the three 
alternating magnetic-fields, which have the same frequencies (say 50 Hz) are also at 
each 120 degrees. Each alternating field is in itself an exact linear vibration oriented 
in one direction. The rotating field exists only if the three linear vibrations are 
combined together with the proper phase-relation between them. So a two- 
dimensional rotating field in space is created. It can force a piece of magnetic material 
to rotate around its axis with a great power. 


Insert pict of motor 


a 


The principle of an electric three-phase synchronous motor. 


The fact that it is possible to create rotating fields by combining three linear 
alternating waves does not mean that it has to be the same for fields of infinite 
strength, it can be more than three, but it is not very likely as first guess, because the 
three wave principle (the equilateral triangle) is the most simple and effective. 
According this principle, for a three dimensional field six linear waves are required to 
form an equilateral (likesidet) triangular pyramid, but why an angle of 60 degrees 
between time-axes? 


The first answer can initially be given in a very simple way, the second is more 
complicated, but at least more to the point. 


A simple way of reasoning to derive (utlede) the answer to the question of 60 degrees 
is the following. The atom field of matter has spatial (romlig)structure, therefore the 
time-axes must be positioned in such a way that they form a closed three-dimensional 
geometric object, because the energy fluxes of time must be closed in itself due to the 
law of counter-balance. 


The time-axes form straight lines, which cannot be parallel lines, because parallel 
time-axes form one and the same time-direction. The most simple three-dimensional 
closed object is an equilateral triangular pyramid. There are no reasons to suppose it 
should be an a-symmetric pyramid if three-dimensional time is considered, on the 
contrary, it must be symmetrical in all positions. So it is simply a equilateral triangular 
pyramid of which the lanes are equilateral triangles. There is no more simple object in 
three-dimensional space with these requirements. 


The more sophisticated answer to the question of 60 degrees is time given by 
approaching the question from the relativity of time frequencies between the other 
universes (the other time-axes). Time is the wave propagation of atoms which 
determines the direction of the past to the future.Simultaneously these time-creating or 
timeless waves are the linear phase waves combining to maintain the atomic rotating 
field. The problem is that "our’ atoms do not experience the right frequencies of the 
other time-axes, because they do not propagate (spredes)with the same speed, but 
advance in time. 


Thus there is an apparent frequency-shift, a kind of Doppler shift, by which the 
frequencies of the "other" time-axes are experienced by "our" atom. One should 
realize that the timeless vibrations of the other universes also exist in our universe. 


At first sight it seems impossible for a rotating field to posess a constant phase-shift 
because between vibrations of different frequencies a constant phase-shift is not 
possible unless the frequencies are related to each other in a particular way. They are 
harmonic. Two vibrations are harmonic if the apparent frequencies have constant 
ratios to each other, like 1:2, 1:3, 1:4, etc. 


Timeless waves can only exist when the frequencies are related by the harmonic ratio 
1:2. 


Picture explaining the frequency-shift for 60 degrees time-axis angle. 


The frequency ratio is determined by the angle between the two time-axes, as the 
picture shows. Our time direction is T1 while another time direction is shown as T2. 
The time direction propagating forwards (from past to future) is useful to our 
universe, while the backward-moving impulses of the timeleess wave do not "catch" 
the rotating field of "our" atoms. Secondly the time-axis at a right angle (90dg) to our 
axis T1 does not make any contribution, we experience this time-axis as non-existing. 


As the picture shows, due to the angle of 60 degrees, ‘our’ atom experiences exactly 
half the time-speed of the other time-axis and this makes the frequency harmonic. As 
T1=2 times T2, the result is the simplest harmonic ratio of 1:2, determined by the 
angle of projection of 60 degrees between two time-axes. (Pythagoras law for right 
angled triangles). 


All other possibilities and other harmonic ratios fail to give non-destructive 
contributions for the necessary interference intensification. Other excitations of higher 
order harmonic ratios give more complicated time-axes structures of the rotating atom 
field and cannot be stable. Also because the couple-field feedback to the total mass 
(inertia) of the universes is not optimized (see the following paragraphs). 


It supposes simultaneously the existence of a higher number of co-existing universes, 
which seems highly unlikely (usannsynlig)(higher than twelve). Therefore we must 
decide for the simplest three-dimensional geometric form: the equilateral triangular 
pyramid. 


11. The ancient symbol of God, the Star of David. 


It is necessary to summarize the above issues of the principle. 


1. The choice of the mechanism of limitation determined the existence of all types of 
timeless waves, among which was the (most complex) three-dimensional rotating 
time-field. 


2. The limitation took place by interference quenching (forstyrrelses-dempning) the 
primeval infinite vibration (possibility) affording more time-axes in three dimensions. 


3. A time-axis is a part of the infinite force-field. This only exists as a single linear 
vibration. 


4, For a three-dimensional rotating field at least six linear field waves are necessary, 
which are located spatially in time having angles of 60 degrees between the time-axes. 


5. The angle of 60 degrees could only be created by an apparent frequency shift 
maintaining the harmonic vibrations of the rotating field. 


These considerations determine the mechanism of blocking the infinite. It consists of 
six time-axes forming a closed three-dimensional object, which creates and restricts 
the speed of the rotating atom-field. 


Though every time-axis carries two universes(universe and anti-univers), there are in 
the frightening depth of cosmic space twelve distinct cosmic structures, separated by 
the unbridgeable barrier of time. Not only are there eleven other universes apart from 
ours, but they are all embedded in the same cosmic or geometric space. All universes 
have the same size and the same energy content. The geometric space is necessarily 
the location in the nothing - in which the omnipotent vibration quenched itself by 
interference. It is the location for waves encountering each other, as it is for light- 
waves interfering with each other. But it does not require that every atom has twelve 
buldges at the same space-point in time. Or more crucially, it does not mean that 
every human being has twelve images of himself without knowing it. 


It is the mechanism of interference synchronisation of the timeless waves which 
uncouples the universes at each space-point, simultaneously maintaining the time- 
propagation of each universe. 

The equilateral triangular pyramid is the symbol of God, the Father as it is known 
everywhere in the universe (after lifting the cosmic isolation). We know it as the 
double equilateral triangles of the Star of David, also six time-axes with angles of 60 
degrees. It means that the principle of the limitation was revealed to humanity 
centuries ago, but we did not understand its meaning so far. 


make in your thoughts : The Star of David. 
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picture is described later 


12. The analog carrierfield model, an instruction model. 


The cosmic carrier field of all space and matter performs a sixfold function, of which 
some have already been discussed in gereral way. 


1. The carrier function of an infinitely strong forcefield blocked in itself contains 
the fluidum conducting all waves without dissipation and maintained to 
eternity. 

2. The orientation of the time-axes of the universes with respect to nothing 
provides the structure of the carrier-field of three dimensions, the bounded 
Love-will, creating our life and existence. 

3. The time synchronisation function locks all universes in the iron grip of the law 
of cosmic counter-balance from which no atom can escape. 

4. The feedback principle of time to the total mass of the universe is the function 
of the coupling-field by counterbalance (and interference) of the time-bound 
waves. 

5. The function of the timeless primeval atom-field, the atom-principle, as the 
transmitter program containing the code of matter of which all atoms are 
remote manifestations. 

6. The function as bearer of the absolute ALL-knowledge and goal consciousness, 
manifesting itself as the laws of nature and as the intelligent goal of life: the 
spirit of God. 


The last function concerns the existential aspects, which have been discussed in the 
previous section of this book. 


The first analog model is a mechanical instruction model explaining the cosmic carrier 
field by means of symbols. This model was built on another life-supporting planet on 
a high mountain and was many meters high. It was the gathering point for 
contemplation of that intelligent race for devotion to its Creator. 


It was the symbol by which the majority of the race acknowledged the goal of 
Creation, simultaneously the sign that the cosmic isolation had been lifted. The other 
function of the carrier-field will be discussed with the help of this mechanical 
instruction model. 


The analog model consisted mainly of the six edges of a huge equilateral triangular 
pyramid built out of solid soft-iron bars. The many metres thick edges of the pyramid 
contain an impressive number of iron bars parallel to the direction of the edges and 
cast in a kind of plastic resin following a process similar to that of casting 
concrete(betong). So a mainly iron-frame was formed especially suitable for 
conduction of magnetic pulses of high power without much loss. 


So far the carrying fuction of the cosmic time-field, which primarily maintains the 
timeless waves is symbolized in the model. The magnetic pulses in the edges of the 
pyramid run backwards and forwards like the timeless waves in reality. 


With respect to the other edges of the pyramid, the magnetic pulses are phase-shifted. 
The problem is that up to now the forward propagation (forplantning) in time has been 
missed out. In fact we look for the equivalent of the two little wagons on the vibrating 
rail. The solution can be found in the symbol of the rotating flywheel, as with the atom 
its rotation is continuous in time, it is in fact time propagation. Therefore the iron 
frame of the pyramid is discontinued at two places in each of the six edges of the 
pyramid. At this discontinuation point a linear magnetic impulse motor is installed, on 
the axis of which a large 
flywheel is mounted. 


Non ferro bridge. 
ferro ‘<a Pa and flywheel NBF=NonFerroBridge 


PE=PyramidEdge and soft iron 
bars 


PE 


PMR=PermanentMagneticRotor 


The flywheel symbolizes not 
Geren: only the propagation of time, 

but also the inertia of matter 

and so the flywheel is in 
effect the total mass of the universe. This type of magnetic impulse motor is not self- 
starting, so at the inside on the flywheel axis a starter-motor is mounted, fitted solely 
for the purpose of starting. One rotating the synchronous motor maintains the exact 
number of revolutions at the same frequency of the magnetic alternation field. Thus in 
each of pyramid’s edges two synchronous motors are mounted making twelve 
flywheels in total. 


The two flywheels per axis rotate in opposite directions to symbolize the time 
propagation in opposite time directions. This type of linear impulse motor is chosen 
because it can be made to rotate in either direction. 


The first analog model. 


In one triangular plane of the pyramid the six synchronous motors in the iron frame 
demonstrate a rotating magnetic field, seen from the center of the plane. Each edge of 
the pyramid has the right phase-shift with respect to the other edges of the triangle. 


The first model has four central rotating magnetic field generators in the middle of 
each triangular plane. (See figure of unfolded pyramid indicating the actual phase- 
shift). 


These four synchronous (three phase) generators are coupled together by a gearbox 
and are driven by the main electric motor (not shown in the drawing). Consequently 
the four three-phase generators fulfill the synchronisation and constant phase-shifts 
for the flywheels of the pyramid-edges. The four separate rotating fields together, 
initate the complex three-dimensional rotation of the carrier field (or atom-field). 


The disadvantage of the first model is that it is further away from reality, because the 
atomic field is not symboized as one three-demensional rotating field. However it 
shows better how to imagine the complicated rotation in three dimensions. 


The second or the real analog model. 


This mechanical model has only one central generator in the middle of the pyramid, 
instead of the four rotating field generators of the first model. All magnetic waves in 
the pyramid edges go straight to the pyramid's center. The rotor of the 3-dimensional 
rotating generator is like a yo-yo with spherical end-surfaces. 


It requires a touch of genius to provide the drive-connection between the central 
motor and the spherical rotor, which has to be started up in a complex rotation. The 
six diametrically opposed pole-shoes from the middle of the pyramid's edges around 
the spherical rotor form in pairs, three axes of right angles - representing a Cartesian 
coordinate system. So it shows that the six time-axes of the edges of the pyramid can 
be converted into the three principal time-axes of the central sphere. 


Together it imitates three-dimensional time, which causally creates the three- 
dimensional space of our universe. 


The principles of the first and second analog models are equivalent. One version can 
be converted into the other, for example, converting the four rotating fields to one 
three-dimensional rotation in the centre-mass of the pyramid. 


The model can be started by switching on the thirteen drive-motors. As the flywheels 
reach velocity the twelve starter-motors are switched off and only the central motor 
drives the complete gigantic model. The essence is that all flywheels have exactly the 
same number of revolutions. They are all either synchronous motors or generators. 
Then the flywheels are marked and illuminated by a stroboscopic flash light. Seen by 
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In general the conception was formulated in 1995 and 
today we can say that the concept of physical vacuum, 
which is a new source of energy, finds more and more 
supporters. The fundamental works about nature of 
“zero point energy” are published, for example, 
Andrew D. Sakharov [1], Hal T. Puthoff [2] and many 
other interesting works. It is clear now that space or 
“physical vacuum" has its internal structure, therefore 
it can be used as a new source of energy if we organize 
the process of changing of this structure. Moreover, 
according to some theories, the existence of reality (i.e. 
the World of some certain parameters of space and 
time) is defined by the function of probability of energy 
density. For example, Dr. Nassikas, Greece [3], proves 
that it is not possible to consider the space without its, 
energy, and there is no space without energy. The 
internal structure of reality is coexistence of two forms: 
gravitational energy and electromagnetic energy. Any 
local increase of the first one should produce decrease 
of the second one, so the sum amount of the change is, 
zero. 


In some other articles about energy transformation 
processes (gravitational form of energy into 
electromagnetic heat radiation of mass, for example) 
we can find that both increase of entropy and the 
inverse processes (decrease of entropy) are possible 
and in this case the electromagnetic energy can be 
converted into the gravitational form, that is shown in 
details in the works of Nobel laureate I. Prigozhin, Order 
and Haos. Man's new dialog with Nature, London, 
1984, Since the direction of time (the time course) and 
direction of the entropy change (increase or decrease) 
are related notions then free energy technologies are 
considered by Kozyrev as methods of practical 
application of natural time course [4] that is presented 
in aether-dynamics by Frolov as aether flow of some 
density and this aether density determines the time 
rate as hardness of cause-effect connections for any 
process, and also for the process of existence of matter 
in space-time of this aether density. 


According to this theory, in any point of space it is 
possible to get power by means of energy 
transformations without any consumption of mass-fuel. 
We can say also that in this case some change of the 
energy density of space should be detected, 


Let's clarify some determinations: 
1. The Potential (lat. Potentia that means “force"). 
In physics this is scalar parameter, it’s gradient 
‘expresses the intensity of field of a certain force. In 
common sense, the potential is possibilities, which 


exist for execution of some task, for completion of some 
work, 

2. ‘The Work is a quantitative parameter of energy 
transformations. The transformation means here 
change of form. 

3. The Energy (Greek “Energie” means “action, 
activity”) is a quantitative characteristic for different 
forms of motion, 

4. The Power is amount of work per unit of time. 


According to the given determinations by The Soviet 
Encyclopedic Dictionary, edition of 1988, Moscow, the 
fact of presence of potential (scalar) field, for 
example, electrical or gravitational filed, is real 
Possibility to produce some work if we can organize 
change of energy forms. Let's note that power source 
is not required to keep the potential field in force. It 
is free. 


..the potential (scalar) field can produce real 
work! 


‘The example of this work, which is produced by the 
field: body falls in gravitational field and whenit strikes 
on the ground then some part of its potential energy is 
transformed to heat, that is the work as transformation 
of energy forms. So, there is a conclusion: the potential 
(scalar) field can produce real workl But we have 
considered only a half of cycle and in classical case in 
the second half of the cycle it will be necessary to 
produce the same work against the field to raise the 
body to the initial point. 


Let's formulate the task to produce the work 
periodically and to get the power in load from this 
process, Usual mistake is to accept the particular case 
(the same body returns back in the same field) as a 
single possible case, But in special case changes of 
the system are possible, for example, the field intensity 
is not a constant but some variable value (alternating 
or pulsing), or the body changes its own parameters. 
In this case in each of half-cycle of the process the field 
can produce real positive work to accelerate the body. 


The main technological solutions are obvious: it is 
necessary to create gradient of field in space (full or 
partial screening of trajectory of the body, which is 
moving in the field) or gradient of field in time (pulsing 
mode of field). This is quite easy for electric and 
magnetic fields, but for system, which uses 
gravitational field to produce the work, we can assume 
changes of parameters of the body only. 
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the normal eye they do not appear to move showing the synchronous rotation and the 
constant phase-shifts between the flywheels. 


These mechanical models are meant to explain the unimaginable Creation out of the 
nothing by symbolic imitation of the carrier-field. However it is only a weak symbol 
of Creation. The carrier-field is the esoteric medium, a transmutation of the absolute 
spirit or conscience, it is the spiritual force field of infinite strength which is present 
everywhere in the universe. 


The imitation of the carrier-field functions. 


Nevertheless the analogy of reality is incredible. This will be shown in the next 
explanation of the five functions of the cosmic carrier-field. 


The carrier-function 


The foundation of the carrier-field is the infinite force-field created by interference 
quenching (avbrytende stopp) of the original infinite vibration. The mode initiates this 
force-field with the six bundles of soft-iron bars as the edges of the pyramid. 


As in reality, the three-dimensional magnetic rotating field in our model is caused by 
the linear waves of each time-axis. The timeless waves alternate backwards and 
forwards as in our model. They drive the flywheels representing the masses of the 
universes, and their rotation is the propagation (spredning) in time. 


The orientation of the time-axes with respect to the nothing. 


The relative position of one time-axis in the apparent nothing plays an important role 
in the orientation of the universes in reality, determining the direction of each time- 
axis. Here the first model is shown representing the four three-phase synchronous 
generators in the planes of the pyramid. Only with decompostion of the three- 
dimensional rotation into four rotations can one show that the three-dimensional 
rotating field has left no remaining component in the nothing, while in contrast a two- 
dimensional rotating field can not be nullified, a remaining component will always 


exist in the nothing. This can be explained by considering a single plane of the 
pyramid with its six flywheels at the edges, the analog for a two-dimensional 


carrier-field. The rotation impulse of the flywheels is compensated by the opposite 
rotations but the rotation impulse of the central three-phase generator is left over. It 
can be measured by the outside world (the nothing). 


It requires four field three-phase generators (maintaining overall symmetry) to 
compensate for these rotation impulses. 


With this the three-dimensionality of the carrier-field has been shown and the 
orientation of the time-axes with respect to the nothing is determined. 


The time synchronization function. 


Impressively the model imitates the time synchronization, simultaneously maintaining 
the cosmic counter-balance by which the universes continue to exist. The rotation of 
the two flywheels per axis is in opposite directions and they rotate with exactly the 
same speed. Thus it imitates the circular motion to the timeless waves which 
progresses exactly synchronous by their mutual interference coupling. 


The twelve cosmic systems run without any dissipation, once started, the perpetuum 
mobile continues into eternity with the absolute accuracy of time-synchronisation. If 
one supposes the model to be without loss and without using the eternal driving 
motors, it will continue to run synchronously due to the inertia of the flywheels and 
the fact that the synchronous linear impulse motors can function as generators as well. 


This symbolizes another property of the continuous circular motion of the timeless 
waves, because every wave somewhere in the pyramid circuit at each moment has its 
opposite value resulting in an overall zero at any moment. 


This is the law of conservation of the nothing. 


The couplingfield function. 


Time synchronization is not alone determined by the iron grip of the three- 
dimensional carrier-field and the principle of cosmic counter-balance. Apart from this 
an important effect is realized from the feedback of the gigantic masses of the 
universes to the timeless waves. These masses can be considered as enormous 
flywheels without loss. Once started by the super flash, no change in speed is 
possible, because a force of sufficient magnitude is simply not available. This function 
of the coupling field can also be shown in our model, because the linear synchronous 
motors of the flywheels are also generators. If the central driving motor is switched 
off, then the flywheels continue for some time to drive the central three-dimensioal 
rotating sphere. Everything stays exactly synchronous with the same phase-shifts. 


This experiment shows how the flywheels feed their energy back and have a 
stabilizing function in time-synchronization, The coupling-field of the masses of the 
universes is fed back in the time-bound vibrations of the atom-field from which no 
atom total mass of the universes is fed back to one single atom. 


This is a painting by Rudolf Dass of the analogous visual-mechanical carrier-field model which 
symbolizes time and matter creation and synchronization in twelve universes. This giant working 
construction that was a cross between a monument and a machine was seen on an artificially 
flattened mountaintop on larga. This place was perceived as a place of pilgrimage, a place of 
meditation and contemplation, and the machine was a symbol of creation. The Iargans know no 
separation between science and religion, and religious and spiritual theories are entirely 
scientific. The model was several hundred yards(meters) long. The machine seemed to operate 
by some kind of perpetual motion, neither running on fuel or electrical power. 


The Instructional Analog Model 


The mechanical instruction models are the visual representations of the principles of the cosmic 
unified field theory. The model is intended to demonstrate that time, matter, and energy are 
creations out of the nothing and therefore the counter-balance has to be maintained to allow the 
causal infinity of the nothing to exist. In a broader context the physical symbols all take on new 
meaning and demonstrate the unification of science and religion, In a religious sense the 
spherical three-dimensional time-field in the heart of the pyramid symbolizes the Soul of the 
Creator. The pyramid symbolizes his infinite lovewill, the cage in which the infinity of His 
existence has been blocked irrevocably. The lines symbolize the different frequencies of the 
timeless waves. The flywheels on the edges of the pyramid symbolize the twelve associated and 
interrelated universes, including ours, that make up this unity. One cannot exist without the 
others. 


The timeless primeval atom-principle, the transmitter function. 


The atom-field is a time-creating field and as such a remote manifestation of the 
primeval atom principle. It can be compared with a transmitter. As soon as the 
program is converted into waves of great power, billions of radios can receive the 
same program, the number is unlimited. Everything depends on the one program of 
the transmitter, the primeval atom-field. If this exists with infinite strength, it is at the 
same time the vibration medium (the carrier-field) which helps it to spread 
everywhere. Thus any atom in any universe can receive the timeless basic 
program. The second model shows the three-dimensional time-field of the primeval 
atom field most clearly, although this is a three-dimensional rotation of the central 
sphere in spatial sense. This is an analog of reality, the atom has a spherical field 
which is defined by six linear time-vibration directions. Any atom is a remote 
manifestation of the one carrier-field of infinite strength. 


Considering this fifth function of the carrier-field one has to realize that only the 
central sphere, the atom, is visible to us. The fields in the pyramid edges outside the 
sphere are invisible. It is the time-field reality of which the atom is a reflection. 


The mechanical instruction models are the visual representations of the principles of 
the cosmic unified field theory. This requires however some marginal notes. A 
material comparison to explain spiritual abstractions is always in some ways 
incomplete. There are several hiatus of which only the three most important ones are 
mentioned. 


1. In the model one time-axis represents only one frequency of the magnetic field, 
while in reality all frequencies are contained, Every frequency however can be 
initiated for each time-axis for which the interference representation of the analog 
model is valid. 


2. The model demonstrates the rotating field of the timeless waves. It does not imitate 
the time-bound waves by which our time-axis the propagation speed of time is X, then 
the phase velocity of the two time-axes connected to "our" pyramid edge is 2X. The 
other two time-axes connecting our time-axis with the other corner of the pyramid is - 
14X, making up for the time speed of our anti-universe -X. The crossing, not-touching 
time-axis is perpendicular to our time-axis and does not contribute. 


3. In our model the masses of the universes are given by the flywheel symbol. In fact 
this is fundamentally wrong, because it is separated from the three-dimensional 
rotation of the central sphere. \t can therefore basically not maintain the 
counterbalance of the nothing. 


The most important conclusion of the analog model is that time, matter and energy 
are creations out of the nothing and therefore the counter-balance has to be 
maintained to allow the causal infinity of the nothing exist. 


14. The existential symbolism of the model. 


So far the physical aspects of the model have been unravelled, but if one wants to give 
a wider context to the model suddenly all the physical symbols change their meaning. 
In relation to philosophical or theological disciplines the model takes on the additional 
meaning of the unification of science and religion. By certain inherent (medfodte) 
laws within any intelligent race the denial of God's existence will be destroyed sooner 
or later. Earth science will provide an indestructible contribution to our final 
knowledge-awareness, which we shall attribute as typical human attainment in the 


cosmic integration. It is that piece of our human identity and self-awarenes 
we shall possess and care for throughout eternity. It the light of this purpos 
serves God and the distinction between science and religion fades away. 


In areligious sense the spherical three-dimensional time-field in the heart of the 
pyramid has a special meaning. It symbolizes the Soul of the Creator, the Father 
who is the pure Identity of the infinite origin. The pyramid symbolizes his infinite 
Love-will, the cage in which the infinity of his Existence has been blocked 
irrevocably. He sacrificed his Ego and his freedom, to love his twelve Sons once. He 
is present only indirectly in his Creation as the reflection of the infinity, the Supreme 
Being, as the one Ego-consciousness of the Archangels. 


That is why the theologian covers the central sphere with pure gold, symbolizing the 
golden Heart, the Holy of Holies, the most sacred secret of the universe. The pyramid 
is then painted dark red, the universal colour of love. Over the red many thin golden 
stripes run in the direction along the pyramid edges. These stripes symbolize the 
different frequencies of the timeless waves, the expressions of Love and faith of the 
Father and his infinite Will. 


Gathered around the golden Heart are the twelve flywheels, coloured white, the colour 
of purity and innocence. The model shows that every universe has the power to 
awaken the matter-consciousness and to transform it to the new God: the Son. The 
goal of Creation is therefore the awakening and the formation of the twelve Sons of 
the Father. 


This is not in contradiction with the Bible telling us that the Father sent his only- 
begotten Son. The Bible is solely directed to man. It is our instruction book for life 
describing our attitude towards God and our fellow man. The Bible does not tell 
anything about life on other planets, because it is not relevant in our relationship with 
God now. 


The same goes for our parallel universes. In fact they do not exist for us, because they 
are not in our world of existence but somewhere else. They do not exist for all 
intelligent races in this universe, we shall never be able to observe them nor 
experience them in any way. Perhaps at the end of all time we shall meet. 

In our world the Father has one only-begotten Son and this truth is already so 
unimaginable that nobody can conceive the consequences yet. 


END OF IARGAN DISCUSSION 


Stefan Denaerde 


Cosmic Unified Field Theory. 
How it started, 


More than 25 years ago appeared an amazing book in the Netherlands: ‘Buitenaardse Beschaving” 
(Extraterrestrial Civilization) from Stefan Denaerde, (Known in English as : "UFO contact from planet larga") 
It describes the confrontation of the author with the race from the planet Jarga (Larga). It was written as a novel 
(although it is a true story) and illustrated by a well known Dutch technical illustrator (Rudolf Das). 


Sailing with his ship in Dutch waters, Mr. Denaerde (not his real name) bumped into something which was 
hidden underwater. When he sees someone floating in the water he comes to the rescue of what later appears to 
be an astronaut. This rescue was a test for him and after the initial shock he gets in contact with the Jargans who 
invite him for a three day learning session inside their submerged saucer. 


Via a 3D screen and a radiation “head set’ he learns about the Jargan culture, philosophy and technical 
achievements, Through the concepts of extreme efficiency and justice he is taken to the Jargans love for the 
Omni-Creativity (our word for ‘God’ is too poor) and their striving to be one with it. 

This ‘carrier field’ of the Universe supports everything (matter, time, consiousnes), and by applying this 
knowledge it makes interstellar space travel possible. 

It appears that the goal of a civilization is to create a socially stable supercivilization. Discriminations of any 
kind no longer exist. Resources and wealth are available for everyone, but not as a goal as such, but to enable 
everyone to grow spiritually. 


There is much more to this book. Anyone interested can find an interview with Denaerde by Wendell Stevens, as 
well as several chapters from the book on this link. (This also contains the 2nd book of Denaerde!) 

From this interview it appears that the contact has continued for many years in telepathic form. A lot of highly 
technical information has been given in this way, which resulted in the second book: 


‘The Universal Creation, (In Dutch: ‘de Universele Scheppit 


This appeared about 20 years after his first book. It describes in one theory the origin of the Universe, matter, 
time, consciousness, the Universal goal for any civilization, the history and possible (very bright) future of 
mankind, in one word : a TOE (theory of everything). 

The atmosphere of the book is totally different: the first book had something like “you don't have to believe this 
has happened, it could be hypothetical’. The Universal Creation is much more direct and confronts us with a 
direct proof of its contents, because the authors (Stefan and his ‘brother’ Christian Denaerde) express that it is 
high time that science and religion are united agaii 

‘The Universal Creation comes with an appendix ‘Cosmic Unified Theory’- in English!- which goes into much 
detail about the new physical model. Recently this information is available on CR-Rom, to be ordered at the 
Cosmic Field Paradigm foundation. This essay is mainly about the appendix and the CD-Rom. 


The creation out of the nothing. 


According to the Cosmic Field (CF) model there existed prior to the creation (or big bang) vibrations of infinite 
frequency and amplitude in every time direction. 

The act of creation was the blocking of the infinite waves by interference to form waves of finite frequency and 
amplitude. In order for matter and energy or anything to exist, there must be an equal counterbalancing 
vibration, Also time direction has to be counterbalanced. Think of a time axis as two pieces of mini model rail 
which are connected via a motor, which can move the rails back and forth say over 1 cm. If you place a wagon 
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on one of the rails which has a catch wheel that catches only the forward movement of the rails, you will see the 
wagon move forward. Another wagon, placed in the opposite direction on the other rail will also move forwards, 
thus the two wagons will separate from each other. So the rails can be seen as a time axis, where time moves 
back and forth. The wagon represents matter, which can only catch one time direction through a property called 
spin. 
One time axis is not sufficient: to counterbalance everything and to cause aa feedback mechanism a 3D time 
structure is needed in the form of a tetra-eder. 


Fig. 1 The carrier field model 


6 time axes form a 
closed loop. 12 
universes are 
separated by time 
direction. 
The spin of matter is 
represented by the two 
KS flywheels (only shown 
Se for one time axis) 


This implies that there exist 6 time axes (each with a back and forward movement in time) and thus 12 
universes. These universes cannot be seen, but some aspects like the time frequencies can be sensed by our 
atoms. (BTW, this might explain the missing mass problem in cosmology: our universe still senses the mass of 
the other 11 universes, that is why 90% of the mass is unexplained..) 


The picture shows the arrangement of the time axes. The center of each axis (depicted by a small circle) can be 
considered as T=0. The two flywheels (drawn on one axis only) represent the spin direction of matter. In our 
direct anti-universe (on the same time axis) the direction of time is opposite, but also the spin of the matter 
particles. This means that everything is mirrored, and living beings in the anti-universe experience time as 
moving forward, just like we. In fact time moves in two directions along an axis, but matter has a sort of 
rectifying effect - it only picks up the forward going time. 


The 60 degrees angle between the time axes is necessary to have an harmonic ratio between our time axis and 
the time axis of the other universes, 
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Fig.2 2 time axes at 60 degrees 


ae Only at this angle there 


can be a harmonic ratio 
between the time 
60° creating frequencies. 
An atom on our time 
1/2 TL axis Tl experiences the 
TT? other time axis at half 
the frequency. 


Our time direction is T1. Another time direction is T2. The angle of 60 degrees makes T1=2*T2, thus giving an 
harmonic ratio of 1: 


The carrier field model has several functions, such as: 


It is an infinitely strong force field, blocked in itself. It is a loss free conduction medium for all waves. The 
counter balancing of everything implies that the universes are locked in an iron grip: the spins in one universe 
are exactly the same and opposite to the spins of the anti universes. It also means that there cannot be one atom 
more in a universe, which is not present in the 11 other universes. (this does not mean that all the 12 universes 
have to be the same). 


The model is also an image of the universal atom: When applied at a very small scale Denaerde explains the 
basic building blocks to form matter. 


The flywheels can represent the total mass in one universe or just the mass of one atom. The 3D time structure 
of the pyramid is present in all matter: you could imagine the center of the pyramid being in a star, a galaxy, ete. 
The 11 other universes are not observable, but they could occupy the same 3D space. The model demonstrates 
beautifully that matter, time and energy are just properties of one universe (1/12th of the whole). Summing all 
the properties of the pyramid results in nothing, (The big bang theory fails to explain where the initial energy 
came from) 


The Double rotating central bar. 


Denaerde introduces the concept of a magnetic bar, which touches 2 opposite ribs in the pyramid. This induces a 
flux in the loss free time axis. This is a very important concept and it takes a while to understand it. The bar 
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needs to rotate around two axes simultaneously (Fig, 3) in order to create alternating fluxes in the pyramid ribs 
(which still represent time axes). The rotating movement repeats itself in 6 time-steps. 


axis 1 
The simultaneous rotation 
of a central magnetic bar 
around 2 axes gives 
n alternating flux patterns 
: (time directions) in a pair 
axis 2 of ribs. This process is 
repeated in 6 timesteps. 


Fig.3 Double rotation of a central bar 


Denaerde calls this configuration a building element, Next we will see that from these building elements one can 
derive the fundamental elementary particles : electron, quark and neutrino. 


The two fundamental building blocks 
By adding the initial building block at different time steps (adding three bar rotors) it can be derived that there 


are two possibilities. These are called central rotors of the first and second kind, (figures 4 and 5), The central 
rotor of the first kind gives a fixed alternating flux pattern in the ribs of the pyramid. (Try it out!) 
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Itis possible to understand why professional physicists 
dislike the question about possibility to use scalar 
(potential) fields to produce useful work in a load since 
they think about The Law of Energy Conservation. To 
find mutual understanding it is necessary “to upgrade” 
this Law for 4-dimentsional case of real physical 
system, It is necessary to introduce the notion of the 
structure of space-time where the considered process 
is created. In other words, for real practical engineering 
tasks it is necessary to consider space-time of the real 
process but not an abstract space-time. Usually the 
energy density of technical processes is small in 
comparison with natural energy density of space 
(aether density), which is a result of real astrophysical 
processes, i.e. motion of planet, star, galaxy. If we 
discover structure of this real rhythm of the space-time 
of our planet then we'll be able to design it in our 
technical devices to use aether-dynamics as theoretical 
basis. 


So, in orthodox physics there is the unchallengeable 
formulation: the work of potential field on closed 
trajectory of motion is equal to zero. Yes, it is right for 
only case: if one part of work is positive (the 
acceleration) and another part is negative (the 
deceleration). But one part of the trajectory or a part 
of periodic process with the negative work can be 
excluded by different methods: by means of spatial 
superposition, pulsing mode and change of interaction 
polarity or by the screening of electromagnetic 
interaction, 


For example, minor changes in vacuum tube design 
(the grid is located under cathode) allows increasing 
the kinetic energy of electrons and to increase emission 
current by means of the potential on the grid only. Also 
vector potential of magnetic field or gravitational 
potential can be used by similar way. 


Fig. 1 


Besides this way it is possible to use pulsed mode and 
switch-off the primary energy source before the 
emission electrons will reach the anode, Fig.2. In this 
case there is not the conductivity current between 
anode and cathode and the primary source is not 
discharging during its work. 


Therefore, it is not a news that potential field can 
produce real work. In any textbook there are examples 
of positive and negative half-cycles that result to zero 
net work. But for the case of consequent execution of 
two processes the parameters of one of the processes 


can be changed, that the work, which is produced on 
the closed trajectory can be formed as two or more 
parts of positive work. Important aspect is following: 
it is necessary to determine the point (moment) of 
change the sign of the interaction and at that point 
(moment) to change the parameters of the process 
accordingly. 


arf i 


Fig. 2 


‘The good sense requires the answer: what is the source 
of the power to produce this work if this proposed 
concept is right? Let’s notice that before the considered 
examples, the existence of power interactions of 
potential fields must make the same question. For 
example, how the ordinary permanent magnet (ie. its 
vector potential) holds a piece of metal making work 
against force of gravity without any fuel? How the 
potential field can move and accelerate ions, ie. kinetic 
energy of ions can be increased without any fuel? What 
provides the forces of elasticity? Let's try to find 
answers from consideration of inner structure of electric 
and magnetic field, especially let's develop our 
understanding of the notion of gradient, which 
describe properties of space-time design in area of 
this field. 


The concept of potential as bi-directional flow of 
photons and anti-photons was proposed by English 
mathematician E. Whittaker, and then it was developed 
by Dr. Thomas E. Bearden [5]. In this concept, the 
generalization of the Third Newton's law looks as the 
requirement of complementary pair to the process of 
the electromagnetic radiation. Since “process” means 
a change of information in time, this paired anti-process 
is reversed in time. Of course, it is development of 
process to its own future, but from our point of view, it 
goes from future to past. According to generalized Third 
Newton's law the radiation of photon is paired with 
anti-photon. In this case, the internal space-time 
structure of electric potential field is formed by two 
contrary flows of energy: photons spread from charge 
source and the anti-photons “inflow” into the charged 
mass. Let's notice that this concept defines the 
relationship of charge and mass. The charge without 
mass does not have any sense. 


The flow of energy outgoing from charged mass is 
responsible for all phenomena of radiation. Incoming 
flow of energy is responsible for the gravitational 
interaction. Therefore, the notions “radiation” and 
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Fig. 4 3 building blocks at different time moments are added 


s ia 12 1a 1g, y 
ie N 1 12 W 12 


The total return flu gives a new 
‘building block: a rigid central 
tearrotor of the first kind, The 
zera node does not change its 
orientation In a next timestep the 
flux pattem is reversed, but the 
magnitucle is the same. 

This model describes the 
ELECTRON. 
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Fig. 5 The rigid central bar rotor of the second kind 


5 ia 12 12 12, ta 
ta N 1 wa s 12 


‘The rotor of the second kind fas 
no fixed zero flux node. The zero 
flux node rotates through one of 
the comers of the pyramid 

After 6 timesteps the flux and the 
‘zero node are identical to the 

© original position. 


The second possibility is called a central rotor of the second kind. 

The rotor of the first kind is similar to the ELECTRON. 

The rotor of the second kind is similar to the QUARK. 

Don’t forget, the pyramid ribs represent time axes. (Note: Denaerde uses capitals to distinguish from the real 
particles in 3D space.) 


Three QUARKS added together give a PROTON. (Figure 6) 
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Fig6 Quirks, election and H atom 


+ QUARK, : + QUARK = PROTON 


a 
ELECTRON + PROTON . HATOM 


A QUARK and an “anti time" QUARK or the ELECTRON and the "anti time" ELECTRON (positron) can be 
distinguished by the c.w. or anti c.w. rotation of the central rotors. Dipoles of opposite rotation destroy each 
other. 

Fig 6 shows that adding the PROTON and the ELECTRON gives the neutral H-ATOM. 

‘The mass difference between electron and proton can be explained by different rotation frequencies of the 
dipoles. 


Denaerde then continues to describe several NEUTRON groups which can be formed. This is rather complicated 
and requires a lot of pictures to visualize, so I would rather skip this. (For anyone interested, I strongly 
recommend to order the CD!) 

The outcome is, that the NEUTRON in the Carrier Field model has 4 QUARKS, 

This gives a NEUTRON with a zero external flux, The model explains why the neutron is not stable in free 
space, while the electron and proton are, 


It can easily be seen that to the CF model a QUARK has a unit of charge of 1/3 of the ELECTRON, if charge is 
defined as the external flux in the pyramid ribs. Charge is related to a symmetry axis of the pyramid. The CF 
model predicts that charge is not constant in time and that there are two types of charge for a matter particle (e.g, 
electron): North and South charge. Due to the time switching mechanism we don't detect this. 


A NEUTRON consisting of 4 central rotors of the 2nd kind can be converted into a PROTON (3 rotors of the 
2nd kind) and an ELECTRON (1 rotor of the Ist kind). 
What is left over is the NEUTRINO : a free dipole in the carrier field. 


In order for the particles to exist in space and time, a grid is needed which carries the complex flux patterns. 
Denaerde comes to a grid consisting of two pyramids stacked together. The top one is inverted and rotated 60 
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degrees, while its top touches the base of the other pyramid (sunken). The size of the pyramids is in the order of 
h (Plank’s constant, normalised to length). All particles have more or less the same size in parametric space 
(space as we know it). 


Further Implications 


We come now to the more profound meanings of the model. This subject I describe very condensed (without 
further proof, although the subject is described in great detail in the appendix). 


The double rotating central bar has an additional degree of freedom. This results in a second gravitational field, 
which we cannot directly observe. So there are two kinds of gravity. 

The CF model talks about ideal Black Holes and White Radiators. Black Holes have a function to stabilize the 
universes. As said before, the mass (energy) in all 12 universes must be exactly the same. Still the mass 
distribution can be different, but only thanks to black holes. B.H’s and W.R’s are present in the corners of the 
pyramid frame. In one time step, our time direction faces the Black Hole, while our anti-universe’s time 
direction faces the White Radiator. The next time step our time direction faces the White Radiator. In the next 
time step it is the null-energy flux. 

White Radiators are generators of mass and energy, but have no mass of their own. It generates the exact 
opposite type of gravity which nullifies with normal gravity. 

A pair of BH and WR belongs to each reality. The ideal Black Holes (and there counterpart the WR) in the CF 
model must have spin. The normal black hole as known from General Relativity Theorie is discussed also. 


The formation of a pair of BH and WR (also called a macroscopic quantum mirror or black mirror) is then 
proven to be a non natural object : it could only have formed by an act of intelligence. Intelligent life is a 
necessary condition in the formation of the universe! According to the CF model, the black mirrors are formed 
by the collective mind power of an intelligent race. 


Another important consequence is that the time history (knowledge) of the universe is laid down in the quantum 
gravitation fields. This is one of the reasons why the universe expands: to record the time history. In other 
words, the time history of a matter system, determined by an increase of entropy, is converted into information 
in the quantum gravity field. Intelligent life interferes with and modifies the quantum gravity fields (creativity). 


The two types of gravity fields represent the matter-bound and emotional (or soul-bound) energy fields. The 
creation of the macroscopic quantum mirror is the final goal of an intelligent race. It is called the all-might 
manifestation of the race and it can only be initiated by enough minds working together to create the mirror - 
which means nothing less than the recognition and identification of the Love poles which carry the universe. 
Note: 


Everything written here is in my own words. Pictures were made by me. Therefore, copyright has not been violated. 


Back 
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1) The horizon always appears perfectly flat 360 degrees 
around the observer regardless of altitude, All amateur 
balloon, rocket, plane and drone footage show a completely 
flat horizon over 20+ miles high. Only NASA and other 
government “space agencies” show curvature in their fake 
CGI photos/videos. 


Sl 
| 


2) The horizon always rises to the eye level of the observer 
as altitude is gained, so you never have to look down to see 
it If Earth were in fact a globe, no matter how large, as you 
ascended the horizon would stay fixed and the observer / 
camera would have to tlt looking down further and further 
to see it. 


3) The natural physics of water is to find and maintain its 
level. If Earth were a giant sphere tilted, wobbling and 
hurdling through infinite space then truly flat, consistently 
level surfaces would not exist here. But since Earth is in fact 
an extended flat plane, this fundamental physical property of 
fluids finding and remaining level is consistent with 
experience and common sens 


4) Rivers run down to sea-level finding the easiest course, 
North, South, East, West and all other intermediary 
directions over the Earth at the same time, If Earth were 
truly a spinning ball then many of these rivers would be 
impossibly flowing uphill, for example the Mississippi in its 
3000 miles would have to ascend 11 miles before reaching 
the Gulf of Mexico. 


5) One portion of the Nile River flows for a thousand miles 
with a fall of only one foot. Parts of the West African 
Congo, according to the supposed inclination and movement 
of the ball-Earth, would be sometimes running uphill and 
sometimes down. This would also be the case for the 
Parana, Paraguay and other long rivers. 


6) If Earth were a ball 25,000 miles in circumference as 
NASA and modern astronomy claim, spherical trigonometry 
dictates the surface of all standing water must curve 
downward an easily measurable 8 inches per mile multiplied 
by the square of the distance. ‘This means along a 6 mile 
channel of standing water, the Earth would dip 6 feet on 
cither end from the central peak. Every time such 
experiments have been conducted, however, standing water 
hhas proven to be perfectly level. 


7) Surveyors, engincers and architects are never required to 
factor the supposed curvature of the Earth into their projects, 
Canals, railways, bridges and tunnels for example are 
always cut and laid horizontally, often over hundreds of 
miles without any allowance for curvature 


8) The Suez Canal connecting the Mediterranean with the 
Red Sea is 100 miles long without any locks making the 
water an uninterrupted continuation of the two seas. When 
constructed, the Earth’s supposed curvature was not taken 

t was dug along a horizontal datum line 26 
feet below sea-level, passing through several lakes from one 
sea to the other, with the datum line and water's surface 


running perfectly parallel over the 100 miles. 


9) Engineer, W. Winckler was published in the Earth 
Review regarding the Earth's supposed curvature, stating, 
“As an engineer of many years standing, I saw that this 
absurd allowance is only permitted in school books. No 
engineer would dream of allowing anything of the kind. 1 
have projected many miles of railways and many more of 
canals and the allowance has not even been thought of, 
much less allowed for. This allowance for curvature means 
this - that it is 8” for the first mile of a canal, and increasing 
at the ratio by the square of the distance in miles; thus a 
small navigable canal for boats, say 30 miles long, will 
have, by the above rule an allowance for curvature of 600 
feet. Think of that and then please credit engineers as not 
being quite such fools. Nothing of the sort is allowed. We 
no more think of allowing 600 feet for a line of 30 miles of 
railway or canal, than of wasting our time trying to square 
the circle” 


10) The London and Northwestern Railway forms a straight 
line 180 miles long between London and Liverpool. The 
railroad’s highest point, midway at Birmingham station, is 
only 240 feet above sea-level. If the world were actually a 
globe, however, curving 8 inches per mile squared, the 180 
mile stretch of rail would form an are with the center point 
at Birmingham raising over a mile, a full 5,400 feet above 
London and Liverpool. 


11) A surveyor and engineer of thirty years published in the 
Birmingham Weekly Mercury stated, “I amt thoroughly 
‘acquainted with the theory and practice of civil engineering. 
However bigoted some of our professors may be in the 
theory of surveying according to the prescribed rules, yet it 
is well known amongst us that such theoretical 
‘measurements are INCAPABLE OF ANY PRACTICAL 
ILLUSTRATION. All our locomotives are designed to run 
‘on what may be regarded as TRUE LEVELS or FLATS. 
There are, of course, partial inclines or gradients here and 
there, but they are always accurately defined and must be 
carefully traversed. But anything approaching to eight 
inches in the mile, increasing as the square of the distance, 
COULD NOT BE WORKED BY ANY ENGINE THAT WAS 
EVER YET CONSTRUCTED. Taking one station with 
another all over England and Scotland, it may be stated that 
all the platforms are ON THE SAME RELATIVE LEVEL. 
The distance between Eastern and Western coasts of 
England may be set down as 300 miles. Ifthe prescribed 
curvature was indeed as represented, the central stations at 
Rughy or Warwick ought to be close upon three miles higher 
than a chord drawn from the two extremities. If such was 
the case there is not a driver or stoker within the Kingdom 
that would be found to take charge of the train. We can only 
laugh at those of your readers who seriously give us credit 
for such venturesome exploits, as running trains round 
spherical curves. Horizontal curves on levels are dangerous 
‘enough, vertical curves would be a thousand times worse, 
and with our rolling stock constructed as at present 
physically impossible. 


12) The Manchester Ship Canal Company published in the 
Earth Review stated, “Iris customary in Railway and Canal 


constructions for all levels to be referred to a datum which 
is nominally horizontal and is so shown on all sections. Itis 
not the practice in laying out Public Works to make 
allowances for the curvature of the earth 


13) Ina 19th century French experiment by M. M. Biot and 
Arago a powerful lamp with good reflectors was placed on 
the summit of Desierto las Palmas in Spain and able to be 
seen all the way from Camprey on the Island of Iviza. Since 
the elevation of the two points were identical and the 
distance between covered nearly 100 miles, if Earth were a 


ball 25,000 miles in circumference, the light should have 
been more than 6600 feet, a mile and a quarter, below the 
line of sight! 


14) The Lieutenant-Colonel Portlock experiment used oxy 
hydrogen Drummond’s lights and heliostats to reflect the 
sun’s rays across stations set up across 108 miles of St 


George's Channel. If the Earth were actually a ball 25,000 


miles in circumference, Portlock’s light should have 


remained hidden under a mile and a half of curvature, 


15) Ifthe Earth were truly a sphere 25,000 miles in 
ence, airplane pilots would have to constantly 
their altitudes downwards so as to not fly straight off 
outer space;” a pilot wishing to simply maintain their 
altitude at a typical cruising speed of 500 mph, would have 
to constantly dip their nose downwards and descend 2,777 


ciroumtfei 


into 


fet (over half a mile) every minute! Otherwise, without 
‘compensation, in one hour's time the pilot would find 
themselves 31.5 miles higher than expected. 


16) The experiment known as “Airy’s Failure” proved that 
the stars move relative to a stationary Earth and not the other 
way around, By first filling a telescope with water to slow 
down the speed of light inside, then calculating the tilt 
necessary to get the starlight directly down the tube, Airy 
failed to prove the heliocentric theory since the starlight was 
already coming in the correct angle with no chang. 
necessary, and instead proved the 


-ocentric model correct. 


17) “Olb 
stars which are suns the night sky would be filled 
completely with light, As Edgar Allen Poe said, “Were the 
succession of stars endless, then the background of the sky 
would present us a uniform luminosity, since there could 
exist absolutely no point, in all that background, at which 
would not exist a star.” In fact Olb 


“s Paradox” states that if there were billions of 


aradox” is no 


more a paradox than George Airy’s experiment was a 
“failure.” Both are actually excellent refutations of the 


heliocentric spinning ball model. 


Infinite or Finite Univ 
many 
stars 


18) The Michelson-Mor 
attempted to measure the change in speed of light due to 
Earth's assumed motion through space. After measuring in 
every possible different direction in various locations they 
failed to detect any significant chan; 
proving the stationary geocentric model 


ac experiments 


whatsoever, 


19) Tycho Brahe famously argued against the heliocentric 
theory in his time, positing that if the Earth revolved around 


in relative position of the stars after 6 
months orbital motion could not fail to be seen. He argued 
em to Separate as we approach and 
come together as we recede. In actual fact, however, after 
190,000,000 miles of supposed orbit around the Sun, not a 
single inch of parallax can be detected in the stars, proving 
we have not moved at all 


that the stars should si 


20) If Earth were truly constantly spinning Eastwards at 
over 1000mph, vertically-fired cannonballs and other 
projectiles should fall significantly due west. In actual fact, 
however, whenever this has been tested, vertically-fired 
cannonballs shoot upwards an average of 14 seconds 
ascending, 14 seconds descending, and fall back to the 
ground no more than 2 feet away from the cannon, often 


directly back into the muzzle. 


/ 


21) If the Earth were truly constantly spinning Eastwards at 
over 1000mph, helicopters and hot-air balloons should be 
able to simply hover over the surface of the Earth and wait 
for their destinations to come to them! 


22) If Earth were truly constantly spinning Eastwards at 
over 1000mph, during the Red Bull stratosphere dive, Felix 
Baumgartner, spending 3 hours ascending over New 
Mexico, should have landed 2500 miles West into the 
Pacific Ocean but instead landed a few dozen miles East of 
the take-off point 


23) Ball-believers often claim “gravity” magically and 
inexplicably drags the entire lower-atmosphere of the Earth 
in perfect synchronization up to some undetermined height 
where this progressively faster spinning atmosphere gives 
Way to the non-spinning, non-gravitized, non-atmosphei 
infinite vacuum space. Such non-sensical theories are 
debunked, however, by rain, fireworks, birds, bugs, clouds. 
smoke, planes and projectiles all of which would behave 
very differently if both the ball-Earth and its atmosphere 
were constantly spinning Eastwards at 1000mph, 


of 


24) If Earth and its atmosphere were constantly spinning 
eastwards over 1000mph then North/South facing cannons 
should establish a control while East-firing cannonballs 
should fall significantly farther than all others while West- 
firing cannonballs should fall significantly closer. In actual 
fact, however, regardless of which direction cannons are 


fired, the distance covered is always the same. 


25) If Earth and its atmosphere were constantly spinning 
eastwards over 1000mph, then the average commercial 
airliner traveling SOOmph should never be able to reach its 
Eastward destinations before they come speeding up from 
behind! Likewise Westward destinations should be arrived 
at thrice the speed, but this is not the case. 


26) Quoting “Heaven and Earth” by Gabrielle Henriet, “/f 
flying had been invented at the time of Copernicus, there is 
no doubt that he would have soon realized that his 
contention regarding the rotation of the earth was wrong, on 
‘account of the relation existing between the speed of an 
aircraft and that of the earth's rotation. If the earth rotates, 
4s it is said, at 1,000 miles an hour, and a plane flies in the 
same direction at only 500 miles, it is obvious that its place 
of destination will be farther removed every minute. On the 
other hand, if flying took place in the direction opposite to 
that of the rotation, a distance of 1,500 miles would be 
covered in one hour, instead of 500, since the speed of the 
rotation is to be added to that of the plane. It could also be 
pointed out that such a flying speed of 1,000 miles an hour, 
which is supposed to be that of the earth's rotation, has 


recently been achieved, so that an aircraft flying at this rate 
in the same direction as that of the rotation could not cover 
any ground at all. It would remain suspended in mid-air 
over the spot from which it took off. since both speeds are 
equal.” 


27) If Earth and its atmosphere were constantly spinning 
Eastwards over 1000mph, landing airplanes on such fast- 
moving runways which face all manner of directions North, 
South, East, West and otherwise would be practically 
impossible, yet in reality such fictional concerns are 
completely negligible. 


28) Ifthe Earth and its atmosphere were constantly spinning 
Eastwards over 1000mph, then clouds, wind and weather 
patterns could not casually and unpredictably go every 
which way, with clouds often travelling in opposing 
directions at varying altitudes simultaneously. 


29) Ifthe Earth and its atmosphere were constantly spinning 
Eastwards over 1000mph, this should somewhere somehow 
bbe seen, heard, felt or measured by someone, yet no one in 
history has ever experienced this alleged Eastward motion; 
meanwhile, however, we can hear, feel and experimentally 
measure even the slightest Westward breeze. 


30) In his book “South Sea Voyages,” Aretic and Antarctic 
explorer Sir James Clarke Ross, described his experience on 
the night of November 27th, 1839 and his conclusion that 
the Earth must be motionless: “The sky being very clear 

it enabled us to observe the higher stratum of clouds to be 
moving in an exactly opposite direction to that of the wind-- 
«a circumstance which is frequently recorded in our 
‘meteorological journal both in the north-east and south-east 
trades, and has also ofien been observed by former 


voyagers. Captain Basil Hall witnessed it from the summit of 
the Peak of Teneriffe; and Count Strzelechi, on ascending 
the volcanic mountain of Kiranea, in Owhyhee, reached at 
4000 feet an elevation above that of the trade wind, and 
experienced the influence of an opposite current of air of a 
different hygrometric and thermometric condition ... Count 
Sirzelechi further informed me of the following seemingly 
anomalous circumstance-that at the height of 6000 feet he 
found the current of air blowing at right angles to both the 
lower strata, also of a different hygrometric and 
thermometric condition, but warmer than the inter-stratu. 
Such a state of the atmosphere is compatible only with the 
fact which other evidence has demonstrated, that the earth 
is at rest." 


31) Quoting “Zetetic Cosmogeny” Thomas Winships states: 
“Let ‘imagination’ picture to the mind what force air would 
have which was set in motion by a spherical body of 8,000 
‘miles in diameter, which in one hour was spinning round 
1,000 mph, rushing through space at 65,000 mph and 
gyrating across the heavens? Then let ‘conjecture’ 
endeavor to discover whether the inhabitants on such a 
globe could keep their hair on? If the earth-globe rotates on 
its axis at the terrific rate of 1,000 miles an hour, such an 
immense mass would of necessity cause a tremendous rush 
of wind in the space it occupied. The wind would go all one 
way, and anything like clouds which got ‘within the sphere 
of influence’ of the rotating sphere, would have to go the 
same way. The fact that the earth is at rest is proved by 
kite flying.” 


32) If “gravity” is credited with being a force strong enough 
to hold the world’s oceans, buildings, people and 
atmosphere stuck to the surface of a rapidly spinning ball, 
the ;possible for “gravity” to also simultaneously be 
weak enough to allow litle birds, bugs, and planes to take- 
off and travel freely unabated in any direction. 


33) If “gravity” is credited with being a force strong enough 
to curve the massive expanse of oceans around a globular 
Earth, it would be impossible for fish and other creatures to 
swim through such forcefully held water. 


34) Ship captains in navigating great distances at sea never 
need to factor the supposed curvature of the Earth into their 
calculations, Both Plane Sailing and Great Circle Sailing, 
the most popular navigation methods, use plane, not 
spherical trigonometry, making all mathematical 


“gravitation” can be considered as complementary 
pair; that is considered in details in concept of Josef 
Hasslberger [6]. 


.uit is impossible to get “something” from 
“nothing” 


‘There is a quite correct question: since “something” 
can not be created from “nothing” then what and 
where will be changing if we create the process of free 
power dissipations in local area of our space-time by 
means of asymmetrical potential interaction? 


Let's try to present a “process” as some change of 
“information” in time and from this point we'll get the 
conclusion about results of this energy disbalance of 
the natural internal structure of potential field: in this 
case the entropy process in direct time (heat dissipation 
in load) should be balanced with equal anti-entropy 
process in reversed time. In other words, the dishalance 
is change of the space-time curvature and changes in 
the time rate. 


So, it is impossible to get “something” from “nothing 
but if we have understanding of the balance (process 
in time and anti-process in reversed time) then in the 
Universe the 4-dimentsional balance is not violated. It 
is assumed here that it is impossible to create one 
process but it is possible to create two opposite 
balanced processes, and each of them produce real 
work in the load. In astrophysical consideration it was, 
stated in 1964 by Academician Gustav Naan, Estonia, 
‘Tartu. He wrote [7] 


“In our real world we could extract any 
amount of energy from vacuum if some 
technology provides at the same time the 
extracting of the same amount of energy for 
anti-world. Total sum value of energy is 
equal to zero.” 


Let's note also that similar conception of “dynamical 
zero” was applied in ancient India mathematics, ie. 
“zero” is not “nothing” but it is hidden possibilities 
(balance of forces). 


One more interesting question appears: what is about 
reality of the particle of matter after we have claimed 
that its mass-parameters are parameters of certain 
process? With this idea the material world as a whole 
is certain process and “stability” is not a property of 
some object but a parameter of its existence, which 
is a process in space-time of some certain energy 
density and some certain structure. By analogy the 
vortex in liquid is a process but it is not a liquid. 


‘Thereafter, as electron was presented by Shredinger 
as wave packet and by Whittaker as function of two 
scalar potentials, the old idea of instability or dynamic 
structure of matter has the possibility of 
experimental testing and development as a 


teleportation technology. This idea is technology of 
space-time engineering, i. creation of the space-time 
with some certain parameters where curvature (or 
rate of time) determined rate of existence of the matter 
in space. It is related with some energy density, which 
can be increased or decreased. Since by this way it is 
possible to consider any material particle of substance 
as certain process, which is balanced by 
corresponding time-reversed process, so there is no 
theoretical difficulties to develop technologies of 
chemical transmutation, _materialization, 
dematerialization, teleportation etc 


So, the using of potential energy to create a process 
of dissipation of power in load does not violates the 
Law of Conservation, and this Law can be 
generalized: the total energy of four dimensional 
system is amount of energy of processes in time and 
energy of processes in reversed time, it is constant 
and it is equal to zero, 


Now let's try to review some free energy projects (the 
systems to produce work without consumption of 
fuel). Russian Peter the Great had intention to visit 
Germany in 1726 to test the Orferius' device. There is 
avery old description of “perpetually rotating wheel”, 
which was made in India by inventor Bhaskar in 1150! 
From that times the mind of inventors is developed to. 
other modern systems but due to the efforts of 
scientific groups, which are interested to keep in force 
the ideas of primitive materialism, the great idea of 
free energy transformation is distorted to such extent 
that any person, who began to speak about free 
energy, had a chance to get the name of “mad”. Why? 
‘The reason is common understanding of the “power”, 
which is “some work per unit of time” and generally 
it can be presented only as result of some 
transformation of matter structure, i.e. disintegration, 
chemical reaction, nuclear decay, nuclear synthesis 
or any change of structure of a matter. In any case, a 
material (the firewood, oil products or nuclear fuel) is, 
considered as the fuel, regardless of its transformation 
method. 


Some concepts did not consider the fields 
(electromagnetic, gravitational and others) as a kind 
of matter. So hypotheses, and even successful 
experiments on transformation of “non-material” type 
of energy in energy of material object (into the work) 
‘were not taken into consideration. The physics is a 
study about measurable and tangible quantities. New 
measurement methods let us work with a new physical 
phenomenon. So, we can see that real situation in 
alternative energy is changing due to experimenters 
efforts but not from the great theoretical team. 


Some time ago the electric energy was not considered 
as a material object, but gradually people have been 
able to refuse the gas pipes, which were real material 
source of power for the gas light lamp, in favor of 
electric wires for electrical lumination. Ina short time, 
think, it will be possible to refuse the wires and we'll 


calculations on the 


ssumption that the Earth is perfectly 
flat. Ifthe Earth were in fact a sphere, such an errant 
assumption Would lead to constant glaring inaccuracies, 
Plane Sailing has worked perfectly fine in both theory and 
practice for thousands of years, however, and plane 
trigonometry has time and again proven more accurate than 
spherical trigonometry in determining distanc 
‘oceans 


435) Ifthe Earth were truly a globe, then every line of 
latitude south of the equator would have to measure a 
‘gradually smaller and smaller circumference the farther 
South travelled. If, however, the Earth is an extended plane, 
then every line of latitude south of the equator should 
measure a gradually larger and larger circumference the 
farther South travelled. ‘The fact that many captains 
navigating south of the equator assuming the globular theory 
have found themselves drastically out of reckoning, moreso 
the farther South travelled, testifies to the fact that the Earth 
is not a ball. 


36) During Captain James Clark Ross’s voyages around the 
Antarctic circumference, he often wrote in his journal 
perplexed at how they routinely found themselves out of 
accordance with their charts, stating that they found 
themselves an average of 12-16 miles outside their 
reckoning every day, later on further south as much as 29 
miles, 


37) Lieutenant Charles Wilkes commanded a United States 
Navy exploration expedition to the Antarctic from 1838 to 
1842, and in his journals also mentioned being consistently 
cast of his reckoning, sometimes over 20 miles in less than 
18 hours, 


38) To quote Reverend Thomas Milner, “In the southern 
hemisphere, navigators to India have often fancied 
themselves east of the Cape when still west, and have been 
driven ashore on the African coast, which, according to 
their reckoning, lay behind them. This misfortune happened 
10 a fine frigate, the Challenger, in 1845. How came Her 
Majesty's Ship ‘Conqueror,’ to be lost? How have so many 
other noble vessels, perfectly sound, perfectly manned, 
perfectly navigated, been wrecked in calm weather, not only 
in dark night, or in a fog, but in broad daylight and sunshine 
- in the former case upon the coasts, in the latter, upon 
sunken racks - from being ‘out of reckoning?”” The simple 
answer is that Earth is not a ball 


‘THE FLAT EARTH MAP 
REAL WontD 


39) Practical distance measurements taken from “The 
Australian Handbook, Almanack, Shippers’ and Importers” 
Directory” state that the straight line distance between 
Sydney and Nelson is 1550 statute miles. Their given 
difference in longitude is 22 degrees 2°14”. Therefore if 22 
degrees 2°14” out of 360 is 1550 miles, the entirety would 
measure 25,182 miles. ‘This is not only larger than the ball- 
Earth is said to be at the equator, but a whole 4262 miles 
«greater than it would be at Sydney’s southern latitude on a 
globe of said proportio 


40) From near Cape Hom, Chile to Port Philip in 
Melbourne, Australia the distance is 10,500 miles, or 143 
degrees of longitude away. Factoring in the remaining 

degrees to 360 makes for a total distance of 26,430 miles 


around this particular latitude, which is over 1500 mites 
wider than Earth is supposed to be at the equator, and many 
more thousands of miles wider than itis supposed to be at 
such Southern latitudes. 


41) Similar calculations made from the Cape of Good 
Hope, South Africa to Melbourne, Australia at an average 
latitude of 35.5 degrees South, have given an approximate 
figure of over 25,000 miles, which is again equal to or 
‘greater than the Earth’s supposed greatest circumference at 
the equator, Calculations from Sydney, Australia to 
Wellington, New Zealand at an average of 37.5 degrees 
South have given an approximate circumference of 25,500 
miles, greater still! According to the ball-Earth theory, the 
circumference of the Earth at 37.5 degrees Southern latitude 
should be only 19.757 statute miles, almost six thousand 
miles less than such practical measurements, 


42) In the ball-Earth model Antar 
which covers the bottom of the ball from 78 degrees South 
latitude to 90 and is therefore not more than 12,000 miles in 

ircumference. Many early explorers including Captian 
Cook and James Clark Ross, however, in attempting 
Antarctic circumnavigation took 3 to 4 years and clocked 
50-60,000 miles around. The British ship Challenger also 
made an indirect but complete circumnavigation of 
Antarctica traversing 69,000 miles. This is entirely 
inconsistent with the ball model 


an ice continent 


43) If Earth was a ball there are several flights in the 
Southern hemisphere which would have their quickest, 
straightest path over the Antarctic continent such as 


Santiago, Chile to Sydney, Australia. Instead of taking the 
shortest, quickest route in a straight line over Antarctica, all, 
such flights detour all manner of directions away from 
Antarctica instead claiming the temperatures too cold for 
airplane travel! Considering the fact that there are plenty of 
flights to/from/over Antarctica, and NASA claims to have 
technology keeping them in conditions far colder (and far 
hotter) than any experienced on Earth, such an excuse is, 
clearly just an excuse, and these flights aren’t made because 
they are impossible. 


44) If Earth was a ball, and Antaretica was too cold to fly 
‘over, the only logical way to fly from Sydney to Santiago 
would be a straight shot over the Pacific staying in the 
Southern hemisphere the entire way. Re-lueling could be 
done in New Zealand or other Southern hemisphere 
destinations along the Way if absolutely necessary. In actual 
fact, however, Santiago-Sydney flights go into the Northern 
hemisphere making stop-overs at LAX and other North 
American airports before continuing back down to the 
Southern hemisphere. Such ridiculously wayward detours 
make no sense on the globe but make perfect sense and form 
nearly straight lines when shown on a flat Earth map. 


45) On a ball-Earth, Johannesburg, South Africa to Perth, 
Australia should be a straight shot over the Indian Ocean 
with convenient re-fueling possibilities on Mauritus or 
Madagascar. In actual practice, however, most 
Johannesburg to Perth flights curiously stop over either in 
Dubai, Hong Kong or Malaysia all of which make no sense 


‘on the ball, but are completely understandable when mapped 
on a flat Barth 


46) On a ball-Earth Cape Town, South Africa to Buenos 
‘Aries, Argentina should be a straight shot over the Atlantic 
following the same line of latitude across, but instead every 
flight goes to connecting locations in the Northern 
hemisphere first, stopping over anywhere from London to 
‘Turkey to Dubai. Once again these make absolutely no 
sense on the globe but are completely understandable 
options when mapped on a flat Earth, 


47) On a ball-Earth Johannesburg, South Africa to Sao 
Paolo, Brazil should be a quick straight shot along the 25th 
Southern latitude, but instead nearly every flight makes a re- 
fueling stop at the SOth degree North latitude in London 
first! ‘The only reason such a ridiculous stop-over works in 
reality is because the Earth is fat 


48) On a ball-Earth Santiago, Chile to Johannesburg, South, 
Africa should be an easy flight all taking place below the 
‘Tropic of Capricom in the Southern hemisphere, yet every 
listed flight makes a curious re-fueling stop in Senegal near 


the Tropic of Cancer in the North hemisphere first! When 
mapped on a flat Earth the reason why is clear to see, 


however, Senegal is actually directly in a straight-line path 
half-way between the two. 


49) If Earth were a spinning ball heated by a Sun 93 million 
miles away, it would be impossible to haye simultaneously 
sweltering summers in Africa while just a few thousand 
miles away bone-chilling frozen Arctic/Antarctic winters 
experiencing little to no heat from the Sun whatsoever. If 
the heat from the Sun traveled 93,000,000 miles to the 
Sahara desert, itis absurd to assert that another 4,000 miles 
(0.00004%) further to Antarctica would completely negate 
such sweltering heat resulting in such drastic differences. 


50) Ifthe Earth were truly a globe, the Arctic and Antarctic 
polar regions and areas of comparable latitude North and 
South of the equator should share similar conditions and 
characteristics such as comparable temperatures, seasonal 
changes, length of daylight, plant and animal life. In reality, 
however, the Arctic/Antarctic regions and areas of 
comparable latitude North/South of the equator differ 
greatly in many ways entirely inconsistent with the ball 
model and entirely consistent with the flat model 


51) Antarotica is by far the coldest place on Earth with an 
average annual temperature of approximately -57 degrees 
Fahrenheit, and a record low of -135.8! ‘The average annual 
temperature at the North Pole, however, is a comparatively 
warm 4 degrees, Throughout the year, temperatures in the 
Antarctic vary less than half the amount at comparable 
Arctic latitudes. The Northern Arctic region enjoys 
moderately warm summers and manageable winters, 


Whereas the Southern Antarctic region never even warms 
enough to melt the perpetual snow and ice, On atilting, 
wobbling, ball-Earth spinning uniformly around the Sun, 
Arctic and Antarctic temperatures and seasons should not 
vary so greatly. 


52) Iceland at 65 degrees North latitude is home to 870 
species of native plants and abundant various animal ile 
‘Compare this with the Isle of Georgia at just 54 degrees 
South latitude where there are only 18 species of native 
plants and animal li 
latitude as Canada or England in the North where dense 
forests of various tall trees abound, the infamous Captain 
Cook wrote of Georgia that he was unable to find a single 
shrub large enough to make a toothpick! Cook wrote, “Not 
a tree was to be seen. The lands which lie to the south are 
doomed by nature to perpetual frigidness - never to feel the 


almost non-existent. The same 


warmth of the sun's rays; whose horrible and savage aspect 
Thave not words to describe. Even marine life is sparse in 
certain tracts of vast extent, and the sea-bird is seldom 
observed flying over such lonely wastes. The contrasts 
between the limits of organic life in Arctic and Antarctic 
zones is very remarkable and significant.” 


53) At places of comparable latitude North and South, the 
Sun behaves very differently than it would on a spinning 
ball Earth but precisely how it should on a flat Earth, For 
example, the longest summer days North of the equator are 
much longer than those South of the equator, and the 


shortest winter days North of the equator are much shorter 
than the shortest South of the equator. This is inexplicable 
on a uniformly spinning, wobbling ball Earth but fits exactly 
‘on the flat model with the Sun traveling circles over and 
around the Earth from Tropic to Tropic. 


$4) At places of comparable latitude North and South, dawn 
and dusk happen ve 
spinning ball, but precisely how they should on a flat Earth, 
In the North dawn and dusk come slowly and last far longer 
than in the South where they come and go very quickly 
Certain places in the North twilight can last for over an hour 
while at comparable Southern latitudes within a few minutes 


differently than they would on a 


the sunlight completely disappears. ‘This is inexplicable on a 
uniformly spinning, wobbling ball Earth but is exactly what 
is expected on a flat Earth with the Sun traveling faster, 
wider circles over the South and slower, narrower circles 
‘over the North 


85) Ifthe Sun circles over and around the Earth every 24 
hours, steadily travelling from Tropic to Tropic every 6 
months, it follows that the Northern, central region would 
annually receive far more heat and sunlight than the 
Southern circumferential region. Since the Sun must sweep 
‘ver the larger Southern region in the same 24 hours it has 
to pass over the smaller Norther region, its passage must 
necessarily be proportionally faster as well. This perfectly 
explains the differences in Arctic/Antarctic temperature 
seasons, length of daylight, plant and animal life; this is why 
the Antarctic morning dawn and evening twilight are v 
abrupt compared with the North; and this explains why 
many midsummer Arctic nights the Sun does not set at all! 


y 


56) The “Midnight Sun” is an Arctic phenomenon 
‘occurring annually during the summer solstice where for 
several days straight an observer significantly far enough 
north can watch the Sun traveling circles over-head, rising 
and falling in the sky throughout the day, but never fully 
setting for upwards of 72+ hours! If the Earth were actually 
a spinning globe revolving around the Sun, the only place 
such a phenomenon as the Midnight Sun could be observed 
would be al the poles. Any other vantage point from 89 
degrees latitude downwards could never, regardless of any 
lilt or inclination, see the Sun for 24 hours straight. To see 
the Sun for an entire revolution on a spinning globe at a 
point other than the poles, you would have to be looking 
through miles and miles of land and sea for part of the 
revolution! 


57) The establishment claims the Midnight Sun 1S 
experienced in Antarctica but they conveniently do not have 
any uncut videos showing this, nor do they allow 
independent explorers to travel to Antarctica during the 
winter solstice to verify or refute these claims. Conversely, 
there are dozens of uncut videos publicly available showing 
the Arctic Midnight Sun and it has been verified beyond any 
shadow of a doubt. 


58) The Royal Belgian Geographical Society in their 
“Expedition Antarctique Belge,” recorded that during the 
most severe part of the Antarctic winter, from 71 degrees 


South latitude onwards, the sun sets on May 17th and is not 
seen above the horizon again until July 21st! This is 
completely at odds with the ball-Earth theory, but easily 
explained by the flat-Earth model. ‘The Midnight Sun is, 
seen from high altitudes in extreme Northern latitudes 


during Arctic summer because the Sun, at its inner-most 
cycle, is circling tightly enough around the polar center that 
it remains visible above the horizon for someone at such a 


point, Likewise, in extreme Southern latitudes 
during Arctic summer, the Sun completely disappears from 
view for over 2 months because there at the Northern 
‘Tropic, at the inner-most arc of its boomerang journey, the 
Sun is circling the Northern center too tightly to be seen 


from the Southern circumference. 


59) Quoting Gabrielle Henriet, “The theory of the rotation 
of the earth may once and for all be definitely disposed of as 
impracticable by pointing out the following inadvertence. It 
is said that the rotation takes twenty-four hours and that its 
speed is uniform, in which case, necessarily, days and nights 
should have an identical duration of twelve hours each all 
the year round. The sun should invariably rise in the 
‘morning and set in the evening at the same hours, with the 
result that it would be the equinox every day from the Ist of 
January to the 31st of December. One should stop and 
reflect on this before saying that the earth has a movement 
of rotation. How does the system of gravitation account for 
the seasonal variations in the lengths of days and nights if 
the earth rotates at a uniform speed in twenty-four hours!?” 


Some 


60) Anyone can prove the sea-horizon perfectly straight and 
the entire Earth perfectly flat using nothing more than a 
level, tripods and a wooden plank. At any altitude above 
sea-level, simply fix a 6-12 foot long, smooth, leveled board 
cedgewise upon tripods and observe the skyline from 
level behind it. The distant horizon will always align 


of the board 
le from one end of 
the board to the other whilst observing the skyline over the 
upper edge, you will be able to trace a clear, flat 10-20 miles 
depending on your altitude. This would be impossible if the 
Earth were a globe 


perfectly parallel with the upper et 
Furthermore, if you move in a hall 


5,000 miles in circumference: the 
enter of the board but then 
‘gradually, noticeably decline towards the extremities. Just 
ten miles on each side would necessitate an easily visible 


horizon would align over the 


curvature of 66.6 feet from each end to the center. 


61) I the 
circumference, the horizon would be noticeably curved even 
at sea-level, and everything on or approaching the horizon 


arth were actually a big ball 25,000 miles in 


would appear to tilt backwards slightly from your 
perspective. Distant buildings along the horizon would all 
look like leaning towers of Piza falling away from the 
observer. A hot-air balloon taking off then drifting steadily 
away from you, on a ball-Earth would slowly and constantly 
appear to lean back more and more the farther away it flew, 
the bottom of the basket coming gradually into view as the 
top of the balloon disappears from sight, In reality, 
however, buildings, balloons, trees, people, anything and 
everything at right angles to the ground/horizon remains so 
regardless the distance or height of the observer. 


62) Samuel Rowbotham’s experiments at the Old Bedford 
Level proved conclusively the canal’s water to be 
completely flat over a 6 mile stretch. First he stood in the 
canal with his telescope held 8 inches above the surface of 
the water, then his friend ina boat with a 5 foot tall flag 
sailed the 6 miles away. If Earth were a ball 25,000 miles in 
circumference the 6 mile stretch of water should have 
comprised an arc exactly 6 feet high in the middle, so the 
entire boat and flag should have ultimately disappeared, 
when in fact the entire boat and flag remained visible at the 
same height for the entire journey, 


S miler 


63) In.a second experiment Dr. Rowbotham affixed flags 5 
feet high along the shoreline, one at every mile marker. 
‘Then using his telescope mounted at 5 feet just behind the 
first flag looked over the tops of all 6 flags which lined up in 
perfectly straight line. If the Earth were a ball 25,000 
miles in circumference the flags should have progressively 
dipped down after the first establishing line of sight, the 
second would have descended 8 inches, 32 inches for the 
third, 6 feet for the fourth, 10 feet 8 inches for the fifth, and 
16 feet 8 inches for the sixth, 


64) Quoting “Earth Not a Globe!” by Samuel Rowbotham, 
“It is known that the horizon at sea, whatever distance it 
‘may extend to the right and left of the observer on land, 
always appears as a straight line. The following experiment 
has been tried in various parts of the country. At Brighton, 
ona rising ground near the race course, two poles were 
{fixed in the earth six yards apart, and directly opposite the 
sea. Between these poles a line was tightly stretched 
parallel to the horizon. From the center of the line the view 
embraced not less than 20 miles on each side making a 
distance of 40 miles. A vessel was observed sailing directly 
westwards; the line cut the rigging a little above the 
bulwarks, which it did for several hours or until the vessel 
had sailed the whole distance of 40 miles. The ship coming 
into view from the east would have to ascend an inclined 
lane for 20 miles until it arrived at the center of the arc, 
whence it would have to descend for the same distance. The 
square of 20 miles multiplied by 8 inches gives 266 feet as 
the amount the vessel would be below the line at the 
beginning and at the end of the 40 miles.” 


65) Also Quoting Dr. Rowbotham, “On the shore near 
Waterloo, a few miles to the north of Liverpool, a good 
telescope was fixed, at an elevation of 6 feet above the 
water. It was directed to a large steamer, just leaving the 
River Mersey, and sailing out to Dublin. Gradually the 
‘mast-head of the receding vessel came nearer to the hori 
until, at length, afier more than four hours had elapsed, it 
disappeared. The ordinary rate of sailing of the Dublin 
steamers was fully eight miles an hour; so that the vessel 
would be, at least, thirty-two miles distant when the mast- 
head came to the horizon. The 6 feet of elevation of the 
telescope would require three miles to be deducted for 
convexity, which would leave twenty-nine miles, the square 
of which, multiplied by 8 inches, gives 560 feet; deducting 
80 feet for the height of the main-mast, and we find that, 
according to the doctrine of rotundity, the mast-head of the 
‘outward bound steamer should have been 480 feet below the 
horizon. Many other experiments of this kind have been 
‘made upon sea-going steamers, and always with results 
entirely incompatible with the theory that the earth is a 
globe” 


66) Dr. Rowbotham conducted several other experiments 
using telescopes, spirit levels, sextants and “theodolites,” 
special precision instruments used for measuring angles in 


horizontal or vertical planes. By positioning them at equal 
heights aimed at each other successively he proved over and 
over the Earth to be perfectly flat for miles without a single 
inch of curvature. His findings caused quite a stir in the 
scientific community and thanks to 30 years of his efforts, 
the shape of the Earth became a hot topic of debate around 
the turn of the nineteenth century. 


67) ‘The distance across the Irish Sea from the Isle of Man’s 
Douglas Harbor to Great Orm’s Head in North Wales is 60 
miles, Ifthe Earth was a globe then the s 


irface of the water 


between them would form a 60 mile arc, the center towering 
1944 feet higher than the coastlines at either end, It is well- 
known and easily verifiable, however, that on a clear day, 
from a modest altitude of 100 feet, the Great Orm’s Head is, 
Visible from Douglas Harbor. This would be completely 
impossible on a globe of 25,000 miles. Assuming the 100 
foot altitude causes the horizon to appear approximately 13 
miles off, the 47 miles remaining means the Welsh coastline 
should still fall an impossible 1472 feet below the line of 
sight! 


68) ‘The Philadelphia skyline is clearly visible from Apple 
Pie Hill in the New Jersey Pine Barrens 40 miles away. If 

Earth were a ball 25,000 miles in circumference, factoring in 
the 205 foot elevation of Apple Pie Hill, the Philly sk 
should remain well-hidden beyond 335 feet of curvature. 


69) ‘The New York City skyline is clearly visible from 
Harriman State Park’s Bear Mountain 60 miles away, If 
Earth were a ball 25,000 miles in circumference, viewing 
from Bear Mountain's 1,283 foot summit, the Pythagorean 
‘Theorem determining distance to the horizon being 1.23 
times the square root of the height in feet, the NYC skyline 
should be invisible behind 170 feet of curved Earth 


70) From Washington's Rock in New Jersey, at just a 400 
foot elevation, itis possible on a clear day to see the 
skylines of both New York and Philadelphia in opposite 
directions at the same time covering a total distance of 120 
miles! If Earth were a ball 25, 
both of these skylines should be hidden behind over 800 feet 
of Earth’s curvature, 


100 miles in circumference, 


71) Itis often possible to see the Chicago skyline from sea- 
level 60 miles away across Lake Michigan, In 2015 
photographer Joshua Nowicki photographed this 

phenomenon several news channels quickly claimed his 


picture to be a “superior mirage,” an atmospheric anomaly 
caused by temperature inversion, While these 


‘occur, the skyline in question was facing right 
clearly seen unlike a hazy illusory mirage, and on a ball- 
Earth 25,000 miles in circumference should be 2,400 fe 
below the horizon. 


72) October 16, 1854 the Times newspaper reported the 
Queen's visit to Great Grimsby from Hull recording they 
were able to see the 300 foot tall dock tower from 70 miles 
away. On a ball-Earth 25,000 miles in circumference. 
factoring their 10 foot elevation above the water and the 
tower's 300 foot height, at 70 miles away the dock tower 
should have remained an entire 2,600 feet below the 
horizon. 


73) In 1872 Capt 
“Thomas Wood” from China to London, reported seeing the 
entirety of St. Helena Istand on a clear day from 75 miles 
away. Factoring in their height during measurement on a 
ball-Earth 25,000 miles in circumference, it was found the 
island should have been 3,650 feet below their line of sight. 


ibson and crewmates, sailing the ship 


74) From Genoa, Italy at a height of just 70 feet above sea- 
level, the island of Gorgona can often be seen 81 miles 

away. If Earth were a ball 25,000 miles in circumferenc 
Gorgona should be hidden beyond 3,332 feet of curvature. 


75) From Genoa, Italy at a height of just 70 feet above sea- 
level, the island of Corsica can often be seen 99 miles away. 
If Earth were a ball 25,000 miles in circumference, Corsica 
should fall 5.245 feet, almost an entire mile below the 
horizon. 


76) From Genoa, ltaly 70 feet above sea-level, the island of 
Capraia 102 miles away can often be seen as well, If Barth 
were a ball 25,000 miles in circumference, Capraia should 
always remain hidden behind 5,605 feet, over a mile of 
supposed curvature. 


Ieca dEibe GorgonaCapraia 
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77) Also from Genoa, on bright clear days, the island of 
Elba can be seen an incredible 125 miles away! If Earth 
were a ball 25,000 miles in circumference, Elba should be 
forever invisible behind 8770 feet of curvature. 


Monte C 


78) From Anchorage, Alaska at an elevation of 102 feet, on 
clear days Mount Foraker can be seen with the naked eye 
000 mites in 
circumference, Mount Foraker’s 17,400 summit should be 
leaning back away from the observer covered by 7,719 feet 
of curved Earth, In reality, however, the entire mountain 
ily seen standing straight from base to 


120 miles away. If Earth were a ball 


ccan be quite e: 
summit. 


79) From Anchorage, Alaska at an elevation of 102 feet, on 
clear days Mount MeKinley can be seen with the naked eye 
from 130 miles away. If Earth were a ball 25,000 miles 
e, Mount McKinley's 20,320 foot summit 
should be leaning back away from the observer and almost 
half covered by 9,220 feet of curved Earth. In reality, 
however, the entire mountain can be quit 
standing straight from base to summit. 


easily seen 
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80) In Chambers’ Journal, February 1895, a sailor near 
Mauritius in the Indian Ocean reported having seen a vessel 
which turned out to be an incredible 200 miles away! The 
incident caused much heated debate in nautical circles at the 
time, gaining further confirmation in Aden, Yemen where 


another witness reported seeing a missing Bombay steamer 


from 200 miles away. He correctly stated the precise 
appearance, location and direction of the steamer all later 
corroborated and confirmed correct by those onboard. Such 
sightings are absolutely inexplicable if the Earth were 
‘actually a ball 25,000 miles around, as ships 200 miles 
distant would have to fall approximately 5 miles below line 
of sight! 


81) The distance from which various lighthouse lights 
around the World are visible at sea far exceeds what could be 


found on a ball-Earth 25,000 miles in circumference. For 
example, the Dunkerque Light in southern Frank 
altitude of 194 feet is visible from a boat (10 feet above se: 
level) 28 miles away. Spherical trigonometry dictates that if 
the Earth was a globe with the given curvature of 8 inches 
per mile squared, this light should be hidden 190 feet below 
the horizon. 


tan 


82) The Port Nicholson Light in New Zealand is 420 feet, 
above sea-level and visible from 35 miles away where it 
should be 220 feet below the horizon 


83) The Egeri Light in Norway is 154 feet above high- 
water and visible from 28 statute miles where it should be 
230 feet below the horizon, 


84) The Light at Madras, on the Esplanade, is 132 feet high 
and visible from 28 miles away, where it should be 250 
below the line of sight. 


85) ‘The Cordonan Light on the west coast of France is 207 
feet high and visible from 31 miles away, where it should be 
280 feet below the line of sight. 


86) The light at Cape Bonavista, Newfoundland is 150 feet 


above sea-level and visible at 35 miles, where it should be 


491 feet below the horizon, 


87) The lighthouse steeple of St. Botolph’s Parish Church 
in Boston is 290 feet tall and visible from over 40 miles 
away, where it should be hidden a full $00 feet below the 
horizon! 


88) The Isle of Wight lighthouse in England is 180 feet high 
and can be seen up to 42 miles away, a distance at which 
modern astronomers say the light should fall 996 feet below 
line of sight. 


89) The Cape L’Agulhas lighthouse in South Africa is 33, 
feet high, 238 feet above sea level, and can be seen for over 
50 miles. If the world were a globe, this light would fall 
1,400 feet below an observer's line of sight 


90) ‘The Statue of Liberty in New York stands 326 feet 
above sea level and on a clear day can be seen as far as 60 
miles away. If the Earth were a globe, that would put Lady 
Liberty at an impossible 2,074 feet below the horizon. 


91) The lighthouse at Port Said, Egypt, at an elev: 
only 60 feet has been seen an astonishing 58 miles away, 


ation of 


Where, according to modern astronomy it should be 2,182 
feet below the line of sight! 


92) The Notre Dame Antwerp spire stands 403 feet high 
from the foot of the tower with Strasburg measuring 468 fect 
above sea level. With the aid of a telescope, ships can be 
distinguished on the horizon and captains declare they can 
ithedral spire from an amazing 150 miles away. If 
the Earth were a globe, however, at that distance the spire 
should be an entire mile, 5,280 feet below the horizon! 


93) The St. George’s Channel betw 
Kingstown Harbor near Dublin is 60 miles across. When 
half-way across a ferry passenger will notice behind them 


en Holyhead and 


the light on Holyhead pier as well as in front of them the 
Poolbeg light in Dublin Bay. ‘The Holyhead Pier light is 44 
feet high, while the Poolbeg lighthouse 68 feet, therefore a 
vessel in the middle of the channel, 30 miles from either side 
standing on a deck 24 feet above the water, can clearly see 
both lights. On a ball Earth 25,000 miles in circumference, 
‘however, both lights should be hidden well below both 
horizons by over 300 feet! 


94) From the highland near Portsmouth Harbor in 
Hampshire, England looking across Spithead to the Isle of 
Wight, the entire base of the island, where water and land 
come together composes a perfectly straight line 22 statute 
miles long. According to the ball-Earth theory, the Isle of 
Wight should dectine 80 feet from the center on each side to 
‘account for the necessary curvature. ‘The cross-hairs of a 
‘200d theodolite directed there, however, have repeatedly 
shown the land and water line to be perfectly level, 


95) On a clear day from the highland near Douglas Harbor 
‘on the Isle of Man, the whole length of the coast of North 
‘Wales is often plainly visible to the naked eye. From the 
Point of Ayr at the mouth of the River Dee to Holyhead 
comprises a 50 mile stretch which has also been repeatedly 
found to be perfectly horizontal. If the Earth actually had 
curvature of 8 inches per mile squared, as NASA and 
modern astronomy claim, the 50 mile length of Welsh coast 
seen along the horizon in Liverpool Bay would have to 
decline from the center-point an easily detectable 416 feet 
‘on each side! 


96) From “100 Proofs the Earth is Not a Globe” by William 
Carpenter, “If we take a journey down the Chesapeake Bay, 
by night, we shall see the ‘light’ exhibited at Sharpe's Island 
for an hour before the steamer gets to it. We may take up a 
position on the deck so that the rail of the vessel's side will 
be in a line with the ‘light’ and in the line of sight: and we 
shall find that in the whole journey the light won't vary in 
the slightest degree in its apparent elevation. But, say that a 


distance of thirteen miles has been traversed, the 
astronomers' theory of ‘curvature’ demands a difference 
(one way or the other!) in the apparent elevation of the light, 
of 112 feet 8 inches! Since, however, there is not a 
difference of 100 hair's breadths, we have a plain proof that 
the water of the Chesapeake Bay is not curved, which is a 
proof that the Earth is not a globe.” 


97) NASA and modern astronomy say the Earth is a giant 
ball tilted back, wobbling and spinning 1,000 mph around its 
central axis, traveling 67,000 mph circles around the Sun, 
spiraling 500,000 mph around the Milky Way, while the 
entire galaxy rockets a ridiculous 670,000,000 mph through 
the Universe, with all of these motions originating from an 
alleged “Big Bang” cosmogenic explosion 14 billion years 
ago, That's a grand total of 670,568,000 mph in several 
different directions we're all supposedly speeding along at 
simultaneously, yet no one has ever seen, felt, heard, 
measured or proven a single one of these motions to exist 
whatsoever, 


98) NASA and modern astronomy say Polaris, the North 
Pole star, is somewhere between 323-434 light years, or 
about 2 quadrillion miles, away from us! Firstly, note that is 
‘between 1,938,000,000,000,000 - 2,604,000,000,000.000 
miles making a difference of 666,000,000,000,000 (over six 
hundred trillion) miles! If modern astronomy cannot even 
agree on the distance to stars within hundreds of trillions of 
miles, perhaps their “science” is flawed and their theory 
needs re-examining. However, even granting them their 
obscurely distant stars, itis impossible for heliocentrists to 
explain how Polaris manages to always remain perfectly 
aligned straight above the North Pole throughout Earth’s 
Various alleged tilting, wobbling, rotating and revolving 
motions, 


Polar 


99) Viewed from a ball-Earth, Polaris, situated directly over 
the North Pole, should not be visible anywhere in the 
Southern hemisphere. For Polaris to be seen from the 
Southern hemisphere of a globular Earth, the observer 
would have to be somehow looking “through the globe,” and 
miles of land and sea would have to be transparent. Polaris 
can be seen, however, up to over 20 degrees South latitude, 


100) If Earth were a ball, the Southern Cross and other 
Southern constellations would all be visible at the same time 


consider the aether (physical vacuum) as unlimited 
energy source if we organize the process of 
transformation of space-time parameters. It will be 
necessary to drop the old conception of “primary source 
of power", which should be connected with the 
consumer by some method and to develop conception 
of free energy source in any place “on-demand”. 


Let's consider, what the term “free energy” means 
today. The energy in general sense means the “ability 
of body to produce some work”. The energy of closed 
system is constant. Certain device can look like 
“perpetual mobile”, but nobody will be shocked 
because the way of energy “inflow” is known. For 
example, solar panel battery is obtaining its power from 
external source of light. But in general case, 3- 
dimensional observer can see nothing similar to the 
inflow of energy into the system if multi-dimensional 
energy balance is not analyzed. In other words, 
“perpetual mobile” is a right name since for its 
description it is necessary to use notions of “Time”, 
“Eternity”, “Causality” and other categories, which are 
more related with philosophy and religion but not with 
modern physics. 


The “perpetual mobile idea” is really value to be the 
purpose of serious scientific work. In the book “Great 
experiments in physics” published by “World”, 1973, 
Professor G. Lipson wrote: “Joule was the person of a 
very practical kind of mind and he was enthusiast of 
the perpetual mobile idea”. I hope that it is not 
necessary to explain here who was Joule. However, 
“practicality” of free energy generators is obvious only 
for energy customers, but not for energy producers, 
who created the centralized system of energy 
distribution. This is the main reason of absence of 
alternative fuel-less energy systems in the modern 
market. 


Let’s consider the existing classification of “perpetual 
mobiles”: 


1. “Perpetual mobile” of the first kind is a design, which 
can “create energy”. It is disputable aspect and all 
patent offices refuse to consider the patent claim of 
such type. They answer that “energy can not be 
created or destroyed” but energy can be transformed 
from one type into another type. 


2, “Perpetual mobile” of the second kind is the collector 
of environmental heat. It is not a “‘thermo-pair” which 
uses temperature difference to produce electricity, but 
it is the “heat pump”. This type of devices works with 
negative entropy, or more exactly, with sintropy. The 
terminology still is not defined but we can say that in 
entropy systems the produced work is equivalent to 
the dissipated heat and the work, which is produced 
by sintropy systems is equivalent to some absorbed 
environment heat. 


3. The “perpetual mobile” of the third kind is a 
demonstration of perpetual motion without friction. The 


analogue is electric current in superconductors. 
Development of this idea is creation of systems with 
negative friction. In electromagnetic systems it 
corresponds to the known cases of the “negative 
conductivity”, ie. some electrical circuits in this mode 
can generate output power. 


Additionally, let's show that “creation of energy” is 
possible in theory, for example: two processes of equal 
power compensate each other A + B = 0. Let's assume 
that some technology creates another (inverse) process 
as:0 = A +B ie. two processes of some power in sum 
create zero result. In general principle, also there is 
possibility to use many processes balanced situation 
asA+B+C +... =Oand this interesting conception 
is known as theory of multipolarity. 


Let's consider some quite real (to my mind) examples 
from the history of development of free energy 
technologies. Nikola Tesla’s investigations are not well 
known to modern scientists and engineers. In his 
works on development of wire-less telecommunication 
Tesla used flat spiral coils as a secondary winding of 
transformer. The magnetic field of such coil is radial 
and it is placed in the plane of the coil. In 1995 the 
author of this article experimented with similar flat 
spiral coils. I have to claim that when such coil is 
operating as secondary winding and the solenoid is 
the primary winding of the transformer then we can 
measure asymmetrical mutual induction, i.e. 
connection of active load (lamp) to output circuit of the 
transformer is free from input power in the primary 
winding. It is the simplest example of technical 
realization of the asymmetrical cause-effect connection, 
described by Kozyrev in his theory of active properties 
of time. 


.» “creation of energy” is possible in theory... 


Another Tesla's invention is his resonance transformer. 
Modern electrical engineering describes transformer 
with forced electrical oscillations and radio engineering 
considers operation of resonance systems mainly. Tesla 
put the question on transformation of power in 
resonance transformer and by this way the efficiency 
can be more than 100%. With high frequency currents 
and high power level Tesla used single-wire terminals 
as loads, ie, the lamps and other single-wire receivers 
of power (motors) were powered from high frequency 
changing electric field. Such single-wire terminal does 
not consume any power from primary source because 
it uses the change of potential in point of connection 
to conductor (let's note also that for maximum efficiency 
this point of connection should be one of the maximums, 
of standing wave). 


‘The notion about “free vibrations” belongs to Tesla and 
this term describes sinusoidal oscillations in electric 
circuit that is created after short non-sinusoidal 
impulse due to real vibrations of the free electrons. 
Resonance mode of the free vibrations can be the real 
way to excess power output, 
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from every longitude on the same latitude as is the case in 
the North with Polaris and its surrounding constellations. 
Ursa Major/Minor and many others can be seen from every 
Northern meridian simultaneously whereas in the South, 
constellations like the Southern Cross cannot. This proves 
the Southern hemisphere is not “tumed under” as in the ball 
Earth model, but simply stretching further outwards awa 
from the Northern center-point as in the flat Earth model. 


‘so this is how it looks like from the ground 
‘star trails form circles near centre 


3 stars go along horizon 
‘hear the edge forming lines 


101) Sigma Octantis is claimed to be a Souther central 
pole star similar to Polaris, around which the Souther 
hemisphere stars all rotate around the opposite direction 
Unlike Polaris, however, Sigma Octantis can NOT be seen 
simultaneously from every point along the same latitude, it 
is NOT central but allegedly 1 degree off-center, it is NOT 
motionless, and in fact cannot be seen at all using publicly 
available telescopes! ‘There is legitimate speculation 
regarding whether Sigma Octantis even exists. Either way, 
the direction in which stars move overhead is based on 
perspective and the exact direction you're facing, not which 
hemisphere you a 
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102) Some heliocentrists have tried to suggest that the Pole 
Star’s gradual declination overhead as an observer travels, 
southwards is proof of a globular Earth, Far from it, the 
declination of the Pole Star or any other object is simply a 
result of the Law of Perspective on plane (Flat) surfaces. 
‘The Law of Perspective dictates that the angle and height at 
which an obj 


ct is seen diminishes the farther one recedes 


from the object, until at a certain point the line of sight and 
the seemingly uprising surface of the Earth converges to a 
vanishing point (i. the horizon line) beyond which the 
object is invisible. In the ball-Earth model the horizon is 
claimed to be the curvature of the Earth, whereas in reality 
the horizon is known to be simply the vanishing line of 
perspective based on the strength of your eyes, instruments, 
weather and altitude. 


Horizon 


103) There are several constellations which can be seen 
from far greater distances over the face of the Earth than 
should be possible if the world were a rotating, revolving, 
wobbling ball. For instance, Ursa Major, very close to 
Polaris, can be seen from 90 degrees North latitude (the 
North Pole) all the way down to 30 degrees South latitude. 
For this to be possible on a ball-Earth the Southern 
observers would have to be seeing through hundreds or 
thousands of miles of bulging Earth to the Northern sky. 


104) The constellation Vulpecula can be seen from 90 
degrees North latitude, all the way to 55 degrees South. 
latitude. Taurus, Pisces and Leo can be seen from 90 
degrees North all the way to 65 degrees South. An observer 
on a ball-Earth, regardless of any til or inclination, should 
not logically be able to see this far. 


108) Aquarius and Libra can be seen from 65 degrees North 
to 90 degrees South! ‘The constellation Virgo is visible from 
80 degrees North down to 80 degrees South, and Orion can 
bbe seen from 85 degrees North all the way to 75 degrees 
South latitude! These are all only possible because the 
“hemispheres” are not spheres at all but concentric circles of 
latitude extending outwards from the central North Pole with 
the stars rotating over and around. 


106) The so-called “South Pole” is simply an arbitrary point 
along the Antarctic ice marked with a red and white 
barbershop pole topped with a metal ball-Earth. ‘This 
ceremonial South Pole is admittedly and provably NOT the 
‘actual South Pole, however, because the actual South Pole 
could be demonstrably confirmed with the aid of a compass 
showing North to be 360 degrees around the observer. 

Since this feat has never been achieved, the model remains 
pure theory, along with the establishment's excuse that the 
‘geomagnetic poles supposedly constantly move around 
making verification of their claims impossible. 


107) Ring magnets of the kind found in loudspeakers have a 
central North pole with the opposite “South” pole actually 
being all points along the outer circumference. This 
perfectly demonstrates the magnetism of our flat Earth, 
Whereas the alleged source of magnetism in the ball-Earth 
model is emitted from a hypothetical molten magnetic core 
in the center of the ball which they claim conveniently 
catises both poles to constantly move thus evading 
independent verification at their two “ceremonial poles.” In 
reality the deepest drilling operation in history, the Russian 
Kola Uttradeep, managed to get only 8 miles down, so the 
entire ball-Earth model taught in schools showing a crust, 
‘outer-mantle, inner-mantle, outer-core and inner-core layers 


are all purely speculation as we have never penetrated 
through beyond the crust. 


Inner core 


‘Outer core 
Mantle 
Crust 


5 to 25 miles 
(Bio 40 kilometers) 


108) The mariner’s compass is an impossible and non- 
sensical instrument for use on a ball-Earth, It 
simultaneously points North and South over a flat surface, 
yet claims to be pin-pointing two constantly moving 
‘geomagnetic poles at opposite ends of a spinning sphere 
originating from a hypothetical molten metal core. If 
compass needles were actually drawn to the North pole of 
globe, the opposing “South” needle would actually be 
pointing up and off into outer-space. 


109) There are no fixed “East” or “West” points just as 
there is no fixed “South.” The North central Pole is the only 
proven fixed point on our flat Earth, with South being all 
straight lines outwards from the pole, East and West being 
concentric circles at constant right angles 90 degrees from. 
the pole. A westerly circumnavigation of Earth is thus 
going around with Polaris continually on your right, while 
‘an easterly circumnavigation is going around with Polaris 
always at your left. 


110) Magellan and others’ East/West citcumnavigations of 
Earth are often quoted as proof of the ball model. In actual 
fact, however, sailing or flying at rights angles to the North 
pole and eventually returning to one’s original location is no 
more difficult or mysterious than doing so on a globe, Just 
as an architect's compass can place its center-point on a flat 
piece of paper and trace a circle either way around the 
“pole,” so can a ship or plane circumnavigate a flat-Earth, 


111) Since the North Pole and Antarctica are covered in ice 
‘and guarded “no-fly” zones, no ships or planes have ever 
‘been known to circumnavigate the Earth in North/South 


directions. The only kind of circumnavigation which could 
not happen on a flat-Earth is North/Southbound, which is, 
likely the very reason for the heavily-enforced flight 
restrictions, The fact that there has yet to be a single 
verified North/South circumnavigation of Earth serves as 
standing proof the world is not a ball 


112) The Sun brings noon to every time-zone as it passes 
directly aver-head every 15 degree demarcation point, 24 
times per day in its circular path over and around the Earth. 
If time-zones were instead caused by the uniform spinning 
of the ball-Earth around the Sun, every 6 months as Earth, 
found itself on the opposite side of the Sun, clocks all over 
Earth would have to flip 12 hours, day would be night and 
night would be day. 


113) The idea that people are standing, ships are sailing and 
planes are flying upside down on certain parts of Earth while 
others tilted at 90 degrees and all other impossible angles is, 
complete absurdity. The idea that a man digging a hole 
straight down could eventually reach sky on the other side is 
ludicrous. Common sense tells every free-thinking person 
correctly that there truly is an “up” and “down” in nature, 
unlike the “everything is relative” rhetoric of the 
Newtonian/Einsteinian paradigm. 


114) Quoting, “On the False Wisdom of the Philosophers” 
by Lacantius, “A sphere where people on the other side live 
with their feet above their heads, where rain, snow and hail 
fall upwards, where trees and crops grow upside-down and 
the sky is lower than the ground? The ancient wonder of the 
hanging gardens of Babylon dwindle into nothing in 
comparison to the fields, seas, towns and mountains that 
pagan philosophers believe to be hanging from the earth 
without support!” 


115) The existing laws of density and buoyancy perfectly 
explained the physics of falling objects long before knighted 
Freemason “Sir” Isaac Newton bestowed his theory of 
“gravity” upon the world. It isa fact that objects placed in 
denser mediums rise up while objects placed in less dense 
mediums sink down, To fit with the heliocentric model 


which has no up or down, Newton instead claimed objects 
are attracted to large masses and fall towards the center. Not 
a single experiment in history, however, has shown an 

object massiv 
other smaller masses to be attracted to it as Newton claims 


enough to, by virtue of its mass alone, cause 


“gravity” does with Earth, the Sun, Moon, Stars and Planets, 


116) There has also never been a single experiment in 
history showing an object massive enough to, by virtue of its 
mass alone, cause another smaller mass to orbit around it 
‘The magic theory of gravity allows for oceans, buildings and 
people to remain forever stuck to the underside of a spinning 
ball while simultancously causing objects like the Moon and 
satellites to remain locked in perpetual circular orbits around 
the Earth. If these were both true then people should be able 
to jump up and start orbiting circles around the Earth, or the 
Moon should have long ago been sucked into the Earth, 


Neither of these theories have 


er been experimentally 
verified and their alleged results are mutually exclusive. 


117) Newton also theorized and it is now commonly taught 
that the Earth's ocean tides are caused by gravitational lunar 
attraction. If the Moon is only 2,160 miles in diameter and 


the Earth 8,000 miles, however, using their own math and 
“law, 
therefore the larger object should attract the smaller to it, 
‘and not the other way around. Ifthe Earth’s greater gravity 
is what keeps the Moon in orbit, itis impossible for the 
Moon's lesser gravity to supersede the Earth’s gravity, 
especially at Earth’s sea-level, where its gravitational 
attraction would even further out-trump the Moon’s. And if 
the Moon's gravity truly did supersede the Earth’s causing 
the tides to be drawn towards it, there should be nothing to 
stop them from continuing onwards and upwards towards 
their great attractor. 


it follows that the Earth is 87 times more massive and 


Moon 
Earth 


118) Furthermore, the velocity and path of the Moon are 
uniform and should therefore exert a uniform influence on 
the Earth’s tides, when in actuality the Earth’s tides vary 
«reatly and do not follow the Moon. Earth’s lakes, ponds, 
marshes and other inland bodies of water also inexplicably 
remain forever outside the Moon's gravitational grasp! If 
“gravity” was truly drawing Earth’s oceans up to it, all 
lakes, ponds and other bodies of standing water should 
certainly have tides as well 


119) It is claimed that the other planets are spheres and so 
therefore Earth must also be a sphere. Firstly, Earth is a 
“plane” not a “planet,” so the shape of these “planets” in the 
sky have no bearing on the shape of the Earth beneath our 
feet. Secondly, these “plan 
thousands of years around the world as the “wandering 
stars” since they differ from the other fixed stars in their 


have be 


sn known for 


tive motions only. When looked at with an unprejudived 
naked-eye or through a telescope, the fixed and wandering 
stars appear as luminous discs of light, NOT spherical terra 
firma, The pictures and videos shown by NASA of 
spherical terra firma planets are all clearly fake computer- 
generated images, and NOT photographs. 


y 


120) The etymology of the word “planet 
from late Old English planete, from Old French planete 
(Modern French planéte), from Latin planeta, from 


tually comes 


Greek planetes, from (asteres) planetai “wandering (stars} 
from planasthai “to wander,” of unknown origin, possibly 
from PIE *pele “fat, to spread” or notion of “spr 
And Plane (n) “flat surface,” c. 1600, from Latin 
planum “flat surface, plane, lev 


even, plain, clear.” They just added a “t” to our Earth plane 
and everyone bought it. 


121) When you observe the Sun and Moon you see two 
equally-sized equidistant circles tracing similar paths at 
similar speeds around a flat, stationary Earth, The 


experts” 
at NASA, however, claim your common sens 


every day 
win with, they say 
the Earth is not flat but a big ball; not stationary but spinning 


experience is false on all counts! To 


around 19 miles per second; they say the Sun does not 
arth as it appears, but Earth revolves 
around the Sun; the Moon, on the other hand, does revolve 


revolve around the 


around the Earth, though not East to West as it appears, 
rather West to East; and the Sun is actually 400 times larg 
than the Moon and 400 times further away! You can clearly 


see they are the same size and distance, you can see the 
Earth is flat, you can f 


the Earth is stationary, but 
according to the gospel of modem astronomy, you are 
wrong and a simpleton worthy of endless ridicule if you dare 
lo trust your own eyes and experience. 


Appear Almost Same Size 


122) Quoting Allen Daves, “If the Government or NASA 
hhad said to you that the Earth is stationary, imagine that 
And then imagine we are trying to convince people that ‘no, 
2 times rifle 
bullet speed and spinning at 1,000 miles per hour.’ We 


no it's not stationary, it's moving forward at 


would be laughed at! We would have so many people telling 
us you are crazy, the Earth is not moving!" We would be 
ridiculed for having no scientific backing for this convoluted 
‘moving Earth theory. And not only that but then people 
would say, ‘oh then how do you explain a fixed, calm 
atmosphere and the Sun's observable movement, how do you 
explain that?’ Imagine saying to people, ‘no, no, the 
atmosphere is moving also but is somehow magically 
veleroed to the moving-Earth. The reason is not simply 
because the Earth is stationary." So what we are actually 
doing is what makes sense. We are saying that the moving- 
Earth theory is nonsense. The stationary-Earth theory makes 
sense and we are being ridiculed. You've got to picture it 
being the other way around to realize just how 
RIDICULOUS this situation is. This theory from the 


Government and NASA that the Earth is rotating and 
orbiting and leaning over and wobbling is absolute 
nonsense and yet people are clinging to it, tightly, like a 
teddy bear. They just can't bring themselves to face the 
possibility that the Earth is stationary though ALL the 
evidence shows it: we feel no movement, the atmosphere 
hasn't been blown away, we see the Sun move from East-to- 
West, everything can be explained by a motionless Earth 
without bringing in all these assumptions to cover up 
previous assumptions gone bad.” 


123) Heliocentrists’ astronomical figures always sound 
perfectly precise, but they have historically been notorious 
for regularly and drastically changing them to suit their 
various models. For instance, in his time Copernicus 
calculated the Sun’s distance from Earth to be 3,391,200 
miles, The next century Johannes Kepler decided it was 
actually 12,376,800 miles away. Issac Newton once said, 
“It matters not whether we reckon it 28 or 54 million miles 
distant for either would do just as well! How scientific!” 
Benjamin Martin calculated between 81 and 82 million 
miles, Thomas Dilworth claimed 93,726,900 miles, John 
Hind stated positively 95,298,260 miles, Benjamin Gould 
sid more than 96 milion miles, and Christian Mayer 
thought it was more than 104 million! Flat-Earthers 
throughout the ages, conversel 
plane trigonometry to make such calculations and found the 
Sun and Moon both to be only about 32 miles in diameter 


, have used sextants and 


and less than a few thousand miles from Earth. 


124) Amateur balloon footage taken above the clouds has 
provided stunning visual proof that the Sun cannot be 
millions of miles away. In several shots you can see a clear 
hot-spot reflecting on the clouds directly below the Sun’s 
spotlight-like influence. If the Sun were actually millions of 
miles away such a small, localized hot-spot could not occur. 


directly underneath k proving fis 


125) Another proof the Sun is not millions of miles away is 
found by tracing the angle of sun-rays back to their source 
above the clouds. ‘There are thousands of pictures showing 
how sunlight comes down through cloud-cover at a variance 
of converging angles. ‘The area of convergence is of course 
the Sun, and is clearly NOT millions of miles away, but 
rather relatively close to Earth just above the clouds. 


126) The Sun’s annual journey from tropic to tropic, 
solstice to solstice, is what determines the length and 
character of days, nights and seasons. This is why 
equatorial regions experience almost year-round summer 
and heat while higher latitudes North and especially South 
experience more distinct seasons with harsh winters. ‘The 
heliocentric model claims seasons change based on the ball- 
Earth’ alleged “axial tlt” and “elliptical orbi 
Sun, yet their flawed current model places us closest to the 
Sun (91,400,000 miles) in January when its actually winter, 
and farthest from the Sun (94,500,000 miles) in July when 
its actually summer throughout most of the Earth. 


around the 


127) The fact that the Sun and Moon’s reflections on water 
always form a straight line path from the horizon to the 
observer proves the Earth is not a ball, If Earth’s surface 
was curved it would be impossible for the reflected light to 
curve over the ball from horizon to observer. 


* 


128) There are huge centuries-old stone sundials and 


moondials all over the world which still tell the 


down to the minute as perfectly as the day they were made. 
Ifthe Earth, Sun and Moon were truly subject to the number 
of contradictory revolving, rotating, wobbling and spiraling 
motions claimed by modern astronomy, it would be 
impossible for these monuments to so accurately tell time 
without constant adjustment. 


129) To quote William Carpenter, “Why, in the name of 
common sense, should observers have to fix their telescopes 
‘on solid stone bases so that they should not move a hair's- 
breadth, - if the Earth on which they fix them moves at the 
rate of nineteen miles in a second? Indeed, to believe that 
six thousand million million million tons’ is ‘rolling, 
surging, flying, darting on through space for ever’ with a 
velocity compared with which a shot from a cannon is a 
‘very slow coach, with such unerring accuracy that a 
telescope fixed on granite pillars in an observatory will not 
‘enable a lynx-eyed astronomer to detect a variation in its 
‘onward motion of the thousandth part ofa hair's-breadth is 
to conceive a miracle compared with which all the miracles 
‘on record put together would sink into utter insignificance. 
Since we can, (in middle north latitudes), see the North Star, 
‘on looking out of a window that faces it - and out of the very 
same corner of the very same pane of glass in the very same 
window - all the year round, it is proof enough for any man 
in his senses that we have made no motion at all and that the 
Earth is not a globe.” 


130) From “Earth Not a Globe!” by Samuel Rowbotham, 
“Take two carefully-bored metallic tubes, not less than six 
feet in length, and place them one yard asunder, on the 
opposite sides of a wooden frame, or a solid block of wood 
or stone: so adjust them that their centres or axes of vision 
shall be perfectly parallel to each other. Now, direct them to 
the plane of some notable fixed star, a few seconds previous 
to its meridian time. Let an observer be stationed at each 
tube and the moment the star appears in the first tube let a 
loud knock or other signal be given, to be repeated by the 
observer at the second tube when he first sees the same star. 
A distinct period of time will elapse between the signals 
given. The signals will follow each other in very rapid 
succession, but still, the time between is sufficient to show 
that the same star is not visible at the same moment by two 


parallel lines of sight when only one yard asunder. A slight 
inclination of the second tube towards the first tube would 
be required for the star to be seen through both tubes at the 
same instant. Let the tubes remain in their position for six 
‘months; at the end of which time the same observation or 
experiment will produce the same results--the star will be 
visible at the same meridian time, without the slightest 
alteration being required in the direction of the tubes: from 
which itis concluded that if the earth had moved one single 
yard in an orbit through space, there would at least be 
“observed the slight inclination of the tube which the 
difference in position of one yard had previously required. 
But as no such difference in the direction of the tube is 
required, the conclusion is unavoidable, that in six months 
a given meridian upon the earth's surface does not move a 
single yard, and therefore, that the earth has not the 
slightest degree of orbital motion.” 


131) NASA and modern astronomy maintain that the Moon, 
isa solid, spherical, Earth-like habitation which man has 
actually flown to and set foot on, They claim the Moon is a 
non-luminescent planetoid which receives and reflects all its 
light from the Sun. ‘The reality is, however, that the Moon is 
observably not a solid body, itis clearly circular, but not 
spherical, and not in any way an Earth-like planetoid which 
humans could set foot on. In fact, the Moon has been 


proven largely transparent and completely self-luminescent, 
shining with its own unique light 


132) The Sun’s light is golden, warm, drying, preservative 
and antiseptic, while the Moon’s light is silver, cool, damp, 
putrefying and septic. ‘The Sun’s rays decrease the 
combustion of a bonfire, while the Moon’s rays increase 
combustion, Plant and animal substances exposed to 
sunlight quickly dry, shrink, coagulate, and lose the 
tendency to decompose and putrify: grapes and other fruits 
become solid, partially candied and preserved like raisins, 
dates, and prunes: animal flesh coagulates, loses its volatile 
‘gaseous constituents, becomes firm, dry, and slow to decay 
When exposed to moonlight, however, plant and animal 
substances tend to show symptoms of putrefaction and 
decay, This proves that Sun and Moon light are different, 
and opposites as they are in the geocentric flat 


133) In direct sunlight a thermometer will read higher than 
another thermometer placed in the shade, but in full, direct 
moonlight a thermometer will read lower than another 
placed in the shade. Ifthe Sun's light is collected in a lange 
lens and thrown to a focus point it can create signifi 
heat, while the Moon’s light collected similarly 
heat. In the "Lancet Medical Journal,” from March 14th, 
1856, particulars are given of several experiments which 
proved the Moon's rays when concentrated can actually 
reduce the temperature upon a thermometer more than eight 
degrees. So sunlight and moonlight clearly have altogether 
different properties. 


134) Furthermore the Moon itself cannot physically be both 
a spherical body and a reflector of the Sun’s light. 

Reflectors must be flat or concave for light rays to have any 
angle of incidence; If a reflector’s surfac 
every ray of light points in a direct line with the radius 
perpendicular to the surface resulting in no reflection, 


s convex then 


135) Not only is the Moon clearly self-luminescent, shining 
its own unique light, but it is also largely transparent. When 
the waxing or waning Moon is visible during the day itis, 
possible to see the blue sky right through the Moon, And on 
a clear night, during a waxing or waning cy 
possible to occasionally see stars and “planets” directly 
through the surface of the Moon! The Royal Astronomical 
Society has on record many such occurrences throughout 
history which all defy the heliocentric model, 


le. itis even 


136) Many people think that modern astronomy’s ability to 
accurately predict lunar and solar eclipses is a result and 
proof positive of the heliocentric theory of the universe. 

that eclipses have been 
accurately predicted by cultures worldwide for thousands of 
‘years before the “heliocentric ball-Earth” was even a 


‘The fact of the matter however 


glimmer in Copernicus’ imagination. Ptolemy in the Ist 
century A.D. accurately predicted eclipses for six hundred 
‘years on the basis of a flat, stationary Earth with equal 
precision as anyone living today. All the way back in 600 
B.C. Thales accurately predicted an eclipse which ended the 
war between the Medes and Lydians. Eclipses happen 
regularly with precision in 18 year cycles, so regardless of 
enttic, flat or globe Earth cosmologies, 


geocentric or helio 


eclipses can be accurately calculated independent of such 
factors. 


137) Another assumption and supposed proof of Earth’s 
shape, heliocentrists claim that lunar eclipses are caused by 
the shadow of the ball-Earth occulting the Moon. They 
claim the Sun, Earth, and Moon spheres perfectly align like 
three billiard balls in a row so that the Sun’s light casts the 
Earth's shadow onto the Moon, Unfortunately for 
heliocentrists, this explanation is rendered completely 
invalid due to the fact that lunar eclipses have happened and 
continue to happen regularly when both the Sun and Moon 
are still visible together above the horizon! For the Sun 
light to be casting Earth’s shadow onto the Moon, the thr 
bodies must be aligned in a straight 180 degree syzygy, but 


as carly as the time of Pliny, there are records of lunar 


cclipses happening while both the Sun and Moon are visible 
in the sky, Therefore the eclipsor of the Moon cannot be the 
Earth/Earth's shadow and some other explanation must be 
sought 


138) Another favorite “proof” of ball-Earthers is the 
‘appearance from an observer on shore of ships’ hulls being 
obfuscated by the water and disappearing from view when 
sailing away towards the horizon. ‘Their claim is that ships? 
hulls disappear before their mast-heads because the ship is 
beginning its d 
ball-Earth. Once again, however, their hasty conclusion is, 
drawn from a faulty premise, namely that only on a ball- 
Earth could this phenomenon oct 
is that the Law of Perspective on plane surfaces dictates and 
necessitates the exact same occurrence. For example a gir! 
wearing a dress walking away towards the horizon will 
appear to sink into the Earth the farther away she walks. 

Her feet will disappear from view first and the distance 
between the ground and the bottom of her dress will 
‘gradually diminish until after about half a mile it seems like 
her dress is touching the ground as she walks on invisible 
legs. Such is the case on plane surfaces, the lowest parts of 
objects receding from a given point of observation 
necessarily disappear before the highest. 


Jination around the convex curvature of the 


ir. The fact of the matter 


139) Not only is the disappearance of ship's hulls explained 
by the Law of Perspective on flat surfaces, it is proven 
undeniably true with the aid of a good telescope. If you 
watch a ship sailing away into the horizon with the naked 
eye until its hull has completely disappeared from view 
under the supposed “curvature of the Earth,” then look 
through a telescope, you will notice the entire ship quickly 
‘zooms back into view, hull and all, proving that the 
disappearance was caused by the Law of Perspective, not by 
a wall of curved water! This also proves that the horizon is, 
simply the vanishing line of perspective from your point of 
view, NOT the alleged “curvature” of Earth, 


140) Foucault's Pendulums are often quoted as proof of a 
rotating Earth but upon closer investigation prove the 
opposite. To begin with, Foucault's pendulums do not 
uniformly swing in any one direction. Sometimes they 


rotate clockwise and sometimes counter-clockwise, 


sometimes they fail to rotate and sometimes they rotate far 
too much, The behavior of the pendulum actually de 
‘on 1) the initial force beginning its swing and, 2) the ball- 
and-socket joint used which most-readily facilitates circular 
motion over any other. The supposed rotation of the Earth is 
completely inconsequential and irrelevant to the pendulum’ 
swing. Ifthe alle 
pendulums in any way, then the 
manually start pendulums in motion. If the Earth's diurnal 
rotation caused the 360 degree uniform diurnal rotation of 
pendulums, then there should not exist a stationary 
pendulum anywhere on Earth! 


ends 


ced constant rotation of the Earth affected 


should be no need to 


141) The “Coriolis Effect" is often said to cause sinks and 
toilet bowls in the Northern Hemisphere to drain spinning in 
‘one direction while in the Southern Hemisphere 
them to spin the opposite way, thus providing proof of the 
spinning ball-Earth. Once again, however, just like 
Foucault’s Pendulums spinning either which way, sinks and 
toilets in the Northern and Southern hemispheres do not 
consistently spin in any one direction! Sinks and toilets in 
the very same household are often found to spin opposite 
directions, depending entirely upon the shape of the basin 
and the angle of the water's entry, not the supposed rotation 
of the Earth. 


using 


142) People claim that if the Earth were flat, they should be 
able to use a telescope and see clear across the oceans! This 
is absurd, however, as the air is full of precipitation 
especially over the oceans, and especially at the lowest 
densest layer of atmosphere is NOT transparent. Picture the 
blurry haze over roads on hot, humid days. Even the best 


telescope will blur out long before you could see across an 
‘ocean. You can, however, use a telescope to zoom in 


MUCH more of our flat Earth than would be possible on a 
ball 25,000 miles in circumference. 


143) People claim that if the Earth were flat, with the Sun 
circling over and around us, we should be able to see the 
Sun from everywhere all over the Earth, and there should be 
daylight even at night-time, Since the Sun is NOT 93 
million miles away but rather just a few thousand and 
shining down like a spotlight, once it has moved 
significantly far enough away from your location it becomes 
invisible beyond the horizon and daylight slowly fades until 
it completely disappears. If the Sun were 93 million miles 
away and the Earth a spinning ball, the transition from 
daylight to night would instead be almost instantaneous as 
‘you passed the terminator line 


144) Pictures of the Moon appearing upside-down in the 
Southern hemisphere and right-side up in the North are often 
cited as proof of the ball-Earth, but once again, upon closer 
inspection, provide another proof of the flat model. In fact, 
time-lapse photography shows the Moon itself turns 
clockwise like a wheel as it circles over and around the 
Earth, You can find pictures of the Moon at 360 de; 
various inclination from all over the Earth simply depending 
‘on where and when the picture was taken, 


Northern Hemisphere 


Southern Hemisphere 


145) Heliocentrists believe the Moon is « ball, even though 
its appearance is clearly that of a flat luminous dise. We 
only ever see the same one face (albeit at various 
inclinations) of the Moon, yet itis claimed that there is 
another “dark side of the Moon” which remains hidden. 
NASA states the Moon spins opposite the spin of the Earth 


in such a perfectly synchronized way that the motions cancel 
cach other out so we will conveniently never be able to 
‘observe the supposed dark-side of the Moon outside of their 
lerrible fake CGI images. The fact of the matter is, 

however, if the Moon were a sphere, observers in Antarctica 
would see a different face from those at the equator, yet they 
do not — just the same flat face rotated at various di 


146) The ball-Earth model claims the Moon orbits around 
the Earth once every 28 days, yet itis plain for anyone to see 
that the Moon orbits around the Earth every single day! The 
Moon's orbit is slightly slower than the Sun's, but follows 
the Sun’s same path from Tropic to Tropic, solstice to 
solstice, making a full circle over the Earth in just unde 
hours. 


147) The ball-Earth model claims the Sun is precisely 400 
times larger than the Moon and 400 times further away from 
Earth making them “falsely” appear exactly the same size 
Once again, the ball model asks us to accept as coincidence 
something that cannot be explained other than by natural 
design, ‘The Sun and the Moon occupy the same amount of 
space in the sky and have been measured with sextants to be 
‘of equal size and equal distance, so claiming otherwise is 
against our eyes, experience, experiments and common 


Moon Earth 


148) Quoting “Earth Not a Globe!” by Samuel Rowbotham, 
“It is found by observation that the stars come to the 
‘meridian about four minutes earlier every twenty-four hours 
than the sun, taking the solar time as the standard, This 
makes 120 minutes every thirty days, and twenty-four hours 
in the year. Hence all the constellations have passed before 
or in advance of the sun in that time. This is the simple fact 
as observed in nature, but the theory of rotundity and 


‘motion on axes and in an orbit has no place for it. Visible 
truth must be ignored, because this theory stands in the way 
and prevents its votaries from understanding it.” 


149) Throughout thousands of years the same constellations 
have remained fixed in their same patterns without moving 
‘out of position whatsoever. Ifthe Earth were a big ball 
spinning around a bigger Sun spinning around a bigger 
galaxy shooting off from the Biggest Bang as NASA claims, 
itis impossible that the constellations would remain so 

fixed. Based on their model, we should, in fact, have an 
centirely different night sky every single night and never 
repeat exactly the same star pattern twice. 


150) If Earth were a spinning ball it would be impossible to 
photograph star-trail time-lapses turning perfect cir 
around Polaris anywhere but the North Pole. At all other 
vantage points the stars would be seen to travel more or less 
horizontally across the observer's horizon due to the alleged. 
1000mph motion beneath their feet. In reality, however, 
Polaris’s surrounding stars can always be photographed 
turning perfect circles around the central star all the way 
down to the Tropic of Capricorn, 


151) If Earth were a spinning ball revolving around the Sun 
it would actually be impossible for star-trail photos to show 
perfect circles even at the North Pole! Since the Earth is 
also allegedly moving 67,000mph around the Sun, the Sun 
moving 500,000mph around the Milky Way, and the entire 


galaxy going 670,000,000mph, these four contradictory 
motions Would make star-trail time-lapses all show irregular 
curved lines. 


152) In 2003, three University Geography professors 
collaborated in an experiment to prove that the state of 
Kansas is indeed actually flatter than a pancake! Using 
topigraphical geodetic surveys covering over 80,000 square 
miles it was determined that Kansas has a flatness ratio of 
0.9997 over the entire state while the average pancake, 
precisely measured using a confocal laser microscope comes 
in at 0.957, making Kansas thereby literally fatter than a 
pancake. 


I 
{ / APANCAKE ‘ 


153) Quoting Reverend Thomas Milner’s “Atlas of Physical 
Geography,” we find that, “Vast areas exhibit a perfectly 
dead level, scarcely a rise existing through 1,500 miles from 
the Carpathians to the Urals. South of the Baltic the 

country is so flat that a prevailing north wind will drive the 
waters of the Stattiner Haf into the mouth of the Oder, and 
sive the river a backward flow 30 or 40 miles. The plains of 
Venezuela and New Granada, in South America chiefly on 
the left of the Orinoco, are termed Hanos, or level fields 
Often in the space of 270 square miles the surface does not 
vary a single foot. The Amazon only falls 12 feet in the last 
700 mites of its course; the La Plata has only a descent of 
‘one thirty-third of an inch a mile.” 


154) The Felix Baumgartner Red Bull dive outsid 
shows the same amount of “curvature of Earth” from 


surfas 


-level to jump-height proving it to be a deceiving 
fish-eyed wide-angle lens, while the inside regular camera 
shows a perfectly flat horizon, eye level at 128,000 fe 
which is only consistent with a flat plane. 


155) Some people claim to have seen the curvature of the 
Earth out their airplane windows, The glass used in all 
commercial airplanes, however, is curved to remain flush 


Original Tesla’s approach to electrodynamics allowed 
him to build in 1934 fuel-less car with electromotor, 
which was powered from some 12 vacuum tubes 
generator of unknown design, 


The standing waves of electric field that were 
observed by Tesla during thunderstorm brought him 
to conclusion about possibility of the system to power 
remote energy consumers from energy generator 
without any transmission lines and without radiation 
methods. He assumed that it is necessary to create 
special standing wave of electric potential (or variable 
in time electric potential field) around the generator, 
then the unlimited number of loads (lamps, motors) in 
area of this potential field can be powered if they are 
tuned in resonance with oscillations of the generator. 
Let's notice that in each receiver the power can't be 
more than power of this generator but it is possible to 
install many independent “receivers” without mutual 
interference. 


‘The modern investigations on these problems sound 
as sensation, because Tesla's works are unknown for 
the modern generation of scientists. Of course, modern 
electronics components and the tools facilities allow 
to create real “miracles” in comparison with the past 
age experiments. For example, engineer Avramenko 
described his work on single-wire power transmission 
in Journal of Russian Physical Ideas, 1991, No.2, and 
in journal “Inventor and rationalizator” 1992, No. 5, 6. 
‘The light bulb (or ventilator) was used as load of the 
single-wire power transmission line. This line can be 
made of high resistance material, for example, 
tungsten, but the power can be transmitted without 
heating of wire! It is possible to say that in this 
experiment a wire does not transmit power from the 
generator to the load, but the wire is the conductor of 
information signal, which is created by polarizational 
current opened and described by M. Faraday. 


It is not difficult to repeat the experiments with single- 
wire line: it is necessary to place two diodes on the 
end of a line, which is connected to secondary 
windings of high voltage transformer (I used television 
set high voltage unit) by such a way that different poles 
of the diodes are connected to the line, Fig.3. 


Fig.3 


Two other poles of diodes create the source of 
potential difference (voltage), from what it is possible 
to charge the capacitor or to power the load 
(luminescent bulb). This diodes scheme is named as 


“Avramenko's diodes plug”. In my experiments it was 
determined that high efficiency mode is resonance 
mode in real line and in this case the maximum change 
of potential is created in the point of connection of 
the “Avramenko's diodes plug”. There is well known 
formulas to calculate this resonance as quarter-wave 
antenna vibrator system. Of course, high frequency 
and high potential allow creating high power in the 
load. In 2001-2003 New Energy Technologies 
magazine have published new experimental results 
on single-wire power transmission reported by 
research team from Moscow (Prof. Strebkov, 
Avramenko, Nekrasov and others). For example, they 
built and tested lines from 20 to 100 Kwtt power level! 


. the electric potential field can create non- 
compensated force in the system and to 
produce a work without any power input. 


One more well known researcher on the subject of 
free energy was Thomas Townsend Brown. He 
considered creation of reactionless propulsion force 
by means of electric forces only. Ionization is not 
considered here! According to his works, the electric 
potential field can create non-compensated force in 
the system and to produce a work without any power 
input. English patent by T. T. Brown #300,311 of 
August 15, 1927 describes the method to create 
propulsion force and power from electric energy 
source only. In this first patent it was claimed that in 
ordinary flat electric capacitor (two flat plates and 
dielectric between them), which is charged up to 
50 kilovolts and more, Brown discovered propulsion 
force. This force moves the capacitor to positively 
charged plate direction. It is only one of his ideas and 
in his other patents of 1930 - 1965 Brown has 
described many new methods to create propulsion 
force and free power in load by means of electric field 
only (scalar potential field as a source!) 


. the efficiency of “electric system can be 
million to one” 


We have to exclude ideas on electrokinetic apparatus 
since it is just a reactive method and propulsion force 
is result of ionization flow. Especial case is Brown's 
idea to create the asymmetry of electrostatic forces 
by means of some special form of surface, USA patent 
#3187206 of June 1, 1965, application of May 9, 1956 
ig 4). 


‘The schemes and descriptions by the Brown's patents 
are undoubtedly the work of great practical value. As 
was mentioned by Brown, the efficiency of “electric 
system can be million to one” because the potential 
field can produce real work, for example, rotate some 
electro generator, but it does not change the primary 
source of field. 


In 1927 T, Brown demonstrated the devices in Ohio, 
later he worked in France. His works in France were 


with the fuselage. This creates a slight effect mixed with 
confirmation bias people mistake for being the alleged 
curvature of the Earth, In actuality, the fact that you can see 
the horizon at eye-level at 35,000 feet out both 
port/starbourd windows proves the Earth is flat, Ifthe Earth 
were a ball, no matter how big, the horizon would stay 
exactly where it was and you would have to look DOWN 
further and further to see the horizon at all. Looking straight 
‘out the window at 35,000 feet you should see nothing but 
“outer-space” from the port and starboard windows, as the 
Earth/horizon are supposed to be BELOW you. If they are 
Visible at eye level outside both side windows, it’s because 
the Earth is Mat! 


156) People also claim to see curvature in Go Pro or other 
high altitude camera footage of the horizon, While it is true 
that the horizon often appears convex in such footage, it just 
as often appears concave or flat depending on the 
tilt/movement of the camera. The effect is simply a 
distortion due to wide-angle lenses. In lens-corrected and 
footage taken without wide-angle technology, all amateur 
high-altitude horizon shots appear perfectly Mat 


157) If “gravity” magically dragged the atmosphere along 
with the spinning ball Earth, that would mean the 
‘atmosphere near the equator would be spinning around at 


‘over 1000mph, the atmosphere over the mid-latitudes would 
bbe spinning around 500mph, and gradually slower down to 
the poles where the atmosphere would be unaffected at 
Omph, In reatity, however, the atmosphere at every point on 
Earth is equally unaffected by this alleged force, as it has 
never been measured or calculated and proven non-existent 
boy the ability of airplanes to fly unabated in any direction 
without experiencing any such atmospheric changes. 


Sie 
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158) If “gravity” magically dragged the atmosphere along 
with the spinning ball Earth, that would mean the higher the 
altitude, the faster the spinning atmosphere would have to be 
turning around the center of rotation, In reality, however. if 
this were happening then rain and fireworks would behave 
centirely differently as they fell down through progressively 
slower and slower spinning atmosphere. Hot-air balloons 
would also be forced steadily faster Eastwards as they 
ascended through the ever increasing atmospheric speeds. 


159) If there were progressively faster and faster spinning 
atmosphere the higher the altitude that would mean it would 
have to abruptly end at some key altitude where the fastest 
layer of gravitized spinning atmosphere meets the supposed 
non-gravitized non-spinning non-atmosphere of infinite 

ice! NASA has never mentioned what altitude 
this impossible feat allegedly happens, but itis easily 
philosophically refuted by the simple fact that vacuums 
cannot exist connected to non-vacuums while maintaining 
the properties of a vacuum —not to mention, the effect such 
‘a transition would have on a rocket “space ship” would be 
disastrous, 


vacuum 5 


160) 1tis impossible for rockets or any type of jet 
propulsion engines to work in the alleged non-atmosphere of 
vacuum space because without air/atmosphere to push 
‘against there is nothing to propel the vehicle forwards. 
Instead the rockets and shuttles would be sent spinning, 
around their own axis uncontrollably in all directions like a 
gyroscope. It would be impossible to fly to the Moon or go 
in any direction whatsoever, especially if “gravity” were real 
and constantly sucking you towards the closest densest 

body. 


161) If Earth were really a ball, there would be no reason to 
use rockets for flying into “outer-space” anyway because 
simply flying an airplane straight at any altitude for tong 
enough should and would send you off into outer-space. To 
prevent their airplanes from flying tangent to the ball-Earth, 
pilots would have to constantly course-correct downwards, 
‘or else within just a few hours the average commercial 
airliner traveling 500mph would find themselves lost in 
“outer-space.” The 
horizons remain level at pilot’s desired altitudes and do 


4 that this never happens, artificial 


NOT require constant downwards adjustments, proves the 
Earth is not a ball 


162) All NASA and other “space agencies” rocket launches, 
never go straight up. Every rocket forms a parabolic curve, 
peaks out, and inevitably starts falling back to Earth. The 
rockets which are declared “successful” are those few which 
don’t explode or start falling too soon but make it out of 
range of spectator view before crashing down into restricted 
waters and recovered. There is no magic altitude where 


rockets or anything else can simply go up, up, up and then 
suddenly just start “i 


This is all a 


163) NASA and other space agencies have been caught 
time and again with air bubbles forming and floating off in 
their official “outer-space” footage, Astronauts have also 
been caught using scuba-space-gear, kicking their legs to 

e, and astronaut Luca Parmitano even almost drowned 
er started filling up his helmet while allegedly on a 
“space-walk.” Itis admitted that astronauts train for thet 


‘space-walks” in under-water training facilities like NASA’S 
“Neutral Buoyancy Lab,” but what is obvious from their 
“space bubbles,” and other blunders is that all official 
“spacewalk” footage is also fake and filmed under-water. 


164) Analysis of many interior videos from the 
“International Space Station,” have shown the use of 
camera-tricks such as green-screens, harnesses and even 
wildly permed hair to achieve a zero-gravity type eflect. 
Footage of astronauts seemingly floating in the zero-gravity 
of their “space station” is indistinguishable from “vomit 
comet” Zero-G airplane footage. By flying parabolic 
maneuvers this Zero-G floating effect can be achieved over 
and over again then edited together. For longer uncut shots, 
NASA has been caught using simple wires and green screen 
technology. 


! 2. T — INTO OUTER SPACE 


165) NASA clai 
Station pass by overhead proving its existence, yet analysis 
of the “ISS” seen through zoom cameras proves it to be 
some type of hologram/drone, not a physical floating space- 
base. As you can see in my documentary “ISS Hoax,” when 
zooming in/out, the “ISS” dramatically and impossibly 
changes shape and color, displaying a prismatic rainbow 


effect until coming into focus much like an old television 


turning on/off 


Through a telescope you can see something that looks ike this, 
synched withthe "ISS Tracker” website claiming I'to be the SS. 


166) The was first 


created by Freemason science-fiction writer Arthur C. 


eostationary communications satellit 


Clarke and supposedly became science-fact just a decade 
later. Before this, radio, television, and navigation systems 
like LORAN and DECCA were already well-established and 
worked fine using only ground-based technologies, 
Nowadays huge fibre-optics cables connect the internet 
across oceans, gigantic cell towers triangulate GPS signals, 


and ionospheric propagation allows radio waves to be 
bounced all without the aid of the scienc 
known as “satellites.” 


ction best-seller 


= - 
AIL Artist Impressions 


167) Satellites are allegedly floati 
thermosphere where temperatures are claimed to be upwards 
of 4,530 degrees Fahrenheit. The metals used in satellites, 


around in the 


however, such as aluminum, gold and titanium have melting 
points of 1,221, 1,948, and 3,034 degrees respectively, all 
far lower than they could possibly handle, 


168) So-called “sa 
reception problems in countries like Kazakhstan with very 
few cell phone towers, If the Earth were a ball with 20,000+ 
satellites surrounding, such blackouts should not regularly 


ellite” phones have been found to have 


‘occur in any rural countryside areas. 


169) So-called “ss 
positioned at a 45 deg 
based repeater tower. If TV antenna 


ellite” TV dishes are almost always 
angle towards the nearest ground 


were actually picking 
up signals from satellites 100+ miles in space, most TV 
dishes should be pointing more or less straight up to the sky 
‘The fact that “s dishes are never pointing straight up 
and almost always positioned at a 45 degree angle proves 


tell 


they are picking up ground-based tower signals and not 
“outer-space satellites, 


170) People even claim to see satellites with their naked 
eyes, but this is ridiculous consid: vy are smaller than 
abus and allegedly 100+ miles away: It is impossible to see 


anything so small that far away. Even using telescopes, no 
but rather 


‘one claims to discern the shape of satellites 
describes seeing passing moving lights, which could easily 
be any number of things from airplanes to drones to 

id flying objects, 


shooting stars or other unidenti 


171) NASA claims there are upwards of 20,000 satellites 
floating around Earth’s upper-atmosphere sending us radio. 


television, GPS, and taking pictures of the planet. All these 


supposed satellite pictures, however, are admittedly 
“composite images, edited in photoshop!” They claim to 

ve “ribbons of imagery” from satellites which must 
then be spliced together to create composite images of the 
th, all of which are clearly CGI and not photographs. If 
Earth were truly a ball with 20,000 satellites orbiting, it 
would be a simple matter to mount a camera and take some 
real photographs. The fact that no real satellite photographs 
‘of the supposed ball Earth exist in favor of NASA's 

is further proof we are 


“ribbons of composite CG imagery 
not being told the truth. 


172) If you pick any cloud in the sky and watch for several 
minutes, two things will happen: the clouds will move and 
they will morph gradually changing shape, In official 
NASA footage of the spinning ball Earth, such as the 
jalileo” time-lapse video however, clouds are constantly 
shown for 24+ hours at a time and not moving or morphing. 


whatsoever! This is completely impossible, further proof 


that NASA produces fake CGI videos, and further evidence 175) Professional photo-analysts have dissected several 
that Earth is not a spinning ball NASA images of the ball-Earth and found undeniable proof 
of computer editing. For example, images of the Earth 


Come on NASA* make your mind up, allegedly taken from the Moon have proven to be copied and 


at does the earth really look like? pasted in, as evidenced by rectangular cuts found inthe 
black background around the “Earth” by adjusting 
brightness and contrast levels. Ifthey were truly on the 
Moon and Earth was truly a ball there would be n0 need to 
fake such pictures, 


173) NASA has several alleged photographs of the ball- 
Earth which show several exact duplicate cloud patterns! 
‘The likelihood of having two or three clouds of the exact 
same shape in the same picture is as likely as finding two or 
three people with exactly the same fingerprints, In fact itis 
solid proof that the clouds were copied and pasted in a 
computer program and that such pictures showing a ball- 
shaped Earth are fakes. 


176) When NASA’s images of the ball-Earth are compared 
with one another the coloration of the land/oceans and 
relative size of the continents are consistently so drastically 
different from one another as to prove beyond any 
reasonable doubt that the pictures are all fake. 


How Big is America.... 


174) NASA graphics artists have placed things like faces, 
dragons, and even the word “SEX” into cloud pattems over 
their various ball: 


arth pictures. Their recent 2015 Pluto 
pictures even clearly have a picture of Disney's “Pluto” the 
dog layered into the background. Such blatant fraud go 
unnoticed by the hypnotized masses, but provides further 
proof ofthe illegitimacy of NASA and their spinning ball 
planet mythos 


‘Photos’ courtesy of NASA. 


177) In the documentary “A Funny Thing Happened on the 
Way to the Moon,” you can watch official leaked NASA 
footage showing Apollo 11 astronauts Buzz. Aldrin, Neil 
Armstrong and Michael Collins, for almost an hour, using 
transparencies and camera-tricks to fake shots of a round 
Earth! They communicate over audio with control in 


Houston about how to accurately stage the shot, and 
someone keeps prompting them on how to effectively 
manipulate the camera to achieve the desired effect. Firs 
they blacked out all the windows except for a downward 
facing circular one, which they aimed the camera towards 
from several feet away. This created the illusion of a ball- 
shaped Earth surrounded by the blackness of space, when in 
fact it was simply a round window in their dark cabin, Neil 
Armstrong claimed at this point to be 130,000 miles from 


Earth, half-way to the Moon, but when camera-tricks were 


finished the viewer could see for themselves the astro-nots 
were not more than a couple dozen miles above the Earth’s 
surface, likely flying in a high-altitude plane! 


178) People claim Google Earth somehow proves the ball 
model without realizing that Google Earth is simply a 
composite program of images taken from high-altitude 
planes and street-level car-cameras superimposed onto a 
CGI model of a ball Earth. The same could be just as easily 
modeled onto a square Earth or any other shape and 
therefore cannot be used as proof of Earth's rotundity. 


179) Ifthe Earth were constantly spinning Eastwards 
1000mph then airplane flight durations going Eastwards vs, 
Westwards should be significantly different. I the average 
commercial airliner travels SOOmph, it follows that 
Westbound equatorial flights should reach their destination 
at approximately thrice the speed as their Eastbound return 
flights. In reality, however, the differences in 
Enst/Westbound flight durations usually amount to a matter 
of minutes, and nothing near what would occur on a 
1000mph spinning ball Earth, 


180) The spinning ball model dictates that the Earth and 
atmosphere would be moving together at approximately 
00mph at the mid-latitudes where an LA to NYC flight 
lakes place, The average commercial airliner traveling 
‘500mph takes 5.5 hours trav h the alleged 
rotation of the Earth, so the return flight West should take 


fing East wi 


only 2.75 hours, but infact we find the average NYC 10 LA 
flight takes 6 hours, a flight time totally inconsistent with 
the spinning ball model. 


181) Flights Eastwards with the alleged spin of the ball 
Earth from Tokyo to LA take an average of 10.5 hours, 
therefore the return flights Westwards a 
spin should take an average of 5.25 hours, but in actual fact 
take an average of 11.5 hours, another flight time totally 
inconsistent with the spinning ball model 


inst the alleged 


182) Flights Eastwards with the alleged spin of the ball- 
Earth from NY to London take an average of 7 hours, 
therefore the return flights Westwards against the alleged 
spin should take an average of 3.5 hours, but in actual fact 
lake an average of 7.5 hours, a flight time totally 
inconsistent with the spinning ball model. 


183) Flights Eastwards from Chicago to Boston with the 
alleged spin of the ball-Earth take an av 
therefore the return flights Westwards against the alleged 
spin should take an average of just over an hour, but in 
actual fact take an average of 2.75 hours, once again, 
completely inconsistent with the spinning ball model. 


cof 


hours, 


184) Flights Eastwards from Paris to Rome with the alle 
spin of the ball-Earth take an average of 2 hours, therefore 
the return flights Westwards against the alleged spin should 
lake an average of 1 hour, but in actual fact have an average 
flight duration of 2 hours 10 minutes, a flight time totally 
inconsistent with the spinning ball model 


Pr) Your Balls Ar 
i: pei 


185) We are told that the Earth and atmosphere spin 
together at such a perfect uniform velocity that no one in 
history has ever seen, heard, felt or measured the supposed 
1000mph movement. This is then often compared to 
traveling in a car at uniform velocity, where we only fee! the 
movement during acceleration or deceleration. In reality, 
however, even with eyes closed, windows up, over smooth 
lar in a luxury car at a mere uniform SOmph, the movement 
absolutely can be felt! At 20 times this speed, Earth's 
imaginary 1000mph spin would most certainly be 
noticeable, felt, seen and heand by all 


186) People sensitive to motion sickness feel distinct 
unease and physical discomfort from motion as slight as an 
levator or a train ride. ‘This means that the 1000mph 
alleged uniform spin of the Earth has no effect on such 
people, but add an extra SOmph uniform velocity of a car 
and their stomach starts turning knots. The idea that motion 
sickness is nowhere apparent in anyone at 1000mph, but 
suddenly comes about at 1050mph is ridiculous and proves 
the Earth is not in motion whatsoever. 


187) The second law of thermodynamics, otherwise known, 
as the law of entropy, along with the fundamental principles 
Of friction/resistance determine the impossibility of Earth 
being a uniformly spinning ball. Over time, the spinning 
ball Earth would experience measurable amounts of drag 
constantly slowing the spin and lengthening the amount of 
hours per day. As not the slightest such change has ever 
‘been observed in all of recorded history it is absurd to 
assume the Earth has ever moved an inch. 


188) Over the years NASA has twice changed their story 
regarding the shape of the Earth. At first they maintained 
Earth was a perfect sphere, which later changed to an 
“oblate spheroid” flattened at the poles, and then changed 
again to being “pear-shaped” as the Southern hemisphere 
allegedly bulges out as well. Unfortunately for NASA, 
however, none of their official pictures show an oblate 
spheroid or pear-shaped Earth! All their pictures, contrary 
to their words, show a spherical (and clearly CGI fake) 
Earth, 


Oblate Spherois 


189) The Bible, Koran, Stimad Bhagavatam, and many 
‘other holy books describe and purport the existence of a 
geocentric, stationary flat Earth, For example, 1 Chronicles 
16:30 and Psalm 96:10 both read, “He has fixed the earth 
firm, immovable.” And Psalm 93:1 says, “The world also is 
Stablished, that it cannot be moved.” The Bible also 
repeatedly affirms that the Earth is “outstretched” as a plane, 
with the outstretched heavens everywhere above (not all 


around) giving a scriptural proof the Earth is not a spinning 
ball 


190) Cultures the world over throughout history have all 
described and purported the existence of a geocentric, 
stationary flat Earth, Egyptians, Indians, Mayans, Chinese, 
Native Americans and literally every ancient civilization on 
Earth had a geocentric flat-Earth cosmology. Before 
Pythagoras, the idea of a spinning ball-Earth was non- 
existent and even after Pythagoras it remained an obscure 
minority view until 2000 years later when Copernicus began 
reviving the heliocentric theory. 


191) From Pythagoras to Copernicus, Galileo and Newton, 
to modern astronauts like Aldrin, Armstrong and Collins, to 
director of NASA and Grand Commander of the 33 degree 
C. Fred Kleinknecht, the founding fathers of the spinning 
ball mythos have all been Freemasons! The fact that so 
many members of this, the largest and oldest secret society 
in existence have all been co-conspirators bringing about 
this literal “planetary revolution” is beyond the possibility of 
coincidence and provides proof of organized collusion in 
enerational deception 


creating and maintaining this multi 
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192) Quoting “Terra Firma” by David Wardlaw Scott, “The 
system of the Universe, as taught by Modern Astronomers, 
being founded entirely on theory, for the truth of which they 
are unable to advance one single real proof, they have 
‘entrenched themselves in a conspiracy of silence, and 
decline to answer any objections which may be made to 
their hypotheses ... Copernicus himself, who revived the 
theory of the heathen philosopher Pythagoras, and his great 
exponent Sir Isaac Newton, confessed that their system of a 
revolving Earth was only a possibility, and could not be 
proved by facts. It is only their followers who have 
decorated it with the name of an ‘exact science, yea, 


according to them, ‘the most exact of all the sciences.’ Yet 
one Astronomer Royal for England once said, speaking of 
the motion of the whole Solar system: ‘The matter is left in a 
‘most delightful state of uncertainty, and I shall be very glad 
ifany one can help me out of it.’ What a very sad position 
for an ‘exact science” to be in is this!” 


193) No child or un-indoctrinated man in their right-mind 
would ever conclude or even conceive given to their own 
es, based on their own personal observations, that the 
arth was a spinning ball revolving around the Sun! Such 
imaginative theories nowhere present in anyone's daily 
experience require and have required massive amounts of 
‘constant propaganda to uphold the illusion, 


devi 


194) From David Wardlaw Scott, “I remember being taught 
when a boy, that the Earth was a great ball, revolving at a 
very rapid rate around the Sun, and, when I expressed to my 
teacher my fears that the waters of the oceans would tumble 
off, Lwas told that they were prevented from doing so by 
Newton's great law of Gravitation, which kept everything in 
its proper place. I presume that my countenance must have 
shown some signs of incredulity, for my teacher immediately 


added - I can show you a direct proof of this; a man can 
whirl around his head a pail filled with water without its 
being spilt, and so, in like manner, can the oceans be 
carried round the Sun without losing a drop. As this 
illustration was evidently intended to settle the matter, I then 
said no more upon the subject. Had such been proposed to 
‘me afterwards as aman, I would have answered somewhat 
as follows - Sir, I beg to say that the illustration you have 
given of a man whirling a pail of water round his head, and 
the oceans revolving round the Sun, does not in any degree 
confirm your argument, because the water in the two cases 
is placed under entirely different circumstances, but, to be of 
any value, the conditions in each case must be the same, 
which here they are not. The pail is a hollow vessel which 
holds the water inside it, whereas, according to your 
teaching, the Earth is a ball, with a continuous curvature 
outside, which, in agreement with the laws of nature, could 
not retain any water. 


195) Astronomers say the magical magnetism of gravity is 
what keeps all the oceans of the world stuck to the ball- 
Earth, They claim that because the Earth is so massive, by 
Virtue of this mass it creates a magic force able to hold 
people, oceans and atmosphere tightly clung to the 
underside of the spinning ball. Unfortunately, however, 
they cannot provide any practical example of this on a scale 
smaller than the planetary, A spinning wet tennis ball, for 
instance, has the exact opposite effect of the supposed ball 
Earth! Any water poured over it simply falls off the sides, 
and giving it a spin results in water flying off 360 degr 
like a dog shaking after a bath. Astronomers concede the 
wet tennis ball example displays the opposite effect of their 
supposed ball- 
the magic adhesive properties of gravity suddenly kick in 
allowing the spinning wet tennis ball-Earth to keep every 
drop of “gravitized” water stuck to the surface, When such 
an unproven theory goes against all experiments, experience 
and common sense, itis high time to drop the theory 


arth, but claim that at some unknown mass, 
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196) Quoting Marshall Hall, “fn short, the sun, moon, and 
stars are actually doing precisely what everyone throughout 
all history has seen them do. We do not believe what our 
eves tell us because we have been taught a counterfeit 

ystem which demands that we believe what has never been 
confirmed by observation or experiment. That counterfeit 
system demands that the Earth rotate on an ‘axis’ every 24 
hours at a speed of over 1000 MPH at the equator. No one 
has ever, ever, ever seen or felt such movement (nor seen or 
{felt the 67,000MPH speed of the Earth's alleged orbit 
‘around the sun or its 500,000 MPH alleged speed around a 
galaxy or its retreat from an alleged ‘Big Bang’ at over 
670,000,000 MPH!). Remember, no experiment has ever 
shown the earth to be moving. Add to that the fact that the 
alleged rotational speed we've all been taught as scientific 
fact MUST decrease every inch or mile one goes north or 
south of the equator, and it becomes readily apparent that 
such things as accurate aerial bombing in WWI (down a 
chimney from 25,000 feet with a plane going any direction 
at high speed) would have been impossible if calculated on 
«an earth moving below at several hundred MPH and 
changing constantly with the latitude.” 


197) Some people claim there is no motive for such a 


‘grand-scale deception and that flat or a ball makes no 
difference. By removing Earth from the motionless center 
of the Universe, these Masons have moved us physically and 
metaphysically from a place of supreme importance to one 
‘of complete nihilistic indifference. If the Earth is the center 
of the Universe, then the ideas of God, creation, and a 
purpose for human existence are resplendent. But if the 
Earth is just one of billions of planets revolving around 
billions of stars in billions of galaxies, then the ideas of God, 
creation, and a specific purpose for Earth and human 
existence become highly implausible. By surreptitiously 
indoctrinating us into their scientific materialist Sun- 
worship, not only do we lose faith in anything beyond the 
material, we gain absolute faith in materiality, superficiatity, 
status, selfishness, hedonism and consumerism, If there is 
no God, and everyone is just an accident, then all that really 
matters is me, me, me. They have turned Madonna, the 
Mother of God, into a material gi living in a material 

world. Their rich, powerful corporations with slick Sun-cult 
logos sell us idols to worship, slowly taking over the world 
while we tacitly believe their “science,” vote for their 
politicians, buy their products, listen to their music, and 
watch their movies, sacrificing our souls at the altar of 
materialism. To quote Morris Kline, “The heliocentric 


theory, by putting the sun at the center of the universe 
‘made man appear to be just one of a possible host of 
wanderers drifting through a cold sky. It seemed less likely 
that he was born to live gloriously and to attain paradise 
upon his death. Less likely, too, was it that he was the object 
of God's ministrations.” 


198) Some say the idea of an inter-generational world-wide 
conspiracy to delude the masses sounds implausible or 
unrealistic, but these people need only famili 
themselves with the works and writings of Freemasons 
themselves, for example John Robison who exposed this in 
his 1798 book, “Proofs of a Conspiracy Against All the 
Religions and Governments of Europe Carried Out in the 
Secret Meetings of the Freemasons, Illuminati and Reading 
Societies.” Supreme Commander of the 33" degree Albert 
Pike was quite forth-coming in several letters regarding the 
Masons ultimate goal of world domination, and in the 
Zionist “Protocols of the Learned Elders of Zion” the exact 


plan by which this would be and has been carried out is 
completely disclosed. 


199) From “Foundations of Many Generations” by E. 
Eschini, “The one thing the fable of the revolving Earth has 
done, it has shown the terrible power ofa lie, a lie has the 
power to make a man a mental slave, so that he dares not 
back the evidence of his own senses. To deny the plain and 
obvious movement of the Sun he sees before him. When he 
feels himself standing on an Earth utterly devoid of motion, 
at the suggestion of someone else he is prepared to accept 
that he is spinning furiously round. When he sees a bird 
‘flying, and gaining over the ground, he is prepared to 
believe that the ground is really travelling a great number of 
times faster than the bird, finally, in order to uphold the 
imagination of a madman, he is prepared to accuse his 
Maker of forming him a sensiferous lie.” 


200) And finally, from Dr. Rowbotham, “Thus we see that 
this Newtonian philosophy is devoid of consistency: its 
details are the result of an entire violation of the laws of 
legitimate reasoning, and all its premises are assumed. It is, 
in fact, nothing more than assumption upon assumption, and 
the conclusions derived therefrom are willfully considered 
as things proved, and to be employed as truths to 
substantiate the first and fundamental assumptions. Such a 
juggle and jumble’ of fancies and falsehoods extended and 
intensified as in theoretical astronomy is calculated to make 
the unprejudiced inguirer revolt with horror from the 
terrible conjuration which has been practised upon him; 10 
sternly resolve to resist its further progress; to endeavour to 
over-throw the entire edifice, and to bury in its ruins the 


{false honours which have been associated with its 
fabricators, and which still attach to its devotees. For the 
learning, the patience, the perseverance and devotion for 
which they have ever been examples, honour and applause 
need not be withheld; but their false reasoning, the 
advantages they have taken of the general ignorance of 
‘mankind in respect to astronomical subjects, and the 
unfounded theories they have advanced and defended, 
cannot be otherwise than regretted, and ought to be by every 
possible means uprooted.” 


For more information about our Flat Earth read “The 
Flat Earth Conspiracy” by Erie Dubay and visit: 


://www.AtlanteanConspiracy.com 


stopped and he returned in the USA. Detailed information on his works can be received from descriptions of 
patents http:// com/brown and from the book “Electrograviticis Systems” by Thomas Valone, 
Integrity Research Institute, USA. 
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INTRODUCTION 


The aim of this book is to show that organic gardening is gardening 
at its best. The most successful organic gardeners learn that the 
use of artifical chemicals for short-term gains leads to long-term 

losses and also that nature makes the best model. Whether you want 
to grow organic produce for your table, have a dazzling display of 
summer colour or create a wildlife paradise, the organic garden is 
for you. Many techniques may already be familiar to you and the 

change will be less difficult than you think. Going organic may not 
change the world immediately, but being an organic gardener 


means that you can make a difference to the wellbeing of the world 


. Left: A well-maintained ornamental garden 
will reward the keen organic gardener with a 
wealth of dazzling cofour. 


Above: Organic gardens are highly ‘Above: The organic garden is the ideal ‘Above: Omamental plants and flowers a= 
beneficial to wildlife because they mimic place in which to grow a selection of fresh perfectly at hame and thrive in 2.garcien 
natural environments. healthy vegetable. Uses organic principles. 


| 


WHAT IS ORGANIC 
GARDENING? 


org: 


The term organic means of ving origin. When applied to gardening, 
nic has come to mean the systematic use of techniques that mirror 
naturally occurring systems. Put simply, itis about finding environmentally 


nendly ways to cultivate the land, working with rather than against nature. 


Organic gardening refers not just to a system of techniques, however, but 


also to a whole philosophy of life. 


THE ORIGINS OF ORGANIC 
GARDENING 

im the paint of view of gardening, the 
modem” organic movement began in 
jate19405 as a reaction to the increased 
of pesticides and synthetic fertilzers in 
fer the Second World War, In 

y respects, however, the principles of 
rdening have been practised for 
juries. Ancient writers, among them 


mportance of 
ihe land”. Thomas Tusser, in his 
rk of T5E0 entitled Five Hundred 
of Good Husbandry, recommends 
09 rotation to maintain good health, 
17th-century English garden writer 
lyn begins his Kalendlarium 

tense with a section describing how to 
ch the ground in mid-winter with "horse 
"e6p dung especially, that you may 


of 


‘Above: Many of the plants that benefit 
widife also make showy and decorative 
additions to beds and borders, 


ORGANIC GARDENING IN THE 
21ST CENTURY 

Much of the current interest in organic. 
gardening began in the 1960s, when there: 
‘was increasing concern about the growing 
levels of environmental damage caused by 
pesticides and other agrochemicals. If they 


Above: The organic garden uses @ range 
‘of natural materials, including by-products 
such as chicken manure, 


‘were causing so much damage to the 
?ratural world, then surely they must 
ultimately affect human beings? 

‘The organic approach aims to reduce 
the etfects that our gardens, farms and cities 
have upon the wider natural environment, 
Activities such as recyciing, using 
sustainably produced materials and avoiding 
pesticides and other harmful agrochemicals, 
allhelp in this. Organic gardening is often 
described as being a more natural way to 
garden, This can make it appear to be 
somehow revolutionary In many ways, 
however, organic gardening could be said 
to be counter-revolutionary. It aims to avoid 
artificial inputs and gains. Instead it draws 
from a vast resource of wisdom and 
‘experience amassed aver 10,000 years. 
Much of the so-called conventional wiscom 
is, in fact, very recent. We only have to look 
back as far as our grandparents to see that 
they were naturally organic gardeners. 
‘Organic gardening then is the marriage of 
{g00d horticultural practice to an awareness 
of our impact upon our surroundings. 


IS IT POSSIBLE TO BE WHOLLY 
ORGANIC? 

‘The short answer to this would probably 
have to be... with great aitficutty. Gut the 
Purpose ofthis book is not to promote 
ifficulty or set unattainable goals, The aim 
should always be to aspire to the ideal 
solution. Almost al of us face compromise, 
ona daily basis and understand that 
practicaities outweigh personal ideals, 

With perseverance and practice, however, it 
is possible to become less campromised in 
own garden. Simple 
ance of good 


ine confines of y 


planning and the obser 


Left: Organic gardens can be beautifully 
designed and can include a mixture of 
‘ornamental and edible plants. 


‘Above: A well-designed and properly 
‘maintained organic garden can be both 
attractive and productive. 


gardening practice can steady improve your 
nic credentials and, with time, a natural 
ce willbe established in your garden, 
Ultimately, the aim of all organic gardeners, 
iney landscaping a city garden, tending 
a country estate or growing home: 
produced vegetables, isto make choices 
fopriats to their situation. Itis better ta 
few steps towards the organic way 
ian to ignare it campletely 


Above: Vegetables need not be planted in 
rows. Here, the beds are arranged in an 
attractive geometric pattern. 


ORGANIC STANDARDS 
COrganie standards are set out to 
‘explain the requirements that farmers, 
‘growers, processors and others must, 
‘meet inorder for their products or 
services to be marketed as organic. 
‘The standards can be extensive and 
‘cover a wide range of farming, growing 
‘and food manufacturing practices. 


‘Are organic standards the same 
‘worldwide? No, Different countries 
may stipulate thelr own standards. 
IFOAM isthe International Federation 
of Organic Agricultural Movernents that 
represents the worldwide body of 
organic agriculture and provides a 
platform forthe global exchange of 
information and co-operation. 


‘Are any chemicals allowed in organic 
production? Yes. In line with the legal 
framework of the country, avery limited 
‘number of chemicals are allowed on a 
restricted basis, Organic standards do 
not allow the use of artificial herbicides 
‘or fungicides. By comparison, in 
non-organic farming as many as 450 
‘chemicals can be routinely used 
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organic gardening severely restricts 
the use of artificial chemical fertilizers 
‘and pesticides, then how do | keep my 
garden healthy? Organic gardeners rely 

‘on developing a healthy fertile soil and 
growing a mixture of crops. By following 
these basic practices, organic gardeners 
Work in harmony with nature and aim to 
achieve a healthy natural balance within 

their gardens. 


Do Ihave to achieve any standards 
to become organic? No. Commercial 
standards are very strict and nat 
necessarily easy to achieve for the 
‘amateur. Everyone must make choices 
appropriate to their own situation. 


Is the organic movement just concerned 
with growing food? No. Going organic 

is not ust about organic food - it should 
become a way of if. Today, organic wood, 
clothing, gardening products and even 
restaurants can alle found, This means 
that other areas of your Ife can be organic. 

as wellas your garden. It does not always 
‘mean completely changing your lfe, but it 

can change lives: 


WHY GO ORGANIC? 


nis commonly asked question is easy to answer. The primary reason to 
embrace the organic approach is health. This means the well-being of 
the inalvidual as well as the health of the environment, Many pesticides 
can accumulate over time, both in our own bodies and in the wider 
environment, @ poisonous legacy that can persist for decades. Organic 
gardening seeks to redress this damage by working with and encouraging 
nature. It is a long-term investment in the health and wellbeing of us all. 


GREEN CUISINE 
day seems to go by without some 
tion about the benefits or 
imental effects of some food or other. 
ncemns about the "goodness" of 
35 that we eat have been a major 

to supermarkets to supply a 
jemand for organic produce. 

ere can be littl that equals the 

fon to be derived from eating 
oms-produced food, gathered fresh from 
garden. What better than garden-f 
les that are produced naturally 
ny? 


A GREENER, SAFER GARDEN 
Although we think of our gardens as places 
treat we have used a cocktail of 
pesticides and agrochemicals on them that 
ripped them of their natural civersty 


hs 


that they were intended to, Al that 
in this noxious onslaught is the 
‘wild occupants and ultimately 


Above: Organic flower gardens, with their wide range of wildlife 
friendly plants, can provide a balanced habitat for birds and insects 
that is dlverse, interesting and beautitu to look at. 


the plants, This cycle of pesticide use 
‘eventually turns your personal paradise into 
a potential heath hazard. 


HELPING THE ENVIRONMENT 
For many af us it;an seem that there is ite 
that we can do to change the degradation 
of our environment, But the truth is that the 
actions of all of us have both positive ang 
negative impacts upon the land. If every 
individual reduces his or her own negative 
lmpact upon the environment, then 
collectively we can make a difference, By 
changing the way you garden to a more 
organic way, you can begin the healing 
process, Iterally in your own backyard 


PROTECTING AND ENCOURAGING 
WILDLIFE 

Be ita bird on a feader or brightly coloured 
butterflies on a flower, most of us enjoy 
seeing visitors rom the wid in our gardens. 
But many of the unsung heroes of our 
gardens the insects, worms, amphibians, 


‘Above: Butterflies are just one of the many 
different types of wildlife that can benefit 
from a pesticide-free garden. 


‘and mammals that crawl, slither and scury 
ut of sight ~are equally important and may 
even be the reason why some of the larger 
visitors come. Organic gardening helps 
many of these and promotes a balance of 
willife that is both interesting and beautiful 
to look at 


SO WHAT IF | DO NOT GO 
ORGANIC? 

While the intention of this book is nat to 
dwell upon negative points, the cost of not 
adopting an organic approach may be seen 
all around us. This is most frequently 
Noticed as fields and apen spaces bereft of 
butterflies, bees, birds and other wife 
with very ite diversity of plant species. itis 
Unthinkable that we could hand this planet 
to successive generations in a denuded and 
impoverished state, Perhaps a garden free 
‘of "bugs" may sound attractive to some, 

but the long-term cost to the environment 
may be felt for generations and in the worst 
case may even be permanent, 


‘Above: Imaginative planting designs can result in beautiful contrasts 
of flowers and follage, while also providing a wealth of flavourful, 
home-grown food for your table. 


IT'S A SOLUTION AND IT'S FUN! 
COrganie gardening is nat the solution to al 
humankindls problems, However itis a 
rostve and valuable step that you as an 
individual can take. What's more, you can 
Contribute positively to the wellbeing of 
your suroundings and to that of your wider 
envirorment by doing something thats also 
fun and rewarding 


WILL “GOING ORGANIC” MEAN 
THAT MY WHOLE LIFESTYLE HAS 
TO CHANGE? 

(Organic gardening is often presented as 
part ofa more general “organic movement”. 
This movement owes its origins to a range 
cf social philosophies, some of which are 
more fundamentalist than others, The aim 
‘of organic gardening is to change the way 
that you garden and nat your whole if 
People frequently get confused about the 
meaning of words that are used as part of 
the wider organic movement, Four of these 
terms are explained below. Of these, three 
describe a whole philosophy that affects 
practitioners far beyond the confines of 
thelr own gardens. An understanding of the 
philosophies of others can help inspire your 
‘own lifestyle changes and all have their own 
points of interest. In the end, however itis a 
matter of choioe for you alone and itis best 
to decide just how organic you (and your 
famniy) wish to be. 

Biodiversity literally means “the variety of 
ite". tincludes athe different plant, animal, 
fungus and microscopic species inthe 
‘word, It also considers the genes they 
‘contain and the ecosystems of which they 
form a part, Biodiversity has been seen as 
the total complexity of allie, including not 
only the great variety of organisms but also 
theie varying behaviour and interactions, 

‘An organic garden aims to maximize all 
these many diferent things which are vital 
to every part of the garden, but especially 
important when considering the soil. Soil 
biodiversity is the “lifeblood” of the organic 
garden and demands investment in order to 
yield a return, 

Biodynamic is desoribed by its 
practitioners as a science of life forces, 
recognizing the basic principles at work in 
nature and teking into account how our 
actions can bring balance and healing to 
the word, It is based upon the work of 
Rudo Steiner and is said to offer an 
account ofthe spiritual history of the Earth, 
as aliving being. its enthusiasts advocate a 


Above: The foliage and form of many types 
of vegetables can provide striking contrasts 
in the vegetable garden, 


broadening of personal perspective that 
Includes an understanding of cosmic 
rhythms, natural healing, a respect for life 
forces and ultimately a shit away from 
centralized economic strategies. 
Permaculture is 2 concept that was 
criginally developed in the 1970s by 
Australians Bil Molinson and Davie 
Holareen. It was conceived as a response 
toincreasing concems over the 
deteriorating natural environment, They 
attempted to answer the question "how do 
\we, as the human species, sustain 
‘ourselves and provide for the needs of the 
‘environment for an indefinite period of 
time?". The answer to this question is the 
‘basis for creating a permanent culture 
(Perma-Culture). This philosophy aims to 
unite practical, ecological design 
philosophies by incorporating natural 
systems and materials into human habitats. 
Permaculture rejects short-term gains in 
favour of long-term stabilty for the 
‘environment and those who live init. 
Self-sutficiency is an ideal rather than a 
realty for mast that attempt it, as modern 


living usually dictates some degree of trade, 


‘even ifit is liited., Advocates of self- 
sufficiency aim to produce everything that 
they need in order to support themselves. 
‘The only imports are those that cannot be 
produced by an individual 


REASONS FOR 
Goinc oncanic 

Below are just a few of the positive 
benefits that organic gardening may 
bring to you and your environment. 


Human impact on the earth Organic 
systems reduce dependence on 
non-renewable resources. The world 
has an increasing population, but many 
of our resources are in limited supply 
Using renewable resources helps to 
‘secure our common future, 


‘Traditional methods with modern 
techniques Organic systems rely on 3 
modern, scientific understanding of 
ecology and soll science. They also 
‘depend on traditional methods of crop 
rotation to ensure soilfertlty as well as 
weed and pest control 


Local solutions to global problems 
‘The organic movernent encourages 

Individuals to act on a local evel, while 
thinking about how this affects the works 


Best for biodiversity Organic growing = 
friendlier to the environment, so there 
Js a greater diversity of birds, butterfies 
and plants in organic gardens. 


Minimize your waste We produce 2 
huge amount of waste, including 
packaging and kitchen and garden 
‘waste. Recycling and waste reduction 
are key issues for arganic ving, 


‘Mimicking natural systems Organic 
{gardening uses nature as its mode! and, 
‘by working in harmony with nature, 
aims to achieve a natural balance, By 
‘maintaining this equilibrium, organic 
‘gardens becoms very stable entities, 


‘Amore interesting garden Organic 
‘production is more sustainable and 
friendlier to the environment. By 
‘becoming involved in the whole natural 
‘oycle, you will gain greater satisfaction 
{rom your own personal Eden. 


systems recognize that our health 
‘connected to the quality of our food 
and, utimately, to the health ofthe soil 
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UNDERSTANDING YOUR 


GARDEN 


Pants, like all living things, flourish when given the right conalitions, 
Certain plants will only thrive in a hot, sunny and dry garden, for example, 
while others may need cool, moist and shady conditions to prosper. If you 
are to have healthy plants, you need to choose those that are best suited 
to your gardlen and this means understanding exactly what conditions 
prevail and taking into account a range of environmental factors. 


CLIMATE 
The climate causes a variety of responses, 
depending upon the plant's looation, its 
stage of maturity, the length of exposure and 
the intensity of the type of weather. Cimate 
may have a dramatic effect on plant growth 
and development, especially when extreme 
‘weather conditions prevail 


TEMPERATURE 
Al plant species have thelr own maximum 
and minimum temperature tolerances, 
‘beyond which the ife processes ofthe plant, 
cosase. As a general rule, the maximum 
temperature that most plants can tolerate is 
‘around 35°C (96°F), while the minimum is 
highly variable. The air and sol temperatures 
are also crucial in influencing dormancy within 
plants and this, in tur, largely dictates the 
length of the growing season, 

Air temperature is affected by the degree 
of energy received from the sun. A sheltered 
site that benefits from the warming effects of 
the sun may be used for growing plants that 
are indigenous to warmer climates. 


Soll temperature influences a plant's roat 
development and the rate at which water 
‘and nutrients can be absorbed, Sandy soils, 
warm up quicker an 
than clay soils, mainly because they are 
relatively free draining and do not hald 
much water. Stes that receive a lot of sun, 
‘or with a sight incline towards, wil also 
‘warm up quicker than shady ones. 


WATER 
This is the major constituent of all plants, 
Inmost gardens, rainfall is the principal 
source of water for plants and it can be lost 
through evaporation or surface run-off, 
although much of tis soaked up by soll 
particles. This water may then be absorbed 
by the root hairs of the plant. A steady 
supply of water is essential for the plant to 
sustain itself and for optimum growth, 

Water may also be held in the air and is 
referred to as humidity The amount of water 
‘vapour in the atmosphere at any one time is 
referred to as the relative humidity and! is 
measured as a percentage of the saturation 
ppoint (100 per cent humiaity). In areas that 
receive heavy rainfall, relative humidity is 
also higher, Many plants, such as ferns and 
mosses, thrive in such conditions. But high 
relative humidity can have undesirable 
ctfects on plants, often encouraging disease. 

Wateriogging refers to the build-up of 
Water that may occur in badly drained soll 
with poor structure, The roots of plants that 
are not adapted to these conditions wil 
suffer and probably die through asphyxiation. 


Left: A bog garcien provides ideal 
conditions fora range of decorative 
‘moisture-loving plants. 


Right: Blossom is both pretty and essential 
for good truit-set. A sheltered site wil also 
‘encourage pollinating insects. 


Above: A hat, sunny spot is ideal for 
growing pretty summer flowers such as 
‘arayranthemums and verbenas, 


LIGHT LEVELS 
‘Sunlight enables photosynthesis (the 
method by which plant food is made) to 
occur. As a result, itis vital to new growth a 
well as sustaining existing growth, Seasonal 
changes in light levels may also trigger 
ifferent stages in the plants’ development, 


AIR CIRCULATION 
Even moderate winds can increase a plant’ 
transpiration rate, However, a light wind car 
also have beneficial effects, providing relief 
from extreme heat and cooling the foliage 
It will also “change the ait” around the plant 
and thus help to alleviate a stagnant 
‘atmosphere that could promote disease, 


ASSESSING THE CLIMATE 
A range of climatic information is generally 
available for your local region. Weather 
forecasts are an obvious source, but long. 
term records are sometimes available, Fron 
these you should be able to get a picture 
Of the average rainfall, snow, frosty days, 
\Wind direction and monthly temperatures 


Shrubs 
ven a small garden can 


contain 2 wid variety of 
icrociimates, ranging from 
cool, shady comers to hot, 
chy areas. A proper 
assessment of the growing 
cconaitions that prevail in 
your garden allows you to 
choose the right plants for 
the right place, 


Darke and wat area 


ATYPICAL GARDEN AND ITS MicROCLIMATES: 


Dry stone wall 


A GARDEN’S MICROCLIMATE 
‘The prevaiing weather consitions in 
‘confined or discrete areas are termed the 
microcimate, For example, there willbe a 
range of environments within a small 
‘domestic garden that may be very different 
‘rom those weather conditions prevaliing 
‘elsewhere in the locality. Observe what is, 
going on in your own garden and keep a 
careful record of the position and influence 
of the following features, 

Walls, hedges and fences may cause 
Wind turbulence and dryness, depending 
upon their height and density. They may 
‘cauise cold air to build up on sloping sites 
by preventing itfrom “draining away" 
downwards. This can create frost pockets 
that may have a crucial effect on the type 
and range of plants that may be grown 
‘Shadow projections from permanent 
features, such as buldings, walls, hedges 
and large trees, may create a range of 
cense shadow resulting in dark, dry and 
cften coo! conditions that will only suit 
certain piant species, 

Hot spots may occur with aspects that are 
subject to high and prolonged levels of 
sunlight. Plants may struggle in the dryness 
‘created by such strong sunlight. 


Damp areas may be anticipated where the 
grounds low-tying, especially on very heavy 
‘sails. During heavy rainfall you should also 
Note the direction of water flow, inoluding 
‘whore necessary the route taken by excess 
surface water, which may in extreme cases 
be the cause of sal erosion. 

Soil type and pH play an important role in 
the ability ofa site to support particular 
plant species, The relative acidity or 
alkalinity can affect the availabilty of certain 
essential nutrients, leading to elther shortage 
‘or toxicity in plants not ideally sulted to the 
PH of a sail tis always better to choose 
plants that thrive in the particular pH of a 
soll. Attempts to alter the pH by aciciying 
‘oradding lime are rarely satistactory and 
nether are iong-term solutions, 

Existing habitat types on and around the 
‘garden incicate what plants are likely 0 
thrive. Notes should be made on the range 
‘of species and the likely wildife value 

‘The garden topography (the shape and 
aspect of the land) may also affect what you 
are able to do. Ifa garden slopes toward the 


Right: A shady corner of the garden 
provides the perfect place for shade lovers 
such as these foxgloves (Digitalis) 


Cool, damp and dark area 


Wisteria 


Exposed, windy area 


Wire fencing 


direction of the midday sun, for instance 
it willbe warmer than a fat ste. Sloping or 
uneven garclens have their own problems 
particularly if you wish to site a greenhouse 


RIGHT PLANT, RIGHT PLACE 

‘Once you have assessed your garden 
environment, you will be able to choose 
right plants for your site. Every garden has 
its own unique set of advantages and 


limitations, and these take: time fo evaluat 
0 tial and errr is ultimately the mast 
reliable method. 


14 Introduction 


THE ORGANIC CYCLE 


Plants produce their own food using carbon dioxide from the air, water 


from the soil and energy from the sun in a process known as 
photosynthesis. The energy in this sugar powers all the growth, 
development and life-giving processes within the plant. Plants must also 
produce a range of other substances, including proteins, fats, oils and 
cellulose, for which they need nutrients such as nitrogen, phosphorus, 
and potassium. These are almost always taken up through the roots. 


WHAT PLANTS NEED 
Innatural systems, nitrogen, phosphorus 
and potassium are repeatedly taken up by 
the plant, usad and returned to the sal 
\when the plant dies, drops its leaves or is 
eaten by an animal. This process is known 
2s nutrient cycling, Plant nutrients are 
covered in more dept later. For now we 
need only look at three of the most important 
cycles: water, carbon and ritrogen. 


THE WATER CYCLE 
‘The moverant and endless recycling of 
water between the atmosphere, the surface 
of the land and under the sol is called the 
water cycle and is driven by the energy of 
the sun and the foree of gravity. 

Water vapourin the atmosphere 
condenses into clouds, which fall as snow, 
rain, sleet or hail, This water may be taken 
up by plants, stored in lakes, entor the soll 
or flow over the surface in streams. The sun 
causes water to evaporate back into the 
atmosphere, or gravity may pull it down 
through the pores of the soll to be stored as 
‘slow-moving ground water. Water can also 
retum to the atmosphere inairectly through 
plants’ leaves ~a process known as 


Right: Left to develop 
aturally, grassland 
will become a rich 
and diverse habitat 
fora wealth of both 
‘plants and wildlife. 


transpiration — this being highest during 
periods of high temperatures, wind, dry air 
and sunshine. 


THE CARBON CYCLE 

‘The movement of carbon, in its many forms, 
between the total ving content of the earth, 
the atmosphere, oceans, and the racks and 


Above: Plant leaves are remarkable 
structures because they are the factories 
in whic a plant makes its food. 


‘Above: Plants rely on water, taken up 
through the roots, to support their Ifa 
processes and facilitate growth, 


soils covering the suriace, is termed the 
carbon cycle. Itis complex and far reaching, 
‘The same carbon atoms in your body today 
have been used in countless other 
‘molecules since time began, Plants absorb 
ccartvon dioxide from the atmosphere during 
photosynthesis (food production) and 
release it back into the atmosphere during 
respiration (food use). This process is the 
great natural recycler of carbon atoms, 


THE NITROGEN CYCLE 
Nitrogen is used by ving organisms to 
proclice a number of complex organic 
molecules such as amino acids, proteins 
and nucleic acids, the *buiding blocks" of 
Ife, The largest store of nitrogen is in the 
atmosphere, where it existe as a gas. This 
stores about one milion mes larger than 
‘the total nitogen contained in ving organisms, 


Besides, there is the simplest example of creation of 
real work by means of potential field that is also 
resulting from the Brown's works. Usually two plates 
of electric capacitor are equal to each other. However, 
if one of the plates is small and another one is large 
then the electric field between them is not isotropy 
field and in this case there is some gradient of intensity 
of the field. In such field any dielectrical object, for 
example a ball, will be polarized unevenly and due to. 
this fact some force should make it to be moving aside, 
where the field has the greater intensity. Ihave to note 
for mathematicians that since the intensity is “gradient 
of potential” then gradient of intensity is the gradient 
of the gradient, i.e. it is the second derivative of 
potential. This idea is an example of the well-known 
rule: the change gives the new quality. 


‘The example of creation of the propulsion force by 
means of potential field is also connected with 
“perpetuum mobile” task, since conductivity 
currents in the capacitor are very small and it almost 
does not require power consumption (after being 
charged once time) and the system can produce 
mechanical work permanently, in this case it is the 
work against the gravity force. In general case, if the 
design allows asymmetrical energy transformations, 
then the surplus output power and reactionless 
propulsion force can be created in this system. 


‘Most likely future aerospace systems, which are based 
on the electrogravity, are the most perspective 
direction of free energy technologies. Why not for the 
power engineering? It is clear that now there are some 
existing fuel heating systems, heat stations and 
power industry to provide by some traditional way 
all current needs of the society and due to this fact 
the innovation of any free energy technology is related 
with hard competition. However, for commercial 
programs for cosmos the reactive rockets principles 
are not acceptable more. Each satellite during its 
operation should produce profit to compensate large 
expenses for the rocket-carrier. Only fuel-less 
propulsion systems can allow developing space 
commercial programs that are new infinite market, 
Let's note that the gravitational (reactionless 
propulsion) technologies are not related with 
cosmodrome and their cost can be quite acceptable 
to realize the project with private funds. 


.. future aerospace systems, which are 
based on the electrogravity, are the most 
perspective direction of free energy 
technologies. 


There are some known examples of free energy 
systems. 


In 1921 The Seattle Times, as well as Denver Post of 
August 8, 1921 published the articles about inventions 
of Alfred Earl Hubbard. His device included the central 
core with coil and eight remote coils placed around 
the central core. After primary impulse, the impulses 


in all coils were powered and rotating magnetic field 
was created in central coil. The power produced in 
the central coil was quite sufficient for self-excitation 
of the system and for producing of useful work in the 
load (motor). The boat and the car with electromotor, 
which was powered from the Hubbard's generator, 
were demonstrated, 


In 1928, Lester Hendershot invented the electric 
generator of 300-Watts power. This device was 
designed of details used in radio-receiver to get 
oscillator (500 kilohertz) and non-inductive coil. Later, 
in 1970, William Cooper experimented with non- 
inductive bifilar coils. He used induction phenomenon 
in the case of zero magnetic component (two-wire 
winding or flat spire coil). 


‘The Cooper's USA patent 3610971 of 1971 describes 
the principle and the device to create power in 
secondary circuit without reaction on primary 
circuit, as well as method to get reactionless 
propulsion force for aerospace application. Cooper also 
has found that specially designed coils can produce 
the field, which can not be screened and this field has 
some common parameters with the gravitational field. 


The gravitation is considered by Cooper as a 
polarization of atoms in gravity field of planet. So he 
declares in description of his patent: “the electronic 
generator... of super high frequency creating the 
pulsing electric field of single polarity... acting in 
‘opposite direction to the Earth gravitational field... that 
to depolarized the atoms and to release them from the 
gravitation” 


Fig.5 


By the way, the gravitational field itself can be used to 
get a power. “Unbalanced wheel” is a well known 
design. The weights on the one side of the wheel, 
which is rotating in vertical plane, can be organized to 
be moving to axis, but on the another side the same 
weights can be organized to be shifted from the axis 
tothe periphery of the wheel. By this way there is some 


TAEGCT 


NUTRIENT CYCLES IN A TYPICAL GARDEN 


Even small gardens contain natural cycles. Elements and 
nutrients are cycled repeatedly bath within the environment / 
and as @ result of the complex food chains and webs. a 


This cycle of nature is essential in creating a balanced and 


healthy habitat, 


CHAIN 


Despite its abundance in the atmosphere, 
plants can only take up nitrogen in two solid 
forms: ammonium and nitrate, Most plants 
full their needs using nitrate from the soll 
‘Ammonium is used lass frequently because 
itis towic in large concentrations. Most 
‘ecosystems have nitrogen stored in ving 
‘and dead organic matter, which re-enters 
the cycle via decomposition. Decomposers 
inthe soil, such as bacteria and fungi, 
chemically modify the nitrogen found in this, 
organic matter, 

‘Aimast all ofthe nitragen found in any 
terrestrial ecosystem originally came from 
the atmosphere and is biochemically 
converted ("fixed") into a useful form within 
the soll by specialized bacteria, Members 
of the bean family equmes) and some 


other kinds of plants form relationships 
with nitrogen-fxing bacteria n exchange 
fornitrogen, the bacteria receive food from 
the plants and special root structures 
(nodules) that provide protection 


WHAT ARE ECOSYSTEMS? 
Shor for ecological systems, ecosystems 
‘are communities of plants and animals that 
consist of a given habitat (the place where 
an organism lives) and its community (ll the 
plants and animals that live int), Any group 
of living and non-living things interacting 
with each other (including those found in 
‘gardens) can be considered an ecosystem, 
‘The chemical materials that are 
‘extracted from the envronment and 
changed into living tissue by plants and 


Nitrates taken up by plants 


Hawks 


_ Fence with timbers 


NITROGEN 
CYCLE 


Nitrogen in 
atmesphero 


CARBON CYCLE 
Carbon dxide 


animals are continually recycled within the 
ecosystem. These nutrient cycles are at 
their most efficient when an ecosystem 
has a good! diversity of species, Such 
Civersity tends to make a community stable 
and self-perpetuating, 


FOOD CHAINS AND WEBS 

The energy necessary for life reaches the 
‘earth as sunlight. This is made into food 
‘and stored in plants. Animals acquire some 
of the stored eneray by eating the plants or 
bby eating other plant-eating animals, Such 
‘sequences, called food chains, overlap at 
many points, forming food wabs which 
show ‘who eats whom" in an ecosystem, 
fone animal or plants affected, then the 
‘entire food web can be changed, 


SOIL AND SOIL 
MANAGEMENT 


Soil is the most precious resource in your garden. Some inherit a 
well-tended soil, while others, particularly those moving into new 
homes, inherit a rubble-filled mass. However, any soil can be 
improved through time and effort. If you regard your soil as a 
living entity, you will see that essential plant nutrients are cycled 
by a microscopic army of inhabitants and larger worms, insects 
and grubs. All these creatures need air, moisture and food. Using 
manure, garden compost and other sources of organic matter is 
the key to sustaining this soil life and keeping the soil healthy. 


Lott: The key to developing a successful 
organic garden fles in the careful 
‘management ofthe sol, 


Above: Newly planted crops must be kept. Above: Companion plants can help to Above: Crops that are grown in rows must 
weed free so that water and nutrients are protect crops naturally rom pests, thus be rotated on a reqular basis in order to 
freely available. avoiding damage to the soil ecology. avoid sall-bomne pests and diseases. 
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IVWPES Ol Sone 


Soil is probably the most important constituent of any organic garden 
because itis vital for successful plant growth. Understanding your soil 
and knowing how this can help you to create a healthy, fertile growing 
environment for your plants should be a prionty. The starting paint in this 


process is an understanding of the different soil types and how they affect 


the plants you can grow, Once you understand the soil in your own 
garden, then you wil be able to create a successful organic garden. 


WHAT ARE SOILS MADE OF? 
‘Both natural sols and some potting mixes 
for container-grown plants usually have fe 
main components. These are mineral 
particles (the inorganic fraction), organic 
matter the remains of ving organisms), 
water (the “sol solution"), air (which fils the 
spaces batween sold particles that are not 
filed with water) and living organisms, The 
proportions of these components vary 
‘widely aocording tothe soll type, or the 
growing medum, 

‘The proportions of water, alr and organic 
matter can be reaclly changed by sol 
‘citivation and other horticultural practices, 
‘A good topsoil will continuously supply 
ppiant roots with water, ai and nutrients, 
‘Subeol (the largely inert soll layer that ies 
beneath the thin layer of “ving” topsol) has 
{ess organic matter than topsoil. Plant 
growth wil suffer when the proportions of 
‘water and air in the medium are out of 
‘balance, Too much air will have the sare 
effect upon plant roots as a crought, whereas 
too much water causes waterioaging 
Growth wil also sufler if nutrient levels are 
too low, too high or i there is an imbalance 
in supply between diffrent nutrients, in 
adcition, sol thatis too compacted for roots 
0 grow wil also adversely affect growth 


SAND AND SILT 
Sancly and sity sols originate from river 
deposits, windblown sediments ar from 
the erosion of sandstone outcrops. Their 
general properties are that they do not 
provide or retain plant nutrients; they are 
not cohesive and therefore possess & 
Weak structure; and in mast cases they 

are free draining, 

Sils, unless well structured, will be 
waterlogged, Sand, on the other hand, is 
naturally free draining, The structure and 
texture of sandy soils means that they are 
only able to hold a very small reserve of 
water. Organic matter can improve the 
available water content but the real trick in 
voicing drought-stress lies in ensuring that 
plants root deeply into the soil, Nutrient 
shortage can also be a problem on sandy 
soils which have a tendency ta become 
aciaic over time, Liming and the regular 
adaition of organic matter wil help alleviate 
these problems, 

‘Sandy soils do have the advantage of 
“warming up" quickly in spring clue to their 
lower water content and are easier to work 
esarly in the year, This means that you can 
grow a wider range of plants in a sandy soll 
Planting or transplanting is also easier in 
tha autumn. 


COMMON TYPES OF SOIL 


‘sand sit 


‘Sand A free-draining sol that is quick 
‘to warm up, but hungry and thirsty, 

Silt River deposits can be sticky, but not 
as sticky as clay. Rich and easy to work. 


foamy 


Clay A heavy soll that is offen dificult to 
work. Siow to warm up, but fairy rich, 
Loam A moisture-retentive soll that warms 
Lp quickly and works perfectiy. 


Above: All soil types benefit greatly from the 
addition of organic matter such as this 
green manure. 


Organic material is broken down very 
Quickly in sandy solls due to good aeration 
‘anda temperature that favours rapid 
bacterial action. Many light soils naturally 
have less than two par cent organic matter 
‘and it is tal that organic matter be added 
regularly to sustain healthy plant growth. 


PLANTS SUITABLE FOR 
DIFFERENT SOIL TYPES. 
‘Many plants have a type of sollin which 
they grow best. The ist below gives a 
‘few examples af the soll preferences of 
some common species. 


Plants suitable for acid soils 
‘Rhododendron (all species) 
Camelia (al cultivars) 


| Plants suitable tor alkaline soils 
Butterfly bush (Buddleja spp.) 
Sage Sala) 


Plants suitable for hot dry solls in sun 
‘Yucca (all species) 

Broom (Cytisus) 

Lavender (Lavandula) 


Plants sultable for damp or wet sols. 
‘Willow (Salix) 

Dogwood (Cornus) 

Plantain ily (Hosta) 


Plants suitable for heavy clay 
Weigela (all cultivars) 
Crocosmia fall cuitvars) 
Daffodil (Narcissus) 


Plants suitable for dry shaded soils, 
Flowering currant (Fibes sanguineum) 
Pachysandia terminalis 

Elephant's ear (Bergenta coraifoia) 


HAND-TEXTURING METHOD 


sandy 


anne 
roam 
sy oor TS 
and 


clay 


clay loam 


Finding out what type of sal you have is 
easy and does not require any specialist 
equipment, This testis ultimately a matter 
of judgement and wil only give you a 
‘lative picture of the sort of soll you have, 
However Its surprisingly accurate. Simply 
take a small amount of soll ~about a 
teaspoonful wll do~ in the palm of your 
hand. Moisten with a itie water (not too 
‘much but enough to make it just 
workable). Once moistened, try to form the 
soil into one of the shapes shown above, 


CLAY 
The particles found in olay are extremely 
all and are able to interact with, and 
sirectly affect, the chemistry of the soll, The 
dividual clay particles are so tiny that they 
are actually bonded together by eleotrical 
ges which produce the characteristic 
‘city of this type of soil, Clay is both 
ater retentive and rich in nutrients. It has 
re spaces and those thal are there 
aye a tendency to become waterlogged. 
Otay is prone to swelling when waterlogged 
and shrinkage when dry. As.a resuit, 
ays heave (swell outward and upward) 
en wet and crack when dry. They can 
subject to frost action which causes 
icrease in tiny, almost microscopic, 
srspaces (micro pores). Pure clay soils are 
rare, although some solls may be very ich 
iy, They have the potential to be 
remal fertile sols if they are well managed, 


LOAMS 
cams are a mixture of sand, sit and clay 
that results in a blend of the characteristics 
ich constituent part, They are usually 
characterized by thelr clay content, Heavy 
ams are about 24-30% clay, whereas 
cams contain about 12~18% clay 
Heavy loams behave and should be 
treated like clay sols, Light loams should 
be treated lke sandy soils, Medium oars. 
are potentially the ideal mixture, exhibiting 
the advantages of both heavy and light 
soils without many of the disadvantages 

of either. 


11 Begin by forming a ball. ft stays together, 
then proceed to the next shape, Ifit does 
‘rat form a ball, then you have @ sandy soll, 
2 if you can flatten the ball without it 
breaking up, then you have a sity sand or a 
loamy sand. 

iif you can rollthe fattened ball into a thick 
‘sausage shape, then you have a loam, 

4A soll that can be rolled into a thin 
“sausage” is a clay loam. 

5 you can bend the soll into a horseshoe 
or ring shape, then you have a clay sol, 


HuMUS. 

This ie stable form of partially 
decomposed plant material that gives 
topsoil its characteristically dark colour, 
Humus has a high nutrient-reserve potential 


SOM PROFILE 
A typical sol profit usually consists of 
three main elements: an upper layer 
(of dar, fertile topsoil, middle layer of 
lighter, infertile subsol; and a lower layer 
‘of bedrock, which ranges from a few to 

| hundreds of metres (yards) deep. 


“Topsoil 
Is the dark layer 
fs that 
Contains organic 
‘material, Keop a5 
‘een as possiba, 
tthough usualy 
‘nly ane spit 
(pace) deep, 


, Subsol ie usually 
/ Vgterin colour 
\ and contains 
ite or no 

‘ganic material 
of, ornutront 

Mahou be 
broken to one 
spit dap, but 
nat mined ith 
{he topaot 


~ Bedrock is 
lsually below 
thelevelof 
cutvtion, 


‘Above: Plants such as alums and 
etyngiuns tke well-drained soll and so wit 
thrive together in the same site, 


(2% x better than clay), retains water, 
Increases the frailty (suitabilty for 
Ciltivation) of heavy soils and its darker 
colour encourages soils to warm up 
mote reply, 


MANAGING Your soi 
‘Any soil has the potential tobe a fortis 
‘growing medium in which plants will 
thrive if tis managed correctly 


Management of ight/sandy soils 
| + Maintain lavelsof organic mater. 
| Lime when required. (NB. tis oten 
easier to slect species tolerant ofthe 
‘ite condtions in the long term) 
| Fetes wel as light sols are usually 
infertile, (N.B. Some exotic and native 
| plant species actualy thrive under 
relatively poor nutrient conditions) 
+ rig requenty in the fret 
year ater panting, less o once 
| seeer rots ar exabishes 


| Management of clay 
* Drainage is essential 

| + Maintain ime status. 

* Maintain levels of organic matter and 
fertilize when needed 

+ Wise cultivation is needed to 
‘conserve winter or summer tith 
produced by natural weathering, = 
‘racking due to wetting/drying cycle 
‘and breakdown by frost action. 
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SOIL STRUCTURE 


Soils are mace up of mineral and rock particles that give them their 
natural properties. The character of the mineral fraction cannot be 
changed but the way that these building blocks are organized within the 
soil can. Creating and maintaining soil structure is a key aspect of 
‘maintaining the fertility of the soil and supporting healthy plant growth. 
Even the most difficult soils can be modified to create a fertile growing 


medium for plants, 


WHAT IS MEANT BY SOIL 
STRUCTURE? 
Soll structure is quite simply the way sols 
2¢ organized, To use a simple analogy: f 

2 see the sol particles (sand, sit or clay — 
the mineral fraction) as the building 
materials ~ ke the bricks and mortar of a 
house, for instance = then the structure is 
the architecture, The bulking materials 
themselves cannot be alterad, but the 
tecture can vary considerably fom 
home fo home, This s the key is possible 

mprove a sol’ structure even ifthe 

fraction remains unchanged, tis 
perfectly feasible fo have a wel-sructured 
clay sol for instance. tall depends upon 
how well you manage it 


WHY IS SOIL STRUCTURE 
IMPORTANT FOR PLANT GROWTH? 
In order to survive, plant roots need water, 
‘utrients anda, Plant roots breathe in the 
soll, taking in oxygen and expelling carbon, 
dioxide, A poorly structured sol may have 
too itl airspace. This can have two 
negative effects. Fresh air containing 
oxygen) may not bs able to penetrate the 
soil very easly and the sol will tend to 
become waterioaged following rain, 
‘Waterlogging wil also recuce the alr 
available in the soll 


Below: A rotavator isa useful and labour- 
reducing method of breaking up the soil to 
prepare it for planting, 


‘Above: Even “dificult® soils can be 
transformed into a good growing medium 
bby careful cultivation, 


Structures therefore very important in 
terms of maintaining the health of pignt 
roots. Plant shoot development is directly 
linked to root health. A healthy root system 
‘ensures healthy shoots and wil ultimately 
result in better growth and crop yields 


HOW DOES SOIL STRUCTURE 
DEVELOP IN NATURAL SYSTEMS? 
Soil structure naturally develons in soils, 
through the effect of weather cycles, 
Wetting causes sols to swell while crying 
causes shrinkage, This naturally causes 
solls to crack, The action of freezing and 
thawing is also important on clay sols in 
‘areas where frosts ocour, They form 
particles known commonly as crumbs, The: 
“crumb structure" of any soil develops over 
time and is important in terms of allowing 
the free passage of water through the soll, 
and air that must be able to move in and 
‘out of the soll, In this way soils do not 
become habitually waterlogged and natural 
‘nutrient cyclas - oxygen, carbon andl 
‘itrogen, for example —are not impeded, 
Plant roots and soll organisms, such as 
‘worms, naturally help to msintain soll 
structure, as dogs the natural addition of 
decaying plant material each auturn. 


HOW TO ALTER SOIL STRUCTURE 
Humans have learned over time that even 
an infertile area can be worked ~ and the 
structure ofthe sol improved — by 
coltivation. This is covered in more detal 
later but tis essential fo understand now that 
Ccutvation is way of rapidly accelerating the 
?ratural cycles that promote good structure. 
Digging and breaking down “clods helps to 
introduce air and creates new poresin the 
ssl, Adding organic matter helps to maintain 
these pore spaces, retains moisture (in dry 
soils} and encourages the action of soll 
dweling creatures such as worms. No-dig 


plank of wood to ensure the soll is nat 
.cted and its structure destroyed. 


aim to harness this natural cycle 
but the goals the sarne-a 
fertie and well-structured sol 


MPROVING DRAINAGE 
tend to become waterlogged 
0 50 as a result of poor structure and 
use there is nowhere for the water 1o 
ne vast majority of soils do not actually 
benefit from) the installation of land 
tan itis enough to dig aver a site 
1use much of the drainage problem 
clue to surface compaction. Surface 
naction severely reduces the passage 
# water into the soll and can resultin a 
iy Surface that is prone to “pudlin 
taling land drains is usually only done 
re the water table is very near to the 


IMPROVING SOIL STRUCTURE 


1 One of the best ways to improve the 
structure of the soll is to add as much 
‘organic material as you can, preferably 
when the soil is dug. For heavy soll, this is, 
best done in the autumn. 
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SECTION THROUGH A LAND DRAIN 


This cross-section of 
a typical land drain 
shows the various 
layers of materials 
from which tis: 
constricted, 
including the topsol, 
an inverted tur or 
perforated plastic 
‘membrane, gravel, 
poabeach or crushed 
stone, and the 
land-drain pipe 


surface or the consequences of flooding are 
ssavere (f they threaten housing or use of the 


area for Instance). Land drainage using 
pipes or ‘tles" is a complex undertaking 
‘and may be best let 10 a contractor. 

Ifyou have a sloping site you can dig a 
ak away" drain at the base of the slope 
‘and improve tha structure of the sol to 
encourage the rapid dispersal of water 
following rain. If you have fairly fat site, 
then you should consider making a raised 
bed for growing crops, Ralsed beds are 
easy to manage and avoid the 


inconvenience of instaliing (and maintaining) 


a drainage system. 


2 the soil has already been dug, then 
well-rotted organic material can be worked 
into the surface of the soil with @ fork. The 
worms will complete the task of working it 
into the soil 


z Topsail 


Above: A well-prepared soll that is kept trea 
of weeds and dug regularly wil result in 
healthier, more vigorous crops throughout 
the growing season. A healthier crop will be 
‘more resistant to pest and disease attack. 
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SOIL CHEMISTRY 


While for many of us the word chemistry can be extremely off-putting, 
the truth of the matter is that everything in life is made up of chemicals. 
While the pure science of chemistry can be very complex, the chemistry 
of soil that organic gardeners must master is mercifully simple. 

A rudimentary knowledge of the chemicals that affect plant growth and 
how soil chemistry can be controlled and managed is ail you need to 
grow heaithy plants in an organic garden. 


OXYGEN 
The amount of oxygen in a healthy soil 
controls the type of lf it wil support, Nearly 
all organisms need oxygen to survive, Soils 
without oxygen are described as anaerobic. 
Most organisms can survive for short periods 
Under anaerobic conditions, but this causes 
the accumulation of poisons that can 
‘become toxic at high concentrations, 
Atypical soll has about 0 per cent of ts 
Pore space filed by air and 50 per cent by 
water Only certain bacteria can remain in 
anaerobic conaitions for long periods of time, 
although soma species of bacteria can 
reacily switch from oxygen-rich to oxygen= 
poor conditions quickly to adapt to local 
conditions. Micrabes use about 70 per cant 
of the oxygen in the soil and plant roots use 
the remaining 30 per cent. Under anaerobic 
cconcitions, the efficiency of microbes is poor 
and dacompostion rates are much slower. 


WATER 
Soll water Is vital for al sol if, Without it, 
microbes cannot grow or remain active and 
many will go into *hibernation® until water 


TAKING A pH TEST 


retums. Fungi, on the other hand, are more 
resistant to water stress than bacteria, With 
too much water, oxygen levels drop and the 
lack of air tends to slow down the nutrient 
cycles criven by microbes, Water is also the 
‘medium by which essential nutrients are 
able to enter the plant. 


SOIL pH 
‘The pH scale js an abbreviated form of 
“Potential of Hydrogen’. It is a measure of 
the degree of aciaity or the alkalinity of a 
solution as measured on a scale (pH scale) 
f0 to 14, The midpoint of 7.0 on the pH 
scale represents neutralty. A “neutral” 
Solution is, therefore, neither acid nor 
alkaline, Numbers below 7.0 indicate aciclty; 
‘umivers greater than 7.0 indicate alkalinity. 
‘The level of acidity or alkalinity (oH) of a 

Soll can significantly affect the nutrient 
availabilty, Many nutrients become 

‘unavailable" to plants when the soll is 
either too acid ar too alkaline, Microbial 
activity n sol is also largely control by 
8H. Fungi tend to predominate in acld soils, 
bbacteria in neutral or alkaline sols, 


‘Above: You can reduce the acidity af the soll 
by adding lime some weeks before planting, 
Test the soil fist to see how much is needed. 


Soil pH is essentially a measure of the 
aciaity ofthe soll water, ahough the soll 
Itself is the deciding factor in respect of 
what this will be, 

‘Most plants prefer or are tolerant of a 
specific pH range, Some plants, such as 
the hydrangea, exhibit a diferent flower 
colour depending upon the prevailing pH. 
Most garden plants, especially vegetables, 
thrive within a range of 6-7 which happens 
to be where the majority of nutrients are 
avaliable. Itis best to maintain this pH in 
order to optimize the availablity of nutrients, 
Many garden plants, however, are not too 
fussy about the pH levels, so if you choose 
plants careful, it will nat usually be 
necessary to alter the soil acialty. 


ACIDIFYING SOIL 
Lowering the pH of a naturally imy sol is 
dificult because the soll often contains a 
reserve of calcium that is released 
immediately upon acidification, Lowering 
the pH involves the use of flowers of sulphur 
ands only usually successful over a short 
period of time, 


1 Place the sail in a test tube untl it reaches 
the mark on the side. For the most accurate 
results, dry the sample firs, grind into a 
powder and ensure it is free from stones, 


2 Puta layer of barium sulphate powder 
into the tube level with the mark. This 
‘compound helps the solution to clear 
rapialy and makes the pH reading clearer. 


3 Pourina little of the Indicator solution up 
to the mark shown on the tube, Be careful 
‘not fo putin too much because this can 
‘make the solution dark and dificult to read. 


MAKING A NUTRIENT TEST 
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# Pace a small sample ofthe soll into the 
tube up to the mark on the side. 


4 Decant the resulting fitered solution into 
other container forthe final stage of the 
cutrient test 


LIMING SOIL 
\y easier to raise the soll pH than 
it. Lime neutralizes soil aciaty and 
‘monly applied as ground limestone, 
dolomitic limestone (dolodust) 
sulrement cannot be determined 
so] pH because it isinfluenced by soll 
"8 and organic matter content. Clay 
{humus act as a *buffer" because of 
complex chemistry IF sol is knowin to 
«ic, regular light application is 

Je to heavier, nore infrequent, doses: 


4 Add cistilad water to the mark on the 
tube and shake the container vigorously for 
‘out a minute. Ensure the contents are 
ued thoroughly and leave to settle 


2 Adda test solution fin this case one for 
nitrogen) up to the mark on the test tube. 


5 Add a small amount of indicator powder 
This will react with the solution and enable a 
colour reading to be taken, 


3 Filter the solution to remove soil particles 
and leave just a liquid solution. 


66 Shake for about 10 seconds and compare 
with the chart, Here, the low reacting indicates 
that a nitrogen-rich fertizer will benefit this sol 


HIGHLY ALKALINE SOILS 
‘Solis that are too alkaline sutler trace element 
dficiencies of manganese, copper, ron, zine 
‘and. boron, Phosphates are also less 
avaliable, their maximum availablity being 
‘between pH 6-7. Disease organisms can be 
‘more of a problem in calcium-rich soils, as 
many clsease-causing fungal agents prefer 
alkaline conditions, Some plants, such as 
rhodadlendrons, are intolerant of high pH 
‘and onty grow an acid sails, while others, Ike 
holiathemums, thrive in highly alkane sols, 


5 Once sufficiently cleared, compare the 
colour against those on the chart, choosing 
the one that most closely matches that 

of the solution. 


GROWTH RESTRICTIONS IN, 
EXTREMES OF PH 

Many vital nutrients that are essential 
{or healthy plant growth become: 
‘unavallabie in extremes of soll pH. 


Nitrogen deficiency Most nitrates, 
are released from organic matter and 
‘a Jow sol pH limits the rate of 
decomposition severely 


Phosphate deficiency Phosphate 
becomes unavallable outside the 
6.5-7.5 pH range. Some plants form 
relationships with sol-borne fungi that 
release phosphates in acid conditions. 


‘Trace-eloment toxicity and deficiency 
“Trace elements, especialy alurinium, ron 
‘and manganese, are generally mora 
soluble in acidic conditions. Extreme 
cially can lead to exoessive quantities 
of trace elements and to plant death, 
(Other trace elements, such as copper, 
boron and molybdenum, become less 
available at low soll pH. Molybdenum 
deficiency affects legumes, which will 
not grow in acid sols. 
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DIGGING AND 
CULTIVATION 


Every organic gardener’ goal should be a healthy soll to support plant 
growth and development. Digging is one of the cammonest ways to create 
arrich, fertile and ultimately productive soil It can be hard work at the 
outset, particularly on sites not cultivated for some time, but the results — 
in the form of healthier, more prodtuctive plants — are worth it, Quite simply, 
What you get out of your soil will depend upon what you put into it 


THE BENEFITS OF DIGGING 

Winter is the commonest time to dig, but 
soil can be dug at any time of the year ifthe 
conditions are right. Avoid Working the soil 
When itis too dry and impenetrable, or too 
\wet and sticking to your tools and boots, 
Clay sole may be best dug in mid- to late 
autumn to allow the action of frost to make 
the soil more suitable for final cultivation, 
Lighter soils are best dug in the spring or 
immediately prior to planting the site, Done 
properly, digging increases the amount of 
alr space in the sol, which in turn benefits 
sol-dweling organisms and plant roots due 
to the increase in oxygen avallable, It also 
lets you add organic matter that will feed 
these vital denizens of the soll and aid 
Nutrient cycling, Calculate how much 
organic matter you will need before you 
start. You should aim to add about 30 per 
cent of the volume cultivated, A 20mm? 
(220%) plot cultivated to one spade's depth 
‘will need 2.5 cubic metres (88 cubic fest) of 
‘manure or garden compost. 


SINGLE DIGGING 


‘Single digging is the simplest method of cultivation, Its well 
suited to light sols or those solls that have been well worked for a 


SINGLE DIGGING 

“This method invalves digging down to the: 
depth of one spade (this is calad a spit 
Single dlaging suffices on light free-craining 
soil as jong as there is no layer of compacted 
stones in the topsoil, Much of the procecture 
is the sams as for double digging, but the 
‘subsoils let undisturbed. Mark out the 
position of the bed, Remove any turt or 
vegetation rom the surface, put to one side 
and then bury it in the bottom of the bed as, 
you proceed, Work across the bed, digging 
ut a trench that is two spits wide and a 
single spit deep, and place the soil to one 
side, Remove stones and perennial weeds, 
85 you go, Fork well-totted manure ar 
‘compast into the trench, Begin aigging a 
new trench behind the first, Throw the soll 
forward into the frst trench, burying the 
‘organic matter. Repeat this process of 
trenching down the bed untithe last trench 
has been dug. Add organic matter to the 
base and fil the trench with the soll dug 
from the first trench, 


‘Above: After a winter exposed to the 
weather, most soils can be easily broken 
into. fine tith with 2 rake. 


DOUBLE DIGGING 
This is a method for deeply dlaging the soi, 
In which the sollis broken up to a depth of 
approximately 70cm (28in) or more. The 
‘method usually Involves digging a quantity 
of soll and setting it aside while aerating and 
sometimes adding an arenciment to the 
‘subsoil below, then returning the topsoil 
‘There are several methods of douiole 
digging al of which have their advocates 
‘Two methods for double digging are 
described here 

First, define the area where the dlaging 
Wil take place, making an estimate of the 
area to be dug, Dig a trench, 30cm (12in) 
wide and a spit deep, across hat the 
wicth ofthe bed, Place the excavated soll 
next tothe other hat, placing it on to a 
tarpaulin or similar covering if the surface 
needs protection. 

‘When the trench is complet fork the 
subsol, rocking it back and forth, to loosen 
tt down to a depth of about 30cm (12in). 
Then, spread a layér of garish compost over 


‘number of years. It simply involves algging and inverting the soil to 
a single spade's depth, leaving the subsoil below undisturbed, 


1 Start by olgging a single 2Putalayer of manure inthe 3 Repeat this process of 4 Continue down the length of 
trench across the width of the bottom of the trench. Dig out adding manure to each trench the plot until you reach the 
Plot. Put the soil from the first the next trench and cover over and filing in with earth from final trench. This should be 
trench to one side because the manure in the first trench the next, breaking up the soll _ filled in with the earth taken 
‘you will need to use itlaterin with the earth taken from the as you go and keeping the {from the frst trench, which 
the final trench, second trench. surface as even as possible, was sat to one side. 
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DOUBLE DIGGING, METHOD ONE 
Double digging is a good method for compacted, heavy or poor 
soils that are in need of rejuvenation. t involves a deep cultivation 


‘of both the topsoil and subsoil and is well worth the hard work, 
producing a wonderful sol in which plants wal thrive, 


1 Dig awide trench, placing 2 Breakup the soll at the 3 Dig the next trench in the 4 Continue down the plot, 
the soil to one side tobe used bottom of the trench witha bed, tuming the soll veran ensuring that subsoil from the 
later when filing in th final fork, adding manure to the soll top of the broken soil the lower trench is not mixed with 
trench, as you proceed. first trench. topsoil of the upper. | 


DOUBLE DIGGING, METHOD TWO 


1 Keeping soil rom each level 2.Add organic materi to the 3 Dig an upper third trench 4 Continue, ensuring that the 
separate, dig the frst trench two first double trench and dig the one spit deep, and place the topsoil and subsoil do not mix. 
Solts deep and fork over Dig the lower spit of the second soil on top of that already Fil in remaining trenches with 
second trench one soit deep. trench into it. placed in the fist trench, ‘soll taken from the first one, 


‘Pe exposed subsoil, Move aver ona spit's 
secth in the bed, and begin to dig out 
srother trench, moving and inverting the 
vated sollinto the adjacent trench that 
2s just dug. When you get to the end of 
replace the soll which was set aside, 
When the digging is fished, evel the 
®= prior to planting, More garden 
st (approximately Borr/3in) can be 
2d over the surface and forked in at 
You do not have to dig the entre garden 
st once. Instead, work on small areas, 
one metre (yar) square, whenever you 
(Once you doulbie-cig a bed, itis 
snportant not to walk on it. Afterall, the 
point of double digging isto loosen 
+ fopsoll and the subsol to a sufficient 
S=pin so that the roots of the plants can 
27ow unrestricted and water can really 
ate through the sal, Waking on the 
simply pack It down again. 


‘Thereis a second method of double 
gging that is less commonly used, which 
lerriches the soi to a greater depth, 


SECONDARY CULTIVATION 
This normally involves the nourishing of the 
soll after thas been cultivated by dlaging 
‘and usually entails the addition of some 
form of organic matter during, or 
immediately after, its completion, Secondary 
cultivation also desarbes light digging used 
to control weeds or incorporate green 
‘manures. The tool generally used for this Is 
a forks Light forking is often the best 

‘method to use in areas with permanent 
plantings of perennial plants or shrubs, 


USING A ROTAVATOR 
Arptavalor is a useful abour-saving device 
for breaking down dug clods and creating 

afin, free-running “tith’ that can easily be 
Jevellod for pianting or seed-bed preparation 


TIPS FOR DIGGING 
Digging can be hard work, but simply 

following the tips given below will help. 
‘yo to avold strains and injur 


‘+ Start with a small area, pace yourself 
‘and avoid straining your back, 

“Use a spade that is right for you and. 
the job. ft should be ate higher 
than hip height when held vertically. 

Do not try to lft more than you can 
hhangle. You will dig for longer periods 
of time by taking smaller amounts, 

1 As you work, try to establish a rhythm 
that you can maintain at all times. 

‘= When doing a lat of heavy digging, 
scrape the blade clean now and then, 
and, f necessary, use a fle to sharpen 
the end of the spade, folowing the 
original bevel ofthe biade, 


constant shifted center of gravity in the system and it 
can be permanently rotating system. One of the 
inventors who built such wheel is Hugo R. Fraga, 
Havana, Cuba (The Perpetual Motion Mystery. 
R.A. Ford, Lindsay Publications Inc., Bradley, IL 60915, 
USA, 1987, see Fig. 5). 


The earliest information about such systems is dated 
of 1150 and the name of inventor is Bhaskar, India. He 
used the tangential disposed pipes, which were half- 
filled with water. In France (1235-1240) William de 
Onnecure demonstrated self-rotation wheel with seven 
weights. In Italy (1438) Mariano de Jacopo has built 
the system made of eight bars disposed in the plane of 
rotation, and the bar can be fold up in the middle like 
elbow joint to provide rotation. One of the well-known, 
and documented events of real demonstration of 
perpetual rotation wheel was mentioned in 1620. 
Edward Somerset (Second Marquis of Worcester), 
author of the book “Century of Inventions”, 1963, has 
built and tested the wheel of about 4 meters in 
diameter, 14 weights of 25 kilograms each. The test of 
this machine was organized in London, in witness of 
King Karl, Grand Duke Hamilton and Grand Duke 
Richmond, and there are files in royal archives about 
this test. The descriptions of these and other systems 
are published in the book “Perpetual mobiles: past and 
present time” by Brodiansky, Moscow, 
Energoatomisdat, 1989. 


Fig.6 


In different idea, which is known from Leonardo Da 
‘Vinchi drawings, lifting of water is produced by the 
helical “Archimedes’ screw" of small diameter with large 
centrifugal acceleration, which reduces weight, but 
lowering of water was organized with the screw of other 
(large) diameter, so the force of weight is working to 
rotate this screw by the weight of the falling water. The 
paradox of these systems will be removed if to consider 
them as systems of variable topology, as it was done at 


the beginning of the present article. Practically, the cycle 
is separated here into two processes (the lifting and 
falling of mass) in the system with different parameters 
(the topology) for the first stage and the second stage 
of the cycle, but herewith it is necessary to consider 
two different physical systems, not one and the same. 
In that case, the classical theory can explain the work 
created by potential gravitational field of our planet as 
energy exchange between two different systems. 


Other well known topic is research projects by John 
Searle, ie. the “Searle's disks” (Fig. 6). It is necessary 
to note that the inventor mentioned in his articles anti- 
gravitational effect and free energy output also. The 
address is: John Searle, 13 Blackburn Lower Strand, 
Graham Park Estate, London MW9 5 NG, United 
Kingdom. 


In several words we can say that rotor makes free 
electrons to be displaced to the peripheries of the 
system, With sufficient velocity it was mentioned that 
there is phosphorescence and ionization around the 
disk. It is possible to assume that main effect is based 
on well known Lorenz forces and understanding of the 
Poynting vector, which is circulating in this system. 
The ionization currents are closed through the space 
from periphery to the center, and self-rotation of the 
disk is provided by the classical Lorenz force, since 
the current interacts with magnetic field of the rollers. 


In Russian experiments of 1992 Roshin and Godin built 
similar system of 7KWtt power output and they claimed 
that 100 kg axial force and areas of decreased 
temperature in environmental also were detected. Fig.7 
demonstrates main parts of the system by Godin and 
Roshin, 


It is necessary to note that similar anti-gravitational 
effects appearing for the case of over-unity operation 
were observed by different inventors independently. 
For example, in 1990 Floyd Sweet demonstrated his 
invention named as “vacuum triode amplifier” VTA. 
The barium magnets were pre-conditioned by special 
method to be used in special “trigger mode”. This “bi- 
stable condition of magnet” provides possibility of 
transition from one direction of field to another 
direction due to the weak control signal, which was 
provided from external generator. It is known that if 
the material was pre-conditioned by the magnetic 
switching of 60 Hz frequency then its control signal 
must have the same 60 Hz frequency. A part of output 
power was closed to provide feedback and 
additionally some power can be used in output coil 
for the load. Tom Bearden studied the scheme of 
vacuum triode amplifier and confirmed that it 
demonstrates the work with negative energy. It means 
that the work in the load is connected with use of 
negative time. In this negative time, according to 
Bearden, the gravity is repulsing force. The 
experiments on VTA demonstrated that VTA 
decreased its weight according to level of the power, 
which is extracted from vacuum. Additionally we can 
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NO-DIG GARDENING 


As the name suggests, no-dig gardening is a method of growing plants 
without cultivating the ground they occupy. While this may seam 


unnatural to some confirmed tillers of the sot 


| itis actually the most 


natural method available. No-dig gardening mimics the natural cycle. 
Atter all, plants have grown on the earth's surface for over 400 milion 
years without people digging the soil for them. This approach also has 
the advantage of being less labour-intensive. 


ESTABLISHING A NATURAL CYCLE 
Essentially no-cig gardening reies upon 
natural soil processes combined with the 
action of sal organisms to produce a good 
soil structure and natural nutrient cycles, 
‘There are numerous ways that this can be 
‘done, fut ll rely upon Inputs from the top 
down, A thick top-dressing of organic 
‘matter is placed on tha surface to be 
absorbed by the sol itself; Less laborious 
than digging, the no-dig method does need 
planning and careful input in order to be 
successtul, although a properly prepared 
no-dig bed willbe every bit as effective as a 
conventionally cutivated one, 


WHAT ARE THE BENEFITS? 
‘Assuming weeds can be controlled, most, 
‘vegetable crops can be grawn with reduced 
titage. The key features of ano-cig 
\egetable-grawing system are to keep the 
soil covered with organic mulch as much of, 
the time as possible and to keep off the sol 
The beds are left permanently in place, 

and there is no cultivation, 

Plants grown without tilage use water 
‘more efficiently, the water-holding capacty 
of the soil increases, and water loss from 
run-off and evaporation are rediced, 

For crops grown without igation in 
Crought-prone sols, this more efficient use 
‘of water can translate into higher yields, 

in adaltion, the organic matter in soll and 
popuitions of beneficial insects are 
maintained, as are earthworm populations 
‘and microbial activity, Soll and nutrients are 
less likely to be lost from the ground, less 
time is required to prepare the soll for 
planting, and, since there is less bare soi, 
there will be fever opportunities for weeds 
to get established. The mulch of organic, 
‘matter also helps to keep weeds clown, 


WHAT ARE THE DISADVANTAGES? 
Potential problems associated with the 
no-dig method are compaction, flooding 
‘and poor drainage, However, ifthe 
‘water-holding capacity ot a sail improves, 
no-til systems may produce higher yields, 
Soil temperatures under organic mulch can 
bbe several degrees lower than bare sol or 
soil under a plastic mulch. Although the 
lower temperature can be an advantage, 
especially in the summer when st 
‘temperatures under plastic can be 
‘excessive, itcan delay crop developrrent, 


Left: Many organic gardeners grow crops 
such as potatoes quite successfully without 
ever resorting to digging. 


‘Above: In nature, organic matter accumulates 
con the soil surface, breaks dawn and is 
Worked into the sail by worms. 


WHAT ARE THE BENEFITS 
OF NO-DIG SYSTEMS TO 
THE ORGANIC GARDENER? 
Although na-dlig beds may require a 
Ite longer to establish initially than 
cultivated plots, they do offer 
considerable labour-saving advantages 
to the organic gardener. They also 
suffer very few disadvantages when 
these are weighed against the 
‘considerable advantages, 


Advantages 

“Plants use water more efficiently. 

* Better water-holding capacity of 
the sol. 

* Fleduced water loss from run-off 
‘and evaporation, 

‘+ Higher crop yields in areas prone 
to drought, 

‘* Organic matter in the soll and 
soil organisms are maintained at 
higher levels. 

«The lower temperature can bean 
advantage, especially in summer 
‘when soil temperatures under plastic 
can be excessive, | 

** Soil and nutrients are more 
easily maintained. | 

‘Less time is required to prepare the 
soil for planting, 

‘Fewer weeds become established | 
‘due to the mulch of organic matter 
and the lack of bare soll 


Disadvantages: 

+= Soil can become compacted or poorly 
rained if its not properly managed, 

* Soil temperatures under an organic 
‘mulch can be several degrees lower 
than bare sol, which can delay the 
development of crops, 


MAKING A NO-DIG BED 
stem which includes permanent 
ss essential digging is to be 
inated from gardening tasks. Planning 
a $0 that all parts of the bed can be 
sched from the paths means that you can 
w your crops loser tagather (you do not 
2d to leave extra space for aocess) and 
iNbe able to harvest more from a 
Mark out the beds on the ground or build 
ple raisod beds with wooden sides. 
Waly, those wishing to make a more 
mnanent edge could consider a low brick 
ising the bed itis possible to 
ie deep bad of good-quality sol that 
ip more quickly than the: 
nding Sol. A raised bed also means 
5 nat have to bend down 80 far to 
y oust routine tasks and the method is 
ade for disabled gardeners, Raised 
gs also useful for attaching 
orting hoops, crop covers and 
Eves such as these are also ideal 


for providing barriers for pests. Devioes 
such as water traps or conper paper are 
easily attached to them to prevent stuas 
‘and snails from entering the bed, 

ads should be no more than 1.2m (4) 
wide and paths at least 30cm (12in) wide 
with every other path double this wicth to 
allow for easy wheelbarrow access, 
Individual beds should be no longer than 
3.6m (12ft) otherwise you will waste a lot 
of ime walking around them. The beds 
‘can be of any design, from a simple 
series of paralel rectangles to a more 
complex: design of interlocking shapes. 
Whatever design you choose, try to follow 
the same recommended bed and path 
Widths, remembering that narrow angles 
and very smal beds are mare dificult to 
construct and use space less efficiently, 


Right: Green manures are usvaly dug into 
the soil, but they can stl be used in a no-dig) 
system, The manure can be cut down and 
left as a mulch, 


PLANTING POTATOES IN A NO-DIG BED 


1 Piece a thick ayer of well-rotted manure 
¥ garden compost on the bed to be 

<i. This should be quite deep ~ at least 

» (6-Bin) ~as it wll quickly 

-ompose during the growing season, 

Hy planting is possible by manuring in 

‘and covering with plastic sheeting to 

27m the soil. The potatoes are planted 

y into this and may be more closely 

‘an those planted in soil, perhaps 

es close as 30cm (12in) apart. 


2 Apply a generous mulch of straw once the 
bed is planted ta give caver to the tubers 
‘and to suppress weed growth on the 
‘manure or compost. Spread a second layer 
of composted organic material over the 
straw, Add another layar of straw and 
composted material Water the bed wel 
(Once the potato plants begin to emerge, 
‘more straw can be laid dawn on to the bed, 
fas the material put down earlier in the 
‘season will bagin fo compost down. 


Fa ai tia bc oc blnaid rad 


8s the potato stems grow, mulch heavily 
‘n order to ensure that no light reaches the 
developing tubers. The potato crop will 
‘mature at the same rate as potatoes grown 
in ordinary sail. The no-aig system is 
possibly the best method for heavy clay 
soils that are prone to watariogaing. 
Potatoes grown in this way are also easy 
to harvest as there is no digging and 

the potatoes are cleaner ance they are 
ready for harvesting, 
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SOIL CONDITIONERS 


There is quite a range of conditioners available to the organic gardener 
for improving the soll. Some are free (if you do not count the time taken in 
working and carting them), others are relatively cheap, while those bought 
by the bag can be quite expensive. The best option for the organic 
gardener begins with using the materials that are closest to hand. 

Smaller garclens or those that are newly established may require soil 
Conditioners to be brought in. This section looks at some of the options. 


FARMYARD MANURE 
This fs usually treely available, although 
these days it comes increasingly from 
stables rather than farms. it contains a 
small amount of nutrients although it 
usually makes the soil more acidic as it 
decomposes and should always be well 
rotted before use, It can also contain lots 
‘of Weed seeds, which atten come from the 
beding used! for the animals, Gccaslonally 
there can be problems if the straw used 
has been sprayed with pesticides, 50 

ays be sure of your source, Farmyard 
‘manure is usualy cheap or occasionally 
free for the taking 


BURYING GREEN WASTE 
if you have space, you can simply open a 
trench in the soll and bury your green waste 
20-GOem (6-12in) deep under the sol. t will 
take perhaps two to three months during 
the warm season ta break down, Avoid 
Planting crops in the soll above until the 
material has decomposed properly 


LEAF MOULD 
Many gardeners believe leaf mould to be 
the finest adlition to any soll, The product 
itself forms naturally uncier the closed 
Canopy of forest trees, Itis, as the name 
suggests, the rotted product of fallen 
leaves, is not particularly ich In nutrients 
bout it has an extremely good abality to 
Condition a soll and encourages natural 
Nutrient cycles in your soll It's Usually made 
by the gardeners thal wish to use it andl is 
rarely sold on, Anyone who has a ready 
supply of leaves wil find this an easy 
material to make, 

Start by gathering up leaves in the 
autumn and stack in a chicken-wire cage to 
prevent them being biown back over the 
garden, Do not add any areens or other 
‘materials to the pile. The heap will rot down 
slowly and be ready for use in one ta two. 
years. It can be sited in a dark corner where 
nothing else wil craw, but you must ensure. 
that you keep the pile moist all year round, 
The wire cage can be removed after two 
months or 50 and used again the following 


Left: Animal manures can pravide both 
nutrients and valuable organic matter when 
added to your garden soil, 


‘Above: A well-conaitioned soll wil pay 
‘lvidends in terms of enhanced plant 
growth and development. 


Left: Spent 
‘mushroom 
compost is an ideal 
‘material for 
improving the 
structure of many 
types of soil. 


autumn. Alternatively, two permanent pits, 
sited side by side, can be filed (or emptied) 
in aerate years. Smaller quantties of 
leaves can be pushed into black plastic 
‘sacks with the top closed and with holes. 
plerced by a garden fork around the sides 
and bottom of the bag to allow some airflow. 


SPENT MUSHROOM COMPOST 
‘This is one of the few types of organic 
matter to have a sightly alkaline effect on 
the sol Its a uniform and friable mixture of 
stable organic materials that is a waste 
[product of the mushroom-growing industry. 
{tis usually quite inexpensive, The 
Composting and growing processes that 
produce this material bind nutrients to the 
‘organic matter, resulting in a substance that 
Folds on to nutrients more readlly than fresh 
or non-compostad organic wastes. In 
dition, the compost has good moisture 
holding abies. 

‘Spent mushroom composts slightly 
alkaline with a pH ranging from 7-8 but 
generally around 7.3. There are few weed 
‘seeds, insects or pathogens because the 
‘compost is pasteurized before itis removed 
from the mushroom house. The addition of 
spent compost to garden soil can result in a 


BUILDING A LEAF MOULD PIT. 


fn four 1.6m (Stl) posts to form the 
r-cormers ofa square on the ground. The 
osts should be spaced about 1m (3f) apart 
and there should be just over tm left above 


22 fallen leaves into the “pit” unt itis 
rm the leaves lightly n layers as you 
tthe pit is completely packed with 
but stil contains ait ai 


2 Attach chicken wire ~a 1m (3M) wide roll is 
‘needed for this ~to the stakes using “U"- 
‘shaped fencing staple 

Pull the wire tight across the fength of the 
roll before attaching it to the next post. 


5 Altera year or two, the leaf mould ia ready 
and should be applied to the sol in ate 
Winter or early spring in order to gain the 
‘most benefit 


3.Once the wire has been securely stapled 
to the posts all the way around, cut it 

with wire cutters, folding the sharp ends 
under the attached mesh so that they 
cannot cut you. 


6 Itis @ good idea to build tv 
and rotate their use as a single pit will not 
be emptied in time to receive the new lot of 


or mare pits 


eaves in the following auturnn. 
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higher pH, increased nutrient-holding 
‘capacity and better sol structure, The main 
disadvantage occurs when the composts 
first mixed with soll, as bacteria convert the 
proteins in the compost to ammonia, which 
can be toxic to young plants, Always ensure 
the source of your compost is an 
mushroom grower where possible, 


Above: Branaling or tiger worms readily 
reduce vegetable matter into a useful 
compost material within a wormery. 


VEGETABLE INDUSTRIAL WASTE 
‘Some by-products of the food industry, 
such as spent hop waste and cocoa shells, 
‘can be beneficial as soil conditioners in the 
organic garden. They are useful in terms of 
their ability to improve soil structure. 
However, their smell, which may be 
described as rancid ale or beer with hops, 


‘A WORMERY 


Worms are an effective way to break 
own kitchen waste such as vegetable 
scraps. They will eventually eat their 


Decomposing 
waste 

{strong manure, 
teat mould, 
shredded 
owepaper, old 
arden compost) 


Planks of wood 
te separate 
compost from. 

a 


Drainage holes 


Left: Beans and other leguminous plants 
are an important part ofa successful 
organic vegetable garden, “fixing” their own 
nitrogen and so helping to raise levels of 
soil fertility, 


‘sickly cocoa, is often enough to put 
people off. They ara sometimes marketed 
‘commercially although they may be 
avaliable as a local by-product of industry. 
Whatever product you use, it should be well 
rotted before itis used as a soll conditioner. 


WORM compost 
Worms can be used to compost your 
kitchen waste bath indoors and outdoors, 
although both methods have their 
limitations and advantages, 

The materials that are being composted 
‘are consumed by the worms and then 
exoreted as worm casts. This process 
binds the nutrients consumed into a form 
that can be used by plants and reduces the 
volume of the original materials. These 
‘worm casts are covered with slow- 
issohing, semi-permeable mucus that 
{acts as a time-release mechanism for the 
Nutitianal content of the worm casts and 
also gives the finished compost good 
\water-etentive qualities, 


bedding as well as the kitchen waste, The 
resulting worm casts are a nutrient-rich 
sol conditioner 


Damp 
newspaper 


Now ktchon 
waste | 


20cm (an) 
bedding 
material 


18cm (in) 
‘gravel 


Jonies can be built ina similar 
cold pile compost heap, with 

vals added as they become available, 

hhoat and frequent pile turning are 

Too much heat wil actually iil 

Alternatively, 2 purpose-built 

1" be used. Both methods. 

materials to be placed in a shaded, 

4 moist location, The worm colony 
Decome heated by the microbial 

takes place in normal 

3g. Ifthe colony does get hot, 

the loss of the worms if they 

cooler areas to which they 


«an indoor worm colony, the wormery 
4, ventilated box with a close-fiting 
‘ed with bedding materials (usualy 
nrecced newspaper of similar) anc 
ms are added. Vegetable waste 
kitchen is placed on top or a few 
+= under the bedding where the 
an find and devour it. Eventually, 
i eat their bedding as well as the 
jable soraps, The finished worn 
s can be removed and used, New 
3 and kitchen scraps are then placed 


ove: Place a thick layer about 8-10cm 
Sin) - of well-rotted organic matter 

the base ofa trench dug toa spit's 
3th the depth of a spade blade). Use-a 
to break up the material and to ensure 
that there is plenty of air space in the soil to 
aid the breakdown of the material and help 
soll organisms to cycle the nutrients. 


Inthe container and the worms returned to 
make a new batch of compost. Many 
purchased wormeries have the facilly 10 
Collect the liquid by-product of the worms’ 
activities, which makes an excellent liquid 
plant food, 

Itis advisable to check the pH level of 
the wormery every now and then, Thin, 
white, thread-like cotion worms are usually 


writin taal ee iN il 


‘Above: Leaty crops benefit rom the 
addition of organic matter because it 
‘encourages nitrogen-fixing bacteria to do 
their all-important work in the soll 


an indication that the pH is too low. Adding 
some calcified seaweed can help to 
‘counter this avidity, as can a regular 
‘addition of eagahels. 


THE BENEFITS OF ADDING ORGANIC MATTER 
Using organic matter as a mulch or soll conditioner wil help to warm up the soll earlier 


inthe spring. This in tur will allow for the earlier planting of some types of plant 


+ Organie matter inaculates the soll 
with vast numbers of beneficial 
‘microbes and provides the food 
source that soll-dwelling microbes 
‘eed to live. These microbes are able 
to extract nutrients from the mineral 
part of the soll and eventually pass 
the nutrients on to plants. 

+ Adding organic matter to your soll 
Improves the way in which water 
Interacts with the soll and improves 
the overal sol structure. All soils can 
benefit from the regular adcition of 
organic matter, 


To sandy soils 

+ Organic matter acts as a sponge to 
help retain water that would otherwise 
rain down below the reach of plant 
toots. This has the benefit of 
protecting plants against drought. 


To clay soils 
+ Organic matter helps to increase the 
air space within the soil, making it 

drain more quickly. This ensures 
that the sol does not become 
waterlogged or dry out into  brick- 
lke substance. 
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MAKING GARDEN 


COMPOST 


Every organic garden should have at least one compost heap, where 
gardlen and kitchen waste can be broken down by microbes and other 
Soil-dwelling creatures to produce a good medium-fertility soil, improver. 
Making compost is not difficult and is an excellent way to recycle waste. 
Many gardeners take great pride in their home-produced compost and all 
gardens can benefit from this sustainable approach to soil improvement, 


THE SITE 

A position in full sun wall hve the compost 
heap acdtional heat, allowing tha contents 
to decompose more rapidly I ime is not a 
key factor, partial shacle or even full shade 
do. Campostis easily made in a 
freestanding pile Ina sunny or partially 


shaded area in the garden. Alternatively, a 
simple structure can be used to contain the 
ple. A variety of materials can be used to 
make these structures, including wood, 
bricks, pallets, a wire cage or even a stack 
cf used tyres, Whichever methad you use, 
you must provide good drainage, An 
‘average heap should be around a cubic 
metre (10 cu, f), It ean be much larger, but, 
and it wil not be as effect 


ding wi 


als to the 
‘ould be as smal as you 
them, The more surface area that 


Is exposed, the quicker it wil decompos 
‘A chipper or shresider is a big help. Many 
gardeners are keen advocates of adding a 
small amount of goad topsol in order to 
Introduce microorganisms that will kick 
start the process of decomposition, 
Compost heaps in containers can be built 


Left: Composting your garden and kitchen 
waste ensures that you return essential 
nutrients to the soll 


MAKING A HOT PILE COMPOST HEAP 


‘Above: Even a stack of old tyres can be 
recycled and used to make an effective 
‘compost heap, 


up with successive layers of "green and 
“brown” materials, separating these with 
thin ayers of topsail 

Sifting the pile isthe final stage of the 
process, with any large pieces of residue 
being returned back to the new heap, 


COMPOST INGREDIENTS 
The potential ingredients for your compost 
heap willbe either "brown" or "greeny 
Browns are dry and dead plant materials, 
such as straw, hay, cry brown weeds, 
autumn leaves, nutshells, shreceied paper, 
pine needles, tough plant stems and wood 
chips or sawelust, Becauise they tend to be 
dry, browns often need o be moistened 
before they are put into a compost system, 
Greens are fresh {and often green) plant 
materials, such as green weeds from the 
garden, frut and vegetable soraps, green 
leaves, grass clippings, tea bags, coffee 
grounds, seaweed, eggshells, sh scraps, 
‘green manures and fresh horse manure, 
Compared with browns, greens contain 


1 Starting with an empty compost bin, place 
a leyer of “browns” — straw, old eaves and 
chipped wood are ideal — in the base of the 
bin. ifthe bin is positioned over bare soil, 
include some fine twiggy material to help to 
Circulate air to the base of the pile, 


2 Adda layer of brown compost materials, 
‘such as autumn leaves, plant stems and 
wood chips, which should be approximately 
18cm (Bin) deep, and ensure that itis of an 
‘even thickness. The material should be 
lightly rmed in. 


3 Add a new layer of “greens” to the 
‘compost bin. Most plant material can be 
used for ths, although you should avoid 
too much fibrous or woody material 
such as plant stems. Never include weed 
‘seeds if possible. 


/t/s offen advisable to have two or 
w= compost heaps at any one time in 
o ensure a steady supply. 


trogen is a critical element 
ds and proteins, and can be 
‘otein source for the 
tiplying microbes. 

{mix of browns and greens i the 
tvitonal balania for microbes, This mix 
eration andi level of water 


*HE “COLD PILE" METHOD 
pile of "browns’, such as autumn 
sen them well and then slowly 
greens" such as kitchen waste 
jppings over the next year (this 
ake a full year to finish the 
|. If gets very cold in winter, cover 


4 Continue adding greens until you have a 
yer about 15cm (6in) thick, the same depth 
= the browns below. Lawn cllopings should 
2¢ placed in layers of abaut 1Gom (din) or 
wed with other green waste to avoid the 
rer becoming slimy and airless. 


‘the heap with carelooard or ald carpet and 
ppeel this back to str in any greens. in this 
type of composting, there are never enough 
high-nitrogen greens to get the pile realy 
hot. Turn the pile @ minimum af once a 
month if you have not recenily added any 
‘greens, thereby breaking up the decaying 
mass and making it friable. if you do use 
this method, be sure you always have at 
least as much browns as added gree 
as too many greens wil ust create a sly, 
smelly mess, Some compost heaps (those 
vith lots of greens added) may reach very 
high temperatures, some even reaching 
70°C (158), thereby kiling weed seeds, 
Cold piles, on the other hand, de not and it 
Is best not to add any weed wastes that wil 
contain seeds. if you do, you could risk 
spreading weed seads across your garden 
in their own growing mix when you come to 
se the compost. 


THE “HOT PILE” METHOD 
Wet the ground under the pile and add 
twigs or other Un-shredded browns to 
provide some aeration at the base, Layer 
the rest of your materials, alternating green 
and brown layers of about 15cm (Bin) 
thickness, and add water as you go, Topsoll 
can alsa be added as a 2cm (%in) layer 
between each cycle of green and brown 
materials, Finish the pile with a layer of 
browns. Cover the pile with a lid or piece 

Cf carpet to keep out rain and conserve 
heat, Check to see that your pls becomes, 
hot within a few days, Turn the pile to 
crease composting time. This action 
allows all the material to be exposed to the 


5 Kitchen refuse, such as vegetable waste, 
can also be added and is usually classed as 
“green”. You can include a thin ayer of soil 
{0 add microorganisms before the next layer, 
of "browns". Continue layering unt! the bin 
‘fll, then water and caver. 


eee 


Pi Shh lata 


COMPOSTING MATERIALS 
Many items can be composted into 
valuable soll conditioners, Whether 
because of toxins, plant or human 
diseases or weed probleme, some 
things should never be used. 


Good compost materials 
Animal manure 

Fallen leaves 

Grassilawn clippings 

Hay and straw trom organic farms 
Kitchen waste 

Pruning from the garden 
Savidust 

Shredded browns 

Soot and charcoal 

Spent hops or cocoa shells 
Spent mushroom compost 
Weeds and other garden wastes 


What not to compost 
Chemically treated wood products 
Diseased plants 

Human and pet waste 

‘Meat, bones and fatty food wastes 
Pernicious weeds 


hot centre, thereby Increasing aeration. 
Do this once a week in the warmer season, 
‘and once a month in cooler periods. The 
pile's heat should peak every time you 
turnit, although the peak temperature wil 
be lower with each tum, Always make 

sure that the pile remains moist, but avoid 
‘over-wetting, 


6 Alter two to three months, you should 
have well-rotted garden compost, which, 
‘due to the heat of the pile, wil be largely 
free from weed seeds, pasts and diseases. 
(Once the bin has been emptied, it can be 
refed in the same way. 
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GREEN MANURES 


‘Sometimes referred to as “cover crops’, green manures are plants that 
are grown to benefit the soil rather than for consumption or display. 
Green manures replace and hold nutrients, improve the structure of the 
Soil and increase its organic material content. They also smother the soil 
and so prevent weed growth. Green manures also “fix” atmospheric 
nitrogen. They are easy to grow and can be used to improve the soil 
when manures are not readily available, 


BENEFITS OF GREEN MANURES 
At any time of year, but especially in winter, 
the soll loses nutrients fit is bare for six 
Weeks or more, Green manures help to 
counteract this and maintain a more even, 
soll temperature and moisture content. 
Many green manures grow deep roots to 
tap resources unavailable to some crops, 
Others produce a fibrous root system ta 
rein the soll, while many 
attract pe 


help build struct 


inating insects, 


TYPES OF GREEN MANURE 
‘Some green manures are ritrogan-fixers, 
Using bacteria that colonize the nodules on 


their roots, These ricrabes take nitrogen 
‘out ofthe air and conver it into a form that 
plants can use, Green manures are usually 
livided into two groups: legumes and non: 
legumes, Leguminous manures include 
Clover, peas, fava beans and alfa, Despite 
their nitrogen-fixing abilties, legumes have 
siow autumn growth and add less organic 
Content. They can also be less winter hardy. 


Winter rye is the most commonly grown 
‘non-leguminous cover crop, but oats, 
wheal, olseed rape and buckwheat are also 
sed, Although they do not ada nitrogen 

‘0 the soil, they help maintain levels and 
have the additional advantage over legumes. 
Of growing faster through the autumn, 
thereby giving better weed suppression, 
‘They also tend to break down more slowly 
than legumes and add more organic matter 
to the soll, You may wish to use 
‘combination of green manures in order to 
balance the benefits of the different types. 


DEEP-ROOTED GREEN MANURES 
The roots of certain green manure “crops” 
Works through the soil, holding it together as: 
they grow. Once dug in, however, they help 
to make it crumbly and friable as they rot 
‘Some green manures have very deep roots 
that reach down into the susoll and can 
harvest nutrients that are unavailable to 
other garden plants. in this respect they are 
a form of biological double digging, 


Above: Growing a green manure is an easy 
and effective Way in which to add some 
‘organic matter to the sol 


PLANTING GREEN MANURES 
Winter green manures should be planted 
early enough to give about four weeks 
Of growth before cold weather stops their 
growth, Spring or summer craps must be 
{gen sufficient time to develop before they 
{are dug in. After preparing the sol, plant 
large-seected cover crops in shallow, closely 
spaced furrows, Smaller seeds can be 
broadcast over the surface and covered 
with a light raking, watering if neected until 
they germinate. Dig the crop in once itis 
ready, allowing at least three weeks before 
YoU intend to plant to give time for the 
‘material to rot down. It is best not fo allow 
‘green manures to go to seed as they all 
have the potential to become weeds, 
Gardens are traditionally dug over and 
‘manured in autumn, then let bare over 
winter, Many nutrients can be lost during, 
this time due to the leaching action of rain, 
‘Abatdy green manure sown in the autumn 
can be dug in the following spring, yielding 
Nutrients to a newly sown or planted crop. 


USING GREEN MANURES 


1 Sow the seed evenly across the area 
where you plan to grow the green manure. 
Either broadcast the seed or sow larger 

328d thinly in shallow drills and close rows. 


2 Lightly rake in the seed so that itis 
covered and will germinate quiciiy, Water 

the area thoroughly if there is no rain due or 
it itdoes not rain for the following 48 hours. 


3 Once the seed germinates, allow it to grow 
aillttle before aigging it nto the soll. Never lot 
‘green manure crops set seed ar they vill 
become @ weed in later crops on the site. 


ro EAS oh ee REE SO a 


TYPES OF GREEN MANURE 


‘Green manure for growing over winter {types can also be used as catch (cover) crops around winter vegetables 
‘These species can withstand moderate to hard frost foralong period or biennial crops for harvest Inthe early spring. Ths protects bare sol, 
sa can be cut down in the spring, prior to cultivation. The shorter prevents nutrient leaching and creates a more stable sol environment. 
GREEN SOWINGTIME HEIGHT WINTER «NITROGEN- TERNS OF DiGGINGIN. OTHER. 
MANURE ANDMETHOD HARDY? FIXING ABILITY GROWTH NOTES 
atta Early springtomid-  100- Yas ‘Yes but poor Perennial. Grow Any time. Very deep roting. 
Mescago summar;broadoastat_160cm fer several ‘Medium efor it Will grow an mast sls. 
a 39 (e08) per square (Sit) ‘monthsarmere young. Hardif—_Diaikas acid or 
vet yar than ane season. leftfor more than aterioggad sol, but 
‘one season, rought resistant. 
Asma clover Mid-springtolato 90cm Yon Yes Several monthe Any tine Wit withstand wetter 
um summer; broadcast at (12) ‘Meclum efor, sols than other clovers 
i) 39 (1:03) per square but more prone to 
etre (are. ‘ought. Shallow rooted. 
Mid-scrng to late 400m Yas Yes Several months Any tine Prefers good loamy sol 
summer broadcast at (in) Ensylitiofort. Can be movin or cut 
3 (02) per square several times par season 
metre (ar) ‘and used for earnpost. 
Lae summerto late 30-80cm Yes No ‘Autumn to spring Before flowering, — Grows most sol, 
‘autumn; broadcast at (12-24in) Hard work Koop watered during 
90g (102) per square ‘germination, esa yields 
‘etre yc or tiny n oot Sow thickly t0 
rows 20cm (i) apart Smother weeds, 
Pracelia Envy sprinato early 60-80cm Yor No 2monthsin Belore lowering. Grows inmost sols 
sraceia ‘uum; broadeast at (12-96in) summeri§-8 Easy, titieetfor. Quick to growin 
Seecetfolum — 99 (hc) per square months ovar summer If, il 
‘etre (yar) or thin in winter produce mauve flowers 
rows 20cm in) apart. that bees love. 
Treo Early springtolate $0-60cm Yo Yes ‘Swvera months Any time, ‘Wil growin moat soils 
Seccago summer: broadcast at_(12-24in) tonyear ‘Medium offer, but stkes acid. Can bo 
keuna 3g (neo) per square used for underaowing, 
mtr ya) Dense foliage. 
Groen manure for warm-season growing of time. They are generally slightly tender, although lower-growing, 
Pests for use in the spring and summerhave to be quick growing _—_species can actually be used as a catch crop around other 
© order to cover the ground and yield benefit within a short period seasonal crops, 
GREEN SOWINGTIME HEIGHT WINTER -NITROGEN- TERMS OF DIGGINGIN OTHER, 
MANURE AND METHOD HARDY? —FIKING ABILITY GROWTH NOTES 
Sterlupin Early springto early 50cm = Md yes 2-8 months Before flowering, —Profersight slightly 
Lipeus ‘sumer om (Yin) @On) Wnts Easy tle afor, acidic sol, Foliage not 
secstfolus deep; em (xn) apan; ‘ery dense, Deep rooted, 
inrove 150m (Sn) apart 
Emly spring tolate 800m No. No 2-3 months Before or during Grows on poor sols 
‘summer, brosdoast st 2) flowering. Easy, Hallowedito ower, 
409 (02) per square no effort tracts hovers to aid 
‘metre (yard) or thinly polination of ops, 
in shallow rows 200m, 
{6in) apart. 
crimson Eatly spring late 30-€00m Mild Yea 2-Smonthe.or ‘Before lowering. Profs sandy loam sol 
clover summer, broadcast st (12-24lr) winters over winter Medium efior. but wiltalernte heavy 
ium 3g (02) per square only clay, Large red flowers 
eeeratun mete yar}, tract bees. 
Feougresk  Eatlyspringtolate  30-80cm Mild No 2-8 monthe Anytime belore Prelers goos drainage 
Tgonala summer; brosdcast at (12-24in)—_wintrs flowering. Easy, but wl olerate heavy or 
sour. 5g (02) per square tte etor, light, 
grecun metre yar) or thiny in 


Som (6 slow ons 


say that permanent magnets and coils of VTA were 
self-cooling during operation and the temperature 
difference was about 20 degrees in contrast with the 
environmental temperature. 


One of VTA schemes includes two sets of magnets 
4x 6x 1 inch, placed on two walls of frame. The 
attraction is created between them. Output and 
controlling coils are located between them. The axes 
of output coils are parallel to the magnetic field lines, 
but the axis of control coils are placed under 90 
degrees angle. The secret of system is the 
“conditioning process”, which “brings the magnets 
to the special condition”. It is necessary to create 
great number of micro-cracks in the magnet due to 
re-orientations of magnetic domains. In such “half- 
magnet” the domains get the ability to be orientated 
in the same direction in a weak “control” magnetic 
field. In fact, they are not domains but large parts of 
magnet's material, separated by micro-cracks, that 
is to say acoustic domains. Many researchers repeat 
Floyd’s works. Let's note that arc discharge of 
alternating current through magnet barium ceramics 
directly can provide the best results of the 
“conditioning” process. The coil of “conditioning” is 
not necessary in this case. The frequency of 
alternating current must be corresponded to the 
frequency of the control signal. Thereby, Sweet was 
creating the bi-stable solid-state condition of 
magnetic substance. The acoustic resonance is the 
reason of oscillations with the frequency according 
to the control weak magnetic field. Floyd Sweet died 
on July 5, 1995 at age of 83 years old. It is known, 
that his widow sent the archives to some great 
Automobile Corporation. 


. the extraction of space energy is result of 
transformation of vacuum energy but from 
the other hand the energy density in this 
case determines so called “time rate” 


It is interesting to note again that the magnets of VTA 
demonstrated self-cooling during operation, up to 20 


degrees difference 
environmental temperature. It is one more example of 
relation between notion “density of time” and 
“energy”. We can say that the extraction of space 
energy is result of transformation of vacuum energy 
but from the other hand the energy density in this case 
determines so called “time rate” 


in comparison with the 


Kozyrev's articles [4] on causal mechanics theory and 
experiments describe possibility to use “time course 
for producing of useful work". Kozyrev introduced 
notion “density of time” and he demonstrated 
experimentally several methods how to change the 
density of time, which depends on irreversible 
processes intensity. Powerful “generator” of such 
processes is biosphere of our plane and it creates 
season and daily changes of the density of time. It is, 
known that VTA power output also was variable in 
different time of day and night. It can be explained by 
Kozyrev. Next step in logical development of this idea 
is to change notions from the “density of time” to 
“density of aether” [10] 


Relation between magnet phenomena and aether 
circulations was known from the beginning of the 
electrodynamics and now we can assume that VTA 
was real example of asymmetrical cause-effect 
connection, where the hardness of this connection 
depends on the density of aether. In this case the 
season and daily variation of the aether density are 
reason of VTA output power variations. So, we can 
make a conclusion: conception of asymmetrical cause- 
effect connections should be used as theoretical basis 
of all over-unity systems, 


Generation of extra power in nonlinear materials (ferrites 
and dielectrics) was considered by Nikolay E. Zayev, 
Journal of Russian Physical Ideas, #1, 1991. Discovery 
was claimed as “Cooling of some dielectrics by 
changing electric field with generation of energy”, 
Russia discovery #32-OT-10159, November 14, 1979; 
the inventions were also claimed as “Method of 
transformation of heat energy of dielectrics into electric 


New Energy Technologies, Issue #2 March - April 2003 


BASIC TECHNIQUES 


Most gardening techniques, from weeding and feeding to pruning 
end propagation, are straightforward and and easy to achieve if you 
plan and organize the task in hand. The procedures described here 
will help you to master the basics of organic gardening. You may 
well develop your own methods in time, based upon the techniques 
shown here as well as those you that learn from other gardeners. 
Always make sure that you are clear what you want to do and 
always approach a task positively. Gardening should bring 
enjoyment as well as a sense of satisfaction that comes from 


creating a thriving organic paradise in your own backyard. 


Loft: flourishing garden plots the end 
result of careful planning and preparation as 
well as reqular maintenance. 


A2ove A well-prepared, weed-free plot is Above: Both weeds and crop residues can Above: Taller plants may need some form 
Se ee starting point for successful plant be recycled in the organic garden by ‘of support. In this case, willow branches 
poem 2nd development. ‘composting and then reiumed to the sol. __have been used to support Lysimachia. 
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WEEDING AND WEED 


CONTROL 


Many people are put off organic gardening because they do not ike the 
idea of weeding. Not having the “quick fix" of weed-kiling chemicals can 
‘make this task seem daunting. itis, however, worth considering that a 
well-maintained garden has less weeding to do than you might think. in 
addition, it can be a relaxing, even therapeutic, task and there is vary little 
that is more satisfying in the garden than a freshly weeded plot 


WHAT PROBLEMS DO WEEDS. 
PRESENT? 

Weeds compete with garden plants of all 
types for essential nutrients, light ancl water 
Uncontroled weed growth may kil plants 
that are jess vigorous or seriously inhibit 
their development, Weeds also aot as 
“host” plants for animal pests or diseases 
that may, in turn, affect the desired plants, 


CAN WEEDS BE TOLERATED? 
T 0 easy answer 


}0n what exactly you want out 


his question, 


of your garden. Aesthetic considerations 
aside, most gardens can survive quite 
heatthily with some weeds. The majority 
only become a real nuisance when they 
start to take over or if they set seed, The 
simple rue isthe fewer weeds in the garden 
the better 


GOOD CULTIVATION 

‘The secret of organic weed contral is good 
caltivation. This begins with thorough 
‘ground preparation to reciuce the bulld-up 
of weeds and weed seeds before planting, 
Fallowing is commonly used to do this. After 
the ground has been prepared, itis lett bare 
{or 8 period of a few weaks toa few months. 
‘The weed seeds are allowed to germinate 
‘and are then removed as they appear. This 
100 wil never remove all the seeds 


-ause they can survive for several years 
ina dormant state, But the majority of hem 
will have germinated and the task of weed 
trol made easier forthe future, 

Vigliance's important throughout the 
growing season, but never more so than in 
spring and early summer. Tackle weed 
seedlings as they appear. Some methads of 
‘contol, such as hoeing, may damage 
garcien plants, 50 use a hand fork for clase 
work or in areas where hosing is dificult. 

A hoe, for example, can sever the roots of 
surface-rooting shrubs such as 
Thododendrons. These weeding methods. 
are relatively siow and labour-intensive, The 
trick Isto do itlitie and often, 

Fials, brush cutters, mowers, rollers, 
bbuming and other mechanical means are 
occasionally used. Although strimmers can 
bbe used in shrub borders, those that cut 
using nylon cords can damage woody stems, 


MINIMAL CULTIVATION 
Many weeds are plants of cultivation, thriving 
in disturbed ground, Minimal cuttivation 
reduces disturbance and relies on creating a 
ground:-covering layer of vegetation, The 
plants literally out-compete the weeds, 
which can be removed as they appear. 


Lett: Wead-free plots can be attractive to 
crop pests. Here, plant collars have basn 
used to prevent root flies attacking the crop. 


Above: Hoeing isan effective way of keeping 


‘a garden plot free of weeds. Pull a craw or 
‘swan-neck hoe towards you ina series of 
chopping movements, 


common WEEDS 
Weeds can be divided into three 
‘roups. Annual weeds germinate, grow, 
flower and set seed in one growing 
season. Certain annuals, which are 
known as ephemerals, complete their 
lifecycle well within this period and can 
produce several successive 
‘generations within the space of one 
‘season, The third type of weeds are 
perennial species, Perennial weeds 
Initially establish from seed, but tend to 
Persist for several seasons, sometimes 
dying down during adverse seasons 
‘only to re-emenge as conditions 
improve. They are much more dificult 
to.eradicate once established than 

|| annual weeds and many are a serious 
problem in gardens, 


Ephemeral and annual weeds 


‘Annual meadow — » Bittercress 
grass * Chickweed 
Perennial weeds 
* Blackberry = Dock 
{in Australi) + Ground elder 
*Couchgrass ——_* Groundsal 
= Creepingbuttercup + Nettle 
Meadow grass Chickweed 
Creeping buttercup Dandelion 


‘OIFFERENT TYPES OF MULCH 


‘usches provide a physical barrier to weed seeds that would 
-eewise land on the soll surface. The materials that can be used 


MULCH 
f material that is laid over the 
or other growing medium, 
‘en cited as a means of weed 
.oplying mulch has other functions 
cial to growth, Mulches help 
« plants’ roots warm in winter andl 
yeatly assisting new 
ing, They also reduce 
from the sollin two main ways: by 
© soll surface and by slowing 
;poration of water from the sol, 
-eneral, most mulches reduce the 
weeds growing ina planted area, 
y inhibiting the germinating weed 
f hing the sunlight or by 
3 up’ the weed so that Itis spindly 
sly removed or “pulled” 
|d be laid on a bare surface, 
not inhibit established weeds, 
.gorous perennial ones. 
is laid to an even depth of 
- (2ir), it wil develop a cry dusty 
wl ter the germination of 
4s that land on it, This is only a 
measure, but can help reduce 
busiest times of the year. 


MING AND APPLICATION 

be laid on warm, moist sol 
eal time, but they can be 
ring after the soll has 


‘Woven plastic 


warmed up. Appliad too thickly (over 

4 Ocrr/in), they may affect water infiltration 
Inte the sol, Materials containing an 
excessive amount of fine humus or sol-ike 
material ines") may encourage weed 
seedlings to establish, In poor-draining soil, 
mulch may keep the soll waterlogged and 
this willbe detrimental to plant growth, 
‘Synthetic materials, especially ifthey are 
impermeable such as black plastic, will 
Inhibit oxygen and water infiltration into the 
soll, Some materials, such as grass 


MULCHING TO CONTROL WEE! 


1 Grass cllppings are a cheap, effective 
muleh. Apply them at a maximum depth of 
cm (2in) or the heat they create as they 

decompose may harm the stems, Do not use 
‘mowings from grass that has gone to seed. 


{or mulching are varied in their composition and the effects they 
have. They are ganerally classified into synthetic and natural types. 


Cocoa shells 


clippings, can “pack down" on the surface 
and form a water-sheding layer. 

‘As mulches encourage surface-rooting, 
‘application must be cortinued onc started, 
‘otherwise the plants wil sufferlater Many 
‘omamental plants, such as rhododendron, 
are naturaly very shallowrrooting and thus, 
‘need the protection of mulch for good! 
growth, They benefit from an organic mulch 
that conserves soll moisture. Some mulches, 
‘such as manure and compost, also aid plant 
development by supplying nutrients, 


2Chipped bark should be composted or 
stored for several months to let it release 
any resin and start to decompose. Some 
gardeners worry that it introduces fungal 
‘lseases, but the spores are already in the ar 


ic Techniques 


WATERING 


In order to cultivate a successful organic garden, it is crucial to recognize 
the water requirements of differant plants, It is of vital importance that you 
‘know when and how to provide the right amount of water as well as how 
to avoid either drought or waterlogging. Conserving the water in the soil 
a8 well as storing and recycling this valuable commodity are of key 
importance in the organic garden, especially in areas where rainfall is 


seasonal and droughts are common. 


PRINCIPLES OF WATER 
MANAGEMENT 

Arter rainfall or irigation, all the soll pore 
spaces are filed with water, The airs 
displaced and the soll saturated. If the rain, 
cr irigation were to continue, then surface 
poaling oF runoff would ocour, The rate at 
which a soll can absort waters influenced 
byits texture ang structure, 
Water drains from the soll thro. 


by alr After draining has removed the 


water, the remaining 


lost either through evaporation or taken up 
by the plant and lost through its leaves, 

Al sands and! foamy sands tend to have 
a low avalable water capacity. Loams and 
clay have a medium capacity while vary fine 
sandy loam, sit loans, peats and any sol 
with @ high water table have high available 
water capacity, Ciay sols often have a large 
amount of water within them, but it is held 
50 tightly that plants are not able to obtain I, 


METHODS OF WATERING 


WATER AND THE PLANT 
‘Allplants are largely made of water and itis 
crtical that water levels are maintained If the 
Plant is to grow and develop, Soft flashy 
subjects, such as many bedding plants and 
some vegetables, use large quantities of 
‘water, particularly during establishment. 
Plants with large leaves or with extensive 
branch systems, such as large trees, wil 
remove gallons of water from the soll in the 
course of a hot sunny day. 


WATERWISE GARDENING 
Since water supplies are limited, we need to 
20 all we can to conserve soll maisture, As 
the top layer of soil dries out, the dy soll 
acts as an insulation to further rapid 
‘moisture joss. Take advantage of this by 
voicing over-cultvation, particularly during 
the summer, as this may bring moist soll to 
the surface to dry out. Always try 10, 
maintain 4 well-structured soll and avoid 
capping (a hard, partialy compacted 


Above: Water that runs off the roof can be 
collected in a custom-made rainwater burt, 
‘and stored for later use, 


surface layer) as this can prevent the 
‘absorption of rainfall by the soll, leaving 
‘puddles that quickly evaporate, Mulches 
help to conserve moisture either by holding 
‘water or acting as insulation provided that 
they are deep enough. Keep the soll surface 
Weed-tree and provide shelter from drying 
Winds. Maintain drainage, as poor drainage 
leads to ited root growth of the plant and 
poor soil structure. 


STORING AND RECYCLING WATER 
Water is a precious resource that is 
sometimes in short supply, Plants in open, 
ground may accimatize to the soil 
Conditions, but those growing in pots are 
more susceptibie to drought. Mains water 
can provide an answer but there is a cost 
involved and supplies can be restricted, 
Saving water from rainfall or recycling waste 
‘water (which is sometimes called “grey 
‘water") can overcome the worst ravages of 
‘summer drought. 


4 When watering by hand, be 
‘patient and give the ground 
around the plant a good 
‘soaking. Ifin doubt, dig # small 
hole inthe soil and check 

that the water has soaked 
through to the roots, 


the spray to gauge how much 
has fallen. There should be at 

least 2.5em (tin) of water for the 
‘sprinkler to have done any good. 


held in place until the ground is 
‘soaked. It is easy to undler-water 
using this method. Spray the 

leaves ta wash away oirt or dust. 


2Tuming on a sprinkler allows 3A spray attached toa garden 4A seep hose with holes in itis 
‘you to leave itand.get on with hose delivers at a greater rate snaked around plants that need 
something else. Place ajar under than a sprinkler but it must be to be Watered and left in 


‘position. When connected, 
itprovides a graual but steady 
flow of water that penetrates 
deeply into the soil. 


AUTOMATIC WATERING SYSTEMS 


7 Youcan burya pipeline beneath 2 Control systems can be fitted _3 Drip-feed systems can be 4 The delivery nice of me 
= surface and plug in various to the hase system so that you _used for beds, borders and. garden hose car be Pk tele 
wetering devices. A sprinkler can alter the pressure of the containers, “T"oints allow in position with 2 pipe peg mae 
ean be pushed on to this iting, water. These can also act as tubes to ba attached for Js inserted into the grunt © 
Ph lies flush with the turt after Inalvidual drip heads. this is necessar« 


ving and recycling household water is 
vely complicated undertaking that 
svally bast lft to specialist contractors, 
tial health risks mean that itis not 
=i wise to store this type of water for 
nat of ime, but tan be used fresh 
ster non-food plants. Try keeping your 
water and using it to Water omamental 
ican be used to fil watering cans 
< seal for watering outdoor pot 
seemens or plants in open ground 
water may be a viable alternative 
ome contractors wil be able to install 
seo underground tanks to contain 
sonal ainfall, The quicker and easier 
S=enative |s to Install water butts to oolect 
=r from downspouts from roof drains. 
method wil rarely provide enough 
= for your whole garden, but is often 
senty to water (or supplement the watering 
ants in containers, particularly edible 
h as herbs, Rainwater is naturally 
so andi, therefore, not likely to contain, 
harmful bacteria. Its acity also 
the ideal choice for misting plants 
son hol days (as it wil not mark 
ves wth lime) and sults many species 
srsiive to domestic water additives, 
ters also a must for people wishing 
w “acid-loving” specimens in pots. 


WATERING PLANTS. 
© seas where seasonal water shortage is a 
=9¥ar problem, choose drought-tolerant 
's where possible. Seasonal crops 
» 35 vegetables) and displays (summer 
bedding) tend to suffer the most 
2m drought dus to the limited time that 
may have to develop extensive root systems, 
wish to grow these seasonal plants in 
s, they will need to be watered 


regularly to survive prolonged dry periods, 
Perennials, on the other hand, may actually 
become more drought-tolerant if they are 
watered loss, This is because they will have 
to root deeper to find water, Perennials wil 
need to be watered in their rst season 
following planting to ensure their jong-teem 
survival. Remember that applying a good 
‘rench on a more occasional basis allows 
the water to penetrate more deeply and 
have a better long-term effect because it 
encourages deeper rooting. Watering litle 
and often can prave detrimental in crier 
climates by encouraging surface roots that 
may become very drought-prane, After the 
first growing season folowing planting, they 
are better able to cope if not watered! at all 


WATERING METHODS 
Piants can be watered in many ways, but all 
‘generally fall into two categories: hand 
watering or automatic systems. 

Hand watering The commonest too)" here 
Is the watering can, Numerous designs 
exist but they all ely upon a gradual delivery 
through a spout. A rose ensures that a fine 
Spray is delivered that will not wash away 
soll or damage plants. Hoses can aso be 
Used forhand-watering and many nozzies 
have been dasigned to deliver a shower of 
water rather than ajet, 

‘Automated systems There is an array of 
‘devices to choose from, some of which 

can deliver doses of water at set times of 
the day or week. Even the most complex of 
these use relatively simple water-dalivany 
methods such as seep or crip hoses and 
sprinklers, Seep and drip hoses are 
‘essentially “leaky pipes" that gradually 
release water into the sol, Sprinklers 
‘shower an area of garden repeatedly until 


the ground is well soaked 
designs for both and the 
they need to be lat on depends unc te 
‘manufacturer's recommend: 
available water pressure. Bo 
sprinklers offer the benetit of a 
delivery over a large area and be 
operated manually from a mains water 
‘supply. A good watering ev 
‘can be extremely beneficial 
‘espacial if recently planted 


WATERING PROBLEMS 
‘These are usually the result of ether tx 

Iulch or too litte water being apiien S Se 
plant. Both over- and under-water 
similar symptoms because 
toot death. An over-waterea pares 
system begins to die off 


and wilts. Other problems can resi ors 
the wetting of folaga ang flowers 

in ful sunight can give plants 
appearance, s0 it is best not to weter = Rok 
sunny conditions: 


RECYCLING WATER 
The suitability of the water left over Home 
\ashing, bathing and other housenets 
‘activitis depends an how much waste 
‘matter it contains, Ordinary bath wai 
{orinstance, is useful for waterng = 
variety of plants, but the main pestle 
lies ints storage. Waste water tees 
‘caries the risk of bacterial nfestation 
Specialist storage methods and fraton 
can be used, but itis easier to use ® 
immediately (once cooled), and to ayat 
Using it on houseplants or edible cmos 
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FEEDING 


In order for plants to grow and sustain their life processes, they require 
water and air as well as a range of naturally occurring elements, 

At least sixteen different elements are needed by all plants for successful 
growth and development. Three of these elements - carbon, hydrogen 
and oxygen — are obtained from the carbon dioxide in the air and from the 


water and oxygen in the soil, In addition to these, plants also need a 
selection of other important nutrients, which are described here. 


IMPORTANT PLANT NUTRIENTS. 

In adcition to carbon, hydrogen and 
‘oxygen, plants need other important 
Nutrients, which they obtain directly from 
the soll or compost. These nutrients are 
‘commonly divided into two groups, 
depending upon whether they are found in 
plants in high or low concentrations, When 


ORGANIC FERTILIZERS 


they are found in high concentrations and 
‘re needed in large amounts, they are 
known as macro or major nutrients, There 
are three of these: nitrogen (N), phosphorus, 
(P)and potassium (k). Every organic 
(gardener must be fully aware of the functions 
of the "essential three". Nitragen is 
essentially the shoot and leaf maker and 


‘A wide variety of organic substances can boost nutrient levels, 
They should be used in adsition to composts and manures. 


‘Animal manure Bird manure is @ good source of nitrogen, Use In 
pellet form, as the fresh substance will bum plant roots. 


Bonems 


| Promotes strong root growth due to its high phosphate 


Bonemeal 


‘content. Use it as 8 base dressing prior to planting perennial, 


Calcified seaweed This rises the pH ofthe soll and adds 
calcium, lke fimestone, but also contains magnesium, 


Fish, blood and bone A general fertiizer that is normally applied 
In the spring to promote root and shoot growth, 


Fish, blood and bona | 


Ground limestone This raises the pH and supplies calcium where | 
thera isa deficiency. Itis applied as a powder when itis nesded, 


‘Gypsum This supplies calcium to sols where there isa deficiency, but 
does not alter the pH. It is added in 24:1 ratio to “lighten” clay soils, 


Hoof and horn This material gives a slow release of nitrogen where 
strong growth is needed and is applied in the spring or early summer 


Fock phosphate Used mostly to counter phosphate deficiency 


and as an alternative to bonemeal 


‘Seaweed meal Helps to build up humus levels in the soil and is 


Used on a wide range of plants, 


Wood ash An excellent source of potassium that can be added 


directly to the soll or to a compost heap. 


Caled soamood 


Above: Top-dressing with organic matter 
provides the soi! with nutrients and 
‘encourages nutrient cycles. 


|s especially important early in the growing 
‘season; phosphorus is important in the 
formation of roots; and potassium plays a 
tal role in flower and fruit formation ancl is 
also important in promoting hardiness in 
‘overwintering plants. Elements that are 
needed in relatively small amounts are the 
micro or trace elements, of which there 

are ten. Among the most important of 
these are calcium, magnesium and sulphur, 
although all play a vital role in the growth 
{and development of the plant, 


SYMPTOMS OF DEFICIENCY 
Plants exhibit varying symptoms to a 
Nutrient deficiency. General ones are 
stunted growth, ciscoloured leaves, 
including motting and inter-veinal coloration, 
and the premature death of leaves or other 
paris of the plant. Plants may also alsplay 
twisted or distorted growth as well as poor 
Toot growth and development. In many 
cases, the symptoms are often seen first in 
the plant's extremities, such as the tips 
ofthe shoots, as these are furthest away 
from the nutrient source, Ifa plant cannot 
obtain enough of any nutrient frorn a soll it 
will be because there is either ite or no 
Nutrient present in the soll, or the nutrient is 
‘ot "available" to the plant 

‘Any element can also be toxic to the 
plant fit is present in sufficiently high 
‘amounts or out of balance with other 
elements in the growing medium. 


FEEDING PLANTS ORGANICALLY 
Numerous organic nutrient supplements are 
avaliable, All have their relativa advantages, 
bbut they should be used only as part of a 
‘combined strategy that aims to harness 
natural nutrient cycles. This usually involves, 
top-dressing the soil with well-rotted 
organic matter. This is he catalyst to 
Nutrient cycling in the soll as it feeds tha 


MAKING COMFREY TEA 


ge bundle of comfrey 
from the patch in 

garden. Choose good, 
penn, lealy growth, Remove 
‘and stem, but avoid 

g the crown. 


y of soll organisms that naturally 
© of essential plant nutrients, The 
f garden composts do not contain 
large amounts of the major plant 
their long-term abilty to feed 
it makes them so valuable, 
2 best Intentions, plants can 
shor of a certain type of nutrient 
avoided by giving the plant a 
lement of a “plant food” that Is ich in 
Jar nutrient, This can be applied 
oil as a top-dressing, lightly worked 
‘ork, or applied as a for feed. 
ing Involves spraying a fine mist 
strength solution of the feed. The 
Incentrations vary according to the 


OTHER FEEDING METHODS 


1 alternative method of feeding is to use 
12d, This.is most useful for plants 
re grawing in containers. Add the 

nic fertilizer of your choice to one of 
aterings, according to the 

cturer’s instructions. 


2 Place in a plastic container 
with holes in the base. Weigh 
own the leaves, Line a second 
larger container with a plastic 
‘bag and place the first container 
inside. Tie the bag at the top. 


process is complete, 


feed being used, but a rough guide would 
be to use a quarter strength of that which 
you would apply as a liquid feed! to the soll 
“The nutrient will be taken up quickly and the 
residue Is best washed off after a couple of 
days because any soll-applied fertilizer will 
have been taken up by then. Applying a weak 
solution of Epsom salts as a falar or liquid 
feed is an example of applying such a toric, 


LIQUID FEEDS AND TEAS 
Compost tea is easy to make, Comfrey is 
ideal for this, but stinging nettles are also 
very good. You could also use sheep or 
goat manure, or finaly sifted compost from 
the heap. Simply fil an old pilowcase or 


2 Organic granular fertilizer can be applied 
by hand, spreading it over the area 
covered by the roots below. Foliow the 
‘manufacturer's instructions, You may wish to 
protect your hands when applying the 
Iertiizer by wearing a pair of gloves, 


3 The thick dar liquid from the 
decomposing comirey leaves 
collects in the bag below. The 
ower bucket allows this to drip 
down and stores it until the 


‘4 Decant the finished liquid into 
‘a jam jar for later use, The 
liquid feed must be diluted 
before its applied to plants at = 
ratio of about 10 parts w 
4 part concentrate. 


burlap bag with your chosen materia 
(comfrey, nettles, compost or manure) 
sink into a large bucket or barre 


Cover the container and let 
few days, Remember, the longer y 
steep, the stronger the tea 
Use the final "brew” as alight i 


pat 


Wi be 
Itcan also be used as a fle 
medium, provided that it is wal cilutedt 
the residue inthe bag as mulch. An 
alternative method js shown above 
Worm colonies in containers a 
aliquid feed that is a tonic for your plants 
It should be dliuted to a ratio of ab 
parts water to 1 partliquic 
high in potassium and phosphory 


3 Apply a layer of well-rotted organic 
‘material, such as farmyard manure or 


garden compost, to the surface of t 
around the plant. If the plant is not shal 
rooted, lightly fork the material Into the tox 
layer of the soll. 
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PLANT NUTRIENTS: 


The following table highlights the characteristics ofthe soil 


nutrients. Symptoms of deficiency may be seen on different parts 
‘of the plant at different stages of growth, although It may not 


always be immediately obvious that a plant is sufering from a nutrient 
deficiency. Some of the more important symptoms that can be seen 
‘on plants ars listed below, 


PLANT NATURAL PLANTSMOST SOILS MOST _SIGNS OF HOWTOAVOID Toxiciry 
NUTRIENT —ORGANICSOURGE —_INNEED INNEED. SHORTAGE ‘SHORTAGE CAUSE 
Major plant nutrients 
Nitrogen (N) _ Birémanure, blood Grass. vegetables Sandy aols in Stunted growth; mall Applyabase dressing _—_— Excessive use of 
Te"leaimaker and bone, grass grewnforther rainy areas palegraenisaves; before sowing or planting. _nitogencich 
clippings. aves, and ‘weak stems Top-dressin spring and fertiier 
‘oot-bound plants summer with organi mater 
Phosphates Gomay, seagrass, Young pants, Sandysols __Stuntedrootsand Apply abuse dressing of Excessive use 
(P09 horse mane, root vegatables, stems; smalleaves _bonemeal, Ute fish, of ertizer 
‘The‘rootmaker’ blood and bona an frat and with apurplsh tinge; blood and bane whan 
seed orops fowfultyield top-cressing plants, 
Potash (:0) Comey, horse Fut flowersand Sandy ols —_Lasfedgestumyelow, Apply a compound Excessive use 
The'Mlowerand manure, seagrass. ptatoas then brownilow ft organic fertizer orwood of fetizr; ack of 
frat maker yield fruit and fowers ashasa base dressing or magnesum 
ooty coloured top-cressing, 
Minor plant nutrients 
Boron (8) Bectrootleaves, Raat vegetables, Sandy sols. «Brown heart foots, Top-cress wth compost gation water 
horse manure, top ft apples, urowleaves;corky or apply borax in savers 
Compost, seagrass, pears etc) patches on fruit cases, 
untreated sawaust 
Calcium (Ca) Dandelion lucerne Frit. flowers, ‘Acid and ‘Simlartornitegen _Appiylime or use aypaum High pH causes 
hay, comfey, horse vegetables Rotastvrich shortage suntad or caleiied seaweed, toxicity for some 
manure, compost, soll ‘growth and pale acidtoving pants 
blood and bone ‘reer leaves 
‘Copper (Cu) Nettles, yrow,horse Fil, vegetables Sandy ols Diaback; brown ‘Top-dress with compost. Copper-based 
‘menue, dandeten, spots on leaves fungieldes 
chichived, compost, 
ntact sat 
Iron Fe) Stinging nat, Rhododendrons, Chalky sais _Yellowing of ‘rouble can accuron Raw 
compost, azaleas, camelias younger eaves hal, peat, very ight and 
dendollon, horse ‘acid sols on shortage in 
manure, spinach chalky soisis de to 
‘and seaweed locicup by calcum and 
fc fo ai, 
‘Magnesium —Grasacippings, “Roses, tomatoes Sandy, pty Yalloworbrown -—-Apply.amuchof compost None 
(Ma) seagrass landppotasiich patches between or Epsom salts if 
sala Veins of cdarleaves deficiency is severe, 
Manganese Chickwoad, Fhodedendrons, Chalkysois _Yelowing between Shortagein chalky salisis None 
(we ‘Compost untreated azaleas, cams the veins ofokier duet lock-up by ealkum 
saydust leaves, {30e iron) Aciafcation for 
some plans, 
Molybdenum — Comstas, compost, Brassicas ‘Acid sols Narow leaves ‘Appiylime and top-cress None 
(Wo) grass clippings ‘with compost 
Sodium Na) Soawood Rostvapetabies, Sandy soils -Voryrareexceptin Nat usually Warranted, Land reclaimed 
‘rai afew seaside-loving from sea 
plants 
Sulphur(S) Cabbagelewves Ali pants Solsinrursl Stunted.growah and Aight dusting of lowers Industral sites and 
reas Pole greenieeves of sulphurcuring the year. acidrain, 
Zine 2) Horse manure, Fruit vageinbles Sandy sols —_—Dlaback Top-ckess with compost. Leaching trom 
com stalks, containers 
‘garden compost, 


Unreted sacs 


BASIC PRUNING 


t there 


task of pruning can seem a daunting prospect to some gardeners, 

in fact, no great mystery surrounding pruning and a few basic 
are all you need to get started in most cases. At its simplest level, 
ning should be regarded as a way of introducing some order to your 
den, giving your plants space to grow and look their best, while also 


controlling them within a set space. The following section provides some 
asic advice to enable you to prune with confidence. 


WHY IS PRUNING NECESSARY? 
isually caried out to control the 
of stronger subjects that may 
iamage thase of a weaker habit 
1ng alongside; It also ensures plants do 
‘ow their allocated space and 
=e an obstruction, Pruning is also used 
> train a plant to a speaitc shape or 
0 maintain or improve flowering; and 
jprove the shane or “balance” of an 
shrub or tree, Finally, Its used to 
fead, damaged, diseased or 
sest-nfected growth, Ths last type of 
ng is refered to as hygienic pruning 
hejps maintain plant health and vigour. 


GOOD AND BAD PRUNING 


11 Agood pruning cut 
is made just above a 
strong bud, about 
3mm (Ain) above 
the bud. It should 
bea slanting cut, 
with the higher enc! 
‘above the bud. The 
bud should 
generally be 
outward bound 
trom the plant rather 
than inward, 


4.Do not cut too far 
above a bud. The 
piece of stem above 
the bud is likely to 
die back and the 
rest of the stem 

may well die back 
even further, 
causing the loss of. 
the whole stem. 


Constant pruning, however, is not always 
necessary for the good cultivation of plants, 
‘Once a plant has become established and, 
the inal framework has been formed, 
pruning is often reduced to a minimum, The 
‘major exceptions to this include plants that 
{are pruned annually in order to improve 
flowering, fruiting or quality of folage, 
‘Apples, peaches and other frit trees and 
‘bushes are regularly pruned to increase the: 
Yield of fruit, Ros=s are a good example of 
‘an ornamental shrub that benefts from 
regular pruning, having more vigorous and, 
prolife flowering as a result of cutting back 
‘on a yearly basis. 


2 the stem has 
buds or leaves 
‘opposite each 
other, make the cut 
horizontal, about 
‘3mm (‘ain) above 
the buds. 


5 Donot cut too 
close to the bud 
‘otherwise the bud! 
ight be damaged 
by the socatours or 
disease might enter 
Too close a cut s 
Ikely to cause the 
stem to die back to 
the next bud. 


‘Above: Regular dead!-headiing keeps shrubs 
tidy and promotes further flowering. Cut 
‘lowering stems back to a bud or stem dvision, 


SUCCESSFUL PRUNING 

There are arguably two hallmarks of good 
pruning: a well-planned, careful an 
mathadical approach to the work 
Undertaken and a goad working knowledge 
of the requirements of the plants that are 

to be pruned. The real results may not 
always be apparent for months and, in the 
‘case of trees, for years, 

With secateurs (hand pruners), always 
try ta place the thin blade on the trunk/ 
branch side of the cut. This will resultin a 
short stub and will aiso prevent a layer of 
damaged camibium tissue being eft 
Immediately under the tine of the cut 


3 Always use a 
sharp par of 
secateurs hand 
pruners). Blunt ones 
will produce a 
ragged or bruised 
cut, which is kely 
to introduce disease 
into the plant 


GItis bad practice 
to.siope the cut 
towards the bud as 
this makes the stem 
above the bud too 
Jong, which is ikely 
to cause dleback. It 
also sheds rain on to 
the bud, which may 
cause problems. 
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HARD PRUNING SHRUBS 


1 There are a few shrubs ~ buddleias are 
the main and mast obvious example - which 
benefit rom being cut hard back each 
spring. This treatment improves the 
development of the foliage, Elders 
(Sambucus) and the purple smoke bush 
(Cotinus) should also be treated in this way. 
Rosa glauca also responds vary well to this 
type of hard pruning. 


made mmediat 


dd should be done as cleanly 


‘well maintained s¢ 
that are regularly sharpened. Make 

sure that you! do not position your blacle too 
close to the bud or the tissue that connects 
the bud to the main plant body could be 
damaged. As a guide, you should cut mm 
((6in) above a bud and always ensure the 
buds not damaged when cutting 


tours 


Above: When cutting out crossing stems, cut out the stems while they 
are stil Young and free from damage and disease. Using secateurs 
(hand pruners), cut the stern at its base where it joins the main branch. 


2.Cut the shoots right back almost to the 
‘ground. I is important to ensure that you 
‘make the cuts just above an outward-facing 
bud. Cutting back will leave litte more 
than a stump. t may seem a ite drastic, 
‘but the shrubs will quickly grow again in the 
‘spring. Ifthey are not cut back, they 
become very leggy and donot make such 
attractive bus! 


reful when using a saw close 
trunk or stein to remiave heavier thicker 
branches, The weight of the branch can 
sometimes cause splting and tearing to 
the main stem wood or bark, These injuries 
can allow the entry of disease-causing 
‘organisms and damage the plant, 

The typical order of cuts to follow when 
pruning any tree is to remember the 
These are: dead, dying, diseased, 


8 Several plants that have attractive 
coloured bark in the winter are best cut to 
the ground in the spring. So, by the 
following winter, attractive new shoots 
willbe displayed. The various 
ccoloured-stemmed Rubus, such as 

R, cockbumnianus, as well as same of the 
‘lagwoods (Cornus) and wilfow (Salts), are 
{900d candidates for this treatment. 


isplaced or deformed branches, All of 
these must be removed as the frst stage 
of any pruning work. Then add to this ist 
the C's; criss-crassing branches and 
‘crowded growth, 

The next stage is to remove any 
Unwanted growth, Care must be applied at 
this critical stage to ensure that you do not, 
remove too much growth, Finally, once you 
have cleared this material, itis possible to 


Lott: Tips of stems 
often die back, 
especially those that 
have carried bunches 
of flowers. Anathar 
cause is the young 
growth at the tip of 
shoots being killed by 
frost. If this dieback 
isnot cut out, itcan 
Kall of the whole 
shoot. Even if dlaback 
proceeds no further, 
the bush looks tidier 
without these dead 
‘shoots, Cut the 

‘shoot back into good 
Wood, just above a 
strong bud 


energy”, Russian patent claim #3601725/07 (084905), 
of June 4, 1983 and “Method of transformation of heat 
energy of ferrites into electric energy”, Russian patent 
claim #3601726/25 (084904), of April 3, 1983. This 
theory is not about some transformation of space-time 
structure but in any case the practical application of 
conversion of environmental heat is very important 
because this work is real basis of free energy systems. 


In one of Zaev's articles, which were published in 
Journal of Russian Physical Ideas, he quoted from 
K. Zialkovsky: “If the heat can be transmitted from 
cold body to hot body, then it must have enormous 
importance, and not only philosophical or scientific, 
but also practical importance. The Clausius postulate 
is not confirmed in this case. The gravitational force, 
as well as other reasons (number of the reasons is 
unknown) break this postulate... heat can be 
transmitted from cold body to hot body but only as 
the result of some exclusive conditions”, published 
in Russian, “The Second beginning of 
thermodynamics”, Kaluga, Russia, 1914. So, the 
inventor of free energy system should provide this 
“exclusive conditions” to organize collection and 
transformation of environmental heat in his free 
energy system. 


Another well-known free energy system is Swiss 
electrostatic machine. In spiritual commune 
Methernitha, Linden in Switzerland, since 1980 
several free energy devices have been generating total 
power of 750 kilowatts. From the technical point of 
view, these devices are modernized electrophore 
generator. Permanent magnets also included into 
design of these devices. The machine of 20 cm 
diameter produces about 200 watts, and a big 
machine has the disk of 3 meters and it produces 
about 30 kilowatts, Fig. 8. 


Fig.8 


One of the modern technical decisions, which are very 
close to this Swiss machine is patent USA No. 4897592 
by William Hide, January 30, 1990. This device is 


“system to generate power from electric field”. It is 
one more example of work, which can be produced 
by potential field, in particularly by means of electric 
field that can be used as free source of power. The 
energy (the potential energy) is the possibility to 
produce work and the power is a work per unit of time, 
ie. it is a process. The properly organized process, 
for example acceleration of rotor in Hide's machine, 
uses the potential field on the part of positive work 
(acceleration) and the author of the patent provides 
meta screen on the part of the trajectory, where the 
field decelerates the rotor 


vit is "perpetuum mobile” and it can not 
be patented even if it really works! 


One more example is Reed's motor, which uses energy 
of permanent magnets. By the description of 1991 it 
is made of four disks (two immovable discs and two 
rotating discs), and eight magnets are placed on them. 
Howard Johnson used similar method, USA patent 
#4151431, Fig.9 


U.S. Patent Apr. 24,1979 Sheet 4 of2 4, 151,431 
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PRUNING OUT DEAD WOOD ON A CLIMBER 


climbers produce a mass of dead 

that has to be removed so that the 

joes not become congested, 

"ees wood is normally quite clearly 
erentiated from live wood by its colour 

wc lack of flexibly. 


urther work needs to be done. 
pecies have speciic pruning 

ments, which need! to be carried out 
is to reach its full potential 

janca, form and a pleasing 
pruned specimen requires a 
eye, as well as an understanding of 
growth habits and tolerances. 

tn taking a litle time over this and 

a what you are going to do before 


Above: Up to a third of the old wood should 

removed to encourage the climber to 

produce new growth. i possible, cut some 
this out to the base; also remove some of 
pe upper stems, cutting them back toa 

»g growing point. 


2 Thin out all of the dead wood that the 
climber has produced, removing it very 
carefully in sections, if this is necessary, 
so that the remaining stems are not 
damaged when the dead stems are 
eventually pulled out. 


starting, Acting too hastily now can easily 
spoil the job. Pruning is one of a few tasks 
Inthe garcion that are best viewed 
intermittently from a clstance. Remember, 
you can only cuta branch ance. Ifyou cut 
the wrong branch, you cannot rejoin it 
effectively o the plant from whence it came, 
‘Atways check that you know the full extent 
of abbranch and what effect its removal will 
have prior to making the cut. 


‘Above: Remove any wood that has became 
diseased, cutting it back to a point on the 
stem where the wood of the climber fs 
healthy the cut end shows that the wood 
fs stil diseased on the inside of the stern, 
‘cut back further sti 


PRUNING EQUIPMENT 
‘There isa range of tools that can be 
used for pruning. itis advisable to use 
the correct tool for a specific task 
because it will make the process both 
easier and more efficlent. 


Pruning knife Using a pruning knife 
requires oth skill and a sharp blade. 
Ablunt knife can easily damage the 
plant. Cut away from you and keep 
hands clear of the direction of the cul, 


Secateurs (hand pruners) When smell 
branches are to be removed, itis 
‘easiest to use secateurs and remove 
the branch in one go. Secateurs are the 
commonest type of pruning tool and 
are best used on twiggy material up to 
‘about the with of a pene 


Loppers Use these on branches up to 
25cm (Jin) thick, Loppers are useful in 
tuations where secatours may not 
easily reach, such as in dense tangled 
shrubs, Loppers should not be used for 
very thick branches or they may easily 
be damaged. 


Extension loppers Ideal for cutting 
‘out-of-reach branches up to 2.5cm (tin) 
thick, They are a useful tool but they 
can be ting to use and require some 
practice. 


Ratchet and snap cut shears These 
have three times the power of 
‘conventional shears, Used for branches 
Lp to dem (tin) in diameter. 


Narrow curved Grecian saw Use on 
branches up to Sem @n) in diameter 
\where the branches are very crowded, 
Ieuts on a pulling cut, making its use 
‘above shoulder height very easy. 


Extension saws These are similar to 
Grecian pruning but they have an 
‘extended handle, They are very useful 
where larger branches need removing 
from smaller garden trees, 


Bow saw Used for cutting larger 
branches. Avaliable in various sizas, 
They cut with a pushing cut, making 

their use above shoulder height ting. 


PLANT PROPAGATION 


Despite the large variety of methods employed, there are really only 
two basic types of plant propagation: vegetative — taking cuttings, for 
example —and sowing seed. All of the techniques used fall into one or 
other of these categories, Raising your own plants is one of the most 
rewarding activities that any gardener can do. It can also be particularly 
beneficial for the organic gardener because, unlike with bought-in plants, 
you can be assured that self-raised stock will be pesticide-free. 


POTTING MIX FOR PROPAGATION 
‘Seed and cutting potting mix should be 
almost free of nutrients ~ the plants do not 
‘need sol-derived nutrients until they have, 
rooted. Numerous proprietary brands are 
available for organic propagation 
Alternatively, you can make your own 
fotting mix using finely sifted compost or 
leaf mould mixed with equal parts of sharp 
Sand or ari. Mixing this is comparatively 
easy but problems can arise ifthe organic 
matter is not thoroughly sterilized. Unless 
YoU are able to do this, thers is always the 
possiblity of fungal diseases affecting the 
pants. Worm compost can be good for 
making potting mix but the easiest way to 
get sterlized potting mix is to use compost 
that was made in a hot pile. Use material 
from near the middle of the pile to get the 
most sterilized matter. 


PROPAGATION FROM SEED. 
‘Seeds are nature's way of introducing 
variety into plant material, Fertilizing the 
female part of a flower with pollen from the 
male part produces a soed. Seeds are a 


resting and survival stage in the plant’ life 
that help it survive adverse conditions in 
‘nature, Seeds can survive conditions that 
kill plants. A seed consists of three things: 
{an embryo (a young plant at its most 
Immature stage); a food supply (to maintain 
the embryo and provide eneray after 
germination); and a protective seed coat 
‘The embryo consists of a young root 
system (radicla; the young shoot system 
(plumule), whieh carries the seed leaves 
(cotyledons); and the hypocotyl, which is the 
Junction between the root and shoot systems, 
Some seeds need special treatment to 
germinate, One such treatment is 
stratification. To stratify seeds, cover them, 
in'soms damp material, such as damp 
‘compost, anc keep them in a refrigerator at, 
about 4.5°C (40°F) for up to three months. 
After this treatment, the seeds are ready to 
germinate. Seeds that germinate better 
atter stratlication are oaks and hellebores, 
‘Seeds require moisture, warmth and 
‘oxygen to germinate, Because a seed 
needs oxygen as wellas moisture, itis 
Important not to keep the seeds too wet. 


MAKING ORGANIC PROPAGATION POTTING MIX 


‘Above: Collecting your own seed can be 
very rewarding and ensures that your new 
‘plants are free of any pesticide residues. 


On the other hand, the seeds must not dry 
‘ut. Most seeds germinate best between 
18.5-26°C (65-75°F}, Most seeds wil 
germinate wellin ight; however, some 
seeds, such as those.of periwinkle, pansy 
and verbena, germinate best in the dark, 
Many seeds have specific germination 
Tequirerents that require knowledge of tha 
particular species. Certain generalizations 
‘are possible and although its aways 
advisable to follow the instructions on 
ppackats you buy, self-collected seed may 
require a bit of guesswork, Ifitis a srnall 
ddust-like seed (thyme and bas, for 
‘example, it probably needs light to 
germinate. Maka sure the seed is well 
pressed into the rmolst mixture, but do not 
‘cover. Larger seed should be covered to 
twice its thickness in the soilless mixture, 
lf the seed packet says to scarily, make a 
scar in the seed by nicking the seed coat in 
‘some way. Lightly rubbing the seeds with 
‘sandpaper usually accomplishes this, 
‘The reason for scarifcation is to speed 
Up the lengthy process of letting the water 
past the waterproof seed coat, 


11 Take equal quantities of an organic 
‘material, such as cotr or finely sieved leat 
‘mould, and a free-craining material such 2s. 
vermiculite or pertte. 


2 Mix the organic material and vermiculite or 
peri together thoroughly, ensuring that 
there are ne lumps and that the mixture is 
open and “iree running”. 


'8 This organic potting mix for propagation is 
now ready for use and does not need any 
‘additional fertilizer. It can be used to 
propagate seeds and cuttings. 


SOWING SEEDS IN CONTAINERS 


1 Fest gather together the basic equipment. 
Yeu will need pots, potting mix, labels, a 
feecei a fming board and a plastic bag. 


2 Fill the container with the potting mix, 


gently tapping the pot to ensure that there 
‘re no air spaces inthe mix. 


ES ee 


‘3 Gently firm and flatten the potting mix 
with the firming board. Take care not to 
‘overefim the potting mix, 


4 Sow the seed evenly over the potting mix 
‘sree. Large seed can be placed, but 
sreter seed must be scattered. 


VEGETATIVE PROPAGATION 
vegetative pars ofthe plant (stem, root 
+ fe can also be used to produce a new 
2% Most ft tees are propagated 

scaly, using a bud or a twig froma tree 
soaces exceptionally good frit 

(9h = this bud or twig becomes an adult 
the sare qualities as the 

2. By propagating asexually 
Sra), we reproduce the “mother” plant 


PROPAGATING PLANTS FROM 
SPECIALIZED ORGANS. 

's may be propagated from many 
nt parts. Specialized roots, 
«leaves that occur naturally make 
sea) propagation easy. 
onsists of swollen leaves on a 
sm). Bulbs can be propagated by 
="ovng small bulblets or offsats that form 
ofthe parent bulb. These small 


—— 


5 With larger seed, lightly cover the seed 
with finaly sieved potting mix. Sleved 
vermiculte or petite can also be used. 


bbulbs take two or three years to mature into. 
plants that flower, Place offsets in rich ight, 
sol, Certain bulbs, such as ilies, can be 
propagated by removing individual scales 
from the dormant bulb and placing them in 
bag of damp moss. After a few months 
the scale wil develop into a small bulb (a 
bulbip, which can be potted asi it were a 
large seed and grown on. Certain tiles (tiger 
ilies, for instance) produce bulbs in thelr 
leat axils (where the bull leaf joins the stem) 
that can also be propagated, Examples of 
bulbs are tulips, onions and ilies. 

Corm This is similar to a bulb and often 
confused with one, Structurally, however, a 
corms different, consisting ofa stem that is 
wollen as a food store, Itis shorter andt 
broader than a bulb, The leaves of the ster 
‘are modilied as thin dry membranes that 
enclose the corm and pratect it against 
injury and drying. Examples of corms are 


{6 Water the pot using a fine rose on 
‘watering can. If the seed is small, water 
the potting mix prior to sowing. 


‘crocus and gladiolus. The procedure for 
propagating these is the same as for taking 
offsets from bulbs. 

Rhizome This is a stem that grows 
horizontally near the soll surface. A thizorne 
Usually stores food, but, as it grows, it 
develops buds along its lenath, Rhizomes 
can be cutinto sections with at least one 
eye or bud. Plants propagated in this way 
include ins. 

Runner This isa stem that arises from 2 
‘crown bud and creeps over the ground. The 
plantlet that forms at the tp is easlly rooted 
and forms a new plant. Plants with runners: 
include strawberries and spider plants, 
Tuber This isa swollen underground stem, 
or root that stores food. Tuberous plants, 
such as potatoes and dahlias, can be dug 
Up and the tubers separated. Each section 
must have a segment of the crown that 
contains at least one eye or bud, 
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PROPAGATING TUBERS 


1 Take a sharp knife and cut the tuber 
(in this case a begonia tuber) through the 
‘mille so that each part has a shoot. 


ROOT CUTTINGS. 
To produce a new plant from a root cutting, 
there must be a shoot bud present or it 
must be possible for the cutting to form 
one, The abilty of root cuttings to form 
these buds depends on the time of year, 
The dormant (resting) season is usually the 
best time to take ract outtings and itis best 
to take them from newer root growth. 
‘Make cuttings S-10cm (1)/-din) long 
from reats that are 1—1.5em (\¢-Ain) in 
diameter. Ensure the roots are from the 
‘chosen plant and not neighbouring plants, 
(Cuttings are best taken during the winter, 
‘when roots have large carbohydrate 
‘supplies, but they may also be taken 
throughout the growing season, Cut 
straight through the end of the root closest 
tothe stem, Cut the other end on a slant, 


2 Dust the open cuts with a fungicide such 
{as sulphur or Bordeaux mixture. Prepare 
two smatl pots with moist potting mix. 


‘3 Plant both halves so that they sit firmly on 
top of the potting mix. Keep the potting mix 
‘mots and plant on when new growth appears. 


‘This wil help you to remember which end is 
the top he straight cut) and which isthe 
bottom (the diagonal cut), 

Store cuttings from dormant roots for 
three weeks in moist rooting medium at 
5°C (41°F, After this, remove from storage 
nd plant upright inthe growing medium, 
Keep moist and warm ina bright location 
nti the plantas grown large enough to 
pot on or plant out. This wil, of course, vary 
depending upon the vigour ofthe pant and 
slow-growing plants may be best potted up 
and grown on fora season befors ally 
planting out the folowing spring 

Ifroct cutings are taksn during ative 
{grawth, miss out the period of storage and 
place the cuttings directly in the rooting 
‘medium. Phlox and euphorbias are 
propagated from raat cuttings, 


STEM CUTTINGS AND LAYERING 
Many trees, shrubs and herbaceous plants 
are propagated from stem cuttings. 4 root 
system must be formed on a stem elther 
‘before or ater the siem is removed. Roots 
can be formed on stems in two ways: by 
layering and by taking stem outtings, With 
layering, the stems alowed to produce 
roots before itis cut from the parent plant 
‘Stem cuttings form roots atter the stem 
is removed, The main aifcully with stam 
ccutings is keeping the stems alve while 
they for new roots, Some pant stems root 
better when the wood is soft and actively 
‘growing, others root best from mature 
\Wood. Cuttings taken from plants that are 
actively growing are called softwood 
ciutings, while those taken after the wood is 
‘mature are known as hardwood cuttings, 


TAKING ROOT CUTTINGS 


1 Dig up a small section of root from & 
suitable species with thick fleshy roots. The 
section must either have a shoot bud or be 
capable of forming one — in which case the 
cutting shoutd be taken in the dormant 
season —ifits to be successful 


2. Remove as much ofthe soil as possible 
{rom the root cutting before slicing off the 
small side roots. Using 2 sharp knife, 
‘remove thase as well as dead and damaged 
portions and any side shoots to leave a 
section of healthy root 


3 Cut the remaining sections of the root into 
small pieces, approximately Sem (Zin) 
inlength, cutting the bottom end at an 
angle. Insert the root cutting into 
propagation potting mix, with the angled 
‘end pointing down, 


PEE oe 


TAKING HARDWOOD CUTTINGS 


{ 


» Select healthy, blemish-tree pieces of 2 Stand the cut stems ina jar of waterunti! 8 Dig a narrow trench that is deep enough 
‘seed about the thickness of a pencil. Cut you are ready ta plant them out. ideally, for the cuttings, About 2.5-Scm (1-2in) 

22> of these into sections about 20-25cm stand the jar in @ cool moist piace out of should! emerge above ground. The length of 
10) long, angling the top cut. direct sunlight, the row will depend on the number of cuttings. 


#:.ccsely fil the trench to about two-thirds 5 Insert the cuttings about 10-15em ($-6in) 6 Gently firm the soll, making sure that the 


Se wth sharp sand or fine grit. This is apart, making sure that the angled cut is ‘cuttings are firm but thatthe soll surface is 
scertial ast wil allow the passage of air uppermost. if you place any cuttings in not over-compacted. Leave the cuttings for 
seers the bases and prevent rotting oft upside down ~ i. with the buds facing the whole of the growing season before 

Se also encourage rooting. ‘downward — rooting will not occur, iting and planting out next winter 


TAKING STEM TIP CUTTINGS 


, At 
Rete cuttings from the tips of 2 Tim the cuttings to just Place up to twelve cuttings in 4 Water well, and cover with the 
se stems and put them ina below a leat joint and then a pot of potting mix that is cut-off base ofa saft-drinks 
eesee bag. The length of the remove most of the leaves and specially formulated for cuttings bottle, a perfect substitute for a 
gs will vary, depending on —_side shoots, leaving just two or 50:50 mixture of sharp sand propagator. A heated propagator 
= sunject, but take about at the top. This will help to and peat substitute such as coir wil speed up the rooting process. 


tem (sin), prevent stern rot. (or leaf mould mix. Place several pots in the same unit 
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Layering is a useful way of increasing some 
shrubs and cimbers that cannot ready be 
propagated from cuttings. Simple layering 
Is amethod of getting a growing shoot to 
produce roots while tis still attached to the 
‘parent plant. There are several variations 
on the technique, and the one you use wit 
depend on the plant and the type of growth 
itproduces, 

Softwood cuttings are taken from frst- 
‘year branches that have not yet becorne 
woody. Flowering shrubs are often 
propagated by softwood outings, Late 
spring and early summer are the best times 
for success with this method, Take cuttings 
5-10om (2-4in) long, Larger cuttings 
produce larger plants sooner, but they are 
prone to more rapid water loss, Make cuts 


LAYERING SHRUBS 


4 Choose a stem that will reach the ground 
without breaking and prepare the soil 
beneath it. in mast cases, the native soit wil 
be satisfactory, but iit is heavy clay, add 
some potting mix to improve its texture, 


4Filln the hole and cover it with a stone. In 
‘many cases, the stone will be sufficient to 
hold the layer in place and a peg will not be 
required. The stone will also help to keep 
the area beneath It moist. 


slightly below a leat node, Remave any 
leaves on the lower section and insert them 
into potting mix, making sure tht no leaves: 
are touching each other or the potting mix 
Remove any cuttings immediately from the 
tray or pot if they die or appear diseased, 
Pot healthy cuttings up promtly once they 
recommence growth folowing roating, 
Hardwood cuttings are taken once the 
tissue becomes woody and the plant is. 
dormant, Cuttings can be taken two weeks 
after leaf falland before bud burst. Select 
healthy wood that was produced the 
previous summer. The wood should be 
about pencil thickness and cut into sections 
of approximately 20-250m (8-10in), Several 
‘cuttings can bs made from tha same 
branch of some shrubs. 


2 Trim off any side shoots or leaves. Dig a 
shalfow hole and bend the shoot down 
into it. 


To take hardwood cuttings, ake basal 
crs Just below anode, and upper cuts 
siightly above a bud, The upper cut should 
be slanted and the lower cut straight, 30 
that a cutting is less ikely to be inserted into 
the potting mix upside down, Once inserted 
all the tons of the cuttings should be 
slanted cuts. Bury cuttings vertically in 
moist sandy topsoil or sand. 

‘The outtings should not freeze, but must 
remain cool. n spring, remove the cuttings 
from storage and plant in a hotbed or other 
protected! site with exposure to momning 
Sun or ftered light, Leave 2.6-Bcm (1=2n) 
‘of cutting above ground. Keep cuttings 
‘moist unti a root system forms, Transplant 
the cuttings the following spring while they 
are stil dormant, 


8 To helo hold the shoot in place, peg it 
down with a piece of bent wire, 


5 It may take several months or even years 
for shrubs that are hard to propagate to 
layer but, eventually, new shoots will appear 
and the layer will have rooted. Sever it from 
Its parent and pot Itup into a container, 


6 ifthe roots are well developed, transfer 
the layer directly to its new site. 
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SIMPLE DIVISION 


the plant thats tobe 2 Insert two gardlen forks 3 The pleces of the plant cen 4 Alternatively, small pieces of 
See during the previous ‘back-to-back into the plantand then be replanted in the bed, the plant can be potted up 
Sy Caretully dig up @ clump of lever apart by pushing the bbut dig over the sol frst, Individualy. After watering, 
Se plant using a spade, inthis handles together. Keep on removing any weeds and place these ina closed cold 
See 2 Michaeimas daisy dividing until the pieces are of adding some well-ratted ‘ame fora few days before 
paser novi-belgi the required siz. ‘organic materia. hardening oft 
DWISION CHIP BUDDING 
= the cutting or breaking up of a = 1 Selset good bud Shemave the bbe 
see ce clump of suckers Into segments. see ea taioa engatany stern) 
s> segment must have a bud and some cenlbleriehes are! fat-edged knife, 
ses % propagate successfully, These annedanecel ‘Cut out the bud 
~. replanted and grow into new ipsa orcieanien| iaithethin shaving 
ae cal to the parent. Most iiyotarscsnultie Gritsaned. 
sereerieis should be ited and divided fee sinner ther below the bark and 
sper ey become overgrown and begin to Weert ‘eave a" shape 
ox0us growth in most remove the leaves, at the base, 
Surs on the outer segmenis of 
(i growth in the centre of the 
pis Gscaried 
. 3 up the plant, loosening the 
i from the soil, Split apart 8 Propare the stock 4 Place the bud into 
arp with wo spades oF forks, oF plant by cutting a the notch, fitting 
hovel or lage knife ifthe “church window" the "V-shaped 
ety massed. is advisable to shaped notch base into the notch 
owering perennials in spring, from the ster that atthe base ofthe 
see Pose tat flower in spring and fs the same ‘window cut” 
eevee 22 best olvided In autumn, thickness as the 
chipped bud and al 
SPAFTING AND BUDDING eave a smal notch l 
oding involve inserting or cut into the base. 
one plant on to another i 
— 5 continu to grow. In 
oa hort twig froma ‘5 Make sure that ‘8 Secure the graft 
Geerstie varity with two or more buds the bud fits snuaty, firmly with gratting 
Bieta soon) o.a seeding. This seeding with the edges of tape to ensure that 
SeeStiec he stock and forms the root the bud-wood in the join does not 
— plant, while the scion contact with the dy out. The graft 
growth. Budding involves edge of the will usualy take in 
ns bus from 2 desirable variety “window" notch, about 4-6 weeks 
ne stock. The In the summer but 
arene oft Winter grafts can 
ee nd buds take longer 


vio 
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THE GREENHOUSE 
ENVIRONMENT 


Greenhouses provide an environment in which levels of ight and shade, 
temperature and moisture, and protection from the elements can be closely 
controlled and monitored. You can propagate plants to grow outside, 
protect tender planis from frosts and grow certain crops out of season. 

A basic understanding of the ways that the greenhouse environment can 
be controlled wil hejo you on your way to a bumper harvest. 


LIGHT INTENSITY 
Natural ight has all the right wavelengths 
that plants need to funotion and grow 
sucessfully, Light intensities vary 
considerably during the year and gardeners 
often try to compensate for this by aiving 
extra light to the plant, The qualty of this 
light must be correct for the growth of 
plants, and ight bulbs used to supplernant 
natural ight must be of a suitable dayignt 
quality, Natural winter ight intensity is ten 
Insufficient for certain crops, Conversely 
summer light levels lly when 
temperatures, can 
cause problems for ather crops. Balanced 
growth requires good greenhouse design 
land proper planning forthe light 
requirements of the crop, As a general rule, 
the ge that runs along the mide of your 


combined with elevated 


Above: A maximum/minimum thermometer 
‘san essential tool in helping you to judge 
the conditions in your greenhouse, 


‘greenhouse ff yours isa traditional 
shaped one) should always be 
‘orientated so that It runs east to west 


LIGHT READINGS WITH A METER, 
‘These should be taken inside the 
greenhouse and then compared with an 
‘outside reading. The diference between the 
two readings will indicate the percentage of 
availabe light transmitted into the 
greenhouse, A good tip here for those 
ithout a professional ight meter is to use 
the automatic aperture reading on an SLR 
camera ora photographic light meter It 

will nt give actual figures, but will indicate 
toa certain extent just how much of the 
ayallable ght is getting through. 


ADDITIONAL LIGHTING 
‘Supplementary lighting can be used to 
“top-up” existing daylight, especially in 
winter. You should always buy bulbs that 
dive a full spactrum of ight (the same quality 
as daylight - often sold or described as 
grow lights’), Almost all bulbs for 
household use are short of the particular 
light wavelengths that plants need to 
produce fond and grow successfully Grow 
lights tend to use a lot of electrioty and it 
may be cheaper to provide additional ight 
for just a part of the greenhouse, 
suspending the hts above a crop that really 
needs the light. Grow lights are available as 
bulbs or stra lights anc can sometimes be 
bought as special enclosed units, 


SHADING 

‘This controls temiaerature and light, 
‘Shaging is usually pul in place in order to 
reduce summer temperatures (f they are 
excessive) or to protect young plants and 
‘shade-loving ones from very intens 
‘sunlight. Blinds, netting or white shade 
paint can all be effective, 


‘Above! Shading helps to keep temperatures: 
down in the summer and also protects the 
plants from sun scorch, 


TEMPERATURE 
Almost all plants ike a fallin night-time 
temperature of about 4-6°C (7-10°F) 
below that in the day. Many commonly 
grown species have a relatively wide range 
of tolerances, but most grow best between 
about 16-24°C (60-76"F), All plants have, 
‘maximum and minimum temperature 
tolerances that should never be exceeded. 
‘You can take an average temperature 
reading inside the greenhouse using a 
‘maximum and minimum thermometer: 
‘Compare it with one taken outside. You 
should note, however, that more than just 
the outside temperature influences that 
‘of a greenhouse, The action of the sun, 
‘even on a relatively cold day, can result in 
‘temperatures being much higher inside than 
it, Wind is also a factor to consider that 
can cause a chiling effect far below the 
‘temperature average, rapidly cooling the 
glass and air neato 


HEATING SYSTEMS 

‘Most heaters depend upon a hotbox or 
burner. These work by heating the air 
directly. They are more generally used 


Above: Some automated systems measure 
air temperature, and then turn on heat and 
‘open vents 2s necessary. 


where there is no need to provide heat ona 
ar basis in cold greenhouses, for 
‘pe, oF in polytunnels used for raising 
y hardy stock, Some enterprising 
Sevieners lin hot water pipes to their 
metic heating systems to provide: 
se2ing for the greenhouse. The 
vantage here is that the heat tends to 
fe applied at times to suit the household 
ot the plants within the greenhouse, 


INSULATION 

ible to Insulate a greenhouse by 

adaitional layers within the 

to trap ai, Bubble-wrap plastics. 

Sepular method as itis easy to place in 

and allows for the transmission ot 
Suich methods always reduce the 

mount of light transmitted, but will save 

heating costs. In adaition to this, 

U\ sting of the greenhouse can help to 

=o.28 the chiling effects of high winds, 


HUMIDITY 

‘Mos plants thrive in about 40 to 60 per cent 

city, Pants that are grouped together 

Sn set un their ovmn small microolimate 

the humidity is higher in the 

sedate vicirity. Much of the humility 
ment fora plant depends upon where 

2s (rom. Rainforest piants often need 

‘or more humidity, whereas cacti 

4s litle as 16 per cent (h cultivation), 

ty is also affected by other 

notably temperature, Warm air can 

| much more moisture than cooler ar 


‘The need to increase humidity rises 
during the hatter months when itis harder 
to keep down the temperature in protected, 
structures, increasing the humidity aiso 
helps to slow down the water loss from 
leaves and may also help to prevent wilting 
cr search, 

Humidity should be raised by damping 
down (spraying a hose on hard surfaces, 
‘paths or under benches) on hot dry days. If 
there are only certain plants, such @s young 
seedings, that require elevated humicity, 
then these are best covered with a thin layer 
of clear plastic. 


AIR CIRCULATION 
Allplants need a constant supply of clean 
fresh alr around them in order fo grow 
healthy. Outdeors, normal wind movements 
\would supply this, but in'a greenhouse you 
will need to make provision for this. 
Ventiators help control teriperature and 
air flow, Roof vents should normally occupy 
the equivalent of 15 per cent ofthe floor 
space in order to be fully effective, They are. 
normally @ single structure that opens. 
“window fashion” with a safety catch to 
keep them open to the required width. AS 
with greenhouse design in general, there 
‘are many designs, most being simpie 
variations on a theme, Side ventlators 
are also occasionally seen in some 
reenhouses, These are usually arranged in 
a “louvre type" fashion, with several 
overlapping strips that can be opened or 
closed with a small lever 


VN teed 


Left: Even a relatively small greenhouse 
ccan vasily increase the range of plants that 
‘you can grow in your garden. 


CHECKING THE CONDITIONS 
‘The greenhouse microclimate differs from 
the garden chiefly because tho light intensity 
Is lower, the temperature is higher and air 
turbulence is loss. How you modify the 
environment largely depends on what you 
intend to grow. Winter salad crops need 
‘some adcitional heat, particularly on cold 
‘winter nights. Sightly tender, overwintering, 
perennials may not need any heat unless the 
‘temperature drops very low. You must know 
what the environment willbe even on cold 
winter rights, The only realy accurate way 
to assess the suitability of an environment 
{or plant growth isto take regular readings. 
‘Many devices exist to monitor the internal 
conditions within protected structures. 
‘These include thermostats for heating and 
‘automatic ventilators, although a seemingly 
endless array of humidification, autornatic, 
shading and watering devices are now 
available for small greenhouses. 


GREENHOUSE HYGIENE 
Practising good hygiene is important in 
‘maintaining the health of he plans. Dead 
leaves and debs et ving about can 
harbour pests and dseases, as can badly 
affected plants if they ae not removed 
prompty, Once a year, thoroughiy clean al 
surfaces, including lass and glazing bars, 
with hot soapy water, This will pay dividends 
during the growing season by reducing the 
‘umber of annually re-ooeuring pests and 
diseases. Where plants are grown in open 
borers, rotate crops or replace the sol with 
fresh tonsol every two or throe years, 


‘Above: Bubble-wrap plastic is an ideal 
‘material with which to insulate the 
greenhouse in the winter. 
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GREENHOUSE 
CULTIVATION 


Ina greenhouse you can hasten the arrival of spring by forcing hyacinths, 
tulips, azaleas and a whole variety of spring crops. You can also lengthen 
summer, with roses that bloom far into the autumn, and brighten winter 
with carnations, camellias and rare tropical flowers, You may also harvest 
tomatoes in mid-winter and vegetables or greens at any time 


of the year. 


METHODS OF GROWING 
‘Think carefully about how you plan to use 
‘your greenhouse and what plants you 
Would lke to grow there, The true art of 
greenhouse gardening ies in using every 
available area of space. This will Involve 
planning the layout of the growing areas in 
the greenhouse and making a cropping 
plan to ensure that you nat only use all of 
the avaliable space, but also every "time 
space” within the growing calendar 


GROWING IN OPEN GROUND 
Many greenhouse plants will grow wal in 
‘opén soll borders, The soll can be prepared 
ina similar way to that used for borders 
outside, Remember that much of what 
benefits outdoor soll (digging and adding 
‘organic matter is also good far Indoor sol 
The advantage is that the system is 
sustainable over a long period and can even 
be serviced as a small raised bed system 10 
help maintain steady soil temperatures. 
‘Taller crops, such as tomatoes, are 
partioularly wl suited to growing in open 
borders in the greenhouse, but a whole 


a 


range of both oramentals and exible 
craps can also be arown in this way. 
Flomember that Ifyou intend to grow certain 
crops indoors — salad crops, tomatoes, 
Jequmes ar cucumbers, for example - then 
you may need to rotate these, or in smaler 
spaces avoid growing them in open 

‘ground every second or third year. This is. 
cone forthe same reasons that outdoor 
crops are rotated, 


‘Above! Staging can 
provide extra space 
Jn the greenhouse 
a5 well asa 
comfortable surface 
‘on which to work, 


Left: You can grow 
crops jn soil beds 
as well asin pots in 
the greenhouse. 


Above: Early crops and flowers can be 
raised in pots ready for planting out when 
the weather is warmer. 


GROWING IN POTS ON STAGING 
Staging is essentially a shelf or shelves on 
‘which plants in pots are arranged. It 
enables the gardener to work at a 
‘comfortable height and is particularly useful 
{for those who wish to raise seaclings and 
‘propagate plants, The area beneath the 
‘staging is somewhat shaded but by no 
means wasted as it can be used for 
overwintering dormant plants, growing ferns 
and other shade-lovers, and for some forms 
cf propagation (lies propagated from 
scales, for instance). It also provides the 
perfect place for propagators and can easily 
bbe adapted to become a propagating tent. 


USING GROW BAGS 
‘Grow bags offer a good alternative to open 
beds in smaller greenhouses, where space 
is limited and no open beds exist. These 
can be purchased or you can easily 

make your own by filing a large plastic 
potting-mix bag with a moture of garden 
‘compost anda litle grit, Each bag wil 
‘support four tomato plants and even 
greater numbers of smaller plants, Grow 
‘bags are ideal for rasing sweet peas 
(Lathyrus odoratus) for use on patios or roof 
gardens where the rich deep soll in which 
thay thrive Is unavailable. They can equally 
bbe used to raise garden peas or beans, 


GROWING CLIMBING PLANTS. 
The last dimension in the greenhouse Is the 
vvortical one, utimately to the roof, Lean-to, 
greenhouses are especially useful for this, 
their back walls being well suited for 
‘growing such things as vines or kiwi Even 
jreestanding “apex houses (those shaped 
‘ike an “A with a central ridge) can be used 
to raise climbing crops, such as cucumbers 
‘or melons, to say nothing of the thousands 
‘of delightful and colourful omamental 
climbers that thrive in the greenhouse, 


Journal “Science & Mechanics” of 1980 describes this 
invention. Hovard filled the application in 1973 but 
he has got the confirmation only in 1979! The reason 
of delay is very clear: it is “perpetuum mobile” and it 
can not be patented even if it really works! Johnson 
found clear and simple description of generation of 
power in his device and explained it as “extraction of 
power from inner energy of electron spin in 
ferromagnetic material”. 


From text of his description it follows that USA patent 
#4,151,431 of April 24, 1979, “Permanent magnet 
motor”, author Howard R. Johnson, application 
+#422,306 December 6, 1973 was developed from the 
prototype that is USA patent #4,074,153 of 1978, class 
of international classification HO2K. 41/00E: 


“The invention is directed to the method of utilizing the 
unpaired electron spins in ferromagnetic and other 
materials as a source of magnetic fields for producing 
power without any electron flow as occurs in normal 
conductors, and to permanent magnet motors for 
utilizing this method to produce a power source. In the 
practice of the invention the unpaired electron spins 
occurring within permanent magnets are utilized to 
produce a motive power source solely through the 
superconducting characteristics of a permanent magnet 
and the magnetic flux created by the magnets are 
controlled and concentrated to orient the magnetic 
forces generated in such a manner to useful continuous 
work, such as the displacement of a rotor with respect, 
toa stator. The timing and orientation of magnetic forces 
at the rotor and stator components produced by the 
permanent magnets to produce a motor is accomplished 
with the proper geometrical relationship of these 
components.” 


..conception of asymmetrical cause-effect 
connections should be used as theoretical 
basis of all over-unity systems. 


Itis reported that functioning Johnson's model produced 
about 5 kilowatts power free of any primary source of 
energy. Let's note that Johnson writes in his patent 
about permanent magnet as about system with “super 
conductive parameters”. The currents of electrons in 
permanent magnet are manifestation of real 
superconductivity and for this case it is not necessary 
to provide the cooling for zero ohmic resistance. 
‘Moreover, the “resistance” must be negative since the 
magnet could save and renew its magnetized condition, 
‘Thereby, any permanent magnet is the example of 
perpetuum mobile of the third kind on the micro level. 
‘Also we can say the same about each atom, 


Also, let's note that in general case motion (rotation) 
can be created due to the discussed above gradient of 
field, which in Johnson's device is result of asymmetry 
in “rotor-stator” system. By the similar way the gradient 
of velocity of airflow above and below wing creates the 
gradient of pressure and this fact produces great lifting 
power in airplanes. 


Fig.10 


Well-known variant of permanent motor-generator is 
Adams motor, Fig.10. The rotor with radial orientated 
(the same pole outward) permanent magnets is 
rotating and creating inducted currents in stator coils, 
which are placed around rotor in the plane of rotation. 
From the point of traditional electrical engineering, 
any motor-generator without closed magnet flux is 
not high efficient device. However, exactly open 
magnetic flux of the Adams motor allows to take off 
power without deceleration of the rotor. We can 
assume that in this case phenomenon of 
electromagnetic induction is not important but in this 
design there is magnetic induction only, i.e 
magnetization and demagnetization of cores in the 
field of the moving magnet. It is a perfect analogy 
with phenomena of electric induction that is 
“electrization by influence”. Similar “magnetization 
by influence” differs from electromagnetic induction 
and secondary magnetic field in winding of generator 
is not related with deceleration of the rotor. Robert 
Adams works with Harold Aspden under patenting 
of their system. Adams is more than 70 years old but 
from our correspondence with him we can say that 
he is going to build demonstration version of 10 Kwtt 
generator. 


..any permanent magnet is the example of 
Perpetuum mobile of the third kind on the 
micro level. 


‘There is also special name “alternators” for this class 
of devices, which use interruption of magnetic flux, 
for example it is the device by USA patent of John 
Echlin #4567407. 


The experiments to investigate the alternator 
principles were organized also by the author of this, 
article and it was demonstrated that ferrite core of 
the generator coil is self-cooling. The simplest 
experiment is based on electro motor, which rotates 
iron plate and it periodically appears in the gap 
between magnet and coil. But it is necessary to note 
that change of the flux in the coil area should be 
organized by such a way to decrease the flux of the 
field in the rapprochement half-cycle and to increase 
the flux for the moving off half-cycle. In this case the 


A YEARLY GREENHOUSE CROPPING PLAN 


‘The plan shown below is a sample of how a greenhouse can be 
223 to be productive all year round. The essential points that you 


GREENHOUSE TASK 


Esbie crops 


cmamentale 


AEENHOUSE TASK 


‘mip-winTER 


Sow seeds for early crops. 
Interlant with radishes, Sow 
early cabbage and cauliflower 
Inpots. Bring strawberries in 
‘rom ramos, Top-dess vines 
‘nding climbers. 


“Take cuttings of plants such 


‘Sow broad beans. Pot on tly 
vegetable soedings. Reduce 
{yung shoots of vinasto one 
{otwa per spur and raze 
loviered rods back to the 
‘greenhouse sida 


Start off daa cuttings, 


EARLY SPRING 


Sow the seods of russes 
sprouts. Sow indoor tomate 
sed and make sowings of 
Calendula, tagetes or silar 
In order to encourage 
‘beneficial and polinaors 
Prick out seedings. 


Haren of eaty sweet eas, 


plan what you want to grow, Once you have decided on this tis = 
relatively simpla matter to make your greenhouse a productive space. 


‘Mip-SPRING 


‘Sow seed of outdoor tomatoes, 
Celery, celeriac, melons and 
‘cucumbers, Harden off early 
‘vegetable pants. Te new growth 
‘fom vine rods onto wires. Remove 
‘side shoots of early tomatoes. 


Finish sowing hal-hardy bedding, 


Este crops 


Omamentals 


‘GREENHOUSE TASK 


aechysantherums. hing «Cut beck andrewpotfuchsias Potupcuttingsand sow seed Potup cuttings and prick out 
bulb pots in fr forcing, ‘and elargoniums, Sow swest of hall-hardy annuals, seedings. Make up summer 
Potan autumn-sown sweet pes (Lathyrus odorau) Tako outings. Prck out tubs and hanging baskets for 
es ita “long” pots. Potupeuttings ofherbaceous seedings. Pot yp summer growing on. 

plants. Sow herbaceous bedding tubers and corms, 

seed and begin sowing 

bbeding plants, 
Wash glass panes of Koop an eye on ventilation. amp down on hot daysand Damp down atleast twice dally 
‘greenhouse and frames, Wateh forpests and diseases, vente, Watch oc pests and when hot and ventilate, Continue 
Koop conditions onthe dry Keep conditions on the dry sida, seases. Beginto feed plants to watch for pests and diseases. 
side, Be vigiant for winter Remove dead ordying material as grow increases. Dig, (ig borders anc manure if you 
peslsand dseeses Provide from pnts, Provide heat as manurearidtop-cress borders have notaeady done so. 
heat as necessary. ‘necessary and ventiste. reagy for panting. 
LATE SPRING EARLY SUNMER MiD-SUMMER LATE SUMMER 
Plontgreenhousetometoes -‘Thingrape russesusing vine Hand points melons and Remove lower eaves of tomatoes 


Into prepared borders o ange 
pats ofarmbased patting 
‘ni Inerplant wit calendula 
‘and tagotes to encourage 
eos nto the crop, Prick out 
eslery and colariac eutings 


Harden of bading plants. 
Pace winterslowering 
tealamen in shade and low 
to parialy dry cut 


Provide shade over sensiive 
crops, Feed plants regularly 
wh aliquid "tea" Watch for 
pests and diseases and 
Introduce biological contro, 


EARLY AUTUMN, 


scissors. Thin rl necessary 
‘on peaches growing under 
‘ss, Pick tomatoes regularly 
48 they pan, Pinch out and ie 
Inmalons and eveumbers a5 
thay reach thelrintended size, 


Take cuttings of deciduous 
sii. Propagate 
houseplants, Sow soods 
‘of epring bedding plants 
inframos, 


Witee requary. Continue 
potting on developing cuttings 
find seedings ofa plants, 


mio-auTuMN, 


‘evoumbers. Perform ast 
thinning on grape russes, 
Feed tomatoes with 
tied biood ta develop 
‘uppermest usses. 


‘Take cuttings of evergreen 
subs and deciduous 
‘sresien. Propagate 
houseplants. Sow seods of 
annals in frames, start 
rested oyclamen comes, 


Water requir ties lyn 
hot weather) and camp down 
‘oor trae times daly to 
maintain huriity. 


LATE AUTUMN 


1s ut ripans. Support melons, 
removing leaves thet shade the 
frat, Harvest cucumbers, Sow. 
sods of winter lea cops and 
‘companion plants. 


“Take cuttings of pelargoniams and 
fuchsia to act as "mother plants" 
for cuttings the next season, 


Continue potting on developing 

Cuttings and seedings, Continie 
towatoh for pests and cisenses 
‘and introduc bilogical contro 

necessary. 


EARLY WINTER, 


Eble crops 


Omamentals 


CCutmelons as soon as thoy 
rere, Clear tomatoes 3 
thay fish. 


Taks last semi-ipw outings 
and softwood cuttings. 


Decrease watering as days 
shorten. Pot on developing 
‘utings and coedings of al 
plants, Remove shacing 
‘and provide gentle heat on 
‘ald nights, 


Plant up winter leaf and salad 
‘rope, nterplanting these with 
an appropriate companion 
planting, 


Harden of spring bedking 
plans rsd fr planting. 


Pot on any remaining cutings 
‘nd seedings. Pick over 
plants on a regular basis in 
‘order to remove dead or dying 
‘malerial. Prove gant heat 
on cal nights. 


Lutterowns of rhubarb for 
forcing ard weave them onthe 
surtacs fora Weck. 


Move bulbs for forcing into a 
frame to encourage top 
‘growth Li and pot up liy-of- 
‘the-aliy for spring dsp. 


oop concitions an the dry 
side, Be viglont for winter 
pests and sveases, 2 plants 
become more stressed due to 
low ight lve, Provide heat 


se nezeauary, 


‘Sow seed of sari orion varias, 
Lit further ewe of rhubarb for 
forcing. Prune peach trees that are 
growing under gas 


Bring bub for forse ower. 
‘Stoo back "mother plants for 
atiy cutis. 


Repair any damage oolsss panes 
Immediately its noticed. Order 
‘sed for the coming season f you 
have not done so aeady. 


58 Basic Techniques 


COLD FRAMES AND 


CLOCHES 


Individual and muttiple plant protectors are useful for covering the 
transplants or seedlings of warm-weather vegetables or flowers that are 
set out ahead of the normal planting season. These usually take the form 
of low plastic tunnels, cloches or individual bell ars. The colder the area in 
which you live, the greater their usefulness because they effectively 
extend the length of the normal growing season. 


COLD FRAMES. 
‘Those enable you to sow summer flowers 
‘and vegetables some weeks before outdoor 
planting and may even allow for an extra 
crop within a season. Thay are relatively 
inexpensive, simple structures, providing a 
favourable environment for growing 
cool-weather crops in the very early spring, 
the autumn and even into the winter. 

Cold frames have no outside eneray 
requirements, relying on the sun as a source: 
of heat, They oolleat heat when the sun's 
rays penetrate the light the top cover) which 
is madi from plastic, glass or fibreglass. The 
ideal location for a cold frame is facing the 
direction of the sun with a slight slope to 
‘ensure good drainage and maximum solar 
absorption, A sheltered spot against a wall 
‘or hedge is best. Sink the frame into the 
‘ground to provide extra protection, using 
the earth for insulation. Puta walkway 
to the front and adequate space behind the 
frame to help when removing the light. 


Designs for cold frames vary. For 
example, some contain barrels that a 
painted black and fled with water, ese 
absorb heat during the day and release it at 
night. Some cod frames are bul wth a 
very high back and a steep glass slope. 
COthers are insulated very well and may also 
include moveable insulation. A simple 
‘method of provicing insulation isto use 
‘sacks filed with leaves over the top ofthe 
frame and bales of straw or hay stacked 
against the sides at night in order to 
protect against freezing 

“There s no standard-sized cold frame. 
“The inside depth of the frame should be 
determined by the height ofthe pints thet 
you plan to grow. Spring annuals, perennial 
seedings or ow aver-wintering stock may 
eed as litle as 30cm (12in backboard 
and a 20cm (in) front board, Potted plants 
‘may need a 38cm (15in) ont board and a 
Som (18in) back board, A standerd glass 
frame ight is usually about 1 x 1.8m (3x 


‘Above: This isa sturdy brick cold frame with 
‘a soil bed for growing winter and early 
spring vegetables. 


6ft), Do not make the structure too wide for 
weeding and harvesting} a with of 1.2-1.5m 
(4-St is convenient to reach across. 

Cold frames are useful for hardening-oft 
soadlings that were started indoors or in a 
(greenhouse. This hardening-off period is 
Important bacause seedlings can suffer 
serious satbacks if they are moved directly 
from the warmth and protection of the 
greenhouse to the garden. Itis also possible 
to start cool-weather crops in the cold 
frame and elther grow them to maturity or 
trangpiant them in the garden, Cold frames. 
may also be useful for rooting the cuttings 
of deciduous and evergreen shrubs and 
‘fees, and the softwood cuttings of 
cchrysanthemums, geraniums and fuchsias 
during the warmer months. Ventilation is, 
most critica! in late winter, early spring, and 
ely autumn on clear, sunny days when 
temperatures may rise above 45°C (113° 
‘The light should be ralsed partially 0 
prevent the build-up of extreme 
temperatures inside the frame, Lower or 
replace the light early each day in order to 
conserve some heat for the evening. 

In summer, extreme heat and intensive 
sunlight can damage plants. You can avoid 
this by shading with a lath (a slatted wooden 
frame} or old namboo window binds. Water 
plants early so that they dry before dark; 
this helps to reduce disease problems. 


CLOCHES 
‘Traditionally a bell-shaped glass cover, & 
loche is a moveable structure that serves: 
asa mini-greenhouse, Cloches can be used 
to protect transplanted tender pants from 
‘spring frosts. They also help to warm up the 
sll for erops sown directly in the sol. 


Left: When the seedlings are fully 
acclimatized and ready to be planted aut, 
the lights or ids can be let off altogether. 


Above: A rigid plastic cloche is easy to use, The sections butt up 
ecainst each other and can be pegged inta the soll. Endpieces are 


20 available. 


The traditional or European cioche is 

ally builtin 60am (24in) sections that 

ight from 20-60cm (8-24in) and 

-m (16-26in) in with, It is made of 

»anes of glass held together with heavy 

anized wire fitings. It has a handle for 

in carrying and for operating the 

tiation system. Several cloches placed 
to end make a miniature greenhouse, 
lastic bottles with the bottoms cut out 
provide protection for small individual 

ants, These wil last a season oF two, but 
become brittle over time. Flexible 

Jass sheets held in an inverted *U"= 

1 by stif wire hoops or small wooden 

scan be used to cover rows of plants. 


‘Atunnel-ike plant protector can be 
made with a 1.5m (St) strip of plastic or 
fleece laid over 1.8m (Bt) wire hoops 
placed 1m (af) apart. Elastic tiedowns over 
the top near each hoop wl hold the plastic, 

Temporary cloches can also be made by 
arching black, semi-rigid, plastic piping over 
the row or bed and sticking It Into the 
ground on each side, Lay clear plastic over 
the arches, Ifthe beds are enclosed with 
Wood, attach brackets to the inside edges 
of the boxes or sink short pieces of pipe 
with a larger insice diarneter along the sides 
to hold the arches. The arches can be used 
to support fleece or shade cloth to ward off, 
both frost and bright sunlight: When this 


Above: Glass bell jars are simple cloches for covering one plant. 
They are expensive, but large plastic jars make a good, ifnot as 
atiractive, alternative, 


loche is no longer needed, simply remove 
the plastic sheet and pipe ribs and store 
them until the folowing season, 


THE BOTTLE RADIATOR 
Inareas prone to late alr frosts, this simple 
method can protect outdoor crops such as 
bush tomatoes. Filla glass or plastic bottle 
with water and piace it next to the plant. 
‘The sunlight will warm the water in the 
‘bottle, which willin turn release a gentle 
heat at night, This Is sufficient to prevent 
‘cold shock to the piant and will ensure 
good growth and cropping. tt can also be 
sed in conjunction with a fleece covering 
to enhance the warming effect. 


Left: Old-fashioned 
cloches are 
particularly good for 
decorative 
vegetable gardens. 
However, they are 
also very expensive, 


Far left: Uptumed, 
clear plastic bottles 
with the bottoms 
‘cut out are ideal for 
using as mini 
cloches, protecting 
Individual plants, 
This is also an 
environmentally 
Iiendlly technique. 


PLANT HEALTH 


The main concern for new organic gardeners is that their plants 
will be attacked by pests and diseases. There is an array of 
techniques to control these undesirables, although the organic 
gardener must first learn to recognize signs of distress. However, 
you are unlikely to experience more than a handful of the 
problems described, all of which are relatively easy to solve. Pests, 
for example, are eaten by creatures known as beneficials and so 
the ecology of the garden, once stabilized, will be enough to keep 
most problems at bay. There is always a technique to control more 


persistent problems and so ensure the health of your plants. 


Lett: A scarecrow isa traditional way of 
protecting your crops from marauding birds, 
Itcan also be decorative and amusing. 


pove: Companion plants such as these Above: Brightly coloured flowers can ‘Above: Decorative planting in the 
arigolds can provide welcome colourin encourage a variety of beneficial insects vegetable plot can provide adattional colour 
@ kitchen garden into your garden. and interest 
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WHY PLANTS GET SICK 


Plants are prone to numerous ailments, some of which can be a serious 
threat to their survival. Pests and diseases are only one of the potential 
pitfalls that you will meet during a normal growing season. A basic 
knowledge of the other main factors that can affect plant heatth are all 
you will need to help your garcien to flourish, While the sight of your 
plants suffering can be alarming, there are, in general, only a few potential 
heath threats that you are likely to encounter. 


FROST 
This can cause serious problems and is 
actually more entical then average minimum 
temperatures. Most harmful are unexpected 
frosts that can cause severe damage even 
to hardy subjects, especially when they may 
have produced "soft" new growth, 

While warm alr ise, cold air wl settle 
and collect in hollows and depressions. 
Gold airs laden with water vapour and Is 
therefore heavier. Any valley or low-Win 
areais, therefore, a potential frost pocket 
Cold air wil accumulate in a depression and 
then back up the sloping sides asthe build 
uplinereases. Ary barrier, such as a hedge 
‘or wall, wil cbstruct the passage of the 
cold a and a frost packet wil form. Arty 
planis growing inthe vicinity will be exposed 
tothe frost and may be damaged by It 

When the sol is frazen, waters no longer 
available tothe plant and shallow-rooted 
plants are not able to access any water to 
replace that which they are lasing through 
transpiration, The plant will dehydrate and 


the foliage will brown and shrivel, Ground: 
frosts may also cause the soll to *heave" 
and plants willbe lifted out of the ground, 

‘Allemate freezing and thawing is often 
more damaging to the plant than the initial 
frost itself, especially for tender or hal-hardly 
subjects such as bedding plants. Severe 
frost can spit the bark on woody subjects 
and may also distor leaves. 

The damage caused by frost is directly 
fed to its duration. A temperature of 
~4°C. (25°F) for one hour may cause litle or 
no damage, while the same temperature for 
four hours may be disastrous, 


WATERLOGGING AND DROUGHT 
‘The build-up of water in the sol, particulary 
where this occurs over a prolonged period 
cof time, can be highly detrimental to the 
health of your plants, This sof greatest 
‘concern with plants that are not adapted to 
such waterlogged conditions. As a result, 
the roots of the plants will sue and 
probably de from asphyxiation, 


‘Above: Large blocks of the same type of 
plant are easy for pests to locate and are 
therefore prone to attack. 


‘Water shortage or drought only tends to 
‘occur during the summer months when 
temperatures and light intensity are at their 
peak. The most obvious sign of the effects, 
cf water shortage on a plant is whan it wits 
‘and loses its turgidity. Water shortage also. 
‘causes plant functions to slow down 
dramatically and prolonged drought can 
result in permanent cell damage, 


WIND 
‘The effects of wind damage to plants, 
especially woody trees and shribs, are 
sometimes only too obvious, Wind often 
‘worsens extremes of temperature and 
drought. n severe cases of wind damage, 
‘ees can be broken and shrubs unrooted. 
The stronger the wind, the more damage is 
likely 10 ocour. 


LIGHT IMBALANCES 
A plant's growth is always directed towards, 
‘the avallable light. Plants growing in shade 
often become drawn and etiolated. 
Conversely, strong sunlight damages plants: 
by scorching the foliage, To prevent such 
problerns It's best to select plants that will 
‘Grow wel in the prevaling site concitions, 


NUTRIENT IMBALANCES 
Plants exhibit varying symptoms toa 
Nutrient imbalance depending, in general, 
upon the seventy of the problem. 
‘Symptoms of deficiency may include 
stunted growth, discoloured leaves 
(including motting and interveinal 
coloration), the premature death of eaves 
and paris of the plant, twisted and distorted 
growth and poor root growth and 
development, 


Left: Planting crops among companion 
‘plants wil make it more difficult for pasts to 
locate them. 


Right: A healthy, flourishing border, which is 
52 of pests and diseases, is the ultimate 
2m ofall organic gardeners. 


symptoms are usually noticed frst 

shoot tips, although problems may 

on any part of the plant and in 

stages of growth, Determining a 
‘may involve an analysis of the sol, 

Any nutrient can be toxic tothe plant iit 
sent in sufficiently high amounts or is 
balance with other elements in the 


LUTION 
symptoms of pollution may include 
== turning brown at the tips and 
leat discoloration or premature leat 
wth may also be stunted, 
pollutant damage can be very 
© and rapid in ts effects on a plant 
growth, Common problems that you 
inter include extreme soll acicity 
‘chemical toxicity, salt toxicity or 
cidues, Of these, only soll 
ys relatively easy to cure. If serious 
nis suspected, then this requires 
=oaist help. Such situations, however, 
fly rare, 


PESTS AND DISEASES 
nrtant to bear in mind! that a certain 
sst and disease invasion js normal 
wealthy crops. However, Its also 
say that healthy vigorous plants are 
tant to serious attack than plants 
re growing under stress, The best 
# pest and disease control is 
prevention, You will need to be 
fing and recognize a range of pests 
eases in order to prevent outbreaks 
=n in your garden and, if necessary, 
© prompt action, 


Left: Healthy plants 
are offen the result 
of careful selection 
according to the 
site conditions. 


Right: Itis very 
Important to 
recognize potential 
‘problems before 
‘your plants suffer 
too much damage. 


6 


64 Plant Health 


PREVENTING 


PROBLEMS 


Organic gardening is about working with nature to create an environment 
jn which plants can withstand attack trom pests and diseases, without you 
resorting to the use of harmful insecticides. if plants become infested with 
pests or diseases, they may fail to give @ good aisplay and crop yields can 
suffer. Prevention is better than cure, and a keen eye and regular checks will 
help you to anticipate and prevent the worst of any potential problems. 


GOOD CULTURAL PRACTICE 
AND HYGIENE 

Many pests andi diseases can survive 
‘without a susceptible hast even under tha 
‘most unfavourable conditions. Myriad plant 
diseases survive from one growing season 
to the next on plant debris, in the sol, on 
‘seeds or on alternate hosts (some pests 
‘and diseases affect different plant species 
at different times of the year e.g. peach: 
Potato aphid), This means tis vital to 
remove and properly dispose of any infected 
plant materials. It's also important for the 
organic gardener to be aware of the diseases 
that can threaten an individual crop and 
recognize the conditions in which these 
potential threats to plant health can thrive, 


GROW DISEASE-RESISTANT 
CULTIVARS 

Plant varieties and cultivars were mostly 
chosen for other reasons than thelr 
Gisease-resistant qualities. Often they 
become so cammonly grown that their 
iseases become widespread, Many 

plants have disease-resistant straing or 
coultivars, but this does not necessarily 
guarantee that they willbe immune to a 
cisease, However, thoy willbe better able to 
resist the worst of ts ravages. 


, 
“t 


Above: Place straw under growing 
strawibenres in order to protect them from 
rotand soil-dweling pests. 


‘Above! The regular washing down of the 
glass panes in a greenhouse can reduce the 
build-up of disease-causing organisms. 


Right: Regular deadheading of old or 
damaged blooms will help to reduce the 
‘spread of some fungal diseases, 


AVOID PLANT STRESS 
‘Applant that is stressed — by crought oran 
Lnfavourable temperature, for example ~ 
will be precisposed to pest or disease 
attack, Plants that are nol subjected to 
higher levels of stress than they can cope 
with wil remain healthy and better able to 
deal with potential attackers, 

Stressed plants atten show signs of 
physical disorders (e.9, being tal, drawn 
and pale due to ack of ih). These can be 
due to the weather, being wrongly sited, 
rutrient imbalance or the presence of a 
toxic substance in the air or sol. Physically 
stressed plants may necome sicker than fa 
pest- or disease-causing organism actually 
had invaded them, Stress can kil a plant if 
the problems not quickly remiedied 


RIGHT PLANT, RIGHT PLACE 
Plants all have their preferred locations and 
the occurence ar lack of a particular 
exvironmental factor or factors will 
ultimately determine whether @ plant will 
prosper in the position in which ithas been 


‘Above: A planting combination of roses 
and daisies wil help to attract beneficial 
‘predators to the garden, 


planted. Ferns, for example, need a cool 
‘moist site, Placing one in a hot sunny site 
wil lead to its death as it struggles to keep 
its moisture. Plants that become stressed 
wll nether grow as well, nor be as 
disease resistant, as they would otherwise. 
Choosing an appropriate ste in the first 
place wil at least help to ensure the initial 
health of your plants and will render them 
‘more able to resist other potential threats to 
their health 


RECOGNIZING THE PROBLEM 
‘Organic gardeners who understand pest 
life-cycles and behaviour are belter able to 
determine when control wil be most 
effective. Insects lving in your garden are all 
part of nature's complex ecosystems and 
food chains, Less than one per cent of 
species that you are likely to encounter are 
considered pests, Since few insects are 
actually harmful, organic gardeners must 
learn which are pests, which are beneficial, 
and which ones will have no eflect on the 
‘garden whatsoever. 


espite the fact that they are not always 
popular insects play an important role in 
jardens, Beneficial insects, such as 


ees, are necessary in the organic garden 


inate fruit and some vegetable crops, 
Others, such as springtalls, also help to 
break down dead plant tissue, while wasps 
ind ground beeties capture and eat other 
‘seats and are called predators, 
ps and midges have larvae that attack: 
5 by ving inside their bodies and are 
called parasitoids. Organic gardeners must 
learn to cherish this ‘wiling army" of helpers, 
in the'r gardens, 


PEST AND DISEASE CYCLES 
n gardeners belleve that thelr plants 
‘been attacked overnight. This may be 
in the case of damping-off disease or 
larger pests such as rabbits, More 
however, much has occurred before 
mptoms are actually visible. 

The pathogen (the pest- or disease- 
2ussing organism) must be introduced 
culated) to the host plant, Most 
pathogens elther move by themselves 
2s with most pests) or must be cattied to 
plant (as with the vast majonty of 
2903), Rain, wind, insects, bids and 
people usually spread plant diseases, 

Splashing rain cares spores of apple 
scab ungus from infected apple leaves to 
fected leaves, Wind blows fungal 
‘rom plant to plan, while aphids and 
itetes transmit many common plant 
siseases, Believe It or nat, smokers can 
ranmit tobacco mosaic vius from a 
garetts to tomato piants 


(Ones the pathogen has been transferred 
to the host plant, It begins to mutiny, 
change or grow into a form that can then 
enter the hast. In many fungal ciseases, 
the pathogen arrives an the plant as a 
spore, which must germinate before it can 
begin to grow and invade the plant. Once 
the fungal spore germinates, it sends out 
threadt-lke tues called hyphae, These 
penetrate the plant through wounds or 
natural pores in the outer skin of leaves, 
stems and roots. The roots of bedding 
pants that have been damaged during 
transplanting are a commen entry point for 
root-fatting fungi. A single aphid that ands 
‘ona plant can give bith to.a clone every 
‘twelve hours and can eventually form a 
‘small thriving colony within a few days, 
leaving the gardener with the impression 
that it suddenly appeared, 

‘Once established, pests or diseases can 
‘grow or increase in number and begin 
‘damaging plant tissue. As they consume 
nutrients or plant tissue, evidence of the 
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Left: Alvays choose plants thet ae suited 
to the sit, Alkaline soils incicated hare by 
the pink flower ofthis hydrangea - wil not 
suit certain plant species. 


‘damage to the plant begins to appear. 
Symptoms may be seen on any plant parts 
and inclucle motting, dwarfing, distortion, 
ciiscoloration, witing, shrivaing or holes 
{and notching in the margins of leaves, The 
frst Signs of pest infestation may not 
appear until well after the insect has lai its 
899s and disappeared, 

eeds or cuttings ftom infected plants 

ni also transmit disease, Certified organic 
hat at the time of sale 

the seeds are free ofall diseases, Always try 
ain disease-free stock as this should 
nfected and 
wil not introduce cisease into your garden, 
“This s particularly important wth plan 
such a6 roses as well as crop plants Ike 
raspberries and other small ruts. 

Pest insects and mites may carry 
diseases that infect plants. Organic 
{gardeners use the term "pest management” 
rather than pest control or pest eraclication. 
|tis impossible to eradicate pests rom your 
garcien completely. The best option is 
to try to keep pest numbers low in order to 
minimize the clamage that they can cause In 
your garden, 


nts not 


that the pt 


ADOPT AN INTEGRATED 
STRATEGY 

Organic gardeners must learn how to use a. 
range of pest management techniques, 
such as introducing beneficial predators 
Into their gardens (often referred to as 
biological controls), making gardens less. 
attractive to harmful pests, and 
‘encouraging conditions in the garden that 
favour beneficial predators of all types 
(cultural controls), 


Lett: Composting is 
the best way of 
recycling garden 
waste, but you 
must never 
‘compost material 
that is ofseased. 
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PLANT PESTS 


Pests can be described as those creatures that harm your garden plants 
and, ifleft unchecked, they can quickly cause a great deal of damage. 
There is @ huge army of these pests, but most organic gardeners are 
unlikely to encounter the vast majority of them. A basic knowledge of the 
commonest types that occur in domestic gardens is all that you should 
need to be farniliar with in order to protect your plants and guarantee their 


health and successful growth. 


HOW CAN YOU TELL IF A PEST IS 
‘A PROBLEM OR NOT? 

Deciding whether a pestis a problem or not 
1s very much a matter of opinion 
Commercial growers assess the importance 
‘of 2 pest in terms of their financial losses. 
Domestic organic gardeners, however, tend 
to grow fewer plants or crops and mainiy 
crow these for thelr beauty or forthe 
pleasure of eating home-grown produce, 
The final decision as to the importance of a 
pest will rely upon the circumstances and 
experience of individual gardeners. Al 
‘organic gardeners must be wiling to accept 
a certain number of pests in their garden as 
these form part of the intricate food webs 
that result in natural contro), there are no 
pests, then the animals that eat therm wil 
isappear and open the door to future, 
potentially serious, pest outbreaks, 


RECOGNIZING PESTS 
Itisimportant that you are able to 
accurately identify @ pest that has been 
attacking your plants so that you can take 
the appropriate action, Just because an 
insect is seen walking on an affected plant 
ddoss not mean that itis the one causing the 
damage, The only real way to control pests 


‘Above: Birds can be serious pests in the 
garden. Here, large bites have been taken 
‘out of a brassica. 


involves getting to know them. Many pests 
procice characteristic symptoms that 
make it possible to diagnose the cause with 
relative certainty, Some have a wide range 
of host plants, and symptoms may not 
always be as conspicuous on all affected 
plants, Close examination = perhaps with & 
hand lens —may be necessary for the final 
diagnosis. With careful observation anc 
exparience, it is possible to keep one step. 
ahead of the pests in your garden 


CONTROL OPTIONS 

Itis important to control pests before they, 
become a problem. A single black bean 
aphid (Aphis fabae) that lands on a 

broad bean at the start of the summer 
could theoretically give rise to 
2,000,000,000,000,000 aphids by the start, 
of the autumn, This would be about a 
millon tons of aphids, Numbers such as this 
are impossible butit does go to show that 
ceerly control ls essential, Quantities such as 
those quoted in the ephid example cannot 
‘ecour as the food supply would run out 
before this ean happen. In adcition, 

‘a whole host of predators eat them, In just 
a few days, however, pests can cause 
considerable damage and quick action is. 


‘Above: Rabbits can devastate a garden 
‘overnight, leaving nathing but chewed off 
stumps as a result oftheir visit 


‘Above: Pests may well be present before 
‘symptoms appear. Close examination may 
reveal them before the plants start to suffer 


heeded i you are to save your piants. 
(Organic gardeners must employ a full range 
Cf control measures to ensure their plants 
‘survive this seasonal invasion, inclucing 
caultural practices (erop rotation, good 
hhygiene and encouraging biodiversity), 
physical contro (hand picking, traps, 
repellents and barriers) and biological 
‘control (using other animals that naturally 
eat pests), These are covered more 
‘extensively later in this section but for now it 
is important o stress that pests can only 
really be controled by an integrated 
strategy that uses a varlety of techniques. 


CAN PESTS BE TOLERATED? 

{tis worth pointing out that we tend to be 
unduly conesrned with pests damaging our 
plants, Supermarkets have conditioned 

us to expect blemish-tree produce, We 
need to judge the overall health of a plant 
rather than react when we see a pest. 

If there were no pests in the garden, then 
there would be no predators. Step back 
‘and look at the whole picture and 
remember that everything, even pests, has 
Its place in nature. They all add to the 
interest and diversity that is the most unique 
‘quality of an organic garden. 


‘Above: Although fascinating to watch, 
‘squirrels are a garden past and are closely 
related to rats. 


common PESTS 


There isa seemingly endiass array of yarcien creatures that are waiting to 
‘Sevour and attack your garden plants. The most commen pests are 
almost worldwide in their cistribution, but they can be controled relatively 


esr PLANTS ATRISK. 


‘TREATMENT 


easily. It can be discouraging to see how many potenti! pests many aac 
‘your garden, but itis important to bear in mind that you wit only ence 


a handful ofthese in your gardening career 


PEST PLANTS AT RISK. 


‘TREATMENT 


Ants and Ants ao not realy 

termites pests, bul they “arm” 
phil for sticky sugac 
“Termites can attack 
some woody species, 


Most cutvated 
plants growing inthe 
‘pon, under glass 
rindcors, 


Aphids 


‘Some bins wil attack 
‘rut and brasscas as 
‘well as beghtly 
Coloured lowors, 
Including blossom. 


‘The small maggots 
grow and develop on 
fandwithin the roots 
ofthe developing 
cabbage pant 


carrot ty Those root-eading 
maggots feed on 
carrots. 


Coterpitars Macy iterent 
‘species of plan, 

Se S220 those inthe 
‘cabbage family. 


outers Raspborios, 
Stawbertes, potatoes, 
lettuce young tees, 
SRP lawns and some 
SUES erbaceove perennials 


Seer Browse on garden 
PRE ants, Malo doer rub 
their antirs against 
t trees, causing 
damage tothe bar. 


Frat tes “Toublesome on 
softer rutin warm 
onaitons, especialy 
tomatoes. 


Sat mites These pests affect a 

os ‘wide range of trees 
ad srs especialy 
altos, 


There are many 
diferent ypes, 
alfscting vide range 
‘of pant species, 


“There are many 
hundreds of species 
that al have thee 
refered host 
Species. 


Canbea nuisance, 
especialy of tur 
‘grass. They feed on 
foots ust below the 
sol surace. 


ow organic treatments, but 
balls based on borax are useful 
Use a herbal spray of essential 
ol{ctvoneia and lavender or 
lukewarm wator as a opal. 


Encourage beneficial insects 
‘ofeed on them, Organic 
insecticids aogp can also be 
Useful particulary the aphids 
‘are blog “Yarmod by ants. 


Bird soarers may be employed 
fagadetertent and ating wl 
{also prove cover for ndvicua 
rope an plants, 


Place acolar around nowy 
planted seedings, sinking into 
the ground to prevent the nei 
hatched maggot fem reaching 
the plant roots. 


‘Try companion planting and 
avoid large menacuturs ot 
‘carrots, Erect plastic or looco 
‘bariors,abouta-S0cm (18-20) 
‘igh and 2m (6-104) apart 


‘Birds and other predators wil 
‘reduce populations. Bllogleal 
‘contro, using a bacterial agent, 
and peices such as ders 

Hand-piekofindidal plants. 


ep the ground vewd-frea, and 
all cutvated in ser ta rodues 
the number of bugs Ro lawns 
Inlata spring 


Notoriously tcl to contol, 
‘often bast kept out by fencing 

FRepelients are avaiable, based 
‘upon formulae suchas bear or 
‘even on droppings. 


‘Gover the rt with aera 
lece of ra. Paper bags are 
also good to uso, but can be 
dificult to get around a buss 
oftomatoes. 


Generally not problematis or tfo- 
‘tveatening. They area good 
Indicator of balthy bioaworsity 
In agarden, 


Diflcut to control. Remove dead 
leaves to reduce overwintering 
‘e9gs and nymohs. Encourage 
predators suchas lacowinas 


Hand-picking of svarety 
affected leaves, iological 
‘controls anst out the problem i 
‘aly serigus enough to warrant 
‘hela introduction, 


{Gan be aticut to contol. Damp 
Ssacking over the sol can ure 
them up tothe surface where 
they can be hand-picked o eft 
for Bs 0 eat 


Moaly ‘Suck the sap of many 

ut specie and produce 
‘sticky honeyde that 
Supports the rowtol 
sooty moulds 

Mites common pest of 

‘many plans, 

special those 


‘rowing hot dry 
onaitons, 


Damage rots by 
iting small nov 

plantod tees, Tunnel 
Undo iw, main 
thm aces pest 


A few species couse 
‘doeasesike ammploms. 
‘Aproblem van tho 
‘smo plants ae grown 
inthe same place, 


Fabbits gnaw shoots, 
Mio ard voles eat 
‘ml bulbs and comme 
Inner. They al 
ring-bark young trees, 


Developing larvae eat 
plant issue, Frat 
i are nctrous 
‘Stugworm savy 
attack ornamentals. 


‘Several species, 
‘some of which have 
Specie Host plans, 


Tiny les that feed on 
sol fungus. Thotarvas 
‘tack tha rots of 
young plants in water 
Togged potting mix 


‘Common pests of 
Wide variety of plats, 
Shan particular, 


Smailineets suckethe 
Sap of sof foliage anc 


tack towers, Rarely 
problem outsioin 
‘olor clmates. 


Larvae attack roots, 
slams or flowers and 

(nut range of 
plans, Adults feed on 
fected plants, 


‘A greenhouse pectin 
cooler cimates that 
may occur outside in, 


(oi bugs) Indoors of eps ke 
‘cucumbers May 
‘chew through young 
seedings. 


Woodtice ra Usually apost 


Biological conto a masse 
uitural controls mone 

fcut and imcives Soc 
with an organ sap soko 
then rinsing. 


Biological contro are sate 
Fora cultural contro. eromve 
huamiciy or spray folage wae 
noua soap Souter ws 


Best controlled by traps or 
Using repelonts, Sorc epetet 
veos ae rary efoctve 
Removing ons mole can =e 
“open the door to another 


egular crop rotations can hte 
toreduce damage. tumor 
bull up ox plants became 
bly tected, avoid oreeg 
theatfected species, 


They may be trapped ora ware 
cofrapalents are avaie. Tm 
land Shrub aber are use 
Against vols ai mice as = 
fencing for rabbits and haves 


Control sugworm by appiies 
Insecticidal soap, Conta! hat 
‘swf lavas vith ems. Baty 
‘hose weatmentareduoe puree 
of banal insect prodsiom 


A cutural control consists of 
‘swabbing woody stems wen 
{strong organic soap soln 
‘rpruning and removing 
afected parts. 


Control by preventing the pots 
Imbcbecoming too wat. athouse 
Dlolopical controls of nemstooee 
are also avaiable. 


(Often cut to contro athe 
they can be caught in raps 
‘containing bee A vanety of 
banters and deternts 

also avaiable 


Flemove seriously damages 
foliage. Several natural ereaseo= 
(Uausly mites) are avatatie 
se against ins 


Wet acicic composts favour 
‘rounel- ving typos such a we 
‘Weevil Biological contrat poms 
‘ath paraaticnematores# 
‘temperatures suficenty Nom 


Bielogcalcontrots ae sateen 
but he best option can bet 
avoid growing suscep 
species 


‘Otten more of 2 maton ot 


rotor is accelerated by the secondary field (back-EMF). From 1994 to 2003 several experiments were produced 
and main principles were claimed in the patent description, Fig.11. 


Fig.11 


One more topic is “extraction of power from air” and 
Josef Swenson has conducted the series of simple 
experiments to develop it. The frequency of natural 
pulsations of electric field of planet is about 7.5 Hz 
and it is well known from Tesla’s age. Swenson 
works with frequency 375 kilohertz and antenna of 
10 meters. Please, contact for more details: Josef 
‘Swenson 423 North 15th Street, Moorhead, Minnesota 


i 


Fig.12 


56560, USA. However, everybody remembers from the 
school story about simplest electrical experiments by 
Lomonosov and Rihman, who investigated arc 
discharge in gap between iron wire from a roof 
(“antenna”) and ground wire. Let's include the 
resonance circuit “inductance-capacity” and diode 
rectifier to get some useful work in the load “from 
atmospheric electricity”, Fig.12. 


In 1900-1930 a lot of articles were published in 
technical press about Henry Moray. His demonstration 
systems produced more than 50 kilowatts free power 
output. It is known that Mr. Yakovlev (from USSR 
Foreign Department headed by Mr. Molotov) visited 
Morey in November of 1929 in New York to test his 
devices. The devices consist of capacitors, coils and 
special electronic-vacuum lamps. 


In 1990 journal “Magnets”, 2 (3) published article, 
which describe analogy between Moray's devices and 
Hubbard's coils, which can extract power by means of 
inner energy of nucleuses of materials if special 
resonance is created. In 1978 Cospray Research 
Institute has published the well-known book “The Sea 
of Energy” by T. N. Moray, in which theory of Moray is 
presented most completely. 


ROM Raum-Quanten-Motoren _ Corporation 
(Schmiedgasse 48, CH-8640 Rapperswil, Switzerland, 
fax 41-55-2125209) offers for free energy devices of 
different power level: ROM 25 kilowatt and ROM 
200 kilowatt. The principle of work is based on an 
invention by Oliver Crane and his theory. Web site 
http://www.rqm.ch. But Ihave to note that in present 
time they are developing capitalization of the company 


New Energy Technologies, Issue #2 March - April 2003 


68 Plant Health 


PLANT DISEASES 


The early detection of plant disease can help to helt the widespread 
infestation of your crop. Try to establish a routine of regularly checking 
your plants and crops. Look closely for any telltale signs, using a hand 
lens if necessary. Remember that the first or most obvious symptom may 
not always be the only one or even the most important. Always check to 
see if there are other symptoms to ensure that you get the full picture 


before making your final diagnosis. 


RECOGNIZING PLANT DISEASES 
Vigliancs is the key to success in controling 
plant disease, Carefully inspect leaves, 
stems, roots, flowers and fruits for any sign 
of disease, You may even find t useful to 
‘cut open a branch or stem to look for 
problems such as discoloration of the 
tissue, which may explain eat or stem 
wilting and suclden witing of a section of 
ora whole plant, 

Stand back and look at the overall 
picture, Consider the whole environment 
This wil include the weather, soil, the stage 
of development ofthe plant fand any 
pathogens present), cultural practices and 
the condition of other plants in the area, All 
of this information can help to indicate what 
‘may be wrong with the plant. Remember 
that a plant growing in the wrong location 
may be stressed, 


Try to determine when the symptoms 
became apparent. The onset of a problem 
may be due to a cultural practice, the 
Seasonal appearance of a disaase or Insect, 
ra weather-related event. Remember that 
long-term stress is slow to appear, taking a 
Yyear or more at times. 

Try to determine whether the problem is 
spreading, as this may indicate that itis a 
disease, Check whether plants of other 
species have been affected, as diseases are 
Usually (out not always) species-spacifc 
Problems caused by environmental factors 
do not spread, although the symtoms may 
become more severe, 

‘You must know what the plant should 
[00k lke in order to be able to recognize any 
abnormalities. Reading up a ite on the 
‘species that you are growing in your garden 
can help you to make a more accurate 
diagnosis of the problem, 

Remember that there is usually no 
single cause of a disease infestation. The 
primary cause may be associated with 
cultural or environmental conditions, And 
just as there is probably no single cause, 
there is usually no single symptom, 

When you are attempting to diagnose 
the cause of plant liness, always inspect 
symptoms that appear on parts that are stil 
alive (or at least partially alive), Dead plants 
are often invaded by secondary infestations 
Of decomposer fungi, which may hide the 
original problem. f possible, make an 
examination of the entire plant, including 
foots, although this may not be possible for 
large specimens such as trees. 


Left: Although a plant may be in obvious 
distress, closer examination may be needed 
{0 properly determine the cause. 


Right: Disease-causing organisms can enter 
aplant each time itis cut or pruned. 


‘Above: Modern rose variaties are highly 
susceptible to diseases such as blackspot 
and mildew. 


CONTROL OPTIONS 
Utimately, where a serious disease is 
suspected, it may be advisable to avoid 
growing susceptible species altogether, or, 
in the case of fru and vegetables, to rotate 
the crop as part of a regular eyole, Make 
notes that provide details on disease 
‘occurrence (the type of disease and when 
it appeared), the plants affected, the 
weather and environmental conditions in 
your garden each year: By doing this you 
‘can better anticipate what problems are 
\kely to occur in your garden during the 
growing season, 

Finally, remember that even the best 
gardeners lose plants to disease. This is 
‘only serious when large numbers of plants 
are affected. A diverse garden will contain, 
‘other highlights, and diseases wil claim only 
a fraction of the planting 


‘COMMON DISEASES 


‘There are all kinds of diseases that can affect your plants. Most of these 
‘a mercifully rare, but every garden will suffer from its share of 
diseases during the growing season, Most of these conditions are 


DISEASE 


‘Bacterial canker 


Blackspot 


Bracket fungus 


‘Common seab 


otapple 


Coral spot 


Downy mildew 


Frebiight 


Fungal canker 


Honey fungus 


Mosaic virus 


Phytophthora 


Powdery mildew 


overeat 


Stem rot 


PLANTS AT RISK AND THE SYMPTOMS 
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relatively easy to deal with, but a correct diagnosis is essentisl. As slways, 
itis preferable to try to prevent these dlswases taking hold and spreading 
In the frst place rather than treating them when they occur. 


‘TREATMENT 


PAY Ld Lo 


5 


MV ee 


Many tees and shri, Reduces vigour and the rte of 
‘rovahof the afactes plant. Branches become girded and 
‘is back, sticky secretion will ooze from cracks or welts in 
the bare 


‘common fungal disease of roses, which is most prevalent 
‘on matiom hybric aa and floribunda types. Black spots 
pear, primary onthe eaves andl sometimes onthe stems 
aswell 


‘This dsease can affect all types of tee, Bracket fungi 
{are the futing bodes of furg| that etrorparastize Nealthy 
heart wosd ar more commonly, decay heartwood that is 
alwady dead. 


‘Abuactaral disease that causa the formation of arge 
{albot harass) scabs on the surface of the apples. 
‘Commonly encountered in dame weather and on trees with 
‘rowed branches, 


‘Acommen fungusatfecting many voody plant species, 
‘Appaars as rot bight te, sed pustules on wood tat is 
‘showing signs of leback. 


‘A group of fungal cseases that affects a wide range of 
plants Appears as a hte coating over leaves that cispay 
‘Siatonded growth, browning and wilting, Tries in warm 
‘ost condos 


‘Altacks plants ofthe Rosaceae family, notably apples, pears, 
plums, chertles, pyracarthas, cotoneasters and roses, The 
Sflected plant cies back rapily from the branch ts, 


Atfeots many woody pants, The bark ssue begins to poe 
‘and lake away araund the atfsted tissue in concent rings. 


‘Asol-cveling fungus that parasizes the roots of woody 
plans, Leaves tend to decolour and wit and fall to develop in 
the spring, Ultimately, this ean weaken and kil the part. 


‘This group of viruses afoot avery large numberof species 
‘andis characterzed by aninagula, angular mottling or 
‘streaking ofthe leaves, 


‘Acol-borne fungal dlaase that alfacts many species of woody 
plants, particularly conifers, Branches de back, often very 
{uicky, Serious infection may cause death fora large 
‘roperion ofthe rest system and severe ceback of top growth 


‘Alfzots many plant specos, vith astore being especially 
‘prone, The lnaves become covered with white powdery 
patches that may distort growth or even cause leaf crop in 
Severe cases. Thrives in warm, humidor wet colton 


‘Acoremon fungal disease affecting many species. Characterized 
byrusty coloured patches or spots, known as pustules, on 

leaves. Tissue around the pustuies yellows and des, and his, 
Inturs, may isto grovan or cause let drop in severe cases, 


‘feos bot rung and omamonta species of Prunus, The 
leaves on some branches gain asivery sheen, gradual 
dying back a year oc twa ater A purple fungal growth appears 
‘nth dae! tissue, 


Attacks trees and anger woody plans, Stems and branches 
(gradually become halow. 


Difficult to contol ence a plants infoted. Canfne the probiom to 
‘ne specimen by cleaning pruning tools between cuts and before 
‘moving on to another specimen ofthe same type. 


Prune bush rosgs into a goblet shape. Use cissese-resistant 
sultvers. Dust affected plants with suishur early and intermiterty 
‘throughout the growing season. 


Many affected tres lve for mary years and need only be fel if 
they presenta risk of colapse, 


Fake up and depose of affected leaves, Prune aut cracked or 
scabby shoots fo remove places forthe fungus o overwinter. 


Prune outnfected tissue and destroy it, Regular hygienic 
pruning” can help to prevent it taking hol inthe rt place, 


Dust with sulphur or apray with Bordeaux mixture to form & 
‘protective barier against the spores. Note that these are both 
‘easily washod off by watoring or rain. 


Remove and destroy all afected materia, cutting back to atleast 
‘50cm (20) below the point of inaction, Bes to remove isenaed 
‘plans, replacing them with a nn-auscaptiie tree or wu, 


Prune out the sfacted materia, about Sem (in) below the point 
‘of infection, and bur it, Clean tools with dsinfectant between cuts 
‘and especially batwaen pruning individual plans, 


Difficult to control arganoaly. I may be best to grow herbaccous. 
plants in affected areas fortwo to thre years before attempting to 
replant woody plants there. 


Winged insects that feed on plants, thon migrate to another, 
‘ean rapa spread the vius. Control the pests themselves 
‘where possible 


‘Theres ro cure fortis consition and the removal of badly 
affected plants may be the only ansivec. The disease Is en 
restricted to damp or heavy sos, although profonged wet weather 
‘an result in outers, 


‘Sulphur and Borcieaux mixture can provide protection, but these 
‘are easly washed off in wt condtions. Avoid growing suscepibie 
‘pedis condtons favour the spread ofthe cseas, 


‘Commony seen on sols ich in nitrogen. It may have a noticeable 
tect on seasonal cops or those grown forthe leaves, Bordeaux. 
‘rixtue can reduce is spread butts cfioult te cone eompletsy 
‘Avoid suscepibio rope and varies i tne problem is porisont. 


‘The afected viood shouldbe pruned out below the point of 
Infection and lsposed of in ate surnmar ter rut has et. 
Badly infected specimens shouldbe removed completely and 
cisposed of, preferably by burning. 


‘Smaler trees or shrubs may be much more seriously affected and 
‘may be best removed iter condition deteriorates too much, 
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PLANT DISORDERS 


‘Many extemal factors can affect garden plants. Weather seldom does 
what we want it to - there is either too little or too much rain or it is too 
cold or too hot. if you combine these climatic aisappointments with other 
factors that can affect your plants, such as pollution or nutrient 
deficiencies, you will see why these alfficult conditions can produce a 
number of disease-like symptoms. They can all put severe stress on an 
‘ormamental plant or crop and so precipitate attack from living organisms. 


RECOGNIZING DISORDERS 
Plants can be susceptible to a long list of 
ouiside forces, Extremes of weather, 
rutiant deficiencies and phiysical damage 
Can all take thet follon the health and 
vigour ofa plant, Other environmental 
factors, such as too much or too litte water 
‘or polstants in the soil, can also encourage 
disease-like symptoms, 

‘Soil pollution can be caused by nutrient 
ficiency, misapplled fertlizer(resuting in 
too much nutrient and, therefore, toxicity), 
spilt lawnmower fuel (perhaps due to 
careless filing) or buried inert material 
Airborne pollution can be more insidious 
and more difclt to determine or detect. 

Weather events such as high winds or 
frost may go unnoticed if you are not there 
to witness them, A huge storm will eave 
evince In is wake, The effect of a sharp 
early moming frost, however, ora steady 
rying wind on a sunny aftemoon may not 
show the damage caused until several days 
have passed, Often frost occurs in the 
hours [ust before daybreak and quickly 
disappears to leave a fine sunny morning 


Disease can result from a combination 
of factors, affecting growing conditions anc 
actual disease-causing organisms, Plants 
may intially be placed under stress — by 
high winds or frost, for example ~ making 
them vulnerable to attack by ving agents. 
For instanoe, drought may damage roots, 
which in turn renders them more liable to 
Infection by fungal diseases, 

Itis important to determine whether the 
distress that your plant is suffering s the 
result of a pathagen or dus to a problem 
inthe environment. In order to work out 
which of these is responsible, look to see it 
the occurrence of i health is random or 
Uniform in terms of its distribution, As a 
‘general rule of thumb, randomly distriouted 
symptoms on injured plants are Usually 
‘caused by a living factor, such as infectious 
diseases or a pest. In adcition to this, 
Infestations, particularly those caused by 
ciseases, tend to radiate aut from central 
points, Uniform patterns are generally 
associated with non-lving or noninfectious 
agents stich as poisons, fertlizers, 
environmental stress or mechanical damage. 


Above: Nutrient deficiencies can cause 
‘alscoloration of the leaves. This plant is 
short of magnesium. 


‘Above: Drought is a common cause of 
tress in potted plants, damaging both roots 
and shoots, 


CONTROL OPTIONS. 
Ifthe cause of the problem is physical, you 
wil need to find out whether itis due to a 
reourting environmental factor inherent in 
the site, such as constant butfeting by 
strong winds, or whether itis caused by 
‘one-off events such as unseasonable 
frosts or contamination from a careless 
neighbour's weedkiler spray, Some factors 
can be removed, such as polluted oll, and 
windbreaks can be planted and fleece 
raped over tender specimens on cold 
nights. ifplants continue to be affected, it 
‘could be that the plant isin the wrong place 
‘and you may have to try it elsewhere. 


Left: Plants sometimes show unusual 
growth patterns in response to 
‘environmental conaitions. Here, the growth 
ofa tree has been affected by the wind. 


‘ommon DISORDERS 


‘Seercers are the result of either an imbalance of essential nutrients or of a 
‘eros of stresses that are caused by adverae or dificult environmental 
‘Serstons. Many of the disorders and conditions described here can 


PROBABLE CAUSE 


resemble diseases, This means that is very important for you to diagnose 
the cause of the distress in the plant before taking any remedial action. 
‘A plant disorder will callfor a cferent response to a plant disease. 


‘TREATMENT 


meaning ot 


metos 


Last blackening 


Lew scorch 


stecranical or 


eryecal damage 


seemient deficiency 


Root girting 
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‘The patchy establishment of cover crops or turf can be due to 
sol Somypacion or underground obstructions. Sol can easly 
become compactod itis walked on alot, particularly when t 
Is wet Buried obstructions euch as rubbie can also cause 
simlar growth distortions 


Usually tha result of overwaterng, particulary with container 
{grown plans. The waterlogged sol or patting mix forces 
Skygen out ofthe so, thereby suffecating the ots which 
Suffera for of rought-stress, 


‘Sur-ioving plants kept in aw ight canliions quickly become 
‘starved and vil be significantly weakaned I kept in these 
‘conditions for any length of tm, the pant wil eventual oe 


Frost damage on buds and leaves in aay spring, oven to 
hardy specimens, fe usualy noticed on naw grow that has 
net yet become accimalizad, Its the suclden shock that often 
‘autos the probiom, not the actual temperature ist. 


High winds and bright aunight, especially cn shade-oving 
Species. Some plants can alsa be damaged by wating in 
‘ght sunlight, by previing tonite or too much water or by 
‘appiing too mush fertiizerto the sol Hal can also caveo laf 
spotting or holes, 


High winds, which are especialy damaging to deciduous 
‘woody plans fu ea, Herbaceous pants can oasily break 
ot adequately staked) as may newiy planted tees and shrubs. 
Snow ean snap the branches of conifers and evergreens. 
‘ling animals can also fatten or snap garcen plans. 


‘lack of or to much ofa particular nuivient. Nutents can 
‘also become in short supply other nutrients are present in 
large amounts. 


Leaked ful or lubricants use in construction work can loave 
thy ground contarinatad, Thi is usualy more ofa problem in 
‘gardane attached to modem houses. Underground gas pipes 
an leak, flooding the ground with gas that is fthal plant 
Toots. Other chemical spllages could come from machinery 
‘such a8 a lavinmower 


‘This oan cause nstabily andthe collapse of larger tres and 
sus, Tee and shrub roots become woody following the 
frst years growth and, hese are constrained in round pots, 
they tel 9 grow in spirals 


‘A normal response in many plants to ether alack of water or 
high tamperatres, and not necessary a cause for reat 
Contern,Ligulias habitually wit on het summer afternoons 
‘Evan whan plartet in wet ground, only to “pick up" and show 
rel afc lator, 


Remove all bred bbe prior to planting or replanting, Ralleve 
‘compaction by cultvating and plant requ. 


Do not water unt the soll or potting mix dis outa itl, Check: 
to sea if plants need watering before doing so. 


(Choose specimens that are appropriate forthe ight levels in 
thegaen 


‘Cover slight tender pants with fleece nthe winter Lightly 
‘spay planta with water inthe evening to help protect against 
fate rte 


Water inthe evening, Choose wind-resatant species, f 
‘appropiate, Apply ferlzer at recommended rates, Do not 
‘vero underwater plans 


‘Stake plants fry and ensure thet animals are exclude! from 
‘ras where plants could be damaged. 


Datiiences ae best rated withthe aplleation of frtiizer or 
‘chooee plas that are adapted to dea withthe te conctions. 


FRernove all affected sell and replace with fresh tops pipes 
ar leaking, make aur thal they are ixed before replacing so 
Fil igwnmavwars with ul over aplastic sheet. 


Tiy to use bare-rooted stock whenever possibie. Tease out 
root rom the ootbal immediately porto planting, 


“Teatment may not always be necessary Check the sl fist to 
ee itis ory. at, wait ut the evening to see the plant 
shows any signs ofimproverent. 
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BENEFICIAL 
PREDATORS 


A thriving population of natural predators and parasites can significantly 
help to keep pest populations down. The organic gardener must strive to 


create and maintain an environment in which these welcome visitors to 
the garden or greenhouse can prosper. Above all, this means avoiding 
pesticides, which can wipe out beneficial predators and so upset the 
natural balance in the garden or greenhouse. 


BIOLOGICAL CONTROLS 
Nearly every species of plant-teeding insect 
thas another insect that i ts predator or 
parasite. Some pests, such as aphids, are 
eaten by ladybirds (ladybugs), hovertlias 
and midge larvae, parasitized by wasps and 
infested bby fungal diseases, Large pest 
populations are a food larder for many 
“natural enemies’, including carnivorous 
animals, parasites and diseases, 

Biological methods of control use these 
ural enemies of pest insects to keep their 
Populations under control tis ike having 
an army of insects and other creatures: 
doing the work for you. Biological controls 
ccan be encouraged into the gareien by 
‘creating a sultable habitat. Ironically, this 
‘means that the pests must be present first 
They must also be present in suliclent 
numbers to support a viable population of 
the beneficial predator, This can bea 
complex area and the easiest way isto 
‘encourage the conditions that will favour a 
balanced food web to develop, Purchasing 
bbeneficials is only generally recommended 
for use in greenhouses although a few 
(particularly microbes) are suitable for 

se outdoors, 


CREATING SUITABLE HABITATS. 
The easiest way to achieve this is to get a 
mixture of habitats, The more variety your 
garden has, the more biodiversity it 
support, Ponds, long grass, log pile 
food plants for animals with varied tastes all 


encourage a stable garden ecosystem 


where pasts an atively low levels, 
Many birds and bats eat insects, Bats 
nse roosting sit, 80 place a purposa- 
made oat box on the shady sie ofa tree 
Postion the box atleast mn (10) high with 
a clear airspace in front, Night-scented 
flowers encourage the maths that bats feed 
‘pen, This is the key, The predators must 
be abe to Ive in your garcen ox they wil 90 
And find a more suitable habitat elseunere, 
The longer you garden organically, the 
‘more balance wl appear your gardon, This 
is simply because your garden ecosystem 
bbagins to stabilize and diversity over time, 


kept at 


BENEFICIAL INSECTS 
Predators (those that devour pests direct) 
and parasitic insects (these whose young, 
hatch inside and devour pests) are often 
termed “beneficias”. Prediators includs 
lacewings and wasps. Parasitic insects 


‘Above: Creating a diverse range of habitats, 
including a pond, in your garden well 
encourage beneficial predators. 


Above: Log piles encourage beneficial 
predators such as beetles to colonize and 
take sheltarin your garden, 


(more corectly termed parasitoids) are less 
‘well known than predators, but equally 
effective, They lay their eggs ina pest 
‘species, When the eggs hatch, the larvae 
{eed on the pest insect, kiling it. The 
‘majority of these insects are tiny wasps, 
although some fles and mites also fall 
Under this category. Learning to recognize 
beneficial insects is crucial f you want to 
‘avoid kiling your army of garcen helpers, 


BENEFICIAL PREDATORS IN THE GARDEN 


‘There are many beneficial predators that wil wilingly take up residence in your garden and 
help to control populations of pests ina natural way. 


| sanmecotabuperee = Havesinan sacatowenss 
| need capsid + Hedgehoos (Encarsia or | 
| Bats *Hoverties Aphidoletes) | 
| + Birds (obin, biue tt + Lacewvings * Siow worm 

‘Above: Biological controls are a successful and thrush) (adult or larva) “Spider on web or 

way to fight pasts. They are mainly used in += Centipedes * Ladybitds (ladybugs) woit spider 

areenouses, bitters arrow becoming Eats “hile eg Poses + Tshinatias 

available for the open garden. The contro! *+Frogs, toads and newts + Nematodes e.g “Wasps (solitary 

Insects are released, hare from a sachet, in * Ground beetle Heterorhabaltis and social) 


order to attact the pests. 


BIOLOGICAL CONTROLS IN THE GREENHOUSE OR GARDEN 


The application of biological controls in the greenhouse or garden 
involves using predatory insects or other beneficial animals to control 
‘commonly accurring pests. Many pests are only a problem because 


‘their natural predators are missing from the garden. 
Introducing a biclogical control usually esuits in the rapid 
control ofthe pest 


NAME PREFERRED TEMPERATURE WHAT THEY CONTROL 
RANGE, 

Amblysous cucumeris 25rC TF) “The nymphal forms and adits consume largo quanti ofimmature tips 

(predatory to) 

“Aphidoletes aphicimyza 21°C (70°F; nead 80% humidty Tiny mosquito- tke rcge larvae that contol substantial populations of mere than 


(Predatory midge larva) 
humiaity 
Encarsa formosa 
(parasite wasp) 
Hoterorhabalis megidis, 
(paraaitenemstode) 


‘Metaphycus helvolus 
(parastio wasp) 


Phasmarhabaltis 
‘hermaphrocita 
(parastic nematode) 


Phytoselutis pores 
(predatory mite) 


20-25 (68-77°F: needs TO%+ 


18-25° (64-77) 


Minimum sol temperature of 14°C 
(57°F) temperature crops below 20°C 
(68°F), they become loss effective, 


20-307S (88-86°F) 


Minimum sol temperature of 5° 0") 


Use once temperatures regulary 
above 159% (007). Best al 18-25" 


‘0 species of aphids. 


greenhouses. 


“Tis acy fs etective in controling mealybuns on houseplants and in 


Minute, thing parastic wasps, which lay thelr 2993 inside whitfly scales the pupa 
stage) and eat tum in wo to four weeks 


‘ontiners, Sol must be moist 


aro the sol to a depth of about 18em (Tn) and quickly take care ofthe slow= 
‘roving grubs, ike Vine weevil grubs and chafers. Very elective in pots and 


“These tiny, black and yellow wacps are alactve against several sot-scale species, 
Inalucing brown scale, The females lay their eggs under the body of frat and 
‘second-stage scales, The grubs feed on scales and develop into acts thin two 
leeks, Adults also provide cont by fading on non-paraaiized scales 
[Metachycus are mast effective in sem-tropical coitons 


(GA-77°F) neods 609% hurty 


‘Steinemema fetiag 
(parasitic nematocs) 


‘Above: Ladybirds (ladybugs) are just one of 
the many beneficial insects that will help fo 
keep garden pests in check. 


MICROBES 

Bacteria, fungi, viruses, protozoans and 
parastic nematodes are microorganisms 
that attack insects. These microscopic 
hordes are generally effective against very 
specific pasts and present ite risk to 
humans and the environment Many 


Misirum temperature of 10° (50°F, 
although ty remain effective when 
th gol temperate ops below this, 


organic gardeners may wel be familar with 
‘a popularly known, microblal-based 
insecticide known as Bt or Bacits 
thuringiensis, This commonly available 
product, which fs used to kill many dfferent 
tends of moth and buttety larvae, is a 
bacterium. I oroduces a toxin that Ks 
spectc caterpillars. The larval pest usually 
cies within four to seven days, There are 
many strains of Bt, each type controling 
speatc pests. 

Parasitic nematodes are also Very 
effective against certain pests that lve in the 
sol. However, the nematodes require moist 
conditions in order to survive and their 
temperature requirements further limit ther 
tise to greenhouses in many case 

Despite their potential, very few fung 


Viruses and protozoa are commercially 
available because these living organisms 
are dificult to raise, store and apply, The 
‘best way to encourage these wiling and 
tiny helpers into your garden is to maintain a 
healthy sol that is rich and verse in terms 
cf thelfeit contains, 


Usetul for slug contre, Should be applied during the early rowing stages of 
Vulnerable pants. Needs most co 


Predator mits, sight larger than the two-spottad mites also known as red 
spider mites) upon which they feed 


‘Aggressive predators used to contra fungus gnats, mushroom fs and 
jeathenackets, Thay can be used onlays as well asin flower and vegetable 
‘ardens, elds, orchards and greenhouses. 


Above: Providing convenient shelter, such 
a this lacevwing hotel, for beneficial insects 
ccan help to increase their numbers. 
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OTHER CONTROL 
METHODS 


There are many ways of dealing with the different pests that appear in the 
garden, Some of these methods have been tried and tested for 
generations, others are individual to the gardener and are often the result 
of a happy accident. As an organic gardener, you must learn to use as 
many different tricks as possible to manage the pests in your garden and 
to protect your plants. 


GOOD GARDENING PRACTICE 
The selection and cutture of plants can 
reduce the potential for pests and diseases, 
Cultural practices ara methods the organic 
gardener can use to change environmental 
s that affect plants and their past 
populations. itis essential, therefore, that 
‘gardeners know ral or growing 

ch plant. Providing the 


‘correct conditions results in 


‘Gat 


vigorous pl 


ASSESSING THE DAMAG! 


When problems do arise, you m 


aus 


10 warrant contro. In ot 


‘need to assess how far the problem can be 
tolerated before action is necessary. Some 
form of pest damage is inevitable with any 
‘crop, but you wil need to establish limits, 
‘To-do this, you will need to take into 
consideration the amount of damage that 
‘can be tolerated, the numbers of an 
individual past that can cause significant 
‘damage and the plants’ stage of 
development, The health and vigour of the 
plant can also have a direct bearing an 
‘when or if you need to take action. A few 
holes on a leaf may not require control, but, 
if most of the leat has been eaten, the plant 
may die. 


TAKING ACTION 
Monitor your plants to determine when 
action is necessary, A thorough inspection 
cof the plant allows you to Identify 2 problem 
before major damage occurs. You should 
also inspect the plant's entire environment 
for clues to the problem. Observing and 
keeping records of weather conditions, for 
example, can help provide clues to growth 
patterns and problems. 


‘Above: Compact discs are an unusual and 
‘amusing way of scaring away marauding 
birds from your crops. 


‘Above: Companion plants such as these 
‘marigolds confuse or deter pests that would 
otherwise attack garden plants. 


Lett: Slugs and 
snails are 
‘notorious garclen 
pests that are 
easily kept at bay 
using a water trap. 


TYPES OF CONTROL 
Control options can be arranged by their 
‘mode of action and their impact on the 
‘environment. Thase methiods of control can) 
‘be grouped from least to highest impact: 
‘cultural and mechanical controls and. 
*permitted!” chemical contro's (soaps, olls 
and botanical Insecticides), 

‘Cultural contral includes hand removal of 
larger pests, the use of screens, barriers, 
‘and traps, freezing and crushing, These 
methods generally have litte or no negative 
effect on the environment and are 
particularly eultable for smaller gardens, 


COMPANION PLANTING 
‘THis is commonly used to protect plants 
from past attack, The theory is that the 
‘companion plants — flowers growing next 

to.a food crop, for example ~ disrupt the 
‘searching pattem of the pests looking for 
host plants. They Iterally smell these hosts 
but become confused with the more diverse 
planting style. Separating raws of 
‘cabbages, broccoll or other brassicas with 
rows of onions has always been a popular 


bination, possibly because the onion's 

Scent confuses cabbage pests. 

(0 plants also grow wellnext to 
-bbagas and seem to deter caterpilars 

ynlic growing leeks near carrots repels 

fle, 


SCREENS AND BARRIERS 
y material that is fine enough to keep 
ests oul can be used as a barrier. A variety 
screens of dierent mesh sizes can keep 
large insects, birds and rabbits, but they 
also prevent polinating insects from 
hing a plant, resulting in lack of fruit 
roboard and metal colars will pravert 
ms from teaching young transplants. 
cy bands placed on tres trunks trap) 
les and soi-hibernating pests, 
Copper strips are available for slug control 
ese supposedly react with the slugs’ 
nie to shock them. Sharp particles, such 
vushed eggshells, are also used to 
ntrol slugs. 


TRAPS 
ertain insect pests can be monitored by 
sing traps. Sticky coloured traps, 
romone trans and pital traps (ike 
traps for slugs) can all be used to 
+ the occurrence of some pests 
‘fles and aphids are attracted to bright 
and this colour is used for sticky 
1338 upon which they become trapped. 
foumay want to apply a contol and! then 
lose the piants in netting to keep further 
station from accurring —perheps putting 
netting and then releasing predators, 
Traps usually serve as a monitoring 
yetem, warning ofthe presence or 


Above: Sticky traps are another form of pest control in greenhouses. 
Here, pheromones attract pests to the trap where they get stuck, 
ther traps consist of sheets of plastic covered with a nan-crying glue. 


inerease in undesirable pest numbers. 
‘ean also be useful in timing control 
measures by showing the presence of 
migrating or emerging adults. The contro] 
measure can then be introduced at the best 
‘ime to control the particular pest. Coding 
moth traps for use In orchards are a good 
example ofthis. They are sometimes used 
to contro) numbers, but most types are 
limited in their real effectiveness, Yellow, 
sticky traps attract whitefies, aphids, thrips, 
leaihoppers and other small lying insects. 
‘Traps that Use pheromones or attractive 
scents to tantalize adult insects are best 
sed as a way to check presence and 
numbers, Pitfall traps can be cups or jars 
placed nto the ground filed with yeast and 
water or beer to trap slugs, 


WATER 
AA|et of water from a hose washes aphids, 
spider rites and other small insects from 
plant foliage, This must be done frequently 
sinos it does not killinsects or eggs and it 
‘does not prevent some insects from 
crawling back on to plants. 


INSECTICIDAL SOAPS 

These are made from the salts of fatty 
acids, Fatty acids are components of the 
fats and olls found in plants and animals, 
“These soaps should not be confused with 
ordinary cleaning soans. Insecticidal soaps 
kill only what they touch and are effective 
against sofi-bodied pests such as aphids, 
thrips, crawler stage scales, whiteties, 
leafhoppers and mites. Insecticidal soaps 
may cause burning on some plants, 
particularly those with hairy leaves, Test 


Above: Birds can be dissuaded from 
attacking your plants by stretching string 
and shiny foil over the crope. 


insecticidal soap on a single leat if you 
tunaure ~ burming will usually ooour within 
24 hours 


BOTANICAL INSECTICIDES 
Derivad from plants, botanical insecticides 
Include pyrethrum, citrus oll extracts and 
extract of the neem tree. They act rapialy to 
stop feeding by insects, although they may 
‘not kil he pest for hours or days, There are 
also disadvantages to the use of botanicals, 
They must be applied frequently, may be 
dificult to obtain, and, although generally 
less toxic than many pesticides, they are 
stil toxic and may harm other beneficial 
garden residents, 


‘Above: Horticultural fleece, which is stretched over developing 
‘young plants, can provide a physical barrier against smaller pasts 
such as flying insects. 
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TRAPS, BARRIERS AND DETERRENTS 
|The prevention of pest and dssase attacks isan essential pet of pani gardening 

Plants that are infected by pests or ciseases are vaker specimens that are cfc o teat 
and never quite recover ther former vigour Many garden pests can ba trapped or kept at 
bay using relatively inexpensive material and sometimes recycled household items, Put 
the barirsn lace when the plants are young and always ensure thet pests are ot 
trapped inside the bare. 


‘CONTROL METHOD How Ir WORKS 
Boer traps and deterrents “Traps are effective way of both controling pests, such as sia, 
(oranules, copper strips ana finding out which ones you atualy have. Deterrent ae 
and greasobands) physical balers over which the pest cannot or wil nt pass. 
“There are mary types and thelr efecvens can vay 
Bugnets inthe greenhouse Greenhouse vents are problematic in terms of pest conto in that 
they alow both past in and purchased biological conto out 
Bug net are put in place to avoid this happening, Above: Slugs and snails can be caught ina 
Fleece on frames Frames covered in horticultural fleece can be used over outoor trap thats filed with stale beer, or water 
reps to help Koop pests out and contol he temperature, that has been mixed with yeast. 


Fleece strtched over acrop _Flooce can be used to crate a fayourable microclimate around 
Young plants also acts asa bare Io atorne pests, One 
Aovwnside, however. can also keep out arbom predators frm 
pests that overwinter inthe so 


Fruit nets over fruit Fruit nets are especialy useful for summer sot fruit crops that 
‘can quickly be devastated by bias, 


Individual cloches ‘Cloches can act as bari toa wide varia of airborne pests. 
‘Any posts inal are sealad ino ths anvranment may, however. 
find the pertoct envionment within which to tive, 


Mesh cages fortrees Mosh cages are usualy usd to koap rabbits and hares a bay 
‘Thoy ao usually simple constructions farmed rom three or mare | 
stakes driven into the ground with chicken wir or sitar). 
attached to thom, 

Rabbit fencing ‘continuous barier ta prevent rabbits entering areas whore 


plans are growing. The base ofthe wire should be buries 
below groundlevel 2 prevent the rabbits burrowing a passage 


Dena 

Bie searers Bird scaors have the drawback of inte fespan before the ‘Above: Ring tunnels that are covered in a 

(ei. scarecrows) Ses nar that they ro nat area tat. Thay ea ofcourse, jo eacea 
be changed and meat bis sewers are ony readed an @ Pieiieednn enon nya sacts 
seasonal baa. attacking your crops. 

Sting or wire neting ‘oval baer can protect against i atack. They may ony be 

stretched over seedings ‘edd othe duration ofthe crops eo ven eas 

(e.pe0s) 

“raps (sticky, coloured raps Stich raps can provide a certain degree of contol against 

aed inthe greeanouse) ‘hs thingaduts of aect pests However they arent es, 


effective a thay are sometimes thought lo be and aa, n fact, 
‘of more use for sowing whether aparicular pests present 
‘nat thereby allowing appropriate control measures tobe 
putin pace. 


‘Traps (pheromone) Pheromone traps are used to detect the presence of insects: 
‘The pheromones attract members cf he opposite sex and the 
appearance of the target specie alls you Io begin looking for 
{and controling the young that cause the aman, 


‘Tree guards (spiral) ‘Sil guards sre useful for protecting the bark of newly planted 
‘vee fiom rabbis and hares, especialy in winter and eariy 
spring, These guards expand asthe ee develops, but they sre 
Dost oenavad completely alter about year 


‘Tree shelter ‘These protectnewiy planted toes from vertebrate pests and 
{fom the worst rigours ofthe anvonment by providing a 
‘favourable micrsclimate around thm. They naturally degrade 
Under the action of sunight, but are best removed after twa to 


three year, 
‘Twiggy branches over plants Arched over young plans, thass can be an etfctive deterrent to SeREmie 
pests such as bis and cat. They donot prevent the migration iroNe ete etna Saeed rete 
Dt benelical predators to ti pants ‘crop and carefully secured, provides an 


effective barriar against birds. 
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ORGANIC PESTICIDES 
‘While most pesticides are not used in organic gardens, some naturally occurring 
substances can be used to protect your plants from pests and diseases. The pesticides 
‘which you are allowed to use In an organic garden should only be applied when necessary 
and nt an a regular basis, 


ORGANIC PESTICIDE How IT WORKS 


Bacilusthuringionsi “These are bacterial epores that produce a toxic protein that i useful 
‘against caterpllors but val not eause any harm fo bonefeas. 
Bacitshurngioneie works quickly, pacalysing the caterplar anc 
so preventing any futher damage, although quickly degrades 
‘neuriight and ndede frequent -appleaton throughout the 
‘growing season, 


Bordeaux mixture ‘Acompound containing copper and suiphur used to contol various 
fungal seeses including apple scab and potato Bight ts harmful 
to fish and fvestock, and frequent use can lead fo a build up of 


“Above! Of¢ plastic botlies make en idee! ‘Seppe inthe sol thal can be harmful to worms. 
barrier fo protect young plants from pests. 
These are cheaper than traditional cloches, 


Dorris ‘A chemical extracted from the rots of the dis and longocarpus 
Plants tis useful against a varety of insects including aphids, 
‘alorpilars, salon and plant-stingbeaties. tcan prove harm to 
neti, although iis nota treat to bees, 


| Inseoticidal soap “Thiele not soap, ike the domestic washing soap, but mas rom 

| the salts of faty acid, extracted from plant mater tcan be 
‘ffetive against a wico variety of insect poet, although it can 
‘damage sensitive plant species, 


Plant oils ‘Thor ffectveness varies bul mast depend upon coming into contact 
‘withthe pest itself and suffocating, athough some, tke neem tree 
i, do appear to have Insecticidal properties. 


Pyrethrum “This organic pestiidets extracted from the fower-neads of 
Chrysanthemum cinerarifolum ands especially effective in 
Contrling aphids, However, Iedaes not persist for long and can also 
trause harm fo benefialingects. 


Sulphur ‘An ofecve fungi agit a varety of plant un nena 
| powdery miden greymoul and Backspot Suphur ca also prove 
Above: Chicken wie, stretched over young hare recat aca can age ocean 
plants, will prevent birds from reaching and 


eating them, & 


Above: Tree shelters and quills protect trees Above: Scarecrows are an attractive garden. They should be moved around 
‘rom rabbits and voles, and also provide an method of deterring birds and eccasionally _the garden and redressed so that the birds 
‘deal growing environment forthe tree, large pests away from your vegetable do not get too accustamed to them, 


mainly (actives are above 650 million dollars) than 
innovation of the new technology. 


One more historical example: in 1925-1945, Hans Koler 
demonstrated his free energy devices. The system was 
built in Germany and it produced 60 kilowatts of free 
power. The description includes six permanent 
magnets and coils, which were superposed in plane of 
hexagon form. Each magnet is core of the coil 


Another interesting topic is unipolar induction effect, 
which is well-known from Faraday. This effect creates 
electro motive force (EMF) in rotating disk if axial 
magnetic field is applied to the disk. One of the well- 
known practical developments in this area is device 
by Bruce de Palma. In 1991 he has published the results 
of his tests, from which it follows that deceleration of 
the rotor due to back EMF in the case of unipolar 
induction is less than in traditional electro generators. 
So output power of system can exceed the power, 
which is necessary to rotate the rotor. 


Really, motion of electrons in magnetic field, which is 
perpendicular to plane of rotation, is the reason of the 
Lorenz force and this force acts in radial direction that 
can not be the reason of deceleration. Indian research 
on this topic is developing by P Tewari. In New 
Zealand there is research group headed by Dr. Ashley 
Gray. In 1994 the leader of Japanese market MITI 
published report about progress in 40 KWtt unipolar 
generator, which uses superconductors for its 
electromagnets. The interest of Japan to alternative 
energy projects can be explained by the position of 
Japan on fuel market. 


‘There is a well known rule: Demand is related with 
Proposals. It is easy to imagine the prospects of local 
introducing of free energy systems in one or several 
countries, if some producers of product will be able to 
exclude expenses on electricity and fuel from cost sales. 
Other countries of their own rich natural resources (for 
example, oil) will be in problematic position on the new 
international market, mainly due to the fact that their 
industry and transport are oriented to conversion and 
consumption of oil fuel that increase the cost of all 
products. 


.» increase of the spark gap produces more 
surplus power in the load of the circuit. 


One more modern free device was invented by Wingate 
Lambertson, USA. In his device free electrons get the 
additional energy passing through the number of thin 
metal-ceramic composed layers. The units were 
designed by the authors and each unit can generate 
11600 watts, and it is possible to connect them in parallel. 
‘The address of author: Dr. Wingate Lambertson, 216 83rd 
Street, Holmes Beach, Florida 24217, USA. 


Especially the researches on free energy with plasma 
processes should be noted here. In 1980-1990 Alexander 
Chernetsky, Yury Galkin and others have published the 


results of experiments on creation of “self generated 
discharge” SGD. The electric arc was placed 
consecutively into secondary circuit of electromagnetic 
transformer and it produces real increase of power in 
load and reduction of consumption power in primary 
circuit of transformer. The author of the present article 
produced simplest experiments to investigate the arc 
(electric discharge) in electric circuits and possibility 
to create the mode of “negative resistance” in this 
circuit was confirmed. One of the effects was 
demonstrated in 1996 during the conferences “New 
Ideas in Natural Science", St.-Petersburg, 


Adjusting parameters of arc (distance between two 
electrodes) it is possible to see that consumption 
current is decreasing until zero and then it can change 
its direction i.e. this system begins to generate 
the power. During similar experiment of 1971 by 
Dr. Chernetsky substation transformer in Moscow 
Aviation Institute was destroyed in result of strong 
“reversed current” impulse, which exceeded consumed 
power in 10 times more. According to Chernetsky's 
concept, the reason of this mode is well known 
phenomenon of plasma instability and pinch-effect for 
great currents. However, the author of this article 
tested device, which demonstrated similar effect 
(switching on the load in secondary circuit of 
transformer and in the presence of arc in this circuit, 
consumption power does not increase, but reduces) 
for small currents about 300 mA. 


Since for pinch-effect it is necessary hundreds Amperes 
then it was offered another explanation: the surplus 
power in this circuit appears due to the acceleration of 
electrons in the gap between electrodes, ie. particles 
of plasma are accelerated by means of electric 
potential field between two electrodes. It is noted 
during the experiments that increase of the spark gap 
produces more surplus power in the load of the 
circuit. To avoid mistakes the measurements of the 
consumed power were organized in DC (direct current) 
battery circuit and therefore there is no any reason to 
speak of phase shifts mistakes to try to explain 
skeptically this effect. 


. waves of density of time are used by 
organisms for their vital activity. 


‘Today theory and experiments on self-generating 
discharge are quite well developed to build free energy 
systems of any power scale. The reason of delay in its 
practical development is a complex problem: this work 
leaves the frames of classical physics. In his book 
“About physical nature of bio-energy and its 
simulation”, Moscow, Publ. VZPI, 1989, Dr. Chenetsky 
considered the structure of biological fields and bio- 
energy processes in living organisms from the point of 
longitudinal waves conception. Self-generating 
discharge in the mode of negative resistance produces 
such longitudinal waves and they are self-sustaining 
(self-powered energetically) and it is considered as field 
of living object. 


THE ORNAMENTAL 
GARDEN 


Unlike the more fleeting nature of crops in the kitchen garden, 
the plants in the ornamental garden are usually permanent, 
which means that a stable ecology may be set up very easily. 
In fact, lawns, shrubs, trees and flower beds can all be adapted 
to organic culture. The ornamental garden needs flair and 
imagination, not only in its design and construction, but also in 
the types of materials it uses; there is little point in creating an 
organic garden with materials treated with toxic chemicals and 


wood that was logged from a tropical rainforest. 


Lett: A lower garden in the height of 
‘summer provides colour and a natural food 
‘source for garden insects, 


Above: Flowers are like fuel stations for ‘Above: There isan absolutely staggering ‘Above: Careful selection by gardeners has 
insects, providing them with nectar in return range of flawer forms in nature, many of led to the development of many large and 
for palination. which are highly omamentel. showy varieties of flower, 
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THE GARDEN 
FRAMEWORK 


It would be a great shame if we spent a lot of time and effort creating 
an organic garden, only to find that we had! done so at the expense of 
another habitat or the wider environment. A truly organic approach to 
gardening should extend beyond the way we grow the plants and 
maintain the beds and borders to include ail the elements of the garden, 
from the hardscaping materials to the furniture. 


ECOLOGICALLY SOUND MATERIALS 
Pictures of logged rainforests, eraded soils 
‘and drought-ravaged landscapes are all 100 
familar. So familar, in fact, that we run the 
risk of becoming immune to their shocking 
truth, Many habitats around the world face 
Increasing pressure from human activites 
While there is often tle we can do as 
individuals, we can at least try not to 
contribute to the demise of such habitats, 
Rainforests, the source of much af the 


arden furniture, ae often 


supplers claim that they offer ecolos 


aly 


sound products, gathered from sustainable 
sources. You shauld check the ecological 
credentials ofthe items you buy wherever, 
possible, Buying materials trom local 
sources can help. Always ask who the 
suppliers, where the materials come fron 
and how their exiraction impacts upon the 
environment. Rocks far alpine gardens, 
wood for posts and fences, mulch material 
and potting mixes can all be detrimental to, 
the environment if not carefully sourced. 


It 


treatments the material has undergone 


so worth finding out what chemical 


ne wood is treated 


may leach out into the 
Potting mixes that are purchased may also 
contain chemical adaitives. 


PLANTS SUITABLE FOR COPPICING 


Most broadleaved trees can be used for coppicing, although some are 
‘more suitable than others as the rate of growth varies so widely 


‘Above: A natural dry-stone wall = 
assembled without martar~ can quickly 
become colonized with showy flowers. 


Even when products are environmentally 
sound, Itis always worth finding out ifthe 
same material (or one that is suficiently 
simile is available from a local source, 
‘Transporting materials over great distances, 
particularly those that are bulky or heavy, 
involves the use of a considerable amount 
of fossil fuel, One of the comerstones of 
sustainability is to think globally while acting 
locally. it may even be possible to see the 
products being made i you do buy from 
local sources, 

Uitimately, of course, the closest source 
is that which you produce yourself in 
your own garden. Any organic gardener 
ould, therefore, aim to be as self-sufficient 
as possible 


Ingeneral, most conifers are not suitable for coppicing 
because they do not readly re-grow from a stump. 


PLANT SPECIES: STE POTENTIAL USES 

Wattle (Acacia) ‘Warm dy stustions with good drainage. Especially Hurdles and bariers(wattiowork), Excollentin warmer 
tolerant of iow erty. cimates where ather weaving species wil nt prosper, 

Gum Evealyptus) Hot dry suations especialy where sol is well drained and Durable fence poss, stakes nl young omamental 
seaconaly dry. growth. 

Willow (Sats) Tolerant of wet stuations and heavy sols. Te rots are Weaving work, buldng and fencing. In sma garden, 


Hazel (Cons avaiana) 


‘notoriously aggressive and may damage nearby drains or 
feundations. 


‘Ary gain sol with good drainage and a pH over 65, 
“elerates fost, shade, and exposure. 


Lat, slahty moist, ald garden sols. Protect rom frst 


‘Most garden sols but dake exposure and can 


‘Sweet chestnut 
(Castansa sativa) ‘and exposure 
| 
|| Dogwood (Cornus) 
sucker agaressivey 
| 
| Elder (Semoucus) 


Honeysuckle (Lonicars) 


‘An adaptable species that wil thve ina variety 
‘of stuations. 


Likes mos soils and thrives with he ootsjn shade and 
the topgrowth inful'sun. 


dogwiood is 2 good substitute for weaving work, 
‘Watle work, weaving, pea and bean sticks, 

Wiattlowork and fence construction 

Fed, orange orlme-preen shoots sutabe for basketry an 
ther fine rustic weaving work. 

“wigs are useful fora numberof garden projects and the 
berries and lowWors can be used to make wines anc 
cordials. 


Siems are traditional baskotry materia 


USING RECYCLED MATERIALS 
cycling plays an important rosin the 
organic garden, Waste materials from the 
hen and garden are acided to the 
npost heap; plastic bottles can become 
‘min cloches: and old carpet makes a useful 
protective cover. Old building materials, 

uch as bricks, slabs, quamed stone and 
woadien raiway sleepers (ies), can all be 
sed in the garden. 


WILLOW WEAVING 


SUSTAINABLE DESIGN 
The more self-sustaining your garden is the. 
batter, Gardans that rly heavily uoon 
recycled material - compost, leaf moulcl 
and pea sticks, for example — produced 
‘within their own confines are naturally 
self-sustaining, Some external input wl 
always be needed but the garden's 
long-term suncess is assured. In short, you 
‘wil have a sustainable organic garcien, 
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BIO-ENGINEERING YOUR PLOT 
This term desoribes the use of ving material 
teconstruct the garden framework. It ensures 
that you make the most of the natural 
capabilties of some plent species, such as 
vwilow, that have been used for centuries 
for building and fencing. Other examples 
include using grass for stabilizing soll on 
slopes or woody plants for hedging. Living 
barriers do not rot and are self-sustaining, 


1 Willow comes in various 2 Place the uprights in the: ‘8 Groups of four weavers are 4 Pickup the other set of 
lengths. The shorter lengths are ground about 10-20em (4-8in) used together Place two in the weavers and do the same 

frest and suited for ine-qualty apart, ensuring that they are first gap (between the uprights) again. Add more weavers as 
work, This 2.1m (7f) bundle of firmly secured, Use a metal land the second pairin the next they become thinner and slot 


weavers" is the best length for 
fencing. Thicker yprights are 
also needed to form the vertical 
columns to weave around. 


spike to make the holes ifthe 
ground is hard. The stakes at 
‘each end must be the largest 
‘and need to be firmly secured. 


= 


‘gap along, Take the back pair of 
Weavers in front of the vertical 
upright, behind the next upright 
and to the front again. 


these into the uprights to 
anchor them in, This will give 
the cross-over affect to the 
previous weavers, 


5 Use successive groups of four 
weavers and continue to weave. 
Work from the front in order to 
ure that the vliow fence is 
aly nished. Cut off any stubs 
as you progress. 


GAt the end of the pane’, wrap 


7 The panels can be solid and, 


8 The finished willow fence wil 


all four weavers round the post 
and begin weaving in the other 
direction. Ensure the weave is 
tight here and avoid making joins 
inthe weave on the end posts. 


used to form a garden 
‘boundary. They may also 
contain spaces, as shown, and 
act as dividers, while not 
‘ebstructing the view beyond. 


last formany years, especialy if 
itis adorned with climbers such 
as ivy. Willow fencing 
encourages wildlife as well as 
‘making an atiractive feature. 
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ORNAMENTAL LAWNS 


In spite of the growth in popularity of hard surfaces, such as decking and 
paving, a well-tended omamental lawn is stil regarded by many as the 
quintessential feature of a beautiful garden, The lawn provides a sate 
surface on which children can play as well as an area for relaxing. In the 
organic garden, the lawn also provides a unique habitat for a wide range 
of wildlife. There is no reason why you should not have a fully organic 
lawn that looks pleasing while also contributing to the garden's alversity 


WHAT MAKES A GOOD LAWN? 
‘Some gardeners believe that a good lawn is 
the product of time, patience and effort, 
\which is true of highly manioured! lawns. 
Others believe that an attractive, but low- 
maintenance, lawn isthe ideal, Nether of 
these lawns is an impossible dream in the 
organic gartien, but consider whether a 
lawn can withstand the wear and tea 
likely to receive in a small garden. Int 
cage, it might be better to consider an 


alternative such as paving or gravel 

‘You should 
time you are wiling to spend maintaining 
the lawn. Short, highly ornamental lawns 


consider how much 


TYPES OF LAWN GRASSES 


‘The grasses below, if presentin seed mixes or turf, should prosper inthe given condition 
‘Common names of grasses, while frequently us 
Latin names are given as a definitive reference. 


Coarse-leaved species 
Large-leaved timothy (Phieum pratense) 
Meadow grass (Poa pratensis) 

Perennial ryegrass (Lolium perenne) 
FRovgh-stalked meadow grass (Poa trivial) 
‘Smal-teaved timothy Phieum bertoloni) 
Tal fescue (Festuca anundnaces) 

Wiavy air grass (Deschampeia flexuosa) 


Drought-tolerant species. 
CChewing’s fescue (Festuca commutata) 
Hard fescue (Festuca longifolia) 

‘Meadow grass (Poa pratensis) 

Fed fescus (Festuca rubra) 

‘Sheep's fescue (Festuca fenuifolia) 

Slender ereeping red fescue (F rubra ltorals) 


Fine-leaved species 
Browntop bent (Agrostis tenuis) 
CChewing’s fescue (Festuca commutata) 
Hard fescue (Festuca longifolia) 


eed more regular maintenance than longer 
grass areas, but al lawn areas requite some 
degree of maintenance, 


CAN | HAVE AN ORGANIC LAWN? 
Lawns, lke any community of plants, can 
bbe grown quite successfully the organic 
way. The key to success lies in keeping the 
‘grass plants healthy. Lawn grasses are 
Naturally very resilent and competitive 
plants, well able to withstand a great deal of 
abuse when they are healthy. Provided they 
get sufficient light, water, nutrients, air and 

pace, you will be rewarded with an 
attractive lawn, 


are not the same in all countries and the 


Ree fescue (Festuca rubra} 
Sheep's fescue (Festuca tenuifolia) 
Stender creeping red fescue 
(Fubra itorais) 


Shade-tolerant species 
CChewing’s fescue (Festuca commutata) 
Hard fescue (Festuca longifolia) 

Fed fescue (Festuca rubra) 

Wavy hair grass (Deschampsia flexuosa) 


Species for damp conditions 
Large-leaved timothy (Phieum pratense) 
Fough-stalked meadow grass (Poa tvs) 
‘Smal-leaved timothy (Phleum bertofoni) 


‘Wear-tolerant species 
Browintop bent (Agrostis tenuis) | 
Hard fescue (Festuca longifolia) | 
Shesp's fescue (Festuca tenuifoia) 

Tall fescue (Festuca arundinacea) 


‘Above: A well- manicured lawn isthe result 
‘of regular care and maintenance. Mowing 
stripes in the lawn isa finishing touch. 


CARING FOR AN ORGANIC LAWN 
Each grass plent ocoupies just enough 
‘space to grow and closely "kits in" with its 
neighbours. Th taller the plants grow, the 
fower the numberof plants in any one 
space becomes, As they grow tale, their 
needs increase and the most competitive 
plants win, Regular cutting rsuits in a 
dense coverage with short green leaves and 
2 high number of plents in a given area. The 
more regularly you cut grass, the more 
vigorousiyit grows, reguar cutting means 
iewer plants in the area, Less frequent 
removal ofthe green material at the top of 
the plants makes the leat bases white or 
yellow and also results in a patchy lawn, 
Alain thats cut regularly wil be greener 
‘and more attractive than one that is cut more 
infrequently, in adaltion, short-cut lawns are 
‘neal habitat for many garden creatures, 
particularly bis such as starings and 
thrushes, Short grass can even be flower- 
rich and benefit bees and butteries, 
However, tall grasses favour visting 
\ilalfe and can become an attractive 
feature in their own right, but they are not 
Ideal for siting out or fr chilsren to play on. 


CHOOSING GRASS PLANTS 
(Once you know what sort of lawn you want, 
then you must choose the right grass 
species for your site and whal you want to 
Use It for, Some grass species, such as 
ryegrass, are hardwearing, while others tke 
the fescues, are crought-tolerant and need 
less mowing. Trying to grow the wrong 
{grass species for your garden environment 
will only work you go to great lengths to 
tend it and, even then, it will probably be 
extremely susceptible to damage, Heavy 
Clay sol that becomes wt in winter wil not 
support a close-mown community of 
fescues, but would be ideal fora ryegrass 
and bent mixture. 


HOW TO SOW A NEW LAWN 


1 Dig the ground thoroughly, removing 
deep-rooted perennial weeds. Rake the soil 
level, Use pegs marked with lines 

<rawn Sm (2in) down from the top as a 
guide, having checked with a spirit 
(carpenter's) lavel on a straightedge that 

the pegs are level. 


4 Use string to divide the area into clearly 
lemarcated strips. The strips should be 
approximately a metre (yard) wide, Divide 
the strips into squares with bamboo canes 
‘or stakes. Move the canes along the strips 
1s you som, 


HOW TO LAY A LAWN WITH TURFS 


1 Dig and consolidate the soil as for seed. 
There is no need to leave it fora few weeks 
fo allow weed seeds to germinate; the turf 
will prevent them from sprouting. Start by 
laying the turf along a straightedge. 


2Allow the soil to settle fora week or so, 
and then consolidate it further by treading it 
eveniy in order to remove large air pockets. 
The best method by which to do this is to 
shuttle your feet methodically over the 
whole area, first in one direction, then at 


5 Use a small container that holds enough 
‘seed fora square metre (yard). Make a mark 
on tif the amount only partly fits the 
‘container, Scatter the seeds as evenly 

‘as possible with a sweeping motion of. 


2 Stand on @ plank while yau lay the next 
‘row, as this wil distribute your weight. 
‘Stagger the joints between rows to create a 
‘bond like brickwork, Turfin along rol wil 
have feweroints, but these should not afgn, 
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3 Rake the consolidated soil in order to 
prodtice a fine, crumbly structure that is 
suitable for sowing seeds. if you can, leave 
the area for a couple of weeks to allow any 
weed seeds to germinate, Hoe off the weed 
seedlings and leave them to die before you 
apply the grass seed, 


6 Hire or buy a calibrated granular fertitzer 
‘spreader to sow large areas quickly. Check 
the delivery rates over sheets of paper 

first and adjust the spreader until the 
correct amount is being applied per square 
‘metre (yard). 


3 Tamp down each row of tur to eliminate 
air pockets with the head of avake, then roll 
the plank forwards to lay the next row. Brush 
sandy soil, ora mixture of peat substitute 
and sand, into the joints to bind the turfs. 
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LAWN MAINTENANCE 


A rich green lawn is coveted by many gardeners, but a certain amount of 
maintenance is needed to achieve this, The secret of a healthy and 
attractive lawn lies in adopting a regular routine. Applying systematic care 
will also make the lawn relatively easy to maintain. Mowing is the most 
important and frequent operation carried out, but other practices, 
including watering, feeding, aerating and top-dressing, will also need to 
be done to keep your lawn in good condition. 


MOWING 
Where mowing is concemed there is a 
simple rue that you should always. 
remember, The more grass that you remove 
by mowing, the more rapid its regrowth wil 
bbe, The cutting height should be higher 
uring late autumn, winter and early spring 
when litte growth is taking place, but may 
be lowered in the warmer growing season 
Raising the cutting height can also allevi 
drought-stress and can help lawns stay 
(green during hot dry summers. Asa general 


TURF PROBLEMS: 
Numerous problems periodically aect 
turt. The organic approach emphasizes 
the importance of maintaining strong, 
healthy grass and removing the causes 
ofillheath, 


Organic control of turf diseases 

* Maintain a vigorous growing sward, 

* Control molsture to avoid humid 
surface conditions, e.g. by brushing. 

+ Ensure free movement of air 

+ Regular aeration treatments. 

+ Reduce thatch. 

* Box off clippings where possible. 

+ Avoid excessive ritrogen combined 
‘with coo! conditions (in autumn). 

* Avoid lime where possible test water 
and top-dressings for lime). 

+ Adopt a balanced fertlizer regime, 

+ Stelize loams and top-dressings, 


Organic control of turf weeds 

+ Asrate to improve surface drainage 
and enhanee grass vigour, 

* Hand-clig persistent weeds, 

* Mow and collect clippings regularly. 

+ Scary the lawn surface, 

+ Remove earthworm casts, 


rule, you should never remove more than a 
thir of the ea at any one mowing (un 
of course you are cutting down an area left 
deliberately lng for wisi), 

Grass can produce 2-Srm (Xe-Ain of 
{roth aver a 24-hour period in ideal 
Conditions. The single mast important factor 
is that you should mow regularly, Mowing 
willneedto be less frequent when growth is 
slow, as in periods of dry or coo! weather 

jemember that lawns may need cutting in 
Juring the winter. 


mild perc 


LAWN CLIPPINGS 
Grass clippings contain up to 3% nitrogen, 
0.7% phosphorus and 2% potassium by 
dry weight, Returning clippings directly to the 
tras surface during mowing promotes the 
recyoing of nutrients anc "feeds" the lawn, 
Clippings also ade organic matter tothe 
soll which wil retain water, thus making 

the lawn more drought-resistant and 
holping to conserve water. On the 
downside, grass clippings can make turt 
more susceptibie to disease and sol-bome 
pests and lead to a build up of “thatch* 
famatof partly decomposed grass leaves 
‘above the sol surface). Grass clippings 


Above: Grass cligpings, leaves and other 
debris form a thatch at the hase of grasses 
which can stifle them. Remove it with a 
sspring-tine rake. Raking also removes moss, 


Above: Mowing will help to keep your lawn 
both green and healthy but it must be done 
frequently forthe best results 


should alizays be removed if they are 
excessively thick and wil restrict future 
‘growth, Thisis especially true if the grass 
has not been cut regularly enough, 


CONTROLLING THATCH 
‘Thatch is the general term used to desoribe 
the layers of organic fbrous material found 
in tur tis perfectly natural component of 
turf and is desirable to a oertain extent 
‘because it increases resilience to wear and 
drought tolerance, Too rmuch thateh, 
however, can cause an inorease in disease, 
localized dry spots, leat yellowing, 
fproneness to scalping (during mowing) 

and a soft spongy surface. t may also affect 
the tolerance of grass plants to heat, cold 
and drought. 

TTop-cressing and avoiding the over- 
application of nitrogen can help to reduce 
the build up of thatch, as can ming on 
acidic sols. Thatch can also be physically 
removed, This activity is commonly referred 
10 a8 scerification but is also known as 
vertical mowing, power-raking or 
de-thatching, Scarification not only removes 
thatch, but also removes or contro's moss 
and creaping weeds. It can also help ar and 


‘Above: In autumn, rake fain leaves into. 
piles and scoop them up with a pair of 
boards. Choose a still day when the leaves 
are aly to make the job pleasant. 


ater to enter the sol, Scariication must 
ly be carried out when the grass is 
vely growing, 


TURF AERATION 
ion, put simply, means allowing air to 
2 into the soll In lawn, it can Improve 
face drainage, improve sol ar supply 
{relieve compaction. It also makes the 
more drought-resistant because of 
roved, deeper grass root growth, 
ach will be reduced cue to the increased 
‘bial activity that is the result of batter- 
rated soil Improved drainage leads to a 
armer sol that wil stimulate root 
arowth and will help release unwanted 
emicals and gases from the soll 
You should aerate the turf when the soll 
st, but not wet because it will then 
amage the soil structure. Aerating the 
When itis too dry can be dificult Ifthe 
shard. Smal areas can be done by 


19d, with the traditional garden fork 
ng very affective for relieving localized 
npaction, 


ROLLING THE LAWN 
ling a lawn gives a smooth, flat and level 
rface, but itis frequertly overdone and 
ariably leads to soll compaction, loss of 
‘ucture, poor drainage, poor aeration and 
Juced root growth. Its important never to 
a lawn when Its wet 


TOP-DRESSING MATERIALS 
Numerous materials can be used as 
bulky top-dressing anc each has is own 
benefits for both soll and grass plants. 


Charcoal Sometimes used to Improve 
surface drainage and ventilation. 


Garden compost and leaf mould 
Improves the moisture-holding capacity 
of aootzone while being relatively stele, 
Often best used in mixtures. Homemade 
compost should be left for sufficient 
time to decay. Rich in race elements, 


Sand Porous and compaction-resistant, 
sand is used as a component for most 
fop-dressing mixes and on is own, 


‘Topsoil Used in “composts” for top 
‘ressing and on its own for fine-turt 
areas ifit contains suficent sand, 


AERATING THE LAWN 


1 Poor grass growth could be because the 
soil is poorly drained. You can aerate the 
lawn by pushing the prongs af a fork into 
the ground, 


TOP-DRESSING THE LAWN 


4 Scatter dry topsoil or top-dressing mix 
‘evenly over the surface of the lawn using a 
shovel, As you throw the shovel outwards in 
a wide arc, twist it through 180° by rotating 
the handle, This will help you to spread the 
‘mi evenly. 


BRUSHING 
Brushing scatters worm casts, grass 
clippings and ether debris on the sur 
Italso disperses lew and “dries” the 
surface of the lawn, making it easier 1o 
obtain a clean cut with the mower. Fraquent 
brushing can also act as a mild scarier, 
lifing the grass blades ready far mowing, 
Brushing is also used to "work in” bulky 
top-dressing into the turf surface, A sti 
broom or a besom is the most commonly 
used tool for brushing turf 


TOP-DRESSING 
‘This is the application of a bulky material to 
the surface of the lawn and usually has no 
‘or only minor nutritional value. Itis carried 


Ornamental Garden 85 


2 Gently brush a soll imorover, such as 
sharp sand or a mixture of soll and sand, 
into the holes made by the fork. 


2 Using either the fat side of a ake ora atitt 
‘broom or besom, work the top-dressing into 
the surface with short, even strokes. Only 
apply a top-dressing when the grass is 
actively growing. 


ut to halp level the surface or to improve 
the nature of the sol. It may also help to 
reduce the build up of thatch, 
‘Top-dressing should be applied when both 
itand the surface are dry, It must be 
thoroughiy Incorporated into the turf using a 
brush or besom, Top-dress during the 
growing season so thal the grass has a 
chance to grow through it and never apply 
‘80 rnuch that it smothers the grass, 
Top-dressing is easier to work into the 
‘ward ifthe area has been mown and 
scared firs. fit is being carried out as part 
‘of autumn renovation work you ean mow 
the area closer than normal. Make sure 
that you se the same type of material each 
time you apply top-dressing, 
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FERTILIZING YOUR LAWN 
Organic fertlizers are applied to turf to 
ensure that there are sufficient nutrients 
avalabie for healthy, sustained grass growth. 
The nutiant reserve within the soll is 
continually being diminished by plant uptake 
‘and removal of clippings. Nitrogen is the 
most important nutrient as it has the most 
effect upon growth and development. in 
‘most situations only nitrogen and potassium 
will need supplementing by fertiizer 
‘application. Most soils have adequate 
reserves of phosphorus and micronutrients. 
Organic fertlizers are available as pre- 
formulated dressings, although fne fertiizers 
such as fish, blood and bone are quite 
suitable for early-season application, 
Soluble forms of fertitzr (compost teas 
‘or Worm liquid for instanoe) should never be 
applied when grass is not actively growing, 
‘The first application of tertiizer in the spring 
helps yowth and recovery 


apa 


‘Above: Feed fawns using an organic fertilizer 
‘mix formulated for the season: spring and 
‘summer feeds have more nitrogen than 
autumn ones, 


HOW TO REMOVE WEEDS 


1 Use a special weeding too! or knife to prise 
‘out weeds, Push the tool in next to the plant 
and lever out as you pull. Even deep-racted 
plants can be removed tke this, 


from winter and quickty improves the 
appearance of the turf for summer, Closely 
cout lawns need regular applications every 
four to six weeks through the growing 
season. Fertilzer dressing for use in late 


summer must t 


low in nitrogen, as an 
ft growth 


i invariably lead to 
08. 

Apply lawn fertlizer evenly over the area 
re uniform turf grass growth. Poor 
distribution may jead to scorching in areas 
that receive too much ferilizer, The best 
time to apply fertiizer is during a ry interval 
ina showery weather patiod when rainfall 
wil wash it into the sward, Water the lawn if 
there is no rain for 24 hours, 


WATERING LAWNS 
Grass becomes dormant during prolonged 
dry weather. This may lead to invasion by 
‘weed species, but the main concem of 


HOW TO CREATE A MOWING EDGE 


2Make any necessary lawn repairs. f you 
have had to ift@ lot of weeds growing close 
together, leaving @ bare patch in your lawn, 
sprinkle grass seeds over the area, 


most garners is that the lawn keeps its 
Colour, Raising the height of cut may reduce 
this problem, but, in prolonged cry periods, 
the only eal solution isto water. Well-aerated 
lawns often allow the quickest entry of 
‘moisture and lose less water to evaporation, 
Hand watering may be feasible for smaller 
areas, but it can be time-consuming. If you 
liven a drought-prone area, the best option 
Is to choose Grought-resistant species, 


TURF GRASS DISEASES 
Fungi cause the majority of diseases. The 
best way of controling diseases Is to keep 
the grass growing strangly by choosing the 
Tight species for the conditions and 
ensuring that the lawn is well maintained, 
Not allturf and soil fungi are harmful, 
however, Many ara beneficial, aiding the 
decomposition of plant materials and 
organic matter and so releasing nutrients, 


11 An edge of bricks or paving slabs prevents 
flowers smothering the lawn. Mark out the 
area to be ited, using the paving as a guide. 
To keep the edge straight, use a half-moon 
‘ecger: Lif the grass by slicing it with a spade. 


2.Remove enough soil to allow for the depth 
tf the slab or brick and a few blobs of 
‘mortar. Make a firm base by compacting 
gravel or a mixture of sand and gravel. Use 
a plank of wood to make sure tis level 


‘8 Bed the edging on mortar for stability. As it 
will not be taking a heavy weight, Just press 
the slabs on to blobs of mortar and tap level. 
Lay the slabs evenly and flush with, or very, 
slightly below, the lawn. Check levels. 


REPAIRING A LAWN 


1 Lift the area of damaged turf using @ 
large shovel to beyond the point of wear 
or damage. 


4 Lightly frm down the topsoil with the back 
ofa rake, 


2 Cultivate the soll beneath in order to 
remove compaction or alternatively, remove 
all the contaminated soil, 


5 Sow grass seed over the newly added soil 
‘and gently rake in the seed. 


‘S Adda layer of new, good-quality topsoll 
using the shovel. 


6 Water in the seed and keep the patch 
‘moist until the new grass is established. 


REMOVING MOSS 

Moss ready establishes on areas where 
grass growth is weak, Moss growth is 
favoured by a moist surface, mowing too 
close, surface compaction, shade, low soil 
fertity and excessive pH, Removing moss 
\s palliative and moss soon retuns unless 
the health of the grass restored. The best 
lution is to find the cause and remedy it. 


LAWN REPAIRS 

There are twwo methods forrepatring tut areas: 
ing and turfing. Turfhas an instant 

, but seeding is more economical over 
larger araas. Grass established from seed is 
ssualy more hard-wearing 

Repairing with turves Mark out the area 
and use a half moan andi turfing iron or 


tu. Fork over the sol to raleve surface 
compaction and add a suitable pre-seeding 


rilizer, Fem the area by treading, Rake to 
obtain a tith, Lay new turves on prepared, 
oi, ensuring all joints are staggered anc 
aving the tures about 6mm (iin) proud of 
‘rounding area to allow for future soil 
lement. Top-cress and ensure the area 


Repairing with seed Mark out the affected 
area and break up the sol by forking, lake 
to produce a sutable tith and “Yop up" sol 
levels need be. Consolidate the surface by 
treading and apply a suitable pre-seecing 
fertlzer Rake to a tth and sow the seed in 
two (or mare) directions, Rake in the see, 
ensuring the areal level wth the 
surrounding tut. Frm by alin, required. 
Overseeding This methods used to 
thicken an existing aun, Seed is scattered 
cover the lawn, where the seed wil then 
germinate, grow and fin the tur surface 
‘verseeding can be done by hand, 
broadcesting and soratching in the seed. 
When overseeding grassy areas, lower 
seed rates are used than thase fer new 
laws, When sol condtons ere cry, ensure 
that the saed is covered and in contact with 
the sail undemeath, Keep the soll moist 
Lntl the seed gerrinates and estabishes 
Repairing damaged edges Mark out and 
lian area of tur around the damaged edge 
Fork over the sll orca to prepare ith 
and raiave surlace compaction. Incorporate 
a suitable pre-seeding fertiizer and fir the 
area by reading, Fake to cbtain a suitable 
tt, Re-ay the tu with the damaged edge 


innermost, Top-dress the newly laid turves, 
working the top-dressing into the joints, Pay 
particular attention to the damaged zone, 
The top-cressing should Ideally have a small 
quantity of seed mixed into it. Alternatively, 
ne area may be oversesded once the turt is, 
laid and top-cressing applied. Ensure the 
areas irigatacl when necessary, 


‘Above: Insert a half-moon edging too! into 
the soll, Lever forwards to form a gulley with 
‘one vertical side against the lawn and one 
curved side against the border. 
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WOODY PLANTS 


Woody plants maintain permanent living structures above ground. They 
are unique in that their stems repeatedly thicken and strengthen, as is 
easily seen in the familiar growth rings in wood, Woody plants take many 
forms: they can be small ground-hugging shrubs or forest giants, and 
both the largest and oldest living things on our planet today are woody 
plants, They are the backbone of many gardens, providing height and 
structure as well as a feeling of permanence. 


BUYING WOODY PLANTS 
‘Woody plants may be bought bare-ooted 
or rootballad, oF in containers, All plants 
should be vigorous, healthy and suitable for 
the site conditions and intended use, Check 
that bare-rooted specimens are properly 
‘wrapped so as to prevent thelr roots crying 
‘out and ensure that trees and shrubs are 
{tee from any obvious pest or disease, 


PREPARING THE GROUND 
‘Organic matter is best incorpo 
the whole area as a mulch after planting 
This encourages the development of 
hheaithy root system. Apply across the whole 
site during digging if the sols sandy. 

Ading fertilizer is only generally 
recommended hen analysis reveals the sol 
to be deficiontn particular nutrients, woody 
plants set up mutually benticia relationships 
with sal fungi and gain much oftheir 
Purients as a resutt of natural nutrient cycles, 
Often, the best floral displays ocour on sols, 
flow fertity, making fertlizer unnecessary, 

‘The key to woody plant growth usually 
lies in applying oraanio mulch on an annual 
basis. Leaf mould is arguably the best 
substance to use, but well-rotted compost 
for manure is almost equally useful. An 
application of bonemeal or similar organic, 
base dressing before mulch is applied can 
prove to be beneficial when shrubs are 
hewy planted, 


PLANTING OUT BARE-ROOTED OR 
ROOTBALLED TREES 

‘The sol should ideally be moist and fable, 
Not frozen or excessively dry or 
‘waterioggsd, Bare-rooted or root-balled 
‘speciiens are usually planted during the 
dormant season, Far deciduous broad- 
Jeaved species, this Is in winter, An early 
planting results in better establishment in 
the following season, and atten makes the. 


PLANTING A SHRUB 


2 Ifthe sol has nat been recently prepared, 
forkit over, removing any weeds. Add @ 
slow-release fertilzer, such as bonemeal, 
wearing rubber or vinyl gloves ifrequited, 
and fork this in 


4 Remove the plant from its pot, taking care: 
‘not to disturb the rootball. fits in a plastic 
‘bag, cut away the bag rather than trying to 
pul it off, Place the shrub in the hole and 
‘draw the earth around it, Firm the sol down 
with the heel of your baot and water in well 


‘Above: Woody plants, such as this 
flowering quince (Chaenomeles), often have 
Very decorative and colourful flowers. 


11 Never plant a shrub that is stressed. 
Before you stat planting, check thatthe 
plant has been watered. nat, give ita 
thorough soaking, preferably the night 
before planting, I this is not possible, 
ensure that the shrub Is watered atleast an 
hour before you plant. This allows the water 
tt be absorbed thoroughly by the potting 
‘mix and wil help the plant o estabish, 


3Diga hole wider than the rootball. Put 
the plant in the hole and check its deep 
enough by placing a stick across the top of 
the pot. It should align withthe top of the sol. 
Adjust the depth of the hole accordingly. 


5 Finally, mutch all around the shrub, 
covering the soil with an 8-10cm (3-4in) 
layer of bark ora similar material. This will 
‘not only help to preserve moisture but 
will also help to prevent any weed seeds 
from germinating. 


Really experimentators of the Chemetsky's group, who 
worked with SGD device detected influence of 
biologically active radiations and fields, which can be 
not screened by usual methods. It was reported by 
Chermetsky that parameters of this radiation can be 
selected to accelerate the development of plants and 
biomass or to suppress it. So, we should speak about 
artificial living biological system or biological form of 
energy for this class of free energy devices. Perhaps 
by the same plasma oscillation way all living organisms 
provide its vital activity, since long time ago it was 
known that metabolism and food can not provide 
enough energy for vital processes 


Nikolay A. Kozyrev also wrote about “reason of life” 
and he confirmed that waves of density of time are used 
by organisms for their vital activity. Between “waves 
of density of time” and “waves with longitudal 
component” there is a clear analogy. Kozyrev and 
Chernetsky experimentally demonstrated methods of 
creation of such waves. 


..any free energy system should change the 
causality in surrounding space-time. 


New Energy News magazine, March 1996, wrote 
about attempts to innovate for American aerospace 
stations special power source, which uses similar 
plasma technology: anomalous electric discharge. The 
USA patents #5416391 and #5449989 belong to Dr. 
Paulo Correa and Dr. Alexandra Correa, Canada. In 
their report on free energy Denver conference it was 
claimed that efficiency is about 483% 


Let's note one more free energy topic: high efficient 
electrolysis. Classical electrolysis as decomposition 
of electrolyte in electric field is a wonderful example 
of work, which is produced by field and it can be 
organized by such a way to be free from the primary 
energy source (battery). The traditional scheme uses 
closed circuit of current through electrolyte and the 
battery, so the battery is discharged during the 
operation with electrolytic cell. However any physics 
textbook confirms that ions in electrolyte are moving 
due to electric field only, i.e. work to organize the 
displacement of ions and heat power, which is 
connected with this work, are produced by the 
potential field and expenses of the primary power 
are not required. 


The current through the battery, which is created in 
usual closed electric circuit destroys the primary 
difference of potentials in the battery but it is not some 
necessary condition. For correct organization of the 
experiment the products of electrolysis (gases) can 
be created almost free and their utilization (burning) 
can provide more heat power than input electric 
power. 


Prof. Latchinov, the real member of Russian Physic- 
Chemical Society, who patented his method of 
electrolysis in 1888, mentioned that in some cases the 


electrolytic cell is freezing during its operation. This 
is an effect of the law of Conservation, which forces 
to return the surplus power by means of heat 
environmental energy. In the experiment by Latchinov 
the electrolytic cell can create gases of high pressure 
and consumed power is the same as for the case of 
low pressure gases. However, it is clear that high 
pressure gases can produce more work than low 
pressure gases do. This question was sensational 
problem in scientific societies of 1888 and it is not 
solved yet completely. 


One of other variants of high efficient electrolysis was 
investigated by Igor Goriatchev, Russia. Instead of 
usual 3 Volts level of electrolysis, Goriatchev uses 
0.2 Volt pulsing mode. He claimed ratio output/input 
as 1500% efficiency and he hopes to increase this value 
twice in more perfect design. 


Professor Kanarev from Krasnodar wrote about his 
experiments on plasma electrolysis and has proved 
that in electrolysis of water output power can be more 
than input power. 


Real example of “perpetuum mobile of the second 
kind” is invention by Russian engineer Albert 
Serogodsky (Moscow) and German engineer Bernard 
Sheffer (Berlin). They have patented new system for 
direct transformation of environmental heat into 
electricity, Germany patent #4244016. Retro- 
condensation of mixture of benzine and water is 
organized in closed system under temperature of 154 °C 
degrees. You can try to get more info from: Werkstatt 
fur Dezentrale Energleforschung, Pasewaldtstrasse 7, 
14169 Berlin, Germany. 


The fundamental theoretical researches on direct 
transformation of environmental heat to useful 
work were provided by Real Member of The 
Russian Physical Society Mr. Gennady N. Buynov, 
St.Petersburg. The description of his project on 
“The Mono-thermal device” was published in journal 
“Russian Ideas” #2, 1992. 


In 1995 the scientific journal of Russian Physical 
Society #1-6 published article “Perpetuum mobile of 
the second kind (paired gas-chemical cycle)”. The 
author Gennady N. Buynov proposed to consider that 
entropy function can be abortive, i.e. it can be 
undetermined in some place if reversible chemical 
reactions are presented in the system. 


Herewith, the circular integral of entropy is 
not a zero and in this case the heat function 
but not entropy function (according to the 
Gess law) becomes the function of condition. 


Buynov offers to use four-oxide of nitrogen as working 
matter for this cycle. His works are excellent example 
of scientific enthusiasm, which (in combination with 
financial interest of the customers) could produce real 
results for Russia many years ago. Let's note that 
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PLANTING A CLIMBER 


1 Dig over the proposed site, loosening the 
soil and removing any weeds. Ifthe ground 
thas nat recently been prepared, work some 
Well-rotted organic material into the soll to 
improve soil texture and fetilty 


4 Stand the plant in ts hole and place a 
cane across the hole to check that itis atthe 
same level. Take the plant from the pot or 
cut the bag away. Holding the plant steady, 
fit in the soll. Firm as you go with your hands. 


plants more rasistant to spring drought 
Evergreen specimens establish more readily 
if planted during early autumn or late spring. 
in conditions in which enough moisture is 
available for rapid root growth, 

Mark out the positions of the plants and 
dig each pit, allowing ample space to 
accommodate the roots, rootball or 
container siza, This is usually a quarter to 
half the diameter again of the raotbal. Take 
care not to smear the sides ofa pit dug in 
heavy soll as this wil effectively cause it to 
fil up with water during the watter months, 
resulting in root dieback, subsequent shoot 
disback and in extreme cases, the death of 
the whole plant 

ernove protection from the roots and 
place the tree into the hole, Prune any 
damaged tissue with a sharp knife or 
secateurs (hand prunes), Position the plant 
in the pit with roots wel spread, Where 


2 Add a general or specialist shrub fertilizer, 
ifnecessary, to the soll at the dose 
recommended an the packet. Work into the 
soil around the planting area with a fork. A 
slow-release organic fertilizer Is best, 


5 Train the sters up inalidual canes. Tie in 
with string or plastic ties. Even twining 
plants or plants with tendrils will need this 
‘help. Spread them out, so that they well 
Lutimately cover the whole of their support, 


trees require staking, the stake should be 
hammered into the ground before planting 
the tree to avoid damaging the roots. 
Position the stake on the side fram which 
the wind most commonly blows. 


PLANTING OUT CONTAINER- 
GROWN PLANTS 

Container-grown specimens may be 
planted throughout the year, provided that 
the grounds sulfolenty moist and 
adequate water supplies are available and 
Used to inigate the newly planted area, 
Cither site-elated stresses, such as high 
wind and hot conditions, may also have to 
bbe minimized where plants are planted 
Guise ofthe optimum winter period. 
Preperation of the planting pit, and staking, 
are the same as for bare-tooted or 
rootballed trees, bul the positioning of the 
‘potvall and treatment of the roots cifers 


3 Water the plant inthe pot. Dig a hole that 
is much wider than the rootball. The hole 
‘should be at least 30cm (12in) from the wall 
‘or fence. The free-standing canes will be 
angled towards the wall or fence, 


‘6 Water the climber thoroughly. Put a layer 
‘of mulch around the plant to help preserve 
the moisture and prevent weed growth, 
Do not pile mulch up against the stems of 
the climber, however 


slightly. Remove the tree from the container 
‘and lightly shake out the rootball over the 
hole of excavated soll, Check the root collar 
area for gircling roots. These are roots that 
spiral around and may eventually Gamage 
the developing stem, Where present saver 
these cleanly with a knife and remove 
‘carefully out ofthe raotball, Tease out the 
lower roots using a fork. Place the rootball 
Inthe hole so that the roots are spread 

tout and the surface of the potting mix is 
level with the ground, Tease out the 

‘irciing roots at the edges of the roatbal 
with a forts or by hand especially where 
plants are pot bound. Flin and firm, 
staking where required, 

Immediately ater planting, remove any 
damaged, diseased or untidy growth, Do 
ot remove excessive amounts of top 
‘growth, however, as this will reduce the 
plant's ability to produce food, 
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STAKING TREES AND SHRUBS 
Large shrubs and trees larger than about 
1.2m (at) may requis staking. Low stakes 
are nw recommended as thay allow the 
top growth to move ina circular motion, 
‘This motion encourages rapid lower-stem 
thickening and the development of fibrous 
root systems that are essontal for Quick 
establishment and suoport of the plant. 


PROTECTING NEWLY PLANTED 
‘SPECIMENS 

Plants unused to cold or hot drying winds 
may suffer from drought stress. Gold drying 
winds may damage foliage, buds and! 
branch tips, as well as the barc of thin 
barked tree spacias unused to such 
protect trees from 


adverse conditions, providing an extremely 


suitable environment forthe rapid growth 
and development of the tree. They are also 
usefulin protecting plans from voles, 
rabbits and sometimes deer attack. They 
‘are usualy designed to last thres to five 
years before the material starts to degrade 
Under the action of sunight. Shrub sheers 
are simian most respects to those for 
trees but are generally shorter. 


1 Fora standard shrub, make sure you use @ 


strong stake. It should be of @ rot-resistant 


wood. Firmly place the stake in the planting 


hole, knocking it nto the soil so that it 
cannot move, 


| 


4 Although you can use string, a proper 
rose or tree tie provides the best support. 
Fix the lower one 15cm (6in) above the soil 


22 Plant the shrub, pushing the rootball yp 
against the stake, so that the stem 

and stake are approximately 8-10cm 
(@-4in) apart. 


'5 Fix the second tie near to the top at 
the stake, but just below the head of the 
‘standard shrub. 


8 Fim the soll down around the plant with 
the heel of your boot. 


66 Water the ground around the plant 
thoroughly and mulch with chioped bark or 
a similar material 


Spiral guards, designed to protect larger 
‘reas from rabbits, can act as tree shelters 
for smallor plants. When used on larger 
‘tees, they are designed to expand as the 
stem dlameter increases, thereby not 
constricting growth, Open-mesh guard 
which are mesh rots supported with two or 
‘more canes or stakes, provide alternative 
rabbit protection 

Re-firm roots ofall newly planted trees 
and shrubs after wind or frst, using the 
heal of your boot, to exclude air pockets 
around the root. 

Irigation should oniy’be applied on 
very dry sols during the frst year of 
establishment. Weteris best applied only 
when absolutely necessary using a sprinkler 
to thoroughly drench the sol 

Al shrub and tee bases shouid be kept 
weed-free during the first year. Mulching 
may help to achieve this, but some hand 
weeding may be necessary. 


RENOVATING OLDER SHRUBS 
‘Shrubs that become overgrown look: 
Lnsightly and wil often have @ poor display 
of flowers, Many shrubs can, however, be 
rejuvenated lby pruning, In certain cases the 
pruning programme can be staggered over 
‘a period of two oF more years, Deciduous 
species, such as lacs (Syringa), may be 
pruned after flowering, or more commonly 
‘uring the dormant season. Evergreen 
shrubs, such as Viburnum tinus, are best 
treated in mid-spring. Remove all weak 
spindly growth and any badly placed 
branches ar crossing stems. Remove stems 
to leave a baalancad framework by cutting 
them baok to around 80-45em (12-18in), 
depending on the species and its vigour. 
Mulch using leaf mould or compost to 
5-100m (2-4in) In depth, Ensure that the 
plant is never short of water in the summer. 
The following season the shrub will have 
produced a mass of new shoots, These 
should be thinned as necessary. After 
renovation, all shrubs should bs pruned 
according to thelr normal requirements, 


RENOVATING HEDGES 

If hedges become overgrown or too wide 
‘through neglect or incorrect maintenance, 
they may respond to drastic pruning 
methods, The method is similar to that 
which is carried out on shvubs, Instead of 
cutting hard back to the base, however, 
‘only one side of the hedge is pruned back 
hard to the maln stems of the hedge plants. 


(One side of the hedge is let alone so there 
Is enough foliage area lett to stimulate new 
growth and recavery on the pruned side. 
‘This can also prove useful n providing cover 
{or wildlife, especially nesting birds, 

‘The process is repeated on the other 
side of the hedge the following year or, 
pethaps, two years later. Evergreen 
subjects (out rat conifers) should be pruned 
In this way during eer'y to mid-spring and 
deciduous subjects when they are dormant 
iniate winter 
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Left: Flowering trees such as these cherries 
(Prunus) can provide # welcome and 
refreshing splash of spring-time colour. 


Feed using an arganic mulch, such as 
farmyard manure, and water during the 
following season io ensure that the hedge 
‘survives such drastic pruning. This technique 
can be very successful for many evergreen 
plants as wellas most deciduous plants, 


RENOVATING WOODY CLIMBERS, 
Climbers thet have not been pruned or 
trained properly often degenerate into a 
tangled mass of waody stems which look. 
unsightly and give peor foliar or floral 
displays. Hard pruning will often rejuvenate 
the plant. in most cases, the plant will 
tolerate close pruning in early spring to 
within 30-B0em (12-24in) of the ground or 
Its main framework of branches. Plants in 
poor health may not survive this treatment, 
Inwhich case you may need to carry out the 
work over a period of two or more years. 
‘Water the base of the plant well and 
apply bulky organic material. New growth 
must be trained and pruned according to 
the epecies. New growth can initially be 
trained as if it were a newly planted climber. 


PROVIDING PROTECTION 


+1 Many shnubs need some winter protection. 
This shrub isin a pot but the same principles 
can be applied to free-stanaing shrubs. 
Insert a number of canes around the plant. 
(Cut. piece of horticultural fleece, hessian 
(burlap) or bubble plastic to size, allowing 
rom for overlap. Wrap around the plant, 
using a double layer for very tender plants. 


2 Tre the protective cover around the pot or 
lightly around the shrub if itis in the ground. 
Horticultural fleece can be tied at the top 
because moisture can penetrate, but, if you 
are using bubble plastic, then leave it open 
for ventilation and watering, 
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FLOWERS FOR BEDS 
AND BORDERS 


Flowers are an essential part of the omamental garden and there can be 
few sights that can rival a flower border at the height of summer. 
Understanding the lifecycles and horticultural needs of these plants is 
essential if you are to use them to their best effect in flower beds and 
borders, This section looks at planting and caring for herbaceous 


perennials, bulbs and annuals. 


HERBACEOUS PLANTS 
The strict definition of a herbaceous plant is 
‘one that dies down to or near to ground 
level each year in order to avoid harsh and 
‘extreme weather conaitions, In the garden 
this includes herbaceous perennials as well 
las grasses - which may nat actually cle 
down but never exceed a certain height ~ 
and bulbs 
Herba 
plants that live 


Usually grow, 
dying down to ground i 
They remain there untl the next season 
hen the cycle begins again. Herbaceous 
perennials may form sizeable clumps which 
are best civided every three to five years to 
‘maintain vigour and promote flowering, 
(Omamental grasses contrast superbly 
with broc-eaved plants and narrow-leaved 
forms and are ideally sulted for creating 
‘dry" gardens, 


rel nthe autumr 


HOW TO PLANT PERENNIALS, 


1 Always prepare the soi firs. 
Digit deeply, remove weeds, 
and incorporate a fertilzer and 
welt-rotted compost ifthe soil is 
impoverished. Most perennials 
ara sold in pats, so arrange them 
to create pleasing associations. 


2 Water thoroughly at least 
an hour before knocking the 
plant from its pot, then dig a 
hole. Ifthe rootball is congested, 
tease out a few roots first. Work 
‘methodically from the back of 
the border or from one end, 


‘The maintenance requirements for the 
vast majority of these plants are the same 
and they form the backbone of the 
ormamental garden by providing colour 
which, f planned properly, may benefit the 
garden al year round. 

Planting out Herbaceous plants may be 
planted in elther autumn or spring, The 
‘advantage of autumn planting is usually 


from spring planting, as heavy solls may be 

fet and cold — conditions that may cause 
the newly planted specimen to rot. Grasses 
‘are planted in the same way as “true” 
herbaceous plants, Bulb planting Is iiferent 
‘ands dealt wih separately 

Pot-grown specimens should be 

Waterad at least an hour before planting, 
The ground should be dug and manured 
before being levelled ready for planting, 


8 Carefully rm the soil around 
the roots with the heel of your 

boot. This helps to remove any 
large pockets of at. 


‘Above: Few sights in the omamental garden 
can rival that ofa flower border in full bloom 
Jin mict-surnmer. 


‘Avbase dressing of bonemeal or fish, blood 
and laone may alga he applied, Piant only 
‘when the soll is moist, but not waterlogged 
or frozen, Dig a pi larger than the raotball 
and ensure that the plant is well firmed, 
taking care not to camipact the soll when it 
is retumed around the rootball, Care should 
be taken immediately afler to ensure that 
lugs and snails do not damage the 

crowns, Set traps and barriers around them 
to.avold this, 

Thinning Removing weak shoots allows the 
plant to divert its energy into the remaining, 
shoots, which wil be sturdier and produce 
larger flowers. Thinning is carried out when 
the plant has reached one-quarter to one 
tite of ts eventual height and is useful for 
plants such as as delphiniums, phlox and 
Michaelmas daisies. 

‘Stopping This is the removal of the growing 
tip of a stem in orcer to encourage the side 
shoots to develop. The tips may be 


4 Itis important that your 
‘always remember to water 
thoroughly after planting and 
keep the new plants well 
watered In dry weather for the 
First few months. 


inched out when the plant has attained a 
third ofits ultimate height, This encourages 
buds on the leaf axils to develop anc 
ads to more flowers being produced, 
though these will be smaliar than ifthe 
one terminal bud had been allowed to 
flower, This technique is successful fora 
‘ange of plants including Helenium, 
Rudbeckia, Dahlia and Chrysanthemum 
Dead-heading Uniass the plant produces: 
decorative sead heads or seed isto be 
‘lected for propagation purposes, itis 
fren best to remave all flowers as they 
gin to fade. Further side shoots will then 
n develop and the flowering period wil 
bbe extended. Notable exceptions to this 
are those plants that produca seed heads 
that are valuable food sources for 
overwintering birds, Examples ofthis 
Include teasels, Eohinops and many of the 
ornamental grasses. 
Cutting back Some shrubby perennials 
(often referred to as sub-shrubs), such as 
Chrysanthemum, Phygetius and 
teman, benefit ram being pruned 
‘annually in early spring. This is especially 
true of sub-shruibs that are somewhat 
tender. The older twiggy and unproductive 
growth Is cut hard back in order to promote 
the growth of new shoots that will ower in, 
summer and autumn, 
Feeding Few perennials require more than 
an annual erilizer application intial soll 
preparation has been thorough and 
ided the addition of bulky organic 
matter. An organic ferilizr, such as 
bonemneal or fish, blood and none, may 
be added to the soln spring, preferably 
after rain 


‘Above: When dead-heading, snip off the 
flowers cleanly where they join the stern, 
Cut back to the first set of leaves ita whole 
head of flowers has to be removed. 


CUTTING BACK 


1 Some herbaceous plants remain green 
throughout winter. Cut back to sound 
growth, removing dead and legay material. 


Bulky organic material, such as leaf 
mould or compost, applied in spring before 
shoot growth is also beneficial. Care must 
bbe taken nat to apply this too thickly and not 
to cover the crowns of plants resting at the 
soll surface as these may rot of. 
Renovating Herbaceous perennial plants 
should be lfted, civided and replanted every 
thre® to fv years. Some fast-growing and, 
vigorous plants, such as Ajuga and Stachys, 
may need to be divided every year. 
Herbaceous plants can become woody 
towards the centre and may lase vigour. 

Lifting the plants for dividing will nat only 
rejuvenate them but also allows for other 
border maintenance operations to be 
carried out, The site can be cleared of 
Weeds and organic matter such as 
‘compost or manure dug into the border, 
The process of division is beneficial to the 
Whole border, In-adattion, it keeps the plant 
healthy and will prevent the over-vigorous 
growth of fast-growing species, Lifting and 
diving |s normally done while the plants 
are dormant in late autumn or early spring, 
‘Transplanting Most perennials can be 
transplanted relatively easily. This should be 
done during the dormant season, which is 
usually n autumn or early spring, Same 
plants lisike cold wet conditions and these 
should be moved once the soil has warmed 
sufficiently to encaurage growth, This is 
particulary true for any plants that are not 
fully hardy. Some plants that are relatively 
long-lived, such as ponies, resent being 
disturbed and wil take two or more years to 
establish again after transplanting, 
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2 Here, the ald stems have been cut off so 
that they are level with the emerging 
growth, s0 as not to damage it. 


Plant replacement if possible, all planted 
areas should be designed to contain plants 
that have similar lfe spans and respond to. 
rejuvenation techniques. Some species are 
relatively short lived and will die aut before: 
others within a bed, tis possible to 
rejuvenate beds on a set cycle, say every 
three to four years, and avoid gaps 
appearing in the periods between, 

Plant losses can occur in severe winters 
‘when thase that are normally regarded as 
hardy are exposed to very low 
temperatures, Half-hardy or tender 
perennials are even more susceptibi. 
‘Some perennials are probably best ifted 
and stored over winter untl the Worst 
‘weather has passed, when they can be 
planted out again 


‘Above: Lightly dig over the soll around the 
plants, removing any weeds. Avoid digging 
around plants such as asters which have 
shallow roots. 
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ANNUALS AND BIENNIALS 
‘As the name suggests, annuals are plants 
that grow, set seed and dle, completing 
theclfecycle within one growing season. 
Some gatcien annuals may actually ba 
perennials in nature, but are treated as 
annuals for ease of cultivation. Many, 
hai-hardy and summer bedding annuals fll 
into this category. Almost all spend a 
maximum of one calendar year in the 
ground before dying of, 

Benrals are similar to annuals as they 
flower once and die, bul eifferin that they 
grow and establish inthe first season before 
resting in a simlar manner to herbaceous 
perennials over winter. They grow, flower 
and die the folowing season, Some pients 
that are grown as blennials especialy as 
bedding) are perennials, They are treated as 
biennials, however, because they tend to 
weaken during ther second year and are 
therefore better re-started in order to 


maintain vigorous plants, 


Annu their own 


1 Some perennials need splitting every few 
_years to keep them flourishing. In spring, 
lift the whole of the clump from the ground. 


4 Remove the earth from the plant and 
divide. Use the new growth around the 
edge, and alscard the woody centre. 


PLANTING ANNUALS 


1 Remove the plants from the pack. if they 
are attached to each other, try nat to tear off 
too many roots when removing. Dig a hole 
wider and slightly deeper than the rootball 


Visual Impact than if they were spread 
throughout the garden. Many annuals, 
‘especially those with composite flower 
heads, attract beneficial insect species into 


crops, 


hen the perennials have 
wn and become established, 


2 Clean the ground tharaughiy, removing any 
weeds, particularly perennial ones that have 
appeared since the border was lest dug. 


'5 Replant some of the divisions, making 
certain that the roots are well saread out 
Firm them in and then water. 


2 Filn the hole around the plant with soit 
‘and gently frm down with your hands. 
Water the plant with a watering can fitted 
with a fine rose, 


Planting annuals, biennials and tender 
perennials Hardy annuals can be sown in 
sit and then thinned. Some may self-seed 
freely through borders, If annuals ara to be 
{grown in pots or traya prior to planting, the 
planting is much the same as for 
verbiaceous plants, Always ensure that the 
risk of frost has passed before panting out 
tender specimens and that these plants are 
‘apolimatized thoroughly beforehand. 


3 Incorporate some well-rotted organic 
‘material such as farmyard manure in orcer 
10 rejuvenate the soil, 


16 Keep the plants watered until they have 
re-established themselves. They will soon 
flout the gaps in the barcier. 


SOWING SEED IN OPEN GROUND 


+1 Dig over the ground and break it down 
ito a fine tith using a rake, Do not work the 
soil when wet orit will become compacted. 


2Using a garden ne as a guide, draw out a 
shalfow dril, Use the comer of a hoe, a stick 
ora trowel, 


Ifthe sol is very ory, water the dll using @ 
watering can and leave to drain. it should 
not be muddy for sowing. 


44 Identity the row with a clearly labelled 
marker. This is Important because when the 
row is backfiled it wil be Impossible to see 
where the seed is until it germinates, 


'5 Sow the seed thinly by hand along the 
Iength of the dil. Sowing thinly will recuuce 
the amount of thinning that is required at a 
later stage. 


16 Rake the soil back over the drill and lightly 
tamp it down with the back of the rake. 
When the seedings emenge, thin them out 
In order to prevent overcrowding. 


Many hardy annuals thrive in poorer 
, and are undemanding and easy 10 
Dry banks are ideal for a whole range 
* species including poppies and 
‘urlums, both of which flower more 
ndantly on slightly poorer soll, 
The only “pruning” required for anual 
miants fs dead-heading to promote new 
-poot and flower development, or stopping 
© promate sie shoot development and 
tiple flower production as opposed to 
single flowers, 


BULBS, CORMS AND TUBERS. 
These rest below the surface and are 
modified buds, stems or roots, They emerge, 
+ for only a short time to grow andi flower, 
retreating back down underground to 
=scape harsh weather conditions, 
Planting and maintenance Bulbs, corms 
tubers ean be lfted during their 
Sormant period and transported and stored 
esi, Generally speaking, bulbs are 

anted in-@ hole that has been dug to 

oust two to three times thelr length deep. 
ips have a base plate, which is where the 


roots appear, This must always be placed in 
the hole roots down and should be in 
contact with the sollin the base of the hole, 
racing fine sand in the base will ensure 
this, The top of the bulb ithe neck) should 


ee 
=a 


a 


Above: The rule is that bulbs should be 
planted at a depth of three times their own 
size, Exceptions include nerines, crinums 
land some ilies, which prefer to be planted 
with the top of the bulb at sol evel 


always point upwards. Fill the hole firiy 
once the bulb is in the hole, After this the 
bulbs need tle care and attention, 
although tall varieties may need staking and 
all should be dead-headed ater flowering, 


‘Above: Dig @ large hole, according fo the 
requirements of the individual bulbs oF 
corms, These gladiall corms are place: 
down and nose up, about 10cm (Ain) scat 
Gladiol corms need ta be lifted in suture 


bese 
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BEDS AND BORDERS 


Whether you are creating a flower border from scratch or updating an 
existing design, there are a number of important factors that you will need 
fo consider before you start planting the scheme. Begin by looking very 


vefully at the site and its conditions. This initial planning and preparation 


will help you in your choice of plants. Hardiness and suitability to the soil 
type, as well as the aspect of the site, are also factors that will determine 


which plants will thrive. 


PLANNING AND SITING 
ally, the bed or border should be 
postioned in a sunny site away from the 
shade of trees or buildings unless you 
19d to plant a border with shadle-loving 
species, A hedge, wall or fence can provide 
valuable protection for your plants, and wil 
eate a warm microclimate for more tender 
ants. A sheltered spot wil also extend 
the planting season, These structures may 
aso provide a backdrop for climbers, 

When you begin planning the border, ask 
yourseif what you hope to achieve, Borders 
are to be viewed from a distance will 
-=neft from larger groupings of each plant 
‘ype. Larger specimens can also appear 
sexy striking from further away, These can 
= used as character plants and provide a 
securing theme through your border. 

Sorders may have a particular theme, 
iy be planted with fruiting shrubs, 
plants to create a “tropical” look or 
-sorant plants such as philadelphus and. 
vender for rich summer fragrance, Colour 
provides interesting themes. A golden 
cer of yellow flowers in association with 
nts that have variegated or yellow leaves 
= sinking. Remember that you can leave 

2s in the planting for seasonal features 


‘Above: Combining strong colours such as 
range and blue can produce striking 
planting associations, 


such as bedding plants and bulbs. Decide 
what look you would Ike to achieve before. 
buying any plants. 


SEASONAL CONSIDERATIONS 
‘Ask yourself when you want the border to, 
look its best. Perhaps you would lke a 
bright display of bulbs in spring folowed by 
a colourful selection af annuals and bedding 
plants in summer, Alternatively, you may 
‘want to plan for a bed or border that 
provides year-round interest, in which case 
you will need to considera selection of 
hardy shrubs or perennials that are 
appropriate for your garden conditions, 
‘Make a lst of all the plants that you 
‘would like to include and when they wil laok 
their best, Many plants have more than one: 
‘season, For example, shrubs such as 
Viburnum opus fower in early summer and 
have bright red benies in autumn, you intend 
touse winterstem shrubs such as Comus 
alba, then choose varieties with interesting 
foliage, such as the golden form ‘Aurea! 


Lett: Herbaceous borders are easy to create 
and maintain, and can provide year-round 
Interest if they are properly planned. 


Above: Flowers are nat only decorative, 
‘but wll also encourage pollinators and other 
‘insects into your garden. 


COLOUR CONTRASTS 
(Ones you have your lst of desired plants, 
consider their colours, Contrasting colours 
can lock effective, Try plants that have blue, 
purple or pink flowers, and choose as many 
‘examples of these as you can find with 
bronze foliage. A much brighter 
combination would cal for hot vibrant 
‘colours such as yellow, orange and red, 
Cottage garclens throw all caution to the 
\wind, inoluding a iat of contrasting andl 
‘lashing colours to provide unexpected and 
beautiful camibinations of hue and form, 
Atematively, you might preter a 
monochrome scheme, using flowers of one: 
colour—white or cream, say, offset by a 
display of green foliage, 


FOLIAR AND TEXTURAL EFFECTS 
Placing plants with contrasting follage next 
to each other can create great interest In a 
border, This is also true where evergreens 
‘re used in conjunction with winter-stem 
colour, Cornus sibirica, for example, has 
striking red stems in winter and is best 
shawn off against a carpet of weod- 
suppressing variegated Ivy, Textural 
contrasts can also be striking, For example, 
the bold leat forms of plants such as Rheum 
contrast well wth the more feathery forms 
of astiibes and Arunicus in sure 


THREE-DIMENSIONAL STRUCTURE: 
When you plan out a border on paper it can 
sometimes be difficult to erwisage just how 
it willlook when itis established and 
‘growing. in order to get a better idea of the 
final result, it can bie helpful to draw a 
sketch relief of the border. This should 
always be done as a projection into the 
future, based upon the lifespan of the plant 
‘This willbe the following year in the case of 
herbaceous plants but may be five years or 
more in the case of shrub beds, 


PLANTING OUT A PERENNIAL BED 


1 Ifthe bed was dug in the autumn, winter 
\weather should have broken down the sol, 
‘in spring, rake over the soll and remove any 
weeds that have reappeared, 


4 Using your planting plan and grid as a 
‘guide, lay out the plants, stil in their pots, 
(on the ground, Stand back, try to envisage 
the border as it will be, and make any 
necessary adjustments. 


7 Go over the border with a fork, or use a 
‘ake if there is room. This will loosen any 
compacted areas, as wall as level the soil. 


2 Although well-otted organic material 
‘should have been added at the time of 
digging, a sprinkling of bonemea! will 

ensure the plants get off to @ good start 


5 Diga hole and, with the plant stints 
(Pot, check that the depth and width is right. 
‘Adjust if necessary, Remove the plant from 
the pot and place in the planting hole, Flin 
the hole with soil and then fim the plant in. 


8 Cover the sail between the plants with a 
layer of mufch like composted bark to Keep 
Weeds down and preserve moisture. 


‘8 Draw a grid on a plan and then mark outa 
‘scaled-up version on the bed, using sand or 
potting mix, Alternatively, use string 
‘between canes to mark out the plan. 


6 When the bed is completely planted, 
Water in al the plants, They should be 
‘kept watered until they have become 
established, especially throughout dry 
periods, 


9 Mark each plant with a label, The finished! 
border should need ite attention, apart 
from removing the odd weed, 


PLANTING GROUPS 
\When designing and planning your border, 
‘always rememiver to set out and plant the 
herbaceous plants in groups of three, five, 
Seven or nine. in this way, yau can create a 
‘Mote natural and informal effect because 
this approach does not show the rigid lines 
‘or geometric shapes that often appear 
‘when you plant even numbers of plants, 


Larger planting groups than this need not 
‘achere to this number rule because an 
‘overall random effects created by the 
shape of the drift alone, Larger shrubs, 
Such as Deutzia or Budi, can make 
‘stand-alone specimens. Smaller shrubs, 
‘such a3 rosemary or potentilas, may well 
have greater impact ifthey are postioned 
in groups. 


CREATING BORDERS WITH 
HERBACEOUS PLANTS 

The popularity af herbaceous plants has 
Meant that they are used in a wide variety of 
ifferent situations in the garden. However, 
they are primarily used in the herbaceous 
border were they can be shown to great 
effect. Three important categones of this, 
kind of border are usualy recour 
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‘One-sided borders These were extremely 
Popular in Victorian and Edwardian gardens 
‘and are the very essence of the English 

gardenesque” style, The design usually 
involves creating a border along ona side of 
pathway, with the plants arranged in order 
of ascending height from the path edge. 
‘The boreier is usually positioned in front of a 
Solid backdrop beyond which the eye 
cannot see, 

‘The backrirop may be living, such as a 
hedge, or man-made, taking the form of 
wall or fence. These beds, while pretty, 
are often limited by their lack of perspective, 
‘The relative proximity of the backdrop often 
raws attention away from the nearer plants 
and destrays any ilusion of distance 
This drawback can be rectified by planting, 
mainly redflowered plants at one end of the 
border; gradually changing to blue-flowered 
plants at the other end, This makes the 
border seem longer than it actualy is, 

Such schemes are only realy effective, 
however, in borders that are 10m (35) or 
more in length. 

Island beds These ciifer from one-sided 
borders in thatthe plants can be viewed 
‘rom ail sides by walking around the whole 


‘bad. This kind of planting does not have a 
‘backdrop and rales, therefore, an the 
Strategic placement of groups of large plants 
Inthe centre ofthe featur. Island borders 
allow the onlooker to view the plants from 2 
umber of different angles, thus enhancing 
{he interest of the border as a whole, 

Mixed borders These designs use many 
‘types of plant, Including trees, shrubs 
herbaceous plants, annuals and bulbs, Ina 
mixed border, one group af plants shoul 
‘complement and enhance the other. For 
‘example, the trees provide the shelter and 
backdrop for the shrubs and flowers in a 
‘woodland garcian, Rock gardens can also 
be regarded as mixed borders, with a rich 

(if diminutive) aray of dwar trees, creeping, 
shrubs and ground-hugging herbaceous 
plants and bulbs, 


ROSE BEDS 
‘Awell-tended, healthy and pest-free rose 
‘bed has long been, and indsed continues 
to be, the desire of many gardeners. 
However, roses can be at risk from pests 
and diseases, This risk is increased when 
t00 many roses are grown in one bed, Most 
‘modern cultivars are also too highiy bred to 


‘esist the range of diseases that can affect 
ther, having been chosen for flawer size 
rather than disease immunity. Choose old. 
fashioned varietias or modern cultivars that 
offer resistance to disease. 

Most rose pests are common garden 
‘ests that are easily controlled by natural 
predators, The trick with roses is to indulge 
‘them with plenty of colourful companion 
planting, especially daisy-type plants — 
‘Argyranthemum is ideal — which wl 
encourage those beneficial insects into your 
‘garden. It can yield wonderful results ancl 
makes the bed even more colourful, Old- 
fashioned roses need less work in general 
than modem cultivars and are often more 
Suitable for pollinating insects like bees, 


GROUNDCOVER PLANTING 
Ths is @ way of explolting the competitive 
abilities of plants that grow by spreading 
Sideways and smothering ther neighbours. 
‘An obvious example of a plant type that is 
{900d for this is turf grass, ut many 
herbaceous and shrubby species are also 
able to full this function, These include 
Conifers, roses, heathers, and both 
broadleaved everoreenss and deciduous 


A PARTLY SHADED BORDER. 


A shady spot in the garden can provide 
the right growing conditions fora 
dazzling array of flowers, This mixed 
border in heavy shade is shown in 
‘summer to late autumn, 


am vont 


1. Aconitum napetus 8 Cardiocrinum gigantoum 16 Astor novicbelgil 
(poisonous) 8 Liu rogae 17 Digital teruginea 

2 Digitalis purpurea 10 Conall mate (poisonous) 
(poisonous) 11 Primula vial 18 Galax urceovata 

3 Anemono sylvestris 12Anemene nemorosa 18 Prima japonica Miers" 

4 Hracinthoides non-scripta 13 Dials purpurea var alba imson" 

5 Astibo Aphrodite" (patsonous) 20 Acar 

6 Primula bulleyans 14 Campania atartolia 21 Mahonia ‘Charity’ 

7 Aconitum napelus vgare 18 Aqulegia vugarts stata 22 Cotinus cogaygya 
‘Albidum’ (poisonous) ‘Nora Barlow 
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priority of this discovery belongs to Russia in spite of 
attempts of other scientists to claim and develop this 
idea now as their own work. 


We can make a very interesting conclusion if we 
analyze history of so called “cold fusion" discovery. 
According to de-classified materials of 1960, priorities 
of Russia in this topic are obvious. In 1989 Pons and 
Fleshman have reported about results of their 
experiment. In 1995 Russian Journal “Inventor and 
Rationalizator”, #1 has published article about 
invention made by Ivan S. Filimonenko that was 
named in 1957 as “warm nuclear syntheses”. In 1957 
he detected extra power output in process of heavy 
water electrolysis and he mentioned several applied 
aspects, for example, propulsion force and possibility 
to reduce radioactivity by means of this process, In 
1960 Kurchatov, Korolev and Zhukov have supported 
the ideas of the author. Russian Government adopted 
secret resolution on this work: 


1. Investigation of energy generation. 
2. Development of propulsion without reactive mass 
flow. 

3. Research on protection from radioactivity. 


But in next several years this work was suppressed 
by people of nuclear power plant team. The only 
system of such type named as TOPAZ was innovated 
for Russian aerospace systems. World-wide 
innovation of this technology is a real way to introduce 
“warm reactors of syntheses” and it is not necessary 
to wait for results of high-cost “Tokomak” project and 
other thermonuclear researches. Let's note that 
secondary effects (propulsion force and influence on 
radioactivity) are possible due to using of “free 
energy” aspect if output power is result of change of 
space-time parameters. 


In 1994 Journal “Russian Ideas”, #1-6, it was 
published an interesting document “Conclusion of The 
Moscow City Council Commission on the question 
about Ivan Filimonenko’s discovery and its 
development”. In this document it was recognized 
that it is vitally necessary to renew this works. But in 
2003 we still have nothing new on this topic. Why? It 
can be assumed that the Problem of innovation for 
this technology is possible military application of the 
methods since influence on radioactivity (for example, 
remote reduction of radioactivity of some object) is 
area of interests of the Defense Department. The fact 
that energy generators by Filimonenko can be used 
for quick restoration of the present ecological balance 
is not so important in this case. The same conclusion 
is about propulsion method, which was proposed by 
Filimonenko. Mr. Korolev knew about this method; 
however present space programs are still based on 
rockets and reactive principles, and anti-gravity flying 
machines we can see only in fantastic movies. 


At the same time, development of commercial cold 
fusion projects was started in some countries, for 


example: Patterson Power Cell is introduced in Texas, 
USA (Clean Energy Technologies Inc., Dallas, Texas, 
fax 214-458-7690). More than thirty patents were 
owned by ENECO Corporation, which is collecting the 
main technological solutions in this area. The 
production of electrolytic thermal cells was started by 
Nova Resources Group., Inc., Colorado. 


In August of 1995 Atomic Energy of Canada, Ltd 
Company, which is member of The Planetary 
Association for Clean Energy, has published the review 
‘on modern methods of conversion of nucleus wastes 
and deactivation. Two new technologies were offered 
for introduction: contact processing by “Brown's gas” 
and remote processing by scalar (torsion) fields. Let's 
note that the technology proposed by Canadians and 
Filimonenko's technology demonstrate the effect of 
influence on the rates of radioactive decay. 


‘These examples are only small part of real situation. 
‘Main references on publications are foreign and it can 
lead to wrong conclusion that Russia is delayed in this 
direction of new technologies development. In fact, 
Russia has more talented inventors and researchers 
than any other country. However, condition for work, 
patenting and publications of ideas are not the same, 
and usually Russian technologies cannot reach the 
level of international market. This problem depends 
only on real and official state policy with respect to 
inventors and scientists. In real life financial support 
of scientific institutes is mainly subsidy for 
management of the institutes, but not for science. The 
inventions and discoveries always were made by a 
certain real person, but not by Institute or some 
scientific team. 


In Russia of last age and in the other world on the 
whole the institutes and laboratories have been 
creating for a new scientific problems, discoveries 
or new directions in science. It was necessary to 
claim about discovery and provide priority for own 
country to get official support. Main schools of 
thought appear by this natural way. By the same 
natural way the necessary in existing of some 
scientific institute can be removed when the idea 
grows up to serial production stage. If there are no 
any fresh ideas in this school then the institute 
should be transformed in design office of the 
production plant on this topic. It is almost impossible 
to create a new research institute in modern Russia, 
so really new ideas (if they are not ranged in frames 
of some existing scientific directions) can not be 
developed and they can not create a new school of 
thought in Russia, 


it is possible to make a conclusion about 
grandiose misinformation of society... 


People (carriers of the new ideas) have to leave 
Russia to realize their sensational ideas on free 
energy and antigravitation topics. Why they do not 
work with Russian Academy of Sciences? It is the 


plants, Their main characteristic is a close, 
‘compact and low-growing form that 
suppresses the underlying weeds, The 
same effect can, of course, be achieved by 
planting closely. This method is especialy 
useful with herbaceous plants that grow up 
‘ueky and suppress the weeds below. No 
roundcaver wil suppress all weeds, 
however and you may have to weed among 
‘hem wile they become established. 

There are numerous groundcover roses, 
avallabe that offer a colourtul carpet of 
flowers. Ifyou opt for roses asa 
groundcover, you should be aware that 
some are covered with thorns and itean be 
cificult to weed laetween them, Muiching 
the bed folowing planting can help to 
suppress Weeds Unt the plants achieve ful 
cover. All groundcover can take two to three 
years (or more) to become fully established 
and so should be considered as a long- 
term, labour-saving feature, 


BORDER MAINTENANCE 

It is possible to plan a border to be low 
maintenance, but there is no such thing as 
a maintenance-free border: Decide how 
much time you ean spend caring for the 


TIDYING UP 


1 Some edging plants spreed out over the 
crass, possibly kiling it or creating bald 
‘patches, as has this poached egg plant 
(Limnanthes douglasi. 


border and choose your plants accordingly. 
‘A close planting, particularly one that uses 
‘ground-covering shrubs or closely planted 
herbaceous plants, will certainly cut down 
con the weeding as can mulching the border 
regulary, Any border wll nesd at least one 
‘seasonal tidy up in late winter, Shrub beds 
‘are also best mulched al this time before 
‘bulbs and other flowers have fully emierged, 
‘Choose shrubs that will grow into the space 
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2 ff the plant isan annual and has finished 
flowering, it can be removed. Otherwise, 
just cut back the part that is encroaching 
‘on the grass. 


available and avoid very vigorous varities 
Cor ones that need pruning on a regular 
basis, Even large herbaceous borders need 
not be too dificult to maintain, Delay your 
winter clear up for as long as possible and 
choose species that do not need staking. 
Do not worry ifthe plants grow arnong each 
‘thar; it willjust add to the effect. The less. 
labour a border needs, the less disturbance 
there wil be to the wildife it contains, 


A SPRING BORDER FOR AN 
OPEN, SUNNY SITE 


A sunny spot can provide the idea! 
‘conditions for a wide range of showy 
blooms in the early part of the year. The 
plants in this border prefer a neutral to 
slightly alkaline soi 


‘Lupinus "The Page! 


‘Guoon’ 


¥1.Campar 


Aight bio) 


‘Aquilogia chrysantha 
"Yallow Quoan™ 


8. Lupinus arboreus Mauve 


9 Is “Blue Eyed Brunette’ 
10 Houehara ‘Lovehtkator 
tio 
"Brantwood' (deep bie) 
‘nd. aufoua ‘Gleaming’ 


14 Physostega vieginiana 
"vive 

16 Geranium macrortizur 
"Ingwersen's Variety 
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CONTAINERS 


These are an attractive feature in any garden and are very useful when 
there is no soil at all for planting, as is the case with patios and roof 
gardens. They are also easy to maintain, There are many types of 
container available, which means that you can create a theme of your 
own choice: Mediterranean or perhaps lush and tropical in style, You can 
also plant up seasonal containers to create different effects through the 
year or you can change the style from year to year. 


TYPES OF CONTAINER 
‘Always choose containers that fit in with the 
general garden style and with each other. 
Terracotta and wooden planters are easy to 
fitinto almost any garden scheme, but shiny 
metal containers may be more dificult 10 
place, Hanging baskets usually take the 
form of a basket of wire, but they can also 
be made of wicker, This s ned with 
permeable material such as woo), hay, coir 
matting or even conifer cuttings, You can 
buy purpase-made lining material which is 
madle from recycled materials or you can 
make your own. Hanging baskets are an 
excellent way of covering a wall or post and 
can even inarease the growing space in 
your greenhouse. They are best planted 
with a selection of traling plants (placed 


PLANTING A CONTAINER 


1 The materials you need include a suitable 
container, your choice of plants fn this case, 
the central plant isa string cordyline), 
‘some stones to place at the bottom of the 
container for drainage and potting mix. 


‘around the edge of the basket) and upright 
types (placed in the centre). They are. 
‘extremely prone to drying out and should 
be watered at least once a day and even 
twice in hot dry conditions. Window boxes, 
should be treated in a similar way to 
hanging baskets. 

‘The size of a container wil influence the 
kind of plant that you can grow. Any 
container must be al least 15-20cm (6-8in), 
deep, although mast plants willbe happier 
ina deeper one than this. Be wary of 
putting a small plant na very large pot, as 
this can lead to very wat patting mix that the 
plant will not want to root into, Large pats. 
with arrangements of several plants are 
Ideal and much easier to look after than 
several smaller pots. 


2.Cover the bottom of the container with 
‘small stones or same pieces of tle or 
‘pottery, so that water can drain freely rom 
the container. 


‘Above: A wooden barre! makes an 
attractive container in which to grow a 
profusion of plants, 


MATERIALS AND FINISHES 
Containers are available in a range of 
diferent materials and fishes, Glass fore 
and resin containers are extremely strong 
and lightweight but they tend to be 
‘expensive because they are hand-made. 
They are avalable as extremely realistic 
stone-look containers, but can also be 
found in almost ary other fish, including 
‘wood and glazed ceramio, Plastic 
containers are vary cheap, lightweight and 
often last along ime, The frish on some 
‘may be poor, but they are very easy to paint 
and customize, Metal containers are 
available as pots, “manger-syia" window 
‘boxes or hanging baskets. There are mary 
diferent designs and the best quality ones 
have a properly lacquered finish. 


3 Partly il the container with a good-quality 
potting mix, 


‘Above: Hanging baskets can help to 
provide colour and interest at eye-level 
throughout the year 


Stone and terracotta pots offset the 
shades of flowers and foliage beautiully, 
he main problem with terracotta is that it 
water permeable and requires more 
frequent watering than plastio, resin or metal 
P 


ts. Both stone and terracotta containers 
can be Very heavy, so plant ther up in sit 
10k Out for frost-resistant types that will not 
rack in winter. Glazed cerarnic pots need 
less watering than plain terracotta pots, and 
can be chosen in almost ary colour to suit 
ihe theme of the garden, 
Wooden or wicker planters have a very 
atural look and can easly be home-made, 
Oak, cedar and chestnut are the best woods 


4 Scoop out a hole inthe potting mix anct 
insert the plant, positioning itso that the 
{0p ofthe rootbal will be level withthe 
surface ofthe potting mix 


Above: Using a watering can is one of the 
easiest ways to keep the soil moist. Itallows: 
{you to deliver the right amount of water 


to use because they do not need 
preservative and planed wood — of any type 
~can easily be painted, Wicker is an 
‘excollent material for making hanging 
bbaskeis, while wood can be used for 
window boxes, Wicker or wooden planters 
benef rom being lined with plastic or a 
non-permeable paint, The paint can be 
plastic resin or bitumen based, but make 
sure that it does not contain fungicides or 
preservative. Alternatively, plastic sheeting 
can be stapled fly inside the pot. 
Wooden and wicker pots should be ralaed 
off the ground slightly 1 prevent the base 
rotting. There are many siferent designs, 


\ 
6 Place any extra plants around the edge of 
the main plant. Add more potting mix in 
order to fil in any gaps, and fr down 
Water the container thoroughly. 


‘Above: You can create a stunreng cesstey 
With a range of afferent containers 
Including an ofd wheelbarrow. 


ranging from half-barrels to wh 
However, take care with wood: 
‘outdoor use because many of thern have 
been chemically treated. A wide varien 
recycled objects can be used as 

‘An old boot, bucket or watering 
painted If you wish, can al b 


DRAINAGE 
‘All containers must have drainage hy 
the base, To ensure that the pott 
drains freely, place a layer of graye ~ ab 
‘4em (1 Zin) deep for most pots ~ over the 
‘base of the pot before putting 
‘Terracotta and stone pots may need 


6 The plants will soon grow away anc 
the container to create a stunning year 
round feature, 
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much as one-fith of their total depth filed 
with gravel to help protect them from frast 
damage. Standing pots on bricks or 
unose-mad “fest” also helps thern to 
rain freely, 


ORGANIC POTTING MIX 
“The best potting mixes contain sufficient air 
‘spaoe to allow the roots to breathe, while 
retaining enough water and nutrients to 
support plant growth. Potting mix must also 
be heavy enough to support the weight of 
the top growth of the plant itis to remain 
Upright. You can buy a general-purpose 
potting mix, although some gardeners 
prefer to mix their own, 

Potting mix can be loam-based or 
soilless, Loam-based potting mix is a 
“heavy-weighted” mix that provieles good. 
anchorage for tall or heavy specimens. it 


PLANTING A HANGING BASKET 


11 Line the hanging basket with a suitable 
organic material. Conifer branches are an 
{deal material, as is shown here 


3 Position the plants frst to see how they 
will look. Fillin the spaces between the 
plants with more potting mix. 


also holds on well to nutrients, Its ideal for 
plants that will stay in containers for several 
years or more as it will not degrade or 
become structureless, 

Solless potting mixes do nat contain 
foam. They have the advantage of beng 
free-draining and relatively lightweight 
although some grit or sand is usually added 
to give them weight. Coir-based potting 
mixes are made with a natural fibre that is a 
by-produt of the coconut-growing trade, 
Ithas bren hailed as a peat substitute and 
Is equally good in containers. Haweiver, it is 
expensive and can be difficult to re-wat 
‘once cry. Gomposted fine bark is cheap 
‘and readily available. There have been 
‘some advances in its use in recent years 
andit has even been suggested that 
‘bark-based potting mix increases a plant's, 
resistance to pest and disease attack 


2 Fil the lined basket with a suitable 
soilless organic potting mix to about ane- 
third ofits depth, 


4 Any gaps between the plants can be filed 
with smell bulbs or bedding in order to 
provide a rit of spring colour. 


MAKING ORGANIC POTTING MIX 
You can maka your own patting mix with 
ingredients such as well-rotted compost, 
Jeaf mould and worm compost; loamy 
garden soil; and clean, coarse sand or fne 
dit, The organic matter and loam should be 
thoroughly sieved. A slow-acting, balanced 
fertiizer may also be added along with 
{ground limestone to bring the mixture’s pH 
to around 6.5 whichis suitable for the 
majority of plants. Containers for seasonal 
splays such as bedding will not need loam, 


PLANTS FOR CONTAINERS, 
Fruit, herbs and even vegetables can all be 
‘grown in containers, as well as a wide 
range of ornamental plants. A flowering 
shrub such as an azalea can act as a focal 
point and enliven a shacier part of the 
garden, Pots of fresh herbs and salad crops 
can provide a welcome addition to summer 
‘meals and a window box can even be used 
as a miniature wildlife garden, Seasonal 
bedding can transform a patio into a riot of 
ccolour and! be changed regulary to reflect, 
the seasons, Containers also enable you to, 
grow a range of plants that would not 
‘otherwise grow In your soil, For example, if 
your garden soilis alkaline, you can stil 
enjoy the spring and summer delights of 
acid-loving rhadiadiencrons, blue poppies 
(Meconopsis) and Himalayan primulas, 


CARE AND MAINTENANCE 
There are a number of tasks that you wil 
need to perform in order to keep your 
container plants in peak condition, 
Watering Knowing when and how much 
water a plant needs is one of the most 
important aspects of container gardening 
(Often a look at the surface of the potting 
mix may give the imprassion that its dry If 
‘you dig clown with your fnger, however, you 
quickly discover moist potting mix. Ifthe mix 
foels wet, then do not water it. 

Feeding Container plants need more 
fertlizer than plants grown in the open 
garcien because frequent watering washes 
out the nutrients, For the best results, start 
feeding container plants six to eight weeks 
after planting, Use aliquid tea, wor lquic 
ora purchased solubie food such as, 
seaweed extract or quid manure every to 
to three weeks. Apply ish emulsion or 
garden compost once or twice a season to 
‘add trace elements to the mix. Bo not add 
more than tha recommended rate of any 
fetllzer as too much can harm plant roots. 


PLANTING A WINDOW BOX 


1 Assemble all the necessary materials 
These include the window box, crocks, & 
good arganic potting mix and the plants. If 
the box slight, assemble it on the ground. 
I not, then assemble it in position. 


4 Place the plants in position and check 
these positions before finaly planting. 
‘Make sure that they are planted in the 
potting mix at the eame depth that they 
were in their pots or trays, Plant them fairly 
close for an instant effect. 


2Holes in the bottom are essentia! to allow 
good drainage. Stop the potting mix from 
being washed out by placing crocks over 
these, If vary good drainage is needed, then 
a layer of gravel can also beaded. 


BA selection of bulbs makes a useful 
‘additional display for the window box. The 
‘bulbs can be planted in among the main 
plants and are best planted in groups of 


‘3 Partially fill the box with potting mix, gently 
tapping the sides to make sure that no air 
_gaps remain. Never over-firm solless potting 
mixes as they will become waterlogged and 
airless, and the plants wil sutter. 


6 Window boxes that are planted for 
seasonal display will quickly use up all the 
available nutrients. This is less of a 
problem with baskets planted for winter 


Monitoring plant health Containers are 
best placed where they will receive 
maximum sunight and good ventilation, 
During periods of high temperatures and 
‘bright sunshine, many containers may 
‘benefit from shade during the hottest part of 
the day, Shelter plants from severe rain, hall 
and wind storms, Also watch out for and 
control insect pests. 

Pinch pruning When young, the growth of 
many ornamentals s readily shaped by the 
pinching out of young shoots, Many 
specimens treated in this way yield 
impressive results. This pinching out, or 
stopping as itis sometimes called, 
stimulates the development of side shoots 
‘and, if cared out regulary, results in dense 
‘bushy growth. The selective use of this 
method of pruning allows for considerable 
freedom in the shaping of plants. 


three so that they give a ful alsplay. Interest, such as tis, but summer boxes wil 
Water the basket once its planted. need regular feeding. 
MAKING ORGANIC POTTING MDX 
Mixing your own organ potting mix s eatvely easy. You can use a combination of 
variety of materials, inclucing loam, lat mould, garden compost and worm compost. 
INGREDIENTS RATIO RY VOLUME ADDITIONAL INFORMATION 
Loam Leafmoud: anion 1:11 A basle mix thats wel rind, fete and 
sampost ‘tuted orlonger-trm pantigs. 
Loatmould: Worm compost 8:1 ery utlonrich. Adel xt ot for better 
‘ialnage, Best frst tem pats of 
‘vegotables, hes and flowers. 
Loam: Marute:Leafmoulh 3134 ‘Ach mocforheayy feeding pants such 
2 polo tomatoes and peppers 
Lest mould: Loam i ‘dea fr ong tor platings such as ees 
database ck8coam for ir aters 
| Ezvich wth 2259 as) sawend mes 
Loam Leaf mould or Coir 44 “10g (ox) bonemeat 6592) Moot nc 
thom: 589202 ground imestons per 
‘0 tes 3 pts) bas poting ma 


THE WILDLIFE 
GARDEN 


Wildlife gardening involves providing food, shelter and a habitat 
for creatures as well as relying on native plants that are suited 
to the climate and soils in the locality. A single plant species may 
directly and indirectly serve species of insects, invertebrates, 
fungi, and other organisms, which in turn become a meal for 
larger wildlife such as birds. In time you will have a functioning 
ecosystem on your doorstep. In fact, creating a garden of this 
kind can help break up the “grass desert” responsible for 


reducing the variety of birds, insects and other wildlife. 


Loft: Wate gardens use plants, such as 
this fennel (Foeniculum vulgare), for their 
ability to attract insects. 


Above: Garden wildife can be both pretty Above: Flowers such as sweet peas ‘Above: Colourful frufts such as these 
and, in the case of ladybirds (ladybugs), (Lathyrus edoratus) encourage pollinators _rosehips provide much-needed food for 
Useful for controling aphids. ‘and beneficial insects into your garden, ‘garden wildlife such as birds, 
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WHAT IS A WILDLIFE 
GARDEN? 


The organic garden can provide a welcome refuge for a wide range of 
wildlife, from birds and butterflies to creatures such as frogs and 
hedgehogs. The basic requirements for any visitor to the garden are food, 
water and shelter. You may also want to consider organizing some, or ail, 
of your planting schemes around species that will attract a diversity of 


‘Above: Wildlife gardens such as this 


grassland area can be attractive as well as 


fascinating wildlife, providing useful habitats, 
WHAT ARE THE BENEFITS OF 
A WILDLIFE GARDEN? A WILDLIFE GARDEN 
Domestic gardens cover a huge area sree 
nd our towns, cts end urban fringes. Glia, Ee A well-designed wildlife garden 


a potentially fantastic resoures for an 
otherwise denuded habitat. Keeping your 
garden free of harmful chemicals gives you 
ahead start In attracting wildlife and, with a 
planning, you can create a habttat that 
will welcome a diverse range of creatures, 

The visitors in turn wil repay you by acting 
85 predators, helping to control the level of 
pproblem-causing pests in your garden, 
Knowing that your patch, no matter what iis 
28, 's providing a haven for willie wil give 
you a closer connection with the natural 
world, Just to be able to enjoy watching 
ids feeding can lit the spirits andl improve 
your sense of wellbeing. 

Encouraging natural eycles in your 
arden will promote biodiversity. The more 
sol ife there fi, the more insects will come 
10 feed on It, Birds will come to feed on the 
jesects, as wil amphibians and mammals, In 
this way, food webs wil gradually recover 
absence of pesticides, 

Making your own garden compost, 
Instead of using peal, for instance, prevents 
damage to a fragile habitat that cannat be 
created, Collecting rainwater and 
using this in the garden wil reduce the 
consumption of mains water. Huge amounts 
of energy are wasted on cleaning and 
-ansporting this precious resource and itis 
tan extracted trom rivers at levels that 
threaten the local wildlife, The careful 


‘will provide food and shelter for 
a host of afferent creatures. 


Wormery 


Nest boxes 
intraes on 
shady sides 


‘Bird foodors 
‘containing 
‘ferent foods 


Wits for. 
‘menawy Stones inthe 


himbers Bid table 


landed 
Pond 


al pants for dragonty 
rymphs to climb aut on to 


Watortos for 
amphibians to bask on 


Sorbus avcuparia 10 Verbena bonarionsis 18 Sedum spectabite 


ardener can encourage the oreation of “Lonicora perelymenum ‘and Organ vulgare 10 Fagus syvaica hedge 
Wide habitats in their ot : "Belgica! ‘1Hedge oflex aquifolium — 20 Buddoja'Lochinch 
esse enon beaver 3 Hodera heli and Humuius 12 Pyracantha 21 Syringa x prestonie 
prevent habitat destruction somewhere else, puto ‘Aureus 13 Clematis tangutiea 22 Astor ikarti 
4 Ethinops tro +4 Mixed plating of 
5 Lavandula hedge orovekia'Blu Spire’ and 
CREATING THE RIGHT HABITAT & Phiox paniculata Echinacea purpurea 
fh fe 7 Ncoilana alata 16 Gantranthus rubor 
Much of the wildlife that thrives in a garden 2 ee Spree 
3o=5 50 Under the care af a gardener who 8 Hollotropium in pots 17 Eschachotiacalitomica 


S not unduly tidy, The best wildlife gardens 


Jeave room for decay. This approach — and 
itis one that is good for organie gardens in 
{general - involves piling up old logs and 
‘autumn leaves in a quiet shady corner to 
create a home for insects and hibernating 
hedgehogs. De not confuse this with 
making leaf mould pits; these stay in place: 
and gradually rat down. Log piles can also. 
bbe averplanted with ivy to enhance both 
their appearance and attractiveness to 
Insects such as stag beetles. 

Consider planting native trees, shrubs 
and flowers so that native creatures wil 
have a familiar food source or nesting site, 
Plant as many suitable flowers as possible 
toattract bees, bulterfles and other insects 
that wil enhance your wildlife garden. Many 
beneficial species are attracted to a garden 
that is effectively a feeding station for them, 
For the larger visitors, such as smal! 
mammats and birds, you can plant 
flowering and! berrying trees and shrubs, 

Ponds provide a rich habitat fora variety 
cof wildif, Many familiar creatures, such as 
frogs, toads, newts and dragonflies, 
depend upon ponds to breed, Many urban 
gardens have become havens for these 
creatures, Even a small pool will provide 
somewhere that birds and other visitors can 
come to drink, if you have no space for a 
pond, try inraducing a suitable container 
that can be utllzed as a drinking or bathing 
‘area for birds, mammals and even insects. 

Just leaving the lawn uncut for a few 
weeks in mid-summer will give many of the 
plants you do not normally see the 
opportunity to flower. An area of longer 
grass also benefits butterflies, moths and 
many other insect species by providing 
food and shelter. Many of these insacts will 


‘Above: Willife thrives in natural wetlands, 
‘many of which are threatened by domestic 
water use. 


fall prey to larger garden occupants such as 
songbirds and hedgehogs, so diversiying 
‘and enhancing the food web in the garden, 
The barriers and structures in your 
arden also provide very useful habitata 
Hedges are a sanctuary for al sorts of 
‘wide, where they can breed, feed and 
take shelter, These hedges are easy to 
maintain, as they should only be cut once in 
the winter to avoid interfering with spring 
and summer nesting bis. Cutting is done 
‘on alternate sides in aternate winters. fone 
sides cut this winter, then the opposite side 
is cut the next. This ensures that only one 
sid¢ is clpped before the growing season. 
The unclipped side flowers anc provides 
nectar and tri for wife, Dry-stone walls 


‘Above: Recycling organic material through 
composting reduces the need to use 
substances such as peat. 
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Above: Looking at natural habitats such as 
woodlands can provide inspiration for your 
‘own garden. 


are another garcen feature tat can provide 
‘hom for hibernating amphibians, izes, 
insects and bees and are best ott 
Ungisturbed throughout the winter. 

if you are lucky enough to have a few 
trees in your garden, you could try to 
re-create a woodland habitat, Larger 
gardens may actualy contain a smal area of 
woodland but most re more likly to have a 
shady patch under a few teas, Choose 
plans that mimic a woodland floor: 
buebels, anemones and sora are just. a 
few ofthe handsome plats that wil thrive nh 
these conditions, Planting a few 
Understorey shrubs (those that grow blow 
the tres) such as holy and hazel wl 
‘complete the elect and may well tempt the 
shyer woodland bl into your garden 


WILDLIFE CORRIDORS 
‘A wildlife garden is often likened to an oasis, 
Ivan urban desert, Gardens are the only 
chance of cover that many creatures 

have to migrate between larger blocks of 
suitable habitat such as parks or a 
‘greenbelt. f these important habitats 
become tolally isolated then they begin to 
lose much of their diversity, Town gardens 
play vital role in protecting the health of 
the wider urban habitat, while rural gardens: 
play a simiar role in areas denuded by 
intensive farming. Try putting up a few bird 
or bat nest boxes and providing nesting 
areas for insects and mammals, The greater 
the year-round diversity, the more useful 
your garden wil be, 
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WOODLAND GARDENS 


Woodland can be one of the most interesting and alverse natural 
habitats. Those with smaller gardens may think that such a feature would 
be too large for them to create, However, even a few trees in the comer of 
the garden can provide ample opportunity for the creation of a small 
wooded area and provide a rich and diverse habitat for a range of 

visiting wildlife. Try to select native trees or species that have nectar-rich 


flowers or berries, 


WHAT IS WOODLAND? 
Woodland is very variable habitat ancl its 
exact character wil mostly depend upon 
the prevaling clmate,Itis often a more 
‘open environment than that of a forest, 
having clearings, glades, pools and streams 
that break up the monotony of tree cover 
Large trees such as oak (Quercus), 
beech (Fagus) or plane (Platanus) are 
known as the woodland canopy: Beneath 
the canopy are smalier trees such as holly 
tex) anc hazel (Corylus), known as 
Lnderstorey spaces. They are often shade: 
tolerant trees, but grow best under gaps in 
the canopy, Beneath this, a shrubby layer 
<evelops in more open woodland, possibly 
‘consisting of bushes such as hawthorn 
(Crataegus) and elder (Sambucus) 

‘The floor of the woodland is called the 
herb layer. The plants that live here tend to 
be seasonal, taking advantage of early 
spring sunshine to grow andi flower 
although some, such as rmosses and ferns, 
‘grow through the summer, Its also where 
all seedings grow andl is mulched each year 
with the faling leaves of the trees, 


CREATING A WOODED AREA 
Gartleners who have a few trees (even if 
they do not provide a continuous canopy) 
can easly make a small woodland area, 
Visit some woods in your area to gain some 
Inspiration and emulate natural growth i 
possible, Think how the existing tree cover 
can be linked, maybe by planting more 
‘canopy species and some understorey trees, 
Woodland environments are often 
havens for plants andl animals, with many 
containing an enormous diversity of 
species. This is most pronounced where 
there is a "mosaio" of open ground anc 
trees. This is because i increases the 
targinal areas® ~ the point between 
woodland and more open habitat, The 
places where two habitats meet are always 
the most civerse, Layered woodland fone 
with canopy, understorey, scrub and ground 
herbs] is beneficial for widlife as it provides 
ample feeding and sheer for a range ot 
creatures, Any adctional pianting should 
always be aimed at achisving or maintaining 
this layered structure and providing the 
highest number of habitats, 


Above: Woodlands are home to many of 
our favourite garden flowers such as these 
primroses (Primula vulgaris) 


You can think of woodland as a 
Coollection of diverse habitats. Even those 
that have only a few types of tree are 
capable of supporting a great number of 
apecies that ive on or within these trees 
ak trees in Britain, for instance, are known 
to provide homes for over 400 insect and 
other invertebrate species, This does nat 
‘mean, however, that simply planting an 
‘oak tree in your organic garden wil 
‘guarantee all 400 will appear at once. if you 
aim to create a woodland that Is similar to 
others in your area, then spacies will be 
able to migrate from these to the one in 
your garden 

You may need to provide additional help 
for wildlife it is to establish suocessfully in 
the woodland area. Nesting boxes, log 
piles, rocks and a long grass area linked to 
your pond can all help to encourage wife, 
0 Use your planting as a habitat, Make sure 
that you include plants that provide food 
and be prepared to alive additional 
sustenance, especially in the winter for 
orhibernating foragers such as blue tts 
‘and other woodland birds, As the woodland 
develops, so will the diversity it contains. 
Let nature do its work and give a helping 
hand from time to time, 


PLANTING WOODLAND FLOWERS 
Inmast deciduous woodland, the ground is 
ariot of colour from late winter until early 
summer as showy woodland species grow, 
flower and set seed before the leavesin the 
canopy cast too much shade, As a 
consequence, most "woodland gardens" 
are at their best from late winter to early 
summer. The edges and clearings provide: 
the chance for later colour, of course, but 


Left: Shady and partly shaded wooded 
areas can provide the perfect habitat fora 
host of creatures. 


Above: Foxgloves (Digitalis) thrive in shady 
woodland comers and are very easy to 
grow from seed. 


‘some of the showiest species are to be 
found among the spring flowers, Choose 
species that grow in your own area, where 
possible, because these wil be of most 
‘benefit to willie, 

Primroses (Primula vulgaris), bluebell 
(Hyacinthoides), snowdrops (Galanthus) 
‘and wake robin (Tillum granotfiorum) are all, 
guaranteed to give a good display, especially 
at a ime when there are fewer colours in 
the rest of the omamental garden, Later 
flowers such as foxgioves (Digital) should 
be planted at or near the exige, where they 
wil sil get sunight once the leaves have 
appeared on the trees. Climbers such as 
hhoneysuickle (Lonicara) or clematis are also. 
best situated at the woodland edge where 
you can appreciate the plants as they 
bloom. Its advisable to always obtain your 
‘sed or plants from a reputable sourca that 
do8s the propagation themselves. Never 
bbuy bulbs or plants that have been collactad 
from the wid. Your aim is to create a 
habitat, but not by destroying another, 


ASSOCIATED PLANTING 
Perhaps the easiest way to mimic a 
woodland habitat in a smaller garden is to 
link a few trees with shrubs and understorey 
ees in order to provide the shelter and 
food plants that wildlife needs. These 
shrubs ~ particularly if they are deciduous ~ 
can provide a larger space in which to plant 
;eodand herb layer” species. Doing this 


‘Above: Bluebell (Hyacintholdes) naturally 
grow and flower in the spring before the 
trees shade them. 


will also widen the edge of the habitat and 
provide extra coverings around the base of 
‘ees, There |g, of course, ne problem in 
having a few decorative spacies in or 
‘around your woodland, Try a few 
Thedadendrons, mahonias, lilacs and 
hydrangeas to provide addtional colour and 
interest if you have enough space, They wil 
all provide shelter and look attractive when 
they are in flower, 


EDGE ENHANCEMENT 
Woodland edges are often the most 

Valuable area in many types of woodland for 
a variety of widlfe and plants, The trick with 
any wildlfe-riendly area is to make sure that 
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these boundaries 
Fashioning them into 
shapes will usually achieve 
scallop or bay may contain oi 
lor shrub species, The clear 
Woodland (fits large enou: 
important. When you creat 
‘clearings, ensure that they are suf 
Jong to alow plenty of sunshi 
‘one. Woodland glades should not be 
than 7m (28ft) across and are bs 
are regular in shape. 

Remember that the direction o 
In your garcen will fect the type of plant 
that you can grow at the woodland e 
and butterflies, for example, will preter 
sunny aspect. Ifthe bays or clea 
your woodland area are mainly inter 
Jong grass, then this may only need c 
every two to five years Unless, of course 
you wish to have a secluded seating 
that may need more frequent mowing to 
maintain access, 


Above: Hellebores 
and Anemone 
banda make an 
‘deal uncier- 
planting for trees, 
proviaing colourin 
early spring 


Lett: Hornbeam 
(Carpinus), grown 
asa decorative 
hedge, can be 
underplanted with 
a selection of 
woodland flowers 
for added interest 
in the spring. 


rhetorical question. Usually after many years of 
correspondence with patent office or with official 
science bodies the authors can find that their ideas 
are published in “serious scientific magazines” but 
without any respect to their names. 


Attachment 1 presents some information about 
patented technologies. When we study old and modern 
patent documents, it is possible to make a conclusion 
about grandiose misinformation of society, which 
leads to appearance of two different Worlds, separated 
by the level of knowledge: evident and hidden 
knowledge. The achievements of the second hidden 
world could change our planet, give a chance to remove 
all energy and ecological problems. Besides, we have 
discussed that some free energy systems (for example, 
self generated plasma discharge) have also the 
medical-biological aspects. This “influence” from free 
energy system is related with negative entropy 
processes in area of the operation of the system so some 
components of biological systems can be changed to 
less entropy. The design of free energy system defines 
the type of this influence. It was noted before that 
operation of any free energy system should be 
considered in high topology space-time as 
multidimensional system to see what the reason of the 
effect is. 


So, since the rate of time course is determined by 
Nikolay A. Kozyrev as rate of cause-effect 
transformations, then any free energy system should 
change the causality in surrounding space-time. In this 
case we can assume that it creates quantum physics 
effects on the macro level. It is interesting to assume 
Heisenberg's uncertainty, tunnel effect and 
manifestation of wave characteristics (up to diffraction 
of objects) for macro level. 


Some experimental data by Kozyrev is related with 
quantum effects, which were detected in his 
experiments with rotating and vibrating gyroscopes. 
This technology is the basis to design real teleportation 
systems, which will change parameters of space-time 
to allow changes of position of some material object 
from one point of space to another point of space 
(without transference on the distance between these 
points) by means of combining these points in the same 
place of space for some time. 


The process of study of new technologies in alternative 
power industry and gravitation is developing actively 
in the world. Besides secret programs and institutes, 
it is possible to make a conclusion that activity of this 
work in countries of limited fuel resources is more 
efficient. Now Russia has rich natural materials and 
oil resources but in the short time this advantage 
will not play any role in development of economy. 


Industrial and defense power of any country 
will depend on free energy technologies, 
knowledge on the biologically active energy 
and reactionless propulsion methods. 


The new technology creates not only a new technical 
systems but also new economical systems. It is not 
physics but policy... Development of great Russian 
territories with industry of free energy technologies for 
home and commercial application is the way to change 
world economical balance in favor of Russia. It is 
difficult to say now what financial-economical group 
of modern Russia is most interested in development of 
this direction of science. The purpose of any financial- 
economical group is power on the market of energy 
resources, but when the free energy technologies are 
developing, then people and industrial or agricultural 
producers will be more independent from centralized 
system of energy and oil distribution, therefore, they 
will be more independent from influences of central 
authorities. 


From the point of view of serious business, there is only 
one real argument in favor of developments of any really 
new technology: it should lead to increase of profit and 
expansion of the market. In this sense, it is possible to 
compare the new energy technologies with beginning 
of the steam machine age or with appearance of electric 
machines and illumination. This means the super 
profits and serious fight with competitors. To develop 
this way any efforts of scientists are not sufficient work. 
It is necessary to join them with the efforts of large 
business structures, which are interested to create new 
market of energy and power engineering in parallel to. 
present monopoly fuel-energy market or to develop 
commercial exploration of space by means of new 
propulsion principles. In particular, telecommunication 
space satellites and projects on colonization of space 
could be the nearest commercial directions of the new 
market. 
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WILD FLOWER LAWNS 


Compared with a closely mown pristine fawn, an area of rough grass 
with flowers growing in it can provide a rich haven for a diverse range of 
widife. In nature, many attractive and species-rich habitats develop over 
time but in the garden, things may need a helping hand, You do not have 
to let the whole of the turfed area go untouched. Simply leave an area of 
grass uncut for some of the year and plant it up with your own choice 

of wild flowers to create a rich habitat. 


‘Above: Lawns and areas of long grass can 
easily be transformed into a stunning 
display of summer flowers. 


HOW TO SOW WILD FLOWERS 


PLANTING AND MAINTAINING A. 
WILD FLOWER MEADOW 

‘Small areas of flowery grassland seem to 
Work best when co-ordinated with hedges, 
shrubs or trees. They are not necessary 
spectacular rom a distance and need close 
inspection to appreciate the detailed 
tapestry of colour and form. Think carefully 
about where you would ike to site such a 
feature, Always choose a simple mix of 
species that are wall adapted to the 
‘conditions in your gareien, Take a walk: 
‘around your home area to see which local or 
\well-adapted species thrive in similar sol 
types and aspacts to your own, 


1 The most satisfactory way to create a wild 
flower meadow is to sow a special mixture 
of wid flower seeds. Remember to 
completely clear the ground of all perennial 
weeds before you start, 


2To bury the seeds, simply rake in one 
direction and then in the other. It does not 
‘matter if some seeds remain on the surface, 
Keep the area well watered until the seeds 
germinate, Protect from birds if necessary. 


ANNUAL FLOWERS OR 
PERENNIALS? 
Many annuals have attractive flowers and 
seem ideal for flower-rich lawns but most 
require yearly sol disturbance and open 
ground. Poppies and comfiowers are goad 
‘examples of showry annual plants that 
benefit from such conditions, Annuals are 
usually better treated as a separate aisplay, 
Ty planting some wheat or ather grain along 
with the annuals and leave this for foraging 
birds and mammals. Don’t try and harvest 
the wheat, just cut it dawn in ate autumn 
and rotavate the plot ready for the spring, 
Wild flower meadow species are 
Perennials, which are adapted to life in 
permanent grassland. The easiest way to 
make a wid lower lawn is to plant small wid 
flower plants cect into an existing lawn. 
Many wile flowers are easly raised from 
seed that is available from specialist 
suppliers, Sowing and growing this is 
‘generally the same as for any other 
herbaceous plant but you should use 


ADDING INTEREST TO NATIVE GRASSLAND 


potting mix that is low in nutrients for the: 
best results. A late autumn or early spring 
sowing will provide plants that are large 
‘enough to plant out in early to mid-summer. 


1 Fora very small area, wildflower plants 
‘may be more convenient. You can raise your 
‘wn from seed or buy them, Plant into bare 
ground or in an existing lawn. 


2 Keep the plants well watered until they are 
established. Several yaars of successional 
planting may be needed to fully establish 
‘your wild flower lawn, 


Plant these out about 10-200m (4~8in) 
‘part in groups of 9=15 to ensure that the 
‘group can compete with the grass, Mark 
where you plant them so that you ean see 
which ones have succoeded later 

if your plants do not establish the frst 
time around, than itis worth trying again, 
‘Two fares should tall you that they are not 
suited for your conditions, You can always 
ttya few non-native plants that have proven 
Wildlife value, Prairie plants such as 
Echinacea are very useful in long grass, Try 
to avoid rare species, as they are likely to be 
pparticular in their habitat requirements, and 
always consider the attractiveness of plants 
to insects, bitds or other widife when 
deciding what to grow, 


NATURALIZING BULBS IN GRASS 
Bulbs are potentially ane ofthe easiest 
plants for flowery lawns. Many early- 
flowering species are suitable, including 
crocus, is and snowdrops. Others, such as 
Narcissus, Pusohkinia,fitilaries and 
Leucgjum, provide good displays later In the 
ring, Planting bulbs is quite simple. 
PPanting holes can be dug singly with a 
trowel or spade to the required depth 
usualy two to three times the height of the 
bulb, Bulbs should be placed with the base 
ate firiy in the bottom of the hole, An 
alternative method for large groupings of 

all bulbs like crocus and snowdrops is to 
cut an “H" shape in the grass surface and 


‘Above: Daffodis (Narcissus) are an ides! 
ull to naturale in lawns, giving 
spectacular early-spring interest in the 
\wilette or ornamental garcien, 


HOW TO NATURALIZE BULBS IN A LAWN 


1 Liftan area of turf to create an H-shaped 
cut. Slice beneath the grass until you can 
fold back the turf for planting. Loosen the 
‘ground, as it willbe very compacted. if you 
Want to apply a slow-acting fertilizer, such 
as bonemeal, work into the soll at the 
same time. Scatter the bulbs and plant them 
where they fall fora natural effect. 


8 Special bulb planters can be used for 
large bulbs. The planters remove a 
cylindrical core of soil, 


peal the grass back in two "flaps", Place the 
bulbs undemeath with the top uppermost 
and gently replace the flaps, frming them 
‘caretully Any group of bulls should be 
Genser at the centre, gradually becoming 
Wider spaced toward the outside, as this wil 
give a natural appearance. Bulbs such as 
Narcissus may survive for many years but, 
some smaller types ~ crocus being a prime 
‘example ~ may be eaten by rodents. 


CARE AND MAINTENANCE 


‘The time of year that you mow your meadow 


‘will influence the spacies you ean grow and 
also when it will ook good. If bulbs are not 
being grown in the grass then a spring cut 
can help keep a summer wild flower area 
tidy, especially after a mild winter. A high cut 
is best, especially if wid lowers have started 
to produce laaty growth. Cutting in mia 
spring will produce a flowering peak in mig 
summer. A slightly later cut jn late spring wl 
delay the peak of flowering by a few weeks 


2 Use a trowel or a bulb planter for large 
bulbs, making sure that the bulb will b= 
covered with twice its own depth of sol) 
when the grass is returned. Firm down the 
‘soll and then return the grass. Fim once 
again ifnecessary to make sure that the 
grass is flat, and water well, Water the grass 
‘again in dry weather. 


“4 Place the bulb at the bottom of the hole 
‘on a bed of gravel to improve drainage, if 
necessary, and replace the plug of earth, 


‘Once flowering has finished, 
‘grass should be cut down, Spring owe 
‘meadows are best not out until atter 
flowering. If bulbs are included ther 
should not be cut for six weeks after 
have flowered, A second cut in mici-autu 
will tidy the area ready for the winter 
‘Summer meaciows are usually cut from la 
‘summer to mid-autumn, All cuts must 
stress the grasses but minimize damage 
wild flowers. Cuts should be betwe 
80-70mm (1 %-24n) in order to achie 
Cuttings should be removed to h 


6 
reduce fertlity (a5 this will help your wil 


flowers) andi to prevent long curt 
smothering the plants below, The cut 
should be left on the ground for the 
days, though, to allow insects to move 
Into the cut grass below, A portion of a 
May be left completely uncut to pre 
over-wintering insects, 
must be rotated each year to m 
that the wild flowers survive, 


the porto 
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WILDLIFE PONDS 


Water is @ key element in a wildlife garden. Garden ponds attract an 
enormous range of living creatures, such as dragonflies, newts and birds, 
toname just a few of the insects and animals that will visit the garden. 
Some will come to drink or bathe, others wil set up permanent residence 
there, adding to the beauty and diversity of your garden. A pond not only 
provides an attractive feature in your garden, but also has far-reaching 


benefits to wildlife. 


CREATING A HEALTHY 
ENVIRONMENT FOR A POND 

‘There are a number of points that you must, 
be aware of ifyou want to provide a safe 
and healthy environment for wife. A pond 
is always bast sited in a sunny postion, 

This is because many pond plants wil not 
prosper in shade, while the water may also 
bbe rather cold unt the early summer, Shade 
‘within the poolis best achieved by surface 
‘vegetation, although a pond may have up to 
third of the surface in shade Ifthe 
remainder is wel it, You should also avoid a 


site near to overhanging trees whose shade 
ccan cause the water to be colder for longer 
Inthe spring. Falling leaves can cause a 
build-up of nutrients and increase the 
potential for toxic tannins in the water: The 
rools of some species may also interfere 
‘with the fining of the pond and can, in 
extreme cases, cause serious damage. 


WATER FOR THE POND 
Never fil your pond with tapwater, which 

often contains many additives, most notably 
chlorine. Much tapwater can have a high pH 


Displayed below are some of the mors 
‘common inhabitants of the garden pool 


Water boatman 


A CROSS-SECTION OF A WILDLIFE POND 


which go towards forming a healthy and 
balanced ecosystem. 


Dragonty 


“gg 8 cadets ty 
tera 


‘Above: Pond plants are essential to the 
health and balance of the habitat as well as 
‘being highly attractive, 


and may contain phosphates or nitrates. 
These can raise the ponals nutrient levels 
and promote algal growth. Water uno from 
nearby lawns or borcors can have much the 
same efect. the water level becomes very 
Jow during the summer tis possible to use 
solarized mains water to top up your pond. 
This involves filing large containers with tap 
water partly covering the tops and leaving 
them to stand inthe sun for a couple of 
days, It removes chemicals ike chlorine and, 
although not as good as rainwater, it wil 
stop your pond from crying out. The mejrty 
of pools requires a stil environment, 8 
avoid introducing pumps, fountains or fits 


POND SIZE 

Even small-scale ponds can support an 
‘amazing diversity of if, The shallows are the 
‘most important areas for wife but a depth 
of atleast 60cm (24in) must be reached in 
some paris to give creatures a place to 
which thay can escape in extreme heat, cold 
‘or drought. The greater the surface area of a 
‘Po0, the deeper it has to be fat its deepest 
point) to maintain an even temperature 
throughout the year. The average poo! wil 
need to be about 11m (at) deep, 


STOCKING A POND 

Ponds that are designed to attract wildlife 
should be colonized naturally within a couple 
of years, This is the best method for stocking 
your new pond in the frst instance as itis 
providing a breeding place or hibernating 
area for those creatures already established 
in your area, introducing frog (or ather 
amphibian) spawn can sometimes spread 
diseases such as red eg that can devastate 
populations of frags and other amphibians. 
Never attempt to introduce adult amphibians 
‘to your pond. They have an amazingly 
strong homing instinct and can die in the 
process of finding their way back, 


A WILDLIFE POND 


Wiolife ponds depend upon correct planning. Ponds must be 
bath deep enough and possess the right balance of plant types. 


EA? 


Rock 
o 
we 


Suibmerged oxygenators 


Marginal plant 


DDoop-water aquatic (watery) 


Submerged oxygunators 


These plants will provide habitats, shelter, and maintain 2 
balanced environment forthe wildlife in the pond. 


‘800m (24n) 


Soll (15en/5in doop) 


Flexible liner and underlay 


Avoid introducing fish to small wife 
ponds, as they can exclude other 
willl, Sticklebacks can wipe out the 
tadpoles of frogs and newts, Fish also eat 
valuable water-ving crustaceans that help 
to control the growth of water algae and 
their droppings promote algal bloom. 


PLANTING 
Bankcside vegetation provides cover for 
animals entering or leaving the pond, 
Ghoose a selection of marginal plants, 
submerged plants and plants with floating 
leaves, Leaving long grass around a pond 
us also provide important cover for wide, 
Gently stoping sides make it easier for 
creatures to olmb in and out ofthe pond. 

Pond dwellers, such as cragonfles and 
cals fles, need vegetation to cl out of 
the water so that the adult may emerge. 
‘Small reeds such as the lesser bulrush are 
ideal ut ary pints that grow about 40cm 
(181) or more above the normal water 
surface will do. 

‘Alog pile nearby wil provide a place for 
hibernating frogs end toads, as well as 
being a habitat for many other creatures, 
‘Adi an escape log to hep small mammals 
{tout ofthe pond if they fal in 

Idealy tne water surface should have a 
thir or more covered with piant leaves such 
‘as water lies, water sole, frog-bit or even 


Right: Even a small garden will benefit from 
«a tranquil wildlife pond where animals can 
come to drink. 


duckweed. These help keap the water cool, 
provide shelter and breeding cover for 
wife and hep to prevent the development 
of algae in the water, 

Plants that are to form part of your pond 
habitat should always be grown in a 
nutrient-poor potting mix, Siow-release 
‘erilzers effectively act as an algal “time 
bomb, steadly releasing a supply of 
nutrients that encourage green water and 
blanket weed development, 

‘Oxygen is essential forthe growth and 
development of ponid-cweling creatures 
and can easly be boosted by the inclusion 
of plans that release itcrecty into the 
water. These are plants that are entirely 
aquatic and do not emerge above the water 


surface, Plants such as milfoiland Canacian 
ondweed are often sect for this purpase, 

Native plants should be a frst choiee for 
pond. Many are showy and often rare or 
endangered in the wild, Ifyou decide to use 
natives, naver take them from the wid 
‘Always buy them from a reputable nursery 
cr take small offsets froma friend's pond. 

‘Some plants are just to0 vigorous to be 
Included and willrapialy outgrow their 
situation. Reedmace (Typha latifolia), reecis 
such as phragmites, floaters such as 
duckweed (Lemna) and the Azolla fern are 
al potentially problematic and should only 
be included where space permits. They are 
the equivalent of aquatic weeds and may 
‘cause maintenance problems, 
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PROVIDING SHELTER 


As well as needing water and food, wildlife occupants and passing 
visitors to the garden need a secure place in which to shelter, where they 
can feed, nest, breed or escape from predators. Almost every part of the 
garden can potentially shelter wildlife and the key is not only to provide 
the right kind of cover but also to make sure that itis not aisturbed once 
itis occupied. These sites can take the form of natural plantings or 
man-made shelters. 


TYPES OF SHELTER, 
Innature, evergreen trees and shrubs 
provide year-round cover from weather and 
predators, while deciduous ones give 
summer cover for nesting and pratection. 
Dead trees provide habitats for owls, 
Woodpeckers and bats, while fallen logs are 
host to a wide array of ground dwellers such 
‘as wood-boring beatles and other insects, 

CCentipeds and ground and rove beetles 
that are active all year round need 
Lndisturbed soi, stones and logs. Frogs, 
toacls and newts hibernate through the 
coldest months, often overwintering in 
damp hidden sites, Place stones and logs 
‘near to a pond and ensure that thas 
shallow edges and sioping sides. Newts 
prefer overhanging vegetation to shield 
them on entering and leaving. 

‘Think about where specific creatures Ie 
in nature and aim to mimic these habats, 
‘Sometimes this will Involve using the natural 
landscape or erecting @ purpose-built shelter. 


LOG PILES 
These are an essential part of any wildlife 
garden because they offer shelter and food 
for a wide range of afferent organisms and 
Insects that willin tum provide food for 
other visiting animals. 

Log piles make an excellent place for 
frogs, toads, lizards, hedgehags and other 
vildlife species to shetter, find food, and 
raige their young. Bulld a permanent log pile 
Ina shaded area, and lt it decay naturally. 
The logs form food for fungi and insects, 
hile providing shelter for reptiles and 
small mammals, Dead wood on the ground 
and especially up in the trees is a very 
important souree of nourishment for 
Insect-feading birds, stich as woodpeckers 
and tree creepers, 


Left: A shady part of the garden, under the 
‘cover of trees, isthe ideal place for a log 
pile. Log piles are both useful for 
hibernating animals and as a food source 
for beetles. 


‘Above: Providing winter cover such as this 
Jacewing hotel for beneficial insects ensures 
a healthy population for next season. 


Left: Logs and 
branches, left 
cover from 
‘pruning or tree 
feling, can be 
loft as a habitat 
‘or winter shelter 
for wif. 


TIDINESS 
‘You should not be in too much of a hurry 0, 
‘lear and tidy up your garden in the 
uiturmn, as this will provide shelter during 
the winter months for a wide varity of 
garden widlife, Always be selective, 
preferably removing only ples of diseased 
debris, The later you can leave your winter 
clearance, say until early spring, then the 
‘greater the numbers of animals there wal be 
successfully overwintering, 


WHICH SPECIES SHOULD 
YOU SHELTER? 

‘Thera is a wide range of species that can, 
‘benefit from cover in your garden, However, 
YoU! should always try to assess the 
likelihood that these creatures will actually 
Visit your garden in the fst place. There is 
fitle pont in putting up luxury 
accarnmadation for creatures that will never 
‘even see it, much less shelter within. The 
following are some of the creatures that 
may benefit from a shelter in your garden. 
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‘Above: Its advisable to position shelters for beneficial insects 
‘near to a suitable habitat or to a source of food so thet they can find 


them easily 


Bats Those are probably the mast elusive 
of our garden visitors and because oftheir 
octumal ives we know very Iitle about 
them and often, rather unfairly, fear them, 
Bats roost during the day in tree hollows, in 
danse shrubs or climbers, and in buildings, 
although during winter they hibernate, often 
In deeper, sold places with an even, cool 
‘temperature, These fascinating mammals, 
are declining in nuriber due mainly to the 
loss of roosts and feeding areas, and the 
Increasing use of pesticides. One of the 

st ways to help bats is by putting up 
bat boxes. These should be located in a 
sheltered posttion that gets morning sun 
and afternoon shade. 

Birds The lvely activity around your bird 
table or feeders shows that it can be easy 
to atiract more birds nto your garden, 

Birds need more than just a source of food, 
though, and suitable nesting sites can be 
essential for some common garden 
species. Trees, shrubs and climber-covered 
Walls and! fences will provide shelter and 
nest sles, 

Though the term nesting box implies 
birds may nest in them, only a few species 
Use natural or man-made cavities. Most 
look for shetter in vegetation, with shrubs 
being perhaps more valuable than trees for 
this purpose, You should note that regular 
Jose pruning of shrubs might cause 
{growth that is too dense: for birds to 
navigate easly, Try to use native species 
Where possible, Hedges that also produce 
berries are a good saurce of food for birds 
in the colder months, 


Above: Pollinating insects suich as bees need both shelter and 
protection. Bees are vary important inhabitants of a wildife garden; 


honeybees pollinate plants in the garden. 


Butterflies These also require shelter from, 
the elements and a placa to roost, The 
foliage of shrubs is useful as an overnight 
roost, as are patches of tall grass, You can, 
also provide a place for butterflies to roost, 
perch, or even hibernate by building a log 
pile and stacking the logs crosswise to 
‘create as many open spaces as possible, 
‘The ideal log pil size is about 1.6m (Bf) tal 
‘and 2m (6yft) long, You can also louy a 
boutterty hibernation house, although there 
|slitle evidence that these are ever actually 
sed by butterties 

Hedgehogs f you lean a sheet of wood at 
fan angle against a wall and stuff it with cry 
leaves, this will provide a suitable nest for 
hedgehogs. They will also nest under raised 
heds and beneath hecigerows, as long as 
there are plenty of dry leaves for bedding, 
‘You can also provide a winter box in an ald 
‘compost heap or leaf pile for hibernation, 


‘Above: You can encourage butterfies into 
‘your garden by planting wildlfe-friendly 
plants such as these purple verbenas, 


Reptiles and amphibians Racks, logs, and 
leat piles offer cover for small mammals, 
reptiles, amphibians and insects, In the 
autumn, try constructing small rock piles 
that can provide lizards, reptiles and 
amphibians with a warm winter retreat. 

I you have a pond, leave brushwood and 
leaves or rack piles near the bank to provide 
shelter for amphibians as many of these 
hibernate in damp areas on the land, 
Pollinators Bumble-bees can overwinter in 
‘small terracotta pot filed with moss or 
finely shredcied newspaper. Bury the filad 
pot upside down and protect the hole from. 
rain with stones, but leave tiny gap for the 
bee to gst in and out, Masonry bees can be 


encouraged to take up residence by tying a 
bundle of bamboo canes together — lengths 
of about 25cm (10in) are deal —and then 
placing them inside a length of old plastic 
pipe that Is about 5-7.5em (2-3in) longer 
than the canes. They will make nests inside 
the hollow bamboo canes and lay eggs 
within these that wll hatch out the following 
spring, Always place the pipe in a sunny 
sheltered position where rain will not reach 

it. You can also buy purpose-built masonry 
bee shelters. 

Predators Lacewings will shelter in a simitar 
Construction to that used for masonry bees, 
Ready-made lacewing hotels are available 
and are impregnated with a pheromone that 
attracts the adults in the autumn, Ladybird 
(ladybug) shelters are also marketed 
commercially forthe same purpose, You 
‘can also buy the pheromone with which 
impregnate your own home-mac 
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PLANTS TO ATTRACT 
WILDLIFE 


Plants are the single most important factor when it comes to attracting 
wildlife into your garden. They provide a food source and shelter for 
visiting bees, butterflies, moths and a whole host of beneficial insects. 
Even if your garden is tiny, you can stil introduce a selection of useful 


plants by planting tubs of brightly coloured and nectar-rich summer 
flowers and pats of sweet-smelling herbs such as lavender and rosemary. 


PLANTS FOR FOOD AND SHELTER 
ranting colourul, nectarrich plants attracts 
bouterties and other beneficial insects 
Choose plants that wil provide the vistors 
with nectar from early spring to late auturnn, 
This of course has the added benefit that 
Your flower beds wile brimming with 
Colour for most ofthe year, Combine 
Selected! species ot herbs, wi flowers and 
‘cottage garden plants In a herbaceaus 
border to create a butterty or bee border. 

To encourage breeding insects, allow a 
few nettles and grasses to grow in a 
secluded corer ofthe garden or it iy tral 
up your fence. These wil provide sites for 
female butterties to lay eggs and a food 
source for caterpilars. 

Wild or sinal-flowering variates of plants 
are often best for wife, You should not be 
too eager to dead-head plants in autumn, 


: Choose plants such as roses that 
have berries or edible fruits for birds and 


‘mammals to feed on. 


Many birds feed on spent flower heads such 
as those of forgat-me-nots and pansies, 
Leave perennial flower stems in autumn, as 
birds wil be attracted to them, searching for 
seeds and hiding insects, Nesting birds 
need insects to raise young, s0 try early- 
flowering plants such as aubrietia that 
attract aphids and provide a source of food, 


Above: Sunflowers (Helianthus annuus) 
provide food for insect pollinators as well as 
Ite seeds for overwintering birds. 


‘Above: Beneficial predators such as ladybirds 
(ladybugs) will be attracted to the garcen it 
‘you include the right species of plant. 


Left: Plants with composite flower-heads, 
such as thistles and daisies, readily attract 
insects to the garden. 


‘A-hedge that is left relatively uncoturbed 
by the gardener can prove a rch habitat for 
a diverse range of widifo. Dense hedges 
ive birds protection trom predators and 
provide windbreaks, The thick undergrowth 
encourages many spscles of small bird to 
take shelter and unclipped hedges ofall 
types have more chance of bearing flowers 
and frit 

If your garden istarge enough to have at 
Feast one larg tree then this wl provide 
perches and nesting sites for many birds 
Naive trees are valuable to insets, birds 
‘and other animals as they provide better 
shelter and food than troduced species. 
‘The best trees are those that produce 


‘Above: Scabious (Astrantia) can be used in 
flower borders or in wild flower lawns in 
order to attract insects such as bees. 


‘seed or fruit, as these are often a valuable: 
source of food for many birds in autumn 
or winter. 

‘Shrubs provide shelter for birds, enabling 
them to nest safely. Choose shrubs such as 
Pyracantha, Cotoneaster and Viburnum that 
produce 4 good crop of berries for the birds 
to feed on. Climbers are attractive to birds, 
especially if they are late flowering or bear 
fruit and seeds for winter food, 

‘Annual species, planted on vacant 
patches where quick reliable displays of 
colour are required, wil pradues an 
outstanding array of colour, and thelr nectar 
{and seeds provide valuable food for many 
types of insect, 

Meaclow-piant species wil provide 
colour while the follage of naturalized bulbs 
withers down. A fine early display can be 
created under deciduous trees before the 
soil becomes too dry and shaded, and 
grassy banks provide a marvellous 
‘opportunity for creating a mini meadow, An 
informal lawn is the intermediate step 
between a formal lawn and a meadow and 
\s offen created adiacent to a formal lawn 
‘and sown at the sare time, It contains 
spacies tolerant of close cutting and it 
mowing s relaxed in summer, an 
enchanting display of flowers can be 
enjoyed for many weaks. When mowing is 
recommenced no harm will come to the 
plants, and the practice can be repeated 
annwally 


- 


y 


‘Shaded areas of the garden often 
present a problem for gardeners, but there 
are many varieties of woodland plants ~ 
often including some of the most beautiful 
wild flowers such as anemones and 
{foxgloves (Digitalis) — that wil thrive in these 
‘conditions. A woodland area planted with 
native trees and shyuibs is the ileal 
‘backdrop for bulbs and woodland wild 
flowers, This habitat provides a continual 
Source of interest throughout the year and 
attracts insects, birds and mammals, 
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‘Above: Encouraging beneficial insects into 
‘your garden by including insect-frianclly 
plants can help to create a natural balance, 


Plants growing along and in hedgerows, 
are particularly useful to attract willis, 
especially ifthe hedge is mace up of 
native species. Plants for sun, shade or 
‘semi-shade should be selected depending 
‘on the aspect of the hedgerow. New 
hedgerows should be allowed to establish 
free of competition for two to three years 
belore associated plants are introduced, 
Hedges provide corridors for wildlife and 
‘sources of interest throughout the year, with 
attractive foliage in spring, lowers in 
summer and berries, hips or leaf colour in 
autumn and winter, 

Plants that grow in or around ponds act 
‘as a magnet to surrounding waldife, Damp, 
soil borders and marshy areas are the ideal 
habitat for many species of wild flower, 

Dry-stone walls can also be exploited by 
planting up nooks and crannies with wile 
flowers adapted to the conditions, adding 
interesting foliage and colour. 

Combinations of wid flowers can also 
make excellent subjects for patio tubs, pots 
and hanging baskets, as many of them are 
tolerant of drought and have a spreading 
habit, making them Ideal for low- 
maintenance containers, 


Left: its common name of butterfly bush 
suggests, buddleia is a particularly excellent 
source of nectar for butteriles, 
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TOP 20 GARDEN PLANTS TO ATTRACT WILDLIFE 
‘There are literally thousands of plants that all have the potential to attract 
various forms of wildife to the garden. Some plants, however, are more. 


PLANT 


effective at this than others. Twenty of the best plants for attracting 
wildlife that are easy to grow are listed below. 


WILDLIFE ATTRAGTED. 


[BENEFITS TO THE GARDEN 


Achillea millefolum 
(Yarrow) 

‘A vigorous horbacocus perennial thal grows to 
‘eight of dem @ht). Flower colour ranges: 
‘fom vite through to reds and oranges. 


Angelica archangelica 
(angoica) 

Atal, upsight, herbaceous perennial, more 
‘often grown as a biennial which grovisto 1.8m 
{Gt The architectural flowarneads bioor in 
ary to mid-summe: 


‘Aster nov-belgif (Michaelmas daisy) 

“The lowers of his herbacsous pareenial 
provide arich source a ate nectar A ul range 
of sizes and colours are avalable 


Auriniasoxatils 
(Golden alyssum) 

‘Also known as Alyssum saxaile, tis 
herbaceous perennial forms a carpat of yellow 
flowers in spring. 


Buddleja david 
(Gutterfy bush) 

This deciduous shrubs often quoted asthe 
saviour of the Bitch buttery population due 
fo the high quantities of nectar produces, 


Contranthus ruber 
(Red valerian) 

‘Ahorbaca0us perennial that grows to dem 
{2M tpartorms wellin poor dy sols and does 
‘especialy wall seaside ooations. 


Cerinthe major ‘Purpurascens! 
‘Amal herbaceous perennial that owers in 
‘spring, Produces fantasti blue flowers with 
lac bracts, It sal-seeds tral 


Ezyngium gigantoum 
(Wiss Wilmott’ host) 

‘A short-lived herbaceous perennial hat 
aches a height of 30m (4) and has 
beautiful stee-blue flowers, 


Eschschotela californica 
(Californian poppy) 

‘As annual that produces striking orange, 
‘ream, red or yelow flowers which wll bloom 
fl'eummer Thsisa smal lant, reaching 
Som (18in) neigh. 


Eupatorium cannabinum 
A talplant that produces large heeds of ftty 
pink lowers in ste suremer. Tis herbactous 
perenrial sa must for the wile gare, 


‘An abundance of hoveres can be found 
hectarng onthe flowers in summer. Also 
tracts bees and tumble-bees. 


oes, buteries, hovers, insocts 
‘and bis all congregate around the huge 
lowe head ofthis garden bioor, 


Inlate sumer and auturnn butterflies 
‘and bees vis the lowers, Bd eat the 
eed ator ripering, 


‘Buteries, bea and early Tying 
overes are tracted to the bright 
yellow flowers of his popular rock 
‘garden pant, 


‘the namo suggests, this san 
‘excellent plant for attracting buterfles. 
‘Alec useltl fra variety of nectar 
feeders, including boas and moths, 


‘One ofthe best lowers for butterflies, 
proviing nectar for small toiciseshels, 
peacocks red admirals and white and 
Yyolow buttertes 


Bees love the blue fawors ant 
‘congregate in vast numbecs while the 
plants in fower 


‘This plant hums with bees and 
‘bumble-boes during Its long summ 
‘lowering perio, 


overs, bees and bumble-bees are 
tracted to this plant. Onceitis sown, 
it wil sel-seed freely round the garden. 


Attracts buitertios and bees, As wal 
‘as ooking fantaste, this plant is 

ine ofthe bast for providing nectar to 
adult butotes. 


overt larvae are an excallont adlition to 
the garden, providing efcent control of 
‘phi, Tholarvae.can sat vast amounts 
fof aphids during this part ofthelife-cycte, 


‘This plant can bekones to a supermarkat 
‘where many species gathor to stock up on 
003, Count the number af species on one 
‘bloom, tis amazing 


‘This plant provides a valuable lata sourco 
of nectar. Buttertes wil use this food to 
strengitien thar up for wintarhivertion 
‘orto produce eggs to overwintr 


‘vary useful source of nectar forall exly 
inacta, eepecaly ey seacon or 
‘overwintering butters, 


Live asters, hiss an excellent feeding 
stop for migratory and resident butertios, 
“The caterpiars ara a good eouroe of 
protein for birds. 


‘utero are a good inioator ofthe 
health othe environment. Their 
Caterpillars are a good source of protein 
for nesting songbls. 


‘This early flowering perennial gives 2 
boost of nectar to resident bas 
‘Populations, which are good potinaters. 


‘An outstancinaly beautiful plant that 
‘tracts bees which wil plinate your 
planta, Good fer naturazing in will areas. 


“The bright orange loworsatract 
hoveres, the larvae of which are 
‘tremely voracious predators of aphids 


From mid-summer onwards, this 
decorative plant offers rich andi steady 
source of nectar andis afer favourte 
‘with visting buttrfes 
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Helianthus annuus Binds such as greenfinches and ‘The seeds provide a late-summer boost to 
(Suniower) bulfinches wil ea the seeds. Also the ct of birds and sor small mammal 


1 you wan to make a statement, grow a few of 
these in your garden, They have enormous 
yelov redo” orange heads with some ta 
Varitie easly reaching 2m (=) 


‘Humules lpulus ‘Aureus! 

(Golden hop) 

‘A vigorous climber with twining stems. tls 

unusualin that les dow avery year. The 
tte used In 


Lavandula angustifolia 
(Lavender) 

‘compact bushy shrub that eporte many 
Varieties to choose fom. It produces fragrant 
pink to purple flowers in early summer. 


‘Lonicera periclymenum 
(Honeysuckle) 

‘Aclimber wit twining stems reaching up to 
6m (18, Itbears sweetly scented, pink and 
‘rua flowers in early summer, with red berries 
appearing later. 


Nymphaea alba 
(Watery) 

‘An aquatc plant that has large round floating 
leaves with beautiful white laiers inthe 
summer months. 


Phiox paniculata 
The |ovely, sweety scented flower heads 
provide a Colourful csplay nite sumo. 
‘This 80cm (ft) herbaceous parennal prefers 
moist sol in ight shade, 


‘Rosmarinus offienals 
(Rosemary) 

‘Adense bushy shrub with aromas fllage 
rowing up to 1.5 ft tal bears purple to 
be losers in mi-spring to early sumer, 


‘Sedum spectabile 
(ioe plan) 

hie small herbaceous plants one ofthe best 
butterfly plant. Ithasthick succulent leaves 
and stems thet are wel sulted to growing In hot 
Wal-crained postions. 


‘Sorbus aucuparia 
(Mountain ash) 

‘Awonderil tre forthe small garden, thas 
attractive white flowers inthe spring and beare 
red fruit the auturn can reach heights of 
12m 6th. 


Verbena bonarionsis 
{Tall verbena) 

This versatle plant can be grown as an annual 
or shortived perennial reaching upto 1.8m 
(61), The purpe-fowerng spikes bloom nate 
summer ul the first rose, 


visited by haneybees and bumble-bees 
when in fowex 


Caters of the beaut comma 
buttery and button snaut moth fed on 
the golden folage 


“The fragrant blooms attract many 
ilerant species of bees, bumble-bees 
and also white and blue utterties. 


Nectar provides fond for bumbi-bees, 
‘bee hawk maths as wel as elephant, 
lime and privet hawk moths, Frl-oatng 
ici wil easton tho bere 


‘Adult frogs ar cronies use the 
floating laves ofthis aquatic plant for 
bashing on, Te leaves also provide 

‘cover for tadpoles of nevis an frogs. 


‘This plant wl attract adult buttrtias 
‘and moths, whieh wil appreciate the 
nectar fro the flower heads in ato 
summer to ary autumn, 


‘Almost univaliod in its ably to attract 
honeybees, butterties and hovertis to 
itenectarrch Rowers. 


‘An old favour forthe herbaceous 
border, Sedum is extremely usehalto 
butterfies, bees and hoverfies as alate 
summer source of nectar 


‘The fowors are excellent for feeding 
‘boas and atherinaeet nthe spring 
‘wheraa the barrias are consumed by 
‘many species of bird. 


“hiss fantastic plant for nectaring 
butterflies such asthe small 
tertiseshal, peacock, red admiral and 
‘camma. Its perhaps more efective than 
‘tha more wel-krawn Buda. 


specs. Goad for encouraging bids Into 
your garden 


Food plants for caters and lr 
aninvaluable part ofa wide garden, 
ctharwise we would not be graced with 
the adit euteties 


Insect-eating birds ar attracted to 
feast on theinsacts drawn to nectar on 
these fragrant bushes, 


‘A superb plant for night-ying moths that 
‘should be placed next to the house so you 
‘can enjoy both the fragrance and 

‘watch these night-fying boautas. The 
‘mothe. are also a go0% source of protein 
for birds ana bats, 


‘Adult frogs eat slgs and snail, The 
tadpoles help to contol algas inthe pond, 
asitis par oftheir dt. 


“Themoths nectaring on this pant wal 
provide a tasty mea for wandering bate, 
Butters thing curing the day vl 
provide a meal for hungry bird, 


Honaybaes polinate many garden plants 
and trees, Thy are welcomed by farmers 
Into ut orchards, 


Provides a good! souree of nectar ate in 
the seuson thats a positive benefit for 
‘overwintering buttery species to bull up 
ther sre 


The tee can atract upto 30 ferent 
species ofnsact, not Including the birds 
and small mammals itfeads, provicing a 
meal for many. 


‘Good for planting in arge groups 
throughout the garden te attract large 
‘umber of butterflies and bees to 
polinste plants and to provide food for 
‘arden bids 
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‘Attachment 1 


‘Methods and devices to create power without 
external sources and reactionless motion systems 


3913004 October 14, 1975, Method and equipment 
to increase electric power, Robert Aleksander. 
4975608 December 4, 1990, Motor with switchable 
magnetic resistance, Harold Aspden. 

5288336 Converters of heat into electricity, Harold 
Aspden, see also patents 5,065,085 and 5,101,632 
4622510 November 11, 1986, Parametric electric 
machine, Ferdinand Kap. 

2912244 1959, Gravitational System, Ottis Karr. 
4006401 February 1, 1977, Electromagnetic 
generator, V. Rivas, 

3811058, 3879622 Motors with permanent 
magnets, 

1835721 December 8, 1931, Motor with permanent 
magnets, A. Povel. 

1963213 June 19, 1934, Magnetic motor, G. Pose. 
1859643 May 24, 1932, Motor with permanent 
magnets, G.L. Worsington. 

1859764 May 24, 1932, Magnetic device, 
G. Baugon. 

2982261 Mac Klintok’s Air motor. 

4595843 June 17, 1986, Transformer of rotation 
magnetic flux, Robert Del Vechio. 

4567407 January 28, 1986, Motor - alternator, John 
Elin. 

3368141 January 6, 1968, Transformer in 
combination with permanent magnets, K. Garon. 
3890548 June 17, 1975, Motor with pulsing 
capacitor discharge, Edwin Gray. 

4595852 June 17, 1986, Electrostatic generator, 
Robert Gandlach. 

4831299 May 16, 1989, Homopolar generator of 
alternating current, Enakishy Khasaka. 

4249096 February 3, 1981, Electric dynamo, 
Barbara Nikoks. 

3610971 October 5, 1971, Electromotive generator 
of electric field, Williams Couper. 

4897592 January 30, 1990, System producing 
power from energy of electrostatic field, Williams 
Hyde. 

4151431 April 24, 1979, Motor with permanent 
magnets, Hovard Johnson. 


4806834 February 21, 1989, Electric circuit of 
inductive conductors, transformers and motors, 
Enl Kening. 

3374376 March 19, 1968, Electric generator, 
Raymond Kromry. 

3977191 August 31, 1976, Power source, Robert 
Brett 

3670494, Method of converting of atomic energy 
in kinetic energy. 

4709323 November 24, 1987, Converter of parallel 
resonance, Charles Lien. 

5146395 September 8, 1992, Power source using 
two accumulating circuits, Richard Mac Kee. 
4210859 June 1, 1980, Inductive device with two 
orthogonal windings, Paul Meretsky. 

4500827 February 19, 1985, Linear electric 
generator, Thomas Merit. 

4904926 February 27, 1990, Electric generator of 
magnetic motion, Mario Patsishinsky. 

4945273 July 1990, High effective electric machine, 
Josef Pinkertone. 

4883977 November 28, 1989, Converter of magnetic 
power, Dennis Regan. 

4077001 Electromagnetic converter, Frank 
Richardson. 

5018180 May 21, 1991, Conversion of energy, 
Kennet Shoulders. 

4652771 March 24, 1987, Transformer, Theodore 
Speach 

477 2816 September 20, 1988, Conversion of 
energy, Jefry Spens 

4748311 May 31, 1988, Inverter, Fridrikh-Verner 
‘Thomas. 

International patent HO2K 31/00, 39/00 dated June 
24 1982, Closed part of unipolar machine, Adam 
‘Trombly. 

4687947 August 18, 1987, Electric circuit for 
conserving of power, Melvin Kobb. 

4772775 September 20, 1988, Generation of plasma 
flux in electric arc, Sam Lich. 

The USA patents 5416391 and 5449989, Paulo 
Correa. 

4432098 and 4429280, Transmission of information 
by means of magnetic vector potential, Raynolds 
Gelinas. 

Great Britain, #547668, January 30 (September 7) 
1942, Motor with permanent magnets, Stenly 
Hichkok. 

Great Britain, application # 2282708A, Motor with 
permanent magnets, Robert Adams, Harold 
Aspden. 

4394230 USA patent, July 19, 1983, Henry K. 
Pukharich. 

2251775 Great Britain patent, April 20, 1994, 
‘Thermoelectric conversion, Harold Aspden. 
5288336 USA patent, Thermoelectric conversion, 
Harold Aspden. 


The USA patents on electrogravitation 


1363037 Goddard, December 21, 1920; 
2004352 Simon, June 11, 1935; 


THE KITCHEN 
GARDEN 


The kitchen garden is a paradise for gardener and cook alike. 
Few pleasures in life can compare with the satisfaction of 
harvesting and eating fresh produce from your own garden. 
There are many design possibilities when planning a kitchen 
garden. Some gardeners prefer to lay out their vegetable plot in 
neat rows; others choose an edible landscape that is ornamental 
as well as functional. There is also a seemingly endless choice 
of varieties in seed and nursery catalogues which can be 


confusing, but merely reflects the popularity of home-growing. 


Left: Kitchen gardens can provide a 
summer spectacle as well as a wealth of 
fresh, home-grown food for your table, 


‘Above: Fruit such as pears and apples is ‘Above: Companion planting helps to keep Above: Kitchen-garden plants can be just 
one of the most welcome delights of plants healthy and also fooks attractive as decorative as those grown for their 
‘auturnn in the kitchen garden. throughout the summer. ‘ornamental qualtes. 
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PLANNING A KITCHEN 


GARDEN 


Growing your own vegetables, herbs and fruit ensures that the food you 
eat is fresh, tasty and chemical-free. The healthiest food is found closest 
to its source, so freshly picked produce from your garden is both tastier 
and better for you than that which hes travelled long distances by air, sea 
or road. Your garden will also be more appealing when it is planted with a 
wide selection of plants that wil attract an equally diverse range of wildlife. 


WHAT DO YOU WANT FROM YOUR 
KITCHEN GARDEN? 

An ideal starting point is to make a list of all 
the vegetables and frut that you eat on @ 
regular basis, adding in a few that you are 
curious about and would ike to try. The next 
stage is to look at the size of your garden. 
and consider f there is enough raom to 
{grow everything that is on your ist, Think 
about the quantity needed to feed your 
family, There is no point in planting ten 
apple trees for a family of four, Its @ good 
Idea to start with a few easy orops to build 
your confidence and progress from there, 


Many exible plants, especialy 
vegetables and herbs, are easy to grow and 
can be ready for harvesting in a short space 
of time, Chicren love to sow andl grow less 
ciffcutt crops, such as spring onions 
(scallions), radishes, carrots and lettuce. 
Growing fruits usually a longer-term 
investment, as many types, such as apples 
ppaars and blackcurrants, for example, wil 
take several years fo crop. Ons they start 
to produce frit, however, your investment. 
wil pay off, as they will continue to crop for 
many years to come and are les time- 
consuming then vegetables, 

Furthermore, you do not need acres of 
space to enjoy growing your own fresh fut 
and vegetables. n fact, even a smal garden 
‘wil support an edible crop or two. You 
‘could grow potatoes in barrels, hers in pots 
and frit trees in omamental containers. 
Ifyou liven an apartment, you can use 
window boxes and containers to grow fresh 
herbs and vegetables. Try planting hanging 
baskete wth taling tomatoes, herbs or 
fruits such as strawberries to overcome 
space difficulties. Edible gardening involves 
sing any space that ls conveniently 
ayallable, It also promises @ colourful garden 
and unusual ways to feed your far 


DESIGNING THE GARDEN 
There are a number of points that you will 
need to consider in order to get the most 
‘out of your kitchen garden and to ensure 
that the food you produce is safe and fresh, 
Siting your crops next to a busy road, for 
instance, can mean eating procuce that is 
polluted by cars. When siting the crops, 
think carefully about your own garden 
‘environment. Each garcien is cifferent and. 


Left: Peas and beans can easily be trained 
up supports, giving height and structure to 
the kitchen garden, 


Above: A well-planned kitchen garden, with 
‘companion planting, can be-a feast for the 
‘eyes as well as the table. 


has specie requirements for growing 
various crops, Check the pH of your sol 
before getting underway as vegetables 
such as caultfowers and cabbages wil not 
‘grow well the soll is too acidic (under pH 
6f 6.5), As well as testing the pH level, test 
the soll for nutrients, The resuits will indicate 
if there is any need to Improve the sol 
before planting, 

The aspect of your garden is also oritical 
inthe sting of your plants, Fruit, for 
‘example, needs plenty of sun exposure in 
Corder to ripen properly and develop flavour 
Fruit tees are also often bast sited aver a 
lawn to factate fruit collection, 

‘Any design needs to consider the 
diiference between annual and perennial 
crops. Annual vegetable orops, such as 
potatoes, carats, cabbages and 
beetroot, need to be rotated within the 
\agetable garclen to deter sol borne pests 
and clseases from attacking them, 
Strawberties aro a good example here, as 
thay are effectively an annual, needing to be 
divided every year, A strawberry bed that 
you rotate with flowers and annual herbs 
(such as basil or ci) is useful for avoiding 
sall-bome pest problems, 

Perennial crops, such as asparagus and 
rhubarb, may well merit their own distinct 
areas and are not rotated ike annual crops, 
Raspberries and blackberries, which are 
both perennial, are best sited permanently 
on a wire tel Avoid putting them in a 
huge expanding clump that can take over 
your garden, 

Consider, too, how cifcult a particular 
plant (or the produce it offers) is to grow. 
Peaches, for example, can be challenging, 
‘They are disease-prone and require lots of 
‘care and attention. Unless you are a 
‘committed gardener with time on your 
hands, it may be best to purchase a few 
‘organically grown fruits from a local shop. 


PLANTING THE KITCHEN GARDEN 
If you have recently moved into a new 
home, then you will have the luxury of 
starting your kitchen garden from seratch. 

If your garden is already established, there 
is no need to uproot everything to grow 
your own produce, Gardens need not be 
‘exclusively made up of just edible or 
omamental plants. You may wish to start by 
planting a few annual vegetables and herbs: 
‘among your ornamental plants, Indeed, you 
can easily Incorporate edible plants into the 
garden, even mixing fruit, vegetables and 
herbs in omamental bacis, This planting 
‘arrangement avoids crops grown in visually 
Uningpiring mono-cropped rows, 

Ifyou are planting vegetables in new 
beds, then they can be interplanted with 
‘ornamentals and herbs, Fragrant plants 
such as English marigolds (Calendula), 
French marigolds (Tagetes patula) anc 
‘oregano (Origanum) are excellent choices 
for attracting benefcial insects, and 
interplanting with plants such as these will 
help to keep pests toa minimum. Large 
blocks of the same vegetable are likely to, 
attract high concentrations of pests, 
whereas interplanting tends to confuse and 
dissuade them. 

I you nesd to remove an ornamental tree 
‘or shrub that has dled ar outgrown its site, 
Consider replacing it witha fruit-bearing tree 
‘or shrub, There are many possbbities, 
Including apples, currants, raspberries, crab 
‘apples, plums and cherries, which can all 
provide valuable colour and texture in the 
garden as wellas a source of food, Apart 
from feeding the household, excess 
fruit rom these trees wil also provide food 
for a range of birds and insects. 


Right: Claches 
and iow tunnels 
‘can increase the 
range of early 
‘crops that can be 
grown in the 
‘itehen garden. 


Itis worthwhile researching the eventual 
height of plants in the planning stages. 
Some wil simply look out of place if they are 
{grown in the wrong location, such as 
Planting tall plants in front of smaller ones, 
Many large ones will also need some form 
of staking or support 

Lettuce, chives, pansies and parsley 
create excellent borders along the edges of 
ralged beds, Tal plants such as ol, 
sunflowers, davies, fennel, valerian, peas 
and beans are best grown at the back of 
beds or atthe centres of containers, 
Provide tralises and ther supports whe 
needed. Choose edn flowers such as 
nasturtiums and chives wherever possiole 
because they are a natural adition to 
gardens and make salad bowls look and 
taste wonder, 

‘You may wish to consider an edible 
lawn, in which some (or even all of the lawn 
Is given aver fo 2 groundeover such as 
strawberries. Strawberries are a very 
attractive crop because they produce fruit 
for most of the summer and tolerate 
marginal sols and light shade. However, 
large patches are likely to attract pests, so 
they should be interplanted with strong- 
‘smelling herbs lke thyme and oregano 
Which also form good groundeover. It may 
be an idea to keep a permanent cover of 
herbs and rotate the strawberry crop on 
‘wo or three-year cycle, 


PLANTS USED AS FENCES, 
SCREENS AND BARRIERS 

Plants can be used in a number of 
imaginative ways, Instead of erecting plain 
wooden fencing or mesh barriers why not 
consider planting a living ons? 


Above: Onions, with their tal stems, can 
bbe grown for their decorative appearance in 
‘omamental beds and borders. 


‘Goaseberties, raspberries or currants are 
readily trained along a fence and apples can 
be trained as an espalier cordon or fan 
along a wall, Climbing plants, such as hardy 
kiwi fruits, traling nasturtiums, broad beans, 
cor sugar snap peas, can all bs grown aver a 
fence or trlis work to provide an orate 
sereen, Hedges can also form useful and 
attractive edible barriers, Shrub roses, such 
as Rosa rugosa, create an attractive, but 
impenetrable barrier, producing large red 
+036 hips that contain 60 times the vitarnin, 
‘Gof an orange, The hips can be used to 
make tea, jam, syrup or jelly. Currants and 
‘ther fruit can also be included on the 
sunny side 

When designing your kitchen garden, 
bbear in mind that the garden is for everyone 
in the household. Hold family discussions to 
involve everyone in the planning and design 
stage, Itis worthwhile taking everyone's: 
needs and tastes into consideration when 
Undertaking this extremely important stage 
of development. 
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CROP VARIETIES 


There is a seemingly endless array of seeds available to the home 
gardener, Each supplier makes claims that their variely is better than all 
those that went before and any others currently available, Others claim to 
have older, more choice varieties saved from extinction and representing 
a time when everything was purer and more wholesome. Personal 
preference usually decides the best varieties for you, but an understanding 
of what you can expect from the seed in a packet can be very useful. 


WHAT ARE HYBRIDS? 
‘Often when wwe purchase seed, we respond 
more readily to the picture on the front of 
the packet, We may nat notice whether itis 
‘marked with the terms "F1" or “hybrid, 
A hybrids the resutt ofa cross between 
‘one Varlety with pollan from another 
‘speci variety, The breeder chooses parent 
variates that wil produce frst generation 
offspring (F1 hybrids) with known 
characteristics. The crossing is done in a 
ary controlled manner so that no pollen, 
from another variety is able to polinate the 
flowers, As a result, all ofthe plants that are 
grown from the hybrid seed will be 
genetically identical 

Hybrids may be bred to be more widely 
adapted to environmental stresses such as 
heat, cold, disease or drought than non 
hyforids, They also have more uniform 
‘characteristics, making crops more 
predictable in their qualities, They also have 


“hybrid vigour" and may grow faster or be 
more disease-rasistant than either of the 
parents. They may also give better yields 
than open-pollinated varitias. They wil not 
breed true, however, meaning that seed 
‘oollected will not produce plants that are 
the same as the parent (F1 hybrids). For this 
reason, seed cannot be saved from F1 
hybrid plants by the home gardener. Seed 
for hybrid varieties must be purchased yaar 
after year from the seed companies or 
nurseries, unless you want to gamble and 
grow an array of offspring 


WHAT ARE OPEN-POLLINATED 
VARIETIES? 

Open-potinated varieties are tradtional 
varieties that have (in some cases) bean 
grown and selected for desirable traits 
such as taste, yield or disease-resistance 
for many years. They oflen grow wel in 
‘organic kitchen gardens as many were 
originally selected under organic 
conditions, These plants can mutate and 
aciapt ta the local ecosystem, as the 
seeds often collected and re-used by 
the organic gardener. 

If a-seed packet is labelled *helrlaom’, 
“open-polinated” or has no special 
‘markings, then itis most likely a standard or 
‘racitional variety, The majority af lettuce, 
‘bean and pea varieties for domestic use are 
‘open-poliinated, while most cabbages, 
bbroceol, tomatoes, cucumbers, melons 
and Brussels sprouts are hybrids, 


Right: Allowing a few of your crops to flower 
will also provide you with seed for growing. 
next year's crop. 


Left: Unusual erop varieties can often be 
‘grown trom seed that you have collected 
‘yourself each year. This isa stnking variety 
of koh rab 


‘Above: Onions come in a range of attractive 
colours and can be grown for their 
‘ornamental value in beds and horciers. 


Hybrid seeds can dominate the garden 
‘seed market, but open-poliinatad varieties 
{are more of less stabilized in their 
characteristics, remaining farly consistent 
and producing seed that will grow into. 
plants that are more or less like the 
parent plants, They are alia less uniform, 
than hybrids, but the home gardener can 
safely collect seed and grow plants 
‘rom therm that wil be essentially the same 
a the original plants, Open-pollinated! 
Varieties ether selt-poliinate or are 
pollinated by wind or insects and they 
Usually produce viable seed, 

There have been various claims that 
open-polinated varieties do not taste as 
{900d as hybrids, It is also claimed that they. 
are smaller and not as uniform and, in many 
‘cases, this may be true. However, where 
‘matters of taste in varieties are concerned, 
the only real answer isto try them and see 
for yoursel. 


Right: Old varieties of tomato tend to have 
varying sizes of taster frufts that crop over a 
ong period of time. 


WHAT ARE HEIRLOOM VARIETIES? 
In the 1970s the European Community 
brought in eguiations to encourage the 
breeding of new vegatable cultivars and the 
standarcization of older ones. This resulted 
in alist of approved cutivars being craw 
up and it became illegal to sell any cultivar 
that was not Included on this list. tis very 
expansive to have a single cultivar tested in 
order to then register Ion the ist. This 
meant thet many old cultivars were put in 
grave danger of being ost forever, as the 
funds to test each variety were not 
available, It was due to this legislation that 
HORA, the Organic Organisation, in 
England, a society which was established 
to promote organic issues, founded the 
Heritage Seed Library (HSL). This sged 
iorary ensures that ol or “heitoom 
vatetos” are kept safe fr posterity by 
cistriouting its seed, Although HORA grow 
some of the seeds themselves, they also 
employ contract growers and seed 
quartians to make up the bulk ofthe seeds 
that are supplied 

Each year a catalogue is sent to HSL 
‘memibers from which they can select up to 
‘ik varieties free of charge, This distribution 
set-up overcomes the clause of seling only 
approved cultivars, This service Is also 
avallabe to members in the United States. 


The best heirioom cuttvars can be 
traced back fity years or longer, Many of 
these early varieties have been lost already, 
making those that remain all the more 
precious. A number of these cultivars have 
been collected and saved by families and 
ethnic groups dating back many years, This, 
practice protected the genetic make-up 
thal made each varity successful within a 
lven environment. These base 
characteristics have become invaluable 
and the genetic strains of these vegetables 
are the backbone of modem ciseass- anc 
crought-resistant hybrids. Itis this that 
makes the collection and preservation of 
these cultivars so important. 


Left: Many heirloom varieties have been 
selected for the way they perform in local 
‘garden conditions, rather than for crop size 
‘or uniformity 
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CROP ROTATION 


This is the practice of grouping and growing related plants together and 
rotating them around alfferent areas of land in a regimented fashion from 
‘year to year. Rotating your crops in this way has many advantages, 
including helping to prevent pest and disease problems from arising in the 
first place. This method of gardening is fundamental to successful organic 
growing. It has been practised for thousands of years and developed into 


a system that is easy to follow. 


WHY ARE CROPS ROTATED? 
Continuous cropping in the same area puts 
both plants and sol at risk. tot only allows 
large numbers of soll-borne pests and 
diseases to build up, but, because orops 
‘equite the same nutriants ftom the sol year 
aftar year, the practice can deplete nutrient 
levels, A poor infertila sol produces weak 
unheathy plants, which, in turn, wil be 
more prone to pest and disease attacks, All 
these problems amount to reduced yields 
and even complete crop fare. 

When orops are rotated, the grouns are 
ivided up into closely related plants that 
are prone to similar pests and diseases. For 
examnle, carrots, parsnips, beetroot and 
polaioes are members of one group and 
prone to carrot ly, whereas cabbage, kele, 
broccoli and Brussels sprouts, which are 
members of another group, can be prone to 
Clubroot and cabbage root fy If the groups 
are grown in citferant areas on a rotational 
basis, it can help to prevent the establishment 
of sol-bome pests and diseases, 

‘Combined with regular aciitions of 
compost and manure, crop rotation wil 
mak the soil richer, replace certain 
nutrients and help prevent pH imbalances 
that can result from repeated crops of the 
same type of vegetabie, Companion plenting 
will also aid a rotational plan, particularly if 
the species Improve pest control 


MAKING A ROTATIONAL PLAN 
‘The basic rules of crop rotation are simple. 
Ifyou are planning a four-year crop rotation, 
the plants you have selected are split up into 
five groups. Group one contains the 
legumes (peas and beans); group two 
contains the brassicas (cabbages, Brussels, 
sprouts, broccoli, kale etc); group threa 
ccontains the onion family and others (onions, 
lettuce, garlic, sweetcorn ete); group four 
Includes root crops (potatoes, parsnins, 


BENEFITS OF CROP ROTATION 
‘There are many benefits to be gained 
from rotating your crops regularly. 


‘= Prevents the bulld-up of soll pests 
and diseases 

‘= Helps to prevent nutrient depietion 
{rom heavy-feeding crops: 

‘*Fotated crops produce higher yields 

‘= Results in ahealthier soil, 


carrots, beetroot etc); and finaly group five 
houses parnanent craps such as 
asparagus and thuberb, 

“The vegetable pot is then ved into ve 
sections, The permanent cops are given a 
spectic area and are not moved or included 
in the rotational cycle, The remaining four 
groups are allocated an area in which to 
row, Every year each group Is moved on to 
the next plot, making it four years before the 
crops are growin on the same area of and 
again; hence the name crop rotation. 

if space is ited, crops can be grown 
con a three-year rotation, Quite simply, the 
Crops are spit into three groups, 
plus the permanent ones. The plant groups 
are Ghided up as betore except group three 
is incorporated into group one. 

There Is no need to grow each crop in 
every year of a cycle. Remember that tis the 
vegetable groups thal cictate the cropping 
eye according to their sol needs and any 
‘associated problems. Rotating the crops 
helps provide the correct sod requrements 
for certain crops, For example, cabages 
and the rest ofthe group grow well in sol 
that has been menured the previous auturnn, 
‘whereas carrots and other root craps (not 
Including potatoes) co not. Where carrots are 
tobe grown, then the pit will need to be 
lug dep in eaciness for them 


‘Above: The secret to achieving a thriving 
and healthy kitchen garden is to ratate the 
‘orops on a regular basis. 


Itis important that you plan where the 
crops are to be every year, so that you 
know their position for the following year 

‘A comprehensive cropping plan can help 
you to maximize the yield on a year-round 
basis by working out successional sowings: 
and intercropping and catch cropping. The 
plan needs to Include not only the crops 
that wil be grown but also the companion 
plants and the soll amendments that are 
needed to support the best possible growth 
cof your plants. 


COMMON DIFFICULTIES 
‘When planning the cyte, you may encounter 
Certain problems. Careful planning will show 
that potatoes often take up more space in a 
vegetable bed than any other crop and 
finding enough room to grow them in their 
allocated area may prove dificult, Other 
problems you may come across include 
‘overwintering brassicas or plants left inthe 
ground for seed collection, This is when you 
find that practising crop rotation ina small 
garden i dificult and that you may not be 
able o practise a strict ratation 

IF space is proving a problem, consider 
‘some of the following strategies. Keep 
brassicas together 2s 4 group and never 
plant them in the same ground! two years 
running, Keep potatoes together every year 
ifyou have planned a lot of patataes, move 
all the other members from group four into 
group three, Also bear in rind that some 
root crops, such as potatoes, are manure: 
Itienaly, while others, ks parsnip, are not. 
Fnaly, alternating shalow-rooted plants ike 
cabbages or lettuce with deep-rooted plants 
Ike tomatoes or squash will alow the plants’ 
rots to de much of the sol loosening that 
would otherwise have to be done by hand 
This wi help to preserve the heatth ofthe 
sol, while causing minimal disturbance 10 
its ecosystem. 


FOUR-YEAR CROP ROTATION 


Divide the vegetables you have decided to grow into the 
five groups (plots 1-5) shown in the table, Draw a plan to 
indicate which group of crops goes where, using a different 
colour for each group. (Remember plot 5's for the 

| permanent crops.) Next year, move the craps in 

‘each group an to 


Funnor beans. 


beans 


French (green) 
beans 


Giobo artichokes 


Parsley — 


Tomatoos 


YEAR ONE YEARTWO ‘YEAR THREE YEAR FOUR 
Plot 4 Plot 2 Plots Plot 4 Plot 5 
Peas Cabbages Bulb onions Potatoes Rhubarb 
Broad (fava) beans. Brussels sprouts ‘Spring anions (scallions) Parsnip ‘Asparagus 
French (green) beans Calabrese (allan Shallots Beetroot (beets) Perennial herbs 
Runner beans sprouting brocsol) Leeks Carte Globe artichokes 
Broccol Garlic Salsity Jerusalem artichokes 
Kale Sweet com (cor) Scorzonera Seakale 
Raaishes Marrow (zucchini), Celery 
Swacies (utabagas or ‘squashes and Celeriac 
yellow turnips) pumpkins Tomatoes 
Tumips Lettuce 


Koh rabi 


128 The Kitchen Garden 


GROWING METHODS 


There are many different ways to grow your crops. You can try the 
traditionally practised method of sowing crops in rows or be more 
adventurous and grow them in blocks. The crops you have chosen to 
grow can be planted into a number of different types of vegetable bed: 
flat beds, raised or edged beds and no-dig beds. Each method and type 
of bed has its own advantages and disadvantages, which are described 
here, so choose the one that best suits your needs. 


PLANTING IN ROWS. 
This is the most traditionally practised and 
popular form of vegetable growing. tis an 
effective method because the spacing of 
the plants allows the crop to grow without 
‘excassive competition in addition, itis 
relatively easy to add supports and 
‘protection such as cloches to the crops. 
However, this type of planting does have 
the disadvantage of needing relatively high 
maintenance, Due to the large amounts of 
bare earth left between the rows, the 
‘conditions are ideal for weed growth. Rows, 
are spaced according to the optimum 
‘growth of the plants and so rows of 
pumpkins need to be much wider than 
those for carrots. Setting cut rows inthis, 
‘way allows free movement of alr along the 
rows, This results in fewer disease problems 
Which can ocour with more closely grown 
methods such as block plantings. 

‘The rows are quite easily maintained by 
regular hosing but can be wasteful of 
space, particularly in smaller gardens. They 
will produce sizeable vegetables, but this is 
offset by the actual yield per unit area being 
‘smaller than more intensive systems. 


BLOCK PLANTING 
Inthis mathod plants are grown in squares 
‘rectangles rather than in straight rows, 
Blocks of plants are grown next to each 
ther, for example in dimensions such as 
fve plants by five plants. The numbers of 
plants grown can be larger or smalar than 
this. Block plantings use space efficiently 
producing many more pants in an area than 
if grown in rows, 

Wel-tended soll can suppor planting 
that forms a close network of folage over 
the sol. The sol wil retain moisture 
extremely Wall undemeath the canopy. It 
also stops weed seeds from germinating, 
resulting in aless weedy environment than 


‘other growing methods. Howaver, a close 
canopy of leaves can have disavantages, 
resulting in poor air low and high humialty 
which are ideal for attracting diseases such 
as botrytis, During cry spel watering is 
essential for the health of the crops, Double, 
cchack all watering that has been done 
because water easly runs off the dense 
cover of the leaves and never reaches 
much of the root system, 

Blocks can be planted and managed at 
ground lavel or in slightly raised beds, They 
suit modestly sized vegetables, such as 
root and salad crops, that are usually grown 
inrows, You may have to be inventive with 
‘crop protection for early-sown crops, as 
‘laches and low polythene tunnels do not 
caver the area well, The blocks are edged 
with permanent paths for easy access to 
the centte from any side so you need never 
walk on freshly cultivated soll, As a resuit, 
the sail doas not get comipacted and the 
closely grouped plants make maintenance, 
and cultivation easier. 

‘Seeding a block involves sowing the 
furrows thinly along close rows. For 
example, instead of the usual 30-400m, 


‘Above: Twiggy sticks provide an ideal 
‘support for young climbers such as peas. 
They also look very decorative. 


(12-16) distance between carrot rows, 
this can be reduced to 20-25em (8=10in) 
Further space savings can result fom 
‘rowing as much as you can vertically, 
rather than sprawled over the ground. Wie 
fencing, netting orpoles and tepees take 
upless space than blocks of climbing 
vegatables. This wil aso keep the climbing 
plants dry and tree of disease. 


FLAT BEDS 

AAs the name suggests, flat beds are 
constructed at the natural ground level of 
your garden, They ars the traditional way 
of cultivating ground for growing vegetables 
‘and are most suitable for gardens that have 
‘good soil, Flat beds will naturally raise the 
level ofthe soll, especially where organic 
matter is acided on a regular basis as part 
of the cultivation regime, but the bed 
remains effectively at ground level, This 
form of gardening Is relatively labour- 
Intensive because al of the bed is 
cultivated, with large areas then being used, 
as paths between the vegetables, With 
raised beds, there are no paths and only 
the growing areas are dug. 


Left: The close 
planting of crops 
In rows or blocks 
helps to retain soil 
moisture as welt as 
reduce the growth 
of weeds. 


Above: Plants such as beans can be trained 
‘over an arch in order to provide an 
‘ornamental and productive feature. 


RAISED AND EDGED BEDS 
“These can be freestanding garden beds or 
beds with wooden or brick walls 
constructed several inches above the 
rronnal ground level. Raised bed gardens 
not only look good but they also can help 
solve many problems associated with solls 
that are dificult to manage, Problems 
with soll are often aggravated in urban 
and suburban seitings, where topsoll and 
‘vegetation may have been removed or the 
surface level changed during building work, 
Ralsed bed garclens improve the 
environment for plants by iting their roots 
above poor soll, The growing medium can 


‘be amended by the incorporation of manure 
and/or garden compost. Sal in these beds 
\warms up earlier in the spring, allowing the 
seed sown to germinate quicker than itis 
{grown in lat beds, Beds should be located 
‘where they will receive full sun and with 
protection from prevaliing winds. Do not site 
the beds in frast pockets or where alr 
lation is poor, 

Drainage is important, Build the beds so 
that the crops will nat bacome waterlogged, 
‘as good drainage fs esoecially Important 
when growing vegetables. If the bed 
contains clay sol, incorporate sand, arit or 
organic matter to improve drainage. 
Construct the bred so that it slopes about 
cm (in) par matra (yard) of horizontal 
distance away from any structures, or away 
{rom the centre ofthe ed 


No-DIG BEDS 
‘As the term suggests, no digging s involved 
In this method, which is a goad way to 
retain good sol structure within a vegetable 
garden. Weeding is kept toa minimum and 
because the sol is not disturbed it wal be 
alive with worms and other organisms, The 
bed is made an top of the ground and can, 
bbe built over existing beds, lawns and even 
hard or rocky ground, Situate the bed in a 
sunny area that receives morning sun and 
has good drainage. It can be any size or 
shape, depending on your space, Start with 
‘small bed ~ about 2x 1.5m (6% x 6) but 
‘with @ view to expanding in time, 

‘When preparing the ste itis not necessary 
te pull up the lawn or existing garden if the 
sol conditions are good, but i the ground is 
vary poor, camipacted or the drainage is 
‘bad, initial digging may bs necessary, 


‘Above: Containers are an ideal way to grow 
a variety of crops where space is limited. 
These pots contain courgettes (aucchin), 


“The outside wall of ano-dig bed is 
formed using logs, old planks, tes, bricks 
‘or stones, Line the bed with a layer of plain 
wet newepaper, atleast 6mm (in) thick 
Tis layer should cover the enclosed area 
‘complataly and overlap slighty, so as to kil 
Off any weeds and stop new ones growing. 
Spread outa tin layer of hay or straw, 
ensuring that there are no gaps, Place a 
layer of good organic fertilizer, such as 
chicken manure, 20mm (i) thiok, on top. 
ayer with a 20cm (Sin thick layer of loose 
bbedling straw. Folow this with a 2om (in) 
layer of good organic fertiizer and 
complete the bed with atop layer of garden 
‘compost, about 10om (in) thick, Make 
sure the bed is watered in wel. Onoeit is 
settled you can plant out seectings, but not 
‘seeds, Sowing seeds can begin when the 
bed has matured and the sol has become 
fine andi crumbly 

'No-alig beds that have ben recently 
‘created are best for growing crops such as, 
potatoes, lettuce, brassicas and cucurbits, 
Whereas root crops grow batter when the 
bed is mature. No-dig beds are best suited 
to planting vegetabies in small blocks of 
different varieties rather than in ong rows 


Left: Vegetable beds need not be 
rectangular to be functional. This kitchen 
garden uses simple geometric shapes 10 
provide interesting effects. 
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COMPANION PLANTING 


This is when two or more crops are grown together for the benefit of one 
orall. This technique creates a colourful landscape, made up of different 
species, which mirrors nature itself, Plants are grown together for several 
reasons, including to attract beneficial insects or to give off odours that 
deter or confuse pests. This is so alfferent from large fields planted with 
only one crop, a monocutture that allows large numbers of pests and 


diseases to build up rapidly, 


HOW COMPANION PLANTING 
WORKS 

rants have natural affinties with others of 
their kind, The smell of volatile ols from 
mary plants d'scourages certain pests, 
‘making them excellent companion plants 

‘A good example ofthis is the well-known 
relationship between the tomato plant and 
the French marigold (Tagetes patula). Te 
scent ofthe French marigoldis sald to deter 
‘whitefly from entering the greenhouse and 
therefore avolds a whitefly attack on the 
tomato plant. 

Prants such as yarrow (Achillea) and 
hhyssop (Hyssopus) are just a couple of 
plants froma ist of mary that attract 
beneficial insects ike hoveries, The 
hhoverties wil lay their eggs around these 
plants and, after hatching, the larval stage 
of the insect wil start to eat adult aphids. 

So greedy are these larvae that they can eat 
Up to 800 aphids before pupating. Many 
‘organic gardeners grow trays ot single- 
flowered French marigolds to dot around 
thei gardans, both in the vegetable and 


Right: Companion 
plants can provide 
welcome splashes 
‘of colour'in the 
Iitehen garden. 


BENEFITS OF COMPANION 
PLANTING 

‘A mosaic of plants otfers many benefits 
to the organic garden, some of which 
are outlined below. 


* Creates a colourful landscape, 

* Plants can attract benetical insects. 

* Plant odour can dater harmful insects. 

* A variety of plants together confuses 
pests from locating host plants. 

« Plants attract birds that prey on pests. 

+ Flowers attract polinators. 


‘ornamental areas, in order to encourage 
these eating machines, This is both very 
effective and quite stunning to look at 
Certain distinct quaities of a plant have a 
proven benefitto others, such as fixing 
‘nitrogen in the sol, Clover in grass will 
fix nitrogen, offering the excess nitrogen 
produced to tha surrounding gras which 
Improves the yield, By the sams token, 


‘Above: Nasturtiums have edible leaves and 
flowers as well as being a colourful 
‘companion plant. 


others are lass suited as partners. Itis never 
wise, for example, to plant two vegetables 
side by side that attract the same pests, as 
this effectively doubles the chancas of 
attack, [tis achisable to practise crop 
rotation or use companion planting in 
between them, 


BENEFICIAL COMBINATIONS, 
‘There is itl sclentific evidence of these 
associations working, but if you talk to any 
organic practitioner, they will certainly 
provide plenty of anecdotal evidence. 
‘Tomatoes, for instance, ike to be grown 
‘rear basil and parsley plants, This is, of 
course, useful for cooks as well as 
gardeners. Separating rows of cabbages, 
broccoli or other brassicas with rows of 
‘onions has always been a popular 
‘combination, possibly due to the anion's 
strong scent confusing cabbage pests, 
‘Tomato plants also grow wall next to 
‘cabbages and seem to deter caterpilars 
(Other beneficial combinations include leeks 
near carrots as they repel carrot fies, while 
‘Swiss chard thrives near carrots and) 
beetroot, Never plant carrot and dil close 
by each other, This makes the carrots 
\woodler and stronger-flavoured, and the cil 
milder and with weaker stems. 


DECORATIVE COMPANION PLANTS 
Certain flowers and flowering herbs offer 
potential benelits for a variety of vegetables 
French marigoles (lagetes patula) are cited 
‘aS a wonder flower by many organic 
gardeners and the bright flowers make a 
colourful eampanion crop, They deter many 
pests, and seem to spur growth in roses, 
‘They are also said to reduce the number of 
soll nematodes, while attracting hovertlies 
and their larvae which eat aphids. French 
marigolds are frequently planted with pot 
marigolds (Catenciula officinats). 
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CROPS AND THEIR COMPANION PLANTS 


While itis not an exact science, any practitioner of companian planting 
‘wil ell you that individual crops have ther preferred companions’ 


‘Apples Chives, foxaioves, wallfiowers, 
nasturtiums, garlic, onions 

Apricots Basi tansy, wormwood 
Asparagus Tomatoes, parsley, basil 
Beans Carrots, cucumbers, cabbages, 
lettuce, peas, parsley, caulifower, 
‘spinach, summer savory 

Beans (broad/fava) Potatoes, 
‘sweetcorn (corn), 

Beans (dwarf) Beetroot, potatoes 
Beetroot Onions, koh! rab, lettuce, 
cabbage, dwarf beans 

Brussels sprouts Nasturtiums 
Cabbages Beans, beetroot, celery, 
‘mint, thyme, sage, onions, rosemar 
dill, potatos, chamomile, oregano, 
hhyssop, wormwood, nasturtiums, tansy, 
coriander (cilantro) 

Carrots Peas, radishes, lettuce, chives, 
‘sage, onions, leeks 

Cauliflowers Celery, beans, 

tansy, nasturtium 


Celery Tomatoes, dil, beans, looks, 
cabbage, caullowers 

hives Parsley, apples, 

carrots, tomatoes 

Courgette (zucchini) Nasturtiums 
‘Cucumbers Potatoes (early ctop only), 
beans, celery, letluce, sweetcorn, Savoy 
cabbages, sunflowers, nasturtiums 
Koh! rabi Beetroot, onions 

Garlic Roses, apples, peaches 
Grapevines Geraniums, mulberries, 
hyssop, basil, tansy 

Leeks Carots, celery 

Lettuce Carrots, onions, strawberries, 
beetroot, cabbages, radishes, tagstes 
Onions Carrots, beetroot, 

lettuce, chamomile, koh! rab, 
ccourgettes 

Parsnips Peas, potatoes, peppers, 
beans, radishes, garlic 

Peaches Tansy, gai, 

basil, wormwood 


Experionce isthe best quide, but the lst below outlines some 
plant combinations that work well in most situations, 


carrots, turnips 
Potatoes Peas, beans, cabbage, 
_swastcorn, broad beans, green beans, 
nasturtium, marigolds, foxgioves, 
horseradish, aubergine (eggplant) 
Pumpkin Sweetcorn 

Radishes Lettuces, peas, 

chervl, nasturtium 

Raspberries Tansy 

Spinach Strawberries 

‘Squash Sunflowers 

Strawberries Borage, lettuce, 
spinach, sage, pyrethrum 
Sunflowers Squash, cucumber 
‘Sweetcorn (corn) Broad beans, 
potatoes, meions, tomatoes, 
‘cucumber, squash, tansy 

Tomatoes Asparagus, celery, parsley, 
basil, carrots, chives, marigolds, 
{oxaloves, gatic, sweetcorn 

Turnips Peas, nasturtiums 


White alyssum (Lobularia martina), by 
reseeding frequently, helps to break up the 
soll and adds tots organic content, while 
Chrysanthemums reduce nematodes, 
‘making for healthier sol. Mint almost always 
‘works with various types af squashes and 
brassicas to aid plant growth, athough it 
‘can become invasive. Tansy (Tanacetum 


Lett: Foxgioves (Digitalis) make excellent 
‘companion plants for growing under 
apple trees, 


vulgare) is said to repel ants, aphics and 
plant beetles although this, too, can 
become invasive ifnot regularly checked. 

‘Chamomile (Chamaemetum nobsie) is 
known as the "plant dactor’ by some 
‘organic gardeners because af its alleged 
ability to encourage other plants to increase 
their production of essential ol, making 
plants such as rosemary and lavender taste 
and smell stranger, Chamornis is easy 10 
‘grow and lacks beautiful anywhere, 
although It should be kept wall trimmed to 
avoid a straggly look, Itis also thought that 
chamomilo can help to activate the 
‘composting process fit is added to the 
compost heap, 

Lavender (Lavandula) is general insect 
repellent and makes an excellent small 
hedge. It is @ great addition to the garden, 
atlracting bees and numerous white and 
blue butteres. 

Plants that produce berries such as 
‘cotoneaster and the rawan tree (Sorbus) wil 
attract birds into the garden, Birds, in tum, 
‘eat many pests, such as protein-rich 


aphids, caterpillars and various fies, 
Thrushes are the unsung heroes of the 
garden because they decrease the snail 
population quite considerably. 

Be prepared to experiment before 
‘committing to a companion species. 
Nasturtiums have been cited as an effective 
aphid control, although mary wonder if they 
{do this by attracting all the aphids to 
themselves, What works in one area may not 
always work elsevinere and experimentation 
is the key to success in this interesting yet 
Uncertain area of organic gardening. 


‘Some plants are highly antagonistic to: 


Asparagus Onion ae petta 

Beane Chives femal or gee 

Cart Oi 

| caret, caultfower or 
plato Tomatoes 

| Beas Onion gre ashlee 


Potato Pumpkin and summer squash 
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MAKING THE MOST OF 
YOUR SPACE 


There are three basic growing techniques that you can use to make the 
‘most of your space. These are known as intercropping, catch cropping 
and successional sowing. By adopting the latter two practices, you will 
extend the cropping season instead of harvesting a crop all at once. You 
will also make use of the available space, therefore increasing yields. All 
that is needed is careful planning to work out which crops to sow and when. 


INTERCROPPING 
‘This kitchen-garcen technique increases 
productivity and also helps to keep the 
‘numbers of weeds down, Itrefers to the 
practice of planting a fast-growing crop, 
such as carrots, radishes and lettuce, 
between main crops that are slower 
growing. These inolude vegetables such as 
caboages, peas and potatoes. 
Intererapping involves harvesting the 
‘quicker-growing crop frst before the 
slower-growing one achieves total foliage 
ccover of the sol or shades out the area. 
‘A good example of intercropping is to grow 
‘a crop of spring anions or lettuce between 
tomatoss. Similar, spinach or radishes can 
easily be planted out early between 
sweetcorn or, alternatively, radishes can be 
planted between cabbages, 


Intercropping can also be used to 
increase productivity tt ensures that no 
space is left unused and makes the most 
efficient use of ight, nutrients and moisture. 
It will also reduce the amount of weeds in 
the vegetable patch by maintaining a 
continuous plant canopy over the sal. 

‘One slight variation on the theme is to 
combine the benefits of a green manure 
with a crop, This can be useful in the ease: 
cf winter crops because the green manure 
doubles up as a cover crop, protecting the 
soll rom erosion and leaching as well as 
stabilizing soil tomperatures, If 2 leguminous 
‘green manure is planted jn late summer or 
early autumn in a bed along with lealy crops 
‘such as Brussels sprouts, it can provide 
nitrogen throughout the remaining growing 
season. It will also provide a boost for early 


‘Above: Close planting in blocks makes the 
‘most of available space and allowss more 
crops to be raised in a season. 


crops that will bs planted out atter the green 
‘manure crop has been dug into the sol. 
While intercropping requires careful 
planning, It can increase the productivity of 
‘von a relatively small vagetable plot 


CATCH CROPPING 

‘This technique is when fast-maturing 
vegetables, such as radishes and lettuce, 
are grown in an area of ground that has just, 
been cropped and has a vacancy untl the 
next orop is either sown or planted. The 
‘sowing of the catch orops can be cone in 
between the main ones or after harvesting 
at the end of the season if there is time. Iti 
important to know how long a crop takes to 
mature when planning catch cropping so 
that you do not sow anything that takes too 
long to matura in between the main crops. 


Left: Successional sowing in rows allows 
the same space in the vegetable plot fo be 
kept productive throughout the growing 
‘season. 


ADVANTAGES OF 
INTERCROPPING AND 


caren CROPPING 
Making the most of your space i not 
| eniypreducte, bu it also has 
environmental advantages. 
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SUCCESSIONAL SOWING 
This is the practice of sowing the seeds of 
fast-maturing vegetables at regular intervals 
‘several times during the growing season. 
This practice will ensure that you have a 
‘continuous supply of crops such as 
lettuces, carrots and spinach throughout 
the season. Successional sowing is also 
useful where crops are sown directly 
‘outdoors early in the season where they 
may be prone to frost damage. Early crops 


Above: The close spacing of rows and 
successional sowing of new rows allows the 
‘maximum use of space on your plot. 


‘such as lettuce and radish can be sown 
under the cover of, for example, a cloche 
where they will bagin to develop eater 
than would otherwise be possible, 
‘Subsequent sowings outdoors will mature 
later, thus extending the growing season 
for harvesting, 


‘Above: Sweetcom (can) is a late-maturing crop that can be intercropped with fast-growing, 
early salad crops. This enables you to make the most of your growing space, 
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FAST-GROWING CROPS 
surrani 
INTERCRO! 
CATCH CRO! 
Use all the available space by sowing 
vigorous growing crops in between 
rows of the main crops. The list 
balow showe the time it takes some 
fast-growing crops to mature, 


Carrots 8 t020 weeks 
Endives To 13 weeks 
Lettuce 40 14 weeks 
Radishes 4t08 weeks 
Rocket(arugula) 3 to 5 weeks 
Salad leaves 4 to 14 woeks 
Spinach 5 to 10 weeks 
Spring onions Bto 10 weeks 


Gardeners with small plats can use this 
‘method by sowing only a half a row at any 
‘ane time, This process is then repeated a 
week or so later, with further sowings as 
often as you lke. This way you will have 
fresh vegetables for several weeks and wil 
avoid a sudden glut 


CROPS SUITABLE FOR 
SUCCESSIONAL SOWING 
‘The technique of successional sowing 
can ensure a continuous supply of fresh 
vegetables, It also increases the 
productivity of the garden and avoids 
harvest gluts, 

| Bestroot Spring to summer 
Broccoli Spring to summer 
Cabbages Spring to summer 
Carrots ‘Spring to summer 

| Endives ‘Spring to summer 
Koh! rabi Winter to summer 

| bettuce Winter to summer 
Parsnips Winter to spring 
Peas Allyear round 
Potatoes Spring 
Radishes —— Winterto summer 
Salad|eaves Spring to autumn 
Saladrocket Spring to autumn 

| Spinach ‘Spring to summer 
Spring onions Spring to autumn 

(scallions) 
‘Swedes ‘Spring to summer 
‘Swiss chard Spring to summer 
Turnips Winter to spring 
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SOWING 


IN THE OPEN 


There can be nothing more satisfying than sowing seeds and watching in 
anticipation for them to germinate. Watching the seedlings grow in your 
Kitchen garden, making it come alive with leaves, flowers and insects is. 
fantastic experience. One of the drawbacks of sowing out in the open is 
that you are at the mercy of the weather, but you can manipulate your 
garden environment by using cloches, small plastic bottles and polythene 
tunnels to increase your chances of success. 


SITE REQUIREMENTS, 

If you are a novice kitchen gardener, be 
‘assured that sowing seed |s easier than you 
may think, In order to germinate 
‘successfully seeds need water, a, a 
suitable temperature and a place into which 
they can root in order to support the top 
‘growth that wil folow, For this reason, good 
soll preparation is everything to organic 
succass. Most garden soils are able to 
supply ll the necessary elements and only 
sight modifications are usually necessary. 
However, itis important that the ground is 
prepared in a way that will enable the seed 
to germinate evenly and grow ina uniform 
environment, The prior preparation of a 
sedliied can provide the seed with the 
‘environment that it needs and has the 
‘addled bonus of making the task of seed 
sowing easier. 


SOWING SEEDS OUTDOORS 


1 Seta tight string line where you intend 
{your crop row to be and make 2 shallow ahi 
with the edge of a swan-necked hoe. 


Preparing a seedbed is simple, Following 
ccuitivation, the ground is levelled using a 
rake, held at a shallow angle, to break down 
any large lads. The art of leveling is to 
keep the rake angle shallow and move the 
high spots over into the law spots with even 
strokes. Hold the rake fimiy at the rear and 
let the shaft run smoothly through the front 
hand. Allstonas and large objects, including 
‘organic matter such as twigs or previous 
crop debris, should be removed by 
combing them out with the teeth of the 

rake, while holding the tool in a near vertical 
position, The sollis then firmed with light 
‘reading. Aight shuifie across the bed is 
best. Onee firmed, lightly rake the soll again 
ata shallow angle to produce a light “tty” 
surface that runs freely through the teeth of 
the rake, This is the perfect environment for 
sowing and growing seeds, 


2 Water cry soll using @ watering can fitted 
with afine rose about an hour before 
‘sowing and allow to drain, 


‘Above: A dibber (albble) isa very helpful 
too to use when you are transplanting 
seedlings outside, 


SEED REQUIREMENTS 
‘The conditions that seeds require to 
germinate are easy and straightforward to 
create, A well-aerated moist soil 
‘environment is almost all that the seed 
needs, Most seeds will germinate quite 
successfully once the temperature gets 
above 7°C (48°F). Seeds carry their own 
food supply that provides them with 
‘everything they need for those first crucial 
days folowing germination. Once the plant 
‘begins to establish and grow, it needs scil- 
borne nutrients, This means that the sol in 
‘which its growing needs to be of the right, 
fertity or the plant. Poorer soils can benefit 
from the addltion of a base dressing with, 
fish, blood and bone prior to sowing to ave 
the boost that the developing plant needs, 
although loarnier soils need only be properly 
dug and prepared to support germination, 


8 Sow the seed thinly along the length of 
the row. Larger seed may be station sown at 
regular intervals, 


Some seeds can benefit from being, 
soaked for a short period in tepid water just, 
before planting to help them take on the 
water they need for germination, This is 
especially true of boots, but ather large 
‘seads also banefit from this treatment. 


SOWING IN ROWS. 
‘Seed is usually sown in rows. Using a tightly 
rawn garden line as a guide, draw the 
corner of a swan-necked hoe along the line 
+0 create a shallow dil of about 1-2cm. 
(in) depth, depending upon the seeds 
Individual requirements. Dry ground can be 
watered after the dilis mace, Sow the 
seed thinly and mix fine seed with siver 
sand to make it easier to distribute evenly, 
Mark the end of each row with a label 
before moving on to the next 


STATION SOWING 
Seeds of larger growing plants, particulary 
those with seed that is large enough to 
handle, benefit from station sowing, This. 
involves sowing two or three seads at 
Intervals that will be the eventual crop. 
‘spacing, Ifall three germinate, then the two, 
weaker ones are removed or transplanted 
to gaps where none has germinated. 


WIDE ROWS 

Certain seeds, particularly peas and beans, 
benefit rom being planted in wide rows. 
“Two rows are effectively station sown at 


cance, one on each side ofa dil that is 
‘160m (6in) across. The cri is made withthe 
flat ofthe hoe and after sowing the sols 
Cearofully raked back, Make sure that you do 
not disturb the seeds frm their stations. 


BROADCASTING (BLOCKS) 
Broadcasting is an ancient mathod of seed 
sowing that was used to sow large areas of 
‘crops. It involves a “broadcasting? action, 
that separates the seed to an even spacing, 
“The easiest way to do this in small 
\ogetable plots is to spit the seed into two 
halves, mixing small seed with fine sand. 
Scatter the seed caretuly letting itn from 
your hand in even arcs as you move your 
‘arm from side to side, Sow each half of the 


4 Place a label at the end of each row, 
‘showing the crop name, variety and the 
sowing date, before you start a new one. 


5 Gently cover the seed using a rake, Take 
‘care not to disturb or move the seed in the. 
row when you cover it. 


Left: Station sowing is idea! for larger seeds 
cr seedlings that resent disturbance. Use 2 
‘marked stick to set the spacing of the seed. 


seed at 2 90-clegroe angle to the other, 
thereby assuring an even distribution, 
Gently rake the seed in once sown and 
lightly water if needed. 


PROTECTING SEEDLINGS 
Seedbeds, with their fine “futied” earth, act 
‘ag magnets to birds and animals, Some 
‘may take the seed from the ground, but, in 
truth, most wil find it more attractive as @ 
dust bath or Iter tray, Onoe the seedlings 
emerge, however, some birds find them 
iresistible. They must be kept cut with 
some form of barrier, One of the easiest 
methods Is to form a low tunnel of chicken 
Wire, supporting this on hoops. For larger 
‘areas, a series of stakes in the ground can 
bbe covered with netting to keep birds at 
bay, Sticks with thread or string stretched 
‘between them are also effective, but less 
‘easily remioved for you to tend the crop, 


LABELLING 

‘When you sow a row or area of seeds, label 
It straightaway, Re-usable plastic labels are 
the best option. Each label should have the 
ame and varity of the plant sown. You 
may also wish to record the sowing date 
andi the seed was pre-treated. 


6 Alternatively, seed can be covered using a 
soll and potting mix. This is useful on heavy 
‘soils and avoids capping (surface hardening) 


SOWING UNDER GLASS 


Sowing seed under glass extends the growing season and enables you to 


raise tender crops that only survive outside in warmer months. It is also 
ideal for rapidly establishing plants to use as catch crops and as early 
companion plants. In short, it offers variety and choice for your cropping 


regimes. Plants raised under glass can be grown on until they reach a size 


where they are better able to resist pest attack. They can also be planted 
out at their final spacing, thereby avoiding thinning or gaps in rows. 


HEAT REQUIREMENTS 
[Most seeds have a prefered temperature 
range within which they wil grow. A 

heated greenhouse, a conservatory or even 
€ warm living room wil often provide this, 
although seeds needing a constant high 
temperature may need a propagator 

Such seeds are mercituly rare among 
Vegetables, athough cucumbers, tomatoes 
and peppers are good examples of crops 
that wl boneft if they are frst started oft in 
a propagator, 


CHOICE OF CONTAINER 
There are a variety of containers that may 
be used to sow seed under glass. The most 
‘common form is the plastic seed tray which 
has now largely replaced the wooden seed 
tray, Although more attractive, wooden 
trays are dificult to keep olean and may 
harbour plant diseases. Plastic trays can be 
made of durable polyurethans or 
sometimes a more fimsy, thin, moulded 
plastic which is intended for single use. 
‘They are available in a variety of sizes, 
although small Som (3.in) pots may be 
more suitable when yau are raising only @ 
few plants, 

Modular seed trays are another option. 
‘These are made up of individual cells, and 
a singla seed is sown into each ona. Seeds 
that are sown in these trays have the 
advantage of not suffering any root 
disturbance when they are planted out in 
ir eventual position, The same is true of 
some biodegradable pots, which are 
formed out of paper and coir. These are 
bbetter (environmentally speaking) than those 
made from peat, but any recycled material 
used for these trays is acceptable in the 
organic kitchen garden, 

inventive recycling can also provide an 
array of useful sowing containers, Re-using 
plastic cups, vegetable packing trays and 


any other throw-away items that might 
‘otherwise end up on a landfill site are all 
possbblties worth exploring, Oid plastic 
‘bottles make good! individual propagation 
‘coils for small pots and plastic bags can 
also be used to cover the tops of pots and 
trays in order to maintain humialty. 


PROPAGATORS, 
‘These are, in effect, mini-hothouses that 
halp to keep the seed in a warm, moist, 
stable environment both above and below 
the eal ine, Expensive propagators: 
Involve the Use of electric sol-warming 
cables and some have thermostats to 
control the soll temperature. Many are 
designed for use in the greenhouse, but 


Above: Modular trays are ideal for planting 
large seeds and avoid aisturbance to roots 
when planting out or potting on. 


‘Above: A propagator is a useful piece of 
‘equiament for raising your seed in ideal 
growing conditions, 


Left: Many propagators have ventilators 
‘on the top in order to aid the flow of frash alr 
{0 the seedings. 


‘some modils are narrow enough for use on 
a windowsil inside the house. Alternatively, 
Instead of buying the whole propagator, you 
‘can purchase a heating mat on which the 
seed trays can stand in order to receive 
heat at the bottom, This system has the 
advantage of being mobile and easly 
moved about from area to area. Another 
cheaper method! is to buy sol-heating 
cables to bed into sand, The seed trays sit 
con the bed of heated sand to receive an 
even supply of bottom heat, 


AFTERCARE OF SEEDLINGS. 
Once seeds begin to germinate, they can 
be moved gradually into a less humid 
‘environment, The trays are freed of plastic 
‘covers, or the propagator vents or lids are 
‘opaned and, after a few days, the dis 
removed completely. As soon as the 
‘seedings reach a size at which they can be 
handled, they are carefully pricked out into 
Incividual pots or larger boxes and trays, 
‘Always handle the seedlings by the leaves, 


‘Above: Individual pots can be used for large 
seeds. Plant two seeds per pot and remove 
the weaker seedling. 


SOWING IN TRAYS 


Garden 1S7 


1 Filla seed tray with propagation potting 
‘mi that has been thoroughly mixed. Fill the 
tray to overffowing and do nat frm in the 
potting mix, 


4 Larger seed can be placed on the surface 
of the potting mix at reqular intervals. 
Regular spacing will prevent overcrowding. 


gently lfting each one fram beneath, using a 
albber (dibble). Never hold them by the 
stems because this can cause a great deal 
of damage to the developing plant. They 
‘ould be spaced at least Som (2in) apart to 
allow for subsequent development, Water 


Above: Growing vegetables in pots under 
{glass can extend the growing season and 
also provide a colourtil greenhouse display. 


2.Using a straightedged plece of board, 
level the surface of the potting mix by 
carefully moving the board across the top 
of the tray. 


a - 


5 Once the seed has been sown, use a 
sieve to caver the surface witha fine layer of 
potting mix. 


the transplanted seedlings with a fine 
plumed rose attached to a watering can 
thathas been filed with water overnight, 
thus bringing it up to room temperature and 
Pot giving the transplants a shack of cold 
water. Keep the seedlings on a warm and 
sheltered windowall orin a greenhouss or 
conservatory, A constant temperature will 
promote healthy growth, 


HARDENING OFF 
rants thal have been grown in a 
‘greenhouse cannot be put straight outside 
‘because their grawth Is too soft to 
withstand the cold. Thay must be gradually 
hhancened off and acclimatized to outdoor 
conditions. The young plants are hardened 
off by moving them from the greenhouse 
and inta a co\d frame, planted out under 
clochas, low polythene tunnels or 
horticultural fleece. Open up the oloches 
and cold frames or rerriave the fleece 


‘3 Water the tray and! leave to drain for about 
20 minutes before sawing the seed on the 
‘moist surface of the potting mix. 


6 Do not cover the seeds of plants that 
require light for germination. Always check 
the growing requirements of plants before 
sowing the seed. 


during the day and repiaoe at night for a 
‘Week or two before planting out or 
removing the cloches completely. Remove, 
low polythene tunnels after a couple of 
weeks depending on the weather conditions, 
It these are severe, leave in place for longer. 


aad 


‘Above: Watering from below by pouring the 
water into the base of the seed tray will 
prevent damage to nevily emerging seed. 
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THINNING AND 
TRANSPLANTING 


Thinning seedlings not anly allows the plants left in the soll o develop and 
mature into their natural shape and habit, but it is an essential process for 
good plant health. Thinned seedlings can be transplanted into bare areas 
or more often special seedbeds are sat up or crops are grown under 
glass and the whole batch of seedlings are transplanted into their final 
destination within the vegetable garden. 


WHY THIN SEEDLINGS? 
‘Al plants need space to develop and grow, 
Plants that ara growing too closely compete 
‘not only for space, but also for tiaht, water 
and important nutrients, in addition to this 
‘competitive stress, they also become prone 
to.a variety of fungal diseases, as the air is 
not able to move around them. Thinning the 
ssoeclings helps to counteract these 
problems and will result in larger, stronger, 
and healthier plants, 


HOW TO THIN SEEDLINGS 
Thinning is essentially two processes in 
cone, Firstly, you are removing all the plants, 
that are excess to requirements and at the 
same time you are selecting the biggest, 
healthiest and strongest plants that will be 
retained to form the crop. 

Before starting to thin, dry ground must 
be watered, preferably the night before you 
intend to thin, Ameasuring stick, marked 
with the appropriate crop distance, can be 
sed to show the approximate position of 


Above: Rows of seedlings are often too 
‘crowded and need to be thinned when the 
plants are young. 


the individual plants, Remove all the plants, 
In between each of the markers, selecting 
the healthiest plant at or near the marc 
fon the stick. If there are no plants at the 
marked point, then you can transplant one 
of the seedlings that is excess to 
requirements into this postion. When you 
are removing the excess plants, place a 
finger on the soll at either side of the 
seedling that Is being keot. This protects it 
from root disturbance, Ones you have 
finished, water the remaining seedlings with 
a fine rose on 2 watering can to re-frm the 
soil around the plants. The seadiings that 
have been removed can be put on the 
compost heap. 

‘Avoid thinning with this method on hat 
dry days or in windy conditions, as the 
remaining seadings may bacome water- 


‘Above: Growing plants from seed is one of 
the most satistying ways of producing new 
stock for the kitchen garden. 


Left: Seeatings grown elsewhere in the 
garden can be lifted and replanted in their 
eventual positions. This method is good for 
crops that need wide spacing, 


stressed if thelr roots are disturbed, The 
alternative, in this case, is to snip off the 
seedings at ground level with a pair of 
sharp seissors, thereby avalding root 
disturbance, 


THINNING DISTANCES 
|The following measurements are the 
distances that need to be left between 
‘thinned seedlings | 


Beotroot 18-100m (@-n 
| Broad beans | 
(avateans) _230m(9h) 
Carrots 7m) 
Dwarf French beans | 
{bush green beans) 20cm (Bin) 
Forencefernel 260mm) | 
Kohl a emir 
Lettuce em 04) 
Parsley ism) 
ous Semen) 
Parnes t5-200m 9h) 
Radios 2.5m (1-2) 
fumerbeane _25-00em 
(10-100) 
soit ‘em 
Scoronera 150m (Gn) 
Spinach 16em (6m) 
Spring onions 
‘ccations) Sem (@n) 
Swedes (ntabege 
oryetow turnip) 900m (12) 
Swisschard—20em({2n) 
Tanips 18-200m 
an 


TRANSPLANTING SEEDLINGS 


41 Water your raw of seedings at least an 
hour before transplanting and preferably the 
right before if n0 rain has falten. 


8 Using a tight line, straight edige or 
notched planting board, reptant the 
seedlings at the appropriate spacing for 
that erop. 


TRANSPLANTING SEEDLINGS 
‘The mest common way of transplanting 
‘seedlings Involves planting container-grown 
plans into open ground, Early vegeteble 
crops can easly be raised in this way. The 
ther method's to ralse seedings in open 
{round nar io where they are to be planted 
ut. Transplanting outdoor seedings means 
tata smaller area ofthe vegetable plots. 
needed for sowing and, in consequence, a 
smaller seedbed is required. Transplanting 
seedlings is a good way of growing plants 
such as lettuce that are tobe used in 
ceatch-eropping beds or where plants are to 
'ee planted aut in no-dig beds. 


2 Using a fork to loosen the sol, gently it 
the seedlings. Take care to handle them by 
their leaves and never touch the stems. 


4 Gently water the seedlings immediately 
after sowing. Never let roots cry out at any 
stage during transplanting, 


‘The ideale for transplanting outdoor 
seeciings is during damp overcast weather 
‘because this helps to prevent the seedings? 
roots drying out, As is the case when 
thinning the plants, the seedlings will need 
watering the evening before. tis bast 10 dig 
Up oniy afew plants ata ime, ciscarcing 
any thal are weak, damaged or appear to 
be sick. Seedlings can be placed in a 
plastic bag to maintain humiciy around 
them whi they ara out ofthe ground 
‘garden line can be set out inthe 
vegetable patch in similar manner to the 
\way in which tis placed for preparing a 
‘seed drill, The position of the plants can 
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common PLANTING 


DISTANCES 
Always alow the correct spacing 
between crop plants 60 that they will 
‘grow into healthy specimens, 
Asparagus 30-S86m 
(12-15in) 
‘Aubergines (eggplant) 60m (24) 
Broccoli ‘60em (24in) 
Brussels sprouts 50-75om 
(20-80in) 
Cabbages '80-50cm 
(12-20in) 
Calabrese Italian 
‘sprouting broccoll).15-230m (6-Sin) 
Caulitiowers 50-750m) 
(20-80in) 
Celeriac 30-S80m 
(12418in) 
Celery 23-a00m (9-12in) 
Courgettes 
(zucchini) 60cm (24in) 
Cucumbers 60cm (24in) 
Garlic 180m in) 
Globe artichokes 75cm (80in) 
Jerusalem artichokes 30cm (12in) 
Kale ‘80cm (24in) 
Looks 15cm (6in) 
Marrows (zucchini) 60cm (24ir) 
Onion sets 40cm (ain) 
Peppers 45-600m 
(18-24in) 
Potatoos :30-a80m 
(12-18in) 
Pumpkins '90-1800m (3-61) 
Rhubarb 75-90cm 
(80-36in) 
Runner beans 25-300m 
(10-t2in) 
Seakale 300m (12in) 
Shallots 15-18em (6-7in) 
Sweetcorn (corn) 20cm t2In) 
Tomatoes ‘80em (24in) 


then be determined using a measuring 
stick. Use a clbber (dnble) or thin trowel to 
pant the seedings, frming lightly around 
the base before moving on to the next 
transplant. Once the row is completed, itis 
Important that you water ther in, 


For catch cropping or planting among 


other plants, the surrounding crop may 
well determine the spacings between the 
transplants, although the procedure 
remains exactly the same. 
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AFTERCARE 


The aftercare that your crops require is essential to ensure healthy plants 
that produce high yields, There are a number of different techniques that 
are listed below to help you on your way. Just remember that the more 


effort you put in then the better they will taste, As well as juaicious 
watering and feeding, you will also have to weed the vegetable plot and 
provide some form of plant protection and support. But the reward of 
such care and attention is delicious home-grown produce. 


WATERING 
Vegetables need watering if there is no. 
significant rainfall, Tis s especialy true 
When the craps are young and only have. 
shallow roots, Having a sol that is rch in 
organic matter is an advantage because it 
conserves water in the sol, particulary if the 
sollis sandy, You can enrich the soll by 
digging in organic matter, growing green 
manures or by continuous mulching, 

Ityou have a large garden, mulching 
‘around the crop with straw, farmyard 
manure, garden compost or another similar 
substance can help to limit water loss. 
When you water, It is best to give the plants. 
a thorough soaking, allowing the water to 
penetrate deeply. Giving light watering will 
lust encourage shallow surface roots that 
are easily damaged by prolonged drought 
Prolonged dry periods also encourage: 
plants to bolt, thus ruining the crop. 


Above: The carefid harvesting of crops is 
essential if they are to store well. Here, 
carrots are being lifted with a garden fork, 


Certain plants such as cabbages and 
lettuces are naturally shallow rooted, 
‘whereas others such as tomatoes and 
squash are naturally deep rooted. Shallow 


rooters especially benaft from mulching and 


may need Watering atten in hot summers. 


FEEDING 

This is generally only necessary for heavier 
feeding plants such as pumpkins and 
arrows, but can provide a tonic or any 
crop during the growing season, Specific 
nutrient deficiencies are rare in the gardlen it 
lar crop rotation and soll enrichment 
programme is followed, but i sneciic. 
shortages are noticed, they must be 
countered immeniately, Good liquid feeds 
‘can be made in your back garden, 

‘Try making compost tea or "worm liquid”, 
as these are an excellent choice for 
actively growing plants. 


Above: The regular harvesting of peas and 
beans will help to extend the length of the 
harvest period. 


Above: Regular cropping of vegetables 
such as this ruby chard will encourage the 
development of new growth, 


1@ effort you put into protecting 
and caring for your crops will be rewarded 
at harvest time, 


Apply these feeds ones every week or 
two. Many plants are given their main feed 
annually This type of feeding 's normally 
applied to fruit trees and bushes in the 
spring ands best applied in the form of a 
slower-release fertilizer such as bonemeal 


WEEDING 
(Check your plants regularly and try to keep 
them as weed-fres as possible, Remember, 
that weeds compete with your plants for 
light, space, water and nutrients. Its better 
‘to weed a litle and often than to weed 
irregularly, Even areas that have been 
mulched or have close cropping regimes 
need regular checks and weeds remaved 


PLANT PROTECTION 

Pasts and diseases core in many ciferent 
forms. Over time you will learn which 
specific problems your garden is prone to, 
Keap a yearly notebook of all the things that 
affect your crop each season, noting what 
control measures you used and how 
effective they were, In ime you will have 
record of haw and when to manage pests 
‘and other problems in your own garden. 
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Introduction 


Nowadays there are appear more and more attempts 
to disclose new methods of obtaining energy from the 
ambient space, i.e. from heat, electromagnetic, 
gravitational fields, physical vacuum, aether, etc. (See, 
for example, publications in New Energy Technologies 
1-3). The publications demonstrate that researchers 
meet various incompletely investigated physical 
processes. These scientific areas are difficult to be 
investigated. All this makes obstacles for development 
of works on creation of new energy sources. In this 
work there is made an attempt to demonstrate 
general properties of energy sources of any physical 
nature. This attempt is based on a general analysis 
of properties of matter. A theory of transformers is 
used to investigate general properties of matter. 


Action of all physical, technical and biological systems 
is expressed in energy transformation. Numerous 
theories based on particular (specific for some system) 
methods are applied for description of these systems. 
However, if the number of degrees of freedom and of 
elements inside a system increases then many theories 
are not able to describe operation of the systems. First 
these problems appeared in electrical engineering, 
radio engineering, automation and acoustics. The 
theory of transformers is applied to these fields of 
science. The theory represents a complicated system 
as a “black box” having several inputs and outputs. 
Operation of the numerous elements occurring inside 
the box is represented as some equivalent functions 
reduced to the inputs and outputs. 


In the last decades methods of solution of mechanical 
dynamic tasks by the method of complex resistances 
are developed as well as representation of elements 
as linear transformers [11] and finite elements in liquid [14], 
This tendency can be applied to the mechanics of 
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liquids and gases. Now there are successfully 
developed those concepts which assume observation 
of models having very few degrees of freedom to be 
enough for analyzing processes in hydrodynamic 
systems [10]. However, a mathematical apparatus for 
description of transformers operation which is well- 
developed in these areas of science and engineering 
has a special view and is applicable only for these 
scientific areas 


Academician A.A. Harkevich developed a theory of a 
linear transformer up to the level of the general theory 
of transformers which is applicable for transformation 
of any types of energy [24]. The general theory of 
transformers proposed by A. A. Harkevich is applicable 
for description of various energy sources, flying and 
swimming objects, functioning of different animals’ 
organs, and technological processes. In this work some 
general properties of matter and energy sources are 
investigated, according to the general theory of 
transformers. 


General theory of energy 
transformer 


‘The whole ambient space, from the microworld to the 
macroworld, is filled with energy. According to different 
theories, space is represented as a compact medium 
(ie. having distributed parameters) or a medium 
consisting of a limited number of discrete elements (ie. 
having concentrated parameters). On the analogy of 
hydrodynamics [10, 14] the compact medium can be 
represented as an equivalent system with a limited 
number of degrees of freedom. Hence, the whole space 
can be represented as some system consisting of 
elements and communications between the elements 
with a limited number of degrees of freedom. Energy 
exchange occurs due to the degrees of freedom. Energy 
transmission occurs if energy gradient is presented in 
the ambient space. Due to the energy gradient a force 
tends to realize transmission in the space [4]. The 
elements can be systems as well. 


Hence, the more we observe dividing the elements on 
the systems and the systems on the elements the more 
we will penetrate into the microworld (i.e. atoms, 
elementary particles, physical vacuum, aether, etc.) 
‘The more we combine the elements in the systems, 
and the systems in the new larger systems the more 
‘we observe the macroworld (the Solar System, galaxies 
etc.). All the systems and the elements are 
interconnected. The systems and their elements are 
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Above: Taller plants and climbers will need 
‘some form of support. Canes or sticks with 
twine tied between them provide ideal 
temporary supports. 


PROVIDING SUPPORT 
Plants may need supporting, especialy 
‘climbers such as peas and beans, This 
support must begin at an early age, using 
twiggy pea sticks or hazel sticks, both of 
which can ook ornats, Bamboo canes can 
bbe used fora host of climbing plants, but it 
is more ethcaly correct 10 use local 
‘materials rather than to use a product thet 
hhas been transported thousands of mies. 
SSquashes can be grown up fancy supports 
made ftom stakes and strong string or topo, 
‘making a curious garcen feature. Other 
plants such as globe artichokes and 
Florence fennel can benef rom indicia 
supports fr their stems. 


HARVESTING AND STORING 
‘When harvesting, itis tempting to pick the 
‘good specimens and leave the rest, but 
remember to pick and compost poor or 
rotten ones as well as the best of the crop, 
Diseased or damaged crops can begin to 
rot and may infect the remaining harvest 

Freshly picked vegetables are higher in 
Pultritional value than stored ones. So, 
during the growing season, pick what you 
need and store the surplus, Choosing when 
to pick a certain vegetable is a matter of 
taste, Some prefer to piok produce such as, 
beans when they are young, small anc 
succulent, whereas others prefer the beans 
to be more mature, 

‘Crops can be stored in a number of 
ways, Root crops can be left in the ground, 
inall but the coldest winters, iting them as 
they are nesded, Some crops, such as 
pparsnips, actually develop a better taste 
after they have been subjected to frost 
Alternatively, root crops can be stored in a 
‘00! dark place, They should be cleaned 
‘and stored in sand and a sterile organic 
substance such as coir, untreated sawdust, 
fina leaf mould, fine bark or steritzed! soll, 

Store other vegetables on shelves or 
‘boxes, ensuring that they do not touch, 
(Onions andl gariic are best kept in open 
‘sacks orin stings. Cabbages can be kept 
innets unti needed for up to two to three 
months. Other brassicas such as Brussels, 
sprouts and swedes are best Kept outside 
in the ground, harvesting them as needed. 

Freezing is another storage option. 
‘Some vegetables, such as asparagus, 
beans and caulliowers, are best 
blanched in boling water for a couple of 
minutes before freezing. Alternatively, you 
can cook the vegetables and then freeze 
them, as is the case far marrows and 
Jerusalem artichokes, 


‘Above: Marrow and pumpkins are easily 
stored in trays that should then be kept in a 
cool dark place. 


Above: Store root crops such as carrots in a 
‘coo dark place and cover them in sterile 
‘sawdust, leaf mould or coir 
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CROPS FOR STORING 
OVER WINTER 

Harvest time often brings the problem 
of acrop glut. Storage can enable you 
to enjoy this bounty for longer, 


‘Asparagus Best consumed fresh. 
Cook or blanch before freezing 
‘Aubergines (eggplant) Cook 

before freezing 

Beetroot (beets) Shel storage 

or picking 

Broad (fava) beans Freezing or drying 
Brussels sprouts Freezing, Leave on 
plant unt needed 

‘Cabbages Freezing or shell storage, 
Leave in ground in mild conditions 
Carrots Leave in ground in mild 
conditions. Shelf storage 
Caulitlowers Blanch before freezing, 
Shelf storage if hung upside down in 
dark and misted 

Colery Gook betore freezing. Limited 
shelf storage 

Courgettes (zucchini) Cook before 
freezing Limited shelf storage 
Dwarf French beans (bush green 
beans) Freezing 

Garlic In sacks or strung, 

Kale Harvest through winter 

Koh rabi Leave in ground if mild or 
protected, medium shelf storage 
Leeks Freezing, leave in ground in 
mild conditions, shelf storage 
Marrows (zucchini) Cook before 
freezing, shel storage 

Onions in sacks or strung 

Parsnips Leave in ground unt 
needed or late winter 

Peas Freezing or drying on plant 
Peppers Blanch before freezing. 
Pickle or dry 

Potatoes Store in paper sacks once 
cleaned and dried 

Pumpkins Cook before freezing, 
Good shelf storage i fully ripe 
Rhubarb Cook before freezing 
Runner beans Freezing 

Shallots In sacks or strung 

Spinach Cook then fresz= 

Swedes (rutabaga or yellow turnip) 
Leave in ground unti needed (may 
{90 woody by lata winter) 

Sweetcom (com) Freezing or picking 
‘Tomatoes Cook before freezing. Pickle 
‘Turnips Leave in ground untli needed 
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GROWING HERBS 


Herbs are valued for their culinary, medicinal, decorative and aromatic 
properties. They come in a diverse range of sizes, shapes and habits, 
ranging from ground-creeping thyme through to the tall architectural 
stems of angelica, The choice of herbs is so great that there is always 
something to offer @ gardener with only a window box, hanging basket 
or a small space. A herb garden offers a treat for the senses and these 
fragrant plants are also easy to grow in the organic garden. 


WHERE TO GROW HERBS 

Herbs can be grown in a range of settings, 
such as custom-designed herb gardens 
and omamental borders. They can also be 
‘grown as companion plants in the 
vegetable garden and are eminently suited 
to growing n containers, hanging baskets 
‘and window boxes, They are especially 
Useful if grown naar the kitchen, 

Herbs range from tall showy herbaceous 
plants such as fennel (Fosniculum vulgare) 
and tansy (Tanacetum vulgare) to ground- 
hugging cushion plants such as thyme 


(Thymus vulgaris), The majority of herbs 
originate from dry sunny environments and 
80 need sunshine to help them develop 
their essential ols. tis best to site herbs in 
‘an open, sunny spot in the garden where 
they wil thrive, 


SOIL PREPARATION 
Drier sites suit mast herbs, and the 

sunnier and hotter the site the better they 
will taste, The taste and sme of herbs is 
Usually due to the production of essential 
cols within the plants, If they are grown in 
hot conaltions, then the concentrations of 
essential ols wil be greater. Growing herbs 
in very moist rich sols can accelerate their 
growth, but will suit in-@ milder flavour, 
They will alsa look better and flower less. 
than their *hot-site” counterparts and be 
easier to harvest, 

Hors are, however, best grown in a sol 
that is loamy with some added organic 
matter, The deal pH is 6.5 to 7.0, which 
‘means that herbs can easily be planted 
‘among vegetables in the kitchen garden, 


SOWING HERB SEED 

Herbs may be sown ditectly in the soil 
‘outdoors, just ike Vagetables, The 
preparation of the seeded and the sowing 
‘techniques are exactly the same, and they 
can easily be interplanted or block planted 
‘among ather vegetables, 

‘Atternatively, herb seeds may be planted 
Under cover, raising them in the same way 
as early vegetables and bedding plants and 
then hardening them off before planting out 
in the garden, This method is especially 
Useful for mors tender, leafy herbs such as 
basi or cariancler (cilantro). 


Left: Herbs are an important element in 
both omamental and kitchen gardens, being 
decorative as well as useful. 


‘Above: Herbs are easy to grow given the 
right growing conditions. They provide an 
attractive, often fragrant, display. 


‘Above: You can restrict the spread of 
invasive plants such as mint (Mentha) by 
planting them in pots or buckets that are 
then buried in the ground. 


‘Above: Pinching out newly planted herbs 
such as thie bay (Laurus) will encourage 
bushy, leaty growth, 


Basil (Ocimum basiicum), for example, 
associates wel with outdoor tomatoes, 
‘both in the garden and in the kitchen. 

‘These can be planted out together from an 
Indoor sowing and the crop willbe 
mutually complementary Indoor sowing 
‘can also provide you with herbs that can be 
cropped earierin the season, effectively 
extending the useful if of your organic 
herb garden, 


PLANTING HERBS 


1 Excavate a planting hole that is about a 
<uarter to haif as big again asthe plant's 
rootbell, Make sure itis deep enough, 


PLANTING HERBS IN THE GARDEN 
Hers can be sited anywhere in the 

‘garden as long asi is sunny. They have a 
range of forms and colours and often make 
valuable adaltions to the ornamental 
Carden, Foxoioves (Digitalis), sage (Saha 
officinalis) an the curry plant (Helichrysum 
‘taicutn) are a few examples of herbs that 
can be used in ennual and herbaceous 
borders as well as in the kitchen garden, 
Some herbs, such as mint (Mentha) and 
lemon balm (Melissa officials), can 
become very invasive if they are not 
‘contained in a pot or sunken sink when, 
growing among ather plants in an 
‘omamental border, Remove the flower- 
heads from the mint before they have hac a 
chance to seed, as the seed will germinate 
all over your bordet 


PLANTING HERBS IN CONTAINERS 
Herbs make excellent subjects for use in 
pots and containers and are wonderful for 
patio gardens that caich plenty of summer 
sun, although you need to make sure that, 
the potting mix never cries out, Rsec 
beds, which provide good drainage, are 
also good areas for growing herbs, Always 
Plant them in a free-draining potting mix 
that wil not become waterlogged. There are 
hurnerous cultivars of culinary herbs that 
can be used for ornamental purposes, and 
groups of pot-grown herbs can be 
‘extremely decorative as well as supplying 
you with a range of fresh flavourings, 
‘Thyme, rosemary, lavender and sage are all 
{g00d choices to grow in pots, either 
‘outdoors or on your windows 


2 Ensure that the top of the compost isthe 
‘same level as the surrounding sol. Refil the 
gap around the rootball and firm the soil 


Above: Herbs are easily grown ina 
container which wil provide an excellent 
fecal point in the kitchen garden, 


Hert pots require ile maintenance, 
save for watering and the occasional feed 
‘during the growing season, Most are rarely 
Jong tarm and are best restarted yearly or 
‘every other year. Herbs that are permanently 
in pots, such as bay trees, wil raed 
repotting every year, Spreacing subjects like 
thyme can be lifted and both top-pruned 
and root-pruned prior to repotting. 

Mint and other spreading herbaceous 
‘subjects may need dividing and reaotting 
from time to time, This is done by spitting 
the crown of the plant into smaller pieces 
‘and then repotting one of these back into 


3 Water the plant immediately after planting, 
‘Keep the plant well watered unt it is fully 
established into the surrounaling soil, 


the container with some fresh potting mix, 
Dividing in this way is best performed 
annually for very vigorous herbs. Harvesting 
‘on a regular basis is often enough to 
‘contol the growth of many potted hert> 
arrangements (where a number are planted 
Inone container), but a light tim may also 
bbe necessary from time to time. 

Potted hertas may also be grown in the 
(greenhouse to ensure a supply both earlier 
‘and later in the season. Tiy growing basi 
(Ocimeim basiicum), coriander (cllantro, 
Corianchum sativum), chives (Alin 
‘schoenoprasum) and dill (Anethum 
graveolens) In pots because this will save 
money i you spend a lot on fresh herbs, 
Pots raised under glass can be brought into 
the kitchen for ease of use, A series of 
successional sowings under glass wil 
ensure that you have fresh herbs for most, 
even all of the year, both indoors and out. 


‘Above: Planting spreading herbs such as 
thyme (Thymus) in pots will help to control 
them and can also be decorative, 
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HARVESTING AND 
STORING HERBS 


‘Many commonly used culinary herbs such as basil, coriander (cilantro), 
chives and parsley can be grown indoors on a windowsill or conservatory 
during the cooler winter manths if you have space. If you are not able to 
spare growing room for these, most are easily stored for use ater. Herbs 
are easily harvested and most of the storage techniques are simole 


and straightforward. 


HOW TO HARVEST HERBS 
Various parts of herbs, Including the 
eaves, flowers, ftults and seeds, are 
‘gathered a cifferant times, depending upon 
the plant and the part that provides the 
desirable properties, Annual leafy herbs: 
such as basi (Qcimurn basiicurn) anc 
parsiey (Petrosetnum erispur) should be 
careful picked, never taking more 
than about 10 per cent ofthe growth in a 
single pieking 

The same is true of perennials such as 
sage (Salvia officinats), thyme (Thymus 
vulgaris) and rasemary Rosmarinus 
officinalis) because severe pruning or 
Cover-stripping ofthe leaves will weaken the 
plant. itis important that you not remove 
‘mote than one-third of the growth at any 
one time, Ifyou harvest careful, you wil get 
‘8 more vigorous leat growth that wil esuit 
in healthier plants 


Above: The best time to harvest herbs is 
usually Just before thay flower. This. is when 
they have their strongest favour. 


‘As a general rule, pick herbs just before: 
the plant is about to lower, which is when 
they have the strongest flavour. Pick the 
leaves when they are fresh and at their 
sweetest, selecting blemish-fre, upper 
leaves. Collact the leaves in early morning 
or late evening, provided they are dy, rather 
than in bright afternoon sun when the 
plant's sap Is rising, This is when the aroma 
(of herbs is at its strongest and is easily 
lostifpicked during this time of day. 
Flowers such as borage (Gorago officinalis) 
‘and lavender (Lavandula), however, are 
‘best picked just before they reach fll bloom 
and once they begin to open in the heat of 
the day. 

Rhizomes, lke ginger and turmeric, are 
collected in autumn, just as the leaves begin 
to change colour and the maximum amount 
of nutrition has been stored. Use a fork to 
gently free the roots from the soiland 
always avoid "hand-puling” them, Choose 
only the best ones and use a vegetable. 
brush to gently loosen any dirt ff you do 
need fo wash them, do so quickly in cold 
water and avoid soaking them, as this can 
resuitin lost flavour, 

Harvesting seeds tends to vary from 
plant to plant, Some seeds, ike those of 
borage, simply fall to the ground as soon as 
they are rive, Thyme seeds are very small 
‘and hard to see, Parsley and coriander 
seeds shake of Vary easily, and frequently 
the plants wil have sown next year's crop 
for you before you realize they have gone to 
seed, One method of harvesting any seed 
that is dificult to collect isto le a small 
paper bag over the flower head when the 
‘ead start fo form, ensuring thal you can 
collect the seed without losing any, It would, 
‘bp adivisable to use this method for 
collecting from plants with small seed as 
they can drop off when ripe or sometimes 
spring from the plant 


‘Above: Aromatic herbs such as rosemary 
(Rosmarinus officinalis) can be used to 
flavour bottles of olive ol, 


‘Above: Herbs can be dried for later use 
‘by hanging them in bunches in a dry place 
‘ut of airect sunlight. 


DRYING HERBS AND FLOWERS 
Store herbs in a cool, dry place with 
minimum exposure to ar and sunlight. One 
‘of the most popular methods of preserving 
them for use clung the winter months is 
drying. This method can actually improve 
‘the flavour of some herbs, particularly the 
leaves of bay trees (Laurus nobilis). Herbs 
may be dried in bundles secured with a 
rubber band or string and hung upside 
down from a rackcin a dry location such as 
an airing cupboard or shed. 

\When drying the herbs, the temperature 
of the area should not exceed 30°C (66°F) 
because the plants’ essential cis wil 
‘evaporate at or above this temperature, 

Do not dy your herbs in the kitchen where 
they wil be spolled by the humiclty caused 
by cooking, 


Fresh herbs can also be placed in brown 
paper bags. Remember to label the bags 
because it wil be hard to distinguish 
between the herbs onos they have dried, 
Store ina aly, dark, cool place until the 
herbs inside are dry, shaking the bags 
‘occasionally 50 that the plants cry evenly 
Remove any stems and store the dried 
herbs in airtight jars. Keep the jars away 
from light to protect the colour and flavour 
of the herbs. Roots are best chopped into. 
‘small pieces and dried in an oven. In 
general, you can expect those that you 
have grown and dried yourseff to last at 
least two years. 


STORING HERBS. 
Herbs can also be preserved in other ways, 
0 that you can use them in cooking 
throughout the year, 

Herb salts In a cool oven, spread a layer of 
ground salt on a sheet of greaseproo! 
(waxed) paper. Sprinkle the chopped fresh 
herbs on top of the salt and bake for 10-20, 
minutes, When the herbs are dry, let them, 
c00| and place in a jar. Chives, oregano, 
‘thyme, larmon bain, lemon thyme, parsley, 
rosemary and baal can all be treated this way. 
Purdeing This method involves mixing 
approximately 60m! (4tbsp) of olive oll with 
21(8 cups) fresh basil leaves which have 
‘been washed and dried. These are blended 
In processor until purded before being 
transferred to ajar. Stir each time you use i 
{and top with a thin layer of ol afterwards, 
The purée should keep for up to one year in 
a retrigerator 


‘Above: After herbs have been hung up to 
ry, separate the seeds from the dry flower 
‘heads before storing in tightly sealed jars. 


Freezing herbs Herbs such as il, fennel, 
basil and parsley treeze well, The herbs 
‘should be cleaned and put into separate, 
labelled freezer bags. Alternatively, chop the 
leaves and freaze them with alittle water in 
|ce-cube trays. Chop the herbs finely fling 
each cube, half with herbs and half with 
Wale, befare freezing. Transter the frozen 
‘cubes to plastic bags and label, Frozen 
herbs are best used within six months, 


HERBAL INFUSIONS, 

‘You can also make a hot infusion of leafy 
herbs by placing the herb and any fne- 
ually olive on a glass bow, This is then 
placed over a pan of gently simmering 
‘water and heated gently for about three 
hours, ensuring that the water in the pan 
does not dry out. The strained oll, once it 
hhas cooled, should be stored in airtight 
bottles or jars, 
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‘Aco infusion of flowery hers involves 
Using ftesh herbs such as chamomile which 
are ground with a pestle anc mortar and 
packed into large jar and covered with cl 
The sealed jaris then left in a warm, sunny 
place for two to three weeks and shaken 
‘occasionally. Its then strained and placed 
into aitight jars or bottles where it can be 
stored for up toa year. 

‘simple way of creating aromatic olive 
dllis to simply adda large sprig of your 
chosen herbs —rosemary and mint are 
{good choices —to a bottle of ove ol, Store 
the bottle in a coo) dark place for about ten 
days before using, 

‘You can aleo make you own herbal 
vinegars by adding fresh hers such as 
tarragon or rosemary ar cloves of gai, 
slices of ginger, chilies or peppercorns and 
al-spice powder to white vinegar, Crush 
about a quarter tre volume (1 cup) of 
loosely packed tresh herbs foreach ire of 
vinegar. you are using ded herbs, use 
half the amount of herb stated’ above. tis 
important that you use only commercily 
prepared vinegars, as homismade vinegar 
may not have a low enough pH to prevent 
bacterial growth. Place the vinegarina pot 
‘nthe stove and heat, but do not boil 
Place the herbs in a clean, sterilize jar and 
siightly orush them. Pour the vinegar over 
the herbs and cover the jar ight, Let the 
herb-vinegar mixture steep in a dark place 
at foom temperature, shaking the jar every 
couple of days, After a week, strain the 
Vinegar and place in bottles and store for up 
to six weeks. 


DRYING AND FREEZING HERBS 


1 Pick seed just as its ripening. Place the 
‘seeds on a tray or in a paper or musiin bag. 
Leave in a cool, dark place fora few days 
Until the seed is completely dry. 


2 Herb seads that have been aried can be 
stored in old glass jars with an airtight fd. 
‘Store the jars in a cool, dry, dark place and 
label them for future reference. 


‘3 Herbs can be frozen In ice-cuibe trays. Fl, 
the trays with water after you have adied the 
‘herbs to make ready-to-use cubes. Herbs 
‘can also be packed inta freezer bags. 
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GROWING FRUIT TREES 
AND BUSHES 


Freshly picked truit from the organic garden tastes absolutely delicious. 
The warm taste of a juicy sweet raspberry or the crisp flavour ofa 
tree-ripened apple would tempt many a gardener into growing their own 
fruit produce, The tastes can be quite different from shop-grown produce 
where storage, hanaling, packing and off-the-tree ripening all take their 


toll on the quality and taste of the fruit. 


WHERE CAN FRUIT BE GROWN? 
Fruit trees and bushes can be grown 
‘wherever there is space, Strawoerries can 
be used in hanging baskets or tubs, cwart 
apple trees can be planted in omamental 
‘containers and a number of fruits, such as 
cherries, white and red currants and figs, 
‘can all be grown against walls. Fruits not 
‘only provide produce for the kitchen table 
‘but many of them have omamental qualities 
‘and can blend wll wth other plants in the 
decorative garden 


CHOOSING A SITE 
The best site fr fruit, both indoors and out, 
{sa sunny one, Sunight is essential, not just 
for the ripening of the frit itself but also for 
flower bud formation and flowering. In 
‘addition, fr trees and bushes often 
appreciate a sheltered spot where even 
‘exotic frit can be raised, Within the garcien 
‘a sheltered sunny well can provide the ileal 
place to grow peaches, apricots or figs. 
ifcold winters are a problem, then provide 
‘inter protection In the form of a potable 
frame or, ateratively, grow the plants in a 
‘greenhouse, It's worth noting that provicing 
Yyour plents withthe ideal concittons for 
heathy growth wil reap is rewards in the 


end, Not oniy will you harvest heavier yields, 
bout, more importantly, your plants willbe 
less prone to pest and disease attacks, 
Which is an obvious advantage when 
‘growing organically, 


SELECTING THE RIGHT PLANTS 
Variety selection should note based purely 
on hardiness but on personal prelerence. 
‘You may also wish to consider how easy 
the fruit ree or bush isto grow, frit size, 
taste and the time of harvest. Selecting 
‘more than one variety can result in having 
fresh fruit over a longer period due to a 
sucoession of rinening, 

Some fruit trees combine the best 
uaities of two plants. Grafting utiizes 
the qualtos ofthe variety as top growth 
(scion) and other desirable qualities from a 
rootstock that may be absent from the 
varity. The scion is the friting variety that 
is bucked or gratted on to the rootstock 
Which is selected for certain characteristios 
such as dwarfing, nematode insect 
resistance, sol type, cold hardiness and 
disease resistance. 

The most commonly grown rootstocks 
for amateur gardeners are the apple semi- 
dwarfs and civarfs, Grapes are also grafted 
‘on o clonal rootstocks, although they are 
atten supplied on their own roots, Figs, ofvess 
and various types of berry are also usually 
supplied as plants on their ov roots, 

Dwarf apple trees are very usetl in small 
garciens and are eminently suited to 
container growing. They produce rut of the 
same sive, colour and quaity as larger 
standard trees and require the same 
pruning, nutritional and care reaimes as a 
standard-size tree, 


Left: Most fruit bushes will bereft from & 
generous application of wall-ratted manure 
‘or compost early in the year. 


‘Above: A sunny wall provides an ideal 
location for growing fruit trees, such as this 
‘pear, that need warmth. 


Dwar trees fruit much sooner after 
planting and bear less fruit per tree, When 
harvesting the fruit, you can reach all parts 
of the tree from the ground without using a 
ladder and the trees are easier 10 train and 
prune on an annual basis. Grating the 
esited variety on to special clonal 
rootstocks “dwarfs” apples, The most 
popular dwarfing rootstooks for apple were 
developed in England and are designated 
as elther EM or M (for East Malling) or MM 
(tor Maling Merton). Dwarfed trees must be 
pruned annually or size control may be lost. 
in addition, loss of fruit by frost or pests wall 
also increase growth so necessitating 
summer pruning 


PLANTING FRUIT TREES AND 
BUSHES 

‘As with any other type of tree, good ground) 
preparation and careful hanciing are 
essential steps to successtuly establishing 
your fruit trees and bushes. The cheapest 
option when buying fut trees isto 
purchase bare-rooted plants. The 
disadvantage Is that they are only avaliable 
during the dormant season, The mast 
Important factor in handing bare-rooted 
Plants isnot to lat the roots dry out. When 
You buy trees always check the candltion of 
the roots and! packing material, Hee in 
plants by covering the roots with moist sol 
ina c00! environment outdoors if they are 
ot 10 be planted immediately. 

Dig ahole sightly wider and deeper than 
‘the spread and lenath of the roat system, 
making sure the sides of the hole are not 
“glazed over as this wil rest in a root 
giraling. After trimming diseased, dead, 
broken or extra long roots, place the tree in 
the hole and spread out the roots, Forlarger 
trees, place the stake in the hole and crv it 
in (emembering to frst remove the tree and 
cover the roots). Place the tree back into 


PLANTING A FRUIT TREE 


1 Dig hole in the ground that is at feast half 
large again as the rootball of the fruit 

©. Loosen the sides and the base of the 
planting hole with a garden fork. 


4 Hammer ina stake at an angle of about 

650° in order to avoid the rootball and place a 
tie on the tree. Saw off the end of the stake. 
Nail the tie to the stake to secure it 


5 The tree should remain staked for 
approximately one year. As the diameter of 
the tree stem increases, loosen the tree tie 
as required. 


2 Remove the pot and check the rootball for 
Aircling roots, Tease these out by hand or 
with a garden fork. 


‘ole and retum the sol, fming In layers 
of about 30cm (12in) as you go, This avoids 
198 alr spapes boing lett around the roots 
and ensures that itis set fimly, Trees should 
planted at the same depth as they were 
grown in the nursery. Make sure the bud 
snjon (for trees on raotstocks) is about 
S-Tem (2-2in) above the soll line. Do not 
‘ertitzer in the planting hole as this, 
can be added later. Mulch the newly 
planted tre with well-rotted manure or 
compost to suppress weeds. Container- 
grown nursery stock can be transplanted 
any time of the year. Site preparation is the 
same as for bare-rooted stock, Make sure 
that you check the roots as they can 

ime distorted or root bound if they are 


‘grown in containers for @ long period of 
time, Teasing these roots out can help avoid 
root gircling, but the best way to do this is, 
10.Use feld-grown (bare-rootad) stock. 


PRUNING NEWLY PLANTED STOCK 
Fruit tre08 must be pruned when they are 
planted for a number of reasons. If planting 
bbare-rooied stock, the top of the tree must 
bbe prunad to counter-balance the loss of 
the root system which would have beeen 
severed in the nursery during lifting. Pruning 
also forces the growth of laterals from which 
the future framework of the frit tree will be 
selected. Branches that are desirably located 
‘can be retained as part ofthe framework 
‘whereas undesirable branches are removed, 


‘3 Use a straightedge to make sure that the 
plant is atthe right depth in the hole. Fl 
around the roots with sol, fim it down and 
water well 


FRUIT TREE POLLINATION 
PPolination is the transfer of pollen from 
the male part of the flower to the female 
‘pat of the flawer (the stigma) to allow 
{fut to set and seeds to develop. Seeds 

| cause the fruit to develop propery. 

If both the pollen and stigma are from 

the same flewer or from another flower 

{rom the same variety; the process is 

called sei-polination. Frit trees that set 

{rult asthe result of self-poltination are. 

called se-ritful, whereas those 

‘lying on pollen from a cifrent variety 

‘are called self-unfrultul The latter 

needs two varieties nearto each other 

{for fruit set to occur. This is called 

cross-pollination. 


‘Apples Apples generally need two 
varieties for good fruit set, This can be: 
another apple variety or a crab apple 
‘that blooms with the edible crop. 
Apricots Selt-ruittul 

Berries (all types) Self-truitful 
Cherries Sweet cherry is self-unfruitful 
‘and needs two varieties for good crop 
set. Sour cherry varieties are sel-futul 
European plums Sel-futful 

Figs Self-rutfu 

Japanese plums Setf-unirutful as a 
rule with the exception of Santa Rosa 
which will set fruit fairly well without 
ctoss-polination. 

Nectarines Sel-fultful 

Peaches Self-ruitful with the exception 
ff “LH, Hale’ which has to be pollinated 
by another variety. 

ears These always need two variates 
0 ensure good fruit set, 
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SUPPORTING FRUIT 
TREES AND SHRUBS 


Many of the fruits that we grow, such as free-standing apple or plum 
trees, require support only in the early stages, whereas other fruits, lke 
the raspberry, need this throughout their ives. Supports benefit the plants 
in a number of different ways. They help in establishing strong roots and 
can prop up trained specimens such as cordons and espaliers. This helos 
to maintain healthy vigorous growth and increase fruit yields. 


WALL AND FENCE FRUIT 
‘The training of fruit on a wall ora fence is 
carried out to gain the maximum production 
of high-quality frutin a ited space, As 
Well as being Ideal for a small garden, this 
can also look extremely decorative. 
Numerous training systems, based on the 
art of espalier which originated in France 
‘and Italy about 400 years ago, have been 
devised, The most useful taining systems 
Used in gardens today are the fan, espatier 
‘and cordon, Apples, pears and plums are 
all suted to this method of training, which ks 
Usually supported by a wall, fence or wire 
trols. The plants are normally held to the 
‘wall or fence using wires which are hele in 
place by vine eyes, positioned 60-80em 
(2-3) apart. The wire is led through the 
holes in the vine eyes and secured at both 
fends, The wires should be no more than 
90-450m (12-18in) apart 


STAKING A FRUIT BUSH 


FREESTANDING WIREWORK 
Raspberries, blackberries and other hybrid 
beries are all grown on a permanent 
framework. They are usually grown on a 
freestanding structure that supports the 
loose growth of the plants, To build such a. 
structure, insert a post at least Gem (24in) 
Into the ground at the end of each row. 
Brace each end post wih another post set 
ata 45-degree angle. Insert intermediate 
posts between the two end ones at a 
cistance of every 2m (6'af). They are set in 
at the same depth as the end posts, but no 
bracing posts are needed. Fix the wires on 
to the posts so that they run the length of 
the support, Place the frst wire 00m (24in) 
from the ground, pull tight and attach to the: 
posts using staples or eye-bolts, The other 
Wires are attached at 806m (12in) intervals 
Until they reach the top of the support. The 
final height depends on the height of the fru, 


‘Above: Apples can easily be grown in rows 
198 cordans that are supported by @ 
framework of stakes and wires. 


INDIVIDUAL SUPPORT 
When they ae fist planted, al rae-standing 
trees require support to help them to 
estabish a strong healthy root system. You 
can use a stake to support aut ree, 
{ensuring thatthe stake is placed on the 
windward side ofthe tree, The stake is 
inserted before the trea is planted and is 
liven wel into the ground. The general rule 
is to have a stake that is one-third the 
holght ofthe tree showing above the 
ground, The trees then ied tothe stake 
Using a tree te, Do not use sting or rope 
because this can damage the bark. A 

low stake such as this wil allow the top 
part ofthe ree to move about freely anc so 
holp the tee to thicken and strengthen ts 
trunk. For most fruit trees the stake should 
only be ltt In the ground for approximately 
‘one year anc not for several years as Is 
commonly practised. 


1 .Using alarge mallet, drivea --2Fixanather strainer postata Fix the wires ta one of the “4 The fruit bushes can be 
‘strong wooden post into the 45-degree angle In order to posts and then stretch these fastened to or trained along 
ground at the end ofa row of support the upright. Place this tightly along therow, stapling _—_these wires. Take care not to te 
the fruit bushes toa depth of on the side the wire is to run them at each post along the row stems too tightly as this will 
‘about 60cm (2h). ‘and nail it fimly. as you go. ‘damage them. 


PROTECTING FRUIT 


There can be few more frustrating events in the kitchen-garden calendar 
than losing your fruit crop (or a fair portion of it) to birds. However, we 
have to remember that birds are a strong ally in the fight against pests in 
an organic garden and should be encouraged into fruit-growing 

areas when the bushes are not fruiting. Protection for the fruit crops 

wil therefore need to take the form of moveable cloches or fruit cages 
where the netting can be removed after fruiting has taken place. 


FRUIT CAGES 
This is pethaps the easiest way to protect 
tall rut crops such as blackcurrants, 
raspberries and gooseberries because 
these plants can all be grown under the one 
structure, This makas it easy to maintain 
and harvest the fruit 
A permanent fruit-cage structure with 

movable netting isthe ideal scenario 
because the netting can be put in place just 
before the crop ripens and then is taken 
own again after fruiting has occurred 
This allows the birds to roam freely around 
the area at all other times, but without 
Jeoparcizing the crop at fruting time. 
Alternatively, a series of small cages can be 
constructed over crops that ripen at 
cifferent times, netting each of them 
ingivicually as the fruit begins to ripen. This 
Is. @ wildife-riendly way of protecting the 
fru, but itis also time-consuming, 


‘Above: A tunnel of wire netting is ideal for 
protecting ripening strawbemies from pests 
‘such as birds, 


LOW-LEVEL PROTECTION 
‘Smaller-or lawer-growing crops, such as 
strawberries, can also benefit from a barrier 
to protect them from birds. This is easily 
achiaved, as the structure does not need to 
bbe large, permanent or even particularly 
sturdy, One simple method isto form a low 
tunnel of chicken wire, supported on hoops 
that ara bent into an inverted U-shape, For 
larger areas, a series of stakes hammered 
into the ground can be covered with netting 
to keep the birds at bay. Planis growing on 
Wire trelises can be protected with netting 
raped over the stakes and top wires and 
‘weighted at the base with stones. 


Left: Fruit trees growing against a wall can 
easily be protected with a cost-effective 
frame that Is covered with netting 


Right: Fleece stretched overa frame can 
help protect the blossom of wall specimens 
from late frosts. 


U | 


‘Above: Gloches can be used to protect. 
‘young strawberries from bad weather and 
also to keep pests at bay. 


Larger bush frut can be covered with 
netting and weighted down with stones. A 
lite of the crop may be accessible to birds, 
‘but most willbe protected, 


PROTECTION WITHOUT BARRIERS 


Most bird deterrents depend upon shocking 
the birds or mimicking something that they 
‘are naturally araid of. Scarecrows are an 


age-old favourite, Other deterrents mimic 
the shape of hawks or make noises that 
wil starte the birds, A relatively recent 
innovation” has been to hang compact 
iscs from wires stretched through the 
crop, Most of these deterrents tend to work 
‘very Wollt first until the birels get used to 
them, However, the only drawback is that 
when the birds get used to them, they 
resume thelr onslaught with a vengeanos 
‘The only way to overcome this Isto keep 
changing the deterrents every few days, 
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PRUNING FRUIT TREES 
AND SHRUBS 


The general purpose of pruning fruit trees is to regulate growth, increase 
crop yields and to improve fruit size and quality. The fruit trees also need 
to have all the dead, diseased and damaged wood removed as well as, 
overcrowded areas thinned out. Pruning is also performed in order to 
establish a tree with a strong framework that is capable of supporting 


heavy crops without causing damage to the plant. 


WHEN TO PRUNE FRUIT TREES 
Ia rut tree is pruned in spring, all the effort 
that the tree has put into bud production is 
wasted, The best time to prune is in winter 
when the plants are dormant and the sap 
has nat yet started to rise, This applies to all 
fruit except for plums and cherrias which 
are susceptible to sivereaf disease at this 
time and are best pruned in summer. 

‘Summer pruning is also recommended if 
{you wish to control vigorous growth in 
formally trained fruits such as fans, cordons 
and espalers 

When pruning’s underway, older fut 
bearing trees should be pruned frst. Young, 
‘non-bearing apple trees andl stone fruits 
‘can be pruned later to minimize the risk of 
winter injury, 


BASIC PRUNING CUTS 
‘Although there are different methods of 
pruning and training, the pruning cuts are 
the same. Always make the pruning cut just 
above a bud, ensuring that the cutis angled 
away from the bud, This will alow rainwater 


PRUNING LARGE BRANCHES 


BENEFITS OF PRUNING 
Pruning frit trees and bushes has 
‘many advantages, some of which are 
outlined below. 


* Increased frit yields. 
‘Can aid ripening of the frit. 
“= Maintains heaithy growth. 

* Regulates growth. 

+ Improves fut size and quailty. 
* Controls the spread of disease 


10:dfip down the ather sida of the stem and 
away from the bud, thus protecting the tap 
Of the cust from rating, 

Larger branches will nged to be cut with 
‘saw. If the branch Is very heavy, you wil 
need to remove the branch In thres 
‘separate stages. Cut underneath the 
‘branch first, 20-25em (8-10in) away from 
Where the final cut wi be. Make the second 
ccut on the top of the branch just behind the 
first undercut, Follow this through until the 


Above: The careful pruning of trained 
specimens, such as this pear, will result in 
good blossom and imprave frit yields, 


\weight of the branch makes the wood spit 
and it falls off cleanly at the undercut, You 
wil then need to make a third cut at the 
branch collar, cutting straight from the top 
to the bottom of the branch as there is no 
weight left to tear the bark 


Above: Training can give rise to a variety of 
‘omamental shapes. These pear trees have 
‘been trained into a oylinarical shape. 


1 Make a cut about 20-25em (@-10in) out 
from where the final cut will be on the 
underside of the branch. Cut about third 
of the way into the branch. 


2.Mako a cut about 10cm (4in) nearer the 
‘position ofthe final cut, cutting until the 
branch snaps. The initial undercut prevents 
the wood spiiting ar bark from strigping. 


3 Position the saw forthe last cut to avoid 
damaging the swollen area at the base of 
the branch. The cut wil heal in a couple of 
‘seasons. No wound painting Is necessary. 


transformers of energy. Energy motion occurs in the 
smallest part of space. Consequently, the whole space 
can be represented as a system consisting of the energy 
transformers. In the general case due to every type of 
energy limits of a transformer consist of outer limits 
(ie. communications with the macroworld) and inner 
limits (i.e. communications with the microworld). 
Dividing into the macroworld and the microworld 
occurs in relation to the size of a transformer for every 
type of energy. Types of energy coming through 
communications of a transformer and inside it may 
differ, ie. mechanical, heating, electromagnetic, 
chemical and other known and unknown types of 
energy. 


‘The processes in which a great number of interacting 
elements and different types of energy participate are 
very complicated and do not allow describe the 
processes accurately by modern mathematical 
methods. Hence, there is a problem to find such 
methods of solution of the tasks which without 
disclosing all the communications inside the element 
can give the understanding of the way an element 
moves in the system. The following premises can be 
made for the method of solution of the task of a system 
and its elements’ motion: 


1. Motion of all the elements in the space is 
characterized by energy exchange occurring among 
them; 

2, We are interested in a certain limited area for 
every individual type of energy. The chosen limited area 
will be called as a transformer; 

3. The transformer has degrees of freedom both on 
its limits (sides) and inside it (inner degrees of freedom), 
4, Further this limited area (the transformer) which 
has or is able to have a limited number of degrees of 
freedom (sides) at its limit will be observed; 

5. Interaction between this transformer and the 
ambient space occurs only through these degrees of 
freedom (sides) by means of energy exchange; 

6. Motion of energy between the elements of the 
transformer occurs according to its degrees of freedom 
inside the transformer. There can be a limited or 
unlimited number of degrees of freedom. 

7. All the space is full of the transformers. All the 
transformers adjoin each other without gaps. Energy 
exchange between the transformers occurs through 
their sides which do not have a size but reflect general 
kinematical and dynamic characteristics of the energy 
transferred through these sides. 


Editor: The full variant of the article includes 
mathematical description of operation of energy 
transformers which is followed by these conclusions: 


- There can be any number of different types of 
elements having a corresponding number of degrees 
of freedom and any type of energy inside the 
transformer. However, on every side of the transformer 
a generalized force has the same value and depends 
only on change of energy according to this degree of 


freedom. Therefore, two transformers are considered 
tobe equal if the generalized forces (energy changes) 
on all the sides are equal. In this case it is not 
necessary for the inner structure of the transformer, 
number of inner degrees of freedom, and energy types 
of these two transformers to be equal. This is a 
principle of equivalency of transformers at the 
equivalency of the forces acting at the sides of 
transformers. 


- Inthe general case the generalized force at any 
side depends not only on energy exchange occurring 
at this side but on energy exchange occurring among 
the sides or at other sides of the transformer. The 
generalized forces are produced by energy 
distribution in the space. 

- Atransformer is characterized by the fact that 
there are different types of energy at its different input 
sides (or the energy can be of the same type but 
having other characteristics of motion). 


Resistances of the interaction provide information 
about physical properties of the transformer, in 
particular, about physical interaction between the 
sides. At that a number of inner degrees of freedom 
in this transformer as well as the reactions at the other 
sides do not play any role. Proper resistances of the 
sides and resistances of the interaction provide 
information about inner physical characteristics of the 
transformer reduced to equivalent values at the sides. 
Hence, it is possible to have two transformers having 
equal equivalent resistances of interaction for all the 
sides. However, according to their geometrical and 
constructional characteristics and types of energy, the 
transformers will be different. The resistances may 
be a function of kinematical characteristics 
(a nonlinear transformer) or of time (a parametrical 
transformer). Moreover, it can have constant values 
(a linear transformer) 


It is appropriate to consider physical properties of 
matter included in the volume of a transformer only 
due to resistances at the sides of the transformer. 


Structure of the transformer 


Every inner degree of freedom can be represented as a 
series circuit. By analogy with electric circuits [6, 7, 
11, 16-18] the transformer can consist of various 
circuits. An unlimited number of degrees of freedom 
allows represent a transformer consisting of an 
unlimited number of chains. The circuits have series, 
parallel, or mixed junctions. A part of a circuit whose 
elements have the same generalized displacement is 
called as a branch. The branch can consist of one or 
several elements. A place where three or more 
branches are joined is called as a multiple junction. A 
circuit is considered to be a closed path including 
several branches and multiple junctions. All the 
elements of a chain connected in series have equal 
generalized displacement (as well as equal speed and 
acceleration). The generalized force acting on the 
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SUCCESSFUL FRUIT TREE AND SHRUB PRUNING 


Pruning frit tres is a very complex subject and, ike so many areas: 
is the subject of opinion and hot debate, 


of organic gardenin 


1 Remove root suckers arising at the 
base of the tree 
‘These compete with the upper growth 
for water and essential nutrients and 
their dense habit can harbour pests. 


2 Always cut out dead, dying, damaged 
or diseased limbs first 
Helps to maintain the plant's health and 
enables you to see precisely what 
needs doing next. 


3 Remove low, drooping limbs 
‘These will not bear fruit and will often be 
heavily shaded by growth above, They 
‘are an unproductive drain on the tree. 


4 Remove upright growth or outward 
‘growth in the case of wall-trained 
bushes 
Upright growth will produce a flush of 
‘growth at the end and will not fruit 
‘well. Branches growing away from the 
‘wall will shade the fruit behind causing 
poor ripening. 


Above: This well-established pear tree has been trained into an 
‘espalier on wire supports, Many fruit trees can be grown and 
supported in this way. 


5 Remove crossing or dense 
parallel growth, 
Grossing growth will ub and can cause 
bark damage that wil allow disease entry, 
Dense growth wil also shade the 
developing fruits. This wil slow and limit 
‘the ripening of the fru, 


6 Freestanding trees should have upper 
limbs cut back further than lower limbs 
Th wil result inthe development of a 
conical shape that will allow ight 
penetration al the way down the side. 
Fruit will ipen more evenly. 


7 Remove water sprouts as they develop 
Water sprouts can quickly devsiop and 
cover the developing trults, causing poor 
ripening and harvesting dificultes. They 
can be easily removed by hand. This is 
best done early in the season when the 
growth is soft and is therefore easily 
removed. Carry out regular inspections 
throughout the season to control the 
water sprouts 
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Despite this itis possible to apply certain quiding principles that 
‘can enable you to prune your fut rees and bushes successfully 


8 Once the larger cuts have been. 
‘made, thin out the smaller branches 
Removing thick branches first allows 
{you to See what remains to be done and 
also makes it easier to get to the 
remaining pruning work. Removing 
‘der wood encourages young growth 
to filthe gap. Remember to stand back 
‘and view what you have pruned as you 
0 along. 


9 Always make clean cuts above a 
leaf bud or close to the stom 
Pruning cuts that are not performed 
cleanly or that leave along stub will 
‘damage the plant tissue and encourage 
the entry of pests and diseases. 


10 Avoid feeding with nitrogen for 
‘a season before and following 
heavy pruning 
Both pruning and high nitrogen 
fertilizers promote the development of 
rapid growth flushes that can result in 
the poor development ofthe crop. 


‘Above: This pear tree has been grown as ¢ fan. Fans are an ideal 
way to train many species of fruit tree ancl are well sulted for 
growing against a wall, 
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HARVESTING AND 
STORING FRUIT 


When harvesting your fruits, you will find that there is only so much you 
can eat fresh or give away. There is always surplus fruit left over and you 
are faced with the question of what to do with it. Leaving some on the 
plant to help feed the wildlife in your organic garden is @ good idea, but 
storing the rest of the excess fruit using a variety of methods will ensure 
that you can eat your home-grown produce over a longer period of time. 


HARVESTING 

‘The key to successtuly storing fruit begins 
‘wel before harvesting commences. Your 
fist objective should be to grow fruit that is 
as healthy as possible because it will be 
the best for storage, Harvesting immature 
‘crops or attempting to save those that 

are in poor condition ~ due perhaps to a 
lack of water or nutrients or to pest and 
disease damage ~ can lead to many 
storage losses, 

There are several ways that fruit can be 
stored and the candition of the picked crop 
will usually be the deciding factor as to 
Which of these you should use, Top fruit 
such as apples and pears can often be 
stored fresh through most of the winter, 
Whereas stone fruits and berries, such as 
peaches, strawberries and raspberries, 
must be quickly consumed, turned into a 
preserve or frozen. 

Careful handling, both during and 
following harvesting, is essential because, 
from the moment they are harvested (and! in 
many cases well before), crops have no 


means of reparing any physical damage 
that they may suffer, Even fim, strong 
looking fru such as apples can easily be 
bruised, athough the damage may well not 
show up immediately. 

‘As wellas good handling, a caret 
selection ofthe fruits during harvesting is 
‘essential for successful storage. You should 
ingpect the picked fruits and selact only 
those ofthe best quay for fresh storage. 
Reject any thal have a broken skin or show 
any sign of pest orcisease damage. Do not 
throw them on the compost heap yet, 
however, because damaged fruit may well 
bbe useful for making preserves such as 
ielles and jams or for freezing, 

[tis also a good idea to leave a small 
percentage of mature fruit on the plants 
When you are harvesting to help feed the 
vile in your organic garden. 


STORING 
In general, the storage area for fruit must be 
frost-free, safe from pests, rainproof and 
Ideally kep! at a constant temperature, 


‘Above: An apple is ready to be picked ifit 
‘can be removed from the tree with only a 
single twist ofthe fruit 


\Reronmarenurs 
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appropriate method. 


‘Apples, pears and quinces: 
Store in a cool place for up to 12 
‘months, depending on the varity. 
Allother fruit Eat immediately or 
{reeze, Alternatively, preserve fruit by 
bottling or making nto jam. Fruit can be 
kept for up to 12 months, depending on. 
the method of preservation that has 
been used. 


‘The long-term storage of any frult calls for 
‘e001 conditions with adequate ventilation. 
I you have space, consider having a 
separate refrigerator specifically for fruit 
storage, or choose an area with alow 
termperature that does not go below 
freezing. A garden shed or garage can be 
Ideal, in many cases, but even these 


Far lat: Pick soft 
fruits, such es 
strawbemes, 
raspberries and 
gooseberries, 
carefully to avoid 
bruising the fruit. 


Left; Pears can lest 
for up to 12 months, 
depending upon 
the variety. Lay 
them ina recycled 
box, ensuring 

that the fruits do 
‘not touch and air 
can circulate 
‘around the fruit. 


Above: Fruit trays, recycled trom supermarkets, make ideal storage 
boxes for surplus fruit. The trays should be kept in 2 cool dry place 


such as a garage or shed. 


2088 may need extra insulation i winter 
weather conditions become severe. Some 
ses have a basement, cellar or 
unheated room that may be ideally 
suited for the task. Attics are not 
mmended for fruit storage because 
‘their wide ternperature fluctuations and 
variable humility, 

It is worthwhile trying out a variety of 
different storage methods. This can be 
Jone by spitting the crop up and then 
trying out diferent locations in your hame. 
You will soon find which are the best places 
to store fruit, and what areas are best for 
storing a particular kind of fut 

Ensure that you check the stored fruit 
regulaty, at east weekiy, removing any that 
show signs of decay. Remember the old 
adage that “one bad apple spoils the whole 
barrel"? This can be true for your crop too 
unless you prevent rots from spreading, The 
Lnblamished parts can often stil be used 
for eating or cooking, Iflots of fruits begin to 
rot simultaneously, it could be that the 
storage conditions are not suitab, the crop 
has reached its maximum "shett-Ifo" or the 
fruit was not of sufficiently good quality to 
rt With, 


FREEZING AND PRESERVING 
Freezing is an excellent way of storing al 
surplus fruit that has been produced in 
your garden, Unfortunately, fruit tends to 
jose its firmness ones it has been frozen, 


‘Above: Soft fruit is best placed in emai inaividual containers as it ls 
picked to prevent it being squashed and spolling. Store in a 


refrigerator or other coo! place. 


although the taste will main more or less 
the same. Raspberries, for example, are 
best used! for making pies or flans alter they 
hhave been frozen and will be of very poor 
‘ually if they are eaten raw, Most fruts can 
bbe ftazen after they have been stewad or 
ppuréed this is true of fruits such as apples 
and plums. 

Fruits ike strawberries and blackourrants 
that are not sulted to long-tern storage 
‘can be made into jams, pickles and 
chutneys. You can find recipes for these in 
‘900d cookbooks, 


Above: Adaing a favourite fruit such as 
these cranberries to good wine vinegar can 
‘produce interesting favours, 


Right: Bottling fruit in alcohol is an ideal way 
to preserve soft uits such as peaches, 
nectarines and apricots. 


‘Above: One of the simplest ways of 
reserving fruits to freeze it, although once 
frozen most fruits are only good for cocking. 


CALENDAR OF CARE 


WINTER 
THE ORNAMENTAL GARDEN 


EARLY WINTER 
* Continue cutting the sol if not sready done, when the ground isnot wel, 
* Continue planting and transplanting on rill days 
* Press pants that have boon ified by frost back into the ground, 
* Plant herbaceous perennials fornex yar. 
* Last chance to pant roses 
‘Mave greennouse plants tothe house as they came nto flower, 
{Start pruning deciduous subs and teas dung spel offre, 
‘frost frae woather 


mio-winTER 

* Finish claging and tenching and fork over borders, 

‘+ Order seeds fer coming season. 

‘Protect autumn sown annuals from fost 

‘Prepare ground tha so be plated out wth bedng pnts with manuro, 

Tidy Up cling plans and remove ary dead wood. 

‘Fim down herbaceous plants that have boon lifted bythe fost and protect the 
ew shoots of young tender plans 

“Plant evergreen and deciduous shrubs. 

‘Tim deciduous hedges and shrubs to start bringing them into shape. 

‘Take hardvood cuttings and layers of deciduous shabs, 

“ Sow annuals in gontisheat 

“Take cutings of toner shins and start undor gentle heat 


LATE WINTER 
* Tidy up unused ground ancl apply a top-cressing of manure or leaf mul. 

+ Protact bulbs from mice, salle and bide, 

+ Prune rosos planted ths month, 

* Start to rain and tim climbers 

* Divide herbaceous plats 

* Sow annuals in gentle heat 

‘Transplant auturm sown anual, 

* Plant edgings such as box (Buus) hedging, pinks (lant) orth (Ameria. 


THE WILDLIFE GARDEN 


EARLY WINTER 

‘Try fo muinian a rash supply ot cloan unrozen ister fr wif, 

*To keep some open water on ponde, putin a lating bal or anchored block of 
polystyrene, preferably painted blac, to bso the warmth ofthe gun 

+ Leave tidying the garden unt ste winter to sheltr overwintoring insects. 

+ Leave log and lal ples completely undisturbed unt exxng, 

* Feed resident birds with high energy supplements such a3 fat bls. 

* Order sed now for early sowings of perennials and annuals, 


ip- WINTER, 
Pu panty of fod inthe garden fr resident bids. 

“Hang necting boxas read for breeding birds. 

‘Build dry-stone walls ith gaps to provide shelter for reps and amphibians. 
* Look out for wife tracks in snow and poston cat deterrents t entry points. 
+ Provide food forror-hibernating mamas present. 

* Keep a record of wide to help you target future feecing and habitat creation, 


LATE WINTER: 

* Continue facing resent bids. 

+ Pul up a range of efferent nesting boxes and make each box as inconspicuous 
as possible. Repostion ary nesting Boxes thal vere unused last yer. 

* Stretch wis or neswy-duty cord al east 10cm (in) proud of walls en fences 
fanatrain climbing plants ta orm a screen wit) & gap behind it for nesting Drs 

‘Tim one side of edges to encourage dense naw growth 36 nesting cover, but 
leave some flowering stems on spng-blossoming species such as hawnnom 
(Crataegus for nec. 

‘Protec! bulbs from mice, nas and birds. 


SPRING 


EARLY SPRING 

+ Feed! iavms where the grass is thin and sed areas where the grass has bean 
completely worn away. 

+ Prepare borders read for biennial and perennials next month. 

* Remave leaves and other debris rom bordors and fork ove 

+ Tlayup song bedelng prt 

4 Sow hardy annuals when the waathers cry and mi 

4 Start pruning roses. 

‘Tim box edging and damaged evergreens, 

+ Prick out anouas started last month. 

+ Start to harden off erly seedlings mad for bedding ou 

* Look for pests and diseases andl deal wih them as they occur 


‘10-SPRING 

* Hoe off weeds 

+ Wale for sgne of frost and protect young shoots 

+ Walch out for pests and diseases. 

* Give the lain frst cut and its edges. 

* Stake and te any plans that need 

* Sow hardy annuals 

* Propagate hardy peronias, noluding water plants 

‘Finish winter pruning and prune late viter/eary spring flowering shrubs before 
they commence growth, 

‘+ Comlinue hardening off summer bedding and pinch out the tops. 

‘Trim and tidy up all cimbars before thay start into grow, 

Sow Hal-hardy annals and take cuttings. 

{Give box hadges thal frst eippng. 


LATE SPRING 

Hoe off weeds 

“Finish off lgging and retavating fo prepare the beds or planting. 

“Winter newly planted plans in ty weather 

“= Kaep an oye apen for pests ancl cseaser 

“Tidy bub beds ator the foliage has died down. 

“Tis in svest peas (Lathyrs oderatus) and check the suppor of other climbers. 

* Fish sowing hardy annuals and pint out those raised under glass. Thin 
‘utdaor eovings and transplant where necessary, 

+ Plant ha-hardy bascing plants when the dangar of rst ove 

* Divide spring- lowering plats, tke pximroses (Primula vulgar), for next season. 

+ Shruts should have old wood removed and thinned out 

* Continue taking cuttings, 


EARLY SPRING 
“= Put plenty of food the garden for resident birds, 
“ Croat a wile pond ready to plant up next month. 
* Supplement the det of resident early nesting bis with mealvorns 

‘and waxworns. 
+ Emerang hedgehogs wll benef fom a fee of cat food ner ther nesting sites. 
* Hang nesting boxes for solitary bees, 


MiD-SPRING 

+ Plant new garden nonds and replace dead plant n established pons. 

* Sow seeds of hardy annuals ina sunny spot to attract insects during the 
“Surry untl ate autumn. Mix them up with salad crops fo act as hell 
companion plants 

+ Install a "oage" of argo-pauge chicken wire around nesting sts to low 
resting bis n bul oop oUt magpies, grey squirels and other 
estrobbing species. 

+= Keep one orto nast boxes sealed so as to prevent tne entry of resident bis 
‘ntl migrant bie species arve. 

“+ Continue feecing garden birds. 

+ Continue feecing hecigahoas unl natural prey increas in numbers, 

+ Propagate hardy peronias, not forgetting water plats. 


LATE SPRING 
+ Plant pot-ovin seedings of sexing fowering wild lowers in an araa of lawn 
‘where you can leave the grass uncut rill mid-summer. 

+ Sow the s2ed3 of wil lowers thinly onthe surface of git potting mix. 
‘Divide sprng-fovering plants, suchas prrosos (erinula vulgaris) and 
ovale ver), foe next soason. 

+ Continue feeding parce birds 

+ Put up bat boxes fo encouraps bats to rot inthe summer. 


SUMMER 


EARLY SUMMER 

* Mulch round planta and shuts thet need to be kept moist. 

+ Keen an eye out for pests, and keep weeds Under contra 

* Cut down ane! tidy perennials as they finish flowering, 

‘+ Fead roses and sweet peas (Lathyrus odoratus) with manure or compost tea. 

* Sow biennale and perennials. 

* Plant out plants raised under glass, dividing and planting out those that have 
finished flowering in other aoas, 

+ Thin out seedings and stake carnations (Dianthus), dahlias and sweet peas, 

*SoW hardy annuals for autumn panting, 

+ Spray the foliage of new tres with watarin hot or cry weathor 

* Tidy up thodaderidrons and other plants by removing seedheads, unless 
leaving them for decoration ani food forthe bids. 


MiD-SUMMER 
* Continuo hoe weeds and water nowy planted specimens, 

* Stake and ts plants, 

* Layer or take cuttings trom carnations. 

+ Pinch out the tops of chrysanthemum to prevent stanly plants 
+ Water and feed sweat peas with a compost or manura tea. 

+ Sow perennial and biennial seeds for next year 

* Continue taking cuttings. 

+ Sow saeds for overwintering nthe greenhouse, 

+ Pot plants that need repoting. 

+ Cut aay dead and unwanted folage on vigorous shrubs. 

‘Trim deciduous hedges, 

+ Propagate shrubs by cuttings or layering 


LATE SUMMER 

‘Continue watering, mulching and hosing 

‘Remove all dead flowers, alka a leaves, 

‘Train and te clematis, honeysuck’ (Lonicera) and wistera, 

‘Trim plants such as lavender ans penstemons ator lowering 

+ Viater and feed sweet peas with a compost or manure toa, 

+ Take cuttings of ol¢-fashioned roses, 

+ Thin perennial seedings. 

+ Divide and replant spring flowering perennials 

* Toke cuttings of fuchsias, pelargoniums, haliotrope, hydrangeas and all 
hal-hardy plants, 

‘+ Remove dead flowers and stalks from summer-fowering shrubs, unless they 
are ber producing. 


EARLY SUMMER, 

* Plan tobacco piants(Nicotana) to querantes interesting night-tvirg moths and 
‘th bal tha feed on them, 

‘Check ut nets each day to ensure no birds are tapped nei. 

+ Choose bediing plants with simole flowers and Keep a note of which the beas 
ang butters prefer. 

+ Leave sesdhcads on spring flowering shuts such as modadendans a food 
for birds. 

+ Continue feeding garden bit, wih seed and waxswormes or mealworm, 
‘especialy there is a cry spl 


‘0-SUMMER 

+ Water forright-ying moths on tobacco plants, late wars onthe 
hneysucklo, and tal yolow evening poses, 

+ Continue fo chock fut nats each day for bis, 

* Take special care when tuming compost heaps as grass snakes may be nesting 
‘and hedgehogs often sleap in thor, 

+ Make log piles for wood feeding incacts such as sag boctes, 

+ Lightly trim deciduous hedges bis have trished nasting fo encourage 
‘dense oover nthe winter. 

‘= Continue feeding garden biel, especial i hora isa cry spall 


LATE SUMMER 
* Plant earty spring bubs now for nectar next year, especialy for 
overwintering Insects. 
+ Lighty trim nectarich plants such as lavender (Lavandula) and nepeta after 
‘lowering te encourage new growth. 
* Deadhead herbaceous plans to encourage fresh flowers that give an extra 
bbooat to palinatrs in the early autumn, 
save seedhveads and bees on summerfowering shrub fr bids, 
Continue feccing garden bids, 
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AUTUMN 


EARLY AUTUMN 
* Hoe off any late weeds. 
+ Star tidying up for wine, but lave seadhoadl for bis, 
+ Put unwanted debris onthe compost heap, 

+ Collect seeds and labal for sawing next yoar. 

‘+ Slart bgging, manuring and retavating heavy eal 

“ Repair paths on lawns, 

+ Start collecting fallen leaves to make leaf mould, 

* Tio and stake dahlas and tall shrubs, 

* Cut back and supper cimbing pnts 

+ Sow sping-lowering seeds, starting wth hardy news, 

+ Plant apring bulbs 

+ Plant or ansplant evergreen shrubs, conifers ans herbaceous plants, 


‘mip-AUTUMN 
+ Colect falen leaves to make lea mould, 
+ Prepare area fr planting 
‘Repair and lay new lawns, repair pathe and walkways. 
* Make nal plantings of bubs, 
alt seeds of laleliowering plants. 
+ Liftand store hall-hardy bulbs, crm and tubers, 
* Lif, dvide and replant herbaceous ants 
+ Sow early sweet paas (Lathyrus oxoratus), 
«Start planing out spring bedding, 
+H moving deciduous shrub, do so to encourage new root growth, 
‘Take cuttings unt the cold weather sets in 


LATE AUTUMN 

+ Continue cigging heavy and madium sos, leaving the light sos fer spring, 

* Spread surplus manure around loworbecl lea! moulds not avalate, 
Fork over herbaceous borders, laving dead foliage ui pring, 

‘Take cutings of pants that may need repiacing, 

‘Make fina plantings of sping Beading. 

‘Take rose prunings ftom etoie plants and push into the groundin asheteres 
position whore they may ake an give you more plants, 

+ Put bulbs for forcing unr ols in pots 

+ Plant faaring shrubs and re for next season, 


EARLY AUTUMN. 

*Letone orto old vagotables owe, such as looks, carrots and almost any 
‘member ofthe cabbage family, to boost nectar supplies for autun insects 

* Look naw to see if thee isa shortage of nectar and redesign flower borders 
‘accordingly, Remember t select single-lowored pants whore possi 

+ Bulle new log ples, rock piles and brush ples ready for overwinisring insects 
reptiles, amphibians and mammals, 

‘Place nest boxes outsicia fer overwintering mammals such as hecigehogs. 

‘= Continue planting spring bulbs fer early nectar nest yee. 

+ Plant evergrsens to provide densa winter cover forbids and mammals, 

+= Continue feeding garden bic. 


Mp-auTUMN 
+ Starta new compost hone, 

+ Let heige prunings, raspberry canes and other woody waste accumusste anc 
leave thom a become a hibernation heap fr hedgshons. 

"Weed among anc eivide most pond plants before they de back. This removes 
‘cess nutans from the pond! and minimiaes ext sums algal oom 
‘Po weeds and thinings from ponds atthe sce unt the Tolling day to ve 
trapped pand dwvelers time to escape. 

+ Place nest boxes outa for overwintering manmmls suchas hedgehoos: 

+ Continue plating spring bulbs fo early nectar next yor, 

* Bein puting out high energy supplements suchas at ball for bis 


LATE AUTUMN 

‘Plant hedgerows using native shrubs and trees, 

‘Plant ate lowering nectar plants iks English iy Hedara heli against a 
boundary tht tenes autumn sun. 

+ Putin late bubs at least 7.5¢m (in) deep and bury chicken wire just below the 
‘sriace to avoid them being eaten by enulras, 

+ Feed resident birds with high enerny supplements such as fat bas. 
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WINTER 
THE KITCHEN GARDEN 


VEGETABLES. 

EARLY WINTER, 

‘Hoe between crops on fine days 

“+ Examine stored onions and potatoes fr ary sign of disease and discard 
seand-olass seed, Any potatoes that are sprouting should be placed apartin 
dy trays 

+ Proteot more onde plants with leaves or lots 

+ Begin forcing rhubarb and seakalo under a ightproot cover 

“+ Order soud catalogues and pn the ew season's ops, 


ip- WINTER 
‘Tidy up and put vegetable waste on the compost heap, 

“Hoe between growing crops when dy. 

“+ Sow road (fava) beans and peas in warm sheltered postions 
* Sow early vegetables under glass o lochs. 

* Start potatoes ina fros-tee shed. 

* Plant rhubarb in well man red beds. 


LATE WINTER, 

* Hoe weeds wien the weather allows. 

* Clear od bods rea for new season, 

Cut pea and bean sticks, 

‘Sow catly vegetables under glass or coches. 

‘Plant arichokes, gal, shalt, lettuce (wile), potatoes (ear), hubars 
and seakale, 

‘Plants overwintering under eloches should be hardened off and only protected 
‘when the weather i rosty. 


FRUIT 

EARLY WINTER 

* Fnih pruning fut res and bushes on frost-free days, Large standard tees 
‘wll need pruning avery second or this year 

+ Finn nevi plana tees where the frosthas been at work. 

* Donot plant any mor trees unl the spring; jst prepare the ground. 

+ Currants and gooseberis should be prune ifnot already done, 

+ Prune outdeor vines. 

+ Remove unwanod suckers from raspberry stools but do net prune unt 
early spring, 


‘-winTER 

+ Start pruning hardier trees such as appes. Do nat prune apricots, cherie, igs, 
rectarinas. and peaches. 

+ Prapare gating material 

+ Plant eontanarsaroym trees andl cover sol with wallroted manure, 


LATE WINTER 
+ Prune damon, pear, pus and quince. 

* Sproad manure around fut teas and dg tin. 

+ Propare now straibory bed. 

+ Fertlize by hand! the blossom of fut rs grown unde glass. 


HERBS 
EARLY WINTER. 

* Prepare ground fr planting when condlions alow. 

* Protec tander hers undor cloohio. 

* Continue to remove dead stars from herbaceous types. 


Mio-WINTER 
* Prepare ground ready for panting. 
+ Fores ealy grown under laches, 
‘Make eal sowings under glass. 


LATE WINTER, 
‘Remove dead stems from herbacsous types. 
* Continue forcing uncer cloches. 

* Conlinus sowing undr glass. 


SPRING 


EARLY SPRING 
‘Hoe weeds when the weather allows 

+ Prepare soodbeds 

+ Protect eal crops from bis 

‘agin sowing in ehetered places Inthe open. 

+ Sow early vegetables under glass or coches 

‘Plant out eary crops raised under glass and aay potatoes 
‘Plant sarly bread (fava) beans out inthe garden under oss. 


mip-SPRING 
‘Hoo weeds regulary 

* Prepare bods for planting out 

‘+ Feed cabbages with high-itrogen fritz suchas chicken manure 

+ Potatoes ned tha eal crawn over thelr leaves to protect them fom rst. 
* Bogin sowing ramaining summer tops outdoors, 

* Gontive soving more tender crops under glass, 


LATE SPRING 

‘Hoo weeds requir 

* Gut asparagus whan shoots reach Sem in). 

“Maintain the evocation of ased sawing to give salad throughout the 

+ Continue planting out summer crops, 

“= Saw lao crops sch as broccell and plant out winter crops previously sown 
Under cover: 

‘Last chance to pant late potatos, 

“Plant out cusumters, eumphins and melons n beds provousty Used for 
protected early crops, 


EARLY SPRING 
* Protect blossom wit laece on cold nights. 

‘Last chance to plant cantainer-grovn fut bushes, 

* Graft apples, cheies, pears and plums that were prepared in mid-winter 
+ Finish pruning fu trees and bushes, 


MiD-SPRING 
* Continue protecting blossom. 

+ Vial trees wil need moisture from now on, 

* Witch for pests and diseases, 

* Grapes wil requira thinning in orcerto swe ther sae, 


LATE SPRING 

* Al rut wil benefit from a mulch. 

‘Apricots, peaches and Mori chores should have fruiting epurs shortened 
‘bac to three to four loaves. 

* Limitraspbary suckere fo around fourto sik to each stool 

‘Put straw around strawberries to protec the fut rom the ground. 


EARLY SPRING 
* Continue coving under lacs, 

* Plant out har hers once hardened off 

* Prine shrubby types. 

* Liftand divide herbaceous types unt at spring. 


MD-SPRING 
* Continue sewing under alas. 
* Continue planting cut. 

‘Take basal citings, 


LATE SPRING 

* Sow herbs ike parsley (Pettoselinum crispum) and chendl (Antriscus 
‘cerefotum) for vinter use. 

* Continue sowing under glass and planting out. 


SUMMER 


EARLY SUMMER. 

* Hoe woods requaly throughout summer 

* Water al salad crops regulary 

+ Feed feayy feeds ike cauilowors with iquid manure or eampost ta. 

{Keep poking pans to stimulate flowering. 

* Harvest ety potatoas and replace with winter tips orate celery. 

* Support runner beans. 

+ Sow the last of he outdoor salad crops and continue sowing seed of ato or 
‘winter erops. 

‘Thin out seeaings, 

* Plantlate-season crops risod undercover 


Mip-SUMMER 
+ Water all ealad crops regula 

‘Remove debris, faliowing harvest, to the compost heap unt ate summer 
+ Potatoes and other crops may need earthing-up, 

+ Pinch cut and stop tomatoas and mars. 

* Maintain the succession of soud sowing folate or winter crops, 

+ Thin out the beetroot crop so that the roois can fom propery. 

* Plant lao-soason crops raised under cover. 


LATE SUMMER, 
* Water ail crops regularly. 

‘+ Remove debris following harvest, tothe compost heap, 

+ Harvest seed from French (green) beans and onions. 

* Gatle and onions can be harvested this monty and then ripened 

+ Potatoos for next years sect should be dg up and died inthe sun, 
* Maintain the succession of soed saying fo lat o winter crops. 


EARLY SUMMER 

* Continue mulching trees and bushes to conserve moisture, 

* Cut back untidy vigorous growth, 

+ Overladen trees may need suport. Aphids il apnea, 20 take 
appropiate action. 

+ Throw nets over ruling tees and shrubs to prevent the bis geting the 
nat rt 

+ Peaches and apricots may need some thinning. 

+ Strawberries should have regular watering. 


Mip-SUMMER 

‘Thin to0s and remove unnecessary growth 

“Hoe round the rots of ft tres and water them, 

‘Fruit trees may be bucded when the weathers moist. 

‘Esper and dart rl trees will need valning and protection fom brs, 

* Sirawbories and loganberries shouldbe layred and clipped tothe sll fo 
‘secure ther postion 


LATE SUMMER 

‘Protec iit on walls rom wasps and tirds as trfpens. 

‘Pruning can be started and ress bude 

‘Apples, pears and plums may naed the ft thinning out ifthe orp ishemvy, 

‘Cut down the old canes cf loganboris and rasertis afterharvesting, 

{Cut unwanted eunners from stravborins ancl remove the od straw rom 
round the crowns. 


EARLY SUMMER 
* Continue owing under alas. 

* Continue planting out unt ate sumo: 

+ Harvest hes fr storing before they flower 

* Plant out tender herbs. 

* Dead-head unless seeds required untl ate summer 

* Cut back herbaceous types o stimulate growih uni late summer, 


MID-SUMMER 
* Cut mint (Mentha) and other sweet herbs for crying 

* Pull out parsley Petrasalinum crsoum) uniess its being kept for seed. 
+ Propagate sage (Savi) or savory (Saturea rom cuttings ordiion. 


LATE SUMMER, 
+ Harvest herbs as required. 


AUTUMN 


EARLY AUTUMN 
* Hos weeds regulary throughout autumn, 

‘Water a erope regu 

‘Harvest onions and bend down the necks ofthe remainder to prevent seeding 

* Continue te it potatoes, 

‘Expose the fut of outdoor tomatoes tothe sun by removing the covering leaves 
* Maintain the succassion of sd saving for ate or winter crops, 

+ Plant ate season crops raise undercover. 


Mip-auTUMN 

‘ Afterbeans and peas have been harvested, tum the soll overand leave it falow 
ver tne wit. 

+ Litreotvegetabies when thelr tops fade, 

* Cut down asparagus folage when miu, 

* Onions an turnip beds should be thinned. 

* Clear te last ofthe potatoes and store thar, 

‘Earth up cory and inks. 

‘Plant out at-season crops and protuet tender types such as caulfiower 


LATE AUTUMN 

* Get the sol ready for spring sowing 

+ Protect croins of onder rope with amuich of leaves 

"Lita last ofthe beetroot and carats. 

‘Earth up colry ana ine If not already done 

‘= Spinach wil continus to crop as iis thinned, 

“Dry off he late potatoes for need stock nant year 

* Continua to plant out late-season crops and protect tender types such as 
cauliflower. 


EARLY AUTUMN. 

‘Vial fruit that has ripened il need protecting. 

‘ Frut trees may be Budde! and ight pruning continues 

‘Early Varios of apples and pears that do not keep wel shoud be qatheret 

‘Prune urrants and goaseteres to keep them n shape. Raspberry canes that 
have flted shoul be removed to make room fr the new growth, 

‘Strawberries should have unwanted runners removed to give space tothe 
‘ain plans. 


‘iD-AUTUMN 

‘Look hough the nursery catalogues and are fr stock, then prepare the 
‘ground and ramave stock tobe replaced. 

‘+ Move any tre or bushes that ar inthe wrong place. 

“ Apples and pears can now be gathered 

* Apricots, chars, currants and gooseberies should be pruned and the 
cuttings burt. 

+ Loganberes ancl raspberies shovid be planted now. 


LATE AUTUMN, 
* This Is thetime to plant rt troes in well-prepared ground. 
‘Bonin wintororuning of ft tres, 

+ Plantcurants and gooseberies, 

+ Figs il need thinning, 

* Spread manure between roms of new strawbery plants, 


EARLY AUTUMN. 
* Harvest seed ast pans. 

* Harvest leaves and stems as required, 

* Cut back herbaceous typos to simula new grown, 


‘ip-auTuMN 
+ Harvest seed ast pens. 

* Tidy away dad materia. 

* Protec tender hers. 

* Plant shrubby and herbaceous types unllate autumn, 
* Move tender contsiner res under some protection. 

* Dida herbaceous herbs unlit autumn, 


LATE AUTUMN 
+ Prepare ground fer planting when conditions alow, 
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bots 128 

brasdoas 66, 67, 74,126, 190, 144 
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Group) 74, 124, 126, 180 

Brussels sprouts (Brassica oleracor 
Gomera Group} 124, 126, 131, 
192, 141 

buckwheat Fagopium escusrtum) 
35 


bulbs 49,87, 95,05, 96, 10 
17 
naturaling ina lawn 111,171 
butirles 10, 10, 11, 108,107,115, 
195,116,117, 118, 19, 181 
buttrty bush Buta spp) 18,46, 


cabbages (Brassica olracea 
Capitata Group) 57,87, 74 
122, 124, 125, 190, 181, 199, 141 
cack les 113 
calendar of cre 
kitchen garden 188-7 
‘ornamental gardon 154-5 
wala garden 154-5 
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Canalis 18 
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carrot fles 7S 
carts Daucus carota) 87, 122,126 
180, 191, 193, 140, 147 
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Bbinfis Group) 57,122, 181, 141 
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131, 145 

cchemicls 9,22, 28, 63, 78, 108 

hertias (Prunus spp) 68, 97, 12 
147 

chives (Aft schoonaprasun) 181 
143,145 

ctysanthemums 67 

‘emats 109, 

lmbare 96, 115, 197, 128 
‘reentiouse 58 
planting 29 
pruning out dead wood 47 
renovating 91 
support 141 

cochas 58-9, 

‘coating mots 75 

‘companion planting 17, 67, 62,6 
74-5, 75, 121, 122, 128, 190-1 
138 

compost 17, 24-8, 27, 37, 43, 65, 
18, 102, 10, 740, 147 
heap 92-8, 22-3, 4 
raking 32-8, 108, 
spent mushrcom 28, 26, 80, 03 
orm 90-1, 48 


76,128, 149, 149 


Conifers 80, 81,98, 100 
coriander (feniro; Covanchum 
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crocus 111 
‘rep rotation 8, 11.17, $8, 68, 128, 
rp 
‘cucumbers (Cucumis sath) 57, 67, 
424,131, 195, 
‘curry plant Halchyysurn acum) 143 
cuttings 60, 60,7 

‘and isease 65 

hareveod 50, 51,52 

fv00 50,52, 57 

colamens 57 


‘feel Naveissus) 18,111, 171 
tiles 57 
daises 64,116 
fead-headny 45,64, 99, 92, 95 
116 
‘digging 24-5, 98 
‘benef 24 
oie 24-5, 25, 
ere 24,24 
tps 25 
Bl (Anethu gravectens) 122, 190, 
143 
dseases 17,21, 48, 47, 55,57, 61 
(62,63, 69,65, 65, 68-9, 74,77, 
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commen 68 
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Echinacea 111 


der (Sambucus) 46, 80, 108 

Englsh marigolds (Catsndut) 123, 

Essex joc manv clove (Tifoam 
pratense) 37 

euphorbias 60 


fading 42-4, 91,141 
‘rotainers 102, 108 
herbaogous plans 93 

fences 11,81, 98, 123 

fone Foanicutim vulgare) 105, 142 

fenugreek (Figenata focnum: 
‘raven 38 

foms 12, 108 

fares 70, 102 
fawn 88 
trogen sich 28 
organ 42 
sioweteleage 113,140 
synthetic 8, 

figs cus carca) 147 

in 3 

Florence fennel Foenicutin vulgare 
var aca) 141 

flowerng curant (bes sanguinautn) 
18 

lowers 41, 56,67, 79, 108 
‘tracing wile 1 
of sulphur 22 
wid 110-11, 198,117 

foexd vibe 15, 66,72 

foxglove (Dita) 79, 108, 109, 11 
131,143 

freeing 141,145, 145, 152, 183, 
169 

Fronch marigolds (Tages pats) 
123, 190 

frig 111 

frogs 108, 107, 112, 113, 14, 119 

frost 12, 13, 19,84, 62,70, 749, 1 

fn 45, 65, 87,78, 108, 105, 107, 
116, 121, 122, 123, 148-7 
bushes 146-7, 146, 148, 148 
cages 149 
harvesting and slong 152-3 
protecting 149, 149 

‘uchslas 57 

fungal diseases 64, 
26, 138 

fungi22, 73,77, 88, 105, 

unpicidos 8,50, 77 


70,72.7 


‘ve (Atm satu) 128, 131, 141 
145 


oinger 144,145 
cial 95, 
‘lobe atchaias (Cynara 


‘carcuncus Solymus Grou) 141 
gposebenrns (Abas warcrspur) 123 
‘7098 67, 72, 82-7 
clppings 39, 2, 84, 84, 85 
‘mamiental 92 
types 82 
grassland 12, 108 
‘greorhouse 
ential prodators 72, 73 
cutvation 56-7 
‘environment 52 
propagalors 186 
Vegetables 737 
ound beetles 65 
eevosting 140, 141, 184, 144,152, 
782 


64 


awthor (Crataegus) 108, 
aa (Corylus ayers 80, 107 
ecgehogs 106, 107, 115 
19,81, 91, 96, 107,115, 


herb 41, 102, 108, 118, 122 
growing 142-3 
anvosing and storing 144-5 
aiayan primulas 102 
aly lex) 107, 108 
honeysuckle Lonicara) 80, 108 
hoverfies 72, 118, 119 
huristy 12, 85,87, 67, 128, 126, 
139 
humus 19, 23, 99,42 
hnydrangeas 22, 65, 108 
hyssop (Hyssopus) 120 


Insactedes 64, 75 

insoots 10, 17,85, 75, 76,76, 79, 
106, 105, 168, 107 
attracting 116, 176, 11 
beneficial 67,64, 65 
overwintering 111 
palinatng 72,75, 96, 115, 115, 
118, 180 

Insulation 85,85 

rstt1 


18 


erusalam artichokes (Hants 
‘uberosus) 141 


ale Grassica oleracea cepa 
Group) 126 

vd ruts 123 

oh rab Brassica braces 
Gongyfodes Group) 124, 191 


lacowing hotels 174,115 

lacewings 115, 

ladybird 72, 79, 105,115, 116 

lavender (Lavanct) 18, 98.116, 
119, 181, 144 

lawns 67,79, 82-7, 107 

feat mould 28,88, 91, 108 
pit28, 29, 107 

leamoppsrs 75 

leaves 64 

leeks (li pore 131 

legumes 16, 23,30, 4, 126 

lemon baim (sss ofc) 143, 
145, 

Jomon thyme 145 

leltuce Latocaeatva) 67, 124, 126, 
131, 182, 199, 139) 

Leucohun 111 

lightiovels 12,54, 67,62 

Macs (Synga) 81, 108 

los 95 

ling 18, 19, 22,23, 

guid feeds 45, 4, 102 

rare 107, 115, 


‘manure 17,25, 108 


‘green mantles 25, 27,28, 8-5, 34 
walled 24, 1, 42,88, 146, 147 
marigolds 67,74, 123, 190 
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melons (Gucumis ma) 57,124 
midges 85, 72 
rmikow 68,68, 77 
int (Mentha) 142, 140,148 
rmites 72, 75 
moses 12, 84, 87, 108 


moths 75, 19 

mowers $8 

mowing 82, 84, 109 

moving eds 6 

mulches, mulching 26, 27,39, 39, 
40,43, 88, 91, 97, 99,108, 147 


nastutiums 123, 190, 185 

nectanos (uns persica nectanna) 
147, 153 

nerines 95 

avs 107, 114 

nirates 15, 23, 

‘irogan 14, 18,20, 23, 28,84, 42, 
44,69, 182 

runt cycles 14, 15,20, 22, 26,42, 
2 


utionts 17,17, 19, 90,91, 92,0, 
65, 126, 138 
efciency 42, 62-3, 70, 88 
plant 17, 18,42, a 
and ook 18,20 


‘o0ks (Quercus) 48, 108, 
‘onions (Aum cepa) 74,75, 128, 
124,126, 190, 181, 184 
‘oregano (riganum) 123, 146 
onygen 20, 22,24, 4, 42,48, 119 


Pachysandha teminats 18 
parastes 72 
parasitic nematodes 73 
parasitoids 85,72 
‘parsley Patroselnam crisp) 190, 
14a 145 
parsnips Pastinaca sata) 128, 191 
peoches Prunus persica 45, 57. 
122, 191, 147, 152, 159. 
ears Puls commun) 69, 121, 
‘47,148, 150, 151, 182, 152 
eas (Pisum sadivan) 34, 124, 126, 
125, 131, 195, 140 
pons, sugar snap 123 
peat 40, 106, 
pelergoniums 87 
peppers (Capsicum sp) 103, 136, 
pestcies 8,9, 10,48, 83, 67,77, 
106,115 
pests 17,21, 27, 38,45, 86, 57, 
61-7, 72, 74-7, 88, $8, 123, 126, 
49 
‘common 67 
We-cycos 64,65 
sok-borne 122 
Phacoba (Phacet tanacetfoun) 95 
pheromones 75, 75,76, 115 
phlox 60 
‘Phosphates 25,42, 4 
‘hosehons 12,43, 
plant heath 60-77 
Denial preiators 72-3, 
clseases 68-9 
tore 70-1 
‘ther contol methods 74-7 
pasts 65-7 
‘revernira problems O45 
‘why plants gt sik 62-S 
puns Prunus domestica and 
P sana) 68, 123,147, 148, 163 
Poached eoq plant Lamranties 
douglas) 99 
poisons 70, 
polen 48 
polination 65,79, 147 
pollution 63, 70, 122 
ponds 72,107, 117 
wile 112-13, 


pot marigolds (Calenoatsofinats) 
130 


potash 44 

polassum 14,42, 43, 

plas [Solan tuberosum) 26, 
27, 67, 122, 198, 131 

pts 100, 107, 102, 116, 117, 
136, 187, 143, 143 

potting mis 48,4, 57,67, 80,07, 
100, 101, 102, 103, 313, 
making 103 
propagation 137 

rinroses (Primula vulgar) 108, 
109 

propagators 198, 136 

protozoan 73, 73 

pruning 45-7, 91, 99 
‘nutrees/strts 147, 150-1 

pumpkins (Oucursta mains) 131, 
14t 

purple smoke bush (Cots) 46 

Pusononia 111 

Pracantha €8, 117 

pyrathum 75,77 


6, 


‘ince (Chaenomeles) 88 
‘qunce (Cydonia oblonga) 152, 


rabbits 65, 68,67, 75,78, 77,0091 
radishes Raphanus sativus) 57, 131, 
132 
rain 12, 40,41, 65 
rainforests 79, a0) 
raking 24, 84, 34, 89, 84,87, 97, 135 
raspooiss (Rubus idaous) 122, 123, 
181) 148, 152, 153 
recying 8 11, 82,37, 40,41, 65,81 
‘epelents 65, 67 
rhizomes 49, 144 
Ahododencron 16 
thododendrons 23,98, 1, 100 
thurs (hour x yer) 57, 
122 
rool fies 98 
roots 
‘andar 18,20, 
‘ane animal manure 42 
‘growin 42 
‘andres 18, 20 
‘and shoots 20, 
surface 41 
‘and water 12,14, 18,20 
sa glauca 46 
Rosa ngosa 123 
FRsaceae ari 69 
rosohips 105, 128 
rosemary (Rosmarinus oficial) 
118,144, $44,145 
868-45, 64, 68,08, 98, 99,176 
‘beds 98 
bush 69 
shrub 123 
rowan trea (Sorbus) 131 
Rubus 46 
Fubus cookburianus 46 
ruby chard 140 
1834, 95, 


sage (Sata officials) 18,143, 144 
sola leaves 173 

salltonely 63 

saves 77 

seabious (Asanti 176 
scarecrows 67,77 

scatlcation 48, 8-5 

‘sree 74,75. 

‘seawyoed extract 102, 103 
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seawtood meal 42,42 
soateurs hand pruners) 45,45, 48 
scandy cultivation 25. 
06d trays 196, 196, 137 
seedings, protecting 135 
coeds 
‘and deease 65 
Propagation fram 48, 48,49 
‘soving iopen ground 95, 134-5 
shading 4, 54,5, 67 
shadow projactions 12 
shady areas 18 
shelter proving 114-15 
shoots 20, 
growth 42 
andllyering chrubs 52 
pruning 46, 57 
sido 198, 203 
shibs 25, 70,115, 117 
In borers 09 
deciduous 67, 91, 109, 
‘evergreen 57,91, 114 
layering 82,2 
‘rnarnertal 45, 109, 
planing 6, 8 
protection 90-1, 91 
pruning 48, 160-1 
renovating 
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“apport 90, 90, 148, 148 
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siopes 81 
‘gs 27, 87,74, 75,78, 76,92, 119 
shall 27,67, 74, 76,92, 119, 131 
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chemistry 22-3 
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preperation 142 
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temoaratre 12, 28,58, 182, 196, 143, 148, 148 
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£7, 64,67, 122, 131, 149, 152, staking 90 
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whole circuit is equal to the sum of forces acting on 
the elements of the series circuit, 


‘The elements connected in series can be replaced by 
one element in such a way that the generalized 
displacement and the summary generalized force would 
not change. In the case of a parallel connection all the 
branches of the circuit are joined to the same pare of 
multiple junctions and are under influence of the same 
generalized force. Parallel circuits can be replaced by 
series equivalent circuit and vice versa [6, 7, 11, 17, 18]. 
Hence, a number of inner degrees of freedom and a 
quantity of chains may be decreased as well as 
increased. In this case resistances occurring on all the 
sides will be constant. 


Structure of the linear 
transformer 


‘The simplest transformer is a one-side transformer 
having one inner degree of freedom, 


Ifto the input of the transformer we deliver generalized 
displacement (or force) which depends on time as a pure 
sinusoidal signal then the linear transformer will have 
sinusoidal reaction of the same frequency. For the 
sinusoidal signal with fixed frequency the linear 
transformer (including a transformer having an 
unlimited number of inner degrees of freedom) can be 
represented as an equivalent transformer reduced to this 
input as one chain. An equivalent transformer placing 
at this input at other fixed frequency of sinusoidal 
disturbance will be represented as a chain having one 
degree of freedom but different values of chain elements. 


If the signal at the input of the transformer is of 
complicated time-periodical form then it can be 
decomposed to Fourier series. Every harmonics of the 
Fourier series will produce its own chain. The general 
complicated signal will produce the complex chain 
consisting of compound sum of elementary series 
chains. This complicated chain consists of elementary 
chains interconnected in series or in parallel and 
combined in multiple junctions and circuits. The 
construction principles of this complicated chain can 
be based on methods of identification and synthesis 
which are well developed in electrical engineering, 
automation for linear and non-linear transformers [9, 12, 
13]. These principles are formally useful for transformers 
which transform energy of any physical nature. 
Identification produces so much elementary chains as 
the number of inner degrees of freedom. Every 
elementary chain reflects motion by one inner degree 
of freedom. Physical analogy occurring among motions 
of different nature is actual here [11, 16, 18]. Values of 
the generalized masses, elasticities, dissipative and 
active elements can depend on kinematical variables 
(non-linear chains), on time (parametrical chains), or 
they can be constant (linear chains), 


Ifa series circuit includes mass and elasticity then it 
will have resonant frequency. At this frequency 


reaction of mass and elasticity will be absent in the 
summary reaction. It is equal to the fact that we will 
know nothing about the value of mass (and elasticity) 
and, moreover, about its presence at all. The mass 
can have huge value, but it will be absent for us 
Hence, if we assume a transformer as an atom then 
the atom may include elementary chains having huge 
masses (much more than the mass of the Earth), but 
we will not know about it until we apply such 
frequency to the input which explicates this mass. 


Any energy transformer including a transformer with 
distributed parameters can be represented as a 
system of elementary series and parallel chains 
connected in a certain way. A concrete transformer 
can have various types of these connections. All of 
them can be included into another combination of 
connections that is accompanied by change of values 
of masses, elasticities, dissipative and active 
elements. However, in this case equivalency of 
reaction should be fulfilled at a certain diapason of 
frequencies on all the sides of the transformer. 


There is a special spectrum of resonant frequencies 
for every combination of connections of the 
transformer. There will be an unlimited number of 
degrees of freedom and, hence, an unlimited number 
of resonances for the transformer with distributed 
parameters (for example, an elastic nail, a 
compressible fluid having a limited size). Our 
influence on the transformer usually has a certain 
diapason of frequencies. As the result of a limited 
diapason of excitation frequency the transformer will 
represent a system having a limited number of inner 
freedom, even if the transformer has distributed 
parameters. 


Values of equivalent elements depend on oscillation 
frequency. Moreover, according to known laws, 
several parallel circuits can be transformed into a 
series one and vice versa. Taking it into account the 
following conclusions can be made: 


1, The generalized mass, elasticity and dissipative 
elements do not have constant values in nature. Their 
value depends on frequency of the process, i.e. they 
depend on the character of time-change of the 
disturbance acting on the transformer. 

2, The generalized mass, elasticity and dissipative 
elements are products of time-space change of energy. 


Types of energy transformers 


‘Transformers can be nonlinear, parametrical and 
linear. The transformer can be active (having an 
internal source) and passive (having an external 
source). The passive transformer can never be an 
energy source (by definition). A transformer can 
accept or transform one type of energy 
(monoenergetic transformers) or several types of 
energy (polyenergetic transformers). The 
polyenergetic transformer includes a mechanism and 


Plants that Contain DMT 


*The percentages of alkaloid content in plants vary greatly from one plant to another 
depending upon growing conditions, time of harvest, location, etc. * 


Entire Plant contains 
5-MeO-DMT 
(Shulgin, TIHKAL) 


Flowers contain 
DMT, 5-MeO- 
DMT, and 5-MeO- 
NMT (Shulgin, 


Psu TIHKAL) 


donax 


Roots contain DMT, 
5-MeO-DMT, 5- 
MeO-NMT, 
Bufotenine, 
bufotenidine, 
dehydrobufotenidine 
(Shulgin, TIHKAL) 


Root contains DMT 


Teenie = 0.200% (Ott) 


Illinoensis : 
Root Bark contains 


DMT - 0.340% (Ott) 


Leaves of contain 


DMT, 5-MeO- 
zeae DMT, and related 
arundinacea | compounds (Smith 
1977) 
Leaves and 
seedlings contain 
DMT, 5-MeO- 
DMT, and related 
Phalaris |} compounds (Smith 
aquatica 1977) 
syn. DMT - 0.100% 
(erowid) 
Phalaris 
tuberosa 5-MeO-DMT - 
0.022% (erowid) 
5-OH-DMT - 


0.005% (erowid) 


Phragmites 


DMT in roots (Ott) 


australis, 
DMT, 5- 

MEO- 

Delosperma OMT 

acuminatum , 
(Trout’s 


Notes) 


Delos; MEO- 
i (Trout’s 
Notes) 

DMT 

ecklonis Sa 
Delosperma DMT 
esterhuyseniae (Trout's 
? Notes) 
5-MEO- 

Delosperma DMT 
hall (Trout's 
Notes) 

DMT, 5- 

Delosperma MEO- 
iatazia DMT 
arazianum, ant 
Notes) 

Delosperma DMT 
harazianum (Trout's 
Shibam Notes) 
DMT 

Delosperme me 
hirtum aot 
DMT, 5- 

MEO- 

iydenbergense [DMT 
“ee (Trou’s 
Notes) 

Delosperma 5-MEO- 
nubigenum DMT 


(Trout's 


Notes) 
DMT. 
MEO- 
morons | Duet 
ee (Trout's 
Notes) 
Traces of 
Delosperma DMT 
pergamentaceum |J| (Trout's 
Notes) 
Delosperma rece 
tradescantioides J routs 
7 Notes) 
04-05% 
tryptamine, 
DMT, etc. 
Petalostylis 
in leave 
cassioides 
and stems 
(Johns et al 
1966) 
Up to 1.5% alkaloids, 
Acacia mainly consisting of 
acuminata tryptamine in leaf 
(Lycaeum) 


Acacia alpina 


Active principles in leaf 
(M.Bock) 


Acacia Psychoactive Tryptamines 
angustifolia (Raitsch 2004) 
-methyl-phenethylamine 
(Glasby 1991) 
Acacia 
angustissima | NMT and DMT in leaf, 1.1- 
10.2 ppm (McSweeney et 
al. 2005) 
Acacia 5-MeO-DMT in stem bark 
auriculiformis (Lycaeum) 
hed 0.02% tryptamine and p- 
bettas carbolines, in the leaf, 
panes Tetrahydroharman (Ott) 
Amphetamine, 
Methamphetamine, N.N- 
Dimethylamphetamine, 4- 
Ais Methoxyamphetamine, 4- 
Foes Hydroxyamphetamine 
(Shulgin 2001) 
DMT and others 
(Phytochem. 1998) 
Acacia DMT and other tryptamines 
catechu in leaf, bark (Trout’s Notes) 


Acacia colei 


DMT (Dr. Karl and 
abe.net.au 2005) 


0.3% alkaloids in leaf and 
stem, N-methyl- 


‘Acacia tetrahydroharman with 
complanata 
traces of tetrahydroharman 
(Johns et al. 1966) 
N-chloromethy 
Acacia dimethyltryptamine, 
confusa methyltryptami 


dimethyltryptamine, 


N,N-dimethyltryptamine-N- 
oxide (Quinn et al. 2006) 


Acacia ‘Tryptamine in the leaf and 
cultriformis stem (Trout's Notes) 
‘Tryptamines and 
phenethylamines (Lyceaum) 
Acacia 
farnesiana N-Methyl-Beta- 


Phenethylamine (Duke 
1992) 


Acacia laeta 


DMT in the leaf (Trout's 
Notes) 


Acacia 
longifolia 


'% tryptamine in bark, 
leaves, some in flowers, 
phenylethylamine in 
flowers (Hegnauer 1994) 


DMT in plant (Lyceaum) 


Bark of A. maidenii 
contains 0.6% of N- 
methyltryptamine and DMT 


maidenii in the proportions approx. 
:3 (Fitzgerald & Sioumis 
1965) 
DMT in the bark and leat, 
Aci 


melanoxylon 


less than 0.02% total 


loids (Hegnauer 1994) 


Acacia 
mellifera 


DMT in the leaf (Trout's 
Notes) 


Acacia nilotica 


DMT in the leaf (Trout's 
Notes) 


Acacia 
obtusifolia 


0.4 to 0.5 % DMT in the 
dried bark (Csiro 1990) 


Acacia oerfota 


Less than 0.1% DMT in leaf 


(Ott) 
Acacia 0.3% DMT in leaf, NMT 
phlebophylla (Trout’s Notes) 
Tryptamine in the leaf 
(Trout’s Notes) 
Acacia 
podalyriaefolia |] 0.5% to 2% DMT in fresh 
bark, phenethylamine trace 
amounts (Hegnauer 1994) 
beso DMT in leaf (Trout's Notes) 
polyacantha 
DMT and MMT 
(www factorey.ch/Eins.htm) 
Acacia 
retinodes less than 0.02% total 
alkaloids found (Hegnauer 
1994) 
DMT, NMT, tryptamine, 
Acacia amphetamines, mescaline, 
rigidula nicotine and others 
(Phytochem. 1998) 
Acacia DMT in the leaf (Trout’s 
sieberiana Notes) 


Acacia verek 


Psychoactive (Riitsch 2004) 


Acacia vestita 


Tryptamine, in the leaf and 
stem (Trout's Notes) 


less than 0.02% total 
alkaloids (Hegnauer 1994) 


seed pods contain 
dimethyltryptamine 
and the seeds 
bufotenin, 

bufotenin oxide, 
and oxide of 
dimethyltryptamine 
Anadenanthera (GRANIER- 
colubrina DOYEUX 1965) 


Leaves, Bark, and 
Seeds contain 
DMT, 5-MeO- 
DMT and related 
compounds 
(Schultes 1977) 


seed pods contain 
dimethyltryptamine 
and the seeds 
bufotenin, 
bufotenin oxide, 
and oxide of 
dimethyltryptamine 
Anadenanthera (GRANIER- 
peregrina DOYEUX 1965) 


Leaves, Bark, and 
Seeds contain 
DMT, 5-MeO- 
DMT and related 
compounds 
(Schultes 1977) 


seed pods contain 

dimethyltryptamine 

Anadenanthera find the setts 
iriichoeatfed bufotenin, 

bufotenin oxide, 

and oxide of 

dimethyltryptamine 


(GRANIER- 
DOYEUX 1965) 


Roots: 0.087% 
Desmodium [| DMT, Bufotenine- 
caudatum N-oxide 0.03% 
(Trout’s Notes) 
DMT, 5-MEO- 
Desmodium | DMT, whole plant, 
gangeticum |] roots, stems, leaves 
(ott) 
. DMT, 5-MEO- 
Desmodium} DMT, leaves, roots 
cu (Ott) 
DMT, 5-MEO- 
Desmodium || PMT: whole plant, 
roots, stems, 
pulchellum S : 
leaves, flowers 
(Ott) 
Desmodium]! 5 ME0-DMT (Ott) 
racemosum 
Desmodium DMT-N-oxide, 
wiflorum roots (Ott) 
Lespedeza DMT, 5-MEO- 
bicolor var. | DMT in leaves and 


japonica 


root bark (Ott) 


corresponding elements and chains which allow 
transform one type of energy into another one. 
Fundamentally, all the transformers are polyenergetic 
transformers of energy, however many of them can be 
represented as monoenergetic ones since other types 
of energy participate weakly in them. Designing a 
transformer it is more convenient to put the energy 
source out the transformer. Let us further classify the 
passive transformers. 


The passive transformers can belong to the 
following types: 


Simple transformers 


In this case energy is produced at the output due to 
transformation of energy coming to the inputs into 
energy of another type or having other characteristics. 
The following transformation can serve as the example. 


An electric transformer: resistance of one value comes 
to the input, and the resistance of another value comes 
from the output (a type of energy is the same) 


A furnace for combustion of fuel: energy of chemical 
connections comes to the input and heating energy 
comes from the output (energy of radiation may be 
neglected), 


A Wind Generator, Hydroelectric Power Station: kinetic 
energy of moving air or water comes to the input, and 
electric energy comes from the output. 


Energy intensifiers 


In this case a transformer intensifies energy coming to 
one of the inputs due to energy coming to the other 
inputs (or to the other input). Below there is an example 
for a monoenergetic transformer. Energy (an electric 
signal having certain parameters) comes to the input 
ofa transformer, and the output energy has the same 
characteristics but it is more intensive. It can occur 
due to electric energy coming to the other input of the 
transformer. 


Aheat pump represents an example for a polyenergetic 
transformer. Low potential heat energy of the ambient 
space (air, water, ground) comes to the input of the 
heat pump, and electric energy from a power network 
comes to the other input. The output heat energy has 
value which is equal to the sum of the coming heat 
energy of the ambient space and electric energy 
coming from the power network through the electric 
engine of the compressor. The output heat energy 
excesses energy coming from the power network by 
several times. The output energy is always lower than 
the sum of the low potential heat energy and the 
electric energy coming to the input. Hence, the output 
of a heat pump is always less than unit. 


Efficiency of the heat pump consists in the fact that a 
consumer pays for electric power produced by power 
network only (use of the low potential heat of the 


ambient space is free). However, the output heat 
energy is several times more than the energy which 
can be produced by the electric power coming to the 
input. 


3. Active oscillator 


An active oscillator is a device of a certain type. Energy 
of time-constant characteristics comes to its input, and 
at output there is energy of time-periodical 
characteristics. Energy with time-periodical 
characteristics can come to the input as well since 
these characteristics are not connected with the time- 
periodical characteristics of the output energy. The 
transformer can operate in a mode of an active 
oscillator if it has the following features: 


1. Indirect connection as a series circuit: one of the 
outputs is connected to an additional transformer 
whose output is connected to one of the inputs of the 
transformer. The additional transformer provides 
certain changes of the input signal (time delay). 

2. Energy comes to the input (it can be time- 
constant or time-periodical). 

3, The transformer must have a certain type ofnon- 
linearity. 


Examples of the active oscillator 


Internal combustion engine: the indirect connection is, 
the system of combustion, the non-linear element is 
the system of admission and exhaust valves, and the 
energy source is energy of chemical connections of fuel. 


Various electric generators: all of them have the indirect 
connection, the non-linear element, and the energy 
source. 


The active oscillators differ from the electrical 
intensifiers qualitatively. The difference consists in the 
fact that the active oscillator can operate and receive 
energy from the ambient space without additional 
energy coming to it (from a power network, for 
example), 


Theorists and experimenters try to create a self- 
supporting self-organizing system in their works on 
creation of alternative sources. This fundamentally 
correct tendency requires using theory of active 
oscillators. There is the developed theory in electrical 
engineering, automation, and other scientific fields [25]. 
‘To simplify application of these theories it is necessary 
to use analogy between equal processes which take 
place in different physical fields, 


4. Rectifiers 


Time-periodical energy comes to the input of the 
transformer. The output energy has time-constant or 
practically time-constant characteristics. If the 
transformer has a non-linear element or elements of a 
certain type (a diode or a one-sided valve) then it can 


New Energy Technologies, Issue #2 March - April 2003 


Root Bark contains 


Mimosa DMT - 0.31% to 
Hostilis 0.57% (Schultes, 
1977) 
poral DMT in bark (Ott) 
Mimosa DMT (Schultes 
verrucosa 1969) 
Teaves, seeds, 
stems and roots 
contain L-Dopa, 
Serotonin, S-HTP, 
Mucuna : 
: and Nicotine, as, 
eee well as N.N-DMT, 
Bufotenine, and 5- 
MeO-DMT 
(Erowid) 
Petalostylis | Dyrr in leaves and 
labicheoides 
nee stems (Ott) 
var. casseoides 
1.3% DMT 
(Shulgin, 
Diplopterys TIHKAL) 
cabrerana 
Contains DMT 


(Ott) 


5-MeO-DMT and 


Horsfieldia beta-carbolines 
superba (Jossang et al. 
1991) 
Reuewes 5-MEO-DMT in 
nyaninera uel bark (Ott) 
Osteophloem || DMT, 5-MEO- 
platyspermum || DMT in bark (Ott) 


Virola 


Leaves 


0.149% 
calophylla tower (ont) 
Virola DMT ig 
carinata Teaves 
(Ott) 
Virola DMT in 
divergens bauind 
(Ort) 
DMT, 5- 
MEO- 
Virola DMT in 
elongata |) bark and 
leaves 
(Ott) 
Virola DMT in 
melinonii || bark (Ott) 
DMT, 5- 
MEO- 
Virola DMT in 
multinervia |} bark and 
leaves 


(Ott) 


Virola 
pavonis 


DMT in 
leaves 
(Ott) 


Virola 
peruviana 


DMT, 5- 
MEO- 
DMT in 
bark (Ott) 


Virola 
rufuta 


Alkaloids 
in bark 
and root, 
95% of 
which is 
5-MeO- 
DMT 
(Shulgin, 
TIHKAL) 


Virola 
sebifera 


DMT in 
bark (Ott) 


Virola 
theiodora 


DMT, 5- 
MEO- 
DMT in 
bark, 
roots, 
leaves and 
flowers 
(Ott) 


Virola 
venosa 


DMT, 5- 
MEO- 
DMT in 
roots and 
leaves 
(Ott) 


0.2% 
average 
Psychotria DMT in 
carthaginensis dried 
leaves 
(ow 
Leaves 
contain 
Psychotria eee 
0.10% to 
0.66% 
(McKenna, 
1984) 


Arundo donax 


Entire Plant contains 5-MeO-DMT (Shulgin, TIHKAL) 


Flowers contain DMT, 5-MeO-DMT, and 5-MeO-NMT (Shulgin, TIHKAL) 


Roots contain DMT, 5-MeO-DMT, 5-MeO-NMT, Bufotenine, bufotenidine, 
dehydrobufotenidine (Shulgin, TIHKAL) 


Desmanthus Illinoensis 


Root contains DMT - 0.200% (Ott) 


Root Bark contains DMT - 0.340% (Ott) 


Phalaris arundinacea 


Leaves of contain DMT, 5-MeO-DMT, and related compounds (Smith 1977) 
Phalaris aquatica 
syn. 


Phalaris tuberosa 


Leaves and seedlings contain DMT, 5-MeO-DMT, and related compounds (Smith 1977) 
DMT - 0.100% (erowid) 
5-MeO-DMT - 0.022% (erowid) 


5-OH-DMT - 0.005% (erowid) 


Phragmites australis 


DMT in roots (Ott) 


Delosperma acuminatum 


DMT, 5-MEO-DMT (Trout's Notes) 


Delosperma cooperi 


DMT, 5-MEO-DMT (Trout's Notes) 


Delosperma ecklonis 


DMT (Trout’s Notes) 
Delosperma hallii S-MEO-DMT (Trout's Notes) 


Delosperma harazianum DMT, 5-MEO-DMT (Trout's Notes) 


Delosperma harazianum 
Shibam DMT (Trout’s Notes) 


Delosperma hirtum DMT (Trout's Notes) 


Delosperma lydenbergense 


4 he 


ii 


DMT, 5-MEO-DMT (Trout's Notes) 
Delosperma nubigenum 5-MEO-DMT (Trout’s Notes) 
Delosperma pageanum DMT, 5-MEO-DMT (Trout’s Notes) 


Delosperma pergamentaceum Traces of DMT (Trout’s Notes) 


DMT (Trout’s Notes) 


Petalostylis cassioides 


operate in the mode of a rectifier. The examples are 
electrical rectifiers and pumps of a valve type. 


Properties of energy transformers 
General properties: 


1. A transformer can transform energy of one type 
as well as transform one type of energy into another 
type. 

2. The generalized kinetic, potential and 
dissipative energies are specific peculiarities of energy 
change in the space and time. 

3. The generalized masses, elasticities and 
dissipative elements are products of energy change in 
space and time. 

4. — Values of the generalized masses, elasticities 
and dissipative elements (existing inside the 
transformer as well as reduced to the equivalent values 
on the sides of it) depend on a temporal character of 
changes of kinematical or dynamic disturbances. 
Values of the generalized masses and elasticities at 
the sides of the transformer are lower than the 
corresponding values inside the transformer. 

5. Energy interchange between macrostructures 
and microstructures can occur through a transformer. 
6. One area of space can “know” about another 
area of space through energy exchange only, Le 
through generalized dynamic and kinematical 
interactions. In the light of the fact that chains of 
different transformers can have similar physical 
properties (for example, an equal resonant structure) 
interference of these transformers seems tobe possible 
including interference occuring at a great distance. 


Properties of the passive monoenergetic transformer: 


1. Transformation of characteristics of the same 
energy type. 

2. The output energy can be both equal or lower 
than the sum of energies coming to all the inputs. The 
sum of the output energies decreases due to dissipative 
losses occurring inside the transformer. 


Properties of the passive polyenergetic transformer: 


1. One energy type coming to an input can be 
transformed into another energy type coming from the 
output. 

2. Thesumofenergies of all the outputs can be equal 
to the sum of energies of all the inputs or less than it. The 
sum of the output energies decreases due to dissipative 
losses occurring inside the transformer. The output will 
always be lower than unit. If the energy coming from 
certain of the outputs (within the limits of one output) is 
considered as a positive effect then the output will be 
less than the mentioned value. 

3. Energy ofone and the same type comes to the input 
and from the output while other energy types can come 
from other outputs. This property can allow increase one 
type of energy coming from an output at the expense of 
the other types of energy coming to the inputs. 


Analysis 


This article is aimed to provide general properties of 
the energy transformers and to analyze some 
problems of creation of renewed energy sources, 
according to these properties. There are made various 
attempts to design a renewed energy source which 
would produce energy without fuel consumption. In 
the light of the above mentioned results, the 
researches on creation of the renewed energy source 
may be represented by the following way. Energy can 
be produced from the macrostructures and the 
microstructures. 


In the case of the macrostructure, energy can be 
produced by a simple transformer, an electric intensifier 
or an active oscillator. Methods of production of energy 
from the ambient space by means of simple 
transformers (thermoelectric and hydroelectric power 
stations, wind generators, etc.) are developed 
sufficiently by the humankind. Works on producing 
energy from the ambient space by means of energy 
intensifiers are on its initial stage. Heat pumps, which 
utilize low potential heat energy by means of Freon- 
compressor heat pumps, are successfully introduced. 
One of the perspective approaches is replacing such a 
heat pump by a vortex oscillating heat pump which 
does not contain Freon and a compressor [3, 5, 19, 22]. 
In future it will be possible to replace the energetic 
pump by a new energy transformer of the type of an 
active oscillator. In this case the energy source will 
always obtain energy from the ambient space without 
using additional energy from a power network. Energy 
sources of the type of the active oscillator are internal 
and external combustion engines, stream engines, etc. 


In the general case a transformer can contain different 
energy types and has communications with outer 
microstructures. It should be noted that the outer 
microstructures can be included in the geometrical 
size of the transformer. Energy of this microstructure 
can be huge; hence, this energy can be obtained from 
them for a very long period of time. Atomic reactors 
can serve as an example for this fact. The types of 
energy in these microstructures can be represented 
by known types (electromagnetic energy, nuclear 
energy) and unknown types (whose numerous 
‘quantity can be considered). These energy types exist 
in the ambient space. However, almost all the 
transformers of energy produced by a human (except 
the nuclear reactors) do not interact with the energies, 
and we do not obtain energy from these 
microstructures, 


‘The task of creation of a new energy source consists 
in designing such an energy transformer which could 
obtain energy from the microstructures and transform 
it into the type of energy which is needed to a 
consumer. In this case all the designed transformers 
will not have over unit output. Efficiency of these 
transformers will be defined by the cost of the energy 
produced by them. This energy depends on a ratio of 


0.4-0.5% tryptamine, DMT, etc. in leaves and stems (Johns et al 1966) 
Acacia acuminata Up to 1.5% alkaloids, mainly consisting of tryptamine in leaf (Lycaeum) 
Acacia alpina Active principles in leaf (M.Bock) 


Acacia angustifolia Psychoactive Tryptamines (Raitsch 2004) 


f-methyl-phenethylamine (Glasby 1991) 


NMT and DMT in leaf, 1.1-10.2 ppm (McSweeney et al. 2005) 


Acacia auriculiformis 


5-MeO-DMT in stem bark (Lycaeum) 


Acacia baileyana 


0.02% tryptamine and f-carbolines, in the leaf, Tetrahydroharman (Ott) 


Acacia berlandieri 


Amphetamine, Methamphetamine, N,N-Dimethylamphetamine, 4-Methoxyamphetamine, 4- 
Hydroxyamphetamine (Shulgin 2001) 


DMT and others (Phytochem. 199 


Acacia catechu 


DMT and other tryptamines in leaf, bark (Trout's Notes) 


Acacia caven 


Psychoactive 


Acacia colei DMT (Dr. Karl and abe.net.au 2005) 


Acacia constricta 


f-methyl-phenethylamine[12] 


Acacia complanata (1.3% alkaloids in leaf and stem, N-methyl-tetrahydroharman with traces 
of tetrahydroharman (Johns et al. 1966) 


Acacia confusa 


N-chloromethyl-N,N-dimethyltryptamine, N-methyltryptamine, N.N-dimethyltryptamine, 
and N,N-dimethyltryptamine-N-oxide (Quinn et al. 2006) 


Acacia cornigera 


Psychoactive,[8] Tryptamines[27] 


Acacia cultriformis 


‘Tryptamine in the leaf and stem (Trout’s Notes) 


Acacia farnesiana 


‘Tryptamines and phenethylamines (Lyceaum) 


N-Methyl-Beta-Phenethylamine (Duke 1992) 
Acacia filiciana Psychoactive 


Acacia floribunda Tryptamine, phenethylamine,[33] in flowers[ 15] other tryptamines,[34] 
phenethylamines 


Acacia georginae Psychoactive,[8] plus deadly toxins 


Acacia greggii 


N-methyl-f-phenethylamine,[12] phenethylamine[36] 


Acacia harpophylla Phenethylamine, hordenine at a ratio of 2:3 in dried leaves, 0.6% 
total[6] 


Acacia holoserica Hordenine, 1.2% in bark[6] 


Acacia horrida 


Psychoactive 


‘Acacia implexa 


Psychoactive 


Acacia karroo 
Psychoactive 


Acacia kempeana 
Psychoactive 


Acacia kettlewelliae 
1,5[6]-1.88%[38] alkaloids, 92% consisting of phenylethylamine.[6] 0.9% N-methyl-2- 
phenylethylamine found a different time 


Acacia laeta DMT in the leaf (Trout’s Notes) 


Acacia lingulata 
Psychoactive 


Acacia longifolia 


0.2% tryptamine in bark, leaves, some in flowers, phenylethylamine in flowers (Hegnauer 
1994) 


DMT in plant (Lyceaum) 


Acacia macradenia 
Tryptamine 


Acacia maidenii 


energy coming to one of the inputs (electric power) 
(for example, in heat pumps) to the output energy. If 
the output energy is much more than the artificial 
energy which comes to one of the inputs then this 
transformer can be very useful for a consumer. 


New high effective energy sources are often claimed 
to be created. According to the observed facts, 
existence of such sources is practically possible. 
Nevertheless, realization of this source will depend on 
our knowledge of physics of the microstructures and 
methods of transformation of energy of the 
microstructures into such type of energy which can be 
used by a consumer. Physics of microstructures is 
investigated badly, and many types of energy are 
totally unknown. Therefore, modern scientists try to 
create the new energy sources at random. In this case 
the following results can be achieved: 


1. The high effectiveness of an energy source (over 
unit output) does not correspond to reality. 
2. The output energy of the energy source is 


actually higher than the input energy (the source of 
the energy intensifier type). 

3. The energy source actually produces energy 
without artificial input energy (the source of the active 
oscillator type). It can occur if an inventor failed to 
recognize the source of energy coming from the 
microstructures. It can be connected with particular 
or total lack of exploration of physics of the 
microstructures. Moreover, the fact is caused by 
transcendent difficulty of disclosing energy sources 
from the macrostructures. 


Conclusions 


It is principally possible to create an energy source 
whose output energy would be higher than its input 
energy (an energy intensifier) or an energy source 
which would produce energy without additional input 
energy (an active oscillator). 


1. Various energy sources or transformers of energy 
of the macrostructures and microstructures can be 
designed. 

2. — Practical value of the energy source is defined 
according to cost of its output energy instead of the 
output value. 

3. Designing new energy sources it is useful to 
consider them from the point of view of transformers. 
It is worth to define all the communications of the 
transformer and to state experimentally energy at all 
the accessible communications of the transformer, 

4. Developing theories of sources it is expedient to 
use physical analogy and to take into account ready 
results of works on theories of transformers, chains, 
etc. of electrical engineering, radio engineering, 
automation and other scientific fields. 

5, Inthe light of the fact that it is planned to obtain 
energy from the microstructures it is necessary to pay 
attention to new probable types of radiation and to 
their influence on a human. 
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Bark of A. maidenii contains 0.6% of N-methyltryptamine and DMT in the proportions 
approx. 2:3 (Fitzgerald & Sioumis 1965) 


Acacia mangium 


Psychoactive 


Acacia melanoxylon 


DMT in the bark and leaf, less than 0.02% total alkaloids (Hegnauer 1994) 


Acacia mellifera 


DMT in the leaf (Trout’s Notes) 


Acacia nilotica 


DMT in the leaf (Trout’s Notes) 


Acacia obtusifolia 0.4 to 0.5 % DMT in the dried bark (Csiro 1990) 
Acacia oerfota Less than 0.1% DMT in leaf (Ott) 


Acacia penninervis 
Psychoactive 


Acacia phlebophylla 


‘s ? 
0.3% DMT in leaf, NMT (Trout’s Notes) 


Acacia platensis 
Psychoactive 


Acacia podalyriaefolia 
‘Tryptamine in the leaf (Trout’s Notes) 


0.5% to 2% DMT in fresh bark, phenethylamine trace amounts (Hegnauer 1994) 


Acacia polyacantha 


460a 
DMT in leaf (Trout's Notes) 


Acacia pyeantha 


Psychoactive,[8] but less than 0.02% total alkaloids 


Acacia retinodes 


DMT and MMT (www.factorey.ch/Eins.htm) 


less than 0.02% total alkaloids found (Hegnauer 1994) 


Acacia roemeriana 
f-methyl-phenethylamine 


Acacia rigidula DMT, NMT, tryptamine, amphetamines, mescaline, nicotine and others 
(Phytochem. 19@ 


Acacia salicina 


f-methyl-phenethylamine, Phenethylamine[36] Amphetamines and mescaline also found 


Acacia schottii 
f-methyl-phenethylamine 


Acacia senegal 
DMT, in the leaf 


Acacia simplex 


Xe ai 


DMT and NMT, in the leaf, stem and trunk bark, 0.81% DMT in bark, MMT 


Acacia taxensis 
f-methyl-phenethylamine 


Acacia tenuifolia 
Psychoactive 


Acacia tortilis 


DMT, NMT, and other tryptamines 


> ‘Commercial Exploration of Space 


is 


Review 
by Olga Leontyeva, Editor 
http://www.faraday.ru 


Of late years the mankind has 
greatly advanced in space 
exploration. New spaceships are 
Fa BD. created, automatic apparatus are 

launched to the planets of solar 
system, space stations are orbited. A man has passed 
to outer space and begun exploring the planets of solar 
system. More and more specialists and people of 
different professions are involved in the development 
of space industry. However to present day only a few 
of them has succeeded flying into space. 


At the present state of affairs space flight is very 
expensive and a serious reason should exist to forward 
a man into space if he or she does not relate to the 
aims of professional cosmonautics. However in last 
years there has appeared a certain breakthrough in the 
solving of the problem. Nowadays space technologies 
gradually turn from the sphere of experimental and 
scientific researches to the area of practical application. 
‘The time has come for a man to realize the real space 
flight without being the professional cosmonaut. 


What are the ways to solve the problem? No doubt that 
special attention should be paid to the development of 
new space technologies, search of new types of fuel 
and attraction of investments to the sphere of space 
tourism, 


April 28, 2001 can be considered as official date of birth 
of space tourism, when there was launched the space 
ship “Soyuz TM-32” with the first space tourist aboard. 
Almost in a year, on April 25, 2002 the space tourist 
#2 South African Republic person Mark Shattlword 
started on his space journey. 


‘Today many companies give the opportunity to make 
a real space flight for all comers who have enough 
money and health. It is promised the providing of the 
most modern space technologies and the most perfect 
space equipment. It can be created a furor by the 
“Minimum program" of the Russian company “Atlas 
Aerospace” which is made by the members of 
‘Yu.A. Gagarin Center of training of cosmonauts. 


Inrecent years at the international market there appear 
more and more companies which deal with search and 
encouragement of inventors who work on creation of 


alternative propulsion systems. Activity of “X Prize 
Foundation" company can be considered as an 
example. 


The X PRIZE Foundation 


722-A Spit of St. Louis Blvd 
St. Louis, Mo. 63005 
‘Tek: 636-519-9449, Fax: 314-533-6502 
http://www.xprize.org 
E-mail: press@xprize.org 


The X PRIZE is a $10,000,000 prize to jumpstart the 
space tourism industry through competition between 
the most talented entrepreneurs and rocket experts in 
the world. The $10 Million cash prize will be awarded 
to the first team that: 


- Privately finances, builds & launches a 
spaceship, able to carry three people to 100 kilometers 
(62.5 miles) 

- Returns safely to Earth 

- Repeats the launch with the same ship within 2 
weeks 


‘The X PRIZE competition follows in the footsteps of 
more than 100 aviation incentive prizes offered 
between 1905 and 1935 which created today’s 
multibillion dollar air transport industry. 


For more than 30 years, the general public has waited 
for an opportunity to enjoy the space frontier on a first- 
hand basis. The X PRIZE Foundation is working to make 
space travel possible for all. The spaceships that 
compete for the X PRIZE are designed to carry 
passengers. 


Since its inception in May 1996, the X PRIZE Foundation 
has registered more than 20 teams from seven countries 
to compete for the prize. The X PRIZE is fully funded 
through January 1, 2005, through private donations and 
backed by an insurance policy to guarantee that the 
$10 million is in place on the day that the prize is won. 
Additional funds are still being raised by the X PRIZE 
Foundation to implement the competition (judging, 
media, event management, etc.) and continue the 
Foundation's education mission. 


‘The X PRIZE was inspired by the early aviation prizes 
of the 20th Century, primarily the spectacular trans- 
Atlantic flight of Charles Lindbergh in The Spirit of 
St. Louis which captured the US $25,000 (US$) Orteig 


Acacia sieberiana DMT in the leaf (Trout's Notes) 
Acacia verek Psychoactive (Ratsch 2004) 
Acacia vestita Tryptamine, in the leaf and stem (Trout's Notes) 


less than 0.02% total alkaloids (Hegnauer 1994) 


Anadenanthera colubrina 


seed pods contain dimethyltryptamine and the seeds bufotenin, bufotenin oxide, and oxide of 
dimethyltryptamine (GRANIER-DOYEUX 1965) 


Leaves, Bark, and Seeds contain DMT, 5-MeO-DMT and related compounds (Schultes 1977) 
Anadenanthera peregrina seed pods contain dimethyltryptamine and the seeds bufotenin, 
bufotenin oxide, and oxide of dimethyltryptamine (GRANIER-DOYEUX 1965) 

Leaves, Bark, and Seeds contain DMT, 5-MeO-DMT and related compounds (Schultes 1977) 
Anadenanthera macrocarpa seed pods contain dimethyltryptamine and the seeds bufotenin, 
bufotenin oxide, and oxide of dimethyltryptamine (GRANIER-DOYEUX 1965) 
Desmodium caudatum Roots: 0.087% DMT, Bufotenine-N-oxide 0.03% (Trout’s Notes) 
Desmodium gangeticum DMT, 5-MEO-DMT, whole plant, roots, stems, leaves (Ott) 
Desmodium gyrans DMT, 5-MEO-DMT, leaves, roots (Ott) 


Desmodium pulchellum DMT, 5-MEO-DMT, whole plant, roots, stems, leaves, flowers 
(Ott) 


Desmodium racemosum 5-MEO-DMT (Ott) 


Desmodium triflorum: 


yy : fe 


DMT-N-oxide, roots (Ott 


Lespedeza bicolor var. japonica DMT, 5-MEO-DMT in leaves and root bark (Ott) 


mimosahostil 


Root Bark contains DMT - 0.31% to 0.57% (Schultes 1977) 
‘Mimosa seabrella DMT in bark (Ott) 
‘Mimosa verrucosa DMT (Schultes 1969) 


‘Mucuna pruriens leaves, seeds, stems and roots contain L-Dopa, Serotonin, 5-HTP, and 
Nicotine, as well as NN-DMT, Bufotenine, and 5-MeO-DMT (Erowid) 


Petalostylis labicheoides var. casseoides DMT in leaves and stems (Ott) 


Diplopterys cabrerana 


N ih, 2 wy 


1.3% DMT (Shulgin, TIHKAL) 


Contains DMT (Ott) 


Horsfieldia superba S-MeO-DMT and beta-carbolines (Jossang et al. 1991) 


Iryanthera ulei 


5-MEO-DMT in bark (Ott) 
Osteophloem platyspermum DMT, 5-MEO-DMT in bark (Ott) 


Virola calophylla 


Leaves 0.149% DMT (Ott) 


Virola carinata DMT in leaves (Ott) 

Virola diyergens DMT in leaves (Ott) 

Virola elongata DMT, 5-MEO-DMT in bark and leaves (Ott) 

Virola melinonii DMT in bark (Ott) 

Virola multineryia DMT, 5-MEO-DMT in bark and leaves (Ott) 

Virola pavonis DMT in leaves (Ott) 

Virola peruviana DMT, 5-MEO-DMT in bark (Ott) 

Virola rufuta Alkaloids in bark and root, 95% of which is $-MeO-DMT (Shulgin, TIHKAL) 
Virola sebifera DMT in bark (Ott) 

Virola theiodora DMT, 5-MEO-DMT in bark, roots, leaves and flowers (Ott) 
Virola yenosa DMT, 5-MEO-DMT in roots and leaves (Ott) 


Psychotria carthaginensis 


Leaves contain DMT - 0.10% to 0.66% (McKenna) 
Edited:02-04-2008 

Uncover the truth,"It's really stranger then fiction". 
Acacias 


Acacia 


‘Among the most valuable ornamental trees in the drier parts of the world. This massive genus of 
plants within the larger Legume family, contains over 1200 species of plants, 900 which are native to 
Australia, the remainder being native to the Americas, Africa and milder parts of Asia. Many provide 
shelter, shade and timber in dry regions where few other sizeable trees will grown. 

Most prefer full sun and well drained soil. Most are propagated from seed, many also propagated 
from semi-ripe cuttings over heat. Typically germination is greatly improved by pouring boiling water 
over them and letting them to cool by soaking in cold water over 24 hours. Rubbing sandpaper over 
the seedcoats can also be done. Germination is rapid. 


* photos taken on Jan 32011 @ Deerfield Beach Arboretum, Florida. 


Many Acacias are psychoactive ( marked * at end of text description ) and contain the same chemical 
that makes people and animals dream. 


http://en.wikipedia.org/wiki/List_of_psychedelic_plants ( video posted beneath ) 


http://www.erowid.org/plants/acacia/acacia.shtm| 


ja acinacea ( Gold-Dust Wattle } 
‘A decorative spreading shrub with long arching branches, native to semi-arid parts of southeastern 
‘Australia. Some records include: 3 years - 10 feet; largest on record - 10 x 13 feet. 

The oblong, obovate or rounded phyllode leaves, up to 1x 0.5 inches, are deep blue-green. 
Profuse, golden-yellow flowerballs, up to 0.2 inches across, are borne singly or paired from the leaf 
axils during late spring and spring. 

They are followed by curved, twisted pods. 

The twigs are angled. 

The smooth bark is gray to dark brown. 

Hardy zones 8 to 10 in full sun to partial shade. It is drought and heavy clay tolerant. Prune lightly 
after flowering to encourage new growth. 


"Ruby Tips’ 
Bright red new foliage 


‘Acacia abyssinica 

‘Amedium-sized tree, reaching a maximum height of 66 ( rarely over 53 ) feet, that is native to Africa. 
Some records include: fastest recorded growth rate - 3 feet; largest on record - trunk diameter of 2 
feet. 

The bipinnate leaves are up to 1 
The puffy flowerballs are white. 
Hardy zones 9 to 11 ( tolerating as low as 15 F ). 


inches in length. 


Acacia acradenia 


Alarge shrub or small tree, reaching a maximum height of 25 ( rarely over 13 ) feet in height, that is 
a widespread native to arid northern Australia. Some records include: 3 years - 5 feet. 

The elliptical leaves are up to 6 x 1.2 inches. 

The golden-yellow to orange flower spikes are up to 2.5 inches in length. 

‘The twigs are orange-brown. 

The red-gray to brown bark is smooth when young, later turning fibrous. 


‘Acacia acuminata ( Raspberry Acacia ) 

‘A fast growing, dense, rounded tree reaching a maximum size of 47 x 33 feet, that is native to. 
southwestern Australia. Some records include: 10 months - 4.5 feet; 3 years - 10 feet; largest on 
record - trunk diameter of 1.5 feet. It is known to resprout after fire but rarely suckers otherwise. It 
is moderately long-lived, exceeding 50 years. 

The linear to narrow-elliptic leaves, up to 10 x 0.4 ( rarely over 7 ) inches, are mid-green. 

The golden-yellow flower spikes are up to 1.3 inches in length. 

Hardy zones 8 to 10, requiring mediterranean climates. It tolerates drought but not waterlogged 
soils. 


Acacia adsurgens 

A spreading shrub or small tree, reaching a maximum size of 23 ( rarely over 13 ) feet in height, that 
is a widespread but rare native to the arid parts of northern Australia. 

Some records include: 6 years - 8 feet with a trunk diameter of 1 inch. 

The linear leaves, up to 8 x 0.2 inches, are glossy mid-green. 

The cylindrical, golden-yellow flower spikes are up to 0.8 inches in length. 

‘The twigs are reddish or light brown. 

‘The fibrous bark is gray-brown peeling to reveal reddish-brown bark beneath. 

Hardy zones 9 to 11 ( partial dieback recorded at 16 F ). 


‘Acacia adunca ( Wallangarra Wattle ) 

Also called Cascade Wattle. A rapid growing, large bushy shrub or small tree reaching a maximum 
size of 47 x 20 ( rarely over 33 ) feet that is native to dry forests in far northeast New South Wales in 
Australia. 

The narrow linear, phyllode leaves, up to 6 x 0.1 inches in length, are bright green to blue-green. 
The profuse, showy, sweetly fragrant, golden-yellow flower balls, up to 0.3 inches across, are borne 
in long sprays during late winter and spring. 

The slender twigs are red-brown. 

Hardy zones 9 to 11 in full sun on well drained soil. 


‘Acacia albida 

‘A beautiful large tree similar in appearance to a mature Gleditsia-Honeylocust. 

Some records include: 3 years - 23 feet; largest on record - 110 x 100 feet with a trunk diameter of 6 
feet. 

Hardy north to zone 9a, tolerating as low as 18 F. Roots have been found as deep as 270 feet. 


‘Acacia alpina ( Alpine Wattle ) 
‘A dense, low spreading shrub, rarely much taller to 8 feet and spreading as much as 33 feet, that is 


native to far southeastern Australia. 

The broad obovate phyllode leaves, up to 1.8 x 1.1 inches, are gray-green. 

The cylindrical bright yellow flowers, up to 0.6 inches in length, are paired or borne singly along the 
stems during spring. 

Hardy zones 8 to 10 tolerating as low as 8 F. Itis also tolerant of snow. 


‘Acacia amblygona ( Fan Wattle ) 

‘A low spreading shrub native to eastern Australia. 

Some records include: 3 years - 5 ( rarely over 3 ) feet; largest on record - 8 x 10 ( rarely over 3 ) feet. 
‘The lower growing forms can valuable for use as groundcover. 

The sharply pointed, triangular, phyllode leaves, up to 0.8 x 0.2 inches, are mid- green. 

The singular, golden-yellow flower balls, up to 0.3 inches across, are borne winter into early spring. 
Hardy zones 9 to 11 


‘Acacia amoena ( Boomerang Wattle } 

‘A dense, rounded, large shrub reaching up to 13 feet that is native to highlands in southeastern 

Australia. 

The thick, leathery, oblanceolate phyllode leaves, up to 3.4 x 0.7 inches, are gray-green. 

The showy, intense, bright golden-yellow flower balls, up to 0.2 inches across, are borne in short 
sprays, up to 2.6 inches in length, during late winter and early spring. They are followed by dark 

brown pods, up to 3.5 x 0.2 inches. 

The twigs are reddish-brown. 

Hardy zones 8 to 10 


‘Acacia ampliceps ( Salt Wattle ) 

‘A fast growing, suckering, bushy, semi-pendulous, spreading, large shrub or small tree, reaching a 
maximum height of 30 feet, that is a widespread native to northwestern Australia. Some records 
include: 2 years -9 feet; 3 years - 15 feet. 

It makes a great windbreak and is highly valuable for reclaiming salty soil. 

The linear to narrow lance-shaped leaves, up to 10 x 1.2 inches, are bright green. 

The creamy-white flower balls are borne on racemes up to 4 inches in length. 

The twigs are yellowish. 

Hardy zones 9 to 10, thriving in hot arid climates. Freezes to ground at 18 F 


‘Acacia amythethophylla 

‘A bushy shrub or small tree, reaching a maximum height of 17 feet, with a tiny natural range of sand 
dunes around Shark Bay on the central part of Australia's west coast. Some records include: 7 years - 
17 feet. 

The oblanceolate leaves, up to 4.8 x 0.6 inches, are blue-green. 

The pale yellow flower balls are borne on racemes up to 1.4 inches in length. 


‘Acacia aneura ( Mulga ) 

Along lived, moderate growing, evergreen shrubby tree up to 25 feet that is native to much of the 
dry interior of Australia. 

Some records include: fastest recorded growth rate - 4 feet; 4 years - 12 feet; 10 years - 33 feet with 


a trunk diameter of 4 inches; largest on record - 60 x 23 feet with a trunk diameter of 1 foot. Mulga 
is long lived, exceeding 240 years. 

Very deep rooted enabling it to survive in arid climates, a 4 foot tall tree was recorded to have a 10 
foot taproot. 

The flat, narrow, linear phyllode leaves, up to 5 x 0.4 ( rarely over 3 ) inches in length, are gray-green 
to blue-green above, silvery beneath. 

The profuse, golden-yellow flowers are borne on dense spikes, up to 1.2 inches in length, during 
spring and summer, irregularly the rest of the year. 

The fissured bark is dark gray. 

Hardy zones 9 to 10 tolerating as low as 15 F, it thrives in climates with 8 to 20 inches of rainfall per 
year. 


‘Acacia angustissima ( Fern Acacia ) 

A thornless, fast growng large shrub native from Missouri south to Costa Rica, reaching around 8 x 6 
feet though may be a small tree more than double that. 

Some records include: 2 years - 6 feet; 2.5 years - 17 feet with a trunk diameter of 2.3 inches; largest 
on record - 23 feet. In cold climates where it grows as a perennial, it can be used for groundcover. 
The attractive, finely-textured, fern-like foliage is mid-green. 

The white, ball-shaped flowers are borne during summer and fall. 

The flowers attract butterflies 

Hardy zones 9 to 10 as a shrub, zone 6 to 8 as a perennial, tolerating as low as -10 F. It thrives in full 
sun to partial shade on just about any fertile, well drained soil. Drought tolerant. 


‘Acacia aphylla ( Leafless Rock Wattle ) 

Aleafless but attractive shrub reaching up to 10 x 10 feet that is native to a tiny area just a little bit 

east of Perth in Australia where it is endangered. It looks like a succulent rather than an Acacia. This 
‘Acacia bears no leaves. 

The spiny, silvery to gray-green branches are profusely covered by showy, bright yellow flower balls 
borne singly during spring. 

They are followed by linear pods, up to 3.5 inches in length. 

Hardy zones 9 to 10 in sun to partial shade on very well drained soil. 


‘Acacia arabica ( Egyptian Acacia ) 
‘A medium size tree native to a vast area from Africa to southern Asia. 

Some records include: 30 years - 60 feet with a trunk diameter of 2.6 feet; largest on record - 82 feet 
with a trunk diameter of 5.2 feet. 

Hardy north to zone 9b 


‘Acacia aroma 
A thorny, spreading, small tree, reaching a maximum height of 20 feet, that is native to Bolivia, Peru, 
Paraguay and Argentina. Itis closely related to Acacia macrantha. 

Some records include: 2 years - 3 x 6 feet; 9 years - 13 feet. 

The pinnate leaves, up to 5.5 inches in length, are composed of 48 to 100 linear leaflets, up to 0.2 x 
0.03 inches in size. 

The pale yellow flower balls, up to 0.4 inches across, are borne from the leaf axils. 


prize in 1927. Through a smaller, faster, better 
approach to aviation, Lindbergh and his financial 
supporters, The Spirit of St. Louis Organization, 
demonstrated that a small professional team could 
outperform a large, government-style effort. 


‘The Societal Benefits of the X PRIZE include: 


Creation of a new generation of heroes 
* Inspiring and educating students 

* Focusing public attention and investment 
capital on this new business frontier 

* Challenging explorers and rocket scientists 
around the world; and, 

* Vehicles built for the X PRIZE will eventually 
serve four different industries: 

> Space Tourism 

- Low-cost satellite launching 

- Same-day package delivery 

- Rapid point-to-point passenger travel. 


In Fig. 1 itis demonstrated the typical X Prize trajectory. 
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Fig. 1 


Editor: Below we publish photos and brief 
comments about some official X PRIZE registrant 
teams. More detailed information you can find at 
http://www.xprize.org/imagefacts/photo1.html. 


The Da Vinci Progect 


hittp://www.davinciproject.com 


Fig. 2 
“Wild fire” 


The da Vinei Project will launch its spacecraft 
(“Wild Fire") from the world’s largest helium 
balloon. The 3,270 kg (7,200 pound) rocket will be 
tethered 720 meters (2,400 feet) below the balloon 
and lifted over the course of an hour to an altitude of 
80,000 feet. The 10,000 pound thrust, liquid oxygen, 
kerosene engines will fire the first stage and the rocket 
will fly an initial angular trajectory to clear the balloon. 
The spacecraft then will transition to vertical flight 
to its apogee of 120 km in space. The rocket will reach 
a maximum speed on both its ascent and re-entry of 
Mach 4, or 4,250 kph (2,650 mph). 


An innovative ballute will protect and stabilize the 
rocket on re-entry. A flyable parachute will be 
deployed at 25,000 feet and the rocket will descend 
under control, guided by GPS, to a predetermined 
landing zone. The da Vinci Project has already 
successfully conducted full-scale rocket motor test 
and has built a full-scale mockup of their vehicle, 


“Discraft” corporation 
http://www. xprize.org/teams/teams. htm! 


John Bloomer, the team leader, is an aerospace 
engineer and he has worked on many aerospace 
progects, including Apollo and holds more than 60 
patents on a disc plattorm aircraft. Bloomer's ship 
utilizes “Blastwave" Pulsejets. 
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‘The twigs are dark purplish-brown. 
The dark gray to dark brown bark is smooth at first, later becoming shallowly furrowed. 
Hardy zones 9 to 11 ( slight damage at 16 F ). 


‘Acacia ashbeyae 

Avery attractive, rounded, dense, spreading shrub, reaching a maximum height of 6.5 feet, that is 
native to southwestern Australia. Some records include: 2 years - 5 x 8 feet; 3 years - 6 x 10 feet. 
The very narrow leaves, up to 3.5 inches in length, are gray-green. 

The flowers are bright yellow. 

Hardy zone 9 to 10 ( tolerating 19 F or slightly colder ) in mediterranean climates, preferring sandy 
soil. 


‘Acacia atramentaria 

A flat-topped tree, reaching a maximum height of 40 feet, that is native to northern Argentina. Some 
records include: 3 years - 6 feet; 8 years - 15 feet. 

‘The bark is furrowed and dark gray. 

Hardy zones 9a to 10 ( fully hardy to 16 F ). 


‘Acacia aulacocarpa ( Golden Flowered Salwood ) 

A spreading tree, reaching a maximum height of 50 feet, that is native to the central and northern 
parts of Australia's east coast. 

Some records include: 3 years - 10 feet; largest on record - 16 inch trunk diameter. 

The leaves, up to 8 x 1.5 ( rarely over 5 ) inches, are blue-green. 

The bright golden-yellow flower spikes are up to 2.4 inches in length. 

The bark is smooth. 

Hardy zones 9b to 10 ( est ) in subtropical to tropical climates. 


Acacia auriculiformis 
‘A moderately long lived, dense, rounded, large tree native to northern Australia, New Guinea and 
nearby parts of Indonesia. It is among the worlds fastest growing trees. Some records include: 

fastest recorded growth rate - 25 fe 


years - 20 feet; 3 years - 41 feet with a trunk diameter of 5 
inches; 5 years - 50 feet; 8 years - 60 feet; largest on record - 133 x 100 feet with a trunk diameter of 
A feet. 

It is an excellent shade tree for subtropic and tropical areas worldwide. 

The phyllode leaves, up to 12 x 2 inches, are glossy olive green. 

The golden flowers are borne in profuse spikes as the tropical dry season begins. 

They are profusely followed by contorted, leathery seed pods. 

Hardy zones 10 to 12 in climates with average yearly rainfall of 30 inches or more. 

Very soil tolerant, tolerating PH from 3 to 9% 


* photo of unknown internet source 


Acaci 
‘An evergreen shrub, reaching a maximum height of 13 feet, that is native to the central part of 
Australia's east coast. Some records include: 3 years - 11 feet. 


baeuerlenii 


‘The linear leaves are up to 6 x 0.5 inches. 


The creamy-white flower balls, up to 0.4 inches acrass, are borne in clusters of 1 to 3 from the lead 
axils. 


Hardy zones 9 to 10 ( est ) in warm temperate to subtropical climates. 


‘Acacia baileyana ( Cootamundra Wattle ) 


‘An elegant evergreen tree native to a small area around Cootamundra in the southern part of New 
South Wales in Australia. The outer branches gracefully droop. 

‘Some records include: fastest recorded growth rate - 7 feet; 5 years - 17 feet; 20 years - 40 x 40 feet; 
largest on record - 50 x 70 feet with a trunk diameter of 3 feet. Short lived, it usually only 


years. 


It has been planted as a street tree in parts of California. 
The feathery bipinnate leaves, up to 2 inches in length, are silvery-gray. 

The profuse, bright yellow, ball-shaped flowers are borne in dense, axilliary racemes, up to 4 inches 
in length, during winter and early spring. 

The bark is smooth and silvery-gray. 

Hardy zones 8 to 10 tolerating as low as 15 F, can recover from 12 F. 

It prefers full sun on humus-rich, well drained soil. Drought tolerant. Deer resistant. Pruning after 
flowering encourages new growth and extends the life of the plant. 


‘Purpurea’ 


Attractive purplish foliage. 


‘Acacia bakeri ( Baker's Wattle ) 

‘Among the largest of all Acacias, it can reach up to 170 x 82 feet with a trunk diameter of 5 feet with 
a dense rounded canopy. Due to habitat destruction within its natural range, trees exceeding even 
half that size are now extremely rare. It is slow growing, so the sizes of trees that greeted the 
settlers won't be around again for a long time. It originally grew in subtropical rainforests along a 
stretch of coastline on the center part of Australia’s east coast. 

The elliptical leaves, up to 5 x 1.3 inches, are deep green. 

The creamy-yellow flowers are borne on racemes up to 4 inches in length. 

They are followed by pods up to 8 x 0.5 inches in size. 

The close-grained hard, yellowish wood was once used for flooring and cabinetry. This tree is now in 
danger of extinction. 

Hardy zones 9 to 10 in moist, humid subtropical climates. 

Seed should be soaked in warm water for 4 hours or until they swell before sowing. 


‘Acacia bancroftii ( Bancroft's Wattle } 

Avery attractive deciduous tree reaching up to 20 feet, that is native to inland areas in central 
Queensland Australia. 

The very large, sickle-shaped phyllode leaves, up to 9 x 5.5 inches, are blue-green. 

The bright yellow, ball-shaped flowers are borne in very long racemes during late autumn and 
winter, 

Hardy zones 9 to 11, thriving in warm dry climates. 


‘Acacia berlandieri ( Berlandier Acacia ) 

Also called Guajillo. A very attractive small semi-evergreen to evergreen tree that is native to hills of 
western Texas, south into Mexico. Some records include: fastest recorded growth rate - 3 feet; 3 
years - 5 feet; largest on record - 25 x 25 feet with a trunk diameter of 6 inches. 

The fernlike bipinnate, Silktree-like leaves up to 6 inches in length are deep green. 

The ferny foliage lends a tropical appearance to the desert landscape. 

‘The fragrant, creamy-white flowerballs are borne during spring. 

The stems are armed in curved short thorns. 

Berlandier Acacia is toxic to livestock, it is also psychoactive. 

It is one of the most cold hardy Acacias, tolerating as cold as 0 F in dry climates. 

Extremely drought tolerant, thriving in areas with rainfall as low as 6 inches in a year. 
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Acacia binervia ( Coast Myall ) 
Also called Acacia glaucescens. A very attractive, long lived, fast growing, dense tree native to. 


eastern Australia. Some records include: 3 years - 13 feet; largest on record - 66 x 35 feet. Also 
makes an excellent windbreak. 


The curved, elliptic phyllode leaves are up to 7 x 2 ( rarely over 5.5 ) inches in size. 
The bright yellow flowers are borne in masses of narrow cylindrical, axilliary spikes, up to 2.3 inches 
in length, during early spring. 

The deeply fissured and flaky bark is gray-brown to dark brown. 

This plant is toxic to livestock. 

Hardy zones 9 to 11 tolerating as low as 19 F in full sun and partial shade. 


‘Acacia bivenosa ( Two-Nerved Wattle ) 
bushy, dense, rounded shrub, reaching a ma 
native to northwest and north central Aust 
diameter of 3 inches. 


jum height of 17 ( rarely over 12 ) feet, that is 
Some records include: 2 years - 8 feet with a trunk 


The oval to oblong leaves, up to 2 x 1 inches, are blue-green. 
The showy, bright yellow flower balls are borne from the leaf axils. 
Hardy zones 9b to 11 ( plants freeze back to ground level at 19 F, resprouting vigorously ). 


‘Acacia bonariensis 

‘An evergreen shrub that is native to Paraguay and northern Argentina. 
‘Some records include: 2 years - 4.5 feet. 

Hardy zones 9 to 10 


‘Acacia boormannii 

‘A showy, fast growing, bushy, slender large shrub to small tree, reaching a maximum size of 20 x 17 ( 
rarely over 15 ) feet, that is native to subalpine zones in far southeastern Australia. It makes a great 
screen and windbreak. 

The linear leaves, up to 3.5 inches in length, are gray-green. 

The golden-yellow flower balls, up to 0.2 inches across, are borne on racemes, up to 1.6 inches in 
length. This plant is spectacular in bloom. 

The branches are silvery. The bark is smooth and gray. 

Hardy north to zone 8 and is snow and clay tolerant, moderately salt tolerant. Requires average 
yearly rainfall of 20 inches or more. 


‘Acacia borleae 

A shrub that is native to South Africa 

Some records include: 3 years - 6.5 feet. 

Hardy zones 9 to 10 ( tolerates 16 F with slight damage ). 


‘Acacia brachybotrya ( Gray Mulga ) 

‘A moderate growing large shrub reaching a maximum size of 15 x 15 feet, that is native to semi-arid 
southeastern Australia. Some records include: 3 years - 12 feet. 

The obovate leaves, up to 1.3 x 0.5 inches, are grayish-green to blue-green. 

The red Manzanita-like bark looks amazing when exposed through pruning. 

Hardy to 18 F 


‘Acacia brachystacha ( Turpentine Mulga ) 

‘An evergreen shrub to small tree, reaching a maximum size of 20 x 17 feet, that is native to central 
‘Australia. Some records include: 9 years - 14 feet. 

The very linear leaves are up to 7 x 0.1 inches, are blue-gray to blue-green. 

The bright yellow, narrow cylindrical flower spikes, up to 0.8 inches in length, are borne 1 or 2 from 
the leaf axils. 

‘The gray bark is smooth becoming fissured with age. 

Hardy zones 9 to 10 ( tolerating 15 F ) in semi-arid to desert climates. 


‘Acacia brandeegeana 

‘Assmall, thicket-forming tree, reaching a maximum height of 23 feet, that is native to Baja California, 
Some records include: 9 years - 6 feet. 

The pinnate leaves contain 4 to 14 tiny leaflets, up to 0.35 x 0.1 inches. 

Hardy zones 9 to 10 ( fully hardy to 16 F ). 


‘Acacia brunioides 

Ashrub reaching a maximum size of 6.5 x 5 feet, that is native to Australia's central east coast. 

The densely crowded, narrow, needle-like phyllode leaves are up to 0.5 inches in length. 

The showy large, globular, light yellow flowerheads are borne singly along the stems late winter into 
early spring. 

Hardy zones 9 to 11. Prune to shape after blooming. 


‘Acacia burkitttii ( Pinbush Wattle ) 

‘An attractive, fast growing, dense, compact, large spreading shrub to small tree, reaching up to 33 x 
15 (rarely over 15 ) feet, that is native to semi-arid parts of southern Australia. 

Hardy zones 8 to 10 in full sun to partial shade preferring sandy soil. Very drought tolerant. 

The long, linear, phyllode leaves, up to 8 inches in length, are green. 

The oblong spikes of small yellow flowers are borne late winter and spring. 

Hardy zones 8 to 10. An excellent landscape plant for dry climates. 


‘Acacia buxifolia ( Box-leaf Wattle ) 

‘An upright to spreading shrub reaching a maximum size of 13 x 9 feet that is native to the eastern 
Australian coast. 

The leathery, narrow-elliptic, phyllode leaves, up to 1.5 x 0.3 inches, are gray-green. 

The very showy, profuse, globular, golden-yellow flowers are borne in dense axilliary panicles, up to 
118 inches in length, during winter and spring. 

Hardy zones 8 to 10, it is very adaptable and tolerates both flood and drought. Pune regularly after 
flowering to encourage new growth and density. 


‘Acacia caerulescens ( Buchan Blue Wattle ) 

Avery attractive, very fast growing, dense, oval to rounded small tree, that is native to extreme 
southeastern Australia not including Tasmania. Some records include: first year - 10 feet; largest on 
record - 55 x 40 feet with a trunk diameter of 1.5 feet. It is endangered in the wild with just around 
1700 plants left in existence. It makes an excellent landscape tree and should be widely planted 
where it is adapted in order to preserve it. 

The obovate leaves, up to 3.2 x 1.3 inches, are blue-green. 

The pale yellow flowerballs are borne on clusters, up to 3.5 inches in length. 

Hardy zones 9 ( estimate...it may actually be hardier ). It is both lime and clay soil tolerant. 


Acacia caffra 

‘Amedium size tree native to tropical and southern Africa. 

Some records include: 4 years - 16 feet; 5 years - 18 feet; 9 years - 17 feet; largest on record - 66 
feet. 

The bipinnate leaves are up to 9 inches in length. 

The flowers are cream colored. 

Hardy north to zone 9b tolerating as low as 23 F 


Acacia calamifolia 

Ashrub, reaching a maximum height of 13 feet, that is native to southeastern Australia, 
The narrow-linear, phyllode leaves, up to 4.3 inches in length, are gray-green to green. 
The flowers are borne on very showy, golden-yellow puffballs. 

Hardy zones 9? 


Acacia cana 
‘A dense, spreading, small tree, reaching a maximum size of 20 x 20 feet, that is native to eastern 
‘Australia. Some records include: 2 years - 4 feet. 

The linear leaves are up to 5 x 0.1 inches in size. The very attractive foliage is bright gray-green. 


The golden-yellow puffball flowers are very showy. 
The bark is gray. 
Hardy zones 9 to 10 ( fully hardy to 16 F ) 


‘Acacia cardiophylla ( Wyalong Wattle ) 

A showy spreading, arching shrub or more rarely small tree that is native to New South Wales in 
‘Australia. Some records include: 3 years - 3 feet; largest on record - 17 x 13 ( rarely over 11) feet. 
The bipinnate leaves, up to 2.5 inches, are composed of tiny, heart shaped leaflets. 

The profuse, sweetly fragrant, globular, bright yellow flowers are borne in long panicles that cover 
the stems during late winter and spring. 

The bark is smooth and gray. 

Hardy zones 8 to 10 


‘Acacia catechu ( Black Catechu ) 

‘Amedium size tree native to Pakistan, India and Burma. 

Some records include: fastest recorded growth rate - diameter growth of 0.5 inches; 2 years - 10 
feet; largest on record - 80 x 50 feet with a trunk diameter of 3.2 feet. 

The fine bipinnate leaves are up to 6 inches in length. 

The yellow flowers are borne in long spikes during spring. 

‘The twigs are armed with hooked spines. 

Hardy zones 9 to 12" 


‘Acacia cavenia ( Cavan ) 

Also called Espanillo. An attractive twisted trunked, fast growing small tree. 

Some records include: fastest recorded growth rate - 5 feet; 2 years - 6 feet; 3 years - 9 feet; 4 years 
- 12 feet; largest on record - 30 x 30 feet with a trunk diameter of 20 inches. Often used as a hedge 
in its native Chile. 

The bipinnate leaves are composed of tiny leaflets. The foliage is downy at first. 

The yellow, ball-shaped flowers are borne from the leaf axils during spring. 

The valuable timber is durable and very hard. 

The flexible branches are spiny. 

Hardy zones 8 to 11. Leaves undamaged at 19 F 

Pharmacology: known to contain Tryptamine 
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‘Acacia chinchillensis ( Chinchilla Wattle ) 

An attractive, fast growing, small spreading shrub is native to a small area in southern Queensland, 
‘Australia. Some records include: 3 years - 4;5 feet; largest on record - 6.6 x 6 feet. 

The bipinnate foliage is gray-green. The leaflets are up to 0.3 inches in length. 

The showy globular, golden-yellow flowers are borne in panicles during late winter and spring. 
The bark is smooth and gray-brown. 

Hardy zones 9 to 11. Trim regularly for increased density. 


Acacia choriophylla 
A thornless small tree reaching a maximum size of 20 x 24 feet, that is native to Florida. 
Extremely drought tolerant. 


Aca 
‘An attractive weeping tree, reaching a maximum height of 50 feet, that is native to western 
‘Australia. Some records include: 6 years - 13 feet. 

The linear to narrow-elliptic leaves are up to 6.5 x 0.5 inches in size, 

‘The bark is fissured and gray. 

Fully hardy to 17 F. 


citrinoviridis 


‘Acacia cognata ( River Wattle ) 

A rapid growing, gracefully weeping, small tree reaching up to 40 x 40 feet, that is native to coastal 
southeast Australia. 

The narrow phyllode leaves, up to 4 inches in length, are bright green. 

The globular, golden-yellow flowers are borne on short stalks during late winter and spring. 

Hardy zones 9 to 11 ( tolerates 20 F ) on moist soil in sun to partial shade. 


Aca 
‘A fast growing tree, reaching a maximum size of 33 feet, that is native to the eastern Australia's 


concurrens 


center coast. Some records include: 3 years - 13 feet. 

The obovate phyllode leaves, up to 7 x 2.3 inches, are blue-green. 
The bright yellow flower spikes are up to 4.3 inches in length. 
The fibrous fissured bark is grayish-black. 

Hardy zones 9 to 10 


‘Acacia conferta ( Crowded-Leaf Wattle ) 
‘An attractive fine shrub reaching a maximum size of 15 x 13 feet, that is native to dry areas of 
southeastern Queensland and nearby parts of New South Wales. 


The very dense, nearly needle-like, narrow-oblong, deep gray-green phyllode leaves, are up to 0.5 
inches in length. 

The small, bright yellow, ball-shaped flowers are borne singly along the stems. 

Hardy zones 9 to 11 


‘Acacia confusa ( Formosan Acacia ) 

A medium-sized tree that is native to Taiwan and the Phillipines but has also become an exotic 
invasive weed in Hawaii. Some records include: largest on record - 66 x 90 feet with a trunk diameter 
of 3.5 feet. 

The narrow, lance-shaped, phyllode leaves are up to 4 x 0.4 inches, are dull green. 


The golden-yellow flowerballs are up to 0.4 inches across. 
The seeds are highly poisonous. 

The slender twigs are smooth and brown. 

The bark is smooth and gray. 


Hardy zones 10 to 12, preferring a subtropical to troy ate. 


Pharmacology: at a concentration of 1.4%, the roots contain among the worlds highest known. 
concentrations of DMT. 
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constricta ( Whitethorn Aca 


A moderate growing, long-lived, large shrub to small tree reaching up to 10 x 15 feet, that is native 
to Nevado, Arizona to Texas. Some records include: 2 years - 8 feet; 7 years - 14 feet; 11 years - 16 
feet. Generally evergreen, it becomes deciduous during extreme drought or cold. It makes an 
excellent barrier plant. 

The soft yellow, puffy, ball-shaped flowers are borne during mid spring to early summer. They are 
nearly pollen free. 

The flowers are followed by attractive deep reddish-brown seed pods, up to 
The thorns are sharp and white. 

Hardy zones 5a to 11, it is among the hardiest of all Acacias, though it is far less hardy in m 
climates. Whitethorn Acacia prefers full sun and infrequent deep watering. Very drought and heat 
tolerant. Deer resistant. 


inches in length. 


er 


Pharmacology: contains B-methyl-phenethylamine 


* photo of unknown internet source 


‘Acacia continua ( Thorn Wattle } 

‘dense, wiry-stemmed, rigid branched, shrub reaching a maximum height of 6.5 feet that is native 
to semi-arid parts of southcentral Australia. 

The leathery, sharp-tipped, linear leaves, up to 1.6 ( rarely over 1 
closely to the stems, that this plant appears leafless. 

The foliage is green. 


iches in length, are pressed so 


‘Small, showy, deep golden-yellow, ball-shaped flowers are borne from the leaf axils during early 
spring. 
Hardy zones 9 to 11 


Flight Sequence 


Fixed, 7850-ft*-area, laminar-flow wing take-off at 
about 60 mph within about 150 ft, featuring climb with 
gradual air-breathing acceleration (according to a 
fixed program) at fixed angles, to exit the atmosphere 
at Mach 10 on an unpowered ballistic arc to reach 75- 
mi, altitude: return on down-leg of same unpowered 
arc to gradual power-on flare-out re-entry of the 
atmosphere in simple reverse sequence of the take- 
off velocity profile. Range above 100,000 ft is about 
480 mi. which is covered in about 5 minutes. 


“Kelly Space & Technology” 


hittp://www-kellyspace.com 


Fig. 3 
“LBX’ 


‘The vehicle is a rocket-powered delta wing glider with 
a liquid oxygen and kerosene liquid rocket engine. 
‘The spacecraft is prepared and fueled at the takeoff 
airport. The spacecraft is towed to release altitude 
behind a conventional jet powered aircraft such as 
Boeing 747 aircraft. Upon release from the tow aircraft, 
the main engine is throttled up for boost phase. The 
vehicle nominally coasts to an apogee altitude of 
100 kilometers. The vehicle then glides to a landing 
at the takeoff airport for checkout and refueling prior 
to the next flight. 


Flight Sequence 
The lifting body will be towed to launch altitude 
behind another aircraft, and the rockets will be 
ignited. The craft will return to the landing site and 
make an unpowered, horizontal landing, 

“Lone Star Space Access” 


http://www.dynamicar.com 


The Cosmos Mariner employs air-breathing jet 
propulsion for take-off and landing from conventional 


airports and rocket propulsion for ascent from cruise 
flight in the stratosphere to 30 or 40 nautical miles 
altitude. From there, the vehicle coasts to a target 
altitude of around 65 nautical miles. The air frame is 
designed to interface with two jet engines (turbofan 
or turbojet) each with 20,000-Ibs static thrust or less. 
For rocket propulsion, the Cosmos Mariner will use 
the Aerojet AJ26-NK31A, a staged-combustion 
kerosene engine. The vehicle is designed to take off 
and land from conventional runways. 


Fig. 4 
“Cosmos Mariner” 


Along with X Prize Foundation it should be mentioned 
ALLTRA Company (Germany). ALLTRA consists of a 
small group of space experts. The main objective of 
ALLTRA is to ‘sell’ the space idea to a broad public 
and to identify future commercial opportunities in the 
space sector. 


On the official ALLTRA website http://www.alltra.de 
you can find collection of artist's views of the projects 
which are aimed at decrease in space ships value by 
means of using of new types of engines. Besides the 
Company deals with the development of space hotel 
projects. 


JNET 


New Energy Technologies 
collection of articles 
Japanese Version 


Collection of articles from New Energy 
‘Technologies magazine, 2001-2002 is published 
in Japan. 

On purchasing of the book, please, contact 


Elichi Yamamoto, 
President Yama Trans Co. Ltd. 


Email: admin@yamatrans.cojp or 
eyama@yamatrans.co.jp 


‘Acacia coriacea ( Wiry Wattle ) 

Aslightly pendulous, small tree reaching up to 33 x 15 feet, that is a widespread native to northern 
Australia. 

The narrow, linear phyllode leaves, up to 13 x 0.4 inches, are silvery-blue. 

The the globular golden-yellow flowers, up to 0.3 inches across, are followed by curled pods, up to 8 
inches in length. 

The bark is fibrous. 

Hardy north to zone 9b ( tolerating as low as 20 F ). At colder temperatures it will dieback to the 
base, resprouting rapidly to up to 7 feet during the following summer. 

Pharmacology: unknown 


‘Acacia cornigera ( Bullhorn Acacia ) 

Assmall tree, reaching up to 33 feet, that is native to Mexico and central America. 
Some records include: 1 year - 6 feet; 2 years - 7.5 feet; 4 years - 8 feet. 

The foliage is bipinnate. 

Hardy zones 9 to 11 

Pharmacology: contains Tryptamine 


Acacia coulteri 
Some records include: 2 years - 6 feet; eventual size of 7.5 feet 


‘Acacia covenyi ( Bluebush ) 

Arare fast growing tree, reaching a maximum size of 28 x 30 feet, that is native to far southeastern 
Australia. 

The narrow oblong leaves, up to 2.3 x 0.4 inches, are silvery-blue. 

The bright yellow flower puffballs, up to 0.2 inches across, are borne 5 to 8 on a clusters, up to 2.2 
inches in length. 

Hardy north to zone &b tolerating 14 F. It thrives in climates with 20 + inches of yearly rainfall. 
Drought tolerant. 


‘Acacia cowleana 

‘Assmall tree, reaching a maximum height of 27 feet, that is native to central Australia. Some records 
include: 2 years - 9 feet with a trunk diameter of 2 inches. 

The oblanceolate leaves, up to 9 x 1.5 inches, are gray-green. 

The flower spikes, up to 2 inches in length, are golden-yellow. 

The bark is fibrous. 

Hardy zones 9 to 11 ( tolerating 20 F ). Only marginally hardy in Tucson 


‘Acacia craspedocarpa ( Leatherleaf Acacia ) 

Also called Hop Mulga. An evergreen large shrub to small tree reaching a maximum size of 27 x 20 ( 
rarely over 20 ) feet, that is native to southwestern Australia. Some records include: fastest recorded 
growth rate - 3 feet; 4 years - 6 feet; 10 years - 9 feet. 

The rounded leaves, up to 1.x 0.5 inches, are blue-gray. 

The bright yellow flower spikes are up to 0.8 inches in length. 

Hardy zones 8 to 10, thriving in semi-arid climates. Very drought tolerant. 


‘Acacia crassicarpa ( Thick-Podded Salwood ) 

A long lived, tall spreading tree that is a widespread native to moist areas of eastern Australia often 
forming dense pure stands. One of the worlds fastest growing trees reaching up to 100 feet. 

The long, curved phyllode leaves, up to 12 x 2 inches in size, are pale green to gray-green. 

The golden-yellow flowers are borne in paired spikes during late winter and early spring. 

The bark is dark gray-brown. 

Hardy zones 9 to 11 ( slight damage at 16 F ). 


Acacia cultriformis ( Knife-Leaf Wattle ) 

Atall, very dense, evergreen shrub with drooping branches that is native to Eucalyptus forests of 
New South Wales in eastern Australia. Some records include: fastest growth rate - 3 feet; 3 years - 
10 feet; largest on record - 26 x 18 feet. 

It makes an excellent hedge and screen, 

The attractive, pointed-tipped, triangular, phyllode leaves, up to 1.5 x 0.6 inches, are blue-gray. 
The inches in length, 
Hardy zones 8 to 11 tolerating as low as 10 F, does not like climates with high humidity. Prefers full 
sun ( tolerates partial shade ) on humus-rich, sandy, well drained soil. Tolerates heat, drought and 
seaside salt winds. 

Pharmacology: contains Tryptamine 


htly fragrant. bright yellow, ball-shaped flowers are borne in sprays up to 
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‘Austraflora Cascade’ 


‘Alow groundcover form, reaching up to 1 x 13 feet. 


‘Acacia cyclops ( Western Coastal Wattle ) 
Avery attractive, dense, bushy, small tree, reaching a maximum size of 28 x 28 feet, that is native to 


the western and central part of the southern Australia coast. 

Some records include: 10 months - 4.5 feet; 2 years -8x 5 feet. 

The leathery, oblanceolate, willowy leaves, up to 4 x 0.6 inches, are green. 

The pale yellow flowerballs, up to 0.3 inches across, are borne on 2 flowered racemes originating 


from the leaf axils. 
Hardy zones 9 to 11( tolerates 10 F ). Drought tolerant and even thrives on pure sand & salt breezes, 


making it a great choice for stabilizing sand dunes. 


‘Acacia davyi ( Corky Thorn ) 

‘An attractive, fast growing, evergreen tree, reaching up to 17 x 17 feet. 

Some records include: 3 years - 6 feet. 

The attractive, ferny bipinnate leaves, up to 6 inches in length, are bright green. 

The bright yellow flowerballs, up to 0.3 inches across, are borne during summer. 

The attractive, corky to flaking bark ranges from creamy-yellow to light brown. 

Hardy zones 9 to 10 ( partial damage at 16 F ) in full sun to partial shade on well drained soil 
Drought tolerant. 


‘Acacia dealbata ( Silver Wattle ) 

Avery fast growing, single trunked, broadly-conical large tree to around 70 feet that is native to 
mountain forests of southeastern Australia and Tasmania. 

Some records include: fastest recorded growth rate - 6 feet; 3 years - 20 feet; 5 years - 33 feet; 20 
years - 50 x 27 feet ( average ); 22 years - 70 feet; 28 years - 82 feet with a trunk diameter of 3 feet; 
largest on record - 150 x 82 feet with a trunk diameter of 5 feet. 

The ferny, bipinnate, blue-green leaves, up to 7 inches in length, are composed of many linear 
leaflets up to 0.3 inches. The finely-textured foliage is very attractive. 

The abundant, very showy, very fragrant, bright yellow, ball-shaped flowers are borne in racemes up 
to 8 inches in length during late winter into spring. 

The flowers are followed by seed pods up to 3 inches in length, that constrict between the seeds. 
The branchlets are silvery. The bark is smooth and green, eventually becoming gray, developing 
cracks on older trees. 

Hardy zones 8 to 10 tolerating as low as 8 F and it often resprouts from the ground if it did actually 
get colder. It thrives in milder parts of the British Isles. Prefers full sun and acidic, warm, well drained 
soil. Preferring consistent moisture, it can tolerate the occasional drought. 
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subsp ‘subalpina’ 

Originating from high mountains in Australia, it is more consistantly cold hardy but still unlikely to 
thrive north of zone 8. 

It is vigorous, grows large and has very attractive silvery foliage. 

‘Acacia deanii ( Deane's Wattle ) 

‘Asmall tree reaching a maximum height of 40 ( rarely over 23 ) feet, that Is native to southeastern 
‘Australia, Some records include: 3 years - 5 feet; 10 years - 15 feet. 

Makes an excellent screen plant. 


The ferny bipinnate leaves are dull deep green. 


The creamy-white flowerballs are up to 0.2 inches across. 
The smooth bark is brownish-purple. 


Hardy zones 9 to 10 ( fully hardy to 16 F ). Very drought tolerant. 


Acacia debilis 
Alarge shrub to small tree, reaching a maximum height of 20 feet, that is native to eastern Australia. 
Some records include: 3 years - 12 feet; largest on record - 20 feet. 

The bipinnate leaves are composed of very narrow leaflets, up to 0.7 inches in length. The foliage is 


gray-green. 
The tiny flower puffballs are golden-yellow. 
The branches are reddish and the smooth bar! 
Hardy zones 9b to 10 ( est ) 


grayish-green. 


‘Acacia decora ( Showy Wattle ) 

‘A dense, spreading shrub native to dry areas of eastern Australia. 

Also called Western Golden Wattle. Some records include: 3 years - 5 feet; largest on record - 17 x 
17 feet. Somewhat short-lived, trees exceeding 50 years in age are rare. 

The slightly curved, narrow-elliptic leaves, up to 2.5 x 0.5 inches, are bright blue-green. 

The very showy, globular, bright yellow flowers are borne in racemes during winter and spring. 


The branches are reddish-brown. 
Hardy zones 8 to 11 in sun to partial shade. Easy to grow. 


‘Acacia decurrens ( Black Wattle ) 

Ahighly ornamental, very fast growing, large, erect tree native to New South Wales in Australia. 
Some records include: fastest recorded growth rate - 17 feet with a trunk diameter increase of 1 
inch; 6 years - trunk diameter of 5 inches; 25 years - 60 feet; largest on record - 80 x 66 feet with a 
trunk diameter of 3 feet. Trees as large as 55 feet are known to grow in Ireland. 

The bipinnate leaves, up to 6 inches in length, are deep green. 

The linear leaflets are up to 0.6 inches in length. 

The fragrant, globular, bright yellow flowers are borne in axilliary racemes, up to 6 inches in length, 
during late winter and early spring. 

The dark gray bark is furrowed. 

Hardy zones 8 to 10 ( unconfirmed reports of 7 ) thriving in areas with yearly rainfall exceeding 18 
inches. Very tolerant and easy to grow however may be prone to borers. 


‘mollis’ 
2 years -9 feet. 
Only marginally hardy in Tucson. 


'subalpina’ 
11 years - 17 feet with a trunk diameter of 8 inches. 
Has very silvery, tiny leaves. 


‘Acacia difformis ( Wyalong Wattle } 

Assmall tree, reaching a maximum height of 23 feet, that is native to southeastern Australia, 
Some records include: 4 years - 7.5 feet. 

The pendulous, narrow-oblanceolate leaves, up to 6.5 x 0.6 inches, are green. 

The bright yellow flowers are borne on clusters, up to 2.5 inches in length. 

Likely hardy north to zone 8b ( fully hardy to 15 F ), surviving in Tucson, AZ. 


‘Acacia dunnii ( Dunn's Wattle ) 

‘A fast growing small tree native to far northwestern Australia. Some records include: 2 years - 21 
feet; largest on record - 23 x 20 feet. 

The large, falcate, glaucous-blue leaves are up to 18 x 12 ( rarely over 15 x 7) inches. 

The very spectacular 0.8 inch golden-yellow flower balls are borne on panicles up to 20 inches in 
length, during most of the year. 

Hardy in zone 11, tropics only. 


‘Acacia elata ( Cedar Wattle ) 

‘tree native to southeastern Australia. Some records include: fastest recorded growth rate - ; 3 
years - 25 feet; largest on record - 133 x 60 feet with a trunk diameter of 2 feet. 

The pinnate leaves are composed of lance-shaped leaflets, up to 2.5 x 0.5 inches. 

The flowers are creamy-yellow. 

The bark is blackish-gray. 


Hardiness in North America is unknown, likely north to zone 8b. 


‘Acacia enterocarpa ( Jumping Jack Wattle ) 

‘A dense, low spreading shrub reaching a maximum height of 5 feet that is native to border areas 
between South Australia and Victoria in Australia. 
The linear leaves are up to 1.8 inches in length. 
The bright yellow flowers are borne on globular heads. 
Hardy zone 9 to 11 preferring sandy soil. 


‘Acacia eremophila 

‘Adense, rounded shrub, reaching a maximum height of 6.5 feet, that is native to southwestern 
Australia. 

Some records include: 3 years - 4 feet. 

The very linear leaves, up to 4.5 inches in length, are mid-green, 

The golden-yellow flowerheads are borne from the leaf axils. 

Hardy zones 9a to 10, preferring mediterranean or dry climates. 


‘Acacia erioloba (Camel Thorn ) 

‘Also called Acacia giraffae. It is a slow growing, shapely spreading evergreen tree that is a 
widespread native in southern Africa. Some records include: largest on record - 60 x 60 feet with a 
trunk diameter of 3 feet; longest lived - 300 years. 

Hardy zones 9 to 11 tolerating as low as 18 F. It is a valuable shade tree in hot desert climates. 
The leaves are bipinnate. 

The sweetly fragrant, globular, golden-yellow flowers are borne singly during late winter and early 
spring. 

They are followed by velvety gray coated, wide, sickle-shaped seed pods. 

The stems are armed with white thorns. 

The bark is rough and deeply fissured. 

Hardy zones 9 to 11 tolerating as low as 18 F. Extremely drought tolerant due to its roots reaching as 
deep as 150 feet in search of water. 
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Acacia erubescens 


Attractive, thorny, medium-sized tree that is native to central and southern Africa. 
Some records include: 1 year - 6 feet; 4 years - 10 feet; 10 years - 20 feet. 

The leaves are bipinnate. 

The bottlebrush flowers are white. 


The showy bark is papery. 


Acacia estrophiolata 

A gracefully weeping Willow-like tree reaching a maximum size of 70 x 35 feet, that is native to 
inland areas of Austral 

The linear phyllode-leaves are up to 4.3 x 0.2 inches in size. 

The pale yellow flowers are borne on globular heads, up to 0.2 inches across. 

The bark is smooth and silver. 

Hardy zones 9 to 10 ( tolerating 20 F ). 


‘Acacia falcata ( Hickory Wattle } 

Assmall tree reaching a maximum height of 40 ( rarely over 15 ) feet, that is native to southeastern 
‘Australia. Some records include: 1st year - 3 feet; 3 years - 15 feet. 

The narrow-elliptical, falcate leaves, up to 7.5 x 1.6 inches, are blue-green. 

The creamy-white flowers are borne on clusters, up to 2.5 inches in length. 

Hardy zones 9 to 10 


‘Acacia falciformis ( Pale Hickory Wattle ) 

‘Assmall tree reaching around 33 feet that is native to coastal southeast Australia. 
Some records include: 5 years - 30 feet; largest on record - 82 x 40 feet with a trunk diameter of 3 
feet. 


The pendulous phyllode leaves are up to 9 x 2.5 inches, are blue-green. 

Small, very fragrant, yellow, ball-shaped flowers are borne in large clusters, up to 4 inches in length, 
during spring. 

Hardy zone 9 to 10 


‘Acacia farnesiana ( Sweet Acacia ) 

‘Also called Huisache. A fast growing, wiry, rounded to wide-spreading, small semi-evergreen to 
evergreen tree native to tropical America ranging north into Baja Peninsula, southern Texas and 
south Florida. This is a most attractive tree when in full bloom. The outer twigs are pendulous adding 
to the beauty of this tree. 

Some records include: fastest recorded growth rate - 4 feet; 2 years - 7 feet; 3 years - 14 x 12 feet; 10 
years - 20 feet; largest on record - 40 x 50 feet with a trunk diameter of 4.5 feet. Long lived, the 
Sweet Acacia can persist over 100 years. It has spread into the wild outside its native range in parts 
of southern California, southern Arizona and central Texas to Louisiana and central Florida where it, 
may become invasive on open to semi-open sites on sandy soils. 

It makes a great hedge or screen in the desert southwest. 

The feathery bipinnate leaves, up to 4 inches in length, are composed of 3 to 8 pairs of pinnae, each 
having 10 to 25 pairs of pointed, narrow oval leaflets, each up to 0.3 ( very rarely 0.5 inches ) inches 
in length. The foliage is bright-green. 

The very attractive foliage is finely-textured, 

The large, sweetly very fragrant, bright golden-yellow, globular flowers, up to an inch wide, are 
borne in small clusters in late winter and spring. 

Oils obtained from the flowers can be used in the making of perfume. 

They are followed by thick, shiny, reddish-purple to very dark brown, oblong pods, up to 3 x 2 inches. 


‘The zig-zagged orange-brown twigs are armed with strong stiff, straight, whitish spines, up to 2 
inches in length, that are borne in the leaf axils. 

The bark is reddish-brown with abundant pale lenticels on young trees. Gray with long thin vertical 
strips on older trees. 

Hardy zones 8 to 12 tolerating as low as 10 F ( however clones from the Caribbean and Florida are 
killed at or below 20 F ), thriving in climates with 12 + inches of yearly rainfall. Very salt, heat and 
drought tolerant. itis sold in pots in many Florida nurseries. It is easy to grow in just about any soil. 
Pharmacology: Contains DMT & Tryptamine 
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Acacii lia ( Fern-Leaf Acaci 
A tree, reaching a maximum size of 60 ( rarely over 40 ) feet, that is native to southeastern Australia. 
Some records include: 11 years - 53 x 40 feet with a trunk diameter of 13 inches. 

The deep green, fernlike leaves are composed of linear leaflets, up to 0.3 inche: 
The smooth bark is dark brown. 


length. 


Hardy zones 8b to 10, thrives and grows very rapidly in milder parts of England. 


‘Acacia fimbriata ( Fringed Wattle ) 

Also called Brisbane Golden Wattle. A fast growing, bushy small tree that is native to eucalyptus 
forests of coastal areas in eastern Australia. 

‘Some records include: fastest recorded growth rate - 5 feet; 3 years - 10 feet; largest on record - 25 x 
20 feet. Fringed Wattle makes an excellent screen. 

The 
The profuse, sweetly fragrant, globular, bright yellow flowers are borne in dense clusters, up to 3 
inches in length, during late 
The slender branches are drooping. 

Hardy zones 9 to 11 tolerating as low as 14 F in sun to partial shade. 


ear phyllode leaves, up to 3 x 0.2 rarely over 2) inches, are deep green. 


inter and spring. 


Alternative Aircrafts and 
Space Propulsion Systems 


Editor: Nowadays all over the world there are made numerous attempts to create new types of aircrafts and alternative 
space propulsion systems. Below we publish the review of some interesting devices which are presented in the 
modern market. 


to ride on the fan also provides a fast stream of air 


“Arbortech Pty.Ltd” exiting from the rear of the craft to provide forward 
thrust ~ just like a hovercraft. To help provide better 
http://www.airboard.com.au acceleration the Airboard also includes a unique 


friction drive wheel at the rear. When the rider wishes 
to accelerate forward, weight transfer is used to bring 
the friction drive into contact with the ground. By 
engaging the friction drive clutch the Airboard can 
be accelerated forward without losing the feel of 
hovering above the ground. The control of the 
Airboard is provided by weight transfer of the rider, 
similar to surfboards, skate boards and snow boards. 
In operation the Airboard can be started, stopped and 
steered in a controlled manner and this means that 
riders can perform stunts, trick maneuvers and race 
around tight tracks against each other. In this unique 
way the Airboard is the first ever vehicle to deliver 
the advantages of hovercraft vehicle without the 
disadvantages of proof acceleration and handling, 


“Trek Aerospace, Inc.” 


http://www.solotrek.com 


Fig. 1 
Airboard 2000 


General Technical Specifications 


Total payload, including rider — 100 kg (220 Ib) 
Operating time — 1 hour on full tank of fuel 
Construction — Fiber glass/High-impact plastic shell, 
Aluminum frame, Rubber skirt 

Starting — Electric key-start, Battery included 
Engine — Briggs & Stratton 4-stroke 

Fuel tank capacity — 5 litre (1.3 US gal) 

Fuel type — 85 Octane unleaded 


How does it work? 


Airboard uses Hovercraft air cushion principles to 
glide just above the ground. The air cushion is 
generated from a purpose designed engine and fan 
which are suspended below the Airboard shell. In 
addition to providing an air cushion for the Airboard 


Fig. 2 
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‘Acacia fleckii 

‘A multi-stemmed small tree, native to southern Africa that sometimes suckers to form inpenetrable 
thickets. Some records include: 11 years - 25 feet; largest on record - 33 feet with a trunk diameter, 
of 1 foot. 

‘The foliage is gray-green. 

The bottlebrush flower spikes, up to 2.6 inches in length, are creamy-white. 

The creamy-white to pale gray bark is smooth or flaking on very old trees. 

Hardy zones 9 to 11 ( tolerating 20 F ). Thrives in Yuma ( with irrigation ) but not Tucson. Thrives best 
in tropical climates but will tolerate occasional drought. 


‘Acacia flexifolia ( Bent-Leaf Wattle } 

‘A bushy, rounded to spreading shrub reaching up to 7 x 7 feet, that is native to inland parts of 
southeastern Australia. 

Some records include: 3 years - 7 feet; largest on record - 

The narrow phyllode leaves are up to 2 ( rarely over 0.8 ) inches in length. 

The pale yellow, ball-shaped flowers are borne along the branches during winter and spring. 
Hardy zones 9 to 11 tolerating as low as 19 F. Thrives in sun to partial shade. Prune lightly after 
flowering. 


‘Acacia floribunda ( Sally Wattle ) 

‘A fast growing, dense small tree with pendulous branches, that is native to coastal parts of eastern 
‘Australia. Some records include: 1 day - 1 inch; 5 years - 17 feet; largest on record - 47 x 50 feet. It is 
generally short lived, only living around 20 years. 

The densely crowded, linear, phyllode leaves, up to 7 x 0.5 inches, are deep green. 

The profuse, sweetly fragrant, pale yellow flowers are borne in loose spikes up to 3 inches in length 
during winter and early spring. 

They are followed by seedpods up to 4 x 0.3 inches. 

The smooth bark is gray with horizontal streaks and lighter mottles. 

Hardy zones 9 to 11 tolerating as low as 19 F, in sun to partial shade. Very adaptable and easy to 
grow, 

Pharmacology: contains Tryptamine, phenethylamine 


‘Acacia furcatispina 
Some records include: 3 years - 8 feet; 5 years - 12 feet; 12 years - 18 feet. 
Hardy zones 9 to 11 ( fully hardy to 18 F ). Thrives in Tucson 


‘Acacia galpinii 

‘A fast growing, massive, deciduous tree native to southern Africa similar in appearance to a mature 

Gleditsia - Honeylocust. 

Some records include: fastest recorded growth rate - ; 2 years - 18 feet; 3 years - 20 feet; 4 years - 25 
feet; 9 years - 35 feet; 12 years - 40 feet; largest on record - 100 x 82 feet with a trunk diameter of 5 

feet. 

The bipinnate leaves, up to 7 inches in length, are luxuriant bright green. 

The long bottlebrush flowers are creamy-white. 

Hardy zones 9a to 11 ( fully hardy to 16 F), it thrives even in Yuma, AZ extreme heat. 


The root system is extensive. 


‘Acacia genistifolia ( Early Wattle ) 

‘An open shrub, reaching a maximum height of 10 feet, that is native to southeastern Australia, 
The linear phyllode leaves are up to 1.6 inches in length. 

The flower heads are creamy-yellow. 

Hardy zones 9 to 10 


‘Acacia gerrardii subsp ‘negerensis' 

Some records include: 3 years - 7 feet; 4 years - 10 feet; 8 years - 18 feet; 15 years - 22 feet; largest 
on record - 45 x 40 feet. 

Hardy zones 9 to 11 ( fully hardy to 16 F ). 


‘Acacia glaucoptera ( Clay Wattle ) 

‘A rapid growing, dome shaped shrub reaching a maximum size of 8 x 10 feet, that is native to 
southwestern Australia. Often reaching only 3 feet in height, it can be used for groundcover. 

The overlapping, flat leaves, up to 3 x 1 wide, are deep purple at first turning to blue-green. In cool 
climates, the foliage turns purplish during winter. 

The deep yellow flower-balls are borne on very short stalks along the stems during winter and 
spring. 

Hardy zones 9 to 11 tolerating as low as 19 F, thriving in full sun and partial shade. Heat and drought 
tolerant. It grows well as an understory plant under high canopy trees. 

Pruning after flowering and pruning out dead wood encourages new growth. 


‘Acacia gnidium 

‘A dense, spreading shrub, reaching a maximum height of 13 feet, that is native to northeastern 
Australia. 

Some records include: 2 years - 4 feet; 3 years - 6 feet. 

The linear leaves are up to 2 inches in length. 

Likely hardy north to zone 9, thriving in climates such as southern Arizona with occasional deep 
watering. 


‘Acacia greggii ( Catclaw Acacia ) 

Assmall to medium size tree reaching up to 20 x 20 feet, that is a widespread native to the western 
U.S. from southern California & Nevada to Austin & Corpus Christi, Texas; south into the Baja 
Peninsula to eastern Mexico. It is deciduous and during dry years may remain dormant or leafless for 
most of the year. 

Some records include: 2 years - 7 feet; 3 years - 10 x 3 feet; 8 years - 15 feet; 12 years - 17 feet; 
largest on record - 50 x 70 feet with a trunk diameter of 50 inches. Though the maximum longeavity 
is not known, this tree can certaily exceed 130 years of age on ideal sites. This tree is an excellent 
choice for a spiny inpenetrable hedge and land reclaimation. 

The bipinnate leaves, up to 3 inches in length, are composed of 1 to 3 pairs of pinnae, each having 8, 
10 or 12 oval leaflets, each up to 0.3 inches in length. 

The entire leaf may have up to 40 leaflets. The foliage is gray-green. 

The small, fragrant, bright creamy-yellow flowers are borne in dense oblong cylindrical spikes up to 


2.5 inches in length. 
They are followed by often curved, flattened pods, up to 5 x 0.8 inches. The pods usually constrict 
between the seeds. The pods often persist from midsumer through winter into the following spring. 
The pods are edible and can be eaten raw, however are better boiled with a change of water to 
reduce their bitterness. 

‘The branches are armed with thick, sharply curved spines up to 0.3 inches in length. 

The bark is brown and scaly. The heavy wood is hard and typically not used commercially. It is 
sometimes used for fence posts. The wood also makes good firewood as it burns hot. 

Hardy zones 7 to 9 tolerating as low as -13 F in dry climates. This tree is not known to grow in the 
humid eastern U.S. Catclaw Acacia prefers a soil PH of 7 to 8.5 and is extremely drought tolerant 
‘though much faster growing with occasional deep irrigation. 

The seeds may take years to germinate in the wild due to their hard shell. 

The seeds will germinate much faster if soaked in water for 24 hours or soaked in aci 
sowing. The Catclaw Acacia is also easy to reproduce from semi-ripe cut 


before 
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‘Acacia gummifera ( Morocco Acacia ) 
‘Asmall tree reaching a maximum height of 33 feet, that is native to north and central Africa. 
Hardy north to zone 9, extremely drought tolerant. 


‘Acacia haematoxylon 
Some records include: 3 years - 3 feet; 7 years - 5 feet. 
Hardy zones 9 to 11 ( fully hardy to 16 F ). 


‘Acacia hakeoides ( Western Black Wattle ) 

A multi-branched, bushy, small tree native to drier regions of Australi 
years - 6 feet; largest on record - 33 x 17 feet. 

The thick, oblanceolate phyllode leavss, up to 6 x 0.5 inches, are green. 


Some records include: 3 


The showy, dense, bright yellow ball-shaped flowers are borne in axilliary racemes during winter and 
spring. 
Hardy zone 8 to 10. Drought tolerant. 


‘Acacia harpophylla ( Brigalow ) 

‘A fast growing, dense, erect, long lived small tree native to semi-arid parts of eastern Australia. 
Some records include: 5 years - 8 feet; largest on record - 82 x 60 feet with a trunk diameter of 2 
feet. It often suckers to form thickets in the wild. An excellent shade and shelter tree in dry climates. 
The curved, leathery, phyllode leaves, up to 8 x 1 inches, are silvery-gray. 

The yellow ball-shaped flowers are borne in short racemes during late winter and spring 

The bark is dark and furrowed. 

Hardy zones 9 to 10 ( fully hardy to 16 F), it thrives in Tucson 

The seeds are soft coated and do not need treatment to germinate readily. 


‘Acacia harveyi 

‘A dense, large shrub to small tree, reaching a maximum size of 20 feet, that is native to far 
southwestern Australia. 

Some records include: 3 years - 5 feet; 6 years - 8 feet. 

The linear leaves are up to 5 inches in length. 

The lemon-yellow flowers are borne on globular heads. 

Hardy zones 9 to 11 ( fully hardy to 16 F with foliage damage only ), preferring mediterranean type 
climates. 


‘Acacia havilandii ( Needle Wattle ) 

Avery attractive, bushy, broad vase-shaped shrub native to southeast Australia. 

Some records include: 3 years - 6 x 10 feet; 5 years - 8 feet; largest on record - 13 x 17 feet. The bark 
is gray-brown. 

The sharp pointed, slightly curved, fine, needle-like phyllode leaves are up to 3.2 ( rarely over 2) 
inches in length. The foliage is gray-green. 

Masses of bright yellow ball-shaped flowers are borne in late winter and spring. 

Hardy zone 9 to 11. Hardy in Tucson 


‘Acacia hebeclada 

Some records include: 1 year - 3 x 5 feet; 2 years - 4 x 8 feet; 3 years - 7 feet. Eventual height of 8 
feet. 

Hardy zones 9 to 10 ( tolerates 16 F with slight damage ). 


‘Acacia hemsleyi 

‘Assmall tree, reaching a maximum height of 23 feet, that is native to far northern Australia. Some 
records include: 2 years - 14 feet with a trunk diameter of 6 inches. 

The narrow, oblanceolate leaves are up to 5 x 0.5 inches in size. 


The rod-shaped flower spikes are up to 1.3 inches in length.. 
Only marginally hardy in Tucson. 


‘Acacia heroensis, 
Some records include: 3 years - 6 feet. 
Hardy zones 9 to 11 ( tolerating 16 F with slight damage ). Hardy in Tucson 


‘Acacia holosericea 

A rapid growing, thornless, spreading, small tree that typically only lives around 12 years. 
Some records include: 1.5 years - 13 feet with a trunk diameter of 4 inches; 3.5 years - 16 feet; 
largest on record - 27 feet. 

The narrow elliptical leaves are up to 10 x 4 ( rarely over 8x 2)) inches. 

The foliage is luxuriant blue-green. 

The rod-shaped flower spikes are golden-yellow. 

Hardy zone 10 though may extend somewhat into zone 9, it is only marginally hardy in Tucson. 


Saline soil and flood tolerant. 


‘Acacia howittii ( Howitt's Wattle ) 

Avery fast growing, dense, rounded, gracefully weeping tree native to a resticted range in southeast 
‘Australia. Some records include: fastest recorded growth rate - 6.6 feet; largest on record - 30x 10 
feet. It makes an excellent tall hedge plant. 

The spicy fragrant, narrow elliptical phyllode leaves, up to 1 x 0.3 inches, are deep green. 

The fragrant, lemon-yellow flower-balls are borne in masses during spring. 

Hardy zone 9 to 10 tolerating as low as 19 F, thriving in full sun or partial shade. 

It can tolerate heavy pruning. 


‘Acacia implexa ( Hickory Acacia ) 

A fairly open, erect, long lived shade tree that is native to near coastal and coastal areas of eastern 
Australia. 

Some records include: 3 years - 4.5 feet; largest on record - 53 x 50 feet with a trunk diameter of 1 
foot. 

The curved phyllode leaves, up to 8 x 1 inches, are green. 

The creamy-yellow flower-balls are borne in long racemes during summer and early autumn. 

The bark is rough and grayish. 

Hardy zones 8 to 11 in sun to partial shade. 

Pharmacology: considered Psychoactive 
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Acacia iteaphylla 
A fast growing, bushy, spreading, large weeping shrub reaching a maximum size of 18 x 18 feet that 
is native to southern Australi 

The broad linear leaves, up to 5.5 x 0.3 ( rarely over 4 


ches in length, are gray-green. 
The fragrant, pale yellow flowers are borne in autumn and winter. 

The bark is green on young plants. 

Hardy zones 8 to 10. Drought tolerant. 


‘Acacia jennerae 

Amoderate growing evergreen large shrub or small tree that is native to New South Wales in 
Australia. 

Some records include: 2 years - 11 feet; 3 years - 14 feet; 5 years - 16 feet; largest on record - 20 x 12 
feet. 

The narrow-elliptical leaves, up to 4.5 x 1 inches, are silvery-blue. 

The puffball flowers are golden-yellow. 

The bark is reddish-brown, 

Hardy zones 9 to 11 ( fully hardy to 15 F ) and thrives in Tucson. 


‘Acacia karroo ( Karroo Thorn } 
‘A\so called Acacia horrida. A fast growing, rounded, spreading, medium-sized, deciduous tree that is 
a widespread native in southern Africa. Some records include: fastest recorded growth rate - 3.5 
feet; 2 years -8 feet; 3 years - 13 feet; 6 years - 16 feet; 7 years - 20 feet; 11 years - 25 feet; largest 
on record - 70 x 60 feet with a trunk diameter of 1.5 feet. The Karroo Thorn can live up to 300 years. 
It is naturalized in southern Europe where 


grown as a screen. 


The bipinnate leaves, up to 5 x 2 inches, are deep green. 

The profuse, sweetly fragrant, deep yellow, ball-shaped flowers are borne at the branch tips during 
summer though sometimes into autumn. 

The orange-red twigs are armed with paired white thorns, up to 2 inches in length. 

The smooth bark is brownish-gray. 

Hardy zones 8 to 11. Flood tolerant. Invasive roots may be a problem on restricted sites. 
Pharmacology: Psychoactive 


‘Acacia kempeana 

A spreading large shrub to small tree, reaching a maximum height of 17 feet, that is native to central 
‘Australia. Some records include: 6 years - 10 feet. 

The narrow elliptical leaves, up to 3.5 x 1 inches, are gray to blue-green. 

The dense, golden-yellow flower spikes are up to an inch in length. 

‘The bark is furrowed and brown. 

Hardy zones 9 to 10 ( fully hardy to 16 F ), thriving in warmer parts of the U.S. desert southwest. 


Acacia kettlewelliae 

A bushy, small tree, reaching a maximum height of 33 feet, that is native to far southeast Australia. 
The narrow, elliptical leaves, up to 4 x 0.3 inches, are blue-green to green. 

The golden-yellow, puffball flowerheads are borne on clusters, up to 2.5 inches in length. 

Hardy zones 8b to 10, is known to exceed 15 feet in the British Isles. 


‘Acacia koa ( Koa) 

Alarge, massive trunked, dense, bushy tree native to mountains of Hawaii that can reach over 100 
feet and is a close relative of Acacia melanoxylon and Acacia confusa. 

Some records include: fastest recorded growth rate - 7 feet; 2 years - 17 feet; 5 years - 33 feet with a 
trunk diameter of 1 foot; 20 years - 100 feet; largest on record - 140 x 150 feet with a trunk diameter 
of 11 feet. 

The lance-shaped, phyllode leaves, up to 10 inches in length, are gray-green. 

The pale yellow ball-shaped flowers are borne in axilliary clusters during spring. 

Hardy zone 9 to 11. It's tough timber is valuable for the use in carving and the making of canoes. 
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‘Acacia lanigera ( Woolly Wattle ) 

Arigid, rounded to spreading shrub native to far southeast Australia, reaching a maximum size of 10 
x10 feet. 

The rigid, narrow-elliptic, phyllode leaves, up to 2.3 x 0.4 inches, are bright green. 

The bright yellow flowers are borne in globular flowerheads borne from the leaf axils during late 
winter and early spring. They are followed by densely hairy, curled, brown pods. 

The branches are covered in dense woolly hairs. 

The bark is gray. 

Hardy zones 8 to 11 and somewhat flood tolerant. Prune after flowering to encourage new growth 
and dense habit. 


‘Acacia leiocalyx ( Curracabah ) 

‘An attractive small tree, reaching a maximum height of 33 feet, that is native to the central part of 
‘Australia's east coast. Some records include: 2 years - 9 feet with a trunk diameter of 2 inches; 3 
years - 12 feet; 4 years - 18 feet. 

The narrow-elliptical phyllode leaves, up to 7 x 1.4 inches, are blue-gray. 

The very profuse, showy, pale-yellow flowers are borne on rod-shaped clusters. 

The branches are reddish. 

The flaky, fissured bark is gray-brown. 

Hardy zones 9b to 10 ( tolerates 21 F with slight damage ) 


Acacia leucophloea 
Alarge tree with attractive white-gray bark, Some records include: 5 years - 35 feet; largest on 
record - 120 x 100 feet with a trunk diameter of 5 feet. 


It can live up to 100 years. 
Tolerates temperatures anywhere from 30 to 122 F and is very drought tolerant. 


Acacia leurderitzii 
Some records include: 2 years - 14 feet; 5 years - 22 feet. Eventual size of 25 feet. 
Hardy in Yuma, 


‘Acacia ligulata (Dune Wattle ) 

‘A dense, spreading shrub, reaching a maximum size of 13 x 13 feet, that is native to central and 
southern Australia, 

The narrow-elliptical leaves, up to 3 x 0.5 inches, are deep green. 

The deep golden-yellow, ball-shaped flowerheads, up to 0.3 inches across, are borne on short 
racemes that are borne from the leaf axils. 

The branchlets are light brown. 

Hardy zones 9 ( tolerating 15 F ) 


‘Acacia linifolia ( Flax Wattle ) 

‘A fast growing, graceful, open, airy, erect to pendulous slender shrub reaching up to 20 x 12 feet, 
that is native to woodland understories around Sydney, Australia. 

The branching is slender and arching. 

The crowded, linear phyllode leaves are up to 2 inches in length. 

The yellow ball shaped flowers are borne 6 to 12 on slender axilliary racemes, up to 2 inches in 
length, during summer and fall though sometimes persisting into late winter. 

Hardy zones 9 to 11 tolerating as low as 20 F 


‘Acacia longifolia ( Sydney Golden Wattle ) 

‘A fast growing, short trunked, bushy, spreading small tree native to southeastern Australia. 

Some records include: fastest recorded growth rate - 7 feet; 6 years - 27 feet; 20 years - 37 x 37 feet; 
largest on record - 37 x 82 feet; largest in Seattle - 26 feet. 

It makes an excellent windbreak and screen. 

The thick, straight, narrrow-elliptic, willow-like, leathery, phyllode leaves, up to 10 x 1.5 inches, are 
heavily longitudinally veined. The foliage is deep green. 

The abundant bright yellow flower spikes are borne in erect racemes up to 3 inches in length all 
along the branches during winter and spring. 

Hardy zones 9 to 11 tolerating as low as 19 F; it grows in milder parts of Cornwall, England and there 
are unconfirmed reports of zone 8 hardiness. Tolerant of limey soils. 

Pharmacology: plant contains 0.2% DMT 


‘Acacia macradenia ( Zigzag Wattle ) 

A pendulous shrub, reaching a maximum size of 17 x 13 feet, that is native to northeastern Australia. 
Some records include: 3 years - 8.5 feet. 

The long, narrow-oblong phyllode leaves are up to 10x 1 inches in size. 

The flower clusters, up to 2 inches in length, contain 8 to 15 flowers. 

Hardy zones 9 to 11 ( estimate ) 

Pharmacology: Tryptamine 


‘Acacia macrantha ( Steel Acacia ) 

Assmall tree to 25 feet that is very similar to the Twisted Acacia that is native to southern Florida and 
the Caribbean. Some records include: largest on record - 50 x 45 feet with a trunk diameter of 1 foot. 
The flowers are followed with pods up to 5.5 inches in length. 

Hardy north to zone 9. 


‘Acacia maidenii ( Maiden's Acacia ) 

Amedium size tree reaching a maximum size of 66 x 18 ( rarely over SO ) feet that is native to 
southeastern Australia. Long-lived, this tree can persist over 100 years, 

Not a real massive tree, trunk diameters over 1 foot are extremely rare. 

The narrow-elliptic phyllode leaves are up to 8 inches in length. 

The creamy-yellow to bright yellow flowers are borne on rod-like spikes, up to 2.3 inches in length. 
The flower spikes are borne from the leaf axils, 

The branches are light brown. The deep gray-brown bark is smooth on young trees, becoming deeply 
fissured on older plants. 

Hardy north to zone 9 tolerating as low as 19 F. Flood tolerant. 

Pharmacology; stem bark contains 0.6% NMT and DMT in 2:3 ratio. The foliage contains both. 

‘Acacia mangium ( Black Wattle ) 

Alarge spreading tree, up to 120 feet; that native to coastal areas in far northern Queensland, 


‘Australia as well as southern New Guinea and the southern Molucca Islands. The Black Wattle makes 
an excellent shade tree. Some records include: 1st year - 10 feet; 3 years - 50 feet; 5 years - 80 feet 
with a trunk diameter of 10 inches; 14 years - 100 feet with a trunk diameter of 16 inches; largest on 
record - 170 x 40 feet with a trunk diameter of 3 feet. 

The conspicuous veined, large, lance-shaped to elliptical leaves, up to 12 x 4 inches, are deep green. 
The rod-like, creamy-white flowers, up to 5 inches in length, are borne in summer and fall. Twisted, 
‘woody pods in clusters follow. 

The branches are stout. 

The coarsely ridged and cracked bark is gray to dark brown. 

Hardy zones 9 to 12 thriving where annual rainfall exceeds 40 inches. 

Pharmacology: Psychoactive 


* photo of unknown internet source 


Preliminary Specifications and Predicted 


Performance 
‘Normal Gross Take Off Weight 800 Lbs. 
Fuel (15 U.S. Gallons) 98 Lbs. 
Mission Payload, net of fuel 382 Lbs. 
‘Takeoff/Landing Distance 0 (vTOL) 
‘Maximum Speed 70 Mph 
Range 120+ Miles 
Hover/Loiter Endurance 2+ Hours 
Engine Type Advanced 
Int. Combustion 
Fuel Requirements Heavy-Fuel or 
Gasoline 


‘Special Features: 100% fly-by-wire control system with 
electronic stability augmentation; Intuitive, easy to fly 
safely; Minimal field service requirements; Rugged, 
efficient power train, 


DM AeroSafe 


hittp://dmaerosafe.freeservers.com 


Fig. 3 


EAGLE vertical take-off and landing 
aerial rescue platform 


DM AeroSafe is a small research and development 
team, which has developed a totally new high-rise 
rescue technology to retrieve trapped people from 
areas which cannot be reached by conventional aerial 
ladder, conventional helicopter or a helicopter 
equipped with a Heli-Basket. 


‘This technology could give rise to a new class of air 
transportation means, used for safe close-in 
maneuvering around tall structures, even inside the 
highly populated areas. 


Eagle Aerial Rescue Platform’s Performance 
Summary 


Dimensions: 
Length - 42 feet (12.8 m) 


Width - 42 feet (12.8 m) 
Height - 16 feet (4.8 m) 


Weights: 


‘Max. Gross weight - 5000 pounds (2268 kg) 
Payload (Crew of two plus 10 rescued people) - about 
2000 pounds (about 900 kg), 


Propulsion System: 


Four (4) variable collective pitch Ducted Propellers 
Propeller Diameter - 7.8 feet (2.4 m) 

Engines - four (4) four-cylinder radial piston aero 
engines with forced air cooling system 250 hp each 
(1000 hp total) 


Performanc 


Max. Duration - about 5 hours without refueling 
‘Max. Airspeed - 40 knots (75 km/h) 

‘Max. operating altitude - about 7000 feet (about 
2200 m). 


“LTAS/CAMBOT, Inc.” 
http://wwwivem.com 
Passenger Craft “Ltas 30-Xb” 


The ships have rigid monocoque hulls, hybrid 
powered vectored thrust control and full active 
buoyancy control. (LTAS US Patent Pending). 


‘This small 2-3 person craft at 70 to 80 feet in diameter 
will demonstrate ALL production systems and is 
designed for the LTAS FAA Type Certification 
program. 


NASA’s Langley Research 
Center 


hittp://science.nasa.gov 


NASA researchers are studying insects and birds, and 
using “smart” materials with uncanny properties to 
develop new and mind-boggling aircraft designs. 


‘The “personal aircraft” that replaces the beloved 
automobile in people's garages may still lie in the 
realm of science fiction or Saturday-morning cartoons, 
but researchers at NASA's Langley Research Center 
(LaRC) are developing exotic technologies that could 
bring a personal “air-car” closer to reality. 


Acaci (Late Black Myrtle ) 

Alarge, upright, spreading tree native to forests of southeast Australi 
fastest recorded growth rate - 17 feet; 1 year - 17 feet with a trunk diameter of 1 inch; 2 years - 27 
feet; 3 years - 35 feet; largest on record - 100 x 33 feet with a trunk diameter of 2 feet. 

It makes for an excellent shade and shelter tree. 

The ferny bipinnate leaves, up to 6 inches in length, are glossy deep green. 

The profuse, light yellow, globular flowers are borne in loose clusters up to 6 inches in length during 
late spring to early summer. 

The smooth gray to blackish bark becomes corrugated at the base on very old trees. 

Hardy zones 7 to 11 thriving in climates with 18 inches of more of rainfall per year. 

Drought tolerant. 


mean: 
Some records include: 


‘Acacia melanoxylon ( Blackwood Acacia ) 

‘A, fast growing, tall, dense broad crowned evergreen tree, up to 150 feet, that is native to coastal 
eastern Australia and Tasmania. Some records include: 6 years - 33 feet with a trunk 
inches; 20 years - 50 x 23 feet; 30 years - 66 feet ( average }; 40 years - 108 feet; largest on record - 
200 x 70 feet with a trunk diameter of 10 feet; largest in England - 90 feet with a trunk diameter of 3 
feet. With ideal conditions, it is a long lived tree, persisting well over 150 years. 

Used as a street tree in California, 

The heavily longitudinally-veined, long, curved, narrow, phyllode leaves, up to 7 x 1 inches, are deep 


fiameter of 8 


green, 
The profuse, light yellow, puffball flowers, up to 0.4 inches across, are borne in masses during late 
winter and early spring. 

The strong, close-grained, dark timber is valuable for making cabinets. 


Hardy zones 8 to 10 ( tolerating as low as 8 F ) in sun to partial shade on a sheltered site on fertile, 
moist soil. Thrives in parts of England. The Blackwood requires a yearly rainfall between 30 and 72 
inches per year. 

Tolerant of flooding, salt, wind, smog, heat and shade. 

it hates drought and is very prone to borer attack in warm areas. 

In South Africa it has escaped into the wild and become a weed. 

Pharmacology: bark and leaf contains <0.02% DMT Acacia mellifera A rounded, small tree reaching 
Up to 30 feet that is native to dry regions of Africa, Saudi Arabia & India. It often forms dense 
inpenetrable thickets in the wild. Some records include: 2 years - 6 feet; 4 years - 10 feet; 11 years - 
15 feet. The leaves and stems are rich in protein and are great for feeding livestock in dry regions. 
The fragrant, creamy-white flowers are borne on short, dense, hanging spikes. The stems are armed 
with very sharp, recurved thorns. The bark is smooth and gray. Hardy zones 9 to 11 ( fully hardy to, 
16 F ). Hardy in Tucson. Thrives where rainfall averages 16 to 32 inches and is clay tolerant. 
Pharmacology; leaf contains DMT. Acacia milleifolia ( Santa Rita Acacia ) A very attractive, medium- 
sized shrub. Some records include: 2 years - 5 feet; eventually up to 8 feet. The pinnate leaves are 
composed of linear leaflets. The foliage is luxuriant mid-green. The white flowers are borne on 
showy, rod-like clusters. Hardy zones 9 to 11 ( tolerating 16 F with slight damage ). Hardy in Tucson. 
‘Acacia melvillei ( Yarran ) A very rare Acacia that is native to southeastern Australia. It is a large 
shrub to small tree, reaching a maximum size of 50 x 38 feet with a trunk diameter of 20 inches. It is, 
long-lived and trees can persist as long as 150 years. Acacia omalophylla is nearly identical but 
occurs at higher elevations in the same region of Australia. The narrow willow-like leaves, up to 4.3 x 
inches, are mid-green. The showy flowers are yellow. Hardy zones 9 to 10 in full sun. Drought and 
lime tolerant. Acacia modesta A fast growing, medium-sized, deciduous tree, that is native to 
western Pakistan, Afghanistan and India. Some records include: 2 years - 9 feet; 3 years - 15 feet; 10 
years - 22 feet. The double pinnate leaves are up to 2 inches in length. The stems are armed with 
deep brown thorns, up to 0.25 inches in length. The bark is greenish-gray on young trees, later 
turning rough and brownish. The wood is hard and durable. Hardy zones 9 to 10. Thrives in Tucson 
Acacia mollifera ( Velvet Acacia ) A multi-stemmed, pendulous, small to medium size, evergreen tree 
native to Australia. Some records include: fastest recorded growth rate - 2 feet; largest on record - 
40 feet. The double-pinnate leaves, up to 2.5 inches in length, are silvery-gray. Up to 42 golden- 
yellow puffball flowers may be borne in a cluster. The stems are densely tomentose. The brown to 
grayish-black bark is smooth except for becoming fissured near the base on older trees. Acacia 
montana ( Mallee Wattle ) A multi-stemmed, large shrub, reaching a maximum size of 13 x 20 feet, 
that is native to southeastern Australia. Some records include: 6 years - 5.5 feet. The narrow oblong 
leaves are up to 1.6 x 0.3 inches in size. The golden-yellow puffball flowers, up to 0.3 inches across, 
are borne from the leaf axils. The stems are either sparsely thorned or have no thorns at all. Hardy 
zones 9 to 10 ( fully hardy to 16 F ). Hardy in Tucson Acacia montigena A vining rainforest Acacia, 
reaching a maximum height of 100 feet, that is a widespread native to Africa. The double-pinnate 
leaflets are composed of linear leaflets. The young branched are dark brown to black. Hardy zones 
10 to 12 Acacia mosambique Some records include: largest on record - 100 x 85 feet with a trunk 
diameter of 5 feet. Acacia mucronata Similar to Acacia longifolia but is slightly hardier and with very 
narrow phyllode leaves up to 8 x 0.3 inches. It is taller growing but more narrow in habit, reaching a 
maximum height of 50 feet. It is native to southeastern Australia including Tasmani 
muelleriana ( Mueller's Wattle ) An attractive, bushy, multi-stemmed, spreading small tree native to 
eucalyptus forests in Queensland & New South Wales in Australia. Some records include: 3 years - 13 


. Acacia 


feet; largest on record - 27 x 20 feet. The double-pinnate leaves are deep green. The leaflets are 
linear, up to 1.5 inches in length. The creamy-yellow flowers are borne in heads during spring and 
summer. They are followed by narrow seed pods up to 6 inches in length. The smooth bark is yellow- 
brown to gray. Hardy zones 9 to 11 Acacia murrayana ( Murray's Wattle ) A fast growing, small tree, 
reaching a maximum size of 27 x 27 feet with a trunk diameter up to 8 inches. It is native to central 
‘Australia where it often forms suckering colonies in the wild. Some records include: 3 years - 5 feet. 
The oblanceolate leaves, up to 7 x 0.5 inches, are bright green to blue-green. The showy, golden- 
yellow flowerballs are borne on clusters up to 2.5 inches in length. Hardy zones 9b to 11 in dry 
climates. Acacia myrtifolia ( Myrtle Wattle ) A fast growing, bushy, low to medium size shrub 
reaching a maximum size of 10 x 10 feet that is native to southern Australia, The erect, lance-shaped 
to narrow-elliptic, phyllode leaves, up to 6 x 1.3 inches, are reddish at first, turning to deep green. 
The fluffy, creamy-yellow flowerballs, up to 0.5 inches across, are borne in short racemes, up to 4.5 
inches, over a long season during winter and spring. The stems are red. The bark is smooth and gray. 
Hardy zones 8 to 11 in full sun to partial shade. Prune lightly after flowering to promote new growth. 


‘Acacia nebrownili ( Water Acacia ) 

‘Amoderate growing, dense, semi-evergreen large shrub to small tree reaching a maximum size of 23 
x 20 ( rarely over 17 ) feet, that is native to dry parts of southern Africa, 

Some records include: 2 years - 8 feet; 3 years - 12 feet; 5 years - 14 feet. 

The double-pinnate leaves, up to 1.3 x 0.8 inches, are green. 

The showy flowers are golden-yellow. 

The yellow to orangish stems are armed with white thorns, up to 2.3 inches in length. 

The bark is smooth and reddish. 

Hardy zones 9 to 10 ( tolerating as low as 18 F ) in full sun. it will freeze to the base at 16 F but will 
regrow rapidly the following spring. 

It is tolerant of both flooding and temporary drought. 


‘Acacia neovernicosa ( Varnish Acacia ) 

‘Also called Chihuahuan Whitethorn. An upright shrub, reaching a maximum size of 13 x 8 feet, that is 
native from Arizona and southern New Mexico into Mexico. Some records include: 2 years - 7 feet; 4 
years - 10 feet; 7 years - 13 feet. 

The leaves are double-pinnate. 

‘The puffball flowers are bright yellow. 

Hardy zones 7a to 11 in full sun. Tolerant of severe drought and alkaline soil. 


‘Acacia neriifolia ( Oleander Wattle ) 

‘A fast growing, open, erect, small tree, reaching a maximum size of 50 x 30 ( rarely over 30)) feet, 
that is native to eastern Australia. Some records include: 3 years - 7 feet. 

The linear to narrow-elliptic, willowy, phyllode leaves, up to 8.5 ( rarely over 6 ) inches in length, are 
downy white at first turning to blue-green. 

The abundant, showy, golden-yellow flower puffballs, up to 0.3 inches, are borne on long narrow 
axilliary racemes up to 4 inches in length during late spring into early summer. 

The gray bark becomes fissured on older trunks. 

Hardy zones 9 to 11 in full sun on well drained soil. It prefers a climate with 20 to 28 inches of 
average yearly rainfall. The seeds require 1 minute immersion in boiling water to break dormancy. 


‘Acacia nigrescens 

Ashapely, rounded, large tree, that is native to Africa. Some records include: fastest recorded 
growth rate - 2 feet with a trunk diameter increase of 1.3 inches; largest on record - 80 x 70 feet with 
a trunk diameter of 3 feet. 

Long lived, this tree can exceed 300 years in age. 

It makes an excellent shade tree where it is adapted. 

The bipinnate leaves are composed of leaflets up to an inch in length. 

The very showy, creamy-white flower spikes are borne before the new foliage emerges. 

The bark is dark brown to black. The trunk is characteristically covered in thorn tipped knobs. 

Hardy zones 9a to 11 in full sun on well drained soil It can thrives where average rainfall is anywhere 
between 15 and 90 inches in a year though preferring a dry season. Drought tolerant. 


‘Acacia nilotica ( Egyptian Acacia ) 


Arapid growing, dense, rounded, large tree native to drier parts of tropical Africa as well as from 
Saudi Arabia to India, Some records include: 1 year - 6 feet; 2 years - 12 feet; 3 years - 18 feet; 4 
years - 23 feet; 6 years - 25 feet; 10 years - 30 feet; largest on record - 82 x 40 feet with a trunk 
diameter of 4 feet. It should not be planted in Australia where it can spread into the wild and 


become an invasive weed. A very attractive landscape tree resembling the Honey Locust in 
appearance. 

The bipinnate leaves, up to 6 ( rarely over 3 ) inches in length, are composed of 0.3 inch leaflets. The 
deep green foliage can either be deciduous or evergreen depending upon moisture conditions. 
The flower puffballs are golden-yellow. 

The stems are armed with paired, straight spines up to 3 inches in length. 

The deeply fissured bark is dark brown. 

Hardy north to zone 9b tolerating as low as 26 F and as well as hot as 120 F. It is both tolerant of 
flooding, saline soil and also drought, surviving in climates with as low as 14 inches of rainfall per 
year. It is recommended to direct seed it into its permanent position since transplanting is difficult 
due to its deep taproot. 

Pharmacology: leaf contains DMT 
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Acacia notabilis ( Notable Wattle ) 

Also called Flinder's Wattle. A moderate growing, bushy, spreeading shrub, reaching a maximum 
height of 17 feet, that is native to southeastern Australia. Some records include: 2 years - 5 feet. 
The oblanceolate leaves, up to 5 x 1 inches, are blue-green. 

The bright yellow flower puffballs, up to 0.3 inches across, are borne on clusters up to 2.5 inches in 
length. 


‘The twigs are deep reddish-brown. The bark is smooth and red to gray-brown. 
Hardy zones 9 to 10 ( fully hardy to 17 F) 


Acacia obtecta 
Avery attractive, slow growing, bushy, rounded shrub, reaching a maximum size of 13 x 13 feet, 


that is native to southwestern Australia. Some records include: 8 years - 6 feet; 11 years - 7.5 feet. It 


is great for soil stabilization where it is adapted. 
The linear to oblanceolate leaves, up to 4.5 x 0.3 inches, are dull green. 

The showy, bright yellow, flower puffballs, up to 0.4 inches, are borne 2 to 4 on axilliary clusters. 
The bark is smooth and pale gray. 

Hardy zones 9 to 11 ( foliage damage only at 16 F) on sand or clay, preferring a Mediterranean 
climate. 

To propagate, boil the seed for 5 minutes to break dormancy. 


‘Acacia occidentalis ( Sonoran Catclaw ) 

‘A thorny deciduous tree native to the Sonoran Desert in Mexico that is basically a larger version of 
‘Acacia greggii reaching a maximum size of 40 x 40 feet. 

Some records include: 2 years - 6 feet; 5 years - 10 feet; 10 years - 20 feet. 

The deciduous, compound foliage is gray-green. It casts dense shade. 

The creamy ball shaped flowers are borne during spring. 

The twisted branches are covered in sharp spines. 

Hardy zones 9 to 11 ( fully hardy to 15 F ). Extremely heat and drought tolerant. 

Very hardy in Tucson 


‘Acacia odoratissima ( Black Siris ) 

Correctly called Albizzia odoratissima, Some records include: 2 years - 10 feet; 5 years - 17 feet with 
a trunk diameter of 6 inches; largest on record - 133 feet with a trunk diameter of 5 feet. 

The bipinnate leaves, up to 8 inches in length, are composed of leaflets up to 1.5 x 0.5 inches in size. 
The foliage is deep green. 

The fragrant, creamy-white flowers are borne 10 to 12 on terminal panicles up to 8 inches in length. 


‘Acacia oxycedrus ( Spike Wattle ) 

Astiff prickly large shrub or small tree reaching a maximum size of 33 x 7 feet, that is native to far 
southeastern Australia. 

The sharp pointed, flat, rigid, lance-shaped phyllode leaves, up to 1.6 x 0.2 inches , are whorled 
around the stens. 

The very showy, dense, light yellow flower spikes, up to 2 inches in length, appear during winter and 
spring. 

The stems are prickly making this an excellent barrier hedge. 

‘The gray-brown bark is smooth, becoming lightly fissured on older plants. 

Hardy zones 8 to 10 


‘Acacia pachyacra ( Casuarina Acacia ) 
‘A bushy shrub, reaching a maximum size of 17 feet, that is native to desert areas of west central 
‘Australia. Some records include: 2 years - 6.5 feet; 3 years -9 feet; 4 years - 12 feet. It resembled the 


Casuarina in appearance. 

The very linear leaves, up to 8 x 0.04 inches, are bright green to gray-green. 

The tiny, golden-yellow flowerballs are borne on clusters, up to 1.3 inches in length. 
The branches are reddish-brown. 

Hardy zones 10 to 11 ( est ) 


‘Acacia papyrocarpa ( Western Myall ) 

A:slow growing, very dense, rounded to spreading, small tree, reaching a maximum size of 33 feet, 
that is native to southwestern and south central Australia. 

Some records include: 3 years - 7 feet; longest lived - 1000 years. 

The very linear leaves, up to 5 x 0.1 inches, are silvery. 

The golden-yellow flowerballs are borne on clusters up to 2.5 inches in length. 

The bark is gray and fissured, 

Hardy zones 9 to 10, ( fully hardy to 16 F ). Very drought tolerant. 


‘Acacia paradoxa ( Kangaroo Thorn ) 

Also called Acacia armata. A very ornamental, dense, , twiggy, spiny, large shrub to small tree 
reaching a maximum size of 25 x 25 ( rarely over 17 x 13 ) feet that is a widespread native to 
southeastern Australia as well as Australia's extreme southwest. It makes an excellent barrier hedge. 
It should not be planted in California where it may become an invasive noxious weed. 

The wavy edged, narrow-oblong phyllode leaves, up to 1.6 x 0.3 inches, are deep green. 

The profuse large, golden-yellow flowerballs, up to 0.5 inches, are borne singly or paired along the 
stems during late winter and spring. 

The stems are armed with needle-like spines. 

The finely fissured bark is gray-brown. 

Hardy zones 8 to 11, tolerant of extended drought. 

It can be pruned lightly one a year to shape. 
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‘Acacia pataczekii ( Pataczek's Acacia) 
‘Avigorous, handsome, suckering, small tree, that is native to Tasmania, Some records include: 30 
years - 20 feet with a trunk diameter of 7 inches. 


The narrow-oblong leaves, up to 2.4 x 0.8 inches, are blue-green. 

The bright yellow flowerballs are borne on clusters up to 4 inches in length. 
The branchlets are dark reddish. 

Thrives in milder parts of England. 


‘Acacia patagiata 

‘rounded to spreading shrub, reaching a maximum size of 8 feet, that is native to far southestern 
Australia. Some records include: 2 years - 3 x 6 feet; 6 years - 6 feet. 

The erect, narrow-oblong phyllode leaves, up to 2.2 x 0.3 inches, are luxuriant blue-green. 

The showy, bright yellow flowerballs, up to 0.2 inches across, are borne from the leaf axils. 

Hardy zones 9 to 10 ( hardy with foliage damage only 16 F ) in full sun thriving on well drained sand 
or clay. Prefers a mediterranean climate, 


‘Acacia pendula ( Weeping Myall ) 

‘A stunning, slow growing, dense, gracefully weeping tree that is a widespread native to dry regions 
of eastern Australia, 

Some records include: 3 years - 6 feet; largest on record - 48 x 44 feet with a trunk diameter of 25 
inches. Long lived, it makes an excellent street tree or windbreak. 

The narrow-elliptic phyllode leaves, up to 5.5 x 0.5 inches, are silvery or bluish. 

The small, light yellow flowerballs, up to 0.2 inches, are borne 2 to 7 on axilliary racemes, up to 0.6 
inches in length. The flowers are borne randomly throughout the year and are not very showy. 


The fissured bark is gray or dark brown. 

The close grained timber is hard and aromatic. 

Hardy zones 9 to 11 tolerating as low as 15 F, thriving in climates with 18 + inches of rainfall per 
year. 

Thrives on well drained soil with infrequent deep watering. 

Tolerant of salty soil, drought, temporary flooding and clay. Deer resistant. 


‘Acacia pennatula 

‘A fast growing, dense, very tropical looking tree reaching a maximum size of 50 x 50 feet, that is 
native to Mexico. Some records include: 2 years - 7 feet; 4 years - 12 feet with a trunk diameter of 3 
inches; 5 years - 14 feet; 7 years - 20 feet. 


The bipinnate leaves, up to 7 x 1.5 inches, have large feathery pinnae. 
The foliage is mid-green. 

The bright yellow flower puffballs are borne during spring. 

The stems are armed with small paired thorns from the leaf axils. 
The fissured bark is brownish-gray. 

Hardy zones 10 to 11 in full sun on well drained soil. 

Tolerates extreme and reflected heat, even in Yuma, Arizona. 
Pharmacology: may contain anticancerous properties. 


‘Acacia penninervis 

‘An erect to spreading, small tree, reaching a maximum height of 27 feet, that is native to the central 
part of Australia's east coast. 

The narrow-elliptic leaves, up to 6.5 x 1.6 inches, are green to blue-green. 

The creamy-white flowerballs, up to 0.4 inches across, are borne 15 to 30 on clusters up to 5 inches 
in length. 

The finely to deeply fissured bark is dark gray. 

Hardy zones 10 (est ) 


‘Acacia permixta ( Hairy Acacia ) 

‘A shrub that is native to southern Africa. Some records include: 3 years - 7 feet. 
The bipinnate leaves are similar to that of the Honeylocust in appearance. 

The flower puffballs are bright yellow. 

The stems are armed with sharp white thorns. 

Hardy zones 9 to 11 ( slight damage only at 16 F ) 


‘Acacia peuce 

A pendulous, medium size tree, reaching a maximum size of 50 x 40 feet, that is native to the 
Simpson Desert in central Australia. 

The extremely narrow leaves are up to 16 x 0.04 ( rarely over 6 ) inches. The foliage is similar in 
appearance to that of the Casuarina. 

The wood is extremely hard. 

Hardy zones 8a to 10. Has extreme tolerance of both heat and drought and can survive in climates 
with as little as 5 to 8 inches of yearly rainfall. 


‘Acacia podalyriifolia ( Pearl Acacia ) 

Avery fast growing, highly ornamental, evergreen, slender to spreading, small tree reaching a 
maximum size of 27 x 27 feet that is native to coastal regions of southern Queensland Australia. 
it is typically short lived due to disease and borers. 

Itis popular as a landscape/street tree for its attractive, silvery, oblong or elliptic, phyllode leaves, up 
to 2x1 inches. 

The abundant, very fragrant, golden-yellow flowerballs, up to 0.3 inches, are borne 15 to 30 on 
dense clusters up to 6 inches in length from early winter into spring. 

The stems are downy at first, later turning silvery-gray and smooth. Older trees develop a very 
attractive blue-green trunk that is finely fissured. 

Hardy zones 9 to 11 tolerating as low as 19 F and average yearly rainfall as low as 18 inches. Very 
clay tolerant. Can be pruned hard after flowering. 

Pharmacology: fresh bark contains 0.5% to 2% DMT. 


‘Acacia polyacantha ( White Thorn ) 

‘A fast growing, layered and flat crowned, semi-deciduous, large tree native to central Africa. Some 
records include: 1 year - 10 feet; 2 years - 16 feet; 3 years - 20 feet; 5 years - 28 feet; 10 years - 30 
feet; largest on record - 82 x 60 feet. 

The ferny bipinnate leaves are composed of 11 to 27 pairs of pinnae. The foliage 

is luxuriant mid-green. 

The narrow, long flower-spikes are creamy-white. 

The stems are armed with hooked thorns that often persist on older stems. 

The bark is yellow-brown. 

Hardy north to zone 9a 

Pharmacology: leaf contains DMT 


‘Acacia pravissima ( Ovens Wattle ) 

‘An extremely fast growing, pendulous, spreading, small evergreen tree native to hill country of 
southeast Australia. 

Some records include: 2 years - 4 feet; 4 years - 6 feet; 20 years - 30 feet; largest on record - 42 x 30 
feet with a trunk diameter of 1 foot. 

The spine-tipped, triangular, phyllode leaves, up to 0.8 x 0.6 inches, are gray to olive green. 

The profuse, golden-yellow, ball-shaped flowers are borne in long racemes up to 4 inches in length 
during late winter to early spring. 

The gray bark is smooth becoming finely-fissured on older trees. 

Hardy zone 8 to 10 ( tolerating as low as 8 F ) in full sun ( tolerates partial shade ) on humus-rich, 
well drained soil on a site protected from excessive wind. Thrives on the west coast north to Seattle 
as well as in England as long as it is planted on a warm sheltered site. 

Ovens Wattle prefers consistent moisture but can tolerate the occasional drought. Deer resistant. 
Prune after flowering 


‘Golden Carpet’ 
‘A groundcover form that is low growing, reaching a maximum size of 16 inches x 20 feet. 
The tringular leaves are up to 0.4 x 0.3 inches. The profuse yellow flowerballs are up to 0.2 inches 


across. 


= 
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And air-cars are just the beginning! Self-healing 
wings that flex and react like living organisms, 
versatile bombers that double as agile jet fighters, 
and swarms of tiny unmanned aircraft are just a few 
of the science-fiction-like possibilities that these next- 
generation technologies could make feasible in the 
decades ahead, 


Laser Beam Plight 


Lightcraft Technologies, Inc. (LTD) 


http://wwwlightcrafttechnologies.com 


Lightcraft Technologies, Inc. is a new company 
committed to providing low-cost access to space 
through the use of beamed energy propulsion. (See 
color photos on the cover page). 


Fig. 1 


In 2000 at the High Energy Laser Systems Test Facility 
(HELSTF), Lightcraft Technologies, Inc. (LT) set anew 
world’s altitude record of 233 feet (71 meters) for its 
48 inch (12.2 cm) diameter laser boosted rocket - in a 
flight lasting 12.7 seconds. 


Although much of the flight was spent hovering at 
230+ feet, the Lightcraft sustained no damage and 
will fly again. Besides setting the new altitude record, 
the craft demonstrated the longest ever laser- 
powered free flight and the greatest “air time” (i.e., 
launch-to-landing/recovery). LTT launched a total of 
seven vertical flights between 8:30 am and 11:30 am 
with three Lightcraft weighing less than 1.8 ounces 
(61 grams). Two of the flights by Lightcraft #3 reached 
159 and 184 feet with the same propellant load! 


«Set a new world’s altitude record of 
233 feet! 


The record flights were powered by the 10 kW pulsed 
carbon dioxide laser named “PLVTS” by the 
organization that owns it: the Directorate for Applied 
Technology, Test and Simulation (DATTS). Even 
though PLVTS was suffering from an arcing or 
grounding problem that caused it to run erratically, 
the laser power was still adequate to propel the craft 
to record altitudes, 


What is a Lighteraft? 


A Lighteraft is a 1kg launch vehicle, made from high 
temperature ceramic materials, that flies into space on 
a megawatt laser beam. 


Fig. 2 


The Lightoraft is both a single-stage-to-orbit launch 
vehicle and a satellite. If you have any further 
questions or comments, write or call LTT headquarters 
in Bennington, VT. The company representatives would 
be delighted to send you more information, or answer 
any inquiries over the phone. 
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‘Acacia prominens ( Gossford Wattle } 

‘An attractive, dense, long lived tree reaching a maximum size of 82 x 45 feet, that is native to a very 
tiny area near Gossford in southeastern Australia, 

It makes a spectacular lawn tree. 

The narrow-oblong, blue-green, phyllode leaves are up to 2.5 x 0.5 inches, are blue-green. 

The profuse, showy, sweetly fragrant, light yellow flowerballs, up to 0.2 inches, are borne in dense 
clusters, up to 2.3 inches in length, during late winter and early spring. 

The bark is smooth and gray. 

Hardy zones 9 to 11 tolerating as low as 19 F. Prefers a shaded sheltered position and moist soil. 


‘Acacia pruinocarpa ( Black Gidge ) 

‘A fast growing, thornless, small evergreen tree reaching a maximum size of 40 x 30 feet that is native 
to central and western ( not southwestern ) Australia. 

The linear to narrow-elliptic, thick, leathery leaves, up to 7 x 1.3 inches, are gray-green. 

The bright yellow flowerballs, up to 0.3 inches, are borne on racemes up to 6 inches in length, during 
spring. 

Hardy zones 9 to 11 ( tolerating 18 F but defoliates at 22 f). 


‘Acacia pruinosa ( Frosty Acacia ) 

‘A medium size tree native to southeast Australia. Some records include: fastest recorded growth 
rate - 3 feet; 25 years - 50 feet; largest on record - 60x 40 feet. 

‘The bipinnate leaves, up to 4 inches in length, have pinnae in 5 pairs. The narrow oblong leaflets are 
up to 0.7 x 0.25 inches. The foliage is bronze at first, turning to blue-green. 

The golden-yellow flowerballs, up to 0.4 inches across, are borne on racemes up to 6 inches in 
length 

The branches are glossy and reddish. The bark is smooth and reddish-purple. 

Hardy north to zone 9 


‘Acacia pubescens ( Downy Wattle ) 

A showy, fast growing, pendulous branched, spreading shrub native to coastal South Wales, 
‘Australia where itis endangered due to habitat destruction in its tiny natural range around Sydney. 
Some records include: 3 years - 8 feet; largest on record - 20 x 10 feet. 

The deciduous, bipinnate leaves, up to 3 x 2 inches, are composed of leaflets, up to 0.2 inches in 
length. The foliage is silvery at first, turning to bright green. 

The profuse bright yellow flowerballs, up to 0.25 inches, are borne 8 to 16 on dense drooping sprays, 
Up to 4.3 inches in length, during late winter and spring. 

The branches are soft, downy and dark reddish-brown. The bark is smooth and brownish-gray. 

Hardy zone 9 to 11 


‘Acacia pulchella ( Prickly Moses ) 

spiny, broad spreading, semi-evergreen shrub, reaching a maximum size of 10x 5 ( rarely over 4) 
feet, that is native to southwestern Australia. 

The bipinnate leaves are divided into up to 11 pairs of tiny, narrow oblong leaflets, up to 0.25 inches. 
‘The foliage is luxuriant mid-green. 


The tiny, deep yellow flowers are borne in dense, rounded heads during spring. 
The stems are armed with 1 to 2 axilliary spines, up to 0.8 inches in length, per node. 
Hardy zones 9 to 10 in full sun on fertile, sandy soil. It prefers a mediterranean climate. 


Acacia pustula 

Assmall tree closely related to Acacia nerifolia that is native to semi-dry regions of southern 
Queensland in Australia. Some records include: largest on record - 50 feet. 

The drooping, linear phyllode leaves are up to 6 x 0.5 inches. 

The main ornamental feature is the masses of late winter light golden-yellow flowers. 

The stems are dark reddish. 

Hardy zones 9 to 11 


‘Acacia pycnantha ( Golden Wattle ) 

‘A fast growing, open branched, pendulous tree native to Eucalyptus forest on sandy soils in southern 
temperate regions of Australia. Some records include: 3 years - 13 feet with a trunk diameter of 3 
inches; 4 years - 15 x 7 feet; 25 years - 35 feet; largest on record - 76 x 60 feet with a trunk diameter 
of 8 feet. It can sucker freely from the base. Golden Wattle is the floral emblem of Australia. It has 
also escaped into the wild and become a weed in South Africa. It is not a long lived tree, lasting an 
average of 30 years. 

The pendulous, thick, leathery, oblanceolate phyllode leaves, up to 8 x 1.5 inches, are glossy rich 
green. 

The profuse, sweetly fragrant, large, golden-yellow, ball-shaped flowers, up to 0.4 inches, are borne 
in long racemes up to 12 inches in length during late winter and spring. 

They are followed by seed pods up to 4.7 inches in length. 

The brown bark is smooth becoming finely fissured on older trees. 

Hardy zones 8 to 10 thriving in climates with 14 to 40 inches of rainfall per year. 

It prefers hot summers with low humidity. Young trees are not as frost hardy as older more 
established trees. 


‘Acacia pyrifolia ( Kanji Bush ) 

Ashrub, reaching a maximum size of 15 ( rarely over 10 ) feet, that is native to northwestern 
Australia. 

The round leaves, up to 2.3 x 1.6 inches, are blue-gray. 

The yellow flowerballs are borne on clusters up to 7 inches in length. 

The bark is smooth and gray. 

Hardy zones 10 to 11 ( severe dieback at 21 F but resprouts vigorously ) in semi-arid climates. 


‘Acacia redolens ( Prostrate Acacia ) 

‘An attractive, very fast growing, wide spreading, evergreen shrub that can be used for groundcover. 
It is native to far southwestern Australia. Some records include: 3 years - 2.5 x 8 feet; 7 years - 4x 10 
feet; largest on record - 6 x 28 ( rarely over 5 x 12) feet. 

The lance-shape to spathulate, gray to mid-green leaves are up to 3 x 0.5 inches. 

The bright yellow flowerballs are up to 0.2 inches across. 

Hardy zones 8a+ in full sun preferring a mediterranean climate. Tolerates drought and ocean salt 
winds. 


‘Desert Carpet’ 
A low groundcover form, reaching up to 2 x 15 feet. 


‘Acacia rehmanniana ( Silky Acacia ) 

A low, dome shaped to flat crowned tree native to southeastern Africa that can reach a maximum. 
height of 30 feet. 

‘The downy bipinnate leaves are bright golden-green at first, later turning to deep green. The foliage 
is deciduous during drought. 

The sweetly fragrant, white, ball shaped flowers are borne in small clusters during summer. 

‘The orangish-brown stems are armed with straight paired thorns. 

Hardy zones 9 to 11 ( diesback to base at 20 F but resprouts vigorously ). Very drought tolerant. 


‘Acacia retinodes ( Swamp Wattle ) 

‘Asemi-pendulous, rounded small tree, that is native to southeastern Australia. 

Some records include: fastest recorded growth rate - 5 feet; first year - 5 feet; largest on record - 36 
x 36 feet with a trunk diameter of 2 feet. 

It is generally short-lived, lasting around 40 years. 

The narrow, oblanceolate leaves, up to 8 x 0.6 inches, are blue-green to green. 

The creamy-yellow flowerballs are borne on clusters up to 1.6 inches in length. 

The bark is smooth and gray on young trees, on older trees becoming rough and blackish-brown. 
Hardy north to zone &b tolerating as low as 15 F. Thrives in England.® 


Acacia rhetinocarpa 

spreading, dome-shaped, resinous, attractive shrub reaching a maximum height of 6.6 feet that is 
native to south central Australia where it is endangered. 

The thick, curved, resinous, obovate phyllode leaves, up to 0.2 x 0.14 inches, are blue-green. 

The profuse, bright-yellow, ball-shape flowers are borne singly in the leaf axils during late winter and 
spring. 

Hardy zone 8 to 10. Tolerant of alkaline soil. 


‘Acacia riceana ( Rice's Wattle ) 

‘A pendulous small tree that is native to Tasmania. Some records include: 20 years - 27 x 20 feet; 23, 
years - 37 feet with a trunk diameter of 1 foot; largest on record - 37 x 30 feet 

The rigid, pointed, linear to narrow-oblanceolate phyllode leaves, up to 2.2 x 0.1 inches, are deep 
green. 

The creamy-white, ball-shaped flowers are borne in drooping spikes up to 1.5 inches in length. 
Hardy north to zone 8 tolerating as low as 5 F. Heavy shade tolerant. 


‘Acacia rigens ( Needle Wattle ) 

‘Also called Acacia chordophylla & Acacia loderi. A fast growing, dense, rounded shrub to small tree, 
rarely exceeding 20 feet, that is widely native to dry regions of southern Australia. Some records 
include: largest on record - 32 x 23 feet with a trunk diameter of 1 foot. It is long lived and can 
survive as long as 100 years. 

The sharp pointed, stiff, narrow phyllode leaves are up to 5.5 x 0.1 inches, is similar to that of the 


Casuarina in appearance. The foliage is gray-green. 
The profuse, golden flowerballs, up to 0.3 inches, are borne in small clusters during winter and 
spring. 

The dark gray bark is finely fissured. 

Hardy zones 8 to 10 in sun to partial shade. An excellent ornamental plant for arid and semi-arid 
climates, 


‘Acacia rigidula ( Blackbrush Acacia ) 

‘An extremely thorny, moderate growing, small tree native to south Texan and northern Mexican 
Chihuahuan desert. Some records include: fastest recorded growth rate - 2 feet; 4 years - 6 feet; 7 
years - 9 feet; largest on record - 27 x 31 feet with a trunk diameter of 1 foot. An excellent lawn tree. 
The foliage is deep green. 

The stems are extremely thorny. 

‘The attractive bark is pale gray. 

Hardy north to zone 8 tolerating as low as 15 F. Requires full sun and is heat and very drought 
tolerant. 

Pharmacology: contains Mescaline & DMT 


* photo of unknown internet source 


‘Acacia rivularis 
A bushy rounded shrub, reaching a maximum height of 17 feet, that is native to south central 
‘Australia. Some records include: 2 years - 8 feet; 4 years - 13 feet; 8 years - 16 feet. It is generally 
short-lived, lasting around 20 years. 

The linear leaves, up to 5.5 x 0.2 inches, are mid-green. 

The bright yellow flowerballs, up to 0.2 inches, are borne on clusters up to 1.6 inches in length. 
The bark is gray and finely fissured. 

Hardy zones 9b to 11 ( est ) in semi-arid climates. 


‘Acacia robusta 'Ussumb' 

A large tree with a massive deeply ridged trunk. Some records include: largest on record - 75 x 70 
feet with a trunk diameter of 4 feet. 

The leaves are up to 5 inches in length. 

The spines are up to 4 inches or more in length. 

Hardy north to zone 9b 


‘Acacia roemeriana 

Assmall evergreen tree native to Texas. 

Some records include: 2 years - 6 feet; 7 years - 13 feet; largest on record - 25 x 25 feet with a trunk 
diameter of 1.6 feet. 

The very fragrant flowers are white. 

Hardy north to zone 7, it is fully hardy at Tucson. 

Requires a deep well drained soil and is very heat tolerant as well as drought tolerant. It is not 
known to grow in the humid eastern U.S. 


Acacia rostellifera 

‘A fast growing, dense, spreading tree reaching a maximum size of 40 x 33 feet with a trunk diameter 
of 2 feet, that is native to southwestern Australia. 

The narrow, oblanceolate leaves, up to 4.5 x 0.7 inches, are green to blue-green. 

The golden-yellow flowerballs, up to 0.3 inches across, are borne on clusters, up to 1.3 inches in 
length 

The bark is fissured and dark gray. 

Tolerates as low as 20 F, prererring a mediterranean climate. Thrives in Phoenix, Arizona. 


‘Acacia rubida ( Red-Stemmed Wattle ) 

‘A fast growing, small bushy tree native to much of southeastern Australia. Some records include: 5 
years - 20 feet; largest on record - 45 x 20 feet. 

The leathery, narrow, oblanceolate to narrow-elliptic phyllode leaves, up to 8 x 1 inches, are medium 
green during summer turning reddish during winter. 

The profuse, bright yellow flowerballs, up to 0.3 inches across, are borne 10 to 20 on clusters up to 4 
inches in length. The flowers are borne during late winter and spring. 

The angular stems are deep red. The finely fissured bark is brown. 

Hardy zones 8 to 10 tolerating as low as 8 F. Prefers full sun to partial shade and is flood tolerant as 
well as tolerant of drought. 


‘Acacia salicina ( Broughton Willow ) 

Amedium size, evergreen tree native to tropical central and eastern Australia that is similar in habit 
to the Weeping Willow. 

Some records include: 2 years - 10 feet; 4 years - 16 feet; 5 years - 20 feet; 10 years - 20 feet; largest 
on record - 90 x 70 feet with a trunk diameter of 2 feet. 

It is long-lived, lasting for over 50 years in age. 

Itis a handsome foliage plant with narrow elliptical, blue-green leaves up to 8 x 1.3 inches. 

The pale-yellow flowerballs, up to 0.3 inches across, are borne in clusters up to 2.5 inches in length. 
The branchlets are dark gray-brown. 


The bark is fissured and gray-brown. 

Hardy zones 9 to 11 ( fully hardy to 16 F though foliage is damaged at 18 F ) on deep well drained soil 
in climates with 15+ inches of yearly rainfall. It is tolerant of flooding, saline soils and pure sand 
making it an excellent choice for rehabilitating sand dunes but is also good on clay. On dry, sandy 
soils, the roots can reach up to 50 feet or more in depth, on wet poorly drained soils this tree will be 
much more shallow roots and also much more prone to uprooting in high winds. 


‘Acacia saligna ( Blueleaf Acacia ) 

‘Also called Acacia cyanophylla or Orange Wattle. It is a fast growing, dense, bushy, pendulous small 
tree native to far southwestern Australia. Some records include: fastest recorded growth rate - 2 
feet; 1 year -7 feet; 2 years - 14 x7 feet; 3.5 years - 21 feet; 4 years - 27 x 27 feet; largest on record - 
33 x 33 feet. It has invasive potential in some climates and has become a weed in South Africa. 

It typically only lives about 20 years. 

The drooping, gray-green, lance-shaped phyllode leaves are up to 12 x 3 inches. 

The profuse, large, fluffy, yellow flowerballs, up to 0.5 inches, are borne in racemes up to 3 inches in 
length during late winter and early spring 

‘The brownish-gray bark is smooth becoming finely fissured on older trees. 

Hardy zones 9 to 11. Minor leaf burn at 19 F, stem damaged at 15 F. Drought tolerant, growing in 
regions with 8 to 40 inches of rainfall per year, making a great windbreak for northern Africa and the 
Middle East. 

Prefers mediterranean winter rainfall climates. 


‘Acacia schaffneri ( Twisted Acacia ) 

‘An attractive, moderate growing, twisted, deciduous to evergreen, small tree, reaching a maximum 
size of 25 x 30 feet, that is native to the southwest U.S. ( southeastern New Mexico & Texas ), south 
to Oaxaca Mexico. 

Some records include: 2 years - 8 feet; 4 years - 11 feet; 7 years - 14 feet; largest trunk diameter - 8 
inches, 

The finely-divided, ferny, bipinnate leaves, up to 6 inches in length, are gray-green. 

The very fragrant, bright yellow flowerballs are up to 0.4 inches across. 

The stems are viciously armed with long, 1 inch, paired, white thorns that originate from the leaf 
axils. 

The bark is grayish-brown. 

Hardy zones 8b to 10 ( fully hardy at 15 F ) in full sun on well drained soil. 

It makes a great landscape tree in Arizona as well as in its native range. 

Pharmacology: Contains mescaline & Amphetamine 


‘Acacia schottii 

‘A deciduous small shrub, reaching a maximum size of 6 x 5 ( rarely over 4) feet, that is native to 
Texas and Chihuahua Mexico. Some records include: 3 years - 4 feet; 7 years - 6 feet. 

The lacy bipinnate leaves are composed of linear leaflets. The foliage is bright green. 

The showy, golden-yellow flowerballs are borne spring through summer. 

The stems are armed with white spines up to 0.7 inches in length. 

Hardy zones 8 to 10 ( tolerating 10 F ) in full sun on well drained soil 

Very tolerant of heat, drought, clay soil and lime. 


‘Acacia sclerosperma ( Limestone Wattle } 

‘A dense, rounded, shrub or small tree, reaching a maximum size of 20 x 13 feet, that is native to 
western Australia. Some records include: 4 years - 9 feet. 

The thick, linear to narrow-elliptic leaves, up to 5.5 x 0.7 inches, are blue-green. 

The flowers are yellow. 

The bark on the stems and branches is smooth and light gray. 

Hardy zones 9b to 11 ( est ) 


‘Acacia senegal ( Senegal Gum Arabic ) 

‘A flat-topped, medium-sized, deciduous tree that is a widespread native to the plains of subsaharan 
Africa as well as Oman, Pakistan and northwest India. Some records include: largest on record - 66 x 
66 feet with a trunk diameter of 4.3 feet. 

The bipinnate leaves, up to 4 inches in length, are gray-green. 

The fragrant white to pale yellow flowers borne in long spikes, up to 4 inches in length, appear 
autumn and winter. 

‘At the base of each leaf are 3 fierce small pricles, one curves downward, the other 2 curve upward. 
‘The attractive, gray-brown bark is pale and flaky. 

Hardy zones 8 to 10 in full sun, thriving in climates with 10 to 15 inches of rainfall in an average year. 
It can survive droughts lasting up to 11 months and prefers a climate with a dry season lasting at 
least 5 months. 


Neiorachis! 


Some records include: 2 years - 6.5 feet; 4 years - 10 feet; 5 years - 16 feet; 9 years - 19 feet. 


‘rostrata’ 
Some records include: 2 years - 7 feet; 4 years - 10 feet; eventually up to 16 feet. 


‘Acacia siculiformis ( Dagger Myrtle ) 
Ashrub, reaching up to 10 x 6 feet, that is native to far southeastern Australia including Tasmani 
The narrow lance-shaped to narrow-elliptic leaves, up to 1.5 x 0.2 inches, are green. 


Thr bright yellow flowerballs, up to 0.3 inches across, are borne from the leaf axils. 
The bark is smooth and gray. 
Hardy zones 8 to 9, thriving on well drained soil. 


‘Acacia sieberiana ( Paperbark Thorn ) 

Avery fast growing, flat-crownded, medium to large, deciduous tree native to southern Africa. Some 
records include: fastest recorded growth rate - 7 feet; 2 years - 14 feet; 3 years - 20 feet; 6 years - 28 
feet; 7 years - 30 feet; 10 years - 40 feet; largest on record - 82 x 51 feet with a trunk diameter of 6 
feet. 

It makes an excellent street tree for dry climates such as in southern Arizona. 

The feathery, bipinnate leaves, up to 6 inches in length, are deep green, turning to yellow in fall. The 
leaves are composed of leaflets, up to 0.12 inches in length. 

The profuse fragrant flowerballs are creamy-white. 

The stems are armed with paired white thorns, up to 3 inches in length. 


The yellowish-brown, flaky, papery bark peels off in flat strips. 

Hardy zones 9 to 11. Very drought tolerant, it also tolerates flooding, sand and clay. 
Ahealthy attractive shade tree even in the extreme heat of Yuma. 

Pharmacology: leaf contains DMT 


'woodii' 
‘A perennial in Tucson, dying back to the ground at 15 F 


Acacia simplex 

‘A climbing tree reaching up to 40 feet that is native to both Argentina and islands in the western 
Pacific Ocean. 

The cupped, rounded leaves are bright green. 

Pharmacology: bark, stem bark and leafy stems contain high levels of DMT. 

This plant has been used in fishing. Products of this plant are harmless to humans but stun fish. 


‘Acacia smallii ( Small's Acacia ) 

May be the same as Acacia farnesiana and is in fact nearly biologically similar. This tree represents 
trees of southwestern U.S. origion and are much hardier ( to 15 F). 

Whether or not it is a separate species or just a regional variant of Acacia farnesiana is a subject of 
botanical debate. 

The bipinnate leaves are composed of tiny leaflets, up to 0.1 inches in length. 

Hardy zones 8b to 10, 


‘Acacia sophorae ( Coastal Wattle ) 

‘A dense spreading shrub that is a widespread native of eastern Australia and Tasmania, reaching a 
maximum size of 20 x 33 feet. 

‘An excellent choice for use in preventing beach erosion. On exposed coastal sites, itis often 
prostrate in habit. 

The broad, oblong phyllode leaves are up to 5 x 1.5 inches. 

The golden-yellow bottlebrush-like flower spikes, up to 2 inches in length, are borne during spring. 
Hardy zones 8 to 11 in full sun to partial shade, very tolerant of salt laden winds. 

Pharmacology: contains Tryptamine 


Acacia spectabilis ( Mudgee Wattle ) 

Also called Pilliga Wattle. An open, pendulous, tall slender shrub native to the inland slopes of 
eastern Australia that reaches a maximum size of 20 x 15 feet. Some records include: 3 years - 7 feet; 
5 years - 17 + feet. It can also be used as a screen. 

The soft, blue-green, bipinnate leaves, up to 4 inches in length are composed of leaflets up to 0.7 x 
0.25 inches. 

The spectacular, golden-yellow flowerballs, up to 0.4 inches, are borne on long, dense sprays, up to 
8.5 inches, during late winter and spring. 

The smooth bark is whitish to blue-gray. 

Hardy zones 9 to 11 tolerating as low as 19 F. Drought tolerant. 

Prune lightly after flowering to maintain shape. 


‘Acacia stenophylla ( Shoestring Acacia ) 

A beautiful fast growing, pendulous tree, that is native to central and eastern Australia. Some 
records include: 16 months - 13 feet; largest on record - 66 x 30 feet. It is similar to Acacia salicina 
and makes an excellent landscape tree in the southwestern U.S. 

The very long narrow leaves are up to 20 x 1 inches. 

The pale yellow flowerballs, up to 0.5 inches across, are borne from the leaf axils. 

The fibrous to fissured bark is dark gray-brown, 

Hardy zones 8b to 11 ( tolerating as low as 15 F ) in full sun on well drained soil. 

Tolerates clay, alkaline soil, drought and flooding. Very tolerant of saline soils. 

Seed should be soaked in boiling water for 1 minute before sowing. 
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‘Acacia suaveolens ( Sweet Wattle ) 

Ashrub, reaching a maximum height of 10 feet, that is native to coastal eastern Australia and 
Tasmania, 

The linear to oblanceolate, phyllade leaves, up to 6 x 0.4 inches, are green. 

The pale yellow flowerballs, up to 0.3 inches across, are borne on axilliary racemes up to 1.3 inches 
in length. 

The bark is smooth and purplish. 

Hardy zones 9 to 10 ( est ). Tolerates pure sand. 


‘Acacia subporosa ( Narrow-Leaf Bower Wattle ) 
Asemi-pendulous, small tree, reaching a maximum height of 40 feet, that is native to far 
southeastern Australia. Some records include: 5 years - 20 feet. 


The narrow-elliptical phyllode leaves are up to 5 x 0.4 inches. 
The pale yellow flowerballs are up to 0.4 inches across. 

The smooth bark is gray or brown. 

Hardy zones 9 to 10 ( est ) 


‘Acacia terminalis ( Cedar Wattle ) 

Also called Sunshine Wattle. A medium size tree reaching a maximum size of 66 ( rarely over 20 ) 
feet, native to southeastern Australia. 

The bipinnate leaves, up to 4.5 inches in length, are composed of oblong leaflets, up to 0.8 x 0.2 
inches. The foliage is reddish at first, turning to glossy deep green. 

The golden-yellow flowerballs, up to 0.5 inches, are borne on panicles. 

The gray or brown bark is smooth, becoming finely fissured on older trees. 

Hardy zones 9 to 10 


‘Acacia tetragonophylla ( Kurara ) 

‘An attractive, dense, semi-pendulous, rounded, shrub or small tree, reaching a maximum size of 20 x 
20 ( rarely over 10 ) feet, that is a widespread native to western and central Australia. Some records 
include: 2 years - 6 feet. 

The prickly, needle-like, linear leaves, up to 2 x 0.12 inches, are bright green. 

The bright yellow flowerballs, up to 0.4 inches, are borne from the leaf axils. 

The gray bark is finely fissured. 

Hardy zones 9 to 10 ( fully hardy to 16 F with foliage damage only ). Extremely drought tolerant. 


‘Acacia tindaleae ( Golden-Top Wattle ) 

‘A dense small shrub reaching a maximum height of 6.5 feet that is native to eastern Australia. 
The very hairy, small, linear phyllode leaves are densely crowded along the stems. 

The profuse, golden-yellow flower balls are borne winter and spring. 

Hardy zones 9 to 11 thriving in both subtropical and dry climates. 

Prune to shape after flowering. 


‘Acacia tortilis ( Umbrella Thorn ) 

Amedium size, attractive, umbrella crowned tree native to most of Africa and the Arabian Peninsula 
Some records include: 2 years - 8 x 10 feet; 2.5 years - 16 feet; 11 years - 22 feet with a trunk 
diameter of 6 inches; largest on record - 70 x 60 feet. 

There is a combination of short, recurved and long, narrow spines with all being very sharp. 

The very small, bipinnate leaves have very small leaflets. 

The foliage is typically evergreen. 

The fragrant, white to light yellow, rounded flowers are borne in small clusters in mid summer with 
the foliage. 

They are followed by spirally twisted, light brown pods borne in clusters. 

Hardy zones 9 to 11 tolerating as low as 18 F. It is extremely drought tolerant due to its roots which 
can extend as deep as 170 feet. Itis also very heat tolerant, to as high as 122 F.* 


‘heteracentha’ 
‘A subspecies that ranges widely in southern Africa. 


How does it work? 


A ground based laser is the power source that propels, 
the Lightcraft into orbit. Lightcraft can deliver payloads 
into space for a fraction of the cost of traditional rockets 
because most of the engine stays on the ground, 
thereby unburdening the craft from having to lift the 
energy source for its propulsion system. 


Fig. 3 


‘The back side of the craft is a large, highly polished 
parabolic mirror that is designed to capture the laser 
beam projected at it from the ground. The mirror 
focuses the beam, rapidly heating the air to 5 TIMES 
the temperature of the sun, creating a blast wave 
out the back that pushes the vehicle upward. As the 
beam is rapidly pulsed, the vehicle is continuously 
propelled forward, on its way to orbit. 


History of Lighteraft 
1987 — Prof. Leik Myrabo invents Lightcraft for SDIO. 


1997 — First successful wire-guided tests at WSMR. 
Solved flight stability difficulties, much like the Wright 
brothers did with the airplane. 


1997 — Lightcraft broke Goddard's 41 ft., 1926 first 
successful rocket flight - but this time with no on-board 
fuel. 


1998 — Record flight of 99 ft. with air breathing 
Lightcraft engine. 


1999 — Record flight of 128 ft. with first rocket 
Lightcraft engine. 


2000 — LT! sets new world record for highest flight 
(233 ft), longest flight time, and heaviest vehicle. 


How can LTI reduce launch costs? 


Conventional Launch — $175,000,000 
‘The Lightcraft — $46,000 


Chemical Rocket 


- carry massive propulsion source on board 
~ are expendable 

- extremely costly 

- prone to explosion due to fuel on board 


Laser Propulsion: 


- propulsion energy source remains on the ground! 
- Lightcraft are inexpensive to manufacture and 
extremely light weight 

- highly reusable power source is never subjected to 
the risks of flight 


Lightcraft Technologies, Inc. 


1914 Walloomsac Rd. 
Bennington, VT 05201 
Office: 802-447-6275 
FAX: 802-447-8216 
E-mail: tmyrabo@lightcrafttechnologies.com 


Alternative space 
propulsion systems 
Star Drive 


Mark R. Tomion, USA 
hittp://www.stardrivedevice.com 


Re: U.S. Patent 6,404,089 for the Electrodynamic 
Field Generator, (EDF), 
issued June 11, 2002 to Mark R. Tomion. 


‘The ‘official’ name of the “StarDrive device”, per the 
U.S. Patent and international PCT Applications, is 
Electrodynamic Field Generator. The EDF Generator 
uses banks of permanent magnets and rotating Field 
Coils to produce a very-high DC rotor voltage, and 
plane-parallel ring electrode arrays to electrostatically 
‘expand and control that voltage as applied to the hull, 
so that huge quantities of external Field electrons may 
be accelerated to energy levels that are usually 
reached only with a particle accelerator! It’s 
somewhat like a glorified arc welder whose output is 
deliberately shorted to its own housing, and the DC 
voltage and current across the emitter and collector 
housing sections can be thermionically increased to 
values that are generally observed only in lightning: 
but the Field's current density is limited to a value 
which falls short of damaging the hull! 


Some records include: 1.5 years - 5 feet with a trunk diameter of 2 inches 


‘Acacia tortuosa ( Twisted Acacia ) 

‘A rounded to wide spreading, semi-evergeen to evergreen small tree native from central Texas, 
south into Mexico. 

Some records include: fastest recorded growth rate - 2 feet; largest on record - 31 x 30 feet with a 
trunk diameter of 1.5 feet. 

The bipinnate leaves, are composed of 3 to 4 pairs of pinnae, each having 10 to 15 pairs of very 
narrow, pointed leaflets. 

‘The foliage is light-green. 

The fragrant, bright-yellow ball-shaped flowers, up to an inch wide are borne in pairs of 3s from the 
leaf axils. 

They are followed by long narrow, slightly compressed pods, up to 5 x 0.3 inches. that constrict, 
between the seeds. 

The branches are armed with slender spines up to an inch in length. 

‘The bark is dark brown and furrowed. 

Hardy zones 8 to 10, very tolerant of drought as well as being heat and alkaline soil tolerant. 


‘Acacia trachycarpa ( Minniritchi ) 

A moderately fast growing, thornless tree reaching a maximum size of 20 x 25 feet, that is native to 
northwestern Australia, 

Some records include: 1.5 years - 9 feet. 

The linear leaves are up to 4 x 0.1 inches in size, 

The golden-yellow flower spikes are up to 0.8 inches in length. 

The bark is reddish-brown. 

Hardy zones 9b to 10 ( tolerating 25 F ).. 


‘Acacia trineura ( Three Nerved Wattle ) 

‘Arounded, evergreen large shrub, reaching a maximum height of 17 feet, that is native to 
southeastern Australia. 

Some records include: 2 years - 9 feet; 3 years - 11 feet 

The narrow, oblong leaves, up to 3.2 x 0.5 inches, are deep green. 

The golden-yellow flowerballs, up to 0.2 inches across, are golden-yellow. 

3 to 8 flowerballs may be contained in a raceme. 

The bark is smooth and gray. 

Hardy zones 9 to 11 ( fully hardy to 15 F ). 


‘Acacia triptera ( Spurwing Wattle ) 

Avery dense, spreading, large shrub native to semi-arid regions of eastern Australia. Some records 
include: 3 years - 28 inches; largest on record - 15 x 23 feet with a trunk diameter of 9 inches. It 
makes an excellent barrier hedge. 

The stiff, curved, pointed, narrow-triangular phyllode leaves, up to 2.2 x 0.3 inches, are purplish at 
first, turning to mid-green 

The profuse, very showy, bright yellow, bottlebrush-like flower spikes, up to 1.3 inches in length, are 
borne late winter and spring. 


Hardy zones 9 to 11 ( tolerating as low as 19 F ) in full sun on well drained soil. Extremely drought 
tolerant. 


‘Acacia truncata 

‘A dense, domed large shrub, reaching a maximum size of 10 x 5 feet, is native to far southwestern 
Australia. 

The tiny leaves ( shaped like upside-down triangles ) are only up to 1x 0.5 inches. 

The creamy, ball-shaped flowers are up to 0.5 inches. 

Hardy north to zone 9, tolerating as low as 19 F 

Requires full sun. Salt tolerant. 


‘Acacia uncinata ( Wavy-Leaf Wattle ) 

‘A spreading to erect shrub with long pendulous branches that is native to New South Wales in 
eastern Australia, 

Some records include: 5 years - 6 feet; largest on record - 10 feet. 

The stem clasping, rounded, wavy, hook-pointed phylloides, up to 1.8 x 0.8 inches, are gray-green. 
The large bright yellow flowerballs, up to 0.35 inches across, are borne single or in pairs during 
spring and summer and also on and off at other times of the year. 

Hardy zones 9 to 11 tolerating as low as 19 F. Drought tolerant. 


Acacia verticillata ( Star Acacia ) 

Also called Prickly Moses. A attractive, prickly, fast growing, arching shrub to small tree (if trained ) 
that is native to Tasmania and southeast Australia. Some records include: fastest recorded growth 
rate - 2 + feet; 10 years - 20 x 20 feet; largest on record - 33 x 33 feet; largest in England - 30 feet. 
Excellent for use in hedging. 

The whorled, rigid, very sharp, linear, needle-like leaves, up to 1 x 0.3 inches, are arranged in whorls. 
The bright yellow flowers spikes, up to 1.8 inches in length, are borne either single or in small groups 
during late winter and spring. 

Hardy zones 8b to 11 tolerating as low as 19 F. 

It thrives in milder parts of the British Isles. 


‘Acacia vestitia ( Hairy Wattle ) 

‘Also called Weeping Boree. A bushy, small weeping tree reaching a maximum size of 27 x 20 rarely 
over 13 ) feet, that is native to far southeastern Australia, 

The triangular leaves, up to 0.8 x 0.3 inches, are gray-green. 

The showy, golden-yellow flowerballs are borne on long racemes, up to 2.3 inches in length. 

The bark is smooth and gray. 

Hardy north to zone 9, tolerating as low as 19 F. It can be sheared. 


‘Acacia victoriae ( Bramble Wattle ) 

‘A moderate growing, spreading, small tree native to inland parts of Australia 

Some records include: 1 year - 5 feet; 3 years - 9 feet; 5 years - 14 feet; 8 years - 18 feet; largest on 
record - 40 x 33 feet with a trunk diameter of 8 inches, 

It can be used for hedging and windbreaks as well. Short lived in many regions, lasting around 15 
years. It may sucker readily. 


The lance-shaped, gray-green leaves, up to 3.5 x 1 inches in size, have a strong, paired spines at the 
base. 

The fragrant, creamy-yellow flowerballs, up to 0.3 inches across, are borne on racemes up to 4 
inches in length, during late winter into early summer. 

The bark is smooth and dark gray. 

Hardy zones 8 to 11. Fully hardy at 15 F at Tucson. Very drought tolerant due to its deep root system 
which may penetrate as much as 66 feet or more into the earth. 

Moderately salt tolerant. 


Acacia villosa 
‘Assmall thornless tree, reaching a maximum size of 23 feet, that is native to Jamaica where it is 
threatened. Some records include: 2 years - 8 feet; 4 years - 12 feet. 

Hardy zones 10 to 12 ( freezes to base at 25 F but may reach as much as 9 feet during the following 
summer ). 


‘Acacia viscidula ( Sticky Wattle ) 

‘Assmall tree, reaching a maximum height of 20 feet, that is native to the central part of Australia's 
east coast. Some records include: 4 years - 7.5 feet; 6 years - 10 feet. 

The linear leaves, up to 4.3 x 0.1 inches, are glossy mid-green. 

The pale yellow flowerballs are up to 0.3 inches across. 

‘The smooth bark is gray-brown. 

Hardy zones 9 to 10 ( fully hardy to 16 F) 


‘Acacia visco 
An attractive, moderate growing, rounded, medium-sized, deciduous to semi-evergreen tree, 
reaching a maximum size of 40 x 40 feet, that is native to Argentina. 

Some records include: 2 years - 5 feet; 3 years - 9 feet; 8 years - 16 feet; 15 years - 22 feet. 

The bipinnate leaves, up to 7 x 3.5 inches, are composed of linear leaflets. 

‘The foliage is bright green at first, turning to deep green. 

The showy, creamy-white flowerballs, up to 0.5 inches across, are borne during spring through 
summer. 

Hardy zones 8b or 9 to 11. Fully hardy at 15 F at Tucson but defoliates at temperatures in the mid 
20s. 


‘Acacia wilhelmiana ( Wilhelm's Wattle ) 

‘A compact, dense, spreading, medium sized, evergreen shrub, reaching a maximum size of 10 x 10 
feet, that is native to semi-arid regions in southeast Australia. 

The narrow, linear leaves, up to 1.3 x 0.16 inches, are green. 

The masses of single or paired, golden-yellow flowerballs, up to 0.25 inches, are borne late winter 
and spring. 

Hardy zone 8 to 10. Drought tolerant. 


‘Acacia willardiana ( Palo Blanco ) 
Avery attractive, evergreen, weeping tree, reaching a maximum size of 33 x 20 feet, that is native to 
the Sonoran Desert of Mexico. Some records include: 1 year - 5 feet; 2 years - 13 feet; 3 years - 17 


feet; 7 years - 20 feet; 10 years - 25 feet. An excellent landscape tree in hot desert climates, it looks 
like a cross between a Casuarina and a Weeping Willow from a distance. 

The bipinnate leaves, up to 4 inches in length, are composed of linear leaflets, up to 0.2 inches in 
length 

The creamy-yellow flowers are borne on bottlebrush-like spikes, up to 2.5 inches in length 

‘The attractive bark is white and peeling. 

Hardy zones 9b to 11 tolerating as low as 25 F. Very heat tolerant, preferring a hot south facing wall 
north of zone 10. During extended droughts, a deep watering once a month is recommended. 

Pest and disease resistant. 


‘Acacia wrightii ( Wright Acacia ) 

‘A densely crowned, small evergreen tree reaching up to 20 x 20 feet, that is native to most of central 
and western Texas, south into eastern Mexico. 

Some records include: fastest recorded growth rate - 3 feet; 3 years - 7 feet; 4 years - 11 x 4+ feet; 10 
years - 15 feet; 13 years - 17 feet; largest on record - 40 x 40 feet with a trunk diameter of 2 feet. 
The bipinnate leaves, up to 3 inches in length, are composed of 1 to 3 pairs of pinnae, each having 3 
to 5 pairs of oval leaflets, each up to 0.8 inches in length. 

The somewhat hairy foliage is bright-green. 

The small, fragrant, light-yellow flowers are borne in cylindrical spikes up to 1.5 inches in length. 
They are followed by often curved, flattened pods, up to 6 x 1.5 inches. The pods contain narrowly 
oval seeds up to 0.3 inches in length. The ripened seed pods are not persistant, falling early in 
autumn. 

The branches are sparsely armed with thick, curved brown spines. 

The bark is dark brown, scaly and furrowed. 

Hardy zones 7 to 10. Fully hardy at 15 F at Tucson. Very tolerant of both heat and drought. It is not 
known to grow in the humid eastern U.S. 

Seeds germinate much better if soaked in sulfuric acid for 20 minutes before sowing to loosen the 
seed shells. 


‘Acacia xanthophloea ( Fever Tree ) 

Ahandsome, widespreading, fast growing, large deciduous tree native to southeastern Africa. 
Some records include: 2 years - 14 feet; 3 years - 22 feet; 4 years - 25 feet; 5 years - 30 feet; 30 years 
- 50 x 40 feet; largest on record - 100 x 80 feet with a trunk diameter of 4 feet. 

The bipinnate leaves are up to 4 inches in length. The foliage is yellow-green. 

The fragrant, rounded, golden-yellow flowers are borne in small clusters with the leaves during 
spring. 

The paired, white thorns, up to 3 inches, are straight and sharp. 

The bark is mature trees is smooth, powdery and yellow-green. This is among the few trees in the 
world that can produce photosynthesis from the bark. 

Hardy zones 9 to 11. Flood tolerant. It even thrives in the extreme summer heat of Yuma, Arizona, it 
also thrives in Phoenix and warmer parts of Tucson. 


* photo of unknown internet source 
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Fig. 1 
StarDrive device hull & electrodynamic 
Field configuration, 


‘As depicted above (Fig. 1), electrons circulating in the 
external Field envelope can achieve an impact velocity 
at the central collector sections which is very nearly 
that of light, and applied magnetic fields allow broad 
modulation of the Drive Field current’s properties. The 


negative hull section 


pozitive zone a pozitive zone sector 


Primary Arrays shown in the generalized schematic 
diagram below (Fig. 2) have control grids which allow 
an arc resistance imbalance to be imparted to the 
otherwise symmetrical Field current, so that they 
render the two relativistic current impulses variably 
non-isometric: thereby yielding thrust that is 
essentially reactionless! And the simple DC Primary 
Power System, like the early Faraday disk dynamo, is 
wholly rotor-based 


Note: It can be seen that the propulsive thrust 
developed by a StarDrive vessel is essentially brute- 
force in nature - it’s produced simply by means of a 
controlled variable imbalance in the continuous 
physical impact of the two external hemitoroidal 
electron current streams with the collectors! If these 
two Field currents were of equal magnitude, no net 
force would be developed. However, if the “lower” 
current stream is stronger than the “upper”, the vessel 
will be propelled away from the stronger current ~ in 
the “upward” direction. Since there's no ‘backward’ 
exhaust produced in the process, this type of thrust 
is truly and demonstrably reactionless in nature. 


negative hull section 
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Primary Power System 


Fig. 2 
Generalized schematic of rotor & dual induction ring assemblies 


Needless to say, tremendous quantities of heat are 
produced in the StarDrive device's electron “targets” 
or collector housing sections, and liquid sodium must 
be pumped through each Primary Array’s ceramic 
resistor network as a coolant. However, this excess 
heat in ground-based units may be used in the 


commercial generation of electric power and 
desalinization of seawater. 


In fact, because an intense arc discharge field has 
the unique capacity to absorb vast quantities of 
quantum background energy, the EDF Generator is 
so efficient that the latter task may become truly 
cost-effective for the first time! And not only will 
large over-unity StarDrive Dynamo units be able to 
produce electric power at 60 to 720 MW output 
levels, they'll be able to do so for many years before 
the permanent magnet banks must be 
remagnetized!! The only truly external input energy 


required in the interim is that necessary to initially 
bring the rotor up to speed 


Fig. 3 
A denumbered version of Fig. 1 
from the EDF Generator Patent 


Those of you who find this advanced technological 
prospect for the 21st century as exciting and 
fascinating as we do should consider making the 
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Mushrooming Without Fear 


It’s Safe, Easy and Fun 


Follow this guide and you can enjoy picking and eating delicious mushrooms uninhibited by fear and 
doubt. In order to enjoy a homemade gourmet mushroom dinner you do not really need to know what 
basidia or hyphae are. Nor do you need to know how to identify dozens of tasteless or poisonous 
mushrooms which you wouldn’t want to eat in the first place. 


Even advanced mushroom pickers face many uncertainties. 

The same mushroom looks different in the various stages of its development and different again when 
conditions are, for example, very wet or very dry. There are no end of edible mushrooms. Twenty- 
odd of these are of serious culinary interest, of which about a dozen are outstanding. Quality, not 
quantity, is what you are after. By good luck, the quality mushrooms are also among the most easily 
identifiable mushrooms and some of these are among the most frequently encountered. 


Mushrooms may look beautiful, but that does not mean that they are edible. 


You wouldn’t buy a soggy, wormy, half rotten mushroom in the supermarket. So why pick it in the 
wood? Quality is what the discerning mushroom hunter is after. 


With the safe method explained in this book, you will be able to identify the best mushrooms 
positively by their unique and unmistakable features. 


Your part in the safe method is: 


1. As a beginner, leave alone most mushrooms you pass 
2. Look closely at what you see before you, not at what you wish was there 
3. Stick to the rules and tick off every stage in the mushroom identification process 


The fly agaric is the most well-known species. For gnomes, pixies, fairies and other such folk it is 
safe. For us common mortals it is poisonous! Do not believe any old wives’ tales regarding the 
identification of poisonous mushrooms. Stick to the safe method in order to identify the best edible 
mushrooms. 


Why is the safe method safe? If you follow the safe method to the letter, you'll automatically steer 
clear of deadly mushrooms or mushrooms causing permanent damage. 


In the families of mushrooms presented and recommended here, there is not one deadly mushroom. 


This is the reason why the field mushroom is not in this guide. 

The field mushroom belongs to the group of mushrooms with gills, and especially when young, the 
feld mushroom can be confused with some deadly species. The safe method therefore asks you to 
ignore all mushrooms with gills because it is within the gilled group that all the seriously poisonous 
and deadly mushrooms are found. If you’re absolutely sure about the field mushroom, then pick it by 
all means. But unless you are 100 percent certain, hunt for field mushrooms and other species with 
gills in the supermarket only. 


Within the recommended groups you will find some slightly poisonous mushrooms but these happen to 
be so bitter, hot-tasting or strong-smelling that nobody sane would eat them anyway should they find 
their way into a meal (which they won’t if you follow the safe method). 

Poisonous mushrooms in the recommended groups cause gastrointestinal trouble of varying intensity. 
In other words: tummy ache. 

Nevertheless there is absolutely no reason for complacency: a harmless tummy ache together with an 
existing medical condition can be dangerous. 


Now, enough with the warnings. With this guide in hand, you are sure to have a safe and memorable 


experience collecting delicious mushrooms. Good luck and have fun! 


How to use this guide 


1. Read the entire book twice in order to understand the approach 

2. Study the “Gills,” “Tubes,” “Spines” and “Ridges” sections until you’re confident you can 
correctly distinguish these features; then you’re ready for a foray 

3. Double-check at home by going through the full identification process step-by-step 


The size of mushrooms 


The size of mushrooms varies enormously, so any measurements given in this book are only a rough 
average. Don’t be put off if you see an exception. The size can vary disproportionately due to weather 
conditions: if it is very dry, the mushrooms will be smaller than average. The other great variable is 
the growing medium. Don’t be surprised if near a building site, for example, you find surprisingly 
large mushrooms growing out of sawdust, or where woodchips have been laid at the edges of paths. 


inventor's book StarDrive Engineering a valuable 
addition to your personal or reference library. 


A Layman’s Description 
of the StarDrive Device 


Nearly anyone who endeavors to gain an initial 
understanding of the Electrodynamic Field Generator, 
even scientist or engineer, is likely to ask for a concise 
layman's explanation of “how it works". This isn't 
easily accomplished, for this device represents an 
unorthodox and multidisciplinary technology. However, 
the overview provided below will discuss the operative 
characteristics of the machine's simplified electric 
power generation variant in what is hoped to be the 
most direct manner possible. In this case, when people 
ask the question above, what they generally mean is: 
“By what means is over-unity operation achieved in a 
‘StarDrive’ Dynamo?”. It is assumed here that the 
reader has not only already become acquainted with 
certain basic aspects of the design, but also 
understands that over-unity operation is an absolute 
prerequisite for any viable system of light-speed 
interstellar propulsion. 


By way of further background, the formative 
mechanical design basis of the EDF Generator is of 
course the original Faraday disk dynamo. For whatever 
reason, no one seems to have bothered trying to 
develop this simple machine into a more sophisticated 
and patentable form before now. The principal 
limitation of Faraday's disk dynamo in its original form 
was that, when one or more permanent magnets were 
used to pass flux directly through the plane of a solid 
conductive rotor, a rather high-loss heavy current at 
very low voltage was produced. The first design 
improvement was therefore to use rotor-mounted toroid 
field coils in order to generate a much higher-voltage 
primary current, and to segment the rotor to reduce 
“eddy current” losses. Also, the toroid coil 
configuration absolutely minimizes Lenz losses, or the 
magnetic “drag” that is experienced by any 
conventional generator's rotor. 


‘To eliminate the use of brushes, it was necessary to 
apply traditional vacuum tube design and operating 
principles. Fortunately, most of the original patent work 
in this field has passed into the public domain, so 
incorporating certain aspects of that work into the EDF 
Generator presented no impediment to its 
patentability. By using plane-parallel electrode arrays 
instead of brushes to charge the rotor, it is possible to 
limit that portion of the induced rotor current which 
passes through the field coils to a very low level — 
effectively isolating them from the actual output circuit. 
‘More importantly, however, it then becomes possible 
to thermoelectrically charge the Generator's housing 
itself in such a way that it carries the device's full 
output circuit current instead! 


‘The reason for this unorthodox design parameter is that 
it was desired to actually incorporate a standing 


electric arc field into the output circuit, to take 
advantage of the electron's inherent ability to absorb 
quantum background energy [including zero point 
energy, ifand as necessary]. As a result of a thorough 
study of lightning, the inventor of the StarDrive device 
reasoned that the electrons comprising any naturally- 
‘occurring bolt of lightning had to recover (or absorb) 
an amount of ambient photonic energy equal to that 
which they expended in transit ~ in order to satisfy 
the conservation of energy principle. In such a case, 
it is not necessary that “we” do the work of moving 
charge against a potential gradient; the work may be 
done by the charge itself in being attracted along the 
potential gradient (or voltage level). 


And since it is known from the field of welding that it 
takes less energy to sustain an arc than it does to 
initiate it, it therefore becomes possible to create an 
electrical circuit that outputs more energy than it 
requires as input. This is exactly what the EDF 
Generator does ~ by incorporating a standing arc field 
in its output circuit. Using the StarDrive device as our 
mechanism, “we” only provide the work-energy 
required to establish and maintain the external field's 
potential gradient, by initiating rotor rotation and 
bringing the thermoelectric elements up to 
temperature. The electrons in the electrodynamic field 
do all the rest... 


Further Notes from the Inventor 


In conjunction with one of our StarDrive Generator 
prototype project funding proposals, we are presently 
working on an interim proof-of-concept experiment 
for our proposed 24 kW air-cooled EDF Generator 
prototype. This full-scale mock-up of the 30°-dia 
Generator's rotor and dual induction ring assemblies 
is intended to demonstrate the fundamental design 
principal discussed at the close of the Technical 
Overview (linked to our website's Method of 
Operation Summary page), whereby the voltage 
electrostatically induced on the rotor anode rings 
which power each Primary Array should be roughly 
one-third (1/3) of the Field Coil voltage (because of 
the capacitive dual induction ring geometry of the 
Primary Power System). For safety reasons, the Field 
voltage in all air-cooled StaxDrive Generators will be 
limited by design to 850 VDC, and to 1,400 VDC in the 
larger liquid-cooled StarDrive Dynamos. 


The experiment will also assist greatly in the 
derivation of remaining production model 
specifications, and will in fact incorporate 
production-quality rotor segments and electrode 
rings. Should this proof-of-concept experiment be 
successful, not only will the ability of our over-unity 
24KW Generator prototype to deliver large-scale DC 
output that's compatible with standard AC 
inverters (for utility grid distribution or off-grid 
conventional use) be virtually assured, but a major 
milestone incentive in our existing funding 
proposals will have been fulfilled as well. Further 


What is a Mushroom? 


A mushroom is a highly complex organism. Here are the essentials: 


The mycelium 


This is a close-up of about 4 mm of the mycelium above, as seen under a microscope. When 
conditions are right, the mycelium forms a fruitbody, pushing the mushroom up in order to disperse the 
spores or to wait for you to come along and pick it. 


Rule number 1 


Never, never take a mushroom with gills!!! 


Gills 


Identifying gills is the first and most important step. You must be sure that you're able to identify gills. 
Caps of gilled mushrooms come in many different shapes. Gills are the radiating blades on the 
underside of the cap. They fan out in a distinctly regular way. Gills have precise forms and come in 
many colors. Some of them are brittle some of them are soft. They can be rubbed off or separated 
from the underside of the cap quite easily. Gills are always attached to the stem or to the cap ina 
uniform way. 


In perfect conditions the distinctly regular way in which the gills fan out is clearly visible. 


Weather-beaten or old gills might be damaged or broken but on closer inspection their regularity will 
become apparent. Damage or no damage: either way they look as if drawn with a ruler. 


In their regular way, gills differ in spacing and formation. 
For example: 


Gills can fork once or more. 


Gills can be mixed: long and short gills. 


Gills are always uniformly attached to the cap or the stem. They start radiating from the same height 
along the stem or the same line around the cap. 


Rule number 2 


Only take mushrooms with tubes, spines and ridges and the mavericks portrayed in this 
book 


updates like those below will be forthcoming on the 
News page of http://www.stardrivedevice.com. 


01/28/03 - International Patent Filings Secured!: We 
are very pleased to report that we were successful in 
our efforts to secure numerous international (PCT) 
Patent Application filings for the Electrodynamic Field 
Generator by the final deadline of January 21, 2003! 
These important filings were effected in Australia, 
Canada, the People’s Republic of China, the European 
Union (including France, Germany, Italy, Spain, and 
the United Kingdom), India, Japan, Mexico, the 
Russian Federation, and South Africa. 


The securing of these key Patent Application filings 
adds immeasurable value to our StarDrive 
Engineering Project overall, as it will greatly protect 
and enhance our investors’ upside global market 
potential (assuming, of course, that our 24 kW 
StarDrive Generator prototype is successful)! Be sure 
to check back from time to time for further updates as 
we proceed into the development phase of the Project. 


11/07/02 - Academic Reference: Those of you kind 
visitors to our website who would like to have the 
benefit of an informed and unbiased academic opinion 
regarding the Electrodynamic Field Generator are 
welcome to contact John J. Tulip, Ph.D., Exec. Vice- 
Pres. of American International University. This 
consideration also applies of course to those parties 
who may be interested in securing a direct 
participation in our forthcoming EDF Generator 
Prototype Project. Dr. Tulip has not only expressed 
much-appreciated support of our efforts to introduce 
this important new technology, but has also had the 
opportunity to review our technical manual StarDrive 
Engineering. You may contact Dr. Tulip via e-mail at 
TulipJJ@aiuniversity.edu although we ask that you 
expect him to field serious and respectful inquiries 
only. Should you desire to speak with him by 
telephone, please be assured that he will endeavor 
to return your call whenever circumstances permit if 
you provide him with the proper phone number. 


10/07/02 - Joint Venture Agreement Announced! 
Mark Tomion, founder and president of Archer 
Enterprises and inventor of the recently-patented 
Electrodynamic Field Generator, is very pleased 
to announce that he has signed a Joint Venture 
Agreement with Affirm Technology Partners of 
Carlsbad, California to build a working prototype 
of his over-unity ‘StarDrive’ device's electric 
power output variant. The co-developers are 
planning to commence construction of a small air- 
cooled StarDrive Generator unit with a projected 
output rating of 24kW and a housing diameter of 
only 30 inches, at a total weight of under 50 lbs., 
before the end of November 2002 


Should this exciting project be successful, it would 
represent an historic milestone in the development 
of over-unity electric power generation technology. 


Not only is this small prototype EDF Generator 
expected to demonstrate a minimum Coefficient of 
Performance in excess of 20:1, but the design employed 
is completely linearly-scalable in a very broad range 
of sizes that would include liquid-cooled StarDrive 
Dynamo units with output ratings of up to 1 gigawatt! 
The most remarkable feature of these large Dynamo 
units is that an amount of recoverable thermal energy 
comparable to their respective electrical outputs will 
be made available for desalinating seawater, or for 
use in centralized municipal and industrial hydronic 
heating systems. And this capability would make the 
large-scale desalinization or distillation of water truly 
cost-effective for perhaps the first time ever. 


Interested parties are welcome to contact Mr. Tomion 
at office@stardrivedevice.com (585-526-6817) for 
further information, 
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Tubes 
Tubes are fine and tightly packed on the underside of the cap. The openings at the ends of the tubes 
are called pores. 


Spines 
Spines hang like stalactites from the cap. 


Ridges 
Ridges are cross-veined, irregular and don’t form a distinct pattern. Ridges are not attached to the 
cap: they are part of the cap. 


\} Mi) 


J yl 


of 


Remember Rule number 1 


take a mushroom with gills!!! 


Tubes 


This is the underside of a cap with tubes. The tubes are fine and tightly packed and the openings at the 
end which are seen here are called pores. Tubes can be removed easily from the cap. 


Pores forma regular pattern resembling a sponge. 


This cross-section shows the tubes and the pores. 


Spines 


Spines hang like stalactites from the cap. 


Ridges 


Ridges are cross-veined, irregular and they don’t form a set, uniform pattern. 


They are not attached to the stem in a distinct and regular way, as gills are: they are part of the stem. 


The ridges are part of the stem. There is no distinct pattern in the way they grow out of the stem. Some 
ridges begin further up, some further down the stem. There is no regularity. 


In contrast to gills and tubes, the section of a mushroom with ridges shows no typical features. 
Because of the irregular nature of ridges each section will look different whereas with tubes and gills 


you will find the same features each time. 


How to Pick Mushrooms 


Rule number | says not to take anything with gills. This also means you do not touch or cut every 
mushroom you spot in order to check for gills. 


In nine out of ten cases you can see whether a mushroom has gills or not without even touching it. 
Looking under the cap by kneeling down provides good exercise. 


5 Prospects of Hydrogen Energetics . > 


E-mail: kanphil@mail. kuban.ru 


Hydrogen is the only pollution free and inexhaustible energy carrier. But the implementation of such attractive 
properties of hydrogen is restrained by large expenses of energy for its production from water. Modern level of 
knowledge gives the opportunity to reduce these expenses [1], [2], [3]. 


It is known that a gram-atom is equal numerically to atomic mass of the substance, and a gram-molecule is equal 
numerically to molecular mass of the substance. For example, the hydrogen gram-molecule in the water molecule 
is equal to 2 grams, and the oxygen gram-atom is equal to 16 grams. The gram-molecule of water is equal to. 
18 grams. As the mass of hydrogen in the water molecule is 2x100/18=11.11% and the mass of oxygen atom is 
16x100/18=88.89%, the ratio between quantity of hydrogen and oxygen is preserved in one litre of water as well. 
It means that 1000 grams of one litre of water contain 111.11 grams of hydrogen and 888.89 grams of oxygen. 


One litre of hydrogen has mass of 0.09 grams, one litre of molecular oxygenhas mass of 1.47 grams. It means that 
from one litre of water it possible to produce 111.11/0.09=1234.44 litres of hydrogen and 888.89/1.47=604.69 
litres of oxygen. Thus, one gram of water contains 1.23 litres of hydrogen [1] 


‘Now energy consumption for production of 1000 litres of hydrogen from water is 4 kWh and of one litre 4 Wh. As. 


it is possible to produce 1.234 litres of hydrogen, then 1.234x4=4.94 Wh are spent for production of one gram of 
water now. 


Instruments and Equipment Used for the Experiment 
A special experimental low current electrolyzer, a voltmeter of the highest accuracy (accuracy class 0.2, GOST 
8711-78), an ammeter of the highest class of accuracy (accuracy class 0.2, GOST 871160), a balance with value of 
a division of 0.10 grams and 0.010 grams, and a stopwatch with value of a division of 0.1s. 


Experimental Results 


Indices Sum. 

‘1 - duration of electrolyzer operation connected to the supply line, in 6 cycles t, min 6x5=30.0 
2 readings of voltmeter V, volts 156 

T= ammeter readings I, amperes 0.02 
‘d= power consumption (P=Vxixt/60), Wh. 0.136 

5 — duration of electrolyzer operation disconnected fom the supply Ine, in 6 cycles |, min 6x55=330.0 
6~ solution mass change m, grams 0.44 

"7= mass of evaporated water m’, grams 0.02x6=0.12 
@— mass of water converted into gases m”=mm", gram 0.320 

‘J — power consumption per gram of water converted into gases P'=P/m", Wh/grams of water | 0.425 

10 — existing power consumption per gram of water converted into gases P", Wh/grams of water 4.94 

11 — reduction of power consumption for hydrogen production from water, K=P"/P’, times| 11.62 
i2- quantity of released hydrogen, AM =0.320x1.23x0.09=0.035, grams 0.035 

Tg — power content of hydrogen being produced (E=0.035x142/3,6)=1.697, Wh 7.397 
14-— energy efficacy of water electrolysis process (Ex100/P), % 1027 


Note: Gas output is clearly observed during many hours after the electrolyzer is disconnected from the electricity supply. 
Conclusion 
Low ampere water electrolysis is a way for production of inexpensive hydrogen from water and hydrogen energetics 
References 
1. PhM. Kanarev. The Foundation of Physchemistry of the Micro World. Krasnodar, 2002, 320 pages 
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If you really can’t see what’s underneath a cap, break ¢ st a little to see what’s there. If you want 
to be absolutely safe, you could use surgical gloves or a paper napkin which you discard later. 


If you have established that you have, say, a mushroom with tubes and it is in reasonable condition 
and it tallies with the field identification card—then, and only then, should you pick it. 


Rules: 


Rule number 1 


Never, never take a mushroom with gills!!! 


This is our life insurance. 


Rule number 2 


Only take mushrooms with tubes, spines and ridges and the mavericks portrayed in this book 


This means thoroughly understanding the information on pages 18-27 of this book. 


Rule number 3 


Only eat mushrooms which you have clearly identified with ALL the positive ID marks 


The mushrooms you take must be a certain size in order to show all the identification marks. In their 
baby stage, so to speak, some deadly and poisonous mushrooms are almost indistinguishable from 
harmless species. 


Rule number 4 


If a mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 


There are a surprising number of people who believe that somehow a half decomposed, soggy, smelly 
mushroom will improve on the way home. It never does. Only take mushrooms which are in mint 
condition, that is, the flesh is firm and there are hardly any worms. 


Rule number 5 


Never, never eat wild mushrooms raw 


The reasons for this are manifold but, to state the obvious, some areas in some woods are dog-ridden. 


Rule number 6 


Look before you cut 


Always cut mushrooms, do not pull them out. You don’t chop down an apple tree to pick the apples. 
Cut just above the ground and cover the remaining stem with a little mud or dead leaves. Whether this 
is of any conservational value is disputed but it does no harm. My recommendation is to cut and 
cover. 


Picked mushrooms want to breathe. Do not suffocate them in plastic bags. Use a wicker or rattan 
basket or a linen bag. If possible use a proper mushroom knife with an integrated brush for cleaning. 
As the first cleaning of the mushroom should be done in the woods, the brush is very useful. However, 
any knife will do, as long as the blade can be folded into the knife handle, for safety. Common sense 
is your best adviser but be aware of any likelihood of ticks where you go mushrooming. 


You might want a stick. It can be any kind of stick and you will find it helpful on the slopes. But you 
will also find it useful for pushing aside the grass and ferns, affording you a better look at the ground. 
Different mushrooms can be put together in your wicker basket. Better still, have a few paper bags in 
the basket; one paper bag (breathable) for each species. Putting, say, all trumpet chanterelles in the 
same bag helps you to spot the odd one out which you have inadvertently cut while not fully 
concentrating (see page 78). 


Rule number 7 


Mushrooms want to breathe: Do not suffocate them in plastic bags 


Either in the woods or at home. 


Heater Producing Healthy Effect 


The First Devic 


ealthy Life Support in Fuelginergyfindustry 


A. Belyaeva, L. Savelyeva, O. Bondarenko, Kirghizia 


http://wwwileteco.h1.ra 
Email: leteco@mail.ru 


Nowadays problems of rational use of resources 
including energy resources are very important. Lack 
of energy-efficient technologies causes consumption 
of great amount of electric power, coal, and mineral 
oil. From another hand, in the XXI century one of the 
main approaches of human society development is 
turned to healthy life-style and development of 
ecologically appropriate technologies. Hence, basic 
direction of heating systems development should 
correspond to, at the least, two requirements, ice. 
effectiveness (energy-saving) and ecological 
appropriation (ecological functioning). Moreover, it 
is necessary to take into account additional 
requirements for modern works: 


- Relatively low prime cost of the systems; 

- Minimal operating costs; 

- Availability of a system of temperature mode 
control; 

- Use of domestically produced materials for the 
systems. 


The aim of the work is creation of a universal electric 
device of natural ecologically appropriate materials. 
The device should maintain relative air humidity of 
natural atmosphere in a quarter, make its ecology 
healthier, meet all the listed requirements, and 
represent new generation energy-saving system 
designed for heating of industrial and domestic areas 
according to features of technical solution. 


A.L. Belyaeva is the author of this work. The 
invention of this heating device was acknowledged 
as the best invention of Kirghiz Republic of the last 
two years. A.L. Belyaeva was called as a laureate of 
a competition of "The Best Inventing in Kirghiz 
Republic in 2001-2002”. 


Solving this problem the author based on work 
experience existing in the area of semi-conductors 
production. Actually, the model was worked out in 
the common area of electric engineering and 
industrial crystals growing. Using of knowledge and 
skills of the both areas made creation of this device 
possible. 


It should be noted that initially the invention of the 
heating device, which is discussed here, was 


connected with necessity to improve microclimate 
and air atmosphere in a semi-conductor shop since 
the industrial process required optimal conditions. 
Hence, the device was observed as an element of 
the industrial process. However, soon other positive 
characteristics of the device were disclosed, ie. 
when it was installed in a quarter all visible mould 
disappeared. Laboratory investigations stated that 
the operating device annihilated all pathogenic 
microflora. This rediscovered feature allowed using 
the device both in domestic and industrial area. After 
series of following laboratory investigations and 
bench tests construction of the device was changed 
and improved that allowed prepare it for line 
production. 


Ceramic electroconvector: 
general characteristics 


‘The working name of the final version of the model is 
Ceramic Electroconvector TY 2971-006-22997241-2002. 
Ceramic Electroconvector is an industrial and domestic 
electric heater of direct stationary action. It has high 
effective heat emission and satisfies ecological, sanitary, 
medical, and fire-prevention requirements. 


At the same time it should be mentioned that by 
several characteristics this electroconvector differs 
from other known models of electroconvectors as 
well as from other existent heaters. It may be 
observed as a representative of an independent, 
specially created group of heating devices. 


One of the characteristics of the 
electroconvector is presence of constructive heating 
carbonic elements made of ecologically appropriate 
natural non-metal materials. Essentially, the 
electroconvector construction does not contain metal 
(the only metal part of the device is its supporting 
construction). 


main 


Production of heat of physiologically comfort zone 
requires 0.3 kW/h energy consumption which is 
3-10 times less than energy consumption of known 
models of heating engineering. The Ceramic 
Electroconvector influences positively on ecology of 
a room. Room heating occurs better and more softly 
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Rule number 8 


Tf in doubt, leave it 


Now you're ready for a foray. 


Positively Identifying Mushrooms 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 


Rule number 2 

Only take mushrooms with tubes, spines and ridges and the mavericks portrayed in this book 
Rule number 3 

Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 


Ifa mushroom smells rotten, it is rotten and if it feels soggy, i 


Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


Ifin doubt, leave it 


Mushrooms With Tubes 


Cep or King Bolete 


Boletus edulis 


The cep is the king of mushrooms. Some truffles are rarer, pricier and confined to relatively small 
areas in France and Southern Europe. The cep on the other hand reigns supreme everywhere. Ceps 
can be found in the same location year after year. They can disappear in certain areas for a couple of 
years only to return spectacularly in masses. 

Some people gather only ceps which is understandable because of their beauty, taste and the thrill of 
finding them on the same spot time after time. Ceps vary greatly in general appearance, color and 
size. The size of the little fellow in the foreground of the picture above is about 2 inches in height 
whereas the giant is about 14 inches in height. 

If conditions are right (starting off with a nice wet and humid spring or early summer) you should 
begin to look for ceps as early as the beginning of July. July and August are the months of the summer 
ceps. 


These are summer ceps. However all ceps, summer or autumn, show a fine white network on the top 
of the stem right underneath the tubes. 


Acclassic autumn cep, the king of mushrooms. 


This is the key ID mark. The white net-pattern must be visible! All ceps, regardless of their time of 
emerging or stage of their development, have a fine white net-pattern at the top of their stalk. 


This is what a cep ideally looks like when cut. Not a single worm has even looked at this beauty. The 
tubes and the flesh do not change color when cut or touched. 


Cep tubes are off-white and firm when young. Later they turn yellow-olive and are less firm. In 
maturity the tubes are olive. Tubes of mature ceps are soft as a sponge and the tubes of old ones are 
soggy and often like those of the big fellow on page 38. This does not always mean that the inside of 
old ceps is rotten but more often than not, it is. 


Cep stalks vary greatly in appearance. These specimens clearly show the white net-pattern all over 
the stalk. 


Nevertheless, it is that top section of the stalk just below the cap where it matters: there the white 
network must be clearly visible. 


Positive ID Checklist 


Cep or King Bolete 


| Tubes, pores and flesh do not change color when cut or bruised 
| Tubes are off-white, cream, yellow-olive or olive 
| Pores do not show any pink tinge 


| 
| 
| 
| | White network on top of stem 


| Cap matches the color bar range (above) 


Avg. size across cap: 5 inches when mature 


‘Appearance: July to November in eastern North America; July and August in the southern 
Rockies; September to November in the Pacific Northwest; November to 
February in California 

Habitat; Conifers, oak, beech, and birch in eastern North America; Engelmann spruce in 


the Rockies; pines and spruce in the west 
Tip: Where you find one cep, you'll often find others in the vicinity. 


as conducting carbonic elements can be heated 
maximally up to 100° C. As a result oxygen is not 
burnt, and air is not overdried in a room. Achieved 
minimization of metal content in the constructive 
elements of the device increases the level of 
ecological compatibility both of electroconvector 
constructions and operation. 


The device accumulates no static electricity, 
neutralizes harmful magnetic field generated by 
alternating current in the conducting element (it is 
typical for all the other electrical household 
appliances). Therefore, the additional positive effect 
is produced and higher ecological characteristics of 
functioning of this electroconvector are confirmed. 


Insulating strength of ceramics prevents electrical 
shock accidents. Ecological compatibility of the 
electroconvector is provided by materials of the 
construction. The base of the device is a studied 
natural silicate fiber which has quantitative and 
qualitative content of useful chemical elements 
which are the closest ones to the group of medical 
adsorbents listed in a medical encyclopedia. The 
ceramics is adjusted to emit electromagnetic waves 
only in infra-red spectrum, 


‘The electroconvector produces heat waves in the 
average IR spectrum (8.4-8.6 mkm) which is 
maximally approximated to the diapason of heat 
waves generated by a human (9.37 mkm). It 
annihilates humidity of buildings independently of 
outer space humidity. At the same time it neither 
burns oxygen nor overdries air. 


Healthy effect is produced by all the constructive 
elements made of ecologically appropriate natural 
materials. Electric power is transformed into heat 
emission by conducting elements. This process 
causes a mode of generation of a continuous heat 
spectrum of radiation. The heat radiation is similar 
to heat spectrum of radiation generated by a human. 
At the same time, this feature together with resonant 
oscillations of the crystal lattice of the ceramic 
cylinders produces a destroying effect on pathogenic 
and conditionally pathogenic microorganisms. 


From the point of view of room ecology the proved 
healthy effect of the operating electroconvector becomes 
very significant. The effect considers continuous 
presence of a human in the room, ie. risk of pathogen 
infection through respiration objectively decreases. 


Application of the ceramic electroconvector is 
especially actual in patient care institutions and 
children’s institutions, in special precision industries 
and space technologies. It can also be used in saunas 
with dry vapor. 


The ceramic electroconvector is designed for 
unsupervised continuous work. 


Structure of the electroconvector 
producing the healthy effect 


Shortcomings of known electric heaters are: great 
electric power consumption (0.75-3.0 kW/h), big 
number of metal details, complex technical 
performance, and use of a necessary additional 
blower as a ventilator. Big number of metal details 
decreases ecological compatibility and productivity 
of the heaters. The listed devices have to use high 
temperatures on heat-release surfaces for warming 
up rooms up to the level of physiological comfort. 
This causes increase of energy consumption. 
‘Moreover, using of metal heating elements influences 
on air and relative humidity in the room. According 
to available data, no existent electroconvectors have 
healthy influence on ecology of a room. 


‘The represented ceramic electroconvector contains 
a carrying frame with horizontal boards which have 
convective gaps. The carrying frame has heat-release 
monolithic hollow ceramic cylinders whose walls 
contain longitudinal through holes. Heating carbonic 
conducting elements and de-energized carbonic rods 
are built in the through holes. The heating 
conducting elements are connected in parallel-series 
circuit at the output of the cylinders with it's ends 
placed into insulating supports of the carrying frame. 


Constructive heating elements are the main 
differences of the device. All the heat generating 
constructive elements, i.e. conducting and de- 
energized heating elements, as well as heat-release 
surfaces of ceramic cylinders have contiguous 
spectra of infra-red radiation. 


Energy-efficient effect 


‘The electric scheme of connection of the conducting 
elements provides different modes of work of the 
device. According to these modes, energy 
consumption is in the interval of 0.05-0.3 kW/h. The 
mode of 0.05 kW/his calculated on a supporting level 
of warming-up of a room. Maximal energy 
consumption (0.3 kW/h) corresponds to the superior 
limit of the temperature mode of heating of working 
heat-release surfaces of the ceramic cylinders. In this 
case temperature of the heat generating elements, 
ie. de-energized carbonic rods and conducting 
carbonic elements) lies in the limit of max 100°C. This 
produces a significant potential resource of electric 
strength and of durability of the used elements. The 
de-energized carbonic rods function as heat 
accumulators at switching on and switching off the 
device. Heating the conductors the de-energized 
rods accumulate heat through the ceramic walls of 
the cylinder till their temperature becomes equal to. 
the temperature of the conducting elements. 
Appearing electromagnetic resonance between the 
conductors and the de-energized carbonic rods 


Red Cracked Bolete 


Xerocomus chrysenteron 


The red cracked bolete is probably the most common of all mushrooms with tubes. Its name describes 
its key identification feature perfectly. 

As the mushroom matures, the cracks become more prominent. Some people love eating the red 
cracked bolete, others quite like it and there are a few who don’t take to it at all. The reason is its 
distinct fruity smell. In any case the red cracked bolete should only be picked as long as the pores are 
bright yellow and firm. The ideal size of the cap is about | inch across. Anything larger will make 
your dish all slimy. 


Chrysenteron means ‘with golden-yellow flesh.” 


The color of the cap ranges froma velvety dark brown to a light brown. 


Stems vary in color from yellow, to yellow with a little red to yellow flushed with red. Note the 
bright yellow pores. The stem and the pores bruise blue. The intensity of the bruising varies. See 
picture opposite page, far left. 


This specimen is too old for the kitchen. The pores have lost their brightness. The dull yellow signals 
that it’s no good anymore. When the pores are this color, the mushroom feels soft-to-soggy. 


This is the perfect specimen. It has bright, firm golden-yellow pores and a nice firm cap about | inch 
across. 


The caps are invariably cracked or lightly damaged. The typical identification mark of the red 
cracked bolete is the red showing through the cracks or the eaten-away patches. 


When cut, the white-to-bright-yellow flesh turns blue. This can be very light blue and confined to 
certain patches. 


Positive ID Checklist 


Red Cracked Bolete 


Yellow tubes 

Yellow pores bruise blue (varying intensity) 

Flesh bruises blue (varying intensity) 

Cracks and damaged patches in cap show a distinct red tinge 
Cap matches the color bar (above) 


Avg. size across cap: 2 inches when mature 


Hen of the Woods 


Grifola frondosa 


For thousands of years, the hen of the woods mushroom has been prized for its medicinal and culinary 
value in China and Japan. Maitake, the 

Japanese name for the hen of the woods, means “dancing mushroom” and one of the many 
interpretations of this name is that those who found a hen of the woods started to dance with joy 
because it was such a highly-prized mushroom. 


It can be cultivated commercially. However, the wild hen of the woods mushroom you pick is 
infinitely superior because, firstly, you found it yourself; and secondly because it is as different from 
the farmed version as is a wild salmon to a farmed one. Finding a hen of the woods is indeed a reason 
to dance: a culinary event of the first order—and it’s good for you too. There aren’t that many things 
in life of which that can be said. 


The hen of the woods is a cluster of fan-shaped overlapping caps. 


On the underside of the cap (approx. 2 inches across) the tubes are at this stage visible to the naked 
eye. At this point the hen of the woods reaches gourmet status. Start picking now. 


Actual size 2 inches 


intensifies infra-red radiation of the ceramic wall. 
Accumulative heat potential of the de-energized 
carbonic rods allows maintain uniform radial heating 
of the heat-release ceramic surface of the cylinder 
without decreasing energy consumption. In this case 
additional conducting elements of infra-red radiation 
become unnecessary. 


The heating efficiency of the ceramic electroconvector 
was estimated by independent experts. Surface 
density of the radiation flow was calculated by 
formula of Stefan-Boizmann distribution law. Taking 
into account heating of the cylinders’ surfaces up to 
70° C this value came to 727 W/m*. Total heat 
generated by the electroconvector per hour comes 
to 600 kcal or 698 W at the total area of the radiation 
surfaces of 0.96 m* (on the basis of 1 keal=1.163 W/h 
according to [1]). The electroconvector consumes 
300 W/h and produces 698 W/h. That is to say that it 
effectively transforms electric energy into heat energy. 
Operational modes of the electroconvector are based. 
on analysis of the heating effect produced by different 
devices, ie. a tube metal heater (TMH) having a 
conducting metal element of Nichrom, a ceramic 
cylinder having a Nichrom conducting element, and 
a ceramic cylinder having a conducting element of 
carbonic ribbon. The carbonic ribbon produces high 
heating efficiency. Temperature on the surface of the 
ceramic frame is up to 80° C and temperature on the 
conducting element is 100° C. Hence, the device 


equipped with the conducting element of the carbonic 
ribbon does not produce excessive heat radiation. 


The electroconvector consumes 300 W/h 
and produces 698 W/h. 


After one-year operation of the preproduction models 
in a private school it was noticed that number of 
respiratory illnesses and influenza among the pupils 
slumped, condition of skin became better, attacks of 
bronchial asthma among the teachers stopped, and 
allergic itch left the patients who suffered from allergy. 
A side effect was that flowers began to grow better, 
and those which had not blossomed began to blossom 
at least. Obviously, a combination takes place there: 
air cleaning of microorganisms, humidity 
normalization, warming comfort, and influence of 
pyramidal ceramic structures on water vapors which 
are transported by warm blasts. 


Applied Know How 


Ambient air in rooms is a complex substance 
including various chemical compounds, ions, dust 
parts, water vapors, infectious and potentially 
infectious microflora, etc. The electroconvector is 
represented by a ceramic hardphase crystal structure. 
Cold air blast moves close to the ceramic surface. It 
meets combined oscillation of crystal microlevel 
structures of ceramics. Filtering electromagnetic 
screen appears that breaks shell of pathogens and 
potential pathogens. It is a performance of sanitation 
Properties. Atmospheric water contacts with 
structures of ceramics, then it is cleaned and 
structured. After that water cleans air which is 
breathed in by a human. Hence, the organism 
becomes healthier. It is a performance of the healthy 
effect. A clean room warmed uniformly improves 
human's health. 


in Performance Attributes of 


the Ceramic Electroconvector Producing Healthy Effect 


Nominal required power 
‘Voltage of the feeding network 
Frequency of alternating current 


‘Temperature of the conducting element in operation mode 
‘Temperature of the heat-release surface of the cylinder 


Surface density of radiation flow 
Quantity of radiated heat 

Class of protection 

General area of heat-release surfaces of the cylinders 
Sizes 

Weight 

Durability 


0.05-0.3 kWt/h 
220+ 22.V 

50 Hz 

50...110° C 
39...90° C 

727 We/m* 

600 keal/h 

1 

9600 cm* 

410 x 400 x 75 mm. 
18-21 kg 

30 years 


The ceramic electroconvector is designed as a floor construction for repetition work. 


References 
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The fan-shaped caps with radial furrows are typical of the hen of the woods. 


The tubes are clearly visible at this stage. 


The cross-section shows a cauliflower-like structure with one central stem. The widest part of this 
particular specimen is approx. 12 inches. 


On older specimens the tubes are larger in diameter but remain whitish. As the tubes grow larger they 
almost look like spines-but tubes they are. 


The main colors of the hen of the woods range from off-white, gray-beige, gray-brown, gray-black, 
brown-black to light brown-black. The hen of the woods can grow up to 30 inches across. 


The culinary value of the hen of the woods depends on its age. Size is not always an indicator of age. 
Some specimens grow very big, very fast. Despite their size these are still young specimens with 


white, firm, fibrous flesh with a pleasant smell. 
Older specimens have a distinct unpleasant smell and their caps get more and more flabby and the 
edges crumble. 


Positive ID Checklist 


Hen of the Woods 


| Central stem 

| |Fan-shaped caps 

| Caps with dark radial streaks 

| | White flesh does not change color when cut 
| Cauliflower-structured cross-section 

|| White tubes 

| | Tubes do not change color when bruised 

| |Main cap color matches color bar (above) 


Avg. size across cap: 12 inches, but can grow up to 30 inches 


Appearance: Common to ubiquitous in the fallin eastern North America 
Habitat: Almost exclusively at the base of large oak trees 
Tip: Grows on the same spot for many years 


Larch Bolete 


Suillus grevillei 


It is as if pure gold has grown out of the ground-and where there is one nugget, there are others. It’s 
very rare to find a single larch bolete. 

More often than not larch boletes form a fairy ring. Always found near larch trees, this beautiful and 
delicious mushroom is covered with a yellow veil when young (above left). As the maturing 
mushroom grows, the veil breaks, leaving a transient ring on the stalk (above, center, and right). 
Always peel the cap of the larch bolete on the spot because otherwise it will make your basket and 
later your recipe all slimy. In wet conditions, the cap of the larch bolete is always slimy. 


Grevillei refers to the Scottish mycologist R. K. Greville. 


The veil still covers the cap ina ‘baby’ larch bolete. 


The tubes must be clearly visible when you view a cross-section. 


As the mushroom grows, the veil breaks. This picture (right) shows a larch bolete shortly after the 
breaking of the veil. The ring is transient (i.e., it often drops off) but even in the mature larch bolete 
you can always see a mark where the ring has been. 


Above the ring marks: net pattern (can be very faint). Below the ring marks: mature specimens show 
distinct reddish-rusty streaks on the yellow stem. 


If a larch tree is nearby and you see several gold nuggets,they are bound to be larch boletes. The 
beautifully golden (and slimy when wet) caps are the key sign. Positive identification however 
requires ticking off all of the identification marks. 


Positive ID Checklist 


Larch Bolete 


|_| Yellow tubes 

| |Solid stem 

| | Bright orange-yellow or golden-yellow sticky cap (slimy when wet). 
| | Flesh in cap flushes lilac (faint) 

| | Found near larch trees 

| |Other specimens found in the vicinity 

| | Young: tubes covered with a veil 

| | Intermediate stage: ring visible, faint net-pattern above ring zone 

| | Mature: ring zone still visible, faint network above ring zone 

| |Cap color matches cap color bar (above) 


About the author 


After graduating from Polytechnic 
University of Frunze city 
Alexandra L. Belyaeva (1953) 
participated in launching of 
semiconductor production. She was 
given arank of Perfect Inventor and 
Rationalyzer for invention and 
rationalization action. In 1987 her 
invention named Method of 
Production of Monosilicon Seed 
Crystals was introduced into manufacture, according 
to close copyright of USSR. Since that year this 
introduction has allowed grow monosilicon having 
better semiconductor properties. She was given arank 
of Inventor of USSR for the invention. 


Alexandra L. Belyaeva has acknowledged and given a 
rank of Inventor of Kirghiz Republic. Since 1994 in 
collaboration with Russian specialists of ceramics she 
has been dealing with organization of ceramic 
productions in Kirghizstan. Here are the inventions by 
Belyaeva: Method of Production of Seed Crystals and 
Its Variants (Patent #42 KG), Ceramic Mass for 
Insulators’ Production (Patent #43 KG), Ceramic Mass 
Having Heat-Radiating Properties (Patent #464 KG). 


In 1992 Belyaeva was rewarded with a Silver medal of 
VDNH (Exhibition of Achievements of National 
Economy, Moscow) for development of technologies for 
production of constructive nitride-cadmium items of 
semiconductor wastes, 


Her Method of Production of Nonexpendable Seed 
Crystals is at introduction stage. The seed 
monocrystals produced by the new method will allow 
grow ribbon monocrystals having certain properties. 
It will be possible to produce items made of the 
monocrystals which will meet requirements of energy- 
saving and ecological appropriation. These devices 
represent non-aging powerful energy sources, various 
semiconductive devices with no inner microdeffects 
and with unlimited durability, structural water filters. 


Since 2002 she has been dealing with organization of 
production of ecologically appropriate industrial- 
domestic appliances causing healthy effect. The 
invention of Ceramic Electroconvector Producing 
Healthy Effect is now introduced. Energy-saving of the 
new ecologically appropriate electroconvector exceeds 
energy-saving of all the existent heating systems. 


Belyaeva is a laureate of competition of The Best 
Inventing in Kirghiz Republic in 2001-2002. 


Inertial Propulsion Device 


Vitaly E. Senkevich, Russia 


Eumail: hhhhha@mail.ru 


A body is at rest or moves linearly and uniformly 
until it is not influenced by an external force. 
(School course of physics) 


Forget everything that you were taught at school. 
(Arkady Raykin) 


This propulsion device consists of an engine and a 
body. The engine (see Fig.1) is remarkable for its 
movable stator (S) which can make free rotation as well 
as a rotor (R). When the engine starts the stator and 
the rotor begin to rotate in opposite directions. Thus 
the engine has two ends and one of them is connected 
to a flywheel (F). This flywheel begins accelerated 
rotation. 


A cross-beam (CB) is connected to the second end of 
the engine where a rotating momentum appears. Under 
the influence of this momentum the cross-beam presses 
down one of the supports placed on the body (for 
example, Sup.1). As a result a force which is 
compensated by acceleration of the flywheel (F) 
appears on the support. When the flywheel is 
accelerated up to certain speed a control system (CS) 
switches the windings of the engine to change the 
direction into the opposite one (reverse). At that the 
cross-beam also tends to turn to the other side and 
presses down the second support (Sup.2). Thus the 
cycle repeats. It should be noted that forces acting at 
the supports are codirected and they move the whole 
device. 


ZA 7, 
TK Rex 


\a| 


ts § 


Fig.1 


Avg. size across cap: 2.5 inches when mature 


Bay Bolete 


Xerocomus badius 


The bay bolete is an excellent mushroom and by good luck, it is also very common. The main bay 
bolete months are September and October but it can be found as early as June. If you find one, there 
are bound to be others nearby. 


Badius means “beautifully brown.” 


Off-white pores: 


The off-white pores bruise green-blue. 


The change in color of the pores to green-blue varies in intensity. Here it’s quite extreme. 


The young bay bolete has pale yellow tubes which then turn to yellow, olive-yellow and dirty olive- 
yellow as the mushroom matures. Whatever the stage, the tubes and the flesh bruise blue. 


The intensity of the coloring varies but pores, tubes and flesh will always bruise green-blue. 


This is what the ideal bay bolete looks like: off-white pores and tubes, white to white-yellow flesh, 
without a trace of a worm. 


Not as good: but if you discard the soft pores and cut away the wormy parts, it will still be excellent. 


The color of the cap will always be “bay” (chestnut brown) but bay has a considerable range. 


When wet, the cap will be slightly slimy and this will intensify the color of the cap. 


the color of the cap will be duller. 


Positive ID Checklist 


Bay Bolete 


| Yellow tubes 

| Off-white to gray pores (yellowish when aged) bruise green-blue 
| Tubes and flesh bruise blue 

| | Stem is vertically frosted with brown streaks 

| | There is no net-pattern of any description on the stem 

| |Cap color matches cap color bar (above) 


Avg. size across cap: 3.5 inches when mature 


Appearance: June to November in northeastern North America; west to Minnesota 
Habitat: Pine, spruce, and hemlock; often found growing on rotten logs 
Tip: Remove soft tubes 


Birch Bolete 


Leccinum scabrum 


The birch bolete is the most common of the “rough stalks.” Rough stalks are mushrooms with a scaly 
stem. The birch bolete and its cousin, the orange birch bolete, are the most common rough stalks. 
Birch woods or groups of birch trees are the places to look for them. 

The birch bolete and the orange birch bolete have numerous relatives, all of which have a black or 
brown scaly stalk. They are all edible but it is recommended to stick to the two species presented 
here. 


Scabrum means “rough.” 


Close-up of stalk, showing black scales. 


About the author 


After graduating from Polytechnic 
University of Frunze city 
Alexandra L. Belyaeva (1953) 
participated in launching of 
semiconductor production. She was 
given arank of Perfect Inventor and 
Rationalyzer for invention and 
rationalization action. In 1987 her 
invention named Method of 
Production of Monosilicon Seed 
Crystals was introduced into manufacture, according 
to close copyright of USSR. Since that year this 
introduction has allowed grow monosilicon having 
better semiconductor properties. She was given arank 
of Inventor of USSR for the invention. 


Alexandra L. Belyaeva has acknowledged and given a 
rank of Inventor of Kirghiz Republic. Since 1994 in 
collaboration with Russian specialists of ceramics she 
has been dealing with organization of ceramic 
productions in Kirghizstan. Here are the inventions by 
Belyaeva: Method of Production of Seed Crystals and 
Its Variants (Patent #42 KG), Ceramic Mass for 
Insulators’ Production (Patent #43 KG), Ceramic Mass 
Having Heat-Radiating Properties (Patent #464 KG). 


In 1992 Belyaeva was rewarded with a Silver medal of 
VDNH (Exhibition of Achievements of National 
Economy, Moscow) for development of technologies for 
production of constructive nitride-cadmium items of 
semiconductor wastes, 


Her Method of Production of Nonexpendable Seed 
Crystals is at introduction stage. The seed 
monocrystals produced by the new method will allow 
grow ribbon monocrystals having certain properties. 
It will be possible to produce items made of the 
monocrystals which will meet requirements of energy- 
saving and ecological appropriation. These devices 
represent non-aging powerful energy sources, various 
semiconductive devices with no inner microdeffects 
and with unlimited durability, structural water filters. 


Since 2002 she has been dealing with organization of 
production of ecologically appropriate industrial- 
domestic appliances causing healthy effect. The 
invention of Ceramic Electroconvector Producing 
Healthy Effect is now introduced. Energy-saving of the 
new ecologically appropriate electroconvector exceeds 
energy-saving of all the existent heating systems. 


Belyaeva is a laureate of competition of The Best 
Inventing in Kirghiz Republic in 2001-2002. 


Inertial Propulsion Device 


Vitaly E. Senkevich, Russia 


Eumail: hhhhha@mail.ru 


A body is at rest or moves linearly and uniformly 
until it is not influenced by an external force. 
(School course of physics) 


Forget everything that you were taught at school. 
(Arkady Raykin) 


This propulsion device consists of an engine and a 
body. The engine (see Fig.1) is remarkable for its 
movable stator (S) which can make free rotation as well 
as a rotor (R). When the engine starts the stator and 
the rotor begin to rotate in opposite directions. Thus 
the engine has two ends and one of them is connected 
to a flywheel (F). This flywheel begins accelerated 
rotation. 


A cross-beam (CB) is connected to the second end of 
the engine where a rotating momentum appears. Under 
the influence of this momentum the cross-beam presses 
down one of the supports placed on the body (for 
example, Sup.1). As a result a force which is 
compensated by acceleration of the flywheel (F) 
appears on the support. When the flywheel is 
accelerated up to certain speed a control system (CS) 
switches the windings of the engine to change the 
direction into the opposite one (reverse). At that the 
cross-beam also tends to turn to the other side and 
presses down the second support (Sup.2). Thus the 
cycle repeats. It should be noted that forces acting at 
the supports are codirected and they move the whole 
device. 
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Fig.1 


Pores and tubes change from off-white to a gray-white color as the mushroom matures. As a rule, you 
should only pick the birch bolete if it is firm and the pores are off-white. 


Occasionally larger specimens are still nice and firm especially when conditions have been very dry. 


These are the perfect birch boletes: a feast for the eyes and delicious to eat. 


The orange birch bolete, Leccinum versipelle, is a beautiful mushroom. Its key identification mark is 
the stem covered with black scales, and of course the orange cap. When cut, the flesh turns faintly 
blue at the stalk base, displays traces of wine red and finally turns and stays gray. This color 
combination doesn’t look especially appetizing but be assured the orange birch bolete is delicious. 


Positive ID Checklist 


Birch Bolete 


| Pores off-white 

| Pores bruise brownish 

| | Stalk with small black scales 

| Cap color matches cap color bar (above) 


Avg. size across cap: 3.5 inches when mature 


Appearance: July to October in eastern North America; winter in California 
Habitat: Birch; ornamental birch in California 
Tip: Discard stem and tubes of larger specimens 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 
Rule number 2 
Only take mushrooms with tubes, spines, and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Mushrooms With Ridges 


Chanterelle 


Cantharellus cibarius 


The chanterelle is not surprisingly the most popular mushroom. It is delicious and very common. As it 
is imported throughout the year, the supermarket is a good place to familiarize yourself with the 
chanterelle. There is, however, nothing like the chanterelle you find yourself. Refrain from picking 
tiny chanterelles, that is, little yellow buttons which hardly show the identification marks. At some 
time you'll come across one lonely chanterelle standing there in the middle of nowhere for no 
particular reason at all. Leave it. 


Cibarius means “belonging to food.” 
The classic color of the chanterelle is egg-yolk yellow which, however, can vary from light yellow or 


yellow-orange to yellow-ochre. The chanterelle does not change color when bruised. The entire 
mushroom is of the same color. 


The more mature the chanterelle, the more funnel-shaped it becomes. 


Whether young or mature, the chanterelle’s ridges must be clearly visible. 


Some mature forms can look highly irregular but on closer inspection, the funnel shape will still be 
there. 


Unlimited Accelerated Nonreactive Motion 


by GP Ivanov 


Information from http//tts.lt/~nara/ruspopul.htm, 


Bias of centre of inertia of the closed system is a 
phenomenon exceeding the bounds of modern 
scientific conceptions. At the same time it is a way to 
the new marvelous world of earlier unknown laws and 
phenomena of nature. Researches made by G.P Ivanov, 
Russia, have allowed him come to the following 
conclusion: it is a quite realizable task to create 
technical devices which can move under the action of 
nonreactive forces. However a purposeful scientific- 
research spade-work is required for the reliable 
registration of them by modern experimental facilities. 
According to the author during the whole XX century 
the known idea of latent impulse were misleading the 
scientists from the serious research of impulse-energy 
processes existing in systems at the presence of quasi- 
stationary electric and magnetic fields. According to 
GP Ivanov, it is related with the fact that the notion of 
“latent impulse” has nothing in common with the real 
momentum, since the very existence of “latent 
impulse” and “latent energy” which attends it, would 
make it impossible, for example, to adjust radio 
equipment since all effective capacitances change their 
value a hundred and thousand times as much (it 
depends on their orientation with respect to the 
magnetic field of the Earth), 


Fig. 1, 2 demonstrate the patented by G.P. Ivanov 
method of realization of nonreactive motion (G.P Ivanov, 
Yu.G. Ivanov. Method for production of propulsion. 
Patent #2172865, M., 2001). Fig. 1 demonstrates a 
device which consists of magnetized core with the 
attached metal electrodes. 


Coll of the core 


cA remagnetization 


Extemal electrode 


Intemal electrode 


Core made of 
‘magnetic dielectric 


Fig. 2 
Diagram of the device which can be in unlimited 
accelerated nonreactive motion 


Let us supply the electrodes of the device with such 
voltage which is enough to change field density in the 
core (for example, according to the law E =F, sin t), and 
the coil with voltage enough to change the 
magnetization (according to the law M = M,cos@ t). 
‘Then nonreactive force which is constant in its direction 
will act on the device along the axis of the cylinder. The 
average of the force is K,= nfpM,V/c’, where Ey, My 
are the amplitudes of density values of the electric field 
and amplitudes ofthe core magnetization, fis frequency, 
Vis core capacity. As a result the device can either move 
with acceleration or act against external forces. The 
researches allow the author to prove the validity of the 
following theorem: At motion of the open-loop system 
(device) the work made by nonreactive force could 
not he realized by means of decrease of energy of the 
proper (appurtenant to the system) power source. 
Where this energy comes from if there are no artificial 
power sources outside the device? However everywhere 
there is such form of matter as electrovacuum. It allows 
us come to a conclusion that nonreactive forces make 
work by means of decrease of electrovacuum energy. 


Fig. 1 
The simplest “nonreactive” element 


When alternating voltage is applied the device 
together with the center of inertia of the whole system 
(including power source and lead) will oscillate under 
the action of nonreactive force. It will move along the 
direction which is perpendicular to the vectors of 
electric and magnetic fields inside the core. 


On Fig. 2 there is an analogous device supplied with 
acylinder core. Magnetization of the core is defined 
by current of the coil which is wound around it 
(see Fig.2). 


Existence of electrovacuum does not contradict to the 
modern physical picture of the world. On the contrary 
providing the realization of laws of momentum and 
energy conservation, this idea originates from and 
organically supplements it. The theory of electrovacuum 
opens quite realizable prospects in different fields of 
human activity which seem to be fantastic and 
impossible. It also proposes unusual ways to solve many 
problems which are considered as insoluble. For 
example, it becomes possible to create nonreactive 
cosmonautics and private aircrafts. Energetics will be 
changed beyond recognition since power sources which 
require no material fuel will occupy the place of big and 
small modern electric power stations. The analogous 
list could be continued. There are presented quite 
realizable prospects related to inexhaustible reserves 
which are hidden in the ambient space. 
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Positive ID Checklist 


Chanterelle 


| | Young specimen: Flat, wavy-edged cap, slightly out-rolled margin 

| |Mature specimen: Funnel-shaped 

| |Solid stem 

| | Found in groups on the ground, but not clustered at the base of trees; never on wood 
| |Ridges must be clearly visible 

| | Color matches cap color bar range (above) 


Be Careful: 
Don’t mistake the chanterelle for the Jack O" Lantern, a mushroom that grows across eastern 


North America. The Jack O’Lantern is orange, glows in the dark, has gills, and is not 
edible. 


Avg. size across cap: 2 inches when mature 


Trumpet Chanterelle 


Cantharellus tubaeformis 


In comparison to the attractively-colored chanterelle, the trumpet chanterelle (also known as the 
autumn chanterelle, and winter chanterelle) looks modest. On closer inspection, however, it is just as 
beautiful as the chanterelle. The trumpet chanterelle pops up overnight so quickly that you could 
watch it grow. It is an endearing mushroom not least because it tends to appear in great numbers and 
is frost-resistant. 


Tubaeformis means “trumpet-shaped.” 


A cluster of trumpet chanterelles. 


Color and shape vary according to age and weather conditions. Each individual trumpet chanterelle 
has more than one color. The cap is brownish and has a hole in the center. The ridges and the stalk 
range from brown-yellow to gray-yellow to gray-lilac. 


The jagged edges here are due to frost. 


The advantage of having a paper bag for each species (see page 32) is seen here. You can spot the 
odd one out immediately. 


Ma 


PositiveIDChecklist 


Trumpet Chanterelle 


| | Found in groups 

| Brownish, thin-fleshed, wavy-edged cap with hole in center 
| Hollow stem 

| | Ridges 

| |Cap color matches color bar (above) 


Avg. size across cap: 0.75-1 inch when mature 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 
Rule number 2 
Only take mushrooms with tubes, spines, and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Mushrooms With Spines 


Hedgehog Fungus 


Hydnum repandum 


There are other mushrooms with spines but the only one of real culinary interest is the hedgehog 
fungus. The hedgehog fungus is a great delicacy. It grows on the ground but never on trees. 


Repandum means “bent upwards” and refers to the way the cap often reveals its underside. 


The spines are the key identification marks of the hedgehog fungus. The flesh is matte white and 
colors in places to a yellow-brown or rusty yellow. 


Suresh Kumar Baliyan, India 


Enmail: suresh_baliyan@rediffmail.com 
suresh_baliyan@yahoo.com 


Electricity is one of the most wonderful inventions of 
the 18th century. It can be produced by various methods 
in which different types of energy are used such as 
mechanical or chemical energy. In this article we discuss 
anew type of methods in which electrostatic energy is 
used. 


In this method we use electrets as an energy source. 
Electrets are permanent polarized dielectric material 
which is made by cooling dielectric material in a high 
intensity electric field. When we place an electron in 
the electric field of a point charge, it is influenced by 
a force. If the direction of the force is such that the 
electron moves in a closed path then it represents a 
current in the opposite direction along the closed path. 
Here closed path means a metal wire loop in which 
the electron movement is responsible for the current. 


‘The charge of the electrets remains constant for many 
years (100) and there is no loss of energy because we 
use only the property of electrets that they apply force 
when a charge is placed in its electric field. Since here 
we create energy in the form of electric current then 
it violates the Law of conservation of energy. 


Let us discuss the method in three steps: 


1) Fundamental 
2) Equivalent circuit 

3) How we can use it as a potential source of 
electricity. 


1. When we put a metal rod in the electric field of 
a point negative charge then the electron is influenced 
by repulsion force which moves in arrow direction and 
the electric field is cut by putting an earthed metal 
plate from any direction. When we place four charges 
onthe corner of the metal frame and shield the electric 
field in particular direction as shown in Fig.1 then the 
force on the electron which is placed in metal frame 
will be in the direction of arrow and this makes a loop. 
The force influencing on the electron will be 
continuous, so the current which moves in direction 
opposite to the electron movement will induced in the 
metal frame. 


2. The equivalent circuit of Fig.1 is shown in Fig2. 
It demonstrates that a ‘V' volt battery and a resistance 
‘'R’ can be replaced by an arm of the metal frame. The 
polarity of the battery is shown in Fig. 1. A current of 


magnitude (V/R) will be induced in the circuit by this 
method. 


Fig. 1a 


Fig. 1b 


Fig. 2 
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Some hedgehog fungi grow in a very irregular fashion, up to the size of two fists. Nevertheless, all 
hedgehog fungi have distinctive spines. The specimens here show the entire color range of the cap. 
No other mushroom with spines has these colors. 


Take only specimens where the spines are clearly visible. The hedgehog fungi pictured here are the 
perfect size for the kitchen. The cap size is 2.5-4 inches across. 


Positive ID Checklist 


Hedgehog Fungus 


| | Spines 

| |Flesh matte white when freshly cut; flesh colors in places to yellow-brown or rusty 
yellow 

| |Cap margin wavy-edged 

| | Found on ground but not on trees 

| |Cap color matches color bar (above) 


Avg. size across cap: 2.5 inches when mature 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 
Rule number 2 
Only take mushrooms with tubes, spines, and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Mavericks 


Common Puffball 


Lycoperdon perlatum 


The common puffball is a curious little mushroom. One cluster of common puffballs might number 
merely four specimens; the next about forty. The common puffball is a welcome addition to any mix of 
mushrooms. Cooked on its own, it is not everyone’s cup of tea because of its distinct taste. The giant 
puffball is another matter and as good a reason as you'll get for a dinner party. 


Perlatum means “widely spread.” 
The conical spines are visible to the naked eye and leave an unmistakeable net-pattern when rubbed 


off. Only pick specimens on which the white conical spines are clearly visible. The common pufiball 
has no unpleasant smell. 


These common puffballs are the perfect size (height 1-2 inches) and condition. When cut, the inside is 
all white and firm. Only when the flesh is uniformly white and firm, is the mushroom all right for use. 


A variation of the common pufiball is the pestle puffball. It too has spines but these are finer than 
those of the common puffball. It is pestle-shaped and it grows larger (height up to 8 inches) than the 
common puffball. It has no smell. If the flesh is uniformly white, and firm, it is good to eat. 


The big brother of the common puffball is the giant puffball. Giant means it can grow to 3 feet in 
diameter. From a distance it looks all white but it can have a light yellow or yellow-brown tinge. The 
surface is smooth and feels rather like suede. The small specimen cut in two in the picture is about the 


size of a fist. When cut open, the flesh must be white and firm. Only then is the giant puffball edible- 
and delicious at that. 


3. We canuse another device as a potential source 
(see Fig3.). Let us take an electret and make a hole at 
the centre. A hollow thin walled metal cylinder is fitted 
in the hole and a metal frame is taken as shown in the 
Fig. 3. We can use this metal cylinder as an electric 
field shield which may affect the direction of the force 
influencing on the electron. We may use this device as 
a potential source of electricity which will give 
electricity until the charges on the electrets vanish. The 
charge on the electrets remains constant for many 
years. Thus we can create energy and the problem of 
energy shortage can be solved by this method forever. 
ft We are trying to make a prototype of this but due to 
lack of equipment facility we are not able to 
demonstrate a working model. However we are trying 
to modify it. 


Ni & — 
Russian scientists are preparing new application 
of energy of geothermal waters 


http://www.sciteclibrary.u 


A way for economical use and utilization of energy of geothermal waters was found in the Institute of Geothermal 
Problems (Russian Academy of Sciences). The new technology can be applied for heating in different purposes, 
and can compete with the power engineering, which uses the conventional energy carriers. 


Geothermal springs are ideal for generating electricity by means of using of their permanent heat. This is especially 
important for Kamchatka, which is rich in these springs; however they are almost never used in mass power 
engineering, but only serve as an attraction for tourists, who admire beauty of Kamchatka geysers. At the same 
time the region itself freezes every year because of shortage of fuel for electric power stations, 


What prevents us from using the geothermal springs? 


The problem is that the storages of most of geothermal water fields have low and medium temperatures. This, 
does not allow providing their competitiveness as regards conventional energy carriers. During tens of years this, 
fact was an obstacle to the development of geothermal energy. 


A solution was found in the Institute of Geothermal Problems. It was brought out that at many exploited geothermal 
fields wellhead overpressure exceeds 5-10 MPa and more. These waters contain fair quantity of dissolved organic 
gases. The scientists have found out that methane content of these waters exceeds 90 %. And until now at 
exploitation of the fields these types of energy have not been properly utilized. 


The scientists of the Institute of Geothermal Problems have developed a technology of the optimum utilization of 
energy of geothermal waters and have increased the thermodynamic effect of the process. 


This aim was fulfilled by means of transmission of thermal energy of geothermal water through the intermediate 
heat exchangers to the secondary heat carrier. Chemical energy of dissolved gases was used as an additional 
source of energy. The transmission was held by the use of primary and secondary separators. The distinctive 
feature of their technology is that associated potential energy of geothermal water is used as an additional 
source of energy. Expander and compressor placed on the same shaft are used as potential energy converters. 
Gas-holder and gas control point are used for utilization of energy of dissolved gases. 


‘Thus on the bases of this technology geothermal energy can be effectively developed that will be competitive 
with fuel hydrocarbon energy. 


Positive ID Checklist 


Common Puffball 


Conical spines 

Flesh must be firm and all-white 

Flesh undifferentiated, no thick rind or outline of mushroom visible in cross-section 
Net-patterned when spines are rubbed off 

Color Color white to off-white 

Found Found in groups 

No unpleasant smell 


| |Cap color matches cap color bar (above) 


Be Careful: 


Don’t mistake the Puffball for the Stinkhorn, which has a thick rind and black-and-white 
interior, or the Destroying Angel, which has gills and a differentiated interior. They are not 
edible. 


Avg. size across cap: Size of a golf ball. Giant puffball 12 inches 


Appearance: July to November in eastern North America; fall in the Pacific Northwest; 
November to February in California 


Habitat Seems to feel at home everywhere, but especially in grassy areas 


Horn of Plenty 


Craterellus cornucoploides. 


The horn of plenty is a real challenge to the mushroom forager. 
Growing low on the forest-floor, it is so well-camouflaged that you can look at masses of them and 


not see any at all. If you spot one, there will be more: proceed with the utmost care because they are 
easily trampled. The horn of plenty is without a shadow of doubt one of the most delicious 
mushrooms in the world. But it has its price. Cleaning the horn of plenty can be quite a job but the 
reward is well worth the effort. Besides, when everybody joins the cleaning party, it is fun. 


Cornucopioides refers to a cornucopia, or horn of plenty. 


The horn of plenty is a funnel, the outer side of which looks smooth but in fact is slightly wrinkled. 
The color on the outer side is ash-gray, gray or pale gray with a bluish or lilac tint. 


The inside of the funnel is brown, brown-gray, soot-gray or black. urface is scaly or flaky and 
the top is out-rolled. In older specimens the top is wavy and split. 


The horn of plenty seen from above in dry conditions. 


The horn of plenty seen from above in wet conditions. 


This looks a rather battered group of horn of plenty. Some of the tops have already split. Don’t be put 
off-they still taste good. 


Positive ID Checklist 


Horn of Plenty 


| | Found in groups 

| |Funnel shaped 

| | Smooth-looking but slightly wrinkled outer surface 

| | Scaly inside surface 

| | Outer surface matches color bar above (top line) 

| | Inside surface matches color bar above (bottom line) 


Avg. size across cap: 0.75-1 inch when mature 


Appearance: July to October in eastern North America; fall in the Pacific Northwest} January to 
March in California, 

Habitat: Under beech in eastern North America; conifers in the Pacific Northwest; oak in 
California 


Tip: ‘Always split them down the middle when cleaning and evict residents 


Cauliflower Mushroom 


This is the mushroom of superlatives. For many people it is the very best of all. It may be a bit chewy 
but each bite rele: a unique culinary sensation. If you fall for it, you'll be a dedicated cauliflower 
mushroom hunter forever. It resembles a cauliflower or a sponge. 

Once you learn to recognise its spicy smell, you could identify the cauliflower mushroom 
blindfolded. And then there is the si it can grow so big that people simply overlook it. This 
specimen weighed in at 22 


Crispa means “frizzy.” 


Not all specimens gro giant size. This one here is about the size of two fist: 
sponge-like appearance and the curved lobes are the key identification marks. There is nothing 
pointed or jagged in the cauliflower mushroom. The color ranges from creamy white to light brown. If 


it turns any browner than the specimen here, it has spoiled. 


Curved lobes 


Positive ID Checklist 


Cauliflower Mushroom 


| No gills, pores, tubes or spines 


| |No stem 

| Looks like a cauliflower or sponge 
| | Lobes 

| | Matches range of color bar (above) 


Avg. size across cap: 12 inches but can grow up to three feet 


Appearance: July to October in eastern North America; fall in the Pacific Northwest; Decem- 
ber to February in California 


Habitat: On pine stumps; at the base of oaks in the Northeast 
Tip: Grows on the same spot for many years 


Tilley Foundation, Inc. 


131 Hiwassee Road 
Lebanon, TN 37087 
http://wwwitilleyfoundation.com 
E-mail: cktilley@bellsouth.net 


Editor: The advantages of electric vehicles were proved 
more than once. No fuel is required to set them in motion. 
Along with evident advantages of electric vehicles, such 
as their powerful characteristics and harmlessness for 
environment there is a side benefit, i.e. much less 
maintenance as compared with gasoline or diesel-fueled 
vehicles is required. Moreover it is easier to manufacture 
such vehicles. 


In the previous issues of New Energy Technologies 
magazine we have already acquainted our readers with 
Tilley Electric Vehicle designed by Carl B. Tilley (USA). 
Below there is some up-to-date information and photos 
from the inventor. Besides we also publish an article 
devoted to the similar types of fuel-less motors. 


After several years of personal accomplishments in the 
alternative energy industry, Carl B. Tilley was 
convinced that it was possible to build an electric car 
that could be powered without the help of external 
power to keep the battery charged. 


‘The concept to produce a useful electric performance 
car that would last more than a few hours and would 
be economical to run, safe to drive around town or 
across the United States and never use a drop of fuel 
challenges the future of transportation as we know it 
today. 


With the establishment of the Tiley Foundation, Inc., 
in the year 2001, Carl Tilley set out to prove it could be 
done. It was an ambitious project and it broke ground 
on the facility in Tennessee that would build the first 
self generating electric car. 


..you have no need for fuel and you do not 
have to stop the vehicle to charge it after 
driving. 


Construction of a 1,800 square foot building, that was 
powered with another recently developed electric 
device, began in the year 2002. Electricity from the 
building built the car from a different energy invention, 
that was void of any outside power supply. It is ironic 
that one alternative energy device actually built the 
invention to power and build the electric car. 


From the selection of the proper car to be converted, to. 
the advanced technology which is on board , the Tilley 
Electric Vehicle TEV performs comparably to gasoline 
powered vehicles. The difference is you have no need 
for fuel and you do not have to stop the vehicle to 
charge it after driving. There is no pollution and you 
can cruise the highways at the same speed as any other 
vehicle. 


‘The rear mounted electric motor provides over 130 SAE 
net horsepower at 5,500 rpm. It offers a 3 speed 
automatic transmission that is smooth shifting and 
totally silent running. All this is combined with rack 
and pinion steering and a 35/65 rear weight bias that 
enables fast, sensitive handling and needs no power 
assistance. 


battery system will be fully charged at all 
times while in use. 


It has 4 wheel disc braking for fast progressive, fade- 
free stopping. Counterbalanced gull-wing doors need 
only 14 inches of clearance. The rear sporty louvers 
are aerodynamic designed so that it almost eliminates 
any drag effect. All this with a stainless steel body 
makes for a great car. 


Control center for the battery bank only allows what 
is needed to keep the batteries charged while in 
operation no matter what the speed or discharge from 
the battery bank. Your battery system will be fully 
charged at all times while in use. Simply get in, start 
the car and drive like any other vehicle. 


A 1981 DeLorean was converted as the Tilley Electric 
Vehicle.Conversion of the car began in late June of 
2002. State of the art metal fabrication to construct 
support for the electric motor, battery bank, control 
center and the TEV device was completed in July of 
2002. 


Several tests were made to validate the TEV 
technology. One of the last tests was made on 
September 7", 2002. It has been demonstrated that 
after 17.3 miles driven on the Superspeedway at 
speeds ranging from 80MPH to 96MPH independent 
engineer certified batteries were full. 


Mushrooming Miscellany 


The Mushrooming Regions 


Eastern North America 


Throughout this book, “Eastern North America” means regions primarily north of Georgia. 


The Pacific Northwest 


The Pacific Northwest consists primarily of Washington and Oregon (and parts of Idaho). 


California 


Throughout the book, “California” refers to the Bay Area, two hours north and south of San 
Francisco. Mushrooms also grow in Los Angeles and San Diego, but these appear toward the end of 
the California season. 


As you can see, the timing and proliferation of mushrooms varies regionally. A good mushroom crop 
also depends heavily on weather conditions over the whole year. So the dedicated mushroom hunter 
need not confine himself to a mere couple of months of pleasure. 


Trees and Mushrooms 


Beech, birch, oak, pine, spruc pen and larch are the most important trees in mushroom-hunting, 
trees which are easily identifiable by their leaves or bark or both. It is most useful to know these five 
species of tree because if, for example, you explore a new wood, they will guide you to the 
mushrooms. 


Beech 
Especially: horn of plenty 


Oak 


Especially: chanterelle 


Birch 


Especially: birch bolete 


Pine 
Especially: cauliflower mushroom 


Larch 
Especially: larch bolete 


The larch is the only tree whose needles change color in autumn. You can’t miss it 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 
Rule number 2 
Only take mushrooms with tubes, spines, and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Assembly Pictures (see also the cover page) 


Photos by Robert Gaither 


Fig. 1 
Removing Gas Motor 

Fig. 4 
Fitting Parts 


Fig. 2 Fig. 5 
Fabrication 


Fig. 3 Fig. 6 
Drive Motor Motor Mounted 


Handling, Storage and Cooking 


Handling 


The first rough cleaning of the mushroom should be done in the woods. Once you're at home you 
verify your spoils against the positive ID check lists and then-and only then-can you start the fine- 
cleaning. Do not wet mushrooms to clean them. Brush or wipe them with a cloth. Part of the cleaning 
process is to check the quality. Evict residents, cut away soft and soggy tubes and cut the remaining 
mushroom into bite-size pieces. 


Storage 


Drying 


Drying is the classic way to store mushrooms. This method actually intensifies the taste of the 
mushrooms and they'll keep for years if you follow the procedure correctly. Do not dry anything you 
wouldn't eat fresh. Drying does not improve the overall quality of your mushrooms. There are various 
methods of drying mushrooms but there is only one way which guarantees consistent high-quality 
results and that is the only one I recommend: a dehydrator. Whatever the make, the principle is the 
same: warm air circulation. The sliced mushrooms are placed on trays and then dried in the 
dehydrator. Dried mushrooms are best stored in any air-tight container or a sealed plastic bag and 
then kept in a dark place. Mix all the species except the cauliflower mushroom. The more species in 
the mix, the better the taste. The cauliflower mushroom should be dried and stored separately (see 
page 115). Do not dry chanterelles. All other mushrooms in this book are suitable for drying. Dried 
mushrooms should be crackle-dry and snap when broken. 


Freezing 


Freezing is the other method. Results improved enormously when home vacuum-packaging machines 
became available. I recommend only freezing vacuum-packed mushrooms. Frozen mushrooms retain 
their color, texture and taste. 


Never thaw frozen mushrooms! 

Put deep frozen mushrooms in sizzling butter or hot water. Like this they keep their texture. 
- Mix all the species except the cauliflower mushroom. Again: the more species in a mix, the 
- ek deep freezing some cep, and horn of plenty, separately. You might want to add 


just a few of them for a particular dish or use the cep for a tasty starter. 


The cauliflower mushroom should always be frozen separately (see page 115). 


The chanterelle must be cooked before deep freezing - all other mushrooms in this book can be frozen 
raw. 


Drying or freezing? 


Either way, use only perfectly fresh mushrooms. Drying mushrooms gives them that deep, strong 
mushroom taste. The frozen mushroom is more subtle, but the colors of frozen mushrooms are as 
bright as on the day they were picked and this adds considerably to the pleasure of eating. Dried and 


frozen mushrooms can be mixed to get the best of both worlds. 


Cooking 


Famous chefs win awards for stylish cuisine. Simplicity as a rule is not in their repertoire because no 
stars can be won by doing as little as possible. There are some really attractive mushroom books with 
some really attractive recipes but my advice is: do not try to emulate the recipes of the famous chefs - 
you'll never get there anyway. The place to enjoy grand cuisine is in the restaurant. 

Do what you can do better than the professionals and do what they can’t do and you're in for a feast. 
Besides, it’s much less trouble, expense, and frustration to do it your own way rather than to follow 
recipes which pre-suppose the infrastructure of a five star establishment. 

So where can’t the professionals compete with you? 

1. Freshness 


This is not to say that restaurants use old mushrooms. They’re just not as fresh as yours. 


Chervil is a tasty and attractive herb for mushroom dishes. 


Your mushrooms have the shorter way from the wood to your kitchen. As a rule the restaurants” 
mushrooms come from a market and some of those mushrooms on the market have traveled a long 
way, some of them half way round the world. 


2. Sourcing 


You know where your mushrooms came from, whereas the chef in the restaurant, as a rule, knows 
only that it is the type of mushroom he wants. You know the very wood from which you picked them, 
and this is important because, for example, a cep can taste differently from one wood to another. 


3. Quality 


You know exactly where your mushrooms come from, and therefore you know their quality. In other 
words, you can be sure, for example, that your mushrooms grew in a non-polluted habitat or a dog- 
free zone. 


4. Freedom 

You are at liberty to vary the mushrooms that go into dish and to change ingredients. In top restaurants, 
recipes are more precise and designed to he produced time and again. Your mushroom feas the other 
hand, can be unique each time. 

5. Soul 

There is a satisfaction in picking your own wild mushrooms and cooking them yourself that not an 


match. 


Garnishing with finely chopped vegetables makes your mushroom dish a feast for the eyes. 


Mushrooms are not garnish 


The mushrooms in this book are of culinary value in their own right and should be treated 
accordingly. Treat a wild mushroom with the same culinary respect as you would a wild salmon. 


Olive oil and mushrooms 

Most contemporary mushroom cookbooks recommend olive oil for cooking mushrooms, but if you 
really want to draw out all the subtle flavors of your mushrooms and realize their full culinary 
potential, then olive oil is, generally, not a good idea. Unsalted butter brings out the best in your 
mushrooms. 


Chives are the classic garnish for mushrooms. 


Kills all known germs 


There is a potential but very low risk of catching something nasty from a mushroom. To reduce that 
risk to zero, do not eat raw mushrooms and in the cooking process, increase the heat at one stage so 
that the dish either boils for a couple of seconds or sizzles in the butter. For that brief moment, turn the 
mushrooms in the pan so that they’re exposed to the heat on all sides. 


Curly or flat-leafed parsley underline the mushroom taste and add aesthetic appeal. Sprinkle on raw 
just before serving. 


Fig. 7 


Fig. 8 
About Ready 


nidssin the Application 
voto Geherators 


Fig. 9 
Special Wiring &Guages 


Fig. 10 
Car Unveiling 


Adrian Akau, USA 


E-mail: adrianakau@aol.com 


Ifthe Tilley generator-motor should enter into the world 
market, some curious consequences may result, the 
most important being the transition of the Honda and 
‘Toyota hybrid cars into full fledged electrics. 


First of all, a comparison should be drawn between 
the Tilley and the two hybrid cars presently being sold, 
the Honda Civic and the Toyota Pirus should be made. 


The Honda Civic and the Toyota Pirus both use 
charging systems with a gasoline motor for better 
milage. The Tilley motor-generator is a stand-alone 
electric vehicle. The Honda motor-generator is just 


60mm thick and provides (10kW or 13hp). The Toyota 
Pirus has a 44hp unit (American Version) which feeds 
power into electric motors at the wheels. Both Honda 
and Toyota gasoline motors are off at 0 mph. Only the 
electric system is used until the power demand reaches 
10 kW; then the gasoline motor automatically kicks 
in. The Pirus is able to get higher milage in city driving 
than in country driving from the fact that the ratio of 
the power from the electric part to power to the 
gasoline part of the motor is greater at lower than at 
higher speeds, that is, less power is needed to run the 
car in city driving than in country driving because of 
the lower speeds and air resistance 


Special Cases 


Chanterelle 


The chanterelle must not be dried because it goes chewy. It must not be frozen without prior cooking 
because it will turn bitter. 


Horn of Plenty 


Some people like it on its own. Others use it only as a spice to add to a mix of mushrooms. In order to 
find out what you like best, dry and freeze separately. 


Cauliflower mushroom 


The cauliflower mushroom is also very distinct in taste and perhaps best on its own. Dry or deep 
freeze separately. 


Basic preparation for fresh or frozen mushrooms 


There’s a lot of flexibility in these basic preparations. The amounts stated can vary considerably and 
you'll still get an excellent result. And the beauty of it is that you can’t overdo mushrooms. The key to 
culinary success is the quality of the mushrooms. 


Serves 4 


What you need 
Essential: 


5-8 cups fresh or frozen mushrooms 
4 cups water 

1 cup white wine 

1 teaspoon salt 

1 shallot or small onion, chopped 

1 cup cream 

Ys cup chives or parsley 


Optional: 


A mix of finely chopped vegetables, such as carrot, zucchini, and celery: approx. /2 cup 
Ys cup chervil 


What you do 


1. Put water, white wine, salt, and shallot into a pan 

2. Do not thaw frozen mushrooms. Add frozen or fresh mushrooms and bring to the boil 
By 
4 
5 


Reduce heat and simmer until approx %4 of liquid has evaporated 


. Add cream 
. Simmer again until approx. half the liquid has evaporated. Stir occasionally. If you feel there’s 


too much liquid, simmer until it reduces still further. The less liquid, the more intense the taste 
and vice versa. Add water or cream to taste. 


6. Add more salt and pepper to taste 


. You now have a wonderful mushroom sauce which you can serve with meat (chops, steak, 


etc.) or on its own with pasta or rice. Sprinkle with chives, parsley or chervil and the finely 
chopped vegetables 


Basic preparation of dried mushrooms 


Serves 4 


What you need 
Essential: 


1-2 ounces dried mushrooms 

4 cups lukewarm water 

1 shallot or small onion, chopped 
¥% cup dry white wine 

1 teaspoon salt 

Ys cup cream 

Ys cup chives or parsley 


Optional: 


A mix of finely chopped vegetables e.g. carrot, zucchini, and celery: approx. 2 cup 
Ys cup chervil 


What you do 


1. Take the dried mushrooms and put in a bow] or pitcher. Add 4 cups of lukewarm water. Soak 
for 1% hours (until the mushrooms float in brown liquid) 

2. Put wine, shallot, salt, mushrooms and the brown liquid into a pan 

3. Bring to the boil for 10 seconds Reduce heat and simmer until %4 of the liquid has evaporated 

4. Add the cream 


5. Simmer until approx. half the liquid has evaporated. Stir occasionally. If there is too much 
liquid, simmer until further reduced. The less liquid the more intense the flavor, and vice 
versa Add water or cream to taste 

6. Add salt to taste 

7. You now have a wonderful mushroom sauce which you can serve with meat (chops, steak, 
etc.) or on its own with pasta or rice. Sprinkle with chives, parsley, or chervil and the finely 
chopped vegetables 


Beyond the Stove 


No summer or winter woodland walk will ever be the same again once you become aware of the 
amazing universe of the forest floor, which in terms of color and life is a match for any coral reef. 
And the forest floor is right at your feet, so to speak, or at least not far from your door. 


When in autumn you walk through a beech wood and marvel at the intensity and variety of the colors, 
think for a moment about those leaves. 


There are about 2 tons of leaves to one acre of beech wood. After their job is done on the branches, 
they fall to the ground. If they did not decompose we would soon be swimming through a sea of 
leaves. 


Likewise, unrotted fallen branches would in time pile up as insurmountable obstacles. 


A leaf falls to the ground, inspiring on its way a poet who happens to be passing by: but on a more 
practical level, bacteria are the first organisms to get busy. 


Shortly afterwards, it is fungi, algae and protozoans which play their part in the work of 
decomposition. 

Soon, millions of organisms and little animals are at work on that single leaf. In due course the leaf is 
fully decomposed, its constituent parts recycled back into the forest soil, keeping it fertile by 
providing the essential substances for all the plants in the wood. 


The vital role of mushrooms 


Fungi are key players in maintaining tree growth and health. The reason the birch bolete is always 


found near birch trees, and the larch bolete always near larch trees, is that these pairs live in a 
symbiotic relationship. They need each other. 

The mycelium of the birch bolete and the fine root-ends of the birch tree link up and exchange 
substances. There is a lot of chemistry going on, with a net result of mutual benefit. There are 
intricacies and complexities in all matters fungi and there are, so to speak, vast uncharted areas on the 
fungal map. However, even the most half-hearted mushroom-hunter will soon become aware of the 
all-encompassing interrelations in the wood. Mushrooming makes you see and appreciate the 
woodland differently. 
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Ifthe Tilley generator-motor should enter into the world 
market, some curious consequences may result, the 
most important being the transition of the Honda and 
‘Toyota hybrid cars into full fledged electrics. 


First of all, a comparison should be drawn between 
the Tilley and the two hybrid cars presently being sold, 
the Honda Civic and the Toyota Pirus should be made. 


The Honda Civic and the Toyota Pirus both use 
charging systems with a gasoline motor for better 
milage. The Tilley motor-generator is a stand-alone 
electric vehicle. The Honda motor-generator is just 


60mm thick and provides (10kW or 13hp). The Toyota 
Pirus has a 44hp unit (American Version) which feeds 
power into electric motors at the wheels. Both Honda 
and Toyota gasoline motors are off at 0 mph. Only the 
electric system is used until the power demand reaches 
10 kW; then the gasoline motor automatically kicks 
in. The Pirus is able to get higher milage in city driving 
than in country driving from the fact that the ratio of 
the power from the electric part to power to the 
gasoline part of the motor is greater at lower than at 
higher speeds, that is, less power is needed to run the 
car in city driving than in country driving because of 
the lower speeds and air resistance 


There is a practical point to these impressions which will help you in your mushrooming. 


The similarity of patterning between the trunk of the birch tree and the stalk of the birch bolete is there 
for all to see. The similarity in color between the larch needles (once they change color in autumn) 
and the larch bolete seems obvious. These pointers can all act as nature’s clues and reminders for the 
mushroom forager. But why is this so? Whatever the scientific answer, if indeed there is one, this 
similarity illustrates beautifully the interconnected nature or, if you prefer it, the mutual dependence, 
of life in the wood. 


Perhaps even more intriguing is the similarity between the pine bark and the cauliflower mushroom, 
which grows near pine trees. It could be a coincidence or it could be a complex pattern at work. 
Either way, the cauliflower mushroom is utterly delicious - but if you mull over a conundrum like this, 


doesn’t it add interest and pleasure to mushroom hunting? 


But I still want more advice on the secrets of successful mushrooming. 


Mushroom hunting and the world of fungi have more than their fair share of mysterious lore, 
imponderables and surprises. Take that inexplicable instinct for the right spot to find mushrooms, for 
example. The experienced mushroomer knows his favorite haunts and whenever conditions are right, 
the mushrooms seem to call him. The dedicated mushroom hunter doesn’t have to make a conscious 
effort to memorize the perfect weather conditions for a particular spe: Nor does he have to keep a 
log on the wind direction. Over the years, he just knows that on the right day he has to go to spot X. 
As vague as that sounds, the mushrooming “instinct” may well have a rational explanation, but it 
needn’t be a conscious one. 


No exact science to mushrooming-hunting, then? 


True, if you meet gnomes, pixies, fairies, elves or goblins in the woods, your rationality will be 
doubted. 

But when fingers of fog creep eerily through the lonely wood, mythical creatures don’t seem far away. 
When out mushrooming in the twilight, you can easily understand how our forebears believed there 
were strange goings-on in the woods. Perhaps there were: and perhaps our modern powers of 
perception are just that much weaker than they used to be. The cold light of reason may have evicted 
all those colorful beings from the woods and now nobody is quite sure where they are anymore. 


But they did leave their mark. The last bastion of mysticism is the fly agaric (left) which to this day 
has the power to fire the imagination. No decent fairy tale illustration is complete without the fly 
agaric. If the cep is the king of mushrooms, the fly agaric must be the queen. And as always with 
mushrooms, the mystical mixes with the scientific. 


Fly agarics are useful indicators: where they are, there are often ceps nearby. Fly agarics wave and 
shout “Over here! Over here there are beautiful ceps!” The king is always near the queen. 


Yet another mingling of fact and fiction: the fly agaric got its name from its surprising powers: it is a 
natural insecticide. Pieces of it are put in milk to attract flies. The flies then get drugged and die. In 
fact, the hallucinogenic properties of the fly agaric have inspired some mind-boggling theories and 
experiences. 
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Shamans, or holy priests, reportedly used the hallucinogenic fly agaric to make contact with the gods, 
while lesser mortals joined in the ritual by drinking the urine of the shaman. This would have been 


little more than water with the hallucinogenic substances still active in it, because, before the 
ceremony, the shaman had to fast for several days before ingesting the fly agaric. 


The phrase “to go berserk” refers to the Berserkers (Viking warriors) who went fearlessly into battle 
and were reported to fight “like mad dogs and wolves.” This is said to be the fly agaric’s work. 


It surely now comes as no surprise that Santa Claus is also linked to the fly agaric. After all, there are 
the same distinctive colors: and there he is in his reindeer-powered sleigh, flying all over the world, 
filling stockings, and involuntarily cleaning chimneys. Only a full-blown shamanic fly agaric ritual 
could take Santa Claus and come up with a tale like that! 


These are just a few of the theories and ideas linked to the fly agaric. Fly agarics are also supposed to 
bring good luck, and in certain parts of the world they remain a popular emblem in advertising, on 
stamps, and on Christmas and New Year’s cards. Luck is a fitting theme with which to conclude this 
book. Don’t trust your luck when identifying mushrooms. Follow the instructions in this book and 
enjoy mushrooming without fear. 
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American car companies are beginning to develop 
their own starter-generators to “save an extra 10% 
onthe gas milage”. Are they doing this because they 
don’t want to be left behind in the milage competition 
or because they really understand the nature of the 
starter-generator motors used by the companies 
producing the hybrids? 


With the advent of the Tilley motor-generator, a new 
factor enters into the situation. If the system proves 
valid, does this mean that Honda and Toyota are out 
of the running? Hardly not! It is likely that these 
companies have allowed or even planned for this 
contingency with larger capacity motor generators 
which would do a similar job. With their fine cars and 
superb engineering, the transition from a hybrid to a 
pure electric might be costly but not too difficult to 
engineer. Each of the two hybrid companies may 
already have been built, tested vehicles of this 
nature. However, since the primary purpose of the 
car companies is to make money it is doubtful if this 
full-fledged fossil fuel-less type will be placed on the 
market unless competition so requires. A car using 
the Tilley motor-generator might certainly push them 
in this direction. 


Should the Tilley remains undeveloped, one might 
expect the second level hybrid car to arrive in a few 
years from Honda and Toyota. These cars should 
have greater electric generator-motor capacities and 
smaller gasoline engines. These systems could give 
small cars much higher gas milage and could also 
be placed in larger, more elegant vehicles such as the 
Honda Accord and the Toyota Camrey. 


The transition to fuel-less motors should hopefully be 
slow and painless for both the pocket book as well as 
the human psych. If scientists cannot be convinced 
by studying conventional scientific laws on how these 
motors work, perhaps they will better see the need 
for the promulgation of new laws in this area. 


We know that at the present time, both Honda and 
‘Toyota motor generators (M.G.) have a powers assist 
function while the Tilley stands alone. Let us look at 


Read in the next issue! 


the present situation (we will use the Toyota U.S. M.G. 
because it is the more powerful version): 


Honda and Toyota classify their M.G.'s as permanent 
magnet types; Carl Tilley says his is and advanced 
D.C. motor. 


Power output: 
Honda is given at 10 kW at 3,000 rpm or 13 hp 


Toyota is 33 kW at 1,040-5,600 rpm or 44 hp 
Tilley is up to 135 hp depending on rpm's 


Voltage/Battery (Ni-MH 
AH=amp hours) 


jickle Metal Hydride, 


Honda: 144V, 120 Ni-MH cells@1.2V ea., 6.5 AH 
Toyota: 274V, 228 Ni-MH cells@1.2V ea. 
Tilley: 144V,12-12V lead acid (Wal-mart), 1200AH 


Physical Characteristics of each M.G. 


Honda: 60 mm wide 
Toyota: unknown 
Tilley: 9" dia., 146 pounds 


‘The main effort should be to implement the transition 
away from the use of fossil fuels. We know this can 
be done but it takes proper attitude. Proper attitude 
takes knowledge and knowledge takes willingness 
to learn. Willingness to learn takes desire to learn 
and desire to learn takes humility. Unfortunately, 
humility is a characteristic that many people, 
especially learned ones lack. Editor's: Carl Tilley’s 
comments are also given below. 


Very Good... you seem to know what we already were 
aware of...before we could mass produce our Tilley 
car I am sure some auto company would come out 
with basically the same thing...I do believe they 
already have it and they are just waiting for the right 
time. The good news is that at least the Tilley car 
lighted their fire to get them started. 


Carl Tiley 


In April 12 of 2003 scientific conference “The Time Machine” was organized by Faraday 
Laboratories Ltd in Moscow. There were presented the reports by V.A. Chernobrov, 
A.V. Frolov, A.V. Rykov, E.D. Sorokodum, V.J. Kosyev, A.N. Solonyi, VA. Atsukovsky. There 
was discussed design of the device made by Faraday Laboratories Ltd. as well as main 


Principles of control on temporal characteristics of physical processes by changing of 


density of space energy, i.e. aether density according to patent claim. 


Details are in the next issue! 
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Disclaimer 


This book is intended to be an educational tool for gathering and 
cooking wild plants. The information presented is for use as a 
supplement to a healthy, well-rounded lifestyle. The nutritional 
requirements of individuals may vary greatly, therefore the author 
and publisher take no responsibility for an individual using and 
ingesting wild plants. 


‘Waste ground plantain dandel 
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years the help has been invaluable. My grandchildren Ceri & 
‘Alec, Jason, and Lee, who have been my guinea pigs with 
spearmint gum and dandelion fluff popsicles. 

The homestead years were wonderful and difficult. 
Thanks to Ken Heitz, who spent them supporting us and our 
homestead! Deepest thanks to the late Dorothy and Lynn 
Galusha, Gert and Dick Frulla, Indian Lake, and dozens of friends: 
especially Nancy & Pete, Nicole, Colleen & J enny, J ean, Terry, 
Shirley and Eric & Rose. | couldn't have done it without you 
Thanks to Gary for computer help. 

A special acknowledgment to Cristina, one of my teach- 
ers, and her mom, Melinda. Out of the woods, the Runyon 
Institute began. Thank you, Walt J ohnson, you taught me the 
business world! My deepest gratitude to Mae Charon, without 
whose friendship and business guidance | never would have 
completed this manuscript. Bruce & Larry, your faith, love and 
encouragement are monumental! Alice & the late Walt 
Sherman, your love is my port in the storm. This book was con- 
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Todd’s special place - the cave! 
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Foreword —by) oe Gang 


Linda Runyon is a child of the Adirondack wilderness. It 
is there that, at a tender age, she discovered that wild clover, 
yarrow, and wintergreen were edible. As she grew, so grew her 
knowledge of the abundant wild flora in her beloved mountains. 

In 1972 she decided to homestead in the wilderness. Her 
ability to recognize and use wild plants added immeasurably to 
her successful survival. By adapting to a diet of wild vegetables, 
herbs, fruits, and nuts, Linda carved out a niche for herself among 
women pioneers who relied on Nature. Linda Runyon has gone 
on to share her wide-ranging experiences and knowledge of wild 
foods with a growing following: visitors to several plant identifi- 
cation walks (called Survival Acres), readers of her books, (A 
Survival Acre, Lawn Food Cookbook, and Wild Food and Animal 
Coloring Book), users of her fantastic plant identification card 
game ("Wild Cards”), and subscribers to her (now out of print) 
Environmentarian Newsletter, and the "Wild Foods Nutritional 
Wheel”, added later. Linda Runyon’s valuable From Crabgrass 
Muffins to Pine Needle Tea opened a vast fund of knowledge on 
nature’s own foodstuffs, which often can be found close to home, 
in an environment unsoiled by insecticides, herbicides, or fungi- 
cides. Here isthe key to the preparation of wild foods without the 
Use of preservatives, invasive chemicals or factory processing. 

‘And now we present a new edition of that book renamed 
to The Essential Wild Food Survival Guide, with all the sustaining 
data from the first edition. This book will continue to be your 
valuable companion on the path to healthful living. 


‘The author offers a new way to view the world. 


Poem 


MY LAWN 
As| walked across the grass, 
| noticed clover, dandelion, plus 
a few plantains 
The thought came to me that 
| should graze on all four. 
All other modes of feeding 
now seem so inefficient, 
even wasteful. 
When | go out to graze, 
I'll carry a bottle of salad dressing, 
and sprinkle liberally in front of me, 
as | munch my way across the lawn. 


By Joe Gang Environmentalist, master of Economics and finances, 
chemist, small business consultant, Indian Lake, New York. 


A typical Eastern lawn smorgasbord 


Preface 


| am called an environmentarian, or a forager in common 
terms. | enjoy foraging in fields, woods, and even backyards for the 
wild plants that make up as much as 30 percent of my daily diet. 

The knowledge that led me to this way of life did not come 
overnight. Walking eight and a half miles to work each day one 
summer taught me the value of knowing the energy in a single 
clover leaf; after 15 years of homesteading, (living without any 
power or electricity in cabins and tents) | learned the tricks of gath- 
ering and cooking nature’s food. It is quick growing, accessible, 
nutritious, and free! 

Many years of this experience taught me not only how to 
forage, what to eat, and how to prepare it, but it has also confirmed 
my decision to stay in touch with my primal rights to live a free life. 
Now that ’m almost 70 years old, my goal isto share this knowledge 
with others from a comfortable retirement area. 

| have divided this book into four major parts, and I've also 
included some backup information in a resource section and glos- 
sary. Part | describes my environmentarian lifestyle, including how 
| came to adopt this way of life and how | learned and acquired the 
wilderness skills that helped me survive. In this section, | also pro- 
vide information on gathering wild plants as well as how to store 
them for later use—drying, freezing, and the like 

Because properly identifying wild foods in the field is criti 
cal, | have provided a small Field Guide in Part II, which pictures 
and describes over 50 wild plants, including grasses, herbs, bram- 
bles, and trees, plus their nutritional values. 

In Part ll, | provide more recipes that use wild foods as the 
major ingredients—tasty and easy-to-prepare soups, salads, 
casseroles, breads and crackers, sweets, teas, jams & jellies. 

In Part V, | offer tips for growing a wild food garden and for 
creating “wilderness” walks. | also explain how to grow certain vari- 
eties as potted plants, should you live without space for a garden or 
wantto bring your plantsindoors. Thissection also contains my for- 
aging research notes, which tell how | investigated the edibility of 
wild plants. 

Part V discusses Poisonous Look-Alikes and the Glossary 
defines the terms—mostly medical and botanical—that | use in this 
book. The book concludes with a listing of useful sources for addi- 
tional information on wild foods. 


It is my hope that this book will help you begin to seek 
out your own free life, should you wish to do so. 

Remember, the process of living free does not happen 
overnight. In fact, the changes in my lifestyle came very sowly, 
with gradual adaptation. Try it yourself. If you cannot make it 
one way, adapt. If you cannot find the food you need, change. If 
you cannot find shelter, make it. If you are cold, build a fire. If 
you cannot take a bath, adjust! Such adaptations brought about 
the changes necessary for me to adopt a free lifestyle. 

These changes meant being free of monetary need, not 
free from constant building, splitting wood, and food seeking, 
Meeting these needs took up a 24-hour period, with occasional 
days or hours in between to enjoy the lifestyle. As with any 
endeavor, you need to enjoy the project. | love projects—they 
fulfill my day. | always set a goal: move a cord of wood, trim that 
maple tree, re-screen the windows where the raccoon came in, 
bathe the mule, clean out the stalls, milk the goats, gather some 
food for dinner, can the tomatoes. 

| plan each day and finish the job when | reached my 
goals. In between, | feel “on vacation” while | gather food for 
wild food salads, soups, or casseroles. And, as tired as | am, | 
have enjoyed every minute of every day. 


Linda’s Surprise Encounter with a Black Bear 
(See page 118) 


Acknowledgments 


Because of my geographic locations, | use Cherokee and 
Algonquin language as well as Chippewa throughout the text. 
For Cherokee translations | have used the CHEROKEE-ENGLISH 
DICTIONARY, Cherokee Nation of Oklahoma, 1975, 
Commemorative Edition, edited by William Pulte, Southern 
Methodist University Press, Dallas, Texas. The dictionary was gra- 
ciously lent to me by my friend, J oseph Tenderfoot Hill, an 
Iroquois Elder. | am also privileged to have worked with my 
friend, a mixed-blood Dijalaga (Cherokee) teacher, Willy 
Whitefeather. 


A Typical Western Smorgasbord 


Part I: Environmentarian Lifestyle 


Living off the Land 

Itseems that the Adirondacks Mountains and their way of, 
life have been a part of my life for as!ong as! can remember. For 
this, | have deep gratitude for my parents, Ruth and Paul Runyon. 
While growing up, | worked on the girl's staff of Gavetts Camp on 
Indian Lake in upstate NY, now called Timberlock. From the time 
Iwas ten years old until | was eighteen, | ran between cabins and 
tents, carrying army blankets, making beds, and serving 100 
guests three meals a day. The dishes and campfire sing-along 
became a nightly routine for three months of every year. Six A.M 
lake dips, canoe races, island campfires, and mountain climbing 
all led the way to my eventual homesteading experiences. Each 
year, the return to school in North Plainfield, New J ersey became 
more and more difficult. Smelling a souvenir balsam pillow 
linked the mountains to the city for me, and even the taste of win- 
tergreen became a symbol of freedom. 

My high school years flew by quickly, and soon | had 
attended and graduated from Monmouth Medical Center in Long 
Branch, New J ersey, as a registered nurse. Not long after | mar- 
ried, the first of my family arrived: Eric taught me the wonders of 
motherhood. | don't have to tell anyone how close your first 
born is to your heart. Then within two years, a daughter 
arrived—Kim, my beautiful daughter, heralded a different bond- 
ing in my life. A few years later a second son, Todd, was born. 
He was to share my entire homesteading experience. 


‘We spent 6 months in a tent. 
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1 Electric Vehicle 


‘Review by Correspondent Alla Pashova, Russia 


The director of EV (Electric Vehicles) company located 
in Tolyatti (Russia), Alexander Mukhanov states: “If 
during 2 centuries intellectual efforts of a scientific 
thought were concentrated on an electric engine 
instead of the internal combustion engine then now 
we would have driven electric vehicles, and the 
greenhouse effect would not have exist” 


‘The electric vehicle has driving-wheels which are set 
in motion by an electric engine, and it is powered by 
an electric battery. The electric vehicle appeared in 
Great Britain and France in 1880 and it is significantly 
older than the automobile equipped with the internal 
combustion engine. 


At the beginning the speed and the fuel distance of 
the electric and gasoline vehicles were approximately 
the same, The main disadvantage of electric vehicles 
was a complicated system of recharge since there were 
no usual transformers of alternating current into direct 
one. Hence, the electric vehicle was recharged in a 
quite difficult way. An electric engine operated on 
alternating current was used to recharge it. The electric 
motor rotated a shaft of the generator which was 
connected to batteries of the electric vehicle. However 
in 1906 a rectifier which was simple to operate was 
invented. Despite its principle of operation was quite 
complicated (mercury vapor was used for 
transformation of alternating current into direct one) 
it has given a great stimulus for development of 
automobile industry, 


There were no essential proves of advantage of 
gasoline vehicles as compared with electric vehicles. 
Nevertheless, even at that time there was an opinion 
that electric vehicles run more slowly and to shorter 
distances. However “gasoline” records were also 
insignificant and comparable with results produced by 
the electric vehicles. At the same time producers of 
electric vehicles did their best to demonstrate the 
advantages of these vehicles. If you remember, Walter 
Baker, one of the most famous American constructors 
and producer of the electric vehicles, achieved the 
speed of 190 km/h driving his car. An electric vehicle 
produced by Borland Electric company run from 
Chicago to Milwaukee (the distance of 167 km/h along 
non-asphalted road) without recharge. Next day after 
recharging the electric vehicle returned to Chicago by 
its own power without meeting any incidents. During 
the journey its speed came to 55 km/h, 


In 1899-1900 a hereditary Russian nobleman Ippolit 
Romanov made an experiment on designing of the first 
Russian electric vehicle. Since these vehicles had been 


designed to run in Saint Petersburg then the city 
council required to produce them in the same place. In 
1899 Romanov's first electric vehicle was made. Its 
general design was borrowed from English cabs in 
which a cabman sat on a high dickey placed behind 
passengers. Romanov's electric cab had two passenger 
seats situated in front of the dickey in a half-cabin 
having side and back windows. The cabin was 
equipped with a hood. The seat of a driver was placed 
behind and above the cabin; a box containing an 
accumulator was located under the driver's seat. The 
vehicle was four-wheeled. Diameter of the front wheels, 
was smaller than those of the rear wheels. The front 
wheels were fixed by elliptical springs and were 
driving ones. They were connected to two independent 
electric motors by a roller chain drive. The regulated 
rear wheels had a smaller diameter and were fixed by 
spiral springs. 


‘This first electric vehicle was equipped with lead 
accumulator which had 36 banks. It required 
recharging every 60 versts (1 verst ~ 3500 feet). The 
total power of both the electric motors was equal to 
4hp. Design of the vehicular part of Romanov's electric 
vehicle was borrowed from the models produced by 
an American company named Morris-Salom. This 
company had produced electric vehicles since 1898; 
however those models had wheels of greater diameter 
as they were equipped with pneumatic tires, while 
Romanov's vehicle had wheels with light rubber rims. 
Both the electric vehicles had two electric motors, but 
the distinction of Romanov's electric vehicle consisted 
in the presence of 6-row ball bearings in the wheels. 


Romanov's second cab was built in 1900. This model 
had entirely closed and glazed cabin for passengers 
‘The chain drive was replaced by a gear; however the 
basic sizes remained the same. This model was 
‘equipped with an accumulator designed by Romanov. 
‘The general weight of the electric vehicle was 45 poods 
(750 kg), and the weight of the accumulator came to 
22 poods (362 kg). It should be noted that weight of 
American and French electric vehicles exceeded these 
figures. The speed of both Romanov's models of the 
electric vehicles came to 15 km/h, 


Romanov's first electric bus was built in the same 1900. 
‘The electric bus weighted 100 poods (1600 kg) could 
make speed up to 10 km/h. For reasons beyond 
Romanov's control, traffic of the electric vehicles in 
Saint Petersburg was not organized. 


A vehicular company named “Frezer and Co.” 
participated directly in production of Romanov's 


For many years, all my family thrived in a large housing develop- 
ment in Howell Township, New J ersey. Eventually, my husband 
Frank and | divorced, and a year or so later | met Ken Heitz. 
Todd, Ken, and | left New J ersey with an ax, sleeping bags, and 
great anticipation for the Adirondack wilderness. Kim and Eric 
remained with their father, but would join us in the summers. 
Thus my homesteading experience, wild foods, winter survival, 
and just plain Adirondack life began. 

It wasn't long before ideas of an environmentarian 
lifestyle became a reality. | began to develop the strong bond | 
feel with Mother Earth. My life was plants, water, shelter, earth, 
life—"the basics,” as someone once said. 


Instinct and Ingenuity 

One day, in the middle of the winter, | was taken to see a 
cabin for rent across Lewey Lake. Peering through the cabin’s 
frosty windows, | took less than a minute to shout, “Yes, we'll take 
it!” An unwinterized cabin, isolated from other summer cabins 
and framed in black against the mountains, looked like heaven to 
me. At twenty below, | moved in with Ken and my son Todd, who 
was age five. We bobsledded the furniture down a moonlit icy 
path and over twelve-foot snowdrifts to our new home. 


Log cabin. Note water hole in frozen lake. 


2 


My very first job was to make a pot of coffee. Ken gave 
me an ax and a pot, and shoveled a path to the frozen lake. Two 
hours later, time seemed frozen. A two-foot-wide hole grew 
before me. As! broke through the 
ice, | felt as if it was ten thousand 
years ago. Just as folks at the 
dawn of time had to learn, |, too, 
soon discovered my ignorance. 
When the vacuum was released 
through the newly dug hole, the 
water rushed up and quickly dis- 
appeared below the ice, dragging 
everything with it. 1 dove for the 
coffee pot, only my arm was not 
long enough to reach deep 
enough into the water. With tears 
streaming down my cheeks, I real- 
ized my great need for a friend, a 
tool, and better instincts! Ken provided the first two, and my own 
instinct led me to my idea for a rope dipper. To this day | can find 
no words to describe that first cup of coffee! 

Years later, my friend Willie Whitefeather would show 
me how to gather water in the desert, at the base of a cotton- 
wood tree. Perhaps his Cherokee words, “adline” or “draw liq- 
uid," describe that coffee. 

Due to a series of events, | learned to respect the 
Adirondack winter. The first incident occurred when | opened 
my eyes after a night's sleep. My head seemed stuck to the pil- 
low—my hair had frozen to the frost on the cabin wall! Frosted 
walls are a feature of life in the far north. A layer of ice 1/4 inch 
thick covers the walls most of the winter, brought about by 
intense cold, uninsulated buildings and potbelly heat. My side of 
the bed was against the wall, and that morning | was literally 
stuck to the wallboards. Warm water might have solved the 
problem, but one doesn't always think clearly in a panic! Instead, 
a haircut solved the problem. 

Another morning | awoke and felt a layer of frost on my 
upper lip and under my nose. | saw my breath as white as smoke, 
and | knew the stove had gone out during the night. | put my slip- 
per socks over my thermal underwear and hopped to the stove, 


Water hole tap 
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stirred the coals, heaved in a few pieces of beech, and dove back 
under the covers. Hearing the crackle of the wood as it flames 
became my security signal on cold winter mornings. 

As | began to learn more about winter, | decided to can 
my wild foods during the summer for use later in the year. We 
had a seven-and-a-half-foot insulated refrigerator pit where they 
would keep well, according to a book | read. | trusted my judg- 
ment on this, for | had canned many times in my “city life.” So 
after a long canning season | had 420 jars of campfire-canned 
foods in my storehouse. 

When winter came, we were thrilled to eat our canned 
foods—cattails, milkweed, lamb’s quarters, blueberries, and 
strawberries. Everything was delicious. Then three weeks of 
twenty to forty-below zero temperatures began. One night a bliz- 
zard snowed usin, but | knew we had plenty of food. The winds 
howled, the snow swirled, and when morning came, the refriger- 
ator pit had to be dug out. When the roof was uncovered, | 
opened the pit and climbed down the ladder with my lantern in 
hand. My eyes blinked in disbelief. Almost every one of the jars 
had exploded. | was in a complete panic. | grabbed the snow 
shovel and began to scoop the jars off the shelves to find ones 
that had just begun to freeze. Alas, there were but a few jars with 
small cracks or pushed-up lids. 

Reconsiituted dried leaves, vegetables and flour became 
our immediate food sources. We even ground bark into flour or 
brewed it for teas. Somehow, we survived. As! look back, | would 
say that it was this experience that led me to write this book. 


Deer are My Teachers 

The first time | looked for 
food in the woods, | took time to 
become attuned to the deer’s 
world. | followed deer tracks and 
saw where and what they had 
eaten. | found out where they 
appeared to move quickly, where 
they moved slowly, and where 
they stood and relaxed. And 
when they relaxed, | discovered 
they were almost always eating. Well fed fawn 
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Although not every food eaten by deer is safe for 
humans, much is. 

Itbecame a simple matter to find holes deer had pawed in 
the snow, These snow diggings yielded wintergreen, ferns, and 
mosses. | noticed the deer bit off the tips of balsam fir needles. 
Dried goldenrod topsjutting above the snow line were also nibbled. 

Dried-up apples and rosehips also helped to sustain the 
deer population in the dead of 
winter. In early spring, the new 
growth on blackberries, raspber- 
ries, willow, and birch added to 
the deer's diet. 

| loved to find an apple 
tree in winter, naked of apples 
only ashigh asthe deer can reach 
on their hind legs. | took the 
frozen apples from the tops of 
these small trees back to the 
cabin, where | boiled, simmered, 
dried, crushed, and otherwise 
experimented with them. 

Frozen streams also held Deer apples 
many secrets. The deer knew where the water dropped over a 
rock at fantastic speed, deep beneath the snowdrifts. They would 
break through there for an icy drink, and then steam would rise 
from these holes because of the difference between water and air 
temperatures. Todd and | 
dipped a long, dry stick 
into the hole to make an 
instant popsicle. But we 
discovered that the ice 
would freeze solid to our 
tongues—a lesson hard 
learned. 

In the spring, lamb’s 
quarters was a favorite 
bedding for the deer. | 

Waterfall also learned that jewel- 
weed is a poison ivy antidote and as luscious a vegetable as 
lamb’s quarters. Near the camp was a hundred-square-yard 
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patch of jewelweed in which the deer fawned. What a place to 
give birth! Drops of crystal-clear water hung from the emerald- 
green stalks of the jewelweed as the deer gorged themselves on 
this plant. Level weed patches grew uniformly, so | could often 
tell where the deer have been by the scalloped designs of the 
weed tops. 

The deer were sometimes invisible in this patch. As! 
crossed the area one day, a buck rose beside me, covered with 
cascading jewelweed stalks. We stared at each other, not more 
than three feet apart. For a long moment his antlers had looped 
over me like brancheson a tree. | smelled his breath as he turned 
and walked away slowly. Through my eye contact, | apologized 
for my intrusion and swore | would call out loud before entering 
the area in the future, 


Here’s Mud in Your Eye 

The homesteader in the Adirondacks needs to utilize 
both modern and ancient methods of survival when it comes to 
the insect world. For example, insects are particularly fierce dur- 
ing the short summer in the far north. Early in the day, black flies 
were biting even the corners of my eyes by 9:00 A.M. By noon, 
my upper arms were filled with itching lumps, the back of my 
neck was bleeding from my scratching, and | had swallowed at 
least four of the beasts. 

had literally used bottles of insect repellent, but even the 
heavy-duty spray from the Grand Union in Indian Lake was not 
working. The black fly problem wasso great that all of us were sick 
from the toxins in our body from both the flies and the chemicals, 

One time | came home to a prostrate husband, bloated 
and swollen from at least 400 black fly bites and sporting a tem- 
perature of over 103 degrees. A trip to the town doctor was in 
order. Since that time, we discovered the use of smudge pots. In 
fact, smudges soon became a skill we excelled in! Smoke wafted 
from our campfires, pails, upside down wastepaper baskets— you 
name it. The black flies were kept at bay. 


Building a Smudge Pot 


In the neighborhood dump area we were able to remove 
lidded tin cans, the 20-gallon type. Manufacturers distribute 
products in them. In the city | would ask local garages for oil 
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cans, and restaurants for old lard cans. Ifall else fails, use an old 
wastepaper basket and make a thin lid to fit. 

The can must be washed thoroughly and pre-burned for 
safety. Build a fire using paper kindling. Cover and wait until this, 
burns out The “clean” smudge 
pot needs a door in the base. 
Cutting would be simple using 
modern tools, but in the “home- 
stead times” we used a nail and a 
rock. We placed holes side by 
side, much like you might open a 
can without a can opener. The 
door to a 20-gallon container 
might be 6 by 8 inches or even 
smaller. Don't cut the fourth side 
ofthe rectangle, and bend out the 
door. Smudge cans last for a sea- 
son or more according to how much use the “hinge” side gets 

Be sure the lid fits if you use a makeshift wastepaper bas- 
ket or thin pail. Control your airflow by leaving the lid off, open- 
ing your door a couple of inches, and experiment with keeping a 
fire going. When you have coals, place a moist material over 
them and stand back. Your smudge is smudging. After a while, 
from the size of smoke, you can tell when to add more wood, 
open door and lid, or add more smudge material. When you go 
away, simply put the lid on and shut the door. 


‘Smudge pot. Metal container 
with lid, rolls of moss. 


Smudge Materials 

+ Grass clippings (be sure you don't use toxic plants like 
poison ivy, oleanders or chemical sprayed lawn clippings). 

+ Moss- any kind works well. 

+ Wet Sawdust. 

+ Other material, such as newspapers soaked with water, 
wrung out and tightly waded up. the tighter the wad, the 
longer the smudge. 


The Last Hunt 


The transition from meat eater to vegetarian was a diffi- 
cultone. Nevertheless, it seemed the best way to follow through 
on an environmentarian lifestyle. 

One day my son Todd accompanied me hunting, the first 
time for him. | know now that hunting was probably a mistake, 
but | hadn't suspected the eight-year-old did not know where his 
meat came from. | performed my usual stone-throwing act, and 
shot the first rabbit that ran out from behind the lumber pile. 
Unfortunately, the rabbit rolled over, righted himself, and to my 
horror continued to run straight for us. | took careful aim and 
shot it just a few yards from where we stood. The rabbit fell, 
twitched, and then was sill. Todd screamed, horrified at me. 
“Why did you do that?” 

I heard myself saying, “We eat them for dinner. That's 
why we grow them.” 

He stood defiant and drew himself up into a proud, 
straight position and said vehemently, “Well, | don’t have to eat 
them again, and | won't—ever!” Todd walked off in a rage. He 
meant every word he said, and that was the last kill | made for 
food from the mammal world. Asit says in Genesis 1:29, “Behold, 
Thave given you every herb bearing seed, which isupon the face 
of al the earth, and every tree, in which is the fruit ofa tree yield- 
ing seed; to you it shall be for meat.” 

My theory now is that if we could see the reality of taking 
life, we would all be vegetarians. Happily, many youngsters are 
being introduced to this thought by activists or through the ani- 
mal rights movement. This may well change people's eating 
habits in the future. 


Foraging on the Way Home from Work 

Although we were still learning to survive on our own, 
we needed to continue earning money for a while. The eight-and- 
a-half-mile stretch of Cedar River Road became a pathway for me 
to a job at the Cedar River House: a famous hotel often visited by 
dignitaries. The hotel needed housekeepers, so to earn extra 
money | worked there one challenging summer. The hotel no 
longer exists, but the trip to and from work isa treasured memory. 

Sometimes | asked for a ride, but usually | welcomed the 
long trek home in order to sample the food along the way. | 
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would consume large amounts of red clover, crabapples, and 
dandelions on these trips. Indeed, endurance and energy were 
sustained by these wild foods. 

The deer became accustomed to my ways; and as | 
passed by them, they made no more than a faster twitch of their 
tails to acknowledge my presence. 

Tonce saw a large bear along the road eating crabapples. 
He raked the apples from the branches of the tree with ease, then 
dropped down on all fours and pulled them up into his mouth. | 
watched him from a distance of a hundred yards, feeling very 
exposed. | waited more than twenty minutes for him to get his fill 
before | walked on. There wasno need to disturb the feeding ani- 
mal when | could avoid doing so, even though my family was 
waiting for their dinner. 


Fire Making 

I became an expert fire maker through daily repetition. 
We gathered kindling from around the area and found twigs for 
tinder underneath the branches of a balsam or pine tree. Birch 
bark became a favorite fire starter. Even through torrential rains 
and high winds, the birch bark always burned steadily. 

There are many types of outdoor fires. My favorite fire pit 
was dug where there were no roots or rocks. It was located near 
our old homestead, with a rain barrel within a few feet in case of 
emergency. | used a shovel to sprinkle dirt over the fire when | 
had to leave it quickly. 


‘The shanty, fire pit & wood pile. 
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After a few months, the dirt had been dug out and reused 
so many times that the ashes and dirt were a fine powder. Afraid 
of breathing the lye of hardwood ashes and dirt, | began to use a 
large piece of sheet metal, throwing it over the fire quickly. It 
wasn't long before | discovered this metal was a stove like the 
most modern type. | began to make roaring fires with the sheet 
metal on top, and | would simmer, boil, and fry all on one safe 
surface. In pouring rain or blizzards this method worked excep- 
tionally well 

| found that a piece of sheet metal also served as a cover 
for a banked hardwood fire, and the coals would last until morn- 
ing. If we went on a long foraging trip, the sheet metal cover 
helped prevent our coming back to a cold fire pit at dinnertime. 

‘A fire pit holds a dug-out below-ground fire. A fire ring 
isan above ground safety rock ring around a fire area. 

After a deep snowfall, we dug out the fire pit to prepare 
our meal and cooked in the middle of a snowstorm. During 
spring and early summer, we would cover ourselves with mud 
while cooking to protect ourselves from insects. 

Scanning the coals 
using my hands, | could deter- 


Oee mine which areas of the fire 
i. would be used for cooking 


each dish. To control the boil- 
ing level | added twigs or 
hardwood to the fire. Since 
tending the fire and stirring 
the food are a constant chore 
when using an open fire, the 
children were often called into 
action. On Thanksgiving they 
spent eight hours turning a 
well-stuffed turkey over our 
fire pit. 
My favorite type of fire 
ring was open on one end. | 
Fire ring and cooking. pushed the long logs in as I 
Open-end fire, with logs that are needed them; putting a new log 
rolled over to control heat level. gn the fire means fresh fire or 
flames in the surrounding area. | made hotter areas for simmer- 
ing or boiling by adding new twigs r fresh logs. The hot rocks on 
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the sides were used for toast or baking cakes. | greased the rock 
for best results as | would a pan. 

To cook on our campfire, | used a spit for long-term roast- 
ing, coals for baking, and hot rocks for making toast. | baked 
main meals in coals (casseroles). Hot rocks and back burner held 
breads, which were unleavened, pita-like cakes throughout the 
wilderness years. Toast in particular tasted fantastic when done 
on the open fire. | would turn the bread when | saw the tiny coils 
of smoke appear at the edges, and | learned to keep the bread to 
front edge of the grill to avoid burning the hair on my arms. 

In the dead of winter | especially enjoyed cooking over 
the open fire. There were times when my back was thick with 
snow, but | was oblivious to discomfort. | would squat in front of 
the fire and relish preparing my family’s meal. The personal chal- 
lenges of foraging for and cooking our wild foods over our camp- 
fire gave us all a special appreciation of our daily meals. 


‘Swamping 

Our camp was bounded on the east by a vast cattail 
swamp and so the food became a mainstay. 

“Swamping” brings out fantastic feelings. The marsh 
odors and insect life opens my senses and | feel animal-like. | 
made the mistake of wearing sneakers the first time | went out. "A 
little mud won't hurt me,” I thought. Unfortunately, swamps and 
marshes have a tendency to suck the sneakers from your feet. As 
you step up, your shoe stays behind. And to retrieve it from the 
muck is no small feat. Marsh mud is thick, gooey, and smelly at 
the least 

Detractions aside, a a 
number of edible plants can be 
found in marshes. All the 
plants described in this guide 
are fresh water plants. Mint 
and arrowhead are prolific, 
while meadowsweet and black 
birch also grow among the cat- 
tails. 


When you go swamp- 
ing, wipe a thin layer of mud on 
your face (temples to cheeks). 


‘Swamp Grasses. 
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electric vehicles, ie. a running gear of these vehicles 
was created by this company. In January 1900 The 
Cyclist magazine reported that this company had built 
an electric vehicle which had already been tested. A 
picture of this first electric vehicle by “Frezer and Co.” 
can be found in advertising publications of those years. 
Various firms proposed the innovation for sale and 
described its technical characteristics 


Frezer electric vehicle was four-seated, had two 
engines whose total power came to 7 hp. The 
advertisement booklets reported as following: “The 
accepted system of accumulator is remarkable for its 
solidity and life-time. Capacity of the elements is about 
15 Amperes/ hour per a kilogram of electrodes. The 
size of the battery is defined according to calculation 
of 120 W/n per one ton and per one-kilometer of the 
distance; its weight is equal to 30-40% of the total 
weight of the vehicle including a payload”. Weight of 
Frezer electric vehicle came to 70 poods (1120 kg). It 
made the speed of 15-18 km/h and required recharging 
every 35-50 versts of the path. The second variant of 
Frezer electric vehicle differed from the first one for less 
weight of the accumulator which was located above 
the rear axle. 


In addition to the four-seated vehicles, Frezer Company 
produced two-seated electric vehicles equipped with 
engines of 3.5-hp power. The two-seated electric 
vehicle was remarkable for its more perfect steering 
tube. There is known one specimen of this model 
purchased by somebody from Riga (Latvia). Moreover, 
on the territory of “Frezer and Co.” there was a station 
for recharging accumulators of the electric vehicles. 


In the period of the Soviet Union pilot batches of electric 
vehicles began to be produced only after the II World 
War. In general there were small lorries applied for 
transportation inside great buildings, for example, in 
a main post office or an airport. 


Now there is a great probability that Moscow will be 
the first Russian city where the electric vehicles can 
find mass application. Russian capital suffers from gas 
pollution which is especially heavy in the center of the 
city. At the same time the budget of the city allows 
acquire own ecologically appropriate transport. Now 
financing of production of the electric vehicles is 
realized through the Fund of Ecologization of Moscow 
‘Transport. The means are assigned due to income taxes 
coming to the budget of the city. 


To tell the truth, citizens of big cities know electric 
vehicles very well, i.e. usual trolleybuses and trams 
are electric vehicles despite they are not autonomous. 
An autonomous public electric transport has one 
advantage which is especially valuable in the 
conditions of the cities overcrowded by cars. This 
advantage is their mobility. Trolleybuses are 
inseparable with their wires that causes decrease of 
their maneuverability. For example, they cannot pass 
several cars which have been parked wrongly. In this, 


case a maneuverable and autonomous electric vehicle 
will run to the center of the road and pass the obstacle 
with ease. 


A Moscow company named Eltran which deals with 
exploitation of electric transport has developed a model 
of EV which runs the distance of 60 kilometers without 
recharging. Total recharging of this electric vehicle 
takes about § hours, however a half of required energy 
they can obtain for 1 hour. Hence, if the accumulators 
are recharged before their full discharge then this 
vehicle can operate constantly. However, a developed 
infrastructure of charging stations is necessary for this, 
aim. 


From the economical point of view, EV does not yield 
to trolleybuses and trams which house more 
passengers but run twice more slowly than the 
autonomous and compact EV. Therefore EV does not 
experience difficulties in jams in the conditions of the 
traffic of the city. It maneuvers easily in thick traffic 
current. 


Unfortunately, now EV cannot replace automobiles 
equipped with internal combustion engines. 
Imperfection of its accumulator batteries does not allow 
it to become a public vehicle. The battery imperfection 
causes a small run on one recharging, long cycle of 
recharging, and high price of the electric vehicle. 


To tell the truth, EV has important advantages. 
Maintenance charges of EV are lower than the charges 
of the standard automobile requiring expenditures for 
support of cooling systems, powering systems and 
exhausting systems. The lifetime of the electric engine 
comes to 10 thousands hours. Quantity of operations 
for maintenance of the engine is minimal. For example, 
it is necessary to change brushes in the de motor from 
time to time. As for a modern three-phase electric motor 
and synchronous ac motor they are practically 
maintenance-free. 


EV is easy to drive. To start the car you should only 
insert the key, tum it and press the accelerator pedal. 
You do not need to make any manipulations with 
adherence or gearshift. 


Use of EV is justified in so called zones of higher 
environmental requirements that are cities, parks, 
vacation resorts. Electric buses, developed by Eltran 
run in the public green space of All-Russia Exhibition 
Center. There are about ten compact commercial EV 
operating in Moscow. 


Taking care of environmental sanitation the 
management of AZLK (big automobile plant) has 
developed EV on the basis of two production 
automobile models “Moskvich-2141” and “Moskvich- 
pikup-2335”. “Moskvich-Elektro” (Fig. 1-2) at fully 
loaded mass of 2060 kg accelerates up to 60 km/h at 
15 seconds. Maximum speed of the load-free vehicle is, 
110 km/hour. Cruising range at one battery charging 
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In fact, smear mud on as much skin surface as you can. This gives 
you a neutral marsh odor and bugs won't pay as much attention 
to you. 

| would lay boards down on the marsh one in front of the 
other asa stabilizer. When I was ready to move on, | would pick 
up the first board and lay it down again in front of the second, 
You get to keep your shoes this way. 


Using the stream to wash cattails 


Water Hauling 
Water is a basic need 
for all of us, but when you live 
in the city, you take it for grant- 
ed. Our transition from city 
water to wilderness water was 
@ monumental adjustment. 
Ken did most of the 
water hauling, but there were 
many days when | shared the 
burden, carrying the five-gallon 
container on my back. The 
feeling was one of extreme sat- 
isfaction—filing, hefting, and 
toting the container to camp to 
supply our water needs for sev- 
eral days. 1 would use the 
drinking water one day and 


The Wash Rock 
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‘Awash ring 


then use the leftover water for cooking, washing, and preparing 
food. We also placed rain barrels in strategic places and washed 
ourselves with biodegradable soap when saponin (ather-produc- 
ing) plants weren't available. At the river, everyone had his or 
her favorite spot to bathe in privacy. It was easiest to wash our 
clothes there, too. 


Icicles 

Under our uninsulated roof were the largest icicles | have 
ever seen. We used them for water. If we dropped one indoors, 
we squealed with delight as we chased the broken sections all 
around the linoleum floor of the camp kitchen. The average ici- 
cle was about four to six feet long and sometimes 12” or more in 
diameter. 1 could not 
leave them alone. 

My son Todd 
helped me with this 
chore. Ice and snow 
melt at a great rate of 
speed in a bucket that is 
set into the top hole of 
the wood stove. A giant 
icicle might make four 
pails of water when 
melted. It was a true 
gift to the person wash- 
ing clothes, dishes, wild 
foods or themselves. Tcicles 
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Reverance for the Wilds 


The following poem was given to me by my mother, 
Ruth. It expresses my feelings for my time spent in the 
‘Adirondack Mountains, Its author is unknown, but the poem is 
from the early nineteenth century, reprinted from Nirvana Lodge 


Log Book, Indian Lake, New York. 


‘A Camper's Prayer 


God of the Hills, grant me Thy strength 
to go back to the cities without faltering. 
Strength to do my daily tasks 
without tiring and with enthusiasm. 
Strength to help my neighbor, 
who has no hills to remember. 
God of the Lake, grant me thy peace, 
and Thy restfulness. 
Peace to bring into the world of hurry and confusion. 
Restfulness to carry to the tired ones, 
whom | shall meet every day. 
Content to do small things from littleness, 
Self control for the unexpected emergency 
and patience for the wearisome tasks. 
With deep depths within my soul 
to bear with me through crowded plans. 
The brush of the night time where the pine trees 
are dark against the sky. 
The humbleness of the hills 
who in their rightness know it now, 
the laughter of the sunny days 
to brighten the cheerless spots in a long winter. 
Fill me with the breadth and depth and 
height of "Thy Wilderness.” 
Thou has taught me by every thought 
and word and deed. 
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The Simple Life 


The following was written by Mrs. Barbara J ennings of 
Long Lake, New York, and is included here with permission. 


Living amid the splendor and protection of the mountains, the 
people lead comparatively quiet lives. From year to year, very few 
changes take place, and everyone becomes accustomed to’ routine 
Consequently, the members of these small communities are independent 
and fixed in their ways. They keep well informed through television and 
newspapers, but because of the distance to be traveled, they don’t often 
venture away from the local scene. The tourists are accepted as a nec- 
essary intrusion and the tourist season brings enough turmoil to last the 
entire year. Every man prefers to live according to his own pace, no one 
setting a very fastone. Those who maintain a carefree existence some- 
how seem to manage nearly as well as those who do work steadily and 
live moderately. Many prefer to have less, rather than submit to the 
shackles of a time clock. 

On the occasions when we leave our towns, we are startled 
into a realization of how naive and backward we must seem. We may 
have read that skirts are shorter this season, but complete shock is in 
store when we arrive in the big city and discover how really short or 
long they are. 

‘A friend and | felt quite at ease and well dressed when we 
arrived in Utica for a shopping trip, but shoe salesman soon squelched 
me as he removed one of my best shoes and remarked, “Say, these are 
real old-timers, aren't they?” | spent the rest of the day trying to get lost 
in the crowds. 

Even the ever-present desire of women to get out and explore 
the bargains and varieties offered in the large department stores soon 
diminish once they are there. They become entangled in the confusion 
of clutching hands at the sales counters and in the hopeless attempts to 
attract the attention of tired and bored sales ladies. Even the latest meth- 
ods of salfservice result only in standing in long lines waiting to be 
checked out. More often than not they return home weary and empty 
handed, resolving to remain a slave to the mail order catalogs and cor- 
nner grocer rather than submit to such indignities 

Periodic trips to the bustling city are sufficient for anyone 
claiming to be a mountaineer by birth or by choice. They are ready to 
return to their towns where the roads may wind endlessly, but stop- 
lights and traffic cops are nonexistent. No one waits in a booth ready 
to extract a toll. Even in this highly complicated and sophisticated 
age, the values of a simple life cannot be denied. 
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Left: Violets Right: Cattails 


Foreground: lambs quarters 
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An Introduction to Edible Wild Plants 


My life has been spent in two geographically opposite 
environments, giving rise to an environmentarian diet mixing 
woods & wilderness with Arizona desert. This experience is 
reflected here in the wild plants | choose to write about and the 
Uses I've made of nature's bounty. 

In many ways, the history of the United States documents 
people's efforts to survive. This is especially true of Native 
‘Americans, who spent long years establishing roots in this soil. In 
the Eastern wilderness, the Iroquois were bark eaters. Intense 
cold gave rise to the habit of eating fern roots, balsam needles, 
and pine bark, and of chewing black and white birch pith. Native 
Americans invented ways to dig roots from under the snow, such 
as for ferns and wintergreen. 

In the West, specifically in what today is southern and 
central Arizona, the Hohokam were the nation’s prehistoric peo- 
ple. From 300 BC to 1450 AD, they were hunters and gatherers. 
Wild foods were their diet, including cholla, lamb’s quarters, 
amaranth, purslane, and saguaro 


Hopi, 
ee al 


sills 


oe 
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Cross section of Arizona Desert by Willie Whitefeather 
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From these people came the desert Pimas, Navajos, and 
Hopis of the Southwest. Even today wild foods are a large part of 
the Papago Indian’s diet, which includes milkweed, bulrushes, 
cattails, phragmities, amaranth, sumac, asters, thistle, sunflower, 
wild lettuce, chickweed, mustard, shepherd's purse, mint, plan- 
tain, sheep sorrel, purstane, willow, and rose (Hodgson 1982). 

Just as Native Americans followed the patterns set by 
their environment, | found myself doing the things that nature 
made most obvious for me. | also studied the ways of people who 
had come before me. 


Some specific foraging heritages | learned about are: 


* Abanakee (People of the Bark)-eaters of birch, balsam, 
and willow 

+ Algonquin (People of the Coast)-eaters of amaranth and 
lamb’s quarters 

* Blackfoot, Chippewa (People of Canada)-rice eaters 

* Cayuga (People at the Landing)-vegetable eaters 

* Oneida (People of the Standing Rock)-vegetable eaters 

+ Objibwa (People above the Climate Line)-rice eaters 

+ Iroauois, Eastern Mohawk (People of the Flint & Keepers 
of the Eastern Door)-bark eaters 

+ West Seneca (People of the Great Hill & Keepers of the 
Central Fire)-bark and vegetable eaters 


The point is, no matter where you live, you are going to 
draw upon the heritage of those who went before you. We can 
learn an immense amount from Native Americans. Climate, ter- 
rain, existing plant life, and economical use were all considera- 
tions of native peoples. The same plant might be used quite dif- 
ferently in different regions. To make use of the wild foodsin your 
area, study your local Native American heritage. You'll find the 
information in local museums and libraries. Also, native teachers 
are often available, reached via earth gatherings, through organ- 
izations, at powwows, and such. 
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‘A Basic Food Source 

‘Although some wild foods are best utilized in one partic- 
ular way, such as steeped for tea, others have multiple uses and 
applications. In fact, it sometimes seems as if a single plant can 
meet just about all our needs. Such is the case with clover. We 
can eat it fresh or raw, or we can cook it, dry it, freeze it, or grind 
it into flour and bake it. 


BS 3997 (AD 


Clover: raw, cooked, dried, frozen or ground into flower. 


The same can be said for amaranth, aster, chickweed, 
dandelion, dock (with some restrictions), lamb's quarters, mal- 
low, nettles, plantain, purslane, shepherd's purse (with some 
restrictions), sow thistle, tumbleweed, and wild lettuce. 


Gathering 


The chart on the following pages delineates the uses of the wild 
foods discussed in this book. 
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is 100 km, and it comes to 80 km with 400 kg of load, 
At present Electrical Vehicle “Moskvich" is filled with 
imported component parts, which are cheaper but 
functional. In time it will be supplied with Russian 
equipment that will make it cheaper. 


Fig. 3 


‘The model of truck equipped with electric motor “ZIL- 
Electro”, the authors of which being called “AVEKS” 
and “Optimum-electro", also enjoys the support of the 
Fund of Ecologization of Moscow Transport. Various 
privileges and free passage to any location in public 
geen zones are promised to the future owners of *ZIL- 
Electro” 


Forty-eight lead-acid traction batteries of roll type 
(Optima battery) are hanged in pairs along the ramps 
of the truck. They are united into 4 sections (Fig.3). 
Capacity of these batteries is enough for 70 km 
running. Probable charging station for these machines 
is the loading/unloading point. Charging time varies 
from 30 to 60 minutes. Substantial disadvantage of 


the model is that batteries take away a great 
percentage of carrying capacity. Among the 
advantages of the model there are small internal 
resistance, fast recovery (to 400 A), discharging to 
zero level without serious consequences. 


A traction induction unit “ATAD-Optimum 50/120" 
serves as the engine for “ZIL-Electro”. Its weight is 
only 100 kg and it doesn’t require any diesel generator 
or transmission that compensates a little the loss of 
carrying capacity. 


‘The engine is very simple. It is a non-contact rotor of 
a “squirrel cage” type rotating on the bearings. No 
brushes are used. Thus expensive maintenance is 
postponed for uncertain date. On the other hand there 
is asynchronism. It means that some equipment is 
needed for converting into three-phase current and 
further frequency and amplitude adjustment. 
However it is expensive and complicated. 


In spite of all existing disadvantages, Electric Truck 
is considered to have a bright future ahead of it. There 
several reasons for that: 


1 The vehicle is manufactured from cheap 
production component parts. 
2 The system of optimum vector control of the 


drive is introduced. (The torque and shaft speed of 
rotation is regulated precisely, energy of the batteries 
is used rather efficiently.) 

3 Microprocessor system with feedback coupling 
and great number of sensors (current sensor, heat 
sensor, velocity sensor, voltage sensor) minimizes 
losses, prevents the motor and batteries from 
overheating, protects mains from short circuit in case 
of an accident. 

4 The vehicle is reasonably priced (for such an 
exotic object) ~ about $26 000 USD subject to serial 
production. 


Volzhsky automobile plant has already been engaged 
in research of EV for a quarter of a century. Over 10 
original models have been designed and produced for 
these years. They have been appreciated abroad as, 
well as in Russia. These are electric vehicles “Poni”, 
“Oka”, “Elf”, “Gnom”, “Niva”, “Rapan” “Lada-golf’ 
ete. 


‘The models manufactured on the basis of VAZ-1111 
“Oka” became the most popular among them. These 
EV received many different rewards, and became 
world-renowned. For example, VAZ-111E “Oka”, 
manufactured in 1993, kept all merits of a production 
midget car. Use of electric motor makes it a non-toxic 
and noiseless vehicle. Efficient fast-acting short 
circuit protection eliminates current rush, providing 
absolute car operating safety. 


In EV of VAZ manufacture two direct-current motors 
are commonly used as a power-generating set. The 
first is a 25kW capacity motor with torque of 110 Nm. 


Picking Wild Foods 

State and local regulations on picking wild plants vary, 
but mostly there are restrictions against taking plants or plant 
parts on public land. You should always check with park officials, 
before foraging anywhere but on your own land. 

In gathering plants, pick only on lands off non-posted 
access roads or from fields with owner's permission. Move from 
place to place, picking sparingly and only when there is several of 
any one plant. In addition: due to nature’s changes and people's 
advances, many plants are now endangered. Even though this 
guide's plants are not endangered now, they may be in the future. 
Check your Local State library or Department of Agriculture for 
updates. Do not pick any endangered plants on private property. 


FORAGING RULES 

1. DO NOT collect plants closer than 200 feet from a road. 
2. NEVER collect from areas sprayed with herbicides, pesti- 
cides, or other chemicals. 

3. ALWAYS be familiar with all dangerous plants in the area, 
4. POSITIVELY IDENTIFY all plants you intend to use for 
food or medicine. Check against three good field references 
with excellent illustrations. 


If you are trying a plant for the first time, after checking 

your field guides, do the following: 

1. Snip a piece of the plant and roll between your fingers and 

sniff. Discard if objectionable. If you like the smell, then rub the 

tiny piece on your GUMS, above your teeth. 

2. Wait twenty minutes. 

3.CHECK For burning, nausea, stinging, itching (all allergy 
results). Poisonous plants USUALLY produce one or more of 
these symptoms. 

4. If no untoward reaction results, take another tiny bit of the 
plant and make a weak tea. (Place piece in teacup, pour boil- 
ing water over, cover, and steep for 10 minutes. Ingest a small 
amount) 


2 


5. Wait another twenty minutes! Check for signs of irritation. If 
none, then reheat the tea and sip sowly. 

6. Keep all samples away from children and pets. Keep edibles sep- 
arate from samples to be identified—poisons will give their bad 
qualities to food through contamination. Bag foods, poisons, 
and samples separately. 

7. Be aware that heating or boiling does not always destroy tox- 
icity. 

In general, it's a good idea to store all seeds and bulbs 
away from children and pets. Tape down the lids or use a locked 
closet for any questionable foods so children cannot reach them. 
Likewise, teach children to keep all plants away from their mouths. 
Do not let children chew on or suck nectar from unknown plants. 

‘Avoid smoke from burning plants. Smoke may irritate the 
eyes or cause allergic reactions. Also, be aware of your neighbor's 
habits with regard to chemicals, pesticides, and herbicides. Ask 
questions! Call and report any chemical spills, contaminated areas, 
or other situations that may negatively affect your gathering safety. 


Growing up with Wild Foods 

“Asa child, | always mashed and ate wild plants. This wor- 
ried my Daddy. He began to teach us what not to eat and what good 
plants to enjoy. He showed us how to pick flowers from the top of 
ocotilo plants while on horseback. We sucked the honey from the bot- 
tom of each flower, much as Easterners used honeysuckle. The ocotil 
lo flowers are just delicious. Our parents ran a cow ranch in Mohave 
County for fity years, and we picked our ocotillo flowers often from 
horseback. A lovely life!”—Danielle Stephens, Kingman, Arizona. 


Gathering 

Decide which plant you will harvest on a particular day 
and take along a basket, a bag, or a sheet. Burlap is excellent if you 
are going to dry the plants, but biodegradable plastic bags gener- 
ally are better for gathering because burlap gets heavy when wet. 

Do any aquatic plant gathering in the morning, asthe cool 
air and water will keep your collection fresher. Plastic bags are 
waterproof and lightweight, but remember to use biodegradable 
bags, and reuse them as often as possible. (Do not leave wild food 
in the sun, especially inside a plastic bag, because the food will 
wilt quickly; | have spoiled hundreds of milkweed buds this way!) 
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A flat, round tray also works well for gathering in tall 
grass, especially when gathering fireweed. It can be great fun 
wading through a field of these magenta flowers, snapping off the 
tips and tossing them onto a tray held above your head. 

For most gathering, | use a clean sheet and a two-foot 
section of string. A small amount of wild food will fit in your bas- 
ket or bag, while a winter's supply will fill a clean sheet. When 
the sheet is folded up and tied with a string, itcan be hung up eas- 
ily in a warm, airy spot to dry. The sheet method of collection also 
allows the bugs to crawl out of the food and provides an easy 
view of how much you have gathered. 

When gathering wild foods, remember that certain plants 
snap off easily while others are better cut cleanly with a knife or 
scissors. If the plant gives you any resistance to a snap, give way 
to a tool immediately. A clean cut will help the plant recover 
quicker and you'll have greater gathering speed and accuracy. 

Cutting a batch of leaves on the stem is simple when you 
hold the stem with one hand and with the other cut the stem with 
a sharp knife. When | gather with a penknife or scissors, | slide 
my fingers into the middle of the clump and go for inside growth. 
The plant then folds up around what | took and rejuvenates nice- 
ly. Goldenrod, asters, yarrow, and Queen Anne's lace work espe- 
cially well this way. 

If you're using the sheet method, you may want to strip the 
leaves off the stems while gathering for ease in drying. At this time 
you can also separate your favorite flowers for tea. Don't forget to 
save the stems, though, as they can be valuable, especially mint, 
spearmint, yarrow, and thyme. 

When you've gathered enough, pull the corners of the 
sheet together, and use the twine to tie it closed. | often hang the 
bundle from a tree 
or other obvious 
spot and retrieve it 
later. This method 
also helps mark the 
trail. (I use a cactus 
in the desert since 
trees are sparse.) 
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Tie enough stems together to make a bunch, but be sure 
the leaves aren't packed too tight, lest you prevent air penetra- 
tion. Asa rule, when you swish the bundle in the air you should 
“feel” and hear the air moving through it. 

Waists and belt loops also work well for carrying bundles 
of plants. You can also use burdock leaves or mullein to roll up 
several smaller items. Roll up nuts inside large leaves and put 
them in your pockets as you go. Fruits, twigs, nuts and flowers all 
wrap well in large leaves. 


Leaf Bundles: A) White birch bark waterproof container, B) A bark 
tray, C) Hollow bark, D) Burdock leaf wrapping for small foods, E) 
Mullein leaf wrapping for small objects, F) Kit of white birch 
strings, and G) Bundle of foods, grasses or twigs. 


In summary, here isa list of tools! generally use for gathering: 
+ A sheet 
* Scissors 
+ 2-foot length of string 
iodegradable plastic bags 
+ Penknife and Bowie knife 
* Gloves 
+ Snake stick with fluorescent handle (in the West) 
+ Hand axe (in the East) 
* Burlap bag 
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Washing the Foods 

Certain plants attract aphids, ants, and “no-see-ums,” as 
well as collect the usual dirt and dust. In the Adirondacks a near- 
by stream is always available, so washing large quantities of plants 
is always easy, no matter how dirty they are. But in Arizona, 
apartment living demands the use of a bathtub—it’s the easiest 
way to wash a large quantity of food. Of course, it's always best 
to use a hose first, especially for roots, eliminating most of the soil 
before taking them into the house. 

When cleaning small plants or bunches of leaves that 
aren't too dirty, it’s a good idea to use a drainable container such 
asa colander. Some containers can be made to drain by poking 
holes in the bottom. Some plants may need more soaking, how- 
ever, and may even need to soak overnight. In this case, soak in 
1/4 cup vinegar to a tubful of water. In any case, it’s best not to 
put too many types of plants in the same tub, since you may have 
difficulty separating them later. 

Finally, here’s a quick tip that will make it easier to clean 
your tub and prevent a clogged drain: Before filling the tub, 
place a piece of cheesecloth over a rubber stopper and use it as 
the plug. When you're ready to drain the tub, pull the stopper, 
but hold the cheesecloth in place. When the water is drained, 
just shake out the cheesecloth and save it for the next time! 


Edible Wild Flowers 


The following are common wild flowers | utilize often. 
Birch catkins— unopened catkins eaten raw or brewed as tea. 
Dried or frozen for storage. Also cooked. 

Blue Asters—All wild asters and flower buds may be eaten raw, 
cooked or dried and ground for flour. 

Cattails—Flowers and flower buds are eaten raw, cooked, or 
dried and ground for flour. Used in tea. 

Chamomile—White flowers and flower buds may be eaten raw, 
cooked, steeped for tea, or dried for storage. 

Clover, Red or White—Flowers and flower buds are eaten raw, 
cooked, dried for tea, & frozen in ice cubes. 

Dandelions—W hole flower and flower buds may be eaten raw in 
salads, stir-fried in garlic, frozen for use later. Used in tea. 
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Fireweed—W hole flower and flower buds are eaten raw, cooked, 
or dried for storage. 

Goldenrod—Whole flower and flower buds are eaten raw as a 
tonic, and dried for tea. Frozen for storage; used in tea. 
Maple—Flower buds are eaten raw, cooked, or dried for tea and 
storage. Can also be frozen. 

Meadowsweet—Flowers and buds are eaten raw, cooked, or 
dried for a sugar substitute or tea. 

Milkweed—Eastern flower is cooked as a vegetable, or frozen or 
dried for storage. Western varieties are caustic from desert sand. 
Mint—Flowers and flower buds are eaten raw or cooked, or 
dried for storage; frozen in ice cubes; used in tea. 
Mustard—Flowers and flower buds vary in intensity; may be 
cooked or eaten raw, and frozen. 

Pine—Pine flowers or young cones are called catkins and are 
eaten raw, cooked, and dried for tea; also frozen. 

Prickly Peat—Flowers are eaten raw in salads, and cooked; 
frozen for storage. 

‘Queen Anne's Lace— Flowers and buds are eaten raw, cooked, 
frozen, and dried for storage. 

Roses—Flowers and flower buds are eaten raw in salads, cooked, 
also frozen in cubes for storage. 

Thyme—Flowers and buds are eaten raw, cooked, or dried for 
tea; also frozen. 

Violets—Flowers and flower buds are eaten raw in salads, 
cooked, and dried or frozen for storage and tea 
Wintercress—Flowers and buds are eaten raw, cooked, and 
dried 


For information sections on drying and freezing flowers, see 
pages 33, 37, 39, 42 and 43 respectively. 


Wild Popsicles 


Edible Roots 


During my homesteading days | became interested in the 
many uses of plant roots. A particular experience gave me a last- 
ing respect for the roots of wild plants. 

In mid-winter, the ground was frozen and a snow- 
encrusted world was our environment. My son Todd had devel- 
oped a bad cough. Soon Todd's condition worsened and he was 
coughing steadily. He needed more than the usual remedy of 
pine tea and honey. | knew about the antihistamine properties of 
mullein root. | could see the tall brown spikes of mullein poking 
above the snow like sentries standing beyond our camp. But the 
temperature was 20 degrees below zero and the ground was 
frozen solid 

The woodstove was filled with hardwood coals. | col- 
lected a pail of coals, put on my snowshoes, and went out to 
make a path to the closest mullein plant I could find. 1 scraped 
away as much snow as could from around the plant and poured 
the hot coals on the icy crust atits base. (A very heavy pail isnec- 
essary for this, as coals will burn through a thin pail very quickly.) 
Sizzle, sizzle. The coals sunk quickly into the crusty ice. | 
returned to the house and fetched more coals. Pausing a few 
minutes between pailfuls, | scraped away each layer of slush until 
Ireached mud. | placed a circle of dry wood around the base of 
the plant and made a large campfire inside the circle. With the 
wood concentrating the heat at the plant's base, the fire became 
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hot in no time. | used birch bark to keep it very hot, adding a 
large sheet or two at a time. We were lucky to live next to a 
sawmill that cut white birch logs, and sheets of bark were plenti- 
ful. Never cut birch strips off a live tree. 

‘After a long, cold hour, | scraped the remaining coals out 
from the circle and easily dug out a foot-long mullein root. It was 
partly decomposed, but there was more than enough root to 
brew a concentrated tea for Todd. He drank 2 tablespoons every 
hour, and his cough was calmed. Mullein root tea is an effective 
expectorant, helping Todd discharge mucus from his throat and 
bronchial tubes. This wintertime experience gave me untold 
security, knowing that mullein roots were out there if we needed 
them for medicine or food. This “underground farm” took on 
new meaning: it was available to us even through several feet of 
snow and in 20 below temperature. 


The following edible roots are ones | use: 
Amaranth—Used asa vegetable; dried & ground for flour. 
‘Atrowhead—Tuber used as potatoes. 
Balsam fir—Used for medicinal purposes (sedative), & tonic. 
Burdock—Used as a vegetable, dried and ground for flour. 
Cattail—Dried and ground for flour. 

Chicory— Used as a coffee substitute. 
Dandelion— Used as a vegetable and tonic. 
Evening Primrose—Used as a vegetable flour. 
Fireweed—Used as a medicine and a food. 
Goldenrod—Used for a blood tonic tea. 
Malva nealecta—Used as vegetable; dried & ground for flour. 
Pine—Used for tonic and stimulant as well as rope making. 
Plantain—Used for vegetable and as an antiseptic 
Purslane— Used as a vegetable; dried and ground for flour. 
‘Queen Anne's Lace—Used asa vegetable and dried food. 
Strawberry—Used asa vegetable, a medicine and as an appetite 
stimulant. 
Wild lettuce—Used as a vegetable. 


Plant roots are greatly under utilized, and their magnificent 

properties barely understood. For example, many are aromatics. 
Roses, for instance, have an aromatic root that can be 

reused many times, until the scent and color are gone. Scrub off 
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any mold or black spots before use. Mullein root can be reused 
many times for tea, as can mint roots. 

Clip newly gathered roots from the plant and scrub with 
a toothbrush. Then use fresh, or dry and store. 

To use fresh, peel the root as you would a carrot or 
parsnip and slice crosswise or lengthwise. To dry the roots, place 
in a paper bag and label carefully with the name of the plant and 
the year you collected. Hang to dry. Reconstitute in boiling 
water or place in a grinder and grind to flour. 
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Harvesting roots: peel & slice Storing roots: A) hang on wall 
either crosswise or lengthwise. _B) dry & store in paper bag 
©) store dried slices in glass jars 
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Edible Parts of Trees and Shrubs 


Many trees and shrubs have edible parts and can be a 
major source of food in the wilderness. The chemical content, 
vitamins and minerals are found in leaves and flowers, but in con- 
centrated form in shrubs and tree bark. Inner bark, the layer 
underneath bark, is the "meat" of a tree. Twigs have both bark 
and inner bark. For example, pine or balsam fir bark strips, cut 
1/3 inch to 1 inch wide, to fill a 2-quart glass container will yield 
a winter's supply of tea. One small shrub, such as a rose bush, 
can yield a winter's supply of tea. 

In calculating your yield, figure one twig, 6 to 8 inches 
long, yields a moderately strong cup of tea. This tea could be 
used as a soup base. To prepare for cooking or tea, break the 
twig several times to release the flavor and steep or boil as intend- 
ed. To store twigs and stems, place in dark paper bag. Or, place 
in glass jar and cap tightly. Wrap with opaque paper or foil to 
keep it dark. And, of course, label with the collection date. 

The following diagram shows two different methods of 
peeling bark. Method A shows types of plants which will allow 
big pieces to be peeled. Method B makes smaller wispy pieces by 
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first splitting along the length, then peeling small pieces around 
the girth from one side of the split to the other. 


Peeling bark in strips. 


The following are trees and shrubs and commonly harvested for 
their edible parts: 


+ Balsam fir—Parts of the entire tree are edible, especially the 
inner bark, sap, twigs, needles, and flower buds and seeds. 

* Birch—Entire tree is high in mineral content and medicinal 
value; sap, buds, catkins and seeds are edible. Birch catkins, 
buds, twigs and bark, as well as inner bark, are all loaded with 
trace minerals, and beta-carotene. 

+ Blackberry—Inner bark, twigs, flowers, fruits and seeds are edi- 
ble. 

+ Blueberry—The twigs, bark and roots are edible as well as fruits. 

+ Maple—Entire tree is edible, especially inner bark, sap, twigs, 
buds, young leaves, and seeds. 

+ Meadowsweet—Entire plant is high in minerals and medicinal 
value; inner bark, twigs, buds and flowers, leaves and seeds are 
not to be eaten in bulk. 
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Another one has 40 kW capacity and torque of 190 
Nm. Motors of the first type are usually mounted on 
light vehicles, such as “Golf”, “Oka-Electro”, “Elf”, 
while high-power motors are usually used for VAZ- 
2108, VAZ-2109, “Niva”’ 


The first models of electric vehicles used to be 
equipped with nickel-zinc batteries. But as life time 
of these batteries is not long, it was decided to start 
using nickel-cadmium batteries, manufactured at 
Saint-Petersburg plants “Rigel” and “Istochnik” 
Nickel-cadmium batteries are power-consuming, they 
withstand temperature of ~40°C. The only drawback 
of these batteries is their cost, and as a consequence 
a high cost of the vehicle itself. Because of that the 
final choice has been made in favor of lead-acid 
storage batteries, which were mounted at “Gamma 
Golf” in particular, thus reducing its price by several 
times. The batteries are located under the driver and 
passenger seats. They allow discharge of 80-85% and 
provide cruising range without recharge of up to 
100 km within city area and several times more on a 
highway. Power current is transmitted from the 
electric motor to the front wheels through single- 
reduction gear unit, which substitutes the 
transmission. 


For the present time electric vehicles are not 
developed to take the place of automobiles with 
internal-combustion engine in all industries and 
spheres of application, but only as a specific vehicle 
for highly specialized utilization. They are utilized 
when use of internal-combustion engine is 
objectionable or impossible. 


It is considered that so-called hybrid models of EV 
would be able to replace automobiles with internal- 
combustion engines. These are vehicles with two 
motors, an electric motor and an internal-combustion 
engine usually running on diesel oil. In this case the 
combustion engine works constantly, but under the 
operation modes of little air pollution. Besides, fuel 
consumption is also much reduced. 


In this direction real commercial success is possible. 
For example, “Toyota-Pirus” has already been chosen 
as a personal vehicle by tens of thousands of 
customers, this being a good result for such an original 
construction. 


Nowadays three circuits of hybrid propulsion system 
are generally known. The simplest one is a series 
circuit, in which combustion engine operates together 
with a generator, and battery or generator powers 
electric motor providing propulsion. Actually this is 
the same circuit of electric transmission that is used 
at quarry trucks. Its main disadvantage is great losses 
of energy at transmitting the torque to the wheels. In 
parallel circuit the output shafts of the motor- 
generator and combustion engine are rigidly bound, 
and it doesn’t allow working in steady-state mode (ie. 
with permanent rotations and load), 


In the third circuit, which is also the most commonly 
used there are an electric motor, combustion engine 
and a generator. The output shafts of all these units 
are bound by planetary differential. This allows almost 
lossless distribution of power between the units, and 
provides sustained performance of the combustion 
engine. The disadvantage of this circuit is the extreme 
complexity of coordination of units operating. 


A hybrid EV was produced in Russia by automobile 
plant “Izhmash” though it has not been put in mass 
production yet. At the developing of the propulsion 
system instead of unique components there were used 
units of Russian mass automobile production that is 
one of the fundamental design solutions. “Orbit” Izh- 
21261 was used as a base for the device. It was 
equipped with gasoline engine (of 30 hp power and 
650 cm’ capacity), drive de motor IIT-125-12 (of 120V 
voltage and 49 H/m torque) and eight accumulators 
6CE-55. Twin-engined propulsion system works 
according to the parallel circuit of engine joint. 
Electromotor serves as starter and at the acceleration 
it operates simultaneously with internal-combustion 
engine. On reaching some definite speed the 
electromotor changes its operation mode to the mode 
of generator and charges the accumulators. When the 
loads at gasoline engine increase then the 
electromotor begins to operate together with it 
Operation of the hybrid propulsion system is 
controlled by starting regulation electronic 
equipment. Control unit, speed transducer of 
crankshaft of the internal combustion engine, detector 
of the accelerator pedal etc. are responsible for 
coordinated work of the engines. 


During the tests fuel consumption of the hybrid vehicle 
“Orbit” was less by 20% than that of the usual model. 
For Russian prototype it is a good qualitative 
characteristic, however foreign designers reach better 
results, for example, “Crysler ESX3", which was 
presented in 1998 at Geneva auto show, consumes 
3.3 liter of diesel oil per 100 km of path. 


Representatives of specialized Moscow companies 
producing EV assert unanimously that these are hybrid 
electric vehicles which should change public transport 
with internal combustion engine. To encourage the 
automakers it is useful to create the proper laws 
drawing on foreign experience. For example, in 
California, USA, automakers whishing to present their 
production in the state market should put out 2% of 
automobiles with null blast. Legal system also supports 
an automobile user who is provided for free parking 
and free or cheap recharge. The user is granted with 
maximum of discounts to encourage him buying EV 
which is still twice as expensive. However it is said 
that in one of the villages situated near Moscow where 
the so called new Russians live, everybody drive 
electric vehicles leaving their cars with gasoline engine 
outside the gates. It would be quite good if EV turns to 
the real vehicle from the extravagancy of nouveau 
riches and beloved creation of ecologists. 
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+ Pine—Entire tree is edible; inner bark, sap, twigs, needles, 
catkins, and in one species, Pinon pine nuts. 

+ Prickly pear—Buds, flowers, pads and fruits of plant are edible. 

+ Raspberry—Entire shrub is edible, including inner bark, sap, 
twigs, buds, flowers, fruits and seeds. 

+ Rose—Entire shrub is edible, especially inner bark, sap, twigs, 
buds and flowers, leaves and seeds (hips) 

+ Saquaro— Buds, flowers and fruits, and seeds are edible. 

Sumac—Flowers, fruits and seeds are edible. 

‘Tumbleweed—Twigs, buds, and leaves are edible. 

* Willow—Entire tree has high mineral content or medicinal 
value and should not be eaten in bulk. Inner bark, sap, twigs, 
buds and catkins, leaves and seeds are eaten in moderation 


Teas from Wild Plants 

Gathering and preparing teas from wild plants is simple 
and rewarding. For example, a large supply of thyme for tea can 
be harvested in just two minutes with scissors, Drying requires no 
more than a screen and takes but a few hours. Using the back 
shelf of my car, | can have it dried and ready for storage in a few 
hours. In a few days, the patch grows back and | can harvest it 
again. Thisis true for most tea plants. 


Plants commonly gathered for tea include: 


* balsam fir + meadowsweet 
+ birch + mint 

* blackberry + mullein 

+ blueberry + raspberry 

* chamomile + strawberry 

+ chicory + thyme 

* clover + violet 

+ dandelion + willow 

+ fireweed + wintergreen. 


* goldenrod 
(See Part the Field Guide, for information on individual plants.) 
Picking Nettles 


Do you want to try nettles but are afraid to pick them? 
Take your gloves, a pair of scissors, and a container and head for 
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the nettle patch. Cut the leaves directly into the container, hold- 
ing the plant with your gloves. Or, to take home the entire nettle 
plant, cut two individuals of a plant that is long and straight, such 
as goldenrod. Lay them on the ground parallel like railroad 
tracks. Cut the nettle, using your gloves and scissors, pile them 
across the top. Then pull the goldenrod stems up and fold over 
so you can carry your bundle home without getting pricked by 
stickers. 


‘Storing Teas 

‘You might enjoy fresh tea brewed from raw materials 
Remember that raw material is a bit less effective and tastes 
weaker than dried. 

Wild plants or leaves that have dried until crisp can eas- 
ily be stripped clean for storage. Place a clean sheet on a count- 
er and put bundles on top. Using gloved hands, pull the dried 
leaves, seeds, or flowers down gently, then scoop up and crum- 
ble by twisting the sheet and wringing it. This is what is known as 
a rough grind. In some cases you can obtain the same results by 
using your hands. Store rough ground teas in glass jars. 

You may store twigs in “tea sizes", such as six inch sec- 
tions of willow equals approximately 2 aspirin. Six inches of a 
rose stem equals 1 cup of tea. Four inches of goldenrod stem 
equals one cup of tea. If you use a mayonnaise or quart size jar 
many cups of tea are easily stored 


Window food dryer with removable racks. 
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Flour from Wild Grains 


Bulrushes and phragmities grow prolifically in wet lands. 
They are a familiar sight to most 
of us, yet few people realize 
what a valuable food source 
they are. In both the East and 
West, | have gathered and 
ground bulrushes to make flour. 
The flour makes delicious 
muffins, cookies, and breads. 
What's more, there are com- 
mon grasses growing in most 
people’slawns that can likewise 
be harvested for flour. My 
favorites are listed on page 35. 

Gathering bulrush 
stalks is an easy task, so long as Bullrush 
the water is clean. Know where the water comes from and look 
carefully at the stems as you cut them. It is a good idea to wear 
gloves until you are well used to spotting the stems of the rushes. 
Poison hemlock may be in the same marsh, so be careful! (see 
Part Il, Field Guide, and Part V, Poisonous Look-Alikes). 

Cut one of the two stems of a bulrush plant at a time, siid- 
ing your gloved finger down the stem, cutting, and placing the rush 
up and under your armpit. As you move along, the batch of plants 
under your arm will grow. When you have enough, stop and tie 
them into a bundle. Hang the bundle in a tree or make a yoke for 
around your shoulders. Pick from the centers of the bulrush 
clumps, so the plant will grow back quickly. 

Dry bulrush in an attic, car, or other warm and dry area, 
Let dry thoroughly. They may appear to be dry, but check. The 
stems break, crack or snap easily when dry. Place in glass containers 
until you can grind the grain to flour. 

When you are ready to grind to flour, check bulrushes for 
tiny black dots. These may represent ergot, a poisonous fungus. If 
present, discard the plants. 

Each bulrush stem yields several teaspoons of flour, and 
a screen full of stems and flowers yields approximately 1 cup of 
finely ground flour. The color of the flour depends on the bul- 
rush: it will be green if bulrushes are picked early in the season, 
tan if picked later. 
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“He causeth the grass to grow for the cattle, and the 
herbs for the service to man; that he may bring forth 
food out of the earth." 

Psalm 104:14 


"Also, to every beast of the earth, to every bird of the 
air, and to everything that creeps on the earth, in 
which there is life, | have given every green herb for 
food, and it was so." 

Genesis 1:30 


Harvesting Grasses 
The following are common lawn grasses that make excel- 

lent flour. They are also known as Graminae, since they are in 
that family of plants. Since these plants are not described in Part 
Ii, check identification in several other reliable field guides. The 
grains may also be cooked whole for granola, cereal, and other 
ses. 
Barnyard grass— Echinochloa crus-galli, Graminae Family 
Barley arass— Hordeum pusillum nott, Graminae Family 
Broomsedge— Andropogon virginicus, Graminae Family 
Crabarass— Digitaria sanguinalis, Graminae Family 

Foxtail grass Setaria italica, Graminae Family 

Goosearass— _Eleusine indica, Graminae Family 

uungle arass— Echinochloa colonum, Graminae Family 
‘Quackarass— _Agropyron repens, Graminae Family 


Rye grass— Lolium temulentum, Graminae Family 

Wild oats— Avena fatua, A. barbara, Graminae 
Family 

Wild rice. Zizania palustris, Graminae Family 


Wheat grass— Triticum aestiuum, Graminae Family 
Yellow nutsedae— Cyperus esculentus, Graminae Family 


Some grains are better sheared with scissors, such as 
crabgrass. Others are easily collected using a pillow case. if the 
seeds come off the stem easily, just put the pillow case over the 
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tops, bend the grasses over, and wring the seeds off. This method 
is especially good for marsh grasses. I've happily spent many an 
evening gathering a quart or two of seed heads while watching 
the dragonflies in the setting sun 


WG 


[ 
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Barnyard Grass, Goose Grass & Wild Oats 


After the grains are dried, they can be ground to flour. 
Use your own method; grinders, processors, and mortar and pes- 
te are all successful. 

J usually clip stems to six inches from the grain. Grinding 
a bit of the stem adds to the fiber content. 

Grains contain protein, and protein is one of the building 
blocks of life. Unrefined grains are best because the natural ele- 
ments have not been processed out. Much of wheat’s protein 
and vitamins E and B® are lost in the refining process. Asa result 
we have “enriched” bread, which tries to make up for the loss. 
Isn't it a better idea to keep those nutrients to begin with? Thisis 
why whole wheat flour and whole natural grains are the wise 
nutritional choice today. Also, fiber is lost in the processing of 
wheat flour. Yet the higher the fiber content of our food, the bet- 
ter for our digestive system. Unrefined, natural grains are truly 
the only answer to better health. 

Blend one-half cup of assorted wild grains putting them 
into a wide-mouth thermos and then pour boiling water over 
them. Cap tightly and let sit overnight to create an instant hot 
cereal for the morning or the ingredients for a rough bread dough 
or wild “pancake.” Add a little vegetable flour such as amaranth 
or clover for a high-energy meal! 
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Preserving Nature's Bounty 

Drying for tea or grinding to flour, as the preceding sec- 
tions describe, are major ways to preserve and enjoy wild food, 
but there are other possibilities as well. You can collect roots, 
branches, needles, and flowers in season and either dry them or 
freeze them for later use in a variety of ways. 

In the Adirondacks, my pantry was full of wild foods pre- 
served for winter. The assortment varied from year to year, and 
when | moved West, there were many substitutes. Tumbleweed 
took the place of fireweed. Malva neglecta was used instead of 
arrowhead for flour. The caption to the illustration on the next 
page tells what wild foods! commonly had in my pantry, East and 
West. 


Typical Pantry Storage 


Eastern cupboards were always filled with certain staples. 
| did not own a freezer in those years. All staples were dried 


Car drying racks. 


Plants hanging in storage 
pantry. 


‘The Pantry 


Gallon jars of leaves included: Amaranth, asters, lamb’s quarter, 
strawberry, clover, red and white clover, chicory, daisy leaves, dan- 
delion, dock & malva neglecta. Western jars also included tumble- 
weed, mesquite beans, palo verde beans & chaparral. 

Gallon jars of twigs for teas included: Rose, meadowsweet, pine, bal- 
sam, birch, maple & willow, and, in the West, ephedra (Mormon tea). 
Separate jars of dried flowers: Aster, clover, chamomile, chicory, 
dandelion and rose, both in the East and West. 
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My closets always had a few choice branches stored 

: pine, balsam, willow, and maple. Closets in both East and 
West are filled with paper cartons of grasses for future use as flour 
and, of course, the Christmas tree and wreath from year to year! 


Preparing Food for Storage 

Once you've gathered your bounty, shake off any soil and 
wash plants, leaves or roots gently under running water. Wash all 
foods except cattail pollen. Scrub roots with a toothbrush. 

Trim off any dead leaves or parts. Remove and separate 
leaves, seeds, flowers, and roots for separate drying; or leave 
plant whole (as you might dry lamb's quarters or amaranth for 
flour). Cut stems to storage-container lengths. 


Drying Methods 

There are a few basic “don'ts” about drying food that you 
should know before you begin. Don't dry leaves in direct sun- 
light; find a warm, airy place out of the sun. Never dry foodsnear 
a road or garage, or you'll taste exhaust fumes. Lastly, don’t dry 
pine needles in an oven or microwave. They are very volatile 
and may explode. 

The best indoor drying apparatus | know is a window 
screen, convenient for either an apartment or a home. You sim- 
ply bring home your favorite wild foods, wash them well, trim, 
and shake off excess water. Lay the foods on the screens, keep- 
ing any branches apart somewhat. Slide the screen into bracket 
and start the next screen. (See page 33 for an illustration of 
screen assembly.) 

When you feel that food isas dry asit can be, preheat the 
oven to 300 degrees and turn off. Heat the foods for five minutes, 
then putin hot clean jars, or put the gatherings in the jar, without 
the lid and heat jar, foods, and all for five minutes at 300 degrees. 
Often | simply turn the oven to 300 for a while, put the food in, 
and turn off the oven, leaving it to cool slowly. | take the jar out 
when the oven is partly cool, then cap tightly for storage. 

There is another method. Although you may feel odd 
driving around town with a rack of “weeds” in the back of your 
car, it is by far the most efficient drying rack! In J uly and August, 
one day on the back window shelf of your car will thoroughly dry 
most leaves. J ust think, while spending money driving around 
town, you are performing an energy-saving task and making a 
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step toward long-term food storage, ultimately saving dollars. 
The car doesn’t have to be in the hot sun all the time. Park in the 
shade if you wish. 


Caution: Don't dry foodsin a car when the outside temperature is 
over 80 degrees—toxic fumes may arise from plastic or vinyl seats. 


The Drying Roof 

There are more ways to dry wild plants. Here's a simple 
method | used. 

Looking around for a flat place to put the screens I used 
to dry plants on, I noticed that the roof seemed to take up a lot of 
space—space that didn’t do much other than keep the rain out. 
So | climbed a ladder and began to place the screens on the roof. 
Since there were poplars surrounding the cabin, the shade was 
perfect for drying apples and berries. We even nailed on boards 
as scaffolding to create a large accessible drying space. You may 
not want to go this far, but with a little ingenuity you'll find almost 
any place can be used to dry fruits, berries, and such. 

We dried several types of wild apples. We did this every 
year using the larger varieties, choosing about half the normal 
size apple. We also dried crabapples on the roof. We gathered 
the crabapples by spreading a sheet under the tree and shaking 
the limbs, making fruit fall. We cored the apples and then sliced 
them crosswise about 1/3 inch thick. We threaded these slices on 
old broom handles, then hoisted them up to the roof. After a few 
days, the crabapples had shriveled and became leathery. After a 
5-minute baking in the oven to dry them completely (oven pre- 
heated to 300 F. then turned off), we stored them in glass jars. In 
winter we used them in everything from cereal to cobblers, pies, 
and snacks. 


Linda says- You can also string the dried apple slices togeth- 
er with a needle and string. Not unlike the garlic and hot pep- 
pers in the Southwest, your wild foods can decorate your 
kitchen. | even string roots this way. 


Label the jars with the date of drying before storing. The 
storage place is important. Closets work best. You need dark- 
ened spaces for dried foods, out of direct sunlight. 
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Store whole leaves and grind them into flour as you need it. 
For long-term storage, grind and place the flour in a shallow 1-inch 
an and toast for five to ten minutes in a preheated 300 degree oven 
turned off. Store in glass for up to several weeks. Vegetable flour 
does not have a long life, so avoid storing for more than six months 
ata time, 

Rinse dried branches to clean off any dust before you use 
them. Rose or raspberry vines, pine or balsam branches, and weep- 
ing willow can be stored for years, but will accumulate dust. 


Containers for Dried Foods 

Generally, I'll save just about any glass jar and use it to store 
dried foods. As long as they are in glass with a tight-fitting lid, wild 
foods can be stored for long periods of time. My friends bring me 
their glass jars: in fact, | have begun to consider myself a recycling 
center! Of course, brown glass is best because it lets in less light, but 
itis not readily available. You can find green jars with narrow screw 
tops, however, and these are ideal for storing seeds, nuts, and 
berries—things that pour well from a narrow top. 

The best container for large amounts of stored leaves, twigs, 
branches, and such are the half-gallon glass containers that deviled 
eggs, pickles, and mayonnaise come in. Restaurants or convenience 
stores might save them for you 

Devices that seal plastic bags, removing the air, work almost 
as well for long-term storage. Roots store well in paper bags, as well 
as nuts, twigs, barks, and branches to a lesser degree. As long as 
food is as dry as possible, long-term storage is possible. 


: #1 vegetables, #2 flowers, #3 twigs, #4 roots, 
#5 stems, #6 nuts, #7 corms, #8 buds, #10 flour 
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An Investigation of the Clem Motor 


Robert Koontz, USA 
rdkoontz@attbi.com 


In December of 1992 Jerry Decker posted an article 
on the KeelyNet BBS, about a self-running motor that, 
developed excess useable power. The information, 
gathered from newspaper and individual sources, 
gave an anecdotal account of the motor invented in 
1972 by Richard Clem of Flower Mound, Texas. New 
information has since been added and can be found 
on http://www.keelynet.com/energy/clem1_htm. 


Richard Clem worked with heavy machinery for the 
city of Dallas. He used asphalt-spraying equipment, 
which pumped liquid asphalt. He noticed the asphalt 
pump would continue to run for up to 30 minutes after 
the power was turned off. It was this discovery that 
led to the development of the motor. Modifications he 
made eventually resulted in a substantial 350 
horsepower output from a 200-pound motor. Clem is 
said to have often driven a car, powered by this motor, 
up and down Central Expressway in Dallas. He 
claimed it didn't use any fuel, and only needed a 
change of oil every 150,000 miles. 


‘The motor had only one moving part, a cone shaped 
rotor mounted vertically on a hollow shaft. Spiral 
channels cut into the cone wound around its length 
and feed into peripheral nozzles at its large end. When 
fluid flowed through the spiral channels it was ejected 
out the nozzles and caused the cone to spin. At a 
certain velocity, the rotating cone became 
independent of the starter pump and began to operate 
by itself. At an operating speed of 1800 to 2300 RPM 
the fluid heated up to 300 F, requiring a heat 
exchanger. Vegetable oil was used because at 300 F 
water boils and conventional engine oil breaks down. 


A 12-volt battery was the only other power source. 
Clem never applied for a patent because his motor 
design was derived from the asphalt pump that was 
already patented. Fifteen companies turned him 
down before a large coal company offered to back 
him and signed contracts to sell the motor. Soon after 
the deal was signed, Richard Clem died of a heart 
attack 


‘The above account contains only what I considered 
to be relevant for analysis of the Clem motor. Visit 
http://www.keelynet.com/ for the original material. 


‘The gear pumps, typically used for asphalt spraying, 
do not match the description of the pump used by 
the city of Dallas back in 1972. There should be public 
records showing what equipment manufacture the 
asphalt sprayer was purchased from. Since the 
asphalt pump was patented, I searched for a pump 
patent that met the following criteria: 


1) Patent issued on or before 1972. 
2) Delivered pressure equivalent to a positive 
displacement gear pump. 

3) Cone shaped rotor with spiral channels. 

4) Self-propelling action. 

5) Capable of pumping a viscous fluid like asphalt. 
6) Large heat transfer to pumped fluids. 


‘The following illustration (Fig.1) is from US Patent 
3,697,190 (Truncated Conical Drag Pump). The patent 
was issued October 10, 1972 (criteria 1) and appears 
to match the description of the asphalt pump that 
Clem converted into his motor. 
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Storage Problems and Solutions 

Problem: Pine needles that are stored in glass begin to 
display black spots or black mold. 

This is known as ergot and develops on incompletely 
dried wild foods which are then sealed in airtight containers. 
Discard the contaminated foods as these molds are highly toxic. 
Similarly, grain that was incompletely dried also hosts this toxic 
black mold. Willow branches stored in a damp area outside 
develop black spots, also recognized as a poisonous mold. 


Freezing Your Wild Foods 
Freezer packages of vegetable matter have a life of six 
months. Roots, twigs and tubers last a bit longer asa rule. When 
I find freezer crystals throughout the freezer package, it's time for 
a massive green soup! Then you may re-freeze the soup. 
The following are the wild foods successfully frozen. All 
must be steamed the indicated time before freezing. 


Steam Time Steam Time 
Aloe Vera raw Plantain 1.2 minutes 
Amaranth 1.2 minutes Prickly pear 2-3 minutes 
Arrowhead ‘1-2 minutes Purslane 1.2 minutes 
Aster 3 minutes Malva 
Blackberry 2-3 minutes neglecta leaf 1-2 minutes 
Blueberries 1-2 minutes Maple 23 minutes 
Burdock 3 minutes Milkweed 
Cattail 3 minutes heads 3 minutes 
Chamomile 1-2 minutes leaves 2 minutes 
Chickweed minute Mint 12 minutes 
Chicory 3 minutes Queen Anne's 1 minute 
Clover 1.2 minutes Raspberry 23 minutes 
Daisy leaves 1-2 minutes Rose minute 
Dandelion 3 minutes Saguaro buds 3 minutes 
Dock 3 minutes Shep.’spurse 1-2 minutes 
Evening Strawberry 

primrose root 1 minute leaves 2 minutes 
Filarie 12 minutes Thistles (all) ‘1-2 minutes 
Fireweed 3 minutes Thyme A minute 
Goldenrod 1.2 minutes Tumbleweed — 1 minute 
Grape 2 minutes Violets A minute 
Lamb's quarters 3 minutes Wild lettuce 1 minute 
Mustard 1.2 minutes Wood sorrel 1 minute 
Nettle leaves 2 minutes Yarrow A minute 
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‘Some inexpensive freezing tools you'll need are: 
+ Plastic wrap 

+ Large plastic bags 

+ Labels or marker pen 


To freeze vegetables, steam and drain the vegetable in a 
sieve; save the liquid for stock if desired. (See Soup Recipes start- 
ing on page 198.) Place one-foat-iong piece of plastic wrap on 
the tray. Add 1/2 pieces of steamed vegetable and fold the edges 
in. Roll package tightly to seal. Any remaining liquid will seep 
out of package. Place the package in a large plastic bag and label 
with contents and date of freezing. 


Freezing rolls of vegetables, flowers in blocks. 


Freezing wildflowers is a simple matter of freezing whole 
flowers in solid blocks of ice. A frozen whole rose looks fantastic 
in a punch bowl. Use an ice cube with a rose inside instead of 
plain ice. As long as you use a container that will take freezing, 
you can create a bunch of frozen roses that looks like a crystal 


43 


dream. My favorite luncheon surprise is layering a selection of 
flowers in different colorsin a large, round bowl. | putin the bot- 
tom layer, add a little water, and freeze. A day later, | add anoth- 
er layer, add water, and freeze. And | repeat this until the display 
isto my liking. 

To freeze whole roses, for instance, put a few inches of 
water in your containers, so that the flower does not float. Keep 
the pitcher of water handy so that you can reach it easily with one 
hand. Hold the stems in your other hand, and arrange the colors 
and shapes to suit you. (I cut the stems to uniform lengths first, 
making the job of holding them easier.) Then pour some water 
slowly around the sides, holding down the stems. Put on a lid or 
plate to hold the arrangement and freeze. 

Whole heads of roses opened moderately and without 
the stems can be layered easily. The more roses in the container, 
the better. They won't remain in exactly the same position as you 
put them once you pour in the water, but if they don't float 
around a lot, the layers will be moderately undisturbed 

Pansies are relatively simple to freeze. Layer them in a 
sandwich bag and add a litle water, then seal the bags. To freeze 
Queen Anne's ace flowers, spread plastic wrap or wax paper on a 
flat surface. Place the flowers face down on the wrap and roll up 
the wrap like a rug. If you have difficulty rolling a single piece of 
wrap with flowers, place cover sheet of wrap over the flowers and 
roll. Freeze the roll. Whenever you want some flowers, unroll the 
wrap take what you need, re-roll and return to the freezer. Queen 
‘Anne's lace flowers will turn brown when frozen, but they retain 
their delicious carrot taste and apparently their nutrition as well. 


Freezing Queen Anne’s Lace flowers. 
4“ 


Besides vegetables and fruits, you can successfully freeze 
vegetable stock and leftover fruits. Save all liquid from steaming 
or boiling vegetables or from leftover tea. The stock is best stored 
in freezer containers, ice cube trays, or heavy duty plastic bags. 
Soup stock can be frozen in layers until the container is full. 

To freeze fruits, possibly for a mixed juice, layer the fruits 
in a large container as they are available. You might have a cup 
of raspberries—not quite enough to make jelly. Freeze in a large 
plastic container. Are there blueberries left over from making a 
pie? Add these to the fruit cache. When you have filled your 
container, you'll have the makings for a mixed fruit jelly or juice. 


Decorations Can Be Edible Too 


A blustery winter wind whistles outside the door, and my 
spirit needs a cup of hot rose tea—rose tea is filled with vitamin C, 
for muscle repair and vitality, nerve restoration, and a general feel- 
ing of well-being. From the rose-stem wreath on the north wall of 
my home, | break off a bunch of twigs, a few leaves, and one small 
dried flower. After rinsing and placing them in a tea pot, | cover 
the rose stems, leaves, and buds with boiling water. | let it steep for 
five minutes savoring the bouquet, and then serve myself tea from 
my old china teapot. Nature's bounty! 

Thad ventured outto a spotin the woods where wild roses 
grew. There they were, inviting me to make lush wreaths from the 
green shoots. 

| took my loppers, and a big bag or length of twine, and 
began clipping offa few vines, | wound two vines together to make 
a circle, then added string to the overlapping ends to secure the 
wreath. | twisted more vines on the base, poking the ends through. 
When | finished, my decorative rose wreath was hung on the wall 
to provide a winter's supply of tea as well as to be a feast for my 
eyes and nose. 

My home abounds with wild food wreaths. Circular, heart- 
shaped, sprays—all wreaths are either leaves or flowers for teas, 
grains for bread flour, vines or leaves for vegetables, and twig 
spices for herbal teas. | decorate every nook and cranny with food 
wreaths. 

Wreaths made from wild grains are not only beautiful but 
practical. Since prehistoric days, people have twisted vines into 
coils and wreaths, combining craft with foraging. The Chippewa 
nation still does this today with wild rice hoops or wreaths. 
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What plants make the best food wreaths? Here's a list. 


Food Wreaths GrainWreaths Tea Wreaths 
+ Amaranth * Bulrush + Balsam fir 

+ Aster * Crabgrass * Birch 

* Chicory + Phragmities + Blackberry 
+ Cholla * Spice wreaths + Maple 

+ Clover + Catnip + Meadowsweet 
+ Daisy + Chamomile + Pine 

+ Dock * Clover + Raspberry 
+ Fireweed + Mints + Rose 

+ Grape + Strawberry + Sumac 

+ Lamb's quarters + Thyme + Willow 

+ Malva neglecta + Wintergreen 

* Queen Anne's Lace + Yarrow 

+ Rose 


Food Wreaths (from left to right, top to bottom): ‘Yarrow tea, 
Grape vine with tendrils for food, Raspberry canes for food 
and tea, Rosemary sprig for spice, Spice rope of thyme, mint & 
chamomile, (2nd row) Balsam fir & meadowsweet flowers for tea 
and food, Balsam sprig, Grasses, oats & dock seeds for food 
and flour, and Rose hoop for tea. 
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If you grow your own roses, treat them with a spray of 
mild soap and water instead of pesticides and herbicides to ensure 
their future edibility. Be sure your bush is at least 100 feet away 
from any busy street. And be aware of your neighbor's habits with 
sprays and wait a season to eat transplanted nursery stock. 

When the time comes to buy your holiday tree, make 
sure it is organic. Christmas trees are often sprayed for insects 
and sometimes sprayed green to darken the needles. Find an 
organic dealer or cut your own tree. When the holidays are over 
and your tree is dry, spread a sheet around the base and shake off 
the dry needles. Place needles in a large oven container (a roast- 
er, for example). Heat the oven to 300 degrees and then turn it 
off. Place the roaster with the pine needles in the oven and 
remove when the oven has cooled. Do not try to bake the nee- 
dies! The resin is combustible. Put the completely dry needles 
into glass containers and enjoy five years more of your Christmas 
tree as tea. 

The trimmings from your tree also make fantastic tea 
wreaths. Collect them before they are completely dry, rinsing and 
swishing any dust off the needles. Shape into wreaths and hang 
in your home for a source of fresh tea for weeks. 


Notes 


Left: garden sorrel Right: wintergreen 
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Part II: Field Guide to Wild Foods 
Edible Plants 


This Field Guide section provides illustrations and 
descriptions of the fifty-nine foods discussed in this book. Itis not 
intended to substitute for a comprehensive field guide to wild- 
flowers, trees, or plants. Rather, it should be used in conjunction 
with three well-illustrated, comprehensive guides to the plant life 
of your region. Also please note that plant sizes vary with envi- 
ronment, and measurements given here are intended as general 
guidelines only. 

The material that follows is organized as following, infor- 
mation where applicable: 


Common name. 
Scientific (Latin) name of species, or genus, only if the entry 
describes a group of related plants 

Family to which the plant belongs. 

Other Names: Other common names by which the plant is 
known; also, types are described if the entry deals with a group of 
plant rather than a species. 

History: Brief background information on the origin of the plant 
and a notation if used by Native Americans. 

Habitat: General growing requirements—where the plant is likely 
to be found. 

Characteristics: Whether the plant sa tree, shrub, or herbaceous 
plant; whether annual, biennial, or perennial; major physical 
characteristics to help you identify it in the field 

Primary Uses: Whether used for food, medicine, or as a cosmet- 
ic; some mention of the uses the plant has been put to (not meant 
to be comprehensive). 

Nutritional Value: When applicable, a general indication of the 
plant's value to human nutrition. See also the Nutritional Value 
tables at the end of Part Il for further information on the nutri- 
tional value of these plants. 

Medicinal Value: When applicable, information on medicinal 
uses of the plant. See the Appendix for explanations of these 
medical terms. 

Cosmetic Value: When applicable, an indication of how the plant 
is used as external treatment or otherwise. 

Collection and Storage: Tips on harvesting and preparation for 
immediate use or long-term storage. 

Caution: There are some wild plants that can be mistaken for 
these edible plants. See the section on Poisonous Look-Alikes, 
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Part V. Note also that entries in the Field Guide include occa- 
sional cautions or warning notices about collecting and handling 
some plants. Be sure to heed these cautions. 

Comments: Personal remarks and additional information on the 
plant and its uses for us all. 


Foreground: fiddleheads 
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Legend to the Uses of Wild Foods 


These symbols appear in the description of each wild food and 
indicate the main uses of that plant at a glance 


Bread Soup & 
eee sues 
Cereal S Tea rangle 
= 
ce 
Flour far) Toothpaste ay 
-” 
Medicine 3 Wine 


Pickles 
These symbols are used later in the poisonous look-alike section 


Edible © Poisonous 2 
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Housing 11, Conical interior wall 12, Conical rotor 13, 
Inlet chamber 14, Inlet pipe 15, Outlet chamber 16, 
Outlet pipe 17, Support feet 19, Detachable end cap 20, 
Rotor shaft 21, End cap wall 22, Boss 23, Packing 24, 
Adjustable gland nut 25, Bracket arms 27, Bearing boss 29, 
Bearing 30, Snap ring 31, Inner race 32, Sleeve 33, 
Shoulder 34, Retainer nut 35, Reduced diameter outer 
end 36, Coupling 37, Packing 39, Retainer 40, Gland 
nut 41, Bearing boss 43, Integrally formed bracket 44, 
Shaft reduced diameter 45, Bearing sleeve 46, Bearing 47, 
Snap ring 48, Inner flanged 49, Inner race 50, Nut 51,Shaft 
reduced diameter 53, Lock nut 55, Flat faces 56, Snap 
ring 57, Washer 59, Nut 60, Helical channel 61, Channel 
base 63, Channel sidewalls 64. 


This is a high-pressure, low volume drag pump that 
can be used in place of conventional positive 
displacement pumps (criteria 2). It has a conical rotor 
that has a close fit clearance with the stationary 
housing wall. Delivered pressure is limited by back 
flow across the radial clearance and is inversely 
proportional to the square of the clearance. Asa result, 
evena small increase in radial clearance would rapidly 
reduce pressure, The rotor is cone shaped so that the 
clearance can be controlled by axial adjustment of the 
rotor relative to the housing wall. 


The conical rotor has two helical channels (criteria 3), 
in the form of square threads, spaced 180 apart for 
balance. The channel depth decreases as the rotor 
diameter increases. Fluid enters the channels at the 
small end of the rotor. The fluid is induced to rotate 
with the channel by boundary layer drag. The 
boundary layer is the thin layer of fluid adhering to 
the channel surface, Molecular cohesion tends to drag 
the adjacent fluid with the boundary layer. The fluid 
is also in contact with the housing wall. The boundary 
layer drag against this stationary wall slows the 
rotation of the fluid in the channels. Because the fluid 
rotates slower than the rotor, it is forced through the 
channels towards the large end of the rotor. In 
addition the fluid is forced towards the large end by 
centrifugal force. 


Fig.2 


The above drawing illustrates the proportional 
decrease in channel depth as the rotor diameter 
increases. Why was this done? Note that as the 
diameter doubles so does the circumference. This 
means the fluid has to travel twice as far in the same 
time to maintain a constant slip velocity. By 


reducing the channel depth in half (cross-section 
area = depth x width) the fluid velocity is doubled 
thereby keeping the slip constant. 


The spiral channels could be thought of as very long 
convergent nozzles. The increase in fluid velocity is 
in the opposite direction of the rotor spin. We should 
expect a reaction force from the acceleration of the 
fluid. This thrust would be directed tangent to the 
circumference and would increase the spin torque 
on the rotor. Even without the peripheral nozzles, 
that Clem later added, the pump rotor experiences a 
thrust force in a direction that would self-propel it 
(criteria 4). 


Because fluid drag is the primary pumping force, it 
is well suited for viscous fluids like asphalt (criteria 5). 
The long channels also represent a large sliding 
surface area with frictional losses that would transfer 
heat to the pumped fluid (criteria 6). 


All six of the patent search criteria have now been 
met. Of course this doesn’t prove that it is the asphalt 
pump Richard Clem worked with, 


A peculiar condition indicated by the patent is that 
as the velocity increases in the channels the pressure 
also increases. Bernoulli's Law requires the pressure 
to drop proportionally as the velocity increases. 
Assuming an ideal fluid without losses, when the 
channel depth is reduced in half, the cross section 
area is also half and this doubles the fluid velocity 
and the fluid pressure should drop in half. So what 
is going on here? There is a centrifugal component 
that would add to the fluid pressure. 


My guess is it's too small to overcome the predicted 
pressure drop. Here is what I think may be going on. 
As the diameter and velocity increases the drag force 
propelling the fluid through the channel is 
proportionally greater. Energy is being added all 
along the length of the channel. Whatever the reason, 
if this high-velocity, high-pressure fluid is feed into 
tangent peripheral nozzles at the rotor large end, the 
energy will be converted to shaft horsepower. 


The Clem motor is producing 350 shaft-horsepower 
and a large heat energy component. Where is this 
huge amount of energy coming from? Recent 
quantum mechanics zero-point field (ZPF) theories 
may point to the answer. From an article available 
at “BEYOND E=mc*" Bernhard Haisch, Alfonso 
Rueda & H.E. Puthoff [1]. 


“Our work suggests inertia is a property arising out 
of the vast, all-pervasive electromagnetic field we 
mentioned earlier, which is called the zero-point field 
(ZPF). The name comes from the fact that the field is, 
held to exist in a vacuum-what is commonly thought 
of as “empty” space-even at the temperature of 
absolute zero, at which all thermal radiation is 
absent.” 


New Energy Technologies, Issue #2 March - April 2003 


Aloe Vera 


‘Aloe perfoliata vera 
Family: Liliaceae 


Other Names Medicinal aloe, 
Barbados aloe. 

History: Probably native to 
Mediterranean. Used by 
Native Americans. 

Habitat: Temperate zones, 
desert, arid regions. 
Characteristics: Bushy succu- 
lent. Green fleshy leaves, 
called spikes, are filled with clear gelatinous liquid. Mature plant 
has spikes up to 3 feet high with dense, arrow-shaped clusters of 
yellow or orange flowers. 

Primary Uses: Flowers, edible raw. Medicinal, cosmetic. In tea 
as an antispasmodic, antihistamine (asthma, colds, congestion), 
anodyne, or as tranquilizer or diuretic. Crushed leaves yield gel 
which is applied as poultice for burns or sores, promoting growth 
of new tissue. 

Medicinal Value: An antibiotic, astringent (to accelerate wound 
healing), coagulating agent, biochemical bandage, pain inhibitor, 
growth stimulator, “wound hormone”, demulcent, antihistamine, 
mild laxative, burn healer. 

Cosmetic Value: Skin conditioner, astringent. Also aloe has bac- 
teria- inhibiting qualities that make it an excellent underarm 
deodorant. 

Collection and Storage: Harvest in summer; buds, flowers, young 
leaves. For external use, slice leaf in half and place directly where 
needed. For internal use, remove gel and place in water. 
Refrigerate or freeze. Freezes well. Where aloe grows naturally, 
both young and old leaves are thick. Since old leaves are tough 
and the gel is bitter, harvest the new, thinner leaves 

Caution: Do not use as bulk food. Use sparingly for medicinal 
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Linda Says- Aloe vera is the most important native plant in 
the West. Preparing aloe is fun. | take a leaf, turn the flat side 
down, and lay it on a flat surface. The skin comes off easily by 
slicing under the skin from tip to larger end. The gel scrapes 
off quickly with a spoon, Then | scoop the gel into a bowl, 
whip it thoroughly with an egg beater, and put it into an ice 
cube tray to freeze. | use one cube to a 6-ounce glass of 
orange juice for a tonic. One cube also works wonders for 
immediate application on sunburns. 


While aloe is a Western plant, mullein in the East has many of 
the same properties. 


Different Plants, Similar Uses 


‘ALOE VERA MULLEIN 

[Antihistamine Antihistamine 

Burn healer, pain reliever Burn healer, pain reliever 

Growth stimulator Growth stimulator, reduces 
swelling 

Wound hormone Wound healer-promotes quick 
healing 

Pain inhibitor Pain inhibitor 

/Astringent, accelerated Whole leaf bandage, antiseptic 

wound healing 

Demulcent ‘Antispasmodic 

Coagulating agent Tranquilizer, biochemical 
bandage 

[Antibiotic Mild sedative 

Deodorant, inhibitor of bacteria| 

Mild laxative ‘Anadyne, a medicine that 
relieves pain 

Cosmetic, skin softener Cosmetic, skin softener 
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Amaranth 


‘Amaranthus retroflexus 
Amaranth family, Amaranthaceae 


Other Names: Green amaranth, 
Pigweed, red root, carelessweed, 
choohugia (Pima name). 

History: Native to tropical America; 
naturalized throughout the world. A 
staple food of the Zapotec Indians of 
Merico. (Sturtevant 1972) Coastal 
Algonquins collected amaranth for a 
vegetable and used its ashes as salt. 
The plants naturalized in Asian coun- 
tries. It is cultivated in tropical Africa 


and J amaica asa potherb. Seeds are 

used for flour in India and Nepal. 
Amaranth yields 8 ounces of seed from 
plants covering 1 square yard of ground. 


‘Common Amaranth 
(Western U.S.) 


Habitat: Cultivated soil 


Characteristics: Annual herb. Averages 2 foot, but may reach 6 
feet or more. With bristly seed heads, clustered on multi-branch 


Common Amaranth 
(Eastern US.) 


stems from a central stalk. Flower 
seeds are black and shiny; leaves are 
smooth and veined with slightly 
toothed margins. Eastern amaranth 
seed heads or “flowers” are denser and 
shorter than the Western species. 
Western varieties may have long, 
spindly, bristly seed heads, and white 
seed pods with black seeds inside. 
Primary Uses: Culinary, cosmetic. Use 
leaves and stems like spinach, eaten 
raw, steamed, sautéed, cooking liquid 
is drunk. Leaves are also dried and 
ground for flour. They are used in 
soups and stews. Seeds are used raw 
or dried for baked goods, cereal, 
mush 
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Nutritional Value: High in vegetable protein. High calcium and 
vitamin E. 
Cosmetic Value: Astringent, wrinkle cream. 


Collection and Storage: Use entire plant. Harvest lower leaves 
and branches in summer as vegetables, Refrigerate or freeze; dry. 
Wait until plant is full grown for large seed heads. Amaranth 
seeds are easily collected in autumn by tapping the seed head 
over a bowl, even in summer on the desert. 


Linda Says- The first time | saw amaranth | couldn't believe 
my eyes! Tall, wondrous plants heavy with seeds bordering 
pasture and barn areas. There were hundreds of these 
"weeds' some bent over from the weight oftheir seeds. In less 
than 20 minutes | bundled enough amaranth for a week's sup- 
ply of fresh vegetable and almost a winter's supply of flour. It 
did not take long to discover the wonders of amaranth in 
brownies, asa cooked green, or asa gruel 


Arrowhead 


Sagittaria species, S. chinensis 
Water Plantain Family, Alismataceae 


Other Names: Duck potato, wild 
potato, Wapatoo (Indian). 

History: Native to North America. 
Lewis and Clark used Arrowhead for 
food, taught by Native Americans. 
The explorers wrote, “(they) can be 
ground fine. A flair for pudding, 
cakes, etc. They are nearly equal to 
Irish potatoes, and are a bread sub- 
stitute.” Chinese sell it in market 
places for food 
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Habitat: Widely distributed. Marshes, wet bogs, mud flats. 
Characteristics: Aquatic perennial with tubers. Grows in swamp 
water to a height of about 10 inches. Arrowhead-shaped leaves 
and filmy white-petal flowers. Roots have walnut-size tubers. 
Primary Uses: Culinary. Root corms: Used as potatoes, sliced or 
whole, boiled, sautéed, or raw. Strung and dried then ground for 
flour. 


4&2 Qese 


Nutritional Value: Easily digestible; a nutritious food, especially 
for convalescents. 

Collection and Storage: When harvesting arrowhead tubers, use 
a pitchfork and lift gently. The tubers tend to snap off in the mud 
and the pitchfork creates less tension. Freezes and dries well 
Scrub the small tubers thoroughly and string with a needle and 
thread. Hang the strings to dry, then store in glass. 

Caution: If water purity is in doubt, use purification tablet and 
soak tubers in water purifying solution. 

Comments; There aren't too many arrowheads in my area of 
northern New York, but southern New York and areas of New 
Jersey have immense quantities in marshes and wetlands; they 
are also in wetlands in the West. 


Linda Says- My marshes do have a few "secret" areas for 
Arrowheads. Misty, boggy, muddy, slimy, and mossy, the 
marsh's loam logs rot away to the richest, blackest soil | have 
ever seen. Mosquitoes are an inch long where the arrow- 
heads poke up above the mud! | pray silently, dip my pitch- 
fork under the plant, and lift slowly. | used a needle and 
thread to string the tubers in the cabin, drying them for the 
winter, Easily reconstituted in water, the tubers make deli- 
cious soups and stews. 
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Aster 


Aster nemoralis 
Composite Family, Asteraceae 


Other Names: Blue, pink, laven- 
der, white & yellow aster. 

History: Native to North America. 
Staple of the Iroquois Indians in the 
Northeast; food of tribes in the 
Midwest and West. Used in sweat 
lodges by Objibwa Indians to revive 
consciousness by putting on the hot 
rocks. Used as a food in South 
America. 

Hab 
roadsides. 

Characteristics: Perennial herb. 
Many varieties. Height varies, average 24 inches, may reach 40 
inches. Numerous extensions jutting with multi-petaled flowers 
from a central stem. Petals are layered in flat, 1/2-inch-long_sec- 
tions. Colors vary from white to pink, yellow, blue, and purple. 
Primary Uses: Culinary, Medicinal. Leaves eaten raw, steamed, 
boiled, sautéed, cooking liquid is drunk. Flowers stewed or 
steamed whole; chopped fine and stewed or steamed. Entire plant 
is dried, then stripped and ground for flour. Sprinkled on dishes, 
especially tomato-based dishes such as lasagna. The pith of the 
aster stem is edible, even in mid-winter. As emergency food, eat 
raw of cook in soup. 

Medicinal Value: Dried stems and flowers are used as a wash for 
theumatism; also excellent blood tonic tea. Roots of dwarf purple 
aster used for diarrhea control. 

Collection and Storage: Snip the long stems at ground level and 
bundle together with string. | carry 2oot lengths of string around 
my shoulders, and harvest the flowers until I have a bundle 10 to 15 
stems thick. Stop bundling stems together when the flowers are too 
tight to be airy for drying. Take only a few plants from each 


2sOayve 


Fields and meadows, 


area (or 1 out of 4). Hang bundles upside down on a clothesiine 
to dry. When dry, strip down onto sheet, crumble, and store. 
‘Also, leaves can be frozen. 

Caution: Do not eat domestic asters. 


Linda Says- Nature's abundance is particularly clear to me 
when I harvest the Iroquois staple, the wild aster. There are 
250 varieties of wild aster in the United States: blue, lavender, 
yellow, and white prevail in the Adirondacks; blue, lavender 
and yellow in Western states. Field may have flowers as far as 
the eye can see. In less then 15 minutes | have enough to 
make a winter's supply of wild aster flour. | grind this bounty 
into flour for baking from dried storage food. The flour is par- 
ticularly strong, nutritious. 1 recommend adding a small 
amount to regular recipes. This Iroquois staple remains one of 
my favorites. 


‘Abies balsamea 
Pine Family, Pinaceae 


Other Names: Christmas tree. 
History: Native to North 
‘America, Soft inner bark was 
used as emergency food at 
Valley Forge. Native American usage. 

Habitat: Grows in cool, moist, acidic soil along roadsides, woods, 
or lawns and in softwood forests. 

Characteristics: Evergreen tree. Has small, short needles grow- 
ing alternately from under stem, 1 to 1-1/2 inches long. Growsto 
height of 40 to 60 feet. 

Primary Uses: Culinary, medicinal, cosmetic. Bark is chewed, 
ground or dried for flour. Sap is chewed as gum. Branches and 
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twigs are stripped and ground for flour. Needles are used raw for 
food; steeped raw or dried for tea. Used in wine. Ground raw or 
dried for emergency flour. Dried needles are used to fill balsam pil- 
lowsand sachets. They lend a fresh scent to drawers and closets 
Nutritional Value: Good source of vitamin C. 

Medicinal Value: Roots used as a poultice to soothe syphilitic 
sores and gonorrhea. Sap (pitch) is a “glue” for cuts, scratches, 
bites, and sores. Dried sap is chewed for colds, bronchitis, 
influenza, pneumonia, upper respiratory diseases. 

Cosmetic Value: Oil used for flavoring, scents, perfumes, soaps. 
Collection and Storage: One branch yields a winter's supply. 
Balsam fir tipsare a lighter green, indicating newer growth. | snip 
off needles here and there, filling a bag with dozens of twigs 
Needles dry easily and quickly indoors in a sunny spot. For tea, 
simmer 1 cup needles until water is dark green. You may reuse 
needles or bark several times, adding water and simmering. Poke 
sap blister and gather liquid for emergency glue; store in glass if 
possible. 


eee? 


Linda Says- Rather than throw away your Christmas tree, 
Use it for nutrition as well as a room refresher. For a wonder- 
ful aroma throughout the winter, simmer needles in water 
until they reach a thick, gummy state. Use twigs and parts of 
older branches as a fresh-smelling incense. To dry sap for 
medicine, make small flat cakes of sap and dry in a thin layer 
at the back of a wood stove or above the pilot light of a gas 
stove. 
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Birch 
Betula species 
Birch Family, Betulaceae 


Other Names: White birch, paper 
birch, yellow birch, golden tree 
History: Native to North America 
Scandinavians boiled, baked and 
added birch sawdust to their 
breads. Loggers say that their 
white birch sawdust used to be 
taken to American bread compa- 
nies. Native Americans used birch 
dust for tea, and the strong inner 
bark was fashioned into many 
crafts. The Cree Indians folded 
birch bark and bit patterns into it, 
then unfolded it. Hundreds of 
Confederate soldiers were saved during their retreat to Monterey, 
Virginia, when they used birch bark as food? (Harris 1973) 
Habitat: Woods, roadsides 

Characteristics: Deciduous tree. Alternate simple saw-toothed 
leaves. Papery bark of white and yellow birch peels in curls. 
Primary Uses: Birch isan excellent cabinet-making wood; it makes 
strong hardwood furniture. Culinary, medicinal, cosmetic. Inner 
bark, sap, twigs, buds, and young leaves eaten raw as emergency 
food; dried and ground for flour. Sap is drunk raw for nutritious 
liquid. Twigs are used to make wines, dried for tea or crispy treat. 
Buds eaten raw. Young leaves steamed, sautéed, cooking liquid 
drunk. 

Nutritional Value: High in minerals, calcium and phosphorous. 
High in potassium and beta carotene. 


_ eis 


Ben Charles Harris, p. 444 
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Medicinal Value: Buds are a tonic, since birch bark contains salix, 
or acetylsalicylic acid. A strong tea made from the bark has been 
used as an aspirin substitute. 
Cosmetic Value: Birch bark used for skin problems, eczema, skin 
eruptions, pimples, dandruff, and scalp disorders. Dried, pow- 
dered leaves used for chaffed skin; birch oil for hair tonic or 
body oil. 
Collection and Storage: Use the bark of downed trees, or follow 
a logging trail and gather the sheets of bark left behind. You can 
also peel the bark off firewood in the spring. Strips of birch bark 
make a quick, sure fire. Four 5 1/2 inch strips = 2 cups fine flour 
(awinter’ssupply). One branch approximately 4 feet long = win- 
ter’s supply for 4 people. 

Tap the trunks in spring (April-June) like maple trees. 
One tree yields an average of 1 gallon of syrup in a few hours. 
Twigs, inner bark, and sap can be used all year. Buds and twigs 
have a wintergreen taste. The sap can be boiled down and used 
asa syrup or in birch beer. Boil down birch syrup further to make 
birch molasses. Store dried and ground inner bark in glass as an 
emergency food. The inner bark makes a delicious mineral tea; 
carry a chunk with you when doing hard physical work. The 
inner bark dries to a breakable sheet ready to be used as tea; 
store in glass containers. 
Caution: People allergic to aspirin may have a reaction to salix 
wild foods such as birch. 
Caution: Peeling the bark of a living birch will kill the tree. This is 
called girdling a tree. The bark is literally the skin of the tree, and 
without it the birch will die. 


Linda Says- Birch bark is one of my most precious posses- 
sions. | use it in every season for tinder and generally keep 
sheets of it in quantity. In the middle of one winter | received 
an order for birch-bark baskets. Since | had no bark on hand, 
1 got permission to go up a logging trail with Ken and Todd. 
What a day-20 degrees below zero, with 4 feet of snow and no 
snowshoes! As| peeled bark off stumps of white birch with my 
knife and hatchet, Todd played in the drifts. That night my 
back ached in remembrance of the work, but | had enough 
bark for hundreds of baskets, with plenty left over for 
Christmas cards and for starting fires 
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ZPF researchers theorize that mass, inertia and 
gravity are not intrinsic properties of matter but the 
interaction of matter with the zero-point field. By all 
pervasive it is meant that the ZPF exists not only in 
empty space but it is passing through your body right 
now and everywhere else. When you throw a stone 
you are interacting with this field since the ZPF resists 
change in motion. In essence the ZPF is the modern 
day aether, 


‘The amount of energy making up the ZPF is thought 
to be enormous. Is the fluid acceleration in the Clem 
motor interacting with the ZPF in such a way as to 
rectify it and draw energy from it? Is it a hydraulic 
aether-diode? The fluid, in the Conical Drag Pump, 
flows through long convergent channels. Disregarding 
the boundary layer, is this accelerated flow laminar? 
Would such a long orderly flow entrain the aether 
energy? 


From the perspective of the rotating channels the fluid 
appears as the discharge from a long nozzle. To 


Power takeoff 


exaggerate, if the fluid was held fast to the housing 
wall, the rotating channel would travel through the 
stationary fluid. This would be equivalent to achieving 
100% efficiency. In reality the fluid is slipping against 
the stationary housing wall so that the rotating 
channel (nozzle) is moving faster than the fluid 
discharge velocity. Assuming the reaction thrust as 
the only propelling force, this would give efficiency 
greater than 100%. So, as the slip increases the 
reaction thrust decreases, but the efficiency increases. 


Assuming the Conical Drag Pump is the pump Clem 
used, can it answer the following? 


1) Why was a hollow shaft used? 
2) Why was the cone mounted vertically? 

3) Why was a starter pump needed? 

4) How were the peripheral nozzles added? 

5) How was the motor RPM regulated? 

6) How did a large coal company get involved? 

7) Was this kind of pump ever used in asphalt 
sprayers? 


housing 
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Fig.3 


Clem motor shown in start mode 
‘The arrows show oil flow 


‘The above drawing shows a hypothetical Clem motor based on the Conical Drag Pump. The motor is mounted 
vertically so that the check valve on the hollow shaft is submerged down in the oil tank. The hollow shaft extends 
from the oil tank through the rotor into the inlet chamber. The start pump draws oil from the tank and forces it up 


Blackberry 


Rubus villosus and other 
bramble berry 
species 

Rose Family, Rosaceae 


Other_Names: Creeping 
blackberry, cloudberry, wine- 
berry, dewberry. 

History: Native to North 
‘America and elsewhere. 
Used asa fruit in all countries 
where found 

Habitat: Roadsides, fields, meadows. 

Characteristics: Biennial trailing stems. Bush varies in size, up to 
5 or 6 feet tall. Saw-toothed leaves in groups of 3 to 5; thorns on 
angular, arching stem; fruit pebbly and black when ripe. Canes 
produce fruit on second year’s growth. Fruit does not separate 
from receptacle when picked. 

Primary Uses: Culinary, medicinal, cosmetic. Young stems and 
shoots eaten raw or cooked; used fresh or dried for tea. Fruit is 
eaten raw, and cooked for jellies, jams, syrups; also juices and 
wines. Flowers entirely edible raw. Young leaves are edible as a 
cooked vegetable in the spring. 

Nutritional Value: Young stems and fruit are good source of 
vitamin C. 

Medicinal Value: Bark of stem helpful for intestinal problems. Tea 
made from blackberry root helps control diarrhea. Thistea is also 
an astringent, a mouthwash for mouth sores. Asa strong tea or 
eaten raw, all parts of this plant can be used to relieve diarrhea or 
asa blood cleanser. 

Cosmetic Value: Leaves are good for facials, masks, lotions, and 
astringents. In an extract, clears blemishes, eases scalp itches, 
and heals scales. 

Collection and Storage: Tie a lightweight receptacle around your 
waist and use both handsto pick berries. Hand-pick young leaves 
in early summer. 
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Picking Blackberries in Adirondack Bear Country 

The dirt road next to the shanty led down to an old 
log bridge. The bridge spanned the Cedar River, and there 
was nothing but private wilderness for several miles. 1 
crossed the river and climbed the wooded path for one 
mile. In another half-mile, | came to the largest blackberry 
patch | had ever seen. | was equipped with lightweight 
containers for the berries and fly repellent made of olive oil 
and pennyroyal. 

| whistled a tune as! approached the patch, wary of 
the bears known to be in the area. | knew if | blended in 
too much, the bears might resent it. This philosophy had 
worked for me before-either | was allowed into their 
domain or | wasnot. Then | became aware of a very large 
body up ahead. | could hear and smell the bear shuffling 
slowly through the woods. | waited. Testing the wind for 
the bear smell and listening with my ears as | whistled, 1 
knew the bear shuffled away. 

1 picked blackberries with both hands, dumping 
them into a plastic bottle and then into a large bucket. | 
worked my way around the path from left to right. 
Experience told me that | needed two hours to obtain eight 
quarts of juicy blackberries, and this particular day | picked 
eight quarts and then left the patch to the bears again. 

When | worked with my son, Todd, we had our two 
coffee cans filled in moments and proceeded to dye our 
sweatshirts blue-black with the weight of the juicy fruit. 
With over a gallon of ripe blackberries we made jelly that 
night over an evening campfire. Breakfast was a treat! 


Blueberry 


Vaccinium myrtilus 
Heath Family, Ericaceae 


Other Names: Bilberry. 
History: Native to North America. 
Used by Native American tribes. 
Habitat: Acid soil, fields, roadsides, 
waste areas, bogs, marshes, woods. 
Characteristics: Low spreading 
plant or woody shrub. Many vari- 
eties, from ground-hugging plants to high bushes. Fruitis in clus 
ters in groups of 2 to 10. (Huckleberry often grows near blue- 
berry; edible fruit looks similar, but huckleberry has stony pit and 
tart taste.) Wild blueberry looks like bilberry: both are edible, 
although true bilberry is not very tasty. 

Primary Uses: Culinary, Medicinal. Fruit is eaten raw or cooked 
for jellies, jams, syrups; also wines. 

Nutritional Value: High source of Vitamin C 

Medicinal Value: Blueberry leaves used medicinally in a tea. 
Because they contain myrtilin, an antispasmodic and relaxant, 
blueberries were used as a drink during childbirth to relax the 
mother. Leaves, fruit, and twigs can be made into an infusion and 
drunk for kidney problems. Dried berries are chewed slowly and 
thoroughly to aid control of diarrhea. Leaves and twigs can be 
sed separately or together as teas, tisanes, and throat gargle. 
Collection and Storage: Blueberries are best picked by first 
pulling sections with both hands rather roughly and letting berries. 
fall on to a sheet spread around the bushes. After rough-picking 
a few bushes, rustle the branches for the many berries caught 
between the leaves. Gently gather up the sheet and pour the 
berries on a tray. 

+ 4 cups fresh berries 
+ 4 cups fresh berries = 2 cups dried berries 

+ 4 cups fresh berries = 1 quart frozen berries 

‘Twigs can be dried or dug up under the snow. Berries are placed 
in cold water. The immature berries and leaves float to the top 
for easy removal. To dry, spread on a tray; cover with a screen or 
cloth. For storage, berries can be dried until they rattle, or frozen. 
Caution: Positively identify; crush fruit for characteristic blueber- 


jars jelly 
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rysmell. Blueberries have a slight frill and an opening on the side 
away from the stem. A species of buckthorn, which is poisonous, 
has blue berries without a crown or frills. 


Bev Ss 


Linda Says- The fields behind the old McConnel place were 
filled with ripe berries, and became my favorite place to pick. 
I'd place a sheet around the bushes, and use both hands for 
picking. With a sheet you can become lightning fast, but itis 
stil a challenge to pick enough berries for a pie before the 
blackfles find you. | usually made smudges before the clouds 
of fies found me if wanted to take my time picking. Then I'd 
dry blueberries on screens covered with a cheese cloth. 
Those berries in my cereal on a winter's morning made it 
seem like spring. 


Bulrush 


Scirpus validus and other 
sedge varieties 
Sedge Family, J uncaceae 


Other Names: Sedge, tule, 
great bulrush, nupiaskun 
(Crow Indian) 

History: Found nearly 
throughout the world. Used 
as food from Moses’ time 
including use by all Native 
‘Americans. The Crow made 
mats by sewing together bul- 
rushes with basswood string 
and a bone needle. 

Habitat: Wet areas, drainage spots, bogs, swamps, alongside 
waterways and ocean bays. 
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Characteristics: Grasslike herb. Many varieties with height to 24 

inches or more. Stems smooth, round, with pith; head of flower 

spike full of seeds and pollen. 

Primary Uses: Culinary, medicinal. Roots cooked as potato. Early 

shoots eaten raw, steamed, boiled, sautéed; cooking liquid drunk. 

Flower clusters dried and ground for flour. Bulrush flour is sweet 

and nutty—it has the most branlike taste of all the grains. Pollen 

used as flour. Seeds ground and roasted. 

Nutritional Value: Highly nutritious, roots rich in complex carbo- 

hydrates. 

Medicinal Value: A plaster or poultice for aches and pains. 
collection and Storage: 

* 6-8 bulrush plants = up to 1 cup leaves 

+ 1 cup leaves = 1/2 cup bulrush flour 

+ 1 teaspoon powdered bulrush leaves = 1 cup tea 


See page 34 for collection details. 


Dry the bulrushes whole, bundle the long stems and hang them 
upside down in a warm, airy spot out of the sunshine. To ensure 
dryness, dry in a 300° F. oven for 5 minutes, then turn oven off 
and wait until cool. Follow this drying procedure even if using 
the bulrush strictly for decorative purposes. 


Linda Says- | have spent many wonderful mornings watch- 
ing dragonflies and frogs playing in the swamp while | gath- 
ered bulrushes. Swamping is not only fun, but profitable-!'ve 
fed many people on bulrush bread. 

Insects love to lay tiny eggs in bulrush tops, so even if 
| am using the bulrushes for decoration, | leave them outside 
for 24 hours so the bugs can leave. After drying, | use them 
in lovely arrangements or grind them to a fine, delicious flour 
for baking. 
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Burdock 


‘Arctium lappa 
Sunflower Family, Asteraceae 


Other Names: Beggar's but- 
tons, burs. 
History: Native to Europe and 
‘Asia; widely naturalized in 
North America 
Habitat: Fields, roads, most 
waste areas. 
Characteristics: Bush like, 
large green leaves over a foot 
wide, and many veined. 
Tubular, purple or white flow- 
ers followed by spherical 
burrs, 3/4" diameter. In the 
fall, burs dry to brown, sticky seed pods. 
Primary Uses: Culinary, medicinal. Roots are boiled; dried and 
powdered for nutrient additive. Stem pith is baked, boiled; eaten 
as pickle, candy. Early leaves are eaten raw, steamed, boiled, 
sautéed; cooking liquid drunk. Large leaves are used as trays and 
receptacles for smail plants. Burs when young and still pliable are 
steamed and eaten; when mature, broken in half and white pith 
eaten raw. 
1 large leaf holds 2 cups green burs 
18:inch root = enough raw root for 2 or 3 people 
Nutritional Value: High in vegetable protein. Contains inulin, the 
chemical source of insulin. 
Medicinal Value: Tea used to heal infections. Root isa diaphoret- 
‘aS wash infusion, for poultice, bruises, sore or tired feet. 
Cosmetic Value: Seeds for skin problems, eczema, cleansing. For 
pet's leas, simmer a small handful of brown burs, strain, and cool. 
Wash your pets with the decoction. Kills fleas quickly! 
Collection and Storage: When you can, harvest the young roots 
before the flower stalk develops (usually the second year of 
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growth). When digging roots, slide the shovel thoroughly down 
one side, then another, until all 4 sides have been deeply cut. 
Keeping the shovel in one side, pry up the root without breaking 
it off. You will feel the pop when the root releases from the earth. 
Ifthe tip remains, the plant will grow again. Steam and wrap burs 
individually to freeze. Slice and fry or simmer and then freeze 
roots. Gather burdock in any season. Similar in size to rhubarb 
leaves, the gigantic burdock leaf forms its own carrier. In spring, 
place tiny new burs on a leaf, roll the leaf, tuck in the ends, and 
put the leaf in your pocket. In winter the burs are brown. | take 
a few brown burs, stroke the bushes, and gather a ball in no time. 
I stick the burs together in a large ball and carry them on my 
shoulder, freeing both hands for further picking 


Carrying Burs 


Linda Says- When harvesting, cut over the joint of the root 
where the stem begins. Scrub the root with a brush then peel 
root until you reach fiber. The fiber will turn from white to 
brown very quickly; this is normal oxidizing. You can peel the 
brown off again when serving, but | just steam the burdock 
pieces and freeze for a winter's meal. Drying the peels makes 
a crunchy, chewy root food. 
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Cattail 
Typha latifolia 
Cattail Family, Typhacerae 


Other Names: Supermarket of the 
swamp, punk, upakiotipa (Crow 
Indian). 

History: Native to North America, 
Europe, Asia. Cattail has been 
sed for food throughout record- 
ed history by people in all coun- 
tries where it is found. 

Habitat: Bogs, swamps, wet areas. 
Characteristics: Perennial herb. 
Grows in wet areas to a height of 
10 feet or more. Stalks have hot 
dog-shape heads, pollen flag in 
early spring. Very tall slender leaves with 1 vein. 

Primary Uses: Culinary, medicinal. Roots are dried and ground 
for flour. Early shoots are eaten raw. Stem pith is eaten raw, 
boiled, and pickled. Early green heads are eaten raw, cut and 
cooked as ear of corn. Early brown heads are ground for flour. 
Pollen is used as nutrient additive. Leaves are used for basket 
weaving, mats, other crafts. 

Nutritional Value: Plant holds about 30 percent complex carbo- 
hydrates; highly nutritious. 

Medicinal Value: Flower heads used in tea for diarrhea control. 
Collection and Storage: Pollen collected in spring; shake into a 
paper bag. Stems harvested before the cattail flowers, whenever 
possible. Roots dug from winter to early spring. Gather fluff from 
mature heads for excellent insulation or stuffing for jackets. The 
fluff floats and is waterproof, and serves as excellent tinder and 
torch. Can be used as cotton. 

Caution: If water purity is in doubt, use purification tablet and 
soak plant in solution. 

Caution: Pollen fluff may cause skin to break out in hives 


SQetF¥S 


69 


Cattailing Seasons 

The morning is misty and cool. The Adirondack. ice 
has finally left the swamp and the crystals have melted along 
the edges of the mossy mats. The cattail shoots will soon be 
through. Water is beginning to show the spring signs of life. 1 
saw bugs skating yesterday and heard a frog peep. Steam isris- 
ing from the invisible shield above the water. The old, dried 
stalks of cattails left after winter's fury, lay bent and crooked, 
disheveled. The matted fuzz ofthe old tails looks pathetic asthe 
new growth heads toward the surface of the shield. 

There are bladesgreen shootspoking up from the 
‘swamp. | take my trusty shears, long boots, plastic garbage bag, 
4foot board, and towel (should | fall in the boggy mud), to 
gather cattail shoots to can for winter. Laying the board from 
mat to mat, | gingerly move the length, clipping the shoots and 
dragging my filing bag behind me. Glancing back into the 
swamp, | can tell where | have harvested. The shoots will come 
again, reaching toward the sun of summer. 

Later in spring, green plumes meet my eyes. The 
headsare like corn on the cob. I can taste and smell the meaty, 
nutritious flesh. My board goes down gingerly now. The 
‘swamp is dotted with thousands of green spikes. Gathering 
Carefully, | pick only cattails with a full cob. Making piles of 8 to 
10 stems, | bunch them in a pattern behind me, then | wrap 
each bundle with the leaves, winding them round. 

Though the water is much warmer now, steam rises as 
dozens of insects zoom through. Mosquitoes glide by, legs 
tucked up underneath, looking like tiny planes with their land- 
ing gear drawn for a landing. Frogs and peepers croak and 
splash off their pads. | have cut the largest harvest ever. Now 
winding my way back | pick 10, 20, 30 tails at once. I'm com- 
ing back to camp with a supply of cobsto savor. 

‘Summer is here and the murky mud is tough going, 
The cattails have filled the swamp with heavy bushy stems and 
bladesrich with brown cobs. They are ready for harvest. Flour 
time! Bread time! Pancake time! 

The cattail stems have swelled to 1 inch, sometimes 1 
U2inchesthick. Inside liesa creamy white pith that makes deli- 
ious pickles. Sweet and highly nutritious, they will supply a 
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winter's fat. The cattail is heaviest now so | gather only a few, 
counting up to 10. | need 20 to 30 to make a loaf of bread. The 
mosquitoes are merciless, and the 90 degree August heat is 
causing the brackish water to make a stench. Under the cattails 
grow pennyroyal, mint, and other grasses. The harvest is half 
done for the winter. Another day and | will have seven or eight 
gallon containers filled with the pure starch piths. 

Fall is here and my last trip for the year to the swamp 
isa sad one. Most mosquitoes have disappeared when the tem- 
perature dipped to 50 degrees. Ice crystals will form soon. 
Soon 40 mile per hour wind will swirl snow. Life will be in a 
dormant stage for many monthsnow, but the precious cobs will 
be our insulation, our stuffing for pillows, blankets, and winter 
jackets. This collection is the easiest. As fast as| cut a cob, the 
pollen pops out and my bag fills with creamy fluff, The tough 
brown skin holds some heads together, awaiting a twist by both 
hands to rip open and fluff out the rich pollen. 

The mud hasan almost fishy odor, and itis full of algae 
and frogs. At this last harvest of the year, the rewards come in 
fioods, and the swamp holds my deepest respect. | have 
reaped its finest fruit-the supermarket plant of the swamp: the 
aquatic cattail. 


Cattails and Cobweb 
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the external feed line connected to the inlet chamber at 
the small end of the rotor. This fills the hollow shaft and 
forces the check valve closed. The oil flows into the spiral 
channels and out the peripheral nozzles. The reaction 
thrust of the nozzles spins the rotor. The oil flows through 
the return line, through the valve, filter, and heat 
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exchanger and back into the tank. The start pump is most 
likely a standard hydraulic gear pump. It continues to 
pump until the rotor spins up to its operating speed. The 
combinations of a start pump and check valve would be 
a simple way to both prime the motor and spin up the 
rotor. 
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Clem motor shown in operation mode 
The arrows show oil flow 


Once the start pump is shut off the check valve is free 
to open. Oil is drawn up into the hollow shaft to the 
inlet chamber at the small end of the rotor. The spiral 
channels pump the oil down towards the large end of 
the rotor. A plate is attached to the large end of the 
rotor and fits with a close clearance with the housing 
wall. Nozzles attached to the outer edge receive high- 
pressure oil from the spiral channels. The jet reaction 
thrust from the nozzles delivers shaft horsepower to 
the power takeoff at the shaft top. Adjusting the valve 
to create hydraulic backpressure regulates the motor 
RPM. Closing the valve stops the motor. 


When I first read about the Clem Motor I found it 
odd that a deal had been made with a coal company. 
Was there a connection with the pump? After finding 
the Conical Drag Pump patent, I wanted to contact 
the inventor Walter D. Haentjens of Barrett, 
Haentjens & Co., Hazleton, Pennsylvania. Otto 
Haentjens founded Barrett Haentjens & Co., in 1916. 
The business began in the coalmines of Pennsylvania 
with Otto Haentjens original patent on the balanced 
opposed impeller multi-stage volute pump. The 
company still supplies pumps to the coal industry. 


They have expanded to other markets and their 
pumps are installed in many industries worldwide. 
It is now known as Hazleton Pumps Inc., after its 
acquisition by The Weir Group. 


Icontacted Peter Haentjens, the VP/General Manager 
of Hazleton Pumps, by e-mail to find out if this pump 
had ever been put into production. He replied that 
they had not done anything with the patent. 


An unusual pump design would have a tough time 
competing in the market with an industry standard 
like gear pumps. The Dallas asphalt sprayer may have 
been a one of a Kind field test of the pump design. Or 
the pump manufacturer offered it for testing to an 
asphalt equipment company in the hopes of 
generating interest in it. 
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Chamomile 


Matricaria chamomilla 
Composite Family, 
Asteraceae 


Other Names: Ground 
apple, Roman chamomile, 
mayweed, German 
chamomile, pineapple 
weed. 

History: Some varieties 
native to North America; 
many naturalized from 
Europe. Used throughout 
Europe. Also cultivated for 
commercial use, such as in 
shampoos and teas. Oil is extracted for many products, includ- 
ing hair rinse and insect repellents. The fragrance is called man- 
anilla in Spain. Used especially in Italy, England, and Germany. 
Habitat: Roadsides, “people places,” walkways, gardens. 
Characteristics: Biennial herb. Height average of 3 inches; may 
reach 12 inches or more. Tight-budded flowers, tiny yellow 
daisy; sweet, pineapple-like smell 

Primary Uses: Culinary, medicinal, cosmetic. Twigs are dried for 
crispy treat. Leaves are eaten raw; steamed; sautéed; cooking 
liquid drunk. Steeped raw or dried for tea. Flowers are eaten 
raw; steamed; sautéed; cooking liquid drunk. Entire plant is 
steamed; boiled; used in soups and stews. Steeped raw or dried 
for tea 

Nutritional Value: High in minerals; calcium, iron, potassium, 
and niacin. 

Medicinal Value: Stomatic, diuretic, chapped skin ointment, 
root used for toothache. 

Cosmetic Value: Compress for eyes, shampoos, rinses for hair luster. 
Collection and Storage: Grows near pathways, and a winter's 
supply can be picked in a few minutes. Shear with scissors. 
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Linda Says- The smell of chamomile tea means fields, sun- 
shine, and peace for me. | especially like to dry the flowers for 
tea, but any part of the plant will serve just as well. This love- 
ly plant has more uses than tea, though. | eat the plant raw as 
mild tranquilizer. The plant's parts make a delicious addition 
to salads. Chamomile flowers frozen in ice cubes bring a 
touch of spring to a drink on a cold winter's day. 

To use asa hair rinse, simmer the entire plant -leaves, 
roots, and flowersin water. Simmer until water is green, 
about 15 minutes. Cool the water, strain, and apply. Let this 
sit on your hair for a while, then rinse again. It will give your 
hair amazing vitality. 

Try seeding chamomile in your garden or lawn and 
let it go wild. 


Chickweed 
Stellaria_ media (common 
chickweed), Cerastium 


(mouse ear chickweed) 
Pink Family, Caryphyllea 


Other Names: Star flower, 
chickweed, stitchwort, star- 
wort. 

History: Stellaria native to 
Europe and Naturalized in 
North America; Cerastium 
native to North America. 
Widely distributed; used by 
Native Americans. 

Habitat: Fields, lawns, road- 
sides, waste places. 
Characteristics: Annual or perennial. Flowers petaled, 5 pairs, 
deeply cleft in half. Tiny and white above long stalk 4 to 6 inch- 
es. Leaves ovate and smooth. All types of chickweed are small 
ground plants with some parts erect but mostly prostrate. Prolific, 
seen year-round in some areas, even under the snow. Flowers 
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can be found most months of the year. Mouse-ear chickweed has 
minute hair on all leaves and stems. 

Primary Uses: Culinary, medicinal. Whole plant is edible raw. 
Used asa vegetable or salad green. Also stewed, stir-fried, dried 
or frozen for later use. Mouse-ear chickweed is cooked to 
remove hairs. 

Nutritional Value: High in calcium, potassium, and ascorbic acid; 
trace minerals. 

Medicinal Value: Soothing effect; upper respiratory; externally for 
poultices on inflamed skin. 

Collection and Storage: The tiny star-shaped flower petals have 
atiny notch at the end. Leavesare easily twisted and picked from 
stems. Gather as you would dandelion leaves (see page 24). 
Young leaves are best. | have always identified them by this. 
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Linda Says- A bit of garlic and steaming hot chickweed make 
a nuttitious meal for the forager because it is high in calcium, 
potassium, ascorbic acid, and trace minerals. | once found 
myself sitting on a hillside, pulling handfuls of chickweed and 
eating them with gusto! The most amazing feeling is the del- 
icate leaves of chickweed. When | put my fingers down into 
the thick mat of tiny nourishing leaves to pull up a handful, my 
contact with this plant always is one of delicacy and gentle- 
ness. A little washing, oil and vinegar and the feeling is easily 
transferred to my mouth!!! 
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Chicory 


Cichorium intybus 
Composite Family, Asteraceae 


Other Names: Blue sailor, blue 
daisy, coffee weed, wild succory, 
Barbe de capuchin, whitloff, 
ragged sailor, wild bachelor but- 
ton, blue dandelion, blue daisy. 
History: Native to Europe, natu- 
ralized throughout much of 
North America. Used by Native 
Americans and a staple 
European food. Each year the 
United States imports tons of 
chicory root for use as a coffee 
substitute, coffee flavor, and cof- 
fee extender. 

Habitat’ Roadsides, fields, dry 
sandy areas. 

Characteristics; Perennial herb. Growsto height of 2 feet but may 
Teach 4 feet. Has deep taproot and milky juice. Red-veined, deep- 
Cleft leaves are thicker than dandelion to touch. Stem has many 
siar-blue ray flowers. When broken, root exudes a white milky sap, 
as do the stem and leaves. Plant begins in a lettuce-like whorl of 
leaves on the ground, heads up in a bunch, then shoots a stalk 
upwards from the center. Roadsides show bunches of deep green, 
deeply indented leaves; not unlike dandelion, but a bit more uni- 
form in clusters before the stalk appears. 

Primary Uses: Culinary and medicinal. Rootsare dried and ground 
to coffee. Leavesare eaten raw in salads and sandwiches. May be 
steamed, stir-fried, boiled as a vegetable, sautéed; cooking liquid 
drunk. Stems are entirely edible as are the flowers and seeds. 
Nutritional Value: Roots are rich in beta-carotene and niacin as 
well as carbohydrates. 

Medicinal Value: For stomach and kidney disorders. 

Collection and Storage: Gather roots in early spring. Roots may 
be stored in strips for easier grinding (see page 30 for illustration 
on stripping roots). Store whole roots in paper bags in a warm, 
dry area for future pulverizing or boiling. 
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+ 12 paper grocery bag of dried leaves = 1 quart rough ground 
flour 
+ 1/2 paper grocery bag of dried chicory roots = 1 quart ground 
coffee substitute 
To collect pull up entire plant by grasping stem as close to 
root as possible and pull straight up. Hack off the root I use an ax), 
gather and wash the leaves, and scrub the root with a toothbrush. 
When the roots are clean, slice lengthwise into strings. These dry 
easily on a screen or may be strung over a wood stove to dry. 


Linda Says- Chicory roots pull up easily from sandy soil. | put 
my bounty in a rain barrel to keep the entire plant fresh until 
I-can work on it. All summer, Todd mows the lawn where 
there ischicory. The reddish vein makes it easy to identify the 
plant. To tell chicory from the common dandelion, just feel 
both leaves. Chicory leaves are thicker and not shiny. 
Dandelion is softer and shiny. 


Cholla 


Opuntia fulgida 
Cactus Family, Cactaceae 


Other Names: J umping cactus. 
History: Native to North America. 
Used by Hohokam, prehistoric 
desert people. Indian women used 
baskets, sticks, and wooden tongs 
made from saguaro ribs to gather 
the buds. A firepit was dug in the 
desert floor, and the buds and 
joints were placed in a mesquite 
fire, roasted, and split in two to eat 
the succulent insides. 
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Habitat: Desert. 

Characteristics: Treelike cactus with many branches. Cholla cac- 
tushas dozens of individual egg-shaped barbarous sections extend- 
ing from tree-like stems reaching heights of 3 feet or more. Flower 
is light rose color, fruit is green and smooth 

Primary Uses: Culinary, medicinal, cosmetic. Edible flowers, seeds, 
fruits, and bud extensions. Fruits are eaten raw, boiled, or baked, 
Dried for long-term storage. Fruits used in soups, casserole. 

al Value: High in calcium and iron. 

Gel applied on skin burns. 

Cosmetic Value: Gel used as skin softener. 

Collection and Storage: Use tongs and paper bags to collect fruit, 
leaves, and flowers of cholla. Spines and glochids are removed in 
any of several methods. Indians used flash fire, holding a flame 
under the burr to remove the glochids, so that they could be 
opened easily and handled with the fingers. Another method is to 
place burrs in one paper bag and transfer to another several times, 
Dry cholla buds on screens in the sun. Cover with cheesecloth if 
birds pick at them. Dried buds are stored in paper bags until need- 
ed. When needed, reconstitute in water about 3 to 4 hours, then 
boil for one-half hour. 


Evelyn Neithammer (1974) found that the easiest way to 
clean cholla buds isto fill each of 2 saucepans one-third full of clean 
gravel. The buds are added and the gravel and buds poured from 
one pan to the other four or five times, or until rid of spines and 
Glochids. (Glochids are minuscule, dense pockets of small barbs 
which protrude from the pads of prickly pear cactus. They are 
small but mighty protection against antelope, deer, and cattle of the 
Western plains.) 


Caution: Spines and glochids will penetrate skin with a voracious 
sting and burning sensation. Do not touch the cactus with bare skin. 
Caution: All cholla, prickly pear, and saguaro cactus is “protected 
plant, by State of Arizona,” but its legal to pick fruits and buds of 
the species in this field guide for food. The rare crested saguaro is 
completely protected, so NO fruits or parts may be taken. Be sure 
to check the regulations in your state. 


Teddy Bear Cholla 

My first introduction to cholla is a painful, clear mem- 
ory. My brother, Paul, and | were taking a first tour of the 
desert together. | was listening to him carefully. ‘Walk behind 
me, check your shoes carefully for the cholla burrs, and never 
step over the bushes here...walk around in the bare spaces." | 
was trying to listen, but the 100 degree temperature became 
a problem and | began doing my Adirondack way of walking. 
I stepped over a bush, but never put my other foot down. It 
was stuck to my rear with a thousand fire barbs. (The burrs 
were attached to my sneaker heel, which brushed my rear 
closely enough to get the burrs attached to my skin.) 
Screaming, | stood an embarrassed 20 minutes while Paul 
picked out the hundreds of minute hairs with tweezers. 
Needless to say, | remember the rules now and thank him for 
a lesson well learned! 


Clover 


Trifolium pratense (red clover) 
Trefolium repens (white clover) 
Legume Family, Leguminosae 


Other Names: Long stalk, strawberry 
clover (red clover); common, sweet, short 
stalk clover (white clover). 

History: Naturalized from Europe. With 
‘over 300 species, clover has been used by 
all cultures throughout history. Native 
Americans used it widely as a vegetable 
or cure for chest congestion. 

Habitat: Roadsides, fields, lawns. 
Characteristics: Biennial or perennial Red Clover 
herb. Red clover reaches height of 10 inches or more, with hairy 
stems. Red or purple blossom with oval nectar sections; elongat- 
ed leaves form trefoil with white vein when mature. White clover 
reaches height of 2 inches or more. White blossoms have dozens 
of nectar filled sections; round leaves form trefoil at end of stem. 
Primary Uses: Culinary, medicinal, cosmetic. Leaves are eaten 
raw; steamed; boiled; sautéed; cooking liquid drunk. Dried and 
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ground for flour. Flowers eaten raw; 
steamed; sautéed; fried; cooking liquid 
drunk. Dried for tea; used for wines. 
Seeds crushed for cereal; sprouted. 
Entire plant is steamed or boiled and 
used in soups and stews; cooking liquid 
is drunk. 

Nutritional Value: High in calcium, potas- 
sium, niacin and vegetable protein. 
Medicinal Value: Red clover is used as tea for cough, whooping 
Cough; blood tonic or purifier. Clover syrup used for chest con- 
gestion and bronchitis. 

Cosmetic Value: Cosmetics, facial creams, rinses, shampoos, wash 
for pimples, poultices for athlete’s foot fungus. 

Collection and Storage: Plants are 
most succulent in spring and early 
summer. Gathering a winter's supply 
of clover takes only a few minutes 
Clover can be frozen by placing itin a 
Single layer on freezer wrap, folding 
over 2 sidesto hold the clover in place, 
and freezing. After the clover isfrozen, _Sheering Clover 
roll the paper to make a compact package, fasten, and label. Dry 
seed heads separately for an attractive potpourri 


White Clover 


Linda Says - White clover has a particularly different flavor 
from red clover, with a smaller flower and leaf. The white 
clover leaves are easily sheared for food as they grow close to 
the ground in patches. One clover patch 3 feet wide will pro- 
vide dozens of servings in one season. One summer | con- 
ducted an experiment. Shearing a 3-foot patch every morning 
for 3 weeks, | successfully fed 200 people several different dish- 
es of clover: clover with rice or potatoes, clover casserole, 
breaded clover heads, clover tea, candied clover heads. The 
clover flowers went well in spaghetti sauce for meatballs too! 


A Protection Powerhouse 

Red clover borders almost every road edge. It 
appears to grow on all lawns, & is found in dozens of varieties 
throughout the world. When I discovered that the plant 
leaves were vegetable protein, | was ecstatic. | had been 
walking into town every two weeks for supplies, including 
cheese. My biggest nutritional concerns were protein and cal- 
cium,. & then | read that clover has tremendous amounts of 
protein. Indeed, five large clover leaves provided the same 
amount of vegetable protein as 1 ounce of cheese. That did 
it! | began to put clover leaves between two pieces of whole 
wheat bread, calling it cheese. Within three days! was eating 
the leaves raw, saying "| need energy." | would forage freely 
ona small amount of raw leaves. 

A vegetable, a tea, a vegetable flour, clover has 
become one of my staples. | add clover to rice dishes, simmer 
clover soup, & steam casseroles with clover as an ingredient. 


Crabgrass 
Digitaria sanguinalis L. 
Grass Family, Gramineae 


Other Names: Finger grass (Horizontalis, 
ischaemun (smooth); serotina (creeping); 
longifiora; simpsoni; filiformis, and more.) 
History: Native to North America, Asia, 
Mediterranean and North Atlantic coast } 


as well as Europe. A drink called iY 
Mannagrit is a popular recipe. Used in \ 
most areas of the Mediterranean as flour 4 


for pita cake. 
Habitat: Lawns, roadsides, waste places, edges of fields. The 
large crabgrass prefers moist soil, streams, ditch banks. 
Characteristics: Grasslike, many varieties reaching heights from 3 
to 24 inches or more. Summer annual and perennial, the bract 
or seed tips may vary in amounts and thickness, as well as smooth 
seeds or heavy bracts. 


80 


Primary Uses: Seed bracts as well as leaves are dried and ground 
to flour. Used raw, steamed, boiled, sautéed, and cooking liquid 
drunk. Pollen used as flour; seeds are sautéed; stir-fried, or 
ground and used as flour. 

Nutritional Value: Highly nutritious; roots rich in complex carbs. 
Medicinal Value: Used as a poultice for aches and pains. 
Collection and Storage: Shear bracts and leaves, as if mowing 
lawn. Dry thoroughly, store whole in glass. Grind to flour when 
needed 


fea) 


wv 


Linda Says-!"l never forget the feeling when | realized that a 
2foot section of crabgrass would yield a batch of muffins 
every 2 weeks or so. When | read that the Bedouins pulver- 
ized crabgrass to a rough flour and made a cake the same as 
I did, | knew then that my cakes were a universal recipe. 


Daisy 


Chrysanthemum leucanthemum 
Composite Family, Asteraceae 


Other Names: She loves me, she 
loves me not; ox-eye daisy. 

History: Native to Europe and Asia, 
widely naturalized throughout North 
America. 

Habitat: Fields, roadsides, lawn, 
waste places. 

Characteristics: Biennial herbs. 
White petaled flower about a long, 
erect stem 18 to 20 inches tall. Flower center has a yellow peb- 
bly disk of seeds. Flower ranges from 1 1/2 to 2 inches in cir- 
cumference. Petal number varies. Leaves are dark green and 
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“Paces” is a new high performance electronic 
process. It is not a traditional heat pump fitted with 
some electronic gadgets to improve its output, but a 
truly revolutionary process totally unused up to now. 
‘There are no moving parts, not even a moving fluid in 
it. “Paces” is an electronic process because for its 
development the pump's fundamental element uses 
micro-electronic techniques. 


..an average of 9000MW could be produced, 
that is to say the equivalent of several 
nuclear power stations. 


‘The principle consists in attracting the gas neutral 
molecules onto a so-called “electrostatic” plate, to 
accelerate them and heat the plate. An intense electric 
field is applied in a capacitor with micro-pores covering 
the plate. The neutral molecules are polarized and 
accelerated when they penetrate these micro-pores 
where the intense electric field exists. Each molecule 
accelerates and absorbs electrical energy when it 
enters into a pore. But in turn it decelerates and gives 
off an equal amount of energy upon its exit from the 
pore. 


The molecules, by going back and forth 
between the plates, continually give off and 
take energy, thus resulting in a total 
consumption equal to zero. 


The gas fluid does not undergo any change of 
thermodynamic state, contrary to all other heat pump 
processes. A thermodynamic cycle remains at the level 
of each gas molecule, but not at the level of the entire 
set of molecules. 


There is more to this new process, it is not just heat 
pump process added to an already long list: these new 
characteristics also enable some new applications. 
Besides the traditional heat pump applications, due to 
its excellent coefficient of performance this process 
makes it possible to produce electricity by cooling 
the environment. 


For instance, if the Rhine was equipped with heat 
exchangers into which diverted water could flow, thus 
cooling its temperature by just one degree, an average 
of 9000MW could be produced, that is to say the 
equivalent of several nuclear power stations. Please 


note that this process would also enable both 
electricity and fresh water to be produced from 
seawater, an interesting application for areas of the 
world where water is a scarce resource. 


‘Thus we have at our disposal an ecological process for 
producing electricity, it would become conceivable to 
produce hydrogen in great quantities; vehicles would 
be hydrogen powered. Ozone, CO2 or any other type 
of pollution would become a thing of the past. 


It will most probably be the energy source of future 
generations, ecological and excellent, inexhaustible, 
powerful yet completely harmless, stable and steady 
(contrary to the sun and wind); an invention capable 
ofe-launching the world economy, in particular giving 
impetus to the currently depressed new technology 
sector. 


However, you have probably noticed that this 
invention requires advanced technology, and the few 
French laboratories capable to develop this process 
have proven inaccessibility to do it for independent 
researchers such as the author of the article. Besides, 
the invention's claimed qualities, the revolutionary 
aspect was very often interpreted by examiners as 
‘utopian’, even before they read the document! Having 
tired of battling against concept fixed for the past two 
centuries, the author of the article has now decided to 
place this project within the hands of the 
international scientific and technological community, 
in order to give the best chance of success to the 
invention, 


It will most probably be the energy source 
of future generations! 


Initial development requires the construction of a 
prototype; three possibilities are described on the 
website (http://www.new-energy-paces.com). As 
there is no longer legal protection abroad, anyone is, 
free to experiment and to market, as he or she wishes, 
in all other countries outside of France. 


Please help me to spread the word about this project, 
for example through scientific forums on the Internet. 
‘This will allow you to receive feedback and gather other 
opinions. Your participation, even the most modest, will 
be of use. To those of you who help this project to see 
the light of day, all of humanity will be indebted. 


irregularly lobed in a scalloped design. Smooth and succulent, 
they form a thick basal rosette the first year of growth, sending the 
stem up with flower the 2nd year. 

Primary Uses: Culinary. Petals eaten raw; used as tea. Stem and 
leaves edible as a salad green, vegetable. Dried stems are added 
to soupsor stews. Leaves eaten raw, put in sandwiches or soups. 

Nutritional Value: Leaves very high in beta-carotene, riboflavin, 
iacin and potassium. Low in carbohydrates and calories. Petals 
are very high in beta-carotene and niacin. 

Collection and Storage: Gather petals only, leaving yellow centers. 
Caution: Do not eat the yellow center, asit may cause indigestion. 

Collect clumps of new spring leaves for salads. Chew leaves or 
stems while hiking for a taste treat. Dries and freezes well 


we? 


Daisy 
"She loves me, she loves me not!" We all enjoy and play this 
game, but think of how much more fun if you popped the suc- 
culent white petals in your mouth! Why not make a treat of 
the petals in salad or gelatin, or even in chocolate ice cream. 
have put them in popsicles for kids. 

Using the petals for food became a real survival tool 
when | spent hours picking blueberries or raspberries. They 
usually grow nearby, and when | found the petals edible, | 
could vary my diet from fruit to flowers. Then | discovered 
that daisy leaves are fantastic. From that moment on, Todd 
and | ate them while walking, playing, and working in the 
mountains of the Adirondacks. | can never look ata daisy and 
not remember the freedom of this period of my life! 
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Dandelion 


Taraxacum officinale 
Composite Family, Asteraceae 


Other Names: Dent-de-lion, 
wild spinach, wild lettuce, red- 
seeded dandelion, wasanswak 
(Crow Indian). 

History: Probably native to 
Europe, but widely distributed 
through the world. Used by 
many different cultures. 
Cultivated on the 
Mediterranean island of 
Minorca after locusts destroyed vegetation 

Habitat: Moist areas, lawns, roadsides, fields. 

Characteristics: Perennial herb. Grows to height of 2 inches or 
more; clumped. Leaves saw-toothed; whorl from center. Yellow 
sectioned flowers mature to fluffy “pompoms" with seeds that 
blow in the wind. 

Primary Uses: Culinary, medicinal. Early roots are eaten raw. 
Dried whole roots are pulverized or boiled. Leaves are eaten 
raw; steamed; boiled; sautéed; cooking liquid is drunk. Steeped 
for tea. Dried and ground for nutrient additive or flour. Flowers 
are eaten raw; sautéed; fried. Used for wine. Entire plant is 
steamed; boiled; sautéed; cooking liquid is drunk. Used in soups 
and stews. 

Nutvitional Value: High in protein, calcium, and vitamin A. 
Medicinal Value: Use as tea for jaundice and other liver prob- 
lems; a tonic, blood cleanser, purifier, stomatic, diuretic, laxative; 
for swellings, sores. Also effective for nervousness and 
hypochondria: an effective relaxant, 


LEDese 
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To reduce swelling and cleanse a wound, grind fresh 
leaves to a paste and spread over wound or fracture. Use dan- 
delions as a bandage to bind wounds. Use as blood tonic by pul 
verizing either roots or leaves and mix 50-50 with whole wheat or 
rice flour. Make bread. 

Cosmetic Value: Facials, wash for eczema; any external cosmetic 
skin treatments. 

Collection and Storage: Gather flower heads in season. Yellow 
petals are very sweet. Twist the green base from the yellow flower 
petals and eat the petals raw. Roots can be dug year-round, even 
under the snow. Young leaves and stems are tastiest. Collect roots 
in early spring when most succulent and not bitter; dry and grind 
to coffee. Roots may be stored in strips (see page 30 for illustra- 
tion on stripping roots). Store whole roots in paper bags in a 
warm, dry area. 


Leaves 
+ 1/4 grocery-size bag = 8 cups leaves 

+ 8 cups raw leaves = 10 servings 

+ 8 cups steamed and frozen leaves = 4 servings 

+ 8 cups fresh leaves, dried on a screen = 1/2 cup flour 
Flowers 

+ 1/4 grocery-size paper bag 


8 to 10 meals 


Linda Says- Security—that is the only word | use for dande- 
lion. Dandelion is always there, even frozen green under the 
snow, easily found, along edges of tree trunks or rocks. Ruth 
Spring taught me to core down the root, then peel the white 
succulent core for the first taste of a spring thaw. "Asa tonic," 
she said, "the body will grab at it." 

The former mayor of Vineland, New J ersey, started a 
large business growing and harvesting dandelions for the 
gourmet markets of Europe. The annual dandelion dinner he 
gave was nothing short of a gala feast. 
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Dock 


Rumex crispus 
Buckwheat Family, Portulaceae 


Other Names Curly dock, yellow 
dock. 
History: Native to Europe, wide- 
spread in North America. Pima 
Indians use roots, stems, and leaves. 
Habitat: Fields, roadsides, rich soil. 
Characteristics: Perennial herb. 
Grows to height of 14 inches, may 
reach 24 inches. Elongated leaves 
curl; seeds turn dark brown when 
dry. 
Primary Uses: Culinary, medicinal, 
cosmetic. Roots cooked as carrot. 
Leaves eaten raw; steamed; boiled; sautéed; cooking liquid is 
drunk. Stems eaten raw or cooked. Seeds ground for flour. 
Entire plant makes excellent yellow dye. Seeds are a decorative 
craft material, useful in flower arranging. 
Nutritional Value: High in vitamin A, minerals, and protein. 
Medicinal Value: Roots used for skin infections or itches, and for 
healing wounds and sores. Stems and roots are laxative and 
tonic. Pulp of leaves used as a poultice for bruises, burns, and 
swellings. Boiled and mashed, bound on boils and swellings. 
Collection and Storage: You can spot dock easily in a field by its 
deep chocolate-colored tops. Several stands of dock are often in 
a field; the dark brown tops stand out in peaked clusters, espe- 
cially above a winter's snow. Gather seeds when rust brown. 
Leaves are collected in early spring or when young. Roots are 
gathered in early spring for medicinal storage. Dries and freezes 
well. 

The Department of Agriculture suggests collecting roots 
in the late summer and splitting while green for drying and grind- 
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Linda Says- | remember the summer Ruth Spring showed 
me dock. When | saw how many thick clusters of seeds 
there were on just one plant, | decided dock would be a 
main source of flour. | am constantly amazed at how many 
quarts of flour can be derived from one clump of dock 
Because of the high vitamin A content of curly dock, this 
flour should be used sparingly only with another flour such 
as whole wheat. Curly dock seeds have 20,000 units of vita- 
min A per 1/2 cup. A few teaspoons in your recipe is ade- 
quate for vitamin content. 


Evening Primrose 

Oenothera biennis, 

Evening Primrose Family, 
Onagraceae 


Other Names: Meadow rose. 
History: Native to North Ameri- 
cas. Used by Native Americans. 
Habitat: Gravelly dry soil, road- 
sides, waste areas, 

Characteristics: Biennial _night- 
flowering herb. Has pinwheel 
rosette of leaves that are toothless 
with whitish midrib. Basal leaves 
brown in spring, hugging the 
ground, Stalk shoots upward, with 4-petaled flowers on top of 
multiple branches. With 4 petals, the flowers are not unlike a 
rose, exceptionally sweet smelling and waxy. Hairy stem. 
Between stalk bottom and root underground is a strip of red or 
pink to scarlet indicative of primrose. Single root with many hair- 
like extensions. 

Primary Uses: Culinary, medicinal, cosmetic. Young leaves are 
eaten as a vegetable or salads. Dried and frozen for storage. 
Buds edible before flowering. Seeds edible. Roots look and taste 
like parsnip (peppery flavored), may be eaten raw or cooked. 


86 


Dried for long-term storage. 
Medicinal Value: Evening primrose oil used for soothing the cen- 
tral nervous system as well as relieving stomach and gastroin- 
testinal stress. See below. 

Cosmetic Value: Creams, skin preparations. 

Collection and Storage: Pick young leaves in early spring. Pinch 
flowers off stem. Dig roots and scrub. Roots can be dug in winter. 
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Linda Says- Rumor has it that oil from this delectable wild- 
flower is one of the most expensive, as well as most beneficial 
for human beings. Its composition close to the constituents 
of mother's milk, evening primrose offers many medicinal 
remedies. 

| began picking and eating the flowers in quantity. | 
use olive oil to make evening primrose oil, just press the flow- 
ers into a small jar and add boiling olive oil. (Be careful to 
avoid splatters) Pressthe flowersdown with a spoon and pour 
in oil until lowers are saturated and air has bubbled up. Cap 
tightly and shake every day or so for a week. Strain the oil and 
refrigerate. It's potent tonic when added to your salads. 


larie 
Erodium circutarium 
Cranesbill Family, Geraniaceae 


Other Names: alfilaree, alfilar- 
redstem, stork’s bill, pin 
clover. 

History: Native to Europe and 
probably introduced to North 
‘America by the Spaniards; 
Native American use. 


Habitat: Dry areas, desert areas with a little moisture, particular- 
ly clay soils. 

Characteristics: Annual or biennial, reproducing via seeds at the 
base of stork’sbill-shaped shoots. Flowers on long stalks shoot up 
from fern-like leaves lying in thick mats. Minute hair on stalks and 
stems. Stalks have purple flowers, then seed buds. Seed has a 
corkscrew tail, driving it into the soil for propagation. 

Primary Uses: Culinary. Fern-like leaves are eaten raw like cel- 
ery. Used in soups, stems, sandwiches. May be steamed and 
frozen for summer vegetable. Roots are like celery, delicious raw 
or in soups; steamed or pickled. Both roots and leaves are dried 
and ground to a flour. 

Nutritional Value: Leaves are very high in calcium, potassium 
and beta carotene, niacin and vitamin C 

Collection and Storage: In the west! used a gloved hand, taking 
the most succulent leaves only up into your hand, pulling them 
upwards, and with a twist of your wrist, twist the leaves off the 
root. This leaves the root and flower stems. 

Caution: Do not ingest flowers or stork’s bill fruits, as they are 
known to be toxic. It is generally safe to ingest a large amount of 
filarie leaves if the vein in the center of the leaf is not pink or red. 
Filarie tends to pick up nitrates from the desert soil, turning the 
vein of the leaf as well as the stem of the flower red. Look care- 
fully for healthy plants, green and luscious before eating. 
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Linda Says- A winter's filarie sandwich has become a ritu- 
al. The greens appear after the rains on the Arizona desert. 
I-clip them with scissors, wash them, and make a mild, nutri- 
tiousraw vegetable served with a dip. Pickled in apple cider 
vinegar, they make a delicious salad ingredient. 
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‘ireweed 


Epilobium angustifolium 
Evening-Primrose Family, 
Onagraceae 


Other Names: Great willow herb, 
deerthorn, wild asparagus, wickup 
ocacadii (Potawatomi). 

History: Native to North America. 
Staple food in Northern Asia and 
Iceland. First plant to re-seed itself 
after all wars of wasteland or defo- 
liation. Grew on sides of Mt. St. 
Helen 3 weeks after volcano cov- 
ered area in potash. Grows back 
first after fires. The Potawatomi 
Indians used its root as a soap by 
lathering it in water. 

Habitat: Areas where there has been fire, waste areas, areas of 
regrowth, roadsides, fields. 

Characteristics: Perennial herb with unbranched tall spikes up to 
2.6 feet and willowlike. Spikes not unlike upside down asparagus. 
Stems hollow with white pith. 

Primary Uses: Culinary. Pith is eaten raw or boiled; used in soups 
and stews; steeped for tea. Buds are eaten like asparagus; tips 
picked before they flower are eaten raw or used in soups and 
stews. Flowers may be eaten, but buds are more palatable. 
Young leaves eaten raw or prepared as spinach; dried for tea. 
The fluff makes excellent winter tinder; used as cotton. 
Nutritional Value: Exceptionally high in beta carotene and potas 
sium as well as most minerals. 

Collection and Storage: Perennial herb. Reaches height of 2 feet 
or more. Spike of magenta or pink 4-petaled flowers, elongated 
top of buds 
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Linda Says- The best way to see the old fireweed beds is 
when it is snowy. The plants' spiral top, tall and fuzzy, swirls 
with cotton fuzz. In season, fireweed shows a magenta top 
with flowers. Above the flowers are asparagus-like tips that | 
harvest as a delicious vegetable. They taste best fresh. 


Goldenrod 


Solidago odora 
Sunflower Family, Compositae 


Other Names: Golden elixir, 
sweet goldenrod, —asawush 
(Ojibive Indians). Poco moon- 
shine is yet another species, 
augustifolum. 

History: Native of North America. 
Used by pioneers. Ojibive Indians 
used it in tea as a carminative, 
antispasmodic, and _ intestinal 
astringent (Smith 1932). 

Habitat: Dry, open fields, woods, 
road banks, pine barrens; acidic 
soil 

Characteristics: Perennial herb. 
Grows to height of 24 inches or 
more. Hundreds of tiny fluffy yel- 
low flowers on top stalk. Flowers 
smell like anise. 

Primary Uses: Culinary, medici- 
nial, cosmetics. 

Roots eaten raw; dried and pul- 
verized for tonic powder. Stems dried for tonic nibble. Leaves 
picked and eaten fresh. Dried for tonic tea. Stems, buds, flow- 
ers, and seeds eaten or used as tea. 

Medicinal Value: Energizer and tonic. As a tea, for diarrhea, 
bladder tone, colic. Mashed leaves for a poultice, raw flowers 
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chewed for sore throat. Leaves and roots are tonic for colds and 
upper respiratory problems. Powdered leaves are sprinkled in 
sores and wounds because goldenrod isan astringent. Helps stop 
internal hemorrhaging as a strong tea. 

Cosmetic Value: Shampoo, astringent with diaphoretic qualities; 
aromatic and stimulating 

Collection and Storage: Gather the entire plant, bundle it, and 
hang it upside down until dry in a warm, airy place out of the sun- 
light. The bundles are dry when the stems snap easily. Place a 
clean sheet under the bundles. Hand strip and gather up the 
bounty. To store a winter's supply of tea, gather the stripped and 
dried goldenrod parts in a pillowcase or other cloth bag, then 
wring to crush the leaves. A handful of flowers and leaves will 
brew 6 to 8 cups of tea. 

Caution: Do not use as bulk food. Use sparingly for medicinal 


purposes. 
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Linda Says- So easy to gather and bundle, the golden elixir 
grows thick and bountiful. Although its tonic qualities are 
present any time, the goodness is strongest just before the 
pollen forms in the flower head. If you choose to collect at this 
time, watch out for the bees! They love the flowers and fre- 
quently hide in the caps or rest in them. 

For a perfect yellow tea, snip off the blossoms. Dry 
separately on a screen and store in glass bottles. 
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ion of Gravitationa 


Vladimir N. Petrov, Russia 


173001, apt. 76, 10 Bolshaya Saint-Peterburgskaya st., Veliky Novgorod 
Eunail: petvn@km.ru 


Registration of gravitational waves is one of 
fundamental problems of physics. At the beginning 
of the last century A. Einstein's works predicted 
existence of these waves. Nevertheless, despite 
numerous attempts are made in different countries of 
the world these waves have not been fixed up today. 
Josef Veber, an American physicist working in 60 of 
the XX century, is sure to be called as the first 
experimenter who disclosed gravitational waves. 
Nowadays lots of many-million projects on 
registration of gravitation waves are developed and 
realized (LIGO (USA), GEO-600 (Germany-England), 
VIRGO (Italia), and TAMA (Japan)). However no 
positive results were achieved. 


Failures in registration of gravitational waves can be 
explained by the fact that researchers have erroneous 
notion of the essence of these waves. This erroneous 
notion is laid in an experimental project that causes 
negative results 


Many researchers believe that influence of 
gravitational waves on the bodies should be resulted 
in deformation of these bodies (ie. in change of mutual 
place of particles of a material body). All the attempts 
to disclose the gravitational waves are based on this 
notion. Now two types of ground gravitational 
antennas are supposed as priority. 


The first type supposes the registration of mechanical 
oscillations of a massive test body that is initiated by 
influence of gravitational waves on it. 


The second can register changes of a distance 
between space-apart free masses when gravitational 
waves act upon them. Great attention is paid to the 
second type of antennas in the developed projects. 
Failure attempts of registration of gravitational waves 
can be explained by their low intensiveness and 
insufficient accuracy of existing measuring 
equipments. Therefore, now there are made various 
attempts to register gravitational waves produced by 
such great cosmic phenomena as confluence of black 
holes. More accurate instruments and measuring 
equipments, for example, a laser interferometer, are 
developed. Nevertheless, positive results are hardly 
to be obtained. 


Here is one of the fallacious explanations of action of 
gravitational waves on a body: “Passing of 
gravitational waves changes an interval between 


objects transferring them one from another like two 
boats sometimes are approached sometimes moved 
from each other by sea waves”. 


Following this example to explain influence of the 
gravitational waves on bodies placing on the Earth, 
it can be said that all bodies are in one boat and 
raising or sinking of the boat on sea waves does not 
cause change of the distance between the bodies. 
However, this example seems to be very simplified 
for explanation of influence of the gravitational waves 
on bodies. In fact, the case is much more difficult. 


According to A. Einstein's theory, bodies moving with 
variable acceleration will radiate gravitational waves. 
Gravitational waves represent the essence of 
changes of gravitational field occurring at light 
speed. Since the gravitational field is a deformed 
space-time then the gravitational waves cause 
change of deformation of the space-time. Change of 
deformation of the space-time is accompanied with 
change of deformation of geodesic lines (i.e. lines by 
which all the bodies move). 


A body moving by a geodesic line whose deformation 
is changed changes its acceleration. Change of 
acceleration of the body will change gravity applied 
to the body in this area of space. Hence, influence of 
gravitational waves on the body occurs through 
gravity which influences on it. 


It is known that a fundamental difference between 
gravity and other forces appearing at a direct contact, 
with a body consists in the fact that gravity provides 
all the elements of the body (all its points) with equal 
acceleration (deformation can not occur), and other 
forces influence on certain parts of the surface of a 
body and so cause its deformation. 


Hence it is senseless to try to measure deformation 
of a body or change of a distance between test bodies 
occurring under influence of gravitational waves. It 
is necessary to note that, in particular, when a body 
is placed on an unmovable support relatively to the 
Earth, value and the direction of gravity coincides 
with weight of the body. Therefore, in this case 
gravitational waves can be registered at measuring 
of changes of the body weight. 


An experiment on registration of the gravitational 
field of the Earth by measuring change of weight of 
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Grape 


Vitis arizonica (Western) 
Vitis labrusca (Eastern) 
Vitis rotundifolia (South) 
Vitis Family, Vitacere 


Other Names: Wild grape. 
History: Native to North 
America, 

Habitat: Thickets, edges of 
woods. 

Characteristics: Deciduous vine. Forked tendrils at end and 
joints of high-climbing vines. Branches have a brown pith. 
Leaves tiny to large, coarse, saw-toothed, lobed, heart shaped. 
Fruit round, fleshy. One to 4 pear-shaped seeds in several colors 
from purple or black to amber. 

Primary Uses: Culinary. Fruit cooked to make jellies, jams, juice, 
syrups, and flavorings. Leaves are used as a wrapper for main 
dishes. Leaves may be eaten raw, stir-fried, or steamed. Tendrils 
are pickled. 

Nutritional Value: Fruit is high in vitamin C. 

Collection and Storage: Pick tendrils all year; clip with scissors. 
Grapes in season may be gathered by hand. Young leaves are 
picked at any time. Freeze leaves for stuffing; laying between 
sheets of wax paper, folding paper after each layer. 


EOP ay 


Linda Says- | wandered the hills of Syracuse, New York, with 
a famous gourmet cook looking for grape tendrils. There they 
were, curling down from yards of grape vines. | rolled and 
sniffed them first for their characteristic grape smell, then used 
scissors to clip hundreds of tendrils into a bowl. Later, my 
friend and | stir-fried the tendrilsinto delicacies, as well as froze 
them for use later in the year. The tendrils make me pucker. 
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Lamb's Quarters 


Chenopodium album 
Goosefoot Family, Chenopodiaceae 


Other Names: Pigweed, goose- 
foot, wild spinach, chiciquelite, 
hwahai (Pima Indian). (Toakush 
Crow Indian). 

History: Used in most countries 
and most civilizations. Recent 
archaeological findings in 
Denmark show it was an early food 
there. Now cultivated by Navaho 
and Mexicans. The Zapotec 
Indians use the flour as a staple 
food. 

Habitat: Native to North America, Europe, Asia. 

Characteristics: Annual herb. Grows to height of 18 inches or 
more. Leaf shaped like goose’s foot, dark green with whitish 
underlay. New leaves have white or lavender-tinged powder 
near center whorl. Leaf beads with water when wet. Green 
seed-like flower clusters. 

Primary Uses: Culinary, medicinal. Young shoots are boiled, cook- 
ing water is drunk. Leaves are spinach-like; eaten raw; steamed; 
boiled; sautéed; cooking liquid is drunk. Dried and ground for 
flour. Flower and seeds are ground for mush or cereal; sprouted, 
dried and ground for flour. Seed is excellent food for wild birds 
and canaries, Roots can be used as a soap substitute; wet hands 
and rub cleaned root. Young stems eaten raw or cooked. 
Nutritional Value: High in nutrition, vitamins, calcium. 
Medicinal Value: All parts used as a poultice for swelling, 
theumatism, arthritis. Chewed raw for toothaches. Also, gelatin 
capsules filled with lamb’s quarters are a potent vitamin. 


Collection and Storage: Harvest large amounts with a long knife 

or small amounts with scissors and bag. Hang large bunches 

upside down to dry. When crispy dry store in glass for longevity 

or steam and freeze. 

+ L large bunch (stems bunched together to about 1 inch thick- 
ness) = 2 cups flour when dried and stripped. 

+ Llarge screen of leaves and seeds = 2 cups flour 

+1 large bunch chopped and steamed = approx. 12 to 14 
sandwich sized plastic bags. 

Caution: The lamb’s quarters’ leaf resembles poisonous, mal- 

odorous look-alike, nettleleaf goosefoot, which has a tough card- 

board-like leaf. Crush and smell leaf. The rank odor will tell you 

immediately if you have this look-alike. Identify carefully. See 

page 294. 

Comments: Chenopodium ambrosiodes; also known as 

Jerusalem oak, wormseed or Mexican goosefoot, is a type of 

lamb’s quarters found in Arizona and other Western states. A 

sprig added to beans renders them anti-flatulent. 


Lamb's Quarters 

During World War II, the US government gave out 
information that garden weeds were good food. The top 
weeds included amaranth and lamb's quarters. Not only are 
these plants nutritious, but they are not bothered by cut- 
worms or aphids. 

Lamb's quarters grows phenomenally fast. In fact, 
just one plant yields all | need for a summer's meals for me! 
To gather, | pinch the tops and tips of each branch. | wait two 
or three days, then repeat; for each top taken, two or three 
will grow in its place. So just a few plants can yield an entire 
fall and winter supply. 

Dried leaves make a delicious and nutritious flour. 
Mixit with a bit of water to make a tortilla, or combine with 
wheat flour to make an enriched pita bread or fry bread. 

To make the flour, | pound the dried leaves with my 
favorite rock, but you can feed the leaves through a hand 
grinder for the same results. You can also place the crispy 
dried leaves in a pillow case and wring, 
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Malva 


Malva Neglecta 
Mallow family, Malvaceae 


Other Names: 
Cheeseweed, button weed, 
cheeses, mallow. 

History: Introduced from 
Europe; sold in the market- 
places of China and J apan. 
Habitat: Fields, roadsides, 
waste areas. 
Characteristics: Perennial 
or biennial herb. A stout, 
bushy plant branched and 
spreading from its base. 
Reaches height from 2 feet to 4 feet. 

Primary Uses: Culinary, medicinal. Leaves used in soups, main 
dishes, stir-fried. Stems are vegetable stir-fried in garlic and olive 
oil. Flowers, budsand stems, and cheeses (seed cases) are all edi- 
ble raw, steamed, sautéed, or dried and stored 

Nutritional Value: Very high in iron and calcium. 

Medicinal Value: A mucilagenic, increasing the flow of saliva, 
Chewed for sore throats, upper respiratory problems. 

Collection and Storage: Clip whole stems, pick off buds and 
leaves. Cut stems into sections for stir-fry or freezing. Cut leaves 
as large as you can for rolling around tofu, fried beans, potatoes, 
rice. Collect in bunches for abundance. Do not pick malva with 
red stems. Red stems may depict nitrate from the soil; pick fresh 
young plants when possible. Mince malva leaves and marinate in 
ail and vinegar before cooking. 
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‘Add 1 cup salsa to ice cube trays, a spoonful of fried 
beans, roll tightly in malva leaves and freeze. Easy to defrost and 
bake at a later date. (See recipe for Malva Rice Roll-Ups.) 


Stuffed Malva Leaves 


Linda Says- Malva has cheese-wheel seeds. | love to gather 
them and dry them for potato salads, stirfries, or eat them as 
they are. 

Seeds are dried to use as “nuts" in winter. Large 
leaves used for wrapping foods. Stems are used for delicate 
sautéed vegetable, and younger leaves for salads and sand- 
wiches. Once dried, all parts of malva can be ground for 
flour! 1 cook with malva flour alot. Asa general rule, | use 1 
cup malva flour to 3 cups of wheat or other gluten flour. 
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Maple 
‘Aceraceae Family 


Other Names: Sugar, silver, soft, rock and 
red maple. 

History: Many species native to United 
States. Native Americans were early users 
of the tree's products. Chippewa Indians 
pressed the seeds into cakes calling them 
maple cakes. 

Habitat: All environments except lower Rocky Mountains and the 
Plains states; areas with rich, well drained soil 

Characteristics: Deciduous tree. Most leaves have 5 pointed lobes, 
are irregular toothed, and are opposite on branches. Leaves turn 
golden yellow to scarlet in early fall. Seeds have brown wings and 
‘occur in pairs. All have sweet sap to a varying degree. 

Primary Uses: Culinary. Sap used for syrup, candy, flavorings. 
Seeds eaten raw or pressed into cakes. Twigs and young leaves 
Used for tea and emergency food. 

Nutritional Value: Leaves high in minerals, beta carotene and veg- 
etable protein. 

Collection and Storage: Cut the seed off the wing with scissors, dry 
on a screen, and put through the grinder. Twigs, inner bark, and 
sap can be collected and used in winter. Collections of twigsis sim- 
ple because they snap off easily by hand. Syrup collection is 
through a tap drilled into tree using a collector pail. (Author used 
plastic milk bottles from a nearby dump.) Please refer to other ref- 
erences to details of svrup collection. 


Sir 


| was relaxing in front of a fire in the crispness of early 
morning when Crack! A sound like an explosion came from 
behind me in the woods. | scanned the trees and saw that a 
maple tree had "exploded." The explosion caused a big crack in 
the tree about three feet high. When a winter wind stirs the 
frozen trees, they sometimes appear to burst vertically. When it 
was 40 degrees below zero at night, I lay awake and listened to 
trees explode. That's true wilderness thermometer! 
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Meadowsweet 


Filipendula ulmaria 
Rose Family, Rosaceae 


Other Names: Queen-of-the-mead- 
ow, meadow sweet. 

History: Native to North America, 
used by native Americans. 

Habitat: Meadows, old pastures 
from Nova Scotia and New 
Brunswick to North Carolina and west to Minnesota and Arkansas, 
Characteristics: Perennial herb. Bush with symmetrical branches, 
30 inches long or more. Flower spires, shaped like church 
steeples, are white and fluffy in spring. The steeples turn seedy 
and chocolate brown in the winter, giving it a characteristic look 
against the snow. Twigs have hundreds of tiny nodes between the 
branches and are characteristic of meadowsweet, not other hard- 
hacks. 

Primary Uses: Culinary. Twigs chewed or steeped as tea. Dried 
and stored for winter. Flowers are dried as a sugar substitute; 
sweet enough for teas & cereals, but flower must be dried. Used 
in wines. Seeds are also edible. Leaves used for tea. 

Nutritional Value: High in vitamins and minerals. Also high in 
beta carotene, potassium, and niacin. 

Medicinal Value: Mineral tonic. Flu and Rheumatic pains. (con- 
tains salicylates.) Twigs, inner bark and sap can be used in winter. 
Collection and Storage: Collect twigs by breaking off when young 
and store in paper bag. Collect flowers by pinching off easily with 
fingers. Dry on screens 


Ser 


Linda Says- Shearing meadowsweet flowers with scissors is 
by far the quickest way to harvest them. Pick with both 
hands, breaking brittle twigs. Swing a handful from your 
right hand up under your left armpit. Hold tight and con- 
tinue until bunch is cumbersome, then tie and set aside 
Gather bunches and tie together. 
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Milk Thistle 


Silybum marianum 
Composite Family, 
Compositae 


Other Names: Horse thistle, 
marian, holy thistle. 

History: Native to the 
Mediterranean, also hot 
regions of North America, 
including Southern Arizona. 
Cultivated and dried in 
Europe. Used by Native 
‘Americans, 

Habitat: In west, commonly 
found in ditches; waste 
places. 

Characteristics: Annual herb. 
Grows 3 to 6 feet tall. White milk splotches on prickly leaves, 
named “Mother Mary's milk.” Large prickly, fuzzy thistle flower 
with long prickers from central stem. Vigorous grower; 1 plant 
will quickly spread to a bed 3 feet around. 

Primary Uses: Culinary, medicinal. Young leaves parboiled to 
remove prickers, for soup or stir-fry. Cooking liquid is drunk. 
Leaves dried and ground for extract. 

Nutritional Value: High in vitamins and minerals. High in phos 
phorous, vitamin K, and thiamin and niacin. 

Medicinal Value: For treatment of liver disease. A valuable 
source of the chemical silymarin. Mineral tonic, flu and rheu- 
matic pains (contains salycylates). 

Collection and Storage: Use a long blade or sharp machete to cut 
off prickly leaves. Extract young leaves from center of plant with 
long knife and tongs. Plant tends to pull up nitrates from the soil, 
so harvest young leaves. | dry the leaves by placing them face 
down on a screen. You can handle prickly leaf safely by pinching 
the back vein of the leaf. 
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Linda Says- The gigantic prickles on the milk thistle once 
scared me. | was aware of the multiple benefits of these omi- 
nous leaves, but how to gather them? Gloves did not help. 
The best tools are a long-handled tongs and a long kitchen 
knife. Slice the leaf off with the knife and pick it up with your 
tongsand bag it. Washing them becomes the next challenge, 
and cooking to a safe texture is yet another. The leaves fairly 
“melt” in cooking; even the barbs become tender if the leaf is 
simmered long enough. | cut off the barbs with scissors, then 
simmer a few minutes and drink the broth. 


Milk Thistle 
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Milkweed 


Asclepias species 
Milkweed Family, 
Aslepiadaceae 


Other Names: Silkweed, but- 
terfly weed, cotton tree, 
pleurisy root. 

History: Native perennial 
with many species. Known 
since ancient times, used dur- 
ing World War I in rubber 
experiments, fluff considered 
for life preserver stuffing. 
Habitat: Fields, roadsides, gardens 
Characteristics: Perennial herb. Single stem 2 to 5 feet high. 
Leaves opposite in pairs from 4 to 9 inches long. Heavily veined, 
smooth leaf with white milky sap throughout plant. Flowers are 
round clusters of pleasantly fragrant single stars at end of dozens 
of branches, making a round ball of blossoms. Flowers give rise 
to a green bristly pod, in which flutf-bearing seeds form. White 
sap exudes from all parts, including roots. 

Primary Uses: Culinary and medicinal. Flowers and seeds are 
edible. New sprouts are used as vegetable, cooked. Young 
leaves and buds are cooked as vegetable. Stalks are peeled for 
strong fibers; used for fishing line, especially if braided. Bark is 
braided into ropes of varying thickness. Pods picked young are 
used in soups and stews. 

Nutritional Value: Shoots high in niacin, potassium and vegetable 
protei 

Medicinal Value: Milky sap used in wart removal 
Collection and Storage: Break off buds, young leaves, and flow- 
ers by hand. Use a paper bag. The milk tends to turn the plant 
sour if kept in plastic bags. Strip stem fibers and braid for emer- 
gency fishing line or rope, as well as shoelaces (in the wild). 
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a test body was made. Before the beginning of the 
experiment there was set a problem to register 
gravitational waves produced by the Mercury and 
the Venus at approaching to the Earth. The 
gravitational field in which the Earth moves changes 
due to superposition of gravitational waves of other 
planets on it. These changes were necessary to be 
registered, 


‘The experiment was as follows: a test body (a 100 grams 
weight) was weighted on an electronic balance in 
equal time intervals of 14 days. The experiment was 
lasting for 12 months. In the experiment it appeared 
that change of a distance between the Earth and the 
mentioned planets causes change of weight of the 
test body. The change of weight of the body occurred 
in proportion to the distance between the planets 
The test body was weighted in the same conditions 
and in the same place. The performance of the 
experiment is so easy that every person can made it 


It is known that weight of a body changes 
(decreases) at moving along the Earth surface from 
its pole to the equator. Change of weight of a body 
locating in the same place has not been fixed until 
now. 


‘The fixed change of weight of the test body proves 
change of gravity applied to it and, consequently, 
change of the gravitational field in which the test 
body moves as well as the Earth does. These 
changes of the gravitational field were caused by 
motion (superposition) of the gravitational waves 
produced by the mentioned planets at their 


approaching towards the Earth at the distance of 
the existent gravitational field. 


Hence, the Earth and all the bodies locating on it move 
in the constantly changing gravitational field, 
therefore, constantly change their weight. 
Nevertheless, as it is known, change of the 
gravitational field is the influence of gravitational 
waves on it. Hence, measuring changing of weight of 
bodies we can speak about registration of 
gravitational waves. 


In search of the 4th dimension 


From http://home.ural.ru/~meop/index.html 


High-Energy Hyper-Low-Freauengy 
Electric Field 


Yury V. Ivanko, Ukraine 
Exmail: ux01w@hotmail.com 


The article represents a practical and theoretical 
research on possibility of existence of a high-energy 
hyper-low-frequency electric field which is 
interpreted by modern measuring instruments and 
subjective perception as a static field. Besides there 
are observed a problem of the field registration, a 
hypothesis of relic origin of the registered field and 
a hypothesis of wave nature of the Universe. 


A passenger on board a ship sailing in the ocean will 
never notice action of waves of high and low tide. At 
the same time, weathering waves of several numbers 
produce a dangerous storm. However, an ocean liner 
is designed for such a storm therefore the passenger 
would just experience some discomfort. It is another 
case if tide wave hides reefs... I wish our ship, ie. the 


Earth, the Solar System, the Galaxy, and the Universe, 
not to be lead to such a place by any ignorant 
“navigator 


One of the most mysterious persons in the history of 
electricity physics was an outstanding inventor 
Nicola Tesla (1856-1943). When the majority of 
scientists developed researches of microworld particles 
he followed the opposite scientific path. He was 
interested in the electrical potential of the whole Earth. 
He researched ways to influence on it, control its state 
and methods of its regulation. Therefore many of his 
patents, experiments as well as a purpose of 
constructions and devices built according to his ideas 
arouse perplexity and misunderstanding of modern 


New Energy Technologies, Issue #2 March 


scientists, 
April 2003 


‘As a vegetable; young leaves and buds can be dried or frozen. 
Sprouts can be frozen. Buds should be simmered twice for 3 to 4 
minutes, changing water in between. Roll any wide leaf with 
goodies and bake in salsa for a wild Mexican delight. 


Wild Mexican delight! 


Milkweed Abundance 
Gathering milkweed is by far the easiest way to find 
food for my family. The abundant pebbly tops beckon to me. 
| move from every fourth plant or so with ease. | fill a large 
bag and then go to the Cedar River log bridge to wash them. 
The time spent swishing the milkweed buds in the cool water 
are some of the most precious moments of homesteading. 
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Mint 
Mentha species 
Labiatae family 


Other Names: Spearmint, pep- 
permint, horehound, giant hys- 
sop, wild bergamont, bee balm, 
oswego tea. 

History: Mostly native to North 
‘America and widely distributed 
throughout the world. Used 
since ancient times in scents, cos- 
metics, flavorings, food and med- 
icines 

Habitat: Found in most areas 
from swamps to fields, gardens to 
lawns. 

Characteristics: Perennial herb. 
All mints are aromatic. Most 
mints have square stems; leaves 
are opposite with usual unevenly 
saw-toothed edge. Prominent 
veins; leaves may be smooth or 
coarse, sharply pointed in most species. Characteristic fuzzy 
leaves in wild varieties, especially swamp mints. Plants range 
from 5 inches to 2 feet high. 

Primary Uses: Culinary, medicinal, cosmetic. Leaves, flowers, 
stems and roots eaten raw in salads, candies; leaves steeped for 
tea. Flowers dried for teas. Whole plant ground for aromatic tea. 
Nutritional Value: High in vitamin C and iron. 


Yes 
BSS 


103 


Medicinal Value: Well known as a stomachic, or stomach 
soother. Also used for insomnia, stomach ache, fevers and colds. 
Cosmetic Value: Aromatic stimulant, astringent, restorative; used 
for scents, in soups and potpourris. 

Collection and Storage: Cut stems where desired, as plant reju- 
venates quickly. | used to pick and wind one plant into a bunch, 
then string bunches together for ease of harvesting as well as dry- 
ing. Also, freeze flowers in ice for pretty edible cubes. Mints 
transplant easily and have characteristic prolific growth in an 
herb garden. 


Linda Says- The camp always smelled good when the mint 
was drying for winter. Our family eats the leaves often 
Since a leaf holds a whopping amount of iron, it is under- 
standable why | eat at least 1/2 cupful every time | go out to 
pick it. 


Mint Aromas 

Lightning flashing all around me, | lay prostrate in a 
large patch of mint. The air was blue-black. Tired and clutch- 
ing my bundle of freshly picked plants, | almost welcomed the 
respite, though | was a bit nervous. 

Mint picking is always done around swamps, streams, 
and riverbeds, and this day | was able to gather a sixweek 
supply before a typical Adirondack thunderstorm kept me 
waiting for 30 minutes. 
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Verbascum thapsus 
Snapdragon Family, 
Scrophulariaceae 


Other Names: Candlewick, flan- 
nel leaf, Aaron's rod, feltwort, 
hare’s beard; velvet plant, velvet 
dock, blanket leaf. 

History: Native to Europe, natu- 
ralized throughout pasture land of 
United States. Plant also known in 
Roman and Greek history; 
Quakers, Native Americans. 
Habitat: Waste wet areas as well 
as roadsides, gravelfilled fields. 
Characteristics: Biennial herb. 
Tall spikes with yellow flowers, vel- 
vety leaves whirl around spike. 
Grows up to 10 feet tall. Produces 
basal leaves in first year, then spike the second year. Leaves furry 
or velvety, ranging from 3 inches to 2 feet long. Flowers are suc- 
culent and sweet smelling, attracting bees. 

Primary Uses: Culinary, medicinal, cosmetic. Root used for 
medicinal tea, leaves and flowers dried for tea and medicine. A 
normal root, up to 1 foot long, may be reused dozens of times. | 
put large leaves in my sneakers when walking long distances; they 
help soothe tired feet, and prevent blisters. Native Americans put 
leaves on cradle boards to heal elbows and shoulder blades. 
Antiseptic, mullein is invaluable for inflammation. 

Medicinal Value: All parts of mullein, from single tap root to flow- 
ers have an antihistamine quality among other qualities. (See 
chart page 53 for comparing mullein to aloe vera.) 

Cosmetic Value: Astringent and emollient properties, decoction 
of flowers for hair rinses to lighten hair color; flowers steeped in 
olive oil used as application for sores or massaging oils. 


o & x 


Collection and Storage: Second-year leaves may be harvested 
from the spike individually, flowers harvested individually, and root 
harvested at any time, any season. | harvest single leaves, roll them 
up, and dry them on a screen. These rolls may be kept in glass con- 
tainers and taken along when hiking, 

Floated in olive oil, mullein wicks will burn cleanly & clear- 
ly for 3 hours or more or until the olive oil is used up. Pour a table- 
spoon of olive oil on the top of a glass of 
water. (You must float the mullein by 
crossing 2 toothpicks, poking the ends of 
the toothpicks in a tiny piece of foam or 
buoyant material.) Place the wick in the 
center, letting a piece touch the oil you 
have poured on the top of the water. 


wi 


Linda Says- | used mullein for 
lamp wicks when snowed in. A 
small piece of the flannel leaf cut to 
size, dried, and soaked in oil will 
burn for quite a while. 


Figure 48 Rolling and 
Drying Mullein leaves. 


Mullen 

| feel as fthe 6foot high plant were a person. | address 
the mullein and ask to pick its flannel leaves and flowers! 

One summer, my Girl Scout Troop was horseback rid- 
ing on a field trip in Indian Lake, New York. One of the hors- 
es moved too close to the one in front and the forward horse 
kicked, clipping the child on the ankle. It was obvious she had 
a bad injury. Removing her shoe, | shouted to get mullein, 
quick! The scouts came running with fresh mullein. "Roll the 
leaves and crush them quickly with a rock, girls" Poultices 
were made and applied on the swollen ankle. The mul 
stalks became splints and the leaves became bandages until we 
ould get the small scout to a hospital. Soon thereafter a doc- 
tor called to ask "W hat was that plant around the scout's ankle? 
She had a chip fracture but no swelling or pain!" Mullein, sir! 
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Mustard 


Brassica species 
Mustard Family, Brassicerceae 


Other Names: Charlock mustard, field 
mustard, yellow mustard, 

History: Native to Europe, pasture land 
in North America. Used medicinally in 
Greek, Anglo-Saxon history. A pot herb 
in English history. 

Habitat: Fields, roadsides in cooler 
regions. 

Characteristics: Annual herb. Growsto height of 10 feet or more. 
Leaves rounded, with extra protuberances of tiny leaves below 
main part of leaf. Crushed leaf yields herby pungent smell. Four- 
petaled yellow flower; petals in form of cross. Black seeds in pod. 
Primary Uses: Culinary. Stems used raw as pungent spice. 
Leaves all eaten raw, used as pungent spice; steamed, boiled in 
soups, stews. Flowers are eaten raw; steamed. Seeds dried and 
used as spice; ground for mustard. 

Nutritional Value: High in beta-carotene, minerals, vegetable pro- 
tein. 

Medical Value: Dried leaves and flowers used as a poultice, or 
mustard plaster for respiratory distress. 

Collection and Storage: Collect young leaves by snipping of stalk 
with fingers. Collect pods separately in season when seeds are 
mature, pods almost dry. 


Linda Says- When eating mustard greens boil in water for 
15-20 minutes. Mustard is a very pungent vegetable. 


PFSE 


Assoon as the temperature rose to between 32 and 40 
degrees, | would make a beeline to the back of Alice and Walt 
Sherman'sbarn. The mustard plants were always green, grow- 
ing beneath the snow against the warm barn boards, “There 
are no words to describe the taste ofthe first mustard leaves of 
the season, My body fairly roarswith energy for daysto follow! 
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Nettles 


Urtica species 
Urticaceae Family 


Other Names: Stinging, slender, great, 
dwarf, nettle. 
History: Native to Europe, widely natural- 
ized in North America. Used worldwide. 
Habitat: Fields, fertile soil from Alaska 
throughout continental US. 
Characteristics: Perennial herb. Leafy 
plant. Leaves opposite in pairs, coarsely 
veined, oblong tapered to tip with rough, 
sharp saw-toothed edges. Entire plant fuzzy 
with tiny stinging bristles or minute hairs. Flowers are tiny green 
seed-like clusters between stalk and branches. 
Primary Uses: Culinary, medicinal, cosmetic. Leaves and flowers 
boiled for soups and stews, cooked in stir-fries. Seeds are used in 
herbal teas. Excellent tea! 
Nutritional Value: High in protein, iron and vitamin C. 
Tea well known asa nutritious restorative tonic. 
Cosmetic Value: Commercial uses: nettle shampoo, herb wraps. 
Collection and Storage: Use leather gloves when collecting nettles. 
When harvesting for vegetable, hold a bag or bow! under separate 
leaves and clip off with a pair of scissors. A few plants sustain a 
whole family, since several nettle leaves grow where pruned. 

Clip seeds separately if desired, plant will continue to pro- 
duce until mature. Place nettles in water to simmer away hair 
and leave a nutritious main dish. 


etesy 


Linda says- | can still feel that prickly burn on my leg from 
each tiny hair as approach the tall, stately plants. | learned 
my lesson. Blessing the "armored" leaves, | soon practiced 
safe collection. My young scout troop once gathered a bunch 
of nettles and presented a "bouquet'" to Utica's city scouts; I'm 
sure their lesson became the same painful memory. 
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Phragmities 
Phragmities communis 
Graminae 


Reed, giant reed. 
History: Native to Europe and North 
‘America. An ancient food, craft mate- 
rial, fiber. The Gosiute Indians gath- 
ered a sweet secretion formed on the 
leaves by aphids and used it as sugar 
(Chamberlain 1911). The Panamint 
Indians dried the entire reed, ground it, 
and sifted out the flour (Colville 1892) 
This moist and sticky substance was 
then set near a fire until it swelled and 
browned, when it would be eaten like 
taffy. The best time to gather the culms 
(stalks) was spring. 

Habitat’ Grows throughout the United 
States except inland areas of South Atlantic and south-central 
Slates; also Europe, Asia. Likes marshes, swamps, wet areas, road- 
sides. 

Characteristics: Tall, reed-like stalks with feathery seed tips. Up to 
6.8 feet tall. 

Primary Uses: Culinary. Stalks are dried and ground to flour. 
Gummy substance in the stalk can be used as gum or in drinks. 
Stems woven for mats, bedding, thatching, grass huts. Excellent 
tinder. Fibers in stalk made into ropes by twisting together. Seed 
heads are made into a gruel, cereal, or flour. Used in cellulose, 
arrow shafts. If seeds are not present, chaff is ground into flour. 
Roots or rhizome (underground stems) are gathered and ground 
into flour. Eaten raw, roasted, or boiled into a sweet, gummy con- 
fection not unlike candy or marshmallow. 

Collection and Storage: Study the cycle of head (seed) maturation. 
There is a 2-week period when seed head is full and ripe. Past that 
stage the seeds drop and blow away. Clip heads with scissors in the 
middle of summer, before seeds mature and fall out of seed head. 
Caution: The water in which phragmities grows is often polluted, 
s0 test the water before eating the plant. 


EBT 
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Linda says- Imagine my surprise when told that the waving 
reed was edible and could be ground to flour! It wasn't long 
before | began to experiment. The thought that such a 
tremendous proportions of the world was home to this plant, 
but few people were baking with it became another reason 
for this book. (The water in which phragmities grows is often 
polluted, so test the water before eating the plant.) 


Pine 


Pinus species 
Pine Family, Pinaceae 


Other Names: Too numerous 
to mention, but including white 
pine in East and pinyon in West. 
History: Native to most parts of 
the world. Used by Native 
Americans 

Habitat: Woods, forests, land- 
scaped area; soil varies from 
dry to moist. 

Characteristics: Evergreen tree. 
Cone-bearing. Needles vary in 
length, usually long and slender occurring along the twigs 
Bundles of 2 to 5 needles common. (White pine with 5 needles 
shown in picture.) 

Primary Uses: Culinary, medicinal, cosmetic. Needles eaten raw 
or cooked as vegetable; tea, flour. Catkins eaten as candy; raw, 
dried for tea, salads. Cone and nuts (seeds) are eaten as snack; 
ingredient in baked goods. Bark is emergency food, roots are 
eaten raw, steeped for tea. Sap has medicinal application for 
small cuts, scrapes, blisters. 

Nutritional Value: High in Vitamin C 

Medicinal Value: Colds, flu; as a tea, mixed with honey. 
Cosmetic Value: Deodorant, air freshener; soaps, lotions, cleans- 
ing oils. 

Collection and Storage: Gather needles, twigs, and bark. Using 
a knife, peel a section of bark lengthwise from a young branch; 
this may be chewed for a long time. (See “Peeling bark in strips” 
on page 31.) To harvest needles, let branches dry thoroughly 
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until needles fall. Gather needles in a sheet, then break up twigs 
into small sections. Place needles in glass jars. Preheat oven to 
300 degrees, then turn off! Place jar with needles in oven and 
leave until the oven is cool. Cap immediately and store. 

To do twigs, place them in a glass jar, leaving the cap off. Put in 
a turned off 300° F. oven, leaving until cool. Put in a sunny area 
for further drying, if needed (until they snap easily). Cap for stor- 
age. 

Caution: Needles are volatile and catch fire easily. 


Linda says- Many was the time | ploughed through snow- 
drifts looking for meadowsweet, maple and beech twigs, and 
succulent fresh pine needles. Pine provides the energy to go 
on! tis the taste and smell of the forest. Save every bit of 
your Christmas tree for pine tea if it has not been sprayed or 
dyed a darker green. 


Plantain 

Plantago major (common 
plantain) 

P. Juncoides (Long-Leafed 
Plantain) 

Plantain Family, 
Plantaginaceae 


Other Names: Turnip leaf, 
cart-tract plant, cuckoo’s 
bread, English plantain, 
goosetongue, Indian 
Wheat, pale plantain, rib- 
wort, rippleseed plantain, 
seaside plantain, seashore 
plantain, snake weed, sol- 
diers herb, White man's 
footprint. ‘Common Plantain 
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a test body was made. Before the beginning of the 
experiment there was set a problem to register 
gravitational waves produced by the Mercury and 
the Venus at approaching to the Earth. The 
gravitational field in which the Earth moves changes 
due to superposition of gravitational waves of other 
planets on it. These changes were necessary to be 
registered, 


‘The experiment was as follows: a test body (a 100 grams 
weight) was weighted on an electronic balance in 
equal time intervals of 14 days. The experiment was 
lasting for 12 months. In the experiment it appeared 
that change of a distance between the Earth and the 
mentioned planets causes change of weight of the 
test body. The change of weight of the body occurred 
in proportion to the distance between the planets 
The test body was weighted in the same conditions 
and in the same place. The performance of the 
experiment is so easy that every person can made it 


It is known that weight of a body changes 
(decreases) at moving along the Earth surface from 
its pole to the equator. Change of weight of a body 
locating in the same place has not been fixed until 
now. 


‘The fixed change of weight of the test body proves 
change of gravity applied to it and, consequently, 
change of the gravitational field in which the test 
body moves as well as the Earth does. These 
changes of the gravitational field were caused by 
motion (superposition) of the gravitational waves 
produced by the mentioned planets at their 


approaching towards the Earth at the distance of 
the existent gravitational field. 


Hence, the Earth and all the bodies locating on it move 
in the constantly changing gravitational field, 
therefore, constantly change their weight. 
Nevertheless, as it is known, change of the 
gravitational field is the influence of gravitational 
waves on it. Hence, measuring changing of weight of 
bodies we can speak about registration of 
gravitational waves. 


In search of the 4th dimension 


From http://home.ural.ru/~meop/index.html 


High-Energy Hyper-Low-Freauengy 
Electric Field 


Yury V. Ivanko, Ukraine 
Exmail: ux01w@hotmail.com 


The article represents a practical and theoretical 
research on possibility of existence of a high-energy 
hyper-low-frequency electric field which is 
interpreted by modern measuring instruments and 
subjective perception as a static field. Besides there 
are observed a problem of the field registration, a 
hypothesis of relic origin of the registered field and 
a hypothesis of wave nature of the Universe. 


A passenger on board a ship sailing in the ocean will 
never notice action of waves of high and low tide. At 
the same time, weathering waves of several numbers 
produce a dangerous storm. However, an ocean liner 
is designed for such a storm therefore the passenger 
would just experience some discomfort. It is another 
case if tide wave hides reefs... I wish our ship, ie. the 


Earth, the Solar System, the Galaxy, and the Universe, 
not to be lead to such a place by any ignorant 
“navigator 


One of the most mysterious persons in the history of 
electricity physics was an outstanding inventor 
Nicola Tesla (1856-1943). When the majority of 
scientists developed researches of microworld particles 
he followed the opposite scientific path. He was 
interested in the electrical potential of the whole Earth. 
He researched ways to influence on it, control its state 
and methods of its regulation. Therefore many of his 
patents, experiments as well as a purpose of 
constructions and devices built according to his ideas 
arouse perplexity and misunderstanding of modern 
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History: Many types native to Europe 
and naturalized in North America. 
Used as vegetable in France; cultivated 
in England. Some varieties native to 


Asia, 
Habitat: Lawns, roadsides, fields, 
waste areas, 


Characteristics: Biennial or annual 
herb. Turnip-lke flat roundish leaves, 
with prominent parallel veins. Center 
stalk lined with seeds. Considered a pot 
herb in Europe, this plant has many 
species. Common plantain has spade- 
like flat leaves, whorling on the ground 
from a center point, with tall stalk in 
center with many seeds around stalk up 
to tip. Long-leafed plantain has long 
narrow leaves with heavy vein and sim- 
ilar texture, taste, and smell, Stalk has 
seeds at only top inch or so. 
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Primary Uses: Culinary, cosmetic. Young leaves are eaten raw or 
cooked. Stalks are dried for vegetable chewies. Seeds are eaten 
as sprouts. Entire plant is edible. 

Collection and Storage: Turnip-like leaves are easily twisted from 
the ground by hand. The stalks are clipped and dried in a day or 
so. Use scissors, Leave stalks until the seeds are easily removed. 
Save stalks for a crispy stick food. 


Long-leaf Plantain. 


Linda says- The plantain leaf | eat is also a fantastic under- 
arm deodorant! Prepare the leaves by placing 3 leaves togeth- 
er, then crush with a rock or hammer until the juices flow. 
Remove the inside leaf and wipe juice on underarm. Free sup- 
ply abounds under my feet. Plantain has surrounded all the 
camps | have lived in throughout my homestead years. 
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Prickly Pear 


Opuntia megacantha and other 
species 
Cactus Family, Cactaceae 


Other Names: Devil's tongue, 
beavertail, Indian fig, tuna. 
History: Native to North and 
South America. Used by 
Native Americans. 

Habitat: Hot, dry, well drained 
soil 

Characteristics: Fleshy, low- 
spreading cactus. Has flat 
stems and pads with long nee- 
dies. Thorny fruits are preced- 
ed by waxy flowers, yellow or 
red. Fruits ripe for harvesting are yellow-green to purplish black. 
Primary Uses: Culinary, cosmetic. Padsare cut up for food; strips 
parboiled and french-fried; simmered for hair tonic and softener. 
Flowers eaten raw, cooked to candy, jelly; also frozen in cubes for 
drinks. Buds cooked for jellies, jams, syrups, deserts, candies; 
juices also made. Water from fruit and young pads may be used 
asa liquid in an emergency. Seeds may be dried and ground to 
flour; used asa soup thickener. 

Nutritional Value: High in carbohydrates and calories. 
Medicinal Value: Pads split open for soothing gel for burns, 
wounds, sunburn. 

Cosmetic Value: Hair tonic, softener. 

Collection and Storage: Handle pads only with leather gloves 
and tongs. To harvest, use a long stick, handle, or shovel to knock 
off each pad. With a deliberate touch-and-push movement, the 
pads break off and fall to the ground with ease. When you pick 
them up, slide a board underneath or use tongs, and put them in 
a container. One pad isa large filet, or 2 servings. It can be cut 
up and frozen in cubes for drinks. 


One hair rinse pad is good for several shampoos. Fruit 
and seed pulp also harvested with tongs. Flowers are easily 
removed by hand, petal at a time. Petals eaten raw, cooked to 
candy, jelly. 


To prepare padsas poultice, hold gingerly with thumbs and 
forefinger. Using point of a knife, poke first, then slice carefully in 
half. Spread out and scrape off watery meat for use as a poultice. 


Caution: Prickly pear is a protected plant. OK to harvest pads, 
flowers, buds as a survival food on the desert. Do not remove 
whole plants. 


Preparing Prickly Pear. 


Linda says- My personal attachment to this plant came in a 
way different from the usual. | led a wild food field trip to the 
desert in Black Canyon City. The temperature was only 90 
degrees, but the sun was vicious to my fair, sensitive skin. 1 
knew my sun block was not working so well. | scraped the 
needles off some prickly pear and cut the pad in half, applied 
the cactus meat to my sunburned face. The prickly pear and 
I became good friends from then on! 
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Purslane 


Portulaca species 
Purslane Family, Portulacaceae 


Other Names: Low pigweed, 
pusley. 

History: Native to Europe, 
widely naturalized in United 
States. 

Habitat: Fertile soil, topsoil. 
Characteristics: Annual herb. 
Prostrate peddle-shaped succu- 
lent leaves on branching fleshy 
vines. Forms mats in masses of 
growth. Five to 7 petaled tiny 
yellow or red flowers are prolif- 
ic. Multitudes of tiny black 
seeds produced on each plant. 
Primary Uses: Culinary. All parts edible, raw or cooked. Purstane 
also pickled. 

Nutritional Value: Shoots contain a balance of minerals for only 
I6 calories per half a cup. 

Medical Value: A succulent that quenches thirst as well as puts a 
quantity of minerals in the body of an active person. Contains a 
high mineral content. 

Collection and Storage: Gather mats, snapping off branches, and 
leave root for rejuvenation. Gather succulent young branches for 
raw treats. Also grows well indoors. 
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Linda says- My first harvest of purslane yielded 34 jars of 
pickles. Since then | have picked and pickled virtually hun- 
dreds of jars of purslane. 
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Queen Anne's Lace 


Daucus carota 
Parsley Family, 
Umbelliferae 


Other Names: Wild 
Carrot. 

History: Native to Europe, 
especially common in 
England; widespread in 
United States. Used by 
pioneers and Native 
Americans. 

Habitat: Fields, waste 
areas. 

Characteristics: Biennial 
herb. Reaches height of 2 
feet or more. Carrot-like odor in stem and leaves as well as seeds. 
Flower clusters flat-topped, umbrella-like, lacy and often have 
single purple flower in the center. Old flowers “bird cage up” and 
turn brown. Leaves are parsley-like, feathery and smell like a car- 
rot. Alll parts of stems have tiny fuzz, essential for proper identifi- 
cation. 

Primary Uses: Culinary. Stems may be cut into sections and used 
for flavoring in stews & soups. Buds may be sautéed in oil. 
Nutritional Value: Beta-carotene is exceptionally high, asis niacin. 
Medicinal Value: The brown dried seeds are an excellent salt sub- 
stitute. 

Collection and Storage: Leaves are gathered in early spring and 
young leaves all season. Gather roots as carrots in early spring or 
fall; may be dug under leaves or hay even after winter snow. 
Gather flowers in summer. Collect seeds in fall. 

Caution: Seeds of the wild carrot have a high content of vitamin 
‘A and shouldn't be eaten in excess. 

Caution: Easily confused with Poison hemlock, resulting in severe 
burns of the fingers and hands as well as almost certain death if 
ingested. Check for the fuzz on the stem, as well as sandpaper- 
like feeling on dried stems from old dried fuzz. Use the foraging 
rule and crush, roll, and smell firs; do not ingest. Determine the 
carrot smell and then look for the hair or fuzz 
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Comments: In the fall, the flowers of wild carrot curl up; | call this, 
“bird caging.” At this time, | gather the seeds and a few seeds go 
a long way! I get a winter's supply of “salt” from a few flowers. 
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Queen Anne's Lace Chips 

1 will always remember my switch from potato chips 
to Queen Anne's lace flowers. In the wilderness, potato chips 
are a rare commodity, but Queen Anne's lace flowers crisp to 
a ‘chip" of carroty crispy flavor. | dip the flowersin hot oil and 
then put the brown crispy delights on hot rocks to cool. Todd 
loved to fly by and grab a few crispy flowers and pop them in 
his mouth using the stems as a handle. 


Raspberry 


Species 
Rose Family, Rosaceae 


Tyoes Cloudberry, Thimble- 
berry, wild red. 

History: Some varieties native 
to North America, others natu- 
ralized from Europe, Asia. 
Used as a fruit in all countries, 
where raspberries are found, 
especially Europe 

Habitat: Roadsides, rocky 
fields, thickets. 

Characteristics: Hardy shrub, biennial canes from perennial roots. 
Varies in size to average of 5 feet high. Saw-toothed leaves in 
groups of 3. Round, erect stem with short thorns. Stems have a 
white powder on them. Flower white; fruit pebbly and red or pur- 
ple when ripe, pulls away from receptacle. 

Primary Uses: Culinary, medicinal, cosmetics. Early leaves used fresh 
or dried for tea. Buds and flowers are edible. Frozen in ice for 
drinks. Fruit eaten raw, cooked for jellies, jams, syrups, fresh for 
juices, wines. Stem peeled and chewed, tea made from young twigs. 
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Nutritional Value: High in vitamin C. 

Medicinal Value: Tea from leaves good for control of diarrhea 
Relaxes muscles of the uterus, beneficial for menstrual cramps and 
strengthening the reproductive system. 

Cosmetic Value: Stimulating astringent in herbal hair rinses and 
bath mixtures. 

Collection and Storage: For quick, efficient berry harvesting, hang 
a container around your waist and pick using both hands. When 
drying berries, spread a fine cloth over trays of berries to keep flies 
and birds away. Harvest young leaves. 


Caution: Reddish-tinged mature leaves may be toxic. Use only 


young green leaves. 
ot H BP 
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Linda says- The Adirondacks are inundated with black 
bears during berry season. One time | came upon a huge 
mama bear lying on her back under a thicket of raspberry. 
She was stupefied from gorging on the fermented, overripe 
berries. As she rolled over, she hiccuped and burped, then 
waddled off. See page vii 


Rose 


Rosa rugosa, R. Caroline 
Rose Family, Rosaceae 


Other Names: Garden rose, wild 
rose. 

History: R. Caroline native to 
North America; R. rugosa native to 
Asia but naturalized in United 
States. The symbol of love and 
beauty in ancient mythology. In 
Middle Ages, rose was symbol of 
secrecy (Subrosa). Also a heraldic 
symbol (War of Roses). Native 
‘Americans used all parts of plant. 


Europe and Asia (Sturtevant). 

Habitat: Meadows, fields, woods, and coastal beaches. 

Characteristics: Perennial or hardy shrub. Usually 5-petal flower, 
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yellow, pink, red or purple. 
Thorny stems, particularly central 
stem. Fruit is called rose hip and 
has prominent calyx lobes. 
Primary Uses: Culinary, medici- 
nial, cosmetic. Petals eaten raw or 
cooked, in salads, as a garnish. 
Petals are used for teas for rose 
ice cubes or popsicles. Rosehips 
remain at end of stem after the petals fall off. This bulbous end is 
edible raw or cooked, siced in salads. Leaves used raw in salads 
dried for leaf tea. Stems peeled and brewed as tea; roots peeled 
and chewed; brewed as tea. Hips used in jam, jellies, tea, candy, 
or confections. Brewed as tea; dry and reuse, or store in glass jars. 
‘Also used in incense & lamp oil. 
Nutritional Value: Rose hips are high in vitamin C. 
Medicinal Value: Known to help with colds and coughs. All parts, 
including roots, pounded and powdered as snuff to clear sinuses. 
In the past, the bark was mashed and applied to boils, wounds, 
sores. Today, rose oil is used to soothe headaches and asa healing 
ointment. 
Cosmetic Value: Soaps & perfumes, 
Collection and Storage: Gather all parts. Early rose shoots are eas. 
ily clipped with scissors. Save all parts. Leaves may be clipped at 
any time and wear gloves and use a canvas bag or paper bag, one 
for leaves, one for roses and hips. Full roses snip 1 inch below hip. 
Pull petals off and use hips later. 

Sauté rose petals in light oil for delicious treat. Roll in con- 
fectioner's sugar and refrigerate for candy. 

Make rose oil by adding 1 ounce of rose powder (ground 
petals) to 4 tablespoons olive oil and store for a few weeks. 


Rose Hip. 


Linda says- Imagine what it's like to find yourself in a field of 
wild roses. Wandering among the bushes, | felt | was in the 
Garden of Eden. | wore gloves, dungarees and a long sleeve 
shirt for this experience. Nearby the Hudson River flowed 
past. Dragonflies and birds flew around me. When | tired of 
stuffing bags with petals for drying, | took a dip in the clean 
upper Hudson. 
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Saguaro 
Carnegiea gigantea 
Cactus Family, Cactaceae 


Other Names: Monument of the desert. 
History: Native to North American desert. 
Used by desert dwellers, Native 
‘Americans. Papago Indians make heavy 
syfup and intoxicating wines. 

Habitat: Rocky, gravel soil; hills, canyons, 
and dry washes 

Characteristics: Treelike cactus. Has one 
or more founded arms extending branch- 
like from a single, thick trunk, Shallow 
root system with small roots radiating out 
the height of the cactusand then some; no 
taproot. Long thick trunk can be 2 1/2 feet 
wide and 50 feet high. Large, thick grooves running laterally on all 
parts; glochids and thick fishhook barbs on all parts of the cactus. 
Circle of white flowers on top branch. Fruit is egg shaped, 2 to 3 
inches long, 

Primary Uses: Culinary. Flower budsand seeds are eaten. Flowers 
are seen first, then buds with seeds inside. Fruit is eaten raw; husks 
and seeds are boiled, baked; fruits, husks and seeds used for syrup 
or jam. Dehydrated pulp used for flour, also oil, soft drinks, wine, 
and vinegar. 

Nutritional Value: Buds, or fruits are high in niacin, fiber, carbohy- 
drates as well as ash 

Collection and Storage: Harvest fruit in J uly and monthly there- 
after by using a long stick to knock off bulbs. The skin splits and 
bark curls back when fruit is mature. May be dried for storage or 
be cut in half and soaked in water for about 1 hour after removing 
seeds. 

Caution: Saguaro is a protected cactus tree. The Department of 
Agriculture must give permission to remove cactus from the desert. 
Fruits, buds may be used for food in a survival way, but permission 
must be noted in larger quantities. No permission will be granted 
to remove a rare crested specie of saguaro. 
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Linda says- The saguaro is a monument to desert life, pro- 
tecting myriads of insects, mice, fruit-eating bats, owls, and 
other creatures of the desert. During a field walk with Willie 
Whitefeather, my Cherokee friend, | saw the buds of the giant 
saguaro harvested correctly. Willie fashioned the dried ribs of 
an old saguaro hulk together, lashed a hook-like end on the 
tip. The tool was 16 feet long and bent like a giant fishing rod 
in the desert wind. Deftly, he pulled the saguaro buds to the 
waiting crowd below. 


“Desert Saguaros” by Paul Runyon, Linda’s brother. 


Sheep Sorrel 
Rumex acetosella 
Buckwheat Family Polygonaceae 


Other Names: Garden sorrel, field sorrel, R. 
acetoeal 

History: Native to Europe and Asia, natural- 
ized throughout North America. Garden sor- 
rel is cultivated for use as cooked green. 
Habitat: Waste areas, roadsides. 
Characteristics: Perennial herb. Reddish- 
tinged grassy tops. Mature seeds grow in 
spreading areas, standing out easily. The 
arrow shaped leaves are sour in taste. 
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Having formulated my own hypotheses I often think 
why such a Great Genius as Nicola Tesla took his 
invention away with him. 


Danger of this invention lies in simplicity of production 
of devices for generating (detecting) energy. 


Practical Prerequisites 


Prerequisites of this and other hypotheses were some 
undeclared effects occurring in practical wireless 
communication as well as investigation of devices for 
distant transmission of electric power. 


Distant energy transmission was demonstrated by 
Nicola Tesla in 1892 in London and in 1893 in 
Philadelphia. However, even now the way he did it 
remains unknown, 


In 1977-1985 I had to work a lot with radio 
transmitting equipment of different power of middle- 
wave (MW) and short-wave (SW) diapasons. 
According to fundamentals of physics, intensive 
electromagnetic field is produced around antenna 
curtain connected to a radio-frequency transmitter. 
There are brightly glowing gas-discharge 
electrovacuum devices at the distance up to several 
meters in this field. Attention was paid to the fact 
that more than ten daylight lamps of 80 W were 
successfully “glowed” at 40 W power of a transmitter. 
In this case a distant correspondent did not note 
significant decrease of a level of a received signal at 
the indicator of the receiver. It had to return to this 
fact in many years. The data of this experiment are 
represented in a particular document. 


There is one more interesting effect which is 
disclosed when transmitting equipment (TX) and 
antennas (ANT) are adjusted. An incandescent lamp, 
which is connected to a certain place of a break of 
the antenna curtain or of a power feeder (L), glows 
brightly. The antenna circuit is not closed as galvanic 
element. (See Fig. 1). 


Fig. 1 


Hence, the power line of the incandescent lamp is as if 
it is single-wire. It also had to return to investigation 
of this effect in many years. The data of this experiment 
are represented in a particular document. As in the 
case of the incandescent lamps, the correspondent did 
not note significant decrease of the level of the received 
signal at the indicator of the distant receiver. 


S. V, Avramenko designed a plug of semiconductor 
diodes. Connecting this plug to a generator of 
alternating voltage of 10-10000 V by means of a single- 
wire line in the load of the plug he discovered current, 
which was continuous by the direction but pulsating 
by the value. Electric current measured in the single- 
wire line is very little, hence, the impression of 
superconductivity is produced, ie. itis possible almost 
to avoid energy losses in the wires. 


My experiments also represent a visual demonstration 
of the effect. For example, several links of light-emitting 
diodes connected inverse-parallel glow in the single- 
wite line, Garlands of light-emitting diodes and lamps 
having a single-wire power line can be produced. It is 
interesting that in this case power consumed by the 
generator do not increase practically (See Fig. 2, 3, 4) 
It was noted that if a standing wave is created around 
the generator "then an unlimited number of consumers 
would be able to apply a change of a value of this field 
to produce power in a load in their place" (Editor: This 
phrase is in inverted commas since it is a part of the 
well-known article "Free Energy "by Alexander V Frolov 
(Read in this issue, p. 18)) 


Fig. 3 
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Flowers are tiny and give way to seed quickly. 

Primary Uses: Culinary. Leaves or stalks, eaten raw in salads or 
cooked as vegetable. Can be used in cold drinks. 

Nutritional Value: High in vitamin C. 

Medicinal Value: J uice has mild antiseptic effect (crush and place 
on wound asa poultice). J uice acts as laxative. 

Collection and Storage: Use scissors and shear clumps of seeds 
easily, collecting in a bag or basket. Strip leaves off separately for 
soups, drinks. Seeds dried and stored in glass jar for use as spicy 
food additive. 

Caution: All parts contain oxalic acid crystals. These may inhibit 
the absorption of calcium in the body. Place in boiling water for 
a minute or so to destroy the crystals. 
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Linda says- | was amazed to taste the arrow head shaped 
leaves and find they were the same bitey, sour lemony taste 
as wood sorrel. (See page 137.) 


Shepherd's Purse 


Capsella bursa-pastoris, 
Mustard Family, Brassicacae 


Other Names: Heart seed, field 
cabbage, purse seed, pick purse. 
History: Native to Europe, widely 
naturalized in North America. 
Used by Native Americans. 

Habitat: Waste areas, roadsides. 
Characteristics: Annual herb. 
Erect plant from 3 inches to 1 1/2 
feet high. Slender stem comes up 
from a spreading rosette of leaves 
formed fiat on the ground. Deeply 
lobed leaves resemble wild lettuce 
or dandelion, but are more sym- 
metrical. Has small white flower 
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with petals only 1/12 to 1/8 inch long, jutting out from the branch- 
eson a single stalk. Flowers give rise to seeds that resemble upside- 
down hearts. 

Primary Uses: Culinary, medicinal. Basal leaves eaten in sand- 
wiches, salads, soups, vegetable. Stalk is stir-fried, eaten raw. Buds 
and flowers eaten raw. Seeds are stir-fried and used as pepper, 
spice, seasoning. Roots are used fresh or dried as substitute for gin- 
ger or candied in syrup. 

Nutritional Value: High in vitamin K, vegetable protein, potassium, 
calcium as well as beta-carotene and minerals. 

Medicinal Value: Dried to use as blood-clotter and valuable taken 
in quantity for internal bleeding. 

Collection and Storage: Look for upside-down heart shaped seeds 
to distinguish plant from other wild mustards and pepper grasses. 
Gather leaves at any stage. Gather seeds when ripe. Entire plant 
may be gathered and chopped for vegetable, as well as dried for 
additive. Add seed pods to soups and stews for a pepper-like flavor. 
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1 (Harrington 1967) 


Linda says- In the East | ate the little heart-shaped seedpods 
with gusto, but in the West I seek them with a vengeance. 
Shepherd's purse is known to help relieve strong menses and 
internal bleeding. According to Peter Bigfoot in his book 
Arizona Wild Herbs, pick the mature, flowering plants in the 
Arizona Desert foothills in springtime. Dosage: 1 teaspoon 
dried herb per cup of hot water. Steep 15 minutes and drink 
the tea cool, Take 2 or more cups full per day as needed. 
Drink itquickly, do not sip for best effect with internal bleeding, 


123 


Sow Thistle 


Sonchus oleraceus 
Composite Family, Compositae 


Other_Nam 
(Pima Indian). 

History: Native to North Africa, 
Europe, and western Asia; intro- 
duced to the United States and 
now found throughout most of 
Arizona. Used by Native 
‘Americans as greens 

Habitat: Roadsides, damp fields, 
waste areas. 

Characteristics: Annual herb. 
Dandelion-type deeply lobed 
leaves begin from a central stern 
on the ground, clasping around stalk to a sharp point, like a sow's 
ear. Top of stalk bears branches, at the end of each grows yellow 
flower that looks somewhat like a dandelion flower. After seeding, 
a white fuzz appears with single seeds on the end of the fluf. 
Primary Uses: Culinary. Buds, flowers, and seeds edible raw or 
cooked. Stems may be cut into inch long pieces with scissors and 
sir fried or sautéed in oil as beans. Roots may be scrubbed and 
stewed in crock pot. Young leaves gathered and eaten as spring 
green, also eaten raw. Flowers stirfried as vegetable or dried as 
well as frozen. 

Nutritional Value: Very high in minerals, 

Medical Uses: Milk reported to be somewhat diuretic. 

Collection and Storage: One may trim leaves off long stems easily 
by leaving plant in ground and trimming off with a long knife. Use 
long handled knife or scissors, and wear gloves. Cut leaves over a 
basket or bag. To harvest large amounts, cut 2 long goldenrod or 
wild lettuce stalks and lay parallel to each other. Using a gloved 
hand, place the thistle plants across the parallel stalks. When a 
bundle isaccumulated, pull golden rod stalks up and wrap around, 
Carry by holding both ends of the goldenrod together. 
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Linda says- My introduction to sow thistle was an experi- 
ence. Early in the morning, when the dew was stil on the 
grass, | wandered through a field of barley grass. The sow 
thistle wasa succulent emerald green amid the grasses. Since 
| carry water with me; I rinsed off the leaves and munched on 
the sweetest breakfast | ever had in the West. 


Strawberry 


Fragaria virginiana 
Rose Family, Rosaceae 


Other Names 
Heartberry, wood straw- 
berry, 

History: Native to North 
‘America; Used in early European cultures, especially popular in 
France. Grows throughout Northern Hemisphere, excluding trop- 
ics. Native Americans steeped wild strawberries in warm water, 
then strained and cooled the liquid. The resulting lotion was a 
wash for irritations and skin ulcers 

Habitat: Fields, roadsides, meadows. 

Characteristics: Low perennial, reaching height of 2 inches to 8 
inches. Lobed saw-toothed basal leavesin groupsof 3. Tiny, heart- 
shaped strawberry fruits. Small white flowers. 

Primary Uses: Culinary, medicinal, cosmetic. Flowers are edible 
raw. Leaves eaten raw, dried for tea. Fruit eaten raw; cooked for 
jellies, jams, syrups; raw for juices, wines. Entire plant is steamed, 
boiled, used in soups and stews; cooking liquid is drunk. 
Nutritional Value: Leaves and fruit high in vitamin C. 

Medicinal Value: Leaves infused and used for sore throats. J uice 
ismixed with water for eye wash. Historically, roots are infused for 
gonorrhea remedy. Fruits are dried for stomach problems, diar- 
rhea, dysentery, liver pain, jaundice. To juice, put a nylon stocking 
over a bowl. Place washed berries in stocking, then squeeze the 
juice into the bowl. 

Cosmetic Value: Astringent and facial cleanser, useful for oily skin 
Fruit is tartar remover for teeth; crush fruit, rub on, and rinse. 
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Collection and Storage: Pick fruits as you would cultivated straw- 
berries With container around your waist, pick fruit and leaves 
easily using both hands. 

Caution: Dry leaves thoroughly for tea. Partially dried leaves can 


cause a toxic reaction. 
* - 
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Linda says- Picking wild strawberries in the Adirondacks is 
difficult because the berries are very small and they ripen in 
blackfly season. The hardiest folk pick them in the wee morn- 
ing hours or at night or in a rain. Snapping turtles eat the 
berries, as do other critters. | enjoy finding berries with 
chunks missing, and speculate what had breakfasted before 
me— insect, turtle, or mouse. 


Sumac 


Rhus species 
Cashew Family, Anacardiaceae 


Other Names: Staghorn, smooth, 
scarlet, dwarf, shining, mountain, 
hairy, velvet, fragrant, virginian, 
and winged sumacs; lemonade 
tree. 

History: Mostly native to North 
‘America. Used by Native 
‘Americans and colonists. 

Habitat: Roadsides, field edges 
Characteristics: Deciduous tree 
or shrub. Bushes or shrubs with 
some varieties to height of 20 feet. 
Fern-like leaves 14 to 24 inches 
long. Flaming red fuzzy berry 
clusters, hairy and lemonade tasting. Stems and branches exude 
white milk when broken. Plants need heavy sunshine to produce 
berry clusters. 
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Primary Uses: Culinary. Flowers and seeds are the fruits. Fruits 
eaten raw or crushed in water as lemonade. Frozen in ice cube 
trays for popsicles. 

Nutritional Value: High in vitamin C. 

Collection and Storage: Collect fruit before completely mature, 
when spires turn dark red. Collect spires by breaking off stems. For 
tea, strain out hairs by overlapping balsam branches as a sieve or 
use cheesecloth. Look carefully at the whole tree to avoid acci- 
dental contact. | once pulled down a poison sumac branch grow- 
ing in the midst of an edible sumac tree. 


Caution: Poison sumac has white or greenish-brown clustersinstead 
of red spires. When dried, a tan spire is evident. See Part V. 
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Linda says- There is nothing more beautiful than a glass 
decanter filled with sumac berries. Scarlet teal Sumac lemon- 
ade isa year-round treat. Collect and rinse the heads early in 
the season, Do not wait until fall, when insectshave made their 
nestsin them! Summer seed heads may be dried and stored in 
glass, or bagged and frozen. 


Sunflower 


Helianthus species 
Composite Family, Compositae 


‘Types: Annual, wild, Western, com- 
mon, tall, giant, weak, saw-toothed, 
swamp, little, aspen, showy, and 
woodland sunflower; Marigold of 
Peru. 

History: Native to the Americas, 
probably originated in Peru. Used 
by Native Americans. 

Habitat: Widespread but more 
common in West. Gardens, fields, sunny open areas. 
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Characteristic: Annual herb. Composite flowers on plants from 
3 to 14 feet high. Yellow ray flowers with purplish red to brown 
disk flowers in center. Stems may be smooth or hairy. Leaves 
opposite or alternate, characteristically narrow, long, rough, and 
saw-toothed 

Primary Uses: Culinary, cosmetic. Seeds crushed and boiled; oil 
skimmed off top and eaten. Pith edible raw and cooked in soups. 
Used for paper making, organic fertilizer, oil, lubricants, candles. 
Petals used for yellow dye. 

Nutritional Value: Seeds high in protein. 

Cosmetic Value: Oil, soaps. 

Collection and Storage: After flower matures and petals fall off, 
gather seeds. Snap off dried center and dry seeds on screen, then 
bottle. Large heads dried in a closed paper bag will mature even- 
tually. Scrape the heads across a sieve with holes sized such that 
the seeds can drop through. Place seeds on cookie sheet and 
roast in dry, low oven. Bottle in glass for long-term storage. Pith 
is collected by peeling outer fresh stem when plant is dry and 


pulling out white pit 
& oa 


Linda says- Snapping off the tiny dried heads of desert sun- 
fiowersis fun and very profitable for my table. A few crushed 
heads and a bit of water yielded a nutritious gruel with an obvi- 
us energy boost. Storage is simple: | put the dried sunflower 
headsin a glass jar. 


Thistle 


Circium species 
Composite Family, Compositae 


Other Names Bull thistle, yellow 
thistle, plumed thistle, swamp thistle, 
field thistle. 

History: Native to North America. 
Used since colonial times and by 
Native Americans. 
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Habitat: Roadside, fields, waste areas. 

Characteristics: Biennial plant with dozens of varieties. Reaches 
height of 2 to 6 feet. Leaves and stems have sharp spines (bulbs) 
on all parts. One to 3 large, purplish flower heads with spines 
around base produced second year. 

Primary Uses: Culinary. Flowers steamed and eaten raw much 
like an artichoke. Leaves dried and ground to a fine, green flour. 
Dried leaves also used for tea. Steamed leaves eaten as a veg- 
etable. Stems peeled, sliced, and cooked as a vegetable. Roots 
boiled for tea 

Nutritional Value: High in potassium, phosphorus, and vegetable 
protein. 
Medicinal Value: Roots are used for restorative tonic. Roots can 
be harvested year round, but early summer is best. 

Collection and Storage: Early in the spring, use a penknife to cut 
beneath the basal leaves as you would a head of lettuce, being 
careful not to disturb the root. Cut leaves off central stem, hold- 
ing a bag underneath. Use tongs and strainer to wash. Dries and 
freezes well. 


Foes 


Linda says- The beginnings of a thistle plant are succulent. Its 
thorny whorls re clear blue-green. The trick is to get as much 
of the core as possible, leaving the basal root. The thistle will 
grow again if you carefully take the upper part of the root along 
with the leaves, leaving the deeper root alone. The first time | 
did this! wondered if it was worth the effort. Now | use tongs 
and a strainer, and find the preparation time negligible while 
the taste is lasting! 


Thyme 


Thymus vulgaris 
Mint Family, Labiatae 


Other Names: Bee plant, wild aN 


thyme, mountain thyme, 


creeping thyme. 
History: Native to Europe; in Bs 


North America gardens vari- 
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ety has expanded to woods and fields. Adapted and used by 
Native Americans. 

Habitat: Fields, roadsides, roadbanks, lawns. 

Characteristics: Woody perennial. Prostrate herb growing to 
height of about 4 inches. Several varieties, all with pepper-like 
smell. Many spikes of leaves and lavender spike flowers. Grows 
in thick patches 

Primary Uses: Culinary, medicinal, cosmetic. All parts edible. 
Ground to powder; twigs, leaves, and flowers simmered for stim- 
ulant tea. Added as seasoning to soups, stews, fish, meat dishes. 
Nutritional Value: Has high count of vitamin C, iron and niacin. 
Medicinal Value: For headaches, stimulant, antiseptic, aromatic, 
carminative, diuretic, diaphoretic, emenogogic, and antispas- 
modic. Treatment for sore throats. 

Cosmetic Value: Oil is aromatic, antiseptic, diaphoretic, stimu- 
lant, disinfectant, and used in cosmetic lotions. An effective 
deodorant, mouthwash, aftershave lotion, and wash. 

Collection and Storage: Easily sheared with scissors. Mow thyme 
patches regularly for a winter supply. For best results, rub dried 
thyme through a screen to remove stems and twigs. 


eur 


It's Thyme Time 

Lying next to a patch of lavender thyme flowers and 
nibbling the pungent, peppery twigs and flowers soon 
became a favorite activity after a busy day. My favorite patch 
was near Cedar River Road in the Adirondacks. Those days 
were spent building structures, gathering large amounts of 
food, experimenting with storage and cooking methods, and 
just plain surviving, | would lay full length next to the bees 
working the thyme. The bees never minded, lifting off and 
moving as| raised my hand to pluck a stem to munch on. The 
thyme was a perfect stimulant. | returned to finish the 
evening renewed. 
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Tumbleweed 


Salsola kali 
Goosefoot Family, 
Chenopodiaceae 


Other Names: Russian thistle. 
History: Native to Russia, 
brought to United States in 
flaxseed 100 years ago. 

Habitat: Open desert, fields, 
roadsides, hot dry country. 
Characteristics: Annual herb. 
Reaches height of 2 feet in bushy 
and roundish intricately branched 
plant. Often reddish with ridged 
stems and many tiny ends. Late in 
season, plant breaks off at base and rolls around freely, dropping its 
many seeds. 

Primary Uses: Culinary. Tips eaten cooked as vegetable or in soups 
and sir-fries 

Nutritional Value: High in calcium, vegetable protein, carbohy- 
drates, fiber, potassium and extremely high in niacin. 

Collection and Storage: Choose tumbleweed that does not have 
many buds and flowers, and harvest young seedlings whenever 
possible. If you don't have time to stand and clip the bush, remove 
a few branches and let wilt naturally. Clip ends that wilt the most; 
this ensures getting the most succulent ends. Drop succulent ends 
in a bowl, wash well, or soak overnight in a large bow! of water and 
a teaspoon of vinegar. The more you clip the more the plant grows 
to maturation, producing many more branches. 

Caution: Do not ingest raw except in extreme emergency, chewing 
thoroughly. 


& &) & = by 


Linda says- Making tumbleweed soup is simple. | find a 
tumbleweed without prickly seeds and flowers, and shear the 
succulent ends into a basket. Wash the succulent tips well, 
quickly cook them in boiling water, then pack half-cup quan- 
tities into soup bags and freeze. You'l have a month’s worth 
of delicious soup. 
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Fig. 4 


Russian scientists investigated this phenomenon and 
proposed an explanation of producing active power in 
the load by means of reactive capacitive current. This 
was made applying resonant properties of the single- 
wire line made of a metallic conductor. Further, 
possibilities of application of nonmetallic conducting 
mediums for transmitting electric power were 
investigated. However, the researchers pay attention 
for the fact that this explanation is insufficient. 


A task group named “Analysis” from Voronezh city 
(Russia) made a qualitatively new explanation of 
results of S. V. Avramenko's experiment. The works of 
this group from Voronezh are devoted to the comparison 
of properties and characteristics of so-called inertial 
and inertialess currents occurring in circuits at low 
frequencies. Their general and particular features have 
been disclosed. In the works there are demonstrated 
conditions at which conductivity caused by inertialess 
discharges predominates in conductors and conditions 
at which currents caused by conduction electrons 
predominate. There are demonstrated a description of 
S. V, Avramenko’s experiments and the conclusions 
made by the researchers. The authors cite data of their 
test experiments which prove a part of conclusions 
made by S. V. Avramenko and his colleagues. 


However this explanation does not have a right to exist 
as it does not have variants for practical application. 


Results of my theoretical and experimental researches 
allow provide a fundamentally new (!) explanation of 
energy “transmission” having occurred in the 
experiments performed by S. V. Avramenko, 
investigations by D. S. Strebkov, VA. Kuligin and other 
investigators. (Editor: See publications of these works 
in previous issues of our magazine). Moreover, they 
allow explain origin of many physical phenomena and 
processes including the origin of non-inertial charges 
and currents and their visualization. 


First Hypothesis 


Recently a number of scientists all over the world have 
declared a thought that surplus power is produced in 
the systems having overunit output due to inability to 
identify correctly all the existent energy sources. And 


a so-called phenomenology is observed due to the 
inability to deal with different types of energy (or fields). 


In physics a negation of an overunit device follows a 
well known state which is considered to be true in 
other fields of knowledge, ie. energy conservation law. 
It should be noted that it is formulated for isolated 
(closed) systems. I have devoted some time to the 
investigation of this state and to practical experiments 
and come to the following conclusion: there are no 
isolated (closed) systems in the nearest cosmos which 
can be observed by us! 


Particular physical, chemical and other processes may 
actually be observed in closed circuits for making 
calculations with sufficient approximation. 


Show me an isolated system, and I will prove 
that it is open. 


Hence, according to fundamental physical laws, energy 
does not appear from nothing and not disappear to 
nowhere. However, the source of oscillations, ie. our 
generator, does not provide a load with energy; 
nevertheless, power is produced in the load. Energy 
conservation law must be fulfilled! The classical 
formulation of the energy conservation law is as 
following: total energy of an isolated system is not 
changed in the course of time. According to this, the 
only fact remains valid, ie. the single-wire system is 
not isolated from outer influence, hence, energy is 
consumed from some other source which is outer in 
relation to the system?! In this case our generator is 
one of sources of information about an amplitude, 
frequency, and phase. 


Calculations and experiments have allowed made a 
following supposition. Avramenko's diode plug is a 
particular case of a device known in radio engineering 
for a long time, i.e. AM detector (a peak-detector, a 
limiter, a frequency mixer). I have examined the other 
known circuits of AM detectors and frequency mixers. 
‘The investigations are continued and by this time the 
supposition has been confirmed. 


Let us accept an artificial generator (Tesla’s 
transformer or any other one) as a main generator 
(or a main oscillator) and a hyper-low-frequency 
(ALF) oscillation of a huge amplitude as an envelope 
curve. Let us name it as RW (“relic wave") without 
placing emphasis on the sense of the name. 


Let us suppose that the field can be of: 
- local origin (artificial radio transmitters); 

- atmospheric origin; 

- geomagnetic Earth origin; 

- the Moon ~ the Earth; 

- the Sun ~ the Earth (the Sun as a nuclear reactor 
producing electromagnetic radiation, the Solar System); 
- galactic origin; 

- Universal origin ~ the Relic Wave; in contrast to the 
relic radiation occurring in the diapason of SHF (ie. in 


Violets 
Viola species 
Violet Family, Violaceae 


Other Names: Heart leaf, baby face, 
wild violet. 

History: World wide distribution, 
including North America. Used by 
Native Americans, 

Habitat: Rich, moist woods, swamp 
sides, stream banks, damp lawns. 
Characteristics: Annual or perennial 
herb. “Smooth, heart-shaped leaves 
with litte scalloping on edges. Single stem. Flowerson single stem 
from leaf base; five-petaled, arising from a center spur, usually yel- 
low. Lower petal has heavy veins and there is a bearded design. 
Colors vary from white or yellow to purple or blue. 

Primary Uses: Culinary, medicinal, cosmetic. Flowers used as litle 
“fruits’, eaten raw and candied; also used in jam, jelly, wine. Buds, 
flowers, and leaves dried for tea. Leaves eaten raw in sandwiches 
or salads; cooked, as thickening agent. Roots of violets may be 
eaten raw or cooked in a crockpot. Stems may be snipped into 1 
inch sections and added as “beans” to soups. 

Nutritional Value: High in vitamins A and C. 

Medicinal Value: Good for colds, flu. Eaten for dry, scratchy throat. 
Raw flowers eaten in quantity for varicose veins. 

Cosmetic Value: An astringent; used in cold creams, oil lotions 
(infusion of flowers). 

Collection and Storage: Clip violets easily with scissors, but use fin- 
gers when gathering leaves. Choose large leaves to wrap up tofu, 
fice, potatoes, beans. 

Caution: Yellow wood violets may be cathartic; small, common 


lawn violets are not. 
ox) | 


Linda says- Tiny faces peeping out of the dew-covered grass 
- violets are a favorite of mine, whether next to a stream in 
early spring or on the back lawn. The violet's face is a spring 
fiag, heralding renewed life. 

Todd loved the little faces in his ice cream. | would 
lightly stir a handful of violets into his vanilla ice cream. 
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Wild Lettuce 


Lactuca canadensis 
Composite Family, Compositae 


Other Names: Milk lettuce, chicory let- 
tuce, horseweed. 

History: Native to North America 
Used by Native Americans; The 
Menominees use wild lettuce as a 
sedative? 

Habitat: Fields, waste ground, road- 
sides. 

Characteristics: Biennial herb. Deeply 
serrated leaves, coming off a central stalk. Tiny buds and exten- 
sions off of top stalk. Dozens of yellow dandelion-like ray flowers. 
White milk in stem. Stem veins are characteristic. 

Primary Uses: Leaves eaten in salads. Flowers and buds are stir- 
fried. Flowers and seeds are eaten raw or cooked, sautéed in oil 
and garlic. Stems (young) cut to bean size and cooked. Leaves 
dried and ground for seasoning. Roots have been used as a gum. 
Nutritional Value: High in beta-carotene, ascorbic acid, (vitamin C) 
Medicinal Value: Tea from milky leaves is sedative. Sap induces 
sweating and is used as a fever reducer. Decoctions of sap are 
known to ease irritability and insomnia. 

Collection and Storage: Collect leaves, stems, flowers as you 
would lettuce, use raw. 


Ceee 


Linda says- The tops or buds of this great plant are delicious. 
Stirfried with a little olive oil and garlic salt, wild lettuce 
makes a wild meal! 


2Densmore, Francis. How the Indians Use Wild Plants for Food. 
New York: Dover, 1974, 
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Willow 


Salix species 
Willow Family, Salicaceae 


Types: _Beaked, black, 
blue, Canada, coastal 
plain, crack, Drummond's, 
ward, weeping willow. 
History: Grows throughout 
the world but abundant in 
cooler parts of Northern 
Hemisphere. In. North 
‘America, used by Eskimos, 
Native Americans. Eskimos dry inner bark, strip, and cook like 
spaghetti; Inner bark layer called keeleeyuk in Eskimo, meaning 
“the scrape.” 

Habitat’ Damp areas, stream sides, swamps. 

Characteristics: Deciduous shrubby tree. Over 100 species, many 
with drooping branchesalternate 2 inch leaves, sectioned twig ten- 
dril. Flowers (catkins) are furry, present before leaves. Roots seek 
water; have thousands of white hair-like extensions. 

Primary Uses: Culinary, medicinal, cosmetic. Inner bark eaten 
raw; may be dried and pounded to flour. Buds, flowers or catkins, 
seeds are brewed astea. Leaves are emergency food, tea, but use 
sparingly as they contain “aspirin”. Willow sprouts provide early 
spring food. 

Nutritional Value: Very high in beta-carotene. 

Medicinal Value: All parts have acetylsalicylic acid, or salix, an 
aspirin source. Ten to 15 catkins or one 6 to 8 inch tendril, equal 
approximately 2 aspirins. 

Cosmetic Value: Astringent; used in lotions, creams, facial washes. 
Collection and Storage: Break tendrils into 6-inch pieces and dry. 
Store in glass container. Collect catkins or leaves by running hand 
down tendril. Dry and store. A supply of aspirin was easily kept 
through the year by stripping catkinsin the spring, drying, and plac- 


ing in glass. 
foxy) 
es 
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Beneath the Weeping Willow 

| sit under my favorite weeping willow tree. My fin- 
gers fly as | make a supple willow basket. At the same time, 
the tiny catkins hanging from the twigs are irresistible. | first 
munch only four or five, remembering that these catkins are 
like aspirin. But the catkins are so delicious. | quickly down 
about 1/2 cup of them while | make the basket. When | stand 
up, my earsring and | wobble, almost faint. | sit down imme- 
diately and put my head between my knees to stop the dizzi- 
ness. | curl up and go to sleep. Much later, | awake with a 
gigantic headache that lasts almost two days. A hard-learned 
lesson about the potency of willow catkins! 


Wintergreen 
Gaultheria procumbens 
Heath Family, Ericaceae 


Other Names: Checkerberry. 
History: Native to North America, 
especially East. 

Habitat: Wooded areas, acid soils, 
under softwood trees, 
Characteristics: Perennial herb. 
Drooping waxy white flowers hidden by flat shiny evergreen 
leaves. Has bright red berries. 

Primary Uses: Culinary, medicinal, cosmetic. Leaves used fresh 
or dried, crush or steep for tea. Oils are distilled for flavorings. 
Buds, flowers, and seeds (berries) edible. 

Nutritional Value: Fruit or berry, high in acetylsalicylic acid, or 
aspirin. Contains niacin. 

Medicinal Value: Leaves contain acetylsalicylic acid (aspirin). 
Steeped for astringent. Boiled and applied to wounds or used as 
eyewash. Tea breaks fever. Used as an anti-rheumatism gargle, 
to treat wounds or hemorrhages, asa poultice for insect bites and 


bruises, or as vaginal douche (see page 138). Oils used for rheuma- 
tism or arthritis, sciatica. 

Cosmetic Value: Aromatic oil used as flavoring for candies, tooth- 
paste. 

Collection and Storage: Snip leaves; dig roots, and collect berries. 
Wintergreen isknown to grow under the snow; dig and eat during 
winter. Dried, powdered wintergreen leaves have more flavor 
than fresh leaves. Plant transplants easily, loves acid soil. 

Caution: Contains acetylsalicylic acid (aspirin). Overdose of oil 
may produce drowsiness, congestion, and delirium. 


Linda Says- Driving from Plainfield, New Jersey, to Indian 
Lake in upstate New York wasa 17-hour drive in 1940. My frus- 
tration asa child was greatly relieved by chewing a wintergreen 
leaf | picked in the woods. | soon learned to recognize the flat, 
shiny, three-leafed plant growing close to the ground. If | was 
lucky enough to find a red wintergreen berry, | savored that 
berry for an hour of the drive! 


Winter Harvest 

twas the firs time | trooped through snowdrifts look- 
ing for food. | thought it would be hard work, but balsam and 
pine trees were always within reach of the trail. Bushes of 
meadowsweet poked above the snow. | would never starve if 
J ate twigs and bark. But I did notknow then that the Iroquois 
Abanake (bark eaters) did just that for centuries. Following 
the deer trail, | located the wintergreen. Reaching deep into 
the snow opening, | pulled out a few plants. The shiny green 
aromatic leaf never tasted so good! 


136 


Wood Sorrel 


Oxalis species 
Wood-Sorrel Family, 
Oxalidaceae 


Other Names: Clover sorrel, 
shamrock sorrel, lemon sorrel. 
History: Eaten as spicy salad for 
centuries. Introduced to North 
America and used by 
Europeans and all Native 
‘American cultures except Crow 
and = Menomini. George 
Washington Carver, of peanut 
fame, made pies and confections from wood sorrel; he even made 
a paint from sorrel. 

Habitat: Fields, woods, moist places, under trees, or shrubs. 
Characteristics: Low-growing perennial herb. Leaves alternate or 
basal, in 3 heart-shaped leaflets (a shamrock), sour lemon tasting, 
Grows from 2 inches to 8 inches in bunches or carpets. Flowers 
long, with 5 yellow, rarely green petals, sometimes red at the base 
Leaves fold up sometimes when extremely warm or in sunshine. 
Primary Uses: Culinary, cosmetic. Leaves cooked in soups, stews. 
Seeds cooked in soups, stews. Buds and flowers cooked in soups, 
stews. Many commercial uses. Stems are edible. Cut into inch 
pieces and add to soups, stews. 

Nutritional Value: High in vitamin C. Because wood sorrel is high 
in oxalic acid, it hastens the elimination of calcium from the body 
and inhibits absorption of calcium. Therefore, limit intake of raw 
leaves to no more than 15 at most. Cook for safety. Drop entire 
plant in hotwater. When color changes from bright emerald green 
to olive green, oxalic acid is neutralized. 

Cosmetic Value: Antiseptic wash for skin and skin eruptions, 
Collection and Storage: Gather seeds when they are red. Gather 
leaves year-round Collect flowers any time of year. Cut stems, 
leaves, and seeds to dry for soup or use as a salad ingredient. 
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Yarrow 


Achillea millefolium 
Composite Family, Compositae 


Other Names: Milfoil, field 
hop, old man's pepper. 
History: Native to Europe. 
Naturalized in North America. 
Habitat: Old fields, roadsides. 
Characteristics: Perennial 
herb. Grown to height of 2 
U2 feet. Creeping rootstock; 
fern-like, lacy leaves, slightly 
hairy. Flowers typically white 
in wild, but occur in red, rosy, 
yellow, and magenta in orna- 
mental gardens. Flowers 
have 5 petal-like rays, dozens 
in flat top clusters. Each 
flower ison its own stem, orig- 
inating from one stem. 
Primary Uses: Culinary, 
medicinal, cosmetic. 
Stimulant tea. Boil any part of plant in small amounts. Leaves 
used raw in salads, or cooked for green. Seeds and flowers 
crumpled for seasoning. First-year roots peeled and cooked as 
vegetable. 

Nutritional Value: High in calcium, and potassium. 

Medicinal Value: Moves fluids in the body. Diaphoretic; cleans 
es the blood; tonic, stimulant, antiseptic; soothes burns. 
Strengthens immune system. 

Cosmetic Value: Astringent; cleansing herb in facial mixtures, 
vaginal douches, shampoos; for dandruff and baldness treat- 
ments. Mouthwash for toothaches. 

Collection and Storage: Clip flowers with scissors or break off 
with fingers. Pull leaves down stalk. 
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Yarrow for Teeth Cleansing 

‘A dentist appointment loomed ahead. | hated to 
leave the forest and drive the old truck to Indian Lake, but 
having no phone, | could not cancel. | picked a yarrow stem 
and stripped off the leaves. | placed a leaf under my forefin- 
ger and scrubbed my teeth with the yarrow. Very astringent 
and satisfying. Using the stem, | picked here and there. Then 
| drove the pickup to town. In the dentist chair, the doctor 
exclaimed, "Linda, you've been in the yarrow again!" | did not 
realize that the yarrow had dyed the inside of my mouth 
green, especially my teeth— temporarily, of course. 


‘The author begins her exploration of wild food. 
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Notes 
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Aloe Vera 


jata vera Cactus Family, Liliaceae 


Amaranth 
‘Amaranthus retroflexus Amaranth Family, Amaranthaceae 
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contrast to the convenient notion) itis the diapason of HLE 
- Ete, 


‘The researches have demonstrated that the field of local 
and atmospheric origin may be excluded. The other 
variants require to be developed. Nevertheless, the 
variant of the Universal scale seemed to be the most 
probable. There is some reason for this supposition: 
the modern notion of the birth and the state of the 
Universe, ie. the Big Bang and the expanding Universe. 
The known variants of scenarios of the Big Bang are 
based on a nuclear explosion of enormous power. The 
nuclear explosion is accompanied by an 
electromagnetic impulse (disturbance). It can be 
supposed that the Big Bang caused forming of a field 
having enormous amplitude values and long (great) 
period of oscillations. Probably, we deal with this field. 


The second hypothesis about 
inconstancy, ie. about wave 
nature of the Universe 


A Russian proverb says: “Everything passes, 
everything changes”. Constant electric voltage does 
not exist (!). That, what is considered as the constant 
voltage, really is a constant component (occurring at a 
certain time interval). This component is formed by 
combining of variable sinusoidal oscillations and/or is 
a quite low frequency fundamental. Hence, it is a non- 
sinusoidal “changing” having amplitude linear part at 
the time interval of the observer. 


For example, in reality a usual storage battery of “direct 
current” can not support invariable voltage, i.e. when 
a discharge appears the voltage decreases (changes 
in time, oscillates with a non-sinusoidal oscillation and 
a quite low frequency fundamental), when a charge 
appears the voltage increases. 


It is necessary to observe the constant voltage 
occurring after a rectifier and even a stabilizer as a 
constant component existing in the time interval from 
switching on to switching off. This will correspond to 
that is proposed by Fourier! 


Show me a device producing constant 
voltage, and I will prove that the voltage is 
not constant. 


Conclusions 


If the supposition is totally confirmed then the 
statement that an electric field plays a fundamental 
role in the Universe will be valid. 


We live in an electric field of a huge potential but we 
do not notice it. Since our reference point is the 
amplitude value of RW field in our point of space 
then the potential is equal to zero for our perception 
and for measuring instruments. Besides, RW has an. 
amplitude linear part at the time interval of the 


observer. Hence, we consider RW field existing as 
unrevealed or as weak interactions in natural 
processes. Nevertheless, this influences directly on the 
whole surrounding material world. 


Artificial production of heterogeneities in the RW field 
can cause its significant visualization. 


According to the concept of the physical field, which 
was called by Einstein as the most important discovery 
in physics since Newton's time, every body generates 
a force field in the ambient space (for example, the 
electric field occurring if the body has an electric 
charge). This force field becomes apparent when a test 
body located in a certain point is influenced by a force. 


Discovery of the fields of this scale allows define this 
concept more accurately. I would like to restate the 
information mentioned above in the following way: 
every non-homogeneity of physical vacuum (aether), 
which is registered by our perception or by measuring 
instruments as a physical object or a physical field, 
interferes with RW (according to other interpretations, 
it absorbs or rereflects RW, or becomes excited) 
producing new wave fields. This perceived physical 
field has frequency which is higher than RW 
frequencies. It is perceived as static in the time interval 
of observation. Hence, the field generates a charge and 
not the reverse. Any linear or non-linear transmission 
(motion) of a material or field object changes non- 
homogeneity which is generated by this object. 


A question about measuring of parameters of the 
Universe remains open. Can an oscillation of the period 
of T=14 billions years and of the amplitude of A~T be 
seen, perceived, registered or measured? 


The used literature and references are not cited 
in the article due to its great volume. The reader 
can familiarize with them at the web-site of 
http://www.efir.com.ua. The complete text of the 
article and other materials can be received from the 
author. 
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‘Arrowhead 
Sagittaria species, S. chinensis Water Plantain Family, Alismataceae 


Aster 
‘Aster nemoralis Composite Family, Asteraceae 
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Balsam Fir 
Abies balsamea Pine Family, Pinaceae 


Bi 
Betula species Birch Family, Setulaceae 
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Blueberry 
ccinium myrtillus Heath Family, Erraceae 
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Burdock 
Arctium lappa Sunflower Family, Asteraceae 
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Chat 
Matricaria chamomilla Composite Family, Asteraceae 
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Chicory 
Cichorium intybus Composite Family, Asteraceae 
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= 
Clover, white 
Trefolium Repens Legume Family, Leguminosae 


Weed ye 
Have Kh 
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Daisy 
Chrysanthemum leucanthemum  Compasite Family, Asteraceae 


Dandelion 
‘Taraxacum officinale Composite Family, Asteraceae 
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Evening Primrose 
enothera biennis Evening Primrose Family, Onagracese 
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History pages 


To the Question of Work Made by Electrost: 


Alexander V. Frolov, Russia 


General Director, Faraday Lab Ltd 
TTel,/Fax.: 7-812-380-3844 
Email: office@faraday.ru 


We know some simple examples of work making due 
to the forces, which appear in electrostatic field. Since 
the field itself does not require energy consumption 
from the source (not taking into account the charge 
Ieakage), then free energy can be received with these 
forces. The first phenomenon that we are going to 
consider is a phenomenon of electrostriction. 
Mechanical forces appearing in dielectric under the 
influence of electrical field tend to deform it. Sometimes 
these forces are small, but they can be huge in special, 
dielectrics. The character of deformation also depends 
on non-linearity of electrical field. Suffice it to remember 
that heating of a body takes place during deformation, 
and we can make a conclusion on possible using of 
the given effect in practice. Periodical deformation can 
be created due to the rotor or any other methods to 
change the field. 


The second effect is not so popular. It was found by 
Hertz in 1881 that there is a rotation of dielectrical 
cylinder (or ball) in permanent electric field if it is 
created in some liquid or in gas (see Fig.1) 


Fig.1 


Here el is a dielectrical permittivity of the liquid, €2 is, 
a dielectrical permittivity of the rotor, yl is a 
conductivity of the liquid and ¥2 is a conductivity of 
the rotor. This effect was discovered by Hertz, then it, 
was described by G. Quincke, Germany. Also Japan 
scientist I. Sumoto studied the effect in 1955. Modern 
research work was made by KM. Polivanov, Moscow. 
‘There is the so called equation by Polivanov describing 
special conditions, which are necessary to begin 
rotation (E1/ €2=y2H1 is the Polivanov's condition), 


Forces of electrostatic field produce this rotation and it 
is a real free energy system that can trap energy from 
inner structure of potential field. Let's try to describe 
the mechanism of this effect and then we'll be able to 
increase the power of the system up to the level of 
industrial application. So, why does it work? To my 
mind, there are some differences in conditions for 
polarization of the rotor and molecules of liquid or gas, 
those are surrounding the rotor since there is a 
difference in permittivity and conductivity. 


Fig.2 


Due to this reason the molecules are polarized both by 
the field of electrodes and by the field of rotor. The rotor 
is polarized in the electrical field of electrodes, and 
molecules of liquid on its surface are polarized by the 
electric charge of the rotor, but not according to 
direction of the field. So, the rotor is surrounded by 
“screen” of molecules on its surface. The electric charge 
of this screen partially compensates the field of 
electrodes. 


When some angle is created by the first initial turn, 
there is some part of the rotor surface, where molecules 
of liquid on the surface of the rotor are attracted to 
electrodes and it is the reason for future rotation. After 
some angle of the turn the polarization in this point of 
the rotor surface is changed but new molecules are 
incoming in the so called “sector of attraction” and the 
rotation is always accelerated. This well-known effect 
of 1881 is a very good example of possibility to produce 
useful work in load by means of electrostatic field only. 


Fireweed 
Epilobium angustifolium Evening Primrose Family, Onagracese 
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Goldenrod 


Solidago odora Sunflawer Family, Compostae 


Grape 
Vitis arizonica (Western) Vitis labrusca (Eastern) Vitis rotundifolia (South) 
Vitis Family, Vitaceae 
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Lamb's Quarters 
Chenopodium album Gooscoat Family, Chenopodiaceae 


Malva 
Malva Neglecta Mallow Family, Malvaceae 
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Meadowsweet 
Filipendula ulmaria Rose Family, Rosaceae 
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Milkweed 
Asclepias species Milkivesd Family, Asepiadacese 
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Mint 
Mentha species Labiatae Family 


Verbascum thapsus Snap¢ 


sr 


Mustard, yellow 
Brassica species Mustard Family, Brassiacacene 


Mustard, black 
Brassica species Mustard Family, Brassicerceae 
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jettles 


Ni 
Urtica species Urticacese Family 


Phragmities 
Phragmities communis Grass Family, Graminae 
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Plantain 
Plantago major (common plantain) Plantain Family, Plantaginaceae 
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Prickly Pear 
Opuntia megacantha Cactus Family, Cactaceae 


Pursiane 
Portulaca species Pursiane Family, Portulacaceae 
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One more interesting effect is known as Faraday 
effect. In 1836 Faraday noted that raising of liquid 
upwards takes place in condenser with liquid 
dielectric (plates are installed vertically). During this 
process electrostatic field makes the work against 
gravity. A. Gyemant in 1926 established that value of 
this force is proportional to the square of voltage on 
condenser. Later in 1955 this phenomenon was 
studied in details by I. Sumoto, Japan. That's why in 
physical encyclopedias this effect is called “Faraday- 
Sumoto effect". In Tareev’s book [1] it is pointed: 
“Under high voltage this phenomenon leads to 
flowing and turbulent boiling of liquid". 1 should 
remember for those, who see nothing unusual here, 
that it does not necessary to consume the power from 
initial source. Creating an initial field in electric 
capacitor, then we can use the received mechanical 
work. It is evident that the gradient of electrical field 
creates the conditions for movement of liquid 
dielectric. A task to create conditions for liquid 
circulation is more complex, but it has solution, if we. 
take into account the presence of one more static field, 
i.e. gravitational field. Joint action of electrostatic and 
gravitational fields stipulates the circulation of liquid 
dielectric even in the simplest constructions. Besides, 
electrostatic filed can be partially screened. 


The analyzed examples should draw attention of 
experimenters to these obvious ways of how to create 
useful work by means of electrostatic field, 


References 


1. Tareev B.M. Physics of dielectrical materials, 
Moscow, Energoisdat, 1982, p.199 - 200. 


Editor: Below we publish the comments of our reader. 


Letter On 


Hertz-Quincke-Sumoto Effect 


from Doug Marett 
Email: doug.marett@sympatico.ca 


...As far as I can tell, the original reference by Hertz is 
“On the Distribution of Electricity over the Surface of 
Moving Conductors”, Wiedemann's Annalen, 13, 
pp.266-275,1881. Hertz's discussion of this 
phenomenon is cursory at best, having very little 
experimental work included. The real phenomenon 
appears to have been discovered by W. Weiler in 1893, 
(Zeitschrift fur den Physikalischen und Chemischen 
Unterricht, Vol.6, pp194-195). Weiler observed that a 
glass cylinder placed in a poorly conducting 
liquid between two spherical electrodes began to 
rotate when the electrodes were connected to an 
electrostatic generator. In 1896, George Quincke 
reported the same phenomenon and published a 
comprehensive report on it. This was in Annalen der 
Physik, Ser.3, Vol. 59, pp.417-486. Subsequent 
investigators have tended to attribute the discovery 
to Quincke, when in fact Weiler was the first to pioneer 
the work. 


I do know that PE. Secker et al. performed work on 
this field, references of which are available in the 
English language. These are: 


PE. Secker, et al., (1968) Journal of Applied Physics, 
Vol. 39, pp.2957-2961, and 
PE. Secker, et al., (1970) Journal of Physics D: Applied 
Physics VoL3, pp 216-220. 


Thope that this information might be of use to you. 


The Foundations of Physchemistry 
of Micro World 


Ph, M. Kanarev 


The Second Edition 


The book was published in Russian and English; 
you can also read it at http://book.Kanarev.innoplaza.net 


The new axiomatic of natural sciences is given in the 
book; on its basis, quantum physics and quantum 
chemistry have been returned to the classical way of 
development. The first steps are made on this way, 
which have led to discovery of the structure of the 
photon, the electron, and the principle of the formation 
of the atomic nuclei, the atoms and the molecules. 


The Planck's Law of radiation of perfect blackbody is 
given on the basis of classical concepts, and the 
connection of quantum phenomena with the laws of 
classical physics is proved. 


The application of the new theoretical results to the 
solution of practical energy tasks on the basis of plasma 
electrolysis of water is shown, Due to this electrolysis, 
additional heat energy and the energy containing gases 
{aydrogen and oxygen) are generated. Cold Nuclear 
‘Transmutation of the atomic nuclei of alkaline metals 
and the atomic nuclei of the cathode material takes 
place during plasma electrolysis of water. 


The book is intended for physicists, chemists and other 
specialists who are seeking the new directions for 
understanding the foundations of the micro world and 
the new energy sources. 
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Queen Anne's Lace 
Daucus carota Parsley Family, Umbellferae 


Raspberry 
Species Rose Family, Rosaceae 
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Saguaro 
Carnegiea gigantea Cactus Family, Cactaceae 
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Sheep 
Rumex acetosella  Suckwheat Family, Polygonaceae 


wer 
Helianthus species Composite Family, Compositae 
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Thym 
Thymus vulgaris Mint Family, Labiatae 
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Tumbleweed 
Salsola kali Goosefoot Family, Chenopodiaceae 


Viola species Violet Family, Violaceae 
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Wild Lettuce 
insis, Composite Family, Compositae 


illow 
Salix species Willow Family, Salicaceae 
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Winter 
Gaultheria procumbens Heath Family, Ericaceae 


Wood Sorrel 


Oxalis species Wood Sorrel Family, Oxalidacene 
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am 


‘Comments to 
lectro-Reactive LIFTER News 


“= 


we, 


Alexander V. Frolov, Russia 


General Director, Faraday Laboratories Ltd 
E-mail: office@faradayru 
http://www.faraday.ru 


March 21, 2003 we got news from France about 
electro-reactive propulsion system. 


Blaze Labs reached 100g PAYLOAD level. 


You will find all the details of the Saviour's 
experiment at: http://blazelabs.com/exp14.htm. 


‘This electro-reactive ionization-flying model requires 
46 kVolt, 4 mA, i.e. about 200 watts to fly with 100 g 
useful load. 


It is interesting to note that Jean-Louis Naudin's 
previous opinion of 1997 ~ 1999 about priority of the 
Frolov's asymmetrical capacitor now is changed. 
Sometimes people wish to re-write the history. It is 
possible and it is easy. Naudin’s web page about 
http://jnaudin-free fr/lifters/story.htm (see Fig. 1) is 
not started from the real beginning of the story. He 
forgot our discussion of 1997 and also photos and 
‘MPEG video I have send to him when he has started 
his way in electrograviticis, 


If you remember the name of Naudin’s first 
asymmetrical capacitor “Frolov's Hat" (see Fig.2) 
then you know why there is this name of this 
technology. But really it is not important to try for 
some serious reply from Jean since he has no 
personal post address, phone, or his photo on the 
web site 


Also it can be useful to visit this page 
http://www/faraday.ru/t-cap.html to know about 
something more important than electric ionization 
flying models (Lifters), since it is just a reactive 
ionization way, which is similar to rockets. 


Ideas now developing by us are not aimed to 
increase the power level (from 1 gram to 100 gram 
propulsive force). It is a qualitatively new idea; it is 
really electrograviticis instead of “electro-reactive 
Lifter" 


So, what is about real “history of the question” 
instead of the French version? The question here is 
not about a priority, it is nonsense after T-T. Brown's 


patents. As an example the NASA patents on 
asymmetrical capacitors can be mentioned since the 
ideas were opened before the NASA patent and there 
is nothing new in it. The problem is that people who 
develop reactive ionization Lifters develop only 
primitive reactive technology. It is not essence of 
‘TT. Brown research but it is the distortion of his 
ideas. 


So, the team in France is working to develop and 
support ideas of secondary and wrong method. Why? 
Perhaps they either do not see the real way or have 
payment for the wrong way to mask a real work. 


Home Health Aides Provided Lunch for Linda 


1m 


Nutrient Value of Wild Foods 


do not advocate giving up one’s daily diet, but rather sup- 
plementing it with wild foods. My homesteading days taught me 
the value of a balanced vegetarian diet. Note the following dated 
1997 - Some variations have been noted to date. 


Some USDA recommended daily dietary allowances for adults are: 


* Vitamin A—1,000 micrograms (males) and 800 micrograms 
(females) 

+ Vitamin C—60 milligrams 

+ Vitamin D—5 micrograms 

* Vitamin B1 (thiamin)—1.4 milligrams (males) or 1.0 milligrams 
(females) 

+ Vitamin B2 (riboflavin)—1.6 milligrams (males) or 1.2 milligrams 
(females) 

+ Vitamin B3—20 milligrams 

+ Vitamin B6—2 milligrams 

+ Vitamin B12—3 micrograms 

+ Calcium—1,200 milligrams 

+ Iron—18 milligrams 

+ Phosphorous—800 milligrams 

+ Potassium— 1,875 milligrams 

+ Protein—56 grams (males) or 44 grams (females) 

So, you can see from the above how well wild foods can 
boost the nutritional value of your meal. 


The listings that follow show the nutritional values for 1/2 
cup quantities of uncooked plant matter. 

‘As much as possible, the data was derived from Duke 
and Atchley, 1986 CRC Handbook of Proximate Analyses, CRC 
Press, 1986. Duke's FNF database; or from J oseph Laferriere’s 
Nutricomp database. When no other data were available we 
used Mark Pedersen's Nutritional Herbology (Pedersen 
Publishing, 1987) 

When available data was not specific to the plant or 
plant part we used data from a related species, or genus, or sim- 
ilar species in a different family. When absolutely no pertinent 
data was uncovered—as, for example, for violet flowers—aver- 
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ages for flowers such as those published by Duke and Atchley, 
were used. Occasionally it was necessary to estimate the water 
content, back-calculating from dried to a fresh basis. Adjustments 
were then made for carbohydrate andjor fiber content, ensuring 
that the figures were within a normal range for the plant. 


How to read the Nutritional Listings 


All quantities given are amounts per 1/2 cup raw food item (=100 
grams). 


The figure for Calories is number of Calories per 1/2 cup (100 g) 
raw food. 


Column 1: Measurements are in grams (g) per 100 g (1/2 cup). 
(Because of the mathematical coincidence, this could also be 
expressed as a percentage of the whole.) 

Abbreviations 

* Carbos, = Carbohydrates 

+ Tr. = trace amount. 


Column 2: Measurements are in milligrams (mg) per 100 g (1/2 
cup). 

Abbreviations 

* Phos. = Phosphorus 

+ Ascorbic. = Ascorbic acid 

+ Tr. = trace amount. 


Column 3: Measurements are in micrograms (ug) per 100 g (1/2 
cup). 

Abbreviations: 

+ B Carotene = Beta-carotene 

+ Tr. = trace amount. 
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No. 1 Aloe Juice 


“Arnount of nutnent per 100g (About vs cup) 
Water 95 ¢ J calcium 


Galore 
Bcaroiene Tr 
Thiamin Tr. 


1g 
Fat Tr. Tron. o2zmg | Riboflavin Tr. 
Carbos_ 0.4 Sodium 0.3 mg tr. 


a 


No, 2 Amaranth Leaves 


"Amount of nutrient per 100g (About v=cup) | Calories. 35 

Water 91.68 J Calcium’ Carotene 

Protein 2.94 Thiamin 

Fat 04g Ribollavin 
ig | Niacin 


No. 3 Amarant 


‘Water 2a7 mg | BCarotene One 

Prowein 12.9; Phos. soomg | Thiamin 140. 

Riboflavin 320 wt 
1000 ug 


No. 4 Arrowhead Tubers 


“Tunount of nutnent per 100g (About va cup) J Calories 99 
Water___725¢ [ Cacum 10mg | Carotene On 
Fat 03g tron’ 26mg — | Ribollavin 100 ws 
Carbos 202g | Sodium | Niacin, 1700 wp 


475 


No. 5 Arrowhead Shoots 


“Amount of nutrient per 100g (About o cup) 


Glories 39. 


War 872g J calcium 


‘Carotene: 


Calcium 186 mg 


Gators 35 
B Carotene 


Phos. 7m 


Thiamin 


Tron. 27mg 


Riboflavin 


No. 8 Birch Leaves 


Naor 


“mount of nutrient 
Water $808 


Provan 33g 


Fat Log 


Carbon 6.7 


Fiber 2.08 
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No. 9 Blackberry Fruit 


Calcum 


B.Carotene 


Phos. ‘Thiamin 
Tron 13mg 
Sodium 1 mg | 


Potassium 


“Amount of nutrient per 100g (About vs cup) J Calonex 62 
Warr 832g | calcum 15. ‘Carotene: 


30 us 
Riboflavin 60 ye 


Niacin 500 ug 


n CGalones 16 
Calcium a7 mg | pCarotene 400g 
Phos. B6my | Thiamin 20g 
Tron 10mg | Riboflavin 110 ul 
Nacin 600 44. 


No. 12 Bulrush Seeds 


“Tinount of nutrient 
Water 11g 


7 


No. 13 Bulrush Shoots 


‘Calum 
Phos. 


BCarotene 1166 ug 
‘Thiamin 150 ua, 


Tron. T.img | Riboflavin 190 yg 
Sodium 9mg | Niacin 1000 ug 
Potassium 


“Amount of nutvent per 100g (About cup) J Calories 89. 
Warer 765g J calcium somg | B Carotene 


Riboflavin 80 ye 
Niacin 300 ug 


No, 15 Cattail Roots 


anoant or uent por 100g Galones 
Calcium 32mg |B Carotene S65 
Phos. Thiamin 90 ug 
Tron Riboflavin 50 us 
Sodium @ [Niacin 800 ys 
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No. 17 Chamomile Flowers 


i CAbout 
‘Calum 
Phos. 
Tron. 3.2mg 
Sodium 48.5 mg 
Potassium 


No. 18 Chickweed Leaves 


“Amount of nutrient per 100g (About vs cup) J Calonen 28 
War 917g J calcium 160 ‘Carotene 20044 
Pron 1.2 | Phos. 729 mg 

Fat 024 tron 29 my | Riboflavin 100 ug 


Carbos53,, | Sodrum 82mg | Niacin 500 


"Water 920g BCarotene 2400 yg 
a a eT 
Fat 0.3 [rn omg | Rbofavin 100 ut 
a 


No. 20 Chicory Roots 


Calories 75 


BCarotene Tr. 
‘Thiamin Tr. 
Riboflavin Tr, 


(About 7 cup) 
Calum 41 mg. 
Phos. orm 


Water $0.08 
Protein 14g 


“Ash 094 
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No. 21 Cholla Shoots 


Calories 310 
B.Carotene 
‘Thiamin Tr. 
Riboflavin Tr, 
Niacin T 


Water 823g J calcium 232 mg 
Protein 20g | Phos 37mg 
Fat 06g | tron’ 1 mg. 
Carbos 13.5 ¢ | Sodium 3 


Pcarotene 200 
‘Thiamin 100 us, 
Riboflavin 


Niacin 


No, 23 Clover Shoots 


"Amount of nutrient per 100g. (About v= cup) 
Water 899g [Calcium 142my_| Carotene 1166 
Protein__2.1g | Phos. “Thiamin 150 ug 


FE 
Fat 05g | tron Lime 
Cabos 63g | Sodium 4 mg 

22g | Porasium 345 mg 


[Ash Lig [Ascorbic s7mg 


No. 24 Daisy Flowers 


"Amount of nuiont por 10. Calories 17 
Water 926g [Calum soma ‘Carotene 8800 4 
Protein 1.6 | Phos. 32mg | Thiamin 30 ya, 
Fat 02g [tron 3.1mg | Riboflavin 20 yg 
ag | Sodum s2mg 
Fiber___0.98 Potassium $70 
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No. 25 Daisy Leaves 


Calum 
Phos. 

Tron. 2.5 my 
Sodium 106 mg 
Potassium 


BCarotene 3160 ui 
Thiamin 90 ug 
Riboflavin 190 ug 


Glories 45 
Bcorotene. 


“Amount of nutrient per 100g (About vs cup) 


Warr 85.6 J calcium 


200 use 
Riboflavin 300 wt 
Niacin 900 ug, 


No. 27 Dock 


“mount of nutnent per 100g (About 7 eupy 
‘Water Calcum 74mg [Carotene 2770 
Protein Phos. S6mg_| Thiamin 60 ug, 
Fat Some | Riboflavin 80 uz 
Nacn 200 


No. 28 Dock Seeds 
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Questions & Answeres 


Josh Werrmann (Email: jsh111@yahoo.com): I wanted to ask you a few questions about an article titled “Highly 
Efficiency Electrolysis" by A.V. Frolov. In this article it is stated that Dmitry A. Latchinov patented a method for 
electrolysis, where one of the electrodes is insulated completely from the water. It is also stated that another 
scientist, Igor Goryachev, used a method of pulsed electric fields. I don't know if you know, but inventor Stanley 
Meyer has a patent that covers both of these processes together, in a way. His patent is U.S. patent number: 
4936961. Take a look at this. In the patent it states EXPLICITLY that there is a pulsed electric field, where a 
condition of NO CURRENT is preferred. This is very similar to the above to Russian scientists, except that the 
patent states a condition of resonance is necessary. I am wondering do the two scientists that are described 
require resonance in their devices? Or just plain pulsed electric fields, where one electrode is insulated from 
water. 


Another patent I would like to refer you to is Archie Blue's electrolyser, U.S. patent number: 4124463. This device 
is similar to A.V. Frolov’s idea, to get the oxygen and hydrogen bubbles off the electrodes, except he uses a 
blower to blow air in the cell, instead of rotating the cell like A.V. Frolov does. His invention also uses the 
conductivity current to work. 


Alexander V. Frolov: As far as I know resonance is not created in this case. The main idea is the removal of 
gaseous film which appears on the surface of electrodes by rotation or some other methods. 


d the world to 
the new source of energy 


http:// www.sciteclibrary.ru 


‘The system of 150-tons magnets which have been developed by scientists of the USA, Japan and Russia opens a 
new era of safe and unlimited energy. In this system nuclear fusions serve as a source of energy. They accumulate 
heavy chemical elements not by means of nuclear reactions but by ultrahigh plasma pressure. 


After supplementary research is held which aims to reduce manufacturing costs of the giant magnet weighing 
925 tons, this magnet will be produced and demonstrated at the opening of the International Thermonuclear 
Experimental Reactor (ITER). This magnet in its turn will become a part 
of a bigger system, that is combined into a magnet weighing 
approximately 10 000 tons. The task of ITER is the demonstration of the 
process of nuclear fusion, as an energy source. During the process of 
nuclear fusion the light elements are combined by immense pressure, 
thus producing heavier elements. During this production process a lot 
of energy is emitted. The task of giant high-power magnets is to create 
magnetic fields, which must hold and control plasma, or to charge 
electrically the gas, in which the fusion is being held. 


In Japan the system of 150-tons magnets serves as adjustment system 
of 925-tons magnets, which will be finally put into operation and heat 
up the ITER plasma. Two additional giant magnet systems will confine 
the plasma and will control its form. The model for one of them is 
presently being examined in Germany; the model of the other is in 
project. 


Cylindrical 150-tons magnets have three main parts: external module, 
built by the Japanese team, internal module, built by the American 
team and a thin rod in the core which is equipped with process control 
equipment. Three different rods were separately checked, two of them 
‘were built in Japan, another in Russia. 
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No. 29 Evening Primrose Seeds 


“Amount of nutrient per 100g (About vs cup) I Calonex 31 
Warr S1Sg [calcium amg | Carotene 116044 


n Gores 32 

Calcium 140mg | g Carotene 
Thiamin 
Ribotiavin 
‘Naan 


War 
Protein 

Fat 

Carbon 

Fer 138 
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No. 


Goldenrod Shoots 


B.Carotene 300 
‘Thiamin 150 ya 
Riboflavin 190 ug 


‘Niacin. 1000 ng 


Glories 63 
‘Carotene Tr 

‘Thiamin 100 
Riboflavin 100 ws. 
Niacin 300 ug 


“Amount of nutrient per 100g (About o cup) 
Warr 813g [calcium 14) 


No. 35 Grape Leaves 


“Amount of nument Galones 
BCaroiene $200 uh 
“Thiamin 200 ug. 
Riboflavin 100 us 
Nacn 1200 wp 
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No, 37 Lamb's 


Quarters Shoots 


Tron. 
Sodium amg 
Potassium 


“Amount of nutrient per 100g (About vs cup) | Calonex 28 
Warr 916g [calcium 90. ‘Carotene: 


170 us 
290 us 
500 ug 


Giones 7 


Thiamin 
Riboflavin 
Nan 
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No, 41 Milk Thistle Seeds 


TAbout 
‘Calum 
Phos. 


Calories 
B.Carotene 
‘Thiamin 450 9 


Tron. 3.4my | Riboflavin 200 ug 
Sodium amg 
Potassium 


“Amount of nutrient per 100g (About cup) J Calories 3 
Warr 899g [calcium 65. Bcarotene: 


Calcium 31mg Carotene 
Phos 39mg | Thiamin 
Tron 1.img | Ribotiavin 
Sodium Nacin 
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No. 45 Mullein Leaves 


Tinount of nutnent About ve cup) 
Water 89.5 ¢ J Calcium 183 mg 
Prowin 30% | Phos Som 
Fat os [tron mg 

Carbos 5.68 Sodium 32 mg 


No. 47 Mustard Seeds 


Water 75g | calcum 320mg | {\Carotene 00 na 


2228 | Phos. 650mg | Thiamin 540. 
Fat 183 | tron’ 3.amg | Riboflavin 400 ug 
‘Carbo 45.64 | Sodium amg | Niacin 


Ther 159 | Possum 339 mg 


No, 48 Nettle Leaves 


100 
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No, 49 Phragmities Shoots 


TAbout 7 cup) 
‘Calum 


Tron. 
Sodium amg 
Potassium 


“Amount of nutrient per 100g (About vs cup) I Calonen 634 
Water 7g] Calcium 14 B.Corotene. 


No. 51 Pine Needles 


Galones tat 
BCaroiene $652 ug 
Thiamin 110 ug. 
Riboflavin 240 us 
Nacn 200 
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No, 53 Plantai 


“Amount of nuIrIEnE Galories a 
B.Carotene 
‘Thiamin 4505 
Riboflavin 200 ug 


“Amount of nutrient per 100g (About vs cup) J Calonex 67 
Warr Stag [calcium 37 BCoroiene 10044 


Tug 
Riboflavin 20 ye 
Niacin 300 ug 


No. 55 Purstane Shoots 


“Amount of nutnent per Tog. About Zecup) J Galones: 16 
Water 93.9 [calcium 65mg | pCarowene 100g 
Protein 1.344 | Phos, 44m | Thiamin 

Fat an Tron. 2mg_— | Ravin 100 
Carbos. Seton ass Niacin 


‘No. 56 Queen Anne's Lace Roots 


“Amount of nutrient per 100g. (About 7 cup) calories 37 

Waer 696g J Calcum 36mg | p Carotene 70005 
Protein 1.1. | Phos. 38mg [Thiamin 60 ug 

Fat 03g —[ tron 12mg —| Rbotavin sous —] 
Cabos 83g | Sodium 70mg —[ Nacin 700 us 


[as 07g [asco s 
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No. 87 Raspberry Fruit 


‘Calaum 
Phos. 


Tron. 0.9 my 
Sodium 1 mg 
Potassium 


“Amount of nutrient per 100g (About vs cup) I Calories a6, 
Warr 831g J calcium 204mg | B Carotene 190044 


1.98 | Phos. “20mg | Thiamin 100 ux. 
Fat 034 | tron 17mg | Riboflavin Tr 
Carbos 134g | Sodium 1 Niacin 650044 


No. $9 Rose Flowers 


Water 948 e B Carotene 400 ug 
Protein 14g Phos. 36 ‘Thiamin 20 


Fat ‘03g | tron’ 1.0mg | Riboflavin 110 yr 
(Carbox 27, Sodium 18 mg [Niacin 


No. 60 Rose Hips 


Calories sa 


BCarotene 300 ue 
‘Thiamin Tr, 
Riboflavin Tr, 


(About 7 cup) 
Calum 19 mg. 
Phos. TS my 


Water 91.38 
Protein OS g 
Fat O4g 
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No. 61 Saguaro 


“Amount of nurIEnt 


"Amount of nutrient per 100g (About vs cup) J Calories 528 
Water 48g 7 Calcium 95, ‘Carotene: 


n Calories 25 
Calcium 66mg | 6 Carotene 7740 a 
Phos. 41mg | Thiamin 75g 
Tron 16mg | Ribotiavin 

Sodium Nacin 


Calories 35 
DCaroiene 2500 


Thiamin, 250 rns 
Rbotavin 170 ut 
Niacin 400 ys 
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No, 65 Sow Thistle Leaves 


BCarotene 4500 ug 
‘Thiamin 100 ya, 
Riboflavin 200 ug 
‘Niacin. 700 ue) 


“Amount of nuitient per 100g (About cup) J Calories 20. 
Warr 920g [calcium 93, (Carotene, 


‘Ascorbic, 32 mg 


5 Gores 7 
Calcium 21mg |B Carotene 36 ue 
Phos. Zim | Thiamin 30 ug 
Tron Ribotavin 70 us 
Nacin 600 
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BOOKS REVIEW ff 
Harnessing the Wheelwork of Nature 


(B40 pgs. Adventures Unlimited Publishers, 2002) 


Thomas Valone 
Email: iri@erols.com 


It is anew book by Thomas Valone, who edited this anthology in time 
for the Wardenelyffe Tower Centennial (1903-2003). This book presents 
for the first time, the feasibility argument for Tesla's most ambitious 
dream, the witeless transmission of power. Pictured on the book's cover, 
near his feet, the 187-foot Wardenclyffe Tower was Tesla’s means to 
deliver natural 8 Hz electricity anywhere in the world, by longitudinal 
waves. 


‘Unknown to most electrical engineers, Nikola Tesla’s dream answers 
the energy crisis worldwide, saves electrical conversion losses, and 
provides a teal alternative to transmission lines. In Dr. Corum’s 
contributed papers, he explains Tesla's magnifying transmitter, which 
‘Tesla compared toa telescope. Corum points out that “the tuned citcuit 
of his magnifying transmitter was the whole earth-ionosphere cavity 
resonator.” This fact helps explain why Tesla stated, “When there is no 
receiver there is no energy consumption anywhere. When the receiver 
is put on, it draws power. That is the exact opposite of the Hlertz-wave 
system. radiating all the time whether the energy is received or not.” 
‘Thus, with Tesla’s futuristic transmission of power, source dissipation 
will only be experienced when a load is engaged in a tuned receiver 
somewhere on the earth. This fact alone represents a major leap 
EDITED 8 forward in electrical transmission efficiency, even one hundred years 


THOMAS VALONES PHO; PEisseu later. 


Why wasn’t the prototype of Wardenclyffe finished in 1903? Tesla offered this visionary conclusion: “The world 
was not prepared for it. It was too far ahead of time. But the same laws will prevail in the end and make it a 
triumphal success... Let the future tell the truth and evaluate each one according to their work and 
accomplishments. The present is theirs; the future, for which I really worked, is mine.” 


Up until now, there has been a general malaise regarding the lack of scientific comprehension of Tesla's greatest 
dream. For example, the Serb National Federation notes, “With the exception of the first biography of Tesla by 
John J. O'Neill, science editor of the New York Herald Tribune, and published in 1944, unfortunately no biographer 
since has had the necessary scientific/engineering academic credentials to discuss Tesla’s work in the various 
fields.” Contributors to Harnessing the Wheelwork of Nature are primarily physicists and engineers who are 
experts in Tesla technology. Their wealth of knowledge demonstrates their mastery of this extraordinarily 
progressive and technical subject. Finally, the best academic credentials have been brought to bear on the world’s 
greatest electrical futurist 


This is a very readable and profusely illustrated reference volume on wireless transmission of power, besides 
being an excellent biographical gold mine of Tesla history. Nick Cook, editor of Jane's Defence Weekly and author 
of The Hunt for Zero Point says, “Tesla is one of the great overlooked geniuses of science and electricity. His full 
story deserves to be told. Tom Valone sheds important new light on his life and work.” 


Integrity Research Institute will hold a Tesla Energy Conference & Expo on November 8-9, 
2003 to celebrate the Wardenclyffe Tower Centennial (1903-2003) in conjunction with the 
‘Tesla Wardenclyffe Project, Inc. (www.teslascience.org). 


See www.IntegrityResearchInstitute.org for more details. 
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No. 69 Sunflower Seeds 


Calories, $60 
B.Carotene 30 ua 
‘Thiamin 1960 sig 
Riboflavin 230 ug 


‘Niacin. 5400 


Sodium 
Potassium 


Glories 63 
BCorotene 04g 


“Amount of uent per Toop (About cup) 
Water 80.9 g J Calcium 20 mg 
Protein 308 | Phos. 79mg 
Fat org fon’ as me 
a ae 

Le = ee 


T. 


‘No. 71 Thyme Leaves 


Water 80.08 [carotene 400 
Protein 20g | Phos. _——a4mg—[ Thiamin 100 us 
Fat 1.66 [on 27 mg | Rboavin 100 us 
Carbo 13.9 g | Sodium ——12 my —[ Nacin 1100 ug 


No, 72 Tumbleweed Seeds 
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No, 73 Tumbleweed Shoots 


Calories 15 
B.Carotene 3500 ui 
‘Thiamin 100 ya, 


Calsum 
Thos 


Tron. Smg | Riboflavin 200 ug 
Sodium 4mg | Niacin 1000 ug 
Potassium 


No. 74 Violet Flowers 


“Amount of nutrient per 100g (About ve cup) I Galonen 16, 
Warr 948g J calcium ‘Carotene 40044 


20 us, 
Riboflavin 110 we 
Niacin 600 ug, 


No. 75 Wild Lettuce Leaves 


“Amount of nument 


= 100g (About cup) | Calones 18 
Calcium 68 mg |B Carotene 1000 
Phos. 25 mg] Thiamin 60g 
Tron 14mg | Riboflavin 60 us 
Sodium g | Nacin 400 


Wer 
Protein 

Fat 

Carbon 

Aber g 
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No, 77 Wintergreen Fruit 


Amount of nuriont per Tog (About 7 cup) Calories: 6 
Water 817g | Calaum 69mg | §Carowene 280 ug 
Protein 24g | Phos. 18mg | Thiamin 42 ya 
Fat Tron. 0.6m | Riboflavin 43 yg. 
‘Carbos. Sodium img | Niacin 200 ng 
Fiber Potassium 178 my 


cap) ] Calories 103 
Warr 654g [calcium 460mg | BCarorene Tr 
Proein_45e | Phos. 125mg_| Thiamin Tr 
Tron. Riboflavin Tr. 
Sodium Niacin Tr. 


‘The first “A Survival Acre” at_ Burke's Cottages Sabael, NY 


Linda’s home wild food tours. 


food walk. 


Runyon Institute, Warrensburg, NY 
wild food walk. 
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Part III: Wild Food Recipes 


These recipes incorporate wild foods as much as possi- 
ble. As you will see, wild foods can be used in all types of dishes 
including those that use meat, fish, and dairy foods. Of course, 
dishes made entirely of wild foods are my environmentarian pref- 
erence. Those included here use meats, fish, dairy foods, and 
other “nonwild” foods and are adapted from various cultures. 

The important thing is to try wild foods. Fit them into 
your diet occasionally at first, increasing to a daily basis. 
Supplementing your meals with wild food saves money. Most of 
the recipes may seem unfamiliar, but dare to use wild foods in a 
creative way and you will be pleasantly surprised! 


Atypical campfire meal: Food simmering on edge, drying over hot 
coals, casserole on back, hot cookies or biscuits on back rock. 
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Some suggestions for substitutions: 


‘Anise flavor: Goldenrod leaves, flowers, and roots. 

Asparagus: Milkweed shoots, fireweed tops 

Bran: Bulrush, crabgrass. 

Broccoli: Milkweed buds and flowers, wintercress, mustard 

flowers. 

5. Cabbage: Shepherd's purse, dandelion, chicory, and wild let- 
tuce. 

6. Carrot: Queen Anne's lace roots, evening primrose roots, this- 
tle roots, Shepherd's purse roots, and purslane roots. 

7. Coffee: Chicory, dandelion roots, yarrow, clover buds. 

8. Corn on the cob: Green cattail heads. 

9. Cucumbers: cattail pith, fireweed pith, sunflower pith. 

10. Endive: Dock. 

11. Fruit: Blackberries, blueberries, dandelion flowers, mullein 
flowers, evening primrose flowers, raspberries, roses, straw- 
berries, and violets. 

12. Granola: Phragmities, amaranth, lamb’s quarters, clover. 

13. Gum: Sap from balsam fir or pine, milk of wild lettuce, dan- 
delion sap, milkweed sap. 

14. Lemonade: Sumac, wood sorrel, and sheep sorrel 

15. Lettuce: Sow thistle, dandelion, chicory, wild lettuce, milk 
thistle, amaranth, malva neglecta, and lamb’s quarters leaves 

16. Nuts: Pine seeds, seeds from malva neglecta. 

17. Okra: Milkweed shoots, flowers, pods, small leaves. 

18. Orange juice: Pine tea, sumac tea, and balsam fir tea. 

19. Pepper: Thyme leaves and flowers. 

20. Potatoes: Arrowhead, ground pine nuts 

21. Salt: Queen Anne's lace seeds, ground dried clover with 
dried garlic. 

22. Sugar: Dried meadowsweet flowers. 

23. Turnip greens: Plantain leaves, sow thistle leaves. 


‘Some medicinal and cosmetic substitutes. 

1. Aspirin: Willow. 

2. Lampwick: Mullein leaf, dried and cut in strips. 
3. Mothballs: Dried white clover. 

4. Sedative: Chamomile, mullein. 
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‘Some Wild Food Menus 

During the Runyon Institute days, students from Rutgers 
University experimented with recipes. Some recipes are from 
homestead days while others are shared with us by students of 
wild food classes. Still others are delectable recipes from gour- 
met cooks. To help clarify which recipes fit these groups please 
see the following symbols listed below. 


Food Group Symbols 

* From Institute students 

1 Homestead days 

X Given to us by Arizona students and individual people 

over the last ten years. 

~ Gourmet cooks 

Because of my vegetarian habits, the following recipes do 
not use meat or fish. Wild food recipes can be combined in a 
variety of ways and stil fit the traditional meals of breakfast, lunch 
and dinner. Here are some menu suggestions to get you started 
on the road to an environmentarian diet. 


Soups & Salads ye 
Burdock Stem Soup* 
2 cups 1-inch sections of burdock stems, peeled and 
sliced 
1 quart water 
2 tablespoons lemon juice or vinegar 


pinch of thyme pepper, Queen Anne's lace seeds to 
taste 


Place burdock stems in a medium pot and cover with 2 
cups water. Bring to a boil and simmer for 5 minutes. Drain. 
‘Add remaining 2 cups water, thyme pepper, and seeds. Bring to 
a boil and simmer for 5 minutes. Season with lemon juice or 
vinegar and serve hot. 

Serves 4 


Slow Cooker Filarie Soup x 
large filarie head and root 
1 medium onion, thinly sliced 
1 small potato, peeled and diced (can substitute 
parsnips or Queen Anne's lace root) 


Wash the filarie head well, pulling out the buds and fruit. 
Scrub the root with a toothbrush. Place the filarie in a slow cook- 
er and cover with water. Add the onion and potato, cover with 
water and simmer on high for 1% hours. Serve hot. 

Serves 4 


Clover Soup ! 
1 1/2 cups chopped onions 
6 cups water 
3 cups clover leaves and flowers washed 
4 teaspoons tamari or soy sauce 
1 teaspoon wild thyme 
salt or Queen Anne's lace seeds to taste 
3 cups cooked brown rice (optional) 
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Simmer the onionsin the water for 20 minutes. Add the remain- 
ing ingredients, except rice, and simmer 10 minutes, Eat as broth 
or stir in the brown rice and cook until the rice is done. 
Variation: Add 2 cups chopped dandelion root and 1 cup 
sliced carrots to the water and simmer with the onion. 
Serves 6 


Lamb's Quarters Fat Hen Soup x 
1 pound lamb's quarters leaves and seeds (6 to 8 
cups), washed 
Large onion, chopped 
1 teaspoon salt or Queen Anne's lace seeds 
1/4 teaspoon freshly ground black or thyme pepper 
1/4 teaspoon freshly grated nutmeg 
1 garlic clove, crushed 
2 tablespoons butter or olive oil 
2 teaspoons whole wheat flour 
1/2 cup milk or water 
‘V/2 cup sour cream or water 
2 teaspoons pine nuts 


Boil the lamb’s quarters in water to cover until tender, 
about 5 minutes. Add onion, salt or seeds, pepper, and nutmeg. 
Cover and simmer 10 minutes. Remove from the heat and cool. 

Put the mixture in a blender and puree to a smooth, deep 
green. Add the garlic and blend again. Melt the butter in a medi- 
um saucepan over moderate heat. Stir in the flour and cook 1/2 
minute. Add the milk, then sour cream or water to make a white 
sauce. Stir to blend, then serve lamb’s quarters into bowls, top 
with white sauce and garnish with pine nuts. 

Serves 6 


Delicate Mallow Soup! 
1 cup malva neglecta leaves, washed 
2 cups water 
1 small onion, thinly sliced 
1/4 cup malva neglecta seeds 
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Combine the leaves and water in a medium pot. Bring to 
a boil over medium heat, then turn off heat, stir and cover. Cool 
for 10 minutes. 

Strain the leaves if you wish, then add the onion and 
seeds. Serve hot. 

Serves 2 


ple Nettle Soup! 
3 cups nettles, washed and sliced (use any part of 
whole plant: leaves, flowers, seeds, or stems) 
4 cups water 
2 tablespoons butter 
3 garlic cloves, crushed 
salt or Queen Anne's lace seeds to taste 


Combine all ingredients in a large pot and simmer for 20 
minutes. Serve hot with whole-grain bread 
Serves 4 


Nettle Chowder x 


4-cups water 

1 1/2 cups diced potatoes 

1 cup sliced carrots (wild if available) 

2 celery stalks, sliced 

1 cup chopped onion 

3 garlic cloves, crushed 

1/2 teaspoon fresh or dried marjoram 

1 teaspoon dried or fresh thyme leaves 

Salt or Queen Anne's lace seeds to taste 

4 cups nettles, washed and sliced (any part of whole 
plant: leaves, flowers, seeds, or stems) 

2 cups soymilk 


Combine the water, potatoes, carrots, celery, onion, 
herbs, and seeds in a large pot. Simmer 30 minutes, then add 
nettles and simmer another 20 minutes. Add soymilk and heat 
gently, but do not boil. Serve hot! 

Serves 6 
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Sesame Thistle Soup* 
3 tablespoons butter 
1 cup chopped thistle root (any species) 
3 cups water 
2/3 cup sesame seeds 
4 garlic cloves, crushed 
1 cup dandelion flowers. 
Queen Anne's lace seeds or salt to taste 
3 cups cooked brown rice 


Melt the butter in a medium skillet. Sauté the thistle, 
sesame seeds, and garlic until the seeds are golden brown, about 
2 minutes. Add the dandelion and cook another 5 minutes. Add 
the seeds or salt to taste, then serve over brown rice. 

Serves 6 


Milk Thistle Soup with Yellow Squash x 
6-8 milk thistle leaves 
1 cup cooked, pureed yellow squash 
garlic bud (optional) 


Place milk thistle leaves in water and simmer until soft 
and pliable (5-10 minutes). Puree in a blender. Place milk thistle 
puree and squash puree in two separate pots and heat. Pour in 
shallow soup dish, one side at a time so you have a dark half and 
a light half (ying and yang) in your bowl. Press garlic bud and 
sprinkle over the top.) Serve hot! 

Serves 2 


Sow Thistle Soup x 
1 cup sow thistle tips 
1 clove garlic 
Lonion, thinly sliced 


Place sow thistle tips in water to cover. Simmer 20 min- 
utes on low heat. (Crock pot is excellent; simmer for 1 hour on 
low.) Add garlic, onion, and serve hot. 

Serves 2 
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Tumbleweed Soup x 

1 cup tumbleweed tips 

1 clove garlic 

1 thinly sliced onion 

Place tips in water to cover. Simmer 20 minutes on low 
heat. Or use a crock pot for more flavor and cook at low heat for 
Thour. Add pressed oil from garlic and garnish with onion. 

Serves 2 


Greens Soup * 


1 cup fresh sorrel leaves, flowers, stems 
1 thinly sliced onion 


Place sorrel in a pot and cover with water. Add onion 
and simmer for a few minutes. Leaves will turn from bright green 
to olive green. Thisis normal and ensures the oxalic acid crystals 
are destroyed. Serve hot. Delicious! 

Serves 2 


Creamed Sorrel Soup ~ 
4 cups washed sorrel leaves 
2 teaspoons saffiower cil or olive oil 
2 teaspoons wheat germ 
1onion, chopped 
4 cups non-fat dried milk, or goat's milk, or water 


Place leaves in pot, cover with water and simmer slowly 
for 1/2 hour. Blend in remaining ingredients, simmer and strain. 
Serves 4 


Wild Lettuce Salad * 
1 cup wild lettuce leaves, washed 
1/2 cup wild lettuce buds and flowers, washed 
1/2 cup shredded red cabbage 
1 garlic clove, crushed 
1 teaspoon wild thyme leaves fresh or dried 
3 tablespoons oil, 3 tablespoons vinegar of choice 


Combine all ingredients, toss gently, and serve. 
Serves 4 
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Fresh Dandelion Salad ! 
4 cups fresh dandelion greens 


clove of garlic, chopped, or garlic salt 
pinch of thyme pepper 


Drain the dandelion greens. Rub the garlic on a salad 
bowl. Add chopped garlic pieces to bowl, and place drained 
leaves in bowl. Add your favorite dressing. 

Serves 3 


Hot Dandelion Salad * 
4 handfuls fresh (young, new) dandelion leaves 
sesame oil or olive oil 
thyme pepper 


Wash dandelions. If desired, soak bitter leaves in salted 
water for about 1 hour then wash and drain. Place the leaves in 
a frying pan and add the oil. Heat slowly to a moderate heat 
while stirring the leaves until they are wilted. Remove, serve hot! 

Serves 4 


Daisy Petal Salad x 
1 quart freshly picked daisy petals 


Wash petals, place in salad bow! and add your favorite 
dressing. Or put petals in pita sandwiches with favorite garnish, 
Serves 4-6 


Spring Wild Coleslaw x 
1/2 cup dandelion 
1/2 cup plantain 
V2 cup clover 
1/2 cup chickweed 
1/4 cup curley dock 
1/2 small peeled onion 
2 tablespoons oil and vinegar 


Wash all ingredients well and drain in a sieve. Process all 
parts plus onion in a processor until completely "slawed". Add oil 
and vinegar (or your favorite dressing). Serve asa side dish 
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Chickweed Salad x 
1 clove garlic 
1 quart loosely packed chickweed, washed 
2 eggs, hard-cooked 
4 tablespoons favorite dressing 


Peel clove of garlic and rub wooden salad bowl. Chop 

chickweed finely and add to salad bowl. Peel eggs, slice thin and 

add to bowl, Toss together with favorite salad dressing. 
Serves 4 


Star Chickweed Dressing x 
2 cups star chickweed, washed 
3/4 cup plain yogurt 
3/4 cup mayonnaise 
1/2 tablespoon garlic powder or 4 cloves fresh 
1 tablespoon dried dill 
salt to taste 


Combine all ingredients in a blender or food processor. 
Blend on medium speed, then refrigerate for 30 minutes. Serve 
on your favorite salad or casserole. Sandwiches also taste deli- 
cious spread with this dressing, 

Makes 2 cups of dressing 


Evening Primrose Olive Oil* 
1 cup evening primrose flowers, washed and dried 
approx. 1\2 cup extra virgin olive oil (sunflower, 
safflower, or corn oil can be substituted) 


Fill a 10-ounce jar to capacity with evening primrose 
flowers. Add oil at room temperature or boiling to cover. (Be 
careful with hot oil in glassjars.) Repeatedly press down the flow- 
ers until all the air bubbles are out of the mixture. Cap and shake 
every day for or 1 week for sunflower, safflower, or corn oil, or 2 
weeks for olive oil. Remove the flowers and discard. Refrigerate 
oil if you used sunflower, safflower, or corn oil. Use for salads. 

Makes approximately 10 ounces 
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Vegetable Dishes & Light Meals 


Linguine with Amaranth Cream Sauce~ > 
2 tablespoons butter wT 

4 garlic cloves, crushed 

3 cups soymilk or cow's milk 

4 tablespoons rice or wheat flour 

1 cup crushed dried young amaranth 

1 pound linguine, cooked until al dente 


In a large frying pan, melt the butter and sauté the garlic 
‘over low heat for about 10 minutes. In a saucepan, mix the milk 
and flour to make a thin paste. Add the flour mixture and ama- 
ranth and heat until smooth and thickened, about 3 minutes. 
Serve over the linguine. 

Serves 2 to 3. as a main course 


Arrowhead Stew! 
Large onion, sliced 
1 cup washed roots: thistle, dandelion, evening 
primrose, or filarie 
12 to 14 arrowhead tubers, washed 
1/2 teaspoon Queen Anne's lace seeds 
1 teaspoon dried thyme leaves 


Combine all ingredients in a slow cooker and add water 
to cover. Cook on low setting for 4 hours or until tender. 
Serves 4 as a main course 


Clover Noodles~ 
1 cup clover flour (See page 78) 
3 to 5 cups unbleached white flour 
5 eggs 
1 tablespoon olive oil 
1/2 teaspoon salt or Queen Anne's lace seeds 


Put clover flour into bowl and add enough water to 
reconstitute to a moist consistency. Stir in eggs, oil, & salt. You 
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should have a slimy green soup. Add white flour until you make 
a stiff dough. Remove and kneed till it won't tear when you 
stretch it. Let rest 30 minutes. Cut dough ball into about seven or 
eight equal sized balls, and run through pasta machine. Start on 
setting #1 and then press through 2, 3, and 5. Add flour with 
each run through the machine to avoid sticking. 

Dry on racks of food dryer. Let cool, store in tightly 
sealed glass jars. Serve cooked to al dente and topped with but- 
ter or add your favorite vegetable. 

Serves 8-10 


In a pasta machine, clover noodles can be made by 
replacing 2 tablespoons of flour with 2 tablespoons of clover flour. 
‘Adjust the liquid as necessary to get the right texture, extrude and 
serve. 

Makes approximately 4 servings 


Clover Pasta Beans and Basil x 


1 pound clover pasta 

4 tablespoons olive oil 

4 to 6 garlic cloves 

1 cup garbanzo beans (chickpeas) 

6 tablespoons water or tomato puree 

1/2 teaspoon freshly ground black pepper or 
1/4 teaspoon ground dried thyme 

12 large basil leaves 

1 tablespoon fresh parsley, chopped 

1/4 cup grated Romano cheese (optional) or 
1 teaspoon Queen Anne's lace seeds or salt 


Cook the pasta until al dente, then drain and set aside. In 
a food processor or blender, puree olive oil and garlic. Add gar- 
banzos and water or tomato puree and blend. Blend in the pep- 
per, basil, parsley, and cheese or seeds and blend quickly until 
mixture is a coarse paste. Toss with pasta and serve. 

Serves 4 as a main course 
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Burdock Bur Casserole* 


2 cups young burdock burs and leaves 
1 teaspoon thyme leaves 

1 teaspoon Queen Anne's lace seeds 

1 cup nonfat dry milk or water 

4 tablespoons butter or 2 teaspoons saffiower, olive oil 
1 cup whole wheat bread crumbs 


Preheat the oven to 350 degrees. Wash the burs & leaves 
and place in a large saucepan. Add water to cover and simmer 
for 5 minutes. Drain. 

‘Add the thyme and seeds, cover with water and simmer 
for 5 another minutes. Drain and save the water for soup stock. 

Put the bursin a greased 1 1/2-quart casserole dish. Add 
the milk or liquid and oil. Top with bread crumbs and bake for 
20 minutes. 

Serves 4 as a main vegetable casserole 


Cattail “Corn On The Cob” ! 


2 to 3 cattail heads 

safflower, olive oil, or butter 
salt or Queen Anne's lace seeds 
thyme pepper to taste 


Put the cattail in a large pot of boiling water and boil for 
7 minutes. Remove and serve with oil or butter, salt or seeds, and 
thyme. 

Serves 1 asa side dish 


Note: When cutting, leave 2 inches of stem for holding the cob 


Cattail Casserole! 
2 cups cattail fluff, scraped from brown buds 
1 cup bread crumbs 
1 egg, beaten (optional) 
2 to 3 teaspoons water 
Queen Anne's lace seeds or salt to taste 
1/4 teaspoon thyme leaves, fresh 
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Preheat the oven to 325 degrees. Combine all ingredi- 
ents in a greased 1 1/2-quart casserole dish and bake for 25 min- 
utes. Serve hot. 

Serves 4 as a main dish 


Chickweed Pita Pockets x 
2 cups chickweed, washed 
1/2 cup finely chopped tender lamb’s quarters leaves, 
washed 
U2 cup sliced carrot 
1/2 cup finely diced cucumber 
1 tablespoon salad dressing of your choice 
2 pita breads 


Toss together the chickweed, lamb’s quarters, carrot, 
cucumber, and dressing. Fill the pita pockets and serve. 
Makes 2 sandwiches 


Chickweed Mediterranean x 


2 tablespoons olive oil 

1 garlic clove, finely chopped 

2 cups whole chickweed plant without roots, washed 
1 teaspoon thyme leaves 


Heat the olive oil ina medium frying pan. Sauté the gar- 
lic until browned, then add the chickweed and thyme. Stir-fry 
until piping hot, about 10 minutes. 

Serves 3 as a side dish 


Hot Clover and Rice with Butter Sauce x 
4 cups cooked brown rice 
4-cups washed clover leaves 
1 cup milk or water 
‘1/4 pound butter or soy butter 
1 teaspoon finely minced garlic, or 2 teaspoons garlic 
powder 


Preheat the oven to 350 degrees. Grease a 2-quart casse- 
role dish. In the casserole, combine the rice, clover, and liquid. 
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Melt butter in a saucepan over low heat. Add garlic and cook for 
3 minutes. Stir sauce into casserole and bake for 20 minutes until 
piping hot. 

Serves 4 as a main course 


Dandelion Greens Casserol 
2 cups dandelion leaves, washed 
1 cup whole wheat bread crumbs 
2 cups water 


Preheat the oven to 350 degrees and grease a 1-quart, 
casserole dish. Put the leaves in a 1-quart saucepan and add 
water to cover. Simmer gently for 20 minutes, then drain, reserv- 
ing the liquid. Chop the leaves fine and pour into the casserole 
dish. Add the reserved liquid and top with the bread crumbs. 
Bake for 25 minutes or until brown on top. 

Serves 3 to 4 as a main course 


Southern Italian Dandelion Leaves ~ 


4-cups young 2 to 3inch dandelion leaves, washed 

1 medium potato or arrowhead tubers, peeled 

2 teaspoons safflower or sesame oil 

1 medium onion, cubed 

1 large tomato or 1 8-ounce can whole tomatoes, 
chopped 


Combine the dandelion leaves and potato in a medium 
pot and cover with water. Bring to a boil and simmer for 15 min- 
utes. Remove the potato or arrowhead, then cube and set aside. 
Drain the leaves, squeezing out the water. (Save the liquid for 
soup stock.) 

Heat the oil in a large frying pan and sauté the onion 
slowly until limp, about 5 minutes. Combine the dandelion 
leaves, potato or arrowhead, and tomato, and bring to a boil 
Remove from the heat and stir. 

Serves 4 to 6 as a main course 
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Dandelion Stir Fry ~ 
3 tablespoons olive oil 
1 cup chopped onion 
4 garlic cloves, crushed 
1/4 cup chopped dandelion root, scrubbed 
2 cups fresh dandelion leaves, washed 
2 cups dandelion flowers, washed 
1 teaspoon dried thyme or 1 sprig fresh thyme 
1/2 teaspoon dried marjoram leaves or 1 fresh sprig 
2 teaspoons sesame salt 
2 tablespoons cider vinegar 
2 cups cooked brown rice 


Heat half the oil in a large wok or frying pan. Add the 
onion, garlic, and dandelion roots, Sauté for 5 minutesor until sof. 
Remove from the wok and set aside in a warm place. 

Heat the remaining oil in the wok and add the dandelion 
leaves and flowers, thyme, marjoram, salt, and vinegar. Stir-fry for 
10 minutes. Stir in the onion mixture and serve over brown rice. 

Serves 6 as a main course 


Dandelion Roots * 
1/2 cup washed and peeled white dandelion roots, 
chopped into French fry sized pieces 
1 cup favorite pancake butter 
2 tablespoons safflower oil 
1 chopped onion 


Dip the roots in the pancake batter. French fry in hot saf- 
flower oil until brown. (A wok works perfectly) Add the 
chopped onion as a garnish and serve. 

Serves 2 asa side dish 


Chamomile Vegetable ! 


Chop a whole chamomile plant into bite-sized pieces and 
simmer gently for 6-8 minutes. Serve hot with favorite garnish. A 
delicious broccoli substitute. Servings vary depending on plant 
size. 
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Tofu Scallopine with Dandelion Wine ~ 


1 pound firm tofu, weighted and drained for at least, 
1 hour 

whole wheat flour 

3 tablespoons olive oil 

1 bay leaf 

1/2 cup Dandelion Wine (Page 246) or marsala 

10 large fresh mushrooms, sliced 

1 large garlic clove, finely minced 

1 teaspoon chopped chives 

1 teaspoon chopped fresh parsley 

juice of 1/2 lemon 

‘1 teaspoon Worcestershire sauce 

Queen Anne's lace seeds or salt to taste 

Ground thyme or black pepper to taste 

6 lemon wedges for garnish 


Slice the tofu into 12 equal portions and coat each piece 
with flour. Heat the oil in a large frying pan and sauté the tofu 
with the bay leaf until tofu is light brown on both sides- about 6 
minutes. Remove the tofu and set aside. 

‘Add the wine and reduce the liquid by one-half. Add the 
mushrooms, gatlic, chives, parsley, lemon juice, Worcestershire 
sauce, seeds or salt, and thyme or pepper. Cook for 3 minutes 

‘Add the tofu slices and simmer for 5 minutes, adding 
additional wine or water if necessary to keep mixture moist. 
Serve the tofu slices with pan juices and garnish with a lemon 
wedge and parsley 

Serves 6 as a main course 


Rosemary Tofu x 
3 tablespoons butter or soy butter 
1 pound firm tofu, weighted, drained and cubed 
4 garlic cloves, crushed 
1 172 teaspoons dried rosemary leaves 
2 cups diced young lamb’s quarters or amaranth 
leaves, washed 
3 cups cooked brown rice 
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Melt the butter in a large frying pan. Sauté the tofu, gar- 
lic, and rosemary for 20 minutes, stirring often. During the last 5 
minutes of cooking, add the leaves and sauté until tender. Serve 
hot over brown rice. 

Serves 6 as a main course 


Evening Primrose Stew ! 
5 to 6 Evening primrose roots 
1 medium potato, halved 
1 medium onion, quartered 
1 teaspoon thyme leaves dried or fresh 
1 teaspoon Queen Anne's lace seeds 


Wash the roots and scrub with a toothbrush, trimming off 
any bruised parts. Combine the roots, potato, and onion in a 
slow cooker and add water to cover. Cook on low for 4 to 6 
hours, then serve while hot. 

Serves 2 as a main course 


Dock Casserole * 


2 large bunches dock, including leaves 
4 to 6 tablespoons butter or safflower oil 


Preheat oven to 350 degrees. Wash and drain the dock 
and steam in a pot until all parts are wilted, about 2 minutes. 
Discard the tougher stems and finely chop the leaves and short 
stems. Steam the chopped mixture for about 15 minutes more, 
stirring frequently. Pour the mixture into a 1-quart casserole dish, 
dot with butter or drizzle with oil, and bake for 20 minutes or until 
bubbly hot. 

Serves 4-6 as a main course 


Lemon Fireweed x 
2 cups fireweed tips, washed 
1 lemon wedge 
4 to 5 thyme sprigs 
Steam the fireweed tips until tender, about 2 minutes. 
Squeeze the lemon over the tips, then sprinkle on the thyme. 
Serves 4 asa side dish 
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Sandwich x 

1 handful filarie leaves, washed 

pinch dried thyme leaves 

V/A teaspoon each of oil and vinegar 

1 Bermuda onion, thinly sliced into rings 
2 slices whole wheat bread 


Layer the ingredients between the bread slices for a 
“desert sandwich” treat. 
Makes 1 sandwich 


ireweed Casserole * 
4 cups fireweed buds, washed 
1 medium onion, chopped, or 1 cup chopped chives 
bread crumbs 


Preheat the oven to 350 degrees and lightly grease a 1 
1/2-quart casserole dish. Mix the buds and onion or chives and 
place in the casserole dish. Add water to cover. Bake for 30 min- 
Utes or until bubbly. Top with bread crumbs. 

Serves 4 


Wild Sow Thistle Stir-Fry ! 
1 cup wild sow thistle leaves 
1/2 cup wild sow thistle buds and flowers 
1/2 cup red cabbage 
1 clove garlic, pressed 
1 teaspoon wild thyme 
3 tablespoons oil and vinegar 


Combine all ingredients in a salad bowl, toss gently and 
serve. 
Serves 2 


Aloe Vera Flowers x 


Eat flowers raw and add to favorite sandwiches, salads. 
Dip flowers in favorite sauces. 
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Wild Greens Quiche ~ 


Crust 
3 cups cooked brown rice 
1 cup sesame seeds 
2 tablespoons butter 
dash of salt 
Fillin 
1 tablespoon butter 
1 medium onion, chopped 
8 ounces fresh mushrooms, sliced 
4 garlic cloves, crushed 
3 cups mixed wild greens (lamb’s quarters, 
amaranth, clover, dandelion, curly dock, or 
plantain), washed 
1/2 teaspoon salt 
3 eggs, beaten 
1 cup milk 
1 teaspoon marjoram leaves 
1 teaspoon chopped basil leaves 
1/2 teaspoon thyme leaves 


Preheat the oven to 350 degrees. 

Mix the brown rice, sesame seeds, butter, and salt in a 
bowl and press into a 12-inch pie dish. Set aside, Melt the but- 
ter in a large skillet. Add the onion, mushrooms, garlic, greens, 
and salt and sauté until tender, about 10 minutes. Set aside. 

Combine the eggs, milk, marjoram, basil, and thyme and 
sauté until tender, about 10 minutes. Combine with greens and 
pour into shell. Smooth top and bake for 45 minutes, or until 
brown and crispy on the top. 

Serves 8 as a main course 


Baked Purslane with Yogurt x 


1 cup fresh purslane, washed 
1 pint yogurt 


Preheat the oven to 350 degrees. Mix the purslane and 
yogurt and pour into a greased 1-quart casserole. Bake 10 to 15 
minutes or until hot. 

Serves 2 asa side dish 
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Tabouli wi 


Wild Greens ~ 


1 cup young dandelion leaves 
1 cup daisy leaves 

1 cup red clover leaves 

1 cup chopped sheep sorrel leaves 

‘V/2 cup violet leaves 

1/4 cup chopped spearmint leaves 

1/4 cup chopped fresh oregano, or 2 teaspoons dried 
1 1/2 cups cooked brown rice 

1 1/2 cups cooked bulgur 

oil and vinegar to taste 

1 cup daisy petals 

1 cup violet and strawberry flowers or wild roses 


Wash and drain all greens and tear into bite-size pieces. 


Place in a large salad bowl. Toss in the rice, bulgur, oil, vinegar. 
Arrange the daisies around the edge of the bow! and place the 
violets and strawberries or rosesin the middle. Chill and serve. 


Serves 6 to 8 


Lamb's Quarters Calzone x 


Dough 


Filling 


1/4 cup warm water 
1 tablespoon active dry yeast 

4 teaspoons honey 

1 cup soymilk 

2 eggs 

3 cups unbleached all-purpose flour 
1/4 cup lamb’s quarters flour 

1 1/2 teaspoons sea salt: 


1 cup pizza sauce 

1 teaspoon chopped garlic 

1 medium onion, chopped 

1 cup chopped fresh mushrooms 

1 green bell pepper, chopped 

1/2 cup chopped ripe olives 

‘1/4 cup chopped lamb's quarters 

12 ounces fresh mozzarella cheese, shredded 
3 tablespoons olive oil 
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Put the warm water into a small bow! and stir in the yeast 
and honey; let the mixture stand until foamy, 5 to 10 minutes. Whisk 
the soymilk and 1 egg into the yeast mixture. 

In another large bowl, mix the flours and salt. Make a 
mound of flour then make a wellin the middle. Gradually pour the 
yeast and milk mixture into the well, working the flour from the 
inside of the well into the liquid with your fingers. Continue unti all 
the flour is absorbed, adding 1 tablespoon of water if needed. 
Knead until soft, velvety, strong, and elastic, 10 to 15 minutes. Place 
the dough in a lightly oiled bowl, cover with a damp cloth, and put 
ina warm place. Let the dough rise until doubled, about 2 hours. 

Mix the ingredients for the fling and set aside. 

Knead the dough briefly on a lightly floured surface. Cut 
the dough into 6 or 7 pieces. Shape each piece into a ball, flatten it 
hard with your hand, and roll it into a 1/4-inch thick oval with a 
rolling pin. Mixthe remaining 1 egg with 1 tablespoon of water and 
brush the edge of each shaped oval with the mixture. 

Preheat oven to 450 degrees, lightly oil a baking sheet. 

Place 2 tablespoons of pizza sauce in the center of each 
dough oval. Add a little garlic, onion, mushrooms, green pepper, 
olives, and lamb’s quarters to each and top with cheese. Fold over 
the dough to form a half-moon shape, crimping the edges with a 
fork. Place the calzones on the baking sheet and brush each with 
the oil. Bake for 20 to 25 minutes or until golden brown. Brush 
again with oil and serve hot. 

Serves 6 to 7 


Weed Pizza x 
2 tablespoons butter or olive oil 
3 cups mixed wild greens, such as clover, plantain, 
dandelion, lamb's quarters, washed 
dash of salt 
1 pound ready-made pizza dough, thawed if frozen, 
toppings of choice 


Preheat the oven to 425 degrees. Heat the butter or oil 
in a large frying pan. Add the greens and salt, and sauté for 5 
minutes or until tender. Roll out pizza dough according to pack- 
age instructions. Spread the greens on the crust and sprinkle with 
toppings. Bake for 20 minutes or until crisp. 

Makes 6 slices 
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Malva Neglecta and Lamb's Quarters Quiche x 
6 eggs 
1 tablespoon lemon pepper 
1 cup chocolate flavored soymilk 
1/4 cup chopped malva neglecta leaves 
1/4 cup chopped lamb's quarters 
‘/4 cup grated carrot 
2 tablespoons chopped onion 
1 teaspoon chopped garlic 
19.inch pie shell, unbaked 


Preheat the oven to 350 degrees. Process the eggs, 
lemon pepper, and soymilk in a blender or food processor until 
thoroughly blended. Stir in the malva neglecta leaves, lambs 
quarters, carrot, onion, and garlic. Pour the mixture into the pie 
shell and bake for 35 minutes or until a knife inserted in the cen- 
ter comes out clean. Serve hot. 

Serves 5 to 6 as main course 


Milkweed Pod Fritters * 

12 milkweed pods, washed. Note: Pick the 
milkweed pods when they are young and not 
elastic, 2 to 3 inches in length. 

1 to 11/2 quarts water 

1 cup cornmeal 

1 cup whole wheat flour 

1/4 cup safflower or peanut oil 


Place the pods in a large bow! and cover with the water. 
In a separate bowl, combine the cornmeal and flour. Roll the 
ods in this mixture. 

Heat the oil in a frying pan. Fry the pods, turning them 
over, until they are cooked through and brown on all sides, about 
5 minutes. Drain well 

Serves 4 as a main dish 


Milkweed Casserole * 


3 cups milkweed buds, washed 
2 cups milk or water 
1 cup whole wheat bread crumbs 
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Preheat the oven to 350 degrees. Grease a 2-quart casse- 
role. Place the milkweed buds and milk or water in casserole. 
Sprinkle the bread crumbs on top. Cook for 20 to 30 minutes, or 
until bubbly and brown on top. 

Serves 6 as a main course 


Young Milkweed and Pasta Medley ~ 

1 pound assorted pasta (rigatoni, linguine, broken 
into thirds, small shells, bucatino broken into 
thirds) 

2 tablespoons olive oil 

1/4 cup chopped wild onions or yellow onion 

3 garlic cloves, coarsely chopped 

‘/4 cup dry sherry 

2 cups milkweed shoots and leaf buds, blanched 

ground thyme or pepper, Queen Anne's lace seeds 
or salt 

‘1/4 cup chopped fresh parsley or watercress 

1/4 cup grated Pecorino Romano cheese (optional) 


Cook the pastas until al dente; drain and set aside. Heat 
the oil in a frying pan and sauté the onions and garlic until ight- 
ly browned. Add the wine and cook until the liquid is reduced by 
half, about 9 to 10 minutes. Add the milkweed and sauté until 
tender, approximately 10 minutes. Add the pastas and toss, heat- 
ing thoroughly. Season to taste with thyme and seeds as salt. 
Garnish with parsley or watercress and sprinkle with cheese. 

Serves 4 as a main course 


Daisy Leaves a la Mediterranean x 
2 cups washed daisy leaves 
2 tablespoons olive oil 
1 clove garlic, chopped finely 
1 teaspoon thyme 


Heat frying pan and add olive oil and chopped garlic. Brown gar- 


lic and add washed daisy leaves. Stir until piping hot. 
Serves 1 
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Mustard Greens Casserole * 
2 big bunches wintercress greens stems, leaves, and 


flowers 
4 to 6 tablespoons safflower oil or butter 


Preheat the oven to 350 degrees. Wash and drain the 
wintercress. Steam until wilted, about 3 minutes. Remove the 
tougher stems and chop the leaves & short stems finely. Steam 
the chopped mixture for 15 minutes more, stirring frequently 
(Keep the water used in steaming for soup stock; freeze if neces- 
sary) Pour the greens into a casserole dish, dot with oil or butter, 
and bake for 8 minutes or until hot and bubbly. 

Serves 4 asa side dish 


Stir-Fried Mustard Flowers * 
1 quart mustard flower heads 
1 garlic clove, chopped 
1 tablespoon olive oil 


In a frying pan or wok, quickly stir-ry all ingredients over 
high heat until imp, about 2 to 3 minutes. Serve hot. 
Serves 4 as a side dish 


Mustard Flower Buds 
4 cups mustard flower buds 
1 quart boiling water 
2 tablespoons olive oil 


Wash the buds thoroughly and add to boiling water. 
Lower heat, and simmer 5 minutes. Drain, add oil, and serve hot. 
Serves 4 asa side dish 


Vegetarian Burger x 
2 cups cooked lentils 
1/2 onion, peeled 
2 tablespoons sow thistle leaves 


Steam then chop thistle leaves. Add other ingredients 
and mix until everything sticks together. 
‘Makes 6 medium-size burgers 
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Nettle-Falafel Burgers x 
1 cup cooked and finely chopped nettles 


1/2 cup falafel mix (see box for recipe) 
2 tablespoons olive or safflower oil 


Place the nettles in a medium bow! and add the falafel 
mix slowly. Mix thoroughly. Add a bit of water at a time until a 
clay-like mixture results, Pat the mixture into 3-inch patties. Heat 
the oil in a medium frying pan and fry the burgers siowly until 
brown on both sides, about 6 minutes. 

Serves 2 to 3 as a main course 


Boiled Mustard Green: 


1 quart young mustard leaves 
1 garlic clove, chopped 

1 teaspoon lemon juice 

1 teaspoon vinegar 

1 tablespoon soy butter or regular butter. 


Boil the leaves for 30 minutes in a large saucepan. Drain 
well and add the garlic, lemon juice, vinegar, and butter. Serve 
hot. 

Serves 2 as a side dish 


Purslane Casserole 
1 teaspoon peanut or olive oil 
4 cups purslane (including stems), washed, drained, 
and chopped 
1 egg, beaten, or violet leaf thickener, opposite page 
1/2 cup fine bread crumbs 


Preheat the oven to 325 degrees and grease a 1 1/2-quart, 
baking dish with oil. To the purslane add the egg or violet thick- 
ener and the bread crumbs. Turn into the baking dish, and add 
your favorite seasoning. Bake for 20 minutes or until piping hot. 

Serves 4 asa side dish 
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Mexican-Style Purslane ~ (Vertalogas) 
The following recipe was given to me by a Mexican 
friend. Itisa common dish in Arizona. 


1/2 pound purslane leaves and tender stems 
1 teaspoon baking soda 

1/2 pound pork chops or ribs 

1/4 medium onion, chopped 

1 garlic clove, chopped 

1 medium tomato, chopped 

1/2 teaspoon chicken broth 


Place the purslane in boiling water with a pinch of bak- 
ing soda and cook until tender, about 2 to 3 minutes. 

In a large skillet, brown the meat on both sides and set 
aside. In the same pan sauté’ the onion, garlic, and tomato until 
tender. Stir in the broth, purslane, and meat, and simmer for 15 
to 20 minutes or until meat is done. 

Serves 5 as a main course 


Violet Leaf Thickener x 


a handful of violet leaves 
V/A cup boiling water f 


Press leaves down under boiling water. Do this slowly 
and continue for about 20 minutes. Drain. Green water is sight- 
ly gooey-or thickened. Use as water substitute. For cassaroles, 
layer whole violet leaves throughout casserole. Water from other 
ingredients will draw thickener from the edible violet leaves. 


Wild Lettuce Stir-Fry x 


1 cup wild lettuce leaves 
1/2 cup wild lettuce buds and flowers, 
1/2 cup red cabbage 

1 clove garlic, pressed 

1 teaspoon wild thyme 

3 tablespoons oil 


Stir-fry all ingredients the oil, serve hot. 
Serves 4 
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Brown Rice and Lamb's Quarter Sprouts x 


1 cup lamb's quarter sprouts (sprout seeds only 
11/2 to 2 days) 

2 tablespoons corn oil or peanut oil 

1 tablespoon chopped scallions or chives or onions 

1/4 cup thin sliced canned or fresh mushrooms 

1 cup cooked brown rice 


Heat oil in heavy fry pan or wok. Add onion, mush- 
rooms. Stir fry until lightly brown. Add soy sauce, rice and 
sprouts. Stir fry for 3 to 4 minutes. Cover and simmer for 5 more 
minutes. 

Serves 3 to 4 


Wild Malva Rice Roll-Ups x 
1 cup water 
12 large malva neglecta leaves 
1 cup cooked wild rice 
U2 teaspoon thyme 
1/2 teaspoon vegetable salt (of your choice) 
small casserole dish, greased 
‘/4 cup salsa to your taste 


Bring water to a boil. Wilt malva leaves by gin- 
gerly dipping each leaf separately into boiling water. Rearrange 
leaf on a paper towel to drain. Place wild rice in a bowl. Stir in 
thyme and 1/4 teaspoon vegetable salt. 

Take a teaspoon of mixture and place in the middle of the 
leaf. Roll the leaf and mixture up to stem, then tuck stem end in 
to secure. Place whole roll-up face down in casserole dish. 
Sprinkle rest of vegetable salt over roll-up and bake in oven for 20 
minutes at 350 degrees. Pour salsa over each and serve hot. 

Serves 2 


Malva Mexican Style 
1 cup large Malva leaves 
1/2 cup salsa sauce or spaghetti sauce 
1 cup refried beansi ice cube tray 
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Place ice cube tray on counter. Drip salsa sauce in tray 

as evenly as you can. Place a leaf into cube section over salsa. 

Take a teaspoon and place a spoonful of refried beans into the 

leaf. Place the ice cube tray into the freezer and freeze solid. 
Pop sections out into a freezer bag with a ziplock top. 

When you cook a casserole, take a few ready-made sections out 

and place in a bean pot. Cook 350° for 20 minutes. Delicious! 
Makes 1 tray full of stuffed Malva leaves 


‘Stuffed Malva leaves. Cook freshly rolled or freeze in ice cube 
trays for future meals. Store in plastic bags. 
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Willie Whitefeather and Linda. 
Note his handmade shirt, moccasins and flute. 
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& Pancakes 


Basic Mix x 


4.1/4 cups whole wheat flour 

4.1/4 cups amaranth or triticale flour (see Note) 

5 tablespoons baking powder 

1 teaspoon baking soda 

1 tablespoon ground dried Queen Anne's lace seeds 
2 teaspoons cream of tartar 

1 1/2 cups instant dry milk 

1 1/2 cups olive or peanut oil 


Muffins, Breads, aISeUs BD 


In a large bowl, sift together the flours, baking powder, 
baking soda, seeds, cream of tartar, and dry milk. Blend well 
With a wooden spoon, stir in the oil until evenly distributed; the 
mixture will be only slightly damp. Put the mixin a large, airtight 
container and label. Store in a cool, dry place. Use within 10 to 
12 weeks. 

‘Makes 11 cups, enough for several batches of crackers. 


Note: Triticale flour is made from a high-protein grain that is a 
hybrid between wheat and rye. The flour is available in some 
natural foods stores. 


Amaranth Vegetable Bread x 
1 package active dry yeast 
‘1/4 cup warm water 
6 cups all-purpose flour or 10 cups whole wheat flour 
4 cups cooked, drained amaranth greens 


Dissolve the yeast in the warm water. Place flour in a 
large bow! and mixin the yeast. Add the greens and mix by hand, 
kneading the dough for 3 minutes. Cover and let rise 1 hour, or 
until doubled in bulk. 

Preheat the oven to 400 degrees. Punch dough down 
and form into 2 loaves. Place on a baking sheet and let rise again 
until doubled, about 45 minutes. Bake loaves for 40 minutes, or 
until they sound hollow when tapped. Serve hot. These loaves 
freeze well. 

Makes 2 loaves 
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Mean Green Bread x 

2 tablespoons active dry yeast 

3 tablespoons honey 

2 1/2 to 2 3/4 cups warm water 

4 cups whole wheat flour 

2 cups fresh greens (dandelion, plantain, clover, 
lamb's quarters) 

1 teaspoon salt 

2 tablespoons cold-pressed safflower oil 

4 to 6 cups flour mixture half lamb’s quarters and 
half rice flour, or clover and whole wheat flour 


Mix the yeast, honey, and 2 cups warm water in a large 
bow! and let it st for a few minutes until foamy. Add the whole 
wheat flour and beat for 2 to 3 minutes. Cover the mixture and 
let set until doubled in size. (approximately 1 hour). 

Meanwhile, in a bowl combine the greens, remaining 
warm water, salt, and oil. Add to the flour a little at a time and 
blend, kneading for about 5 minutes. Grease a large bow! and let 
the dough rise until doubled in size, about 50 minutes. 

Punch the dough down and let rise another 40 to 50 min- 
utes. 

Preheat the oven to 400 degrees. Bake for 35 to 40 min- 
utes or until you hear a hollow sound when you tap the top with 
the flat side of a butter knife. Cool for 30 minutes before serving. 

Makes 1 large loaf 


Wild Malva Rolls x 
1 cup water 
12 large malva neglecta leaves, washed 
1 cup cooked wild rice, 
1/2 teaspoon dried thyme leaves 
1/2 teaspoon salt 


Preheat the oven to 350 degrees and grease a 1-quart 
casserole dish. 

In a small saucepan, bring the water to a boil. Wilt the 
malva neglecta leaves by carefully dipping each leaf separately 
into the boiling water. Place the leaves on a paper towel to drain. 

Place the rice in a bowl. Stir in the thyme and half the 
salt. Place 1 teaspoon of the mixture in the middle of a leaf. Fold 
the sides toward center and roll from stem to tip of leaf. 
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Place rolls seam side down in the casserole dish. Repeat, 
making the remaining rolls. 

Sprinkle remaining salt over rolls and bake 20 minutes or 
until bubbly hot. Serve piping hot. 

Serves 2 as a main course 


Italian Clover Rolls * 
1 cup clover flour 
3 cups whole wheat flour 
1/2 cup clover leaves 
1/8 cup vegetable oil 
2 garlic cloves, chopped 
1 6-ounce can tomato paste 
garlic powder 


Preheat the oven to 350 degrees. Combine the flours in 
allarge bowl. Add the clover leaves, oil, garlic, and tomato paste. 
Using your hands, knead thoroughly, adding a small amount of 
water until a clay-like consistency is obtained. 

Roll golf-ball size pieces of dough in your palmsand place 
on an oiled baking sheet. Bake for approximately 20 minutes or 
until golden brown. Serve hot, sprinkled with garlic powder. 

Makes 12 to 14 rolls 


Crabgrass Muffins ! 
1 cup enriched flour 
1 cup crabgrass flour 
2 teaspoon baking soda 
2 teaspoons ginger (optional as a variation) 
3/4 cup water 
2 eggs (egg replacement used by author) 
1 teaspoon pure vanilla 
1/4 cup sunflower or canola oil 
Y/2 cup raisins 
2 teaspoon baking soda 


Preheat oven to 350 degrees. 

Place flours and baking soda in bowl, mix in water, eggs, 
vanilla, & oil. Fold in raisins thoroughly. Fill muffin tins 1/2 full or 
pour in 8.inch square baking pan. 

Bake 20 to 25 minutes. Let cool and remove from pan. 

Makes 6 muffins 
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Crabgrass Crackers x 
1 cup basic mix (Page 225) 
1 cup crabgrass flour 
1 teaspoon salt 
1/2 cup water 


Preheat the oven to 400 degrees. Lightly grease a baking 
sheet In a medium bowl, combine the mix, flour, and salt. Add 
water to form a dough. Knead about 12 times, or until the dough is. 
smooth. Shape into pencil-ike strands 1/2 inch thick, and place on 
baking sheet. Roll out asa single sheet onto the baking sheet. Use 
a fork to perforate the sections. Bake for about 5 minutes or until 
crisp. 

Variations: Use another flour, such as from malva, mixed 
grain, or lamb’s quarters. Substitute goat's milk or cow's milk for 
water. 

Makes 24 to 36 crackers 


Wild Waffles ~ 


Dry Mix 1 cup rice flour 
1 cup barley flour 
1 cup buckwheat flour 
1 cup old-fashioned rolled oats 
1/4 cup finely chopped lamb’s quarters 
1 cup mixed dried greens (clover, dandelion, violet 
leaves, curly dock, & amaranth) 
4 tablespoons baking powder 
1 1/2 teaspoons salt 


Combine the flours, oats, lamb’s quarters, mixed greens, 
baking powder, and salt. Store in the refrigerator. 
Makes 4 cups 


Batter 2 cups dry mix 
2 cups soymilk, cow’s milk, or water 
4 tablespoons butter or cold-pressed oil 


Combine the dry mix, liquid, and butter or oil. Grease a 
waffle iron well. Spoon about 3/4 cup batter onto hot iron. Cook 
each waffie until it is brown on both sides, about 6 minutes. 
Serve with maple syrup or honey butter. 

Serves 6 to 8 
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Navaho Lamb's Quarters Fry-Bread ~ 


1 cup whole wheat flour 
1 cup lamb’s quarters flour 

2 teaspoons baking powder (optional) 

1/2 cup reconstituted nonfat dry milk or water 
2 teaspoons saffiower oil 

‘V2 cup ice water 

Oil for frying 


Combine the flours and baking powder (if using). Add 
the milk or water and oil, and using your hand, mix into a granu- 
lar mixture. Add the ice water and form into a ball. Puta towel 
over the bow! and let the dough rise in a warm place for 2 hours. 
(Even without baking powder, the dough rises about 1/2 inch.) 

Cut the dough into 2 parts, roll out each part until 1/4 
inch thick, then score parallel lines 1/2 inch apart almost through 
each piece. Heat oil in a deep pan until very hot, then add 1 
piece of dough. Deep-fry until both sides are brown, approxi- 
mately 2 minutes. Drain on paper towels and repeat for the other 
piece of dough. Serve hot. Can be frozen and reheated in a 
microwave. 

Makes 2 breads 


Mallow Vegetable Bread ~ 

5 cups warm water 

12 to 14 cups whole wheat flour, ground fresh from 
whole wheat berries, if possible 

2/3 cup olive oil 

223 cup rice syrup 

2 teaspoons sea salt 

3 tablespoons active dry yeast 

3 tablespoons vitamin C crystals (for dough 
consistency), vailable in health food stores. 

2 medium onions, chopped 

1/2 cup chopped mallow 

3 medium carrots, chopped 

4 garlic cloves, chopped 


In a large bowl, combine the flour, water, oil, rice syrup, 
salt, yeast, and vitamin C crystals and mix thoroughly. Add the 
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onions, mallow, carrots, and garlic. Mix thoroughly by hand, then 
knead for 10 minutes. Form into loaves, place in greased pans and 
cover. Let rise until dough rises above the pans, about 1 hour. 
Preheat oven to 350 degrees. Bake loaves for 35 to 40 
minutes, or until they sound hollow when tapped. 
Makes 2 loaves 


Phragmities Pancakes ! 
1 cup phragmities flour 
water (approximately 1/4 cup) 
oil for frying 


Putthe flour in a medium bowl, slowly add enough water 
to form a paste. Mold the paste into a pancake form. Grease a 
skillet and fry the cake sowly until golden brown and crispy, 
about 6 minutes. 

Serves 1 


Variation: Preheat oven to 350 degrees. Grease a baking 
sheet and bake the cake for 15 minutes or until brown and puffy. 


Phragmities Drop Biscuits * 
1 cup phragmities flour 
1 cup wheat bran or whole wheat flour 
2 tablespoons safflower oil 
3 tablespoons baking powder 
approximately 1/2 to 3/4 cups water 


Preheat oven to 350 degrees. Blend the flours and oil 
‘Add just enough water to make a paste. Spoon silver-dollar-size 
portions onto a greased baking sheet and bake for 10 to 15 min- 
utes or until crisp. 

Yields 18 biscuits 


Variation: Add 1/2 cup honey to the recipe 


Phragmities Pita Bread x 
1 cup phragmities flour 
1 cup whole wheat flour 
1 teaspoon baking powder 
1/4 teaspoon olive oil 
approximately 1/2 to 3/4 cups water 
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Preheat the oven to 350 degrees. Combine the flours, 
baking powder, and oil in a large bowl. Mix slowly, adding water 
a little at a time until mixture is of bread dough consistency. 
Knead until smooth, then let the mixture sit, covered, for 10 min- 
utes. 

Form 1 inch balls into individual patties % inch thick and 
put on a greased baking sheet. Bake until the edges of the pita 
breads are brown and crispy, about 30 minutes 

Makes 12 pita breads 


Green Pancakes (made from any vegetable flour) ! 


1/4 cup flour 
small amount of water 


‘Add a tiny amount of water very slowly to the flour to 
form a paste. Make two 2" in diameter pancakes. These are pow- 
erful pancakes, so you want to make them small. Fry slowly on a 
greased fry pan or cooking sheet, or bake in the oven as you 
would a cookie. Instant energy boost! 

Makes two 2" pancakes 


Nutsedge Crackers ~ 
1 cup Basic Mix (page 225) 
1 cup nutsedge flour or oat flour 
12 cup water 


Preheat oven to 400 degrees. Lightly grease a baking 
sheet. In a medium-sized bowl, combine Basic Mix and flour. 
‘Add water to form dough. Knead about 12 times, until dough is 
smooth. Shape into pencil-like strands 1/2" thick or roll out flat 
onto baking sheet. Bake about 5 minutes until crisp. Cut into 
small pieces while warm. 

Makes 24 to 36. 


Variations: Use any flour you have such as malva, mixed 


grain or lamb’s quarters in place of nutsedge or oat. Use goat's 
milk or regular milk in place of water. 
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Breads and Flour 


The following will make excellent flour. Refer to pages 35-40 for 
information on drying, grinding and storage. 


plantain leaves 

clover leaves 

dandelion leaves 
strawberry leaves 

cattail fluff, root 

curley dock seeds and root 
nutsedge (grainy top of plant) 
Lamb's quarter leaves 
pigweed leaves 

bulrush pollen 

thistle root 

inner bark of birch bark 


Homemade Wild Pita Bread. 

A. Drop round balls of dough 

B. Bake until edges are brown 
C. Slice and fill pocket 
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Sweets 


Lamb's Quarters Granola ! 


1 cup dried lamb’s quarters seeds 
3 cups old fashioned rolled oats 

leg 

1/2 teaspoon ground cinnamon 

dash of ground cloves 

1/4 teaspoon salt 

11/2 cups water 

3 tablespoons maple syrup, honey, or rice syrup 


Combine the seeds, oats, eggs, and spicesin a large bowl. 
Ina large saucepan, bring the water and sweetener to a boil. Add 
the oat mixture a little at a time while stirring. Reduce the heat to 
low and use a fork to mix the granola until it is moist, but not wet. 
‘Add additional water, if needed, to make moist. Press layer into 
greased pans or pie plates. Allow to cool. 

Serves 4 


Variation: Add 3/4 cup raisins or 1 1/2 cups diced apples 
to the mixture. 


Baked Prickly Pears ~ 


6 large prickly pear fruits 
1/2 cup honey 

1/2 teaspoon ground cinnamon 

1/4 teaspoon grated lemon peel 

4 tablespoons butter or 2 teaspoons safflower oil 


Preheat the oven to 350 degrees. 

Use a fork to hold the fruits while peeling to prevent the 
hair-like barbs from going into your fingers. After the fruits are 
peeled, cut in half, and remove the seeds. Grease a 6” baking 
dish. Line the bottom of the dish with the fruit. In a separate 
bowl, combine the honey, cinnamon, lemon peel, and butter or 
oil and drizzle over the fruit. Bake until tender, 20 to 30 minutes. 
Serve warm. 

Serves 3 
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Meadowsweet Apples ! 
4 large baking apples, washed and cored 
1 cup meadowsweet flowers, washed 
‘V2 cup maple syrup 


Preheat the oven to 350 degrees. Grease a 1-quart glass 
casserole dish. Place the apples in the dish and put flowers in 
core of each apple. Drizzle the maple syrup over the apples and 
bake for 30 minutes, or until soft. 

Serves 4 


Malva Neglecta Oatmeal Cookies x 
Legg 
1/2 cup honey 
‘1/4 cup vegetable oil 
3/4 cup finely chopped malva neglecta 
1 cup old-fashioned rolled oats 
2 teaspoons baking powder 
1 cup whole wheat flour 
1/2 cup sunflower seeds 
1 1/2 teaspoons vanilla extract 
2 teaspoons water 
‘V2 cup raisins 


Preheat the oven to 350 degrees. Mix the egg, honey, 
and oil in a blender. Stir in the malva neglecta. 

Ina large bowl, blend the oats, baking powder, flour, sun- 
flower seeds, vanilla, water, and raisins. Add the malva mixture 
and stir well. Drop by teaspoons onto a greased baking sheet. 
Bake for 12 to 15 minutes, or until golden brown on both sides. 
Cool on a rack. 

Makes 3 dozen cookies 


Plantain Raisin Cookies x 
2 cups whole wheat flour 
3/4 cup dried or fresh plantain seeds 
4 tablespoons baking powder 
2 tablespoons molasses 
1/2 cup carob-covered raisins 
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Preheat the oven to 350 degrees. Mix all the ingredients 
in a big bowl. Add water slowly to form a thick, paste-like batter. 
Roll a pinch of dough between your palms and press onto a 
greased baking sheet. Continue to form cookies, then bake for 15 
minutes or until golden brown. 

Makes 2 dozen small cookies 


Red Sumac Gelatin x 
3 cups sumac berries 
2 cups hot water 
1 envelope unflavored gelatin 
sumac berries for garnish 


Make a concentrated sumac tea by putting the berries 
into a medium saucepan. Add the hot water and steep for 15 to 
20 minutes. Strain. Follow the package directions for the gela- 
tin, using the sumac tea in place of water. Garnish with a few 
berries. 

Serves 4 


Pine Popsicles * 
gather the pine twigs, then strip the needles off the 
twigs. Use the twigs for popsicle sticks! 
1 1/2 cups pine needles 
2 cups boiling water 


Put the needles in a small pot and pour in boiling water. 
Cover and steep for 10 to 15 minutes. Stir the needles once or 
twice to liberate more pine taste. Cool, then strain and pour into 
popsicle molds. Add pine twigs for sticks and freeze. (Some peo- 
ple put a dash of honey into the mold before pouring in the liq- 
uid for a sweet flavor.) 

Makes 6 popsicles 


Aloe Vera Ice Cubes x 
fresh aloe vera leaves, 
Place aloe vera leaves on the fiat side and skim the skin 
off with a sharp knife. Scrape the gel with a spoon, holding on to 
end of leaf. Pour into ice cube trays and freeze. 
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Mint Popsicles x 


1 handful mint leaves, washed 
mint leaves for garnish 


Place the mint in a pot and add boiling water to cover. 
Cover the pot tightly and steep for 10-15 minutes. Strain and 
pour the liquid into popsicle molds. Place a leaf in each mold and 
freeze. 

Makes 6 popsicles 


Children love this refreshing treat. If you don't have pop- 
sicle molds, freeze in ice cube trays, adding a mint leaf to each 
cube. This is delicious in iced tea and other beverages. 


Rose Petal Candy x 
4 tablespoons butter 
2 cups rose petals 
1/2 cup confectioners sugar 


Melt the butter in a large frying pan. Fold the rose petals, 
one at a time, and coat with butter, flipping them over for a 
minute or so. The petals sometimes puff up. Remove as soon as. 
crisp and brown, then drain on a paper towel. Roll fried petals in 
sugar and refrigerate until ready to serve. 

Makes enough for 4 people 


Fresh or dried, rose petals make delicious candy. Reconstitute 
dried petals by soaking them in water for an hour or so. Drain 
and use as fresh 
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Wintergreen Candy x 
3 cups dried wintergreen leaves 
2 cups water 
2 cups brown sugar 
1 tablespoon distilled white vinegar 


Slowly boil the leaves in the water for 20 minutes to make 
a strong tea. Strain. Add 6 tablespoons of tea to the brown sugar 
and boil until hard ball stage. Add the vinegar and boil for an 
additional minute or so. Pour the mixture onto a well-greased 
platter. It will harden as it cools and can be broken easily into 
pieces of candy. 

Makes enough for 4 


Blueberry Crumb Pudding x 
‘Toppin 

‘/4 cup sugar 

V3 cup flour 


1/2 teaspoon cinnamon 
1 tablespoon margarine 
1 tablespoon shortening 

Mix together and save for crumb topping. 


Pudding 
‘/4 cup shortening 
‘/4 cup sugar 
1 1/2 teaspoon baking powder 
legg 
1 cup sifted flour 
‘V8 teaspoon salt 
1/3 cup milk 
1/4 teaspoon vanilla 
2 cups blueberries 


Cream shortening and sugar. Add the egg, flour, baking 
powder, salt and milk. Spread thisin an 8" square pan and spread 
2 cupsblueberries over this. Top with crumb spread. Bake at 350 
degrees for 30 minutes. 

Serves 4 
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Wild Plantain Cookies ~ 


2 cups whole wheat flour 
3/4 cup plantain seeds (dried or fresh) 
4 tablespoons baking powder 

2 tablespoons molasses 

1/2 cup carob covered raisins 


Mix all ingredients well in a big bowl. Add tepid water 
slowly to form a thick, claylike paste. To form cookies, roll a pinch 
of dough between your palms and press onto a greased cookie 
sheet. Bake 15 minutes at 350 degrees or until golden brown. 

Makes 18 to 20 
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Right: Apprentice 
Althea Dixon slices and dices a 
nopales cactus. 


Apprenti 
Hazel McManus presents a 
completely edible centerpiece 
and meal. 


ing 


Apprentice 
Tracy Alderman Dockery 
teaching homeschoolers, 

Arizona. 
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Shirlee Pettipiece. 


Teas & Other = 
Hot & Cold Drinks oes 

Teas are an excellent way to develop your taste for wild 
foods. The wild ingredients in these teas are fresh unless other- 
wise stated. You may wish to use a tea infuser rather than strain 


the tea. Asyour taste for wild foods develops, you may even wish 
to eat the brewing grounds after drinking the tea. 


Rule of Thumb: When you have fresh tea leaves, measure 2 cups 
of water per handful of leaves. Bring to a boil, cover and turn off 
heat. Let steep for 5-10 minutes. For dry ingredients (which cook 
more quickly), measure 1 cup of water per handful. Bring to a 
boil, cover and turn off heat. Let steep for 5 minutes. Generally, 
the flavor is more intense with dry herbs. 


Aloe Vera Morning Tonic x 


1 aloe vera ice cube (see Note) 
3/4 cup fresh orange juice 


Combine ice cube and orange juice in a glass. Let cube 
melt, then drink. 
Serves 1 


Note: To make cubes, place an aloe vera leaf on its flat 
side and peel the rounded skin off with a sharp knife. Scrape the 
gel with a spoon, holding on to one end of the leaf. Pour the gel 
into ice cube trays and freeze. 


Balsam Tea ! 
inch tips balsam 
1 cup water 
honey (optional) 


Place balsam tipsin a small saucepan and add the water. 
Cover. Bring to a boil, then lower the heat and simmer for 10 
minutes. Strain tea if desired, add water to taste if tea is too 
strong or sweeten with honey if desired. 

Serves 1 
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Blackberry Bramble Tea ! 
16 inch blackberry shoot 


1 cup boiling water 
honey (optional) 


Peel the shoot until most of the bark isoff. Break into sev- 
eral sections to expose more of the surface. Place in a teapot, add 
water, cover pot and steep for 5 minutes. Strain if desired. 
Sweeten with honey, if desired, and serve hot or cold. 

Serves 1 


Balsam Toddy x 
1 to 3 inches balsam twigs with needles 
2 cups soymilk 
dash of ground cinnamon 


Place balsam twigsin a teapot. Bring the soymilk almost to. 
a boil, remove from heat, and pour over balsam. Steep, covered, 
for 5 minutes. Strain, then add cinnamon and serve piping hot. 
Serves 1 or 2 


Goldenrod Tea ! 
1 sprig goldenrod flowers 
2 cups boiling water 
honey (optional) 


Place flowers in a teapot. Add water, cover pot, and 
steep for 5 minutes. Sweeten with honey if desired. Serve hot. 
Serves 1 or 2 


Chamomile Tea ! 
1/4 cup chamomile leaves and flowers, washed 
2 cups water 
honey (optional) 


Place chamomile in a small saucepan. Add water, bring 
to a boil, turn off heat, and cover. Steep 10 minutes, then strain 
and serve with honey if desired. 

Serves 1 to 2 


241 


NEW ENERGY TECHNOLOGIES #12 


Works on the Designing of Time Machines. Vadim A. Chernobrov (Russia) 

Control of Temporal Parameters of Physical Processes. Alexander V. Frolov (Russia) 
Etherodynamies as a New Field of Physics. Vladimir A. Atsukovsky (Russia) 
Electromagnetic Gravitational Interaction Vadim Ya. Kosyev (Russia) 

Medium For Existing of Matter in Nature. Anatoly V. Rykov (Russia) 

‘Adams Motor. Sergey S. Abramov (Russia) 

Field Transformation in the Model of Extended Space. Dmitry Yu. Tsipenyuk (Russia) 
Joe Flynn’s Parallel Path Magnetic Technology. Tim Harwood (USA) 

Flynn Laboratory Photos 

Flux-machine and Its Analogies. Review 

Russian Patents on Alternative Energetics. 

jravitational Spaceships. Gregory R. Uspensky (Russia) 

‘On Velocity Of Drive-Free Motion. S.A. Gerasimov , V.V. Stashenko (Russia) 
Electromagnetic Self-Action. S.A. Gerasimov, A.V. Volos (Russia) 

Uranium Photoaccumulator. Anton I. Yegorov (Russia) 

Global Energy Prize (reportage) 

Teleportation. Alla V. Pashova (Russia) 

“Mass Defect” in Home Conditions. Prokofy V. Sherbak (Russia) 

‘Aether as Unified Field. Alexander M. Mishin (Russia) 

Global Energy. Philip M. Kanarev (Russia) 


Fusion Processes Of Molecules Of Oxygen, Hydrogen And Water. Philip M. Kanarev (Russia) 


Plasma Energy Power Generation. Bruce A. Perreault (USA) 

News 

‘The Marcus Device Controversy. Tim Ventura (USA) 

Systems of conversion of thermal energy to mechanical one. Review 
1. Prigozin 

Letters 


Wild Greens Tonic x 


This tonic will keep in the refrigerator for 2 days or so. | 
freeze the brew asice cubes for use in recipes or for a cup of tea, 


1 cup willow leaves, washed 
1 cup mint leaves, washed 
1/2 cup red clover buds 

2 quarts water 


In a blender of food processor, blend all ingredients until 
green and smooth. Serve hot or cold. 
Serves 8 


Dandelion Root Coffee or Chicory Coffee ! 
1 teaspoon dandelion root or chicory root powder 
(see page 76) 
1 cup water 


In a medium saucepan, combine the powder and water. 
Bring to a boil and simmer, covered, for 3 to 4 minutes. Drink as 
a coffee substitute. 

Serves 1 


Hot Meadowsweet Tea ! 
4 white meadowsweet flower spires 
4 to 6 meadowsweet leaves 
1 cup water 


Bruise the leaves and flowers, then pour boiling water 
‘over them and cover for 7 minutes. Strain. Serve hot, or add 1 
teaspoon lemon juice and serve cold. 

Serves 1 


Maple Tea ! 
1/2 cup maple seeds, clipped from the wing 
1 cup boiling water 
2 teaspoons maple syrup (optional) 


Place seeds in a teapot, add water, and steep for 5 min- 
utes, Sweeten with maple syrup if desired. 
Serves 1 
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Mullein Root Tea ! 

Mullein root is an antihistamine. When you feel a cold 
coming on, simmer the root in water and drink the liquid, The 
root can be used several times to make tea. After five or six uses, 
bruise the root with a hammer, or cut slits in the sides to release 
more nutrients. 


1 large mullein root 
honey (optional) 


Scrub the root well and cut slits in several places with a 
strong knife. Place the root in a non-corrosive pot. Add water to 
cover, bring to a boil, and simmer, covered, for 5 minutes. 
Sweeten with honey if desired. Hang the root up to dry. 

Serves 1 


Willow “Aspirin” Tea ! 
For pain relief, chew the willow twigs raw as well 


16.inch willow tendril, including leaves and catkins 
1 cup boiling water 
honey (optional) 


Using a knife edge, score and remove the bark. Slice the 
bark, leaves, and catkins into a teapot. Break up the twig into sev- 
eral sections and add to the teapot. Add water, cover, and steep 
for 5 minutes. Strain, and sweeten with honey if desired. 

Serves 1 


Pine Needle Tea 

A pine tree is filled with vitamin C, so pine tea is delicious 
and nutritious. Cold or hot, the flavor is wild. Perhaps in time 
you will develop a taste for raw pine needles. They are edible 
and so is the bark, Your backyard tree might hold several hun- 
dred cups of tea—perhaps thousands. Seasons make no differ- 
ence; pine is green and succulent all year long. 


1 cup fresh pine needles 
1 cup boiling water 
honey (optional) 
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Put the needles in a teapot and pour in the water. Steep 
for 5 to 7 minutes, then strain. Sweeten with honey if desired. 
Serves 1 


Wintergreen Tea ! 

Wintergreen tea is scrumptious. With this tea you can 
comfortably pass a cold winter's night. Gather the flat, shiny 
leaves and spread them on a screen to dry in a warm, airy spot. 
The back window ledge of a car is good. Let them dry slowly in 
the sun and watch that they don’t dry too fast. This technique 
does not work in August when the sun is too hot. | use a hand 
grinder or old meat grinder to obtain the powder for this tea. 


2 teaspoons ground dried wintergreen leaves 
1 cup boiling water 
honey (optional) 


Put wintergreen into a cup and add water. Steep for 5 
minutes. Sweeten with honey if desired. 
Serves 1 


Violet Tea ! 


a handful of violet flowers 
2 cups of water 


Pick flowers after dew has evaporated and dry on a screen for a 
day. Add flowers to the water and cover. Steep for 10 minutes. 
Skim flowers out or eat them! 

Serves 2 


24a 


A Choice of Blend of Herbs for Tea ! 


Gather a combination of lawn herbs. Examples: thyme, 
mint, red sorrel, yarrow, spearmint, goldenrod, rose hips, among 
a few. Arrange the herbs so the stems are the same length and 
bundle them together. Hang the bundle high in a warm kitchen. 
When the leaves are dry enough to crumble, rub the bundle 
between your palms over a tray. Then rub that mixture through 
asieve. You can bottle this Fine Blend and store for future exqui- 
site tea! Also, one tablespoon is adequate for a cup of soup. 


Blackberry Bramble Wine ! 


1 gallon blackberry shoots or tips 
1 pound raisins, chopped 

1 gallon boiling water 

3 1/2 cups sugar or 2 cups honey 

1 tablespoon all-purpose wine yeast 


Wash the blackberry shoots. Using scissors, clip shoots 
into Linch pieces and place in a sterilized 5-gallon container. 
‘Ada the raisins, then cover with boiling water. Cover tightly. The 
next day, strain liquid and return it to the container. Add the 
sugar or honey and stir well. Prepare the yeast according to the 
package directions. When bubbly, add the yeast mixture. Cover 
tightly. In a few hours the mixture will begin to foam. Stir occa- 
sionally, until fermentation slows. When bubbling ceases (in 
about 6 weeks), siphon the liquid into sterilized bottles. Cork and 
let sit in a dark place. Serve in a year's time. 

Makes about 5 bottles 


Daisy Petal Wine ! 
1 gallon daisy heads with petals (no stems), washed 
1 gallon boiling water 
3 pounds sugar or 1 1/2 pounds honey 
1 package all-purpose wine yeast 


Pack the daisy heads into a sterilized 2-gallon crock. Pour 
the boiling water over the heads and stir. Cover tightly. Let the 
mixture stand for 1 1/2 weeks. Strain. 

Bring the liquid to a boil and remove from the heat. 
Transfer to a sterilized 4-gallon container. Stir in the sugar or 
honey until itis dissolved. Let cool. Meanwhile, prepare yeast 
according to package instructions. Add to liquid and cover tight- 
ly. Let the mixture sit for a week while it foams. Let it sit until the 
fermentation clears, about another 6 weeks. Siphon into steril- 
ized bottles and store for 4 to 6 weeks before serving. 

Makes about 5 bottles. 


Dandelion Wine ! 
1 gallon dandelion flowers 
4 oranges 
1 gallon water 
5 pounds sugar 
1 package all-purpose wine yeast 


Remove the green parts and soak the flowers in boiling 
water. Peel oranges and save the juice. Pour boiling water over 
flowers and let stand for 2 days. Add orange peels, bring to a boil, 
then let simmer for 15 minutes. Strain liquid and parts through a 
fine strainer or use a jelly-bag. Add sugar to strained liquid and 
cool to room temperature. Add the juice of the oranges and 
yeast. Pour into a fermenting jug fitted with an airlock. When fer- 
mentation clears, siphon into sterilized bottles. Store at least 6 
months before serving. 

Makes 5 quarts 
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Prickly Pear Wine x 


1 dozen prickly pear buds 

2 quarts boiling water 

4 cups honey 

1 package all-purpose wine yeast 


Hold the prickly pear buds with forceps in one hand and 
peel under water. Place pears in a sterilized 1-gallon crock and 
pour in boiling water. Cover tightly. Place mixture in a warm 
place for 4 or 5 days or until mixture “turns.” 

Strain liquid and return to gallon crock. Add honey. 
Prepare the yeast according to package directions and stir into 
the mixture. Cover it tightly, and let it st in a dark warm spot for 
1 more week or until foaming clears. If desired, transfer to a car- 
boy fitted with an airlock. Let it sit until the fermentation ceases 
in about 6 weeks. 

Siphon into sterilized bottles and cork tightly. Let rest for 
about 8 months. 

Makes about 3 bottles. 
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Rose Petal Wins 
1 quart rose petals, washed 
2 quarts water 
2 cups honey 
1 package all-purpose wine yeast 


Simmer the rose petals in water for 5 minutes, stirring 
occasionally. Pour the liquid and petals into a sterilized 2-gallon 
glass container. Cover tightly and let the mixture sit for 1 week. 
The petals and water will turn almost ranci 

Strain the mixture and put the liquid in a clean pot. Bring 
to a boil, then turn off heat. Transfer to a sterilized 2-gallon con- 
tainer. While mixture is very warm, add the honey. Let it cool. 
Meanwhile, prepare the yeast according to package directions. 
When the mixture has cooled, add the yeast mixture, stir once, 
and cover tightly. If desired, after 1 week, transfer the mixture to 
a fermenting jug fitted with an airlock. When the fermentation 
ceases, in about 6 weeks, siphon the wine into sterilized bottles 
and cork tightly. Let rest for 4 months, 

Makes about 3 bottles 
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Sugar Maple Twig Wine ! 
1 gallon tightly packed sugar maple twigs, washed 
1 gallon boiling water 
4 cups honey 
1 package all-purpose wine yeast 


Pack the twigs into a casserole. Pour in the water and 
simmer for 20 minutes. Transfer to a sterilized 2-gallon crock. 
Cover tightly. Let sit for 3 days. 

Strain the liquid and add honey. Stir well. Prepare the 
yeast according to package directions and add to the mixture. 
Stir, then cover tightly. Mixture will foam for 1 week. If desired, 
at this point transfer to a sterilized fermenting jug fitted with an 
airlock. Keep covered until fermentation stops, in about 6 weeks. 
Siphon into sterilized bottles and cork. Store in cellar for 3 to 4 
months before serving. 

Makes about 5 bottles 
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Preserving Wild Food: 


Lae te 


Petals from 40 dandelion flowers 

3 cups boiling water 

1 package commercial pectin 

3 3/4 cups sugar or 1 3/4 cups honey 


Wash the petals and add them to the water. Steep for 10 
minutes, then strain. Return the juice to the heat, bring to a boil, 
and immediately add the pectin. Boil mixture for 1 minute, then 
add sugar or honey and simmer until it makes a hard ball (260 
degrees). Pour into hot, clean pint jars and seal with wax or 
process in hot water bath for 20 minutes. 

Makes 2 pints 


Cactus Lemon Marmalade x 
1/4 cup thin lemon slices 
1 cup prickly pear cactus pulp (Split the fruit and 
remove the tips & seedy centers.) 
V/4 cup honey 


Put the lemonsin a small saucepan and cover with water. 
Soak overnight. The next morning add the cactus and honey and 
cook until the mixture is thick. Pour into a hot pint jar and cover 
with sealing wax or process in a hot water bath for 20 minutes. 
‘Makes 1 pint 


Saguaro Cactus J elly x 
16 to 24 saguaro fruits 
1 package powdered pectin 
1/4 cup lemon juice 
2 1/2 cups honey 


Split the fruit and remove the tips & seedy centers. Place 
the pulp in a pot, cover with water, and simmer until well-cooked, 
about 15 minutes. Strain the pulp using a fine colander. In a 
large pot, combine 3 1/4 cups saguaro puree, pectin, lemon juice, 
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and honey. Boil for 1 minute, stirring constantly, then pour into 
scalded pint jars. Cover with sealing wax or process in a hot 
water bath for 20 minutes. 

Makes 4 pints 


Rose Petal Syrup ! 
4 cups rose petals 
1 quart water 


Put the petals in a large saucepan and cover with water. 
Simmer for 20 to 25 minutes, stirring often, until its thickened to 
syrup consistency. Cool, bottle, and refrigerate. 

‘Makes 1 quart, 


Rose Hip J am ! 
4 cups rose hips, washed 
4 cups water 
2 cups honey 


Cook the hipsin the water until tender, about 15 minutes. 
Put the hips through a meat grinder, food processor, or coarse 
sieve, then push the pulp through a fine sieve to obtain a smooth 
puree. Add 1/2 cup honey for each cup of pulp and cook until 
thick. Pour into scalded pint jars and seal with sealing wax or 
process in a hot water bath for 20 minutes. 

Makes 4 pints 


Queen Anne's Lace Salt ! 

This salt substitute lasts for years and years. Caution: Be 
100 percent certain on your identification. The fuzzy hairs on the 
stem of Queen Anne’slace are dry at this stage. Running your fin- 
ger down the dried stem feels like sandpaper. 


Collect Queen Anne's lace seeds in the early fall, when 
flowers have “birdcaged” and turn a light brown, When the 
seeds mature, the entire head naturally dries up. Pull on the 
dried seed top; the seeds are easily extracted in your hand, even 
without taking the “birdcage” off the stem. The remaining seeds 
will propagate new growth next season 
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4 
#2 gC ONFERENCE THE TIME MACHII 


Editorial: On April 12 of 2003 a scientific conference “The Time Machine” was organized by Faraday 
Laboratories Ltd in Moscow, Russia. It was devoted to the experiments on control of space-time physical 
properties. At the conference there were discussed problems of time and gravitation in the context of 
etherodynamics, experiments and applied aspects of these technologies. Below we publish a review of the 


main reports presented at the conference. 


The First Results of the Works on the Designing of 
Devices to Control Parameters of 


Physical Processes (of Time) 


Further Plans on Designing of the 
Time Machine 


Vadim A. Chernobroy, Russia 


“KOSMOPOIS 


 Nagatinskaya 19A, 111533, 
Moscow, Russia 
E-mail: chemobrov@kosmopoiskorg. 


‘To conduct the experiments on the influence upon 


physical Time (density of space energy) some special 
devices were used asa general method of such influence. 
‘These devices can create converging waves which can 
cause the appearance of quasi-monopole in the confined 
space. Quasi-monopole is a part of space which has 
some parameters of hypothetical unitary monopole or 
bunch of such particles (in particulay, it allows registering, 
one magnetic pole by means of measuring equipment 


from the outside at some distance from this pole). 


‘The pilot experiments have shown that itis very difficult 
Gf not impossible) to create long-living quasi-monopole 


by means of permanent magnets or electromagnets 
operating on direct currents (in this case quasi-monopole 
represents a space with one outer and one inner magnetic 
pole). It can be explained by the fact that lines of force 


of the “inner pole” invariably find a weak spot in the 
heterogeneous surface of magnets and break out. As a 
result, at the device along with one “outer” magnetic 
pole there is a local output of magnetic lines of the 
“inner” pole. 


During the designing of new devices there was a task to 
create a quasi-monopole situation in the confined space. 
This situation should be created not uniformly but 
transiently by pulsation method. Frequency of work of 
electromagnetic oscillators first of all was selected 
depending on linear dimensions of the de’ 
of the frequency was made in such a way that one period. 
of pulsation does not exceed the period of time which 
is necessary for electromagnetic waves to rach the center 


es Selection 


and opposite waves of the device. 


At the designing of laboratory devices, which generate 
converging longitudinal waves, several different 
principles to obtain required parameters were considered 
in the multi-layer quasi-monopole, which works in high: 
frequency mode. Several types of the devices were 
realized at different degrees of development and with 
different success. It was shown that the simplest devices 
were that ones which used electromagnetic (solenoid) 
oscillators connected in series and in parallel. In different 
experiments between 3 and 5 such surfaces were used. 
These surfaces were called electromagnetic work surfaces 
(EWS). All layers of EWS of different diameters were 
mounted in series in each other (like matreshka). ‘The 


outer layer was either mounted at force shell or 
simultancously represented such a shell by itself, 
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Place the seeds on a tray and put into a 250 degree oven 
for 5 minutes. You may put them on a tray on top of the stove's 
pilot light until completely dry. Bottle in glass jars for long-term 
storage. 


Caution: Pregnant women should not use these seeds: 
medicinal field guides show that the seeds have abortive tendencies. 


Herbal Vinegars 

Fantastic herbal vinegars can be 
made from the blossoms of red or white 
clover, roses, catnip, mint, goldenrod, 
blackberries, raspberries, violets, and 
lamb’s quarters. You might enjoy adding 
other flavors, such as thyme, garlic, or 
Queen Anne's lace. My favorite vinegar is 
a combination of greens and spices. 
Experiment with different flavors to find 
your favorite. These vinegars make won- 
derful gifts. 

Wash and drain the greens and 
flowers and place in a 2-quart glass container. Bring vinegar to a 
boil, then pour it slowly over the greens and flowers. Cap and 
store the container in a high place, out of direct sunlight. The 
vinegar will cook the greens a bit in the warmth. Shake it every 
day for best results. After 2 weeks, strain the mixture, cap tightly, 
date and label the container. 

Makes 2 quarts 


Lemon Pepper x 
1 peel from lemon, scrubbed 
1 2-ounce container garlic salt 
1 3-ounce container celery salt 
1 2-ounce container coarse black pepper 


Dry lemon peel thoroughly, about 3 days on a plate or 1 to 

1 1/2 hours in an 250-degree oven. Don't let it get brown. 

Pulverize dried peel in blender until powdered. Add the rest of the 

ingredients, mix thoroughly and refrigerate. Use asa spicy additive. 
Makes about 1 cup 
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Cattail Pickles ! 


Harvest cattails at the height of summer, when they have 
large stems about 1/2 to 1 inch in diameter. Cut the cattails at 
water level, remove seed heads, then peel the stem to the inner 
white core. Wash this pith under running water. Lay out on 
counter or board and slice into 6-inch pieces. Place pith pieces 
in pint jars, add your favorite pickling recipe. ( Use hot cider 
vinegar and 1 teaspoon pickling spices (commercial) to each 8 
ounce jar of vinegar.) 

Stems yield approximately 4 to 6 jars, depending on the 
diameter of the pith and the length of the stems. 

Makes 4 pints 


Cactus Pickles x 
2 quarts prickly pear fruits 
2 cups honey 
2/3 cup cider vinegar 
3 ounces red cinnamon candies Or 
1 small cinnamon stick, ground 


Put cinnamon candies or stick in a cheesecloth bag. 
Place the fruit in pint jars. Mix the honey and vinegar in a 
saucepan and add spice bag or cinnamon candies to pan. Bring 
to a boil, then reduce heat and simmer for 5 minutes. Remove 
the bag and pour the liquid over the fruit to 1/4 inch from tops. 
Process in a hot water bath for 25 minutes. 

Makes 2 pints 


Pickled Mustard Flowers ! 


1 cup mustard flowers, washed 
8 ounces cider vinegar 
1 teaspoon pickling spices 


Put flowers into a clean, wide-mouthed 8-ounce canning 
jar. In a non-corrosive saucepan, bring vinegar to a boil. Add 
pickling spices and simmer ‘till flavors mix, about 5 minutes. 
Remove spice bag and pour vinegar over the flowers to within 
1/2 inch of top of jar. Loosely cap the jar and place in a 2-quart 
sauce pan filled with water. Bring to a boil and boil for 5 minutes. 

Makes 1 jar 
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Rose Petal Butter x 


1 cup rose petals, 2 cups 
¥e stick sweet butter 


Alternate layers of petals with butter, so you get a "mar- 
ble" layered appearance. Seal in a container and store in refrig- 
erator. Blend when ready to spread on crackers or bread for a 
wonderful appetizer! Or, cut into little patties for another type of 
appetizer. 


Sundries —_! 


Wild foods are fantastic vegetables and make great teas, 
but have you ever considered them as sundries or accessories? The 
following recipes give you more ways to use wild foods each day. 


Nettle Hair Softener ! 


1 cup dried nettles 
2 cups water 


Simmer the nettles in the water for 20 minutes, then 
allow the mixture to cool. Strain. 

Rinse your hair with the liquid. Letit stay in your hair for 
2 to 3 minutes, then rinse with nettle liquid again. Then rinse with 
clear water. 

‘Makes about 2 cups 


Cactus Hair Softener ! 


1 cup cactus skins or pads, chopped 
2 cups water 


Simmer the cactus for approximately 30 minutes until 
almost dry. Pulp will turn water thicker. Cool and rinse hair with 
liquid after washing. Rinse again with clear water. 

Makes 2 cups 


Note: You may choose almost any type of pulpy cactus such as 
prickly pear, nopolitas, cow's tongue. 


Yarrow Tooth Powder or Paste ! 
1 piece of burnt toast 
yarrow leaves, dried and ground 


Scrape the charcoal off a piece of burnt toast. Make a 
mixture of half charcoal and half ground yarrow for a refreshing, 
cleansing tooth powder. Or add a small amount of water to form 
a paste, 


Variation: Dry a thick, straight-stemmed yarrow plant. Remove 
and save the leaves for tea. Cut the desired stem toothbrush to 
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size. Using a knife, cut into one end over and over to make a 
fuzzy tip. 

In an emergency situation, cut a large raw yarrow leaf 
and scrub your teeth by pressing the leaf to them and rubbing. 
Rinse. 


Wild Facial Lotion and Skin Softener ! 
1 cup wild lettuce leaves, washed 


1 cup mullein leaves, washed 
1 quart water 


Combine the leaves and water in a 2-quart saucepan. 
Cover and bring to a boil, then simmer gently for 30 minutes. 
Strain. 

Put the resulting liquid in a bottle for use asa skin softener. 

Makes about 1 quart 


Wildflower Punch Bowl x/~ 
large plastic cake dome to fit inside punch bow! 
1 cup each violets, daisies, red rose petals, multi- 
colored hibiscus, and pansy flowers 
several rose leaves 
Several small ferns 


Invert the cake dome and add 1 inch of water. Place the 
violets in the water and freeze solid. Repeat the procedure with 
each type of flower. Use the rose leaves and ferns for the last 
layer. 

Cover and keep frozen until ready to use. When you are 
ready to use it, unmold and float in a punch bow! with your 
favorite punch recipe. 


Flower Cake. 


Barbeque Cactus Burrs. 
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Gathering Desert Tumbleweed. 
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Part IV: Reference Section 


Cultivation of Wild Edibles 


During our Adirondack homesteading years we made 
many attempts at gardening, using conventional methods. 
Indeed, experimenting with gardens was always a summer pas- 
time. 

The 175-foot strip garden worked best. | had found out 
when the electric company had last defoliated the areas, beneath 
a power line, and since it was many years ago, | chose the strip 
because it was already partly cleared. The garden was high, 
sunny, dry, and basically rockless, as Adirondack soil goes. 

enjoyed every moment of clearing the land, especially 
the weeds. As! seeded with vegetable seeds, | was able to sup- 
ply the family’s immediate food needs, harvesting a year’s supply 
of lamb’s quarters, chickweed, sheep sorrel, violets, strawberries, 
and dandelions. The amount of our wild stored food continued 
to grow, from dried to canned to pickled. The family enjoyed 
nutritious meals of vegetables, spices, and herbs that were both 
wild and cultivated, 

Butafter two years of fixing fences and hunting predators, 
of purchasing cloth, saving newspapers, and recycling plastic as 
covers to beat the frost, | finally turned to wild foods exclusively 
Long after the cultivated vegetables were gone in fall, the wild 
foods continued to grow under the snow, under hay, and in cold 
frames. | asked myself why | had spent all that time and energy 
gardening when wild foods grew with such abandon, untouched 
by predators, insects, and weather. The answer was simple; the 
problem was getting used to the change in eating patterns. 

Over the years we learned to use the foods nature pro- 
vided so readily, and in the process discovered a whole new culi- 
nary world rich in flavor and nutrition. 


A Field of Wild Foods 

Gardens as we know them are basically artificial, filled 
with introduced species and forced arrangements. We don't all 
have acres of wild land near home, however, from which to for- 
age our daily meals. On the other hand, many of us can consid- 
er changing that backyard garden or lawn into a productive field 
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of wild foods. Weeds are more natural, and can supply much of 
your food needs. 


‘Your Private Wild Food Area 


Irecommend stringing off a special area—perhapsa 4 by 
6-foot section—of rich loamy garden soil or area previously tilled. 
Don't use herbicides on the soil; usually the weeds already there 
make great herbicide-resistant garden starters. (Only approxi- 
mately one percent of all weeds are poisonous.) 

For best results, transplant foraged weeds after a light 
rain, when young plants are more easily dislodged and the soil 
clings to the roots. | use a spoon for shallow-rooted types such as 
white clover, plantain and garden sorrel, planting them in the 
front rows about two to three inches apart. Experience has 
taught me that these plants will eventually mat and form a close- 
knit crop. Taller medium-rooted plants like milkweed and mus- 
tard are transplanted with a trowel and placed six to eight inches 
apart behind the “shorties.” As these larger plants grow, they'll 
branch out, so to minimize encroachment on other more tradi- 
tional plants, place rocks, peat moss or hardwood chips around 
the border of your wildfood crops. Pine needles are also excel- 
lent for this purpose. Even if you let only twenty feet of lawn 
return to its natural state, you have a productive food strip, or 
field. 

This new food strip will be a natural field; eventually free 
of poisons. 

For example, if you have been using a weed killer, the 
chemicals have been killing off sheep sorrel, dock, plantain, dan- 
delion, and clovers. As wild “weeds” they will return almost 
immediately. At this point, harvest only the youngest leaves for 
minimal chemical content while your soil replenishes itself. Long- 
term lawn treatment requires more time. Visit a local hardware 
store or nursery, or call the US FDA or County Extension Service, 
for information on residuals for chemicals. Also, there are sever- 
al books on replenishing your soil the natural organic way with- 
out pesticides. 


Saltiness and High Concentrations of Nitrates 
Liming the soil at the base of your plants corrects both 
the alkalinity and nitrates, Desert dwellers should also water 
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more frequently since this will reduce the alkaline salt buildup. 

Unless it’s a rainy season, your weed garden should be 
watered as much as your traditional vegetable garden—about 
three times a week; more in arid desert areas. Keep the plants 
moist, but not soaked. | mist my wildfood strips with a spray 
attached to a hose. 

Compared to plants like tomatoes, wildfoods respond 
twice as fast to water, fertilizer and light. And they're hearty; in a 
heavy frost you don’t need to cover them. 


Harvesting 


After only a week, I'm usually able to pinch back or scis- 
sor off leaves and use them as food. In fact, cutting back a few 
branches or leaves generally stimulates greater growth. 

In the cold Adirondack winters | allowed six inches of 
snow (plus hay, leaf composts or peat moss) to cover my garden. 
This created a hothouse effect. (Boards also can act as a winter 
greenhouse, especially for purslane.) In this way, | was able to 
harvest thyme, strawberry leaves, chicory and chickweed the 
whole year round. 

Likewise, some common garden plants are poisonous. 
Especially if you have children, you'll want to eliminate or at least 
be aware of the dangers these plants hold. Some of these plants 
are listed below. See the books listed in Suggested Reading for 
more information. 


Common Poisonous Plants 


‘American bittersweet Cowbane 
‘American yew Crown of thorns 
‘Anemone Daphne 

‘Azalea Deadly nightshade 
Black locust Delphinium 
Bleeding heart Dogbane 
Bloodroot False hellebore 
tris Foxglove 
Bouncing Bet Four o’clocks 
Buckthorn Golden chain 
Buttercup Horse nettie 
Butterfly weed Horse chestnut 
Castor bean Horsetail 
Celandine Jack-in-the-pulpit 
Choke cherry Jack-o-lantern mushroom 
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‘The size of the maximal EWS was about 0.9 m, the 
diameter of the minimal (inner) EWS was equal to 
115 mm that was enough to place laboratory animals 
inside the contiol detection devices. Laboratory animals 
were used to determine the consequences of the 
influence of converging spherical electromagnetic waves. 
Payload, (Le. that which was directly used for transfer in 
‘Time-Space), included the afore-mentioned detection 
devices and (occasionaly) laboratory animals, ‘The term 
“payload” was coined by analogy with the term which 
is used in cosmonautics. Volume of payload section was 


placed in the center of symmetry of the Time Machine 
(TM). In all the earliest Machines (except the 7" model) 
this volume still has not exceeded the volume of a 
football. ‘The device with an outer diameter of 2.1 m 
and inner payload section of 1 m has the maximum 
size. It allows making human-aided experiments. 


At different stages of the experiments the calculations 
were made by all available known modern methods to 
fix time. All types of electronic, quartz, mechanical and 
several specially made doubled quartz generators were 
used (there were compared frequency readings of 
measuring and etalon heat-insulated generators which 
were placed at a distance). Certain experiments used 
lightguiding diodes and some other methods Before and 
after the experiment (more rarely during the experiment) 
readings of measurement clocks were periodically 
compared with those of an etalon clock and with signals 
of exact time which were transmitting by radio, Other 
physical factors causes side effects upon some types of 
measuring devices, for example, upon quartz-crystal 
docks. However, doubling of measurement methods 
allowed essentially decreasing inaccuracy of 
‘measurements. 


At some operating modes (which were not always 
predicted) the change of Time speed was attained (Prof. 
Nikolay A. Kozyrev called it density of Time t/t). This 

change came to about a fraction of a second per an 
etalon hour, Let us take usual “etalon” earth time as 
t= +1 then it becomes clear that it is speed range of 
+0.99<t/t,<+1.01 which is researched in the 
experiments. Thus being placed inside the device, the 
inanimate objects and animals were transferred in the 
Future (with “above-zero” speed) more slowly or faster 
than those around them. It occurred at all operational 
modes of the device (deceleration or acceleration), 


Difference of Time (gradient of Time speed or 
curvature of Space-Time field) was observed not only 
inside the TM, though there is no doubt that a maximal 
value of changed Time was registered inside the smallest 


“matreshka”. As was expected, during the experiments 
‘Time change was also registered outside the device 
However such change which had an opposite sign was 
smaller than the change inside the device approximately 
by an order of magnitude. It entirely corresponds to 
geometric laws, i.e. in proportion to the cube of the 
distance) 


In other words, ‘TM influences not only its inner part 
and pay load but also the environment. It bears a strong, 
resemblance to jet propulsion but in Time and not in 
Space. It is a flight which is realized by rejection of Time 
instead of mass. 


‘Thus it was determined that the processes of 
deceleration and acceleration of Time distinctly differ 
in their nature and consequences. In such a way the 
deceleration was considerably smoother and more stable. 
During acceleration there were observed sudden changes 
in readings and this operational mode was characterized 
bby general instability and dependence on any (or many) 
external factors. Particularly, acceleration instability also 
consisted in the following:at fixed power the value spe 


of Time depended on the time of day and situation of 
the Moon. Possibly it also depended on some other 
factors including the presence of an operator or other 
people near the device. Even insignificant external 
influence, for example, mechanical shaking, caused the 
change of speed value which sometimes was ther 
significant. 


Inside the laboratory devices there was also registered 
that Time can change with some sluggishness. After 
the changed Time speed influenced some physical object 
(for example, soil) then residual effects were observed 
at it for some p 
eliminated only by the influence of another speed of ‘Time. 


jod of time. These effects can be 


Preliminary general conclusions 


‘The Pi 
polyvariant easily changeable Future into the univariant 
unchangeable Past. Thus flights in the Past (at “negative” 
density-speed t/t.) and in the Future will happen in 
different ways. They can be compared with the motion 
of an ant along the tree: fiom any point of the tree (ie 
from the Present) there is only one way downwards open 


int is the transfer or transformation of the 


to the ant (ie. in the Past) and many different ways 
upwards (Le. in the Future). However among all the wa 
to the Future undoubtedly there are most probable, lo 
probable and almost improbable variants for 
development of the Future. The less probable this 


variant of the Future the more unstable and energy 
intensive the motion to the Future will be. According to 
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Jimsonweed Rhododendron 


Lantana Rhubarb leaves 
Larkspur Scotch broom 

Lily of the valley ‘Skunk cabbage 

Marsh marigold Snow on the mountain 
May apple Star of Bethlehem 
Mountain laurel Tansy 

Narcissus Tomato leaves 
Nightshade Trumpet flower 

Poison hemlock Virginia creeper 
Pokeweed Water-hemlock 

Prickly poppy Wisteria 

Privet Yellow oleander 


Do not let this list confuse or inhibit your foraging. The 
stress here is on identification. Know your own property. Other 
good field guides are found in the library or sold in book stores. 
There are too many poisons in the natural world to memorize. 
Therefore, (1) memorize your edibles, (2) identify the poisons 
nearby, and be absolutely sure before you try a new plant (see 
section on foraging, Part i, page 22). 


Building a Wild Foods Garden 

Wild plants will grow everywhere, in desert, valley, woods, 
and fields. Vacant lots and sidewalk cracks show evidence of the 
tenacity of common plants to live. Dandelions, plantain, yarrow, 
chicory and violets are common in many places. So begin by look- 
ing at your local edible landscape. View the surroundings with 
calm deliberation and a pencil. See the abundance already there 
and know the ease of creating a wild foods garden. 

I cannot be specific here asto soil needs, moisture require- 
ments, and the like. You have to consider your environment, your 
geographic location when working with these wild plants The 
“gardening” | speak of is mostly one of transference, and support. 
You can move plants to where you want them (provided you 
haven't taken them from a protected area) and you can provide 
conditions that they like. Peat moss may help keep the surround- 
ing weeds from inundating your food strip. Mulch helps too—one 
food field has 6 inches of wood chips around the main plants, 
Leaves, rocks, pebbles also work. Sidewalks retain a lot of mois- 
ture, But even simple things like cedar chips or sawdust may 
increase the ability of eastern soil or add to the saltiness (alkali) of 
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desert soil. In general, itis best to use indigenous soils and topsoil 

Use a spoon, trowel, or shovel to gently release the plant's 
grip on the soil. See the chart on the next page for guidance on 
plant reactions to being moved. 

In developing your wild foods garden, you may want to 
move plants around a bit or bring in native plants that haven't oth- 
erwise appeared. Be sure to dig up all of the roots, then set in new 
place and pat soil in gently. Water well, 


The Inside Garden 


Starting a wildfood garden in your home isn’t much hard- 
er than maintaining your outdoor one. Clay pots prevent the soil 
from becoming rancid, and positioning them away from heating 
or air conditioning units helps regulate temperature. Use potting 
soil and organic fertilizer, and don't forget to mist the plants three 
times a week 

In my Adirondacks log cabin, | transplanted dandelions 
and chicory into an old-fashioned wash tub, then placed it down 
in the cellar where the dark, damp conditions produced an amaz- 
ing abundance. 

Much of your indoor gardening depends on your cli- 
mate, the temperature of your house, and the hours and strength 
of available sunlight. | sometimes put my plants in one big twig 
basket and relocate them to different areas. Artificial grow-lights 
are occasionally necessary for certain plants like clover, which 
requires at least 12 to 14 hours of high light per day. When intro- 
ducing artificial light, at first leave it on only a few hours. 


Indoor Garden. 
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‘Transplanting Wild Edibles 


Plant Name Planting Depth | Method | Ease of 
Adjustment 

‘Aloe Vera deep trowel ___| perky 
‘Amaranth shallow spoon wilts 
‘Aster medium Ttrowel____[ wilts 
Balsam fir deep shovel___| perky 
Birch deep shovel___[wilts 
Blackbern deep shovel___[ perky 
Blueberry deep shovel | perky 
Bulrush deep shovel | perk 
Burdock deep shovel | wilts 
Catal deep saw, shovel | perky 
‘Chamomile shallow ‘spoon perk 
Chickweed shallow ‘spoon perk 
Chicon deep shovel wilts 
Cholla medium deep | shovel [perk 
Clover shallow ‘spoon perk 
Daisy medium trowel | perky 
Dandelion medium trowel | wilts 
Dock deep shovel | wilts 
Evening Primrose_[ medium shovel | perky 
Field thistle medium ‘spoon wilts 
Fireweed medium ‘trowel___| wilts 
Goldenrod deep shovel | perky 
Grape deep shovel | wilts 
Lamb’s quarters _| shallow ‘spoon wilts 
Mallow (Malva) [medium trowel___| wilts 
Maple deep shovel____[ perky 
Meadowsweet | deep shovel___[ perky 
Milk thistie deep shovel___| perky 
Milkweed medium deep _| towel | wilts 
Mint shallow spoon wilts 
Mullen deep shovel____| wilts 
Mustard medium trowel wilts 
Nettles deep shovel__[perky 
Phragmities deep shovel___[wilts 
Pine deep shovel____[ perky 
[Plantar shallow ‘spoon wilts 
[Prickly pear deep shovel___| perky 


264 


‘Transplanting Wild Edibles (continued) 


Plant Name Planting Depth | Method | Ease of 
Adjustment 
Purslane Shallow Spoon perky 
[Queen Anne's Lacq deep shovel wilts 
Raspberry deep shovel___[ perky 
Rose deep shovel___[ perky 
eep Sorrel shallow ‘Spoon perky 
Shepherd's Purse_|shallow Spoon perky 
Sow Thistle deep shovel wilts 
Strawberry shallow Spoon perky 
Sumac deep shovel___[ perky 
Sunflower medium shovel wits 
Thyme shallow ‘spoon perky 
Tumbleweed shallow trowel___[ perky 
Violets Shallow ‘spoon perky 
Wild lettuce medium trowel_—_| wilts 
Willow deep ‘saw, shovel| perky 
Wintergreen shallow ‘spoon perky 
Wood sorrel shallow spoon perk 
Yarrow medium trowel [perky 


Glendale Library Plants. 
(See page 276) 


265, 


Edge your wild foods garden both to keep out nonedible 
plants and to give it a sense of unity. 


Edgings and Path Decorations 


Top (left to right): crosscut circular slices of log, bricks, 2 by 4 
ends buried in ground, smooth egg-shaped rocks with soil in 
between, straight limbs or poles 


Second row (left to right): Natural fences from wood, larger 
slate pieces, roundish stones, cut poles in a raised bed. 


Third row (left to right): Cross fencing or picket sections, cross- 
cut logs halved, 2 by 4’s, 


Bottom row, (left to right): large cut lumber boards, flagstones 
or bricks, decking or patio lumber, stones. 
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So much depended on wood. 
Illustration from A Glimpse of Peace and Flickering Free 
written by Ken Heitz, illustrated by Linda Heitz (Runyon) 


Linda’s former husband Ken published two now rare books 
back in the early 70°s now out of print. 


Soil-type matrix where wild foods are naturally found. 
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Legend: 


A hypothetical complete Wild Foods Garden. 


Woods. . Includes: wild & weeping willow, 
maples, white birch meadowsweet, pine, 
balsam, & wintergreen. 


Field. .. Includes: raspberry, blackberry, 
grapes, strawberry & blueberry. 


Wet. . Includes: bulrush, , phragmities, cattails, 
arrowhead, ferns, violets & mints. 


Dry. . Includes: red sumac, thistles, nettles, 
daisies, asters, fireweed, goldenrod, yarrow, 
tumbleweed & burdocks. 


Sandy. . Includes: prickly pear, aloe vera, chol- 
la & saguaro. 


Fertile / Roadsides.. Includes: lamb’s quar- 
ters, amaranth, purslane, mustards, wild lettuce, 
chickweed, dandelion, shepherd's purse, milk- 
weed, plantain, malva neglecta, yellow dock, 
filarie, chamomile, Queen Anne’s lace & thyme. 


Left: lambs quarters Right: sheep sorrel 
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Public Wild Food 
Identification Walk Ways 


Sabael Walk 1982-1983 
Sabael, New York 


After her homesteading 
years, Linda's first home 
became the first public 
wild foods identification 
walk. 


First year: Added topsoil, 
made raised beds using 
railroad ties. No fertiliz- 
ing done. Rocked the 
natural areas, built 
bridges over swamp into 
woods. Peat mossed indi- 
vidual plants, as well as 
used heavy hay over win- 
ter. 

Second Year: Complete 
regrowth of every species 
except sparse winter- 
green patch. Presence of 
red dots on leaves indi- 
cated overly acidic soil 
because of balsam trees close by (natural to area). All beds peat 
mossed for second summer. 


A completely natural Garden. 


Linda says-| loved this first public walk around my cottage 
where | had electricity for the first time in 13 years. | main- 
tained this walk for 2 years and then moved it to Rose & 
Bruce Burke's. This walk was studied by over 3000 people. 
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Burke's Cottage Garden 1983-1985 
Sabael, New York 


First Year: Rototilled a strip of lawn and transferred plants to rock- 
ringed sections. Added 6 inches of peat moss after one month's 
growth. Some harvesting and thinning necessary. 

Second Year: Regrowth fantastic-100%. 

Third Year: Good regrowth in most beds; poor regrowth of grape, 
meadowsweet, cattail (unattended). 

Fourth Year: Plants assimilated back into mowed lawn. 


Burke’s Cottage Garden. 


Linda says- Down the street from my home, Mr. and Mrs. 
Burke gave me an area to build a wild food walk. This was 
well marked and | gave a "tour" twice daily for two summers, 
before moving on to the Runyon Institute. 


Note: All trees planted continued growth: birch, pine or 
maple. The rest returned to lawn. This walk was seen by 
over 3000 people. 
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the “law of the crown of tree”, return to the Present is 
possible only if when being in the Past the traveler does 
not interfere in the course of events and does not change 
the course of the past History 
chronotraveler will return to the parallel Present from 
the Past by another branch of History. Penetration to 


Otherwise the 


the Future from the Present is hampered by the choice 
of the branch for transference. However return fiom 
any variant of the Future into the Present is possible at 
any scenario if there are no fusions of different variants, 
of History. 


In other words, we have a circumstantial evidence of 
the assumption that Time has more than one dimension. 
‘Thus there is an affirmation of the theoretical inferences 


+ 


of R. Bartini who believed that Time has 3 dimensions, 
Hence we can consider our terrestrial globe as 6- 
dimensional where the dimensions are: length; width; 
height; age or date of ‘Time; variant of History or blur 
of Time; density or speed of ‘Time. Thus the notion of 
“Arrows of Time” is completely absent in the fourth 
dimension (date of Time) but it is a special case of the 
notion of the sixth dimension ic. speed of Time. At 
the same time the notion of speed of ‘Time also relates 
to the physical notions of gravitation and energy: Thus 
the notion of “Binstein-Rosen bridge”, which was 
introduced in 1916, or notion of “worm course”, which 
was introduced by John Willer in the end of the fifties, 
are connected with transference in the 5" and 6" 


dimensions, 


Method and Device to Control Temporal Parameters of 
Physical Processes by Means of Changing of 
Energy Density of Space 


Alexander V. Fi 


rolov, Russia 


General Director, Faraday Lab Lid 


Te 


fax: 7-812-380-3844 


Email: office@faradayru 


This invention belongs to the methods and devices 
to provide control on rate of physical processes (that 
includes the process of the existence of matter in 
space-time) by means of increasing or decreasing 
of energy density of space (ie. energy density of 
physical vacuum or density of the aether). 


biological processes or period of oscillation of the 
system. In the works by NA. Kazyrev [1] there is a 
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process (for example, process of evaporation oF 
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caystallization. If we use a term of “entropy” then it is 
possible to say that the processes which are accompanied 
with entropy increasing (for example, conversion of 
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Runyon Institute Walk 
Warrensburg, New York 1986 


The Runyon Institute ran for one year in Warrensburg, New York. 
This was the third food identification walk developed for public 
use. The strip was made up of common lawn plants, and the walk 
demonstrated the area's natural habitat. 


First Year: Rototilled the strip of lawn. Added topsoil, gravel walk- 
ways, wood 2x4’s in between plants transplanted from natural 
areas which exhibited rapid growth. Peat moss added on succes- 
sive harvesting of most sections. No fertilizers used. Assimilated 
into lawn after first year. 


Runyon Institute Walk. 


Linda says- The Runyon Institute was founded by a busi- 
nessman named Walter J ohnson. The building was founded 
in my name, and it hosted over 6,000 people, showing them 
our wild food walk. Unfortunately, | needed to close the insti- 
tute and move closer to home in North Creek where the 
white water rafting walks began. The Runyon Institute walk 
was maintained for two years. Hundreds walked the grav- 
eled paths. Trees remained and prospered. 


2m 


Nantikote Lenni Lenape Walk 
Bridgeton, New J ersey 1987-1988 


The Nantikote Lenni Lenape developed this walk in 1987. 
Research done here has been invaluable for developing future 
food walks. 


First Year: Rototilled a strip of lawn in Bridgeton City Park. 
‘Added garden topsoil. Tepee wood stays used for wheel design 
and plant separation. Applied 6 inches of peat moss after 2 to 3 
weeks growth 

Second Year: Unattended garden prolific with growth. Largest 
leaf and seedling growth of all walks. Assimilated back into park 
after third year. I couldnt attend this one personally but once 
every 2 months. 


‘Nantikoke Lenni Lenape Walk. 


Linda says- | was asked to consider a wild food walk in 
Bridgeton City Park. This was Native American land, and | 
was pleased to work with Jim Ridgeway as well as other 
members of the Nantikote Lenni Lenape tribe. Thiswalk was 
graciously maintained for 2 years by the Nantikote Lenni 
Lenapi Indian people. It closed in 1988. 
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“Rafting the Glenn" Walk 
Warrensburg, New York 1985 


First Year: Put peat moss 6 inches thick around transplanted 
seedings. Natural watering. Occasionally harvested smaller 
"lawn foods.” No fertilizers added. Some trimming done of rasp- 
berry, blackberry, roses. 

Second Year: Unattended except to weed patches, add 6 inches 
more peat moss. All plants survived winter except for birch, pine, 
and cattails. Replanted more lamb’s quarters. 


“Rafting the Glenn” Walk. 


Linda says- Many of my students were young campers from 
white water rafting company. | particularly enjoyed the river 
a few yards away. 
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McManus Wild Food Walk 
Sun City, Arizona 1990 


First Year: Soil prepared to deal withcaliche (desert soil). Added 
in equal quantities peat moss, compost, topsoil. Used raised 
beds, wood sides. Plants easily transplanted with spoon and trow- 
el. Irrigated with bubbler and hose twice a month, otherwise 
unattended. 

Second Year: Unattended; temperatures of 110 degrees for two 
months. Harvested remaining plants, seedlings, and seeds. Strip 
assimilated into neighboring areas. 


Apprentice 
Hazel McManus. 


McManus Walk. 


Linda says- A gourmet cook, Hazel of Sun City, Arizona, 
hosted many wild food luncheons for me. Our local televi- 
sion stations covered these wild food functions. 
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Glendale Library Walk 
City of Glendale, Arizona 1995-1997 


David Schultz, water conservationist, was instrumental in the 
planning and maintenance of this walk, working along with Linda 
Runyon. 


Glendale Public Library Walk. 


The public visited 11 squares open in the pavement each 10° x 
10’, and boasting 101 wild plants and grasses in total. An under- 
ground sprinkler system was used to maintain and control this 
mammoth “desert” walk of wild edibles. The squares were filled 
with potting soil and fine desert soil and laced with peat moss. 
Everything was kept natural, even the use of an insect deterrent 
made from gigantic batches of garlic, olive oil and dish soap. 
Mixed in equal parts of one third each, this concoction kept the 
Arizona whitefly from eating the succulent new young seedlings. 
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Linda gives a tour. 


This walk had well planned sign information using a color coded 
safety system: Yellow—use caution, Red—use BIG caution, and 
green—may eat freely after individual testing. The signs also 
included botanical and common names, as well as other perti- 
nent information on edibility. 


Drilling into the hard Arizona soil. 
Left: John Hunkele, right: Richard Bond. 


My hat is off to the City of Glendale and David Schultz. Many fac- 
tors contributed to the now closed project. My hope is to bring 
my experience to others. 
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Wild Food Plant Walk 
Greenwich, New J ersey, at the Children of the Earth school, 
started 2004 


First Year: Plants were easily potted separately in native soil. The 
size of the pots varied to accommodate anticipated eventual 
growth. (Mullein grew to be 6 feet tall!) All plants were clipped 
and eaten from time to time, especially when a Wild Food Walk 
Lecture was in progress. Children kept the plants watered 


Second Year: The pots were transported to my field for the win- 
ter, and were covered in snow from time to time. 


Third Year: The plants were abundant, and even more dense 
than the first year. Seeds fell and the soil was full of each indi- 
vidual plant. The Walk was used by the school for another sum- 
mer. The plants wintered with the owners of the school in south- 
ern New Jersey. As of this writing (J uly, 2007), the plants have 
grown tall and quickly in the pots, just like the second year. 
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New J ersey Walk 
Fordville, New J ersey, 2005-2006 


First Year: This very elaborate walk required several truckloads 
of 4 x4's (cutinto 2 x 2's) and several loads of mulch to complete. 
The entire walk was 75 feet long, Because the New J ersey farm 
soil is so fertile, individual plants became extremely lush, spilling 
cover in some sections and being difficult to maintain. Mullein 
grew to a height of 7 to 8 feet, and the Queen Anne's lace flow- 
ers were the size of cup saucers. | was by myself on this one and 
found it so overwhelming that | closed it after the first year. 
However, were there to be a crew of caretakers, such as scouts or 
nature park people, this type of identification center could see 
thousands of interested visitors. 


Second Year Research: | went back to the walk, and saw that 
everything was coming back up. 


1. White Pine 20. Maple Tree 
2. Aloe Vera 21. Nutsedge Grass 

3, Amaranth 2. Dried Barley Grass 
4, Burdock 23, Crabgrass 

5. Chamomile 24, Yarrow 

6. Chickweed 25, Thistle 

7. Chickory 26. Goldenrod 

8, Mullein 27. Violets 

9. Clover 28. Daylily 

10. Plantain 29. Sunflowers 

11. Dandelion 30. Nettles 

12. Catal 31. Mustard 

13. Evening Primrose 32. Mints 

14. Queen Anne's Lace 33, Milkweed 

15. Curlydock 34. Malva Neglecta 
16. Wild Pepper 35, Lambs Quarters 
17. Sorrel 36. Daisy 

18. Blue Lettuce 37. Willow Tree 

19. Sassafras 
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Wild Foods Indoors 

‘A house, apartment, roof garden, garage, or balcony are 
excellent areas to grow wild plants. Suitable containers for these 
indoor plants vary widely. Clay or plastic pots, pails, and wash- 
tubs all make ideal planters. You may even use half-gallon cans 
spaced evenly with a board placed on top to make an attractive 
shelf. There are many good books on container gardening and 
on growing plants indoors. Wild plants adapt easily to these 
ideas. Put your plants in areas of the house according to their 
outdoor environment. Many of them like water; the bathroom 
has steam, for example. Plants that like cold can thrive in a base- 
ment. | found that thyme lovesheat and sun, dandelion lovesthe 
basement, near a window. Mint loves steamy areas. 


The following are some plants that can be grown indoors: 


Blackberry Queen Anne's Lace 
Blueberry Raspberry 
Bulrushes Roses 

Daisies Sheep Sorrel 
Lamb's quarters (western variety) Shepherd's Purse 
Mallow Tumbleweed 
Phragmities Violets 

Purslane Yarrow 


Use soil that is appropriate for the individual plants, with 
perhaps some rich potting soil added. Provide the suitable tem- 
perature and moisture level, and the plant will flourish. Ruth 
Spring, from Indian Lake, taught me to bring in dandelion, chico- 
ry, and wild lettuce for the winter. | planted them whole with 
their corresponding soil 


‘A Modest Proposal 

Over 70 percent of the people in the United States live in 
an urban environment. More and more, urban parks are falling 
victim to surface pollutants, smog, ground water contamination, 
and, in some areas, apathy. Itis harder and harder to find a clean 
urban area 
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Potential sites for wild foods include fields, garden centers and pri- 
vate nurseries, environmental centers, camps, Boy or Girl Scout 
Centers, outdoor recreational centers and state or national parks 
and churches. The empty field in the middle of a city block is per- 
fect for an urban garden. Waste areas seem to already have 
almost all the wild foods necessary. Add a few park benches, per- 
haps a water fountain, and a sandbox for the children. Plant a 
rototilled swatch with seedlings from nearby, edge it with wood or 
stones, and you have an instant identification center. 

‘About 85 million people are added to the world popula- 
tion each year.2 According to the U.S. Census Bureau, the glob- 
al population doubled between 1959 and 1999, reaching 6 bil- 
lion. Despite success in increasing global food production, the 
number of hungry people is growing. It is now thought to be 950 
million—almost one fifth the world's population is underfed 
Poverty is the cause. Every 24 hours, 25,000 human beings die as 
a result of hunger and starvation, 24 every minute, 18 of whom 
are children under five years of age. Acute human exposure to 
pesticides (such as that experienced by unprotected farm work- 
ers) is frequently fatal; 3,000-20,000 people die from pesticide 
poisoning annually. Human intervention to repair degraded 
lands takes two forms: restoration and rehabilitation. Of the two, 
only restoration aims to return a site to its natural state, complete 
with all the species that existed there before human disturbances. 
Rehabilitation is much more utilitarian. Its goal is to make the 
land productive for human use, employing whatever species and 
techniques which are most effective, regardless of whether they 
are indigenous or not. In the developing world, rehabilitation is 
likely to have a more prominent role than restoration because of 
the needs of growing population. 

Perhaps the word permaculture is applicable here. What 
is permaculture? It is an attitude, a way of seeing what is before 
one's eyes, of enabling. Itisa science, or study of natural systems 
such as water and plants. Permaculture focuses on sustainable 
systems, those with no pollution or waste. Permaculture is also an 
ethic. All systems of human activities support the earth's ability to 
sustain a diversity of life. Humansinteract with their environment 
in mutually beneficial ways. Lastly, permaculture isa lifestyle that, 
channels this knowledge and ethic into appropriate activities. 


‘TiWorid Resurces, The World ReSourCe ne pubTSied by Oxford Univers, 1990, 
281 


the “law of the crown of tree”, return to the Present is 
possible only if when being in the Past the traveler does 
not interfere in the course of events and does not change 
the course of the past History 
chronotraveler will return to the parallel Present from 
the Past by another branch of History. Penetration to 


Otherwise the 


the Future from the Present is hampered by the choice 
of the branch for transference. However return fiom 
any variant of the Future into the Present is possible at 
any scenario if there are no fusions of different variants, 
of History. 


In other words, we have a circumstantial evidence of 
the assumption that Time has more than one dimension. 
‘Thus there is an affirmation of the theoretical inferences 


+ 


of R. Bartini who believed that Time has 3 dimensions, 
Hence we can consider our terrestrial globe as 6- 
dimensional where the dimensions are: length; width; 
height; age or date of ‘Time; variant of History or blur 
of Time; density or speed of ‘Time. Thus the notion of 
“Arrows of Time” is completely absent in the fourth 
dimension (date of Time) but it is a special case of the 
notion of the sixth dimension ic. speed of Time. At 
the same time the notion of speed of ‘Time also relates 
to the physical notions of gravitation and energy: Thus 
the notion of “Binstein-Rosen bridge”, which was 
introduced in 1916, or notion of “worm course”, which 
was introduced by John Willer in the end of the fifties, 
are connected with transference in the 5" and 6" 


dimensions, 
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process. Kozyrev used the term “wave of density of 
time” and he made a conclusion that in addition to 
“directivity” of time (time course) there are active 
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Let us consider the history of 
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Earlier there were proposed some methods and devices 
to influence the rate of physical and chemical reactions, 


‘To develop this approach for applied purposes it is 
necessary to use in-depth analysis of the physical sense 
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Using wild food plants to restore the earth is the best way 
an individual can help at the local level. With very little help from 
us, the earth restores our food supply. 

The urban food field is but a drawing board away. Wild 
foods can easily be incorporated into our educational system. 
Curriculum, books, tapes, videos, and newspaper articles as well 
as TV programs can bring this concept to the public. The envi- 
ronmentarian way of life is being born again! 
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A Forager's Research Diary 

There are large gaps in our knowledge of wild foods, 
especially in how to incorporate them into our lives. I'm always 
conducting experiments with these plants, seeing how well they 
do in a garden, whether there are new ways to use these tradi- 
tional foods, and how potent the seeds remain. 

The following are my notes on such experiments, along 
with material from the work done by my students. Growing and 
using wild foods remains unexplored territory. 

I hope to encourage you to do your own experimentation 
with wild and backyard foods—not just with growing and harvest- 
ing, but in creating interesting menus for you and your family. 


Purslane Experiments 

Question: will dried pursane reconstitute in water? Ifso, 
will it grow and sprout roots? Can it be used reconstituted for 
food? Dried purslane will reconstitute well soaked in water. The 
plant will not sprout rootsas it grows from seed, Reconstituted for 
food only. 


August] Picked a large amount of purstane. Filled a screen 
1 by 3 foot. Placed screen in an inside open win- 
dow receiving only afternoon sun (2:00 p.m. to 
4:00 p.m.) 


August 3 Purslane roots were cut off. Black seeds from the 
center of the leaf clusters dropped onto the screen. 
There are only a few green pods in the center of 
the leaves still filled with seeds. Pods were appar- 
ently immature at time of picking, 


September 1 | cut off the dried, withered stem of a twig about 7 
inches long and placed in water. The leaf part 
opened and filled with water, although the branch 
did not appear to grow any quicker than the one 
on the screen. 


September 13 Purslane in water growing well. Stems and leaves 
on the screen are dried and crumbly. On top of 
the purslane mat and up through the dried stems a 
completely new growth is visible. On close exami- 
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nation, | saw a 7-inch stem with five extensions off 
the main stem. Healthy green leaves extend off 
tips of the top three branches, with 3 tiny leaf buds 
appearing between the leaf extensions and joints 
of stem. Average size leaf is 1/2 inch. Lower two 
stems are weak, partially dry, flaccid at base. Small 
leaves extend on the tips, green and apparently 
healthy. All leaves are thinner than normal, 
stretched toward the light and do not have the 
succulent appearance of purslane growing in a 
field. Taste same. Stems are crispy and solid, 
about 3 1/2 to 4 inches from tip to the base. The 4 
inches of base stem are apparently weak, discol- 
ored reddish, deeply veined, devoid of succu- 
lence. 


September 21.Clipped 1/4 inch off the thicker, central stem. 


Conclusion: 


Placed in a cup of water. Cells at the end look 
green and open under magnification. Stems are 
tightly veined and devoid of moisture. Color basi- 
cally a red hue with a touch of green where the 
stem lay against the bottom plants on the screen. 
Leaves small, 1/2 inch as a norm, growing green 
and alert toward the western light of the window. 
Multiple branches tipped with green leaves have 
one or two small branches with small green leaves 
Two necrotic twigs cut off cleanly with scissors 
Cup, water, and twig placed out of direct light of 
window at 7:00 a.m. 


Purslane dries in several days or weeks, according 
to moisture in the air. New growth can be seen 
throughout as old growth dries. Roots take in 
moisture from air and mat of purslane itself. 


It appears that old dried purslane may be easily 


reconstituted in water, yielding edible food. In drought condi- 
tions, plant may be utilized with small addition of water. Purslane 
appears to be one of the hardiest of plants; after two months of 
drying, it was easily reconstituted in water. 
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Amaranth Experiments by Althea Dixon, student 
Background: In 1992 Arizona experienced an unusually large 
rainfall. By May 1, we had received all the rain we usually get in 
a year. We had so much moisture in the adobe soil that mold was 
killing some of the clover and mushrooms were sprouting up. 
‘Amaranth appeared in the goat pen, thanks to these heavy rains 
which led to some experimentation. 


August 13 | cut the first harvest from plants averaging 8 to 16 
inches in height. Because of the abundant rain and 
rich soil, they grow with an umbrella of leaves, creat- 
ing a mini-rain forest environment with lots of 
seedlings beneath. 1 remove the tops down to 4 
inches above the ground 


‘August 17 The amaranth crop has grown from 8 to 12 inches in 
just four days! 


August 18 Harvest two plastic grocery sacks full of tender ama- 
ranth tops. Crop is harvested to about 12" inches. 
Total fresh yield is 16.5 pounds. 


After the harvest | notice that the soil is still well 
underneath, and the crop is growing without notice- 
able red on the stems, which is good. | can get 
another crop or two from this patch. 


| also notice that amaranth growing in the direct sun- 
light does better than that growing in shade, the lat- 
ter attacked by bugs causing leaf damage. 


August 19 Dryers yielded 1.75 pounds of leaves and stems, 
After the major crop is dried, heavier stalks still have 
bulk and moisture enough to mold the rest of the 
batch. | cut stalks out with scissors and set them in 
an airy box for another week to finish drying. Further 
drying of whole batch would damage the already dry 
tender parts. 


The high humidity is softening the tender leaves. | 
may have to put them in the dehydrator for an hour 
before whizzing them to flour. | don't know what 
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August 20 


August 24 


August 26 


August 27 


August 28 


effect this will have on nutritional value, but the color 
remains excellent. 


Last night we had a heavy rain. 1 checked the 
progress of the amaranth and observed that under- 
growth isnow up to 12 inches. The day-old seedlings 
that were about 1/8 inch cotyledons are now 
between 1" and 2" seedlings, with primary leaves 
approximately 3/4 inches from stem to tip of the leaf. 


Heavy rains over weekend. The cotyledons and pri- 
maries now have tertiary leaves and are approxi- 
mately 3 inches tall. The undergrowth is now 12 
inches high. 


Harvested one shopping bag full. Do not weigh the 
green crop. Dryer yields 8 ounces of flour. By vol- 
ume it makes 1 2/3 cups. Have lost only a small 
amount of chaff, which | sifted out of the flour as it 
comes from the high-impact grinder. 


No rain since 8/24 in A.M. Crop has leveled off. 
Undergrowth continues to catch up with umbrella 
top at approximately 30 inches. 


harvest two more bags of tender tops this morning. 
These bags were the same volume as the batch on 
8/18, however, they weigh only 6.5 and 5.5 pounds 
respectively. | fill the same number of dryer trays, but 
net weight of crop in dryers is 10.5 pounds. | use 1/2 
pound of large stalks to make "beans." 


The 4-inch seedlings are now averaging 7 to 9 inch- 
es tall with no further rain or water since 8/23. After 
harvesting four shopping bags of vegetable in four 
days, it appears there are at least 2 to 4 more harvests, 
with no further need of water. Have not harvested 
red-stemmed plants; these are for seed. 


Dry yield is 2 pounds 2 ounces, or 5 cups. Discarded 
1 ounce of chaff plus one stem that had not dried 
‘Also lost powder in the air as it was moved from one 
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container to another, as well as leaf fragments too 
small to handle. 


September 12 After running it through high-impact grinder, | get 
2 quarts of flour. Dry weight is 2.13 pounds, of 
which 1/4 inch of heavy stem chaff is discarded 


It is interesting to note that although the heavier 
stems had dried hard, the humidity had gone 
from 20 percent to 46 percent during the wet sea- 
son in Arizona, and the batch gained moisture 
overall. Though the texture is less crisp (the 
leaves would bend without breaking), | have 
more trouble with chibbled leaves. The color is 
still excellent, but more on the olive side, which | 
believe is due to a higher percentage of stem con- 
tentin the end product. Stems dry brown where- 
as leaves dry green. 


Conclusions: 

The best procedure for harvesting to flour is as fol- 
lows: Bring crop directly from garden to dryers (wash the night 
before with gentle water from hose) and let dry 24 hours. 
Rearrange trays about halfway through if dryer is old-fashioned 
kind with no heat or air controls. When putting crop into dryers, 
trim stems thicker than 1/4 inch and cook as fresh beans. This 
way crop is completely dry at the same time. Place directly into 
high-impact grinder from dryer trays; doesn't hurt if still warm. 
Strain chaff with a fine sieve and set to one side. Rerun the chaff 
all together and then sift again. What litle chaff is left can be 
thrown away. Put flour in tightly sealed glass jars. Wrap in foil to 
protect from the light, and label with name of product and date. 
Keep in cool dry place. 


Time: It takes 45 minutes to process 18 dryer trays from dried 
leaves to vegetable powder. It takes 30 to 50 minutes to harvest, 
two grocery bags of fresh vegetables. 


Caution: After plants form seed pods, use gloves to harvest and 
process flour. When processing indoors, protect lungs from flour 
in air by using a mask. 
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Reconstituted Amaranth Leaves Can dried leaves be reconsti- 
tuted to produce a palatable food item? Yes. Dried green leaves 
were soaked in cool distilled water for one hour, and then sim- 
mered until tender, about 5 minutes. | used only enough water 
to cover the leaves. The texture was so good it was almost like 
fresh 


Additional Comments: Was not satisfied drying amaranth out- 
doors. One crop got rained on and the vibrant green leaves 
turned sickly gray. In a survival situation you do what you can, 
but if domesticating amaranth, why not get the best-quality, high- 
est nutritional product possible? 

The reason for not putting amaranth in water is that 
if you have to leave it for any reason it can very quickly take on a 
dark gray color from the iron, and the quality of the dried prod- 
uct is not appetizing 


Further Comments: In September, 1993, the amaranth flour was 
inspected for color. It had remained bright green, and flavor in 
breads was excellent. For even longer storage, vacuum pack in 
plastic and store in cool dark place. 


Grinding greens to flour. Lamb’s Quarters for flour. 
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Notes 


Left to right: wild mustard, chamomile, dandelion and thyme. 


Part V: Poisonous Look-Alikes 


Here are a few troublesome plants for wild food foragers 
to be aware of. These are by no means the only poisonous plants 
out there, but they are some of the most common and are most 
easily confused with the plants that have been covered in the edi- 
ble plants section of this book. 

See also “An Introduction to Edible Plants” in Part I, espe- 
cially the section on picking wild foods (page 22). 


Caution: It is sometimes not the close up that is confusing, but the 
same plants identified at a distance can fool you. 


Please Note: There are many varieties of poison hemlock, geo- 
graphically spaced in all countries. Please note all species have 
similar characteristics. Smooth purple striated or blotched stems 
Flower clusters on single stems from main stem. Hollow, circulat- 
ed banded roots. Always be sure of 100% identification. 
Cross reference: 

Queen Anne’s Lace with any white top-flowered umbrella, 


Water Hemlock—Poison 
Spotted Cowbane ® 


Circuta maculata Se 


Habitat: Wetlands, wet meadows, 
swamps. Canada south to Texas 
This fact was observed some years 
ago. Do not take the state perime- 
ter too literally. 

Characteristics: The MOST DEAD- 
LY plant. Any part will Kill humans. 
White flowers, clustered in umbrel- 
la on single stems. Stem is smooth, 
streaked with purple. Stem, roots 
chambered. (See page 292 for illus: 
tration.) All parts may even simu- 
late smell of mild parsnip or carrot. 
Caution: DEADLY POISON. 


Poisonous - Water Hemlock 
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Poison Hemlock—Poison () 


Conium maculatum Se 


Habitat: Waste ground, lowa to 
Quebec South, approximately. 
Other genus or types on West Coast, 
even wet desert areas 
Characteristics: Blooms May 
through August. Umbrella shaped 
flower cluster, lacy white flowers. 
Dried flower maintains its umbrella 
shape, develops rusty colored 
seeds. Stalks are hairless, stout, hol- 
low and grooved with spots of pur- Poisonous - Poison Hemlock 
ple stripes. Small amounts may cause paralysis and death. 
DEADLY. Roots look like a wild carrot, but are hollow. A deadly 
poison. (See illustration next page.) 

Caution: Poison Hemlock Looks like Queen Anne's lace until 
flowers dry. Use 3 excellent picture references and make sure you 
identify Hemlock properly and DO NOT TOUCH OR INGEST. 
HEMLOCK IS DEADLY. (See illustration of Poison Hemlock.) 


Queen Anne’s Lace—Food 
Daucus carota 
Wild Carrot 


Habitat: Waste ground fields 
Characteristics: HAIRY-STEMMED 
biennial. Umbrella shaped flower 
cluster, lacy white flowers. All parts 
smell like a carrot. Old flower clus- 
ters “bird cage” into a seed cluster. 
Parsley-like leaves smell like a car- 
rot. All stems are hairy, the root is 
SOLID & pithy. Smellslike a carrot! 
(Also see page 116 in Field Guide 
for further description of this edible gible - Queen Anne’s Lace 
plant.) 
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of the “time density” notion. Connection of notions 
about “time directivity” and “entropy of the system” 
was demonstrated in the work “Introduction into 
thermodynamic of irreversible processes”, 1964 by Ilya 
Prigozhin (2). In the work “Quantum fluctuations of 
vacuum in curved space and theory of gravitation” by 


A.D, Sakharov [3] the conception of vacuum structure 
was suggested. In the USA the work “Can the vacuum, 
be engineered for space flight applications?” by H.E. 
Puthoff [4] is well-known. ‘The author considered the 
applied aspects for study of vacuum structure and 
described the method and device to obtain propulsive 
force by means of changes in vacuum properties. 


A substantive conception of time and methods for 
creation of waves of energy density 
by Prof. K.P. Butusov in the work “Time is a physical 
substance”, 1991 [5]. In the book “What is The Time?” 
by Yu. G. Belostotsky [6] the connection between the 
notions of time and aether was demonstrated. ‘This, 
connection was considered from the point of view of 
astrophysics there 


were also considered 


We can also say that the modern conception of aether 
is successfully developed by 
works [7] 


V.A. Atsukovsky in his 


In my articles, for example, “Physical principles of the 
‘Time Machine” [8], it was demonstrated that to develop 
experimental works on the topic it is useful to clarify 
the terminology and to consider “waves of time 
density” as longitudinal waves of energy density in 
space. In this case the notion of “time density” has a 
physical sense of enemy density (acther density) 


‘This approach can be realized practically by means of 
classical electro-technical and radio engineering methods 
and it is a development of aether-dynamical conception 
on the nature of electricity and magnetism by M. Fanday, 
“Experimental researches on electricity”, volume 3, {9} 


Let us consider a usual bipolar magnet from the point 
of view of aether-dynamics. Then it is possible to say 
that itis inflow and outflow of aether, ie. it isa balanced 
energy system which does not change energy density in 
space. In this case itis evident that creation of magnetic 
monopole or modeling of quazi-monopole by means 
of electro-dynamical methods is a technical basis to 
create some local change of energy density in space. 


Electric processes could also be used alongside with the 
magnetic phenomena. For example, in another book 
“Symmetrization of Maxwell-Lorenz equation” by Prof. 
Butusov [10] the creation of longitudinal wave was also 


5 


considered. It was demonstrated that an electrically 
charged sphew can radiate longitudinal wave when the 
sphere radius is changing, ic. when its surface is changing, 
while the value of electric charge is constant. 


One more well-known method is described in the book 
“Experimental gravitonics” by Polyakov [11]. There 
consideration of the generation of gravitational waves, 
at high-frequency magnetization 
demagnetization of ferromagnetic material, ic. at the 
powerful volume magnetostriction. Since at this, 
phenomenon there aw changes of matter density (le 
changes of energy density in space, which is occupied 
by matter), then volume magnetostriction is a special 
case of changes of energy density 


the and 


Earlier Vadim A. Chernobrov had described a method 
and device to control temporal characteristics of physical 
and chemical processes by means of creation of the 
magnetic monopole (quasi-monopole). In this magnetic 
mono-pole there is a convergent wave, which is created 
by several sources situated in the spherical frame. 
According to this method in the multilayer spherical 
structure every layer (the so called 
“electromagnetic work surface”) is an assembly of 
clectromagnets, by means of ‘series connection of the 
layers the wave is created, which converg 
of the device. The device has the same outside magnetic 


where so 


to the center 


poles of the electromagnets (and the same inner poles) 
and thus a model of macroscopic magnetic monopole 
is created, 


We assume that at in-phase operation of all sources of 
‘waves interference of longitudinal waves provides some 
change of value of energy density of space in the focus 
of the system. 


Experimental facts prove that detectors installed in the 
center of the device (for example, mechanical or 
electromagnetic oscillators) show change of period in 
their own oscillations. We have protected them by 
shielding them from heat radiation as well as from other 
kinds of electromagnetic influence. ‘Thus it is possible 
to assert that the detectors decelerate or accelerate their 
oscillation period depending on the enemy density, which 
is generated in the center of the device. 


However for the experiments made by means of such a 
device, accurate adjustments of all wave sources are 
required to provide their in-phase operation. At the 
same time, operational stability of the system depends 
on the operational stability of each of the wave sources. 
Increase of the impulse frequency causes increase of 


New Energy Technologies, Issue #3 May - June 2003 


(Cross Section) 


A: Poison Hemlock Root 
B: Poison Hemlock root in cross section 
C: Queen Anne’s Lace root — food 
Please note: Poison Hemlock (A and B) has hollow 
chambers with rings at the base of the stem and throughout the 


root. Queen Anne’s Lace (C, on right) has a solid twig-like pithy 
root with hairy stems. 


a 


Poison - Water Hemlock Root. 
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Poison Sumac—Poison 


Rhus vermix J 


Habitat: Wooded swamps. 

Characteristics: Leaves, 6-12 
inches long with 7-13 points, 
leaflets. First difference 
between sumac for food and 
poison sumac is that the poi- 
son variety has smooth 
leaflets. Poison berries are 


white. (See page 126 for SS 
description of the edible vari- nN 
ety.) 


Poisonous - Poison Sumac 


Edible Sumac—Food 


Rhus Species © 


Habitat: Shrub or small tree 
found in all areas of the 
United States. 

Characteristics: Twigs have 
milky sap. Fruit is red, hairy, 
and dry at maturity. Leaves: 
saw-tooth leaflets. (See page 
126 for details.) 


Edible - Sumac 
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Nettle Leaf Goosefoot— 


Poison 
Goosefoot family i) 


Chenopodicea >< 


History: Naturalized from 
Europe. 

Habitat: Moist soil, roadsides, 
around crops such as alfalfa, 
citrus, vegetables. 
Characteristics: Grows to 
height of 1 to 3 feet, smells 
rank. 

Caution: All raw edible parts 
are toxic or poison to 
humans. 


Poisonous - Nettle Leaf Goosefoot 


Lamb's Quarters—Food 


Goosefoot family: 
Chenopodicea © 


History: Naturalized from 
Europe. 

Habitat: Moist soil, roadsides, 
gardens, crops such as alfalfa, 
citrus, vegetables. 
Characteristic: Grows to 
height of 1 to 3 feet. Smells 
similar to spinach. Leaves 
are soft and have a white 
powder underneath. All 
parts edible. Good food 
(See page 93 for complete 
description.) 


Edible - Lamb’s Quarters 
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Field Horsetail—Poison 
Equisetum Arvense J 


History: Family over >< 
400 million years old. 
Habitat: Wet, moist areas, 
swamps, lakesides, river 
banks 

Characteristics: Jointed 
green, like grass. All parts 
contain silicon; are toxic to 
humans. Abrasive silica in all 
parts, so plants will scrub alu- 
minum clean. 

Medicinal Value: Folk medi- 
cine wound healer, diuretic 
in very small amounts 


Grass—Food 


Characteristics: Curls and 
grows up like horsetail. 
Horsetail grows in longer 
grass areas. We need to 
examine all types of grasses 
carefully when choosing 
grass to be clipped for food. 
Pull out any field horsetail 
(See section beginning on 
page 35 for complete 
description.) 


Poisonous - Field Horsetail 


OSS 


Edible - Grass 
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St. J ohnswort—Poison 


Hypericareae g 
Other Names: > 


Hypericum perforatum 

History: Known for medicinal value 
since biblical days. Europe, herbal- 
ists. 

Habitat: Fields, roadsides. 

Primary Use: Leaves used as astrin- 
gent and salves for bruises, wounds, 
anti-inflammatory. 

Characteristics: Leaves shaped like 
lungs with many tiny holes in them. 
Plant grows to 1 1/2 to 3 feet 5- 
petaled flowers. From a distance, 
plant shape is similar to the poco- 
moonshine variety of goldenrod. 


Pocomoonshine—Food 
(Variety of Goldenrod) © 
‘Augustifolum (specific 

species in the Compositae family) 


Other Names: Poco moonshine 
History: Native to Europe, Asia. 
Naturalized in North America. 
Primary Uses: Culinary, medicinal, 
commercial. Leaves dried for tea. 
Oils and extract used commercially 
in baking, ice cream, soft drinks, 
chewing gum. 

Characteristics: Flowers at end of 
many branches 6 to 18 inches, con- 
sidered an herb. The smell and uses 
are the same as other Canadian or 
sweet goldenrod species in field 
guide. See Goldenrod, page 90, for 
complete description. 
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Poisonous - St. Johnswort 


Edible - Pocomoonshine 


Spreading Dogbane— 
Poison 


an ® 


Habitat: Thickets, roadsides. 
Characteristics: Perennial 
herb. Wide spreading 
branches, opposite leaves 2 
to 3 inches long. Pink nod- 
ding bell-like flowers with 
pink stripe in center of each 
lobe. Shoots of Dogbane are 
hairless and quickly branch- 
ing. 


Common Milkweed— 


Food 
Aslepias Syriaca © 


Habitat: Fields, roadsides. 
Characteristics: Downy 
stemmed shoots. Leaves 
from 3 to 6 inches, deeply 
veined. Flowers dome 
shaped, tight, drooping clus- 
ters. After flowering, buds 
give way to seed pods. 
Crescent shaped pods, when 
young, may be dipped in bat- 
ter and deep fried or boiled 
(See page 101 for culinary 
uses.) 


Edible - Common Milkweed 
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Dallis Grass—Poison 
Gramineae Family g 


> 


History: Native to South America, 
found on North American conti- 
nent in the west. 

Habitat: Arizona 

Primary Uses: None for humans. 
Caution: This grass is very suscepti- 
ble to fungus attacks by paspalum 
ergot which is a DEADLY POISON 
to cattle; humans. 

Characteristic: Grows to height of 1 
1/2 inches. Has tight large seeds 
placed in a way as to attract black 
mold easily. 


Jungle Rice—Food 
Echinochle colonum 
Graminae Family 


Other Names: Water grass 

History: Used for food in Asia, 
Africa. 

Habitat: Fertile desert soils of the 
West around cropssuch as sorghum, 
cotton, alfalfa, melons, lawns. 
Characteristis Grows 1 to 1 1/2 
inches high. A sedge, but dark spots 
of camouflage. Areas of stems are 
jointed. 
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Poisonous - Dallis grass 


f 


Loe 
a rN 


Edible - Jungle Rice 


Stink Grass—Poison 
Gramineae Family .) 


>< 


Other Names: Lovegrass 

History: Native to Europe. 

Habitat! Found growing around 
base of crops such as Sorghum, 
Alfalfa, Citrus, gardens and waste 
areas, 

Characteristics: Annual grows to 
heights of 4 inches to 2 feet. Whole 
plant has a cockroach like odor, 
rank and offensive. Flowering parts 
2 to 10 inches long. Poison. 


Yellow Nutsedge—Food 
Cyperus esculentus 
Sedge family 


Other Names: Yellow nutgrass. 
History: Introduced from Europe. 
Habitat: Cultivated fields, edges of 
crops, wet areas, ditches, roadside, 
streams. 

Characteristics: Umbrella-like flow- 
ering tops have a thread-like projec- 
tion extending from seeds and flow- 
ers. Roots have small nutlike tubers 
which can be used asa highly nutri- 
tious food. (See page 35 for com- 
plete description.) 
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Poisonous - Stink Grass 


Edible - Yellow Nutsedge 


Purslane—Food 


Portulaca oleracea © 


Note: Purslane can be confused 
with White Margin Spurge, 
Hyssopspurge or Puncture Vine. 
Habitat: Rich, sandy soils, waste 
places. 

Characteristics: Prostrate pad- 
die-shaped succulent leaves, 
tiny S-petaled yellow flowers 
open in sunlight. Purslane has 
no milk. Leaves and stems suc- 
culent and make delicious food. 
Plant has a shallow tap root. 
(See page 115 for details.) 


Please Note: The following 3 

plants are look-alikes to Purslane. When viewed from a stand 
height, the look of the ground cover is similar for all of these 
plants. 


Edible - Purslane 


White Margin 
‘Spurge—Poison 
Euphorbia 


Other Names: Rattlesnake 
weed 

Habitat: Dry barren dirt 
areas along sidewalks, 
waste places. 
Characteristics: All parts 
toxic, whitish milk in stem, 
leaves. Red blotchesin each _ Poison - White Margin Spurge 
leaf. 
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Hyssopspurge— 
Poison 


Euphorbia e) 
hyssopifolia Ss 


Habitat: Grass, fields, 
crops, irrigated areas. 
Characteristics: Annual 
Toxic plant contains silicon 
in all parts Has a white 
sticky milk. Grows erect, 
stems hairless. 


Poisonous - Hyssopspurge 


Puncture Vine— 


cave 5 


zygophyllacea >< 


Other Names: 

Bullhead, goathead 
History: Native to 
Europe. 

Habitat: Roadsides, 
gardens, fields, crops. 
Characteristics: Prostrate 
plant has shallow tap root, 5-petaled yellow flowers which open 
in sun. Seedpods contain a cluster of 5 spiny burs or nutlets that 
contain the seeds. Toxic to animals and humans. 


Poisonous - Puncture Vine 
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the effect; however, it is limited by the parameters of 
clectromagnets and generator of impulses. Besides, to 
‘more powerful 


eney sources since the current in the windings of 


increase the effect it is necessary to u: 


clectromagnets determines the value of the magnetic 
field of the created quasi-monopole. 


Since the efficiency of such systems directly depends 
on the frequency and the value of changes of energy 
density in space, then in the next version of realization 
of this technology we suggest using of plasma shells 
instead of electromagnetic working surfaces. This will 
allow significant improvment in the specific parameters 
of the device. 


‘Thus let us consider general engineering principles of 
operation and outline the ways to develop this method. 
Fig 1 represents a three-layered electromagnetic emitter. 
‘This electromagnetic emitter is designed according to 
the invention in which the directed mdiation of wave 
of energy density is created along the axis of the device. 


Th 


Three-layered electromagnet with ferrite core 
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‘The device is designed according to the idea by 
Vadim A. Chernobrov for creation of the directed wave 
of energy density by means of phase shift in propagation 
of impulse front in three current branches, namely 
i, i, i,, These branches are displaced along the 
electromagnet axis at some distance d. 


“The device works in the following way When the pulsed 
generator is activated, front of current pulse i, appears 
at the output 4, Impulse front at branch 1 advances 
impulse front at branch 2 that is caused by spatial shift 
of current branches 1, 2, 3 relatively to each other along 
the electromagnet axis at the distance d. Impulse front 
at branch 2 in its turn advances impulse front at branch 3 
for a certain time T. The second output of the 
electromagnet 5 is placed in such a way that impulse 
front at branch 1 will phase lag behind the impulse front 
at branch 2 (which in its turn will phase lag behind the 
impulse front at branch 3) for the same period of time 
T. Therefore at branch 5 the united impulse front is 
generated again. 


‘Time T can be calculated in the following way: 
‘T=d/c (seconds) 


(1) 


where c is a constant of propagation of impulse front. 
‘This constant is known as velocity of light. 


At each impulse the T (i. the value of relative lag of 
impulse front) is a constant value. Thus high-frequency 
consequent excitation of layers of the electromagnet 
appears at each impulse. The frequency of the excitation 
is calculated in the following way: 


f1/T 2) 


where T is relative lag of impulse front in seconds. 


‘There is an example of frequency calculation: for 
the shift distance d=7 mm we can calculate a lag 
T = (7/2.997924)x10"'=2.335x10" (seconds) and 
frequency £=1/T approximately comes to 4.28x10" 
(Hertz) 


“Thus this design of three-layered clectromagnetic emitter 
allows creating the waves of superhigh-frequency band 
(for example of millimeter range) without the use of a 
semiconductor or other radio components. 


It is very expedient to use the electromagnets designed 


with magnetostrictive material cores, that will 
significantly increase energy density of the longitudinal 
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Appendix: Glossary of Scientific 
& Botanical Terms 


Alkaloid: Basic, bitter-tasting organic compound containing 
nitrogen and forming water-soluble salts and acids. 

Anodyne: Soothes or allays pain 

Antiscorbutic: Prevents scurvy. 

Antiseptic: Prevents infection; kills germs. 

Anti-spasmodic: Calms nervous and muscular spasm. 

‘Aphrodisiac: Increases sexual stimulation and excitement. 

Astringent: Diminishes secretion, contracts tissues. 

Areole: In cacti, a clearly defined small area that may bear felt, 
hair, spines, glocids, flowers, or new branches. 

Bacteriostatic: Inhibits the growth of bacteria. 

Balsamic: Soothes mucous inflammation, especially of respirato- 
ry and urinary tracts 

Calyx: Outer whorl of floral leaves (sepals), which may be sepa- 
rate or fused. 

Carminative: Expels gas from the stomach and intestines. 

Cathartic: Purgative 

Chibbled leaves: see Compound leaf. 

Compound leaf: Divided into two or more leaflets. The leaflets 
can be further subdivided, twice compound, or even 
thrice compound. 

Corm: Enlarged base of a stem; bulblike but solid, not layered like 
an onion. 

Cotyledon: First two leaves emerging from embryo. 

Decoction: Liquid prepared by boiling with water and straining 
the cold solution. 

Demulcent: Protects and soothes the mucous membranes. 

Diaphoretic: Increases perspiration 

Digestive: Aids digestion. 

Diuretic: increases the flow of urine. 

Dysentery: Diarrhetic condition or disease. 

Elixir: Alcoholic tincture with sugar. 

Emetic: Substance that causes vomiting. 

Emmenagosic: Brings on or regulates menstruation. 

Emollient: Soothes and softens the skin. 

Essential oil: Plant oil, usually scented, that evaporates at a low 
temperature. Also known asa volatile oil or ethereal oil 

Expectorant: Helps expel phlegm. 
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Extract: Dry, soft, or liquid preparation. A fluid extract may be 
prepared with alcohol, distilled water, or alcohol and 
water. 

Febrifuge: Substance that lowers a high temperature or prevents 
fever. 

Glocids: Thin barbed bristle, produced in the aereoles of chollas, 
prickly pears, and a few other cacti 

Glycoside: Compound combining sugar and nonsugar units. 

Hemostatic: Arrests bleeding, 

Hepatic: Beneficial to the liver. 

Infusion: Liquid prepared by pouring on boiling water and later 

straining the cooled solution. 
ative: Mild purgative. 
‘aflet: Division of a compound leat. 
jacerate: Soak in liquid to soften and dissolve. 

Mucilage: Gelatinous substance swelling, but not dissolving in 
water. 

Narcotic: Induces sleep or drowsiness. 

Nerve tonic, nervine: Stimulates the nervous system. 

iment: Salve or unction for application to the skin. 

Panicle: Loose, irregularly branched inflorescence with stalked 
individual flowers. 

Pectoral: Relieves coughing and promotes expectoration. 

Plaster: Preparation spread on material and stuck to the skin. 

Potherb: Plant cooked as a green. 

Poultice: Soft paste, hot or cold, wrapped in cloth and applied 
externally. 

Pubescent: Covered with fine, soft hairs. 

Salve: Unctuous adhesive substance applied to wounds or sores. 

Sauté’: To fry quickly, stirring constantly, until lightly browned. 

Seed head: Part of plant that holds a group of seeds. 

Sedative: Having a calming and soothing effect. 

Stomatic: Aids in digestion and stimulates the appetite. 

‘Stimulant: Excites the functions of various organs. 

Stir-fry: To fry quickly in hot oil over very high heat, stirring until 
food is cooked. 

Styotic: Astringent, checks bleeding, 

Sundries: Accessories 

Tertiary: Third set of leaves of seedling; may or may not display 
adult attributes of plant. 
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Tincture: Extract of drug, usually dissolved in alcohol. 

Tisane: Dilute plant infusion or tea. 

Tonic: Stimulates the activity of an organ. 

Tubers: Modified, swollen root. 

Unction: Soothing or healing salve, ointment. 

Volatile oil: See essential oil 

Winnow: To place seed heads in basket, and move up and down 
to allow the chaff (inedible parts of the grain) to fly out of 
the basket, leaving the seeds. 

Whole-leaf tea: Tea made with the whole leaf, not crushed; also 
tea made with whole twig, not pulverized. 


Edible Centerpiece 
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Don’t Forget- 
We have extras for you! 


When you go into the kitchen to try the 
fabulous recipes contained in this book, you very 
well may not want to drag your computer with you! 
Printing is disabled in this eBook, but we have the 
whole printable Recipe Section waiting for you. If 
you act now, we will include a Free Subscription to 
Linda Runyon's Newsletter! 


Just go here and we'll send them to you. (If 
your computer can't handle the direct link, please 
type the web address below into your browser's 
address bar and fly over to Linda's site.) 


http://www.ofthefield.com/eBookSpecialOffers.htm 


This is a secret back door for eBook owners 
like yourself ONLY, and can't be found by coming 
in the front door of the site. 


Your email address is never given to third parties. 
Itis our strict policy. 
You may opt out at any time. 
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wildemess. setting was the background for her own = 

‘wilderness experiences, homesteading on the outskirts of = _Ta 
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Starvation is impossible with this hook. 


“This book shows how to identity, gather and prepare 
edible wld foods no matter where you live, This is one 
‘of the most empowering books | have ever read. 
‘There is no doomsday. Look down and eat up!” 

~Reader in USA 


“You'll never see the planet the same way after 
this survival guide!” Biology student, ASU 
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\- i “These plants ate even in the 


sidewalks cracks in Manhattan. 
Justamazing!” —-Evelyn, NYC 
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wave, which is generated by the multilayer electromagnet. 
In Fig. 2 there is an emitter with the core. In the case of 
high-frequency ferromagnetic magnetostrictive materials 
6 the efficiency of emitter operation significantly 


Fig. 3 
Spherical design 


Fig 3 represents the spherical distribution of emitters 7 
at the upper 8 and lower 9 hemisphere of the frame 
which could be opened in order to place detectors and 
different objects inside. It can also allow to establish in 
what way the changes of density of space energy 
influence the properties of different materials, velocity 
of physical and biological processes as well as chemical 
reactions. The installation of detectors 10 inside the 


device is shown on Fig. 4 


Fig. 4 
Detectors inside the system 


Another version of design is represented in Fig. 5, where 
the suggested method is walized by means of a spherical 
electric capacitor with three coats 11, 12, 13. Each 
capacitor coat is connected to the outlet of three-phase 
pulsed generator 14, 


7 


"| 


Three-layered spherical capacitor 


In this case the wave of energy density is created without 
electromagnetic emitters and this principle is not related 
to the modelling of magnetic quasi-monopole. The 
device operates due to the control unit, which provides 
the high-frequency changes of electric potential at each. 
coat in such a way that the mode of high-frequency 
converging or diverging wave of energy density is 
created. In fact it is a standard three-phase generator 
but it produces not the rotation of the rotor of some 
clecttmmotor but “compression” or “decompression” 
of aether. Acther is “pumped” in the center of the 
device or “pumped out” of the center. 


In this case there is no need to tune sepamte sources of 
waves to make the device work in in-phased mode. It 
ensures reliability of the device operation if to be 
compared to the quasi-monopole. Besides, much less 
energy is necessary for the processes of charging and 
discharging of multi-layer spherical electric capacitor 
than for creation of magnetic field by means of 
conductivity currents. 


Since the efficiency of such systems directly depends 
on the frequency and value of changes of energy density 
in space, we suggest the use of plasma shells instead of 
electromagnetic work surfaces for the next version of 
the device. It will allow significantly improvment in the 
specific parameters of the device. For that it is enough 
to place the electrodes of the multi-layers capacitor in a 
low-pressure gas area and these electrodes should be 
made as gauze electrodes. At that the wave is created in 
plasma, which is excited layerwise by several gauze 
electrodes placed in a spherical space betw 
and outer spherical bodies of the device. Therefore this 


sn the inner 


version of design of the device can be considered as, 
the manipulation of the plasma method. 


‘New Energy Technologies, Issue #3 May - June 2003 
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Techniques of Grafting 


learning objectives INTRODUCTION 


+ Explain the requirements for 


at arfil geieae Since people first learned to graft plants, a myriad of grafting techniques 


have been developed. In The Grafier’s Handbook, Garner (19) enumer- 

prrcatlcae let oeias ates and describes some forty different grafts. 
peat acca ates Ce Here we describe the most important grafting methods. Among them, 
i= a person who can use a sharp knife can find one that meets any specific graft- 
wi ioces tia peapatenin i ing need. However, successin grafting depends not only on a technically cor- 
rect graft but in preparation of the scion and rootstock for graftage. Equally 


grafting—tools, accessories, 
Fradtines: sotefranion, eral critical are the optimum time for grafting, and proper afercare. 


proceasing sclanwondd With high labor costs, only a few of the more efficient grafts are uti- 
«Explain the craftsmanship of lized in United States woody ornamental nurseries, including the side 
grefting—manual tachniguies, vencer, splice (whip graft), and whip-and-tongue graft; use of approach 
record keeping, and and repair graftage is limited. With fruie crops, depending on the species, a 
mechanization, number of different apical, side, and root grafts are utilized around the 
* Describe the aftercare of world. Chip budding and T-budding, which are described in detail in 
grafted plants—in bench Chapter 13, are two of the most common budding methods for woody 
grafting systems, and field omamentals and fruit crops. Vegetable grafting has increased dramatically 
and nursery grafting systems. worldwide—and is commonly done in Asia and Europe where land is 
+ Identify field, bench, and mis- intensively used and crops are not rotated. Grafting onto rootstock resist- 
cellaneous grafting systems. ant to soil pathogens and environmental stress helps increase yield and 


reduce chemical usage (12, 21, 34), For example, some of the most impor- 
tant grafts with cucurbit vegetables (melon, squash) include hole insertion 
grafting, congued approach, and one cotyledon graft (also known as the 
splice, slant, o the Japanese tube graft), which are described in the chapter. 
Some robotic vegetable grafting machines can produce 800 grafts per hour. 

‘This chapter is divided into three sections: (a) the types of grafts, 
(b) production processes of graftage—including the preparation, 
craftsmanship, and aftercare of grafied plants, and (c) grafting systems, 
including field grafting, bench grafting, and miscellaneous grafting 
systems—such as herbaccous graftage, cutting grafis, and micrografting. 


REQUIREMENTS FOR SUCCESSFUL GRAFTING 


For any successful grafting operation, producing a plant, as shown in 
Figure 12-1, requires five important elements: 


1. The rootstock and scion must be compatible, They must be 
capable of uniting. Usually, but not always, closely 
related plants, such as ewo apple cultivars, can be grafted 
together, Distantly related plants, such as oak and apple, 
cannot make a successful graft combination (see Chapter 
11 for a discussion of these factors). 
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(b) 


Figure 12-1 
Cultivar of Japanese maple (Acer palmatum) grafted on seedling raatstack, The 
characteristics af the genetically different scion and roctstack remain distinctly 
different after grafting, exactly to the junction (arrow) of the graft union. a) Prepping 
seedling rootstock (b) Attaching darker scion via side veneer graft. (c) Composite 
plant with grafted cultivar leafing out Cautesy 8 Upchurch 


2. The vascular cambium of the scion must be placed 
in direct contact with that of the rootstock, The cut 
surfaces should be held together tightly by 
wrapping, nailing, wedging, or some similar 
method. Rapid development of the graft union is 
necessary so that 
the scion may be 
supplied with water 
and nutrients from 
the rootstock by the 
time the buds start 
to open, 

3. The grafting operation must be done ata time when 
the raosstack and scion are in the proper physialogi 
cal stage. Usually, this means that the scion buds 
are dormant while at the same time, the cut 


vascular cambium 

The tissue responsible 
for the formation of 
new xylem and phloem, 
in the development of a 
successful graft union. 


tissues at the graft union are capable of producing 
the callus tissue necessary for healing of the graft. 
For deciduous plants, dormant scionwood is 
collected during the winter and kept inactive by 
storing at low temperatures. The rootstock plant 
may be dormant or in active growth, depending 
upon the grafting method used. 

4, Immediately after the grafting operation ix completed, 
all cut surfaces must be protected from desiccation. 
“The graft union is covered with tape, grafting wax, 
Parafilm tape, Buddy Tape, or the grafts are placed 
in moist material or a covered grafting frame. 

5. Proper care must be given to the grafts for a period 
of time after grafting. Shoots (suckers) coming 
from the rootstock below the graft will often 


choke out the desired growth from the scion. In 
some cases, shoots from the scion will grow so 
vigorously that they brcak off unless staked and 


tied or cut back. 


TYPES OF GRAFTS 


Grafting may be classified according to the part of 
the rootstack on which the scion is placed—a root, or 
various places in the top of the plant. Types of grafts can 


be categorized as (1) 
detached scion 
grafiage, which 
includes apical, side, 
bark, and 
sgrafiage; (2) approach, 
graftage, where the 
root system of the 
scion and the shoot 
system of the root 
stock are not removed 


root 


until after successful 
graft union formation 
occurs; and (3) repair 
graftage of estab- 
lished trees. The 
agrafts that are catego- 
rized in Tables 12-1 
and 12-2 are 
described in greater 
detail later in the chapter. 


detached scion graftage 
A type of graft used when 
a section of the shoot of 
the scion is removed and 
grafted to the apex or 
side of the rootstock. Itis 
also used in grafting roots 
(root graftage). 

approach graftage The 
roat system of the scion 
and shoot system of the 
rootstock are not removed 
until after successful graft 
union formation occurs, 
repair graftage Graft 
used in repairing or 
reinforcing injured or 
weak trees. 
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Table 12-1 
Types oF GRAFTS 


|. Detached Scion Graftage 
A. Apical Graftage 
‘Whip-and-tongue graft 


Splice graft (whip graft; with vegetables—One cotyledon graft [OCG] or Japanese tube graft) 


Cleft graft (split graft) 
‘Wedge graft (saw-kerf graft) 
Saddle graft 

Fourflap graft (banana graft) 


Hole Insertion Graft (HIG) or Terminal/Tip Insertion graft with vegetables 


Side Graftage 
Side-stub graft 
Side-tongue graft 
Side-veneer graft 
Side insertion graft (SIG) with vegetables, 
. Bark Grafta 
Bark graft (rind graft) 
Inlay bark graft 
. Root Graftage 
‘Whole-root and piece-root grafting 
Nurse-root grafting 
Il. Approach Graftage 
Spliced approach graft 
Tongued approach graft (TAG) 
Inlay approach graft 
I. Repair Graft 
Inarching 
Bridge graft 
Bracing 


Table 12-2 


UmiizaTION AND RooTsTock CRITERIA OF SELECTED GRAFTS 


Graft type Diameter of rootstock 


Rootstock condition 


Uses 


Whip-and-tongue graft Small 6 to 13 mm (1/4 to 
41/2 in); same diameter 


Whip graft (splice 
graft) —also called One 
cotyledon graft (OCG) 
or Japanese tube graft 

vegetables, 

Cleft graft (split graft) 


Wedge graft (saw-kert 
graf) 
Saddle graft 


Fourlap graft (banana 
graft) 

Hole insertion graft (HIG) or 
TTerminal/Top insertion 
graft 


Small: 6 to 13 mm (1/4 to 
1/2 in); same diameter 
‘as scions; See Figure 
12-46 for schedule. 


Moderate: 25 to 10 em 
(1 t0 4in) 

Moderate: 25 to 10 em 
(1 to 4in) 

Small: 6 to 19 mm (1/4 to 
3/4 in); same diameter 

Small: up to 2.5 em (1 in 
same diameter as scions 


Dormant; however, active 
with bench grafting of 
container rootstock 


Dormant; however, active 
with bench grafting of 
container rootstock, 
greenwood grafting, 
and vegetable crops 

Dormant—before active 
growth starts in spring 

Dormant—before active 
growth starts in spring 

Dormant 


‘Active; bark must be 
slipping 


Bench grafting; container 
grafting; some topworking 
infield; root grafting; a 
popular graft 

Bench grafting; container 
grafting; some topworking 
in field; grafting of 
vegetable liner plants; root 
grafting; a popular graft 

Topworking in field 


Topworking infield 


Bench grafting via hand or 
machine; container 
grafting; root grafting 

Topworking small caliper 
trees 

Bench grafting; container 
grafting of liner vegetable 
plants 
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Graft type Diameter of rootstock Rootstock condition Uses 
Side-stub graft Small to moderate Dormant TTopworking in field 
rootstock larger than 
scion: grafted on 
rootstock branches up to 
2.5 cm (1 in) in diameter 
Side-tongue graft Small: to19 mm (1/4 to Dormant Bench grafting; container 
3/4 in); diameter of ‘grafting of broad- and 
scion slightly smaller narrow-leaved evergreen 
than rootstock species 
Side-veneer graft Small: to19 mm (1/4 to Dormant Bench grafting; container 
3/4 in); same diameter {grafting of smaller liner 
as scion potted plants; a popular 
‘graft for conifers, 
deciduous trees and 
shrubs, and fruit crops 
Side insertion graft (SIG) Works well using Active Bench grafting; container 


vegetable rootstock 
with wide hypocotyls. 


Bark graft (rind graft) Large: 2.5 to 30 em 
(1 t0 12 in). 

Inlay bark graft Large: 25 to 30 em 
(1 to 12 in). 


Spliced approach graft Small: 6 to 19 mm (1/4 to 
3/4 in); same size as 
scion; exception is 
mango grafting in India 
con larger, established 
trees 

Small: 6 to 19 mm (1/4 to 
3/4 in); same size as 


Tongued approach graft 
(TAG) 


Inlay approach graft Small: 6 to 19 mm (1/4 to 
3/4 in); bark of 
rootstock is thicker than 

Inarching Large: 15 em (6 in) and 
larger 

Bridge graft Large: 15 em (6 in) and 
larger 

Limbs of tree bound by 
pulling together two 
strong young lateral 
shoots from limbs to be 
braced 


grafting of liner vegetable 
plants 
Active; bark must be Topworking in field 
slipping 
Active; bark must be 
slipping 
Active 


Topworking in field (e.g., 
pecans) 

Container grafting with 
diffcult-to-graft species; 
scion and stock grafted as 
two independent, setf- 
sustaining plants; only 
limited topworking in field 

Container grafting with 
diffcult-to-graft species; 
scion and stock grafted 
{as two independent, self- 
sustaining plants; also 
used with vegetables 

Container grafting with 
diffcult-to-graft species; 
scion and stock grafted 
‘as two independent, 
self-sustaining plants 

Used to replace a weak or 
damaged roat system of 
an established tree 

Repair injury to trunk of tree 


Active 


Active 


Dormant 


‘Active; bark must be 
slipping 

‘Active or dormant Natural grafting used to 
strengthen scaffolding 
limbs of a tree 


Detached Scion Graftage— 

Apical Graftage 

‘There are many variations of apical graftage. As the 
name suggests, the scion is inserted into the top of the 
severed rootstock shoot. 


Whip-and-Tongue Graft ‘The whip-and-tongue gral, 
shown in Figures 12-2 and 12-3, is particularly useful for 
grafting relatively small material about 6 to 13 mm (1/4 to 
1/2 in) in diameter. Ie is highly successful if done properly 
because there is considerable vascular cambium contact, 
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PREPARING THE STOCK 
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PREPARING THE SCION 


‘Along, sloping cutis 
‘made at the base of 
the scion the same 
length as the cut on 
the slock. 


A second cutis 
made under the fs, 
Just as forthe stock. 


The stock and scion are sipped 
together, the tongues interocking, 


fa) 


Figure 12-2 
Whip-and-tongue graft (a) This mathod is widely 
grafts as illustrated here. (b) Whip-and-tongue of be! 


plus it heals quickly and makes a strong union. Preferably, 
the scion and rootstock should be of equal diameter. The 
scion should contain two or three buds, and the graft 
made in the smooth internodes area below the lower but. 

The cuts made at the top of the rootstock should 
he the same as those made at the bottom of the scion. 
First, a smooth, sloping cut is made, 2.5 to 6 em (1 to 
21/2 in) long; longer cuts are made when working 
with large material, This first cut should preferably be 
made with one single stroke of the knife, in order to 
leave a smooth, flat surface. To do this, the knife must 
he razor sharp. Wavy, uneven cuts made with a dull 
knife will not resule in a satisfactory union, 


“The gralt is then tad and waxed. 


| 


in grafting small plant material and i 
grafted pear 


(b) 


specially valuable in making roat 


(On each of these cut surfaces, a reverse cut is made. 
Ik is started downward ata point about one-third of the 
distance from the tip and should be about one-half the 
length of the first cut. To obtain a smooth-fitting graft, 
this second cut should not just split the grain of the 
wood but should follow along under the first cut, tend- 
ing to parallel it 

The rootstock and scion are then inserted into 
cach other, with the tongues interlocking, It is extremely 
important that the vascular cambium layers match 
along at least one side, preferably along both sides. The 
lower tip of the scion should not overhang the stock, 
because it increases the likelihood of the formation of 
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(d) 


large callus knots. The use of scions larger than the root- 
stock should be avoided for the same reason. 

After the scion and rootstock are fitted together, 
they are securely tied with budding rubber strips, plastic 
(poly) budding/grafting tape, or raffia, It is important 
that the tissues in the graft union arca not dry out, so 
cither sealing the graft union with grafters was, Parafilm, 
or Buddy Tape, or placing the plants under high relative 
humidity, is essential until che graft union has formed. 

In bench graftage (page 502) the bare-root 
grafted plants can be stored in a grafting box (without 
scaling the graft union with grafter’s wax) and packed 
with slightly moist peat or bark. Grafted plants in liner 
pots can be placed in a polytent in a temperature-con- 
trolled greenhouse (Fig. 12-4). If bare-root, bench- 
grafted plants are to be dircetly planted in a field nurs- 
cry, the graft union is temporarily placed below the soil 
level, Any poly budding tape will need to be removed 
after graft union formation to prevent girdling the 
stem. Grafis wrapped with budding rubbers and tem- 
poratily covered with soil or media should be inspected 
later; the rubber decomposes very slowly below ground 
and may cause a constriction at the graft union. 

If the whip-and-tongue graft is used in field graft- 
ing, the graft union of the topworked (page 422) plant 


Oo 


Vi 


Figure 12-3 
Procedures in making a whip-and- 
tongue graft: (a) Slice cut is made 
across both the rootstock and scion, 

(6) A second cut is made to the tongue; 
the grafter's hands are locked tagether 
to avoid injury (c and ) Fitting and 
lacking the tongues of the graft 
partners. (2) Wrapping the whole-roct 
apple graft with grafting tape. 


must be tied and sealed with grafter’s wax, Parafilm, or 
Buddy Tape. Aftercare of grafted plants is further 
described in the section “Production Processes of 
Grafiage” (page 491). 


Splice Graft (Whip Graft) The splice graft is simple 
and easy to make (Fig. 12-5). It is the same as the 
whip-and-tongue graft except that the second, or 
“tongue,” cut is not made in cither the rootstock or 
scion. A simple slanting cut of the same length and 
angle is made in both the rootstock and the scion. 
‘These are placed together and wrapped or tied as 
described for the whip graft. Ifthe scion is smaller than 
the rootstock it should be set at one side of the root 
stock so that the vascular cambium layers will match 
along that side (Fig. 12-5). 

“The splice graft is particularly useful in grafting 
plants that have a very pithy stem or that have wood 
that is not flexible enough to permit a tight fit when a 
tongue is made as in the whip-and-rongue graft. The 
splice graft is used in greenhouse production of veg- 
ctable crops for grafting discase-resistant rootstocks. 
For vegetable crops such as cucurbits or Solanaceae, this 
graft is sometimes referred to as One Cotyledon 


Grafting (OCG), the slant graft, or Japanese tube graft 
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Vascular 
Cambium 


(a) 
Figure 12-5 
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Figure 12-4 
Polytent or closed cae system far 
‘maintaining grafted plants under high relative 
humidity. Light intensity and temperature are 
controlled in the greenhouses. (a) After the 
cfafted Japanese maples and (b) conifer 
‘rafts have callused, the poly cover is 
removed; the poly was temporarily lifted so 
the grafted plants could be photographed, 
(cand d) The majority of Korean and 
Japanese vegetables are produced fram 
ffafted plants. The grafted plants are initially 
placed in the dark er under very law light 
intensity and high relative humidity until the 
cfaft has healed. Photo ard dcouny M Peet 


Scion 
Vascular 
Cambium 
of rootstock 
‘The vascular cambium 
layers are matched on | 
only one side 
a4 
The sions placed on 
one sid o the rootstock ootstck 


FRONT VIEW SIDE VIEW 


(b) 


Splice graft (whip graft). (a) Procedures in making the splice graft with a slice cut that slants across the grafting partners. Ideally, 
the rootstack and scion are af the same caliber. (b) Methad af making a splice graft when the scian is considerably smaller than 
the rootstock. It is important that the cambium layers be matched on ane side. 
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BOX 12.1 


GETTING MORE IN DEPTH ON THE SUBJECT 
CORRECT INSERTION OF THE SCION 


% 


In all types of grafting, the scion must be inserted right 
side up. That is, the apical tip of the buds on the scion 


(Figs. 12-6 and 12-7) (11, 12, 21). The graft can be 
performed manually or with sophisticated, robotic 
gtafting machines; see Figures 12-43, 12-44, and 
12-45, pages 498-99, The rootstock and scion must be 
held together while tying the splice graft. In field graft- 


‘should be pointing upward and away from the rootstock. 
The graft will not be successful if this rule is not observed. 


ing, it is not a conyenient method to use at ground 
level, and must be performed higher up on the root- 
stock, where the grafter must do both the cutting and 
tying. The whip-and-tongue does not have this limita- 
tion, since the tongue holds the graft together, so that 


Figure 12-8 
One cotyledon grafting 
(OCG), which is a form of the 
splice graft used with eucurbit 
vagatable crops; also called 
the slant graft and Japanese 
tube graft (12, 21). tlstations 


courtesy L Hassall 


Figure 12-7 
(One cotyledon grafting (OCG): A form of splice graft used 
with cucurbits (a) Preparation of squash rootstock leaving 
2 single cotyledon leaf. fe) Watermelon scion with slant 
Cut. (€) Plastic ep used to hold scion and rootstock 

(d and e) Plastic clips used to hold watermelon scion and 
squash rootstock. (f) Grafts are allowed to heal under very 
high humidity and dark to very low light conditions until 
graft unian formation has occurred. (a) Successfully healed 
OCG. Photas courtesy af LH 
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grafter The person 
cutting the stock and scion 
and inserting the scion 
piece. 

Tier The person who 
completes the grafting 
process by tying, and 
sometimes waxing, the 
graft area. 


the grafter has both 
hands free for tying, 
or the fitted graft can 
be left for a helper or 
“tier” to tic and seal. 
A splice graft is used 
in bench grafting 
and grafting of con- 
tainer plants. 


Cleft Graft Split Graft) The cleft or split grat is one of 
the oldest methods of field grafting. Ie is used to topwork 
trees, cither in the trunk of a small tree or in the scaffold 
branches of a larger tree (Figs. 12-8 and 12-9). Cleft 
grafting is used for crown grafting (see the “Grafting 
Systems” section, page 504) or grafting smaller 
plants such as established grapevines or camellias. In 


PREPARING THE STOCK 


‘The stub is spit 
several em (in) 


‘Asmoothstralght- 
‘grained section should 
be used eo the spit 
vill be even 


=a— 


oS 


topworking trees, this method should be limited to root- 
stock branches about 2.5 to 10 cm (1 to 4 in) in diame- 
ter, and to species with fairly straight-grained wood that 
will split evenly. 

‘Although cleft grafting can be done any time dur- 
ing the dormant season, the chances for successful heal- 
ing of the graft union are best if the work is done in 
carly spring just when the buds of the rootstock are 
beginning to swell, but before active growth has 
started. IF cleft grafting is done after the tree isin active 
growth, the bark of the rootstock may separate from 
the wood, making it difficult to obtain a good union. 
When this separation occurs, the loosened bark must 
be firmly nailed back in place. The scions should be 
made from dormant, 1-year-old wood. Unless the 
grafting is done early in the season (when the dormant 
scions can be collected and used immediately), the 


PREPARING THE SCION 


‘The outside edge of 
the wedge should be 
slighty thicker 
than the ins, 


INSERTING THE SCIONS INTO THE STOCK 


“The splitin the stock is 
held open by a wedge for 
insertion of he seins, 


astub, one 
the spit. The scions must 
be carelully placed so the 
ceamblum ayers mate, 


isthen t 
‘rating 


Aftor the scions are propery placed, 
‘he wedge is withdravn. The entire 
union, including the tips f the scion, 


Figure 12-8 
Steps in making the cleft graft 
(eplit graft). This method is very 
Widely used and is quite 
successful if the scions are 
inserted so that the cambium 
layats of stock and scian match 


thoroughly covered with 
properly 
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scionwood should be collected in advance and refriger- 
ated. In sawing off the branch for this and other top- 
working methods, the cut should be made at right 
angles to the main axis of the branch, 

In making the cleft graft, a heavy knife, such as a 
butcher knife, or one of several special cleft grafting 
tools, is used to make a vertical split for a distance of 
5 to 8 cm (2 to 3 in) down the center of the stub to be 
grafted (Figs, 12-8 and 12-9). This split is made by 
pounding the knife in with a hammer or mallet. The 
branch is sawed off in such a position that the end of 
the stub that is left is smooth, straight-grained, and free 
of knots for at least 15 cm (6 in). Otherwise, the split 
may not be straight, oF the wood may split one way and 
the bark another. The split should be in a tangential 
rather than radial direction in relation eo the center of 
the tree to permit better placement of the scions for 
their subsequent growth, Sometimes the cleft is made 
by a longitudinal saw cut rather than by splitting, After 
a good, straight split is made, a screwdriver, chisel, or 
the wedge part of the cleft-grafting tool is driven into 
the top of the split to hold it open. 

‘Two scions are inserted, one at each side of the 
stock where the vascular cambium layer is located. The 
scions should be 8 to 10 cm (3 to 4 in) long, about 10 


2) 


Figure 12-9 
(@) Tools used in making a cleft (split) graft, (6) Making 
ft by splitting the ractstack top. (c) Scionwwood 

with the outside wedge slightly thicker than the inside. 
(6) Inserting the frst af two scions, The split rootstock 
is temporarily separated by the tool. (e} Cleft gr 
yellow kiv (ecion) to replace the standard kiwi 


to 13 mm (3/8 to 1/2 in) thick, and should have two or 
three buds. The basal end of each scion should be cut 
into a gently sloping wedge about 5 cm (2 in) long, Itis 
not necessary that the end of the wedge come to a 
point. The side of the wedge which is to go to the outer 
side of the rootstock should be slightly wider than the 
inside edge, Thus, when the scion is inserted and the 
tool is removed, the full pressure of the split rootstock 
will come to bear on the scions at the position where 
the vascular cambium of the rootstack touches the vas- 
cular cambium layer on the outer edge of the scion, 
Since the bark of the rootstock: is almost always thicker 
than the bark of the scion, it is usually necessary for the 
outer surface of the scion to set slightly in from 
the outer surface of the rootstock in order to match the 
vascular cambium layers 

The long, sloping wedge cuts at the base of the 
scion should be smooth, a single cut on each side made 
with a sharp knife, Both sides of the scion wedge 
should press firmly against the rootstock for their entire 
length. A common mistake in cutting scions for this 
type of graft is to make the cut on the scion too short 
and the slope too abrupt, so that the point of contact is 
only ar the top. Slightly shaving the sides of the split in 
the stock will often permit a smoother contact. 


Fig 6 is a plan of one more design version. It is made as 
an inner frame 15 and outer frame 16, the space between 
them is filled with some gas 17. Three electrodes 18, 19 
and 20 are connected to the three-phase pulsed generator 21 

Consequent excitation of plasma layers by 
electrodes 18, 19 and 20 creates the wave of energy 
density. Propagation of this wave can be directed both 
to center of the device and from the center of the device. 


Fig. 6 
Wave in plasma 


& 


Q 


Q 


& 
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In Fig. 7 there is a schematic electric diagram of the 
design. 


New Energy Technologies, Issue #3 May - June 2003 


‘To conclude. ‘The work on time control has just started. 
We have clearly determined the main physical principles 
of operation of such devices, which can change the 
aether density in some given volume of space and thus 
influence temporal parmeters of any physical process. 
The small experimental results today allow us to make 


real positive condusion on availability of this method 
and on the possibility of its practical application in 
applied aspects. ‘The first aspect is antigravitation 
propulsion technology and we are developing the 
methods to detect mass (weight) changes in the time 
control experiments to prove this applied possibility 
Another area is medical applications of the changes in 
the aether density 


Russian Federation patent claim #20031 10067 was filled 
April 9, 2003. At present time we are interested in 
marketing for this technology as well as in search of 
additional investment and partners. 
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After the scions are properly made and inserted, the 
tool is withdrawn, without disturbing the scions, which 
should he held tightly by the pressure of the rootstock so 
that they cannot be pulled loose by hand. No further 
tying or nailing is needed unless very small rootstock 
branches have been used, In this case, the top of the root- 
stock can be wrapped tightly with poly grafting tape or 
adhesive tape to hold the scions in place more securely. 
‘Thorough waxing of the completed graft is essen- 
tial, The top surface of the stub should be entirely cov- 
ered, permitting the wax to work into the split in the 
stock, The sides of the grafted stub should be well cov- 
cred with wax as far down the stub as the length of the 
split. The tops of the scions should be waxed but not 
necessarily the bark or buds of the scion. Two or three 
days later, all the grafts should be inspected and rewaxed 
where openings appear, Lack of thorough and complete 
waxing in this type of graft is a common cause of failure. 


Wedge Graft (Saw-Kerf Graft) Wedge grafting is illus- 
trated in Figure 12-10, Like the deft graft it can be made 
in late winter (in mild climates) or early spring before the 
bark begins to slip (separates easily from the wood). 

‘The diameter of the stock to be grafted is the 
same as for the cleft graft—5 to 10 em (2 to 4 in), and 
the scions are also the same size—10 to 13 cm (4 to 
5 in) long and 10 to 13 mm (3/8 to 1/2 in) in thickness. 

A sharp, heavy, short-bladed knife is used for mak- 
ing a V-wedge in the side of the stub, about 5 em (2 in) 
long, Two cuts are made, coming together at the bottom 
and as far apart at the top as the width of the scion, 
‘These cuts extend about 2 em (3/4 in) deep into the side 
of the stub, After these cuts are made, a screwdriver is 
pounded downward behind the wedge chip from the top 
of the stub to knock out the chip, leaving a V-shaped 
opening for insertion of the scion. The base of the scion 
is trimmed to a wedge shape exactly the same size and 
shape as the opening. With the two vascular cambium 
layers matching, the scion is tapped downward, firmly 
into place, and slanting outward slightly at the top so 
tha the vascular cambium layers cross, Ifthe cut is long 
enough and gently tapering, the scion should be so 
tightly held in place that it would be difficult co dislodge 

Ina stub thar is 5 cm (2 in) wide, 2 scions should 
he inserted 180 degrees apart; in a 10-em (4 in) stub, 
3 scions should be used, 120 degrees apart. Afterall scions 
are firmly tapped into place, all cut surfaces, including 
the tips of the scion, should be waxed thoroughly. 


Saddle Graft ‘The saddle graft can be bench grafted by 
hhand or machine (sce Fig. 12-41, page 497). The root- 
stock and scion should be the same size. The scion is 


prepared by cutting upward through the bark and into 


— 


o 


the wood on opposite sides of the scion (Fig. 12-11, 
page 476). The knife should penetrate more deeply into 
the wood as the cuts are lengthened, Before the knife is 
withdrawn, itis turned towards the middle of the scion 
piece, and the saddle shape is gradually formed by 
removing picces of the wood. ‘The rootstock is cut trans- 
versely and receives two upward cuts on cither side to 
expose the vascular cambium of the rootstock, in order 
to match vascular cambium in the saddle of the scion. 
‘The apex of the rootstack is carved to fit the saddle, The 
graft needs to be tied, and all exposed cut surfaces sealed 
or stored in a grafting case until the graft union has 
formed. The saddle graft is used for bench grafting grape 
and Rhododendron cultivars (19). 


FourFlap Graft (Banana Graft) The four-flap graft is 
used in topworking small-caliper trees or tree limbs up 
to 2,5 cm (1 in) in diameter. This field graft is normally 
done manually (Figs. 12-12 (page 476) and 12-13 
(page 477)], but there is a tool chat aids in stripping the 
rootstock bark flaps from the wood (Fig. 12-13). Both 
the scion and rootstock should be of equal diameter, 
and the best fit is obtained when the scion is slightly 
larger than the rootstock. The four-flap graft is done 
with pecans in Texas from April to mid-May, when the 
rootstock bark is actively slipping (39). Scionwood, 
which is collected while dormant during the winter, is 
taken from cold storage and used immediately. 

“The rootstock with a primary stem or lateral limb 
is severed horizontally with sharp pruning shears, On 
the rootstock where the horizontal cut was made, 4 ver- 


tical, equally spaced cuts 4 cm (1.5 in) long are made 
with a grafting knife that penetrates from the bark down. 
to the interior wood. A 15 cm (6 in) piece of scionwood 
with 3 axillary buds is cut on 4 sides with a knife, Cuts 
are made on the scion through the bark down to the 
wood—without removing much wood. There should 
be 4 thin slivers of bark, with the vascular cambium at 
the corners, which gives the prepared scion a square 
diameter appearance. The 4 flaps of bark are pulled 
down 4 em (1,5 in) on the rootstock, and the inner 
wood is removed with pruning shears. The scion piece is 
crted upright on the rootstock and the 4 flaps of the 
rootstock are pulled up to cover the 4 cut surfaces of the 
scion, A rubber band is rolled up onto the flaps to hold 
them in place, The cut flap areas are then tied with flag- 
ging tape, green floral tape, of white budding tape, The 
tip of the scion is painted with tree paint or sealed with 
white glue to prevent it from drying out, 

‘Then the taped graft area is covered with alu- 
minum foil to protect it from heat. A hole is made in 
the comer of a clear poly bag (freezer bag) and the poly 


Oo 
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PREPARING THE ROOTSTOCK PREPARING THE SCION 


‘Aheavy sharp init The scion should be about 


10 to 13.cm (4 to 5 in.) long, 
pout obese ‘olen (ew i2h) 
teste oma tis anion 

healthy vegetative buds. 

‘The basal ends should be 

ccuttoa V-shaped wedge, 

rosy oy 

the stock. 

Ascend 
to flip out the V-shaped 


chi, leaving a space 
for insertion of the 
scion, 


INSERTING THE SCIONS 


INTO THE ROOTSTOCK 


‘The scion is genty tapped Scion shouldbe inserted atan After sions are in place 
into the V-shaped opening in angle so thatthe cambium all cut surfaces are 

the stock, matching the layers of stock and scion are thoroughly covered wih 
cambium layers ata sight closely matched, barely grating wax 

angle so tat the cambium crossing each other 
(of stock and scion cross. 


(gy) 


Figure 12-10 
(2) Wedge graft (saw-kert graft). Sometimes called the saw-kerf because the cuts in the side of the rootstock can be made with 
2 sav, rather than with the sharp toal depicted. (o, c,d, e, and f) Wedge graft of cherry whips in field using one scion piece. 
(b) Timming scionwood with grafting knife, (c and d) inserting scionwood into rootstock, (e) wrapping graft with poly, (sealing 
with grafting wax—notice wax container (arrow) and (g) tied graft with poly and grafting wax covering battom of scion and graft 
Union area (arrow) used to fill n tissue separation. 

475 
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Scion, 


ootstock 


Vio 


Figure 12-11 
Steps in making the saddle graft, The scion is cut to have a 
saddle appearance and the understock to form a blunt paint. 
The cambium layers are matched up and the graft tied, 


slid down over the graft area so that itis just covering 
the aluminum foil (no poly should cover the apex of 
the scion, nor should it touch any exposed wood). Air 
is expelled so the poly fits snugly over the aluminum 
foil, and ie is vied at both ends with stretchable plastic 
budding tape or rubber bands, The function of the 
poly bag is to maintain a high relative humidity in 
the graft area. In 4 to 6 weeks after the graft has taken, 
the ties, poly bag, and aluminum foil are removed. 

The vegetative growth of the rootstock plant 
must be kept in check, since many new shoots will 
appear on the rootstock below the graft. Some of these 
shoots are needed for maintaining tree vigor, but the 
rootstack shoots should not become dominant or 
exceed the height of the scion—the growing tips of the 
rootstock shoots will have to be removed several times 
during the growing scason, After 2 to 3 years, all root- 
stock branches are removed below the graft and the 
scion becomes the dominant shoot system. 


Hole Insertion Graft (HIG) or Terminal/Top Insertion 
Graft This technique is used for grafting watermelon to 
squash rootstock (12, 21). This is most popular graft used 
in China because it is suitable for Lagenaria (Cucurbita) 
and interspecific squash as rootstocks, requires few mate- 
rials is highly efficient (1,500+ plants/day/worker), and 
allows simpler management techniques (34). When both 
cotyledons and first truc leaf start to develop, the root- 
stock plant is ready to graft (7 to 10 days after sowing). 
Remove the growing point with a sharp probe, and then 


Roolstock 
Seon 
Futter 
band Poatstock 
utand 
Auninur sealed 
Fal poy bag 


Figure 12-12 
The fourlap or banana aratt. Top: The top of the rootstock is 
cut horizontally, and the bark is cut vartically into four strips, 
The four bark flaps are peeled down and the inner wood 
removed. Middle: The scion bark is removed and the wood 
retained, The flaps of the rootstock cover the cut surfaces of 
the scionwood and are tempararily held by a rubber band, 
‘The graft is then tied with white grafting tape. Battom left: 
Aluminum fel is wrapped around the graft to exclude heat 
from the graft. Bottom right The grafted area covered with 
aluminutn foil is wrapped with a cut poly bag, which is sealed 
to ratain high relative humidity until the graft takes (39. 


open a hole on the upper portion of the rootstock 
hypocotyl with a bamboo needle or 1.4-mm drill bit. The 
scion is then cut on a 35- to 45-degree angle, on both 
sides, on the hypocotyls and inserted into the hole made 
in the rootstock. The cut surfaces are matched together, 
held with or without a grafting clip and transferred to a 
humidity chamber or healing room. Grafted plants 
should nor be older than 33 days before transplanting 
(Figs, 12-14 and 12-15, page 478) (21). 
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Figure 12-13 
Steps in the fourflap or banana graft. a 


left intact. (e and f) Flaps of the rootstock cover the cut su 
then cavered with aluminum foil and paly to prs 
rootstack and used to cut and peal the four flaps 


Detached Scion Graftage—Side Grafting 
“There are many types of side graftage, As the name sug- 
gests, the scion is inserted into the side of the rootstock, 
which is generally larger in diameter than the scion, 
‘This method has proven useful for large-scale propaga 
tion of nurscry trees (36). Generally, the rootstock 


sparing the roctstack by s 

rootstock with the “wood of the rootstock removed. (c and d) Prepping the scion by removing the bark of th 
af the scionwood and are temporarily held by grafting tap 

int desiccation. (g and h) A toal for the fourflap graft, which is slid aver the 


(hy 


ing the rootstock tap. (b) The four bar 


shoot is removed after the graft takes, and the scion 
becomes the dominant shoot system, 


Side-Stub Graft ‘The side-stub graft is useful in grafting 
branches of trees that are too large for the whip-and- 
tongue graft, yet not large enough for other methods such 
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Insertion 
1, Scion 2: 3. tool 
} ‘~ 
4, 5. 
Rootstock > 


Hole insertion graft (HIG) ar terminal/top insertion graft (12, 21), 


(b) 


{@ and b) Hole insertion graft (HIG) for grafting watermelon 
to squash rootstock. This is the most popular graft used in 
China because itis suitable for Lagenaria (Cucurbita) and 
interspecific squash as rootstocks, requites few materials, has 
high efficiency, 1500+ plants/day/worker, and simpler 
management techniques (34), Photos courtey of RL Hol 


Figure 12-15 


as the deft or bark graft. For this type of side graft, the 
best rootstocks are branches about 2.5 cm (1 in) in diam- 
eter. An oblique cut is made into the rootstock branch 
with a chisel or heavy knife at an angle of 20 co 
30 degrees. The cut should be about 2.5 cm (I in) deep 
and at such an angle and depth that when the branch is 
pulled back, the cut will open slightly but will close when 
the pull is released. 

‘The scion should contain two or three buds and 
be about 7.5 cm (3 in) long and relatively thin, At the 


— 
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basal end of the scion, a wedge about 2.5 cm (1 in) long 
is made, The cuts on both sides of the scion should be 
very smooth, each made by one single cue with a sharp 
knife, The scion must be inserted into the rootstock at 
an angle, as shown in Figure 12-16, to obtain maxi- 
mum contact of the yascular cambium layers. The 
grafter inserts the scion into the cut while the upper 
part of the rootstock is pulled backward, being careful 
to obtain the best cambium contact, then the rootstock 
is released. The pressure of the rootstock should grip 
the scion tightly, The scion can be further secured by 
driving two small flat-headed wire nails [20 gauge, 
1.5 em (5/8 in) long] into the stock through the scion. 
Wrapping the rootstock and scion at the point of union 
with nursery tape also may be helpful. After the graft is 
completed, the rootstock may be cut off just above the 
union. This must be done very carefully or the scion 
may become dislodged. The entire graft union must be 
thoroughly covered with grafting wax, sealing all open- 
ings. The tip of the scion also should be covered with 
‘wax or sealed with white glue (57). 


Side-Tongue Graft ‘The side-rongue graft, shown in 
Figure 12-17, page 480, is useful for small plants, espe- 
cially some of the broad- and narrow-leaved evergreen 
species. The rootstock plant should have a smooth sec 
tion in the stem just above the crown of the plant. The 
diameter of the scion should be slightly smaller than 
that of the rootstock. The cuts at the base of the scion 
are made in the same way as for the whip-and-tongue 
graft, Along a smooth portion of the stem of the root- 
stock a thin piece of bark and wood, the same lengeh as 
the cut surface of the scion, is completely removed. 
‘Then a reverse cut is made downward in the cut on the 
rootstock starting one-third of the distance from the 
cop of the cut. This second cut in the rootstock should 
be the same length as the reverse cut in the scion. The 
scion is then inserted into the cut in the rootstock, the 
two tongues interlocking, and the vascular cambia 
matching, The graft is wrapped tightly, using one of the 
methods described for the whip-and-tongue graft. 

The top of the rootstock is left intact for several 
weeks until the graft union has started to heal. Then it 
may be cur back above the scion gradually or all at once 
to force the buds on the scion into active growth. 


Side-Veneer Graft. The side-vencer graft is widely 
used for grafting small potted liner plants such as 
seedling conifers, deciduous trees and shrubs, and fruit 
crops (Figs. 12-18, 12-19, and 12-20, pages 480-83). 
A shallow downward and inward cut from 25 to 38 mm 
(1 t0 1 1/2 in) long is made ina smooth area just above the 
crown of the rootstock. At the base of this cut, a second 
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PREPARING THE STOCK 


Storting the 
cut, using o 
thin-bladed 
chisel or 

heavy knife 


The cut is mode 
one-third to one-half 
Gf the woy through 
fhe braneh 


PREPARING THE SCION 


‘The base of the 
sclon is cut toa 
narrow, thin wedge. 


INSERTING THE SCION INTO STOCK 
“The top of the stock branch 
is pulled back and the 


scion inserted. Union is waxed. 


The scion is 
‘angled slightly 

to give maximum 
‘cambial contact. 


Side view Front view 


short inward and downward cut is made, intersecting the 
first cut, that removes the picce of wood and bark. The 
scion is prepared with a long cut along one side and a 
very short one at the base of the scion on the opposite 
side. These scion cuts should be the same length and 
swidth as those made in the rootstock so that the vascular 
cambium layers can be matched as closely as possible 
After inserting the scion, the graft is tightly 
wrapped with poly budding strips, budding rubbers, 
Buddy Tape, or with nursery adhesive tape. The graft 
may oF may not be covered with wax, depending upon 
the species. A common practice in side grafting small 
potted plants of some woody ornamental species is vo 
plunge the grafted plants into a slightly moist medium, 
such as peat moss, so that it just covers the graft union. 
Inserting the grafted liner plants in polytents in tem- 
perature-controlled greenhouses is another common 
practice (Fig, 12-4). To maintain high humidity, the 


Oo 


44 


‘The stock is carefully cut off 
just above the scion, then the 


Figure 12-16 
Steps in preparing the side-stub graft. A 
thin-bladed chisel, as illustrated here, is 
ideal for making the cut, but a heavy 
butcher knife cauld be used satisfactorily 


newly grafied plants may also be placed for healing in a 
mist propagating house (but the grafts are not directly 
placed under mist), or set in grafting cases. The latter 
are closed boxes with a transparent cover, which per- 
mits retention of high humidity around the grafted 
plant until the union has healed. The grafting cases are 
kept closed for a week or so after the grafts are put in, 
and then gradually opened over a period of several 
weeks; finally, the cover is taken off completely. 

Aficr the union has healed, the rootstock can be cut 
back above the scion either in gradual steps or all a once. 


Side Insertion Graft (SIG) ‘The Side Insertion Graft 
(SIG) has been largely replaced by the OC 
Japanese tube graft, hole insertion graft (HI 
tongue approach graft (TAG) (12, 21). The SIG is suit- 
able for rootstacks with wide hypocotyls (Fig. 12-21, 
page 483). Production of roorstocks and scions is the 
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PREPARING THE STOCK 


A piece of bark 
‘and wood, about 


1/4 through the 
‘stem is removed 
along one side. 


Front view Side view 


‘A second downward 


PREPARING THE SCION 


‘long sloping 
cutis made at the 
base ofthe scion, 


A:second cutis made 


‘cutis made forming 
atin “tongue” 


Under the first forming 


“The scion is sipped ino the cut 
inthe stock, the fongues it 
locking and the cambium layers 
‘matching along one sie. 


Figure 12-17 


‘After the urion 
hhas healed, the 
stock is cutoff 
lust above the 


Sidetongue graft. This methad is very useful for grafting broadieaved evergreen plants. Final tying may be done with budding 
rubbers, poly tape, or waxed string. The graft may be waxed, ar wrapped with a sealing tape such as Parafilm or Buddy Tape. 


same as that described for hole insertion grafting. A slit 
is cut on the hypocotyl of the rootstock with a razor 
blade and held open with a toothpick. A 35- to 
45-degree-angle cut, on both sides is made on the 
hypocotyl of the scion. Then the scion is inserted into 
the slit in the hypocotyl of the rootstock and the tooth- 
pick is removed. Two cut surfaces are matched together 
and held with a grafting clip or silicone sleeve. The top 


of the rootstock is cut off 5 days after grafted plants are 


moyed from the high-humidity growth chamber (21). 


Detached Scion Graftage—Bark Grafting 
Bark grafting is done in topworking established plants. 
“The rootstock must be in an active stage of growth so 
that the bark will slip. The scion is inserted between the 
bark and wood of the rootstock. Bark grafting can be 


a 
O 
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ROOTSTOCK PREPARATION 
‘A long shallow cut 
is made into one 
side ofthe stem, 

A short second 

‘downward cut is 


‘made at the base 
ofthe first, removing 
apiece of the bark 
‘and wood. 


SCION PREPARATION 


‘Along shallow cut 
is made into one 
side of the stem, 


[A second shart cut 
‘on the opposite side 


The scion is inserted into 
the rootstock so that the 

ccamium layers match, at 
least along one side. 


The grat union is tied 
tightly with plastic tape. 
IWleaty scions are used, 
itis placed under cover. 
may or may not be waxed, 


(a) 
Figure 12-18 


“The rootstock is cut back 
In stages to the scion, 


(b) 


(a) Steps in making the side-veneer graft, This methad is one of the mast popular grafts for propagating conifers and shrubs. 
The graft is quite versatile and can be used an a larger number of species than other grafts, such as the whip-and:-tengue. 


(b) Side-veneer grafted connifer 


performed on branches ranging from 2.5 em (1 in) up 
to 30 cm (1 ft) or more in diameter. The latter size is not 
recommended, because it is difficult to heal over such 
large stubs before decay-producing organisms attack, 
Scions must be collected for deciduous species 
during the dormant season and held under refrigera- 
tion, For evergreen species, freshly collected scionwood 
can he used. In the bark graft, scions are not as securely 
attached to the rootstock as in some of the other meth- 
ods and are more susceptible to wind breakage during 
the first year, even though healing has been satisfactory. 
‘Therefore, the new shoots arising from the scions prob- 
ably should be staked during the first year, or cut back 
to about half their length, especially in windy arcas. 


After a few years’ growth, the bark graft union is as 
strong as the unions formed by other methods. Tivo 


‘modifications of the bark graft are described next 


Bark Graft (Rind Graft) Several scions are inserted into 
cach rootstock stub (Fig. 12-22, page 484). For cach 
scion, a vertical knife cut 2.5 to 5 cm (1 to 2 in) long is 
made at the top end of the rootstock stub through the 
bark to the wood. The bark is then lifted slightly along 
both sides of this cur, in preparation for the insertion of 
the scion, The dormant scions should be 10 to 13 cm (4 to 
5 in) long, contain 2 or 3 buds, and be 6 to 13 mm (1/4 to 
1/2 in) thick. One cut—about 5 em (2 in) long— is made 
along one side at the base of the scion, With large scions, 


fan 
4 
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Figure 12-19 


io) 


(a) Cultivars of the highly diverse Japanese maple (Acer palmatum) are grafted anto seedling rootstock (b and ¢) A budding 


rubber (arrow) is used to wrap the dormant, leaf 
linar pots which will be maved to a polytent area far callusing, and 


this cut extends about one-third of the way into the scion, 
leaving a “shoulder” at the top. This shoulder reduces the 
thickness of the scion to minimize the separation of bark 
and wood after insertion in the rootstock. The scion 
should not be cut too thin, of it will he mechanically weak 
and break off at the point of attachment to the rootstock. 
If small scions are used, no shoulder is necessary. On the 
side of the scion opposite the first long cut, a second, 
shorter cut is made, as shown in Figure 12-22, bringing 
the basal end of che scion toa wedge shape. The scion is 
then inserted between the bark and the wood of the root- 
stock, centered directly under the vertical cut through the 
bark. The longer cut on the scion is placed against the 
wood, and the scion’s shoulder is brought down uncil it 
rests on top of the stub, The scion is then ready to be fas- 
tened in place, The scion is nailed into the wood, using 
‘two nails per scion. Flat-headed nails 15 to 25 mm (5/8 to 
1 in) long, of 19- or 20-gauge wire, depending on the size 
of the scions, are satisfactory. The bark on both sides of the 
scion should be nailed down securely or it will rend to peel 
back from the wood. 


jan to the rootstock. (a) Side-veneer-grafted Japanese maples in potted 


(e) post-allusing liner praduction, 


Another method commonly used with soft-barked 
trees, such as the avocado, isto insert all the scions in the 
stub and then hold them in place by wrapping waxed 
string, adhesive tape, or poly budding tape around the 
stub. This method is more effective than nailing for pre- 
venting the scions from blowing out, but probably docs 
not give as tight a fit, A combination of nailing and 
‘wrapping are advisable for maximum strength. Ifa wrap- 
ping material is used, it must be checked to avoid con- 
stricting the rootstock. After the stub has been grafted 
and the scions fastened by nailing or tying, all cut sur- 
faces, including the end of the scions, should be covered 
thoroughly with grafting wax. 


Inlay Bark Graft ‘Two knife cuts about 5 cm (2 in) long 
are made through the bark of the rootstock down to the 
wood, rather than just one (Fig. 12-23, page 485). The 
distance between these two cuts should be exactly the 
same as the width of the scion. The piece of bark 
berween the cuts should be lifted and the terminal two- 
thirds cut off. The scion is prepared with a smooth 
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Figure 12-20 
Side veneer graft of Eugenia (Myrtaceae) a,b, and c) Graft 
wrapped with Parafiim tape. (@) Healed grat. Pte couesy 
Jon Gri 


slanting cut along one side at the basal end, completely 
through the scion, This cut should be about 5 cm (2 in) 
Jong but without the shoulder, in contrast to the bark 
graft. On the opposite side of the scion, a cut about 
13 mm (1/2 in) long is made, forming a wedge atthe base 
of the scion, The scion should fit snugly into the opening 
in che bark with the longer cut inward and with the wedge 
at the base slipped under the flap of remaining bark, 

‘The scion should be nailed into place with two 
nails, the lower nail going through the flap of bark cov- 
cring the short cut on the back of the scion. If the bark 


Rootstock 


r¥y 


along the sides of the scion should accidentally become 
disturbed, it must be nailed back into place, Flat-point 
staples in the yertical position, or budding or flagging 
tape have all been used to secure the graft (40). The 
inlay bark graft is well adapted for use with thick-barked 
trees, such as walnuts and pecans, on which itis not fea- 
sible to insert the scion under the bark; itis used when 


topworking an existing orchard (Fig. 12-24, page 486). 


Detached Scion Graftage—Root Graftage 
A number of plants are propagated commercially by 
root grafting—apples, pears, grapes, and selected 
woody ornamental shrubs and trees (17, 18). 


Root Grafting (Whole-Root and Piece-Root Graftage) 
In root grafting, the rootstock seedling, rooted cutting, or 
layered plant is dug up, and the roots-are used as the root- 
stock for the graft, The entire root system may be used 
(whole-root graft—Figs. 12-3 and 12-25, page 487), or 
the roots may be cut up into small pieces and each piece 
used asa rootstock (piece-root graft—Fig. 12-25). Both 
methods give satisfactory results. Since the roots used are 
relatively small (0.6 to 1.3 em (1/4 to 1/2 in) in diame- 
ter], the whip-and-tongue graft is frequently used. In 
England, Rhododendron cultivars are saddle-grafted on 
roots of R. ponticum; the root graft is then tied and placed 
in a propagation case (19), Tree peony and herbaceous 
peony are root-grafied with a cleft graft using the root of 
herbaceous peony: Root grafts are usually bench-grafted 
indoors during the late winter or early spring. The 
scionwood collected previously is held in storage, while 
the rootstock plants are also dug in the late fall and stored 
under cool (1.5 t0 4.5°C: (35 to 40°F)] and moist coi 
tions until the grafting is done. The term bench gnafting is 
given to this process, because it is performed indoors with 
dormant scions and rootstocks at benches by skilled 
sgrafters as part of a large-scale operation. 

In making root grafts, the root pieces should be 
7.5 to 15.0 cm (3 to 6 in) long and the scions about the 
same length, containing 2 to 4 buds. After the grafts are 


Figure 12-21 
Steps in preparing the Side 
Insertion Graft (SIG). The SIG 
has been largely replaced by 
the OCG or Japanese tube 
grafthole insertion graft 
(HIG), and tongue approach 
graft (TAG). The SIG is 
suitable for rootstocks with 
wile hypocotyls (12,21). 


trator courtesy ® L Hassel 


Aetherodynamics as a New Field of Physics 


Theory and 


Experiments 


Viadimir A. Atsukovsky, Russia 
Enail: atsuk@dactiru 


A ctisis exists these days both in Natural science on the 
whole, and, in its basis, i.e. physics. This situation is 
caused by fundamental errors in the methodology of 
its theory. The postulate method and predominance of 
mathematics above physical sense can be also considered. 
as the masons for this Crisis situation has also taken 
place in the past and the way out was always to use a 
deeper level of matter organization than the accepted 


A large amount of material on clementary particles of 
‘matter is collected in physics It was discovered that all 
these particles can be transformed in each other. Besides 
that, there was discovered the ability of vacuum to create 


such particles at strong electromagnetic fields. In this 
connection it becomes clear that all these particles and 
vacuum have a common building material, ive. a physical 
medium which fills all the world space. ‘This medium 
was renamed aether and the clement of the medium 
was renamed amer. 


‘The worked out methodology of aetherodynamics 
allowed determining that acther is a usual viscous 
coercible gas for which all laws of usual dynamics of 
gases are valid. It has allowed to determine its 
characteristics for near-Earth space and then to describe 
the structures of primary stable elementary particles (i.e. 
proton, neutron, electron, photon, atomic nuclei, atoms 
and some molecules) as well as physical essence of 
general fundamental interactions (Le. strong and weak 


nuclear interactions, electromagnetic and gravitational 
interactions) and some physical phenomena, 


Also developed was the model of acther circulation in 
the Universe within the limits of perpetually existent 
matter, usual Euclidean space, and evenly flowing time 
Formation and decay of matter, formation and decay 
of celestial bodies and galaxies as well as functional 
classification of galaxies are also included there. 


‘To confirm some theses the author and his esearch team. 


conducted several experiments mainly on 
electromagnetism that gave posi 
‘was conducted on testing of the presence of aether wind. 
‘These research works have confirmed the results 


obtained by D. Miller in 1925, 


results. The research 


Report by Vladimir A. Atsukovsky 


New Energy Technologies, Issue #3 May - June 2003 
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PREPARING THE ROOTSTOCK PREPARING THE SCION 

‘Aveticalcut2.5t0 Som | The scionis cut as shown below, along cut with a 
(1to2in) engi made shoulder on one side, and a shorter cu onthe 
through he bark to the opposite side, 

The bark on both sides Side view Peston 

of the cutis sightly Back view 

separated from the (This sie is placed 

‘hood nex tothe wood of 

the rootstock) 


INSERTING THE SCIONS INTO THE ROOTSTOCK 


ut 


made and properly tied, they are bundled eogether in 
groups of 50 to 100 and stored for callusing in damp 
sand, peat moss, or other packing material. 


Nurse-Root Grafting Stem cuttings of a difficult- 
to-root species can sometimes be induced to develop 
adventitious roots by making a temporary “nurse-root” 
graft. The plant to be 
grown on its own roots 
is temporarily grafted 
as the scion. The scion 


scion rooting The 
development of 
adventitious roots from 
the grafted scion, 
desirable in nurse-root 
grafting, which is a 
temporary graft, but 
problematic in other 
grafts where the size 
control or disease- 
resistant characteristics of 
the rootstock may be lost. 


may be made longer 
than usual and the graft 
planted deeply, with 
the major portion of 
the scion 
ground. Scion rooting 
can be promoted by 
applying an auxin, such 
as indole-3-butyric 
acid, into several vertical cuts made through the bark at 
the base of the scion, above the graft union before plant- 
ing. The grafts are set deeply, so that most of the scion is 


below 


Figure 12-22 
Steps in preparing the bark graft 
(rind graf). In grafting some 
thick-barked plants, the vertical 
‘cut in the bark is unnecessary, 
the scian is inserted between the 
bark and wood of the stack, 


covered (mound layered) with soil (28). After one season 
of growth the scions have roots, and the temporary nurse 
rootstock is cut off and discarded. ‘The rooted scion is 
replanted to grow on its own roo 
a rootstock and grafted to a scion fruit cultivar. 

Methods of nurse-root grafting include reversing the 
polarity ofthe nurse-root rootstack. The roorstack piece will 
eventually dic iit is grafted onto the scion in an inverted 
position (Fig. 12-26, page 487) (37). A graft union is 
formed—the inverted rootstock piece sustains the scion 


can later be used as 


until it roots—but the rootstock fils to receive sufficient 
carbohydrates from the scion and eventually dics, leaving 
the scion on its own roots. Another method is gindling the 
rootstack just above the graft union at the scion base. The 
rootstock is girdled with budding rubber strips (0.016 
gauge) (7). Budding rubbers disintegrate within a month 
when exposed to sun and air; however, when buried in 
the sol, they will last as long as 2 years, allowing sufficient 
time for the scion to become rooted. In a third method, 
aan incompatible roostock is used. When the grafts planted 
dceply, scion roots will gradually become more dominant 
in sustaining the plant. Examples of this are apple scions 
‘on pear rootstock, and lilac scions on ash rootstock. 
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PREPARING THE ROOTSTOCK 
Two parallel, vertical cuts 
25 to Sem (t to2in} 
long are made through 
the bark tothe wood. The 
distance between the 
cus should equal the 
ith ofthe scion 


horizontal cutis 


PREPARING THE SCION 


“The scions are made wit a long sloping cu on one 
side and a shorter cut on the opposite side. 


4 Front view 
made between the two Side view 

vertical cuts and most Back view 

of the piece of bark is (This side is placed 

removed, A small lap ext tothe wood of 

islet atthe bottom, the rootstock) 


INSERTING THE SCION INTO THE ROOTSTOCK 


aaa 


‘The scions are inserted int the slot 
‘made by the removal ofthe bak. The 
‘end of the scion is sipped under the 
raised ap of bark. Two nals are diven 
through the sion, one gong though the 
fap, 


‘The grated stubs then 
thoroughly waxed 


Approach Graftage 
‘The distinguishing feature of approach grafting is thar 
two independent, self-sustaining plants are grafted 
together, After a union has occurred, the top of the 
rootstock plant is removed above the graft, and the base 
of the scion plant is removed below the graft. 
Sometimes it is necessary to sever these parts gradually 
rather than all at once. Approach grafting provides a 
means of establishing a graft union between certain 
plants which are otherwise difficult to successfully 
graft. It is usually performed with one or both of the 
plants growing in a container. Rootstock plants in con- 
tainers may also be placed adjoining an established 
plane that is to furnish the scion pare of the new, 
grafted plant (Fig. 12-27, page 488). 

“This type of grafting should be done at times of 
the year when growth is active and rapid healing of the 
graft union will take place. Three useful methods of 


Figure 12-23 
Inlay bark graft. With Texas 
pecans, the scion of the inlay 
bark graft ie stapled or nailed, 
and aluminum fail and a cut 
poly bag ate used instead of 
grafting wax (40) 


making approach grafts are described as follows, and 
illustrated in Figure 12-28. 


Spliced Approach Graft In the spliced approach 
graft, the ewo stems should be approximately the same 
size (Fig, 12-28, page 489). An exception to this is the 
spliced approach graft of mango in India, where the 
scion is considerably smaller than the field-grown root- 

; the scion, in a pot, is hung from the branch of 
the larger rootstock (19). At the point where the union 
is to occur, a slice of bark and wood 2.5 to 5 cm (1 to 


stocl 


2 in) long is cut from both stems. This cut should be 
the same size on each so that identical cambium pat- 
terns are made, The cuts must be perfectly smooth and 
as nearly flat as possible so that when they are pressed 
together there will be close contact of the vascular cam- 
bium layers. The two cut surfaces are bound tightly 
together with raffia or poly grafting tape, then the 
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Figure 12-24 


orchard in Israel using an 
reduce heat buildup. 


whole union should be covered with grafting wax. After 
the parts are well united (which may require consider~ 
able time in some cases) the rootstock above the union, 
and the scion below the union are cut, and he graft is 
completed. It may be necessary to reduce the leaf area 
of the scion if it is more than the root system of the 
rootstock can initially sustain, 


‘Tongued Approach Graft (TAG) ‘The tongued approach 
graft is the same as the spliced approach graft, excepe that 
after the first cut is made in each stem to be joined, a sec- 
ond cut—downward on the stock and upward on the 
scion—is made, thus providing a thin tongue on each 
piece. By interlocking these tongues a very tight, closely 
fitting graft union can be obtained (Fig. 12-29, page 489). 


Tepworking an existing orchard using the inlay bark graft for (a) citrus, (b) pecan and 
(c,d, and e) peaches. b) For topwarking pecans in Texas, the inlay bark graft is 
cavered with aluminum fail to reduce the heat load and polyethylene to retain 
moisture; conditions are toa het far using grafting wax. (¢, d, and e) Topwarked peach 


inlay bark graft. (cand d) The grafts have aluminum covers to 


For grafting vegetable crops, after the rootstock has fully 
developed cotyledons and scion has cotyledon and first 
true leaf, plants are pulled out from the tray (21). Make a 
cut at a 35- to 45-degree angle into the hypacotyl of the 
rootstock approximately halfway with a razor blade, and 
make a cut of the opposite angle on the hypocotyl of the 
scion, Cuts need to be made so that the scion will be on 
top of the rootstock when completed. Two cut hypocotyls 
are placed together and sealed with aluminum foil or 
Buddy Tape to help healing and prevent the graft from 
drying out. The ewo plants are transplanted into a bigger 
call that will accommodate the two root balls. The top of 
the rootstock is cut off 5 days after grafting, and the bor- 
tom of the scion is cut off 7 days after the top of the root- 
stock is removed (Fig. 12-29). 
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Figure 12-25 
Root graftage with a saddle graft on a sinall root section 
or piece-root (left) and a whole root rootstock right) 

See Figure 12-3 which is a whip and tangue graft using a 
Whole raot apple rootstock. 


Inlay Approach Graft ‘The inlay approach graft may 
be used if the bark of the rootstock plant is considerably 
thicker than that of the scion plant. A narrow slot, 7.5 
to 10 cm (3 to 4 in) long, is made in the bark of the 
rootstock plant by cutting two parallel channels and 
removing the strip of bark between (Fig. 12-28); this 
can be done only when the rootstock plant is actively 
growing and the bark “slipping.” The slot should be 
exactly as wide as the scion to be inserted. The stem of 
the scion plant, at the point of union, should be given a 
Jong, shallow cut along one side, of the same length as 
the slot in the rootstock plant and deep enough to go 
through the bark and slightly into the wood. This cur 
surface of the scion branch should be laid into the slor 
cut in the rootstock plant and held there by nailing with 


INVERTED ROOTSTOCK 


wo of more small, flat-headed wire nails, Then the 
entire union must he thoroughly covered with grafting 
wax. After the union has healed, the rootstock can be 


cut off above the graft and the scion below the graft. 


Repair Graftage 

Inarching —Inarching is similar to approach grafting in 
that both rootstock and scion plants are on their own 
roots at the time of grafting, Ie differs in that the top of 
the new rootstock plant usually does not extend above 
the point of the graft union, as it does in approach 
grafting, Inarching is used to replace roots damaged by 
cultivation equipment, rodents, or disease. It can be 
used to very good advantage to save a valuable tree or 
improve its root system (Fig. 12-30, page 489). 

Scedlings (oF rooted cuttings) planted beside the 
damaged tree, of suckers arising near its base, are 
grafted into the trunk of the tree to provide a new root 
system co supplant the damaged roots, The seedlings to 
be inarched into the trce should be spaced about 13 t0 
15 em (5 to 6 in) apart around the circumference of the 
urce if the damage is extensive, A damaged tree usually 
will stay alive for some time unless the injury is very 
severe. The procedure for inarching isto plant seedlings 
of a compatible species around the tree during the dor- 
‘mant season, and graft when active growth commences 
in early spring. Inarching may also enhance growth of 
uninjured, older trees (22). 

As illustrated in Figures 12-30 and 12-31 (page 
490), the graft is similar to an inlay bark graft. The 
upper end of the seedling, which should be 6 to 13 mm 
(1/4 wo 1/2 in) thick, is cut shallowly along the side for 
10 co 15 em (4 t0 6 in). This cut should be on the side 
next to the trunk of the tree and deep enough to 
remove some of the wood, exposing two strips of cam- 
bium tissue. Another, shorter cut, about 13 mm (1/2 in) 
long, is made on the side opposite the long cut, creating 
a sharp, wedge-shaped end on the seedling stem. 


Figure 12-26 
Reversing the polarity of the 
rootstack piece of the root graft is 
‘one mathod af “nurse-root” 
grafting. The nurseroat graft isa 
temporary graft used to induce the 
scion to develop its own roots. The 
furse root sustains the plant until 
the scion rats form, than it dies, In 
the method shawn, the reatstock 
piece is inverted, so the distal of 
the rootstock is temporarily joined 
10 the proximal of the scion, 
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A long slot is cut in the trunk of the tree by 
removing a piece of bark the width of the seedling and 
just as long as the cut surface made on the seedling. A 
small flap of bark is left at the upper end of the slot, 
under which the wedge end of the seedling is inserted. 
‘The seedling is nailed into the slot with four or five 
small, lat-headed wire nails, The nail at the top of the 
slot should go through the flap of bark and through 
the end of the scedling, If the bark of the tree along 
the sides of the seedling is accidentally pulled loose, it 
should be nailed back into place. The entire area of 
the graft union should then be thoroughly waxed. 


Bridge Grafting Bridge grafting is another form of 
repair grafting—used when there is injury to the 
trunk, such as by cultivation equipment, rodents, dis- 
case, or winter injury. If the damage to the bark is 
extensive, the tree is almost certain to die, because the 
roots will be deprived of their carbohydrate supply 
from the top of the tree. Trees of some species, such as 
the elm, cherry, and pecan, can compartmentalize 
extensively injured areas by the development of a 


=o— 


o 


Figure 12-27 
Appraach grafting. Top: Initial grafting of the 
containerized scion and rootstock plants, 
Below: Completed graft union with scion 
severed fram its own roots, and shoats of 
rootstock severed above the graft union, 


wound periderm of callus tissue. However, most 
woody species with severely damaged bark should be 
bridge grafted if they are to be saved, as illustrated in 
Figure 12-32, page 491. 

An interstock bridge graft system has been 
used with mature apple trees for grafting M9 dwart- 
ing rootstock (as the interstock) onto semi-dwarfing 
apple rootstock, leading to 20 percent reduced shoot 
growth, but a 30 percent increase in yield and 
increased soluble sugars and starch in the scion (53). 
A ring of bark 8 cm wide was removed from the 
trunk about 30 cm from ground level. Bridge grafts 
composed of 1-cm-wide split interstocks were 
inserted perpendicular around the ring, and then 
tightly wrapped with plastic during graft healing 
(New Zealand). 

Bridge grafting is best performed in early spring 
as active growth of the trce is beginning and the bark 
is slipping easily. The scions should be obtained when 
dormant from 1-year-old growth, 6 to 13 mm (1/4 to 
1/2 in) in diameter, of the same or compatible species, 
and refrigerated until grafted. In an emergency, one 


Oo 
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Inlay Approach Graft 
Figure 12-28 

Three methads of making an approach graft spliced., 
tengued: and inlay-approach graft 


may successfully perform bridge grafting late in the 
spring, using scionwood whose buds have already 
started to grow; the developing buds or new shoots 
are removed, 

‘The first step in bridge grafting is to trim the 
wounded area back to healthy, undamaged tissue by 
removing dead or torn bark. A scion is inserted every 
5 to 7.5 cm (2 t0 3 in) around the injured section and 
attached at both the upper and lower ends into live, 
undamaged bark. Ie is important that the scions are 
right side up. IF reversed, a union may form, but the 
scions will not enlarge in diameter as they would if 
inserted correctly. Figure 12-33, page 491 shows the 
details of making a bridge graft. 

After all the scions have been inserted, the cut 
surfaces must be thoroughly covered with grafting wax; 
particular care should be taken to work the wax around 
the scions, especially at the graft unions. 


Figure 12-29 
‘Tongued Approach Graft (TAG) with cucurbits. An easy 
draft that requires no special equipment or graft healing 
chambers, has a high success rate, but is labar intensive 
(12, 21), tatations coutsy RL Hasel 


Figure 12-30 
{@) Inarches that have just been inserted (arrows). The one on 
the left has been waxed. The one an the right has been 
nailed into place and is ready for waxing. (b) Inarching can be 
used for invigorating established trees by replacing a weak 
rootstock with a more vigorous one. Here a Persian walnut 
tree has been inarched with Paradox hybrid seedlings 
(uglans hinds x J. regia). 


Bracing Bracing is a form of natural branch grafting 
that is used by fruit producers to strengthen seaffold- 
ing limbs of a ree in order to support the weight of the 
fruit crop. Natural grafting of roots or shoot systems 
occurs in species such as fig (Ficus), rubber trees 
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Vertical cuts about 
15cm (6 in) long are 
made through the bark 
near the base of the 
tree to be inarched. 


The upper portion of, 
the seedling is cut 
‘about 1/3 through on 
the side adjacent to 
the tree to be inarched. 
The cut is about 

18 em (6 in) ong. 


‘On the opposite 
side, a short cut 

is made in the tip of 
the seeding bringing 
ittoa wedge. 


View of the cut 
surface to be 
placed against the 
‘wood of the tree. 


Figure 12-31 


Horizontal cuts at the 
top and bottom of the 
strip permit its removal 
A short flap of bark is 
retained at the top. 


‘The seediing, cut as shown 
above, fits tightly into the 
slot with the wedged tip 
inserted under the flap of 
bark, Itis then nailed in 
place and waxed. 


Steps in inarching a large plant, with smaller ones planted around its base 


(Hevea), birch (Betula), beech (Fagus), ash (Fraxinas), 
‘maple (Acer), pine (Pints), and climbing species such 
as English ivy (Hedera) (see Chapter 11). Branches and 
trunks can naturally graft when they come in contact 
with cach other during early development. The union 
begins with compression and constant and increasing 
pressure that ruptures the outer bark of the graft part- 
ners, followed by continued secondary growth, which 


leads to graft union formation and the joining of the 
independent vascular systems of the partners. 

‘When bracing limbs, fruit producers will pull 
together two strong, young lateral shoots from the limbs 
to be braced. A rope or cord is used to temporarily brace 
the larger limbs. The weaved smaller shoots, which will 
naturally graft, are tied with waxed string or poly tape to 
keep them together (Fig. 12-34, page 492} 
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Figure 12-32 


Injured trunk of a cherry tree successfully bridge grafted 
(arrows) by a modification of the bark graft 


PREPARING THE STOCK 


All dead and damaged 
bbark around the wound 
is trimmed back to live, 


_—_— 


Cuts are made in 
the bark at top and 

bottom of the 

wound, just as for +] 
the inlay bark graft, 

‘The slots in the 

bark should be the 

same width as the 

scions to be 

inserted 
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PRODUCTION PROCESSES 
OF GRAFTAGE 


Success in grafting depends 45 percent on preparation, 
including the quality and preparation of the scion and 
rootstock material, 10 percent on craftsmanship, and 
45 percent on the aftercare of the grafted plant (26, 
38). The production goals of grafting are achieving a 
high success rate, of “take,” and obtaining high speed 
and accuracy in performing the graft. Preparation for 
grafting begins with the proper tools and accessories, as 
well asthe selection and handling of the scion and root- 
stock (Table 12-3). Since grafting is a repetitive, labor- 
intensive process, grafting machines and grafting 
automation, including robotics, continue to play a 
greater role. 


PREPARING THE SCIONS. 


One long, slanting 
‘out is made at each 
end of the scion, 

with both cuts on 

the same side 


A second, short 
slanting cut is made 

on the back side of 

the scion, bringing 

the ends to a sharp —] 
wedge. Buds can 

be trimmed off the 
scions if desired 


Scions are inserted in each slot, the wedge 
‘going under the lap bark at each end. The 
scions should be putin right side up* and 

allowed to bow outward slightly 


‘The scions are nailed in place, then the 
Lnions at top and bottom are thoroughly 
covered with grafting wax 


Figure 12-33 
A satisfactory method of making a 
bridge graft, using a medification of 
the inlay bark graft 
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BOX 12,2 GETTING MORE IN DEPTH ON THE SUBJECT 
LARGE-SCALE BRIDGE GRAFTING 


% 


‘After World War |, thousands of fruit trees were bridge 
grafted in France to repair damage that occurred during the 


Figure 12-34 
Bracing of fruit tree limbs by encouraging natural grafting, 
The tree limbs are braced with a twisted rope ar electrical 
cord, and smaller shoats from the limbs are woven tagether 
and graft naturally as secondary growth occurs 


Preparation for Grafting 

Tools and Accessories for Grafting Common tools 
and accessories used for grafting include grafting 
knives, tying and wrapping materials, and grafting 
waxes. Special equipment needed for any particular 


Table 12-3 
PRODUCTION PROCESSES OF GRAFTAGE 


Preparation for Graftage 
* Tools and accessories for grafting 
* Grafting machines and grafting automation’ 
robotics 
+ Selection, handling, and storage of scionwood 


+ Handling of rootstock. 
‘The Craftsmanship of Grafting 
* Manual techniques: speed, accuracy, enhancing 
‘success rates 
+ Record keepit 


Aftercare of Grafted Plants 
* In bench grafting systems 
* In field and nursery grafting systems 


war, Alternatively, trunks from mutilated trees less than 
20cm (Bn) in diameter were cut off and erown grafted (23) 


method of grafting is illustrated, along with the 
description of the method, in the remaining pages of 
this chapter. For example, grafting planes are some- 
times used for more accurate fitting of scions with a 


hard and thick wood (Fig. 12-35) (61). 


Knives, ‘The two general types of knives used for propa- 
gation work are the budding knife and the grafting knife 
(Fig. 12-36). Where a limited amount of either budding 
or grafting is done, the budding knife can be used satis- 
factorily for both operations, The knives have either a 
folding or a fixed blade. The fixed-blade type is stronger, 
and if holder of some kind is used co protect the cutting 
edge, it is probably the most desirable. A well-built, 
sturdy knife of high-carbon steel is essential, Grafting 
blades are lat on one side and have a tapered edge on the 
other to make a sharp, clean cut. Grafting knives are avail- 
able for cither right- or left-handed people, 


Tying and Woapping Materials. Grafting methods, 
such as the whip-and-tongue, splice (whip), and side- 
veneer graft, and budding methods, such as chip bud- 
ding and T-budding, require thar the graft union be 
held together by tying until the parts unite. A number 
of materials can be used for tying or wrapping grafts 
and budding. Some of these tying materials can also 
seal and help maintain a high relative humidity in the 
graft union area, which can help climinate production 


Figure 12-35 
The grafting plane is a small weadwerking plane equipped 
with a disposable heavy-duty razor blade. It allows mare 
precise fiting af scians with hard and thick wood (61) 
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steps for applying a hot wax sealant on top of the tying 
materials, or the need for maintaining the grafts in spe- 
cial poly chambers or “sweat boxes.” 

Some common tying materials for budding and 
grafting include: 


+ Budding rubbers (also used in grafting). 

+ Clear or colored polyethylene or polyvinyl chloride 
(PVC) budding and grafting strips, which are 0.5 
t0 1.3 cm (3/16 to 1/2 in) wide and slightly clastic, 
allowing for a more secure wrap; this is also called flag 
ging tape, green floral tape, white budding tape, or 
orange grafting tape. 

+ Plastic clips and silicon tubing (for manual and 
robotic grafting). 

+ Raffia (strips of palm leafstalk fiber—an older wrap- 
ping material, but still used) 


Since PVC budding and grafting strips are not self- 
adhesive, they must be tied with a half-hitch knot 
(Fig. 12-37), which is done at the final turn of the 
tape by slipping it under the previous turn, With the 
exception of budding rubber, which deteriorates in 
full sunlight (but nor when buried with the graft 
below ground), or Buddy Tape, the wrapping mate 
als must be removed later to prevent girdling the 
plane. 


Self Adhering Tying Materials, A time-tested tying 
material is waxed string or twine, which adheres to 


Figure 12-36 
Folding, bBudding-grafting knives. (a) Tina 
ing-grafting knife. (a, b, and c) The metal 
flap (arrow) opposite the sharp end of the 
blade is used to separate the bark during the 
“"T"-cut af the rootstock. (b) The quill is als 
used to separate the bark during Tbudding, 
(@) Grafting knives are sharpened an ane side, 
so thera is a flat side of the blade far better 


@ 


Figure 12-37 
{a} Sometimes a loop is included in the final hal-hitch knot of 
the rubber (arrow) or polyethylene budding and grafting 
strips. This allows easy unraveling of the strips after the graft 
has "taken" and avoids potential girdling problems in this side 
veneer graft of Japanese maple. Various tying materials 

(©) rafia, (€) poly tape, (4) nursery tape, and (e and f) Buddy 
Tape (similar to Parafilm) used to cover magnolia scion pieces. 


itself and to the plant parts without tying, It should be 
strong enough to hold the grafted parts together, yet 
weak enough to be broken by hand. 


+ 


Electromagnetic Gravitational Interaction 


‘Vadim Y. Kosyev, Russia 


hep: / /ufch1.cu; heep:/ /uie-nnovsu/~kowy2 
Email uft@inbox.ru 


In the artide some mechanisms of electromagnetic 
gnivitational interaction will be considered in the view 
of the Unified Theory of Field, Space and ‘Time. Se 

the complete description of ‘The Unified Theory of 


Field, Space and ‘Time at http://uic.nnowru/~kovy2; 
http://uft.h1.ru or in the book [1] which has the same 
tide, 

First of all, let us consider the structure of Space-Time 
where the mdiation propagates. In our World gravi 
is the unique substance which exists everywhere and 
gets over any obstacles. There are no known methods 
of insulation of gravitational field in modem science. It 
is impossible to imagine space and gravitation separately 
Gravitation exists everywhere where there is some space. 
‘The gravitational field created 
metagalaxy 
and electromagnetic oscillations are propagated. The 


tion 


y all masses of our 


is the aether in which cosmic objects moves 


space surrounds us since the whole matter carries 
gravitational cham of only one sign. From astronomical 
research of cosmic space it follows that radius of 
metagalaxy is equal to the critical (gravitational radius) 
and hence gravitational potential is equal to c?~ 10 
[m?/c'] in. cach point of space. 


In our space the sum potential of the electric field is 
equal to zero. All bodies and space-time as a whole are 
electrically neutral, ‘This assertion follows from two 
unique properties of gravitational space-time: 


1. Values of electric charges of different signs of 
elementary particles are exactly equal. 

2. ‘There is an equal number of elementary particles 
which carry electric charges of different signs 


If clectric potential is equal to zero in the given point 
of space then energy of alternating magnetic field passes 
entirely to the electric field and radiation gains the 
parameters of electromagnetic oscillations. Howev 
clectric potential of positive and negative signs can prove 
its properties at the simultaneous chaging of different 
local spatial regions In the electric field the character 
of radiation differs from that one which is observed in 


ideal gravitational space-time (without electric potential) 


‘New Energy Technologies, Issue #3 May - June 2003 


In the presence of electric potential some part of 
magnetic energy is spent to create gravitational 
alternating field. Radiant energy is absorbed. Electrically 
charged spatial regions are perceived by us as filled with 
a strong absorbing substance. At the same time if the 
potential of the electric field can be compared to the 
potential of the gravitational field then spreading of 
radiation becomes impossible 


Change of both electric and gravitational field results in 
the creation of a magnetic field in the region of space- 
time which has a dual electrogravitational nature. Change 
in the magnetic field results in the creation of both 
electric and gravitational fields. The amplitude of 
electromagnetic and magnetogravita tional constituents 
of the unified electromagnetic gravitational oscillations 
depends on field potential of opposite nature. ‘The 
electromagnetic constituent is determined by 
gravitational potential and the magnetogravitational one 
is determined by electric potential. Transference of 
gravitational masses of matter in electrogravitational 
field-acther causes the creation of the proper magnetic 
field. Coming from the direction of magnetic field some 
force influences upon the moving electrically neutral 
masses. This force is similar to Laurence force. 


Electromagnetic gravitational converter designed 
according to the Seal Effect (Fig 1) visually demonstrates 
the mechanisms of electromagnetic gravitational 
interaction. A detailed description of the experiment is 
presented in the article [2] by Vladimir Roshschin and 
Sergey Godin (see http:/ /www.n-torg/tp/ts/dms.htm). 
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Nursery adhesive tape is similar to surgical adhe- 
sive tape but lighter in weight and not sterilized; it is 
more conyenient to use than waxed cloth tape, Adhesive 
tape is useful for tying and sealing whip grafts, When 
using any kind of tape or string for wrapping grafts, it is 
important not to use too many layers or the material 
may eventually girdle the plant unless it is cut, When 
this type of wrapping is covered with soil, it usually rots 
and breaks before damage can occur. On a limited scale, 
adhesive tapes, such as duct and electrical tape can be 
used, while masking tape tends to unravel (54). 
Regardless of the wrapping material, 
or cut it afferthe graft has taken to avoid girdling, 

Self-saling tying, materials include Parafilm tape, 
which has been used with successful results to wrap graft 
unions rapidly (5) and for chip-budding roses (Fig, 
13-6). This material is a waterproof, flexible, stretch- 
able, thermoplastic film with a paper backing. The film 
is removed from the paper, wrapped around the graft 
union, and pressed into place by hand. Buddy Tape 
(buddytape.com) is similar to Parafilm tape, but thinner 
and more economical. It seals and holds the graft or bud 
piece in place, and is thin enough for the bud to clon- 
gate and pass through it once the graft “takes” (Fig, 
12-37). Sometimes budding rubbers are used to tie a 
graft, which is then sealed with Parafilm tape. Self sealing 
cure erepe rubber sheets arc used for herbaceous grafis 
and small woody plant material, Rubber patches up to 
4 em (1 1/2 in) are fixed with a staple and used for 
budding (Fig, 12-38). 


is best to remove 


Miscellaneous Fastenings and Wrapping Material. 
Miscellaneous fastenings and wrapping material 
include 18-gauge, 2-cm (3/4-in) nails, 1,6-cm (5/8-in) 
flat-point staples, as used in the inlay bark graft of 
pecans (40), and plastic graft clips, used in manual 
and machine splice grafting of vegetable crops (Figs. 12-7 
and 12-39), The combination of aluminum foil and 
polyethylene bags wrapped around a four-lap or inlay 
bark graft replaces the need for waxing the graft (which 
would melt and be unsuitable in spring field grafting in 
‘Texas or other warm regions) (Figs. 12-13 and 12-24). 
Metal shoot guide clips (Fig. 13~4) are used for field 
budded, dormant rootstock to compel upright growth 
from the bud. Silicon tubing has been used co hold graft 
unions of single-node scions of oak and ash with high 
rooting success (Fig. 12-40, page 496) (14). 

Splints made of toothpicks, bamboo, or metal 
skewers are used with bench grafting of herbaccous 
plants such as cacti, The splints are later removed after 


the graft has taken, 


=== 


o 


(b) 


Figure 12-38 
Rubber patch tying materials: (a) Rubber patches that come 
with a fixed stainless steel staple. (b) The rubber sheet 

is pulled over the bud and pulled securely around the 
rootstock. (¢) The staple is pushed through the flap to secure 
the patch. The rubber patch normally deteriorates later with 
UY light from the sun or can easily be removed 


Ina novel approach for developing robotic grafting 
systems for vegetable crops in Japan, Chinese cabbage 
scedling (scions) are horizontally grafted to turnip root- 
stocks. In grafting Solanaceae and Cucurbitacae vegetable 
crops, the graft partners are joined by a chemical adhe- 
sive, followed by spraying a chemical hardener to set up 
ify the adhesive around the graft (sce Fig. 
12-43, page 498 (29, 34, 47, 48) ). 

‘Whether a sealant, such as grafting wax, may be 
applied depends on the type of graft, the grafting sys- 
tem, and type of material used. Sealants are generally 
not used with budding, since tying with budding 
rubbers, rubber patches, Buddy Tape, or Parafilm 
tape is sufficient to alleviate desiccation problems. If 
the bench-grafted plant is to be placed in a high rela- 
tive humidity graft box or temperature-controlled 
polytent, or immediately outplanted in the field with 
the union below the soil surface, waxing may be 
omitted. 


Grafting Wases, Grafting wax has two chief purposes: 
(a) Ie seals over the graft union, thereby preventing the 
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Figure 12-39 


() 


Grafting of heirloam tomatoes in high tunnels can lead ta increased yield, earlier season extension (compared to fiald-grown), 


soil-borne disease resistance and increased nutrient uptake with a 


potential reductian in fertilizer inputs. (a, b, ¢, and d) OCG 


cr Japanese tubagrafting system. (c and d) Plastic clip holding graft. (@ and f) High tunnel production af grafted heirloom 


tomatoes. Th 


S.©'Cannal M. Pee, Rivard F Louve, and S. MeDanough 


Photos court 


Joss of moisture and death of the tender, exposed cells of 
the cut surfaces of the scion and rootstock. These cells 
are essential for callus production and healing of the 
graft union, (b) Ie prevents the entrance of various 
decay-producing organisms that rot wood. 

An ideal grafting wax should adhere well to the 
plant surfaces, not be washed off by rains, not be so 
britde as to crack and chip during cold weather or so 
soft that it will melt and run off during hot days, but 
still be pliable enough 
to allow for the swelling 
of the scion and the 


hot waxes Waxes that 
are paraffin based and 
must be heated to melt 
and apply, 

cold waxes Waxes that 
contain a volatile solvent 
that preserves the wax 
liquid. After application 
the solvents evaporate 
and the wax hardens. 


growth enlargement of 
the rootstock without 
cracking. Hot waxes 
require heating, while 
cold waxes contain 
volatile solvents. that 
keep the wax liquid. 
‘The cold wax solidifies 


system enhances IPM—integrated pest management—and organic production systems for vegetable crops ($2) 


when the solvents evaporate, Most nurseries develop 
their own hot wax, which is low-melting, soft, and flex- 
ible, so that subsequent handling of the graft does not 
cause cracking and flaking. Thermostatically controlled 
wax heaters are available to provide instant liquid wax 
when needed. The wax should be hat enough r0 flaw eas- 
il yet not be boiling, which damages plane tissue. 

‘Various recipes for making hot and cold waxes are 
listed by Garner (19). For hot wax, blocks of premixed 
grafting wax containing the necessary ingredients (c.., 
‘TrowBridge's grafting wax, Walter E. Clark & Son, 
Orange, Conn., USA) can be purchased from nursery 
supply houses. 


Grafting Machines Several bench grafting machines 
or devices have been developed to prepare graft and 
bud unions, and a few have been widely used, especially 
in propagating grapevines (2, 3). 

Various bench grafting machines for che wedge 
graft or French-V are available, including a portable and 
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‘a Gq 
(c) (d) 


Figure 12-40 
High grafting success has been obtained using silicone 
tubing ta hold graft unions together of single-nade scions of 
oak and ash: a) Digital ealiper ta measure stem diameter. 

(b) Single node of oak grafted using silicone tube (arrow). 

(€) Oak graft after 8 weeks (arrow showing tubing). (c) Healed 
ash graft after 12 weeks. Phatooraphs csctesy of. Doula (1) 


bench-mountable device made in New Zealand by 
Raggett Industries, Led., Gisborne (yww.raggettindus- 
ties.co.nz) (Fig. 12-41). This device makes a type of 
wedge graft, cutting out a long V-notch in the rootstock 
and a corresponding long, tapered cut at the base of the 
scion, By reversing the position of the rootstock and scion, 
i could also make a saddle graft (Fig. 12-11). Although 
the cuts fit together very well, the operation is slow 
because the graft union must be either tied with a budding 
rubber of poly tape or stapled together. This machine has 
heen used successfully in propagating grapes and fruit 
trees, 


‘There are machines for making omega grafts, 
which are hand-operated (Fig. 12-42) or foot- 
operated, One device for grape grafting is the Pfropf- 
Star grafting machine manufactured in Germany. It 
cuts through both the rootstock and scion, ane laid 
on top of the other, making an omega-shaped cut and 
leaving the two parts interlocked. While these 
machines work fine for grape grafting, most ornamen- 
tal nurseries that graft do not use machines. Instead, 
they rely on hand-grafting, which may be faster and 
more reliable given the larger number of genera 


and species grafted (35). Without question, finding 


a 


o 


skilled grafters is a severe production problem; hence 
the importance of developing mechanized and auto- 
mated grafting systems. 


Grafting Automation/Robotics Prototypes and com- 
mercial robotic machines for grafting vegetable 
seedlings have been developed (Figs. 12-43, 12-44, 
and 12-45, pages 498-99). The production of grafted 
vegetable crops is becoming more common in the 
United States. However, grafted vegetable seedlings are 
used extensively in heavily populated countries such as 
Japan, Korea, some other Asian countrics, and in parts 
of Europe, where the land use is highly intensi 
ing areas quite small, and crops are not rotated. Grafted 
scedlings account for 81 percent of the commercial 
outdoor and greenhouse vegetable production in 
Korea, and 54 percent and 81 percent, respectively, for 
Japan (12, 29, 30, 33). Vegetable rootstack used are 
resistant to soil-borne pathogens and nematodes, which 
build up under these intensive cultivation conditions. 
Some of the commercialized grafting robots can graft 
800 or more Solanaceae vegetable seedlings per hour 
(Figs. 12-43 and 12-45) (49). 


, farm- 


Selection, Han 


nd Storage of Scionwood. 
Kind of Wood. Since bench or field grafting of decid- 


uous specics takes place in winter or carly spring, it is 
ccessary to use the scionwood that grew the previous 
fall. 

In selecting such scion material the following 
points should be observed: 


+ For most species, the wood should be 1 year old or 
less (current season's growth). Avoid including older 
growth, although with certain species, such as the fig 
or olive, 2-year-old wood is satisfactory, or even 
preferable, if is of the proper size. 

+ Healthy, well-developed vegetative buds should be 
present, Avoid wood with flower buds. Usually, vege 
tative buds are narrow and pointed, whereas flower 
buds are round and plump (sce Fig, 13-3). 

+ The best type of scion material is vigorous (but not 
overly succulent), well-matured, hardened shoots from 
the upper part of the tree, which have grown 60) to 
90 cm (2 to 3 fi) the previous summer. Such growth 
develops on relatively young, well-grown, vigorous 
plants; high production of scion material can be 
promoted by pruning the plant back heavily the previ- 
ous winter, Water sprouts from older trees sometimes 
make satisfactory scionwood, but suckers arising from 
the base of grafted trees should not be used, since they 
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Figure 12-41 
(and b) Wedge grafting made by French grafting devices. 

(b) Raggatt top gralter.() Grape graft union healing with profuse 
callusing (arto) one menth after bench grafting with a wedge 
craft or French-\. Grafs can be made with these devices much 


faster than by the whip-and-tongue graft method. These machines 
can also make a saddle graft by these machines, by reversing the 


‘cuts so the scion piace has the saddle shape (eee Fig, 12-11), 


Figure 12-42 
(2) Grafting tool for making an omega graft. (b and c) Omega graft locks in place and then is held together with grafting tape. 
The scion and stock must be the same diameter. 
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(a) 


Commercial grafting robot for Solanaceae (tomatoes, melons, 
cucurbits) vegatables on seedling raatstack suitable for 
intensive planting and resistant to disease, insect and enviran: 
nt vigor and yield can also be enhanced with 
tack. (a) Tomato and (b} melon grafting robots, 


mental st 
superior 00! 


may consist of rootstock material. A satisfactory size is 
from 0.6 t0 1.2 em (1/4 to 1/2 in) in diameter, 

+ The best scions are obtained from the center portion 
or from the basal two-thirds of the shoots. The termi- 
nal sections, which are likely to be too succulent, 


(@) (b) 


pithy, and low in stored carbohydrates, should he dis- 
carded, Mature wood with short internodes should 
be selected, 


Source of Material, Scionwood should be taken 
from source plants of the correct cultivar known to be 
pathogen-tested and genetically true-to-type (sce 
Chapter 16). Virus-discased, undesirable sports, 
chimeras, and virus-like genetic disorders must be 
avoided. Source plants may be of three basic types: 


4, Plants produced in an orchard, vineyard, ornamen- 
tal field, container nursery, or landscape are 
sclected when the flowering, fruiting, and groweh 
habits are known. It is best to take propagation 
material from bearing plants whose production his- 
tory is known, Visual inspection, however, may not 
reveal the true condition of the proposed source 
plant and, appropriate indexing and progeny tests 
are required to be sure (see Chapter 16). 

2, In commercial nurseries, special scion blocks, where 
plants are grown particularly for propagation, may 
be maintained, Such plants are handled differently 
than they would be for producing a crop. For exam- 
ple, fruit trees may be pruned back each year to pro- 
duce a large annual supply of long, vigorous shoots 
well-suited for scionwood. Such special blocks 
would usually be handled to conform to registration 
and certification programs and would be subject to 
isolation, indexing, and inspection requirements, In 
addition, itis important to maintain source identity 
of scion material through the entire propagation 
sequence, so that over a period of time proper 


Figure 12-44 
Finished grafts rom a commercial melon 
drafting rabot. (a) The grafted plants are 
moved an a canveyar belt system for 
processing. (b) Splice grafted scion and 
footstack held together by a grafting clip. 
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(b) 


Figure 12-45 


Two techniques used in herbaceous grafting are manual and rabotic grafting. (a) Fully automated grafting robot for cucurbits 
(BRAIN, Saitama, Japan), and (b) semiautomated Karean grafting machine. Plants are grafted at the 2 to 4 leaf stage. The 
advent af OCG, "tube-grafting” or “Japanese top-grafting" has became the most popular graft for tomato. Grafting rabats can 
make up to 800 grafte/hr, whereas an individual can make 1,000 grafts/day. Photos «and courter af Kubota and M Pet, respectively 


sources of the various cultivars can be identified and 
maintained. 

. For vegetable grafting, commercial seed from 
selected rootstocks and scions are sown under pro- 
tected cultural condi 
vegetable grafting is listed in Table 12-4, A time- 
line for grafting heirloom tomatoes, starting with 
sowing rootstock sced 2 to 5 days prior to sowing, 
scion sced, is depicted in Figure 12-46. 


ns, Selected rootstock for 


Collection and Handling. For deciduous plants to 
be grafted in early spring, the scionwood can be col- 
lected almost any time during the winter season when 
the plants are fully dormant (6). In climates with severe 
winters, the wood should not be gathered when it is 


Table 12-4 


frozen, and any wood that shows freezing injury should 
not be used. Where considerable winter injury is likely, 
it is best to collect dormant scionwood and put it in 
cold storage after leaf fall but before the onset of winter. 


Storage. Scionwood collected prior to grafting must 
be properly stored. Ir should be kepr slightly moist and 
at alow cnough temperature to prevent clongation of 
the buds. A common method is to weap the wood, in 
bundles of 25 to 100 sticks, in heavy, waterproof paper 
or in polyethylene sheets or bags, All bundles must be 
labeled accurately. 

Polyethylene bags are useful for storing small 
quantities of scionwood. They allow the passage of 
oxygen and carbon dioxide, which are exchanged during 


SELECTED SCION AND ROOTSTOCK COMBINATIONS FOR VEGETABLE GRAFTING (50) 


Scion 


Rootstock 


Watermelon (Citrllus vulgaris syn. C. lanatus) 


Melon (Cucumis melo) 


Cucumber (Cucumis sativus L) 


Aubergine (Solanum melongena L) 


‘Tomato (Lycopersicon esculentum) 


Bottle gourd (Lagenaria sicer 
White gourd (Benincasa hispida) 
Cucurbita spp. 

White gourd (Benincasa hispida Cogn.) 
Cucumis spp.; Cucurbita spp. 

. moschata xC. maima 

Pumpkin (Cucurbita spp.) 

Cucurbita ficifolia 

Solanum integrifotium; 

‘Solanum torvum; Solanum melongena 
‘Tomato (Lycopersicon esculentum) 
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the respiration process of the stored wood, but retard 
the passage of water vapor. Sometimes the natural mois- 
ture in the wood is sufficient, so slighely moist packing 
material is not needed in the scaled poly bags. In com- 
mercial field rose production, the scionwood (bud- 
wood) is harvested dormant, wrapped in slightly moist 
newspaper and scaled in poly bags, and maintained at 
=1,7 t0 ~0.6°C (29 t0 31°F) for up to 7 months, 

‘The temperature at which the wood is stored is 
important. IF it is to be kept only 2 or 3 weeks before 
grafting, the temperature of a home refrigerator— 
about 5°C (40°F) —is satisfactory. If stored for a period 
of 1 to 3 months, scionwood should be held at about 
0°C (32°F) (6) to keep the buds dormant. However, 
buds of some species, such as the almond and sweet 


cherry, will stare growth after about 3 months, even at 
such low temperatures. Do not store scionwood in a 
home freezer because the very low temperatures, about 
=18°C (0°F), can injure the buds, 

Storage of scions should not be attempted if suc- 
culent, herbaccous plants are being grafted; such scions 
should be obtained at the time of grafting and used 
immediately, Certain broad-leaved evergreen species, 
such as camellias, olives, and citrus, can be grafted in the 
spring before much active growth starts, without previ- 
ous collection and storage of the scionwood, Grafts are 
taken directly from the trce as needed, using the basal 
part of the shoots containing dormant, axillary buds. 
‘The leaves are removed at the time of collection, 


Attempting to use scionwood in which the buds 
aare starting active growth is almost certain to result in 
failure, In such cases, the buds quickly leaf out before 
the graft union has healed; consequently, the leaves 
withdraw water from the scions by transpiration, and 
cause the scions to die. In addition, the strong com- 
peting sink of a developing shoot can interfere with 
graft union formation, 

In topworking pecans (4), good results are 
obtained by using precut scions; that is, scions cut in 
advance by skilled persons at a convenient time, that 
are then held in cold storage in polyethylene bags for 
up to 9 days hefore being inserted in the graft unions. 
Grafting success is reduced only slightly by the use of 


precut scions. 


Handling of Rootstock for Bench Grafting. Seedling 
rootstock of maple (Acer) is established in liner pots for 
1 year, brought into a greenhouse in the fall after leaf 
drop, and placed in bottom-heated benches at 13 to 
16°C. (55 to 60°F), Bench grafting of the container 
rootstock with a splice graft is done in January and 
February (Canada), when white roots appear along the 
perimeter of the roothalls (26) 

In North Carolina, rootstack liners of woody 
ornamental plants are allowed to harden-off in 
minimum-temperature-controlled poly houses in the 
fall, and maintained just above freezing. When new roots 
emerge from the rootstock in late winter, plants are 
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ready for grafting (Fig, 12-47) (56). In general, bench 
grafting is best when new, white root tips of 6 mm 
(1/4 in) occur or buds start to swell on the rootstock of 
potted liner plants. 


The Craftsmanship of Grafting 

Grafting is both an art and a skill, Successful grafting is 
a repetitive task that requires a high degree of accuracy 
and speed; to become skilled, it is essential for the 
grafter to climinate all unnecessary movements. To 
increase grafting efficiency, it is important to organize 
the workplace so that scion material, knives, and graft- 
ing tape are all within easy reach (42). Grafting is gen- 
crally more efficient with a team approach, in which 
cach worker performs a certain task, in order to reduce 
inefficient motion of materials and repetitive picking 
up and putting down of different tools. 


Speed, Accuracy, and Enhancing 
ing grafting techniques 
and ergonomics include the following (42): 


+ Concentrate on accuracy first, and allow grafting 
speed to build up—aim at initially completing at 


least 200 bench grafts a day. 


Figure 12-47 
Proper rootstock preparation. 

{0} Hardening-off Acer palmatum 
rootstock liners in late September 
{North Carolina. fo) New roots 
emerging from rootstock in January 
prior to grafting. (@) Proper after 
care of grafted, labeled plants 

in poly covered, temperature 
contralled hoop house. (d) Buds 
swelling on grafted A. palmatum 
Fite in mid to late March (5) 


Coursey 8 L Upchuch 


+ Use a graft method thar is less time-consuming (yet 
still successfull) and that can be done with lesser skill 
and preparation of the rootstock [e.g., bench grafting 
with a splice (whip) graft, compared to a whip-and- 
tongue or side-vencer graft (43)]; this works well with 
Betula, Cornus, Fagus, Ginkgo, Quercus, and Acer (26). 

* Grafting is best with ewo people: in bench grafting 
with the whip-and-rongue, one person does the graft, 
and the other moves the potted liner rootstocks and 
‘waxes the graft union, In'T-budding field roses, the bud- 
der prepares the rootstock and inscrts the shield bud of 
the scion, while the “tier” follows and ties the budding 
rubber around the budded grat (sce Fig, 13-13). 

+ ‘The grafting knife should always be held with a relaxed 
grip to improve accuracy and reduce repetitive strain 
injuries (c.g., carpal 
tunnel syndrome); it 
is necessary to restrict, 
and control your arm 
movements, 


carpal tunnel syndrome 
Nerve damage in the 
wrist caused by the 
stress of repetitive hand- 


arm movernents. 
+ There are two basic 


cuts in grafting: the slice cut, which is made using the 
arm and shoulder to pull the knife (e.g, in the making 
of a splice (whip) graft]; and the eross cut, in which 
the grafcer’s arm and knife are rotated using the thumb 
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as a pivot, with both hands joined to prevent the knife 
from cutting the grafter—a whip-and-tongue is cre 
ated when the scion and rootstock are sliced and then 
cut across in four (economical) movements. 

Hang the grafting tape around your neck so that you 
know where it is and it stays free of contamination. 
In most cases, speed is more important than 100 per~ 
cent accuracy; increase speed by developing a routine 
when grafting, and avoiding uscless movements. 

Try to hold the grafting knife in your hand at all 
times (e.g., in your little finger). 

Make sure that everything is at a height that is easy to 


reach, 


Record Keeping — Maintaining good records is impor- 
tant for successful grafting. 


+ Keep records on the gnaftrs to determine daily quanti- 
ties grafted; some oper- 
ations pay 
piecework or bonus 
system (see Chapter 
10). Records kept by 
the supervisor can be 
constructively used to help grafters improve their 
technique and efficiency (9). 

Keep records on the plant material to determine the 
‘optimum windows of time to graft (43) and to assure 
having the best available material co graft. Records 
should be kept on the conditions of the grafting 
material, grafting problems encountered, and after 
care of the grafts, Should a crop failure accur, records 
can generally help pinpoint the cause and help man- 
agers improve efficiency (9). 

Importance of developing and sticking ta a grafting 
time-line schedule, A timeline schedule is critical for 
commercial success (Fig. 12-46). 


piecework A bonus 
system awarded to 
workers when they 
exceed daily graft 
production quotas. 


AFTERCARE OF GRAFTED 
PLANTS 


In Bench Grafting Systems 

A common method of bench grafting is to wrap the 
union with budding rubbers, poly or plastic tape, plas- 
tic clips and silicone tubing, biodegradable cloth tape, 
or older materials such as raffia. Depending on the 
wrapping material, che entire union may be covered 
swith grafting wax. 


Root Grafting ‘The root grafts may be placed under 
refrigeration at 7°C (45°F) for about 2 months. For 
general callusing purposes, temperatures from 7 to 


— 


oS 


21°C (45 to 70°F) are the most satisfactory. The callus- 
ing period for apples can be shortened to around 
30 days if the grafts are stored at a temperature of about 
21°C (70°F) and at a high humidity. To use this higher 
callusing temperature, the material should be collected 
in the fall and the grafts made before any cold weather 
has overcome the rest period of the scion buds. After 
the unions are well healed, the grafts must he stored at 
cool remperatures—2 to 4°C (35 to 40°F)—to over- 
come the “rest period” of the buds and to hold them 
dormant until planting (24). The root grafts are lined- 
out in early spring in the nursery row directly from the 
low-temperature storage conditions. 


HotPipe Callusing System With some plants, the graft 
union should be kepe warm, 24 to 27°C (75 to 82°F), 
but the roots and the buds on the scion should be kept 
cool, about 5°C (41°F), to prevent premature growth 
before the graft union has callused and healed together. 
An ingenious system for regulating temperature was 
developed for whip-grafting hazelnut (Corylus), which 
are notoriously difficult to root graft (Fig, 12-48). This 
hot-pipe eallusing system keeps the graft union warm by 
recirculating hot water in a PVC pipe onto which the 
graft is placed. The scion and roots protrude into areas of 
lower temperatures to keep the plant dormant until 
ready for transplanting, This hot-pipe callusing system, 
when used outdoors in late winter or carly spring, has 
increased the root grafting “takes” of hazelnut and other 
difficult-to-graft species (31). Some aeration of the cal- 
lusing grafts is requited, so airtight containers should not 


Figure 12-48 
Hot-pipe callusing system for bench grafting difficult plants, 
‘The graft union is placed in a slot in a large plastic pipe. 
Inside the large pipe is a smaller pipe thraugh which 
thermostatically controlled hot water circulates, Insulating 
material laid over this pipe ratains the heat, The protected 
roots and scions protrude into areas of cooler temperatures, 
which retards their development. 
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be used. Virtually any graft used in bench grafting can be 
callused with the hot-pipe system, including apples, 
pears, peaches, and plums (32), and ornamentals such as 
Acer, Cedrus, Corylus, and Fagus. Not all species 
respond—the higher graft union temperature does not 
enhance graftage of spruce (Picea), for instance. 


Closed Case Waxing may be omitted if the bare-root 
grafts arc to be protected from drying by packing the 
grafis in boxes containing slightly moist peat. Some pro- 
ducers still dip the grafts in rose wax from the scion end 
to the taped union of the grafe prior to boxing (51). 
‘Then the boxes are moved to a callusing room at 21°C 
(70°F) for about 12 days. Once the grafts have formed 
sufficient callus, the boxed grafts are held in cold storage 
at 2°C (35°F) until outplanted in the field (51). Another 
form of the closed case is the use of a polytent in a 
heated greenhouse for callusing the grafts of potted 
rootstock liners (Fig. 12-4). Provided light irradiance is 
controlled, glass mason jars can be used as a closed-case 
system for grafted plants in containers (Fig. 12-49). 


(b) 


Figure 12-49 
(aand b) A closed case system of covering containerized 
grafted plants with glass Mason jars. a) Uncovered plant 
Condensate is visible inside the glass jars (a) These grafted 
plants are maintained under shade to reduce the light 
irradiance and minimize heat buildup. 


Open Case (Open Bench) Grafting is also done in a 
temperature-controlled greenhouse or unheated poly- 
house (depending on the season), Waxing can be omit- 
ted in the bench grafting of potted rootstock liners by 
plunging the container and burying the graft in slightly 
moist peat moss or bark in a temperature-controlled 
greenhouse. The medium is bottom heated and kept at 
18 to 21°C (65 to 70°F) for 3 to 6 weeks for callusing; 
ideally, the air temperature should be cooler to discour- 
age any initial top growth. Wrapping a graft with poly 
grafting tape is also sufficient without waxing 
Optimum periods for grafting selected ornamental 
species in a greenhouse are listed in Table 12-5. 


Outplanting of Bare-Root Grafis. As soon as the 
ground can be prepared in the spring, the grafts are 
lined-out in the nursery row 10 to 15 cm (4 to 6 in) 
apart, Grafts should be planted before growth of the 
buds or roots begins. If growth starts before the grafts 
can be planted, they should be moved to lower temper 
atures (“I to 2°C, 30 to 35°F). The grafts are usually 
planted deep enough so that the graft union is just 
below che ground level, bur ifthe roots are to arise only 
from the rootstock, the graft should be planted with 
the union well above the soil level [ie., 7 to 15 cm (3 to 
6 in)]. It is very important to prevent scion rooting 
where certain definite influences, such as dwarfing or 
disease resistance, are expected from the rootstock. 

‘After one summer's growth, the grafts should be 
large enough to transplant to their permanent loca- 
tion. IF not, the scion may be cut back to one or two 
buds, or headed-back somewhat to force out scaffold 
branches and allowed to grow a second year. With the 
older root system—a strong, vigorous top is obtained 
the second year 


Aftercare in Field and Nursery 

Grafting Systems 

Aftercare of field- and nursery-grafted plants is described 
in “Production Processes of Graftage” starting on page 
492. In the section “Types of Grafis® (page 466), sce the 
descriptions for grafting 
and aftercare using such 
grafts as the whip-and- 
congue, four-flap, and 
inlay bark graft. Chapter 
11 describes. heading- 
back (loping) as well 
as the crippling tech- 
niques that are used in 
field and container nurs- 
cries to encourage the 


crippling or lopping 
Bending (restriction) or 
cutting halfway through 
the rootstock stem 
above the bud union to 
help force out the bud 
and maintain growth of 
the grafted plant. The 
rootstock tops are later 
cut off 


‘The device consists of a cylindrical stator of about 1 
meter in diameter which is surrounded by 24 cylindrical 
rollers, Stator and rollers are made of magnetic material 
and they are magnetically linked (there is no contact 
between them). Vector of the magnetic field of the stator 
and rollers is vertically oriented along the axis of the 
gjlinder but it has opposite direction. Rollers are 
mounted on the movable separator which circles round 
the stator. Each roller rotates on its axis in the same 
direction. The weight of the device is 350 kg. During, 
test, the device is electrically neutral and has proper 
gravitational charge, inertial mass, magnetostatic field of 
the stator and rollers 


(On motating of the magnetic system the following effects, 
were observed: 


Depending on the frequency (up to 35%) the 
weight of the device was decreased. 

‘Ata frequency of 550 rpm there is a spontaneous 
acceleration of the system and turns of the rotor 


abruptly increase (in quadratic dependence). ‘To 
stabilize the mode it had to take off the excess energy 
to active load (up to 7 kWtt) by means of 
electromagnetic transducers. 

Magnetic field was distributed in a room as 
concentric surfaces of 5-8 cm thickness and 50-60 cm 
period. Depending on speed of rotation of the 
magnetic system there was a fixed temperature 
decrease from 0 to 8° within the regions of space 
which were curved by magnetic field. 

‘The glowing (corona discharge) appeared around 
the working converter 


Appearance of all mentioned effects is caused by the 
simultaneous presence of electric, magnetic and 
gravitational fields in the area of the converter 


Electromagnetic gravitational converter 


Because of the Searl Effect a very complicated 
configumtion of electric, magnetic and gravitational 


ll 


fields appears in the device. Rollers having their own 
field B rotate around the stator which has its field B. 
Cycloidal motion of numerous magnets which are built 
in the rollers causes change in the magnetic flux. EMF 
Eappears in the area of rotation of the mllers. EMP is 
directed along the perimeter around the device. The 
clectric field creates stationary waves which are registered 
around the device as concentric electromagnetic 
gnivitational walls. Magnetic rollers should be made non- 
conducting in such a way as to allow electric field 
penetrating inside. In the presence of the electric 


potential change of the magnetic flux causes appearance 
of gravitational field G. This field is directed along the 
perimeter around the device. In the presence of 
potential the Lorenz force influences the gravitational 
masses of the rollers. These gravitational masses move 


cctric 


in the external magnetic field of the stator. The Lorenz 
force is directed transversely to the velocity along the 
lid and in the direction of the field B. The value of 
the Lorenz force depends on the electrical potential, 
magnetic intensity, mass of the rollers and their traverse 


speed. The electric potential in its turn depends on speed 
of rotation of rotor of the magnetic system. As a result 
the Lorenz force depends on speed according to square 
law: Rotating gravitational masses of the rollers generate 
magnetic field B, Field B, generates derived fields E, 
and G, etc. 


Spontaneous acceleration of the system does not depend 
on the direction of rotation, Directions of fields and 
forces change at change of the dit 
that corresponds to acceleration in the opposite 
direction. When the direction of rotation is changed 
the weight of the device changes. When rotation is in 
one direction the field G, is directed upwards (decrease 
of weight), when rotation is in another direction, it is 


ion of rotation 


directed downwards (increase of weight). In the presence 
of electrical potential many other interesting but still 
unstudied phenomena are observed (for example, curve 
of space, change of speed of time-flow, changes of 
ambient temperature...) Magneto gravitational converter 
transforms gravitational energy of space-time into 
energy of electric field which in its turn is transformed 
into mechanical energy of the rotating magnetic system 
and electric energy of the load. Energy resources of 
the future are not coal and gas reserves or nuclear power. 
‘They are in the inexhaustible energy of gravitational 
aether of our space-time. 
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Table 12-5 
“Optimum WINDOWS” OF THE YEAR WHEN SELECTED ORNAMENTAL SPECIES CAN Be GRAFTED 
IN THE GREENHOUSE IN OREGON, USA (43) 


Month 


Crop Jan. Feb. Mar. Apr. May 


June 


July Aug. Sept. Oct. Nov. Dec. 


Abies 
‘Acer palmatum 
Aesculus 
Carpinus 
Cedrus 

Corcis 

Comus 

Fagus 

Ginkgo 
Hamamelis 
Larix 
Liquidambar 
Liriedendron 
Picea 

Pinus spp. 
Wisteria 


HO KO 


Pe ee ee eed 
xx 


Res Soe eS 


scions of grafted and budded plants to overcome the api- 
cal dominance of the rootstock and begin final produc 
tion development. 


Aftercare in Topworking Systems (Top-Grafting and 
Top-Budding) After the actual top-grafting (or top- 
budding) operation is finished, much important work 
ceds to be done before the topworking is successfully 
completed, A good grafting job can be ruined by 
improper care of the grafted trees 

‘The trees should be carefully inspected 3 to 5 days 
alter grafting, and the graft unions rewaxed if cracks or 
holes appear in the wax. However, using wax in top-grafi- 
ing pecan trees is not feasible, given the high-temperature 
conditions of Texas, so inlay bark grafts are covered with 
aluminum foil and polybags to control desiccation and 
heat stress during the grafting process (Figs. 12-13 and 
12-24). In Israel the grafts of topworked peaches have 
aluminum covers to reduce heat buildup (Fig. 12-24). 


FIELD, BENCH, AND 
MISCELLANEOUS GRAFTING 
SYSTEMS 

Some of the different grafting systems have been 
described in the sections on types of grafting and the 
production processes of graftage. Grafting systems 


are categorized as field, bench, and miscellaneous grafi- 
ing systems (Table 12-6). 


Field Grafting Systems 

Crown Grafting ‘The crown graft originally referred 
to scions grafted onto 
larger rootstock. The 
large rootstock stem 
was grafted with 
of 


which sometimes were 


crown grafting 
Grafting that is done at 
the crown of the 
rootstock, which is the 
junction of the reat and 
shoot system. In earlier 
times it referred to 
grafting several scions 
ina crown-like circle 
onto an established 
larger rootstock. 


number scions, 
in a crown-like circle 
(19). Today, the term 
includes geafting onto 
an established rootstock 
with single or multiple 
scions, using the whip- 
and-tonguc, cleft, wedge, side-venecr, inlay bark graft, 
and others. The choice of the graft depends on the 
species and size of the rootstock. In California, seedling 
walnut trees are planted in the nursery and then grafted 
at the crown—close to the junction of the root and 
shoot—of the rootstock, 

Crown grafting of deciduous plants is done from 
late winter to late spring, In each species, grafting 
should rake place shortly before new growth starts, The 
scions should be prepared from mature, dormant wood 
of the previous season's growth. 

Ifthe graft is above the soil level, the union must 
be well tied (or nailed) and sealed to firmly hold the 
graft and prevent desiccation, However, when the oper 
ation is performed just below, at, or just above the soil 
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FieLp, BENCH, AND MISCELLANEOUS GRAFTING SYSTEMS 


id Grafting Systems 
Crown graftage 
+ Topworking 
+ Frame working 
+ Repair graftage—see page 487 


* Double-working (by grafting and budding)—sometimes bench grafted 


Bench Grafting Systems—see page 502 
* Root graftage 
+ Nurse-root graftage 
* Grafti 


of plants in liner pots under protected culture 


+ Herbaceous grafting—including grafting of vegetable crops 
‘+ Approach graftage—sometimes field grafted 


Miscellaneous Grafting Systems 
+ Cutting grafts—simultaneous rooting and grafting (stenting) of roses, citrus, ete. 
+ Micrografting 


level, itis possible to cover the graft union, or even the 
entire scion, with soil and thus eliminate the necessity 
for waxing or ceiling. In all cases, the union should be 
tied securely with tape to hold the grafted parts 
together until che graft takes. 


Topworking Topworking is used primarily ro change 
topworking Using the cultivar of an estab- 
either top-grafting or lished plant—tree, shrub, 
top-budding when a or vine—by grafting (see 
scion is grafted or Fig, 12-24), Topworking 
budded onto an ean be dane with any of 
established plant in the | the apical or side graftage 
phate, agrafis described earlier in 

this chapter, depending 
oon the plant species. This procedure may be preferred to 
removal and replacement of the entire plant, since a 
return to flowering and fruiting is faster with topworking 
an established plane than with transplanting a new nurs- 
ery plant—particularly if che topworked plant is young, 
healthy, and well cared for. Plants that are old, diseased, 
or of a short-lived species are not satisfactory candidates 
for topworking 


Preparation for Topworking. ‘Top-grafting is usually 
done in the spring, shortly before new growth starts 
‘The exact time depends on the method to be used. The 
clef, side, whip, and wedge grafts can be done before 
the bark is slipping, bur the bark graft must be done 
when the bark is slipping, preferably just as the buds of 
the stock tree are starting to grow. 

Ie is usually advisable to obtain an ample amount 
of good-quality scionwood prior to grafting and store it 


under the proper conditions, although for broad-leaved 
evergreens, such as avocado or citrus, scionwood can be 
collected at the time of the grafting operation. Sce the 
earlier section on the selection and handling of 
scionwood (page 496). 

In preparing for topworking, one must decide for 
cach individual rootstock tree how many scaffold 
branches, if any, should be used (usually 3 to 5). 
However, no scaffold branches are retained when top- 
working pecans in Texas with the inlay bark method. 


Double-Working (Grafting or Budding) A double- 
worked plant has three genetically distinct parts: the 
rootstock, the interstock, and the scion (Fig. 12-50) 
Such a plant has two unions, one between the rootstock 
and interstock and one between the interstock and the 
scion. The interstock may be less than 25 mm (1 in) in 
length or extensive enough to include the trunk and 
secondary scaffold branches of a tree. 

Double-working is used for various purposes (see 
Chapter 11 and Chapter 13). Examples of double-work- 
ing are (a) che propagation of ‘Bartlett’ pears on quince 
as a dwarfing rootstock by using a compatible interstack 
such as ‘Old Home’ or ‘Hardy’ pear (Fig. 12-50, page 
506), and (b) the propagation of dwarfed apple trees 
consisting of the scion cultivar grafted onto a dwarfing 
‘M 9! or ‘M 27’ interstock that is grafted onto a more 
vigorous rootstock such as ‘MM 106,’ ‘M 111,’ or apple 
seedlings (Fig. 11-11) (10). Another form of double 
working is using a bridge-graft with a dwarfing rootstock 
(as the interstock) on older, mature apple rootstock in 


an established orchard, as previously described (53). 
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‘Bartlett’pear 
scion 


‘Old Home! 
pear 
interstock 


Several methods are used for developing double- 
worked nursery trees. The grafting in these techniques 
can be done with the whip graft: 


+ Rootstock “liners’—seedlings, clonal rooted cuttings, 
or rooted layers—are set out in the nursery row in 
carly spring, These are then fall-budded with the inter- 
stock buds, growth from which, a year later, is fall- 
budded with the scion cultivar buds. Generally, 3 years 
are required to produce a nursery tree by this method, 

+ The interstock piece is bench grafted onto the rooted 
rootstock—either a seedling or a clonal stock—in 
late winter. After callusing, the grafts are lined-out in 
the nursery row in the spring, and fall-budded to the 
scion cult his method, the nursery tece is 
propagated in 2 years. 

+ A variation of the previous method is to prepare, by 
bench grafting, two graft unions—the scion grafted 
to the interstock and the interstack grafted to the 
rooted rootstock. After callusing, the completed 
graft, with two unions, is lined-our in the nursery 
row. Depending on growth rate, a nursery tree can be 
obtained in 1 or 2 years. 


== 
o 


"Bartlett’pear 
scion 


‘Old Home’ 
pear 
interstock 


Figure 12-50 
There are three 
genetically distinet parts 
and two graft unions in a 
doublewarked plant. The 
Bartlett’ pear scion is 
grafted on an 'Old Home’ 
pear interstack—then, 
grafted to quince 
rootstock. 


+ Double-shield budding (T-budding) is used for dou- 
ble-working in one operation by budding (Fig. 
13-21). A nursery tree is produced in 1 year or, if 
growth is slow, 2 years after budding, 

+ The interstock shoots still on the plant can be T-budded 
in late summer with the scion buds inserted about 
15 em (6 in) apart, During late winter, the budded 
interstock shoots are removed with the budded scion at 
the terminal end of cach piece and bench grafted with a 
whip graft onto scedling rootstocks. After callusing, the 
completed graft—now consisting of rootstock inter 
stock and a budded scion—is ready for planting in the 
nursery row (16). 


Bench Grafting Systems 

‘The term bench grafting (bench working) tradition- 
ally refers to any graft procedure performed on a root- 
stock and scion that are not initially planted, including 
root graftage, nurse-root graftage, or any graftage per- 
formed on bare-root rootstock. Bench grafting also 
applies to potted liner rootstock that is grafted on a 
bench or table, as is commonly done with selected 
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woody ornamental species (43) or selected vegetable 
crops (Fig. 12-51) (29). Certain approach grafts are 
bench grafted, while others, such as the spliced 
approach graft of mangos in India, are field grafted, 
with the potted rootstock grafted to the established 
scion in the field, 

Herbaceous types of plants are grafted for various 
purposes, such as studying virus transmission, stock- 
scion physiology, and grafting compatibility, as well a for 
the commercial greenhouse and field production of 
sclected vegetable crops, particularly in Japan, Korea, and 
Europe (Fig, 12-51). The rootstock is grafted shortly 
alter seed germination, while the plants are quite small. 
Such material is generally very soft, succulent, and sus- 
ceptible to injury. The one cotylendon graft (OCG) or 
Japanese tube graft, is described in detail (sec Figs. 12-6, 
12-7, and 12-46) (21), Automated procedures of veg- 
ctable grafting using robotics and plastic grafting clips 
were described earlier (Figs. 12-43, 12-44, and 12-45). 


Miscellaneous Grafting Systems 

Cutting-Grafts In the cutting-gralt, a lealy scion is 
grafted onto a leafy, unrooted stem piece (which is to 
hhecome the rootstock), and the combination is placed 
in a rooting medium under intermittent mist for simul- 
tancous grafting and rooting of the rootstock, Leaves 
must be retained on the rootstock piece in order for it 
to root. This procedure was utilized many years ago in 
studying stock-scion physiology in citrus (20), and has 
been used in commercial propagation of various types 


Oo 


Figure 12-51 
(a and b) Bench grafting of 
vegetables in Canada and 
Japan. (c) Machine grafted 
cucumber cuttings. 

(@) Growing grafted seedlings 
indoors under artificial lights 
(29), Courtesy © Kubota 


of citrus on clonal dwarfing rootstocks (13). Its also of 
value in propagating certain difficult-ro-root conifers 
(55), rhododendrons (15, 41), and macadamias (1), as 
well as a number of 
apple, plum, and pear 
cultivars (44). I is used 
in the Netherlands and 
Isracl in propagating 
greenhouse roses, where it is called stenting (Figs. 
12-52 and 12-53) (58, 59). 

For citrus, a simple splice graft is used. The slope 
of the cut is at a 30-degree angle 1.3 to 2 cm (1/2 to 
3/4 in) long; the union is tied with a rubber band, The 
base of the rootstock is dipped into an auxin, such as 
IBA, and then the grafts are placed under mist, or in a 
closed ease, in flats of the rooting medium over bottom 
hat. After healing of the union and rooting of the stock, 
the grafts are allowed co harden by discontinuing the 
ist and bottom heat for about 2 weeks. Then the gratis 
are ready to be planted in 3.8-liter (I-gal) containers, 


stenting A Dutch term 
for simultaneously 
grafting and rooting the 
rootstock 


Micrografting Grafting of tiny plant parts can be done 
aseptically using tissue culture techniques described in 
Chapters 17 and 18, in which the small grafts are grown 
I they arc large cnough to be 
transferred ro open conditions. Micrografting has been 
used mostly with citrus, apple, and some Prunusspecies 
to develop virus-free plants, where a virus-free shoot tip 
can be obtained but cannot be rooted. The shoot tip is 
grafted aseptically onto a virus-free seedling, thus pro- 
viding a complete virus-free plant from which other 


in closed containers u 


ant 
2 
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Figure 12-52 
Simultaneously grafting and 
rooting roses for cut flower 
production in Israel. (@ and b) 
Rooting in Rackwoo! rooting 
blocks. (b and c) Grafted rose 
with plastic graft clip far 
simultaneous rooting and 
successful callus bridge 
formation. (d) Rooted, 
stented rose 


(a) (b) Cc) (d) 


Figure 12-53 
Roses in the Netherlands being propagated by simultaneous rooting and grafting. (a) Left: Shoot cut apart to be used for 
rootstacks. Only intemodes are used. Right: Sectians cut for scions, One leaf is used per scion. (b) Saddle graft made with an 
‘Omega grafting machine. (c) Graft wrapped with tape for healing, (d) Completed graft with union healed and stack well roated, 
ready for planting. In the Netherlands this process is called "stenting," a contraction of the Dutch wares stekken ("to strike a 


cutting”) and enten ("to graft"). Courtesy A Van de Pol 8 59), 
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“clean” plants can then be propagated (8, 25, 27, 46). 
‘Tests conducted some years after the shoot-tip grafts 
were made and the resultant trees were fruiting showed 
that the fruits were normal for the cultivar, disease-free, 
1no variations appearing (45). ‘The procedures 
for micrografting are described in Chapter 17. 


Micrografting can also be done without tissue 


and 


culture techniques. The non-aseptic propagation of 


DISCUSSION ITEMS 


very small nursery trees by grafting tiny seedlings with 
match-like scions, then growing the minute grafts long 
enough to have a viable plant, is a promising procedure 
(60). This is useful particularly in the tropics, where 
nursery plants sometimes must be shipped long dis- 
tances, often by ais, into inaccessible regions. 
‘Quantities of such tiny plants can be transported much 
more readily than full-sized nursery trees, 


1, What are five important requirements necessary 
for successfully producing a grafted plant? 
‘What are the three major types (classifications) of 
grafts, and what criteria are used to categorize a 
specific graft into one of these three types? 
. What are the three types of nurse-root grafis? Why 


use an expensive process such as nurse-root grafting? 


2 


. How does approach graftage differ from repair 
grafiage? Give examples of grafts used. 

. Why are grafting waxes not used as much today as 
in the pase? What kinds of substitutes are being 
used in their place? 

. Why is there increased interest in grafting automa- 
tion/robotics? 

. What are some important considerations in the 
collection, handling, and storage of scionwood for 
grafting? 
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Medium For Existing of Matter in Nature 


Anatoly V. Rykov,Russia 
Email: rykov@uipe-ras.scgis.ru 


By medium for existing of matter in Nature we 
understand physical vacuum which is a category 
determining all spheres of matter “life” (from particles 
of microworld to gravitational interactions in the 
Universe). Matter can not exist without this medium. 
‘Thus a question emerges, viz: how physical science can 
be developed without taking this fundamental aspect 
into consideration? 


According to the Einstein postulate, in a void light always 
propagates with limited speed, which does not depend 
on the motion mode of a radiating body. Itisa statement 
of deep physical sense which lies in the fact that only 
some physical medium can possess such a property. 
Indeed, if velocity of light, which was radiated by a body, 
further does not depend on speed of this body then it 
is possible only in a certain medium. For example, in air 
sound propagates with a certain speed which does not 
depend on the speed of the source and is determined 
only by density and volume elasticity of air. Thus, 
according to the Einstein postulate, there is a physical 
medium instead of void and velocity of light depends 
on the parameters of this medium (as is well known, 
velocity of light is equal to the square root from the 
product of inverse values of electrical and magnetic 
conductivity of vacuum). 


‘The author of this article made an attempt to research 
this physical medium 1]. The author used a well-known 
experimental fact that at interaction of a photon with a 
charged real particle this photon transforms to electron- 
positron pair. Besides, it was taken into consideration 
that photon is an electromagnetic phenomenon. The 
research allows the following conclusion: the medium 
named in physics as vacuum (before the XX century it 
‘was called aether) is created by electric dipoles from (+) 
and () elementary charges. These dipoles are surrounded 
by magnetic (mass) continuum. There were determined 
dipole intervals elasticity of decompression and ultimate 
strength of this interval. What does this model of 
medium mean? 


1. This models a physical validating for the “birth” 


of electron-positron pair at energy which is necessary 
to break dipole and create the “clot” of mass of 
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these two particles. A certain model for the “birth” 
of mass must exist. It is not clear as yet but can be 
represented as vortex of magnetic continuum inside 
the charge shell of electron and positron. 


2. Let us suggest that values of (+) and () charges 
differ at7.848981x10" Coulomb, then this difference 
is sufficient for the medium to be a source of 
gravitation and inertia, According to Newton's law 
of gravity, a weak electric charge of medium (all 
‘material bodies exist in this medium) causes all bodies 
to attract one another (under Coulomb's law). On 
the other hand, weak medium charge of alike sign 
creates repulsive forces which manifest themselves 
in the form of the expanding Universe. Thus it 
becomes clear the amazing uniformity of gravity and 
forces of negative pressure for the Universe. The 
mentioned difference of values of (+) and () 
charges of medium dipoles is not used as arbitrary 
parameter but it logically follows from its electrical 
structure [2]. 


3. Hypothesis of nature of gravitation is confirmed 
by calculations of the deflection angle of electric 
waves by the Sun, Calculated angle differs from the 
experimental value only in the fifth sign, which 
depends on the accuracy of several physical values 
used in calculation formula, There is practically an 
absolute coincidence with Einstein’ theory. The 
difference is that itis a concept of space and time 
(ce. geometry) which prevails in the general theory 
of relativity while in the nature of gravitation physical 
basing is used. Velocity of light is unstable and 
determined by medium state which depends on 
electric, magnetic and gravitational potentials. 


4. The existence of “black holes” relates to medium 
structure and nature of gravitation. At the edge of 
“black holes” the ultimate acceleration from gravity 
is realized. It causes breakdown of connections in 
electric dipoles of medium, creation of matter and 
antimatter (theo called “evaporation” of black holes 
which was theoretically predicted by E. Hoking, 
England). However at the border ofa black hole the 
velocity of light is equal to zero since its propagation 
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Introduction 


How to use this book 


‘This is a season-by-season guide to identification, harvest, and preparation of 
over 200 of the most popular and common edible wild plants of the U.S. and 
Canada. Hundreds of related edible species are also noted. In addition, the book 
covers identification of 20 poisonous plants and notes many other poisonous 
ones. Neither edible nor poisonous mushrooms aze included, 

Detailed cexts, maps, drawings, and nearly 400 photos (mostly in color) allow 
‘easy identification. But since there are over 20,000 species of plants to choose 
from in North America, excluding Mexico, ies important to make identifications 
with care and caution. The trick is to carefully compare features of the plant at 
hhand against those here. Remember this rule: When in doubt, leave the plant ont. 
We have included edible plants for each season from every major region of the 
. and Canada, except for the subtropical areas of southern Florida, We have 
ccluded obscure plants and plants that are only marginally edible. Likewise, we 
ve omitted plants chat occur in limited numbers of are theeatened. Two such 
plants are che Joshua tree (Yucca brevifolia) and the Saguaro cactus (Cereus gigan- 
teas), both slow-growing trees of the southwestern U.S. Rare or threatened spe- 
ies should never be gathered, 

The book's plant-seeking and identification systems are simple and versatile. In 
most cases, you'll probably want to begin by consulting the "Seasonal Key 10 
Plants,” beginning on page 30. This Key groups plants by primary “edible sea- 
son,” with other edible seasons noted there as well. Within the Key, you can 
easily hunt up plants in various ways: whether by common or scientific name, by 
discribution range, by general plant type, by habitat, or by edible options— 
whether you have an urge for something boiled, baked, raw, and so on. The more 
you use the Key, the more you'll like it. 

On the other hand, you may know a plant’ scientific or common name and 
simply want to learn more about it. In this case, just find its page reference in the 
Index in the back of the book. Cation: Often, unrelated plants share a common 
name—from region to region, and from guidebook to guidebook. Thus, it is 
wise to learn or at least check the scientific names. 

Ac other times, you might prefer to browse a seasonal section in the body of 
this book itself co see what kinds of plants you might encounter on your next 
outing. There you'll find plants arranged as they are in the Key, by edible season, 
Within each of these seasonal sections, plants are arranged by type. That is, ferns 
appear first. Then come monocots such as the lilies and grasses. Last come the 
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largest group, the dicots, which include herbs (most soft-stemmed plants), then 
vvines and shrubs, and finally trees, Within the herb groupings themselves, the 
plants are arranged according to flower color and leaf arrangement. 

‘The following table gives contrasting features of monocots and dicots. 


Monocots Dicots 
(such as onions, wild rice, cattail, (suc as comaranth, mustard, black 
corn lily, sweet flag, reed, camass berries, strawberries, sunflower, 
tity) plums, cherries, blueberries) 

Narrow leaves with parallel veins Broader leaves with nedike veins 

Flower parts in 3s. or multiples of 3 Flower parts in 5s, sometimes 4s 

Vascular strands (bundles) scattered Vascular strands (bundles) arranged in 

throughout a nonwoody stem 4 Fing on stem that may be woody 

‘One seed leaf per seed Two seed leaves per seed 


Common names and scientific names. Common names are useful, especially 
so if they are descriptive, but they often vary from region to region. Adding to 
the disadvantage of using only common names, several plant species may be 
known by the same common name. In this book, we've preferred co use a single 
common name but may list a second or even third common name when the 
names are widely used. But you'd be wise to confirm scientific names when con- 
sulting other plant guides or when using common names in everyday discussions. 

The scientific name, in Latin, is important because itis the universally accepted 
ame, Scientific names for all plants and animals adhere to a binomial (two-word) 
system and are always italicized. The first word designates the genus and begins 
with a capital letter. A genus is a group of closely related species. The second 
word indicates the species and begins with a small letter. A species is a group (or 
roups) of individuals that look similar and can freely interbreed. Hybrids be- 
tween species do occur though 


Typographical tipoffs. The texts covering each plant in this book employ ty- 
pographic variations that highlight categories for quick reference and announce 
‘whether a mentioned plant is covered elsewhere in this book. As in the example 
shown ewo parazraphs below, each species text begins with the common name or 
names, beneath which are listed additional seasons in which the plant is edible. 
‘Then comes the scientific name, always in italics, which may be followed by an 
italicized synonym in parentheses. This synonym is the outdated scientific name 
tunder which you may find the plant listed in older plant guides. 

Bold face type draws your eyes to the sequence of descriptive categories 
Bold face italic announces primary identifying features. sau. caPrTAL LETTERS are 
used for common names of plants covered in detail elsewhere in the book and 
located by means of the Index. For mentioned plants not covered in detail, both 
the common and the scientific names are given. To look up these plants in other 
auides, use the scientific name, 
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‘Usah juniper Taniperns eseosperma 
‘Ali edible autumn, winter ‘synonym: J. atabenss) 


‘Habitat: mesas, mountain slopes, high plains, principally from 1,000—2,650 m 
G,300-8,700 fe) elevation in dry rocky or gravelly soils. Identification: large 
shrub ot small busby tree to 8 m (26 fi) high with furrowed ash-gray bark that 
sreds in long, loosely attached strips. Leaves tiny, scalelike, opposite and 
overlapping one another in 2s, closely pressed against branchlets, 3~4 mm 
(0.1-0.2 in) long, usually gland-doreed on back, sharp-pointed at tip, yellow 
‘isb-green, Male and female flowering cones usually produced in spring on sepa- 
rate trees, inconspicuous and ususlly overlooked, Fruits small, leathery berries 
6-9 mm (0.2-0.A in) im diameter, nearly globe-shaped, reddish-brown, resin- 
‘us, sweet, with mealy texture, containing 1, rarely 2, seeds. Harvest and prepa- 
‘ration: same as for nocky MouNTAIN junires. Related edible species: cALORNIA 
JUNIPER and Kocky MOUNTAIN JUNIPER (preceding). Poisonous look-alikes: same as 
for ROCKY MOUNTAIN JUNIPER. 


Nature's diversity 


‘Some plants taste good and are easy to digest, while others are marginally so, 
‘Many others are unpalatable or even poisonous. Why? Plants, like animals, are 
products of millions of years of evolution and adaptation. Through all this time 
and even today, they are subject co many influences, including changes in cli- 
mate, soil, and water; competition from other plants; and the scores of plant- 
cating animals, ranging from insects to mammals. Some animals, particularly the 
insects, have gradually specialized by feeding on and laying eggs on specific plant 
species and groups. Ifa plant fails co adapt to these external influences, che result 
can be serious depletion or even extinction of its species. 

Plants, ike animals, have developed a myriad of defense mechanisms «0 coun- 
ter the continuing attacks by animals, But, unlike animals, plants cannot pick up 
their rors and race for safety. Nor have many plants taken the offensive and 
become predators; the parasitic and insectivorous plants are remarkable excep- 
tions, So to defend themselves or ensure survival of their species, most planes 
hhave developed elaborate mechanical, chemical, and reproductive characteristics. 


Reproduction. Some plant species survive largely because of their high repro- 
ductive capacity. Here, the plants reach sexual maturity early, produce large 
quantities of seeds or other propagules, and may be adapted to a wide variety of 
habitats, especially on sites disturbed by man, In these ways, dandelions, chick- 
weed, shepherd's purse, and other plants channel much of their resources into 
reproduction. With their rapid growth and early maturation, they outcompere 
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many slower-growing plants. This phenomenon is easiest to observe in yards and 
con land reverting back co a wild sta. 


Armament, Siill other plants employ an arsenal of external structures (spines, 
thorns, stinging hairs) that can deter larger animals from browsing. These defen- 
sive structures often occur in conjunction with internal mechanisms such as 
cough fibers and bieter-tasting or even poisonous chemical compounds. Did you 
ever notice how many thistles remain uneaten in fields otherwise heavily 
browsed by deer or cattle? 


External chemical defense. Another defense is the production of tiny glands or 
‘glandular hairs on the plant surfaces. These structures may produce an array of 
chemical compounds that may even be secreted onto the surfaces of stems and 
leaves. Secreted substances usually glisten in direct light and are sticky. They may 
also emit a repulsive odor. Many members of the sunflower family have tiny 
islands on the leaves, stems, or outer surface of the flower clusters, As a test, 
place some fresh leaves and flowers of tarweed (Grindelia species) in a plastic bag 
for a few hours and then open the bag. You'll smell a heavy resinous odor from 
the glandular secretions. The secretion and odor are believed to repel leaf-eating 
animals, 


Internal chemical defense. Many plants produce chemical compounds within 
the leaves, flowers, and fruits, which make the plant taste bad or render it toxic 


The chlle's armament, below left, const of pines sat readily pierce flesb. Spine tips 
‘may break off when you attempt ta remove them. Below right, the glistening, sticky 
coating on tarweed flowers is secreted by tiny flower glands. As a chemical defense, ft 
renders the plants unappetizing to potential predators, (Elia phos) 
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This is why some recipes later in this book cell you to soak che plant parts in 
water first or to discard the water after the plants have been cooked, Other 
recipes recommend using only young leaves or stems because the young parts do 
‘ot contain high levels of the undesirable chemical compounds. Also, young 
parts are tenderer because the vascular strands and fibers have not had enough 
time to enlarge and toughen. Even extended cooking won't render all plants 
edible. The poisonous components in such plants as irises, water hemalock, and 
others cannot be broken down, nor can they be leached our by water changes or 


cooking. 


Appeal to animals. There are times when it is to a plant's advantage t0 be 
eaten. After plants have flowered and produced fruits, reproduction and, ulti- 
‘mately, survival of the species require that the seeds be dispersed to sites suitable 
for germination and growth. To achieve seed dispersal, plants use unwitting ani- 
mals, Consider the tasty and nutritious flesh of wild berries. The tiny seeds inside 
many kinds of berries pass through animals unaffected by the digestive process 
and are so dispersed in excrement. 


What determines the taste of wild plants? 


Experienced foragers know thar the taste of a particular species from one site 
‘may differ slightly from that of the same species at another site. This is due to 
genetic variation usually manifested in differing physical or chemical characteris- 
tics. Thus, the degree of bitterness or mildness in many members of the mustard 
and daisy families, for example, can be attributed to natural genetic variations, 
Chemical composition of the soil along with other substances added by man or 
animals can affect the taste of some plants, especially smaller herbs. 

‘Then too, people themselves differ in their ability to taste and in their toler- 
ance of certain plant compounds. Just as many foragers enjoy fresh dandelion 
greens and boiled cattail stalks, others may detest them. You might acquire a 
taste for certain wild edibles only after experimenting with harvest and prepara 
tion techniques. 


Danger of overharvesting 


Avoid overharvesting and thus eradication of a plant from a site. Try to make a 
note of the reproduction levels of wild edibles in your area. If you harvest native 
plants faster than they can reproduce, you'll have a detrimental impact on the 
environment. Its a good rule always to leave some mature plants to produce 
fruits and seeds. 

Obviously, you won't cause serious ecological damage if you harvest plants 
introduced from other countries. Introduced plants are already alien to native 
habitats. The widespread invasions of these introduced plants in the wake of 
man's new settlements have permitted chem to become established and in some 
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ceases to overcome the natives. Examples of introduced species include dandeli 


‘ons, chickweed, mustard, and plancain. 


Habitat guide 


With the acquisition of this book, you have taken the first and easiest step 


toward a feast of wild edibles. Though good eating is a major goal here 
‘overlook the poteatial fun in simply foraging for plants. With a lirde knowledge 
plane ecology and field identification you can find an abundance of wild foods. 
Except for nuts, acorns, and sap in season, forested areas have fewer edibles 


offer chan most unforested areas. Yet in northern deciduous forests you might 
among many other plants, In hardwood 


find Indian cucumber and bunchberry 
of marsh marigold, toothwort, and 


forests early in the growing season, look 
several of the violets near small streams and adjacent mucky areas. In the rich, 


ed tw0 years pri at left, this “disturbed” site offers varion 
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moist and neutral-soil woods you may find wild onions and leeks. Near the edge 
of che woods, you may sce the broad leaves of garlic mustard. Here alyo dwell the 
greenbriers and catbrier 

In spring, along gravelly stream banks regularly scoured by floods, look for the: 
delicious fiddleheads of the ostrich fern, ‘The task is easier if you first notice the 
tall brown fern plumes from the previous year. Later chis habitat may offer tender 
‘young nettles and one or both species of jewelweed, which, away from streams, 
may grow in moist fairly open areas. Partially sunny areas in spring may reward 
you with mints and watercress. 

Marshy pond edges often offer wild-food bonanzas. From the cattail ("Cossack 
asparagus”) early in spring to the arrowhead tubers in the fall and winter, these 
sites provide continuous sources of foods. Among the providers are pickerel- 
weed, cattail, common reed, arrowhead, warer lilies, great bulrush, and wild rice. 
Its often wise to start the spring harvest by checking for new sprouts on the 
cattail roots. Fortunately, none of us needs to complete the harvest season in 
December the way the Indian squaws di, according to Lewis and Clark, by 
standing in chestdeep ice water, loosening arrowhead tubers from the mud with 
their toes. 

Sights disturbed by bulldozers or plows are always worth a close look, For & 
grand variety of greens, from early spring to summer, visit such disturbed areas 
frequently. Lawns provide dandelions, chicory, plantain, and other greens best 
gathered as early as possible. In recently disturbed sites such a last years garden, 
mustard, winter cress, chickweed, and shepherd's purse are followed by lamb's 
‘quarters, amaranth, purslane, and many other edible “weeds.” A year or so after 
being disturbed, these sites may then produce docks, pokeweed, evening prim- 
rose, salsify, milkweed, and many other edibles 

Roadsides offer bounty closely akin to bulldozed areas, Yet auto traffic and its 
pollutants often make roadside foraging unhealthy. In June along. lightly truy- 
led dit road, you may want to cut poke or asparagus shoots, oF pick common 
dlay lily buds. In fall, you mighe dig for Jerusalem artichokes or common day lily 
tubers. 

While foraging for spring greens, note locations of the flowers of blackberry, 
raspberry, blueberry, and elderberry. Most old fields and forest edges produce 
fone or more species of berry plants during the succession toward a woodland 
planc community. Elderberry blossoms are edible, but be sure to leave plenty for 
fruit production. In the Northeast, raspberries and blueberries fruit first, fol- 
lowed by blackberries and elderberries. Ifyou live in an area with heavily fruiting 
serviceberries, first locate their white flowers in spring against the leafless grays 
and browns of woods and river edges. Gather the serviceberries that the birds 
don't get first, during blackberry time in midsummer, 

In summer throughour the rough lands of the West, look for currants, yuecas, 
prickly pears, and immature mesquite pods. 

If you plan your vacation to the East Coast for late summer, look for ripe beach, 
plums, They are frequently plentiful, though few people seem to pick them. If 
camping in national or stare parks, of course, first obtain permission t0 pick. 
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In che East, September is a great month for sumac berries along the edges of 
‘woods and in old fields. The staghorn sumac is best then and the smooth sumac, 
which reaches its peak earlier, stil has good flavor. In the West, squawbush fruits 
are harvested in September. As the first frost approaches, grapes and viburnums 
ripen along brushy fencerows and wood’s edge. Early fall is also the time to drive 
the country roads looking for ehe first fallen nuts. The best-producing nut trees 
are in the open and along roads and old fences. Make note of the nut cree loca- 
tions early and check them periodically in order to beat wildlife to the nurs when 
they begin to fall. In fact, you can gain the advantage over wildlife by climbing 
nur trees and shaking the nuts loose. 

Through the fall, look in fields for hawthorn and rose fruits undergoing their 
post frost sweetening. After that, you might sit back and relax until the following 
Spring's maple sugar season. 

‘Winter foraging serves almost exclusively for survival fare or for diversion 
during a January thaw. If the wild food fever strikes you in winter, you'd be best 
served in warmer southern climes. 


Harvest and preparation 


Shoots, leaves, and other aboveground parts. For all aboveground tender 
parts, the time berween harvest and eating is critical. Some plants lose much of 
their vitamin content in a few hours. So avoid saving them until they taste as flat 
as if they'd come from a supermarket! 

Ie also important to forage at correct times. Several greens, including chicory 
and winter cress, become bitter very early in the growing season. Pokeweed 
shoots increase in toxicity as they grow. And many other greens such as ostrich 
fern and plantain become tough or fibrous with age. 

Even though the shoots lose palatability as they grow, new leaves and growing, 
tips of many plants, such as miner's lectuce and lamb’s quarters, remain tender 
and edible throughous the growing season. Plants such as milkweed, cattail, and 
common day lily also produce edible flower buds and flowers, and during the 
growing season are worth several foraging visits. As the years pass, you may want 
to develop your own regional calendar of the harvest dates for plane parts 

Some plants are best picked by hand—a leaf or tender tip at a time. Densely 
Jeaved plants such as sheep sorrel and chickweed are best pulled up whole before 
you use scissors to shear off the leaves. Since nettles, greenbrrier, and some other 
edibles are armed in various ways, you'll need gloves and shears for harvesting. 

Wash the freshly harvested plants with cold water. Then cook them with con- 
cern for their taste, tenderness, and nutritional value, With shoots, you can retain 
most vitamins by bundling and steaming them like asparagus. This works well 
with fern fiddleheads, catail shoots, Japanese knotweed, and, of course, wild 
asparagus. Shoots with bieter sap like milkweed's or a toxic substance, as in poke- 
‘weed, may be bundled but must be submerged in changes of boiling water to 
render the plants safe 0 eat. 

‘Normally you should avoid submerged boiling of tender, delicate leaves and 


medium disappears. According to Einstein's theory 
itis such a deceleration of time that electromagnetic 
oscillations gain zero frequency. 


5. Naturally the medium isa carrier of all types of 
electromagnetic radiation, beginning at stationary 
clectric voltage and ending with super high-frequency 
“photons”, which can be determined not as 
clectromagnetic but as magnetoelectric phenomenon. 
In the latter case magnetic continuum of medium 
has a crucial importance since it determines very 
small degrees of magnetoelectric disturbance. These 
degrees are thousands of times less than those of a 
hydrogen atom. It is reasonable that such small 
degrees creates illusion that a photon possesses 
properties of particles. 


6. Medium structure directly leads to the notions 
of Quantum Mechanics, beginning at quantification 
of electronic “orbits” in atoms. This medium 
determines the “allowed” spots for electrons to be 
placed arounda nucleus. Thus medium isa necessary 
place for the existence of all matter or matter of the 
‘Universe. Theso called Compton length of electron 
‘wave is one of the validations of this statement. Itis 
directly calculated to a high accuracy according to 
electric structure of vacuum. 


7. Thus Plank’s constant is not a mysterious 
“quantum of action”, on the contrary itis entirely 
determined by medium parameters. Thereby the crisis 
(which conventional physics is accused of) can be 
logically overcame by the introduction of medium 
‘which is capable to take radiation in electromagnetic 
region only by quanta. Plank’s constant is always 
presented atall quantum approaches. Its additional 
evidence in favor of the necessity to take into account 
the medium as natural place for existence of all the 
matter in Nature. 


8. Itis stilla question what processes take place in 
the centers of galaxies. The observations show that 
the centers of galaxies create star matter. They often 
flow out the centers and settle themselves at 
approximately the same plane. It is an evidence of 
the fact that centers of galaxies quickly rotate and 
the favorable conditions for stars to reject matter 
are created, Similarly planetary systems are created 
around the rotating stars. Its thought that centers 
of galaxies are gigantic black holes. In the context 
of the concept of medium for matter existence it 
can be set up a hypothesis that being at some special 
state the medium creates stellar systems, ie. galaxies. 
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9. Astrophysicists more and more trend to accept 
the existence of unknown “dark” matter, which 
occupies approximately 70% of all matter. Iv is said 
that due to antigravitation property this dark matter 
is responsible for the expansion of the Universe. 
Hypothesis on the nature of gravitation gives the 
affirmative replies to such suggestions as: expansion 
of the Universe is caused by weak electric charge of 
the medium and distributed mass of magnetic 
continuum is the very dark matter. 


10. All elementary particles (electrons, positrons, 
‘mesons, protons, neutrons etc.) are in the medium 
and interact with it. In the case of electrons and 
positrons this interaction causes the great extension 
of dipoles of medium which directly adjoins to 
borders of particles. This extension helps photons 
to break the particles. In case of protons, there is 
such a breakdown of the medium at their borders 
that protons turn to be dressed in “coats” of virtual 
electrons and positrons. And medium is shown to 
be in entire state only when reaching the first Bohr 
orbit. This interaction of the medium and particles 
leads to the factors which determine the life time of 
some of them. Thus life time of a neutron is up to 
30 minutes depending on the state which it has while 
leaving the nucleus. For mesons “the tearing” 
Coulomb forces, which exist between the medium 
and particles, are very powerful that makes the life 
time of mesons very short. However if the particles 
moves with a high speed relatively to the medium, 
then these forces noticeably decrease and if the 
speeds of motion is close to velocity of light then 
these forces become very small. The lifetime of such 
particles noticeably increases. In Einstein's theory it 
is said about “deceleration” of time. Finally the life 
time of particles is determined by the inner steadiness 
and outer influence of the medium. Protons have 
fantastic binding energy and they cause such great 
external destructive effect that thei lifetime becomes 
immense. 


11. When particles move in medium with high speeds, 
there is a concentration of magnetic continuum 
which is recognized as increase of mass of particles 
at increase of their speed. Evidently, we can continue 
the list of physical phenomena which relate to the 
presence of medium for existing of matter in Nature. 
Howeverit seemsto be enough toadmit that medium 
(physical vacuum, aether) is of a great importance 
for the very existence of the Universe and for the 
processes which take place there. “Mechanism” of 
gravitation and inertia hasa special importance since 
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plant p are wild carvot taprant, ot jack 
alley bulb, violet rbizomes, a tubers, (D: 
rowing tips. Here boiling has aboue the same effeet as soaking your breakfast 


cereal in boiling water and then draining the water off: All the flavor and texcure 


and much of the nutritional value are lost, For such plants, including lamb’s quar 


ters and chickweed, use just a few tablespoons of water beyond that which is left 
from washing. Within 1-3 mi 


Coarser greens such as dock and cleavers require longer cooking, barely cow 


bitter substances must be boiled! in changes of war ugh the process re 


Juices much of the vitamin content. A pinch of baking soda will help tender 


areens but promotes vitamin loss. 
When possible, ery to combine bland greens with those having a b 


haracter. While coarse dry-textured greens are cooking, add a litte b 


king 


or butter. Season only after 
Roots, tubers, and other underground parts, Several plants produce taproots, 
tubers, or corms that are excellent substitutes for potaroes and root crops. These 


plants are usually best from fal through early spring when most other wild foods 


are scarce. The underground structures serve as storehouses of carbohydrates 
and are richest in starch at the end of the growing season. As the earth warms in 
early spring the starch is converted to sugars thar may sweeten the underground 
structures. When the plants begin to grow and most of the starches have been 
converted, the underground structures generally become soft and unpalatable. 

Bur there are 
ground parts of many plants die in autumn and either shrivel greatly or break 


idvantages co using underground parts as food, The above 


away from the root, making foraging very difficult. Then positive identification is 


challenge since you nearly always need aboveground parts for reference 
Mistaking a species such as death camass (Zygadenas) for the edible camass (Cu 
massia) would be fatal. As with all wild food gathering, be certain of what you 
collect, 

Once you have gathered a batch of fleshy roots oF oth 
cook them Ii 


inderground parts, 


potatoes. Options include boiling, baking, and frying, as well as 
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jans in dry climates, For pit roasting, dig a 
.ep. Line the bottom and sides with rocks 
an intense fire inside che pit to heat the stones and adjacent earth, After 


the pit-roasting method used by In 
hole atleast 2 ft by 3 fe and about 2 f¢ 
Build 
several hours of burning, clean out the burning wood and coals and line the rocks 
with green grass or leafy twigs. Lay in the food co be roasted and cover it with 
more grass. Pour in a pine of hot water to produce steam. Top the pit with 5 em (2 
in) of soil and build a fire on it, For groundnuts and arrowhead tubers, maintain 
the fire for 3—4 hours. To reduce camass bulbs to a sweet blackish mass, Indians 
cooked them from up to 3 days. Whatever way you cook underground edibles, 
leave the skins an to preserve most of the vitamins 

Underground parts of some plants are excellent raw as tral nibbles or in salads 


Examples include wild onions, Indian cucumber, and cattal root tips, You ean 

experiment to 

eating raw 
Tough roots of cattails and some other species can be crushed to release the 


ermine which others are neither too tough nor too bitter for 


starch, which can then be dried for use as flour. Other species may be dried 
whole of sliced and stored for long periods, a very valuable preparation for Indi 
ans, who relied on seasonally available foods. Drying also removes the toxicity of 
the roots of plants such as skunk cabbage and jack-in-the-pulpit, which are not 
included in this book because of their toxicity when fresh 


Beverages. You can brew teas from a wide range of leaves, fruits, twigs, and 
even roots, many of them high in vitamin C. Most tea materials may be used fresh 
or dried; check the species texts in this book to learn which is best for each plane 

Pick leaves at their peak growth. Then dry them in a warm place out of direct 
sunlight. If you use a warm oven, remember that too much heat will drive off oils 
that give the heverage its flavor. Store dried leaves in a sealed container. The 
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same principles apply to the drying and storage of fragrane ewigs and roor bark 
and to flowers of such species as basswood and clover. 

‘To prepare a cup of tea, 1 tsp of dried marerial or 2 tsp of fresh are usually 
enough. Steep the dried ingredients in boiling water, but do not boil the tea. 
Otherwise you'll drive off the fragrant oils. Like commercial teas, strong-flavored 
ingredients need only a few minutes of steeping. Delicarely flavored strawberry 
leaves, birch twigs, and the like may require 15 minutes or more, 

For flavor variations in teas, experiment with blends of ingredients, Since 
many plants make good teas, the combinations are limitless, as suggested by the 
labels on commercially packaged wild tea blends. Caution: Be certain that all of 
your ingredients are safe to use. In this book we've avoided mention of folk 
remedies and medicinal uses of plants. Some of these are unproven and even 
dangerous. And those that may have merit often depend on correct diagnosis of 
an ailment. You're better off using commercially prepared medicine. Still, a cup 
of birch tea for a queasy stomach won't hurt you. 
offce substitutes are usually made from roasted, coarsely ground roots and 
tubers. Some, such as chicory and dandelion, are best harvested outside the 
growing season, while chufa tubers are firm and good to use anytime. Roast the 
‘material slowly, browning it all the way through, Too high « temperature will 
scorch it and give you a terrible cup of coffee. Store the prepared material in a 
sealed container, Generally use 2 thsp of “coffee” per cup of water. Brew it like 
regular coffee but do not overbrew unless you have a cast-iron stomach, 


Fruits and fruit juices. You'll need to handpick many fruits because they'll be 
attached t00 firmly to be shaken loose. Bur the shake method works well for 
bushes or trees such as mulberry, cherry, and highbush blueberry. Any large 
sheet of plastic or fabric will suffice. Just spread it under a portion of the plant 
and shake the branches above. You may be amazed at the quantities you harvest. 
Large trees may require climbing. This method works well on nut trees, too, and 
helps you bear the squirrels to the murs, 

If shaking won't work but che fruits are large and firm like cranberries, impro- 
vise a toothed scoop from a plastic 2 liter (2 quart) jug. With practice, you can 
make this scoop a highly efficient gathering device. 

‘Some clustered fruits such as grapes, mountain ash berries, and elderberries 
will not yield to shaking or scoops. Here you'll need to take the whole cluster 
with fingers, knife, or pruning shears, Then you can strip the fruits from their 
stems, Soft fruits like strawberries and raspberries have to be picked by hand. 

If you strip firm fruits such as blueberries from the ewigs, you'll usually wind 
up with many unripe fruits in the bucket. You can sort out unripe fruits tediously 
by hand, or you can rig up a bounce board, as shown in the accompanying photo. 

Drying Fruits. Drying processes are described later in many of the texts on 
individual species or plant groups. But as a general rule, select only fully ripe 
fruits. Dry small fruits whole, pit che pitted ones, and cur large ones into pieces 
or slices. 
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For best results place the fruits in a single layer on a rack made with a nylon, 
screen or thin cloth, If drying is done outside, place the rack out of direct sun- 
light. Tura the fruit once or twice daily and cover the rack or take it inside ar 
night. You may find ic more convenient co place the rack in an attic, which may 
be ideally warm and dry during the summer. Just be certain there are no mice or 
squirrels there, Attic and outdoors drying requires from a few days to two weeks, 
depending on the fruit and the weather. 

Ifyou are ambitious, make a solar dryer, which is basically a sun absorbing box 
‘with adjustable vents to allow air exchange while maintaining a temperature be- 
low 80°C (175°F). The effect is the same as from using a warm oven, but the 
energy is free. Drying time in a solar box or kitchen oven will be from 6 hours to 
2 days, Remember to tura the fruit occasionally to promote uniform drying. The 
process is completed when no juice can be squeezed from the fruit. If you fail 
dry the fruit enough, it will mold. Store it in sealed plastic or glass containers 
away from light 

“Most dried fruits store well but a few, such as saguaro, may have insect eggs on 
them and will become wormy in time. Avoid worms by pulping and boiling the 
fruit, then drying it in a thin sheet to make fruit leather. This lightweight, nucri- 
tious fruit form is great for tral use, For cooking use *4 cup of dried fruit per cup 
Of fresh fruit called for in a recipe. But soak the dried fruit abour 15 minutes 
beforehand. 

Cold drinks can be made from the juices of many fruits, Extract the juices after 
‘crushing the fruits and cooking them over low heat. To finish the beverage, you 
usually need only add sweetening and perhaps a litle water. Grapes, cranberries, 
and red mulberries are among the best fruits for juices. To extract the flavors of 
drier fruits such as the sumaes, soak them in hot water. Served cold or hot with or 
‘withour sweetening, sumac juice is delicious. 

‘Saps from maples, bieches, and other trees, taken during, sugiring season, 
make excellent drinks, Sap is best within a day or two of harvest, Try some in 
spring while you are making maple syrup. 


Jellies, Most jellies are made from fruits, but any leaves with fragrant oils can 
be used as a base, mints being the best example. For most preparations, select 
firm ripe fruit. Some fruits such as grapes produce better jelly from a mixture of 
ripe and unripe fruits 

‘Wash the fruits and remove blossom ends and stems. Cut up large fruies. Crush 
soft fruits to star the release of juice. Add water and cook until very soft or until 
all seeds are free from the pulp. Pour into a wet jelly bag and drain. Squeezing 
the bag increases quantity but reduces clarity of the juice. 

‘Accompanying recipes are based on the use of commercial powdered pectin. 
But, depending on ripeness and type, some fruits may not need pectin, To deter- 
‘mine the need for pectin, mix 1 thsp each of juice and alcohol (grain or wood). If 
1 solid mass forms, no additional pectin is needed. If flakes or « loose mass forms, 
add pectin. Slightly underripe fruits are generally richer in pectin than ripe ones. 
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Jelly Recipes 
Note: All recipes except srape require pectin. 
‘Approx. Approx. 
‘amount Water simmer Juice Sugar Yield 
Fruit (cups) (cups) time (min) (caps) (cups) Lemon (cups) 
Barberry/Apple 63 1 2 4 3 none 4 
Blackberry, Dewberry 8 none 3 34%_-5~—one 6 
Blueberry, all types ILL 10 5% 
Buffaloberry art 10 4 
Cherry 7 % 10 3% 
Corrant 4 wm WwW 6 
Grape (use no pectin) 8 % 0 4 
Huckleberry we Ft 1 5% 
Indian Fig 2 4 
Mint eS 
‘Mountain Ash 8 4 4 
‘Mulberry, Red Sr Es 20 4 
Plum, American 8 mM 2» 6 
Plum, Beach and 
Flarwood 8 Mm 2» 
Prickly Pear 6 ™% 20 4 
Raspberry, Black 1) Gi w 5 
Raspberry, Red; 
Wineberry; 
Thimbleberry io 5 4 5% none 6 
Rose Hips @ 22 2 4 7 mone 7 
Salal 6 2 2 5 5 none 7 
Serviceberry Cone 2 4% 3 KC 6 
Thornapple 8 4 wo 0407 «MCT 
Violet Blossom 4 + Psa 4 C64 


“Chopped eaves **Quick boil er stnd 10 mio. 43C boiling water —_tafuse 24 hr. 


‘You can substitute liquid pectin or apple juice for powdered pectin, oF you can 
boil the juice down until the jelly temperature reaches 105°C (20°F), 
‘Measure the specified volume of juice in a large kettle that will allow che 
rolling boil required for jelly making. Stic in pectin and lemon juice, if indicated 
in the recipe. Bring to a full boil with constant stirring, Stir in sugar and bring to a 
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rolling boil. Boil hard for one minute, remove from heat, and skim off foam, 
Immediately pour into hor, sterilized jars. When jelly is set, cover the surface 


with at least V4 inch of hot, melted paraffin. Remove any bubbles and make 
certain a complete seal is formed with the jar. 

For the recipes in the accompanying jelly table, amounts of water anu sugar 
will vary according to the individual batch of fruit, desired consistency of the 
jelly, and your taste preferences. 


Jams, Jamns are made from whole fruits, cooked to a thick syrupy consistency, 
Select fully ripe fruits, and prepare ao more than 3—4 quarts of fruit in one 
batch, 

Wash and drain fruit. Remove pits, if present. Seeds of species such as black- 


Jam Recipes 


Fruit 
Approx. Special pulp Sugar Yield 
Fruit ‘amount procedures (eups) (ups) Other __ (cups) 


Barberry 5 C Crushint 3 3% none 4 
C water; 
cook 20~ 
30 min; 
seeds 
Blackberry 2 qt. Crush, 5 
seeds; no 
Blueberry Wat Crush 4 42 ebsplemon 514 
thoroughly; 
no water 
Gooseberry 2M qt Remove 944 7 none 8% 
ends; 
srind; 20 
Ground Cherry 1 qt Halve and 
crush; | 
cup water 
Grouseberry 14 qt Crush 442 tbsp lemon 514 
thoroughly; 
‘0 water : 
Huckleberry 14 qt Crush 4 42 thsplemon 544 
thoroughly; 


none ™% 


4 4% YClemon 5% 
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Fruit 
Approx. Special pulp Sugar Yield 
Fruit ‘amount procedures (cups) (cups) Other __ (cubs) 


Mayapple 2 qt Crushin 4 4 Yuspsale ” 
we 
cook" 
gently 20 
colander 
Mulberry, Red 2 qt Crushy@ 4 3 none 5 
Ciwater 
at Halve; 4 3 none 5 
colander; 
fo water 
Plum, Amer. 4 qt Pit;chop 6 © 8 one Ms 
fines Y3.C 


Persimmon 


Plum, Beach and 4 qt 6 10 none 10% 


Flarwood 


Raspberry, 
Wineberry, 

Thimbleberry (See 

Blackberry) 

Salal 1qt Crushand 3% 5 YClemon 6 


Sea Grape 2 qt Crushin2 5 none 5 
C water; 
cook 15 
colander 
seeds 

Serviceberry 1 qt Chopwith 4 3 Sebsplemon 544 
2 oranges; 
grate 
orange 
peels; 

Steawberry 2 qe Crush, 95 7 none ™ 
seeds; no 
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berries and grapes may be strained out during the process. Chop, grind, or crush 
the fruits as indicated in the accompanying jam recipe table. Put in a saucepan, 
add water (if called for), and simmer 8-10 minutes—looger if specified. Mea- 
sure fruit pulp into a large saucepan and add pectin. Bring ro a full boil with 
constant stirring. Stir in sugar and other ingredients. Boil hard for 1 minute. 
‘Skim off foam. Ladle the jam into hor, sterilized jars ro within \4 inch of top. Seal 
with paraffin or airtight lids. Ifyou use canning jars with 2-piece lids, sterilize the 
filled, loosely capped jars in a canner after you fill them, 

For jams without commercial pectin, boil prepared fruit pulp with an approxi- 
‘mately equal volume of sugar for about 30 minutes. Pack and store as above. 

Uncooked jam can easily be prepared from many fruits by grinding or blend~ 
ing 2 cups of fruit with 4 cups of sugar. Let stand 30 minutes. Bring to a boil one 
package of powdered pectin in 1 cup of water. Stir liquid into fruit and sugar. 
Pour into sterilized jars and cover. Leave at room temperature for one day before 
refrigerating or freezing, Use within 3 months. 


Pies. Pie fillings can be as simple as fruit and sugar, but usually additional ingre- 
dients will enhance the quality. Ifthe fruit is bland, add lemon juice; if dry, add 2 
or 3 thsp water. Vary the amounts of flour and sugar according to juiciness and 
sweetness. Spices may add zest. Experiment with the extras. The accompanying 
pie recipe table gives general, not absolute, quantities, 

Nine-inch pies will require 3-4 cups of fruit unless other ingredients add 
significantly co the volume of he filling, For most pies, pour the fruit into the pie 
shell. Then mix the flour, sugar, lemon juice, water, and sale as called for and 
pour over the fruit. Top with spices and butter. Fruits such as huckleberries make 
better fillings if floured before going into the pie shell. Once again, experience or 
«detailed recipe book will help you arrive at the best procedure, 

Bake pies at 190-205°C (375-400"F) for 40-50 minutes, unless you partially 
cook the fruit and other ingredients before putting them into the pie shell. For 
baking next to a campfire the temperature is right if you can hold your hand for 


Pie Recipes 
Amount — Sugar Lemon 
Fruit (cups) (cups) __juice__Flaur Other ingredients 
Blackberry 4 1 none 3 thsp 2 thsp burcer 
Blueberry 4 1 Wg tbsp 3 tbsp 12 sp nuemes, 


2 thsp butter, 
mix berries with 
flour 


Currane 2 2 none 2 tbsp 2 beaten exes 


Amount — Sugar 
Fruit (cups) __(eups) 


Lemon 


juice 
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Other ingredients 


Elderberry 3M 1% 
Ground Cherry 3 % 


Huckleberry 4 1 


Japanese Knotweed 4 1% 


‘Mayapple 3 (halves) 3% 


Mountain Ash 3 1% 


Mulberry, Red 3 1 
Pawpaw Glarge, 1 
sliced fruits 


Plum UW sliced 14 


Raspberry, all 4 1 


Serviceberry 4 


Spanish Bayonet 3pulp 


Strawberry 4 % 
Wineberry 4 1 


4 tbsp 
3 thsp 


1% tbsp 


6 ebsp 


1 tbsp 


4 tbsp 


1% tbsp 


3 thsp 


2 tbsp butter 
V4 tsp ground 
cloves, 2 tbsp 
butter 

V4 wp autmeg, 
2 thsp butter, 
imix berries with 
flour 

3 beaten eggs, 
34 tsp nucmeg 
Vs tsp each, 
ground cloves 
and cinnamon 
Yap 
cinnamon, 2 
tbsp bucter 

2 thsp butter 

1 tsp cinnamon, 
¥4 wp allspice, 
2 thsp butter 
1 Csliced 
peaches, 2 tbsp 
butter 

Yep 
cinnamon, 2 
tbsp butter 

¥s sp cinnamon 
or nutmeg, 2 
tbsp butter 
Yap 
cinnamon, 14 
‘sp ground 
cloves oF 
nutmeg, 2 tbsp 
buter 


Yaesp 
cinnamon, 2 
tbsp butter 
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not more than 810 seconds where the pie will be placed. In situations where 
heat may be uneven, rotate the baking pie a part of a turn every few minutes. On 
a campout few diners will complain even if the pie isn’t cooked to perfection 


Grains, nuts, and seeds. These fruits like the fleshy fruits, generally ripen late 
in che growing season. Grains, nuts, and seeds are usually high in proteins and 
oils, making them valuable wild foods. Oily seeds and nuts may be used in many 
ways: Chopped or sliced, they serve well in baked goods and preserves and with 
‘green vegetables. They can be eaten fresh or pressed for oil extracts. Most peo- 
ple have tied hickory nuts, walnuts, and—perhaps among westerners—pinyon 
nurs. But chese few most popular nuts are just the beginnings of natu 
‘nut, and seed bounty. 

If you forage close eo civilization, abandoned and disturbed sites will provide 
seeds of common weeds such as lamb’s quarters, amaranth, and purslane, Con- 
duce experimental harvests after the seeds are fully formed but before they have 
fallen from the plants. Cut whole plants and dry them on a cloth. When dry, the 
seeds can be shaken out and separated from other plant parts. This is labor- 
incensive harvesting, but it can be fun 

‘With dozens of grasses, you can separate grains from their hulls by rubbing 
them hecwcen your hands or rolling or pounding them lightly with a rolling pin 
berween two towels on a hard surface, Use either a natural breeze or an electric 
fan to blow the hulls away 3s you pour the mixture of hulls ane grains from a 
height of several feer into a container. Here are two other winnowing methods: 
(1) Shake the seeds and chalf in a deep container or sack, causing the denser 
seeds to settle to the bottom while the hulls and other light debris rise to the top. 
2) Also, you can shake the mixture in water, causing the seeds, which are heavi- 
¢r, to sink and other materials to float. Experimentation will yield the most effec 
tive process for the seeds you have at hand. 

‘You can grind seeds into four the old way with stones, bur a modern blender 
oF food mill makes the task much faster. Substicure your wild flour for some of 
the commercial lour in any recipe. You will soon concoct some favorite blends. 
Some ground-up seeds also make a pleasant boiled gruel. 

Little need be said about the various nuts in addition to the comments you'll 
find on exch species later in this book. Bur here are a few general tips: When 
collecting hickory nuts and walnuts, search out trees that produce large nuts 
because nut cracking is too much effort to make small nuts worthwhile. The 
husks of hickory nuts are easy to remove. Those of the walnut must be crushed 
and rubbed off. Ifyou take the trouble to remove husks in the field, you'll elimi- 
fate a stain and mess at home. Drying the nuts for atleast a month makes nut- 
meat extraction easier. 


Plant foods of the Indians 


‘As the big-game hunting phase of American Indian history evolved into the 
hunting/gathering phase, wild plants became an increasingly important part of 


itis the only thing which can make clear the real 
mechanism of Nature. It is possible that the 
methodology, which is accepted in physics, is 
necessary for more accurate description of 
phenomena but it is not enough for understanding 
of the nature of “space” and matter. Research of 
the medium for existing of matter will be able to 
‘meet the conditions sufficiency. 


‘The understanding of vacuum structure, which i created 
by electric lattice from charge dipoles, surrounded with 
magnetic continuum, gives an opportunity to control 
the forces of gravitation and inertia. The medium of 
vacuum can be influenced by: 


1. The radiation which has frequencies coming to 
the frequency from point #11 of the list of 
parameters. 

2. Electric voltages which exist in vacuum (itis not 


very promising because of real matter breakdown). 
3. Magnetic intensities (magnetic flux density). Itis 
the most promising influence method (1-10'Teslais 
enough to compensate terrestrial gravity) 

4. Transformations of low accelerations to high 
accelerations of impact type. 


Potential electric and magnetic energy is immense in 
vacuum medium. Reasoning from energy of one dipole, 
which is equal to 1.6x10 (13) Joule, we will derive the 
value of electric energy equal to about 10 (+31) Joule 
per one cubic meter of the medium that is equivalent to 
‘mass annihilation of 10 (+15) kg! 
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Spartak M. Polyakov 


(09 January, 1931 - 04 June, 2003) 


Spartak M, Polyakov, a legendary physicistexperimentalist, known for his research in the 
field of gravitation, has died. Polyakov was the author of more than 50 research works, 
among them “Introduction into experimental gravitonics». Polyakov was the creator of the 
new model of photon, He also conducted numerous research inthe field of electrodynamics, 
gravitational phenomena and superlight 


connection, 


Spartak M. Polyakov graduated from 
Kishinev State University with degree 
in “General Physics”. For many years 
he worked at the top secret military 
engineering department “Istok” 


(Russia) 


Plyakov’salternative physical theory allows explaining such phenomena 
as magnetostriction and optical magnetization. The basic postulate of 
this theory states that the speed of propagation of gravitational waves 
isdozens of times faster than velocity of light regarded by the traditional 
science as the limit. In is experiments Polyakov demonstrated such 
methods of generation of gravitational waves as precession of 
gyroscope and remagnetization of ferromagnetic. 


While working for “Istok”, Polyakov designed on his own a device 
which is possibly the first gravitational motor in history. Total specific 
thrust produced by rotation of gravitating mass comes to 2.5 kg/kWt 
This index is close to that produced by the engines of modern 
halicopters, which is equal to 8 kg/kWr. Practical application and further 
development of Polyakov’ s ideas can provide humanity with new kinds 


of communication, gravitational engines and free energy devices 
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the Indian diet, Inland tribes in particular could no longer sustain themselves 
almost wholly on game within tribal territory, and infringement on territory of 
‘competing tribes posed a more sudden threat to life than malnourishment did 
‘The successful tribes learned to use the plants of their region in hundreds of 
ingenious ways. Overall, Indians used more than 250 species of wild fruits alone. 

The first cultivated crop in the Southwest was probably sunflower. But well 
before that crop, several thousand years ».c., Mexican Indians began to cultivate 
upland vines and grasses that bore goodly quantities of edible fruits and seeds. 
From these efforts came many forms of squashes, pumpkins, and gourds and six 
species of Indian-cultivated com with more than 150 varieties. Later, Indians 
domesticated beans that through the centuries became five species with many 
color varieties. Through sound agricultural practices, Indians developed bean 
varieties thar thrived in the many climates from Mexico to Maine. Tn various 
parts of the country, Indians also began cultivating peanuts, white and sweet 
poratoes, chocolate, vanilla, sunflower, Jerusalem artichokes, and other plants 

Agriculture gave the Indians more reliable food sources and, therefore, more 
control over their lives. Yet many tribes continued to spend much of the year 
away from their summer settlements by taking advantage of a sophisticated sys- 
tem of wild food harvesting. For example, cultivated crops accounted for only 
about 25 percent of the Apaches’ food. 

Harvesting game and wild plants dictated « nomadic life with extensive know!- 
edge of nature. The tribes learned to harvest crops such as berries and wild rice at 
very specific stages to minimize losses to wildlife and natural shedding. 

In the dry Southwest, sparse vegetation resulted in intensive harvesting. And 
Indians nacurally learned to favor high-calorie foods. Saguaro fruits provided the 
first succulent, sweet food of the summer for the Pimas and Papagos. In addition 
to high sugar content, the saguaro fruits offer high amounts of fat, protein, and 
vitamin C. Unfortunately, today as in early times, the dried fruits become infest- 
ced with fly larvae and so can’t be kept long. Thus, eating the fruits, like harvest- 
ing, is seasonal. Since harvesting does not destroy the saguaro and since plenty of 
seeds are left behind for reproduction, intensive use over the centuries has had 
litele effect on the saguaro population. 

Other desert plants including prickly pear, agave, Spanish bayonet, and the 
mesquite and screw beans provided important fleshy foods. A few plants such as 
pigwced, purslane, and tumbleweed provided greens. To the Sonoran desert In- 
dans, mesquite and screw beans were nutritionally more important than corn. 
Generally, the edible seeds used by the desert tribes came from more than 50 
species of grasses. Gathering them was extremely tedious. Several hours of work 
often provided only a cupful of seeds that served more as a flavoring than as 
nutritional ingredient. 

In arid regions, the Indians employed as ite water as possible when preparing, 
foods. Many foods were prepared from dried ingredients which were soaked and 
then baked or roasted. Early Indians boiled foods by placing hot stones in water- 
filled wacerright baskets or hides. Later, ceramic pots came into use, Because of 
the mealy nature and bland taste of the major edibles in the Southwest, Indians 
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supplemented the flavor with herbs, salt, sugar, onions, and chil. 

In less arid regions, Indians made extensive use of hundreds of plants. Roots, 
shoots, and leafy foods were often cooked with oils from animals, nuts, scorns, 
and sunflowers, Most inland tribes lacked access to salt but employed flavor 
accents such as mints, bearberry, spicebush, onions, leeks, and partridgeberry. 
Sweets came from maple sugar and many fresh and dried fruits. 

“To help ensure good harvests, Indians gave special care to many native plants 
in their natural settings. These included rice, water lilies, blackberries, cherries, 
currants, mulberries, oaks, hickories, walnuts, beeches, and chestauts. 

By the rime the Pilgrims landed, all northeastern tribes except those of eastern 
Maine employed agriculture. This involved burning and clearing land, followed 
by the planting of native and introduced crops. Native plants included strawber- 
ries, grapes, plums, Jerusalem artichokes, and milkweed. Large fields were plant- 
ed with che “three sisters" —corn, beans, and squashes (including pumpkins) in- 
troduced from the Southwest. 

For some northern tribes rice was the staple food, often served with maple 
sugar. Family groups staked out fields for harvesting one or two weeks before the 
zarains ripened. They harvested most of the crop by boat or canoe using two 
sticks—one to bend the stalks over the canoe, the other to sweep the grains off 
the stalk. Skilled harvesters made only the ripe grains fall. The complete crop was 
taken in several harvests a few days apart. Yet Indians took care to leave enough 
srains to produce the next year's crop. A canoe full of grain was considered a 
‘good day's work. After gathering came a complex process of drying, parching, 
pounding, winnowing, and a final treading to remove the last bits of the hulls 
before storage in bags. 

In the Northeast, maple sugaring was a family project, Each family had its own 
reserved woodland dominated by sugar maples (sugar bush) with a sugaring lodge 
and a smaller storage lodge. An average camp with 900 raps in trees would obtain 
several hundred pounds of sugar. Sugaring was especially difficult before the 
introduction of iron kettles. Till then the Indians boiled sap by immersing hot 
stones into hide or bark containers and then reheated the stones as they cooled 
After three to four weeks of maple sugaring, the family returned to their village 
with all the sugar they could carry. They stored the rest underground. 

Today, we still use many Indian food processing techniques. For example, the 
Indians parched or thoroughly sun-dried grains and then stored them until grind- 
ing them just before use. Stone grinding, routed by commercial bakeries today, 
‘was the only method available to the Indians. Beans, roots, and fruits were sun- 
dried. For an energy rich trail food, Indians made pemmican, consisting of dried 
berries, tallow, and meat. This combination was usually stuffed into a cleaned 
intestine of a large game animal and hung to dry. The Indians also gave us tech- 
niques of barbecuing, pit steaming, and baking, as well as dishes such as succo- 
tash, bannock, and hominy. 

Colonists introduced many food plants to North America. Many came by in- 
tent, Others were unwittingly introduced in the soil ballast of ships. And many of 
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these foreign plants established themselves quickly. Today's Pimas and Papagos 
of Arizona may include in their diets lamb’s quarters, curly dock, and dandelion 
introduced in the East by the colonists, 


Nutrition 


Media advertisements give the impression that highly refined, vitamin en- 
riched foods are the most nutritious. Vitamins are added to compensate for those 
lose in processing, Next come more additives to extend shelf life. Only the food 
companies know how it’s all prepared. Certainly food additives have some merie 
in today’s hurry-up lifestyle, but its doubeful chat they improve on nature. 

Wild foods aren't advertised since they're free for the picking. Yee wild plants 
are just as tasty and nutritious as store-bought produce; often more so since 
they're fresh and unadulterated. Nutrition, the process of digestion and utiliza- 
tion of foods, isthe same regardless of whether the food is wild oF cultivated, The 
more we know about nutrition, the more assurance we have for balancing our 
diet. 

‘You can think of food as body fuel. The energy produced by food is measured 
in calories. An adult male requires abour 18 calories a day, per pound of body 
it. Women require somewhat less; children and adolescents, somewhat 
‘more. Strenuous exercise can increase requirements upwards of 50 percent, and 
exposure to cold also increases caloric needs. Thus a 175-pound man might burn 
alitele over 3,000 calories during a 24-hour period of normal activities and burn 
over 5,000 calories climbing a mountain in winter. 

Ics impossible for us to eat exactly the right amount of food at the rate we need 
it, so we all carry reserves of food energy in our bodies. The most readily availa- 
ble energy is stored in muscles and liver in the form of animal starch, or glycogen. 
When energy is needed, this starch can be quickly converted to sugar, Fat, the 
body's secondary energy reserve, takes longer ro break down into a useable 
source of energy. But the far reservoir is larger. Even slim people carry enough 
fat to sustain life for two weeks without additional food. Fat is the most concen- 
trated form of food energy and contains about 3,500 calories per pound, 

‘What we eat is just as important as how much, All food contains three primary 
‘nutritional building blocks in addition to water. These are protein, fats, and car- 
bohydrates. The enzyme action of our digestive system requires a combination of 
these three substances in order to function properly. Thus a knowledge of them 
will help you practice good nutrition and supplement your diet with wild plants 
in the most beneficial way. 


the only substance that can supply the amino acids neces- 
sary for building and maintaining body tissue. Protein not needed for tissue is 
converted to sugar and used for energy, or further converted to far and stored. 

Protein in its original form cannot be stored by che body, and neither sugar nor 
fat can be reconverted to protein. Thus our bodies need a constant protein sup- 
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ply. Nucri 
protein, 

Protein also promotes the oxidation (burning) of fats and sugars for energy. An 
adult needs roughly a half gram of protein a day per pound of body weight; more 
for growing youngsters and people who are sweating heavily. Most Americans 
eat more protein than they need. 

Although all foods contain some protein, the most significant amounts are 
provided by animal sources such as meat, milk, eggs, fish, and poultry. Protein 
from these sources is complete and contains all amino acids necessary in the diet. 
‘This is not true of vegetable protein, Each plane species is unique in the amounts 
and types of amino acids it provides, and no single species supplies all of che 
essential ones, Incomplete proteins from two or more species, however, may be 
combined to form a complete protein. Beans and corn are complementary in this 
respect, and the combination is a popular one when cooked with tomatoes. Plant 
‘and animal protein combinations also complement nicely. In this case it doesn't 
take much meat to satisfy human requirements. Orientals have long used poultry 
‘and fish primarily as a condiment, combined with vegetables to provide complete 
and adequate protein. 


nists recommend that 15 t0 20 percent of caloric intake come from 


2. Fats, These should provide another 15 t0 20 percent of your caloric intake. 
Eggs, nuts, milk, cheese, burter, and oils are important sources of fats. Most 
people feel that farty foods “stick to your ribs” longer, which is just another way 
of saying that it takes longer to digest them. This is also true of protein, so the 
traditional breakfast of bacon and eggs, heavy on fats and protein, sticks to the 
ribs. A normal diet containing meat and milk usually provides « full quota of fat. 


3. Carbohydrates. About 65 percent of your caloric intake should come from 
carbohydrates, And wild plants are primarily valuable for their carbohydrates. 

For dietary purposes, carbohydrates fall into two groups: starches and sugars. 

Foods high in carbohydrates include grains, vegetables, and fruit. OF these, ver- 
cetables are especially important because they are a secondary source of protein, 

‘The traditional breakfast of bacon and eggs usually includes toast and jelly, the 
sugars from both providing a quick shor of energy. When that’s used up, the fats 
and proteins will be ready to provide additional fuel. Since carbohydrates are 
digested faster than fats and proteins and are then burned up quickly, don’t be 
surprised if snacks of cookies, crackers, and candy don't satisfy your hunger very 
Jong. Nuts would do a hetter job since they also contain significant amounts of 
protein. 


Vitamins and minerals, Vitamins and minerals in small amounts are essential 
for good nutrition, Nature has provided amply in the foods we eat, and if we eat 
the right foods, the vitamins and minerals will be included. The table, below, 
shows recommended adult daily requirements. Some people (including female 
adolescents and pregnant and lactating women) require somewhat more, 
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Recommended Dietary Allowances 


MINERALS VITAMINS 
‘Caksinm Phosphorus Iron|Vitamin A Thiamine Ribsflavin Niacin Ascorbic acid 
(me) (ome) __(me)|_ (IU) (mm) (mg) (ue) (mg) 
Male 80080010] 50004 Ga 45 
Female 600 800 18| 4000 10023. 4 


Source: Resmmended Diary Allan, National Acalemy of Sclences, Washington, DC 


A balanced diet. Vital over the long term, a balanced diet is also important 
over short periods. Insufficient protein intake, if extended over several days, will 
cause fatigue, even if you consume enough carbohydrates. In addition, a dispro- 
portionate amount of fats in relation co carbohydrates usually results in an upset 
stomach. This is nature's way of acknowledging poor eating habits. Achieving 
proper balance, however, is easy if you remember this simple proportion: Mea- 
sured in calories, food consumption should total about '/s protein, '/s fats, and 
4/5 carbohydrates. 

If you want to fine tune your diet, the Appendix table on page 274 should 
help. The table was extracted from the Department of Agriculture's Handbook of 
the Nutritional Contents of Foods. Though with only a limited listing of wild edi- 
bles, itis the most comprehensive and reliable reference available. The table can 
help you balance your diet, because wild vegerables, fruits, and nuts are shown 
together with supermarket foods such as beef, milk, and eggs. Food values for 
wild plants not included are often approximately the same as those of similar 
cultivated plants, For example, fiddicheads would approximate asparagus in food 
value, 

In addition to the energy content of foods, we've also included values for 
vitamins and minerals. Foods vary greatly in their nutritional content, and we've 
included this information to dramatize the need for a balanced diet. 


Preparation methods. Nuttitional values of fruits and vegetables depend 
greatly on preparation. Fresh green leaves or shoots that must be cooked in ¢wo 
changes of water to make them palatable lose much nutritional value compared 
to those thar can be eaten fresh. Also, the longer fresh vegetables are cooked, the 
reater the loss of vitamins and minerals to the water. Proteins and carbohydrates 
are less affected by cooking. So for the sake of nutrition, the preferred order of 
preparation options is raw, quick-cook or steam, bake, boil 


Other plane guides 


‘Since ic is impossible to distinguish among all 20,000 North American species 
in this of any other book, you may also want to refer to identification guides 
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devoted to your own region or state. There are many. 
yet even these treat only the most common species. 
Here's a sampling of good regional plane guides: 


ildflower guides available, 


© The New Britton and Brown Illustrated Flora of the Northeastern US. and 
Adjacent Canada by H. A. Gleason, thisd printing, 1963. 

© Manual of Vascular Plants of Northeastern U.S. and Adjacent Canada by H. 
Gleason and A. Cronquist, 1963. 

© Manual of Vascular Flora of the Carolinas by A. Radford, H. Ables, and C. 
Bell, 1964, 

© Flora of she Pacific Northwest by C. Hitchcock and A. Cronquist, 1976. 

© A California Flora and Supplement by P. Munz, 1968, 1973. 

(© Manual of the Vascular Plants of Texas by D. Correll and M. Johnston, 1970. 

© Rocky Mountain Flora by W. Weber, 1976. 


Good less-technical guides include these: 

© Newcomb’: Wildflower Guide by L. Newcomb, 1977. 

© The Audubon Society Field Guide to North American Wildflowers (Bastern Re- 
zion by W. Niering, 1979; Western Region by R. Spellenberg, 1979). 


For North American trees, we recommend The Complete Trees of North America 
by T. Elias, 1980. 


Key to edible-use symbols 


‘The symbols below appear in the “Seasonal Key to Plants” that follows and later 
in page margins of texts on each plant. After you've read the explanations below, 
you'll probably find the symbols distinctive enough to make repeated reference 
to this page unnecessary. You can exploit the symbols in either of ewo ways based 
on (1) your general interest in a plant’s range of edible uses and (2) your desire to 
locate plants with specific edible uses. 


Trail nibble: plant pre Grains: for cereal and for 
cen a picked dong the cooking whol, sucha 
‘al Fa 

Salad: usd raw in tossed Nuss, nudes, large 

Salad (otlom seamee) rete Mel Shand or 


fej Cooked “green” vege- ienustt 
table: bolled or steamed Jey Hlour or meal grains, 
greens, shoots, buds, nuts, other seeds, or 
Hiowers, or young fits archy roots from which 
used as a vegetable floar or meal can be 
gp Underground vegetable: tees 
roots, eubers, corms, bulbs, Jy, Hot beverage: from tea 
thizomes prepared as vege- ® or coffee-like Preparations 
fables, usually by boiling By Leta bevernges, tie 
‘ * juices or originally hot tea 
4g Fritter: plant part dipped or coffee-like beverage 
in batter and deep fred thot has cooled 
Raw fruit: fruits eaten Pickle: from pickling ree- 
uncooked, though perhaps ipes 
wh toppings 
vith roppings & Seasoning: flavoring from 
Cooked fruit: true fruits %. ground, grated, or cooked- 
or noairale Parts (such as whole parts 
fubatb) used in pies, 2 
eer) cre Jars $5 Thickener: used like 
pepe wands snd ot cornstarch to thicken 
sauBe 


& Jams, jellies, sauces: 


qmede pom fate Caution: minor reaction 


may resule from eating 


Syrup and sugar: such as ‘roa pare, oF too much 
Berio IE sp Of right pate of eating at 
wrong stage 


Sani gh pa ord 
OP sances data ot car @ Poisonous: severe reac- 


ror contain their own sug- ® tion results from eating 
a that are boiled in sugar wrong part, or eating at 
syrup to produce a confec- wrong stage 
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Seasonal key to plants 


Spring 


Page/Plant 
FERNS 


Ostrich fern 
Matteucia sirathiopreris 


HERBS: MONOCOTS 


Wild onion 
Alle cornu 


Wild gucic 
Allium camadense 


Wild leek 
Allium trieccum 


Corn tly 
Clintonia borealis 


62 Asparagus 


Asparagus officinalis, 


30 


Habiewt 


Edible Uses 


‘swamps, borwor- 
lands, steeam 
banks, ponds 


kxXe 


Flowers many in dense beads 


AM [ary woodlands, 
Zl | cibees. rocky 
slopes, prairies 


‘open woodlands, 
fields, praties 


moist woodlands 


rich woodlands, 
thickers 


Flowers single, leaves threadlike 


roadsides, dis. 
eucbed sites 
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Page/ Plant Region Habieat Edible Uses 


Flowers in elongate clusters 


wermeadows, | [ot 


fields, moist 
‘open woods 


64 Eastern camass 
Camassia willides 


wisi ||& Xe 


64 Common greenbrier < 


Smilax rotundifolia 


pereeirc| lind ie 
Saag 


66 Bullbrier 
Smilax bona-nox 


roadsies, elds] Te QS YX 


‘margins of 


‘woodlands Sean 


66 Carrion flower 
Silas herbacea 


ditches, margins |] ¥ pF KX Oy ) 


of ponds and 


Takes iat 


68 Catal 
Typha latifolia 


of ponds and 


68 Narrow-leaved cattail of po 


‘Typha angustfalia 


itches, margins |] ¢ gt X @B| 
a 


elses of vonds, |R gt BR 


iakes, streams 


and marshes Ha 


70. Hard-stem buleush 
Scirpus acutns 


scans, mares [& 2% Eh 
Ha 


70 Great bulrush 
Scirpus validus 
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EY (SPRING) 


n 


16 


16 


8 


Page/Plane 


HERBS: DICOTS 


Pigweed 


Amaranthus retrefleas 


Green pigweed 
Amaranthus bybridus 


Lambis quarters 
Chenopodinm album 


Poverty weed 
Menolepit nuttalliana 


Glasswort 
Salicornia eurypaca 


Russian hist 
Salle kali 


Stinging nettle 
Urtice divica 


Region Habicar 


Flowers small, inconspicuous 


Edible Uses 


roadsides, abs 
sdoned land 


=| 


xae 


Fields, roadsides, 
istusbed sices 


x@ae 


vacant lots, road 


sides, cultivated 


Tand 


xae 


fey salty or alks- 
ine soils 


aw 


sale marshes, sea 
Jcoas, alkaline 
soils 


sandy beaches, 
ly alkaline soils 


Stinging bairs on stem 


roadsides, 
esilsides, stream 


banks 


eae 


\\\Gaamsmtore 


el 


Principle of Operation and Experimental Data 


Sergey S. Abramov, Russia 


Email: a_ serge @eanlshnck.net 


Adams’ motor-generator 
represents the type of devices 
which use, as their creators 
chim, so-called “free energy”. 
‘The term “Ze point energy” 
is also used in some sources [1, 


2], Due to quanta-mechanical 
fluctuations, this energy exists 
even at zero temperature. 
Adams’ motor-generator 
belongs to the group of Switch 
reluctance motors [3]. Robert Adams, former Chairman 
of the Institute of Electrical Electronics Engineers, 
USA (New Zealand section), designed this machine 
in the late sixties of 20 century. Similarly to all the 
devices utilizing free ener gy (referred to in come sources 
as “overunity devices”), Adams’ device remains 
practically unknown to the general public. The device 
is rather simple to assembled even at home, which 
I experimentally proved. However, it is necessary 
to be very careful while choosing the model 
parameters. As to the latter I have managed to 
collect quite a big number of instructions from 
existing sources; the summary of these instructions 
is presented below in this article. Based on these 
instructions, a low-power model can be assembled 
even without a mathematical analysis and modeling 
of electromagnetic field. Such model would 
certainly facilitate optimization of the device. 


Adams? motor is most frequently a DC machine; 
however, itcan also use an AC source through a rectifier. 
che adjustment of the device and 
its control system can be provided. 


In the latter case only 


Editorial: We disagree with some assertions of the 
author; however this article is of great interest. 


My experiments on my own model do not yet allow me 
to make an unambiguously positive conclusion 
concerning the possibility to generate excessive energy. 
Experiments with my new control system designed on 
the base of AVR controller AT90s2313-10PI (it is 


15 


produced by Atmel company (http://www.atmel.com) 
will allow to be more specific. Below there is a general 
analysis of the motor principle of operation and a 
number of recommendations concerning the 
construction and technology: I do not propose to take 
this as compulsory rules to follow; other technical 
solutions are possible. 


Basing on the principle described in this article, 
R. Adams (the link to his articles is available at: 
http://www.aethmogen.com/wri/introshtml) created 
a few DC motor generators which opemte on permanent 
magnets. Some of them, according to information found 
on the Internet, have manifested 690% electrical 
efficiency and 620% mechanical efficiency. These devices 
operate at room temperature without overheating. My 
device has shown between 1 and 3 degrees overheating 
after an hour of functioning However, itis easy to prove 
that such overheating is predictable for an average 
current of 0.15 A in coils of 35 mm long and 25 mm in 
cross sectional diameter. I have not been able to prove 
the data published on the Internet concerning the Adams 
motor capability to operate when the stator temperature 
is a few degrees lower than that of the environment. 
‘The temperature of the coil and of the power transistor 
is a good indicator of correctness of the circuit set-up 
and of functioning of the contwl circuit. There were 
cases when transistor and coil were noticeably heated 
after adjustment. Usually this was explained by a bad 
choice of points of transistor switching or by too 
extensive current impulses in the stator (which must 
amount to approximately 25% of period length). After 
the required adjustment the motor continued to operate 


almost without overheating, 


Adams’ motor was first mentioned in Australian Nexus 
Magazine in 1992. Later, Harold Aspden (Britain) 
proposed a slightly improved version of the motor and 
received Great Britain patent No. 282708 [4], which 
stwongly reminds of the original version published by 
the above magazine. Adams? device repre: 
electrical motor and/or generator consisting of a rotor 
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ry 


80 


80 


2 


82 


cy 


84 


Page/ Plane 


Plancain 
Plantage major 


Shepherd's purse 
Capella buria pastoris 


Toothwort 
Dentaria laciniata 


Peppergeass 
Lepidium virginica 


Field cress 
Lepidinm campeste 


Field pennyeress 
Thlaspi arvense 


Garlic mustard 
Alliaria officinalis 


Common chickweed 
Stdlaria media 


Region 


Hiabieat 


Flowers tiny, leaves basal 


Edible Uses 


Tied 
nen 
ape 


yards, roudsides,] 
Aistarbed sites, 


*xXaH 


Flowers white 


yards, vacant 
Toes, roadsides 


‘moist wood 
lands, ravines, 
Aoodplains 


Fields, vacane 
lots, roadsides 


fields, vacant 
lots, toadsides, 


Fields, vacant 
lors, disturbed 
soils 


xa 


shady wood 
Tands, erailsides 


axa 


yards, moist 


Soils, woodlands, 
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a 


86 


88 


°0 


0 


12 Alpine spring beauty 


Page/ Plane 


Habieae 


Edible Uses 


James chickweed 
Suelleria jamesiana 


Cleavers 
Galivm aparine 


Northern bedsersw 
Gain boreale 


Bugleweed 
Lcopas wniflores 


‘mountain mead 


ows, seepage ar 


eas, woodlands 


xa 


rich woodlands, 
fields, edges of 
streams and 
lakes 


xa 


stream banks, 
fields, open 
‘woodlands 


exe 


wee or bony 
soils, wet wood. 
lands 


P°XG 


Edible valerian 
Valeriana edulis 


itches, moist 
meadows, prai- 
fies, swamps 


oa 


Wild strawberry 
Fragaria virginiana 


‘open woodlands] 


feud 
ve 


Spring beauty 
Claytonia virginica 


rich 
wet fields, 
‘wooded flood 
plains 


iexea 


Claytonia meyarbiza 


tundra, rocky 
slopes 


igX%R 


‘Western spring beauty 
Claytonia lanceolata 


high mountain 
slopes, moist 
‘woodlands 


ROX a 
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Page/ Plane 


94 Miner's lereuce 


94 Canada violet 
Viola canadensis 


96 Pale violet 
Viele striata 


96 Pokeweed 
Phytolaca americana 


98 Japanese knorweed 
Polygonum cuspidatum 


98 Wintercress 
Barbarea vulgaris 


100 Black mustard 
Brassica nigra 


100 Marsh marigold 
Calthe palustris 


Habicat 


Edible Uses 


lower mountain 
slopes, moist 
sites, springs 


xa 


bluffs, deciduous 
Jwoodiands, rich 
oils 


£exa 
& 


[wooded flood- 
plains, stream 
Banks, meadows 


keXe 
CJ 


disturbed sols, 
roadsides, wood- 
land margins 


diseurbed siee 
vacant lots, 0% 
sides 


elds, wer mead] 
‘ows, ditches, 
roadsides 


xa 


elds, yards, dis 
curbed sites 


axa 


edges of 
streams, ponds, 
freshwater 


swamps 


ages 
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Page/Plant Hobie Edible Uses 
Prins feds |X Eh 


102 Evening primrose 
Ocnotbera biennis 


roadsides, elds] [YX Bg 


102. Sow thistle rights-of-way 


Senchas arvensis 


fume [kee 


104 Prickly leeeuce 
Lactuca wervisla 


lawns, yards, | | gt KO 


104 Dandelion discarbed sites] |? 
es 


Taraxacum officinale 


roudsdes, felts] [GFX Bh 


106 Goat's beard distarbed sites 


‘Trasobogon pratensis 


mae | (68 


106 Common milkweed 
Ascipias syriaca 


ravines, dear | [>< 


108 Ficeweed ings, woodlands 


Epilebium angutiflinm 


Tatas, aware, | [JK By 


roadsides, dis 


108 Alflaria soalaies, 


Erodium ciewtarium 


rouisides, dss | PXER GY 


turbed sites, 


NO Live-forever 
2 ‘open woodlands 


Sedum purpureum 
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Page/ Plant 


110 Lady's chumb 
Polygonum perscaria 


112 Common burdocle 
Arctium minus 


112 Salsify 
‘Trazopogon porriflins 


114 Boll thistle 
Cirsium vulgare 


114 Chicory 
Cichorinm intybus 


116 Heabit 
Lamium amplexicaule 


116 Wood violet 
Viola palmate 


118 Orange-flowered jewel- 
weed 
Impatiens biflora 


Habiat die Use 
Tow wares a 
cases. || @ 8 
tured ses 


Flowers purple 


vacantlots, road 
sides, disturbed 


rights-of-way 


roadsides, fields, 


elds, meadows, 
roadsides, dis- 
tutbed sites 


roadsides, fields, 
vacant lots 


fields, yards, ve 
cant lots, dis- 


ted hes 
ams neh fore | 8 ER 
Seine” |g q 


along streams, 
ponds, springs, 


Ras 
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Page! 


Region 


Habieae 


Edible Uses 


LIB Yellow-flowered jewel : 
weed ; 
Impatiens pallid Ha 


fwet meadows, 
mois woodlands 


Sas 


Flowers orange to yellow 


120 Sheep sorrel 


Rumer aceoslla 


120 Sour dock 


Rumer crisps 


‘TREES: CONIFERS 


fou fields, war 
liens, disturbed 


fields, roadsides, 


122 Eastern hemlock 
Traps canadensis 


‘TREES: DECIDUOUS 


coo) moist ra- 
vines, protected 
valleys 


Yellow birch 
Betula alleghaniensis 


rich woodlands, 
wer soils 


fopen woodlands, 


122 Sweet bireh ich soils 
Betula lena 
BM lrorominds, |[Oe 
124 Sassafras Joven woottinds | | > 9X 


Sassafras albidum 


Se 


Sugar maple 
‘Acer saccharum 


eastern decid. 
Jous forests 


out 
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Summer 
Poge/Plant 


HERBS: MONOCOTS 


128 Reed grass 
Phragmites communis 


128 Wild rice 
Zizania aquatica 


130 Chufa 
Cyperus esculentus 


130 Pickerelweed 
Pontederia condata 


132 Lance-leaved pickerel- 


weed 
Pontederia lanceolate 


132 Sweet flag 
Acoras ealamss 


Region Habieat 


Large grasses 


Edible Uses 


edges of 
streams, lakes, 
ponds, marshes, 
itches 


FxXan 
4 


marshes, shallow] 
ponds, lakes, 
seams, bays 


BY 


Gieches, banks of] 
ponds and 
Streams, low wer 
soils 


198 
He 


‘edges of lakes, 
ponds, streams, 
bays 


£OXa 


Shallow water of 
lakes, ponds, 


6x 


ditches, ponds, 
swamps, lakes 
and streams 


L908 
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Page/Plant 


134. Spanish bayonet 
Yue bacsta 


134 Soapweed 
Yucca glance 


136 Common day lily 
Hemerocalis fale 


136 Western camass 
Camassia quamash 


138 Indian cucumber 
Medesla virginiana 


HERBS: DICOTS 


138 Indian fig 
Opuntia bumifice 


14 Prickly pear 
Opuntia phavacantha 


Region 


Flowers white, showy 


Habicat 


Edible Uses 


ry slopes, sandy 
soils 


eoe8 
xae 


prairies, road 
sides, pastures 


xae 


vacane lots, 
abandoned home 
sites, roadsides 


PxXea 


Flowers blue 


meadows 


Flowers greenish-yello 


moive wood 
ands, bogs, 
swamps 


&Xxo 


Stems large, fleshy 


rocky bluffs, 
sand dunes, dey 
sraslands 


e645 
ve 


‘canyons, valleys, 
hills rocky and 
sandy soils 


e645 


ve 
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Page/Plant 


140 May apple 
Podephyllam petatum 


142 Bunchberry 
Cornus canadensis 


142 Peppermint 
Mentha piperita 


144 Spearmint 
Mentha spicata 


144 American brooklime 
Veronica americana 


146 Marsh mallow 
Alsbaca officinalis 


146 Watercress 
Nasturtium officinale 


Region 


Flowers white 


Edible Uses 


rich woodlands, 


Rees 
oe. tle 
olan, | [ROP 


Stems 4-sided, flowers white 


ditches, along. 
steeam banks, 
jet meadows 


Veok 


ditches, stream. 
banks 


Qed 


edges of 
steams, swamps, 
springs, ponds 


xa 


‘edges of sal 


marshes 


springs, cool 
clear streams 
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Page/ Plant 


148 Ground cherry 
Physalis pubescens 


148 Groundnut 
Apios americana 


150 Common breadroot 
Proralea eculenta 


150 Wintergreen 
Ganltberia procumbens, 


152. Creeping snowberry 
Ganltheria bispidula 


152. Mountain sorrel 
Osyria digyna 


154 American bistort 
Polsgunum bistrtides 


Region Habitat 


Flowers yellow 


Edible Uses 


~ 


‘old fields, open 
‘woodlan: 


Looe 
& 


thickets, bortom-| 
lands, moist 
wooallands 


ar 


prairies, plains, 
dry rocky wood 
lands 


XS 


Low creeping plants 


Fich woodlands 
clearings, poor 
acid soils 


Ss 


eee 
e 


‘subalpine and al- 
pine, northera 
coniferous for 


Loong 
re 


exa 


wet meadows, 
subalpine mead- 


oXxas 


with radially directed permanent magnets and of a stator 
also constructed with a few radially directed and 
periodically magnetized cores with winding. (Fig 1). In 
some models axial orientation of magnets and coils are 
also used. 


Permanently magnetized poles of rotor can include any 
umber of poles, even an odd number. Analogous poles 
of the magnets (all N poles or all S poles) are directed 
outside. A version with alternating poles is also possible; 
such model allows the torque to increase. In this case, 
after passing a rotor pole the stator is demagnetized by 
the current impulse and begins to be attracted by the 
magnet of different polarity. This circuit requires a more 
complicated control; on the other hand, it manifested 
rather good results in certain models 


Fig. 


Poles with winding placed on the rotor are radially 
oriented in order to obtain a supply of energy emerging 
as a result of the influence of counter emf from the 
rotor poles. Steel or iron coms are used for the poles of 
the stator with winding, It is also possible to use other 
materials, at that the core must have high magnetic 
inductivity and low level of magnetization reversal losses. 
“The stator winding consists of a few hundred turns 
“The current inducted by the magnet in this winding will 
have the polarity which will cause repulsion of the 
magnet. Since the electromagnetic state of stator changes 
quite significantly and quite fast, then the stator core 
can be considered to be the most crucial element of the 
device. Ignoring this fict was one of the most frequent 
mistakes made by those who tried to reproduce Adams 
motor 
‘The current inducted in the stator is the function of, 

field size, 

number of winding tums, 

speed of flux changes. 


Resultant parameters of this device cause each pole to 
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be attracted or repulsed by stator poles when the rotor 
isin certain position in case when the rotor is unbalanced, 
‘To achieve this effect it is required to switch the input 
current in control coils after the signal from sensor of 
rotor position. R. Adams used a mechanical switch as a 
sensor. My device and a number of other devices use 
the signal from two Hall sensors. However, according, 
to experimenters’ information, better results are achieved 
if a position optical sensor is used. 


‘Time of switching of impulses is determined by the 
size of the motor itself, ie. the speed of motor rotation, 
location of rotor magnets towards the stator windings 
and the distance the rotor magnets pass while moving, 
by the poles with stator winding, 


Itis necessary to take into account that 
any part of this motor can be modeled. 
based on the existing electromagnetic 
theory and no part of the motor is in 
conflict with any laws of 
electromagnetism. There are so many 
‘ways to construct Adams’ motor that 


sion may be considered to be 


any vi 


One can say that the frequently 
pulsating electromagnetic process in 
the stator core is what allows Adams? 
device to function as a kind of diode 
which borrows energy from the field 

of permanent magnet but then does not return that 

energy in full 

5 stages can be defined in the periodical process which 

takes place in stator: 

1. The magnet is attracted to the stator core. The 
permanent magnet is attracted to the iron core of 
the stator with winding. While doing so no 
consumption of electrical current takes place. It is 
as if kinetic energy is borrowed from an internal 
ferrite magnetic source and is supposed to be 
returned into the stator 

2. Stator core is magnetized. During the period when 
the magnet is positioned in front of stator core they 
both comprise a single magnetic conductor with an 
air gap and the stator core becomes an extension of 
the magnet side it faces. It is usually supposed that 
the energy “borrowed” on the first stage is getting 
back now. 

3. Stator core is demagnetized. When the stator core 
becomes rotor magnet extension, the circuit closes 
and current impulse gets to stator windings. I have 
seen the instructions saying that the angle between 
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Page! Plant 
154 Alpine bistort 


Polygonum viviparum 


156 Purslane 
Portulaca oleracea 


156 Sunflower 
Helianthus annus 


158 Quickweed 
Galinsoga parviflora 


SHRUBS: DICOTS 


158 Bearberry 
Arctostaphylos usacuesi 


160 Salal 
Gaultberia shallon 


160 Creeping wintergreen 
Gaulberia bumifuss 


160 Labrador tea 
Ledum groenlandicum 


Habicat 


Edible Uses 


arctic regions, al- 
pine and subal 
pine slopes 


iexe 


Ties, vacant 
Toes, waste sites, 
gardens 


prairies, plains, 
roadsides, dis- 
turbed sites 


roadsides, yards, 
gardens, waste 


Leaves evergreen 


higher moun- 
‘ains, subarctic, 
circumboreal 


woodlands, 
clearings 


subalpine and al 
pine 


bogs, fens, 
heaths, norcheen 
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Page/ Plant 


162 Mountain cranberry 
Vaccinium viti-ideen 


162 Cranberry 
Vaccinium macracarpon 


164 Bog bilberry 
Vaccinia aliginaswme 


164 Highbosh blueberry 
Vaccinia corymbnsum 


164. Late sweet blueberry 
Vaccinium angustifolium 


166 Black huckleberry 
Gaylussacis bacata 


166 Beach plum 
Prunus marti 


168 Golden currant 
Riles wren 


Region 


Habieat 


Edible Uses 


subarctic, alpine, 
bogs, cold seep 
age areas 


£eG8 
ve 


bogs, swamps, 
shores of cold 
cid lakes 


BAve 


Leaves decidwows 


arctic, bows, 
rocky outcrops 


seve 


Dogs, low wer 
woodlands, 
swamps 


LONG 


‘mountain slopes] 
barrens, dey 
rocky soils 


Leoe 


‘woodlands, 
clearings 


Loos 


coastal areas, 
sandy soils 


Io6 


along streams, 
ravines, washes, 
slopes 


seve 
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Page Plant 


170 Wax currant 
Ribes cecum 


170 Subaipine prickly currane 
Riber montigenam 


170 Pragrant golden currant 
Ribesedoratum 


172 American hazelaue 
Corylus americana 


172 Beaked hazelnut 
Corslus corenta 


174 Sweee fern 
Comptonia peregrina 


Leaves fragrant when rubbed 


174 Southern bayberry 
Myrica erifers 


176 Sweet gale 
Myrica gale 


Habicar 


eanyons, dry ra 
vines, prairies, 
billsdes 


along streams, 
ravines, washes, 
forests 


A | esis, open 
‘woodlands, 
“a blaffs, ravines 


Lees 


thickets, wood- 


lands I0HS 


woodlands, bills, 
slopes 


£OHS 


pastures, old 
fields, clearings 


ETON 
swamps, edges a 
pont 


‘swamps, alone 
ponds and 
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Page/ Plant Region 


Flowers white 


Habieat Baile Uses 


176 New Jersey tea 
Ceanstbus americana: 


fopen woodlands, 
prairies 


178 Silver buffaloberry 


Shepberdia argent 


180 Red raspberry 


Renbis ideas vac. srigaus 


(canyons, plains 


tee 
ve 


banks 


clearings, mar 
ins of wood- 
lands, old fields 


soem 
& 


180 Wineberry 


Rubus phoenicalarins 


180 Thimbleberry 


Rubus parviflorns 


along rivers, 
Seeams, roads 


eee 
& 


ioeg 
€ 


Common blackberry 
Rubas alleghentensis 


ol fields, fence 
rows, edges of 
woodlands 


seeg 


Black raspberry 
Rubus ecidentlis 


‘Old fields, fence: 
rows, edges of 
‘wooulans 


18 


California blackberry 
Rubus wrrinas 


along eral, 
roads, canyons, 


sees 
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Page/Plant 


184 Smooth sumac 
Rhus glabra 


186 Squawbush 
Rhus trilebata 


186 Staghorn sumac 
Rhus typhina 


188 Screwbean mesquite 
Prosopis pubescens 


188 Glandular mesquite 
Prowpis glandulosa 


190 American elder 
Sambucus canadensis 


190 Blue elder 
Sambucus cerulea 


‘TREES: CONIFERS 


192 Singleleaf pinyon pine 
Pinus monophylla 


Region Habieae 


Leaves pinnately compound 


Edible Uses 


elds, open 
‘woodlands, 
‘stream banks, 
ssailsides 


foothills, can- 
yons, slopes, 
washes 


fencerows, road- 
sides, edges of 
woodlands 


washes, riverbor 
banks 


iesere valleys, 
grazing lands, 
range 


along streams 
land rivers, edges 
lof woodlands 


scream banks, 
washes, edges of 
elds 


eEes 
2 


foothills, can 
ons, mountain 


slopes 


OH 
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UMMER) 


Page! Plant 


192 Sugar pine 
Pinus lombertiana 


192 Digger pine 
Pinus sabiniana 


194 Rocky Mountain juniper 
Janiperns sopaloram 


194 California juniper 
Juniperns californica 


196 Utah juniper 
Juniperns ovtasperma 


‘TREES: FLOWERING 


196 Sea grape 
Cocsloba weifera 


198 California laurel 
Unbelluleria californica 


198 Pawpaw 
Asimina trilobe 


Region 


Habica 


Edible Uses 


‘mountain slopes 


OH 


Toothils, ower 
mountain slopes 


[o33) 


ridges, bluis, 
dry rocky hil 
sides 


ee 


dy slopes, can 
yons, desert 
slopes 


i.e 


slopes, high 
plains 


beaches, sea 
shores 


lisdes, fa 
ands, lower 
‘mountain slopes 


river valleys, 
botromlands 
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Page/Pant Region Habieat Edible Uses 
Leaves unlobed or I- to 3-lobed 


Se od fells accial 


200 White mulberry 
Morus alba 


iver vatles, 1% @ Bop 


floodplains, low 


hills ees 


200 Red mulberry 
Moras rubra 


deciduous wood] |e @ PG 


lands, stream 


banks 2 


202 American plum 
Prunus americana 


coal phir |/¥ @ PG 


piedmont; rivers, 
swamps, ham- 
mocks 


202 Flatwood plum 
Prunus umbllata 


mised hardwood] [ ¢ q 


forests, wood- 


lands ee 


204 Black cherry 
Prunus serving 


Madden ience| | $B & 
rows, woodland 
uapios 


204 Common chokecherry 
Prunus virginiana 


‘woodlands, Love 


rocky slopes, 


206 Downy serviceberry rocky Hope 


Anelanchier arborea 


mountain slopes,| 1 ¢ @ CP F 


hillsides, prai- 
banks 


206 Saskatoon serviceberty 
Amelanchier alnifolia 
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Autumn 
Page/Plant 


HERBS 


210 Jerusalem artichoke 
Helianthus twberans 


210 Lotus lily 
Nelumbo lutea 


222 Yellow pond lly 
Naphar advena 


212 Arrowhead 
Sagitaria latifolia 


VINES 


214 Riverside grape 
Vitis riparia 


214 Frost grape 
Vitis enlping 


Region Habicar 


Land plant, flowers yellow 


Edible Uses 


roadsides, low 
‘wet ground, 


BXO 


lakes, ponds, 
slow-moving 


Crag 


lakes, ponds, 
slow streams, 
tidal waters 


GQrHy 


edges of lakes, 
ponds, streams, 
itches 


aX 


edges of wood- 
lands, streams, 


sae 
e 


along streams 
fand rivers, in 
Aoodplains and 
thickets 


Bae 
8 
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216 


216 


218 


218 


220 


220 


222 


222 


Page Plant 


California grape 
Vitis californica 


Wild potato vine 
Ipomoea pandurata 


SHRUBS 


Common barberry 
Berbeis vulgaris 


Spice bush 
Lindera benzein 


Desert hackberry 
Celis pallida 


California rose 
Ro californica 


Wild cose 
Rosa carolina 


Sweetbrier rose 
Rosa eglanteria 


Habieat 


Edible Uses 


along streams 
and rivers, moist 
canyons 


Bae 
e 


Tields, fence 
rows, roadsides 


Be 


fields, fence- 
rows, roadsides, 
disturbed sites 


along streams, 
rich woodlands 


=| 


‘desert foothills, 


along streams and 
rivers, washes, 
canyons 


Leto 


‘open woodlands, 
fields, pastures 


ete 


roadsides, old 
fields, fencerows 


Lege 
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Page/Plane Region Habiae Edible Uses 


eto 


222 Wrinkled rose 
Rasa rugosa 


moist woodlands 


stream baaks, -] [ 


224 Hobblebush woodlands 


Viburewm alnifolinm 


swamps rem 
226 Neo bery Baws hisies || & 


Viburnum lntage 


along seams, | |] QB 


wee thickets, 
‘moist woodiands 


Squashberry 
Viburnure edule 


‘TREES: CONIFER 


ness, pleas, [Fl 


foothils, lower 
mountain slopes 


Pinyon pine 
Pinus edulis 


‘TREES; DECIDUOUS 
Leaves simple, fruit 


caer dec |[Q, & HL 


fous Forests 


228 White oak 
Queras alba 


slopes and cies] [Oy | 


of deciduous 


230 Chestnut oak Forests 


Quercus prinus 


stator axles and rotor magnet must amount to 7-8 
degrees as shown in Fig, 1. However,my model made 
it clear that at increase of speed of rotation it is 
necessary to start the coil a little earlier, when the 
magnet axle has not reached the stator axle, Probably 
this applies to the circuit with a Hall sensor only and 
if an optical switching is used the making angle will 
be different. 

Magnetic field of this current acts to compensate 
magnetization of the stator, which is caused by the 
field of rotor magnet. Consequently, the summed 
current significantly compensates attractive force 
between rotor and stator and the rotor can freely 
rotate by using the inertia obtained at stage 1. This 
process is chameterized by the fact that this current 
impulse is amplified by the current inducted in the 
stator winding by rotor magnet which, in accordance 
with Lentz law (1834), counteracts the power which 
induced it. Consequently, kinetic energy obtained as 
a result of attraction of the rotor to the stator at 
stage | is transformed into electrical demagnetizing 


impulse in stator winding during the period when 
the rotor and stator directions are congruent. This is 
the unique overunity characteristic of this model 

However it is obvious that instead of retuming this 
energy the motor transforms it into electromagnetic 
demagnetizing field. 

4, Restoration: when the rotor is removed from the 
stator attraction zone the latter looses energy and 
returns to its initial demagnetized state. Decreasing 
electromagnetic field creates a current wave of 
reverse polarity which can be stored in the capacitor. 

5. Reiteration of the process: This periodical process 
is renewed as described in stage 1 during the next 
magnetization of the stator, excluding the fact that 
‘emf preliminarily stored in the capacitor, on term 


of presence of suitable clectrical circuit, can be used 
for Facilitating stator demagnetization or even used 
to supply the load. 
It may be briefly summarized that the frequently 
pulsating electromagnetic process in the stator core is 
what allows Adams device to function as a kind of diode 
which borrows energy from the field of the permanent 
magnet but does not return that energy in full. ‘The 
important characteristic of such motors is that the stator 
windings are used for demagnetizing and not for 
magnetizing as it could seem from the first sight. 


It is noteworthy that there is a small pause between 
attraction to the stator and repulsion from the stator. 
‘The effect of attraction to the core takes place a split 


second before the repulsion effect manife 
pause being the reason of electromagnet 


clearly. This 
asymmetry 


17 


creates conditions ne 


essary for achieving overunity 
effect. If the attraction to the core and repulsion by 
means of Lentz currents were taking place 
simultaneously and with the same power there would 
notbe any overunity characteristics. Thatis why the rotor 
must be as lightweight as possible. From this point of 
view, T. Harwood’s model is the most lightweight of 
the known models. In Harwood’s device the magnets 
are mounted between two CD disks fixed on the shaft 
by means of plastic washers and gue. My model is 
heavier, which can be considered as one of its 
disadvantages 


‘The principle of operation of Adams’ motor is based 
on the balance, which creates the electromagnetic 
asymmetry. To get the motor to operate the magnet must, 
be attracted to the stator core which must have a smaller 
cross-section area in order to create attraction without 
any significant repulsion effect fiom the stator windings 
mentioned above. When stator and rotor axles are 
congruent the Lentz induced current must be sufficient 
for compensating the natural attraction of the magnet 
to the stator come. Consequently, stator windings must 
have enough turns for demagnetizing effect, but not to 
the extent that this effect fully manifests before the rotor 
reaches the stator axle when Lentz current has its 
maximal value. 


During my experiments at 12 V voltage and on using 
two independently controlled stator coils the speed of 
rotation reached 3400 rpm. Plea 


¢ note that while 


reproducing such device it is necessary to take certain 
measures in order to ensure safety in case of possible 
breakdown. The magnet disconnected from the rotor 
may be dangerous! 


‘Technological recommendations are as follows: 


1. The device must be low power. Itis better not to 
try to begin with a motor functioning in kilowatt 
range. This is feasible only on condition of having 
all necessary technological documentation which is, 
not available at the moment. 

2. ‘The preferable voltage for the first model is 12 V. 
IF the voltage is less the speed of rotation is too 
slow for indicating the expected characteristics of 
the device. 

3. ‘The best magnet 
4x4x5 (where 5 is the magnet length). The practice 
has shown that at 12 V voltage neodymium-iron. 
boric (NdFeB) magnets cause a jerky rotation of the 


are ferrite ones with dimensions 


rotor. 
4. The side of the stator core facing the rotor must 
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Page/Plant Region Habieae Edible Uses 


dey foots, | [A DHS 


230 Gambe's oak ‘canyons 


Quercus gambit 


inerioe valleys | [6 Wo EX ah 


rolling ill 
mountain slopes 


230 Blue oak 
Quen dovglesi 


yalers ravines] [EY 


232 Northera red oak 
slopes 


Quercus rubra 


river valleys, de-] [a 


ciduous forests, 


232. American beec 
: loa ‘mountain slopes 


Fagus grandifalia 


Soee|(OSe 


234 Allegheny chinkapin = 


Castanea pumila 


cantaas, |] & B 


236 Washington hawthorn Soyeeena| 


Crataegus phaenopyram 


along rivers, £e8 


streams, lowland 


236 Downy hawthorn ane 


Crataegus mollis 


hillsides, old 
ids, coastal ar 


238 Fleshy hawthorn 
Crataegus sacalenta 


= wales oH) Sg 


238 Cockspur hawthorn Fields, hillsides 


Crataegus cpa 


54 


SEASONAL KEY (AUTUMN) 


Page! Plant 


238 Common persimmon 
Disspyros virginiana 


240 Am 
Surbus americana 


240 Pecan 
Carga illinensis 


Big shelibark hickory 
Carya laciniss 


242 Shagbark hickory 
Carya ovata 


244 Mockeraut hickory 


244 Black walnut 
Juglans nigra 


246 California walnut 
Juplans californica 


246 Butternut 
Juslans cineree 


Habieat Edible Uses 
bouomiands, | [> Dae 


edges of wood 
lands, old fields, 
fencerows 


rocky slopes and 
ridges, seepage 


eos 


fe a i moan | (80H 


tomlands, river 
valleys 


i684 


dry upland 
slopes, well. 
“rained lowlands 


{O84 


Fidaes, slopes, 
river valleys 


bortomlands, 
floodplains, iow 
mixed wood- 
lands 


along streams 
and rivers, in 
boteomtanls 


bottomlands, 
floodplains, 
mieed deciduous] 


forests 
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Winter 


Page/Plant 
SHRUBS 


250 Staghorn sumac 
Rhus typbing 


250 Highbush cranberry 
Viburnum trilobure 


252 Squashberry 
Viburnum edule 
TREES: DECIDUOUS 


252 Sweet birch 
Betula enta 


254 Yellow birch 
Betula alleghanienss 


254 American mountain ash 
Sorbus americana 


256 Sugar maple 
Acer saccharum 


Region 


Leaves compound 


Edible Uses 


Tencerows, road 
sides, edges of 
‘woodlands 


sege 
& 


along streams, 
wer thickets, 
‘moist woodlands 


along streams, 
wet thickets, 
edges of wood: 
lands 


‘open woodlands, 
moist slopes 


rich woodlands, 
ower mountain 
slopes 


Rachce | 


rocky slopes, 
seepage areas 


ove 


eastern decid 
ous forests 


out 


Spring 


Spring is the prime season for vitamin-rich shoots and leafy greens. At this time, 
certain flowers are edible too, and free-flowing sap in trees can be tapped for 
syrups and tea bases. There's an abundance of plants offering roots, bulbs, and 
underground stems rich in carbohydrates and other nutrients, Besides, a few 
other plants already sport nourishing berries and seeds. 

“The secret for catching the most spring edibles at opportune times is planning. 
For this, simply consult this book's illustrated table of contents. From it you can 
rake a list of edibles you might encounter on your next spring outing. Or you 
might even decide to schedule an outing to coincide with the probable readiness 
of specific plants. OF course, you might prefer a more casual approach and just 
refer to the book whenever you encounter plants that interest you. Whatever 
your method, spring's edible bounty awaits you 


Additional spring edibles 

Plants listed below have parts that are edible in spring and at least one additional 
season, Descriptions and photos of these plants appear in a seasonal section other 
than “Spring,” as indicared, 


Alpine bistort (Polygonum viviparum), Chufa (Cyperus esculentus), p. 130 


p. 154 Common day lily (Hemerncallis fulva), 
American bistort (Polygonum p. 136 

bistortaides), p. 154 Creeping snowberry (Gaultheria 
‘American brooklime (Veromica bispidula), p. 152 

americana), p. 144 Creeping wintergreen (Gaultheria 
‘American elder (Sambucus canadensis), bumifusa), p. 160 

p. 190 Frost grape (Vitis tulpina), p. 214 
Arrowhead (Sauittaria latifolia), Groundout (Apias americana), p. 148 

p.212 Tnvlian fig (Opuntia bumifusa), p. 138 
Blue elder (Sambucus cerulea), p. 190 Jerusalem artichoke (Helianthus 
California grape (Vitis californica), tuberesus), p. 200 

p. 216 Labrador tea (Ledum groenlandicum), 
California laurel (Umbellularia p. 160 


californica), p. 198 Lotus lily (Nelumbo lutea), p. 210 
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Prickly pear (Opuntia phacacantha), 
p. 140 
Red mulberry (Morus rubra), p. 200 
Reed grass (Phragmites communis), 
p. 128 
Riverside grape (Vitis riparia), p. 214 
Soapweed (Yucca glauca), p. 134 
Spanish bayoner (Yucca baccata), 
p. 134 
Spice bush (Lindera benzoin), p. 218 
Sweet fern (Comptonia peregrina), 
p. 174 


Watercress (Nasturtium officinale) 
p. 146 

Western camass (Camassia quamash), 
p. 136 

White mulberry (Moras alba), p. 200 

Wild poraco vine (Ipomoea pandurata, 
p. 216 

Wincergreen (Gaultheria procumbens), 
p. 150 

Yellow pond lily (Nuphar advena), 
212 
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Ostrich fern Matiencia strutbiopteris 
(synonyms: M. pensyleamica, 


rtis nodule) 


Habitat: bottomlands, swamps, streamsides, ponds; rich forest soil. Identifica- 
tion: perennial herb with 2 leaf types. Larger plumelike, sterile green leaves 
(fronds) 0.6-1.6 m (1-5 fd) long, with stiff leafstalks to 40 em (16 in) long, leaf 
blade broadest above middle, short-tapering at tip, long-tapering at base, with 
20 or more pairs of side branches (pinnae), the pairs alternating, Smaller fertile 
Teaves dark brown when mature, 40-65 em (16~26 in) long, stiff, with sie 
branches 3—5 cm (1~2 in) long, bearing powdery reproductive spores. Immature 
leaves of fiddleheads usually emerge in clusters amid few remaining, upright, 
brown fertile leaves of previous year, sparsely covered near wp with papery, 
brown scales that fall away as the leaves uncoil;leafstalk (rachis) is conspicuously 
‘grooved. Harvest: Collect coiled fiddlehead leaves to 20 cm (8 in) tall in April in 
southern part of range and early May farther north, about same time as lowering 
of sexvicebinny trees. Preparation: Scrape inedible brown scales off by hand or 
‘wash in cold water. To cook, steam 10 min, season and butter hot; can also be 
boiled. In field, eat raw as a crail snack or salad item, Related edible species: 
bracken fern (Preridiam aquilinum) and cinnamon fern (Oswimunda cinnanconea), 
Poisonous look-alikes: None. 


Wild onion, Nodding onion Allium cernunm 
Ali adile summer, autumn 
Habitat: dey woodlands, rocky slopes, ledges, ridges, prairies. Ident 


perennial herb to 60 cm (24 in) high; underground bulb usally reddish-pur- 
ble, slender, broadest near base, tapering above. Stem (scape) erect except arch- 
ing at tip. Leaves several, from base of plant, linear, mostly 2—4 mm (0.1 in) 
wide, shorter than stem, with onion odor wben broken, soft, flexible. Flowers in 
rounded to flat-topped cluster, nodding when young, erect with age, each long- 
stalked, stalks 10-24 mm (0.4-0.9 in) long, petallike parts white to pink, 4-6 
‘mm (0.2 in) long, Fruiting capsules in summer nearly rounded to broadest near 
tip, 3-5 mm (0.10.2 in) long, 3-parted, each part with 2 pointed crests; seeds 
triangular, black. Harvest: young tops before flowers appear. Bulbs in spring and 
fall. Preparation: For creamed onions, melt 1 tbsp butter in saucepan, add 2 thsp 
flour, %4 tsp salt, dash of pepper, and cook with constant stirring for 1 min, Add 1 
cup boiled onion bulbs and leaves. Stir in milk and simmer until thickened, For 
wild pickles, pack cop bulb clusters in pickle jar, add 1 thsp mixed pickling spice: 

and fill with mixture of 2 parts cider vinegar co 1 part water, Seal, store cool for 3 
month or more before using. Related edible species: wii caatic and witb Lik 
(next), and several other Adizw species. Poisonous look-alikes: Field garlic 
(A. rineale) is 10t poisonous but is too strong for most tastes, Avoid all onionlike 
plants thar lack onion odor; some, such as DEATH cAMASS, are highly poisonous. 


Ostrich fern: young fr 


(Dykeman! 


Wild onion: 


Wild garlic: flowers (Speas). Entire plane (Kavasch), 


Wild leek: rootstocks and entire plants (Dykeman), 
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Wild garlic Allium canadense 
Alia edile commer, autumn 

Habitat: common, open woodlands, fields, prairies. Kdentification: perennial 

‘erb to 58 cm (23 in) high; underground bulb brown, egg-shaped to nearly 
slobe-shaped, 2-3 em (0.81.2 in) across, Stem (scape) erect. Leaves several, 

from or near base, linear, to 35 cm (13.8 in) long, 2~5 mm (0.1~0.2 in) wide, 

rarely wider, fla, flexible, with strong onion dar when broken, shiny green 
Flower (spring) clusters consist of several tiny white to purple bulbils (minia- 

ture bulbs) and zero to few pink to white flowers on long, flexible stalks. 
Fruiting capsules rounded of neatly 50, 2-3 mm (0.1 in) long, 3-parted, smooth rea 
‘on top; seeds triangular, tiny, black. Harvest: Use whole plant in early spring 
before flower stalk appears, or use bulbs in spring and fall. Bundle bulbs with 
15~20 cm (6-8 in) stems and dry at room temperature for larer use. Pick green SQ 
top bulb clusters on flower stalk in late spring before ripe. Preparation: For 

salad of vegetable, remove tough outer layers of young whole plant. Chop into 

‘green salad or boil whole for 13 hr in salted water, then drain, season with bueter, 

and serve. For soup, use drained-off water to make cream of onion soup. Com- 

bine 1 qt onion water, 2 cbsp butter, 1 cup half-and-half. Add smooth mixture of feet 
2 tsp flour in milk, heat o simmer, and serve. Use this plantin an soup recipes 9 
calling for onions of with many cooked vegetables and meats. For other uses, see 
‘WILDONION (preceding), Related edible species: witpovion, wit usex (next), and Go 
several other Allium species. Poisonous look-alikes: See win osion, 


Wild leek, Ramp Alliam triceccum 
Alb eile sere, ant 
Habitat: rich, neutral, moist woods, frequently under maples. Identification: 


colonial berb. Leaves directly from bulb, 2 o 3 in number, 10-30 em (4— 
in) long, 2-6 em (0.8-24 in) wide, light green, smooth, flesby, onion scented, 
appearing in early spring, shrivel by flowering in midsummer. Flowers small, 
white, in hemispherical cluster on leafless stalk 15~40 cm (6~16 in) tall, Fruit 
capsule small, 3-lobed, each lobe with 1 hard seed, Harvest: young tops before 

they unfurl into broad leaves; bulbs from early spring through aurumn. Prepara- 
tion: add fine-chopped young leaves to salads or boil whole for 20 min in salted 
water, drain, season, and serve. Excellent in soup. Bulbs excellent pickled, 
chopped in salads, cooked alone, or with meat or other vegetables. Add chopped 

fine bulbs to mashed potatoes. For fried leeks parboil 3 min, drain, add more 
‘water, boil until tender. Saure in butter, serve covered with bread crumbs. Caw- 

tion: Leeks are often very strong flavored and may cause gastric distress, Eat 
sparingly. Related edible species: wi osion, wito canuic (preceding), and sev- og 
eral other Allium species. Poisonous look-alikes: See 11D ONION, 
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Corn lily, Clinton's lily Clintons borealis 


Habitat: rich woodlands, deep thickets, higher elevations, cool moist sites. 
Identification: perennial herb co 40 cm (16 in) high, from a slender under- 
ground stem (thizome); each plant with 2-5 large basal leaves. Leaves usually 
broadest near or above the middle, 10-38 em (4—15 in) omg, 4—14 cm (1.6-5.5 
in) wide, pointed at tip, entire along margin, dark shiny green. Flowers 3-8 at 
top of erect stalk, nodding, each with 6 greenish-yellow, narrow petallike struc 
tures 13-18 cm (0.50.7 in) long. Fruits are globe-shaped, bright blue ber- 
ries 8-10 mm (0.3-0.4 in) in diameter. Harvest: Gather leaves before fully 
unfurled, Fully formed leaves are tough and unpleasant tasting. Preparation: 
Chop young leaves into salad with other greens of the season. Boil leaves about 
10 min and serve wich butter and seasonings. Related edible species: White 
clintonia (C. wmbellata) has white flowers and black fruit. Poisonous look-alikes: 
Be positive of cora lily’s young-growth identification features because some simi 
lar-looking species are poisonous, 


Asparagus Asparagus officinalis 
Habitat: roadsides, disturbed sites, especially sandy and well-drained soils. 
Identification: perennial berb 1-2 m (3.36.6 ft) high from thick, white, un- 
derground stem (rhizome); stems upright, often branched, green, becoming very 
slender at top. Leaves alternate, reduced to small scales, lance-shaped, w 2.5 cm 
(1 in) long, Flowers produced along upper stems, usually singly or in pairs, 
hanging on slender stalk, narrowly bell-shaped, 3-6 mm (0.1-0.2 in) long, 
yellow to greenish-yellow, 6-lobed. Fruits ace globe-shaped berries 4-8 mm 
(0.2-0.3 in) in diameter, bright red, fleshy, containing 3~6 black seeds. Har- 
vest: identical to cultivated asparagus. Locate by presence of dried Chhristmas- 
tree-shaped stalls of previous year. Slice off young stalks just below ground level 
‘when green shoots protrude only a few inches, More shoots will grow, allowing 
rcharvesting. Caution: Avoid alder stalks and other parts, which are mildly taste, 
Preparation: Wash stalks and peel off any tough covering near base. Tie stalks in 
bundle and steam or boil until tender, usually 10~15 min. Serve with butter and 
seasonings of cream sauce, Excellent prepared as cream soup. See any vegetable 
cookbook for other recipes. Related edible species: none. Poisonous look- 
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have the size which is 4 times smaller than the 
corresponding side of the 
magnet. If cross-section area 
of the stator is larger, a bigger 
part of magnet field comes to 
the stator core when their axles 


coincide and thus there is 


nothing to induce Lentz’ 
currents in the stator windings 4 
It is a common point of view 

that it is necessary to try to 

minimize the volume of a 

device and to obtain the maximum efficiency at 
minimal material expense. In practice, it has always 
been the goal while designing clectrical machines to 
decrease losses in stator PR. As for the Adams motor, 
it requires not only the use of disproportionate 
magnets windings 
disproportionate number of turns specially designed 


but also. stator with 
to obtain maximum Lentz’ currents that is achieved 
by hundred of turns of winding 

5. It is necessary to define approximately the 
effective zone of the magnet field. If practically 
applicable magnet field is equal to, for example, 8 
cm, and the stator has a 10 cm long winding, then 
more than 200% of turns will not be efficiently cmssed 
by magnetic fore lines and will only create an 
excessive mass of the device. To define the degree 


of effective action of the magnet we can put a 
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paperclip on the table and move it gradually in 
direction of the magnet until 
the paperclip is attracted to it 
Actually if we take into account 
friction losses then the magnet 
influence zone will be a little 
larger. That is why the stator 
winding in the axle direction 
can be 10% larger than that in 
this experiment. The description 
of this test has been found 
on Tim Harwood’s website 
(hup:/ /Arwugeocities.com /theadamsmotor/edmotochtml) 
6. ‘The air gap clearance between the stator and the 
rotor must not exceed 1 1.5 mm, 
7. Use as little metal in the device as possible. It is 
preferable that the metal is used in the core and stator 
windings only: 


In onler to increase the efficiency of this motor, it is 
necessary to build it in a manner, which allows removing, 
the counter emf from the stator windings. To do that, 
this emf may be taken off and stored in the capacitor. 
‘The article published by Nexus magazine and Great 
Britain patent No. 282708 consider special genemtor 
windings; however, no sufficiently detailed data on 
operating rules are provided. Michael Smith (Australia, 
‘up:/ /wwww: Fortunecity.com/ greenfield /bp/16/content! ht) 
has unequivocally 


informed me in one of his letters that 
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Eastern camass: flower and field (NYBG), 


fruiting branch (Elias). Flowe! 
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Eastern camass, Camass lily Camassia silloides 
Al edible summer, usaren, winter 


Habitat; fields, wet meadows, moist open woodlands. Identification: perenni- 
«al berb from a globe-shaped bulb 1—3 em (0.4~1.2 in) in diameter. Leaves at- 
tached at base, lang-narrow, 20-60 cm (7.9~23.6 in) lang, 517 mm (0.2~0.7 
in) wide, pointed at tip. Flowering stalk upright to 60 emi (24 in) tall; talked 
flowers in narrow cluster; each flower with 6 ubite, blue, or violet petals ot 
petallike structures 7-12 mm (0.3~0.5 in) long. Fruit small, nearly globe- 
shaped, 3-parted capsule 6~12 mm (0.2~0.5 in) in diameter. Harvest: Dig or 
pull bulbs any season; safest when blue flowers distinguish ic fram DEATH CAMASS. 
Dig and cransplant in ground free of pean camass. Study descriptions of sari 
cawass carefully, Preparation: Raw bulbs are palatable. May be boiled 25-30 
min or baked in foil for 45 min at 175°C (350°F) bur best preparation is the pit 
method used by Indians and described in the Introduction, ia which eastern 
‘camass is baked for 1-3 days. The baked bulbs are very dark and sugary. Slice 
pit-haked or boiled bulbs. Then dry ia sun or warm oven before storing in paper 
bag in dey place. Bulbs can be used as « potato substitute, Related edible spe- 
cies: westinw camass, Poisonous look-alikes: Dear cAMAss, narrow-leaved 
plants with green, white, or bronze flowers, single or several in narrow spike 


Common greenbrier, Catbrier Smilax rotundifolia 
‘Als edible summer 

Habitac: common plant of roadsides, secondary woodlands, woodland clearings, 
streamsides, thickets. Identification: climbing perennial vine, stems tough, 
becoming woody, offen strongly 4-sided, green, tendrils many, armed with 
stout, sharp thorns. Leaves alternate, deciduous to almost evergreen (southern 
part of range), 4—10 em (1.6~4 in) long, nearly as wide, broadest near base to 
nearly circular, pointed at tip, entire along margin, leathery, dark shiny green, 
Vines bearing either male ar female flowers in several-flowered, flat-topped clus- 
ters, green oF yellow. Fraits blaish-black berries, globe-shaped 5-9 mm (0.2— 
04 jn) in diameter, often containing 2 or 3 seeds. Harvest: Gather new shoots 
and growing tips, plus uncurling leaves and tendrils, while they are still crisp and 
tender during spring and summer. Preparation: excellent raw as trail nibble. For 
salads use tenderest parts raw or boil slightly older tips 2~3 min, drain and cool. 
‘Add your favorite salad dressing. Steam or boil bundled shoots like asparagus or 
boil tendrils, eaves, and shoots together like spinach, Cook until tender and 
serve with sauces and seasonings as you would other vegetables. Related edible 
species: several other Smilax species, including suskiek and CARRION FLOWER 
(next), Poisonous look-alikes: none. 
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Bullbrier, Greenbrier Smilax bona-wox 
Alon edible summer 
Habitat; open woodlands, fields, abandoned farmlands, roadsides, disturbed 


sites. Identification: perennial climbing vine, stems 4-sided, becoming woody, 
frequently branching, green, tendrils present, with scattered stiff thorns or thorn- 
less. Leaves alternate, deciduous, 4-8 cm (1.6~3.2 in) long, triangular in shape, 
broadest near base, pointed at tip, entire or with few sharp teeth along thickened 
‘margin, almost leathery texture. Vines with either male or female flowers in 
several-flowered, rounded or flat-topped stalked clusters. Fruits black berries, 
globe-shaped or nearly so, 6-9 mmr (0.2~0.4 in) én diameter, usually L-sceded. 
Harvest and preparation: shoots, tips, tendrils, leaves same as common GREEN. 
‘aniex, Also, dig and clean tuberous roots. Cut them inte short pieces and pound 
them in metal container until fibers are separated and gelatinous sediment is 
released. Wash sediment from fibers and allow to settle. Strain out fibers and 
other floating matter, Carefully pour off warer and allow sediment to dry and 
turn red. Boil | thsp powdered sediment per cup of water for 10 min. Cool to 
make jelly oF dilute and sweeten for drink. Also use powder as thickener for 
stews or substiture for part of flour in pancake batter, Related edible species: 
COMMON GreEsbniER (preceding) and CARIoN FLowEK (next), Other tuberous- 
rooted Smilax species, such as China-root (S. tamuaides) in the East and S. cali- 
fornica in the West, are usable for gelatin. Poisonous look-alikes: none. 


Carrion flower Smiles: herbacea 
Al edible swarmer 


Habitat: open woodlands, margins of woodlands, roadsides, fields. Identific 
tion: peresnial climbing ve; green stems, never woody, freely branching, te%- 
chris present, lacking prickles or thorns. Leaves alternate, deciduous, broudest 
near base to almost rounded, pointed to roundel ac tp, heart-shaped to rounded 
at base, entire along margin, becoming leathery. Vines bearing either male or 
female flowers om lomg stalks from junctions of uppermost leaves; flowers in 
diensely-clustered rounded heads, Fruits in dense, rounded clusters, each frait a 
berry, globe-shaped, 812 mm (0.3~0.5 in) im diameter, dark blue ta bluish- 
black, containing several seeds, Harvest and preparation: same as for cousion 
Cortasiien and ncusnen (preceding). Related edible species: common curt 
bigs and nuutakiek, Poisonous look-alikes: none. 
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Bullbrier: flowering and fruiting branches (NYBG). 


branch (NYBG). Fruiting branch (Ki 
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Cateail Typha latifolia 
Ale edible sunser, antamn, winter 

Habitat: shallow water of lakes, ponds, bays, ditches, marshes. Identification: 
large upright perennial herb to 3m (9.8 fe) rll, with large stout, horizontal un- 
derground stems (rhizomes). Leaves sheathing at the base of stem, 1-2.5 m 
(G.2-8.2 fo long, 8-24 mm (0.30.9 in) wide, narrow, swordlike, pointed at 
tip, grayish green. Flowers at tip of erect stalks, tiny male flowers densely clus- 
tered in narrow, cylinder-shaped mass directly above female flowers densely 
clustered in a cylinder-shape 5-20 cm (2-8 in) long. Frits in cigar-sbaped 
clusters 2~3.5 cm (0.8~1.4 in) thick which break apart in soft downy-haired 
seeds in autumn, Harvest and preparation: In early spring, dig up roots to 
locare small, pointed dormant sprouts at ends of roots. Sprouts are edible raw or 
cooked, Later, similar sprouts appear on roots at bases of leaves. From then until 
plants are 60-90 cm (2—3 fe) tll, grasp leafy stalks below water surface and pull 
straight up, usually breaking stalks off at root, Peel away rough leafy layers to 
tender core, about 12 mm (0.5 in) diameter and to 30 cm (12 in) long. This 
"Cossack asparagus” is excellent raw, eaten like celery, of sliced into a salad. Or, 
cover cores with boiling water and simmer about 10 min. Serve with butter, salt 
and pepper oF with oil-and-vinegar. Later pick green bloom spikes while still in 
papery sheaths and before pollen ripens above them. Remove sheaths and boil 
spikes in slightly salted water until tender. Eat like corn on cob, oF scrape buds 
from cores for “corn” casserole. As pollen ripens, shake and rub it off stalks into 
container. Sift through fine screen ro remove nonpollen materials, Substitute for 
part of flour in muffin, frieter, or pancake batter. For white flour, dig roots from 
fall through early spring, Wash and peel roots, crush cores thoroughly in contain- 
cr of water, and strain out fibers. Wash resulting starch several times, letting it 
settle and carefully pouring off water after each washing, Dry thoroughly for 
storage or use wet. Related edible species: Naxrow-traveD cArtatt (next). Poi- 
sonous look-alikes: stalks and roots of wild iris species (including veuow FLAG, 
butik FLAG). Harvest cattails where old stalks are abundant. 


Narrow-leaved cattail Typha angustifolia 
Alio edie summer, autunen, winter 

Habitat: ponds, lakes, swamps, bays, ditches. Identification: large upright pe- 
rennial berb co 2 m (6.6 fi tall, with thick, horizontal, underground stems (rhi- 
zomes). Leaves sheathing at base of stem, 0.6-1.5 m (2-5 fi) long, 3-8 ma 
(0.1-0.3 in) wide, very narrow, strap-shaped, fartened, pointed at tip. Flowers 
ac tip of erect stalks, tiny male flowers densely clustered in narrow, cylinder- 
shaped column 2.5~7.5 cm (1~3 in), shaced at intervals above the larger 
brown, cylinder-shaped clusters of female flowers 3-12 cm (1.24.7 in) long, 
Fruits are narrow, cigar-sbaped clusters 5-15 em (2-6 in) long which break 
apart into soft, doway-haired seeds in autumn. Harvest and preparation: same 
as for carrait (preceding). Related edible species: carrait. Poisonous look- 
alikes: See cartait for details. 
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Hard-stem bulrush, Scirpus acutws 
Also edible summer, autumn, winter 
Habitat: shores of ponds, lakes, streams, rivers, marshes. Identification: pere 


nial berb \-3 m (3.2-9.8 fo) high, from thick, tough, brownish underground 
stems (rhizomes); stems upright, rounded, stiff, yellowish-green, unbranched, 
leaf blades absent or sometimes present, to 10 cm (4 in) long. Flowering heads 
(spikes) densely clustered and originating from one place near the tip of the 
stem, with 1 10 several stalks each bearing several heads, each head cylinder- 
shaped, 8—18 mm (0.30.7 in) long, composed of several overlapping scales 
Fruits are hard, somewhat flattened seeds 2~3 mm (0.1 in) long. Harvest: See 
‘oneaT nutnusi (next). Preparation: Peel and cue firm older roots into sections. 
Crush chem and boil in water until you have white geuel. Separate out any fibers 
and dry gruel into flour. For biscuit dough, add oil and water t0 reach right 
consistency. Add salt and baking powder, knead and roll © about Y-in thickness. 
Bake at 230°C (450°F) or twisted on stick by campfire. Also prepare flour by 
drying cleaned roots thoroughly, crush, and remove fibers. Pound and grind re- 
maining material into flour, Use pollen as flour additive. Also grind seeds to use 
alone oF with pollen and root flour for baking, Also see cxsat auinusi Related 
edible species: All North American Scirpus species may be edible. Poisonous 
look-alikes: none because the fruiting pattern is distinctive. 


Great bulrush, Tule Scirpus validus 
Alo edible summer, autumn, winter 
Habitat: shallow water of lakeshores, ponds, and streams; fresh and brackish 


water marshes. Identification: perennial berb co 3 m (9.8 fe) high from tough, 
redilish scaly underground stems (rhizomes); stems upright, rounded, soft, pale 
green, unbranched; leaf blades absent. Flowering heads (spikes) produced near 
‘tem tips, with several stalked), branched clusters, each head egg-shaped, 0.4—1 
cm (0.10.4 in) long, somewhat flattened, composed of a series of overlapping 
scales. Fruits hard, flattened seeds 2-3 mm (0.1 in) long. Harvest: Bulrushes, 
like carraus, provide food year-round. Cut off young shoots in early spring or 
when they've formed in autumo. Later remove cores fram bases of older stalks 
Shake and beat pollen from stalks into bucket in summer and recurn to collect 
seeds the same way from late summer into winter. Diggup roots year-round ta use 
firm, sweec ones as vegetable or as sugar source and older ones for flour. Prepa- 
ration: Peel new shoots anc youngest roorstocks and separate cores from older 
stalks. Ear them raw, sliced in salads, or boiled, Roast young shoots and roots, or 
slice and fry like potatoes, Bruise young roots and boil for several hours, boiling 
off water to produce sweet syrup. For other preparations, see HARD-STEM HULAUSH 
(preceding). Related edible species: 1anp-steat svLkust, Poisonous look 
alikes: none 


Hard-stem buleush: flowers (Speas). 


Great bulrush: fruiting (Kavasch) 
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Pigweed, Redroot Amaranthas rareflesas 
Als elie summer, tum 

Habitat: common und widespread; especially recently abandoned land, waste 
areas, roadsides. Identification: coarse annual berb to 2 m (6.6 ft) high; stem 
upright, stout, usually branched. Leaves alternate, lang-stalked, broadest near 
base, 5—10 cm (2-4 in) long, 2.56 em (12.4 in) wide, blunt to shore-pointed 
at ip, wavy along margin. Flowers lace summer and fall, densely crowded on 
narrow spikes 6=18 cm (2.4~7.1 in) long, on upper part of stem, Fruits flat 
tened, 1-2 mm (0.1 in) across, dry, each partially enclosed by rigid pointed 
bracts 5-8 mnt (0,2—0,3 in) lang: seeds rounded, shiny black, tiny, Haryest: For 
greens, pick young leaves when plants are only a few inches tall and before stem 
becomes woody. Use leaves fresh or dry. Pick seed clusters as plants mature but 
before seeds begin to drop. Dry, thresh by shaking or trampling, winnow by 
shifting in breeze. Dry on tray at 190°C (375*F) for 40-50 min, stirring occasion- 
ally. Store in paper bag in dry place, Preparation: Fresh greens excellent as 
potherb. Boil for 10-20 min until tender and serve with seasonings and butter. 
For livelier flavor, boil with other greens such as mustard or dandelion, or add 
vinegar, bacon, hard-boiled egas, or grated cheese. For salad, use fresh young 
leaves as major component of tossed salad. Use dried leaves in soups. Seeds 
edible whole or ground into meal using food mill or stones. For muffins, combine 
1 cup pigweed meal, 14 cup whole-wheat flour, 2 tsp baking powder, 3 esp salt, 3 
tbsp honey, brown sugar, or molasses. Add 2 egg yolks, 1l4 cups milk, and Vj 
cup butter. Blend until mix is moist. Beat 2 ege whites until stiff and fold into 
mix. Bake in greased muffin tin about 20 min at 190°C (375°F). Makes approxi- 
‘mately 18. Thin batter with milk for pancakes. Related edible species: crew 
PiGwarD (next) and several other Amaranthus species, Poisonous look-alikes: 
Since pigweed is a concentrator of nitrares, plants from nitrate-fertilized areas 
should be eaten only in moderation, 


Green pigweed Amaranthus bybridus 
Alo edible sneer, ature 

Habitat: common and widespread in eastern and midwestern North America; 
fields, roadsides, disturbed sites. Identification: course annual herb to 2m (6.6 
fe) high; stems upright, with several upright branches. Leares alternate, long 
stalked, broadest below or near middle, 815 em (3.2~6 in) long, 2-5 cm (0.8— 
2 in) wide, short-pointed at tip, wavy along margin. Flowers tiny, densely crowd- 
ed in slender, green to red spikes, Fruits tiny, flattened, 15-2 mm (0.1 in) 
across, dry, partially enclosed by short, flexible bracts to 2 mm (0.1 in) long: 
seeds tiny, rounded, shiay black. Harvest and preparation: Same as for nowsD 
(preceding). Related edible species: ricwuxo and related species. Poisonous 
look-alikes: See rawr, 
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he has not achie 


ed generation of excessive energy in 
such a system, During his experiments a two-battery 
circuit proved to be more effective. In this circuit, during, 
a part of periodical process the energy is stored in the 
capacitor and then a 


circuit. In order to achieve a better rotor balance I had 
to re-construct it twice. It is very important to align the 
axles of the bearings with maximum precision; otherwise 
a considerable decelerating torque will manifest. The 

shaft penetrates the lower 


command 


moving base. It is 


transferred to a 
thyristor, which 


discharges it into the 
second battery. At 


In order to increase the efficiency of 
this motor, it is necessary to build it 
in a manner, which allows removing 
the counter emf from the stator windings. 


possible to rotate the base 
at a small angle for the 
precise alignment of 
axles and then to fix it 


that capacity, the 
second battery must be no less than 4 times more than. 
the capacity of the first one. Otherwise the excessive 
energy does not have enough time to be stored during 
the discharge. I have also managed to provide the charge 
of the second battery, but the control circuit has not 
been assembled fully yet, as its shown below in Fig. 4 
Better results are expected when its final adjustments 
together with A'T90s2313 controller program have been 
made, 


I managed to start my first model of the motor in 
April, 2002. Afterwards, I spent approximately six 
months increasing its rotational speed from 750 to 3200. 
3400 rpm, decreasing vibrations and improving control 
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with screws and nuts, 


In order to decrease aerodynamic losses, two veneer 
parts are mounted between the magnets "Thus I managed 
to increase the speed, although the rotor weight has also 
been increased. 


Stator cores are made of plates taken from a 
disassembled radio transformer. ‘Tim Harwood used 
nails with winding, however, my own results with such 
cow proved to be poor. Dimensions of the core are 
10st 1x50 mm. 


‘The type of power source is also important. First, I 
connected a9 Voltaccumulator of “Krona” type in series 
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Pigweed: basal stalk and flowering head (USDA). 


Green pigweed: fruiting stalks (Hardin) 


Lamb's quarters: 
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Lamb's quarters Chenopadinm album 
Alto edible atu 


Habitat: common and widespread; yards, vacant lots, roadsides, waste areas, 
disturbed sites; introduced from Europe. Identification: small co medium-size 
annual herb ro 0.6 m (2 fe) high; stems erect, usually branched, with a pale green 
or whitish east, Leaves alternate, lower onesalmast triangular, 3—10 cm (1.2~ 
in) long, blunt at tip, coursely toothed along margin, mealy white beneath, 
stalked, upper ones smaller, Flowers in lace spring. ro autumn, tiny, inconspicu 
ous, produced in dense short spikes in junctions of upper leaves and at tip. 
Fruits tiny, globe-shaped but depressed at tip, enclosed in persistent calyx lobes, 
in short dense spikes. Harvest: Pick young leafy stems to 25 cm (10 in) tall or 
tender growing tips of older plants. Gather abundant seeds in autumn by rubbing 
fruiting spikes into paper bag and winnow away chaff. Preparation: a superlative 
green vegetable, lacking strong flavor and high in vitamins A and C. Use leafy 
stems alone in salad or mix with stronger greens. For potherb, use large quantity 
of greens because cooking greatly diminishes bulk, Boil young leafy stems in 
small quantity of water about 5 min undil render. Add butter, salt and pepper or 
sauce of ¥4 cup diced onion, 4 slices crisp bacon chopped fine, 4 cup vinegar, 
salt and pepper, simmered gently, Use same sauce on raw greens as salad dress- 
ing. Soften seeds by boiling, crush, grind in food mill or blender. This produces 
nutritious black flour, good mixed with wheat flour for pancakes and muffins, 
Related edible species: Berlandier’s lamb’s quarters (C. berlandier), Fremont’s 
lamb’s quarters (C. fremntii). Poisonous look-alikes: Species of Chenopadiam 
that have bad odor and taste can be somewhat toxic. 


Poverty weed Monolepis natalligna 
Alia ible atm 
Habitat: dey areas of high salinity or alkaline soils. Wdentification: annual berb 


to 55 cm (22 in) tall, spreading; branches oumerous, stout, somewhat fleshy, 
upright or nearly s0. Leates alternate, triangular 10 lance-shaped, 1-4 cm 
(0.4-1.6 in) long, pointed at the tip, entire or irregularly toothed along the mar- 
-kin, sharply lobed at che base, Flowers small, numerous, inconspicuous, pro 
‘duced in junction of upper, smaller leaves, each bisexual, greenish, petals ab- 
sent, Fruits are small, flattened, brown; winged seeds 1 mm (less than 0.1 in) 
across. Harvest: Pick young leafy stems. Roots are edible but usually not tasty. If 
you have the patience, strip seeds from stems when fully ripe late in growing 
season. Preparation: Like its relative, aus’s quaetans (preceding), which i su- 
perficially resembles, poverty weed is a good green vegetable. Boil young stems 
in small quantity of water until tender, but avoid overcooking, Serve with buster 
and seasonings or the following sauce hor: Simmer rogether for a few minutes 4 
cup dried onion, 4 slices crisp bacon (chopped fine), V4 cup vinegar, sat and 
pepper. Southwestern Indians ground seeds with corm and mesquite beans to 
make pinole. Related edible species: Species of the Chenopodium genus (includ 
ing taxw's auantexs) are of the same family as poverty weed. Poisonous look- 
alikes: none. 
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Glasswort Salicornia europaea 
Als edie summer, antamn 

Habitat: sea coast, salt marshes, alkaline soils. Identification: annual berb to 
40 cm (16 in) high; stems erece co spreading, stiff, succulent (may be unbranched 
to many branched), green turning orange or red in autumn; leaves opposite, 
minute, scalelike, appearing leafless. Flowers (late summer) tiny, numerous, 
produced # ereet to slightly spreading spikes 2-6 em (0.8-2.4 in) fang, joins 
longer than broad. Fruits are seeds, tiny, egg-shapest, 1.2—3 mm (0.1 in) in 
diameter. Harvest: Pick tender tips from branches midspring co autumn, Prepa- 
ration: Tips are crispy and salty; good for trail nibble, Or chop and seeve raw as 
salad with spicy vinegar dressing or add to other salad grvens. For pickles pack 
jars with very tender, clean, raw tips or older tips that have been boiled in a litle 
water for 5 min. Make pickling liquid from 4 cups cider or wine vinegar, 3 tbsp 
pickling spices, 1 grated onion, V3 cup honey or sugar, plus garlic, bay leaves, or 
other spices. Combine ingredients and boil 5~6 min. Cover glasswort with boil- 
ing liquid and seal jars. Store at least 1 month. For vegetable, place tips in boiling 
‘water and cook until render 5~10 min, Serve buttered, Related edible species: 
Other species of Sulicornia look very similar and are edible; one is perennial 
(S. virginica). Poisonous look-alikes: none, 


Russian thistle, Salewort Salsola bali 
‘Ala edible smmer 


Habitat: sandy beaches on East Coast; dry, alkaline soils in West. Identifica- 
tion: annual berb to 1 m (3.2 {0 high; stems branching, upright to spreading, 
smooth, hairy, or with mealy appearance. Leaves alternate, simple, fleshy, 
rounded, 2-5 cm (0.8-2 in) long, lance. to needle-sbaped, spine-tipped, entire 
along margins, lacking distinct leafstalk, Flowers numerous in narrow, elongated 
spikes in junctions of stems of upper leaves and at branch tips; each flower tiny, 
bisexual, sepals 5, winged on margins; petals absent. Fruits are flattened, 
winged, and nearly circular, 36 mm (0.1~0.2 in) across, yellowish to slace- 
colored. Harvest: Pull up shoots of new spring growth when less than 15 cm 
(6 in) all; also succulent new plants after rains in lae spring and in summer. 
Beware of spines at leaf tips. Caation: Plants occasionally contain toxic levels of 
nitrates and oxalates. Preparation: Cut off roors. Wash tops and boil far about 
15 min, Serve like spinach with butter and seasonings, cream sauce, oF vinegar. 
Mix with other greens of season. Related edible species: other Salisls species 
mainly in the Southwest. Poisonous look-alikes: none. 


ing plane (Elias) 


Stinging net 
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Stinging nettle, Nettle Urtica divica 
Habitat: widespread, especially in moist fertile soils in disturbed areas, margins 
‘of woods, trails, stream banks, roadsides, vacant lors, Identification: perennial, 
upright, co 1 m (3.2 fe) erect stem with bristly, stinging hairs. Leaves opposite, 
Jong-stalked, blase 5—14 cm (25.5 in) long, broadest near base, coarsely toothed, 
veins depressed, with stiff, stinging hairs on both surfaces. Each plant either 
male or female. Flowers produced in junctions of leafstalks, each flower tiny, 
male or female, borne in many-flowered, loosely branched, elongated, cream- 
colored clusters. Fruits tiny, inconspicuous, hard, nutletlike, about 2 man (0.1 in) 
long. Harvest: In spring, wear gloves co avoid stinging hairs, oF use scissors to 
cut young shoots and tender top leaves directly into por or bag. Later leaves are 
tough and gritty. Preparation: Boiling destroys irritant. As potherb, barely cov- 
ce with water and simmer until tender. Drain, add seasonings, butter, lemon 
juice, or wine vinegar. Use cooking water as beverage with lemon and sugar or as 
soup with salt, pepper, and vinegar. To make a simple stinging nettle puree, rub 2 
cups cooked stinging nettles with juice through sieve, or puree in blender. Re- 
heat, add 2 thsp butter, salt to taste, simmer 10 min more. Stir in \% cup light 
cream; season with black pepper. A versatile plant, stinging nettle cooking juice 
may also be used as rennet (milk coagulant) for junket pudding and as beer 
ingredient. Plane is high in vitamins A and C, protein, and minerals. Related 
edible species: wood nettle (Laporta canadensis, slender nettle (U. grails), Poi- 
sonous look-alikes: none. 
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Plantain (Ale elle :amer, axtamn) Plantago major 
Habitat: yards, roadsides, disturbed sites; common weed introduced from Eu- 
rope. Identification: perennial berb with fibrous root system. Leaves husal, 
numerous, broadest near or below middle, 520 em (2-8 in) long, 2.5—12 em 
(1-47 in) wide, rounded to pointed at tip, toothed, entire or wavy along margin, 
rough on both surfaces, smooth or hairy. Flowers tiny, numerous along upper 
bart of erect spike to 20 cm (8 in) high, each flower with 4 translucent petals, 
Fruits are tiny capsules prosuced along spike; each capsule contains 10-18 
seeds, Harvest: Pick young leaves before flower stalk appears or pick new leaves 
through summer; otherwise leaves develop stringy veins that are cough to chew. 
Strip ripe seeds from flower stalks from late spring through fall. Preparatior 
Use tenderest leaves in salads with other greens of season. For cooked vegetabl 
soak leaves in sale water for 5 min. Boil with litte water in covered pot until 
tender bur nor overcooked. or beverage steep handful of leaves in pint of boil 
ing water for 14 hr or longer. Dry seeds thoroughly and grind into flour. For 
pancakes, combine 2 cups plantain flour with 3 sp baking powder, 15 «sp salt, 3 

tbsp sugar, 2 exus, 3 tbsp cooking oil, 1 cup milk. Mix thoroughly. Add more S< 
milk oF flour for proper consistency; add fruit, if desired. Cook on hot griddle. 
Related edible species: Species of the Planiage genus are found throughout 
Seaside plantain (P. junenides) is one of the best and is foune! only along Kast 

Coast, Poisonous look-alikes: none. 
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Shepherd's purse Capsella bursa-pastoris 


Habitat: yards, vacant lots, roadsides, other disturbed areas; widespread weed, 
introduced from Europe. Identification: small to medium-size annual or bien 
nial berb to 60 cm (2 ft) high, unbranched oF sparingly branched, with a flat~ 
tened, basal rosette of leaves, the basal leaves 4—10 cm (1.6-4 in) long, uni- 
formly wide ro broadest near tip, shallowly to deeply lobed along sides. Upright 
stems with few, smaller, narrower leaves, Flowers produced in narrow elongate 
cluster, each tiny, stalked, with 4 white petals 2-4 mm (0.1 in) long. Fruits 
slightly flattened, heart-shaped, notched at tip, 4-10 mm (0.2-0.4 in) tong. 
Harvest: Gather leaves before flowering stage. If too peppery, bleach by cover- 
ing with sawdust, leaves, or flower pots for week or more. Strip off seed pods as 
they ripen, Preparation: Use raw leaves as salad greens, if not too peppery, oF 
with other milder greens. For a potherb, boil leaves in water for about 20 min 
with one change of wacer if needed. Season with salt and vinegar. Use dried pods 
and seeds as seasoning in soups and stews. Western Indians once ground seeds 
into meal, but process is tedious. Related edible species: red shepherd's purse 
(C. rubella) and slender shepherd!’ purse (C. gracilis). Poisonous look-alikes: 


Toothwort Dentaria laciniata 


Habitat: moist deciduous woodlands, ravines, floodplains, Identification: pe- 
reonial herb from a jointed, white underground stem (rhizome); stem upright, 10 
40 cm (15.7 in) high. Basal leaves absenc at flowering, stem leaves int whorl of 3 
on upper balf, deeply 3-parted, leaf segments lance-shaped, coarsely toothed to 
nearly entire, the terminal segment often deeply parted. Flowers produced in a 
terminal, elongate, hairy cluster, each flower stalked, with 4 white petals 1.2~2 
‘em (0.50.8 in) long, Fruits narrow, elongate, 2~4 cm (0,8~ 1.6 in) long, spliing, 
‘open lengthwise at maturity to release the tiny seeds. Harvest: Dig rootstock in 
small numbers from areas where plentiful. Other plants will grow from pieces of 
perennial root remaining in the soil. Preparation: Use as spicy trail nibble. Wash 
roots, chop and grind them in vinegar, add a dash of sale; use like horseradish, 
‘Add chopped roots to wild rossed green salads to liven flavor. Related edible 
species: AC least six other species, similar in appearance, are distributed in moist 
‘woodlands of the East and West. All may be used like the species described, 
Poisonous look-alikes: none. 
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Peppergeass Lepidim virginicum 
Habieat: fields, vacant lots, roadsides, other disturbed areas, waste sites. Ident 
fication: annual or biennial herb, upright to 50 em (19.7 in) high, occasionally 
taller. Basal rosette of leaves 4~L0 om (1,6-3.9 in) fong, 0.8~2 cm (0.30.8 in) 
wide, broadest near tip, doubly toothed, lobed, or deeply dissected along margin; 
stem leaves smaller, toothed or entire, becoming linear near top. Flowers pro: 
duced in several, narrow, elongate clusters; each flower stalked, with 4 small 
bite petals, Fruits flattened, widest near middle to almost circular, 2-4 mm 
(0.1 in) Lang, necacly a3 wide, slightly notched at tip, containing tiny reddish- 
brown seeds. Harvest: young shoots and leaves in spring, Preparation: another 
member of the mustard family. Use pepperarass greens sparingly in salad with 
less bitter species, Asa potherb boil in 1 or 2 changes of water. Try recipes given 
for other musraxos. Leaves high in vitamins A and C. Peppery seeds can be use 
to season meats, soups, and salads. Related edible species: Fremont’s pepper 
grass (L. fremoniti) and main cxsss (next). Poisonous look-alikes: none. 
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Field cress, Cow cress Lepidinm campestre 


Habitat: fields, vacant lors, roadsides, disturbed sites; introduced from Europe. 
Identification: annual or biennial herb, upright to 60 em (2 fe) high, stems 
densely airy. Basal leaves 4—8 cm (1,6~5.2 in) long, 1=1.6 em (0.4-0.6 in) 
wide, narrow but broadest near tip, coarsely toothed, lobed or dissected along 
margin; stem leaves smaller, almost circular in shape, lobed at base. Flowers 
produced in several, narrow, elongate clusters; each flower stalked, with 4 small, 

ite petals, Fruits flattened, widest near tip to almost round in outline, 2-3 
‘mm (0.1 in) long, slightly notched at tip, narrowly winged, containing tiny dark 
brown seeds, Harvest and preparation: same as for reemencKass (preceding), 
Related edible species: rerrtncnass and related species. Poisonous look-alikes: 


ax 


Field pennyeress Thlaspi arvense 


Habitat: fields, vacant lots, waste areas, other disturbed sites; more common in 
northern portion of its range. Identification: anual herb 40-80 cm (16-32 
in) high; stems branched, upright, smooch, Basal leaves narrow, widest near tip, 
withering and absent at flowering. Stem leaves 2-10 em (0.8~4 in) long, 0.4-3 
em (0.21.2 in) wide, lance-shaped wo narrow but broadest near tip, wavy or 
| coarsely toothed or entire along margin, lobed at hase, lobes pointed. Flowers 
‘numerous in narrow, elongate clusters (racemes), exch flower stalked, with 4 
white petals. Fruits flattened, nearly circular in outline, 0.818 em (0.3-0.7 
in) in diameter, deeply notched at tip, broadly winged, containing, se 
black seeds. Harvest: young shoots and leaves in spring, Preparation: 
plant has characteristic bitterness of stistaan family, boil shoots and leaves in 1 or 
2 changes of water for 15-25 min, Serve with butter, salt and pepper. Use ten- 
der greens if not too bitter with other species in tossed salads. Related edible 

species: pennycress (7. perfoliatum) and many other members of mustard family 
Cruciferae. Poisonous look-alikes: none. 
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with three metal-hydride 1.2 V accumulators The speed 
of rotation did not exceed 1500 rpm. But when I used a 
lead/acid accumulator with 1.3 Ah capacity, the speed 
increased to 2600 rpm if there was one coil on the stator. 


program operates in mode similar to transistor circuit, 
but its capability can be significantly increased due to 
the built-in processor timers. Today program 
improvement is the most efficient way to solve the task 


of generation of excess energy in this circuit. 


Four magnets mounted on the rotor have the dimensions 
of 20%20x35 mm and are fixed on a 105 mm glass fiber 
laminate disk. ‘The current impulses proved to be too 
wide, by up to 40%, In order to make them shorter 
(down to 25-30%), I had to use the control circuit 
(Fig. 2) with two Hall sensors. At the signal from the 
first sensor the stator current is started, the second 
sensor switches it off, Many experimenters used a timer 
to control the impulse length while working with Adams? 
motor that is more practical since impulses are supposed 
to be wider during the start. I took this factor into 
account while designing the controller circuit. Current 
impulses are shown in Fig. 3.’Their fronts are supposed 
to be shorter; it is probable that the coil has more 
inductivity than necessary. The impulses amplitudes are 
slightly different which is explained both by the 
difference in volume of induction of the magnets and by 
difficulty in achieving similar air gaps while working at 
home 


Ihave provided the charge mode of the 2-nd battery at 
my two-battery design. After 75 minutes of operation 
of the device the source lost 0.17 Volt whereas the 
second battery was charged at 0.36 Volt. The capacity 
of both batteries in this experiment was equal. Besides 
after such charging the second battery started to 
discharge quickly 
charges the battery directly has to be considered 


‘The circuit where stator current 


ineffectual (see Fig, 1). ‘To evaluate the charge, which is 
gained in non-hermetic accumulators, the density of 
electrolyte can be measured 


‘To obtain a more uniform torque I added the second 
stator which is controlled independently. This required 
installing two more Hall 
transistor. The angle betwes 
to 135 (180-90.2=135) degrees. When the current is 
present in one part of the stator it 
and vice 


-nsors and an additional power 
axles of the coils amounts 


absent in another 


versa. The speed has increased up to 3200. 
3400 rpm, and I deemed the further increasing of this 
characteristic unnecessary 


Increasing the number of circuit elements does not seem 
a good idea. Futhermore the adjustment process 
becomes more complicated. In order to improve the 
circuit of battery charge adding a timer circuit is required. 
‘Thus, I decided to use a controller circuit. A simple Basic 
program has been developed for AVR controllers ‘This 


New Energy Technologies, Issue #3 May - June 2003 


‘This article is meant to elucidate the principles of 
operation of one of the simplest devices which pretend 
to become an “overunity device”, “free ener, 
“perpetual motion machine”, whatever you call it 
Probably someone will try to create such motor- 


y machine”, 


generators on their own. hope that my article will serve 
as a guide and will help to avoid the mistakes made by 
many experimenters (including myself) before they 
‘managed to build their own model. 
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Garlic mustard (Ali edible anmer) Alliaria officinalis 
Habitat: partially shaded roadsides, paths in open woods, shady disturbed areas 
Identification: biennial berb, 2nd year growth to 90 em (3 ft). Leaves trian- 
gular ta heart-shaped, coarsely toothed, long-stalked, with garlic odor when 
crushed. Flowers white, 6-8 mm (0.20.3 in) across, in clusters at Lips of stems 
cand at leaf bases, April-June. Fruits are very slender pods (siliques) to 5 em (2 
in) long, containing numerous tiny seeds. Harvest: young leaves, blossoms, and 
seed pods in spring and early summer. Preparation: chop tender growth raw in 
salad; for cooked vegetable steam or boil in little water, season with salt and 
butter, Use for garlic flavor with meats and vegetables. Relazed edible species: 
no other Alliaria species present, many other members of wustan family (Cr 
‘iferae) are edible. Poisonous look-alikes: none. 


Common chickweed (Ale elie sanmer, autumn, winter) Stellaria media 
Habitat: yards, disturbed sites, moist and wee areas, cultivated land, woodlands; 
‘common weed introduced from Europe. Identification: annual eth sometimes 
to 30 cm (12 in) high; stems weak, trailing along ground before becoming up- 
right, with rows of hairs. Leaves opposite, simple, 1-3,5 em (0.4—LA in) fone, 
about % as wide, usually broadest near base or middle, poinced at dip, entire 
along margin, rounded at base, lower leaves with a conspicuous leafstalk, 
Flowers single or in few-flowered clusters at tips, lang-stalked, each flower 
ith 5 deeply lobed, white petals that are shorter than sepals. Fruits are small 
reddish-brown capsules 5~8 mm (0.2-0.3 in) long, egg-shaped, containing many 
small seeds. Harvest: Pick tender leaves and stems from young plants any time 
they are not blooming; available year-round in some regions. Quicker method, 
pull up the whole plant and cut off tender growth with scissors. Preparation: 
Mild flavored chickweed is excellent by itself or with other, stronger greens. Use 
generously raw in salads. Boil only 25 min; add it ro other less delicate greens 
near end of their cooking period. Serve with butter, seasonings, and a little 
chopped onion, Also see saxtes ciuicxwxeD (next), Related edible species: antes 
CuickweeD. Poisonous look-alikes: none 


James chickweed (Ais elie ummer, autumn) Stellaria jameriana 
Habitat: mountain meadows, seepage areas, woodlands, usually beoween 1, 
2,590 m (4,000-8,500 fo elevation. Identification: small perennial berb t0 35 
cm (14 in) all from slender roots with thickened tuberlike scructures; stems erect 
or nearly so, branched frequently, hairy. Leaves opposite, simple, 4-15 cm (1.6~ 
6 in) Fong, about one-fourth as wide, lance-shaped, long pointed at tip, entire 
along margin, Flowers produced in loose, spreading clusters at tips and at junc- 
tions of upper leaves in spring and early summer. Each flower with 5 deeply 
notched wbite petals. Fruits are small tan capsules, 3—5 mm (0.2 in) long, con- 
taining many tiny, dark brown seeds. Harvest: same as comson ciiickwetD (pre- 
ceding). Preparation: Add chickweed to soups andl stews. For pancakes, drain 
and blot 1-2 cups leaves. Blend into prepared pancake batter (2.cups mix to 1M 
cups water). Adjust consistency. Fry ancl serve with butter and tart jelly. Related 
edible species: comwon ciickweeD, star chickweed (S. pabent), and mouse-car 
chickweed (Cerastium exlgatum). Poisonous look-alikes: none 
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Cleavers, Goosegrass, Bedstraw Galium aparine 
Also edible summer 


Habitat; wide spread on moist sites, rich woodlands, along streams, lakes, vacant 
lots and fields. Identification: annual herb; stems weak, slender, often leaning 
‘on other plants or rambling along ground, 4-sided, with numerous tiny, stiff, 
hooked hairs causing plants ro cling to clothing; eaves én whorls of 8, each very 
narrow but widest above middle, 4—8 cm (1.6—3.2 in) long, 2-6 mm (0.1—0 
in) wide, with recurved hairs along margin. Flowers tiny, white, produced in 
usually 3-flowered, stalked clusters in junction of upper leaves in late spring or 
early summer. Fruits consist of twin, fused, globe-shaped, dry structures 2-4 
mm (0.1 in) long, covered with numerous hairs booked at tip. Harvest and 
preparation: Pick young greens in spring when tender. Steam leafy stems in 
Strainer or colander over boiling water for 5-10 min or boil in small amount of 
water until tender, Serve with butter and seasonings. Combines well with nettle 
greens. For salad take 3 cups boiled, cooled cleavers and add 1 cup cooked aspar- 
agus cut in | in lengths, 14 cup slivered nuts, *4 cup French dressing, Gather 
fruits in Jane and July as they turn brown, Por excellent noncaffeine coffee sub- 
stitute, roast fruits in warm oven 150°C (300°F) until dark and crisp, about 1 hr. 
Grind in blender or crush on any hard surface. Simmer +4 cup prepared fruits in 
1 ge water until medium co dark brown, Struin and serve. Edible relaced spe- 
cies: NonTHERN wepsrRaw (next). Note: The many species of cleavers or bedstraw 
in North America are dificult to tell part; however, none of them is known to 
be poisonous. Poisonous look-alikes: none. 


Northern bedstraw. Gealinm boreale 


Habitat: scream banks, fields, open woodlands. Identification: perennial herb; 
stems usually upright, co 1 m (3.2 f0, slender, 4-sided, smooth. Leaves in whorls 
of 4, each narrowly lance-sbaped, 2.55 em (1-2 in) lang, 2~7 mm (0.1—0.3 in) 
‘wide, with 3 main veins, finely hairy along margins. Flowers tiny, white, pro- 
duced in compact many-flowered, branched, elongated clusters (inflorescences) 
acor near growing tips. Fruits consist of 2 fused, globe-shaped structures (rare 
Jy 1) that are 23 mm (0.1 in) in diameter, smoath or with lang straight bairs 
or shorter ones boaked ut tip. Harvest and preparation: same as for curavexs 
(preceding). Edible related species: See ciuavens. Poisonous look-alikes: 


SPRING 


Bugleweed Lyenpas uniflores 
Alin edible antumn, winter 

Habitat: low wet or boxay ground in North, wee woodlands and mountain bogs 
in South. Identification: perennial berb to 1 m (3.2 fe tall stems upright, 
unbranched or sparingly branched, finely hairy. Leaves opposite, simple, 3-10 
em (1.2-4 in) long, 0.63.4 cm (0.21.3 in) wide, lamce-sbaped wo almost uni- 
formly wide, pointed at tip, with few teeth along margin, tapering at base, light 
arcen and papery; leafstalks absent. Flowers produced in cumpact, many-flou= 
‘ered clusters in junctions of upper leaf stems; each flower tiny, petals white, 
fused, with 2 upper and 3 lower lobes. Fruits are tiny, flattened, irregular nutlets 
1-2 mm (less than 0.1 in) long, with small bumps (tubercles) on top. Harvest: 
Tubers grow best close to the base of old stems in loose sandy soil, Dig tubers 
from fall chrough early spring when they are highest in stored nutrients. Prepa- 
ration: Add peeled, sliced tubers to tossed salad or chop fine as mild relish. Boil 
tubers in salted water until tender, about 10-15 min. Serve with butter and 
seasonings. For pickles, peel tubers, boil in water about 5 min, drain and cover 
with wine vinegar. Store for several weeks before using. Related edible species: 
sessile-leaved water horehound (L. amplectens) is found in sandy East Coast areas. 
Other species of Lycopus lack cubers. Poisonous look-alikes: none 


Edible valerian Vialeriana edulis 
Alin edible antum, winter 

Habitat: open moist sites, meadows, prairies, ditches, swamps. Ldentificatio 
perennial berb co 1.2 m (3.8 fe) from large, elongated root. Leaves opposite, 
featherlike (pinnate) divided; basal leaves spoon-shaped, wisest near 

cm (4.712 in) long, entire or sometimes featherlike (pinnate) divided with 
narrow lateral segments, thick, hairy along margins; stem leaves pinnately di 
vided into few narrow seaments, smaller. Flowers tiny, produced in tightly 
branched, elongated, many-flowered clusters at tips in late spring; each flower 
white to pink, 3-5 mm (0.10.2 in) long. Fruits dry, flacened, I-seeded, 
shaped, 34 mm (0.2 in) long. Harvest and preparation: Dig roots in autumn 
und early spring, when firm. Steam 24 hr of longer to remove disaareeable odor. 
FThen use in soups as you would potato or squash. Dry and grind steamed roots 
into flour for use in bread, as did the Indians. Bake Indian pi style 2 days. 
[Related edible species: Orher valerians have been used in folk medicine. Pai- 
sonous look-alikes: toxicity of look-alikes not well documented. 
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Wild strawberry Pragaria virginiana 
Alva edible summer 


Habieat: open woodlands, margins of woodlands, 
perennial herb, lacking distinct stem, sometimes producing runners. Leates ba- 
sal, compound and 3-parted (cvifoliolate), leaflets widest near or above middle, 
2-10 cm (0.8~4 in) long, sharply toothed along margin, hairy beneath. Flowers 
several in short spreading cluster, each with 5 white petale 814 mm (0.3-0:5 
in) long. Fruits are tiny, bard (achencs), embedded in large, flesby tissue (ve~ 
ceptacte) that is 0.52 em (0.2-0.8 in) in diameter, red, sweet, Harvest: one of 
the best wild fruits. Locate your site eaely and check regularly from early June for 
ripe berries. Collect leaves anytime but best in late summer. Preparation: Use 
wild strawberries in any strawberry recipes. For quick beverage, crush handful of 
berries and mix with 1 cup water and a lle sugar. For fruit leather, add (4 thsp 
sugar or honey to each cup of fruit, Bring just co bol, cool, and process through 
food mill. Pour no more than 5 mm (0.2 in) thick onto Teflon cookie sheet. Heat 
in oven at lowest seting for 6-7 hr. When leathery, rll an sea in plastic wrap, 
Stores well at any temperature. See basic pie and jam recipes in book's introduc~ 
Cory material. For tea high in vitamin C, steep 2 handfulls fresh or V2 cup dried 
leaves in 1 gt boiling water for 5 min. To dry leaves, spread on clean surface in 
warm, dry area (sun of shade), When thoroughly dried (use warm oven, if eces- 
sary), crumble leaves and store in paper bag in dry place. Related edible spe- 
ies: Several are widely distributed, basically alike, and exsy to identify. Poison 
ous look-alikes: none. 


Spring beauty Claytowia virginica 


Habitat: rich woodlands, wooded floodplains, wee fields. Identification: peren- 
ial berb 1040 cm (16 i) tall, from globe-shaped, bulblike tuber 1-5 em (0A 
in) fm diameter: stems several, upright, weak, sometimes leaning. Leates sim- 
ple, 5=14 em (2-5.5 in) long, 0.2-2 em (0.10.8 in) wide, linear to narrow but 
widest above the middle, blade gradually merging with leafstalk. Flowering stem 
with 5~20 weakly stalked flowers, each flower white to pink with dark pink 
veins, petals 5, 1.2-2 cm (0.50.8 in) across. Fruits are egg-shaped to nearly 
-lobe-shaped capsules 5~10 mm (0.204 in) long, containing numerous, tiny, 
dark red seeds. Harvest: Because chis isa beautiful spring flower, use only where 
very abundant or when desperately needed. In spring, pick young leaves and dig 
tubers when identifiable by blossoms. Keep only largest rubers; replant others 
Preparation: Use leaves as tail nibble or chop a few in green salads. Boil leaves 
for a few minutes in salted water for edible but noe exceptional vegetable. Eat 
washed cubers raw or add to salads. Boil tubers with jackets i salced water about 
10—15 min. Peel and serve whole oF mashed, fried, or in salad like potatoes. 
‘Tubers also good baked; peel before eating. Related edible species and poison- 
fous look-alikes: See aLrne smmiNe BEAUTY (nex). 
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Alpine spring beauty Claytonia megarbica 
Habitac: rocky crevices, rock slides in alpine zone, cundra, Wdentification: lowe 
perennial berb from thick, Meshy, purple tw dark-red taproot. Basal leaves 
spreading, forming large rosette, leaves 2~15 cm (0.86 in) long, broadest 
near tip to almost circular in outline, pointed to rounded at tip, entire along 
margin, gradually tapering and winged at base; stem leaves alternate, linear t0 
narrow al broadest near tip. Flowers stalked, produced in elongate cluster; 
teach ower 1.22.5 cin (05-1 in) across, with 5 white o pink petals with red 
teins, 610 mm (0.2-0.4 in) long. Fruits are tiny, 3-parted, egs-shaped cap- 
sules. Harvest: Because of habitat and scarcity, use as survival food oly. Pick 
rosettes of leaves oF pull up whole plant for fleshy root. Preparations similar to 
semis neAUTY (preceding). Peel roots before boiling to avoid strong flavor and 
use like tubers of soninc acavry. Related edible species: sinc ea\r¥, WESTERN 
asolina spring beauty (C. carliniana), widely distrib 
wold confusion with poison- 
bloom. 


SPAING BEALITY (next); also 
uted in northern U, S, Poisonous look-alikes: To 
us lilies, learn to identify leaves or collect when 


Western spring beauty Claytonia lanceolata 


Habitat: mid to high mountain slopes, moist woodlands to alpine zone, Idem 
jerennial herb to 20 ci. (8 in) high, from nearly globe-shaped, bulblike 
underground stem base (corm) 1-2 cm (0.4~0.8 in) in diameter; stems 1 to 
several, upright, Basal leaves 1 or 2, 4-8 cm (1.6—3.2 in) long, broadly lance- 
shapes; stem leaves 2, opposite, 3-6 em (1.2-2.4 in) long, narrow to broadly 
lance-shaped, 0.8—2 em (0.3-0.8 in) wide. Flowering stems upright, with 3-15 
stalked flowers, each bowl-shaped, with 5 pink petals 0.8-1.2.¢m (0.3~0.5 in) 
long, Fruits are egg-shaped capsules 3-5 mm (0.1 -0.2 in) long, containing a few 
shiny, black seeds. Harvest and preparation: Because of habitac and scarcity, 
use as survival food only. Similar to sexine seaury, Leaves are edible but not 
exceptional; boil 10-15 min, Crispy but small rubers are good raw or cooked for 
abour 25 min at about 1,640 m (5,400 fi) altitude, Related edible species and 
poisonous look-alikes: See ALMNe srkinc weaury (preceding). 
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Extended | Space 
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A series of preliminary experiments 
‘on checking the possibility of 
generation of gravitational field at 
deceleration of charged massive 


particles in matter was carried out, 
¢ Pp In previous [1-3] 


generalization of the special theory 
of relativity (STR) for the five-dimensional extended 
space with metric (+y-yy--) was offered. 


Introduction 


works 


‘The model of extended space (ESM), combining 
electromagnetic and gravitational interactions, was made. 
For this, there was made (1+3)-dimensional space 


extension M(T;X) of Minkovsky to (1+4)- 


dimensional space G(T, X,,S). Let us call it extended 


space. As the 5-th additional coordinate the value already 
existing in Minkovsky space, ic, S interval 


(ct)* i (), 


is used. 


Let us note that attempts to combine gravitation and 
electromagnetism have a substantial background. 


Modern approaches to this problem trace back to the 
work of F. Klein [10] in which he proved that dassical 
Hamiltonian mechanics can be represented as optics in 
the space of a great number of dimensions. 


‘Then Tr, Kaluza tried to generalize Finstein’s theory of 
gravitation to include electromagnetism in this theory 
as well [11]. He proposed to consider (1-+4)-dimensional 
space with metric depending on potentials of the 
electromagnetic field. Kaluza’s idea was evolved by O. 
Klein [12], G Mandel [13] and V. Fock, and the model 
they had created got the name of the Kaluza-Klein 
theory They proved that the trajectory of a charged 
particle has the form of a geodesic line with zero-length 
in 5-dimensional space. 


21 


In his works on 5-optics Y. Rummer [15] proposed to 
assign action dimensionality to the new dimension and 
to consider it periodical with the period equal to Plank’ 
constant. Note that rest mass of particles in all these 
constructions unlike the model of extended space 
evolved in the works [1-7] was considered a fixed value 
Subsequent development of multidimensional theories 
is given in the monograph [16] 


A separate approach is represented by multidimensional 
constructions in the theory of strings and superstrings [17] 


Approach to construction of (1+4) dimensional space 
evolved in [18] is close to the proposed model of 
is proposed to use mass (matter) 
; in this model, as its 


originators admit, itis impossible, for example, to create 
the enemy-pulse tensor. ‘There is no such disadvantage 
in the extended space model [8] 
Mechanics of a material point [1, 2, 7] and 
electrodynamics [1, 8] were made in the introduced 
extended space. Besides Lienar-Vihert potentials (6, 19] 
corresponding to such a model were also considered 
and properties of solutions of Maxwell augmented 
system of equations which are in conformity with these 
potentials were analyzed there. 


Gravitational effects in extended space, such as the 
second orbital velocity, red shift and light deflection [4, 
20, 21] were considered. It is proved that the formulas 
received in the general theory of mlativity for calculation 
of values of these effects can be received by an 
absolutely different method within the framework of 
the extended space model as well. 


It was proved [6, 19] that the fields in the model of 
extended space can change their signs Such change of 
field-intensity sign and, consequently, change of sign 
of Lorenz force can be associated with radiation reaction 
of these fields which occurs when charged partides 
move with acceleration. 
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Miner's lettuce: fl 


Canada violet: lowering plant (NYBG! 
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Miner's lettuce Monti perfoliata 
‘Als edible summer (synonym: Clayionia perflista) 
Habitat: valleys, lower mountain slopes, springs, moist sites. Introduced from 
Europe; miner’ lettuce has expanded its range in che East. Identification: an- 
ual berb to 30 em (12 in) high, from fibrous root system. Leaves mostly basal, 
simple, 6-20 cm (2.4-8 in) long including the long leafstalk, blade variable, 
usually broadest below or above middle, entire along margin, smooth; stem 
leaves 2, opposite and fused into a circular disc just below flowering stalk. 
Flower stalk elongate, bearing numerous, whorled, short-stalked flowers, each 
tiny, with 5 white, clawed petals 3-6 mm (0.10.2 in) long, Fruits are tiny, 3- 
parted capsules containing 1-3 shiny, black seeds. Harvest: blossoms, leaves, 
stems, and roots any time during growing season, Preparation: Young upper 
leaves and stems are excellent as picked or in salads. Include blossoms when 
available. For salad add chopped hard-boiled eggs and oil and vinegar dressing 
For cooked vegetable, boil leaves and stems in very litle water until tender; boil 
young leaves as litle as 34 min, Excellent source of vitamin C. Wash roots and 
boil for just a few minutes. Butter and lightly season to bring out water chestnut 
flavor. Related edible species: Siberian miner's lettuce (M. sibirica) of southern 
Alaska. Poisonous look-alikes: none. 


Canada violet Viola canadensis 
Also edible summer 

Habitat; mixed deciduous woodlands, bluffs, rocky to deep, rich soils. ldentifi- 
cation: perennial herb with thick underground stem (rhizome); stems upright, 
smooth, to 40 cm (16 in) high. Leaves basal and along stem, simple 412 cm 
(1.6-4.7 in) long, nearly as wide, broadest near hase, long pointed at tip, 
toothed along margin, heart-shaped at base, leafstalks long, with small, Lance 
shaped bract (stipule) a base of each leaf, Flowers produced on upper third of 
plant, each stalked, white often with purple on back, 2-3 em (0.81.2 in) across, 
petals 5, lateral ones fringed. Fruits are egs-shaped to nearly globe-shaped cap- 
sules 5-10 mm (0.20.4 in) long, containing several tiny brown seeds. Harvest: 
Strip blossoms from plants, avoiding stems. When possible gather bright green 
leaves which are young and tender, but even older leaves in late summer are 
‘edible. Preparation: Leaves and blossoms are superior sources of vitamin C; the 
leaves are high also in vitamin A. Use blossoms as snack straight from plant or for 
jelly, jam, syrup, and candy. For jelly, see book's introduction. Use leaves and 
flowers raw with other ingredients in tossed salad. Cook chopped leaves with 
‘minimum water in covered pot for about 15 min. Season and serve alone or with 
mustard greens. For tea, dry leaves in warm shacle and store in paper bag in cool 
dry places. Steep 1 of dried leaves per cup of boiling water. Related edible 
species: rae Viourr (next), and woop vioteT, and souTiERx wooo view Its likely 
that all ofthe species of violets are edible, with some more palatable than others. 
Some, especially yellow-flowered violets, may be cathartic. Thus, moderate in 
tial consumption is advised, Poisonous look-alikes: Violet leaves may resemble 
eaves of other wildflowers, some of which are toxic. So i's safest to callece violet 
eaves only when flowers are in bloom. 
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Pale violet Viola striata 
‘Als ible summer 


Habitat; wooded floodplains, mealows, stream banks. Identification; perenni- 
a berb with short thick underground stem (rhizome); stems several, upright oF 
‘eclining, smooth, to 50 cm (20 in) high. Basal leaves soon withering; stem lewves 
simple, 3-8 em (1.23.2 in) Fong, as wide or nearly s0, broadest near hase and 
almost circular in outline, pointed to blunt at tip, toothed along margin, shal 

Towly heart-shaped at base, lealstalks long; with large, leaflike bract (stipule) at 
hase of each leaf. Flowers usually produced at tips of stems, each on a slender 
stalk, creamy white with purplish-brown veins near base, 2-25 em (08-1 in) 
across, petals 5, lateral ones densely fringed, forming spur 3-6 mm (O.\-0.2 
in) Jong on backside, Fruits are egg-shaped to globe-shaped capsules 4-8 mm 
(0.2-0.3 in) long. Harvest and preparation: same as for casas vost (preced~ 
ing), Related edible species: casapa viour. Poisonous look-alikes: See cawa 

a wiotrr for details. 


Pokeweed Phytolacca americana 
Habitat: woodland margins, disturbed sites, waste ground, roadsides, fencerows, 
Identification: large, perennial berb co 3m (9.8 fe) tall with thick fleshy roots; 
stems branched, upright, smooth, with disagreeable ador when broken. Leaves 
alternate, 9-30 em (3.512 in) long, 3-12 em (1.24.7 in) wide, broadest near 
base, pointed at tip, entire along margin; leafstalks to 3 cm (2 in) long. Flowers 
greenish to white, produced in narrow elongate clusters (racemes); each flower 
2-4 mm (0.1 in) long, petals absent. Fraits are 5-12-parted berries, wider than 
Tong, 6-10 mns (02-04 in) in diameter, green turning purplish-black at ma- 
turity, Harvest: young shoots up to 15 em (6 in) long in late spring before leaves 
unfold, Identify from presence of previous year’s stalks. Cur stems from perenni- 
al root as you would asparagus. Caution: The root ta porsonons: avoid all parts of the 
‘plant except young shoots. Veshoots show any purple coloration, avoid them as well 
‘as mature stems. For winter use, dig coor in fall and plane in large container of 
soil. After hard freexe move to warm area and water regularly. Harvest shoots as 
above. Preparation: Boil shoots 10 min with 1 or 2 water changes; drain, add 
fresh boiling water and season, cover, and simmer until tender. Serve like broc- 
li or asparagus with butter, cheese, or other sauces, For casserole, alternate 
layers of cooked pokeweed shoors, white sauce, and sliced, boiled eggs. Top with 
seasoned bread crumbs. Bake 30 min at low temperature 165°C (330°F). Boiled, 
peeled shoots may also be pickled. Related edible species; none. Poisonous 
look-alikes: None, but see «ution above, 


Pale violet: flowering plant (Moblenbrock: 


Pokeweed: fruiting stalks (Crow). Flowers (Elias). Young shoots attached to cut 
1008 top 


Japanese knotweed: young shoots (Dykeman). Flowering branch (Feldman), 


Wintercress: entire plant, leaf, and flowering head (Dykeman) 
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Japanese knorweed Polygonum cuspidatum 
Habitat: disturbed and waste sites, vacant lots, roadsides; introduced weed from 
Asia. Identification: large perennial herb to 3 m (9.8 tt) high, often forming 
dense colonies; stems upright, with hollow core, smooth, mottled, frequently 
branching, Leaves alternate, simple, 10-16 em (46.3 in) long, 6-12 em (2.4— 
4,7 in) wide, broadest near base, long tipped, wavy along margin, squared to 
rounded at base, almost leathery; leafstulk stout and enclosed at base by mem= 
branous sheath that also surrounds stem. Flowers produced in elongate, 
branched clusters in junctions of upper leaves, each flower tiny, 1-2 mim (less 
than 0.1 in) long, white. Fruits are dark brown, shiny, winged nutlets. Harvest: 
Locate papery dey stalks of previous year. Gather young shoots up to 30cm (I fe) 
long for potherb, up to 90 em (3 fi) for other use. Preparation: Boil tips of 
young shoots in sale water or steam 4—5 min, Serve like aspaxacts, hot on toast 
with butter or white sauce, or cold in salad. Also, force cooked shoots through 
mill for puree, Add sal, butter, sweetener, 0 taste, and reheat. Or prepare casse~ 
role of cooked young shoots, bread crumbs, grated cheese, cream, and season- 
ings; bake at 200°C (390°F) until cop is browned. Peel older stalks 30-90 em (1— 
3 fe) and use like ehubarb. For sauce combine 4 cups peeled and cut shoots, | cup 
sugar, and nutmeg. Simmer until soft. Serve hor or cold. See basic jam recipe in 
book’s Introduction. Prepare pie from peeled shoots using rhubarb pie recipes. 
Related edible species: giant knorweed (P. sachalinense), Alaskan knotweed (P. 
alaskanum), AMERICAN BISTORT, ALPINE BISTORT, LADY'S THUMB and others. Some may 


cause a light-sensitive skin reaction. Poisonous look-alikes: none. 
Wintercress Barhares vulgaris 
Ali edible antunn, winter 

Habitat: fields, wet meadows, ditches, roadsides; common and widespread, in- 


troduced from Europe. Identification: biennial or perennial herb co 0.7 m(28 
in) high; stems erect, sparingly branched above. Lower stem leares broadest near 
or above middle, 7~15 em (2.8-6 in) long, deeply lobed along sides, stalked; 
leaves of upper stem much smaller, stalkless and lobed at base, coarsely toothed 
Flowers from April to June, numerous in cylinder-shaped clusters, each flower 
narrow, stalked, with 4 narrow, yellow petals. Fruit pods very narrow, 1.53 
em (0.6-1.2 in) long, tipped with short beak to 3mm (0.1 in) long, splitiog 
‘open lengthwise to release tiny seeds, Harvest: Pick leaves after frosty weather 
and into spring uncil flower stalks appear. Leaf rosettes grow on warm winter 
days; hecome bitter in spring, Leaves blanch and lose bitterness if you tie them in 
bundle with plant rooted and cover with a bucket. Pick buds and flowers until 
blooming is over, April or May. Preparation: Use early and blanched leaves 
salads with other late-winter foods such as ComMON DAY ULY tubers and Warr 
ceutss. Boil later, bitter leaves in 2 changes of water until tender and treat as for 
black MUSTARD (next). Buds and flowers are excellent with cheese sauce. Cover 
clusters with boiling water for | min. Drain, caver with fresh boiling water, heat, 
and boil 3 min more. Drain, season, and cool for 5 min, Related edible species: 
early wintercress (B, rerna). Poisonous look-alikes: none, 
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Black mustard (Ale adifle summer) Brassica nigra 


Habitat: common and widespread, fields, yards, disturbed sites; introduced 
from Europe. Identification: medium-size to lange annual herb to 1.2 m (A ft) 
high; stems erect, hairy on lower parts. Leaves alternate, stalked, usually broadest 
above or near the middle, 8-18 cm (3.2-7 in) long, lower leaves lobed, wpber 
leaves narrower, wavy toothed. Flowers few in narrow, elongate, loase elus- 
ters, each flower stalked, about 1 cm (0.4 in) across, with 4 yellow petals, 
Fruits oattow linear capsules 1-2 em (0.4-0.7 in) long, roughly 4-sided, up- 
right, heaked, beak 1-2 em (0.4-0.8 in) lang, splitting open lengthwise co re- 
lease tiny seeds. Harvest: leaves very early in spring or blanch later leaves as with 
winreKcness (preceding). Pick buds and flowers until nearly all flowers have 
opened. Avoid biter leaves. For seeds, harvest during summer when olsest pods 
‘open. Pile them on fine cloth or plastic tarp and sundry for several days. Beat 
‘with fail ro release seeds, remove stalks, winnow seed from chaff. Preparation: 
Use early and blanched leaves in salads. Boil older greens with I change of water 
for about 30 min. Season with butter and vinegar or mix with crumbled bacon 
and chopped wild onions. Top with hard-boiled eau slices and French dressing oF 
vinegar. Excellene source of vitamins A, B, and C. For buds and flowers, treat as 
wintencarss, Sprinkle seeds lightly on salad, To make mustard, grind seeds in 
food mill; use dried. Or for mustard spread, combine equal parts mustard powder 
and oven-browned flour with half-and-half mix of vinegar and water. Add other 
spices to raste, Related edible species: field mustard (B. rapa), Chinese mustard 
(B. junvea), and others. Poisonous look-alikes: none. 


Marsh marigold, Cowslip Caltha palustris 


Habicat: freshwater swamps, wet meadows, along streams, ponds, lakes. Identi- 
fication: perennial herbs co 70 cm (28 in) high; stems partially spreading to 
upright, hollow, smooth. Basal leaves long-stalked, blade rounded to almost 
kidney-sbaped, 1-28 cm (04-11 in) long, 04-22 em (0.2-0.8 in) wide, 
rounded at tip, toothed along margin, heart-shaped ae base; stem leaves smaller, 
lacking stalks. Flowers Large, showy, 2.5 cm (11.6 in) across, with 5 bright 
yellow petallike sepals. Fruits are elongate, somewhat rounded, 11.7 em (0.4— 
0.7 in) long, splitting open along one side when mature to release small seeds, 
Harvest: Cut leaves from plant when young, best before flowers open. Pick 
tightly closed buds for pickling Preparation: Raw leaves and buds are poisonous 
until properly treated! Wash leaves and cover with boiling water. Reheat to boil- 
ing, then drain. Repeat 2 or 3 times, then cook in very litle water until vender. 
Drain and serve with butter and seasonings or with cream or cheese sauce, For 
pickles, treat buds with boiling water as described for leaves, Do nor boil. Drain 
and pack in jars. Cover with hot pickling liquid and seal. Store for at least a 
month before eating. Do not consume used pickling juice, To make pickling 
liquid, slowly add mix of (4 cup salt, 44 cup sugar, 1 thsp ground mustard, and 1 
tbsp celery seed to 2 cups vinegar and 1 cup water. Boil 10 min with stirring. 
‘none. Poisonous look-alikes: Flowers resemble cow 
MON nerTrencurs yet leaves are very different, 


Black mustard: entire plants (NYBG). 


Marsh marigold: plants in typical streamside habitar and entire plant (Dykeman) 


primrose: basal leaves (Dykeman). Flowering stalks (Pawloski) 


Sow thistle: fruiting head, left, and flower (Mathisen). 


‘Thus, on the one hand, it was proved in the model of 
extended space that itis possible to get certain formulas 
describing gravitational effects of the general theory of 
relativity [4,20] using the technique of turns in extended 
space. On the other hand, it was proved that the 
clectromagnetic field can be a source of gravitational 
field {6, 19] 


Besides, a moving massively charged particle under 
deceleration can create a variable gravitational field 
around itself [9, 6, 19]. The following experiment was 
offered for experimental check of the latter assumption, 
In this experiment probable occurrence of gravitational 
field at deceleration of relativistic electrons was 
determined by change of oscillations of a massive 
torsion pendulum. 


Experimental device 


A narrow bunch of relativistic electrons from a 
microtron 1 (average power of the bunch is 450 Wt, 
clectrons energy is 30 MeV) was directed to a brake target 
(position 2 or 3) made of wolfram exactly where 
deceleration of accelerated electrons took place. 


A special tomsion pendulum suspended on a vertical 
suspender 5 made of a springy metallic string with 1,8 
mm diameter was placed near the brake target to register 
gravitational field which could probably appear at 
electrons deceleration. The length of the suspender 
made is 85 cm. The pendulum could rotate freely on 
the suspender only in horizontal plane. 


‘The pendulum consisted of a light aluminum rod 4 (with 
length of 120 em) on the ends of which massive loads 
Gand 7 made of non-magnetic material were fixed. The 
weight of each load was equal to 4kg, In the center a 
pendulum was fastened to a vertical suspender 5 by a 
special mounting preventing slippage during turns ‘To 
reduce the influence of magnetic inducings the 
pendulum was grounded and additionally screened by 
metallic grid from all sides. The period of free 
oscillations of the pendulum made were about 40 s. 


Rigidity of the pendulum vertical suspender could be 
changed by means of limiting the length of ef iectively 
operating part of the suspender. As a result, the period 
of oscillations could be continuously changed within 
the limits of 40 to 27 s. 


‘To wduce the influence of mechanical noise and to 
introduce additional attenuation in pendulum oscillations 
‘wo liquid dampers 10 and 11 located near the pendulum 
massive loads were used. 


New Energy Technologies, Issue #3 May - June 2003 


Fig. 1 
Experimental device 
1 — microtron, brake target made of wolftam — positions 2 
or 3, 4 —rod, 5 — vertical suspender, 6 and 7 
loads, 8 — mitzor, 9 — He-Ne laser, 10 and 11 liquid 
dampers, 12 optical system, 13 — concrete protection, 
14 — observation channel, 15 — video system, 16 — screen, 


Pendulum deflections were observed on a graduated 
screen by deflection of a laser beam reflected from a 
flat mirror 8. For this, the beam from a continuous He- 
Ne laser 9 through the optical system 12, which constricts 
the divergence angle of the laser beam, was directed to 
the mirror through a special narrow channel 14, located 
in concrete protection 13 around the microtron. By 
means of a video s 


mirror was registered on the screen 16 located at a 
distance of 500 cm from the mirror. The video system 
allowed remote checking of vibrations of the laser spot 
and additionally enlarged the visual angle up to 12 times, 
‘The diameter of a focused laser beam on the screen 
was made 0.15 mm. The maximum turn angle of 
pendulum for the reflected beam to remain within the 
receiving channel was approximately 2 degrees. ‘The 
accuracy of turn angle registration of the whole system 
was 5x10+ degrees. 


“The pendulum was placed in such a way that one of the 


massive loads were close to the brake target at a distance 
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Evening primrose Oenorhers biennis 
Ali edible autumn, winter 


Habieat: disturbed sites, along roads, prairies, fields. Identification: biennial 
herb of 1.6 m (5,3 £2) high, from elongated taproot; stems upright, hairy. Leaves 
of first year in low rosette; second year leaves on flower stalk, alternate, lance- 
shaped to broadest near middle, 8-18 em (3.2—7 in) long, 2~6 em (0.8-2.4 in) 
wide, pointed at tip, entire to toothed along margin, tapering at base, hairy 
Flowers second year, many in terminal, elongated cluster, each flower with 
narrow, tubular calyx 15-3 em (0.6-1.2 in) long, 4 large spreading, bright 
yellow petals 1.5~3 em (0.6~1.2 in) long. (Flowers open after dusk and often 
close by midmorning.) Fruits are cylinder-sbaped, angled capsules 1-4 em 
(0.4-16 in) long, containing many small, reddish seeds. Harvest: Dig taproots 
of first year growth between autumn and carly spring. Pick leaves from roserces 
in early spring or even earlier from areas clear of snow. Preparation: Peel tap- 
roots and boil in 2 changes of water for 20-30 min. Serve with butter and sea- 
sonings or slice and fry. Cook sliced roots with meat or in stews, partially boiling 
roots first if flavor is too strong. Simmer boiled roots in sugar syrup for 20-30 
‘min until candied, Peel leaves and use sparingly in salads. Or boil leaves 19~20 
2 changes of warer and serve with butter or vinegar. Related edible 
‘other species of this large genus, Poisonous look-alikes: none, but 
don't confuse leaves with those of other early-blooming species. 


Sow thistle Sonchus arvensis 


Habitat: disturbed sites such as roadsides, fields, railroad right-of-ways, gravel 
banks; introduced weed from Europe. Identification: Not to be mistaken for 
the more common and generally more palatable thistles of the Cirsiam genus, 
sow thistle is a perenuial berb to. 1 m (3.2 ft) high with deep vertical and spread~ 
ing horizontal coarse roots; stems upright, smooth, with milky sap. Leates alter- 
nate, simple, broadest near or above middle, 10-35 em (4~14 in) long, 4—14 em 
(1.6-5.5 in) wide, deeply lobed along margin, upper leaves less so, spiny-tooth- 
ced, lobed leaf bases clasping stems, usually smooth. Flowering heads produced 
in loosely branched, clongaced, erect cluster, each head 3-3 cm (12-2 in) 
across, with lance-shaped bracts on the outside and many small yellow flowers 
within, Eruits are small, dark-brown nudets 2.5-3 mm (0.1 in) long, Harvest: 
Locate by noting concentrations of mature plants the previous year. Pick when 
only few inches tall; leaves become increasingly bitcer with age, Cantion: Sow 
rhistle occasionally contains toxic levels of nitrates. Preparation: If not too bitter, cut 
and mix leaves with other, blandler salad greens. Boil in very little water for 3 
‘min, change water, and then boil until tender. Serve with butter and seasonings 
or vinegar. Tf too bitter, mix with blander greens such as taMw’s quanreRs, Re~ 
lated edible species: Several species of the Sonchas genus are variously distrib- 
tuted and edible when very young. Some have leaf spines that must be removed. 
Poisonous look-alikes: none. 
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Prickly lectuce Lactuca serriola (synonym: L. scariala) 
Habitat: disturbed sites such as fields, roadsides, vacant lots; introduced weed 
from Europe. Identification: annual or biennial herb to 2 m (6.6 ft) high, 
with milky juice in stems and leaves, stems upright, slender, usually armed with 
spreading prickles. Sten leaves alternate, lance-shaped, 5-25 cm (2-10 in) 
long, 15-12 ci (0.6~4,7 in) wide, with several deep lobes or lobeless, toothed 
and spiny along margin aod spiny along main vein on lower leaf surface, with 
pointed lobes at base and often clasping stem. Flowering heads sparingly pro- 
duced in branched clusters, each head 1=1.5 em (0.4-0.6 in) long, 3-6 mm 
(O.1-0.2 in) across, containing 6-12 yellow flowers. Fruits are tiny gray to 
brown nutlets 3-4 mm (0.1 in) long. Harvest: Like other wild lettuce species, 
prickly lettuce is good only when very young. Pick leaves when plants are less 
‘than 20 cin (8 in) tall. Preparation: Use alone or with other greens in tossed 
salad. Boil leaves in yery little warer for 2-3 min. Serve with butter and season- 
ings. For wilted lettuce pour boiling water over lettuce leaves and let sit for 5 
min. Drain. Make dressing of 3 slices of crisp bacon crumbled into 4 cup hot 
vinegar with 1 tsp sugar and 12 tsp salt. Pour over hot lettuce. Cuntion. Large 
quantity of raw young leaves may cause digestive upset. Related edible species: 
many species of the Lactuca genus widely distributed; most noticeable of these is 
wild lettuce (L. canadensis), which luck prickles on leaves and lower stem, Poi- 
sonous look-alikes: none. 


Dandelion Taraxacum officinale 
Also edible autumn, winter 

Habitat: lawns, yards, discurbed sites; common weed introduced from Europe, 
Identification: perennial herb, with large, sometimes branched taproot. 
Leaves all basal, 8-40 cm (3.216 in) long, 0.8-14 cm (0.3-5.5 in) wide, 
widest near tip, rounded to pointed at tip, variously and irregularly lobed 
along margin, tapering (© oarrow base, hairy beneath, with milky juice. 
Flowers produced throughout spring in large heads at tip of hollow sealks. Flou- 
ering hewds 2-5 cm (0.8-2 in) across, composed of numerous, small, narrow, 
orange-vellow flowers, remaining closed on cloudy days. Fruits on clongated, 
upright hollow stalks, forming delicate ball composed of many tiny seeds each 
tipped with white featherlike tuft (pappus) easily dispersed by wind. Harvest: 
Best lawn areas are those with taller grass, Dig roots with crown at eop of root 
and leaves attached from time leaves (rich in vitamin A) appear until they are too 
bitter to use. Dig older roots in fall and winter. Cut out developing bud clusters 
and pick fully opened lowers in spring. Preparation: For flowers, leaves, and 
older roots, see ciicoRy. Peel young roots, slice thin, and boil in 2 changes of 
water for about 20 min, adding pinch of baking soda to first water. Serve with 
burrer and seasonings o¢ saute cooked slices in butter until brown, Season with 
paprika. Boil buds just a few minutes, butter and serve, Dip blossoms in fritter 
batter; fry in oil and serve with syrup or garlic salt. Related edible species: 
several other species of Taraxacum, all similar to common dandelion in appear- 
ance/preparation. Also, ciicory in early growth. Poisonous look-alikes: none, 
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Goat’s beard ‘Tragopngon pratensis 


Habitat: roadsides, fields, other disturbed sites; introduced from Europe. Iden- 
tification: perennial or biennial bert 0 76 cm (30 in) high with taproot and 
milky juice; stems upright. Leaves alternate, linear, grasslike, 15-30 em (6~12 
in) long, 1-2 em (0.40.8 in) wide, pointed at tip, entire along margin, base 
partially circling stem, smooth. Flowering heads produced singly at tip of stems, 
resembling dandelion, with 8 lance-shaped outer bracts, many yellow flowers. 
Fruiting heads globe-shaped, light, fly, consisting of numerous small nutlets, 
each tipped with light, featherlike bristles. Harvest: See satsirr (preceding). 
Roots of goat’s beard may be smaller, tougher, less palatable, Preparation: Same 
as satsity. Cool boiled roots and saute in oil until browned or prepare like pota- 
toes. Roasted and ground roots make coffee substitute. Use very young leaves in 
salad if not bitter or boil for 5~10 min and serve with butter and seasonings. 
Related edible species: satsity, yellow goat's beard (T. dubiu). Poisonous 
look-alikes: none in the flowering stage 


Common milkweed Ascepias syriaca 
Alb edie sumer 


Habitat; fields, meaclows, roadsides, woodland margins. Identification: peren- 
nial berb co 1.8 m (6 fe) tal; stems upright, usually unbranched, hairy. Leaves 
opposite, browlest near base or middle, 10-28 emt (4-11 in) long, 4-12 om 

4,7 in) wide, pointed at tip, entire to wavy along margin, thick, leathery, 
hairy above, with milky sap. Flowers in dense, rounded beads 6-10 em (2.4- 
4 in) across, each flower rose, dull purple to greenish-white, 8-12 can (3.2~4.7 
in) long, with 5 reflexed petals. Fruits are elongated pods, broadest near base 
and gradually tapering to curved point, 8-14 cm (3.2—5.5 in) long, cover 
small, soft, green projections. Seeds small, each with conspicuous, soft, 
featherlike hairs at one end. Harvest: Cut new shoots when less than 20 cin (8 
in) tll, Pick newly opened leaves until buds are formed; then pick clusters of 
buds and flowers, Later pick firm pods 2-3 em (0.8—1.2 in) long. Preparation: 
‘To remove bitterness from all parts, cover with boiling water and bring back to 
boil, Discard water and repeat 2-3 times with boiling water. Do not use cold 
‘water in process. Cook treated shoots like aseanaous. After treatment boil young, 
leaves, bud clusters, and pods until tender, usually 10~15 min, Serve with butter 
and seasonings or with sauce. Use treated pods in soup like okra (Hibiscaseseulen- 
1m), Related edible species: Showy milkweed (A. speciosa) is good. Poisonous 
look-alikes: all narrow-leaved milkweed species, especially purresrLy WEED; some 
are more toxic than others, Young Docnax, also with milky sap, has branches 
(common milkweed does nor) and its young shoots lack hairs. 
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Fireweed Epilobinm angustifolinm 
Alo ible rammer 
Habitat: woodlands, ravines, clearings; commonly grows after fires. IWdentifica- 


tion: perennial herb 1-2 m (3.2-6.5 ft) high; stems erect, usually singk 
smooth. Leaves alternate, narrow and broadest near base, 5-20 cm (2-8 in) 
Jong, to 3 em (1.2 in) wide, nearly stalkless, long-pointed at tip, entire or nearly 
so along margin. Flowers many on elongate spikes; each flower stalked, spread- 
ing, with 4 pink to purple, rarely white, clawed petals 1-2 cm (0.4-0.8 in) 
long, Fruit « marrow capsule 3-8 em (1.2~3.2 in) Long, with reddish or purplish 
cast, 4-parted, Harvest: Cut young shoots in spring; new teaves, flower bud 
clusters, and mature stems later, Older leaves are good for tea bur too bitter for 
potherb, Preparation: Not a very tasty food plant but widespread, abundant, 
easy to identify, and has several edible parts, Cook young shoots like asrakacus 
and season with burter, hollandaise, or cheese sauce. Use young leaves and later 
Alower-bud clusters in salad with other greens. For potherb, stir 4 cups small 
leaves and 3 tbsp water into 2 ehsp melted butter in skillet over high hear. Cover 
and cook 2-3 min, season and serve. Boil flower bud clusters 10-15 min and. 
serve with butter, salt and pepper. Peel stems too old for cooking and chew on. 
raw pith of use pith in soups. Dry mature leaves and blend with other suitable 
leaves for a rea, Related edible species: dwarf fireweed (E, ltifolinm) and other 
related but smaller species. Poisonous look-alikes: none, 


Alfilaria, Filaree, Storksbill Erodium ciewtariam 
Habitat: fields, pastures, roadsides, other disturbed sites; common weed intro- 
duced from Europe. Identification: annual or biennial berb with 1 t0 several 
spreading stems, hairy. Leaves emerge at base and along stem, alternate, 2—10 
cm (0.8-4 in) long, featherlike (pinnate) compound, leaflets (pinnae) cleft 
and coarsely toothed. Flowers 2~ 10 in small, branched, rounded-headed cluster 
fat tips of shoots; each flower about 2.5 cm (1 in) across, with 5 rose-purple 
petals, Fruits are narrow, elongate capsules 2—4 cm (0.8-1.6 in) long, opening 
from base toward tip. Harvest: Gather young, overwintered leaves in early 
spring when orher wild foods are scarce. Be certain leafstalks are hairy. Prepara- 
tion: Chop leaves for salad with other greens. Boil leaves in lightly salted water 
until render, about 10-20 min. Serve with butter, lemon juice, and herbs. Re- 
Ke species: none recommended, Poisonous look-alikes: Leaves re- 
semble those of the parsley family including ro1sow veNtock. Picking only hairy~ 
stemmed leaves very early in spring should help you avoid errors. Be sure of 
identification! 
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Live-forever, Orphine Sedum purburesm 
‘Ale edible eutumn, winter 

Habitat: roadsides, open slopes, woodlands, and disturbed sites: introduced Eu- 
ropean weed. Identification: perennial berb to 80 cm (32 in) tall, from fleshy 
tubers. Stems upright, succulent; leaves alternate or whorls of 3, simple, flesby, 
3-6 em (1,2~24 in) long, 1-3 cm (0.41.2 in) wide, pointed or blunt at tip, 
entire or toothed along margin, green to bluish-green. Flowers produced in a 
compact, branched cluster at tips of branches, each flower bisexual, 6-10 mm 
(0.2-0.4 in) across, with 5 reddish-purple to deep pink petals. Fruits small 
capsules 4—6 mm (0.2 in) long, splitting open along I side only. Harvest: young 
leaves in spring and tubers from fall through spring, as long as they are firm and 
crisp. Preparation: Add raw, very young leaves to salads. Boil leaves gathered 
through early summer for 5~10 min and serve as cooked green. Pour hot pick- 
ling liquid over tubers and leave for several days before eating. For pickling 
liquid boil 2thsp mixed pickle spices in cloth bag in solution of 1 gt vinegar and 1 
‘cup sugar. Boil rubers like those of common bay uty for about 20 min, Serve with 
butter and seasonings, Related edible species: Other Sedum species provide 
edible leaves; some are more pungent than others. Roseroot(S, rea) is the most 
frequently used. Poisonous look-alikes: none. 


Lady’s thumb Polygonum persicaria 
Alin edible summer 


Habitat: disturbed sites, especially low wer ground, along roadsides, lakes, 
streams, ponds; widespread weed introduced from Europe. Identification: an- 
nual herb co | m (3.2 ft) high; stems soon branching, spreading co upright, 
smooth. Leives alternate, narrowly lance-sbaped, 4—12 em (1.6-4.7 in) long, 
0.6-3 em (0.2-1.2 in) wide, often with irregular or triangular purplish spot 
above, pointed at tip, wavy along margin, tapering at base, enclosed at base by 
‘membranous sheath that also surrounds stem. Macus reddish. Flowers 
numerous, dense iv eylinder-shaped spikes 2-4 cin (0.8-1.6 in) long, each 
flower pink to rose, Fruits are tiny, broadly egg-shaped nutlets 2~2.5 mm (0.1 
in) long. Harvest: Gather young leaves, mainly in spring but later if not too 
peppery. Preparation: Add chopped raw leaves to tossed salad, Boil leaves in 
small amount of water for 5—10 min, Serve with vinegar. Related edible spe- 
cies: ALIN nisTorT, JAPANESE KNOTWEED, Known as the smartweeds, other Palj- 
-onum species may be as good as lady's thumb, and none are known to be poison- 
‘us, Caution: Same species may cause light-sensitive reactions. Poisonous look- 
alikes: none. 
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Common burdock Arctium minus 
Alo edie sumer, autumn 


ant lots, disturbed sites; introduced from Europe and 
Asia. Identification: biennial herb to 1.8 m (6 fe) high; stems upright, often 
branched, usually smooth. Lewves alternate, basal leaves large, 30—50 em (12— 
20 in) Zomg, 20-30 cm (8-12 in) wide, widest near base, deeply lobed at hace, 
with conspicuous hollow stalk; upper-stem leaves smaller and not lobed at base 
Flowering beads produced during second year along upper stems or ia 
branched elongared clusters; heads 1.7~2.8 em (0.7—1.1 in) across, outer bracts 
spine-tipped; lowers pink to purple. Seeds small, hard nutlets 46 mm (0.2 in) 
long. Harvest: Dig roots of first-year plants during summer, ater if necessary. 
Pick first-year basal leastalks and young flower stalks of second year. Prepara- 
tion: Peel roots, slice ¥s-in thick and boil 20 min with pinch of baking soda. 
Change water and boil until tender. Serve with butter and seasonings, or mash 
Pieces and make fried patties. Peel flower stalk, removing all green rind. Eat like 
celery, slice into salad, or boil until tender. Good in casseroles and many other 
recipes. Simmer pieces of cooked flower stalk in maple syrup to make candy, Eat 
peeled leafstalks raw or boiled, but since they are hollow, there's not much left 
after peeling. Related edible species: Just as good, great burdock (A. lappa) is 
larger, wich larger burrs on solid leafstalks, Poisonous look-alikes: Leaves re- 
semble chubarb leaves bur flowers are greatly different. 


Salsify, Oyster plant Tragopagon porrifolins 
Habitat: roadsides, fields, railroad right-of-ways, other disturbed sites; intro~ 
duced weed from Europe. Identification: biennial or perennial berb to 1 m 
(3.2 fo) with long taproot and milky juice; stems upright, swollen just below 
lowering beads, Leaves alternate, lance-shaped, 18-32 cm (712.6 in) long, to 
2 cm (0.8 in) wide, long-pointed at tip, entire along margin, base circling seem. 
Flowering heads solitary, usually 3-4 em (1.21.6 in) long, with 6-11 lance- 
shaped outer bracts and numerous purple flowers. Fruiting heads globe-shaped, 
Auffy, consisting of many small outlets, each tipped with featherlike bristles 
‘Harvest: This is the cultivated species of salsify or oyster plant that also grows 
wild. Roots and leaves must be harvested before plant produces flowerstalk. This 
isa problem since grasslike leaves grow among leaves of many other plants. Learn 
{0 recognize leaves $o you can harvest them and dig roots while still palatable. 
Preparation: Scrub and scrape roots as you would carrots, putting them in cold 
‘water to prevent discoloring. Cut into Yin slices. If ehey are tough, add pinch of 
baking soda to cooking warer and boil for 10 min, then change water and cook 
until tender. Drain and serve with butter and seasonings or with white sauce. For 
other uses see Goa’s utakb (next), Related edible species: coar’s nrann, Poi- 
sonous look-alikes: none in flowering stage 


of about 20 cm. There was also an opportunity to move 
the brake target from one end of the pendulum (position 2) 
to the other (position 3). This allowed changing the place 
of deceleration of electron bunch at constant parameters 
of all unaccounted mechanical noise and magnetic 
inducing ‘Thus, direction of pendulum torsion was 
changed under probable exposure of occurring 
gravitational radiation. 


Below there 


a photo of the experimental plant (see 
also the colored photo on the cover page). 


Calibration Measurements 


‘To make measurements it was ne 


sssary to select optimal 
parameters of the pendulum (masses of loads suspender 
rigidity and the value of oscillations attenuation). On. 
the one hand, while carrying out the measurement it is 
desirable that the amplitude of pendulum oscillations 
should be as maximal as possible. On the other hand, 
the beam reflected from the mirror should not go outside 
the limits of observation, restricted by the diameter of 
the narrow observation channel in radiation protection 
around the accelerator. Besides, the typical operating time 
of the loaded accelerator usually is 10-15 minutes. 
Necessity to accumulate the minimum of sufficient 
statistical data within this time limited oscillations period 


and the time of setting of the pendulum in a new 
equilibrium position at outside influence. All these 
requirements were as far as possible taken into account 
during selection of the final setting parameters. 


An example of free oscillations of the pendulum in the 
presence of minor mechanical vibrations caused by the 
operating of vacuum pumps is given in Fig, 2, series I 
(the experiment took place on 31 May, 2001). The 
diagram shows the amplitude of laser beam oscillations 
on the screen 16 (upper and lower rows of values) 
depending on the number of oscillation. ‘The laser beam. 
is reflected from the mirror 8 which was fixed to the 
pendulum, ‘The diagram also shows the current central 
equilibrium position (the central mow) calculated by these 


amplitudes Series I represents oscillations at influence 
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of the background mechanical noise. Series II repres 
the response of the pendulum to minor permanent 
outside force. Accuracy in determination of position 
of the center of a light spot was 0.1 mm. 
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Fig. 2 
Calibration Measurement 31 May, 2001 
Measurement was carried out with one liquid damper in 
service and with increased rigidity of suspender (it was 
made by means of limiting the effectively operating 
suspender length). ‘The period of free oscillations in 
the 
continuous oscillations of the pendulum around the 
average value of balance of 2.2 mm with the average 

amplitude of values fluctuation of about 0.2 mm. 


1c series was 29 sec, In this case there were set 


Air cooling of one of the massive loads by a very light 
continuous air flow was carried out to study response 
of the pendulum to a minor constant external force. In 
this case (Pig. 2 Series II) noticeable change of pendulum 
oscillations already took place after 3-4 periods Absolute 


setting of a new balance took place after 7-8 oscillations, 


In the case of another series of calibration measurement 
(held on 7 June, 2001) both liquid dampers were used 
and rigidity of suspender was decreased. The period of 
free oscillations of pendulum was about 40 sec. 


Addition of the second damper and decrease of 
suspender rigidity caused, on the one hand, increase 
amplitude of pendulum oscillations at influence of the 
external force and, on the other hand, in that case 
noticeable change of the equilibrium position of the 
pendulum took place after 1-2 oscillations 


Periodical checking of the invariability of initial central 
position of pendulum balance in time was also carried 
out, Thus, for example, in the s 
of 7 June 2001 measurement of equilibrium position 
was checked not only before the start of the main series 


of measurement 


of measurement, but also 2 hours after completion of 
the main works 
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Bull thistle Cirsium vulgare 


Habitat: fields, meadows, roadsides, disturbed sites; introduced from Europe 
and Asia, Identification: biennial herb to 1.8 m (6 f) high, from taproot; stems 
upright, hairy, winged, wings lobed and armed with spines, Leaves alternate, 
broadest near or above middle, deeply and turiously dissected along margi 

8-30 .cm (3.212 in) long, 4~12 cm (1.6~4,7 in) wide, stiff, spiny, stiffly hairy 
above, with soft white to green hairs below, leaf bases extending onto stem, 
Flowering beads second year, several, outer bracts spiny, 2~4 em (0.8-1.6 in) 
long; flowers purple, Seeds are hard, 3~4 mm (0.2 in) long and tipped with 
bristles. Harvest: Dig roots of first-year growth (thistles without stems), With 
gloves and knife, harvest leaves and young second-year stems at top of root early 
in growing season. Preparation: Peel young stems and remove spines from 
leaves before using raw in salad or boiling until render for green vegetable. Re- 
move all spiny covering from core of leaf bases. Boil cores with washed, pected 
roots for about 15 min, changing water if necessary to remove bitterness. Serve 
salted with butter or vinegar. Slice boiled roots and fry until browned. Boil roots 
several hours until mushy, dry and grind into flour, Because of spines, you may 
prefer to use thistles only as survival food, Related edible species: Many species 
of thistes are available; some are more palatable than others. Poisonous look- 
alikes: wonse Nerite is & low herb with prickly stems but no spines on leaves. 


Chicory Cichorinw intybus 
‘Alvw edible autumn, winter 


Habitat: roadsides, fields, vacant lots, other disturbed sites; introduced weed 
from Europe. Identification: perennial herb wo 1.5 m (5 fe) high, with large 
deep taproot; stems erect or nearly $0, often branching. Leaves alternate, lance 
shaped to broadest above middle, 10-32 em (4—12.6 in) long, 2~8 em (0.83.1 
in) wide, upper leaves reduced, toothed und often lobed along margin, sap 
y. Flowering beads produced along upper part of stems in junctions of 
upper smaller leaves; each bead \-1.6 em (04A-0.6 in) long, 3—4 em (1.2— 
1.6 in) across in flower, containing many bright blue, rarely pink or white, 5~ 
Jobed flowers, Fruits are tiny, brown or black nutlets 2-4 mi (0.1 in) long. 
Harvest: Pick leaves, including crown at top of root, as early as possible, Dig 
‘oot, fall through spring. Chicory leaves are similar to those of paNDELON; collect 
and use leafy parts of the two together, Preparation: Slice bleached under- 
round portion of leaf crown for use raw in salad, along with oil and vinegar or 
with other spring edibles. Boil crown bases about 5 min and serve with butter 
sand seasonings. Same for leaves but water changes may be needed co remove 
bitterness, especially later in spring, For coffee substitute, scrub roots and roast 
slowly in oven until brown throughout. Grind and brew like coffee. Related 
edible species: none, but similar to DaNpEtioN in early stages. Poisonous look- 
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Henbit Laminm amplexicaule 


Habitat: fields, yards, vacant lots disturbed sites; introduced from Eurasia, com- 
mon and widespread. Identification: small annual berb to 40 em (16 in) al 
stems usually branching with upper parts upright, 4-sided. Leaves opposite, 
mainly on lower half of stem, 0.7—3.4 cm (0.31.3 in) long, nearly rounded, 
coarsely round-tootbed along margin, heart-shaped at base, hairy above, lower 
leaves long-stalked, Flowers purple, proxluced near tip, cach narrow; funnel- 
shaped, 12-18 mm (0.5~0.7 in) long, 2-Lipped, lower lip 2-lobed, upper lip 3- 
lobed, hairy on outer surface, Fruits are 4 small nutlers, partially enclosed by 
persistent calyx, Harvest: young leaves and shoots in spring, Preparation: Com- 
bine with other greens in salads; use young leafy shoots as potherb. For spiced 
henbit, chop 4 cups shoots, cover with water, and boil 10 min, Separately melt 3 
thsp burter or margarine, add 1 esp curry powder, 2 whole cloves, and 4 tsp 
skround cinnamon. Stir and cook | min. Stir in 2 thsp flour and cook 1 more min, 
‘Add V3 cup water from boiling henbit and stir until smooth. Add cooked henbit 
and 54 cup sour cream. Simmer 15 min gently. Related edible species: Henbit 
(L. purpurenm), with the same distribution, is very similar except leaves are 
stalked. Poisonous look-alikes: none. 


Wood violet Viole palmtta 
‘Alia edible mmr 


Habitat: wooded floodplains, rich deciduous forests, especially on slopes and 
ledges. Identification: herennial herb from thick, elongated underground stem 
(shizome); above ground stem absent. Lewues simple, 6=12 cm (2.4-4.7 in) 
Jong, often wider, broadest near base, blade deeply 5- to 1 1-lobed, lobes various- 
ly toothed, smooth oF hairy, leafstalks long, to 20 em (8 in); with linear to nar- 
rowly lance-shaped bracts (stipules) at base of each leaf. Flowers produced singly 
at tip of stalk as long as leaves, deep reddish-violet to violet, 1.7~4 em (0.7~ 
1.6 in) across, petals 5, lateral ones bearded, with shore spur in back. Fruits are 
egg-shaped capsules 6~ 12 mm (0.2~0.5 in) long. Harvest: Gather flowers, leav- 
ing stems behind. Give preference to bright-green, young, tender leaves: but 
older darker-green summer leaves are edible too. Preparation: Use fresh 
flowers as trail snack or for jelly, jam, syrup, candy. For jelly, cover 2 cups 
Alowers with boiling water in jar and leave overnight, Then strain and discard 
flowers. Add juice of 1 lemon and 1 pkg pectin, Bring to boil and add 4 cups 
sugar. Boil again for 1 min, Pour into sterilized jars and seal. For syrup, pour 2 
cups boiling water over 6 cups flowers and leave overnight, Strain and discard 
flowers. Combine liquid with 2 cups sugar. Boil until syrup thickens. Store in 
covered jars in refrigerator. For other uses, see CANADA vious, Related edible 
species: CANADA VIOLET, PALE VIOLET, western mountain violet, (V. parpurea), and 


southern wood violet (V. hirsutula). It is likely thar all of the violet species are 
edible, with some more palatable than others, Some may have a cathartic effect. 
Poisonous look-alikes: Violet leaves resemble leaves of other wiklflowers, 
some of which are toxic, So it’s safest co collect leaves only when flowers are in 
bloom, 


Orange-flowered jewelweed: flowering plane (Dykeman). Young 


Yellow-flowered jewelweed: flowering stalks (Elias). 


spRinc 119 


Orange-flowered jewelweed, Spotted touch-me-not Impatiens hiflora 
(synonym: 1. capensis) 


Habitat: widespread in wet areas, along streams, ponds, springs, swamps, low 
moist woodlands, floodplains, bottomlands. Identification: annual herb; stents 
upright, to 1.5 m (5 fe) high, branched, rery juiey, smooth. Leaves alternate, 4— 
12 cm (1.6—4,7 in) long, 3—7 em (1.22.8 in) wide, broadest at or below middle 
blunt- or round-roothed along margin, long-stalked. Flowers showy, in few-flow: 
ered, spreading clusters; each flower stalked, with conspicuous saclike spur in 
rear, orange to orange-yellow spotted with reddish, yellow, or white spots on 
face. Fruit clongate, cylinder-shaped capsule 1.5~2.5 cm (0.6-1 in) long, at 
‘maturity exploding suddenly when touched to scatter seeds. Harvest and prep- 
aration: For potherb, pick young shoots w 15 em (6 in) high; wilts quickly, so 
use immediately. Cover with water; boil 10~15 min, draining and adding fresh 
boiling water twice. Season and butter, Caation: Frequent use as a potherb is not 
recommended because of abundance of calcium oxalate crystals. Seeds: As pods 
ripen, shake plant over fine ner; separate seeds from rest of fruit. Tastes like 
[BUTTERNUTS; eat as gathered or use as topping for desserts. Medicinal use: Applied 
to skin, juice prevents and relieves symproms of rowsoN ivy, NErnuEs, and fungal 
dermatitis. Apply raw juice or concentrated boiled juice of crushed stems. Ex- 
tract spoils quickly, but frozen extract retains medicinal properties. Antifungal 
agent is 2-methoxy-1, 4-naphthoquinone. Related e« Yyeuow-flow. 
AED jewrtwreD (next). Poisonous look-alikes: none. 


Yellow-flowered jewelweed, Pale touch-me-not Inpations pallida 


Habitae; moise woodlands, wet meadows; not 2s abundant and usually oceurring 
ly drier sites than oxaNce-nowenkD jeweiwerD. Identification: annual 
ems upright, to 2 m (6.6 f high, freely branched, very jaiey, smooth. 
Leaves alternate, long stalked, blades 4—14 em (1.65.5 in) long, 3~8 cin (1.2 
in) wide, broadest at or below middle, blunt or rounc! toothed along margin 
Flowers showy, in feu-flowered clusters in junctions of upper leaves: each 
flower stalked, with conspicuous saclike spur in rear, pale yellow with reddish 
spots on face. Fruit elongate, eylinder-shaped capsule 2-2.6 cm (08-1 in) 
Jong, at maturity exploding suddenly when touched to scatter seeds, Harvest 
and preparation; same as for oxanot-muowtxiD jewewwesn (preceding). Related 
edible species: oxaxot-nowet:D jewetwird. Poisonous look-alikes: none. 
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Sheep sorrel Ramex acetoella 
Ali edible summer, autwnen 


Habitat: disturbed sites, gardens, old fields, mainly on acid soils. Identifica- 
ion: annual or perennial herb to 50 cm (20 in); stems upright, 4-sided, un- 
branched or branched. Basal leaves present, shaped like a narrow arrowhead 
Stem leaves 24~5 cm (1~2 in) long, 0.5—2 em (0.2-0.8 in) wide, marrow ar 
rowbewd-sbaped, pointed at tip, with slender pointed lobes at base, with papery 
sheath around stem where leaves are attached. Flowers tiny, green, yellow, red 
to purple, clustered on narrow elongate spikes. Fruits arc tiny nutlets 12-18 
‘mm (less than 0.1 in) long, 3-angled, shiny yellow-brown, enclosed by persistent 
calyx. Harvest: Pick or cut leaves from healthy, deep green clumps from spring 
until autumn, but flowering clumps may be tough, Preparation: Sour taste 
makes sheep sorrel leaves an excellent thirst-quenching trail nibble. Use leaves 
liberally with bland greens in tossed salad. For beverage boil 1 cup loosely 
packed leaves in 1 qe warer for 2-3 min; then cover and steep for at least 15 min. 
Strain, add sugar oF honey co taste, and serve hot or cold, Boil leaves in 2 changes 
of water for pleasantly sour potherb or mix with other cooked greens. Use leaves 
with chicken broth to make soup or sauce 0 use with fish, rice, or vegetables. 
Caution: Large quantity may case stomach upset. Related edible species: Many 
species of dock, including sou oock (next), are edible; sheep sorrel has the most 
distinctive sour flavor. Poisonous look-alikes: none 


Sour dock, Curled dock, Yellow dock Rumer crispus 


Al edible umm, axtunn, winter 


Habitat: common in disturbed sites, fields, roadsides, vacant lors. Identifies 
tion: darge herb, usually biennial, co 1.5 m (5 fi) tall; stems upright, smooth, 
ribbed. Leaves 14—24 cm (5.59.4 in) long, 2~6.5 em (0.82.5 in) wide, uni 
formly wide ro widest near base, pointed at tip, strongly wavy and curled alang 
‘margin, rounded co heart-shaped at base, dark green, with papery, strau-col- 
ored sheath around stem where leaves are attached, Flowers small, usually 
greenish, stalked, densely clustered on 1 to several narrow, elongated stalks, 
Fruits 3-parted, 4-6 mm (0.2 in) across, dark red to reddish-brown, each en- 
closing 3 natlets 1.5~3 mm (0.1 in) in diameter. Harvest: leaves in early sprit 
or even through late winter when they may be tinged with red and yellow. Strip 
seeds from stalks in late summer and autumn. Preparation: Young leaves 
cooked for about 10 min in small amount of water taste like young beet greens. 
Older leaves may need longer cooking with 1-2 water changes to make them 
tender and remove bitterness. Cook with other wild greens of season. Serve with 
butter, bacon, hard-boiled ega, seasonings. Caution: Larse quantity may cause 
stomach upset. With much effort seeds can be hulled, winnowed, ground, and 
sifted to produce palarable flour. Use half and half with regular flour. Related 
edible species: While most species of dock are likely edible, sour dock is one of 
che most flavorful. Poisonous look-alikes: none 
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Eastern hemlock Tonga canadensis 


Habitat; cool moist ravines, protected valleys, lowlands. Identification: medi- 
tum or large evergreen tree to 25 m (82 fo), rarely taller, with deeply furrowed, 
reddish-brown or cinnamon red bark. Leaves smal, 0.7~1.6 em (0.3-0.6 in) 
long, 1-2 mm (less than 0.1 in) wide, linear, arranged in I plane borizontal to 
ground, flattened, dark yellowish-green with 2 whitish bands underneath. 
Male flowering cones tiny, yellowish, at tips of branches; female cones small, 
green, leathery. Fruiting cones 1.21.9 em (0.50.7 in) long, hanging, widest 
‘near middle, rounded oF pointed at tip, Zight brown; cone scales nearly rounded: 
seeds tiny, egg-shaped, winged. Harvest: needles any time but preferably young 
Cones in spring. Inner bark best in winter and early spring, Preparation: For tea, 
boil needles in covered pot and steep about 10 min. Tea is high in vitamin C. To 
avoid damage to tree, use inner bark only in emergency. It may be eaten raw or 
boiled, or dried and ground to mix with flour, Related edible species: Carolina 
hemlock (T. caroliniana), western hemlock (T. beterophylla), mountain hemlock 
(T. mertensiana). Poisonous look-alikes: AminicaN yew is a commonly cultivared 
shrub that has longer needles and bright red, fleshy pulp surrounding seeds. 


Yellow birch Betula alleghaniensis 
Also edible anssien, winter (synonym: B. lutea) 
Habitat: rich woodlands, lower slopes, and occasionally cool marshlands, usually 
below 1,000 m (3,300 fe) elevation. Identification: medium-size tree with 
rounded crown and peeling ragged-edged, reddish-brown bark curning dull yel- 
low or yellawish-brown, Broken twigs have mild wintergreen fragrance. 
Leaves alternate, deciduous, simple, 7~11 cm (2.8~4,3 in) long, 3~5 em (1.2—2 
in) wide, usually broadest near base, with double row of sharp-pointed teeth 
‘along margin. Male and female flowers in separate catkins on same tree in spring. 
Fruits bros, upright cones 2.5-3.5 em (1-14 in) long, with numerous 3- 
lobed scales and tiny winged seeds. Harvest: For sap, tap like sucar sans, 3—4 
‘weeks after maple sap flow begins. Flow copious but sugar content lower than 
from maple, For use of twigs and inner bark, see instructions under more flavor- 
ful sweer winch (next). Preparation: Boil sap in shallow open container outdoors, 
adding more as volume decreases, until evaporation leaves viscous, molasses- 
flavored syrup with temperature about 104°C (220°F), Ratio of sap to ultimate 
syrup is far greater than for suoax starte. Store in sterilized, filled, sealed jars 
Related edible species: swerr sinc. Poisonous look-alikes: none. 


Sweet birch, Black birch (Alo alile wmmer, autumn, winter) Betula tenta 


Habitat: forest or open woods, especially moist, north-facing, protected slopes, 
in deep, rich, well-irained soils. Identification: medium-size tree with rounded 
crown and smooth, dark red to almost black bark. Broken twigs bave winter- 
_green fragrance, Leaves alternate, deciduous, simple, 6-15 cm (2.4~6 in) long, 
4-8 em (1,6~3.2 in) wide, broadest near base, with double row of fine, sharp- 
pointed teeth along margin. Male and female flowers in separate, small catkins 
‘on same tree in spring, Fruits in erect, brownish cones 2.5~3 cm (1~1.2 in) long, 
containing many tiny, winged seeds, Fruits maruring in late summer and early 


Experimental Results and Their Analysis 


Within the period from 17 May, 2001 to 7 June, 2001 7 
measurement series were carried out at various opemtion 


modes of the accelerator and at various pendulum 
panumeters 


A record of check of equilibrium position of the 
pendulum was carried out before and after switching 
off the electron bunch (as well as during calibration 
measurement), At the same time, all electric inducing 
and mechanical noise remained stable within the whole 
measurement period. This was achieved by means of 
additional switching on all the devices which were used 
during measurement (water and vacuum pumps, 
magnetron, deflecting magnets, etc.) and their switching 
off only on completion of the measurements 


In Fig, 3 there are results on measuring the central 
position of the pendulum when brake target is in 
position 3 (see Fig. 1). Series I and IIT on the diagram 
correspond to check measurement directly before 
switching on and several minutes after switching off 
the electron bunch, Series I-A and II-B totally reflect 
pendulum oscillations at the time when the accelerator 
is operating (for about 10 minutes) and for some time 
after the bunch is off. Additionally, a trend line is drawn 
(averaging by 3 points) 
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Measurement of centtal position of pendulum equilibrium, 
when brake target is in position 3. 


Results of a similar experiment are given in Pig4. ‘The 
only difference in this experiment is that the bake target 
is in position 2, Also a trend line is added (averaging by 
3 points). 
directly before switching on and after switching off the 
electron bunch, Series II are pendulum oscillations at 
the time when accelerator is operating 


‘es I and III are check measurements made 
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Fig. 4 
Brake target in position 2 


From qualitative comparison of trend lines (Fig. 3 and 
Fig 4) it can be derived that there is a correlation 
between switching on the electron bunch and the 
average deflection of the pendulum from 
equilibrium position if compared to checked series 
before and after switching on. At that, direction of 
deflection changes depending on what pendulum 
load the brake target is close to. 


Unfortunately, due to circumstances beyond the control 
of the author it seems to be difficult to improve 
experiments accuracy or to accumulate much of 
statistical data by now. Estimate of the value of the force 
which may cause such a shift of position of pendulum 
equilibrium was carried out. In the experiments this 
deflection did not exceed 1-2 mm (in the units of 
registering scale). Calibration of a rigid suspender (f it 
applies to a massive load at a pendulum end) gives 
the upper boundary of this force of notmore than 10°* N. 


Conclusion 
A series of experiments were made on checking the 


possibility to generate a field at deceleration of charged 
massive particles in matter 


Electrons accelerator was used as a source of charged 
particles A narrow bunch of relativistic electrons 
(average beam power is 450Wt, electrons ener 
30 MeV) was directed at a brake target made of wolfram 
where deceleration of accelerated electrons took place. 


is about 


Measurement proved appearance of statistically reliable 
deflection of a torsion pendulum, one of massive loads 
of which was located close to a brake target by the time 
of deceleration of relativistic electrons 


Change of direction of pendulum torsion at shift of a 
brake target from one end of the pendulum to the other 
was also registered. ‘The value of the force which causes 


pendulum deflection has the upper boundary of |. 


24 


Eastern hemlock: branch with young leaves and branch with mature 
(Elias) 


Yellow birch: unk (Dykeman), Branch with fruits (El 


Sweet birch: spring branch with male flowers (Dykeman). Fruit in summer 
(Elias). Trunk (Dy 


Sassafras: summer branch with fruits (Elias). Spring branch 
(NYBG), 


Sugar maple: fruiting branch (Soderstrom) 
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fall. Harvest: owigs, red inner bark, larger roots: year-round but best in spring. 
For sap in spring, 34 weeks later than sucax mapts, See instructions under YEL 
Low pixcit (preceding). Preparation: inner bark raw as emergency food, boiled 
like noodles, or dried and ground into flour. Dry inner bark at room temper 
ture; store in sealed jars. For tea, steep (do not boil) ewigs or fresh or dried inner 
bark in water or, preferably, birch sap. Boiling destroys volatile wintergreen cil 
For birch beer, pour solution of 4 gal birch sap and 1 gal honey (or 5 gal sap and 3 
1b sugar), which has been boiled 10 min, over 4 at fine twigs in crock. Cool, strain, 
0 remove twigs, add 1 cake yeast. Cover; ferment about 1 week, until cloudiness 
starts to settle. Botte and cap tightly. For birch syrup, see veriow wnci, Related. 
edible species: yruiow sincit. Poisonous look-alikes: none 


Sassafras (Ali aible summer, autumn, winter) Sassafras albidiem 


Habitat: bottomlands, moist soil of open woodlands, lower slopes. Identifica- 
tion: small (0 medium-size tree with open, flat-topped crown and smooth 10 
deeply and irregularly furrowed, reddish-brown bark on older trees. Leaves alter- 
nate, deciduous, simple, #w 3 shapes (entire or with 2 or 3 lobes), 10-15 cm (4— 
6 in) lang, 5~10 cm (2-4 in) wide, broadest near base, bright green, with spicy 
odor when crashed. Flowers produced in clusters in spring, each small, yellow, 
and either male or female (each tree male or female). Fruits egg-shaped 11,5 em 
(0.4-0.6 in) long, dark blue, stalked, enclosed ar base by small red cup. Harvest 
and preparation: year-round. Carefully pull several suckers near base of parent 
‘ree to obtain small roots. For larger harvest, brittle roots require digging. Flavor 
is in root bark. Boil washed roots or root bark in water (or maple sap) until liquid 
is red. Sweeten to taste; drink hot or cold, Roots may be reused. Dried, pulver- 
ized root bark is pungent meat spice. Dried, pulverized leaves flavor and thicken 
soups and gravies. Use green winter buds and young leaves in salads, Caution; 
Sassafras reportedly has carcinogenic properties. Basic jelly recipe: Make jelly 
with 3 cups strong sassafras tea, 3 02 powdered pectin, V2 tsp citric acid, 4 cups 
sugar; or use 2 cups tea, 1 pkg pectin, 5 cups honey, powdered root bark to taste 
Related edible species: spict push, Poisonous look-alikes: none. 


Sugar maple (Alo edible sammer, winter) Acer saecharam 


Habitat: eastern deciduous forest, common and widespread, especially at lower 
elevations. Identification: medium-size to tall free to 30 m (98 fi) with rounded 
crown, slightly fissured to furrowed dark gray bark. Leaves opposite, simple, 
7.5~20 cm (38 in) long and broad, broadest near base, 3- to S-labed, lobes with 
4 few coarse teeth along margin, bright green, smooth above and below. 
Flowers small, bisexual, produced in slender hanging clusters before leaves 
emerge. Fruits are winged (samaras), 33.5 em (1.2-1.4 in) long, wings 
spreading at 60° angle. Harvest: Obtain sap from first spring flow, until buds 
swell. Good sap flow requires freezing nights and warm days. Drill hole [L1 mm 
(Che in) for commercial spile] slightly upward and 5—8 cm (2-3 in) into crunk. 

Drive spile in far enough ro hold bucket, not so hard to split wood. Collect sap 
and store cold until you have 25-30 gal. Collect winged seeds hefore fully ripe, 
usually from June to September. Preparation: Boil sap outdoors, indoors only if 


8 
4 


ada 


126 


you like sticky walls. Use large surfaced, open pan, adding sap as water boils off, 
‘Alter adding all sap, continue boiling until temperature is 4°C (7°F) above that of 
boiling water on that particular day. You may wish to boil for the last ewo degrees 
‘on a controllable stove. Pour syrup through milk filter, filling sterilized canning, 
jars, and seal. Yields about 3 ge. For maple sugar, boil 1 pesyrup in saucepan with 
frequent stirring until eemperarure is at least 110°C (230°F). Remove from heat, 
cool and stir until surface loses sheen. Pour quickly onto foil or waxed paper. 
When partially hardened, score into pieces with knife. Use sap fresh as beverage, 
fermented to form mild vinegar, or reduced by boiling to (4 original volume as 
base for teas. Soak seeds and remove wings. Boil until ender, drain, season, and 
roast for 10-15 min. Related edible species: Sap of all native maples may be 
used for syrup. Sugar maple is sweetest. Poisonous lookalikes: none; avoid 
Norway maple (A. platannides), which has milky sap. 


Summer 


By summer most of the leafy edibles that were tender in spring have toughened 
and become unpalatable. Yet many late-starting plants are usable through the 
summer and include the mints of fields and warer’s edge as well as purslane from 
the untended garden, Spring strawberries are succeeded by a host of other deli- 
‘ious fruits including raspberries, mulberries, blueberries, blackberries, service- 
berries, and beach plums. So summer is the prime season for pies, jams, jellies, 
and juices, as well as food-drying projects. 

As the days grow shorter in late August and September, fewer and fewer 
shrubs and trees yield juicy, flavorful fruits. Yer this slow period before the fall 
fruit and nut season can still keep a forager busy, Now you can find ripe seed 
clusters from many of the same plants whose greens served as edibles in spring; 
some of these include lamb’s quarters, amaranth, plantain, and dock. Threshed, 
‘winnowed, and ground, these seeds provide tasty and nutritious flour supple- 

‘Of course, summer is also the season to beware of stinging nettles, poison ivy, 
and pesky briars, the briars coming in many disguises 
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Additional summer edibles 


Plants listed below have parts that are edible in summer and at least one addition- 
al season. Descriptions and photos of these plants appear in a seasonal section 


other than “Summer,” as indicated. 


Allegheny chinkapin (Castanea 
pumila), p. 234 

Arrowhead (Sagittaria latifalia), 
p.212 

Black mustard (Brassica nigra), p. 100 

Bullbrier (Smilax bonacnes), p. 66 

Butternut (Juglans cinerea), p. 246 

California grape (Vitis californica), 
p. 216 

California rose (Roa californica), 

220 

Canada violet (Viola canadensi), p. 94 

Carrion flower (Smilax herbucea), 
p66, 

Cattail (Typha latifolia), p. 68 

Common burdock (Arctium minus), 
p. 2 

Common chickweed (Stelleria mesa), 
p. 84 

‘Common greenbrier (Smilax 
rotundifolia), p. 64 

Common milkweed (Awlepias 
syriaca), p. 106 

Eastern camass (Camassia scilloides), 
p. 64 

Fireweed (Epilobium angustifolium), 
p. 108 

Frost grape (Vitis vulpina), p, 214 

Garlic mustard (Aliaria officinalis, 
p84 

Glasswort (Salicornia europea), p. 76 

Great bulrush (Scirpus validas), p. 70 

Green pigweed (Amaranthus 
bybridus), p. 72 

Hard-stem buleush (Scirpus acutws), 
p70 

James chickweed (Stlleria jamesiana), 
p84 


Lauly’s ehumb (Palygomum persicaria), 
p. 110 

Lowus lily (Nelambo lutea), p, 210 

Minet's lettuce (Montia perfoliata), 
p94 

Narrow-leaved cattail (Tspha 
angustifolia), p. 68 

Pale violet (Viola striata), p. 96 

Pigweed (Amaranthus retraflexus), 

Plantain (Plantego major, p. 78 

Riverside grape (Vitii riparia), p. 214 

Russian thistle (Suliale bali), p. 76 

Sassafras Sassafras albidum), p. 124 

Sheep sorrel (Rumex acetesella), p. 120 

Sour dock (Ramex crispus), p. 120 

Spice bush (Linders bencoin), p. 218 

Squashberry (Viburnum edule), 
226, 252 

‘Sugar maple (Acer saccharum), p. 124, 
256 

Sweet birch (Betula lenta), p. 122, 
252 

Sweetbrier rose (Rosa eglanteria), 
p. 222 

Wild garlic (Allinm canadense), p. 60 

Wild leek (Allin tricoccum), 60 

Wild onion (Allium cernunm), p. 58 

Wild potato vine (Upomees pandurata), 
p26 

Wild rose (Rosa caralina), p. 2 

Wild strawberry (Fragaria 
rirginiana), p..90 

Wintercress (Burbarea ralpris), p. 98 

Wood violet (Viola palmata ), p. 116 

Wrinkled rose (Rosa rugosa), p. 222 

Yellow pond lily (Nuphar advena), 
p.212 


Reed grass: flowering plants (Feldman). Flowers (Mohle 


Wild rice: flower stalk with male flowers topmost and stalks with female flowers (E 
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Reed grass, Phragmites (Ali edible avium, winter, spring) Phragmites communis 
Habitat: margins of streams, lakes, ponds, marshes, springs, ditches. ldentifica- 
tion: tall perennial grass, with long, spreading underground stems (chizomes), 
often forming dense clumps; stems upright, 2-4 m (6.6-13 fe) bigh, stout; leaf 
blades flat, long, 18-60 em (7-24 in) long, narrow, 1-6 cm (0.4~2.4 in) wide, 
sinooth, base of leaf sheathing part of stem. Flowers many in large, dense, elon- 
gated, branched, plumelike clusters 15-40 em (G16 in) long, purplish at first, 
turning tan to whitish at maturity, side branches ascending, each spikelet (small 
simple cluster of flowers sharing the same stalk) 11.6 cm (0.4—0.6 in) long, 
with numerous long, silky hairs. Fruits are tiny, hard, redklish grains (seeds) 
many people overlook. Harvest: Gather new shoots (at base of old stalks) and 
leaves early in growing season. Collect hardened sap from wounded stems. Cut 
whole stems before blooming, Gather seed heads in lace summer and autumn, 

Failure to produce seed is common, Dig roors and underground stems all year. 

Preparation: Eat early shoots raw, or boil or steam until tender; serve as vegeta- 
ble. Eat hardened gum fresh or toast near fire. Dry stems in suri, beat or grind, 
sift out fine powder. Moisten powder and place near fire to swell and roast like 
marshinallows. For gruel, remove seeds by hand. Crush seeds with hulls and mix: 
with spicy berries. Add boiling water and cook until thin reddish gruel, about 30, 
min; add sweetener. For use of roors and underground stems, see carrait. Re- 
lated edible species: none. Poisonous look-alikes: none, but avoid roots and 
shoots of iris (rmiow mac, mutt FAG) and other ined 


Wild rice (Abo edible entumn) Zinanie aquaria 


Habitat: marshes, shallow ponds, lakes, streams, or bays of fresh and brackis 
water. Identification: tall annual grass; scems upright, usually 1-3 m 3-10 
ff), stout; leaf blades long, narrow 0.3~1 m (12~39 in) long, 2-5 cm (0.8-2 in) 
wide, soft. Flowers many, iv large, open, branched, elongate, plumelike clus- 
ters to 60cm (2,ft) bigh, side branches 15~20 cm (6-8 in) long, lower branches 
spreading co ascending and anly with male flowers; upper branches erect, bear- 
ing only female flowers, each about 2 cm (0.8 in) long; seed case tipped with 
long, stiff, hairlike structures; seed narrow, hard, brown, Harvest and prepara- 
tion: Grains ripen i late summer co early fall. Timing is critical; ripe seeds eas 
fall from plant. Small, shallow-draft boar or canoe provides best harvesting con- 
tainer, Carefully bend stalks over boar and knock ripe grains into it. Several visits 
days apare needed for maximum harvest. Spread grains to dry; then parch, stir 
ring occasionally, for 3 hr at 175°C (350°P), Thresh husks from grains by pound- 
ing or rubbing. Winnow by pouring from one container to another in natural or 
fan-generated breeze, Wash grains in cold water to eliminate smoky flavor. Use 
like cultivated rice. Cooking: Bring 3 cups water and 1 tsp salt to boil. Stir in 113 
cups rice grains and return to boil. Cover and simmer until tender, 30-49 min. 
Serve buttered or with sweetener. For flour, substitute ground rice for part of 
wheat flour in baking recipes. Related edible species: Texas wildrice (2, rex- 
ana). Poisonous look-alikes: none, but poisonous pink or purple fungus (Clavi- 
eps species) occasionally replaces some grains. Learn to recognize and avoid it 
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Chufa, Yellow nut grass operas ecalentus 
‘Abe edible auturan, winter, spring 
Habitat: ditches, margins of ponds and streams, low wet soils, waste places. 


Identification: perennial herb with slensler underground stems (rhizomes) and 
nearly rounded tubers 6~10 min (0.2—0.4 in) in diameter; stems triangular in 
cross section, upright, 20-90 cm (8—36 in) tall, stout, smooth; stem leaves nar- 
row, 5—10 mm (0.2-0.4 in) wide; with 3-10 leaves at base of flowering clus- 
Jers but much longer than flower clusters. Flowering clusters broadly eylinder- 
shaped to almost globe-sbaped, composed of numerous spikelets (small simple 
cluster of flowers on same stalk); spikelets narrow, elongate, 0.5~3 em (0.2~1.2 
in) long, 4-sided, many-flowered, Fruits are small nutlets, 1—1.5 mm (less than 
0.1 in) dong, triangular-shaped, yellowish, Harvest: Gather tubers best from 
loose or sandy soil where whole plant with tubers is easily pulled or dug from 
depth of less chan a few inches, Gather any time ground is not frozen, Prepara- 
tion: Tubers palatable and useful raw, boiled, candied, dried, and ground into 
our, and as beverage base. For flour, dry slowly until tubers break apart instead 
‘of mash when hammered lightly. Grind fine in blender or food mill. Use flour 
half and half with wheat flour. For beverage soak 1Y;~2 cups tubers for 2 days. 


Drain and mash or blend ia 1 qe water with {4 cup sugar or honey. Strain out 
solids before drinking. For coffee substiute, roast rubers until dark brows 
throughout. Grind and brew 1 tbsp per cup. Related edible species: Several 
species of Cyperas have tubers oF tuberlike structures. Poisonous look-alikes: 


Pickerelweed Pontederia contata 
Alo eile untae 


Habicat: slong shores or in shallow water of lakes, ponds, slow maving streams, 
bays, Identification: perennial herb w 1 m (3.2 ft) high, with short, thick un- 
derground stem. Leaves basal, blade 6~20 cm (24-8 in) long, 2~ 12 em (0.8- 
4,7 in) wide, broadest near base to very narrow, shape variable but usually ar- 
rowhead-shaped, smooth; leafstalk stout, 632 em (2.4~13 in) long. Flowering 
stalk slightly taller than leaves, bearing 1 or 2 leaflike bracts, attractive blue 
lowers densely dustered on spike 5~16 em (26.3 in) lang, each flower fun- 
nnel-shaped, ?-lipped. Fruits are stif, exu-shaped capsules 410 mm (0.204 in) 
long, enclosed by persistent ragged remains of flower, Harvest: Pick young leaf- 
stalks in early summer before leaves are fully unfurled. Strip fruits off spikes as 
they ripen in early autumn, Preparation: Wash, chop, and ald young leafstalks 
to salads. As potherb boil Ieafstalks about 10 min, drain, and season. Fruits each 
contain a solid seed, edible as rail snack or dried and ground like grain. Related 

le species: LANcI-LEAVED MCKHNKLWEED (next), Used the sane as this species 
Poisonous look-alikes: none. 


OF course, these first experimental results on checking, 
the predictions made on the basis of development of 
the model of extended space ate of preliminary nature 
and need more thorough checking. ‘That will be the basis, 
of future experiments 
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Lance-leaved pickerelweed Pontederia lanceolata 
All elie autumn 


Habitat: shallow water along shores of lakes, ponds, streams, marshes. Identi 
cation: perennial herb to 1 m (3.2 f) all with thick, creeping underground stem 
(chizome), Leaves mainly basal, ble 6~20 em (2.48 in) long, 2-12 em (0.8 
4,7 in) wide, variable ia shape but usually narrowly heart-shaped to arrowhead- 
shaped, smooth; leafstalk stout, 8-30 em (3.2~12 in) lang. Flowering stalk as 
tall or slightly taller than leaves, usually with a leaflike brace about midway: 
flowers densely clustered on narrow spike 6~18 cm (2.47 in) long, each flower 
blue to purple, funnel-shaped, 2-lipped, covered with short glandular bairs. 
Fruits sill, egg-shaped capsules 48 mm (0.2-0.3 in) long, usually as broad or 
broader than long. Harvest and preparation: See rickensiwiub (preceding. 
Related edible species: nckrxewwe40, Poisonous look-alikes: none. 


Sweet flag, Calamus Acorus calamus 


Habitat: ditches, swamps, pond edges, lakes, and streams; may grow with sitit 
func, water flag, and cavrants. Identification: perennial herb with large, stout, 
aromatic underground stem (rhizome). Leates crowded near base, erect, narrow, 
Linear, swordlike but flexible, usually 11.5 m (35 fe) long, rarely 0 2m (6.6 
fi), 1-3 ci (04-12 in) wide, midvein off-center, greenish-yellow, with aro- 
matic, almost spicy, odor when cut, Underground stem portions red. Flowers 
tiny, bisexual, numerous on marrow, tapering spike (spadix) produced about 
Vs of way up leaflike stalk; spikes often overlooked. Fruits inconspicuous, 
bome on flowering spike, Harvest and preparation: Harvest tender young 
stalks when less than 30 cm (1 f) tll with shor underground stems. Grasp and 
pull firmly. Vertical stem usually breaks off at shizome. To obtain underground 
stem, dig with trowel to sever anchoring roots. Inner portions of render young 
stems provide spicy trail snack or salad ingredient, For candy, use especially red 
underground part of stem. Remove roots, wash, peel, slice ito 1-cm (0.4 in) long 
pieces. Cook in several changes of boiling water until pungency is tolerable 
‘Simmer 20 min in syrup of 1 cup water to 2 cups sugar. Drain, dry rollin sugar. 
Related edible species: none. Poisonous look-alikes: Irises (viuiow FLAG, RLU 
fac) cause severe digestive upset. Iris leaves lack spicy odor when cut. Flowers 
are showy. 
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Spanish bayonet, Datil (Al eile spring) Yucca baccata 


Habitat: dry slopes, usually in sandy or rocky soils from 920-2,440 m (3,000— 
8,000 fi). Identification: /ong-ived perennial with short inconspicuous trunk, 
sometimes in clumps. Leaves clustered near base, blade lance-shaped, 50-76 
‘cm (20-30 in) long, 3-7 em (1.2-2.8 in) wide, stiff, tip sharp-pointed and end- 
ing in stout spine, with coarse, recurved fibers along margin, flattened or con- 
cave, grayish-green. Flowering stalk in spring, upright I-1.5 m (3.2~5 fe) high, 
densely flowered along upper half, flowers showy, fleshy, sepals 3, reddish- 
brown on outer surface, petals 3, cream-white, 6-12 em (2.4-4.7 in) long, 
Fruits are fleshy capsules, 14—18 em (5.5~7 in) long, broadest near the middle, 
3-parted, turning reddish brown at maturiey and splitting open to release seeds. 
Harvest: young flower stalks before buds expand and fruits a they are available 
late spring through summer. Use buds and flowers as described for soatwarn 
(next), but not as good. Preparation: Cur young flower stalks into sections, boil 
25-30 min oF roast until core is tender. Peel off tough rind. Serve with butter, 
lemon juice, and seasonings, Eat fruit raw or cooked. Roast whole fruits until 
tender, scrape out pulp and separate from seeds. Sweeten if desired. Use raw 
pulp for pie. Strain pulp and dry by boiling to paste and finishing in oven as thick 
sheet. Eat dry or dissolve for beverage. Roast seeds at 190°C (375°F) until dry 
and crisp. Grind coarsely and boil as vegetable until render. Related edible 
species and poisonous look-alikes: See soawrrD, 


Soapweed (Also edible spring) Yneca plane 


Habitat: prairies, roadsides, pastures—usually in dry, well-drained sandy or 
rocky soils. Mdentification: perennial with shore stem. Leaves densely clustered 
near base and covering stem, blade linear, 38-60 em (15-24 in) lang, 081.2 em 
(0.3-0.5 in) wide, stiff, hard and sharp-pointed at tip, with narrow white band and 
‘occasional loose threadlike strands along margin, concave, eray-areen. Flowering 
stalk in spring, upright to 1m (3.3 f0), with stalked flowers along: upper half, 
flowers bowl-shaped, showy, with 3 grcenish-white sepals, 3 white petals 4.5— 
5.5 em (1,8-2.2 in) long. Fruits are cylinder-shaped dry capsules 58 em (2~ 
3.2 in) fog, 3~4.5 em (1.2~L8 in) in diameter, turning browo, 3-parted and 
splitting open at maturity to release seeds. Harvest: Pick young flower stalks 
before buds expand. Pick flowers and buds as available. Preparation: Cover 1 
Cup flowers or buds with water and boil until tender, 15-20 min. Drain and chop 
coarsely. Add with pimento or green pepper to several eges and little milk. Cook 
like scrambled eggs. For salad boil 1 cup flowers and buds as above. Drain, chop, 
and cool, Add celery, chopped apple, raisins, nutmeats, eabbage, and mayonnaise 
as in Waldorf salad, Por flower stalks sce svaxist navoner (preceding). Unripe 
fruits are bitter but can be made palatable by boiling or baking. Related edible 
species: all Yacra species including spawistt uavonet. Flower and bud uses apply 
best to dry-fruited species, fruit uses to fleshy-fruited species. Spiny leaved Agane 
looks similar and is also edible. Poisonous look-alikes: none. 
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Common day lily Hemervcallis fulva 
Alvoedile autumn, spring 


Habitat: garden plant chat commonly grows wild in abandoned home sites, v 
cent lots, along roads, Identification: large perennial herb from a fibrous root 
system with short, fingerlike tubers, with numerous long, narrow busal lewves. 
Each leaf 0.5~1.5 m (1.75 fe) long, 1.5~3 cm (0.6~1.2 in) wide, gradually caper- 
ing to long narrow tip, tapering with edges folded inward at base, light green to 
greenish-yellow, Flowers in clusters of 35 at tip of upright stalks, stalks to 2m 
(6.6 fo); flower buds narrow, tubular; each flower 10-15 em (4-6 in) lomg, nar 
rowly tubular at base, funnel-shaped above, with 6 large, showy petallike seg 
‘ments, orange to tawny-orange, darker inside, lowering from late May to July, 
each flower open I day only. Fruits fleshy, 3-parted capsules. Harvest: tubers 1 
‘em (0.4 in) X 2-3 em (0.8-1.2 in). Spade roots over; pick only firm tubers all 
year. Replant roots. Tubers regenerate rapidly, Pick buds when half to nearly full 

DR see res when fay opel ec oling Pscperclons sw bee se 
sweet nutty flavor to salads, or boil in salted water until tender, season. Excellent 
potato substitute. Boil buds a few minutes, butter, and season. Great cooked 
vegetable; raw they irritate the throat. Dip buds or flowers in egg batter and fry 
in hot oil or add them to soups at end of preparation for gelatinous quality. Dry 
buds and flowers at air temperature about a week; store in sealed jars for later use 
in soups or other recipes. Caution: Eat in moderation to avoid lasative effect. Re- 
laced edible species: none. Poisonous look-alikes: Leaves slightly resemble 
tip pointed to ground; iris leaves are upright and darker. 


‘Western camass, Camass lily Camassia quamash 
Als edible anturan, winter, pring 


Hobicar: coal mountain forests, wet meadows of interior mountains. [dentifi- 
cation: perennial berb to 80 cm (32 in) high, from bull 2-3 cm (08-12 in) 
across; grasilike leaves several fom base, narrowly lance-shaped 2050 cm (= 
20 in) long, 0.6~1.1em (0.20.7 in) wie, pointed at tp. Flower stalk 20-80 cm 
(8-32 in) high, flowers several, stalked, shotcy, with 6 blue to blaisbvialet 
‘etal or petalike structures, ech 2-36 em (0.8-L4 i) long Fruits are dry 
capsules 08~2.4 cm (0.3~1 in) long, exashaped,spliting open at maturity t9 
release seeds. Harvest: Dig or pul bulbs any season, safest when blue flowers 
distinguish ic from earn canuass, Dig and transplan to safe place where you 
Ke theze i no eam cats. Be certain af fuente! Preparations Raw 
bulbs are palatable potato substitute, May be boiled 25~30 minor baked infil 
for45 min at 175°C (50°F), Indians baked bulbs in pit upto 3 days, the resulting 

Fie renas cog igeteags Teper eae ane Ue aria 
‘warm oven, store in paper bag in dry place. Related edible species: casas 

x ‘cawass, Poisonous look-alikes: neath caMass (Zizadenws species), narrow-leaved 
plants with preen, white, or bronze Rowers, singe or several in narrow stalk: 


Indian cucumber: leaves and 


Indian fig: plane (Folkerts) 
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Indian cucumber Medeola virginiana 


ich moist woodlands, protected slopes, margin of bogs and swamps. 
Identification: perennial herb, with swollen tuberlike white underground 
stems (rhizomes) horizontal 0 ground; stem erect, to 80 cm (2.8 fe), usually 
about 30 em (1 fo), slender, covered with wooly hairs when young, bearing @ 
whorl of 10 leaves about midway and another whorl of 3 leaves near top. 
Leaves simple, parallel-veined, to 10 cm (4 in) long, and uniformly wide to broad 
‘est near tip; upper leaves smaller and broadest near base. Stalked flowers 3-9 in 
cluster at tip of stem, some flowers hanging beneath upper leaves, in May sal 
June, each flower with 6 pale greenish-yellow petals 6~ 10 mm (0.20.4 in) long, 
Fruits small, rounded, dark purple berries 6-8 mm (0.2-0.3 in) in diameter, 
not edible. Harvest: common, easily identified planta reliable source of limited 
quantity of tubers for tril food. Digging destroys plant, but any remaining tubers 
vill produce new growth, Preparation: Wash and eat tubers raw as trail snack or 
in salad. Has delicare cucumber flavor. For pickles combine 113 cups tubers, Ya 
cup water, 14 cup vinegar, 1 thsp salt, 2 tsp sugar, 1 clove garlic, 1 small, 
chopped red pepper, | tsp pickling spice. Bring to boil, place in small hot steril 
ized jars, covering tubers with liquid, and seal. Store atleast 2 months. Relaced 
edible species: none. Unrelated, inedible starflower (Trientalis borealis) looks 
similar excepe for net-veined leaves. Poisonous look-alikes: none 


Indian fig, Prickly pear (Alo elie spring, autumn) Opuntia bumifusa 


Habitat: rocky bluffs, send dunes, dry rocky or sandy grasslands. Identifies 
tion: perennial herb with fibrous root system, sprawling along ground, often 
forming clumps. Fleshy segments or joints nearly circular to broadest above 
middle, sometimes uniformly wide, 5-20 cm (2-8 in) long, strongly flattened, 
pale to dark green, doteed with small reddish-brown bumps containing numerous 
tiny, barbed hairs; spines absent or occasionally 1. Flowers produced June-July 
‘on upper part of sezments, showy, yellow with red center, 5~9 cm (2~3.5 in) 
across, usually with 10-12 perals. Frait broadest above middle to nearly club- 
shaped, 3-6 em (1.2~2.4 in) long, red ta purple, becoming fleshy, containing 
many flattened, nearly circular seeds. Harvest: Wear leather gloves to wand off 
spines and barbed hairs. Cut young segments during spring and summer, Pick 
fruits as they ripen in lace summer and autumn, Preparation: Flame segments 10 
remove spines, roast segments over fie, then peel or peel first, then slice and use 
like string beans. Edible but somewhat sticky. Also, deep fry like onion rings. 
Dry pulp for later use, To eat fruits fresh, chill if possible, trim off borh ends, cut 
skin lengthwise, scoop out sweet pulp. Or, dip 1-2 min in boiling water and 
peel. Be careful, fruits also have fine, spiny bristles. Dry fruit pulp for later use, 
stew it for dessert, or boil it down and strain out seeds to make syrup or to 
prepare jelly. Briefly roast seeds and grind into meal for soup thickener or flour. 
For emergency water, peel and chew leafy segments, Related edible species: 
Fleshy fruits and segments of all flac-stemmed Opuntia species are edible, Pt 
sonous look-alikes: none. 
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Prickly pear, Indian fig Opuntia phacacentha 
Ali elileantun, spring 
Habitat: hills, canyons, valleys, usually in rocky or sandy soils. Identification: 


shrub to 1 m (3.2 fe), sometimes sprawling or forming clumps to 6 m (19.7 fe) in 
diameter. Flesby cactus segments or joints rounded or nearly so, sometimes 
widest above middle, 10~25 em (4-10 in) long, flattened, bluish-green; cacti 
spines usually on upper balf, 1-6 per cluster, 2,5-7.5 em (1-3 in) long, 
straight or curved. Flowers produced near top of upper segments, showy, yel- 
Tow, 6-8 cm (2.43.2 in) long, ro 8.cm (3.2 in) in diameter, with many perallike 
structures. Fruits elongate, usually broadest above middle, 3~6 em (1,2-2.4 in) 
Jong, to 3.8 em (1.5 in) in diameter, fleshy, red, depressed a tip, containing, 
numerous, flattened and rounded seeds, The several varieties of this prickly pear 
differ primarily in segment shape, spine distribution, color, and length. Harvest 
and preparation: isos nic (preceding). Related edible species: all flat- 
stemmed prickly pear cacti, Poisonous look-alikes: none. 


May apple, Mandrake Podophyllum peltatum 
‘Habieat: rich deciduous woodlands, meadows, moist shaded road banks, Identi 
fication: perennial berb co 50 cm (20 in) tall, frequently in large dense patches 
with creeping underground stems and thick, fibrous roots, short stem, first-year 
plane with 1 leaf, second-year flowering plants with 2. Lesves large, umbrellalike, 
12-36 em (4.714 in) in diameter, nearly circular in outline, deeply 5— 
9-purted, toothed; leafstalk attached at center of leaf. Flowers solitary, pro- 
duced in junction of 2 leaves, stalked, nodding, each with 6 sepals, 6-9 waxy 
white petals 2.54 cm (1—1.6 in) long. Fruit an egg-shaped berry 2.55 em (1-2 
in) long, usually yellow, but red in one form, Harvest: Gather fruie when yellow: 
practically falls from plant into your hand. Leaves will be turning yellow by this 
time. Unripe fruit and other parts of plant contain poison podophyllin. The root 
hhas a long history of medicinal use. Preparation: Eae ripe fruit fresh; taste sensa- 
‘ion varies from person to person. For preserves, jam, of pie filling, remove both 
ends, quarter fruit, and force through food mill to remove seeds before cooking, 
If skins are desired in final product, squeeze pulp from quartered fruit before 
removing seeds. Chop skins and add to pulp later. See recipes for jam and pie 
carly in book. Also combine juice with lemonade, sumac ade, of other juices for 
new flavors. Related edible species: none. Poisonous look-alikes: none; do 
ot attempt to use unripe May apples or any other pare of the plant, 


Prickly pear: plant (Elias). Fruits (Dykeman 


May apple: flowering plant (Dykeman), Fruit (NYBG). 
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Email: timharwood@usa.net 


‘There is a widespread opinion common to the 
mainstream academic community and also to various 
alternative scientific forums, that some 
new physics will be required to design and implement 
-unity technologies. That is to say electrical motors, 
lectrical generators, or other apparatus, which produce 
an excess of magnetic force or energy above the value 
actually inputted. 


ind of exotic 


However, this has recent 


y been experimentally 
demonstrated not to be the case, as I have validated 
myself in simple $20 experiments undertaken at home 
with parts bought from the local hardware stow. It is, 
the purpose of this article to educate raders that with 
care, thought, and a little work, it can be demonstrated 
that existing textbook physical lav freely allows for the 
extraction of excess electrical enemy from magnetic 
systems. 


The Flynn Research Project 


Joe Flynn has been engaged in magnetic flux research 
for over 25 years now. His work is long standing, 
comprehensive, and in later years, well funded. It is 
reported $7m has been spent to date, with over $im 


alone developing a revolutionary high performance 
magnetic motor. His equipment is validated, and 
apparently already in mass production for select 
customers. Yet few researchers have heard of Joe Flynn. 
‘This surprising situation will hopefully shortly be 
changed, and Joe Flynn awarded the scientific accolades, 
he deserves, for being the genius master mind behind 
one of scientific history's most outstanding re 
projects Since many lines of research have been 
formulated and explored by Joe Flynn, the following 
article presents only a brief summary of some of his 
best art apparatus, but is nonetheless sufficient to convey 
the basic ideas 


earch 


‘The first illustration (Fig. 1) is taken from Joe Flynn’ 
US patent 6,246,561, and explains a simple magnetic 
force multiplication experiment, which forms the basis 
for the Flynn magnetic art. If the windings on either 
side of the central magnet, which are normally connected 
in series, are properly pulsed, the field of the permanent 
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magnet in the center will be diverted to the opposite 
side of the core flux path provided. Or in altemat 
language, the side of the core that is pulsed is 
demagnetized, relative to the field of the permanent 


magnet used in the apparatus. This is elementary 


textbook physics anyone can understand. 
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Fig. 1 


es more force is delivered to the legs of the core 
than is povided by the electrical input to the control coils, 


So what is surprising about this apparently simple 
apparatus is that the armature on the side of the flux 
core will contain 1.75 times more units of magnetic 
force, that could be manifested by the electrical input to 
the apparatus alone. Since the ability to arbitrarily move 
the force from one point to another is the basis for 
motion or work, however simplistic, we therefore have 
a basis for a system that can be developed for practical 
technological purposes. Expressed in alternative 
language, we also have the capability to engineer a time 
varying magnetic field, without the need for moving, 
parts, which will allow development of 
output electrical energy. Both capabilities are highly 
desirable, and offer substantial opportunity for technical 


tems that 


development. 


Following on from this basic experiment, there is a 
second simple and logical improvement in layout 
illustrated in Fig. 2, which should be obvious, but has, 
been shown not to be the case. In this instance, the pulse 
is centrally located,and a dual flux field layout employed, 
which both demagnetizes the core relative to one 
magnet, and magnetizes it relative to the other. Since 
the two actions are complementary, the input required 
to manifest the flux switching effect is halved, therefore 
doubling ‘efficiency.’ 
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Bunchberry Cornus canadensis 


Habitat: northern moist woods, boss, woodlands, mountains especialy in south- 
cer part of range. Identification: perennial, forming mats from spreading un- 
erground stems (rhizomes); aboveground stems 8-24 em (3.29.4 in) high, 
‘each stem with whorl of 46 leaves near top ancl \~2 pair smaller leaves below 
Leaves 4-7 cm (1.6~2.8 in) long, 15~3.5 em (0.6—14 in) wide, broalest near 
base or tip, pointed at tip, with 2~3 pair lateral veins. Flowers produced in May 
for June, tiny, in tight, dense clusters surrounded by 4 conspicuous, white, 
betallike bracts (lower clusters plus bracts resemble a single lower). Fruit pro- 
duced in midsummer to aucuma, in dense clusters, each a fleshy stone-fruit, 
slobe-shapes, 6-8 mm (0.20.3 in) in diameter. Harvest: Berries ripen through 
July in clusters of a few to 12. Ripe when scaler; usually plentiful and easily 
picked in quantity. Preparation: Eat nearly tasteless berries raw, but pulp is 
difficult ro separate from seeds. Better cooked and strained for use with more 
Aavorful fruits or for pudding. Related edible species: Swedish bunchberry 
(C. iacica) io northern regions has sweeter and more acid fruits, Laplanders 
make pudding from this species by boiling fruits with whey until chick. Poison- 
‘ous look-alikes: none 


Peppermint Mentha piperita 


Hal 


tat: wet places, especially ditches, along streams, wet meadows. Identifica- 
: perennial herb, stems erect, 0.6~1.1 m (2—3.6 fe) tall, 4-sided, purplish, 
smooth to slightly hairy. Leaves opposite, each pair alternating along stem, each 
with short leafstalk, blade 3.2~6.4 em (1.3~2.5 in) long, 1—1.6em (0.4-0.6 in) 
wide, usually broadest near base, sharply toothed along margins, with distinet 
peppermint smell when broken or crushed. Flowers tiny, light purple, crowded 
together in dense, many-flowered, interrupted spikes at tips, June October. 
Fruits with 4 tiny nutlers enclosed by persistent calyx. Harvest and prepara- 
tion: Pick leaves at any stage. Great variation in flavor among populations from 
different areas. Collect leaves on dry day and dry on paper in warm area. Store in 
tight container. Jelly: Add 2 cups boiling water to 2 cups crushed fresh leaves in 
saucepan. Place inverted leon saucepan, with small amount of ice and water in 
lid co condense water vapor and flavorful oils. Bring mint mix to simmer, remove 
from heat, steep 10 min, Strain; add 4 cups sugar and “4 cup cider vinegar t 2 
cups mint flavored water. Add green food coloring, if desired. Stir until sugar is 
dissolved. Dissolve 1 pkg powlered pectin in 34 cup water, heat and boil hard 1 
min, Add pectin solution to mint syrup, stir, pour into sterilized glasses, and seal 
For other uses, see sprannar (next), Related edible species: sreatsunr, several 
hybrids of native and introduced species. Poisonous look-alikes: none. 
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Spearmint Mentha spicata 
Habitat: grows in wild, especially in wer areas along roads, ditches, streams. 
ion: perennial, spreading by creeping rootstock; stems erect to | m 
G.2 fe), 4-sided, smooth or nearly so. Leaves opposite, each pair alternating 
along stem, leafstalks absent or nearly so, blade 2.5~7,5 em (1-3 in) long, 0.8— 
2.4 em (0.31 in) wide, broadest at or below middle, toothed slong margin, with 
strong smell of spearmint when crushed or broken. Flowers tiny, light purple t© 
‘near white, produced in dense, elongare, many-flowered clusters 4—12 em (1.6— 
4.7 in) long, at growing tips. Fruits tiny nutlets enclosed in persistent calyx, Har- 
vest and preparation: Pick leaves at any stage. Great variation in flavor among 
Bits fom ferent areas, Collec lentes on dy day sad dy on paper in warm 
area. Store in tight container. For tea pour 1 cup boiling water over V4 tsp ceum. 
bled, dried leaves or 4~V9 cup fresh leaves. Cover; steep 5 min. Do nor boil 
S55 Strain, add sweetener and lemon to taste. High in vitamin C. Chop fresh leaves in 
® seen salud. Crush fresh leaves in iced tea. For candy wash and pat dry 2 doz fresh 
oe leaves, Beat 1 ege white until stif. Dip leaves, one ata time in egg white, then in 


confectioner’s sugar. Dry in oven at low hear, about 100°C (210°F), for 30 min or 
p. Real mint-leaf candy! For jelly recipe see rerveanunr (preceding). Re- 
lated edible species: rarer, several other Mentha species, and many hy 
brids between native and cultivated species. Poisonous look-alik 


American brooklime Veronicas americana 
Als edible spring 


Habitat: common, along stream banks, swamps, clear ponds, springs, often with 
watercress, Identification: Perennial berb, usually creeping or sprawling; 
stems smooth, fleshy. Leaves opposite, lanceshaped to broadest near base, 3-8 
‘em (1.23.2 in) long, 1-4 em (0.4-1.6 in) wide, pointed at tip, toothed along 
margin, stalked. Flowers stalked, produced along terminal, elongated spikes; 
each flower with 4 pale violet to lilac petals, 4-8 mm (0.2-0.3 in) across 
Fruits are small, nearly round capsules, 3-5 mm (0.10.2 in) across, almost as 
Jong, Harvest: young growth tips from unpolluted water during late spring and 
summer. If water quality is questionable, wash tips in clean water to which iodide 
purifying tablets sold in camping stores have been added, Rinse with potable 
water, Preparation: Use like warmcesss in salads or as potherb with bland 
greens to offser bitterness of brooklime, Related edible species: several other 
species of speedwells (Veronica spp.) some widely distributed. Poisonous look- 
alikes: none. 
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Marsh mallow (Abo alible autasnn, winter) Althea officinalis 


Habitat: edges of brackish and sale marshes: introduced from Europe and now 
grows wild, Identification: perennial herb from 0.6- 1.2 m 2-4 fo all, from 
thick, large taproot; stems upright, often branched, stout, hairy. Leaves alternate, 
simple, brouklest near base, 6-12 em (2.44.7 in) long, about 24 as wide, often 
shallowly 3-lobed, short-pointed st tip, rounded at base, érregularly and coarse- 
1y toothed along margin, densely hairy. Flowers several im cluster at base of 
upper leaves in summer; each with 5 pink, spreading petals 23 em (0.8-1.2 
in) long. Fruit is dry, flattened disc, divided into 15-20 segments, Harvest: 
leaves in early summer, flower buds in summer, and roots from late summer 
through winter. Preparation: whole plant contains mucilagelike material; roots 
are best source. Use young leaves in early summer as okra-like soup thickener or 
4s potherb, Pickle flower buds. Boil thin sliced, peeled roots for 20 min in 
‘enough water to cover chem, Strain off roots; for candy sweeten the liquid and 
boil until very thick. Beat and drop spoonfuls on waxed paper ro cool. Roll pieces 
in confectioner's sugar. For veyetable, fry boiled root slices with butter and 
chopped onion aril browned. Use water from boiling any parts of plane as sub- 
stitute for egg white in meringue or chiffon pies. Also used for hand lotion and 
cough syrup. Use leaves for poulties for infected wounds. Relaed edible spe- 
cies: other Mallow family species, especially those of genus Male, Eat Male 


fruits raw or substitute roots for meringue. Poisonous look-alikes: none. 
Watercress Nasturtium officinale 
Als ible autumn, winter, spring (synonym: Reripne nastertiam-aguaticam) 


Habitat: slow moving clear water, especially springs, cool streams; introduced 
from Eurasia, Identification: perennial berb, growing in shallow water or 
‘mui; stems weak, partially floating in water oF lying flac in mud with white roots 
‘growing from floating stems. Leaves alternate, 4~16 cm (1.6~6.3 in) long, 2-5 
ccm (0.8-2 in) wide, dissected into 3~L1 lobed and usually rounded dark green 
leaflets; upper leaves nearly rounsed. Flowers numerous in narrow, elongate 
lusters, each flower stalked, with 4 white petals, 35 mm (0.2 in) long. Fruits 
narrow, slender, capsulelike, 12.5 em (0.41 in) long, beaked, containing sev- 
eral tiny resilish-brown seeds. Harvest: Collect young growth nearly all year 
from unpollured water sources. Removal does not hurt plant. If water quality is 
‘questionable and plant is to be eaten raw, disinfect shoots by washing in wate 
with iodide purifying tablets sold in camping, stores. Rinse in potable water. 
Preparation: As potherb, cook and serve jus ike spinach or add to more bland 
potherb greens, or stir-fry 45 min in skillet with 2 thsp cooking oil and 1 tbsp 
fresh grated ginger root. Serve with soy sauce. Watercress is an excellent soup 
ingredient. Use radish-tasting stems and blossoms as garnish or as main salad 
ingredient. For nasturtium salad: Make slightly sweetened oil and vinegar dress- 
ing. Mix 1 cup young watercress leaves, 1 cup watercress buds and blossoms, 2 
cups mixed mild greens, and I chopped scallion in large bowl. Add dressing, coss 
aun] serve. Vary ratio of watercress to other greens to wet desired tate. High in vita- 
mins and minerals, Related edible species: none. Poisonous look-alikes: none: 


Marsh mallow: flowering stalk (Speas), 


Watercress: flowering plant (Mohlenb 


Ground cherry: flowering plant (NYBG). Flower and fruits (P 


Ground nut: flowering plant (NYBG). Underground tuber (Kavase 


Ground cherry Physalis pubescens 


Habitat: moist sites, open woodlands, recently cultivated fields, disturbed sites. 
Identification: annnal berb co 60 cm (24 in) high; stems weak, wide branching, 
often trailing, hairy. Leaves alternate, simple, broadest near base, 3.5-8 cm 
(LA~3.2 in) long, 1.7~6 em (0.72.4 in) wide, pointed at tip, variably rounded at 
base, nearly entie, shin, pale green, hairy, loog stakes. Flowers stalked, in 
junction of upper leaf stems, 5~10 em (2—4 in) across, yellow with dark center. 
Fruit a sweet yellow berry \.2~18 cm (0.5~0.7 in) in diameter, enclosed by 5- 
sided inflated persistent calyx resembling paper lantern 2-3 em (0.81.2 in) 
long, angled, with conspicuous veins, Harvest: Fruits fall before fully ripe 
pick mid co late summer and ripen in husks a few weeks until fruits are yellow 
and sweet. Unripe fruit and green plane parts are strong flavored and somewhat 
poisonous, Preparation: excellent trail soack and dessert. For pie recipe, see 
book's Introduction. To preserve fruits boil until clear and tender in syrup of 1 
cup sugar, 2 cups water, 3 thsp lemon juice. Seal in sterilized jars. For jam boil 
for 5 min 1 qt crushed fruits, V4 cup lemon juice, ¥3 cup water, and 1 pkg pectin. 
‘Ada 3 cups sugar, boil again to reach jelly point, 115°C (240°F). Seal in sterilized 
jars. Use cherries in relishes. Related edible species: Several Physalis species 
are distributed throughout North America. Ripe fruits yellow, red, purple, or 
blue-black according to species: all are identifiable by lanteralike husk. Use only 
Fipe fruit! Poisonous look-alikes: Learn to distinguish species of Phyualis from 
poisonous nightshades (Solanum) (see JWSON weed and WORSE NET). 


Groundnut (Ali adie autumn, winter, spring) Aptos americana 
Habitat: moist woodlands, bottomlands, thickets, Identification: pereuniad 
rine from | of more fleshy tubers arranged in a row, the tubers 1-2 cm (0.4-0.8 
in) thick; stems smooth, twining around nearby plants; very white and easy £0 
spot when mature, milky juice. Leaves alternate, featherlike compound (pin- 
nate), 10-20 em (4-8 in) long, composed of 3-9 leaflets, ravely less, leaflets 
usually 3-6 cm (1.224 in) long, lance-shaped, pointed at tip, rounded at base, 
smooth to hairy. Flowers July-September, densely clustered on short stalk 5-15 
em (2-6 in) long, each flower with 5 brownish-purple petals, resembling pea 
Alower; fragrance resembles that of the Fruits are dry, linear pods 5—12 
7 in) long, 4~7 mm (0.2-0.3 in) broad, containing 2 to several seeds, 
splitting open lengthwise into 2 spirally twisting valves. Harvest: Pick pods in 
midsummer to aurumn as seeds mature; pods seldom abundant though. Dig tu 
bers, starting at base of stem, working along root ro abstain whole string. Good all 
year. Preparation: Roast pods at 190°C (375°F) for 20-25 min. Cool; remove 
seeds and brown in oil over low heat, Boil tubers in heavily salted water until 
tender. Season. Slice and fry leftovers, or grease and roast co regain tendemess, 
flavor. Also thinly slice raw tubers and fry like poraroes in butter or pork; season. 
Or bake at 175°C (350°F) 45-60 min uncil ceader. Flavor turnip-like, Related 
edible species: groundnut (A. priceana) with I large tuber. Poisonous look- 
alikes: species of vetchlings (Latbyras), rattlebox (Crotalaria), milk verches (Ar. 
‘tragalus), and point locoweeds (Oxytrupit) 
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Common breadroot Psoralea esculenta 


Habitat: prairies, plains, dry rocky woodlands. Identification: perennial herb 
to 38cm (15 in) tall, developing from 1 or more swollen, elongated taproots 4~ 
10 em(1.6-4 in) long; stems shore, stout, frequently branched, hairy. Leaves 
alternate, bandlike (palmate) compound, long-stalked, composed of 5 leaflets, 
each 3-6 cm (1.2—2.4 in) long, uniformly wide to widest above middle, covered 
with long hairs. Flowers produced in dense elongate clusters 3-8 cm (1.2~3.2 
in) long, cach flower with leaflike bract, Dowers blae, composed of 5 petals 
shaped like clover flower. Fruits are small pods 5-8 mm (0.2-0.3 in) long, 
broalest near base, long beaked, splitting open lengthwise along 2 valves. Har 
vest: Dig taproot from its hard prairie soil in early summer as stems and leaves 
bewin to turn brown. Later above-ground parts dry and blow away making roots 
nearly impossible to locate. Preparation: important wild food staple. Peel and 
feat root raw, roast in campfire or boil until tender. Season like potatoes. For 
storage, peel and dry slowly. Grind dried root into flour or meal and use for 
baking, Indians cooked meal with meat and corn, Reconscirute with water to use 
as vegetable, Related edible species: P. bypoxala, also of the plains region, pro- 
duces a smaller but similar taproot. Poisonous look-alikes: Scurf pea (P. terwifi- 
Gia) and other Proralea species have been toxic to horses and cattle, and so should 
not be eaten, 


Wintergreen, Checkerberry Ganltheria procumbens 
Alo edible antanen, winter, spring 


Habicat: woodlands, clearings, usually in poor acid soils. Identification: small 
herb with slender stems creeping along soil surface and erect leafy stems to 18 
cm (7 in). Leaves crowded near top, each widest near or above middle, 2~5 em 
(08-2 in) long, entire or with tiny rounded teeth along margin, leatbery tex- 
ture, shiny, with wintergreen smell when crushed. Flowers uswally solitary on 
short drooping stalk, white, uso-shaped to cylinder-shaped, 5-partedl at tip, 6— 
10 mm (0.2—0.4 in) long. Fruits bright red berries 6-10 mm (0.2-0c4 in) in 
diameter, globe-shaped to elongate. Harvest: leaves any time of year; berries 
from fall through winter. Preparation: Use leaves as trail nibble or brew into 
tea Cover 1 qt young leaves with boiling water, cover container loosely and 
steep 1-2 days. Reheat gently, sweeten, and enjoy. Wintergreen oil concentra- 
tion in tea increases with prolonged steeping, Berries ripen in fall buc improve 
with freezing so look for them in winter and spring and use as trail nibble; add to 
pancakes and muffins, or, if plentiful, make uncooked jam, Combine in blender 2 
cups fresh berries, 1 az lemon juice, 1 cup strong wintergreen tea. Blend until 
smooth, pour into mixing bowl, add 4 cups sugar. In saucepan bring to hard boil 
1 pkg pectin and 34 cup water. Boil 1 min and stir into berry mix. Mix thor- 
oughly, ladle into sterile jars, and seal. Store in refrigerator or freezer. Leaves 
and fruits contain aspirin ike methyl salicylate and effectively reduce fevers and 
minor aches and pains. Related edible species: carerinc syowerny (next). Poi- 
sonous look-alikes: none. 
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Fig. 2 


3.47 times more force is delivered to the legs of the core than is provided by the electrical input to the contol coils, 


It should be noted that while the efficiency is doubled, 
the absolute output may not be significantly improved. 
This is because the major weakness of this effect and 
technology is flux saturation of the core, with values 
depending upon the specific properties of the B-H curve 
of the core material employed, limiting the absolute 
output of both layouts the same. 


‘The previous statements are not required to be taken 
on trust, and simple experiments have been proposed 
by Joe Flynn, such that anyone can validate this effect 
for themselves. Figure 3 is a simple experiment taken 
from the Flynn website (http:/ /wwveflynnresearch.net), 
that can be used to validate the principals put forth in 
this article 


Simple Magnetic Force Multiplication Experiments 


O air gap 
NS NS 
a: = 
NS Ns NS 
4mm air 
gap 
421 grams 1721 grams 3845 grams 1091 grams 
One magnet ‘Two magnet Parallel Path Conventional 


Fig. 3 


Parallel Path can deliver 3.47 times more force to the legs of cores than any competing conventional technology 


‘An even simpler non electrical flux experiment was 
proposed by GM in the Parallel Path Egroup. My 
apparatus is illustiated below in Figure 4. It is no more 
than magnets and steel staple strips, bought from a local 
hanlware store for a total of under $10. The Parallel 
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Path effect can be replicated with identical apparatus, at 
only a slight increase in cost and complexity, with the 
addition of a simple 12V polarity reversible power 
supply, such as those commonly sold to power computer 
speakers, among other applications 
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Creeping snowberry Gaultheria bispidula 
Also edible autumn, winter, spring 

Habitat: northern coniferous forests, mountains in subalpine and alpine zone. 
Identification: small creeping herb with very leafy stems; leaves alternate, sim- 
ple, evergreen, broadest near base, to almost round, 0.5—1 cm (0.2-04 in) 
fong, entire, bright green and smooth above, paler with long stiff hairs beneath, 
Flowers May-June, solitary in junction of leaves, each tiny, white, bell-shaped 
3 mm (0.1 in) long, on short drooping stalk. Fruits are fleshy bright white 
berries 6-10 mm (0.204 in) long, slightly longer than wide, with spicy ato- 
matic smell when crushed, bristly. Ripen by August. Harvest and preparatior 
leaves same as wisretcaeeN (preceding). Also prepare as cooked green vegetable, 
Fruits ripen mid through late summer. Excellent fresh and in baked goods, jam 
(see wisTenoKeey), and preserves. For no-cook preserves wash and smash or 
grind fruit thoroughly, Add equal amount of sugar slowly with constant stirring. 
Pack in sterile jars and seal. Related edible species: wivtixKckeEN, cRE&riNG WIN. 
TEAGUEEN, satAt, and G. onwtifolia, also called salal, of northwest U. S. Poisonous 
look-alikes: none. 


Mountain sorrel Oxyria digyma 


Habitat: high mountains, subalpine and alpine fields, usually in rocky places 
2,450~3,950 m (8,000 13,000 fe). Identification: perennial herb to 40 cm (16 
in) high; stems upright, simple or sparingly branched, smooth, Leaves alternate, 
sometimes kidney shaped, simple, mostly basal, blades usually rounded, 1.6— 
3.2 cm (0.6-1.3 in) across, entire, smooth, long-stalked, stalk 6=12 cm (2.4=4.7 
in) long, Flowers small, arranged in densely flowered, elongate, compact clus- 
ters; each flower stalked, bisexual, with 4 red to greenish sepals that persist in 
fruiting, Fruits flatcened, broadly winged, rounded, dark red, small, dry, bard, 
1-seeded, not splitting open at maturity. Harvest: leaves while still render, before 
plant flowers. Preparation: Use fresh leaves as tail nibble or in salad. Combina- 
Hon of sour mountain sorrel and pungent species such as waTrRcness works well 
with other, more neutral greens. Use a plain oil dressing. Add leaves to other 
greens for added flavor when cooked. In arctic regions, natives ferment moun- 
tain sorrel as sauerkraut. For puree, mash greens with food mill or blender and. 
add to small amount of boiling water. Boil 5-10 min. Add 3 cups puree to Lat 
hor milk (or I cup milk and 4 cups chicken stock). Salt and pepper to taste, Bring 
to boil and simmer 5~10 min with stirring. Slowly add 3 beaten ege yolks, Add 
flour paste for desired thickness. Blend in 4 thsp melted butter. For other uses 
see SHEEP soumet. Related edible species: none, but sie sonnet and soun Doce 
are used similarly, Poisonous look-alikes: Some species of dock (RuMEX) accu 
mulate sour-tasting oxalates 
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American bistort, Western bistort Polygonum bintortodes 
Also adible autumn, spring 
Habitat: along streams, wet meadows, subalpine meadows. Identification: pe- 


rennial berb to 70 cm 28 in) high, from thick, fleshy, horizontal rootstock; 
stems erect, slender, smooth. Leaves alternate, entire, mastly basal, 10~25 cm 
(4=10 in) long, 2-5 em (0.8~2 in) wide, lower leaves uniformly wide to broadest 
near tip, upper ones lance-shaped and smaller, stalked, each sheathing stem at 
base. Flowering spikes eylinder-shaped at end of stem, 2~6 em (0.8~2.4 in) 
Zong, to 1.5 cm (0.6 in) thick, pink to white, individual flowers tiny, lacking 
petals. Fruits are small, shiny brown nutlets 3~4 mm (0.1=0.2 in) long. Harvest 
and preparation: Use roorstocks and young leaves as for AUIS pistoxr (next) 
Rootstock larger in American bistort, but edible bulblets are absent from flower 
stalks. Both species provide valuable survival fa 

other wild foods may be unavailable, Related edible species and poisonous 
look-alikes: See atrne sisroxr. 


Alpine histore, Alpine smartweed Polygonum viviparam 
Aloe edible atu, spring 

Habitat: arctic regions, alpine and subalpine slopes, gravelly and rocky soils. 
Identification: perennial herb tw 45 cm (18 in) high, from short, thickened, 
usually twisted, underground stem; stem upright, sheathed at base of leaves. 
Lower leaves alternate, simple, 310 em (1.24 in) long, to 2.5 em (1 in) wide, 
narrowly lance-sbaped, pointed at tip, tapering. at base, long stalked, upper 
leaves much smaller, Flowering spike 3-8 cm (1.2~3.2 in) long, upper flowers 
pink or white, tiny, lacking petals, lower flawers producing tiny reddish or pur- 
ple bulbils. Fruits are small, reddish-brown, 3-angled nutlets 2—4 mm (0.10.2 
in) long. Harvest and preparation: Scrip tiny bulbils from lower part of flower 
stalks and eat raw. Dig rootstocks (easiest to find during growing season) andl eat 
raw, boil, or roast. Young roots tender but older ones may require cooking. Boil 
40 min or bake at 165°C (330°F) for 40 min. Season like potatoes. Though ap- 
pearance of unpeeled roots may not be inviting, lavor is good. Use young leaves 
in salad with other greens or prepare as cooked greens. Boil until render and 
season with butter, salt and pepper. Related edible species: assicas aistoxt 
(preceding) and Laby’s tHe used as cooked or salad green. Also JAPANESE KNOT. 
wero, giant knotweed (P. sachalinense), Alaskan knocweed (P. alaskanum), and 
others. Poisonous look-alikes: No species of Polygonum are known to be poi- 
sonous. But some may cause light sensitive skin reaction. They vary in usefulness 
as cooked or salad greens, some being very peppery or acid; some, like tartary 
buckwheat (P. rataricwm), produce edible seeds. 
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Purslane, Pusley Portulaca oleracea 


Habitat: fields, vacant lots, waste sites; common garden weed. Identification: 
annual Aerb, lying flat on ground or nearly so and forming mats to 1 sq ft, 
stems smonth, fleshy, shiny, often reddish purple. Leaves alternate and oppo- 
site, 2-5 em (V.8-2 in) long, 1-2 cm (0.40.8 in) wide, fleshy, broadest near 
the rounded tip, emire along margin. Flowers single, or few clustered at tips of 
branches, flower 0.5~1 cm (0.20.4 in) wide, with 5 yellow petals. Fruits are 
capsules, 48 mm (0.20.3 in) long, broadest near base and rounded a tip, top 
bortion falling away at maturity to expose dark red to black seeds. Harvest: 
Pinch or cut young leafy tips June—September. Pick larger stems in midsummer 
for pickles. To gather seeds, spread whole mature plants on sheet to dry for 2 
weeks, then sieve and winnow. Preparation: One of best wild shoots cooked oF 
in salad. Common and nutritious; acid taste; high in iron. For tossed salad com- 
bine raw shoots with other ingredients. Use oil and vinegar dressing. Cook young 
plants as potherb 10 min and season with butter and salt. For casserole chop 
cooked shoots, stir in 1 beaten egg and enough bread crumbs to make damp mix. 
‘Add salt and pepper, bake in moderate oven. Pickle stems same as cucumbers. 
Blanch and freeze tips for later use. To dry, boil thick stems in a litle water for 
20 min, Drain, dry in warm shady area, store in paper bag for later use in soups or 
stews as thickener. Dry seed I week in shade, store in paper bag. Grind and use 
half and half with flour, Related edible species: ac least 2 (P. neglecta and P. 
retusa) which are very similar, Poisonous look-alikes: none. 


Sunflower (Alioalifle autumn) Helianthus annuus 


prairies, plains, roadsides, disturbed sites. Identification: perennial 
5 m (3.2-8.2 ft) high, from large taproot; tem upright, unbranched to 
branched, with stiff hairs, Leaves mostly alternate, simple, 6.530 em (2.6-12 
in) Zong, nearly as wide at base, broudly to narrowly triangular, tapering (0 
short- oF long-pointed tip, toothed near tip, heart-shaped at base, with stiff hairs 
‘on both surfaces. Flowers produced in heads to 15 em (6 in) across, single 
stalked, base of head cup-shaped, ray flowers with yellow petals 2.55 cm (1-2 
in) omg, central disc lowers lacking showy petals, brown. Fruit flattened, dry, I- 
seeded, 46 mm (0.2 in) long. Harvest: Gather seed heads in late summer 10 
carly autumn before seeds are dry enough to be released. Hang in warm, dry 
place, Preparation: Indians parched then ground unshelled seeds inco fine meal 
Meal was added to water and drunk oF mixed with marrow w form dough and 
‘eaten. To separate nutmeats from shells, break hulls with chopper, very coarse 
grinder, or food mill. Pour broken seeds into water, stir vigorously, let settle 
‘Nutmeats will sink and shells will rise to top. Skim shells for making coffee. For 
tuse in nur recipes, drain, dry, and roast nutmears. Grind nutmeats into meal and 
use for part of flour in muffin and bread recipes. For nut butter grind raw nut- 
meats into. paste; add honey of maple syrup if necessary 10 improve flavor. To 
produce oil, thoroughly crush oF grind raw sceds. Boil in water. Skim oil off 
broth, Related edible species: All of the nearly 60 species in North and South 
‘America are edible. Poisonous look-alikes: none 


Purslane: flowering plant (NYBG' 


Sunflower: flowering stalks (Elias). Cultivated 
with larger flowering bead (Feldman), 


Quickweed: flowering plant and flowers (NYBG), 


s (Elias) 
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Quickweed, Galinsoga Galinsoga parviffors 
Habi 


disturbed sites, roadsides, yards; aso ganlen weed. Identification 
annual herb to 70cm (28 in) high, often bushy, stems usually spreading, smooth 
co slightly hairy, Leaves opposite, simple, usually lance-shaped, 2.58 em (13.1 
in) long, 1.2-4 cm (0.5~L6 in) wide, pointed at tip, small blune teeth along 
margin, tapering t0 rounded at base, with 3 principal veins, papery, usually 
stalked. Flowers tiny, produced in beads, 45 outer scale-like bracts invalu- 
cre) 2-3 mm (0.1 in) bigh, green; outer (ray) flowers white, inner (disc) 
Hlowers yellow. Feuits small hard nutlets 1=1.5 mm (0.1 ia) long, nearly black, 
hairy. Harvest: young plants during middle of growing season. Preparatios 
Discard roots. Boil tops about 15~25 min and serve with sale, pepper, and but- 
ter. Add more flavorful xreens and vinegar to compensate for quickweed bland- 
ness. Related edible species: G. ciliata (also called quickweed) plus a few other 
Galinsopa species, all introduced from southwest U.S., Mexico, and points south. 
Poisonous look-alikes: none. 


Bearberry, Kinnikinick Arctostaphylos uva-ursi 


Habitat: circumboreal, subarctic; sandy or rocky soils, higher elevations in 
southern part of range. Identification: low spreading shrub, forming mats 
with tough exible owigs. New twigs bairy and sticky; mature ones dark red- 
dlish-brown or gray, papery and peeling. Leaves alternate, simple, evergreen, I 
3.em (0.4-1,2 in) long, broadest near rounded tip, entire, shiny above, leathery. 
Flowers tiny, 5—12 per elongated cluster, each white to pale pink, urn-shaped, 
4-6 mm (0.2 in) long. Fraits bright ar dull red berries 4—10 mm (0.20.4 in) 
in diameter, mealy, not tasty. Harvest and preparation: leaves called hinné 
inick, an Indian tobacco substiture also used by frontiersmen. For smoking, 
leaves are mildest in summer, dry in sun or near fire, crumble, and light up. 
Dried leaves make medicinal tea, good for indigestion. Fruits ripen late in grow- 
ing season. Raw, they are bland and dry, but cooked they become palatable with 
cream and sugar. Not great snack but useful survival food. Related edible spe- 
cies: alpine bearberry (A. alpina) and several manzanitas plus many species in 
other genera in heath family. Poisonous look-alikes: none. 
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Salal, Western wintergreen (Ali edie aatumn) Gaultheria shallon 
Habitat: woods, clearings, brushy areas below 800 m (2,630 ft), from West 
Coast to west slope of Cascades. Identification: upright, many branched shrub 
0.3~2.5 m (18.2 fe) tall, frequently forming dense thickets. Leaves evergreen, 
alternate, simple, uniformly wide co broadest near middle, 3-10 em (1.24 in) 
long, finely toothed, dark, shiny above, paler heneath, Flowering clusters narrow, 
elongate, composed of 3-15 stalked flowers, each urn-shaped, white or pink, 8 
10 mm (0,3-04 in) long; prominent leaflike bract and 2 bractlets at base of 
flower stem. Fruits dark-purple berries, 7-8 mm (0.3 in) in diameter, nearly 
round, thick skinned, star-shaped depression on end, with several seeds. Har- 
vest: Fruits ripen in summer and persist several weeks. Preparation: edible 
fresh bur sometimes quite spicy and nor juicy; better cooked. Also dry in sun or 
warm attic. Good in jam, jelly, pies, baked goods. See basic jelly and jam recipes, 
in book’s Introduction, For beverage crush and boil berries, extract juice, and 
add equal amount of water. Sweeten, if necessary. Related edible species: wiv. 
‘TERGREEN, CREFPING WINTERGREEN (ntex®), CREEPING sNOwHERRY, and G. oratifolid, also 
called 


Creeping wintergreen (Ali edible antamn, winter) Gaultheria bumifusa 


Habitat; subalpine and alpine zones and moist slopes of western and Pacific 
Northwest mountains, Identification: low shrub wich shore spreading branches 
along ground, Leaves alternate, simple, evergreen, broad, broadest near base or 
middle, 1-2 om (04-08 in) long, almost as wide, entire or with tiny teeth 


y along margin, leathery. Flowers solitary in junction of leaves, each wi 
& 


shaped, 54 mm (0.1-0.2 in) long. Fruits are dry berries 4-8 mm (0.2-0.3 in) 
in diameter, rounded, red at maturity. Harvest and preparation: same as 
wivrencneny. Dryness makes fruit less palatable than other Guultheria species. 
Related edible species: See sata. (preceding). Poisonous look-alikes: none. 


Labrador tea (Ali elie zatumn, winter, spring) Ledum grveutandicum 
Habieae: bogs, fens, heaths, northern woods, exposed bus. Identification: 
low shrub up to 1 m (3.2 ft) high, with erect, reddish-brown branches, densely 
hairy when young, Leacer alternate, simple, evergreen, fragrant, crowed near 
tip of ewigs, 1.5~3 em (0.6-2 in) long, 4-12 mm (0.2—0.5 in) wik 

wide to slightly wider at mide, rounded at tip, margin entire and rolled un- 
der, leathery, dull dack gecen above, densely hairy beneath, white at first, 
turning rusty. Flowers produced in late spring oF summer in rounded clusters, 
each with 5 cream-white petals, stalked. Fruits are dry capsules 4-6 mm (0.2 in) 
Tong, slender, long-stalked, splitting open from base. Harvest: any time but least 
rood in midwincer. Pick leaves when dense pile beneath is rust colored. Dry in 
sui, over low fire, oF in oven. Preparation: Sweep 1 tbsp dried leaves in 1 cup 
boiling hor water for 10 min, Do not boil water wich leaves in it, which may 
release « harmful alkaloid, Serve hot or cold. Related edible species: northern 
@ Labrador tea (L. palustre). Poisonous look-alikes: mountain Labrador tea (L. 
FF slandulosum) is described by some sources as poisonous. 


uniformly 
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Mountain cranberry: flowers (NYBG). Fruiting plane (Elias). 


Cranberry: flowering plants (NYBG). Fruit (Elias). 


Simple Magnetic Force Experiments 


Relatively small changes in layout produce large 
changes in force 


Conservation of Energy / Field Potential 


One of the aspects of the Flynn technology people find 
most difficult to understand, is how you can have a 
device that delivers 3.47 times more magnetic force than 
is electrically inputted, yet not violate accepted principals 
of text book physics, as stated in the introduction, The 
key point here is conservation of energy. Magnetic fields 
do not gain energy — they are conservative 
ver obtain less energy from a magnetic field minus 


You can 


losses, than is in fact present. I feel this apparent puzzle 
can not be better explained, than by reference to Joe 
Flynn’ own words 


“Since the Parallel Path System produced 3.47 times 
mor force than the conventional system, with the same 
electrical input, it appears to violate conservation, this 
is only true when observed froma traditional view point. 
‘The system contains three flux producing sources (2 
magnets and an electromagnet) which together are 
capable of producing a far greater force than is actually 
produced. Al of the flux sources together can produce 
a force of 13.11 units, ther 
loss of 1 - (9.01 / 13.11) = 31% is reali 


fore in the physical sense a 
a” 


So the 
magnetic force compared to net electrical input, y 
conforms to the accepted physical principals of energy 
conversation, by being only 69 % efficient, in terms of 


fem is 350 % efficient, in terms of del 


the fields present in the system. However surprising this 
result may appear, the analysis presented is in outline 
correct, with the difference between fields present in 
the system, and net electrical input, being the important 
concept presented. 
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Losses in the System and Optimisation 


Flux density (8) 


field intensity (H) 
Fig. 5 


In order to properly optimise Flux comes, an appreciation 
of the physics that undedies the transfer of flux within 
a core is required. The normal magnetization curve, oF 
B-H curve, is a mathematical relationship between 
applied field intensity H, and resultant flux density 
manifested in the core B. It varies according to core 
material, and the curve will shift, if there is a starting 


‘magnetism within the core, such as that provided by the 
field of a permanent magnet. If the start magnetism is 
excessive, the core is saturated, and will not properly 
respond to the applied force H. A simple B-H curves is 
illustrated in Fig, 5. 


Hysteresis is a delay between applied magnetic force H, 
and resultant flux density B, that again varies according 
to material type. It also manifests as a delay between the 
termination of force H, and the manifestation of flux 
density B. So, the system will not turn on instantly, and 
will not turn off instantly, in simple terms. ‘This is 
because the magnetic memory of the com, means a flux 
vector remains within it, even when the application of 
magnetic force H has been terminated. If we apply a 
reversed force H to the core, the basic B-H curve is, 


now expanded as in Fig. 6, with the memory effect also 
illustrated, 


Flux density (8) 


= switching losses 


Fleld intensity (H) 


Fig. 6 


28 


SUMMER 163 


‘The BLUEBERRY and CRANBERRY GENUS Vaccinium 


Blueberries, cranberries, huckleberries, and bilberries are all closely related 
‘groups of species of the Vaccinium genus. There are perhaps 35 species in North 
‘America, but hybridization is common. Fruits of most species are edible and 
range in taste from tare to sweet. The domesticated blueberries are selections of 
the highbush blueberry (V. corymasum). Wild blueberries sold commercially are 
commonly obtained from lace sweet blueberry (V. angustifolinm) or velvet- 
leaved blueberry (V. myrtilloides), The supermarket cranberry (V. macrocarpon) is 
the same as the wild, Berries are rich in vitamin C. 


Mountain cranberry, Lingenberry, Foxberry Vaccinium vitiidaca 
‘Also edile auton, winter 

Habitat: widespread subarctic and alpine plant, bogs, cold seepage areas, rocky 
small, creeping plant, to 15 cm (6 in) with slender 
stems; leaves alternate, simple, evergreen, broadest above middle, 0.6~1.8 em 
(0.2-0.7 in) long, 4-10 mm (0.204 in) wide, entire, leathery, with scattered 
black glandular hairs beneath, midrib furrowed. Flowers tiny, pink to reddish, 6~ 
8 mm (0.2-0.3 in) long, narrowly bell-shaped. Fruits red berries, raunded, 6— 
10 mm (0.2-0.4 in) in diameter, often persisting over winter, slightly acid tast- 
ing. Harvest and preparation: Fruits ripen August and September; many persist 
on plane through winter, Tare to bitter at first; flavor improves after frost. Good 
trail snack, better used in any cooked cranberry recipes, Related edible species: 
crawnenry (next). Poisonous look-alikes: none. 


Cranberry (Al adible antumn, winter) Vaccinium macrocarpon 
Habitat: widespread northern plant; bogs, swamps, shores of cold acid lakes. 
Identification: low, trailing shrub with slender brown, flaky-barked stem: 
Jeaves alternate, simple, evergreen, uniformly wide to broadest near middle, 5— 
16 mm (0.2-0.6 in) long, rounded ac tip, leathery, whitish beneath. Flowers 
single or in few-flowered clusters on long stalks in junction of upper leaves, each 
stalk with 2 leaflike bracts, each flower pink, urn-shaped, 4 petals bent back, 6— 
10 mm (0.20.4 in) long, Fruits ae berries 1-2 cm (0.4-0.8 in) in diameter, 
plobe-shaped, green turning bright red at maturity, each on long slender stalk 
Harvest: Fruits ripen September through October and persist into winter in 
protected areas. Fruits may be harvested with toothed scoop. Preparation: Fresh 
acidic fruits keep well in cool storage. Freeze or dry for long storage. To dry 
berries, spread on tray or foil in oven for 4 hr at 110°C (230°F). Experiment with 
substituting dried, powdered berries for part of flour in baking recipes. Most 
common use of fresh and frozen berries is in sauce served with roast turkey. 
Bring to boil 2 Ib fresh cranberries, 2 cups sugar, | cup water (or berries plus 1 
‘cup maple sugar and 1 cup cider). Reduce heat and simmer until all berries pop, 
and mix looks glassy. For storage, ladle inco sterile jars and seal. Check recipe 
books, Related edible species: Mountain ckaNserey (preceding); small cranber- 
ry (V, asyenccos) is similar but smaller. ricinust cRaNnexny is not related but has 
almost identical fruits, Poisonous look-alikes: none. 
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Bog bilberry Vaccinium uliginesum 


Habitat: widespread boreal and arctic plant; bogs, rocky outcrops, high moun- 
tain slopes. Identification: low shrub to 0.6 m (2 fc) high; branches scout, usu- 
ally spreading; leares alternate, simple, deciduous, broadest near tip or middle 
to uniformly wide, 0.5-2 em (0.2-0.8 in) long, rounded at tip, entire, firm to 
leathery texture, dull green, Flowers solitary or im clusters of 2-4 om shart 
stalks in junctions of leaves; each pink to whitish, urn-shaped. Fruits fleshy 
berries 5-8 mm (0.2-0.3 in) in diameter, dark blue to black, sweet, with many 
tiny seeds, Harvest and preparation: same as ave swerr atveneay. Related 
edible species: See are swexr niuenrRry, Poisonous look-alikes: none. 


Highbush blueberry, Swamp blueberry Vaccinium corymbosum 


Habitat: widespread in eastern North America; bogs, low wet woodlands, 
swamps, occasionally drier soils. Identification: shrubs, variable in shape, I~ 
4.5 m (3.2-14.8 ft) bigh; leaves alternate, simple, deciduous, broadest near base 
or middle, sometimes narrowly so, 3-8 em (1.23.2 in) long, 2-3 em (0.8-1.2 
in) wide, usually entire, greenish-yellow. Flowers densely clustered, each tubu- 
lar to urn-shaped, white to pink, 5—10 mm (0.2-0.4 in) long, Fruits fleshy 
berries, rounded, 6-12 mm (0.2-0.5 in) in diameter, dark blue to bluish- 
black, sweet, containing many tiny seeds. Harvest: Gather ripe fruits in lace 
summer. They can be eaten as trail snack or stored for later use. Fruits ripen as do. 
those of Lars swetr sitiERERRY (next), but are easier to gather. Hand pick or shake 
berries onto blanket or plastic tarp spread beneath bush. Preparation: Same as 
LATE SWHET BLUEBERRY, Also see basic recipes early in book. Add cup dried blueber- 
ries to favorite stew recipe. For fritters prepare batter from 1 cup biscuit mix, 3 
tbsp sugar, 14 cup milk, 1 beaten ega, I cup fresh blueberries. Drop spoonfuls 
into hot cooking oil; brown both sides. Drain; dust with sugar, Related edible 
species: Sce iArt sweer siuenenny. Poisonous look-alikes: none. 


Late sweet blueberry Vaevininm angustifalinm 


Habitat: dry rocky soils, barrens, mountain slopes, occasionally bogs; northcen- 
tral and northeastern North America. Identification: low shrub to 0.3 m (1 f), 
much branched, often forming thickets. Leares alternate, simple, deciduous, 
narrow and broadest at or below middle, 1-3 cm (0.41.2 in) long, finely 
toothed along margins, bright green, smooth, Flowers produced in short tight 
clusters, cach nearly cylinder-shaped, white to pinkish tinged, 5~6 mm (0.2 in) 
long. Fruits are flesby berries 5-12 mm (0.2-0.5 in) iu diameter, roundes 
bright blue, white bloom, sweet. Harvest: This and other blueberry species 
ripen in summer, generally after raspberries (xeb naspurRey) and before blackber- 
ries (comMON BLACKHERRY) Where those berries grow. Pick by hand. Preparation: 
Blueberries were probably the most important fruit to American Indians, Excel- 
lent dried like raisins and fresh, both raw and in most berry recipes, especially 
pies, jams, and breads (see basic recipes early in book). Dry thoroughly in sun or 
‘warm attic about 10 days or in 100°C (210°F) oven for 4~5 hr; store in sealed 
containers. For bannock, blend 2 cups sifted flour, 3 tsp baking powder, V3 tsp 


Highbush blueberry: flowering branch (NYBG). Fruiti 


Late sweet blueberry: flowering and fruiting branches ( 
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sale, 6 tbsp shortening, 4 tbsp powdered milk. Mix in 1 cup blueberries, then Y5 
‘cup water. Shape into 1 in thick cake, dust with flour, place in heated frying pan 
‘Cook over coals until bottom is crusty. Turn with spatula and bake until done; 
test with straw or sliver, See 1crmust mtueneRRY (preceding) for other uses. Re- 
lated edible species: Other vaccrnuit, Poisonous look-alikes: none. 


Black huckleberry Gaylussacia baccata 


Habitat: woodlands, clearings, dry to moist soils. Identification: shrub to 1.2m 
(4 fi, often forming low thickets; branches numerous, stiff, resembling blueber 
ry bush. Leaves alternate, simple, deciduous, 3-6 em ( 1.2—2.4 in) fog, uni- 
formly wide to broadest near or below middle, entire, gland-dotted above amd 
below. Flowers few on short elongated clusters, each white, small, cone-shaped 
co almost tubular, 4-7 mm (0.2-033 in) long. Fruits flesby berries 6-9 mm 
(02-04 in) in diameter, black at maturity, containing 10 tiny seeds, sweet. 
Harvest and preparation: Pick berries as they ripen in late June in south co 
September in far north. Eat as fresh fruit of use in desserts, pancakes, jam, and 
jelly. For pancakes add 1 cup berries to 3~4 cups batter. To dry, spread berries 
in single layer on tray, foil, or paper in warm attic; dry about 10 days or wotil 
squashed berry releases no juice. Store in sealed container. Use dried berries in 
baking or pemmican. Or add /4~1 cup dried berries to beef stew. See tare Swarr 
IiLEMERKY and HicHBUSH pLuEERRY for other recipes. Related edible species: 
Dwarf huckleberry (G. dumosa), box huckleberey (G. brachycera), and dangleber- 
1 (G. frondosa) all yield berries edible but inferior to blueberries, Poisonous 
look-alikes: none, 


Beach plum Prunus maritima 
Alo edible axtumon 

Habieat: coastal regions, sandy sols, Identification: shrub to 2.5 m (8 f) oF low 
and strageling; branches hairy when young, smooth later. Leaves alternate, sim- 
ple, deciduous, 3-7 ca (1.22.8 in) long, 1.53.5 cin (0.6-1.4 in) wide, broad- 
Est at or below middle, rarely widest above middle, pointed at tip, sharply toutb- 
ed along margin, dull yreen and smooth above, softly hairy beneath, Flowers 
2-4 per cluster, each 1=1.5 cm (0.4~0.6 in) across, with 5 white petals. Fruits 
rounded or neatly $0, 1.5~2.5 em (0.6—1 in) in diameter, deep purple to red- 
dish-black ai maturity, fleshy, sour tasting, enclosing large stone. Harvest: Pick 
fruit from August through October, depending on location. Slightly unripe fruit 
best for jelly. Preparation: similar to aenicay pum but fruit is more tart. Use 
jelly and jam recipes early in book. Also, make jellies and jums from blend of 
plum and other fruits, Combine with peaches or other sweet pulpy fruit for pie 
filling; se basic plum pie recipe early in book. To dry fruit for later use, slit skin 
and remove pit. Pits contain toxic hydrocyanic acid. Spread fruit in sun or warm 
oven until no juice can be squeezed from them, about 4~6 hr. Makes tart trail 
snack. Related edible species: awrucaN pts, FLATWOOD PLUM, and several oth- 
ets. Poisonous look-alikes: none, 
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CURRANT or GOOSEBERRY GENUS Rites 


This large group of about 120 species is centered in western North America 
and the Andes Mountains of South America. They are shrubs, sometimes armed 
with spines, with simple, maplelike, alternate leaves, flowers in small clusters, 
and « I-celled pulpy berry, sometimes transparent, variously colored, containing 
several seeds, North American species are sometimes difficult to. distinguish. 
Fortunately, none is known to be poisonous. We recommend 2 common yellow- 
flowered species with smooth fruits and 2 pink- to purple-flowered species with 
glandular hairy fruits. Harvest: Pick fruits in summer as they ripen. Prepara- 

ion: Sweetness and juiciness vary greatly among species. Some fruits can be 
eaten fresh. Some are spiny and s0 require cautious eating. Adapt recipes to 
berry characteristics. For no-cook currant or gooseberry preserves, wash and 
‘mash fruits thoroughly. Slowly mix in sugar equal to volume of crushed fruit 
Pour into sterifized jelly glasses and seal. For preserves wash and stem 1 Ib cur- 
rants, add 24 Ib sugar and let stand overnight. Bring slowly to boiling point and 
boil 3-5 min, Let stand overnight, pour into jelly glasses, and seal. To make 


Golden currant: flowers (NYBG). Fruiting branches (USDA). 
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currant/gooseberry conserve, wash and stem 3 lb berries. Grate rind of 3 oranges 
and cut up pulp. Mix berries, orange rind and pulp, 1 Ib seeded raisins, and 3 Ib 
sugar, cook slowly until thick. Pour into sterilized jars and seal. For simple cur- 
ant/gooseberry pie wash and stem 1 pt berries. Cook in saucepan with | cup 
‘sugar and small amount of water about 15 min until berries soften. Pour into pie 
crust, add top crust, bake ar 175°C (350°F) oven until crust is done. Add fresh or 
dried berries to kuchen dough and muffins. To dry whole or mashed berries 
spread in thin layer on baking sheet; place in sun or 105°C (20°F) oven until dry 

Store in paper bag in dry place. To make pemmican mix 1 Ib dried and finely 
‘ground or pounded meat with V4 cup brown sugar and Ys cup dried berries. Add 
14 Ib melted suet and blend into paste. Form into bars and store dry. Eat as is, 
boil, or fry. For pie and cooked jelly see recipes early in book. Related edible 
species: many in addition co the four described; widely distributed. Poisonous 
Took-alikes: Sticky currant (R. r7iosiivzmum) is reported to be a strong vomitory. 
Ie has a sticky substance on the leaves, twigs, and fruit. Some fruits are covere 

ith shore, bristly hairs 


Golden currant Ries aaream 
Habitat: along streams, ravines, washes, mountain slopes, mainly between 750— 
2,380 m (2,460-7,800 ft) elevation. Identification: shrub, erect, open, to 2 m 
(6.6 f); branches stiff, nearly smooth. Leares alternate, deciduous, 1.2—4.5 em 
(0.5-L8 in) long, 15-5 em (0.62 in) wide, broadly rounded to widest near 
hase, 3-lobed, rounded at tip, entire t0 coarsely toothed along mangin, light 
green, smooth, stalked. Flawers produced in drooping, 5—15-flowered, elon- 
ated clusters in late spring, each flower bright yellow, 5-parted, 6-10 mm 
(0.2-0.4 in) long, smooth. Fruits stalked berries, counded, 6-9 mm (0.2-0.4 
in) in diameter, red or occasionally black, smooth, beaked (persistent floral 
parts), produced in summer. Harvest and preparation: See cuRRAN's, cooseseR 
nurs (preceding). This species borh wild and cultivated was much used by western 
Indians; one of the best flavored species. 
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Wax currant Ribes cerewm 


tat: canyons, dry ravines, hillsides, prairies, open woodlands. Identifica- 
open spreading shrub to 1 m (3.2 ft) high; branches stiff, crooked. Leaves 
alternate, simple, deciduous, 2-2.5 em (0.81 in) long, 2.5~3 em (I~1.2 in) 
wile, broadly rounded, wider than long, shallowly 3-lobed, rourited at tip, 
irregularly round toothed along margin, yellowish-grcen, glandular hairy on 
both surfaces, leafsealk 8-15 mm (0.3~0.6 in) long. Flowers in drooping, 1— 
6-flowered, elongated clusters in late May or June, each flower white to pinkish, 
S-parted, 6-10 mm (0.20.4 in) long, Fruits statked berries, globe-shaped, 8— 
12 mm (0.30.5 in) in diameter, dull to bright red, with stalked glandular 
hairs, beaked (the persistent floral parts), produced in July or August. Harvest 
and preparation: See CukkaNs, Goostnmnnies (preceding). Wax currant is native 
in West, though frequently cultivated in Ease. 


Subalpine prickly currant Ribes montigenum 
Habitat: along streams, wet forests, ravines, washes, mainly in subalpine zone 
2,140-3,800 m (7,000~12,500 fe) elevation. Identification: shrub, open, 
spreading, sometimes straggling, to 0.7 m (28 in) high; branches tough, densely 
covered with glandular hairs, stiff bristlelike prickles with small spines at 
Jeaf bases. Leaves alternate, deciduous, simple, 0.8—3 cm (0.3~1.2 in) long, as 
wide or wider, almost circular in outline, deeply 5-Lobed, pointed at tip, sharply 
toothed along margin, glandular hairy on both surfaces, stalked. Flowers pro- 
duced in drooping, few-flowered clusters ia lace spring or early summer, each 
Mower stalked, purplish, 5-parted, 4-8 mm (0.2~0,3 in) long, covered with 
slandular bairs, Fruits stalked berries, rounded, 4~6 mm (0.2 in) in diameter, 
red, covered with glandular hairs, produced in summer. Harvest and prepara: 
2 See CURRANTS, GoosenENRIES (preceding) 


Fragrant golden currant Ries odoratum 


Habitat: prairies, open woodlands, bluffs, ledges, ravines. Identification: 
shrub, upright, open, to L5 m (5 fe); branches tough, reddish-brown, hairy, 
spineless, Leaves alrernate, simple, deciduous, $6 em (1 in) long, slightly 
wider, broadly rounded to widest near base, 3—5-lobed, pointed to blunt at tip, 
coarsely toothed along margin, hairy, stalked, Flowers produced in drooping, 
few-flowered clusters from older wood in spring, each flower pale yellow, 5- 
parted, 12~16 mm (0.5~0.6 in) long, smooth. Fruits, produced in summer, 
stalked berries, globe-shaped, 9-12 mm (0.A-0.5 in) in diameter, purplish- 
black, smooth, with beaked persistent floral parts. Harvest and preparation: 
See cunRaNTs, Goostnennits (preceding). 


American hazelnut: fruiting branches (Elias). 


Beaked hazelnut: fruits (Speas) 


‘Thus as can be seen, to return to the very first pulse. The area within the 
hysteresis curve gives a rough 
estimate for the amount of wasted 
energy, and along with other 
conventional sources of losses 


initial switched state, the remnance 
magnetism must now be overcome, 
hence input once in operation, will 
be greater than that required for the 


Motor Apparatus 


resultant in flux transfer within a 
core, is what reduces the efficiency 
of flux cores from maximum values 
of 2, or 4, down to values such as 
1.75 or 3.47, typically. 


Simple Parallel Path Technology Demonstrator Motor 


1 
Wy 


Fig.7 
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Designed to demonstrate core principals, not provide over-unity 


Although numerous practical applications abound for this effect, electric 
motor design remains the most outstanding opportunity. ‘To this extent, 
again a few simple images, should be sufficient to explain how the basic 
flux switching apparatus, can be turned into a highly efficient electrical motor. 


‘The first motor shown in Fig. 7 is one I have proposed to validate the flux 
switching effect at a most basic level. It illustrates the point made in the 
Flynn patent, that the armature of the core can be removed, and replaced 
with a motor flux path. This first motor is not chimed to be highly efficient, 
but it helps one to understand how the transition from simple flux core to 
motor takes place, 


Fig. 8 
Magnetic force is alternately switched from one leg to the other, imparting 
‘motion to the rotor sections 
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‘The next motor shown in Fig. 8 is 
again taken directly from the Flynn 
patent, and illustrates the next 
intermediate step to motor design. 
The fields of the permanent 
magnets are altematively switched 
from one side of the surrounding 
flux cores to the other, alternately 
interacting with N and S poles on 
the rotor, imparting motion to the 
central rotor shaft. 


With proper financial support, and 
the facilities to have metglas cores 
custom moulded, Joe Flynn was able 
to develop his final best art, shown 
in Fig. 9. No detailed performance 
numbers have been released for this 
motor, whose precise performance 
chancteristics remain proprietary to 
Joe Fly 
optimisation is so expert, itis stated 


nat this time. But the 


to posses certain exotic properties, 
suchas cool ambient operation, even 
during prolonged periods of 
continuous load. This ‘cold running’ 
is said to be of great interest to the 
American military, as it offers 
excellent stealth performance 
characteristics 
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‘American hazelnut Corylus americana 
Alo edible autumn 
Habicat: widespread, dry ro moist woodlands, thickets, Identification: shrub to 


5 m (16.4 ft) with rounded head and glandular hairy twigs. Leaves alternate, 
simple, deciduous, 5-15 m (2~6 in) long, 3~12 cm (1.24.7 in), broadest be- 
low or above middle, long-pointed at tip, doubly toothed along margin, usually 
hairy beneath. Male flowers in dense slender catkins in early spring. Female 
flowers usually solitary or paired, riny, inconspicuous in early spring. Fruits are 
bard-shelled nuts, broader than long, \-1.5 cm (0.A~0.6 in) across, partially 
enclosed by 2 ragged-edged leaflike bracts, nutmeat sweet. Harvest: Nuts ma- 
ture in late summer or aucumn. Preparation: Remove husk, shell, and eat as is, 
Or use in any recipe calling for auts, For no-cook candy, mix 1 egg white with 2 
cups confectioner's sugar. Add 2 tsp butter or margarine and blend until smooth 
Work in 2 cups chopped hazelnuts and form into balls, Eat and enjoy. For hazel- 
‘auc hot cakes, finely grind 0.2 kg (14 Ib) dried hazelnuts. Boil in 2 cups water 
until mushy, about 30 min, Add 1 tsp maple syrup and V4 cup fine cornmeal, stir 
well, let stand for 20 min or until thick. Heat /5 cup frying oil in skillet. Drop 
barter by tablespoonfuls into hor oil. Brown on one side, flip, flatten, brown on 
other side, Drain and serve hor or cold. See also neaken H47e1NUT (next). Related 
edible species: neaxtD siazeinur. Poisonous look-alikes: none 


Beaked hazelnut Corylas cornnta 
Also edible ensue 


Habitat: dry or moist woodlands, hills or mountain slopes, absent on Coastal 
Plain. Identification: shrub to 3 m (9.8 fe), often forming thickets; cigs hairy 
when young, Leaves alternate, simple, deciduous, 3-10 em (1.24 in) long, 2-8 
cm (0.8~3.2 in) wide, broadest near base, long-pointed at ip, doubly wothed 
along margin, hairy beneath. Male flowers in dense, slender catkins in early 
spring. Female flowers solitary or few per cluster, tiny, inconspicuous. Fraéts are 
thin-sbelled nuts, broadest near base, 1-1.5 em (0.4~0.6 in) in diameter, en- 
closed by 2 bristly leaflike bracts 4~7 em (1.6~2.8 in) long which form narrow 
beak; sutmeat sweet. Harvest: Nurs mature in late summer or autumn. Prepa- 
ration: Remove husk, Shell and eat as is or use in recipes calling for nuts or grind 
into meal to use as flour. For hazelnut torte preheat moderate oven 175°C 
(350°P), Beat 11 egg yolks well, add 0.5 kg (1 Ib) confectioners sugar, continuing 
to beat, Add 0.5 kx (IIb) ground hazelnuts and 1 tsp instant coffee. Fold in 11 
seiffly beaten egy whites. Bake in 30 cm (12 in) greased and floured spring baking 
form for 50-60 min, See also AMERICAN nazsinur (preceding). Related edible 
species: aunicaw siazeixur, Poisonous look-alikes: none. 
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Sweet fern Comptonia peregrina 
Adv edible winter, spring 

Habitat: dry rocky, sandy, or gravelly soils of clearings, pastures, poor open 
‘woodlands. Identification: small shrub 0.41.2 m (1.34 fy high, with rounded 
shape; young branches hairy. Leaves in fernlike pattern, alternate, simple, decid- 
uuous, 6-14 cm (2.4-5.5 in) long, 0.8-1.2 em (0.3-0.5 in) wide, widest near 
middle or base, deeply lobed along margin, fragrant due to numerous resinous 
glands on leaves and twigs. Male and female flowers produced in separate small 
catkins on same bush in spring, Fraits small, green burrs 1-2 em (0.40.8 in) 
in diameter, each partially or totally enclosing 14 nutlets, maturing in mid to 
late summer. Harvest: leaves any time for fragrant tea, Immature nutlers during 
June and July while still render. Preparation: For tea add 1 tsp dried or 2 tsp 
fresh leaves per cup boiling water; steep. When camping, put 8 tsp fresh, 
chopped leaves per qt of water in glass jar. Cap and place in sun 3 hr or until 
water is dark. Strain, dilure to taste, sweeten if desired. Not bitter like many 
brewed teas, Strong tea (infusion) has been used to alleviate dysentery. Using 
thumbnail, separate nutlets from burrs when immature and eat raw. Edible re- 
lated species: northern bayberry (Myrica pensyleanica), soununes savnenny and 
wut Gaur (next). Poisonous look-alikes: none. 


Souther bayberry, Wax myrtle Myrica cerifera 
‘Alin edible antuso, enter 

Habicat: coastal plain, swamps, along ponds and lakes, pine barrens, wet sandy 
soils. Identification: slrub or small tree to 8 m (26 fo with rounded crown and 
slender, hairy, gland-dotted twigs, Leaves alteraae, simple, deciduous but often 
persisting until second year, 3-510 em (1.4—4 in) Long, 0.61.2 em (0.20.5 in) 
wide, marrow but broadest near tip, coarsely toothed along margin, yellow- 
green, gland-dotted, fragrant when rubbed. Male anc female flowers on sepa- 
rate bushes in spring; male flowers in slender catkins 1.2—1.9 em (0,5~0.7 in) 
Jong; female flowers in broader catkins 0.6—1.2 em (0.20.5 in) long on older 
‘wigs. Fruits few to several clustered on short spikes, each rounded, 2-4 mm 
(0.1 in) in diameter, covered with light blue waslike coating. Harvest and 
preparation: Pick leaves any time available but best in early summer. Wash and 
spread to dry choroughly in warm shaded area. Store in sealed jars in dark place, 
Crumble and blend into stews and sauces for cooking and serving meats, Also use 
berries picked from late summer into winter as seasoning and to provide wax 
used in candles, Related edible species: northern bayberry (M. pensyleanica) 
and other wax myrtle species are used the same way. Also swerT Gat (next) is 
used for seasoning but fruits lack wax. Poisonous look-alikes: none. 


‘Sweet fern: mature plant and branch with fruie (Elias) 


outhern bayberry: fruiting branches (NYBG), 
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Sweet gale Myrica gale 
‘lie eible antamo, winter 

Habitat: swamps and shallow water along ponds and streams. Identification: 
shrub 0.3-2 m (1~6.6 f) tal with upright brown branches. Leaves alternate, 
simple, deciduous, wedge shaped, rounsted, broadest near tip, toothed nea tip, 
dark green above, pale beneath, downy on veins, 2~7 cm (0.82.8 in) long, 
aromatic when crushed. Male flowers in spikelike catkins at end of twigs; 
female flowers usually on separate plants, about ® mm (0.3 in) long, at base of 
Teaves. Fruit small nailike, not waxy, resin dotted, aromatic, with 2 winglike 
scales, én small conelike clusters. Harvest: Pick leaves as described for sours 
row BaybERAY (Preceding) and aromatic qutlets from summer through winter. 
® Preparation: Dry and use leaves as described for sours navnrany and for 
making hot tea. Use nutes lke died leaves fr seasoning. Related edible spe- 
souriumn navaraey. Poisonous look-alik 


New Jersey tea Coanothas americanus 
Habitat: open woodlands and prairies, in well-drained rocky, gravelly, or sandy 
soils. Identification: shrub to 1m (3.2 ft) with slender, reddish-brown, densely 
hairy cwigs, Leates alternate, simple, 3eribbed, deciduous, 4-8 ent (1.6~3.2 in) 
Jong, 2A em (0.8 —1.6 in) wide, broadest near base, rounded at tp, finely 
toothed along margin, green above, gray and hairy beneath. Flowers tiny, 
bite, produced in dense, short eylinder-shaped, branched clusters in spring, 
each with 5 white petals shaped like tiny robacco pipes. Clusters from leaf junc- 
tions. Fruits produced in rounded clusters in lace spring or early summer, each 
capsulelike, 5~6 mm (0.2 in) lang, splitting open to release tiny, reddish-brown 
seeds. Harvest: Gather fresh leaves in summer, best when bushes are lowering, 
Dry leaves thoroughly in stn, by fire, or in warm oven, Preparation: For rea, 
steep | thsp fresh or | tsp dried leaves in I cup boiling water for 15 min, Sweeten 
to taste. Caffeine free. Dried root bark tea was used as sedative by Indians. Re~ 
lated edible species: Red root (C. evins) is also known as New Jersey tea. C. 

55 americanus has wider leaves and flower clusters at leaf junctions instead of at end 

{W of twig, Poisonous look-alikes: none 


Silver buffaloberry: fruiting branches (Elias). Flowering branch (NYBG). 


BRAMBLES, BLACKBERRIES, RASPBERRIES Rubus 


‘This is a large and variable group of approximately 300 to 400 species in the 
temperate regions of the world, Members of this genus are shrubs or trailing, 
often prickly, vines, collectively known as brambles, Fruits may or may not sepa- 
rate from the spongy core of the fruit base when picked. The genus normally is 
divided into subcategories; one containing blackberries and dewberries, another 
containing thimbleberries, another raspberries. Most of the species have edible 


fruits; many have delicious fruits. Six of the more common species are treated on 
the following pages. Harvest and preparation: Pick fruit as itripens. Berries of 
most species are excellent fresh, except for thimbleberries which have a rather 
dry taste and may require mixing wich other berries. The berries are good with 
cream and sugar, in pancakes, on cereals, and in jams, jellies, and pies. To make 
berry bannock over campfire, mix 2 cups flour, 3 tsp double-acting baking pow- 
der, 13 tsp salt, 6 cbsp margarine or butter, and 4 tbsp powdered milk until 
uniformly mixed into mealy texture, Add 1 cup washed damp berries; mix gently 
to coat fruit. Add Vs cup water to make workable dough. Shape into L-in-thick 
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Silver buffalobercy Shepherds argentea 
lie eible satan 

Habitat: riverbanks, low meadows, plains, canyons. Identification: spreading 
shrub or small tree to 5 m (16 fe) with dull gray bark shredding in long strips; 
branches stout, covered with silvery-uhite scales, usoally thorny. Leaves oppo- 
site, simple, deciduous, 3-5 em (1.2-2 in) long, 7-10 mm (0.3-0.4 in) wide, 
uniformly wide to widest near middle, entire, leathery, densely covered witb 
silvery scales on both surfaces. Male and female flowers on separate trees; 
flowers small, inconspicuous, lacking petals. Fruits berrylike, rounded, 6-9 mm 
(02-04 in) long, smooth, bright red, slightly fleshy, enclosing single flattened 
seed. Harvest: late summer fruits pleasantly rar, better after frost has sweetened 
them. Shrub is frequently prolific fruit producer. Handpick or spread tarp 
neath shrub and shake branches. Preparation: Use fruit fresh or dry thoroughly 
in sun, Use prefrost berries for jelly. Eat ripe fruit fresh or dried; add sugar as 
desired, Seeds are chewable. For beverage crush 1 cup fresh berries with 1 cup 
sugar in 3 cups hor water or mash I cup dried berries in 1 pt water. Add sugar to 
taste. Strain and drink. Cook berries with meat or prepare like cnanneeny sauce 
for use with meat. For dessert mash fresh fruits and whip or blend into froth. 
Blend in sugar if needed. Related edible species: Canadian buffaloberry (S. 
canadensis) and silverberry (Elaeagnas argentea) are edible but less flavorful, and 
are improved by cooking and adding sugar. Poisonous look-alikes: none. 


cake, dust with flour, place in warm, greased fry pan. Cook over moderate heat 
until crust forms on bottom, Turn over with spatula and cook until browned and 
no dough sticks to fork inserted into center of dough. Adapt other berry recipes 
from your favorite cookbooks. Tender growth tips of many species are edible, 
and leaves of many are good for tea, Related edible species: See above. Poison- 
‘ous look-alikes: none. 
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eedirespbery Raber ererenes 
(ieee 

© racecar agins of woolans caring rudislas, abandon Relde eset 
cation: subshrub to 2 m (6.6 ft) high, branches spreading co trailing along 

@ Pou ofen wih a whitish as, armed witb wsually numerous prickles a 


Stiff hairs, Leaves alternate, deciduous, compound on nonflowering canes, with 
3-7 leaflets, each leaflet broadest near base, 2-10 cm (0.84 in) long, long- 
pointed at tip, coarsely and sharply toothed along margin, pale green to whitish 
and bairy beneath, Flowers white to greenish-white, 1.21.8 em (0.5-0.7 in) 
Y across produced Jone=Jaly fn sinall clnseers OF 2-5 lawess slong upper bert ot 
canes. Fruits globe-shaped ar nearly so, 1.2-2 em (0.5-0.8 in) in diameter, 
bright red, juicy, separating easily from fruiting stalk and base, maturing 
from July-September. Harvest and preparation: See nkaninits (preceding) 


¥ ‘Wineberry Rubus phoenicolasius 


Habitat: introduced from Asia; grows wild in disturbed sites, along streams, 
C) rivers, roads, especially in coastal eastern U.S. Identification: shrub to 2.5 m (8 
fo) high; branches spreading, often arching over, lacking spines but with dense, 
55 red, gland-tipped hairs. Leaves alternate, deciduous, 3-parted (eifoliolate), 
WD broadest near base and often as broad as long, 4-10 em (1.6-4 in) long and 
, often lobed, toothed. Flowers white, produced in eloogate, many-flow= 
re ‘clusters; each 2-3 em (0.8-1.2 in) across (including calyx lobes), petals 
shorter than the narrou, pointed, calyx lobes. Fruits globe-shaped, 0.8-1.2 cm 
(0.3-0.5 in) in diameter, bright red a maturity, juicy, maturing from midsurn- 
‘mer (© early aucumn, Harvest and preparation: See nkawauss (preceding) 


& Tuimbteberry Rubus pareifloras 
widespread from sca Jerel eo mounesine, woodlands, eaayons, open 

;, along roads, trails, streams. Identification: shrub to 2 m (6.6 ft) high with 
upright to spreading branches, without spines but with glandular hairs. Leaves 
leciduous, simple, S-lobed, 5~15 cm (2-6 in) long and wide, sharply 
woothed along margin. Flowers large, white to pink, 2-5 cm (0.8-2 in) across, 
produced in loose, 2-9-flowered, spreading clusters. Fruits large, globe- 
shaped, 1.2-1,8 cm (0,5-0.7 in) across, bright red to scarlet, sweet, juicy, ma- 

8 turing throughout season. Harvest and preparation: See bramtis (preceding). 
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Red raspberry: fruiting branch (Elias) 


jeberry: fruiting branch (Elias). 


‘Thimbleberry: fruiting branch (McNeal). 


vering brane 


ag branch (Elias), Flow 


Black raspberry: fruit 
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Electrical Apparatus 


Many readers will no doubt have 
noticed the similarity of the first 
illustration presented in this 
document, to the so called ‘Tom 
Bearden MEG. This is 
comment, and Joe Flynn has always 
highlighted this issue. However, it 
has been commonly stated Joe Flynn 
has simply developed mechanical 


fair 


apparatus, and the MEG with its 
electrical functionality, is distinct art, 
mor advanced than the mechanical 
Flynn apparatus. However, this is 
shown not to be the case by a careful 
examination of the Flynn patent, in 
which the following is stated in the 
“Power Conversion’ section: 


“The construction (shown in Fig.10.A) 
utilizes four control coils and a single 

magnet 
construction (shown in 10 B) uses 
‘two control coils and two permanent 
magnets 


permanent and the 


‘The flux that would 
normally be supplied by a primary 
winding is supplied by the static flux 
of the permanent magnet or 
magnets and the control coils 
convert this static flux into a time 
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4 Flux paths 


Steel Armature 


Magnets 


Fig. 9 
(Optimal Flux Core Motor Construction 


varying flux in a novel way. Both arrangements use two secondary coils, the 
secondary coils are placed in the region of the continuous flux path that 
would be occupied by an armature or rotor in the linear or rotary 
arrangements. The regions of the flux paths that perform work are the 


same in all cases’ 


“By alternating the polarity of the contmol coils during one cyde, one working 
region experiences an increasing flux and the opposite region experiences a 
decreasing flux and during the next cycle the opposite occurs. This results, 
in the induction of a voltage in the secondary coils that is decided by the 
magnitude of the change in flux in the working region and the time in 
which this change occurs. ‘The novelty of this discovery is that the primary 
flux inducing the voltage in the secondary coils is supplied by the permanent 
magnet or magnets and is far greater than the flux supplied by the control 


coils.” 
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Common blackberry Rubus allegheniensis 


Habitat: margins of woodlands, old fields, fencerows; aso roadsides, thickets, 
mountain slopes. Identification: shrub, sometimes to 3 m (9.8 fo), branches 
upright co spreading, sometimes trailing, with scattered straight spines. Leaves 
alternate, deciduous, palmaely compound, usually with 5 leuflets, sometimes 
3, variable, typically broadest near or just below middle, long-pointed at tip, 
‘usually 10-18cm (47 in) long, with numerous sharp-pointed teeth along mar- 
sin, pale green beneath. Flowers white, 1.7-2.5 em (0.71 in) across, produced 
in May, June, or early July (usually about 2-3 weeks larer than black raspberry) 
in elongated 6=15-flowered clusters. Fruits globe- to short eylinder-shaped, to 
2 cm (0. in) lang, juicy, sweet, black ar maturity; maturing in lace July or Au- 
iguse, Harvest and preparation: Sce wkavnues (preceding) 


Black raspberry Rubus occidentalis 
Habitat: disturbed areas, especially margins of woodlands, ravines, fields, thick 
ets; sometimes in full shade. Identification: shrub with upright to spreading 
branches, sometimes arching to ground; stems with scattered, straight or 
curved, stout spines, Leaves alternate, deciduous, compound, each leaf with 3— 
5 leaflets, vercninal leaflets broadest near base, pointed at tip, sharp and irregular- 
ly toothed slong margin; lateral leaflets smaller, whitish beneath, Flowers white, 
produced in May or June in 3- to 7-flowered nearly flat clusters. Prats pur- 
Dlish-black to black, 0.81.2 em (0.30.5 in) across, rounded or neatly $0, ¢asi~ 
Jy separated as a unit from fruiting stalk and base, juicy, sweet, maturing in June 
or July. Harvest and preparation: Sce snawsiss (preceding) 


DREGE 


DREGE 


California blackberry: fruits (Ross). 


‘Smooth sumac: fruiting branch (Dykeman), Fruits (Elias 


California blackberry Rubus ursinus 


Habitat: disturbed sites, along trails, roads, canyons, fields, open woodlands; 
common ar lower elevations, below 1,000 (3,200 ft), Identification: shrah, of- 
ten low; branches spreading to trailing along ground; armed with slender, 
slightly flattened spines. Leaves alternate, deciduous, usually 3-parted (trifolio- 
Jate), sometimes simple: leaflets broudest near base, 6=12 cm (24-4.7 in) 
Jong, 4-10 em (16-4 in) wide, coarsely toothed, occasionally shallowly lobed 
Flowers white, produced in elongate, loose, 3~12-flowered clusters; each 1-3 
em (0.41.2 in) across. Fruits short cylinder-shaped to nearly cone-shaped, I— 
2.cm (04-08 in) long, black at maturity, juicy, sweet. Harvest and prepara- 
tion: See axawnues (preceding), 


‘Smooth sumac Rhus glabra 
‘lus edible antumn 
Habieat; common and widespread; abandoned farmlands, fields, margins of 


woodlands, along streams. Identification: shrub or small free to 7 m (23 f2) 
with smooth stout branches and open rounsed crown. Leaves alternate, decid 
ous, featherlike (pinnate) compound, with 11-31 leaflets, leaflets usually 
lance-shaped, 5~9.5 cm (23.7 in) long, 1.23 cm (0.5~ 1.2 in) wide, long point 
ed at tip, sharply toothed along margin, dark shiny green above, whitish beneath, 
Male and female flowers on different plants, produced in dense, cone-shaped 
clusters 10-25 cm (4~10 in) long. Fraits produced in autumn in large cone- 
shaped clusters, each fruit berrylike, rounded, 35 man (0.10.2 in) in diame- 
ter, dark red, fuzzy. Harvest: Pick fruic clusters when glazelike bloom appears 
fon bright red berries. Lick like lollipop for delicious lemony thirst quencher, 
Flavor is washed out by rains more quickly than in stacHORN susAc. Prepara- 
tion: same as stacHony suMAC, Make delicious jelly from 2 cups sumac extract 
(sce beverage under staction suwac) and 2 cups elderberry juice. Boil juice and 
extract with 1 pkg powdered pectin. Add 5 cups sugar, Bring to hard boil, boil 1 
min, remove from heat, skim, pour into jars, seal, For other recipes, see sauaw 
BUSH and STAGHORN SUMAC (next). See ovution under sraGHoN sumac. Related 
edible species: sracworn sustac, squawnust, plus lemonade stimac (R. integrife 
ia) of southern California and sugar bush (R. orzta) of the Southwest, Poisonous 
look-alikes: Poison sumac (Taxicodendron vernix) grows in wet areas and has 
whice fruits, Avoid white fruited sumacs, roisos ivy and poison oak (T. diterslo- 
a) are in the sumac g 
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Squawbush Rhus trilobata 
‘Also eible ant 

Habitat: Foothills, canyons, slopes, washes, often in dry rocky soils. Kdentifica- 
tion: shrub to 2 m (6,6 fe) with numerous spreading branches and densely hairy 
wigs, with strong odor when broken. Leaves alternate, deciduous, with 3 leaf- 
lets (cifoliolate), occasionally | leaflet, leaflets broadest near base or tip, 1-3 cm 
(0.41.2 in) long, nearly as wide, with large rounded teeth alang margin, 
rounded at tip, hairy. Flowers yellow, seal, densely clustered in shore spikes in 
spring, Fruits herrylike, rounded, 4-6 mm (0.2 in) in diameter, red, hairy, 
icky. Harvest: Gather fruits from end of August, Preparation: Suck on fresh 
fruits for refreshing sour taste, For beverage and jelly see snot sumac (preced 
ing) and stacions susiac (next). For syrup combine 14 cup dried, ground, sifted 
berries with 114 cups warer and cup honey (or 1 cup sugar). Cover, boil mit 
30 ec, reduce heat, simmer 15 min. Uncover and boil until mix thickens, string 
constantly. Pour into jar and refrigerate for further thickening. Good dessert 
topping or spread on bread. If fresh berries are used, crush, simmer, and strain 
before adding honey or sugar. Then boil and complete process as above. See 
cantion under stacHons snac. Related edible species: See sworn susac. Poi- 
sonous look-alikes: Leaves resemble those of poison oak (R, diversilaha) ans! 
rosow ivy, both with white fruits, See also soar sumac 


Staghorn sumac Rhus typhina 
‘Ali edible antnnon, winter 
Habitat: woodland margins, fencerows, roadsides, old fields, streambanks 


Identification: shrub or small free wo 10 m (33 {0 with thick densely bairy 
branches and twigs. Leaves alternate, deciduous, featherlike (pinnate) com- 
pound, 40-60 cm (16-24 in) long, with 11—31 leaflets, leaflets usually lance- 
shaped, 5~12 em (24.7 in) long, 2~4 cm (0.8-.6 in) wide, sharply toothed 
‘long margia. Male and female flowers on same or separate trees, produced in 
crowded cone-shaped clusters. Fruits produced in dense, cone-shaped clusters 
10-20 em (4-8 in) long; each fruit berrylike, rounded, 3-5 mm (0.1~0.2 in) 
in diameter, densely covered with dark red hairs, Harvest: Pick fruit clusters 
Tate summer to autumn when deep red and fruits have developed strong lemony 
taste, Dense hairs on fruits prevent rain from penetrating cluster and washing our 
all malic acid flavor so fruits are usable though less potent through winter. Dry 
some clusters for winter use. Preparation: For beverage separate fruits from 
twigs, Steep in near boiling water (no less than 1 cup fruits to 1 qt water) for at 
feast 15 min, Strain through cloth, dilute, sweeten to taste. Drink hot or cold but 
in moderation; some people show allergic reaction. Using whole heads of fruits 
will include small arthropods within them, and twigs may add slight bitterness 
See other uses under sooriisuaac and squawwust (preceding). Related edible 
species: smoornsuatac and squawausti, and lemonade berry (R, integrifalia). Poi- 
sonous look-alikes: See soot suntac. 


Screwbean mesquite: fruiting branch (Feldman). 


Glandular mesquite: fruiting tree (Feldman). September 
branches (Hutchins) 
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Screwbean mesquite Prosopis pubescens 
‘Alvoedible autumn 

Habitat: gullies, washes, stream banks, riverbortoms, floodplains. Identifica- 
tion: shrub or small spreading tree wo 10m (33 ft) with slender branches armed 
with pair of sharp spines at each leaf base. Leaves alternate, deciduous, twice 
compound and featberlike (bipinnate), with 1 or 2 pairs of side branches (pin- 
nae), each 3,8~5 cm (1.5~2 in) long, composed of 5~8 pairs of small leaflets. 
Flowers produced in densely flowered cylinder-shaped spikes 5—7.5 em (2-3 in) 
long, each flower greenish-white co yellow, 3-4 mm (0.2 in) long. Fruits are 
spiral twisted pods 3-5 em (\,2~2 in) long, brown, hairy, becoming hard and 
tough ar maturity. Harvest: Gather and clean immature pods, the younger the y 
tenderer. Preparation: Boil until soft or cook with other vegetables. The pos 
can be boiled down to make a sweet syrup with many uses. Related edible 
species: GLANDULAK aesquiTE (next) and mesquite (P. neluntina). Poisonous look- 
‘Tk sight siniar co comanzan, which hs poison seed 4 


Glandular mesquite Prosopis glandulosa 
Allele autunen 

Habitat: desert valleys, open range, grazing lands where plant becomes a pest. 
Identification: shrub or small spreading trce to 8 m (26 fi) with slender branches 
that have paired, sharp-pointed spines where each leaf is attached. Leaves al- 
ternate, deciduous, twice compound and featberlike (bipinnate), with 1 pair of 
side branches (pinnae), each 12-20 em (4.78 in) long and composed of 7-18 
Pairs of leaflets. Flowers produced from May co August in densely flowered, 
harrow, cylinder-shaped clusters; each flower yellow, 3-4 mm (0.2 in) long. 
Fruits long, narrow, straight pods 10-25 em (4~10 in) long, rounded, slightly 
constricted herween seeds, Harvest: Gather lower clusters as they open and 
fruits as they ripen during summer. Preparation: Suck sugar-rich nectar from 
newly open flowers. The yellowish gelatinous to mealy pulp surrounding seeds in SS 
mature pods contains up to 30% sugar and can be eaten fresh. Make beverage by 
boiling clean pods in fresh water and straining off residue. Dry pods, grind, mix 
with lide water to form dry, mealy dough; bake in sun for sever hours or over [Q] 
very low heat. Soak seeds in water several hours for lemon-flavored drink or 

d dry seeds into meal and use to make porridge. Discard those seeds infested 

with larvae of bean beetle. Related edible species: scetwoean wrsquire (preced- 

ing) and mesquite (P. reluntina). Poisonous look-alikes: may resemble const. 
BEAN, which has toxic seeds 4 
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American elder, Common elder (Ali «litle spring) Sambucus canadensis 


Habitat: rich moist soil of woodland margins, stream and river banks, fencerows 
and right-of-ways, Identification: mainly shrubby, 1-4 m (3-13 fe), with up- 
right co spreading branches and broad rounded crown. Leaves opposite, decidu- 
‘ous, featherlike (pinnate) compound, 15-25 em (6~10 in) long, composed of 5 
11 leaffets, each leaflet broadest near base to uniformly wide, 6—12 cm (2.4=4.7 
in) long, 2-4 em (08-16 in) wide, pointed, coothed, dark shiny green. Twigs 
with prominent white pith, Flowers white, small, in branched, round or flat 
topped showy clusters io late spring or carly summer. Fruits berrylike, round- 
ed, 4-6 mm (0.2 in), deep purple, juicy, 3-seeded, in large clusters, maturing in 
mid to lare summer. Harvest: When flowers are fully open, pick whole clusters 
or shake petals of old flowers into container. When fruit is deep purple, pick 
whole clusters oF strip herries from bush, Preparation: Dip flower cluster in 
fritwer batter and deep fry; dust with sugar and sprinkle with orange juice. Add 
cup of blossoms co pancake hatter. Extract juice from fresh fruit by simmering 
‘mix of 1 cup water per 1 qt mashed berries 20-25 min; strain through cloth. 
Sweetened juice good with tart juices. Use juice with (staGHonw sumac) extract in 
jelly, Fresh fruit has rank flavor; improves with drying; use dried fruit for pies 
and breads. Dey fruit in sun or warm attic; before using stew in little water. 
Flowers and fruit excellene for wine. Fruits high in vieamin C, Warning: Roots, 
stems, leaves, unripe fruits are somewhat toxic, Related edible species: nur 
inex (next). Poisonous look-alikes: See sive ven 
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Blue elder (Ale alible spring) Sambucus cerulea 


Habicat: stream banks, gullies, washes, margins of fields, woodlands, pastures. 
Identification: shrub or small tree with broad rounded crown. Leaves opposite, 
deciduous, featherlike (pinnate) compound, 12-18 em (4.7~7.1 in) long, com- 
posed of 5-9 leaflets, leaflets broadest at middle «0 uniformly wide, 515 cm 
(2-6 in) long, 1.2-5 cm (0.5~2 in) wide, long-pointed at tip, coarsely-toothed, 
bright green above. Flowers tiny, yellowish-white, produced in spreading, 
many-flowered, flat-topped clusters in late spring or early summer. Fruits in 
clusters, each herrylike, rounded, 6~10 mm (0.20.4 in), dark blue to nearly 

wo black, juicy, macuring in mid to late summer. Harvest: Flowers in early summer, 
fruits in late summer, can he eaten raw or dried like raisins. Preparation: Pre- 

pare tea from blossoms, For jelly, wash berries, partially crush, cover with water, 
cook over low heat 10 min, Pour contents into wer jelly bag and collect juice; do 
not squeeze bag. Add 2 cups elderberry juice to 3 cups apple juice prepared in 
similar manner, Heat to boil, add 1 pkg pectin; stir until dissolved. Bring to rapid 
boil, add 6 cups sugar. Stir until rolling boil cannor be stirred down; continue for 

1 min. Pour mix into prepared jelly jars; cover with 4 in paraffin; seal with lid. 

For other uses sce aqexicaN apex (preceding). Related edible species: amenicax 

tuper, Mexican elder (S. mexicana), and black berried elder (S. melanocarpa). Poi 

sonous look-alikes: Red fruited elder (S, pubems) of East and Midwest somewhat 
toxic, Pacific elder (S. callicarpa) bitter buc not poisonous. 


Fig10 taken directly from the Flynn patent makes the 
point even clearer. As can be seen, the device illustrated 
is in all functional respects absolutely identical to the so 
called “Tom Bearden MEG? ‘This identical prior art, 
therefore calls into question the intellectual property 
tights of Magnetic Energy LTD, as the same invention 
can not be patented more than once. Joe Flynn has also 
stated that his intellectual property rights will be robustly 
defended, by legal action if necessary, and he regards 
himself 


and his 


Present Status of the Flynn Project 


Initially Joe Flynn was remarkably open about his work 
and research. However, since performing a working 
demonstration of various advanced hardware samples 
for the American Department of Defence, little has been 
heard, 


I want to clearly emphasize I do not speak for Flynn 
research, nor am I in any way connected with Flynn 


a research, and — by 
company as being in consequence, have no 
possession of exclusive [the input and output circuits must be] [Onesie 1 BO 


closed in series. The disclosure of this 
technique amounts to putting the basic 
MEG methodology fully into the public 


tights to the so called 
“MEG? unit. 


whatsoever as to the 
present status of the 


domain. 


‘As mgards replication 


project. But we all 


of electrical output 
orientated flux core devices certain important details 
ced to be stated. For example grade 8 ceramic magnets 
should be used, so as to avoid flux saturation of the 
com. A basic error, many early experimenters wasted 
time on, The requirement for strong magnets to obtain 
over-unity results, is as much of a myth, as the idea new 
physics is required 


But pethaps the greatest trade secret of the electrical 
devices, one which several lengthy non disclosure 
agreements are required to be signed before it can be 
disdosed, is that the input and output circuits must be 
dosed in series. The disclosure of this technique 
amounts to putting the basic MEG methodology fully 
into the public domain. 


‘The reason for this circuitry requirement is obvious 
enough, with only a little analysis If the output circuit 
is closed when the input circuit is activated, then the 
input energy simply leaks into the output circuit, as in 
an onlinary transformer. So no flux switching effect is 
manifested, and the field of the permanent magnet is 
static in time, Thus you have an ordinary transformer, 
with reduced efficiency, because of the core flux 
saturation effect provided by the permanent magnet. 


‘This is one of the most important point to make about 
the Flynn apparatus, If you approach it as if itis a normal 
piece of scientific equipment, then proper optimisation 
is not greatly problematic. For example more turns on. 
the output coils, simply means more voltage and less 
current, exactly as standard textbook equations predict. 
Genenilly, problems only occur, if you imagine the effect 
is based upon exotic scalar type or vacuum enemy 
physics, when in fact it is ordinary flux manipulation 
within a core. 
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sincerely hope, that the 
project has not been 
swallowed whole by the American deep black military 
industrial research complex. 


However, even if this is the case, it does not mean the 
technology is lost. Extensive and generous details have 
been provided by Joe Flynn of his research, both in his 
patent deposition, website, and other comments, such 
as to enable persons of scientific training and skill, to 
replicate the effects stated 


While replication of the electrical effect remains 
extremely demanding, the mechanical apparatus is very 
easy both to understand and replicate. There is no reason 
why scientists and home tinkers together, can not build 
Flynn type flux core motors, and explore over-unity flux 
manipulation for themselws. The future has arrived, and 
it is simpler and cheaper than anyone imagined to be 
possible. 
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Singleleaf pinyon pine Pinus manophyll 
Habitat: lower mountain slopes, foothills, canyons from 650-2,350 m (2,100- 
7,800 f) elevation; often growing with junipers. Identification: small, spread- 
ing tree with rough, ieregulaely furrowed, dark brown bark. Leaves (needles) 1 
per sheath, 2.55 cm (1-2 in) long, sharp-pointed, stiff, often curved toward 
‘branches, yellowish-green to gray-green; only native North American pine with 
single leaves. Fruits hard, egg-shaped cones 5~7.6 cm (2-3 in) long, composed 
of thick, stiff, light brown, blunt scales, each scale bearing 2 large, egg-shaped, 
brown, wingless seeds 1.8-2 em (0.70.8 in) long. Trees produce moderate to 
large cone crops every 2-3 yr. Each cone requires 2 growing seasons to mature. 
Harvest and preparation: Gather second year cones in August or Seprember. 
Oily seeds, rich in protein and oils, have nutty taste and can be eaten fresh. Thin 
shell can be cracked with teeth. Roast neatly ripe cones to facilitate seed removal 
and improve flavor, Store cones or seeds for later use, especially after roasting, 
Several cones tossed into campfire coals 10-20 min yield an excellent snack. 
Garry roasted cones or seeds in backpack for tril snack. If large numbers of 
seeds are available, roast and grind into meal and use in breads, soups, or mixed 
with cornmeal or flour. Related edible species: sucax mx, Diccte Mi, YON 
fine, Mexican pinyon pine (P. embroides). Poisonous look-alikes: none 


Sugar pine Pinus lambertiana 


‘mountain slopes from 750~3,000 m (2,500-9,850 fe) elevation. Iden 
tification: tall crees to 65 m (213 fe) with tal, straight trunk and thick, deeply, 
irregularly furrowed, dark, reddish-brown to purplish-brown bark. Leaves (nee- 
des) 5 per sheath, 8.8-10 em (3.5~4 cm) long, stout, stiff, deep bluish-green 
and marked with silvery lines. Fruits large woody cones, 27-46 em (10.6-18 
in) Jong, to 12 cm (4.7 in) in diameter; seeds nearly egg-shaped (0 football- 
shaped, 1.2-15 em (0.5~0.6 in) long, dark chocolste-brown, nearly black, 
winged, Harvest: See siNcistsar miNvoN rive (preceding). Note: Cones with seeds 
are difficult to obtain because of height of the trees. Preparation: same as for 
SINGUELEAK pINYON rN. Related edible species: Coulter pine (P. coulter’), nica 
rive (next), and the avon Pees, Poisonous look-alikes: none. 


Digger pine Pinus sabiniana 


Habicat: foothills, lower mountain slopes from 201,000 m (66~-3,300 fi) ele 
vation, often found with n.utoak. Identification: medium-size spreading tree 0 
15 m (50 fe) with shore, thick trunk, soon branching, with irregular, scaly, dark 
brown to almost black bark. Leaves (needles) 3 per sheath, 17-43 om (6.717 
in) long, slender, flexible, dull blue-green. Fruits large 15~25 cm (6~10 in) 
Jong, to 18 cm (7 in) broad, light reddish-brown, scales thick, each armed with 
clawlike spine; seeds 1.7-2 cm (0.7-0.8 in) long, egg-shaped, with hard, dark 
brown to almost black shell. Harvest and preparation: same as for sinotrtrse 
pixvow rine. Related edible species: riwrow eines, Coulter pine (P. coultert), sv. 
‘AK Puvt (preceding). Poisonous look-alikes: none. 
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JUNIPER GENUS. Juniperus 

‘The 13 species of junipers native to North America are mostly common wide- 
spread trees and shrubs. These evergreen conifers are more abundant in the drier 
‘western states, although eastern redcedar and southern redcedar are prevalent in 
the eastern U.S. All junipers provide excellent cover for small game and food for 
many birds. Only three species, all western, are recommended for their edible 
fruits and then primarily as a survival food. The stems, leaves, and fruits contain 
varying amounts of resins which affecc fragrance and taste, 


Rocky Mountain juniper Janiperas scopaloram 
Alo edible autumn, winter 

Habieat: bluffs, ridges, cliffs, dry rocky hillsides from sea level to 3,000 m 
(9,850 fe) elevation. Identification: large evergreen shrub or small tree to 15 m 
(49 ff) with reddish-brown o gray scaly bark separating in long narrow strips. 
Leaves tiny, sealelike, opposite each other, closely pressed against branchlets, 
2-4 mm (0.1 in) long with tiny gland on back, pale green to grayish green, 
resinous, Male and female flowers on separate trees in spring, inconspicuous and 
easily overlooked. Fruits small, fleshy, sweet, berrylike cones, nearly rounded, 
6-9 mm (0.24 in) in diameter, bright blue, maturing in 2 seasons, contain- 
ing 1-2 seeds, Harvest: Gather ripe berries from summer to early winter. Use 
fresh or dry and store for later use, Preparation: Although high in sugars, ripe 
fruits have an unpleasant resinous taste, so fresh fruits become strictly survival 
fare. Use a few fresh berries as substicute for sage in flavoring meats. Roast dried 
fruits, grind, and use as coffee substiture. Related edible species: vrai juniren 
and cations justerR (next). Poisonous look-alikes: Take care in identification 
‘of junipers. Fruits of most species have such high resin content chat they are 
unpalatable or may cause stomach upset 


California juniper Juniperus californica 
Alo edible autumn, winter 

Habitat: dry slopes, canyons, desert slopes from 125-1,350 m (410-4,500 ft) 
elevation. Identification: large shrub of small tree with fluted and ridged erank. 
and reddish-brown to ash-gray bark that splits into long, loose, shredding strips. 
Leaves tiny, scalelike, arranged in 3s, overlapping and closely pressed against 
branchlets, 2-4 mm (0.1 in) long, with tiny gland on back, light yellowish-green, 
Male and female flowers on separate trees in spring, inconspicuous and easily 
overlooked, Fruits are leathery, berrylike cones, almost rounded, 10-16 mm 
(0.4=0.6 in) im diameter, dry, sweet, not resinous, light reddish-brown, macir~ 
ing in 2 seasons, each containing 1—3 seeds. Harvest and preparation: same as 
for kocky wousratw juniper (preceding) exxepe thar nonresinous fruits are superi- 
‘or to those of other junipers as wild food source. Related edible species: vrant 
JUNIPER (neXE), KOCKY MOUNTAIN JUNIPER, Poisonous look-alikes: same as for 
HOCKY MOUNTAIN JUNIPER, 
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Utah juniper Suenipertsosteosperma 
Also edible autumn, winter (synonym: J. wtabonsir) 
Habitat: mesas, mountain slopes, high plains, principally from 1,000-2,650 m 
(3,300-8,700 f) elevation in dey rocky oF gravelly soils, Identification: large 
shrub or small bushy tree to 8 m (26 fe) high with furrowed ash-gray bark that 
shreds in lang, loosely attached strips. Leaves tiny, scalelike, opposite and 
overlapping one another in 2s, closely pressed against branchlets, 3-4 mm 
(0.1-0.2 in) long, usually gland-dotted on back, sharp-pointed at tip, yellow 
ish-green. Male and female flowering cones usually produced in spring on sepa- 
rate trees, inconspicuous and usually overlooked. Fruits small, leathery berries 
6-9 mm (0.2-0.A in) in diameter, nearly globe-shaped, reddish-brown, resin- 
‘ous, sweet, with mealy texture, containing 1, rarely 2, seeds. Harvest and prepa- 
ration: same as for Kocky MouNTAIN jut. Related edible species: catirousia 
JUNIPER and ROCKY MOUNTAIN JUNIPER (Preceding). Poisonous look-alikes: same as 
for ROCKY MOUNTAIN JUNIPER. 


Sea grape Coccotoles wvifera 


Habitat: beaches, along sea shores; Southern Florida, Bermuda, Bahama Islands, 
the West Indies. Identification: very distinctive large shrub or tree to 15 m (50 
fo) with compact rounded crown, trunk short, covered with pale blotchy bark. 
Leaves alternate, simple, persistent and appearing evergreen, 10-27 em (4~ 
10.6 in) long, 12-25 emt (4.710 in) wide, almost circular in outline, rounded 
at tip, entire, heart-shaped at base, thick, leathery, dark shiny green above. 
Flowering clusters produced along narrow, elongate stalks to 30 cm (12 in) long. 
Fruits crowded together in long, banging clusters, each fruit nearly rounded, 
1.8-2.5 cm (0.7~1 in) long, greenish-white to purple, with thin, juicy flesh; seed 
hard, nutlike, Harvest: Since fruits do nor ripen uniformly, spread sheet under 
bush and shake branches vigorously. Ripe fruits will fall while green ones persist 
in cluster. Preparation: best used for jelly. Partially crush 2 qt clean ripe fruits 
‘with 14 cup water and cook for 20 min. Strain juice through jelly bag. Boil juice 
‘with equal amount of sugar until jelling point is reached. Skim off foam, pour 
into sterilized jars, seal with paraffin. Related edible species: dove plum (C. 
diversifalia) of coastal southeastern Florida, but aot a recommended substicute 
for sea grape. Poisonous look-alikes: none: 
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California laurel, Califors 
Alvoelible autumn, spring 


bay Unbellalaria californica 


Habitat: lower mountain slopes, hillsides, flatlands, in variety of soils; Pacific 
coastal regions and western slopes of Sierra Nevada. Identification: small ro 
medium-size tree to 20 m (66 f) with thin, dark brown bark. Leaves alternate, 
simple, evergreen, 86-13 em (3.4—5.1 in} long, lance-shaped to broadest near 
middle, usually pointed at tip, entire, dark green and shiny, leathery, with 
spicy odor when crushed. Flowering clusters flat-topped, containing 4—9 
flowers, each small, 1—1.4 em (0.4~0.6 in) across, yellow. Frits resembling an 
alive, globe-shaped to broadest near base, 2~2.6 em (0.81 in) long, slightly 
fleshy, green turning yellowish-rreen or purplish-green at maturity, containing 
single large seed, Harvest: Pick young unblemished leaves, wash and leave in 
sun until thoroughly dry. Store in cool dry place for later use. Pick ripe fruits in 
late summer or autumn, remove and clean seeds. Preparation: Use dried leaves 
as substitute for bay leaves, California laurel is more potent, so cut recipe amount 
by 4 unless stronger flavoring is desired. Good in stews, chili, spagherti sauce, 
soups. Roast seeds in campfire, split open, and eat or grind into flour for bread 
and other recipes. Indians of California used leaves in lodges to repel fleas, Re- 
laced edible species: none. Poisonous look-alikes: none. 


Pawpaw, Papaw Asimina triloba 
Ale edible autumn 

Habitat: river valleys and bottomlands, usually in deep, rich, moist soils; grows 
in association with sweetgum, swamp chestnut, black gum, cherrybark oak. Kden- 
tification: large shrub or small cree with thin, smooth bark (dark brown with 
gray blotches) 3-12 m (10~40 fo) tall. Leaves alternate, deciduous, simple, 18 
30 cm (7-12 in) long, 8-14 cm (3.2~5.5 in) wide, usually broadest near tip, 
entire along margin, papery textured, light green. Flowers green turning deep 
burple, produced in spring along stems of previous year, bell-shaped, with 3 
sepals, 6 thick, almost rounded petals 2~2,6 em (0.8~1 in) long, Fruits irregular, 
cylinder-shaped, 4-10 em (1.6-4 in) long, aromatic, green turning yellow then 
black and fleshy at maturity; mature in late summer or early autumn. Harvest: 
when fruits mature or while still green but full size; store in cool place (safe from 
small animals) until ripe. Preparation: Tasty sweet pulp of fruit can be eaten 
raw, Cook creamy, custardlike pulp, minus seeds and skin, and use in puddings, 
breads, ice cream. Caution, Fruits disagree with some people. Related edible 
species: dwarf pawpaw (A. parviflora). Poisonous look-alikes: none. 
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White mulberry (Alt eile spring) Morus alba 


Habitat: introduced and cultivated cree that now grows wild along feacerows, 
roadsides, margins of abandoned fields, and in woodlands. Identification: medi- 
‘um-size tree with widespreading, rounded crown and thick, irregularly furrowe 
light to dark gray to yellowish-brown bark and milky sap. Leaves alternate, de- 
ciduous, simple, 6-16 om (2.46.3 in) long, 3-8 em (1.23.2 in) wide, broad- 
est near base, pointed at tip, walobed or 2-3 lobed, sharply toothed along mar- 
gin. Male flowers tiny, clustered on shore spikes; female flowers tiny, clustered 
in round heads, both appearing in spring on new growth. Fruits globe-shaped fo 
short cylindrical, 1-2 cm (04-08 in) long, blackberrylike, fleshy, white to 
Pinkish at maturity (June-July). Harvest and preparation: Pick fruits as they 
ripen from late May through July. Fully ripe berries may be shaken from tee 
‘onto plastic sheets but tend to be very syrupy and too sweet for most palates. Dry 
like raisins for breads, cookies, and puddings. Use plastic of aluminum screen 
supported so air can reach all sides of fruit. If solar drying, protect from dew 
condensation at night. Dry until crushed fruit lacks any watery juice. Drying 
time: bright sun, 2 days; warm attic, 4 days; warm oven, 10-15 hr. Store dried 
berries in sealed containers. Afghans grind dried fruit with almonds for nutritious 
combination. Substitute any other type of nut, roll small balls of ground mis in 
confectioner's sugar, eat as candy. Pick shoots and prepare as nED MULBERRY (nex?) 
Related edible species: nen wutomnny, Texas mulberry (M. microphylla), black 
mulberry (M, migra). Poisonous look-alikes: none; see nzp muLaexey caution. 


Red mulberry (Ali ible spring) Morus rubra 


Habitat: river valleys, floodplains, lower slopes of hills, usually in rich, moist 
soils. Identification: small to medium-size tree with broad, rounded crown and 
irregularly fissured, dark reddish-brown bark and milky sap. Leaves alcernate, 
deciduous, simple, 7.5~10 em (34 in) long, 5~5.8 em (2~2.3 in) wide, broad- 
est near base to almost rounded, unlobed or 1—3-lobed, heart-shaped at base, 
pointed at tip, with course teeth along margin, with whitish bairs om lower 
surface. Male flowers tiny, crowded together in slender, hanging clusters; female 
flowers tiny, crowded in broader, elongated clusters. Fruits cylinder-shaped, 
blackberrylike, 2.2—3 cm (1—1.2 in) long, fleshy, red turning dark purple to 
almost black, sweet, maturing from May w July. Harvest and preparatio 

Pick ripe fruit from ladder, oF spread tarps beneath tree and shake limbs. Deli 
ious as picked or with cream, Do not let persistent small stem and axis of fruit 
bother you. For beverage mash and squeeze fruit through cheesecloth or use 
electric juicer or blender. Add sweetener and lemon juice to taste. Serve with ice 
and, if desired, club soda. Also good for pies, jams, jellies. Use like other berries 
in breads, muffins, cakes. Pick shoots as leaves are beginning c0 unfold. Boil 20 
‘min, drain, add butter and seasoning, Caution: Raw shoots and unripe fruits con- 
tain hallucinogens. Related edible species: wurre wvusexry (preceding), Texas 
mulberry (M. microphylla), black mulberry (M. migra). Poisonous look-alikes: 


American plum: flowering branch (Weber). Fruiting branch (Elias) 


Flatwood plum: flowering and fruiting branches (Anderson). 
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Flynn Research Company 


http://www.flynnresearch.net 


Photo 1 


3.3" 1.2" stack height 1/2 hp weight 59 az 


Editor: Below we publish information and photos, 
represented on Flynn Research Company website 
Gip,/wwwflynhresearchnet), and a description 
of the patent’on methods for controlling the path of 
magnetic flux. 


Flynn Research is dedicated to research focused on 
the novel application of permanent magnet and 


electromagnetic 
technology. Magnetism is 


Photo 2 


Dynamometers, Power Analyzer ete. 


We still do not know what a line of flux is and how 
it travels through space. We know flux “appears” to 
originate within a permanent magnetic material, 
forms a loop from one end to the opposite end of 
the magnetic material, appears to occur without a 
time constant, produces a force (attractive and 
repulsive) between other 
permanent magnets and 


a field that has potential 
for tremendous growth 
from both a science and 


“effect and relationsh 


a line of magnetic flux, 


Everything known about ma; 
ps 
understanding or provable d 


netism is based On| “aynetically permeable 
efinition of what is] materials and has a 


relationship to current 


application perspective. The 
researchers of Flynn Research Company believe that 
magnetism is one of the least understood and most 
misinterpreted of the natural forces, with the 
exception of gravity: 


Even though much work has occurred in the 
advancement of magnetic materials, little 
advancement has occurred in the basic 
understanding of magnetism. The field of 
magnetism is based on both theory and ‘myth’ and 
is generally described as a ‘phenomenon’ 
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flow. Everything known 
about magnetism is based on “effect and 
relationships” 
provable definition of what is a line of magnetic 


without a clear understanding or 
flus. 


‘The research is based on the “magnetic force of 
attraction effect” that is related to magnetic flux by 
the number of lines of flux occupying a given area 
or flux density squared. ‘The simple fact that if the 
number of lines of flux occupying a given area 
“doubles” the force of attraction becomes four 
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American plum, Wild plum Prunus americana 


Habitat: common, mixed deciduous woodlands, along streams, fencerows, mar- 
sins of ficlds. Identification: shrub or small eree co 11 m (36 fe) with spreading 
crown and spiny branches. Leaves alternate, simple, deciduous, 6-10 em (2.4~4 
in) Jong, 3.54.5 cm (LA-L.8 in) wide, with double row of sharp pointed teeth 
«along margin, dak green and smooth, Flowers produced 2-5 per cluster in 
carly spring, like cherry blossoms, each with 5 rounded, white petals 9=12 mum 
(0.40.5 in} long, Fruits solitary or 2—4 per cluster, each rounded or nearly s0, 
1.8-2.5 em (0.71 in) in diameter, orange to red, juiey. Harvest ripe fruits in 
mid to late summer. Preparation: Boil unripe fruits with sugar for emergency 
foox, Use fresh ripe fruits in any cultivated plum recipes. Especially good in jams 
and jellies. For plum butter, puree pulp and skins after extracting juice for jelly 
Blend with equal amount of maple sugar or honey in crock or bean pot and bake 
at 165°C (330°F) for 3 he with occasional stirring, Seal in hot, sterilized jars, For 
jam add V4 cup water to each 2 cups raw pitted fruit, Boil until skins are tender, 
10-15 min, Add 1 cup sugar for each cup of fruit pulp. Mix and cook about 15, 
‘min to jelly stage with constant stirring, Pour inco sterilized jars and seal. For pie, 
use plums with equal volume of sweeter fruic such as peaches and use basic pie 
recipe. Related edible species: several throughout the country, including aescH 
100, FLATWOOD MUM (next), and cherries. Poisonous look-alikes: none. Pics and 
seeds contain hydrocyanic acid which can react with stomach acids 10 release 
highly poisonous eyanin. 


Flacwood plum Prunus wmbellata 
Habitat: coastal plain, piedmont; along rivers, in swamps and hammocks. Kden- 
tification; small tree to 6 m (20 fi) with irregular rounded crown and reddish 
bark. Leaves alternate, simple, deciduous, 5-7 em (2~2.8 in) long, 2.54 em 
(1-16 in) wide, broadest at or above middle, rounded to slightly heart-shaped 
at base, with fine, sharp-pointed teeth along margin, dark green and smooth 
Flowers 2-4 per cluster in early spring before leaves appear, each with 5 white 
rounded petals, Fruits solitary or in small clusters, rouaded, 1.2—1.5 ent (0.5 in) 
in diameter, dark red to almost black, sour, containing flattened stone, Har- 
vest: Handpick fruits as chey mature from June to September. Preparation: See 
Anpmican etuw (preceding), but use additional sugar as with wach rium, Related 
edible species: rach PLUM, assCAN rLUM, and several other species. Poisonous 
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Black cherry Prunus serotina 


Habitat: widely distributed; mixed hardwood forests, woodlands, Identifica- 
tion: tree to usually 20 m (66 fe), rarely taller, with rounded crown and dark 
reddish-brown to nearly black bark: inner bark with odor of almond extract, 
Leaves alternate, simple, deciduous, 5~15 cm (2-6 in) long, 2.5—4 em (~L.6 
near base t uniformly wie, with mamerans blunt 
teeth along margin, dark green and shiny. Flowers and fruits produced in nar- 
row elongated clusters 10-15 em (A~6 in) long, each flower with 5 white round~ 
cd petals. Fruits fleshy, rounded, 8-10 mm (0.30.4 in) in diameter, dark red 
to black at maturity (\ate summer), juicy, enclosing egg-shaped stone, slightly 
bitter tasting. Harvest: Handpick fruic or if fully ripe shake loose onto tarp 
August through September. Preparation: Eat fresh as trail snack or with sugar 
and cream as dessert, though pits make cating an effort, Prepare jelly as de 
scribed under eoanow choxrcrmny (next) but use 2 cups each of apple and cher- 
ry jwice. Also use black cherries for brandied cherries, breads, beverages, pies, 
wine, For pie add 1/4 cups sugar, 2 ebsp cornstarch or flour, and V4 tp salt to Lt 
pitted cherries (a pitter makes the task easier). Mix and pour into uncooked 9-in 
piiecrust. Add top crust or latice of pastry. Bake at 230°C (450°F) for 20 min, 
then reduce heat to 190°C (375°F) and bake 10 more min. Indians prepared and 
used dried black cherries as described uncer common cHoxecinny. Related edi- 
ble species: See common cHoxscuenny. Poisonous look-alikes: See co 
‘coxecuenny for details, 


Common chokecherry (Al edible autumn) Prunus virginiana 


Habitat: common and widespread; moist soils of roadsides, fencerows, wood- 
land margins. Identification: shrub or small tree to 8 m (26 ft) with smooth 
usually reddish-brown bark. Leaves alternate, simple, deciduous, 5~10 em (2—4 
in) long, 2.5~5 cm (1-2 in) wide, uniformly wide to broadest near base, pointed 
at tip, with numerous sharp teeth along margin, dark grcen and smooth. 
Flowers produced in short eylinder-sbaped clusters 8-15 em (3.2-6 in) long, 
‘each with 5 white, rounded petals. Fruits fleshy, rounded, 8-10 mm (0.3-0.4 
in) in diameter, usually dark red or black, juicy, enclosing egg-shaped stone. 
Harvest: Pick fruit from midsummer w October, depending on location. Prepa- 
ration: Best use, aside from trail thirst quencher, is for jelly, Prepare juice by 
crushing I qt unpitted cherries in 1 cup water. Simmer, stirring about 30 min and 
strain out juice. Quarter several whole apples, cover with water, simmer until 
tender. Strain off juice. Combine 2 cups apple juice with 1 cup cherry juice. Add 
4 cups sugar and scir uncl dissolved. Boil rapidly until jelly temperature is 
reached. Pour into sterilized jelly glasses and seal, Or use sous cherry jelly recipe 
accompanying pectin package. Indians ground whole fruits, leached poison from 
seeds, formed pulp into cakes, and dried them in sun for sauce and pemmican 
Related edible species: stack citemny (preceding) and several other sweet and 
sour fruited species, with various ranges. Poisonous look-alikes: Autumn and 
wilted leaves and pits of fruits contain hydrocyanic acid. Do not eat them! Also, 
Carolina laurelcherry (P. carvliniana) fruits are somewhat toxic: 


Downy sei 


Saskatoon serviceberty: flow 
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SERVICEBERRY GENUS Amelancbier 

There are about 25 species of serviceberries native to North America, Europe, 
Northern Africa, and Asia. In North America, they are small trees or shrubs that 
occur in deciduous forests and mountains, where their attractive whice flowers 
announce spring, Many birds and wildlife eat the small fruits produced in sum- 


Downy serviceberry Amelanchier arborea 
(synonym: A. leis) 


Habitat: woodlands, rocky slopes, river banks, and along swamps; often growing 
with oak, hickory, tulip tree, swerr nicl. Identification: shrub or small tree 
with rounded crown and thick, slightly ridged and furrowed, ash-gray co nearly 
black bark. Leaves alternate, deciduous, simple, 5-9 em (2~3.5 in) long, 2.5~ 
3.5 em (1.4 in) wide, widest at or near middle, finely toothed along margin. 
Flowers white, attractive, produced in spring (February in South to May in 
North), each with 5 strap-shaped petals 1~1.4 cm (040.6 in) long. Fruits in 
clusters, each rounded, 6-10 mm (0.2-0.4 in) in diameter, red to dark purple, 
fleshy, containing 5-8 black seeds. Harvest and preparation: Pick beries 
when ripe, usually mid co lace summer. Eat as picked. Use fresh in recipes for 
jelly, jam, pie; fresh or dried in breads. For fruit sauce, stew 3 cups berries with 1 
cup Sugar for about 20 min. Mix dried berries with dried beef and suet to form 
pemmicanlike product. Related edible species: saskaToos stxvicentney 
(next) and other less common species. Poisonous lookalikes: none 


Saskatoon serviceberry Amelanchier alnifolia 
(synonym: A. lorida) 


Habitat: mountain slopes, moist hillsides, prairies, margins of lakes and streams. 
Identification: shrub or small tree, sometimes forming thickets, with rounded 
‘crown and thin, smooth, or finely furrowed, brown bark. Leaves alvernate, decid- 
uous, simple, 2~6 cm (0.8-2.4 in) long, 2.54 em (1—1.6 in) wide, broadest near 
base to uniformly wide, entire near base, sharply and coarsely tootbed along 
upper margin. Flowers showy, white, produced in early spring, each with 5 
strap-sbaped petals 0.9-1,5 cm (0.40.6 in) long. Fruits in clusters, each round- 
ed (0 egg-shaped, 6~11 mm (0.2~0.4 in) long, dark reddish-purple to almost 
black. Harvest and preparation: Fruits ripen in mid to late summer; eat raw oF 
ried but berter cooked. Use fruits in recipes calling for fruit, as in cakes, pies, 
jellies, puddings. To make jelly, wash fruits thoroughly, drain, partially crush, 
cover with water, and cook over low to medium heat until soft. Pour coments 
into wer jelly bag. For clear jelly do not squeeze bag, Simmer juice 5 min, remov- 
ing any surface foam, Add sugar while stirring (I cup juice to %4 cup sugar). 
Simmer 10~15 min oF until mix shows sign of jelling. Pour mix into properly 
prepared jelly jars to within V4 in of top. Cover with % in melted paraffin. Re- 
lated edible species: nowny sexvicrnenny (preceding) and other less common 
species, Poisonous look-alikes: none. 
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Autumn 


Autuma is the season for fruits and nuts. These come mainly from trees and 
shrubs thar require a full growing season before flowers transform into mature 
seeds and fruits. Oaks, beech, hickories, walouts, hawthorns, viburnums, and 
rapes are common sources and easy to identify. In autumn you can gather large 
quantities of edibles and consume them then or store them. The oaks, beech, 
walouts, and hickories are cyclic in nut production, or mast crop. That is, a large 
‘mast crop is normally followed by cwo or three years of smaller crops. So one 
year you may encounter a large crop of hickory nuts and the next year run into 
the acorn bounty of oaks instead, 

‘This is also the time to note oF even map populations of native edible plants 
(other than nurs) for harvest the next year. Keep track of the edible populations, 
‘especially immature ones; and avoid overharvesting them. Many plant species 
have been seriously depleted by greedy collectors. On the other hand, if you 
harvest fruits and nuts, you don’t destroy the trees and shrubs. They will live to 
produce again, and their offspring will evencually be producers too—especially if 
you plane a fruit or nut now and then, 


Additional autumn edibles 

Plants listed below have parts that are edible in autumn and at least one addition- 
al season. Descriptions and photos of these plants appear in a seasonal section 
other than “Autumn,” as indicated, 


Alpine bistort (Polygonum viviparum), 
p. 154 


Chicory (Cichorivm intybus), p. 114 
Chufa (Cyperas esculentus), p. 130 


American bistort (Polygonum 
bistortoides), p. 154 

American hazelnut (Conus 
‘americana, p. 172 

Beach plum (Pranas maritima), 
p. 166 

Beaked hazelnut (Corslas commuta), 
p. 172 

Bugleweed (Lycopus wniflorus), p. 88 

California juniper (Jumiperus 
californica), p. 194 

California laurel (Umbellularia 
californica), p. 198 

Cattail (Typha latifolia), p. 68 
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‘Common burdock (Arctizw minzs), 
p. 12 

Common chickweed (Stellaria media), 
p84 

‘Common chokecherry (Prunus 
virginiana), p. 204 

‘Common day lily (Hemerocallis fulea), 
p. 136 

Cranberry (Vaccinium macrocarpon), 
p. 162 

Creeping snowberry (Guultheria 
bispidula), p. 152 

Creeping wintergreen (Gaultheria 
bumifusa), p. 160 
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Dandelion (Taraxacum officinale), 
p. 104 

Eastern camass (Camassia silloides), 
p. 64 

Edible valerian (Valeriama edulis), 
p88 

Evening primrose (Oenothena biennis), 
p. 102 

Glandulae mesquite (Prapis 
glandulosa), p. 188 

Glasswort Selicornia europea), p. 76 

Great bulrush (Scirpus ealidus), p. 70 

Green pigweed (Amaranthas 
bybridus), p. 72 

Groundnut (Apios americana), p. 148 

Hard-stem bulrush (Seirpas acuts), 
p70 

Indian fig (Opuntia bumifisa), p. 138 

James chickweed Stellaria 
Jumesiana), p. 84 

Labrador tea (Ledum grvenlandicum), 
p. 160 

Lamb's quarters (Chenopadisin album, 
p74 

Lance-leaved pickerelweed 
(Pontederia lanceolata), p. 132 

Live-forever (Sedum purpurewm), 
p. 110 

Marsh mallow (Althaew officinalis), 
p. 146 

Mountain cranberry (Vaccinium vitis- 
iddaea), p. 162 

Narrow-leaved catail (Typha 
angustifolia), p. 8 

Pawpaw (Avimina tril), p. 198 

Pickerelweed (Pontederia cordata), 
p. 130 

Pigweed (Amaranthus retroflexus), 
p72 

Plantain (Plantago major), p. 78 

Poverty weed (Monolepis nuttalliana), 
p74 


Prickly pear (Opuntia phaeacantha), 
p. 140 

Reed grass (Phragmites communis), 
p. 128 

Rocky Mountain juniper ( Juniperus 
scopulorum), p- 194 

Salal (Gaultheria shallow), p. 160 

Sassafras (Sausafras albidum), p. 124 

Screwbean mesquite (Prosopis 
ubescens), p. 188 

Sheep sorrel (Rumex acctosella), p. 120 

Silver buffaloberry (Sbepherdia 
argentea), p. 178 

Smooth sumac (Rbws glabra), p. 184 

Sour dock (Ramex erispus), p. 120 

Southern bayberry (Myria cerifera), 
pela 

Squawbush (Rhus trilebata), p. 186 

Staghorn sumac (Rhus typhina), 
p. 250 

Sunflower (Helianthus annus), p. 156 

Sweet birch (Betula lenta), p. 122, 
252 

‘Sweet gale (Myrica gale), p. 176 

Utah juniper (Juniperus asteosperma), 
p. 196 

Watercress (Nasturtium officinale), 
p. 146 

‘Western camass (Camassia quamasb), 
p. 136 

Wild garlic (Alliam canadense), p. 60 

Wild leek (Aim tricoccam), p. 60 

Wild onion (Allium cernanm), p. 58 

Wild rice (Zizania aquatica), p. 128 

Wild strawberry (Fragaria 
virginiana), p. 90 

Wintergreen (Guultberia procumbens), 
p. 150 

Yellow birch (Betula allegbaniensis), 
p. 122, 254 
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Jerusalem artichoke Helianthus tuberasus 
‘Als edible winter spring 
Habitat: damp or rich thickets, waste areas, roadsides; often cultivated today as 


by Indians in past. Identification: perennial herb co 3 m (9.8 fe) tall, forming 
colonies; stems upright, rough-hairy, from a root system with elongated, fleshy, 
edible tubers 7.5~12.5 em (3~5 in) long, Leaves opposite or in whorls of 3 on 
lower part of stems, alternate above, broadest near base, to 25 em (10 in) long, 
6=15 cm (24-6 in) wide, tapered at tip and base, hairy above, rough, leathery. 
Flower beads yellow with rounded central disc 1~2.5 em (0.4—1 in) actoss, 10— 
20 ray flowers, each about 4 ci (1.6 in) long, several flower beads per plant, on 
slender stems fram leaf bases on upper part of stems, Harvest: Identify colonies 
in summer when in bloom; dig tubers from first frost chrough winter, Prepara- 
tion: Peel or scrub tubers before using. Slice raw in salad, make potato salad, boil 
and mash, roast with meat, slice and fry. For pickles, peel and boil 3-4 min, 
cover with wine vinegar, age 3-5 weeks. Adapt to many potato and carrot rec 
ipes. Food value equal to potato. The carbohydrates are mostly inulin and suit- 
able for low starch diets. Related edible species: other suwrtowens (Helianthus 
species) produce edible seeds. Poisonous look-alikes: none. 


Lotus lily, American locus Nelumbo lutea 
Allo elble spring, summer 


Habitat; lakes, ponds, slow-moving streams, bays and tidal waters, Identifica- 
tion: aquatic perennial herb; coors large, thick with swollen tubers. Leaves 
Jarge, 20-70 cin (8-28 in) across, circular, often rising above water level, cen- 
ter depressed, bluish-green; leafitalk attached at center of blade, variable in 
length, strong but flexible, Flowers solitary on long stalks, showy, 1426 em 
(5.5~10.2 in) across, with numerous pale yellow petals or perallike structures. 
Fruits produced in large cone-shaped, flat-topped receptacles raised above wa- 
tet level; each fruit dry, hard, nutlike, globe 1 exy-shaped, 1-2 cm (0.40.8 in) 
long. Harvest: Some part edible most of year. Pick unopened leaves and young 
stalks in spring. Pick seed receptacle either before or after seeds ripen during 
summer through autumn. Dig up tuberous roor in auruma or early spring if you 
can overcome the difficulty of its deep water bed. Preparation: Leaves and 
young stalks are edible, bur nor exceptional, potherbs. Immature seeds are excel- 
lene raw, boiled, or rossted, Mature seeds are hard-shelled; crack shells before 
boiling to soft chestnutlike texture, Or roast fresh mature seeds, crack, and re- 
move shells. Eat like nuts, or grind into meal and substitute for part of flour in 
bread and muffin recipes. Bake or boil tubers like sweet potatoes until tender. 
Peel and mash. To every cup ald 1 thsp butter, 14 tsp salt, and a little hot milk: 
Beat 1 smooth texture. Related edible species: various species of yetiow pow 
uty (next) and water lily (Nymphaea). Poisonous look-alikes: none. 


Yellow pond lily: flower prior to seed 


Arrowhead: flower and 
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‘Technology Discussion 


8° X 8" motor testing Parallel Path Test Apparatus 


times greater. The basic model shows that with specific structures electromagnetism acting with 
permanent magnet materials can divide and multiply force in a manner that cannot be explained with 
conventional physics. 


Rotary devices, linear devices, reciprocating devices and power conversion devices are now a patented 
product of this research. The goal of the Company is to commenialize their devices for use in an ener gy 
dependent world. Flynn Research is a research & development company and in cooperation with Magnetic 
Revolutions LLC licenses their technologies for use in the electric motor and power conversion industries. 


‘The researchers do not construct their own test equipment nor write capture and data evaluation programs 
quip P prog 

but use industry / scientific accepted products. Close to $1.5 million has been expended developing, 

protecting and evaluating the technology. Many fine minds have been involved in the development and 

evaluation of the technology. Many presentations have been given both to motor companies and academic 

groups. The prototypes have all been professionally built, which include a 1/2 hp 3.3" dia 1.2" stack 

height, the assembled motor weighs 59 oz and a motor 8" dia with a stack height of 8" currently undergoing 


testing, 
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Yellow pond lily, Spatterdock Nuplar advena 
‘Alia edile winter spring, seomer 

Habieat: lakes, ponds, slow streams, swamps, tidal waters, Identification: 
aquatic perennial berb; roots (actually stems or rhizomes) large, thick, ro 13 cm 
(6 in) in diameter, elongate, branching, covered with leaf scars. Leaves large, 
10-40 em (416 in) long, 3-16 em (26.3 in) wide, broadest below middle, 
deeply lobed at base to form U- ar V-shaped cleft, shiny green, usually raised 
‘above water level, sometimes floating; leafstalk thick, stout, attached at base of 
cleft. Flowers solitary on long stalks, sbowy, 310 em (14 in) across, with 
numerous yellow, green-tipped petals. Fruits broadly urn-shaped, 2-5 cm 
(0.8-2 in) long, with short thick neck and flattened cop, ribbed, green, contain 
ing numerous, yellowish-browa, small, egg-shaped seeds. Harvest: Cut fruits 
fee of stalk as they ripen (lave suramer oF fall). Airary unl fruits pull apart to 
separate seeds. Dump seeds in bucket of water. After 5~6 he good ones sink; dry 
in sun of warm oven. Loosen tuberous roots from mud in bottom of pond from 
auruma to spring, Indians used their toes. Preparation: Seeds store well. Pop 
seeds like popcorn or remove shells by parching over coals or in oven, pounding 
lightly to crack shells, and winnowing. Then boil nutmeats like rice or grind and 
use like cornmeal. Peel, slice, and boil roots in 2 water changes. Mash, season, 
and serve like potatoes or dry and use like flour. Related edible species: several 
‘other species of yellow pond lilies (Naphar), mosc important is cow lily (N. pol 
‘epalum) in, West. Poisonous look-alikes: none. 


Arrowhead, Duck potato, Wapato Sagittaria latifolia 
Als edible winter, spring summer 

Habitat; shores of lakes, ponds, streams, ditches, bogs, wet meadows; common 
and widespread. Identification: perennial berb 0.6~ 1.2 m (2—4 ft) high, with 


fibrous roots developing small tubers (potatolike) 0.5—5 cm (0.22 in) in diame~ 
ter. Leaves all at base, blades 10-25 cm (4~10 in) long, 1=25 em (0.4~10 in) 
wide, arrowhead-shaped with long pointed lobes at hase, leaf shape highly 
nariable from extremely narrow to very broad, smooth or hairy; leafstalks flexi- 
ble, to 1 m (3.2 fe) long. Flowering stalk taller than leaves; lowers im clusters of 
4s along upper part of spike, each flower with 3 delicate, white petals. Fruiting 
heads globe-shaped or nearly so, containing numerous flat, winged seeds. Har~ 
‘yest: Collect tubers from late summer through early spring, whenever there is no 
ice. Dislodge tubers from roots in mud beneath water with rake or hoe, or wade 
in as the Indians did and loosen them wich your toes. Tubers will float to surface 
and are easily collected. Preparation: Tubers are edible but not always tasty raw; 
better cooked like potatoes. Bake or boil about 30 min until tender; peel after 
cooking. Serve topped with mixture of butter and lemon juice of StAGHORN sUNAC 
extract. Use in potato recipes. To dry tubers for storage, boil util tender, drain, 
slice about ¥4-in thick, dy thoroughly in sun or warm oven. Store in warm dey 
place. Before using soak 20 min; allow 20 min cooking time. Related edible 
species: several other arrowhead species (Sagittaria); all have arrowhead le: 
nexeRruwEED has similar leaves but lacks tubers, Poisonous look-al 
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WILD GRAPES Vitis 


North America has about 50 native species of grapes along with several intro- 
duced ones that now grow wild. While itis easy ro identify a grape vine, deter- 
mining grape species can be challenging, Ic is best to familiarize yourself with the 
srapes in your region and the variation in fruie quality. Grapes are climbing vines 
‘ith large lobed or toothed leaves, numerous small lowers in elongate clusters, 
and then fruit bunches. Three of the more common grapes are described here 
Harvest: Gather leaves in spring when young and tender but full gown. Collect 
fruits between August and October, depending upon species and region. Prepa- 
ration: Boil leaves until ender, and serve with other vegetables. Check cook- 
book recipes for stuffed grape leaves. Most fresh grapes are too ai 
quantity. Best to make juice, jelly, preserves, pie, and wine. For jelly, use mix- 
ture of ripe and unripe (for pectin) fruits. Wash, drain, remove stems, and mash 
in kettle, Add small amoune of water and cook uncil fruit comes apart, about 15 — 
20 min. Strain juice through jelly bag. Prevent crystallization in jelly by letting 
juice sit overnight or cooking 1 cup tart apples with each 4 cups of krapes. Boil 4 


Riverside grape Vitis riparia 
‘Alia edible spring, summer 

Habitat: streain and river banks, margins of woodlands, thickers, Identifica- 
tion: large vine, usually climbing; branches cough, rounded, becoming smooth, 
pith chambered. Leaees alternate, simple, deciduous, 12-20 em (4.7-8 in) long, 
8-16 cm (3-6 in) wide, nearly circular in outline to broadest near base, usually 
3-lohed, long-pointed at tip, coarsely woothed along margin, heart-shaped at 
base, smooth above, buiry beneath, Flowers tiny, produced in many-flowered, 
clongate clusters to 10 cm (4 in) long. Fruits are dense bunches of berries, each 
rounded, 8-14 mm (0.3~0.6 in) in diameter, black with whitish bloom, sour 
tasting. Harvest and preparation: See wit crares (preceding), 


Frost grape Vitis owlpina 
Alo ible spring, summer 

Habitat: streams and river banks, low wetlands, thickets, Identification: large 
vine, often climbing; branches stour, rounded, becoming smooth, pith cham- 
ered, Leaves alternate, simple, deciduous, 10-18 em (4-7 in) long, almost as 
wide, very broad, widest near base to almost round, ussally unlobed or slightly 
S-lobed, pointed a¢ tip, coarsely toothed along margins, heart-shaped at base, 
smooth above, smooth below except for junctions of major veins, Flowers tiny, 
produced in many-flowered, elongated clusters to 18 em (7 in) long, Fruits are 
clusters of berries, each rounded, 4-10 mm (0.2-0.4 in) in diameter, black, 
sour tasting until frost, then sweet. Harvest and preparation: See with Gnavis 
(preceding), 
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cups juice with 4 cups sugar until jelling poine is reached. Skim off foam, pour 
into sterilized jars, seal with paraffin. For pie, squeeze skins from 4 cups ripe 
grapes. Simmer pulp until it comes apart; sieve to remove seeds, Chop skins and 
combine with strained pulp, 114 cups sugar, 2 cbsp flour, 14 tsp sale, I tbsp lemon 
juice, 2 tbsp melred butter. Mix well and pour into unbaked pie shell. Fitand slit 
top crust, Bake ar 205°C (400°F) for 30-40 min until crust is browned. For juice, 
tse ripe fruit. Crush in kettle, hear and simmer for 30 min, but do not boil. Press 
through sieve and strain through jelly bag. Sweeten to taste. For wild grape but- 
ter, puree remaining pulp. Add equal amoune co maple sugar or honey and blend 
in bean pot. Bake in preheated 160°C (320°F) oven, stirring occasionally, for 3 
hr. Seal in and 
drain sap. Poisonous look-alikes: moonseed (Meméspermum canadense) is a vine 
with simple entire or shallowly lobed leaves and clusters of black fruits resem: 
bling a bunch of grapes. The leafstalk is attached on the lower surface of the 
blade above the base (peltate) and the leaves are not coarsely toothed as those of 
most grapes. Single seed a flar crescent. 


erilized jars. For emergency water source, cut off large vine 


Riverside grape: fruiting branch (Elias). _ Frost grape: fruiting branch (Elias) 
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California grape Vitis californica 

SE ia see meer 

Habieae: stream and river banks, moist canyons, margins or clearings of forests. 

8 Identification: large woady vine, climbing; branches stout, rounded, with 

shredding bark, pith chambered. Leaves alternate, simple, deciduous, 6=14 om 

 (2.4-5.5 in) long, nearly as wide, cireular im outline, nearly unlobed to 3- 

lobed, short-pointed at tip, coarsely toothed along margin, deeply lobed at base, 

hairy abovc, dense cobweblike hairs beneath. Flowers tiny, produced in many” 

Aowered, branched, elongated clusters. Fruits are dense bunches of berries, 

each rounded, 6-10 mm (0.204 in) én diameter, dark purple and covered 
ih ti oom Harvest and preparation; See wu ces (receding) 


Wild potato vine Ipomoea pandurata 
Alo edible spring, summer 

Habitat: fields, fencerows, roadsides; dry, open or partly shaded areas. Ident 
cation: perennial trailing oF slightly twining vine, 0.9-3.6 m (312 fe) long, 
often purplish ulong stem, branching, from a large tuberous root to 9 kg (20 
Ibs), vertical, deep, slightly milky, resemble a yam. Leaves 48 em (.6~3.2 in) 
Jong, 3-8 em (1.23.2 in) wide, heart-shaped, pointed at the tip, entire along 
the margins, Flowers to 7.5 cm (3 in) across, with a wbite (sometimes purple- 
centered), funnel-shaped corolla, like a morning glory flower. Fruit a 2-cham- 
bered capsule 0.8-1.2 cm (0.3-0:5 in) long, broadest near the base and tapering 
to atip, Harvest: Dig deep root any time when ground is not frozen, but best not 
in summer when starch level is low. Young roots are preferred to older, woody 
ones. Preparation: Boil or bake roots like sweet potatoes. When boiling, change 
water 2 or 3 times for bitter ones; others will nor need changing. All roots have 
tough outer skins and require peeling. Serve with bucter and seasonings. Some 
older roots may be too woody to use. Dry peeled slices of root for later use 
Related edible species: Bush morning glory (I, kptophyla) of the West is vari- 
ously described from excellent to nearly inedible. Falbility of other species has 
not been reported. Poisonous look-alikes: Flowers may resemble those of si 
SON werd; however, siason wexD is an upright herb with large, coarsely toothed 
leaves 


Wild potato vine: flower (Moblenbeck), 


Common barberry: fruiting branch (Dykema 


Spice bush: fruiting branch (Elias). Flowers (NYBG). 
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‘Common barberry Berberis eulgaris 
Habitat: widely planted European shrub; also grows wild, the seeds spread by 
birds; disturbed woodlands, fencerows, fields, roadsides. Identification: shrub 
1-3 m (3-10 fo) high, with rounded crown, Branches grooved, yellowish-red 
turning gray by second season, with 3-forked sharp-spines. Leaves alternate, 
simple, deciduous, often crowded together on short shoots, 2~4.8cm (0.8~2 in) 
long, 0.8-2.4 cm (0.3~1 in) wide, broadest above middle, rounded at tip, fine 
ly sharp-tootbed along margin. Flowers produced in spring, stalked, in 10~20- 
flowered, elongated, narrow clusters, each flower greenish-yellow. Fruits in 
drooping dusters in lace summer or early autumn, berries 812 mm (0.3-0.5 
in) long, orange-red to scarlet. Harvest and preparation: Pick fruits in autumn 
‘when full color has developed. For jelly, 4 cups crushed barberries, 2 whole 
oranges, chopped, 2 cups water, 113 cups sugar, I pkx pectin. Combine berries, 
s, and water. Bring to boil, simmer until ender, about 20 min. Strain juice 
through cloth or jelly bag. Combine juice and sugar; bring to rolling boil, Add 
pectin; bring to boil. Pour into hot, sterilized jars; seal. Yields 3 pt. For straight 
barberry jelly, cook berries and extract juice. Boil juice to 105°C (200°R); pour 
into hot, sterilized jars; seal. Needs no pectin, very tart. Juice also good in sauces 
and beverages where tarmness is needed. To relieve thirst, chew a few leaves 
Related edible species: red-fruited barberry (B. /acmatacarpa), southwestern 
USs American barberry (B. canadensis), southeastern U.S.; and other species. 
Poisonous look-alikes: none: 


Spice bush LLindera benzoin 
‘Als edible winter spring, summer 

Habitat: rich woodlands, stream banks, especially in moist soils. Identification: 
shrub to 3 m (164 ft) high, with numerous, spreading to upright, smooth 
branches, with spicy fragrance when broken, Leaves alternate, simple, decida- 
ous, 6-14 cm (2.4-5.5 in) long, 3-6 cm (1,2—24 in) wide, broadest near or 
above middle, long-pointed at tip, entire along margin, thin, smooth, bright 
xcen, stalked. Flowers in early spring before leaves appear, yellow, small, 
produced in dense clusters along previous year's twigs. Fraits produced in 
clusters, each a berry, widest at middle, rounded at ens, 6~10 mm (0.2-04 in) 
Jong, eseen turning bright red at maturity, Harvest: young leaves in spring; 
bark and cwigs all year; fruits in lare aurumn before migrating flocks of birds eat 
them all. Preparation: For tea steep 15 leaves or handful of fresh ewigs and bark 
in 4 cups boiling water for 15 min, Strain if necessary; serve with honey and milk 
for best flavor. Dry fruits thoroughly in warm oven. Grind and use as substicute 
for allspice. Related edible species: none. Poisonous look-alikes: none. 
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Desert hackberry, Spiny hackberry Celtis pallida 
Habitat: desert foothills and mesas at 450~ 1,050 m (1,500-3,500 fe). Identifi- 
cation: shrub or small tree, (0 5 m (16 f0 ull, single or in thickets, densely 
branched, twigs with many single or paired spines at base of leaves. Leaves 
simple, alternate, evergrcsn, broadest near or below the middle, 2.5~7.5 cm 
(1-3 in) long, unequal at base, toothed from mid margin to tip, rough upper 
surface. Flowers in spring, small, ereenish white in long clusters at base of youn- 
ser leaves. Fraits single, fleshy, 6-8 mm (0.20.3 ia) diameter, yellow to red- 
‘orange, sweet, containing | large seed. Harvest: fruits in late September and 
October; crop frequently abundant if rin was sufficient. Preparation: Eat fresh 
or dried as snack. Dry whole or mashed and formed into small cakes; dry in sun 
oF 100°C (21°F) oven, Store in dry place. For seedy jam, mash 6 cups fresh 
berries in saucepan with 2 cups sugar, 3 ebsp lemon juice, and 4 cup water 
Bring co boil; reduce heat and simmer with stirring wncl thick. Ladle into steril- 
ized jars and seal with paraffin. If seeds are annoying, grind fruit fine before 
cooking. Use fresh or dried fruits in baking, Related edible species: American 
hhackberry (C. occidentalis) and several other species are edible; palatability d 
pends on species and weather. Poisonous look-alikes: nove. 


ROSES Rost 

‘There are about 35 species of roses native to North America and several intro- 
duced species that now grow wild on roadsides and disturbed sites. While it’s easy 
(0 distinguish roses from other groups of plants, the distinctions among individ- 
ual species are often difficult. Fortunately, all roses have edible parts although 
‘quality and size vary greatly, Roses are shrubs normally with spiny branches, and 
alternate featherlike (pinnate) compound leaves, The large attractive flowers 
have 5 petals, and many stamens and pistils. Four of the more common species 
are treated on upcoming pages. Harvest and preparation: Gather fruits (hips) 


California rose Rosa californica 
Ali edible winter, wmmer 


Habitat: along streams, rivers, washes, and in moist canyons. Ldentii 
shrub to 3 m (9.8 fe) tall with coarse, erect to nearly erect branches, armed with 
stiff, Naxtened, usually curved spines. Leaves alternate, deciduous, compound, 
each with 5~7 leaflets, leaflets broadest near base and gradually tapering c© a 
pointed to blunt tip, 1.2—3.6¢m (0.5—1.4 in) long, about half as wide, with Lor 2 
rows of sharp teeth along margin, hairy. Flowers in few-flowered clusters in 
spring or summer, each with green smooth floral cube (hypanthium), narrow 
lance-shaped sepals, § white or pink petals 1.2~2.5 em (0.5~1 in) long. Fruits 
(hips), fleshy, egg- fo globe-shaped, 1.2-1.8 em (0.50.7 in) in diameter, with 
distinct neck, red, smooth. Harvest and preparation: See preceding, Related 
edible species: all native roses. Poisonous look-alikes: nove. 


Desert hackberry: fruiting branch (Cramer) 


as they ripen in autumn (after frost) or during winter, wash and remove dried 
persistent flower parts from top of hips, then split open and remove seeds. Eat 
pulpy portion fresh or in jellies or sauces. Dry whole or halved cleaned fruits for 
larer use (soak overnight in warm water) or finely grate or grind dried hips 10 
yield a slightly fragrant powder rich in vitamin C and essential minerals. Sprinkle 
on hot breakfast cereals of use to make hot tea. Also wash young 
small pieces, and dry for hot rose tea. Flower petals can be used in candy, tea, and 


jellies, but fruits are more nutritious. 


California rose: fruits and flower (McNeal) 


United States Patent No. 6,246,561 
June 12, 2001 


Methods for controlling the path of magnetic flux from a permanent 
magnet and devices incorporating the same 


Inventors: Flynn; Charles J. (Greenwood, MO) 
Assignee: Magnetic Revolutions Limited, L-L.C (St. Louis, MO) 


Appl. No.: 127056 


Filed: July 31, 1998 
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A permanent magnet device includes a permanent magnet having north and south pole faces with a first pole piece 
positioned adjacent one pole face thereof and a second pole piece positioned adjacent the other pole face thereof 
so as to cwate at least two potential magnetic flux paths. A first contol coil is positioned along one flux path and 
a second control coil is positioned along the other flux path, each coil being connected to a control circuit for 
contmolling the energization thereof The control coils may be energized in a variety of ways to achieved desirable 
motive and static devices, including linear reciprocating devices, linear motion devices, tary motion devices and 


power conversion, 


Editorial: The principle of designing of the device (two counter parts of the flux are used) 
resembles ®-machine or Gramm s generator. Read in this issue more details on these devices. 
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Wild rose, Pasture rose (Alw alible winter, wmmer) Rosa carolina 


Habitat: open woodlands, margins of woodlands, fields, pastures, rocky out 
crops. Identification: low shrub to 1.5 m (5 ft) high, with slender arching 
branches, with stiff hairs and armed with broad-based straight or curved spines, 
especially on lower half. Leaves alternate, deciduous, compound, each with 3—7, 
rarely 9, leaflets, leaflets usually broadest near middle to almost rounded, 1.6— 
3.8 cm (0.6—1.5 in) long, about half as wide, pointed to blunt at tip, corsely 
sharp-toathed along margin. Flowers usually solitary and produced in spring or 
carly summer, each with glandular-bairy floral tube (hypanthium), narrow 
lance-shaped sepals, and 5 pink petals 23.2 cm (0.81.3 in) long. Fruits (bips) 
fleshy, newrly globe-shaped, 6-10 mm (0.20.4 in) im diameter, red, containing 
several seeds. Harvest and preparation: See nosrs, Related edible species: all 
native roses. Poisonous look-alikes: none. 


Sweetbrier rose Als adille winter, wmmer) Rove eglanteria 


Habitat: disturbed sites such as roadsides, abandoned pastures and fields, edges 
of wooullands, fencerows. Identification: shrub co 3 m (9.8 f) high, with large 
arching coarse branches, new branches with laterally flattened, broat-based, 
spines curved or straight. Leaves alternate, deciduous, compound, apple odor 
‘when crushed, each leaf with 7—9 leaflets, leaflets broadest near oF above micl- 
die, 1-4 cm (0.4—1.6 in) long, pointed or blunt at tip, doubly toothed and glan- 
dular along margin, bairy. Flowers solitary or in few-flowered clusters from 
May 10 July, each with green, smooth or sparsely hairy floral tube (hypant 

um), featherlike (pinnate) glandular sepals, and 5 pink petals LA~2.4 cm (0.6— 
1 in) long Fruits (hips) fleshy, elomgate and broadest near middle, 1.5~2 em 
(0.6-8 in) Long, red, containing several seeds. Harvest and preparation: See 
roses. Related edible species: all native roses. Poisonous loak-alikes: none 


Wrinkled rose (Ali alible winter, wmmer) Rosa rugosa 


Habitat: introduced from Asia; grows wild along roadsides, in dunes, and near 
seashores, Identification: shrub to 2 m (6.6m) tall, with coarse, arching brancb- 
es, densely covered with stiff hairs and stiff needle-shaped spines, Plants form- 
ing dense clumps. Leases alternate, deciduous, compound, each leaf with 5-9 
leaflets, leaflets widest near or above middle, 2-5 em (0.82 in) long, about half 
1s wide, pointed to rounded at tip, with teeth curving downward (recurved) along, 
margin, dark green, deeply furrowed or wrinkled. Flowers solitary or in few~ 
flowered clusters in spring, summer, or early fall, each with green, smooth floral 
tube (hypanthium), narrow spoon-shaped sepals, and 5 rose-purple to white 
petals 2.55 cm (1~2 in) long. Fruits (hips) fleshy, globe-shaped but depressed 
at top and bottom, 2~2.5 em (0.8-1 in) in diameter, red, smooth, containing, 
many seeds, Harvest and preparation: See nosis. Related edible species: all 
native roses. Poisonous look-alikes: none 
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Highbush cranberry Viburnum trilobum 
‘lie eibe winter 

Habitat: stream banks, wee thickets, moist woodlands. Identification: Not a 
real cranberry, this is « shrub, upright, co 5 m (16.4 high; branches upright to 
spreading, ash-gray with age. Leaves opposite, simple, deciduous, 6—12 om (2.4— 
4,7 in) ong, almost as wide, broadest near base, deeply 3-lobed, long pointed at 
tip, coarsely toothed along margin, rounded to squared at base, dark green and 
sparsely hairy above, hairy beneath; leafstalks with 1 or 2 small glands. 
Flowers produced in dense, many-flowered, round-topped elusters, with showy 
white sterile flowers on margin of flower cluster; smal sterile flowers in center. 
Fruits berrylike, rounded to exg-shaped, 814 mm (0.3~0.6 in) long, bright 
red, translucent when ripe, juicy, containing single flattened stone. Harvest: 
Fruits ripen in late summer but persist on shrub and become less sour through 
winter. To make sure your shrub is highbush cranberry and nor its biter look- 
alike, the introduced guelder rose (V. opulus), make a harmless taste tes. Pick in 
fall and winter. Preparation: much the same as Ckawperry except large seeds 
must be removed. While cooking ad lemon or orange peel shavings to eliminate 
bad odor of berries. For sauce, cover several quarts of berries with water in 
Kettle. Add outer peels of 2 lemons or oranges. Bring to boil and simmer 5 min 
Mash thoroughly and simmer another minute or ewo. Force juice and pulp 
through coarse strainer to remove seeds, Add 1 pkg pectin to 4 cups strained 
fruit, bring to boi, and add 5 cups sugar. Boil again for 1 min and seal in sterile 
jars or refrigerate. If fruits are picked before first frost, pectin may not be need 
td, For juice and jelly, cook berries as above but strain through jelly bag. For 
juice, dilute and sweeten to taste. For jelly, proceed with 4 cups juice as for 
sauce. Related edible species: Honbisnusti, NANNYBERRY, and SQUASHBERAY 
=I (next) and in the Pacific Northwest the cranberry tree (V. pasciflorum). Poison- 
‘ous look-alikes: none. 


Hobblebush Viburnum alnifoliom 


Habicac: stream banks, moist woodlands, ravines. Identification: sbrub, often 
spreading, 10 3 m (9.8 fd high, branches spreading, some drooping and rooting 
in ground, Leases opposite, simple, deciduous, 10-24 em (49.4 in) long, al- 
most as wide, broadest near hase, short-poiaced at tip, heart-shaped at base, 
finely double toothed along margin, hairy beneath. Flowers produced in many- 
lowered, round-topped clusters, with sterile flowers, each with showy pink or 
white petals 2~3.8 em (08-15 in) wide on margin of flower cluster; tiny 
fertile flowers in center. Fruits berrylike, slightly flattened, egg-shaped, 6-12 

© rn0.2-05 slong tart conclclng sage farcaed stone. Hecvee: isin 
autumn, generally only on shrubs in open area, not in dense woods. Prepara- 

ree oneal tite Se: Seegtn vores 
sonous look-alikes: none. 


Highbush cranberry: fruiting branches (Elias). F 


Hobblebush: flower cluster (NYBG), Fruiting branch ( 


Nannyberry: fruits and flower cluster (Dykeman) 


Squashberry: fruiting branch (Clawson). 
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Nannyberry Viburnum lentage 


Habicat: swamps, stream banks, rocky hillsides, margins of woodlands. Identifi 
cation: shrub or small tree to 10 m (33 fi) with short branching trunk and slen- 
der tough, dark reddish-brown branches. Leaves opposite, simple, deciduous, 5— 
10 cm (2-4 in) long, 2.54 cm (1-1.6 in) wide, broadest near base or middle, 
occasionally rounded, with many fine, sharp ceeth along margin, bright shiny 
green and smooth. Flowers produced in dense, many-flowered, rounded heads 
to 12 em (4.7 in) in diameter, cach flower white (0 cream, 5-lobed. Fruits 
berrylike, rounded, 8-12 mm (0.30.5 in) in diameter, dark blue to black, 
sweet, juicy, containing single flattened seed. Harvest: fruits when ripe in au- 
umn as leaves are falling. Preparation: fruits good for trail snacks; flavor excel 
lent, seeds a nuisance. For pudding add 11 cups water to 1 q¢ fruits, boil for 5 
min, Mash and work pulp through food mill. If pulp remains with seeds, scrape 
residue into small pan and add 13 cup water. Stir, mash, mill again. Yields about 1 
cup pulpy syrup. Add 1 chsp lemon rind, juice of V2 lemon, 1 cup sugar, Ys tsp 
cinnamon, 4 cup water. Bring to boil and simmer 15 min. In separate pan com: 
bine 14 cup cornstarch with 1 cup cold water. Blend into fruit mixture. Cook 
slowly 15 min, pour into mold, and cool. Serve plain or with whipped cream. 
Related edible species: black haw (V. pranifalinm), northera wild raisin (V. 
cassinoides), and HossurBUsH (preceding); use fruits in same ways as for nanny 
berry. Poisonous look-alikes: none. 


Squashberry Viburnum ile 
‘Al edible winter, summer 

Habitat: stream banks, wer thickets, margins of woodlands, moist low wood- 
lands. Identification: shrub, often sprawling, o 2.5 m (8 fe) highs stems uswally 
spreading, smooth. Leaves opposite, simple, deciduous, 4—11 em (1.64.3 in) 
long and wide, broadly circular in outline, with 3 shallow lobes, sharply and 
irregularly toothed along margin, squared to slightly heart-shaped at base, some 
times hairy beneath. Flowers produced in loose, round-beaded clusters 4~6 em 
(1.6-24 in) across, each flower milky white, S-lobed. Fruits herrylike, round- 
ed, 6~10 men (0.20.4 in) in diameter, red, containing single flartened seed 
Harvest: fruits similar to sicwausitcxannexay but smaller and less acid. Pick in 
late summer through winter. Preparation: same as HIGHBUSH CRANBERRY, EXEC 
juice does not require dilution for use as beverage. Related edible species: See 
‘wwoHnusti cxannenxy. Poisonous look-alikes: none 
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Pinus edulis: 


Habitat: mesas, plateaus, lower mountain slopes, and foothills from 825-2,350 
1m (2,700~7,700 fo elevation, Often occurs with juirexs, GaMBEL'soax, and pon- 
‘Jerosa pine, Identification: small, spreading, bushy tree with thin, irregulaely 
furrowed, scaly ridged, pray to reddish-brown bark. Leaves (needles) 2 per bun- 
te (rarely Lor 3), 1.25 em (0.6~2 in) long, sf, sharp-poinced, curved inward 
towand branches, bluish-green when young, turning yellowish-green with age. 
Fruits hard, short, exg-shaped cones 3:8—5 em (1.5~2 in) long, composed of 
thick, blunt, yellowish-brown scales, each scale with 2 seeds, Seeds egg-shaped, 
12-14 em (0.5~0.6 in) Long, wingless, pale yellow with reddish-brown mark- 
ings, oily, sweet. Harvest and preparation: large cone crops produced every 3— 
4 yr. Gather ripe, almost open, cones in autumn, Store dry so that scales will 
separate to release seeds. Fat seeds fresh oF after rousting 20-30 min. Roasting 
dries cones, facilitates seed removal, improves nutty flavor of seeds, and permits 
longer storage. Grind roasted nuts into meal. Seeds are rich in protein (14.5%) 
and fats and have high caloric content. Related edible pines: sincususar rixxox 
ree, Mexican pinyon (P. cembroites), Parry pinyon (P. quadrifolia). Poisonous 
look-alikes: none, 


Pinyon 


OAKS Quercus 

This large genus of about 55 native trees and shrubs north of Mexico offers 
important food sources to wildlife and provides nuts edible to people as well. 
North American oaks are divided into «wo subgenera: the white oak group and 
the red/black oak group. 


White Oak Group ‘Quercus subgenus Quercus 

This large group of related oaks occurs in the Americas, Europe, and Asia, 
‘There are 32 native species north of Mexico. They are distinguished from other 
oaks by a combination of characteristics: leaves entire, toothed, or lobed but 
never bristle-tipped; acorns maturing at end of first growing season on current 
year's twigs, and inner surface of acorn shell lacking hairs. Four of the most com- 
‘mon species are discussed on upcoming pages. Harvest and preparation: Gath- 
eracorns in autumn as they turn brown and fall. They are usually sweet and ne 
no leaching to remove tannins (if any bitterness exists, process as NORTHERN RED 
‘akacorns). Store nuts in cool dry place or shell for immediate use. For grits, dry 
‘nutmeats in air or warm oven ancl grind coarsely. Use like chopped nuts. For 
‘meal, regrind grits to finer texture and redry in warm oven, stirring occasionally. 
Use in recipes under xe oax group. For candy combine 2 cups sugar, 1 cup 
‘water, 1s tsp cream of tartar, and pinch of sale in small pan and boil uncil carmeli- 
zation begins. Maintain liquid by placing in larger pan of boiling water. Dip dried 
whole nutmeats in syrup and place on wax paper to harden, 


White oak Quercus alba 


Habitat: mixed deciduous forest in sandy, gravelly, loamy soils; widespread, 
often growing with hickories or other oaks. Identification: medium-size to tall 


Chestnut oak: immarure acorn and flowering 


Gambel’s oak: fruiting branch and tree (Dykeman’ 


Blue oak: mature acorns with dried leaves (Dykeman), Normal blue oak 


form foreground; weeping form background (Kruckeberg) 
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tree with broad round crown and thick, shallow to deeply furrowed, light ash- 
gray bark, Leaves alternate, deciduous, simple, 12~22 em (4.78.7 in) long, 5— 
10 cm (2-4 in) wide, with 7-10 shallow to deeply rounded lobes along mar 
gin, bright green, smooth, Fruits are acorns on current year's twigs, 1.2—2 em 
(0.5-0.8 in) lang, widest near middle or base, light brown at maturity, acorn up 
bowlshaped, 8-12 mn (0.30.5 mm) deep, enclosing about V4 of nut, cup 
scales thick, warty; nutmeat sweet. Harvest and preparation: See wHiTt OAK 
exour (preceding). 


Chestnut oak Quercus prinus 


Habitat: mixed deciduous woodlands, especially dry to moist well-drained 
slopes and ridges. Identification: medium-size tree with broad, open, rounded 
crown and thick, deeply furrowed, dark brown to reddish-brown bark. Leaves 
alernate, deciduous, simple, 12-25 em (5-10 in) long, 3.6~7.5 cm (1.4—3 in) 
wide, broadest above middle, coarsely and irregularly round-tootbed along 
margin, greenish-yellow. Fruits are acorns 2.5~3.8 em (1~1.5 in) ong, uniform 
ly wide to broadest near base, acorn cup deeply bowl-shaped to top-sbaped, 
enclosing about half of mut; cups scales thick, warty; nutmeat sweet. Harvest 
and preparation: See wire ons Gxour (preceding). 


Gambel’s oak Quercus gambit 
Habitat: dry foothills, canyons, lower mountain slopes, usually from 1,350— 
2,800 m (4,400-9,200 ft) elevation. Identification: shrub or small tree with 
rounded crown and thin, light gray to grayish-brown, rough, scaly bark. Leaves 
alternate, deciduous, simple, 8-16 em (3.2-6.3 in) long, 4.5-7.6 em (1.83 in) 
wide, broadest above middle to uniforinly wide, with 5-9 moderately deep to 
deep lobes along margin, leathery, yellowisb-green, Fruits are acorns on cur- 
rent year's twigs, 2-2.5 em (0.8- 1 in) Jong, nearly globe-shaped, acorm cup shal 
low to deeply bowl-shaped, enclosing ¥4 fo V4 of nut, scales thick; nutmeat 
sweet, Harvest and preparation: See wire oax Grove (preceding). 


Blue oak Quercus doughasit 
Habiear: interior valleys, rolling hills, lower mountain slopes to 1,350 m (4,400 
fi) elevation. Identification: small to medium-size tree with rouncled crown and 
thick, checkered, light gray bark. Leaves alternate, deciduous, simple, 3.8-10 
em (1.54 in) long, 1.9—5 cm (0.7-2 in) wide, uniformly wide to broadest above 
middle, entire to shallowly and irregularly lobed along margin, bluish-green. 
Fruits are acorns on current year's branches, 1.6~3.1 cm (0.6-1.2 in) long, 
broadest near base; acorn cup saucer-shaped, enclosing only base of nut, cup 
scales small, warty; nutmear somewhat sweet, Harvest and preparation: See 
WHITE oak Gnour (preceding). 
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Review prepared by correspondent Alla Pashova, Russia 


Flux-machine (or ®-machine, since configuration of 
its field resembles the Russian letter “”) was 
designed by Alexander V. Frolov during the first 
half of 1990s. ‘D-machine description was published 
more than once on the pages of scientific periodicals 
(1994, Institute of New Energy, Newsletter, June 
1994, p.9.3 2002, New Energy Technologies, 2002, 
p.3), and it is well known to many researchers 
concerning themselves with such kinds of engineering. 


Let us consider the arrangement of @-machine; see 
Fig. 1 (first published in 1994). A report was 
presented at the conference «New ideas in natural 
science», 1996 in Saint Petersburg (see photo in Fig. 1). 
The primary coil is mounted in the center of 
generator; two secondary ones are diametrically 
wound on a ring core. An air gap between ring and 
central magnetic circuits are of particular importance. 
‘Two magnetic fluxes from two coils are balanced, 
and, thereby, there is no reaction in the primary 
circuit. 
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Fig. 
See also Fig. 7,p.29 ~ the analogy is evident 


The device bears some similarity to the Gramm’s 
generator (Zenob Theophyl Gramm, 1826-1901, 
Belgium-France, took outa patent for an electric ring 
rotor generator in 1869). In Gramm’s generator (Fig. 2) 
the ring rotor with a toroidal winding rotates. The 
toroidal winding touches two diametrically located 
conducting brushes. It turns out that in the ring of the 
rotor all winds of one rotor half create afield which is 
directed towards a field created by the other rotor half. 


Fig.2 


An example of analogous device is represented in Fig. 3 
(information is from the website: 

htp://www skit biz/energy/arhivl-6shtm)), and alsoin 
Fig. 4 (we have written about this invention in New 
Energy’Technologies, sue 5 (§), 2002 artcleby VL Boryak, 
Email: spin@i.com.ua). 
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Red/Black Oak Group Quercus subgenus Erthrobalanus 


‘The red oak species and black oak species and the numerous relatives in this 
subgenus occur only in the Americas. This group is characterized by leaves en- 
tire, toothed, or lobed and always with bristlelike tips extending beyond the 
margin of the leaf; acorns maturing at end of second year on the previous year’s 
twigs, and the inner surface of the acorn shell hairy. Acorn nutmeats are nearly 
always biter. Because of this, only 1 species is discussed here as edible, although 
most species can be utilized after the bitter properties have been removed. 


Northern red oak Querens rabra 
Habitat: valleys, ravines, lower and mid slopes of hills and mountains, [dentifi- 
cation: medium-size tree to 20 m (66 fo), rarely taller, with open, irregular crown 
and shallowly furrowed, checkered bark. Leaves alternate, deciduous, simple, 
10-22 cm (48.7 in) fang, 6-12 cm (2.45 in) wide, widest above middle, with 
7-9 moderately deep lobes, dull green and smooth above, paler beneath and 
with occasional cufts of hairs in junction of principal veins. Fruits are acorms on 
previous year's twigs, 12-25 em (0.5~1 in) long, acorn eup saucer-shaped, 
enclosing about UA of nut, cup scales thin, overlapping; nutmeat bitter. Harvest 
and preparation: Gather acorns in autumn as they turn brown and fall. Store in 
cool dry place or shell for immediate use. Place whole, chopped, or coarsely 
ground nutmeats in cloth (clean T-shirt will do) and tie with string. Place in 
boiling water until water turns brown, drain, add more boiling water. Repeat 
many times until water remains clear. In che field, place bag filled with nucmeats 
in clear running stream until nutmeats are no longer bitter, from 1 t0 several 
days. Spread leached acorns in pan and dry in sun or warm oven. Use whole 
rnutimeats or prepare and use as grits or meal as described under WHITE OAK GAOL, 
For acorn muffins, eream 4 cup butter with 4 cup sugar or molasses. Add 
alternately and blend 2 eggs, L cup milk, and dry mix of I cup acorn meal or grits, 
2 cups flour, 4 tsp baking powder, 34 tsp salt. Beat thoroughly. Bake in greased 
‘muffin pan at 200°C (390°F) for about 20 min. For pancake barter, repeat muffin 
recipe but add 1 more egg plus milk, For acorn coffee, roast acorn meal at 175°C 
(350°F) until dark and crisp, about 30 min. Use 3 cup roasted meal t0 4 cups 
water. Combine, boil 15 min, strain, and serve. 


‘American beech Fagus granifolia 
Habitat: river valleys, lower mountain slopes, mixed deciduous forests, usually 
in rich, moist soils. Identification: medium-size to tall tree with narrow to 
spreading, rounded crown and thin, smooth, light gray to bluish-gray bark. 
Leaves alternate, deciduous, simple, 614 em (2.4—5.5 in) long, 2.57.2 em (1— 
3 in) wide, broadest just below middle, sharply toothed along margin, leathery 
texture at maturity. Male flowers tiny, in globe-shaped, hanging heads; female 
flowers tiny, usualy paired at or near tips of branches, Erwits consist of 2 trian- 
gular nuts enclosed in 2 spiny bracts, bracts 1.6~2.2 em (0.6-1.9 in) long, 
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opening in late summer to release oily wuts. Harvest and preparation: Gather 
‘nuts as they drop from trees following hand frost, Separate burrs from nuts by 
shaking and winnowing or singly by hand. Dry in open, warm area. Crack brown 
shells by heating in oven; remove shells by beating or rubbing in hands and 
winnowing. Nutmeats are edible raw. Grind and air dry nutmeats for flour; crush 
and boil in water; skim off excellent oil for cooking. Roast nutmeats at 160°C 
20°F) 30-40 min and grind for coffee substitute, For beechnut pie, substitute 
114 cups beechnuts for pecans in pecan pie recipe. Thoroughly whip 3 exgs. 
Slowly beat into them 14 cup melted butter or margarine, I cup white corn syrup, 
‘and %4 cup sugar. Turn into unbaked 9-in pie shell and bake at 150°C (300°F) 35 
min, Remove pie long enough to cover quickly with nuts. Return to oven, turn 
up heat to 175°C (350°F), and bake another 15 min, Edible related specie 
one, Poisonous look-alikes: none 


Allegheny chinkapin Castanea pumila 
Als edible summer 
Habieat: widespread; dry woodlands and mountain slopes oF along coast in dry 


sandy soils. Identification: sheub or small tree to 8 m (26 £0 with a rounded 
crown and light reddish-brown bark. Twigs densely hairy when young. Leaves 
alrernate, simple, deciduous, 6,8-16 ent (2.76.3 in) long, 3.8-5 em (1.5—2 in) 
wide, broadest near middle, with numerous large teeth along the margin, 
whitish and hairy beneath, Male flowers numerous on the upper 24 of semi-erect 
spikes; female flowers fewer on the lower 15 of flowering spike. Fruits are spiny 
burrs 3-4 em (14 in) in diameter, enclosing 1, rarely 2, nuts; outs broadest 
near the base and pointed at tip, nutmeat sweet. Harvest and preparatio 
Gather nuts as they ripen in lace summer or early autumn. Separate nuts from 
burs and store whole, or shell, blanch, and dry nutmeats. To shell and blanch the 
‘nuts, cover with boiling water and boil until shell and skin can be easily removed, 
‘Then place nuemeats in shady place about 1 week until dry and shriveled. Store 
shelled and dried or unshelled nuts in porous bag in dry place. Before using nuts, 
soak in water for 30 min, Use chestnuts in stuffings, soups, desserts, as a vegera- 
ble, and as a coffee substitute. Nuts can be eaten directly by slitting shells and 
roasting over coals or in hot oven. For soup, combine 114 cups dried ground 
chestaurs, 2 sliced carrots, | cup sliced acorn or butternut squash, 2 tbsp 
chopped fresh parsley, !4 tsp oregano or native plant seasonings, and 5 cups 
water. Cook until tender, abour 40-50 min. For coffee, chop freshly shelled 
chestnuts, spread on foil, and roast at 190°C (375°F) until dark and dry. Grind to 
powder as needed, Boil gently 28 grams (1 02) powder per cup of water for 15. 
min, Strain and serve, Related edible species: American chestnut (C. dentata) 
produces lange sweet nuts buc the persistent chestnut blight has literally elimi- 
inated it from its native range, Poisonous look-alikes: Do not confuse poisonous 
horsechestauts with true chestnuts. Horsechestnuts (Aesculas species) have com- 
pound (palmate) leaves and nurs with a large circular scar, and belong to the 
family Hippocastanaceae. Allegheny chinkapin and true chestnuts have simple 
eaves and belong to the beech family (Fagaceae), 


.eny chinkapin: fruiting branch (Elias). Flowering branch 


Washington hawthorn: unripe fruits (Elias), Flowe 


Downy hawthor 
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HAWTHORNS: Crataegus 


This large group of trees and shrubs contains highly variable species thar are 
often difficult co distinguish. Nearly all of che 26 distinguishable North Ameri- 
can species of hawthorns have edible fruits. They are mostly small spreading 
trees with dense branches often armed with long sharp spines. The toothed 
leaves may be entire, shallowly or deeply lobed, Bisexual flowers are generally 
white, with 5 petals and the rounded to pear-shaped fruits yellow, green, red, 
orange, or nearly black at maturity. Four common species are discussed on up- 
coming pages. Harvest: Most fruit ripens in autumn and may persist for several 
‘months, but some southern species, including May hawthorn (C. aestivalis), have 
fruit ripening in late spring. The fruits vary greatly in flavor from sweet to bicter. 
Sample the fruits from each plant and harvest the best, but be careful of the 
vicious thorns. Preparation: Eat sweetest fruits fresh. For jelly, crush 14 kg 
1b) fruit or 1 kg (2 Ib) if a juicy type, cover with water, and cook until soft. Add 
more water if necessary. Strain juice through jelly bag. Bring 4 cups juice to boil 
Unless fruits are unripe, add 1 pkg pectin, stir, add 6-7 cups sugar, stir, and 
bring to rolling boil. If no pectin is added, boil o 115°C (239°F). Remove from 
heat, skim, pour into sterilized jelly glasses, and seal. If fruits do nor seem acid 
enough, add juice of 1 or 2 lemons. For tea, steep 2-3 tbsp crushed fruits and 
sprig of mint in cup of boiling warer for 5—10 min. Fruits can he dried and stored 
for winter use. Substiture hawthorn fruits in recipes calling for rose hips. The 
fruits were used by Indians to some extent in pemmican, Related edible spe- 
cies: many Crataegus species. Poisonous look-alikes: none. 


Washington hawthorn, Crataegus phaemopyrum 
Habitat: stream banks, old fields, openings in woodlands. Identification: small 
tree to 12 m (40 fi), with rounded, spreading crown; branches dark reddish- 
brown, zigzagsing, armed with slender sharp-pointed spines 3-5 cm (1.2~2 in) 
Jong. Leaves alternate, simple, deciduous, 2-6 em (0.8~2.4 in) long, 2~5 cm 
(08-2 in) wide, broadest near base, with 14 pairs of shallow lobes, pointes at 
tip, broadly rounded at base, sharply toothed along margin, dark green, shiny, 
smooth. Flowers white, attractive, produced in branched, spreading many- 
flowered clusters. Fruits are dry, berrylike, glabe-sbaped, 5~8 me (0.3 in) in 
diameter, bright red. Harvest and preparation: Sce HawrHoans (preceding). 


snbmelis) 


Downy hawthorn Crataegus mollis (sya C. amliana, C. canadensis, 


Habitat: along streams and rivers, bottomlands, lowland fields, clearings. Iden- 
tification: small tee to 12 m (40 fo) high, with dense, wide-spreading crown: 
branches covered with dense white hairs when young, almost thornless, occa- 
sionally with sharp, slender dark reddish-brown spines to 5 cm (2 in) long. 
Leaves alternate, simple, deciduous, 3.5-10 em (14-4 in) long, 3—8 em (1.2— 
3.2 in) wide, usually broadest near base, sharp-pointed along margin, dark yel- 
lowish-green, bairy on lower surface. Flowers white, attractive, produced in 
branched, spreading clusters in spring, Fruits stalked, dry, berrylike, globe- 
shaped, 9~16 mm (0.40.6 in) in diameter, red. Harvest and preparation: See 
awnuoans (preceding). 


me 


ge long, Leaves alternate, simple, 3~7 emt (1.2—2.8 in) lon 


ww 
g in diameter, bright red. Harvest and preparation: See Wawrionns (prec 


Fleshy hawthorn Crataegas swcculenta 
Habitat: along coast, hillsides, abandoned fields, usually in cocky or gravelly 
soils. Identification: shrub of small tree ro 8 m (26 fe) high, with irregular, 
stout, slightly zigzagging, gray, armed with 
5 em (1.2—1.8 
cm (08-2 
ide, broadest above or below middle, shallowly lobed near tip, pointed at 
base, sharply pointed and double-toothed along margin, datk 
rocluced in branched, spreading clusters 


usually rounded, crown; branches 
frequent, stiff, slightly curving, dark reddish-brown spines 3 


tip, apering 
arcen, shiny, Flowers white, attractive, 
in spring, Fruits stalked, dey, berrylike, globe-shaped, 0.8-1.6 cm (0.3~0.6 in) 
d- 


ing), 


Cockspur hawthorn Crataegus erus-yalli 
(synonyms: C. aeatiflia, C. exmbyi, C, repair, C. pyracantboides) 


illsides, lower mountain slopes, river valleys, abandoned fields. Iden- 
tification: small tree t0 8 m (26 fe) high broad spreading, mearty flat- 
topped crown; branches stiff, light brown to gray, armed with stout, slender, 
steaighe to slightly curved, sharp-pointed spines, Leaves alternate, simple, decid- 
‘cm (08-24 in) long, 1-3.2 cm (04-13 in) wide, usually broadest 


Bee eae ee tale asseea sel pergola oe 


pering at bise, sharply toothed along upper 2 of margin, glossy, dark green. 
wers white, pink, or red, attractive, produced in branched, spreading clusters 
in spring. Fruits stalked, dry, berrylike, globe-shaped, 0.71 em (OA in) in 


ing). 


. ad 
8 diameter, dull red ta green, Harvest and preparation: See nawrwouns (preced- 


Common persimmon Diospyras virginiana 
Al edible winter 

Habitat: rich botomlands, especially Mississippi River Valley, margins of wood- 
lands and fields, rocky hillsides, along fencerows and highways. Identification: 
large shrub of small to medium-size tree with thick dark gray to grayish-brown 
bark chat forms small square blocks, Leaves alternate, deciduous, 7—13 em (2.8— 
5.1 in) Jong, 3.58 em (1.43.2 in) wide, broadest near base or middle, entire, 
dark green and shiny. Male and female flowers on separate trees, produced at 
bases of leaves along younger branches, eaeh flower tubular or urn-sbaped, 
greenish-yellow to cream-white, Fruits are globe-shaped, 2-6 em (0.8-2.4 in) 


@ in diameter, orange to orange-purple, fleshy, containing a few Marened seeds 


1.22 cm (0.50.8 in) long, Harvest: Fruies mature in early autumn and persist 
55 on trees into early winter. Best collected after first frost when soft and skin 
becomes slightly wrinkled. Prior to that fruits will he very sour. To obrain many 
fruits, shake branches. Preparation: Delicious as fresh fruit. The pulp, strained 


GP © remove seeds and skin, cat be used to make bread, pie, pudding, jam, even 


frozen for later use. See jam recipe early in book. A cea can be made from clean 
dried leaves. Related edible species: Texas persimmon (D. texana). Poisonous 


look-alikes: none 


Cockspur hawthorn: fruiting branch (Elias). 


9 persimmon: fruiting and flowering b 
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American mountain ash Sorbus americana 
‘Ali edible winter 


Habitat: rocky slopes, seepage areas along ridges, at higher elevations, Identifi- 
cation: shrub of small cree w 9 m (30 fe) with open, rounded crown and thin, 
light gray smooth bark, Leaves alternate, deciduous, featberlike (pinnate) 
compound, 12-25 em (5-10 in) long, with 9-17 leaflets, each leaflet 3-8 cm 
(1.2-3,2 in) long, lance-shaped to uniformly wide, finely toothed along margin, 
dull green. Flowers in dense, many-flowered, flat-topped clusters to 15 em (6 
in) across, each flower tiny, with 5 white petals. Fruits im large, dense clusters, 
hersisting into winter, each frait 4-8 mm (0.2~0.3 in) in diameter, bright 
orange-red, shiny, slightly fleshy, containing 1 or 2 seeds. Harvest and prepa- 
ration: Fruits become palatable in winter after 1 or more freezings and are easily 
stripped from twigs. Edible raw but better cooked. For sauce, stew like CRASHER 
sus; bring to boil 2 Ib fruits and 2 cups sugar in 1 cup water, or berries plus 1 cup 
‘maple sugar (sv@an starts) and 1 cup cider. Reduce heat and simmer until berries 
mash easily and a drop of the sauce gels on cold plate. Pour into mold or storage 
jars. For pie, to sauce (above) add rind of 14 lemon and 4 tsp cinnamon. Line pie 
plate with crust, put in sauce, cover with crisscross strips of crust, leaving spaces 
between. Bake at 230°C (450°F) 20 min, Try basic jelly recipe with vinegar re- 
placing about % of water for sauce to serve with game. Also use regular jelly 
recipe. Berries keep well but must be dry for prolonged storage. Related edible 
species: European mountain ash (S. aucnpurta), Greene mountain ash (S. scopu- 
ina), Sitka mountain ash (S. sitchensés). Poisonous look-alikes: none. 


Pecan Carya illinoensis 


Habitat: bottomlands, rich moist soils; also extensively cultivated, Identifica- 
tion: tall tree with open round crown and thick, irregularly furrowed, dark red- 
dish-brown bark. Leaves alternate, deciduous, eatherlike (pinnate) compound, 
32-52 cm (13~21 in) long with 9-17 leaflets; leaflets 8-20 em (3.28 in) long, 
2,5-7.5 em (1-5 in) wide, lance-shaped, coarsely toothed along margins. Male 
lowers in slender hanging catkins, female flowers short, inconspicuous, at tips of 
branches; flowers occur in early spring as leaves unfold. Fruits in clusters of 3 
6, each large, uniformly wide, 3.5~5 cm (1.4~2 in) long, busk splitting into 4 
thin sections to expose nut. Nuts cylinder-shaped to broadest near base, pointed 
ac tp, light brown to reddish-brown, shell thin, meat oily, sweet. Harvest: Gath- 
le nuts in aurumn as leaves turn and begin to fal. Preparation: Excellent eaten 
directly from shell, oF use in any recipes calling for nuts. For pecan pie filing, 
bear 3 exes, aud V4 cup sugar, L cup dark corn syrup or molasses, 1 tsp salt, 1 tsp 
vanilla, V4 cup melted butter. Spread 1 cup pecans over bortomn of 9-in pie shell 
Pour above ingredients over pecans and bake 10 min in 230°C (450°F) oven, 
then reduce heat co 175°C (350°R) and bake 35 min longer. Related edible 
species: ic shELLane HICK oY, and MOCKERNIT HICKORY (Fol- 
owing). Poisonous look-alike 


Big shellbark hickory: immarun 


Shagbark hickory 


Loutt 


‘One more example from the USA: in February, 2003 
Donald Hofmann (USA) filed an application for 
patenting “Generators and transformers with toroidally 
‘wound stator winding». Below we publish thedescription 
of the patent. 


ai 


Input~o! 


Fig.4 


In August 1999, according to Stephen Hartman 
(Hartman Multimedia Service, Email: hart@harti.com, 
info@ccard.net), a German research team designed a 
toroidal generator. As stated by the researchers, it 
obtained more than 1.200 W by load while efficiency 
exceeded 100%! 


‘This subject has become very popular among different 
researchers. Fig, 5 illustrates a design with a magnet 
rotating in the center (designer - Olaf Berens, Email 
olaf.berens@prognost.com). 


Oy 


Fig.5 


New Energy Technologies, Issue #3 May - June 2003 


Fig.6 


Inventors: Steven L. Sullivan, USA; David L. Goulet, 
USA; Donald Hofmann ,USA. 


Electrical generators are provided with toroidally wound 
stator windings electrically connected in series; a high 
permeability stator core, preferably an amorphous 
magnetic alloy material, glassy metal or HYPERCO™ 
50]aminations;and a rotor. The toroidally wound stator 
coils and the stator core trap essentially all of the flux 
fields generated by the stator coils within the stator core. 
Since there is essentially no magnetic field leaving the 
stator, there is essentially no flux field interaction with 
the field generated by the rotor. The reduction of flux 
field interaction also reduces counter torque. 


36 


aurumn 243 


Big shellbark hickory Carve laciniosa 


Habitat: deep rich sils of foodplains and bottomlands, especially of Ohio and 
Mississippi River valleys. Identification: large tree with rounded crown and 
Tight gray, somewhat shaggy bark. Leaves alternate, deciduous, featherlike 
(pinnate) compound, 25~G60 cm (10-24 in) long, with 59 leaflets, uswally 
leaflets 625 cm (2.410 in) long, 3.7—12.5 em (15-5 in) wide, lance-shaped to 
broaulest near base, sharp-pointed at tip, with numerous tiny teeth along margin 
Male flowers in slender hanging catkins; female flowers short, inconspicuous at 
‘ends of branches; both produced in early spring as leaves unfold. Fruits solitary 
Or in pairs, globe- to egg-shaped, 3.57 cm (1.42.8 in) long, thick husk splitting 
lengthwise into 4 parts co expose nut. Nut egg-shaped, usually ridged, shell 
thick, bard, nutmeat sweet, Harvest: Gather nuts in autumn as leaves turn and 
fall Pacan (preceding) and suacusnk (next) nuts are superior because they have 
thinner shells. Preparation: Remove nutmeats from shells; see siAGvARK HICK. 
ty. Use in any nut recipes. For nut-corn pudding, combine thoroughly 11 cups 
cooked com, Y4 cup shelled, dried hickory nuts, 2 tbsp nut butter or oil, 1 cup 
boiling water, 2 beaten eggs, 2 thsp honey, 2 chap fine cornmeal, 4 cup seeds, 
raisins, or edible blossoms. Pour into well-greased casserole. Sprinkle top with 
more hickory nutmeats. Bake in preheated 175°C (350°F) oven for 1 hr. Serve 
hot. See other hickory species for additional uses. Trees can be tapped in late 
winter for sap. Prepare syrup as with sucak mantz. Related edible species: rican, 
SHAGBARK HICKORY, slOCKERNUT HlcKORY. Poisonous lookcalikes: none. 


Shagbark hickory arya ovata (synonym: C, carslinae-septentrionalis) 
Habitat: dry upland slopes, well-deained soils of lowlands and valleys. Identifi- 
cation: medium-size to tall tree with open rounded crown and light to dark 
gray, shaggy bark, Leaves alternate, deciduous, featherlike (pinnate) compound, 
20-36 em (8-142 in) long, usually with 5, sometimes 7, leaflets; leaflets 
broadest near middle or tip, 818 em (3-7 in) long, 1.56 cm (0.6~2.4 in) wide, 
with fine, sharp-pointed teeth along margin. Male flowers in slender, hairy 
catkins 1013 cm (45.1 in) long; female flowers short, inconspicuous, at tips of 
branches; flowers occur in spring as leaves unfold. Fruits produced singly or in 
2s, ega- to globe-shaped, 3~5 em (1.2~2 in) long, husk thick, splitting lengthwise 
into 4 equal parts to expose the ege-shaped, 4-sided wuts. Nuts with thin shell 
and sweet nutmeat. Harvest and preparation: Gather nuts in early autumn as 
they fall with leaves. Crack nuts with hammer and remove meats with nurpick. 

For efficient extraction, crack nuts enough to identify and eliminate wormy ones. 
‘Then smash enough to loosen meats. Place pounded nutmeats in pot, cover with 
water, and bring to boil. Most of meats will rise and can be skimmed off if de 

sired. Indians boiled mix slowly and skimmed oil from surface to use as butter; 
then meats were skimmed and mixed with potatoes or meal, or dried into cakes. 
Boiled mix separated from shells is nutritious soup Indians called potcobicora 
For hickory pie, use nrcaw pie recipe, but increase amount of nuts to 11 cups 
See other hickory recipes. Related edible species: rEcan, mc SHELLRARK HICKORY 
(preceding), nockeexu nickoRY (next). Poisonous look-alikes: none, 
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Mockeraut hickory Carya tomentosa (synonyno: C. alba) 


Habitat: ridges, hills, slopes, river valleys, Identification: large tree with 
rounded crown and dark gray, shallowly furrowed bark. Lever alternate, decid- 
uous, featherlike (pinnate) compound, 14~32 cm (5.5 12.6 in) long, with 3 or 7 
leaflets; leaflets 8-22 em (3~9 in) long, 612.5 em (2-4-5 in) wide, narrow, 
broadest above middle, pointed at tip, toothed along margin. Male flowers in 
slender, stalked, 3-clustered catkins; female flowers small, 2~5 at tips of branch- 
cs, Fruits solitary or few-clustered, globe- to egg-shaped, 4—8 cm (1.6-3.2 in) 
Jong, almost as wide, husk splitting lengthwise to expose nutmeat. Nu? nearly 
rounded, often 4-sided, shell thick, bard, nutmeat sweet. Harvest: Gather nuts 
in autumn as leaves turn; pecaN and sHAGnARK HickoRY (preceding) are superior 
because of thin shells. Preparation: Remove nutmeats from shell; see siiAGHAKK 
Hickory instructions. Use any aut recipe including those for other hickories. For 
salad dressing, combine 1 cup ground hickory nuts, 114 cups vegetable oil, 
3 tbsp lemon juice or sraciony sumac extract, 2 tbsp vinegar, M4 tsp pepper, I 
chopped clove garlic. Shake well and use on salads, Tap trees in late winter for 
sap and prepare syrup as with sucax Marte. Related edible species: rca, stAc- 
BARK HICKORY, WG SHELLBARK HICKORY. Poisonous look-alikes: none. 


Black walnut Jaslans nigra 


Habitat: borromlands, floodplains, rich low mixed deciduous forest, especially 
in well-drained soils. Identification: large tree with open rounded crown and 
thick, deeply furrowed, light to grayish-brown to almost black bark. Leaves alter- 
nate, deciduous, featherlike (pinnate) compound, 20-60 cm (8-24 in) long, 
with 15-23 leaflets; leaflets 4—9 cm (1.63.5 in) long, 2-3.5 cm (0.7=L.4 in) 
wide, broadest near base to broadly lance-shaped, with numerous fine, sharp- 
pointed teeth along margin. Male and female flowers separate, appearing in 
spring. Fruits large, rownded, 4-6 cm (1.6~2.4 in) im diameter, with thick 
dusk enclosing globe-shaped nut, nat 3A cm (1.21.6 in) in diameter, shell 
irregularly and deeply furrowed, thick, nutmeat 4-lobed at base, sweet, Har- 
vest: Gather nuts in autumn as they fall from trees. Remove thick brown-staining 
husks immediately by partially crushing, chen rubbing with gloved hands or 
scrubbing wich stiff brush to remove all remaining husk material. (Indians first 
suspended nurs in mesh bag in running water for several days.) Allow hulled nuts 
to dry thoroughly before using, Preparation: Crack shell with hammer, rock, or 
vise, applying blow or pressure at right angles to seam, Use nutpick. Indians 
crushed shells well to obtain oil and meats. See suacnank HickoRY. After boiling, 
crushed nuts for 30 min or more, allow shells and autmeats to settle; then skim 
off oil. Boil again and use sieve to skim nutmeats as they rise above shells. Re- 
move coarse shell pieces, dry and grind nutmeats. Use oil like that of hickories. 
Use nutmeats in baking or grind with honey or herbs to make nut butter, Use sap 
under suGax Mapte, For other uses, see nurrexut, hickory species, and book's 
Introduction. Related edible species: surreesur, CALIFORNIA WaLNUT (next), Tex- 
as black walnut (J. microcarpa), Arizona walout (J. majar), Hinds walnut (J. bénd- 
svi). Poisonous look-alikes: none. 


rout hickory: immature fruits, male flowers, bark (Eye), 


Black walnut: nearly mature fruits (Elias), 
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California walnut Juslans californica 


Habitat; stream and river banks, bottomlands, often in gravelly soils at lower 
elevation, usually below 1,000 m (3,200 ft). Identification: small to medium- 
size tree with open rounded crown and thick deeply furrowed dark brown 
almost black bark. Leates alternate, deciduous, featherlike (pinnately) com- 
pound, 15-25 em (6-10 in) long, normally with 9-15 leaflets; leaflets 2.5-7.5 
‘cm (1-3 in) long, 1-2 cm (0.4-0.8 in) broad, lance-shaped to uniformly wide, 
‘with fine sharp-poinced teeth along margin. Male flowers in slender, hanging 
atkins; female flowers small, 1-4 at tips of new branches, both produced in 
carly spring as leaves unfold, Fruits small, globe-shaped, 1-2 cm (0.4-0.8 in) 
in diameter, with thin busk surrounding nut; nuts rounded, with few shallow 
grooves, shell thin, nutmeat large, sweet. Harvest: Gather ripe nuts in autumn as 
they fall from tree. Remove brown-staining hulls immediately as described for 
BLAck waLNtr (preceding), Air dry before using. Preparation: Crack shells of 
ried nuts and remove meats with aurpick; easier to extract than some other 
walnuts. For Indian method, see sLack waisur instructions. For uses, see other 
walnuts, hickories, and the book's introductory section. Related edible species: 
inrack watt. Poisonous look-alikes: none. 


Burcernut (Als eile sommer) Juglans cinerea 


Habitat: botromlands, floodplains, mixed deciduous forests. Identification: 
‘medium-size tree with open, broadly rounded crown and thick, deeply furrowed, 
Tighe gray co light brown bark. Leaves alternate, deciduous, featberlike (pinnate) 
compound, 30-60 cm (12-24 in) long, with 11~17 leaflets; leaflers 5-11 cm 
(2-4,3 in) long, 2-6 em (0.82.4 in) wide, lance-shaped to widest abave middle, 
finely toothed along margin, Male and female flowers separate, both appearing in 
early spring. Fruits large, egg-shaped, 5-8 cm (2~3.2 in) im diameter, often 4- 
sided, husk not splitting open at maturity. Nur egg-shaped, 3-6 cm (1.22.4 in) 
in diameter, 4-ribbed, shell deeply furrowed, thick, nutmeat sweet. Harvest: 
Pick partly grown nuts in summer for pickling when needle will penetrate husk, 
Gather ripe nuts in autumn as they fall from trees, Remove brown-staining hulls 
immediately as described for stack wainuts. Dry thoroughly before using. Prep- 
aration: Crack like stack waLwt7s of hold nut in vertical position and hammer on 
end until well cracked. Remove nutmeats with nutpick oF use Indian method 
described under stack WALNUT to prepare oil and nut butter. For pickling, scald 
immature nut and remove all outer fuzz, Place nuts in kettle; cover with warer 
and boil until water discolors. Change water and continue boiling. Repeat water 
changing and boiling until water remains clear. Pack nuts in canning jars with T 
dill flower, 3 walnut leaflets, 1 heaping tsp pickling spices, 1 tsp sale, V4 tsp alum. 
Fill jar with boiling cider vinegar and seal. Age at least | month, For other uses 
see BLACK WALNUT, hickories, and book's introductory section. Related edible 
species: BLACK WALNUT, CALIFORNIA WALNUT (preceding), Arizona walnut (J. major), 
Hinds walnut (J. bindsi), and Texas black walnut (J. micracarpa). Poisonous 
Jook-alikes: none. 
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Winter 


Winter is hardly the season for wild plant foraging —especially in colder climates 
Aboveground, edibles are basically limited to berries that persist into winter, 
‘wig bark for tea, and the inner bark of some trees. The most nutritious plant 
parts are underground; these are the starch-rich roots and tubers of perennials 
and biennials. But, in winter, roots and tubers are difficult to locare and identify, 
even if there's no snow cover. Besides, digging them in frozen ground would cost 
you more calories than the plants would rerura, 

What about survival foods? You can survive many days without food, provided 
you stay warm and reasonably dry, and drink sufficient water to prevent dehydra 
tion. If you decide to stay pur until help arrives, choose oF fashion a shelter you 
can heat with a reflected campfire. In selecting a site, consider access to firewood, 
water, and an open area for distress signalling. Expend as little energy as possible. 
If you expect a long wait, consider passive means of obtaining meat: fishing with 
set lines or setting snares on small-game trails. If you have a firearm, you could 
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‘watch game trails from your shelter or atcempe to call predators to you by imitae- 
ing the squeal of an injured rabbic. 

In winter, Indians sometimes raided the nut caches of squirrels and arrowhead 
tubers cached by muskrats. But such raids are strenuous. Besides, getting into a 
muskrar’s house can be a wer, cold ordeal. 

Some northern Indians made the inner bark of trees their major winter food 
staple. Since bark stripping kills trees, today ie should be done oaly for survival 

‘You can also partake of wild edibles in winter by manipulating the seasons. 
‘That is, you can feast on wild preserves you harvested earlier. Or, if you are 
highly dedicaced, you can in aucamn dig up the whole roots of dandelion, chico- 
ry, dock, and pokeweed. Then plant the roots in a deep, soil-illed container until 
after a hard freeze. Bring the container into a dark cellar. Watered and kept at 
13°C (35°P), the roots will produce several crops of blanched, tender, and mild 
leaves for salads of cooking, 

The plant species shown in upcoming pages provide berries you can eat raw, 
berries and ewigs for beverage flavoring, inner bark for geuel and flour, and sap 
for pure water or boiling down to syrup and sugar. These plants are shown as 
they look in winter, though most of them are also shown elsewhere ia this book. 
Many other winter-edible plants are difficult to locate and identify in winter and 
so are not described in this winter section. In some regions, edible plants normal- 
ly harvested in autumn may also be gathered in eatly winter. 


(Dykeman) 
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Staghorn sumac Rhus typhina 
‘Alin edible emer, autumn 

Habitat: common; woodland margins, fencerows, roadsides, and along streams, 
Identification: shrub or small tree to 10 m (33 f) with thick, densely bairy 
branches and twigs with large orange to olive pith, Leat scars C-shaped, nearly 
surrounding bluntly conical, bairy buds. No end bud. Fruits persist into win- 
ter in dense, cone-shaped clusters 10-20 em (4-8 in) long; each fruit berry- 
like, rounded, 3-5 mm (0.1-0.2 in) in diameter, densely covered with dark 
red hairs. See also p. 186. Harvest: Fruits ripen in late summer to aurumn and 
have strong lemony taste. Dense hairs on fruits prevent rain from penetrating 
luster and washing out all flavor, so fruits are edible although less potent in 
‘winter, Preparation: For heverige, steep berries, with all twigs removed, in near 
boiling water for at least 15 min (atleast I cup fruie to 1 qt water). Steain through 
‘loth, dilute and sweeten to taste. Drink hot or cold but in moderation; some 
people show allergic reactions such as hives and cramps. To make jelly prepare 
‘extract as for beverage. Bring to boil 4 cups extract with 1 pkg powdered pectin 
Add 5 cups sugar, boil hard | min, remove from heat, skimn, pour into sterilized 
jars and seal with paraffin. Related edible species: swoori susiac and sauaw 
bust, and lemonade berry (R. integrifoia). Poisonous look-alikes: Poison sumac 
(R. vermis) has white fruits and grows in swampy areas 


Highbush cranberry Viburnum trilobum 
All edible antumen 


Habitat: along streams, wee thickets, moist woodlands. Ldentification: shrub, 
Uuprighe, co 5 m (16.5 fd) high; branches upright to spreading. Twigs light reddish- 
brown turning ash-zeay with age. Buds opposite; no end bud. Fruits berrylike, 
in clusters of 10 or more, rounded to egg-shaped, 8-14 mm (0.3-0.5 in) long, 
bright red, translucent when ripe, juicy, sour, containing a single Matened 
stone. See also sicinusti eanseaay on page 224. Harvest: Fruits ripen in lace 
summer but persist on shrub and become less sour in winter. Make sure your 
shrub is highbush cranberry and nor its bitter look-alike, the introduced guelder 
rose, V, opulus, Tasting will ell you, Best to pick in fall and winter. Preparation: 
much the same as ckawnenny (Vaccinium macrncarton), except large seeds must be 
removed. While cooking add lemon or orange peel shavings to eliminate bad 
odor of berries. For sauce cover several quarts of berries with water in a kettle 
‘Add outer peels of 2 lemons or oranges. Bring to boil and simmer 5 min, Mash 
thoroughly and simmer another minute or two. Force juice and pulp through 
coarse strainer to remove seeds. Add 1 pkg pectin to 4 cups strained fruit, bring 
to boil, and add 5 cups sugar. Boil again for 1 min and seal in sterile jars or 
refrigerate, Before firs frost, pectin may not be needed. For juice and jelly, cook 
as for sauce above but strain through jelly bag, For juice, dilute and sweeten to 
taste, For jelly, proceed with 4 cups juice as for sauce, Related edible speci 
SQUASHDERRY (Next), HOBBLENUSH, NANNYBERAY, and the cranberry tree (V. 
pauciflorum), of Pacific Northwest. Poisonous look-alikes: none, but the 
iguelder rose (V. opulus) has bitter fruits, 


Staghorn sumac: winter fruit cluster and fruiting branches (Dykeman) 


Highbush cranberry: early autumn branches (Elias). In winter berries look like 
nd are sweeter, though leaves will have fallen. 


Squashberry: early aucumn branch (Clawson). In winter, berries look like this 
and are sweecer, though leaves will have fallen. 


Sweet birch: winter treetop, trunk bark, and immature male catkins (Dykeman), 


According to another embodiment of the invention, 
open positions of a rotor may be filled with magnetic 
material, preferably iron. Filling open portions of the 
rotor may assist in reducing undesirable flux leakage 
from the rotor. By trapping substantially all ofthe flux 
within the rotor, interaction between rotor and stator 
flux is reduced. In this manner, counter torque is 
reduced thereby increasing the overall efficiency of the 
device. 


A prototype of this embodiment was constructed using 
astandard 10 kWrt gas-powered generator. The stator 
‘was removed from the generator and its housing. The 
stator windings were removed from the stator and 
rewound by hand using a No. 10size copper wire with 
180 winds wrapped in a toroidal fashion around 
approximately 180 degrees of the stator. 


‘The stator was then reinstalled in the modified housing 
and re-attached to the gas-powered generator. A 
standard 12 volt car battery was attached to the input 
of the rotor. A 12.92 volt input with 0.8 Amps was 
measured as the input to the rotor. The output was 
measured as 6.5 volts with a40 Amp output. A series 
of input and output measurements were taken for 
various inputs. 


Editor: Thus input power is 10 Wh, and output power is 
260Wt 


So, the old well-known ideas have found new ways of 
embodiment, though their essence remains unchanged. 
Let us note that Faraday Labs Ltd has been working on 
creating a prototype of (-machine with a toroid of 
200 mm in diameter. 


Please, read more about this in the next issue! 


+ 


Editorial: We publish the specification of several interesting patents, which were taken out by Russian 


inventors for recent years. 


Russian patents on alternative energetics 


1N°93001754, 1996.06.27, Converter of gravitational forces into energy, V.V. Mironov and others 
1N292008720, 1995.02.10, Slavic method to produce energy by conversion of gravitational forces, V.V. Mironov 
1N°93006696, 1995.04.30, Supporting converter of gravitational forces into energy, V.V. Mironov 
'Ne2001121071, 2003.04.10, Method to create energy in liquid, heat-generator and heat-and-power device, A.Yu. 


Baurov and others 


1Ne2132109, 1999.06.20, Generator of mechanical energy, A.Yu. Baurov and others 
1Ne2001 125794, 2003.05.10, Generator of statie electricity, $.1. Danilov 
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N®2001120796, 2003.04.10, Electric power device, D.M. Beliy 

1No98116077, 2000.05.10, Heat engine (monotherm, “perpetual mobile of second/-type"), V.I. Likhachov and others 
N°93048971, 1996.04.20, Float engine, LP. Tchinarev 

1Ne94023174, 1996.03.27, Gravitational-hydrostatic engine, LP. Tchinarev 

N°98112650, 2000.03.20, Water engine, V.A. Gylchuk 

'Ne2001115953, 2003.03.20, Potential engine by Prokopenko, V-F. Prokopenko 

1Ne2001115954, 2003.03.20, Potential amplifier by Prokopenko, V-F. Prokopenko 

N®2001124364, 2003.04.20, Drum of gravitation (gravity), LA. Strelnikov 

1Ne95107181, 1997.02.20, Method to convert energy of physical vacuum into energy of physical space, O.K. 
Polev and others 

1N292008695, 1995.04.20, Method to get overunity efficiency, Yu.V. Karasev and others 

1293006851, 1995.04.30, Principle, method and device for circulation of mass by force of gravitation and 
inertia, G.S. Kirichenko 

1N°93039885, 1996.05.20, Hydro-gravitational electric power station, L.S. Konkov 

1Ne93036371, 1995.11.27, Method to convert energy created in result of interaction of earth’s gravity force and 
air bearing capacity into electric energy, V.1. Kovalenko 

1N°93025690, 1996.07.27, Method and device to convert heat energy into mechanical one, A.I. Lendyaev 
'Ne2001122885, 2003.04.20, Rotary method to convert magnetic energy into mechanical one, L.N. Mezentsev 
1N©2001106783, 2003.02.10, Gravitational source of energy, A.D. Yurik and others 

1Ne2001115968, 2003.03.20, Method to convert energy, V.S. Gorelyuh 
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Squashberry Viburnum edule 
Allo efile summer, axtune 

Habitat: along streams, wet thickets, margin of woodlands, moist low wood- 
lands. Identification: shrub, often sprawling, to 2.5 m (8.1 ft) high; stems usu- 
ally spreading, smooth. New branches reddish brown, older ones gray. Buds 
opposite, dark red, shiny, 2-scaled; both side and end buds present. Fruits in 
small clusters, berrylike, rounded, 6-10 mm (0.2-0.4 in) in diameter, red, 
containing a single flattened seed. See also squasHeeny on pase 226. Harvest: 
Fruits are similar to HiGHousi crannenry but smaller and less sour. They ripen in 
‘August but persise through winter so are listed here. Preparation: See Hictiusit 
Caawenny (preceding), except juice does not require dilution for use as bever 
age. Makes excellent jelly. Related edible species: jicHotish cRaNBERRY. Poi- 
sonous look-alikes: none; the introduced guelder rose (V. opalus) is bitter but 


‘Sweet birch, Black birch Betula lenta 
‘Al eile spring, summer, antimn 

Habitat: forest or open woods, especially moist, north facing, protected slopes: 
in deep, rich, well-drained soils. Identification: medium-size tree with rounded 
crown and smooth, dark red to almost black bark, Brokem twigs have winter- 
green fragrance, Buds alternate, both side and end buds present, 5—7 mm. (0.2— 
(0.3 in) long, light brown, broadest near base and tapering to a point. Eruits in 
erect, hrawm cones, 2.5~3 em (I~1.2 in) long, containing many tiny, winged 
seeds, Fruits mature in late summer and early fall, Cones persist into winter. New 
‘male flawer catkins 2~3 cm (0.81.2 in) long at tips of twigs in winter, See 
also p. 122, Harvest: ewigs, red inner bark, and bark of larger roots year round 
bur best in ate winter and spring. Sap in early spring, 3-4 weeks later than stcan 
anus. Preparation: Eat inner bark fresh as emergency food. boiled like noodles, 
or dried and ground into flour, Dry inner bark at room temperature; store in 
sealed jars for later use. For tea, steep (do not boil ewigs or fresh or dried inner 
bark in water or, preferably, birch sap. Boiling removes volatile wintergreen ol. 
Sweeten to taste, For birch beer pour solution of 4 gal birch sap and 1 gal honey 
(or gal sap and 3 Ib sugar), which has been boiled 10 min, over 4 qt fine twigs in 
crock. Cool, strain to remove twigs, add 1 cake yeast. Cover, ferment about 1 
‘week, unl cloudiness starts to settle, Borcle and cap tightly. For birch syrup, see 
instructions under vatuow wici (next). Related edible species: y#i0w Wack. 
Poisonous look-alikes: none. 
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Yellow birch Betula allegbaniensis 
Alte eile spring, entuma (synonym: B, tes) 
Habitat: rich woodlands, lower slopes and occasionally cool marshlands, usually 
below 1,000 m (3,300 ff) elevation. Ident edium-size tree with 
rounded crown and peeling, ragged-edged, reddish-brown bark turning grayish 
dull yellow or yellowish-browm, Buds alternate, end buid absent, side buds 57 
mm (0.20.3 in) long, brown, broadest near base and tapering to sharp point, 
somewhat sticky, with several scales, New male flower catkins 2-3 cm (0.8-1.2 
in) long at tips of twigs. See aso ve. wisest on page 122. Harvest: For syrup, 
tap as with suGaK Marte beginning 3—4 weeks after maple sap flow begins. Drill 

QB erin ote ust over 11 sm) slightly upward about 7 an (i int « mare 
tree. Hammer in metal or wood spile only uotil firmly anchored; driving spite too 
far may split wood. Hang bucket and wait. Flow of sap copious but sugar content 

& lower than from maple. For use of twigs and inner bark, see swerr smc (preced- 
ing); wintergreen flavor is milder in yellow birch. Preparation: Boil sap in open 

Ey Cosine outdoors, alding more as volume decreases, until evaporation leaves 


viscous, molasses flavored syrup with boiling temperature of about 104°C 
220°), Store in sterilized, completely filled, sealed jars. Related edible spe- 
cies: sweet nunc. Poisonous look-alikes: none. 


American mountain ash Sorbus americana 
‘Ale edible estan 
Habitat: rocky slopes, seepage areas slong ries at higher elevations. Mdemtifi- 
cation: shrub or small ee to 9 m (30 f0) with open, rounded crown and thin, 
lightaray smooth bark, Leaf scars alternate, siphtly raised on twig surface. 
Buus eather conical, nd bud 6-12 min (0.2-0.5 in) long, eureed and gummy; 
side buds smaller, fatened and pressed against twig, Pruits in large, dense 
Clusters persisting into winter, each fruit 4~8 mm (0.2-0,3 in) in diameter, 
bright orange-red, shiny, slightly fleshy, containing 1 o7 2 seeds, See sso 4M. 
leas MOUNTAIN SH on page 240, Harvest and preparation: Fruits become palat- 
able in winter after one or more freevings and become easy to strip from twigs. 
Edible raw bur better cooked. For sauce, stew lke caavntants; bring to boil 
cups berries and 2 cups sugar in 1 cup water (or berries plus 1 cup maple sugir 
and I cup cider) Reduce heat and simmer until bercies mash easily and a drop of 
suce gels on a cold plate, Pour ito mold or storage jars. For pie, ald to sauce 
@ ie) FoF emo ad 4 ep cinnamon. Line pe pate with crust putin 
sauce, cover with crisscross strips of crust leaving spaces between ther. Bake at 
230°C (450°F) for 20 min. For jelly, see the book's introductory section. For 
QP near sauce subsciute 1 cup vinegar for 1 cup water i jelly recipe. Berries keep 
well: but for prolonged storage, dry them to prevent mold. Related edible spe- 
European mountain ash (S. ancuparia), Greene mountain ash (S. copula, 
Sika mountain ash (S.stchensis). Poisonous look-alikes: none 
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Sugar maple Acer saccharum 
‘Alia edibe spring, summer 

Habitat: eastern deciduous forest, common and widespread, especially at lower 
elevations. Identification: medium-size co tall trees to 30 m (98 fe) with a 
rounded crown, slightly fissured to furrowed dark-gray bark. Buds opposite, 
end and side buds present, light brown, scaly; end bud 6-12 mm (0.2-0.5 in) 
Jong, cone shaped; side buds smaller. See also scan marus on page 256. Harvest: 
Obtain sap from first spring flow until buds swell. Good sap flow requires freez 
ing nights and warm days. Drill *h «-in hole (just over 11 mm) for commercial 
spile, slightly upward and 5—8 em (2~3 in) into trunk. Drive spile just far enough 
to hold bucket, not so hard that you split wood. Collect sap and store cold until 
you have 25-30 gal. Collect winged seeds before fully ripe, usually from June to 
September. Preparation: Boil sap outdoors, indoors only if you like sticky walls. 
Use large surfaced, open pan, adding sap as water boils away. When 25 gal or so 
of sap has been added, continue co boil liquid uncil temperature is 4°C (7°F) 
above chat of boiling water on that particular day. You may wish to boil for the 
last ewo degrees on a regulated stove. Filter syrup through milk filer into steril- 
ized canning jars. Fill jars completely and seal. Yields about 3 qt. For maple 
sugar, boil | pe of syrup in saucepan with frequene stirring until cemperacure is at 
least 110°C (230°F). Remove from heat, cool, and stir until surface loses sheen. 
Pour quickly onco foil or waxed paper. When partially hardened, score into piec- 
ces with knife. Use sap fresh as a beverage, fermented co form a mild vinegar, or 
reduced by boiling to 25% irs original volume as a base for teas. Soak seeds and 
remove wings. Boil until tender, drain, season, and roast for 10=15 min. Re- 
lated edible species: Red maple (A. rubrum); sap of all native maples may be 
used for syrup but sugar maple is best. Poisonous look-alikes: none; but avoid 
Norway maple (A. platanoides), which has milky sap. 


& 
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Poisonous plants 


Plants that ate inedible and even poisonous to varying degrees grow among the 
edible ones. So its wise co learn to recognize poisonous plants, especially those 
that may resemble che edibles. In this section, you'll find full coverage of 20 
plants that are particularly toxic, and you'll also find mention of many more te- 
lated toxic species, To learn more about poisonous plants not fully covered here, 
consult a guidebook for your region. 

Unfortunately, there are no general rules for recognition of paisonous plants. 
Even though birds or mammals eat a particular plant, that plant may still be 
poisonous to humans. For example, birds readily consume the fruits of poison ivy 
with no ill effects. Bur if you tried this, you'd be in serious trouble. Ironically, 
sometimes the most toxic plants are among the most beautiful. Some torcic beau- 
ties include blue flag, yellow flag, star of Bethlehem, and butterfly weed. 

‘The more field experience you gain identifying plants, the easier you'll sort the 
edibles from the inedibles. Try to identify at least a few new poisonous plants 


each season. 
Star of Bethlehem Ornithopalam wntbellatum 
Habitat; fields, grassy areas, roadsides, and open woodlands. Identification: 


small perennial berb wo 35 cm (13.8 in) high, from an egg-shaped bulb 3—4 cm 
(1.2-L.Gin) long. Leaves mainly basal, long, narrow, 15~40 em (53.9-15.7 in) 
Jong, 3-6 mm (0.10.2 in) wide, channeled, main vein almost white. Flower- 
ing stem erect, bearing several, short- to long-stalked flowers at the tip; each 
lower showy, bisexual, with 6 spreading petallike segments, white with a 
‘green stripe on lower side, each segment 1,5—2.5 cm (0.6-1 in) long. Fruits are 
‘1 3-lobed, ega-shaped capsule 310 mm (0.2—0.4 in) long containing a few, 
nearly globe-shaped, black seeds, Poisonous constituents: Bulbs contain one or 

& more alkaloids thar have killed grazing animals. Related poisonous species: An 
introduced species, 0. nutans, also has poisonous bulbs. 


Death camass Zipadenns venenocas 
Habieat: measlows, fields, scrubby woodlands along coast, in foothills, and conif- 
-erous forests, Identification: perennial herb from an egg-shaped bulb 1.2-2.5 
m (0.5-1 in) long, with dark outer scales; stems upright, 24-60 em (9.424 
in) high, slender, smooth. Leaves around base and on lower stem; basal leaves 
tery narrow (Linear), 15-30 em (6-12 in) long, 5-10 mm (0.20 in) wide: 
stem leaves usually shorter and sheathing the stem. Stalked flowers numerous 

3% along an upright, unbranched, elongate cluster (lower-most flowers opening 
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first), each flower with 6 petals or petallike structures, whitish, browlest nea 
base, pointed ar tip, bisexual. Fruit a small, egg-shaped capsule 11.5 em (0.4— 
0.6 in) long, splitting open at maturity 10 release tiny, brown seeds. Poisonous 
constituents: All plant parts, especially the bulbs, contain alkaloids that can 
cause gastrointestinal distress, weakness, loss of motor function, and death. This 
plant and its relatives have killed many horses and cattle, Related poisonous 
species: All 12 native Zigadenus species should be consider 


wmely poison 


Star of Bethlehem: flowering 
plants (NYBG). 


Yellow flag: 
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Atamasco lily Zephyranthes atansasco 


Habitat: floodplain and low wet woodlands, wer fields and meadows, coastal 
plain and lower piedmont. Identification: perennial herb to 30 em (12 in) high, 
from a small onionlike bulb 2~3 em (0.81.2 in) in diameter. Leaves all basal, 
Jong, narrow (linear), 20~40 em (8-16 in) long, 4-8 mm (0,150.3 in) wide, 
channeled, bright-green to bluish-green, shiny. Flowering stalk upright, to 30 
cm (12 in) high, bearing a single flower at the tip; flowers white, rarely pink, 
showy, 6-10 cm (2.43.9 in) long, funnel-shaped with the 6 lobes spreading. 
Fruits are papery to leathery, nearly globe-shaped capsules, each 3-lobed and 
splitting open at maturity to release the shiny, black seeds. Poisonous constitu- 
ents: Toxic compounds in the bulbs have produced staggering, collapse, and 
death in grazing animals. Thus, they should be regarded as extremely poisonous. 
Related poisonous species: All 12 native species of Zepbyranties should be 
considered extremely poisonous. 


Yellow flag Iris piendoacorns 
Habitat: swamps, ditches, borders of ponul, lakes, and streams; common, intro- 
duced from Europe. Ldentification: large perennial herb 061.2 m (23,9 fi) 
high, from spreading, underground stems (rhizomes). Leaves long, natrow, 
sword-shaped, 0.4-0.8 m (1,3~2.7 f) long, 2~4 cm (0.8- 1.6 in) wide, Nactened, 
‘erect, pale green, sheathing the flowering stalks. Flowering stalks usually shorter 
than the leaves, bearing a large, showy flower: flowers usually bright yellow, 
with 3 spreading, petallike sepals each crested with brownish, irregular spors and 
3 narrower, upright perals, Fruits are elongate, slighty angled capsules 5~10 cm 
(2-4 in) long, splitting open lengshwise to release the seeds, Poisonous constit- 
tuents: leaves and roots; see BILE FAG (next). Related poisonous species: All 
native and introduced species of irises should be considered poisonous. 


Blue flag Iris versicolor 


Habitat: wet meadows, ditches, swamps, marshes, along ponds and streams, na- 
tive, Identification: large perennial berb co 1m (3.3 ft) high, from thick, 
spreading, underground stems (chizomes). Leaves long, narrow, sword- 
shaped, 04-1 m (1.4~3.3 fo) long, 1-3 cm (0.4—1.2 in) wide, flattened, erect, 
pale green ro grayish-green, sheathing the stalks, Flowering stalks with 1 t0 3 
large, showy fowers; flowers bluisb-purple to violet, with 3 broadly spreading, 
petallike sepals with conspicuous whie veins and yellowish near base, petals 3, 
erect, narrow, \4 10 V3 as long as sepals. Fravts are elongate, J-angled capsules 
3.45.6 em (1.4—2.2 in) Long. Poisonous constituents: Leaves and roots are 
toxic and can cause an inflammation of the mucous membrane of the stomach and 
intestine. Most grazing animals avoid wild irises, but calves have been fatally 
poisoned by them, Related poisonous species: All native and introduced spe 
ies of irises should be considered poisonous. 
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Common buttercup Ranunculus aeris 


Habitat: yards, fields, clearings, and other disturbed sites, Identification: slen- 
der perennial erb o 1 m (3.3 fe) high, from a short, thick underground stem 
(thizome); stem upright, branched, usually with spreading hairs. Busal leaves 
rounded in outline, 410 cm (1.6~3.9 in) across, deeply 5-7 lobed, each lobe 
coarsely toothed or with narrow lobes, softly hairy, wich long leafstalks; stem 
leaves similar to other leaves except smaller and gradually becoming stalkless 
Flowers several in a branched, open, spreading cluster; each flower with 5 
bright glossy, yellow to whitish petals 7-14 mm (0.25~0.5 in) long, broadest 
near the tip, Fruits are clusters of flattened, broad, beaked, thin-walled nurs 
about 2-3 mm (about 0.1 in) long. Poisonous constituents: Leaves and stems 
are bitter tasting, possibly due to oils. These oils can cause abdominal pains from 
an irritated stomach and intestines. Fresh burtercups have caused diarrhea and 
blindness in grazing animals. Related poisonous species: All native species of 
buttercups contain toxic or otherwise irritating oils and should not be eaten. 


Jimson weed Datura stramonivm 


Habitat: disturbed sites and waste grounds, old fields, roadsides, barnyards 
Kdentification: course annual herb wo 1.5 m (5 f) high, from a shore taproot 
stems upright, branched, usually smooth. Leaves broadest near the base, 816 
em (3,264 in) long, 4-12 cm (1.64.7 in) wide, coarsely and irregularly 
large-toothed along the margin. Flowers large, 5~8 cm (23.1 in) long, showy, 
white to light purple, upright, produced singly on upper stem, petals fused and 
narrowly funnel-shaped, the lobes spreading, with a heavy fragrance. Fruits up 
right, egg-shaped capsules 35 em (1.2-2 in) long, usually with short spines, 
splitting open along 4 valves to release dark pitted seeds. Poisonous consticu- 
cents: All plant parts, including seeds, are poisonous. Alkaloids will cause im- 
Paired vision, thirst, delirium, unpredictable movements, possibly coma and 
death, Related poisonous species: All Datars species 


May apple Padophylum peltaruny 
Habitat: rich and open woodlands, wet fields and meadows, pastures, oceasion- 
ally roadsides. Identification: artractive perennial herb to 50 cm (20 ia) tall, 
froma fleshy, spreading, underground stem (rhizome); stem single, short, pro- 
<lucing single or paired leaves and single blossom between. Leaves large, nearly 
circular in outline, 15-40 em (5.9-15.7 in) in diameter, deeply 3-9 parted, 
margins with a few coarse teeth or lobes; leafstalle attached to center of blade. 
Flower somewhat showy, cup-shaped, with 6-9 white petals, each 3-3 cm (1.2~ 
2 in) wide, produced on a nodding stalk. Fruit an egg-shaped, fleshy, yellow 
(rarely red) berry 2.55 cm (1-2 in) long, containing several seeds. Poisonous 
constituents: Leaves and particularly the roots contain a resinous compound 
‘knowin as podophyllin thar can cause violen¢ cathartic reactions. Consumption of 
small quantities will produce severe gastric upset and vomiting. Death may occur 
from larger quantities. The fleshy pulp of che fruit is edible, although the seeds 
should nor be eaten. See aay aPrur on page 140. Related poisonous species: 
none in North America 


According to another embodiment of the invention, 
open positions of a rotor may be filled with magnetic 
material, preferably iron. Filling open portions of the 
rotor may assist in reducing undesirable flux leakage 
from the rotor. By trapping substantially all of the Flux: 
within the rotor, interaction between rotor and stator 
flux is reduced. In this manner, counter torque is 
reduced thereby increasing the overall efficiency of the 
device. 


A prototype of this embodiment was constructed using 
a standard 10 kWt gas-powered generator. The stator 
was removed from the generator and its housing. ‘The 
stator windings were removed from the stator and 
rewound by hand using a No. 10 size copper wire with 
180 winds wrapped in a toroidal fashion around 
approximately 180 degrees of the stator 


‘The stator was then reinstalled in the modified housing 
and re-attached to the gas-powered generator. A 
standard 12 volt car battery was attached to the input 
of the rotor. A 12.92 volt input with 0.8 Amps was 
measured as the input to the rotor. The output was 
measured as 6.5 volts with a 40 Amp output. A series 
of input and output measurements were taken for 
various inputs 


Editor: Thus input power is 10 Wr, and output power is 
260 Wr. 


So, the old well-known ideas have found new ways of 
embodiment, though their essence remains unchanged. 
Let us note that Faraday Labs Ltd has been working on 
creating a prototype of @-machine with a toroid of 
200 mm in diameter. 


Please, read more about this in the next issue! 


% 


Editorial: We publish the specification of several interesting patents, which were taken out by Russian 


inventors for recent years. 


Russian patents on 


alternative energetics 


Nv93001754, 1996.06.27, Converter of gravitational forces into energy, V.V. Mironov and others 
192008720, 1995.02.10, Slavie method to produce energy by conversion of gravitational forces, V.V. Mironov 
193006696, 1995.04.30, Supporting converter of gravitational forces into energy, VIV. Mironov 

22001121071, 2003.04.10, Method to create energy in liquid, heat-genemtor and heat-and-power device, AYu. Baurov 


and others 


Ni2132109, 1999.06.20, Generator of mechanical energy, A.Yu, Baurov and others 


Ne2001 125794, 2003.05.10, Generator of static electrci 
tie power device, DIM. Beliy 
Nv98116077, 2000.05.10, Heat engine (monotherm, “perpetual mobile of second 


22001120796, 2003.04.10, 


193048971, 1996.04.20, Float engine, LP. Tehinarew 


SIL. Danilov 


pe”), VIL Likhachov and others 


Nv94023174, 1996.03.27, Gravitational-hydrostatic engine, LP. Tehinarev 


Nv98112650, 2000.03.20, Water engine, VA. Gylchuk 


N:2001 115953, 2003.03.20, Potential engine by Prokopenka, V-F. Prokopenko 
N:2001115954, 2003.03.20, Potential amplifier by Prokopenko, V.E. Prokopenko 


N:2001 124364, 2003.04.20, Drum of gravitation (gravity), L 


LA. Strelnikov 


Nv95107181, 1997.02.20, Method to convert energy of physical vacuum into energy of physical space, O.K. Polev and 


others 


192008695, 1995.04.20, Method to get overunity efficiency, Yu.V. Karasev and others 
Nv93006851, 1995.04.30, Principle, method and device for citculation of mass by force of gravitation and ines ia, GS 


Kirichenko 
093039885, 1996.05.20, Hydto-gravitational 


Konkov 


Nv93036371, 1995.11.27, Method to convert energy created in result of interaction of earth’s gravity force and aie 


bearing capacity into electric energy, VI. Kovalenko 


193025690, 1996.07.27, Method and device to convert heat energy into mechanical one, A.J. Lendyaev 
22001122885, 2003.04.20, Rotary method to convert magnetic energy into mechanical one, IN. Mezentsev 
22001106783, 2003.02.10, Gravitational source of energy, A.D. Yurik and others 

i201 115968, 2003.03.20, Method to convert energy, VS. Gorelyuh 
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mon buttercup: flowering plants Jimson weed: fruiting branch after 


NYBG frost (Dykeman). 


May apple: plants in early spring and flowering plant in May (NYBG) 


se nettle: flow 
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Horse nettle Solanuse carolinense 


Habitat: disturbed sites, fields, vacant lors, roadsides, and sandy waste areas 
Identification: coarse perennial herb ro 1 m (3.3 fd high, from spreading under- 
round stems (thizomes); stem and leaves with branched bairs and slender 
spines, Leaves alternate, simple, broadest near base, 6~ 12 em (2.4~4.7 in) long, 
3~6 em (1.2-2.4 in) wide, coursely and irregularly large-toothed along. mar 
gin, rough to touch. Flowers few on elongated terminal cluster; each flower 
white 10 light purple, 2-3 cm (0.8-1.2 in) across, five-parted petals spreading 
and even bending backward, broadest near base. Fruit a yellow flesby berry 1— 
1.6 em (0.4~0.6 in) in diameter, smooth. Poisonous constituents: Leaves and 
fruits contain the alkaloid solanine, which can cause vomiting, nausea, abdominal 
pains, and other gastrointestinal problems, Related poisonous species: Many 
species of the genus Solanum contain the solanine alkaloid in varying amounts. 
Among species to avoid are European nightshade (S, dikcamara), black or deadly 
nightshade (S. nigrum), and silverleaf nightshade (S, elacagnifalinne, 


White hellebore, False hellebore Veratrum viride 


Habitat: wetlands, swamps, floodplains, near streams and rivers, low wer sites in 
woodlands, Identification: Jarge perennial berb wo 2 m (6.6 ft) high, from 


thick, fibrous roots; stems upright, stout, unbranched. Leaves numerous along 
stem, broudest near base or middle, 15~32 em (5.9-12.6 in) long, about balf 
445 wide, eotire along margin and pointed at tip, nearly stalkless and almost clasp- 
ing stem, with conspicuous, slightly sunken ribs. Flowers numerous in large, 
erect, branched clusters 20-50 cm (7.8-19.7 in) high, hairy; each flower yellow- 
ish-green, with 6 spreading, petallike segments, Fruits are egg-shaped capsules 
18-26 em (0.71 in) long, containing numerous seeds. Poisonous constitu- 


cines and insecticides. While all plant parts contain alkaloids, the roots concen- 
trate them. Eating this plant can cause depressed heart activity, headaches, 
burning sensation in the mouth and throat, and prostration. Related poisonous 
species: All 12 native Veratrum species should be considered poisonous, 


Yellow sweetclover Melilotns officinalis 


Habitat: disturbed sites and waste areas, roadsides, fencerows, old fields 
duced weed from Europe and Asia. Identification: bieanial herb to 2 m (6.6 ft) 
high, stems sparingly branched and weakly upright, usually smooth. Leaves com- 
pound, composed of three leaflets (trifoliolate); leaflets broadest near or above 
middle, 1.2—2.5 cm(0.5~1 in) long, $~15 mm (0.2~0.6 in) wide, finely toothed 
along margin, greenish-yellow, usually smooth; leafsealks with conspicuous leaf- 
like brace (stipule) at junction of stalk and stem, Flowers numerous on slender, 
elongated clusters 4-12 cm (1.6~4.7 in) long, each flower yellow, resembling 
tiny pea blossom. Fruits are egg-shaped pods 2-4 mm (0.1-0.2 in) long, 
smooth, stalked. Poisonous constituents: Improperly ried sweerclover will 
‘easily mold and in the process produce coumarin, an anticoagulant that can cause 
severe internal bleeding and death, Moldy sweetclover mixed in hay has killed 
‘many cattle. Thus, avoid this plant when gathering green leafy edibles. Related 


Butterfly weed: flo. 
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poisonous species: Also introduced from Europe, white sweetclover (Malla) is 
equally dangerous, 


Pokeweed Phytolacca americana 


Habieat: woodland margins, disturbed sites, waste ground, roadsides, fencerows 
Identification: Large, perennial herb to 3 m (9,8 fe tall with thick, fleshy moots; 
stems branched, upright, smooth, with disagreeable udor when broken. Leaves 
alternate, 9 30 cm (3.5~ 11.8 in) long, 3~12.cm (1.24.7 in) wide, broadest near 
base, pointed at tip, entire along margin; leafstalks to 9 cm (2 in) long. Flowers 
greenish tu white, produced in narrow, elongate elusters (racemes); each 
flower 2-4 mm (0.1 in) long, petals absent. Fruits are 5—I2-parted berries, 
wider than lang, 610 mm (0.2-0.4 in) in diameter, green turning purplish- 
Mack at maturity. Poisonous constituents: Toxins are more prevalent in ma 
ture leaves, stems, and particularly in roots than in young growth and berries. 
Diarchea, vomiting, cramps, sweating, reduced breathing capacity, or even death 

can occur from eating this plant. You ean eat young cooked shoots if you discard 

the cooking water. See also poxeweeD on page 96. Related poisonous species: & 
none. There is only one species of pokeweed in North America 


Doghane Apocynum androsaemifalinm 


‘Habitat: open woodlands, margins of woodlands, fields, roadsides, usually drier 
sites. Identification: peremmial herb co 50 em (19,7 in) high; stems upright, 
branching, with milky juice in all parts. Leaves opposite, broadest near base 
to almost uniformly wide, 4-8 cm (1.63.2 in) lang, 2~4.5 cm (08-18 in) 
wide, entire along margin, pointed at tip, dark green above, hairy beneath, some- 
times drooping, with sleader leafstalk. Flowers several in branched, round- 
topped clusters at top oF upper part of stems; each flower bell-shaped, 5—10 mm 
(0.2-0.4 in) long, white to pink, S-parted, spreading to drooping. Fruits are 
narrow, cylindrical, capsulelike pods 6-18 em (2.4~7 in) long, slender point- 
ced at tip, containing numerous small seeds, each tipped with long silky hairs. 
Poisonous constituents; All plant parts contain resins and glycosides capable of 
affecting the cardiovascular system of mammals, Related poisonous speci 

lf the 6 of 7 native species of doghane (Apoeynum) contain milky sap and proba- 
bly the glycosides. Thus, all should be considered poisonous. 


Butterfly weed Auclepias twberisa 
Habitat; fields, meadows, prairies, open woodlands, margins of woodlands, 
Identification: perennial herb, upright, 30-80 cm (11.8—3155 in) tal; stems 
single or branched, stout, hairy. Sap not milky, leaves alternate on stems and 
opposite on branches, variable in shape but often very narrow and widest near 
base oF tip, 3-10 cin (2-4 in) long, 0.4—2,5 em (0.1~1 in) wide, pointed at tip, 
usually without leafstalk, hairy, especially beneath. Flowers produced in 
showy, branched, flat-topped clusters; each flower orange to red or yellow, 5~ 
parted, petals (corolla) deeply lobed. Fruita dry, narrowly egg-shaped capsule 8— 
14cm (3.13.5 in) long, splitting open only along 1 side to release tiny, flattened 
seeds tipped with numerous, long, silky hairs. Poisonous constituents: Plant 
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parts contain some glycosides, alkaloids, and resinoids that can cause weakness, 
Staggering, and even seizures. The various species of Asclepias have killed sheep, 
cattle, horses, and goats. Related poisonous species: All 30 native species 
should be considered potentially poisonous, 


Poison hemlock Coniuns macalatum 


Habicat: disturbed sites such as fencerows, roadsides, stream and river banks, 
old fields and vacant lands; introduced from Europe. Identification: large, bi- 
ennial berb to 3 m (9-9 fe) high, from large, white, carrotlike taproot; stems 
upright, branching, purple-sported, hollow, smooth. Leaves basal, repeatedly 
branched, irregularly divided and highly dissected, resembling parsley leaves, 
broadly triangular in outline, smooth, dark green, with ador of parsnips when 
crushed. Tiny white flowers produced in compound, flat-topped clusters (um- 
els) 4—8 cm (1.63.1 in) wide; flower cluster stalks 4—10 cm (1.63.9 in) long. 
Fruits dry, egg-shaped, 3-4 mm (0.1 in) long, flattened on inner surface, con 
spicuously ribbed, grayish-green, Poisonous constituents: All plant parts, espe- 
cially che stem, leaves, fruits, and root are extremely poisonous. The toxic alka- 
loids cause nervousness, trembling, reduced heartbeat, coma, and even 
respiratory failure. Related poisonous species: A related genus, Cicuta, con- 
tains several species, commonly called waTeR HEMLOCK (next), which are also ex: 
tremely poisonous. 


Water hemlock Cieutas maculata 


Habitat: wer sites such as swamps, stream and river banks, ditches and bottom- 
lands. Identification: large biennial or perennial herb wo 2 i (6.6 f) high, 
from one « a cluster of several, thick, fleshy, ruberlike roots; stems upright, 
branched, often purple spotted, smooth, exuding yellow liquid when cut. Leaves 
Jarge, bi- or tripinnately compound on lower stem, upper stem leaves less dis- 
sected, leaf segments usually 4-8 cm (1.63.1 in) long, 0.53 em (0.21.2 in) 
wide, toothed, smooth, with odor of raw parsnips when crushed. Small white 
flowers numerous in large, compound, flat-topped clusters (umbels). Eeuits 
brown, dry, egg-shaped, 3~4 mm (0.15 in) long, with conspicuous ribs. Poison- 
ous constituents: All parts of this plant are extremely poisonous. A resinlike 
cicutoxin causes severe abdominal pains, excessive salivation, vomiting within 
‘minutes of consumption, and can cause death. One ofthe most deadly poisonous 
North American plants! Related poisonous species: All 10 native species of 
Cicuta are extremely poisonous. Also see ro1sow HeNLock (preceding) 


son hemlock: flowering stalks (Speas) 


Water hemlock: flowering stalk (NYBG) 


Southwestern coral bean: see 


plane (Berna 


American yew: mature fruits (Bogel). Fruiting branches (N 
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Southwestern coral bean Exythrina flabelliformis 


Habitat: canyons, washes, desert grasslands, open oak woodlands. Wdentifica- 
tion: large spiny shrub or small eree to 5 m (16.40); stems leafless except in 
summer, thick, brite, armes with shore spines. Leaves alternate, featberlike 
(binnately) compound with 3 leaflets, the leaflets broadly triangular ans ta- 
peting to a point, 2.5~7.5 em (1-3 in) long, 48.7 em (1.53.5 in) wide, grayish 
tsreen; main leafsalk long, armed with several short, hooked spines. Flowers in 
large, showy clusters usually in spring, each narrow, elongated, pea-sbuped, 
with bright red to scarlet petals. Fruits ae long, leathery pods 10-25 em (4 

10 in) long, constricted between the seeds; seeds hard, bright red, 1-2 em (0.4 

0.8 in) long, Poisonous constituents: Seed wall contains highly poisonous alka- 
lois that ean cause death, even when consumed in small amounts, The seeds are 
sometimes used ro make necklaces, which some wearers unfortunately have 
played with between their teeth. Related Poisonous Species: All species of @ 
Enithrina are poisonous, Eastern coral bean (E. berhacea) is native to the Coastal 
Plain from North Carolina to Texas. 


American yew Taxus canadensis 


Habitat: rich woodlands, pine forests, bogs, thickets. Identification: shrub, 
usually low, spreading and stragely, occasionally upright, up to 2 m (6.6 f) 
high, branches curning reddish-brown with age. Leaves spirally arranged and 
spreading in 2 ranks along stems, narrow (linear), 1-2 em (O-4~0.8 in) long, 
about 2 mm (0.1 in) wide, abruptly fine-pointed at tip, dark yellowish-green 
ithove, with 2 pale-green hands beneath, leafsalk short. Flowers tiny cones, 
either male or female. Fruits consist of a bard, dark, egg-shaped seed about 1 
‘em (0.4 in) long, enclosed in bright red to reddisb-orange, flesby disc. Poison- 
fous constituents: Leaves and seeds contain one or more alkaloids called raxine, 
which can cause sudden death in people as well as horses and cattle. The fleshy 
red disc around the seed is edible but is better avoided because of the highly 
toxic seeds. Related poisonous species: Leaves and sceds of all species of yew 
(Taxus) are extremely poisonous. The introduced English yew (7 haccata) and 
the Japanese yew (T, caspidata) are widely planted as ornamentals. 
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Poison ivy Toxicadendron radicans 
(synonym: Rhus radicens) 
Habitat: woodland margins, pastures, streams and river banks, fencerows, and 
disturbed sites. Identification: low shrub or vine, often climbing, with hairy, 
light-brown twigs. Leaves alternate, deciduous, compound of three leaflets (ci 
foliolate), leaflets broadest near base, 10-16 em (3.9~6,3 in) long, 3~10 cm (2— 
3.9 in) wide, pointed at tip, entire or with a few coarse teeth along margin, 
yellowish-green, dull, often smooth, leufstulks reddish near junction with 
blade. Plants either male or female. Tiny male flowers produced in elongated, 
branched clusters 5-10 cm (23.9 in) long on new growth; small female flowers 
produced in smaller branched clusters 46 em (1.6~2.4 in) long. Fruits are 
rounded, 4—6 ram (0.1 in) in diameter, ereamy white, smooth, produced in 
clusters like grapes. Poisonous constituents: All parts of the plant have an oily 
resin containing urushiol. Contact with urushiol can cause minor to severe det 
matitis, consisting of a rash and blisters. This affliction can be serious and most 
uncomfortable in the mouth, throat, and nasal passages as a result of eating ber- 
ries oF breathing smoke produced from burning plants. Related poisonous spe- 
3: Poison oak (Rhus taxicedendron), of sandy soils, pine forest, or barrens in the 
eastern U.S., and Rhus diversiloba, also called poison oak, of the Pacific coastal 
states, both contain oily resin capable of producing dermatitis like that caused by 
poison ivy. 


Ohio buckeye, Horsechestaue Aciculus glabra 


Habitat: woodlands, hillsides, especially riverbottoms and stream banks. Identi- 
fication: broad spreading tree with open, rounded crown and dark-brown, 
deeply furrowed bark. Lewoes opposite, deciduous, hand-sbaped compound 
(palmate) with 5 or 7 leaflets, leaflets usually widest near middle, 10—15 em (4— 
6 in) long, 3.5~6 cm (1.4-2.4 in) wide, pointed at tip, finely toothed along mar- 
gin, yellowish-green, leafstalks long. Flowers produced in large, erect clusters 
12.5~15 cm (5~6 in) long, pale yellowish green, with 5-lobed calyx, 4 petals 
sometimes with red stripes. Fruits a leathery, 3-parted capsule 2.5~5 em (1-2 
in) long, with short blunt spines on outer surface of husk, containing I or 2 
large, shiny, dark reddish-brown seeds, Poisonous constituents: All plant 
parts, especially the larze seeds, contain aesculin, a glycoside. If ingested, this 
toxin can cause vomiting, stupor, twitching, paralysis, and possibly even death. 
Seeds of buckeyes or horsechestnuts resemble those of edible chestnuts. Re- 
lated poisonous species: All native species of the buckeye genus (Aesculus) 
should be considered poisonous. Compounds from some species have been used 
medicinally. A coumarin glycoside, esculoside, obtained from the European 
horse chestnut (A. hippcastanum), has been used to treat hemorrhoids. 
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Really "free energy"? 
What about a latent battery? 
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General Index 


‘Aucumn, edibles characteristics of, 12, 208 

Baking soda enderize), 13, 

Beverages, 4-15, 

Biterness See Toxciey 

Brambles, blackberries, raspberries, havest and 
‘reparation of 178-179 


Coffe subscieues, 15 

Carrants and gooseberries, harvest and 
reparation of 168-169 

Dicots. See Monocots and dicots 

Diet nd wild edibles, 27 

Flour subsites, 14, 22 

Food vale of wild edibles, 274-275 

Foraging for plants, 10-11 

Fru 


Goosebenties. Sa Currants 

GGesns, nuts, and sce 
‘sour subeicue, 22 
‘winnowing methods for, 22 

Gasp. Si Wild peapes 


Harvest and preparation of planes, 12-22 
boiling, 12-15 
cuibilcy choo geoming season, 12 
handpicking, 12,15 
pieoasing, M4 
roots and cubes, 13-14 
shoots and leaves, 2-13 
Harvest dates, regional calendar fr, 12 
Hiawthoras, harvest and preparation of 257 


Indian: wild food harvesting, 22-24; 
food preparation, 25-24; survival 
techniques, 249 


Jams, 18-20 
‘without pectin, 20 
recpes able, 18-19, 
uncooked, 20, 

Jelice, 16-18 
and pectin, 16 
recipes (le), 17 


Lewes. Se Plane pars, aboveground 


Mapie sugating, 24 

‘Mapping populacins of edible plans, 208 

Mast cr, 208 

Medicinal use of planes, 15 

‘Monocots and dicots, contrasting Festus of 
Cable, 6 


Nutrition and wild edibles 
carbohydrates, 26 
fats, 26 
[Natiinal Contant f elt Fonds append, 
214-275 
vicamins and minerals (abe), 26-27 
Nts, See Grins, aus, and seeds 


Overharvesting, 9, 208 


Pemican (recipe, 169 

Pies, 20-22 
recipes (ble), 20-21 

Plane guides, 28 

Pla habits, 10-11 

Plant names, 6 

Plane pars, aboveground, 12 

Plane parts, underground, 15-14 
dlifculey in harvesting, 13, 248 
sca abbles, 1 

lune reproduction, 7-8 

Plants, defensive stracturs of, 9 

Plants, ineroduced, 9-10 


INDEX, 


27 


Plan tse, factors influencing, 9 


Poisonous plants, recognition of 
Poca subsites, 13, 
Precise, 243 


Raspheris. So Brambles, blackbertis, 
raspberries 

Renaee substitute, 79 

Roots. Se Plant pars, underground 

ores, harvest and preparaion of, 220-221 

Sap, we of ia beverages, 16, 249 

Seeds, dispersal of, 9. Seale Gain, nuts, 
tad seeds 

Shoots Sa Plane puts, aboveground 

Spring, edibles characteristics oI, 56 

Stone pinding, 24 

Summer, edibles characteristics of, 1, 126 


Survival eods, 248-249 


‘Tea fom wild edibles, HIS, 
‘Toxicity, moval of, 9 
by boiling, 12-13 
by dying, 
VieaminC, Ut 
Vins 
and baking sod, 13 
foes and retention of ia cooking, 12, 14 
White Oak Group, harvest and preparicion| 
of, 28 
Wild grapes, haves and preparation of, 
214215, 
\Winnowing. Sa Grins, outs and seeds 
Winer, edible characteristics of 
‘Winer foraging, 12, 249, 


Index to plant names 


Bold face eype is used for common names and pages where you'll find plants both described 
and illustrated. Bold face talicis used for scientific names of described and illustrated plans, 
‘The thinner eypefice (normal and italid) is used for plants mentioned incidentally, for 
‘ample, when they eesemble a plant covered in full detail 


Ar platenides, 126, 297 
‘Aer rubra, 257 

‘Acer sacha, 128, 257 
‘Acorutcalanne, 133 
‘Asal species, 254 
‘Actculis glabra, 

‘sels Bipot, 
‘Agate species, 34 
‘Alaskan knormeed, 99, 155 
alfilaia, 109 

Allegheny chinkapin, 234 
Allaria officinalis, 85 

‘Allium canadente, 6 

‘Alun corms, 58 

‘Allin trcacu, 6 

‘Alo inal. 38 

Alpine beacbery, 159 

alpine bistore, 155 

alpine smartweed, 155 

alpine spring beauty, 92 

Althaca officinalis, 16 
‘Amaranthus bybridus, 72 
“Amaranthus retroflesn, 72 
‘Amelanchier, 207 

‘Amelanchier anifelia, 207 
Amelunchier arborea, 207 
‘Amelanchier flarida, 207 
Amelanchier laevis, 207 
“American barber, 219 
“American beech, 233, 

“American bistory, 155, 

‘American brooke, 144 

American chest, 234 
‘American eldes, 190 

“American hackbercy, 220 
American hazelnut, 173, 
‘American lous, 210 

‘American mountain ash, 240, 254 
‘American plum, 203 

‘American yew, 271 

Apios americana, 9 

‘ies prcene, 9 

‘Apc androraemifolinm, 267 
‘Artum leppa, 112 


Arctium minus, 12 
‘Araoitephylor alpine, 159 
“Arctostaphylos wea-nre, 139) 
‘Atizona walnut, 244, 247 
arrowhead, 215, 

artichoke, Jerusalem, 210 
Auli ice, 106 
Asclepiassyriaea, 106 
‘Asclepias tuberoca, 267 
‘Aunina parila, 198 
Asimina triloba, 198 
asparagus, 62 

Asparagus officinalis, 62 
‘Asal species, 19. 
‘atamasco lil, 261 


Barbara wre 99 

Barbayea vulgaris, 99 

bathery: American, 219; common, 219 
redbfuited, 219 

basswood, 15, 

haybecry: northern, 174; southern, 174 

bay, California, 198 

beach plum, 167 

beaked hazelaus, 173 

Dbearberey 159; spine b. 159 

Dedseraw 86; northern b, 86 

beech, American, 233 

Berbers canadess, 219 

Berbers haowatarpa, 209 

Berberis vulgaris, 219 

Berlanders lambs quarters, 75 

Betula alleghaniensis, 122, 254 

Betula lenta, 122,25 

Betuls lea, 122, 2 

big shelbark hickory, 263 

bilbetry, bog, 164 

birch: sweet (black), 122, 253; yellow, 
122, 254 

bistor: alpine, 195; American, 155; 
‘western, 155 

black beeied elder, 190 

Blackberries, 78 

blackberry: California, 185; common, 183 
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back birch, 122,253 

Black cheery, 208 

Black hw 227 

Sack hockebeory, 67 

Sack matter, 200 

bck mustard, 100 

Sad ghd, 265 

Sick raspberry 183 

back wale, 264; Tena, 244,247 

Bluebery and Cranberry Gens, 168 

Biber: highbush, 1s le set, fs 
Swamp, 16 weeded, 165 

bie eer 190 

bie fag, 261 

Bie oak 231 

bog bilbeers, 164 

Bo haklebery, 167 

Bracken en, 38 

Brambles, Blackberries, Raspberries, 178 

Bra je, 100 

Brace nig, 100 

Bras ap, 100 

breadrot, common, 150 

Brooklime, American, 

Backeye, Oo, 272 

ockehes, ety, 135 

butane: Canadian, 1795 

brleweed, 89 

builbrien 66 

bl chee, 115, 

Bulrash: ea, 70shard-tem, 70 

brncbberry 1 Swedish. 43 

Srrdocks common, 12 ge, 12 

seh orang ly, 216 

brtercup common, 262 

Suter weed, 267 

brtternne, 267 


ex, 179 


cactus, saguao, 5 
‘alamus, 133 

Galfornia bay 198 

California blackberry, 185, 

California grape, 216 

California juniper, 194 

Galifornis laure, 198, 

(Galifornia rose, 220 

California walnut, 247 

Calta palustrin 100 

amass: ceath, 258; eastern, 65; western, 136 
amas lily, 65, 136 

Camatsia quamash, 36 

Gamatsiasiloides, 65 

Canada violet, 95 

(Canadian baflalobetey, 179 

Capiella burva-pastois, 81 


Caples, 81 

Capella rbll, 81 

Carona hemlock, 122 

Carolina lurelchesry, 204 

Garona spring bensty, 92 

carrion flower, 6 

arya alba, 244 

‘Gary carolinae-septentrinalis, 43 

Carya illineenss, 260 

Gary lacinion, 243, 

Carga ota, 243, 

arya tomentosa, 244 

Gasenea dentaa, 234 

Castanea pumila, 234 
bier, 65 

atl, 69; narrowleaved 4 69 

Ceanothus americanus, 176 

Ceamihas oats, 176 

(eli deals, 220 

Celtis pallida, 220 

Gratin slg, 85 

Cre sigantens, 3 

checkerberry, 150 

cheese mallon, HG 

‘Chenopodium album, 75. 

Chepinn blend, 73 

Chenin front, 73 

cherry: black, 204; ground, 9 

‘herine, American, 234 

chestnut oak, 231 

chickyweed: common, 85; James, 85; 

‘mouse, BS; sar, 85 

chicory, 15 

hiner, 66 

‘Chinese mustard, 100 

cchinkapin, Allegheny, 234 

chokecherry, common, 204 

chufa, 130 

Cicborium intybus, WS 

Gicuta maculata, 268 

‘innamon fern, 38 

Cirsium eulgare, WS 

(Claviags species, 129 

Clayonacarcliniane, 92 

Cloytania lanceolata, 92 

Claytnia megarhiza, 92 

Claytonia perfoliata, 95 

Claytnia virginica, 1 

leavers, 86 

(Clintnia borealis, 62 

Clintoia walt, 62 

lineonia, white, 62 

{lincon iy 62 

clover, 5 
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Cecaabe diosa, 197 

Cxcoaba seifera, 197 

cockspur hasehorn, 238 

‘common chokecherry, 204 

‘common barberry, 219 

common blackberry, 183 

common breadroot, 150, 

‘common burdock, 112 

‘common buttercup, 262 

‘common chickwesd, 85 

‘common day lily 136 

‘common elder, 190 

‘common greenbrien, 65 

common milk weed, 106, 

‘common persimmon, 238 

Campin peer, 4 

Contam maculatum, 268 

coral bean: eaten, 271; southeastern, 271 

corn iy, 62 

Commas canadensis, 3 

Cornus sueccn, 163 

Corylus americana, 173 

Cory corm, 173 

oaleer pine, 193 

cow cress, 82 

cow iy, 213, 

cowslip, 100 

cranberry, 163; highbush e., 224, 250; 
‘mountain c., 163; small, 163 

cranbery tee, 224, 250 

Crataegus, 237 

Crataegus acutifolia, 298 

rata ectvalis, 237 

Crataegus arnoldiana, 237 

Crataegus canadensis, 237 

Crataegus conbyi, 238 

Crataegus cruegalli, 238 

Crataegus mollir, 237 

Crataegus phaenopyrum, 237 

(Crataegus pyracantboides, 238 

Crataegus regalis, 38 

Crataegus submallis, 297 

Crataegus rucculente, 238 

creeping seowberry, 153, 

creeping wintergreen, 160 

cress cow 82; fel, 82 

Crattaria Species, 

rocifrse, 82 

cucumber Indian, 139 

esrled dock, 121 

currant, fragrant golden, 170; golden, 169; 
sticky, 169; subalpine prickly, 170; 
wax, 170 

Currant or Gooseberry Genus, 168 


Cyperus escalentus, 130 


dandelion, 104 
anglebery, 167 
dati, 


Datura stramoninm, 262 
deadly nightshade, 265 

death camass, 258 

Dentarialacinsata, 8 

desert hackberry, 220 

singer pine, 193 

Diyas cane, 238 

Diospyros virginiana, 238 

dock: curled, 12; sous, 121; yellow, 121 
dlogbane, 267 

ove plum, 197 

downy hawthorn, 237 

downy serviceberry, 207 

duck potato, 213, 

vat reweed, 109 

(dna hackebeny, 167 

vat mallow, 146 

<dvarf pawpaw, 198 


cealy winerress, 9 

‘eastern camass, 6 

ester cra bean, 271 

eastern hemlock, 122 

‘edible valerian, 89 

lawns arenes, 179 

‘elder: American, 190; black bersied, 190; 
blue, 190; common, 190; Mexican, 190; 
Pacific, 190 erated, 190 

English yew, 272 

Epilobinm angustiflinm, 109 

Epilebi lito, 108 

Erodium ceutarium, 109 

Exytbrina flabllformis, 271 

Enybrina rhc, 271 

Esropean hort chestnut, 272 

European mountain ash, 240, 254 

European nightshade, 265 

evening primeose, 103 


agacea, 234 

Fagus grandifolia, 293 

false hellebore, 265 

fern bracken, 58; cinnamon, 58; ostich, 58 
sweet, 174 

eld cress, 82 

field garlic, 58 

field mustard, 100 


field pennyeress, 82 
fig, Indian, 139, 140 

farce, 109 

Fireweed, 109; dart, 109, 
‘ag: blue, 261; sweet, 133 
Aarwood plum, 203, 

‘eshy havichorn, 238 
foxberry, 163, 

Fragaria virginiana, 9 
feagrane golden currant, 170 
Fremones lambs quarters, 75 
Fremont’ peppergmss, 82 
frost grape, 214 


galinsoga, 159 

Gallina ciliata, 159 

Galinsoga parviflora, 159 

Galinm aparine, 86 

Galium boreale, 86 

Gambels oak, 231 

sui: Feld, 58; wild, 61 

sarlic mustard, 85 

(Gantteria bride, 198 

Gaulsheria bumifusa, 60 

Ganev etiflia, 133, 160 

Geaultheria procumbens, 130 

Gaultheria sallon, 160 

Gaylussacia bacata, 167 

Gaylasacia bch, 1ST 

Gaylusacie ds, 167 

Gaylnsace fonda, 167 

Blane keoeweed, 99,155. 

Blandular mesquite, 189 

slasswore, 76 

goats beard, 106; yellow g.b., 106 

golden currant, 169 

Gooseberry Genus, 168 

goosesrass, 86 

rape: California, 216; fest, 24; siverside, 
2idzse8, 197 

srass: eed, 129; yellow nut, 150, 

feat bulrush, 70 

rez burdock, 112 

igreenbries, 6; common g., 65 

{Greene mouneaia ash, 240, 254 

‘green pigweed, 72 

Grindlia species, 8 

round cheery, 149 

froundawe (Apios americana), 49 

sroandnuc (Apis prians), 49 

Buelder rose, 224, 250, 253, 


hackberry: American, 220; desert, 220: 


hhard-stem bulrosh, 70, 

haw, black, 227 

hawthorn: cockspor, 238; doway, 237: 
fleshy, 238; May, 237; Washington, 237 

Hawthorns, 237 

Inazelnue: American, 173; eaked, 173, 

Heliantbns annus, 136 

Helianthus tuberoca, 210 

helleore: alse, 265: white, 265 

Hemerocallis flo, 136 

hemlock: Ceol, 122; eastern, 1225 
‘ountsin, (22; poison, 268; water, 268; 
swesern, 122 

benbit (Lamia amplesicaule), 16 

hea (Lami purparcu), 116 

Hibs alm, 106 

hickory big shellbark, 243; mockernut, 244; 
shagbark, 263, 

hhighbush blueberry, 164 

hhighbush cranberry, 224, 250 

Hinds walnae, 244, 247 

“Hippocasanacese, 234 

hhobblebush, 224 

Dorchound, water, 89 

horsechestnuc, 254, 272 

hore chest, Esropean, 273, 

hhorse nettle, 265 

hhckleberry: black, 167: box, 167; dat 167 


Impation biflors, 19 
Impatiens epenss, 19 
Impatiens pallida, U9 
Indian cucumber, 39 
Indian fig, 139, 140 
Iponees hippie, 216 
Ipomoea pandurata, 26 
Iris preudoacors, 261 
Iris veseslon 261, 


jacksin-thepolpic, 
James chick weed, 85 

Japanese kaocweed, 99 

Japanese yew, 271 

Jerusalem artichoke, 210 

jewelweed: orange flowered, 119; yellow- 


lowered, 119 
jimson weed, 262 
Joshua ee, 5 


Juglans californica, 247 
glans cineren, 247 
glen bind, 244,247 
Tuplans mje 244, 247 
“Inglan micas, 24 
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Juglans nigra, 246 Mata tuna, 66 
juniper: California, 194;Rocky Mountain, mandrake, 140 
194; Ueah, 197 ‘maple: Norway, 126, 257: ed, 257; sugar, 
Juniper Genus, 194 135, 257 
Juniperus, 98 smarigold, marsh, 100 
Juniper californica, 194 marsh mallow, 146 
Juniperus osteaspermay 197 ‘marsh marigold, 100 
umiperussopalarum, 195 Matteuis pensyleanica, 58 
uniperas utabenss, 197 Mattencia strutbiopteris, 38 
‘May apple, 140, 262, 
inpikinick, 159 May hewehora, 237 
norweed: Aliskan, 99, 155; Japanese, 99; Medevla virginiana, 139 
‘lant, 99, 153 ‘Mails lbs, 267 
Melilorns officinalis, 265 
Labrador tea, 1605 northern Lt. 160 ‘Meisprmasscenadese, 205 
Caace cna, 04 ‘Mentha piperta, 13 
Lactucascariola, 104 ‘Mentha spicata, M4 
Lactuca serrata, 104 mesquite, 189; glandular, 189; serewbean 
ladys shamb, 110 rm. 189 
Jambi quarters, 75; BedandieeS.q.,75; Mexican elde, 190 
Fremonté bq..75 Mexican pinyon, 193, 228 
Lamium amplexicaule, 16 milkweed, common, 106; showy, 106 
Lent purparae, 116 milk vtch, 149 
Iance-feaved pickerelweed, 133, riner’ lertace, 95; Siberian m.L., 95 
Lepore canadensis, 79 smockernut hickory, 244 
Inte sweet blueberry, 164 Monolepis nutalliana, 75 
Lasiyas species, 169 ‘Mantia perfoliata, 95 
laure, California, 198 Monti abr, 93 
Jaurelcheny, Carolina, 204 rmoonted, 215 
dan glenda, 160 mocning ploey, bash, 216 
Ledum groenlaedicunt, 160 ‘Moras alba, 200 
Leda paste, 1S ‘ors wioupbyle, 200 
leek, wild, 61 ‘Moras wg, 200 
lemonade Brey, 186, 250, ‘Morus rubra, 200 
lemonade sumac, 185 movantain ash: American, 240, 2545 
Lepiinm campesire, 82 European, 240, 254; Greene, 240, 254; 
Lepidiznfemoi, 82 Sick, 240, 254 
Lepidium virginicum, 82 ‘mountain cranberry 163 
lettuce: miners, 95, prickly, 106, wild, 104 mountain hemlock, 122 
lige aeamaseo, 261; eamass, 65, 136: ‘mountain Labrador ee, 160, 
Clinton’, 62; common day; 136; corn, mountain sorrel, 153 
G2:cow, 213; lotus, 210; wate, 210; mouseea chickweed, 85 
yellow pond, 213 ‘mulberry: black, 200; red, 200; Texas, 200; 
Lindera benzvin, 219 ‘white, 200 
lingenberry 168, ‘mustard: black, 100; Chinese, 100; field, 100; 
live-forever, 10 garlic, 85 
Tocoweed, point, 49 Myra cerifera, 14 
tnus American 210 Myrice gale, 176 
lotus lily, 210 ‘Mri eulronica, 74 
Lyepus amples, 89 ‘myle, wax, 174 
Tyeopus uniflora, 89 
snannyberry, 27 


mallow: cheese, 146; dvatf 146; marsh, 146 parrow-leaved catail, 69 
DMaloa mela, 6 Nasturtium officinale, 146 


Device for conversion of magnetic field 
energy into kinetic energy 


‘No. 94026259, 1996.05.20 


Author: Pavel Imsish 


The invention refers toa device for 

conversion of magnetic field energy 
S into kinetic energy: The device has 
a rotating wheel with at least tio 


radially opposing non-magnet 
holders used as guide ways for at 
least two permanent magnets, 
respectively. The permanent 
‘magnets are mounted in the holders 


so that there is a possibility to 
remove them, From the both sides 


of the wheel plates made of 


magnetic material are mounted 


axially; the plates surround the 
wheel partially. Depending on 
direction of the both poles, namely 
on location of the similar and 
opposite poles towards each other, 
compression element is situated on 


the holders, or between the wheel 
and the outer end of the permanent 


magnet located at the furthest radial 


distance from the axle of the wheel, 
or between two permanent 
magnets (The device operation 
principle is obvious from Fig 1) 


Fig. 1 


Editor: We have found an example of a similar 
device whose description ts presented in the book 
by R. Ford The Perpetual Motion mystery [1]. 


In this case, there ts an analogous process, during 
which baif of the cycle is screened and the rotor 
is supposed to rotate permanently (see Fig. 2). 


1. RA. Ford, The Perpetual Motion mystery. Lost 
Technology Series, p.23. 
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[Nelumbo lutea, 210 
nettle, 79; horse n., 265; slender. 795, 
singing n, 79; wood 2,79 
New Jersey tea, 176 
nightshade: blak (deadly), 265; Eoropean, 265; 
silvers, 265 
nodding onion, 38 
northere baybeey, 174 
‘northern bedstraw, 86 
northea Labrador tea, 160 
fnorthern red oak, 233 
forthern wild raisin, 22 
[Norway maple, 126, 257 
Napbar advena, 213 
Naphar plat, 213, 
‘out grass, yellow, 130 
Nympbae species, 210 


‘oak: blue, 251; chestnut, 231; Gambels, 231; 
northern red, 233; white, 228 

Oaks, 228, 

Ocnotbena biewnis, 103 

‘Ohio buckeye, 272 

‘kta, 106 

onion: nodding, 58; wild, 58 

Opuntia bumifisa, 139 

Opuntia phacacantha, MO 

orange-flowered jewelweed, 119 

Orithgalun mater, 258 

Ornithogalem umbellatum, 258 

corphine, 10 

ostrich fern, 58 

saminda cimaromce, 38 

Oxyria digyna, 153 

Osyenpis species, 149 

oyster plant, 112 


Pacific elder, 190 
pale couch-me-not, 119, 

Pale violet, 96 

papaoy, 198; dear p., 198 

Parry pinyon, 228, 

ppascure rose, 223 

pawpaw, 198 

peas, prickly, 139, 140 

pes, scr, 130 

pecan, 240 

Penngeress, 82: eld p, 82 
Deppergrass, 82; Fremoncs p82 
peppermint, M3 

persimmon: common, 238; Texas, 238 
phragmites, 129 

Phragmites communis, 29 

Physalis pubescens, 69 


Phytolaca americana, 96, 267 

pickerelweed, 130;lance-leaved p., 133, 

pigweed, 725 green p., 72 

pine: Cooker, 193; digges, 193: piayon, 2285 
singleleaf pinyon, 193; sugar, 193 

Pinas embeds, 193, 228 

Pina enter, 193 

Pinus edule, 28 

Pinus lambertiana, 193 

Pinus monepblla, 93 

Pinas quadeflia, 228 

Pinus sabiniana, 193 

pinyoa: Mexican, 193, 228; Pary, 228 

pinyon pine, 228 

Plantag jemi, 79 

Plantage major 79 

planean, 79: seaside p79 

plum: American, 205; beach, 167; dove, 197; 
‘acwood, 203; wild, 203, 

cdaphyllum pltature, V0, 262 

point locoweed, 149 

poison hemlock, 268, 

poison ivy, 272 

poison oak, 185,186, 272 

poison sumac, 185, 250 

pokeweed, 96, 267 

Paygon lasers, 99,195 

Polygonum bistortedes, 155, 

Polygonum euspidatum, 99 

Pulygonum persicaria, 10 

Puhgoram sachalinose, 99,195 

Payson atarcim, 193, 

Polygonsne viviparum, 155 

Pontederiacrdata, 130 

Pontedera lanceolata, 133 

Portada neleta, 156 

Portulaca oleracea, 156 

Prats rie, 196 

potato, duck, 213 

potato vine, wil, 216 

poverty weed, 75 

prickly lerace, 104 

Prickly pear, 139, 140 

primrose, evening, 103 

Pronapis glandulosa, 189 

Proapis pubescens, 189 

Prose let, 189 

Prunus americana, 203, 

Prunus carlin, 204 

Prunus maritima, 17 

Prunus serting, 204 

Prunus umbellata, 203 

Prunus virginiana, 204 

Pooralea exelent, 130 
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Pras bypate, 150 
Paral tule, 150 
Preretis nadulos, 38 
Preidim aguilinam, 58 
purslane, 156 
usley 156, 


Quercus albs, 228 
Quercus deuglasi, 231 

Quercus subgensis Ertbrobalans, 233, 
Quercus gambelii, 231 

Querens prinus, 231 

Querens rubra, 233 

quick weed, 159 


nisin, northern wild, 227, 
ramp, 61 

Ramenculusacris, 262 
Raspberries, 178 

raspberry: black, 183; red, 180 
ratlebox, 149 

Red/Black Oak Groop, 253, 
red-fruited burbery, 219 
redsfruited elder, 190 

red maple, 257 

red mulberry, 200 

red oak, norchern, 233, 

red raspberry, 180 

reclroot Amaranthus retaflesus), 72 
red rot (Ceaubus ets), 116 
red shepherds purse, 81 

reed grass, 129, 

hus dra, 186, 272 

bus glabra, 185 

Ru inagrifia, 185,186, 250, 
Rus nat, 185 

hut radicant, 272 

Rhus texcdendon, 272 

Rhu trilobata, 186 

Rhus typing, 186, 250 

Rha vers, 250 

Ribes, 168 

Ribes anreum, 169 
Ribescerenm, 170 

Ribes montigenunt, 170 
Ribesedoratune, 170 

ibs sas, 169 

fice, wild, 129 

riverside grape, 214 

Rocky Mountain junipes, 194 
root, ted, 176 

Rorippa nasturtinm-aquaticum, 146 
Rosa, 220 

Roa californica, 220 


Rosa carling, 223 

Rosa eglanteria, 223 

Roa ragene, 23 

ose: California, 20; guelder, 224, 50, 253; 
‘pasture, 223; swoetbries, 223; wild, 223; 
‘wrinkled, 223 

reser, 10 

Roses, 220 

Rubus, 78 

Rubus alegheniensir, 183 

Rubus idaene vow strigorut, 180 

Rubus exidentalis, 183 

Rubus parviflorus, 180 

‘Rubus phoeniclasins, 180 

Rubus strigorus, 180 

Rubus urvinns, 185 

Rumes acetoela, 121 

Rumex vispus, 121 

Russian chisle, 76 


Sagitaria latifolia, 213 

saguaro cactus, 5 

salal, 160 

Salicorniaenropaca, 76 

Salina virginica, 16 

salsify 12 

Salta hal, 76 

salewort, 76 

Samba alicrps, 190 

Sambucus canadensis, 190 

Sambucus ceralee, 190 

Sauces mlencara, 190 

Sambsce mecca, 190 

Semdaas pbs, 190 

Saskatoon servicebenry, 207 

sassafras, 128, 

Sassafasalbidm, 25 

Scirpus acutns, 70 

Scirpus validus, 70 

screwbean mesquite, 189 

seurt pes, 150 

sea grape, 197 

Seaside plantain, 79 

Sedum purpureum, 10 

Sedum rue, HO 

Serviceberry: downy, 207; Saskatoon, 207 

Serviceberry Genus, 207 

sagbark hickory, 243 

sheep sorrel, 21 

Shepherdia argentea, 179 

Stepbodia cadet, 179 

shepherds purse, 8; red s.p., 81; slender 
sp. 8 

showy milkweed, 106 
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Siberian miner leseuce, 95 

silverhery, 179 

silver buffloberry, 179 

silveeaf nightshade, 265, 

singleleafpinyon pine, 193 

Sitka mountain ssh, 240, 254 

skunk ebbage, Mt 

slender nel, 79 

Slender shepecd purse, 81 

smal cranberry, 163 

smareweed, alpine, 155 

Smilax bona-nex, 66 

Silas californica, 66 

Smilax berbacea, 66 

‘Sila rotundifolia, 68 

‘Smiles tacit, 66 

‘smooth sumac, 185 

saowbeery creeping, 153 

soapweed, (34 

Solanum carolinense, 265 

Salaam dca, 265, 

Solan elcagifiom, 265 

Salen mgr, 265 

Soncbus arvents, 103 

‘Sorbus americana, 240, 254 

Soh encaparia, 240, 254 

‘Sorbus txpuina, 240, 254 

‘Sorbus teens, 240, 254 

sorrel: mountain, 153; sheep, 21 

sour dock, 121 

southern baybersy, 174 

southern wood violet, 116 

southwestern coral bean, 271 

sow thistle, 103, 

Spanish bayonet, 134 

spaterdock, 213 

spearmint, 144 

spice bush, 219° 

spiny hackberry, 220 

spotted touch-me-aot, 19 

spring beauty, 915 alpine s.., 92; Carolina 
sb. 92; western 5.bu, 92 

squashberny, 227, 253 

squawbush, 186 

staghorn sumac, 186, 250, 

tar chickweed, 85 

searflowet, BD 

sar of Bethlehem, 258 

Stellara jamesiana, 85 

Stellaria media, 85 

Stleria pera, 85 

sticky carat, 169 

stinging netie, 79 

storksbil, 109 


strawberry, wild, 91 

subalpine prickly currant, 170, 

sugar bush, 185 

sgar maple, 125, 257 

sugar pine, 193 

sumac: lemonade, 185; smooth, 185; staghorn, 
186, 250 

sunflower, 156 

swamp blueberry, 164 

Swedish bunches, 143 

sweet birch, 122, 253 

‘Sweetbrier rose, 223, 

sweeclover, shite, 267; yellow, 265, 

sweet fern, 174 

seer flag, 133 

sweet gale, 176 


Taraxacum officinale, 104 
cartary bockwhest, 195, 
arweed, 8 

Tar bata, 27. 


Taxa npiata, 271 

‘ea: Labrador, 160; mountain Labrador, 160; 
New Jersey, 176; sorthera Labrador, 160 

“Texas blac wn, 244, 247 

‘Texas mulberry, 200, 

‘eras persimmon, 238 

‘Teas wildrce, 129 

thimbleberry, 180 

thistle: bull, 115; Russian, 76; sow, 103 

Thlaspi arvense, 82 

hla pia, 82 

toothwort, 81 

touchrme-nct, pale, 119; spotted, 119 

Tosesendon desi, 185 

“Texicadendron raicans, 272 

Towicnendon ers, 185 

Teagpazn dubs, 106 

‘Tragopogon poriflis, U2 

Tragopagon pratensis, 106 

Teena bores 39 

Tonga canadensis, 122 

Toga corinne, 22 

Tonga temple, 122 

‘Tyga meres, 122 

tule, 70 

‘Typha angustifolia, 69 

‘Typha latifolia, 9 


Umbellularia californica, 198 
Unies disiea, 79 

Ure grail, 79 

Utah juniper 197 
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Vaccinium, 163 
Vaccinium angustiflinm, 14 
Vaccinium corymabasunt, 1A 
Vaccinium macrocarpan, 163 
Vaciniem stiles, 163 
Vaccine oxy, 163 
Vaccinium wliginasum, 1A 
Vaccine vitisidaea, 163 
Valeriama edulis, 8 


selvetleaved blocbery, 165 
Veratrum viride, 265 
Veronica americana, 144 


Viburnum alniflinm, 226 

Vibra coimsides, 227 

Vidura edule, 227,253 

Viburnum lentago, 227 

Vib ps, 224, 250, 253, 

Vibro aera, 224, 250 

Vid ral, 227 

Viburnum trilobune, 224, 250 

Viola canadensis, 9 

Vile birt, 16 

Viole palmata, 116 

Vile prpure, 116 

Viole striata, 96 

violee: Canada, 95; pale, 96; southern woos, 
16; werteen metneain, 116; 00d, 16 

Vitis, 218 

Vitis californica, 16 

Vitis riparia, 216 

Vitis npn, 24 


valu: Arizona, 244, 247; black, 2443 


(California, 247; Hinds, 244, 2475 Texas 
back, 244, 247 
swspate, 213 


Washington hawthorn, 237 
watercress, MG 

syater hemlock, 268 

water horchound, 89 

seater lily, 210 

wax currant, 170 

wax myrtle, 174 

western bistort, 155 


western amass, 136 
tester hemlock, 122 
tretem mountain violet, 16 
western spring beauty 92 
western wintergreen, 160 
hie ines, 62 
‘white bellebore, 265 
‘hice mulberry, 200 
white oak, 228 
whic swetclover, 267 
wild garlic, 61 
Wild Grapes, 214 
wild leek, 61 
‘ld letuce, 104 
onion, 58 
wild plum, 203, 
wild poeato vine, 216 
wild tisin,norhern, 227 
wild Fee, 129 
wilde, Teas, 129 
wild rose, 223 
‘wild steawherey, 9 
wineberry 180 
swinuerceess, 99; early 2, 99) 
wintergreen, 150; creeping W160; westeen 
‘wi 160 
‘wood nel, 79 
wood violet, 116; southesn wv, 6 
‘wrinkled rose, 223, 


yellow birch, 122, 254 

yellow dock, 121 

Jellow flag, 261 

Jellow flowered jewelweed, 119 

Sellow goats beard, 106, 

yellow nut grass, 130, 

yellow pond lily, 213, 

sellow sweetclover, 265, 

yew, American, 271; English, 271 
Japanese, 271 

Yucca bac, 134 

Yauce bri, 5 

Yucca glauca, 134 

Zephyranthes atamaso, 261 

Zigadenns venenosus, 238 

Zisania aquatica, 29 

Zinaniatxana, 29 
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‘The level of development of modern astronautics is, 
primarily determined by the energy capabilities of space 


camtiers So, nowadays, the single-mission cartier rockets 
equipped with chemical engines allow space exploration 
within the solar system. These carriers have delimited 
the near-earth space in the form of a geostationary orbit, 
where the practical-purpose space complexes operate. 


Newer and higher levels of quality will be reached by 
cosmonautics upon its mastering gravity power 
engineering Flights towards the near est stars will become 
possible and by the end of the next century this will be 
followed by travels throughout Galaxy. 


Gravity engines are structurally simple (two bodies of 
different density are rigidly connected). ‘To form 
some practicably significant value of thrust itis required 
to use absolutely new technology regarding creation and 
retaining of matter of high density which can be 
compared to that of atomic nuclei. For instance, at an 
engine mass of about 2 t, it is possible to attain 10 N 
thrust using bunches of aluminum and lead nuclei. The 
muclei are approached to each other at a distance 
comparable with sizes of these bunches 


Fig. 1 


Use of matter which is denser than nuclei bunch, 
increase of mass of the gravitating bodies, and reduction 
of the distance betw 
thrust. So, for a level of density of gravity holes (ie. For 
extremely dense state of matter in which it is not 


the bodies causes increase of 


attracted by other bodies) limit value of acceleration of 
the gravity engine reaches the order of 10" ms* 


‘New Energy Technologies, Issue #3 May - June 2003 


In engineering, we usually use units of distance as meters, 
centimeters, millimeters, and microns. Let us consider 
one of them — millimeters. With such a size of the 
gravitating bodies and distance between them, it is 
possible to obtain substantial thrust forces of the gravity 
engine and, accordingly, accelerations of its motion. 


So, using an engine of 20 ton mass we will get the 
thrust of 2x10' N, with mass of 200 ton we will get 
the thrust of 2x10°N, and so on. Thus, by increasing 
the engine mass by one order of magnitude, we 
obtain increase of thrust by two orders, while sizes 
of the bodies remain unchanged. But acceleration, 
in this occasion, remains constant and equal to 
approximately 1 m/s" 


Decrease in size of gravitating bodies of the engine leads 
to the corresponding increase of thrust by an order. 
Decrease of size is realized by increase of density of 
these bodies by 3 times up to 0.3 mm at the same masses. 
‘The acceleration they produce is increased by an order 
as well, ic up to 10 m/s’. Decrease of sizes of the 
gravitating bodies and the distance betw 
to 0.1 mm results in further increase of engine thrust 
by one more onler and also increase of accelemtion up 


them down 


to 100 m/s. If size of the bodies is 1 micron then 
acceleration increases up to 10! m/s". 


It is apparent that even with up-to-date technological 
possibilities of miniaturization the gravity engine with 
masses of dozens and hundreds of tons is capable to 
create great thrust forces and form accelerations 
considerable enough to fly across the Galaxy: Therefore, 
the problem of creating a gravity engine is, mainly, the 
problem of producing and retaining the high-density 
matter. It will be possible after studying the mechanism. 
of interaction between matter & gravitational substance 
followed by developing techniques for synthesizing of 
high-density, large-mass, and small-size substance from 
this matter 


Itis possible to contwol the value of thrust of the gravity 
engine changing the distance between gravitating bodies, 
‘Thrust direction can be changed by turning the rigid 
connection of the gravitating bodies. ‘The engine can 
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0 ha INTRODUCTION 


‘THE IDEA THAT PEOPLE COULD BREATHE UNDERWATER 
WAS ONCE A FANTASY, BUT TODAY, DIVING HAS LEFT 
‘THE REALMS OF IMAGINATION AND GROWN INTO A 
WORLDWIDE SPORT WITH MILLIONS OF FOLLOWERS. 
‘THOSE WHO TAKE PART IN IT ARE GRANTED PRIVILEGED 


ACCESS TO A MYSTERIOUS YET BEAUTIFUL WORLD, AND 


EVERY DIVE IS AN ADVENTURE INTO THE UNKNOWN. 


Since prehistoric times, 
people ave been drawn 
to explore the ineredible 
world that lies underwater, 
whether in pursuit of food 
cor lost riches, or from, 
sheer inquisitiveness 
There is evidence, for 
example, that people were 
holding their breath and 
tlving for shellfish by 
about 3,000 Cx (sr f.22) 
Despite this long 
relationship with the 
undersea world, the 


submerged for longer than 
single breath allows, 
During the 18th and 
19th centuries, there were 
remarkable advances in 
living technology, such as 
full diving suits sspplied 
by air pumped from the 
surface. These advances, 
Which were often spurred 
fm by the hueraive rewards 
of salvage work, extended 
clive times and gave access 
to ever greater depths. 

The invention of the 
Aqui Lung in the mie 
20th century permitted 


THE DAWN OFAN ERA 
Diving pioneer acques 
Cousteau (igh? models 


buman body isnot 
early scuba equipment 


designed to remain 


underwater for prolonged periods of 
time. Only comparatively recently, ith 
the development of rudimentary diving 

Liddle Ages 


bells anil helmets from the 


‘onward, did it became possible to stay 


divers to explore the depths of the 
world’s oceans freely for the ist time: 
This truly remarkable apparatus enables 
people to take their own aie supply with 
them when they dive, eliminating the 
need to be connected to the surface by 
an aitline. The system that evolved from 
j-scuha—is today widely used in 
rectrational and professional diving 


GLOBAL APPEAL 
As scuba technology became cheaper, 
dliving opened up to the general public 
What was once the realm of experts and 
professionals gradually became a sport 
with global appeal, Even in countries 


WRECK DIVING 
Divers inspect wreck in tropical waters. Such 
underwater relics offer agimpse into maritime 
history, and are home to colonies of sea if, 
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[ANEW GENERATION 
Trainee instructors eceve a group blefing at 
a ive center in Egypt. For many, 3 jb ndving 
represents the ulimate career move, 

without a coasting, you will find diver 
who spend time unelerwater at inane 
sites, such as lakes and rivers, or who 
travel abroad to experience the beanty of 
the oceans. Once you are qualified, yous 
can dive virtually anywhere in the world. 
Language is no barrier underwater, since 
dlvers use standard and signals that are 
understood internationally 


Ie ie clfficult to estimate how many 


divers there are worlchvide, but well over 
million people qualify each year: Since 
its inception in 1966, over 1 million, 


divers around the world have been 


SILENT ODYSSEY 
Clown ish shelter in an anemane while & 
der svimsby. The undenvater world can 
be 2 uniquely serene environment. 


centfied by PADI (the Professional 
Association of Diving Instructs 


‘and PADI is just one of many training 
agencies. Diving is one of the fastest- 
growing hobbies inthe world today. 


2 INTRODUCTION 


‘THE WORLD'S OCEANS 
Covering approximately 71 percent af 


the Earth's surface, or 140 mil 


ms 
miles (361 million sq km), the vast size 
fof the world’s oceans i dilfcul 
comprehend. The total volume of sea 
water is about 322,500,000 cu miles 
1,347,000,000 cu kan), equivalent to 
all the Easth’s 


around 97 percent 
lakes, groundwater, and atmospheric 


The average depth of the world's 


the rest exists as glaciers, rivers, 


wap 


‘oceans is 2.8 miles (3.8 kan) the deepest 
point is in the Pacific Ocean’s Mariana 


Trench, where the seabed plunges to a 


NATURAL WONDERS 
Diving ean lea to encounters with many 
Intriguing and beautiful marin creatures, 
such this lay sea dragon. 


depth of nearly 7 miles (11 km), With 

at 5 percent of the acean floor 

having been mapped in detail, we know 
he Moon. 


only a 


more about the surface o 


than the bottom of our 
The oceans teem with wildlife, from 
sgiant kelp and the mighty blue whale 
the largest animal alive) to microscopic 
plankton that forma the basis of the 


‘ceanie food chain, Scientists estimate 


that there may be between 500,0KK) 
and 10 million marine species yet to be 
dliscavered, While much of the oceans’ 


biological wealth i concentrated 


between continental shelves and coastal 


margins, the open sea also abouels with 
life, Even the mud on the Hloor of the 
Mariana ‘Trench is home to single-celled 


‘organisms calle foraminiferans 


EXPLORING THE UNDERWATER WORLD 
What will I see? What will tft ike? 
Will [feel claustrophobic? These are all 


questions you will ask as a novice diver 
entering the underwater world for the 
first time. Everyone feels diferent about 
being underwater; some people take to it 
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GETTING READY 
‘Buy pars prepare fora beach dive. iy 
working in pats, donning awkward gear 
‘becomes considerably easier and safer 


‘immediately, but others neeel more 

‘raining and experience before they feel 
table 

‘There i the initial thell of 


at ease. Either way, it i an unfrge 


experience 
being able to breathe underwater, and 
also the novelty of moving freely in three 
dimensions, thanks to the buoyancy 
provided by the water, which isa denser 
smediuan than ait: This same buoyancy 
‘can enable those with mobility problems 
‘on land to feel relaxed andl move more 
easily in water, and give what some 
clvers call a “wombike” experience 
Imagine the thrill of being the frst 
person to see a sunken ship oF coral reef, 
‘or of coming face to face with a wild 
dolphin, or cliving under ice. Whatever 
excites you whether it be encounters 
‘with fascinating creatures, investigating 
shipwrecks, oF just clving into the 
‘unknown you will ot fil to be stile 
by what the oceans have to oles 


Alewater photograpty is an absorbing activity 
Bits own right, ana otters the chance to record 
pur dive experiences fr posterity 
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be activated by bringing the gravitating masses together, 
and switching-off by moving them apart 


In a 24-hour period, such a ship can reach a speed of 
10° m/s and cover a distance of about 10" m. Ina 
month, with a top speed of 3x 10° m/s the ship will 
cover the distance of 10" m; in a year, with a speed of 
4x 10° m/s the ship will cover a distance of 10" m; in 
10 years - 4x 10” m/sand 10” m, respectively: Apparenth, 
the ship with sufficient over-load can be used for flights 
within the solar system and for manned flights towards 
the nearest stars, 


When transporting unbreakable and non-urgent cargoes, 
the acceleration can be increased up to a few dozens of 
unities. The flight duration might be also increased by 
I tens of years. This extends the area of utilizing 
ry ships with over-loads of several unities 
ships can be used for transporting 
operations within near vicinities of the Galaxy. 


“The high-speed flight will demand protection against 
approach flow of matter. So, per second (with a ship 
speed of 10" m/s) 10°"kg of matter will approach the 
ship. At that density of interstellar material is 10 kg/m? 
and midship area is 10? m* 


‘The great speed of approaching matter will create a 
substantial resisting force. At a speed of 10" m/s, this 
force will come to the order of 107 N, whereas with a 
speed of 10" m/s it will come to 10" N. This is a great 
value, but as compared to thrust of such a ship which is 
to equal to 10” N, the former value is a small one. That 
is why itis possible to overcome such resisting force. 


Intercommunication with these ships might be, most 
likely, realizable by means of distortion of gravitational 
ficld. It is possible that the gravitational field distortion 
will be formed, on the contrary, by generating the matter 
from the gravitational field, and, most probably, by a 
method as yet unknown, 


Monograph “General Etherodynamics. Modeling of matter structures and fields on the basis of 
conception of gas-like aether” by Vladimir A. Atsukovsky. 2" edition, M., Energoatomizdat, 2003; 
Brochure “12 experiments on etherodynamics” Zhukovsky, Publisher “Petit”, 2003, 


On questions about purchasing, please, refer to Email: atsuk@dart.ru 


+ 


Floyd Sweet Bench Test DVD 


In onder to demonstrate the reality of tapping free energy from the vacuum, we have now made available a very 
reasonably priced DVD of the bench tests of the late Floyd Sweet's Vacuum ‘Triode Amplifier, with 


commentary by ‘Tom Bearden, 


During these two tests, the unit, which weighed about 6 Ibs, can be seen to be putting out well over a million 


times more power than was put into it 


‘This DVD makes an excellent educational or instructional tool, and is priced at USD 9 including US domestic 


shipment. Running time is about 20 minutes. 


Note: the full length Sweet DVD, which includes Sweet's proprietary conditioning process for the magnets, is 


also still available, 


Order from http://www.cheniere.org/sales/order_by_credit_card.htm. 
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CONSERVATION WoRK 


‘Adiverjots down hs observations of maine fe 
ata conservation site Divers can play an active 


Tole as "stewards ofthe se05 


BUT IS IT SAFE? 
Many people new to the sport worry 


bout the safety aspect. It is true that 


a small number of divers die every 
year while pursuing their sport, The 
majority of these incidents are not 
due to equipment failure, as some 
people might suppose, but rather 
to inadequate training, diving in 
extreme conditions, or diving 
beyond the limits of safe practice. 
Diving today is safer than it has 
ever been. I you tndertake the 
correct training and adhere 10 
recommended safety procedures, you 
will rarely encounter problems. Dive 
training is thorough, and a great 
‘emphasis is placedl om rescue sills 
and the importance of diving in 
a buddy pair (ee pp 110-11), Good 
communication with your buddy is 
essential, as most minor difficulties 
can be easily resolved with the help 
of another diver 


NEW SKILLS, NEW DIRECTIONS 
‘You may find that you enjoy diving 
so much that yous want to purse it 
bbeyonel the hobby level. Some people 
tse their underater knensledge ane 
skills for voluntary or charitable work, 
or in a il-time career. The directions 
in which diving can take you are 
endless, from environmental projects, 


RECOGNITION GUIDE 
[A pale of aivers consulta specesidentietion 
‘late Becoming familiar with marine ie, nal 
its fascinating variety, is part af he fun, 


‘marine archaeology, historical research, 
and working with disabled divers, 10 
filming and photography, and even 
training to be a dving instructor yourselE 


RESPECT AND RESPONSIBILITY 
Ack any group of divers what inspired 
them to take up the sport and you will 
hear a range of dilferen 

aalove of the sea to a desire to challenge 
their personal limits, One thing they all 
have in common is the fact that they 
return again and again to the water 
the magical environment that Jacques 
Consteat (ue .26) described asthe 
Silent World.” Divers should be 
‘custodians of the world’s oceans, and 


answers, from, 


respect what they contain: “take only 
pictures an leave only bub 
‘good maxim for low-impact diving 
Many of the marine 
around the world are today in decline. 
Hopefully education and investment will 
help to reverse this trend, so the divers 
‘of tomorrene will have healthy ace: 
explore. By taking part in conse 
‘work and diving responsibly, you can 
become a force for the gone in preserving 
the oceans’ natural treasures, 


DISCUSSING A DIVE 
Diving is & social spor, and the diving 
community sa supporive one. Experienced 
divers are often wing to oer advice to novices. 
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MARINE LIFE CGUMPSE OF GIANT 
‘Adiver examines 2 beautiful and delicate sea Anticipation ofa dve can be almost as tring 
pena colonial polyp anganism—growing out asthe dive itslt- Sighting large animal, such 
(ofwhite sand next tothe Great Sarier eet. as rays, rom the boat adds to the excitement 


UNDERSEA GARDEN REEF SAFARI 
Coralthrvesin cleat, shallow water, because it Coralreefs are homeo dverse marin species, 
reeds plenty of ight tv. Such reefs are an fering shattered seas for sedentary animal, 
‘deal environment to explore while snorkeling. and feeding grounds for predators and forages. 
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antheas area common sight, 
the Indo Paci. They appear to 
when stated 


FROM WRECK TO REEF 


In tropical waters, 2 
platform for cra growth. witty will appt tolerate the fi 
folonized by marine ite, creating eerie reefs. Many species migrate for thousand: 


History 
of diving 


2 HISTORY OF DIVING 


Diving through the ages 


‘The search to free divers from the limitations of breath-holding began 
in ancient times with the use of reed snorkels. Developing from diving 
bells and diving suits supplied with air from the surface, it evolved into 
modern scuba, in which divers carry their own air supply: 


EARLY DIVERS AND DIVING BELLS 
Itis hard to trace the origins of diving, 
but mummified buman remains dating 
back more than 5,0000 years have been 
found in Chile alongside fish bones and 
russel shells Small growths in the 
humans’ ears, resembling the modern 
condition called surfer's ea, suggest that 
these people may have been divers. 
Hollows reeds or breathing tubes that 
extended to the surface were used in 
ancient times to enable divers to stay 
submerged for longer. Herodotus 
recorded that in 500 hc, a Greek diver 
named Scyllias used a reed snorkel to 
‘sxim unnoticed and cut the moorings 
of Persian ships, Salvage diving was 


sooo act Ea divers elect 
tater tam the seabed, developing 
Sane detormiyeaused by neguent 
fsa ta call waters eonalon 
Tebay known as “ser eat 


ovo ace tooo ee 


Je 00 oA suneran epic detain he 
Pit king cares report that 
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oer arta 
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‘well known in the ancient world, and 
laws regulating those who dived for 
treasure were in operation in Greece 

as early a the Ist century BCE. 

‘An important milestone in helping 
dlvers to avercome the restrictions of | 
Dreath-holding was the invention of an 
apparatus to hold air underwater. At the 
siege of ‘Tyre in 432 nr, Alexander 
the Great reportedly wsed such a device, 
descencling beneath the waves ina glass 
barrel In the 4th century aCe, Aristotle 
described a bell-shaped diving chamber 
that took the farm of an overturned 
cauldron filled with ar, in which divers 
made trips to retrieve objects from the 
seabed. From the Middle Ages onward, 
slving equipment became 
more sophisticated, 
During the Renaissance, 
speculative designs for 
clving suits began to 
appear, akhough nearly all 


ALEXANDER'S GLASS BARREL 
‘Surprisingly, Alexander the 
Great used his lass bare 
to make observations of fish, 
rather than a8 an ald ti 
sniltary campaigns. 


ath entry nt fle ears the 
reruned cout ies tha 
Thom period efreetuing fra 
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eis ig teat 
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DIVING THROUGH THE 


\wotll have proved ineffective if put to 
Spaniard Diego Ulano 
described the use of leather diving 


use. Nonetheles 


bhelmets curing salvage work in his Treatve 
on Aries, published in 1612. 

Diving bell technology alo improved 
during ths period. In 1691, English 
astronomer Edmund Halley produced an 
advanced bell that was linked by a hose 
to weighted barrels of ait, which were 
pericstically eplenished atthe sutface 
Stale air was vented from the top of the 
bell. Halley and his bells were widely 


‘employed for commercial salvage work 


DIVING FoR PEARLS 
The earliest divers relied only on breath-halding 
Using this technique, female divers in apan 
have been harvesting pears for 4,000 yeas. 
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DEVELOPMENT OF THE DIVING SUIT 
In 1715, Englshisian John Lethbridge 
devised a pressure-proot wooden diving 
barrel. Reinforced and clad in leather, 
the barrel had a glass viewing porthole 
and arm holes with watertight leather 
sleeves. Lowered from a ship to depths 
of 66 (20m), the barrel enabled the 
diver inside to use his arms freely, pulling 
his way around a site and retrieving 
objects, Lethbridge was commissioned 

y the Dutch East India Company to 
recover treasure from wrecks around 
the world using these diving barrels, 

"The barrel was a forerunner of 


the armored diving suit, Its usefulness, 
however, was limited by the inability to 
replenish the air in the barrel without 
hauling it back to the surface. Three 
other developments would be requited 
before diving suits became a reality 


CAISSON DISEASE 


Improved air-pump desis in 
the mid-aoth century made it 
possible to build underwater 
chambers in which several men 
ould work at depth Called 
caisson these chambers were! 
‘deal for tasks such as bulding 
bridge fotings and excavating 
tunnels. irpumps delivered 
sufficient pressure to keep wate 
ently out ofthe chamber. 
However, workers often felt il 
the end ofa shi. This was 
decompression sickness (DCS), 
orthe bends.” 


‘An iustraton of caisson chambe 


‘SALVAGE IN ARMORED DIVING SUITS, 1932 
Lethbridge’ bare was a precursor of armored 
diving suits, nally too cums, they now have 
niche for specialized wor at great depth 


‘The frst of these occurred in. 1779, when 
John Smeaton, another Englishman, use 
1 steam-powered pump to supply air to 
diving bell. Air pumps allowed diving 
balls to stay dawn considerably longer 
than before, and would later supply the 
First cliving suits. The next 
development, by the Scot 
Charles Mackintosh in 
USI, was the production 
of a rubber-based coating 
for waterproofing canvas, 
providing an ideal material 
for a diving suit. The third 
innowation, in 1820, was 
the patenting by British 
salvage operators John 
and Charles Dean of 
a diving helmet —a 
odie firefighting 
helmet into which air 
could be pumped. The 
helmet rested on the 
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On Velocity of Drive-Free Motion gs 


S.A. Gerasimov , V.V, Stashenko, Russia 


Physies Department, Rostov-on-Don State University, 
Zorge St. 5, 344090, Rostov-on-Don, Russia 


Editorial: We publish asummany of the article. The 
original text you can receive from the authors. 


motion. Actually the only forces, which act on the 
platform and are collinear to the moving direction, are 
the force F caused by vibrations of the load Land the 
frictional force F,. The platform starts to move when 
the force acting on the platform becomes greater than 
the frictional force. 


A drive-free system made on the basis of a planar 
mechanism is described. The experimental results 
on average velocities of the drive-free propulsive 
system are presented in a scaled view. 


Let us discuss possibilities of the real propulsive system 
shown in Fig, 1. Measurements wer Olm 
and at three mass ratios m/M, The values of frictional 
coefficients were measured for each parameter of the 
system and vary from k=0.25 to k=0.4. The sys 
moving when theoretically the drift does not take place, 
When motion becomes reversible, the velocity of drive- 
free drift does not decrease. 


During usual motion, a system is repealed from the 
surface in the case of its motion on a plane or from the 
medium when it moves in a resistance medium. This 
kind of motion is achieved by using a drive mechanism, 


e made at = 


Incontiast to the usual motion, the drive-free propulsive m starts 


system moves due to interaction of a body of a system 
with another body of the same system. Sometimes such 
machines are called inertioids [1] or vibration propulsive 
devices [2]. To produce such kind of motion it is 


‘Thus drive-free motion is possible even if the frictional 
coefficients are very small, When increasing the 
frequency of vibrations velocity does not decrease. We 
can not discuss the existence of some third force acting 
on the platform (we can suggest the existence of 
frictional force F, and the intemal force F caused by 
vibrations). Let somebody else take the liberty of making 
such a conclusion! 


sufficient to provide anisotmpy of the resistance force 
[3-5] or asymmetry of the internal force [6]. One of the 
simplest ways to do it is to use a simple two-link planar 


mechanism. A device for such a motion is shown in Fig, 1 
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DIVING TH 


diver’s shoulders, held in place by its own 
‘weight, ane air passed out from under the 
‘edge of the helmet, However ifthe diver 
stumble, it could easly ill with water 

In the 1840s, German-born inventor 
Augustus Siche perfected a “closed deese” 
‘design, with the helmet sea 
‘waterproof canvas diving st, An exhaust 
valve was incorporated into the helmet, 
‘which was supplied with air by a pump 
at the surface, With a few moifiations 
such as neck and foot weights to help 
divers stay upright, and thick woolens 
under the suit to combat cole 
closed dress design remained standard for 
lecprsea divers for more than a century 


led to 


Sicbe's 


DEEP-SEADIVING GEAR 
‘The helmet and suit wom by this ivi 
1954 are remarkably similarto those 
designe by Augustus Siebe in x80 
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DECOMPRESSION SICKNESS 
In the mid-19th century, the consequences 
of breathing highly compressed air were 
being seen among divers and caisson 
workers, who suffered what we now 
know as decompression sickness (DCS). 
In 1878, French physiologist Paul Bert 
realized that these il 


effects were caused 
by nitrogen damaging the body during 
rapid decompression, and recommended 
that caisson workers andl divers return to 
normal atmospheric conditions slowly 
‘Nearly 30 years later Scottish, 
physiologist J. 8, Haldane devised the fist 
decompression tables after researching 
the effects of gas poisoning and DCS. 
Haldane pushed diving to new limits, 
sending divers coven to 210 (65 ma) in 
1906, The divers avoided DCS by 
performing decompression stop 
~ 


78 French scent au Bert pubes a paper 
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bose fora few minutes, 
and breathe fram the 
tank alone, 

In 1878, Englishman 
Henry Fleuss produced 
the first fall 
system, using a breathing 
‘bag fel bya copper tank 
of pressurized oxygen, 
This was a “closed 
x Srebreathes"” in which the 
SSCUBA DIVING INTHE 2960 ceshael ai is recirculated, 
‘As other manufacturers troduced ther avn versions of Cousteau 
and Gagnan's scuba apparatus, the cos of equipment fel, and 
the 1960s became a hoar-time fr scuba, 


whom diol was 
removed ffom the exhaled 
breath and oxygen 


AUTONOMOUS DIVING injected to replace that consumed by the 
In the 19th century, inventors strove 10 diver allowing itt be breathed again, 
devise self-contained breathing systems In 1911, the German firm Draeger 
that would allow autonomous diving— began producing oxygen rebreathers, 


slving without an airline ta the surface, soon developing these to use enriched 
In 1865, Frenchmen Benoit Rouquayrol air (compressed air with added oxygen), 
and Auguste Denayrouze Rebreathers were used by naval divers 
devised a compressed -air during both world wars, ia 

tank with a primitive preference to open-circuit 
regulator, which adjusted systems, which emitted a 
the airflow to meet the telltale stream of bubbles. 
dlver's breathing 
requienaents, In this 
“open-circuit” appara, 
sir was inhaled fromm 


SCUBA GEAR 
‘The type of equipment 
used by divers today 
first began to take 
F shape in the 1930s 
water. Although the and 40s, American 


dlver was tethered to Guy Gilpatric created 
Ww KAVAL DIVER'S MASK 


the tank and waste 
wes vented into the 


the surface by a hose that MMHNAVALDWERS MASK Gat mypdern mask in 
Pumped air into the tank, syppliedvisahosetoa ‘the early 1913s, and the 
he could disconnect the rubber ood. first liver’ snorkel was 


8, reiki 


‘tlnamianpaperan “compressed at | Sgtanoa gals blon Royal Naty savage 
Siiness "Theat decompression avers suctee in recovering 3.89 iat 
{aber ar bate on each tram the wich aver period a seven years 
‘910 1920 = 
927 Te Drager company of Geman 935 French vaca es 
manicures an eviched a febreate Te Pew deveops an ope 
"spratr hat veces exhale that ere nace) 
canbe apeated toa dpih oso Wo ompresteda respite 
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developed by Englishman Steve Butler at 
bout the same time. Fins were patented 
in France by Louis de Coslien in 1933, 
Opes 
Underwater Br 


circuit seuba (SelContained 
-athing Apparatus) as 

wwe know it today was pionered by two 
Frenchmen, engineer Emile Gagnan and 
naval officer Jacques Cousteau, In 1943, 
they combined a two-stage regulator, 
fiom which the diver breathed, with 

a high-pressure air tank, The regulator 
supplied air to the diver on the slightest 
intake of breath. Other selEcontained 
breathing appa 
cither supplied air continuously oF had 
to be manually turned om and off. (The 
primitive regulator design of Rouquayrol 


spp fran a eae 
(isemlin a bayophee a 
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1940 


Jacques cousteay 
From the 19505 tothe 19705, Cousteau's ground 
breaking films and TV programs revealed the 
wonders ofthe deep toa worvide audience, 
and persuaded many to star diving 


and Denayrouze bad fallen out of use 
Efficient, reliable, and comparatively 
cheap to produce, Cousteau and 
Gagnan's “Aquat Lung,” as it was knows, 
went om sale in France in 1946, By the 
carly 1950s, Aqua Lungs were available 
thronghout the world, 

The first commercially successful 
‘buoyancy compensator, which allowed 
livers to adjust their buoyancy in 
the water, was patented in 1961 by 
Frenchman Maurice Fenzy 


S942 acques Cousteau and Ene 
cegna design ana test he Agus Lune 
campeseed breathing apport. 
ie eins exelent 
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DIVING TODAY 
The Aqua Lung caused a revolution in 
diving, making it accessible to the public 
forthe frst ime. In 1950, there were 


some 30,000 scuba divers globally; ter 
years later, there were in excess of one 
millon, Thete ate now estimated to be 
tens of millions of divers worldoside 
Modern diving equipment seen 


world avsay from that used hy Jacques 
Cousteat, yet the basics remain the same 
Like € 
compressed ait, and use a mask, snorkel, 


‘oustean, we dive with a tank of 


and fins. Today, however, there is alos 


KEY DATES, 


1951 Stn Over 


1950 
ats esta 2359 het 


‘host of other equipment and gadgets 
to make diving even safer and more 
enjoyable. Mixed-gas cving (er ff194 


5), which allows deeper and longer 


lives, is becoming increasingly 
commonplace, and there are computers 


re us data such as depth, water 
temperature dive times, and breathing 
rate, Some dive computers even alles 
livers to play games during le 


DIVING FoR PLEASURE 
“we divers prepare to explore beneath the 
surface ofa tropical lagoon. The rebreather 
nts on thelr backs allow very Lang dive times. 


1960 
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HUMAN TORPEDO 
[A diver clings oa batten 
powered propulsion unit. These 
‘devices enable ves to expire 
large areas ina single dive. 


decompression stops 
Scooters eliminate the need 

to use our legs for propalliny 
and waterproof MPS players 
enable us to fsten to musie 
underwater. It may not be 

long betore divers can take eel 
phones underwater and send 
messages and photographs from 
the bottom of the se, 


‘THE FUTURE OF DIVING 
“Many divers believe thatthe future of In the sport af free diving, where 
diving les with using rebreathers (we competitors use no scuba gear but simply 


(fh82-25), Once wsed only commercially, hold their breath (x pp.190-91), records 
these devices are now available to leisure of more tha 500 ft (150 m) have now 
divers andl are becoming increasingly been set. Scuba divers have reached 
commonplace, Rebreathers greatly similar depths breathing compress! air, 
extenrl the time divers can spend at and ave desceneledl to below 1,100 f 
the bottom, and reduce the need for (330m) using mixed gases. Will we one 
rmuliple tanks of breathing gas tobe day be able to dive to the bottom of 
taken on a dive. Filly years from now, the Pacific Ocean--6.8 miles (11 km) 
itis possible that we may all be diving underwater? Only time will tell, bat 
with sophisticated rebreathers, it would be surprising if advances 


“There is also increasing in technology and our 
interest in submersible vehiles understanding of the 

for the private market, Billed human bodly did not 
as theultimate rich person's {grant some extension, 


toy, such craft may open, ‘of toxtay's Tits 
up extended explorations i 

of the seabed to their 
‘owners, Diving limits are also 
being extended every year 


DIGITAL DIVE PLANNING 
Sophisticated computers 
record and proces vital. 
tive informatio. 
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Getting started 


Introduction 


Le: 
training agenc 


ning to dive is an adventure in itself, There are many different 
offering basic scuba qualifications, with branches 


in nearly all parts of the world. Though dlive tuition makes demands 
on both your body and mind, it can be a very rewarding experience 


LEARNING TO DIVE 

Diving isa safe sport provided that 

you have undergone formal training 

before taking to the water. It would 

be extremely foolhardy to proceed on 

your own, as there is no substitute for 

A proven program of instruction 

Moreover, no dive center or charter beat 

will take you diving without recognized 

qualifications. 

apart, you will feel more confident, 
exe, and prepared for the 

underwater experience if you are fll 

trained, Basic “open water” training 

‘qualifies you to go diving without 

supervision, It will not, however, each 


‘Comsderations of safety 


you to dive under ice, in a cave, or 
beyond certain depth limits, For these 
activites, you need to attain further 
‘qualifications and gain more experience, 


WHO CAN BE A DIVER? 
Practically anyone can learn to dive, but 
there are a few basic health requirements 
For instance, if you suer from asthma, 
you will need to consult your doctor 
Deforchand, although the condition need 
not be a barrier Diving is not a strenuots 
sport, but you will encounter situations 
‘that require you to be reasonably it: 


EXPERT GUIDANCE 
During basic training, the 
Instructor wil tutor students 
In how scuba equipment 
Works, aswell asite use 
and azembly. 


INTRODUCTION 


lifting yourself out of the water onto a 
boat, for example. Diving when pregnant 
is not advisable, but itis possible to pick 
up the theory and basic snorkeling sills 
during pregnancy and continue with fall 
training after your child is born. 

There are special junior courses for 
those under 14 who wish to learn to dive 
and advancing years re not necessarily 
a barrier to learning either, given a fair 
level of Stress andl sproval from 

doctor. Many disabled 


FITNESS FOR DIVING 
Whe itis not necessary tobe an athlete to go 
Giving, a basic level of finess is required (see 
sol fr both safety and enjoyment 


people also enjoy the 
sport of diving, and dive 


training programs have 
been adapted to embrace 
a Wide range of 


HOW MUCH WILL IT Cost? 
Taking up a new hobby always involves 
aa degree of inwestment, and diving is no 


dlsabilities ‘exception, New diving equipment ean 
be expensive, but second-hand gear is 
wiley available, though it should be 
serviced before use. Equipment is almost 
always available to rent from dive 
centers and shops. and it is advisable 
to try outa few diferent pieces of gear 
before investing in your evn. 

Dive training is fairly expensive, 
Dut learning with a club can make it 
cheaper, and most training organizations 
olfer tral lessons to help you decide if 
you enjoy diving before paying for a full 
‘course of instruction, 


NOVICE N SHALLOW WATER 
An instructor guides a student 
hough his fist dive, maintaining 
{contact the whole time to ensue 
a safe leaming experience 


a 


Where to learn 


‘There are a number of different diving organizations around the world 
with whom you can train, Other divers may recommend the one they 
learned with—which is not a bad start—but investigate all the training 
agencies, since each offers a different approach to tuition, 


‘TAKING THE PLUNGE 
‘The frst question yous 
should consider is whether 


charge says much about 
their love for diving and 
desire to pass on their 
knowledge to others. 
(Clubs also add a social 
dimension to learning, 
arrange talks and tips 
both at home and 
abroael, and may offer 


to Learn to dive with 
a school oF with a club, 

A diving school 
(confusingly, also called 

a diving elub in mainland 
Europe) isa commercial 
‘venture—you pay to learn a longer-term framework 
to dive, A diving club ia for gaining diving 
rhonprofit venture were LEARNING THE BASICS experience. However, 
members donate their time Be aware tht courses abead clubs tend to run training 


training other members, Mayhaveaninstructor whose sessinns on just ane day 
wether members; Ft anguage i at yours, ft te ry 


‘You might think that a of the week, and it can 
school sounds like a more professional take a few months to become qualilie. 
option, but in truth, instructors in clubs By contrast, diving schools olfer 


are equally highly trained, and the fact greater flexibility, and offer you the 
that they are giving their time free of chance to learn the basies at home, 


S.A. Gerasimov, A.V. Volos,Russia 


Physics Department, Rostov-on-Don State University, 
Zorge St.5, 344090, Rostov-on-Don, Russia 


The torque of a self-action exerting on the mobile 
part of the reactionless engine is measured. It is 
shown that there exists a value of the beight of the 
‘mobile electrode at which the torque of self-action 
ismaximal, 


‘There isan opinion that a body can not act on itself [1] 
The existence of the so-called force of self-action is 
believed to contradict to the law of conservation of 
‘momentum. Thisis nothing but prejudice. Though the 
experimental confirmations of existence of self-action 
[2-4], conventional science is ready to refuse modern 
electrodynamics and make up a new theory of 
electromagnetism [1, 5]in order to save Newton’s third 
law in use. It is comprehensible. First ofall, these are 
the theoretical [5] and experimental [3] errors. The 
equivalence 5] of the BiotSavart force is mathematically 
coarse since in this case the highest terms of expansion 
of force of selfaction are cast out. This equivalence 
violates law of action and reaction and Ampere force 
law for which the principle of equality and collinearity 
of action and reaction forces is valid, Nonlinearity of 
dependence of the torque of self-action on the current 
intensity [3] makes us doubt in the validity of these 
results. Moreover, typical values of force[2, 4] and torque 
[3, 6]are too small even f direct current in the circuit is 
significant. It is required to pass through the direct 
current of hundred amperes to produce the considerable 
displacement or turn of a body. Asa result, small values 
ofthe effect caused ambiguity in the explanation of the 
phenomenon [1] 


In fact, searching the reactionless propulsive devices we 
usually forget about the magnetic selfaction which arises 
when a body consisting of a magnet and incomplete 
electric circuit can move violating law of action and 
reaction [7]. This violation is proved theoretically [8] 
but peculiarities of this motion are not well discussed. 
‘The principle of such a motion is shown in Fig. 1. This 
isthe magnetic interaction between two current elements 
one of which is a part of a closed circular loop Land 
another is perpendicular to the first one. Since the force 
d,, acting on any current element of the loop Lis 
perpendicular to the density of current j, then the 
Z-component of the torque AN, =[F,xd,] is equal 
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to zero while torque which exerted on the second current 
clement by the magnetic field of the loop, does not. 


Fig.1 


Violation of law of action and reaction. 
The force dF,, with which the magnetic field B of another 
current element acts on the current of density js not 
equal nor opposite to the force df with which the magnetic 
field Bof the first current element acts on 
the current of density}. 


An experimental device is shown in Fig. 2. A 
commercially available ring-shaped carbon-steel magnet 
‘M (inner radius - 20 mm; outer radius - 55 mm, 
height - 25 mm) of 2.2x10°A/m magnetization is 
located on the cover of a cylindrical electrode E 
suspended by thread 7: The electrode Eis furnished 
with a central electrode Cof the same height hand 
5mm diameter. The radius ofthe electrode Eis 130mm. 
‘The open end of electrode Zand the central electrode 
Care submersed ina conducting liquid ZL, and Z placed 
in two volumes of a vessel Vso that the depth of 
submergence of these parts is about 5 mm. In this 
experiment the conducting fluid is 10% solution of 
copper sulfate (CuSO 5H,O). The vessel Veonsists of 
two thin coaxial plastic cylinders of 2 mm thickness. 
“The radii of the plastic cylinders having the common 
bottom are equal to 10.5 cm and 18 cm. The height of 
the vessel is 12.5 cm. A disk anda ring-shaped electrodes, 
S, and § of 1.5 mm thickness are placed on the bottom 
of the vessel ro supply the direct electric current of 
intensity /. All conducting parts of the device are made 
of copper. The thickness of the electrode Fis 1.5 mm. 
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possibly aver a couple of weekends, and 
then complete the rest af your course in 
‘warmer waters on vacation, Alternatively, 
they allow you to complete your taining 
beforchandl {and on your own schedule), 
then depart far your tip abroad as 


fally qualified diver 


‘TRAINING ORGANIZATIONS 

“The world’s largest training organieation 
is PADI (Professional Asociation of 
Diving Instructors). They operate all 
ver the world, and most dive sites you 
‘ist around the globe wil be alfiated 
to PADL, Several other training: 
‘organizations are prominent in the US, 
including NAUL (National Awociation 
of Underwater Instructors) and SSI 
(Scuba Schools International. 

In the UK, most diving clubs are 
alliliated to BSAC (British Sub-Aqua 
Club), and their training ie tailored to 
the waters around the UK. You may 
also come across the SAA (Sub-Aqua 
Association) and the SSAC (Scottish 
Sub-Aqua Club}; the CFT/IUC (Irish 
Underwater Council) in Ireland; and 
CMAS (Confédération Mondiale des 


‘clue BoA wrth OWERS 
Diving clubs usualy poo resources to arange 
.70up tips that ean cement long-lasting ang 
awarding dive buddy relationships. 


Activites Subaquatiques) in Europe. 
"There are other organizations for more 
advanced diving (se pp.329-30, 


‘THE CHOICE IS YOURS. 
For the beginner, the various taining 
agencies offer broadly similar courses 
in terms of content and standards. The 
best course of action is to take advice 
from experienced divers and do what 
suits you. Always ask to see a trainer's 
qualifications before starting a course, 
and try to get a recommendation fr a 
living school or club before enrolling. 


Basic training 


ning to dive involves gaining some knowledge of essential theory 
as well as training in practical skills, Someti 
«lin a pool before getting into open water but, depending on 


s these skills are 


where you learn, they can be taught in a lagoon ar in the shallows, 


MASTERING THE THEORY 
Your dive training wil always start 
with theary, You will be taught about 
basi diving equipment, the principles 
involved in breathing gas at depth, 
and under pressure, salty skills 
communication, navigation, and 
much, much more. You will earn to 
carry out simple calculations relating 
to the physics of diving, Don't worry 
none of the theory is difficult, but it 
floes demand a few hours of study 
Dive agencies an this part of the 
training indifferent ways: 
‘om traditional elassmmom teaching, others 
present materials on DVD of online 


s0 choose the way that suits you best 
In all eases, you will be pronided with 
a reference manual containing all the 
material you need to knoe. 


coin DEEPER INTO DWING 
Learning ta dive involves understanding some ot 
‘he theory that underpins the spot. This traning 
's given ethan classes or one-to-one tutorials 


GETTING WET 
Basic practical skills are taught in 
‘confined water” usually a swimming 
pool or shallow water just lf a beach, 
‘You will he expected to passa simple 
swimming tes to show your instructor 


TAKING THE PLUNGE 
Atraine ears the bases in 
Sale, shallow waters, under 

the guidance ofan instructor 
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that you are safe and 
comfortable in the 
water before they 
begin to teach the 
fundamental skill 
(ue bel). Aer this 
inital stage, you will 
progress into open 
water where you will SUING UP 
undertake a few 
introductory dives in 
order to get used 1 
dlving in deeper water and build your 
confidence to sivim in the open sea 


STAYING SAFE 
Recreational diving is an extremely sale 
activity as lang as you receive the correct 
training and keep your skills up to date 
Choosing the right training 

snd instructor is therefore vital 
Most instructors are highly trainee and 


Trainees ae not expected to buy 2 
ful set of equipment. Gearcan be 
rented from most diving shoots. 


dedicated ta their job, 
bout there will abways be 
ad apples” in 
any profession, so take 
adiice from frien, 


afew" 


living clubs, and 
specialty magazines 
and websites before you 
enroll. Do not be alae 
to ask questions during 
your training, simple as 
they may seems; you 
can even request a different instructor 
if you do not feel comfortable 

Many people take up diving as a 
vacation activity and only g 
to practice once or nice a year. IF you 
Ihave not dived for a while, itis a good 
idea to take a refiesher course 


1 a chance 


and carry 
‘out a tral dive (ith your buddy) to 
cheek all your gear and your skills before 
venturing into deeper water 


BUILDING CONFIDENCE 
Fundamental skills and safety procedures 
are taught in the security of confined 
water before you 

‘pen sea, The abilities you need to 
master include buoyaney control 


n venture into the 


and finning techniques, out-oF-air 
procedures, removing, recovering, ane 
replacing your regulator, and clearing 
your ears and your mask underwater 

(right) common source of 


apprehension among novice divers. 


Blow clear by tting your head back ana 
pressing in the mask's upper edge. Exhale 

through your nose. The water should be forced 

but, escaping under the mask’ ower sk 


Water can accumulate in your mask during 

diving, usualy in small amounts With 
practice, even afl loaded mask can be 
‘eared without difuty. 


‘Checkthat your mask is ree of water. f 

there is any remaining, repeat the process. 
This simple operation is quite normal during 
ving, and wil quickly become second nature, 
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Specialized training 

Diving is an inclusive, accessible sport, and there are many training 
options for children and the disabled. If you are already qualified but 
wish to undertake further training, there are numerous courses of 
advanced tuition to make you a better and more confident diver 


TAILORED COURSES SRN program ate designe 
Though standard 7 to tech fsck 
open-water diving _— J that ead to ul 


qualifications have ‘opens water diving 
a minimum age qualifications. Junior 
requirement (usually living permis 

14), children are now available for children, 
Well eatered to in between 10 and 1 
diving, This means it years old, are similar 
can be a family sport— BERATING EXPERINCE to basic open-water 


sot one that is just For Adsobad diver undergoes nog qualifications, bt place 
adults. Far younger Pool with guidance fom special restrictions on. 
cls yon specaly waned instructors pera: 

children, introductory the maximum depth 


courses are available, sch as PADI's to which the holder can dive 
Bubble-Maker program, or diving Advances in training techniques 
clubs for children, such as the Scuba man that more disabled people are 
Ranger organization. These able to take up diving than ever hefore 


BUBBLE.MAKER TRAINING 
Special courses fo children are taught 
bby most schools. Clubs als ofler 

‘Manin For budding junior divers. © 
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Diving makes you effectively weightless, 
and the freedom of movement this olfers 
makes the sport especially beneficial for 
those with limited mobility: The only 
condition that isan automatic bar to 


becoming a diver is epilepsy, due to the 
risk of seizures while submerged 
However, blindness, paraplegia, cerebral 


‘BECOMING INDEPENDENT 
Your experience and judgment wil bud 2s 
‘qualifications are gained, Comprehensive 
taining makes fora confident, safe diver. 


paly, and many other conditions have 
all heen accommodated by adaptive 
‘raining programs, The general rule is 
that if you have been cleared to dive by 
4 doctor specializing in dive medicine, 
then training can begin. 


DEEPER INTO DIVING. 
All the major training organizations 
olfer courses that aim to take you a step 
‘onward from the basic open-water 
qualification. Such courses serve to 
refine your basi skills and introduce yout 
to new challenges, such as deep diving, 
‘or diving in conditions of low visibility 
“They will also cener rescue an survival 
skills, and can be the first step on 
the path towaed becoming a diving 
instructor: In addition to these skills 
development courses, there are also 
‘numerous specialty courses, which teach 
the technique and theory of activities 
such as cave diving, wreck diving, and 
mixed-gas diving, Such courses include 
lives to put new skills into practice, and 
help to improve your general diving 
experience, For more detail, visit 

the websites of the various training 

organizations (we ff.329-30), oF ask 

at your local diving center: 


‘CAVERN DIVING 
Specialized and dificult ypes of diving. such 
‘caver diving, ice cving and ater skilled 
actives, an be enjoyed after proper traning 


Equipment 


EQUIPMENT 


Introduction 


The wide array of equipment available is often bewildering to a novice 
diver. Some items are essential in all circumstances, while others are 
used only in specific diving environments, The more research you do 
and advice you seck, the more likely you are to buy safe, suitable gear 


BUYING AND RENTING GEAR 
You could begin dive training with 
as lite as a swimsuit, but it may be 
advisable to at least obtain a good 
quality mask, snorkel, andl fins, This 
means that you always have three key: 
pieces af gear that ft perfectly, andl with 
Which you are comfortable 

‘Many divers own no more than this 
basic gear, preferring to rent the rest. 
There are pros ancl coms to thie 
approach: i fees you from carrying 
heavy gear around, but it ean also mean 
using ill-fitting equipment that has been 
worn by many people 
not have heen well eared for. The 
alternative isto buy and transport all 
your own gear. This is recommended if 


and which may 


DIVERS TOURING A REEF 
Knowledge and car of gearis vial, since 
{your equipment is your life suppor system 
for explaring the underwater word. 


you are likely to be diving regularly in 
your local area (although a local club oF 
shop may have gear you can rent) Ie is 
not so practical if you plan to dive 
farther afield taking your own gear 
‘overseas can be expensive, althongh 
most dive tour operators are faisly 
generous with their excess bagea 
allawanees, You can rent a tank and 
weights from any dive center, 0 you 
need never travel with these items 

The best places to buy equipment 
and obtain advice are dive shows o 
local dive shaps, Second-hand gear is 
worth investigating, but inspect it for 
signs of wear and corrosion before 
making a purchase, and make sure 
that itis serviced before use 


‘sxSic EQUIPMENT 
CONFIGURATION 


ac contRoLs 
‘This isthe primary means 
by which you inflate and 
deft your Bc, 


SECOND STAGE 
‘Also called the demand 
valve. this is your 
breathing device, 


rouFe 
‘Asha knife or tne 
Cutter shuld be cased 
in case of entanglement 


CORE EQUIPMENT 
There are several items of gear that are 
essential, in addition to your mask, fins, 
and snorkel. A buoyancy compensator 
(BO) isan inflatable jacket that keeps 
yout afloat at the surface, helps yous 
adjust your buoyancy underwater, and 
supports other vital pieces of equipment 
Weights, and ele to mount them on, 
are another necessity, although weights 
can alsa be carried on some BCs 
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computer 
‘Aive computer enables 
‘you fe montor depth and 
‘fee times, 


AR 


Regulator st stage 


ATANK 
his straps onto your 
BC and ataches othe 
regulator is stage 


(Gee .59), You will aso need some kind 
of dive suit (er pp.50-53) depending on 
the water temperature—and bots. 

A regulator (the device that supplies air 
1 the diver) is also necessary preferably 
‘one that incorporates an alternative air 
an octopiis) and an instrament 
console with a compass, Dive computers 
‘area usefil aid to sale diving, and you 
should also carry a knife to cut yourself 


fice if you become snagged underwater. 


aa EQUIPMENT 


DIVING ACCESSORIES Flashlights are essential for diving at 
There isa range of equipment and sight, in murky water, and in low-light 
accessory items designed for specialized environments, such as caverns and wrecks, 
tliving Tey to borrow or rent specialty IF you will be doing a lot of open: 
gear that you may only use infrequently, water diving, especially in currents, you 
Slates are useful accessories, since should purchase a marker buoy, either 


they allow you to write messages to your a surface marker buoy (SMB) of an 
able surface marker buoy. These 


bude, oF to make notes from your inf 
dive for example, on species that you indicate your position to observers an 


do not ree or tosketch asite, the surface, and also aid your ascent 


EQUIPMENT FoR COLO WATER 
Cold seas make exra demands on diving 
‘equlpment, and addtional peripheral 
items may be needed fo ensure safe 

Gee) ving Thermal protection ia pray 


MASK 
The glass lenses should 
be tompered and afer 
2 good field of view. 


ccauces 
Gauges with age, clear 
dials ae easier to readin 
lowght environments 


BUOY AND REEL 
A marker bu 
are useful for guiding an 
scent othe surface 


uAsHUGHT 
Temperate waters tend 
to be mur, 50 fash 
light may be required. 


When the direct current of density j flows through 
the electric circuit, the magnet and the electrode Erorate 
in the direction of the magnetic force dF which is 
proportional to the vector product fjxB] as shown in 
Fig. 2. This is a force of selfaction by means of which 
the mobile part of this device consisting of the magnet 
Mand the electrode Eacts on itself. However there is 
no force of reaction which could cause such a rotation. 
This is really true since a ring-shaped magnet is 
equivalent to two cylindrical surfaces with the surface 
current of density j,. The force of self-action oF acting 
on the cover of the electrode is compensated by the 
force of selfaction AF. acting on the cylindrical part 
ofthe electrode E Magnetic induction field B. “does 
its part” as shown in Fig. 2. Therefore, it would be 
appropriate to find out how the height of the electrode 
Einfluences the value of the torque N. Such an influence 
is demonstrated in Fig, 3. 
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Experimental device 
(¢) and (x) - directions of magnetic forces acting on various, 
parts of the mobile electrode E 


Thus there exists the value of the height frat which 
torque of self-action is maximal. This is the first result 
of the present work. AL/=1 A and A=2cmthe electrode 
Eturns at angle of 2.2 radian (126°) with respect to the 
equilibrium position. Such a turn corresponds to 
34x10 gxem:/strad, ie to the constant of torsion of 


thethread. The second results that the maximum value 
of the torque of self-action Nat the current J=1 Ais 
even larger than the value of the torque produced by 
the traditional unipolar device [3] atthe current 50 A. 


In fact, this work represents an attempt to draw attention 
toamore effective and simple practical application of 
theselfaction. It remains only to transfer electric current 
in an unclosed electrical conductor and such a possibility 
realy exists. 
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DIVING IN COLD WATER 
1 you plan 
er, you might want to invest ina 

A good thermal 
ential with a drys, since 


five frequently in cole 


dlrysit (ep 
tunderlayer is 
loss of body heat ear result in poor 

3s and lead to exhaustion, speeding 


[MAKING THE RIGHT CHOICE 


Don't sh into buying the st bit of 
tear you see—alays look ata range of 
products and compare prices. Take 
Advice frm fellow divers and shop staf 
but remember that everyone has their 

varie brands, Reviews in magazines 
and on the Intemet can give you mare 
information, so that you can welgh the 

| tions before you bu. 


INTRODUCTION 


DEMANDING ENVIRONMEN 

Diving in cold water requires extra equipment, 
and appropriate raining in ow to use, Safety 
IS ices ae epecinly epee Zc wok 


the onset of hypothermia, Dive clothing 
smsnufacanees make special thermal 
ulersits with wicking propertis tu 
dave mature away from the skin. I you 
Pol 


to use an environ 


water diving ar ice diving 
you will ne 
sealed requla 


resistant tn fezing 


or because these are mone 


Also necessary in cold water are 
hood and gloves, the thickness of which 
will depend om the water temperature. 
The thicker the neoprene, the more 
insulation it offers, but the more it will 
nent, Thick gloves or 


mittens rechuce dexterity considerably 
\which is worth bearing in mind if you 


intend to use smaller items of gear 
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Masks 


A well-fitting mask is arguably your most important piece of diving 
gear, so take time to choose one that is right for you. There are many 


styl 


and designs to choose from, but above all you need one that 


fits correctly, and suits your personal diving requirements, 


SEEING UNDERWATER 
“Human eyes cannot focus in water, 
Which i why you have to wear a mask 
when diving. ‘The way masks work is to 
trap a pocket of air in front of the eyes, 
allowing them to focus normally. A 
standard mask consists of a single or 
double panel af tempered glass inside 

a frame, with a silicone skit forming an 


airtight seal against the face. A strap and 


buckles hold it all in place, 
If you take care of your mask and 
keep it in a sturdy case to avoid damage, 
it should last for many years. The lenses 
fof new masks have a protective coating 
fiom the manufacturers that should be 
This can be wiped 
off using a nonabrasive cloth and non- 
gel toothpaste (or a fine abrasive cleaner) 
to clean the coating off without 
scratching the glass, IF in doubt, consult 
the manufacturer’ instructions, Make 


removed before use 


sure you rinse your mask in fresh water 
after use and store it away from direct 
sunlight in a dry place 


TESTING FOR FIT 
There are lots of shapes and sizes of 
mask, so take time to find one you like 
that Bits, simple test to hold it up 
to your face and inhale gendly through 
your nose, If you then Jean forward, it 


should remain in place 


iN.) 


Ge fe 
2,2 


Hold the mask in 
front of your face 

vith he tap 

hangingloose. 


Place ton your face. 

Inhale through your 
rose—the mask sould 
stay on without suppor. 


MASKS 


(MASK DESIGNS 


‘CLASSIC Ths isa slightly old fashioned 


design, but itis still popular with i ae 
photographers because It gives a clear 

View ofthe diver’ face, totes a g00d 4 oa esal: 
Hel of view, but its hgh internal volume of ei 


airmates clearing the maska litle harder 


[EXTENDED VISION Many new designs 
‘af mask are constructed to give the diver 
an extended field of view, especlaly 
downward. This madel is a multhlens 
design, which also allows corrective 
lenses of eiferent strength tobe fitted, 


[MATTE FINISH Some divers prefer to use 


a mask with ablacksilcane skirt to avald sete a 
confusing reflections onthe inner surface 

‘af the glass, This is expecially useful to gic 
marine photographers. However, this Geen 


Feature does reduce peripheral vision. 


SIDE VIEW Some designs offer improved 


Perieral isin though las panels on atts 
tither side ofthe man fers, but are sil 

low-value, so ae eas ta clear, When ccige 
‘hoosing ake sue that adaonal lenses = 
dot dito perspective 

FUALFACE Mostly sed in ‘lca 
enmarcal ving faface masks epi 

are advantageous in yer cod or esas 


polluted water. Some recreational 
models have intercom radio units 


ss divers can communicate asi intercom 


Sse 


EYETO EYE 
Evolution has 
equipped fish wth 
yes that focus 
Underwater, but avers 
rust rely on masks 
forclear vision 


Some masks can be fited with prescription lenses, so ifyou 
wear glasses you wil sil be able fo see underwater. Contact 
lens wearers can use normal masks—they provide an adequate 
degre of protection fram water, unless accidentally removed. 


Lighoweit 
plastic tame 
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Snorkels and fins 


Along with a mask, a snorkel and a pair of fins are probably the first, 
pieces of gear you will buy: Snorkels vary very little, but there are 
plenty of styles of fins to choose from, depending on your budget. 
As always, look for a good fit and features that suit your diving needs, 


CHOOSING A SNORKEL 
A snorkels simply a tube that allows you 
to breathe easily atthe surface without [Basie snarkels ae litle more than 
needing to rae your head fom dhe Curved tube, but some models have 
water. When diving, you do not need a Ae cen nen oie Uae 
Wien divas yo at prevent ingress of water, and a drainage 
snorkel underwater; however, you may | Vale atthe lower end, Collapsible pes 
use one before and afier submerging A/| ate easy to stow away when not in use. 
ood snorkel should be easy to breathe 


through, and should not be too Sonat ity 
lang ely na more han 17 in ge ee 
(43 em)—so iis easy to clear, 

‘Attach your snorkel tothe lefchand 

Side of your mask, leaving the Fight- 
hand side free for your regulator hose 

(1 pf.60-6)), Always rinse your snorkel 
alter use and store out of direct sunlight, 


FITTING FINS of agility underwater, but many divers 
Smetimes incorrecly referred tyas believe traditional models deliver more 
flippers, fins are used to aid propulsion outright thrust. Before deciding which 
when diving A standard fin consists of pair to buy, consider the kind of diving 
shoe made of rubber and a blade mace you will be doing, and seek advice from. 
of a silfer material, often with Fdges and store stall or other divers 

vents to enhance performance. The shoe 

can either Gt the whole foot ike slipper FIN POWER 

or leave the heel exposed. The ater is Adiveremploying 
held on witha strap, ans designed roe “og ek with 
he worn over neoprene boots, When “omentonalfins 
buying fins of this typ, it is asale 

to take your boots along with you, sinee 
their thickness wil ned to be taken into 
account when testing for fi 


SELECTING THE RIGHT PAIR 
Advances in fin technology mean 
that there isa wide range for the 
diver to choose from, depending 
fm their specific preferences, For 
example, split fins afer a high degree 
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TYPES OF FINS 
CONVENTIONAL Abas fin with ¢ Ries to 
a singe, faity rigid blade, the ‘iors bade 


conventional design is a good 
starter fin, but you may want to 
try other types to see ifthe oer 
features that sult you better, 


FORCE FINS Made exclusively 
bya California manufacturer, 


this range of fins is designed to hee 
tine the water turblence bs BP ccyuns 
produced, and reduce the Pa airetee 
diver wicking efor. wean 


PIVOTING A design that 
has been adopted by two 
‘manufacturers, this fin features 
a flecpointin its stucture anda 
‘shaped area of softer patito scoop 
wale for better traction and speed. 


SPLIT A popular style, spit caciadae 

fins offer better aglity than Einsmucton 

standard fins. However, some 

divers believe they are less 

effective than conventional spit bade 

fin in strong curents. 

“SNORKELING Fins designed fadani 

forsnorkeling are lighter than epee 

scuba fins, and of afoot pocket 

design, so they can be used with ahi al 

bare feet. Some also have 

shortened blades, a — seer tsar 
FITAND FASTENING 
Fine ate nel onthe fot 
In twa basi way 
Far-fiting foot pocket, 
forby a strap over the hel 


Ste plastie 
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Diving suits 

In all but the very warmest waters, you will need some kind of 
thermal protection during your dive. Good diving suits (which are 
technically known as “exposure suits") are available in every price 
range, but always look for comfort, fit, and quality of construction, 


BEATING THE CHILL 
‘Water conducts heat away 
fom the body much more 
efficiently than air. Unless 
the water you are in is the 
same temperature as the 
surface of your skin 
about 90°F (32°C), which 
is hotter than most corals 
can withstand your 
body will ose heat, and 
you will et cold, This 
means tht in almost ‘SECOND SKIN prevented by wetting the 
all diving environments, Modem wetsuits aemade of suit before putting it on, 
mmaterals that afer ighiy 


ficient neat insulation, Bupiog saute 
are every temperature range 


WHICH SUIT? 
Persosal warmth 
requirements vary 

If possible, take various 
suit options—you e 
layer these to give you the 
bbest protection. Its rare 
to be too hot underwater, 
‘but in tropical climates 
you may overheat in your 
suit before you enter the 
water. This ean be 


thermal protection is 
required. IP yo 


diving in warm waters, a normal wetsuits too expensive for most divers, hut most 
will be sulfcient. Only in the warmest suits will suffice fara variety of waters 
waters should you consider a non- Although in the tropics you woul he 
insulating or “skin” suit, Never be too warm in a drysuit, you could opt for 


tempted to dive in just a swimming suit; a falllength wetsuit, as its extra warmth 
even if you don't need insulation, a thin would be welcome in the cooler depths. 


layer will prevent stings and abrasions In addition wo a suit, you may need 
If you are diving in cooler waters, you accessories such as gloves, boots, a hood, 
should consider the heavyweight options: and talcum poweler, which is useful for 

a semi-dry suit or a drys ceasing entry into suit. 


‘There are guidelines forthe type and Gera series) 
thickness af suit needed in different 


<oncltions. For the tropes, where the 
waters rarely drop below 68°F (20°C), 

22-3-mm wetsuits fine. Inthe 

‘Megiterranean in summer, a5-6:mm 

{ull wetsuit is more appropriate rising 

107-8 mm during winter months. 

‘semi-dry suit of 10-15-mm thickness, 

With a haod and thick gloves, wil 


cope with most conltions in colder 
temperate waters, but in waters below 
50°F (20°C), a drysut is necessary Shortie Fallwetsult——_Dysuit 


DIVING SUITS 


‘SUIT LAYERS a | 
we 


fetsuits and drysuits keep the diver 
warm in different ways In wetsuits, 

3 thin film of waters trapped next to 
the divers skin and acts as an insulator. 
Drysuts seal a layer of airinside the 
‘sult, and this permits the use of thermal 
undergarments for extra insulation. 


Wetsuit 
Arsatating fn 
Neoprene sel 


Drysuit 
Ai layer 
iter 


SKINSUITS AND SHORTIES. 
In warm, tropical waters, you will 
probably not require any thermal 
insulation, but a thin layer over your 
body will prevent your equipment 
fom rubbing on your skin, as well 


as giving protection ffom the Sun 
before and after dives and providing. 
‘barrier to stings and serapes. 

"The thinnest skinsuits are made 
of Lycra, but some manufacturers 
offer sats made foun 0.5-mmm 
neoprene, Lycra suits can also be 


Lipht gloves 


Skinult vest 


used as a base layer under a heavier suit, 
so they are a good add-on option if you 
Aare not sure how warm or cold your 
destination wil be. 

o-called “shortie" wetsuits offer 
slightly mote thermal protection than 
skinsuits, typically being constructed of 
S.anm neoprene, Howvever, they do leave 
the arms and legs exposed and 
‘unprotected from stinging plankton and 
jellyfish or abrasions on rocks oF coral 


‘SHRM WeTsUIT 
This typeof wetsuit 
isa good choice In 
warm waters, and 
doesnot cost 
mach as full st 


‘TROPICAL DESCENT 

Even in wr waters fulllength wetsuit may 
prove invaluable, etsuse water temperatures 
trop as the diver ventures deeper, 


FULL-LENGTH WETSUITS 
‘The next level of thermal protection, 


lier shorties and skinsuits is a flllength 


wetsuit. These offer increased thermal 


protection for the arms andl legs, and are 


‘ypically made from 2-8-mm neoprene 
‘But thickness is not the only factor in 
a close-fting suit 
provides better insulation. A correctly 
Sitting wetsuit should not only be easy 


thermal efficiency 


to pat om, but should follos the contours 


tf your body as closely as possible 
‘Wetsuits rely on trapping a thin film of 
water next to the body which gradually 
becomes warm. IF the sut fits badly 

water flows more freely between the 

body and the suit, and chills 
than insulates 


rather 
the diver 


CARING FOR YOI 


‘Aslmple maintenance regimen Is ital to 
prolong the ife of your wetsuit. After 

every dive, wash your suit to remove salt 
and debris, which can cause it tort. It is 


best to use special wetsult shampoo, 
‘which helps to maintain the suppleness 
‘ofthe neoprene and prevent mildew. 
‘Once the suits fully dry, place iton a 
hanger and store itn a cool, dry place 


FULLLENGTH WETSUIT 
Scuba wetsuits are 
valable ina range 
of sles, categonaed 
bythe thickness of 
eprene they are 
made om. 


Side panes ar 


Gloves 


Zipper 


SEMI-DRY SUITS. 
Though intended for colder temperate 
waters, where they are worn with a hood 
and gloves, semi-dry suits are a versatile 
style that can be used even in warm 

Like 
wetsuits, semi-dry sits are made of 
neoprene and work by trapping an 
insulating layer of water between the 
body and the suit. However, they have 
more efficient sea 


Mediterranean seas, Like standard 


at the wrists and 
or hood, 


ankles and around the ne 
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hich stops water from flushing through 
the suit and allows the trapped water to 
warm up. They also tend to be male of 
thicker neoprene and are often designed 
to be used i layers (with a jacket fting 


‘over a coverallstyle base layer 

The thickness of the neoprene in 
some semi-lry sts has a tendency to 
restrict movement on land (although not 
jn water, However, suits made of super: 


Alesible material ate available that ole 


‘equivalent degree of thermal protection, 
but are much easier to pit of and move 
Although a semi-dry suit offers 
protection similar to adrysuit (we 54) 


aren in, 


some divers prefer a drys, because 
«damp body ean be uncomfortable 
alter the dive, especially in cold weather 


‘Sem-DRY Sum WITH EQUIPMENT 
{Good-qualty semi-y sults ae suitable 
fora range of dive environments and 
condtions and allow you to withstand 
the chil of greater depths. 


DWE COMPUTER 
(Often na bulkier than a wrst watch, 
a dive computer may needa strap 
fetension wn wom with thicker 
suits such asa semi-y suit 


ASHUGHT 
Inthe colder and deeper waters 
accessible with a seme sul 
‘sity can be impaired, x03 
light should aways be caved 
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DIVING IN DRYSUITS, 
Drysuits are the most expensive type of 
diving suit but offer excellent thermal 
protection, They use trapped air, not 
Water, as an insulating barrier. Drysuits 
are available off the rack, but i is worth 
spending a little extra to get a made-to- 
measure garment, because a well- fitting 
suit will be more comfortable anl more 
likely to avoid buoyancy problems 
cased by unequal air distribution, 
Deysuits are macle from a variety of KEEPING WAR 


materials, including crushed neoprene Even in conditions as extreme 2s those 
encountered diving under ie, dysuts 
provide good thermal protection, 
ensuring the dvr stays comfortable 


and membrane materials. Crushed 
neoprene suits are tough and offer 
a good degree of thermal 
insulation, Membrane dysuits are 
thin, waterproat 
fabrics, which offer le 


thermal insulation than 
rushed neoprt 
designed to be used with 
a thermal undersuit 


They are more supple 
than neoprene type, ane 
0 easier to move around 


InparoR VALVE 
Tete connected to 
the regulator fst tage 
(see 9.6) and allows 
aleta be inroduced 
into the suit 


in, However, they can be 
looser-fitting, and allow 
excess air to move around 
inside, whieh can shift 
buoyancy to the legs and 


tip the diver upside down, ‘ison 
‘CRUSHED NEOPRENE SUIT 
“he inherent buoyancy ofa suit = 
made of neoprene that has been a 
“crushed"—treated wih heat and 

latent intemal air Dy 
pressure toa val tae 


fellremsns the same at any depth, 


USING A DRYSUIT 


Drysults are more challenging to use a es 


than wetsults, as they have variable 
buoyancy, due to their aiiflation 
mechanism. Ifyou plan to use ane for 
the fest me, take an ariantation course 
Ina pool before diving in open water. nepal boots 
‘Adrysuit shouldbe serviced ance a yeat 

(or after long periods of storage) by an 
approved repair technician 
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Photoaccumulators are galvanic elements 
consisting of 10 communicating vessels, 
one of which is exposed to light and 
another is kept in darkness. Ionic 

Pi composition of electrolyte, which fills these 
vessels, depends on intensity of 

illumination. If an inexpensive electrode is 
placed in each vessel, then a potential 
difference will appear If the electmdes are closed a external 
working resistance the electron stream will begin to equalize 
ionic composition and the difference in illumination intensity 
will tend to disbalance it. Asa result, a certain working mode 
will be established which will allow to utilize the 
photoaccumulator for production of industrial electrical 
energy. As distinct from the solar battery, which 
works while exposed to the light, the 
photoaccumulator stores some part of solar 
energy in its electrolyte which is supplied with 
electrical energy after sunset too. 


‘The idea of photoaccumulator is not a new one. 
Ie was established in the end of 19" century that 
it is feasible to create a photoaccumulator 
containing electrolyte made of the following 
mixture: Fe? + Hg? = Fe?! + Hg? 


‘This photoaccumulator was not adopted in 
practice because of high toxicity of the electrolyte 
and very low EMF (approximately 0.018). 
Development of technology is accompanied by 
widening range of materials and matters which can be used. 
in lage scale production and power industry. Among such 
‘materials are, in particular, titanium, depleted uranium and 
rare-earth elements, Nuclear power industey uses U235 
isotope only, Naturally occutring compound contains only 
0.72% of U235. Hundreds of thousands of U238 feom which 
235 has been extracted are kept as useless stock. 


In the end of sixties in one of radiochemical laboratories 
of LINP (Leningrad Institute of Nuclear Physics) PN. Moskalyov 
repeated the same experiment over a long period of time. In. 
the morning he placed a tightly closed retort filled with uranyl- 
chloride soluted in compound of water, spitit and hydrochloric 
acid on the windowsill. The solution in the retort changed 
its color from yellow to emerald-green. Before leaving the 
labontory Moskalyov removed the retort with gre 
from the windowsill ¢o a closed chest. Ia the morning 
Moskalyov retrieved the retort with the solution (which was 
already yellow) from the chest and placed it on the sill. The 
solution became green again and the whole process repeated: 
daily 


solution 
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Chemical processes in uranium electrolyte are rather 
complicated: first, under the light influence the uznyl ion 
‘oxidizes ethyl alcohol, which is then transformed to aldehyde: 
UO, *?+ C HOH" = U" (OH), + CHO. 


In the dark ions of umny-4 interact with aldehyde and are 
transformed to UO, uranyl ion and spitit again, Thus, this 
cyclic pmcess can take place over a significant period 
of time being supported by the energy provided by light 
‘quanta of visible light which are transformed into the heat. 


‘The idea of utilizing this process in order to obtain electzical 
‘energy emerged in the late nineties. The mechanism of uranium, 
photoaccumulator is very simple Fig, 1): ewo glass vessels, one 
‘made of transparent glass and another of non- 
tansparent glass, are connected with a black 
acid-proof tuber tube. ‘The communica ting 
vessels are filled with aqueous electrolyte 
containing 40% of spisit, 80-100 g/l UO-CL 
and 0.2 m HCL. The electrolyte is previously: 
activated by multiple cycles of exposing it to 
light and then placing it in darkness in order 
to obtain a significant volume of aldehydic 
fraction. The major difficulty of designing 
uranium photoaccumulator is connected with 


the choice of the material for electrodes. In 
galvanic elements carbonized platinum 
electrodes are usually used. For practical use 


platinized titanium gives the best fit, Titanium 
foil covered with superfine layer of platinum 


ly widely used in electrochemical industry and is 
procurabl, 


In the transparent vessel the titanium petal-shaped electrodes 
are parallel the light flow, so the light quanta move freely 
through the solution, 


In working condition each photoaccumulator produces 
10 mA of current at 0.3 volt voltage, so they are to be 
connected in lasge batteries, both in series and in patallel. 


It is also necessary 10 consider the aspect of safety. Until 
nowy the depleted uranium has been used for one purpose 
only, namely, for manufacturing of cores for armor-piercing 
shells When used in this manner, the uranium is pulverized, 


which leads to environmental damage. The battery of 
photoaccumlators is placed in hermetic metal chest; the front 
panel of the latter must be made of solid safety glass. Such a 
system will protect the photoaccumulator battery from 
malicious intent and the security staff from weak umnium 
radioactivity 
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FASTENINGS AND SEALS. 
Drysuits generally have an “across the 
shoulder” zipper to allow entry: You will 
need help from your buddy to do this 
up. These zippers need regular evating 
sith was: or “ip slip to keep them 
lubricated and protected from corrosion, 
"To prevent water from entering the 
suit, crysuits have watertight seals 
made of thin neoprene of latex 
wrist and neck. Latex seals are generally 


less likely to leak than neoprene versions, 


but do not offer any insulation and are 


Lat oe 
2 


i : 


Ae 


DIVING SUITS 55 


more fragile, so there is the risk that they 
may tear. Neoprene seals, by contrast, 
are tough, easy to repair, and warm, 
Ibut it can be dllficule to get a good fit 


INFLATING WITH AIR. 
Drysuits have an inflator valve om 
the chest that injects air to reduce the 
“shrink wrap” sensation caused by a 
pressure squeezing the suit against the 
body. This ai expands om 

must be dumped via a valve, 
located on the shoulder, which can be 


ent and 


orally 


‘manual oF automatic, Cull 
humps are also available that 
work by raising your arm to 


oP cover 
‘Aneaprene hood is 
necessary in cold waters 
to insulate the head 


THERMAL UNDERSUIT 
Specialy garments, 
lundersuts can be 
‘worn under drysuits 
forest insulation 
and confor. 


Heavy wetsuit 
loves 


tap eat inside 


MEMBRANE SUIT 

“The tough, lightweight fabric of 

‘a membrane sult ie more Feible 
than neoprene and so allows 

‘greater ease of movement 
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Buoyancy compensators 


Unlike fish, humans have no natural way to adjust their buoyancy, 
or floating ability, when underwater: Divers wear a buoyancy 
compensator (BC)—a jacket that can be filled and emptied of air 
to control their buoyancy underwater and at the surface. 


HOW ABC WORKS corrugated ose that hangs down over 
The BC (also known as BCD, or the left shoulder. Controls for automatic 
buoyancy compensation device) offers inflation and deflation are uswally 
flotation at the water's surface and fine located at the end of this hose 
adjustment of buoyancy underwater OF course, BCs must be able to 
and acts as a harness for equipment’ reduce bucyancy as well as increase it 
items, At the surface, a fully inflated This is achieved by venting air from the 
jacket will keep your head well out of jacket via dump valves at varios points 


the water, Underwater, buoyancy can be Air can be released through the oral 
increased by inflating the BC with small inflation hose by depressing a button, 
amounts of i and can also be vented by using a pull- 
All BCs are connected cord damp valve, which 
via an ar bose to the acts more quickly. These 
slator frst stage (ue are often located on the 
ED, which supplies 
pressurized air from the 
tank for inflating the 
jacket. BCs can also he 


‘opposite shoulder from 
the oral inflation hoe 
and at the bottom edge of 
the jacket, They should be 
used cautiously, since they 
alter buoyancy rapidly 
‘Many BCs also vent air 


inflate! orally, vin a 


srowns Kir 
Buoyancy compensators (ght) 
are ited with handy stowage 
points fr peripheral goat 


when the oral inflation 
hose is tugged sharply 


“SURFACING IN SAFETY 
‘When fly inated, BCs alow the aver 
{0 loa effonlessiy the surface Here, 
‘wo divers signal Okatera dive. 


BUOYANCY 


FIXINGS AND FASTENINGS, 

The tank (1/650) is also attached to the 
BC. A strap attached to a rigiel backplate 
‘wraps around the tank and hotels tin 
place with a cam-action buckle. It is 


important that your tank ie fastened 
securely and does not move during the 


y 


FRONT View 
‘OF BC ACKET 


D-RING 
Used fr clipping on 
items of peripheral 
equipment, tke a 
Nashlgh Freel 


HARNESS RELEASE CUPS 
For quick release from 
the hamess, and easy 
donning ofthe jacket. 


sine view 
‘Orc Acker 


‘NR OUMP. 
Valve allonng arta be 


vented rapidly from the 
dle bladders, 
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dle. A well-designed BC will have 
various adjustable straps around the 
waist and at the shoulders, to ensure 
that it fits snugly. These can 


readjusted underwater. Stel or plastic 


rings (ue bei) can be used to attach 
smaller items of 


[et 


waists 
A safety Feature for 
atvacing attention 
Here ie ed othe 
‘al infltion hose 


BUOYANCY CONTROL 
The inflation and deiation 
anirls and oral inate 

fe tthe end ofthe hace. 


TANK STRAP 
Camaction buckle locks 

tank’ place. BCS may 
have one orto, 
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‘CHOOSING A JACKET 
A tiasie BC is ike 

a padded vest, and these 
are often only adjustable 
atthe waist. More 
advanced models have 
adjustable straps to 
make sure the jacket 

fits as snugly as possible 
underwater Ideally, you 
should buy ane that fits like a glove 
sand does tot roll arounel with a tank 
attached, You should alko find it easy 

to take on and off If possible, you 
should wry it on with your wetsuit 

(or deysuit) to check the it, and to 
ensure that there is roam for more 
adjustment on every strap in ease of 
changes in your suit ar your body shape. 
Beyond the basic models of BCs there 


‘SERVICING YOUR BC_ 


Careful maintenance of your BC will 
keep itn good working oder for many 
years. It should be service atleast 
fnce a year, o after it has been stored 
tunused for more than six months, Take 
itto a recommended dive shop. Gnly 
service it yourself ifyou have been 
trained to do 0, Oo nat take risks by 
ving with old or unserviced gear 


‘SPECIALTY JACKETS 
High-olume wing” tle 
CS top) are used in 
advanced diving ef. The 
large ar capacity ofthese 
iaekes provides extra ft 
farheavily laden divers. 


are the mote specialized 
Features available on some 
jackets, such as weight 
integration, or a “wing” style design 

(Gee oppoite page). Whatever the features 
of the jacket you decide to buy; make 
sure they suit the type of diving you 

will be doing the most. Try out several 
dlfferent jackets before deciding, 


CARING FOR YOUR BC 
As with all tems of equipment, your 
BC should be rinsed with fresh water 

c inside should also 
be rinsed by flooding it through the 
corrugated hose, The jacket should then 


after every dive. T 


bbe emptied again by turning it upside- 
down and draining it through the samme 
hose. After this, you should reinflate it 
to help locate and remo 
‘water, which will rade around inside 
when the BC is shaken, The jacket 
should be stored in a cool, dry place 
in a partially inflated state, 


any remaining 
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‘BUOYANCY CoM! 
INTEGRATED WEIGHT BC 

| Some BCs feature integral as 
weight systems. Many sdaer 
people find these quick 
release weight pockets ough plastic 
more comfortable to use Seetplae 
than a traditional weight 
belt The weights should mechanism ule rtease 
he removed before putting [Merporates 3 stig pouches 


the 8Con and taking it off, Paki regulator 


INTEGRATED BREATHING BC 
‘The Mares HUB (Human 
Underwater Sreathine) 
system was the fist to 
integrate the regulator 
into the design ofthe Bc. 
‘Agreat advantage of this Regulator 
top-aFthe-line product is Integrated with 
its simplified profile, which Jake design 
reduces drag inthe water 


Exonemie 


wing / semuwin 8c 
Favored by technica divers 
(see p19), these offer high 
It capacity The air bladder 
is rearmaunted: tis aids 
hatizontal pasture under 
the water, but ean push the 
diver face forward atthe Semb-wing ed ait 
suace. A semiing offers Betta comtort 
belle surface suppar. 


WOMEN'S BC Women 
avers are increasinly 
Wel catered ta with special 
jacket designs to give 


3 comfortable ft without _paddes 
the usual tension paints ecto 
across the chest. Such Specialy shaped 

jackets offer ather ares josie 
fomvenient options like Ait pouches 


‘weight integration. 


TRAVEL BC Ifyou travel 
‘often, itis a good idea to pews 
considera lightweight 8¢ oe 
Without a rigid back, which 

‘an be rolled up. These 


designs have a lower lift tntator 
apaciy. as they are mostly Toggle for nls 
used in warm-water sites, jttsoning 


where minimal weight is weight 
‘ated bythe diver, Pouches 
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Regulators 


One of the most important items of diving ge 


ar is a regulator. This 


two-stage gas-supply system provides you with air from your tank at 
the correct pressure for you to breathe underwater. Since it is a key 
life-support device, most divers buy their own regulator, 


BREATHING UNDERWATER 
Your tank can sore large 
amounts of air in a small 


equivalent pressure, 
otherwise your lungs 
weil not be able 1 inflate 


space because the air it property 
contains has been highly 
compressed [se ff.68) 69) HOW REGULATORS WORK 


Bet 
this stored ag it must 


you ean breath 


Supplying air atthe right 
pressure ithe job of the 
regulator, which is made 
up of the first stage 

(whic fits om tothe tank 


be reduced ta a sa 
pressure, which varies 
according to how deep 
you are underwater, 
TThe deeper yon go, the STORING REGULATORS piece you putin your 
greater the weight of Regulators ae tough, but they maouth), which is also 
shouldbe wellcared fo M8PE own asthe demand 
them up in 2 col, ry place 

‘aay from sunlight. valve. The frst stage 
wr pp.94-95). This is reduces the air 


and the second stage (the 


water pressing on your 
chest cavity from outside 


called ambient pressure. Air for cout of the tank to a lower pressure of 
breathing must be supplied at an around 116-145 ps (8-10 bar) absve 
ambient, A valve in the frst stage allows 
UNDERSEA EXPLORER ar iain : 
(ee ee ral some of this low-pressure air to pass into 
the highly compressed arin the tank a hose, and then closes again. When the 


to. level that i sae o breathe arin the base has heen inhaled by the 
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dlver, the first stage detects a decrease in 
pressure in the hos 
to flow in, to replace that which was 
used. It automatically alters air-pressure 
in the hose when depth changes occur, 
‘The first stage also supplies air for BC 
and erysuit inflation (via separate hoses) 
‘The second stage reduces the 
low-pressure arin the hase to the same 
pressure as the water you are swimming 
through, allowing normal breathing. 
The second stage houses a diaphragm, 


and allows more ai 


CLAMP 
RST STAGE 
‘Reamman and 
fonvenient lamp 
style fist stage, 
suitable for mast 
recreational diving 
requirements. Lass 
secure than DIN, 


that is subject to equal forces af water 
pressure on one side, and air pressure 
from your breathing passages on the 
other. When you inhale, the diaphragm 
flexes inward, causing an inlet valve to 
‘open, and ar flows into your mouth. 
Exhaling causes the diaphragm to flex 
‘outward and triggers an exhaust valve 
to open, allowing used air to be 
expelled. The unit ean be cleared of 
water by using the purge button, which 
is located on its front surface. 


bin-rvee 
RST STAGE 
Ascrewin fist, 
stage that can 
handle high tank 
pressures of mare 
than 3,000 psi (200 
ban igh secure 


SECOND STAGE 
Designed to supply 

ie safely at all depths, 
Your second stage 
"Should fi comfertably 
In your mouth 


‘OCTOPUS SECOND STAGE 
The octopus is for use 
inthe event that your 
main second sage 

falls, or for donation 

to other avers, 


InstRUMENT CONSOLE 
‘Ahigh-pressure hse 
from the rst stage feeds 
sirety into a pressure 
suse, indicating 
remaining ar supplies. 


ac yacker 
‘low-pressure hose 
from the first stage 
supplies arto your 
AC to inflate the 
Jacket underwater. 
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‘THE OCTOPUS SECOND STAGE 
Most recreational regulators are set up. 


in an “octopus” configuration (so called 


cause of the multiple hoses em 


fom the first stage). This incorporates 
a backup second stage, which is intended 
for use if your main one fails, o if your 
budely needs a donated air supply. Over 
time, this hackup air soutce has become 
known as the octapus second stage, oF 
simply the octopas, 

TThe octopus and the hose to which 
itis attached are ustally finished in a 
bright yellow color for easy location in 
an emergency, and to distinguish them 
fiom your main second stage (which 
The 
jsctopas hangs unased from your BC 


ordinarily has black hose 


most of the time, ancl for this reason i 
is often detuned adjusted o prevent 
‘an accidental discharge 
of air that occurs more easily when 
the mouthpiece of the regulator is left 
continnally flooded, Some types of 
‘octopus are attached to the hose via 
«4 swiveling joi 

cesily and 
regardless of whether they are beside 
yu, oF facet 


rely 


so that they can be 
safely domated to your buddy 


The hose supplying an octopus 
should be longer than the one feeding 
the main second stage. This wil allow 
it to be offered to a buddy easily and 
for the buddy pair to remain face-to-face 
luring a shared-air ascent (we f/40 
Practice airsharing procedures regulatly 


STOWING THE OCTOPUS 
Consider where 1 stow your octopus 

so that it can be easily located in an 
emergency by either you or your buddy 
You can buy specialized elips of various 
designs to attach the actopus to your 
BG, which allow it to be freel easily 


SAFE STOWAGE 
‘Atach your octopus a your BC at point where 
you can easly acres, and wher it willbe 
heal visible at al times 


when required, and replaced again 
afterward. Many divers bang their 


‘octopus near their midi, bt others 


:mount it higher up on the chest, so it 
remains constantly within sight and 
close at hand, You can also buy 
regulator retainers made from rings of 
surgical tubing. These go around your 
neck, meaning the octopus is always 
right under your chin, though some 
find this arrangement constricting, 


RGENCY ACCESS 
ela quickrelease clips are 
able for fastening your 

etopusto your ger 


‘TYPES OF REGULATORS 


BASIC REGULATOR Simple, Inexpensive 
regulators atthe budget end ofthe market 
«an be very reliable and durable. However, 
some may deliver aia litle less smoothly 
than high-performance models. 


‘OCTOPUS SECOND STAGE Octopus second 
stages are often jst standard second 
stages with high-vsillty colar schemes. 
However, some designs can be swiveled 
to any angle for easy access. 


HIGH-PERFORMANCE REGULATOR At the top 
fend of the marke are regulators that 
Combine high build quality wit low 
Inhalation effort and toughness. Many are 
environmentally sealed for cold-water use. 


‘OXYGEN-COMPATIBLE REGULATOR Divers 
who wish to use nitrox mies (ee pp.194 

95) that are very rich in oxygen will ned 2 
regulator designed to handle high oxygen 
concentrations without risk of combustion. 


VINTAGESTYLE REGULATOR In twin-hose 
regulators the valve of the second stage is 
separated fram its mouthpiece, and sits 
behind the divers head, where it releases 
bubbles out of the divers fel of vision, 


CHOOSING A REGULATOR 
As with all items of dive equipment 
prices vary enormously, but the regulator 
x worth investing 
decent money in, Basie regulators use a 


is one piece of g 


piston valve in the first stage andl ean be 
very reliable bat often feature rather 
chunky second stages, The more 
expensive models use a diaphragm in 
the first stage and tendl to have more 
streamlined second stages, Tope 
models may be 


Fhe 
designed specifically for cole 
water diving, or be optimized 
for elfcient air delivery on 
deep dives. They may also 
have dials to adjust the 


DEEP BREATH 
Regulators ae designed to 
ingent standards, and a 


very reliable if wel-mainial 
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= 


sensttrion = 


‘Touph metal eoasueton 


inhalation effor required to open the 
valve and deliver air These can be used 
cither to tune the unit ta freeflow less 
ceil, or maximize air delivery during a 
normal dive. Always rinse your regulator 
in fesh water after use, and have it 
serviced annually by a qualified dive 
‘equipment technician, 


OU) 


Gauges and consoles 


‘To stay within safe time and depth limits and avoid running out of 
air, you must carry instruments that monitor your air consumption, 
time underwater, and depth, There are various devices on the market 
to help with this, from simple gauges to complex digital consoles, 


BASIC INSTRUMENTS 
‘You should never dive without some 
means to measure the time you spend 
underwater, the amount of air you have 
left in your tank, and your depth. 
A waterproof wath with a bese! 
a rotatable outer ring allows you to 
mark significant times, andl thus keep 
track of how much time has elapsed, 
Te also serves asa backup in ease of 
failure of digital equipment wsed to 
‘monitor time, such asa dive computer, 
Depth gauges allew you to monitor 
your depth even if you cannot see the 
water's surface. They are usually analog 
(tcedle-anetial) devices, although digital 
available. Both work in 
the same way: they measure the pressure 
of the water around you, and convert this 
into an accurate reading of your depth 
Make sure you buy one that records the 


‘versions are as 


‘Your console is your dive information center, so you must 
be happy with the wayt handles. iferent consoles need 
tbe held at diferent angles to read the dials; experiment 
‘before you buy to find out whichis easiest for you fo use. 
‘Choose one with large, easytoread numbers. 


‘Some are equipped with other instruments, 
‘suchas a compass; these can be ether 
‘on top ofthe console or an the back. 


sti 
Minow 


INDICATING REMAINING IR SUPPLY 
The aepressure gauge allows you to keep tack ot 
‘the amount of arin your tank; let your buddy know 
(ee 24s} whea your supply is unning low, 


smasimam depth of your dive, and 
remember to reset it alter every dive 
Equally important is an air-pressure 
gauge, also known as a submersible 
pressure gauge (SPG) or contents gauge. 
"This i connected to your regulator frst 
stage via a high-pressure hose and 
measures the pressure of 
the air in the tank. You 
should check your aire 
pressure gauge every few 
minutes during the dive to 
carefilly monitor your air 
consumption 


GAUGE CONSOLES 
Depth and air-pressure 
gauges are often 
combined in a gingle 
integrated console that 
attaches to your regulator 
first stage and hangs by 
your side during a dive 
Mounted together like 
this, the gauges are easy 
to locate and can be 


International Prize on Power Engineering 
“GLOBAL ENERGY” 


International Prize 


“Global Energy” was 
first presented in 
St. Petersburg on June 
15, 2003. ‘The bonus 
fund of $900,000 was 
shared between three 
scientists “whose work 
has been and is still 
important both to the 
last century and future 
research”, said Zhores 
Alferov, Chairman of 
the Global Energy Prize 
Award International 


Committee. 
Zhores I. Alferov 
‘Nick Holonyak, Professor at the University of Illinois 
(USA), was awarded for “fundamental contributions to 
the development of power silicon electronics and 
invention of the first semi-conducting light-emitting 
diodes in a visible part of the spectrum”. Thyristor 
invented by Holonyak allows the transformation of 
direct current into alternating and vice versa, to diect 
this process, to store and accumulate energy. This device 
is used for every electric locomotive, for frequency 


transformation, Such devices help to save significant 
amounts of energy, thus, about 30 percent of all energy 
produced in the world is processed through thyristors 


Nick Holonyak’s other 
invention, ie. 
conducting light-emitting 
diodes in a visible part of the 
spectrum, 
development of a new field 
of the modern power 
engineering. Supposedly, 
efficient and safe light 
emitting diodes will replace 
daylight lamps in the next 


has led to 


Sueprua 


ten years, 


“Although Nick Holonyak’s 
invention dates back to the 
end of the 50ies of the last 


century, it remains current” 
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— 


Energy 


said the Chairman of 
Expert Commission, 
Academician Vladimir 
Fortox. “This is one of 
thekey inventions leading 
tothe search of new ways 
of sustainable energy 
saving” 


Gennady Mesyats, 
Academician of Russian 
Academy of Sciences, 
andIan Douglas Smith, 
Senior Scientist at The 


Titan Pulse Science sma of Global Energy 


Dinision, were awarded Peis lanieaie 


for giving birth to a new 
direction in the field of power engincering, ie. power 
pulse energy. Due to their esearch, commutation of 
high-level currents at megavatt levels of voltage has 
become possible; a number of powerful current 
choppers have been created, futher more, there have been 
developed transformer constructions which allow 
avoiding enemy loss in power transmission lines. These 
research and innovations resulted in the creation of a 
number of unique pulse power machines and devices 
widely used in Russia and abroad (“Aurora”, “Helia” 
(USA), “Maus”, “Pik” (Russia) and 
others) 


jinus”, “Gamma”, 


‘bal 
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GAUGES AND CONSOLES 


‘TYPES OF GAUGES AND CONSOLES 


STAND-ALONE DEPTH GAUGE A depth gaue 
1s usually olfiled and reacts to ambient 
pressure changes. Mostly analog, these 
auges are accurate and durable. 


STAND-ALONE AR-PRESSURE GAUGE Typically 
analog, this type of gauge contains a tube 

that expands or contracts according to the 

air pressure Inside your tank 


DEPTH AND AIR-PRESSURE CONSOLE This 
option allows at-a-glance checking of both 
depth and tank pressure, and also 
registers your maximum dive depth. 


DIGITAL CONSOLE This console has an 
Integrated computer and displays a range 
‘of information, such a ae consumption, 

temperature, depth, time, and ascent rate 


read simultaneously like a “diver's 
dashboard.” They can sometimes also 
include other instruments, such a8 & 
compass or a thermometer 

Consoles show be rinsed with fresh 
water after use and stored away frm 
direct sunlight, and kept in a padded or 


protective case to avaid damage 


‘ADVANCED CONSOLES 
Some manufacturers ofler instrument 


consoles with digital rather than analog 
gauges. Consoles are also available that 
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Semin shape (i) 


eae 


Digna 


petfarm the same advanced fianctons 
asa dive computer (we 68-57). As 

‘well a indicating dive time, depth, and 
decompression schedules ike a normal 


computer, these also incorporate a digital 
air-presaure gauge. For divers who 

4 wrist mounted computer to monitor 
clive information, console instruments 
can prowidle an essential backup. 


[ANALOG VERSUS DIGITAL 
[though less easy to read, analog gauges 

sometimes give slighty more accurate readings 
than cigtal ones, ariculay at shallow depths 
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Dive computers 


To avoid decompression sickness, itis critical to monitor your depth 
and time underwater on every dive, In the past, this would have been 
done using a watch and a depth gauge, but these fimetions and many 


others can now be performed by a dive computer. 


USING A DIVE COMPUTER 
‘The main functions of a dive computer 
are to monitor your dive time and depth, 
and calculate safe dive schedules. A basic 
model uses thie 
nitrogen absorption in your body while 
you are under the water, and also 
clsplays information about your ascent 
rate, including any stops you may need 
to make during an 

decompression sickness (se pf.100-01) 
More advanced models also infarm your 
bout the temper 

your air consumption (i linked via 
a transmitter to your regulator frst, 
stage), both for normal 

gas mises (se fp. 194-99) 


a to assess the level of 


cent to avoid 


ture of the water andl 


[MULT/-GAS This type of computer can 
‘aleulate dive schedules for several 
diferent miatures of breathing gas, fom 
normal alto various axygen-enriched 
blends of ritrox, 


Computers are more flexible than dive 
tables (sep. 199- 02), 
hhow long you ean spend at dlferent 
depths belore needing decompression, 
stops. Most tables assume that you spend 
your entire dive atthe greatest depth; 
‘computers can make more complicated 
calculations, including the time spent at 
all the different depths reached on a dive. 
Some computers will a schedule deep 
decompression stops. These reduce the 
tisk of nitrogen microbubbles forming 
in your body, meaning th 

spent decampressing in shallow water. 
When making repeat dives, especially 


Dive tables show 


less time is 


in places where you are not limited by 


‘CONSOLEINTEGRATED This computers 
built inte the divers instrument console 
(Gee 2.65), which is attached tothe high- 
pressure hose from the regulator. As such, 
ie also displays remaining alr supplies, 


repaid 
eimpass 


‘gestp coals 


\WRIST-MOUNTED This instrument fs 
typical of abasic level, watch-style dive 
computer. provides data on depth, dive 
time, ascent rate, and safe dive schedules, 
and is for use with narmal breathing al. 


inuescla 


RADIO-UPDATED This wrist mounted 
fomputer also displays how much air 
remains inthe divers tank by means of 
radio updates from a module screwed into 
the regulators fist stage (see pp.60-<). 


DIVE COMPUTERS 


DIGITAL INTERFACE 
Peripheral devices are avallable that ink dive 
computers 1 Ps, enabling you te download 
dive profiles and create dive logs. 


tables instead of a computer may not 
give you the maximum number of dives 
yout can safely make each day. 
Computers are also able to monitor 
your ascent rate accurately: In your dive 
training, you will be taught to ascend no 
faster than the smallest exhaled bubble 
but i i more accurate to fallow a digital 
readout that tells you the sale ascent rate 


BUYING A DIVE COMPUTER 
A key consideration when buying & 
computer isthe readlaility of the csp 
Too many figures om a small yereen ate 
slfcul to read 

ffien the best. Ch 


the simplest models are 


5 one with digits that 
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‘SAFETY CHECKS 
‘As you ascend, keep a cose watch on youre 
‘computer to make Sure that you arena exceeding 
the maximum ascent rate recommends 


are large enough to read with eas 
without any nonessential data on the 
primary sercen, Its also advisable to opt 
fora brand with a proven track record, 
(Computers are the most precise way 
of monitoring your div, but they are not 
foolproof means of avaiding DCS. Tis 
impossible for data froma a computer to 
cexacly reflect your body’s requirements 
All modes have buil-in salty margins, 
Tbutto be sure of avoiding problems, you 
should always dive conservatively and not 
push your depths and times to the lm. 


[MALFUNCTION PRECAUTIONS 


Never el solely ona computer. As 
precaution against malfunction itis 
always worth practicing how a calculate 
dive times using table. Although your 
computer wil give ealy warning of law 
battery, make sure you cary back up 
devices—eithera watch and depth 
‘age, ora second computer, which 

an be mounted on your eansole. 
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Tanks 


Also referred to as “cylinders” and “bottles,” 


fanks contain 


pressurized air for breathing underwater and have a valve that 
delivers this air to the regulator. Requiring regular testing and 
inspection, they can almost always be rented from dive centers. 


SIZE AND MATERIALS 
Different sizes of tanks 
are available, but most 
commonly they have a 
volume, or capacity, of 
72,80, oF 95 cubic fet. 
The maximum pressure 
to which these ean be 
filled 
astmuch as 4,350 ps 
(800 bar), but i more 
commonly 3,000 pst 


different intervals (fram 
‘one to ive years 
dllfrent countries, Your 
test stamps must be in 
dle for your tank to be 
filled by any reputable 
lve center, 

Many reereational 
dlivers use an 0 cubic 
foot tank, but if you find 
you usually run low on air 
before your buddies do, 


(206 bar). These figures SECURED AGAINST MOVEMENT you shoulel consider using 
are stamped on the neck Tanks stored upright mustbe a larger size. On deeper 


of the tank, along with 
the dates of manufacture 
and most recent testing, Visual 

inspection ata certified dive shop must 
be carried out annually, and hydrostatic 
testing for metal fatigue) is required at 


TYPES OF TANKS 


Tanks may be made of aluminum or 
steel. Stel is heavy and corrodes in salt 
water, but if well maintained itis durable 
and long lasting Aluminum isa lighter 
‘metal, but because tank walls must 
therefore be thicker, this adds bulk, 

and largely negates any 
Wwelghtadvantage; 5 oving within 
they are also mare ‘ale 


prone to damage, 


Erie 
Ne 


Sul tation 
tank 


secured. Always store them out 
of dret sunlight 


‘or more lengthy dives, 
tse tas (a “yineset”) 
‘ompact “pony bottles” 


say be needed, 
are often used as a backup air sources 

mounted next to the main tank, these are 
ccquipped with an independent regulator, 


bio tetas ae 
tum air stamped on — 
suppiyen ‘ould 


steel body 


slave 
Indias orygen 
thea 


symbols 


suber “bost 
‘ate 
en 
tad doen 


‘Astecttank 


Tanks are most commonly filled with 
compressed ait. For technical diving 
se pp.194-95), however, they cat be 
filled with special gas mixes, such as 
nitrox andl trimix, Drysuit inflation, 
tanks, used mainly by techneal divers, 
are filled with the inert gas argon, 
Which, being denser than ais, retains 
body hes 


for longer, 
Because the air ins the tank is 
used up during the course of a dive 
it gradually becomes lighter: Mast 
people forget that air weighs a certain 
amount too, ane compression packs 
tank, 

Aluminum tanks may even become 


a great deal of it into o 
positively buoyant as ai i useel up, 


‘THE TANK VALVE 
A valve screwed into the neck of the tank 
provides an attachment for the regulator 
First stage, for ether an A-clamp or 


TANKS Cc) 


DIN (ee (60-63), and a means of 


‘turning the gas supply om and of 
Always check that there i a sound 
(O-ring in th 


regulator, Without ome, oF with a 


valve belore fitting your 


damaged one, the Siting won't sal 


(MAINTENANCE AND STORAGE 
Fill your tank at reputable dive shops or 
centers and make sure it ie “in date” and 
requlatly serviced. IF you are storing 


your tank an a boat, da not leave i 


standing up (especially if gear is 


attached) unless secured in a rack, Take 


care to lay it down andl secure itso that 
it does not roll around, ‘Tanks are full of 
hhighly-pressurized gas, so handle with 

care, Store tanks out of direct sunlight, 
‘especially when fll, as this can case a 
pressure buildup inside. I you have not 
used your tank for more than six months, 
Ihave it refilled to get rid of any stale air 


DOUBLE CAPACITY 
‘tinset is idea fo deep dives 
‘hat requie long scheduled 
decompression stops. 
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Weight systems 


When diving, your suit, BC, and even your own body all add to your 
buoyancy. There are many systems for carrying the lead ballast used 
to offset this, and they can be tailored to the environment you will be 
exploring. Comfort and ease of use should be a consideration. 


STAYING DOWN Many BCs now 
When wearing a drys, feature integrated 
tor thick wetsit (or ‘weight pocke 
offering a more 
adjustable approach to 
weight distribution and 


50-5), you will need 
to wear a considerable 
amount of weight to 


counteract the buoyancy . trim. The lead carried 
fof the suit. The most PASSING AWEIGHT BELT by such BCs is mostly 
inexpensive way of When handing overa bel alvays stored in quick-release 


rearing fallat won a HOW Rite butte doom, so that 


belt carrying hard lead 


pockets, but there are 
usually secondary 


the weights cannot side of. 


tablets. Other systems use lead shot as stowage areas that are inaccessible during 
the ballast, which is more comfortable toa dive. Its important to make sure the 
wear around your waist, ast moldsta amount of releasable lead in the BC. will 


your contours, This is of most relevance give you sulicient postive buoyancy to 


to women, who often find that a standard guarantee an unassisted return to the 


‘weight belt is uncomfartable on the hips, surface if you have to jettison it 


“STANDARD WEIGHT BELT A ase nyion nies 
belt caries lead tablets that have two sits ‘eight Bele 
through which the belts threaded. The 


‘entire belt dumped in an emergency, 
Viaarapid-release cam buckle ead abet 


‘igh bags 


POUCH-STYLE WEIGHT BELT Some belts have 
pouches that hold bags filed with lead 


fou walt ant suspen fm bath foes, 


allow dumping in an emergency. Sipprt 


\WEIGHT-NTEGRATED BC This is perhaps 
the most comfortable way of carrying 

Weight. The weight can be distributed Stonage ea 
around your body, aiding correct posture 


Inthe water (see also BCs, p.56-59). ee 


vse pouch 


WEIGHT SYSTEMS n 


SECURING WEIGHTS TO A BASIC BELT 
Secutng welghts by 
Ta prevent the lead tablets from sliding _Sgguinwelhts 


ee f 
Panera } 
@ ‘ 


place. Insert the belt through the frst 
slit in the weight, make a half turn, and 
then run the belt through the second si, 4 


i » I & 
Touseaketperona asic > Takethebe up though > Pulte be int on ath 
wwipoctrtweinenet 2 treteepertendand’” 3 stealthewegh Bex 

thong te mig lt and tend bc ough ie Keeper, fo ad king te weg a 

Wermtrgieaeded pens thntheph imu: yuras trees ae 

REFINING YOUR WEIGHT SYSTEM tenis cana eno 


Heawy weights, though 
‘ard on fn, wil nt 
be a burden underwater 


Weights are something you will not want 
to travel far with and you do not need 
to, because they can be rented at dive 
centers. You will find that when you 
clive indifferent environments and in 
different suits, your weight requirements 
change, Recotd the configurations that 
work best for you omeqhere handy 
sich as atthe back of your log book, 
Whichever way you decide to wear your 
sveights, i is vital that you ean re 
thea quickly and safely in an emergency. 


ANKLE WEIGHTS 


When a diver wears a drysut (see 
pps4-s5) the ar within the suit can 
become trapped around the legs and 
feet, inverting the diver. Ankle 


weights wil help 
to counteract this 
‘undesirable effect. 


Dive flashlights 


A flashlight is an essential item of dive gear. Although primarily used 
when diving at night and in conditions of reduced visibility, such as 
in caves or in murky water, flashlights also have other useful roles, 
including illuminating subjects for underwater photography. 


LIGHTING UNDERWATER 
Lights vary eniormously in design and 
cast, but the basic Fiction isto prose { ashighte are easy a lose, especialy 
during dives in strong curents. Wrist 
straps offer a degree of security, but it 
‘is sferto clip them on with a flexible 
price range, but lashights, especially eat Sue thumbioce a yeu nea 8 
hand-held ones, ae easy 10 lose and ‘minimize the risk of being hit on rocks. 
dlamage, so itis worth weighing up {Aso try not to switch the light on and 
fff oo often during the dive, because 
this may cause the bulb to fi 


USING A DIVE TORCH 


reliable illumination when submerged, 
There are good designs in nearly every 


carefully how much you want 1o spend 
Ie ie also wise to obtain an equally 
reliable backup flashlight, such as 
‘smaller pencil-style model, to stow in 
a pocket, for use if your primary Fight 
fails during a div, 


BURN TIME AND BATTERIES 
(One of the most important factors to 
‘consider when buying a flashlight is 
‘burn time—you do not want to run out 
‘of battery change halfway through a dive, 


LUGHT THE DARKNESS 
‘cavern diver surveys the Inside of 
1 sea cave, Lights are an essential 
‘lec of diving safety equipment. 


DIVE FLASH 


TYPES OF FLASHLIGHTS 


HIGHANTENSITY DISCHARGE This 
‘ype of light burns brighter than 

‘a halogen bulb and, because i 
requies less power, hasa long 
burn time. Such lights can be heavy 
and expensive, however 


BACKUP A range of flashlights have 
‘evolve that ae intended far use 
ifthe dive’ primary ight falls 

As such, they are small and 
lightweight, but only generate 
‘enough light for emergency use, 


Holter an be clipped 
to mask sep 


PISTOLGRIP Ths s probably the 
most widely used style of ight 
‘among recreational divers. They 
are fall inexpensive and usually 
tse conventional non-halogen 
filament flashlight bubs. 


UMBILICAL An umbilical light has 
the battery housed in a separate 
case, This model uses high: 
Intensity light-emitting diodes 
(Les) to generate a beam. 
LUmbiticals have tong burn times. 


6 g Bana ack 


HIGH-TECH RECHARGEABLE This 
model can be charged via a speci 


earef ight 


‘which could compromise safety: 
‘There ie usually a trade-off hetween 
output and burn time, Some lights are 
very bright and offer an excellent field 
of illumination for a short duration, But 
‘many lower-ousput models can outlast 
‘much brighter competitors, so consider 
‘carefully which would be more wsefal for 
‘you before making a purchase. 

Rechargeable 
‘cost-effective than those requiring 
battery replacements, and tend to offer 
the greatest light output but the shortest 
burn time. Also consider the recharge 
time, especially if you are diving from a 
liveaboard boat and the vessel's generator 
is run only for short periods of time. 


uhlights are more 


jal 
“wet” contact that means the ease 
does not have to be opened, 
minimizing the risk of flooding eer ae 
‘through careless reassembly 


BUOYANCY AND BEAM. 
Another factor to consider is buoyancy 
‘Some flashlights are positively buoyant, 
because they have a large airspace 
within the reflector, This makes them 
unbalanced in the water and difficult to 
handle, A positively buoyant light cannot 
be laid dawn, for example, if you need 
to Fight a subject for photography: 

Lamps alo vary inthe sizeof the 
hotspot (central area of beam) and 
peripheral halo, The halo can be useful 
Decause it lights up a wider area than 
just the main hotspot. The hotspot is 
the brightest part of the beam, and is 
best for highlighting specific objects or 
{or illuminating murky surrounclings. 
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Surface marker buoys 


Marker buoys may be used either during a whole dive or just before 
you ascend, to let those at the surface or on the shore know where 


you are, and also to aid your ascent. These devices offer a sense of 


security for both diver and surface cover, and aid safe recovery, 


‘SMB OR DSMB? 
A surface marker buoy 
‘SMB) isan inflatable 
float linked to the diver 
by a line, Ie allows a 
observer at the surface 
to:monitor the diver's 
position underwater, 
SMBs shove be in a 
high-visbility color 

The line to which the float 
‘or buoy is attached is ustally 
stowed on a special reel. "The 


1. 


STANDARD REEL AND LINE 
Reels are avalableferboth 
Figh- and left hander for 
tease of winding. 


Standard ee! 


REEL AND DSM 
Line and buoy can be 
wound and clipped 
Tor compact storage 


reel should be held in one 
faunal, with not too match slick om the line 
You should use an SMB when your boat 
caver needs to be aware of your positian 
at all times, such as during drift dives 
where undersea currents prope the diver 
along). or where there i likelihood of 
heavy bout trafic overhead, 


Anather type of buoy i deployed only 
at the endl of a dive, or in an emergency 
The delayed SMB (or DSMB) is carvied 
deflated during the div, then inflated 
underwater (we pp.130-31) before ascent, 
carrying a line from the reel up 
to the surface, When it pops up, 


DIVER WITH DSM INFLATED 
By he time you surface, 
your boat cove should be 
fen route opie you up 


" Preleportation 


Review prepared by correspondent Alla Pashova, Russia 


For conventional sci 


ce, the term “teleportation” is, 
not worthy of serious consideration unless ascertained 
by compulsory “quantum” teleportation. ‘Thus, 
teleportation is unconditionally referred to microworld 
phenomena and, in fact, comes to distant information 
transfer. Spatial transference of a macroobject of definite 
mass has been excluded. 


Teleportation of states 


What does quantum teleportation mean? During active 
development of quantum theory, in 1935, the so-called 
EPR-paradox (Hinstein-Podolskiy-Rozen paradox) was 
formulated in the well-known work “Can quantum- 
mechanical description of reality be full?” written by 
Albert Einstein, Boris Podolskiy, and Natan Rozen. 


‘The gist of the paradox is as follows. There are two 
particles interacting for some time, thereby forming a 
common system. From the position of quantum 
mechanics this coupled system can be described with a 
certain wave function, When interaction is over and 
particles scatter within arbitrarily large distances, they 
still will be described by the same function as before. At 
that, state of each sepamte particle cannot be known in 
principle that is apparent from uncertainty relation. Only 
when one of the particles enters a receiver, which records 
its parameters, the relevant characteristics of the other 
one emerge (exactly emerge, but not become known) 
‘Thus instant unlimitedly distant “transmission” of 
quantum state of the particle is possible. ‘Therewith, 
teleportation of the particle itself and transference of 
mass do not take place. 


Einstein and his colleagues believed that existence of 
such particles predicted by quantum mechanics prove 
theory incompleteness. Thereof, the scientists inferred 
the necessity of other parameters (besides wave 
function) to describe quantum states. Otherwise, fom 


the local vie 


vpoint, correlations between elements of 
such a system could not be understood. It was far much 
later, when Bell showed that some of measurements 
could define these correlations and exclude any local 
hidden parameters. It was not until carly 1980-s that 
famous experiments were performed finally eliminating 
a possibility of local hidden parameter. 
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In 1980, Alan Aspect experimentally proved that EPR- 
pandox in quantum world takes place indeed. Special 
measurements of state of EPR-particles indicated that 
EPR-pair not only has a common origin, butin addition, 
that one of the photons somehow “get to know” the 
‘way the second one was changed, In further experiments, 
existence of EPR-paradox was affirmed, even if partic 
of EPR-pair were removed from each other over a 
distance of 10 kilometers or so. 


In 1993, Charles H. Bennett and his colleagues worked 
out a method to transfer the quantum state of some 
object of the microworld to another quantum object by 
means of EPR-pair and called this method “quantum 
teleportation”, In 1997 a group of experimentalists 
under the direction of Anton Zeilinger for the first time 
implemented quantum teleportation of the photon state 
in the University of Innsbruck. 


Insuchaw: 


searchers keep on improving the process, 
of quantum teleportation, In 2001 Danish scientists 
managed to link gas particles spaced at a substantial 
interval from each other, by transmitting information 
about quantum state from one particle to another by 
means of laser. The quantum teleportation between two 
gaseous clouds were attained by Eugene Polzik and his, 
colleagues in Orkhus University. They succeeded in 
coupling about million of cesium atoms, whereas the 
previous record was only four atoms, 


Scientists of Australian National University destmoyed a 
laser beam and nearly instantly recreated it in another 
point in space; in other words, they teleported photons 
of the laser beam. In contrast to previous similar 
experiments, the physicists managed to obtain the 
required result in 100 percents of cases. Ping Koy Lam, 
the head of the task group of Australian University, 
claimed that the first atom of solid substance was lik 
tobe teleported within near three to fiv 
as most scientists admit, a task to teleport a human 
remains almost impracticable. Even teleportation of 
atoms, as compared to that of photons, is much more 
complicated process Itis even harder when dealing with 
molecules It is basically possible (though practically very 
difficult) first to tansfer a molecule to a minimum- 


cars. However, 


‘energy state (ground state) causing it to radiate a certain 
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it shaws where you are about to surface 
Tes line ako acts asa guide for making a 
slows, sale ascent anl for decompression 
stops (we L101), Abvays make sure you 
are some distance from other divers 
loying or you rick 


fouling each other’ ines 


USING A REEL 
Both SMB and DSMB lines should 

be tied with a bowline knot to the ree 
A reel should be compact enongh to 


Ling sel: set 
hag sealing inating 
ebbing anata 


DIVER WITH SURFACE MARKER BUOY 
Only one SMB, inated before the dive, 

is needed per buddy pat, provided you 
remain together during the div 

fit into a pocket or lip onto your BC 
Jbut not so small that it is difficult 


operate, especially i gloves 
Some reels have a ratchet action to stop 
the fine from unwinding on its owen, ane 
this helps to avoid tangles. The length 
of line you tse should correspond ta 
the depth you are expecting to dive 
to this may be 130 6 (10 m) 
for even more, IF the line i 
1 too short, then when it runs 
fut, the DSMB yell yank 
you upward at a dangerously 
fast rate until the buoy 
reaches the surface. This can 
also happen if the 
which is why you must never 
deploy’ DSMB while the 
reel is sill lipped to your 
BCD: you must hold the 


jams, 


reel in your hand so that 
simply let it g 


1WPes oF osMas 
“he cheapest hing bags have 
an open base ram which air 

fan escape aftr inflation, Set 
sealing types are more reliable 
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Safety and signaling devices 


It is rare to be lost at the surface, but you must be equipped for such an 
eventuality. To guide rescuers to your position, you should carry high- 
visibility surface location. 
equipment you are wearing, and w! 


ids. The boat crew must know what color 


h aids you are likely to be using. 


SIGNALING OPTIONS. ‘SURFACE OBSERVATION SIGNAL 
Eyen on a relatively “histal infatable signa is 


ae asily seen by boats or ata. 
meeR ie tis intate using compressed 


fvurrent can take you a airfram you eylinde. 

Tong way away from your 

boat cover, andl heavy is best to use the long 
swell can make you *salety sausage” type, 
slit to locate, If this hich stands up in the 
happens, stay close to water, and remains 

your bueldy, and, if inflated once deployed, 
possible, secure yourself rather than an open- 

to them. Signaling to ended one. IF you opt far 
the boat will speed up the later, make sure you 


recovery; and there are various gadgets also carry an alternative device, such as 
available for this, The devices that area collapsible flag Surface horns and 


most commonly used are inflatable ppowver whistles are also used, They are 
surface marker buoys (we ph74-73}. It of limited range, but can help to attract 
‘SIGNALING | 
FLAG Collapsible plastic flags in high 
Visibility o fuorescent colors are excellent P 
for signaling atthe surface, especially in 2 
‘swell They can be rolled and stowed. Pcoscert ot 
‘alongside your cylinder. ‘ase viity 


‘STROBE LIGHT Strobes are particularly ‘abe ves up te 


effective when attached tothe top ofa ‘Thar cnaantuse 
folding flag If attached ta your 8C, the 
flash may any be intermittently viele Baty housed in 


as waves lap ver and around it vatepoat sng 


DISTRESS FLARES Aerial lares do not Uneabable 
pinpoint your position, so they are best plastic box 
used in coojunction with other devices 

‘Tey can be dificult to aperate when Sox hauses tng 


eating gloves, or with cold hands ‘mechanism 


PERSONAL LOCATOR BEACON (PLB) Devices 
that broadcast radio dlatess signals can be 
‘used fo alert surface and air seatchers to 

Your presence. Some are also equipped with 
bright lights fr elose-range visual detection. 


/ Signal rom beacon 
asrange oft east 
Semis sem 


SAFETY AND SIGNALING DEVICES n 


attention if the boat is not toa far away 


You should always carry a flashlight 


since the beam can be eatily spotted 


night, especially when moved slowly in a 


scanning motion, both vertically and 


horizontally (wr ”.J24-85). Make sure 


you also carry a backup light. Strobe 


Fights are even more effective, since their 
flashing light travels in all directo 
siminating the need for scanning 
Flas 


ond reliable; re 


blights anl strobes must be ro 


slar inspection and 


INTEGRATED SAFETY DEVICES 


Some safety devices canbe integrated 
into existing gear. Aihoms, for example, 
attach tothe low-pressure hose on your 
BC. These at far louder than whistles, 
and are useful if you are out of breath or 
under stress. Safty sausages can also 
be inflated with your BC 


Arbor 


Standard 8c —_ttachments 


maintenance is vital, with special 
attention to sealing surfaces and O-rings 

Rellective signals are usefl in bright 
weather, Its worth carrying an old CD 
‘or mirror to use asa reflective device 0 
attract attention, Reflective patches on 


apper body may be 
visible to aircraft searching overhead 
Dye markers stain the water and can 
Iheip a search from the air, but should 
nly be used once the aircrafts 


‘overhead, since the dye rapidly dissipates, 


IF you find yourself om the surface 


shoutin nit 


ay help to alert atten 


‘cover is nearby, Keep eal 


and persist with signaling 


RESCUE FLAGS 
A brightly colored Magis a 
ch to-cay, en 
to-depioy, and highy visible 
location device. 
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Knives 


A dive knife is essential for fr 


ig yourself if you get snagged on 
fishing lines andl other obstacles. The simplest dive knife—little more 
than a basic blade in a plastic mount—will get you out of most 
tangles, but a good one will prove an invaluable multipurpose tool. 


SELECTING A KNIFE 
Koaives must be rustproof, but the better 


the rust-pmofing of stainless steel, the cater 


& 


harder it is to maintain a sharp edlge 


Titanium knives, while expensive, are 
ind stay sharp. 
Koives come in various sizes. Small 


light, rus-resistant, ising sister 


‘ones can be mounted on your BC ht handle 


‘SHEARS AND MULTI-TOOLS: 


TANIUM KOE 
This state-of-art blade 
has tough sheath and an 
Integra ine cuter. 


Multitools incorporate both types of 


HaCbinee clone Mites Stanlarl knives with 4 in (11.5 em 
tsefulforrope and monofilament ine, | blades are most popular. Blales may be 
Underwater shears are only realy serrated for sing rope ar smooth for 


needed if diving in very hazardous 
Conditions or for use a8 tools 
in salvage. 


slicing monofilament line, and may have 
aline-cutter notch. Bhant-ended blades 
are ideal for tasks that need leverage, such, 


2s prying open containers. tis worth 
BEASEE IE choosing a life with acta poem 
the end wich ean be 


used as a hammer 


ere size 


KNIVES AND BAGS 


Bags 
Whenever you move to and from a dive location, you will need 


a bag to carry all your gear: Ideally, your chosen dive bag should be 
capacious and light, but it must also be durable enough to survive 


the rigors of transporting heavy equipment. 


BUYING A BAG 
‘When choosing a bag, check that it has 
strong seams, sturdy handle, and no 
parts that are likely to must, Alsn consider 
security, especially when travel will 
involve your being separated from your 
baggage. Thin hags can be cut open, 
s0 a padlock will not guarantee thatthe 
contents stay safe. You may want to invest 
ina rigid or semi-rigid bag (ee A252, 
‘Many divers use a lange dulfel bag 
for travel, and a smaller day bag (or even 
‘wo for dive days, Duffel bags range in 
size From 6,000 to 10,000 cu in (100 to 
180 fiters, day bage from 1,800 to 
5,000 eu in (30 to 80 liters). There 
” hags, such as fin bags, 


‘MESH BAG Perforated bags can be used to 
rinse all your gear at once In fresh water, of 
to cary smal items aboard a boat without 
fear of wate ruining the bag. 


FLIGTS To FAR-AWAY LOCATIONS 
Dive baggage has tobe haré- wearing and tough, 
especially as several transfers are often needed 
te each a dive lation 


‘mask hags, tool pouches, ane pany-bottle 
pouches. While useful, most af these are 
not essential if you pack your 


carefully into one large duffel bag, 


Waterpemmene 


‘DUFFEL BAG These can accommodate most 
‘of your gear, and also have various 
‘compartments where you can stow small 
items, such as slates and carabines. 


asproat 
este ppes 


[REGULATOR BAG Your regulator i valuable, 
and needs its own padded bag, Itean be 
put In your main bag, but when fying, 
most divers stow It safely in their arry-on 


padded sides 


DRY BAG When you each the dive ste, 
a watertight bag or case is essential to 

protect clothing and electrical equipment, 
‘such as cameras, fram moisture and salt 


q 


TRAVEL CASE A secure, rigid-sided case 
ives extra protection ta your gear while in 
transi Wheels and a telescoping handle 
mate transportation easier. 


Gadgets and accessories 


There are a host of diving gadgets on the market, including fun items 
such as underwater MP3 players. Other accessories, however, have 
more practical uses, Clips and retractors are very useful for securing 
equipment, and may save you the loss of a camera or flashlight 


DIVER PROPULSION DEVICES 
Underwater seooters, usually referred 

to as DPVs (diver propulsion vehicles) 
make great tays, but they can be 
practical and useful, tao for example, 
when exploring a large wreck ste. There 
are two basic types: those that you sit 
astride, and those you hold on to, which 
tow you along: It is safest to use DPVs 
only to travel on a horizontal plane 
Descending or ascending under power 
can be very dangerous, due to rapid 
pressure changes, DPVs are not cheap, 
but there are ess expensive models 
sstitable for general reereational use 


DIVER USING SCOOTER 
‘Adiver propulsion veice, 
or DP takes the efor out 
of exploring are dive sits. 


that is, where failure of the device would 
hardly constiute an emergency. More 
‘expensive but tougher, more reliable 
machines are generally not aimed at 
the leisure diver but intended For 
expeditions, such as cave explorations, 
where failure of the unit mir-dive 
would be a more serious developmen. 
Jetboots, made by a California 
living company, also propel the diver 
along effortlesly: they comprise a pair 
of propellers that attach to your les, 
controlled by a sitch at your waist 
Jetboots can propel you as fast as 
some DPVs, and leave your hands free. 


GADGETS AND ACCESSORIES 


a 


BANDS, CLIPS, AND FASTENINGS 


Cam bands—webbing straps that hold your 
‘liner to your 8¢—are avilable with 3 
number af different buckle mechanisms 
that ensure that the tanks secure and 
held close to your by, Retractors are 
very useful forattaching tems, suchas 2 
flashlight or slate, to your 8 because they 
pull the item close to your body when not 
Inuse, Carabiners and bolt snap clips 

(as used on dog leashes) are useful for 
attaching equipment securely fo your 

BC during the course ofa dive. 


“SAFE STOWAGE 
‘When you have your hands, 
‘etactorlanyars retain loose 


[ATTRACTING ATTENTION 
There isa range of gadgets that you 
can use to attract your buddys attention 
tunderwater, Some BCs have a buzzer 
that uses a small amount of compressed 
air to generate a sound, Slightly more 
low-tech are tank pingers-—a piece of 
astc with a har plastic ball attached, 


This i slipped around the eylinder and 
can be stretched and released to “ping” 
ag 
travels well underwater, Shakers are tubes 
filled with metal halls. When agitated, 
these create a clearly auelible ratte 


insti, creating a metallic sound that 


WRITING UNDERWATER 
Slates are handy for mapping dive sites 
for making notes on any unusual species 


They are 


encountered on your dive 
made of white plastic, with a matte 


AR-LOCK TANK CAM BAND 
Some dive gadgets arelaborsaving devices 
Tank band buckles that an be tightened using 
compressed airare a usetul example 


Retractor ‘Spring ioaded 


sap cps 


surface that can be written on with a 
pencil, Flat slates ean he attached to 
4 BC or aipped into a pocket; wrist- 


mounted slates are contoured to fit 


‘around your arm, ‘The later are 
especially useful when making technical 
dlves with various decompression stops 
you can read your computer and the Fist 
‘of stops from the same arm. A compass 
can be mounted on a flat slate, enabling 
you to look at navigational notes while 
checking your bearings. 


EQUIPMENT 


New technology 


In the 1950s, development of the scuba unit revolutionized diving, 
and its technology continues to develop apace. Modern equipment 
is sleck, lightweight, and colorful, and advances in the 
rebreather systems are transforming di 


MASKS AND VEHICLES. 
(One of the most notable recent advances 
in moder dive equipment isthe use of 
bheadbup csplays in masks, which are 
similar to those used by military pilots. 
Essential eve information is sent via radon 
frequency from the tank tothe mask, 
where its presented on 
Masks with an integral 
rico communication 
system, which alles 
slivers to tall directly 
to one another, are 
also availabe 
Advanced synthetic 
materials have made dive equipment 
ager and lighter, and have been used 
in the development of diver propulsion 
vehicles (DPV; te Al) that are smaller 


MASK TecHNoLoGy 
New mask developments 
Include head-up displays 

of erica infarmation op) 
and masks that correct optical 

Uistoton underwater ef 


FROM SCUBA TO REBREATHER 
In the last decade, rebreather technology 
has become available to the recreational 
diver, representing the most dramatic 
leap forward in diving equipment since 
the development of scuba itself 


In contrast to scuba—an “open 
ireuie” system that discharges most 
of a diver's air supply into the water 
with the exhaled breath 

eeyele the diver’s exhaled breath, using 
themicals to remeve waste (mainly 


rebreathers 


‘carbon dioxide) and allowing the 
liver to inhale the gas again, Each 
Dbreath uses about 4 percent of the 
‘oxygen in the inhaled ga 
fone of the main tasks of a 
rebreather isto maintain oxygen 
levels in the breathing loop, 
generally by adding extra oxygen, 


UNDERWATER scooTER oP 
The breathing observation buble 
(G08) is pomere by an electric motor 
and has atop speed of 25 knots 
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Rebreathers using pure oxygen were used 
by frogmen in World War I, for whom 
the absence of bubbles was vital to hide 
their presence. Dive depths were limited 
to 20 R (6m), at which point pure oxygen 
A revolution in rebreather 
technology occurred in the mid-1980s, 
allowing the use of nitrogen -oxyygen gas 


REBREATHER TECHNOLOGY 


Modem rebreathers ae divided into two 
‘ategories—semi-closed rebreathers 


(ScRs) and closed-circuit rebreathers 
(CRS). SCRS expel a small quantity of 
‘exhaled gas into the water, whereas CCR 
‘nly dump gas into the water an ascent. 
Both types clean exhaled gasin a 
‘scrubbing unit, which removes CO. 

‘They also ensure that the oygen 

content ofthe inhaled gas is ata 

‘suitable level forthe diver, and 

‘monitor toxicity, which the diver 

‘ean checkmanually ona 

‘gauge, oran a computer 

Aisplay. Computer contol has 
dramatically increased 

the efficiency and safety 

‘of rebreathing devices. 


mixes rather than pure oxygen. Modern 
rebreathers electronically monitor the 
‘concentration of oxygen in the mix and 
adjust it to sale levels fora given depth, 
Rebreathers olfer longer dive times 
and fewer decompression stops. They 
remain costly, and need careful 
‘maintenance and specialized taining 


HOW A REBREATHER WORKS 
A chemical nthe scrubbing unt absorbs 
‘atbondiaside from exhaled gs, while pure 
‘sygen is introduced othe breathing lop 
to replace that consumed by the aver. 
shales tom 
‘mouthpiece ls 
ioscan 
Pure oxygen 
fyi repaces 
hse by dhe 
Aosorent 
Scrubinguit 
emotes toy 


Atom ae 
(oli fg 
resting fap 


z ‘Oxygen low 
Inhaled gas flow 


‘shaledgastiow 


Computer dsplay 


REBREATHER BENEFITS 
Because gas is recycled ina ebreather, 

you use it up ata slower rate than wth 

Scuba gest ani 0 can spend longer 
Underwater. The consistent high levels 
[0 help reduce post ive fatigue 


8a EQUIPMENT 


Equipment assembly 


The gear assembly process is a key part of any dive. During your 
training, you will be taught the basics of assembling dive gear. With 
experience and a few simple tips, you can perfect this process and 
make it efficient, rapid, and—most importantly—consistently safe 


‘THE IMPORTANCE OF PREPARATION 
With clear, blue water beekoning, the 
Sun shining, and the dive site awaiting 
you, you may find that dhere i ar 
temptation to rush the gear assembly 
process. However, the equipment used 
for diving is nothing less than lie 
support gear, and should be treated with 
a corresponding level of respect. It is 
reasonable to say that putting dive gear 


together safely before jumping into the 
sea it as important as packing a parachute 
correctly before jumping out of a plane, 


CHECKING FOR DAMAGE 


The first stage in assembling your ge 


to carry out a visual inspection. This i 
particularly important if the equipment 
is unfamiliar or rented. It is esential to 
‘examine the test dates (i .60) for the 


Lay out equipment on 3") Wetthe tank nand an your >) Postion the tank wth the 
mato ther clean, git Bf passibe, since pil valve Ong facing the 

free surface where you can this helps improve its grip on 

assemble the gear easly. the tank's metal surface. 


INFLATOR VALVE 
The spring oaded coir on 

the end ofthe hase fis on 
tothe inflata valve, 


‘Attach the regulator fist [= Pass the Inflator hse rom your regultor' fis tage 
stage othe tank. Donat) (see pp.S0-6) through the jacket’ guldes and straps 

overtghten the clamp (orsctew before connecting ta the BC's infiator valve, Make sure 

thread, on 2 ON fiting the valve has engages securely wit the hase coupling. 


sequence of photons. These photons will find 
themselves in a certain superposition containing all the 
“quantum” information, which was available in the 
molecule. ‘Thereafter, it is possible to teleport photon 
states by means of EPR-pairs. Moreover, it is also 
required that the classically measured information about 
a molecule. If molecule of minimum-energy state is 
present in the receiver, then this molecule, by interacting, 
with teleported photons in a required order, will 
tansform to the quantum state identical to that of the 
initial one. Consequently, the quantum state of molecule 
of a certain material will be transmitted, actually with 
velocity of light. When that happens, the quantum state 
at the transmitting side will be destroyed. 


‘The human organism comprises about 10” atoms. To 
save and transmit information on properties of that 
umber of particles seems to be practically unachievable. 
“Theoretically, nothing prevents us from doing that, but 
complexity of the problem is such that now no one 
seriously thinks about the solution” — states Ping Koy Lam. 


Being a method of information transmission, quantum 
teleportation has found its application in quantum 
computers, whose information is stored in the form of 
a set of quantum states. Impossibility to wiretap and 
copy transmitted information is conside: 
advantage of such computers. Those researchers, who, 
nevertheless, wish to answer the question of “How to 
teleport matter, but not its state?” have to seek for more 
perspective theories and techniques 


Rleportation of material objects 


sd to be an 


‘Those people, who really want to realize instant spatial 
transportation of objects, ic. teleportation, should refer 
to studying properties of Space and ‘Time. Quantum 
teleportation has a certain finite velocity that cannot 
exceed that of light. The genuine teleportation assumes 
that an object should set off from a starting point to a 
finishing point (these points differ 
X), at that the transference time comes to zero. The 
object to be teleported is not changed or taken to atoms 
to be gathered later ata distant point of space according, 
to information transferred to this point. (Fig). 


acertain distance 


‘The object disappears from one place and simultancously 
appears in another place. How is that possible? A body 
will disappear from point A and appear in point B if to 
bend space in such a way as to let point A and point B 
coincide Then the object will instantly appear in point B 
since there is no interval between points A and B. 
‘Teleportation could be realized by a device, which would 
make it possible to superpose points A and B. 


New Energy Technologies, Issue #3 May - June 2003 


Fig. 1 


Space is supposed to be unbendable without enormous 
energy consumption, However, Alexander V. Frolov 
points out that this issue is not so unambiguous: 
“Normally we consider space in connection with 
“natural” course of time existing in it. That is some 
degree of space curvature, Let us assume that it can be 


changed. The space curvature can be considered as 
acceleration or deceleration of time. Acceleration always 
demands, for instance in mechanics, some energy 
consumption. But if we “decelerate” time, energy 
liberated and it can be accumulated for subsequent usi 


K.Z. Leshan suggests surrounding a transferred object 
with a closed surface consisting of vacuum holes. Inside 
such a “hole sphere” there is geometry similar to that 
of a black hole. This place is absolutel 
the external Universe. No radiation is able to penetrate 
through the hole in space and time. For an observer, 
who is inside the hole sphere, the distance between 
sphere center and its border is infinitely large, since 
spatial metrics is ever-varying from the center to the 


‘lated from 


border. Distances between the points is continuously 
shortened so that the distance between any couple of 
points comes to zero at the very hol 
‘tmnsmitter can have inner or outer hole surface. In the 
first case a teleportation station has a spherical chamber 
to place the object. Equipment to produce holes should 
be located upon the outer side of the sphere. Such a 
station is capable to provide hundreds of launches a 
day by instantly expulsing spaceships to deep space o 
distances of millions of light year. 


surface. A matter 


From microcosm towards macrocosm 


Simeon Bochar ov (member of Chemistry and 
Biochemistry Department, University of Delaver, 
Newark, USA) considers teleportation phenomenon 
using microobjects as an example and applying an 
interesting conception of protomatter. 
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tank and also the integrity of the [ASSEMBLING YOUR GEAR 
O-ring (wr p80), Any nicks oF cutsin When you are satisfied that your 
the O-ring may leael to serious problems equipment is in good ote, Fallow 
during the dive, yet replacing a damaged the steps below to make it ready. ‘Take 
(Osring before the dive takes only seconds, particular care to ensure that the band 


Ako look for wear and tear om the securing the tank to the BC is neither 
regulator hoses, particularly where they tbo high (resulting in the tank possihly 
join the ports of the firs stage. Thisi# coming free), or too low (resulting in 

a common point of strain for regulator the pillar valve restricting movement 
hoses, resulting in eracks and splits in the of your head during the dive, or actually 
hose with sustained use. Ifthe integrity striking it on entry) 


ff a hose has degrade, i¢ may rupture 


when the air supply is turned om 
Check for signs of damage to the 
BC. With regular diving, there will 
be inevitable signs of wear and tear, 
bout he sute ta check the integrity of 
the buckles and load-bearing straps. 
These must be completely sun 


“urn on the air sup, 
pening the tank’spilar 
valve all the way. Then turn the 

knob a quartertum back 


wd 

Test airsupply by breathing C) Secure the gear, fyou are not 

from both your primary and © diving immediately, by tucking any 
secondary airsoures. Check loose pars inside the BC Tor protection, 


Ble quality and delivery. Most breakages occur in tans 
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Disassembly 


The end of a dive is an exe 


ing time, and neglecting your dive gear 
at this stage is an easy trap to fall into. Take a little time, however, 

to clean and store your equipment properly: not only will it last much 
longer, but everything will be in ordler at the start of your next dive. 


DEVELOPING A ROUTINE Diving equipment can costa considerable 
As with so many things in diving, routine amount of money, so itis worth taking a 
isthe key: Many experienced divers attend! few moments to make sure itis properly 


to their gear the moment the dive is dismantleel and safely stoweel 
Finished, and regard the dismantling, The fist stage of disassembly is 
rinsing, and storage of their gear as an to turn the tank off and purge any 
integral part of the dive itself. This» remaining air from the hoses using the 


partculasly tue for diving fom a boat, purge button on the second stage (se 
where a shartage of space frequently leads alo pf.60-G3}. ‘The regulator first stage 
to cluttered decks anid broken gear say then be removed from the pillar 


J Shut offthe gas supry. >) Purgegas fom the system Disconnect the iflator hose 

turning the knob onthe using the purge button on fram your BC's infltor 
tank’ pilarvale allthe way the regulator to vent any air valve, ang the hose from the 
off before dsaseemby remaining inthe hoses. dtysuitinflato, if won. 


AcLAMP 
RST STAGE 
Remave this ype 
ffi tage by 
loosening the 
clamp ist 


iv-rvPe 
FARST STAGE 
Tum the knurled 
callarto unscrew 
the regulator ist 
stage rom the 
pillarvalve 


Disengage the regulator fist stage fom the 
pillarvalveof he free te hoses 
from the &C by undoing all the clips and straps. 


valve of the tank, It should take no 
more than finger pressure to turn the 
clamp or collar; any more resistance 
inlcates that compressed air remains 
in the system, You will nced to check 
that the tank is completely turned of, 
then purge the hoses again, 

After removing the regulator frst 
stage from the tank, use a blast of air 
from the tank to dry the dust cap and 
filter. Fit the dist cap securely, then 
Finse the regulator thoroughly in fresh 
water. Never forget to put the dust cap 
fn, otherwise water will enter the 
Aelicate mechanism of the fist stage 
this is to be avoided at all costs 
Hang the regulator up to dry 
ensuring that the hanging method 
does not put strain on the hoses 


Remove the BC from the 
cylinder by undoing the 

fam buckle on the strap, and 

then sing the 8 upward 


Drain the BC of salt 

water by depressing 
the deltor button at he 
end af the comugated hose 
Thisallows the water to 
escape through the ora 
inflation point 
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at any of the points of attachment to 
the fist stage. You can then detach your 
BC from the cylinder and drain t of any 
saltwater, Rinse the BC inside and out 
with fresh water, and inflate it rally 
to allow quick drying and prevent the 
formation of salt erystals inside 

Dive gear must be dried thoroughly 
between dives eeally by hanging it ap 
‘out of direct sunlight, Do not store i 
where i is compressed oF where moisture 
may accumulate, sich asin a boat deck 


locker or a diving bag 


oe ASF conmsese 


Equipment maintenance 


Diving equipment is your life-support system underwater, yet many 
divers take a worryingly relaxed approach to maintaining their gear. 
‘A few simple steps will increase the life span of your dive gear, avoid 
the expense of constant replacements, and increase your safety: 


TOOL KITS 
Most divers carry a set of Allen keys, 
screwdrivers, or adjustable wrenches. 
Scuba multictools are allin-one 
alternatives that incorporate 
‘irtually every basic tool that 

a diver might need on a dive 
boat or ata clive site. These 
include a range of hexagonal 
Allen keys designed to fit dive 


‘SCUBA MULTLTOOL 
‘useful it forany diver, 
this contain tool for mast 
small maintenance jobs 


adjustments to hose 
configuration, for example, 
are simple, commonly required 
tasks that can be undertaken 
Dy anyone with such a kit, 
Experienced divers also carry 


equipment and standard wrenches spate parts with them, This is sensible 
for regulator adjustment, as well as living practice, and while the range of 
screwdrivers and a marlin spike. items dlfers from diver to diver, it usually 


Diving shops also sell “save-a-dive” includes items such as spare O-rings, 
kits, which consist of a set of lubricants, silicone grease, tape, adhesive, an O-ring 
parts, and tools that can he used in the extractor, spare plugs for the regulator 
majority of equipment-related incidents first stage, and any spare buckles or 


1 site. O-ring replacement and straps that might be necessary 
O-RING MAINTENANCE the O-ring has not degraded, In many: 
‘The most disappointing reason for cases, simply cleaning the O-ring and 
having to cancel a dive isthe lack of the valve groove with a lintlrce towel 
a spare O-ring for a cylinder. O-ring will solve the problem, Pull the O-ring, 
‘malfunction may be indicated by air__through your fingers —if you can eel 
escaping once the regulator is fitted, but cracks, it should be replaced. When 
even in the absence of thie you should removing an O-ring, never use a sharp 


make regular inspections to check that tool, as this is likely wo damage the ring 


Toremove the Ong rom a clinge's pillar“) Inspect the O-ing closely and replace iif 

valve (see pp.58-60),usea specially any crack o ears are visible. Clean the valve 
designed extractor tool, Alternately, use the groove wth alinsee towel, then press the new 
rounded eng ofa ierap or even a credit card, Oving in caefly with your Fingertips, 
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ADDING A REGULATOR HOSE models may not have this feature. The 
To add a hose to your regulator or high-pressure port is forthe pressure 
change an existing hose isa simple gauge, while ther ports are for a 


process. You must avpidl attaching a low- second stage or the inflator hoses. Ie is 


pressure hose to the high-pressure port, as worth taking time to ensure thatthe 


this wil rupture the hase, Most regulators hose configuration i practical and 


4 9 oN 
so 


are not cleslydiferentiated, or Fyou atin regulators til have raised balts—these can 
ay doubt, consult the manufacturers manual. be loasened with a wrench 


4\ 
4 


‘Attach the hose by simply screwing into) Exactly the same procedure canbe used 

place. Tighten the rut witha wrench ofthe GF to attach futher hoses tthe other pot, 
appropiate size—hose nuts are soft and can and to replace damaged hoses. Always check 
easly be damaged by pliers hoses for cracks, fraying, and abrasion, 


EQUIPMENT MAINTENANCE 
Post-cve, wash all of your gearin 
‘lean rsh water and check out amy 
problems you may havenotic 


The diving 
environment 


1G ENVIRONMENT 


Introduction 


When you go diving, you are introducing your body to an alien 
environment, Evolution has not equipped our bodies for the 
underwater world, and you will encounter unusual sensory 
phenomena when you descend into the depths for the first time. 


LIGHT AND VISION 
(Our eyes are designed to fue in a 
underwater, our vision blurs unless we 
wear a mask, which puts an air space in 
ont of our eyes. However, light travels 
more slowly in water than it does in air, 


the mask from, 


and as it passes thro 
water t art bends, causing refraction 
an optical effec that makes objects 
appear bigger and closer than they are, 
‘Colors also look different to us a 
depth increases (sw p.183). Objects near 
the surface look as colorful as they woud 
above water, but as you go deeper, frst, 
reds disappear, then oranges, yellows, 
ageens, and bles, until all ight slot 
Colors can be revived by illuminating 
a submergeel object with a flashlight, 


SOUND AND HEARING 
Above the surface, sound travels at 
approx 1,150 f (330 m) per second, but 
underwater it travels four times faster, 


ANATOMY OF ADIVER 
The land-based development of the 
frame means that your body 

‘many aspects ofthe un 


‘nteral eaves, such a the gut 
‘se subjeted ig esternal wate 
Sresbive as depth increases 


This makes it hard to identify the 
direction of a souned source: if your 
buddy signals to you by tapping his tank, 
you will hear the sound easily but may 
riot be able to pinpoint where itis 
coming from, The range of audible 
sounel i also reeluced, but the 
underwater environment is ot as quiet 
as is popularly supposed you cat hear 
the scratching and snapping sounds 
nade by fish and crustaceans, alomg with 
the sounel of your breathing and any 


Objet appear 


Impacts 


Tonge so 
‘ele ndewater 


boat noise clase by: However, you will 
find it dificult to communicate verbally 
underwater, even if you remove your 
regulator and shout, which is why divers 
use hand signals (vw pfs 44-45) 

Sounds made ahowe water do not 
easily penetrate below the surface, so 
any noises made to alert divers must be 
made underwater. Atypical recall signal 


from a dive boat is to bang on the metal 


ledder om the era's stern, which, 8 i 
lower partis in the water, transmits 


sound to divers beneath, 


SEA CHANGE 
Divers patoa ee wall inthe Red Sea, 
As dep increases, physiological effects 
become mar profaund and numerous 
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HEAT AND PRESSURE 
Water conducts heat 25 times more 
ffciently than ax, so the buran body 
loses heat quickly underwater. In extreme 
ceases, a diver may lose heat faster than it 
can be generated by their body, leading 
to hypothermia, When diving, itis 
important to always wear thermal 
protection appropriate to the conditions 
The airspaces in the body-—not just 
the lungs, but the inner ear, sinuses, and 
gut-will be increasingly allected by 


pressure as you make your descent 


This can leacl to uncomfortable sensations 
ser pp 98-99) that must be relieved by. 
equalizing internal and external pressure 
‘manually using the Valsalva maneuver: 


Depth and pressure 


To understand the principles of diving, it helps to have a grasp of basic 
physical laws. When you dive, water exerts pressure on your body, 
and this pressure increases with depth, This simple fact influences 

all aspects of diving, from buoyancy control to safety considerations. 


UNDERSTANDING PRESSURE seawater is equal to that generated by 
On land, your body is constantly all the gases in the atmosphere above 
subjected to external presure from the sea level, Seawater is denser than fresh 


weight ofall the gases in the atmosphere. water, because it contains dissolved 
‘This is called atmospheric pressure ane it salts andl minera 
is measured in pounds per square inch y means that pressure increases 
(psi or bar. Atmospheric pressure at sea ly faster with depth in seawater 
level is 14.7 psi (I far)—that x, 145 Th than in fresh water, 

pressing on every square inch (1 kx per When you dive, you are subject 
square centimeter) of your body's surface. to the cumulative weight of both 
‘This pressure is not fixed it varies slightly atmospheric pressure and water 


This increased 


with weather conditions and decreases pressure. The combined total is known 
With alsinide, At che summit of Mount as absolute pressure, Your depth gauge 
Eyerest 29,028 f/h,H18 m), atmospheric translates pressure into an accurate 
pressure is only 4.5 ps (0.31 bar) dlepth reading, but i is calibrated to 


‘When you dive underwater, pressure ignore atmospheric pressure, so it 
is abso exerted on your body by the weight inlicates zero depth when you are at the 


of the water above and around you. surface. This is known as gauge pressure 
Because water is denser than air, the Always use absolute pressure to calculate 
pressure generated by just 33 f (10m) of the total pressure ata given depth, 


Because vaerismuch eserthan ai, PRESSURE GRADIENTS 
pecs icenses gw depth Noma enna des 
Ulerate lr xc pavanscel 
Coase! ancora eens Met gst a 
fea tin aes 
cma and ats cnt nas 
You de deter Ata depth afg9f Ae 
cn) iene aumceed posure ete) 
tap Goat Tas true 
Sora in ress erated yh 
mosphere G47 08) nay 3 Rot papel 
water (14.7 psi). At 66 ft (20 m) 33 
absolute pressure is 44.1 psi (3 bar), 
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In S. Bocharov’s opinion, many paradoxes of the 
present-day science could be solved under condition of 
considering the whole existing matter to be a single 
continuum, i.e. protomatter. At this approach, the 
micmcosm objects are not independent ones, being, 
represented in the form of distortions of the 


continuum and its manifestations here and now. 
Protomatter, whose distortion degree is beyond modern 
possibilities of detection, corresponds to vacuum. 
the present-day paradigm redistribution of protomatter 
distortion corresponds to motion of particles ‘The 


In 


important peculiarity is a refusal of such concepts as 
structure, dimensions, mass and other macroscopic 
characteristics with respect to microcosm objects since 
her they are not considered as separate entities 


For experimental justification of his theory,S. Bocharov 
suggests to consider teleportation of microobjects 
incorpomted in fullerens under low temperatures and 
pressure. 


‘Asa basis for reasoning he takes the fact that identical 
or similar conditions, whereon distortions are located, 
bring them to the state of identical or similar by lability/ 
diffuseness. And vice versa, distortions, which are similar 
by lbility/dif faseness, influence their near surroundings, 
creating, as a result, similar macroscopic states, In such 
a case protomatter distortion (in some spatial domains 
and under similar conditions) will cause appearance of 
similar distortions in another domain, whose degree of 
removal depends on presence of other distortions and 
their characteristics. In other words matter will be 
teleported from one spatial domain to another. 


Possibility to realize teleportation of microobject causes 
the well-known phenomenon, which is nowaday: 


described as embedding of particles into inner hollows 
of spheroid fulleren molecules without reacting with 
them, As object of teleportation there can be used 
distortions classified as elementary ones, such as 
hydrogen, helium or stable matters (noble gases). In both. 
cases the influence of objects upon surroundings is 
minimized, 

‘The researcher believes that in case of successful 
experiment, new pattern of matter structure will be 
confirmed, and valuable teleportation of microobjects 
(with prospects of such possibility for macrocosm 
objects) will be demonstrated. 


One more approach to teleportation of physical 
macroobjects was considered in the work “Practical 
application of time rate control” (New Energy 
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‘Technologies No. 3, 2001) by Alexander V. Frolov. Itis, 
assumed that density of space (aethet) energy determines, 
rate of passing of any processes induding the very 
process of matter existence. Changes of aether density 
(increase or decrease) must result in the emergence of a 
force analogous to that of buoyancy, though acting 
towards the fourth dimension. This “chrono-motive 
force” (CMP) is also an analogue of electromot 
(EMP) and can be generated by analogy with 
electrodynamics According to Alexander V Froloy, laws 
of quantum mechanics as to discretization of levels of 


energy of material system, which exist in the domain of 
increased or decreased acther density, are valid in the 
macrocosm as well, ‘Teleportation (as a transition from 
one state of the system to another one) can be studied 
with electron transference from one orbit to another as 
an example with the only difference that for the 
teleported object not only its location, but also the very 
spatial properties are changed. In aether of different 
density (after discrete transition) the same object will 
have different space around it, wherein time is 


decelerated or accelerated. Experiments of this field have 
already been in development stage. 


‘Therefore, modern theoretical physics has handed the 
problem of _ teleportation 
experimentalists, who possess sufficient breadth of 
mind. Perhaps using teleportation technologies, they will 
manage to fundamentally alter the process of space 
exploration and raise our civilization up to radically new 
development level 
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DEPTH AND PRESSURE 95 


HOW PRESSURE AFFECTS GASES 
In the a7th century, scientist Robert Descent 

Boyle made an important discovery. 

He found that ata constant Saloon busts 


temperature, the volume ofa gasis irean ne 


inversely proportional tothe presse 
serie on t-meaning that as 
preshire creases, the volume that 
2 ges ocupies decreases This 
‘lationship s known as Boyle’ aw 
Boyle's iscovery has important, 
implica fer divers: Buoyancy 
devices sich a5 BCs contain bladders 
fled wth sit These provide upward Segoe 
isto help you fos weightessy pee 
underwater. As you descend, however, 4 
increasing water pressure compresses 
the ainsi the BC This meansit 
‘lsplaces sale volume ef ate, 
and so generates las buoyancy ee 
997, ausingyou to sink You most 
then inject more rina the 8Cto 
boost veut ts ome evel On 
acer this ist be release aga 
because as pressure dereses, the 
tit arinafe he Sc expand 
Easing you to become very booyent 
fda too quiet For the same 


‘eason, you should never hold your nike hatconaoed tothe same balooe st 
breath underwater Compressed a ‘naan snd deh wad spun 
inhaled at depth expands as you vere enue SB Dug sce 
ascend, andifilisnoteshaed,itcan | Medmaeanedodd Me emia | 
burst late vessels inyourlings. | Bead gh sgl eae. 


woes 
Diving exposes you to 
pressure effects not 
fecountered on fn, 


1G ENVIRONMENT 


Breathing compressed gas 


On land, we seldom need to worry about the availability of air, its 
composition, or the pressure itis supplied at, But when you venture 
underwater, things are very different. Being aware of how the diving 
environment affects your respiration cycle is of prime importance. 


BREATHING UNDERWATER breathing higher concentrations of both 
Scuba divers eraw breath from a gases than you would be at the surface, 
tank of highly pressurized air, via a though the percentage of each in the 
regulator. The regulator (se .0-G1) mixture does not change. Both of these 
reduces the pressure of the airin the gases ean have toxic effects om the boxly 
tank to that of the water around you when pressurized. Nitrogen enters your 
[ambient pressure}, allowing itto be bodys tissues, and can have a narcotic 
inhaled safely. As depth increases, so effect (se .100-01), Oxygen is vital for 
docs ambient pressure, meaning that supporting life, but becomes toxic if 

the regulator must adjust the pressure inhaled in siflicent concentrations. As 
of the air it delivers to match, the pressure of the air you are breathing 


‘Aig ike any gas is compresble and ke, there are more and more molecules 
becomes denser when pressurized, This of oxygen parked ino each breath you 
means that at depth you will take, Beyond a depth of 200 

be inhaling more air per (G0 my), these ia risk thatthe 
breath than you would at concentration of cage n 
the surface (because the Pressurized air could have 3 
gas molectdes are packed (3) 

in more tightly. Because Parone OE 

sir minty composed ‘ieee tones 
Of xen and nitrogen, 


nearly 31 percent. net gases lke 
this means you will he argon and freon form the remainder 


‘Most divers consume appraximately cubic foot 
‘of air per minute at the surface, though this rate 
vaties between individuals, and is also dependent 
‘on how much you exert yourself, and what your 
‘mental state is. An anxious or excted dive will 
‘consume more airthan a calm ane. 

Because your regulator supplies you with denser 
‘airas you go deeper, your air consumption will 
‘also increase as you descend, In seawater, your 
‘Surface Consumption Rate (SCR) wil have doubled 
by the time you each a depth of33t (20m), 
tripled by 66 ft (20 m), and soon. There are various 
‘methods of obtaining an accurate calculation of 
your SCR, which you wl find n your diving 
manual, Once you know this you will be able to 
‘establish how long the air in diferent sizes of tank 
filed to maximum operating pressure) wil last at 
clferent depths, and plan your dive accordingly. 


UREATHING COMPRESSED GAS 7 


toxic elfect om the body, leaking to 


paula | __ BREATHING AND BUOYANCY 
‘ven death, in extreme cases ‘An objec immersed in waters subject 
a get around these problems {o.an upward thrust equal tothe weight 


ofthe waterit has displaced, You wll 
‘only float, therefore f your weight is 
lessthan that of the water you displace. 
ser pfu 94-95) use special gas mixes, ifitis greater, you wil ink ifthe two 


technical” divers going beyond the 
limits of normal recreational diving 


These contain altered percentages of are equal, you will do neither—you wil 

have neutral Buoyancy. The compressed 
42s you breathe underwater alters your 
buoyancy When you inhale, the volume 


‘oxygen and nitrogen, and also include 
hliuan, These mixes are used during 


lives in excess of 165 f (50 m) fof your chest gets langer~you displace 

‘more water without becoming any 
WASTE GASES heaves, and so become mare buoyant. 
One by-product of the respiration eyele | gain 


is carbon dni. The more you exer spi 
yourself, the more carbon dnd is = 
produced. Since your bodys breathing 
reflex is triggered by a inild-up of carbon 
lioside in the blood, not by falling oxygen 
levels, averexerton underwater will make 
{yo fel sort of cath. On the surlace, 
{your ly would respon! to this by 
Ibeathing faster, thus Hashing ont catbon 
clioside. Your regulator, while elfcint, 
annot proces the same volume of a 
yout can breathe on land, Akways rest for 
moment if you begin tn fel breathless 


Deer aneaTa 
Slow, even breathing 

patterns promote low ar 
consumption and help 
prevent hypervntiation 


Pressure and the body 


When you dive, your body is subjected to pressure generated by the 
;ht of the water around you, As you descend, you will feel the 
increase in pressure in some of your body's internal air spaces, chiefly 
your ears. If you do not act to correct this, you may be injured 


EQUALIZING PRESSURE 
‘The body contains four major air spaces 
that are affected by pressure underwater 
the ears, the sinuses, the airways and 
hang, and the stomach and gut. Air 
spaces in our respiratory and digestive 
systems are compressible, in that they 
are contained by soft tissue that eam 
expand oF contract to accommodate 
pressure changes. However, your 


ROUTINE MANEUVER 


regulator (we #26063) ensures that the 
air pressure in your hangs and airway is 
alvays in equilibrium with external water 
pressure, so pressure effects are never felt 
here. You should barely notice any effect 
‘on your stomach and gut, although you 
may break wind, especially on ascent 
The air spaces in your head, 
however, such as the ears and sinuses, 
are rigid and cannot be compressed, 
‘When the pressure outside them is 


‘THE IMPORTANCE OF EQUALIZATION 


Equalize pressure in your ears and sinuses every 
3 f (mete or so, during your descent tothe 
bottom. Dont wat until your ears begin fo hurt. 


greater than that within, a "squeeze" 
is created, which can cause pain and 
damage, especially tothe 

‘You must equalize the pressure in these 
cavities with the ambient pressure of 
the water around you as you descend 


ardrumn 


Equalizing is simple, using a procedure 
that clears the ears called the Valsalva 


‘The earis divided into the outer, middle, and inner 


at, The eardrum separates the middle and 
Inner ear fom the outside word, and its this 


membrane thats mast vulnerable ta pressure 


changes. you donot equalize as you 
‘descend to raise the pressure behind your 
‘eardrum=by sending ait the ea rom your 
throat va your eustachian tubes~then the 
eardrum wil eventually rupture and let water 
Into your middle ear, teading to possible 
infection and deafness. Your sinuses are 


pais of cavities within the bones af your face. 
Under narmal circumstances they are open, via 
your nasal passages, but if you have aco, or 
Congestion caused by allergies, they fil with mucus 
‘and become blocked. Failure to equalize will cause 


blood vessels thelning of the sinuses to 
| rupture and bleed into the sinuses, which 
| canbe quit paint 


gay sinus 


sal passane 


PRESSURE 


maneuver. You just have to hol 
your nose and breathe out against your 
nostrils. This will send ir from your 
throat through the eustachian tubes into 
the midlle ear so that the pressure there 
becomes equal to that of the water 
butside, thus easing the discomfort, 

This maneuver should alse equalize the 
pressure in your sinuses, andl in acliion, 
resolve any problems of dizziness or 
vertigo you may be experiencing (as 
balance is also controlled within your 


ars), Some people get the same resul 
by simply swallowing repeated: 

‘You need to equalize regularly on 
descent, but on ascent equalization 
should occur automatically. If you have 
problems equalizing on the way down, 
ascend a lite to reduce the pressure 
slighty, and wry again, This equalization 
process is vital for comfort when diving: 
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never dive with ear plugs or with 
anything tight over your ears. Check 
that your hood does not ft too tightly, as 
this can hinder efficient equalization, If 
youu have any problems with your sinuses 
for ears, do not attempt to dive, since this 
may make them worse, A cold, or any 
nasal congestion, may cause blockages in 


your airways and you will not be able to 


clear your ears and sinuses. If you notice 
slight nosebleed alter a div, this is 
‘common sign that you have a mild sinus 
blockage and you should not dive again 
‘unlit has cleared up. Decongestants 
will not necessarily help ance you are 

at depth, and you should not dive while 
‘you are taking them, 


‘SAFE DESCENT 
Toadapt safely tothe underwater wat, you 
‘mustunderstand how depth afects the human 
frame, especialy intemal cavities 
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Nitrogen and decompression 


When you dive using scuba gear, nitrogen gradually accumulates 
in your body, and is released when you ascend In order for this to 
happen safely, you must plan your dive carefully and employ diving 
procedures that minimize the risk of decompression sickness (DCS). 


GAS ABSORPTION 
Gases ate soluble in 
liquids, and dissolve more 
easily when they are 
pressurized, When you 
breathe compressed air 
underwater, the two main 
gases itis composed of 
{nitrogen and oxygen) 
enter and dissolve in your 
bloodstream. This “g 


BoTTOM TIME 
The longer you spend at 
depth, the more nitrogen 
bulls up in your body. 


‘H6D), which means that 
every breath you take 

is loaded with more 
nitrogen molecules than 
‘an equivalent breath at 
the surface. This surplis 
of nitrogen rapidly 


exchange” takes place in the lungs, accumulates in the tissues of” your body 

via tiny sacike vesiels called alveoli IF you ascend too quickly, the nitrogen 
Nitrogen is particularly easly jn your issues can reenter the blood 

absorbed into the blood and borly in the form of harmful bubbles. Tis 


tissues. Your regulator supplies denser therefore very important for you to 
and denser air as depth increases (wr ako manage your dive time and depth, 


NITROGEN AND BODY TISSUES 


When you breathe compressed ait 
underwater, its nitrogen content enters the 
blood and begins to penetrate the body's 
tissues. When you ascend, ambient 
pressure drape and nitrogen stats to come 
‘ut of the tissues again. I your ascent is 
‘slow and controled, the nitrogen reenters 
the blood and exits the body harmlessly, 


via your lungs. f your ascent is oo fast, 
the escaping nitrogen can form harmful 
‘bubbles, leading to decompression 
sickness (OCS; see pp.1g2-43). DCS can 
‘cause minar discomfort ifthe bubbles are 
lodged under the skin orin the joins, but 
‘they ate inthe brain or nervous system, 
itcan lead to paralysis or even death. 


NITROGEN ENTERS BoDY TISSUES FORMATION OF NITROGEN AUBBLES 
Pressurized airdssolves in blond andits If pressure drops ton quickly during ascent, 
nitrogen content enters tissues, especially atrogen forms bubbles inthe bloodstream, 
fatty ares, where itis temporaly stored. which can ead to decompression sickness. 
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boats sometimes lamer 3 “rapeze” for Fi 
lier ta hold on to while making decompression apa, 

your dive tables do not require it, just 

‘Stops, with a spare ar tank tached for stey s i 
asa precautianary measure, This is 

using either dive tables or a dive called a “safety stop.” Dive computers 


compater to ensure that nitrogen docs also generate safe diving schedules, by 
not build up to levels that cannot be making continuous calculations during 
salely dissipated during ascent the dive (see 66-67, 


Dive tables belp you to caleulate 
hhow long you can safely dive ata given NITROGEN NARCOSIS 


depth, and what the sae limits are for The nitrogen in compressed air can also 
any following dives that day (excess have a narcotic ellect at depth, ranging 
nitrogen takes 24 hours to fully eave the from a feeling of euphoria to ansiety 


bord}. The tables will ako tell you if you Nitrogen narcosis rarely causes death 
need to pesform a decompression stop. directly but at depths below 50a (1008) 
"This isa scheduled pause in your ascent it eases divers to make inereasingly bad 
that allows nitrogen to dissipate safely: judgments. IF you fel the effects of 
narcosis ding a dive, 
woe ascend to a shallower depth 
and the narcosis should 
rapidly disappear. Keep an 
«eye on your buddy for 
symptoms of narcosis, suck 
as slugeish responses and 
irrational behaviour 


USING DIVE TABLES 
‘Aavunderstanding af the use of 
dive tables is key element in 
all dive taining programs. 


ENVIRONMENT 


Tides and currents 


‘The tides have a huge impact on the marine life and conditions of 
many dive sites, and localized currents can create unseen offshore 
hazards. Knowing how tides and currents work and how they affect 


diving procedures is essential for safe diving at any location, 


TIDAL MOVEMENT 
Water levels at the 
shoreline can vary 
considerably over the 
tidal cycle, in extreme 
cases by as mach as 

50 f (15 mi). The region 
between the highest and 
lowest tide marks is called 
the intertidal zone, 

‘Make a thoroxgh 
check of local tidal 
conditions and coastal topography when 
planning a dive, otherwise you may 
encounter unexpected hazards, like areas 
of strong tidal flow. Water clarity varies 


HOW TIDES ARE FORMED. 


Sy wreenpaL zone 
Smetimes submerged and 
Sometimes exposed his is 
sacs habitat for marine if, 


from ste to ste, but itis 
often best at high tide, 
‘while incoming tides tend 
to bring marine species 
closer in to shore with 
them, The most important 
fidal event for divers is 
“slack water,” a short 
interval when tidal flow halts at the 
changeewer of every tide. Tidal currents 
‘mean that some sites are only sae for 
living during the slack water period. 


‘The Earth's seas are subject tothe 
sraviational pull of both the Sun and the 
‘Moon. although the Moon is smaller than 
the Sun, itis much claserto the Earth, soils 
inflence is stronger. The gravitational pull 
‘ofthe Moon draws water nta a bulge an the 
‘side ofthe planet closest tit. A counter- 


‘NeAP NOES: RST AND THRD QUARTER MOONS 
With the Sun and Moon atright angles, high 

tides area their lowest, asthe are subject 10 
‘the wavitational pul afihe Mean sine, but law 


tides area theirhighest, pile by the Sun. 


‘bulge forms on the opposite side ofthe 
Earth because the water there i pulled 
{ess toward the Moon than the planet Is 
Itself As the Earth rotates, the two 
‘opposing bulges of water move across the 
face of the planet, creating two high tides 
and two lw tides in just over 24 hours. 


‘SPRING TIDES: NEW AND FULL MOONS 
“Twice a month, the Sun and Moon 

arin line wih the Earth. Ther combined 
{rational pul creates the highest high 
fides, and low tides are attheirlowest. 
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TIDES AND CURRENTS 


‘TYPES OF CURRENTS 
Currents are created by 
winds, tides, the rotation 

of the Earth, andl the 
confluence of bodies of 
water of differing salinity 
and temperature. Tidal 
currents occur when local 
topography, such as a 
narrow channel, creates an 
area of unusually strong, 
flow when the tide is coming 
in (Dooding) or going out 
(ching), These currents can 
be powerful enough to carry 
way even strong swimmers, 


DIVERS EXITING SEA 
Pan your entrance and ext <othat you avd swimming 
against the ie. The best ime to dive is usually “lack 
tide”=ot high alow te, when the isl pulls weakest, 


‘Standing currents are 
permanent currents independent af 
tides. Longshore currents, which flay 

in one direction along the coast, are 
localized standing currents. There are 
also stancing currents in the open ocean, 
sue as the Gulf Stream, which flows 
northward from the Gulf of Mexico, 
driven by the prevailing southwest winds, 
to the mid-North Atlantic, where it 
divides into two lesser currents 


wavesurce 
Undenvater topography and weather conditions 
‘an combine a create dangerously strong water 
‘ovement where su breaks on the shore 


Rip currents occur when incoming waves 
force the backwash from previous waves 
sideways. The backwash streams along 
the shore until it finds a route back to the 
‘open sea, such as a gap in a sanelbar, 

and surges out in a strong, narrow 
current, perpendicular to the shore 

“To escape a rip current, swim aeross the 
current, parallel to the shore. You may 
find that trying to swim out of a rip 
current leads you into a longshore current, 
hich pushes you back into the tip 
ccurtent. IF this happens, swim out of 

the rip current in the opposite direction. 


ect” in Home Conditio 


Prokofy V. Sherbak, Russia 


Mitinskaya Str, 40-1-244, Moscow, 123430, Russia 
“Tel: (095)950-4135 
Email: Peokofy@maileu 


‘The idea to conduct experiments on “mass defect” 
demonstration appeared after a cycle of seminars, which 
took place in1 993-1996 at the Moscow Aviation Institute 
under the direction of V. I. Patrushey, Doctor of 


‘Technical Sciences, Professor of “Designing of 
aemhydrodynamic systems” Department (the author of 
the article is also a graduate of the Department). At 
the seminars, an enterprising group studied and 
developed an applied theory of “Displacing fields” by 
Alexis V. Murlikin and an associate “Theory of energy 
exchange processes”. Later the group was called “Group 
studying non-inertial transference” (non-inertial 
natural processes). 


‘The experiment was aimed to test some theoretical 
suppositions, namely, that it is possible to influence on 
existent energy flows which input and output to the 
matter. At that the simplest way to influence indirectly 
is to change the medium the flows come through. In 
general, optic experiments on luminous flux refraction 
show the same. But light refraction and change of speed 
of light propagation at passing through different 
mediums is one thing; and change of mass of a material 
bodys something new that has not ever been dealt with. 
Moreover you can consider light (ie. electromagnetic 
nidiation) to be the secondary manifestation of output 
energy flow. Besides mass defect is very important for 
muclear physics because it “helps” to develop this branch 
and stimulates drawing “energy dividends” in splitting 


reactions, decay reactions and nuclear fusion reactions. 
But unfortunately v 
and even million nuclei while we can easily touch metallic 
balls of 1 gram weight. 


¢ can not touch element nucleus 


Let us note that a concept of mass is one of the most 
uncertain in physics We can not measure mass directly. 
It is possible to do it only indirectly, by gravity, using 
scales (it does not matter what kind of scales are used), 
or by kinetic momentum (in this cas 
of inertia) by means of dynamometers, 


mass is a measure 


‘Thus it is evident that change of WEIGHT shown 
by scales is not MASS change as measure of matter 
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quantity. Since one of the most important points of 
the theory of “Displacing fields” is creation of a vehicle 
of new generation, then one of the major tasks is to 
overcome gravity (to decrease weight). And this “home 
experiment” shows the way to solve it. However we can 
call it “home” only in part, because for weighing there 
were used electronic scales (mass-comparator with 
measurement accuracy of 0.1 microgram. (See Fig, 1) 


Fig. 1 


Precision seales METTLER TOLEDO allows making: 
High-accuracy weighing in the range 
from 0.1 microgram to several tones 
Measurement with resolution up to milliard points 


“Two sets were designed for weighing ‘The first one had 
an aluminum (Al) ball-kernel which weighed 1 gram and 
a lead (Pb) casing-shell consisted of two parts (half- 
spheres) which also has weight of 1 gram. ‘The second 
set had on the contrary a lead kernel and an aluminum 
casing. The sets were disassembled and then 
hermetically assembled to make a single device with no 


gaps (See Fig. 2) 


Since it had to be done with great accuracy and it was 
a piece article, not a Moscow product company 
undertook to produce it. And only one of the students, 
Nicholas Sorokin, a young boy with skilful fingers, had 
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Diving skills 


Introduction 


Good basic skills are key to being a competent diver. Some 


techniques, such as buoyancy control, may seem di 


icult to master 


at first, but with practice they will become second nature, allowing 
you to relax and enjoy your dives, Skilled divers are also safer divers. 


‘SUPPLEMENTING YOUR TRAINING 
This chapter of the book discusses 
living skills, but isnot intended to be, 
rin any way replace, a training manual 
While it covers the skills snd techniques 
that are taught in the basic dive training 
olfered by approved agencies, it must 
riot be used in place of any clement of 
that training. There is no substitute for 
comprchensive dive training with a 
certified instructor: 

In this chapter, therefi 
the sls you need in order to be a se 
and competent diver. Many people 


we outline 


STEPPING OUT 
Knowing howto enter the water 
property wil hel you get your 
dle off toa good stat. 


‘only dive once a year on vacation, 
for even less frequently, so its very 
‘important to keep up to date with your 
living skills. IF you have heen away from 
lying for any length of time, take a 
refresher course or an easy tral div, 


USING A COMPASS ~ 
Don't forget to practice navigation skis 

requlaty Geting lst can ruin a dive, and 
‘may hinder you eturn to a sate ext pont. 


‘You will ind that most of your hasie 
skills are still familiar to you after a 
break, or will come back in due course. 
However, if you are put in a stressful 
situation, you may not be 
aiekly and effectively if your skills are 
rusty, Even experienced divers can 
benef from regular practice of basic 
skills, and you should always be thinking 
bout how to improve your equipment 
Configuration andl technique. 


he to react 


KEEPING SKILLS CURRENT 


A great way of keeping your skills up 10 
date is to practice ina pool (we pf. 146 
49), This might not be as mach fun as 
getting out into the open water, but it 


DEPLOYING A BUOY 
Diving requires the 
use of many items of 
special equipment 
that you must eam 
howto use safely 


INTRODUCTION 


will certainly proviele you with a safe 
environment in which to perfect key 
skills such as buoyancy: Regular training 
in a pool or sheltered water ean belp you 
to meet the challenges of openavater 
living more confidently If your local 
‘waters are cold and stormy in winter, 
use the offseason to brush up dis anc 
procedures, Joining a diving club may 
sive you access to a nearby pool 
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Pre-dive skills 


Good organizational skills will help ensure a trouble-free diving trip. 


A successful dive begins before you even leave your home, with 
checks on weather conditions and equipment. Even if someone else 


is organizing the dive, make sure you are well prepared and informed. 


GETTING OFF TO A GOOD START 
On the morning of the dive, get a 
detailed, up-to-date weather forecast 


specific tothe site you are diving, and 


double-check tide times if appropriate 
If you don’t feel well for any reason, 
make an honest assessment of whether 
you are fit to elive that day: It is better 
to sit out a dive than to fel ill 


tunderwater and have to abort. Hhesses 
‘BRIEFING FROM DIVE LEADER TO GROUP 


forking the ve 


alfecting lung or circulatory efficiency 


trip. Before you leave home 
you must be sure that you 
have everything you need. 
kis 


gourd practice to make 
a checklist of all the items 

you will need, ancl keep this 
nag, When you ariv 
be sure to transfer all your gear 


fom the intial mustering 
point to the actual dive sit 
‘or onte the boat you are 

diving from, All too often, 
divers leave a vital piece of 


DIVING WITH A NEW BUDDY 


Diving abroad often means that 
yu will dive with strangers. Make 
sure you give the dive organizer an 
honest assessment of your level of 
ablity and interests, so they can pair 
‘yu with suitable buddy. Even i you 
don't know your buddy, give them all 
the respect and assistance you would 
‘ffer a familiar dive partner. 


PRE-DIVE SKILLS 


gear on the dock, such as a weight 
belt or mask, and only realize their 
mistake when the dive boat reaches its 


bby which time it is too late 


DIVING FROM A BOAT 
TThe boat should have been booked in 
advance, but even $0, it is polite to call 
the skipper again helore you arrive 
He ar she will be 

\weather and conclitions are favorable 

for diving. When you board, check that 
the boat has adequate Gist aid anel safety 
signaling devices on board, and appears 
to be in a seaworthy condition. Before 


tle to confirm that 


you leave shore, notify the coastguard or 
relevant authority —and do not forget to 
ingfbrm them of your sale reurn when you 


GETTING READY TO DIVE 
Ifyou have organized your day efficiently, you 
willbe able to retaxand concentrate on geting 
yourself ead to dive 


comroRr ARLOAT 
Remember to bring seaschness tablets with you 
(on Boat rips. Test them 24 hours beforehand to 
make sue they have no adverse elect on you. 


get hack. Ensure that the skipper reviews 
safety procedures, including the location 
of lifejackets, ares, snd life rales 
demonstrates the underwater recall signal 


DIVING FROM THE SHORE. 
IE you are diving from the share, always 
check for the easiest posible access ta 
your dive ste on arrival (ar before) to 
avoid long walks down to the beach with 
heavy gear. You may need permission 
to drive to the water’ eege to unload 


WATCHING THE WEATHER 


(Obtain a forecast that includes the 
wind speed and direction, sea state, 
and visibly og, mist, ee). Do 
not take any risks with diving in 
‘bad weather—it is hetero miss 
the dve than dive in surging seas 
orin visibility so poor your boat 
caver ll nat be able to locate 

you. You should also check tide 

tables to establish the timings of 

slack wate. Tiss etical when diving 
areas affected by strong tidal curents. 


Rough seas 
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Final checks 


Diving with a partner (or buddy) means that there is someone to help 
if you encounter problems underwater: For the system to work properly, 
however, you and your buddy need to conduct your own briefing before 
a dive and check that all equipment is fimctioning properly. 


MAKING BUDDY CHECKS cheek sit or stand nest to-your buddy 
Just before the start of the dive, get and carefully check each other’ gear 
together with your buddy and assemble following the sequence shown below 
your gear (i #ys4-23) and put it on, Do not be tempted to rush these vital 


There is no particular order in which ta cheeks —you may reget it ater. They 
fo this, but most divers find that to avoid ensure that you know haw each other's 
overlooking anything, it ie usefil to -ar is assembled, how it works, and that 
develop a routine, When you are both itis Functioning, They also serve a 
suited up and befare either of you enter a double-check that neither of you has 


the water you should carry out a buddy overlooked anything before you dive 


‘Check BCs so that you and your buddy ‘Check that weights are present and securely 

know where each othe’ infation and fastened. You and your buddy must be 
\efation points are, and ensure that they are especialy aware of how each other's weights are 
‘working. Oo the same for drys, f wom, incase ether dive is ineapac 


—_ 


——‘ 
Check hamessis secure and note where, _/) Check air contents gauges and 
‘on your buddy kt, key fastening points breathe from your regulators to 
and harness release clips are located, and check they are working. Test each 
how they are operated. ater’ octopus second stage. 


BUDDY BRIEFING 
Suiting up provides a good apportanity 
to talk over a dive plan with your buddy 
Ensure first that you are both agreed, 

as a pair, on the aim and course of the 
dlve, your entry anl exit points, and your 
predicted maximum depth and time for 
the dive. Check ehat yous both have the 
required amount of air For your plan 
including a reserve for em 

Agree on who will ead the dive and 
fan whether yo will die to the left 


fr right of your buddy: Decide on all 
communication signals including hove 
and when you will signal for the end 

of the dive, and on what you will do if 
yout become separated, Once you have 


greed a plan, stick to it unless 
it becomes 


impossible to do so. I 
circumstances change during the dive 
use hand signals to discuss how, as a 
pair, you are going to modify the dive 


Ready to dive? Give exch othera last 

tonee-over to establish whois crying any 
riscellaneous pieces of gat, such as eels and 
slates, and where they ae fasten, When you 
are eay fo dive, make a final OK signal 


FINAL CHECKS m 


PREVENTING FOGGING 


‘Mask fogging is avery common 

‘inconvenience, and is caused by lls 

fon the mask’s lens allowing malsture 

to bead. The traditional way to prevent 

fogging is to rub saliva ano the inside 

ofthe lens glas, then lightly rinse clear, 

before puting on the mask fora dive. 

Anti fogging sprays are also available 
Using an ant- 


fogging stray 
- 


th “ 
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Entry 


Every site will require a different method of entry, and the easiest 
method possible at each si 
nter without large, heavy equipment, such as cameras, so if 

conditions allow, have them passed to you once you are in the water 


is the best one to use. In all cases, itis safer 


to 


SHORE ENTRY 
When entering the water from a beach, 
make sure your gear is assembled and 
fan your back, then carry your mask 

and fins to the water’s edge. There, put 
fn your fins and mask with your buddy's 
help and walk backward into the water 
(walking forward with your fins on is 
slic 

enough, lower your center of gravity 
by bending down, then start to swim, 
fr “fin,” out into open water. IF there 
is surf, make sure your BC is partially 
inflated and wait until a hig wave 
approaches; lean into it, and let the 


As soon as you are deep 


ENTERING FROM THE SHORE 
Af entering though sur, be careful nat to 
lose yourfins as you put them on. Breathe 


return surge take you away from shore, fom your regulator throughout ety 
CONTROLLED SEATED ENTRY Piet your body around 
This is the easiest method of entry into & sing your hands to 


Support you, so that you 
turn ace these 
water level, and an especially usefidl hile eating yourself 
method if you have dilfcaly with Into the wa 
mobility on land or with keeping your 
balance when standing on a floating 
platform. It alsa enables you to 

put on your gear while seated 


a pool or from a platform just abowe 


4 Turn rom the waist io place 

both hands on the hard 
surface to ane side of our bad, 
ready to take your weight. 
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GIANT STRIDE ENTRY 
Stepping into the water is a good entry 
‘method to use from a lange diving boat 
tr off a dock or platform, provided there 
is sullicient depth of water. Partially 
inflate your BC, place your regulator in 
your mouth and holel it and your mask 
in place with one hand, and take 

a large stride out into the water. 


Takea gant stride, 

holding your mask 
and regulator in place 
Keep looking Forward, 
not down, 


far suchas 
Fiat 
fu aeup 
impact ane 
fitout 


‘On splashdown tne 


splayed scissor 
postion of your legs wl 


= 


cushion the impact nd 
‘keep you at he suace 


BACKWARD ROLL 
‘Use this entry ffom small boats with a 


low freeboard (distance from deck to 
Waterline), With your requlator in place, 
check that your fins are fre from 

behind 
yt clear Ease yourself ever the edge 


obstruction, and that the wat 


and roll over backwards, aiming to bit 
the water first with your upper back. 


ENTRY POSITION 
Hold yourmask and regulatorin place with 
‘one hand and ease yourself backward unt 
{your tank s hanging aver he water. 


BUDDY PROCEDURE AND SIGNALS 


‘After entering the water, meet onthe 


surface and make an Of signal (band on 
hear fingertips together) to shore or 
boat cover. One exception to this is 
when making a negatively buoyant entry 
through strong surface currents. n this 
case, descend as quichy as possible, 
and rejoin your buddy on the seabed. 
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Descent 


Descending to the seabed is always an exciting experience, but 
while you may want to get there quickly, you must always descend in 
a controlled manner. The method you use will depend partly on the 
site and prevailing conditions, and partly on your own preferences, 


MAKING YOUR DESCENT 
Having met up with your dive buddy in 
the water, follow the preparatory steps 
below: IF you find that you do not sink, 
check that no air remains in your BC 
{and drysuit, i applicable). IF the 
problem persists, you probably do not 
have sufficient weight on your belt (we 
).70-71), and should return to 

for the shore to get some more. Itt 
1 good idea to note how much weight 
you need each time you try a different 
equipment configuration record the 
details in your loghook for reference. 


© boat 


‘Meetup with your buday onthe sutace, 

well clear of any boat cover. Fusing a 
snorkel remave it and sitch to breathing 
‘rom primary regulators 


2 The “down” signal confms your intention 
S te descend immediatly. tyourbusdy isa 
novice ar nervous, reassure them by holding 
thelrhand and helping them to descend 


Ata depth of 10 f (3 m) you should 
sry out a bubble check, This involves 
brielly stopping so that you and your 
Juddy can check each others equipment 
for signs of air leaks for example, from, 
aan incorrectly fitted hose. This will allow 
you to return to the surfare to resalve 
the issue hefore you resume the dive. 
By fixing minor problems now; you may 
avoid bigger problems during the dive 
that could lead to an emergency. 

‘As you descend, you will eel pressure 
jn your ears. Release this regularly by 
swallowing or holding your nose and 


{Give an OX signal each ater when ready to 
Z begin the dive Fusing a “buddy line” to tink 


Yourselves together {useful when one buddy isa 
Rovice), ensure naw that you ae bath attached 


J Bethy and your buddy shoul defate your 


+ acs and exhale together, so that you become 


negatively buoyant and start snk smltaneoush, 
Ifyou havea problem sinking, address itnom, 


helped. He invented a technology 
which allowed making balls of the 
necessary size at home conditions. 
He was literally pickling every 
micron of metal with acid and finally 
got the necessary size and weight. 


So, the weight of a non-assembled 
set was: 1 gram (weight of kernel) 
and 1 gramm (weight of shell) 
Weight of an assembled set, 
acconling to the “Theory of energy 
exchange processes” by Murlikin, is 
not equal to the simple sum of the 
non-assembled components, and 
mass defect would be different for 


various sets right up to the change 
of sign. 


ballckernel 


casing-shell 


Fig. 2 
Set of experimental balls 


More than 50 experiments was 
carried out on weighing for every set 

Assembled sets as well as non: 

assembled sets were weighed. It was 
confirmed that there was an 
interaction between input and 
output flows for MATTER 
MAINTENANCE. It became 
apparent in the form of mass 
defect. Defect appeared in the 
sixth sign, i.e. it comes to the 
range from 0.002% to 0.0007% of 
“Kernel” mass (or “shell” mass). 
At that the lesser mass defect 
corresponds to aluminum shell, 
while the greater one corresponds 
to lead shell. Accuracy of weight 


51 


measuring by the mass comparator exceeded the acquired result by 
10 times. So we could not tell about inaccuracy of measurements. So 
we had to apply to the “Russian center of testing and certification” which 
was very famous all over the world (Rostest-Moscom). 


In general that is all, we have got an answer for ourselves, and the period of 
testing is behind. We have to advance; very much is still to be done. In 
addition let us mention one more surprise we got during the experiments 
"The matter concerns some time delay in receiving final results of every 
weighing A qualitative picture of it is represented in Fig. 3. We did not 
expect that this effect would appear at such a rough level of measurement 
of energy exchange processes. 


h 


m, 
‘microgram 


Curves of stabilization of energy 
interchange process - changes of 
mass defect in time for each experiment 


tumin 


Fig. 3 
‘Time stabilization of the process For receiving final weight 


“The subsequent report and detailed discussion of the experimental results 
by specialists (including physicists of various specializations) resulted in an 
unexpected non-recognition of ficts and distrust. The main argument was 
a demand to increase the number of experiments up to 5-10 hundreds. 
And only then scientists would be ready to accept facts. It was quite a 
predictable reaction for the orthodox s 
to hope that if the discussion took place today it would have a paved way, 
However it is not a fact. 


the middle of 90s. It remains 


In conclusion let us note that this experiment on revealing mass defect 
ranks with famous experiments, in which rotating gyroscopes also 
demonstrate mass defect (decrease of weight) and even one of higher order 
than in our experiment, But in return we have no rotation, no chemical and 
muclear reactions, while mass defect is presented. 
Let us add that it is possible to complicate the task: to make a double casing 
and to choose other materials for “kernel” and “shell”. (See Fig 2). In our 
case low prices and availability made us use Al and Ph, ‘The results will be 
more inter 


ting, for example, with Li and Os (and with other 
supertransuranic elements). 


New Energy Technologies, Issue #3 May - June 2003 
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BUBBLE CHECK 
‘Buddy pairs check each ethers 
gear forteltale alr leaks before 
descending further. 


blowing against the closed 
nostrils —a process called 


“equalization” or “ear 
learing” (se also pp.98- 
99). IF you feel you are an SMB (ve p.74-75) 
fensure before descent that 


d 
andl the line is five. Your 


descending too fast, allow 


a litle air into your BC the buoy is ally intl 


Your mask wil also start 
pres on your fae; relieve Duc should stay on the 
this by exhaling gently eQuaLzaTiOn same side throughout the 
though your nose. IF you Pinch your nose and blow at descent to avoid confusion 
are wearing a drysuit, you iMenalsto equalize pressure in and tangling inthe line 

Will feel the water pressing Metullwith ha of He water. Cy group dives there may 


it against your body. Ease this by leting already be a weighted guideline in place 


air into the suit, but not so much that it attached to a buoy and leading to 
alters your buoyancy too greatly—and a wreck or fixed point on the seabed, 
remember to release it again on ascent. which will give you and your buely 

‘a handy paint of reference. Da not use 
DESCENT OPTIONS. the fine to pull yourself down, since it 
Many divers prefer to descend feet-first may not he anchored securely atthe base 


so that they can remain face ta face with 
their buddy andl maintain eye contact. 
This is gooel practic, unless you need to 
descend quickly through a current and 
therefore have to use your fins 

A five descent is where no Hine is 
used andl you descend freely (head- or 
feetirat) to the seabed, If you are using 
FNAL CHECK 
‘Agroup of divers meeting athe bottom 


[uideline give a last "OK" signal ta each other 
before exploring the dive area, 
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Breathing underwater 


Swimming freely underwater for the very first time can be 
exhilarating, but also potentially unnerving and even frightening. 
Learning and perfecting good breathing techniques allows the 
novice diver to become calm and relaxed in this new environment 


LEARNING TO RELAX 
The sheer tril of your 
very frst dive will cause 


CONSERVING AR 
‘The more eased you ae, 
the less ar you wil use and 


: the longer your dive wl las 


and make you breathe 
faster than normal, 


First, ane most important, 
never hold your breath 
underwater, because yout 
weil ran the risk of 
bursting a hing: Inbale 
and exhale more deeply 
than you would normally 
relaxed, and your ar consumption will do on land, ‘Try to maintain neutral 


You may be alarmed 
at how quickly your air 
supply rans out, but alter 
a few dives, you will learn, 
to be calmer and more 


decrease. When you feel comfortable buoyaney (we pfu23-21), since this will 
underwater, take a few moments to decrease your need for leg and arm 
concentrate on your breathing and movements to maintain a constant 
remind yourself of the dos and don'ts position, and thus reduce aie 

of underwater breathing. consumption, Furthermore, avoid 


CLEARING THE REGULATOR 
A regulate cn be cleared of 

water by simply exhaling, or by 
essing the button on the 
front to purge the water. 


BREATHING OUT 
you remove your regulon 
exhale sty to mize the 
"kot ung expansion iu 


BREATHING U 


_ovimming unnecessarily against 
ccurrents-—it is better to go with the flow 
than to waste your air by averexertion. 
Always be aware of where your 
buddy is and what he or she is doings 
many novice divers lose sight of their 
buddy and rapidly become ansious. 
If there isa problem, stop, breathe, 
and think belore taking action, Acting 
too quickly and without thought could 
lead to panic and further problems, 
‘Make sure that you are familiar with 
your equipment ane! fully understand 
hhow it works. You must know exactly 
where each item is stored to avoid pa 
if things go wrong during a dive for 
example, if you lose your regulator oF 
your mask begins t Bll up, Regularly 
practice emergency procedure drills (1e 
)p.136-4), either inthe pool or in open 
Water, to ensue confidence in a ral ri 


PLANNING YOUR AIR CONSUMPTION 
On an open-water, fairly shallow dive, 
the rule of air consumption isto plan 
‘your dive so that you can carry out your 
descent, exploration, and ascent, and 
sill surface with a reserve of 725 psi 
(60 bar). IF you have to come buick 
to a given point to exit, such as a 
‘guideline ar anchor line, start 


FREQUENT CHECKS. 
‘Buuiies should regularly check each other's air 
reserves to maintain 2 good awareness a the 
remaining levels ofboth members ofthe team. 


your return when you have 1,500 psi 
(100 bar) lef IF there isa current, sien 
‘out against it and swim back with it, so 
that the return is never longer than the 
‘outward trip. It is also wise to swim back 
to your point of entry or shotline at a 
shallower depth than on the outward 
journey, since this reduces air 
consumption. In difficult environments, 
follow the “Rule of Thirds” (bee) 


‘THE RULE OF THIRDS: 


ee 
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Buoyancy control 


Without doubt, the most important skill for a diver to master is that 
of buoyancy control. Until yon achieve this, you will be constantly 
expending effort in order to maintain your position in the water, 
wasting air resources and distracting you from your dive 


SUITS AND WEIGHTS Correct assessment of how mach weight 
Wearing any type of exposure suit will you need to carry for a given dive is very 
make you more buoyant in the water, important, Spend time conducting 

and thus make it mote dificult to dive. weight tests for diferent suit and 
Drysuits contain an airspace between equipment combinations, and note your 
the suit fabric and the diver’ bod findings for future use. Remember, 
Wetsuits have air cells within their saltwater is denser than fresh water, so 
neoprene fabric, andl so the thicker ‘you wil require more weight when yout 
the neoprene, the more buoyant you dive in the sea than in fresh water, 


will be, The fiction of weights isto 
counteract the buoyancy your suit gives USING YOUR BC 


you so that, with your lungs full of air At the start of a dive, you will usually 

but your BC uninflated, you float atthe enter the water with your BC inflated 

correct level atthe water's surface as having positive buoyancy allows you 
‘CONDUCTING AWEIGHT TEST 


Empty your BC, and take a 
ep breath and hold it. Float 
In an upright positon t'you 
are wearing the ight amount 
cof weight, you wil lat at eye 
levelto the watetine. Add or 
lscard weights as necessary 
‘nt this acieved. 


BUOYANCY CONTROL 


to float at the surface effortlessly while 
ur bruddy—the only 
exception to this is at sites where there 


you meet up with y 


are strong surface currents, whem itis 
important to get to the bottom quickly 
Tn order ta descend, you must be 
negatively buoyant, which you achiewe 
by dellaing your BC and exhaling 
ue ps 1T4-13), Hawsever, 38 you snk, 
you will find that your descent rat 
andl the 


becomes 


accelerates as your sit 
remaining air in your BC 
compressed, To counteract this, you 
must add arto your BC. If thie hes 
you before you have reached the desired 
level, let air out, Repeat the process, 
ledting small amounts of air in ane out 
ff your BC until you become stationary 
at the desired depth, 

When thie happens, you will have 
achieved neutral buoyancy underwater 


a state in which you neither float or 
sink, Achieving this perfect equilibrium 


LEARNING THE BASICS 
An instuctrlooks on asa student diver 


practices fin pivots see pp.1s6-40), an exercise 
<esigned to Imprve baie buoyancy control 


of weight ballast and lifting forces mean: 
you do not waste effort and air using 
your fins to maintain a certain depth, 
When you want to ascend, the same 
control principles apply; but in reverse 
As you go up, the airin your suit and 
BC expands as external water pressure 
decreases, making you increasingly 
Duoyant, ane causing you to rise rapidly 
Ast is important ta ascend ata slows, 


HOVERING OVER A REEF 
Buoyancy conto is citical, 
when diving over delicate 
oral that canbe damaged 
byphysiel contact. 


steady rate (se pp 128-31), you'll need 
to vent air accordingly as you rise. To 
descend! and ascendl as smoothly ax 
possible, you must became Familiar with 
how your BC responds to inputs of ar, 
and hav quiey it vents an 

Drysuits have independent inflation 
and deflation controls (er pp.54-33), I 
you are diving in a drysuit, the airspace 
between your suit and your body will 
become compressed, andl you will need 
to inject a litle air into the suit to avoid 


dlscomfort from being “shrink-wrapped 
by external water pressure. This will 
make you more buoyant, so you will 
need to vent air from your BC to 
counteract it. On ascent, you will need 
to dump the excess air from your drysuit 


FINE CONTROL OF BUOYANCY 
Small movements up and down to look 
at different parts of a ree, for example 
are best achieved through breath contra, 
rather than letting air in and out of your 
BC. Good buoyancy control only comes 


ee 
eae 


JETTISONING YOUR WEI 


In extreme circumstances, such as being 
caught ina powerful downcurrent, it 
‘may be necessary—as a last resort, 
conly—to dump your weight bel. You will, 
instantly stato rise up rapidly through 
the water, so be ready to vent al from 
your to slow your ascent. Breathe out 
fon the way up, fo minimize the risk of 
tung expansion injury see p.95) 


with practice, and is worth perfecting 
Take time at the start of each dive to 
practic fine control of buoyancy before 
you set off exploring, From a neutrally 
‘buoyant position on the seabed, slnsly 
inhale you should rise up and ewer 
just above the seabed. Breathe out 
‘litle you should sink, Pra 


breathing in and out and become 
familiar with how it inlluences your 
gentle rise andl fall. You should be 
ale to hover over the seabed and 
control your buoyancy by breathing 
alone, without constandy filing and 


Temper cantons 
ieeps ver war an 
enue sna yan 


emptying your BC, Once you have 


mastered this, you will he able ta float 
at any depth without effort 
‘TRIM AND WEIGHT DISTRIBUTION 


The postion of your weights and 
equipment has an important part 10 
play in maintaining good “tit 
posture andl balance) underwater, 
weight is key in achieving 
a good horizontal atiude, which makes 
buoyancy control easier and helps you to 
propel yourself along with the minimum 
of drag, A streamlined profile also help: 


Distribution 


ACHIEVING PERFECT BUOYANCY 
Thinking about buoyancy as a system of 
Influences tobe harmonized, ather than 
Just weights and BC, wil help you 
perfec the at of moving underater. 


fine-tune weight 


athe 
soba 


posture and ease of movernent 
which helps to reduce air consumption. 
Experiment with different weight 
systems and stowage points until you 
find a comfortable combination that 
helps you achieve the best postion i 
the water: Some designs of BC. allow 
‘you to stow weight at elfferent points, 
not just on a belt. For example, some 
Ihave special quick-release pouches that 
Aare designed to take moderate weight 
Toads (1 f.59). Always check that you 


are able to jettison the bull of your 
‘weight load in case of emergency 


‘iar dep sod 
‘eight oad 


‘ited bls 
nee es ae 
laoraany corectve 

ibvenents und fad 
do nop 
nant poste 


Console and etopus 
Send epee 

Minin dng a si 
image orestanslomest 
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Moving underwater 


The duration of your dive is limited by your rate of air consumption, 
which in turn depends on how much energy you expend. Good finning 
technique, buoyancy control, and a streamlined profile will all make 
nergy-eflicient 


your movement underwater more 


EFFICIENT PROPULSION yr MININZING ARM USE 
Your movernent through Te practice with our legs ony, 
toss you ams in rat of ot 
the water should be 
ar let hem hang by your sie, 
driven ane! controlled by < 


your les. AP yon wate 
experienced divers, you 
will notice that they u 


divers are let down by 
1 poor finning technique 
There are several 


their arms very litle different strokes you ean 
tse, but all should be 
carried out with strong, 


rhythmic movement, 


and move effortlessly 
through the water, saving 


energy, minimizing air 


consumption, and avoiding damage fully extending the leg (or legs) with 
toreefi and the marine environment, each kick, Uncontrolled thrashing and 
Swimming with fins should be an incomplete kicks will simply waste 
extremely efficient way of propelling energy. It is worth asking your buddy to 
yourself through the water, but many give you feedback om your technique 


ven to photograph or film you. You 
may be surprised atthe results, 

Scuba diving isnot a race, and the 
faster you go, the less you see. Learning 
to pace yourself and move ata leisurely 

speed will help you to relax, and 

aa relaxed diver isa 


licen, and safe me 


EFFORTLESS PROPULSION 
The les strenuous your 
movements, te less energy and 
2iryou wll use, andthe langer 
your dive wil be 


MOVING UNDERWATER 
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PROFILE AND BUOYANCY 
“Ta achieve the most 
streamlined (and 
therefore most energy- 
elliccnt) swimming 
positon, you should be 
almost horizontal in the 
water. Your hips wil 

be slightly lower than 
‘your upper body de to 
that area being weighted, 
During a dive, you should 
Took forward and 
downward most of the 
time-—raising your bead too much will, 
lift your upper body and make your 
profile les streamlined, 

tarrying the correct amount of 
weight is important, Being overweighted 
‘yal drag your hips andl lower body 
downward, Swimming will hen require 


POOR PROFILE 
‘Swimming withthe wrong 

profile may mean that your fins 
‘kup sit, impating vsti. 


‘TYPES OF KICKING STROKES 


seater elfort due to your 
‘unnatural angle in the 
water, which will produce 
increased drag, You can 
improve your profile by 
repositioning the weights 
in your BC, or refining 
your weight requirements 
(see gn t18-20, 

"Achieving neutral 
Imoyaney (se pt73-21) 
is the key to maintaining, 
«a good dive profile with 
cease, and also increases 
your efficiency. If you are positively 
Iuoyant, you will be constantly 
swimming dovenward; if negatively 
Iuoyant, you will have to swim upward 
all the time or craw along the bottom 
all of which require more effort than 
horizontal, neutrally buoyant, swimming. 


With the fuer kek (below), all fin 
movement takes place above the 
bods centetne, reducing the 
amount af water directed 
‘downwards. Tis can be useful 
‘when you wish to avold tiring up 
{ediment an the seafloor. The frag 
ck s also ideal for use where fine 
silt can run visibly idisturbed, 
because it directs thrust horizontally 
behind you. The swimmer kick is 
‘ood for power, but uses up enersy 
‘Quickly. Most divers tend to dit 
‘slightly when using the fluter kick 
orthe swimmer's kick, because one 
leg is slightly stronger than the other. 


ip tastaning 
pasion 


the downatote 


UTTER Kick 
Bend the knees slightly, shorten the stroke 
ofthe kick, and keep the hips fay static 
‘The stroke ends when the knee i taht, 


/ 


they come ogether 


aise 
FROG KICK 
Spread your legs and bring up your knees. 
Rotate your ins so thatthe Bottoms ofthe 
blades face behind you ring the ins 
togetherin an arc, thrusting ut behind. 


sti es 
mute lae 
Upanddown 


‘swanter Kick 
Lack you lags straight and kck fom the hips 
‘th long stokes. This technique exploits the 
Pwerin your thigh and hip muscles. 
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Exploring and navigating 


Learning how to use instruments and natural features to find your 
way around underwater is important. Accurate navigation will help 
you to reach your planned exit point at the end of a dive, and will 


also help you find and explore features of interest, such as wrecks. 


MAPPING THE SITE iF you abvays rely on your buddy to 
Tis easy lead the way, you could find yourself 
poor visi 3 skills in trouble if you become separated, 
all help (On frst entering the water, make 
conditions ping mental notes of the surrounding features, 
suc skills will make you less dependent such as unustal rocks, coral, or your 
fm other divers for your onen salty postion on a wreck site. As you progress 
through the dive, ty to build up a map 


ae eee of the stein your mind. At every turning 


In clear conditions, a eef wall makes an easy 
navigational reference pont. Ty to remember Pint, note nearby features and which 
Astnctve features as you go alone. dlireetion you turned! in relation to ther 
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Based on the original 
observations and 
experiments, the article gives 
more precise definitions of 
aether model, than which was 
previously 
General laws of the Universe 
actherodynamic 
considered. There is described 
a new physical reality in the 
form of quasi-real 
aetherodynamic structures (“topological harmonics”) 
generated by dynamics of the substantial world. 


elaborated. 


At the present-day stage of physics development words 
of Maugham, an English philosopher, take on particular 
topicality: “The great verities are too important to be 
new”. Indeed, we are increasingy making certain that 
our remote ancestors were familiar with fundamental 
e; furthermore, they knew these 
better than we do, But which methodology of cognition 
of Nature and what kind of information sources did 
the ancient scientists have? ‘Today, we can openly say 


laws of the Univ 


they had not ordinary experience only, but also esoteric 
pretersensual one, without feeling any necessity to be 
divided into materialists and idealists. For more details 
on evolution of physical ideas, refer to work [1] 


In discovering all over again, I also had to elaborate a 
“cellular taction” strategy, which enables the most 
important characteristics of acthemdynamic processes 
to be sensually perceived and evaluated. The main thing 
is that all my sensory observations are definitely 
reproduced at laboratory experiments while the simplest 
physical equipment is used. 


We may get reliable knowledge about Nature from 
Nature itself only. Thus foundation of classical physics 
describing usual substantial world is also based on 
empirical facts studied by Galilei, Newton, Faraday and 
many other physicists-natural philosophers I also would 
like to defend great Newton against attacks on his 
adherence to inductive methods which really brought 
imperishable values into science. 
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Anew convolution of cognition is possible on condition 
of introduction into science of new concepts based on 
empirical study of physical entities previously unknown, 
‘Thereupon, I share the thought of Elena Ventzel, 
professional mathematician: “Mathematical methods are 
not useful, but harmful until phenomenon is not studied 
at a pre-mathematical, humanitarian level”. It is 
ideological and logical language that may be used today 
to discuss the aether problem, whose solution calls for 
comprehension of natural-science facts, which are 
beyond traditional notions settled over centuries. 


‘The long-term investigations have confirmed that 
ceshaustive definition of a fandamental natural entity was 
given by Rene Descartes: “Uni 
anything but acther and its vortexe: 
a postulate; this is an objective summary of empirical 
observations of Nature phenomena. In any academical 
model of microcosm there is no answer to the question: 
what kind of substance are electrons, quarks, strings 
made of? That is the very substance our forefathers 
called aethet. Aether is unified field indeed; and it appears 
that for nearly his whole life Finstein had been searching 
for something that was under his foot. 


se does not contain 


‘This is not merely 


It must be recognized that there is no undistorted, 
quiescent acther in Nature; as well as no zero-size 
vortexes exist. Therefore, in a customary sense, the 
aether concept is pushed behind transcendental horizon. 
and turned into an inconceivable entity whose mystique 
is tantamount to religious ideas. However, all quantum 
vortex-wave distortions of the superfluid three- 
dimensional aether, which have an appearance of tori, 
threads, solitons and occupy spatio-temporal spectrum 
from zero to inter-universe scale, are material and contain 
energy under scientific interpretation. Any spaces such 
as turbulent fields, physical vacuum, gravitational fields 
and, of course, matter are material. All of them are 
etherodynamic structures of the real world. Spatial 


hierarchy of aether vortices is referred to as quantum 
stairs, fractal structure or “matreshka” [2-5]. 


‘To understand basic laws of aetherodynamics it is 
necessary to give a ge 


eral definition for classical matter 
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LLpok at the seabed geology; too: rocks 
often have features oF show strata that 
‘make memorable viaual markers. Ie may 
be help to jot notes clown on a late 


NATURAL NAVIGATION AIDS. 
A compass (1 pp. 126-2 


gives the most 
accurate directional information, but 
there are also clues in nature. If the water 
is clear and shallow enough, or if there 

are any shacks east yy rocks, yon ca 


READING SAND RIPPLES. 


Sand ipples run parallel tothe shore, at 
90 degrees tothe path of incoming and 
‘outgoing tidal curents. Sand ripples get 
closer together nearer to shor, providing 
a useful reference point for underwater 
navigation. ithe spacing of sand ripples 
tundermeath you appears to be getting 
narrower, you are swimming toward 
‘shallow water and a pessible exit point. 
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MENTALLY MAPPING THE DIVE SITE 
Rest, rock, and seabed festires, sunlight, and 
‘even shoals offi en all help you to olent 
yourself atthe dive site 


use the Sun asa directional reference 
(On a morning dive, for example, the Sun 
will bein the east 
‘way the current is running, (IF you are 
diving close to slack water (we pp. 102 

(0), at igh ar low tide, this may change 
‘yas much as IBD® as the tide Begins to 


Take note of which 


turn.) Even if you cannot feel the current, 


‘you can ind visa clues to its direction, 


Plankton, for example, drift along with 
the curent, so shoals of fish station 
themselves facing into the current so that 
they can feed on them, Kelp fond flew 
in the direction of the current, Exhaust 
bubbles will rise up toward the surface 


unless you are in a doxsn current 


FOLLOWING A REEF 
(On a basic ref dive, swim out with the 
reef wall on one side of your body and 
then return with the wall on your other 
side. When diving around a wreck, try 1 
maintain either a clockwise oF counter: 
clockwise motion, especially ifthe 
wreckage is fragmented. Keep the main 
part of the wreck to one de of your 

bo 

to your starting pe 


ly during the dive, so that you return, 
nt after one circuit 
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USING A HANDHELD COMPASS 
In case you ae separated farany reason, 
both you and yourbudéy should erry and 
be confident at usinga magneticcompass. the bezel so that its “north” mark 
‘matches the direction in which the 

USING A COMPASS needle is pointing. IF you ensure that the 
A compass has a circular body; ofien needle always points to the north mark 
divided into 360-degree increments, and as you move in the direction indicated 


needle that swivels to point to magnetic by the lubber line you will maintain your 


north, Many also have a “beze!"—an intended direction. Digital compasses 
‘outer ring, also marked with increments work in the same way, but display the 
and the paints of the compass that can informatinn on an LCD. 

be rmtated independently to the body A com 

This can be nse in conjunction with uit is easy to se i incorvectly. Ii ie 


5 firly basic device, 


the “direction of travel” arrow (known a wrist-mounted model, ensure that your 


as the “lubber line 
Which is marked om the 
‘compass body, to establish 
the direction you want 

to travel in relation to 
magnetic north. Point 
the lubber line in the 
direction in which you 
wish to travel, then turn 


MEASURING DISTANCE 
When navigating undereater, you can judge 
ative distances by counting how many fin 
SS ‘strokes you have made ina given direction, 
‘orb timing your progress along a course 
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wrist is held square to the direction of 
travel, and not at an angle Its simpler 
to use a compass mounted on a console 
ra retractable lanyard, which can be 
held out straight in front of you. Us 

both compass readings and environmental 
observations, so that you can correet any 
inaccuracies in either method, Mark 
readings down om a slate as you go, 


and try 10 integrate these into your 
mental map of the dive ste, In slack 
‘water, timing how long it takes to get 
from one point to the next gives you 

aan idea of your position if you return 
along the same compass care 
Combining this information with depth 
readings taken along the way will help 
you navigate with more accuracy 


LAYING A DISTANCE LINE 
In low-visbilty environments 
murky temperate waters it may he 
necessary to lay lines to aid navigation 
back to a convenient point, Lines can also 


Find a slid anchor point to attach the lne to. 

fake a couple of tums around the abject for 
extra security. Do not secure a linet jagged 
les that il ay or cut through it 


keeps lear to one side. The 
shouldbe ed of again 
you change heading. 


flip tothe end ofthe line sa that 
_a1ound the anchar point and clip Backont se. 


bbe used to search an area: if you knew 
the approximate postion of a specific 
site, natural object, or artifact, you can 
use a line in ares of different lengths 

tp sean a large area af seabed efficiently: 


‘Secare the ie tothe anchor ait. Fyauhave 
‘rel and line you use regulary, ft» spring 
‘can weap 
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Ascent 


All good things come to an end, and at some point your dive will 
be over, Ascending at the end of a dive should be carried out with 
great care. This is the part of the dive where decompression sickness 
(see p.142-43) can develop, so your ascent must not be hurried. 


SIGNALING To ASCEND 
Taek our buddy if they are 
ready t ascend, orto signal 
vyourintnt, ase your thumbs 


‘WHEN TO ASCEND 
Dies offen end when you 
reach a prearranged time 
to surface either to meet 
Before ascent, you 
and your bueldy should 
signal the “thumbs up” 
to each other that yout 


the boat cover orto 
account far changing tides 
However, you may decide 
to ascend beliore this the 
site prones uninteresting, 

for if you or your buddy are 
cold or tired, You may leo 


are both able and ready 
to ascend to the surface 


IF possible, avoid 


be farce to ascend if you have only making a “Iree ascent,” with no visual 
725 psi G0 bur) left in your tank, if you reference to guide you. IF yon can fellaw 
are making a decompression dive (we a reef wall or a permanent mooring line, 
)).130-31) and reach the scheduled {or example, this wil give you a natural 
‘minimum volume of airin your tank, sense of your ascent rate, in addition to 


br if problems cause you to abort the dive. your compater readings, and can help 


avoid dlsorientation. Sometimes, though, 


MONITORING A DIVE COMPUTER 
alicia tal itis not possible to ascenel up a line oF 
diveriudge ascent ree Some devices pve along a natural feature, and it can be 
udiblewamingsisafelimits are exceeded. helpful o deploy an delayed surface 
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marker buoy (DSMB; se pp. 130-32) 
this will give you a vertical reference and 
also signals your positon at the surface. 
cally, both members of the buddy pair 
should carry a DSMB. If you are diving 
fom a wreck oF a site with a guideline, 

aim to get back tothe line for your 


ascent—not only will boat cover know 
Where to pick you up at the surface, but 


the line will assist you i making 


FOLLOWING ASLOPE 
Ascending next toa natural 
Feature, suchas ref offers 
2 reassuring reference point 


‘BUDDY PAIR ASCENDING A GUIDELINE 
‘A buoyed line moored toa wreck or seabed 
feature offers one ofthe safest guides fran 
ascent, especialy ina strong current 


decompression stops and, in a current, 
can provide something to hold on to. I 
you do not manage to get back to the 
sideline, send up a DSMB, 


(MAKING YOUR ASCENT 
“To start your ascent, lowly breathe in 
co let lite air into your BC this 
should cause you to rise up, Rise up nest 
to, and ideally face-to-face with, your 
‘buddy so that you ean check each othe’s 
rate of ascent and condition. As ascent 
continues, carefully monitor the amount 
of air in your BC (and drysuit if 

the air will expand as the 
pressure decreases during your ascent, 
‘casing your rate of ascent to increase 
rapidly. Keep one hand on the BC 
ceshaust hose in order to vent aie rom 
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it as yout ascend. You may also need ta 
lump air from your dysit. You ean fi 
toasist your ascent, especially to gain 
‘momentum to begin with, bat tie will 
be necessary if you are correctly weighted 
ant. Keep breathing 
not hold your breath, 


and positively bu 


normally andl d 


A conservative estimate of a sale rate 
fof ascent ie 50 f (15 m) per minute (or 
slower) up to 16 (5 min depth. Ae thin 


MAKING A SAFETY STOP 
Divers make a precautionary safety stop 
3116 (5m) tallow nitrogen to exit the 
body's Ussues ata safe ate 


point many divers make a S-minute safety 
st 16 
another 


top. Whether you do or not, the 


5 m) tothe surface shold take 
{ull minute. IF making a decompn 


lve, make all our schedaled safety stops 
and check with your bueldy as yout do so, 


DEPLOYING AN INFLATABLE BUOY 
Since 
a controlled way, itis helpfl to carry 


ascent must be conducted in 


sr own portable guideline —an 


These 


highly visible tubes are launched using 


inflatable buay, or safety sausage 


‘Un the buoy, which 
should be attached to ae 

Unclp the reel from yousel, 

taking care nt to dp it 


from your at 


Partially inflate with 2 
small bust of purged air 

see 2.61) 
to stand the buoy upright 


air from your second stage, and allow 
you to ascend up an attached line. Using 
them is teal skill, so seek traning 

be 
reel the line in as you ascend, since stack 


ore your Brst attempt. ber to 


Tine can get wrapped around your gear 


Hold the een ane hand, 
and wth he othe, hla 

Your etapus vale under the 

buoy'sinfaton point, 
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Launch the buoy 
by purging along 
blast far into itwith 
Your actopus. Release 
he spool holding ight 
the ree, and the 
Buoy wl shoot upward 


When the sp00 
stops spinning 
Sort to ascend, reling 

inthe line ast 
slackens, Ascend at 
sate pace: donot tug 
fn the tine to pul 
yourself up. During 
{scent Hep one hand 
your BCif required, 


‘walt recovery atthe 
surface fom your boat 
cover, which wil ave sighted 
the buoy at the sat of your 
ascent, The buoy should be 
leftinits inflated state unt 

you have been recovered. 


ead 
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Surface skills and recovery 


Once you and your buddy have completed your dive 


ind are at the 


surface, you need to head back to shore or wait to be picked up by 
your boat cover, Always remember that the dive isn't over until you 


and your buddy are back on dry land or on your dive vessel! 


EXITING ON TO THE SHORE 


1f completing a shore dive, you andl your 
buddy should swim to the shore and find 


sale, appropriate method of getting 
back on to dry land. I you are diving 
from a sandy beach, itis usually best 
keep your fins on for as lang as possible 
and walk backward up the beach 

tuntl you are well out of the way of 

any swell. Removing your fins too early 
can lead to problems if you are swept 
ff your feet or back out to sea, since 
you will have no propulsion, 

IF diving from a rocky shore, try to 
find an easy route back on to the racks 
Again, aim to keep your fins on for as 
long as possible. As you take off your 
gear, place it clear of any swell that 
could carry it back into the water. 


EXITING OW TO ABEACH 
‘nly remove your fins and walk Forward when 
exiting the shallows ofa calm sea, ar once you 
re out ofthe way of any swell 


SIGNALING To A BOAT 
‘our ive plan should ensure that your boat cover 
knows oughly when you wl surface. you need 
help quichly, shout and wave a signaling fag 
‘SIGNALING TO BOAT COVER 

IF you are diving from a boat, remain 
close to your buddy with your regulator 
in place and signal to your boat that you 
are OK and awaiting recovery: If there 
isa problem or emergency (ve 42 
and you or your buddy require 
‘immediate recovery, wave to the boat, 


‘or draw extra attention to yourselves by 


blowing a whistle, shouting, ar waving 
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flag. As the boat 
approaches, move to it 
with caution, keeping 
your distance until you 
have a signal from the 
boat that it isin neutral 
and safe to approach 


EXITING ONTO A 
BOAT OR RIB 
“Ta got into rigid 
inflatable boat (RIB), you 
should first get a hold on 
the boat, either by a rope or by a handle 
fm the side. Make sute your BC. is 
inflated, hand your weight belt in ist, 
and then slip out of your BC by 
uunclipping one ofits shoulder straps 
Keep hol of it until someone from 
the hoat cam pull tin, along with 
‘your tank, You should then be able 


to kick with your fine and pull 
yourself up on to the RIB, 

IF returning to a hard bos 
head for the ladder andl hold 
‘on to the bottom, Take 


DIVER GIVES “OK" SIGNAL 
[standard signal for “im OX" 
atthe surface isto put your 
hand an top of your head, 
forming a closed ae 


a . 


me 


BOARDING ABOAT 
itis usually easiest to hand 
tp any small items fst, then 
hoist yourself up the adder 
while til suited up, 


sgreat care ina swell-the 
ladder will move in the 
water. The skipper oF dive 
raster will probably tell 
you whether to de- 
the water oF to enter the 
boat wearing your gear 
You may be able to hand 
jn your weight belt, BC and tank, but 
‘often it is easy enough to remave just 
your fins at the base of the ladder, hand 
them up to someone in the boat ar hold 
‘on to them, andl simply climb the ladder 
fully kited up. I you feel you are not 
strong enough to do this, let someone on 
board know (preferably before you dive 
‘Once on the boat, be aware that 
others may be waiting in the water 1 
set on board. S 
fn, stow your gear quickly and neatly 
and then offer assistance if itis needed. 


tand hack to let others 
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Post-dive and debriefing 


Your dive is over, and there is equipment to be cleaned and stowed, 


and records to write up while your dive is still fresh in your mind. 


Problems may have occurred during the dive, and questions may 
have arisen that need to be addressed. Now is the best time to do this, 


PRACTICAL MATTERS 
The frst post-dive task isto wash your 
gear. You need to ensure that it is clean 
and free from mud or sand, IF you have 
been diving in saltwater, then this also 
needs to be thoroughly rinsed eff before 


the salt starts to corrode metal pars 
Large dive boats and liveaboards usually 
have on 


equipment, such as computers and 


facility for washing electronic 
cameras, nel another far your BC 
regulator, and other gear. Rinse all items 
thoroughly to remove exeess salt and 


sand, which can easly work itself inte 
(O-rings and regulators. There may also 
be faeiliies on bord to dry your gear 


before ita 


aay in a bag or box 
‘Make sur 
instructions and do not leave gear lying 


for your next dive 


ro allo 


this can lead to loss or damage 


hich may impede your next dive. I 


you are diving from a rigid inflatable 
‘boat (RIB) or small dive bos, you vill 
need to find a water source back of land 
to rinse your gear, and then leave it to 


dry or stow it for transpor. 


and other aether states. As a first approximation, let us 
give the name of matter to aether microscopicleft-screw 
self-oscillating vortex-wave systems (clementary 
particles), whose existence and parameters are 
conditioned by higher hierarchical systems This is our 
displayed world, with its clectmmagnetic fields and 
fundamental constants Let us refer to vortex-wave 
structures of any vortex size, which in the considered 
space domain aw balanced by a number of left and 
tight-screw vortices corresponding to matter and 
antimatter with prefix “quasi” to a free acther. Stable 
vortex lattices with alternating direction of helicity can 
be also considered in this case. Under na tural conditions 
everything but classical matter or electromagnetic and 
gravitational fields can be related to the five aether. In 
the first place, these are the so-called physical vacuum. 
and vortex fields, which attend gravitation. They 
rep 
defi 
aether. Particular free subspace creates an aggregate of 


int anisotropic nonlinear subspaces and occupy 


places on spatio-temporal spectrum of the world 


topological harmonics [5] attending all the physical 
processes. Satellite of the gravitational field is 
distinguished because it belongs to specific class of stable 
vortex lattices 


Apparently, in geneml case, energy of free aether is 
and 


virtual for our world due to its helical symmetry 
quasi-matter, from the view of difference in sizes of 
typical vortices which correspond to protomatter. But 
this is not the entire point. There is also superfluidity of 
aether, whose vortex viscosity has marvellous properties. 
Asa result, th 
enemgy-information barrier separating material world 


© are created phenomena of inertia and 


from constant influence of quasi-real structures or 
turbulated space. 


Classical inertia, as vortex viscosity, arises in the 
microscopic and more fine-structure free aether (in 
Newtonian space) and ever regularly reveals itself during 
acceleration of material bodies. However everything is 
different at stage of macrovortex aether, where inertia 


has properties of adaptation, Her it is affirmed that 
inertia phenomenon is “spread” throughout the spatial: 
temponl spectrum of vortex distortions of aether field. 
At that nature of inertia is changed. Within 
topoharmonic subspace in laboratory scales, the inertia 
law “diminishes” in time according to exponential 
dependence, whose time constant is determined by 
specific conditions and varied over wide limits (from 
seconds to many days). On the expiry of this time, 
inertial intercoupling transforms to the law of flicker 
effect. It may be said that flicker effect specify 
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penetmbility of energy and information barrier after 
expiry of time of paraphysical regular phenomenon [6], 
Consequently, most of time the interaction with free 
macroaether is of random character and should be 
evaluated by mean observation. 


‘To extend conceptual scope of our investigation it may 
be added that in classical hydrodynamics a liquid, along 
with ordinary inertia, has determined vortex 
macroinertia, which is created by vortices of the liquid 
itself. Therefore, it is necessary to keep on comparing 
processes at all levels of the unified field of aether. For 
instance, electric inductance is a kind of specific inertia, 
and topological harmonics of electromagnetic and other 
phenomena are subjected to the enemgy-information 
bamrier (under laboratory conditions) 


In the above arguments, the principle of relativity is 
latently and unconsciously presented. However, this 
complicated question needs to be separately considered. 
Physical nature of the ener 


information barrier and 


reason for dependence of the inertia properties upon 
the size of vortices of free aether remain unclear, too. 
However, it can be supposed that classical elementary 
particles, as distinct from protomatter, have self. 
oscillating properties and are commensurable with 
vortices of the surrounding free world; and that the 
above-mentioned energy-information barrier does not 
exist for them on microscopic section of the spectrum, 
‘The gist of the barrier itself comes to “memorizing” 
topoharmonic processes by Earth’ gravitational fields 
and laboratory equipment. Turbulent fields (physical 
vacuum) do not have such a “memory”. 


WLLL 


BL, 
Stellar acter 


Planetary aether _ 


Molecular ather 
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‘ANALYZING THE DIVE 
There will normally be 
some sort of debriefing 
with your dive leader 
This gives 
yout a opportunity to ask 
questions about the dive 
for example, to identify 
fish species that you die 
not recognize, or discuss 
problems with gear, 


navigation, or currents) 


This is atime when you 
can learn about the site 
fora future dive and share | P*O"*#P 
with others ways to improve skills 

You should albvays Gil in a og book 
alter every dive, recording the depth, 
time, and conditions (including visible 
Water temperature, and currents), as well 
as key features of the dive details of 


a wreck, species encountered, equipment 


REACHING THE SHORE 
Eager as you may be fo talk 
about what you have seen, 
attend to your gear frst. 


AND DEBRIEFING 


DIVER CLEANING GEAR 
Rinsing drying, checking, and 
stowing your gear should 
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configuration, the type 
of suit you were wearing 
and the weights you used, 
‘and any problems you 
experienced. The log will 
be a valtable reference 
for future dives, 

Finally ensure that 
afier every dive you ate 
well ehyelrated, You will 
Ihave expended a high 
level af energy and will 
Ihave lost fluids. Choose 
rnonfizzy sof drinks of 
ideally, water, to ensure 
that you rehydrate your body prperly 
Keep your energy levels up, especially if 
you are diving again soon, by having a 
good meal or eating a snack with a high 
energy content. IF you are cold after a 
clive, get warm and dry 
and get out of your wees, if possible 


have a hot drake 


LOOKING FORWARD 
IF you are planning to make more 


than one dive in the same day, consider 


beforehand what your surface interval 
will be between dives, Aim to do your 
deepest dive frst, and shallower dives 
subsequently. Make sure you are in 
sfood shape to dive again 

become cold or fatigued on the fist dive, 
i is etter to spend time recewering thant 
to dive again t00 soon. 


if you ave 


DIVERS DEBRIEFING 
Talking to other diver inthe posttve ge 

together wll help broaden your knowledge of 
diving, and you may pick up some hand tips. 
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Problem solving 


Diving is a sale sport if you follow the rules, avoid taking unnecessary 


risks, and always dive with a buddy: But that does not mean you will 


never encounter dil 


culties during a dive. Learning how to anticipate 


and solve problems is part of becoming an accomplished diver 


KNOW YOUR LIMITS 
One of the most 
exciting things about 
diving is that no two 
elves are ever the same, 
Eyen ca 


fom the same dive site 


With the same buddy 
will be different due 

to changes in currents, 
visibility, and your own, 


Remain in 
your budoy 3 
autitudle. Some days 

you will el great, and everything will 
work out perfectly, and other days you 
might be tired, have a slight headache, 


REGULAR SIGHALING 
ose communication wth 


each other regulary that you ae OK, 


pethaps, and there may 
The minor problems 
underwater that you 


Ihave to deal with. In 


this unpredictable sport, 
you must he mentally 
and physically prepared 
for every eventuality 
Tia minimize the 
likelihood of problems 
Himes, and signal and incidents occurring, 
tluring a dive, do not 
live without preparation in conditions 
with which you are anfamilia: For 
example, if you have never dived in 
a cave, wreck, oF under ice, make sire 
that you undergo the relevant training 
Ibelore attempting to da sa, Diving 
fis conditions for which you are 
lunprepared will ead to anxiety 
il somtimes to panic 
Sewhen problems ofien aris 
‘The buddy system is important 


sand that 


for your safe, but asa diver yout 
must uliimately take responsibility 
for your own welfare. IF you feel 
uneasy during a dive, tell your 
buddy, and either change or 
abort the dive. Never let 
peer pressure push you 
beyond your limits and 
training, even if this means 
that your buddy 
1: Buddy compatibility 
is important, since accidents ean occur 


lve may be 


when two egos clash, 


Looxine our roa Your BuDo¥ 
Nour busy is your uncervater lifeguard, but 
it's a twoway relationshipyou aleo have to 
Support your buddy wen problems arise 
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MENTAL AND PHYSICAL FITNESS 
Confidence, a postive mental atitude, good 
heath, and good level of finess ae essential 
Ingredients Fora sate, sucessful dive 


ANTICIPATING EQUIPMENT PROBLEMS 
Ie ie rare that equipment fails during 
a dive, but you should nevertheless take 
great care when assembling, storing, and 
servicing your gear. After al, this s what 
keeps you alive underwater, so itis worth 
spending time ancl money on keeping it 
in perfect working order 

‘Consier “what if” situations ahead 
of a dive, and think through hewe you 
will deal with the failure of any element 
of your gear Do you have a spare if your 
buddy is not close by? Your regulator 
should always have an octopus second 
stage (er AGN), 10 use asa backup in case 
your main second stage Fal, 


HANDLING INCIDENTS CALMLY 
Many things can go wrong on a dive, but 
most are minor istics that can be solved 
Without aborting the dive. Eyen serious 
problems can be dealt with if you remain 
focused and positive. Be persistent, and 
say “no” to failure. When you become 


aware of a problem, stop, think, breathe, 
and then act. Whatever happens, do not 
panic remember that your buddy is 
there to help, Make sure you are there 
{or your buddy: too, anel be quick to 
reassure or assist them if they appear 


dlsoriented or anxious, 


‘THE INCIDENT PIT 


Minor problems can escalate into major 
‘ones ifyou do not stay calm and dal with 
them methodically. Imagine that you lose 
your regulator while trying to ease cramp 
Inyour foot, and then fumble as you ty 
to retrieve it Ifyou panic, you may inhale 
wate, choke, and become dlsorentated. 
This typeof scenario is known as the 
“incident pit”—stay out of itby thinking 
clearly and acting methodical. 
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‘TROUBLE-SHOOTING 
The equipment problems you will 
encounter most commonly’ will inve 

your regulator, mask, and inflator hose 

IF your regulator comes avsay from 

jur mouth and you cannot retrieve i 


reach fr your octopus second stage 


ee W61) andl breathe from it, IF your 
‘etapa is not accessible For any reason, 
signal to your buddy, who should offer 

Wt their own octopas to use. Take a 
fe breaths from this to calm dawn and, 
with your buddy's help, locate your main 
regulator and replace i 

Should air start to flow uncontrollably 

from your regulator, take the regulator 
fut of your mouth and pub the purg 
button, which should elear any grit that 
may be jamming the valve open. IF this 
does not work, swith to your octopus 
cond stage and signal to your burldy 
that your air supply is running dose 
more quickly than normal, Monitor 


CALMING YouR BUDDY 
Reassurng physical contact can 


RETRIEVING LOST REGULATOR 
‘Alot reglatoris usualy easy to retieve, but 
your buddys finding this aifeut, got thee 
aid and, if necessary, offer them your oc 


your air supply carefully, and ascend 
‘mmedtiately with your buddy: Note 

that in ery cold fresh water, freezing up 
cof the regulator will probably he the 
cats of any frelon, in which ca 
purging will not help. In this seenario, 
you may need to breathe from your 
Iucdy’s octopus while performing a 
sharedbair ascent together (xe f40, 


SECURING A BUDOY’S LOOSE TANK 


Some problems are dificult solve alone, 
and you shoul not hesitate to alert your 


bud if you need assistance. 


SOLVING MASK AND HOSE ISSUES 
If your mask is dislodged or stats to fill 


‘with water, simply clear it in the normal 
way Lean your bead back, press in the 
upper edge of the mask, and breathe 
out through your nose. ‘The air bubbles 
you exhale will clear any excess water in 
your mask, At depth, this ean 
seem daunting, s0 be 


REMOVING YOUR WEIGHT BELT 
You must be competent at removing your welght 
belt underwater incase you need to adjust your 
‘weights orfyour belt becomes snagged. 


prepared to practice this procedure 
‘until you are comfortable with it and 
can execute it confidently 

On occasion, you may find that the 
inflator hose for your BC o drysuit fils 
to work. This is usually caused by grit 
becoming lodged in the valve. If 
necessary, BCs can be inflated orally 
both underwater or atthe surface 


LOCATING A LOST BUDDY 
During a dive, you may find you Tose 
sight of your bueldy, especially in low 
visibility conditions. The correct 
procedure 
for a minute or two, and then 


to look around 


surface independently IT your 
Duddy is using a surface marker buoy 
er f.74, iil indicate ther position 
Having located it, you can then fallow 
the fine devin to find your buddy again 
I neither bueldy nor buoy is visible, 
signal to any boat cover to recener you 
alert the coastguard if your buddy has 
not appeared after a fow minutes, 
In all probability, your buddy will surface 
shortly afer you do, You can then decide 
whether or not to resume the dive 
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FREE AND BUOYANT ASCENTS 
1f you run out of air, locate your buddy 
and follow the procedure below IF yous 
cannot find your buddy, you will need to 
make a rapid “free ascent” by Binning to 
the surface. This can he aided by ditching 
your weights, but be ready fora sudden 
increase in buoyaney. Breathe ont slowly 
during ascent to prevent ling expansion 


injury If, however, you have a litle air 
d 


Jefi, you can make a more contra 
ayant ascent” Let som 
BC to kickstart your ascent, and tilt 

your head back to watch for the surface 
Again, breathe out chring the ascent. 

‘Control your ascent rate by venting air 
from the BC 
Tewe buo 


Tut not so much that you 
ancy, Do tot rise any faster than 


Signal to your buddy that you are out o air 
by making a chopping motion at your 
rneck\ith the fat of your 


Your buddy wil offer you their octopus 
second stage of they have one, 2 
Separate regulator atached oa pony bottle 


‘When your buddy is sure that you are OK 
and your breathing has settled, you should 
Tock ame and ascend ta the surface. 


‘OUT-OF-AIR PROCEDURE WITH BUDDY 
If you have not kept track of your air 
consumption and find that you are out 
of al, locate your buddy and ascend 
tasing their octopus or pony bottle. I 
no alternate air source i available, then 
buddy breathe. This involves both divers 
using the sume regulator, with each diver 
taking two breaths before passing it 10 
their buddy. This isa complex procedure, 
however, that needs to be practiced i i 
isto succeed in a real-life crisis, 


Hold onto one another as you rice ta the 
surface. Make any decompression stops 
as you would do during anormal ascent 
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your exhaled bubbles. At the surface, 
signal to boat cover immediately. I there 
is no boat, vim to the shore, Your buddy 


will need to be found and, as you haw 


ascended without safety stops, you wll 
nce to be monitored for DCS (wf 42 


MAKING EMERGENCY LIFTS 
1f your buddy is unconscions or injured, 
keep their regulator in their mouth and 
perform a buoyant lift to get them to the 
surface. This means holding on to your 
buddy's harness as you ascend, using their 
[BC to adjust buoyancy for both of you. 
Alert any boat caver once at the surface 
1f your buddy i not breathing, artificial 
ventilation (AV) may be needed ntl 
medical help arrives, If there is no cove, 
for if you are close ta shore, you may 
deccle to tens your bueldy to safety: Both 
towing and AV require sper 
if your dive training did not cover them, 


ial training: 


a lifesaving course is recemmened 


SIGNALING FOR HELP 
Supporting your buddy at the 

surface, wave one arm ina wide 
Sc and shout to alert boat cover 


‘OVERCOMING PANIC 


if yu feel panic coming on, alert your 
buddy, stop moving, and steady your 
breathing. i your buddy panies, reassure 
them with hand signals but observe them 
from a safe distance since a failing arm 
can knockyour regulator from your mouth 
0 injure you, When they have calmed 
down, hold their hand or arm, make sure 
thelr regulator stays in place, and remain 
close unt normal beating resumes, 
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Decompression sickness 


If a diver ascends too quickly, the rapid pressure change causes 
bubbles of nitrogen to form in tissues and blood vessels (seep. 100-01), 
resulting in decompression sickness (DCS). This condition must be 
watched closely and treated quickly, since in extreme cases it is fatal 


DCS SYMPTOMS, 
Severe DCS may ease 
impaired vision andl 
balance, convulsions, 

an even unconsciousness 
Nitrogen bubbles can form 
under the ski, or become 
trapped in capillaries and 
restrict the blood supply to 
the lungs, sowing 


after afew hors i mile 
DGS, but with severe DES, 
they will be precursors of 
serious complications. At 
the fist sgn of symptoms, 
‘request emergency 
‘medical atention (from 
the coast guard, if you are 
atsea) and give basic fist 
aie: supply the patient 
breathing, lowering blood ‘with 100 percent oxygens 
pressure, andl causing Jeep them warm and stil, 
shock, Ifa bubble enters EMERGENCY OXYGEN (ying down if posible 
the brain or spinal cord, it iSvialthatthedive boats provide nonalcoholic fluids 
cary an oxygen administration 
Lt in case of emergencies. 


an lead to paralysis ar (ideally sports ar 
even death, Symptoms rehyelrating drinks; and 
usually appear between one and sic hours apply pressure to joints to alleviate pai, 
alter surfacing; but occasionally da not The patient shoul be referred far 
manifest themsehes wnt 24 hours later medical attention and may ned to be 
They star with minor aches in joints, treated in a recompression chamber 
riches, and itching, These wil disappear If s0, provide those in charge of 
the chamber with the diver’s symptoms 
and details of the dive. In the chamber, 
the pressure is raised until it eauses gas 
bubbles in the diver’ tisues 
and blood to shrink, The 
diver is decompressed 
‘under controlled 
conditions, allowing 
Any residual nitrogen 
10 dissipate safely 


fans may be precursars 
Sof more serous problems 
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Hand signals 


Good communication with your dive buddy is important, not just 
in an emergency, but also to monitor each other's progress, share 
underwater experiences, and agree when to end the dive, The most 


effective method of communication is to use hand signals. 


USING HAND SIGNALS. 
Verbal communication is not an option 
underwater (se f.92) unless you are 
wearing a fullface mask, but most 
messages can he conveyed using 2 
combination of hand signals and 
drawings on a sate. Using hand signals 
will allow you to exchange information 
with your dive buddy and even ask each, 
other questions underwater, They can 
also be reassuring 

Signal to your bueldy regularly 
during a dive, as this will ensure that you 


notify each other of any problems that 
may develop. Repeat any sign that is not 
ar to your buddy, and acknowledge 


every signal that he or she makes with 


an “OK” to showy you understand, IF 


your buddy is slaw to respond to a 


signal, check that they are OK, If you 
are diving at depth, sluggish response: 
may indicate the onset of nite 


narcosis (se pp.100- 01), whicls impairs 
reaction times and mental acwity 

Signals are not just limited to 
showing each other how much air you 
have let or highlighting problems. They 
can also be used to inform your buddy 
of interesting things you have seen, oF 
to alert them to something you are both 
ooking for, such as a particular marine 
‘organism, There are numerous signals 
{or marine animals, and you can develop 
your own within your buddy pair. A 
common example i the use of a straight 
‘upright hand (representing a fin) on top 
of your head), meaning “Tve seen a 
shark.” Signals for animals like tures 
and rays can be readily improvised. 


QUALIFYING THE SIGNAL 
Tomakeit clear that a signal efers 
Specialy to yousel for example, 
“watch me" points yourself fist. 


Fig! depicts diagrams of spectral density of vortices’ 
energy; diagrams of rate of interaction transfer v and 
circular frequency @ depending on 
the world aether A (in picometers). As we can see, 
velocity of distortions propagation Wis equal to velocity 
of light C in the physical vacuum, i.e in electron sizes, 


ss of vortices of 


exceeds C in nanocosm and tends to zero toward 
megacosms Circular frequency of vortices rotation and 
course of physical time have the analogous qualitative 
dependence. However, vortices energy W has a feature 
and grows toward both ways fom the lab scales; the 
aether numbers have been assigned conditionally, but 
all the specified phase states reflect some physical reality 


One of the most complicated questions is a definition 
of vortex matter in each particular case. ‘The diagram 
demonstrates ener 
protomatter (simplest elementary particles — vortexes), 
and energy of classical elementary particles as helically 
definite self-oscillating emissions of acther field is 
localized in the most nonlinear subspace (physical or 


of free acther in the form of 


substantial vacuum). Unification of the elementary 
particles into atoms and macrobody does not denote 
direct transition to parallel world with different 
fundamental constants, whereas change of vortex 
in the diagram exactly implies such a transition, though 


at a level of protomatter. This is a very intricate and 
crucial point. For example, a star is, unconditionally, an 
elementary particle of the relevant level of the Universe, 
even though comprising the ordinary matter. 


Left wing of enemy spectrum reflects property of the 
turbulent field of aether to gravitate, to sink down to 
the “bottom” transferring energy to the vortices of lesser 
scales This phenomenon of distributed “gravitation” 
is available in every space point and explains a least- 


action principle. An illustrative analogue of this regularity 
is represented by the Earth’s gravitational field and 
structure, Dense plasma assumed as iron core is situated 
in the center, and higher - there are magma, solid crust, 


water and air. These phase states exist in free aether 


within universe scales as well. Consequently, in 
femtocosm, and maybe at an even deeper energetic 
“bottom”, there must be a plasmic subspace; evidently, 
it isassignable that acther translated from Greek means 
“fire”, 


Increase of energy to the right is connected with 
extending a dynamic band of the vortices spectrum, as 
the scale increases. In our world, this increase follows 
the flicker effect law, but this is only what we perceive 
actoss the energy-information barrier. Actually, at this 
section the vortex energy must increase well more 
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strongly, because our observation capabilities are 
limited by accessible matter processes. Turning back to 
stars, one may affirm that modern science is unable to 
evaluate their real energy (evaluations are considerably 
underrated). The Galaxy vortex entrains such deep levels 
of multidimensional space-aether to its rotation that this 


causes violation of the Newton’s law of inertia, Notion 
of “hidden mass” is unnecessary for explaining dynamics 
of galaxies. It is quite enough to take into account that 
differential rotation entrains the fine-structure aether 


(inertial subspace), and this process results in decreasing 


the inertia and external centrifugal Forces Unfortunately, 
Fig 1 reflects only a characteristic size of the galactic 
vortex and does not visually demonstrate its active band 
of the spectrum. The finer is the space structure, the 
mor inertial and closer to the absolute reference frame 
is the space. Obviously, the non-homogeneous, 
stereodynamically multidimensional and multiphase 
acther requires a perfectly new theory of random fields, 
which would also make allowance for the phenomenon 
of the material world, 


Energy motion processes or spectral energy-cascades 
along abscissa axis are of decisive importance for 
existence of our world and the Universe. 
processes have unusual properties. The “violet” cascade 


These 


is attended with reduction of vortices size, absorption 
of matter energy and tends to increase energy 
concentration at the “bottom” of the world aether (near 
ordinate axis on Fig.1). This regularity experimentally 
confirmed in both spatial and temporal domains is a 
direct. consequence 
phenomenon of distributed gravitation and clarifies an 
existence of the left wing of the spectrum. In classical 
physics “the violet” cascade effect is reflected in the 
least-action principle as well as in the thermodynamics 


of the above-mentioned 


laws. 


“The “red” energy cascade (tight wing of the spectrum) 
corresponds to increase of vortices 
accompanied with energy liberation. To start it up under 


ze and is 


earthy conditions special technologies are called for [7]. 
‘This has been confirmed with laboratory experiments 
and underlies the “perpetual motion” theory, where 
energy is pumped from nanocosm to the classical 
‘material world. Conception of artificial biofield [6], I 
have developed, considers methods of creating the 
aether vortex-wav 


macroscopic-scale distortions in 
physical systems Asa matter of fact, we deal with ways 
of extending of natural spatio-temporal spectrum 
of aether (which settled into itself) by creation of a 
subspace of the topological subharmonics of the 
classical elementary particles, atoms and molecules 
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‘COMMON HAND SIGNALS 


‘There are a numberof standard hand 
signals that are essential to al divers, and 
you can also improvise new signals with 
friends. Always review signals atthe start 
ata dive, expecially f you ate diving with 
4 new buddy. Give signals to your Buddy 


slowly and cleaty, to ensure that they are 
Understood. Use combinations of signals 
to convey messages mare precisely (lor 
‘example, something is wrong/l can clear 
any ears). Below are some of the most 
important and common diving signals, 


Ok/Areyou OK? Something is wrong Up/Let's ascend 
Fam an with thumb Tithe fat of your 


Aandindex finger Point hand fom sideto upward with fingers with fingers clenched 
theotherfingersup. side, palm down, clenched afi. in afist. 


Down/Lets go down 
Paintthumb straight Point thumb downward 


44500 psi (00 bar) left 750 psi (G0 bar left am out of air 


‘Stop 

Form Fshape\ith Makers wih palm Make horizontal Present at hand, 
hands to indicate outward, to indicate chopping motion palm outward, to halt 
4500 psiremaining. 750 ps remaining. across base ofneck. buddy oather avers. 


stow down 
Move palms slowly Move index gers 
downward together together, until 
(pivring at elbows 


‘Stay atthis depth Watch/Look 
Hold both hands Point at your eyes, then 
horizontally and move 

touching side byside. one over heather. 


at subject of intrest, 
sell, or another diver. 


tam cold Leant clear my ears Feeling breathless 


Hugyourserwith Point at earto indicate 
botharms crossed you atehaving 
teindieate chil. feu equalizing 


if you are feeling out of breath and need t est 
fara moment, you shoud use the iat of your 
hand to mimic your chest sing an fling. 


Developing your skills 


With any skilled pastime, it is important to keep your technique sharp. 
Many divers only dive once a year (or even less frequently), and itis, 
casy to forget even basic skills during your time off from diving 
Honing your skills in sheltered water is a good way to stay proficient. 


PERFECTING BUOYANCY inhalations and exhalations to make the 
Beginners, occasional divers, and even upper part of your body rise and fal, 
those who dive regularly will benefit Keep your fins on the bottom and your 
fiom practicing key skillsin a pool or legs apart. They will act as the “hinge” 
sheltered water. Buoyancy is the most of your upward and downward 


fandamental diving skill of all, sits a movements. The value of this exercise 
ood place to start when reviewing your is that it trains you to use breathing to 
technique, Refamiliatize yourself with adjust your buoyancy, rather than 
buoyancy control with “fin pivots,” using controlling it only with your BC. Also, 
ty swimming through 

a hoop with your arms 
falded—this will test your 
Ioyaney control and give 
you an idea of the space 
you can squeeze through 
‘with your equipment on 


Ta practice fin pivots, 
breathe in gently and feet 
vourupper bay rise, keeping 
Yourfin tps on the ao. Stop 
312 45" angle tothe bot, 


Som tease te arin 
Yourlungs un your body 

‘begins falling, Then, before 

Yount the bottom, bein 
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CONFIDENCE-BUILDING EXERCISES. 
Mask clearing is one of the most basic, 
yet important, skills in diving, Building 
coordination and confidence by 
removing and replacing your mask, and 
even performing tasks without i, will 
improve your diving. It will also prepare 
yt For minor upsets ke your mask 
being accidentally elisloeiged. Begin 
building up your confidence slowly by 
removing and replacing your mask in 
shallow water, befare repeating the 
exercise in deeper water Repeat while 
syimmning, and then try it with your 
regulator removed. You can also try 
swapping masks with your buddy, This 
is simply a variation on the solo exercises 
but also helps you to develop useful 
cooperative skills 

Giving yourself other handicaps 
can alsa help improve your confidence 
underwater, Try swimming with just one 
fin, for example. Losing a fin can 


‘To exchange masks, nel onthe bottom 
facing eachother. Give eachother the 
‘signa, then remove your mask, while 


Continuing to breathe normally 


on each other's masks, and blow them 
‘lea (see p13). Ignore any urge you 

Feelto hurry wien puting the maskon. In 

Parcular, make sue the strap i nt tsted, 


happen on an open-water dive, but if 
you are already prepared, you will be 
able to cope with the situation calmly 
and effectively: Practice all of these 

cexercaes in a pool or sheltered ws 


REDUCED WISIILITY 
Most civers feet uncomfortable swimming with 
thelr maskremaved, but with practice, you wll 
became confident peconming tasks without i 


‘Swap masks with your partner. tis much 

aslerto keep your eyes open throughout the 
exchange, but perfecting this by touch wth yout 
‘eyes closed, isa very useful exercise. 


‘Adjust the maskforcomr. then open your 

‘eyes and signal OK 1a inlcate a successful 
swap. The masks can then be sapped back 
again for fuer practic 
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VARYING THE ROUTINE 
Skills exercises don't have to be simple 
dri, Introducing an element of fun or 
setting an objective can motivate you to 
train for longer. Games for the pool or 
sheltered water include “hide the mask,” 
Which forces you to navigate and search 
‘without your mask; or you can practice 
breath control by performing simple 
exercises without breathing apparatus, 
such as retrieving objects from the 


bottom, or swimming through a sevies of 


hoops, extending the course as your 
stamina improves, 


“The seeker cases his eyes while the hier 
finds a comer ofthe poo to put the maskin, 
and etums to signal the seakero start searching 


“Hide the mask” begins wih an 
fromthe seeker, once the diver wha ls gong 
tw hide the maskhas removed 


"signal 


‘The seeker opens his eyes and starts to 
methodialy search the poal batt until 
{he masks found and replaced 


REMOVING AND REPLACING GEAR 
Familiarity with your basic gear is a vital 
sill, One exercise that helps to foster 
confidence i this area isto remove 
‘your scuba unit—that is, your BC and 
breathing apparatus, all fully connected 
and putt back on underwater, keeping. 
‘your regulator in your mouth throughout, 
‘This exercise should be carried out at 
the bottom of « pool or in sheltered 
‘water, and if you are a beginner or 
haven't tried this before, it may be useful 
to have an instructor present who can 
‘aide you through the process, Start by 
undoing all fastening elips on the front 
of your BC and pull your left arm out 
of it fine (even if you ate lefchanded), 
using your right arm to pull it around to 
‘your right, The BC jacket should nov 


be in front of you, between you and the 
tank, Keep the hose for your regulator 
second stage between your arms 
(othervise it may get caught under your 
shoulder strap when you put the unit 
Dack on). Then put the scuba unit back 
‘on by reversing the operation. 

Tor an extra challenge, once you 
have removed your BC, try removing 
your regulator from your mouth ancl 
swimming away to a distance of about 
30 (10 m), before returning and 
putting your gear back on again 

Alternatively, try entering the water 
‘without your gear, then putting it on while 
‘reading water, keeping your head above 
the surface. This ig a much more difficult 
exercise, and should only be carried out 
under the guidance of an instructor, 
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Pullthewhoteunitaround > To put gear backon, 
reverse the operation, 

Faking sure all clips and 

fastenings are reconnected, 


Dive fitness 


Asa diver, you are reliant on your body as well as your gear for a safe 
and enjoyable dive 
regularly helps keep you in shape, but itis important to maintain 


so make sure both are well maintained. Diving 


your fitness levels if you go for long periods without diving, 


HOW FITNESS AFFECTS DIVING 
Staying in shape reduces some of the 
ed with diving, ane makes 
it more enjoyable, Having healthy lungs 
and an ellicient circulatory system 
means you will use less air, so dives 
last longer A good level of 
cardiovascular fitness will alo help 
to prevent panic attacks, which can 
be triggered by a buildup of carbon 
dioxide in the blood. A fit holy will 
expel this by-product of respiration 
‘more efficiently, reducing that risk 
General strength is required for iting 
equipment and other incidental tasks, 


risks assoc 


‘Maintaining a healthy weight for your size 
is alo adhisable, When you dive, nitrogen 
Inuilds up in the tissues of your body with 
cach intake of breath, and fat re 


nitrogen longer than all other tissue types 
Therefore, if you are overweight and 
breathe rapidly because you are out of 


shape, you expose yourself tan 
increased tisk of DCS (see ppl42-43), 
Weight loss and gain can also alter 


your buoyancy: Fat is inherently buoyant, 
so if you have put on or lost a lot af 
‘weight since your lat dive, you must 
adjust how much lead weight you carry 
as ballast (ep 118-21), 


TALKING THINGS THROUGH 


Ifyou have any injuies ar physically weak areas, et 
those diving with you know before you dive. Don't be 
afrsgta ack for aeltance i this wil help preven inuy. 


DEVELOPING A FITNESS REGIMEN 
There is no quick fix for gti 
staying fi Aim to exercise regulary, 
tailoring your routine to strengthen the 
muscles you use most during diving: those 
‘of your back, leg, shoulders, 
1f you da not already exercise regularly 
seck medical advice belore embarking om 
a fitness routine. Start gently with easy 


wed arms 


exercises, and build up slowly. A routine 


{GOING AGAINST THE FLOW 
Finning int strong curents 
places demands on yourleg 
muscles ang lungs 
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based on the exercises overleal 
could start, for example, with ten 
repetitions of each, building up 
10 50, three times a week You 
should also aim to undertake 
regular cardiovascular exercise 
(ouch as walking or eyeling), for 
30 minutes two or three times 
a week to improve your general 
Fitness and respiratory health 
Whatever exercise routine you 
decide to adopt, try to incorporate 
it into your normal daily routine 
wherever ponsible, A 
every day does more good than a monthly 
gym session, Never exercise after diving 
This ie time when itis important noe to 
clo any strenuous activities there is still 
residual nitrogen in your body, and this 
may form bubbles if you exercise too 
hhard. Do some gentle stretches and take 
it eagy forthe rest of the day: Avoil hot 
Diaths or showers afer diving, since these 


all to work 


‘can also raise your vulnerability to DCS 


PROTECT YOUR BACK 


‘every cateful when earring and 
loading heavy equipment. poor iting 
technique can result in pulled muscles, 
and possibly long-term back problems. 
Abackinjury can spol trp, but diving 
‘with a weak back can also be a safety 
risk suface maneuvers, climbing onto 
boats, and exiting su, for example, are 
all compromised by weakness inthis, 
area f your lower backs vulnerable, 
consider transfering your weights fram 
‘a beltto a hamess (ee 2.70). 


Loading dive equipment 
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WARMING UP 
Always warm up and stretch especially 
your thighs, calves, ane upper anel lower 
back—before exercising, and spend a 
few minutes gently stretching and 
cooling down afterward, Many sporting 
injuries are caused by failure to warm up 
properly so treat it as an important part 
of your fitsess routine 


ARM AND LEG EXERCISES 
Basic squats build up strength in your 
legs. Standing upright with your feet 
shoulderawidth apart and your knees 
soft, place your hands on your hips 
andl shift the weight back into your heels 
Keeping your head and chest pointing 
forward and your back straight, bene at 
the hip and knees, as if you were siting 
down onto a chair: Keep your heels on 
the floor; you shoudl be able to move 


your toes, since all your weight is on your 
heels. Straighten and repeat, 


Lunges are a more advanced exercise 
for lege Stand upright with one foot a 


good stride in front of the other, with your 


eaLTaY Lunas 
Cardiovascular training bulls up 
lung capacity, making snorkeling 
feel even more efortes. 


a 


ASIC PUSHLUP 
The push-ups great allaround exercise for 
the upper body and arms. Beginners can start, 
with thelr knees resting onthe ground 
hips parallel and your toes forward, Your 
Jhack heel should be off the ground and 
‘your Bont fot lat on the face. Both 
Iknces should be bent andl your bake 
straight, Drop your body weight toward 
the floor unl your front knee i hen at 
290? angle. You may have to tit your 
pelvis forward to get this postion right 
Rise up and repeat 

Biceps curls strengthen the biceps 
muscles in the upper arms that are used 
‘whenever you lift anything, Using hand 
‘Weights or a weighted bar, stand upright, 


b 
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LNG EXERCISE 

Practicing ungesin font of amir wil help 
‘yout getthe position of your font eg ight 
knee directly over fst, bent toa right angle 


\ith your back straight and knees slightly 
soft, anel bold the weights in your hanels 
with your palms facing upward. Without 
rocking or moving your shoulders, bend 
the arms toward the chest 

lowes, taking care not to lock the elbows, 


EXERCISING YOUR TORSO 
Push-upe strengthen your shoulders, 
upper body, and core muscles. Lying on 
your front, bend your knees, eur! your 
toes under your feet, and place your 
hands shoulderavidth apart below your 


‘ABDOMINAL cRUNCH 
‘Alwayskeepyourlower back iat onthe aor and 
‘never ached. Fora harder warkou, alm your right 
elbow ta you left knee and vie versa 


shoulders, Press your body weight up 
nd down from this postion, Keep your 
Dack straight at all times and your 
elbows pointing out tothe sides. 
Crunches strengthen abdominal 
nuscles, which will help protect your 
lower back. Lying om your back, bend 
your knees slightly and place the soles 
of your feet on the floor. Place your 
fingertips behind your 
“upper torso and shoulders off the floor 
Hold this far three to five seconds while 
ooking forward, then lower and repeat, 


ars and life your 
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HYDRATION AND NUTRITION 
During a dive, you can burn as much 
energy as you would playing an aerobic 
sport, such as squash or bacimintom, The 
precise amount will 
yur fitness the temperature of the water, 
and any prevailing currents. But while iis 
tempting to stoke up om big ied 
breakfast in preparation for a day's diving 
batter food choices bei 
complex carbohyerates, which will keep 
you feeling fller far lager anel provide a 
steady supply of blood sugar to maximize 
energy levels while you are diving, Some 00D pWvING FooDS 
foods may make you feel uncomlortable  Whole-wheat bread, legumes, and unrefined 
cereals and pasta release energy siowy during 
43 dive Ored fruit and nuts make good snacks 


dive ar 


on a dive—commonky greasy or hot and 
spicy dishes so these are best avoided, 


After a dive, you need to replace the Above 
energy you have burned with foods that 0 re 
release energy into your blood relatively a dive. Your physical performance will 
quickly such as refined carbohydrates. be reduced if you become even mildly 
Have something to eat within an hour of —dehyelrated, and this is big issue if you 
surfacing, if posible, Energy-replacement are divin 
drinks can be a quick fx, but avniel those outside temperature is also high. Aim 
with a high calfeine content to drink at least 2 quarts ters) of water 

luring the course of the day (more if i 
is hot). This will help to reduce muscle 
cramps andl fatigue, and also helps 
decrease the risk of DCS, 


4 eer 


ll, the most important thing is 
sain Well hydrated before and afer 


in warm waters where the 


Savin HvDRATED 
Make sure you dink pent fil water 
to maintain good tyaratian. Tes, cafee, 
and carbonate drinks are no substitute. 


(physical bodies), within the context of the 
ethemdynamics fundamental law [5] 


Even within action of fluctuating energy-information 
bartier, the spectrum right wing exhibits existence of 
natural processes in Nature that, supposedly, violate the 


known laws of thermodynamics [8]. But, as far as Nature 
cannot conflict with itself, we have to recognize that 
ther is another physics, which “works” in geographic 
and greater scales, where role of the energy-information 
bamier demands to be reappraised. To all appearance, 
the univer 


vortex partialyl entrains plasmic subspace 
of acther into its rotation, and conditions for realizing 
“red” energy-cascade and generating matter are created. 
on the sections of the maximum density gradient 
“spectral” non-linearity). But the same way as a fish in 
ocean does not know reasons for storms and currents, 
we will never learn which force untwists the Universe 
handwheel, whose energy feeds our substantial world 


‘There are two components of free acther field that are 
the most essential for the present-day physics. The first 
one (left wing) is positioned on the spectrum beside the 
“bottom” in the form of dense liquid-crystalline 
“plasmatic” medium transforming to the Newtonian 
inertial subspace (physical vacuum). Since inertia is as 
regular as electric inductance is the first subspace proves 
to be especially material and not such free, because it 
has properties which were imposed by the Universe 
rotation and distributed “gravitation”, 
conventionally limit the spatial spectrum of the first 
component with a mucleon size. The second component 
of aether space (right wing of the spectrum) stretches 
towards larger scales. 


Let us 


Except for known cosmic objects, this is an unknown 
ocean of the macrovortex and really free aether, or 
topoharmonics, which are born by dynamics of the 
substantial world. It is an experimentally proven fact 
that topoharmonics are generated by photons electrons, 
and all the moving bodies [5, 9] 


‘The second component has an ability to conversely affect 
the matter it was generated by as well as other material 
objects via “flickering” forces [10, 11]. This special 
subspace turns out to be doubly virtual, a genuine 
phantom, That is why, it has been winning the status of 
areal physical entity with such a difficulty, while Chinese 
philosophers were familiar with the same thousands 
years ago, separating entities “yang” and “yin”. 


‘The laboratory experiments indicate that topoharmonics, 
have not only properties described in [5], but also an 
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ability to interact with the space, creating a static domain 
of the excited acther in the course of propagation of 
the vortices-waves. At that physical bodies placing within 
this space volume are “charged” [2, 9]. The mentioned 
active domain (horizontal route) is “separated” by the 
Earth’s gravitational field as follows: quasi-substantial 
constituent mpidly settles down creating vertical flow, 
but some phase structures are disintegrated very slowly 
(days, months, years). 


“The surprising thing is that biosystems equally belong 
to both acther components, not expes 
constraint from the side of the energy 
barrier. The so-called human biofield is a topoharmonic 
part of physical body. It occupies its place on the spatio: 
tempomal spectrum (Fig, 1). Quasi-substantial constituent 
(yang) and antiquasi-substantial one (yin) are strictly 
balanced, and acupuncture points and chakras are an 
analogue of Hartmann’s geophysical grid, which is well- 
known to paraphysicists. 


encing any 


formation 


Conceptual generalization of physical ideas in the 
context of unified field of acther gives a constructive, 
cognitive impulse in solving of different problems, such 
as Nature’s choice of exclusive laws for existence of 
“left-screw” material world as well as the problem of 


flicker-effect. At that, researching into the physical 
processes responsible for proton positive chame is of 
fundamental importance. 

In condusion, letus take note of conventional character 
of dividing the acther field into two components by the 
form of energetic spectrum. As a matter of fact, 
topoharmonics are generated by matter towards both 
lager spatial frequencies (subharmonics) and smaller 
ones (harmonics) and fill all levels of the Universe. The 


aforesaid is aimed at making perception of the most 
studied aspect of the new physical entity (vague due 
to diversity of hypothetical descriptions which exist in 
publications on this subject) more accessible. 


Reference 


1. AB. Smimow, LM Prokhortsex: Order principle, — Saint- 
Petersburg:Z.AO «P and K», 2002. - 296 p. 

2. AM. Mishin, The aether model as a result of the new em- 
pirical conception. New ideas in natural seiences. (On materials 
‘of International Conference). Patt 1 “Physieal”,- St- Petersburg: 
RAS, 1996, p. 95-104. 

3. AM. Mishin, Fundamental properties of acther, Fundamen- 
tal Problems of Natural Science, Series «Problems of the Uni- 
int Petersburg: RAS, 1999, p. 176-176. 
4, AM. Mishin, Physies of panllel worlds / Fundamental Peob- 
lems of Natural Science and ‘Technics. Seties «Problems of the 
Universe research», fascide 23 - Saint-Petersburg: Publishing 


verse researc, isle 2 


New Energy Technologies, Issue #3 May - June 2003 


DIVE FITNESS 


FOODS TO EAT WHEN DIVING 


‘The following lst gives examples of the 
kinds of foods its good to include in 
meals and snacks before and ater a dive 


BEFORE A DIVE Multirain, whole-wheat, 
or rye bread; whole-wheat pasta; sweet 
potatoes; browa ice; oatmeal; bran 
based cereals; legumes and nuts; beans; 
leafy vegetables; and plan yogurt. 
AFTER A DIVE Pasta and rice (dealy in 

3 salad or lowfat sauce): potatoes fresh 
fruit; white bread or bagels, 


ASTER ADVE 
les tempting fo head forthe barater2 
sing, but have something to eat, oo, Even 
standing stil n cold water burs calories. 


So can alcoholic drinks, which are best 
avoided the night before a dive because 
they can also contribute to dehydration. 
Divers sometimes experience minor 
car infections, especially after days of 
continuous diving ori diving in lightly 
polluted waters. There ae various ways 
of avoiding ear problems, including 
rinsing the ears with fresh water alter 
every dive, or using an aleohol-basedl thd 
designed for swimmers 

Lastly you should aw 
dlive medical to check that you are in 
good enough shape to dive. If, between 
medicals, there have been any changes 
fn your health since you last dived, then 
it's always best to have a checkup, 


a regular 


Going diving 
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Introduction 


Becoming a qualified diver is a tremendously exciting experience, but 
the range of choices facing you post-qualification can be daunting. The 
joy of diving is that within one sport lies a host of different specialties, 
all requiring different skill, knowledge, and planning techniques, 


RECREATIONAL DIVING 
Upon qualification, the world of diving 
‘opens up to you. Whether you become 
a casual resort diver or an advanced 
technical diver with a liking for the more 
extreme elements of the sport anly time 
and experience will tl 

"The broad spectrum of recreational 
diving encompasses many different 
environments and experiences, including 
reels, caves and caverns, wreck diving, 
ice diving, diving, and night 
diving, ‘There are also various specialty 
activities in which you can participate, 
such as filming and photography, wildlife 
and conservation diving, underwater 
archacology, and free diving (living 
without an air supply). The majority 


rshw 


BEACH BRIEFING 
Becoming confident enough to conduct your 
‘wn dives without a guide or instructor gives 
you greater freedom. Always plan and brie dives 
thoroughly before entering the wate. 


of divers find that they derive most 
cejoyment from sampling a range of 
different environments andl activities, 
rather than limiting themselves to one 
specific aspect of diving, 

‘Many new divers aim to acquire 
further specializations, pins, and 
{quiliieations from the moment they 
pass their initial eraining course. This 
urge, while unclerstandable, should be 
tempered by the need to gain general 
dliving experience. There is no substi 
foe time spes what was 
‘once intimidating becomes familia 
lhelpfal routines start to emerge, 
stills and safety consciousness 
‘improve, and knowledge increases 
‘You will also feel more confident 


in the water 


and comfortable in the water 
as you learn to tailor your 
‘equipment to your own needs, 
Only when you have served 

your “apprenticeship” by 

ning experience of different 
environments and diving skills 
should you make any decisions 


about future specializations 
Without puting in the hours 
you will fine 
further training andl courses 
more difficult, no matter how 


‘well truictured andl delivered 
they are. In addition, the 
more experience you have, 
the more aware you will be 
‘of your own Hikes, disikes, 
and aptitudes, allowing yet 
to make more informed 
choices for the Future 
direction of your diving, 
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Fortunately; gaining general diving 
experience is relatively easy, with dive 

groups and clubs springing up in 

abundance to meet the sport's growing 

appeal. Furthermore, dive travel isso 

well established ehat almost any region 

of the world is now accessible, and 

‘opportunities to dive exit in virtually 

every coastal resort around the world, 

A whole range of diving encounters are 

availablefrom a casual beach dive PLOTTING YOUR FUTURE COURSE 

through to full-blown expeditin Tremor erpefenceyou rain te betes 
all easy to arrange via the Internet ar informed you willbe when decging whether 
through dedicated dive travel agencies, ©Y Pott Puste  panleular aspect of diving 


( ys 


PROFESSIONAL DIVING 
The enjoyment of diving li 
people to consider  fil-time career in 


which diving plays an essential part 
Diving professionals range from 
recreational instructors and dive 
‘masters, whose main r 
introduce others to diving, through 
to military experts, commercial 
specialist, scientific divers, 


fishermen, and underwater 
cameramen and photographers, 
Further skills are always 
needed to succeed in your 
chosen career an underwater 
filmmaker, for example, must 
bbe an accomplished camera 
operator as well asa superb 
diver, and an instructor need 
teaching skills, in adltion to 
First-class abilities in the water 
Professional diving ean 
olfer excellent rewards, both 
personal and financial, but 
they tend to be well earned, 


id commanication and 


Professionals must ive in all 
conditions ane at all times, 
and the work is often arduous 
and sometimes dangerous, 


PREPARING FOR AN ICE DIVE 
Diving under ie sthiling butts not 
for beginners. The hazards of enclosed 
surroundings and extreme cold mean 
that special training is equire. 


160 GOING DIVING 


Identifying your aims 


arching a dive is time well spent. Not only does it 


‘Time spent res 
help you to unearth new attractions and clarify the aims of the dive, 


but itis also Ui 
maximize the pleasure and interest you derive from the trip, 


ly to heighten anticipation, enhance safety, and 


BEGINNING RESEARCH 
Use magazines, books, and 
‘maps to highlight basi issues 
tat you can then investigate in 
epth onthe interne 


ASSESSING AIMS 
The nature of dive 
research will vary from trip 


to trp, but certain core 
issues should always be 
sliscussing qualifications 
and experien 

‘well prove invaluable in 
establishing the ideal clive 


taken into consideration 
Ldentilying the divers 
is obviously one of the 


ls may 


fist items to be addressed, 


Diving is not, asa rule, location and activity for 


meaty coir eile Sc oat mang 


experience and qualifications of divers divers, you will need to ensuite that their 
Within a group will vary, and what may aims are not likely to conflict. Imagine 
be a comfortable dive for one person the scenario, for example, of an ave 
may he extreme far another. Time spent photographer preparing to take an 


"TROPICAL CONSIDERATIONS 
When planning tropical ives, consider 
the effect of local weather paters. 
Runoff rom tropical islands inthe wet 
season for example, may impair sbi, 


IDENTIFYING YOUR AIMS 
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Dwvine weasiTE 
‘The ntemet san invaluable esearch resource, 
allowing you ta access the opinions and advice 
Df authartatve give ganizations 


award-winning image of a sunken ship, 
When an impatient wreck enthusiast 
svims in front of the camera lens and 
ruins the shot, Establishing the main 
sim of the dive atthe outset, or ever 
allocating buddy teams with the same 
interests, should prevent sch problems, 
‘When diving with a local operator, 
tuy to check out their credentials. In many 
parts of the world there are associations 
“cup by groups of respectable operators 
to govern the local dive industry: Failing 
that, many tourist boards and even. 
government agencies requite dive 
‘operators to register 
getting an indepenclent view of your 
Potential host from these organizations 


itis always worth, 


LOCATION AND TIME 
Conditions can vary greatly along even 
the most bland section of coastline or 
Within the most innocuous-looking body 
of water. Choosing an exact ste in 
advance has the benefit of allowing 
‘ery specific research into local issues. 
Key questions to be answered include: 
‘hat are the hazards involved? Where 
are the established entry and exit points? 
What are the divers likely to encounter 
during the dive? What isthe tidal range? 
What are the prevailing currents? 

“The timing of the tip is also 
‘important. Tides, for example, may 
affect not only visibility, bt also the 


marine life present, as wel as entry and 
exit considerations. Marine life will also 
be influenced by seasonal variations, 

as will water temperatures, Furthermore, 
different range of matine animals may 
well he present at night than during the 
dlay, while boat traffic andl use of the 
area for other watersports will vary 
throughout the day and the week. Diving 
at the wrong time can make the event 

4 disappointing experience, 

Salety is the most important area of 
your research, You will need to assess the 
conditions you are likely to encounter 
waves, currents, depth, temperature 
and the facilities available 9 you should 
‘an accieent occur. You should not show 
up ata dive site unless you know the 
exact location of the nearest hospital, 
recompression chamber, and casualty 
‘evacuation facilities. Knowing how to 
contact these agencies in an emergency 
is also crucial researching phone 
‘numbers in the comfort of your own 
hhome is infinitely better than trying 
to do it on a rocking boat while caring 
{or an injured diver, 


UNDER THE ICE 

The passibilties fr tiling diving tps around 

the world ae almost endless, limited only by 
ime, budget, and imagination 
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Planning a trip 


Armed with the fruits of your research, you will have a clear idea of 
where you want to dive, when you want to go, who you will be diving 
with, and what you will see when you get there, The final task before 


your departure 


to plan the trip in as much detail as possible. 


REALISTIC TIMETABLING 
Most tips revolve around 
a key moment in time 
the instant when the 
divers enter the water. 
This i often determined 
by a certain phase in the 
tide when the diving is 
most favorable, or by the 
desite to dive at a specific 
time of the day or nigh, 
such as when the Sun is 
high for photography, 
tor in the gathering dusk 
when the reef is at is 
most active, A realistic, workable 
timetable is thus vital to achieve such 
time-specific goals 

Devising a timetable, such as the 
chart below, by working backward from 
the moment you sim to enter the water 
is the best way to plan your diving day. 
This method is used by many elivers 1 


PACKING YouR EQUIPMENT 
‘Checks and routines wil 
help to ensure that al your 
sear makes ito the dive ste 


censure that their diving 
enjoyable as possible 


fice and as 


PRESSURE TEST 
Before you start packing 
your equipment fora dive, 
carry out a pressure test. 
“This involves rigging the 
gar toa tank, and 

‘ensuring that the seals 
and regulators ate all 
fimetioning as they ought 
to be, This is also a sell 
reas of ensuring that 
your tank is fill prior to departing for the 
clive ste, There is nor more sickening: 
sensation than journeying to a dive site, 
looking out over perfect coneltions, 
assembling your dive gear, and turning 
‘on the air to be greeted by a cacophony 
of hissing regulators and seals—or, 
indeed, the tank itself heing empty 


nev 
‘Adver nos hey muster th water om his alee a east depanure 
{3.00 pmo dvedurngslackwater hour bldg ra conigene tenure 
eiweon he tides Tey workbrcvard_avlat the he stn god tine 
Le ere ee | 
Eng te water 009m 
ig up and dl ca am 50m 
Slap and bg “ein 50m 
Fatal ad ping eal 50m 
Diogo ste ae asm 
Gees senin 5pm 
Chess nd sng de er <0 asm 
Connie jenn 75am 


PLANNING A TRIP 


PACKING WITH CARE caVE DIVING 
"The greatest cause of the postponement Fofmore complicated tis, suchas cave ves, 
orcanceltion of divest beget Bell eaupment may be necessary and this 
pieces af gear. A fool-proof method af "¥StB® tered into your planning 
quarantecing that you pack all of your 

equipment is to load your gear into your ancillary items (salety sausage or DSMB, 
dive bag at home in the order that you flashlight, slate, and so on), 

will be putting it om at the dive 5 An alternative packing technique i to 


‘Visualizing your arrival atthe site and run through a checklist fom head to toe, 
suiting up will lead you to load your dive and again pack your gear in that order. 
bag in the follensing sequence: st, “The list then runs: hood, mask, snorkel, 
boots, knife, weight belt, tank, BC, suit, regulator, BC, tank, compute, 
regulator, camputer, hood, mask, loves, weight belt, knife, boots, fins 


“There are innumerable ways 
of trying to ensure that no item 
ff equipment i forgotten, but 
the most elective are those that 
are convenient, quickly become 
a habit, and take Titde time. 


DIVERS ENTERING THE WATER 
[Arealitc timetable will ensue that 
sulting up and briefing on site is nat 
rushed, and that you do not miss your 
‘window of opportunity with he tide. 
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Site-specific planning 


Pre-dive research is important, but there 


no substitute for a thorough 


assessment of the site on the day of the dive. This may highlight 
issues not raised by your research, and allow you to make adjustments 
to accommodate changes in conditions before the dive starts 


FINALIZING YOUR PLAN 
(Once yont knows when and where you 
are going to dive, you must devise a 
practical plan for each of the dives you 
‘mean to conduct on the day. Whether 
you are planning for just yourself and a 
fiend, or for a larger group, always take 
local conditions into account before 
settling on final dive plan 

‘You must address a number of key 
points in your dive plan. Firs, it should 
broadly define the aim of the dive, the 
dive's entrance and exit points, and its 
general route, as well as describing an 
alternative exit in cased 


e main choice 
is inaccessible, It should also define the 
dlve's maximum depth and time, as well 
as decompression resritions, and 
should specify the minimum reserve of 
air that divers must surface with atthe 
conclusion of the dive 

Depending on the aim of the dive 
and the experience of the group, special 
signals may be required, Is impes 
to select diver recall systems the signals 
fr sounds that will be used 10 inclicate 


INSPECTING THE OVE SIE 
Ress the temptation to ener the water as quickly 
as possible, Access the conditions and inspect 
the site, noting the ave’ entry and eit points 


‘UNLOADING THE GEAR 
Even fyou fel sure that every tem of gear was 
packed before the trp, double-check onsite that 
you have everything you need 


that the dive should be aborted. Your 
plans for the dive should also identity 
any potential hazards that may be 
‘encountered. If an incident occurs, what 
procedures should be followed? Define 
what action to take if divers become 
separated—in murky waters, this is one 
fof the most common reasons for dives 
being aborted, Make sure thatthe divers 
you intend to pair together as bueldies 
shate similar interests or levels of 
experience, so that there are na conilicts 
of interest during the dive, 

‘Assess local conditions and examine 
weather reports; worsening weather 
conditions might dictate a move toa 
‘more sheltered site nearby; or rule out 
the use of a boat. Finally, ensure that 
the designated shore marshal or dive 
supervisor understands their duties, 
including recording tank pressures 
and the times that divers enter the 
‘water, and responding to incidents. 
Provide them with contact details 
‘of Iocal agencies to be informed 
in the event of an emergency. 
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Lately, the notion “Global energy” has become widely 
spread as a prize corresponding to this notion has been 
instituted in Russia. Since the Euclidean times, an 
‘ence: to give definition to the 
notions, which are involved in scientific analysis. It is 
done for the purpose that everybody who uses this 
notion can understand the sense implied in it. 


unwritten law exists in s 


‘The Global energy problems have been discussed for a 
long time; they are well known. Depletion of natural 
energy cartiers (oil, gas and coal) is the first problem. 
Environmental safety of energy cartiers is the second 
problem. It is generally recognized that the solution of 
the issues connected with the aggregate of these two 
problems is of aglobal character. The results of scientific 
‘earch, which should deal with global energy, originate 
from it. First and foremost, they are such scientific 
investigations, which result in the possibility to use an 
inexhaustible and environmental friendly energy cartier. 
It has been known for a long time. It is hydrogen 
produced from water. 


Why hydrogen and why from water? At combustion of 
hydrogen, water is regenerated; thus, the energy cartier 
is inexhaustible. As far as inexhaustibility and 
environmental safety are concerned, hydrogen has no 
competitors. However implementation of these qualities 
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is restricted by large energy expenses for hydrogen 
production from water. For hydrogen production, 
modern electrolyzers use from 10 to 20% more energy 
than it is produced at combustion of hydrogen. 


It is easy to imagine what financial and intellectual 
resources of the world are included in the search of the 


ways to reduce energy exper 
from water. In Russia ma 
applied research and educational institutions deal with 
this problem. There is a Research Hydrogen Institute. 


s for hydrogen production 
scientific institutions of 


‘The associations of ‘scientists on hydrogen energetics 
have been established in USA and Europe. This year, 
they carry out their regular scientific conferences, to 
which the author of this article has been invited. 


Editorial Let us note that itis not necessary to coin new 
scientific term “global energy”, since quite for a long time 
the notion of ‘ree energy” is used. This term represents 
the idea of the possibility to freely use energy by a 
consumer, 


Energy problem is gobal not due to depletion of oil 
and gas, but due to their environmental unsafeness, 
However the confirmations exist that the world owners, 
of energy resources do not bother about the problem 
of environmental unsafeness of modem energy carriers, 
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‘OUTLINING THE PLAN 
Fithelps, you can always daw 
simple sand mapsto clay the 
route tothe other divers 


associated with the dive 
At the end of the briefing 
censure that all the di 


clearly understand the 

constraints of the dive plan, 
fully prepared 

the dive, After any final 


questi 
‘THE DIVE BRIEFING the dive ean begin, 
The final task isto brief the entive dive The simple masim “plan the dive 


fom the group, 


crew, The briefing, which should ideally and dive the plan” is an old one, bat its 
take place overlooking the dive ste, must worth has been proven over time. 


caver all aspects of the dive plan, and Following it means that all of the divers 
include not only divers, but also shore will get the most they can from the dive 
marshals, deck hands, and anyone else and, importantly, will enjoy tin safety 

ENTERING THE WATER 


By thetime you ener the water, everyone 
involved wih the dive shouldbe faly 
ware ofthe dive parameters 
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Wreck diving 


Exploring wrecks is—fa 


1 many people—the main reason to dive. This 


activity is particularly popular in countries without coral reefs to dive 
on, However, it also has a general appeal, because wrecks give a 
historical context for a dive and demand mastery of special skills 


DIVING ON WRECKS 
Sunken ships have an 
obvious attraction as 
sites of archaeological 
and bistorieal interest 
Awreck is atime capsule 
fiom a given perind, and 
the waters around most 
thousands of them, 
Although most knows 
wrecks are metal-hulled 
vessels, unusual conditions 
will sometimes preserve 
vwooden-hulled ships 
dating back hundreds of 
years, Those provide an 
excellent opportunity to examine past 
shipbuilding techniques, and sometimes 
hold interesting and unusual artifacts, 
‘To explore significant wrecks, you should 
be properly trained and, preferably, work 
Within an archaeological organization. 
Information om recent wrecks, such 
as warships sunk during the twa world 
wars, is usually readily accessible, Its 
often possible to research the 
specifications and history of the ves, 
along with details of its erew and 


DESCENDING A GUIDELINE 
Popular wrecks often have 


‘buoy moored to thelr 
Structure to make locaton 
and descent easie. 


mission. Historical 
records may give detail 
of the events surrouncling 
the sinking of the ship 
Wreck also make for 
good diving because they 
act as artificial reefs, 
attracting all sorts of 
tarine life. Over time, 
the structure becomes 
‘encrusted with marine 
growth, especially fter- 
Feeders if ities i ial 
stream, Fish exploit the 
safety andl shelter that 
‘wrecks offer: smaller fish 
tend to shoal around 
‘wrecks; larger fish, such as moray’ or 
cconger eels, can hide safely in nooks and 
crannies; and predators, such as sharks, 
may be found in the wreck’s surrounclings, 
Decause they feed off the smaller fish, 


PREPARATION AND SKILLS 
Wreck diving can be a fascinating 
activity but it isnot without risks 
Under no circumstances go inside a 
wreck if you laek appropriate training 
and equipment; the danger of 

entrapment is very real, and 
specialist knowledge andl skills 
are required to enter wrecks 
safely: Exploring the outside of 
wrecks is sae, but always treat 
such sites with respect, 


"TANKIN TRUK LAGOON, SOUTH PACIRC 
Wreck ving isnt just about ships; 
‘crashed area and mltary vehicles 
ated by sunken vessels provide 
‘equally enthvaling alternative. 


WRECK DIVING 


GOING DIVING 


FINNING TECHNIQUE 
Wrecks often contain lot of static silt 
and mud, which is easily disturbed by 
changes in water currents caused by 
divers finning overhead, Good visibility 
can suddenly anel dramatically change to 
almost zero, so using a frog kick (we 125 
Which generates relatively lite turbulence 
is recommended to minimize disruption 
of the sil. The best time For wreck diving 
is at slack water, but a small current can 
help sweep away any disturbed sl 


USING GUIDELINES 
When you arrive atthe dive site, ensure 


that your boat caver ie moored to the 


wwreck’s marker buay: I t doesn’t have 
an experienced diver needs to vim 


down and attach a guideline eliectly 19 


DIVING IN CONFINED SPACES 
{Wreck penetration often involves explring in 
ath, confined spaces. itis not recommended 
forthase with claustrophobic tendencies. 


the wreck 


to act asa guide for other 
livers to follow. IF you intend to return 
to the surface via the sume guideline 

it can he useful to use a distance line 

ser (127) 0 help you find your way back 
to the bottom of the guideline, especially 
in poor visihilty I you plan to ascend 
from another part of the wreck, deploy 
‘an inflatable marker buoy (we 50-31) 


PENETRATING WRECKS 
When wreck diving, you should carry 
backups of certain pieces of gear, such 


‘as your reel andl your Hashlight, aswell 

‘as an independent air source, such as a 
poniy bole (er 6), in case 
‘of emergencies. You must also 
ensure that you follow the 
Rae of Thin (we 117) 


With your air consumption —a 
third of your air i used to get 
to the ste and explore, a third 


LeveL PosimowNG 
The og hicks a gentle swimming 
stoke that mainly euses turbulence 
inthe water behind and not below 
you, and sa doesnot ick un it 
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voecor otvine KY 


to return to the point of entry, and a 
third is left in reserve as a contingency 
Allow extra time at the endl of the dive 
to find the guideline, and do not take any 
unnecessary risks with your dive time 
depth, or penetration, 


EXPLORATION TIPS 
It ie good idea to investigate the area 
around a wreck, since artifacts may have 
and pieces of wreckage 
en knocked off 

pe of interest, but take great care 


may have 


hat might 


Always be avvare that the structure 
both insice and outside a wreck) may 


much degraded and potentially 
dangerous. Wear protective glaves, even 
jn warm waters, as carroded metal can 
be sharp, Wrecks are often heavily 
fished, xo cary a knife in case you 
come entangled in fishing line. You 
also need a powerful faslight (and a 
backup) to illumi 

Visibility, and to signal to your buddy In 


some very enclosed wrecks, i is advisable 


to wear a helmet and head lamp, 


DIVER USING WRECK KIT 
Canying extra ale and miro is fala, and 
fan help to extend dive times an shorten 
decompression stops. Good light sources 
and dive plan information ae also essential 


THE GOLDEN RULE 


‘Never remove items fram a wreck. AS 
with any artifact, marine finds are more 
Useful to archaeblogiss when examined 
Jnsitu, and thelr context provides more 
information about the wreck than ifthey 
are handed in without details of where 
they were located. Warse stl is if they 
ate lost orev in a diver’ personal 
artifact collection, 

Ustroop ship 


RESPONSIBILITIES WHEN DIVING 
Wrecks are historical sites, and just as 


{you would not remove artifacts from a 
historical ste on land, such as a castle 
‘or monument, you should also respect a 
‘wreck and not damage it in any way. Be 
considerate of the enjoyment of others 
‘who may dive the wreck after you. Dive 
responsibly and with care, and do nat 
remove anything without being given 
permission to do x0. When you find an 
artifact, such asa ship's bell, after a long, 


Ss tl 
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hard search, you may feel that you 
deserve to be able to take it away as a 
trophy, but all such discoveries should 
remain where they were found, or be 
raised by trained archacologists for 
preservation in a museum, 


'WOODEN-HULLED VESSELS 
Most of the wrecks that you are likely to 
explore will be metal-hulled, but wooden 
ships are also preserved under some 
conditions. Avoid touching the wooden 
structure, as it is likely to he extremely 
fragile. Historic wooden vessels may 
have been Iying protected under sand oF 
silt for many hundreds of years. If you 
want to expose parts of the wreckage for 
any reason, you should do so by wafting 
your hand ever it to remove the silt, 
creating a current to take the silt away: 


‘WRECKED BY DESIGN 
‘The former US Coastguard cutter Klth Tibbetts 
‘was sunk deliberately at Cayman Brac to provide 
an artificial ree for divers ta explore, 


Wrecks fram the two world wars ean 
provide fascinating dive experiences 
for military history bus, but emember 
atlltimes that they may also contain 


live ammunition that could potentially 
be very dangerous. Never touch 
anything that resembles 2 shell or mine, 
and research what you are likely to find 
fon the wreck before diving, 


ARTIFICIAL REEFS. 
At some papular dive sites, wrecks have 
Deen sunk deliberately to provide a sale, 
interesting dive ata reasonable depth for 
recreational divers. Such wrecks quickly 
become colonized by marine life and 
provide a fantastic opportunity for diving 
and marine research. They are generally 
4 good place to start wreck elving, since 
the structure will be intact andl any 
hazards will have been removed, At 
some wreck sites there are special diving 
trails with underwater display boards to 


tx- 


WRECK DIVING m 


expluin the layout. ‘There may also be 
layninatee booklets that you can take 
With you on the dive, which enable you 
to real about the most interesting 
features of the wreck while om sie 


VIRGIN WRECKS 
Every wreck diver's dream isto find 
1 previously undlscenered wreck and 
there are certainly sill plenty 1o be 
found. Before you embark on such a 
search, you should familiarize yoursell 
‘with the law regarding wrecks, and any 
‘wreck you find should be reported 10 
the authorities. Generally speaking, you 
‘can dive any wreck around the world 
from those that are dlesignated as 
rie wrecks and war graves, which 
are restricted and require special 
rion to dive, 
Locating a virgin wreck can be a 
Tengthy task, and is likely 
jensive. But a modern hardboat 


‘system, combined with charts and some 
‘good background research on your part, 
‘ul help you hit the jackpot. Many 
undiscovered! wrecks are ound in very 
p water, so make sure you are fully 
fee and appropriately trained 
‘undertaking deep wreck dives. 


RESPECTING HISTORY 
Many wrecks sunk ding 
conflict ate official war graves 
and may nt be dived 


FINDING OUT MORE 
IC your interest in a wreck 
goes beyond merely diving 
it and you wish t0 
enhance your dive by 
finding out more about 
the wreck’s history there 
are a number of available 
sources of information, 
(Good starting points 
include books on wrecks 
in the atea that you are 
dlving, and using the Internet to de 
same background research, There are 
numerous websites ancl forums where 
you can discover more about wrecks, 
and also make contact with other 

dlvers interested in finding new wrecks 
Farthermore, local museums may have 
displays of artifacts recovered from 
‘wrecks inthe area, and local divers 

and boat skippers may be able to reveal 
information about the history of a wreck, 


‘you ae seatehing fora particular 
undiscovered wreck, itis important 10 
start your research inthe archive. 
Studying the ship's specications and 
plans will help you identity any remains 
that you find, and determine whether 
they belong tothe subject of your 
search, Itisa good idea to take video 
footage of anything you Find on a dive, 
as this is a nanintrusive method of 
recording the remains, and the footage 


wl be critical in identifying the wreck 
and for showing to expert, 
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Nature and conservation diving 


Recreational divers represent a huge pool of manpower that can 
potentially contribute to conservation work. Many divers take up the 
sport due to an inherent fascination with nature, and more and more 
are now applying their skills to organized conservation projects 


DIVING RESPONSIBLY 
Most divers have a certain 
level of knowledge and 
enthusiasm for marine 

life and the ocean 
environment, and realize 
that along with the thell 
of exploration comes 
responsibility: Divers are 
in a unique postion to 
observe the deterioration 


you will find this 
vigorously enforced by 
most dive operations 
around the worl. 
Good buoyancy contol, 
streamlined equipment, 
and a respect for the 
varied inhabitants of 


the sea are now widely 
tiatght as the only way 
to dive, andl as a res 


fof busy coastal margins GOOD PREPARATION even heavily dived 
around the world and, Agraup of divers ata areas experience less 
with the development of conservation site discuss the habitat disturbance 


the modern ecotourism 
market, are nent alse able 


to actively contribute to conservation 
projects in the same regions. 

At the most basic level, conservation 
work simply means responsible diving by 
anyone taking up the sport in the frst 
place, Always adhere to a “o-touch” 
rule when diving delicate reef systems; 


USING IDENTIFICATION SLATES 
‘To familiarize themselves with marie life during 
2 ive, divers use species identieationsates— 
‘waterproof cards with pictures of the species 
They tobe found at the dive site 


ork they wil be conducting. 


than they used to 


(MAKING A DIFFERENCE 
‘Voluntary work, though often conducted, 


at the most basic level, can nonetheless 
be extremely significant ata local ane 
ven international level, The efforts of 
‘one voluntary organization alone 
Cay Conservation contributed greatly 
to the establishment of the Belize B 
Reef (we #p:316-17) a World Her 
ite, ancl have seen eight Marine 
Protected Arcas (MPAs) established 
around the world in the last 20 years, 
Formally observing and recording 
marine life isnot just the preserve 
of the scientific expedition, 
Significant work has been 
lone by enthusiastic 
amateurs. Organized 
conservation and 


monitoring projects range 
fiom casual one-day beach, 
cleanups run by local diving, 
clubs, to multi-national 
fperations setting up nature 


NATURE AND CONSERVATION DIVING. 
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reserves throughout the world, Diving 


conservation is now big business, with 
bunded of o 

world claiming (with varying levels af 
accuracy) to run projects that contribute 
to scientific knowledge or the 
rstablishment of marine reserves and 
protected areas, Most organizations put 
volunteers through an intense training 
period before allowing them to take part 
jn even relatively simple sampling or 
monitoring programs 


izations around the 


FIRST PRINCIPLES 
There are two principal considerations 
that must be borne in mind by anyone 
Working asa diver on a marine 
conservation project. The first is safety 
You need good diving skills, and enough 


RE EXPOSED 
‘Anealthy ee atom tide. Rising global 
temperatures are harming coal and sighs ke 
thiemay become less common in futur years 


experience to be able to keep a watchfil 
eye on the ever-present factors of depth, 
time, and potential hazards while 
simultaneously making meticulous 
observations, Enthusiasm for the work 
Dbeing undertaken must not distract you 


PRESERVING HABITATS 


Carving out conseration 
worknot ony allows youto 
sve something backtothe 
‘atne environment, but 
‘may give you the opportunity 
to vist exotic destinations, 
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fiom the normal rules of safe diving 
The second factor is consideration for 
marine life. Unless you are working 
under the direction of a well-recognized 
conservation group, you must only 
gather data without touching or 
harming the marine environment 

Both marine algae and animals should 
be recorded only i ita 


WORKING TOWARD OBJECTIVES 
Good science starts with a dear means 
to identify the subject of the research, 

Tn the case of most amateur enthusiasts, 
this means reading up in accurate 
reference works and guides about the 
dive environment in question, A further, 
essential part of any observation 
program isthe need ta record data 
effectively, requiring not only a means 
fof noting down results, but a framework 
of headings and categories 

the same for the entire observation, 


CORAL MONTORING PROGRAM 
‘Advanced or potently invasive techniques 
‘should only be used under the dvecton of 
recognized consenation group. 


Conservation, to paraphrase an old 
adage, begins at home. There are 
‘marine ecology programs in most 
countries, and interested divers can 


‘usually ind groups in ther area that 
contribute to protecting the lacal marine 
fenviranment. Search the Inter and 
specialty diving magazines to find 
Sullable organizations local ta you 


program. Only by combining these 
‘800 important factors: 
identification and consistent record: 
keeping--can you accomplish truly 
cffective research and monitoring. 
Repeated observation of species 
populations within a given area, for 
‘example, can provide invaluable data 
{for analysis by research groups. Your 
recordings may help local initiaiv 

‘or possibly go forwatd to form part of 
a much larger-scale project, in whieh 
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Lately, the notion “Global energy” has become widely 
spread as a prize corresponding to this notion has been 
instituted in Russia. Since the Euclidean times, an 
‘ence: to give definition to the 
notions, which are involved in scientific analysis. It is 
done for the purpose that everybody who uses this 
notion can understand the sense implied in it. 


unwritten law exists in s 


‘The Global energy problems have been discussed for a 
long time; they are well known. Depletion of natural 
energy cartiers (oil, gas and coal) is the first problem. 
Environmental safety of energy cartiers is the second 
problem. It is generally recognized that the solution of 
the issues connected with the aggregate of these two 
problems is of aglobal character. The results of scientific 
‘earch, which should deal with global energy, originate 
from it. First and foremost, they are such scientific 
investigations, which result in the possibility to use an 
inexhaustible and environmental friendly energy cartier. 
It has been known for a long time. It is hydrogen 
produced from water. 


Why hydrogen and why from water? At combustion of 
hydrogen, water is regenerated; thus, the energy cartier 
is inexhaustible. As far as inexhaustibility and 
environmental safety are concerned, hydrogen has no 
competitors. However implementation of these qualities 
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is restricted by large energy expenses for hydrogen 
production from water. For hydrogen production, 
modern electrolyzers use from 10 to 20% more energy 
than it is produced at combustion of hydrogen. 


It is easy to imagine what financial and intellectual 
resources of the world are included in the search of the 


ways to reduce energy exper 
from water. In Russia ma 
applied research and educational institutions deal with 
this problem. There is a Research Hydrogen Institute. 


s for hydrogen production 
scientific institutions of 


‘The associations of ‘scientists on hydrogen energetics 
have been established in USA and Europe. This year, 
they carry out their regular scientific conferences, to 
which the author of this article has been invited. 


Editorial Let us note that itis not necessary to coin new 
scientific term “global energy”, since quite for a long time 
the notion of ‘ree energy” is used. This term represents 
the idea of the possibility to freely use energy by a 
consumer, 


Energy problem is gobal not due to depletion of oil 
and gas, but due to their environmental unsafeness, 
However the confirmations exist that the world owners, 
of energy resources do not bother about the problem 
of environmental unsafeness of modem energy carriers, 
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DIVING ATA MARINE RESERVE to ensure that the target region is 
Even ite research into how and why an ares sampled ellectively, such as GPS 
is protected wl add food for thought your 


systems snd datum lines. Effective 
sampling and observation does not 


enjoyment ofthe dive 


comsplex statistical techniques may necessarily require high-tech gadgets, 
be wied to raw conclusions with Fir but an lective strategy to ensure 
greater significance than yout perhaps scientific integrity in the results you 
imagined when gathering your data, achieve is essential 

EQUIPPED FOR THE JOB 

Aho thi ithe age the COMPS eu ho delay yur 

and of instant global communications, | jpteestin conservation fechniques, 
ros scientific expeditions sill use some | there are many outses and reference 
fain basic equipment to record data in| works available, Formal qualifications 
the fell, Observation strategies can ‘nay be sought at undergraduate and 
ES etaaaeceles posteraduate evel, although demand 
begin with nothing more than a sharp | ostaduae level tough demand 
Pair of cyes, an underwater slate, and | Srebaveaeoralatney dieu to come 
aiood guidebook. An additional tem | by, However, the rewards for persisting 


that can be extremely useful isa in eltherscientilic or conservation work 
can be immense. 


magnifying glass This simple tool 
{greatly enhances enjoyment and has ‘The loggerhead turtle, an endangered species 
Decome essential for many divers around 
the world when diving comples reeks 

Underwater photography and 
videography; if correctly documented, 
fan provide potentially valuable 
information, In an organized program, 
yu may receive training in advanced 
Se techniques, such as the use of catch 
Sp bags, nets, and quadrats, or in ways 


Photography and videography 
Since the dawn of diving, there has been interest in capturing images 
of the remarkable ecosystems and animals of the sea, Although 
under wate photography was intally a ppmplex procen, acvaices 

in technology have seen it become an accessible, absorbing pastime, 


EARLY PIONEERS, 
The development of underwater filzning 
anu photography has miarored the 
evolution of diving itself. Early pioneers 
snade their own waterproof housings for 
cameras, but the invention of the Orting 
(enabling watertight bycrubie seals in 
1937 and the Aqua Lang in 1943 
convinced camera corapanies that they 
should make and sell heir own designs. MUTE SUBIECTS 
What prompie this was the huge Ongefthemostineresing aspects of 
appetite for images of the underwater ndemater photography sma ose) 
Worl. The rapid growth of recreational 
diving and rowing incret in underwater GROWING MOVEMENT 
fms among moxie audiences, spurred Uni the early 1980s, underwater 
the development of underwater filma and tls photography and fing was seen 
sills photography equipment. Although asthe preserve of either the dedicated 
the fist underwater fn was made in amateur or fle professional ever. 
1939 by diving pioneer Hans Hassan Underwater photography was brought 
instructional documentary for spear- tothe masses wit the development of 
fishermen called Stalking Cursaer—the the Nikonos series of amphibious 
frst uly commercial underwater movie cameras~culminating inthe Nikonos 


was made by Jacques Cousteau in 1956. Vsti viewed by many as the best 
His feature li 
Oscar-sinning sensation that established Underwater filming diel not became 
him as the world’s premier underwater a popular pastime until the mid-1990s, 
Slmmaker anel explorer, ‘when digital vdeo cameras came onto: 
the market, making moving 
pictures cheaper and 
technically easier for 
amateurs to produce, Di 
imaging also revoluti 
ls photography 
underwater, Small, ¢ 
use digital cameras with 


The Siot Wield was an ——_-unclerwater camera ever made 


SSTAKING A SUBJECT 
Photographing marine speci 
Underwater requires gull 

23 good understanding af 
behavior and habitats, 


PHOTOGRAPHY AND VIDEOGRAPHY 


many automated functions have 
made it simpler for divers to 
record high-quality images of 
their underwater experiences, 
Despite this the jump to 

proclucing profesional-standard 
‘material remains as great as ever 
Light behaves very elferently 
p83 


and there are myriad extra factors 


underwater than in ar 


to take into consideration when 
aiming for tly professional 

results. ‘The work that you see on 
the pa 
have involved lengthy planning, 
complex equipment, and the 

specialized skills of a professional 


or the screen may well 


postproduction studio. 


However, the same principles that 
guide professionals can enhance amateur 


work. You must have knowledge of 


the underwater environment and the 
avior of target animals, and possess 


” 


CAMERA CONTROL 
Though cameras, especialy digital models, have become 
smaller and easier to use, stil takes great sk ta wie 
fone effectively underwater, especial for video Fotage. 


impeccable diving skills, Ad to this 
mie some tips on technique when 


photographing and filming underwater, 

and you will be wel placed to get the 

Dest from the dazzling range of camera 
nd video gear available to divers, 


sine Licht cREaTVELY 
inndeesieaalam 
‘behaves underwater 

to capture 3 mood ef 


wipe 


178 GOING DIVING 


STILLS PHOTOGRAPHY 
The advent of the digital age has 

seen an explosion in the popularity of 
underwater photography, with more and 
more divers creating images of their 
dlves for posterity, However, producing 
good results consistently isa eraft, and 
this ie what separates the professional 
fom the amateur photographer. 


CAMERA SYSTEMS 
Underwater camera systems for ills 
photography can be divided into two 
categories. The first consists of truly 
amphibious cameras that do not require 
a housing to be used underwater, and 
can alo operate on dry land. The 
pioneering Nikonos V camera isa 
famous example of the type. Amphibious 
cameras ofien have interchangeable 
lenses, and are 

digital formats. These highly specialized 
cameras feature oversized controls for 


salable in both film and 


case of operation underwater: 

"The second category, housed 
systems, are conventional cameras 
in waterproof cases. The cameras 
themselves can be divided into two sub- 
categories: compact devices, and SLR 
(single lens reflex) models, 

‘Compacts come in fl and digital 
formats, and are light and camenient 10 
carry andl use, Most moxdels aller filly 
tomate focus and exposure contra 
You cannot change 
compact, but some have variable focal 
length (zoom) lenses. Afler-market add- 
fom lenses that attach to the outside of 
camera housings are also available 


he lens on a 


a 


— 


NIKONOS CAMERA 
‘Amphibious cameras lke the 
Nikonos V have an integral 
water-resistant housing 


DIGITAL compact 
Fully automated functions 

make digital compacts easy 
use, but limi creative conta 


ANIMAL MAGIC 
To capture the brant colors of mane creatures 
and environments, you will need 2 purpose 
esigned sabe lighting system. 


SLR cameras, which are available in 
booth digital an film versions, allo 

the use of a range of lenses and aller 
complete creative control aver key 
functions such as aperture, shutter speed, 
and facus. For this reason they are 
invariably the choice of professional 
underwater photographers, although 
SLR-compatible ports, housings, and 
Tighting systems can be very expensive 


CAMERA HOUSINGS, 
Both compacts and SLRs require 
‘housing to protect them from water 
damage. These are normally made of 
plastic, though aluminum housings 

are also available for SLRs, Alaina 
housings are strong and durable but 
expensive andl bulky, and hide the 
camera within, making it harder to 
‘operate, Plastic housings are cheaper 
and allow you to see the camera, but 
can be less durable, They are especially 
vulnerable to scratches and abrasion, 


e 


J 


SLR CAMERA 
‘valable in fl and digital 
format, SLRs ate buy at 
offer superior image conta 
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Hand gop 


SUR HOUSING (FRONT VIEW) F 


Serious investments in the own sort 
"ight, large SUR housings offer 
fecellent access to key controls 

compact wird STROBE 


Watertight contols A dtfuserlens placed 


‘ver the strobe softens 
the ight it casts 


CCOMPACTIN PLEXIGLAS HOUSING 
The housing features push-button 
mechanical controls for taking, reviewing, 
and even editing images underwater. 


Bare strobe uni 


UNDERWATER LIGHTING SYSTEMS systems often use strobes in pars 
Lighting is one area where compact mounted on flexible arms to allow the 
digital cameras fll short, Their built-in subject to be it fram diferent angles, 
flashes are too close to the lens to avoid Krsensng how to position strobes to best 


backscatter (wr f.J23). You can distance advantage and manipulate power settings 


the light source from the lens by using is essential, hough many cameras will 
an ausiliary strobe light, bolted to the automatically trigger the strobe to fire 
housing SLR-hased and amphibious for the correct duration forthe exposure 


Maintaining a housing is elatively optcar Shute 
‘straightforward. O-ing integrity should viewing at 

always be checked and the rng lighlly 

lubrieated with silicone grease. Make 

a final visual check betore diving 

Housings should be rinsed in fresh 

water as soon as possible 

attera dive. Operate the 

‘mechanical controls during 

rinsing to prevent abull-up 

of salt crystals. If water 

penetrates the housing, it 

will ruin the camera, so 

2 few moments taken to 

prepare and rinse gear can Digtal compact in 
prevent expensive damage. Plexiglas Rousing 
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MAKING FILMS UNDERWATER 
Like underwater stills photography, 
Videography has been revolutionized, 
by the advent of digital came 
Which are small and easy t0 robust housing will be 
compared to film or analog essnty to protect the 
video. Basic point-and-sho pera from water 
underwater videography age, while a basic 
is quite easy with wlerwater lighting 
consumer-grade digital stem is essential for 
cameras. To advance lexpturing good color 
beyond the novice footage, since water 
stage, however, you fiers out various 
need special sil, colors from natural 
more advanced Tight as depth 
equipment, and increases (re f83), 
a fair for using video 
editing software. 


PRECISE POSTONING 
Tobea good underwater im: 
maker, you need to perfec your 
buoyancy contol and Fring. 


(Creating high-quality underwater 


CHOOSING A VIDEO SYSTEM video requires you to de more than 
Choice of camera is the frst decision for merely jamp in with everything set 
novice videographers. Though analog to automatic, press record, and Blin 
video cameras are sill available, digital thronghout the dive, Many automatic 

is now the dominant technology: Digital systems perform poorly underwater For 
cameras are available in digital tape, example, autofocus becomes inaccurate 


‘lash media, HIDD (hare sk drive) in low-contrast environments, resulting in 
and DVD recording formats. Look for hazy images, Careful manual control of 
cameras with three-chip processors facus and manipulation of white balance 
(called SCD cameras) These divide (hich sets the baseline for color values 
red green, and blue color information indifferent light coneiions) are key sills 
into separate processing paths, offering Your diving sills also must be 
richer colors than cheaper one-chip excellent; you need to be a steady 
modes, At the top end of the market platform for the camera camera shake 
are cameras with HD (high definition) is a common eause of ruined footage: 
imaging, which procluce video of The camera and housing should also be 
astonishing clarity; due to the high rate _neutrally buoyant (they should neither 


at which they scan visual information, sink nor rise underwater) For ease af 


e 


BASIC VIDEO CAMERA [ADVANCED DIGITAL CAMERA 
‘Afordable cameras for home use usually feature Top-end video cameras have advanced features 
Butomatic focus and expasure contol but may ke high defrition, multi-chip processing, pls 
Bleahave some mana options fr sileg users, image stablization systems fr sharp images. 


PHOTOGRAPHY AND VIDEOGRAPHY 


181 


PRESSURE HOUSING AND LIGHTS 
Housings fallint two categories 
lectonic or manually contaled 
‘ha latter use plunger, rds, pins, 
and cogs to allow the camera 


Sasi ight 


“e Housing with ghts 


handling, and you should familiarize 
yourself completely with how your 


camera is operate, 3 its use becomes 


second natute underwater, 


PRODUCTION AND EDITING 
Thorough pl 
fllmmaking, and vieea should be shot 


nning is the seeret to good 


With an audience oF editor in mind. 
Building a story around a given dive 
is nota complex process, but creates 


Eonitos to be manipulated from 
‘outside the housing: they equi 
more sil, but have the advantage 
of avoiding electronic systems that 
an go wrong or short out nthe 
‘event thatthe housing fs onded 


Caryn 


Bare housing 


a target shoot lst for the eamera operator 
to work from, and gives the finished film. 
‘an engaging narrative. You can place 
scenes in order and polish the results 

to a profesional standard using video 
ceding software that is commercially 
available for use or home computers 


KEEPING CLEAR 
While ing, be careful to avoid causing physical 
damage tothe organisms you have com on, 
‘Avoid touching, o kneeling on, ret. 
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KEY PRINCIPLES 
Modern cameras and 
housings allow even 
the novice to achieve 
consistently good 
photographs and video 
factage. One key 
development of the last 


ten years has been the 


ability to immediately 
View the resultsever 
during the course of 
the diveand then 
make adjustments 


sure your lighting 
system or lens wil 
Getting close to the 
subject means greater 
clarity of the resulting 
image, and thie is one 
of the reasons why 
elove-up wide-angle 
is such a popular 
approach. This uses 

a wide-angle lens at 
close range, allowing 
the whole subject to 

be viewed with the lens 


accordingly before LUNING UP FoR A Hor ply short distance 
Hienext abot fat Good positioning relative to your angay. For the same 


throughout the 
history of underwater 
photography and videography, certain 
principles have applied as much to 
hardened professionals as they have to 
happy snappers. Following these simple 
rules can immeasurably imprene even 
your first forays into photography and 
flmmaking underwater 


GETTING CLOSER 
The frst principle when shooting, 
underwater isto get as close to the 


subject as is feasibly possible, Even the 


most crystal-clear water contains a mass 
fof suspended particles, and even if your 


yes cannot pick them out, you can be 


subjet can help make subjects 
stand out rom the background 


(close-up) photography 
is often a good place to start if you are 
a beginner, since clear, well-lit macro 
images are relatively easy to achieve 
For the novice photographer or 
videographer, another excellent principle 
is to remember to take shots with an 
‘upward orientation, ‘There ir nothing 
‘worse than viewing an endless series 
‘of dull blue oF green shots where the 
subject i lost in the background of reef 
for seabed. Shooting upward isolates the 


“SUNLIGHT THROUGH WATER 
The shiing ight patterns encountered 
undesvater can make for dramatic photography, 
but at challenging to expose comet 
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subject against the background of the 
‘open water, and creates a more striking 
contrast, The composition of such shots 
can sill inchude reef or coral, wall or 
wreck; however, the subject itself should 
be consistently easier to spot 


USING LIGHT SOURCES 
[Effectively lighting a subject is one area 
where most amateurs struggle, Its also 
fone of the areas where modern compact 
digital cameras built-in lashes will et 

a picture down. IF the ight source is 

too close to the lens, particles in the 
water will reflect the flash directly 

back into the lens, This creates 


phenomenon known as “backscatter” 
a snowstorm elfect of white dots on 
the photograph, One of the most basic 


WAITING FoR a SHOT 
Many share inulsive, but easily alarmed: 
90d buoyancy contro wil allow yout hold 
Still uni a subject presents sel 


prerequisites of taking good underwater 
images in anything other than perfect 
underwater conditions is an ability to 
postion a strobe aysay from the len 
This allows the flash to come in at an 
obtuse angle, andl helps to prevent 
backscatter from spoiling a shot. 

These simple principles do not, 
‘unfortunately, guarantee good images 
every ime, but they are useful for 

nyone starting out in photography 
(or filming, Trial and error will help to 
refine your sls overtime, and the best 
advice i to jump in, remember the 
basics, snap or film away, and enjoy! 


DEPTH AND COLOR LOSS: 
Water absorts different wavelengths of 
Tight as depth increases, causing images 
taken without artificial humination to soem 
washed-out and dominated by blue tones 
Reds fle frm visibility at a depth of 
10-15 (3-5 mi, oranges at 35 A (10m), 
and yellows around 50 (15 an; by 80 ft 
5 m) greens have almost disappeared 
And by 100 f (30-m) everything appears 
deep blue or black to the naked ey. 
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Night diving 

To many, the idea of diving at night may scem a little crazy, but 

there is far more to it than just the thrill of exploring in the dark. 
Night diving reveals a whole host of underwater organisms that 

lie hidden during the day and only become active at dusk. 


LIGHT AND COMMUNICATION 
Night diving is obviously less 
simple than living during the day, 
but when properly organized, 
iti selively straightforward, 
A power flashlight will easily 
light your way and the ereatures 
around you, revealing marine ile 
in its true colors, However, if 
you caver your Mashlight (never 
switch it off, the bulb may blow 
When you turn it back on}, you NIGHT ON THE OCEAN 
Will be surprised at hone much When diving on a clear, moonlit night uch a this, you 
may be surprised at just how efectively the Maan 
te'luminate the underwater environment. 


light there i underwater, Many 


creatures use phosphorescence 


at night, ae as you mene through the the postion of their Nashlight beam, 
water, you will cause plankton to release Signaling to your buddy can be done in 
tiny pubes of light, eaving heautifil the normal way, but while shining your 
slowing wakes tailing behind you, Tight on to your hanel as you make the 
The main restrictions compared to sign, Attract your buddy’ attention by 


daytime diving relate to communication, waving your light, but take great eare 
not only between divers, but alsoanel not to shine it at their face, since it can 


perhaps more importantly between take as long as 15 minates for their eyes 
dlvers andl boat cover. You will be able to fully readjust to the neat-darkness and 
to monitor your baeldy’s location from restore night vision, 


At the surface, avvid flashing your 
light unless you need to alert the surface 
cover in an emergency. If you are diving 


iis ital thal ers cara las 
BE EARL) fom the shore, lnve light ounce 
STE RE VERT GAGMAGEME| there cxnople a beght bom fh, 
ma are they areal charged Use| ashiight, or beacon -a0 you can easly 
hand-held lights, not head-mounted find your way back to land after 

‘nes: one look a your buddy witha ) 

ones: onelnck at your bud with2 | surfacing Exit points should he marked 
SESS SEPT SHER with colred fights to dings thom 
tyr suit wile nat from any ather Eight source 

sential wl increase ; ‘You wil find that most gauges 
our awn visit, 


and computers ne eal rene 

fandld ty fasblight, anu shining the 

fashigat team dist on fo your gage wil 
sna mo ie while 


In history of science, the facts of annihilation of the 
scientists who have won success in reduction of energy 
expenses for production of hydrogen from water have 
already been registered. ‘The requesters of these actions 
think that they will lose their profits with the coming of 
hydrogen energetics ‘They do not understand that this, 


process cannot be abrupt. It is impossible to replace 
the infrastructure of the existing energy carriers by 
infrastructure of hydrogen ener getics within one or even, 
ten years, Besides, infrastructure of hydrogen energetics 
will not be created on a blank place. It will be integrated 


into the existing infrastructure of energetics gradually, 
and its owners will automatically become the owners of 
hydrogen energetics. The first step has already been 
made in this direction, In the USA, a decision has been 
taken to equip all filling stations with pumps to fill the 
cars with hydrogen. 

It is known that a priority of results of theoretical 
investigations is their publication in press. Usually 
priority is a personal one. Generally a patent is a priority 


such 


of the results of experimental investigations. Asa rule, 
this patent belongs to a group of authors. A published 
patent is a genic released from a bottle. No finesse of 
the authors to hamper a reproduction of experimental 
data given in a patent without the participation of the 
authors can stop the process of their implementation, 
‘Thus, the authors or a group of the authors who have 
filed an application for a patent are deprived 
automatically of the opportunity to influence the process 
of practical realization of their ideas. 


In Russia, the state is a main patent holder of the global 
patents. Due to the well-known reasons, it has proved 
to be unable to control the course of scientific 
investigations and to forecast significance of their results. 


Itis known that if it becomes possible to duce energy 
expenses for hydrogen production of water fivefold, it 
will be the cheapest energy carrier. Russia has alread y 
got technology, which reduces these expenses tenfold 
another way of looking is more 
perspective. Is there any use to decompose water into 
hydrogen and oxygen and to use hydrogen as fuel for 
heating, for example, of water in heating systems? Is it 
possible to make water generate heat? It turned out that, 
it is possible 


and more. How: 


In Russia, three firms (“Yusmar”, “Termovikhr” and 
“Noteka”) sell cavitation heating equipment with energy 
performance index up to 150%. Official science looks 
awry at this activity, since such results conflict with one 
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of the main laws of physics: law of conservation of 
‘energy. But market profit is stronger than this lav: 


Meanwhile, engineering practice has already proved that, 
additional energy in the form of heat is generated in the 
ventilation systems and in the systems of water 
cavitation. Thomugh scientific analysis of this problem 
shows that physical vacuum is the most probable source 
of additional energy in the systems of ventilation and 
water cavitation. Valence electrons of destroyed 
molecules of water take energy from physical vacuum 


and release it during repeated fusion of these molecules. 


Why is additional energy generated in the air systems 
of wotilation and in systems of water cavitation? 
Because they are mechanical systems and mechanical 
destruction of chemical links requires half energy as 
compared with thermal destruction of these links. ‘This 
is the main wason why one fails to incre: 
performance index of cavitation proces: 


¢ energy 
over 200%, 


Certainly, an increase of efficiency of any process by 30 
or 50% is a good result; if it is obtained, it is possible to 
get even better one. But what if a water molecule is 
destioyed not mechanically, but electrodynamically? In 
this case, it becomes possible to find resonance 


frequencies of influence on the molecules and therefore 
to reduce considembly expenses of electrical energy for 
their destruction. Subsequent fusion of destroyed 
molecules will release determined quantity of energy 
unavoidably: It is a simple idea, and it has already been 
implemented. At electrodynamic influence on water 
molecules, electrical energy is converted into thermal 
energy with tenfold energy performance index. It means 
that if we spend 1 kWh of clectric energy, we will get 
10 kWh of thermal energy: To obtain such results, it is 
necessary to have knowledge of physchemistry of the 
microworld, which corresponds to knowledge of the 
2st century, and it has already been published. 
month more than 1000 foreign scientists become 
familiasized with this knowledge at 
http://Kanarevinnoplaza.net and 
http://book.physchemistry.innoplaza.net. 

‘The Russian speaking readers get this information from: 
hetp://wwwin-tom/tp/ns/ifthtm, 
bup://swwwikar.udm.cu/sb28-2.htm and 

hitp:/ /wwwen-towg/tp/ts/eb.hem, 


ry 


T hope that now the waders will know the essence of 
the notion “global energy” and will understand those 
results of scientific researches which can really solve 
the related problems. 
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‘TAKING PRECAUTIONS 
Night-diving buddy pairs often link 
themsehes together with a short line 
While not essential, this is recommended 
for novice night divers and in poor 
visibility, IF you are diving om a wreck 

to which a guideline and buoy are 
attached, secure a strobing marker light 
to the base of the line so it ean be easily 
located in the dark, When ch 


a dive site, opt for somethin 
as a shallow wreck or reef with plenty of 
sfstinctive features, An interesting 
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DIVING WTO DIScovERY 
Aver diferent “night shift of marine tie can 
be seen during noctural dives ke this 
outlandish basket star 


investigate marine life that emerges at 
night 
lo not dive too deep, since any problems 
will be much harder to cope with in the 
gloom. If diving a more open site, use 

‘surface marker buoy with marker light 
attached to identify it to any boat cover, 


To minimize the risk of inciclents, 


Be earfil ot ta ese contact with surface 
cover: getting lost at night could mean 


you are not recexered tntil morning. 


FLASHLIGHT SIGNALS 

During a dive, your torch 
sam will alert your buddy 
your posit 

aso make simple signals 

with your fablight beam 

‘om the seabed to 


n. You can 


communicate with your 
buddy At the surface, wave 


your torch vigorously from 


side to side if you require 


immediate assistance 


SIGNALING "Ox" 
Tracing alge ci 
Seabed communicates to your 
bude that you are OK 


SIGNALING FOR ATENTION| 
‘rapa side-to-side movement 
means that you want to show 

rte your buddy something, 
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Cavern diving 


Rich with opportunities for dramatic dives, caverns off 


between ordinary open-water diving and the far more specialized 
activity of cave diving. Nonetheless, diving in caverns demands 
careful preparation and respect for potential risks, 


WHAT IS CAVERN DIVING? 
A cavern is a large, enclosed area 0 
rock or coral that is of sullicient size to 
allow a diver to enter and move around, 
These fascinating environments can be 
extremely dramatic, are often eerily lit 
and may play host to an array of animals 
not encountered om the open reef 
Unlike the more extreme sport of 
cave diving, in which divers penetrate 
beyond the reach of natural light, in 
cavern diving the exit is always clearly 
Within view, However, cavern diving still 
carries inherent risks because the diver 
floes not have direct access to the surface 
in the event of an emergency: IF simple 
salety drils are not followed at allies, 


there is the potential for very serious 
problems to develop when diving even 
in simple caverns 


‘CAVERN DIVING EQUIPMENT 


Aflashlight san essential item for 
‘aver diving, but itis also sensible to 
bring along a backup light. This need 
not bea large, bulky model bt must be 
able to provide enough igh ifyour main 
flashlight malfunctions. 8 sure to keep 
batteries freshly charged, An altemative 
air sure, such asa pony botle 

(ee p.68}, is also an excellent idea in 
caverns, since the diver cannot ascend 
dlieety tothe suface ifthe primary 
air source suffers an 

‘unexpected fallre. 


‘SAFETY AND SKILLS 
The first rule of cavern diving is to 
prevent your natural curiosity from 
turning a cavern dive into a cave dive! 
The exit should be clearly visible at all 


times if not directly in your fine 
sight, then at least the natural light 
of the cavern entrance should remain 


visible. For many divers, the temptation 
to explore deep into cave systems 
strong; howeves, the moment the exit 
is ost from view and natural light fades, 
the dive becomes a cave exploration, 
hich should not be attempted without 
appropriate equipment and special 
safety and skis training. 

Certain skills are essential when 
living larger caverns, Buoyancy control 
is important, particularly when there is 
aa silty substrate om the exvern floor, 


‘ON THE THRESHOLD 
| civer avers atthe entrance ofa 
freshwater caver in Australia Flowing 
basic safety rules is essential a such sites 
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It ie also advisable to use a Binning ner SPACE 
technique known as the frog kick jee Advershines ight on the interior fa sea cave 
Cavers have a mysterious ambience quite 


2B) Tite 5 eerie, oul afferent fom that of open diving enronments. 


stroke that helps you avoid stirring up 
sediment, One 


nisplaced kick from a fin case of redhuced visibility. I also 


can turn a cavern into an impenctrable strongly advisable not to enter a eavern 
soup of silt and lead to disorientation without local knowledge or a guide 
and pani, For this reason, ane asa there may be specific isues about & 
matter of plain common sense, it may cavern system and the hazards it 
also be appropriate to tie off a line at contains sch as seasonal changes in 


the entrance of larger caverns (se f.J27) — visihility that do not appear in any 
to provide a direct route to the exit in standard dive guidebooks 
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Ice diving 


Diving under ice might not sound like an attractive proposition, but it 
is a uniquely exciting experience. Visibility is typically excellent beneath 
ice, with soft light filtering through from the world above. Ice diving 
can also take you to breathtakingly beautiful parts of the world 


UNIQUE ENVIRONMENT water, soit isnot churned up by the 
Ike diving can be done in the sea or wind, and low light levels under the ice 
in frozen lakes. The aquatic life you also help to inhibit algal growth. 


encounter will depend on where you 
are in the world andl whether you ate KNOWING THE ROPES 


ina marine or freshwater environment. If'you are planning to go ice diving, you 
Visibility s often stunning; the ice will need to undergo special training, 
provides a protective layer over the This wall teach you tot only the safety 
aspects of diving while tethered an a 
CCOLD-WATER GEAR ee eae ea 
1 date bse bocdodsh asi rope under ice, but alko how to ext the 
special equipment designe to cope with ice hole through which you enter the 
conditions of extreme ca water, and how ta tend safety ropes for 


boule the surface in a support role 
peste a Ice diving requires a 


GD) | perce thee vi mrnaybe 

_/Z| eaters 
par eagle 

peop on ies tab 


id two 


Simecss standby Is standard practice for each 


ands mum diver to be tethered separately, and iis 

Dry not advisable to tether two divers on one 
Tine, because if anything happens to this 
rope, then both divers can be lost, Lines 
should always be tied using a bowline 
Iknot, which is very secure, 


SIGNALS AND SAFETY 
Signaling to your tender is an important 
pant of ice diving. Since you are diving 
fn extreme conditions, ite vital that he 
you are OK throughout 
the dive, You will earn about giving 
rope signals during training 

Apart from the obvious dangers of 
living in an enclosed environment, you 
must also be careful to monitor your 


corshe kat 


core body temperature. Repeat dives 
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SPECIAL PROCEDURES 
lee divers ely on a surface 
support tam (above) for 
safe diving under thee 


should only be 
undertaken when you 
are fully warmed wp 
You should also ensure 
that you eat high 
energy, hot food to 
replace the calories you. 
will burn during the 
dive and in keeping 
warm afterward. 


FROZEN DEPTHS 


‘Adiver ims the Fascinating worl 
SPECIAL GEAR. beneath the surface. Many unique 
Ike diving requires animals vein cold seas, 

special equipment. You 


temperature, You must 
only’ breathe Brn it 
submerged to 
reduce the risk of frec= 


whi 


fn sl 
are mounted ee 
the ne nl et 


the other freezes, Your 


cylinder wall need a 
special pillar valve to 
accommodate this 


sll need an environmentally sealed You will noed to wear warm, 
regulator set (ee f.63), which is designed undergarments heneath your drysuit 
to be less susceptible to feng. You will thick neoprene gloves or a pair of 


aught to submerge this in the water waterproof dry gloves (ow p54), and 


befare diving, to acclimatize it to the two thick hoods for extra warmth, 
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Freediving 


Once simply a fishing technique, freediving—diving using only the 
air carried in the lungs—has become increasingly popular as a sport. 
Extreme athletes now constantly push the perceived limits of human 
performance, diving to remarkable depths on a single breath of air. 


PURE SPORT 
Freediving snot excise the preserve 
of the exfeme athlete: anyone who has redhing doesnt require much 
snorkeled and duck-dived to explore the Seabees Sp Levine een 
scabel ould desert themactves axa | ausmamed sls ad ns of 
Gredver, making his the mow acreable | Sab ase uta eva, 


of al diving dplincs Many woud | Aasks entra Volste ava 
segue tt sabe pret rv | Selby lon dr 
equiring only the minimum: conserve ay Sat sex 
ving reign the mi heer ieiet 
Hinoun of spoon ul ping eee 
snd on dace, courage, an Fpeery 
peel couicting iaskstuere 


"The roots of reediving strech back | (seeps). 
to when the human race tonkits frst 
tentative steps ous the sea, ving ita 
the water to arwest food and explore 
the seabed. Modern feelviog, by 
contrast, is clscipined spor, with 
record attempts highly regulated by 
the two governing bodies -ALDA. 
(Awociation Internationale pour le 
Développement de 'Apnée) and ERLE-E, categories, wo of which usually take 
(Freediving Regulations and Estucation place in a swimming pook static breath 
Ent), Divers compete in a nimber of hold-a simple endurance tet with 

2 timed immersion ina shallow pool 

and dynamic breath-hold, atest of the 
dlsance divers can swim using omy 
a single breath, In open wate, 
competitors are judged on the depths 
they can reach and return from sey. 

Treediving naturally cartes inherent 
risks the most advanced and extreme 
dlsciplines deasandl that the bodys supply 
tf oxygen is completely uscd om a clive 
and losing consciousness is ahways 
4 danger Exploration of fcediving 
limits should never be conducted alone 
and only after attending one of the 
smany introductory courses availabe 19 
those interested in taking up the sport 


STATIC BREATH-HOLD COMPETITION 
Divers compete fr the length atime they can 
hold theirbreth, Wai-class competitors 
an achiev times of over even minutes. 


Touchina THE DEEP 
Aeesving competitor 
reaches forthe tag 

that proves thatthe 
esigatedtarget depth 
hasbeen reached—this 
must be presented atthe 
suflace for inspection 
byiudges, 


DIVING DEPTHS 


{competitive depth records ae judged 


In sit categories, defined by precise 
parameters such asthe use of weights 
fis. In No Liste categry in which 
the highest profile records are set—the 

liveris dragged down by 2welghed sed, 
and rockets othe surface using an atbag 


Depth obtainable 


che hee. eee 


s00 ftom) 


Depth obtainable by 
3eampetior inthe 
Sconetan Weight 
category, whieh 
Slows the use of 
fine and ballast 

Top avers can reach 
330 ft Goom)— 
‘oughly the height of 
the Statue of Liberty 
In ew Yor or Big 
Ben in London. 


a30"tt (100m) 


192 GOING DIVING 


Underwater archaeology 


While marine archaeology is mainly confined to the academic and 
scientific world, it could be said that every diver who explores a 
wreck has an archacological interest and responsibility. Both the 
seabed and many freshwater sites hold compelling historical secrets. 


RULES FOR THE AMATEUR 
Although every dive has the potential 
to reveal historic artifacts, targeted 
methodical surveying isan altogether 
more serious business, asi the correct 
means of excavating and recording 


inds. Archaeological divers can 


therefore he placed in one of wo 
distinct categories the serious 
professional diving archaeologist, 
sand the enthusiastic amateur, 
Althotagh this is a 
amateurs can make a very valuable 


in which 


‘contribution, it i essential that they 
do so only through involvement in 

an organized project, conducted by 

a recognized anel authorized group. Far 
too many sites have been destrayed, and 
antfacts removed, by what amounts to 


By taking an artifact from a dive site, 

you destoy its integrity and hinder 
‘efforts to learn about past peoples 

‘nd that may not be the end of the 
‘matter. In many parts ofthe world, 

sites of marine archaeological interest 
are strietly regulated. The recovery of 
aifactsis—qulte ightly—taken very 
‘seriously, and penalties for illegal activity 
and for removing items can be severe 


“Amphorae, used to store oll and wine, 
‘recovered fom a Turkish ste 


vandalism and theft the equivalent on. 
land might he digging « histori site or 
burial ground without permission, which 
is unthinkable, of course, 

There ate many organizations that 


welcome help from amateur volunteers 
and will supervise and guide you. The 
thrill of discovery really does reach a new 
level when it is shared with indivieuals 
‘who unlerstand the fall significance of 
a find, You may find that more scape for 
joining an organized project exists if you 
first undertake some training, pethaps by 
volunteering on digs on land 

Learning professional marine 
excavation and recovery techniques 
can be fascinating for the ama 


Archacologists goto great lengths to 
avoid damaging a surveyed location, 
and even when they locate an item 
of interest, try to avoid intrusive 
callecting techniques 

or digging. 


UNDERWATER ARCHAEOLOGY 


WHAT TO EXPECT 
Marine archaeological expeditions are 


usully initiated because research or local 
kknowsledige has pointed to a region that 
has archaeological potential, Modern 

GPS (Global Positioning System) 

equipment has made pinpointing such 

sites much easier, On 
reaching the ste 

a detailed survey 

is generally frst 
carried out. 


ELC OF conFuict 

Divers nepect the remains 

of a Japanese fighter aircraft 
min the Pacific 
od Wa 


This may involve using 
a datum line fa fee 
eference line om the 
seabed foam which 
measurements are taken) 
‘or pegging out a grid, 
Precise recorting of the 

ation and state of 
the site before digging is 
vital, and is usally conducted through 
photography oF extensive sketching. Small 
test igs may take place before a fullscal 
excavation occurs, with the exact ste of 

‘each find carefully logged, andthe finds 

themselves sketched or photographed. 

Preservation and restoration techniques 

are extremely specialized for such finds 

Marine archacology is «lo 

fiom the derring-do of Indiana Jones, 

requiring organization, attention to 

detail, fine diving sil, and persistence, 


caver suey 
etcalus recording of survey asta 
‘sone waynwich amateurs ca 
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Technical diving 


The desire for ever-deeper dives and longer periods underwater has 
led to the development of special gas mixtures. The use of these in 


technical diving offers an exciting range of new skills and marine 


environments for qualified technical divers to explore. 


PUSHING BACK BOUNDARIES (DCS; we pl 42-43), In addition, 
Scuba divers are limited, by simple the increased levels of nitrogen in the 
physical laws, to a certain amount of bloodstream below 165 f(50/m) can lead 
time under water (dependent on the to severe nitrigen narcosis (we pp. 00- 01) 
depth of the dive) and an overall The axygen content of air too, becomes 
maximum depth. Training agencies increasingly toxic to the nervous system 
recommend that recreational divers the deeper you dive (se ff. 96-97, 
using compressed air go no deeper Ti extend dive times and alls 
than 130-165 f (10-50 m), Beyond this, exploration to greater depths, special 
nitrogen can build up dangerously mixtures of gas have been developed in 
quickly in the body, greatly increasing which the balance of xygen and nitrogen 
the rk of decompression sickness has been altered, or that contain new 
ale gases to dilute the impact of either oxygen 
foues for nitrogen. ‘The use af these mixes is 


cobs ew known as echnical diving, and involves 
fastening ot 
foun ge 


three types of gas mises nitrox, which 
allows longer dive times, and trims and 
Iueliox, to each greater depths. 


EXTENDING DIVE TIMES 

Normal air is composed of around 

21 percent oxygen and 79 percent 

nitrogen. Nitrox isa gas mixture that 
age of oxygen 


contains a higher perc 


and a lower nitrogen content than 
normal, allowing longer dive times 
befare the divers body stores up too 
such nitrogen, and also reducing 
liver fatigue after the dive, Nitrox can. 

be mixed in various proportions, fom 


‘nDeRaROUND ODYSSEY 
{A civer emerges from the water weatng the 

complex equipment required for cave diving, 
Including tanks flee with special gas mies 
and sophisticated dive computers. 


iow teeraues a veme depts 


Energy 


Balan Sion Pro esse 
Oxygen; Hydrogen and Water Molecule 


Philip M. Kanarey, Russia 


“The Kuban State Agrarian Univesity Department of Theoretical Mechanics 
13, Kalinin Street, 350044 Krasnodar, Russia 
E-mail: anphil@mail kuban.e 


There is revealed the cause of appearance of additional 
energy during formation of covalent bonds in the fusion 
processes of oxygen, hydrogen and water molecules, 
‘besides the source of this energy is described. 


Introduction 


Engineering practice connected with servicing of 
ventilation systems allows revealing appearance of 
excessive thermal energy in circulated air. Similar 
phenomenon has been registered in 
circulation with the devices for its acti 
results of our investigations explain not only a cause of 
these phenomena, but they give an opportunity to 
perform quantitative calculations for energy process 
which generate additional thermal energy [1], [2], [3]> 
tl, BI 


stems of water 


¢ cavitation. The 


Theoretical part 


An oxygen atom is the eighth element of the periodic 
table. It is situated in the sixth group. ‘The structure of 
its nucleus is given in Fig. 1 [1], (2), (3) 


Fig. 1 
Diagram of nucleus of oxygen atom: light — the protons, 
dark and grey ~ the neutrons 


In Fig, 2a diagram of the oxygen atom originating from 
the structure of its nudeus is given (Fig, 1). It has eight 
electrons. The el 


‘rons situated on the axis of symmetry 
are the most active ones (1, 2). Other six electrons 
situated in the plane, which is perpendicular to the axis 
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line (a line of symmetry), by means of their total electric 
field remove electrons 1 and 2 from the nucleus at a 
large distance at that forming conditions for their large 
activity during the interaction with the electrons of the 
neighbouring atoms [1], [2}, 3} 


Fig. 2 
Diagram of the oxygen atom 


“The least ionization energy of the electron of oxygen 
atom is equal to E,=13.618 eV. Binding energy of this 
electron with the atomic nucleus corresponding to the 
first energy level is equal to E, =13.752 eV. Let us call 

enay 
indices of this electron, including its binding energies 
E,, with the atomic nucleus, acconling to the formulas 
(1) and @), gives the following results (Table 1) {1}, 2} [3 


this electron the first one. The calculation of et 


0) 
E 
E,= > 2 
eo ¢ 
Table 1 
Spectrum of the first electron of the exygen atom 
Vas [a] 2 [3 ]4 [5 | 6 
E yn (exp) eV | 10.18 |12.09 | 12.76 | 13.07 | 13.24) 
E yx (theor) [eV | 10.16 [12.09 |12.76 | 13.07 | 13.241 
E,(heor) [eV | 3.44 [1.53 [0.86 | 055 | 038 
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BEYOND NORMAL LIMITS 
Adiver explores deep within a Nooded cave 
system Technical diving procedures enable 
livers to go farther than ever before. 


TECHNICAL KIT 


Diving at extreme depths orin extreme 
cervronments ke deep caves, requires 
Special gear, Technical divers meticulously 
22 10 50 pescent oxygen, However analyze thelr equipment, and ty to 
beyond a certain depth the increased | liminate weak ponts—there fs itle 
oxygen inthe nitrox mix becomes toxic | Main of enor during a deep technical 
i 2 dive. To suppor the extra gas tanks used 
and can cause seiares. The miore Prema palptiree operat 
cosygen inthe blend, the shallower this | for hight wing” sive Buoyancy 
‘with | compensators ee po) They aso 
haose high performance regulators 
that can handle the task of spaying 
breathing gas at exeme depths 
recreational divers. Sophisticated dive computers ae used to 
an ‘monitor how technical gas 
_ "nies are metabotzed 
during a dive 


will occur: For this reason, clivin 
nitrox requires special taining, although 
are readily available to 


GOING DEEPER 


Divers wishing to travel deeper than 4 
165 f (50 m) use either heli: oF Amult-gas 
trimix, both of which introduce emer 


helium into the breathing mixture 
Helios contains only beliumn and 


toxicity, and DC 
oxygen, whereas trims i athree-gas However, since helium 
combination of helium, oxygen, and comductsh 
(usually) nitrogen, Helo is used mainly these mixes eam cause the diver to fel 
by military and commercial divers, while very cold. Helium is also absorbed rapidly 
trimix is more offen use by leisure divers. into the body, so lengthy decompression is 
Both succeed in reducing the likelihood of necessary Divers wishing to use these gas 
nitrogen narcosis (1 10), oxygen mixes must undergo appropriate training 


six tines faster than at, 
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Careers in diving 


Lots of people grow to love recreational diving and consider turning 
their passion into a profession, Work in diving is demanding, and 
carnings are often modest, but the personal satisfaction to be gained 


from a carcer in diving may make the hard work worthwhile. 


GOING PROFESSIONAL 
There are two common factors in the 

lie of any diving professional: the work 
is invariably challenging, andl there are 
always many more candidates for jabs 
than there are vacancies. 

Asa growth sector, the recreational 
diving industry offers the most career 
opportunities. Qualifying as a divemaster 
for instructor with a recognized training 
agency means that you will be able to 
work at dive centers in every corner of 
the globe, However, qualified instructors 
are responsible for the safety of their 
stuslents, and the selection process is 
necessarily a rigorous one. Being a 
highly skilled diver is just one of the 
jqualtes an instructor must posess; 


DEEP-SEA EXPLORER 


‘Adiver na mechanized pressure sult 
‘works onthe deep ocean hed, Such jobs 
are vey demanding, and competition for 
ew positions is high 


strong communication skis, maturity 
and in-depth technical knowledge are 
also required. Becoming an instructor 
with a commercial agency can alse be an 
expensive process, but it isa crucial Birt 
step towards gaining wark in diving, and 
may open the door to a Hielong career 


‘COMMERCIAL DIVING 
TThe world of commercial diving covers 
all activities outside of recreational 
instruction, and includes scientific, media, 
and industrial diving, The last of these 
represents the best-known face of the 
commercial diver 

Aaquanaut working on the rigs and 
pipelines of the oil industry. The 
demands of the job have changed from 


= 


the hard-hatted 


EXPERT GUIDANCE 
‘An instructor shepherds 3 
‘ev student trough hs frst 
dle. Resort guldes are 
‘ought after in many areas 


CAREERS IN DIVING, 
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UNDERWATER WORKER 
‘Acommercial der repaits steel fame on 
the sea floor. Sue obs require advanced 
knowlege of maine engineering techniques. 


the pioneering days of oil exploration, 
and today’s commercial divers must be 
able to master advanced surveying and 
engineering skills while working in the 
most difficult of environments 


JOINING THE SERVICES 
Miltary and police diving present 

a different set of challenges far the 
aspiring professional, often requiring 
diving in appalling contin, sch as 


‘SAFEGUAROING THE SEAS 

’A navy diver prepares to submerge formine- 
clearance duties. Military dives face dangerous 
{asks and are trained to exacting standard, 


{in canfined spaces or very low visit 
Demand for diving jobs in the military 
cr police is invariably high, and only the 
best candidates are accepted afier a 
careful and strict selection process 


Underwater life 
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Introduction 


Oceans cover 70 percent of the world, yet we remain ignorant of 
much of what lives beyond the relatively shallow regions explored by 
humans, The sea is a vast depository of life holding a bewildering 
array of animals and plants, from the massive to the microscopic 


PLUMBING THE DEPTHS Dut the average depth, 
Although the majority of the acean is in the 

of our planet is covered region of 2.3 miles 

in water, only about Glia), leaving vast 

165 percent of all known tracts of our own planet 
species live in the sea. totally unexplored, 

This is more a reflection The coastal fringes 

of our own insadequate that are the realm of the 
knowledge than of a lack: recreational diver reveal 
of diversity in the ocean a wealth of life. Only two 


there are tndoubrtedly percent of known marine 
many thousands of species live in the open 
unknown species hurking MARINE MELTING POT ‘ocean, with the remaining 
in the vastness of open The ocean containsa diverse 8 perc 

range of ifeforms, such as this 
bizarly patted ulbranch, 


swimming, seutiling, and 
craling over reef rock, 


sea that we have yet to 
encounter: Much of our 


exploration of the sea has, by necessity, and muddy sea bed. Akhough 
rn place only in the shallow margins recreational divers are confined! 10 
around land, The limits of our awn depths of around only 150 ft (40 mn), the 
physiology and technology make first 650 fe (200 mn, known by scientists 
sustained exploration below $30 ft a the neritic province, hosts the greatest 


100 m) both demandling and expensive, diversity of life in the sea 


ZONES OF LIFE 


Four temperature bands define the basic mostly ange from 39 ta 68°F (20-200). 
zones of marine lfe on the planet. Atthe  Sublrapieal seas form a loosely-defined 
northem and southem extremities of the ble zone around the tropical seas of the 
Earth are the polar seas, capped wth ce, equator, which are the world's warmest, 
‘These graduate into temperate seas, which rarely dropping below 68°F (20°C) 


THERMAL RANGE. 
‘Sea surface temperatures 
‘at fom freezing pont at 
the poles to mre than 30°C 
(659 inthe tropics. 


Temperate 


al 
‘ 


ENDLESS VARIETY 
Water is the perfect medium to sup 
transport 

1 


reproduction. The lives of countles 


communication, support, 3 


numbers of people worldwide are 


the lie they support, which ranges from 
microscopic plankton to the immense 
bulk of the lagest animal alive today 
the blue whale ENVIRONMENTAL CONCERNS 
Types of marine environments andl The sea supports countless ivehoods, anditis 


pethapenosurprice that oveexpotation occu 


ccs that inhabit them ary Wit eee ee 


ion around the world, The open 


ocean is roamed by giants, with large Colder waters are the province of 
migratory species, filter feeders, ane migratory marine species, traveling 
pportunistie predators, The latter bold the seas in search of new feeding 

and inquisitive, provide many of the apportunities as the seasons change 
‘yigeanimal encounters” that divers find And although we tend to think 


so rewarding. Closer to shore, the warm, ‘migrations taking place 


clear waters around the tropics are ‘over great distances laterally 
there is aso a great vertical 


movement in the oceans, 


home to coral reefs, the most 
spectacular of all marine system 


More temperate coastal n 


As the day and might 
change, a range of 
‘animals migrate through 
the water column, 
creating the largest 
daily movement of 
animals on Earth, 


have richly populated marine 


13" of kelp~seaweeds 


that grow to immense 


lengths to reach the 
sunlit up 
of the water 


reaches 


UGTA. 
With 2 massive wingspan of up 
to 10/1 Gm), theeagleraylea 
‘magnificent marine species. 
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Tropical seas 


UNDERWATER LIFE, 


If ever there was an image that sums up the magic of diving, it is that 
of a coral reef, Although coral reefs are the most famous feature of 


tropical seas, these warm clear waters have much more to offer, such 


as mangrove swamps, sea-grass beds, and vast tracts of open ocean, 


WARM BELT 
Tropical waters occupy the region within 
the "20°C isotherm 


band of water north and south of the 


the irregular 


equator that seldom drops low 68°F 
(20°C 
to the diver, they actually present a less 


Akthough undeniably appealing 


attractive environment for marine lie, 
The warm equatorial sun heats the 
upper layers of the water column, 
creating a marked temperature 

lie 

deeper colder water Such temperature 


rice between the surface water and 


stratification prevents mixing of the 


water column, so nutrients are not 
passed up from deeper water. Marine 

animals and plants have therefore had 
to adapt and evolve numerous strat 


to cope with the lack of nutrients in the 
water around them. Perhaps the most 


LIFE ON THE REEF 


‘The diversity of tropical regions is based 
toa lage extent on coral reefs although 
these vary in their diversity depending on 
location. The eels withthe most vibrant 
marine life are found inthe Indo-Pacific, 
With up to-700 coral species playing 
host ta-2,000 fish species In contrast, 
Allantic coral reefs have only 70 coral 
‘species and about Goa fish species, 


PERFECT SNORKELING CONDITIONS 

{happy chance fr divers, raica oral reefs 

require clear warm water with iti seasonal 
tiation to grow at an optimum rate 


remarkable of these isthe coral reef 
Primary production 
of organic compounds from inorganic 


the formation 


material —is up to 100 times greater 
in coral refs (so .204) than in open 


‘wopical waters, and although they i 


cover only 0.2 percent of the ocean 
ccovironment, they are home to 


5-80 percent ofall fish species. 


CORAL FORMATION 
These complex and often huge 
structures ae ult by the 

tines of matine crates, 


PROPICAL 


The reefs of the Indo-Pacific are 
the richest marine environments 
fon Earth, Their beautifal 
Structure and bright colors 
combined with the splendor and 
watiety of animals that inhabit 
them, make reefs irresistible to 
divers, and it i no coincidence 
that many of the worlds best 
dlve sites are found on coral re 


COASTAL NURSERIES PARADISE ISLAND 
Thoyical waters sp abe Tropical beaches draw evecinereasing numbers of 
ety tourists, creating inten ent pressures which, 
mangrove swamps aid sca Le peeninek preter vify 
ds, both arguably as important . 


al reefs in the overall health in shallow waters that are Feeding 
fof tropical seas, There are 40 species of grounds and nurseries for many fish 


mangroves tropical trees and shrubs species, The eradication of sea grass bed 


that grow in shallow andl intertidal and mangrove svamps around the world 

tal waters—and they Form flooded isa real concern, with undeniable impacts 
forests that act as nurseries for various on coastal ecology as animal populations 
reef and opervater fish species, The are denied crucial areas forthe growth 
50 species of sea grass form “meadows” and development of their ting. 
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REEFS UNDER THREAT 
Coral reefs worldwide 


causing a phenomenon 
‘known as bleaching, 
are under intense which is ital to reeks 
presure. The continued 
evelopment of coastal 
regions has caused silty 
water to run into the 

sa, mothering these 
delicate systems, and, BLEACHED CORAL Diving a reef ean 


coupled with the Corabeaching sone ofthe more he the highlight of a 
dasnage cried by vivid consequences of global 
piechar vte warming and increased polution 


This occurs when 
the coral polyps eject 
the minute algae that 
sustain them as a 
response to sess 


liver’ ile, but we have 
avery real responsibilty 


methods, it is thought that up to hen exploring reels not to harm or 

90 percent of reefs have been impacted disrupt them in any way. A considerate 

by bumankind. There is also evidence approach is vital if we are to preserve 

that rising water temperatures are these wonderfully vibrant ecosystems, 
‘THE CORAL CYCLE 


Reefs are formed because ofthe 
extraordinary symbiotic relationship 

between tiny animalspolyps—and 

‘minute algae. Polyps ae colony-forming 

animals that construct cara reels, The 

polyp has a hard exoskeleton made of 

falelum carbonate, and this forms the 

physical structure of ree systems. Minut 

single-celled algae called zooxanthellae 

lve within the polyp, protected by its hard 

skeleton, and nourished by its waste i 

products. in turn, the zooxanthellae 

provide the polyp with nutients and 

‘gen, which they produce, ice plans 

through photosynthesis. Tis process 

requies light, which s why tropical reefs 

ae found only in waters less than 330 ft 

(Goo m) deepthe so-called “phatie zone", 

penetrated by sunlight. This relationship Is 

vital: warm, clear water tends tobe low in 5 
frygen and nutrients, but the partnership CORAL HEADS 


of algae and poly creates a highly The presen 

efficient nutient recycling system, and, bythe faint ct 
Inturm, sustains arch array of marine life. within the polp'ssof tissues 
EEF DISTRIBUTION 

(ver 90 percent ¢ “- 


of cra eee are is 
‘ustered inthe Indo _ 


Paci region. Reels 
donot form on casts = 
that experience cold 

or strong cures. 


Key 
Reet 


‘The oxygen molecule structure is given in Fig. 3, a. It is 
formed by means of a connection of unlike magnetic 
poles of axis electrons of two oxygen atoms (1, (2) 3} 
It is known that the fusion process of the oxygen 
molecules is accompanied with a release of 495 kJ/mole 
of energy, or in calculation for one molecule 


495-1000 
6,02: 10°" -1.602 107” 


-13eV. 


a 


@) 


What principle does the Nature follow by distributing 
enemy of 5.13 eV between the electrons of oxygen 
molecule (Fig. 3, a)? Energy of 5.13 eV is a thermal 
binding energy between the electrons 1 and 2’ of two 
oxygen atoms (Fig. 3, a). When the oxygen molecule is 
formed, itis emitted in the form of the photons by the 
electtons, which enter into the bond. Hence it is equal 
to an amount of energies of two photons emitted by 


these electrons. Consequently, each contacting electron 
emits a photon with energies of 5.13/2=2.565 V=E,, 
(Fig, 3). According to Table 1, in this case the valence 
elections are situated between the second energy level 
and the third one [1]. 


Diagram of binding energy disteibution between the 


electrons in the oxygen molecule 


‘Two oxygen atoms are combined into a molecule in an 
excitation state. ‘The excitation state is the state of an 
atom when its valence electrons are situated at such 
distances from the nuclei when the binding energy E,, 
between them is reduced to the thousandth of fractions 
of an electron-volt. In such state the atom can loose an 
election and become an ion, Otherwise, without loosing 
electrons it is combined with an electron of the 
neighbouring atom by the valence electron, and a process 
of formation of oxygen molecule begins. It is an 
exothermic process when the axis valence electrons 
1 and 2’ emit photons, descend on lower energy levels, 
13 eV. 


and release 2.56532: 
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Let us pay attention to the fict that energy 5.13 eV is 
released by two electrons, which form a bond with 
energy of E,,=2.56 eV. In modern chemistry this bond 
is called a covalent bond. In order to break this bond it 
is necessary to use 2.56 eV of mechanical energy: For 
thermal deavage of this bond, double quantity of energy 
is required, ic. 5.13 eV, It is explained by the fact that 
the photon energy of 5.13 eV is absorbed by two 
electrons simultaneously. Only in this case, both 
electrons will be transferred to the highest energy levels 
with minimal binding energy E, when they are 
disconnected, and each oxygen atom becomes a free 


‘Thus, energy expenses for destruction of oxygen 
molecule depend on the method of influence upon the 
bond. During thermal action upon the bond it is 
destmyed when energy is 5.13 eV. During mechanical 
effect upon the bond, it is necessary to spend 2.56 eV 
of energy in order to destroy this bond. The 
energetic of fusion process of the oxygen molecule 


efore 


depends on method of its destruction. 


After thermal destruction of the oxygen molecule 
process of its formation begins from emission of the 
photons with energies of 2.56 eV by both valence 
electrons, and the previous electrodynamics binding 
energy (E,,=2.56 eV) is restored between the electrons, 


of both atoms. 


‘Thus during thermal destruction of the o 


ygen molecule 
the same amount of thermal energy is spent than that 
which is released during its further formation. No 
additional enemy appears during thermal dissociation 
of oxygen molecule and at its further fusion. 


If oxygen molecule is destroyed by a mechanical method, 
then it is necessary to spend 2.56 eV of mechanical 
energy for this purpose. Valence electrons of oxygen 
atoms are in a free state at lack of energy, which 
corresponds to such state, as there is no process of 
absorption of 2.56 eV of energy by each of them. The 
electrons cannot remain in such state; they should 
replenish immediately the energy, which they have failed 
to receive during a mechanical break of the bond 
between them, Where should they take it from? There 
is only one source: the environment, i.e. the physical 
lled with aether. They convert aether into 
energy of 2.56 eV immediately. The next stage is a 
connection of two oxygen atoms, whose valence 


electrons have replenished the reserves of their energy 
by means of ether. ‘This process is accompanied by 
emission of the photons with energies of 2.56 eV by 
two electrons. Thus energy of absorbed aether is 
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UNDERWATER LIFE, 


Subtropical seas 


Although there is no strict definition, subtropical seas can be described 
as waters too consistently warm to support temperate marine life, but too 
cole for coral reefé to flourish. Also known as warm temperate waters, 


subtropical seas are found in all of the world’s oceans except the Arctic. 


BETWEEN TWO WORLDS 
Subtropical waters are sandwiched 
between tropical ecosystems (generally 
identified by the presence of coral 

reef ane! mangroves}, andl the temperate 
zone (identified by cold, rich waters 


supporting complex systems such as kelp 
forests) In subtropical marine syste 
the water temperature i too high to 
contain large amounts of oxygen and 
nutrient (we pp.200-09), amd yet too low 
to promote the recycling properties of 
coral reel (ste pp.204- 09) 

The most popular subtropical areas 
for diving, 
parts of the Gulf of California (also 
Inown as the Sea of Cortez). Other key 
sites include South Afica's Aliwal Shoal 
(1259, Fernando de Noronha (we f:318) 
fff the Brazilian coast, and the islands 
of Cocos, Malpelo (ie A319), and Roca 
Patil (er .320) in the eastern Pacific 


the Mediterranean and 


MEDITERRANEAN COASTUNE. 
The beauty ofthe coast and ts lear 
waters are some recompense fora 
relative deartn of macne ite, 


RED GROUPER 
These large predator Fish are typical of 
Mediteranean seas, but overishing 
thas depleted ther numbers. 


In terms of their marine life, there is 
a stark contrast between the Gull of 

California and the Mediterrancan, The 
former is famed throughout the diving 
‘world for its big 
‘while the latter is a somewhat barren 


system. The cause of this difference is 
their topography. The Mediterranean is 
in effect an isolated bond of deep water 


whereas the Gulf of Calfarnia is ess this plume. Much of dhe rest of this 
enclosed and relatively shallows, with 
Water and animals able to move freely column, and while the result is very clear 


to and fiom the Pavitic water, there is ite to support i 


Plankton, which ate atthe base The Gulf of California is op 
of the food chain, thrive in waters inthe southern endl, with the Baja 

Which mixing of the water layers brings peninsula to the west and the Meai 
nutrientrich deep water tothe surfice mainland over 125 miles (200 kam) tthe 
tee ph214-15). Most of the cold, ‘east. Much of itis less than 985 & 
nutrient-rich water from the Atlantic 800 ma) deep, and these shallow waters 
that enters the Mediterranean docs so are regularly mixed hy water entering 
through the narrow Straits of Gibraltar, from the Pacific to the south and are 
creating a phume of colder water that rich in marine life. This is one of the 
extends to the Sicilian Channel, The best finest locations to encounter large animals 
dlve sites in the Mediterranean ie along such as humpback whales and manta rays 


‘OCTOPUS ENCOUNTER 

rious species of his cephalopod 
an be encountered in subtropical 
waters worldwide. 
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Temperate seas 


‘The richest of all marine ecosystems, temperate waters are the stretches 
of ocean between the poles and the tropics, These waters are hugely 
changeable, offering a seasonal range of conditions at any one dive 
site, often accompanied by a variety of visiting migratory species. 


‘THE TEMPERATE ZONE. hitting the surface of temperate waters 
It is difficult to define the temperate varies considerably between winter and 
zone precisely; because major ocean summer, and this leads to a seasonal 
currents can artificially extend temperate variation in productivity—the sheer 
Waters into topical regions, or push amount of life that an ecosystem can 
temperate spevies into near-polar support, At the base af the food chain in 
regions, The best definition is peshaps the marine ecosystem are tiny organisms 
found in the temperature range of called plankton, which are dependent 
the water: true temperate waters rarely om light and nutrients far growth and 
sink below about 39°F (10°C) or fice reproduction. In the winter, when even. 
above 60°F ( 20°C), water near the surface receives litte 

"The positioning of the temperate light, conditions are poor for plankton 
zone means that its waters see a greater growth, and so productivity is lo. 
change of conclitions from season to ‘However, during the stormy winter 
season than tropical and subtropical months there s considerable mixing of 


seas, In particular, the amount of Hight cold, nutrientich deep water with the 


TER FEEDER 
‘he basking shark 
roves through 
the water with ts 
huge mouth open, 
Mitering plankton 
‘hom the wate. 
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surface Layer (se pp214-15), and 
so in spring, when the amount 
of light hitting the surface of the 
water vastly increases, conditions 
are perfeet forthe growth of 
plankton, Huge spring blooms 
Hevelop, attracting plankton- 
feeding species and their 
predators, and the waters become 
rich in marine life. Productivity 
drops again in summer, hecause 
even though light conditions are 
perfect for plankton growth, there 
is ite mixing between the ROUGH SEAS 
surface layer and deeper water, Temperate ses cn be rougher nd colder than tropical. 
and subtropical waters, but those whe brave them are 


fan so nutrients beenme srarce. ‘Sard bythe wealth of marine life on dsp 


‘TEMPERATE DIVING. vests (se pp.210-11) found in certain 
Diving in temperate watersis not the coastal regions, are extremely dramatic. 
crystal-clear, warmewater experience When dived at optimutn times in the 

beloved of the coral reef diver, and season, temperate waters are rich in lle 


requires more equipment (sr f.47) than The seasonal blooms of plankton draye 
sliving in tropical regions. However, a range of migratory species, and also 
some of the localized ecosystems within attract impressive predatory species, 
temperate seas, such as the majestic kelp such as shark and tuna, 


PLANKTON BLOOMS 


Plankton are fee floating animals 
‘Gooplankton) and plants (phytoplankton) 
atthe base ofthe marine food chal, 
When environmental conditions are 
‘optimal fr thelr reproduction, they ean 
‘multiply ver apie, creating huge 
“blooms” of many milion of individual 
planiton. Where massive blooms of 
‘hytoplanktan develop, the sea can 
‘eraly turn gree. 


ee | 
pe 
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UNDERWATER FORESTS. 
TThe forests of giant kelp that grow in 
temperate seas are considered by some 
to be the most impressive marine 
environment of all. Although kelp—a 
brown alga—is extremely abut in 
temperate waters throughout the world, 
true kelp forests are specific to the areas 
‘sith marine conditions that support the 
growth of two kelp genera: Macragstc 
and Niveacats, These require reasonably 
lear water, a degree of water 
movement, a suitable substrate making 
up the sea bed, and a maximuan 
temperature: most kelp forests will not 
flourish in water that exceeds 68°F 
220°C) on a regular basis, Some species 
ff kelp grow at a phenomenal rate, and 
to a truly colossal size, Macrctis 
or giant kelp, ca reach in excess of 
165 ft 0 m), and can grow up to 25 
jn (60 cm in a single day, making it 
the fastest-growing alga on Earth 

The best areas for the growth of 
kelp forests are off the west coast of the 
US and Canada; in the Cape region 
of South Africa; in Southern Austral 
along almost the entite length of the 
west coast of South America; around 


much of New Zealancl and in southern 
Japan, For the diver, the attraction of 
these biological worders is not simply 


Sea TER 
‘Vital residents of kelp forests, sea oters help 
contol populations af ea urchins, which 
leftto multiply would decimate the klp 


the forests themselves, but also their 
numerous residents, The analogy with 
a terrestrial forest isa good ane: activity 
takes place from the seabed up to the 
canopy, from specialist mollusks that 
Dore into the kelp itself, through to 
pelagic animals such as rays that soar 
through the upper levels. As well as 
permanent residents, a kelp forest 
provides a nursery for many open 
‘ocean species and a hunting ground 
for impressive predators. To dive a kelp 
forest on a day with good visibility as 
the sun dapples through the eanopy 
‘overhead ie an unmatchable experience 


‘SUBMERGED CANOPY 
Invariably dramatic and teeming with aquatic 
lit, kelp forest are the temperate water 

‘euivalent tothe Busting eas of opal sas 


KEL gens 
Huge numbers of marine 
creatures, large and smal, 
‘ake their hame among kelp, 
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Polar waters 


Although both the Arctic and the Antarctic conjure up visions of frozen 
desolation, below the ice and water surface lie regions of staggering 
abundance. Possibly the most challenging of all marine environments, 
the polar regions offer many surprises for the intrepid diver, 


FROZEN ENVIRONMENT 
Polar waters are found in the regions 
around the Arctic and Antarctic, hough 
the precise lines of demarcation are 
blurred. Where polar waters start and 
temperate waters end varies between the 
poles, Far the Arctic itis the 50°F (10°C) 
bove-water July temperature boundary, 
while for 

Fine of the Antarctic 


Antarctic iti seen as the 
onvergence, 
zone where cold Antarctic waters sink 


below warmer northern currents, 
Both the Antarctic and Arctic have 
ite consistent water temperatures, 
because the low angle of the sun and the 
reflective qualities of the ice minimize 
the impact of solar radiation, The 
temperature of the water hovers around 
an extremely chilly 32°F (0°C), only just 


POLES APART 


‘he plants and animals of the Artic 
‘and Antartie differ considerably, 
‘situated as they are on opposite sides 
‘ofthe world, Antarctica has its own 
“species of kl (some seven of them) — 
the small shrimplike creatures that are 
the bedrock ofthe food chain here. 
‘Swarming in huge numbers an the 
‘surface, they draw ina host of feeders— 
Including the mighty baleen whales— 
‘during seasonal migrations. 


=r" 


BELUGA WHALE 
‘tc diving “sataris" provide opportunities 
to dive with animate suchas beluga whales 
and 3 numberof sal species. 


above the freezing point for seawater, 
LAC). However, 
although they may seem similar, the 
Antarctic and Arctic are actually quite 
different in terms of their physical 
cography and marine ecosystems, 


which is 29°F 


POLAR WATERS 


The Antarctic is an islated 
continent cavered largely in ice 
its nearest land masses are over 
16500 mies (1,000 km) away, and 
the entire continent is circled 


by an ocean current. The 
Antarctic Circumpolar Current 
is extremely significant, a it 
cssentially cuts the Antarctic 
waters off from warmer waters 
farther north. The Arctic, by 
contrast, is mainly an area of 
‘acean ceweredd in a thick layer 
of ice, bordered by the lined 
masses of North America, 
Europe, and Asia, and as such its waters 
are affected by temperature changes, 
Janel runoff nel shallow coastal currents 


LIFE ON THE ICE 
TThe adaptations that have evolved in 
animal life to cope with extreme por 
environments ate remarkable, ‘There is 
a tendency toward gigantism—a larger 
body size keeps the relative body surface 
area to a tminimm, and therefore the 
effects of heat los through the skin are 
less pronounced. Fish have a high body 


Ice DIVER 
There are more ving opportunities inthe Arc than in 
‘Antarctic waters. Diving under the ce demands a high level 
of expertise and special sks see pp 188-8). 


{at content, and mammals have blubber 

and fur to insulate them, while behavior 

such as migration in the inter months 

means the worst conditions are avoided, 
The most extraordinary adaptations exit 

pethaps in the fish and invertebrates 

of polar waters: many have special 
‘antilteeze" proteins in their blood to 

ep it quid at lor temperatures. 

{ce SHELF CALVING SMALL CeRERG 

Up to 70 percent of al esh water on Earths held 

Inthe Anartc ice cap sits ona huge land 

‘mass, while the Arctic is largely floating ee. 


~ 
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The open ocean 


Only a tiny proportion of the world’s oceans cover the shallows around 
land. Beyond, great tracts of open water phinge to abyssal depths. At 
first glance a featurcless marine desert, this is actually a fascinating 
ecosystem containing some of the most impressive marine creatures. 


‘ALAYERED WORLD 
‘The oceans of the world are divided not 
only geographically, but also vertically, 
descending through the water column 

in distinct zones defined by temperature. 
Only the upper 650 f (200 m) or so are 
heated by the Sun, Below this warmer 
surfice layer, the temperature of the 
water ean fall dramatically with depdh in 
a layer of water called the thermocline. 
‘This layer of rapid temperature change 
is present in tropical waters year-round 
and in temperate waters in summer, but 


LIFEIN THE OPEN SEA 


Even in remote areas of open ocean, 
‘communities of ving creatures thrive 
Inthe Sargasso Sea in the North Atlantic, 
‘2 vast rotating current propels floating 
‘Sargassum weed in an endless circular 
procession, The weed supports many 
invertebrate species and juvenile fish 


is not found in polar waters, Below the 
thermocline, the temperature continues to 
fall, but more slowly: Many animals find 
the dramatic change in temperature at the 
thermocline stresful, and are confined 
tocither the warmer water abene it 
for the deep, cal water below it 

The deeper layers of the ocean are 
sicher in nutrients than the surface layer; 
they are alo colder, and so have a greater 
capacity or holding oxygen. Mixing of 
the layers bringing cxsygen-and nutrient 
rich water into the surface layer-—can be 


‘CAUGHT ON CAMERA 
‘Open-water predators, ike this 
blue shark, wil investigate any 
ne visitor to the environment, 


converted into thermal energy of the photons If we 
spend 2.56 eV of mechanical energy for destruction of 
oxygen molecule, we will get double quantity of energy 
(2.56x2=5.13) eV during further fusion of this molecule. 
Additional energy is equal to 2.56 eV. 


Much experimental data show that in ventilation systems 
thermal energy of circulated air exceeds electric energy 
spent for a fan drive. Now we know that this energy is 
generated at mechanical destruction of covalent bonds 
in the molecules of gases, which the air consists of. 


Using the above-mentioned method, let us analyse 
energetic of water molecule, which sometimes generates, 
additional thermal energy. A water molecule consists 
of one oxygen atom and two hydrogen atoms. Binding 
energies E,, of the hydrogen atoms with its nucleus are 


given in Table 2 [1], (2, [3} 


Table 2 
Spectrum of hydrogen atom 

‘Values al 2 3] 4 5 6 

E,(ep.) [eV] 10.20 | 12.09] 12.75 | 13.05 ] 13.22 

E ,, (theor)| eV 10.198 |12.087]12.748 | 13.054 {13.220 

E, (theor) [eV] 3.40 | 1.51 | 085 | 0.54 | 0.38 


It is known that combination of hydrogen and oxygen 
is accompanied by an explosion, but its cause remains 
unknown, Let us try to find it 


Energy of fusion of hydrogen molecule is equal to 
436kJ/mole, or 4.53 eV pera molecule. As the molecule 
consists of two atoms, then the above-mentioned energy 
is distributed between them. Thus energy of one bond 
E,, between the hydrogen atoms is equal to 2.26 eV 
(Fig. 4). At mechanical destruction of this bond 2.26 eV. 
is enough. At thermal destruction of this bond double 
quantity is required (2.26x2=4.53 eV) [1] 
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eect 


Fig. 4 
Hydrogen molecule 


In order to form two water molecules, it is necessary to 
break two hydrogen molecules and one oxygen molecule 
into atoms. At mechanical destruction of covalent bonds 
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2.26x2=4.53 eV is required to break two hydrogen 
molecules and 2.56 eV to break an oxygen molecule. 
Sum of these energies is equal to 7.13 eV. If the 
destruction processes of the above-mentioned 
molecules are carried out with a thermal method, then 
4.53+4.53=9.06 eV is quired for the destruction of 
two hydrogen molecules, and 5.13 eV is required for 
the destruction of one oxygen molecule. In total, it is 
equal to 14.19 eV. The difference between the energy 
spent for mechanical and thermal destruction of 
covalent bond of hydrogen and oxygen molecules is 


almost double 


It is known that during fusion of one mole of water 
285.8KJ oF 285.8x1000/6.02x102%1.6x10""=2.96 eV per 
a molecule are released. Asa water molecule consists of 
‘one oxygen atom and two hyd gen atoms, 2.96/2=1.48 eV 
falls per the bond (Fig. 5). Hence the electrons of 
hydrogen and oxygen atoms in water molecule are 
between the forth energy level and the fifth one at the 
usual temperature (1.48/2=0.74 eV = E,), Table 1,2 [I] 


po e 2 4 apt 
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Fig. 5 
Diagram of water molecule: 

1,2,3,4,5, 6,7, Sare the numbers of the electrons of 

‘oxygen atom; P,, P, are the miclei of the hydrogen atoms 

(the protons); ¢,and e, are the numbers of the electrons of 


hydrogen atoms 


“Thus when two hydrogen molecules 2H, and one oxygen 
molecule O, are destroyed by the thermal method, 
14.19 eV are spent. As a result of fusion of two water 
molecules (2H,O), 2.96x2=5.98 eV is released. There is 
some disbalance here since fusion process of water 
molecule is an exothermic one and 2.96 eV is released 
by one molecule. ‘The given calculation shows that 
(14.19-5.98)/2=4.10 eV is absorbed during fusion of 
one water molecule 


What is the cause of this 
contradiction? 


“The oxygen atom in the water molecule should reduce 
its volume when the transition from gaseous state into 
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caused by currents, storms, or 
other natural patterns of water 
circulation. When the nutrient- 
rich water is hit by sunlight, an 
explosion in plankton growth, or 
“bloom,” occurs, creating regions 
of abundance as plankton 
feeders and in turn their 
predators, congregate. 


LIFE AT THE DEEP END 
Pelagic animals (those of the open. 
‘cean) have developed remarkable 
physical and behavioral 
adaptations to st their demanding 
environment, Massive vertical migrations 
take place at night, when marine animals 
mene into the well-stocked surface layers, 
hieden under ccner of darkness from, 
‘predators that hunt by sight, Howeves, 
many of the predators of the open ocean 
boast a battery of senses for detecting 


= 


BUILT FoR SPEED 
With thir steamines bodies and powerul sickle 
shaped tals, dolphins ae perfectly designed to hunt 
even the fastest maving prey. 


prey at long range, and investigate any 
‘object in their vast territory for its food 
potential, These opportunistic hunters 
jncludle the blue shark, malin, and tuna, 
some of the most awesome and heat 
animals inthe oceans, The cole-bloodded 
‘tuna can heat its blood to warm its 
muscles, allowing deadly bursts of speed. 


Freshwater environments 


Branching out from the sea to explore freshwater environments 
opens up a whole new range of dive sites to discover, from Icelandic 


ravine lakes to Me 


ean caverns or the Florida swamps, each with 


fascinating, freshwater-specific animal and plant life 


LAKES AND RIVERS 
‘The first thing any diver accustomed 
to seawater will notice ina freshwater 
system is the difference in buoyancy. 
‘The salt content of seawater 
35 pars per thousand makes it denser, 
and thus a naturally more buoyant 
environment forthe diver than 
freshwater. Consequently, you will find 
that you need to carry considerably less 
Weight. The lower salt content also 
means that equipment suffers less 
dlamage through corrosion, 


‘around 


“There are a number of logistical and 


salty issues specifi to freshovater diving, 


Some of the more adventurous dive ster 


are high-altitude lakes, and require the 
use of special tables or a dive computer 


» 


ae 


PRIVATE PROPERTY 
Some ofthe most scenic vers an lakes ae 
privately owned, so itis important to check 
whether permission i required before you dive 


to avoid decompression issues. Lakes 
are susceptible to land runoff, and may 
quickly become murky in poor weather, 
hile rivers may swell rapidly in adverse 
conditions, creating dangerous currents 
Rivers and lakes may also support 
disease, notably Weil disease and 
» bilharza, particularly in regions 
of dense human population, 
Despite these drawbacks, 
With some research and 
strategie preparation before 
lve, local rivers and lakes can provide 
a perfectly viable and exciting alternative 
t sea diving, Freshwater systems 
become anoxic lacking in oxygen) at 


Beto sgen cy 
ee "This mca hat shape do 


“ag 


hnot deteriorate as quickly—because the 
organisms that would usually destroy 
them cannot function so deep lakes 
ean offer impressive collections of well 
preserved wrecks 


NATUREON DISPLAY 

| Freshwater species are generally unaccustomed. 
‘walvrs, creating wonderul opportunites for 

| close obseration and encounters 


axe own 
Exploring 2 freshwater lake can 
provide fascinating and exhilarating 
Bltemativ to sea diving, Here, nthe 
beaut Bindsee mountain ake in 
‘Austria divers can expire 
Underwater forest of allen tees 
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Mammals 


Of the 5,000 species of mammals on Earth, around 2.5 percent are 
found in marine environments. These warm-blooded aquatic animals 
are pethaps among the most charismatic and approachable 
you will encounter on any dive. 


eatures 


WARM-BLOODED LIVING including the pinnipeds (seals, sea lions, 
Mammals have a number of features ane walruses) and otters; and Sirens 
that make them unique in the anianal manatees and dugongs. 

kingdom. First, they are warm- 

biloorled, which means that ehey are WHALES, PORPOISES, AND DOLPHINS 
able to regulate their internal body (Cetaceans spend their entre life in water, 
temperature. Most are covered in hair even though, like other mammals, they 
(apart from Cetaceans) and all, except have lungs and need to breathe air to 
monotremes like the duekcbilled live, They are divided into two main 
platypus, give birth to Hive young and subgroups~Mysticeti and Odontocett 
feed them on milk produced by mill: based on their adaptations for 

secreting glands. Atleast three orders feeding. Mysticeti are filter- 

of mammal include species that spend feeding baleen whales, such ax 

the majority, if not al, of their lives in northern and southern right 


water: Cetaceae, which includes whales, whales, humpback whales, 
dolphins, and porpoises; Carnivora and blue whales 


SOUTHERN RIGHT WHALE 
There are few more impressive 
sighs than a whales Takes 
breaking the ocean's surface 


MAMMALS: 29 


SUPREME PREDATOR 

‘Te maestic ora or Ker whale 2 versatile 
hunter, catching 2 ange of prey from sh to 
seals and even whales and binds, 


Odontoceti, by contrast, have teeth and 
include some species of whales and all 
dolphins ane porpoises 


‘AQUATIC CARNIVORES 
Pinnipeds are aquatic mammals that 

spenel some time on land, particularly for 
breeding, ‘There are 33 species, including 
seals and far sels sea lions, anl walruses. 


These carnivorous mammals have 
webbed feet, enabling them to move on 
land and in the water. With their long 
front flippers, fur seals and sea lions are 
able to walle om all four flippers on land 
Sea otters ate the largest 
members of the musteid or 
weasel family and are most 
commonly founel off the coasts 
of California, Alaska, and Russia. 
Unlike other marine mammals, they 
have no insulating layer of blubber, 
‘But have the thickest fur in the animal 
Tngeom. They are one of the only 
‘mammals, other than primates, known 
To te tools, utilizing stones and other 
jem to crack open shellish and pry 
prey fram eracks in rocks, 


tia 


‘THE SIRENIANS 
This rire to encounter manatees (uw alo 
£13309) and dugongs. These fascinating 
migratory mammals, belonging to the 
order Sirenia, typically reach adu 
of around 10 f (3m) in length, and have 
{ont limbs in the shape of Hippers and 
xo hind limbs. Despite their imposing 
size, manatees anel dugongs are plac 


herbivorous creatures that spend most 
of their time grazing 


SEALS 


Commonly seen on dives and at the 
water surface, seals tend to be found 
clase fo share and inthe mote remote 
areas of the world, such asthe Arctic 
and Antarctic, where they can feed and 
reproduce without disturbance. There 
are 18 species, the largest of which is 
the elephant seal. Seals ae efficient 
‘Swimmers, using thet rear 
Aigpets for propulsion and 
their font flippers for 


steering. These lively 
mammals are fun 
to swim with but 
hhave sharp teeth 
and ean be 
aggressive during 
the pupping season. 
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Sharks, skates, and rays 


Like other cartilaginous fish (also known as the Chondrichthyes), sharks, 
skates, and rays have a skeleton made of flexible cartilage rather than 

bone. Collectively known as the elasmobranchs, they have between five 
and seven paired gill openings, and nostrils beneath the snout 


SHARK SPECIES 
There are around 500 known species 
of sharks, ranging in size from the giant 
Whale shark, at up to 65 (20 m) im 
length, to the minute lantern shark, 
whieh me 

sharks have pectoral fins attached belie 
the gill openings, a large caudal (el) 

fin, and one or two dorsal fins 

a basic body plan that has 
changed very Title in 
hundreds of thousands 
of years, The jaws 


th, which, 3 


ares just 12 in (30 em), All 


rons of 

are continually renewed 

throughout the shark's life 

The tong, rough skin of a shark is 

cavered by dermal denticles-tiny sealer 

that minimize drag (friction with the Sharks have extraordinary sensory 

water) when swimming Sharks propel powers. Their highly developed senses of 

themsehes by sweeping their caudal fin smell and tate are used to detect potential 

fom side to side. Unlike most other fish, prey, and they have excellent vision, 

sharks have no swim bladder, so they In addition, they can sense changes in 

must swim continuously or they will sink, water presse caused by the movement 

They alo need to maintain the flow of of other animals using their lateral line 

seawater over their gills that they can system, This consists of Huid-Eilled 

extract oxygen for respiration, channels along the sides of the body that 
are lined with sensory hair 

cells, 

the minute electrical fields 

produced by other living 

animals, using electrosensory 

‘organs called ampulla 

‘of Loven, which ane 


arks can also detect 


located on the head 


LEOPARD SHARK 
“he leopard shatk can be found at 
depths af up 10309 Gam) ands 
‘often seen ng on sandy bottoms. 


TIGER SHARK 
‘Altrough rarely encountered, the tiger shark 
‘sone ofthe most voracious shatk <pecies. 
feeds on lage ish, turtles, and seabirds. 
humans pose far more of threat 0 
sharks, with many shark species currently 
endangered, and some even facing 
extinction, due to overfishing 


FOOD AND FEEDING 
[All sharks are carnivores, but they feed 


‘SHARK REPRODUCTION 


ca wide range of prey and use a varity {During mating, the male 
ree seshisclspes (modied 

extensions othe pele fins) 

{o transler sperm fa the female 

The majority of shat, including ggg 


of Seedling techniques. Fier-feeders, 
such as basking, megamouth, and whale 
sharks, sft plankton from the water 


asthey swim. Many bottome<isllers, | dogfish and leopard and tiger 
including wobbegongs and angelsharks, | shatks ate viviparous, ehing 
lie camouflaged om the seabed ready wo | bith 10 fully formed offspring 

Oviparous (egelaying) species lay 
ambush passing fish, while others, such | hetapes onthe corpo where te 
as leopard sharks, feed largely on scabeel_ | embryos ae nourished by the yolk within 
invertebrates. Some species, such as the ege case, Catshark eng cases have 
whitestip reel sharks, feed cooperatively, | long tends that wis around objects on 


: the seabed. nother species, such as 
hunting in packs and actively pursuing | ee eee eee 
prey The mako and the great white shark | fhe egg eases to’ secure sites A young 
tackle lange prey such as seals, swordfish, — | sharks fend for themselves from 
other sharks, porpoises, and sea turtles, | ith or hatching. 

‘Although sharks are the top marine | Spiny doghish 
predators, only few species are 
potentially dangerous to people, and 
stacks om humans are rare. In fat 
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SKATES AND RAYS 
The 600 skate and ray species share 


many of the features of shark, but have 


sat body plan, The gill sits 
ate on the underside of the boy. The 


pectoral fins are positioned aber the 


sill openings, not behind them as in 


sharks, and are greatly enlarged and iociaaes gar 
Aattened to form “wings,” while the Many species, such 
‘caudal fin is reduced ar absent asthlethamback roy, have 


amoufages 


‘or specie coloring that 
them against the seabed. 


M 
dwell 


skates and rays are 


the sealoor Their fat body shape enables plankton feeders. They swim with st 


them to fe on the seabed unnoticed, and from their m 


fied pectoral fins, in an 


they have a downward-painting mouth undulating movement similar to a bird 


andl ey ipof the head, Spiracles lapping its wings. Their tails are used 
breathing holes) behind the eyes enable for defense rather than propulsion: they 
them to “breathe”—take in water to havea stinger at the base of their tal 


with short barbs that ean inject ven 
zessors, Skates lack this tail bar 


invertebrates, such as mollusks and Skates tend to he mo 


extract oxygen — when balf-buitied in 


the substrate, Mc and skates eat into a 


crustaceans, and small fish, buts 


te waters, and rays in the tropics, 


re tempo 
but the main distinction between them 
MANTA EAS wecteeding ays steve microscopic i thee reproduction, Rays produce fie 
plankton rom the water with theirgirakers._Yotinc, while skates lay exgs in Teathery 
Manta rays also eat smal shoaling fish cases (fien called “mermaids pa 


MANTA RAYS 


SHARKS, SKATES, AND RAYS 


SPOTTED EAGLE RAY 
‘This species uses its latened, 

lckbilsike snout og up food 

from the sea 

DIVING WITH RAYS: 

Manta nays, with their elegant, 

dlancelike swimming motion, 

are perhaps the most poplar 

ray species. They are also the 

largest of the rays, measuring 

‘up to 20 (6 mn) across. They 

pften congregate at special 

leaning stations om the reef 

Where they allow smaller reef fish to pick 


tiny parasites off their skin, The aplike 
lobes on cither side of the mouth funnel 


plankton between their jaws as they swim. 
When notin use, the lobes are coiled up 
xy more streamlined. 
Other types of rays seen during dives 
jnclucle guitarlis, which have pointed 
breads and elongated bodies, and electric 
rays, which posses organs that can 
deliver an electric shock to incapacitate 
prey: Torpedlo rays can elischange more 
‘than 200 volts-enough to stun a diver 


to make the 


Circular-bodlied stingray species should 
also he treated with caution, since they 
Ihave venomous barbs at or near the 
Taase of the tal, The sting’ effect can 
>be milly painfal to potentially fal, 
depencling on the species. Eagle rays 
which also have venomous barbs, can he 
identified by their distinctive beake-shaped 
sou, They have powerful crushing 
teeth, large “wings,” and a long tail 

Rays are docile animals, and despite 
their selEdefense mechanisms, pose no 
real threat to the diver if unprovoked. 


Bony fish 
Bony fish, or Osteichthyes, make up about 95 percent of all fish 


species—more than 23, 
that you will dive in, and there is a wealth of shapes, sizes, and 


\0 in number. These vary in every ocean 


colors, and intriguing behaviors and interactions for you to discover. 


‘COMMON FEATURES ROLE REVERSAL 
‘Typical bony fish are Male seahorses have 2 pouch 
periade pe Inhien they incubate the 
arian iene 59s produced by the female. 
‘muscular tal. They have 
a caudal fin atthe base 


protective scales, They 
breathe using gil 
although a few have 
evolved to use hangs as 
well as gis, and they are 
cold-blooded. 

Bony Fish are the 


of the tail for propulsion; 
a pair of ps 

just behind the gills, for 
steering; an anal Bin just 
below the tail pair of 
pelvic fins on the lower 
‘de; and, normally, one to three dorsal numerous ofall the vertebrates. The 


otal fins, 


most diverse and 


fins on the back. They are covered in earliest fossilized fish remains date from. 
slimy secretion that reduces drag, and around 395 million years ago. All fish 
nearly all species have a covering of havea bony skeleton and a swim 
NAPOLEON WRASSE 


These lumbering open nater 
deters can become relatively 
tame in requenty ved sits. 


liquid state takes place. It will happen when the ring 
electmns of oxygen atom descend on lower energy levels 
(ncarer to the nucleus). They will emit the photons and 
their total energy will be equal to energy spent to 
destruction of two hydrogen molecules and one 
oxygen molecule, ie. 14.19 eV. Since two water 
molecules have 12 ring electrons, each of them will 
emit 14.19/12=1.18 eV=E, (Fig. 5). It is more than 
energy (E,=0.74 eV) of binding of axis electron with 
the nucleus, and it shows that the ring electrons are 
situated nearer to the nudeus than the axi 


In this case quantity of energy produced due to fusion 
of two water molecules (14.19+5.98) eV exceeds energy, 
which was spent for the destruction of two hydrogen 
molecules (9.06 eV) and one oxygen molecule (5.13 eV). 
Energy difference of 5.98 eV is divided between two 
water molecules. It means that 5.98/2=2.99 eV or 
285.8 kJ/mole fll per a molecule. It corresponds to 
the existing experimental data completely [1] 


‘The above-mentioned facts clarify a cause of the 
explosion, which takes place when hydrogen is combined 
with oxygen. Simultaneous transition of six ring 
electrons of each oxygen atom in the nascent water 
molecules to lower energy levels is accompanied by 
simultancous emission of the photons, which generate 
explosion phenomenon. 


Let us pay attention to the fact that two binding energies 
E,, between valence electrons e2 and 2 and between 1 
and el are shown in Pig. 5, b. Energy of one 
electrodynamics bond is equal to E,,= 0.74 eV. If this 
bond is destaoyed by the thermal method, 0.74x2=1.48 eV 
is required. This energy will be released during further 


fusion of the water molecule from hydrogen atom H 
and hydroxyl ion OH. In this case, no additional energy 
is generated, 


‘Therefore the given bond is destroyed by the 
mechanical method spending 0.74 eV per a bond, each 
ft equal to 0.74 eV after 
bond destruction. This energy will be immediately 


electron will have energy det 


absorbed from the environment and will be emitted 
during the repeated fusion of the water molecule from 
the hydrogen atom H and the hydroxyl ion OH At 
mechanical destruction of one bond of water molecule, 
the covalent chemical bond forms E,= 0.74 eV of 
additional thermal energy, which is registered in systems 
of water cavitation constantly (as we have already 


noted) [1), (2), (3) 


It is known that water molecules combine and form 
dusters. If the bonds between the molecules in the 
clusters are covalent ones, mechanical destruction of 
these bonds should be accompanied by a release of 
additional thermal energy as well [1}, (2), 3] 


Experimental Part 


6 
i 7 
x 8 g 10 
3 | ! 
L— 5 
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Fig 6 


Diagram of the experimental device: 1 - reservoir for solution; 2 


thermometer; 3 - electronic scales; 4 - solution supply 


duct; 5 - rotameter; 6 - feed solution regulator, 7 - a special thin plasma reactor is in the process of patenting; 8 - thermom- 


‘eter; 9- discharge of heated solution; 10 - 
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bladder an airfiled sac that aids 
buoyancy: The sears are separate; 
‘most lay eggs, and fertilization is 
usally external 

There are two groups of bony 
fish, The Sarcopteryg lobe-finned 
fishes), which have a Mleshy lobe at 
the base of ther fins that is leglike 
in appearance, form a small group 
that includes the coclacanth and 
Australian lunglish. ‘These ancient fish 
probably gave rise to the amphibians 
But by far the majority of bony fish 
belong to the Actinopteryai (ray 
finned fishes. These fish have jointed 
bony rays that support their fins, and 
a symmetrical caudal Bn 


The species you see will vary 
depending on your location, Fish 
identification can be rather like bird 
‘watching, and many divers make 
checklists of what they have seen on 
ceach dive. An identification guide to 
the fich in the area that you are diving 
in will help to identify them correctly 
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“SAFETY I NUMBERS 
Moving as part of lange group means that each 
member ofthis shoal of brracuds—a ayfinned 


‘species of bony fish—is les likly abe eaten. 


AWORLD TO DISCOVER 
‘One of the greatest atractions of diving 
is the opportunity to observe an amazing 
range of fish species in their natural 
habitat. Bony fish display a wide variety 
of colors and patterns, especially those 
species found around coral refs. Asin 
some bird species the male i often 
Dbrightly colored anel the female is rab 
{in contrast. A male's vivid coloring may 
bbe used to attract a female in comrship 
dlisplays. For example, the vivid markings 
fof the male cuckoo wrasse become ever 
more colorfl in spring to attract females. 

On reefs, you may also have the 
‘oppartunity to observe some fascinating 
interactions between species, Animals 
such as manta rays and turtles regularly 
visit “cleaning stations,” where smaller 
fish, such as cleaner wrasse, pick off 


algae, parasites, and deael tissue from, 
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their skin and even from inside their 
mouths. Anemonefish (also called 
clownlish) are able to live among the 
stinging cells of host sea anemones 
because they secrete a special mucus 
that protects them from being stung 

In return for their shetered home, they 
drop pieces of food and 
fish that the anemone can feed on, 


AVOIDING PREDATORS 
YYou'l need keen eyes to spot some of the 
many fish species that are camoullaged oF 
have unusual ways of avpiling predators, 
Some of these species are so clusive that 
they have only recently been discovered 
Masters of disguise include the scorpion 
fish, which hides on reels and is virally 
indistinguishable from the coral and algae 
that surround it, ht ean deliver 
a nasty’ sting should you step om it You 
may encounter tfc, such as plaice and 
flounder, when diving in areas with a 
sandy bottom, but many are so well 
camouflaged to match the seabed that 
they are extremely hard to spot 

The holes and crevices in many reefs 
and wrecks provide ideal hiding places 
for fsh such as moray and cong 


[ADAPTIVE CAMOUFLAGE 


Bizarrely, atfish star off fe with a 
“normal” fish shape but then undergo a 
metamorphosis into their characteristic 
flat body form. One eye migrates tothe 
‘other side ofthe head, the skull deforms, 
‘and the mauth becomes asymmetrial, 
‘The side of the body that sits onthe sea 
floor becomes lighter and the upper 
side becomes darker, camouflaging 


itself inthe color ofthe substrate, 


WUE RIBBON EEL 

This smal elegant moray el rom the Indo 
Pacicis ashy creature: although it seems to 
gape treateningly, nf, ts simply breathing. 


with their slender body shape, ange 
:mouths, and menacing-looking teeth 
Their hiding place is revealed when they 
gape to breathe (they have restricted gill 
openings). Eels have no pectoral or 
pelvic fins and use their long, muscled 
bodies to dart in and out of their Lars. 


SOCIABLE FISH 
In open water your may encounter 
incredibly lange fish lke the Napoleon 
wrasse, which can reach a weight of 
nearly 300 bs (135 kg). In some areas the 
wrasse have bees hand fed so often that 
they are fiendly toward divers, though 
feeding them i discouraged, In mote 
‘open water and around! wrecks, you will 
sce great shoals of fish such as sardine 
barracuda, glaslsh, andl mackerel, Such 
‘ocean-going, oF pelagic, fish tend to have 
pole bellies, svery flanks, and dark: 
colored backs. This makes it hard for 


prey and predators to spot them —when 
viewed ffom abave, the darker shade 
blends in with the color of the deep sea 
viewed from below, the pale coloring 


merges with the light from the sky 


amune To stines 
‘Acavenng af palecive mucus allows 
‘the anemonefsh to sheer rom danger 

among it host's tentacles 
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Reptiles 

Most reptiles live on land, but some are aquatic, notably turtles, 
terrapin, erocodies and the related alligators and gavils, and 

sca snakes. These cold-blooded, or ectothermic, animals are mostly 
found in tropical areas, but some live in temperate regions. 


BIRTH AND HATCHING 
Repailes re typically oviparens(¢he 
females lay eggs in which the young, 
develop), although a few speries are 
ovoviviparous (the young hatch from 


gs within the mother’s body). Egy 


laying reptiles often build a nest in 
whieh to incubate their clutch, 

One of the most proie reptilian 
ceqgelayers i the turle (order Chelonia) 
which has a bare shell that encloses and 
protects its vital organs. The head, tal, 
and llppers protrude, but many species 
fan draw them in when threatened. 
Although they ate air-breathing, 
creatures, they only Teave the water to 
breed and can lay as many’ as 200 eggs 
in nests exeavated in sandy beaches 


‘THE SNEEZING IGUANA 


sy ONE AO BANDED eT 
Related to cobras, sea snakes are venomous, 

but fortunately they are quit timid and if 

‘unprovoked are no inclined to attack humans. 


“The ony iad thal forages for its food 
inthe se, he marine iguana haba 
curious habit of “sneezing” salt The 
mtn algse that forms the main pat | SEA SNAKES AND LIZARDS 
its diet contains alot of salt Agland | Atinough many snakes, sch as the 
fonmected tthe nosis rmovesthe | NUM rhialat 
Salt fom the body, andthe guana then | Panded krait, swim inthe sea, they 
Sipeleltbysneesing leavingeface, | usually return to land to breed. The 
white. This sone of the urigue ysllow-bellied sea snake isthe only tue 
Mapiations that allows mane iguanas | sca snake, the female giving birth in the 
CEES water up to ten ive young, each about 
10 in 25 cz) Jong. Tecan grow up to 

3% 4 (1m) in length, and is black or 
dlak brown in color with a bright yellow 
‘underside. This sea snake has spread 
acros the Paci from Southeast Asia vo 


America, and gathers in huge numbers 


luring the breeding season: a really big 
swarm can stretch for 70 miles (115 kan) 
Marine iguanas, from the Galipagos 
Ielands, are the only lizards that can 
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tolerate salt water: Males may grow to 
length of 4 (1.2 m) or more (almost 
half of which isthe tal), They are 
harmless herbivores, feeding exclusively 
fon algae growing on rocks near the 
shore. When feeding, they can remain 
submerged for up to an hour, especially 
in the warmer shallows, though dives of 
five oF ten minutes are more common. 


SALTWATER CROCODILES 
The saltwater crocodile is the worlds 


largest living exocodile;recard lengths 
have been up to 23 ft (7 m), 

bout 15-16 fe (4-9 m) is more 
common. This the most 


dangerous species of 


crocodile, esponsible for most crocodile 
attacks on people. Its foxndl from. 
‘eastern India and Bangladesh through 
Southeast Asia to Papua New Guinea 
‘and Australia, sully in brackish water 
in tropical estuaries, Fivers, and swamps 
‘The female lays eggs under a large 
mound of vegetation and stands guard 
‘over them for about 100 days. When the 
young hatch, she digs them oat and 
carries them to the water. The hatchlings 
then live in nursery groups for about 
cight months, guarded by the adults. 


RETURNING TO THE SURFACE 
Turis breathe a, ke land-based 
reptiles, This one has aparastic 

‘emara fish attached 


230 UNDERWATER LIFE 


Marine invertebrates 


Of all animal species on Earth, 95 percent are invertebrates 
(animals with no backbone), forming an incredibly numerous 
but often overlooked section of the animal world 


Every major 


invertebrate group has an array of marine representatives. 


‘AQUATIC ARTHROPODS 
A arthropod ia type of invertebrate 
that has its body encased in a hard outer 


casing (the exoskeleton) and jointed 


appendages. Land-based atbropo 
inchude insects and arachnids whereas 
most underwater species are crustaceans, 
«group that includes crabs, shrimp, 
lobsters, water fleas, copepods, and 
barnacles. There are about 39,000 
species of crustaceans, most of which are ORAWING NOURISHMENT FROM THE SEA 
marine, though some live in freshisater _Bivalve moluss, suchas these mussels, 


feed by tering erganic matte fram the watt 
"Mussels vein nutrent-ch tidal ates. 


environments, They vary in size fom the 


massive Japanese spider crab with its leg 
span of 12 (3.7 m),to the tiny water MOLLUSKS 

flea, only about "nnin (0.25 mam) long, All mollusks, except the octopus, possess 
Bot large or small, crustaceans all have same form of calcium carbonate shell 
certain things in common. They possess ‘There are three major marine classes of 
eo pars of antennae, three pairs of this group of invertebrates. Gastropods, 
mouth appendages, and compound eyes with some $5,000 species, include 

fom stalks, They also have three body \whelks limpet, sea slugs, andl conch 
segments—the head and the thorax, ‘Many possess shell but some, lke the 
Which are almost always fised and sea slug (or nudibranch), have lost theirs 
cavered by a carapace (an outer shield), completely. Bivales, such as chums, 
andthe abdomen, mussels oysters, and scallops, have a shell 


in two pieces. There are 20,000 marine 
bad fieshwater species, the largest being 
gs up to 4 fe (1.2m) across. 
falopods comprise around 
{600 species, including, 
nati, squid, 
ccutlefish, ane 
‘octopus. The 
cephalopods 


SCAVENGER 
have a varied 
hese crustaceans 
lon caion, mollusks, 
sn other cabs 


Pr 
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DELICATE DRIFTERS 
Transparent and serene 
Jesh are members of 
the endacan group 

of invertebrates, 


ee | 
2 
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include the largest 6,000 species of 
invertebrate of all, the echinoderms, inclucling 
siant squid, whieh grows satis, brite star 

to asize of 52 fe (16m) sand dollars, sea urchins, 
Cephalopods ca sim in andl sea cucumber 

short bursts by squirting among others 

water fram their bodies, Most species af 

boat many ike the squid cchinadlerms reproduce 
tse tnduating fins for sexually andl have separate 
locomotion. The only sexes, Ferilzation is 
shelled species external—the eggs and 


cephalopod is the nani 
squid and cutlefish have 


sperm are shed into the 


water at spawning time 


internal shells and the CREEPING BEAUTY The floating embryo 

fsctopus has no shel tall. Nudibranchs ar color, develops into a planktonic 
mollusk related tothe Counce Acace 
sees: ted ale arval form, A few species 

ECHINODERMS = repraclice asexually by 

Marine bottom-<welling invertebrates, fision (genetic copying of the parent 

echinoderms have a hard, spiny skin organism into two or more clone 

and five-part radial symmetry: They lack Starfish may be circular, pentagonal, 


‘ahead, are often brightly colored, and or the Familiar star shape, with radiating 
are distributed throughout most of the arms, Under each art are tiny tube 


World's seas, There are approximately fect, which the animal uses for walking. 


UNDERWATER CHAMELEON 
Ctlish are maliusks that ean 
‘camouflage themselves by changing 
the color and texture oftheir skin, 


MARINE 


‘The mouth is on the underside and the 
starfish feeds on living and dead animals 
as it moves along rocky surf 
ruddy bottoms, 

‘Sea urchins, on the other hand, do 


esand 


rot have arms. Instead, they have a shell 
of tightly fused plates, forming a sphere. 
‘They have long, prominent spines that 
protect them from predators, and have 
tube fet on their undersides, which are 
used for locomotion, respiration, and for 
trapping drifting particles of food, 


CNIDARIANS 
The enidarian group of invertebrates, 
Which includes the jellyfish, sea 
anemones, corals, and hyeroids, are 
species with one af twa basic body 
forms: medusae or polyps. Medusae, 
such as adult jellyfish, are bell-shaped 
with tentacles hanging down from the 
margins, They tend to be free-floating 
andl solitary: Polyps, such as 


< 
« 
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coral, sea anemones, and hydra, are 
tubular-shaped animals topped with 
tentacles. They frequently form colonies, 
Corals (ee abo pp. 204-05) are wns 

that they dependl on symbiotic aly 


alin 


provide We-sustaining sugars, Medusae 
reproduce sexually, whereas most 

polyps reproduce by asexual fission, 
Coidatians are unique in manufacturing 
cell-based stinging mechanisms, called 
rnematocysts, in their tentacles, which are 
used to catch prey and in defense. 


(OTHER INVERTEBRATES. 
(Comb jellies, which are bellshaped 
creatutes with vertical combs over 


their bodies, form another class of 
invertebrates the ctenophores, The 
5,00 species of sponges that lve in 
both salt and fresh water belong to the 
phylum Porifera, Finally, there are over 
8,000 species of segmented worms, 


which are classed as annelids 


PLANTS OR ANIMALS? 


‘Many marine creatures stay rooted to a 
single spot frie, They posed a dilemma 
for eaty biologists who believed that 
‘mobilty defined the animal state; this 
‘explains the common names of animals 
lke the ly ofthe sea” ~ Infact acrinod, 
(ther stationary animals include polyps, 

sponges, feather stars, and 

annelds suchas fanwams. They 
are fiterfeeders, and contain toxinsta 
deter predators. 


‘Thus, chemical bonds between the atoms in the 
molecules and the molecules in the clusters can be 
destroyed mechanically, by electrodynamic and thermal 
influence. We have already shown that the mechanical 
‘way of destruction of such bonds requires half energy 
as compared with thermal energy. It appears from this 
that energy expenses for electrodynamic destruction of 
these bonds should be less than thermal expenses as 
well. Electrodynamic impact on the bond gives the 
opportunity to form the resonance modes where energy 


expense for the destruction of these bonds is reduced 
to greater degree. In onler to check this hypothesis 
special experiment was carried out. It was connected 
with clectrodynamic destruction of chemical bonds of 
water molecules with a changing frequency of impact. 
“To test this hypothesis the check experiment was prepared 
and carried out by (besides the author of this article) 
AL Tlishex, GP. Perekotiy, D.A. Bebko, D.V. Korneev. 
A diagram of the experimental device is given in Fig 6, 
“The results of this experiment are given in Table 3, 


Table 3 
Protocol of control test 
Indices 1 2 3__| Mean 
T= mass of the solution, which has passed through the reactor m,kg | 2112 | 2.153_| 2.118 | 2.128 
2 = temperature of solution at the input of the reactor t,, degrees 24 24 24 | 24 
[d= tempemture of the solution at the output of the reactort, degrees | 335 | 335 | 335] 333 | 
= differential tempemture of the solution A= +, -t,, degrees TS TS] OS 
5 = durability of the experiment At, s 300_| 300 | 300 | 300 
6 reading of voltmeter V; B 25.0 | 250 | 250 | 250 
7 = reading of ammeter I, A 140 | 140 [| 1.40 | 140 
8 = electric power consumption according to indices of voltmeter 10.50 | 10.50 | 10.50 | 10.50 
and ammeters, E,=IxVxAt, kJ 
‘9 — power spent for heating of the solution, E,=419xmxAt, KJ B410_| 85.70 | 8431 | 84.70 
10 = reactor efficiency index according to the reading of voltmeter | 8.00 | 8.16 | 8.03 | 8.06 
and ammeter K= E,/ E, 


Fig. 7 
Photo of heat reactor 


In the Russian market thive firms (Yusmar, Termovikhr 
and Noteka) sell cavitation water heating equipment with 
energy efficiency index of 150%. Soon, an air heating, 
devices with the same efficiency will be produced. ‘The 
processes of mechanical destruction of covalent bonds 
of the air gas molecules, molecules and clusters of water 
and their further fus 
energy generated by t 


Wn serve as a source of additional 
devices [1], (2), 3) 
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Conclusion 


Analysis of energy balance of the molecules with 
covalent bonds shows the possibility of additional 
thermal energy formation during mechanical and 
electrodynamics destruction of these bonds. 
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Places to dive 


Introduction 


With increasing numbers of dive centers opening up around the 
globe, virtually the entire world is now accessible to the traveling 
diver. Following a few basic travel tips can stand you in good stead 
when transporting yourself and your dive gear to your destination, 


‘TRAVEL OPTIONS 
Most vacation destinations in coastal 
regions around the world provide some 
sort of diving facility: Indeed, the sport is 
how so convenient that you can turn tp 


fn the day, certification card in hand, 
and be decked ont from head to toe 
With rented gear, before being guided 
around local dive sites, This is ane of 
the greatest joys of the sport the ability 
to vist different parts of the world and Ice DVING 

ekphe eal ie Wal icine cata With many avers looking for more adventure in 


Perea pau ene NS a ‘thelr diving travel companies are ofeing 
A.wep up fran th ‘wal _ challenging experience, such as le diving. 


“justspassing-through” diving experience 
is the dedicated diving vacation, This is Developments in diving equipment over 
usually arranged through a resort-based the last deeacle mean that most dive 

dive operator, most of which willruna centers worldwide can offer a reasonable 
series of dives to local dive sites and afer caliber of gear for rent, With the ation 
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who knows the waters well, 
you should be assured of a 
reasonable diving experience 
regariless of the location 
While most dedicated dive 
‘operators work toa high 
standard, there are a few 
rogue operators around, and 
yout should be wary of any 
that shaw a cavalier approach 
Liveaboard provide an 
even more intense diving 
vacation. Thes 
vesels designed for long 
trips to more inaccessible 


range 


LUVEABOARD DIVE VESSEL 
A tveaboard is essential floating dive center, and as 
‘such shoul have al he faites on board ta guarantee 
safe, comfor, and a memorable ving adventure 


places, and they provide 
nonstop diving throughout the voyage. 
Liveaboards often offer supplementary 
courses, sich as photography oF natural 
history, hosted by resident experts. There 
are few marine dive destinations on Earth 


that are not accessible via liveaboutdl 


andl for many this isthe finest way to 

experience extensive 

sites, or sprawling island groups, 
There is also a range of diving 

expeditions available in the modern 

travel market. Some are conse 


ef systems, remote 


oriented and others more arlventurous, 
such as seeking out bi 
‘or spectacular wrecks, Take the time to 


‘animal encounters 


investigate the results anel credibility of 
the group coordinating your pra 

since some that claim high ethical 
standards in conservation and research 


{all well short of expectations. There are 
others, of course, who perform genuinely 
valuable work, and for many divers this 
is the most rewarding and edlucational 
Aspect of their entire diving 


LOCAL KNOWLEDGE 
Most dive centers wile able to 
take you out on a boat and show 

You the best of the local dive spot. 


238 wom : a PLACES TO DIVE 


‘TIPS AND PRECAUTIONS 
Diving overseas involves puting a great 
dal of trust in your host, be it a local 
guide or dive operator, ora leader af a 
trip oF expedition, Following a few simple 
rules and pre 

less daunting prospect, andl may also 
ease the logistical problem of transporting 


cautions will make this 


expensive equipment across the world 
Deciding om a destination is the first 

step in planning a successil trip, Fineling 

a location that really appeals to you, yet 


CHOOSING A DIVE BAG. 


Wile you can pack your gear in any case 


orbag you wish, most divers use bags 
specially designed to stand up to the 
figors of dive traveling (se 2.79). 
Soft bags, such as duffle bags, 
can fold up and be stashed 
away at your destination 
Semiigid wheeled cases 
‘make carving easier, but 
they are less flexible 
Rigid bags are heavier, 
but offer better 
protection for your gear. 


Semiigld wheeled bag 


EQUIPMENT RENTAL 
Renting gear when you each your destination Is 
‘one way of lightening you ravel burden and 

{voiding penalties for caming excess baggage. 


stays within your budget, will make your 
trip more rewarding than simply opting 
{or the best-known sites or the cheapest, 
deals. A brief peril of research can 
reap huge rewards, and the range of 
{information sources now available makes 
this a relatively simple exercise, 

After identifying the aim of the 
clive trip, and the location to be visited, 
the next stage is to choose a host 
‘operator. Many local tourist boards ean 
recommend registered operators who are 
known to work toa high standard, In 
nthe PADI website (se pp.34-35) 
lists dive operators who have met a series 
of demanding criteria. This independent 
‘evaluation is invaluable in identifying the 
most professional centers and boats 

While rental equipment is generally 
cof a good quality; many divers prefer 
to travel with their own gear 
prudent, since unfuriliarity with rented 
gear ean create an uncomfortable (and 


addit 


This i 
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occasionally unsafe) diving experience 
The diver also has the assurance of 
Inovsng that their own goat fits well, is 
fanctional, and has been tested recently. 
Most aisfines do not oily offer 
excess baggage allowances for dive gear 
[the dive industry is lobiying hard for a 
enable approach to this iste, 
bata phone callin advance of the tip 
fften works wonders 
approach when checking in. Carry 
selicate items, such as regulators ancl dive 


as does a courteaus 


computers, in your carry-on; the latter, 
in particular, may be allected by pressure 
changes in the bold of the plane 

Special diving insurance is vita 
since you will nat be covered by general 
travel polices. Vou need cover for damage 
to equipment in transit, medical care 
abroad (such as recompression treatment 
and repatriation in the event of a serious 
diving incident, Policies usually cover 
flvers to a depth of 100 (30 m) 
than adequate for most tips 


‘OkwaRO TRAVEL 
Ifthe final leg of your wip or any travel between 

Islands involves fights on small ira, checkit 
the carer imposes their an luggage restrictions 


RECOMPRESSION CHAMBER 
The costs af recompression—ifitis avalabe at 
allcan be exorbitant, and many chambers wil 
not treat avers without poo of insurance 


(On arrival at your target destination, 
itis always advisable to carry outa few 
simple cheeks when diving with the host 
‘operator. All dive operators should have 
‘emergency oxygen supplies appropriate 
to the range and scale of diving they 
provi, aswell as frst 

effective communications. I is worth 


i facilites ane 


making a quick visual inspection of the 
compressor fielity 

should be on display, but it is relatively 
‘easy to tell a clean, well-maintained 
compressor from a neglected one 


air ceria 
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Europe 


Asa dive destination, Europe tends to be greatly underestimated by the 
international diving community. With an excellent diving infrastructure 


and well-established resorts and travel networks, Ei 


rope offers an 


eclectic mix of dive environments and a host of wrecks to explore. 


‘TEMPERATE ZONE 
Europe is, on the whole, a region of 
temperate waters, and this provides 
tremendous seasonal variation in the 
marine life around its coasts, The waters 
ff western Europe are cold and rich in 
nutrients, and historically have been 
some of the richest fishing grounels om 
Earth, Migratory species move around 
the western edge of the continent, many 
bore on the unelersea highway of the 
Gulf Stream. Consequently the same 
dive site can be unrecognizable froma 


In diving terms, Europe i a continent 
of extremes, with Arctic diving to be had 
in the dramatic Norwegian fjords to the 
arth, while subtropical diving can be 
enjoyed in the warm waters of the 


Mediterranean Sea to the south, 


NORWEGIAN FORD 
Carved by laces milions of years ago, the fords 
offer excelent ves in crystal-clear water, against 
2 superb backdrop of snow-capped mountains 


FISHING BOATS AT ALBUFEIRA, PORTUGAL 
Europe's ich stocks have Been an important 
source fr milena, but overfishing has now 
‘ut the populations of same spacies a isk 


Europe has long been the scene of 
intense shipping activity, a fact reflected 
in the thousands of wrecks that today 
lot the seabed, These wrecks represent 

a history of seafaring itself from Viking 
longships, to all types of fishing vessels, 
and merchant fleets that foundered in 
violent storms, Sunken warships from 
virtually ll of the continents navies 
bear witness to the many wars that have 
ravaged Europe through the ages. 
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Wreck of the Zenobia 


LARNACA HARBOR, CYPRUS 


A wreck for all grades of divers, the Zenobia offers 


Medlernesn shallow and deep dives, and a range of penetrations 
from gentle investigations through to technical 
explorations, Readily accessible, this wreck is one 

of the most popular dive sites in Europe. 
ACCIDENTAL SINKING 


In June 1980, the 10,000-ton Swedish 
passenger ferry Zenbia ran into 
flificulties off the coast of Cyprus. 

A problem with the autopilot caused 
the vessel to heel aver andl sink over the 
course of several days, giving plenty of 


time for the passengers to be evacuated, 


bout leaving the cango, inching 135, 
trucks, to sink with i 


REVERED WRECK 
The Znuhia has become one of the 
‘most popular wrecks in diving because 
of its accessbilsy and the range of 
dives it offers, Divers can access the 
theo main vehicle decks, the bridge, 
the accommodations area, and the 
restaurant, More extreme penetrations 
of the wreck include the engine room, 


METAL MONSTER 
‘he huge deck nd holds are litered with 
Fascinating debris from the ship's farmer fe 
a5 fem including many intact eh. 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 70~79°F 23-26" 
ECOSYSTEM Subtropical 


(WHEN TO VISIT Divers can visit year 
‘ound, but diving isa its best between 
‘March and October. 

(MUSTSEES Vehicle hold Number One 
the bridge; the accomadations area, 


although this isa multilevel, technical 
clive that requires careful planning 

Aand training, While not suitable For 

the novire, such dives are thrilling 
challenges. For those seeking a more 
sedate experience, the exterior of 

the wreck also provides a dramatic 
spectacle, with its props, buge bull, an 
superstructure sil in excellent condition, 


Medas Islands 


CATALONIA, SPAIN 


‘The Medas Islands offer a glimpse of how 


Mediterranean marine life was in days of old— 


CONSERVATION AREA. 
“The Medas Islands were 
granted the status of a 
[Nature Reserve in 1983, 
and have therefore enjoyed 
more than 20 years of 
fficil protection, The life 
around the islands reflects 
this, with perhaps a greater 
abundance of marine ie 
and range of species than 
anywhere ee in the 
western Mediterranean, 


large fish shoals, passing pelagics, densely colonized 
reefs, and fine coral formations, Closely protected, 
the islands have much to offer visiting divers. 


‘ourwako 8ounD 
‘A dive oat prepares to embark onthe shor voyage othe 
islands. Divers Rocko the aea to enjy the prfusion of maine 
Ie sheltering in the clear blue waters ofthe nature reserve. 


DIVING THE ISLANDS 
Located only 1 mile 
(1.6 km) off the north- 
astern coast of Spain, the islands 
benefit from the nutrient rich runoff 
fom the nearby Ter River. In addition, 
cole water upwellings on the craggy 
reefs around the islands create an 
oxygen-rich environment that allows 
marine life to thrive, As well as the usual 
can species, such as 


WATER TEMPERATURE 57~77°F (u4~25°C) 
[ECOSYSTEM Subtropical 


WHEN TO VISIT The best time to visie 
the Medas Islands is between March 
and September. 


‘MUSTSEES Dolphin Cave: 
Cara Bernat; red coral 
formations; rare 
sightings of eagle rays 


scorpioniish, octopuses, and moray eels, 
local residents include large shoals of 
barracuda and bream, andl there have 
even been sightings of eagle rays around 
the ilands, Diving highlights include the 
famous Dolphin Cave—a 1506 (46-m) 
tunnel set in a rock face—andl the tiny 
falet of Carall Bernat. Iti also 
reassuring to note the return of red 
coral to the seas around the islands, 
a natural resource that was for many 
years exploited by the jewelry industry 
“Though a samll fe is levied by the 
authorities for diving around the Medas 
Islands, the success of the ongoing 
conservation policy justifies 
the extra expense. 


Dusky grouper are 
fhstane a the species 
lig under protection 
sound the lands 
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Sardinia 


CENTRAL MEDITERRANEAN, ITALY 
WUPMME G A migged island in the midlle of the Mediterran 
A. Sardinia has a dramatic geological past reflected in 
ers “eftine the caverns and caves that dot its coast. Although 
cata these are impressive features, Sardinia also has 
unique marine life and fascinating wrecks. 


ROCKY COAST 
The sharp reef, dark 
overhangs, and craggy shoreline 
of Sardinia play host to an 
unusual array of marine life for 
the 
water not particularly fared for 
its marine diversity. Sardinia’y 


Mediterranean —a bexly of 


geographical position means 
that it receives species from the 
3 (thought 
to be duc to animals traveling 
through the Suez Canal), ane 
the Addantic to the west. Divers LOCAL CHARACTER 
ny cnecketer any 0S The common octapusis one of the key species found 
ofthe rocky Sardinian shoreline, Tis hight nteligent 
Invertebrate isa common sight for divers 


Red Sea tothe © 


species of wrasse, two species 
of groupers, wonderfully 


colorful sponges and corals encrusting overhangs in Sardinia, such areas of 
rock walls, and a unique giant mollusk low light are festooned in thick growths 
called the noble pen shell, ‘of red coral, for which the island is 


particularly well known. 
NETWORK OF CAVERNS There 
This coastline is also famed for its caves wrecks ta be dived, The best known 


we also a number of fine 


and caverns. One system—Nereo Cave of these isthe wreck of the Angelica, 
fn the northwest coast—is particularly a 4,400.ton freighter that ran aground 
impressive, stretching for over 1,000 f om the island's jagged reefs in 1903, 


(300 mn), As with all caves, caverns, and at Capo Falcone. The wreck lies at 
a maximum depth of 65 (20 ma 
ESSENTIAL INFORMATION so represents a relative 


easy dive, The 
WATER TEMPERATURE 66-77°#G9-agrq) ) illo locaton means that wind andl 
AE STP terse") | weather have taken their toll on the 
ECOSYSTEM Subtropical wreck’ structure over the years, but the 
(MENTO VIST Sandiniacan beavea | ste is worth a vist should you desire 
yearcound, bu the summer months a change of pace ffom the sea caverns 
coffer warmer, f more crowded, eas. that dominate Sardinian diving, With 
TUSTSEES Red cor Norea Caves «| Min attractive beaches and towns along 


IMUSFSEES Red coral; Neveo Caves 
noble pen shells, wreckof the Angelica, | the coast, there is much ta enjay on 


shore, as well as beneath the waves. 


The Fourth State Of Matter (Plasma Energy) 
Power Generation 


Bruce A. Perreault, USA 


hup:// wwwnuenergyorg 
Email: nuenergy@eyberportal net 


Under the proper configurations and in the correct pre 
glow discharge environment more electrons can be 
released than what is required to trigger the release. This 
release of energy attains a high frequency oscillation 
that is indicat 


of the metal or metals involved in its 
release. 


‘The release of high frequency energy from metals and 


semi metals (semi 


Early in the summer of 1981, the pre gow had first 
caught my attention. This is where I had observed it 
between two plastic insulated hook-up wires from radio 
shack. The plasma between the two wires was called 
into existence because of a high voltage power supply 
that I had obtained for my electrogravitic experiments 
“The two wires were twisted together and given a charge 
of around ninety kilovolts. 


It was not until 1989 


conductors) through the 
mechanism in the pre 
glow discharge leads to 


The release of high frequency energy from 
the atoms of electrical conductors is credited 
to my identification of the mechanism in| 
the pre-glow discharge, or fourth state o 


when I observed a high 
frequency signal on my 


the generation of radiant 


ee matter. This has lead to extremely efficient| Scilloscope coming 
energy: This correlation alternative energy circuits. from the _pre-glow 
has been identified discharge phenomenon, 


through my findings. The release of high frequency 
energy from the atoms of electrical conductors is 
credited to my identification of the mechanism in the 
pre-glow discharge, or fourth state of matter. This has 
lead to extremely efficient alternative energy circuits. 


‘The pre-glow discharge condition occurs when a 
sufficient amount of charge difference is applied across 
the gap of two electrical conductors. It makes a hissing 
sound if the electrodes are surrounded by air. ‘The 
electrical properties between this gap change: electrons 
become “stripped” from their respective atoms and are 
liberated. In this state, air is ionized and is transformed 


into a plasma and is no longer a gas. It is now in the 
fourth state of matter, the other three being solid, liquid, 
and vapor (gas). The fourth state of matter is a good 
conductor of electricity, its average resistance being 
much lower than that of the same substance in its 
gaseous state. 


A good readily available spark gap combination is lead 
and iron. This combination generates plenty of radiant 
energy and causes noise to be heard on a radio in its 
vicinity As a general rule, the better the themmoclectric 
difference between the dissimilar couple the more radiant, 
energy that will be generated when it is exposed to a 
plasma field. 


63 


“These signals were coming fmm across the room and 
originated from a crude component that I’ had built. 
“This crude component consisted of a guitar wire that 
‘was centered through a section of PVC tubing, Around 
this tube was wrapped a coil of insulated transformer 
wire, This was my first ion-valve. It was excited with the 
same power supply where I had observed the plasma 
effect several years previous 


T knew that my ion valve was generating high frequency 
oscillations using air ions but did not find any practical 
applications for it until six years later. It was in this year 
(1995) when I realized the importance of the ion v 
and its associated high frequency ion field, known as 


radiant energy to Moray, it being the essential principle 
behind his energy receiver 


In one experimental set-up, it was confirmed that when 
a charged capacitor is discharged through a spark gap 
that the stored energy is transferred by way of high 
frequency electrical oscillations, It was found that these 
oscillations occur directly before the discharge of the 
capacitor, thus the term, pre-glow discharge. Itwas found 
that during the pre-glow discharge plateau, energy is 
transferred from a primary to a secondary electrical coil 
Dimeetly after pre-glow discharge, a surge of current is 
measured. At the point of current surge is where most 
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Ustica Island 
Fey Ustica Island was described by no less an authority 
than Jacques Cousteau as the most beautiful island 
Hb cf, ive site in the Me tiny voleanic 
ores. outcrop off the coast of Sicily, its qualities have 
BEIM soon i caabiished ax a Marine Nature Resene 


SMALL IS BEAITIFLL ESSENTIAL INFORMATION, 
Ustica Island may owe its undisturbed 


evonystem to the fact that it was a penal {WATER TEMPERATURE 59-77°F (15-25°C) 
colony until 1950. A tiny island—ithas | oS 
a total surface area of 3 sq miles (8 sq 
km) it is nonetheless one of the most 


ECOSYSTEM Subtropical 


{WHEN TO ISIT Diving takes place on 
Ustica sland year-round, but in winter 


Significant sites in the Mediterranean, | se Slane yee ow 


to the extent that Italy’ Academy of 


Underwater Sciences and Techniques is | MUSTSEES Red coral formations; the 
Colombara Bank; Medico Tunnel 


based here. The voleanic origins of the 
island (seen in the name itself—the Latin 


twio translates as a burnt red color) mean TOP DIVES 


that the reefs around the idand are (One of the best sites is Medico Tanne, 
particularly dramatie—with a craggy of the northwest of the island, which 
underwater topography featuring consists of a tall pinnacle with a tunnel 
‘numerous caves, caverns, and overhangs, passing directly through it. Another ste 
of particular note around the island is 


“SILVER SHOAL : 
Barracuda shoalin large numbers inthe waters {€ Colombara Bank well known for 


oF Sicly, and are requentt sighed by divers its beautiful reefS and aggregations of 
sting the Marine Reserve at Ustica. lange fish, such as barracuda and tuna, 
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The Hebrides 


TERN SCOTLAND 


The islands of the Hebrides have the feel of 


*© genuine wilderness about them. Precipitous 
ohiyg)  ™OuRtains plunge into dark bays and craggy locks 
cuasgn fgpeae avd white beaches lead to waving kelp forests, 
creating one of the finest diving regions in Europe 
RICH SEAS around Skye (particwarly the small 


The topography of the Hebrides lends island of An Dubb Sgeir), the wrecks 
of the Seundl of Mull, the 
with steep walls in the locks, convoluted famous dive 


itself readily to abundant marine fe, and rec 
around Oban (home 


rocky reefs in the open water, and strong to one of the most established and 
tidal movernents through numerous respected live operations in the UK) 


narrow channels connecting the islands. and the newly discovered dive sites of 


Washed in oxygen-rich cold water, the the remote Surnmer Iles, ‘The last 
islands are host to a dazaling array of include the wreck of the Fairevatier V 
marine life both large andl small. a fishing vessel that sank in 1991 and 


Notable sites in the region include dives iestill intact and in good condition, 


SSuRvivine wLDeRNeSs 
‘The characteistc rocky coastlines ofthe 
Hebrides are perhaps one of he lst truly 
wid places in the United Kingdom. 
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TTEMPERATE-WATER ECOSYSTEM 


‘The Hebridean stands provide one ofthe 
fichest and most complete insights into 
‘the marine life ofa temperate water zone, 
Visitors tothe islands’ rocky shores 
include itinerant whale and dolphin 
species, ling, conger eel, and a profusion 
‘of smaller native fish species. Colonial 
and encrusing organisms coat the rock 
walls, with anemones and sponges 
creating colorful and dramatic reefs 
These are patrolled by otters~the 
Hebrides is one of the few dive sites 

in the United Kingdom where these 
fascinating mammals have largely 

taken tothe sea, conditions do, 

not permit divin, the Seotish 

Sealife and Marine Sanctuary near 

(Oban is well worth a visit thas 
spectacular aquarium and a busy 

‘otter and seal sanctuary 


A diver examines an undersea wal covered in 
| dead'men's agers and plumase anemones 


In the winter months, the islands of the 
Hebrides are subject to wild weather 
and cold water, with many dives 
becoming very demanding due to dark 
water and strong tides. Inthe summer 
‘months, the region really comes to life 
With some of the beaches on the more 
remote islands becoming gateways to 
absolutely top-class shales dives 


ANIMAL MAGIC 
The shallow reefs just offshore in the 
Hebrides are some of the busiest 
temperate reefs anywhere in Europe, 
playing host to large edible crabs and 
lobsters, various species of cephalopods 


ESSENTIAL INFORMATION F: 


WATER TEMPERATURE 46~84°F (8-18°C) 
ECOSYSTEM Temperate 


‘WHEN TO VIST Diving is possible all 
year, but can be stormy in winter. 


MUSTSEES Otters; wreck of the 
Fairweather Vin the Summer ses; 


‘An Dubh Sgeirin Sky. 


including cutlefish and octopus, colori 

smudibranches, and an array of fish species 

including some spectacular wrasse 
Larger animals encountered in 

the apen seas around the Hebridean 

archipelago, as well a i its many 


dramatic caves and bays, include both 


the common and the Atlantic seal 
Bottleniose dolphins are regular visitors 
to these shores, as are the more rarely 
seen rissos and white-beaked dolphins 
Whale species that ean be spotted 
include minke and pilot whales, orcas 
specially around the idand of Coll ane 
Tirce, and, if you are very lucky, sperm 
whale 
lage gatherings of basking sharks late in 
the year, although predicting when and 
where these will take place is almost 
‘impossible. Occasionally sunfish and 
leatherback turtles also vist the region 
Its not only the animals that 


and humpback whales, There are 


provide the excitement for divers visting 
this region. The third largest whirlpool 
‘on Earth can be seen at the Gulf of 
Corryvreckan, between the islands of 
Scarha and Jura 


Scapa Flow 


ORKNEY ISLANDS, GREAT BRITAIN 
rhngy sands 


ANCIENT HARBOR 
Although Scapa Flow has been used 

as an anchorage since Viking times 

(the name derives from the Old Norse 
‘Stalpeidlei, “Bay of the Lang Isthmus”), 
fone event ensured its faane in the diving 
world, Afier World War I, the German 
High Seas Fleet was impounded in 
Scapa Flow by the Alles. The fleet, 
consisting of 79 vessels, was imprisoned 
there for over a year. On June 21, 1919, 
Adiniral Lacwig von Reuter, the 
German commanding officer, misread 
a newspaper headline 

hostilities were about to resume and 
trdered his ships to be sunk by their own 
crews rather than let them fall into the 
hands of Allied forces, 


ul assumed that 


GRAVEYARD OF SHIPS. 
The subsequent mass scuttling saw the 
majority of the fleet sunk, although the 
Allies managed to save 22 vessels by 
towing them into the shallows, Several of 
the German ships were salvaged in the 
intervening years, but three battleships, 


‘The most famous wreck-diving location in Europe, 
Scapa Flow is a huge natural harbor amid the 
islands of Orkney off northern Scotland. Its fame 
stems from the fact that it was the site of the largest 
ship-scuttling action in maritime history, 


WATER TEMPERATURE 46~68°F (8-20°C) 


ECOSYSTEM Temperate 


(WHEN TO VISIT Best diving conditions 
are between March and September, 


MUSTSEES Wrecks of Koln; Kronprine 
Wilhelm: james Bari; Gobernador 
Bories; basking sharks; seals. 


{our light cruisers, and five torpedo boats 
still ie om the seabed, In addition to this 
sich array of wrecks, the British 
Admiralty sank 30,000 tons of shipping 
luring World War I and II as blockships 
in the narrow entrances of the Flow to 
prevent raids by German submarines, 

With several other wrecks of varying 
origins scattered thronghout the Flow 
the ste has become a mecea for serious 
wreck divers, Although the larger 
German wrecks can be demanding 
alive, there are many easier optians 
for the less experienced. The blockships 
in particular are splendid dives, sitting 

in shallow tidal channels, 

washed by cold nutrient 
rich waters and teeming: 
with marine ie 

Notable wrecks in 
Scapa are the Kionprinz 
Within, the Brammer, ae 


RUST IN PEACE 
Not allo Sapa Fow's histo 
wrecks ie beneath thee 
‘Sandy beaches asa beat 
witness tothe past 
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Amongst the blociships the qa gage SAVAGE 


Baries has become particularly 
renowned), and the wreck of the trawler {During the 19205, the British sly 
firm Cox & Danks raised many ofthe 
scuttled German battleships for scrap. 
Metal from the wrecks is still used today 
preserved on the sea flo to mate sensitive sclenifie instruments 
their stel was forged belore the age of 
WILD SCAPA atomic weapons tests, and so Is a rare 
source of high-grade metal tha 
completely fee of radioactive particles. 


James Barris a magpificent sight at 
131% (40m) sitting almost perfect 


Scapa Flow hasan extensive array 
marine lif, with the sha 

particular 

of ball 

conger eels, octopuses, and beautifal 


Salvage workat 


nudibranch. Larger residents in 


grey seals, dolphins, andl baski 


in the summer months, and al 
‘occasional visiting pod of orcas. Though 
the wrecks of Scapa Flow are, naturally 
its greatest attraction, the marine ie 
bere is a welcome bos 


‘cLimpse iro istoRY 
Divers at Scapa Flow can inspect the urchin 


The Isles of Scilly 


ENGLISH CHANNEL, GREAT BRITAIN 


Something of a well-kept secret among British 
divers, the Isles of Scilly are a cluster of tiny islands 
that sit at the tail end of the Gulf Stream. Rich 
marine life, lively reefs, and an abundance of 
wrecks make this archipelago a diver’s paradise. 


‘SPARSELY POPULATED 
The Isles of Scilly the Seles, as 
they are universally known) consist of 
300 granite islands 28 miles (45 kam) of 
the southwestern tip of England. Only 
sx of the iinds are inhabited, ane 
even these could hardly be described as 
crowded. The islands are low-lying and 
very beautiful, with white sandy beaches 
Finging grcen islands 

“The islands position in one of the 
‘world’s busiest shipping channels means 
that wrecks are abundant, The most 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 46~54°F (8-18! 


ECOSYSTEM Temperate 


‘WHEN TO VISIT Diving is possible year: 
round, although in winter there 
tan be violent storm. 


[MUSTSEES inner Gistane 
Rock; Cita and Eagle 


wrecks; gray seals. 


‘azure wareRs 
The seas around the Seilias havea cary 
‘more typical of southern France than southern 
England. Ths makes for excellent diving. 


recent wreck here was the cargo ship 
Gita, which foundered on March 26, 
1997, leading to a bonanza of free goods 
{or enterprising locals. This vesel is now 
an excellent dive, ving in 115 £1 (35 m) of 
clear water. By contrast, the wreck of the 
Eagle, British warship that sank in 1707, 
offers a glimpse into naval history, with 
‘cannons stil visible on the seabed. 


OTHER ATTRACTIONS 
As well as numerous wrecks to explore, 
livers also have access to splendidly 
Dusy reels, and may 
ven encounter larger 
species such as seals, 
as well as seasonal 
vistors, including 
‘rasking sharks, 


‘Seals are often encountered by 
divers off the Sills 
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The Skelligs 


UNTY CORK, IR 


ND 
] Two rocks that jut out of the Atlantic at the eastern 
end of the Gulf Stream, the Skelligs are a beacon 

for wildlife in the rich seas off southwestern Ireland, 


‘This has created a world-class dive site in one of the 


finest dive regions to be found anywhere in Europe 


‘TWIN ISLANDS mid-Atlantic, accampanied by 
The Skelligs sit L1 miles (18 km) off the large species, such as dolphins. ‘This 
southwestern coast of Ireland, ane rise current isthe weret of the areas richness. 


almost 700 fe (200 m) abowe the wild 
Alantie waters below ‘They consist of two HAVEN FOR MARINE LIFE 


Ihuge rocks Skellig Michael and Lite The rork faces of the Skelligs are costed 


Skellig—around 1 mile (1.5 ken) apart, in colorful encrusting organisms, such as 

The craggy faces and reefs of the rocks anemones, sponges, and dead man’s 

are washed by the waters of the North fingers, Every nook and cranny has 

Adantic Current, a low of water that an occupant, with huge edible crabs 

carries the tal end of the Gulf Stream, lobsters, conger eels, and rocklings all 

This brings warm waters fram the jostling for postion. In the kelp forests, 

‘wrasse and dogfish lurk, while mackerel 

ESSENTIAL INFORMATION ‘and bass cruise the open waters, Larger 


residents include aheaty gay seal 
WATER TEMPERATURE 48-72" (929°C 
searmrewrenane 487700220 | ya oll an wcng Hasng sks 
EOSTEM Temperate 

SHETEONG STONE 


WHENTOVISIT The best time ofyearto | The isolates, rugged sting of Stelig Michael 
dive on the Skellgs is between April may look inhospitable, but beneath the water's 


and September. ura, the ae teem with brant marine ie 


HMUSTSEES The Pinnacle dve site; seal 
colony; gannets on Lite Skelig, 


Lundy 


BRISTOL CHANNEL, SOUTHWESTERN ENGLAND 
0. Lundy Island sits amid the powerful tidal stream of 
e the Bristol Channel. Washed constantly by waters 
“ rich in nutrients, itis host to wonderfully busy reefs 
ir. ‘quiet and the occasional larger visitor ariving from the 
NG. great waters of the Atlantic, to the west. 


PIONEERING RESERVE 
Lying 10 miles (16 kan) off 

the coast of Devon, Landy 

isa craggy granite outcrop, 
approximately 3 miles (5 km) 

in length. The richness of its 
reefs and the abundance of 
marine life saw Lundy established 
as the first Marine Nature Res 


in the United Kingelor, 


"There are two distinct faces 

to Lundy the more exposed 

western shore, which faces the 

wells and storms of the Atlanti, 

and the more benign eastern shore 

‘The topography of the granite 

creates wonderhlly dramatic elif 

and reels, with the regular tral eomraur 

‘movement in the channel bathing ‘he gaping mouth ofthe basking shark nets only 

these rock faces in nutrient-rich water. the tines plankton forts food. The species ic 
often encountered off Lundy in summer. 


REEF POPULATIONS. 
Divers will encounter an array of Britihh include anglerfish and red-baneled fish 
reef life around the island lobsters, the latter being unique to the island, 
several species of wrasse, huge shoals The ishind is alsa frequently visited 


of bib and pollack, bass, conger eel, and by basking sharks and dolphins during 
psctopas. More unusual Lundy residents summer months. 

“The wreck of the British warship 
“Montague can be found on Shutter 
Reef at a depth of 15-50 fe (5-15 mi, 
MATER TEMPERATURE 46°72°F(6-22°0_ | 14,000-10n battleship, it ran aground 
ECOSYSTEM Temperate in fog in 1906 while on exercises in the 
‘wien To visT Vaitlundy fom Apaite” | Bristol Channel. Intensive efforts to 
‘September fr the best diving refloat it failed, Although the wreckage 
| is attered and broken, there remain 
piles of armor plate amid the kelp. The 


‘MUSTSEES Backing sharks and 

dolphins; the wreck ofthe Montague; 

Gannets back; Knol Pins, “Montague was armed when it sank, 0 
beware of live shells 
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Norwegian Fjords 


NOR! 


NORTHW 


ERW COA: v 


Gold water, steep walls, and strong currents may 


Aaiwesien Fotis 
Bescin ; 


some marine li 


sua 


WILD COASTLINE 
Norway's convoluted coast stretches for 
arcane 14,(KN) miles (22,000 ka) in a 
series of jagged inlets, bays, and fjards, 
lated with over 50,000 islands, 
Norway also has, in Sagnelford, the 


longest (140 miles/ 
4.430 8/1,950 m) Gord on Earth 


5 km) and deepest 


There are many great dive sites 
along this gloriously wild coastline: one 
of the finest regions—anel one that is 

gaining an international reputation for 
is Ryle, to 


the southwest. Diving the fords requires 


the quality of its diving 


previous experience andl competence in 


coldwater diving, along with the relevant 


DRAMATIC HORIZON 
‘The plunging all ofthe fords, both above 
and below the water's surface, set he tone 
For this rugged and beautiful destination, 


not be everyone's ideal diving experience, but for 
these are ideal conditions. Diving 
the Norwegian fjords is not for the faint-hearted, 
but the rewards are well worth the effort 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 36~68°F (2-20°C) 


ECOSYSTEM Temperate 


WHEN TOVISIT The rds can be dived 
Yyearround, but winter months can 
present cold challenging conditions 


‘musrsEes Pulpit Rock Kjerag Wall 
Lysefjord: visting orcas. 


cold-water gear. The topography of the 
fjords creates steep walls colonized by 
kelp, dead men's fingers, sponges, and 
some rare deep water corals, Piked 
dogfish, skate, catfish, anel numerous 
crustaceans are partculaaly abundant in 
Ryfyke. Seasonal highlights include 
migratory visits from salmon and their 
attendant predators, such ae orcas, 
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Iceland 


NORTH ATLANTIC 


VOLCANIC BIRTH 
Iceland was formed by voleanie action 
fon the Mid-Adantie Ridge, and has 
surface area of just aver 38,6500 sq males 


(100,000 sq kan). The island is stil 
experiencing an extraordinary level of 
volcanic activity, with 30 eruptions 
recorcled in the last 200 
coastline is classically voleanie, bristling 
with craggy inlets, dramatic cliff and 
rock formations, and Bssured reek, 
There are twa diving experiences in 


cars, Iceland's 


Iceland that are-not found anywhere else 
in the world, The first isthe legendary 
Suytan hydrmthermal vent, which rises 
fom a depth of 230 f (70 m) to within 
50 6 (15 m) of the water’ surface. Divers 
and indeed feel 
rising from the yent while enjoying the 


an see the hot water 


IceLANDIC COASTLINE 
‘he dramatic geological euptons that gave 
bith to celand are evident ints raggy and 
Fovbdding cits and wld shores. 


Born from the depths of the sea itself, Iceland is 
still a youngster in geological terms, The country’s 
volcanic past provides some unique dive sites, 
including the opportunity to explore the marine 
life around a hydrothermal vent. 


ESSENTIAL INFORMATION, 
WATER TEMPERATURE 34-46°F f2-8°C) 
ECOSYSTEM Temperate 
WHEN TOWISIT Diving in Iceland is 
al its best in summer, between une 
and September. 

MUSTSEES Strytan hydrothermal vent, 
Silfra in Thingvelr National Park. 


dliverse invertebrate and fish life drawn 


{nto this oasis of warmth in an icy sea, 
“The second i Sila, a waterfilled ravine 
in Thingvellir National Patk, This is 
another dive that gives a marvelous 
insight into Ice!’ fiery origins. Part of 
‘a huge rift in Earth's crust between the 
Eurasian and American continental 


plates, Sila filed with glacial meltwater 
that has been filtered through lava for 
decades, giving famously 

crystal-clear visibility 


of the stored energy in the capacitors released as wasted 
heat. It was apparent that by maintaining the pre-glow 
discharge plateau a wery efficient mode of energy transfer 
and conversion can be obtained. Logically what is 
required is a control mechanism, 
valve finds its niche. Upon further investigation, it is 


This is where my ion 


found that it keeps pre-glow discharge oscillations at 
their plateau, and suppresses current surge in a spark 
gap. It is a self-regulating quenching device. When it is 
placed in s 
gap, its plasma 


s with an aircore transformer and arc 
es smoothly, the arc in the spark gap 


is almost silent and is very small. Continuous oscillations, 
can be seen on an oscilloscope. A light bulb connected 
to the secondary will glow brightly. This result is not 
possible without the ion valve included in the circuit. 
‘The ion valve has the added feature of preventing back 
electromotive force, generated from inductive loads, 
from being discharged back through the circuit, Without 
the ion valve, energy is normally lost when it is 
discharged and is transformed into heat. Using the ion 
valve therefore has the effect of conserving energy. 


Fundamental Radiant Energy Device 


“Standard” scientific principles are not being violated 
‘There is no fringe science involved with radiant energy 
power generation. This is a very old source of energy 
being extracted and harnessed in a unique way through 
my discoveries. What I have discovered is practically a 


limitless source of energy: Radiant energy has existed 
since the beginning of time. What I hold daim to is an 
improved method to generate and to convert radiant 
energy, kinetically active ions, cosmic energy, call it what 
youwill, into useful clectrical power. Think of the radiant 
energy power generator as a type of energy detonator 
that liberates great quantities of energy with only a small 
exciting spark. No laws of physics are being 
No new laws are being implied. They are being expanded. 
‘The concept is not that much different from how a 
lighted matchstick is able to start a bonfire. 


jolated. 


‘The power generated from my circuits comes from the 
transformation of matter into radiant electricity. It does 
not come from the splitting of atoms. To obtain high 
substance 


wattage from a spontaneously radioacti 
would require unsafe amounts of radioactive material. 


Under the right conditions ordinary matter can be made 
to generate intense surges of radiant enemgy that can be 
heard on a radio receiver as static noise. Build a device 
that can efficiently capture this energy and convert it 
into usefal electrical currents and you will have yourself 
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a powerful source of electrical power. This device will 
be powered by artificially disintegrating matter as 
described by Gustave Le Bon in his book “The 
Evolution of Matter” and in his book “The Evolution 
of Forces” 


Energy and matter are two distinct entities of the same 
manifestation, Matter represents a stable condensed 


form of energy. Heat, light, electricity, etc., are 


uncondensed vibrations of matter oscillating at differing 
rates “Cosmic Energy” is the term that Le Bon used to 
define matter and energy as being one and the same 
manifestation. He theorized that when stable matter is 
disintegrated it is transformed into energy that we 
recognize as heat, light, clectricity radioactivity, ete. 


Semiconductors will generate intense surges of clectron 
oscillations that become powerful sources of mdiant 
energy. A simple ion valve, or call it what you will, can 
be used to generate and convert this form of radiant 
energy into useful electromagnetic oscillations. A tuned. 
transformer can be used to directly convert these 
oscillations into to a practical voltage and amperage. This 

unique valve is shown in Fig, 1. Before it can function it 
must be connected to a suitable voltage source. ‘The 
circuit in Fig. 2 demonstrates the full working concept. 
Other embodiments are also possible. The proof of 
concept circuit reveals how radiant energy can be 
generated and converted into useful electrical currents. 
Many additional stages can be added for more power. 
Many other circuit and component configurations can 
also be used but the fandamental conversion principle 
remains the same. The circuit and components shown 
should give you a very clear idea of how the technology 
works. The actual mechanics and electronics of building 
and validating a radiant energy prototype are relatively 


simple. Contrary to what some people might think, 
dangerous levels of radioactivity are never used in my 
devices 


lon-valve Converter Technology Explained 


“The ion-valve converter (ion-valve) shown in Fig. has 
an axial negatively charged tungsten cathode wire that 
extends the length its cylinder and is capable of emitting 
secondary hy 
charged and is made from a semiconductive material 
that will readily capture electrons. 


electrons. The anode cylinder is positiv. 


Within a few milliseconds the accumula ted negative ions 
are attracted to the positively charged onrushing atomic 
ions When the negative and positive charges collide they 
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White Sea, Russia 


NORTHEASTERN RUSSIA 


FROZEN WORLD 
Diving beneath ice is exciting 
and adventurous, and the 
Visibilityanything from 50 
to 165 ft (15-50m) 
stunning. The water isnot 
alfected by waves (due to the 
protection of the ie), allow 
light conditions mes 

algal growth is minimal. ‘The 
walter in the White Sea, which 


can be 


lies across the Arctic Circle 
is frozen from November until 
April, but the est time to go 
isin mid-March, Any earlier 
and the temperatures are very 
cold, far belonr zero; any later 
and the ice has retreated and you 
cannot get to the best dive sites. The 
Gul Streaan warms some of the 
waters farther north, preventing them 
from freezing over 


RARE ORGANISMS 
The White Sea offers plenty of life ta see 
and photograph: for example, there are 

some 80 species of fish, around 30 species 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 31°F (-0.5°C) at 
the surface to 27°F (-3°C) deeper down 


ECOSYSTEM Polar 


‘WHENTO VIST Diving is best in mid 
March (see also, above). 


IMUSTSEES Beluga whales; seals; 
aurora borealis; casmanaut faci 


Russia where you ean dive under the ice, 


‘The White Sea is one of the most beautifull of 
the seas of northern Russia, and the only place in 


The 


environment here is relatively untouched 
by human activity and the diving is superb, 


DENIZEN OFTHE Icy DEEP 
‘Adver comes face to Face with ago 
‘ay, more dramatically, "gorgon's hea 
tf basket star comman inthe White Sea 


of nucibranchs, and five species of seals 
Shoals of tiny comb jellyfish also form. 

extraordinary sight, the ight lining 
‘olf them in a million tiny rainbows. [tis 
possible to encounter beluga whales, and 
‘occasionally orcas and Greenland sharks, 
which venture into these waters, 

In addition to some great diving, 
there are possiltes of ice snorkeling 
in fast-flowing rivers and among the 
iechergs and, looking to the skies, 
witnessing the stunning beauty of the 
atmospheric phenomenon known as 
the aurora borealis, or northern lights 
Ako within excursion distance of dive 
ast coast Star City the 
Russian cosmonaut training facility 
you can even arrange to dive at the 
Iiydrospace laboratory at the MIR Space 
(Center, used to prepare cosmonauts for 
the weightless conditions of space. 
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Africa and the Middle East 


A continent synonymous with adventure and exploration, Africa offers 
spectacular shark encounters and many miles of unexplored reet. 
‘The Middle East boasts the Red Sea, perhaps the most famous of 
all places to dive, with a highly developed dive industry to match. 


‘AFRICAN HIGHLIGHTS Run, where gigantic 
South Alfca is renowned sardine shoals move 
throughout the world for slowly up the cost, 

big animal encounters harsied by dolphins, 

in particular with the whales, sharks, seals, 
great white sharks of the and gannets, 

Cape—and for the epic Lying to the northeast 
shark dives to be had off DESERT MEETS SEA of the Aftican coast are 


Natal, The later is also Atany sites in Aiea the warm the magnificently wild 
blue se laps against harsh, eclice 


afd landscape ofbleached rock, sashes and reels of 


the scene of one of the 

greatest spectacles in the Mozambique and the 

marine world the legendary Sardine islands off Kenya and ‘Tanzania. Farther 
‘out to sea Fie Martins, the 


eyehelles, 


ienauvr EcosystEM : 
eae ee ord and the Comoros, all offering diving of 
‘lor of caals, which play host o real quality on reefs influenced by the 

2 stunning ary ofmarine fe, abundant marine life of the Indo-Pacific 


region to the east. 


RED SEA RICHES 
“The oustanding gem of the Mile East 
Bh Red Sea, perhaps the mont bea 
Sey of water he word 
Beate northern resorts of Et, 
Rav Motammed, Sharm E Sheik, 
ted Date thrnghto the ier 
southern sites like the Brothers and 
BBs of Sues, kis regioo 
Bee veeepuper set ving, ns 
Belin varied wrecks such 
Btn famous Thi 
Despite its popularity, the 
GO et Sex sc unespor 
BS and new cv ses 


Se 


fill always have much to 


“aes 


(CRYSTAL-CLEAR WATERS 
(eof the saltiest bodies of water 
Inthe worl, the Red See aleo 
‘renowned forts superb visibility. 
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Gansbaai 


WESTERN CAPE, SOUTH AFRICA 


Gansbaai offers a rare chance to sce the ultimate 
marine predator. With an island packed with 
breeding seals just offshore, Gansbaai is one of 


‘aun the finest locations on Earth to get up close and 


personal with the great white shark, 


‘SHARK CENTER AWESOME ANIMAL 


Gansbaai intially appears to vivo oar eee 


For their prefered prey, fur seals 


offer litle as a dive destination, with 

1 small harbor om a rocky shore that i 

frequently battered by large swells It is growing up to 20 ft (6m) in length. 

only when the diver stands on the wharf The great white’s notoriety as a man- 

and squints into the midlle distance that eater, howeves is misrepresentation. 

the reason for this site's global fame of this fascinating creature, about which 

emerges, A lon island several miles surprisingly lite is known, 

offshore is the home of 6D-90,000 far 

seal, and proves iresistble tothe great MAIN ATTRACTION 

Whites that cruise this region of South The presence of the sharks has spawned 

Aca. Great whites are one of the a thriving industry, wih thrilseekers 

cean’s most formidable predators, ‘coming from all over the world to dive 
with the great whites. Only cage diving 

is permitted with the shatks, but it is 

possible to dive within the seal colonies 


WATER TEMPERATURE §2~65°F (3 eke Slee 
around the island in certain regions 


ECOSYSTEM Temperate that ate considered safe by local dive 
‘WHENTO VISIT Yearsound sharkacivty, | oPerators. Farther alld there are 
‘numbers peak May ta September. beautiful cold-water reefs covered in 
swaying fields of kelp, but there is 
really only one reason why divers visit 


[MUSTSEES Cage dhing with great white 
‘sharks at Dyer Island, plus seal dves in 
4 fp Feo nvtéd pees Ganshaai—that most magnificent of| 


rarine predators, the great white shark. 


AFRICA 


Aliwal Shoal 


KWAZULU-NATAL, SOUTH AFRICA. 


a Aliwal Shoal is one of the greatest adventure dive 
sites on Barth. The excitement begins on the beach, 
with perhaps the most dramatic surf launch in the 


‘Shoat 


diving world, and ends with outstanding shark 


encounters above a thriving reef system. 


CROSSROADS IN THE SEA 
Aliwal Shoal is a mountain of sandstone 
that juts into the underwater highway 

of the Agulhas Current. The ste is 
renowned for shark encounters, in 
particular the famous ragged-tooth 
sharks that hurk within the caves and 
caverns of the reel There are also 
‘Zamabe sharks in great numbers at 

the right time of year, as well as more 
occasional encounters with tiger sharks, 
and, Uhrilingly, there are a few rare 
sightings of great whites. However, 
Aliwal Shoal has much more to offer 
than shark encounters, since the 


ESSENTIAL INFORMATION 
WATER TEMPERATURE 66~79°F (19-26°C) 
ECOSYSTEM Sublropical 

WHEN TO VISIT Ragged-tooth sharks in 
residence from lly to October; Zambezi 
sharks can be seen Octaber- April 


[MUSTSEES Ragged tooth sharks; 


mixture of both warm water reef Fish 
and temperate species creates one of 
the most diverse reef systems in all 

of southern Aftica, 


VISITING SPECIES 
Added to the array of lie are transient 
Visitors, such as migrating humpback and 
right whales, as wel ax turtles and huge 
birindle bass. The dive site is also directly 
in the path of the Sardine Run, one of 
the most impressive marine migrations 
anywhere in the world’s oceans, Sardine 
shoals travel more thin 1,000 miles 
(1,600 kan) in this great annual exodus. 


‘SURF SAFARI 
Dive boats often encounter heavy surf on their 
way to Aiwa Shoal, some distance off shore 

Launching in these cantons i exhilarating, 
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Sodwana Bay 


ZULU-NATAL, SOUTH AFRICA 
‘The only coral reef dive site in South Afvica, 
Sodwana is set in the heart of a national park in 
northern Natal. The reefs host more than 1,000 
species of fish, as well as impressive transients, such 
as whale sharks, billfish, manta rays, and whales. 


REMOTE REEFS 
Sodwana lies in a beautifully remote 
region of South Arica, nestling right up 
against the border with Mozambique ta 
the north, Simply getting to the sit is 
something of an adventure, requiring 

a journey by four-wheel drive vehicle 
through wile bush on bumpy dirt tracks 
Although the dive industry in Sodkwana 
is well established, i also closely 
monitored. Only three 

dive centers are allowed to 
operate in the region, to limit 
the number of divers on 

the reef and so protect 
the delicate coral 

reef ecosystem, 


DIVERSE ATTRACTIONS. 
‘The four established reefs off Sodana 
are named alier their distance from the 
Ihunch ste, and are called Two, Five, 
Seven, and Nine Mile Reef, Each offers 
something slight liferent, ranging 
fom the most delicate of hard corals 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 70-84" (21~29°C) 
ECOSYSTEM Tropical eet 


‘WHEN TO VISIT Year round diving, but 
Visit October to February fora chance of 
sighting whale sharks at Sodwana, 
MUSTSEES Seven Mile Reef, Nine Mlle 
Reef; suf launch; whale sharks, 
‘mantas, and other 
isting species, 


Turtles of several 
Species vist Sodwana 


going species including whale shasks 
Although the journey to Sadana i 

4 considerable undertaking the rewatel 
js nothing less than the finest coral ref 
dives om the continent, 


‘SURE AND SAND 

Despite the Fact that Sodwana Bayi fait 
oe, thesite can be busy Dive boats often 

‘auneh wth an audience of waiting divers. 


Protea Banks 


KWAZULU-NATAL, SOUTH AFRICA 
Even within the singularly robust South African 
diving community, Protea Banks is a dive site famed 
for thrills. A reef cut with deep gullies, overhangs, 
and caverns, and notable for its shark encounters, 
this is not a site for the faint-hearted, 


Sans 


on THE PROWL 
‘The tiger shark is a species 
aulte regulary sighted around 
Protea Banks, often with 
remora fish in ton 


CHALLENGING SITE. ‘Not only can large numbers of ragged 
Although Protea Banks does not hoast tooth sharks be found here during their 
the dramatic topography of nearby mating season, but there i a strong 
Aliwal Shoal (se 1259), it lacks none of possibilty of encountering tiger sharks 
the excitement Indeed, there are many or hammerheads, For several months of 
in the local diving community who the year, divers can also be confronted 
consider Protea Banks more extreme in mic-water by large numbers of the 
than Aliwal-—the reasons being the Zambezi sharks, These magnificent 
depth, the currents, and the terrfc shark predators follow game fish that arrive 
encounters. The top of the reef ison during the summer months. 

average, deeper than Aliwal Shoal, with 


several lives in excess a 100 ft (30 m ESSENTIAL INFORMATION, 
‘The currents that sweep over the Mat 

reef crest are also stronger, and several 
of the dives are exhilarating drifis ver a | ECOSYSTEM Subtropical 
coniderable distance of undersea terrain 


WATER TEMPERATURE 66-75 (19-26%0) 


\WaEN TO VISIT Ragged-toath sharks can 


bbe seen from lly fo October; Zambezi 


SHARK SPOTTING sharks fom October to Apt 
‘The final reason Protea Banks is so Maras Eegnedtooh sha 
revered among the dive community Zambbez sharks; migrating whales 


in South Afvia i ity shark encounters. 
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Mozambique 


SOUTHEAST AFRICA 


Wracked by decades of civil war, Mozambique was 
once a forgotten destination in world diving. The end 
of the conflict in 1992 prompted the gradual return, 
of divers, and revealed the riches that lie in the blue 


waters off one of Affica’s wildest coastlines. 


NuerUnie S45: ESSENTIAL INFORMATION, 
The fast-moving waters of the Agulhas 
Current, which passes through the gap [ WATERTEMPERATURE 70-82°F (21-28°C) 


Ihetween the east coast of Mozambique 

and the land of Madagascar, are 

the source of mich of Mozambique's 

sgreat marine diversity ‘The reefs in 

this region are teeming with life, and (MUSTSEES Potato bass; ragged tooth 

although the entire coastline has dive sharks; bul sharks, humpback whales; 
whale sharks: manta rays 


ECOSYSTEM Subtropical 


(WHEN TO VISIT Yearound, but conditions 
ate bes ram September to March 


sites of merit, there are certain regions 
that stand out, including Inbiaca 
Island, Ponta do Ouro, the Bazaruin a sturdy fourawheel drive vehicle 1o cope 
Archipelago, and Gabo San Sebastian, with the dirt and sand roads, and the 
isolated operators and resorts are tucked 
FAR-FLUNG LOCATION in behind long stretches of deserted 
‘Mozambique is by no means an easy beach, However, Mazambique's dive 
dive destination to access. Many of the sites offer ample reward. The southern 
sites to the south of the country require region of the country has become well 


AFRICA AND THE MUD} 


EAST _— 


known for encounters with huge potato 
hhassanel raggeel-tooth sharks, whereas 
farther north, encounters with bull and 
tiger sharks are a distinct possibilty 
Humpback whales move through the 
area in the summer months, and the 
‘occasional dugong is sighted i the 


shallow estuaries along the coast 


"The Buearuto Archipelago on 
Mozambique’s central coast is an 
excellent place to see whale sharks, while 
nearby Vilnaculos isan excellent site 0 
encounter manta rays and dolphins 


BRIGHT FUTURE 
Mozambique sill has a primitive tourist 
ingastructure, particularly in the northern 
regions of the country: Malaria is also 

a significant facto, with most of the 
country alfected at certain times of 

the year Nonetheless, Mozambique is 
‘making tremenelons progress as a erst 
destination, with the country’s diving 
rapidly establishing itself as truly wore 
class, Diving here can present challenges 
forthe intepiel traveler, but the isolation 
and low tourist traffic can be seen as 

a real advantage in one of Affica’s most 
‘rapidly developing dive destinations 


\WAVE-SWEPT WILDERNESS, 


Mazambique has over 300 miles 
(2,400 ke) of coastline, much of it 
sparsely inhabited. The southern 
stretches of coast are dominated by 
sandbars, estuaries, and swamps, 
vile the wilder north is characterized 
by long beaches and cliffs. The entire 
coastline is tremendously dramatic 
land wil, and even the capital Maputo 
has the famous Inhaca Island—a site 
famed inthe diving word for its large 
animal encounters—directl offshore. 
Dolphins, whale sharks, and manta 
‘ays ll frequent this site. 


Surf breaks ona stretch of coast 


LARGER THAN LIFE 


Enormous potato bass ae often found 
patrolling the busting reefs of Mozambique 
This imposing species can be extremely 
Inquisitive, and individuals 

often approach divers. 
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Seychelles 


TERN IN 


TAN © 


The clear waters of the Seychelles teem with 
abundant marine life, and offer those prepared to 
travel a bit farther a range of gentle ree 
the inner islands, The outer islands have big walls, 


dives on 


wild drifis, and large animal encounters. 


‘A PATTERN OF ISLANDS 
The Seychelles archipelago numbers 
115 islands in total, although these 
are spread over a vast area of ocean 
hundreds of miles off the east coast 
of Affica, The Seychelles is divided into 
the inner islands and the outer islands, 
With the two groups over 600 miles 
1,100 km) apart. The inner islands 
including Mahe, the main island in 

the Seychelles sit on a huge satura 
platform rising from the deep ocean 
around them, As such, diving here tends 
tobe within the 10-100-6 (10- 30-m) 

age, and takes place on shallow 


protected reef systems, Farther a 


the outer islands, including the Aldabras, 
a group of islands known as the 


TROPICAL VISTA 
Balny tropical beaches are typical ofthe 
Seychelles Though remote, the islands 

offer tremendous atractions forthe diver 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 81-84°F (27-2 


ECOSYSTEM Tropical 
WHEN TOWISIT May to October 


‘MUSTSEES Large pelagic species inthe 
‘Aldabra Group: shallow reefs and 
‘marin lf around 

the inner islands, 

including Mahe. 


Powder blue tng 


‘Galapagos of 
the Indian Ocean” 
due to their isolation and diversity of 
marine life, The diving here i more 
intense and suitable only for experienced 
livers, The reef cuts and walls create 
‘opportunites for tremendons drift-ives, 
in which divers are carried along by 
underwater currents 


nutralize each other generating high frequency electrical 
oscillations 


‘There appears to be a common thread shared between 
several alternative energy devices. It is the pre-glow 
discharge. The report on the Hans Coler device released 
by the British Government indicates that there is excess 
energy released when electrical contacts are opened and 
closed. The Lester Hendershotdevice utilized a buzzer 
circuit that opened and closed its electrical contacts. In 
the Alfred Hubbard coil pre-glow discharge flowed 
through clectrical contacts, a distributor cap and radium. 
soaked spark plug, The Joseph Newman motor used a 
sparking commutator. Thomas Moray invented a 
glowing, cold cathode discharge tube that was the heart 
of his radiant energy device. Hermann Plauson was 
granted US, Patent No. 1,540,998 that used spark gaps 
to convert atmospheric energy. Frank Wyatt Prentice 
was granted Canadian Patent No, 253,765 that detailed 
his invention, which lighted 50 sixty-watt carbon lamps 
with an input of only 500 watts. His invention utilized a 


spark gap driven high frequency tuned resonant system. 
Chaney Britten used ion-val 
central wire that was surrounded by a coil of wire which 
is described in his US Patent No. 1,826,727. Britten’. 
valve was said to have lit up his home in the 1930's 


‘s constructed with a 


according to a local newspaper article of that time period, 
Alexander Chernetski experimented with what appears 
to have been a type of ion-valve that was filled with 
hydrogen gas. It is said that he got up to five times more 
energy out of his device than what he put into it. Edwin 
Gray was granted US, Patent No. 3,890,548 for his 
efficient spat gap driven capacitive-discharge motor. 
He improved on this patent by replacing the spark gaps 
with a pr-glow discharge switching tube. His US. 
Patents No. 4,595,975 and No. 4,661,747 describes this 
tube in detail. Gray’s patents claim to conserve battery 
power by sending unused energy back to the supply 
batteries On close examination, we also find that his 
switching tube is actually a quenching device. 


Radiant energy was generated during the pre-glow 
discharge cyde that also contributed to recharging the 
batteries Paulo N. Correa and Alexander N. Correa 
obtained patents to a pulsed pre-glow discharge system 
that recovers energy and recharges a battery 


T have found that radiant enemy is generated when a 
plasma field is in contact with the atoms of an electrical 
conductor. Most importantly, the quantity of mdiant 
energy is greatly increased when the plasma field occurs 
between the interelectrode couple of two differing 
electrical conductors. That, the wattage produced will 
depend largely on the type of electmde materials that 
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are used. I do not suspect that the above referenced 
inventors were aware of this amplifying mechanism. 


Fig. 1 
Ton Valve 


In the embodiment in Fig 1 the negative charge on the 
wite in the ion-valve negatively ionizes any gas that 
contacts it. These ions rush towards the positivel 


charged qilinder. When a metal ion that carties an excess 
electron hits head-on with an elementary differing 
positively charged onrushing metal ion a violent union 
of the two metals occurs This causes the newly formed 
bimetallic alloy to violently oscillate, break up (dissociate) 
and to liberate a burst of electrons ‘The “sea electron 
model” helps to explain this effect. According to the 
sea electron model metals are bonded to each other 
through electron sharing. ‘The model suggests that metal 
atoms be bathed in a sea of valence electrons If this 


model is taken one step further it can be seen that when 
metallic atoms are dissociated from each other exce: 
electrons are rcleased in the form of electrical oscillations 
of high frequency (radiant energy). This occurs because 
the electrons no longer take part in the inter-atomic 
binding force that existed before the dissociation took 
place. It becomes clear that the freed electrons will add 
ampemge to the output circuit to which it is connected 
Henceforth, the equation I x E = P holds true in this 
system. Where, “I” represents the electrons (amperage), 
“E” electromotive force (ionic voltage), and “P” the 
power generated, 


Obtaining Electrical Energy from th 
‘Transformation of Cosme Energy 


Matter is cosmic energy in a condensed state according, 
to Le Bon and Moray. What this means is that matter 
can be excited its plasma state and caused to rapidly 
disintegrate transforming itself into clectricity 
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AFRICA AND THE MM 


Mauritius 


WESTERN INDIAN OCEAN 


‘The islands of Mauritius in the Indian Ocean are 
a popular vacation destination, but are not well 
known for diving. This is something of an oversight, 
since the islands’ stark voleanic reefs harbor a rich 
tropical ecosystem and offer dives of real quality 


FF 


VOLCANIC ORIGINS PLACEIN THE SUN 

The sallow coastal waters and white sands of 
Mauritius make it leading vacation destination, 
butt als offers great civing experiences. 


Maurits consists of to islands, and 
numerous smaller islets, 300 miles 

(800 kum) east of Madagascar. Although 
relatively smal, the islands have nearly TOP LOCATIONS 


250 miles (400 km of undulating, ‘Most diving in Mauritius takes place 
coastline due to the craggy nature of the on the western coast of the main islane 
volcanic rack that makes up the idand the eastern end of the iland is exposed 
group. The seas are colonized by over to the wind and waves of the open 
200 species of coral, creating reels ‘ocean. The Cathedral cavern with its 
inhabited by arounel 450 fish species resident porcupine fish is a must-see, 
a rich tropical ecosystem, aand the Rempart Serpent ste boasts 
a huge number of moray ees (itis 
ESSENTIAL INFORMATION reputed that 32 species have been seen 


here). The region north of the main 
ATER TEMPERATURE 70°82°F (@°28°0. | stand, however, is becoming known as 
ECOSYSTEM Tropical «8 good spot for encounters with some af 
(MEVTOVIT Ding akerpacem 7 | the larger pelagic species, with regular 


WATER TEMPERATURE 70-82 ( 


‘WHEN TO VISIT Diving takes place in 
Mauritius year round, sightings of tuna, wahoo, and marlin, 


The remote itand of Rodrigues to the 
cast offers glimpse of some of the 
region's most pristine reels--making an 
excursion well worth the effort. 


[MUSTSEES The Rempart Serpent and 
Cathedral dive sites; the unspoiled reefs 
round Rodrigues island, 


The Brothers 


NORTHERN RED SEA, EGYPT 


Spectacular coral gardens have grown undisturbed 


08 Si around these two remote pinnacles of rock for 
Helades $4Q4 thousands of years. Only accessible by liveaboard 
TweBethes®, (see f.237), the Brothers dive site offers steep drop- 


offs and some terrific shark action. 


ISOLATED OUTCROPS REMOTE ROCK 
TThe Brothers consist of two large rocks, Big Brother, the lrgerand more northery ofthe 
‘wo islands, is :300 ft (goo m) long and 295 


named Fate Brother anc Hig Brother; (C5 wie and dominated ya UghROUse 


around [mile (1.6 kin) apart and 


36 miles (58 km) offshore in the northern in the area include white-tip and gray 

Red Sea. Rising from deep water, they reef sharks although silver-tips, 

provide dramatically steep walls asa scalloped harmmerheads, and oceanic 

foundation for bustling reels, and the white-tips are also frequently seen. If 

Uupwellings of nutrient-rich waters and you are lucky, you may even encounter 

wining currents dravr in fish species a thresher shark, Is scythe-shaped ta 

both large ancl smal, fin makes this species an unmistakable, 
if very infrequent, sight. 

SHARK SPOTTING 

In addition to the diversity and calor WRECKED ON THE REEF 

of the reefs themselves, there are some As an additional attraction to the ste, 

tremendous shark encounters olf the two wrecks-the Aida and the Namitia 


walls of the Brothers, Common species cling to the precipitous sides of Big 

Brother, The Numidia, a former cargo 
vessel, lies ata very steep angle on the 
northern tip of the rock, with which it 
MATER TEMPERATURE 79°847F (23°29°0. | collided in 1901. Is bows can be fund 
ECOSYSTEM Tropical in just 26 6 (8m) of water, ut its stern 
lies in the depths, at 262 ft (80 my. 


WATER TEMPERATURE 70-84 ( 


{WHEN TO VIST Diving takes place on the 
Brothers all year. Another vietim of Big Brother was 


the Italian supply ship Alida, which sank 
jn 1957 while carrying troops, Almost 


IMUSTSEES Oceanic white-tip shark, 

‘scalloped hammerheads: wreck of the 

‘Numidia; (occasional) thresher sharks. | a impressive as Nimiia and surprisingly 
intact, Aida is now heavily colonized. 
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Dahab 
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NORTHERN 


EGYPT 


The coastal town of Dahab in southern Sinai is 


Cale, 
ahas of 


‘Sham e Shes 


DESERT HAMLET 
Dahab lies on the Gulf of Aqaba, in the 
northeast of the Red Sea, only 50 miles 
) kn) north of the busy dive resort of 


Sharm El Sheik. Clinging to the shore 
in a barsh, arid landscape, the tora ha 
a GaintlyGrontier feel to it 

several dive centers in Dahabs offering 
training to all levels of ability 


There are 


DIVING IN DAHAB 
Within a short drive of Dahab are many 
excellent sites accessible from the shore, 
including the Canyon and the Bells 
Both of these sites are dramatic 
examples af the twisted coral formations 
that scem to characterize this stretch of 
contline, with deep gullies, impressive 
‘overhangs, arches, and sim-throughs, 
The legendary Blue Hole site is actually 


SHELL GAME 
Adv fellows a turie—at respectful 
fstanceas conducts a siow tour of 
one of Dahab's colorful reef. 


ringed by mountains and desert. The inhospitable 
landscape is in striking contrast to the splendid reefs 
and coral formations to be found just offshore 
among which is the infamous Blue Hole. 


the top of a massive shalt that sinks 
{985 f (300 m) into the reef. ‘The lure 

of diving through a long passage to the 
cuter reef at a depth of 165 fe (50 ra 
hhas caused many divers to perish in the 
Blue Hole, 

for diving this deep arch is that it should 
only be attempted using technical dive 
techniques and equipment (se j194-99) 


and the conventional wiseom 


ESSENTIAL INFORMATION 
( wareR TEMPERATURE 70-82°F (21-28°C) 
ECOSYSTEM Topical 
{WHEN TOVWSIT Diving takes place in 
Dahab all year, with water temperatures 


high throughout 


MUSTSEES The Blue Hale; The Canyon 
and The Bes; Gabr Bint (oy boat ony) 
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Wreck of the Thistlegorm 


NORTHERN RED SEA, EGYPT 


Packed full of artifacts and lying in the clear waters, 
of the Red Sea, the Thistlegorm is pethaps the most 
famous of all shipwrecks for divers. Its fame comes 
ata price, however, with great mumbers of divers 


clambering through the structure every day 


‘THE CLASSIC WRECK 
The Thislhgorm first came tothe attention 
of the global diving community in the 
19506, when it was discovered and 
filmed by Jacques Cousteau. However, 
its location remained a secret until 

1992, when it was rediscovered by 
recreational divers, and it has since 
become one of the most popular diving 
wrecks in the Red Sea, 

"The Thidkgorm was « World War IL 
armed merchant vessel, 413 ft (126 m) 
in length, carrying supplies to the British 
Bh Army in North Aca, Packed with — | diver examines military hardware inside 


‘TIME CAPSULE 


machinery and ammunition, it was ‘the wreck af the Thistlegorm 
spotted in the northern Red Sea by For many years afer the Thistegorm was 
German bomber on October 6, 1941. | sunk Beiish vessels would ower their flag 


‘asthey passed ite wreck, but today ithas 
happier role, having become a focus for 
Giving in the Red Sea. The vessel's real 


Two bombs entered its Number Four 
hold, causing a buge explosion that cut 


it in half it sank immediately with the | treasure sits outstanding cargo of military 
loss of nine souls eauipment, which ranges from Lee Enfield 
Mark3 rites, welington boots, Bedard 
‘muck, and two Ralls Royce armored cas, 
DIVE EXPERIENCE, to—perhaps most famously of all—racks 
In many ways, the Thisegorm is the Ceoeeenesonieecet 


perfect wreck dive, Its bow lies just 30.8 | one iacomotve; another lies onthe =e8 
(15 m) below the surface in clear waters, | Bed beside the wreck. 


and no part of the vessel is below 100 ft 
(30 m); however, currents may be strong, 
aand descent is usually made dower 
WATER TEMPERATURE 68-84°Fo-agec) | "oO ines ted by the guide. Once 
MATER TEMPERATURE 68°84°F(20°29°0) | inside the wreck there isa vast, serene 
ECOSYSTEM Tropical yet poignant underwater muscu to 
WHEVTOVIST Yearrond Theweake | explore, and the sheer sizeof the vessel 
best dived fram a iveaboard ‘means that thorough exploration 
| recites several visits 

The Thislegenm holds 2 unique place 


{MUSTSEES The captain's baths BSA 

tmotrycles locomative an deck, 

Bedford tucks; armored cas in vers’ floctions, though its popularity 
has become a drawback. Ii only a five- 
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hour cruise away from the Red Sea's has approximately 1,000 fish 
busy diving center of Sharm el Sheikh, 17 percent of which are enden 
an in peak season itis not uncom the Red Sea. OF paticular note 
for more than 20 diving vessels tobe Histgorm are large numbers of lo 
‘moored overt atone ime. The best which lie in wait ready to ambush sh 


time to explore the Thitdgorm is at of unsuspecting glassy sweepers, while 


fawn, when there isa chance to see this overhead jack and barraruela sweep the 

grand wreck with few others around, superstructure for prey 

although this means finding a skipper 

who wil travel through the night, 
Aina nate steal ck = 


WEAPON OF WAR 
A diver hovers above the distinctive deck 
gun on Tisttegorm' ster. There restrict 
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Asia 


The tropical regions of this vast continent have always been highly 


pra 
their glorious rei 


ed by divers for the staggering richness of their marine life and 
5, but adventurous new diving opportunities are 
also beginning to open up to the north: 


even in Siberia. 


REEFS UNDER THREAT 
The geographical span of Asia, the 


largest continent, is reflected in the vast 


range of diving available. For many 
divers andl marine biologists, the 
highlight is the famed “Triangle of 
Diversity”a region in the Indo-Pacific 
that boasts the world’s greatest diversity 
fof coral andl fish species, 

"The many thousands of islands of 
the Philippines, Indonesia, Papua Nev 
Guinea, and Malaysia are host to some 
legendary dive sites, with evocative 
names such as Sipalan, Lembeh, 

nel Kime. Sadly 
While these are all dream destination 
ructive fishing techniques 
in the Indo-Pacific region, such as 


Tabbutaha, Komodo, 


for 


any diver, des 


RESPONSIBLE REEF DIVING 


With Asia's ees ats, itis vital that divers 
Follow the ules of responsible ref dingo 
onserve them for future generations 


dlynamite and cyanide fishing, are 
damaging some of these delicate 
ccosystems, In the Philippines, 

1 percent of all reels remain unaffected 
by human activity, with up to 30 percent 
reported to be impac 

Beautifal pristine reefs can still be found 
in the Inclo-Pacific, but when diving om 
these threatened reef systems, be mindul 
of your responsibility to minimize any 
‘impact your presence could have, 


1d eynnd recovery 


BEACH BASE 
Adve bare ona sunkssed 
‘wopical beach can provide the 
deal “chi-ou™ spot ateran 


nhilarating ave 


throughout the region, 

inciting the Maktives, - 

the Andaman Island, and =* 

the Sra ved wo time ie, 

justifiably famed for their “ d 

cstraordinary diversity and PYGMY SEAWORSE 

beauty both above and. fae species found only on Murcia coral in Southeast a 
and Ausra the pgmy seahorse wrap sal rund coal 


below the surface 


Fanner sgh mach PAMME and es nwa ortny crsaceans and lanae 


g in Asia tends to be world’s deepest lake, and the largest, 
concentrated in the tropics, there are _reservnir of fresh water on the planet's 


of the div 


some excellent dive sites to he explored surface. Because ofits size andl varying 
farther north, One of the most notable depths, Lake Baikal contains a huge 
is Lake Baikal in Siberia, Thivis the variety of ecosystems 


2 ome PLACES TO DIVE 


The Maldives 


INDIAN OCEAN 
SSBB Coming to prominence as a dive destination in the 
‘tion 1970s, the Maldives swifily became established as a 


dream diving location. The extent of the archipelago, 
Maldives “$2 and its range of dive sites, ensures that it remains an 
ai se essential stop-off at least once in a diver’ lifetime. 


RICH ARCHIPELAGO 
The islands of the Maldives are the 
crests of an undersea mountain range WATERTEMPERATURE 75~84°F (24~29°C) 
that plunges over IVemiles @ lan) ita | oe 
the deep waters of the Indian Ocean, 
‘The archipelago extends 475 miles 
(764 kum) fom north to south, and is 80 


ESSENTIAL INFORMATION, 


ECOSYSTEM Tropical 


WHEN TOWISIT Diving takes place year 
round inthe Maldives 


miles (129 ka) seross. This wast IMUSTSEES Gray reef sharks: 

collection of islands i loosely divided! | hammerhead sharks; manta rays; 

into 26 major atolls, and although the | "ale sharks turtles. 

islands are spread over 38,000 sq miles 

(98,000 sq kam) of ocean, their land mass systems throughout the Maldives that 

covers only 115 5q miles (300 sq km]. there are no less than 25 nature reserves 
‘The Maldives offer a huge range ane protected areas within the island 

of diving activities for those lucky group. The marine life around the 


‘enough to visit, Such isthe abundance islands is colorful and diverse, and 
and delicacy of the remarkable reef includes aver 700 fish species. 


WE 


. 


sees 
o 


a< 


TOUGH CHALLENGES 


Tourism and diving are vital ta the economy 
ofthe Maldives, but both industries have 
had to recover fom major natural disasters 
inthe late 2ath and early 23st centuries, 
ELNiRo—a periodic warming event in the 
Pacilie Oeean-had a severe impact in 
1997-98, when the hard coral on many 
reefs was bleached and killed by the rise in 
‘ocean temperatures. The islands were also 
hitby the 2004 tsunami, which destroyed 
‘much ofthe tourist infrastructure, 


Fishing and ving boats ready for 
business ona Maldives quayside 


Diving in the Maldives tends to be 
divided into drift dives on the auter reef, 
and dive sites within the atoll, The latter 
contain tilas, a local word meaning 
coral platform rising almost tothe 

ae, and Kandus, which are 
smaller isolated coral outcrops and coral 
heads, The hest drift diving i where cuts 
jn the coral walls leading to the open sea 
channel tidal water through narow gaps: 

‘Most dives in the Maldives seem to 

include atleast one encounter with 
White-tip reef sharks, and there are 
seyergl sites where gray and black-tip 


reef sharks, as well as hammerheads, 
may be seen. Eagle rays and manta 
rays, too, are regularly encountered 

at the right time of year at certain sites, 
with whale sharks also returning to the 
same sites to make the most of seasonal 
feeding grounds, There are also Give 
different species of turtles in the 
Maldives, the most common of which 
are the green and hawksbill turtles, 


COLORFUL CORAL 
A diver examines soft corals on one af the 
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Similan Islands 


ANDAMAN SEA, INDIAN OCEAN 


A tiny string of granite islands sitting off the coast 
of Thailand, the Similans are best explored by 
an liveaboard dive boat, but with some of the best 
ome beaches in Thailand, they have a great deal to offer 
‘ndonoseon “oth above and below the water, 


STONE AND SEA 
The Similan Islands consist of nine large 
iganite outcrops sitting 40 miles (64 kan) 
‘ff the coast of Thailand. They rise from, 
the depths of the Andaman Sea, and 
run for 15 miles (24 ki) orth to south, 
Although the islands do have individual 
‘names; they are commonly known simply 
by numbers, starting in the south ith 
Number 1 (Koh Huyong), and continaing 
to Number 9 (Koh Bangu) in the north. 

They are characterized by steep 
granite undersea cliffs on their western 
shores, with more gentle slopes to the 
cast, where, sheltered from d 


‘monsoon winds, the coral growth is 
particularly lush. Over 1,000 fish species 
swarm over reef colonized by a dazzling 
array of sof corals. Brightly colored 
species, sich as coral grouper, sveetlips, 
snapper, and blue triggerfsh are present 
in great numbers and, from October to SHARKSPOTTING 
Ma, whale sharks and manta rays are Aver observes a leopard shark, hovering 
above this beautiful pattemed predate 

which frequents the waters of he Simian. 


frequently encountered 
"The thriving reef systems arouned 
the islands were once threatened by fishing”—the use of explosives to kill 
overfishing as well as “dynam an collect large numbers of fish but 
the islands were declared national park 
ESSENTIAL INFORMATION fn 1982, and commercial fishing is naw 
Danned. The sweeping coral fields of 
Chrismas Point are particularly 
ECOSYSTEM Tropical spectacular, although they were slightly 
‘WHENTO VISIT Visite Similan Islands | | maxed in the tsunami of 2004. Other 
between October and May. notable attractions include a dramatic 
DISSES WRIST | inaze of image boulder formations at 


WATER TEMPERATURE 79~84°F (28-29°0) 


[MUSTSEES Whale sharks and manta 
rays; boulder formations at Elephant’s 
Head Rack; christmas Pont. remain well worth every hour of sea 


crossing required to visit them. 


Elephants Head Rock, The Similans 


Antenna 


Radiant energy 
detector 
Spark gap 
lon valve 
Fig 2 


Proof of Concept 


‘The proof of concept shown will obtain energy from 
the dissociation of matter bringing the circuit to life. It 
does this by creating a plasma field between differing 
electrical conductors. Electrons are unleashed and 
feedback to the circuit where they are converted into 
useful power 


Plasma oscillating on the 


Acconting to the law of conservation, w1 


sn we give to 
a material body a determined quantity of energy, this 
energy might be transformed, but the body will never 
give back a quantity in exces ed. This 
principle is considered too self-evident to be disputed. 
It makes sense that matter can only give up enemy that 


of what it re 


is given to it and is unable 


correct wavelength will act 
like a spark on a mass of 
explosive material but 


instead of heat. This is to say 


that the excited fourth state [released 


the excited fourth state of matter (plasma) 

causes condensed energi 

to become uncondensed (radiant energy). 

The reaction will be far superior to_the| 

seteaslng electrical particles foree that invoked it in the first place| 
cause the energy stored in matter is| 


to create excess energy. 
Without violating this law, 
matter can be excited into 
giving up its stored inter- 
atomic 


(solid matter) 


energy. 
Condensed matter can 


become uncondensed if 


of matter (plasma) causes 
condensed energy (solid matter) 
uncondensed (radiant energy). The reaction will be far 
superior to the force that invoked it in the first place 
because the energy stored in matter is released. ‘The 
energy that is condensed in the elements of matter is 
immense. ‘The result is that an enormous amount of 
energy is released with only a slight loss of matter. 


to become 


Gustave Le Bon proved this when he demonstrated that 
the action of solar light and from electric arcs on bodies 
produced electric particles similar to those of uranium. 
He showed that it caused all bodies to disintegrate to 
different degrees 
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its oscillations become 
violent enough and henceforth transforming itself into 
radiant energy: No laws have been violated. They have 
been expanded. ‘The first law of thermodynamics 
describes the principle of the conservation of energy 
Istates that “energy 
changes form”. The fact is that the creation or 


is not created or destroyed; it merely 


destruction of enemy is a result of matter being broken 
down or built up. They both go hand in hand. 


Naturally occurring radioisotopes were created through 
the billions of years of cosmic ray bombardment of 
ordinary matter. Their matrixes became unbalanced. The 
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Andaman Islands 


ANDAMAN SEA, INDIAN OCEAN 


wow 
f « 
st oe 

In iy 


ISOLATED IDYLL 
“The Andaman Islands are sprinkled aver 
435 miles (700 kim) of ocean, and define 
the western edge of the Andaman Sea 
Although the archipelago consists of 
572 islands, only $6 are inhabited. Over 
180 percent of the land mass is covered in 
rin forest, home to tribes that have bad 
very litle contact with the outside 
work 

"The islanders do not run any 
‘commercial fishing operations to speak 
ff, and therefore the steep walls ancl rich 
reels of the region are home to a range 
of large marine animals in healthy 
populations not encountered anywhere 
else in the Andaman Sea, 


in some cases, none at all 


DIVER'S PARADISE 
With no large-scale ising fet, the Andaman 
Islands have wet preserved refs stoked with 
2 fascinating diversity of masne lie, 


One of the last great diving wildernesses, the 
| Andamans are a truly unspoiled string of voleanic 
islands in the Bay of Bengal. Cloaked in rain forest 
and home to some of the last untouched tribes on 
arth, they offer genuine diving exploration, 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 82-86°F (28-31 


ECOSYSTEM Tropical 


WHEN TOWISIT The best time to visit. 
{i between November and May. 
MUSTSEES Barren Island; Passage 


Island; large manta ray aggregations: 
steep lava walls; dogtooth tuna 


Diving takes place from November to 
‘May, and can either be from liveaboard 
dive vesels, oF through a small number 
‘of operators based in the islands 
Notable sites include the outlying islands 
of Passage Island, Narcondam, and 
Barren Island, which have barely been 
dled at all. Expect enconmters with 

a range of shark species, huge dogtooth 
tuna, and feeding manta rays. 
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North Sulawesi 


CELEBES SEA, 


INDONESIA 
‘Gradle of 
Diversity” by marine biologists, and with good 
reason. A recent survey counted more than 3,000 
fish species here. Crowning it all is North Sulawesi, 
and the jewel in that crown is the Lembeh Straits 


Indonesia has been termed the 


CONSERVATION IN ACTION 
North Sulawesi is formed by the long, 
thin peninsula that juts out fom 
Sulawesi Island into the Ci 

The marine species diversity of this 
region is unparalleled, a fact recognized 
by the locals, who have set up a number 
of reserves, and by the divers who flock 
here. The careful appresich to the 
marine environment here by local 
government means that 90 percent of 
the coral cover is alive and 


lebes Sea, 


in good condition, 
a remarkable statistic 
considering the pressure 

the remainder of the 
Indonesian archipelago 
experiences from destructive 
fishing methods, 


NATURAL TREASURES. 
‘The Lembeh Straits is the channel 
between the island of Lembel and the 
northern tip of Sulawesi, It is quite a 


‘MACRO LIFE IN SULAWESI 


‘The magic that draws divers to this area 
isthe extraordinary range of tiny but 
‘beautiful eet animals that can be found 
inthe shallow coastal seas off North 
Sulawesi, The sheer diversity of "macro 
lite” (smal marine creatures) here, and 


the sometimes bizarre forms it takes, 
has led tothe area being dubbed “God's 
wastebasket.” Outlandish species ke 
the hairy fogfish make amazing 
photographic subjects. 


Abie fogfishgopes in the curent 


WATER TEMPERATURE 74-82°F (23~28°C) 
ECOSYSTEM Tropical 


{WHEN TO VISIT Year-round) optimum 
period between May and November. 


‘MUSTSEES Pangullingan; Lejuan I 
‘Mandolin; muck ving for ghost pipetish: 
pygmy sea horses; mimic octopus. 


era in watertight 
plastic housing 
shallow body of water 
ranging in depth from 
16.6 Gm) to 98 
(80 m)~so divers need 
to be aware of the lange 
‘vessels that pass regularly overhead, 
as well asthe periodic strong currents, 
But while at first glance this may 
seem merely an unprepossessing 
shipping channel, closer inspection, 
reveals a world of tiny riches. 


The Straits have a big name for small 
things this isthe Finest site in th 


Strats goes by the unpromising nan 
‘muck diving”~—so called 
the dark sand that covers the 
and the necessity to exatnine it cl 
for target species during the course of 
a dive, But the effort involved in diving 
bere is well rewarded, Mimic octopus, 
pyimny sea horses, ghost pipelsh, leaf 
Fish, frvglish, and blue-ringed octopus 
‘ean all be found here. 


CONSERVATION AREA 
The Bunaken Marine Park is one of the 
living forces for conservation on North 
Sulawesi, Ie surrounds five islands, on 
which ate few small fishing vill 

km), Th 1 fantastic muck 
living a 

the most notable of which are Lekuan IL 
and Mandolin on Banaken, and 


Pangilingan in Mabado Tua, 


VOYAGE OF DISCOVERY 
An indigenous sherman setting outina 

‘wadional cance. Many divers eschew the lear 
surface waters forthe pleasures of muck diving, 
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Papua New Guinea 


WESTERN PACIFIC, 


7 A location that still epitomizes diving exploration 
5 Se Papua New Guinea offers a hugely exciting 
fn experience for the intrepid dive tourist, A vast 


fem region with numerous undived reefs and islands, 
Papua New Guinea is a real adventure 


OUTER LIMITS 
For many years, Papua New Guinea 
drew only the very boldest pioneers of 
adventure diving and extreme tourism, 
‘Made up of 600 islands, the reputation 
of this region as wile and untamed 
part of the world is well founded, Papua 
Now Guinea has 4 million inhabitants, 
divided into 1,000 tribes that speak 

700 cllferent Languages. Spread aver the 
177,600 sq miles (460,000 sq km) of the 
‘sland group, many of these indigenous 
tribes knew nothing of the modern 
world until very recently, with one tribe 
only making contact with the outside 


“The shallower regions of Papua New 
Guinea's coastline ae the ste of some 
fantastialycomples ee formations, 
wit petaps the most amaus being 
ibe 8ayon the western coast of New 
Britain, Another dive ste that has gained 
2 reputation fr providing pancualy 
dramatic wees and tremendous versity 
is Easter Feds nthe northern limits of 
the Corl Sea This emote site can only 
be eached by cean-going vessels and 
remains relatively unexplored. 


‘world in the late 20th century: Doubtless, 
others—as yet unknown-—exist in the 


rugged! Highls 
main island of New Guinea consisting 
‘of mountainous rainforest with a 


is, with much of the 


‘maximum elevation of 14,760 f 
(1,500 mi), While most visits to Papua 
New Guinea are troubletree, travel after 
dark isnot advised, and in towns such as 
the capital, Port Moresby, the risk of 
robbery and violent crime must be taken 
seriously. Trips are best 

arranged with well- 

‘established diving 

‘operations who can, 

provide guides and 

transportation tothe coastal diving 
regions, where the risks are 

Tower than in poor urban areas, 


RICH SEAS 

“The goodl news i thatthe ragged t 

of the land frequently extenels b 

surface of the water, and Papua. 
Guinea is notable for the fact that 

seas reach abyssal depths only’ a she 

slistance from shore. This ereates 

‘tremenclous drop-offs and steep We 

which are inhabited by a 

array of species. The region, 

the number of fish species as 

Sea, and ten times the coral specie 

of the Caribbean, 


‘SUNKEN HISTORY 
In addition to this extraordinary 
sliversity, the area has some 

fie wreck, most of them seet gl 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 75-82°F (24~28°C) 


ECOSYSTEM Tropical 


WHEN TO VISIT Diving takes place all 
var in Papua New Guinea 


'MUSTSEES Submerged atol at Eastern 


Fields; marine fein Kimbe Bay: World 
War Il ateraft wrecks in Milne Bay. 


fighting in the region curing World War 
IL Rabaul, Kavieng, Laboata, and 
Machang all provide excellent wreck 
diving, with aircraft debris tering the 
seabed in certain areas, like Milne Bay 
Diving throughout the archipelago 
is becoming more accessible due to the 
presence of a number of established 
diving operators in the more renowned 


dlve sites, and the increasing range of 
liveaboard operators now pushing into 
some truly remote regions, Nonetheless, 
there are sil underwater arcas of this 
extraordinary island group that remain 
completely unexplored. In a world that 
seems to become smaller and smaller 
with each passing day, tis an exciting 
‘thought that such places sill exist for 
us to discover. By taking a responsible 
approach to venturing olf the beaten 
track, divers can help preserve this 
region, and by doing so ensure a steady 
stream of new adventures for many 


chosmy REMAINS 
Wreckage of ica lost during Word War 

| notable sight nthe waters off Papua New 
Guinea. The area was the scene of ttle: 
between Alied and Japanese forces. 
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The Philippines 


SOUTHEAST ASIA 


an 
Philpigss 


‘The Philippines undoubtedly ofler a world of diving 
possibilities. Although destructive fishing techniques 


©¢ have taken their toll on many reefs, local legislation 


hua »y 
he be 
RESTORING LOST REEFS 


Consisting of 7,107 islands spread over 
116,000 males (300,000 39 km), the 
Philippines comprise one of the most 
bountifil regions on Earth in terms of 
species dlversty, with atleast 2,000 

fish species recorded throughout the 
archipelago. However, in many areas, 
complex and delicate reef systems have 
been almost completely destroyed by: 
dynamite and cyanide fishing, A recent 
survey noted that “excellent” reels 
those classified as having more than 


75 percent heakhy coral cover —are now 


‘VACATION HOTSPOT 
Indigenous watercraft pulled up at apa 
Fringed beach in the regon. The Philippines 
ppeal to both divers and aon-dvers ae 


and a realization of the benefits dive tourism can 
bring to the local economy offer a chance of recovery 


ECOSYSTEM Tropical 


(WHEN TO VISIT Best diving conditions 
are between April and November, 
(MUSTSEES Tubbutaha Reef; jessie 


‘Beazley ref, Coron Bay; Apa Island; 
Puerto Galera 


present in only 4.3 percent of the total 
reef area surveyed. This isan isu that 
the Philippines authorities are, thankfully, 
attempting to adress, and certain 
regions now have energetic conservation, 
programs in place 


LIVEABOARD EXCURSIONS 
“The remote Tubbutaha andl Jessie 
Beazley Reefs in the Sulu Sea remain 
relatively undamaged, and previde 
some world-class diving, All diving at 
“Tubbutaha is from liveaboards, athough 
many of the shallow reef ress provide 
‘excellent snorkelling opportunities, The 
steep walls of Tubbutaha are swept by 
strong currents and have erystal-clear 
visibility: OF particular quality is North 
End, a dive that combines spur and 
groove reef formations with some classic 
walls. Jessie Beazley Reef is essentially 
‘4 massive pillar of rock rising from deep 
‘water, providing a beacon for groupers, 
‘manta rays, barracuda, and eagle rays, 
Quality diving can also be found at 
the Visayas, a small cluster of islands 
accessed via Cebu City: Malapuscua 


hhas became particularly famous for 
providing one of the most unusual 
ofall shark dives, at a ste where 
thresher sharks congregate to be 
‘groomed by cleaner fish (ee 
26). Apo Island is a fine example of a 
progressive conservation project, where 
Tocal people have become invalved in 
policing the reels around the island, 


MUCK AND WRECK DIVING 
Farther north at Puerto Galera, really 
accessible from Manila, s some of the 
Finest diving in the Philippines, with 
some outstanding “muck diving” (ee 
1.279), Palawan also offers some wilder 
diving, with Coron Bay containing some 
particularly fine Japanese wrecks sunk 
during an attack by US aircraft on 
September 24, 1944 

Barracuda Lake offers a gentiinely 
lite 
a short jungle hike that is rewarded by 
an exploration of a system in which 
freshwater sits on top of seawater 
‘Allarge barracuda in the lake is said 
to guide divers through bis territory 


nt diving experience, requiring 


Doi 


ASIA "Sa 


Historic RNDs 
‘Adve inspects a weck off the Philipines 
Palawan sland isthe departure pot fr Coren 
Bay, with ts extensive World War I wrecks 


MARINE LIFE 


‘The diversity ofthis archipelago Is truly 
remarkable, with 1,499 rustacean 
species, 462 types of mollusks, and 
22 diffrent ypes of beach vegetation. 
Df the 500 known coral species 
worldwide, 488 are found here.This 
biological diversity was recognized in 
1993, when the Tubbataha Reef Marine 
Park was made & World Heritage site, 


‘he mandain sh, one af over 2,000 sh 
species recorded inthe Philipines 


22 PLACES TO DIVE 


Australasia 


The vast coastline of Australia offers superb coral reefs as well as 
spine-tingling cold-water encounters with giant marine predators, 
New Zealand, to the southeast, is rapidlly emerging as a dive destination 
of real quality, with some of the world’s best temperate dive sites. 


BARRIER REEF AND MORE 
For the uninitiated, the 
notion of diving in 
Australasia is limited 
to exploring the Great 
Barrier Reef, which les 
fn the northeastern coast 
of Australia, One of the 
most impressive natural 
feagures on the planet 
itis site of remarkable 
species diversity 

‘While the fame of 
the reef is Filly justified, 
there are also many other 


VOLCANIC REEF 
“he temperate ees of New 
“Zealand's Por Knights stands 


Australia is Ningaloo Ree, 
‘ome of the best locations 
{or encountering the 
‘mighty whale shark, 


‘NEW ZEALAND 
The jewel in New Zealand's 
living crenin is the Poor 
Konights Islands, which for 
many Gincluding the Inte 
{Jacques Cousteau) ranks as 
‘the finest temperate-water 
dlve site in the world, The 
unique topography of the 
site means that this is 


4 


‘teem with colorful matine ite, 


rewarding dive ites in 


‘Australia and New Zealand, East of the 
tourist hotspots of the Great Barrier Reef 
lies the Coral Sea, equally beautiful ane 
with fabulous marine life to be seen. To 
the south of Australia, the cold waters 
of Dangerous Reef and the 
Islands offer tilling enco 
great white sharks, 
Tasmania, home to lush kelp forests. On. 
the sparsely populated western coast of 


Farther south stil is 


breathtaking place to dive, 
with vast shoals of fish swarming over 
craggy volcanic reefs and through 
atmospheric cavern ystems, Protected by 
both traditional Maori law and modern 
legislation, the islands are a magnet for 
livers the world over. 

‘New Zealand boasts some 
impressive wrecks, including the world- 
famous Rainbows Warrior and the dramatic 
Mikhail Lermente, It is also rapidly 
developing a reputation for providing big 
animal encounters with numerous whale 

species, as well as with iconie sharks 
sich as the mako and the bronze 
whaler. To top it all of, New 
Zealand also offers stunning, 
ry, crystal clear rivers 


© and springs, and 
magnificent ford. 


“SOUTHERN Flonos 
“he fauna of New Zealand's 
Pods includes red an back 
ovals, penguins, ur seals, 
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Great Barrier Reef 


‘QUEENSLAND, AUSTRALIA 


One of the true natural wonders of the world, the 


reat saree 
4 tai? Great Barrier Reef is the longest reef of its kind on 
ae Earth. Home to a spectacular diversity of animal 

stent“ sadte® — and plant life, recent legislation has granted even 

ae greater protection for this abundant natural habitat. 

VAST ECOSYSTEM 

The Great Barver Reef into extensive [=== NM 

that its precise sie has never been WATER TEMPERATURE 77-84°F (24~-29°C) 

recorded, although itis estimated that it | pee Tong 


ECOSYSTEM Tropical 


0 km), and 
cavers around 135,000 sq miles (950,000 


stretches for 1,400 miles Sener Top 
WHEN TO VISIT The Great Barrer Reet 


sq km)-about the same surface area as | <a” bedived throughout the year, 


Ireland, I is mace up of 2,000 individual | MUSTSEES Ribbon Reefs (panticularly 


reels, and around 71 coral islands ane Ribbon Reef Number 10); Cod Hole; 
Pixie’s Pinnacle, 


spread along its length 
In broad terms, the Great Barrier 


Reef can be said to be divided into two Great Shallow, and the outer reef, 
regions-—the inner reef, known as the consisting of deeper reef systems and 
sloping walls leacling to the open sea 
beyond. The roef itself is made up 
‘of over 400 species of caral, and 
supports around 1,500 species of fish 
Approximately 4,000 species of mollusks 
inhabit the ats ane nooks 


id crannies 


of the reef, while 23 species of marine 
ed along the 
vast length of this complex ecosystem, 


mammals may be encounter 


GLOBAL IMPORTANCE 
Certain areas of the Great Barrier 
Reef have enjoyed protected status 
since 197, when it was established 
as marine park, This was 
enhanced in 1981 when the reef 
wae recognized as a World Heritage 
Site, More recent legislation has seen 
TI percent of the total area of the 
reef covered by some sort of 


WoRLD oF coLoR 
“he range of masne life inhabiting the 
Great Barter Reefs staggering ints 
\atey and splendor, but divers must be 
{areful not 0 touch delicate corals 


correct trigger will cause these isotopes to seek their 
original balanced state. Enormous amounts of electrical 
energy can be obtained from the transformation of 
stored cosmic energy. These isotopes contain a very old 
energy reserve that can be released in a unique way with 
my discoveries. 


Have you ever wondered about spontaneous radioactive 
decay? Is it really a super charged state of matter? If an 
atom can become ionized by either gaining or by losing, 
elections then why can there not be a nuclear ionization 
too? I hypothesize that atoms do become ionized on 
the nudear level by gaining or losing neutrons. This may 
appear incidental but could be at the very heart of an 
ultra-chemistry. It is highly probable that this 
hypothesized phenomenon is behind natural 
spontaneous radioactive decay and explains many 
unanswered 


sstions about nuclear science 


Liberated Energy 


With a slight excitement from a pre-glow discharge in a 
spark gap, or even with no excitement at all, as we 
observe in spontaneously disintegrating radioactive 
bodies, such as U235, we can obtain large quantities of 
energy. Clearly, we did not create this liberated energy, 
since it already exists in matter, but we release it under 
the right conditions. This is being done without violating, 
the law of energy conservation. ‘The idea that matter 
could be transformed into energy was absurd before 
the acknowledgement of nuclear transformations 


ANu Science is on the horizon, It involves the means 
of transforming matter into energy without splitting, 
atoms This 


jence recognizes several isotopes of matter 
that spontaneously liberate energy as observed in 
naturally occurring radioisotopes. My research indicates 
that it is also possible to artificially speed up the natural 
decay process of condensed energy (matter) using a 
minute plasma field, as from a pre-glow discharge, etc. 
With a very small quantity of energy, we will be able to 
producea very large quantity of energy without splitting 
the atoms 


Capture Capacitor 


Nature offers us cosmic energy that manifests itself in 
many different forms. Electricity is only one of ‘its 
manifestations. From this knowledge, we can obtain 
electrical power with no moving parts. The natural world 
contains many storehouses of this cosmic energy. 
Energy is all around us just waiting to be transformed, 


67 


“The capture capacitor is one such example. Itis called a 
capture capacitor because it captures and transforms 
electrical charge into electrical current, It does this with 
the aid of naturally occurring radioactive matter 
(NORM). Pat a pair of dissimilar metal electrodes 
together with a porous ceramic dielectric material 
sandwiched between them, along with a weak electrolyte 
and you have built a capture capacitor. In a low power 
capture component there exists a minute impurity of 
NO.RM. It is always present in clays and is usually 
present in ceramic materials. 


If you want a capture capacitor to generate more power 
all you have to do is to add additional amounts of 
radioactive material to the dielectric. Lead~210 is the 
optimum choice because it has a half-life of around 22.3, 
years and is a pure beta (electron) emitter. Its halflife is 
almost twice as long as tritium. This means that it is 
feasible to build a component that will put out power 
for several years with little maintenance. Lead-210 is a 
decay product of radon gas. The parent source of radon 
is umnium. Therefore, uranium ore can be powdered 
and mixed into the ceramic material 


“The atomic ions emitted from naturally occurring or 
artificially induced radioactive transformations can be 
directly converted to electrical power. The circuit shown 
can be used to convert radiant energy into useful 
electrical currents. Additional stages can be added for 
mor power. The circuit shown gives a general idea of 
how such an energy conversion device functions By no 
means is this technology limited to this one circuit, 
configuation, or source of radiant energy 
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DEEPER INTO THE REEF 


Certain pats ofthe Great Bari Reet 
have been noticeably degraded or 
damaged bythe high volume of dive 
traffic. This is no great surprise, given 
the delicacy of the vet's ecosystem and 
the inexperience of the many divers 
‘exploring it Although there are stil 
some fine dives tobe had in these busy 
areas—especially for those new to the 
sport-many dive operators have moved 
further out into the ret system, offering 
packages on liveahoard boats that allow 
more experienced divers to explore 
remote and less spoil sites, 


Fye-stipe 
strgeonish - 


— 


the future of a reef that ie larger than 
any other coral system, bt just a 


aan optimistic sgn for 


ulnerable to misuse andl exploitation, 


DIVING IN THE REGION 
There is a mass market for diving the 
Great Barrier Reef, operating out of 


Cairns and ‘Townsville in day boats 


1 divers, 


containing very large numbers 


There have been a number of well 
publicized incidents where divers have 
been missed when boats have departed 
bback to shore, andl although this i now 


very well regulated, i ie sill worth, 


cn the larger vessels at least, ensuring 
that the correct procedures ure in place 
before diving, The other main diving 
activity om the reef takes place from 
liveaboards that yenture farther afield 
Divers on the reef are assured of 
reasonable hard coral and colorful fish 
life almost anywhere along its length, 
but there are also a number of notable 
individual sites. Ribbon Reef Number 10 
is particularly rich and diverse, even by 
the Great Barrier Recf's high standards 
and isthe location for dive sites such as 
Cod Hole 
giant potato cod 
renowrned for its diversity of large 


famous for encounters with 


ARTFICIALISLAND 
Some sites onthe Great Barer Reet have a 
permanently anchored observation platform, 
tahich vistors ean travel by four Boat. 
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The Coral Sea 


WESTERN PACIFIC OCEAN 


REMOTE LOCATION 
“The Coral Sea begins about 100 miles 
(160 kn) east of Townsville in the territory 
fof Queensland, Australia Ie stretches for 
another 100 miles (160 km), covering an 
area of $8,000 sq miles (94,500 sq kan), 
“The dive sites consist of a series of 
undersea mountaintops that rise From. 

a great depth, ereating atolls, ridges, and 
reefs. The visibility in the region is some 
of the best in the diving world. 


‘TEEMING WITH LIFE 
‘The crossing to the Coral Sea through 
the rough waters of the inner reef can 
be demanding; howew, divers with the 
budget and time to make the journey 
are rarely disappointed. The area is 


In the early 1970s, the first liveaboard operators 
began to explore the waters to the east of the 
Great Barrier Reef, Here they found the Coral 
Sca—a region of beautiful pristine hard coral 

» formations and precipitous drop-off. 


ESSENTIAL INFORMATION, 
WATER TEMPERATURE 75-81F (24-27°C) 
ECOSYSTEM Tropical 


\WaEN TO SIT Conditions are sultable 
for diving year-round, but a lengthy boat 
trp is required to reach the area, 


(MUSTSEES Cod Wall Watnabe Bor 
Marion Reef; manta rays; sea snakes. 


renowned for its big animal encounters, 
with tiger sharks and hammerheads 
mixing with more abundant species, 
such as gray reel sharks and white-tips 
‘Manta and eagle rays are frequently 
seen off the steeper reef walls, while 
sea snakes can be seen on Marion Reef, 


REEF OWELLERS 
Sumphead wrasse cise over 
the sandy seafloor ofthe Coral 
Sea, These large Fish graze in 
herds” over the area's ets. 
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Wreck of the Yongala 


‘QUEENSLAND, AUSTRALIA 


‘The Jingala is a biological wonder 


one of the 


most heavily colonized shipwrecks on Earth, Sitting 


amid mil 


Souter Ocean 


FATAL STORM 
Lost in a typhoon on March 24, 1911, 
the Dingala was 3 

carrying 121 passengers north along the 
Qu 

as it foundered, atel noni ies in 100 fe 


fe (109-m) steamer 


sland coast, All hands were lost 


(30 m) of water, listing to starboard 
bout stil resolutely Bicing its original 
northerly direction of travel. Its isolated 
postion, ane the fat that it ay 
lundiscavered for over 40 years alter 
sinking, means that itis very heavily 
colonized with marine lie 


MARINE SANCTUARY 
The entire food chain of the coral reef 
is packed into the length of the Jingole’s 
short hull, Schools of jack and trevally 
bunt clouds of baitfish on its port bul, 
while in its superstructure lurk turtles, 
‘morays, coral trout, and buge numbers 


of sea shakes, Potato cod skull beneath 


the bow of the wreck, and very large 
bull rays nestle in the sand beside the 
wreck, ever watchful for the tiger and 
bull sharks that cirle out in the blue 
just beyond sight 


ESSENTIAL INFORMATION 

WATER TEMPERATURE 75~82"F (24-28°C) 
ECOSYSTEM Topical eet 

{WHEN TO VISIT Ther is yeareound 


diving onthe Yongala, but conditions 
can be rough from May to August 


IMUSTSEES Sea snakes; potato cod by 
the wreck’s bow: bul rays: bull sharks. 


s of featureless plains of sandy seabed 
next to the Great Barrier Reef, 


over time it too has 


become a teeming coral reef. 


‘OCEAN WILDERNESS 
Divers can encounter potato cod patting 
the bow section ofthe Yongala. The wreck 
Js a magnet for marie fe, aacting 2 ange 
of species fom shatks to tutes. 


PROTECTED STATUS 
Despite the popularity of the Jingala 
‘wreck among divers, exploration of 
the wreck’ interior is strictly forbidden 
bby Australian authorities under the 
‘country’s Historie Shipwsrecks Act. 
Ie may be, however, thatthe resent 
population of grouper are protection 
‘enough. In 2002 it was reported that 
long giant grouper had 
3 head before re 


2 6Yefi ( 


seized a div — 
him, shaken, but without serious injury 


shorly afterward 


Giahe 
sustain 
Fetes 


Tasmanian, 


UNSUNG ISLAND 
Tasmania isa small islanel dwarfed by 
the immensity of mainland Australia, 
to the north, It measures only 186 miles 
{300 bmn) from north to south, andl 
is frequently overlooked by divers visiting, 
Australia, eistracted by the magnitude 
Barrier Reef and the big 
animals of Ningaloo Reef 

Tasmanian divers are delighted at 


of the Gres 


this relative anonymity since the island 
offers some of the finest kelp forests on 
Earth and some gloriously colorfdl and 
diverse coleLwater dives, Currents rich 
jn oxygen and nutrients sweep up from 
the icy waters to the south, giving lil 
to wonderfilly dense kelp forests and 
heavily colonized rack wall 


PERFECT CONCEALMENT 
Sea dragons, such as this leafy varity, can be 
Found inthe kalp forests of Tasmania and South 
‘Austral ts shape mimies the plant fronds 


Tasmania offers a diving exper 


ience far removed 


from that of the usual coral reefs and warm waters 
of Australia, Nonetheless, this tiny island off the 
southern coast holds a host of diving possibilities for 
those prepared to travel a litte farther afield, 


ESSENTIAL INFORMATION, 
WATER TEMPERATURE 5-64 22-18") 
ECOSYSTEM Temperate 


WHEN TOVISIT The best time to vist 
Tasmania fr diving i between une 
and September 


MUSTSEES fed handfah; kelp forests; 
Englehawk Neck. 


‘SMALL WONDERS: 
OF particular note isthe abundance 

of smaller animals, sich as red hiandlish, 
although the island also plays host to 
numerous penguins, Australian far seas, 
a number of different types of sharks, 
and a varity of visting whale and 
dolphin specie 

means that divers visting Tasmania 
‘come to appreciate the true breadth 
of Australia’s natural heritage 


This rich diversity 
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Ningaloo Reef 


WESTERN AUSTRALIA 


jae) A beautifil coral reef stretching for 175 miles 
Py (280 km) off the coast of Western Australia, 
Ningaloo has much to offer the diver. Is fame, 
however, lies in the abundance of a single animal— 
Seunenber Ningaloo is the whale shark capital of the world. 
MAGNET FOR DIVERS, the region was declared a national park 


‘Ningaloo Reef is approximately 
750 miles (1,200 km) north of Perth, 
Australia, an! lies along a beautifully 
remote stretch of coastine 

"The diving om the reef is centered 
around the small town of Exmouth 
the population of which doubles during 
‘whale shark season, as divers flock there 
fiom around the world, Ningaloo Reef 
is spleneldly rich in its own right—with 
500 fish species and 200 types of coral 
Such is the scale of diversity here and 
the integrity of the ecosystem, that 


ESSENTIAL INFORMATION 
WATER TEMPERATURE 75-84°F (24-29°O) 
ECOSYSTEM Tropical 


WHEN TO VST Year-round diving, but 
whale sharks present March to June 


[MUSTSEES Whale sharks; manta ays, 
migrating whales; shore dive at Point 
Murat Navy Pl. 


in 1987, ane now over 1,300 sq miles 
(G5 sq kan) enjoys protected stati 


WEALTH OF WILDLIFE 
Although the whale sharks are less 
abundant from July through to February, 
they are replaced by other great 
attractions—between May and October, 
Ihuge numbers of manta rays ean be 
seen, and from July to November, 
migrating whales pass along the coast 

In arldition, a survey in 1994 counted 
‘more than 1,000 dugongs along this 
stretch of coast—one af the most 
significant populations on Earth, 


CLOSE ENCOUNTER 
Touching whale sharks may distress them, 
and only those with special raining such 
as this marine bilogist, should do sa 
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Poor Knights Islands 


NORTH ISLAND, NEW ZEALAND 


A mystical set of islands, sacred! in Maori legend, 


Foor knigiss 
late the Poor Knights lic 14 miles (23 km) off the coast 
newzéGino of North Island in New Zealand. Honeycombed 
ye with caves and caverns, they are host to some truly 
remarkable gatherings of marine animals. 
i ecaupicthcteiah ESSENTIAL INFORMATION 
The Poor Knights Islands consist of 


stark voleanic rock pockmarked with WATER TEMPERATURE 59~75°F (15-24) 
cverhangs, ridges, caves, and arches. a 


ECOSYSTEM Temperate reef 
The dramatic topography of the islands 


WHEN TO VISIT Year-round diving, but 


evokes their bloody history, as they were 
cd ‘any season runs from July to October 


the ste of a terrible Maori massacre in 
1820, causing them to be declared lapu | MUSTSEES Gatherings of southern 
((orbidden) in Maori law: No one has stingrays; Blue Mao Mao Arch; bronze 
set foot on the islands sine, and this, \winaler sharks on deep ridges. 
combined with matine park status since 

1977, has created a wonderflly pristine WEALTH OF MARINE LIFE 


environment both above and below the ‘There are apprrsimately 120 fish species 
waves, which has drawn divers to this around the Poor Knights, but i isthe 
site from all over the world. Boats run sheer numbers of fish present that are 

to the islands from nearby Whangerai. the main attraction, Vast shoals of 


species sch as blue mao mito inbabit 
the overhangs and caverns around the 
ish 


REMOTE LOCATION 
The islands are only accessible by boat, 50 visits 
Involve a shart vayage aboard one of the many 

Alive charter boats based onthe mainland in an extraordinary diversity of 


is, while the stark reefs are coated 


enctusting organisms, with brightly 
colored sponges jostling for position with 
sea squirts and bryozoans. Thick carpets 
of Kelp provide perfect hunting grounds 
for brightly colored wrasse species, 
scorpion fish 

of moray eels. In March, the dark 


1d several dllerent types 


waters under the Southern Atch host 
bge mating congre 
tailed southern stingrays. As well as this 
spectacular annual gathering, there is 
also a resident population of bronze 
Whaler sharks, and regular transient 
vistors including orcas, dolphins, and 
several whale species. 

Jacques Consteat was so impressed 
when he visited the Poor Knights in the 
1960s that he described the islands as 
the finest temperate 

arth, and one of the top ten overall 
The range of dive sites and sheer 
abundance of matine life provide 
‘compelling argument that this applies 
as much today asi did then. This isan 


ions of short- 


essential clive sit i visting New Zealand. 


cater clive destination 
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‘opp one our 
‘lane wrasse swims a the center ofa switing 
‘shoal of be mao mao, The Poor Knights [lands 
ar famous for thei abundance of fish ite 


EXPLORING CAVERNS 


‘The marine ile ofthe Poor Knights 
Islands teems amid dramatic underwater 
caves and arches, including the largest 
sea cave in the world Rikorika Cave, 
Visiting divers should cany flashlights, 
‘including atliable backup, and ensure 
that basic cavern safety ules are 
followed (see pp.186~87) 


‘Adve explores a sen cave 
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Wreck of the Rainbow Warrior 


CAVALLI ISLANDS, NEW ZEALAND 


cl 


‘TRAGIC FATE 
‘The conservation vessel Rainn Warrior 
‘was moored in Auckland harbor on 

the night of July 10, 1985. Shortly 
before midnight, twa explosions 

ipped through it, killing the vessel's 
photographer, Fernando Pereiro, This 
senseless act of terrorism was traced 

to the French Seeret Service, leading to 
international condemnatinn and lengthy. 
jl sentences for the two agents who 
planted the explosives, 


PEACEFUL RELOCATION 
“The Rainhrw Warrior wreck remained in 
Auckland for many months, before being 
refloated ancl towed farther north 10 
the Cavalli Islands, a beautifal marine 
sanctuary granted sacred status in Maori 
lay: Here it was sunk as an artificial reef, 
and has become a popular clive st 

‘The Rainbow Warrior isa small vessel 
and so can easily be covered in a single 
dive, It sits almost upright on the 
bottom, and its superstructure rises to 
‘within 90 f (15 m) of the surface, with 
the scabed below at 25 f (26 m). ts bow 


ESSENTIAL INFORMATION E 


ECOSYSTEM Temperate 


‘WHEN TO VISTF Year-round, but 
September to Aprils best 


[MUSTSEES Scorpionfish; the prow; the 
Rainbow Warrior Memorial; the ship's 


propeller and ster. 


Perhaps no other shipwreck on Earth has the 
poignancy of the Rainbow Warrior. Sunk in an act 
of international espionage that shocked the world, 
it now lies off the Cavalli Islands, in one of the 
‘most beautiful regions of New Zealand. 


FINAL RESTING PLACE. 
A cver surveys the wreckage ofthe former 
Greenpeace vessel Rainbow Warrior, which was 
‘badly damaged by a violent at of sabotage. 


section is stil largely intact, creating the 
illusion that itis sang across the white 
sanels of the seafloor beneath its bul, 


REFUGE FOR MARINE LIFE. 
“The Roinbucw Warriors bul is covered 

in a mulkicolored carpet of jewel 
anemones, and the vibrancy of color 
‘on display here ie remarkable, Its 
superstructure is now a home for 
scorpionfish, blue cod, and shoals of 
golden snapper, plus kingfish, and the 
dlstinctively shaped John Dory It seems 
fining that this former conservation 
vessel now serves as a home for so 
‘many fascinating marine speries. 
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Wreck of the Mikhail Lermentov 


ARLBOROUGH SOUND, NEW 


ALAND 


The gloomy passageways and silty spaces of the 


teria  Mibiail Lrmentos are rmite witnesses to one of the 
analog great mysteries of modern sea travel. Sunk under 
ve cold waters of Marlborough Sound, New Zealand, 
ENIGMATIC WRECK. ESSENTIAL INFORMATION 
Te 20,000-on Russian ers ner 


Mikhail Lermento ws driver ard onto | WATER TEMPERATURE §7~72°F (x4-22°Q) 
-d local pilot eee 
February 16, 1986. It was a clear, calm 
day; and theories abound as tothe factor 
behind the sinking bribes, alcohol, and 
espionage have all been blamed at one MUSTSEES Bridge; swimming pool 


time or another, The mystery remains stem; ballroom, provided you have the 
right gear and level af experience. 


rocks by ant experie 


3 ECOSYSTEM Temperate 


WHEN TOWISIT Year-round, but 
September to Aprilis best. 


to this day but the wreck represents a 
tremendous diving experience, althoigh 
perhaps not ane forthe faint-hearted. 


DIVING THE LERMENTOV 
Ie lies on its starboard side in 121 
(87 m) of water, although the sheer size 
fof the vessel means that its port side ca 
be reached at only 66 ft (20 m}. Dives 
fm its external superstructure are 
recommended, with highlights 
including the magnificent bow, 
the bridge, and the ster. 

For the more adventurous 

there isthe famous ballroom, 
although this dive should 

only be under 
with appropriate training 
and equipment (oj 1665 
72), Marine lil 

includes seorpiontish, conger 
ely and bhue cod 

ually pds of orcas 
bunt in the Sound itseld 


en by those 


in the wreck 


SERIOUS ADVENTURE 
‘Adiver explores in conditions of 
reduced visibly, often encountered 
‘on the ith ermentov. The wreck 
les in deep coastal waters 
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Oceania 


The beanty of the estimated 20,000 islands that make v 
is unmatched anywhere else on Earth, The region holds tremendous 
lent enough to venture off the 


Oceania 


riches, particularly for those conf 
beaten track to visit the more far-fhing islands and reefs 


WRECK DIVING IN PARADISE UNDERWATER WONDERS 
Oceania isthe collective name for the The cral gardens of Micronesia, amang 
‘he healthiest onthe planet, ae hometo 


‘ancl of the Pacific, generally considered ie sqvish, wrasse angelish aed es 


synomymons wth the Sth Sea lands 
of Melasesi, Micronesia, ed Poyesa 
The eon i eypied by tranquil beaches f, 
with gerite sme and sng pals 


and, below water, perfil and intense 
diving experiences, Some of the world’ 
most diverse refs are in Micronesia, and 
the Bierce fighting that raged through 
much of the region daring World War IL 
bas created some impressive wreck sites 
Truk Lagoon in Micronesia with 
its array of sunken Japanese ships, was 
Viewed by many as the finest of all wreek 
diving locations until the establishment 
of a dive operation on Bikini Atoll in the 
Marshall Iskusels i 1996, From Bikini 
‘Atoll, divers can explote the remains of 
the leet of ships sunk during the testing, 
of hydrogen bombs by the US from 1946, 
Palau has many magnificent dive 
sites, including Blue Corner, a coral 
ridge that juts out inta the acean and 


= 


‘VOLCANIC CREATION 


any f the worl’s tolls re located in the 
Pace Ocean, These ate crested asa coral ref 
bulls up around a subsiding voleanc stand, 


4 Anew type of high field superconducting magnet from Oxford 
Instruments has enabled physicists the Univesity of Nottingham 
tobalance che fore of gravity and levitate heavy and dense materials 
such as lead, gold and diamonds, The patented Minimum Condensed 
Volume™ (MCV™) Cryofree™ superconducting magnet, 
developed and manufactured by Oxford Instruments ia 
collaboration with the University of Nottingham, is the first of its 
kind in the wodd. Unlike conventional superconclucting magnets, 
the MCV magnet never needs to be refilled with liquid helium and 
yet can generatea field aver 300,000 times stionger than the Earth’ 
magnetic field, MCV has a very small footprine and, operating at 
42 K with a room temperature bore, can generate highly stable 
magnetic fields up to 16 Tesla, 


} Polish inventor Zygmunt Orlowski called attention of the 
Scientific society to his pepetual motion machine METOZ, schich 
sccosling to the author after further improvement will be able to 
extract energy ftom the earth genitation 


hgp//wowinetspl/~metozor/perpetwal motion. machine htm 


} Iris necessayyto change behavior of peoplein order to decrease 
environmental damage. This was the message of “Green Week: 
2003” which took place since June 2 through June 5 in Brussels 


“The conference’s key issues were three aspects of United Europe 
environmental polig: sustainable production and consumption, 
renewable energy and water supply 


Green Week isthe first environmental forum of such a scale. Three 
thousand participants from all over the world represented 


New Energy Technologies, Issue #3 May - June 2003 


governments and funds, industry and mass media. The exhibition 
‘omanized in the framework of Green Week included 62 displays 
from 14 European countries and were dedicated to the newest 
cavironmental technologies and projects. During the Green Week 
26 conferences and seminars took place, as well as a great number 
of press conferences and actions for young people. 


} British reseatchers (Ganiner Watts compar) believe that 
they have made a groundbreaking aclentfic discovery after 
apparently managing to “cxate” energy from hydrogen atoms, 


“The device represents “thermal energy cell” whidh appears to 
paxluce hundreds of times more energy than thse put into it, IF 
the findings are corseet and can be reproduced on a commercial 
scale the thermal energy cell could become feature of every home, 
heating water for a fraction of the cost and cutting fuel bills by at 
least 90 per cen. 


ee 


hup:/ /wwwtelegraph.co.uk 
} Gravity Conversion Rotary Device 
“The below igure is from 


hup:/ /www:.theverylastpageoftheintemet.com/newclaims/ 
Gravity Motor/gravity_motorhtm 


Does it really work? 
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OCEANIA 


ind 
wall 
Jellyfish 


to sting. The nearby island of Yap bos 
‘of the finest sites for manta ray 
of the 
1 in Micronesia, yet 


i wniveapTONAL ISLAND LIFE 
ns ds ofler the possibilty of 
ing cultural encounters and more 
ving experiences. 
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Palau 


MICRONESIA, SOUTH PACIFIC, 


eK 
Nos, 
‘ood 


‘AWORLD OF VARIETY 
One of the great draws of Palau is the 
vast range of diving available. Like other 
island groups in Micronesia, it has 
colorful refs cruised by large predators 
and impressive oceanic species. What 
tives Palau the edge over other sites in 
the region is that the geology and recent 
history of the islands have combined to 
create a diver’ paradise, Caves and 


caverns honeycomb walls and reels 
throughout the island chain; and fierce 
battles between American and Japanese 
forces during World War If mean that 
aircraft and shipwrecks abound, 

Palau also has a number of rare 
natural phenomena, the most famous 
boeing Jellyfish Lake, This is a large 
volcanic crate filled with brackish water 
containing the pulsating Forms of over 
20 million mastigia jellyfish. To snorkel 
there i a surreal experience 


RELICS OF CONFLICT 


In addition to the great natural diversity on 
‘show at Palau, there are many fascinating 
relies from World War 

‘ne ofthe best shipwrecks fom that 
‘eras that ofthe Japanese flet tanker Io 
‘Ata ft (45 m) in length, the lois large 
and exceptionally well preserved. ilies in 


‘moderate depths ina lagoon near the 
central town of Korot. Visiting divers 
should also see the wreck ofthe chi 
13a (Codename “Jake") seaplane. 
Discovered a decade age, this wonderfully 
Intact alrraft lis in shallow water, and is 
an easy dve with many layers of interest. 


‘The wreck ofthe Jake" seaplane 


Divers constantly argue about what they consider 
to be the ultimate dive destination, but Palau 

will alvays be a strong contender. Consisting of 
307 scattered islands, Palau has it all 
caves, and some of the busiest coral reefs on 


wrecks 


arth. 


DIVING PALAU 
Perhaps the most famous of all dive sites 
in Pala is Blue Corner Juting into deep 
water at the western edge of the island 
chain, this site has it alk: sisting schools 
of barracuda, patrolling sharks, elegant 
cagle rays, and bustling Napoleon wrasse 
Close to Blue Corner is another highlight, 
showing off Palan's renowned cavern 
diving the Blue Holes, Here, divers 
center a vast chamber illuminated only by 
pillars of light streaming threnagh great 
gaps in the reef above, The Temple of 
‘Doom chamber, founel at the rear of the 
Blue Holes, is a more serious dive that 


requires considerable experience and skill 
“The floor here is litered with the shells of 
sea turtles that were unable to find their 
‘way out of the chamber and perished. 

aidelier Cave in Malakal Harbor is 
more sedate alternative for those wishing 
to explore an easy cave system, 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 


ECOSYSTEM Tropical 


WHEN TOviSiT 


Yap 


CAROLINE ISLANDS, NORTH PACIFIC 
A remote island paradise, Yap has become a magnet 
for divers seeking close encounters with manta rays. 
However, there is a great deal more to this tiny 
Micronesian island, with plenty of sharks on patrol, 
including gray, white-tip, and black+tip reef species. 


PACIFIC IDYLL 


With is lst mangroves and rolling green 
hills, Yap Hos in clear waters that abound [WATER TEMPERATURE Around 83°F 
sith una and dophins. thas ane of | (@8°0 yearround 

Micronesia’s most vibrant indigenous | OSYSTEM Topical 

cultures, and retains « genuinely remote 

‘land fel in all aspeets of daly ie. 


WHEN TO VISIT Year-round, but 
December to Api is best 


(MEETINGS WITH MANTAS MUSTSEES Manta rays visting leaning 
‘Thcteal ucts hate lie stations; shark dives; Yap Caverns 


beneath the waves. Vap is one of the 


very few dive destinatians on Earth nibbling them off Divers erouch by 
Where encounters with manta rays are the stations—normally islated coral 
‘quaranteed. Two shallow tidal channels headland await the arrival of the star 
cut through the islands, and itis here attraction, Manta rays ean grow to more 
that the mantas gather at cleaning, ‘than 2,200 th (1,000 ky) in weight, and 


stations that dot the sandy’ sea floor. At their wingspan can sometimes exceed 
these sites, divers can observe the activity 20 (6m) from tp to tip. 
of sialler fi called remoras, which use 
suckers to attach themselves to the rays PROTECTED ENVIRONMENT 
and remove irvtating parasites by Other dives in Yap should not be 
‘overlooked —there is some tremendous 
shark aetion here, and the reefs are in 
pristine condition due to a stritly- 
adhered-to agreement to use traditional 
fishing techniques. Such forward-thinking 
legislation is of great benefit to both 
marine lie and visiting divers, and is 
aan admirable example of responsible 
stewardship of the seas, Nearly 80 percent 
of the reels around Yap remain uncdived 
due to local conservation by-laws, 
although the remaining 20 percent are 
well worth exploring. 


on THE WING 
Despite their impressive and imposing size, 
manta rays ae a docile species that feed on 
‘microscope plankton if 
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Bikini Atoll 


MARSHALL ISLANDS, CENTRAL PACIFIC 


- Bikini Atoll vies with Truk Lagoon to be the finest 
4 isote | wreck diving location on Earth. This tiny collection 
i See of coral islands and lagoons is the site of 

wun {iw spectacular and dramatic wrecks, with a truly 

extraordinary story behind their sinking. 
OME TESTSITE, ESSENTIAL INFORMATION 
‘As World War I ended and the Cold 


y 
the northern endl of the Marshall Iskands 


w began, the US chose a tiny atoll at 


to conduct a massive program of nuclear 
weapons testing, Ships of varying size, 
nationality, and vintage made up the 84 
vesels of a dummy fleet, the vast 
majority of which were sunk in tests 
running from 1946 to 1958, Included 


in the fleet was the US aircraft cartier 
Saratoga 
the largest shipwreck accessible to divers 
anywhere on Earth Alo at Bikinis the 
Nagata, the Hagship of the Japanese lect, 
nd the first warship in the world to be 


‘weighing 38,000 tons and now 


armed with IG-inch guns, The last active 


GHOSTS FROM THE PAST 
‘The wreckage ofa naval ara destroyed 
during US nuclear bam ests nse at Bikini 
‘toll Residual radiation has since dropped to 
negligible levels at this dive sit 


WATER TEMPERATURE Around 84°F 
(29°0) year-round, 


ECOSYSTEM Tropical 
(WHEN TOVISIT Best time to vist is 
‘between April and September. 


MUSTSEES The US carer Saratoga; 
Japanese batleship Nagato, 


Japanese battleship, the Nagata saw 
action as late as July 1945, when it was 
attacked by US torpedo bombers, 

The ships lie in deep water, with 
depths averaging 160-180 fe (50-5 
Tout with 1,500 or so fish species swarming 
cover the stunning remains, the rewards 
are well worth it For elivers with sullicient 


training and experience, No dive site can 


cller a more dramatic insight into history 
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Bora Bora 


SOCIETY ISLANDS, SOUTH PACIFIC 


Renowned as one of the most beautiful islands in 


ae the Pacific, Bora Bora is a huge lagoon dominated 
tomes | by an island at its center. The lagoon and the 
seat surrounding reef provide a dazzling array of dives 
MENS against the stunning backdrop of volcanic peaks, 
Torso pat ie Sty time, 


and is located! 170 miles (274 kan WATER TEMPERATURE 79-B4°F (26-29°C) 
northwest of ‘Tabiti, An atoll of sparlding | >See pocgq 
beauty that has long entranced writers | <= 
and artists alike, the main isan is only | WHENTO VISIT Thanks to its balmy 

climate, diving in Bara Bora can be 
enjoyed year-round. 


ECOSYSTEM Tropical 


5 miles (10 km) long, and sits atthe heart 
of a lagoon three times its size. The reef 
around the lagoon has only one navigable | MUSTSEES Manta ray encounters at 
channel, which i ersserossed by smaller | A” shark cves at Tupi 


channels and gullies, most of which 


provide excellent dive sites, 500 diferent species, although the 
real number is almost certainly higher, 
[ABUNDANCE OF LIFE Larger animals encountered on the 
Bora Bara’s lagoon and surrounding outer reef and in the cuts in the atoll 
reefs are home to a huge variety of walls are gray reef sharks, white-tip reef 
fish—a recent survey documented sharks, groups of black-tip reef sharks, 


Jeman sharks, and sibertips. Numerous 
species of rays can be encountered in 
the central lagoon, including the groups 


ANATOMY OF AN ISLAND 
Bora Bara is dominated by the jagged remains 
tf yoleana, and encircled by a great lagoon, 
This remote atolls widely considered tobe one of ata rays for which the site has 
ofthe most beautiful spots an Earth become justifiably famous 
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Wreck of the President Coolidge 


VANUATU, SOUTH PACIFI 


wage) A relic of an elegant age of sea travel, the President 


Sci Coogi a strong candidate for the most exciting 
susie wreck now accessible to recreational divers. Perched 
om a reef in Vanuatu, it hides one of the most 
famous icons in diving in its dark interior, 
Lease ria ESSENTIALINFORMATION | 


The Preside Coolidge sank on October 26, 
1942 while carrying 4,800 American WATER TEMPERATURE 75~B2°F (24~28" 
troops tothe Pacific during World War I | cogvstaa opial 


Ik struck ating mines, lid by “fiendly 
forces in the area, and when it became | WHENTOMISIT There is year-round 
diving on the wreck. 


ECOSYSTEM Tropical 


the nearby harbor of Lugatwille, the | MUSPSEES The Ladys the swimming 

captain ache the huge vesel an a |_B00 abby mosaic; the promenade 

beg deck lampfish ive 

stern submerged in 236 f 

water, although the how les at a depth CASUALTY OF CONALCT 

Dt just 49 (15 mn) The President Coldge an aground at Vanuats 
ing Wot War Te weeks stil led with 

‘omocing eles tom that er. 


ar the ship would not make it into 


it remains today, with its 


DIVING THE COOLIDGE 
The wreck is accessed directly 
fiom the shore. Within ite bull 
is a network of passageways and 
‘enormous holes containing the 
paraphernalia associated with 
equipping an army for war 
Although converted for duty a 
a troop ship, there are sill racer 
of its time as one of the world's 
most suarious ocean Tiers 

An essential stop for any diver 
Visiting this magnificent wreck is 
the statue of the Lady in one of 
the first-class dining rooms, This 
‘once stood on the mantelpiece 
of the smoking ri 
small earthquake dislodged it 
fiom its perch, andi was hater 
moved farther up the wreck, 
Other highlights include the 
promenade deck and a beautifl 


a, but a 


mosaic nce the 


centerpiece of a gracious lobby 
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Truk Lagoon 


CAROLINE ISLANDS, NORTH PACIFIC 


© tctaoon 
ioe 
y= 
wirwess To war 
Tk Tage role baila 
sis 0 des (3 sce ged 
Dy 10 es 25 kn of re and a 
coral and, forming one of he laget 
natural arbor of ts ype on Ear 
The prwenee of 13 lager anh he 
ce the ago mae ea be 
fr may operation fit ton 
the pn peal Sy et 
tome ava wane far 
tiaras aa ascot ib 


in the latter stages of World War Il, 
in realness for further deployment, 


Tks deep, with the 
majority ofthe wrecks lying in depths of 
100 ft (30m) or more. Local operators 
are, however, well setup to cope with 
deep air diving, and have established 
effective dlls and techniques to cope 
with repeated deep dives. Nonetheless, 
‘certain level of qualifications and 
‘experience is advisable belore diving 
the fascinating wrecks of Tuk Lagoon 
Contact local operators for details. 


Mating life at Tak 


Regarded by many as the finest of all wreck sites, 
‘Truk Lagoon is the resting place for an eclectic mix 
of Japanese vessels sunk in a 
aircraft in 194, With many wrecks still in good 

condition, Truk Lagoon offers unforgettable diving. 


gle raid by American 


WATER TEMPERATURE 84°F (29°C) 


ECOSYSTEM Tropical 


WHEN TOWISIT Year-round diving, but 
rainy season fram july to October. 


MUSTSEES The wrecks of the Fujikawa 
‘Maru, Shinkoku Maru, San Francisco 
‘Maru, and the “Betty” bomber aircraft. 


Such an assembly af enemy vessels 
proved irresistible to American forces, 
‘which carried out a daring raiel on 
February 17-18, 1944, launching 

150 aircraft from nine aircraft carriers 
beyond the horizon. The raid was a 
complete success, with aver 60 Japanese 
vetels sunk in a savage 4 hours. 


‘SECRET SITES 
“The “ghost flet” of Japanese ships lies 
fon the seabed in Truk Lagoon, although 
‘nly 38 of them have been charted. The 
others have been left unmarked for Fear 
of looting and illegal diving (eo dive the 
wrecks in Truk, a local guide is a legal 
‘and practical necessity). Highlights 
include the Fiikawa Mara, complete with 
“evo fighter sincraf still in its bolls, ane 
the San Francisco Man—a huge fighter 
with an array of cargo including two 
tanks on its deck, so outstanding i is 
Jknown as the “Millon Dollar Wreck.” 


RELICS FROM THE PAST 
A diver hovers over the ghostly remains of 

Japanese sip sunkat Truk Lagoon Alreraft nd 
submarines aso fl victim to aerial attack hee 
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Fiji 


SOUTH PACIFIC 


7 age) Simply hearing the name “ij 
= 28 of an exquisite tropical paradise. With 800 islands 


ws) File sprawling over 80,000 sq miles (207,000 sq km) of 
ocean, the reality is just as exciting, Fiji offers a 


eWzEALaKo 


i” summons up images 


wealth of different experiences for the diver. 


IDYLLIC ISLANDS 
Perhaps one of the most notable 
Features of Fifi forthe visiting 
dlver is that only 12 percent 

ff the ilands in the 

archipelago are inhabited 

and 75 percent of the entire 
population lives on jst one isan, 
Viti Levu, Fi truly fers a wealth of 
diferent diving opportunities around 
a huge variety of reefs, channels, and 
islands, Coral reels cover a staggering REEF RESIDENT. 
5,000 sq miles (15,540 sq kam they ‘Sharks of many species, including gray 
inchide atleast 398 species of coral and "etatri, patil he ofcara ets 
are home to aver 1,200 species of fish 


"There are also many spectacular fish 
UNDERSEA GARDENS species in Fijian waters. For the dill- 
Fijis particularly famous for its beautiful secker, there is plenty of large-animal 
solt-coral gardens, the most renoysned off action, The best-known shark dive here 
Which isthe White Wallin the Somosomo i known as “Aqua Trek 3-D” after the 
Strat, The region's rich waters mean that operator that nuns it, and olfers the 


Siler-eeding invertebrates thrive in the opportunity to see up to seven species 
coral lagoons. Sea fans, whip corals, and of sharks om a single dive, including ball, 
a mriad of other species vie for space black-tip reef, white-tip, and lemon 

fn the brilliantly colored reef wall sharks. The dive is one of 100 recognized 


dive sites in Beqa Lagoon —an 
indication of the sheer variety of diving 
in this beautiful tropical archipelago, 
Happily, the area has been designated 
a Marine Park andl enjoys protection 
from overfishing; the small fees asked 
of divers who experience is underwater 
environment are used to help find 
conservation measures, Such 
carefil stewardship ensures 
that Fi’ diving will 
remain outstanding for 


WATER TEMPERATURE 79~88°F(26-3:°C) 


ECOSYSTEM Tropical 


‘WHEN TO VIS Yearfound, but the 

best time to visit Fis between 

Apriland November. 

MUSTSEES Somosome Straight 

and the White Wall; Bega 

Lagaon Nangora Pass 
‘Anemone 


ua 


‘eat 
ICE CONTROVERS 


Dance CONMOVEN 


‘Tim Ventura, USA 


Email: eventura6@autbi.com 
hutp:/ /wwwamericanantigravity.com, 
hhep:/ /wwwamericanantigeavity.com/marcushtml 


Editorial: This overview is devoted to the fantastical device created by inventor Marcus Hollingshead that 
encountered more than its share of publicity and controversy between November 2002 and March 2003. 
You can participate in discussion on aggroup@yahoogroups.com. 


‘The problem with Marcus has been that he was 
pressured by too many people to produce too fast results. 

I started talking to him in November, and he is always 
sounded like an honest, rational man with a good heart 

‘The problem is that once people started to hear his 
private claims that he could lift something like 2 tons of 
weight, things kind of went south, 


While people in general have been very well-meaning, 
they are desperate to solve many of our current energy- 
problems, and when Marcus appeared with a potential 
solution it got out of control. Pretty soon film crews 
were showing up at his house unannounced, and he was, 
getting unwanted phone calls from people who had 
looked up his number online. 


In my opinion, itis really a problem of a “social dynamic” 
at work here — too many people, with too much access, 
all at once. This also correlates to the type of person 
that different people are, For instance, I am a very open. 
person, and I really do not value my privacy a heck of a 
lot — therefore, when TV crews drop by with 5 minutes 
notice (and they have), I tend to just let them in for a 
demo, However, Marcus, who is mach more of a private 


person, seems to have become a bit overwhelmed at 
this proposition. 

Also, keep in mind that I had initiated working with the 
media because I felt that it was time for the excellent 
work in the Lifters groups to sce the light of day. There 
was some debate about this, but the Lifters group as a 
whole has greatly benefited from being about to tell 
people about this new technology: 


Marcus had not actually “gone public” about his work 
He had leaked information about his research to a few 
people, and from there it was leaked to several others, 
who in turn told their friends about it. Unlike the Lifter 
technology, which has hundreds of people that can talk 
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about how it works and where it came from, Marcus 
technology was represented solely by himself. ‘That 
means that everything surrounding his device came back 
ultimately to him alone. Without any real group 
ownership of the expertise behind the device 


As I said before, Marcus was new to the publicity, and 
did not have time to prepare the resources that the rest 
of us have had to answer questions, provide demo 
materials, etc. Naudin and Saviour have a masterful 
manner with regard to teaching people about Lifter 
technology, but they have had years to prepare this, 
information and perfect a method of presenting it to 
people. 


Most of us in the AG groups tend to proselytize for the 
technologies that we believe in. I know that I do, and if 
you haunt the newsgroups much you will notice that 
everybody there believes in something and can go on 


for months non-stop telling the world about it (again, 1 
do this). Marcus, however, does not really have this 
personality — he is more of a “take it or leave it” type 
of person. 


For me, this was another indicator that he was the “real 
deal”. You have to understand that I have never seen 
working prototype picture 
all that I had to go on was the feeling that I got from 
interacting with him on the phone and online. The fact 
that he did not try to “sell me” on the idea was a big 
plus. He told me about the device, and his story was, 
always consistent. The other people that he talked to 
also had a consistent story ~I have not talked to anybody 
and heard a different version than I heard from Marcus 


of the Marcus device, and 


himself Thatis a big plus from the credibility perspective. 


Marcus initial goal (from when I started talking to him 
in November) was to gradually ease into working with 
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Tonga 


FRIENDLY ISLANDS, SOUTH PACIFIC 


(2H Tonga is a dramatic chain of volcanic islands to the 
© cast of Fiji. The grandeur of its scenery is matched 
“sm Tonge by one of the most amazing encounters with a 
{marine mammal that a diver can have anywhere 
SEN7ENN® on Earth—snorkeling with humpback whales. 
PACIFIC OUTPOST 


Diving in Tonga is based mainly in the 
central island group of Haapa, and 

jn Vava'u farther to the north, Port of 
Refuge in Vava'u, which for many 

divers ie their first experience of Tongan 
diving, contains a particularly fine wreck 
in the form of the Clon McWilliam, 

a lange merchant vessel sunk in the 19208, 


STAR SITES 
Other sites of note in the region are 
Taangasika Island, the location of an 
exciting cavern called Mariners Cave, 
and the steep walls of Hunga Magic 
an undersea peninsula jutting into the 
blue water from Hunga island. Tonga’s 


ANNUALMIGRATION 
‘Ahumpback whale raises its massive flukes 
above the surface. Large numbers of this 

‘magnificent animal pass by Tonga each yea. 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 72~B6?F 22-30") 
ECOSYSTEM Tropical 


{WHEN TOWISIT July to October for 
‘humpback whales; avoid typhoon 
season from November to Apri 
‘MUSTSEES Humpback whales; Hunga 
Magic; Mariners Caves Clan McWillam. 

fame in the diving world is, however, 

biased on encounters with haumphack 

‘whales. From July through to October, 

around 700 humpbacks move into 

warm waters around the iland group, 

Although local conservation groups do 

not allow scuba diving with the whales 

(to minimize disturbance to them, 


snorkeling alongside these amazing 
mammals isa unique experience 


The Americas 


As befits a landmass that spans virtually all latitudes of the globe, 
the Americas boasts a staggering range of dive sites. Great ocean 
currents beset both North and South America, combining with local 
conditions to create something for divers of every level of expertise. 


COASTAL DIVIDE reef diving of the 
‘The coasts of the highest quality, and are 
North American popilar as a training 
continent offer very ground for thousands 
diferent, but equally of divers who try the 
thiling, diving sport while on vacation, 
environments, To the The Caribbean 
West, you can enjoy offers clastic coral reef 
magnificent wild diving living, With its well- 


inthe fords of Alaska EASY EXPLORED developed diving 

and British Colombia, The supet visibility and calm, warm infrastructure, it has 
waters ofthe Caribbean provide 

idea conditions fr ree diving, 


explore vast kelp forests 
off the California 

coast, and experience glorious south, in Central America, is the Belize 
encounters with humpback whales andl barrier reef the longest in the Northern 
whale sharks in the Gulf of California, Hemisphere. Of the coast of Venezucla 


Jong been a favorite 
dive destination. To the 


"The eastern coast features wrecks lies Bonaite, in the Dutch Antilles, a 
and raggedtooth sharks on the Outer beacon of marine conservation. Farther 
Banks olf North Carolina the region south sills the island of Fernando de 


where technical diving made its greatest Noronha olf Brazil, perhaps the finest 
leaps forward, The Florida Keys provide dive stein the whole of South America 


SEA SAFARI ENCHANTED FOREST 
ven snorkeling oversandbarsin the Cayman The tomering Kelp forests in the shallow waters 
Islands, western Caribbean, can brig you off california are among the most beautiful and 


facet face with fascinating marine animals, balogcall eh ofall marine habitats. 
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Florida Keys 


FLORIDA, UNITED STATES 


‘The Florida Keys are a string of coral and limestone 
iemie islands stretching 120 miles (193 km) into the Gulf of 
Gate Mexico, For many, this popular vacation destination 


Nese "wiamt represents a first introduction to diving, and there 


Foi Keys 


are dive sites of real quality and variety here. 


PROTECTED ECOSYSTEM ‘SUNKEN TREASURES 
The Florida Keys consist of 200 small The wreck of tugboat ying in clear blue water 
The Key ae famed for good underwater 


islands, the largest of which are Visibility and excellent areas for trining. 


e 42 bridges of US 
Highway 1, The importance of the followed, and the region now boasts 


connected by 


Florida Keys as a vibrant marine Ui protected areas, providing cower 
ecosystem was recognized as long ago as out to 3 miles (5 kim) beyonel the reel 
1960, with the John Pennecamp Coral 

Reef State Park established as the firs- UNDERSEA ATTRACTIONS 


ever marine park in the US. More The reef itself runs parallel to the island 
chain, roughly 5 miles (8 km) offthore 
ESSENTIAL INFORMATION As such, most of the diving here is fram. 


bboats, and there are many experienced 


[WATER TEMPERATURE 70-84 ( : 
‘operators. There are some excellent 


ECOSYSTEM Tropical wrecks, as well as classic spur and groove 


‘wien To vist Yearaund dvingsbar | Pet formations, with the outer reef 


hurricane season October to November, | inhabited by a diverse range of 
Caribbean species. The shallow inner 


MUSTSEES Molasses Reef, wreck ofthe | cor also hosts manatees, as well ax 


‘Adolphus Busch Sr: the Christof the 
Deep statue in Key Largo providing a nursery for smaller species 


and huge numbers of trainee livers. 
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Crystal River 


FLORIDA, UNITED STATES 
(Wak! The Crystal River in northwest Florida is parent to a 
Ser network of channels and tributaries snaking through 
Sekstabtber he swamps. What draws divers to the region is the 
$f. "Sguiam chance to swim with manatces—one of the great 
animal encounters in the underwater world, 
WEB OF WATERWAYS 
The Crystal River stems from «series of | ===e seu Oe i 


inland upwelling through porous rock 
creating a natural filtering system that 
results in some of the clearest water on 
Earth, What this mecting of rock and 
water also ereates is a honeycomb of 
caverns, caves, and tunnels, Althongh 
these are frequently occupied by huge 
catfish (a draw in themselves), the real 
attraction for the diver is the presence 
ff the West Indian manatee. 


GENTLE GIANTS 
These buge ancl placid animals 
measuring up to 14 f (3) Jong and 
weighing up to a ton and a half 
bbeen using the shallow pools and warm 
streams of the Crystal River to feed and 


have 


CLEAR ADVANTAGE 
The stunning larity ofthe water at Crystal River 
stems frm geological conitons inthe area 

Such waters are perfec for observing manatees. 


WATER TEMPERATURE 68-81°F (20-27%) 
ECOSYSTEM Freshwater 

WHEN TO VISIT Crystal River ean be 
Visited year-round, but fr snorkeling 
vith manatees, the best time is between 
the months of December and April 
MUSTSEES Devil's Den, King’s Cavern 


swimming with 
‘manatees. 


Amanatee 


Dbreed for thousands af years. Speedboats 
and habitat destruction have exacted 
terrible toll on the manatees, which 
are now on the endangered list, Diving, 
with the manatees isnot permitted, but 
nonetheless, snorkeling next to one of 


these huge animals in crystal-clear water 


is a tremendons experience, 


Little Bahamas Bank 


BAHAMAS, WESTERN ATLANTIC 


‘The Little Bahamas Bank would appear to be the 
most npromising of dive sites—a vast patch of 
featureless, shallow sand bank. One animal has, 
however, made this area irresistible to divers. 
Dolphin encounters here are uniquely memorable. 


SHALLOW SEA 
The Little Bahamas Bank lies between 
the idands of Grand Bahama and 

Great Abaco, two of the larger islands 
of the 700 that make up the Bahamas 
archipelago. The northern end of the 
bank lies 70 miles (113 km) east of the 
Florida coast, allowing access to the 
region from the mainland US as well 

as the Bahamas, The bank is relatively 
featureless, consisting of shallow white 
sand dotted with low-lying reefs and the 
‘ccasional wreck, Marine life is relatively 


ESSENTIAL INFORMATION 
WATER TEMPERATURE 75~82°F (2 


ECOSYSTEM Tropical 


WHEN TO VISIT Year round, but 
hurricanes may strike later in the yea 


IMUSTSEES Spotted dolphin snorkeling 
encounter the Bul Pit (shark dive); the 
Sugar Wreck. 


iu encounter 
Spotted dolphins have fequented the Lite 
‘Bahamas Bank for many years, and these 
Inquisitive animals reel interact with 
orkeler inthe shallow waters ofthe Bank 


sparse compared to ather regions in 
the Bahamas, although there isthe 

possibility 

‘enormous barracuela, several species of 
turtles, and a number of shark species. 


encounters with some 


‘STARS OF THE SEA 
Both bottlenose and spotted dolphins 
vist the bank, but it isthe guaranteed 
encounters with the latter that have 
sade the ste fumous. These wild pods 
of dolphins have been interacting with 
divers for 20 years, and now a booming 
industry has grown up around these 
‘wonderful animals. Although only 
snorkeling is permitted with the 
dolphins, divers who have the privilege 
to encounter them in these clea, shallow 
seas take away lifelong memories 


Bonaire 


THE AMERICAS an 


DUTCH ANTILLES 


TS), Gasnidouey| For conservationists, Bonaire is a beacon of hope in 


sone, 

‘ao 

ke ein 
a 


FORWARD THINKING 
Bonaire is the most eastern iland in the 
group that makes up the Dutch Antilles 
Tt has always demonstrated an enlightened 
autitude toward conservation, with 
protective las first passed in 1961 

(to protect turtles}, fallowed by a steady 


stream of alditional measures over 


subsequent years that eventually resulted 


ESSENTIAL INFORMATION 


(water TempeRaTuRe 77-84°F (25 
ECOSYSTEM Tropical 


WHEN TO VISIT There is year-round 
diving on Bonaire, but hurricane season 
begins in the later pat ofthe year 


IMUSTSEES Town Pier a Kalendily the 
wreck ofthe Hilma Hooker. 


the Caribbean. More than 40 


ears ago, the island's 


authorities realized that good reef management 
could promote tourism and boost the local economy: 
Bonaire is particularly noted for fine shore diving. 


in the establishment of a matine park 
that now encircles the island. This 
extends dawn to 200 & (601m) 


‘SANDY SHORES 
Bonaire offers a wealth of shore diving 
possibilities. Many divers simply turn up 
(on the idand, rent a car, and go exploring, 
The spontaneity of this kind of diving 
Jhas a charm all of its own. As well as 
splendidly pristine reefs, Bonaire also bas 
‘ova notable wrecks in the Hila Hooke, 

a freighter lying at 100 f (30 
‘Rod Slave. Diving under the Town Pier at 
Kralendijk, and Salt Pier (on the other 


and the 


side of the island), is also very rewarding. 


Lessunety PACE 
Diversjoina turtle ina tour 
‘ver the lush refs of Bonaire's 
shallow coastal waters 
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Cayman Island 


VE 


Ss 


UTHERN 


ARIBBEAN 


The Caymans 


CLEAR WATERS 
The Cayman Islands have two key 

characterises that make them a clastic 
Jack any mountains or 
large rivers, and the limestone bedrock 


lve area: th 


absorbs water. Consequently, there is 
very litle sedimentary runoff from the 
land when it rains, which ensures that 
the visibility underwater is excellent 


ESSENTIAL INFORMATION 
[WATER TEMPERATURE 81-84°F (27-29°C) 
ECOSYSTEM Tropical 

WHEN TO VISIT Diving takes place inthe 


Caymans year round, although hurricane 
season stats late Inthe year 


-MUSFSEES Stingrays in North 
Sound; the mantas of 


Bloody Bay Wall, 


are three low-lying islands 150 miles 


(240 km) south of Cuba. Views of the islands above 
the water belie the riches that li 


beneath—steep 


-y shallow dive that 


ng the diving fraternity 


Added to this are steep walls, sandy 
lagoons, and 16 protected marine life 
reserves that ensure excellent diving 


REEFS AND RAYS. 
The underwater envionment i typified 
by shallow fringing reefs extending some 
‘way from shore, leading to busy reel erests 
aand steep drop-off, Large pelagics, such, 
as mantas, eagle rays, and several species 
of sharks, drift past walls characterized by 
healthy fish populations and rich coral 
and sponge growth. The Caymans are 
famous for one particular stingr 


ay Feeling, 
site in North Sound, Grand Cayman, 


where as many as 200 stingrays cluster 
around divers in the shallow 


Lose ENCOUNTER 
Stingrays gather tobe fed at 
North Soun, Contact wth them 
shuld always be anther terms, 
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Turks and Caicos 


BAHAMAS, NORTHERN CARIBBEAN 


‘These two tiny island groups at the southeastern 


ater 


vcs 


DIVE PARADISE 
The Turks and Caicos consist of two 
small clusters of islands om either side of 
the abyssal Turks Island Passage. Ta the 
west are the Caicos Islands, epitomized 
by shallow lagoons and gente slopes 

Ta the east, the smaller Turks Islands 
offer access to sinning drop-off only 

a short boat ride from shore although 
both sets of islands do have a range of 
dives within these broad categories, 
catering to the tentative beginner 
through to the hardened weteran, 


PROTECTED STATUS 
There are 33 pros 
‘Turks andl C: 

the first in the entire Caribbean to ban 
speatfishing, As sich, the marine life 
here is very impressive indeed, with 
healthy reefs dotted with huge sponges, 
and impressive pelagic activity in the 
form of dolphin encounters, gray reef, 
bull, and tiger sharks, as well as three 
resident species of turtles, In addition to 


ed arcas within the 


jas, and these islands were 


ESSENTIAL INFORMATION 
[WATER TEMPERATURE 81-86°F (27-30°) 
ECOSYSTEM Tropical 


(WHEN TO VISIT Visi the Turks and Caicos 
between November and August 
IMUSTSEES Humpback whale migration, 
dolphin encounter; Northwest Point 
dives: the Tunnel: 

Endymion wreck. 


Glan squinetish 


variety within a small area. 
lagoons to steep walls and strong currents, 
hig animal encounters always possible 


end of the Bahamas chain offer the diver true 
from safe, shallow 
with 


THRIVING REEFS 
A diver inspects growths of clara tube 
“ponges, which are acomman sight an the refs 
ofthe Turks and Caicos region. 


ako 
cinbeer 


these animals, large mgr 
create excitement. From De 


through to April, the entire humpback 
whale population of the Atlantic passes 
through Turks Island Passage 

For wreck fans, the remains of the 
Endymion —a British warship that ran 
aground in 1790) ‘nating 
slimpse into naval history. Cannonballs 
and other relics ean sill be found of the 


olfer a f 


seabed around the site, The wreck lies 
in shallow water 11 miles (30 km) 
south of Salt Gays the ste is 


readily accessible by boat, 
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Cuba 


WESTERN ATLANTIC 
It did not take long for Cuba’s developing dive 

industry to draw the attention of the international 
diving community. Certain classic sites have been 
well known for years, but Cuba’s vast and varied 
coastline has much more to offer traveling divers. 


GIANT COASTLINE 
Guba isa huge island 90 miles (155 kan) 
south of Florida, with 3,500 miles 
(5,630 kim) of coastline bordered by the 
Gulf of Mexico to the wes, the Atlantic 
to the north, and the Caribbean to the 
south, The scale of the island is such 

1h of the three reefs along the 
coast of Cuba exceeds the length of 

the entire Florida Keys 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 75~8:°F(24~27°Q) 


ECOSYSTEM Tropical 


\WaEN TO ISIT Diving continues year 
round in Cuba, but huricane season 


begins late inthe year 
that: és a 


MUSTSEES The Isle of Youth; bll shark 
dive at Santa Lucta; Cristobal wreck. 


MARINE DIVERSITY encounters tobe experienced here, 
A recent survey noted over 1,000 fish including some classic shark dives and 
species aroun Cuba tremendous large groups of tarpon, 


slversity for this part of the world 
There are alsa some excellent big-animal CLASSIC CUBAN DIVES 
(Guba bas an abundance of riches in 
terms of dive sites, and some consider 
the diving here to be the best in 
the world, Diving om the Ile of 
Youth i particularly popular, by 
Guardala 
Santiago de Cuba also offer 
excellent dives. The lst of these 
boasts particularly fine shore dive 
with the wreck of the Cristabal Colin, 


Santa Luck aca, and 


"This former Spanish warship was 
attacked by the US navy in 1898, 
luring a brief conflict beeween the 
two countries provoked by the 
sinking of « US ship in Havana 
Iharhor. The Crstbal Cain was run 
aground by ts commander, and is 
now a splendid historical dive ste 


SOFT oPTION 
Soft corals and sponges gow in profusion 
in Cuban waters, which enjoy unusually high 
versity in marin species. 


the public to tell them about the technologies he was 

working on. Unfortunately, I probably aggravated the 

issue a great deal, because his early descriptions of the 

technology might have gone unnoticed if it had not been 

for some of the things he had mentioned about his 
search, 


When I read Marcus’ firsts posts on the device, my very 
first thought about his daims was that they were bogus. 
Judging from the reaction of the Antigravity newsgroup, 
I gathered that a few other people also had the same 
initial reaction. ‘The reason might be a little selfish — 
after you hear claims but do not see results for a long, 
enough period of time, you tend to protect yourself 
emotionally by becoming skeptical to the idea that 
somebody can be lifting hundreds of pounds of weight 
using a completely new and revolutionary technology 


Nonetheless, something that Marcus had said resonated 
‘with me. I remember that he was talking about his results, 
being based on a study of the Earth's fields, which is 
something that I had read about myself during the 
college years. Telsa had done a lot of work involving, 
the Earth’ electrical and magnetic-fields, and I had 
always felt that this research might come in handy later 
as a potential basis for Antigravity research, However, I 
did not have any specific ideas, and began asking Marcus, 
questions offline to find out more about his research. 


In reality, I am nobody special, so I think that perhaps 
this would have happened in ai 
my reaction would have been. Certainly I am not the 
only person that took an early interest in his work, and 
from what I leamed later he had already been a little bit 
too honest in the BBC online newsgroup before he ever 
became involved with the Antigravity newsgroups. 


y event no matter what 


From January to mid-February Marcus became like 
somewhat of an addiction in the newsgroups. This was 
a strange phenomenon to watch, but if he did not answer 
questions in the newsgroups for even a day people 
started asking whether he had been kidnapped or the 
government had assassinated him. 


You have to understand that most inventors tend to 
segregate their time into “public” and “private”. I do, 
Naudin does, and everybody does this When you talk 
to the public about what you have built, you really get 
into it — but when you are actually working on it, you 
tend to hole up in the garage and put the enti world 
on “ignore” until you have finished with whatever it is 
that you are doing 
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Marcus wally started to get publicity in late November 
2002, and it built up over a few week period of time. By 
mid-December, he had a healthy following in the 
Antigravity newsgroup and people in the 5 or 10 other 
AG newsgroups were developing more than just a 
passing interest. Great stuff for Marcus —he had thought 
that he was the only person doing this research, and it 
turned out that lots of people shared this common 
est with him, We had lots of really valuable and 
productive exchanges 


Marcus bided his time working on the projects — he had 
initially stated that he could lift around 200 pounds of 
weight with his November version (prototype #161, if 
I remember correctly). He did not have a digital camera, 
and he did not want to publish photos until he had a 


better prototype anyways That was OK with me — Iam 
used to work with a variety of inventors and came to 
ody has their own 
style. I was content to wait until Marcus had additional 


realize a long time ago that ev 


data, and the only thing that I insisted upon was that 
sooner or later he ante-up and provide some 
photographic evidence. 


Despite lacking photos or video evidence, Marcus did 
have documentation. In fact, he wrote more 
documentation about his device than I had ever hoped 
to receive. He cranked out about the equivalent of 30- 
pages of “real” documentation in a very detailed form 
within I-month, and had the email equivalent of many 
mor pages in postings about haw the device worked 
online Marcus had already 
for about 2.5 months, 


een publishing details online 


Despite the incredible amount of published data that 
Marcus was able to complete, in some ways it made 
things worse for him than not having anything at all. 
“The reason was the nature of his research. My work, 
currently focused on Lifters, was in a technology that is, 
easy to explain = the device is built like this, it works like 


that, and it can be described in a manner similar to some 


other thing ... basic, easy to explain, and easy to compare, 


After all, Lifters have been accused by science of being 
., rebutting this claim 
gives us someplace to start — something to compare 


ion-wind devices If nothing els 


against to provide people with an idea about how the 
device works Additionally, we had tons of video and 
photographic evidence to back up our claims In Marcus 
case, the documentation that he provided made things 
worse because his technology is so utterly different. It 
is not ion-wind, nor the Biefeld-Brown effect, nor 
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Cenotes 


YUCATAN PENINSULA, MEXICO 


GEOLOGICAL WONDER. 
In Mexico's Vucatin Peninsula, the 


best dives are not atthe coast bat take 


place some distance inland, within the 
oneyeombed heart of the Earth itself 
The term “Cenotes” (rom the Mayan 
word fgmt refers to the entrances to the 
network of flooded passages and caverns 
that riddle this region, 

(Over 60 milion years ago, this 
entire region was beneath the sea 
creating rock strata of Himestone from 
compressed coral and marine organisms 
In the intervening period, this soft rock 


WATER TEMPERATURE 68~7°F (39-259) 


ECOSYSTEM Freshwater cave 


WHENTO VISIT The best time of year 
ta ve the Cenatesis between 
November and March 


[MUSTSEES Gran Cenote; Car Wash 
Cenote; caastal resorts nearby. 


A network of flooded caves filled with crystal-clear 
water, the Cenotes offer the novice a chance to dive 
caverns in relative safety. For the more intrepid, and 
appropriately trained, the honeycomb of tunnels and 
passages offers aclvanced exploration opportunities 


NER SPACE 
‘diver surveys the ect interior ofthe Cenotes 
cave network Though the system offers dificult 
technical challenges, it alsa has easier dives. 


has been shaped by rain and rivers, 
creating one of the finest eave andl 
cavern diving locations on Earth, 


DIVING THE CENOTES 
Although explorations are still ongoing 
in the Cenotes, many of the systems are 
accesible even for novice divers, with 


guides taking groups into vast caverns 
‘where an exit to the surface i always 
available if required. Sea diving at 
(Canciin and Cozumel is available nearby. 


A SAFETY UNE 
Special equipment 
helps ensure 

sale, enjoyable 
divingin 

cavers see 
pp.s86-87) 


(la 
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Belize Barrier Reef 


— Belize is a small Central American country that has 
Ean the good fortune to have a true natural marvel off 


rc is contin, The Belie Barrer Reef ithe longest 
ura. in the Northern Hemisphere, and offers a vast 


range of diving possibilities for all skill levels. 


SECLUDED COUNTRY 
Lelie covers a 
(00 sm) ad i 


inhabitants. The country is renowned f 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 77~82°F(25~2 


: : ECOSYSTEM Tropical 
its marine lif, and due to the 


various voluntary organizations and ity | WMENTOVISIT Diving in Belize takes 
place yearround, but the huriane 
Season begins around October. 


ernment, over 40 percent of Belize 


has been clasified as a nature reserve 


MUSTSEES Whale sharks at Gladden 
“ris ca ac RES Spit, Blue Hole, Shark Ray Ale. 


Belize also boasts a V 
Site the Belize 
for 174 miles (280 km) and ranging from a circular iland that surrounds a lagoon, 
‘9 aniles (14 kam) to 19 miles (30 ‘and is formed when coral tee 


ie Heritage 
Barrier Reef Extending along the length of the reef: An atoll is 


hore, the reef offersa huge variety arounel the perimeter of a c 


of divable sites to explore, Three 


fthe volcano. Linear sand and c 
four atolls in the Caribhean are founel knowin locally ax cayes also run 


along the length of the Barrier Reef 
and provide a base for much of the 
area's dive activity: OF these, Ambengris 
Gaye is the most popular location, 


DIVING HIGHLIGHTS 
Arounel 500 fish species swarm ener the 
reef including five llflerent species of 
butterfly fish. Some larger animal species 
can alsa be seen, including buge jewish 
and manta rays on the outer ref, ane 
stingrays and nurse sharks at Shark Ray 
Alley. There are also healthy populations 
of reef sharks, as well as manatees (it 
1.219) in the shallow inshore waters and 
estuaries of the country 

‘While the most famous stein Belize 
is undoubtedly the Blue Hole, the are 
great deal more to offer, with 
classic reef dives, magnificent spur 
and groove reef formations, and some 
notable seasonal gatherings of big 
animals. At Gladden Spit in the south 
of the country large numbers of whale 
sharks meet in feeding aggregations 
sduring the early part of the year. These 
huge ocean-going plankton-feeders grow 
to as mich as 60 fe (18 min length 


has 
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THE BLUE HOLE 


Perhaps the most famous stein Belize 
fs the Blue Hole. Famously explored by 
Cousteau in 1972, this vast cavern ies 
59 miles (Bo kn) ofthe east coast of 
Belize in the middle of Lighthouse Reef 
Its perfectly circular entrance measures 
‘some 985 t (300 m)in diameter, with the 
caver plunging toa depth of 410 ft 

{225 m) beneath, The resident population 
fof bul and lemon sharks inthe interior 
ff the Blue Hole san eerie sight for 
divers visiting the stalactite formations 
found 330 ft (om) Below the surface. 


| eri view ofthe flue Hote 


cece oF URE 
Whale sharks come to Balze to feed on the 
vast numbers of eggs generated by the mass 
Spawning of 2 number of ret fish species, 
sch as dog and cubera snapper, pring 
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Fernando de Noronha 


STERN ATLANTIC 


¥ Rising up from the wild waters of the Atlantic, 
250 miles (400 km) off the eastern coast of Brazil, 
is Fernando de Noronha. This tiny group of 
volcanic islands plays host to one of the largest 
resident pods of dolphins on Earth, 
[ATLANTIC TREASURE Ihave attracted divers who now travel 
The stark island group of Fernando de here fram around the world. Some 
Noronha was for many years. well-kept Hf species of sharks including nurse 
secret among the Brazilian diving sharks and gray reef sharks, cruise over 
fraternity The sea arounel the islands dark reges, and two turtles are 
plunges to depths of over 2,500 f commonly sighted one—the hawksbill 
(700 m), creating rich upwellings ane! actually breeds here. ‘The islands have 
siting currents been a World Heritage Site since 1981, 
4 welleleserved status for this exciting sit 
CLOSE ENCOUNTERS. 
Although the reels here are relatively ESSENTIAL INFORMATION, 


bare—only 95 fish species have een 


WATER TEMPERATURE 70~-79°F (23-26° 


recorded on them itis the big animal 
encounters that have made the ste ECOSYSTEM Subtropical 


famous, Stories of extraordinary qeEnTOWST Dingbestat 


interactions with the huge resident pods | Fernando de Noronha between 
of spinner dolphins around the iskands | September and March 

wi BEAUTY [MUSTSEES Spinner dolphins at Bala 
Green, nutventsch llantic waters break das Golfinhos; gray reef sharks at 
gaint the rocky shores of Fernando de Laje dos Bois dos. 


Noronha, a remote group of sands 
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Cocos and Malp 


elo 


EASTERN PACIFIC 


DOUBLE IDENTITY 
Although Cocos and Malpelo are 
generally referred ta in the same breath 
by divers, the 
250 miles (400 km) apart—Cocos off 
the coast of Costa Rica, and Malpelo 
off the coast af Colombia 


wo islands are actually 


MARINE SANCTUARY 
Rising from the deep waters of the 
Pacific in a series of serrated voleanie 
reels and craggy pinnacles, the two 
islands provide a fantastic opportunity 
to experience larger murine animals 
at close range. Schooling 
hammerhead, hunting whit 
tip reef sharks, patrolling 
silky and Galdpagos sharks 
are all vitally guaranteed, 
Spotted moray ecls are 
present in huge numbers, 
and itinerant visitors include 


Whale sharks, mantas, and a 
umber of billfish species, Both 
islands have a protected status 

is a World Heritage Site, and Malpelo a 
Colombian Flora ane Fauna Sanctuary. 


Cocos 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 63-75" ( 
ECOSYSTEM Subtropical 


{WHEN TO VISIT Conditions ae beat rom 
December to September, 


[MUSTSEES Hammerhead schools; 
‘potted marays in Malpelo: whitetip. 
reef sharks hunting py. 


Considered by many to be among the finest big 
animal dive sites on Earth, the two voleanic islands 
of Cocos and Malpelo sit several hundred miles 
from land amid the wild currents and big swells 

of the eastern Pacific ocean. 


MEETING PLACE 
Sharks of many species 
ongregatein numbers off Cacos 
Island, Use af rebreather (ef 
allows close approaches. 


‘TOUGH CONDITIONS: 
Diving on Cocos and Malpelo 
is demancling, wit big swells, swirling 
currents, occasional limited visibility and 
stark reef. The rewards for braving the 
challenging conditions, however, are 
‘immense, given the ample opportunities 
for big animal encounters. Some shark 
species, especially hammerhead, are 
naturally wary of divers, hut a careful 
approach can work wonders, Specialist 
cqipment can help, too 

(ser 42-25), which do nat create 
Tube 

‘unobtrusive approach and thus give 
the best chance far close encounters. 


rebreathers 


allow the diver to make an 


20 we MAGES 10 DIVE 


Roca Partida 


COLIMA STATE, MEXICO 


Ty ‘This stark volcanic pinnacle rises fom the depths of 
i the Pacific 200 miles (320 km) off the tip of the Baja 
lite) Peninsula. This is truly wild diving, with powerful 


see Maateee swells, big currents, and! large marine species at one 
of the most isolated dive sites in the world, 


sees tyne ESSENTIAL INFORMATION, 

TThe most remote outcrop of the i 

Archipelago of Revillagigedo a group WATERTEMPERATURE 66~77°F 19-25" 
of four islands), Roca Parti rises ZcOSVSTEN Eubliopleal 

starkly from the wild surface of the 

Pacific Ocean, ity rugged silhouette 
reflecting the characteristics of the 
reels beneath, Steep walle plunge into 
deep, dark water, with very Title lie 
encrusted on their barren surfaces, 


WHEN TOWISIT Roca Partida has good, 
yearround diving but cooler winter 
water is best for shark aliversty. 


IMUSTSEES Manta rays; sleeping white 
tip and silvertip sharks; black aks. 


BOUNTIFUL SEAS Which are among the best to be had 
The rich upwellings from deep water anywhere; these magnificent animals 
around Roca Partida provide plentifil almost seem to seck out clivers, res 
nutrients and oxygen for citcling fish in some extraordinary interactions 
shoals, including huge black jacks ane The reputation of Roca Partda is 


dense schools of barracuela. These in spreading, and i is rapidly becoming 
turn attract silky, whitest, siker-tip, and an iconic site in the diving world, Divers 
hammerhead sharks in great numbers. willing to make the journey to this 
‘What makes this dive site so special, remote and wild location will find 
however, are the manta ray encounters, themselves amply rewarded 


SHARK ENCOUNTERS 
Divers at Roca Pata can count on being 
buzzed by many diferent sharks, such a5 
the narmaly shy salloped hammerhead, 


Hawaii 


CENTRAL PACIFIC OCEAN 


ISLAND PARADISE 
awa the world’s longest island 
chain, extending more than 1,300 miles 
2.400 kan), and situated aver 2,500 miles 
(1,000 kr roma the mainland. It 
‘comprises eight main islands 
top of a submerged volcano 
another 124 tiny arcas of uninhabited 


each the 
aswell as 


lanl that amount to no more than 3 sq 
rls (8 sq kn). The stark ridges and 


ESSENTIAL INFORMATION 
WATER TEMPERATURE 75-81°F(24-27°0) 
ECOSYSTEM Tropical 


‘WHEN TO VIS Year-ound, but winter 
‘months at this busy site are les crowded. 


[MUSTSEES Manta rays at Kona Beach 
pygmy pilot whales; Shark’s Cove, Oabu 
Molokai: Long Lava Tube, Big sland 


volcanic origins, with twisted lava form 
steep drop-olls into abyssal depths. The oceanic 
island group is world-renowned for its surfing, 
but offers exceptional diving, too. 


‘The underwater terrain of Hawaii reflects its 


tions and 


bizarre rock formations that epitomize 
Hawaii's terrain above sa level extend 
beneath the water's surface, offering 
exciting eve opportunities, and great 
wildlife encounters, Hawai’s extreme 
isolation means itis visited by iomactc 
species from the vast expanse of the 
Pacific Ocean. The most notable of the 


pelagic animals are humpback whales, 
pygmy plot whales, manta rays, ane 
‘oceanic whitetip sharks, Humpbscks have 
been hunted globally almost t extinction, 
and have become rare even in the waters 
around Hava, Excellent ee sites can be 
or Big 
atthe eastern end of the island 


found on the island of Hawai 
land 
chain, as well as Maui, Kauai, and Oahu. 


\WAVE-SWEPT COASTLINE 
Hawai is atthe same latitude as central 
Mexico. Clan waters, pure sands, anda topical 
climate add to ts appeal as a dive destination. 


322 Pcs PLACES TO DIVE 


Catalina Island 


CALIFORNIA, UNITED STATES 
Lying only 22 miles (35 km) off the coast of 


California is a spectacular island of dramatic 
scenery above the water, and tremendous beauty 


beneath, Catalina Island has been a nature reserve 


since 1974, with huge rewards for the diver 


PROTECTED ISLAND 
Catalina Island is 20 miles (32 km) in 
length and 8 miles (13 kr) wide, and has 
ba 

1919. Avid conservationists, they have 
consistently refused permission for 


en owned by the Wrigley family since 


development on the island, anel now 
186 percent of iti an established nature 
reserve, The ruggeel topography of the 
island extends below the waterline, with 


tremendous diving on craggy reefs and 


steep underwater pinnacles, 


RICH SEAS 
The island is swept by the cold waters 
of the California Current as it moves 
down from Brith Colombia, This FOREST BENEATH THE WAVES 

‘rch varetyof marine life is supported by the 
iat kal stands of Catalina Island. Garba 
fish ae familiar residents ofthe kel. 


creates oxygen-rich waters where kelp 
forests flourish —some of the larger 
specimens stretch fmm surface to seabed, 
100 ft (30 m) belows. Cruising the 


their ground as divers approach 


underwater forests isa wide range of a photographer's dream, The kelp forests 
fish species, the most famous of which are also home to huge black sea bias, 
is the garihald, Fiercely tervitorial, cagle rays, California morays, and 
these brightly colored fish will stand gauge two-spot octopuses. The black sea 


t ‘bass a particularly welcome 
[ESSENTIAL INFORMATION. sight, since it was once heavily 
ovenished bt is now mk 
a comehack. Larger residents 
ECOSYSTEM Temperate incide the California sea fon, 
Seu Ver WASSER a species known for its curiosity 
Yearround off Catalina, but winter and willingness to approach 
diving can be very al. i divers, The accasional Hie 


WATER TEMPERATURE 5~68°F (12-20 


anata aia RA shark cam be encountered off 
Underwater Park; The Catalina’s shores, rounding 
Famsworth Banks. off an exhilarating ist of 
animals waiting to he 
cliscovered here 


California sea ons 
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The Outer Banks 


ORTH CAROLI ITED STA 


Neve 


ea shipwrecks 


HISTORIC WATERS 
The Outer Banks are identified by 

a dramatic chain of islands and 
sanlhars that extend for 130 mies 

of North Carolina 


35 km) up the co 
Within chis barrier isa vast area of 


estuary, shallow lagoons, and enclosed 


water This ecological g 


breeding ground for many fish species 
andl 70 percent of the region enjoys 
protected status, The Outer Banks 
beyond the island chain are the real 


tlraw forthe diver, With three great 


and the continental shelf only 40 miles 


(65 km) to the east, this i dramatic 


FEARSOME APPEARANCE 
Despite its looks, the sand i 
relatively docile. However, ike all large 
predators, it shouldbe teated wit respect 


Famed in seafaring lor 
Outer Banks are thought to be the site of up to 5,000 


Big ocean currents and an abundance 


meeting olf this coastline, 


as the graveyard of ships, the 


of large pelagic animals combine to make this 


region one of the most exciting in the diving world. 


dlving tervtory. The Outer Banks arc 


litered with wrecks them 
sunk by Usboats in World War IL Many 
‘of these are home to some of the larger 
residents of the banks, including, 
‘numerous sand tiger sharks (also known. 
These ferce- 


as ragged-tooth sharks) 


Joking animals are in fact quite 


approachable if not provoked, 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 54~75°F (12-24°C) 


ECOSYSTEM Temperate 


{WHEN TO VISIT For the most favorable 
diving conditions, visit the Outer Banks 
between july and September 


MUSTSEES Wrecks af the Papoose 
and Proteus; sand tiger sharks, 
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The Great Lakes 


CANADA/UNITED 


TES 


Be 
ee 
Ehicago 
a oF 
Wonto-c.ass wneexs 


conditions. Many af the more densely 
populated regions around! the lakes have 
always been significant industrial 2 
and have suffered through pollution and 
overexploitation. The water is cold, 

and visibility can be limited, although i 
the lower lakes it has improved throngh 


the accidental (and in all other respects 
unwanted) introduction of the zebra 
« voracions filkerfeeder that 
The 
many wrecks on the various lake beds 
The very low temperatures and the lack 
1 halls 
relatively free of rus, while wooden, 


has cleaned the lakes of alga 


of sal in the water have kept me 


vessels and even rope can be found in 
a remarkably good state of preservation 


FRESHWATER OASIS 
The pine Ranked shores of Lake Michigan, 
lnere nine preserves protect sensitive 
Underwater resources 


Stradlin the border between Canada and! the US, 
the five Great Lakes make up the largest expanse of 
fresh water on Earth. Conditions in the lakes can be 
demanding, but the reward is access to some of the 
best-preserved wrecks in the diving world 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 32~64°F (0-1 


ECOSYSTEM Temperate 


WHEN TOWISIT Year round, but northern 
dives may be under ice in winter. 


MUSTSEES Sea caves along Lake 
Superior coast; the Arabia and other 
well preserved wrecks. 


PRESERVING THE PAST 
In the early days of diving the lakes, 
‘numeronsartiiets were plunclered from 
‘otherwise pristine wreck sites, This 
malpractice was quickly stamped out 
through the establishment of a number 
of preserves. Lake Michigan alone bas 
nine such special reas, covering 1,900) 
4 miles (1,920 sq km). Notable wrecks 
throughout the lakes include the rai, 
sailing vessel sank in 14 and stil 
perfectly intact; the Bermada, snk in 
1870; and the more contemporary 
Mexgut, sunk in 1989, 


apparently the Searle effect. In fact, the more than you 
tried to pin down exactly what it was, the harder it 
became to describe it 


Also, its not like he could simply fall back onto describing, 
the construction of the device ~ reason being that it 
contained a series of interrelated coils with a unique 
configuration that were intrinsically tied to the 
operation of the device. Every time he wrote a detailed 
summary of the construction of the device, we had 
come away with more questions than we had started 


out with. After a time I gave up trying to understand 
how it was constructed, because I only had bits and 


pieces 


Marcus was using an arrangement of 6-coils, and what 
are described as “bifilar windings”. Essentially, this 
means that you wind two wires together around a coil 
and then tie one of the ends to another, making the two 
wires essentially one long wire wound “against itself” 
down the length of the armature its on. ‘There are 6 of 


these armatures on the device, mounted around a central 
RP (or reference point) 


Marcus created all of the terminology for these parts — 
this lends additional credibility to the idea that he had 
had 7 years of experience with it. These are ideas that 
you just do not “make up” for publicity. For instance, 
the bifilar windings on the armature-coils are self- 
cancelling fields, and even a basic-clectronics education 
will tell you that. However, the interesting thing is that 
once you really start to get into the advanced “post- 
scientific” research on magnetic fields you start to see 
self-cancelling magnetic coils all over the place. ‘The 
reason is apparently that while the “B-field” (Editor: iv 
‘magnetic field) of the coils cancels, the “A-field” (Editor: 
ite. ector potential) that ‘Tom Bearden keeps talking about 
does not, which means that you can isolate the really 
interesting effects from the coil without having to deal 
with the high field-intensity effects from normal 
electromagnetism. 


Marcus had described these six armatures as being 
activated in a series, or order, to obtain results. Fach of 
the coils was spun by an electric motor mounted on the 
armature, and when the coil was spun up to a certain 
speed and “stubs” mounted a periodic intervals on the 
side of the armature were fired in sequence the 
antigravity effect was created. 


Marcus Antigravity effect was a directional force that 
was applied in a unique manner depending on which 


71 


coils were activated. This means that by activating (for 
instance) coils 1 and 3, he could create an antigravity 
+t and move the device left ~ or something to that 
effect. Turning on and off each set of coils gave him 
went on one axis of thrust, which corresponded 
X,Y, of Z in a standard 3-D geometric graph. Since 


to 
you can move in cither direction down any given axis of 
thrust, this means that you have 6 axis of movement 
height (up and down), width (left or right), and depth 
(forward or backward). His device provided movement 
on any axis by either one coil or an arrangement of coils. 


Fora while Marcus did not want to talk about side effects, 
but I pressured him into it. The reason was that I have 
seen side-effects that were pretty darned strange in a 
number of different experiments, and I was willing to 
bet that if I pressured him a bit he would talk about 


what he had seen but did not want to reveal (for fear 
that people would not take him seriously). It turns out 
that I was right. 


Marcus had talked about the RP, or “Reference Point” 
upon several occassions. This is a multi-layered device 
that acts somewhat like a capactive element. It sits in 
the direct center of the Marcus device, and it is the 
reference-point for the entire device. The RP is 
manufactured from cast-iton, and Marcus says that he 
has a local company build them for a few bucks each by 
pouring iron into a mold based on one of his designs. 


You can active the RP at the same time that you activate 
the coils You have coils rotating around the RP, with 
“stubs” on the coils firing periodically at points 
corresponding to spots on the surface of the RP. 
Meanwhile, you also have an electrical charge on the RP 
itself, which means that there are a lot of elements 
interacting at once to create a very complex dynamic. 


One of the interesting side effects was a darkening and 
“blurring” effect of the RP, asif light was being reflected 
off it, Another was a Star-Trek like “force shield” around 


the RP. These only occurred when all of the coils were 


activated at once. Also note that since the coils are 
opposing in nature (one for each direction on each axis), 
that when you are creating the force field effect the 
device cannot be levitating. However, the device is 
opemtional, and you have a force-field that you can 
apparently bounce a heavy hammer off without being 
able to penetrate it (Marcus description). 


Another interesting note is that the force-field effect 
can be modified to create a vacuum, I am not sure how 
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Vancouver Island 


BRITISH COLUMBIA, WESTERN CANADA 


Wir 
YAP cannon. 
ish columbia 


Aeaies 
AG 
CHANNEL CROSSING 
The standard means of reaching 
incor Tn vin ferry fon the 
yoo a glee f the abundant ters 
Of iri, Cll yt are rch 
exifgea ane rents nd the hon 
Detween the ind and the mainland 
ino exception. The sition of stoop 
dew for marie plats andl ail, ad 
along the diving ean be demanding 
at times for example, inthe ast- 
ti Dod Narr chant 
there mmc tombe the experince 
One ofthe mest famous 


wworthivhile 


inquisitive giant octopus, although more 
elusive wolf eels, harbor seals, various 
whale species including orcas), and huge 
numbers of salmon may aso be 
encountered at the right time of year, 
[EXTRAORDINARY ENCOUNTER 

‘Adiver makes contact witha giant 


‘octopus fascinating species that 
thevesin the nutientien water. 


ECOSYSTEM Temperate 


WHEN TO VST Year-round, but winter 


can be chil, 


iMUSTSEES Giant octopuses: 
wales: wreck ofthe Saskatchewan; 
Dodds Narrows channel 


‘The cold waters and strong tides around Vancouver 
Island create a glorious mix of wildlife, and there are 
also vessels sunk as artificial reef to add extra interest 
for the visiting diver: Some of the most popular dives 
lic between the island and the mainland. 


ARTIFICIAL REEFS. 
The vessel Saskatchewan was sunk in 

197 ne has proved 
a real hit with both local and visting 
livers. Its just one of a number of 
decommissioned warships, all wel 
worth a dive, sunk off the coast by 

the Anifical Reef Society of British 


as an artificial ret, 


Columbia—a society formed by a group 
‘of underwater archaeologists in 1990 
to turn warships 


into dive sites. 


PLACES TO DIVE 


Galapagos Islands 


EASTERN PACIFIC 


Ten cantbaan 

ei re 

‘eCalipgbes Islands 
“sour, 

as 


‘The Galapagos were known as the Enchanted Isles, 
by early mariners, baflled by the currents that 
swirled around them, The name has changed, 
but the experience remains the same for divers 


fortunate enough to visit this unique archipelago. 


RUGGED AND REMOTE 

The Galipagos Islands are named alter 
the Spanish yord for “sadlle” —gulipago 
alter the shape of the shells of the giant 


tortoises that provided a food source for 
the early explorers and whaling ships 
that visited the islands, The island group 
consists of 13 main islands situated 

{600 mules (970 kr) off the west coast of 
Ecuador, These stark islands, only a few 
million years old, still show the contorted 
rock formations--twisted reefs and pitted 
edges caused by their voleanie birth, 
‘These provide an excellent substrate for 
‘husy marine communities, replenished by 
the seven orean currents that converge 
‘on this island group from all directions, 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 61-80" (627°C) 
ECOSYSTEM Temperate 


\WEN TO ISIT Diving continues year 
round inthe Galapagos. 


MUSTSEES Hammerheads and white- 
tips at Wolf and Darwin; whale sharks; 
sea lions: marine iguanas: penguins. 


(MARINE LIFE 


“Although there are only 13 reel-building 
species of coral in the Galpagos, 
‘meaning that the reefs are stark affairs 
clinging to the dark voleanie rock, the 
Tife that swarms over them is spectacular 


The fame of the Galipagos as a dive 
site lies in its gatherings af large marine 
animals, including magnificent schools 
of scalloped hammerhead, Sadly 
overfishing has had a serious impact 

fn shark populations in the waters 
around the islanels, and unless 
circumstances change, such sightings 
may become increasingly rare. 
ff cow-nosed rays and eagle rays are 
regularly sighted off the more exposed 
reefs, as well ar gatherings of manta rays 
and the accasional whale shark. 


Groupe 


UNIQUE SPECIES 
A vist to the Galapagos offers animal 
encounters that cannot be experienced 
elsewhere, The islands have evolved in 
jsolation, and are home to a number of 
remarkable species, Perhaps the most 
famous of these is the marine iguana, 
although the islands also have colonies 
of the most northerly penguin species 
fon Earth the tiny Galapagos penguin, 
Tis possible to snorkel with both 

of these species if accompanied by 

aa knowledgeable local guide and with 
the right sea conditions. 
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WILD GALAPAGOS 


Visiting California salon 
‘tis not suprising thatthe Galépagos 
{slands provided inspiration for Darwin's 
theary af evalution-—they are ch n all, 
kinds of tie. There are well over 300 fish 
species inthe region, including 30 species 
of sharks, Larger residents include 
neatly 80,000 seals and sea lions. 

‘There ae also 600 species of mollusks 
and 100 different types of crabs! 

Larger vistors inelude sperm whales, 
shumpbacks, and Bryde's whales, as well 
as many species of dolphins. The 
{slands area naturalist's paradise. 


BARREN APPEARANCE 
The bleak contours of the GalépagasIstands 
smight seem to suggest region devoid off 
The appearancels deceptive, however—tfe 
thrives here bot above and below the geen 
Waters of the sumounding Pacifi Ocean, 
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USEFUL RESOURCES 


Useful resources 


‘PADI; DIVE SAFETY CHECKLIST 


«Dives il chee ete mcg 
to tr taining eration lee, and 
eapericuce 


+ Ragas el tng ay tenes 
Se diving depth should he ermal 


+ Further training and/or sperssion i ered 
when diving in 2 new ype of emstonment 


+ Avid onerweighngearry nat a buoyancy 
there whenever sing new eeuipment 
[Remaber wr elace weighing when going 
cant awn 


+ Bre that all wright tens wed bane a 
gic release ad dat eal by i iar 
Sah is open. 


+ Always rev emergency procraares pri 
teach de 


+ Hlae sega medical checkups ned tay’ 
alape Re ding 


11 sure comiions, caret iy 
ellis, cer uatig se 


* Gnade ables where wpproprste ae eck. 
Siva mice tn prevalng corny cncaioan 


“Use surface marker buoy a acent/desent 
Sie nba ace 


+ Aleape aor a weiner Wheteyos ae 
lig al een yu expt a Fear 


Vit wrropadlicom, 


‘PROJECT AWARE FOUNDATION: TEN 
WAYS A DIVER CAN PROTECT THE 
UNDERWATER ENVIRONMENT 


Divers and srorkelers ae obvious 
‘ambassadors forthe undeneaerenvianment. 
Les make sure we 


1. Dive earefillyin fragile aquatic 
Although at int hey may lok Heroes oF 
plant ty teat cig ie ge 
{rats thea be dager harmed bythe 
ump of a tank, kate, area a pea 
Fever evn the tent of sha fh alt 
porn to Hao tt some aqua onions, 
suc otal, ar estoy slower By 
Treaking of eve mall pee, you may be 
loti dra of rth By ba cate, 
scan potent deesatng nad ning 
‘Tamage to mage de te 


2, Streamline yoursell 
Mace damage t the svionment i done 
tnknowsinehy Keep your gauge ad alert air 
Stee seared sty da ra verde el a 
Tt, By nti your hoya al aig 
are tach etal her Fg tpn 
‘eth your by eine eqipnent rama, 
Son lave dome yr pare i prewesing iary 
Toaapatic e 


|S Contos yor einention 
It yo len ved ly le 
frais banc conti may nee 
stpeing Bele beat dhe eb, sec 
ett ee yi ceri li 
inert apd er ther env te 


sri al gtd tr 
Teter ye tae ving ening ecration 
ours ach a PADI Seals Reve the EXD 
Auventars i Diving program, ue a PADI 
Specialty Diner cme: AWARE continuing 
‘luation ding courses pie you th the 
Sil peace and practical appliction of 
‘rsroamentlly soul dng fey 


4. Comsider your impact om aquatic life 
throu your teresa 

‘ery fev fens of atic ie pone a hee! tu. 
In Bt sone retires open ear Eccl and 
arous aboot our presence Ave bore ber 
Sid ore euros threes, ve ay eve Fl 
mpelled ws tc, handled ad even tel, 
Fiero certain aatic He: Howes or toes 
iy cor rs the anal ina frag 
Sd mating behavior tele nd es hat 
See nt heal lr the sere or een pre 
Sagres ltr sty foagarore 
ces Inet repay wile im ope 


5, Understand and respect underwater life: 
resist the urge tu collactaneyenion 

Thigh spaton oa aquatic comet, 
sadeneater ete des greatly in appearance 
[Rom ie we ae se ty eng a ay 
rentes pal ape louk Hb planter 
Snanimate objets. Using dean as yao Se 
fee tthe cal ex le ll Faron 
tMatean daropt a locl eevee and ob 

tthe diver of the pleasure of une oe 
photograping thse eeatres. Cosi taking 
part ta Project AWARE prorat i brome 
ae Gala yh the epee the 
Stendeadent ature of, wold etic 
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‘compere Dive sites that ae hea ised 
are depleted of nc weeds chert 
Calle sing pees coral and abel these 
areas can spt ncaa sel Penney I 
on ato tun fo your des wat topics 
losin cel id fry om may want 
‘ster undeswatrsplogeaply cad 


6, Be an ECO-Tourist 
sere rea oc pus, reeves 
sanetuariny are one ofthe best oo 
‘hnmcying the pti eneteanent: Bott the 
‘Graton of footeted areas Kilo all bel le, 
fe era appreciate aba 
eh aya bel angry al able 20s) 
fz hiportant wel ering torment, De 
ft eine your dng oly oes ighlighed 
Stree aed artes When planing 8 
lve tp, cnt ECO Tour Operon ued 
‘wilt ECO sree aoe ECOperatre Make 
[nema deri wen sling» destination, 
sl supp the Project AWARE Go ECO, 
‘event apie 


17. Respect the underwater cultural heritage 
Diner ad sleeve the preg lo eres 
doe erat ee prt of oor eared berger 
‘mare biter: Vn shoul help presceve dese 
tis Br Bt generation by chai ca es, 
‘tng respi and eating werd ide 
Serpe Weck cin cst ar beprtint habs 
Sea her net 


{Report enviromental disturbances or 
destruction of your dive sites 
[Disraeli 
soitr the Heath of eal weewaye inl ae 
halal be Uy three on wnt dep, 
of pac Hk arash oferta 
Shmilor strange sistance ebjers is the 
rater pet them tyne departs natal 
Tome onda 


9, Bea role model 
Ava lner or morkle yo else that when 
acto hts ples wre’ tlc di 
reread tb not oat of ht out mind, You. 
Sethe reli soe neler. Set good 
pearerinhanepanyreeciaete if 
‘rm and ber vers nel eee 
dalle st 


10, Get Involved 
There ate pleny of opr o show your 
snppert ol a ees spade soot 
Snelling lal beac eleanepsserer, a 
tending ple barns ater a pet 
ioeal tat rented patel esteen Die 
sil fn rca ae aby eee ted 
‘pyrene by many coiroumental enptininn, 


‘Visi won prajectawareorg for more detale 
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‘Training organizations 
Incematinal groups offering both basic and 
Specialized die insouction,ineudingYaling 
trganizationsbased onan amateur feting 


Instructors (PADI) 


vmepadco 


PADI Americas $0151 Tomas Stree, Rancho 
Santa Margarit, CA 92640-2125, 


PADI Europe: Oberietstrnse CHAN, 
Helge, Setzer 


PADI Canada: 107 — 1680 Broatway Steet, 
rt Cola, BG VIC 288 


[National Association of Underwater 
Instructors (NAUT 

\orlide headquarters PO Box 78, 
Tampa, FL 19680-0815 


itis Sb Aqua Club (BSAC) 
Teles Quay, Sth Pes Rend 
lleacte Pore, Cheshire, CHGS 4F1, UR. 
‘winadaaecoen 


Seb Agus Ansociation 
Space Solutions Busines Centre, Sefton Lane, 
‘Magu, Laeapool LAT BBX, UE 

rms ingal 


Scottth Sub Aqua Club 
The Cockburn Cente 10 Bogmore Pls, 
Glog, GIT ATQ,UK 


Seni School Intermatonal 
2614 Canton Cn, Bort Calin, 
0 anata 


World Underwater Federation 
‘Viale Tisin, 74 00106, Rema, aia 


‘Technical Diving International 
hE Steet, Tepe, Maine, D085 


sec 


Interantionsl Association of Nitro 


sand Tecucal Divers 
500 Per Rel, Ota, Ontario 
KiGaNi 


sence 
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USEFUL CONTACTS (CONTINUED) Marine Fish Conservation Networke 
{600 Fennasvania Avenue, SE, Sue 210, 
[National Association for Gave ‘Washing, DC 20003 
Diving (NACD) spree ng 
RO, Bn 1442, Gaines, FL S260 
sertnleerediingeces Netical Archacology Society 
The Neil Avcaerlgy Sort 
AGUC International (American Fort Cumberland, Fore Canbertnd Road, 
Canadian Underwater Certifications) Borsmouth, POH OLD, UR 
370 West Steet, Bra, ON esprit nga 


Nakv 


‘Whale ned Dolphin Ganservation Boeiety 
Brod Home, 38 St Boal Steet, 
Chipper, Wise, SNI3 1h, UK, 


Governing bodies 
‘Organizations promoting ad regulating 
recreational diving actives, 


‘The Shark Trust 
[National Marine Aquarian, The Rope Walk 
Conse, Pom PL OLE, UK 

stark an/ shaver 


World Underwater Federation 
Vine Ti, 740015 Roma aly 
severe 


ares Canada (National Marine 
Conservation Areas of Canada) 


International Association forthe 25 Ely Stet, Ganeas, QC 

Development af Freediving AIDA) KIAOMS 

Rovdu Riclesuliew 

CH 1004 Laan, Stead Historical Diving Society 

srovaaid-interttial ong Hisrical Dising Scie USA, PO Box 2847, 
Sint Maria, CAS3157 

Freediving Regulations and Education vorwhaone 

Entity (FRE) 

TWO SW 175 St, Mam F013 Historical Diving Society UK 

severe com vv 

Tnteramtimal Ammocintion for Maritime Archacological sd 

Handicapped Divers Historical Society 

iene PO. Box 1.02, [Ena Pes, Washingt, 
De 3006 


srrstabanctlng 

Conservation and heritage organizations 

Chastabl and nonprofit organizations 

‘rometing matin wife conservation, and ‘Diving medicine and safety organizations 

Hovpeimoledinpeseniogmartineertage, Exper dvs gupson hing edn and 
saety issues 

Coral Cay Conservation 

10-12 Ostaturgh Stet, Landon, vers Alert Network (DAN) 

NWLIND.UK The Peter B Bennet Cone, 6 Wet Cay 

swore Phe, Dusharm, NC 27715 
spree, 


World Wildlife Fund 


1250'Tenty-Rnet Set, NW British Diving Safety Gro 
0. Bw 718, Washington, DC West Quay Ral, Poe, BAIS 1HZ, UC 
2000047180 Beer fon 
enemy 

London Diving Chamber 
Masia Onnincrvation Bociehy pital of St fin al St zat 
Uni 3 Wall Bane Pak, Altos Road {4 ve Et Road St Jon's Wane 
RewoweWye, Heinle, HRO SN UK Londan, NWBONH, UR 


severe one, 


British Divers Marine Life Resene 
Lie Howse, Regency Close Ukfld 
nt Sue TN IDS, UR, 


seen donate 
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Glossary 


AUSOLLUTE PRESSURE "Te stl pan acting 
‘ona bey equal to the smo abil 
Sed 9g oe 


A-CLAMP EIVTING A ola fn tage tt 
aches to de ple bof nd by mca of 3 
yoke that cape merely fa pts, 


[AIR CONSUMPTION “The depletion of cay 
{Stoo pation ther at which 
toed by adver dura he enue a ade 


ALTERNATE AIR SOURCE A abut 
Source of atop nthe fr. eer 
_ror sad so teeny ceed 
tea gir 


AMBIENT PRESSURE ‘The total fv 
sing on a boy at agen dept So ako 
‘helt rae 


ANCHOR LINE. rope, cable, or hain hat 
dace ios wat 


ANOXIA A medial condition raed bya lck, 
perce ccy of alpen hs tn fe 


AQUALUNG ‘The fst undervate bathing 
2ppertin ate compen ar acl a ese 
"plo, dengoed by Ee Gaya ae 
op Coton, 


ARCHIPELAGO. A prop or cain of ands 


ARTIFICIAL REEF manmade sje 
(neatly seated wo crete even oe sine 
Vea or the enjoyment of vere 


ASCENT Rearing bom dep the surface at 
the rl of a ne. This mt hay be pefrsed 
‘cll onal dew sb 


ATMOSPHERIC PRESSURE The rae 
‘exert iy he aus the atmnpers At sea 
level hr equal to 17 pl bar, 


ATOLL Ciel tal fen surrounding 2 
tage, tat baa roe aso ben 
eect le, 


BALLAST Lead weighs carried ale the 
inherent Ip a the er ep ma 


BENDS See deamprnie sides 


BEZEL. A tae sour, or matted ower 
‘om israments sick yates aed 
plalginrinerrenrweeny 
achars beg 


BLOCK SHIP A veel sunk deliberately across 
he approaches a maa arbor to bare 
foe ahs aed etre cl 


BOMAUE An ile ose of cara growth 
tm the wea. 


ROVLE'S LAW Pls yest that a 
constant emperatre th ele 3 at 
Semel pepo ode rae arte 


BRACKISH Water dhat nota aly ax 
sean but has higher lt tet th 
ea wate 


BREATH-HOLD DIVING Se fine 
BUBBLE CHECK. A perationary visa 


snvpection of anther des ear conde 
‘erwates) deeraine i a ny ae 


BUDDY A diver who esmes a informal ty 
bear ner the ole ember of ei ached 
dy pa daring dn 


[BUDDY LINE. A syn ar tethering hy 
pak tbe 


[BUOYANCY An wpward thr earl on 
vince objec, ua ode 
Seeight ofthe eater that has bon dace 
Byte abies, 


BUOYANCY COMPENSATOR (BC) A jacket 
‘atc be ated al elite wall te ner 
‘ecunto her hoe. 


BUOYANEY CONTROL Manipulation of 
Iya thew of vies uc x2 EC, 
ant te brething cyt 


CAISSON A prenurord,wateight chamber 
‘od teenie costes woe leew 


CERTIFICATION CARD Accstaton prong 
tata de hs chine a cea lee of ve 
‘Bahai rf the eed apc 


{ORAL HEAD Proton: on 2a me orned 
lca of Ung eral polyp edn and 


ORAL ISLAND Portion of aa fat 
permaneay- oat of water, sree ually 
ded to fat top af we cra ek aed ce 
Moy monrina dc thugs eat 


{ORAL REEF A masive, marine, mck ridge 
tener create bythe ral scrtion of Ue 
Sects of genera of coral paps 


[DATUM LINE. Aine wed a ied efeetice 
i ni atari veya mv 


DECOMPRESSION Returning to condone 
cura amu roe by coated mean. 


DECOMPRESSION SCHEDULE plan 
Alen the nes drtion, aed dpa 
‘Rerprontn si opt ors gion ce 
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DECOMPRESSION SICKNESS (DCS) 
A pata ceo eal omit ing 
ira theron of bes ra ie 
Ueeateae rd ees fe by Ak 
Awe docempenoninpry DCN) aul the bed 


DECOMPRESSION SEOP A seeded pause 
fn ders amen ole gen ce oe 
bly tious back nt the bd ale ate 


DEHYDRATION < rnecal eontionrouling 
fm excel of vate oe ee bo 


DELAVED SUREAGE MARKER BUOY 
TDSMIB} Maker hoy dplyed jst bore ace 
Tei talbued undretey ten eevee 
sho roll rvs 


DEMAND VALVE See seal sage 


DEPIH GAUGE Ax analog oe dap yay tae 
‘meaeues anid oad oes ho ge a 
rel o dept 


DESCENT ‘Trae rom the sutce to depth 
DIN FITTING A sree iting for attaching 
2 gl fit sagt a ep ala ke Alles 
Tiger working pres nlp Btn 


DISPLACEMENT ‘The deplacrmest of water 
that ecu when anole submerged nt 


DDISEANCE LINE Aline fstened wo a submen 
Feature and dpined fom a nl ae 3 aetna 
se expec anes lw ly 


DIVE CENTER A comsnailly rn ding 
sebol sal eal eter acy allen 
‘reed ep ad gute local do 


DIVE COMPUTER gia deve that 
ovis the her wlth a ge of frm, 
eta deply tone and cet ae 


DIVE CONSOLE. Aa inirument panel 
Incas ia ni ey, gtd 
eines ipa eangeny or «te ie 


DIVE GUIDE. A explo ool oF 
secboolwho guides quai divers arwund neal 
esi, 


DIVE LEADER ‘The deri pair who 
‘ete by agreement a the pine pace 
peroneal ungiorennd vole 


DIVE MARSHAL A senine der whos roe on 
ae tp to lle fu) pi, appeoe 
‘erp near ea complete eco of det 
div irpt and tate eed nee te fit 
the vena a sing aide 


DIVE PLAN The nine of propened dive, 
incakngt dept urabin, nen yal ery 
aie polit dual emcee, 
featuatiniren. 


DIVESSITE. Any lest where diving 
eemeectad. 


DIVE SLATE: plot tablet wel ar nang 
sot tale 


DIVE-TIME ‘The drat of ve, stating at 
the mores the der ee the sara ad 


rng wih thes return wo the ure 


DIVEMASTER peru quale nat ae 
2 dpi, ut diving arctan al nese 
he oan of ds le payng aoe 


DIVING CLUB An ungnizaion lrg ring 
iesreton and ec ence ot state bt 
Wea al er continental Ean eng 

ener lrg sarc om 2 commer bas, 


DIVING SCHOOL. A cent for nrc in 
lion Ele (nelly om 3 commer Ba. 


DPV (DIVER PROPLLSION VEHICLE 
A props deve eer len a ang toby 
nero meiner noimming llr oil Ss he 
parson of lange de te 


[DRAG Fictional rstane tothe motion of 28 
ect rah 


DRIFT DIVE A des whi the dere 
propelled along a te by andere rret 


DARING A Detaped sing of real or plate 
toed aran ache pf tethering eseroent 
yor BC ring de 


DROP-OFF A lingaway of the ground oe 
seabed rh 3 tl eke 
Eevee 


DRYSUTT Anejo si desig for we ey 
fall waters Each Capped a be pce 
Sreedhar ad at lls bg degree 
of thermal peti 


(SME DELAYED SURFACE MARKER 
BUOY) A tubular bay designe tobe depeyed 
era let lar ad alert eyes 
theme 


DUMP VALVE Oneseny salve wed ta sleae sit 
fu an nla dece 


DYE MARKERS A dunmseet dhe designed 9 
Ipeeleue no the water ler seus eal 
he postion a ding ee 


ECOSYSTEM ‘The interactions been 
commun of Ug orate the 
Ceo they ie 


ELNINO A warming of the eastern spiel 
rie securing vey fe east 
[pronouns let beh ela nd er 
cat Olle occas arvord Crs ne 
Nien Span cers the Chat 
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EQUALIZATION ‘The proces “clean” the 
areal dues until te perme wn ee 
aches the presre of the water urrdng the 
boy See alu Tae nace 


EXPOSURE SUIT Any se wr bya dle in 
‘erie prevent cei bw of ey bt 
tot oye eddy 


FILTER-FEEDER An aquatic animal hat fed 
Issn inate oar ad be 
stopended food parca Benth vate 


FINNING Keng the etsy we 
wearing ft ahi frat mason 


FIRSE STAGE A major ampnent of dhe wae 
that ees the fs oi the ak 10 
tow we elit ps then aes pode 
delay the de Halong 
fortune Yer al athe BC sed ose 
‘po dling the resin ctente a Ue ak 


FOOD CHAIN A sepenee of organo each 
lepending om the nea ap source oe, 


FOOT POCKET se of fin shoe that covers 
the wale ft 


FREE ASCENT An aor that is cartied 
‘ut wihout the we of 3 ec ay ee pit 
ecksee 


FREEDIVING form of diving which ders 
oa ary an ir supply but remain uadeater 
‘only lng hey ea Bld thei bath 


GAUGE PRESSURE The nurounding water 
presure, armani by 2g that doe mot 
Eke ena rs inte eco, 


GLOBAL POSITIONING SYSTEM (GPS) 
‘Anvigation system tes atelie al 
‘Riera trct ong eel ince pret. 


GUIDELINE A line with a weigh atone end 
ela uy the he ely ted oe te 
ration of eects atl protege Br 
‘Seacenting and scending ane 


HELIOX A mixture of elias and enygen, ied 
Joe dang eyo vanl de te 


HYDROSTATIC TESTING A method of 
esting ata Forse yg eth 
prot yale 


HYPERVENTILATION A medal eontion 
med by ep or deo Izathing rming 
iene ean dae lvl ne bt 


HYPONIA A medial condition cased by 
Selene of tngen the haa bos 


INFLATOR VALVE. A manually erated yahe 
that aia comproned a nto Ue begasey 
Uden 3 ts oad 


KELP FOREST A marine aun bed 
re deme gro of seaweed lg 
‘hep aly 


LIVEAHOARD A recreational ding veel 
spied oct extended ing ip ont 
etarnng 1 por 


LOG BOOK A cevrd containing the deta of 
incl des oe byw des 


LONGSHORE CURRENT A current ring 
pall othe dorline 


MANGROVE Assorted sata te ane sn 
species wth rial rt that gow dese eats 
leg dal chores nthe opis 


MARINE FARK. An ara of sea arenaline 
sever maine specie ate petted by 
fermen geo 


MASK FOGGING Ming cated by the 
ecurlation of ison te ns oe res) 
Gry mas perniting most conde 
‘here more reat 


MASK SQUEEZE Discorlr atnd by 
increng wes ttn fhe vc rl, 
res ar nt te ae 


[MUCK DIVING ternal rm fo ding 
seas wee the bat welt are ak aed 
‘auras bat Whee cal rine pee peice 
Ura a Slawen's Lernbel Sta 


NEAP‘TIDE ‘The pont inthe moathly cea 
fale where the gation inde the Sa 
Sat Moon ar rant sled, sulin the owe 
th eer ache age les 


NBOPRENE A synthetic ruber fabric 
‘ith good heat istlaton prepestics uoed 
Take tt 


ITROGEN NARCOSIS Intosicaton eae ty 
treating mitogen at elevated ara es 
reducing deep ve euling in the opment 
‘treme nl attr al linge of rational 
Seay cation, and prepa aaronan 


[NITROX Any: mite of sitogen and oxygen 
prrpaed for cee naling gb eal 
ne containing greater erent a oe 
tine tat ue ae 


OCTOPUS SECOND STAGE redundant, 
om ay, ari by ees combing 
Spin Ere of the ln sl cng oto 
‘table arin wide ne 
epriy ln been topete 


OFF.GASSING "The gral reat of gases 
(especially sitrogen that have acme 2 
Aimee boly darn the coun of a OF 
soning ocr wt tld frre devs ds 
‘cent aed at the mace 
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(OPEN WATER body of water ha 
tt hele rove these of tally 
[Scoping wear coadton and eure 
fel ene dep ny creel ef ring. 


O-RING A ring-shaped gasket, sed to seal 
errs beinren en remit’ piece af 
‘pment andar ch au the llr 
reba stink, 


OVERHANG A proetin fm the fice of 
a red cil te 


OVERHEAD ENVIRONMENT Any 
‘ela conceren whee it cet 
Theurlae ote, ich a ie 2 eve 
rmeerke 


ONYGEN TOXICITY Aeute serv stern 
‘tpinctie caused by bret angen at lead 
jronine, Gua cai bon of eoieaocis 
paresis 


PARTIAL PRESSURE ‘The pram a snge 
pri. moar of ass, reariel i ha 
ove were pret he total pes of gat 
tite being the sun de til ress of 


PELAGIC ANIMALS Crate that cl in 
the emmy raer than cal aes 


PILLAR VALVE “The ae dat ranaers 
{enor the ers fn oe fit de 


PLANKTON Mine fir-fhating plat 
2a anil organs inhabits and 
ine ik fre he bs od she 


PILI penonal locator beacon) submersible 
‘lever trite a a ig on a 
‘seminal ecgsed rachael er 
Tming ree, enabling emengency err 
to pomp te cain, 


POLAR SEAS The olde at hep 
‘esti of the plane, we ary 
temperate fen PP te HPF (PC: 
win, 


PONY BOTTLE 4 smal ano breathing eae 
sh a independant oe 
nergy me the es an beating 
sea 


PRESSURE ‘The erin of free by one sree, 
‘uftane, or gas oat ane, 


RERREATHER A berating apart tha 
reels ele ga by flier nea 
Sane ped phen tny ete wtb 
Ty the dine 


RECOMPRESSION CHAMBER A prosare 
lumber teed in the beatment of vs aleiag 
trom damp sds 


RECREATIONAL DIVING Sport dsing 
that ak place win sera opt aed 
‘ariel tains ar dled bythe 


REEF WALL A vertical fice of cal growth, 
ten decent ep eaters 


REEL A spoking device wl oso and 
deploy tne 


REFRACTION ‘The ehange inthe telooty a 
light or any propagating yee hal ecco when i 
‘pene foe! os tin ante fg, Gem aie 


[REGULNTOR ‘The mechani that spp: 
ating as rr the i oe dv vs 
sage pre of fae medaciom. The 
elt ae po Swe parte: he fst age 
sl the ad og 


[RI (igi table bat) A a wy at 
‘aracteried bya Vchape lth afte 
{ube rung rman per ee 


RIPCURRENT A fatmoving case ning 
perpendicular io the shor, eamed bythe acon of 


RULE OF THIRDS, THE A rule of thumb wed 
wheat alelating regiment fra ne, 
"Speco equring a eomerstve prac 
sehiana creas elon 


SAFETY SAUSAGE See 6 


SAFETY STOP A precautionary se ina 
‘Biers em! to prov the cain of rope 
tbls the Meta. Ii pros at 
(Sele opti dps ts cn 2. 
‘thee der spre ob ate 


SAUD 
of wale, 


Te sl contest af x meanire 


SCUBA. Acronym for “elfcuntained underwater 
irething span 


SECOND STAGE ‘The pat of the mula that 
‘rules the rene ol ers ges othe 


‘ase promis nine cbse, 


SEMEDRY'SUIT thick snp ese 
ar oat designed ore ae ete 


SHELTERED WATER A sallow by of 
rater poered Gm erat ed water 
Tide: ue Sr cing dhe in 
Einlled content 


SITING Arpt eshisinn in urate 
visit secur when fe sedentary 
rls ar sed op 


SKINSLIT A thin fee mi tpeally made of 
‘yer, desge or en opal ater 


Marcus noticed this, but he had said that it appeared to 
create a vacuum inside of the field’s boundaries during, 
operation, Interestingly, it also ran very cold — apparently 
down to a hundred degrees below zero, but only within 
the localized boundaries of the field. 


Lam not a professional physicist, but this is something 
that has been reported with the Sear! effect and several 
other experiments, and the reason that I belie 
is because you are taking the kinetic energy of the device 
as well as some of the kinetic energy of its molecules 


citoccuss 


(iesheat energy), and injecting it into another dimension. 
After all, anytime we directly modify a gravitational field 
‘we are creating a dimensional effect, but in normal life 
we do not notice it because the boundaries between 
gravitational fields are very gradual. 


Well, in the Marcus device 


lagger gradient of time/space/whatever. The difference 
between two frames is the difference between two 
locomotives moving at different speeds — the energy 
input goes into accelerating each locomotive up to that 
speed, but the actual work is performed if those two 
‘mains interact is solely a product of the frame of inertial 


reference (mass & velocity = energy). 


Another excellent example is a helium-balloon, You put 
the enemy into condensing the helium and pumping it 
into the balloon, but itis not the helium that creates lift 
— it is the surrounding atmosphere. In a very real sense 
a helium balloon gets its energy from the surrounding 
environment. The energy that you put into “maintaining 
flight” in a helium balloon is only the strain on the fabric 
used in holding the helium into the confines of the bag 
that encloses it. With 
the Marcus device, I 


the boundary between the energy input is used only in putting the} 
tational field device into another frame of reference, but| 
‘gravitational fields is not a ; ; 
Soe eee that any interaction between us and our 
several thousand mile-long normal” frame would have to be modified| 
for any interactions with the “modified”| 


would bet money that 
it is nor the input 
energy crating these 


gradient like the Earth’s effects — it is instead 


field is—instead of youhave [frame. 


the difference in 


a gradient perhaps 10-times 
mor intense focused within a 3 to 4 inch area, That 
means that you are creating essentially a rift in time and 
space (self-healing) that is kept open by the energy that 
you are pumping into the device. 


“To the best of my knowledge, this is the most accurate 
description that I have seen yet for why his device does 
this Marcus himself could not explain why these effects 
occurred, and to be honest I scared him more than a 
little when I told him my theory. 


In the hypothesis that I just put forth on the origin and 
functionality of the Marcus device effect, the interesting 
this 
input energy and the effect itself. That is because you 
are not using the input energy to actually cause an effect 
centially using the input energy to translate 


that there really is not a direct correlation between 


= you are 


the device into another dimension (although it is still 
partially within ours) 


instcin called these “frames of reference”. ‘The idea is 
that the energy input is used only in putting the device 
into another frame of reference, but that any interaction 
between us and our “normal” fme would have to be 
modified for any interactions with the “modified” frame. 


Again, this takes place in normal physics — but usually it 
involves motion, and normally it takes place over a vastly 
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frames of 


dimensional/inertial reference between “our” 
environment and the “devices” environment, whatever 


that difference may be 


You see, even though this sounds like a load of BS, 
magnetism is not real. This is not an idea that I am 
‘making up — in fact,it is an entire chapter in the physics 
101 textbook kicking around downstairs in my house. 
“Take two magnetic fields, and project them in the same 
direction at the same speed. Field A can not interact 
with Field B, because neither of the fields really exists — 
they are merely ripples on a pond, and that pond is the 
background of the time-space continuum, People that 
believe in relativistic gravitational effects take for granted. 
that things like this happen — after all, gravity is not a 
force per se in relativity — only a modification of the 
dimensions of time-space. Well, most people do not 
realize that Einstein based his theory of gravitational 
force on his study of magnetism. Magnetism is the same 
thing — it is a modification of the fabric of time-space. 


“Take two magnetic fields that did not interact from a 
‘moment ago, and now change the direction that one of 
them is traveling in. Suddenly, the two fields that could 
not even see each other a moment ago now create an 
incredible “torque” ~ this is the same thing that we see 
in barmagnets and electric motors This is the “torsion 
field” research 
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Bar magnets are different than pure fields because they 
are composed of the discrete fields of thousands of 
tiny magnetic “domains”. ' 
barmagnets are never “invisible” to each other 
because that the fields in bar magnets are too jumbled 
to ever really “line up” to the point of being invisible. 


That is why the fields from 


Pure fields can do this, however, reinforcing the 
supremacy of Einstein's relativistic effects with relation 
to electromagnetism. 


Anyhow, that is about it for now — I will try to come up 
with a mor detailed picture for you on this if you like, 
but I expect that you will probably have more questions 
about Marcus theory and device in near future. It is a 
wery complex idea underlying his research, but the basis 


of it is the idea of “rotating magnetic fields”. 


If you want to do additional research on your own into 
related fields of study, I would definitely look up 
“relativity and magnetism” — it provides an excellent 
example of how to visualize relativity theory in the study 


of magnetic field interactions. This is something that 
electwonics engineers are not taught, which is why you 
have never heard of this in an engineering sense before. 
However, in physics is a well-known concept, although 
most physicists prefer to work with quantum mechanics 
rather than wlativity these days. 


In terms of rotating magnetic fields, you can look up 
“torsion fields” — again, the Russians have the best 
understanding of advanced torsion field physics, 
although their best material probably has not been 
tmnslated yet. Additionally, rotating magnetic fields are 
the basis for the Searle Effect and the Hamel device 


Marcus was intrigued by Searle’s claims, because the 
Its 


appear to have matched many of his own res 
Intewstingly, Marcus had developed his work within an 
“ntellectual vacuum” and had never heard of S 


ale 
before I told him about the similarities. Nevertheless, 
force-fields, ice-cold operating temperatures, and 
antigravity seem to be a pervasive similarity between all 
manners of experiments that have been reported using, 
rotating magnetic fields I had assumed that Searle's 
claims were bank, but after hearing about similar effects, 
from Marcus research it led to reconsider some of the 
criticism surrounding Searle lately. 


One a final note ~ one group that may 
credibility to this research is Godin and Roshchin in 
Russia. They obviously benefit from the years of 
knowledge that the Russians accrued in magnetic field 
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systems theory, and they attempted a replication of the 
Seade effect device some years back (and claimed to get 
some results). I hear that they have been working on a 
revised version of their experimental setup recently and 
hope to have even better results in the very near future. 


Magnetic fow for a bifilae-wound toroid that is split at fur 
points on the toroid. This configuration occurs when the 
coils in the nubs are charged to match the charge on the 

toroidal coil. The configuration is a quadta pole with a 
minimum magnetic field at the center 


Fig. 2 


Marcus recommends the Kikusui 60001 and 180001. 
‘multipurpose AC power-supplies 


Fig3 


A scale-model mockup of the ring-arrangement within the 
Mateus device, showing the interlinking coils 
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Keith Colwell 


Keith Colwell has sailed al hs life, in. all sorts of cratt from simple 
high-speed motor cruisers, 


sailing dinghies to 


‘Although Keith trained as a naval architect and was employed initaly as a development 
‘engineer for a Workboat builder, he has spent most of his career as a yachting journalist, He 
worked for 22 years as a staff journalist starting as a Technical Reporter for Motorboat and 
Yachting, Technical Ecitor and then Deputy Editor of Practical Boat Owner before jumping 
ship to become Development Editor of Sailing Today 


He is now employed by the Royal National Lifeboat Institution as a Divisional Sea Safety 
Manager, managing and training a large team of volunteer FNL safety advisers, who provide 
a salely advice service to the boating public 


Keith is an RYA Yachtmaster Offshore Sail, an RYA Advanced Powerboat Instructor, a SRC 
instructor/assessor and a RYA and MNSTCW'95TB Sea Survival instructor. 
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Foreword 
By Mike Golding 


"Sea Sunival training saves lives, itis essential knowledge for the modem offshore skipper, 

The stark fact is, if things do go dramatically wrong onboard, this knowledge can save lives. 
‘Training for the worst eventuality wil make you better prepared and it wil give you the confidence 
te know that you have planned for every concelvable circumstance when you leave port. The sea 
can be a hostile and brutal place for the il prepared, you don't need to be in the Southern Ocean, 
the English Channel or anywhere away from easy access to shore, can quickly become just as 
dangerous and hostile if things go badly wrong onboard your boat. When it comes to survival, 
preparation is everything and all good preparation begins with solid information and sound 
practical traning, 


This book highlights the importance of having the correct safety equipment and wil also give 
you the knowledge of know how and when to use it. Armed with this information and the right 
equipment every eventuality onboard, no matter how severe, can be met with the determination 
‘and conviction that is the essential mark of every survivor’ 
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Introduction 


Boating is one of the safest leisure sporting activities. However, in any sport that pushes us to the 
exige of cur abilities, there's always a chance of accident or injury, Being properly prepared makes 
Us better able to cope with an emergency and will significantly increase our chances of survival. 


‘This hancbook is essential for anyone taking the one-day RYA Basic Sea Survival course and 
the two-day RYAISAF Offshore Safety course. It is also invaluable for anyone who takes a boat 
offshore, 

K. Colwell 

For further information and a list of establishments running RYA Training Courses, 


contact the RYA at RYA House, Ensign Way, Hamble, Southampton, S031 4YA. 
‘Tel 0845 345 0400 Fax 0845 345 0329 


‘Sea Survival Handbook 


CHAPTER 1 : Before you go out 


In the UK, HM Coastguard has a free Voluntary Safety Identification Scheme (CG66), Details about 
your boat are stored on a database accessible by all HM Coastguard Co-ordination Centres. 
‘Aconiact number is provided for those ashore should they become worried about you. To join, 
visit wowemega.gov.uk 


‘Check the weather forecast and tides. Familrise yourself with the area you're planning to sail 
‘Are you and your crew sufficiently skied for the planned trip? Tell somebody ashore where you are 
planning to go, when you expect to get there and how many people are on board. Let them know 

‘when you exnect to aive and what to do if you don't contact them to tell them of your safe arrival 


‘Many other countries have similar voluntary or compulsory registration schemes, so check ithe 
‘country in which you keep your boat has a scheme and how you can join, 


Safety brief 


{As skipper you should ensure that everyone on board knows where the safety equipment 
is stowed and how to use it. Talk them through your passage and pilotage as well as your 

contingency plan should something go wrong. Don't forget the less obvious safety equipment and 
procedures such as how to drop anchor or how to read your current position off the GPS or chart, 


‘Are your crew familar with boating? Is there: 

‘anything you should know about them? Can 

they swim? Do they have medical problems 

that you need to be aware of, such as asthma, 

diabetes or angina? As skipper, their safety is 
responsibily. 
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Safety brief checklist 


Lifejackets Check condition, lights, when and how to don and inflate 
Hamesses When and where to clip on 
Flares Where stowed and how to fre 

Liferatt Where stowed and how to launch and inflate 

Grab bag Where itis, also other items such as water, food etc 

Onboard hazards Boom, winches, cleats, ropes ete 

‘Anchoring procedure 

How to start the engine 

Lifebuoy/dan buoy 

VHF radio Mayday and DSC procedures, 

ops How to read off @ position 

Bilge pump Where and how to use it 

First-aid kit Where itis kept 

Fire extinguishers Where, what type and how to use them 

Medicines ‘Ave they taking any medication including anti-seasickness tablets 
Clothing _ Spare clothing, sunscreen 

Lookout Tell me what you see and hear; | may not have seen or heard itt 
Passage Plan Where we are going and contingency plans 


MOB recovery equipment ___Where and hhow to use it 
Watch rota When to call the skipper 
Can they swim? 

‘Medical or physical problems? 
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VHF tip 


Operating procedures for marine-band radios 
vary from setto set. Stick @ prompt-card in 

‘a prominent position close to the set. Make 
‘sure the crew know not only how to switch 
‘on the radio — including the correct switch on 
|_ the distribution board —but also how to use 
the DSC distress button (fitted) and how to 
choose Ch 16 and transmit a Mayday. 


Your MMSi number and call sign should be 
‘prominently displayed beside the radio. 


Clear labels on lockers and a plan of where the safety equioment is stowed wil save time and help 
reduce panic during an emergency. Place a copy on the door in the heads, where crew may find 
the time to study it 


Labeling will assist SAR (Search and Rescue) crew if they need to come aboard during a rescue, 


Make a plan 


Think about what can go wrong and how you can reduce the severity of an incident. 
For example, ask yourself: 

‘= What would you do in a range of emergencies? 

‘+ How would you go about abandoning ship? 

‘+ What you would do if somebody went overboard and how would you recover ther? 
‘= When should you fire flares or make a Mayday call? 

© What is your contingency plan? 

© Tak your procedures through and, where possible, practise them with your crew. 
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Clothing 


(Do you have the right clothing for the 
conditions? Take extra and spare clothing with 
you because conditions at sea are more hostile 
than on fandl, 


‘Synthetic materials are better at wicking 
moisture away from the skin. Breathable 
Waterproofs Keep you warmer not only by 
keeping you dry from the outside but also by 
preventing moisture created by your body from 
becoming trapped inside the clothing. 


‘Most marine clothing manufacturers now 
provide layer systems that are better at 


keeping you comfortable in a range of weather 
conditions, 


Cool weather clothing 


_ Weal a eee at 
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Systems of conversion of thermal energy 
to mechanical one 


Review prepared by correspondent Alla Pashova, Russia 


There is a wide class of closed-cycle heat engines using differential temperature of water and ambient 
air. This kind of systems enables thermal energy to be directly converted to mechanical one so as to 
perform a useful work. We publish patent specifications of two analogous devices of this kind. 


In 1928 PI. Dobrokhotov proposed a design of such an engine, 
It represents an endless chain thrown over a pair of blocks and 


PATENT FOR INVENTION, 


eae partly immersed into water.’The chain consists of coiled pipes filled 

eee wae TO | with a volatile liquid (such as sulfurous anhydride or ammonia). 
POSEN RENE One end of each coil is fastened to a frame, while another end is 
STEAL hn fastened to a cylinder piston mounted on the same frame. When 
overwater clements are heated by means of ambient ais, the liquid 


being in motion compress air in the cylinder, and thereby reduce 
volume of each element. When submerging, the element gradually 


4 i inside the coil evaporate. Vapor put pressure upon the pistons which 


cools down, thereupon causing a decrease in pressure of vapor of 
the liquid, which is enclosed within coils. ‘The pistons move in 


backward direction, and the volume of air available inside the 
cylinder 


icveatsed INVENTION SU1404681 Al 
Increase of | 23.06.88 
volume results | Yu.S. Grigoryev 

Prototype: USSR patent #13534 
F036 7706, 1928 


in increase of 
water buoyancy 


force that sets 


( 
a 


motion, 


In 1980, ¥.8. Grigoriev developed his forerunner’ idea by 
improving the system described above. ‘The inventor aspired to 
enhance the effectiveness of this method of conversion of heat 
energy to mechanical one. He suggested fixing the volume of 
chambers filled with a heat-sensitive actuating medium at its 
minimal magnitude before immersing of those chambers into 
warm water. In water the actuating medium heats and partially 
evaporates At a maximum depth of submersion, the chambers 
are released from fixation to be expanded during emession. Thus 
one may avoid expansion of the chambers during their 
submemion. Futhermore, there is a possibility to activate the 
device and get the useful work without preliminary spinup fom 
an external drive. 


New Energy Technologies, Issue #3 May - June 2003 74 


‘Warm weather clothing 


‘Wear a wide immed hat nd it 
posible ono wih nek protction, 


Flac rom wale nea tho 
‘ae efecto he sun, Use sunglasses 
ith 100% UNA protection 


Fgulaty apply sn block of SPF 
30-40 or ore on esponed ki. 


‘Wear lcs long slew sits 
ard rousers. 


Wear deck shoes to protect eet fom 
hot docks ane subbing toes. 


In hot weather, protect yourself from the sun. UV light is reflected by the sea and wil increase the 
possibilty of sunburn, Use sun block or high factor cream. Don’t forget vuinerable areas such as 
tops of yaur feet, ears and the front of your legs. Long-sleeved shirts and broad!-brimmed hats give 
acided protection and wrap-around sunglasses reduce glare. 
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Comprehensive is id it and sufcent 
rowleige t use tcorecty 


‘The amount of safety gear you 

mainly on where you are planning to sail. 

Here's a selection of recommended equipment. Frebianket 
rear, but ret 
‘overcook 


Before you start your voyage, leave details with 
a shore contact. Check requirements forall the 


countries you are sailing. Service re eng or 
a ‘each accommodation space 


Sistem totais 


Crag tar oe Sse ; 
foreman brcrairan nat /, rest 
‘adequate reserve: for MOB rescue aoitheet 


ilegachts wih ight, crotch apse 
straps and spray hoods, 

Foo tan spare and re-aring Ws, 
amesoes and vet weather 


‘ea oral the cw 


Iryto keep the por quar 
lear for helecoptr rescue 


an buoy attached to iebucy 


Accurate main and tnd 
bemringcompasees 


Emecpercy 


on Pating rescue fre 


Lebo, fosting ight a crogue 


Powerful spt an toch with 
sre batteries and bls 


lenge wt fue tos andl ord 


Wohl hc 
aida ie ng 
Dinghy with oars, repair Kit, pump, anchor, ‘use in awkward spaces 
ms vos: ‘Comprehensive toot kit incising 


ssl rep ere rigaton tt 
bbs and uses 


Fly sevice engine, wth hanchock, Gas kept a propery verted cher 
adequate spares and sutcent wit al pips and connectons 
ronledge to elec eis regulary checked tore 
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Inthe UK and eand the NL offer. | 
a tree safety equipment advisory 
‘service to all boat owners, 


Enough sal, vans 
and spare winch andes 


Adequate anchors ard marked 
cable towed say 


‘Serviced Me aft 


Big aps wth 
sir beste) 
Navigon a communication equpment ecto scunder, ed ne, 
salty check car, upto dal chars and maps, VE, GPS, emergency 
VHF antema etc, 
\Wirkng seacocks with emergency 
saftwcad seg bungs op 
token kin tings 
Distress ares 
EE) Soe ssrctige ‘ra bag, ncuting hehele 
ator warning deces HE GPS, EPA, fares 
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Equipment for motorboats 


‘Mechanical failure is the rain cause of problems in a motorboat, Ensure engines are 
regularly serviced and checked. Carry suficient fuel forthe proposed voyage. One of 
the main reasons of crew accidents on a motorboat is the hemsman making a sudden 
‘manoeuvre without informing the rest ofthe crew, who can be thrown of their feet 

(6c worse overboard). While motorboats will cary much of the same equipment as 
ssaling boats, the lack of aging and the dependence on mechanical power can bring 
specific problems. 


‘Adequate schors snd asked 
abl towed safely 


Spar fonder and ropes 


Proper ight deck rls an doy deck jack stays for 
ale ames (these ce rarely seen on motorboat but 
‘wou be quit selon deckin rou weather, but eny 
‘hon traveling at aw speed or when stopped 


Two buckets with yards 
‘and a hand big puri for 
sein awkward spaces 


Working seacocks wih emergency 
suftwond sealing bung ola rcken—Aytomatic ee etingshess 


@--— * 

‘Blige purmps are important on @ motorboat Engines and ail other related 
‘Comprehensive too! kit including spare engine (PUMP 2S @ backup, in case the electric an emergency with the use of 
parts, spare navigation light bulbs and fuses, ‘pump fais -onvot fuel taps in fuel nes: 
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Inthe UK and end the RNL offer 
a free safety equipment advisory 


‘service to all boat owners. 
Fre lnhet near, 
eee wunwanitorguk/seasaety 
Sarco, gt ar tile = 
war wary dices 
Ful saad fre eingiher 
fer each accommodation space 


Grab nag with Pancekt 
VHF, GPS, EP, fares 


Foc elec Powerful searchight the Deas 
with coming to harbour er 
ieking up a tury trig 
a pour visti MO rescue 
tom Gato hs wth 
ven bed adequate spe bts 


aig rez ie Comptes fst iit 
G ard suficiert ouloge 
tovse tconecty 


Deck oda 08 danbuy rey 
= — seen on mots) 


Horseshoe itebucy, floating ght and erogue 


Sk 


Lockets with gs, rie straps and spray 
ocd fr everone an bare, sufiient stale 

rearing kts 

erat with tyke release as motorboat ca 
9 down very qu i aytting kit at speed. 
gut checked and ainsi 

“ender and uteerd ropes maintained, 
regula checks wih sic ul 


‘Appropriate region 2d 
‘communion equipment: 


6s bates ober na properly cho sounder, ead re, sey 
Suficint uel and weer vented locker, also make sure al the check cars, up to dae drs, 
ortho paasape plus an —_ipenark and conection are checked hn ae fet VHF binoculars, 
adequale ecere for Tks on a reg tasis torch ec 
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Immersion (Survival) suits 


‘Not usually found aboard most cruising yachts, although increasing in popularity with professional 
yechtsmen and commercial small boat operators, the cold water immersion suit has been 
Gesigned for larger commercial cratt. 


Since July 2006, an immersion suit is required for every persion on board a Cargo vessel that 
operates in a cold-water area. They are often buky which is not conductive to easy stowage 
aboard a small yacht. 


There are a broad variety of types from thick neoprene insulated suits to those that are made from 
PU-coated nylon which are similar to diving or watersports drysuits and require insulated clothing 
to be worn beneath the suit. Both types usually have insulated hoods to minimise heat loss from 
the head. 


‘They require practice to be donned quickly. 


Unless built-in buoyancy is provided, a 275N lejacket (S06 p.33) must be worn to ensure sulicient 
buoyancy to turn and keep the immersion suit wearer face up. 


14 


Donning an immersion suit 
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Care and maintenance of boat and equipment 


For the sale operation af a boat at sea, i's essential to inspect and regularly service not only 
safety equioment but also the boat's machinery, structure and systems. The smallest failure can 
sometimes be the beginning of a catalogue of problems that can Jead to a catastrophe. 
Prevention is far better than cure. 


Follow the example of arcraft pilots and check your boat before departure and put right any problems: 
‘= Do you have enough fuel? 
‘= Does the engine have sufficient oll and water? 
‘= Is the engine's raw-water fiter clear of debris? 
‘© Is there water or dit in the fuel fiter/water separator? 
+ Are the engine mounts secure? 
‘+s there water or ol or fue in the bilge — itso investigate where it carne frm? 
+ Are the hoses securely clipped to the skin fitings? 
+ Are the seacocks working smoothiy, and are softwood bungs 
fastened to them in case the skin fiting fractures? 
‘Is the steering free from stitness or excessive play? 
+ Are the bilge pumps operational? 
+ Ar the strum boxes clear of rubbish? 
Are the rigging pins in place at shroud bases? 
= Are the lifejackets operational? 
Ave the jackstays secure? 
+ Are the fire extinguishers up to pressure? 
‘= Isthe anchor ready? 
‘= Isthe tiferatt ready? 
‘= fs the lilebuoy ready and the Kebuoy light working? 
+ fs the dan buoy in place with the flag concertinaed 
(rather than rolled) so that it deploys quickly? 
+ Is the handheld VHF charged? Spare charged batteries available? 
+ isthe fixed VHF working? 
+ Areal the navigational instruments working? 
+ Arein-date flares readily to hand? 


‘Aways carry sufficient spares on board — engine oil, fuel fiters, drive belts, water pump impellers, 
hoses and spare fuses. 


Replace any items in the first-aid kit that need replacing. Make sure you have replacement 
batteries for handheld kit and that you have the right tools on board, 
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On sailing boats: 

‘+ Check the mast for wear or damage. 

'» Are the spreaders in their sockets? 

‘* Are the navigation lights working properly? 

‘= Ave there any loose halyards, darnaged 
rigging wires or bent fittings? 


Check the engine instruments. Lift the engine- 
room and floor hatches and check that all's 
‘well, Look around the deck and up the mast. 
's there anything becoming loose or that 

has moved into an unusual position? Listen 
‘or unusual noises ~ they can indicate the 
beginning of something going wrong. 


‘Remember to continue to make regular 
checks whilst on passage. 


‘When a skipper is familiar with their boat they are mere: likely to quickly notice if anything is amiss. 


Keep a lag of items that need longer-term maintenance, including the dates that equipment such 
as flares, fre extinguishers, lfejackets and lferaft require servicing or replacing. Regularly check all 
safely equipment for signs of corrosion and wear and tear and make a note of anything that's likely 
toned replacing in the near future. 


Many items of safety equipment are rarely if ever used. I's easy for them to be forgotten and 
neglected, However, regular maintenance, Servicing and inspections are necessary fo ensure the 
equipment works when you need it. 


Engine servicing must not be neglected. Engine 
failure is one of the main reasons for yachts 
(power and sai) to founder 


Put the boat's name or call sign on all safety 
equipment and other items that can float free so 
itis easily identiied i found by the SAR services, 


Tip 

‘Ad reto-rellective tape tothe lfebuoy and 
‘darbuoy so that they can be seen more easily 
at night. 
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CHAPTER 2 : Weather 


Marine weather forecasts are widely available. They are broadcast on public and commercial radio 
and by coast radio stations, Navtex, the internet and on Inmarsat. 


Times for radio broadcasts are shown in an almanac or RYA Weather Forecasts (G5). 


‘Shipping forecast terms 


Gale = Average wind expected to be FB or more 
‘Strong-wind warning = Average wind expected to be F6 or F7 


| Timing from the time of issue of warning or forecast 
Imminent = within 6 hours , Soon =within 6-12 hours, Later = more than 12 hours 
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Backing = wind changing in an anticlockwise direction 

‘Veering = wind changing in 2 clockwise direction 

General synopsis = How, when and where the weather systems are moving 

Sea states: Smooth = wave height 0.2-0.5m, Slight = wave helght 0.5 to 1m, Maderate = wave height 
1.25-2.5m, Rough = wave height 2.5~4m, Very rough = wave height 4-6, 


Pressure and tendency 
‘Steady = change less than O.1mb in 3 hours 

Fising or faling slowly = change 0.1—1.5mb in the last 3 hours 

Rising of faling = change 1.6-3.5mb in the last 3 hours 

Rising or fling quickly = change 3.6~Gmb in the last 3 hours 

Rising or fling very rapidly = change of more than émb inthe last 3 hours 

Now rising, naw faling = change from rising or faling or vice versain the last 3 hours 


‘Typical depression 

In the UK, strong-wind weather is usually determined by Atlantic depressions formed by low pressure. As 
a depression moves aoross the country, the warm fronts caught by the cold front, creating an cocluded 
‘ront. The ower the pressure inthe lw, the stronger the winds, 


Clouds give a good indication of the approaching Weather, High-attude cirus clouds give an indication 
that a depression is approaching. As the warm front approaches, the cloud base descends and pressure 
falls. Rain becomes heavier with poor vist, then lightens to drizzle. 


Movement of depression —= > 


‘As the warrn front passes, the wind veers and becomes steady and the air pressure settles 
Visibility is moderate, Low-level fracto and altostratus cloud forrns overhead, 


‘A cold front approaches and the wind veers suddenly as the front passes over. Heavy rain, possibly 
hall and thunder may occur, Visibility is poor. 


Behind cold front, the pressure rises then levels. Sunshine and showers, visibilty good except in 
showers, Cumulonimbus and then Cumulus cloud can be seen. 
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Tliya R. Prigozhin 
(25 January, 1917 - 28 May, 2003) 


3 Ilya R. Prigozhin, aged 86, Nobel Prize Winner, Belgian scientist of the Russian origin, died on 
28 May in Brussels Prigozhin made a number of prominent discoveries in the field of 


thermodynamics and statistical mechanics of nonequilibrium processes. In patticulas he developed 


a concept of irreversibility as applied to thermodynamics Prigozhin was studying time as a physical 
\ phenomenon. In 1977, he was awarded the Nobel Prize for chemistry “for works on 
thermodynamics of nonequilibrium processes”. 


‘The scientist formulated one of the major theorems of the theory of nonequilibrium processes. 
This theory was later named after him. According to Prigozhin’s theorem, stationary state of the system corresponds to 
‘minimal entsopy generation. The outstanding physicist was also an initiator of applying methods of theory of nonequilibrium 
pro 


in biology 


Thermodynamics principles were enunciated in the middle of the XIX century after the invention of a steam-engine, when 


intemetion of heat, electrical, and mechanical work aroused a higher interest. In accordance with the first law of thermodynamies 


repress 


ting an energy conservation principle, energy neither disappears nor appears in any closed system, but transforms 
from one form to another. 


The Prigozhins theorem sounds as follows: sta tionary state of the system (under conditions impeding a tainment of equilibrium 
state) corresponds to the minimal genention of entiopies. If there are no such impediments, then production of entropy 
reaches its bare minimum, ie. zera. The theorem was proved by Prigozhin in 1947, 

In thermodynamics the nonequilibrium specifically open systems were of most interest for Prigozhin, In such systems either 
or both (matter and energy) interchange in reactions with an environment. At that, quantity of matter and/or energy increases 
‘or decreases in the course of time 


Itis obvious that human society as well as the biological en vironment is an example of dissipative and nondissipative structures. 
In the 60s and 70s, Prigozhin developed his theory of dissipative structures and described the formation and development of 
embryos Critical points of bifurcation in his mathematical model are correlated with a point, whew a biological system 


becomes consecutive and stabilized. 


For his scientific career time, the physicist was awarded over 40 scientific rewards and admitted as an bonorary 
‘member into national academies of many countries all over the world, 


+ 
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Local winds 
‘Winds often vary from forecast due to local 
effects. 


Wind is slowed by friction with the surface, 
Which Is greater over land than sea, 


Wind blowing offshore can be variable in 
irection and strength, especially when blowing 
off troes, buildings, cfs, valleys etc. 


Fog 

Advection or sea fog 

Created when moist air blows over a colder 
sea. Usually associated, in the UK, with warm S 
‘oF SW winds of a depression. Most common in 
‘spring when sea temperature is at its lowest, 


Wind backs more over land than sea. Ifthe 
\wind is blowing off the land, expect it to back 

‘aS you approach the coast. This may affect the 
sea state depending on the direction of the tide. 


Radiation or land fog 
‘Occurs in settled weather in autumn/winter 
Created when land cools quickly at night, 
‘causing moisture in the air to condense and. 
form fog over land that will drift out to sea on a 
land breeze. 
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Beaufort scale 


4 Light airs 1-3 knots 

Ripples 

Sail driting conditions 

Power — fast, smoath planing conditions 


2 Light breeze 4-6 knots 

‘Small wavelets 

Sail — full mainsail and targe genoa 
Power — fast planing conditions 


‘8 Gentle breeze 7-10 knots 
Occasional crests 

Sail full sail 

Power —tast planing conditions 


4 Moderate 11-16 knots 

Frequent white horses 

Sall reduce headsail size 

Power — fast but bumpy planing conditions 


5 Fresh breeze 17-21 knots 

Moderate waves, many white crests 

Sail — rect mainsail 

Power ~ reduce speed to prevent slamming 
when going upwind 
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6 Strong breeze 22-27 knots 
Large waves, white foam crests 
‘Sail - reef main and reduce headsail 
Power — displacement speed 


7 Near gale 28-33 knots 

‘Sea heaps up, spray, breaking waves, foam 
blows in streaks 

Sail - deep reefed main, smal ji 

Power — displacement speed 


8 Gale 34-40 knots 

Moderately high waves, breaking crests 
‘Sail deep refed main, storm jb 
Power - displacement speed, stern waves 


9 Severe gale 41-47 knots 

High waves, spray affects visibility 

‘Sall— trysail and storm jib 

Power — displacement speed, stern waves 


10 Storm 48-55 knots. 
‘Very high waves, long breaking crests 
‘Survval conditions: 
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CHAPTER 3 : Preparing for heavy weather 


Motorboats are less likely to find themselves caught in heavy weather since mest have the speed 
and agilty to find a safe haven quickly or, on longer passages, to route around a storm, Saling 
yachts, however, often cannot avoid stormy conditions, 


Whether under power or sail the following guidelines are a sensible precursor to heavy weather: 
= Stow all gear securely 

© Shut lockers and hatches 

© Shut and secure portights 

© Stow essentials in plastic bags 

* Tumotf seacocks to toilet and sink 

© Mark fix on chart and secure chart to table 

+ Update log 

‘* Check contingency plans and, not already done so, add appropriate waypoints to GPS 
‘» Prepare contingency passage plans 

© Sail away trom the lee shore 

‘* Print or write cut weather forecast times and fasten to the chart area 
‘© Organise a crew roster. Rest the strongest and most able crew first 
‘+ Eat a meal and prepare sandwiches and flasks of hot crinks 

‘© Drink plenty of water 

‘» Inform the Coastauard ot your position and planned course 

‘© Toke anti-seasickness tablets 

‘= Charge engine batteries 

«Check bilges and ensure bilge pumps are Working 

© Chock and wear safety equipment 

‘© Secure cockpit lockers to prevent down-flooding 

© Socure washboards in companionway 

appropriate, shut watertight doors 

Stow loose items off deck 

© Prepare and secure anchor locker 

= Check sea anchor and heavy warps 

‘¢ Rig and chook jackstays 

© Close off deck ventilators 

‘* Check cockpit drains are clear 

‘* Ifrequired, rig mainsail reefing pennant to third roof 

‘+ Prepare trysail and storm jib 
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Shortening sail 


As the wind strengthens you will need to shorten sail. Always shorten sail before you have to 
because it's easier to shake out a reef i the conditions allow than to take one in when the wind 
has increased 


‘The order of shortening sail wil depend on your boat and rig. In general, the principle is to shorten 
sail by gradually reducing the headsail and mainsail sa that the centre of effert does not mave too 
far forward or too far aft. This will Keep the boat balanced and ensures sufficient weather helm is 
maintained. 


Note that on some boats with slab or ify reefing only two reefing pennants are run, This requires 
the fist reefing ine to be reattached to the thr or uppermost reefing cringle. Three reefs will 
reduce the mainsall by up to 60% of its total area, 


‘While roller headsails can reduce sail area completely, a partially reofed roller headsall is very 
inefficient upwind and will not provide the proper balance. 


Storm sails 


If wind conditions increase, you will need to resort to storm sails comprising of a storm jb and 
trysail. These lower the centre of effort and may help a yacht to be sailed off a lee shore, They are 
made from heavy-duty material usually coloured bight-red or luminescent orange so that other 
shipping can more easily see the boat. A storm jib is best sot on an inner forestay, this can be a 
rigged temporarily or porranently, 


‘A trysallis a foose-footed ssa Its shect Is le aft either to spinneker pad eye or to a stem 
mooring cleat. Occasionally it may be attached to the boom but this is not ecormended. 


Depending on type, a trysail can allow for the mainsail to be furled and secured to the boom. 
‘The boom can then be dropped and secured to the deck. A trysail can be hoisted in the mainsai's 
track or preferably in its own track. It must be securely fastened, 


‘Both sails should be pre-rigged with their own sheets 


Since the rigging of storm sails ciffers from that of ordinary sails i's important to practise rigging 
them in fine weather rather than waiting until you really need them. Rig them in advance of a storm. 
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Rigged for heavy weather 
Storm jib is best set on an inner forestay while the trysail replaces the mains, 
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Breaking waves 


Waves are generated by the frictional effect of wind on the surface of the water. The stronger the 
wind, the longer it has blown and the gfeater the fetch (the distance to shelter from wince), 
the bigger the waves, 


Very steep waves are formed when: 
‘© the wind strenath increases rapidly 

‘© wind and current oppose each other — wind against tide 

‘* waves are coring from different directions due to a sudden wind shift 
© water becomes shallow 


Waves break when they reach a critical steepness and gravity can no longer sustain their shape. 


Compared ta their size, breaking waves release enormous amounts of energy and they are often 
sufficient to knock down and capsize a boat. 


\When caught bear-on, a breaking Wave the same height asthe beam of the boat is enough to 
turn the boat upside down, 


(Owing to the boat's reduction in moment of inertia, a dismasted yacht is often more easily rolled by 
breaking wave than one with @ mast. 


‘Avoid areas of breaking waves whenever possible. 


The Age of Varisting Staity wil cepend 
co the design of the bos. Many wil nat ght 
‘horses nce inetd 1 120 


Abreaking wave the same height as the Many boats will stay upside down after 
beam can capsize the boat. capsize. 
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CHAPTER 4 : Handling heavy weather 


‘Your plan for handling heavy weather needs to take into account: 
‘© capability of the boat 

= capability of the crew 

‘© severity ofthe expected weather conditions 

© proximity to land 


‘There are two basic strategies for handling heavy weather: 
1. run for shelter 
2. ride it out at sea 


Running for shetter 


‘Choose @ haven that has a sheltered entrance, waves get bigger and steeper as they approach 
shallow water. An opposing tide will aso increase wave size and steepness. Bigger waves travel 
faster and are more likely to break. When approaching a harbour entrance running with the waves, 
the increasing size of waves can be deceptive. Look behind you for waves catching you up. Good 
shelter and a wind with tide can make a flatter sea close in. Radio the Coastguard and harbour 
master for advice and to tell them of your intention. 


Riding it out at sea 
Fiding it cut at sea needs room. There are several methods: 


Going to windward (sailing craft) 

‘A.gcod method in strong winds, but only if the crow are relatively strong, is to close reach acrass 
troughs, lft (steer) into and over crests and bear away hard to keep the leeward side in the water 
land avoid a slam. Keep steerage in the troughs or the yacht could end up beam-on to the next 
‘wave, Not 2 method to be used if the crew are tired, in darkness or strengthening winds. 


‘Another option for yachts that do not behave well in stormy winds is to sail slowly upwind. Heavily 
reef the mainsail and set it as flat as possible and as tightly sheeted in as possible so that it acts 
as a stacying sail. The headsallis furled. A ketch or yaw would be better using the mizzen rather 
than the mainsail. Adjust the boat's speed so that itis just moving forward, speeding up to miss 
breaking waves. 


Heaving to 

FRoduces strain on the yacht and crow by riding waves more easily, making little or no headway but 
considerable leeway. Boats vary in their abilty to heave to, if properly balanced, a yacht will hold its 
position at about 60 to 70 degrees off the wind and wil leave a slick of calm water to windward, 


“The method is to tack but keep the headsail backed. Hold or fasten the helm to leeward. Some 


modern designs are difficult to heave to since their eficient rigs continue to drive them forward, 
However, yachts can heave to under storm sails and have a steadier motion. 
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Going to windward (powered craft) 

Motor cruisers can drive straight into head seas but it will be very uncomfortable for those on 
board, a better way uses a similar approach as saling yachts. Rather than heading directly into the 
‘waves, dog-leg or tack across the waves, look for gaps between the breaking crests to head into 
and over the wave. if possible, trim the bow down. Use the throttlo continuously and carefully to 
prevent the boat from fying off the wave or from digging into the trough 


Going downwind (sail craft) 
Running before the wind will dramatically reduce the apparent wind speed and greatly reduce 
slamming, 


However, the mainsail boom may dig into the water and slew the yacht araund, so using a trysall 
and a storm jb - or either on their own ~ may be a better option. 


Going downwind (powered craft) 
‘Trim the baw up and position the boat on the back of a wave, After the wave breaks, drive through 
‘and on te the back of the next wave, 


Big waves travel quicky, 50 keep a good lookout behind for waves catching you up. 
Koop a hand on the throttie and contro the boat speed carefully. You may need to slow down to 
prevent breaking through the wave and then speed up to get on the back of the next wave. 


Drogues at sea 
Drogues carn be used on power or sail craft. They are attached to the stem of the boat and help 
prevent the yacht from being slewed sideways and rolled over by breaking waves in a following sea. 


Use enough length of line - 100 metres or 10 x the boats lenth - to stop the drogue from breaking free 
of the water and at least two to three times the wave length. Because of the danger of being pooped 
by waves breaking over the stem, ensure that hatches, lockers and the companionway are secured. 

1a crogue is not available, a length of heavy warp either in @ line or @ loop can be used. 


‘Spread the load over several cleats and pad areas that are likely to chafe. 


Drogues help prevent broaching and Along loop of trailing warp can also be 
twisting sideways onto the waves. used in a following sea. 
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Russian Academy of Sciences 
Russian Physical Society 
Nuclear Society of Russia 
‘Mendeleev Chemical Society of Russia 
‘Moscow Lomonosov State University 
Russian People’s Friendship State University 


‘The 11 Rassian Conference o Cold Nuclear Transmutation of Chemical Elements and Ball-Lightning (RCCNT&BL-11) is to be held 
during September 28- October 5, 2003, The place of the Conference is in Dagomys near the city of Sachi 


“The program of the Conference includes the following subjects: 
+ "Experimental research in cold nuclear transmutation (fasion) and ball lightning; 
‘Theoretical models with respect to cold miclear transmutation (Fusion) and bal-lightning effects; 
Applied to these problems technologies and devices, 


‘The Onganizing Committee of the Conference is pleased to invite you to attend the Conference, The terms of your patticipation are as 
follows: 


“The fall cast is $900, which will include the registration fee, hotel reservation and living, three daily buffet meals conference proceedings, 
tansporation fom the Sochi aisport and back, social dinner and special excursion oF entertainment. 


“The languages of the Confernce are Russian and English, 


“The total cost can be reduced to $800 if transferred before August 10 to the account of the Oganizing Committee, which is t0 be 
announced on having received from you a confirmation about your decision to attend the Confemce 


If you make a decision to take part in the Conference, please, let us know before July 1 about the title and abstract of your report 


Contact telephone: (7) (095) 196-9476 (ask Mr. Igor Goryachev), Fax: (7) (095) 196-6108 
‘Email: gnedenko@kiaeru; Bazhutov@erzion.madi.ru; bazhutov@izmiran.rssi.ru; bychvi@oreru 
‘Address: I. Goryachey; Russia, 123182 Moscow, 1 Kurchator Squ, 

Research Institute of High Technologies at RC “Kurchatov Institute” 


our readers 5 
* 


“Thank you for publication of my article. Your magazine becomes mow and more popular. 


My special thanks to Falitorin-Chief Alexander V Frolov. Whatever they say or write in the press, he has done a great work and itis not 
only my own opinion. He has managed to do that everybody had been waiting for a long time. My colleagues (not only from Rostov- 
Don State University but also from other Rostov Institutes of higher education) ask me personally send the best regards to the editorial 
staf of your magazine 


Sergey A. Gerasimor 


Free enemy? 


“The scientific community says that it cannot exist. Where did we hear that before? Academician Valery Sobolev from the Acadeny of 
Sciences, the head of the research group working on the experiment says: “This is not some new plysies, but just experiments that have 
been performed very seriously. Make surge of electrons from the environment, remove them, deplete the fused electlyte with basic 
typical metals; what you derive from it is what cannot be produced by chemical methods. This is a new state of substance” As the 
researchers say, first they discovered a pattcular electrochemical process where high-temperature materials in a new state are the product. 


“Thisin its tur allowed to dncovera new sate of substance, new class of mars, «new source of energy, a new method of cold plasma 
generation, a new superconductor See whole article at Ip://english.peava.ra/science/19/94/379/9675_energy heal 


Josef Hasslberger 


Fersonal home page on physics energy technology, socal and economic issues: hp /wwehasslbengezcom 
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‘Sea anchors 

Deployed from the bow, and similar in size and shape to a parachute, a sea anchor keeps the bow 
hhead:to-wind and waves and reduces the possibilty of capsize or pitch-poling. Sea anchors can 
‘be used on all types of craft but are particularly useful for catamarans and motor cruisers, which 
would otherwise turn their stems towards the waves, 


‘A.soa anchor for a 10-metre yacht would be about 4 metres in diameter, As with a ground anchor, 
‘nylon warp or chain and warp will reduce snatching. A sea anchor should be deployed with 
sufficient length of warp to ensure it stays submerged, usually about two to three wave lengths, 
Which may require about 100 metres of warp. 


‘As with drogues and when using the normal anchor, spread the load over several strongpoints and 
pad it in areas likely to chate, 


‘Sea Survival Handbook 


30 


Damage control and repair 


‘Your boat is your best liferaft. Unless it is about to sink, or is on fire, stay with it. It provides the 
best shelter, a large target for rescuers to see, and contains more provisions and equipment than a 
literalt, Be prepared and improvise to keep your boat afloat. 


‘The 1979 Fastnet Race 


Winds reached Force 11 during the 1979 Fastnet Race. Over 300 yachts started the 605-mile race to 
the Fastnet Rock and back. Confused seas added to the ferocious conditions, Of the twenty-four yachts 
‘abandoned only five sank. Sadly, fifteen people lost ther lives, seven after abandoning to their itera. 


Steering failure 

In heavy seas damage can be sustained to the steering system up to and including complete loss 
of the rudder, so all boats should carry an emergency steering system. If there is damage to the 
steering system, try to attach @ temporary emergency tiller to the top of the rudder stock, or 
Jury-ig @ rope and blocks to the rudder quadrant 


Twin-engine boats can steer by using the engines separately. Ausiary outboard powered boats 
can use the engine to steer and if fted, a bow thruster may be able to point the boat in the 
tight direction, 


Ifthe rudder is lost 
‘A pre-drilled locker cover or washboard can be 
fastened to a spinnaker or whisper pole using 
Usbolts or lashings to create a steering oar 

or sweep. Use guys from winches to assist in 
steering and to stop the rudder floating. 


Help in steering may be possible by dragging 
1a drogue or bucket on a bridle to one side or 
other over the stern. 


Jury rig a steering oar using the spinnaker 
pole and washboard or cabin locker cover. 


Sea Survival Handbook 


Broken mast 

‘Try to prevent mast breakage by keeping a close eye on standing rigging, The windward rigging 
is under tension and more likely to break — watch out for parting strands and try tacking to reduce 
tension on the shroud, Use a halyard tc reinforce the shroud. A spinnaker pole may give & better 
lead, Watch out for leeward shroud turnbuckes that may have vibrated loose belore tacking. 


If the mast comes down 

‘Clear away any broken spars quickly since they may hole the boat. Use cable cutters and 
hacksaw (before going out ensure you have plenty of blades), a cartridge cutter or hydraulic cutter 
will cut rod rigging or rigging wire of over 10mm diameter. Try to keep the spars for jury-rigging 

a temporary mast and sail. The motion of the boat will change and the boat will become more 
susceptible to breaking waves. Advise appreaching resouers if any lines or spars are stil in the 
water. 


Jury rig 

Use lateral thinking to jury-rig @ temporary mast. Bulldog gtips can be used to shorten and secure 
rigging wire and mainshests, handybillys and vangs used to hoist or tension spars. Recut the sails 
ifnecessary. 


Emergency VHF antenna 
‘When the mast breaks it is licly the radio antenna will be damaged. Always carry an emergency 
\VHF antenna to ensure communications, 


Hatch damage 

‘To seal a broken hatch use locker 
lids tourriqueted into position 
with a boat hook or deck brush. 
Better stil, have pre-drilled hatch 
and portight covers ready for 


‘emergency use. 
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Hull damage 

relatively small hole can lel In a large amount 
‘of water in a very short time. The amount of 
‘water will depend on the size of hole and its 
depth below the waterline. For example, a 
75mm (Sin) diameter hole about SOcrn (1tt) 
‘below the waterline wil let in about half @ tonne 
cof water in 2 minute, too much for bilge pumps 
to cope with, 


Reducing the area of the hole even by partially 
blocking it wil significantly reduce the flow rate. 
Block the hole with any materials you have 
available, braced agains! the opposite side 

of boat, 


{An alternative rnethod is to cover the hole from outside using a sail or other waterproof fabric 
cover, Whether this is possible will depend cn the pesition of the hole, the shape of the hull and the 
‘weather conditions. 


‘Make sure the bilge pumps are able to reach all parts of the hull Electric pumps will only continue 
to pump so long as they have electricity. Engine-driven pumps can shift considerable amounts of 
\water, Ensure manual pumps are operational. All pumps should be fitted with strum boxes ffiters) 
to prevent blockage. 


Attach an appropriate-sized softwood 
‘bung to each seacock. If the skin 
fitting or hose breaks and a seacock 
has seized, the bung can be used to 
stem the flow. 
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CHAPTER 5 : Lifejackets and Buoyancy Aids 


‘There are a broad range of lifejackets available on the market from stiff buoyant foam models suitable 
{or merchant shipping, to the inflatable bladder types that you will see demonstrated on commercial 
aitines. Here we have restricted aur comments to those commonly available to the boat user. 

‘All new lifefackets sold in Europe must have a CE mark. Other countries often apply their own 
(similar) standards. An International SO standard has recently taken effect and will supercede the 
CE standards as new designs ere introduced, The current European standards give buoyancy 
ratings in Newtons (N) 

EN 993 (SO 12402-5) SN buoyancy aid 
EN 395 (ISO 12402-4) —_100N lifefacket 

EN 306 [SO 12402-3) _10N Mfeacket 

EN 399 (SO 12402-2) _278N lifejacket 


Buoyancy Aids 


Buoyancy aids are not recommended as 

life-saving equipment, 

‘= SON buoyancy aids are designed for 
‘competent swimmers as an aid to flotation in 
inshore waters where help is dose at hand. 
‘They are suitable for those who expect 10 
fallinto the water, for example dinghy sailors, 
vwaterskiers, kayakers etc — allowing them, 
to swim easily back to their craft. This type 
is comfortable to wear but will not turn the 
\wearer face-up in the water. It provides 5kg 
(1b) of buoyancy from, usually, one or 
several layers of closed-cell foam, 


‘Sold in several sizes from child fo XXL, buoyancy aids need to be a snug fit to work property. A simple 
testis to ty iting the jacket at the shoulders, Ii fs more than 50mm (2 inches) i's too big. 


Lifejackets 


'* 100N lifejackets are designed to keep 
non-swimmers afloat but will not necessarily 
turn an unconscious Wearer face-up. 
Usually made from one or several layers of 
closed-cell foam and provides 10kg or 
2b of buoyancy. Like buoyancy aids, they 
are sold in several sizes from child to XXL 
‘and need to be a tight fit to work propery 
Cheek for fit by iting the jacket at 
shoulders. It its more than 50mm, 

(2 inches) i's too big, 
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‘«  150N lifejacket is the standard lifejacket, 
providing a minimum buoyancy of 15kg 
(33Ib), Suitable for swimmers and non: 
swimmers and Is arguably the best type 
for offshore boats. Although this type is 
designed to tun an unconscious wearer 
face-up, If there is any air trapped in the 
wearer's waterproof clothing this may 
pprevent the jacket from righting the person 
immediately. 


The lifejacket will give a reasonable chance 
Cf survival but will hamper movement when 
fully deployed. Most jackets of this size are 
gas-inflated; however, bulky all-foam or 
foam-and-air jackets are also available, 


= 275N lifejacket was originally intended 
to provide sufficient buoyancy to self 
right an offshore oll worker wearing an 
immersion suit and is a high-performance 
lifjackot, suitable for severe oftshore 
conditions. Usually gas-inflated and 
Consisting of one or, occasionally, two 

te bladders, it has sufficient buayancy 

—27,5kg (@0.SiIb) — to counteract trapped 

air in waterproof clothing, Sadly, its large 

deployed size can make it dificult for the 

wearer to climb into a iteratt 


Children's litejackets have equivalent buoyancy ratings to adults’ lfelackets, for example, 
.S0N and 150N, but with reduced buoyancy to suit their smaller size. Most have hamesses 
and crotch straps builtin as standard. I's essential that children wear the correct size 

lfejacket or buoyancy aid, Don't buy a lifejacket that is too big thinking they will grow into it. 


Five top lifejacket tips 

‘= Carry one lfelacket for each member of the crew 

= Carry spare lifejackets for any casualties you may pick up 
‘= Always check your lifejacket before donning 

‘= Lifejackets require regular maintenance 

‘= Your iejacket wil only work property iit is worn correctly 
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Gas lifejackets 


Gas lfejackets are inflated with carbon dioxide (CO, stored under pressure in 2 sealed 
metal bottle, The gas Is released by piercing the seal, either manually by pulling the toggle or 
‘automatically on immersion in water. 


I fited with an automatic fring head, itis essential to fit the correct size bottle for the size 
of lfejacket, Too big @ bottle may burst the jacket; too small a bottle will not fully inflate the 
bladder. The cortect size bottle wil fully inflate the jacket in under five seconds, 


‘= Alifejacket has to be worn autside of clothing. iFitinflates underneath a waterproof jacket, the 
‘wearer's chest will be squeezed making it impossible to draw breath. 
‘+ Make sure thatthe manual-inflation toggle fs always avaliable ~ do not tuck it inside the jacket. 


Types of inflation 


Oral-only inflation (blow air into) 
Inflatable ifelackets that can only be inflated through a top-up tube are not recommended. Due to 
the physiological effects of falling into cold water, you will not be able to inflate the litejacket, 


‘Manual gas inflation 

I wil not inflate automaticaly, the jacket is inflated by the wearer puling on the toggle. It will not 
inflate automatically. The fing mechanism should have some means of indicating if the jacket has 
been fired — often itis as simple as a small green clip over the toggle lever. If this is not present, 
Unscrew and check that the seal on the bottle has not been pierced - ifin doubt rearm. 


‘Atways carry spare gas bottles and clips so that the ifelacket can be immediately rearmed. 


aul 
4 Check clip is present 
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Automatic gas/cartridge inflation 


There are several diferent designs of automatic gas-inflation fring heads that give various degrees 
Of protection to the cartridge or pil. Automatic operation uses a spring-loaded plunger held in 


place by elther a compacted paper cartridge or a pill. When the 


ridge or pill becomes wet it 


expands or dissalves, releasing the plunger so that it pushes the pin through the gas-bottle seal. 


In addition to & manual indicator, automatic fring mechanisms have a separate indicator to show 
they have not been operated. When donning the lfelacket, check the automatic fing head and the 
manual indicators. If one or other is not present, unscrew and check that the seal on the bottle has 


rot been pierced, 


(00: cylinder 


(COs net het jacket 
Pin 


Paget 
Compressed sping 

Waser acto paer elem 
Gran rd roar 


While some lifejackets use cartridge style autoheads 
others have a simple replaceable bobbin, Although 
different makes of lfejackets may appear to 

have identical fing heads they are often not 
interchangeable. Some automatic fring heads can 
fire accidentally i they become excessively wet. 
Keep appropriate spare automatic fing heads 

and gas bottles on board so that every fejacket can 
bbe immediately rearmed, 


‘Standard automatic heads have a limited life and will 
tbe marked with an expiry date, 
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(Green ned indicator 


Fed ec icicator 


‘Hammar automatic inflation 

“The Hammar system protects the water-sensitive element with a hydrostatic valve that prevents 
‘accidental activation by wave splash, heavy rain or spray. The valve opens after two to three 
‘seconds’ immersion at a depth of 100mm (4 inches). This allows water to reach the water-sensitive 
‘element, which dissolves and triggers the pin to pierce the bottle, 


\When the jacket is fired manually, the toggle detaches from the fring head. The fing head wil show 
fa green indicator iit has not been fred or a red one If it has. Hammar autornatc inflation heads have 
a five-year ile. The replacement date is printed on the fring head. Keep spare rearming kits on board 
‘so that the jacket can be rearmed immediately and check they have not passed thelr expiry date. 
Inflate the lifejacket after re-armning, to check the head has sealed properly on to the fabric: 


(0: eine 


Wale pressure eats 
sprung ae 


‘ster sll paper elerren 


Captured eating spine 
carnectad to cle sping 
hich acta COs ing pln 


Spindle etaning jas 


Nerual release cord 
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Lifejacket maintenance and checks 


Regularly check that the gas bottle is 
‘securely lightened into the fiing mechanism. 
Itt s loose, it may not fire and inflate the 
jacket 


| Inspect the gas bottle for corrosion, which 

‘can cause small pinholes inthe ifejacket 

| biedder. Check thatthe bottle isthe correct 
capacity forthe iejacket. 


Unscrew the bottle and check the seal 
is stil secure. Ifit has a hole init, ft a 
replacement bottle. 


Weigh the bottle on a digital scale to 
Censure it matches its gross weight as 
embossed on the bottle. A 33g bottle has 
2 gross weight around 140g 
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Check the belts are 


Unfold the lifejacket and inspect the cover firmly attached to the 
and bladder for punctures, cracks and lifacket. inspect the 
wear and tear. | slitohing for wear. 

IE =i 


‘To detlate, push in the valve in the oral inflation tube while squeezing the jacket. Make sure all gas 
is removed before realtaching a new gas cylinder and repacking, 


Every three to six months 

‘e Remove the gas bottle and inflate the jacket, preferably with an air pump, through the oral 
inflation tube. 

© Leave the jacket inflated for 24 hours to check that itis airtight. 

‘When not being used regulatly, unfold the jacket and store it on a wooden clothes hanger. 


Tip 

Not all manufacturers airtest their ifejackets at every appropriate stage in its manufacture, 80 it's 
‘a good practice immediately alter purchase to inflate all new jackets, preferably using an air pump 
through the oral tube, to ensure the bladder does nat leak. 
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Leck ight 


‘Manual inten tbe 


iste 
Fetoctve tape 
CO: gas ton yr 


Pouch or personal 
ddsres fxe 
Fring mechanism of 


hycostatic tigger 
Manual ination faye 
Pouch lor spray head 


‘ig on wait strap or 
se with set hanes 


Adjust rec straps 


Lifejacket fittings 


Some jackets are sold with a number of fitings as standard, for example, the whistle, oral inflation 
tube, retro-reflective tape and gas inflation system. But other fitings such as the crotch straps, 
lfejacket ight, built-in safety hamess, safety harness, spray hood and flare pouch, are often 
optional extras. tis recommended to always use a ifejacket fitted with a fight. spray hood and 
crotch straps. 
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‘The effect of wind and waves 


When at rest in the water, the wearer of a lfejacket will be continuously turned to face the wind 
and Waves. While a conscious casually can cover their airway, an unconscious ane will drown from 
waves and spray continually breaking onto their face. 


‘A-spray hood, either fited into the collar of the lifelacket or stored in a separate pouch on the waist 
belt, can be worn over the head or fave and will reduce the effects of breaking waves. 
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Donning a gas-inflated lifejacket 


‘You should be able to put on and fasten your ilejacket in less than 30 seconds, so practise until 
you can. 


t's essential the lifejacket is worn correctly fit is too slack the wearer may slip down or even 
out of the jacket while in the water or being lifted aboard a boat. The ifelacket needs to keep the 
airway as high above the water as possible. Crotch or thigh straps hold the ifejacket down and 
lift the body up and, therefore, the airway higher above the water. Wear your lifjacket at all times 
when on deck. Once it is adjusted to ft you, Keep your liejacket close to hand when below decks, 
50 that it can be donned quickly, 


Put the jacket on like a waistcoat. Hold the Pull the jacket across your back and put 
Jacket the right way up and put your right arm || your jeft arm between left jacket front and 
between the jacket front and the back strap. | | the back strap. 

= = _ 
Buddy check 


I's good practice to ask another crew member to check you are wearing the lifejacket correctly, 
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| Straighten the waist bet and fasten the clip | 
| atthe ont ofthe jacket. Check tis secure, | 


Reach down and pull the crotch strap or thigh 
straps between your legs and clip it to the 
waist belt, Shorten the straps to take up the 
‘tack but not so tightly as to be uncomfortable. 


7Mh/ 


‘Adjust the waist bett so that i is a tight fi 
\Wwhen your fst is placed between the strap 
and your chest. This will prevent the jacket 
from squeezing your chest when it inflates | 
and withaust making it too slack, 


* Stow ifejackets where they can be 
reached quickly 


+ Each crew member to have their own 
lifejacket already adjusted to size 


‘+ Adda coloured tag to make the itejacket 
‘easier to identify 


© Write your name and the boat's name on 
the back ofthe service label in indefible ink 


© Don't think when to put your lfelacket on, 
consider when fo take it off 
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CHAPTER 6 : MOB prevention 


‘Staying on board your boat is preferable to faling overboard! Clip on. Do not go on deck 
unnecessarily in heavy conditions and clip on it you must. When moving around remember the 

rule ~ one hand for the boat, one for yourself. Prevent accidents by clearing away unnecessary 
clutter and other hazards. Wear non-slip shoes or boots and avoid standing on ropes or sails since 
these can rol or side underfoot. Try to avoid stepping on to smooth wet surfaces such as shiny 
glassfibre, Wash of ol or diesel spills especially from sidedecks. 


Regularly check ifeines and stanchions are firmly attached. Lifelines should be ready to be 
released or cut easily to aid MOB recovery. A ‘Granny bar" at the mast of a sailing yacht helps to 
steady crew when working af the mast. 


Ensure the helmsman warns the crew of manoeuvres — avoid sudden acceleration or surprise 
tacks or gybes. Look out and warn other crew of larger-than-normal approaching waves, 


Clipping on 


There are many factors which determine the need to clip on. 
(On displacement sailing yachts, wear a safety hamess or, preferably, 
alfejacket with a buil-in safety harness and ‘clip on’. 
‘Strong attachment eyes should be fitted in the cockpit just 
outside the companionway so that crew can clip on before 
leaving the cabin. Other eyes can be fitted in the cockpit so 
that the crew can move away from the coripanionway. 


Granny bars arcund base of 
‘mast provide sect fr crew 
oitig sas 


‘ip on beter eaing 
the cain 


adtay reson deck 


Guard push 
Lene stisced by cor that 
can be cto eased quickly 
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In heavy weather, only go on deck if necessary and clip on to a jackstay, Keep your centre of 
‘gravity low — craw if necessary, Tell the helmsman or skipper before going on deck. On saling 
boats go forward on the windward side, 


Use a harness with locking snap hooks, such as Gibb Hooks or Wichard Hooks, A three-took 
safety hamess allows crew to clip onto the next strongpoint before unclipping. Safety ines should 
have a safety hook at all ends so that the crew can unciip themselves quickly. Jackstays may be 
mace from polyester webbing or stainless-steel wire, webbing jackstays are degraded by sunlight 
so check and replace them regulary. Wire jackstays can roll underfoot. 


Fast boats 
Its advisable not to clip-on to planing or semi-displacerient boats. It is better to fal clear since 
being dragged alongside a hull at high speed wil cause severe injury. 


SS 


Never clip onto a motorboat when it is moving at speed. 


However, ifthe boat has stopped or is moving at under 5 knots, you can clip on when going on 
deck, for example, when going forward to drop anchor in heavy weather. Motorboats seldom have 
jackstays fitted but there is no reason why they cannot be fitted, 
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CHAPTER 7 : MOB 


MOB actions to be taken by crew 


‘Shout ‘man overboard’ to alert the crew, 

Press the MOB button on the GPS. 

‘Throw a life-buoy and dan buoy to the MOB. Mark the MOB with a buoyant smoke flare. 
‘Allocate a crew member to point at the MOB in the water. 

‘Send a DSC distress alert and a voice Mayday. 

Keep pointing. Don't lose sight of the MOB. 

‘On a saling boat, the skipper will ask forthe jib to be lowered or furled and the engine started, 
Prepare a throwing line. 

‘The skipper will bring the boat alongside the MOB, with the boat pointing into wind and the 
propeller stopped. 

410. Get a ine around the MOB and get them aboard, 


Pexegaep 


MOB search patterns 


‘These search pattems are for a boat to folow when looking for a man overboard who hes been lost frorn 
sight. Press the MOB button on the GPS receiver as scon as possible after the person falls overboard, 
“This will record a geographical position and a bearing and distance to that point, 


Press the DSC distress alert, choose MOB from the menu options and send a voice Maydley. If short 
handed, there may not be time to send a voice Mayday immediately. The MOB is unlike to be at the 
recorded postion butit wil provide a datury for calculating where they wil drift due to wind anc current, 


Sector search 
‘A.good datum is required, Sector search is good for searching small areas. Merk the datum cnt with 
a dan buoy, alte buoy with droave, a weighted fender or sitar. The marker should be able to ct with 
the tide but not be blown by the winds 


N 


Go Noth (000 degree) frst (some prefer 
to go downdkit first but this can make the 
‘sums more complicated). When moving 
away trom the marker, count out loud 
lancing at the merker. When the merker 
is visible for cnly 60% ofthe time, that is 
the distance that indicates the Expected 
Detection Range (EDR). Measure each 
leg by counting aloud. It is suggested that 
cach leg is three times the EDR. At the end 
Cf each leg, turn 120 degrees to starboard 


and proceed forthe same distance. s 

‘Ars are 120° stata On compen of fit serch 
Ifthe search is not successful afte the Bate care) ott by 0 as ston by ete ne 
first crouit, reafentate the search by 30 
earees to starboard, Sector Search 
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Expanding box search 

Ifthe datum point isa litle unreliable 
ra sector search has not proved 
‘successful, an expanding box search 
should be started. 


Usually, the leg length is 7596 of the 
EDR, Ifa sector search has been 
‘completed, this wil be the third 
‘search of the area, in which ease it 
is acceptable to use a leg length of 
100% EDR. 


For ease of use, itis suggested that 
the headings are North, East, South 
‘and West. Count aloud to measure 
the distance. 


SAR search pattern 

To search large areas where the 
position of the casualty is unknown, 
the Rescue Co-ordination Centre 
(RCC) wil task the SAR units to 
undertake a parallel search pattern. 
Witfeboat and helicopter are both 
involved, their tracks are likely to 
bbe at 90 degrees to each other to 
increase the chances of detection. 
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Sailing yacht MOB manoeuvre 


Iwill be quicker and safer to use the engine to return to the MOB. But fit won't start or the 
propeller is fouled, use the sali. Make sure the crew are practised in MOB recovery procedures. 


Under sail 
41. Sheet in the mainsail and heave to to slow 
the boat. Pass buoyancy to the casualty 
and mark with a dan buoy, Instruct a crew 

member to point at the MOB. Retrieve 
any warps in the water and star the engine, 

2. Ifthe engine is not working tum onto 
bearvbroad reach and sail away. 

8. Sal about five to six boat-lengths from the 
MOB. Do not lose sight of MOB. 

4. Tack, Aim the leeward side of yacht at the 
MOB or the marker. Let cut the headsail 
and mainsail sheets. The rainsail should 
flap; if not, bear off downwind to change 
the angle of approach. Point the boat 
back at the MOB until the mainsail flaps. 

5. The angle of approach should be a close 
reach so that the sails can be powered 
‘and depowered. Drop the headsall i there 
is sufficient power from the mainsail alone. 

6. Fil and spill the mainsail and slowly 
approach the MOB. Pick up the MOB to 
leeward, at of the mast. 


Under power 
41. Sheet in the mainsail and heave to to stow 
the boat. Pass buoyancy to the casualty 
and mark with a dan buoy, Instruct a crew 
member fo point at the MOB. Retrieve any 
warps in the water and start the engine. 
Fu or drop the headsall, 
Make ready the throwing line, 
Manoeuvre the boat davinwind of the 
MOB, keeping the MOB in sight 
Approach the MOB into the wind so that 
the mainsail is depowered. Pick up the 
MOB on the leeward side, aft of the mast 


PeN 
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Powerboat MOB manoeuvre 


‘The Williamson Turn is designed to turn the 

‘motorboat onto a reciprocal track. 

41. Note the compass heading and acd 60 
ogroes. 

2. Tunto starboard on to the new course; note 
the amount of helm used. 

‘3. When you reach the heacing, turn the helm 
in the opposite cretion at the same rate as 
before, 

4. As you reach the reciprocal heading or you 
see your original rack in the water, straighten 
the wheal, 

'5. Slow down and look for the MOB, 


Approaching the MOB 

{In rough weallher, it wil be best to approach 

from downwind, kecping the bow into the wind, 

taking care not to run over the MOB. 

1. Pick the MOB up on the leeward side. 

2. Stop engines when the MOB is alongsi¢e. 

3. Use a throw line if unable to get close to a 
‘conscious MOB and pull them to the boat. 


In acceptable conditions, position the boat 

across the wind, upwind of the MOB. 

4. Keep the boat sidleways-on to the wind and 
allow it to blow the boat towards the MOB. 

2. Pick the MOB up on leeward side. 

3. Stop the engines when the MOB is. 
alongside. 


Note 


{tthe helm postion is onthe starboard 
side, try to eave the MOB to starboard so 
‘that they can be seen more easily. 


‘Sea Survival Handbook 


MOB recovery methods 
Lifting a person out of the water requires planning and practice. Itis @ dificult task, especialy for 
short-handed crows 


It's essential to get the person out of the 
water as quickly as possible. in very calm 
conditions it may be possible to retrieve them 
using the bathing platform or the ladder at the 
transom, However, in rougher seas this will 

bbe a dangerous place to attempt to recover 

a MOB, as the casualty is likely to be drawn 
under the stem of the boat and injured. 


How you go about the task will depend on 
how your boat is set up and how long the 
person has been in the water. Hypothermic 
Ccasualtios should be recovered in a horizontal 
Position and handled with care, 


It may be easiest and quickest to launch the liferaft, and for @ crew member to enter the raft dry 
and pull the MOB into the raft. This method is not without risk and the raft will not be available 
should you need it later in the voyage. Lower either the lowest or both guardrail wires along the 
side of the boat to ease recovery. 


‘One MOB is enough. 


Crew dealing with MOB recovery should ensure that they are attached to the boat with a safety line | 


Recovery methods for sailing yachts. 


Parbuckle 

The Parbuckle is set on the side of the boat, 
‘The foot is fastened along the gunwale and the 
head attached either to @ handybilly (block and 
tackle) that is attached to a halyard or to the 
halyard alone. 


Lower the Parbuckle into the water and position 
the MOB, 


Heave in on the handybilly ~ use a sheet winch 
for greater mechanical advantage. 


‘The casualty wil roll inside the parbuckle up 
and on to the sidedeck. 
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‘A small headsail can be used in place of a 
purpose-designed parbuckle. However, it wll be 
‘more difficult to get the sail to sink sufficiently 

to position the MOB init. Also there's a strong 
possibility that the MOB wal sip out ofthe sail as 
they ate being brought aboard. 


MOB recovery raft 

Proprietary MOB recovery rafts can also be 
lifted on board using a handybilly attached to 
the halyard or the boom if. 


Fastening to the top of the raft is easier than. 
attaching to a MOB in the Water. The rafts: 
‘are easy to get into and minimise hydrostatic 
squeeze. 
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Boom lift 
(On yachts with booms not fitted with solid kickers, it may be possible to use the boom as a 
erick. The yacht needs to be sufficiently large to withstand liting a MOB on the boom. 


‘The main sheet, attached with snap shackles at both ends, is reversed and freed from the deck 
fitting. 


‘Stacken off the kicker and scandalise the boom to an angle of about 30 degrees from the 
horizontal, It may be necessary to back up the topping lift with the halyard 

Attach the bottom of the sheet either to the MOB lifejacket or hamess or to a rescue strop, Place 
the rescue strop around the MOB's chest. 


Heave on the mainsheet or redirect the free end to a sheet winch and lft the MOB inte the yacht. 


A horizontal lf can be achieved by placing an additional safety lanyard or line behind the knees of 
the MOB, 


Elevator method 
Developed in the United States, the elevator method provides a quick way of helping @ conscious 
MOB out of the water. 


‘Aline is attached to @ forward cleat and led aft outside of the guard wires, fed through the headseal 
fairlead to the sheet winch, The MOB stands on the line as its winched tight, thereby lifting the 
MOB up the side of the boat. In most cases a second line will need to be rigged over the side of 
the boat for the MOB to hold on to. 


‘Some motorboats may be able to adapt this method by rigging the line from a stern cleat, through the 
bow roller and on to the windlass. 


Recovery method for motorboats 


MOB recovery on a motorboat is more dificult 
than on sailing yachts due to the lack of rigging, 


Many motor cruisers carry a small inflatable 
dinghy in devits or on snap davits attached to 
the transom bathing ladder. A quick method 
of MOB recovery isto lower the dinghy and 
recover the MOB into the dinghy. Make sure 
helping crew are attached to the boat 


IF the MOB is too heavy to lit into the dinghy, 
‘one of the sponsons can be deflated and the 
MOB rolled into the dinghy. 
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CHAPTER 8 : Liferafts 


Liferatts are designed should your boat sink or catch fire to get you out of the water and provide 
‘shelter fora limited period. Whenever possible, let the SAR services know you are abandoning toa 
leraft so that they know what they are looking for, 


“The quality of ferafts varies enormously, Some products marked as a lferaft may be no more than 
a couple of gas- inflated floats; others provide an acceptable, stable, sheltered environment. Always 
lock inside the canister if buying @ secondhand raft —it has been known for unscrupulous sellers to 
replace the raft with bricks! 


Basic leisure rafts 


Usually at the lower end of the price scale, leisure iferafts are not made to any national or 
International standard or specification, Nor are they approved for any commercial operation, yachts 
sailing under racing rules or Class Xil craft. The leisure liferat is light in weight (easier for launching), 
and may or may not have a canopy, Some may have only one buoyancy chamber and minimal 
survival equipment as standard. But this is better than nothing in an emergency situation, 


canny may need supporting 


‘Mina! survival quiet 


‘Only ne iain tube 
puncture it at your ger 


Basic Leisure Liferaft 
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Inflatable Active Survival Craft 


‘A number of offshore racing associations approve some makes of active survival craft as an 
alternative for a liferaft. However, most national authorities do not accept them as suitable safety 
‘equipment because there is currently no recognised standard for active survival craft 


Many are based on an inflatable dinghy fitted with a liferaft gas inflation 
system and a canopy for shelter. While the craft can be 

rowed or sziled to safety, the lack of ballast pockets 
make them unstable in a seaway. 


Since some areas have mininal rescue 
services, many bluowater sailors design 
their own survival craft, Based on an 

infatable oF rigid dinghy with a smal rig 
that allows them to effect thee own rescue. =a 
However, these may not always be able tobe \ 

readied and launched es quickly as a liferaft. SS. 


Liferaft standards 


SOLAS 
(Commercial vessels have been required to carry iferats built to SOLAS Standards, as detailed 
in Chapter lV of the Life Saving Appliances (LSA) code, since 1959, This standard has been 
Periodically upgraded and SOLAS rafts are made and tested to high standards and extremes 
of operating temperatures. They ere approximately 30% heavier, lougher and significantly more 
expensive than ISAF or ISO rafts. The Standard covers rafts from six-person capacity upwards, 


ORC 
‘The Offshore Racing Congress specification was introduced after the 1979 Fastnet Race inquiry 
Yachts racing under their rules were required to carry ORC rafts. This has now been superseded by 
the ISAF Part I specification up until June 2007. ORC rafts built before December 2002 could stil be 
fitted to ISAF racing yachts. However, this is no longer alowed, ORC rafts may stil be found on many 
‘cruising yachts. ORC is also known as ISAF Part | and isin the ISAF Offshore Special Regulations. 


ISAF 
Following the 1998 Sycney-Hobart Race, the International Salling Federation, (which now oversoes 
the majority of offshore sail yacht racing in piace of the ORC}, developed a specification for iferafts 
similar to the SO standard, principally as an interim measure While the new ISO standard was being 
‘completed. Although similar there are differences between ISAF and ISO. The ISAF specification 
came into force on ‘st January 2008 and covers rafis of maximum capacities of 4 to 12 persons. 


Note that ISAF specifies that Category 0 (zero) yachts should carry SOLAS rafts. The specification is 
Included in Appendix A part 2 of ISAF's Offshore Special Regulations. (nww.saiing. org) 
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1S0 9650 Small Craft - Inflatable Liferatts 
Introduced by the International Standards Organisation during 2008, SO 9650 comprises of 
three parts: 


Part: Type 4 Liferafts for offshore use subdivided into: 
Group A rafts designed to inflate in temperatures of between —15 and +65 degrees C. 
Group B rafts that willinflate between 0 and +85 degrees C (air temperature). 


Part2: Type2 Liferafts for coastal use, All Part 2 rafts are expected to inflate between 
Oand +65 degrees C. 


Part: Material to be used in lferaft manufacture: 
‘The main differences between Part 1: Type 1 and Part 2: Type 2 rafts are shown in the table. Type 


2 rafts are, size for size, slightly smaller than Type 1 rafts. Type 1 rafts are more robust than Type 2 
rafts. Type 1 Group A liferafis are recommended for northern European waters, 


ISO 9650 Part 1: Type 1 ISO 9650 Part 2: Type 2 
Maximum Capacities 4 person to 12 person 4 person to 10 person, 
Painter length 9 metres: 


Withstand drop of 6 motres: 


‘Minimum Freeboard — 4 person = 250mm, 
6 person = 800mm, 


Floor Grp A raffis include thermal floor 


Liferats built to ISO 9650 Part 1: Type 1 are given a choice of two equipment packs depending on 
‘expected duration at sea less than 24 hours and more than 24 hours (see Liferaft packs on p.€2). 


‘ORG, ISAF, ISO 9850 and SOLAS specify that the lferafts main buoyancy is divided into two 
separate chambers, Each chamber must have sufficient buoyancy to Support the maximum 
Capacity of the raft. The chambers must be able to be topped up with a bellows and have 
ppressure-roliet valves. Each standard also specifies that the lferaft must have @ canopy. 


Which size raft? 


“The capacity of the liferaft/s should be sufficient to camry all persons on board. However, if regularly 
sailing short-handed, it may be advisable to obtain two smaller rafts instead of one large raft. AN 
‘added advantage being that the smaller rafts will be ighter and easier to handle. in addition to the 
ballast pockets, a lferaft uses the weight of its crew to keep it stable in waves. For example a boat 
that can carry eight people would have two four-person rafts instead of one eight-person raft i the 
boat was regularly sailed by a crew of only two or four 
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‘Typical leisure ratt 


‘There are a number of mid-range yacht liferafts that do not meet ORG, ISAF, ISO or SOLAS 
standards, Their prices are lower but the quality of construction is also lower and there are often 
very few fittings included, 


ISAF, ISO 9650 Part 1 and SOLAS 


Externally there are few cifferences between lferafts built to SOLAS, ISO 9650 Part 1:Type 1 and 
ISAF. However, as a quide, SOLAS rafts are more robust than ISO/ISAF rafts, which in turn are 
more robust than non-standard rafts. 


SOLAS rafts are designed to: 

‘© withstand exposure for 20 days afloat (compared with 20 days for ISO/SAF). 

» withstand stowage in temperatures from -3O to +60 degrees C, 

‘= withstand a drop from 18 mirs and withstand persons jumping repeatedly into them from 4.5 mtr. 


‘SOLAS rafts have lined canopies to provide insulation. Fig. 1 is a raft that includes the correct 
fitings to meet these standards. 


‘Stance doce 
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Canister v Valise 


LLiferafts are supplied in either a plastic/glassfibre box or in a fabric vase. To protect from water 
damage, most rafts — canister and valise ~ are vacuum-packed in large polythene bags that ip 
‘open when the raft inflates. 


Canister 

The canister is usually made from two parts held together with straps and provides a hard case to 
protect the raft rom knocks and sharp objects. The canister is not waterproof but the packaging 
inside should prevent ingress of water. 


Pros * Cons 
Usually easily accessible ‘= More likely to be stolen or washed overboard 
Contents protected from damage = More expensive to buy 

‘» Can be used with an HRU (see p.60) ‘¢ Prone to damage from the elements 

Valise rafts 


These need to be stowed in a dedicated weatherproof locker, A valise should never be left 
strapped to an exposed deck or buried deep in @ locker under piles of sails, fenders or warps. 
Make sure itis always readily available, 


Pros Cons 
‘© Cheaper to buy Likely to be damaged by rough handling 
'» Easier to move because they have handles — do not throw them on to pontoons 

‘and are lighter in weight than a rigid canister Harcler to deploy because they have to be 
‘= Less likely to be washed overboard lifted out of a locker 


‘+ Cannot be automatically deployed 
‘+ Cannot be left in an exposed position 


‘a 4 
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Liferaft stowage 


Aliferatt is @ heavy and sometimes awkward 
plece of kit to carry. Apart from the smallest 
rafts, most will require a two-man lift, As you 
are likely (0 need itn a hurry, you need to give 
careful consideration as to where to stow it. 


Ideally, the raft needs to be positioned so that it 
is readily accessible yet is protected from heavy 
weather, 


Canister rafts can be deck-mounted on the 
‘coachrcof, in the cockpit, on the bathing, 
platform, on the transom or in a purpose-made 
bracket on the pushpit. 
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+ atomic hydrogen in power engineering 
+ magnetic generators 
» capillary perpetuum mobile 


+ Hutchison effect 
test bonch fr measuring the aneodveness Of 
hydrogen dissociation and recombination processes 


If stowed vertically n a bracket the raft may need 
to be specially packed to prevent the weight of the 
cylinder damaging the raft material. The canister's 

drain holes may also need to be repositioned. 


hick ease 
wacko and carister 


canister 


Maintenance 


Make sure that a competent service agent services your iferatt at the manufacturer's required 
periods. Most modem rafts are vacuur-paoked in large plastic bags, and if stored correctly 
‘should extend the service period to three years. However, there are stil many rafts that need to be 
serviced annually, Good service centres will let you view the iferaft inflated and check the quality 
and amount of equipment packed with the raft 


Hiring 
In most countries, itis possible to hire a iferaft from a liferat hire centre. Rafts can be rented for 
periods from as little as @ weeks right through to a whole season or mote. This may be particularly 


Useful for those that sail short-handed with one raft for most of the year and only occasionally with 
a full crew, when two rafts are needed, 
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Hydrostatic release units (HRUs) 
Boats can sink within minutes if their hull is breached by even a relatively small hole. Fast craft are 


especially susceptible to high-speed impacts and have been known to sink in under 30 seconds! 
Commercial craft are required to fit HRUs to their feratt, 


How an HRU works 
‘The HRU automatically cuts the securing strap 
holding the rat in place when the boat sinks to Hu 
a depth between 1 and 4 metres (3 to 13 feel), 
‘The painter remains attached to the HRU weak 
link and the raft has sufficient buoyancy to float 
to the surface. 
Paine 


‘As the boat sinks further, it tugs on the painter 
to trigger the inflation system. 


Wak ink 


‘The greater buoyancy of the inflated raft is 
sufficient to break the weak link and releases 
the painter trom the boat, 


Ifthe boat sinks in shallow water it may be 
Necessary to release the iferaft manual 
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It's essential that the HRU is properly installed, because otherwise the raft will not break free and 
inflate. lustrated below are new and cld versions of the disposable Hammar HU often used on 
boats, More expensive serviceable units are also available. 


Senhouse sip Senhouse sip 
Painter 

_HRU HRU 

— Weak link ‘Weak link 
Strong point 


HRU safety checks 


The Hammar HRU is 2 replaceable unit with a two-year lifespan. The expiry date should be marked 
‘on the unit. Replace it when required, 


‘Check that no other straps (or padlocks) are used to secure the liferaft 


The ring on the Senhouse slip should be checked periodically to make sure its free as vibration 
can cause the ring to jamn in place, making it dificult to launch the raft manually 
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Liferaft packs 


Generally, the contents of a iferaft will depend on the type of raft: leisure, ORC, ISAF, ISO $650 or 
SOLAS. Listed on page 63 are the minimum contents required under each specification. Note that 
ISO 9650 Part 1; Type 1 rafts have a choice of packs suitable for survival for under 24 hours or 
over 24 hours. You specify which pack when you purchase or service the liferat. 


‘The standard pack can be supplemented with extra equipment as long as it can fit in. Check 
contents with your service agent. If there is no room for the item you need, add it to your grab bag. 
Carefully consider what you may need for the area you will be sailing. 


Find out what you have in your iferaft before you need it, 


Many items inside the raft will have a limited life - flares, water, food etc ~ and need to be replaced 
When the raft is serviced, When possible, check the quality of equipment in your raft — cheap rafts 
may have poor-quality equipment - for example childrens’ beach spades for paddles! 


‘Some raft packs pack equipment that you will need immediately in a separate pack. 


Buoyant safety knife attached with a lanyard and usually found jn a sheath next to the raft 
entrance. Use it to safely cut the painter as close to the yacht as possible; Keep the line, it may be 
useful later. 


Baller — it may be no more than a fabric dish, boots are much more effective but only as a last 
resort because you wil suffer heat loss if they are removed. I's cificult to bail with the door closed, 
a stimup pump is more effective, so pack one in yaur grab bag. The bailer can also be used as a 
‘sick bucket or a tollet —this is safer than leaning out of the doorway. Some lferafts may be fitted 
with an integral bailer, check manufacturer's usage instructions. 


‘Sponges — the number supplied will depend on the raft pack. They usually come ‘flat-packed’ and 
dry. Use one to help dry out the raft. The other shoukd be kept uncontaminated and used to collect 
<rinking water by wiping candensation from inside the raft canopy, 


Paddles — are essential for moving clear of a burning yacht or other hazard and very useful for 
ranoeunring to pick up survivors from the water. They are usually but not always in two parts and 
can also be used as a splint for broken limbs. 


Whistle — this is more effective than shouting, 
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Torches — these usualy come packed with only one set of spare batteries and bulb or there may 
be two sealed torches so make sure you pack sufficient spares. They are essential for laoking for 
other casualties and for signaling in the dark. 


Heliograph (signalling mirror) — cesy to use and effective for daytime signaling. Ito sight is 
provided, use your fingers, Hold out your arm and put up two fingers between you and the target 
Direct the sunlight on to your fingers. You can use @ CD to practise with, but be aware that water 
may dissolve the shiny surface, so they are not a suitable long-term alternative. 


Anti-seasickness pills — should be taken as soan as possible, preferably before entering the raft. 


Seasickness bag — only one per person is supplied in rafts made to the Standards,using them 
keeps the interior a itle more habitable. 


Flares - are arguably the most important pieces of equipment on the liferaft. The number and 
type will depend on the type of pack. Make sure you and your crew are familiar with the triggering 
methods and use of the different types because whal are supplied in the raft may be different to 

those on your boat. Keep them dry and do not use them until you are confident they will be seen. 


‘TPA (thermal protective aid) — not found on all rafts. Used to reduce heet loss of wet casualties, 
use by wringing out their clothes and redressing the casualty, then place the casualty in the TPA. 
‘Some TPAs are big enough for two people at one time. 


Repair kit — the standard repair kit consists of patches and glue not dissimilar to those used 10 
repair bicycle inner lubes, needs to be used in dry conditions. Many rafts are now also supplied 
with iferaft repair clamps and/or leak-stopper bungs that can seal holes quickly in wet or dry 
conditions, 


Water — itincluded, will be only half litre per person. Supplement this with extra rations or keep a 
desalinator inthe grab bag, 


Food ~ the type varies but it wil be carbohydrate-based and should provide 10,000 joules 
per person. 


First-aid kit — the contents will vary with the qualiy of the raft. The SOLAS C kit provides @ 


comprehensive selection of equipment. Supplement your grab bag with extra medical supplies or 
any specific medications you need. 
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Bellows — used to tap up the spansons and for inflating the inflatable floor, Take care not to suck 
up water. Tie the bellows in because if you lose it you Will need to top up the tubes by mouth. If 
possible take an extra pump from boat. 


‘Throwing line and quoit ~ usually 30 metres long. If you are unable to paddle to other casualties, 
throw the line. If casualty is unconscious, tie the line to a rescue swimmer. 


Drogue/sea anchor ~ Deploy this immediately you are clear of the stricken vessel. The drogue 
wil improve stablity, turn the fferaft entrance away ftom the wind and waves and slow your rate of 
rift. Be aware that some dragues deploy automatically. 


Waterproof notebook ~ useful for working out a watch system, keeping a tab of rationing and 
medication. 


‘Signal card — this shows what the signals ftom aircraft and ships mean, 


Sea survival instructions ~ a useful reminder of what to do. Supplement them with this book 
kept in your grab bag. 


Radar reflector ~ deploy this as high as possible. Do not use with a SART since they can 
conflict with each other. 


Fishing kit - this gives you something to do. Eat fish i you have plenty of water, 
Tin opener — for opening supplies taken fram the boat. 


Graduated drinking cup — for ensuring fair sharing of water. 
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Grab bag 


The grab bag is designed to supplerent the contents of the lferaft Ideally, it should float and be 
Watertight, The contents should be stowed in waterproof containers that can be opened with cold 
wet fingers. 


‘Some salling-yacht racing rules specify what you must have in the grab bag, 
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‘Survival and maintenance items: 


ating tera 


Rerselabe polythene ban 


Waterrce mat 


Tnopenee 


Feng ht 
caring it for Mec 


Rescue and navigation: 


acer PRE 
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endhelé conpase 
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Hancrla GPS 


Hanerld VHF 


crane 
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I some items are normally in use on the boat, make up a laminated ‘grab bag ist’ of what to take 
with you, Stow grab bag extras where you know you will be able to find them quickly. 


I you have time, take the dinghy as well 
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‘Two-tier system 
Pack a waist-bag (burn-bag) with small tems that will make your eventual retum to shore easier 
money, credit card, spare spectacles, personal medication, the boat's papers, passports, house- 
and car-keys etc. If rescued by helicopter, you will not be able to take a large case with you. I's 
‘bad enough losing your boat but not being able to get home, or having to break into your car and, 
house will make it worse. 


Personal medication 
and/or inhaler 


House and car keys. 


‘Spare spectacles 


Mobile telephone. 


Passports and 
‘medical insurance 
E111 for EU citizens, 


Driving licence 


Enough cash 

ether Pounds, 
Boat's registration and Credit cards Dollars or Euros: 
Insurance papers 
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Bogomolov's 
Invention 


Over-unity from elastic 
forces of spring, 
compressed by rotation. 


_ Read in this issue! 
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Spin Wave Technology 


mre 
Spin 


Electron Symbolic Diagram 


CHAPTER 9 : Fire Control 


Fire prevention 


‘= Keep the engine bay and electrics clean and tidy 
‘© Install the correct size wiring 

* Donot smoke below decks 

‘= Take care with cooking fats and solvents 

‘© Vent the engine compartment (petrol engines) 

‘= Tum off the gas at source when not needed 

‘= Check the gas system and use @ gas alarm 

«Ensure all crew know the gas routine 

© Fitan automatic extinguisher in the engine compartment 


Fire triangle 


Fires require just three elements to burn. Remove just one of these and the fire will go out. 
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Fire blanket 
Often overlooked but a very useful 
piece of safety equipment. Use to 
smother flames on liquid (cooking 
<i or people, thereby depriving the 
fire of ai. The blanket also makes 
{900d protective shield when passing 
close toa fre. DO NOT store directly 
above a cooker. 


Fire extinguishers 


All new extinguishers are red with a colour-coded area to show the type of extinguishant. 


‘They are rated by the types and size of fre for which they are suitable, 
A- carbonaceous (wood, glassfibre, upholstery) 


B - flammable liquids 
C-flammable gases 
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‘Sizes are related to a crib of wood for A-type fires and to a pan of flammable liquid for B-type fires, 
a typical rating is 54/34B, The higher the number, the bigger the fire the extinguisher can tackle. 


Water (A) 

“There is plenty of it around (sea) — collect itn a bucket (remembering to first tie a lanyard to the 
bucket), Water fre extinguishers are available, the water will coo! the fire but they are large and 
heavy, Do not use water on liquid, gas, electrical or cooking-fat fires, 


Dry powder (ABC) Blue 

Use on solids, flammable liquid (petroV/diesel engine fires) and gas fres but not cooking oil. I is 
messy but very effective at knocking down flames, however itis suffocating when used in enclosed 
spaces, so care must be taken. 


AFFF foam (AB) Cream 
Use on solids, flammable liquid (petroV/ diesel engine fires) but not cooking-oil, gas or 
electrical fires. Foam can run off solid objects and allow fire to reignite, 


CO* (B) Black 

Used in manual and automatic extinguishers although net cften found on boats. Use on flammable 
liquid fires but not cooking-ol fies since the blast of gas can cause the oll to splash. Do not use 
‘on people — expanding gas is cold and can cause severe cold burns. 


Automatic extinguishers for engine compartments 
Use a single extinguisher of the comect size for the compartment, 


Halocarbon gas 
‘number of environmentally friendly gas extinguishants are now available (FM 200, FE 36) 
for engine compartments. They are clean to use. 


Micro-powder fine powder extinguishant 
Chemically reacts with the fire, 


Dry-powder (ABC) 


Similar to @ manual extinguisher. Can be used in naturally aspirated engine compartments. 
Dry powder will damage engines which have turbo - or super-chargers. 
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In the UK boats over 13.7 metres (45 feet) are required to fit minimum firefighting equipment, 
‘as prescribed by the Merchant Shipping Regulations Class Xl Vessels, 


Position extinguishers at exits from cabins so that they can be used to provide a means of 
‘escape. Fire blankets need to be easily accessible but not stored above a cooker. Fit an automatic 
‘extinguisher in the engine compartment. 
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‘Small extinguishers provide a very limited operating time. A 1kg dry powder extinguisher wil give 
about § to 6 seconds of extinguisher. 


Fretanket 
for galley 


Ey Sivek alas in 


Ce strategic areas 


Forestin 
Autti for 
generator nd 
engine space 

Maintenance 


Regularly shake dry-powder extinguishers to prevent the pawder clumping. Service all 
extinguishers at the prescribed periods. 
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Firefighting 


‘Aways keep a clear exit behind you when fighting a fre: 


4.1 


‘Aim the jet from a manual extinguisher at the 
‘base of the fire. Keep the extinguisher upright, 


‘Splash rather than throw 


‘water, After putting out 
the fre, use water to cot 
the area and prevent 


resignition. 


‘Avoid opening the engine compartment 
| hatch unless absolutely necessary. f you 
have to, crack open the edge of the hatch 
and fire a manual extinguisher into the 
compartment. 


Protect your hands behind 
the edges of the fre 
blanket. Smother 
clothing usinga 
fire blanket. 


= Send a Mayday 
© Use flares: 
= Launch the iferatt 


Ifyou cannot extinguish the fire, prepare to abandon ship: 
‘= If you are not already wearing lifejackets, put yours on and instruct the crew to do the same 
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CHAPTER 10: Raising the alarm 


‘Are you in distress? 
‘You are in distress when, in the opinion ofthe skipper, a vessel (boat, yacht, ship), or @ person fs in grave 
‘and imminent danger and requires immediate assistance. 


Flares need to be readily accessible. In a sailing yacht, this usually means lust inside the 
‘companionway (fg); in a motor cruiser, beneath or next to the helmsman's seat with some more 
in the wheelhouse and some on the flybridge (fig. 2). The number and type of flares to carry will 
‘depend on where you plan to sail. Race rules often specify a minimum pack that must be carried. 


Stow flares in a waterproof container ined with sponge foam or bubble wrap, 

‘+ Do not fasten the containers lid so tightly that others cannot open it 

«Handheld white anti-collsion flares need to be immediately available and can be stowed in 
clips in the companionway or next to the helm. Keep flares out of reach of young children. 


Fg 


‘Stow flares where you can get to. 
them quickly and easily. 
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Firing flares 


Different makes of flares operate in different ways. Find out how to use your flares before you need 


them — Read Before You Need! 


Which distress flare? 
Red handheld flaro Red parachute rocket flare 
‘Bums for at least one minute Fires to a height of 300 metres 
at 19,000 candela. Visible up ‘or more and bums for at least 
t07 miles. Use day or night. 40 seconds at 0,000 candela. 

Visible for up to 28 miles. 
Use day or night. 
Handheld orange smoke Buoyant orange smoke canister 


Produces bright orange smoke 
for at least one minute. Visible 
up to 7 miles. Some handheld 
‘smoke flares float and can 


Produces bright-orange smoke 
for over three minutes. Visible 
Up to 7 miles. Use during 
daylight only. Can be used 


Personal fiare, waterproof. Used 
by divers and FNL! crew. Has a 
‘smoke flare at one end and a 
red flare at the other. Each end 
‘bums for 18 to 20 seconds. 
Visible up to 7 miles. 

Not to SOLAS standard. 


be used to mark a MOB, to mark a MOB. 
Use during daylight only 

Not to SOLAS standard. 

Day/night flare Mini-flare 


Personal aerial flare fies up to @ height of 
60 metres, Comes with up to ten 
cartridges. Bums for up to 8 

seconds. Fire two cartridges in 
succession. Visible up to 15 

miles at night, 10 miles during 

day. Not to SOLAS standard. 
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‘Aerial distress flares raise the alarm. Handheld distress flares can be used to raise the atarm but 
also to pinpoint your pesition. 


Fire all fares with your back to the wind. Find a firm footing before operating the flare. 


a ria 


—_— 


Parachute rocket flares reach a height of over 300m. For low cloud conditions it may be 
possible to fire the flare at an angle so that it deploys under the clouds. Orange smoke 
flares help to pinpoint your position, 


Firing @ parachute racket fare: 

1, Brace yourself in firm position 

2 Back to the wind 

3. Remove any caps or covers 

4. Check aloft to make sure its clear of obstructions such as rigging, the flybridge or helicopters 

5. Note which Way up the flare needs to be fred 

6. Remove the safety pin (i fitted) 

7. Grip the flare frnly about two-thirds of the way up, the flare will recoil when fired 

8. Gently squeeze the trigger upwards untl the flare fires 

9. Rocket flares tend to seek the wind. I the cloud level is low, fre at an angle downwind so that 
the flare ignites below cloud 
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Handheld flares 
Hold handheld flares over the leeward side at 
an angle of 45 degrees to prevent Not ash or 
‘burning material from damaging the boat or 
liferatt. Leather (gardening) gloves can be worn, 
to protect the hands. Flares do not extinguish 
in water. If you drop a flare it will quickly burn, 
through a iferaft or even a glassfibre or wooden 
ul, 


Buoyant orange smokes are activated and then 
dropped into the sea on the leeward side of the 
boat or raft to build up a cloud of smoke. 


Non-distress flares White parachute rocket flare 
Handheld white fares rise awareness /3) Used to thuminte the local area 
and pont yer postion ocher —/f at night. Good for seeing 
shipping to prevent collision. for MOB. 

GMDSS 


The Global Maritime Distress and Safety System was fully implemented in February 1999, It 
provides an International co-ordinated approach to calling for help and requires merchant vessels, 
to cary at least twa independent means of radio distress alerting. Leisure craft carry calling 
‘equipment voluntarily. It also provides for urgency and safety communications and for the provision 
of navigational and weather warnings. 


The type of equipment suggested depends on where you sail. GMDSS divides the world into 
four areas: 

‘Area At — within range of a shore-based VHF Coast Station fitted with DSC (up to 50 miles 
depending on antenna height) 

‘Area A2 — within range of a shore-based MF Coast Station fitted with DSC (up to between 100 
and 300 nile). 

‘Area A3 — between latitudes 70 degrees N and 70 degrees S. 

‘Area A4 — north of 70 degrees N and south of 70 degrees S (the polar regions). 


Equipment covered by GMDSS includes — VHF, MF/HF SSB (radio tranceivers), Inmarsat A/B, 
Cand M (satellite communications systems), Navtex, EPIRBS, PLBs and SARTSs. 
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NEW ENERGY TECHNOLOGIES #14-15 


News from our company 
Novozhilov's motor, Y. Novozhilov, Russia 
Self-action in the case of magnetic rotation, 
Capillary motor, I. Elshansky, Russia 
Gravity-heat energy system, V. Sukhanov, Russia 

Modem perpetual mobile, Review 

Free energy and antigravitation, (spin wave lasers), Ines Espinosa, USA 
Mechanical analogies, Y. Ivanko, Ukraina 

Cell of fine-plasma electrolyses, Ph. Kanarev, Russia 

Smith Generator, Review 

Strategy of Over-unity Devices Marketing, R. Wood, USA 

Hutchison effect, Mark Solis, USA 

Heat energy conversion by means of non-linear dielectric, A Ries and others, Brasil 
jates motor, A. Akau, USA. 

“old electricity”, A.Akau, USA 

iravity conversion rotary device 

Torsion technologies, China 

News 

Antigravitation, B.Smith, USA 

Electric levitation, MacLeod, Canada 

Perpetual mobile, V. Likhatchev, Russia 

Interference Generator, A.Francouer, Canada 

New Paradigma of Time, D. Reed, USA 

(On the rotating permanent magnet system, A.Frolov, Russia 

Inventor's week, USA 

Patents on inertial drive topic 

Bogomolov’s experiment with spring drive, Russia 

History of perpetual mobile 

Tesla Energy Science Conference, USA 

Perendev company, Review 

Internet pages about free energy 

Matveev's electrical generator, Russia 

Perpetuum motor with magnets, France 

‘The most interesting of 2003 

Hydrogen power engineering, Review 

News on hydrogen fuel cells 

Electric discharge as part of the over-unity device, Review 

Subscription page 


S. Gerasimov and others, Russia 


Raising the alarm. 


Mayday is the internationally 
recognised word to indicate cstress. 


DSC — Digital Selective Calling is a 
‘major part of the GMDSS. in a matter 
of seconds, pressing one button 
(correctly) will alt the rescue services 
and other shipping in the vicinity. The 
alert wil tell them who you are, where 
‘you are and that you need help. DSC 
should also reduce routine radio traffic 
on Ch 16 making it easier to hear 
voice distress calls. 


Using a VHF DSC radio 

‘Make sure the racio is switched on and receiving position information from GPS. Different makes 
of radio transceiver operate in sightly different Ways but the general approach shown below will 
‘operate most sets, However, make sure everyone on board knows how the radio works. 


Lift the cover over the distress button and press and release the cistress button ance. This will 
(vsually) provide a menu of types of distress. 


Ht there's time, select the type of distress that suits your circumstances. 

Press and hold the distress button again for five seconds (the racio will count down) until the call 
is sent. The radio may sound an alarm. Press CLR to stop the audio alarm. The racio will switch 
automatically to Ch 16. Make your voice Mayday call. 


DSC distress calls will be sent automatically every four minutes, for as Jong as the radio can do so, 
nti an acknowledgement is received, 
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Mayday by voice 
Non-DSC VHF radios wil need to be manuslly 
‘switched to Ch 16. Press the Ch 16 button and 
check that the radio is switched to high power. 
not, push the H/L or 1/25 button, 


Now make your voice Mayday call 
A reminder card next to the radio can help to 
make sure the right information is transrritted. 


In the panic of the moment its easy to make 
mistakes. Try to speak slowly. 


MAYDAY MAYDAY MAYDAY 
THIS IS... yacht name spoken three times. 


DSC - say your MSI number, 


MAYDAY... yacht name 


POSITION IS... give position in either Lat 
and Long or cistance and bearing from a 
charted object 


NATURE OF DISTRESS - describe briefly 
‘what the problem is, for example, sinking, 
MOB, boat on fire, stranded, broken down 
close to rocky lee shore ete 


1 REQUIRE IMMEDIATE ASSISTANCE 


NUMBER OF PEOPLE ON BOARD 
don't forget to include yourself 


FURTHER INFORMATION - anything else 
that may help rescuers, such as abandoning 
to lferaft, triggered EPIRB or PLB etc 


(OVER - the invitation to reply 


Sea Survival Handbook 


‘You should receive a digital acknowledgement from the rescue services or ship, folowed by & 
voice reply Ifno acknowledgement or voice reply is received, check the batteries are on, the set is 
‘switched on and that Ch 16 and high power are selected. Repeat the procedure. 


It stil no reply, try @ voice call on another Channel — Ch 6 or, if you are in shipping lanes, Oh 13. 
Prefixing the boat's name with the words ‘Yacht’ or ‘Motor Cruiser’ helps rescuers know what they 
‘are looking for. 


\VHF versus mobile phone 
Amobile phone can be used to cal for help but is @ poor substitute for @ marine VHF radio, the 
reasons being: 


‘© VHF radios have a greater range, 

‘+ They raise the alarm with allin range who are fistening, 

‘+ SAR services can determine and home in on VHF transmission, they have a longer battery if 
and can send distress calls in seconds (DSC). 

+ Mobile phones are designed for and use. 

+ They have poor coverage at sea and reduced range. 

‘They enly alert the person you call. But in areal emergency a mobile phone is beter than nothing 

The emergency services operator willbe the frst one avaiable and rraybe located anywhere in 
the country. 


Use the National Emergency Services number, in the UK, dial 999 (or 112 throughout Europe, 911 
jn the USA) and ask for the Coastguard. 


Satellite mobile phones 
Satelite phones are becoming a popular ‘was increasing danger of capsize. By late 
alternative to SSB radio. afternoon they decided they needed to call for 


help before things got worse and so set off 


‘In January 2006, experienced yachtsman, their EPIRB and telephoned HM Coastguard in 


Fichard Wood and his partner Jett were on Falmauth (Cornwall, Engtand) on their satelite 
‘passage from Nicaragua to Mexico aboard telephone. The HM Coastguard contacted the 
his catamaran Eiliose when they were caught ‘Mexican authorities. Mr Woods continued to 


in stormforce conditions, Wave heights were 
‘estimated at approaching 30ft (m) with 
winds of over 70 knots. The sea anchor had 
been tom to shreds and they tried running 
downwind traling warps and anchors but there 


telephone the HM Coastguard every hour to 
‘check on progress and give a position and 

weather update, A-}pm, a helicopter from 
the USS Ford contacted Eolas and the pair 
were lied to safety. 
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Other Distress signals 


a2 


Morse SOS by light 


Raising and lowering outstretched arms 


Continuous sounding of horn 


a 


‘Smoke 


Upside down ensign 
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Black ball over a black square 


Divers 


‘Aver on the surface will indicate 
cistress by waving. They may also have 
raised their goggles onto the top oftheir 
head. Don't simply wave back and sail by 
they are asking for help. 


Using a heliograph (mirror or CD) 

‘Aeliograph isa simple way of drawing attention, Some come with a short stick and string but 
You can also use your hand. Using two fingers as a sight, reflect the light onto the two fingers, 
The target will then see the reflection off the mirror. Practise with a CD but be aware that its 


shiny surface will dissolve in water. 
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Need help but you are not in distress. 
You can also ask for assistance by making a Pan Pan call on 
on DSC ¢tfitted), 


e radio preceded by an Urgency Alert 


By Voice 
PAN PAN (Thvee times) 

ALL SHIPS (Three times) 

THISIS... name of boal x 3 (+ MMSI f fitted with DSO) 

POSITION IS... give position in either Latitude and Longditude or distance and bearing from a 
charted object 

NATURE OF PROBLEM | ain broken down and require a tow 

NO OF PERSONS ON BOARD don't forget to include yourself 

OVER 


Let the SAR authorities know as soon as something goes wrong, Don't wait until the last minute, 


Code flag V indicates ‘I require assistance’. 
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EPIRBs 
‘An Emergency Position Indicating Radio Eleacon will alert the Rescue Services by sending a 
distress signal via satelites. Two sets of satelites pick up the signals: Inmarsat and Cospas-Sarsat. 
Inmarsat satelites are in geostationary orbit. Cospas-Sarsat satellites are in a lower polar orbit and 
circle the earth approximately every 12 hours. 


There are two types of EPIRB: standard and GPS, Both transmit a signal on 406MH2, which 
Includes an identification code, 


GPS-enabled EPIRBs also transmit position information that Inmarsat satelites will immediately 
download to an Earth station. The position information may come from a built-in receiver or from a 
link to the vessel's own GPS receiver, 


‘Standard EPIRBs' positions are found using Doppler Frequency Shift theory by Cospas-Sarsat 
sateltes. They require two satelite passes belore an approximate position can be found. Each 
satelite wil hold and then dawnload data as Scon as @ ground station comes into range. 


When the EPIRB is activated, it transmits a signal via satellite to an Earth station. The 
Earth station sends it to the appropriate rescue co-ordination centre, who will task a ship 
or local rescue services to your position. 
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GPS EPIRB — provides a distress alert immediately and a position within five minutes accurate to 
100 metres. 


‘Standard EPIRB — provides a distress alert immediately, if the Earth station is within the satelite 
range, and a position to within 3 nautical miles (Skrn) within 40 to 120 minutes depending on your 
location. EPIRBS can be activated manually or automatically on contact with the sea, Float-free 
versions are also available. Built to SOLAS standards, they have a battery fe of 48 hours and will 
float upright. 


‘Also built into the EPIRB is 2 121.5MHz homing beacon and SAR craft use radio direction finders, 
to home into the signal. 


All 406MHz EPIREs are required to be registered in the country of their vessel's flag, These 
tails are used to check the authenticity of a distress alert, Batteries need to be replaced at the 
‘manufacturer's required date, Check the instructions and make @ note of the date they need to be 
replaced - always replace the batteries. 
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PLBs 

Personal Locator Beacons, sometimes referred 
to.as PEPIRGSs, are similar to EPIRBs but they 
are smaller and are designed to be worn by an 
individual crew member. Most countries require 
46MHz PLBs to be registered. 


‘As with EPIRBSs, there are two 406MHz PLB 
types. Both operate with the Inmarsat and 
Cospas:Sarsat satelitesin the same way as 
EPIREs: 


«GPS PLB — provides a distress alert 
immediately and a position within five 
minutes accurate to 100 metres. 


‘+ Standard PLB — provides distress alert 
Jmmediately and a position to within 3 
rrautical miles (Skm) within 40 to 120 
rminutes depending on your location. 


‘Aiso bul into the PLB is a 121.5MHz horring 
‘beacon, SAR craft use radio direction finders to 
home into the signal 


Unlike EPIRBs, PLBs do not float upright. They 
have a battery lfe of 24 hours and can only be 
activated manually 
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121.5 PLBs 
Designed to be wom by individual crew 
members, 121.5 PLBs can trigger an onboard 
alarm to warn crew that somebody has gone 
‘over the side. A radio direction finder can also 
bbe used to home in on the MOB. Always tell 
the SAR services if a MOB may be using a 
121.5 PLB. 


‘The MOB should hold the antenna as high 
‘as possible to give the greatest range. 


MOB alerting devices 
Proprietary MOB alerting devices that work on non-SAR rescue frequencies are also available, 
‘Some are capable of being linked to the GPS MOB button or an autopilot or may come with an 
‘appropriate racio direction finder. 


RNLI MOB Guardian 
‘This is @ new worldwide system, developed by the UK-based Royal National Lifeboat institution, 
which continually monitors boat and crew. An onboard transceiver sends regular position anc 
condition data updates via the Iridium satelite system to the RNLI Operations Centre. If data is not 
received, the FINLI alerts the local rescue co-ordination centre to the vessel's last known position. 


‘The transceiver also includes personal proximity alarms to be worn by each crew member. If crew 
‘g0es out of range of the transceiver, it activates an alarm and alerts the RNLI Operations Centre. 


SARTS 

‘A Search-and-Rescue Radar Transponder is 

an alert and position-finging electronic device 

that produces a distinctive ‘echo’ on the screen 

of any 9GHz Radar. Previously only used on 

‘commercial vessels’ iterafts, SARTS are now 

available sulficiently small enough to be fitted 

as an optional extra in most leisure liferafts, Fig.1 Fig. 2 Fig. 3 


On initial contact with a SART, the radar shows a line of dots giving the range and direction of the 


casually (ig. 1). As the radar closes on the SART, the dots broaden to arcs (fig. 2). When the arcs 
make an almost complete circle the SAAT is within 1 mile (fig. 3). 
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Faraday Lab News 


One of the most interesting research projects of our company 
in the year 2003 has been the research on hydrogen dissociation 
and recombination processes. It has taken us about half a year 
to build a special vacuum tube and in October, 2003 we 
obtained some experimental results on the heat output and 
efficiency of the system. The system we designed in our 
laboratory is shown in Fig.1 and also on the cover. The water- 


cooling system and the heat measurement system make it 4 
possible to measure the heat output within the range of 100 W 
to 5 kW with pinpoint accuracy. In the year 2004 we are 


planning to go on with our research work, 


We have completed the second stage of designing and 
developing a high-efficiency magnetic generator with the 
neodymium permanent magnets of 1.25 Tesla. We 
confirmed the possibility of double output increase from 

s the usage of two magnetic induction counter fluxes 
produced by the two coils wound on the generator core 
ig.2) 


Fig2 


Our laboratory continues designing and perfecting a 
powerful “alternator’-type generator with permanent 
magnets and a drum-type rotor. We will give our readers 
more detailed information after we are aware of the 
patent examining result. 


Our research on “The Control of | Temporal 
Characteristics of Physical Processes by means of Ether 
Energy Density Change” is also awaiting the results of 
the patent examining group. This research on time and 
the construction of the “time machine” is not a pure 
theory but it has quite real prospects of being applied 
to the aerospace industry as a propulsion method. 


Fig 


Itis worthy to note that now the alternative energy prospects in Russia do not entirely 
depend on financial factors. The cooperation is important between researchers, 
investors and organizations interested in the innovative development of Russian 
industry rather than in the development of Russia as the world primary natural 
resource is also important. Progressive political and public organizations should 
develop and introduce alternative energy programmes as well as tender support to 
local researchers. The successful innovation of new technologies is impossible 
without this support and lobbying government. Let us hope that the year 2004 will 
bring along new opportunities and promising contacts 


Alexander V. Frolov 
General Director Faraday Laboratory Ltd 
bitp://www.faraday.ru 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


Range will depend on the height of the SART and the height of the Fadar scanner. A SAR 
helicopter at 1000m (2000h) can pick up a SART 48 miles away. A radar scanner 7m above the 
waterline will ‘see" a SART at about 6 miles. 


‘The SART starts transmitting 
when it receives a radar 
signal, Switch off your 
vessel's radar before 
abandoning ship, fo prevent 
your SART from transsritting 
before rescuers are in range. 


Position the SART as high 
28 possible to achieve the 
(greatest range. 


‘SARTs and inflatable radar reflectors conflict 
use only one at a time. 
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CHAPTER 11 : When to abandon ship 


There are two main reasons to abandon ship: 
1. If your boat sinks. 
2. Ifyour boat catches fire and the fre cannot be controlled, 


If there is no grave danger of the boat immediately sinking, then stay with your boat because: 
‘= Itcarres far more supplies than your iferaft 

+= It will probably offer better shelter from the elements 

+ You may be able to find a way to jury-tig a repair and improve your conditions 

«It makes a much larger target for rescuers to see 


Your boat is full of supplies - only leave it if it sinks or catches fire. It makes a much 
bigger target for rescuers to find compared to a liferaft, a huddle of survivors, a single 
person with a lifejacket and/or a dan buoy or a person without a lifejacket. 
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What you need to survive 


“To ensure your survival you need the correct equipment with the right knowledge and, most 
importantly, a belief and wil to survive. The four tenets of survival are protection, location, water 
‘and food. To this end, the survivor requires: 

Equipment 

«= Personal survival aids 

+ Life-saving appliances 

+ Grab bag 


Knowledge 

‘= What equipment you have 
» How to use it properly 

» Have a strategy ready 


Will to Survive 

Believe you will be rescued 
© Avoid blame 

= Postive attitude 


| will survive! 


“The greatest factor in any survival situation is the positive mental attitude of the would-be survivor, 
‘some call it the will to survive. There are numerous examples where a sheer determination not to 
be beaten, to keep going despite the odds has made the difference between life and death. The 
belle that, no matter how bad the situation, you will pul through has to be emphasised to every 
casualty; alferaft or semi-submerged boat is no place for negative thinking, 


(Obviously, a will fo survive is nol enough on its own. Training, preparation and a good understanding 
of the factors that wil affect your survival will bolster that belief. Positive leadership will also improve 
crew's chances of survival. 


Be aware that tiredness, cold, seasickness and injury add to demoralsing a crew and that the loss 
or death of a crew member can have devastating effects on the survivars' will to Ie. 
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rot winds inthe Southem Ooean when test mad several temps o swim out ofthe cain to 
its eel during the Vendée Globe single-handed release his frat so that it would lat free next 
round-the-world race in January 1997, 1700 to the yacht. Each attempt sapped his strength 
miles from Perth, Western Australia. ‘and resulted in two hours of intense shivering 

Ue celieri ee eres tack in is hammock. But is wl to survive 
(opside down) with Bulimore caught inside the Ee Bat Alas a4 


hull wa-dee in water Relig tthe weld pov actaian Navy esced i, hyptheic 
have sufficient air to breathe and that the boat ss 


‘was unlikely to sink, he assessed his situation 
| and put together a suvival strategy. 


| He activated hiss EPIRB knowing that help would 
take several days to reach him. Although he was 
‘wearing a drysuit, he realised that he had to 
Get out of the freezing water. n total darkness, 
fhe managed to jury-rig a hammock from cargo 
|_nets. He wes aware that spotter planes may not 


‘Tony Bullimore's 60-foot yacht capsized in 60- realise that he was still ave inside the hull so he 


and dehydrated but alive, 


When disaster strikes, 


‘Crew will probably react in one of three ways when a yacht founders: 

«10 to 20% will remain calm and be aware of the situation and will respond appropriately 

‘= 75% willbe stunned and bewildered, they will be unable to judge what to do for the best and 
be Unable to concentrate on a task 

#100 15% will react inappropriately and may not realise the seriousness of their predicament, 
they may scream, weep or be unable to move 


Applied to a crew of six, these figures suggest that there will be; 
one person who is able to react effectively 

= Tour who will need goading to undertake tasks 

= one who may completely lose touch with reality and could endanger themself or their colleagues, 


‘A good leader, who may or may not be the skipper, will stay postive, prevent recriminations, 
take stock ofthe situation and organise and allocate tasks to the survivors. Good planning and 
prepatation, traning and knowledge of what to expect wil increase the number of crew who 
react appropriately 


‘Sea Survival Handbook 


CHAPTER 12 : Abandoning ship 


Don't leave your boat until your boat leaves you! Its packed full of supplies and useful equipment 
that will ad your survival 


‘A few tasks, carried out before you abandon, may save your boat: emplying Water tanks, therefore 
turing them into buoyancy tanks, closing the engine-cooling-water seacock, and disconnecting the 
ray-waler feed and using the engine-cooling system to pump out the bilge. 


Drills for abandoning ship 


Prior to abandonment 
4. Make everybody aware that you are 
preparing to abandon ship. Stay calm. 


2. Activate the EPIRB, Press DSC distress 
button on VHF / HF tadio. Make a voice 
Gisiress call, 


8, Fire parachute rockets if someone is likely 
to be within 30 miles, 


4. Get everyone on board to put on layers of 
warm clothing. Extra clothing will not weigh 
‘you down in the water. italy, it wil help 
you float, 


5. Waterproof clothing will reduce cold- 
water shack and heat-sapping water flow 
‘around your body. Use an immersion sult, 
Keeping warm is a priority. 


6. Check everyone has donned iifejackets 
correctly — use a buddy system to speed 
things up. Inflate ifejackets before 


entering the water. ——EEE 
Priorities are donning ifejackets, sending 
17. Hevea cin (non-elocnai) and take, Mayday, initiating the EPIRB and launching the 
Bleecees Je liferaft. Anything else ia bonus. 
8, Find the grab bag and as many useful 
extras as you can lay your hands an. Do not launch the liferatearier than you need 
itbecause i is ifcut to hold a rat alongside 
‘9. Standby to launch the iferat in case the ina rough sea. 
vessel nas fo be abandoned quickly. fe 
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Launching and entering liferaft 


Prior to launching the liferaft 
1. Secure the painter to a strongpoint — 
ask another crew member to check the 
knot. round turn and two hal-ritehes 
is sufficient but any knot that holds will do. 


2. Check that the water is clear of debris or 
the raft may be damaged as soon as it 
inftates. 


3. Launch the liferaft to the leeward 
(downwind) side of boat. 


Liferatts are heavy and dificult to manhandle — a six-man raft can weigh between 25kg (55Ibs) 
‘and 75kg (1651bs) depending on its quality, type and contents, Launch them fram as near to the 
stowage site as possible. i may need two people to lift the lferaft canister. 


Launch the raft to leeward 


Launching the raft to leeward will provide some protection from the prevaiing conditions when 
boarding it 


The freeboard is ikely to be lower on the leeward side, making the raft easier to board and 
reducing the chances of the rat damaging itself on the side of the boat. 
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However, you may have to move the raft to a safer position — for example, because of a 
fire, Take care not to slip and injure yourself or lose yourself or the raft overboard. 
Be aware of other dangers such as flogging sails. 


Launching the liferatt 
4, Pull the painter, I's likely to be up to 10 metres (334) long. 

5. When the painter is fuly extended, a sharp tug will rigger the gas inflation mechanism. 
6 The raft wil inflate in 30 to 60 seconds. 


‘You may hear gas escaping during and shortly 
atter inflation. This is excess CQe being expelled 
through the pressure-relief valves and is normal. 
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Launching the iferaft to windward may make it more dificult to board. Sharp barnacles on the 
bottom of the boat may puncture the lferaft tubes. 


Don't et the lferaft drt away. In strong winds it may be too difficult to pull it ar even winch it back 
to the boat, leaving you with no raft 


Ifthe raft inflates upside down or capsizes belore you can board it, try to right it while stil onboard 
the vessel. 


STAY OUT OF THE WATER - COLD KILLS 
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Boarding the liferaft 
Remove sharp objects before entering the raft from your person such as keys attached to a belt clip. 


Ty to climb directly into the lferaft from the boat. The strongest and heaviest person should board 
the raft frst to stablise it and to help others in. As each person gets in they should move out of the 
way of the entrance and balance the raft as the others board, 


‘Avoid jumping if at ll possible, You risk injuring yourself or others already in the raft. Do not jump 
‘onto the canopy, If you have to jump, the maximum recommended height is 2 metres. 


‘Spread the impact load by holding your feet 
slightly apart and your arms oul 


REMEMBER TO LOAD THE GRAB BAG 
AND EXTRAS 


Leave any injured to the last but one. If they 
‘enter early, other people may make their injuries 
‘worse if they land on them. Get the injured 
aboard the raft before the last able person 
leaves the boat. 
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Entering the water 


(Only enter the water if you are unable to board 
the raft direct from the boat. 


possible, enter the water slowly, either by 
lowering yourself on a rope or by using the 
boat's fixed or emergency boarding ladder, this, 
wil minimise the effects of cold-water shock. 


Ifa slow entry is not possible: 


1. Goto the side of the boat where the 
freeboard is least or upwind of fire and 
smoke, 


2. Steady yourself and check below for 
debris and other people. 


- 


3. Inflate your lfejacket, 


4, Place one arm over the top af the 
lifejacket to prevent it from jumping Up 
When you enter the water. 
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5. Use your other hand to cover your airway 


6. Look ahead to stop you from toppling 
forward — check the area is clear and, 
step off the side of boat. 


‘At night or in heavy weather, it may be prudent 
to clip your safety harness to the lferaft painter 
and pull yourself along it until you reach the raft 


While Waiting to get into the raft, hook your arm 
through the lifelines fixed around the outside of 
the raft, Cold nurib hands will be unable to grip 
the lifeline. Do not let go until you are an beard 

the raft, 


7. Put your feet together and enter the 
water in an upright position, 


8. Hold this position until you have surfaced 
and regained control of your breathing. 
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Getting into the liferaft from the water 
‘The cumbersome shape of an inflated lfeiacket, the weight of wet clothing and the strength- 
-sapping effects of cold water make it very difcut to climb unaided into a fiferat from the water. 
‘The strongest and fittest person should enter the raf frst. They can then help others to board. 


Allliferafts have ramps or ladders to aid entry. Partially deftating your lifejacket may make 
Get a foothold on the ladder and a firm grip on it easier to reach hancholds inside the raft, 
the handhold on top or just inside the top tube. especially if wearing a 275N lfejacket. 


100 Sea Survival Handbook 


Rescuing survivors 

Get casualties into the raft quickly, The two 
strongest survivors should be on either side of 
the entrance and grab hold of the casuatty's 
lfejacket straps and pul them face-first up and 
into the raf 


GET EVERYONE OUT OF THE WATER FAST. 


‘Make sure that ser-conscious casualties are 
‘not lying face-down in the water in the bottom 
of the raft, Look out for flailing legs. 


(Once you are in the raft, move to the opposite 
side to help keep the raft batanced. 


Keep a count of survivors, Continually check 
that none daft away. Communicate with those in 
the water. Help each other 


Puling casualties in backwards by using their 
inherent buoyancy and dunking them first is 
slow and difficult and may also injure their back, 
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Righting a capsized raft 
With the conect technique, one person can right any raft with a capacity of up to 12 persons. 


‘Whenever possible right the liferaft while stil 
(on the boat 
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4. Using the lifelines, move around the 
outside of the raft to the gas bottle. 
‘There should be a sign or symbol saying 
‘right here’. 


2, Reach up and find the ine or webbing 
handles on the bottom of the ratt. 
3. Pull yourself up on the edge of the raft. 


4. Draw up your knees and place them 
in the fold of the tubes. Use them as a 
fulorum. Lean back while holding on the 
righting fine, 


5. Pull the rat over on top of you. 


It's much easier if you can get the wind. 
underneath the ratt as you begin to if. 


6. Hold on to the line and stay on your 


back. As the raft comes over, Keep your 
hand up to create an air pocket under 
the raft 
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7. Use the line to pull and guide yourself 
‘out from under the raft. Mind your headt 
on the gas bottle, 


8. Donat let go of the raft. Ifthe wind 


catches it, it will be blown away faster 
than you can swim, 


@. Donot tum on to your front when under 
the raf, The buoyancy in the lfeiacket 
wil trap you against the floor. 


Note that self-righting rafts are also available. 


= 
st 
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Initial actions 


Cut the painter with the buoyant safety 
knife (held in a sheath close to the Heraft 
entrance), 


Cut it as close to the point of attachment 
to the boat as possible, 


Pullin the line, it may prove to be 
useful later. 


Paddle clear of the sinking or buring 
vessel to prevent the raft from becoming 
damaged. 


Pick up other survivors from the water. 


Congregate with other liferafts and fasten 
them together. 


Salvage anything that might be useful 


Stream the sea anchor when you are 
lear of the vessel. I wil turn the rafts 
entrance away from the Wind and waves, 

{t will also improve the raft's stability 

and siow its rate of drift, keeping you 

‘loser to the area where the rescuers will be 
searching, 


Retrieve the canister lid and any packaging, 


Pick up any useful flotsam, 
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Close the raft's entrance to prevent further 
Ingress of wind and water. i will also keep 

the Warmth in, Entrance closures range from 
heavy-duty zips 10 Velero fastening to webbing 
ties, Make sure that, whichever system is used, 
the raft entrance can be opened quick. Use 
slipknots on ties. 


‘Open the entrance every 20 minutes to allow 
fresh air in. Most pressure-relief valves vent 
‘outside the raft. the PRVs vent inside the raft, 
‘open the door to let out the fumes. inhaling CO: 
will give you a headache, 


‘Maintain the raf by checking for leaks and bailing out, Check that the equipment pack is still 
‘secured inside the raf, if not check outside the raft; it may stil be afloat and retrievable, 


Remember... 

1, CUT the painter 

2. STREAM the sea anchor 
3, CLOSE the door 


4, MAINTAIN the ratt 
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Secondary actions 


What to do next 
Be aware that there will be a great temptation to collapse into the lferaft and relax. Now's not the time 
to rest. Get organised before the cold saps your strenath and your abilty to use your hands, 


Ianti-seasickness medication has not been taken before boarding 
the raft, open the liferaft pack, find anti-seasickness tablets and 
take them now, Everyane must take one. Even the hardiest of 


th sailors is likely 10 be sick inside a ratt. 
Be prepared — take out one or two seasickness bags as well, Once 
someone is sick, everyone alse is likely to be affected, 
‘Seasickness will cause not only physical and psycholagical debility 
but aiso loss of valuable body heat and fluid. it may also mean the 


sufferer loses their medication before it takes effect. 


“The priority now is to get as warm and as dry as possible, 


Bail out the raft. The bailer provided may be no more than & fabric scoop. Some rafts have a selt- 
baller fitted in the floor that will Grain the water automatically 


If not, ball out by hand using the bailer and other containers —a boot, a bucket or the salvaged 
lWeraft canister id. Use the portable bilge pump from your grab bag. Be resourceful. 
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Use one of the sponges from the lferaft pack to dry the 
floor of the raft. Remember to keep another sponge clean 
for fresh-water collection. 


‘Apply first-aid to those that require it, Everyone 
Is Tkely to be suffering from varying degrees of 
hypothermia and shock in addition to injuries. 
Look out for the quiet ones ~the quietest 
casualties are likely to be the worst-injured, 
Calm those that are acting inappropriately 


Collect sharp objects and weapons ~ knives, 
mutti-tools ete ~ that could damage the raft or be 
Used to harm or threaten anyone when rations 
become short and tempers fray at a later date. 


Wing out wet clothingand 
pul itback on, Huddle together 
for warmth — don't be shy! 
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Your main heat loss is by conduction through 
the rat floor. Some floors have thermally 
reflective surfaces but others need to be inflated 
with the bellows. Take care not to pump water 
into the floor Insulation can also be provided by 
siting on salvaged bunk cushions, fenders or, 
Conditions permitting, inflated Kejackets. 


ISAF, [SO 9650 Part 1: Type 1 and SOLAS raft packs include a number of TPAs (thermal 
protective aids) that will reduce the body's evaporative heat losses. Thick plastic bags, large bin 
liners or the salvaged lieraft po'ythene wrapping could also be used. 


KEEP YOUR HEAD WARM. 


Locate the pressure-rellef valve stoppers and put them in place to prevent leakage through the 
valves. Check for leaks, Top up the tubes with the pump if necessary. Repair kits will only work 
if you can dry the area to be repaited. Use iferaft repair clamps i the hole is large, and then 


reinflate the tube. 


Aleader, who may not be the skipper, will 
emerge. It may be the fitest person with the 
most sea survival knowledge. Their ob is to 
make sure everyone believes they are going 
to be rescued and to organise the crew and 
resources effectively. 


It's important that everyone works as part of a 
team to increase the chances of survival and 
keep each other's morale up. 


Na recriminations — there will be plenty of time 
for that after you've been rescued. 


‘THE WILL TO SURVIVE IS PARAMOUNT. 
KEEP MORALE HIGH. 
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An interesting but a very simple motor has been designed. It operates on the basis of heating differences 
of its components due to temperature variations of contacting environments or due to variable radiation 


intensity. 


Motor structure 


‘The motor structure (see Fig 1) includes a metal or plastic wheel (1). In the center of the wheel there is 
an axis (2), on which spoke ends are fixed (3). Other spoke ends come through a hole in the wheel rim. 
On the spoke end there are weights, for example, in the form of small balls (4) 


a form of a metal strip or core. An arched bimetal component is built in the center of each loop-shaped 
part (6). Joints can be fixed at the joining point of loop-shaped parts and spokes to simplify the motor 


movement (7). 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


Read the survival notes in the iferaft instruction booklet to refresh 
Yyour memory. Stow equipment that needs to be kept dy in resealable 
bags. Some rafis will have stowage pockets on the canopy tube high 
above the water. 


Establish a routine @s soon as possible. f there are sufficient crew, put 
‘two people on watch for between 20 minutes and 2 hours depending 
‘on the weather conditions. Make sure the watch system is fai 


(Qutside watch should keep a lookout for ships, aircraft, other survivors and dangers. They must be 
fully briefed on signalling with flares, heliograph and VHF. 


Inside watch should keep the raft inflated, treat and look after 
casualties, collect water, bal out et. 


‘Switch off the lferaft light during the day to preserve its power. 
Itmay seem very dim but to an SAR helicopter’s or lfeboat's 
night-vision goggles it wil stand out for miles. Switch off and 
‘save lfefacket lights — you may be able to use them when the 
litera ight falls. 


SOLAS rafts have an inflatable radar reflector. Wetting the 
canopy may also inerease the radar reflection range. 


‘Do not use a radar reflector and SART at the same time. 


Look after the handheld VHF, EPIRB, PLB and flares sinoe they are probably your best means of 
location by rescuers. Save the VHF's batteries ~ remember its range is limited. If conditions allow, 
stand up when using the VHF to increase its range. 


‘Avoid urine retention because it could have serious consequences 
later. Urinate within two hours of boarding, Female survivors may 
prefer to use the beiler. Take care not to fallin ifurinating out of 
the entrance, Ask other survivors to hold your ifejacket straps. 


‘You cannot reabsorb urine from the bladder. Urinating wil 
‘not Increase your rate of dehydration, Try to get rid of urine 
overboard. The smell can cause nausea. Avoid urinating in 
your clothes since cross-nfection could cause problems later, 


‘Abowel movernent is not uncommon. You will probably not 
‘need to dit again if you are not ingesting Tood or fluid. 
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Innorthem European and southern Australian waters, the cold is your greatest enemy. The lferaft 
is designed to help save you from drowning and reduce heat loss by getting you out of the water 
{88 wel as providing protection from wind ctl 


‘As long as the canopy is providing a good seal from wind and waves, the air inside the raft will be 
warmed by the body heat of the occupants, Therefore the greatest heat lass is fro conduction 
through the floor of the raft 


Dry the raft floor thoroughly. Pools of water will intensify conductive heat loss. 
Inflatable floors wil need considerable air pressure before providing an air 
beneath seated survivors. Better insulation may be provided by sitting on 
lfejackets, fenders, bunk cushions or anything else you have salvaged. Only 
remove your lfejackets if conditions allow and you are confident that the raft 
is stable. 


Put on a hat, raise your hood, cover your head with a scarf or other 
fabric. Your head loses more heat than any other part of your body. 


(Once you are insulated from the water, the greatest heat loss will 
be due to evaporation of water from wet clothes. To stop 
this, remove and wring dry your clothes. Put the damp 
clothes back on and don a thermel protective aid (TPA). 


"TPAs reduce evaporative heat losses by containing the water vapour in 
the bag. Once the ar inside the bag reaches saturation, no more water 
can be absorbed and evaporation stops, If TPAS are nat available, se 
bin liners or plastic sheeting, 


Reflective blankets are not effective in a cold, wet 
environment. Radiant heat losses rom a cold 

casualty are minimal and the blankets reflectivity 
is reduced to virtually nothing as water vapour 
‘condenses on its cool inner surface, 


‘Survival or immersion suits are for extreme conditions and 
provide the best protection against cold, They tend to be bulky 
and awkward to put on, particularly in a hurry in a confined 
space, however many people have survived by using one. 


‘Sea Survival Handbook 


Water and food rationing 


For survival, the human body needs water more than food. Tests have shown that a person wil live 
for only seven to ten days without water assuming there is no excessive fluid loss but can survive 
for 20 to 30 days withaut food. 
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‘Water Chart Food Chart 


In busy waterways such as those found! in northern Europe, itis untikely 2 raft wil be adrift for more 
than 48 hours belore being rescued. The greatest dangers are drawning and hypothermia rather 
than dehydration or starvation. 


‘Since the human body has a reserve of water and energy within its tissues, no food or water 
should be taken in the first 24 hours except by children or conscious injured casualties, who will 
experience greater fluid loss. 


I¥only minimal water supplies are available, the 
ration for water, after 24 hours, is half ite per 
person per day. (0.5It/persor/day = just under 1 
ppint/persorv/day) 


Toke a third of aration at sunrise, a third at 
midday and a third at sunset. When drinking 
‘water, keep it in your mouth for as tong as 
possible to moisten the membranes. 


‘To maintain morale and good harmony, i is vital to ensure that food and water rations are issued fail. 
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Water may be supplied in the liferaft pack. It 
will be in sealed sachets. Use the scissors in 
the first-aid kit and open the sachet carefully, 
Decant any leftover water into a clean bottle 
or sealable container. Stow an empty battle in 
‘your grab bag to collect leftover water, 


If you have plenty of water, each person may 
drink up to 1 litre per day. 
(tltjperson/day = about 2 pints/person/day) 


Whether you have plenty or virtually none, start 
ta.collect water from the outset — you don't 
know when it might rain again, 


Drink collected Water frst - because bottled water and sealed-sachet water will stay fresh for 


longer than rainwater. 


Do not drink urine. Do not drink seawater, even in a diluted state. Death has been found to occur 
quicker when you drink seawater rather than nothing at all 


Reduce the body's water loss by making the best Use of the shade and cooling from the breeze. 


‘Avoid eating protein-based food (such as 
fish or meat) because digesting them uses 
‘more fluid than they provide. Carbohydrates 
and sugars are better. 


‘On 30th July 1945, the USS dnofanapolis was 
attacked by a Japanese submarine. The ship 
‘sank in 12 minutes and many survivors ended 
‘up nthe water. Rescuers took several days to 
reach them, Desperately thirsty, some survivors 
drank seawater. 


| They became delirious and started to hallucinate, 
Some thought that there was-an island nearby 
‘and would try to swim off tot. Some claimedt 


that the ship was not sunk but wes just below 
the surface and convinced others to remeve their 
lifejackets and swim down with them to drink 
‘rom @ water fountain. 


Of a crew of 1196, it's estimated 900 went 
into the water. Four days tater, only 316 men 
remained alive. While some were lot to sharks, 
‘many were lost due to the effects of drinking 
seawater, 
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Long-term survival techniques 


‘Sustaining the will to survive and the belief that you will be rescued is essential, 
Keep the survivors’ morale high by running a disciplined routine, Fear, panic, despair and 
recriminations will undermine your belief that you will pull through. Knowledge of survival 
techniques and confidence in equipment will nlp you remain calm and positive. 


Lack of water and food will cause fatigue and exhaustion and increase depression. Catching faod 
can be a greal morale-booster and will supply much-needed energy. Rest as much as you can but 
When you are not asleep, keep busy with routine raft duties. Stay optimistic and look forward to the 
future, Discuss what you plan to do when you get ashore, 


Long-term survival techniques revolve around collecting or making water to drink, fishing, keeping 
the raft inflated and in goad order and keeping watch for potential rescuers, 


|_ COLLECT RAINWATER AT EVERY OPPORTUNITY 


Better-quaty iteratts have a small rain 
catcher fitted to the canopy of the raft. 
It's important to prepare the canopy 
and the collection bottle before the rain 
aves. Wash built-up salt crystals off 
the canopy and rinse containers with 
fresh seawater. Use the first downpour 
to wash off the remaining salt — anything 
Yyou collect during the initial shower 

vil be contaminated and undrinkable. 
Collect the rainwater once the salt has 
been washed off 


Improvise other means of collecting 
rainwater ~ the canopy's collection 
system is not large. 


Unpatatable rainwater can be ingested by enema. Lyn Robertson, 2 qualified nurse, used the rafts 
bellows as a method for introducing poor-quality rainwater for absorption through the gut on her 
family when they were shipwrecked for 37 days in June 1972. 


However, tests have shown that saltwater enemas are not a solution to dehydration, The gut does 
Not fitter salt out of the water — only use rainwater. 
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Solar still 
‘An inflatable solar stil can be filed and fastened 
alongside the raft. Salt water held in the bottom 
of the stil evaporates and potable water 
condenses on the inside of the tent and runs 
down to a collecting bottle. it can produce 
‘about 0.75 to 1 litre per day in calm conditions. 
However, rough conditions can cause the 
‘seawater in the bottom of the stil to splash into 
the distiled water making it undrinkable, 


Hand-operated desalinator 
Using reverse osmosis, a desalinator or water 
purifier pump will remove 98% of the salt from 
seawater. It can produce as much as 4 to 8 
litres of drinking Water per hour but is harc 
[physical work to operate. It may, in the heat of 
the day, cause the operator to sweat out more 
water than they can make. To make the most of 
1 desalinator, use it at night when the weather 
is cooler 


Lone sar Steve Callaan's yacht sank ater 
‘olson with a whale while ona transatiantic 
passage fom the Canaries, He abandoned ship, 
into his Witerft. n his grab bag were & pints of 
ater nd! two solar sis, Seventy-six days and 
1500 miles later he was picked up by fishermen 
‘within sight of tand, 


What's on the menu 
Catching food boosts survivors’ emotional and physical well-being. Foods high in complex 
carbohydrates are more suitable than protein focd such as meat and fish, Protein will draw water 
from the body while its being digested. Ideally, the body needs just over a ltre of water @ day 

to digest food and dispose of waste mates. f no water is available, the survivor should not eat, 
as this will accelerate dehydration, If food! is contained in the iferaft pack it will be high-enteray 
carbohydrate, similar to a block of dried porridge. 
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Bill and Simone Butler survived for 66 days in 
aliferaft by using @ PUR Suviva 34 manual 
reverse-osmosis water fiter after whales sank 
their 3att yacht Stoney 1200 miles west of 
Panama. 


‘= Plankton can be caught using an improvised net made from a pair of stockings or tights, 
¢ Barmacies will grow on the bottom of the raft and the meat can be extracted and eaten. 

‘© Fish can be caught using a harpoon, spear or gaff, or by hook and fine. 

‘An improvised spear can be formed by lashing a 
knife to a paddle. Steve Callahan included a spear 
‘gun in his grab bag, but if you do the same, take 
care not to puncture the raft 

Flying fish may also land on or in the raft, 

Maurice and Maralyn Balley adapted the satety pins 
in their first-aid Kit to make fish hooks. On average, 


they landed forty fish a day. 


‘tain Bombard created hooks from a bone found 
just behind the gill of the Dorado fish. 


Initially, ures can be made from siiver paper. After that, most survivors have used the heads of 
the fish they caught as their bait. Poon Lim, who survived for 183 days on a lifeboat, used a dried 
paste of biscuit and saliva for his initial bait, 


Fluid can be extracted Irom large fish by sucking their bones and eyes. The fish guts may be more 
igestible than the flesh, 


Turtles — Dougal and Lyn Robertson and their family and crew caught 
turtles. Taking care that the creature's beak didn't damage 

their inflatable, they sit its throat and drank its blood 

Immediately to rehydrate, The meat was dried and 

the blood used as a ‘sauce’, 

‘Seabirds - Poon Lim, Steve Callahan and the Balleys ail tell 


of catching and eating seabirds. Seagulls and boabys 
wil often land on the liferaft or can be attracted by a 
baited hook, 


‘Some form of chopping board is useful and can 
bbe improvised from the liferaft canister, flare box. 
cr salvaged flotsam, 
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Keeping cool 


While those in cold-water climates will be concerned about keeping warm, sailors in the tropics, 
‘are mare concemed about staying cool and reducing dehydration caused by excessive sweating, 


Methods of keeping cool 
Obviously, stay under the canopy or create 
‘shade so that you can stay out of the sun. 
Rest during the heat of the day and undertake 
routine tasks in the morning and evening, 


Coo! the raft by wetting the canopy, and keep 
your clothes damp. Regularly rinse them in the 
‘sea 1o prevent a build-up of salt crystals, which 
‘would exacerbate sores. 


In hot, calm weather, reattach the sea anchor to the entrance-side of the raft so that the 
wind blows into the raft. 
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During the day, deflate the inflatable floor and sit 
directly on the raft floor. Reinflateit at night to 
prevent getting cold, 


you are in a group of two or more rafts, 
spread the survivors equally between them so 
that each individual has more space to stretch. 


Don't get into the water to cool down; you may not be able to get back into the raft. 
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CHAPTER 13 : Survival in cold water 


Research by Golden and Hervey shows that the body goes through four stages when immersed in 
cold water: 


Length of Time Immersed Risks 


cS oe, Diving reflex and cold shock 
3-30 minutes ‘Swim failure 
More than 30 minutes Hypothermia 
Post-imimersion Hydrostatic squeeze, secondary drowning, 


post-rescue collapse (during and after rescue) 


Because the human body loses heat 26 times faster in water than in air, immersion in cold water 
can be extremely dangerous. The graph below shows the possible effects of immersion in 10 
degrees C water, Around the UK, sea teiperature varies between § degrees C and 18 degrees C 
The temperature of the Mediterranean during the summer rarely gets above 26 degrees C. 


“Typical change in deep body terpeature during meron in 
sted wale at 10°C (60°F) fora average clothed india. (F. Golden) 


‘Ca, shock, peapsctation, panic 
BroatingMear-a sted down 


‘Taking sock of station 
‘Stivering nereaing in tens 


eating vory col, word, shivering ntnsel, 
ane tno vataily uses 
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In the motor structure described arched bimetal 
components become straight when heated. The 
motor axis ends are placed in bearings (8). 


To initiate the motor movement the loop-shaped 
parts need to be in mediums (zones) with 
different temperature. For instance, the lower part 
of the wheel may be placed into hot 
water (9) and the upper part will stay in the 
it (10). 


Motor operation. 


When the motor is in a medium with identical 
temperature, for example, in the air, the 
temperature of all bimetal components will also 
be the same; therefore, they have identical form. 
In this case all spokes will similarly project over 
the wheel rim and all weights have similar distance 
from the wheel axis, 


This state makes the whole system balanced and 
immovable. But if the motor wheel is partly placed 
into water with the temperature exceeding that 
of the ambient air the bimetal components in 
water will become straight and shift the 
axis weights from the wheel axis. This 
phenomenon initiates motor operation. 


Let us consider this process in more detail. 


On touching water, the bimetal component in 
the loop-shaped part becomes straight and 
shifts a weight from the wheel axis. The wheel 
becomes unbalanced, obtains torque and turns 
clockwise. This rotation makes the following 
bimetal component on the next loop-shaped 
part of the following spoke touch water. This 
bimetal component also becomes straight and 
shifts a weight from the wheel axis, generating 
an increased torque that turns the wheel 
clockwise, 


At the same time a bimetal component comes 
from hot water on the left side of the wheel in 
zone “A”, The component cools and restores its 
initial form, i. it curves more and pulls the weight 
on the spoke to the rotation axis. This leads to a 
decrease of its counterclockwise torque that 
affects the wheel. 


‘The loop-shaped parts on the left side (A) and the 
right side (B) of the motor wheel will cause 
asymmetry in the number of weights projected by 
the spokes. On the motor left side (A) the weights 
will be projected from the wheel axis when the 
spokes are located in corner “C”. On the right side 


(B) the weights on the spoke axes will be shifted 
from the axis when the spokes are located in 
corner “D”. Fig.2 shows that corner “D” is far 
larger than corner “C”. This means that more 
weights will be shifted on the right side of the 
wheel in zone “B” than on the left side in 
zone “A’. 


Fig2 shows that the wheel weights generating a 
clockwise torque are projected on the right side. 
On the left side in zone “A” only one weight is 
projected and it generates a counterclockwise 
torque. More weights shifted from the wheel axis 
on the right side will generate a greater clockwise 
torque than the weights shifted from the wheel 
ixis on the left side. This is the cause of the wheel 
clockwise rotation. 


This interesting effect is achieved due to the 
loop-shaped parts on the wheel spokes with 
bimetal components placed on them. When the 
next wheel spoke reaches corner “D”, the 
bimetal component connected with it touches 
hot water, becomes straight and shifts the 
corresponding weight further from the wheel 
rotation axis. The motor wheel continues 
rotation, making the next bimetal component 
touch water. It is also heated, becomes straight 
and shifts the corresponding weight from the 
wheel rotation axis. The wheel continues 
rotation, Bimetal components are touching 
water in succession, On the left side, in zone “A”, 
the bimetal components successively come out 
of hot water, cool in comparatively colder air, 
return to the initial sharply curved form and pull 
the weights on spokes to the wheel rotation axis. 
This is the reason for the wheel torque to 
decrease. 


‘Mass movement from the axis in a rotating object 
commonly causes reduction of rotation speed. 
And, on the contrary, the rotation speed increases 
when the mass comes close to the axis. In motor 
zone “A” the weights come close to the rotation 
axis after the corresponding _ bimetal 
components come out of hot water, and the same 
number of weights move from the center in zone 
“B’, ie. these effects on the rotation wheel 
compensate each other, 


In essence this is a heat machine. The heat 
transfer from a warmer medium — water — to the 
cold medium — air —is achieved owing to the heat 
capacity of the band-form bimetal component. 
This is the reason for fast heating and cooling 
processes. Due to the fact that bimetal 
components are not large, not so much heat is 
needed for their heating, 
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Diving reflex 


‘The diving reflex occurs when you frst make 
contact with the water. Ifthe water is not 100, 
Cold you involuntarily hold your breath and your 
bbicod circulation and heartbeat siows. However, 
lin. water 15 degrees C and below, cold water 
shock may overcome the diving reflex. 


Cold shock 


Cold shock takes place after thity seconds to three minutes af immersion. Your breathing rate 
increases from around 10 breaths per minute fo 60 breaths per minute (hyperventilation, which can 
cause dizziness and confusion). Breath-holding times are likely to reduce from over a rrinute to less 
than 10 seconds. 


In water of less than 15 degrees C, it is probable that you will voluntarily inhale (gasp) even 
‘when underwater. 


Blood vessels close to the skin shut down causing a sharp increase in blood pressure, which may 
be sulfcient, depending on your fitness levels, to initiate a stroke or @ heart attack. 
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Protecting against cold shock 
To reduce the likelinood of cold shack, wear a 
lfejacket, waterproof clothing and, if possible, 
enter the water slowly. Do not try to swim 
adopt the HELP position (see p.66). 


Regular cold showers, baths or sea swimming 
can help to prepare your body for sudden 
immersion in cold water. Tests have shown 
thal after just one week of dally cold showers, 
the effects of cold-water shack can be 
reduced by 50%, 


The fitter you are, the better able you will be 
to withstand cold-water shock. 


‘You are more likely to drown as a result of entering cold water quickly than you are from hypothermia, 


‘Swim failure 


‘Alter three to thity minutes of being immersed in cold water, your arms and legs become numb 
and your muscles will not function property, Shivering increases and your heart and breathing ate 
decreases, 


Grip strength and co-ordination are significantly reduced. You may find it dificult to use your hands 
{or firing flares, donning a spray hood, setting off a PLB or using @ handheld VHF, 


Even fit adult men can find it impossible to lft themselves up the side of a small boat and 


normally strong swimmers may only manage 100 metres before collapsing, This emphasises the 
Importance of wearing a lifejacket and being realistic about your swimming ability. 
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Hypothermia 


Hypothermia can occur in water of up to 24 degrees G and sets in as the core body temperature 
‘drops from 97 to 85 degrees C. In northern European waters in the summer, your survival time with 
clothing and litejacket is between two and twelve hours. In winter, It ranges from several minutes to 
‘we hours. The exact length of time depends upon on the water temperature, sea state, clothing, 
gender, fitness, health, shivering rate and age of the person, 


What happens? 
‘The casualty will feel cold and their body becomes num. Intense shivering may stop as 
the muscles become cramped and rigid. Speech will become: slured, nausea will set in and 
behaviour will become irational (similar symptoms to being drunk). The casualty will lip into 
unconsciousness, increasing their chances of drowning, Heart and breathing rates decrease and 
the pupils will dilate, Heart failure is possible when body temperature drops below 30 dagrees C, 


35°C 


37C 
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Methods to help prevent the onset of hypothermia 
Before entering the water put on an immersion/survival sult, crysuit, wetsuit or more clothing and a. 
Mefacket. 


‘Wear a hat and cover your head with a hood (this also makes you mote visible to rescuers), 
‘Once in the water, de not kick off boots and try to remain as stil as possible, adopting the HELP 
position (see fig. 1). 


Got out of the water it at all possible, 
Avoid alcohol. 


Heat Escape Lessening Posture (HELP position) 
‘Astatic body position reduces heat loss and increases your survival time. Therefore, assuming the 
HELP position js strongly recommended. However, holding this position may not be possible in 
anything other than calm conditions, 


Ue with ankles crossed, knees together and legs slightly bent and elbows held clase to the body 
with one hand under the frant af the lifejacket. Hold the other hand up with the palm towards your 
face, covering the mouth and nose to protect the airway from waves and spray. 


Inwind and waves, a lifejacket wearer will be turned to face the waves, causing water end spray 
to break continually into their face. The natural reaction is 1o stabilise their positon using ther ans 
and legs and to tur their body so that the back ofthe head faces the waves. 


‘Aspray hood helps protect the face when both conscious and unconscious and is highly 
recommended. Put it on 2s soon as possible, 


fig. 1 
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‘Swimming with a lifejacket 


‘Avoid swimming if possible, since it increases heat loss, however if itis essential, swim on your 
back. Trying to swim on your front when wearing a lifejacket wastes energy. Swimming by kicking 
‘your legs loses less bad heat than swimming with your arms but may not be as effective. 


Te reach other casualties, a lferaft or a 
survival craft in the water: 


‘= Senda strong swimmer ahead, 
‘connected to the group by a line, or swim 
asa group. 


«The ‘crocodile! may be used to swim as @ 
‘group but it can be very dificutt to achieve 
in waves. 


‘= If casualty is injured or unconscious, 
they should be placed at the tal of the 
crocodile, 
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Huddle 


‘The huddle shares body heat, improves morale, 
supports weaker members of the group and 
increases your chances of being seen by 
rescuers. Use safety hamesses or rope to clip, 
yourselves together as soon as possible, while 
‘your hands are stil functional 


Be aware that in waves some members of the 
huddle will be facing wind and waves, making it 
impossible for thern to hold their position, 


‘Two person huddle — one person places their 
legs around the outside of the other. Take tums 
to be the person on the outside, 


Group huddle ~ organise the group so that all use their right hand to hold on and their left hand 
to cover their airway or vice versa, Place injured or weak casualties in the riddle of the huddle 
‘and rotate the huddle So that no one has to face wind and waves continuosly. Keep your ankles 


ccrossed and knees together to preserve body heat, 
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CHAPTER 14 : First Aid 


The quality ofthe first-aid Kit supplied will vary depending on the quality of the lferaft. The 
SOLAS C first-aid kit provides a broad range of medical items and will be found on many rafts, 
‘or can be specified for inclusion. 


“The contents are shown below. 


Chlorine 


sexs styles 
Heeler) 1s (Glycery! Trintrate 


(angina treatment) 


i ate re 
Looe ee 
oioloa ee 


Not shown: Laeral-ype pocket mask (or expel a recustation) 


In addition to conventional first-aid equioment, consider what else may be improvised. A lifejacket, 
{or example, can be made into an inflatable splint to immobilise the lower leg, or allernatively, use 
two paddles or a plank of salvaged wood. 


For general advice on diagnosis and treatment of casualties refer to the St John's First Aid Book 
{avaitable from the RYA webshop). The RYA also has a one-day first-aid course for yachtsmen. 
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Heat exhaustion 


‘This is condition caused by the loss of water and salt from the body, usualy 2s a resut of 
physical exercise in @ hot, moist environment. 


‘Symptoms 
Fatigue, headache, dizziness, nausea, possibly 
vomiting and muscular cramps. 


The skin will be cold, pale and clammy, the 
pulse weak end repid, breathing fast and 
shallow. 


Treatment 

Remove the sufferer from direct heat and 
ventilate the liferaft, Sponge down their body, 
and give sips of cold water with a lite salt. 


Heat stroke 


Caused by prolonged exposure to extreme heat or high humility. The body temperature rises 
‘due to its inability to lose heat through sweating 


‘Symptoms 

‘Similar to heal exhaustion except 
that the skin wil look flushed and 
dry, the pulse is rapid and strong 
and breathing full and rapid. 


Treatment 
‘Sponge down the body, and 
tive frequont sips of cool, sightly 
salted drinks. Help cool the 
sulferer by fanning or exposing 
them to @ cooling breeze, 
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Hypothermia 


‘You can become hypothermic in water of up to 24 degrees C. Around the UK, the water 
‘temperature varies betwen 5 degrees C and 18 degrees C. The temperature of the Mediterranean 
in the summer rarely rises above 26 degrees C, 


Normal core body teriperature is 37 degrees C. Hypothermia is defined to have occurred when the 
core temperature crops to 35 degrees C or below. 


Hypothermia may occur in or out of the water. Liferaft cocupants are susceptible due to the thin 
‘material insulating them from the cold water, Casualties that become cold relatively slowly ~ chronic 
hypothermia — such as those in a lferaft or those in water of temperatures between 20 and 28 
degrees C will require different treatment from those who are sutfering acute hypothermia from 
becoming cold quickly, such as falling into water below 15 degrees C. 


Chronic hypothermic viclims are more likely to be exhausted and unable to regain normal 
circulation on rewarming. Acute hypothermic casualties tend to respond well to rewarming and are 
‘soon back to normal. 


‘Symptoms 
The graph below shows the typical symptoms of @ casualty wha has fallen into 10-degree water as 
the body temperature falls. 


‘ype targa dep tay erp dra marion 
Ried water 10°C (OF) eran eweoge cle raid fF. Cote) 


cu, sto reapactaton, panic 


reshrghent te sated down 
“ing sea ef sae 
‘Shera esos ty 
Feng er coll, wore, sheng trey 
arte wena eae 


ere, os ret an wat oe, 
‘Sanprauea, eating su eu ote 
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Without a thermometer it can be dificult to tell whether a person is cold or hypothermic. According 
to Golden and Tipton, one test is to feel the casualty's deep armpit; if it feels ike cold marble, they 
‘are probably hypothermic. 


Initial, the core temperature will rise as the blood vessels in the arms and legs contract, forcing 
blood back to the core. After the effects of cold-water shack have worn off, heart and breathing 
rates will slow and shivering will start and become more intense as the core temperature falls. 
Extremities become numb. Those in the water will suffer from swim failure as they become unable 
to control their imbs. 


Speech wil become slurred and the casualty ray appear to be quiet and introverted, Nausea may 
be present and behaviour may become inetional. They will ase co-ordination and become mentally 
slow. Chronic hypothermics will stop shivering es the body runs out of energy, and may sutfer 
cramps. As cooling continues, the vicin will become unconscious and, ifn water without a Bejeckot, 
\will drown. In 2 raft, they will Continue to cool, the heart and breathing rate wil slow and pups diate, 
\When the body temperature drops below 30 degrees C, they are in danger of heart failure. 


Treatment 
Hypothermia is cificult to treatin a survival 
situation, Passive rewarming is the suggested 
treatment, The aim is to stop further heat loss 
and give the body a chance to warm up from 
the inside. 


Ifthe casualty is conscious end co-operative, 
remove wet clothing. Insulate them with 
blankets and sleeping bags and wrap in plastic 
or a TPA. Leave the face exposed, Ensure the 
casualty is well insulated from the ground, deck 
1 the floor of the raft. The body will stovily 
rewarm itself as the internal organs start to get 
back to normal 


‘Slow rewarming may also be possible by 
sharing body heat in a ‘buddy system’. 
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‘The motor will operate when the air temperature 
exceeds that of water but in this case it rotates 
counterclockwise. 


‘There is another model of this motor when nitanol 
components are used instead of bimetal ones. 
Nitanol isa memory metal alloy that changes shape 
when reaching certain temperature. 
In this instance, the nitanol components normally 
curved but becomes straight when heated (for 
example, up to 50° C), and the weight on the spoke 
end moves from the 
wheel rotation axis initiating rotation of the wheel 
‘That means similar operation of a nitanol-based 
and bimetal-based motor 


‘The motor structure is very simple and its operation 
does not require power or fuel supply: it is enough 
to place its wheel into the water the 
temperature of which is different from that 
of the air 


‘The motor structure may be further developed: for 
example, a focused sun ray can be used for the 
heating purposes; the bimetal component can be 
heated with a common electric lamp on one side 
of the wheel, the required heat may come from a 
heating radiator, stove or burning gas-jet. Such 
motor may be heated when installed on a 
mantelpiece, etc. 


‘This article describes the motor model that can be 
used as a toy. Being supplied with looking-glass 
units it may be applied to get various luminous 
effects or may be installed in the shop showcases, 
or else at exhibitions. This motor is also able to 
operate ina gravity force environment, even on the 
Moon. There direct sun rays may heat bimetal 
components to 200" C, and the temperature of the 
components located in the shadow almost reaches 
absolute zero, ie. the temperature difference in this 
instance is over 400° C, which enables constant 
efficient motor operation. 


Fig2 
‘The motor in operation 
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Warm drinks may be given to a conscious 
‘casualty, The hypothermic person can have lost 
‘as much as 2000 calories of heat. 


DO NOT: 
‘= Give alcohol 
‘© Use hot-water bottles 


= Message/rub areas 

Handle roughly 

© Administer fluid to a semi-/ 
unconscious person 


Unconscious hypothermic casualties must be handled very carefully - otherwise they may collapse 
and die, 


‘Active rewarming should only be undertaken by medical professionals. Even with the right 
knowledge, itis unikely to be possible in alferaft or small yacht. 


Note: it can be dificult to tellif a hypothermic casualty's heart has stopped. Attempting CPR may 
fibrate the heart and cause death, 


“The risk of droning is reduced if you ae 
wearing good Ifjacket with a spray hood, 


Near-drowning 


Symptoms 

Breathing may have stopped or be very 
‘shallow; lips blue, bluish pallor of the face. 
Froth around the mouth, vorniting. If conscious, 
the patient may complain of chest pains and 
may be coughing. 


‘Treatment 
Use Expelled Air Resuscitation as soon as possible (see p134). Water willbe automatically coughed 
Up from the lungs when breathing restarts. f available, apply oxygen. Seek further medical help. 


[ Most ving boats carry oxygen and may be closer than medica services. ] 


‘Sea Survival Handbook 


129 


130 


Secondary drowning 


‘This occurs when a small amount of dirty water or seawater is inhaled into the lungs. A cupful is 
‘enough to do it. The water inflames the membranes of the lungs, which react by releasing fluid, 
filing the lungs thereby causing death by secondary drowning, 


Symptoms 
Increased chest pain and coughing (possibly with pink froth). Some people may show signs of 
asthma-type symptoms but many do not. It is likely to manifest itself up to 12 hours after the 
incident. Seek medical attention as soon as possible (and certainly before 12 hours) if you suspect 
a casulaty has ingested water into the lungs. 


Heart attack 


Heart attack is always possible for those in a stressful situation. It is also a possible effect of cold- 
water shock and hypothermia. Its dificult to tell if a hypothermic casualty’s heart is beating, if 
necessary, use CPR or an automatic heart defibrillator, 


‘Symptoms 
\Vice-tke central chest pain and pain in left or both arms that does not ease when the casualty 


rests; breathlessness, gasping for alr, collapse, sudden dizziness, grey skin, sweating. 


Treatment 
Make the casually as comfortable as possible, apply oxygen if avaliable, give angina medicine 
(Glyceryl trinitrate) and/or aspiin (200%n9). Monitor and record vital signs. Seek medical advice. 


Panic attack 


Caused when the casualty has a sudden bout of extreme ansdety. This may be caused by the 
situation the casualty is in or brought on by symptoms caused by other illness. Either way, the 
effects on the casualty are very real and frightening. 


‘Symptoms 
Rapid breathing (hyperventlition) and feeling of a racing heart beat. Muscular tension leacing to 
headache, backache and a feeling of tightness across the chest. The casualty may belleve they are 
dying and experienoe tremibing, sweating and a dry mouth. 


‘Treatment 
If possible remove the cause of the fear. Reassure then and explain that they are having a panic 
attack. Get them to slow thelr breathing. f they are hyperventilating ask them to breathe into a 
paper bag (use an unused sick bag). Continue to reassure the casualty until they are recovered. 
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‘Shock 


‘Caused by injury, burns, severe vorniting/ 
iarrhova, fear, pain oF traumatic experience. 


‘+ The effect of shack must nat be 
underestimated, it can be fatal. It is caused 
by reduced blood flow to the vital organs, 
Movement can cause fainting and even 
heart failure. 

© Watch out for delayed shock. MOB 
casualties may say they are OK but may 90 
into shock 20 to 60 minutes after recovery. 


‘+ Liferaft survivors are also susceptible ~ always check on quiet, introverted survivors, who may 
bbe sutfering from shook. 


‘Symptoms 
Grey or pale skin that is cold but moist with sweat, feeling weak and faint, nausea, weak but rapid 
‘pulse, shallow breathing and perhaps gasping; thirst, possible unconsciousness. 


Treatment 
Most of the crew will have varying dearees of shock so there is litle you can do in a liferaft. 


‘reat obvious Wounds such as extemal 
bleeding and broken limbs. Lie the casualty 
‘down with their feet higher than their head. 
Loosen their clothing and if possible put them 
into the recovery position. Moisten lips with 
Walter, Do nat apply hot water bottles. 


Ifthe casualty stops breathing commence ABC 
of resuscitation, 
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Severe bleeding 


External bleeding is cbvious and distressing, and can lead to shack. 
The aims are to stem the flow and minimise the chances of infection. 


Treatment 
CCover the wound with a dressing and apply direct pressure. 
Raise the wound to reduce blood loss, and bandage the area. 
Keep applying dressings unti the bleeding stops, Support the 
injury Ian object is embedded in the wound, do not rernove it. 
Provide padding either side of abject. Apply dressings. 


Frostbite 
(On watch, crew may be in danger of frostbite, where local tissue becomes frozen. The areas affected 
are usually the fingers, toes, ears or nose, Prevention is better than cure. Wear gloves, cover the face 


and ears and to be aware of the length of watch duties. Exercise and massage can delay the onset 
of cold injury. 


‘Symptoms 

‘The area becomes pale then white, mottled blue and finally bluish black; 
there is sweling and fd release from damaged cells and loss of feeling, 
Treatment 

Remove constricting garments, raise and dry the affected 

‘area. Warm the hands oF feet by putting them under the 

‘armpits, in the groin or between another person's hands, 

Do not massage or burst blisters or apply pressure. 


Immersion foot 


Known during World War One as Trench Foot, immersion foot is caused by continuous contact 
with a cold and wet environment. 


‘Symptoms, 
Feet become White as local circulation is reduced, 
‘causing sweling of tissues and numbness. 


Treatment 
Dry feet, use rapid rewarming, encourage gentle 
exercise and, if possible, give warm drinks. 


‘As the foot warms, it will become painful 
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Fractures and dislocations 


Broken bones can be either open or closed fractures. ft is an open fracture, treal as for bleeding 
(p.133) and then immobiise the affected limb. If is a closed fracture or a dislocation, the broad 
aim is to immobilse the limb to make it more comfortable. 


For leg fractures, the leg can be immobilised by improvising a 
splint from paddles and bandages, rope ar strapping, 


A\lifeacket can be used to immobilise the lower leg. Place the 
ankle into the neck of the lifelacket with the lifelacket's body 
either side of the calf. Wrap it gently aver the lea and apply 
strapping at the top, middle and bottom. Gently inflate the 
Jacket by mouth until its fim. 


‘Seasickness is a debilitating iiness that comes on rapidly, especially in the confines of a liferaft, at a 
time when the crew need to be as alert and able as they can be. if possible, take anti-seasickness 
medication before entering the raft or as soon as possible after boarding the raft, 


‘Symptoms 
Nausea and vomiting, pale clammy skin. Wishing never to go afloat again! 


Treatment 

Take antl-seasickness medication in the form 
‘of hyoscine hydrobromide. if vomiting has 
already started there is ittle point in taking 
‘more, because they are unlikely to be ingested. 
it's also possible that, ifall the tablets are kept 
‘down, serious side effects will be experienced. 
‘Side effects can be drowsiness, dry mouth and 
blurred vision. Excessive doses of seasickness: 
pills can produce hallucinations. 


‘Sea Survival Handbook 


133 


134 


Do not attempt cardiac massage in a raft unless it has a wooden floor. 


Resuscitation technique 


Before attempting resuscitation, make the following checks: 
1. Is the casualty responding to you? 

If not, check the airway for breathing, 
2. Look at the casualty's chest. Is it moving? 


Ino, tit the head back to open the casualty’s airway. 
(Check and remove any obstructions in the mouth. 


Listen at the casualty’s mouth for sounds of breathing. Hold your cheek close to their nose and 
‘mouth and feel for warm air movernent. Alternatively, condensation forming on a cold mimor or 
Metal spoon held close to their mouth and nose can also indicate breathing. 


Itis now accepted that if breathing is not present, circulation is not present ether and that 
resuscitaion should now be attempted. itis assumed that the casualty has suffered a cardiac arrest. 


Place the heel of your hand in the centre of their chest. 
Place the heel of your ather hand on top of the first hand. 
Interlock the fingers. De not apply pressure over the upper 
abdomen or the bottom end of the breastbone (stermum). 


Apply 30 chest compressions at the rate of 100 per minute, 


Tilt the head back by placing a finger under the chin to 
open the casualty's airway. Allow the mouth to open but 
maintain chin itt 


Place your mouth over casualty’s mouth to achieve a 
goad seal and blow into mouth, 


Watch for the chest rising. Renove your mouth and 
allow the chest to fall 


Repeat the rescue breath. Start chest compressions again, 


For non-drowning — generally carciac arrest — casualties, give 30 chest compressions to two 
chest compressions. 


For suspected drowning casualties: Check for breathing as lor cardiac arrest. If nol apparent, 
(ve five rescue breaths followed by one minute of chest compressions, continue until help arrives. 


‘Sea Survival Handbook 


Pre-rescue collapse 


Hypothermic casualties can suffer collapse at the thought of imminent rescue. Although not 
proven, it's believed that the feeling of overwhelming relief causes chemical changes within the 
body, which suddenly reduces blood pressure and so causes the casvalty to collapse. 


Circum-rescue collapse and hydrostatic squeeze 


Acombination of hypothermia with the sudden 
‘onset of physical action can result in some 
survivors collapsing and dying while being rescued. 


Immersed casualties are at higher risk. In adcition 
to the effects of hypothermia, water pressure on, 
the lower limbs squeezes blood flow back into the 
‘body and is helping to support circulation 


When the casualty is lifted vertically rom the water, 
the full eflect of gravity creates extra strain on the 
heart. This may lead fo unconsciousness or even, 
death, 


Immersed and hypothermic casualties should be 
treated with great care, f recovering from water 

they should be lifted horizontally to minimise the 
gravitational effects on the heart 

Post-rescue 


Survivors are not survivors until they have survived. 


Even after rescue there is a chance that the survivor will succumb to the effects of their of 


This can be due to secondary drowning, Even those that show no immediate signs of aspirating 
seawater should be regularly checked during the hours immediately after immersion, 


Rewarming survivors too quickly may result in @ catastrophic drop in blood pressure. Active 
rewarming needs to be monitored professionally. Take care when taking hypothermic survivors into 
‘a warm cabin. Avoid warming by a shower or hat bath unless monitored by a mecical professional. 


Internal bleeding caused when the casually fell into the water may not be cbvious when a. 


hypothermic MOB is recovered. If the MOB fell heavily, they should be monitored while the body 
rewarms. Seek medical advice, 
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CHAPTER 15 : Life-saving signals 


These signals are used by ships, aircratt or persons in distress to communicate with rescue service 
Stations, lfeboats, vessels and aircraft engaged in search-and-rescue operations. Use the most 
suitable signal for the situation and taking into account the prevaling conditions. 


‘Search-and-rescue unit replies 


These indicate that you have been seen and assistance will be given as soon as possible, 


Se te & 


Orange smoke ‘Three white pocket flares 


Surface-to-air 


‘These are shown by means of fights or flags or by laying out the symbol an the ground or deck in 
highly contrasting colours, 


coam V eepe= W 


Irequire assistance require medical assistance 


No or negative Yes or affirmative 
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Air-to-surface direction signals 


‘Sequence of three manoeuvres meaning "Ge in this direction’, May be used to show which way 
to go to assist anather vessel or to indicate direction to a safe haven. 


“S00 Tle 


1. plane circles vessel at least once 2. plane crosses low, ahead of boat, rocking wings 


cae 


3, plane flies over boat in the direction to go 


Your assistance is no longer required 


Tae 
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Shore-to-ship signals 


Safe to land here 
Vertical waving of arms, white flag, light or flare 
Morse code letter K — dah dit dah 


Landing here is dangerous with acitional signals thal indicate direction of safer landing place 


Go this way qj 


Horizontal waving of white flag, light or fare. Putting one flag or flare on ground and moving 
in direction of safer landing area with the other 


indicates direction of safer landing 


May also be shown by Morse code light or sound 


= landing here is dangerous 


CEE O — = land fo the right of your current heading 


l= @@MMB@@ = Land to the left of your curent heading 
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Air-to-surface replies 


(oF rocking wings 


OF flashing landing lights on and off twice ‘oF Morse code by light T = dah or R= dit dah cit 


Message not understood =e 


_— 
Straight and level fight or Crreling 
came 3 camame == 
(Or Morse code by light R PT R P T 


Surface-to-air replies 


Message understood - | will comply 
Change course to required rection ye 
‘Or Morse code by light T= @llm—m or code and answering pendant us 

Iam unable to comply 4 
Morse code by ight N= @l™B @ or code flag N 
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CHAPTER 16 : Rescue 


Make yourself as visible as possible. An EPIRB will 
Jell the SAR authorities where you are and who you 
are, But i's wise not to rely on any one system. 


‘You will see potential rescuers before they see you. 
‘Try to make contact with them. Use flares only 
\when there's a chance of rescuers seeing ther, 
Use a handheld VHF and / or a signaling miror 


But be prepared for disappointment. A common 
theme of all survival stories is that they could neve 
been rescued earlier if only the passing ship had 
seen them. 


Don't celebrate early - they may not be able to 
ppick you up and you might have to wait a few 
‘more hours. You haven't been rescued until you 
are safely on board the ship or helicopter. 


Rescue by lifeboat 


rescued by lifeboat, you'll probably see the boat 
‘searching for you before they see you. Use a 
handheld flare to help pinpoint your position. 


itis dark, switch on the Hera light and use a 
torch to signal to them. Talk to them on a handheld 
VHF —they will use their direction finder to home 
in on you but help confirm thei bearing by teling 
them where you are using a hand held GPS or 
relative to their direction of travel. Use nautical 
terms. ‘Iam on your port bow, halla mie.” elc. 


Tel them if you have injured casualties or children and the condition of the survivors, This will help 
the coxswain make the best plan for their evacuation, Tell them if there are any ropes or hazards 
‘around the raft —it may affect their approach, 


AAs the lifeboat approaches, show the crew that you have a painter — assuming you cut it at the 
correct point when abandoning ship. The crew will then be able to secure the raft alongside during 
the rescue. If they throw you a heaving line, find a strongpoint and attach it~ you will not have the 
strength to hold it while they pull the raft in, 


‘The lifeboat will approach either head- or stern-to-wind to avoid becoming entangled in the sea 
anchor or other loase lines. 
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Rescue by ship 


While many professional ships’ crews practise emergency recovery, there are some that may have 
Ro idea how to go about retrieving survivors from a small boat or iteraft 


{t's important to communicate effectively with 
them because it will be dificult for the captain 
and crew to appreciate the size and etfects of 
the waves on a small vessel or iferaft, 


Beware — the iferaft (or boat) can be sucked in 
toa lightly loaded ship's propellers. 


Due to exhaustion and the etfects of the cold, 
‘you will not be in a fit state to climb a ship's 
ladder. In the excitement of the rescue, i's easy 
to think you ean, There are many reported cases 
‘where survivors have tried to climb the ladder 
only to be last when they fal aff it after climbing 
only a few rungs. 


The ship may be able to lower a basket or a 
cargo net to lit everyone in together, A large net 
can lift the whole raft with the survivors inside. 


‘The best option is for the ship to lower a fast 
rescue craft that will come to the raft and pick 
Lp survivors. The ship will stand off and create 
alee for the rescue boat to work. The rescue 
craft, its crew and the survivors will then be 
at lifted back on board, This avoids exerting the 
. survivors, Remember to take your small grab 
= bag with ID documents ete, 


“Fypotheric casualties should lle down inthe 


rescue boat with their heads towards the stern 
of the boat, 
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Rescue by helicopter 


‘As with lifeboat rescue, the helicopter may have 
ifficulty seeing you. Ifa 406/121.5 EPIRB or 
PLBis available, make sure i's switched on and. 
‘operating. Switch on the liferaft lights — they 
may seem dim to you but a pilot using night 
vision goggles will see them clearly, use your 
torch to signal to the helicopter. 


you have one, use a handheld VHF to 
communicate with the helicopter, Pilots use 
clock notation, For example, ‘We are lying at 
your 4 o'clock’ 


Use orange smoke ~ during the day — or 
handheld red flares to pinpoint your position. 


Do not fire parachute rocket flares ifthe helicopter is within a short distance, | 
‘Arocket flare has the capability to down a helicopter. 

‘Atright, a bright flare can bind @ pilot wearing night-vision gogoles. I in radio contact, ask before 

firing a hand-held flare. It probably will not be necessary. 


‘The helicopter crew will instruct you what to do. Do as they say — they are the experts, 


‘Take care not to all crowd to one side of the 
raft or dinghy — the prevailing wind and the 
downdraught of the helicopter may be enough 
to tum the raft over. 
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Most SAR helicopters wil ower a winch man 
into the raft. Be aware that some countries! 
‘SAR units use diferent methods. Some may 
drop a rescue diver frst, others may use @ 
rescue basket 


Helicopters quickly build @ charge of static 
clectrcity. Do nat grab the winch man until he 
thas ‘earthed! into the water, 


Ifthe helicopter is using a ‘hi-line’ to help guide F tisine 
and steady the winch man, hold on to the ine 

wile the winch man is pulled back up to the 

helicopter. Do not tig it fo the raft, and make 

sure it does not become tangled with the 

remaining casualties. 


Ithe winch man suspects a casualty is, 
hypothermic he wil fit them in a horizontal 
position either in a stretcher or use a double 
strop — one underneath the arms and one 
under the back of the knees. 
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GLOSSARY 


bear away 
bilge pump 
bow thruster 


turn the boat downwind 
ump for removing water from inside hull 


‘an impellor mounted sideways in a tube below the waterline in the bow 
to assist manoeuvring 


a fiting to which ropes are attached 
cabin roof 

physiological reaction to immersion in cold water, 
entrance to cabin, generally down steps 

highly visible float thrown to a man overboard 

‘marked position on which sector search is based 
Involuntary breathing reaction when falling into cold water 


funnel shaped canvas device traled from stern to help prevent 
craft from slewing sideways in folowing sea 


Digital Selective Caling - automated VHF radio facilty 
Expected Detection Range 


Emergency Position Indicating Radio Beacon — satelite-based 
location system 


metal fiting used to guide rope 

pivat point 

Global Maritime Distress and Safety System 

Global Positioning System — satellite-based navigation system 
‘watertight buoyant bag for stowing essential items for emergency use 
‘crew support bar arcund mast 


top edge of hull 
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‘MMSI number 


rope for raising or lowering sail 
block and tackle 

bring boat to a standstill 

signaling system using mirror to reflect sun's rays 

Heat Escape Lessening Posture — position adopted in water 


inching technique used by SAR helicopters 


devioe triggered by immersion in water 


condition where water pressure on lower limbs squeezing blood 
back into bady is removed, thereby placing strain on the heart 


condition of having body temperature reduced to dangerausly low level 
condition caused by continuous contact with cold and wet environment 
Waterproof insulated emergency survival sult 

International Saling Federation 

International Standards Organisation 

line at deck level for attaching lifelines. 

makeshift repair 69. to sails or steering 

control pulling boom downwards (also vang) 

downwind direction 

heading into wind 

distress call 

‘Maritime Mobile Service Identities number 


‘man overboard 
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moment of inertia force of rotation of boat dependent on weight of mast, keel etc. 


‘ORC Offshore Racing Congress 

painter mooring line attached to dinghy or lteraft 

Pan Pan call radio call seeking assistance 

parbuckle sling of canvas or rope used for raising objects 

PEPIRB Personal Emergency Position Indicating Radio Beacon — 
‘satelite-based location system (see PLB) 

pitch-poling capsizing with bow going over stern 

PLB Personal Locator Beacon - satellite-based or surface-based emergency 
location system 

PRV pressure-relief vas 

reefing pennant rope used to assis in reducing sail 

NL Royal National Lifeboat institution 

roller headsail sail in front of mast set or reduced from a roller device: 

SAR search and rescue 

SART ‘Search-and-Rescue Radar Transponder ~ alert and position- 
finding electronic device 


scandalise the boom raise the outer end of the boom 


sea anchor parachute-tike device deployed from bow to keep head-to-wind 
‘and reduce possiblity of capsize or pitch-poling 


seacock valve in null controlling seawater flow into boat 
secondary drowning physiological reaction caused by presence of water in ngs 
‘Senhouse slip release attachment for straps ete 


shrouds: wires holding up the mast at sides of boat 
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signal card 


Williamson turn, 


ccard showing meanings of signals from ships and aircraft 
fing allowing quick attachmentremoval of rope 

‘solar operated device for extracting potable water from seawater 
‘Safety of Life at Sea Convention 

inflated hull section of inflatable craft 

‘mast fitings guiding Hgging from pull to mast head 

post supporting quarcrall 

steering effectiveness dependent on flow of water past rudder 
small sal set before mast for storm conditions 

bilge pump fiter 

change direction by bringing the wind around the front of the boat 
rope that holds the boom up when the sail is down, 

thermal protective aid — insulated bag-tke sut for casualties 
‘smal loose-footed sail set in place of mainsail for storm conditions 
clovice for adjusting tension in raging 

control pulling boom downwards (also kicker) 

‘mooring line 


removable board at top of companionway to minimise ingress 
of water into cabin 


‘manoeuvre by powered craft to turn onto reciprocal track 
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INDEX 


A 
‘abandoning ship 82-105 
cold, protection against 98 
collecting sharp objects and weapons. 95 
crew reaction to 36 
its 82 
entering the water 86-87 
fire, because of 31, 34 
huddle for warmth 68, 95, 109 
keeping cool 104-105 
erat, boarding 85 
intial actions after 92.08 
secondary actions after 94-97 
from water 88 
itera, launching 83-84 
itera, righting capsized 90-91 
location, means of 97 
reasons for 34-96 
rescuing survivors, in iferaft 89 
routine, establishing 97 
saving boat 82 
‘survival, requirements for 35 
‘advising person ashore 5,10 
anchors 11,12, 14 
anchors, sea 23 
in erat 79, B1, 92, 104 
Australian Navy, Royal 85 

B 
Balley, Maurice and Maralyn 103 
bailing equipment 10, 12, 78, 79, 94 
batteries 10, 12, 14 
Beaufort scale 192-133 
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bellows 79,80 
bilge pumps 11, 12,14, 26 
birds, catching and eating 403 
blankets, reflective 98 
bleeding, severe 113 
boat checklist, pre-voyage 4 
saling boats 18 
Bombard, Alain 103 
bowel movernents 97 
Bulimore, Tony 95 
bbur-bags a 
fbungs, sealing 11,12, 14,28 
buoyancy aids s2 
buoys, dan 10, 13, 14 
fetto-reflective tape on 15 
Butler, Bill and Simone 102 
c 
Callan, Steve 4102, 108 
capsizing 20 
care of boat and equipment 14.18 
Ds for signaling 45,80 
clothing, cool weather 8 
lothing, warm weather 9 
Coastguard, HM 16 
informing 43 
Rescue Co-ordination 
(Centre search procedure 123 
Voluntary Safety Identification 
Scheme (C666) 8 
collapse, pre- and circum-rescue 7 
communication equipment 14,13 


‘see also distress situations: alarm, raising; 
radio, VHF 


Self-Interacho 
Electromagnetic Rotation» 


S.A. Gerasimov , V.V. Stashenko, Russia 
Physics Department, Rostov State University, Rostov-on-Don, 344090 


Introduction 


EmailGSIM1953@mailsu 


‘The electromagnetic rotation is the motion of a magnetized 


body ina direction perpendicular to 
magnet 


both the vector of 


tion J,, and the direction of the electric current j in 


a liquid inside which the magnet is located (Fig. 1). 


Editor: Readers can compare this vector composition and the 
device scheme of Godin and Roschin with the Searl 


experiments. The similarity is evident. 


AV. Frolov 


Fig. 


Electromagnetic rotation. A magnet M of magnetization J,, thatis 
partly or entirely submerged in a conductive liquid L with a direct 


current of density j 


is moving in the direction of the force F,+F, 


‘The force producing such a motion 
issufficiently weak and, normally, the 
phenomenon is observed at rotation. 
Although, this is quite a well-explored 
phenomenon [1-6], nobody knows 
what makes the magnet rotate [4] 
There is an opinion [2,3] that the 
motion of the magnet in the 
conductive liquid is caused by the 
forces of attraction F, and repulsion 
F, between currents of density j 
flowing in the liquid and surface 
magnetization currents j,, of the 
magnet, often called the Ampere 
currents as shown in Fig. 1 


‘The external magnetic field of a long 
cylindrical magnet originating far 
from either pole is zero. Therefore, no 
force is exerted on charges moving in 
the liquid far from the ends of the 
magnet. Nevertheless, the magnet still 
moves in the liquid with the direct 
current even if it is only a thin 
magnetized needle [5]. Thus, the 
deeper the magnet is immersed in the 
conductive liquid, the more liquid 
gathers around it. The deeper the 
immersion is, the higher the total 
force must be. That should be so. 


In reality, it is quite different. During 
intermediate immersions when the 
magnet is partly submerged in the 
liquid, the torque N does not depend 
on the depth of immersion, in the 
other words, currents flowing round 
the cylindrical magnet do not 
influence the exerting force acting [6] 
Moreover, during shallow 
immersions, the magnet moves 
together with the liquid. This is 
none other than the self- 
interaction [7]. The conductive 
liquid under the magnet experiences 
the magnetic action. The direction of 
this force coincides with the direction 


6 New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


compasses 10 
cool, keeping 104-105 
crew, knowledge of 5.6 
crew reaction to yacht foundering 36 
D 
damage control and repair 24-26 
hatch damage 25 
hull damage 26 
uy 24, 25, 95 
‘mast, broken 25 
rigging, standing 25 
rudder, ost 24 
stooring failure 24 
\VHF antenna, emergency 25 
dan buoys: 10, 13, 14 
retro-reflecive tape on 18 
esalinators, hand-operated 102 
Digital Selective Caling (OSC) 41, 62, 122 
dinghies 10, 13, 128 
dislocations na 
distress situations 
alarm, raising 41-45 
divers 45 
psc 41, 82, 122 
EPIRBs 47-48, 82, 97, 118, 120 
flares see fares 


heliograph (mirror or CD) 45, 79, 80 
Mayday by voice 42-43, 82, 122 


MOB alerting devices 50 
mobile phones 43 
PLBs 49-50, 97, 120 
SARIS 50-51, 87 


satelite phones 43 


signals 44 
GIDSS (Global Maritime Distress 
‘and Safety System) 40,44 
divers in distress 45 
cfinking cups, graduated 79,81 
ddinking seawater and urine 400 
rogues, ifereft 79,81 
rogues at sea, use of 22, 26 
drowning, near 110 
drowning, secondary 411,117 
& 
Eclipse 43 
Emergency Position Indicating Radio 
Beacons (EPIRBs) 47-48, 82, 97, 118, 120 
enemas, water 80, 101 
engine problems 10, 12, 14, 18 


EPIREs (Emergency Position Indicating 


Radio Beacons) 47-48, 82, 97, 118, 120 

F 

Fastnet Race (1979) 24,70 

fire blankets 10, 13, 29, 31 

fire control 27-31 
fire blankets 10, 13, 29, 31 
fire extinguishers see tre extinguishers 
firefighting at 
prevention offre ar 

fire extinguishers 10, 13, 14, 28-30 
location of 30 
maintenance 31 
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types of 28,29 food, catching 101, 102, 103 


automatic 29, 30 suggested diet 103 
fire prevention 27 food in iteratt 79, 80, 102 
first aid 106-117 food rationing 99 
bleeding, severe 113 foods to avoid 100, 102 
collapse, pre-and circum-tescue 117 foot, immersion 114 
dislocations 114 Ford, USS 43 
fractures 114 fractures "4 
frostbite 113 frostbite 13 
heart attacks 111,115,116 fuel, sufficient 12,13, 14 
heat exhaustion 107 
heat stroke 107 
hydrostatic squeeze 117,127 G 
hypothermia see hypothermia gas storage 10, 13 
immersion foot 114 Gibb Hooks a3 
rnear-drowning 110 Global Maritime Distress and 
postrescue 117 Safety System (GMDSS) 40,41 
resuscitation technique 115-116 Golden, F 62, 108, 109 
seasickness 94,115 GPS, MOB button 122 
‘see also seasickness, tablets preventing grab bags 11, 18, 81, 82, 85 
secondary drowning 414,417 small 81,119 
shook 112 
splints, fejackets as 108, 114 
first aid kit 10,13, 106 
erat 79, 80 Hammar hydrostatic release unit n 
fish, catching and eating 103 Hammar ifelacket infation system 55 
fishing kit 78, 81 harbour entrance, approaching a 
flares 87-40, 118, 120 hatch damage 25 
accessibility 37 headsails, roller 18 
firing 39 heart attacks 111,115, 116 
handheld 88, 40,118, 120 Heat Escape Lessening Posture 
in iferatt pack 79,80 (HELP) position 64, 66 
nor-distress 40, heat exhaustion 107 
types of 38-39 heat stroke 107 
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helicopter, rescue by 120-121 
helicopter, search pattern by 128 
help required (Pan Pen cal) 46 
Hervey 2 
hudaing for warmth 68, 95, 109 
hull damage 26 
hydrostatic release units (HRUs), itera 76-77 
hydrostatic squeeze 417,127 
hypothermia 62, 65-66, 95, 108-110 
‘see also survival in cold water: body heat loss 
acute 108 
chronic 4108, 108 
crcum-rescue collapse 1917, 126 
pre-rescue collapse 7 
preventing 66, 68, 82, 95, 96, 98 
recovering casualties with 119, 126 
symptoms 62, 95, 108-109 
treatment 109-110, 117 
1 
immersion (survival suits 4 
Indianpols, USS 100 
injured people in iferats 25, 95 
instructions, sea sunival 79, 81, 97 
International Saling Federation (SAF) 70,71 
Intemational Standards Organisation 
(80) lferat standards 71, 78,79 
J 
jackstays 11, 12, 82, 38 
fury-rigs 2A, 25, 95 


K 
knives, buoyant 78, 79, 92 
L 
labeling lockers 7 
ladders, MOB recovery 1" 
lanyards, safety 33,87 
leadership 36, 96 
lifeboats 
.s¢¢ also Royal National Lifeboat Institution 
rescue by 118 
search pattern 123 
lfebuoys 14 
retro-reflective tape on 16 
Iiejackets 6261 
checks 56-57 
donning 60-61, 82 
effect on, in water 59 
fittings 88 
g9s-inflated 54-55, 56 
donning 60-61 
inflation types 53-65 
lights 58,97 
maintenance 56-57 
as splints 106,114 
spray hoods 59, 66 
‘swimming in 67 
tips 62 
types of 52-54 
liteines 82, 126 
lferaft packs 78-81, 96 
rrinimum contents list 79 
leratts 69-81 
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boarding from boat 8 M 


boarding from water 88 maintenance of boat and equipment 14-15 
canisters 73, 74, 92 safely equipment 15 
floors 94, 96,98, 105 man overboard (MOB) 122-128 
hiring 5 actions to be taken by crew 122 
hydrostatic release units alerting devices 50 
(HRUs) 18, 76-7 pparbuckle 126-127 
inflatable active survival craft 70 powerboat manoeuvre 125 
injured people in 85, 96 recovery methods 126-128 
Jaunching 83-84 boom itt 128 
leisure Hteratts 69,72 ‘elevator method 128 
lights 97, 120 for motorboats 128 
maintenance 5 recovery raft 127 
painters, 76, 83, 84, 87, 92, 118 sailing yacht maneouvre 124 
pressure-reief valves search patterns 122-128 
and stoppers 84, 93, 96 man overboard prevention 92-93 
protection against cold 98 clipping on 33 
raincatchers 401 safety lanyards 33, 87 
for recovering MOB 126 manoeuvres, sudden 12 
repair kit 79, 80,96 mast, broken 25 
rescuing survivors 89 mast ‘Granny ber’ 92 
righting capsized 90-91 Maydays 
‘secondhand 69 see distress situations: alarm, raising 
size required 72 mirors, signaling (Reliographs) 45, 79, 80 
standards 70-71,72  VMSI number iv 
stowage 73,74-75.97 MOB, ‘see man overboard 
urinating irvfrom 97 mobile phones 43 
valises 73 more 36, 96, 101 
Ventilation 93 

Lim, Poon 103 

lockers, labelling 7 N 

navigation equipment 11,13 
rnigation lights " 
notebooks, waterproot 79,81 
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° 
(Offshore Racing Congress (ORC) 70,71 
P 
paddies 114 
paddles, feraft 78,79 
Pan Pan call 46 
patbuckles 126-127 
Personal Locator Beacons 
(PLBs) 49-50, 97, 120 
phones, motile and satelite 43 
planning, forward 57 
PLES 
(Personal Locator Beacons) 49-50, 97, 120 
Poon Lim 103 
pumps, bilge 11,12, 14, 26 
pumps, water purifier 02 
PUR Sunviva 34 
reverse-osmosis water fiter 402 
R 
radar reflectors 51, 79, 81, 97 
radios, VHF 14 
antenna, emergency 25 
Digital Selective Gating (DSC) 41, 82, 122 
handheld 97,118 
usage 7 
versus mabile phones 43 
reefing pennants 16,18 
registration schemes 5 
rescue 118-121 
by helicopter 120-121 


by ifeboat 118 
see also Royal National Lifeboat institution 
by ship 119 
resuscitation technique 115-116 
rigging, standing 25 


Robertson, Dougal, Lyn, and family 80, 101 
Royal National Lifeboat Institution 


‘see also ifeboats 
MOB Guardian 50 
rudder, lost 24 
RYA book of Weather Forecasts (G5) «12 
RYA first-aid course 106 
Ss 
safely bret 56 
safety equipment, marking boat's name on 15 
safety equipment for motorboats 1243 
safety equipment for saling yachts 10-11 
satety equipment maintenance 5 
safety equipment stowage, plan of 7 
sail, shortening 18 
saling yachts, preparing for 
heavy weather 16,18 
sails, storm 16-19 
‘St John's First Aid Book 106 
‘SARIS (Search-and-Rescue 
Radar Transponders) 50-51, 97 
satelite phones 43 
satellites, Cospas-Sarsat and 
Inmarsat 47, 49,128 
saving boat 8 
‘sea anchors 23 
in itera 79, 81, 92, 104 
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seabirds, catching and eating 103 
seacocks 11, 12, 14, 26 
Search-and-Rescue Radar 
‘Transponders (SARTS) 60-51, 97 
searchights 10, 13 
seasickness 94, 115 
symptoms 15 
tablets preventing 79, 80, 82, 94, 115, 
‘treatment 115 
seasickness bags 80, 94 
shelter, running for 21 
ship, rescue by 19 
shipping forecast terms 129-130 
shock 112 
shock, cold water 63-64, 82, 86 
Siboney 102 
signals, life-saving 134-138 
air-to-surtace direction 135 
al-to-surface replies 137 
SAR unit replies 134 
shore-to-ship 136 
signal cards 79,81 
surface-to-air 134 
suriace-to-air replies 138 
‘snap hooks, locking 33 
solar stils 102 
SOLAS Standards (iferatis) 70, 71, 72, 79 
‘spares 10,14 
splints from paddles and lifejackets 106, 114 
sponges 78, 79, 94 
spotlights 10,13, 
steering failure 14,24 
storm sails 18-19 
stowage of safety equipment, plan of 7 
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stowing gear 16,17 
‘sun protection 9 
sunglasses, wrap-around 9 
survival craft, inflatable active 70 
survival in cold water 62-68 
body heat loss 62, 85, 108 
see also hypothermia 
Heat Escape Lessening Posture 
(HELP) position 64,66 
Preventing 66, 68, 82, 95, 96, 98 
‘cold water shock 63-64, 62, 86 
ving reflex 6 
huddle cy 
swim failure ea 
swimming with ifejacket er 
survival (immersion) suits 82, 08 
‘survival techniques, long-term 101-108 
survive, will to 95-26, 96, 101 
‘survivors, rescuing, in iferafts 89 
r, 
thermal protective aid 
(TPay 79, 80, 96, 96,109 
‘throwing line and quolt 78, 80, 124 
tin openers 79,81 
Tipton 109 
tool kits 10,12 
torches, 10, 79, 80, 120 
‘rysails 18,19 
turtles, catching and eating 103 


uU 
urinating invirom fiferatt 
UV light 


¥ 
valuables, care of 
Vendée Globe race (1996-97) 
VHF radios 
antenna, emergency 
Digital Selective Calling 
(OSC) 
handheld 
radio usage 
versus mobile phone 


Ww 
waist-bags 
washboards 
watches on liferafts 
water, collecting 
water, drinking 

in teratt 

ratioring 
water ingestion by enema 
water purifier pumps 
waves, breaking 
weather 

clouds 


97 


pressure in forecasts 180 


shipping forecast terms 129-180 
Visibility in forecasts 180 
Wind scale, Beaufort 182-193 


winds, local 131 


‘weather, heavy, handling 21-26 
damage control and repair 
‘see damage control and repair 
riding it out at sea 21-24 
rogues 22 
‘going downwind 22 
‘going to windward 21,22 
heaving to a4 
‘sea anchors 23 
running for shelter 2 
whistles, 58, 78,79 
Wichard Hooks 33 
Williamson turn 125 
Wood, Richard, and partner Jett 43 
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Useful Contacts 


UK 


‘Royal Yachting Association 
YA House, Ension Way, Hambio, 
Hampshire SO3t 4vA 
Telephone: 0845 345 0400 
Email: admnin@rya.crg.uk 

Web: wwwura org.uk 


‘Maritime and Coastguard Agency 
Spring Place, 105 Commercial Road, 
Southampten, Hampshire SO15 1G 
‘Telephone: 023 £032 5100 

Email: inolne@mcga.qowuk 

‘Web: vivw.moga.goviuk 


Foyal National Lifeboat Institution 
West Quay Road, Poole, Dorset, BH18 1H2 
“Telephone: (800 628 0600 

Email: seasalety@mi.ora.uk 

Webs: www.miLorg.uk/seasalety 


British Marine Federation 
Marine House, Thorpe Lea Road, Egham, 
Surrey TW20 86 

Telophone: 01784 473977 

Email: nfodbritshimarine.co.uk 


‘The Radio Licensing Centre 
PO Box 1496, Bristol S89 das 
Telephone: 0870 243 4433 

Web: yww.raciolicencecente,co.uk 


‘CHIRP - Confidential Human Factors Incident 
Reporting Programme 

FREEPOST (GI3499), Building Y20E, Room G15, 
‘Cady Technology Park, lvly Foad, Famberough, 
Hampshire GU14 OLX 

Telephione: Freefone (UK oni) 0808 100 3237 


International Maritime Organisation 
4 Abert Embankment, London SE1 78. 
‘Telephone: (0}20 7735 7611 

mai: publications-sales@imo.erg 

Webs: vwiine.org 


USA 


US Sailing 

PO Bax 1260, 15 Maritime Drive, Portsmouth, 
L087 1-0907 

Telephone: 1-800-USSAIL 1 Ext, 1 

Email infomussaiing. og 

Web: vonn.ussaling org/satety 


United States Coast Guard Boating Safety 
Web: wonw.useghoating org 


EPIRB registration 


International 
International Beacon Registration Database 
Webs wrizw.406recistration.com 


uK 
The EPIRE Registry 

Mesitime and Coastquard Agency 
erdernis Point, Castie Drive, Falmouth, 
Comwall TRI ANZ 

‘Telephone: 01326 211569 

Email: epirb@rmoga.govuk 


USA 
‘SARSAT Beacon Registration 

‘National Oceanic and Atmospheric Administration, 
NSOF, E/SPS, 4231 Sultland Road, 

Suitland, MD 20746 

‘Telephone: 801.817.4515 

Web: vu beaconregistration.noga.gov 

‘or by calling 1-888-212-SAVE 


Australia 
‘Beacon Registration Section 

‘AusSAR, Austrian Marine Safety Authority (AMSA), 
GPO Box 2181, CANBERRA CITY, ACT 2601 
‘Telephone: 1800 641 792 

Email: aus_beacon_query@amsa,gov.au 


‘New Zealand 
Rescue Co-ordination Contre New Zealand 
PO Box 30050, Lower Hutt 6009 

“Telephone: +64 4914 BES 

Email: 206registrymsa.govt.rz 


Useful Websites 


Safety of Life at Sea Convention 
Web: vwwirna.crg 


‘Marine Accident Investigation Branch 
Web: vwwisnaib gone 


First Aid 
‘St John Ambulance 
Webs vw sia.org.uk 


‘BBC Health - First Aid 
Webs: vr bbe.co.ukMealtitrst_sid/index. shim 


RYA Sea Survival Handbook 

Boating is one of the safest leisure sporting activities. However, in any sport 
that pushes us to the edge of our abilities, there's always a chance of 
accident or injury. Being properly prepared makes us better able to cope 
with an emergency and will significantly increase our chances of survival. 


This handbook is essential for anyone taking the one-day RYA Basic Sea 
‘Survival course and the two-day RYA/ISAF Offshore Safety course. It is also 
invaluable for anyone who takes a boat offshore. 


The RYA 

The RYA is the UK governing body representing sailing, windsurfing, motor 
boating, power boating and personal watercraft, at sea and on inland waters. 
It works for the good of all who enjoy these activities, campaigning for their 
interests at local, regional, national, European and world level. 


RYA training is recognised throughout the world and every year over 140,000 
recreational and professional sailors take RYA courses and exams. 


This book is one of over 80 published by the RYA. Some relate to 
specific training courses and are a valuable study and learning aid, 
Others provide technical, legal or general boating advice. All are 
expertly written, informative and authoritative. 


For information about the RYA's training courses or publications, 
and the valuable benefits of being an RYA member, please visit 
our website at www.rya.org.uk. 


YA, the RV tick lego and YACHTMASTER are 
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to teach single pitch rock climbing 
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of the magnet motion, Thus, the part of the conductive liquid moving in this direction under 
the action of the magnetic field B, affected by the frictional forces in the liquid causes the 
motion of the magnet in the same direction. The only way to find out the role of the self 
interaction in this phenomenon is experimental investigation. It would be appropriate to exclude the 
currents flowing under the magnet. In this case the magnet must rotate in the opposite direction. 


Experimental system. 


A commercially available cylindrical magnet M of magnetization J,,=1,95-10° A/m and a balanced load 
P connected by a rocker R are suspended by a thread 7’as shown in Fig. 2 


The experimental sei c 25 mm, v=70 mm, the diameter of the 
electrode E is 5 mm, the thickness of the bottom Gis 2mm, (x) and (*) are dir 


ntral 
tions of the force acting on 
netic field of inductance B 


current elements of current density jin the m 


‘The magnet is immersed in the 5% copper sulfate solution (CuSO,) so that the depth zof immersion can 
vary. A vessel containing the conductive liquid is large enough for the magnet to be almost entire! 
immersed. The cylindrical surface C of the vessel and the central electrode E of the system are made of 
non-magnetic materials. The bottom of the vessel G is, of course, insulator. The magnet is coated with 
an insulating moisture-proof varnish, The length of the electrode £ equals the height h of the vessel. A 
direct current of strength / passing through the cylindrical electrode G, the conductive liquid L, the central 
electrode £ and the disk electrode D generate a torque of electromagnetic origin which results to the 
rotation of the magnet, The disk electrode D is intended to provide the system with the symmetrical 
supply of the current. 
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Warning: Climbing is a dangerous sport. You can be seriously 
injured or die. Read the following before you use this book. 


‘This is an instruction book about rock climbing, a sport that is inherently 
dangerous. Do not depend solely on information from this book for your 
personal safety: Your climbing safety depends on your own judgment based 
on competent instruction, experience, and a realistic assessment of your 
climbing ability. 

The training advice given in this book is based on the authors’ opin- 
ions, Consult your physician before engaging in any part of the training 
program described by the authors, 

‘There are no warranties, either expressed or implied, that this instruc- 
tion book contains accurate and reliable information, There are no warran- 
ties as to fitness for a particular purpose or that this book is merchantable. 
Your use of this book indicates your assumption of the risk of death or 
serious injury as a result of climbing’s risks and is an acknowledgment of 
your own sole responsibility for your safety in climbing or in training for 
climbing, 

Globe Pequot Press, the authors, and the American Mountain Guides 
Association (AMGA) assume no liability for accidents happening to, or 
injuries sustained by, readers who engage in the activities described in this 
book. 
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Introduction 


Ret climbing is a sport unlike any other. Hang- 
ing on by your fingertips, high above the 
ground, gives us a sense of focus and freedom that 
few other activities provide. We love the feeling 

of the warm sun on our backs while we stick the 
perfect jam or pull the crux move. We relish in our 
movement over the stone and the beauty of our 
surroundings. We love the element of exploration 
that comes with the sport and the anticipation of a 
trip to a new crag or the ascent ofa new route. And 
we adore both the acquaintances that are made on 
the rock as well as the enduring friendships that are 
buile within a climbing partnership, 

‘We love it all so much that we have a desire to 
share it with others 

‘And while we wish to share this with others, 
we have to understand that the role of the climb- 
ing instructor comes with a great deal of respon- 
sibility, People can get hurt or even killed in this 
sport. With that in mind, it's important that those 
who wish to teach have the proper training before 
instructing any level of climber. 

‘This text was designed to be a supplement to 
the American Mountain Guides Association Single 
Pitch Instructor (SPI) Course, The SPI course 
was designed to help capable recreational climb- 
ers transition into capable and effective climbing 
instructors. The course—and this text—focuses on 
the technical skills required of an instructor as they 
are applied in all forms of single pitch climbing 
instruction. In addition to this, the course addresses 
the essential educational and environmental tenets 
required to teach climbing. AMGA Single Pitch 
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Instructors are expected to demonstrate the tech- 
nical and educational proficiencies necessary to 
instruct a variety of single pitch rock climbing skills 
in a secure and effective manner to both groups and 
individuals. 

‘The SPI course is intended for recreational 
climbers who are already proficient in both toprope 
and lead climbing, It was designed to benefit those 
who wish to facilitate outdoor climbing programs 
for groups such as those offered by guide services, 
camps, schools, universities, climbing clubs, thera 
peutic groups, churches, and climbing gyms. 

‘Those who wish to teach climbing in the out- 
doors tend to have a higher success rate obtaining 
employment as climbing instructors with this train- 
ing and certification, Additionally, the AMGA rec~ 
‘ommends this program as a precursor to upper-level, 
AMGA climbing instruction and guide programs. 


About the American Mountain 
Guides Association (AMIGA) 


‘The American Mountain Guides Association is 
the organization that oversees guide and instructor 
training in the United States, while also supporting 
and advocating for climbing instructors, guides, and 
accredited guide services. The organization is dedi- 
cated to supporting these groups through excel- 
lence in instructor and guide education, through 
the development of standards to ensure the quality 
of services provided to the public, and by serving 
as.a resource for access to and the protection of 
the natural environment. As a group, the AMGA 


viii 
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AMGA presidents at the 2010 AMGA annual meeting. Back row, from left to right: Alan Pietrasanta, 
Ian Wade, John Cleary, Mark Houston, Dunham Gooding, Phil Powers, Dick Jackson, and John 
Bicknell. Front row, kneeling: Margaret Wheeler and Doug Robinson. 


BETSY WINTER 


presents a strong and unified voice for high stan- A Brief History of the AMGA 
dards of professionalism in guiding and climbing 
instruction, 

‘The AMGA is grounded in a powerful tradition 
that continues to evolve with the ever-changing 
arena of mountain guiding and climbing instruc 
tion. The organization offers a series of training 
ns designed to certify guides and 
climbing instructors to highly respected and inter- 
nationally recognized standards, 


‘The profession of instructing and guiding in the 
mountains spans back to the start of the United 
States as a nation. However, it wasn't until 1979 that 
a group of twelve guides got together in Jackson, 
‘Wyoming, and decided that it was time to formal- 


organization to represent the greater guid~ 
ing community, The goals these guides developed 
‘were written in a bar on the back of a napkin and 
became known as the Moose Bar Charter. As a 


courses and ex: 
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Experimental results 


The size of this experimental device differs from that described previously [6], As a result we have 
obtained the torque N, which is about ten times more intensive than the former one. But 
the main result is that the torque does not change its sign when the magnet is being immersed in the 


conductive liquid (Fig. 3), 


N, g-cm/sec? 


100 


0.5 


Fig3 


1z/n 


A ypical experimental dependencies of the torque N 
acting on the magnet depending on the depth of immersion = 


When the magnet is almost entirely submerged in the liquid the depth of which equals the height of the 
‘magnet, no currents are flowing under and above it. In this case the rotation of the magnet is expected 
to be the result of drag action of the rotating liquid located in the intermediate field relative to the 
magnet. This part of the conductive liquid is rotating in the direction opposite to that of the motion of 
the magnetized body. It seems to be the right way. The magnet pushes the liquid away and, therefore, is 
moving in the opposite direction. No, this is wrong. If it was correct, this effect would also occur during 
the shallow immersion. At small z the magnet and the liquid rotate together. So far we still do not know 


what makes the magnet rotate 


S.A. Gerasimov 
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result, the American Professional Mountain Guides 
Association was born. Over the next few years, the 
“Pp” was dropped, and the AMGA developed and 
grew throughout the United States. 

In the AMGA‘s formative years, there was a 
great deal of wrangling. Instructors and guides are 
independent minded, and an organization oversee- 
ing standards wasn't always popular. Early presidents 
such as Doug Robinson, Alan Pietrasanta, lan Wade, 
and Dunham Gooding spent much of their time 
trying to expand the ranks of the guides involved, 
while also overseeing the development of certifica- 
tion courses for guides and accreditation programs 
for guide services. 

Unity among guides and guide services became 
especially important in the mid-1980s. At that 
time a worldwide liability insurance crisis shook 
the guiding industry to its core. After steps were 
taken to secure affordable insurance appropriate for 
climbing schools and guide services, independent- 
minded guides began to see that there was great 
value in working together as an association, 

‘The next major goal of the AMGA was to gain 
acceptance into the International Federation of 
‘Mountain Guides Associations (IFMGA). Admission 
into this organization would allow American guides 
access to the European Alps while recognizing that 
AMGA programs met an international standard, 
Between 1990 and 1997, AMGA presidents Steve 
‘Young, Dunham Gooding, Matt Culbertson, and 
John Cleary worked tirelessly to achieve this goal 
On November 22, 1997, delegates admitted the 
AMGA into the IFMGA after a unanimous vote 
from the existing member countries. Today the 
AMGA is the sole representative of the United 
States to the twenty-six-member IFMGA, the 
international governing body responsible for guid~ 
ing standards and education around the world, 

In the late 1990s, under the supervision of 


Mark Houston, both as technical director and then 
as president, and with help from Jon Tierney and 
others, the AMGA developed the Toprope Site 
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‘Manager program. Unfortunately, the TRSM pro- 
gram was limited in its scope and didn’t adequately 
meet the needs of instructors looking to advance to 
higher-level AMGA courses. It wasn't until 2008, 
under the supervision of Adam Fox, that the Single 
Pitch Instructor program became the nation’s pre- 
mier entry-level program for those who sought to 
be climbing instructors. In 2009, after a third party 
review, the AMGA SPI received the endorsement of 
the UIAA (Union Internationale des Associations 
«’Alpinisme) as meeting the international standards 
for the training of climbing instructors. 

‘Today the AMGA continues to develop its pro- 
grams to meet changing standards and to support 
the growing community of guides and climbing 
instructors in the United States. In addition, the 
organization has become a resource for land man- 
agers and outdoor industry leaders by promoting 
land stewardship, world-class training, and sustain 
able practices to protect our natural resources. 

‘The AMGA is the post-graduate school of 
guiding, and it is where professional climbing, 
instructors and guides go to develop their skills 
in order to attain the highest level of training and 
certification. 


AMGA Certification 


‘There are three disciplines of certification in the 
AMGA: Rock, Alpine, and Ski. Some of the dis- 
ciplines have multiple levels of certification. For 
example, in the Rock discipline one can be certi- 
fied at the Single Pitch Instructor level, the Rock 
Instructor level, or the Rock Guide level. In each 
of the disciplines, the guide level is the highest level 
of certification, Ifan individual obtains AMGA 
certification at the guide level in Rock, Alpine, and 
Ski, then that person will be granted the Interna 
tional Federation of Mountain Guides Associations 
(EMGA) certification, which is the highest level of 
certification available for a guide. 
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‘The Single Pitch Instructor certification was 
designed for those who wish to work in a single 
pitch setting and as an entry-level program for 
those who wish to continue on to gain a higher 
level of training and certification. 

If you are interested in working solely in a sin 
gle pitch setting, then there is no reason to continue 
on to a higher level of training. However, if you do 
wish to work on multi-pitch rock terrain, in the 
alpine, or on skis, then additional courses will be 
required in order for you to be adequately trained. 

Following is a breakdown of the different types 
of certification available from the AMGA and the 
terrain guidelines for the certifications: 


AMGA Single Pitch Instructor 

AMGA Single Pitch Instructors are trained and 

assessed to operate on all routes that: 

* The anchors are accessed by either nontechnical 
terrain or by leading technical Sth-class terrain. 

# Are climbed without intermediate belays, 

# Present no difficulties on approach or retreat 
from the area, such as routefinding, scrambling, 
or navigating, 


AMGA Climbing Wall Instructor— 
Toprope 

AMGA Climbing Wall Instructors (Toprope) are 
trained and assessed to operate on indoor climbing 


and bouldering walls and climbing structures that: 
# Do not involve lead climbing. 


* Do not include the instruction of lead climbing. 


AMGA Climbing Wall Instructor—Lead 


AMGA Climbing Wall Instructors (Lead) are 
trained and assessed to operate on indoor climbir 


and bouldering walls and climbing structures that: 
«Involve lead climbing, 


* Include the instruction of lead climbing, 


AMGA Rock Instructor 


Rock Instructor certification is designed to apply to 

most “cragging” rock climbing areas in the United 

States. AMGA Rock Instructors are trained and 

assessed to operate on all rock routes that: 

© AreYosemite Decimal System Grade III or 
shorter in length 

* Do not have approaches or descents where 
extensive use of short-rope techniques is, 
appropriate for security. 

* Are not remote in nature, 

* Do not involve technical snow, glacier travel, the 
use of skis, or exposure to avalanche risk. 


AMGA Rock Guide 


Rock Guide certification is designed to apply to all 
Rock Instructor terrain, but it also includes climbs, 
of much greater length, including big wall and aid 
climbs, and climbs where significant short-roping is 
appropriate for the safeguarding of clients on e 
approaches or descents. AMGA Rock Guide certi- 
fication is not, however, applicable to terrain that is 
alpine in nature (ie., remote or involves technical 
snow or technical glaciated or icy terrain). AMGA 
Rock Guides are trained and assessed to operate on 
all rock routes that: 


© AreYosemite Decimal System Grade IV or 
Grade V in length. 


Include approaches and descents that may 
require extensive use of short-roping technique 
for security. 


© May be remote in nature, 


* Do not involve glacier travel, the use of skis, or 
exposure to avalanche risk. 
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AMGA Alpine Guide 


AMGA Alpine Guide certification is designed 

for guiding glaciated and non-glaciated peaks, 

approaches, and climbs, with no limitation with 

respect to season or elevation. It includes rock 
climbs, peak ascents, waterfall ice climbs, and expe- 
ditionary climbing. AMGA Alpine Guides are 
trained and assessed to operate in all alpine and rock 
terrains that: 

# AreYosemite Decimal System Grade V or shorter 
(for rock routes) 

# Are not conducted on skis where the main 
objective of the outing is either a ski tour or the 
enjoyment of downhill skiing. 

* AMGA Alpine Guides who hold both Alpine 
and Rock Guide certifications are allowed to 
guide alpine rock routes that are YDS Grade V or 
longer. 


AMGA Ski Guide 

AMGA Ski Guide certification is designed for 

guiding either ski tours or ski ascents/descents on 

alpine touring or free-heel equipment, AMGA 

Certified Ski Guides are trained and assessed to 

operate in all terrains that: 

© Include as the main objective either ski touring, 
off-piste, and/or mechanized skiing. 

# Are on slopes up to 50 degrees. 

May employ the use of rope including short- 
roping techniques with the use of ice axe and 
crampons. 

© Require travel on crevassed glaciers. 

© Have significant avalanche hazard 


© Involve multi-pitch ice or rock. 
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IFMGA American Mountain Guide 


IFMGA American Mountain Guide certification is 
designed for individuals certified as AMGA Rock, 
Alpine, and Ski Guides. IFMGA/American Moun- 
tain Guides are trained and assessed to operate in all 
alpine, rock, and ski terrain 


Concept Driven Techniques 
and the AMGA 


“Lwant to learn the AMGA way.” 

‘The preceding comment is incredibly common, 
But it is a misperception of what the AMGA is and 
what it does, There is no “AMGA way” 

‘The American Mountain Guides Association 
teaches students a series of different techniques 
in each of the disciplines. Association guidelines 
seldom dictate which technique an individual is 
required to use. Instead, AMGA program instruc 
tors evaluate their students on the application of the 
techniques that they have learned. In other words, 
one student might accomplish the exact same goal 
using a completely different technique than another 
student, but both might still be acceptable. 

‘There are a lot of right ways to do things. Some 
‘ways may be more efficient and some ways may be 
more effective. The goal ofan AMGA instructor is, 
to find the best and most efficient way based on the 
circumstance 

In the Single Pitch Instructor curriculum, there 
are a handfal of prescribed techniques that are 
tanght, However, the bulk of the material is driven, 
by concept. A concept is a general idea of how 
something should work, For example, you may 
wish to set up a toprope with an anchor that self- 
adjusts to a variable direction of load. There are a 
number of ways to do this.You could use a quad or 
a magic-x with load limiting knots, or an equalette 
‘What you use doesn't matter. Instead, what matters 
is that you achieved a self-adjusting system, which is 
conceptual in nature. 
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In the SPI curriculum there are a number of 
concepts. An SPI provider's goal is not necessarily 
to have a student ape exactly what is in this text, or 
exactly what an individual instructor has taught, but 
instead to demonstrate an understanding of each 
concept and how to apply it 


How to Use This Book 


‘This book is broken into two major sections. The 
first part (chapters 1 through 4) covers instruc 

tor knowledge. The information here, concerning 
everything from professionalism to pedagogy; com- 
bines to provide a foundation of base-level knowl 
edge that every climbing instructor should have. 
‘The second part (chapters 5 through 15) delves 
into the specific technical skills that are needed to 
effectively run programs in a single pitch setting, 


Like the first part, this second part also provides a 
foundation, though this foundation is built of tech~ 
nical skills, 

To fully understand and appreciate the material 
presented in this text, readers should have a solid 
understanding of toproped climbing and have expe- 
rience with traditional climbing. This is not a“how- 
to-toprope” book or a“how-to-lead-climb” book, 
but a book that assumes you already have those 
skills and wish to take them to the next level 

‘This text was specifically designed as a supple- 
ment to the AMGA SPI program. It was not 
designed to be used by independent practitioners 
without the oversight of a qualified instructor. 
Readers of this book are strongly advised to work 
through the material herein with an AMGA Single 
Pitch Instructor Program Provider. 
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AMGA Single Pitch Instructors Tom Kirby and Erin Smart toprope 
at Mount Erie in Washington State. 
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CHAPTER 1 


The Role ofa 


Climbing 


Wwe asa climbing instructor is a very 
special job. The dream is alluring: work at 
the crag every day under cloudless skies, become a 
master climber, explore new places, meet fascinat- 
ing people,and teach them the art of rock craft. 
‘And while the dream is alluring, it doesn't reflect 
the complete picture. The reality is that when you 
become a climbing instructor you are no longer 
able to follow your climbing whims or operate 
the way you may have in the past as a recreational 
climber. 

‘Working as a climbing instructor and climb- 
ing recreationally are two very different things. 
Recreational climbers assume a limited amount of 
responsibility for one another. There is an implied 
assumption between partners that each person will 
be the primary manager of his or her own safety. 

Professional climbing instructors are not climb- 
ing recreationally and are not climbing for them- 
selves. The job requires managing risk first, followed 
dlosely by the quality of the student experience. 

‘The most critical role that a climbing instruc 
tor provides is that of a risk manager. First, we have 
to manage our own exposure to the inherent risks 
of working in a vertical environment. There is no 
student security without instructor security. And 
second, we must manage the risk to our students 

While risk management is the most important 
aspect of the climbing instructor’ job, the quality 
of the student experience comes in a close second, 
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Instructor 


‘When working in a climbing program, personal 
goals and ambitions are put aside. It is not about 
you “living the dream,” but instead is about the stu- 
dents, their goals, and their ambitions. 

‘At the outset one of the best ways to achieve 
the dual objectives of managing risk and student 
experience is to choose an appropriate crag. If the 
crag is appropriate to the student(s), then both the 
objective and subjective dangers will be manageable. 
Additionally, the student climber will feel comfort 
able in the setting and will be more emotionally 
open to learning the art of climbing, 

‘The other major difference between recre- 
ational climbing and climbing instruction is the 
obvious fact that a climbing program is an instruc 
tional setting where students look for advice and 
training. This means, for example, that once an 
appropriate crag has been chosen, then the next 
step is to choose an appropriate curriculum. Think 
about where a student is at the beginning of the 
day, and what the desired goal is at the end, Don't 
skip or rush through instruction to accommodate 
instructor desires. Focus on where the student is 
and where he or she needs to be. 

‘The most effective instructors are those who 
recognize these distinctions early in their instruc 
tional career. The most ineffective are those who 
attempt to teach while still acting as a recreational 
limber. 
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Terri Condon leads a trad climb during her AMGA Single Pitch Instructor Assessment at Joshua Tree 
National Park, California. 
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CHAPTER 2 


Professionalism 


D octors, lawyers, and teachers don't have too Presenting oneself as a professional engenders 
many conversations about professionalism. trust and confidence from one’s students. But 

‘They don’t have to. They act the part without there's a great deal more to professionalism than just 
anybody telling them to. They dress appropriately _attitude, Professionalism is something that should 
for their workday, they use the language of their permeate every instructional day from the moment 
respective professions, they make concrete plans a student has contact with an organization to the 
about how they are going to handle the challenges moment he or she leaves, 


of their day, and they are respectfill of those they're 
working with, Additionally, professionals are up to 


date with the best and most current practices in Pre-Progrom Preparations 


their field, they undergo formal training, they dem- Professionalism starts in the office. The best way to 
onstrate a level of mastery through peer assessment _present a professional program is to be prepared. 
and certification, they pursue continuing education, Following is a short list of questions to consider 
and they adhere to a code of ethics before meeting students at the crag: 


‘When climbing instructors act professionally, ar Ate tere nid-ise persft'tt place ox ha} 


permission to operate at the location been 
granted? If charging for a program on public 
lands, land-use permit will be required. If 
operating on private lands, you may need to 
obtain permission, 


they represent three different interests, First, they 
represent themselves. If an instructor would like to 
be thought of as a respected professional, then she 
has to act as one. Second, they represent the compa- 
nies, schools, or programs that they work for, In this 
day and age, a lack of professionalism can lead to 


negative press online, which can have a serious and * What are the rules and regulations regarcling the 


long-term impact. And third, instructors represent areat 

all climbing instructors. Ifa recreational climber has * Do you have liability insurance, or do you have 

a negative experience with one climbing instructor, coverage from the organization that you're 

that often creates an impression of climbing instruc working for? 

tors in general, © Do the marketing materials accurately reflect the 
Clearly, fan instructor develops a reputation experience that you will provide your students? 

fora lack of professionalism, it will affect his or her 


If working a course for an organization, do you 
know what the marketing materials say about 
the course or program that you intend to run? 


bottom line. Program directors don’t want to hear 
anything negative about their instructors. What they 
want to hear is that everybody had a succesful and 


leystle de * Do the students have any medical conditions? 
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# Do you have student emergency contact, 
information? 

* Did you collect climbing biographies from your 
students? 

© Have you or a representative from your 
organization been made available to the students 
to answer any questions that they might have? 

© Have you researched the area where you 
plan to operate? Do you have a Plan B, in 
case your initial plan for the day falls through 
due to crowding or some other unforeseen 
circumstance? 

«If its going to be an instructional day, do you 
have lessons prepared? 

# Do you have a release or acknowledgement of 
risk form for your students? 

© Have you developed an emergency plan? 

© Do you have appropriate first-aid training for the 
location that you intend to work? 

* Do you have other required credentials? Some 
areas require instructors to obtain a state guide's 
license, and others require individuals to hold 
a Leave No Trace Trainer or Master Educator 
certification. If you're providing meals, some 
areas may require that you hold a food handler’ 
license. 

Obviously, some of these issues will be the 
responsibility of the organization an instructor 
works for. However, if the organization doesn't pro- 
vide information on the questions that seem to be 
its responsibility, then its the instructor's responsi 
bility to make sure that each of these questions has 
been answered. 


At the Instructional Site 


Professionalism continues from the office and into 
the field. Once in the field, an instructor isa role 
model not only for the students, but also for other 
recreational climbers in the area. With that in mind, 
instructors should model the way that they believe 
people should act at the crag by being considerate 
and having a low impact. 

Managing both the students and the scene is 
an important part of the day. This management 
doesn't necessarily relate only to the technical and 
pedagogical aspects, but it also pertains to how the 
instructor relates to the group, how the group acts, 
and how the instructor interacts with recreational 
climbers. 

‘The crag needs to be a place for people to 
experience climbing without feeling put down or 
threatened, Threatening language in particular is 
sometimes not obvious and can come from inap- 
propriate comments or jokes that might seem 
minor to an instructor, but can have an impact on 
one or more of the students, It is important to con- 
tinually monitor the language, jokes, and conversa~ 
tions taking place so that all members feel respected. 

‘When in contact with recreational climbers or 
other instructors, be professional, courteous, and 
friendly: Try not to tie up routes when other parties 
are waiting and make sure that students park them- 
selves and their gear in unobtrusive places. 

‘The ropes, harnesses, and equipment used on 
program should be in good repair. The instruc~ 
tors rack and rope should be organized in the 
instructor’ pack before arriving at the crag. When 
unpacked, everything should remain organized, 
Avoid creating a “yard sale” at the base of the crag 
with equipment and packs scattered all over the 
place. 

Most instructors choose to carry a notebook 
with student information, lesson plans, and time 
management strategies. This helps an instructor 
stay on track and organized. An organically run 
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day without set lessons, strategies, and notes is fea 
sible for advanced-level instructors, but should be 
avoided by those new to the profession, 

‘The way that each individual instructs is dif- 
ferent, and it’s often difficult to determine how 
long it will take to teach certain lessons or to cycle 
through students at a toprope or rappel site. For 
new instructors it's important to keep track of how 
long each activity takes in the instructor's notebook. 
‘This will help with time management strategies on 
fiature programs 

Managing student time is only one aspect of 
time management. Often the most time-consuming 
element of the day is setting up and taking down 
systems, It is imperative that instructors have mas~ 
tery of these foundational skills. Additionally, when 


planning for the day, instructors need to remember 
to account for this time. 

AMGA Single Pitch Instructors are required to 
be able to lead 5.6 traditional routes and to toprope 
5.8, both in good style. These are minimum stan 
dards, and most instructors climb harder than the 
standard. Though an ability to “climb hard” is not 
a prerequisite for an instructor, an ability to model 
good technique is. Professional instructors should 
constantly work on their climbing skills in order to 
demonstrate the best technique possible. 

Professionalism at the crag is essential. A climb- 
ing instructor’ professional demeanor should be a 
model for students, for recreational climbers, and for 
other instructors from before the trip starts to the 
moment that the last student leaves 
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CHAPTER 3 


Programming 


M ost climbing schools offer a variety of 
‘ourses. Within the simple beginner to 
advanced-level framework, there might be any 
number of courses that focus on a specific skill or a 
specific series of skills. These could include anything, 
from beginner courses for people who have never 
put on a harness before, to advanced courses in 
high-end movement or traditional lead climbing. 

Regardless of the course, the one thing that 
instructors must keep in mind is that students 
signed up for a specific curriculum, and aside from 
‘managing risk, the most important instructor goal 
of the day should be to honor that curriculum. 

‘To provide the curriculum that has been sold, 
instructors will need to find an appropriate crag for 
the program. To operate at the crag, they will need 
a land-use permit and an understanding of liability. 
‘They will need to be aware of risk management 
issues and develop an emergency response plan. 
‘They should be conscious of crag etiquette and 
advocacy. And they will need to have functional 
equipment for their programs and foster good com- 
munication with other staff members. In other 
words, to provide the curriculum that has been sold, 
the instructor will have to do a lot of prep work. 


Permitting 


In the United States, climbing destinations are 
managed by a patchwork of different agencies that 
operate independently of one another. On the fed- 
eral level the primary land managers include the 
National Park Service, the USDA Forest Service, 


and the Bureau of Land Management. Regional 
land managers include state, county, and city parks 
and private lands. This variety and the many differ- 
ent and sometimes contradictory rules and regu- 
lations pose serious administrative challenges. In 
addition to all this, the resource is not growing, but 
the demands on the resource are. 

‘The popularity of recreation on public lands has 
exploded over the last decade. This has resulted in 
more and more commercial operators vying for a 
limited number of permits. The combination of this 
and the mandate that land managers preserve and 
protect wild places has created an often-frustrating, 
challenge for independent instructors and organiza~ 
tions that seek land-use permits 

Legal access to public lands in particular is 
important because most climbing instruction takes, 
place on such lands. Ifthe students pay a fee of 
any sort to participate—whether for a commercial 
operation, a nonprofit, an individual instructor, a 
school, or a university—then a permit is required to 
operate legally on public lands. 

Operating on public lands without a permit is 
breaking the law and could result in a wide array of 
consequences. These range from a minor citation to 
a significant fine or even an arrest. In some cases it 
is possible to be permanently banned from public 
lands for willfully disregarding land-use regulations 
Indeed, there are some insurance providers that will 
deny coverage if they discover that an operator was 
working without a permit at the time of an inci- 
dent that resulted in a lawsuit. Working on public 
lands without a permit is serious and should never 
be taken lightly. 
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‘There are two main questions that an individual 
or an organization should ask to determine whether 
or not a land-use permit is required: 


(1) Did the participants pay to engage in 
the activity? 

Did they pay any fee at all? Were they asked 
to pay tuition for the course or guided days? Were 
they asked to submit a donation to the program? 
Are they required to rent equipment from the 
operation in order to participate? 

If the answer to any of these questions is yes, 
then the land manager should be contacted to 
determine if'a commercial-use permit is required, 
Even if you are a volunteer instructor for a club, but 
the club is taking in funds, the land manager should 
be contacted to determine if a permit is required. 


(2) Are the instructors getting paid to run 
the program or to provide the instruction? 

If the instructors receive any kind of compen- 
sation, then they or the organization will need to 
obtain a permit, Compensation could mean an 
hourly or daily wage, stipend, meals, or even “free” 
equipment. Nearly any type of compensation out- 
side of a thank-you constitutes commercial use. 

‘There is a bit of a gray area when it comes 
to salaried teachers or professors who work with 
students from their school at a crag, Some land 
managers will require such a group to obtain a 
permit, whereas others will allow it to operate 
without one. Teachers and professors should contact 
the land manager at the desired location for more 
information. 

Some public lands have special permits for edu- 
cational institutions and not-for-profits. Educators 
are encouraged to contact land managers to see 
if they have programs like this available. If an area 
does not offer “educational permits,” it is encour- 
aged to suggest such a program to the manager. 

‘The first step to obtaining use authorization is 
to contact the land management agency and get 
in touch with the person who handles recreational 
commercial or nonprofit use 


If the land manager is accepting new permit 
holders, he or she will provide an application. It is 
not uncommon for the application process to take a 
significant amount of time, so plan adequately. 

Nearly all permit applications will require some 
kind of application fee. It is not uncommon for 
land managers to also ask for additional monies, 
prior to the issuance of a permit. These include, but 
are not limited to, monitoring fees, reservation fees, 
or administrative fees. The costs for all of these vary 
based on the land management agency and the type 
of permit 

Nearly every land manager will require com- 
mercial users to hold general liability insurance 
before issuing a permit. The land manager is usually 
included in the policy as an “additional insured.” 
This liability policy—often between $500,000 and 
$1,000,000—provides them some cover if an acci- 
dent takes place during a program. 

At the end of the year, the permit holder will 
be required to submit reports that include revenues 
and user days. Many contracts include a clause that 
states that the land manager has the right to audit a 
permit holder at any time. Therefore it is important 
for organizations to keep excellent financial and 
user day records, as failure to do so could lead to 
the loss of the permit. It should be noted that many 
land managers compare your reports to any other 
reports that they have on hand. For example, if an 
instructor has to sign in at a ranger station before 
operating each day, the land manager will compare 
the final report to the information gathered at the 
station. 

Fees are calculated in different ways, Some land 
managers charge a flat fee for operations, whereas 
others charge anywhere from 2 percent to 4.5 per- 
cent of gross income. Most charge 3 percent of gross 
ides, instructors, and guide services spend a 
great deal of time trying to obtain and then main- 
tain their permits. For many, this is a major adminis- 
trative duty. As a result, the way that the majority of 
new guides and instructors choose to access public 
or private lands is through guide services or other 
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organizations that have laid the groundwork and 
developed relationships with local land managers, In 
many cases it is much easier to get hired by a guide 
service than it is to obtain an individual permit. 


Risk Management and Liability 


In the context of climbing instruction, risk man- 
agement is broadly defined as the identification of 
the risks that pose a threat to students, instructors, 
ora program, and to find ways to avoid or mitigate 
those risks. 

‘A recommended practice for avoiding and 
mitigating risk is to systematically assess potential 
sources of harm, outline ways to avoid or reduce 
exposure to harm, and determine how to respond 
in the event of an incident or accident. When com- 
piled into a document, a risk management plan is 
created. No matter the size of the program, from 
the very smallest to the very largest, the develop 
ment of a written plan is essential. Additionally, 
everyone involved with the program should have a 
copy of the plan and be familiar with the contents. 

An intelligent and well thought out risk man- 
agement plan accomplishes the following: 


# Itcan greatly reduce the number and severity of 
incidents oF injuries. 


«It protects the instructor and the program from 
potential negligence lawsuits 
* In the event of a negligence lawsuit, it can 
provide a layer of protection to the instructor 
and program during the defense against the suit. 
‘An emergency response plan is typically a part 
of the overall risk management plan, 
‘There are a number of considerations that 
should be addressed in the plan. 


First-Aid Requirements 

Climbing instructors must have appropriate first-aid 
training. The AMGA terrain standards state that Sin- 
gle Pitch Instructors are required to hold and main- 
tain a Wilderness First Aid (WEA) certificate if they 


intend to work in the frontcountry, or a Wilderness 
First Responder (WER) certificate if they intend 

to work in the backcountry: If it will take less than 
2 hours to evacuate a student to definitive medical 
care, then an instructor is working in the frontcoun- 
try, However, if it will take more than 2 hours, then 
an instructor is working in the backcountry and 
will need to hold a WER certification, Addition- 
ally, instructors must hold a CPR certification, Most 
American guide services require their instructors to 


maintain WFR and CPR certifications. 


Participant Screening 

Collect both physical and medical information on 
the trip's participants. Be sure to be aware of any 
conditions that might need to be considered before 
the trip, such as allergies, injuries, or medical condi~ 
tions that could hinder a student's ability to partici- 
pate, It is important to have this information in the 
field in case something happens, but it is equally 
important to protect each student’ privacy in these 
matters. 


Communications 


Ifan incident occurs, itis imperative to have a com- 
munications plan. If the plan is to use a cell phone 
for this, be sure to know where there is reception 
and to have all appropriate phone numbers. If using 
a radio, a sat phone, or a personal locator beacon, 
understand how each of the devices work. Addi- 
tionally, if there is a possibility that students will be 
required to operate one of these devices, they will 
need to be briefed on their use 


Evacuation 

Instructors need to have a plan for an injured 
climber. Obviously there are levels of injury—some 
will only require an easy hike out, whereas others 
may involve a carryout or even an air evacuation, If 
evacuating the climber, an instructor should know 
where the nearest hospital is located. If calling for a 
rescue, have an understanding of what will happen. 
and who will show up. 
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Student Safety Briefing 


Before the trip starts, explain safety procedures to 
‘your students. Brief them on the communications 
plan and where the nearest hospital is located. If car- 
pooling to the crag, it will be important for everyone 
to note where the keys are stored, whether in a pack, 
pocket, or hidden near the vehicle. And lastly, the 
instructor should show the students where he or she 
keeps the first-aid kit and check to see who else in 
the group has first-aid training. 


Post-Trip Contact 

Establish somebody to check in with at the end of 
each program. Ifthe instructor does not check in 
on time, that person needs to have instructions on. 
what he or she should do to facilitate a rescue, 


Incident Debrief 


If something happens and a student or an instruc 
tor is hurt, or if there is a “close call,” its important 
to debrief the incident with the organization's 
management and with other instructors. Climbing, 
instructors can learn a great deal from discussions 
following an incident, 


Assumption of Risk and Liability 
Release Forms 


Another important risk management tool is the 
use of release of liability or assumption of risk 
forms, When well crafied, these documents serve 


two purposes. First, they inform participants of 
the “inherent risks” that are or could be involved 

in rock climbing. Even the best risk management 
planning cannot eliminate all risk. Inherent risks are 
risks that are an integral part of an activity, which, if 
removed, completely alter the nature of the activity. 
By signing one of these documents, a participant is 
acknowledging that they have been made aware of 
the risks and that they are choosing to participate 
despite the risks. 

Second, in the event of a participant's injury 
or death, these documents protect the instructor 
and program from charges of negligence. Simply 
put, negligence means that the instructor and the 
program have a “duty” to manage the “foreseeable” 
risk of harm to participants. A claim of negligence 
‘means that they failed in that duty, an incident 
occurred, and the participant suffered a loss. With 
a properly executed release of liability form, a par- 
ticipant is agreeing to give up the right to sue for 
negligence. 

Itis essential that all participants sign a release 
of liability or an assumption of risk form. Making 
sure that happens is often the responsibility of the 
climbing instructor. A recommended procedure for 
executing this process properly is to: 


‘= Inform participants to read and, if they agree to 
the terms, sign and date the document, 

‘= Allow the participants time to read the 
document. This process should not be rushed. 
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# Collect the documents, making sure they have 
not been altered and are signed and dated. If the 
form uses boxes or lines after paragraphs, be sure 
they are checked or initialed. 

© Store in a secure location. 


Ifa participant will not sign the document as it 
is written, they cannot be allowed to participate in 
the activity. Also, it is not the responsbility of the 
instructor to interpret language in the document 
for participants, A well-written release should use 
language that a “reasonable” person can understand. 
If the same questions come up time and again, itis 
time to have the document reviewed by an attorney 
familiar with recreation law. 
Liability 
A question ofien asked by climbing instructors is 
“Can Ibe held personally liable and sued in the 
event of an accident?” 

The bad news is that the answer is yes. Ifan 
accident involving serious injury or the death of 
a participant occurs, a lawsuit may follow. Along, 
with the program, it is common that the instruc 
tor involved will be named as a defendant. The 
good news is that having general liability insur 
ance will assist in the defense of the suit, and if a 
settlement is either reached between the parties oF 
is handed down by the court, it will cover all or 
most of the settlement costs and, in some cases, but 
not all, attorney fees. That said, it is important to 
understand that not all liability insurance policies 
are created equally. These types of policies tend to 
be written in technical language that is difficult for 
the layperson to understand, consist of many pages, 
include exclusions, and don’t make for the most 
exciting reading, Regardless, there are several ques- 
tions a climbing instructor should ask: 
© Are all employees covered? This may depend 

on whether the instructor is an employee or an 

independent contractor. 


© Does it cover all activities? For example, some 
policies will cover rock climbing, but not ice 
climbing, 

«Is t in effect for all areas of operation? The 
policy may not be in effect if the instructor or 
program is guiding without a permit 
For the climbing instructor, the name of the 

game is to reduce exposure to liability, Basically, 

this means conducting business at the “standard of 

a reasonable professional.” This includes, but is not 

limited to, following a program's policies and proce~ 

dures, being in step with current industry standards, 
using appropriate and well-maintained equipment, 
being respectful and building a good rapport with 
students, adhering to the rules and regulations of 


land management agencies, and getting training and, 


ideally, certification for the terrain worked on. 
Even when following the best practices, there 
are a couple of subtle ways that climbing instruc 
tors can inadvertently increase their exposure to 
liability. The first is misrepresentation. An example 
of this would be an instructor who markets services 
MGA Guide,"*trained and certified by the 
." or any of a number of other examples, 
but in reality is an AMGA Single Pitch Instruc~ 
tor. The problem here is that it would be pretty 
easy for a participant to make the case that when 
he purchased the services of an“AMGA Guide,” 
he thought was hiring a filly certified IFMGA/ 
AMGA Guide; in other words, he paid for one 
thing and got something else. In legal terms, this is, 
referred to as “fraudulent inducement.” Ifa court 
were to uphold the accusation, one likely outcome 
would be that all contracts between the instructor 
and the participant would be nullified; this includes, 
the release of liability. Should that occur in a negli- 
gence suit, one of the most important tools for the 
defense is gone. The solution to this problem is easy 
Instructors need to be specific about who they are 
and what they do when promoting their services. 
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‘The other subtle way to increase exposure to 
liability is to tell participants they will be kept safe, 
A legal definition of the word safe is “free from 
harm.” As mentioned earlier, a “reasonable person” 
understands or has been informed that there are 
inherent risks in rock climbing, However, if market- 
ing materials, operations manuals, a website, or the 
instructor tell participants that they will be kept 

safe and someone is injured or killed, any defense 
that might have been provided by the common law 
doctrine of inherent risk will have been severely 
compromised, if not lost. Again, the solution is fairly 
simple: Climbing is not safe, don’t say that itis 


Risk Management in the Field 


For AMGA Single Pitch Instructors, there are four 
types of risk that students might encounter on a 
program. They are psychological, sociological, inan- 
ial, and physical, Its important to recognize each 
of these risks to students and to understand how to 
mitigate them. 


Psychological 

‘The fear of falling and the fear of heights are simul- 
taneously attractive and repellent to students. Many 
new climbers are fascinated by the idea that they 
can climb to a point where a fall would result in 
their death, whereas others seek out climbing to 
combat a fear of heights, 

‘There are two common ways to alleviate a 
student’ fear of heights. The first is to spend a sig- 
nificant amount of time early in the day discussing 
“the system." In other words, explain the strengths 
of the ropes, the slings, and the other equipment. 
‘The idea is to assure students intellectually that the 
system will not fail. The problem is that an intellec- 
tual discussion is often not enough to alleviate the 
emotional nature of their fears. 

‘The second way is through exposure therapy. 
‘The more often a climber is lowered on a climbing, 
rope and caught by a belay, the more secure he will 


feel, Additionally, the more that a climber actually 
climbs, the more secure he will feel. For this reason, 
it’s always a good idea to have a beginner climb a 
route more than once. 

In extreme situations where a climber has a 
severe fear of heights, instructors might consider 
using incremental exposure therapy. In other words, 
have the student climb up 5 feet and then lower him. 
‘Then have the student climb up 8 feet and lower 
again. Every time the climber goes up, there will be 
an incremental decrease in fear. This is because the 
climber is becoming familiar with both the moves on. 
the route and the security offered by the system. 


Sociological 

‘A second risk is fear of failure in front of other stu- 
dents, or in front of the instructor. Some may even 
be affaid of ridicule for their failure. It’s not uncon 
mon for students to apologize for their inability to 
complete a route. Some are embarrassed, and others 
believe that the fact they didn't get up somehow 
damaged the day for other students or the instructor. 
‘This, of course, couldn't be farther from the truth. 

Students need to be comfortable with you and 
with the others in your program. Instructors should 
strive to create a place where it is acceptable for 
their students to fail, At times this may mean mod- 
erating student comments to ensure that negativity 
is kept to a minimum. 

Another excellent tool is for the students to see 
the instructor challenged on a route, Once a stu- 
dent has displayed competency with belaying, climb 
a route that is hard for you and let the students 
watch as you try to work out the moves. This will 
help them to understand that working a route, tak- 
ing falls, and failing is part of the game. 


Financial 

Anytime a person spends money on a program, 
there is financial risk. A lot can go wrong that could 
make an individual feel like she wasted her money. 
‘These include the following: 
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A professional search and rescue deputy is short-hauled to an accident victim 
in Red Rock Canyon, Nevada. 
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© Program goals were not met. 


‘ourse was poorly or unprofessionally run, 


© Student was placed in a course that didn’t match 
her skill level. 


Personal equipment is lost or broken 
‘These four financial risks are easily averted. First 
and foremost, its important to run a professional 
program, Instructors should meet and attempt to 
exceed all program goals, 

Second, when screening someone for a pro- 
gram, ask probing questions to make sure that the 
student is placed in the proper course. Occasionally. 
an instructor is placed in the awkward position of 
working with a student who has been assigned to 
the wrong program. A skilled instructor does her 
best to accommodate the person, and then makes 
sure that program administrators are made aware of 
the mistake. 

And finally, be careful with student gear. Make 
sure that everyone leaves with the same equipment 
they arrived with. 


Physical 
‘The most obvious risk in rock climbing is that of 
an injury or a fatality. This is likely the number one 
risk that students think about when they sign up for 
‘The best instructors are those that are alittle bit 
paranoid. Managing risk is paramount in climbing 
instruction, and an instructor who can imagine a 
wide array of dangers is an instructor who is likely 
to keep her students from injury. 
‘There are a handfal of things a climbing, 
instructor can do to mitigate physical risk: 
© Orient students to safety procedures around the 
crag. These include everything from checking 
knots to belay backups to climbing commands, etc. 
© Create boundaries at the climbing site, Some 
crags are exposed, and there are places where 
students shouldn't be without a rope. Other 
crags may have excellent resting spots where 


students can relax away from the base without 
their helmets on. Make it clear to students what 
is appropriate at the crag. 

© If working with other instructors, meet regularly 
to discuss risks and other programming issues. If 
working alone, set aside time to speak to other 
instructors and program administrators about 
their experiences. 

Risk management and liability in adventure 
sports and adventure tourism is a massive subject. 
Seminars are held every year on this topic at the 
Association for Outdoor Recreation and Ednca~ 
tion (AORE) 
Management Conference, and at the Association for 
Experiential Education (AEE) Conference. Addi- 
tionally, dozens of books, blogs, and websites are 
devoted to the subject. 

Understanding liability is something that 
instructors—especially independent instructors— 
need to invest themselves in just as deeply as the 
rest of their training. Knowledge of liability issues is 
not the sexiest part of the climbing world, but can 
goa long way toward keeping an instructor in the 
field and out of the courtroom, 


onference, at the Wilderness Risk 


Stewardship 


Because climbing instructors visit the same crags 
over and over again, they are in the unique posi- 
tion to see problems as they arise. Whether there 
are issues with graffiti, trail-braiding, litter, or some- 
thing else, they are often the first to notice, Notic~ 
ing is not enough. Climbing instructors should be 
advocates for the places where they work. 

Itis not uncommon for instructors to go to 
work and then go home, leaving the issues sur- 
rounding the crag at the crag. Perhaps they clean 
up some trash while they're in the field, but they 
don’t make much of an effort beyond that. It is 
essential that instructors work to be more involved 
in stewardship, local climbing politics, and climbing, 
advocacy. 


14 ROCK CLIMBING: THE AMGA SINGLE PITCH MANUAL 


[AMIGA 1258 Spp_C8SSindd 14 


e 


® 


sit Sai Z 
AMGA Access director Scott Massey removes and replaces an old bolt on Rebel Without a Pause 


(6.1a) in Red Rock Canyon, Nevada. Prior to working for the AMGA, Scott guided in Red Rock, 
where he oversaw numerous crag-related stewardship projects. 
JASON D. MARTIN 


Josiph L Elshansky, Russia 


Koshtoyantsa St, 1a 


75, 119454 Moscow 


Email ewrik@bisintersu 


For several decades the author has been 
organizing a contest for young inventors on the 
radio, television, in mass media and the Internet. 
‘There have been accumulated thousands of 
engineering solutions that belong to 
schoolchildren and youth, There are many 
original ones, including perpetual mobile. 
‘Though unfeasible in principle, they have 
interesting structure and competent engineering 
solutions. 


For example, a child's dream to create an oblique 
roof over a city or field and direct the rain flow to 
a turbine to obtain mechanical work is of little 
use. But it's quite another matter if this child takes 
a pencil, a sheet of paper and tries to make a 
sketch or a drawing of such construction, Even if 
the construction is primitive and unfeasible, the 
child will get his first engineering experience and 
self-reliance. 


Ican still remember one peculiar case. Once the 
editors were instructed (it was in the times of 
the USSR) to assist an honored inventor of new 
machines. It was a Stalin Prize laureate, creator 
of a special type of lime that was widely applied 
in construction (I will not disclose his name). 
The inventor was given (that was not common 
practice) a large room in a shared apartment 
situated in a prestigious block of apartments in 
Moscow. It turned out that all room space, 
except for narrow passages at the walls, was 
occupied by a huge table. On the table up to the 
ceiling there were some pipelines, glass and 
metal vessels, retorts and other laboratory ware. 
‘The most impressive thing was retorts heated 
by gas coming through a hose from the shared 
kitchen, All that staff was bubbling, hissing and 
steaming, The inventor was creating a perpetual 
mobile! 


I will give one more example of a situation 
common for the editors of the "Inventor and 
Rationalizer", Once we had a respectable-looking 
visitor who made an odd request to get the 
President of the French Academy of Sciences to 
respond to his letters about a perpetual mobile 


plan. The essence of Alexander Rodionov's 
(Maloyaroslavets, Russia) invention was that "in 
accordance with Newton's and Guerin’s laws fluid 
flows up through capillaries and turns a wheel 
when flowing down (see Fig 1). 


Guerin's law 
Newton's law 


Fig. 1 
Perpetuum-mobile 


There are many similar projects in the history of 
engineering. Hence, this case may be considered 
as typical. We all know that the molecular 
adhesion forces (moistening) that push the fluid 
upwards will stick to it and the capillary motor 
will never work, But is the idea totally unfeasible? 
Since false modesty is inappropriate when it 
comes to perpetual mobile, I will present my ideas 
on this not so honorable subject for the reader's 
judgment. 
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Many climbing areas have a local climbing, 
stewardship organization, Sometimes these are con= 
nected to the Access Fund, and sometimes they're 
stand-alone organizations. Many advocacy groups 
focus on a very specific area, like the Friends of 
Indian Creek, the Las Vegas Climbers Liaison 
Council, or the Friends of Joshua Tree; whereas 
others have a much broader scope, like the Wash~ 
ington Climbers Coalition, the Northern Colorado 
Climbers Coalition, or the Southeastern Climbers 
Coalition. Regardless of an organization's purview, 
all of these organizations have one thing in com- 
mon:They need volunteers. 

If you don’t have the time to volunteer for 
an advocacy group, make sure to participate in 
“Adopt-a-Crag”-style activity days. These usually 
involve litter cleanup and trail-building activities. 
They may also include re-bolting projects or the 
removal of invasive plant species. These events are 
excellent places to meet other local climbers and to 
give back to the place that provides you an oppor- 
tunity to work. 

Crag stewardship is not just good for the climb- 
er’s soul; it's just the right thing to do. 


Instructor Meetings 


If working with another instructor, plan for infor- 
‘mal meetings thronghout the instructional day: This 
allows everyone to stay on the same page. Issues that 
come up during the day can include anything from. 
safety concerns to instructional problems, from 
inclement weather strategies to dealing with a dif- 
ficult student. In other words, these meetings cover 
the gamut, 

If working for an organization or guide ser 
vice, administrators may have formal meetings or 
debrief after each course. If they don’t actively 
provide a debrief session, then take the initiative 
and offer to meet with them. Most administrators 
appreciate it when new instructors come to them 
to talk about their programs 

Finally, if you have the opportunity to meet 
with the instructional staff on a weekly or monthly 
basis take advantage of that. Instructors often. 
work alone or with one or two other people. The 
more exposure you have to other instructors, their 
hardships and victories in the field, the better an 
instructor you will become. 
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CHAPTER 4& 


Pedagogy: The 


BR: climbing instructors, it's easy to get focused 
on the technical aspects of the job: A cam goes 
here,a rope goes there,a belay works like this, 
lower works like that, etc. When we're with other 
instructors, we tend to talk about how to run a 
program at a given crag or how to deal with a cer- 
tain technical situation. Indeed, our students come 
to us in part because we're experts in the technical 
aspects of climbing, but that's not the main reason 
why they climb with us 

They climb with us because they want to learn, 

Musicians, actors, writers, painters, and pho- 
tographers are artists. They spend years refining, 
every aspect of their craft, becoming better as each 
day marches by. After decades of criticism and self 
assessment, these people become masters. 

Pedagogy is the art of teaching. And like the 
musician or the painter, one must dedicate time and 
energy to the art in order to become a master. 

‘This chapter provides an introduction to the 
art of teaching as it pertains to climbing. But this is 
only an introduction, and it is recommended that 
aspiring instructors seek out other resources—both 
master-level instructor mentors as well as written 
materials on educational theory and technique—to 
continue moving personal development toward 
mastery 


Art of Teaching 


Learning Styles 


Effective instructors not only demonstrate a wealth 
of knowledge and expertise, but are also able to 
convey information about what they know in a way 
that others can readily comprehend, understand, 
remember, and then go out and use themselves. 

‘When teaching a figure eight follow-through 
knot to a group of six novices, something like this 
typically happens: About half the group gets it right 
the first time, two people get it right after a few 
tries, and one person just can't get it right even after 
multiple tries. Why is this? People have differing 
learning styles, and it is usually not a question of 
intelligence, but rather a problem with the way the 
information is being presented that does not suit 
their particular learning style, Often, taking a differ- 
ent approach with the presentation of the informa~ 
tion will help in comprehension and retention. 

‘The theory of learning styles presented here is 
based on New Zealand educator Neil Fleming's 
VAK model. There are a number of different theo- 
ries out there, but this one is a good introduction to 
the concept of how people learn. 

‘The three main learning styles are visual, audi- 
tory (verbal), and kinesthetic (VAK). And although 
most people embody some combination of differ- 
ent learning styles, one is usually predominant. 
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Learning knots at Joshua Tree National Park, California. 


Visual learners pick up information most effec 
tively by reading the written word and viewing 
photos or illustrations. They need to see it to learn 
it.This group represents the highest percentage 
of the population (roughly 65 percent), and they 
learn most effectively from written communication. 
Visual learners think in pictures and words. They 


prefer their information presented in a written 
format as opposed to the spoken word, and usually 
prefer to take detailed notes when presented with 
verbal information. They can have difficulty with 

spoken directions. For example, a verbal descrip- 

tion of how to get to some place is likely ineffec- 
tive to them, but a written description along with 
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a map would prove usefull. For this group charts, 
diagrams, graphs, and visual schematics are highly 
effective. When teaching a knot to this group, a 
verbal description is of litle help, but presenting 
the sequence of tying the knot like a schematic 
diagram, with step 1, step 2, and so forth, may prove 
more successfi 

Auditory, or verbal, learners represent another 
large segment of the population (around 30 per- 
cent) and learn most effectively fiom the spoken 
word. They need to hear it to learn it. This group is 
composed of the most sophisticated speakers, and 
they relate most effectively to spoken words. They 
are good listeners and will listen attentively to a 
verbal presentation and take notes afterward. They 
benefit from hearing lectures and participating in 
group discussions. They prefer their information 
presented in a verbal format, and for them informa- 
tion is not tangible unless it is spoken. They can 
have difficulty with written directions. 

Another, much smaller, percentage of people are 
kinesthetic learners, who learn by doing, by getting 
the feel and tactile sensation of performing the steps 
required to learn a task. They are usually gifted ath- 
letes and can learn a knot just by seeing it tied, then 
tying it once or twice. Kinesthetic learners prefer 
hands-on learning and can appear slow if informa- 
tion is not presented to them in a style that suits 
their learning method. 

Most people learn most effectively by watch- 
ing, doing, and reflecting on a particular technique. 
Around 450 BC the great Chinese philosopher 
Confucius said:"Tell me and I will forget; show me 
and I may remember; involve me and I will under- 
stand.” Various research studies point to the fact that 
people remember best by watching a demonstra- 
tion, having a discussion, practicing the skill, then 
teaching it to others. Military trainers use the EDIP 
principle (explain, demonstrate, imitate, practice) 

‘When teaching climbing techniques, the climb- 
ing instructor should present the topic in a way that 
‘most broadly targets all the differing learning styles. 


‘The approach can be simple: 
1, Tell (auditory or verbal) 

2. Show (visual) 

3. Do (kinesthetic) 

Using this approach, here is an example of how 
to teach an abstract concept, such as a complicated 
knot: 

1, Tell. Verbally describe the steps to tie the knot. 
2. Show. Demonstrate the knot, Facing in the same 
direction as the person being taught is helpful. 

3. Do. Have the student practice tying the knot. 
‘This is the basic approach, although there are 
additional teaching methods that will help in mem- 

ory retention and learning, namely imagery and 
mnemonic devices. An example of using imagery 
when teaching the bowline knot:“"The snake comes 
up through the hole, around the tree, and back 
down through the hole.” Attaching a verbal image 
of an animal or thing is one of the most effective 
ways to remember an abstract concept. 

Mnemonic devices are another form of mem- 
ory aid. The most common one is the acronym. The 
iilitary is big on acronyms, like IED (improvised 
explosive device), SOTG (Special Operations Train- 
ing Group), etc, In teaching climbing, some com- 
‘mon acronyms are ABC (anchor, belayer, climber) 
or BARCK (buckle, anchor, rope, carabiner, knot). 

‘To most effectively teach climbing techniques, 
it best to start with an approach that presents the 
information for a broad range of learning styles, 
then try to identify each person’s particular learning 
style in order to aim directly at his or her individual 
style. If someone is not getting the information, 
change the approach and present it another way. 
Use imagery and mnemonics to help students 
remember key principles (like safety checks or 
anchoring fundamentals), and chances are they will 
retain these key concepts throughout their climbing 
lifetime. 
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Lesson Planning 


‘Many climbing instructors are natural born teach- 
ers. But even the best teachers do a better job when 
they have a structure to work within 


Creating con- 
crete unit and lesson plans provides that structure 
Remember when you were in high school 
and there was a unit on the Civil War or a unit on 
Romeo and Juliet? And remember when during that 
unit, you studied the battle of Gettysburg or Shake~ 
spearean language? These were individual lessons 
inside of a larger learning arc, an arc that is referred 
to as a unit, 
In rock climbing instruction a unit could 
cover something as vast as anchor building, while 
an individual lesson within that unit might cover 
something like placing a cam, In other words, a 
lesson is a bite-size piece of a unit, and a series of 
lessons together combine to provide the knowledge 
required to complete a unit. 
Student-Learning Objective—This is the 
overriding goal of the lesson or unit, what students 
should be able to show after they have received 
instruction, 
Examples of student-learning objectives for 
units and individual lessons include the following: 
Unit Objectives 
Students will demonstrate an ability to pass a 
climbing gym test. 

© Students will demonstrate an ability to build an 
anchor. 

© Students will demonstrate an ability to set up a 
toprope. 
Lesson Objectives 
«Students will demonstrate an ability to tie a 
figure eight follow-through. 

© Students will demonstrate an ability to belay 
effectively 

© Students will demonstrate an ability to use 
appropriate climbing commands, 


Please note that each of the preceding sentences 
starts with “students will demonstrate an ability 

to .."Its incredibly important for every learning 
objective to start with this, because it provides a 
concrete goal that can be measured, 

Ina lesson plan, start with the student-learning 
objective, work into the specifics, and then cul~ 
minate in an evaluation. There are many examples 
of lesson plans out there, but they all start with a 
learning objective and finish with an evaluation, 
Following is a simple outline of a lesson plan and 
how each part of the lesson functions: 

Student-Learning Objective—"Students will 


demonstrate an ability to 

1, Set—Preparation for what the students are 
about to learn. It could be a complex and 
creative opening, or a very simple, ‘this is what 
you're going to learn today” 


Input—The actual teaching of the lesson. 

3. Guided Practice—Working with the students 
until they achieve mastery. 

4, Evaluation—Evaluating whether the student 
has learned the requisite material, 

Many instructors do a very good job of identi- 
fying a learning objective, setting up a lesson, teach 
ing it, and practicing a skill, but often don't evaluate 
students when they're done. Evaluation is just as, 
important as any other part of the lesson. 

Following is a sample plan for a knot-tying 
lesson: 

Student-Learning Objective—Smdents 
will demonstrate an ability to tie a figure eight 
follow-through. 

1. Set—Explain to students that this is one of 
the most important knots they will learn. They will 
need this knot to tie into the rope, and if they want 
to join a climbing gym, they will be tested on it 

2, Input—Demonstrate how to tie the knot. 
With certain populations you might choose to use 
a mnemonic (2 memory trick) to help the students 
remember, 
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Single Pitch Instructor Sample Lesson Plan 


Lesson Title: ‘Timeframe: Overall timeframe for the lesson: 


Student-Learning Objective: Students will demonstrate an ability to 
Audience: Brief description of the audience including age, skill level, limitation, et. 


Prerequisites: List any prerequisite training or skills, 


Lesson Location and Special Notes: Identify where the lesson will take place, Have a 
‘back-up plan in place if the location is being used. Add reminders such as equipment needs, class- 
room prep, and “dont forget" notes. 


Time Materials 


min Set: Prep the students for what they are going to lean. 


min Input: Provide the content of the lesson. 


min Guided Practice: Work with the students to achieve mastery, 


min Evaluation: Test the students on their mastery of the subject. 


Does the lesson reach multiple learning styles? Yes No 


Instructors new to lesson plans should photocopy this sample plan 
and fill it out for each lesson they intend to teach. 
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3. Guided Practice—Practice the knot with 
the students. 

4. Evaluation—Have all the students show that 
they know how to tie the knot. 


‘Many less effective climbing instructors don't 
take the time to build lesson plans. The result is that 
they learn how to teach through an organic process 
of trial and error, which is terrible for the students 
‘who are forced to work with an instructor on an 
error day. 

‘A review of the day with input from the stu 
dents provides valuable feedback from their per- 
spective of how they perceived an instructor's 
presentation of the topics. This allows the instruc~ 
tor to improve and modify the approach for the 
next time, Getting feedback from students is key to 
becoming a better instructor. 

‘The best teachers prepare lesson plans on paper 
ahead of time and then continue to tweak them. 


over a period of months and years. They use a 


structured approach through student feedback and 
self-assessment and keep track of what works and 
what doesn't work. They make note of all student 
earning objectives and do their best to make sure 
that their students achieve those objectives. 

Master teachers don't just appear out of the 
woodwork. They work hard every day to be the 
best, 


Learning from Mistakes 


Asking a student with some experience to per 
form a task can tell an instructor a great deal about 
the student and where to begin. For example, one 
quick test that can be given to new students is to 
simply hand them the end of the rope with the 
instructions:"Go ahead and tie into the rope:"The 
‘way that they accomplish this easy task tells more 
about where they're at than even a brief interview. 

Another example: When teaching anchoring 
fandamentals to a group class in a ground-school 
setting, present a concept with a verbal presenta~ 
tion, a demonstration, and then a hands-on practice 
(tell-show-do). Give each of the students a scenario 
(e.g. this is the edge, here are the crack systems you 
can work with, build your anchor system so that 
‘your master point is here, etc.) then let the students 
build an anchor system to their satisfaction, without 
constant coaching by the instructor along every 
step in the process. By letting them finish without 
instructor input, they are likely to make some mis- 
takes. Then, as a group, go around and critique each 
anchor system setup. In this way everyone learns 
from everyone's mistakes. The big plus is that it 
gives the instructor valuable and instant feedback 
‘on whether or not the students have grasped the 
concepts just presented and shows what they (or 
we) need to work on to achieve our objective. 

This can be a very effective strategy when. 
teaching a lesson to one or two students who have 
some modicum of anchoring experience but have 
asked for a refresher course. Start by giving them 
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Anchor rigging session during AMGA Single Pitch Instructor course at Joshua Tree National Park, 


California. 


a specific scenario, like rigging a toprope anchor, 
and then let them rig it without any coaching. 
‘What is seen in the final product of their anchor 
system helps the instructor decide if he or she needs 
to start with more basic concepts, or can simply 
move on and build from a solid foundation to more 
advanced topics. At this point the instructor can 
prepare a lesson plan specifically target 
dents’ skill level and build upon their current foun- 
dation to reach the objective for the day 


at the stu- 


Teachable Moments 


A less formal way to present information is to 
explain and describe the technique as it comes 
up during the course of the outing or class. These 
referred to as teachable moments, For 


example, when setting up a climbing situation for 


students, explain to them as they are tying in to 
the rope the importance of closing the system by 
tying a stopper knot in the other end of the rope. 

If they are on a slab climb and their heels come up, 
tightening their leg muscles, explaining the correct 
technique of relaxing the calf muscles and dropping 
the heels down is a teachable moment. Try to keep 
it positive, Many teachable moments occur when a 
simple mistake has be --and addressing it at 
that very moment is a great way to te: 
the correct way to do something. The trick is to 

do it in a positive way that encourages the student 
to try something new and instantly improve or 
react positively to a potentially negative situation. 
Often, the ideal time to address a question is at 

the moment a particular event that illustrates a key 
point is occurring, This adds valuable context to the 


concept. 


‘h someone 
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Taking Kids Climbing 


‘Many kids are natural climbers with an instinctive 
curiosity and tendency to want to climb things. 

If you take kids to a rock climbing environment, 
they'll spontaneously want to explore, climb boul- 
ders, and scramble around on the rocks. The obvi- 
ous danger, however, is that in a fall or slip they can 
get seriously scraped up, or worse. 

Climbing develops muscular strength, balance, 
and kinesthetic awareness and introduces kids to 
valuable concepts like problem solving, teamwork, 
and the success that comes from perseverance and 
determination. 

‘Toproping is the best method to use to take 
kids climbing. By the time they are in elementary 
school, most kids will have reached the level of 
physical and emotional development to allow them. 
to enjoyably experience climbing in a toprope set 
ting. Nevertheless, there are definitely challenges 
among this population. It can be difficult to sus- 
tain the attention of small children for any sort of 
sustained lesson. Try to reserve lengthy lessons for 
those children who seem to show an active interest 
in acquiring new skills, 

It can be very difficult to initiate a lower on a 
small child, Many of them are so small, the friction 
of the toprope system is almost as great as the child 
is heavy. Low-friction belay devices, skinny ropes, 
and smooth, round-stocked carabiners at the master 
point can help, but in some cases, the other end of 
the climbing rope can be used to help retrieve these 
small climbers. 

Selecting climbing equipment for small children 
can also be challenging. Many small children do 
not have well-defined hips, so a standard sit har~ 
ness would be inappropriate for them. There are a 
number of full body harnesses designed for chil- 
dren, and these should be seriously considered if 
programming for children becomes frequent. Simi- 
larly, small climbing shoes are not always the first 
thing an instructor considers when selecting shoes 
fora fleet, but climbing shoes are just as helpful for 


a 6-year-old as they are for a 60-year-old. Climb- 
ing helmets are also just as important for children 
as for adults, so having those sizes available will be 
essential. 


Route selection is also a challenge when design 
ing programming for children, Because they are so 
much shorter than even the shortest adults, they 
will often use drastically different movement strate- 
gies than adults, Smaller holds are more realistic 
options for smaller hands. Be careful, therefore, of 
feature-oriented climbs, like face climbs. Sometimes 
the distances between holds are just unrealistic. 
Instead, try to find climbs that have a homogenous 
character for the entire pitch, like crack climbs, 
chimneys, or slabs. A climb with a uniform char- 
acter can be climbed by people of al sizes. Set up 

a short, easy climb on either a low-angle slab or 

a short wall with abundant hand- and footholds, 
‘Teach them the basic climbing signals, For their first 
time, have them climb up a short distance (say 10 
feet above the ground), then go through the signals 
and have them lean back and weight the rope, get 
into the lowering position, and get lowered back 
down to the ground, Ifa child does not possess the 
requisite balance to successfully be lowered down 
the climb, or if they are so small they will require 
some sort of retrieval system, itis better to know 
that before they reach the top of a climb.Take on a 
climb in small increments, and don't allow them 
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AMGA Single Pitch Instructor Tim Page assists as a child lowers. Ifa child is too light to lower, you 
may be able to attach the other end of the rope to his harness and pull down to provide more weight. 


JEREMY WILSON 
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It seems that all perpetual mobile inventors start 
not with a pencil and a sheet of paper but with 
experimenting on magnets, oblique plane, wicks, 
wheels, springs and other materials at hand, My first 
heat (perpetual) motor was also the result of an 
experiment. 


The "Capillary" idea of Alexander Rodionov 
haunted me. I recalled that the great Lomonosov 
devoted lots of time to studying molecular 
adhesion and capillarity. They are present in 
everyday life, let alone the nature, especially in 
plants that would not be able to exist without 
them. How else would moisture flow up the trunks 
and stems? But, on the other hand, according to 
Mikhail V. Lomonosov's data, water flows up only 
for the maximum of several dozens of millimeters 
even through the thinnest capillary. But trees may 
have the height of several dozens of meters! If, as 
it is customarily considered, moisture flows from 
one capillary to another of its own accord, why 
not suppose that a capillary perpetual mobile is 
feasible? Explanations that moisture in plants 
flows up due to root pressure do not sound 
plausible. So where is the truth? 


Years have passed since that visit of A. Rodionov. 
Now, just like I used to sympathize with, as it then 
seemed, a rather odd inventor, now my relatives 
sympathize with me. One can not blame them: for 
weeks and months there have been flowerpots all 


Fig. 2 
Motor 


W ioe 
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around the apartment - on the tables, window-sills 
and bookstands, With bottles, tubes and self-made 
water manometers to follow. 


Once, when I was assembling a device, I could not 
find two similar glass tubes and had to put in the 
tube of thin polyethylene. But no matter how hard 
I worked the water in the communicating vessels 
was at different levels. In the glass tube the water 
level was always higher. It could not be otherwise, 
if you come to think of it, but isn't it the right time 
the words "made of equally wettable material" were 
inserted into the communicating vessels law? 


Here is a primitive experiment: make a hole in the 
bottom of a plastic flowerpot containing soil and 
a plant, and insert there one end of an elastic tube. 
‘The other end is inserted into the bottom of a 
plastic bottle containing water (see Fig. 3). In 
accordance with the communicating vessels law. 
the water will flow from the bottle into the 
flowerpot. When we see that the soil has been made 
wet, the experiment shall get more complicated: 
elevate the flowerpot so that its bottom is higher 
than the liquid level in the bottle. In some days we 
shall notice that the soil has not dried up and the 
water level in the bottle has lowered. One should 
not be a Solomon to guess that the soil or the roots 
of the plant transfer the water from the lower to 
the higher level. Here is a typical natural perpetual 
mobile! 


( 


It is no use referring to the molecular adhesion forces since they can not be applied at such height 
differences. What is it then? A molecular collision as in a boiling kettle? But a leaf has neither high 
temperature nor much space. Nevertheless, water evaporates both from the soil and leaf surfaces. At the 
same time there is rarefaction under the evaporating surface. Can it be the rarefaction that pulls up new 


portions of water? 


10 
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to climb too high above the ground if they're not 
ready for it,You want the experience to be fun, 
not terrifying, If they're not yet able to be lowered. 
down, they can swing around on the rope and play 
on the rock a little bit. There will be a next time. 
Just familiarizing them with the rope, harness, and. 
equipment can be a good start. 


Teaching Climbing Movement 


Perhaps the greatest teaching challenge instructors 
will face involves actually showing people how to 
use their bodies on the rock, how to actually climb 
things. The magnitude of the subject is unfathom- 
able. Ifan instructor looks at a single climb, for 
example, how many different moves are on that 
climb? Are there patterns? Are there consistent strat= 
egies? The variability of the moves on a single climb 
is of course compounded by the variety of bodies 
that will attempt to climb it.This person is tall, this 
person is short, this person has great upper body 
strength, this person has none, Even if the bodies 
were identical, this person is aggressive, that person 
is contemplative, this person is fearful, that person 


climbs with reckless abandon, and so on. Of course, 
instructors don't get to teach one climb; they are 
trying to teach dozens of climbs, on dozens of crags, 
‘with dozens of rock types, in dozens of climates. It 
is an immensely dense subject. 

This text cannot reasonably cover a topic that 
large, and it is probably folly for an instructor to 
attempt to do so as well. Instead, try to focus on 
what is absolutely esential for a successful experi- 
ence. When teaching beginners, instructors should 
first focus on the fundamental difficulties all begin- 
ners have: It is difficult to make a bipedal creature 
‘move in a quadrupedal manner. Second, teach the 
specific moves that your students will need to climb 
in a given area. 


Bipeds Becoming Quadrupeds 

‘Most mammals move through terrain on all four 
limbs, and the coordination of those four limbs 
does not change when they begin to climb trees, 
mountainsides, or even rock cliff, Humans have 
evolved to move through the world on their hind 
legs, leaving the forelimbs five to use tools, care for 
children, etc. It isa strange and counterintuitive 
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proposition to tell a bipedal brain that it must for- 
get its evolutionary programming and move like a 
quadruped. That is the fundamental difficulty that 
all beginners have. Even though bipedal locomotion 
has conditioned them to shift their center of grav- 
ity from one foot to the next as they move through 
terrain, the presence of handholds—the proposition 
of quadrupedal locomotion—short-circuits their 
brains. They consistently fail to transfer their center 
of gravity from one foot to the next when they 

are holding something in their hands. That is why 
beginners get pumped when they climb 5.5.They 
are not necessarily weak, but their upper bodies 
‘must exert enormous energy to execute a skill that 
is normally reserved for their legs. 

Unfortunately, knowing and understanding this 
predicament, even carefully explaining it to a stu 
dent, doesn't make the learning any less difficu. 
But, if the predicament is carefully explained to 
the student, the subsequent coaching will be more 
precise, more focused on the real problem, Instead 
of shouting useless and ambiguous feedback to a 
student, “Trust your feet! Trust your feet! Just stand 
up!” an instructor can be more precise, “Shift your 
center of gravity from your low step to your high 
step!” 


Often experienced climbers do not understand 
how perfectly unconscious their understanding of 
this fimdamental problem is. Their bipedal brains 
have fully adjusted to quadrupedal locomotion. 
Climbing instructors need to help their students 
catch up. 


Terrain-Specific Movement 


‘Most likely there will be moves that are specific to 
the terrain, and instructors should concentrate their 
coaching on those specific skills. It will be useless to 
tell students about nuanced and esoteric concepts 
like flagging or heel hooking if the terrain they are 
climbing is low angled. There is no need to teach 
crack climbing if there are no cracks, and so on, Try 
to find the three or four techniques that are consis 
tent in the course area and teach those skills. On a 
low-angled climb, for example, students will need 
to know how to smear. But backstepping and edg- 
ing are probably extraneous pieces of information. 
Students will need to focus attention on dynamic 
‘weight transfers from a low step to a high step, but 
they will not need to toe hook or do foot switches. 
Students will need to mantle, but they will never 
need to dyno. Be specific: find the movement pat- 
terns at the crag and teach those skills 
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CHAPTER 5 


Baseline Equipment 


1 office worker can't do anything without a 
fimctional computer. A carpenter can’t build 

a house without a hammer. A taxi driver is useless 
without a working taxi. And a climbing instructor is 
nota climbing instructor without certain essential 
tools, An instructor's baseline equipment is com- 
posed of the instruments crucial to a successfull day 
of climbing instruction 

Following is a breakdown of the essential base~ 
line equipment required by a professional climbing, 
instructor, 


Harness 


‘The modern climbing hamess is not only more 
comfortable than the swami belts of climbing’s 
golden era, but they also are manufactured and 

sold with incredible variety. A climbing instructor 
selects two types of harnesses—the instructor har- 
ness and the participant harness—from a wide array 
of options for two essential purposes. In the course 
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of a climbing outing, an instructor will need to use 
the harness to rack lead protection, carry an array 
of assistance and anchoring tools tie into a rope (or 
two ropes) while also using the belay loop, haul a 
rope, rappel on one device and transfer to another, 
and so on. A participant, on the other hand, may 
never need to carry an extraordinary amount of 
equipment, may never do any sort of technical mul- 
titasking, and may only actually sit in the harness 
while being lowered. As a result of these two fun- 
damentally different harness applications, a climb- 
ing instructor should deploy two different sets of 
criteria when selecting the best harness for the job, 
In both cases a harness with a waist belt, leg loops, 
and a belay loop will be the most comfortable and 
usefl 

‘When selecting an instructor harness, look for a 
‘model that has 


‘+ a separate space for belaying/clipping to the 
harness (belay loop) and tying-in (the hard 
points of the harness) 


® 


# gear loops to hold all tools and a rack 


«adjustable leg loops (if you'll be climbing in 
different seasons, with different amounts of 
clothing) 


© comfortable for all-day use 


For a participant harness, look for a model 
that has 


* durability to sustain repeated novice use 


«simple functionality to expedite instruction and 
supervision 


«adjustability to fit a large of number of body 
types and sizes 


Modern, lightweight climbing harness. 
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Modern speed buckle. 


‘Top brands include Arc'teryx, Black Diamond, 
Petzl, Metolius, Trango, Mammut, Misty Mountain, 
and Camp USA. 

Some newer models have webbing with “speed 
buckles” that are pre-threaded and already doubled 
back. Other harnesses have the old-school “double 
pass” buckle, where the webbing belt must be dou- 
bled back through the buckle. The instructor should 
be able to demonstrate how to properly buckle and 
uuse each student's harness 

For students, fully adjustable models are conve~ 
nient and efficient, especially for outfitting groups. 
Black Diamond, for example, offers a fully adjust- 
able model with speed buckles for sizes extra small 
through medium, and another model for large to 
extra large. 

Harnesses should be retired when the belay 
loop becomes frayed or shows signs of wear. For 
recreational climbers, Petzl recommends using 
nylon products no longer than seven years, even 
with minimal use. In an institutional setting, har- 
nesses are retired sooner than that 
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Traditional, doubled- 
back buckle. 


4, Harness with adjustable 


Teg loops. 
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Helmets 


Back in the 1960s and 1970s, very few climbers 
(probably less than 10 percent) wore helmets. Today 
its the opposite. Most climbers wear helmets, par- 
ticularly in trad climbing areas. The professional 
standard is for all guides and instructors to wear 

a helmet and to enforce a helmet policy for their 
students, 

Even in the seemingly benign single pitch envi- 
ronment, rockfall can be a real hazard, especially if 
there is loose rock at the top of the cliff. Rockfall 
can occur naturally (from wind or melting snow or 
ice) but more commonly is caused by other climb- 
ers. The most common scenarios are a climber pull~ 
ing off a handhold or breaking off a foothold while 


climbing, inadvertently kicking off a rock fiom the 
top of the cliff, or causing a rockfall by manipula- 
tion of the rope. Be especially aware when other 
climbers are at the top, rigging anchors and setting 
ropes, as rocks are easily dislodged by ropes being, 
pulled around. When teaching groups, establish 
mandatory helmet zone at the base of the cliff, and 
then watch for students who are lounging at the 
base without a helmet. 

Students should be taught that while on the cliff 
or at the top of the cliff, ifa rock (or any object) 
is dislodged, the universal signal is “ROCK!” How 
loud the signal is yelled can signify the size of the 
rock. If the warning comes from 100 feet or more 
away, students can be taught to look up, judge 


Helmets help manage risk in the single pitch environment. 
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the trajectory, and move aside accordingly. Ifthe 
signal comes from just above, students should be 
instructed to hunker down and not look up, so 
as not to get hit in the face. Obviously, wearing a 
helmet is most important when climbing, belaying 
from the base of the climb, and hanging out at the 
bottom of the cliff 

Be particularly alert for rockfall when rappel- 
ling, as it can be caused by the rope coming into 
contact with the cliff, particularly if the climber 
swings from side to side and especially if there is 
loose rock on the cliff 

‘Top brands of climbing helmets include Petzl, 
Black Diamond, Mammut, and Camp USA. 


History 
Mountaineering’ first golden age ended abruptly 
on July 14, 1865, For Edward Whymper, who led a 
team of seven climbers up the first ascent of Swit- 
zerland’s Matterhorn—at the time the last great 
unclimbed peak in the Alps—both triumph and 
tragedy were his fate on that great and dreadful 
summers day: After reaching the summit the climb- 
ers, all tied together with manila ropes, began a 
tedious descent. One of the party suddenly slipped, 
pulling several of the others off, While Whymper 
held fast, clinging to a rock outcrop to avoid being 
yanked into the abyss, the rope broke, sending four 
climbers to their death. Later buried in the Zermatt 
cemetery, the Matterhorn soars above them as their 
tombstone for all time. Some speculated that the 
rope had been cut with a knife, but a formal investi- 
gation and inspection of the rope revealed the cord 
had simply parted—broken under the strain. 
‘Through the late nineteenth and early twentieth 
century, climbing and rappelling ropes were made 
from natural fibers like hemp, manila, and sisal 
While strong enough for many applications, these 
ropes were ill-suited to the rigors of climbing and 
rappelling, and subject to mildew and rot. 


Nylon, also known by the generic name poly- 
amide, was developed by the Dupont company in 
1935, Modern nylon climbing and rappelling ropes 
that could actually hold up to the forces gener 
ated from leader falls were first manufactured in 
the 1940s, coinciding with the availability of hi 
quality“ 
lighter weight ropes that could stretch to absorb 
great forces and hold more than 2 tons. Nylon is 
still by far the best material for rock climbing and 
mountaineering ropes, due to its ability to stretch 
and absorb the forces created in a fall, making it 
superior to any other yarns currently available for 
this application. 

Polyester, patented in 1941, has less stretch than 
nylon and is today widely used in the manufacture 
of low-stretch ropes used in rescue, fixed lines, rope 


‘nylon 6," allowing the construction of 


systems, and rappelling, where dynamic properties 
are not required, 

Early nylon climbing ropes were a three-strand, 
woven rope with the brand name Goldline, The 
three-strand twisted construction (called laid con- 
struction) consisted of three strands of twisted fila 
ments spiraled into one singular rope. These ropes 
stretched considerably under body weight, and if 
you were rappelling or prusiking without contact 
to the rock, the spiral construction would result in a 
dizzying spin on your way down. 


Kernmantle Ropes 


‘The big step up in rope technology came in 1953 
with the advent of the first kernmantle rope, made in 
Europe. The kernmantle design consists of an outer, 
tightly woven sheath (mantle) over a core of twisted, 
parallel fibers (kern). The core of the rope provides 
‘most of the rope's strength, and the sheath protects 
the core from abrasion and damage and reduces fric~ 
tion as the rope runs through carabiners and rappel 
devices. The kernmantle rope handles better and is 
more durable than a rope with laid construction. 
During the 1950s and into the golden age of 
big wall climbing in Yosemite during the 1960s, 
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Deconstructed 
kernmantle rope 
showing the braided 
white interior core under 
the more tightly woven 
sheath. 
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Selection of dynamic ropes from Nomad Ventures climbing shop, Idyllwild, California. 
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Dynamic Rope Types 


ip ropes ate sold in single, double, and twin configurations 

Assingle rope (marked on the label with a 1 inside a circle) is the most commonly used 
sope for rock climbing and rappelling and is used as a single strand. 

half rope (marked on the label with a / inside a circle) is used primarily for alpine rock 
climbing and mountaineering and consists of a pair of ropes both tied in to the leader, who alter 
nates clipping one strand at a time into protection. This configuration reduces rope drag through 
protection and provides two full-length ropes to facilitate a rappel descent, 

Attwin rope (marked with two overlapping citcles) is used primarily in alpine climbing and 
should only be used with the two strands together; each climber ties into both strands and both 
strands are clipped into points of protection. The big advantage is that it allows for retrievable rap- 
pels the lenath of the rope, and itis lighter than a half rope. A single strand of a twin should never be 


used alone for any purpose, 


Goldline ropes were still the standard, as they were 
about a third of the price of kernmantle ropes. 
Once they became more widely manufactured and 
distributed, with a correspondingly better price, 
kernmantle ropes became the standard climbing, 
rope worldwide by the late 1960s and early 1970s. 

‘Today the kernmantle rope is the standard 
design used in climbing, rappelling, caving, can~ 
yonecring, vertical rope access, fixed lines, rescue, 
and life safety ropes. These ropes are made from. 
nylon, polyester, oF a combination of these and 
other synthetic yarns. There are three basic types of 
kernmantle ropes: dynamic, low-stretch, and static. 
‘A dynamic rope is required for situations where a 
high-impact force can be generated—such as in a 
leader fall—and therefore is the standard rope for 
rock climbing, ice climbing, and mountaineering, 
where the rope will be used for belayed climb- 
ing and rappelling. A dynamic rope will typically 
stretch about 26 to 36 percent during a leader fall 
(dynamic elongation) and around 7 to 11 percent 
under body weight (static elongation). 


UIAA and CE Certification 
for Dynamic Ropes 


Dynamic ropes sold for rappelling, climbing, and 
mountaineering are tested and certified to UIAA 
(Union Internationale des Associations d’ Alpinisme) 
and CE (Conformité Européenne) standards and 
should bear the ULAA or CE certification on the 
label. This means that the rope has been tested 

and certified by a “third party” at one of three 
UIAA-approved testing facilities to meet the Euro- 
pean Norm (EN) 892 and UIAA-101 standard 

for dynamic rope. To receive this certification, the 
rope sample must survive at least five UIA drop 
tests. This test is done by taking an 80 kg (176 Ib) 
‘weight, attaching it to one end of a 9-foot length of 
rope, then raising it 84 feet above the anchor and 
dropping it 15 fect over a 10mm diameter bar (sim- 
ilar to a carabiner) that is anchored approximately 

1 foot above where the rope end is anchored. This 
simulates a fall factor of 1.7 (total distance of the fall 
divided by the length of rope in the system), which 
isa very severe fall in climbing situations. 
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Fora single rope, during the first drop, the peak 
impact force on the rope is measured and must 

be less than or equal to 12 KN (8 KN for a half 
rope with a weight of 55 kg) with a correspond 
ing stretch of less than or equal to 40 percent. 

‘Twin ropes have the same requirements asa single 
rope but must survive at least twelve drops with 
out breakage. In addition to the stringent drop test 
requirements, sheath slippage can be no more than 
1 percent, and static elongation under an 80 kg 
(176 Ib) load can be no more than 10 percent for a 
single rope and no more than 12 percent for a half 
or twin rope. 


‘To the best of our knowledge, the only docu- 
mented rope failures among UIAA-certified ropes 
were ropes that were cut over sharp edges and one 
rope with known pre-expostire to sulfuric acid. 


Static and Low-Stretch Ropes 

For many years the term static rope was used to 
define any low-stretch rope typically used as a 
rescue rope or asa fixed line for rope access, rap 
pelling, and life safety. As rope manufacturers 
developed new techniques and technologies to 
create better low-stretch ropes, the terms static rope, 
lovw-stretch rope, luv-elongation rope, and semiestatic 


Climbing shops sell static and low-stretch ropes from spools, cut to the length you desire. 
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Fig.3 
Rarefaction 


Let us make the experiment still more complicated. Put the leg pipe of a liquid manometer into the 
bottle cork. (Fig. 3) Almost immediately the water level in the closest leg to the bottle will start rising. It 
means that there is rarefaction in the bottle. Can it be the rarefaction that “rules” the plants? 


Most likely, the essence of the mistake made by Rodionov and other authors of capillary motors consisted 
attempts to get the water outflow from the capillary. If it is not flowing out but evaporating, as 
common for the soil or plants, then, probably, vacuum will manifest itself and the 

start working. 


I made my first capillary perpetual mobile many years ago (see Fig. 4). And it worked: though slowly, the 

wheel was steadily turning. No doubt, it was due to the heat inflow from the air. Therefore, such motor 

will work if there is a temperature difference and relative humidity of surrounding air 
below 100%. 


Fig.4 
Capillary Motor 
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‘pe, often used interchangeably, became somewhat 
ambiguous, especially since all ropes have some 
stretch, so a more precise definition was needed. 

‘The Cordage Institute, an international rope 
industry association that disseminates industry stan 
dards, defines two categories of non-dynamic ropes: 
static and low-stretch. 


STATIC ROPES 


Static is defined as rope with a maximum elonga- 
tion of less than 6 percent at 10 percent of the 
rope’s minimum breaking strength (MBS). New 
technology allows manufacturers to create static 
ropes with virtually no stretch—think of them 
almost like a wire cable. For example, the Sterling 
Rope company’s 4-inch diameter HTP Static rope 
stretches only 0.8 percent with a 300-pound load 
and has a safe working load (SWL) of 908 pounds, 
which is Yo of its MBS of 9,081 pounds 

‘These ropes should not be used for toprope 
belaying, but can be used for anchor rigging and 
fixed lines, although low-stretch is also preferable 
for those applications since even a slight amount of 
stretch means a lower impact force on the anchors. 

Static ropes generally have poor handling, 
characteristics due to their stifiness and are typi- 
cally used only for haul lines, high lines, zip lines, 
and rappelling, where dynamic properties are not 
required. A static rope should never be used for lead 
climbing or for belaying, where it may be subject to 
a high-impact force. 


LOW-STRETCH ROPES 


‘The Cordage Institute defines low-stretch as a rope 
with an elongation between 6 and 10 percent at 10 
percent of the rope’s MBS. Since a low-stretch rope 
has relatively little stretch (usually 3 to 4 percent 
under body weight) compared to a dynamic rope, it 
isa great choice if you're using it just for toproping, 
and rappelling, but it should not be used for leading. 
Low-stretch ropes may also be a good choice for 
rigging anchor extensions and fixed lines because 


they are easy to tie knots with, and they reduce 
potential impact forces when used as a tether or 
belay. 


Dynamic versus Low-Stretch 


‘When buying ropes, the following criteria will help 
the instructor assess which rope is best for a par 
ticular application. 

‘A dynamic rope is required for situations where 
you'll be using the rope for leading or belaying, 
where any impact force is anticipated, A low-stretch 
rope should not be used for lead climbing, because 
rope stretch is the key to absorbing the energy gen- 
erated in a leader fall 

For a program involving just toproping, using a 
low-stretch rope makes a lot of sense, since dynamic 
rope stretch is often a hazard, or at least a nuisance, 
in a toprope situation. Picture a 100-foot-high cliff 
set up as a toprope.At the start of the climb, you'll 
have 200 feet of rope in the system, Let's say you're 
belaying a climber using a dynamic rope, with a bit 
of slack, and the climber falls 15 feet up the route. 
Let's assume the rope has a static elongation of 9 
percent. Do the math: 185 feet times 9 percent 
equals 16.7 feet. Chances are your climber will find 
herself on a 16.7-foot bungee cord that eventually 
returns her to the ground (the thing she is most 
worried about impacting), 


Diameter and Sheath Percentage 


Ropes sold for climbing and rappelling commonly 
range from 9 to 11mm; 10mm is a very popular 
diameter among climbing instructors, as its durable 
yet light and supple. Re 
trend toward ever-thinner ropes. Ropes as thin as 
9.4mm in diameter are UIAA rated for lead climb- 
ing. But these thinner ropes are generally stretchier 
and will wear out far more quickly. For toproping, 
selecting a rope that is thinner than 10mm in diam- 
eter often results in having to purchase new ropes 
more frequently 


intly there has been a 
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‘Thinner ropes generally stretch more and cut 
more easily over sharp edges. A thicker diameter 
rope also affords more friction when used with rap- 
pelling devices. 

Many manufacturers now provide information 
on the sheath’ percentage of the total weight. A 
rope with a higher percentage of sheath (40 percent 
or more) will generally be more durable for rappel 
ling use than one with a lower sheath percentage. 


Sharp Edge Resistance 
‘The UIAA has developed a new; optional test for 
‘manufacturers to receive a “sharp edge resistant” 
certification. The testis very similar to the UIAA, 
drop test, athough instead of dropping the rope over 
a rounded bar simulating a carabiner, a sharp edge 

is used. This isa pass or fail test, and although nota 
true indicator of durability, its a good measure of the 
rope's ability to resist slicing over sharp rock edges. 
‘As mentioned earlier, some of the only documented 
cases of modern climbing ropes breaking in the field 
have been when the rope was cut over a sharp edge. 


Static Elongation 

‘This is a measure of how much the rope stretches 
under a weight of 80 kg (176 Ibs.) telling you how 
much your rope will stretch during a normal rappel 
or when someone hangs on the rope. For toprop~ 
ing, rappelling, and fixed rope applications, some 
instructors prefer a low-stretch rope with a static 
elongation of around 3 to 4 percent. Most dynamic 
climbing ropes have a static elongation of about 8 
or 9 percent. 


Dry or Non-Dry 

Nylon, when it gets wet, absorbs water, which 
weakens the fibers. Nylon ropes can lose much of 
their strength when wet (at least 30 percent; some 
studies show over 50 percent loss of strength), so 
manufacturers sell ropes with a “dry coating” to 
keep the rope ffom absorbing water and make it 
more abrasion resistant. If using a dynamic nylon 
rope in snow, ice, or wet conditions, a rope with a 
dry coating is recommended. 
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Marking the Middle of Your Rope 


any climbers use a black felt tip marking pen to mark the midpaint oftheir rope. In 2002 the 
UIAA Safety Commission issued a warning based on testing done by the UIAA and by some 
sope manufacturers that showed the ink from some marking pens decreased the strength (more 
specifically the rope's ability to hold repeated falls in accordance with the EN 892 testing standard) 
‘by as much as 60 percent, While this may seem to be a shocking figure, the UIAA president pointed 
out that "such a marked rope can only break in practice when the 2 or 3 centimeters, which are 
‘marked, are placed over a sharp rock edge when the rope is loaded boy a fall” While this is a very 
remote possibility an instructor should consider other alternatives to idletify the micipoint on a rope, 
or at least use only marking pens sold or recommended by the manufacturer of your rope. Tape 
isnot a good option, as it can slide on the rope or, more likely, become gummy and stick in rappel 
and belay devices, A qood option is to use a “bipattern” rope, which is a rope that changes pattern 
at the middle without a change in yams or color. Another option is a “bicolor” rope, which has a 
color change at the midpoint ofthe rope. The rope manufacturer changes yarns and joins the yarns 
together with what is lnown as an “air splice" (forcing the ends to entwine around each other using 
extremely high air pressure), The process creates a cosmetic blemish at the yarn change, which the 
manufacturers say is actually stronger than continuous fibers because of the extra fibers atthe splice 
‘Without a middle mark on your rope, to find the middle simply start with both ends and flake the 


® 


rope out until you reach the midi. 


For pure rock climbing in dry conditions, it 
might not be worth the added cost, as dry ropes are 
generally more expensive and the coating wears off 
‘with repeated toproping. 


Rope Length 

In the 1970s the standard length for a dynamic 
climbing rope was 50 meters (165 feet). Today the 
standard is 60 meters (200 feet), and many climbers 
use 70-meter ropes (230 feet). These are the stan- 
dard pre-cut lengths you can buy from a climbing 
shop. Static and low-stretch ropes are commonly 
sold in pre-cut lengths and are also sold directly 
from spools, cut to your desired length. Climbing 
instructors should select a length that is appropriate 


for the climbs they intend to instruct, choosing a 
length that will allow them to work at both the 
bottom (where the rope will need to be twice as 
long as the climb is tall) and the top of a given 
climb. It seems particularly wasteful to carry 70 
meters of rope if the average climb in a given area is 
only 50 feet ral, 


Rope Care and Use 


‘Many instructors have access to climbing equip- 
ment, including ropes, through pro-purchase 
programs. Top brands include Sterling, Maxim, 
Bluewater, Mammut, Edelrid, Edelweiss, Petzl, Mil- 
Jet, and Metolius. 
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Avoid setting up a climb or rappel where a rope 
might abrade or cut over an edge. This can severely 
weaken or ruin your sheath in just one outing! 
Avoid standing or stepping on the rope, as this can 
grind sharp pebbles and grit through the sheath and 
into the core. Minimize the ropes exposure to UV 
light, as this will weaken the fibers over time. Store 
ropes in a shaded, dry place. 

A dirty rope can be washed ina tub by hand or 
in a washing machine (preferably a front-loading 
washing machine, because a top-loading machine's 
agitator will abrade the rope) with hot water and 
4 soap suitable for nylon. Its not a bad idea to run 
the machine once with nothing in it before wash- 
ing the rope to make sure that there is no residual 
bleach inside. If washing a rope in a bathtub, make 
sure the tub is free from any chemicals that may 
damage the rope. Its best to daisy chain the full 
length of the rope before washing it in a machine 
to keep it from getting tangled, Let the rope dry by 
hanging it in a shaded area. 

Be vigilant and protect all rope from coming 
into contact with any chemicals that contain acids, 
bleaching or oxidizing agents, and alkalines. Acid is 
the arch enemy of nylon and can severely weaken 
nylon and polyester fibers. Be extremely cautious 
to avoid exposing your rope to battery acid or 
any type of acid that may be encountered in your 
garage or the trunk of your car. It is wise to store 
your rope in a rope bag 

Itis not a good idea to use a rope without 
knowing its history. Keep track of its history and 
age. Most manufacturers recommend keeping a 
rope for no longer than five to seven years even 
with minimal use, and no longer than ten years 
even if the rope has been stored and never used, In 
an institutional setting, ropes are usually retired well 
before the manufacturer's recommendation. 
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Inspect a rope by running your hand over 
the entire length of the sheath when coiling and 
uncoiling the rope. Visually inspect for excessively 
worn areas on the sheath, and feel for irregularities 
(voids, fat spots, etc.) in the core. The rope should 
be retired (or cut to a shorter length) if the sheath 
is excessively worn or frayed, exposing the core, or 
if there are any anomalies in the core. Multiple fast 
rappels can burn the sheath of a rope, a result of 
heat generated by the friction between the rope and 
rappel device. If the sheath feels glazed or melted, 
the rope should be retired 


Coiling and Uncoiling Your Rope 

With a new rope, take extra care the first time it is 
uncoiled to prevent kinking. The best method is to 
simply unroll the rope from the coil, as if pulling it 
offa spool, holding the rope and rotating the coil 
until the entire rope is stacked on the ground, keep- 
ing the rope free from any twists. Once the rope is, 
in a loose pile, inspect the rope by running it foot 
by foot through your hands from one end to the 
other, then coil it with the butterfly coil method. 


BACKPACKER OR BUTTERFLY COIL 
‘The backpacker, or butterfly, coiling method puts 
fewer kinks in your rope. Itis aso the fastest way to 
coil a rope, since you start with both ends or from, 
the middle and coil a doubled rope. When coiling 
from the ends,a good idea is measuring two and a 
half arm lengths (both arms extended), then begin 
the butterfly. 


MOUNTAINEER'S COIL 


Another standard coiling method is called the 
mountaineer’ coil, This is a traditional method that, 
makes for a classic, round coil that can be easily car~ 
ried over the shoulder or strapped onto the top of, 
a pack 
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Backpacker or Butterfly Coil 
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The Mountaineer’s Coil 
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Knife 


‘Many instructors carry a knife, but it's important 
to be very carefal with when and how it is used. A 
rope under tension cuts more easily than one not 
under tension, 


Slings and Webbing 


makes it more difficult to knot and gives it poor 
handling characteristics, making it unpopular with, 
climbers, 


Tubular Webbing 


‘There are two types of tubular nylon webbing: mil- 
spec and climb-spec 
Since webbing was originally manufactured for 


In the 1960s and 1970s, 1-inch-wide tubular nylon 
webbing was the standard sling material, tied into a 
loop with a water knot or double fisherman's knot, 
Eventually, sewn slings with bartacked stitching 
came onto the market and were actually stronger 
than the same material tied with a knot. Sewn slings 
are not only stronger but also more secure in that 
there is no need to worry about the knot loosening 
and coming untied, 


Flat Webbing 


Flat webbing is woven solid, as opposed to tubular 
webbing, which is woven into a hose-like shape. 
Its stiffer and more abrasion resistant than softer 
tubular webbing, with a higher tensile breaking, 
strength (Sterling 1-inch flat webbing is rated at 
43.5 KN or 9,800 Ibs.), which makes it usefial for 
high-strength applications. Its stiffness, however, 


itary applications, mil-spec means that the web- 
bing meets the standards demanded by the military. 
‘Mil-spec has a coarser, rougher-textured weave, 
with a more pronounced ribbing across the width 
of the webbing, Climb-spec is a finer, more high~ 
quality weave, without the noticeable ribbing and 
‘with a more tightly woven edge. Climb-spec usually 
tests lightly stronger than mil-spec webbing and is 
generally more abrasion resistant and more impervi- 
ous to tearing or slicing over a sharp edge, but both 
are suitable for climbing applications and both are 
ronghly the same price. 

‘The Bluewater company, known for manufac 
turing high-quality webbing, says its climb-spec 
tubular nylon webbing “outperforms normal 
Mil-spec webbing in strength, flexibility, knotabil- 
ity, and durability. There is minimum exposure to 
individual fibers asa result of high thread count and. 
fine weave pattern.” Bluewater’s !-inch climb-spec 
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‘Top: Bluewater I-inch climb-spec nylon webbing, rated at 18 KN tensile strength (4,047 Ibs.). 
Bottom: REI I-inch mil-spec nylon webbing, rated at 17.8 kN tensile strength (4,002 Ibs). 


webbing has been tested to over 6,000 pounds loop 
strength when tied with a water knot. 
‘The Sterling Rope Company's version of 


climb-spec webbing is called Tech Tape, with 


smoother, denser weave and higher tensile 


stre 
pound tensile strength. Sterling's mil-spec webbing 
is rated to a minimum breaking strength of 4,000 


gth” than their mil-spec webbing and a 4,300- 


pounds tensile strength and 6,129 pounds in a 
bartacked sewn loop. 


Pre-sewn nylon slings are typically sold in 
'Yc-inch (18mm) width, bartacked into 24-inch or 
48-inch loops with a rating of 22 KN (4,946 Ibs.) 
loop strength 

Climbing shops sell both mil-spec and climb- 
spec 1-inch tubular nylon webbing from spools, cut 
to any length desired. Be aware that the 
webbing contain taped splices where the webbing 


spools of 


ends have been joined together with masking tape. 


Baseline Equipment — 48 


The heat motor operating principle is clear from 
this figure. The disk (many disks on the common 
s) is divided into isolated sections. Their surface 
is covered with a moisture-proof piece of material 
(filtered paper, cloth, etc.). The part of each section 
somewhat gets under the base of the next one. 
Hence, a small part of the base of one section and a 
part of the part following the section can get into 
water simultaneously. Due to the capillary 
moistening the section and the part will start to 
absorb water. Since the section is shifted about the 
center of gravity, the turning moment is bound to 
appear. The section that is out of water starts to dry 
up, the moment will increase and the wheel will 
start turning 


Having determined that, though slowly, the motor 
is turning, the author applied to a patent authority 
for a patent on the invention of the "Perpetual 
mobile", meaning it as a joke. | hoped that the 
experts (I knew some of them personally) will 
understand this joke. But, unexpectedly, the device 
was considered an invention, though under the 


name of the "Heat motor" (certificate of authorship 
USSR * 1455040). 


Basically, the motor is similar to the project of A 
Rodionoy. I would not be surprised if he protested. 
‘The same capillaries and the spontaneous rise of 
liquid on the moisture-proof material. The only 
difference is that the liquid does not flow out but 
evaporates from the capillaries. 


Almost without any reason - one can not predict 
his eccentricities - I have recently made one more 
capillary motor (see Fig. 3). Perhaps, it resulted from 
my experiments with plants, This motor directly 
and spontaneously lifts water to a higher level, 
which is more convincing, Moreover, water flows 
in the form of drops (or a stream) and turns the 
propeller! The motor is quite operable and has even 
been shown on TV. But do not try to verify it on 
your own - such work is useless without certain 
know-how. The author would not like to disclose 
the "secret" yet. I could still make a patent 
application. 


The Continuous Rotation Device 


Theessence of this inventionis thatina closed 
circle the rotation of the object occurs without 
any outer influence or any power sources 
(electric energy, oil, diesel oil, etc.), which 
results in the rotation of the rotating part of 
the device. The torque can be easilyenhanced 
by means of transmitting it to the reduction 
system. At that rate, the necessary rotation 
speed and rotation power can be acquired. 


The device is small, easy to transport, mobile 
(both, in operation and switch-off), simple 
and inexpensive to make and assemble. It is 
economical, ecological and weather 
independent. 


‘The device can be used in any industrial or 
household appliance field where the 
continuous rotation is required. It is especially 


important to note that this device can be used 
to generate energy on a large industrial scale 
as well as in small laboratories, in mountains 
and remote districts, in tunnels, at sea, etc. for 
it does not require any power lines. 


Patent Claim Priority: 
20030059, April 19th 2003 


For more information 
contact 
the author of the invention: 
Eldar Sariyev, 
Azerbaydzhan, Baku, 
Thilisskiy Prospekt, 75-26; 
Tel: + (994 12) 92-47-73, 98-95-02; 
Email:eldar_sariyev@yahoo.com 
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Nylon Webbing Comparison. Top to bottom: I-inch tubular nylon webbing tied with water knot 
(Sterling Tech Tape, rated at 4,300 Ibs. tensile strength); 18mm Metolius Nylon Sling, rated at 22 
KN loop strength (4,946 Ibs.); 18mm Black Diamond Runner, rated at 22 KN loop strength; 's-inch 
Sterling tubular webbing tied with a water knot (rated at 3,000 Ibs. tensile strength). 
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4 Tape Won’t Hold Body Weight 

& il {seems impossible for it to happen, but I (BG) know of two cases where spliced webbing was 
Lo sold to customers who then used it with only the masking tape joining the webbing together, in 
hd one case with devastating results, 
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One advantage of cut to length nylon webbing, 
is that it can be untied and re-tied around a tree, 
through a tunnel, or threaded through bolt hangers 
for a rappel anchor, 

‘The Bluewater company recommends the max- 
imum lifespan of its nylon webbing to be no more 
than five years, and also recommends retiring a 
nylon sling if it has been subjected to temperatures 
above 176 degrees Fahrenheit, is scorched or glazed 
from a rope being pulled across it, shows signs of 
UV degradation from being left out in the ele~ 
ments (faded color and/or stiffness), or ifit has been 
exposed to acid or bleach. Like a nylon rope, nylon 
webbing can lose an appreciable amount of strength 
when wet or frozen 


Spectra and Dyneema Slings 


Spectra slings, introduced in the late 1980s, 
were lighter, less bulky, and stronger than nylon. 
Dyneema is a more recent innovation, typically sold 
in various-length loops sewn with bartacked stitch 
ing in 10mm width. Dyneema and Spectra both 
have almost the identical chemical makeup of high- 
molecular-weight polyethylene, which, pound for 
pound, is stronger than wire cable. Most experts say 
that the manufacturer of Dyneema consistently pro- 
duces more high-quality fibers than the manufac 
turer of Spectra material, and most of the climbing 
and rappelling slings on the market today are made 
from Dyneema, 

Both Spectra and Dyneema slings are con- 
structed from parallel fibers—very strong but with 


Tensile Strength vs. Loop Strength 


trength ratings are offen given as tensile strength and loop strength. Tensile strength is tested by 

a straight pull on a single strand of the material with no knots, done by wrapping the material 
around a smooth bar (4-inch diameter gives the most accurate test) on both ends and pulling until 
it breaks. Loop strength is the material tested in a loop configuration, either tied with a knot (in the 
case of webbing, usually the water knot) or sewn with bartacked stitching, In general, webbing loop 
strength when tied with a water knot is about 80 percent of twice the tensile breaking strength, and 
bartacked sewn webbing loop strength is generally about 15 percent stronger than the same mate- 
rial tied with a water knot, depending upon the quality and number of bartacks. 
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Dyneema Sling Comparison. Top to bottom: I-inch tubular nylon webbing (for comparison); 
Wild Country 10mm Dyneema sling (22 KN or 4,946 Ibs.); Black Diamond 10mm Dynex 
Runner (22 kN); Mammut &mm Dyneema Contact Sling (22 kN). 


high lubricity, which means the material itself is 
inherently slick. That is the 
purchased in sewn loops—it does not hold knots 


well. Do not cut a Spectia or Dyneema sling and rete it 


ason it can only be 


with a water knot! 
Both Spectra and Dyneema have a lower melting 


point than nylon (around 300 degrees Fahrenheit for 


48 


Dyneema/Spectra compared to nylon’s melting point 
of around 480 degrees). The lower melting point, 
along with the inherent slipperiness, make Spectra 
and Dyneema slings a poor choice for tying friction 


hitches like the prusik, klemeist, or autoblock, com- 
pared to 5mm or 6mm diameter nylon cord 


Ina pinch, if required to use a sling to tie a 


Le I | 


Girth-hitching two Dyneema slings together can 
decrease their strength by 50 percent, but for 
most climbing situations, this is not a concern 
since the loop strength is 5,000 pounds to begin 
with, 


friction hitch, use a nylon one over a Dyn 
Spectra sling, as nylon will grip better. The newer, 
thinner (10mm width) Dyneema slings will work 


for friction hitches, 


nd they do possess some nylon 
in their construction, but if they start to slide on a 
rope when under load, the friction will generate 
heat, which could potentially weaken the sling. 


Both Spectra and Dyneema fibers do not retain 
dye and cannot be colored, so the fiber is distinc 
tive in that itis always white. Manufacturers add 
a blend of nylon to Spectra and Dyneema, usually 
in a distinctive border pattern, and it is likely that 
in the future there will be more nylon in the mix. 
‘The Metolius company rei h 
13mm width slings that are a blend of 36 percent 
Dyneema and 64 percent nylon. 

‘When using Spectra or Dyneema stings, think 
of them like a wire cable—they have no stretch, 


antly came out W 


even with nylon blended into the weave. Avoid 
tying knots with them—it can be almost impossible 
to untie a simple overhand knot in the newer, thin- 
ner Dyneema after it has been seriously weighted. 
Wild Country warns that the material loses a hefty 
percentage of its strength (around 50 percent) when 
tied in a simple overhand knot or girth-hitch—a 
property that nylon does not possess. The best way 
to use a Spectra or Dyn 
carabiners, If using them in a sling-to-sling configu- 


sma sling is clipped to 


ration, either basket one sling over another, or use a 
properly tied girth-hitch, 

‘When buying slings for rappelling, 1-inch or 
'Ye-inch width tubular nylon webbing will be the 
most versatile material for rigging rappel anchors, 
as it can be cut to a desired length and tied with a 
water knot. Double-length (48-inch) sewn nylon 
slings are also handy for tethering into anchors and 
extending a rappel device away from the harness 
‘The UIAA states that sewn slings should have a 
minimum load-bearing capacity of I8KN. 

Recent studies show that dirty slings are weaker 
than clean ones. The Mammut company suggests 
that “to maintain the quality and safety of your 
slings, you need to clean them regularly.” Mammut 
recommends to “clean soiled slings in hand-hot 


water with a small amount of mild detergent or in a 
delicates machine cycle up to 30 degrees centigrade 
(86 degrees Fahrenheit). Rinse in clear water. Leave 


to dry in shade. 
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Cords and Cordelettes 


A good all-purpose cordelette is 7mm diameter 
nylon cord, about an 18- to 20-foot length tied into 
‘giant loop with a double fisherman's knot or a 
double overhand flat bend. 

Cordelettes made with a Spectra or Dyneema 
core and nylon sheath have incredibly high strength 
and low stretch. Pound for pound, Spectra and 
Dyneema are stronger than steel (and is the mate- 
rial used in body armor for the military), but both 
Spectra and Dyneema lose an appreciable amount 
of strength when tied with knots, Because these 
cords are so light and strong, with less bulk to 
carry, they have become popular, especially for 
rock climbing. The Bluewater company markets 
the 5.5mm diameter Titan Cord, with a Dyneema 
core and nylon sheath, rated at 13.7 KN (3,080 Ibs). 
‘They say its “combination of high strength, low 
elongation and light weight provides superior char~ 
acteristics over other combinations. Dyneema does 
not lose significant strength with repetitive flexing 
and offers a huge increase in abrasion and cut resis- 
tance over other materials. Bluewater Titan Cord 


can be cut and sealed with a hot knife, We recom- 
mend a triple fisherman's knot for tying 5.5 Titan 
into loops.” 


Ideal Cordelette 


(BG) prefer a length that allows me to 
A double the cordelette within the span of 
iy outstretched arms, My favorite brand is 
Sterling, whose Timm diameter nylon cord 
israted at 12.4 kN (2,788 Ibs) and tests 
over 5,000 pounels when tied into a loop 
with a double fisherman's knot. 


In recent years high-tech cords utilizing aramid 
fibers (namely Technora) for the core, with a nylon 
sheath, have become popular. Aramid fiber has, 
extraordinary tensile strength (stronger than Spectra 
or Dyneema) with low stretch and an extremely 
high melting point (900 degrees Fahrenheit), mak- 
ing it difficult to cut and melt. The best way to cut 
it is with wire cable cutters. Then milk the nylon 
sheath over the end and seal it by melting the nylon 
with a lighter. The Sterling 6mm Powercord has 

a Technora core and nylon sheath, with a single 
strand breaking strength of around 19 kN (4,271 
Ibs.); and the 5mm Tech Cord, sold by Maxim/ 
New England Ropes, with a 100 percent Technora 
core and polyester sheath, rates at a whopping 5,000 
pounds tensile strength. 

However, at the 2000 International Technical 
Rescue Symposium, Tom Moyer presented a paper 
titled “Comparative Testing of High Strength Cord” 
that revealed some startling deficiencies in Technora 
and other high-tech cords. Testing showed that with 
repeated flexing, aramid fibers break down much 
more quickly (losing strength) than good old- 
fashioned nylon. In his study a flex cycle test was 
performed on various cordelettes. The cord sam- 
ple was passed through a hole in a steel fixture, 
flexed 90 degrees over an edge, and loaded with a 
40-pound weight. The steel fixture was rotated back 
and forth 180 degrees for 1,000 bending cycles, 
then the cords tensile strength was tested (single 
strand pull test) at the section that had been flexed. 
‘The Technora sample showed a remarkable loss 
of nearly 60) percent of its strength, while Sterling 
7mm nylon cord and 1-inch tubular nylon webbing 
showed no strength loss at all. Bluewater Titan Cord 
(Spectra core/nylon sheath) showed a few hundred 
pounds of strength loss, but was nowhere near the 
drastic loss of Technora, Further research is war- 
ranted, The big advantage of these high-tech cords 
is their low weight, high strength, and low bulk, 
which is advantageous for situations like multi-pitch. 
rock climbing and canyoneering, 
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Cord Comparison. Top to bottom: Bluewater Smm Titan Cord tied with triple fisherman's knot 
(@yncema core/nylon sheath, tensile strength 13.7 KN or 3,080 Ibs.); Sterling 6mm Powercord tied 
with triple fisherman's knot (Technora core/nylon sheath, tensile strength 19 kN or 4,271 Ibs.); 
Sterling Zmm Nylon Cordelette tied with double fisherman's knot (nylon core/nylon sheath, tensile 


strength 12.4 KN or 2,788 Ibs.). 


If using these high-tech cords, be sure to tie 
the cordelette with a triple fisherman's knot, and 

consider replacing them more often with high use 
Keep in mind that the price tag on the high-tech 
cords is roughly twice as much as nylon. The bot- 


tom line is this: For an all-purpose cordelette, it 


is hard to beat old-school nylon—a 7mm diam- 
eter nylon cord is a good choice because itis 
thick enough to be used in a single loop applica~ 
tion, like a personal tether. Narrower 5mm and 
6mm cord are great to tie friction hitches like 
the prusik, klemheist, and autoblock, but these 
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smaller-diameter nylon cords don't provide enough 
tensile strength to be used as a critical link. When 
buying this accessory cord to be used primarily for 
friction hitches, buy the softest, most pliable cord 
that you can find;a stiff cord won't grip as well 
Also, be aware of the difference between 5mm 
nylon accessory cord (typically rated at 5.2 KN or 
1,169 Ibs.) and 5mm high-tenacity cord (like Blue- 
(3,080 Ibs.) As 

ul as a cordelette, 


water Titan Cord rated at 13.7 k 


mentioned, 5mm nylon is less us 
sa much 


while a Smm high-tenacity cord o 
greater tensile strength for anchor building and 
critical link applications 


asymmeti 
useful carabine: 


primarily for sport climbing (on the rope-clipping end of a quickdraw). 


Carabiners 


Carabiners are used primarily to attach various 
links (like slings and rope) together in the anchor or 
belay chain, Locking carabiners are used in critical 
applications and in conjunction with belay and rap- 
pel devices. Carabiners come in a variety of shapes: 
oval, D-shaped, and pear-shaped. 

The basic design is of aluminum alloy, 
spring-loaded gate on one side. The spine of the 


with a 


carabiner is the solid bar stock opposite the gate. 
‘The small protrusion on one end of the gate is 
called the nose, and this will tell you which way 


right): 
aped locking. The most 


are ovals, Ds, and pear-shaped locking. Bentgate carabiners are used 
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opens by visual observation. The basic 
design has a small pin on the gate that latches into 
eylock” 


a groove on the nose end. The preferable “ 


design eliminates the pin, and the gate and bar 


come together in a machined notch. A wiregate 
carabiner has a wire under tension serving as the 
gate, providing a wide opening because of its slim 
‘mass and eliminating “gate flutter,” which is a vibra- 
tion of a normal solid gate during a fall or peak 
loading of the carabiner 

Oval carabiners are usefull for racking gear, and 
for use in sets of two or three for connecting the 


climbing rope to the toprope anchor master point. 
Because of their symmetry, the g 


tes can be opposed 
and reversed, and the carabiner configuration retains 
its oval shape. Twwo opposed and reversed ovals can 
also be used in lieu of one locking carabiner at any 
critical junction in the anchor system, in situations 
where there are no additional locking carabiners 
and extra security at a key point ism 
opposite and re 
opposite and re 
Locking carabiners are used for critical links and 
applications where it is absolutely imperative that 


ed. Three 
ersed ovals are the equivalent of two 


ersed locking carabiners, 


Wiregate carabiner. Every carabiner you buy should have the ULAA breaking strength rating stamped 


on the spine. 
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‘Two oval carabiners with the gates properly 
opposed and reversed. 


the carabiner gate stays closed, like on a rappel oF 
belay device, ata critical link in the anchor system, 
or when attaching the belayer's climbing rope to 
the anchor. 

D-shaped carabiners have the strongest con- 
figuration, since when the carabiner is loaded on 
the major (long) axis the weight naturally is loaded 
closest to the spine. For this reason a locking D is a 
good choice for a belay/rappel carabiner. A locking, 
pear-shaped carabiner is useful for many applica- 
tions because of its wide aperture on one side. Its 
a good carabiner to use with a Munter hitch, and 
4 great carabiner to pair up for use at the toprope 


Three ovals opposed and reversed at a toprope 
anchor master point. 


anchor master point. When using two opposed 
and reversed pear-shaped locking carabiners, the 
symmetry is maintained (unlike an asymmetrical 
D shape), and the climbing rope runs smoothly 
through the carabiners. 

‘The most common locking carabiner is the 
screwgate. The screwgate locking carabiner is just 
that, a mechanism with a collar that screws shut 
over the nose of the carabiner. Obviously, with 
a screwgate locking carabiner, itis important to 
smber to lock it,and it’s an essential habit 
to always check locking carabiners to make sure 


they are locked. Check them with a close visual 
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Locking carabiners (left to right): Petel William Triac, Petzl William Ball Lock, Black Diamond 
Twistlock, Black Diamond Screwgate. 


inspection, and ako by pressing on the gate (squeeze designs on the market that have a tri-action mecha 


test) for an additional precaution, nism that must be manipulated (like pushing the 
If you're absentminded, or occasionally find gate upward, then twisting the gate to lock it; or 
‘yourself not locking a screwgate carabiner, consider pressing a button, then twisting open the gate), but 
buying an autolock or twistlock carabiner. The some climbers find these difficult to use. Interest 
twistlock design has a spring-loaded gate that locks ingly, for industrial workers in the Industrial Rope 
automatically, and there are several autolocking “Access environment (rappelling and rope ascending 
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on the faces of dams, buildings, and bridges), OSHA. 

standards require autolocking carabiners, as does the 

tree-trimming industry. 
‘The ULAA has determined the following 

strength ratings for a carabiner to be CE certified. 
For oval carabiners: 

# Closed gate strength, major (long) axis: 18kN. 
(4,047 Ibs.) 

# Minor axis (cross-loading) strength, closed gate: 
TEN (1,574 Ibs.) 

Major axis strength, gate open: SKN (1,124 Ibs.) 
For regular D-shaped carabiners 

© Closed gate strength, major (long) axis: 20 kIN 
(4,496 Ibs.) 


© Minor axis (cross-loading) strength, closed gate: 
TEN (1,574 Ibs.) 

Major axis strength, gate open: 7KN (1,574 Ibs.) 
For locking carabiners: 

# Closed gate strength, major (long) axis: 20 kN 
(4,496 Ibs.) 

Minor axis (cross-loading) strength, closed gate: 
TEN (1,574 Ibs.) 

# Major axis strength, gate open: 6kN (1,349 Ibs.) 


An important thing to remember with cara- 
biners is that a carabiner is only about one-third 
as strong if it's loaded with the gate open. For this 
reason, keep a few things in mind when using a 
carabiner: 


Carabiners should always be loaded on the major axis. 
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Bad. Never load a 
carabiner in three 
directions as shown 
here. 
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Always load the carabiner in the proper # Do not load a carabiner over an edge of rock— 
direction—on the major, or long, axis. this can open the gate when the carabiner is 
Da not crows load a exabiner (on cheminar loaded, and two-thirds of the carabiner’s strength 


axis) or load it in three directions (called triaxial will be lost. 


loading). 


Ovals 


De a ee 
Wpevins Samana come mena han ats set 
Sunt tase eed anriy Moana 
Fes Cr se Sess Cane Sree net ar pale men 
setee innane 
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tel ovals with 
e gates opposed and 
versed at a toprope 


anchor. 
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Retire a carabiner if it shows a groove from 
excessive rope wear, or if the gate is no longer in 
alignment with the body of the carabiner after it 
has been dropped a considerable distance. If the gate 


is sticky, washing it with soap and water and using 
some graphite lubricant will usually take care of the 
problem. 

In the professional realm, the industry standard 
for attaching the climbing rope to the toprope 
anchor master point is either two locking carabiners 
or three oval carabiners with the gates opposed and 
reversed. 

‘When doing a lot of toproping, aluminum 
carabiners actually wear rather quickly, developing 
noticeable grooves, When this happens, they should 
be retired. Petal recommends retiring a carabiner 
with Imm of wear, about the thickness of a dime, 
Also, worn-off aluminum particles get on the rope 


and on the belayer’s hands. Using steel ovals solves 
this problem, as steel is far more durable and wears 
much more slowly than aluminum, 


The Instructor’s Pack 


A climbing instructor is constantly striving to select 
the perfect tool for a given task. The instructor's 
pack is no exception. It should be large enough to 
hold everything an instructor will need to run an 
outing and be prepared for emergencies, For most, 
the best pack is large, about 4,000) to 5,000 cubic 
inches, and any items that do not fit inside the pack 
(like a rope ora helmet) are strapped down firmly. 
A climbing instructor should be able to move 
through terrain with grace and balance, without 
swinging or dangling encumbrances, prepared to 
deal with all contingencies, 
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CHAPTER 6 


Knots and Hitches 


that knot should I use here? What hitch, 

should I use there? The answer isn't always 
obvious. Many knots and hitches accomplish the 
same thing and work equally well in similar appli- 
cations. Others do not. 

‘An instructor's job is first to determine which 
knot or hitch is appropriate for the technical task at 
hand and, second, to develop strategies for teaching 
knots and hitches appropriate to a given lesson 

‘The following pages discuss a wide array of 
baseline knots and hitches used regularly by Single 
Pitch Instructors. Certainly there are many more 
that could be acceptably used in a single pitch 
setting or taught to students with specific learn- 
ing objectives, but these represent a fundamental 
standard of knowledge that every instructor should 
hold. 


Loop Knots 


Loop knots are tied by taking ewo strands of rope 
(called a bight) and wrapping them back over 
themselves so that the knot does not slide, or by 
taking the end of the rope and tying it back over 
the standing part so the knot does not slide. Loop 
-knots are used to clip the rope into a carabiner, oF 
to tie around an object. 


Overhand Loop 


‘This is the simplest knot used to form a loop. It 
requires less rope to tie than the figure eight, For 
‘most applications, however, the figure eight loop 
is preferable because it tests slightly stronger than 
the overhand loop and is easier to untie in small~ 
diameter cord. 


-ANGA.+258_S9p_CS55indd 62 


Bard 1150AM 


Overhand loop. 
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Finished overhand loop. 


Figure Eight Follow-Through 


‘This is the standard knot that climbers use for tying 
the rope to their harness. It can also be used to tie 
a rope around an object like a tree or through a 
tunnel, Climbers have gravitated toward this knot 
over the years because it is strong, secure, and easy 


to recognize when tied correctly. Instructors like it 


because it is easy to teach, and the uniform nature 
of the knot enables quick inspection and supervi~ 
sion. When tied correctly, the knot is tight, with 
45+ to 8-inch rail, and it has bilateral symmetry 
because the initial igure eight and its follow- 
through strand are always parallel 


Awell-dressed figure eight follow-through has bilateral symmetry. The original strand of rope from 
the initial figure eight and the follow-through strand are parallel through each curve of the knot. 
Asa result, if a viewer were to draw an imaginary line through the middle of the knot, vertically or 
horizontally, the halves of the knot would reflect each other in shape, size, and general appearance. 
This bilateral symmetry gives the knot its signature uniformity, making it easy to recognize from a 


distance. 


® 


Tying In with a Figure Eight Follow-Through 


Check the harness manufacturer's guidelines for information on how to properly tie the rope to the 
harness. For harnesses with belay loops, generally follow the same path as the belay loop, which 
goes through two tie-in points on the harness. Tie the figure eight so that its loop is about the same 
diameter as your belay loop. The figure eight knot does not require a backup knot. 
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Vladimir N. Sukhanov, Russia 
Kosmonavtov Str, 35-39, 420061 Kazan 
Email WladimirSukhanov@sorosksuru 


Natural hydrologic cycle is a widely recognized 
phenomenon, Water evaporates from the ground 
and water reservoir surfaces, generally, due to the 
Sun heat, then moves to the superstructure 
atmospheric layers where it is condensed, and 
precipitates onto the ground surface, but on higher 
levels compared with evaporation surfaces. In this 
process water is also purified and desalted. From 
the higher levels water flows to its main 
evaporation points, forming streams like brooks 
and rivers where water power plants could be 
established. Flowing to the lower surface layers 
with lower potential energy, water in the Earth's 
gravitational field performs work that can be 
utilized. 


Natural hydrologic cycle principle is used 
in the gravity-heat power system (USA 
patent No. 3953971, International class. 

F03G7/04 of May 4, 1976). 


In this system the temperature difference between 
ground surface layers (the mountain foot and its 
top) is used to produce electric power and obtain 
fresh water. The temperature difference does not 
change much with change of height, and the 
system effectiveness is quite moderate, which can 
be named as its drawback. 


‘The system utilizes free environmental energy. Its 
efficiency (converted to the process maintaining 
energy) tends to infinity. 


‘The author proposes a new gravity-heat power 
system that can substitute modern heat power 
plants, It contains all installation components as 
per USA patent No. 3953971 except for the heat 
exchanger on the ground surface whose functions 
are performed by a conventional steam boiler. 


Gravity energy component G in the 
proposed system: 


G-X,TgH, 
where 
¢ X,,-fluid flow, 
¢ T—time of operation, 
¢ g—acceleration of gravity, 


¢ H—tower height between the steam 
boiler and the freezer (condenser). 


‘This formula does not allow for vapor density of 
operating fluid. 


‘The vapor density is insignificant as compared with 
the operating fluid density. 


Energy P, required to maintain operation: 
P=X,-Tq, 


where q — specific fluid vaporization 
energy 


Efficiency K — of the system should not 
be lower than 80% 


To obtain efficiency that equals 120% the 
following is required: 


H=2,24/g 


Or H= 25,4 kilometers. 
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Figure Eight Loop 
Another standard climbing knot, the figure eight 
loop is used for tying off the end of a rope, or for 


How to tie a figure eight loop. 
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Finished figure eight loop 
clipped to an anchor. 


Tying the In-line Figure Eight (aka Directional Figure Eight) 


In-line Figure Eight 
Also known as a direc- 


ight, this 
snot, like the clove hitch 


Sonal figure Cross the strands to form a simple loop. 
can be used to tie off a 
series of anchors in a line, 
It takes some practice 

to master this knot, but 
some find it easier to use 


than a clove hitch. 


Cross a bight over the single strand. 
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Cross the bight under the strand. 


Thread the bight back through the loop you've just formed. 


Finished in-line figure eight. 
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Bowline 


Boy Scouts we 


aught this knot with the say 
the rabbit comes up through the hol 


d the 
tree, and back down through the hole.” The bow- 


line is very useful to tie the rope around somethi 


like a tree, block of rock, or tunnel in the rock. It 


is important to note that a bowline knot requires a 


Tying the Bowline 


backup, as weighting and unweighting the knot eas- 
ily loosens it. Always tie half of a double fisherman's 
knot to back it up. One advantage of the bowline is 
this same feature—it is very easy to untie after it has 
been weighted, so itis used regularly by professional 


riggers. 


Tying the bowline. The howline should always be tied with a backup, shown 
here with half a double fisherman's for the backup knot (final photo). 
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Double Loop Knots 


BHK 


‘The BHK, an acronym for “big honking knot,’ is 
technically a double overhand on a bight, used to 
create a redundant master point. It is commonly 
used for toprope anchor extensions and master 
points using rope. 


Tying the BHK (“Big Honking Knot") 


1 Start by taking a doubled bight 2 & 3 Then tie an overhand loop on all four strands. 
about 4 feet long. 
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toprope extension 


gates opposed and 
reversed. 


4 & 5 For greater security, take the single loop and hitch it all the way back around the body 
of the two-loop knot or clip it into the carabiners on the master point. 
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Double Loop Figure Eight 


This knot is used primarily to clip in to or eq 
ize two anchor points. Ifthe two loops are u 


Tying the Double Loop Figure Eight 


together at a master point, however, they are not 
redundant, due to the configuration of the knot. 


Take a bight of rope and cross it back over itself, forming 
a loop. 


™ a A 


Take two strands of the bight and wrap 
them around the standing part, then 
poke them through the loop. 


To finish, take the loop at the very end of the The double loop figure eight is a great knot to. 
bight and fold it down and around the entire use to equalize two gear placements. You can 
manipulate the knot by loosening one strand 
and feeding it through the body of the knot, 
shortening one loop, which makes the other loop 
larger. 


knot you've just formed. 


Construction of such towers is too complicated for 
modern technology. Therefore, a stratospheric 
balloon that is linked to the ground surface by a 
flexible twin-core hose rope may be used. One core 
is designed to send down fluid and the other to 
send up vapor. Flowing down to the ground surface 
through the hose, the fluid will generate fluid 
column pressure. The fluid will cross water-turbine 
generator cascades, after each of which the fluid 
pressure will decrease and the fluid will continue 
its way down. 


‘There is an alternative. To make the tower several 
times lower the evaporation (at the tower foot) and 
condensation (at the tower/mountain top) should 
be phased (in the form of cascade) at various 
pressure values and with utilization of the same 
heat energy. For this purpose a heat carrier is used 
that will transfer heat from the tower (mountain) 
top to its foot. This operation will enable the tower 
height segmentation into H/n sections where n is 
the number of grades in a cascade. 


Cascade structure is shown in Fig. 1 


Fig. 1 
Cascade 


where 


1 — ground surface, 

2 — tower component or the smoke-stack of 
the steam boiler, 

3 steam boiler, 

4 — steam pipe, 

5 — heat exchanger and condenser, 

6 — pressure pipeline, 

7 — water-turbine generator, 

8 — heat exchanger and evaporator, 

9 — circulation pump, 

10 — pipeline of the heat carrier circulation. 


‘ascade (operating fluid, water) with 500 meters 


of height can contain several dozens of grades (50 
and more). In this case the cascade efficiency 
may approach 120%. 


Decreasing the tower height to 500 meters (for 
water) will allow for utilization of conventional 
water-turbine generators and standard equipment, 


In the proposed cascade the heat energy is required 
to maintain the cascade working capacity when 
Earth's gravitational field energy is utilized. In the 
author's opinion there are still other ways to use 
gravitation, 


‘The system scale is its main drawback. Therefore, 
partial utilization of the proposed principle may 
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Double Loop Bowline 


This knot is handy for equalizing two anchor points 


or clipping in to a two-point anchor. It can shift 


Tying the Double Loop Bowline 


when weighted, so always back it up with a half a 
double fisherman's if the tail end is near the body of 
the knot. 


16 a 


Take a bight of rope and 
cross it over the standing 
part. 


Thread the bight 
through the loop you've 
just formed. 


Configure the end of the bight in 
a loop above the rest of the knot. 


5 


Pull on the two loops until the 
end of the bight tightens at the 
base of the knot. 


Flip the loop down like a hinge 
behind the rest of the knot. 


The two loops can be adjusted 
by feeding one strand into 

the body of the knot, which 
alternately shortens one loop 
and Iengthens the other. 
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Knots for Webbing 


Nylon webbing is a slick material that should be 
tied with caution: There have been many acci- 
dents where poorly tied knots in nylon webbing 
have failed. The two recommended knots for tying 
nylon webbing into a loop are the water knot (also 


known as the ring bend) and the double fisherman's 
knot (also known as the grapevine knot). When 
tying the water knot, your finished tails should be a 
minimum of 3 inches in length. Its important you 
tighten the water knot properly, as it has a tendency 
to loosen if tied slackly in a sling that is being used 
over time, 


Tying the water knot (ring bend). 


Tying nylon webbing with a double fisherman's 
(grapevine) knot. 
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Why would you ever use nylon webbing tied ‘The double fisherman's knot is also a good knot 
with a knot as opposed to a sewn runner? A sewn to use to tie nylon webbing into a loop, although 
nylon runner is stronger than the same material it does require more length of material to tie and 
tied with a knot. The answer is for rappel anchors _is very difficult to untie after it has been seriously 
when the slings are tied around a tree or through weighted. 


bolt hangers, It is also sometimes usefull to untie the 
knot, thread it through something (like a tunnel), 
and re-tie it 
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Bends 


‘A bend is a knot that joins two ropes or lengths 
of cord together. These knots are used to tie your 
cordelette into a loop, and also to tie two ropes 
together for rappelling. 


® 


Figure Eight Bend (aka Flemish Bend) 


‘A variation of the figure eight follow-through, this 
knot can be used to tie two ropes to, 
superior strength and is easy to untie 
been weighted. Itis simply a retraced figure eight. 
On 9mm to 11mm diameter rope, tie it with the 
tails a minimum of 5 inches long, 
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Tying the double fisherman's knot (aka 
Double Fisherman’s Knot grapevine knot).When tying 7mm nylon 


‘This is the preferred knot to use for joining nylon. cord, leave the tails about 3 inches long. 


cord into a loop to make a cordelette or prusik 
loop. It is also a very secure knot to tie two ropes 
together for a double-rope rappel, but can be dif 
ficult to untie. 


Knots and Hitches 81 


[AMIGA 1258 Spp_CSSSind panna 115 AML 


e 


Triple Fisherman's Knot 
Syaiiighd (Gina ciate: Ribhi= eS 

tech cord (ie., Spectra, Dyneema, 

Technora), a triple fisherman's knot 

tests slightly stronger than the double 

fisherman's. (Moyer, Tom, Paul Tust- 


ing, and Chris Harmston [2000] in 
htep:/ /user:xmission.com/~tmoyer 
testing/High_Strength_Cord,pdf 


2000 International Technical Rescue 


Symposium.) 


To tie a triple fisherman's, make a 
three wraps before feeding the 


cord back through. 


The triple fisherman's knot. 


82 ROCK CLIMBING: THE AMGA SINGLE PITCH MANUAL 


Knots for Joining Two Ropes 


Standard knots for joining two ropes include the 
double fisherman's knot and the figure eight bend, 
The double fisherman's is more difficult to untie 
than the figure eight bend once weighted; the 
ight bend, while relatively easy to unti 
bulky. Tie these knots with a minimum of 3 inches 


figu 


of tail, and carefully tighten the knots before using 

them. A stiff rope makes it harder to cinch the knots 

tight, so be especially careful with a stiffer rope. 
Which knot to use should be based on several 

variables. If the ropes differ drastically in diameter 

ry stiff, the most foolproof knot is the 

figure eight bend, backed up with half a double 


fisherman's on each side, This is a bulky knot, but it 


provides a real sense of security. 


Figure eight bend. 


Double fisherman's knot. 


Figure eight bend with fisherman's backups. 
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Flat Overhand (aka Euro Death Knot) 


How this knot received the “Euro Death Knot 
moniker is unclear. Most likely the knot was ini- 


tially adopted by Europeans and deemed unsa 
when first seen by American climbers unfamiliar 
with its use. In reality, it is rarely responsible for 
incident or injury. In one such rappelling accident 


in recent times (in the Tetons, September 1997). 
the flat overhand failed when it was sloppily tied 


with too short of a tail. Ironically, former Rock and 


Flat overhand knot. 


Ice Magazine editor George Bracksieck wrote in 
July of that year that “the one-sided overhand knot 
(tails parallel and together) remains the best knot 
for rappelling 
to set it snugly" After analyzing the accident, Grand 
Teton ranger Mark Magnusun wrote:"I intend to 
do some additional research in an effort to gain 
information on the overhand knot used for joining 
ropes, the origin of the ‘Euro-death’ nickname, and 


Be sure to leave plenty of tail and 


incidents of other failures.” 


Flat overhand with overhand backup. 


® 
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From 1999 to 2009 various tests revealed the 
flat ovethand to be roughly 30) percent weaker than 
the double fisherman’s for tying two ropes together, 
but still plenty strong for rappelling situations. Test 
ing also revealed that it was virtually impossible 

to get the knot to fail, as long as it was tied with a 
suitable-length tail and properly tightened 

Petal,a leading manufacturer of rappelling, 
devices, recommends the flat overhand as the knot 
to use for joining two rappel ropes together, as long 
as the ropes are of similar diameter and the tail is a 
minimum of 20 centimeters (8 inches). 

‘The flat overhand has become widely adopted 
as the knot for joining two rappel ropes of similar 
diameters because itis easy to tie and easy to untie 
after it has been weighted, and it presents a clean 
profile when pulled down the cliff as the ropes 
are retrieved, thus less likely to jam in a crack. For 
added security it can be easily backed up simply 
by tying another flat ovethand above the first one, 
although this adds bulk, 

‘That being said, there are a few cautions: It is 
not recommended for tying together two ropes of 
drastically differing diameters (e.g., 7mm to 11mm), 
or for use on very stiff ropes. The bottom line is 
that the knot should be used with discretion, well 
tightened (pull hard on all four strands), and tied 
with a long tail (minimum of 8 inches). 

‘The flat overhand is a poor choice for use with 
nylon webbing, and it has been responsible for rap- 
pel anchor failures where it was tied in webbing 
with a very short tail. The flat eight is even more 
dangerous if tied with short tails, especially in nylon 
webbing, and has been responsible for numerous 
accidents, as it inverts at shockingly low loads when 
the knot rolls inward and collapses. 


Hitches 


A hitch is a knot that is tied around something. 
AA friction hitch isa knot tied with a cord or sling 
around another rope, utilizing friction to make the 
knot hold when it is weighted, but releasable and 

moveable without untying when it is unweighted, 


Clove Hitch 
‘The clove hitch is used to fasten a rope to a cara 
biner, tied around the wide base of a carabiner. The 
beauty of the clove hitch is easy rope-length adjust- 
ment without unclipping from the carabiner, mak 
ing it a truly versatile knot for anchoring purposes: 
for anchoring a belayer, tying off an anchoring 
extension rope, or tying off the arms of a cordelette. 
Get in the habit of tying the load-bearing strand 
on the spine side of the carabiner. Doing so loads 
the carabiner in the strongest configuration. Be 
sure to tighten the clove hitch properly by cranking 
down on both strands, 


Slip Hitch 


‘This is a simple knot used to tie offa knob or spike 
of rock, 


Munter Hitch 


‘The Munter hitch can be used for belaying, lower- 
ing, and rappelling. The mule knot, backed up with 
an overhand, is used to tie off'a Munter hitch. The 
great advantage of the Munter/mule combination 
is that it can be tied off and released when the rope 
is weighted and under tension, making it one of the 
key knot combinations for many systems used in 
single pitch terrain. 
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seem more attractive. The proposed engineering 
solution was simple. 


In a thermal power station the condenser 
is installed on the top of the tower 
(mountain). After the condenser the water lift 
in the water tower finished at the steam boiler 
pressure pipe (omitting the pump that was no 
longer necessary). Energy required for pressure 
pipe operation was saved. In other words, the 
water tower was utilizing the Earth's gravitation 
at the conventional juncture of vapor 
condensation in the steam plant, 


Such proposal was made on June 17, 1982 in the 
patent application USSR N3453603/06, (101161) 
expert code 060701KH. However, the utilization 
of free and environmentally friendly gravity energy 
did not arouse interest even on the part of patent 
experts 


Fig. 2 
System 


The author is looking for serious partners. 


The Alternative Energy Potential 
in Russia 


According to the International Energy Agency 
(IEA) calculations, total investments into the 
energy industry constitute approximately 330 
billion dollars annually, Almost half of thissum 
(150 billion annually) is allotted to the 
development of the electric power indu: 
This information only partially reflects the 
potential of the alternative energy 
developmentand doesnot include the market 
growth factor upon the introduction of 
autonomous power system technologies. Vast 
territories of the planet have not been 
sufficiently developed yet due to the absence 
of local energy resources and power lines. 
From this point of view, Russia is the country 
with an enormous consumer demand 
potential provided that the mass production 
of autonomous fuel-less energy systems 
guarantees low production prices, 
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Tying the clove hitch. 
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The Slip Hitch 


How to tie a slip hitch. The slip hitch can be tightened by pulling on one strand, 
making it more secure than a girth-hitch for tying off knobs of rock. 
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Tying the Munter Hitch on a Carabiner 
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Tying the Munter Hitch 


Hold a single strand of 
rope with both hands, 
thumbs pointing toward 
each other. 


Cross the right-hand 
strand in front of the left- 
hand strand and hold the 
two strands where they 
cross with the left thumb 
and forefinger, then slide 
the right hand down 
about 6 inches. 


Bring the right strand up 
and behind the loop. 


Clip a locking carabiner 
where the forefinger is 
shown here, below the 
two top strands. 


Ki 


and Hitches 
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Tying Off a Tube Device with a Mule Knot in Front of the Device 


a 


Aik. 


a 


First pass the bight of rope (on the brake hand side) through the belay carabiner. 
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Finish with an 


erhand backup. 
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Tying Off a Tube Device on the Carabiner Spine 


First pass a bight of rope through the 
carabiner and form a loop. If the device is 
under tension, pinching the rope against 
the device with the opposite hand will help 
lock it off. 


® 


Then pass a bight of rope through the loop 
you've created, with the spine between the 
loop and the bight. 


| Finish by tying an overhand backup on the 
Joad strand. 
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Prusik Knot 


‘A prusik knot is used for rope ascending and asa 
component in many load transfer systems. It can be 
loaded in either direction. To tie a prusik, first make 
a“prusik cord” out of a 5-foot length of 6mm 
diameter nylon cord tied into a loop with a double 
fisherman's knot, Buy the softest, most pliable nylon 
cord available, because a softer cord will grip best 
‘To tie the prusik, simply make a girth-hitch around 
the rope with the cord, then pass the loop of cord 
back through the original girth-hitch two or three 
more times. Dress the knot to make sure all the 
strands are even and not twisted—a sloppy friction 


hitch will not grip as well. Test the knot before 
using it. A thinner cord will grip better, but below 
6mm in diameter, the cord will be too weak for 
‘many rescue applications. To slide the prusik after 
it has been weighted, loosen the “tongue,” which is 
the one strand opposite all the wraps. 

‘Tests on various friction hitches reveal that the 
prusik consistently has the most holding power 
ina wide array of cord and rope combinations, 
so use the prusik in scenarios (like 3:1 raising sys- 
tems) where it will be loaded with more than body 


Tying a prusik knot. 
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Klemheist Knot tied ona single 10mm diameter rope usually work 
well. After the hitch has been weighted, loosen 

the tongue (the one strand opposite all the wraps) 
to slide it more easily: The klemheist also can be 
loaded in either direction. If tied the opposite way, 
with the tongue at the base of the wraps, it is com- 
monly referred to as the hedden knot. The hedden 
knot can be unreliable if it is formed by simply 
reversing the direction of a klemheist. 


‘This is another useful friction hitch that is quick 
and easy to tie, and is a good choice as a rope- 
ascending knot or if you're forced to use a sling 
rather than a piece of cord to tie a friction hitch. 
If using a sling, pick a nylon one over a Spectra oF 
Dyneema sling, because it grips better and is less 
susceptible to weakening if it gets hot (nylon has 
a higher melting point). Four wraps of 6mm cord 
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Tying the klemheist knot 
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Autoblock 


Sometimes called the “third hand,” the autoblock 
is used to back up your brake hand when lower- 


ing someone, or to back up the brake hand when 


Ra 


The autoblock with nylon cord. 


rappelling. Tie your autoblock loop from a 4-foot 
9-inch length of Smm- or 6mm-diameter nylon 
cord tied into a loop with a double fisherman's 
knot. On a doubled rope, three wraps usually works 
best, and on a single strand of rope, four wraps. 


The Sterling Hollow Block, shown here wrapped 
in an autoblock configuration, is a 100 percent 
Technora sling designed specifically for use 
with friction hitches. 
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Stopper Knot 


‘This knot is used asa safety knot in the end of a 
rope to “close the system.” Iris essentially half of a 
triple fisherman's knot tied on one strand of rope. 
‘A stopper knot prevents lowering accidents when 
the rope length is too short and the end of the rope 


Tying a stopper knot. 


travels throngh a belay device.A stopper knot also 
prevents rappelling off the end of the rope if rap- 
pelling with a plate, tube, or assisted braking (e.g., 
Grigri) device. When using two ropes, tie a separate 
knot at the end of each rope, as tying both ropes 
together can cause the ropes to twist around each 
other. 


Always close the system by either tying into the 
end of the rope or tying a stopper knot. 


Knots and Hitches YOU 
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CHAPTER 7 


Protection and Anchoring 


N early every system that a climber can build 
starts either with good protection placed in 
solid rock or with strong independent natural fea- 
tures, Many recreational climbers make placements 
that are “good enough” but could be better. [e's an 
instructor’ job to not only make excellent place- 
ments, but also to evaluate student placements, 

“Good enough” isn't good enough. An instruc 
tor should strive to make the best placements pos- 
sible given the circumstances, while developing, 
strategies to help students understand the dual arts 
of protecting a climb and building anchors. 


Rock Assessment 


‘The first thing to think about when assessing an 
anchor is the integrity and structure of the rock 
itself. Catastrophic anchor failures have occurred 
not because the gear placements were bad, or the 
rigging was flawed, but because the rock itself was 
unsound. Determining good rock structure and 
knowing what to watch out for are fundamental 
requirements to build solid anchors. 

‘When placing gear, the ideal crack is what 
instructors call “a crack in the planet," a deep fissure 
that runs perpendicular (ie.,at a right angle) to the 
plane of the rock face, cleaving a massive, solid face 
of granite 

In general, there are two things to avoid 
detached blocks and flakes. A detached block is just 
that—a chunk of rock that is not attached to the 
main rock structure, but is either sitting on top of 
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the cliff like a boulder, or is part of the main rock 
face but completely fractured with cracks on all 
sides. 

To assess a block, start by looking at its size. 
How big is it? Is it the size of a refrigerator, a car, 
ora house? Putting a piece of gear in the crack 
beneath a smaller block is a very bad idea. When 
the piece is weighted, it has a prying effect out 
ward on the block. Even large blocks can shift eas- 
ily. Look at how the block is situated. Is it perched 
down low, where it cannot slide out? Does it rest 
on a flat surface, or is it resting on an inclined slab? 
‘When tying off blocks, watch for sharp edges that 
may fray or cut the rigging rope, and use padding 
or an edge protector when needed. Generally, be 
very skeptical of using detached blocks as part of an 
anchor system, especially smaller blocks. 

Flakes should also be avoided.A flake is formed 
by a crack in the rock that runs parallel to the 
main rock face. It can be wafer thin, or several feet 
thick.A flake is inherently weak, since any gear 
placement, when loaded, will exert a prying effect 
outward on the structure of the flake, which can 
fracture the flake if it's not strong enough to bear 
the force. In a naturally weak rock, like sandstone, a 
thin flake of rock can be extremely weak. 

Exfoliation is a natural process of granite for~ 
‘mations and is the key in the formation of domes, 
Flakes of granite are layered, like layers of an onion, 
and the outer layer peels off from time to time due 
to the effects of weathering and gravity, exposing a 
new layer beneath, 
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Use good judgment if anchoring to detached blocks. Avoid small ones and those situated on an 
inclined slab or those precariously perched. A good rule of thumb when using detached blocks is this: 
for a sole monolithic anchor, the block should be at least as big as a full-sized refrigerator, resting on 


a flat surface. 


Rockslide! 


‘ne of the largest examples of exfoliation occurred inYosemite Valley on a hot July day in 1998 
\A at the Glacier Point Apron. An enormous flake, roughly the size of a football field and about 4 
feet thick, detached from a point high on the cliff, shearing off in one gigantic piece, After a 2,000- 
foot free fal, the impact resulted in a massive explosion, creating a 300 mile per hour shock wave of 
‘wind that felled a thousand pine trees in a wide swath. A tourist, in line at the Happy Isles snack bar 
over a quarter mile away, was Killed when hit by a piece of the shrapnel from the blast. 


® 


pat 


Sy. 


This camming device has been placed behind 
a flake of rock (left). If the cam is loaded, it will 
pry outward, potentially breaking the flake. This 
can cause the anchor to fail and also send the 
chunk of rock tumbling down onto people below. 


‘When building anchors, look with skepticism at 
any flake. How thick is it, and how well attached to 
the main rock structure or cliff face? Test its sound~ 
ness by thumping on it with the palm of the hand, 


This fabricated anchor is set up only to illustrate 
a point. Leaning back on this rappel anchor 
would most likely pull this detached flake right 
off the cliff. 


Does it vibrate? Is there a hollow sound? When 
analyzing rock structure, act like a geologist and 
scrutinize the rock and its various formations very 
carefally 
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Another dangerous 
anchor rig using a very 
questionable block. The 
block sits on a severely 
inclined slab, and a pull 
on this toprope anchor 
setup may be just 


enough to send it sliding 


down the slab and over 
the brink. 


—EE———EE— EE 
pModern Perpetual Mobile; 


Review prepared by correspondent Alla Pashova, Russia. 
Based on the Internet pages and other information sources 


It is common knowledge that any 
experimental information, which is against a 
conventional scientific paradigm, is 
considered to be false, extracted from the 
society and finally is turned into something 
classified and clite. 


Politics-oriented science as a whole and 
natural science in particular often result in 
misrepresentation and falsehood of popular 
knowledge that turns it into the fighting 
weapon of socio-political organizations, states 
and their groups. 


World-outlook and political contradictionsof 
any society often determine science 
development strategies. In 1885 Nicola Tesla 
presented his transformer in action by means 
of which he lit carbon lamps in a 25 miles 
circle without any cords, conductors or 
switches using the 5000-HP turbine of the 
Niagara hydroelectric power station. 
Afterward, he obtained financial support for 
one of his energy projects. 


On a special testing ground Nicola Tesla built 
vacuum-energysystems. However, in 1885 the 
systems, as well as the testing ground, were 
destroyed as it became evident that if they 
went on the mankind would never need 
organic fuel again, But the destruction of the 
systems and testing ground does not at all 
mean the destruction of papers and 
documents..Ever since that moment people 
have been trying to find "free energy": 


The experiment of distant lighting of carbon 
lamps without using any cords was repeated 
only once by the physicist Filippov. He 
managed to light the lamps in Tsarskoe Selo 
employing the electric generating systems in 
St. Petersburg, Filippov died in 1914 under 
mysterious circumstances. 


In 1917 the Portuguese American Andres 
invented non-convetional fuel for an internal 


combustion engine. The essence of his 
inventionwasinsomeinexpensivechemicals, 
which he dissolved in water (some drops of 
chemicals per pail of water). A special state 
committee tested the new fuel during the 
New York - Washington - New York 
automobile races. After the races one of the 
largest oil monopolies in the US. offered 
Andres 2 million dollars in cash for the 
documents and all rights forhisinvention and 
later locked all the information in their safes. 
‘Two days later after getting the money Andres 
disappeared. (The information was disclosed 
by V. Vasilevsky, the former chief of the 
scientific and technical _ intelligence 
department of the KGB of the USSR, who had 
been in charge of the department since 1930). 


‘The above-mentioned examples show that 
there were a lot of attempts to develop 
revolutionary energy technologies, But what 
then are the grounds for the ‘energy cri 


complaints? The answer is simples the desire 
of a group of financial and energy 
multinational corporations for an economic, 
political and, finally, for a total control of the 
world, That is why there is no room for "free- 
energy" hunters in our science, not even as 
laboratory 
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Macro to Micro Rock Assessment 


‘When assessing rock structure, evaluate from macro 
to micro. Macro is the big picture. Look at the main 


rock face. Is there a massive, solid rock structure? 


Is there a crack in the planet? Or are the cracks an 
intricate matrix where no real massive piece of com- 
pletely solid rock exists. Are there block or flakes? Is, 
it possible to avoid using them? These are questions 


This detached flake is 
a great example of had 
rock structure. 
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that need to be asked. Never blindly place gear in 

cracks without first scrutinizing the big picture: the 

overall structure and integrity of the rock itself 
Microstructure is what's inside the crack, Is the 


Bad microstructure: The right side of this 
nut rests on a fragile flake. 
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surface of the rock rotten, grainy, dirty, or flaky? Are 
there hollow spots or hollow flakes inside the crack 
itself Microstructure can affect the integrity of gear 
placements as much as the overall macrostructure 


You don’t have to be a geologist to figure out that this 
flake is ready to exfoliate. Many catastrophic anchor 
failures are due to poor rock structure. 
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Natural Anchors 


Natural anchors utilize the natural features found 
at the crag environment, such as trees, and the con- 
figuration of the rock itself. Trees are plentifil in 
some areas, rare in others, like in a desert environ- 
ment. When assessing the reliability of a tree, there 
are several considerations. Is the tree alive or dead? 
‘What is the environment (dry or wet)? What is the 
diameter of the tree's trunk? How deeply rooted 

is the tree? When using a tree as part of an anchor 
system, a good rule of thumb is to choose a live, 
healthy tree with a minimum trunk diameter of 
approximately 12 inches. Generally speaking, trees 
rooted in a thin carpet of topsoil tend to be less 


OK.A properly girth-hitched 
nylon sling. 


Good. A double-length (4 
inch) nylon sling tied with an 


ap 


reliable as anchor points than those deeply rooted 
ina thicker layer of topsoil. Climate should also be 
taken into account when considering the use of 
trees as anchor points. Trees in areas where the cli- 
mate is wet and humid and the topsoil is thin can 
be less desirable as anchors than those in an area of 
thin topsoil but a dry climate, 

‘The rock itself can be used for anchoring. Look 
for large spikes or horns of rock attached to the 
main rock structure to tie off as part of the anchor, 
‘A tunnel in a solid rock structure is called a thread. 
and is utilized by threading a sling or cord, or tying 
a rope, through the tunnel. Limestone is a rock type 
with many threads, whereas threads in granite are a 


rarity. 


Good. A figure eight follow- 
through knot used to tie the 


overhand knot makes the sling anchor rope directly to the tree. 


itself redundant. 
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1 (BG) came across this natural anchor several hundred feet up a route 
on Tahquitz Rock, near Idyllwild, California. Someone had obviously 
rappelled from it, probably to escape an afternoon thunderstorm. 
Although the anchor has two basic components, each trunk is 


than 3 
inches in diameter, and the master point where you'd thread your rappel 
rope is a nonredundant, single aluminum rappel ring (albeit rated at 
3,000 lbs.). The real problem I have with this rappel anchor is simply the 
size of the “tree” itself. I'm glad I didn't have to rappel from it! 


& 
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Asolid block tied 

off with a doubled 
cordelette using a figure 
eight knot, making 

the cordelette itself 
redundant. 
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hitch. This is called a “thread.” 


The same thread with a doubled cordelette tied 
with a figure eight. This adds redundancy—if 
one loop is cut, three loops back it up. 


Aslip hitch used to tie off a knob of rock. 
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Monolithic Anchors 


Instructors will often encounter natural anchors 
that are so large and reliable, they may be trusted as 
the sole component in an anchoring system. Titanic 
boulders and large trees are often unquestionably 
reliable, and that level of absolute certainty is how 
the merit of a monolith should be evaluated. If, 


after careful examination and consideration, there 
is any doubt of the integrity, security, and strength 
of a monolithic component, it is not monolithic 
and should not be used, or should be backed up 
appropriately. Common examples include living, 
deeply rooted trees that are larger in diameter than 


Pp: 


Assingle pine tree used for a toprope anchor. 
Both the cord and the carabiners are doubled for 
redundancy in the rigging. 


the entire climbing team; or a boulder the size of a 
small vehicle, firmly attached and embedded in the 
landscape. 

Just make sure the sling or rope around the 
anchor is redundant, For example, when rigging a 
rappel anchor around a tree, use two separate slings 
with two rappel rings to gain redundancy in the 
anchor system, at least in the rigging. When rigging 
a belay or toprope anchor, loop two strands of the 
ight 
knot for a two-loop master point. Clip in with two 


cordelette around the tr 


chen tie a figure 


locking carabiners, opposed and reversed, to achieve 
redundancy in the anchor rigging (although techni- 
cally, one single tree is nonredundant). Use caution 
and sound judgment when using a nonredundant 
natural anchor. 


Passive Protection 


The Evolution of Chockcraft 

‘A chockstone is simply a rock wedged in a crack 
Naturally occurring chockstones can be as small as 
a pebble or as big as a house. The notion of using a 
chockstone for an anchor dates back to the origins 
of the sport. In the late 1800s, in the British Isles, 
rock climbers began using natural chockstones for 
anchors by slinging a cord around them and attach- 
ing their rope to the sling with a carabiner. The use 
of artificial chockstones—called chocks, or more 
commonly, muits—began in the early 1960s, at a cliff 
in North Wales of all places, at a crag named Clog- 
wyn du'r Arddu. The hike up to the crag followed 
railroad track, and some ambling climber picked up 
ry and pocketed it, Up on the cliff 
he threaded a small cord through the nut before 


a nut along the 


wedging it in a constriction in a thin crack. Thus 
the subtle art of chockcraft was born. 
In American rock climbing, pitons were used 


almost exclusively for protection and anchors 


until the 1970s, In Europe, pitons were made of 
soft iron and once hammered into a crack were 
nearly impossible to remove and reuse. Legendary 
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Now You See It, Now You Don’t 


friend of mine (BG) put up a new route at Joshua Tree—a 40-foot-high sport climb with five 
A. bolts—up the face of a massive block that was a facet of a langer cliff, One day I got a phone 
call: "Tony's route fell down!" I didn't believe it until walked out there and saw it with my own eyes, 
‘The gigantic block was top heavy and had simply toppled over, with the side where Tony's route was 
‘now straight down in the dirt, leaving behind a void in the cliff the size of a small house. I got down 
onmy hands and knees and peered underneath, I could see one of the bolt hangers! Bouldering 
legend Chris Sharma visited the site shortly thereafter, climbing what is now one of Joshua Tree's 
‘most difficult boulder problems, up the newly exposed overhanging face of one side of the block. 
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Aselection of modern-day nuts. 


American climber John Salathe, a wrought-iron 
worker by trade, developed the first hard steel 
pitons, forged from an old Ford Model A axle, 
which he used for his famous ascents in Yosemite 
Valley during the 1940s. These high carbon steel 
pitons could be driven and then removed, over and 
over again, 

Yvon Chouinard refined and innovated the 
design of chrome molly steel pitons from 1957 
to 1965, improving on Salathe’s designs with the 
introduction of knifeblade, horizontal (called 
the Lost Arrow), and angle pitons. These pitons 
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revolutionized big wall climbing in Yosemite during 
the “Golden Age” of the 1960s, where hundreds of 
placements were required for the ultimate big wall 
climbs in Yosemite, like El Capitan. Once placed, 
they could be removed by the second, leaving the 
climbing route in the same condition for the next 


climbing team. Climbing standards in Yosemite led 
the world at the time. 

But it came with a price. On popular climbs in 
Yosemite, the repeated pounding and removal of 
hard steel pitons began to permanently damage the 
cracks, leaving ugly “pin scars” every few feet up 
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Piton scars ona 
Yosemite crack. 
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Practice often negates scientific dogmas, 
especially when it comes to the efficiency of 
different devices. In general, the traditional 
understanding of efficiency is quite limited 
and should be forgotten. Instead of the 
traditional notion "efficiency" we should 
consider the notion "energy-conversion 
efficiency" (ECE), which has no limits, In 1974 
in the USA a six-stroke internal combustion 
engine was designed which had a double EC 
The fifth stroke of the engine operation 
included water injection; the sixth was 
characterized by the water vapor 
introduction, Firstly, the engine had a higher 
ECE than that of the Carnot 
cycle condly, taking the 
55 % ECE of the contemporary internal 
combustion engine, the ECE of a six-stroke 
engine exceeds | 


Practice often negates scientific 
dogmas, especially when it 
comes to the efficiency of 
different devices.In general, the 
traditional understanding of 
efficiency is quite limited and 
should be forgotten. 
Instead of the traditional 
notion"efficiency" we should 
consider the notion "energy- 
conversion efficiency"... 


Before the war there appeared "studebekkers" 
with the fuel consumption of 5.5 Iper 100 km. 
But the fuel-economy record was set by the 
Japanese. In 1986 they built up an automobile, 
which used only 0.055 | of fuel per 100 km 
(about 44 g). Unfortunately, now we do not 
have plants, which could manufacture 
automobiles of the kind. 


In 1832 Tomson came up with the idea of a 
heat-pump unit. Stating the unity and 
interconvertibility of substance movements, 
he proved that the mechanical energy 
consumption can restore stray heat, At that 
time cross-Atlanticships had low-temperature 
steam engines, which employed exhaust 
steam and ether vapors. The efficiency of those 
engines was already higher than the Carnot 
cycleefficiency. 


Nowwith the help of the facts acquired during 
the last century we will prove the scientific 
inconsistency of the orthodox model of the 
second stage of thermodynamics. In 1941 the 
English physicists O. Hougen and K. Watson 
published their work featuring the 
experimental fact that the ammonia-saturated 
vapor pressure in liquids was higher than the 
general pressure. For example, with the 
general pressure of 50 atm and the 
temperature of 0? C, such pressure was 17 % 
higher. This means that having placed a 
semitransparent partition and a turbine 
between two containers it could have been 
possible to build up a natural-heat vapor- 
converter, This method was used by von 
Platen, the Nobel prizewinner from 
Sweden, who constructed aself-rotating 
centrifugal machine, which provided a 
1000 atm pressure when ammonia 
interacted with water. The heat emitted 
Was enough to compensate friction 
losses. It is also known that the Carnot 
principle cannot be applied to closed cycles. 
W. Vielstich, ‘Combustion Cells’, 1968:"If an 
entropy change ofa reaction isnegative, 
it can exceed 1 It means that a certain 
amount of energy can be obtained from the 
natural heat. Such an effect is possible in 
electrochemical generators, which employ a 
direct oxidation process before oxidation and 
dioxidation" 


A demonstrative example of scientific 
experiments withdrawn from science i 
discovery * 13 "The knock power-transfer 
regularity" made on December, 18th, 1962, 
which makesit possible to createa mechanical 
"perpetual mobile’. The experiment shows 
that the conventional "knock theory" doesnot 
work in practice: the bouncing energy ofa 
body after it has been knocked can be 
higher than itsenergy before it hasbeen 
knocked. 


Trying to get some recognition, 
E. Aleksandrov, Doctor of Engineering 
Science, made his demonstrative 
experiment in front of many different 
commissions: a chilled-steel ball when 
falling from a 10 m height ontoa firmly- 
fixed chilled-steel plate madea 14-15 m- 
high bounce. That was the notorious 
‘perpetual mobile’ as it is. It went on like this 
until somebody decided to explain the result 
of the experiment by a metal lattice internal 
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crack systems. Cracks were getting “beat out," and 
something had to be done. In Yosemite the National 
Park Service actually closed down a few climbs 
because of piton damage. 

‘When the great American climber Royal Rob- 
bins made a trip to England in the 1960s, he saw 
how effective nuts could be, and he imported the 
idea back to Yosemite, His 1967 ascent of The Nut- 
one of Yosemite's most popular climbs, was 
done entirely with nuts, Royal's way of showing 
that nuts wer 
tive pitons. Today there still are piton scars on the 
route, testament to how slow American climbers 


cracker 


a viable alternative to the destruc 


‘were to embrace the new and more gentle technol- 
ogy of chockcraft—a big change from bashing hard 
steel pitons into cracks with heavy blows from a 
hammer. 

‘The change was finally precipitated by the fact 
that many cracks were simply being destroyed. 
Even granite is relatively soft when compared to 
cold hard steel. But it wasn't until Yvon Chouinard 
introduced chocks to American rock climbers in 


his 1972 equipment catalog, and Dong Robinson 
espoused the virtues of nuts in his seminal treatise, 
‘The Whole Natural Art of Protection, that the Ameri- 
can climbing community firmly embraced the idea 
of*‘clean climbing.” a new ethic where climbing 
anchors were placed and removed without scarring, 
or damaging the rock, 

Toda 
where for hundreds of 


there are thin crack climbs in Yosemite 


t every finger jam is in an 
ancient piton scar, although now instead of using 
pitons, nuts can be slotted into the V-shaped bottom 
of the old pin scars, 

Artificial chocks now come in a dazzling array 
of shapes and sizes, the largest ones capable of hold~ 
ing over 3,000 pounds, and the tiniest micro-nuts 
designed to hold body weight only. The Hexentric 
commonly called a Hex, is a unique, six-sided nut 
with four distinct orientations of placement, first 
introduced by Chouinard Equipment in 1971 
Ie was followed by the Stopper in 1972, with its 
simple, but effective, tapered trapezoidal shape. 
Although there have been many new designs 


The classic designs of the Hex (left) and the Stopper (right) have changed little since their inception 


in the early 1970s. 
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introduced since then, they are basically variations 
ona theme to these classic and timeless designs, 
which are still as viable today as they were more 
than forty 
Another inge called the Tricam, 
ited by Greg Lowe in 1973 and available to 
the public in 1981, is essentially a single cam that 
can be used either passively or actively. Since it has 
a tapered design, with a point on one end, it can be 
wedged like a nut (called a passive placement) or 
used like a cam (called an active placement), where 
a mechanical action (.e., camming) takes place. The 
camming action occurs when the sling is loaded 
on the back, o spine, of the cam, between two 
rails that contact the rock on one side of the crack, 
creating a force that pivots like a fulcrum onto the 


Tricam in camming mode. 


Tricam in passive mode. 
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Assessing 
Nut Placement 
© assess a nut placement, remember 
these three key elements: 


1, Rock structure 
2, Direction of pull 
3. Surface contact 


A.good acronym is SOS: 
Structural integrity of the rock 
© Orientation (direction of pull) 
$ Surface contact 


pointed end on the other side of the crack. The 


design is useful for many horizontal crack situations, 


but can be somewhat difficult to remove with one 
hand or once it is weighted. 
Be aware that in the smaller-size Tricams, when 


set in the passive mode, a Stopper of similar size 
is considerably stronger. The reason is because on 
the Tricam, the load is being placed directly on the 
scroll pin that connects the webbing to the body of 
the Tricam. (A pink Tricam in passive mode is rated 
at 6 KN;a similarly sized Stopper, 10 KN. In cam- 
ming mode the pink Tricam is rated at 9 KN.) 
‘When placing a nut, or any other piece of gear 
for that matter, again the first thing to consider is 
the overall integrity of the rock itself. The impor- 
tance of rock assessment cannot be overempha- 
sized. Nuts have very low holding power in soft 
sandstone, rotten, or flaky rock. Avoid placing nuts 
in cracks under or around detached blocks, or in 
cracks behind loose flakes. Look for “straight-in” 
cracks in massive rock structure, where the crack 
rans perpendicular to the plane of the rock face. 
Once a good crack system is found, look for 


obvious constrictions in the crack itself. A “bottle- 
neck” placement is found where the crack tapers 
drastically, and the proper size nut is fitted in the 
narrowing constriction. 

With a basic tapered nut, like the Stopper, the 
preferred placement is in the narrow configura 
tion, since this setting has the most surface contact, 
and stability: The wider endwise configuration is 
an option for narrow slots and shallow cracks, but 
ultimately has less surface contact and generally less 
stability, 

‘The typical nut placement is in a vertical crack, 
but horizontal cracks will work if there is a narrow- 
ing at the lip of the crack and you can slide a nut in 


E 


Stopper in a bottleneck placement. There is 
simply no way that in a downward pull the 
nut could be pulled through the bottleneck— 
something would have to give, either the rock 
itself or the nut or wire cable breaking. 
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from the side, then pull it into the constriction. 
‘The real art of chockcraft comes into play with 
the more subtle placements. Look for any slight 
variations in the walls of the crack. When placing a 
nut, aim for maximum surface contact between the 
metal faces of the chock and the walls of the crack, 
‘When the walls of the crack are virtually parallel 
sided, using the camming action of a Tricam or Hex 
is the best option for a nut placement, although 
this is territory that specific camming devices were 
designed for. 
After rock quality has been assesse 
concern when placing a nut is the direction of pull. 


the next 


Excellent. This Stopper placement is in good, 
solid rock and has flush surface contact on both 
sides of the nut. 


In what direction will the chock be loaded? Most 
placements can withstand a pull in only one direc~ 
tion, While the nut may be able to withstand a load 
of 2,000 pounds in that one direction, the slightest 
tug in the opposite direction might jerk the nut 
right out of its placement. When incorporating a 
nut placement into an overall anchor system, look 
at the ultimate direction the anchor system will be 
loaded and orient placements in a line toward this 
focal point (called the master point) 

Setting a nut properly is also important, Many 
novice climbers make a great nut placement but fail 
vhich makes the nut susceptible 


to set it properly 


Good. This endwise Stopper placement has good 
surface contact on both sides. 
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Bad. The left side of this nut lacks surface 
contact with the rock. 


Marginal. This Stopper is in a good bottleneck, 
but since it lacks flush contact on the right side, 
a slightly outward pull will pluck it from its 
placement. 


Good. The left side of this nut is nearly 100 
percent flush, and the curve of the nut on its 
right side fits the curve of the crack. 
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Excellent. This nut has good surface contact on 
both sides, plus the lip on the right side of the 
crack protects against any outward force. 


& 


® 
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Excellent. This Hex placement has near complete contact on both faces of the nut in a solid straight- 
in crack. Loading the nut’s cable will kick in the camming action of the Hex. 


to levering out of its placement if pulled from a 
different angle than intended, Setting the piece is 
accomplished by simply applying several stout tugs 
in the direction the piece will be loaded, most easily 
accomplished by attaching a sling to the mut with a 
carabiner and yanking on the sling, firmly wedging 
the nut in its intended placement. While this defi 
nitely makes the nut more difficult to remove, it is 
an important concept that many novices miss. 
Carrying a nut tool, which is a metal pick 
designed for nut removal, facilitates “cleaning” nuts. 
y as yanking it in the 
opposite direction from the intended direction of 


To clean a nut can be as e: 


pull, but be careful with recalcitrant nuts that can 


suddenly pop out and hit your face or teeth. Yank- 
ing a piece out can also send a hand bashing into 
the rock, scraping knuckles. A better approach to 
removing a nut is to use the nut tool, giving the nut 
a tap opposite from the direction of loading. For 
larger nuts an easy way to loosen them is to tap the 
nut with a carabiner, metal to metal 

‘To become skilled at chockcraft takes practice, 
Look for good rock structure, preferably a straight-in 
crack. Then look for any obvious V-shaped constric- 
tions in the crack. Ifthere is nothing obvious, look 
for any subtle narrowing of the width of the crack 
Practice mut placements, aiming for maximum sur- 
face contact between metal and rock, keeping in 
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Good. This Hex is in a narrowing pocket, and 
both sides of the nut have good surface contact. _this Hex placement likely to fail with the 
slightest outward force. 


& 


Excellent. This endwise placement has A nut tool is indispensable for removing chocks. Here are 
great surface contact on both sides. two models: Black Diamond (top) and Metolius (bottom). 


® 


To remove a nut with a nut tool, inspect the 
placement and determine the intended direction 
of pull, then tap in the opposite direction. 


mind the paramount importance of direction of pull 
Set the nut with a sharp tug. Once set, it should not 
move, pivot, or wiggle in its placement when you test 
it with a slight tug in the opposite direction of the 
intended direction of loading. Practice will help to 
develop the knack for seeing what size nut is needed 
for a particular placement, then selecting the proper 
nut and fitting it into the crack on the first try. Every 
nut placement is different, some less than perfect, 
some great, some worthless It is important to have 
enough knowledge to know what’ good and what's 
nor, and what constitutes a placement that can be 
trusted, 
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Active Protection 


In the mid-1970s a stout, muscular fellow by the 
name of Ray Jardine could often be seen peering, 
through binoculars, gazing upward at the various 
nooks and crannies on the walls of Yosemite Valley. 
‘With his thick beard and glasses, he looked like a 
bird watcher, but Ray wasn't looking for birds. The 
bulging forearms gave it away—Ray was a climber, 
and he was looking for the ultimate crack: one 

of those perfectly straight cracks that split Yosem- 
ite’ steep walls like a surgeon's incision, shooting 
upward for a hundred feet, uninterrupted. 

Ray had invented a new technology—the 
spring-loaded camming device, or SLCD—that 
allowed him to place reliable protection in even 
perfectly parallel-sided cracks. When he found his 
ultimate crack climb, he swore his partners to secrecy 
and set out on a mission: to climb the most difficult 
crack ever climbed in Yosemite. He named it the 
Phoenix—a fingertip to hand-size crack on a gently 
overhanging wall high above Cascade Falls in the 
lower valley: After dozens of attempts using his new- 
fangled technology, he finally succeeded in climbing, 
Yosemite’ first 5.13, Ray called his miracle inven 
tion the “Friend,” and soon the word was out. Some 
climbers called it “cheating,” while others claimed it 
was ‘the greatest invention since the nylon rope.” 

Marketed by Wild Country, the Friend soon 
became an integral part of every rock climber’ rack. 
Ray soon retired from climbing and, financed by his 
proceeds from the licensing of the Friend, went on 
to sail around the world, hike the Pacific Crest Trail, 
row across the Atlantic, and ski to the South Pole. 

‘The idea of the SLCD, or “camming device” for 
short, is simple in concept yet complex in design. 


Jardine’ original design consisted of a unit with a 
rigid aluminum shaft connected by an axle to four 
independent, spring-loaded aluminum cams (called 
“lobes”).The cams retracted via a trigger bar that 
slid up and down a slot in the shaft. The unit was 
fitted into a parallel-sided crack with the cams 
retracted; when weight was applied to a sling tied 
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The original Wild Country Friend was one of the 
greatest innovations in rock climbing. 


into a hole in the bottom of the shaft, the cams 
were activated in response to the load.To keep the 
ig pulled out of the crack, a cor- 
responding force held it in place. The downward 
force in the direction of the shaft was transferred 


unit from be 


outward at the cams, which generated an outward 
force against the walls of the crack. 

‘The disadvantage of Ray's design was that a 
rigid shaft could not flex or bend in the direction 
of pull, an especially troubling problem for place- 
ments in horizontal cracks 


Spring-loaded camming devices have become 
an integral part of every climber's rack. 


Today there is a huge array of SLCDs on the 
market, and the majority of these designs have flex- 
ible wire cable shafis instead of rigid ones, One of 
the biggest improvements since the invention of the 
Friend was the first double-axle design, 
Camalot, introduced by Black Diamond Equip- 
ment, which allows for a much greater range of 
placement of the cams. Now, in addition to units 
with four cam lobes, there are TCUs (three-cam 
units) and offset cams (for flared cracks). 


alled the 
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The Metolius Power Cam has color-coded 


The Black Diamond Camalot was the first double-axle 
dots that help you assess your placement. & 


design. 


The Metolius offset TCU 
(three-cam unit) works 
well in slightly flaring 
cracks. 


energy. At once, everything was clear. Since 
that moment the above-mentioned principle 
hasbeen successfully employed in percussion- 
action machines. This principle can also be 
used in simple electric-power systems 


Now we can see that electro-technicians had 
already constructed demonstrative perpetual 
mobile’ machines 10 years before politicians 
and economists started to speak about the 
‘energy crisis’ 


In 1921 the mass media wrote about A. 
Hubbard who invented an electromagnetic 
generator withoutany external energy supply. 
The Hubbard generator was used as a boat 
motor, 


-. now we can see that 
electrotechnicians had 
already constructed 
demonstrative ‘perpetual 
mobile' machines 10 years 
before politicians and 
economists started to speak 
about the 'energy crisi: 


In 1928 L Nidershot invented a 300 W electric 
generator, which did not require any external 
energy supply. The device consisted of a radio- 
technical oscillation generator (500 kHz) and 
a coil. After 68 years there appeared 
publications about A. Melnichenko who 
repeated the experiment. 


In 1927T. Brown (England) obtaineda patent 
on the ways of originating a moving power 
and energy using an electric field, Later, in 
1955 while working in France, he presented a 
system with the speed-capability of several 
miles per hour using 2000 eV field. Af 
he had to stop his experiments and w: 
tothe USA. 


In 1943 N. Tesla presented an electric-motor 
automobile, The energy was generated by a 
previously-unknown generator. 


In 1960 Stovbunenko (whose research work 
results were subject to a special verdict of the 
Military-Industrial Complex) presented his 
motor, which made it possible to move in his 
old automobile'Moskvich' around the city for 


thewholeday utilizing the powerofastandard 
automobile battery. 


In 1980 there was. qualitative break through 
in electro-technical "perpetual mobiles". 
Baumann'selectrostatic machines of the total 
capacity of 750 kW started functioningin the 


religious community of Liden (Switzerland), 
serving all daily needs of the village. (See the 
photosbelow) 


The photos are taken from 
www.free-energy.cc 
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Placing an SLCD 


‘When placing an SLCD, the first thing to consider 
is rock quality. SI 
brite, or loose. They can easily pull out if placed 
behind a small, loose block or thin flake of rock. In 
solid granite, in an ideal placement, a Black Dia- 
mond Camalot can hold as much as 14 KN (3,147 
Ibs.) Do not rely on a camming device to hold in 
very soft sandstone, or in rotten or flaky rock. Cam 
‘manufacturer Metolius advises: Rock fails in two 
basic ways: either a relatively large piece breaks off 


scan fal if the rock is soft, 


Bad. Any force applied to this Black Diamond 
Camalot will be converted to an outward force 
that can pry out and potentially break the flake 
of rock it's placed behind. 


or the surface layer is crushed under the pressure 
of the cam lobe, allowing the cam to'‘track out! 
Instructors must assess the integrity of the rock 

and choose the soundest possible location for your 
placements. Look for fractures in and around the 
walls of a potential placement that could denote 
weakness, as well as pebbles, crystals, or micro-flakes 
that could snap off. Be extremely suspicious of 
placements behind flakes or blocks.” 

Since they rely on friction to a certain extent, 
camming devices are not as strong in exceptior 
ally slick or polished rock, or rock that is wet or icy. 
Again, avoid placements behind detached blocks 
and loose flakes—the outward expansion of the 
cams can generate a tremendous force that can pry 
the rock loose. Look for straight-in cracks in solid 
tock. A straight-in crack is one that runs perpen- 
dicular to the face of the rock, bisecting the rock at 
a right angle. 

‘When placing a camming device, look for a 
section of the crack where the walls are uniformly 
parallel, or where they form a subtle pocket. Avoid 
widening cracks, where the crack is wider above 


the cams, as the camming device, due to its spring- 
loaded design, will naturally have a tendency to 
wiggle upward as the cam is activated. This phe- 
nomenon is known as “walking’”This walking 
movement is most exaggerated when the cam’s 
sling and cable are manipulated from side to side, 
but it can also happen when the piece is repeat- 
edly weighted and unweighted, as in toproping; In 
a crack where the walls are uniformly parallel, or 
where the crack narrows slightly above the cams, 

if there is any walking, the cams will not open any 
wider and will stay within acceptable retraction 
range. As a test, pull the device from side to side 

to see what walking, if any, occurs. There is only 
one definitive solution to walking: Cams must be 
placed in a slot or crack that dead-ends or closes, 
off, Otherwise, walking can be somewhat mitigated 
by slinging, supervising the placement, and creating 
anchor systems that self-adjust as direction of load 
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Bad. Even though the cams on this 
Black Diamond Camalot are within the 
acceptable range (right around 50 percent 
retracted), the widening crack above will 
allow the cams to easily “walk” into the 
wider section, even with minimal loading 
and unloading of the device. Avoid this 
situation, since the cams can potentially 
walk to an open and unstable position. 


Very good placement. All the cams have good surface 
contact in a solid, straight-in crack, and the cams are 
in the recommended range for a Camalot (50 to 90 
percent retraction). 


e 
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varies. The key point here is that walking is some- 
thing to be aware of and watch for. 

Another key to a good placement is the range of 
retraction on the cams. Black Diamond recommends 
that the Camalot be placed in the lower to mid- 


expansion range (50 to 90 percent retraction), while 
Wild Country advises the following for its single 
axle designs: “Itis vitally important that all the cams, 
make contact with the sides of the rock, preferably 
in the middle half of their expansion range (Le., the 


Bad. The two outside cams are not in the 
acceptable range for a Camalot (too wide), and 
they don’t have flush contact with the walls of 
the crack. 


cams should be one-quarter to three-quarters open).” 
‘Metolius recommends to “select the langest size cam 
that will fit without getting stuck. Cams should. 

not be placed near the wide end of their expan- 

sion range. When a unit is loaded, it expands as the 
slack is removed from the system and the cams and 
rock compress. A nearly tipped-out cam won't have 
enough expansion left to accommodate this process. 
A loose cam is also more prone to walking and has 
little range left to adjust!” 


Good. This Metolius Power Cam displays 
optimal green “range finder” dots in a solid, 
parallel-sided crack. 
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Poor. Although the 
range of retraction 

is acceptable, this 
Metolius Power Cam 
could easily walk up 
into the wider pod in the 
crack above the cams, 
rendering the placement 
unstable. Also, the 
outside right cam has 


poor surface contact and |. 


is too close to the edge 
of the crack. 
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Placing a camming 
device with a rigid shaft 
ina horizontal crack 
with the shaft protruding 
can be dangerous 
because the shaft can 
break if loaded at a 
90-degree angle during 
a leader fall. 


Camming units with 
flexible shafts are 

the best option for 
horizontal placement. 
Metolious recommends 
that in a horizontal 
crack, the outside cams 
should be placed on the 
bottom of the crack for 
maximum stability. 


e 
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Good. This Camalot, placed in a solid horizontal 
slot, has all four cams tighter than 50 percent 
retraction with flush surface contact. 


Very poor. The cams are barely retracted and 
nowhere near the recommended range. The 
piece can easily walk and might fail completely. 


Borderline too tight. This Camalot is around 90 
percent retracted. Any tighter and it may be very 
difficult to remove. There is also some loss of 
holding power in the last 10 percent (90 to 100 
percent retracted) on a Camalot. 


aay.) a 
Bordestine marginal. While this Metolius Power 
(Cam isin pocket that fends surae stability 

io the pticatnand ta vabge at fauacawis 
Detween the yellow and red “range finder” dots 
hs rod odes aicip baat pladamneat. Ts 
aid Lager alt would et aicaly 


e 
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Fair. This Camalot is in a slightly flaring crack, 
with the inside cams retracted tighter than the 
outside ones, although each set of cams (inside 
and outside) are within a suitable range and all 
the cams have flush contact with the rock. 


Bad. The crack is way too flared for this Metolius 
Power Cam, and the cam on the right side has 
very poor surface contact with the rock. 


Good. This Metolius cam is in the tighter aspect 
of its range. Green means good to go. 
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Bad. The cams are too open, rendering the 
placement unstable. Shoot for at least halfway 
tight on the cams. 


& 


The same crack with two different placements. In the left-hand photo, the left outside cam has poor 
contact and is too close to the edge of the crack. By flipping the cam around (right photo), the gold 
cam now has flush surface contact with the rock. Since the inside and outside sets of cams are offset, 
flipping the cam one way or the other can often afford a better placement, particularly in shallow 


cracks in corners. 


To illustrate what constitutes an acceptable 
range of retraction for the cams of a camming 
let's look at the Black Diamond Camalot in 
greater detail 

‘What is 50 to 90 percent retracted for a double- 
axle camming device like the Camalot? When 
you're looking at the Camalot without pulling on 


devic 


the trigger, is at 0 percent retraction. Squeezing 
the trig 
as possible is 100 percent retracted. At 100 percent 


sr mechanism so that the cams are as tight 


retracted, in a very tight placement, the Camalot 
will likely be very difficult to remove. In the last 


10 percent of the tightest aspect of the range (90 
ted), the Camalot also loses 


power, another reason not to 


to 100 percent re 
some of its hold 
go too tight on a placement. The starting point for 
a good placement is at 50 percent retraction, which 
tight 


Looking at the base of the cams, 50 percent retrac- 


is when the cams are pulled at least half 


tion is when the base of each cam is at a 45-degree 
relative to the vertical axis of the Camalot. If 

the cams are symmetrically retracted, they will be at 

a Wedegree angle relative to each other. A common 


mistake is to place a Camalot near the outer limit 
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The innovative Link Cam, by Omega Pacific, covers the range of four standard camming devices in a 


single unit. 


of its range (0) to 50 percent retraction). This can 
prove to bea very unstable placement if the unit 
moves at all in the crack, which can easily happen if 
the Camalot is placed in a crack that widens above 
the cams and the piece is repeatedly weighted and. 
unweighted. Again, the optimal Camalot placement 
is when the cams are at least halfway tight (50 per~ 
cent retracted). From the beginning position, pull 
the trigger mechanism until the range on the cams 
is half the starting size, then go only smaller and 
tighter fom there, Scrutinize your placement after 
the camming device has been placed in a crack to 
make sure the cams are in the acceptable range. 
Metolius cams have a unique color coding, 
that assists in their assessment, The company gives 
this advice:“Verify that you have chosen the best 
size by making sure that the green Range Finder 
dots are lined up where the cam lobes touch the 
walls of the placement. Yellow dot alignment is 
okay too, but you must exercise more caution with 


the placement, because the cam will be less stable, 
hence more prone to walking, and it will have less 
expansion range left to accommodate walking to a 
wider position. If the cam you choose aligns in the 
yellow zone, the next larger size will align perfectly 
in the green zone. Use that cam instead, if it's still 
on your rack. Never use a placement in the red 
zone unless it’ the only placement available.” 

Study the literature that comes with any cam- 
ming device and learn what the manufacturer rec 
ommends for the acceptable range of retraction and 
the various placement criteria, Most manufacturers 
also have informative PDF files on camming device 
guidelines that can be downloaded from the com- 
pany’s website, 

To become proficient in the use of camming 
devices takes thought and practice. To develop con- 
fidence quickly, hire an AMGA certified guide or 
climbing instructor to critique placements. Metolius 
suggests to “practice placing cams in a safe venue, 
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Ground Practice 


hen I (BG) teach camming device placements, I first demonstrate the fundamentals, then let 
students make a variety of placements with a critique on each one. Working with an instruc- 

tor allows them to learn from their mistakes before venturing out on their own, Better to learn ina 

" grouind-school" setting than on their fist toprope anchor that their “Friend!” was no friend at all 


at ground level, before you trust your life to a cam 
placement. This process can teach you a lot, but 
written guidelines and practice are no substitute for 
qualified instruction, We strongly recommend that 
you learn to place cams under the supervision of a 


certified guide.” 


Fixed Anchors 


Pitons 
A piton is a metal spike that is hammered into 


a crack for an anchor. The blade of the piton is 
the part hammered into the crack, lea 


ing the 


Pitons (left to right): 
Angle, horizontal, Leeper 
Z, knifeblade. 


protruding eye into which a carabiner can be 
clipped. Piton anchors are something of a rarity 
these days, but occasionally fixed pitons (also called 
pins) can be found at the top of a crag, Follow 
these steps before using any fixed pin, Fi 
the rock structure and look at the crack where the 


piton resides. Is it behind a block or flake, or is it 
in a straight-in crack with good structure? A good 
piton should be driven in all the way to the eye, 
and should not wiggle when clipping into it with 
a sling and pulling on it to test it. The piton itself 
should not be excessively corroded or cracked. 
(Look closely at the eye of the piton, as this is usu- 
ally where the piton will be cracked.) To effective 
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Thus, in 1980 there appeared a community 
with no energy problems, no need for 
organic fuel and no fear for the ‘energy crisis 


In 1881 N, Sluginov discovered an energy 
imbalance that occurred in the water 
electrolysis process. In hisexperimentshe got 
that the output energy was 30% higher than 
the inputenergy. In 1980 American scientists 
recreated this energy imbalance and proved 
that while employing the steam turbine 
rejected heat, the water electrolysis efficiency 
reaches 120%, 


This information introduces story aboutan 
energy system invented in 1957 under the 
guidance of. Filimonenko. The system did 
not simply generate energy in the form of a 
high-pressure vapor and output hydrogen 
and oxygen but also absorbed radiation, In 
1960 the USSR Central Committee and 
Cabinet Council gave a special secret ruling, 
known as “The Three 'K’s'’” (Keldysh, 
Kurchatov, Korolyov) to go on with the 
research in this system. However, after 
Kurchatov's death the project was 
“oppressed” and later on after the death of 
Korolyov the project was completely 
cancelled, The special committee of the 
USSR Academy of Sciences stated that the 
stem was functioning against "the Law of 
Nature". I, Filimonenko was dismissed and 
expelled from the party. Later, in 1980-1991 
the experiments were partially renewed. 

Several testing systems were constructed in 
the Chelyabinsk region but the construction 
was never finished and the use of a mobile 
system for eliminating the damage caused 
by the Chernobyl accident was refused. This 
story is a demonstrative example of the 
traditional rejection of promising projects 
by science, which could be very beneficial 
for Russia 


Theoretical Background of 
‘Perpetual Mobile’ 


Originally, the term ‘entropy’ was used only 
in connection with the reasoning about 
limited or eternal nature of the Universe. 
Later it came to be used to describe the 
functioning principles of thermal machines. 
Now there exist more than 600 contradictory 
definitions for ‘entropy’, which are actually 
the results of a long and unfinished 


discussion between the supporters of Dekart 
and Leibnitz, who defined 'motion’ in 
different ways, It is these permanent 
contradictions in the — theoretical 
fundamentals of physics that make it 
impossible to explain the existence of a 
‘perpetual mobile’, However, standard 
physics has never denied the possibility of 
creating energy technologies allowing the 
ECE higher than 1 


Weshould remember that the basis of theso- 
called variational calculation is the 
mathematical apparatus technique of the 
conventional mechanics. It seems that if 
system behavior equations directly depend 
on time, this system cannot fall under any 
conservation laws. This is the proof of a 
complete failure of the conventional 
energy conservation law! 


It is these permanent 
contradictions in the theoretical 
fundamentals of physics that 
make it impossible to explain the 
existence ofa perpetual mobile’ 


In time-independent thermodynamics the 
existence of ‘perpetual mobile’ can be 
explained by the system internal energy 
usage. There exist two kinds of 
thermodynamic systems. Some of them 
when being heated oraffected in some other 
way start increasing their internal energy 
while other systems show the internal energy 
decrease. The latter are called negative 
absorption systems. The standard version of 
the first law of thermodynamics does not 
cover all the processes occurring in such 
systems, The output of a negative absorption 
system can be higher than its energy. The 
additional output is acquired by the gradual 
internal energy loss. 


To cap itall, there are more than a hundred 
experimental facts that show the limited 
nature of the Maxwell theory. They were 
obtained byscientists from differentresearch 
institutes and construction bureaus, were 
tested and registered, Thus, for example, in 
1973 in the USSR the acoustic 
magnetoelectricity effect was discovered. 
The author of the discovery proved the 
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An angle piton, driven all the way to the eye—a 
good placement. 


test a fixed pin, a hammer is needed. Give the 
piton a light tap—it should have a high-pitched 
ring to it, and the hammer should spring off the 
piton, Without a hammer, tap it with a carabiner or 
small rock. The best test is to clip a sling into it and 
give it a vigorous yank in the direction it will be 
loaded. Over time, pitons suffer from the vagaries 
of thermal expansion and contraction, particularly 
in winter, as water expands when it freezes, pryin 
and loasening the piton. Often a piton can be eas- 
ily plucked out by hand after only a few seasons. 

If utilizing fixed pitons as part of a toprope anchor 
system, always back them up, and use them with 
skepticism. 


Bolts 


‘The most common fixed anchor is a two-bolt 
anchor. Some knowledge of the history, characteris~ 
tics, and spec 
ing will improve one’s ability to assess the reliability 
of bolt anchors. 

In the 1960s and 1970s, bolts were placed by 
hand drilling—an arduous process where a drill bit 


ations of bolts used for rock climb- 


was inserted into a drill holder, then a hammer was 
used to pound on the holder to painstakingly drill 
into the rock. Once the hole was deep enough, a 
bolt, with a hanger attached, was hammered into 
the hole. The most common bolt during that era 
was the ubiquitous %-inch contraction bolt, called 
the Rawl Drive, manufactured by the Raw! 
pany and designed for the construction industry for 
anchoring in masonry or concrete. A contraction 
bolt has a split shaft that is wider than the diameter 
of the hole. When pounded into the hole, the two 
bowed shaft pieces are forced to straighten slightly, 
contracting under tension in the hole. This works 
fine for hard granite, but in soft rock, like sandstone, 
the split shaft doesn't really contract all that much, 
and there is little tension to keep it in the hole, 
resulting in very weak pullout strength (.e., pulling, 
straight out on the bolt) 

Another problem with Y/-inch bolts is that they 
came in various lengths, some as short as # inch 
long, and once placed in the rock, there was no way 
for fature climbers to determine the length of the 
bolt merely by inspection. 

There are two basic styles of ! 
bolts. The buttonhead design has a mushroom-like 
head and is pounded into the hole with the hanger 
preattached. The threaded Rawl Drive has threads 
with a nut on the end to hold the hanger in place, a 
weaker configuration since the threads can weaken 
the shear strength of the shaft if the hanger is at 
the level of the threads. But more significantly, the 
threaded design has a serious flaw: Pulling straight 
out on the bolt hanger will only be as strong as the 
holding power of the nut on the threads, a dangerous 
problem if the nut is at the very end of the threads 

‘The shear strength on a brand-new Y-inch 


ch Rawl Drive 


Raul Drive bolt is roughly 2,000 pounds, but 
the problem with contraction bolts is not shear 
strength but pullout strength, which varies drasti- 
cally depending on the quality and hardness of the 
rock. In very soft sandstone the pullout strength of a 
Yeinch contraction bolt is extremely low, rendering, 
the bolt unsafe 
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The infamous ‘4-inch threaded Rawl Drive 
contraction bolt, complete with the SMC “death 
hanger.” This ticking time bomb was removed 
and replaced from a route on Suicide Rock, 
California. 


‘The buttonhead Rawl Drive bolts were also 
sold in Ye-inch diameter 
reli 
fine-grained granite, Th 


these being far more 
iable as long as they were placed in good, hard, 
nch buttonhead, for 


example, has a shear and pullout strength in excess 
nd for many y 
choice for first ascensionists who were hand drilling 
bolts. The ¥icinch buttonhead Raw! Drive was dis- 
continued, but the %-inch buttonhead is still on the 
market today, with a shear strength of 7,000 pounds 
and a pullout strength of over 4,000 pounds in the 


of 4,000 pounds, 1s was the bolt of 


best granite. 
Probably the most disconcerting problem asso- 
ciated with bolts from the /inch era is not the 
bolts themselves but the hangers. During that time, 
hangers made for rock climbing were manufactured 
primarily by the SMC company. Thankfill 
ed, as the "SMC" brand is 


the 


hangers are easily identi 


stamped on them. There were two series of hang- 
ers: one good, and one very bad. The “bad” hangers 


Buttonhead Raw! Drive contraction bolts (left to 
right): %-, Ye, and Yninch sizes. 


‘Yivinch threaded Rawl Drive bolts with “good” 


(left) versus “bad” (right) SMC hangers. 
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‘ieinch buttonhead Rawl contraction bolt with 
“good” SMC hanger. In a good placement in 
solid granite, these bolts are rated at over 4,000 
pounds shear strength. 


were nicknamed the SMC “death hangers,” since 
some of them failed under body weight after only 
a few seasons of exposure to the elements, These 
hangers are identifiable by a distinctive corrosive 
discoloration—a yellowish or bronze tir 
the “good” SMC hangers, made from stainless steel, 
show no signs of corrosion or rust and still appear 
silvery bright, even after twenty-five years. Another 
noticeable difference is in the thickness of the 
hangers roughly the thickness 
ood” ones the thickness of a 


hangers—the “ba 
of a dime, and the 


quarter. 
Another dangerous relic from the 1970s is the 
Leeper hanger. Over 9,000 of these hangers were 
manufactured by Ed Leeper of Colorado, and 
subsequently recalled because of stress corrosion 


The recalled Leeper hanger can easily be 
identified by its unique shape and rusty 
condition. 


Bad corrosion on a‘/-inch diameter threaded 
Raw! Drive bolt with a badly corroded Leeper 
hanger to match. 
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The %-inch diameter 
Powers Power Bolt 
expansion bolt with a 
stainless steel hanger 
has become the 
minimum standard for 
climbing anchor bolts. 


problems with the metal, which rusted badly since 
it was not made of stainless steel, These hangers are 
easily identifiable due to their strange geometric 
shape and their rusty condition, 

In the 1980s sport climbing was ushered into 
the United States, and climbers began to place bolts 
on rappel using cordless rotary hammer power 
drills 
numerous fills, climbers began to look for the 
strongest bolts availab 
inch diameter for good, solid rock (like granite) and 
4einch diameter far softer rock (like sandstone) — 
standards that are still prevalent today. 

Although there are numerous types of bolts 
used in rock climbing today, the gold standard has 
long been the “5-piece Raw!” expansion bolt (now 
sold as the Powers Power Bolt). This expansion bolt 
has a shaft with a hex head on one end and threads 
on the other end (the end that goes in the hole), 
with a cone-shaped piece screwed onto the threads. 
‘The shaft has a two-part split sleeve, and as the hex: 
head is tightened, the cone climbs up the threads 
and under the sleeves, which presses the sleeves out- 


ince these bolts would now have to absorb 


..and the standard became 


ward, expanding” the bolt in the hole. The more 


you tighten it, the wider the sleeve gets. The per- 
formance and strength of the bolt relies, to a great 
extent, on two things: the tolerance (diameter) of 
the hole, and the strength of the rock itself. In good 
rock the %-inch Power Bolt is rated at over 7,000 
pounds shear strength, with a pullout strength of 
roughly 5,000 pounds 

Since these bolts are really designed for the 
construction business, the Powers Fastener com- 
pany lists strength ratings based on the density of 
the concre 


they are placed in, Concrete is given 


a psi (pounds per square inch) rating. For example, 
“2,000 psi concrete” means that it would take a 
weight of 2,000 pounds to crush a square inch of 
concrete. Hard, dense granite is analogous to 6,000 
psi concrete, and soft sandstone is more like 1,000 
psi concrete. 

Once a bolt has been installed, its impossible 
to see what’ going on beneath the surface (like 
with the length of the bolt), and all that can be seen 
is the head of the bolt, again making identification 
of the type of bolt more difficult 

For more in-depth information, peruse 


echanica 


anchors” on the Powers company 
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website (www:powers.com); there is an excel 
lent tutorial on the 


jous types of bolts and how 
strong they are in differing rock types. 

Even if lacking expertise in mechanical engi- 
neering or in identifying bolt design and type, it 
is important to know what to watch for when 


‘winch Powers expansion bolt with stainless 
steel Mad Rock hanger. 


Yeinch threaded 
expansion bolt. 


inspecting a bolt anchor. An obvious red flag is rust. 
SMC “death hangers,” Leeper hangers, homemade 
aluminum hangers, and any bolt or hanger with 
obvious signs of corrosion should not be trusted. 


Look closely and identify the diameter of the bolt. 
AY 


inch diameter bolt has become the minimum. 


* a MC, P 
Yoinch stainless steel Powers bolt with stainless 
steel Petzl hanger, painted to match the rock 
color. 
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Beware the '4-inch Bolts 


someone who has teplaced many bolts over the years, I (BG) can tell you that any “/-inch 

bolt should be considered suspect, particularly in less than perfect rock, I've plucked out 
‘many !/-inch contraction bolts that came out with about the same resistance as a nail being pulled 
out of plywood. To replace a '/-inch bolt, the best method is to pry it out ofits hole, then re-drill the 
same hole to 4/-inch diameter and install a'V--inch diameter stainless steel Powets Power Bolt 
(10,000 tbs. shear strength) with a stainless steel hanger. [like to paint the hanger (before I install it) 
the same color as the rock so that the boll is visually unobtrusive. It's a good feeling to replace a tick- 
ing time bomb with a solid anchor that will last a lifetime, 


Awell-engineered rappel 
anchor. Both bolts are Yi-inch 
stainless Powers bolts with 
stainless steel Petal hangers, 
along with a stainless steel 
chain, quick link, and ring. 
Everything was painted before 
installation to match the color 
of the rock. 
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All these old bolts at Joshua Tree were replaced with brand-new stainless steel hardware, courtesy of 


the American Safe Climbing Association (ASCA). 


standard, along with a stainless steel hanger. A bolt 
with threads and a nut holding the hanger in place 
is generally not as strong as the hex head types. 

‘The rock should not show cracks emanating 
from the bolt placement—a more common prob- 
Jem with contraction bolts than expansion bolts. 

Ina good placement, the hanger should be 
flush against the rock and should not budge or 
be deformed in any way. A “spinner” is a bolt that 
protrudes enough so that the hanger can be easily 
spun around 360 degrees. This generally means that 
when the bolt was installed, the hole was not drilled 


deeply enough, and the bolt contacted the bottom. 
of the hole before the hanger could be drawn flush 
against the rock, 

If the bolt wiggles slightly when pulled or the 
hanger is loose, and the bolt has a hex head or a 
nut on threads, tightening the bole with a wrench 
may help, but most likely the bolt has a problem 
that can't be fixed. If, while trying to tighten it, no 
increasing resistance is felt, and it won't tighten any 
further, then the bolt has serious problems—usually 
this means the tolerance (diameter) of the hole is 
too big for the bolt, or the rock is too soft. 
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This rack has a good assortment of both nuts and camming devices. 


‘The American Safe Climbing Association modern, stainless steel bolts and hangers, To support 
(ASCA) has been very active in donating the neces-__ their efforts and donate to the ASCA, visit www 


sary (and we) hardware to climbers who safeclimbing.org 


on the task of upgrading unsafe bolt anchors with 
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CHAPTER 8 


Anchor Systems 


F the hundreds of pages of how-to literature, 
‘magazine articles, blogs, lengthy message board 
posts, and hours of instruction from profession 
als and climbing partners teach us nothing else, 
its that anchors are something climbers pay atten- 
tion to. And yet, much of what is said and has, 
been said is facile, Most climbing anchors involve 
the simple combination of obvious components, 
using strong materials to make an unquestionably 


Asimple three-point cordelette anchor. 
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effective master point. As climbing instructors, and 
as climbers too, there is a tendency to obsess over 
the outliers, conflate simple problems and complex: 
solutions, and worry ourselves. This section will 
attempt to differentiate between the simple tools 
used to solve simple problems that instructors are 
likely to encounter, and the more complex tools 
used to solve complicated problems that instructors 
will rarely encounter, 


e 
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For every anchor, simple or complex, the need 
for an unquestionably reliable, strong, and secure 
attachment point is the goal. The responsibility for 
managing risk of harm to others should inspire an 
anchor builder to create an anchor that can do the 
work of the climbing system, can easily sustain any 
potential loads that emergency scenarios may create, 
and can still give the entire climbing team a margin 
of error. So how strong is that? How strong would 
something have to be to eliminate all doubt? 

Let us begin by considering the base-managed 
toprope, the system where the toprope has been 
redirected through the anchor and the climber and 
the belayer are on the ground, If the climber weighs 
100 pounds, the belayer must match that weight 
in order to arrest the climber; therefore, we'll call 
the belayer a counterweight. At any point in a taut 
climbing system, the anchor must be able to hold 
the climber (100 Ibs.) and the counterweight (100 
Ibs.); that’s 200 pounds. But the climbing system is 
not always perfectly taut. The latent elongation of 
the climbing rope means that the climber is always 
4 mass in motion, a mass on a sort of bungee cord 
when he or she falls. With a perfect belay, let's say 
that the climbers dynamic weight is more like 200 
pounds. Now the counterweight is 200) pounds too, 
and the anchor must hold 400 pounds. Now let’s 
say that the climber moves faster than the belayer 
can belay, or the belayer is a bit inattentive, and 
the falling climber now generates an even bigger 
dynamic load. Four hundred pounds is not incon- 
ceivable, and matched by a 400-pound counter- 
weight, the anchor needs to hold 800 pounds. Now, 
if we could conceivably create an 800-pound load, 
how strong would the anchor need to be to create 
an unquestionably reliable, strong, secure attach- 
ment point? Now consider that climbing instruc~ 
tors are often taking all kinds of people climbing, 
people who weigh more than 100 pounds, for 
example, How strong would the anchor need to 
be? More than 800 pounds, surely. More than 2,000 
pounds? More than 3,000? There is no definite 


[AMIGA 1258 Spp_CS5Sindd 145, 


answer. “Unquestionably reliable, strong, and secure” 
might mean different things to all of us. That is both. 
the challenge and the beauty of anchor building. 
‘The goal of this chapter is to demonstrate skills 
that will alow an instructor to build an anchor that 
not only solves this problem effectively, but provides 
a reasonable margin of safety. Since all climbing, 
gear, attachment tools, carabiners, protection, and 
ropes are overly strong, we should be able to build 
anchors that solve the problem unquestionably well. 


Fundamental Anchor Anatomy 
and Principles 


All anchors have the same fimdamental anatomy. 
‘They have components, attachments, and a master 
point. Most anchors also have a shelf. Together these 
create the acronym, CAMS. 

© = Components are the features or tools that 
ground an anchor to the landscape. They are 
often organized into natural (trees, boulders, 
terrain features) and artificial (bolts, pitons, 
removable protection) categories. 

A= Attachments are the materials that combine 
the relative strength of each component and 
consolidate their strength in a focal point. 

M = Master point is the point of the anchor where 
all critical attachments occur. 

S = Shelf, Some anchors also have a shelf, an 
auxiliary attachment point with all the same 
load-bearing and security qualities as the master 
point, It should only be used in an auxiliary 
fashion, 

All anchors should strive to adhere to the fol- 
lowing fundamental principles: 

1, Eliminate or limit extension: Given the failure 
of any individual part of the anchor, the 
attachment systems will not extend enough to 
severely shock load the remaining components. 


Redundancy: Given the failure of any feature 
of the anchor system (with the exception of 
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interaction of electrons with ultrasonic waves 
with a 1000-times energy increase. This 
against the Maxwell theory, which absolutely 
denies effects of the kind. But the limited 
nature of the theory was never accepted. 


However, the examples of the machines in 
action prove that since 1834 when the first 
refrigerator was invented, when the cro: 

Atlantic ships were equipped with low- 


temperature ether-vapor steam-engines, the 
contemporary science had no right to 
introduce 'the second holy principle’, 
especially in the orthodox form of 'the Carnot 
cycle efficiency’. The modern theoretical 
physics cannot provide grounds for the 
negation of creating over-unity devices. That 
is why we should rely on the physicists 

experimentalists who develop the science in 
apractical rather than theoretical way. 


Magnet 1 - Stator 
Magnet 2 - Rotor 


Alekseenko's Fuel-less Motor 


Patent # 2131636 
Vasiliy E. Alekseenko 


Aeros Baar Gents 


Bhommacrorunceceneaeners: 
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a monolithic component), there will be other 
features to reinforce or back up that initial 
failure. 

3, Intelligent load distribution: Given any load 
the anchor may sustain during its use, the 
attachment system should distribute load to 
the components in a manner that optimizes 
the relative strength and security of each. 
component. 

4, Strength: All attachments, components, knots, 
rock, or natural features must have more than 
adequate strength to sustain any load that could 
be applied to it during a climbing activity. 

5. Simplicity: Given the anchoring tools 
available, the available components, and the 
prevailing conditions, an anchor should be 
efficiently constructed 
while accomplishing all the other principles of 
anchoring, it should make efficient use of time 
and equipment. 


ind deconstructed; 


Notes on Redundancy 


By itself, redundancy does not guarantee safety 
rappelling off a bunch of old weathered slings or a 
couple of old rusty chain links, for example—but 
redundancy in anchor systems is something to 
always strive for asa baseline and a starting point 
for evaluation. In rock climbing, a nonredundant 
anchor is considered marginal by professional 
standards, Many canyoneering enthusiasts argue 
that redundancy at the anchor system is superflu- 
ous, as there will be a point in the system where 
redundancy can no longer be maintained—rap- 
pelling on only one rope, with one rappel device, 
on one locking carabiner. This is absolutely true, 
so it’s important to remember why redundancy is 
important to climbers. Unlike the canyoneering, 
participant on rappel, or the military unit launch 
ing out of a helicopter, climbers are intentionally 
challenging themselves by climbing unknown 


difficulties. There is nothing unpredictable about a 
rappel; the line will be loaded consistently and in 
the same direction. But a rock climber’s movements 
are erratic and unpredictable, with wide variation 
from one climber to the next, especially on a chal- 
lenging climb, Systemic redundancy is a way to 
create a satisfactory margin of error to account for 
that unpredictability, Sometimes instructors might 
intentionally modify the concept of redundancy 

if they can substitute supervision to provide the 
security that redundancy might otherwise offer. The 
rope direct belay is a good example.A thoughtful 
instructor knows that the principle of redundancy 

is not simply being ignored, but that redundancy is 
not necessarily the goal, Security is the goal; redun- 
dancy is just one of the most common ways to cre- 
ate that security. 


The Rope Direct Belay 


If the belay anchor is initially built well back from 
the edge, and you want to belay from the edge to 
maintain a visual on the climber who's climbing 

up from below, you can use the climbing rope and 
a rope direct belay technique, which is essentially 
belaying off an extended master point. Attach your 
climbing rope to the master point on the anchor 
with a clove hitch on a locking carabiner, so you 
can adjust the length and position yourself just 
where you'd like ata stance near the edge where 
you can see the climber. Off the back side of the 
clove hitch, leave a little slack, then tie a figure eight 
loop and clip it into a separate locking carabiner to 
the master point, On this strand of rope, tie a figure 
eight loop and clip in your assisted braking device 
(ABD), at an ergonomic position slightly above you 
(toward the anchor) but not so far away that you 
can't reach the device and manipulate the handle if 
need be. This method is referred to as “rope direct” 
because you are essentially belaying directly off 

the anchor, albeit extended whatever distance is 
required to position you at the edge. Using a device 
like a Grigri, you'll have the benefit of a quick and 
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anchor and still use the direct belay technique, albeit on an extended master point. The belayer is 
attached to the master point with a clove hitch to a locking carabiner. Off the back side of the clove 
hitch, the rope is clipped back to a separate carabiner with a figure eight loop. Off this strand, the 
Grigri is clipped to another figure eight loop. Here the distance is fairly close to the anchor, but this 
rigging technique is most useful for greater distances between the anchor and your desired belay 
stance, limited only by the length of available rope. The big advantage is visual contact with your 
climber in situations where the anchor is some distance back from the edge. 
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Students practice rigging a uniform load anchor system using double loop figure eights. The master 


point is tied with a BHK. 


easy conversion to a raising system if required, and 
asy to lower someone on this setup by redirect 
ing the brake strand on the Grigri 


Notes on Load Distribution 


‘Most toproping situations involve an anchor that is 
uniformly loaded in a single direction. This is true of 
top-managed and base-managed climbs. Most anchor 
systems involve components that have comparable 

strength: pair of bolts, trio of cams in a similar size 


range, combination of strong natural and removable 


components, In these cases, load distribution is fairly 
simple. A condelette and 48-inch slings allow an 
anchor builder to pull tension on the components 
and tie a strong overhand or figure eight knot to 
ensure that the load is theoretically distributed to 

all the components, But in this configuration these 
anchors have been proven to have misleading load 
distributions. They do not in fact equalize the total 
load between the components. John Long argued 
this point compellingly in Climbing Anchors. John 
maintained that even if one could achieve equaliza 
tion, the slightest shift in the direction of load would. 
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Four-piece uniform load 
anchor pre-equalized 
with a cordelette in the 
anticipated direction of 
load. If the load shifts 
even slightly, all of the 
Joad will come to bear 
ona single piece. If that 
piece were to fail, the 
vector would shift to the 
next piece to load, albeit 
with minimal extension 
from the cordele 
The cordelette sy 
is essentially a seri 
of backups rigged with 
minimal extension. 


e 


This toprope anchor, rigged using the Joshua Tree System, is an example of a variable load (aka self- 


equalizing) anchor system. 


Each leg of the Vis 
connected to two 
camming devices rigged 
with magic Xs and load- 
limiting knots on 48- 
inch nylon slings. If the 
direction of load shifts 
slightly, the magic Xs 
will adjust accordingly 
to distribute the load on 
each leg of the V. 
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distort that equalization, He further noted that even 
if the load was 100 percent uniform and equaliza- 
tion was 100 percent perfect, he would stil suggest 
to the anchor builder that not all the components 

are of equal merit, deserving an equal share of the 
load. When necessary, more effective anchor builder 
ignores the idea of equalization and intentionally 
manipulates the distribution of the total load. In the 
following examples we will describe simple, timely 
systems that are most appropriate when complex 
load distributions are not necessary, as well as more 
complex systems used to intelligently distribute load 
to components when the load varies in direction and 
the components are not equally strong. 


The Cordelette: A simple solution 
to. a common anchoring problem 


‘The cordelette system is an attachment system where 
the anchor builder ties off the cordelette in the 
anticipated direction of load. Ifthe direction of load 
shifis slightly in any direction, all the load goes onto 
one placement (albeit with minimal extension). For 
toprope anchor systems, in most cases itis simple to 
determine the direction the anchor system will be 
loaded in, so a simple solution like the cordelette 
makes sense most of the time. Using the cordelette in 
this manner, the anchor builder essentially creates a 
system of backups. If one piece fails, the load transfers 
instantly to the remaining pieces with minimal shock 
loading, since the rigging limits extension. 

The cordelette can be used to attach two, three, 
four, or even five placements to a master point, so 
it is versatile as well as simple, For two placements, 
like a two-bolt anchor, start by doubling the corde- 
lette, then clip the doubled strand into both bolts 
with a pair of carabiners. Pull down between the 
bolts in a manner that targets the anticipated load, 
gather all the strands together, and tie an overhand 
or figure eight on a bight. There should be four 
strands of cord at the master point. 

To rig three or four placements, clip the corde- 
Jette into all the placements, pull down between the 


Simple two-bolt anchor rigged with a Tech cord 
(6,000 pounds tensile strength) cordelette. The 
cordelette is doubled to start with, producing 
four strands at the master point loop, and 

the climbing rope is clipped into three oval 
carabiners opposed and reversed. 
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pieces in a manner that targets the anticipated load, the anticipated loading direction, then tie a figure 
gather all the loops together, and tie an overhand or _ eight knot with the carabiner attached to help even 
figure eight on a bight, Many instructors like to clip out all the strands. 

a carabiner into all the gathered loops and pull in 


Demonstration of pre-equalized cordelette with This four-piece anchor is pre-equalized with 
three anchor placements, tied with a7mm nylon _ a Imm nylon cordelette. The overhand knot 
cordelette.A clove hitch has been tied to the top _creates a four-loop master point to which the 
left piece to keep the double fisherman's knot __two opposed and reversed locking carabiners 
away from the end loops. This is a simple and _are clipped. 

effective rig as Iong as the direction of load is 

predetermined, which is most often the case 

when toproping. 
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Rigging a Cordelette 


An 18- to 20-foot-long cordelette is usually long enough to equalize three or four anchor points, as 
Jong as they are not spaced too far apart. Use a sling or two if necessary to get all the carabiners 
you'll be clipping into within a workable range. Clip a single strand of the cordelette into each 
carabiner, then pull down between the pieces and gather the loops (with three pieces you'll have 
three loops). Clipping a carabiner into the loops before tying the knot will make it easier to equalize 
all the strands. Tie a figure eight knot to create your master point, which should be roughly 3 to 4 
inches in diameter. Ifyou don’t have enough cord to tie a figure eight, an overhand knot takes up less 
cord. 
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The drawback of the cordelette system (left) is that if the direction of the anticipated load changes, 


sli af 


one piece in the anchor takes all the load (right). Think of the cordelette system as a system of 
backups: If the one piece that is loaded fails, the load goes onto the next piece with relatively 
minimal extension in the system. For toproping anchors, since the Ioad on the anchor system is, 
relatively low, the cordelette system has the advantage of being easy to use and simple to rig, 


negating any potential for shock loading. 


The Sliding X 


‘The sliding X (aka magic X) is a simple way to 
distribute load to two anchor points with a sling, 
creating an anchor system that adjusts as the load 
shifis in one direction or another. If using the 

sliding X with a long sling (like a sewn, 48-inch, 


double-length sling), itis possible to minimize 
extension by tying overhand knots just above the 
clip-in point. This allows the system to adjust, but 
limits any extension if one piece fails. Or two sin- 
gle-length slings can be used together with a sliding 
X, creating a redundant rig with minimal extension. 
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Rigging a Sliding X 


Use a single sling to create a self-equalizing system that 
adjusts with changes in the direction of load. 
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redundant. For the sling itself to be redundant, 
there must be an overhand knot tied on both 
sides of the sliding X. 


Asimple two-bolt anchor can be rigged with 
asliding X using two slings and two locking 
carabiners at the master point for a redundant, 
self-equalizing system. With a two-bolt anchor, 
many instructors use locking carabiners on the 
holt hangers too. The drawback of this rig is that 
if one bolt were to fail, the system would extend 
to the length of the slings. As a general rule of 
thumb, limit the maximum extension in your 
anchor system to half the length of a single (24- 
inch) sling. 


® 
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The Quad 
‘The quad is a slightly more complicated system. 


for a variable load direction using a cordelette. Its 
a great system to use for toprope anchors. It gives 
near perfect equalization with minimal extension 
and great strength. To rig the quad, start by dou- 

bling a cordelette, then grab the middle with the 


A two-bolt anchor rigged with a 7mm cordelette 
and the quad system. 


fist. Tie an ovethand knot on each side of the fist, 
and it is ready to rig. Clip the double-strand loops 
into the bolts with locking carabiners, then clip 
only three of the four strands at the master point, 
leaving one loop outside the master point carabin- 
ers. This ensures that if one bolt fails, carabiners 
remain clipped into a pocket on the master point. 


a 


i 
oe 
oa 


“ 


The cordelette is clipped directly to the bolt 
hangers with locking carabiners, bypassing the 
cheap hardware store lap links (which are only 
rated at around 1,000 Ibs.). 
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Detail of quad rig master point with three Detail of quad rig with two locking carabiners 
ovals opposed and reversed. opposed and reversed. 
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Stacked Sliding Xs 


‘This gives you a complex rig fora variable load 
with slings. Occasionally an anchor builder encoun- 
ters anchor configurations that have components 
with very different strengths. Imagine a narrow 
4-inch crack that immediately closes to a %inch 
crack running along the top of the crag. An effec~ 
tive anchor builder understands that a 4-inch SLCD 
is much stronger and has a much higher margin 


Here the green sling equalizes two components 
of lesser strength than the top right piece. 
Although this anchor system achieves good 
equalization and logical load distribution, it 

is not redundant because the red sling is not 
redundant at the master point. 


ee 


of error in its placement (due to its large camming 
range). By comparison, “inch SLCDs are weaker 
and have a minuscule camming range. These com- 
ponents are not equally strong, and therefore dis- 
tributing load to them in an equal manner would 
not take advantage of their relative strengths and. 
weaknesses, In other words, equalizing the pieces 
‘would not be an intelligent distribution of the load. 
An effective alternative would be to build a sliding 


The rigging is now made redundant by tying an 
extension-limiting overhand knot on each side 

of the sliding X, although the green sling will not 
minimize extension. 


Anchor Systems 


Here the rigging is redundant with minimal 
extension. The two pieces on the left have been 
equalized with the red 48-inch nylon sling, using 
a sliding X and extension-limiting overhand 
knots. The yellow 48-inch nylon sling equalizes 
this point to the single, strongest piece in the 
anchor, again with a sliding X and extension- 
limiting overhand knots. 


X with load-limiting knots between the two 
inch SLCDs, creating a mini-master point. Then a 
second sliding X with load-limiting knots would 
connect the 4-inch SLC 


The equalette rigged with a 7mm nylon 
cordelette. This is a versatile system to use for 
‘equalizing three or four placements, giving you 
redundancy, equalization, and no extension. The 
only drawback is in its complexity and the fact 


to the first sliding X, to 
that mini-master point. 


The Equalette 

that it does not have one singular master point 
‘The equalette is a complex rig for a variable load to clip into. Here the equalette is rigged to four 
direction using a cordelette. It gives the anchor placements, using the various “arms” of the 
builder four strands, or “legs,” running from the cordelette attached with clove hitches for easy 
‘master point to the various pieces in the anchor adjustment. 
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Detail of the equalette master point using two 
locking carabiners opposed and reversed. 


Detail of equalette master point rigged with 

a Dyneema sling. Tying an overhand knot 

ina Dyneema sling reduces its strength by 

50 percent; it’s better to use a 7mm nylon 
cordelette when rigging the equalette, as you'll 
be tying lots of knots. 


ca 


Detail of an equalette toproping rig tied with a 
doubled cordelette for a two-bolt anchor. 


matrix These four legs can be tied to the pieces 
with figure eights, clove hitches, or double loop 
knots like the double loop eight or double loop 
bowline. 

To tie an equalette rig, form a U shape with the 
cordelette and grab the bottom of the U, position 
ing the fisherman's knot on the cordelette about 
18 inches away from the bottom of the U.Tie an 
overhand knot on both sides of your fist, bout 10 
inches apart 

At the master point there will be two separate 
loops. Clip into each loop with a separate locking 
carabiner. 


Vectors 


A vector is a quantity that incorporates both direc- 
tion and magnitude. Picture a tightrope walker 
balancing out on the middle of a wire. If he weighs 
200 pounds, the load at each end where the wire 


is attached will be roughly 1,000 pounds. Why is 


this? When two anchor points are equalized, as the 
angle of the wire, sling, cord, or rope approaches 
180 degrees, the forces at the anchor points increase 
drastically, When the angle is narrow, the load is dis- 
tributed at around 50 percent to each anchor. 

Keep this in mind when building toprope 
anchor systems. Ifthe angle between two anchor 


rees, the load at each anchor 


points reaches 120 de 


4s 100 percent, Strive to keep all the angles under 


60 degrees to split the load roughly 50/50.A good 
way to help guarantee an intelligent load distribu- 
tion is to keep the angles in an attachment sys~ 
tem under 90 degrees. Also, avoid rigging a sling 
between two anchors in a triangular configuration 
(called the American Triangle), which, even at 90 
deg 
point. An American Triangle 
would almost double the load at each anchor point! 


es, places 1.3 times the force at each anchor 


rigged at 120 degrees 
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Bottom 
Angle 
30 degrees 
80 degrees 
90 degrees 
120 degrees 
150 degrees 


v 


Rigging 


52 Ibs, 
58 Ibe, 
71 Ibs, 
100 Ibs. 
193 Ibs. 


American Triangle 
Load per anchor with 100 Ibs. of force 


Triangle 
Rigging 


82 Ibs 
100 Ibs, 
131 Ibs, 
193 Ibs. 
280 Ibs, 


This diagram illustrates how a 100-pound load 
is distributed between two anchor points at 
various angles. Keep the angle between two 
anchors as narrow as possible, striving to keep it 
under 60 degrees. At 120 degrees the load is 100 
percent at each anchor! Think of 0 to 60 degrees 
as ideal, 60 to 90 degrees a caution zone, and 
over 90 degrees a danger zone. 
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The American Triangle rigged at a rappel 
anchor. Avoid rigging with a triangle 
configuration—it adds unnecessary forces to 
your anchor points. Stick to aV configuration for 
lower loads. 
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CHAPTER 9 


Advanced Anchor Ri 
Systems and Institution: 


I the previous chapter, fundamental anchoring 
principles were discussed with strategies to create 
an unquestionably effective attachment point. Those 
principles will carry an anchor builder through all 
disciplines in climbing. The Single Pitch Instructor, 
however, will alo require farther skills for establish 
ing an anchor and setting a toprope, because there 
are a few challenges that are unique to a Single 
Pitch Instructor's terrain: 
1, Sometimes the components in an anchor, 
natural or otherwise, are far apart from each 
other, too far for a cordelette or a 48-inch sling. 


‘The cliff’s edge is an especially dangerous place 
for an instructor who is trying to keep safe and. 
supervise participants 

3, When working at the base of a climb, a master 
point of the anchor has to be positioned in a 
place that is hazardous, such as over the clift’s 


edge. 


Using a Setup Rope: 
Components Far Apart 


‘Thankfully, Single Pitch Instructor can bring 
along extra tools for anchor building. Unlike a 
multi-pitch or alpine climbing team, a single pitch 
team can afford to carry a litte bit of extra weight. 
A length of static or low-stretch rope is worth every 
ounce of extra weight.'To use it effectively and effi- 
ciently, an instructor should be able to stand at the 
site of the intended master point, look back into 

the terrain, select potential components, then use 
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the setup rope to connect those components to the 

master point. A common sequence might proceed 

as follows 

1. Determine the climb and a distance from the 

clif’s edge directly above the climb where there 

is little risk of falling over the edge, 

Face the terrain and use raised arms to 

target potential components (trees, boulders, 

removable and permanent protection). Let the 

arms forecast the vectors the setup rope will 
eventually create to make sure component 
selections are not too far apart. 

3. Flake out the rope and take the end of the rope 
out to the most distant component. Attach the 
rope to that component in whatever manner is 
most efficient and effective 


4. Leave enough slack at the site of the intended 
master point to tie a BHK, then take the 
remaining bight of rope back to the other 
component. 

5. Once both components are connected, a closed. 
U shape awaits the anchor builder at the site 
of the intended master point. Use this bight of 
rope to tie a BHK that distributes load to the 
components along the anticipated direction of 
pull (toward the climb). 

This sequence of connecting a setup rope to 
components and tying a BHK has limitless varia- 
tions. Becoming efficient takes practice. 


e 


Instructor Tether: 


and their caution allow them to monitor and regu- 


Managing Risk at the Cliff’s Edge late proximity to a drop-off. Climbing instructors, 


‘Most climbers and climbing instructors alike have 
become familiar enough with the danger of the th 
clif’s edge that their balance, their attentiveness, 


Asimple tether using 
acordelette. The 
instructor has girth- 
hitched the 7mm nylon 
cordelette through both 
tie-in points on the 
harness (then clipped to 
an anchor with a locking 
carabiner. 
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ly on these skills because 

they are also supervising their students, observing, 
nnvironment, and trying to complete setups 

efficiently, In other words, they are more distracted, 
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Dr. Ines Espinoza, USA 
‘email drines@vasantcorporationcom 


Editor: it is worth mentioning that the 
first. gravitational-wave physical 
‘mechanism and the mechanism of spin- 
effect "grazer" (gravitational lasers) 
designing were described by S. M. 
Polyakov and O.S. Polyakov in the book 
"An Introduction to the Experimental 
Gravitational Studies", Moscow, 1991. 


After a 7-year research study, a senior 
staff aerospace defense engineer, 
George J. Bugh, concludes 
economically free energy and even 
antigravity are possible. 


A 7-year study of "free energy” devices, 
sometimes called "over unity" devices, 
was done to determine if any of these 
devices generated power by 
transferring energy from unknown 
sources and if so to determine where 
the energy was coming from. Included 
in the study is research of related 
devices with claimed antigravity 


effects. The study attempted to 
determine val of claims, 
commonalities device 


characteristics and to determine how 
these devices could work. The results 
conclude that some devices can 
generate economically free 
energy. This study also concludes 
there is a possible link between 
gravity and electromagnetism 
that can be exploited to generate 
antigravity or electrogravity 
effects. 


‘The majority of the study was to come 
up with a theory to explain how the 
devices could work. In his research, Mr. 
Bugh used mostly classical 
electrodynamics rather than quantum 
electrodynamics. In Quantum theory, 
the wave-like characteristics of matter 
are described using abstract probability 
waves, However, Bugh proposes that 
the wave characteristics of matter may 


also be described as coming from a very real sea of unseen 
electromagnetic standing waves among all matter. There is a 
slide show presentation at the website that explains the 
differences between the Quantum and Classical way of 
explaining particle interactions. 


According to classical electrodynamics, all electrically charged 
particles, like quarks of protons and neutrons as well as orbital 
electrons for example, should radiate away energy from 
precessional and precessional plus orbital motion. 


Precession 


Fig 
Electron motion 


If in fact this really happens then all electrically charged 
particles can be radiating away energy all the time. However, 
all particles can also absorb just as much energy from all other 
radiating particles. The absorbed energy applies 
electromagnetic forces that naturally move all similar type 
particles into harmonious precessional motions with all other 
particles. This results in a vast sea of electromagnetic standing 
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Here the cordelette has been threaded through 
both tie-in attachment points and tied with an 
overhand knot for redundancy to create a simple 
tether. 


and distraction is very dangerous indeed. Fortunately, 
climbing instructors have many options to secure 
themselves when in proximity to a cliff’s edge; they 
can construct some form of instructor tether. 
Fixing a section of rope to an anchor allows 
an instructor many tethering options—using 
a Grigri, an ATC with friction hitch backup, 
clove hitch, a full-strength sling with a klemheist, 
or even tying in to the rope. 


Asimple tether using the rope tied with a clove 
hitch at the anchor. 


Any number of slings and cordelettes might 
work nicely to create a long leash. Instructors 
can girth-hitch one end of a closed loop to the 
harness and attach the opposite end of the loop 
to the master point. 


‘The climbing rope itself is always an obvious 


tethering tool, Instructors can easily tie in with a 


figure eight follow-through and then attach the 
climbing rope to the anchor with a clove hitch, 
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When using a Grigri 
on an instructor tether, 
tie an overhand knot 
backup whenever you 
take your brake hand off 
the rope. Always tie a 
stopper knot in the end 
of a rope tether to close 
the system. 


Extensions: Creating a 
Master Point Over the Cliff’s Edge 


Once an instructor has a master point and a teth~ 
ering method, it may be necessary to create an 
extension for a secondary master point, which will 
allow a base-managed toprope to run through a 
pair of carabiners free and clear of the clift’s edge 
Many instructors refer to this secondary master 
point as the action point, or hot point. Either way, 
since it isa part of the anchor, the same fundamen- 
tal principles that govern the master point should 
also govern the extension. For a typical extension, 
the instructor might attach a section of static or 
low-stretch rope to the initial master point with 

an overhand or figure eight loop then feed out a 
loop of slack that hangs over the cliff’s edge, clos- 
ing the long loop with another overhand or figure 
eight loop. Now, using the tether, an instructor can 
comfortably and securely set up a position at or just 
over the edge to tie a BHK. This is the point where 
the climbing rope will finally be placed. 


Advanced Anchor 


Systems Using a Setup Rope 


Aside from being the best tool for the individual 
tasks mentioned so far, a setup rope further proves 
itself as an elegant and efficient anchoring tool 
because it can be used to accomplish all three 
tasks combine components, build tethers, and cre- 
ate extensions. When the full range of possibilities 
are understood by a climbing instructor, certain 
patterns emerge in the use of the tool; we call those 
patterns “systems” It should be understood, how~ 
ever, that the most elegant and efficient use of the 
tool often involves a combination of the techniques 
demonstrated. An instructor will want to explore 
the most applicable terrain, the programmatic 

‘of materials used for each 


options, and the econon 
technique when deciding how to use the setup 
rope to build a given anchor. 
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The Joshua Tree System— 
V Rigging with Extension Rope 


‘Most anchors in Joshua Tree National Park in Cali- 
fornia require gear placements set well back from 
the clif’s edge, and bolted anchors are a rarity. Out 
of necessity, instructors at Joshua Tree developed a 
system to rig toprope anchors that is both efficient 
and redundant, using a length of low-stretch rope. 

To rig the Joshua Tree System, visualize aV 
configuration, with two separate sets of anchors on 
the top of the V, and the point, or bottom, of the 
V being the toprope master point over the edge 
of the cliff. Ideally, the angle of the V should be as 
narrow as possible—at least less than 90 degrees. 
Once you have determined where the climb is and 
where you want your master point, picture the V in 
‘your mind and begin to set your anchors. If using 
natural anchors, it could be as simple as two trees. 
For simplicity let's say we have two anchors: anchor 
‘A and anchor B, Start by attaching one end of your 
static rigging rope to anchor A.This can be done 
either by using a sling or cordelette and a locking 
carabiner to a figure eight loop, or by tying the rope 
directly around the tree. (The re-threaded bowline 
works well for tying a rope to a tree.) 

Now, to increase security as you approach the 
clif’s edge, protect yourself by taking a 48-inch. 
nylon sling and attaching it to your rigging rope 
with a klemheist knot. The 48-inch sling with 
Klembeist is an excellent full-strength tether option 
in this system; be sure to attach the sling to the 


belay loop with a locking carabiner. A nylon sling is 
better for this application because nylon has some 
stretch, whereas Spectra or Dyneema are static (ike 
a wire cable) and have no stretch, Now you ean 
slide the klemheist knot up and down the rigging 
rope to safeguard yourself as you work near the 
edge.Tie a BHK so that your master point dangles 
just over the lip of the cliffs edge, positioned, 
directly above your chosen climb. Attach your 
climbing rope with carabiners (either two opposed 
and reversed locking, or three opposed and reversed 
ovals) and run the rope back to anchor B, attaching 
it with a clove hitch to a locking carabiner. This will 
allow you to adjust the tension and fine-tune the 
Joad distribution. 

“The Joshua Tree System allows the anchor 
builder to tether to a leg of the anchoring system. 
‘That's why the klembeist and 48-inch nylon sling 
is an important selection for tethering—any other 
method would not allow the anchor builder to 
precisely position the master point. But itis almost 
exclusively a system used for base-site climbing. 
anchors, since neither of the component anchors 
are positioned directly above the climb and the 
:master point itself is positioned so far below the 
edge of the climb that top-site management would 
be impractical.The Joshua Tree System also boasts 
excellent material economy. It only requires enough, 
material to extend out to the cliff’ edge; that is, 
tswo times the distance between the component 
anchors and the edge (with a little extra for knot 
tying). 
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Proper use of a friction 
hitch for security while 
rigging a toprope. Here 


the instructor is tethered 


with a 48-inch nylon 
sling, attached to one leg 
of the setup rope with 

a klemheist knot and 
clipped into the harness 
belay loop with a locking 
carabiner. 
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Overview of the Joshua Tree System. The right “leg” of the extension rope is attached with a figure 
eight loop to a locking carabiner clipped to a master point on a three-piece anchor pre-equalized 
with a cordelette. The left leg of the extension rope goes to a two-piece anchor pre-equalized with 
another cordelette, attached with a clove hitch on a locking carabiner for adjustment of the extension 
rope. A BHK is tied for the master point, with two opposed and reversed locking carabiners ready for 
the climbing rope. 


Close-up of the master 
point on the Joshua 
Tree System using a 
BHK and three steel 
oval carabiners with 
the gates opposed and 
reversed. 


[AMIGA 1258 Spp_C85Sinde 170 


e 


Toprope alll day long 
with your extension 
rope rubbing on a sharp 
edge... 


.+-and you'll end up with a seriously abraded 
rope like this one. 


A commercially made edge protector, like this 
one sold by Petal, is a wise investment. Attach it 
to the rigging rope with a friction hitch. 


This finished rig illustrates the simplicity of the Joshua Tree System, with the lower leg connected to 
two anchors using a double loop figure eight. The upper leg was connected last, using a clove hitch 
to a locking carabiner for equalization, attached to two pieces and a doubled sling. Note the edge 
protector guarding both legs of the extension rope from abrasion. 


‘Take care to make sure the extension rope is not will work or, better yet, use commercially made 
resting over sharp edges at the lip of the cliff,This _edge protectors. 


setup is an “unmonitored” anchor system, which If you learn to tie double loop knots like the 
‘means that once rigged, the climbing instructor double loop figure eight and double loop bowline, 
will be at the base and not able to watch what is along with the in-line figure eight, you'll be able 
‘happening at the anchor—like the extension rope _to eliminate many slings and cordelettes from your 
abrading over an edge, so take special care to pre- anchor system and become more efficient in your 


vent this by padding the edge;a pack or rope bag rigging, 
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The Lifeline System— advantageous to tether with a fixed section of 


V Rigging with Instructor Tether rope, While the Joshua Tree System attaches the 
end of the rope to one of the component anchors, 
This is a variation of the Joshua Tree rigging the Lifeline System attaches a figure eight with a 
method. Instead of tethering with a klemheist bight so that two load-bearing strands are avail- 
and a 48-inch sling, an instructor may find it able for use. The one strand is only long enough 


Example of V rigging 
with a tether. Each leg 
of the V consists of two 
bomber pieces. The 
bottom leg is equalized 
to the two placements 
with a double loop 
bowline, and the top leg 
(with tether) is equalized 
with a double loop figure 
eight. 
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to access the cliffs edge and serves as an instructor 
tether, while the second becomes the same leg of 
the anchor system that the Joshua Tree System uti~ 
lizes. The important concept to remember here is 
that the tether should be clipped into a bona fide, 
redundant anchor—not just a single piece of gear. 
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‘An astute instructor should immediately con- 
clude that this variation of the Joshua Tree System 
does not have the same material economy as its for~ 
bearer. While the Joshua Tree System only requires 
two lengths of material to connect the compo- 
nent anchors to the master point, the Lifeline will 


Here the instructor has 
rappelled using an instructor 
tether to approach the edge in 
Jow-angle but exposed terrain 
to make some adjustments on 
his BHK master point toprope 
rig. Whenever you take your 
brake hand off the Grigri in 
Jow-angle terrain, tie a backup 
knot (overhand loop) as shown 
here, because if you unweight 
the Grigri, the rope can slide 
through. Always tie a stopper 
knot on the end of your tether 
before you begin using it. 
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require three, with a little extra for knot tying, of 

Instructors may find the Lifeline to be an effec 
tive system if the other half of the anchor, the 
second component anchor, is in a precarious oF 
inaccessible place. The Lifeline would provide access 
to those components so that the anchor can be 
completed, The Lifeline is also an excellent tool for 
probing an ambiguous clif’s edge to pinpoint the 
location of the climb. Lastly, the Lifeline might be 
an excellent tool to access anchoring hardware nor 
mally intended for sport climbing use. Such anchors 
are typically installed over the clif’s edge, where 
access from above may not only be atypical, but 
dangerous without the Lifeline System, 


The Backside System— 
Pre-Equalized Extensions 


Unlike the Joshua Tree or Lifeline Systems, the 
Backside System preestablishes a space for both a 
top-managed system and a bottom-managed sys- 
tem at the same time. In the simplest terms, this is 


done by setting up aV configuration and tying two 
BHKs into it.The top BHK becomes the master 
point for top management. The backside of that 
top BHK should be long enough to droop over the 
edge of the cliff, where a second BHK is tied. The 
bottom BHK then becomes the master point for 
bottom-managed operations. 

Similar to the Joshua Tree System, an instruc~ 
tor will be tethered to a leg of the anchor system. A 
48-inch nylon sling tied as a klemheist is logical 
choice for tethering, 

‘The Backside System can boast certain material 
economies that the Joshua Tree and Lifeline Systems 
cannot because it does require entire component 
anchor points. It presumes that the initial master 
point will be positioned above the climb. But its 
greatest strength is its programmatic versatility. As 
mentioned, it can easily be used for top-managed 
sites as well as base-managed sites. Furthermore, 
when built in anticipation of both kinds of activities, 


it allows the instructor to quickly transition from one 
to the other, 


Rigging the Backside System 


1, Configure a Joshua TreeV with a loop of rope 
hanging over the edge of the cliff: Make sure 
to estimate for the amount of rope that will be 
eaten up by the dual BHKs, 

2, Determine where you would like your top- 
managed high master point to be and tie a BHK 
there. The backside of the BHK should be long 
enough to hang over the edge of the cliff. 

3, Tie a second BHK in the loop that hangs 
over the edge. There are two options to secure 
the toprope BHK: Pass the BHK through the 
backside of the knot or clip all three loops of 
the BHK into the toprope carabiners. 

4, Use a klemheist with a 48-inch nylon sling to 
tether to one of the ropes directly below the 
high master point. Do not clip into this friction 
hitch until you are ready to make a transition to 
the bottom. 

5, Ifoperating from the high master point, pull the 
backside of the high master point up and stack 
it out of the way. 


Making the Transition 
from Rigging to Rappelling 


‘When using any of the aforementioned systems, if 
you decide to rappel to the base, you will need to 
transition from some tethering tool to rappelling. In 
all three systems, it is reasonable to tether over the 
clif’s edge to access the climbing rope. Fixed sec~ 
tions of rope with ABDs make this transition quite 
easy, because the instructor can rappel over the edge 
instead of downclimbing while adjusting a klem- 
heist. Once in position over the clif’s edge, pull up 
your doubled rappel rope, rig your rappel device, 
and back it up with an autoblock, Once the rappel 
is correctly rigged and double-checked, the original 
tethering system may be deconstructed, 
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waves among all matter. Even free particles would move into precessional motions that are in sync with 
the established sea of standing waves, 


Symbolic Electron Process in an 
Opposing External Magnetic Field 


Waydyd 


12 Bt 16 17 


Fig. 2 
Electron precession 


‘There can be a hidden yet strong tendency towards harmony among all matter in the universe due to 
these unseen standing waves and spin interactions among all matter. This tendency can overcome to a 
great extent the tendency towards chaos and heat death of the universe. This tendency can also be 
exploited to perform work. 


Res sdaay 


Fig. 3 

Spin wave 
This is an interaction among all matter that Ernst Mach alluded to as necessary to cause matter's 
characteristic of inertia, Einstein later called this Mach's Principle. Einstein studied Mach's ideas while 


developing his theory of General Relativity. 
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AMGA Single Pitch Instructor Richard Riquelme managing a climber on a Backside System. Note 
that the pre-equalized strands are uphill and out of the way. 


JASON D. MARTIN 


by 


I {may strike an instructor as unusual to load the backside of a BHK in this manner. Although this, 
application does not conform to the way instructors have typically seen a BHKin use, itis an 
acceptable way to load a BHK.It is essentially a double flat overhand. As long as the resultant BHK 


loop is either in use or adequately long enough, itis highly unlikely that a climbing team could cre- 
ate a load large enough to compromise the backside use of the BHK. 
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‘Making the transition on 


BEE an instructor tether with 


a 


an ABD. The instructor 
pre-rigged his rappel 
device—extended on 

a doubled nylon sling 
and backed up with 

an autoblock knot 
attached with a locking 
carabiner to his belay 
Toop. Once he descends 
on the tether below 

the master point and 
weights his pre-rigged 
system, he can double- 
check everything before 
unelipping the Grigri. 
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Making a transition with a 48-inch sling attached to one strand of the rigging rope with a klemheist 
knot. The rappel device is backed up with an autoblock. This technique could be used to transition to 


a rappel using the Backside or Joshua Tree Systems. 


The Three-in-One System 


Popularized by Adam Fox during his tenure as 
the AMGA‘ SPI Discipline Coordinator, the 
‘Three-in-One System was conceived as an effi- 
Gient rigging system for professional instructors 
that addresses the needs for instructor security, 
top-managed scenarios, and easy conversion to a 
bottom-managed site. Instructors around the coun- 
try have learned to appreciate its signature elegance, 
since it manages to anchor, create an instructor 
tether, and create an extension with the same rope. 
‘Three tasks with one rope: Three-in-One. 

Even in its simplest configuration, the 
‘Three-in-One System will require enough rope to 


Advanced Anchor 


accomplish all these tasks. An instructor can antici- 
pate the amount of rope needed by multiplying the 
distance between the components and the clift’s 
edge by three. If the components are farther from 
the clif’s edge than a third of the setup rope length, 
the Three-in-One System may not be effective. 

Start by building a high master point in much 
the same sequence as previously discussed: 


Locate the climb and a distance from the cliff’s 
edge directly above the climb that reduces the 
risk of falling over the edge. 


2, Face the terrain and use raised arms to 
target potential components (trees, boulders, 
removable and permanent protection). Let the 
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arms forecast the vectors the setup rope will 
eventually create to make sure the component 
selections are not too far apart. Keep in mind 
that a narrow-angle V configuration (or at least 
less than 90 degrees) is the goal. 

Flake out the rope and take the end of the rope 
out to the most distant component. Strive to use 
the setup rope alone to attach the component, 
Bowlines can be very helpful 

Leave enough slack at the site of the intended. 
master point to tie a BHK, then take the 
remaining bight of rope back to the other 
component. Again, try to attach the bight 
directly to the component to avoid using some 
other tool;a bowline with a bight works well 
for this application, 


Once both components are connected, a closed 
U shape awaits the anchor builder at the site 
of the intended master point. Use this bight of 
rope to tie a BHK that distributes the load to 
the components along the anticipated direction 
of pull (toward the climb). 


Now that the master point is buile, use what is 
left of the setup rope to construct the rest of the 
system, Start with the instructor tether: 

1, Since one end of the setup rope is tied to the 
‘most distant component, take the other end and 
tie a stopper knot. 

2, ‘Toss the stopper-knotted tail of rope so it hangs 
down about 10 feet below the cliff’s edge, 

3, With this distance measured, affix the rope to 
the master point using a figure eight loop and a 
locking carabiner. 

4, With the attachment of a Grigri or assisted 
braking device, this fixed length of rope will be 
the instructor tether. 

Nest, an extension can easily be created using 
the rope that remains 

1, From the backside of the instructor tether, feed 

out a loop of slack that hangs over the cliffs 

edge. 

Close the long loop with another overhand or 

figure eight loop. 

3, Now, using the tether, an instructor can 
comfortably and securely position themselves 
at or just over the edge to tie a BHK, 


~ 


Stepping back, an instructor should see that the 
entire system—anchor, tether, and extension—has 
been tied with the same setup rope. 


Making the Transition 

from Rigging to Rappelling 

‘To rappel back to the base, use the instructor tether 
to facilitate a secure, easy transition to a pre-rigged 
rappel. Simply pull up the doubled rappel rope, rig 
a rappel device, back it up with an autoblock, then 
rappel on the instructor tether with a Grigri until 
the rappel is tight to the pre-rigged rappel setup. 
Double-check the rappel device and make sure the 
autoblock is grabbing, then finally unclip from the 
Grigri and proceed with the rappel. 
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CHAPTER 10 


Risk Management 
at the Crag 


very year the American Alpine Club publishes 
Accidents in North American Mountaineering, 
detailing significant climbing accidents for the year 
in a comprehensive analysis, Studying what hap- 
pened to other climbers can heighten an instruc~ 
tor's awareness of what to watch out for to avoid 

a mishap. John Dill, head of Yosemite's Search and 
Rescue (SAR) team, studied the most serious 
climbing accidents that happened in Yosemite Valley 


from 1970 to 1990. During that time fifty-one 
climbers died in accidents, 80 percent of them, Dill 
estimates, “easily preventable.” In his article “Stay- 
ing Alive,” Dill points out that state of mind is the 
key to effective risk management:“‘It's impossible 
to know how many climbers were killed by haste 
or overconfidence, but many survivors will tell 

you that they somehow lost their good judgment 
long enough to get hurt, Its a complex subject and 


Sign at Mountain Warfare Training Center, Leavitt Meadows, California. 
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Inattentional Blindness 


ji ‘nattentional blinciness is a term psychologists use to describe the neurological phenomenon that 
‘occurs when the brain fails to see something obvious, when attention is distracted or focused on 
something else. Psychologists who study multitasking have found that most of us aren't the multi- 
taskers We think we are: Our brain is simply switching back and forth from one activity to another, 
deactivating one area of focus to process the other task, In my (BG) role as an examiner for cquides’ 
certification exams, Ive seen examples of inattentional blindness many times during complicated 
technical scenarios, where the instructor has moved his focus without seeing an obvious error, like 
a catabiner unlocked at a key belay or rappel device. Its as ifthe mind skipped a step, or the brain 
said that everything was correct and complete, when in fact it wasn'ta cognitive blind spot 

Psychologists theorize that once the brain determines what is important, it fills in the picture 
‘with whatever your expectations believe should be there, These failires of awareness happen to all, 
fs, at one time or another, but we're not aware of them, so we don't realize what we've missed! A 
‘systematic and routine checklist is helpful, but what we really need to learn to look for is what might 
bbe wrong, not what looks right, 

Pat Ament, the great Colorado climber of the 1960s and 1970s, writes in his book Rock Wise: "As 
‘with all of climbing, itis attitude that saves or kills. There is no better beginning than within the mind, 
inthe form of complete concentration, There is no 10m for oversight or for dismissing what is logi- 
cally understood. Keen intuition must evaluate all which strikes both mind and eye, Preparing ...is a 
[process of reasoning and advancing through a regular chain of tests until a synthesis reads go." 


sometimes a touchy one. Nevertheless ... at least 


or in most cases by a rope being pulled or dragged 
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three states of mind frequently contribute to acci- 
dents: ignorance, casualness, and distraction.” 

Proper risk management in the single pitch 
environment involves identifying and assessing haz- 
ards, making the right decisions to avoid these haz- 
ards, then implementing controls and supervision to 
minimize the risks. 


Rockfall 


One environmental hazard is rockfall, which can be 
naturally occurring (caused by melting ice, wind, 
etc.) or more likely man-made, caused either by 
someone pulling off or stepping on a loose hold, 


actoss the top edge or the face of the cliff. Dropped 
equipment is also a hazard. Setting up a helmet 
perimeter zone at the base of the cliff minimizes 
the danger, as does requiring students to not hang 
out at the very base of the cliff in the rockfall zone 
unless they are belaying or climbing, An explana~ 
tion of the risk is appropriate (ie., why you need 
to wear your helmet at the base and while belaying 
and climbing), as is an explanation of the universal 
verbal signal for a falling rock or dropped piece of 
equipment:*ROCK!"” Being vigilant is the best 
strategy, especially when other climbers are directly 
above or at the top of the cliff. 
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Terrain Hazards 


Another environmental hazard is the terrain itself. If 
working at the top of the cliff, falling off the edge 
isa real hazard, as is any steep and exposed terrain 
involved in scrambling up to the top. In very exposed. 
situations a fixed line can be rigged. See chapter 14, 
Fixed Lines, for more information. 

‘The base of the cliff also has terrain hazards. The 
ideal base for group classes would be perfectly flat, 
but this is often nor the case or even possible, Show- 
ing students the proper approaches to the climb 
and belay spots and supervising them is important. 
Ofien the most dangerous aspect of taking a large 
group climbing in a toprope crag setting is their 
scrambling around on uneven terrain at the base of 
the cliff, unroped, where they aren't protected by 
a toprope. The use of ground anchors is important 
for the belayers in situations where there are chasms 
and drop-off adjacent to the belay stances. 


Closing the System 


In the single pitch environment, the rope system 
should always be closed. This simple protocol will 
prevent many accidents during lowering and rap- 
pelling. A closed system means that both ends of the 
rope have a knot in them—either the end is tied 
into someone's harness, or a stopper knot is tied 

on a five end. This simple habit prevents the end of 
the rope from ever going through a belay or rappel 
device. Always close the system. 


Systems Checks 


‘The instructor is responsible for risk management 
for the entire group. A protocol for systematically 
checking every climber and belayer before every 
climb should be standard procedure. A commonly 
used system is to start with ABC: Check the ground 
anchor (if used), check the belayer, then check the 
climber. A proper systems check should be both 


visual and verbal. The instructor should be close 
enough to clearly see the harness buckle and rope 
tie-in. A verbal check is important because it lets 
the student recognize and learn what to check for. 
‘The best method is to have the students themselves, 
go through the checks, with instructor supervision, 
to get into the habit of a mandatory systems check 
before every climb. 


Anchor 


Check the ground anchor to make sure the belayer 
is in a line between the direction she will be pulled 
in the event ofa fall and the anchor itself. A good 
way to attach the belayer to the ground anchor is, 
with a clove hitch to a locking carabiner (the end 
is tied to the front of the belayer’s harness with the 
standard figure eight follow-through knot) 


Belayer 


Check the belayer’s harness, to make sure it is buck 
led properly. Check the figure eight follow-through. 
knot, to make sure that it is (1) tied properly and 

(2) threaded through the correct tie-in points at the 
front of the harness, Check the belayer’s belay device, 
to make sure the rope is properly threaded through 
the device, and lastly, check the belayer’s locking 
carabiner on the belay device, to make sure that it is 
locked. Check that the belayer is wearing her helmet. 


Climber 


Check the climber's harness, to make sure it is 
buckled properly: Check the climber’ figure eight 
follow-through knot, to make sure that itis (I) tied 
properly and (2) threaded through the correct tie-in 
points at the front of the harness. Check to ensure 
the climber is wearing his helmet. 

These checks are simple, but it is surprising how 
‘many times students are caught making a mistake 
somewhere along these lines. The instructor needs 
to do these checks before every climb, It’s that sim= 
ple. Go through the checks with the students until 
they learn what to look for, and have the belayer/ 
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climber pair go through the checks themselves with 
instructor supervision. 

New instructors might want to come up with 
an acronym to help remember what to look for, 
stich as CRASH: 

C= carabiner (squeeze check the locking 
carabiners) 

R = rope (check to make sure the rope is not 
twisted at the top anchor, and check the knots) 

A = attitude (check to make sure the climber is 
ready or has any questions) 

'S = stuff (check for any extraneous stuff on the 
climber that should be removed) 

H = helmet and harness 
Another common one is BARCK: 

B = buckles on the harness 

A = anchor (check the ground anchor) 

R = rope 

© = carabiners locked 

K = knots 


Whatever system is used, know what to check 
;and be methodical 


fi 


Falling 
‘With a sound toprope anchor, a good belayer, a 
proper tie-in, and good systems check, the biggest 
risks the climber faces during the climb are from 
falling. Ifthe belayer is attentive and there is mini- 
ral slack in the system, the fall will be short and 
uneventful. For novices a demo on how to fall is 


important, showing them the proper position if a 
fall does occur:a wide stance with the legs, leaning, 
back to weight the harness, not grabbing onto the 
rope, extending both arms outward against the rock, 
not clutching the rock or grabbing handholds. 
1B grabbing 

The falls to guard against and watch out for 
are falls when the climber is too far to the right or 
lef in relationship to the toprope anchor, which 


A discussion and demonstration on proper 
falling technique is appropriate for novices— 
feet wide, hanging in the harness, arms 
outstretched to brace against the rock, not 
grabbing the rope. 


result in a swing or pendulum across the rock face; 
and falls when there is too much slack in the rope. 
Remember, if using a dynamic rope with a lot of 
rope in the system, rope stretch can be substantial 
(dynamic ropes stretch approximately 10 percent 
even in a toprope fall). When a climber is directly 
above the ground or a ledge, take particular care to 
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Bugh describes inertial resistance to acceleration as caused by electromagnetic forces. Changes in position 
of a mass will cause phase differences to develop between the precessional motions of the particles of 
that mass relative to the sea of standing waves. This in turn causes electromagnetic force that resists a 
mass from changing its position. 


‘The research papers are published in a book and a CD titled "Spin Wave Technology Initial Release". 


Spin Wave Technology 


Electromagnetic interaction among uncompensated electron spins 
from gyroscopic precession in an opposing cxtcrnal magnctic ficld 


Electromagnetic interaction among compensating electron spins 
from gyroscopic precession in magnetic ficlds manifested from. 
apparent relative motion of protons of the nucleus 


Fig. 4. 
Spin wave technology 
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The right side of this toprope setup is clipped into a bolt that will act as a directional to prevent a 


falling climber from swinging. 


ensure the rope is slightly under tension (especially 
if you are using a dynamic rope), to guard against 
rope stretch in the event of a fall. 

A directional can be used to prevent a swing in 
the event of a fll. A directional isa separate piece 
of gear placed below and to the right or left of the 
main anchor. For example, if the start of the route is 
20 feet to the right of the toprope anchor, and the 
climber falls near the bottom, he will swing 20 feet 
to the left during the fall (or even hit the ground), 
A solid piece placed directly in line above the start 
would be a directional, preventing the swing. When 
the climber reaches the piece, he simply unclips 
and continues to the top.As the climber is being 
lowered, he re-clips into the directional so that the 
climb is ready for the next climber. 


Other Considerations 


Climbing sites can be the habitat for things that 


sting and bite, both flora and fauna, Students should 


be informed of the hazard and given strategies to 
avoid an unpleasant encounter. 

‘Weather is another hazard that must be consid- 
ered, Instructors should check the forecast prior to 
the work day to ensure they and their students are 
adequately prepared for whatever weather condi- 
tions the day may bring, An excellent resource for 
regional and spot forecasts anywhere in the United 
States is the National Weather Service website: 
wwwaweather.gov, 
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Top- or Base-Site Management 
for a Single Pitch 


fan observer took a snapshot of recreational 

climbing teams around the country, he might 
begin to think that single pitch climbing has a 
default pattern, First, most climbers establish the 
climb; it is either led or the anchor is assembled 
and the toprope is tossed down from the top. The 
climber and the belayer are on the ground at the 
beginning and the end of the climb, Belaying seems 
to universally happen with the rope having been 
redirected through the anchor, and the belayer uses 
his or her own body asa counterweight, belaying 
directly off the belay loop. After the climb is over, 
someone has to clean the anchor. 

Itis inarguable that this single pitch paradigm, 
predominates the climbing community, but instruc~ 
tors should appreciate that just because this arrange- 
ment is typical, itis not the only way to work a 
climb. In fact, many veteran instructors find the 
opposite arrangement, where the belayer lowers the 
climber down from the top of the climb, to be the 
most common arrangement in single pitch out- 
ings. For a professional instructor, neither arrange- 
ment should become the default setting. Every 
single outing, every crag, and every student requires 
a thorough instructor to make a choice:"Shall 1 
work at the top of this climb, or shall I work at the 
bottom?”"The goal of this chapter is to inventory 
all the options an instructor has when working 
in a single pitch setting, divulge the tools that are 
necessary to enable those options, and explore the 
criteria that an instructor would use to make an 
appropriate choice for his or her students. 
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‘Top-Managed Sites 


‘Working at the top of a climb has many obvious 
advantages, For one thing, it may be the only way 
to work the crag. Many climbs are located along sea 
ffs and riverbanks, on the rims of a canyon or cave, 
or at the top of multi-pitch climbing area. For these 
kinds of climbing areas, the base of the climb is either 
inaccessible (hundreds of feet away), or there is water 
lapping against the bottom of the cliff. In each case, 
the climbing team will have to approach the top of 
the climb, build an anchor, lower a climber down, 
and have the climber climb back to the top. 
‘When the instructor does have a choice, how- 
ever, between the top and the bottom of a climb, 
there are still clear advantages to the top, 
© The entire climbing team is rarely in danger of 
rockfall in an area accessed from the top. 
© There is 50 percent less rope in the system, 
compared to a base site, minimizing rope 
elongation, 

* Some climbers like climbing to the instructor. 

© Belaying from the top allows an instructor to 
uuse an entire rope length when leading, opening, 
longer pitches and huge stretches of terrain. 

© The instructor can usually see the anchor system 
the entire time, monitoring components, sharp 
edges, and other users. 

© An instructor already at the top of the climb can. 
immediately clean the anchor, making the top 
site a more efficient way to work, 

© The top site opens up programming options like 
rappelling, 
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A top-managed site at Joshua Tree National Park, California. 
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AMGA Single Pitch Instructor James Pierson top-manages a climber from a cliff in Washington's 
Larrabee State Park. Instructors working on a sea cliff have no choice but to work from the top. 


‘There are clearly disadvantages to the top site 
as well. Its difficult or impossible to see climbers 
from above on many crags, and coaching individual 
moves is difficult, The climber’s rope always goes 
over the edge when belaying fom above, so sharp 
edges are particularly troublesome. Many cliff-top 
ecosystems are fragile and should not be unneces- 
sarily impacted. Lastly, the clif’s edge is always close 
by, so instructors have to build technical systems to 
protect themselves and closely supervise participants 
who may try to venture too close to a precipice. 

Because of these advantages and disadvantages 
in top-site work, instructors may find themselves 


preferring the top site for low-ratio work, especially 
in areas where lead climbing is the most common 
way to access the anchor. If there are only one or 
two students to manage, it is an efficient way to 
work. 

‘When establishing a top site, instructors need 
to select an anchor and a stance that allows them 
to mitigate risks when approaching the clif’s edge 
(with a tether of some sort), recognizing that the 
space between the anchor and the cliff’s edge is 
about to become a busy place. Instructors will be 
moving back and forth, students will be entering 
the system, rappels will be rigged, ropes will be 
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stacked, etc, Instructors come to think of this area 
in front of the anchor as the “workspace,” and that 
is an appropriate way to think of it.As a workspace, 
it should be clear of all superfluous equipment 

and personal items. As a workspace, tools should 

be logically arranged for easy access, or intention~ 
ally stowed. As a workspace, the things that happen 
there should have the tone of work: intentional, 
careful, and diligent. Students will need to be care- 
fully instructed about where to stand and when and 
how it’s okay to approach the cliff’s edge. 


Base-Managed Sites 


Working from the base of the cliff has distinct 
advantages: There is no danger of anyone falling off 
the edge of the cliff, belayers are easily supervised, 
and climbers can be seen and coached on their way 
up the route, Recreational climbers will be most 
familiar with this arrangement, and it is most likely 
the system that they will default to using on their 
own, with friends, or in climbing gyms. 

‘But hazards do exist for base-managed sites, 
such as rockfall and dropped gear. Ifthe climbs 
are long, there is more rope in the system, so rope 


stretch can be a big hazard, particularly if dynamic 
rope is being used for toproping, 

Because of these advantages and disadvantages 
in base-site work, instructors may find themselves 
preferring the base site for high-ratio instruction. 
Groups can cheer on their friends, the outing has 
a social atmosphere, and multiple climbing teams 
can be supervised simultaneously: Furthermore, 
each climbing team can employ up to four student 
roles,so no one needs to sit idly by, waiting for their 
turn to do something, For any given climbing rope, 
one student will climb, one will belay, one can be 
a backup belayer, and one can serve asa ground 
anchor. 

‘When should a ground anchor be used? If both 
the climber and belayer are roughly the same body 
weight and the terrain at the base of the cliff is flat, 
a ground anchor is unnecessary. But if the climber 
outweighs the belayer by more than 40 percent, 

a ground anchor should always be considered. A 
severe weight discrepancy will be even more obvi~ 
ous in low-friction setups, like overhangs. But fri 
tion, from a climber’s body on a low-angled slab, or 
directional pieces that redirect the toprope, or the 
rope running over the rock itself, will help mitigate 
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This belayer is using a large block of rock for a ground anchor, ensuring she won't budge if the 


climber falls. 


a severe difference in weight. Ground anchors rarely 
hurt anything. It is especially important to establish 
a ground anchor for the belayer in uneven terrain, 
particularly if the belay stance is perched high on 
top of boulders, or is some distance away from the 
base of the cliff, 

A good system to rig a ground anchor is to start 
with the belayer tying in to the end of the rope. 
Not only does this “close” the rope system, but it 
allows the belayer to use the climbing rope to con- 
nect to a ground anchor with a clove hitch, which 
can be easily adjusted to suit the stance. 


Natural anchors are obvious choices for ground 
anchors, like a sling or cordelette around a tree or 
a large block of rock. A single bomber cam or nut 
in a crack will alo suffice. A seated student is an 
excellent choice for a ground anchor, especially 
if vegetation has been heavily impacted or other 
options are not available. The ground anchor stu- 
dent should be given a comfortable seat, like on top 
of a backpack. 

‘The belayer in a toprope scenario will be pulled 
in a line directly to the toprope anchor master 
point, so he or she should be anchored and braced 
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accordingly: Ideally the ground anchor will be low 
and directly behind or beneath the belayer or just 
slightly to the side. Remembering the ABCs may 
be helpfal: anchor, belayer, climber. There should be 
a straight line between the anchor, the belayer, and 
the direction of pull created by the climber. 


Belaying 


‘Whether at the top-managed site or the base- 
managed site, belaying is a skill performed by stu- 
dents and instructors alike. It doesn’t matter who is 
belaying or what they are belaying with, belaying is 
a very serious responsibility It i a skill that instruc 
tors must understand, teach, and supervise. 

All belaying has three irreducible principles that 
comprise the grounding theory of belaying: all the 
techniques discussed in this text will invoke these 
three key principles 
© The brake hand never leaves the rope. 
© The hand transition should be made in a 

position of strength 
* The body should be positioned comfortably and. 

sustainably: 

Even before the popularization of manufactured 
belay devices, these principles were apparent. From 
device to device, the findamental principles never 
changed. The hip belay was one of the original 
forms of the belay, and the principles used to make 
it work also apply to modern belay devices. 


BELAY DEVICES 


‘Today there is a wide variety of belay devices avail- 
able. The most commonly used belay device is a 
tube or slot device (with two slots so it can be 
used for both belaying and rappelling on a doubled 
rope).A bight of rope is threaded through one of 
the slots in the belay device and clipped into a 
locking carabiner attached to the belay loop on 
the fiont of the belayer’s harness. When the two 
strands of rope (one going to the climber, one to 


Black Diamond ATC XP in high-friction mode 
with the teeth on the braking side. 
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The “Dreaded” 
Hip Belay 


(BG) began climbing 

before the advent of the 
belay device. Back in the 
1970s we used the "hip belay" 
technique to catch a fall, which 
was simply wrapping the rope 
around your waist to generate 
enough friction to stop a fall, 
Catching a climber on a big 
“whipper” was painful indeed, 
and often ended a hare day 
of climbing with a black streak 
singed across the back of my 
waistline 


To take in rope, start with the 
brake hand at your hip and 
the guide, or “feel,” hand 
extended. 


To take up slack, the brake 
hand goes out as the guide 
hand comes in. 


The guide hand reaches above 
the brake hand and pinches 
the rope... 


.--80 that the brake hand can 
slide back, 


In the event of a fall, the brake 


hand brings the rope in front 
of the waist for maximum 
friction. 
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Standard Climbing Signals 


methodical systems check along with proper use of the universal climbing signals are integral 
parts of climbing, Ambiguity in the use of climbing signals has led to many tragic accidents, 

simply because oflack of communication between the climber and belayer. One infamous tragedy 
occurred at a popular ice climbing area, ina toprope setup, when the climber reached the top ofthe 
climb (at the top ofthe cliff and the anchor. The climber yelled, ‘I'm OKI" but the belayer thought 
he heard, "Off belay" The belayer unclipped the rope from the belay device and took the climber off 
‘belay, thinking he was going to walk off the top. The climber leaned back to be lowered and fell to 
his death, 

Ona base-managed toprope climb, is important to be vigilant atthe transition from the climb 
up to the lower down, This is where most accidents due to improper communication and climb- 
ing signals ocour. Thee should be no ambiguity: Many instructors hold onto the strand of rope that 
goes back down to the belayer until sure that the belayer has heard the command and isin the 
‘brake position and ready to hold weight. In most cases the instructor will be within visual contact, 
0 in addition to hearing the verbal commands, the instructor should also look down and visually 
verify that the belayer is being attentive, withthe brake hand in the proper position, alert and ready 
to lower in a controlled manner: In situations where climbing with other parties around, it's best to 
Include the belayer's name in the signal (¢.¢,, “Olt belay, Bob”) to prevent confusion. 

Here are the standardized climbing signals used in many climbing schools: 


(On belay?: Climber to belayer, "Am Jon belay?" 


Climbing: Climber to belayer, “I'm beginning the climb” 

Climb on: Belayer to climber, “Go ahead and start climbing; I have you on belay” 

Up rope: Climber to belayer, "There is too much slack in my rope. Take up some ofthe slack!" 
(Too much slack in the belay rope will mean a longer fall, Remember that rope stretch also contrib- 
utes to the total distance ofa fall, especially when there is alot of rope out in a toprope scenario.) 

Slack: Climber to belayer, "Give me some slack, the rope is too tight" 

Tension (or Take): Climber to belayer, "Take all the slack out of the rope and pull t tight; am 
going to hang all my body weight on the rope (This could be a situation where the climber simply 
‘wants to rest by hanging in the harness while weighting the rope, or a toprope situation where the 
climber is getting ready to be lowered back down a climb) Be careful with the word “take” as it can 
‘be misheard as “slack or “safe!” 

Tension on (or I've got you): Belayer to climber, “Ive taken the rope tight, and my brake hand 
Js now locked olf in the brake position, ready to hold all your weight!" 

Lower me (or Ready to lower): Climber to belayer, “I'm in the lowering position [feet wide, 


e 


good stance, sitting in the harness, weighting the tope, and leaning back], and I'm teady to be 
lowered” 

‘Lowering: Belayer to climber, “I'm proceeding to lower you"” 

Off belay: Climber to belayer,“'m safe. You can tinclip the rope from your belay device and 
take me off belay” (Never take someone off belay unless this siqnal has been heard, The universal 
contract between belayer and climber is that the belayer must never take the climber off belay 
unless the climber gives the belayer the "off belay” command ) 

Belay off: Belayer to climber, "I've unclipped the rope from my belay device and have taken 
‘you off belay’ 

‘That's me!: Climber to belayer, “You've taken up all the slack in the rope and the rope is now 
tight to my hamess" 

Watch me!: Climber to belayer, “Heacis up! Be attentive with the belay—there is a good chance 
Tm going to fall right here!" 

Falling!: Climber to belayer, “I'm actually falling, go to your brake position and lock off the rope 
to catch my fall” (A fall can happen so fast that the climber might not be able to shout this signal 
during a short fall, but it helps the belayer react more quickly, especially in situations where the 
belayer can't see the climber) 

ROCK!: Climber to belayer and others below, "I've dislodged a rock and it’s now freefalling 
‘below me—watch out below!" (The equivalent signal to “fore!” in golf, "ROCKI" should also be 


® 


yelled when the climber drops a piece of equipment.) 


the belayer’s brake hand) are held parallel, in front 
of the belay device, there is litte friction, but when 
the brake strand is held at a 180-degree angle rela 
tive to the strand going to the climber, the device 
affords maximum friction, making it relatively easy 
to hold the force of a falling climber. 

So long as a belay method adheres to the three 
fundamental principles of belay, there are many 
techniques acceptable for a sound belay. Along with 
loyalty to the fundamental principles, good belaying 
technique effectively manages rope slack, requires 
‘maintaining a brake hand on the brake strand side 
of the rope, and generates enough friction to stop a 
fall and properly lower a climber. 

(Over the last decade advances in technology 
have allowed manufacturers to produce thinner 


ropes, and belay devices have evolved along with 
the ropes. When buying a belay device, check the 
‘manufacturer’ specifications and make sure its 
appropriate for the diameter of the climbing ropes 
being used. The most popular tube device is the 
Black Diamond ATC (tongue in cheek for Air Traf- 
fic Controller), which also comes in a more versa 
tile version with teeth on one side (the ATC XP) 
that gives the belayer two options: regular friction 
mode when the brake strand is on the non-teeth 
side, or roughly twice the amount of friction when 
the brake strand is on the teeth side. 

Assisted braking devices (ABDs) have become 
popular for toprope belaying. The most popular 
models include the Petzl Grigri and the Trango 
Cinch. These devices have a mechanical lever that 
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At the end of the book it suggests that it should be possible to create computer simulations of particle 
interactions using classical electrodynamics to demonstrate both inertial resistance and gravitational 
attraction and it should be possible to simulate devices that manipulate these particle interactions to 
demonstrate antigravity effects. 


Cc 
it 2 Resonant Cavity 


Ferromagnetic material 
Antenna & Field Coil 


—»> —+-———- Distance between resonant cavity 
and the ferromagnetic lasing 
material where both the antenna 
emissions and emissions reflected 

a off the cavity walls provide the 
maximum re-enforcment of 
coherent electron precession and 
coherent spin waves 


Distances that will allow an 
integer number of EM waves 
ow between opposite resonant 
cavity walls at the coherent 


electron pression frequency 


Fig.5 
Spin wave laser 


More information is available about the research results at the 
website: www.vasantcorporation.com. 
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Petzl Grigri in lowering mode. 


should engage during a fall. Once weighted, the 
braking lever pinches the brake strand quite hard, 
so the device has a handle that must be opened 

to release the tension, When lowering a climber, 
the belayer must simultaneously manipulate the 
mechanical lever with the handle with one hand, 
while maintaining friction and controlling the 
speed of the lower with the brake hand. These 
coordinated movements mean that ABDs are far 
from foolproof, and many accidents have occurred 
with ABDs, typically when someone is being low- 
ered. The cardinal rule to teach with any belay 
device is this: Never take your brake hand off the 


Trango Cinch in lowering mode. 


rope! Afterall, it the first fundamental principle of 
belay. 

With any belay device, read the manufacturer's 
guidelines carefully, and seek proper instruction 
from an AMGA certified instructor if you have any 
doubts about how to use the device or the proper 
technique to use when belaying with the device. 


Belaying in a Base-Managed Site 


‘Whether using an ATC or an ABD, the following 
sequence best adheres to the fundamental principles 
of belay in a base-managed site 
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The PBUS (pull, brake, under, 
slide) method of belaying on a 
toprope. Start by clipping the 
rope into the slot in the belay 
device closest to the spine side 
of the carabiner and orient the 
rope so that the brake side is 
down. 


++ then brake the rope down 
under your belay device. 
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Take your non-brake hand and 
firmly grasp the rope directly 
under the belay device ... 


To take up rope, pull the rope 
up with your brake hand (palm 
down) as you simultaneously 
pull the rope down with the 
other hand . 


«then slide your brake hand 
up against that hand and repeat 
the process. This technique is 
easy to learn and maintains a 
firm brake position on the rope 
at all times. Ina fall, remember 
that the brake position is down. 
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After you've mastered the PBUS method, a 
more advanced technique is to brake under and 
switch the brake hand, alternating back and 
forth with either hand. 


e 
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Two-Rope Toprope Setups 


hen rigging long topropes of more than half a single rope length, two ropes can be tied 
VV together using knots like the double fisherman's knot ot figure eight bend knot With such 

a huge amount of rope out between the climber and the belayer, rope stretch is a major concern, 
especially when using dynamic ropes, Remember that even a short fallin a toprope situation will 
stretch a dynamic rope about 10 percent, so tighten up the rope when belaying someone jst off the 
ground, or just above a ledge 

Here are two methods that can be used to desl with the knot joining the two ropes. The simple 
solution, and also the best if there will not be a stance for the climber to stop at, avoids the knot pass 
altogether. With the knot joining the two ropes at the anchor, te a figure eight loop and attach it to the 
climber’s belay loop with two locking carabiners (gates opposed and reversed). When the climber 
reaches the anchor, the knot will be just above the helayer's device, so no not pass is required. 

Another solution is to use two belay devices. The climber ties in o the end of the rope as usual. The 
bbelayer anticipates the knot pass and has a second belay device clipped to his belay loop, atthe ready. 
‘When the knot reaches the belayer, the belayer alerts the climber to find a good stance, then ties a 
backup knot (overhandl loop) on the brake hand site of the belay device. The belayer steps forward 
to create a bit of slack, then clips the rope into the second belay device on the climber's side ofthe 
not leaving the first belay device clipped in If another person is availabe, that person can assist the 
Delayer simply by holding the rope with both hands under a lite tension above the belay device as 
the belayer accomplishes this. When the climber reaches the anchor, the belayer lowers the climber 
Until the knot is almost tothe belay device, and the process is reverseci The climber takes a stance, 
the belayer unclips the second belay device (frst double-checking that the fist belay device is stil 
clipped in and has the baclayp Imo), then unties the backup knot and lowers the climber as normal 
Knot-passing techniques are something that should be practiced with a qualified instructor 


demonstrate a climb with a student belayer, adding 
another student as a backup belayer gives you an 
added layer of protection, 


Backup Belayers 


‘The purpose of the backup belayer is simple: In 


& 


case the primary belayer loses control of the brake, 
the backup belayer, holding the brake strand side of 
the rope, holds the rope to prevent a fall, essentially 
backing up the belayer’s brake hand, For first-time 
belayers itis appropriate for the instructor to be 
the backup belayer. For intermediate-level students 
who have demonstrated proficiency in belaying, 
techniques, other students are commonly used 

for backup belayers. As an instructor, when you 


To properly back up a belay, the backup belayer 
should be positioned behind and, if possible, 
below the belayer’s brake hand, so that the backup 
belayer’s hands can activate the brake position of 
the belayer's device if needed. The backup belayer 
takes in or feeds out rope as needed, leaving enough 
slack so that the rope is not being tugged from the 
belayer’s brake hand, or in any way impeding the 
belayer’s ability to manage the belay. If the belayer 
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Backup belayer in action. Note that the backup belayer is providing a hip belay for extra security. 
This may be required in places where an in-line belay backup is difficult to achieve. 


JASON D. MARTIN 


Here a climber provides 
a “meat anchor” for the 
belayer. The backup 
belayer provides an 
in-line backup belay. 


RON FUNDERBURKE 
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loses control of the brake hand, the backup belayer 
essentially takes over the braking role. The critical 
juncture for the backup belayer is when the climber 
reaches the anchor and transitions into being low- 
ered. The backup belayer can also help the belayer 
by managing the free end of the rope, preventing 
any tangles from reaching the belayer. 

Some instructors run the rope from the belayer’s 
brake strand through a carabiner on a ground 
anchor behind the belayer, redirecting the rope back 
up to a backup belayer. When done properly, this 
keeps the rope low and in the braking plane, which 
allows the backup belayer to stand or change loca- 
tions without compromising the effectiveness of the 
backup. This redirect technique is also helpful if the 
instructor is the backup belayer. The instructor can 
stand in front of the belayer to visually monitor the 


belayer and climber at the same time while keeping 
the brake strand in the braking plane. 

Another backup technique is the use of a “catas- 
trophe knot." This is simply an overhand knot tied 
on the rope on the brake strand side of the belayer's 
belay device. The catastrophe knot can be used if, 
for some reason, the instructor needs to walk away 
from the backup belayer role momentarily. If the 
climber falls and the belayer loses control, the over- 
hand knot will jam in the belay device, preventing a 
catastrophic fal 


Belaying from the Top 


‘The method preferred by most professional instruc~ 
tors when belaying from the top of the cliffis the 
direct belay. In a direct belay the belay device is 


A direct belay with a Munter hitch. In this sequence the belayer's right hand is the brake hand. The 
starting position (position 1) is with the brake hand at the top and the guide (or feel) hand lower (left 
photo). Pull the rope down with the brake hand as the guide hand goes up (center). Feeding the rope 
up toward the carabiner with the guide hand, rather than pulling the rope down tightly with just the 
brake hand, lessens kinking of the rope. Now take the non-brake hand and grasp the rope below the 
brake hand (right). This is both the brake position and lowering position. Unlike a tube device, the 
maximum friction with a Munter hitch is when the two rope strands are parallel to each other. To 


continue the hand sequence, return to position 1. 
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The direct belay. A Grigri is clipped directly to 
the master point. 


clipped directly to the anchor, and in the event of a 
fall, the anchor, not the belayer, bears the brunt of 
the fall and holds the climber’s weight. 

Using a standard belaying device, like an ATC, is 
not recommended for use in a direct belay, because 
unless the device is positioned below waist level, 
the braking position will be very awkward, and the 
instructor will be in a weak and dangerous position 


to hold a fall. Ifthe master point is above waist level, 


the Munter hitch works well, ince the braking 


Detail of a direct belay setup. The belayer is 
anchored with a clove hitch, and the Grigri is 
clipped directly to the anchor master point. 


position for maximum friction is when the two 
strands of rope are parallel to each other, with the 
brake position down below the carabiner, not above 
it. Belaying with a Munter also allows instructors 
the option of positioning themselves some distance 
away from the Munter belay carabiner due to the 
maximum braking power achieved with both rope 
strands parallel to each other. 

A commonly used method for a direct belay is 
to use an assisted braking device (e.g., Petal Grigri 
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Not for Instructors 


ecteational climbers tend to tise two systems that have limited applications for professional 

instructors. The first is the indirect belay, which is a fancy way of saying a belay directly off the 
harness, The second is the redirected belay, a technique where the rope runs fom the belayer at the 
{op through carabiners al the anchor and then back down to the climber. 

‘The indirect belay is considered to be indirect because the force of a fal is not directly placed on 
the anchor. Instead, the belayer's body takes a portion of the force, which depending on the position 
and stance could be a large portion or a small portion, 

An inditect belay is a poot choice for an instructor becatise you ate “in the system,” frozen in the 
Position that you set up. This makes it difficult to see and coach your climber. Additionally, if some- 
thing goes wrong, itis dificult, echnical, and time consuming to escape the belay. 

Arredirected belay is a similar technicque, but instead of running directly to the climber's belay loop, 
the rope is first redirected through carabiners in the anchor, The problems with the redirected belay 
are similar to those with the indirect belay The instructor can become stuck in the system, unable to 
coach a climber below, and this belay also is difficult to escape in the event of an emergency, 

Inaddition to the preceding, there are two other problems implicit in a redirected belay First, 
‘when a heavy climber lowers, the belayer can be pulled up into the system. And second, this system 
putts more force on the anchor, 

Azeditected belay puts more force on the anchor by cteating a 2:1 pulley system at the master 
point. Such a system requires an equal amount of weight on both strands of rope to remain static, In 
other words, if 200-pound person falls on a redirected belay, you will have to counteract that weight 
‘with an additional 200 pounds, placing 400 pounds directly onto the anchor. 

While some might arque that there are legitimate reasons to tise an indirect or a redirect belay, 
there are few legitimate reasons to tise these techniques in a single pitch instructional scenario, 


or Trango Cinch) or autoblocking device (e.g.,ATC anything that presses against the handle (ie., the 


Guide or Petal Reverso) clipped directly to the rock) will release the braking mechanism. Be sure 
‘master point of the anchor. to position the handle away from the rock. 
‘The advantage of a Grigri or similar device is Remember, a regular ATC or similar non- 

that in the event of a fall, the Grigri simply locks autoblocking device is not recommended for use in 
off, and the anchor holds the climber’s weight. a direct belay if the master point is at or above the 
‘When using a Grigri in the direct belay mode, belayer’s waist level, as the braking position would 
take care when the device is close to the rock, as be very awkward. 
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Lowering from a Top-Managed Site 


‘There are several lowering methods that are quick 
and easy to rig. Before lowering someone, make 
sure the system is closed and the rope is properly 
flaked at the instructor's feet. Climbing instruc 
tors should choose an ergonomic stance that will 
not put them in an awkward position, and will 
allow visual contact with students all the way to 
the ground. If the anchor is not close enough to 
the edge to allow this, tether or anchor extension 
should be incorporated into the system, 


Lowering with a Munter Hitch 


‘The rope is flaked at the instructor’ feet, so if there 
are any tangles, they can be handily dealt with, Note 
that the tail of the rope sitting on top of the rope 
stack will soon be tied to a student. Therefore, wher- 
ever that rope goes, the student will have to follow 
that same path while approaching the cliffs edge to 
be lowered. Make sure the student has a clear avenue 
to the cliff’s edge once on belay. Toss the rope to the 
student and instruct them to tie in. Next, use a lock= 
ing carabiner designed for use with a Munter hitch 
on the anchor. Back it up with an autoblock clipped 
toa locking carabiner at the instructor’ belay loop, 
and begin formal belay commands with the student. 
(One advantage of the Munter hitch for lowering is 
that an instructor does not have to be at the Munter 
carabiner to effectively manage the braking position, 
since the optimal friction is when both rope strands 
are parallel to each other. This allows an instructor 
some flexibility; he or she can tether as far away fom 
the Munter as desired while maintaining an effective 
belay. 


Lowering with an 
Assisted Braking Device 


‘When given the option, many Single Pitch Instruc~ 
tors will lower a student using a Grigri, Since it has 
a built-in braking system, there is no need to back 


A Grigri in lowering mode with the brake 
strand redirected using the Petzl Freino 
carabiner, which is specifically designed for this 
application. 


it up with an autoblock. Petzl actually sells a cara~ 
biner, called the Freino, that has a special gate on 
the side of the carabiner for the brake strand to be 
clipped into, to facilitate lowering. Without the spe- 
cial carabiner, an instructor can redirect the brake 
strand back up through a separate carabiner clipped 
to the master point (or, on a cordelette anchor, up 
to the shelf). The big advantage of the Grigri is that 
once the rope is clipped in, it can be used for low- 
ering (just remember to redirect the brake strand!) 
or belaying (as the climber climbs back up), and it's 
all set to rig a 3:1 hauling system if a climber needs 
some assistance on the way back up. 
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Using an Autoblock Knot 
as a Backup When Lowering 


‘Whenever lowering a student with a belay device 
other than an assisted braking device, its best to 
back up the brake hand with an autoblock knot 
clipped to a locking carabiner attached to the 
instructor's belay loop. 

Some instructors call the autoblock the “third 
¢ hand releases when low- 
ering or rappelling, the autoblock grabs the brake 
strand of the rope. The autoblock adds an extra level 
of security, especially when there are tangles in the 
rope that require untangling, 

If the stance at the anchor does not allow a clear 


hand,” because if the bra 


field of vision down the cliff, to watch climbers 


while low) 


ing, then instructors can rig the rope 
A Grigri rigged for lowering with the brake = ee 


strand redirected through a carabiner clipped to —_‘t=¢t belzy 


tem to position themselves at the 


edge to maintain visual contact, Instructors should 


Bemaserpane always strive for visual contact with their students 
whenever belaying or lowering 

The belayer is ready 

to lower the climber 


with a Munter hitch 
ona locking carabiner 
clipped to the master 
point, backed up with 

an autoblock clipped 
toa locking carabiner 
attached to the belayer's 
belay loop. 
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Lowering with a Munter 
hitch and an autoblock. 
The belayer is holding 
an autoblock backup 
that’s clipped with a 

| locking carabiner to his 
© belay loop. 
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Here the instructor 
is positioned at 

the cliff's edge to 
maintain visual 
contact with the 
climber being 
lowered using a 
munter hitch at 

the anchor's BHK 
master point. The 
instructor is using 

a Grigri on the 
white fixed line 
Gnstructor tether) to 
allow for adjustable 
positioning. Note 
the backup knot tied 
on the fixed rope 

on the brake strand 
side of the Grigri. 
The instructor's 
brake hand on the 
lowering rope is 
backed up with 

an autoblock knot 
attached to his 
belay loop. 


& 


® 


CHAPTER 12 


Rappelling 


he first question the instructor needs to answer 
is“ why rappel?” Is there an easier way to 
descend from the top of the cliff? Would lowering, 
be more efficient? Can the risks be properly man- 
aged? The most common reasons for rappelling are 
to teach novices the fundamental skills of rappelling 
or to provide students with an experience. Every 
recreational climber needs to know the fundamen- 
tals of rappelling; it is one of the cornerstone skills 
of technical rock climbing. Additionally, rappelling 
can be an impactful activity It is an activity where 
students take complete responsibility for managing, 
their own risk. Properly facilitated, it can be a great 
tool for building self-confidence and generating a 
sense of accomplishment. The instructor should have 
clear goals for conducting the activity and should 
avoid treating rappelling like an amusement ride, 


Teaching Rappelling 


Site Selection 


Site selection is important to teach a novice rappel- 
ling technique. Select a site that has a comfortable, 
flat area on top without a drastic transition from the 
horizontal to the vertical. The ideal site should have 
a high master point for the rappel and belay anchor 
and a flat‘“desktop” area that extends at least 10 

feet back from the edge of the cliff, be free of loose 
rocks, and have a rounded, gradual edge for a com- 
fortable transition to a wall that is angled slightly 
less than vertical. The site should also provide a 
good stance for the instructor, where he or she 

can coach and model while maintaining visual and 
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verbal contact with the student during the entire 
rappel. The cliff face should be fee of loose rock 
and uniformly fat, not riddled with cracks, and 
without comers or overhangs. The base should have 
anice flat landing area without boulders, bushes, oF 
trees. 

Rigging for Contingencies 

In the institutional setting all students are belayed 
when they are learning to rappel. A good instruc~ 
tional system anticipates any potential problems that 


may occur during a rappel and uses a rigging sys- 
tem that is ready to remedy any problem. 


Student Rappel Belays 


Belaying students while rappelling can be done 
from the base or from the top of the cliff. The tech 
nique used at the base is called the fireman's belay. 
‘This technique requires the instructor to be at the 
bottom of the rappel. Holding the rappel rope, the 
instructor can stop the rappeller’s progress by force- 
fully pulling down on the rope. When the instruc 
tor pulls down on the rope and applies tension, the 
rappeller will stop—it's not possible to move down 
the rope when it is under tension, This technique 
requires the instructor to be on high alert, prepared 
to arrest a fall the moment it happens. Failure to 
react quickly can lead to loss of control of the belay, 
with catastrophic consequences. The fireman's belay 
should be limited to situations where there are two 
instructors present: one to perform the belay and 
fone to monitor and coach the students on top. It is 
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Instructor-belayed rappel rigged from a high master point. 


Elevators 


are needs to be taken to avoid having the master point pinned to the qround once the student 

hhas weighted the system and gone over the edge, A low master point has two disadvantages. 
Itmakes the system difficult to manage for the instructor, and it makes the transition over the edge 
far more demanding for the novice rappeller. The SAR community uses a “high redirect" (aka an 
elevator) to deal with this: it's also an elegant solution to the problem for the climbing instructor. A 
simple way to create an elevator is to use a pack to prop up the master point; however, the use of 
trees or terrain features are a much more effective way With alittle creativity there is no reason to 
grovel in the dirt while managing a belayed rappel 


not a recommended belay technique when dealing, 
with novices or when facilitating an experience. 
Assisting or rescuing a student in mid-rappel is 
highly problematic with this technique. 

‘The preferred method for students who will 
be rappelling for the first time is to provide a belay 
from above. The system can be rigged using one or 
two ropes. One line is the rappel line; the other is 
the belay line. Ifthe length of the rappel is less than 
half the rope length, the system can be rigged with 
a single rope. One end is tied to the belayer, and 
the other end goes to the ground and includes a 
stopper knot. If the rappel is more than half a rope 
length, two ropes are required, The rappel rope is 
attached to the anchor with a Munter/mule com- 
bination, which is releasable under tension. The 
rappeller is tied into the belay rope and belayed on 
a direct belay with a Munter hitch off the anchor. 
‘The belay rope is neatly stacked at the instructor's 
feet. 

It is recommended that an assisted braking, 
device not be used in this situation, for a couple of 
reasons. First itis difficult to manage the ABD and 
maintain visual contact with the rappeller. Second, 
and more importantly, itis nearly impossible to pro- 
vide slack to the belay line smoothly as the rappel~ 
ler progresses. Under this circumstance, the student 
isn't actually rappelling; it becomes more of a lower. 


Sometimes the rappeller encounters a prob- 
lem (like long hair or clothing stuck in the rappel 
device, or a knot in the rappel rope) and can't con 
tinue. As always, seek the nontechnical solution first. 
If one cannot be found, fix the problem by doing 
the following: 

1, Tie off the Munter on the belay line with a 
mule knot and overhand backup. 

Release the mule knot on the rappel line and 

give the rappeller some slack. 

3. Have the rappeller fix the problem (e.g., take 
the hair out of the device) 

4. Rectie the mule knot with an overhand backup. 

5. Release the mule knot on the belay line and 
continue belaying the rappel. 


The Instructor Rappel Backup 


Instructors should manage personal risk by using a 
backup when rappelling. In the old days the most 
common method for a rappel backup was using a 
prusik knot on the ropes above the rappel device, 
connected to the harness with a sling. The non- 
brake hand would cup the prusik knot and hold it 
in a loosened position during the rappel, allowing 
it to slide down the rope. Letting go of the knot 
allowed it to slide up and grab onto the ropes, 
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Detail of belayed rappel setup, rigged for contingencies. The rappeller is rappelling on the rope 
in the foreground, tied to the master point with a Munter/mule combination, which is releasable 
under tension. The belayer is belaying with the direct belay technique using a Munter hitch from 

an extended master point, created by basketing a double-length (48-inch) nylon runner through the 
anchor's two-loop master point, then tying it with an overhand knot for redundancy. The Munter/ 
mulle/overhand combo is one ugly knot, but it's easily releasable under tension, and that's the beauty 
of it. 


® 


AL this site the distance 
of the rappel is over 100 
feet, so the system is 
rigged with two ropes. 
The yellow rope is the 
rappel rope, attached 
to the anchor with a 
8 Munter/mute/overhand 
combination. The blue 
rope is the belay line. 
5 Note how the instructor 
hhas created multiple 
‘master points with the 
doubled yellow nylon 
sling. 


bd 
Here one bipattern rope is used fora releasable belayed rappel scenario. A BEK master points 
Tigged with alow stretch red) rope. The instructor i attached toa tether (ed rope) with a Grigr. The 
Miped orange dynamic rope hel by the instructor is the belay line, and tse rope atthe botor i tke 
other haf of eb: pattern dynamic rope, serving ax the rappel rope attached tothe anchor witha 

Munter/mule/overhand combination. BY basketing the yellow nylon sling through the te loop BER 
‘master point and ying an overhand knot the instructor has erated two additonal master points. 
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Without staggered master points, things can get clustered in a releasable rappel scenario. 


stopping the rappel. There are two drawbacks with 
this method. One is that for the prusik to lock of 

it must hold all the rappeller’s weight. The second is 
that once it is weighted, the rappeller must remove 
all body weight from the prusik knot in order for 
hanging 


it to be released, not an easy task on a fn 
rappel. 

‘The modern rappel backup utilizes the auto- 
block knot, rigged below the rappel device, There 
are two distinct advantages with this method. One 
is that for the autoblock knot to grab, it only needs 
to hold a very small percentage of the rappeller’s 
weight, since it is on the braking side of the device, 
and the device itself is holding most of the weight 
and providing most of the friction, Itis essentially 


like a brake hand squeezing and gripping the rope, 
and for that reason some instructors refer to it as 
the “third hand:"The second big advantage of the 
autoblock method is that it is releasable under ten- 
sion (e., when weighted and grabbing onto the 
rope).While rappelling down, simply form a circle 
with the thumb and forefinger (like the OK sign) 
and push the autoblock down while descending, 
allowing the rope to freely slide through the knot 
‘When released, the autoblock knot rides up and 
grabs onto the rope, like the brake hand squeez~ 
ing the rope. Releasing the autoblock, even when 
weighted, is as simple as sliding it back down and 
holding it in the “open” position. It’s a beautifial 
thing, and easy to rig. 
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Left: Black Diamond ATC XP rigged for rappelling with a 
three-wrap autoblock backup clipped to the leg loop with a 
locking carabiner. 


Bottom: another view of how to rig an autoblock backup, 
here using a Black Diamond ATC rappel device and a 
three-wrap autoblock tied with 6mm nylon cord attached 
to the leg loop with a locking carabiner. 
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Not Foolproof 


il (BG) conducted several tests over the last year with my autoblock rigged at my leg loop and my 
rappel device (ATC) at my belay loop. With someone giving me a fireman's belay to back me 
up, flipped upside down to see ifthe autoblock would grab and hold. In three out of four tests, it 
failed to grip since it had ridden up against my ATC, and the rope kept sliding right through. It's not, 
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a foolproof backup, 


When the technique was first introduced, the 
autoblock was attached to the rappeller’s leg loop 
with a carabiner.The disadvantage of clipping the 
autoblock to a leg loop is that if for some rea~ 

son the rappeller were to go unconscious and flip 
upside down, the autoblock would ride up and 
come in contact with the rappel device, which 
would prevent it from grabbing. 

‘Also, recent harness leg loop buckle designs 
(particularly the Black Diamond trakFIT and Petzl 
“doubleback” buckle systems) can loosen when a 
carabiner is clipped into them and pulled outward, 


Note where the carabiner sits on the harness. 


Rigging an autoblock backup from this position 


has the potential to unbuckle the leg loop. 


JASON D. MARTIN 


If using an autoblock on a leg loop, make sure the 
harness buckle cannot be defeated by an outward 
pull, or better yer, use a harness with a fixed (no 
buckle) leg loop design. If you have a harness with 
one of these buckles and need to rappel off the 
belay loop, consider clipping your autoblock to the 
inside of the leg loop, opposite the buckle. 

In recent years a more secure method has been 
developed: extending the rappel device with a sling 
attached to the harness, and rigging the autoblock 
clipped into the belay loop. One configuration is 
to rig a double-length sewn nylon sling threaded 


Ifyou have a harness with suspect buckles, rig 


the autoblock backup from the inside of the leg 
loop. 


JASON D. MARTIN 
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On Physics of Electromagnetism 
Mechanical Analogue or Pure Mechanics? 


Yury V. Ivanko, Ukraine 
E-mail uxOlw@hotmailcom 


After publication of the article 1) longitudinal - showing as electric voltage, the gradient of 
"Study of possibility of a bigh- potentials between the emitter feeding point and the emitter 
energy byper-low-frequency °'4end. Us 

electric fieid" in the "New Energy 
Technologies" magazine, Issue 
#2, 2003 1am often asked why I 3). radial - showing as the interacting force of two flows - 


bave mentioned the Big Bang in ™agnetic field (attraction /repulsion), H (not to be mixed with 
my hypothesis the commonly used term of magnetic intensity) 


2) tangential - showing as amperage - electric current, I; 


J would like to reassure atheists 
since I do not back the Big Bang 
hypothesis. But I had to base 
myself on something, At present 
the origin of the Universe as a 
result of the Big Bang has priority 
and is recognized by the 
academic science. 


Both theorists and experts have 
long noticed a deep analogue 
between vortex motion of air 
currents and electromagnetism. My 
vision of the physics of electricity 
andelectromagnetism is fully based 
on existence of a vortex capable 
physical environment. What is 
considered to be and is measured 
as electric voltage, electric 
current, magnetic or 
gravitational interactions is 
nothing but similar- 
originating phenomena - the 
result of vortex flow 
environment affecting our 
detectors - dissimilar 
formations for these vortex 
flows. 


For instance, let us consider three 
vectors for the flowalong theskin- 
layer of the line conductor - aerial 
emitter, together with alternating Fig 

voltage attached to it (Fig 1): Interaction of two left-handed homogeneous parallel flows. 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 25 


® 


Adam Fox demonstrates the proper use of an extended rappel device with autoblock backup. A 
double-length nylon runner is threaded through the harness tie-in points and tied with an overhand 
knot for redundancy. The rappel device is the Black Diamond ATC Guide in rappel mode. The 
autoblock knot is clipped to a locking carabiner attached to the belay loop. 


through both tie-in points at the front of the har- 
ness and tied with an ovethand knot, to gain redun- 
dancy at the sling. The preferred cordage is a nylon 
sling (18mm or "/c-inch width) over a thin (1mm) 
Dyneema sling for this application because nylon 
has a higher melting point, Ifthe rappel rope is 
running across the sling, it could potentially create 
some heat due to the friction, which could damage 
the sling and reduce its breaking strength in later 
applications 


Managing the Risks— 
Avoiding Rappelling Accidents 


‘When teaching rappelling to novice climbers, it 
is important to stress risk management. Although 
rappelling isa simple technique, statistically a high 
percentage of rappelling accidents end in a fatality 
‘Analyzing rappelling accidents helps to understand 
what can go wrong and what to do to keep it from 
happening, Here is a look at the most common rap- 
pelling accident scenarios. 
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Scenario 1: Rappelling Off 
One or Both Ends of the Rope 


‘This happens with some regularity, and almost 
every year there are several fatal rappelling accidents 
in America where someone simply rappelled off the 
end (or ends) of a rope. In the single pitch environ- 
‘ment, it can happen when the ends are uneven on a 
double-rope rappel, especially if there is no middle 
mark, When the short end passes through the rap- 
pelling device, only one strand of the doubled 

rope remains in the device, and the climber's body 
weight rapidly pulls the rope through the rap- 

pel anchor, quickly dispatching the climber to the 
ground. To prevent this, close the system by tying, 
stopper knots separately in both ends of the rope. 
‘Make sure that the stopper knot will jam in the 
rappel device that is being used. 


Scenario 2: 

Not Clipping Both Strands 

of the Rope into the Carabiner 

on a Double-Rope Rappel 

This is an easy mistake to make when not alert and 
double-checking the system. When visually inspect- 
ing the top of a tube-style device, it will appear as 
if both strands are properly threaded because the 


Check and Check Again 


(BG) have done thousands of rappels 

‘in my climbing career, and one time I 
caught myself not clipping both strands 
ona double-rope rappel, Luckily for me 
Td rigged an autoblock backup, and as 1 
weighted the system, [noticed my error. I 
not for that autoblock backup, I probably 
‘wouldn't he writing this today. 


device holds the bight of rope inside itself, even if the 
rope hasn't been clipped into the carabiner behind 
it Ifonly one strand makes it into the locking cara~ 
hiner, when leaning back and weighting the rope, 
the climber will descend as rapidly as in the first 
scenario—and with equally injurious or fatal results, 
‘A good habit isto first tether in with a sling to the 
rappel anchor, rig the rappel device, then weight the 
rappel system and double-check everything before 
unclipping the tether. Rigging an autoblock backup 
is also a good idea 


Rappelling Systems Check 


tis important to teach students how to go through a aystematic mental checklist hefore rappelling, 

‘An acronym that facilitates the process is ABCDE. Ais the rappel anchor. Take a look at the anchor, 
slings, chains, etc. and make sure the rappel rope is threaded properly through the anchor, The anchor 
‘should be redundant all the way to the point where the rope is threaded through the anchor. Do not rely 
ona single piece of gear in the anchor system, whether iti a single cord, sling, or rappel ring. Bis for 
‘buckles on your harness—double-check to make sure they are buckled properly and doubled back 
appropriately. Cis for carabiner. Make sure the locking carabiner that attaches the rappel device to the 
harness is being loaded properly on the long avis—and squeeze check to make sure that itis locked! 
Dis for look down and see where the rope goes. Does it reach the ground? Or the next ledge? Eis for 
the rope ends.Do they have stopper knots? Is the system closed? 
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Scenario 3: 

Not Tethering to the Anchor 

‘A sewn sling clipped to the anchor with a locking, 
carabiner for a tether is all it takes to prevent this 
scenario, Using a daisy chain as a personal tether is 
not recommended, because if a carabiner is clipped 
into two adjacent loops, a weak and dangerous con- 
nection has been created. Better than a standard 


daisy chain with sewn pockets is the newer, modern 


version that consists of full runner-strength sewn 
loops, like the Metolius PAS (personal anchor sys- 
tem) or the Sterling Chain Reactor. These more 
versatile tethers also allow the rappel device to be 
extended away from the harness as described in the 
Instructor Rappel Backup. Again, a good habit is to 
weight the rappel device and check to make sure it's 
rigged properly and supports body weight before 
unclipping the tether from the anchor 
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To rig a tether/rappel extension with a sling, start with a double-length (48-inch/120cm) sling and 
girth-hitch it through both tiein points on the harness. Tie an overhand knot about halfway down the 
length of the sling, adjusting the knot so that when it is clipped back into the harness belay loop with 
a locking carabiner, the length to the overhand knot is equalized. Clip the locking carabiner of the 
rappel device into both loops in the sling to make the sling itself redundant when it’s clipped back 
into the harness belay loop. 
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Here my double-length 
(48-inch) Black Diamond 
J8mm nylon sling is 
rigged asa tether/ 
extension. I (BG) girth- 
hitched the yellow 

sling through both 
harness tie-in points. 

I'd previously tied an 
overhand knot in the 
sling, and I then clipped 
the locking carabiner 
of my rappel device 

(a Petzl Reverso) into 
both loops in the sling. 
Irigged an autoblock 
backup with a Sterling 
Hollowblock and clipped 
it to my harness belay 
Joop with a locking 
carabiner. After I double- 
check everything, I’ 
unelip the locking 
carabiner from the 
anchor and clip it back 
to my harness belay 
Joop, adding redundancy 
fo the sling. 
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CHAP 


TER 13 


Basic Assistance 
and Rescue Skills 


O ne of the many reasons that a student elects 
to take a course from a certified climbing 
instructor is that there is an unwritten agreement 
between the instructor and the student. The agree~ 
ment is that if the student gets into trouble on the 
course, the instructor will be there to help the stu 
dent get back out of trouble. 

Certainly the word “trouble” could mean many 
different things. Examples include anything from for~ 
getting one’s water bottle in the car to suffering an 
injury. From a technical perspective in a single pitch 
environment, trouble commonly means that an indi- 
vidual is stack somehow on a route, Following are 
several ways to get people unstuck and out of trouble. 


Assistance from the Base 


The Climber Pickoff 


‘The “climber pickoff” is essentially the same tech- 
nique used by the belayer to rescue a fallen lead 
climber who is injured and can't be lowered. The 
difference in a toprope situation is that there is a 
solid anchor system, not just the one piece of gear 
that held the leader’ fall 

‘The climber pickoff utilizes a counterbalance 
ascension and rappel technique and requires mini- 
‘mal equipment, Basically the instructor ascends the 
rope to the climber, then rappels down with them, 

All that is needed is the following equipment: 


1 double-length (48-inch) sting 


1 locking carabiner 


* 1 prusik cord (6mm or 7mm soft nylon cond, 
5 feet long, tied into a sling with a double 


‘The first step in any assist scenario is to seek out 
the nontechnical solution. Coaching, encouraging, 
directing, or allowing gravity to take over are more 
efficient and expose both the instructor and student 
to fewer risks. When it becomes apparent that a 
nontechnical solution will not resolve the problem, 
it is time to incorporate more advanced techniques. 

The basic assist skills presented below are most 
easily accomplished with an ABD, like a Grigri, 
and it is recommended that an ABD be used for 
belaying from both the base and top of the cliff, as 
it streamlines and facilitates these assist techniques. 
It is the right tool for the job and worth every 
extra ounce that it weighs aver a traditional belay 
device, It is recommended that instructors learn the 
climber pickoff and the 3:1 raising system with a 
Grigri before trying it without one. 
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fisherman’s knot) 
‘When belaying with a Grigri, follow these steps 


1, Start by tying a backup knot (overhand loop) on 
the brake strand side of the Grigri 


Tie a friction hitch (klemheist or prusik) with 
the prusik cord on the load strand going up to 
the climber, and attach the double-length sling 
to it with a locking carabiner. 

3, Ascend the rope by sliding the friction hitch 
up, so that when the foot is placed in the sling 
the knee is bent at a 90-degree angle.A knot 
can be tied in the sling to shorten it as needed, 
Stand up in the sling, and as you straighten the 
leg, simultaneously pull the slack through the 
Grigri (pulling straight up on the brake strand) 
and hang in the harness off the Grigri, Alternate 
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standing up in the sling, then hanging in the 
harness, tight to the Grigri. About every 10 feet 
or so, tie a backup knot (ovethand loop) on the 
brake strand side of the Grigri 

4. Upon reaching the climber, transfer the friction 
hitch from the instructor side of the rope onto 


® 


the rope above the climber. The instructor 
then takes the double-length sling and threads 
it (basket style) through his or her belay loop 
and clips both ends of the sling to the locking, 
carabiner attached to the friction hitch. Where 
the friction hitch is positioned will affect where 


Counterbalance rappel 
ting a Grige after 
i “picking off" climber 
OL trom ce cue, 
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the assisted climber will be positioned. If the 
friction hitch is high, the climber will remain 

at that position while rappelling, Ifthe position 
of the friction hitch (klemheist or prusik) is just 
above the climber tie-in knot, the climber will 


Basic assistance skills 
will allow an instructor 
to assist a student if 
needed. 


move up and slightly above the instructor while 


descending. 


Rappel with the Grigri, untying the backup 
knots as you descend 


Basie Assistance and Rescue 


Skills 


223 


ap 


Rare Rescues 


n over thirty years of professionally quiding thousands of clients in toprope situations, I (BG) have 

only had a few instances where I actually had to go up on the rock and bring a climber down—all 
of them being young kids who were overcome by fear and mentally lost control, afraid to lean back 
‘and weight the rope so they could be lowered back down, Having the knowledge and skills to qo up 
the rope and bring a stuclent down is important in case the instructor ever has to assist an injured 


student, even in a toprope situation, 

If taking over someone else’s belay and the 3. Tie a friction hitch (prusik or klemheist) on 
belay strand is weighted, the sequence would be as the load strand (going up to the climber) of the 
follows: belayer’s rope. 


1, Tie a backup knot (overhand loop) on the brake 
strand side of the belayer’s belay device. 


2, Clip a Grigri onto the rope between the backup 
knot and the belayer’s belay device. 


® 
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4. Thread (basket style) the double-length sling, 
through the belayer’s belay loop and attach it to 
the friction hitch with a locking carabiner. 


5. Have the belayer give slack at the belay 
device—the tension will now be transferred to 


the friction hitch, with the belayer essentially 


becoming a ground anchor; the belayer then can 


undlip and remove the belay device. 


6 


‘Transfer the weight of the hanging climber from 
the belayer to the instructor's Grigri, by taking 
up all the slack in the rope and pulling upward 
on the brake strand side of the Grigri, using 
body weight as the anchor. 

Unclip one end of the sling from the locking 
carabiner at the friction hitch. 

‘Ascend the rope by sliding the friction hitch 

up, so that when the foot is placed in the sling 
the knee is bent at a 90-degree angle. A knot 
can be tied in the sling to shorten it as needed. 
Stand up in the sling, and as you straighten the 
leg, simultaneously pull the slack through the 
Grigri (pulling straight up on the brake strand) 
and hang in the harness off the Grigri, Alternate 
standing up in the sling, then hanging in the 
harness, tight to the Grigri, About every 10 feet 
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Let us consider it step by step: 


Consider line conductor AB with length Lin 
free space (Fig. 2) 


4 


Fig2 
Line conductor in free space. 


Let us assume that he is not affected by and 
fields, Then thegradient of potentialsbetween 
Aand B equals zero, Let us apply sinusoidal 
voltage from the generator output to point A 


t,t 


Fig3 
Sinusoidal voltage at the generator output. 


Let us consider the initial time point t,, The 
generator outputvoltageis U=0. Attime point 
t, the generator output voltage has changed 
and took on value U , 


It is necessary to note that (See Fig. 2) the 
propagation speed is finite:c=300000 km/sec. 

Point Bwill "learn" about the voltage alteration 
onlyin timet,=t +L/c. Therefore, at time point 
t, between points A and B appears gradient of 
potentials Ap =U ,. So what is the direction of 
vector U,,?Right,alongconductorAB. 


What practice says 


One should not be a physicist or radio 
mechanic to notice small electro-shock of 
ungrounded metal objects close to aerials of 
powerful transmitters, Specialists term them 
as "electromagnetic inducers", Has an expert 
ever measured the actual characteristic of the 
field intensity bution along a line 
conductor? Why should he? Everyone knows 
from school lessons how alternating voltage 
is distributed along the conductor, the length 
of which is comparable with the wave length 
CFig.4), 


1-A/4 L 


Fig 
I representation of voltage distribution alonga 
linear vibrator a) for Z,b) ford /2,¢) forA/4 


fer 


Now let us consider what experimental 
measurements suggest. 


Anexperiment of measuring the field intensity 
distribution along the lineconductorisshown 
below. A classic field indicator (FI), assembled 
as per scheme in Fig.5, was used asan intensity 
measuringinstrument. 


a 
= 


C4) 


b 


Figs 
Field indicator principle diagram, 


Flwas located in immediate proximity to the 
vibrator but had no galvanic contact with it. 
Experimental frequencies were selected in 
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or so, tie a backup knot (overhand loop) on the 
brake strand side of the Grigri 


9, Upon reaching the climber, transfer the friction 
hitch from the instructor side of the rope onto 
the rope above the climber. The instructor 
then takes the double-length sling and threads 
it (basket style) through his or her belay loop, 
and clips both ends of the sling to the locking, 
carabiner attached to the friction hitch, Where 
the friction hitch is positioned will affect where 
the assisted climber will be positioned. If the 
friction hitch is high, the climber will remain 
at that position while rappelling. Ifthe position 
of the friction hitch (klemheist or prusik) is just 
above the climber tie-in knot, the climber will 
move up and slightly above the instructor while 
descending. 
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10. Rappel with the Grigri, untying the backup 
knots as you descend. 


Assistance from the Top 


Coaching 

‘The best and easiest way to assist a climber who's 
climbing up to you from below is simply to posi- 
tion your belay stance where you'll be able to 
watch them, By having visual contact you'll be able 
to manage the belay more effectively, taking in slack 
in sync with the movement of the climber. Giving, 
advice to a climber who encounters a challenging 
section may prove ineffective if the instructor can't 
actually see them, 


Vector Pull 

If someone just physically can't do a move or is too 
tired to climb up a tough crux section, some assis- 

tance from the belayer may be enough to get them 


over the impasse. A simple method is the vector 
pull 

Imagine a rope strung tight across a chasm, 
anchored on both ends, rigged for a climber to clip 
in with a pulley to slide across. This is known asa 
‘Tyrolean traverse. Ifthe climber weighs 200 pounds 
and is hanging from the middle of the rope, with 
an angle slightly less than 180 degrees, the force at 
each anchor is roughly 1,000 pounds. As the angle 
approaches 180 degrees, the force on the anchor 
points increases even more. Less angle, less force. 
For example, when the angle is relatively narrow 
(22 degrees or less), the 200-pound climber weights 
each anchor with only 100 pounds, Let's say the 
instructor is belaying from the top of the cliff, and 
the climber is unable to move up past a tough sec 
tion of the climb. With a tight rope (180-degree 
angle), by reaching down and pulling perpendicular 
to the line of the rope, surprising amount of force 
can be generated just by creating an angle slightly 
less than 180 degrees. By pulling on the rope at 
aright angle, itis like the climber hanging in the 
middle of the Tyrolean traverse who is generating 
ten times his bodyweight at the anchor points. This 
is often enough to boost someone past a move, 
especially if he is able to assist by climbing. 


3:1 Raising System 
‘One reason to use the direct belay technique with 
an ABD when belaying from the top of the cliff 
is that it is easily converted to a 3:1 raising system 
(aka the Z system) in a matter of seconds. For most, 
climbing instructors, the direct belay is always the 
first choice, providing the anchor is solid, because 
it allows the instructor to anticipate and prepare for 
any eventuality, like a quick lowering or raising of 
the climber. Most instructors use a Grigri, clipped 
directly to the master point or extended master 
point (using the climbing rope).To set up a 3:1 
raise, follow these steps 
1, Tie a backup knot (overhand loop) on the 
brake strand side of the Grigri. This allows the 
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Also known as the Z 
pulley system, the 3:1 
raising system is easy 
to rig if a Grigri is being 
used for a direct belay. 
The Grigri is the ratchet 
(which locks off when 
needed to reset), and 
the friction hitch is the 
tractor (which moves up 
and down the field). The 
distance the rope travels 
between resets is called 
the throw. 


& 


® 


instructor to go “hands free” and release the 
brake strand, 


Tie a friction hitch (prusik or klemheist) on the 

load strand going down to the climber. 

3. Clip the brake strand side of the rope (from the 
Grigri) to a locking carabiner clipped to the 
friction hitch and push the friction hitch as far 
as possible toward the climber. 

4. Next, untie the backup knot and pull up on the 

brake strand side of the rope. For every 3 feet 

pulled through the GriGri, the load is raised 1 

foot, Friction is the enemy in any raising system, 


If the rope going to the climber is in contact 
with a large surface area of rock, the raise will 
be correspondingly more difficult. A pulley at 
the friction hitch carabiner reduces friction 

and makes it easier to pull. Remember, this 
technique is for assisting a climber, helping them 
get past a tough spot, not to haul up a severely 
injured or unconscious climber. 

‘When the friction hitch is all the way to the 
Grigri, reset the friction hitch by sliding it back 
down toward the climber. The Grigri’s built-in 
ratchet will lock off and hold the load as this is 
done, Then continue the raise. 


43:1 assisted raise. With the climber also pulling, there is a tremendous mechanical advantage, 
making it far easier to raise someone than with a 3:1 raise. 
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3:1 Assisted Raise 


For this method the climber must be close enough 

that it is possible to throw him a bight of rope. 

‘The climber clips the rope into his harness to 

assist in the raise. Using this system allows both the 

climber and instructor to work together, and makes 

it much easier for the instructor to taise the climber. 
‘The steps are as follows: 

1, Tie a backup knot (overhand loop) on the brake 
strand side of the belay device. 


‘Toss a bight of rope down to the climber and 
have him clip it into his belay loop with a 


locking carabiner. If he already has a locking 
carabiner on his harness, have him clip that 

to his belay loop and to the bight of rope. If 
not, carefully lower the carabiner down. Don’t 
throw it. 

Identify which strand the climber should pull 
on by shaking it 

Untie the backup knot 

‘The climber pulls down as the instructor pulls 
up on the brake strand side of the rope. Warn 
the climber to watch his hands so they are not 
pinched in the carabiner when pulling, 
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CHAP 


TER 14 


Fixed Lines 


fixed line is a rope that is literally fixed in 
one location to provide additional security 

to climbers, by providing a line that they can be 
attached to while moving. In an instructional set 
ting, fixed lines provide a means to protect an 
individual in a group who is required to move over 
small sections of exposed 2nd, 3rd, or even 4th-class 
terrain, 

Fixed lines should not be employed to pro- 
tect long sections of exposed or Sth-class terrain 
‘They should only be installed in areas where the 
likelihood of a fll is relatively low, but where the 
consequences of a fall are high enough to warrant 
additional protection. The first line of defense in 
these areas is that the terrain is easy enough that the 
student is unlikely to fall. The fixed line is a backup 
to the student's ability to effectively scramble. If the 
consequences of a fall are high, a belay is necessary. 

Fixed lines usually take time to rig. If possible, 
place them before the students arrive. If the local 
ethic doesn't allow for this, then scout the area 
thoroughly and make a fixed line plan before the 
instructional day starts, 

Following are the steps for fixed line installation 
1. Scout the crag or the approach to the 


instructional area for exposure and determine 
where a fixed line is needed. 


Build an anchor at the top of the crag and clip 
the end of the rope into the master point with a 
locking carabiner. 


3. Work down through the exposed area, pulling 
the rope down and placing gear along the way. 


At each piece of gear, the fixed line should be 


AMIGA 1258 Spp_CSSSindd 251 


clipped in with a loop knot. The rope should ot 
run through the carabiners freely. Each section of 
the rope should be isolated. 

Depending on the fixed line’s orientation and 
the terrain, the means by which the line is secured 
at the beginning varies. A catastrophe knot or a 
single anchor point may be sufficient. For traverses, 
or anywhere else that an unfixed end could lead to 
catastrophe, such as an injury or fatality, an anchor 
system should be used. 

‘There are three ways commonly used to travel 
on a fixed line. The method chosen is determined 
by the terrain, the orientation of the rope, and the 
amount of security desired. The first, and simplest, 
method is a hand line. As the name implies, the 
students simply hold the line. In this case the likeli- 
hood of a fall is low, and the individual or group 
simply needs a little bit of additional security 

Second is to use lobster claws. This technique 
involves girth-hitching two slings to the tie-in point 
on the climber’ harness with a locking carabiner 
clipped to the end of each sling. The climber clips 
and locks both carabiners on the fixed line, then 
moves along the line. The climber bypasses anchor 
points by clipping past each point with one lobster 
claw and then the other. This allows the climber to 
stay attached to the rope at all times 

‘The lobster claw technique is good for exposed 
traverses, but is not acceptable when the fixed line 
is in a vertical orientation where a student could fall 
back to the previous anchor point. Doing so could 
generate forces exceeding a factor 2 fall. 

‘The third technique, which offers the greatest 
security, is to use a friction hitch on the fixed line, 
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| Aclimber using the 
| lobster claw technique 
fo pass an anchor point. 
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which the climber clips into with a lobster claw. 

A friction hitch offers the most security because 

it won't allow the climber to fall anywhere if he 
or she slips (unless the hitch itself slips). Ifa sec 
tion requires such tactics, its a good idea to pre- 
rig the friction hitches, to allow the climber to 
smoothly clip in and continue moving. When the 
climber arrives at a friction hitch, one lobster claw 
is clipped to the friction hitch and the other to the 
rope. 

‘The friction hitch fixed line technique should 
be used sparingly. If you believe that you need to 
resort to this technique, first ask yourself if it would 
be possible to belay the section, If you cannot belay 


Aclimber is using a 
friction hitch (prusik) 
on the rope for more 
security. Note the bight 
of rope coming down 
from above. When a 
piece is not available, it 
is often possible to use 
along bight of rope to 
extend a less convenient 
placement in order to 
continue the logical 
route of the fixed line. 


JASON D. MARTIN 


the section, then consider the consequences of a 
friction hitch slipping. If the consequences are high, 
you may need to choose a different crag. No matter 
which technique you choose to employ, only one 
climber should ever be attached to a given part of 
the line. You should never have two climbers in the 
same section of the system. 

Fixed lines are a usefil tool, but they should 
not take the place of a real belay. Before exposing 
students to a fixed line, make sure to weigh all the 
options. Make sure that it is the best solution to 
the problem, And make sure that everybody knows 
exactly what they're supposed to do as they move 
up or down the line, 
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CHAP 


TER 18 


Leading 


iif cading is dangerous, whether the instructor 
is on the sharp end with an inexperienced 
belayer, or watching a student lead for the first time. 
‘The risk management mantra of “What is the like- 
lihood of a fall and what are the consequences?” 
should be in the forefront of the instructor's mind 
when lead climbing with students 


Student Lead Belay Training 


‘When an instructor works at a venue that requires 
alead to access the anchors, itis important to add a 
lead belay contingent to the belay lesson. Once the 
PBUS (pull, brake, under, slide) technique has been 
taught and the student demonstrates proficiency, 
then it is appropriate for an instructor to move into 
a lead belay lesson. 

‘The orientation of the student's hands while 
belaying a leader should reflect the posture taken in 
the braking position of the PBUS, The student pays 
out rope with the guide hand above the device, 
while the brake hand remains in the same position, 
below the device. If the student needs to bring rope 
back in, he or she simply reverts back to the PBUS 
toproping technique. 

‘There are instructors who prefer to have stu- 
dents belay them with an assisted braking device. The 
advantage to these devices is that they reduce the 
likelihood of catastrophic failure of the system. The 
problem with them is they are far from foolproof and 
require specialized instruction and technique. 

‘There are a number of devices on the market, 
and they all have their own idiosyncrasies. It's 
important to read all associated instructions before 
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AMGA Single Pitch Instructor Richard Riquelme 
belays a leader using the principal belay 
position for a Grigri. 
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Leading with a Student Belayer 


hen youre leading, you should just assume that you're soloing” 

VV twas my GDM fist year working as a climbing instructor, and this was one ofthe first 
things another young instructor shared with me. At the time it made sense, Indeed, in my first two 
‘yeats of instructing, Iled literally hundreds of pitches with terrible student belays, 

But then it came to me, 

‘The student belays weren't terrible because the students were inexperienced belayers, The stu- 
dent belays were terrible because I didn't invest the time and energy in the students to ensure that 
their lead belay technique was flawless, From that time forward, I invested myself in ensuring that my 
lead belays were solid. 

Approximately a year afier I started spending more time with students on belay technique, I was 
teaching an aid-climbing clinic in Red Rock Canyon. I placed a piece behind a massive flake and 
bounce tested it 

Itheld. 

As |worked my way up to the top of my aiders, the flake shifted and the piece popped. I 
dropped about 6 feet before the rope arrested my fall. The energy that I put into the belay lesson 
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‘was not wasted, My stuclent easily caught me. 


using a new device, follow the manufacturer's rec- 
ommendations, heed the manufacturers warnings, 
and practice with the device prior to using in an 
institutional setting, 

‘The Petal Grigri is one of the more common 
devices on the market, As a result, lead belay tech~ 
nique with the Grigri is described here. 

‘The primary belaying position for the Grigri 
is the PBUS position, with a guide hand above 
the device on the rope and a brake hand below: 
‘Asa leader moves up the rock, the belayer slowly 
feeds rope through the device, gently pulling with 
the guide hand, while pushing rope through with 
the brake hand. If the rope is fed at an appropriate 
speed, the cam in the Grigri will not engage. 

In this principal belay position, the belayer's 
brake hand never leaves the rope. If there is a need 
to bring in slack, the belayer reverts to the PBUS 
toproping technique. 


Because the cam automatically engages with a 
sudden acceleration of the rope, it can be difficult 
to pay out slack quickly: The simplest solution to 
this problem is to never allow the rope to suddenly 
accelerate, This may be accomplished by the leader 
placing gear at chest level or lower and extending 
the protection with runners, Doing so allows the 
leader to clip into the protection without having to 
give a quick tug on the rope. 

If the curricular goal is to teach a student the 
finer points of lead belaying, then there are two ways 
to give slack to a climber who needs it quickly: The 
first and easiest way is to simply step in toward the 
‘wall. This will immediately put slack into the system 
and works well. However, tis technique is not rec- 
ommended for novice belayers as they are often tied 
down to ground anchors and cannot easily move. 

‘The second way is to shift the brake hand, slid- 
ing it up the rope to the device, and brace the index 
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accordance with the standing wave coefficient 
minimum (SWC) for 4, 4/2, 2/4. Sinusoidal 
signal generator was connected to one end of 
the vibrator (Fig. 6a) 


Figo 
Measured field intensity 
along linear vibrator, 


‘To better understand diagrams in Fig.6 curves 
are drawnat the upperand lower endsof each 
axis L that corresponds to the vibrator 
location. The curves were run with FI 
horizontally located on both sides of the 
vibrator. 


From Fig, 6d it is clear that the diagram is 
axisymmetric and looks like a conic funnel, 


Meanwhile, the vibrator directional diagram 
measured by the monitor receiver far more 
distant than 4, shows the characteristic that 
coincides with the simulated one through the 
Matlab-6 system (See Fig7). As you can see 
from this figure, the spatial characteristic of 
the directional diagram is in the form of a 
toroid 
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Fig? 
Matlab-6-simulated directional diagram of the semi- 
wave vibrator 
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The proper way to give slack quickly with a 
Petzl Grigri. 


finger against the lip of the moving sideplate. Press, 
the thumb of the brake hand down on the cam 
where the handle is attached whi 


continuing to 
hold the brake strand of the rope. Pull slack with 
the guide hand. Once finished, immediate 
to the principal belay position. 

Petal recommends that you: 


1, Always keep the brake strand in the brake hand. 
‘There is never a valid reason to let go of the 
brake strand. 


Never grip the device with the entire hand, 

3. Anticipate the lead climber's movement, 
including when additional rope is needed to 
make a clip 


Ina toprope setting, a rope is generally set up 
early in the day and may be used to practice belay- 
ing. In a lead setting, practicing this skill requires 
some creativity. One method is to clip the first bolt 
of a sport route, or place a piece of gear about 10 
feet up. Clip the rope and then have the student 
practice belaying a leader on this short mock setup. 


Ground Anchors, Student Belay 
Backups, and Knots 


In addition to using a Grigri and placing a lot of 
protection, here are three other ways to increase 
instructor security during a lead, First, use a ground 
anchor. Second, employ a backup belayer. And third, 
tie knots in the rope behind the belayer and the 
backup belayer. 

A ground anchor keeps the belayer under 
control. The belayer is fixed to a given spot. If the 
belayer is anchored, the opportunity to trip, fall 
over, and pull the instructor off is greatly reduced 
‘The belayer will remain in the designated stance. 

a backup be 
security: It is far less likely that both 


With two or more student 7 


will increa 
students will drop the leader."To add 
security, put a friction hitch on the rope behind the 
belayer and attach it to the backup belayer’s belay 
loop. Rather than being dependent on a hand belay, 
the backup belayer manages the rope with the assis- 
tance of a “third hand.” 

Some instructors tie knots in the rope behind 
the belayer and the backup belayer. As the instructor 
leads and the knots approach the belay team, either 
the backup belayer or, idealh 
them. Even if the 
leader will still have a reasonable margin of error 

No matter what steps are taken to increase 
instructor security, it remains important to regularly 


ren greater 


a third student unties 


we a series of mistakes, the 


look down and check on the belayer. Make sure 
that the belay system is employed appropriately and 
communicate error corrections as needed. 
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Descent Options 


If walking off or downclimbing is not possible for 
the climbing instructor, the other descent options 
from the top of a route are either to rappel or be 
lowered 

‘The most secure method is to rappel. When 
being lowered, the instructor is completely reliant 
on the belay system and at the greatest exposure to 
risk of system failure, If there are any doubts about 
the security of the system (ie., the belayer), the 
instructor should rappel. 

However, ifthe curricular goal of the program 
is to teach the student how to operate as an inde~ 
pendent climber, then the student will have to learn 
how to lower. When faced with that situation, the 
instructor can mitigate the risk by placing a friction 
hitch on the belay strand of the rope as a backup, 
clipping the friction hitch to a sling that is then 
clipped into the instructor's belay loop with a lock 
ing carabiner. While being lowered, the instructor 
manages the friction hitch, releasing it if the belayer 
loses control of the brake strand. 


Teaching a Student to Lead 


‘When teaching lead climbing skills, itis important 
to know whether or not the organization offering 
the course permits students to lead. It is also impor 
tant to find out if the insurance policy permits stu- 
dent leads. 

Regardless of whether the organization or 
insurance policy allows leading, prospective leaders 
should spend a great deal of time mock leading. A 
mock leader isa climber who is on toprope while 
simultaneously dragging a lead line. The toprope 
protects the student ffom a real fall, while the lead 
line provides the illusion of leading. The student can 
place gear or clip bolts just as if leading for real, but 
without the consequences, 

‘After a student has completed a mock trad 
lead, the instructor can climb the route and inspect 
the pieces. Ideally, the instructor will provide the 


student with feedback on the quality of each place 
ment while removing the gear. 

An instructor may also choose to have a student 
belay the mock leader while the instructor ascends 
a fixed line beside the leader, which will allow the 
instructor to give feedback in the moment. The 
instructor may use the same rope climbing tech~ 
nique as described for a climber pickoff (chapter 13, 
Basic Assistance and Rescue Skill) 

If only one rope is available, itis still posible 
to set up a mock lead, Simply tie both ends of the 
rope into the climber. One end will come from 
the climber’ harness, run up through the toprope 
anchor, and drop back down to the belayer. The rest 
of the rope will lay in a pile between the climber 
and belayer. 

‘The advantage of the single line mock lead sys- 
tem is that only one rope has to be carried. How- 
ever, there are two disadvantages with a single line, 
First, students will have to unclip each piece as they 
are lowered. There won't be enough rope to leave it 
running through the pieces. And second, with a sin~ 
gle line system, the student may have a harder time 
distinguishing between the belay line and the lead 
line. When climbers have two ropes in a mock lead 
scenario, they're usually different colors. This makes 
it easier for students to distinguish between the lead 
line and the belay line. 

Most instructors will spend a great deal of time 
in ground school, teaching students how to place 
gear or clip bolts before moving into a mock lead 
sequence. Sport leaders should understand how to 
clip correctly before getting on the rock, while trad 
leaders should have a solid understanding of gear 
placement. Both sport climbers and trad climbers 
need to be educated in placement or clipping strat- 
egies before working their skills on a mock lead 

If teaching a clinic on sport leading, be sure to 
spend significant time in ground school practic- 
ing the transition from a toprope to a rappel. This 
can be done using traditional pieces close to the 
ground. Clip locking carabiners to two solid pieces 
and treat them like bolts. The student will then be 
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A climber mock leads 
ona single rope. Note 
the rope running up to 


) the anchor above the 


climber, back down to 
the belayer, into the pile 
on the ground, and then 
back to the climber. 
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able to practice the transition from start to finish. 
If the instructor is in a position to allow stu~ 
dents to lead for real, be extremely conservative. 
Beginning leaders should not fall. By choosing an 
appropriate crag—a crag where the student feels, 
confident, or a very easy route, or even a th=class 
route—the exposure to potential student injury 
decreases dra 
Occasionally, an instructor may have a student 
who is an experienced climber and would like to 


atically 
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lead. If organization policy and insurance allow 
this, then the instructor has to be the one to decide 
whether or not it’s appropriate for the student to 
lead. This generally requires some assessment of 
both the student’ movement skills and ability to 
clip or place gear appropriately. Ifan instructor 
doesn't like what he or she sees in a student assess 
then the instructor should not be affaid to say 
no, It’ better to have an upset student than a seri- 
ously injured student, 
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Appendix A: 
Leave No Trace Ethics 


limbers should practice Leave No Trace prin 

ciples from the moment they step out of the 
car. The following simple steps will help keep the 
climbing sites we all share as clean as possible, with 
minimal degradation to the climbing area and the 
surrounding environment: 

© At popular climbing areas, use the outhouses 
located at most parking areas before you embark 
‘on your approach to that day’s chosen cliff. 

‘© Always use marked climber’s access trails where 
they are available. If there is no marked trail to 
the cliff, minimize your impact by walking on 
durable surfaces (e.g, sandy wash, rock slab, oF 
barren ground) 

# At popular, easy-access crags, avoid making a 
beeline from the parking lot straight to the crag 
without first looking for an established path or 
trail. Walking off-trail can significantly impact 
‘vegetation and cause soil erosion if enough 
people do it over a period of time. 

‘*- If traveling in a group in more remote, pristine 
areas where no trail exists, fan out instead of 
walking in single file and try to walk on the 
most durable surfaces, avoiding fragile vegetation, 
Don't leave rock cairns to mark the path, as this 
takes away the challenge of routefinding from 
those who prefer to experience it on their own 
terms 

© Ifnature calls and you're far from any outhouse, 
deposit solid human waste well away from the 
base of any climbing site, water source, or wash 
by digging a cathole 4 to 6 inches deep. Cover 
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and disguise the cathole when you're done. Pack 
‘out all toilet paper and tampons in a ziplock 
bag. Better yet, use “blue bags” and pack out all 
human waste. Urinate on bare ground or rock, 
not plants. Urine contains salt, and animals will 
dig into plants to get at it, 

Leave no trace means just that—pack out 
everything you bring in, including all trash and 
food waste (that means apple cores and orange 
peels, too). Set an example for your group by 
picking up any trash you find; plan ahead and 
always carry a trash bag with you when you go 
out to the crag, 


® 
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Don't monopolize popular routes by setting up 
a toprope and then leaving your rope hanging 
on the climb, unused. If your climb begins from 
a campsite, ask permission to climb from the 
campers if the site is occupied. Minimize your 
use of chalk, and if you're working a route, clean 
off any tic marks with a soft brush after you're 
done. Protect everyone's access to a climbing area 
by being courteous, beginning with parking only 
in designated areas and carpooling whenever 
possible. Noise pollution can be a problem, from 
blasting tunes on a boom box to yelling and 
screaming while attempting a hard climb. Be 
considerate and aware of those around you, and 


limit your noise production to a reasonable level 


© Pick up all food crumbs and don’t feed any 
wild critters—this habituates them to human 

food and encourages them to beg and scavenge, 
sometimes even chewing holes in backpacks to 


get at food, 


© Leave all natural and cultural objects so that they 
can be experienced by everyone in their natural 
setting. If you are climbing in a national forest 
or national park, obey all regulations concerning 
the gathering of firewood and other objects. 
For more information on Leave No Trace eth 
ics, visit www.LNT.org. 
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Appendix B: 
How to Determine a Fall Factor 


all factors are determined by a simple formula. 

Divide the length of the fall by the length of 
rope out between the belayer and climber. 

‘The greater the fall factor, the greater the force 
on the rope, on the belayer, and on the anchor. A 
factor 2 fall is the maximum that may be attained 
in a standard climbing fll, since the length of a fall 
can't exceed twice the length of the rope. 

In a multi-pitch setting, a factor 2 fall only takes 
place when a leader who has not placed any pro- 
tection takes an unobstructed fall, drops past the 
belayer, and then falls directly onto the belayer’s 
system. Ifthe climber places protection above the 
belayer, itis no longer possible to generate a factor 
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2 fall, as the length of the fall can no longer be 
twice the length of the rope out. 

Many other factors play into the calculation of 
a true fall factor. For example, if an individual tum- 
bles down a slab, the impact will be quite different 
than if he fell unobstructed, Ifthe belayer is pulled. 
off the ground or a piece fails, all of these things 
change the true math. 

‘A factor 2 fill is extremely serious. The forces 
generated can exceed the strength rating of gear, 
potentially resulting in anchor failure. Also, the 
impact force on the belayer is tremendous. Loss 
of control of the belay or injury to the belayer are 
both possible outcomes. As such, itis imperative 
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that multi-pitch climbers use the anchor as the first 
piece of protection or place gear immediately after 
leaving the belay station. This will limit the possibil- 
ity of a high-impact fall 

Single Pitch Instructors are not as concerned 
about fall factors as much as multi-pitch guides, but 
there is still cause for concern. 

‘A common practice among climbers is to clip 
into the anchor with a personal tether. Personal 
tethers include slings, a PAS, or a daisy chain. If the 
climber is positioned above the anchor, clipped in 
with a personal tether, and falls, high-impact fall— 
potentially as high as a factor 2 fall—will occur. 
Due to the static nature of tether material, there is a 
possibility that the personal tether will break. Some 
tether materials, like nylon, do better in testing than 


others, but a fall onto a tether is still a concern that 
has to be kept in mind. Additionally, the impact 
force generated to the climbers body can easily 
result in an injury. The takeaway point here is that a 
climber does not need to be tied into a rope to suf- 


fer a factor 2 fall 


Calculating the fall factor. 


MIKE CLELLAND 


FALL = 
FACTOR 


length of fall 


Tength of rope 


between 
belayer and climber 
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Appendix C: 
Autoblocking Devices 


Auctecees devices like the Petal Reverso, 
the Black Diamond ATC Guide, the Mammut 
Bionic Alpine, the CAMP PIU 2, and the myriad 
of others on the market are not covered in the 
Single Pitch Instructor curriculum, These devices 
are excellent multi-pitch devices and work well in 
a single pitch environment, However, many new 
instructors come into the AMGA Single Pitch 
Instructor Course with limited experience working 
with assisted braking devices and the Munter hitch, 
Itis extremely important for instructors to under- 
stand how to use these tools since they are the best 
tools for Single Pitch Instructor terrain, Students 
who move into the upper-level AMGA courses 
spend a great deal of time working with autoblock- 
ing devices, but at the beginner level, instructors 
rust first have a baseline understanding of essential 
tools 

‘Though autoblocking devices are not part of 
the curriculum and candidates will not be tested 
on them, it was felt that they should be covered in 
this text. This is primarily because autoblocking 
devices are increasingly common at both single and 
multi-pitch crags throughout the country, and most 
students have been exposed to them. 

Autoblocking devices are a hybrid between 
standard tube-style devices and plaquette-style 
devices. They can be used to belay a leader or to 
toprope, just like any other tube-style device. How- 
ever, they have one additional feature. When belay- 
ing from above, they can be hung directly from the 
anchor by an additional carabiner hole and rigged 
to securely belay one or two climbers. 

As with all climbing equipment, its important 
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loaded with the climber strand on the top and 
the belay strand on the bottom. 


to read the manufacturer's instructions. These 
devices vary and there are small differences between 
them. But the concept is the same.A bight of rope 
runs through the vertical slot on the front of the 
device, with the strand on top going to the climber 
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and the belay strand on the bottom. This bight is 
secured to the back of the device with a locking 
carabiner. When weighted, the strand going to the 
climber squeezes the belay line, holding it in posi- 
tion and locking it off. 

If these devices are loaded improperly, the 
autoblocking function will not engage, Always pull 
down on the climber’ line after loading the device 
to ensure that it locks. Ifthe climber’ line moves 
easily, the device is not loaded properly. 

Another reason this device is not taught in the 
SPI curriculum is that, when set up in autoblocking 
mode, it requires specialized techniques to unlock 
the device when it is loaded. It is important to 
understand that these devices, when in autoblock 
mode, were not designed for long lowers and are a 
poor choice for lowering a climber in single pitch 
terrain, Situations may arise that require unlocking 
an autoblocking device to lower a climber a short 
distance, and users should understand how that can 
be accomplished. Following are three methods. 


Simple Lower 
by Ratcheting Carabiner 


‘The first type of lower requires that a belayer crank. 
the locking carabiner that secures the bight of rope 
back and forth. This allows the load to lower incre~ 
mentally: This method is used for very short lowers. 
Icis important for the belayer to keep the brake 
hand on the brake strand of the rope during this 
process 


Simple Lower with 
a Nut Tool or Carabiner 


In the second lower, a nut tool or small carabiner is 
used to leverage the device. This method works well 
for lowers of one or two body lengths. Following is 
a breakdown of the lower: 


Abelayer ratchets the carabiner up and down to 
complete a short lower. 


JASON D. MARTIN 


1, Attach a friction hitch to the brake strand and 
clip it to the belayer’s belay loop. 


Puta nut tool or carabiner in the small hole in 

the bottom of the autoblocking device. 

3, Crank the device up and back, “breaking” the 
autoblock’s hold on the rope. 

4, Maintain control of the brake strand while 
allowing the rope to pass slowly through the 
device. 

5. Once the lower is complete, return the device 

to its original position. 
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A series of alterations was made to explore 
vortex ether dynamic processes with variable 
wave length and frequency in line conducto 
solenoidal and flat coils, etc. 


For certain purposes the solenoidal coil may 
beconsidered asa shortcut linear vibrator, On. 
respective frequencies the field intensity 
distribution along thesolenoid corresponds to 
the linear vibrator. This data may prove useful 
to many modern engineers of the Tesla 
transformers and generators. To increase 
voltage on the cold end a toroid capacitor is 
setin the Tesla transformers. Nuclear physicists 
use the hemisphere capacity for the particle 
accelerators. Thus, voltage of millions of volts 
may be achieved. 


Flat coils are best explored in terms of field 
intensity distribution (See Fig. 8) 


Figs 
Field intensity distribution fora flat coil ina closed 


resonance circuit. 


Field intensity distribution on a resonance 
frequencyis correct. 


The practical experiment for the case in fig. 
6d has shown that the neon lamp that is 
connected with the vibrator end will be off. 
And this is with a 100 W generator! It is a 
paradox, one would say. The measurement 
diagram showsa "splash" of the field intensity 
atthe vibrator end but we feel nothing Indeed, 
when the Fl is located as shown in Fig.9 for 
2/4, the "electrodynamic vacuum" will 
generate. The device showed "0" intensity 
which conforms neither with the diagram in 
Fig.6 nor with the diagram in Fig.7. 


Genesio 
Vibrwor 


Sm 


Fig 


Field indicator shows 


trodynamic vacuum", 


‘The same "vacuum' in the center of tornado 
was observed by people in the epicenter. 


Remember what is measured with the field 
indicator (an ampere meter) along the linear 
vibrator. The Ampere force! 


So, both people and their environmentare in 
rotation process. The Earth rotates around its 
axis and around the Sun, The Sun rotates 
around the Galaxy center. The Galaxy rotates 
around the center of the Universe. The 
Universe rotates, 


Every space point has an inceptive rotation 
impulse (torque). Let us remember the 
analogy. Water flowing out of the tub rotates 
counterclockwise in the northern hemisphere 
and clockwise in the southern hemisphere. If 
youseta right-handed torque in the northern 
hemisphere, the water will continue to flow 
counterclockwise. 


‘The electromagnetism is the same. It has 
natural left-handed rotation, Nevertheles 
practical radiotechnology is familiar with 
right-handed fields artificially generated by 
transmitters, 


The commonly used term of magnetic 
interactions is easier to understand if we 
consider the electromagnetic field as.a vortex 
flow. Two left-handed homogeneous parallel 
flows are shown in Fig.1, At the point of 
interaction A of vector projection, the speeds 
of flow propagation on section plane A-Ahave 
opposite direction and compensate each 
other. The actual flow density is p,< p< p,, 

Reduced pressure occursat point A. The flows 
are attracted, The resulting attraction vector 
for the whole flow is radially directed. The 
counter parallel flows will have composition, 

ie. overpressure, and will repel, 
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Complex Lower with a Redirect 


‘This method can be used for moderate-length low- 
cers. Again, ifa longer lower is required, the system 
should be transferred to a more secure system. Fol- 
lowing is a breakdown of the lower. 

1. Tie off the backside of the rope with a 
catastrophe knot. 
Attach a friction hitch to the brake strand and 
clip it to the belayer’s belay loop. 


3. Place a carabiner somewhere high in the 
anchor system, above the autoblocking device. 

4. Redirect the brake strand through the 
carabiner high in the system. 

5. Run a cord ora sling through the small hole 
in the bottom of the autoblocking device. 

6. ‘Thread the cord or sting through a second 
carabiner high in the system and attach it to 
the belayer’s belay loop. 

7. Untie the catastrophe knot. 

8. Lean back on the redirected cord, “breaking” 
the system. 

9. Maintain control of the brake strand while 
allowing the rope to pass slowly through the 
device. 


Using a carabiner to open up the device in order 
to make a short lower. 


JASON D. MARTIN 


10. Once the lower is complete, return the device 
to its original position, 
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Appendix D: 
Wilderness Medical 
Certifications 


MGA Single Pitch Instructors are required 

to hold and maintain a Wilderness First Aid 
(WEA) certificate if they intend to work in the 
frontcountry, or a Wilderness First Responder 
(WER) certificate if they intend to work in the 
backcountry, If it will take you less than 2 hours to 
evacuate a student to definitive medical care, then 
you are working in the fontcountry. However, if 
it will take more than 2 hours, then you are work~ 
ing in the backcountry and you will need to hold a 
WER certification. 

‘A number of organizations throughout the 
United States offer WFA and WER certifications, 
though not all certifications are the same, Some 
require recertification every two years, while oth~ 
ers require it every three. Some companies have 
reciprocity with one another, while others do not. 
Be sure to do your research before committing to a 
certification course. You should know what you're 
getting into ahead of time and should be aware of 
how easy—or how hard—it will be to find recerti- 
fication courses when your certification expires, 

In addition to a WEA or WER certification, 
instructors are required to hold and maintain a 
CPR certification, 

Following is a breakdown of common wilder- 
ness first-aid medical certifications 


Wilderness First Rid (WFR) 


recognized by the AMGA as a minimum require~ 
ment for individuals working in a frontcountry 
environment. 


Wilderness First Responder (WFR) 


‘This 70- to 90-hour certification course is consid 
ered a baseline requirement for most backcountry 
professionals in the United States. The AMGA 
recognizes this as a minimum level of training 

for those working in a backcountry wilderness 
environment. 


Outdoor Emergency Care (0EC) 


‘The National Ski Patrol developed the OEC as 
a first-aid program for members of the ski patrol 
who work at resorts. This program requires students 
to devote 80 to 100 hours to the course of study. 
‘The AMGA recognizes this as an equivalency to 
the Wilderness First Responder, as do many land 
managers. 


Wilderness Emergency Medical 
Technician (WEMT) 
‘The WEMT course meets all the requirements of 


an EMT course as well as the requirements of a 
WER course. Most programs require four weeks of 


‘This 16- to 30-hour program provides a baseline 
introduction to wilderness medicine. This course is 
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full-time intensive study. The AMGA recognizes this 
as. higher level of training than the WFR program. 
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Appendix E: 
Recommended Reading 


limbing instructors should have a strong 

understanding of the contents of a wide array 
of instructional climbing texts. The following are 
excellent resources for the Single Pitch Instructor 
candidate. The seasoned certified instructor may 
find these texts useful to supplement lessons. 


Baseline Climbing Skills 


Climbing Anchors, John Long and Bob Gaines. Globe 
Pequot Press/FalconGuides. Guilford, CT. 2013, 

Rock Climbing Anchors: A Comprehensive Guide, Craig 
Luebben. The Mountaineers Books. Seattle, WA. 
2007. 

Rock Climbing: Mastering the Basic Skills, Craig 
Luebben, The Mountaineers Books. Seattle, WA. 
2004. 

‘Tiproping. Bob Gaines. Globe Pequot Press/ 
FalconGuides. Guilford, CT. 2012. 

Rappelling. Bob Gaines. Globe Pequot Press/ 
FalconGuides. Guilford, CT. 2015. 


Advanced Climbing and 
Instructional Skills 


Coaching Climbing. Michelle Hurni. Globe Pequot 
Press. Guilford, CT. 2002, 

‘The Rock Warrior's Way: Mental Training for Climbers. 
Arno Ilgner. Desiderata Institute. LaVergne, TN, 
2006, 
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Self Rescue, 2nd ed, David Fasulo, Globe Pequot 
Press/FalconGuides. Guilford, CT. 2011 


‘Technical Handbook for Professional Mountain Guides. 
American Mountain Guides Association 
Boulder, CO, 1998. 


Adventure Activities / Outdoor 
Leadership / Education 


‘The Backcountry Classroom: Lessons, Tools and Activities 
for Teaching Outdoor Leaders. Jack Drury, Bruce 
Bonney, Dene Berman, and Mark Wagstaff. ICS 
Books. Merrillville, IN. 1992, 


Best New Games, Dale N. LeFevre. Human Kinetics, 
wmpagne, IL. 2002. 


Coustails and Cobras UsA Guide to Games, Initiatives, 
Ropes Courses & Adventure Curriculum. Karl 
Rohnke, Project Adventure, Inc. Hamilton, MA. 
1998, 

Islands of Healing: A Guide to Adventure Based 
Counseling. Jim Schoel, Dick Prouty, and Paul 
Radcliffe. Project Adventure. Beverly, MA. 1989. 

Outdoor Leadership: Techniques, Common Sense and 
Self-Confidence, John Graham. The Mountaineers 
Books. Seattle, WA. 1997. 


Sofi Paths. David Cole, Bruce Hampton, and Dana 
‘Watts, Stackpole Books, Harrisburg, PA. 1998, 
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Appendix F: 


Climbing 


Instructor 


Employment Resources 


he following resources may be helpfull when 
searching for a job in the outdoor industry. 
Many of these provide a variety of job opportunities 
for outdoor educators, instructors, and guides, so pay 
close attention to find the job that is the right fit. 


MGA Newsletter 


www.amga.com 
After completing the AMGA Single Pitch Instruc- 
tor Course, members will be placed on the 
American Mountain Guides Association mailing, 
and e-mail lists. The AMGA’s monthly newsletter 
includes listings for mountain guide and climbing 
instructor jobs. 

‘The AMGA job board tends to lean heavily 
toward for-profit guide services 


AORE Listserv 


Association for Experiential 
Education 


www.aee.org 
‘This is another association that has an academic 
focus. Like the AORE job announcements, this 
organization posts a wide array of jobs, from those 
at schools, to challenge courses, to climbing wall 


Backdoor Jobs 


www.backdoorjobs.com/ 
adventure.html 

‘The Backdoor Jobs website is devoted to adventure 
tourism jobs including climbing and mountaineer- 
ing, but also covers rafting, backpacking, and moun- 
tain biking guides. 


Certified Guides Co-op 


www.aore.org 
‘The Association of Outdoor Recreation and Edu- 
cation was designed to bring together outdoor pro- 
fessionals in college recreation and outdoor pursuits 
programs and community and military recreation 
programs for an annual conference. The yearly con- 
ference was designed for academic outdoor profes- 
sionals to network and trade ideas. 

AORE members have access to a listserv that 
hasan academic focus, and many of the jobs are at 
universities or community colleges. 

‘There is an annual fee to become a member of 
the AORE community. 
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www.certifiedguidescooperative.com 
‘The Certified Guides Co-op provides Single Pitch 
Instructors with significant professional work his- 
tory an opportunity to gain access and insurance. 
‘The Co-op is designed for instructors with an 
established client base who wish to work indepen- 
dently of a guide service, school, or other organi- 
zation. Instructors must have at least 200 days of 
single pitch instruction after they become certified 
instructors to apply. 
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Chronicle of Higher Education 


www.chronicle.com 


‘This is a university job board that focuses heavily 
on academic jobs, 


Military Recreation Jobs 


www.armymwr.com; 
www.navymwr.org; 

www.nafjobs.org; 

www.usajobs.gov 

As the military is extremely broad, so are the job 
resources. These are a select few websites where you 
may find outdoor recreation job opportunities on 
and around military bases. 


Mountain Guide Jobs 


www.mountainguidejobs.com 


‘This isa site that provides a very short list of orga~ 
nizations and companies that are looking for climb- 
ing and mountaineering guides 


NOLS Jobs Announcements 


Outdoor Adventure 
Professional Network 


http://adventurejobs.co/ 
‘This particular site posts jobs in all the outdoor 
disciplines 


Outdoor Ed 


www.outdoored.com 

‘The Outdoor Ed website isa job-listing website 
that provides information on both seasonal and. 
year-round adventure tourism jobs. Mountaineering, 
and rock instruction jobs are regularly highlighted 
on the site. 


Outdoor Industry Jobs 


www.outdoorindustryjobs.com 

‘This website is a dumping ground of outdoor 
industry-related jobs. There are some adventure 
educator and guide jobs on the site, but many of 
the jobs are retail and gear representation. 


Rock Climbing Jobs 


www.nols.edu/alumni/contact/ 
listservices.php 
‘The NOLS Jobs Announcements is a listserv 
designed for outdoor professionals. It provides 
information on some NOLS-related jobs, but the 
majority of the listings are for adventure education 
jobs throughout the United States and Canada, 

‘This listserv was designed with NOLS and Wil- 
derness Medicine Institute alumni in mind. How- 
ever, it does not discriminate against those who 
have not taken a NOLS course 

This is an extremely active job board, with doz- 
ens of new postings coming through every week. 
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www.rockclimbingjobs.com 


This site focuses on rock climbing jobs at adventure 
summer camps. 


Northwest Information Exchange 


http://groups.google.com/group/ 
nw-information-exchange?pli=1 

‘The Northwest Information Exchange is a place 
where instructors and guides in the Pacific North- 
‘west trade information about current conditions in 
the mountains. However, guide service owners and 
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staffing managers regularly post open positions on 
the listserv. 

You will need to be actively working as a guide 
or instructor for a guide service to get access to the 
listserv. 


San Juan Information Exchange 


hitps://groups.google.com/ 
forum/?hI=en-US#lforum/ 
San-Juan-information-exchange 


This is a guide conditions listserv like the 


Northwest Information Exchange. However, the 
focus of this exchange is the Ouray/Telluride/ 
Silverton/Durango area of Colorado. Occasion- 
ally employment requests are sent out through the 
listserv. 

Like the Northwest Exchange, you must be 
actively working in the field for a guide service to 
obtain access to the site 
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American Triangle, 162-63 
anchoring 
to detached blocks, 102-3, 
118, 126 
rock assessment and, 102-7 
anchoring systems, 144-63 
about: overview of, M4445 
anchor anatomy/ principles 
(CAMS), 145-46 
Backside System, 175-79 
BARCK check, 185 
checking, 184-85 
CRASH check, 185 
creating master point over 
cliff edge, 167 
extensions with tether, 167 
instructor tether, 165-67 
Joshua Tree System, 168-72 
Lifeline System, 173-75 
redundancy and, 146-48, 181 
‘Three-in-One System, 179-81 
using setup rope, 164, 167 
V rigging with extension 
rope, 168-72 
V rigging with instructor 
tether, 173-75 
vectors and, 162-63 


See also load distribution 
anchors 
anatomy and principles, 
(CAMS), 145-46 
bolts, 136-43 
checking, 184 
fixed, 135-43 
monolithic, 112 
natural, 108-12 
pitons, 135-36 
tethering to, 218-20 
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Index 


assessing rocks, 102-7 

assistance and rescue skills 
assistance from base, 2 
assistance from top, 2 
climber pickoff, 221 
coaching, 227 


3:1 assisted raise, 230 
3:1 maising system, 227-29 
vweetor pull, 227 

assisted braking devices (ABDs), 
195-96, 202-3, 204-5, 210 

auditory (verbal) learners, 19 

autoblock ("third hand”) 
as backup when lowering, 

205-7 
function and tying, 100 
as rappel backup, 213-16 
rigged into belay loop, 215-16 


backpacker (butterfly) coil, 39, 
40-41 
Backside System, 175-79 
backup belayers, 199-201 
BARCK check, 185 
base-managed sites, 190-92 
advantages and disadvantages 
of, 190 
assistance from. See assistance 
and rescue skills 
backup belayers, 199-201 
belaying in, 196-98 
ground anchors and, 
190-92, 236 
for high-ratio instruction, 190 
perspective on top-managed 
and, 187 
“Belay off” signal, 195 
“Belay on” signal, 194 
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belaying 

autoblock as backup when 
lowering, 205-7 

backup belayers, 199-201 

in base-managed sites, 196-98. 
See also base-managed sites 

devices for, 192-96 

fundamental principles of, 192 

hip belay, 193 

indirect belay, 203 

leading guidelines. See leading 

lowering from top-managed 
site, 204 

lowering with assisted braking 
device, 204-5 

lowering with Munter hitch, 
204, 205-7 

with Munter hitch, 201, 


standard signals for, 194-95 
systems checks, 184-85 
in top-managed sites, 201-4 
See also top-managed sites 
two-rope toprope setups, 199 
See also rappelling 
bends, 80-82 
about: purpose of, 80 
double fisherman's knot, 81 
figure eight bend (Flemish 
bend), 80, 83 
triple fisherman's knot, 82 
BHK (“Big Honking Knot”) 
Backside System and, 175-77 
function and tying, 72-73 
loading backside of, 177 
bolts, 136-43 
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bowline, 70-71 

bowline, double loop, 76-77 

butterfly (backpacker) coil, 39, 
40-41 


camming devices (SLCDs), 
123-35 

CAMS, 14546 

carabiners, 52-61 
array of designs/applications, 

52 

autolock or twistlock, 56-57 
basic design 
D-shaped, 54, 57 
loading guidelines, 57-60 


screwgate, 
strength ratings, 57 
tying Munter hitch on, 88-89 
when to retire, 61 
wiregate, 52, 53 
catastrophe knot, 201, 246 
children 
liability and minors, 10 
minimum age for, 24 
taking kids climbing, 24-26 
chockcraft evolution, 112-23 
“Climb on’ signal, 194 
climber pickoff, 221-27 
climbing instructor 
instructor meetings, 16 
professionalism, 3-5 
risk management. See risk 
management references 
role of, 1 
stewardship, 1416 
teaching skills. See teaching, 
art of 
dlimbing movement 
bipeds becoming quadrupeds, 
26-27 
teaching, 26-27. See also 
teaching, art of 
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terrain-specific movement, 27 
“Climbing” signal, 194 
climbing signals, standard, 
194-95, 
closing the system, 184 
clove hitch, 85, 86 
coaching, 227 
coiling and uncoiling ropes, 39-43 
communications plan, 9 
contacts, post-trip, 10 
cordelettes and cords 
anchoring solution, 15154 
instructor tether, 165-67 
the quad, 157-58 
rigging, 153 
types and characteristics, 50-52 
See also ropes 
CRASH check, 185 


debrief, incident, 10 
descent options, 237 
directional (in-line) figure eight, 
68-69 
double fisherman's knot, 78-79, 
81,83 
double loop knots, 72-78 
BHK ("‘Big Honking Knot”), 
2-13 
double loop bowline, 76-77 
double loop figure eight, 74-75 
dry coating ropes, 37-38 
dynamic ropes, 34-35, 36 
Dyneema and Spectra sings, 47-49 


elevators, 209 

equialette, 1600-62 

equipment basics, 28-61 
autoblocking devices, 244-46 
belay devices, 192-96 
harnesses, 28-30 
helmets, 31 
knives, 44 
pack and its contents, 61 
slings and webbing, 44-49 
See also carabiners; ropes 


ethics, leave no trace, 240-41 
Euro Death Knot (flat overhand), 
84-85 
evacuation plan, 9 
extensions 
creating master point over 
cliff edge, 167 
pre-equalized (Backside 
System), 175-79 
V rigging with, 168-72 


failure, fear of, 12 

fall factor, determining, 2. 

falling hazards, 185-86 

“Falling!” signal, 195 

fear, of heights/of failure, 12 

figure eight bend (Flemish bend), 
80,83 

figure eight follow-through, 64-65 

figure eight loop, 66-67. See also 
double loop knots; in-line 
(directional) figure eight 

financial risk, 12-14 

fireman's belay, 208 

first-aid requirements, 9 


fisherman's knots 
double, 78-79, 81, 83 
triple, 82 
fixed lines, 231-33 
flakes, avoiding, 102-7, 118, 126 
flat overhand (Euro Death Knot), 
84-85 
Flemish bend (figure eight bend), 
80,83 


grapevine knot. See double 
fisherman's knot 
ground anchors 
base-managed sites and, 190-92 
checking, 184 
student belay backups, knots 
and, 236 


harnesses 


about, 28-30, 
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checking, 184-85 

heights, fear of, 12 

helmets, 31-32 

Hexcentric (Hex), 116, 119, 
121,122 

hip belay, 193 

hitches. See knots and hitches 
references 


inattentional blindness, 183 
incident debrief, 10 
indirect belay, 203 
in-line (directional) figure eight, 
68-69 
instructional site 
base-managed. See base- 
‘managed sites 
professionalism at, 4-5 
for rappelling, selecting, 208 
top-managed. See top- 
‘managed sites 
instructor meetings, 16 
instructor tether, 165-67 


Joshua Tree System, 168-72 


kernmantle ropes, 32-34 
kinesthetic learners, 19 
Klemheist knot, 98-99 
knives, 44 
knots and hitches, categories 
about: knot terminology 
definitions, 62 
bends, 80-82 
double loop knots, 72-78 
hitches, 85-100 
for joining two ropes, 83-85 
loop knots, 62-71 
stopper knot, 101 
for webbing (water knot and 
double fisherman's knot), 
78-79 
knots and hitches, specific 
BHK ( 


jig Honking Knot”), 


254 Index 


-ANGA.1258.Spp_CSSSindd 254 


bowline, 70-71 

catastrophe knot, 201, 246 

clove hitch, 85, 86 

double fisherman's knot, 
78-79, 81,83 

double loop bowline, 76-77 

double loop figure eight, 74-75 

figure eight bend (Flemish 
bend), 80,83 

figure eight follow-through, 
61-05 

figure eight loop, 66-67 

flat overhand (Euro Death 
Knot), 84-85 

in-line (directional) figure 
eight, 68-69 

Klemheist knot, 98-99 

mule knot, 92-97 

overhand loop, 62-63 

prusik knot, 97-98, 

slip hitch, 85,87 

stopper knot, 101 

triple fisherman's knot, 82 

tying off tube device on 
carabiner spine, 96 

tying off tube device with 
mule knot in front of 
device, 94-95 

water knot, 78, 79 

See also autoblock ("third 
hand”); Munter hitch 


leading, 234-39 
decent options, 236 
ground anchors, student belay 
backups, and knots, 236 
student-lead belay training, 
234-36 
teaching student to lead, 
237-39 
learning from mistakes, 
learning styles, 17-19 
leave no trace ethics, 240—H1 
lesson planning, 20-22 
lessons, harsh, 


liability 
guidelines/exposure to, 11-12 
minors and, 3 
release forms, 10-11 
Lifeline System, 173-75 
load distribution, 148-62 
about: overview of, 148-51 
cordelette solution, 151-54 
equalette for, 160-62 
the quad for, 157-58, 
sliding X for, 154-56 
stacked sliding Xs for, 159-60 
loop knots, 62-71 
bowline, 70-71 
figure eight follow-through, 
64-65 
figure eight loop, 66-67 
in-line (directional) figure 
eight, 68-69 
overhand loop, 62-63 
loop strength, 47 
“Lower me (or Ready to lowes)” 
signal, 194-95 
lowering 
with assisted braking device, 
204-5 
autoblock as backup when, 
205-7 
with Munter hitch, 204 
from top-managed sites, 204 
“Lowering” signal, 195 
low-stretch ropes, 36, 37 


magic X. See sliding X, 

medical certifications, 
wilderness, 247 

minors. See children 


mistakes 
avoiding. See risk management 
references 


learning from, 22-23 

mountaineer’ coil, 39, 42-43 

movement. See climbing 
movement 

mule knot, 92-97 
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Munter hitch 
belaying with, 201, 202-3 
lowering with, 204, 205-7 
Munter/mule/overhand 


combination, 211,212 
tying, 85, 88-91 


natural anchors, 108-12 
nut placement, assessing, 118 


objectives (unit and student- 
learning), 20,21 

“Of belay” signal, 195 

“On belay?” signal, 194 

Outdoor Emergency Care 
(OEC) program, 247 

ovethand loop, 62-63 


pack, of instructor, 61 
PBUS method, 197, 234-35 
pedagogy. See teaching, art of 
permitting, 7-9 
physical risk, 14. See alsa risk 
Imanagemtent references 
pitons, 135-36 
post-trip contact, 10 
professionalism, 3-5, 
at instructional site, 45 
pre-program preparations, 3-4 
programming, 7-16 
about: overview of, 7 
instructor meetings, 16 
permitting, 7-9 
stewardship, 14-16 
See also risk management 
references 
protection 
active, 123 
avoiding flakes, 102-7, 
118, 126 
camming devices (SLCDs) for, 
123-35, 
chockeraft evolution, 112-2. 
passive, 112-23 
rock assessment, 102-7 
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See also anchoring /anchors 
references 

prusik knot, 97-98, 

psychological risk, 12 


quad, the, 157-58 


rappelling, 208-20 
avoiding accidents (3 
scenarios), 216-20 
extended master point for 
belay strand, 210 
fireman's belay and, 208 
instructor backup, 210-16 
not clipping both strands on 
double-rope rappel, 217 
not tethering to anchor, 
218-20 
off one/both ends of 
rope, 217 
rigging for contingencies, 208 
site selection, 208 
student rappel belays, 208-10 
systems check, 217 
teaching, 208 
transitioning from rigging to, 
175-79, 181 
troubleshooting device/rope 
problems, 210 
reading materials, additional, 248 
redirected belay, 2 
redundancy, 14648, 181 
release forms, 10-11 
rescue skills, See assistance and 


rescue skills 
resources, other 

instructor employment 

resources, 249-51 

reading materials, 248 
risk management 

communications plan, 9 
evacuation plan, 9 
first-aid requirements, 9 
incident debrief, 10 
‘minors precaution, 10 


post-trip contact, 10 
risk/liability release forms, 
1 
screening participants, 9 
at site, See risk management, 
in field 
student safety briefing, 10 
risk management, in field, 
182-86 
avoiding repelling accidents, 
216-20 
closing the system, 184 
falling hazards, 185-86 
fear of failure, 12 
fear of heights, 12 
financial risk, 12-14 
importance of, 182-83 


inattentional blindness, 
and, 183 
other considerations, 186 
physical risk, 14 
psychological risk, 12 
rockfall hazards, 183, 
sociological risk, 12 
standard climbing signals, 
194-95 
systems checks, 184-85, 
194,217 
terrain hazards, 184 
rock assessment, 102-7 
“ROCK!” signal, 195 
rockfall hazards, 183, 
rockslide, 103 
role of climbing instructor, 1 
rope direct belay, 146-47 
ropes, 32-43, 
care and use, 38-39 
coiling and uncoiling, 39-43 
diameter and sheath 
percentage, 36-37 
dry coating, 37-38 
dynamic, 34-35, 
dynamic vs, low-stretch, 36 
fixed lines, 231-33 
history of, 
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One should note that graphic presentation in 
Fig.1 forvectors Hand I for the etherdynamic 
ystems is possible only in special cases. In 
dynamic vortex flows the current intensity 
vector is actually directed towards the flow 
movement and coincides with the vector 
direction of its propagation speed (V). The 
resulting vector H remains radius-vectoronly 
for the considered point of interaction of two 
flows, The flow energy parameters are defined 
byits propagation speed V (Fig. 1), 


Lam convinced of existence of ether vortex 
flowsin the Universe. Modern astronomic and 
cosmological surveys confirm myhypothes: 
ofaether Hyper-fields existence on Universal 
scale. 


The commonly used 
term of magnetic 
interactions 
is easier to 
understand if we 
consider the 
electromagnetic 
field as a vortex 
flow. 


Even an amateur in aerodynamics and dynamic of 
gas vortex may make cosmological conclusions: 


vortex initiation implies the initial gradient 
flow of at least two counter flows; 


@ energy parameters of the emerging vortex flow 
can not exceed those of the parent flows 


@ there exist ether flows with energy exceeding 
that of our Universe 


our Universe has not originated from a point 
and is not finite. It is the spiral (vortex) structure 
of our Universe that testifies against the Big Bang 
hypothesis. 


Conclusions: 


Practical radiotechnology is familiar with the 
key difference between the field intensity 
distribution diagrams of aerial emitters in near 
and far zones, After combining diagrams 6d 
and 7b (Fig,10) it is possible to draw certain 
conclusions. 


When transverse waves (radio waves) are 
formed around the aerial vibrator, the double 
transformation of the initial flow geometry 
starts 


¢  thefirst flowisahomogencous spiral 
flow on the conductor skin-layer; 


¢ the second flow is a non- 
homogeneous vortex flow of the near 
zone; 


¢  thethird flowisa toroidal flowofthe 
far zone. 


The toroid volume alteration in the far 
zone (as per the transmitter vibration 
frequency) forms volumetric planar 
transverse vibrations (spherical waves) 
thatare called electromagnetic or radio 
waves. The gradient of potentials 
alterations (as per the transmitter 
vibration frequency) provoke changes 
of the Coulomb plane, which form 
longitudinal vibrations with a narrow 
directional diagram. 
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kernmantle, 32-34 
knots for joining, 83-85 
length of, 38 

low-stretch, 36,37 

sharp edge resistance, 37 
static, 35-36 

static elongation, 37 

See also cordelettes and cords 


safety. See risk management 
screening participants, 9 
setup rope 
with components far apart, 
164 
systems using, 167 
two-rope toprope setups, 199 
signals, standard, 194-95 
site. See instructional site 
“Slack” signal, 194 
SLCDs (camming devices), 
123-35 
sliding X, 154-56 
sliding Xs, stacked, 159-60 
slings and webbing, 44-49 
flat webbing, 44 
girth-hitching slings together, 
49 
{knots for webbing (water 
knot and double 
fisherman's knot), 78-79 
masking tape splice 
precaution, 47 
Spectra and Dyneema slings, 
47-49 
strength ratings (tensile vs 
loop strength), 47 
tubular webbing, 44-47 
slip hitch, 85, 87 
sociological risk, 12 
Spectra and Dyneema slings, 
47-49 
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stacked sliding Xs, 159-60 
static elongation, of ropes, 37 
static ropes, 36 
stewardship, 14-16 
stopper knot, 101 
strength ratings 
carabiners, 57 
ropes (tensile vs. loop 
strength), 47 
student lead belay training, 
234-36 
student rappel belays, 208-10 
student safety briefing, 10 
swami belt, 28 
systems checks, 184-85, 194,217 


“Take (or tension)” signals, 194 

teachable moments, 23 

teaching, art of, 17~! 
about: overview of, 17 
climbing movement, 26-27 
learning from mistakes, 
learning styles and, 17-19 
lesson planning, 20-22 
objectives (unit and student- 

learning), 20, 21 

qualities of good teachers, 26 
taking kids climbing, 24-26 
teachable moments and, 25 

tensile strength, 47 

“Tension (or take)” signals, 194 

“Tension on (or I've got you)” 
signal, 194 

terrain hazards, 184 

tether, instructor, 165-67 

tethering to anchor, 218-20 

“That's me!” signal, 195 

“third hand,” See autoblock 
(“third hand”) 

3:1 assisted raise, 

3:1 raising system, 


‘Three-in-One System, 179-81 
top-managed sites, 187-90 
advantages of, 187 
assistance from. See assistance 
and rescue skills, 
belaying in, 201-4 
disadvantages of, 189 
establishing site, 189-90 
lowering from, 204 
for low-ratio instruction, 189 
mitigating risks, 189-90 
perspective on base-managed 
and, 187 
toprope setups, two-rope, 199 
‘Tricam, 117-18, 119 
triple fisherman's knot, 82 


“Up rope” signal, 194 


V rigging with extension rope, 
168-72 

V rigging with instructor tether, 
173-75, 

vweetor pull, 227 

vectors, 162-63, 

verbal (auditory) learners, 19 

visual learners, 18-19 


“Watch me!” signal, 195, 

water knot, 78,79) 

webbing. See slings and webbing 

‘Wilderness Emergency Medical 
‘Technician (WEMT), 247 

‘Wilderness First Aid (WFA) 
certificate, 9, 247 

‘Wilderness First Responder 
(WER) certificate, 247 


Z system (3:1 raising system), 
297-29 
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Scuba 
Diving 


The longitudinal flowis assumed to be formed 
asa chain of toroids (like smoke rings) 


Ether-dynamic approach provides grounds for 
more substantial conclusions and 
assumptions, A new approach to energy and 
communication systemsis made real. Further 
results of the experiments with transmitters 
and aerials, assembled on ether-dynamic 
principles, enabled to draw the following 
conclusions: 


- _allreasons, preventing transformation of 
the transmitter power into the power of 


- _ all reasons for the transverse wave phase 
lagging with the increase of distance from the 
emitter, are also evident: 


- besides the toroid that forms the 
transverse wave, the second flow generates a 
crucially new radiation that hasa very narrow 
directional diagram alongits longitudinal axis, 


- the aerial ignores wave geometry for the 
second flow and its longitudinal derivative; 


- the radiation along the second flow axis 
has a very high penetrating power: 


- the radiation along the second flow axis 


transverse radio waves, are evident; 


has no signs of polarization. 


The list of references is not shown in this article due to its size. It can be looked up at 
www.efir.com.ua. 


In October 2003 the second stage of the research on the “time control” was completed. In the 
photo below you can see Chernobrov V. A. and Frolov A. V. in the laboratory, October 31st 
2003. 


Thesecond stage conclusions are quite interesting, however the usage of timers (chronometers) 
as detectors is proven to be inappropriate for they are subject to magnetization and their 
indication variations cannot be reliable in this case. 


The next stage will feature the following method of detection of the time rate changes (the 
rate of the matter existence) that is the radiation wave-length measurement. If itis possible to 
achieve significant results then we will be able to detect the change of the laser ray colour in 
the area of the effect and its linear path 
deviations. The experiments will be held 
to register the weight changes of the 
detector at the expected influence of the 
produced effect on the ether density. 


Our company looks for cooperation 
with corporations, which are interested 
in the application aspects of these 
technologies. 


Frolov. V. 
General Director, Faraday Lab Ltd 
7-812-3803844 

http://www. faraday.ru 
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Foreword 


Recreational scuba diving has progressed from its beginnings in the 1950s, Dennis 
Graver's fifth edition of Scuba Diving is uniquely designed toward a level of edu- 
cation that provides new divers with an exceptional level of knowledge while 
promoting safety and enjoyment. With our training agencies, Scuba Educators 
International (the former YMCA scuba program) and PDIC International, our 
goal is to provide a full education for new divers. This text accomplishes that 
goal and perhaps can also be used for advanced programs as well. 

Ata time when instant gratification leads many to seek recreational activities 
that can be accomplished with little effort in a brief time, scuba takes new divers 
into an environment that remains challenging. Therefore, the need for a full 
education has not changed, Perhaps the delivery of information will change in 
the future; however, the need to understand the complexities of the undersea 
world will not. 

In addition to bringing this fifth edition up to current levels of information, 
Dennis has provided end-of-chapter questions that result in additional learn 
ing. This edition is among the best of texts in the scuba industry for new divers. 

Dave Barry wrote, “There is nothing wrong with looking at the surface of the 
ocean itself, except that when you finally see what goes on underwater, you 
realize that you've been missing the whole point.” I couldn't agree more. 


Tom Leaird, CEO 
Scuba Educators International 
PDIC International 
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Diving 
Into Scuba 


By the end of this chapter, 
you will be able to do the 
following: 


Describe the joys of 
diving. 

Define the terms closed 
circuit, open circuit 
scuba, semi-closed 
circuit, and C-card. 
Explain the training 
requirements for 
participation in scuba 
diving activities. 

List two medical 
conditions that disqualify 
an individual from scuba 
diving. 

Describe three risks 
associated with scuba 
diving. 

List several questions to 
ask when selecting an 
entry-level scuba diver 
training course. 


Explain several 
responsibilities that 

you assume when you 
become a certified scuba 
diver. 


The Joys of Diving 


As a diver, you are weightless and can move in all directions 
Your freedom approaches that of a bird as you move in three 
dimensions in a fluid environment. Diving weightless in clear 
water in a forest of underwater plants with sunlight streaming 
down is only one of many unforgettable experiences awaiting 
you. 

Just as there are mountains, plains, and various environ- 
ments above water, there are various environments for you to 
experience underwater, Coral reefs, kelp forests, incredible rock 
formations, and other natural wonders await divers in various 
geographical regions. In addition, divers can explore piers, jet- 
ties, quarries, mysterious shipwrecks, and other artificial struc- 
tures. The variety of underwater sightsis limitless. There is more 
to view underwater than anyone could possibly see in an entire 
lifetime. A range of activities—such as photography, hunting, 
and collecting—make diving challenging and rewarding. Scuba 
diving includes an activity to interest everyone. 

Divers are friendly and easy to get to know; their camaraderie 
is well known, Diving is a sharing activity, and there is much 
to share. If you enjoy traveling, you will probably love diving. 
Dive travel is the number one business of recreational diving 
Reasonably priced dive vacations to exotic islands abound. Most 
divers plan one or more diving vacations each year. 

The sensations of diving are fantastic but are difficult to 
explain, Words cannot describe the peaceful solitude of inner 
space. Diving contributes to good health, can help reduce work- 
related stress, can increase self-esteem, and can make you feel 
great. You need to experience the emotions and sensations for 
yourself, You will then begin to know the joys of diving. 
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How Diving Evolved 


Interest in the underwater world has always existed, Driven by curiosity and 
the need for food, people have ventured beneath the surface of Earth’s seas for 
thousands of years. Records exist of sponge divers, oyster pearl divers, military 
divers, and even salvage regulations dating back to 3000 BC. In ancient times, 
the two methods employed for diving were breath holding and the use of an 
inverted, air-filled bell (which was large and heavy). John Lethbridge, an Eng- 
lishman, developed an oak cylinder diving engine in 1715 to pump air into a 
bell. The hand-operated air compressor, invented in 1770, allowed fresh air to be 
pumped into a submerged diving bell. In 1772, Sieur Freminet of France invented 
a helmet-hose system that permitted divers to work without a bell. The greatest 
early advancement in underwater equipment occurred in 1837, when Augustus 
Siebe (a German living in England) invented the first closed-dress diving suit, 
which became known as the hard-hat system. Siebe’s system was so effective 
that it dominated underwater work for 100 years, and it is still in use today. 

The origin of recreational diving can be traced to 1825. That year, William H, 
James, an Englishman, invented the first open-circuit self-contained underwater 
breathing apparatus (scuba) system, Although this system was not very practi- 
cal, it did solve the problems of the air hose tether and the depth restrictions 
related to oxygen poisoning. Benoit Rouquayrol (a French mining engineer) and 
Auguste Denayrouze (a French naval officer) invented the aerophore in 1865. 
Their creation is considered the source of modern scuba equipment. 

Later, two Englishmen, Henry Fleuss and Robert Davis, developed a closed- 
circuit oxygen rebreather system in 1878, This system eliminated the air hose 
that had previously tethered divers and restricted their movement. The system 
had great military application because bubbles were not exhausted into the 
water. Oxygen rebreathers were used extensively by Italian and British frogmen 
during World War II, However, the use of oxygen rebreather systems is limited 
to a depth of 20 feet (about 7.6 m) because breathing pure oxygen at greater 
pressures causes convulsions, which can be fatal during submersion, 

Yves Le Prieur of France developed a manually controlled open-circuit scuba 
system in the early 1920's (year disputed); however, modern scuba diving was 
launched with the development of a “demand” scuba system that was perfected 
by Frenchmen Emile Gagnan and Jacques Cousteau in 1943, With this system, 
a diver could demand compressed air from a steel cylinder by simply inhaling 
froma pressure regulator held in the mouth, Scuba was introduced in the United 
States in 1950 and has been popular ever since. 

The military has continued to improve underwater breathing systems that 
have found their way into use by recreational divers. The latest scuba systems 
are semi-closed-circuit rebreathers, These systems use sophisticated electronics 
to control the oxygen mixture that a diver breathes, periodically releasing only 
a small amount of bubbles. High levels of training, frequent use, and dedicated 
maintenance are required for the safe use of these expensive rebreathers, Table 
1.1 outlines the basic features of each type of breathing system in more detail, 


The Diving Community 


The recreational diving community consists of equipment manufacturers, diving 
retailers, diving educators, diver training organizations, dive resorts, diving 
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Table 1.1 Scuba System Comparisons 


Semi-close 
User inhales User inhales oxygenand User inhales pure oxygen 
compressed air inert gas 
Exhaled air exhausted Exhaled gases enterclosed Exhaled gases enter closed 
into water system system 
Air supply duration Carbon dioxide absorbed Carbon dioxide absorbed 
varies with depth within system. within system. 
Components simple Oxygen added asneeded Oxygen added as needed 
Unit easily maintained Air supply duration Depth limit of 25 feet 
unaffected by depth 
Affordable Components sophisticated Convulsions and death 
and complex possible 
Basic training required Unit requires high Components simple 
for use maintenance 
Expensive High maintenance 
Highly technical specialty Not available for 
training required recreational use 


A predecessor to 
semi-closed-circuit scuba 


supervisors, dive guides, dive clubs and associations, publishing companies, and 
certified divers. Commercial, scientific, and professional diving are not consid- 
ered recreational pursuits; separate communities are involved in these types of 
diving. This book addresses only recreational skin diving and scuba diving. A 
scuba diver breathes compressed air underwater, while a skin diver holds his or 
her breath while submerged 

Few laws pertain to recreational scuba diving. The laws that exist do not 
govern who may dive. The diving industry is self-regulating. The diving com- 
munity realizes that it is dangerous when people who have not completed a 
sanctioned course of instruction attempt scuba diving. Dive businesses require 
proof of completion of training before they will allow you to have your scuba 
tanks filled or allow you to participate in diving activities. Many dive operations 
also require proof of recent experience documented in a diving logbook. If you 
have not been diving for a year or more, you may be required to complete at 
least one dive under the supervision of a diving professional, The supervised 
dive requirement helps increase the safety of divers whose skills may need to 
be refreshed. 

When you complete your training requirements as a scuba diver, you receive 
a certification card called a C-card. Most C-cards do not require renewal, but 
the recreational diving community universally recommends the completion of 
refresher training alter periods of inactivity in excess of six months, 

Certified divers may dive without supervision or may employ the services of 
a diving guide. Just because a divemaster or diving supervisor is aboard a dive 
boat, you should not assume that this person is a guide who will dive with you. 
Guide services are not necessarily included with diving trips. If you want a guide 
to lead you about underwater and show you the sights, you should arrange for 
guide services in advance. 
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You will learn more about the community as your diving experience increases. 
Many opportunities for adventure and enjoyment can be found within this 
community. Get actively involved in the community when you complete your 
training and officially qualify as a scuba diver. 


Diver Training 


A national diver training organization must sanction your training. The train- 
ing organization establishes standards of training that you must meet before 
the organization will issue a certification card. The Appendix A includes a list of 
national diver training organizations. Your instructor should have credentials 
that identify her as a qualified instructor. The instructor's membership in the 
training organization must be current in order for the person to be qualified to 
teach and certify divers. Be sure to confirm your instructor's qualifications. 

An entry-level training course usually consists of a series of academic ses- 
sions, pool or confined-water (pool-like conditions in open water) sessions, and 
open-water training (in actual diving locations). You will learn theory in the 
dassroom, learn skills in controlled conditions, and then apply your skills in an 
actual diving environment. This logical progression is common for all approved 
diver training courses. 

The minimum requirements for your training are as follows: You should have 
four or more academic sessions, four or more pool sessions, and at least four scuba 
dives in open water. A skin dive in open water may also be part of your training. 

Your initial training should involve a total of 30 to 40 hours of instruction, 
The instruction should occur over a period of several weeks instead of a few 
days. The time between class sessions allows you to reflect on your training and 
helps you absorb and retain the knowledge and skills better than a concentrated 
training schedule would. 


Proficiency Testing 


After you have learned and practiced the skills of skin and scuba diving, you 
must demonstrate your competence at a level established by the agency spon- 
soring your training. Proficiency testing may include diving exercises that are 
challenging and fun, Examples include mask recovery and clearing for skin 
diving, simulated boat exit for scuba diving, alternate air source breathing, buddy 
breathing, equipment handling, and a sequence of surface entry and equipment 
donning known as a bailout. 


Diving Prerequisites 


Scuba diving can be undertaken by anyone over 12 years of age who is in normal 
health and has a reasonable degree of physical fitness. People younger than 
this should not participate in scuba diving (even when supervised by adults) 
because they do not have the mental and emotional maturity to deal with the 
problems that might arise, Skin diving is a good activity for youngsters if they 
are well supervised. 

For scuba diving, you need to have swimming ability, but you do not need 
to be a competitive swimmer, At the beginning of your training, you should be 
able to swim 200 yards (183 m) nonstop at the surface using any combination 
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of strokes. There is no time requirement for the swim. Being comfortable in the 
water is more important than being able to swim fast. You also need to be able 
to swim 25 feet (7.6 m) underwater with no push-off, By the end of the course, 
you should be able to swim 300 yards (274 m) nonstop at the surface using 
any combination of strokes; you should also be able to swim 50 feet (15.2 m) 
underwater with no push-olf. The goal is to increase your aquatic proficiency 
during the course, 

Good health means your heart, lungs, and circulation are functional and 
that you do not have any serious diseases. Any medical conditions—even if 
controllable under normal conditions—that might incapacitate you in the water 
could cause you to drown while scuba diving. Some individuals with asthma 
or diabetes may be able to dive if they have obtained special medical approval. 
People with physical disabilities may also dive if they have medical approval 
from a physician. The air spaces in your body—sinuses, ears, and lungs—must 
be normal because changes in pressure affect them. Other medical conditions, 
such as seizure disorders, absolutely preclude a person’s involvement in diving; 
a seizure while diving can be fatal. Women who are pregnant should not scuba 
dive. Increased pressure can adversely affect an unborn child, Pregnant women 
may choose to participate in snorkeling as an alternative to scuba diving. Many 
women ask whether they may dive during menstruation. Menstruation does 
not preclude a woman from diving if her health permits participation in other 
sports during that time, 

You need to be emotionally fit as well as physically fit for diving. If you are 
terrified of water or of feeling confined, diving is probably an activity you should 
avoid, Normal concerns are to be expected, but stark terror is unacceptable. 

You should have a physical examination before you begin your training, espe- 
cially if it has been more than a year since your last exam. Ask your instructor to 
recommend a diving physician. Physicians who do not understand the physiology 
of scuba diving sometimes inappropriately grant approval to people who have 
medical conditions that place them at great risk in and under the water. Your 
instructor can likely recommend a physician who understands medical issues 
related to scuba 


Diving Risks 

All activities present some risk, There is risk involved in walking across the street 
or driving a car. To avoid injury while participating in an activity, people take 
precautions for their safety. Precautions must be taken for scuba diving just as 
for any other pursuit. The level of risk in diving is similar to that of flying in an 
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I nearly drowned when | was 4 years old, and | became terrified of water. When | was 8, | 
spent a summer with my uncle in Ohio. He would take me to Lake Erie and give me pen- 
nies if | would wade into water deep enough to cover my navel. | learned to swim as a Boy 
Scout at age 11. Although | completed a lifesaving class at age 16, | was still apprehensive 
about water. When | learned skin and scuba diving and discovered that | could actually 


relax in water, the water became my ally. For the first time in my life, | enjoyed water and 
was able to rid myself of my childhood fears. Just because someone feels anxiety about 
water does not mean that the person can't enjoy scuba diving. If you can swim 200 yards, 
you can learn to dive and to love being in and under the water. 


airplane, Both are low-risk activities when done 
with well-maintained equipment according to 
established rules and in good environmental condi- 
tions, Unfortunately, both activities are unforgiv- 
ing if you ignore the rules and recommendations 
designed to minimize the risks. 

The following information (and the informa- 
tion throughout this book) will make you aware 
of injuries that scuba divers can incur. This infor- 
mation alerts you to potential hazards and, more 
important, helps you learn to avoid injury. If you 
do what you are taught to do as a diver, your risk 
will be minimal, and all of your diving experiences 
will likely be pleasant ones. 

Pressure changes with depth. Changes in pressure 
can severely injure bodily air spaces if you are not 
in good health or if you fail to equalize the pres- 
sure in the bodily air spaces with the surrounding 
pressure. You will learn equalizing techniques as 
part of your training. Gases are normally dissolved 
in the fluids and tissues of your body. Increased 
pressure increases the amount of gas dissolved in 
your body. If you ascend too rapidly from a dive 
the gases in your system can form bubbles and pro- 
duce a serious illness known as decompression 
illness. By regulating your depth, the duration of 
your dive, and your rate of ascent, you can avoid 
decompression illness. Failure to heed depth and 
time schedules and ascent rates can result in seri- 
ous, permanent injuries. 

Diving can be strenuous at times. You need suf- 
ficient physical fitness and stamina to handle long 
swims, currents, and other situations that may 
arise. If you become winded from climbing a flight 
of stairs, you may need to improve your level of 
fitness before learning to scuba dive. Exhaustion in 
and under the water is hazardous. A good exercise 
to improve fitness for diving is swimming with fins 
while breathing through a snorkel 

Diving takes place in water, an alien environ- 
ment. You use life-support equipment to dive, but 
you cannot depend entirely on the equipment for 
your well-being. Aquatic skills are essential in and 
around water. People with very weak aquatic abil- 
ity can drown when minor equipment problems 
‘occur—problems that could be handled easily by a 
person with good water skills. To be a scuba diver, 
you must be comfortable in the water. 

You should not be overly concerned with the 
potential risks of diving because the possible 
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injuries are preventable. Learning how to dive as safely as possible is the purpose 
of your training. You will learn to minimize the risk of injury and maximize your 
enjoyment of the underwater world. 


Selecting a Dive Course 


There are many diver training organizations and thousands of professional diving 
educators. Your phone book might list diving businesses that offer sanctioned 
courses, Many universities, community colleges, and recreational departments 
also offer scuba courses. (See Appendix A for a list of diver training organiza- 
tions.) Ask about the qualifications, experience, and reputation of several diving 
instructors in your area to select the course that can provide you with the best 
possible training. Here are some questions you should ask: 


Is this training sanctioned by a diver training agency? 
How long has the instructor been teaching scuba di 


ing? 
Which levels of training is the instructor qualified to teach? 

May I speak with the graduates of a recent class? 

Why is this course better than others in the area? 

Are assisting and rescue techniques taught in the course? 

How many instructor-supervised open-water dives are included? 


a 


The tuition for diving instruction is usually between $200 and $300, The 
lowest-priced course may not necessarily be a bargain. Find out what is included 
with the course fee and, more important, what the total cost will be for you to 
become certified as a scuba diver, You do not have to purchase all the equipment 
needed to scuba dive, but you need to have a mask, snorkel, fins, and usually 
boots and gloves for your training (see figure 1.1). Use of the additional required 
equipment is typically part of the course tuition, 
You should find out whether the price of the course includes the costs of 
educational materials and certification, There may be additional costs for travel, 
lodging, parking, boat fees, and equipment rental for open- 
water training. Determine the complete cost before 
enrolling in a course. 
When you have selected the best program 
for you and have enrolled in a course, 
you should receive a reading assign- 
ment for your first session. If you are 
not given an assignment, speak with 
the instructor; your learning will be 
enhanced if you read in advance 
about the topics to be presented 
in class. Good diving instructors 
provide a handout with reading 
assignments. 


— 


Figure 1.1. Required scuba diving training equipment. 
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Diving Responsibilities 


When you qualify as a scuba diver, you assume many responsibilities. You are 
responsible for your safety, for the safety of those you dive with, for the image 
of scuba divers, and for the preservation of the diving environment. The diving 
community encourages divers to accept responsibility for their actions. To be 
part of the diving community, you need to be a responsible diver. Learn what 
you should do, then do what you learn, 


Summary 


Diving can be a source of great joy. Many exciting experiences await the trained 
diver. You need dive credentials to participate in diving activities. You must 
complete diver training to obtain your C-card and logbook. But diving is not for 
everyone, You must have normal health, good swimming skills, and reasonable 
physical fitness. Diving poses risks that a well-trained, wise, and fit diver can 
minimize, Compare training programs and choose the best education, which may 
not be the quickest or the least expensive, Remember that you accept a great 
deal of responsibility when you become a diver. Do not assume that you can 
transfer the responsibility for a dive accident to someone else. Ultimately, you 
control your actions underwater. Become a competent, self-reliant diver who 
adheres to recommended safety practices, and you will discover the joy of diving. 


Application-of-Knowledge (AOK) Questions 


The following questions will enhance your understanding of what you have learned 
in this and every chapter. Take time to consider each question before you look at the 
answer, which is at the back of the book in Appendix B. When you apply the basic 
knowledge you have learned and correctly respond to the following questions, you 
demonstrate understanding, which is a higher level of learning than mere knowledge. 
Do not be concerned if you do not have a correct response. Your analysis of the 
question and the revelation of the answer will increase your understanding. 

1. What is your primary reason for learning to scuba dive? What do you think 

you will do while scuba diving after completion of your initial training? 

2. Why do beginning recreational divers use open-circuit breathing systems 
instead of closed-circuit systems? 

Why should you document your dives in a logbook? 

4, What are the advantages of completing a 40-hour scuba diving course rather 
than a course that is much shorter in duration? 

5. Why is a medical examination recommended for those who want to learn 
scuba diving? What type of doctor is the best choice for a scuba diving 
medical exam? 

6. List three actions you can take to minimize your risk of injury when scuba 
diving. 

7. What are some of the factors that you should consider when selecting a 
scuba diving course? 

8. List three actions you can take to demonstrate that you are a responsible diver. 
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Dive In and Discover 


By the end of this chapter, you will 
be able to do the following: 

© List three body air spaces of 
concern to divers. 

© Describe the process of hearing 
in air. 

© Describe the cardiorespiratory 
process. 

© Explain the effect of carbon 
dioxide on breathing. 

© Define the terms eardrum, 
middle ear, eustachian 
tube, nitrogen narcosis, 
hyperventilation, 
hypoventilation, density, 
buoyancy, pressure, gauge 
pressure, absolute pressure, 
Boyle's law, Gay-Lussac’s law, 
Dalton’s law, squeeze, reverse 
block, ingassing, outgassing, 
and partial pressure. 

© Explain the principle of 
buoyancy and the key to 
controlling buoyancy. 

© Explain the effects of pressure 
and temperature on a volume of 
air in a flexible container. 

© Explain why it is important 
to vent your lungs when you 
ascend in water. 

© Convert any temperature to 
absolute temperature. 

© Explain the process of ingassing 
and outgassing. 

© State the two primary factors 
that affect the air consumption 
of a scuba diver. 

© List four methods of heat loss. 

© Describe three potential 
problems for scuba divers that 
may be caused by humidity. 

© Describe the effects of water on 
vision and hearing. 
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Anatomy for the Diver 


Inside your body are air-filled spaces that are affected by 
changes in pressure, The three body air spaces of primary 
concer to you as a diver are the lungs, the ears, and 
the sinuses, Understanding the structure and function 
of your throat will also help you as a diver. Figure 2.1 
illustrates the structure and functions of the sinuses, 
throat, and lungs. 


Sinuses 


The sinuses warm and humidify inspired air. They secrete 
mucus to help protect the body by trapping airborne 
germs. The small airways that connect the sinuses to the 
nasal passages are normally open. Congested sinuses pose 
problems for divers, In the next chapter, you will learn 
more about sinus problems and how to prevent them. 


Throat 


In addition to being the organ of voice, the throat and 
larynx help prevent foreign matter from entering the 
lungs. If something foreign, such as food or water, comes 
into contact with the larynx, a reflex action causes a 
spasm of the larynx. Coughing expels the foreign sub- 
stance. You have experienced this sensation when some- 
thing has “gone down the wrong pipe.” Review the throat 
section of figure 2.1, During your scuba diving training, 
you will learn how to keep water out of your larynx to 
avoid coughing and choking in and under the water. 


Lungs 


Healthy lungs are essential for scuba diving. The lungs 
are large organs that contain millions of microscopic air 
sacs. Your lungs have a maximum capacity and a min 
mum capacity. When you exhale completely, your lungs 
are not empty. They contain about 2 pints (1L) of air. 
The air remaining in your lungs alter you have exhaled 
completely is your residual volume, The amount of air 
you move in and out of your lungs is your tidal volume. 
When you are at rest, your tidal volume is small, When 
you exert yourself, your tidal volume increases until 
you reach both your maximum lung volume and your 
residual volume with each breath, Your vital capacity is 
the difference between the volume of air fora maximum. 
inhalation and the volume of air for a maximum exha- 
lation—typically about 6 to 8 pints (2.8 to 3.8L). In the 
next chapter, you will learn several reasons why your 
lungs are the most critical air spaces when diving. 
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Figure 2.1. Funetions of the sinuses, throat, and lungs. 
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‘The main task of the experiment was 
to check =the _—_—rhypothesis: 
"Electrodynamic influence on the water 
molecules gives the possibility to 
significantly reduce energy expenses on 
destruction of their chemical bonds; 
further fu-sion of these molecules 
considerably increases the output of 
additional energy in the form of heat" 


In order to solve this task, special 
experiments were carried out as regards the electrodynamic destruction 
of chemical bonds of water molecules by electric pulses of various 
frequencies. 
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CHECK TEST RECORD FOR PLASMAELECTRIC HEAT GENERATOR 


Table 1 
Indices 1 2 3 | ave. 
1 | mass of the solution, which has passed through the reactor m, kg 0.470 | 0.432 | 0.448 | 0.450 
2 | temperature of solution at the input of the reactor f,, degrees 22 | 22 | 22 | 22 
3 | temperature of the solution at the output of the reactor ¢,, degrees 66 | 66 | 65 | 6567 
4 | temperature difference of the solution Af= #, - f,, degrees 44 | 44 | 43 | 43.67 
5 | durability of the experiment Ar, s 300 | 300 | 300 | 300 
6 | reading of voltmeter V, V 450 |450 |450 | 450 
@ | Reading of oscillograph , U, V 447 | 447 | 447 | 447 
7 | reading of ammeter I,A 21 | 2a | 2a | 20 
7° | Reading of oscillograph , 7,4 22 | 22 | 22 | 22 
8 | electric power consumption according to indices 
of voltmeter and ammeters, E,= 'V-Ar, k] 284 | 284 | 284] 284 
9 | power the heated solution, E,=4.19-m-Ar, kJ 79.64 | 80.01 | 80.72] 80.46 
10] reactor efficiency index K = E,/ 28.04) 28.17] 28.42] 28.21 
Supply voltage and current were measured with the help of a voltmeter, an ammeter and an 
oscillograph (Fig. 1-4) 
New Energy Technologies, Issue *#5-6 (14-15) September - December 2003 ot 
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Behind your eardrum is an air space called the middle ear, which is illustrated 
in figure 2.2. The pressure in the middle ear must equal the pressure in the outer 
ear; otherwise, the eardrum cannot move freely. The next chapter explains how 
to keep pressure inside your ears equal to external pressure. Your eustachian 
tube allows the equalization of pressure in the middle ear. The liquid-filled 
cochlea contains hairlike projections called cilia, which convert mechanical 
movement to electrical signals for the brain. The movement of the oval window 
by the tiny bones of the middle ear causes the liquid and the cilia in the cochlea 
to move back and forth. The oval window movement could not take place 
without a second window in the hearing organ—the round window. When the 
oval window moves inward, the round window moves outward, and vice versa. 

If the motion sensed by your semicircular canals and the visual cues received 
by your eyes are not in harmony, motion sickness can result, Sudden changes 
in temperature or pressure in the middle ear can affect your semicircular canals 
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/¢ ATA atmospheres absolute Vv FSW feet of seawater 

v atm atmospheres Vv ft feet 

¥ CO carbon monoxide Ym meters 

¥ CO, carbon dioxide Yo, oxygen 

vc degrees Celsius Vv psia pounds per square inch absolute 
J °F degrees Fahrenheit v psig pounds per square inch gauge 
¥ FFW feet of freshwater 
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Figure 2.2 Process of hearing in air. 


and cause temporary disorientation. (The next chapter presents potential ear 
problems for divers, how to avoid them, and how to handle them if they happen.) 


Teeth 


You may be surprised to learn that there are dental concerns for divers. Pressure 
can affect air pockets in improperly filled teeth and can cause tooth pain, Ifa tooth 
hurts only under pressure or only after a dive, see your dentist and tell him what 
you suspect. The roots of some upper molars extend into the sinus cavities. You 
should postpone diving for several weeks after you have had a tooth extracted, 

Your mouth and jaws are designed for an even bite. If you bite hard on a 
mouthpiece with only your front teeth for prolonged periods, your jaws will 
become sore, Special mouthpieces designed for a proper bite can help reduce the 
problem, You should not have to bite hard on a mouthpiece to hold it in place. 
If you find biting necessary, get lighter equipment. Prolonged, improper biting 
that irritates your jaws can lead to serious inflammation of your jaws and ears. 


Respiration and Circulation 


One of the fascinating processes within the human body is your ability to breathe 
in air and circulate oxygen to the tissues with no conscious effort. As your level 
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of exertion increases, your heart and lungs automatically adjust to meet the 
increased demands for oxygen and nourishment, An understanding of the gases 
involved in respiration and the basics of respiration and circulation can help 
you understand the effects and the demands of diving on your lungs and heart. 


Gases We Breathe 


Several gases affect recreational divers. You need to know about their effects 
on your body. About 80 percent of air is nitrogen (N?). At sea-level pressures, 
nitrogen has no effect on your body. At a depth of about 100 feet (30 m), the 
increased pressure of the gas has a detrimental effect, which is called nitrogen 
narcosis. Excessive nitrogen in your body at the end of a dive can produce a 
serious illness known as decompression sickness. You will learn more about 
nitrogen narcosis and decompression sickness in the next chapter. 

Oxygen (O,) is the gas that supports human 
life. Any other gas mixed with oxygen serves 
only as a vehicle for oxygen to be inspired. 
Approximately 21 percent of air is oxygen (see 
figure 2.3). You need to breathe at least 10 
percent oxygen to remain conscious. However, 
oxygen breathed under high pressure is poison- 
ous and causes convulsions because oxygen at 
increased pressure affects your nervous system. 
You usually have compressed air—not pure 
oxygen—in your scuba tanks. A specialty form 
of diving uses a nitrogen and oxygen mixture 
with a higher percentage of oxygen than is found 
inair. The mixture, which reduces the effects of 
nitrogen at depth, is called nitrox. The use of 
special mixed gases, including nitrox, requires Figure 2.3 Composition of air. 
special training, equipment, and procedures 

As your tissues use oxygen, they produce carbon dioxide (CO,). Carbon 
dioxide is the primary stimulus for respiration. The greater the level of carbon 
dioxide in your body, the greater your urge to breathe will become. If the level 
of carbon dioxide in your body becomes too great, unconsciousness will result. 

Carbon monoxide (CO) is a poisonous gas produced by the incomplete com- 
bustion of gas or oil. The exhaust from an internal combustion engine contains 
carbon monoxide. An oil-lubricated air compressor that overheats can produce 
carbon monoxide. Even a minute amount of carbon monoxide in your scuba 
tank can poison you and lead to unconsciousness or death. Air filling stations 
must take care to avoid contamination of air with carbon monoxide. 


“Trace elements 0.04% 
Carbon dioxide 0.03% 
Argon 0.93% 


Oxygen 21% 


Nitragen 78% 


Breathing and Circulation Mechanics 


When you need to breathe, sensors at the base of your brain send a signal that 
stimulates your diaphragm to contract and your chest to expand. This draws 
air into your lungs in the same way that an old-fashioned bellows draws in air 
when you expand it, Your diaphragm contracts and increases the volume of the 
chest cavity, while the muscles of your chest expand your chest cavity to inspire 
air. Figure 2.4 illustrates how the heart, lungs, and circulatory system work in 
the process of respiration, 


Lungs: 
Alvealus 


Kidney: 
Glomerulus 


‘Abdominal 
aorta 
20mm, 


‘Average diameter 
‘of blood vessels 
(actual size) 


Se 4 


Pressure decreasing === N 


Figure 2.4 The cardiorespiratory system. 
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Blood consists of plasma (which is a colorless liquid) and a variety of cells. 
Hemoglobin, a blood component, is the primary oxygen-carrying mechanism in 
the blood. Approximately 45 percent of the blood is hemoglobin, Hemoglobin 
releases oxygen when it reaches tissues that need oxygen. 

When the tissues use oxygen, they produce carbon dioxide. The carbon dioxide 
diffuses into the venous system and into the lungs in exchange for oxygen. This 
completes a circulatory cycle, which takes about 30 seconds. 

Carotid sinuses on each side of the neck sense blood pressure within the cir- 
culatory system. Excessive pressure on the carotid sinuses during exercise causes 
the heart to slow when it should be working hard 
to meet the oxygen demands of the body. 
Decreased output from the heart can lead 
to insufficient oxygen for the brain, 
which can cause unconsciousness. A 
blackout caused by pressure on the 
carotid sinuses (see figure 2.5) is 
a carotid sinus reflex. Therefore, 
beware of diving equipment 
that is tight around your neck. 

Exhalation is usually a pas- 
sive process. To exhale carbon 
dioxide-laden air from the 
lungs, the diaphragm relaxes, 
and the elasticity of the chest 
cavity forces air from the lungs. 

You ventilate your lungs approxi- 
mately 12 to 20 times per minute 
when at rest. Respiration functions Figure 2.5. Excessive pressure on the carotid 
automatically. The key to respiration is Sinuses can lead to unconsciousness. 

the level of carbon dioxide in your circula- 

tory system. When the carbon dioxide in your 

body reaches a certain level, your brain stimulates 

respiration. When you voluntarily hold your breath, the buildup of carbon 
dioxide within your body urges you to breathe. Many people believe that the 
amount of oxygen in the body controls respiration, but it is primarily the level 
of carbon dioxide that regulates breathing. 

Hyperventilation is rapid, deep breathing in excess of the body’s needs. 
Limited hyperventilation—three or four breaths—enhances breath holding (see 
figure 2.6a). But if you hold your breath after excessive hyperventilation, you 
may lose consciousness without warning before being stimulated to breathe 
(see figure 2.65). A breath-holding diver who loses consciousness from lack of 
oxygen usually blacks out near the surface during ascent. The sudden loss of 
consciousness near the surlace is called shallow-water blackout. Loss of con- 
sciousness while in the water can cause drowning, You should avoid excessive 
hyperventilation. 

If you breathe rapidly and shallowly, carbon dioxide continues to build in 
your system, but you do not expel it from your lungs. Inadequate breathing is 
hypoventilation. Shallow breathing is dangerous, especially when you exert 
yourself, because you can lose consciousness from lack of oxygen. You need to 
breathe sufficiently to exchange the air in your lungs. 
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Figure 2.6 Charts showing (a) limited hyperventilation and (b) excessive hyperventilation. 


Contrasts in Air and Water Environments 


We live immersed in air, which is a fluid. Air has weight and takes up space. 
We don't pay much attention to our immersion in air because we are adapted 
to this environment, We have lived in it all of our lives, and we cannot see the 
air. The weight of the atmosphere does affect us, however. 

Air weighs about 0.08 pound per cubic foot (1.28 mg per cubic cm) at sea 
level. As altitude increases, air becomes thinner, so its weight per volume is less 
in the mountains than it is at the seashore (see figure 2.7). The change in the 


Air Air 
pressure 3 pressure 


50 pressure decreases as 
altitude increases 


is Airis lass dense at altitude, | 


* Decreases . 


Figure 2.7 Air density and pressure are affected by altitude, 
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weight of air affects the air spaces in our ears when we fly or when we drive in 
the mountains, 


Density 


Density is weight per unit yolume (lor example, pounds per cubic foot), Water 
isa fluid, but it is much heavier than air, Seawater weighs about 64 pounds per 
cubic foot (1.025 g per cubic cm), which makes it about 800 times denser than 
air, Freshwater, because it does not contain salt, weighs a little less than seawater: 
62.4 pounds per cubic foot (1 g per cubic cm). Temperature affects the density 
of water, air, and all fluids; cold water is slightly denser than warm water. 

Air can be compressed, but water is essentially incompressible. Air becomes 
thinner as altitude increases, whereas water density remains constant through- 
out the water column 


Drag 


Drag is a force that slows movement. Resistance to movement is much greater 
in water than in air, Factors affecting drag include the viscosity of the fluid, the 
speed of motion, and the size and shape of the object moving through the fluid. 
Drag is greater when the {luid is denser, the motion is faster, the object is larger, 
or the surface of the object is more irregular (see figure 3.9 in chapter 3). 
Because of water's higher density, the molecules of water are much closer 
together than those of air. The tightly packed molecules affect the transmission 
of light, sound, and heat (see table 2.1), Light travels about 27 percent slower 
in water than in air. Sound travels about 4 times faster in water than in air. Still 
water conducts heat nearly 25 times faster than air does and moving water can 


Table 2.1_ Water Compared With Air 


Property Air Water Comparison Effects 
Density 0.08 Ib/tt® 62.4 to 64 lb/ft? Water is 800 times Resistance to 
(1.3 kg/m?) (1,000 kg/m*) denser than alr. movement 
Compressibility Yes No Air density varies; Affects body & 
water density is attached air spaces 
constant (at dive 
pressures). 


Speed of ight 186,000 mi/s 140,000 mi/s Light travels 27% Affects vision 
(00,000 km/s) (225,400 km/s) more slowly in water. 


Light Low High Water absorbs Light & color loss 
absorption color quickly. 
Speed of 1,125 ft/s 4,900 ft/s Sound travels 4 Unable to determine 
sound (840 m/s) (1,400 m/s) _ times faster in water. source 
Conductivity 0.17 8.86 t04.12 Heat loss is 22 to 24 Rapid loss of body 
times faster in water heat 
than in air. 


Heat capacity 0.24 0.94t0 1.0 The heat capacity Absorbs heat quickly 
of water is 4 times 
greater than ai 


conduct heat hundreds of times faster than air. Water has an enormous capacity 
for absorbing heat with little change in its temperature. The higher density of 
water affects you in many ways when you dive. The next chapter explains how 
to deal with the effects of water density, 


Buoyancy 


An object's ability to float in a liquid depends on the density of the object com- 
pared with the density of the fluid in which the object is immersed. Water exerts 
pressure equally in all directions, even upward, You can feel the upward force 
(buoyancy) of water when you try to push something under the water. Buoy- 
ancy results from the difference in pressures on the upper and lower surlaces of 
an object. The weight of an object plus the weight of the fluid (air, water, or both) 
above the object exert a downward force, Fluid pressure pushes upward from 
below. The difference between these two forces is the buoyancy of the object. 
Archimedes, an ancient Greek scientist, discovered that the force of buoyancy 
acting on a submerged object equals the weight of the water displaced (this is 
known as Archimedes’ principle). A hot-air balloon floats in air because the 
hot air inside the balloon weighs less than the volume of cooler air the balloon 
occupies. A diver is buoyed upward with a force equal to the weight of the water 
that the diver displaces (see figure 2.8). If you and your equipment weigh less 
than the weight of the water you displace, you will float, or have positive buoy- 
ancy, If you and your equipment weigh more than the water being displaced, 
you will sink. An object that sinks has negative buoyancy. If you and your equip- 
ment weigh exactly the same as the water displaced, you neither float nor sink, 
Instead, you remain at the depth where you are; you have neutral buoyancy. 
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Figure 2.8 Principles of buoyancy. 
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Asa diver, you can float at the surface, sink to the bottom, or hang suspended 
between the bottom and the surface. If the volume of an object increases with 
very little change in its weight, buoyancy increases. This happens when you add 
air to an inflatable jacket or vest. The next chapter addresses the factors affecting 
buoyancy and the principles of buoyancy control. 


Pressure Measurement 


Force (often weight) per unit area—such as pounds per square inch or grams per 
square centimeter—is pressure. The envelope of air surrounding the earth is 
the atmosphere, The weight of one square inch of the atmosphere at sea level is 
14.7 pounds (1.03 kg per square cm), or 1 atmosphere (atm) of pressure. As you 
descend in water, the weight of the fluid—the pressure—exerted on each square 
inch of your body increases. One square inch of saltwater that is 33 feet (10.1 m) 
in height weighs 14.7 pounds, 1 atm, or 1,01 bar. One square inch of freshwater 
34 feet (10.36 m) in height also exerts a pressure equivalent to | atm. Because 1 
bar is almost equal to 1 atm, we'll consider them identical in this book. Because 
water does not compress (at the pressures involved with recreational diving), 
it follows that water pressure increases by 1 atm for every 33 feet of saltwater 
(33 FSW) and for every 34 feet of freshwater (34 FFW). Figure 2.9 shows how 
atmospheric pressure and water pressure are measured. 


Pressure measurement Pressure 


Taimot 
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(Gauge pressure compared to absolute pressure in fresh and salt water. 


Figure 2.9 Principles of pressure measurement. 


The reference for pressure is either the atmospheric pressure at sea level or 
zero pressure (outer space). A pressure gauge that reads zero at sea level displays 
only the pressure in excess of one atmosphere. Tire gauges and depth gauges 
are good examples of instruments that indicate gauge pressure, which may be 
measured in pounds per square inch gauge (psig), feet or meters of seawater, 
or bars of pressure, 

The total pressure exerted is what matters to divers, The pressures of both the 
atmosphere and the water apply to diving. The reference for the total pressure 
is zero, as in a vacuum. The total pressure is called absolute pressure, which is 
measured in pounds per square inch absolute (psia). When people express abso- 
lute pressure increments in atmospheres, they use atmospheres absolute (ATA). 

You obtain absolute pressure by adding atmospheric pressure to gauge pres- 
sure. Be sure you understand the concept because we'll use absolute pressure 
when dealing with the effects of pressure in this and later chapters. 


Gas Laws 


When you compress a quantity of gas, you reduce its volume and increase its 
density and temperature. Allowing a quantity of gas to expand increases its 
volume, decreases its density, and decreases its temperature. Because divers 
use gases, you need to understand the relationships between these properties 
(pressure, volume, density, and temperature) of gases. 


Boyle's Law 


Boyle's law states that for any gas at a constant temperature, the volume varies 
inversely with the absolute pressure, while the density varies directly with the 
absolute pressure. If you compress a closed, flexible air space (such asa balloon), 
you reduce its volume in proportion to the increase in pressure. When you double 
the pressure, a closed, flexible air space occupies only half the volume that it did 
originally, No air is lost. The molecules compress into a smaller area, The density 
of the air is twice as great as it was originally. When you return the compressed 
air space to its original pressure, the air inside expands until the object reaches 
its original volume. You compress your lungs during a breath-hold descent, and 
they return to normal yolume when you return to the surface, provided that 
you do not expel air underwater. 

Scuba equipment provides air to you at the exact pressure of the surrounding 
water, This allows you to expand your lungs to their normal yolume regard- 
less of the depth. The density of the air inside the lungs increases in proportion 
to the water pressure. If the water pressure doubles, the density of the air in 
your lungs also doubles. Figure 2.10 shows the relationships between pressure, 
volume, and density for a gas-filled, flexible-walled container. 

Boyle’s law also applies when you reduce the surrounding pressure. As out- 
side pressure decreases, compressed air in a closed, gas-filled, flexible container 
expands in proportion to the reduction in pressure; for instance, if the pressure 
halves, the volume doubles. If a container filled with compressed air at depth 
is vented correctly during ascent, expanding air escapes through the vent, and 
the container remains full throughout the ascent. If the container is not vented, 
pressure inside increases when the container reaches its maximum volume. If 
the container is weak, the increase in pressure will rupture the container. This 
concept is important to scuba divers, who have many air spaces filled with 
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Fig. 1 Fig. 2 
Voltage Voltage 


Fig. 3 
Current 


Process parameter calculation according to the 
oscillograms (Fig. 1-4) to the check test record 
(Table 1) gave the following results: 


# Pulse scale 10. 


# Average voltage amplitude according to Fig.1 
and Fig, 2: Ua,, = (23+25+28+10+26+29) x 10/6 = 
235 V. 


@ Average current amplitude according to Fig. 3 
and Fig. 4: la, = (204+6+17+7+10+1943) x 10/7 = 
LITA. 

¢ Pulse repetition period T = 7.4 ms. Pulse 
duration t, = 0.28 ms, 

@ Pulse frequency f = 1000/7.4 = 135.1 Hz, 
Relative pulse duration $ = 7.4/0.28 = 26.32 

@ Space factor Z = 05/2632 = 0.019. 

# Average pulse voltage U,, = 0.019 x 235 =447V. 


Fig. 4 
Current 


@ Average current in pulses 1, = 0.019 x 117 = 
222A 


Thus, it is possible to consider that the 
experimental test of energy efficiency of the 
water electric heat generator with the help of 
two methods gives practically identical results 
and confirms the above-mentioned hypothesis 
concerning the _ possibility to 
generate ‘additional energy in the 
processes under consideration. It should be 
noted that as during measurements the pointer 
instruments of high class 
of accuracy of 0.2 have been used (relative 


conventional gauging error_—_ does 
not exceed 0.2%), and oscillographic 
measurement accuracy is much lower 
(usually, about 5%), the 
readings of the voltmeter and 
the ammeter should be considered more 


accurate. 


Commercial efficiency of the water electric heat 
generator will depend on pulse generator 
economy. Since effi-ciency of powerful pulse 
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Figure 2.10 Pressure, volume, and density relationships. 


compressed air, Vented air spaces do not pose a hazard, But if your lungs are 
not vented during ascent, life-threatening injuries will result. If you do not vent 
air from a flotation jacket during ascent, control of buoyancy will be lost as air 
expands and the jacket volume increases, 

Figure 2.10 shows an interesting point about the rate of change of pressure 
(and volume) in water. The pressure doubles from 1 atm to 2 atm in 33 feet (10 
m) of seawater. Doubling the pressure again requires a depth of 99 FSW (30 
m). Note that you must ascend from 99 leet to a depth of 33 feet—a distance 
of 66 feet (20 m)—to experience the same rate of change of pressure that you 
experience when you ascend from 33 feet to the surface. In other words, the 
closer you get to the surface, the greater the rate of change of pressure (and of 
the volume of an air space). You must be more attentive to compressed air in 
air spaces the nearer you are to the surface, 

The change in pressure that you experience during descents and ascents in 
water is perhaps the most significant challenge of diving. Changes in pressure 
have direct, mechanical effects on your body. Pressure imbalance in your body air 
spaces can cause discomfort. In the air environment, you feel pressure changes 
asa result of changes in altitude, but pressure changes in water occur at a much 
greater rate than in air. You can sustain serious injury unless you keep the pres- 
sure in air spaces inside and attached to you equalized with the surrounding water 
pressure, Boyle’s law causes squeezes and reverse blocks, which figure 2.11 
illustrates. Knowledgeable and experienced divers routinely equalize pressures 
to avoid squeezes and blocks. Keeping pressure in air spaces equalized with the 
surrounding pressure is one of the main subjects of the next chapter. 


Gay-Lussac’s Law 


Boyle's law addresses gas at a constant temperature because the temperature 
affects the pressure and volume of a gas. Jacques Charles, a French chemist, 
discovered that the volume of gas at a constant pressure changes with tem- 
perature. Joseph-Louis Gay-Lussac, a French scientist, defined the effect of 


Diving Science mm 25 


If the pressure inside an air space is 
less than the surrounding water 
pressur, the outside pressure 
attempts to compress the alr space. 
‘This condition is a “squeeze” 


During descent, squeezes may occur 
in ears, sinuses, the mask, and other 
air spaces in or attached to the bod. 


During ascent, the pressure surrounding an air 
space decreases. If the air inside the space, which 
‘was equalized to a higher pressure during 
‘descent, cannot escape, a situation that is the 
reverse of a squeaze occurs. When the prossure 
inside an air space is greater than the surrounding 
pressure, the condition is a “reverse block” 


‘A “block” describes a situation where some farm of 
blockage prevents compressed air from entering, 


s 


Prevention of both squeezes and Equalization 
blocks invelves keeping the pressure 

within an air space equalized with 

the surrounding pressure 


Figure 2.11 An explanation of squeezes and reverse blocks when equalizing pressure. 


temperature: For any gas at a constant volume, the pressure of the gas varies 
directly with the absolute temperature. Just as absolute pressure must be used 
for pressure calculations, absolute temperature must be used for temperature 
computations. The absolute temperature scale for Fahrenheit temperatures is 
Rankine. To convert a Fahrenheit temperature to Rankine, add 460 degrees. 
The absolute temperature scale for a Celsius temperature is Kelvin. To convert 
a Celsius temperature to Kelvin, add 273 degrees. 

You can observe the effect of Gay-Lussac’s law with a scuba tank, which has 
a constant volume. Decreasing the temperature of the air in a tank causes the 
pressure to decrease, Increasing the temperature of the air in a tank causes the 
pressure to increase. A scuba tank taken from the trunk of a hot car and cooled 
in water experiences a drop in pressure, although no air leaves the cylinder. 
Pressure increases or decreases in a standard 80-cubic-foot (2,265 L) aluminum. 
scuba cylinder at a rate of about 6 psig per degree Fahrenheit temperature change. 
Pressure increases or decreases in a standard 71,2-cubic-foot (2,016 L) steel scuba 
cylinder at a rate of about 5 psig per degree Fahrenheit temperature change. 


Dalton's and Henry's Laws 


A gas can diffuse into or out of a substance, When a gas comes into contact 
with a liquid, the gas dissolves into the liquid. The amount of gas that diffuses 
into the liquid depends on the density and temperature of the liquid, the pres 
sure of the gas in contact with the liquid, and the length of time that the gas is 
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in contact with the liquid. Another term for the process of gas diffusion into a 
liquid is ingassing. Because the human body is primarily liquid, the gases you 
breathe diffuse into your body tissues. 

Ina mixture of gases, such as air, the percentage of the total pressure exerted 
by each gas is the partial pressure of that gas. Dalton’s law states that the total 
pressure exerted by a mixture of gases is the sum of the pressures that would be 
exerted by each gas if it alone were present and occupied the total volume, The 
partial pressure of a gas determines the amount of that gas that dissolves into a 
liquid. Henry’s law expresses gas absorption: The amount of a gas that dissolves 
in a liquid at a given temperature is directly proportional to the partial pressure 
of that gas. Table 2.2 shows the partial pressures of gases in the air at 1 ATA 

The partial pressure of a gas is the percentage of the gas in the mixture times 
the absolute pressure of the mixture. The partial pressure of a gas at depth has 
the same effect as a higher percentage of that gas at the surface. If a mixture 
of gas contains 2 percent carbon dioxide (CO,) at sea level (14.7 psia, or 1.03 
kg per square cm), the partial pressure of the CO, is 0.294 psia (0.021 kg per 
square cm). If the absolute pressure of the same mixture of gases increases 
to the pressure found at a depth of 99 feet (30 m) in the ocean (58.8 psia, or 
4.12 kg per square cm), the partial pressure of the CO, is 1.176 psia (0.082 kg 
per square cm). The amount of CO, sensed by the body at 99 feet is four times 
greater than the amount that is sensed at the surface. Breathing 2 percent CO, 
at a depth of 99 feet is the same as breathing 8 percent CO, at the surface! A 
high level of CO, has a profound effect on respiration. The surface-equivalent 
effect of partial pressures makes minute amounts of contaminants in breathing 
gases unsafe at depth. Table 2.3 shows the surface-equivalent effect of partial 
pressures at various depths. 


Table 2.2 Partial Pressures of Gases in Air at 1 ATA 
Partial pressure at Partial pressure of 


centage _1 ATA gas at 1 ATA (met 
Nitrogen 78% 11.466 psia 0.803 kg/om? 
Oxygen 21% 3.087 psia 0.2163 kg/m? 
Argon 0.93% 0.137 psia 0.0095 kg/em? 
Trace gases 0.04% 0.006 psia 0.0004 kg/cm? 
Carbon dioxide 0.039% 0.004 psia 0.0003 kg/em? 
Totals 100% 147 psia 1.03 kg/om? 


Table 2.3 Surface-Equivalent Effect of Partial Pressures 


Depth Pressure Cob Co. 

ft (Om) ATA 20% 20 ppm 2% 
33ft(10m) 2 ATA 40% 40 ppm 4% 
66ft(20m) SATA 60% 60 ppm 6% 
99ft(30m) = 4 ATA 80% 80 ppm 8% 

132 ft (40m) SATA 100% 100 ppm 10% 

Breathing 20% oxygen at 132 ft (40 m) has the same effect as breathing 100% oxygen at the surface. 
Breathing a mixture containing 40 ppm CO at 66 f (20 m)is the same as breathing 120 ppm GO atthe surfac 
Breathing a mixture containing 2% CO, at 99 f 6 same as breathing 8% CO, atthe surface and 


causes shortness of breath, rapid breathing, and hy 


—EEEEEEEEE Additional Information About Gas Laws 
The following gas formulas can be used to make precise mathematical calculations of 
pressure, volume, and temperature. 
Boyle's law: P,V, = P,V, 
P, = Initial pressure (psia or ATA) 
P, = Final pressure (psia or ATA) 
V, = Initial volume 
V, = Final volume 


Example: A balloon with 2 pints of air floats from 2 ATA to the surface (1 ATA). What 
is the volume of the balloon at the surface? 


P,=2 ATA 
1 ATA 


2 pints 


Unknown 


Rearranging the formula to solve for V,, we find that: 


PY, 


x2) 


=4 pints 
1 


Partial pressure = absolute pressure 3 percentage of gas 
Example: What is the partial pressure of oxygen if the gas constitutes 20 percent of a 
gas mixture that has an absolute pressure of 58.8 psi? 
PP = 58.8 ¥ 0.2 = 11.76 psia 
PF, 


Ty 


Gay-Lussac’s law: 


P, = Initial pressure (psia or ATA) 


‘inal pressure (psia or ATA) 


Initial temperature (°R or °K) 
T, = Final temperature (°R or °K) 


Example: A scuba tank with a pressure of 2,250 psig and a temperature of 70 °F is 
heated to a temperature of 150 °F. What is the pressure of the scuba tank at the higher 
temperature? First, convert readings for pressure and temperature to absolute measures. 


P, = 2,250 psig + 14.7 psia = 2,265 psia 
P, = Unknown 


T, = 70°F + 460 = 530°R 


150 °F + 461 610°R 
Rearranging the formula to solve for P,, we find that 
PT, 65610 
P, ee 


2,607 psia 
i 530 x 


2,607 psia — 14.7 psia = 2,592 psig. 


ar 
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When a liquid has absorbed all of a gas that it can hold, the liquid is saturated, 
When you reduce the partial pressure of the gas in contact with the liquid, gas 
diffuses out of the liquid. This process is outgassing. Ingassing and outgassing 
provide a foundation for the dive computers and tables used to prevent decom- 
pression sickness; these tables are presented in chapter 7. 


Air Consumption 


The volume of air you breathe per minute during exertion is much more than 
the volume you breathe at rest—up to 17 times more on land and about 14 times 
more in the water. In the water, pressure on the torso allows only 85 percent 
of normal inhalation, 

Because the density of the air breathed increases with depth, depth signifi- 
cantly affects the rate at which you consume air, For a given level of exertion, a 
supply of air lasts only half as long at a pressure of 2 ATA as it does at a pressure 
of | ATA, With heavy exertion at a pressure of 4 ATA (at a depth of 99 feet, or 
30 m), you exhaust an air supply over 40 times faster than you would when at 
rest at the surface! The rapid depletion of your air supply is one reason that you 
must avoid heavy exertion while diving. 

The rate of air consumption is expressed in cubic feet per minute (or liters 
per minute) or psig (or atmospheres or bars) per minute. By knowing your con- 
sumption rate for various levels of activity, you can plan your dives. When you 
know your consumption rate and the amount of air available, you can calculate 
air supply duration for future dives. 


Heat, Humidity, Light, and Sound 


You experience many changes when you enter water. You lose body heat faster, 
and you lose body moisture when you use scuba equipment. In addition, what 
you see is deceiving, and what you hear can cause confusion. When you under- 
stand what happens to you in water (and why it happens), you can better manage 
the differences between the water and air environments. 


Heat Transfer 


The net effect of the various forms of heat transfer is that you can chill quickly 
while diving. Radiation, convection, and conduction transfer heat from one 
medium to another (see figure 2.12). Heat waves radiate from exposed sur- 
faces, heat travels upward through fluids by convection, and heat is transferred 
directly via conduction between substances in contact with each other. Metals 
are good conductors. Water is a poor conductor compared with metal, but water 
conducts heat about 25 times faster than air (depending on density). Conduc- 
tion and convection are the primary means by which heat is transferred from a 
diver to the surrounding water. Heat rises from the skin, and water carries the 
heat away. You also lose body heat through the process of evaporation. Moisture 
evaporates from your lungs when you are breathing underwater and from the 
surface of your skin when you perspire above water. Scuba equipment expands 
high-pressure air and cools it. Your body heat warms the air you breathe, and 
you lose the heat with each exhalation. 


Losing or retaining excessive heat is dangerous! 
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Figure 2.12 Heat transfer and loss. 


You can slow the transfer of heat by insulating yourself with a material that 
is a poor conductor of heat. Exposure suits help insulate you from the environ 
ment, but insulation does not help reduce heat lost through respiration, The 
next chapter presents ways to manage the problems of heat loss. 


Humidity 

Scuba divers must be aware of the effects of humidity, or the amount of water 
vapor present in a gas. The temperature of the gas determines the amount of 
water vapor a gas can absorb and retain, The warmer the gas, the more humid- 
ity the gas can contain. 

You humidify inspired air. The process of compressing the air that is put into 
scuba tanks dehumidifies the air in the cylinder. You lose moisture from body 
tissties when you breathe dry scuba air, The resulting fluid loss can cause partial 
dehydration, an undesirable condition, especially for a scuba diver, In the next 
chapter, you will learn how to avoid the problems of dehydration, 

Diving poses other humidity challenges that you must manage, Moisture in 
the air inside your mask condenses on the faceplate as the air cools. Unless you 
thoroughly clean your mask lens in advance so that the condensation runs off in 
a thin sheet, foggy beads of condensation will form and blur your vision. Chapter 
6 presents the process for cleaning, or defogging, your mask. 
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The following air consumption formulas can be used to calculate consumption rates and 
air supply duration. To calculate the rate of air consumption, you need three items of 
information: the depth at which you have remained fora period of time, the length of time 
you have remained at that depth, and the amount of air you have used during that time. 
1. Determine your depth air consumption rate (DACR). This is simply the amount 
of air used divided by the time at depth, For example, the DACR for a diver who 

uses 1,000 psi (68 atm) in 10 minutes is 100 psi (6.8 atm) per minute. 


Air used 
DACK = ———___—.. 
Time at depth 
2. Convert the DACR to the surface air consumption rate (SACR). You need to 
express the rate in terms of volume rather than pressure. After you do this, you 
can apply the air consumption rate to any depth and to a cylinder of a different 
size from the one used initially to calculate the air consumption rate. Obtain the 
surface consumption rate by multiplying the DACR by the ratio of the pressure at 
the surface to the pressure at depth. Because you can express pressure in terms 
of depth, you can use the following formula: 


33 ft (or 10m) 
Diving depth + 33 ft (or 10m) 


If, for example, your depth consumption rate for a depth of 33 feet (10 m) is 30 
psi (2 atm) per minute, your SACR is 30 (33/66) = 15 psi per minute, or 2 (10/20) 
1.0 atm per minute. 


SACR = DACR 


3. Convert the rate to volume, establish a ratio of the tank volume and pressure 
(when the tank is full) to the breathing rate volume and pressure, then solve for 
the breathing rate volume (BRV) as follows: 


where 
V, = Full tank volume 


Breathing rate volume (BRV) 


P, = Full tank pressure 


Breathing rate pressure 


so 


For example, the breathing rate volume (BRV) fora diver with an 80-cubic-foot 
(2,265 L), 3,000 psi (204 atm) tank and an SACR of 30 psig (2.04 atm) per minute is 


BRV = 80 ft” 3 30 psi/min/3,000 psi = 0.8 ft/min 
Metric BRV = 2,265 L 3 2.04 atm/min/204 atm = 22.65 L/min 
4, For the same level of activity, you can calculate the approximate duration (in min- 
utes) of any amount of air from a tank of any size used at any depth. Here is an 
example: How long will 1,750 psi (119 atm) of air from a 71.2-cubic-foot (2,016 


L), 2,475 psi (168 atm) tank last at a depth of 70 feet (21.3 m) for a diver with a 
breathing rate volume (BRV) of 0.8 cubic feet (22.7 L) per minute? 


First, determine the volume of air in the tank at a pressure of 1,750 psi (119 
atm), The formula for determining the volume of air in the tank is 


VXPy 


where 
V, = Full tank volume 


artially filled tank volume 


P, = Full tank pressure 


P, = Partially filled tank pressure 
The air supply volume for the partially filled tank is therefore 


71.2X1,750 psi 
2,475 psi 


0.3 ft, or 


2,016 Lx 119 atm 
168atm 


=1,428L 


The formula for air supply duration (ASD) is 
_ Air supply volume _ Diving depth +33 ft (or 10 m) 


ASD : 
BRV 33 ft (or 10m) 


The air supply duration (ASD) for the question posed earlier is 


50.3ft' 70 ft +33 ft 
= SE = 20min 
0.8 ft" / min 33 ft 


ASD 


21.3m+10m 


10m 


20min 


These calculations may seem complicated at first, but the ideas are simple, The 
calculations become easy with practice. Let’s review the four steps of air con- 
sumption calculations: (1) Determine your depth air consumption rate (DACR); 
(2) determine your surface air consumption rate (SACR); (3) determine your 
breathing rate volume (BRV); and (4) determine the air supply duration (ASD) 
for a quantity of air. The abbreviated formulas for the calculations are as follows: 


DACR= Air used 
Time at depth 


33 ft (or 10m) 


SACR = DACR = ————“"_)___ 
Diving depth + 33 ft (or 10m) 


VxP, 


BRV = 


P 


_Airsupply volume _ Diving depth +33 ft (or 10m) 


ASD : 
BRV 33 ft (or 10 m) 
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In freezing temperatures, moisture from your exhaled breath can cause a scuba 
regulator to freeze. Water in other items of diving equipment can also freeze, If 
you intend to dive in a cold environment, you should complete special training 
and should know how to prepare and use your equipment in those conditions. 


Light and Vision 


The density of water makes it challenging for divers to interpret what they see 
and hear. Light travels faster in air than in water. When rays of light traveling 
in water pass through the lens of your mask, they accelerate and bend (refract). 
The effect is that what you see underwater is magnified. Objects appear to be at 
three-fourths of their actual distance (25 percent closer) and four-thirds of their 
actual size (33 percent larger). The visual distortion requires adjustments, and 
you will learn to make these with experience. An object that is 12 feet (3.7 m) 
away appears to be only 9 feet (2.7 m) away. A fish that appears to be about 2 
feet (0.6 m) long is actually only 1.5 feet (0.5 m) in length. Many new divers 
discover that items they bring back from diving are much smaller than they 
perceived them to be underwater, Figure 2.13 illustrates how light is perceived 
differently in water. 

One difficulty caused by the refraction of light is that distant objects appear 
closer than they are. This can create a hazard in clear water when you look 
downward from a drop-off. You may be tempted to go to a point that appears to 
be ata safe distance but might actually take you beyond your planned maximum 
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Figure 2.13 Visual perception is distorted underwater. 


SCUBA WISE 


There is an old joke about a young woman who returned home from her first session of 
scuba diving training and was unenthusiastic when asked whether she enjoyed the class. 
Her reply was “First the instructor told us all the ways that we could die, then he worked 
us in the water until | thought that | was going to die.” Fortunately, instructors do not teach 


classes that way today. The reason for learning about potential injuries is to understand 
how to prevent them. Armed with knowledge that you can convert to wisdom through 
proper application, you can avoid all of the potential problems identified in this chapter. 
The use of scuba diving instruction for fitness training is also outdated. Reasonable physi- 
cal fitness is a prerequisite for scuba diving. Any healthy person who can swim 200 yards 
(61 m) continuously is fit enough to dive. The objective of modern scuba training is to help 
you learn to relax in and under the water, not to whip you into shape. 


depth. You must realize that distance perception is inaccurate, and you must 
rely on your depth gauge instead of your vision. 

You have two types of vision: day vision and night vision, You use different 
parts of your eyes for each type. When you move from a brightly lit area into 
a dimly lit area, your vision needs 15 to 30 minutes to adapt to the lower level 
of light. Even after the adaptation, your ability to see fine details is much less 
than your ability with day vision. In addition, particles in water diffuse, scatter, 
and attenuate light. The deeper you go, the less light there is. In turbid water, 
the amount of light decreases very quickly with depth. A dive in turbid water 
involves a change from day vision to night vision, 

Water affects light in many ways. The surface of water reflects light. When 
light strikes the surface of calm water at an angle less than 48 degrees, the water 
reflects all the light, Early morning and late afternoon sunlight do not penetrate 
calm water, Light rays going toward the surface from underwater also reflect 
from the interlace, making the underside of the surface appear like a mirror 
when viewed at the proper angle. 

Objects you view underwater often lack their natural colors. White light, such 
as sunlight, comprises all the colors of the spectrum, Increasing depth absorbs 
various colors. The water absorbs warm colors, such as red and orange, with 
only 30 feet (9 m) of depth, Cooler colors, such as blue, penetrate deepest. This 
is why deep, clear water is blue. The underwater scene appears drab at depths 
below 100 feet (30 m). Fortunately, you can restore all the colors of the spectrum 
underwater by using an artificial light at close range. 

Another visual challenge is disorientation. When you are weightless in water 
and do not have a visual reference, vertigo can result. Vertigo is the feeling of 
movement perceived as a spinning sensation. This problem can occur when the 
water is turbid and visibility is poor, when the water is crystal clear but there 
are no visual clues for orientation, and when waters of different densities mix 
together, You will learn how to manage the challenges of disorientation in the 
next chapter. 

A final visual problem is poor visibility in water compared to air. In air envi- 
ronments, visibility is measured in miles, but in water it is measured only in feet. 
Particles suspended in water cause turbidity, which hampers vision. Reduced 
visibility makes it difficult to locate objects underwater, to maintain contact 
with your buddy, and to find your way. You must develop skills to cope with 
these challenges, including search techniques, buddy system techniques, and 
underwater navigation skills. 


generators can be near one unit, energy 
efficiency in industrial plants that use the con- 
sidered heat generators should not differ greatly 
from the data obtained during laboratory 
research, 


Simplicity and one hundred per cent 
reproducibility of the described experiments 
open a prospect for quick commercialization of 
the water electric heat generator. 
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Sound and Hearing 


Sound travels well in water, You can hear many sounds while diving, On land you 
can determine the direction of a sound by the difference in the time it takes the 
sound to reach one ear and then the other. This interval is brief but sufficient for 
your brain to discern it. Underwater, you hear sound conducted through water 
and the bones of your head to your inner ears. Sound travels about four times 
faster in water than in air. The time delay between a sound reaching one ear and 
then the other is so small that directional discernment is difficult underwater. 

Sound does not transfer well from air to water. Only 0.01 percent of sound 
can travel directly between air and water. You must use special devices to make 
voice communications effective underwater. 


Summary 


The aquatic environment affects your body in several ways. Pressure affects 
your air spaces: your ears, sinuses, and lungs. The rate of change of pressure in 
water is many times greater than in air and increases as you approach the surface 
during ascent. Changing pressures also affect the diffusion of gas into and out 
of liquids. The level of carbon dioxide in your body controls your respiration, 
and the partial pressure of the carbon dioxide is affected by depth. Temperature 
also affects the pressure of a constant volume of gas. Depth and activity have 
the greatest effect on air consumption. Water absorbs heat from the body, so 
divers need insulation to help prevent excessive heat loss. Humidity can cause 
several problems for scuba divers, The difference in density between air and 
water affects your buoyancy, mobility, heat loss, vision, and hearing. Now that 
you are aware of the effects of the aquatic environment on your body, you are 
prepared to learn to adjust to the underwater environment. 


Application-of-Knowledge (AOK) Questions 


1 


If you are exerting underwater and find yourself breathing rapidly and deeply 
and suddenly feel that you are not receiving enough air, what should you do? 


. A sudden change of conditions while you are diving increases your anxiety, 


and you notice that your breathing is rapid and shallow. Your anxiety level 
increases because you feel unable to manage the situation in which you find 
yourself. What action will help alleviate your anxiety and abnormal breathing? 


. While diving with an experienced diver, you compare tank pressures and dis- 


cover that you are using twice as much air as your buddy, who is the same 
size as you. You are using equipment that is identical to your buddy’s. What 
could be causing you to have the high rate of air consumption? 

Maintained scuba equipment is extremely reliable, but if your regulator started 
leaking water when you inhaled and you were at a depth of 60 feet (18.3 m), 
what should you do? 

While swimming in a pool, you notice a swimmer breathing rapidly and deeply 
before swimming underwater. You keep an eye on the swimmer because he 
may lose consciousness without warning while submerged. What is the cause 
of this problem, and what could you tell the swimmer to help him understand 
how to prevent an accident? 


. You are diving in water that has a temperature of 60 °F. (15.6 °C) and begin 


shivering. You decide to increase your activity level to produce more body 
heat. Is this a good course of action? 
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By the end of this chapter, you will be able 

to do the following: 
Define the terms hypothermia, 
hyperthermia, vasoconstriction, 
heat exhaustion, heatstroke, 
equalization, Toynbee maneuver, 
Valsalva maneuver, trapdoor 
effect, skip breathing, barotrauma, 
pulmonary barotrauma, arterial 
gas embolism, mediastinal 
emphysema, subcutaneous 
emphysema, pneumothorax, vertigo, 
perfusion, ambient pressure, half- 
time, compartment, controlling 
compartment, decompression illness, 
dehydration, and nitrogen narcosis 
State the cause, effect, signs and 
symptoms, first aid treatment, 
and prevention of hyperthermia, 
hypothermia, squeezes, reverse 
blocks, respiratory distress, 
pulmonary barotrauma, vertigo, 
seasickness, decompression illness, 
and nitrogen narcosis. 
Explain three ways to control 
buoyancy while scuba diving. 
Explain when to equalize pressure in 
your ears during descent and what to 
do if the pressure does not equalize. 
Explain how to minimize resistance to 
movement for underwater swimming. 


To function effectively underwater, you need 
specilic attitudes, equipment, knowledge, and skills. 
This chapter provides the fundamental knowl- 
edge and begins shaping the attitudes required to 
minimize the risk of injury. You will apply the basic 
aspects of anatomy, physiology, and physics you 
have learned to a typical person descending into the 
depths and ascending back to the surface. 


Thermal Adjustments 


Maintaining your body’s core temperature within 
a few degrees of normal is challenging in water. 
When you are immersed in water, you lose body 
heat rapidly. A water temperature of 50 °F (10° 
can incapacitate an unprotected diver within 15 
minutes. Even water at a temperature of 80 °F (27 


which feels relatively warm, can chill a diver 
within an hour, Wearing only a bathing suit in 80 
°F (27 °C) water is the same as being without any 
clothing in air that is 42 °F (6 °C) 

Your brain regulates your body functions to 
maintain your body temperature. If your core tem- 
perature is less than 95 °F (35 °C), you will suffer 
from hypothermia. You need to guard against 
mild and severe hypothermia, both of which can 
be dangerous. If your core temperature is higher 
than normal, you experience the effects of hyper 
thermia. You need to understand the effects of 
two types of hyperthermia—heat exhaustion and 
heatstroke—and you must try to prevent them. 
They both can be dangerous. 


In chapter 2, you learned about the effect 
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Heat Loss 


Your body has a variety of physi- 
ological responses to the loss of heat nated 
Respiration increases automati- ade 
cally when you get chilled, This 
is undesirable because you heat 
and moisturize inspired air, and 
you lose the heat and moisture 
with each exhalation. The more Underarm 
you breathe, the more heat and 
moisture you lose to the envi- 
ronment (and the shorter your 
dive time). Water depth com- 
pounds the problem because 
the greater the surrounding esis 
pressure, the greater the den- Hands and groin 
sity of the air that you breathe, 
Denser air absorbs more heat 
than air that is less dense. The 
deeper you dive, the quicker 
you get cold. 

Anything that affects the 
function of your body—excite- 
ment, fear, seasickness, and other 
forms of illness—can increase heat 
loss. This is why good health and 
a confident state of mind are safety | — Feet 
recommendations. 

One way your body responds to cold 
is to shunt blood from the extremities 
through vasoconstriction. The circulatory 
shunting reduces heat loss because it keeps Figure 3.1 Areas prone to 
warm blood from passing through areas of your ‘high heat loss. 
body that have little insulation. Your head, neck, 
underarms and sides, groin, hands, and feet are the areas of 
your body most prone to heat loss underwater (see figure 3.1). Fortunately, you 
can insulate these areas easily. In cold water, you can lose considerable heat from 
your head and neck because the head receives a large supply of blood and lacks 
natural insulation. Your body does not shunt blood from your head as it does 
from other body extremities. In water at a temperature of 70 °F (21 °C) or less, 
you must be sure to insulate your head and neck. 

Hands have large surface areas relative to their volume. To prevent excessive 
heat loss from your hands when you get cold, your body shunts blood from them 
until they reach a temperature of 50 °F (10 °C). At this temperature, your body 
restores circulation to your hands to partially rewarm them, Hands quickly lose 
their warmth to the water. If you dive without hand protection in cold water, 
you lose body heat through your hands. Because your hands may become numb 
and lack strength when they get cold, you should insulate them to keep them 
functioning and to conserve body heat. 


Torso 
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Small people chill more quickly in water than large people do. Small people 
have less muscle mass to generate and store heat. Insulation is important for all 
divers, but protection against heat loss is more critical for those of smaller stature, 

Failure to wear adequate insulation leads to hypothermia. Hypothermia 
also results from repeated or prolonged exposure. Slow chilling of your body is 
undesirable. You lose muscle strength and feeling, and your muscles may cramp. 
Severe heat loss also affects your ability to reason, Another body response to 
heat loss is shivering, which restores heat through muscular activity. Shivering, 
which generates about five times as much heat as your body produces at rest, is 
helpful on land, but is not beneficial in water. Water conducts away the heat you 
produce by shivering, and you get colder. Uncontrollable shivering indicates that 
you have lost too much heat from the core of your body and that you cannot 
rewarm yourself without getting out of the water. When you are shivering, you 
should terminate the dive, Rewarm yourself thoroughly before diving again, To 
help your body temperature return to normal, you should put on clothes that 
are warm and dry, stay in warm surroundings, and consume warm nonalcoholic 
drinks. You can become so cold that shivering ceases. This occurs because severe 
hypothermia has incapacitated the body’s ability to produce heat. A cold person 
who is not shivering requires medical care. 

You must understand that warming the surface of your body is different from 
warming the core of your body. You may feel warm, but your deep core tempera 
ture may remain below normal. If you return to the water in this condition, you 
will quickly become chilled. The only way to be sure that you are thoroughly 
warmed is to keep warming yourself until you begin to perspire. Perspiration 
occurs when the core temperature begins to rise above normal. To warm your- 
self, get dry, wrap everything except your face in blankets, and stay that way 
until you perspire. Most people will shed the blanket when their skin is warm, 
not being aware that the core of their body is still below normal temperature. 


Overheating 


You can prevent excessive loss of body heat by insulating your body with an 
exposure suit, but insulation can cause another problem. When you insulate your 
body to reduce heat loss in water, you reduce your body’s ability to rid itself of 
excess heat above water. The evaporation of perspiration helps cool your body, 
but if you cover your body, perspiration cannot evaporate. You may become 
overheated in warm climates when you are preparing to dive. Maintaining your 
body temperature within acceptable limits before, during, and after dives can be 
a challenge. Figure 3.2 describes some of the causes and effects of overheating. 

When a person is unable to stop the rise of core temperature, heat exhaustion 
occurs. This condition is serious. A person affected by heat exhaustion becomes 
weak and may collapse. The victim looks pale and feels sweaty. Place a person 
with this condition in a cool place, remove the exposure suit, and take steps to 
lower the person’s body temperature. If the victim is alert and not nauseous, have 
him or her drink a diluted electrolyte fluid or water to replace lost body fluids. 

‘A more serious form of hyperthermia is heatstroke, which occurs when the 
body temperature becomes so high that the body’s temperature-regulating abil 
ity shuts down, A victim of heatstroke looks flushed and has hot, dry skin. The 
mental status of a heat stroke victim is not normal, The victim may be delirious, 
or unresponsive, or have seizures. Heat stroke is extremely serious. Cool the 
patient’s body immediately and summon medical assistance. 
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Heat exhaustion Heatstroke 


(a madical emergency) 


Collapse * Collapse 

‘Pale appearance + Flushed appearance 

+ Skin cool + Skin hot and dry 
‘and clammy 


Figure 3.2 Take precautions against overheating by learning the symptoms of heat stroke and exhaustion. 


Preventing hyperthermia is much better than treating it after it occurs. You 
should avoid prolonged exposure to warm temperatures when wearing insula~ 
tion, If the air temperature is warm, douse yourself with water after donning 
your exposure suit and before donning the remainder of your diving equipment, 
Stay out of direct sunlight if possible, All thermal considerations for diving are 
especially important for divers whose physical fitness is marginal. 


Buoyancy Adjustments 


Exposure suits and other equipment affect your buoyancy. You must adjust the 
amount of weight you wear to control your depth in the aquatic environment. 
When you are too buoyant, you must fight to remain submerged; when you 
carry excess weight, you must work hard to keep from sinking or to stay off 
the bottom, You need to maintain neutral buoyancy underwater and positive 
buoyancy at the surface, In chapter 2, you learned the principle of buoyancy 
and the three states of buoyancy: positive, negative, and neutral. Now you will 
learn some practical applications of buoyancy. 

Your body—which is composed of solids, liquids, and air spaces—has an aver- 
age density nearly the same as water. A typical human body immersed and relaxed 
in water has a positive buoyancy of a few pounds when the lungs are filled with 
air; it has a negative buoyancy of a couple of pounds when the lungs contain 
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the minimum amount of air. Fortunately, the density of water and resistance to 
movement prevent you from moving up and down rapidly when you breathe. 


Factors Affecting Buoyancy 


People usually wear some type of exposure suit when diving. Most exposure 
suits increase buoyancy, so divers wear weights to offset the buoyancy of the suit 
and achieve neutral buoyancy. These weights are made of lead, which is about 
12 times denser than water. 

Your initial state of buoyancy in water will depend on the volume of water 
you and your equipment displace. You can vary your volume—with a negligible 
increase or decrease in your weight—by adding air to or venting air from your 
buoyancy compensator (BC). Increasing BC volume increases buoyancy, while 
decreasing BC volume decreases buoyancy. 

Your buoyancy is affected by your physical size and weight, your lung capac- 
ity, the equipment you wear, and the items you carry (see table 3.1). Exposure 
suits use air or small bubbles of gas for insulation. When you descend while 
wearing an exposure suit, pressure compresses your suit and reduces its volume, 
so you become less buoyant. You must add air to your BC to compensate for 
buoyancy lost from suit compression. On the other hand, buoyancy increases 
as you consume air from your scuba cylinder. Air weighs 0.08 pounds per cubic 
foot (1.3 g per L). A typical scuba tank contains 80 cubic feet (2,265 L) of air. A 
full tank weighs 6 pounds (2.7 kg) more than an empty tank. As you consume 
air from your scuba tank, you must yent some of the air that you added to your 
BC to compensate for suit compression, The trade-off helps you keep buoyancy 
constant during a dive. 

Inflating your lungs increases your buoyancy, while deflating them reduces 
buoyancy. A high average lung volume makes you float; a low average volume 
makes you sink, When you become excited or begin moving quickly, your respi 
ration increases, which affects your buoyancy, For optimal control of buoyancy, 
you should maintain a calm, relaxed state. 

The density of water also affects buoyancy. Saltwater is denser than freshwa- 
ter, so you are more buoyant in the ocean than in a lake. This means that if you 


Table 3.1 Factors Affecting Buoyancy 


Size and weight of diver Obese divers are more buoyant. 

‘Type and amount of equipment Larger equipment is more buoyant 
(because of increased volume). 

Amount of weight worn Weights decrease buoyancy. 

Amount of air in BC Increasing volume increases buoyancy. 

‘Amount of air in tank Buoyancy increases as air decreases. 

Amount of air in lungs Exertion or excitement increases volume 
and buoyancy. 

Suit compression Pressure decreases volume and 
buoyanoy. 

Items carried Added weight decreases buoyancy. 


‘Type of water (salt or fresh) Denser water increases buoyancy. 


SCUBA WISE 


At some point, many divers discover a special feeling of becoming part of the underwater 
world. | remember vividly an overwhelming feeling—a strange combination of peace and 
exhilaration—that | experienced during a dive in the Red Sea. The goal of training is to 
help you adjust to a new environment. When you adjust, you can relax, and when you can 


relax, you can focus more on your exciting new surroundings than on yourself. Meeting the 
demands of diving is challenging, but when you succeed, the exuberance is worth every 
adjustment you have to make. People can adjust well to new situations. Training helps 
people adjust more quickly, easily, and safely than they can by trial and error. Study the 
remaining chapters carefully to learn how to adjust to the subaquatic environment. | want 
you to feel what | felt in the Red Sea and have felt many times since while diving. The feel- 
ing of being one with the sea is powerful, moving, and unforgettable. 


are weighted for neutral buoyancy in the ocean, you must remove some weight 
to achieve neutral buoyancy for freshwater diving. The amount of weight you 
remove is about 3 percent of the combined dry weight of you and your equip- 
ment. For example, if a neutrally weighted 160-pound (73 kg) diver with 60 
pounds (27 kg) of equipment, including 16 pounds (7 kg) of weights, wants to 
dive in freshwater instead of seawater, the diver must remove about 7 pounds 
(3 kg) of weight in order to be weighted correctly. 


Ways to Control Buoyancy 


As a diver, you can control buoyancy in three ways: by the amount of weight 
you wear and carry, by the amount of air in your BC, and by the amount of air 
in your lungs. These means of control are coarse, medium, and fine adjustments, 
respectively. The skills you need to learn in order to adjust to the aquatic environ 
ment include determining the correct amount of weight to be worn, regulating 
the amount of air in your BC, and varying your breathing for minor buoyancy 
adjustments. Chapter 6 describes these skills. 


Pressure Equalization 


One of the most important adjustments you must learn is how to handle the 
effects of pressure changes in water. Pressure changes rapidly as you descend 
and ascend, To avoid discomfort and injury, you must keep the pressure in the 
air spaces inside and on your body equalized with the outside pressure. This 
section identifies the procedures for pressure equalization, 


Equalizing Pressure in the Sinuses 


Your sinuses equalize pressure automatically as long as they are healthy. But 
when you have a cold or respiratory illness, the membranes lining your sinuses 
become swollen. The swelling can close the narrow air passages leading to the 
sinuses. If you descend with swollen sinus membranes, a sinus squeeze will 
result, Because the sinuses are formed in bone, they do not compress as a flex- 
ible container does. When the pressure inside the sinuses is less than the sur- 
rounding pressure, the outside pressure causes the linings of the sinuses to swell 
and ooze fluids into the cavities, The swelling and fluid reduce the volume and 
compress the air thatis there. Do not attempt this painful method of equalization 
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because your problems are not 
over after you descend. When 


Healthy sinus 
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you ascend in this condition, 
the compressed air in the ¥ 
sinuses expands to its original 

volume. The expansion can 
force the fluid in your sinuses 
out through the openings, 
which are swollen shut. AVOid 6. eg sinus 
this painful process; don’t dive vet 


unless your sinuses are clear by 
and normal, Figure 3.3 shows 
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and congested sinuses under 
pressure, 

Do not use medications to 
relieve stuffiness and conges- 
tion caused by an illness before 
you go diving. Increased pres- 
sure can reduce the medica- 
tion’s effects and the duration of its effectiveness. Decongestants do not cure an 
illness; they simply mask its symptoms, When medication taken to open swollen 
airways wears off, a rebound effect occurs. The airways become more swollen 
than they were before you took the medication. If the rebound occurs while you 
are diving, you can trap high-pressure air in your sinuses. If you are not well 
enough to dive without medications, you should not dive. 
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Figure 3.3 The mechanisms of equalizing pressure 
in the sinuses. 


Equalizing Pressure in the Ears 


You must equalize the pressure in your ears more often than any other air space. 
Whereas the air passages to your sinuses are normally open, the eustachian 
tubes from your throat to your ears are normally closed. You must learn how 
to open the tubes at will to allow air to pass through them and equalize pressure 
in the air spaces of your middle ears. 

You can make several movements to open the ends of the eustachian tubes 
where they connect with the throat. Swallowing, yawning, lifting the base of 
your tongue, and jutting the jaw forward (either individually or in combination) 
should produce a cracking sound in your ears. The opening of the tubes causes 
the sound, Some divers are fortunate because they can use simple movements 
to equalize pressure in their ears during descent, Most people require a more 
forceful means of equalization, Many divers use a technique known as the Toyn- 
bee maneuver, which you do by blocking your nostrils, closing your mouth, 
and swallowing. The Valsalva maneuver is even more forceful and is done by 
blocking your nostrils, closing your mouth, and gently attempting to exhale. 

You must avoid excessive force when you use the Valsalva method because 
you could damage your ears permanently by rupturing the round window. When 
pressure in the outer ear increases, the eardrum bulges inward. The bones of 
hearing in the middle ear transmit the movement to the oval window in the 
inner ear. When you attempt to exhale against closed airways, you create an 
internal pressure on your inner ears, The attempted exhalation pressure in con- 
junction with the external pressure exerted on the oval window can cause the 
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round window to rupture; this is a serious injury that can result ina permanent 
high-frequency hearing loss and constant ringing in the ear, Because you control 
how hard you attempt to exhale in a Valsalva maneuver, you can prevent this 
injury. Be careful! 

You must equalize pressure in the air spaces of your middle ear early (before 
descent) and frequently. If you delay equalization during descent, increasing 
pressure will hold your eustachian tubes closed—and if you attempt to force air 
through them, this will only close them tighter. This is the trapdoor effect, a 
difficulty you can avoid by keeping the pressure in your middle ears and your 
throat equal. You can then open your eustachian tubes and allow air to pass 
through them, Figure 3.4 shows the trapdoor effect. 

You should equalize pressure in your ears before descending and about every 
2 feet (0.6 m) for the first 15 feet (4.6 m) of descent, about every 3 feet (0.9 m) 
from 15 to 30 feet (4.6 to 9.1 m), and as needed thereafter. You can feel and 
hear air enter your ears when you eliminate any difference in pressure. If you 
attempt to equalize pressure but cannot get air into your ears, you should ascend 
several feet to reduce the pressure on your eustachian tubes and try again. If 
that works, continue your descent. If that does not work, ascend a few more feet 
and try again, Your initial descents may be somewhat jerky until you become 
accustomed to equalization techniques. 

Failure to equalize pressure in your middle ears is as bad as trying to equalize 
forcefully, In an unequalized middle ear, pressure bows the eardrum inward. If 
the squeeze continues, pressure forces blood and fluid into the middle ear. This 


Methods to equalize pressure: 
* Blowing gently with mauth closed and nostis blacked. 

+ Swallowing with mauth closed and nostri blocked 

+ Jutting the jaw forward while yawning with mouth closed. 
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Figure 3.4 Helpful techniques for pressure equalization. 
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process takes time, but it is usually painful. It also damages the ear. If you feel 
discomfort or pressure in your ears during descent, you should ascend until the 
pain is gone, and then ascend another couple of feet before trying to equalize. 

If you ignore an ear squeeze and continue your descent, the pressure differ- 
ential can rupture your eardrum. The rupture instantly equalizes the pressure in 
your middle ear but damages your ear in the process. A rupture of your eardrum 
causes a temporary loss of hearing and a feeling of fullness in your ear. Cold 
water rushing into the middle ear can also cause temporary disorientation (see 
the section on Equilibrium Adjustments and Seasickness later in this chapter). 
If you suspect an ear injury, see a physician; prompt treatment can minimize 
the risk of permanent injury. 

You can cause an outward rupture of an eardrum if you block the ear canal 
with a plug or if you cover your ears with a watertight covering. When you 
obstruct an ear canal, the air in your outer ear remains at surface pressure while 
the pressure in your middle ear increases with equalization during descent. The 
difference in pressure between the middle and outer ear pushes the eardrum 
outward until it breaks, You can prevent such an injury. Do not wear earplugs 
while diving, and avoid waterproof seals over your ears. 

Equalizing is easier when you descend in an upright position as opposed to 
a head-down position, Membranes line the airways in your head, and gravity 
affects blood in the vessels within the membranes. When you are upside down 
in water, the membranes of your air passages swell and narrow. 

Difficulties with ear equalization during ascent are uncommon. Air expanding 
inside the middle ear escapes through the eustachian tube, Air passes out through 
the tube much more easily than it goes in; you do not have to do maneuvers 
to open your tubes so the air can escape. But if a plug of mucus happens to 
block a tube, pressure can build up in the middle ear and cause an uncomfort- 
able reverse block. If you feel pain or pressure in an ear during ascent, stop the 
ascent, Excess pressure inside the ear usually works its way out if given time. If 
you are forced to surface, the pain will increase, and an injury can result. Have 
the ear examined by a physician, especially if you have recurring reverse blocks. 


Equalizing Pressure in the Mask 


The air space inside the dive mask is affected by changes in pressure. If you 
descend without increasing the amount of air inside your mask, pressure pulls 
your face and eyes into the mask slightly. The pulling sensation, if ignored, rup- 
tures capillaries in your eyes and on your face and causes a mask squeeze. Alter 
a mask squeeze, the whites of your eyes will be red, and your face will be red 
and pully. There is no excuse for a mask squeeze. You can prevent the problem 
by exhaling through your nose as needed during descent to keep the pressure 
inside your mask equal to the surrounding pressure. 


Breathing Adjustments 


Breathing while in water differs from breathing while on land in several ways. 
‘You cannot breathe as freely in water as you can on land. Pressure on the lungs 
from immersion in water prevents you from breathing as fully as you can in air. 
Also, it is not as easy to get large quantities of air from a scuba system as it is to 
breathe deeply above water. 
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When you ascend, compressed air in your lings expands, which can cause your 
lungs to rupture unless you allow the excess air to escape. A normal breathing 
pattern allows expanding air to escape; breath holding does not. A primary rule 
of scuba diving is to always breathe continuously. 

There is a chance that you will inhale some water. This may cause you to 
choke and gasp when the water strikes your vocal cords. You need to learn the 
correct methods of breathing while in and under the water. 


Lung Overexpansion 


The most important aquatic breathing adjustment is overcoming the instinct to 
hold your breath underwater. When you breathe compressed air at depth, the 
density of the air in your lungs is greater than it is at the surface. When you 
ascend, the air in your lungs expands as the surrounding pressure decreases. 
If you hold your breath, your lungs expand until they reach their maximum. 
volume, then rupture with an ascent of as little as 4 feet (1.2 m). You must avoid 
breath holding when breathing compressed air underwater. You should breathe 
continuously or exhale a small amount of air continuously, and you should 
never hold your breath during ascent alter breathing compressed air. Figure 3.5 
illustrates why you must breathe continuously, and the section following the 
figure describes the possible consequences of breath holding while ascending 
with compressed air in your lungs. 


Skip Breathing 


Some divers attempt to extend their air supplies by holding each breath for 
several seconds, This dangerous practice is called skip breathing. When you 
hold your breath, you increase the amount of carbon dioxide in your circulatory 
system, which increases your urge to breathe and reduces your breath-holding 
ability. A high level of carbon dioxide in your body will reduce your ability to 
cope with difficulties that may arise. And if you skip breathe, you may forget to 
exhale while ascending, or you may have a headache after the dive. You must 
be sure to breathe continuously when breathing compressed air. 


Breathing Problems 


Divers can encounter respiratory difficulties if they overexert themselves, breathe 
contaminated air, inhale water, or run out of air. Fortunately, you can prevent 
all of these problems, 


Overexertion 


Scuba equipment allows you to breathe comfortably while underwater. A regu- 
lator delivers air with little respiratory effort, but breathing underwater requires 
more effort than breathing above water. If you do not maintain your scuba 
equipment properly, the elfort required to inhale and exhale can be excessive 
and can cause respiratory distress. 

Scuba regulators have a limited capacity to supply air. Regulators are not 
designed for activities involving heavy exertion. Commercial divers use helmets 
with air hoses to supply large amounts of air to meet their requirements while 
working underwater. You must avoid strenuous activities underwater because 


‘Seuba Diving 


Exhaling ascent Non-exhaling ascent 


aon 


a6 tt 


uo< 


uo< 


Figure 3.5 Abreath-holding ascent after breathing compressed air can cause lung rupture. Breathe con- 
tinuously while ascending. 


you can overbreathe your equipment and experience air starvation, a suffocat- 
ing feeling of not being able to get enough air. 

While diving, you should make your breaths longer and slower than your 
breaths on land. Pace your activity to keep respiration at a slow, controlled rate. 
If breathing becomes rapid or labored, cease all activity immediately and focus 
on exhaling deeply until your respiration returns to a controlled rate. 
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Contaminated Air 


If the compressed air in your tank comes from an air compressor that is not 
operated or maintained properly, your tank can contain contaminated air. 
The contamination is likely to be carbon monoxide (CO), a gas produced by 
incomplete combustion. CO in the body impedes the blood’s ability to transport 
oxygen. Blood hemoglobin’s affinity for CO is 210 times greater than its affin- 
ity for oxygen. Hemoglobin normally exchanges oxygen for CO, about every 
half minute, but when CO attaches to hemoglobin, the contaminant remains 
bonded to the hemoglobin for hours. Breathing contaminated air under pres- 
sure can make you ill and render you unconscious. Avoid contaminated air by 
having your tank filled only with pure air. CO is an odorless, tasteless gas, but 
it is usually accompanied by other gases that have a foul taste and odor. If the 
air from a scuba tank smells or tastes foul, do not use it. Report the situation 
immediately to the facility that filled the cylinder. Good air stations have their 
air tested regularly to ensure purity. 


Water Inspiration 


If you inhale water, your larynx spasms as a reflex action to keep the liquid out 
of your lungs. Avoid coughing and choking in water; not only are these reflexes 
unpleasant, but they can cause you to inspire more water and lose buoyancy. 
You need to breathe differently underwater than you do on land, Avoid quick 
inhalations, Begin a breath with a light, slow inhalation to ensure that you 
are inhaling air and not water. Once air begins flowing, the remainder of your 
inhalation can be normal, 

You can also prevent droplets of water from going down your throat by plac- 
ing the tip of your tongue on the roof of your mouth behind your upper teeth 
to act as a splashboard, If, in spite of all you do to avoid it, you inhale some 
water and start coughing, try swallowing hard three times in rapid succession. 
The swallowing helps you overcome your coughing reflex. 

If water does enter your lungs, it interferes with respiration. If an extensive 
area of the lungs is irritated by water, you can drown. This is a risk you face in 
any aquatic pastime. The purpose of your training is to allow you to enjoy the 
aquatic environment with the minimum risk of injury, especially of drowning. 
When you follow the rules and practices that you are taught, the risk of injury 
while diving is negligible. 

An automatic response to the inhalation of water is to swallow it in an effort 
to keep your airways dry. When you swallow saltwater, you can experience ill- 
ness, nausea, or diarrhea. If you swallow several mouthfuls of saltwater while 
diving, you should terminate the dive 


Running Out of Air 


Some divers do not monitor their air supplies and run out of air at depth. Run 
ning out of air underwater is no more excusable than running out of gas on 
the freeway when you have a working gauge. There are ways to manage an 
out-of-air situation (which you will learn in chapter 6), but it is much better to. 
avoid the problem by monitoring your instruments and keeping them in working 
order. 


MEE Potential Lung Injuries 


Pulmonary Barotrauma 

Barotrauma is trauma or injury caused by pressure. Pulmonary barotrauma is any 
lung injury caused by pressure. Failure to allow expanding air to escape from the lungs 
during ascent can cause several forms of pulmonary barotrauma, either singularly or in 
combination. 


Arterial Gas Embolism 

An embolism is a blockage of circulation. An embolism 
resulting from an air bubble blocking the arterial circulation 
is an arterial gas embolism (AGE). This occurs when air 
expanding in the lungs forces bubbles of air into the circula- 
tion. Air bubbles enter the capillary beds of the lungs and 
pass through the heart, which pumps the bubbles into arter~ 
ies supplying blood to the body. The diameter of an artery 
decreases as the distance from the heart increases. At some 
point, a bubble lodges in an artery and becomes an embolus 
(plug). It is common for an arterial gas embolism to occur 
in an artery leading to the brain, The embolus has the effect 
of a stroke, causes unconsciousness, and is an extremely 
serious injury. Anytime a diver loses consciousness after 
a dive, you should suspect AGE. The temporary obstruction of an airway, such as that 
caused by a cold, increases the risk of AGE, Healthy lungs are a prerequisite for diving. 


Air embolism 


Mediastinal Emphysema 

Ifa rupture of the lung does not force air into the circula- 
tion, the air may travel along the bronchi and enter the 
middle area of the chest (called the mediastinum). This 
results in a mediastinal emphysema, which means that 
air is in the tissues in the middle of the chest. The injury 
causes a dull ache or tightness that worsens with cough- 
ing, swallowing, or taking a deep breath. Expanding air 
can interfere with the circulation of the heart and cause 
loss of consciousness, Mediastinal emphysema 


Heart and Lungs 


Immersion changes your cardiac workload. When you are upright in water, there 
is greater pressure on your lower limbs than on the upper part of your body. The 
pressure differential shifts more blood than normal into the upper part of your 
body. Your heart pumps a greater volume with each beat and works from 1.3 to 
over 1.5 times harder in this situation than it does on land. 

Water temperature alters your heart’s rate and rhythm. In addition, physical 
and emotional stress make your heart work harder. The combined effects of water 
pressure, exercise, cold, and stress can cause serious problems if your heart is 
not healthy. If you have heart problems and wish to dive, you should first obtain 
medical approval from a diving physician. Even minor heart problems can cause 
you to suddenly lose consciousness in the water, and you could drown, Fitness 
for diving is an important safety issue. 
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Subcutaneous Emphysema 

Expanding air in the mediastinum can migrate upward 
along the breastbone, The air then swells the tissues 
around the neck, producing an injury known as subcu- 
taneous emphysema, which means that air is in the 
tissues under the skin, The injury can cause changes in 
the voice, crackling of the skin, and a feeling of fullness 
in the neck, 


‘Subcutaneous emphysema 


Pneumothorax 


If a lung rupture forces air into the space between the Collapsed 
lungs and the lining of the chest wall, a condition known "9 
as pneumothorax occurs. This means that air is trapped 
in the chest cavity, As the air trapped in the pleural space 
expands during ascent, it collapses the lung and can affect 
the action of the heart. Symptoms include severe pain and 
breathing difficulty, 

Lung injuries are serious and can be life threatening. 
Life support may be required. This is one reason that you space 
should complete a course in cardiopulmonary (heart and 
lung) resuscitation (CPR). You may have to administer 
first aid until professional medical treatment (which all 
lung injuries require) is available. 

Failing to allow excess air to escape causes nearly all 
lung oyerexpansion injuries. You can prevent injuries by 
breathing continuously. If you remove the scuba regula- 
tor from your mouth for any reason, exhale lightly and 
continuously to avoid breath holding. 


Cold water increases the effort required by your heart because cold causes 
the body to reduce circulation to the extremities in order to conserve heat. With 
more blood in the core of the body and an increased workload from pressure, 
your heart may not be able to pump the increased blood volume. The result 
can be excess blood in the small blood vessels of the lungs. These small blood 
vessels will transfer fluid to the air spaces of the lungs to reduce pressure. The 
accumulation of fluid in the lungs—known as pulmonary edema—causes severe 
breathing distress and can lead to panic or even loss of consciousness. You should 
test your circulatory ability gradually. Avoid strenuous dives in cold water until 
you have gradually adjusted to being underwater. 

Your ability to exert effort in water is not as good as it is on land. When under 
pressure, your heart and lungs do not function as well as they normally do. A 
situation in which you are trying to work hard underwater can quickly result in 
a frightening sensation of suffocation when your equipment is unable to deliver 
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the amount of air that your body requires. To stay within your cardiopulmonary 
limitations, you must learn to limit your activities and to pace yourself. 


Equilibrium Adjustments and Seasickness 


If you rupture an eardrum, water that is colder than body temperature can come 
into contact with the semicircular canals of your inner ear. The canals provide 
information for your brain to maintain equilibrium and are sensitive to tem- 
perature and pressure changes. Cold water cooling the semicircular canals can 
cause vertigo, a subjective feeling of movement perceived as a spinning sensa- 
tion, This disorientation will pass when the water in the middle ear warms to 
body temperature. Obviously, it is better to prevent vertigo than to deal with it. 

When a sudden change in pressure occurs in the air space of the middle ear 
of one ear (a change that affects the semicircular canals), this can also produce 
a disorienting sensation called alternobaric vertigo. The disorientation from 
alternobaric vertigo passes quickly when the brain recovers from the sudden 
pressure change. 

Vertigo has many causes. Fortunately, instances of severe disorientation are 
rare in diving. If you experience disorientation while underwater, try to grasp 
a solid object for a point of reference until the feeling passes. If suspended in 
the water, close your eyes and hug yourself to reduce the effects of the vertigo. 
Avoid panic by telling yourself that the sensation will not last long. 

Motions detected in your inner ears, visual references, and pressures on 
the joints of your limbs all affect your equilibrium. When your brain receives 
mixed signals from your inner ears, eyes, and body, you can experience motion 
sickness, You must avoid seasickness—motion sickness experienced aboard a 
vessel—because vomiting in or under the water is hazardous. 

‘Medications can help reduce the tendency to be seasick. The medicine dulls 
the senses of the organs of balance in your ears. Unfortunately, the medications 
can have other undesirable effects. If you are prone to seasickness, consult a 
diving physician about the type of medication you should try. Take some of the 
medicine several days before you plan to dive, and note the effects, if any. If the 
medication produces drowsiness or blurred vision, do not use it while diving. 
Seek an alternative that does not produce side effects. Medications that cause 
dizziness, drowsiness, changes in heart rhythm, or blurred vision can cause you to 
lose consciousness under pressure. Many divers do successtully use medications 
to prevent seasickness; you need to find a type that works for you. Take medica- 
tion for motion sickness at least 30 minutes before you are exposed to motion. 

If you do not want to use medication, you may use other techniques to reduce 
the likelihood of seasickness. Eat a good, non-spicy meal before diving. An empty, 
acid-lilled stomach becomes upset more easily than a full one, People whose 
breakfast before diving consists of coffee and orange juice are good candidates 
for motion sickness. When aboard a vessel, you should position yourself as near 
the center of the boat as possible. Avoid the front end of the boat, You should 
also avoid breathing engine fumes and avoid reading. You can reduce your 
reaction to the boat’s motion by lying down for a while with your eyes closed. 
Being still allows your inner ears to adjust to the motion without visual signals 
confusing your brain, 
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You can become disoriented when you are weightless in a dimly lit environ- 
ment. Under some conditions, it can be difficult to tell which way is up if you 
rely only on your sense of balance. To prevent disorientation, you must learn to 
recognize clues about your orientation in the water. Water in your mask settles 
to the lowest point, bubbles ascend, and heavy objects you hold (such as your 
weight belt) orient themselves up and down, 


Visual Adjustments 


Experience will help you adjust to magnified vision underwater, You can adjust 
so quickly to distance corrections in water that you have to readjust when you 
surface from a dive. At the end of a dive, the distance to a boat or to the shore 
can look much greater than it is. You may be surprised to find that you require 
less time than you think to swim to a destination. 

Your vision also compensates for color differences. If you know an object's 
true color, the object will look more like that color. The use of artificial light 
at close range makes it easier to view the rich and magnificent colors in the 
underwater world. 

Your vision adjusts to low light levels, but the process takes time. Short, deep 
dives in turbid water do not allow complete visual adjustment, and details will 
not be clear. You cannot see well without artificial light. You can improve your 
ability to see while diving by avoiding bright light and glare before a dive. Wear 
good, dark sunglasses above water during the day. When you complete training 
for night diving, you will learn other techniques to help your eyes adjust for 
diving at night. 

Humidity can cause condensation to form on the lens of your mask and obscure 
your vision. A clean glass surface will not fog, so make sure you clean the lens 
or lenses of your mask thoroughly before diving. 


Ingassing and Outgassing 


Your body absorbs nitrogen underwater, and there are limits to the amount of 
nitrogen that you can safely eliminate at the end of a dive. If you exceed these 
limits, you can be injured. In this section, you will learn the theory of decom- 
pression, which will help you understand how dive tables and dive computers 
function to help you avoid injuries. 


Decompression Theory 


Gases diffuse by moving from areas of greater concentration to areas of lesser 
concentration, When external pressure increases, gases diffuse from your lungs 
into your blood, and then from your blood into your tissues, When the ambient 
(surrounding) pressure decreases, diffusion occurs in the reverse sequence. 
‘Two factors that affect diffusion of gases in your body are time and perfusion 
(the circulation in a tissue). The greater the circulation in a tissue, the sooner 
the pressures of the gases in that tissue come into balance with the pressures 
of the gases you breathe. Reaching this state of equilibrium takes time, The 
amount of time it takes a tissue to accumulate half of the gas it can hold at a 


generators can be near one unit, energy 
efficiency in industrial plants that use the con- 
sidered heat generators should not differ greatly 
from the data obtained during laboratory 
research, 


Simplicity and one hundred per cent 
reproducibility of the described experiments 
open a prospect for quick commercialization of 
the water electric heat generator. 
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given pressure is a half-time. A tissue is saturated (holds all the gas it can ata 
given pressure) alter six half-times. If perfusion permits 50 percent of a gas to 
diffuse into a tissue in 5 minutes, the tissue saturates in 30 minutes. Outgassing 
also occurs in six half-times. 

Air is primarily nitrogen and oxygen. The oxygen in the air you breathe is of 
no concern during decompression within the limits of recreational diving (130 
feet or 39.6 m maximum) because you use the oxygen. Nitrogen, the primary 
component of air, is inert. Your body cannot use the nitrogen, so when you 
ascend, you must eliminate the excess nitrogen that you absorbed at depth. 
Because nitrogen diffuses from your body, there is no problem unless the reduc- 
tion in pressure is so great that you 
cannot eliminate the nitrogen fast 
enough, When you reduce the pres- 
sure on a liquid rapidly and there is 
sufficient gas dissolved in the liquid, 
the gas forms bubbles. An excellent 
example of this is CO2 dissolved in 
carbonated beverages (see figure 
3.6). The gas remains dissolved in a 
sealed, pressurized container. When 
you reduce the pressure suddenly by 
opening the container, the gas forms 
bubbles because it cannot diffuse out 
of solution slowly. If a beverage con- 
tainer has a tiny leak, however, the 
carbon dioxide comes out of solution 
slowly without bubbling. There is no 
bubbling when you opena container Figure 3.6 Rapid pressure reduction 
that has a slow leak because the gas uses dissolved gases to form bubbles 
has already diffused out of solution, Within the decompressed liquid. 

You must be concerned about the amount of nitrogen in solution in your 
body and the rate at which you eliminate it. If you absorb too much nitrogen 
while diving and do not ascend in a manner that allows the excess nitrogen to 
be eliminated without forming bubbles, the bubbles are likely to cause decom- 
pression sickness, a serious diving illness. 

Mathematical models provide estimates of the amount of nitrogen in different 
parts of your body. Because circulation varies in different parts of your body, 
tissues absorb nitrogen at differing rates. Decompression experts use mathemati 
cal models, called compartments, to estimate gas absorption and elimination 
by various areas of the body. A compartment is identified by its half-time. A 
5-minute compartment has a half-time of 5 minutes. Experts use compartments 
ranging from 5 minutes to as long as 960 minutes when calculating gas absorp- 
tion and elimination. 

‘A compartment that has absorbed gas can withstand some lowering of pressure 
belore bubbling occurs. Originally, scientists believed that a reduction in pres- 
sure by a ratio greater than two to one would cause bubbling to occur in divers 
whose tissues were saturated at a particular depth. This ratio was considered a 
surfacing limit that could not be exceeded. Then scientists discovered that the 
surfacing ratios are different for various compartments because of differences in 
perfusion. For example, brain tissue absorbs and eliminates inert gas faster than 
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bone tissue, Body areas that eliminate gas quickly have a higher surfacing ratio 
than compartments that eliminate gas slowly. The difference in ratios poses an 
interesting and complex problem for divers because one tissue controls how long 
a diver can remain at one depth, while another tissue controls how long the 
diver can remain at another depth. The controlling compartment was used to 
establish our modern time limits for diving. Do not remain at any depth longer 
than the time it takes the controlling compartment to exceed its surfacing ratio. 
If you do, you must prevent bubble formation by stopping during the ascent to 
allow time to eliminate the excess gas. The time limits for various depths have 
been conveniently arranged into tables and included in dive computer software. 
These tools help divers keep the amount of nitrogen in solution in the various 
tissues of the body within the surfacing ratio of each compartment. 

It takes time to eliminate excess gas from tissues. The rate at which you reduce 
pressure (ascend) is important. The dive tables presented in chapter 7 use an 
ascent rate, or pressure reduction rate, no greater than 30 feet (9 m) per minute. 
The mathematical models for some dive computers use rates two or three times 
slower than the dive tables. You must ascend slowly to prevent the formation 
of bubbles in your body tissues. 

Partial ascents with stops before continuing the ascent can help with outgas- 
sing and the prevention of bubble formation, These delays are called safety stops 
or rest stops, and they are recommended when ascending from any depth in 
excess of 30 feet. The deeper you dive, the more safety stops you should take 
when ascending, The recommended practice is to stop for five minutes at half of 
the deepest depth to which you have been diving and to stop again at a depth 
of 15 to 20 feet (4.5 to 6.1 m) for five minutes before surfacing. 


Decompression Illness 


Commonly known as the bends, decompression illness (DCI) is the result of a 
reduction in pressure (decompression) that is too rapid for the amount of gas 
in solution in body tissues. The gas forms bubbles in the tissues or in the blood 
before it can diffuse into the lungs and be eliminated. Scientists do not fully 
understand what occurs when DCI strikes. The symptoms may appear imme- 
diately after surfacing from a dive or days after diving. About half of all DCI 
cases occur within one hour after diving. The symptoms vary depending on the 
amount and location of the bubbles, Severe cases of decompression illness can 
have severe neurological effects and produce permanent paralysis. Common 
symptoms include the following: 


A mottled skin rash 
Joint pain 
Numbness 

Tingling 

Weakness 

Paralysis, 


° 


The following factors can increase the chances of DCI: 


© Lack of sleep 
© Tight-fitting apparel 
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© Alcohol and its aftereffects 
Exercise during and after diving 
Dehydration 

© Cramped position 

© Illness 

© Altitude after diving 
f° Age 

© Scar tissue or injuries 
© Cold water 

© Medical conditions 


Some experts believe that you should avoid postdive activities that stimulate 
circulation because increased perfusion may contribute to DCI. Specific activi- 
ties to avoid include physical exercise, drinking alcoholic beverages, and taking 
hot showers or baths. Reduced pressure at altitude, such as flying in a plane or 
driving into the mountains too soon after diving, also poses an additional risk 
factor that can cause DCI. Avoid all activities that increase the likelihood of 
decompression illness. 

A person suffering from DCI requires prompt first aid and medical treatment 
because it is an extremely serious condition. The illness worsens with time. The 
best first aid measure is to administer oxygen in the highest concentration pos- 
sible. Breathing oxygen eliminates nitrogen in inspired air and enhances the 
diffusion of nitrogen from the body. The patient should remain still and should 
sip water. Make arrangements to have the patient transported to the nearest 
medical facility. After initial medical treatment, the medical staff will arrange to 
transfer the patient to a facility that has a hyperbaric (high-pressure) chamber. 
The patient is placed inside a large vessel called a recompression chamber (see 
figure 3.7). Hyperbaric treatment consists of increasing the pressure in the cham- 
ber to reduce or eliminate the symptoms, administering medications, and then 
slowly decompressing the patient. Recompression must be done in a chamber. 


Figure 3.7 Recompression chambers are the only safe method to restore pressure after 
becoming sick. 
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Decompression illness is extremely serious because it can cause permanent 
injury, DCI can cause joint pain and neurological deficits that cannot be cured, 
To reduce the likelihood of DCI, you should remain well within the established 
time and depth limits for diving. Surface at a rate no faster than that specified 
by the dive computer you use. Stop at least twice during ascent (as previously 
recommended) and eliminate excess nitrogen before surfacing (see figure 3.8). 
Ascending at the proper rate and stopping are forms of decompression that 
reduce the likelihood of DCI. (The details about planning your ascent and time 
delays are provided in chapter 7.) An additional precaution that can help you 
avoid DCI is to delay excursions to altitude after diving, 

Another point to keep in mind is that itis often difficult to distinguish between 
the symptoms of an arterial gas embolism and DCI. Any diver who has neuro- 
logical symptoms after a dive should seek medical attention immediately. 


Figure 3.8. Divers 
completing a decompres- 
sion stop on their ascent 
to the surface. 


‘Scuba Diving 


Nitrogen Narcosis 


The increased partial pressure of nitrogen can cause a condition known as 
nitrogen narcosis, or rapture of the deep, at depths of about 100 feet (30 m) and 
deeper. Scientists do not know the exact mechanism of nitrogen narcosis, but 
its effects are similar to those of anesthetic gases. The feelings associated with 
narcosis range from euphoria to overconfidence to terror, although some divers 
do not experience any unusual feelings. Narcosis affects you whether or not you 
experience abnormal feelings. And it impairs thinking, judgment, reasoning, 
memory, and the ability to do physical tasks. Narcosis is hazardous; it reduces 
your awareness and your ability to respond to an emergency. Susceptibility to 
narcosis varies from person to person and within an individual from day to 
day. 

Narcosis begins suddenly at depth—usually around 100 feet (30m). You can 
relieve its symptoms rapidly by ascending to a shallower depth to reduce the 
narcotic effect, 

The following factors predispose a person to narcosis: 


A high level of systemic CO2 caused by exertion 
Alcohol or its aftereffects 

Anxiety 

Cold 

Medications 


coo ooo 


Social drugs 


Experience, frequent diving, and concentration will reduce susceptibility to 
narcosis. Preventing narcosis is always better than attempting to cope with it. 

Specialty training can qualify you to dive with special gas mixtures that reduce 
the effects of nitrogen. Diving with mixed gases without completing the required 
training is dangerous and should never be attempted. 


Dehydration Prevention 


You need to preserve body fluids to prevent dehydration, Getting cold makes 
you produce more urine than normal. Each breath you take from your scuba 
cylinder must be humidified as explained in the previous chapter. Breathing 
dehumidified air causes dehydration. You receive air underwater by creating an 
inhalation pressure that opens valves in your air delivery system. The inhalation 
pressure is slight, but it is greater than normal. Inhaling harder than normal is 
negative-pressure breathing, which also has the physiological effect of increasing 
urine production, Breathing underwater compounds the problem of dehydration. 

Diuretic beverages (such as coffee and alcohol) and some types of medications 
cause increased urine production. Avoid ingesting anything that makes you 
urinate more than normal, You must prevent excessive dehydration because 
the condition predisposes you to diving injuries. To prevent dehydration, you 
should do the following: 


© Insulate yourself to stay as warm as possible. 
© Keep your regulator well maintained so you can breathe as easily as possible. 
© Avoid diuretic drinks and medications. 
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© Replenish body fluids frequently; drink fluids before and between dives 
Note: If you wait until you are thirsty to drink when diving, you are 
already dehydrated. Be proactive and drink at least 1 pint (500 ml) of 
appropriate fluid after every dive. A good after-dive beverage is a sports 
drink diluted with an equal amount of water. Avoid alcoholic beverages 
because they increase dehydration. 


Mobility Adjustments 


The equipment that you wear for diving limits your mobility, It reduces your 
range of motion and makes it difficult to walk. The colder the water, the thicker 
your exposure suit, so the less your range of movement. 

Diving equipment is fairly heavy, and it is challenging to lift and move. 
Improper lifting techniques can cause back injuries. Squat down and lift with 
your legs to pick up a tank or weight belt instead of bending over, The weight of 
the equipment changes your center of gravity and affects your balance. Keeping 
your balance during entries and exits can be challenging on a rocking boat or 
an uneven surface for your feet. Move carefully and hold on to something or 
someone for support when you move around out of the water. 

You wear fins so that you can use the large muscles of your legs for propul- 
sion. When diving, you need to learn to use your legs for swimming and your 
body angle to control direction, These techniques free your hands for other 
uses underwater. Minimize the use of your hands for propulsion. Fins make it 
difficult for you to walk when you're out of the water. Shuffle your feet while 
moving backward or sideways, keep your knees bent, and be careful not to fall. 

Drag slows your movement in the water. One factor affecting drag is the speed 
of motion. The greater the speed, the greater the resistance to movement, The 
average diver can sustain a speed of a little more than 1 mile an hour (0.9 knot, 
or 1.6 km per hour). A knot equals 1.15 miles per hour (1.85 km per hour) and 
is the method of measuring speed in water. Doubling the speed increases the 
energy requirement fourfold. Trying to move in water as if it were air causes 
exhaustion quickly. Use a slow, steady pace and slow, deliberate motions to 
reduce the effects of drag. 

Another factor affecting drag is the size of the object in motion. The larger the 
surface area exposed, the greater the resistance. A swimming diver is under the 
influence of four forces: Weight (negative buoyancy) pulls the diver downward, 
lift (positive buoyancy) pulls the diver upward, thrust moves the diver forward, 
and drag slows forward progress (see figure 3.9). Divers usually wear weight 
around the waist, which pulls the lower half of the body downward. Buoyancy 
from the BC lifts the upper half of the body. The effect of these forces increases 
the surface area of the diver and therefore the drag. You should adjust the 
amount of weight you wear so that your body is as horizontal as possible in the 
water, Correct weighting minimizes drag and the effort required to swim. Also 
consider placing a small amount of weight near the top of your body to adjust 
your trim—that is, your position in the water, 

Water flows smoothly across a smooth and rounded surface but flows turbu- 
lently across an irregular surface. When the surface is irregular, the turbulent flow 
increases drag. Just as vehicles designed to travel through fluids are streamlined 
to reduce the drag caused by turbulent flow, you can choose and configure your 
equipment so that it presents the smoothest surface possible to the flow of water. 


The forces affecting a swimming diver 
Include weight (W), drag (D), thrust (T), 
and lift (L) or buoyancy. 


tit and weight forces 
=> notallgned, tho diver will not be 

Part ofthe thrust must be used to 
jvercome the head-up or the 
head-down position. 


=== 
Direction line 


{tthe diver is weighted and trimmed 

Me correctly, as shown in the cantar 
ilustration, all of the thrust is 

along the direction ina, 
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Improper trim Proper trim 
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Figure 3.9 Weight, drag, thrust, and lift (buoyancy) affect divers as they move through the water. 
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Summary 


You have to make many changes in your normal behavior to adjust to the 
underwater environment. The way you breathe is the most important adapta~ 
tion, You must breathe continuously and avoid breath holding when you use 
scuba equipment. You must also limit your activity and pace yourself to avoid 
overexertion. Managing the mechanical and physiological effects of pressure 
requires major adjustments. You must keep pressure equalized in your air spaces 
to avoid pressure injuries, and you must limit your depth and time at depth to 
avoid nitrogen narcosis and decompression illness. Being in the underwater 
environment seems strange at first, but you can conform to weightlessness and 
other strange feelings. The sensations of diving become exhilarating as you gain 
experience in the new world beneath the surface. 


Application-of-Knowledge (AOK) Questions 

Remember that this is an exercise in thinking, not a quiz. If you carefully consider 
each situation and how you would respond to it, your time will be well invested even 
if your thoughts are different from the solution provided. Imagine each situation as 
vividly as possible. 

4. You are wearing a wetsuit and swimming against a current (which is a good 
idea under most circumstances) in cold water. You are becoming colder with 
each passing minute. What action, other than ending the dive, can you take 
to reduce your heat loss? 

2. Aiter a dive during which you shivered, you exit the water on a cool, cloudy, 
windy day. What actions can you take to get warm that are not likely to cause 
physiological problems? Hint: Rapid rewarming can affect your heart rhythm 
and may also cause decompression illness. 

3. You are wearing 17 pounds of lead weights while diving at a depth of 40 feet 
(12 m) when your weight belt suddenly slips off. How rapidly do you think you 
will float upward, and what actions can you take to recover from this situation? 

4, You are wearing a wetsuit, a BC, and a weight belt while scuba diving at a 
depth of 33 feet (10 m). Your buoyancy is adjusted to be perfectly neutral at 
this depth. You have to ascend 10 feet (3.3 m) to clear a reef. What actions 
will you need to take to control your buoyancy as you swim over the reef? 

5. You are pulling yourself hand over hand down an anchor line to descend to 
a dive site and are having difficulty equalizing the pressure in your ears. Your 
normal equalization methods are not working. What should you do to equalize 
the pressure in your ears? 

6. Why do you need to equalize the pressure in your body air spaces and your 
mask more frequently at the beginning of the descent than when you are 
approaching your diving depth? 

7. You are having trouble keeping up with your buddy, who is swimming ahead. 
You are breathing heavily and beginning to feel starved for air. What actions 
should you take? 

8. When you switched tanks between dives, you accidently selected one that is 
almost empty. You were also distracted and failed to check the pressure before 
you started the dive. You are at a depth of 50 feet (15 m) when it becomes 
hard to breathe. You look at your pressure gauge and find a reading of zero. 
Based on what you know at this point in your training, what action do you 
think is appropriate? 
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Abstract 


Mr. Don Smith has discovered that Ohm's Law of Resistance does not apply to Magnetic 
Resonance that travels unrestricted for great distances, Therefore, multitudes of electrons are 
disturbed, The Magnetic moments are translated into usable electric energy. The Magnetic 
Dipole provides an unlimited source of electrical current, Mr. Smith's "Dipole Transformer" 


has been pending since last September. 


12Volt7 Amp Battery pe sating Magnetorestrictive Metal Wheel 


Variable speed motor 


Don Smith's 


Rotating Seperator Coil 


Smith's 


Useful energy occurs as the result of 
imbalances of ambient background energy 
and it is a transient phenomenon, In 
conventional circuits, the electrical field is in 
aclosed system that is damped out with heat 
loss, which severely limits its utility, The flip 
side of the electron generates magnetic 
waves, which is an open system, not 
subjected to heat loss. These being 
unrestricted are the universal source of 
energy. Universally present electrons 
are flipped to their electrical position, 
resulting in useful energy. When properly 
constructed an electrical circuit can become 
self sustainable once started. An obvious 
corollary would be that the number of radio 
or television receivers in operation does not 
deplete the magnetic wave source providing 


Fig.l 
nergy Receiver 


theservice. The key source of unlimited energy 
is Magnetic Resonance. To understand this 
requires putting a stake through outdated 
physics. An obvious example is the piano 
where the keyimpacts the one note giving one 
sound, which resonates with its two side keys 
providing a much higher level. Magnetic 
Resonant’ Energy clearly amplifies 
demonstrating more energy out than in. 
Excess energy consequent to a reaction. 
is called Free Energy and can be very 
large as is in the case of Magnetic 
Resonance. The intentionally ignorant 
physicist makes a habit of ignoring this fact. 


Useful electricity is obtained from disturbed 
electrons, which radiate magnetic fields and 
waves. The generator disturbs and collects this 
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By the end of this chapter, you will 
be able to do the following 


Describe the purpose, types, 
features, selection criteria, and 
care and maintenance of skin 
and scuba diving equipment. 
Contrast steel and aluminum 
scuba cylinders, wet and 

dry suits, integrated and 
nonintegrated weighting 
systems, and reserve and 
nonreserve valves. 

Define the terms buoyancy, 
compensator, defogging, 
shorty, jumpsuit, Farmer 
Johns, K-valve, J-valve, DIN 
valve, valve seat, burst disk, 
O-ring, port, stage, octopus. 
capillary gauge, Bourdon tube, 
Boyle's law, outgassing, bezel, 
submersible pressure gauge 
(SPG), blowout plug, alternate 
air source (AAS), pony tank, 
Spare Air unit, lubber line, 
console, and ceiling. 


You will become familiar with the following items in 
this chapter: 

Masks 

Snorkels 

Fins 


Skin diving vests 

Exposure suits 

Weighting systems 

Buoyancy compensators 

Scuba cylinders 

Cylinder valves 

Scuba regulators 

Alternate air sources 

Instrumentation 

Dive knives and other accessories 

Specialized equipment 

You need to be equipped properly to dive in open 

water, A snorkeler (a diver who remains at the surface) 
should wear a mask, a snorkel, fins, and a skin diving 
yest. A skin diver (a breath-holding diver who dives 
beneath the surface) uses snorkeling equipment and 
may wear an exposure suit and a weight belt (if the 
suit requires weights). Scuba equipment includes, at a 
minimum, a mask, a snorkel, fins, an exposure suit, a 
weighting system (if needed), a buoyancy compensa- 
tor (BC), a scuba unit (cylinder, valve, regulator, alter 
nate air source), instrumentation, and a dive knife. For 
cold water, a diver also needs a hood, boots, and gloves 
Figure 4.1 shows fully equipped divers 


Equipment help: 


them to see, breathe, move 
monitor their position, remair 
comfortable, have fun, and rest 


1g is an equipment-intensive 


am what equipment you need 


10 select the best equipmer 


r your needs, and are fi 
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Figure 4.1 Fully equipped 
cold-water (left) and warm- 
water (right) divers. 


Basic Equipment for All Divers 


The mask, snorkel, fins, and some flotation device are basic equipment for all 
types of recreational diving (snorkeling, skin diving, and scuba diving). 


Masks 


The eyes require an air space in front 
of them to focus sharply. Your mask 
provides an air space and a window to 
another world. Many styles of masks 
are available, but only two basic types 
are used for recreational diving: purge 
and nonpurge. A purge is a one-way 
valve through which you can expel 
water that enters the mask. As you 
will learn in chapter 6, you can remove 
water from a mask without a valve, 
so many masks do not feature a purge 
valve. A third type of mask, a full-face 
mask, is for commercial and specialty 
applications only. Figure 4.2 shows the 
most common types of masks. 


TF CD Tp 


Figure 4.2 Test dive masks before you buy to ensure a snug 
and comfortable fit. 
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The type of mask you choose is not nearly as important as the fit of the mask 
on your face. The mask must fit your facial contours perfectly so it will remain 
comfortable and watertight throughout a dive. Fit and comfort are the most 
important features to consider when you select a mask. To test the fit of a mask, 
remove the strap or position it on the front of the mask. Tilt your head back and 
lay the mask (do not push it) on your face, Make sure your hair is not under the 
sealing edge of the mask; then inhale gently. If the mask pulls onto your face 
snugly from the partial vacuum created by your inhalation, the mask fits. If you 
have to push the mask to get it to seal on your face, the mask will probably leak 
when you use it underwater. 

Factors that affect the fit and comfort of a mask include the style, the type 
of material, and the type of sealing edge of the mask, The best masks are made 
from silicone, which is soft, pliable, and nonallergenic and resists deterioration 
better than rubber compounds (see figure 4.3). The buoyancy of smaller masks 
poses no problems, but the tug of buoyancy of a larger-volume mask can alfect 
the seal. Low-volume masks are easier to clear of water and provide excellent 
visibility. A wide, double-edged seal does a better job of keeping out water than 
a single-edge seal. 

A film of oil from production is on the surface of the glass lenses of new 
masks. You must remove the film completely—a process called defogging—or 
the mask will fog continuously underwater. Clean your mask thoroughly with 
scouring powder. The glass (which is tempered) is too hard to be scratched by 
the abrasive, so do not be timid when cleaning your mask. Commercial defog- 
ging solutions help keep your mask clear while you dive. If a clean mask fogs 
slightly during use, you can allow a small amount of water into the mask and 
wash it across the fogged area to resolve the problem, 


Nondeteriorating 
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Corrective 
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Figure 4.3 Mask features. 
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Several options are available for visual correction if you need it. Hard contact 
lenses cannot be used, because gases that are released from the body during 
ascent can be trapped between the lens and the surface of the eye. This can 
injure the eye. If you wear soft contact lenses, you can use them for diving after 
you complete your training; however, you should not use them during training 
because you may lose them when you are learning how to clear water from 
your mask. Some contact lens wearers prefer a mask with a small purge valve 
because they can expel water from the mask with little risk of losing a contact 
lens, Several companies prepare and bond corrective lenses into any diving mask. 
Interchangeable corrective lenses are available for some masks. If you require 
only a simple correction, you may be able to obtain corrective lenses for your 
mask when you purchase it. 

Store your mask in a mask box when you are not using it. The box helps keep 
the mask from getting damaged and helps prevent discoloration of the silicone 
mask skirt. 


Snorkels 


A human head weighs about as much asa bowling ball. If you had to swim while 
holding a bowling ball out of water, you would become exhausted quickly, Ifyou 
swim while holding your head above water, you will tire rapidly. But if you allow 
buoyancy to support your head in the water, you can relax and swim for hours, 
A snorkel allows you to breathe while water supports your head—allowing you 
to conserve energy and enjoy continuous underwater viewing. 

In its simplest form, a snorkel is nothing more than a breathing tube that 
extends from a diver's mouth toa point above the waterline. A basic diving snor- 
kel is a J-shaped tube with a mouthpiece on one end. Just as with masks, there 
are two types of snorkels: purge and nonpurge (see figure 4.4). A purge snorkel 
has a one-way valve through which you can expel water that enters the tube. As 
you will learn in chapter 6, you can clear water from a snorkel that lacks a purge 
valve, so some snorkels do not have a 


valve. Some types of purge snorkels & 
are self-draining; gravity drains water 
from the tube automatically when you 
are at the surface of the water. 
Additional snorkel options include a 
swivel mouthpiece and a flexible hose A 
for the lower half of the tube. With ay 
the flexible hose, the lower part of the CT 
tube—which is usually curved—hangs 
straight down when you are not using 
your snorkel (see figure 4.5). The 
flex-hose snorkel reduces interference 
between the snorkel and your scuba 
regulator. Special mouthpieces can be 
used to maximize comfort, and devices 
are available to prevent water from 


entering the top end of the snorkel, 


although water exclusion devices are Figure 4.4 Three common types of snorkel are purge (two 
not essential. at lett and far right) and nonpurge (center right). 
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Figure 4.5 Features of a flex hose and self-draining snorkel. 


The fit of your snorkel is the most important consideration, much more impor- 
tant than the type. The mouthpiece must not irritate your mouth, gums, or jaw 
when in place for extended periods of time. The angle of the mouthpiece in your 
mouth should not require you to bite hard to hold the mouthpiece in place. A 
snorkel that fits poorly may cause sore gums or jaws. A snorkel tube should 
have an inside diameter of approximately 3/4 inch (1.9 cm) so that resistance 
to airflow through the tube does not make breathing difficult. 

Attach the snorkel to your mask strap on the left side using a snorkel keeper 
because your regulator hose goes over your right shoulder, Several types of 
snorkel keepers are available. Popular keepers are the simple ones depicted in 
figure 4.6. The adjustment is correct if the snorkel mouthpiece remains in your 
mouth when you open your mouth wide. 


Figure 4.6 Two types of snorkel keepers. 
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Fins 

Diving would be much less enjoyable without fins. Fins increase your ability to 
move in the water and free your hands for other activities. You move in water 
by pushing against the water. Fins increase your ability to move by presenting a 
larger surface area than your hands or feet alone. The muscles of your legs are 
much larger and stronger than your arm muscles. Your arms would tire quickly 
if fins were attached to your hands, but your legs are strong enough to handle 
the load. Fins also help stabilize you in water by providing a large surface to 
resist movement. The resistance provides leverage for countermovement and 
directional control. 

The two basic types of fins are shoe (full-foot) fins and open-heel fins. Shoe 
fins slip on to bare feet, so they are good snorkeling fins for tropical climates. You 
wear open-heel fins with foot coverings called boots. Open-heel fins, generally 
used for scuba diving, are usually larger and stiffer than shoe fins (see figure 
4.7). Small, flexible snorkeling fins may be inadequate for the harder work of 
scuba diving, 

Special materials and designs abound. The fundamental features of a fin are 
the size and stiffness of the blade (see figure 4.8). The larger and stiffer the blade, 
the greater the propulsion but also the greater the physical demand when you 
move the fin through the water. A blade that is too stiff can cause you to cramp 
and become fatigued. You should begin with fins of a moderate size and stiffness. 
When you can use those fins for extended periods without difficulty, you may 
consider fins that can provide greater propulsion. 

The most important criteria for the selection of any item of diving equipment 
are fit and comfort, and this is especially true of fins, To help ensure proper fit, 
sit down and try on a fin, Wear a boot if you are trying on an open-heel fin. 
Hold your foot in the air and wiggle it up and down and from side to side. The 
fin and your foot should move as a single unit. If your foot moves inside the foot 
pocket, the fin is too large. Diving equipment should fit snugly but not tightly. 


Figure 4.7 Three styles of open-heel fins. 
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Elongated foot 
pocket 


High-tech 
‘material 


Blade size 
and stiffness 


Easily adjustable, 
ssocurely locking straps 


Figure 4.8 Features of dive fins. 


A fin that is too tight can cause your foot to cramp. The foot pocket of the fin 
should fit snugly but should not exert pressure on your foot, Select your fins 
using fit, comfort, and blade size and stiffness as your primary criteria, Features, 
fashion, and cost should be secondary considerations. 


Skin Diving Vests 


When you blow air into a skin diving 
vest (which is smaller and less complex 
than a buoyancy compensator), you can 
achieve positive buoyancy (floating) 
Positive buoyancy is invaluable when you 
want to rest at the surface or carry items 
you have collected while diving. Wear a 
buoyancy device whenever you dive. You 
can achieve negative buoyancy (sinking) 
by venting air from the skin diving vest, 

Divers use one basic type of skin diving 
vest; this vest fits around the neck and 
secures at the waist (see figure 4.9). A 
standard feature of a skin diving vest is 
an oral inflation tube, which comes in 
various sizes. Itis easier to use larger tubes 
with mouthpieces than smaller tubes 
without mouthpieces. Figure 4.9 Skin diving vest. 


Diving Equipment ml 71 


Care and Maintenance of Skin Diving Equipment 


Your skin diving equipment will provide years of service if you take care of it 
properly. Rinse the equipment with clean, freshwater alter use; dry it in the 
shade; and store it in a cool, dark, smog-free location. Prolonged sunlight, smog, 
salt crystals, and swimming pool chlorine will harm your equipment. Fill a skin 
diving vest partially with freshwater after use, and swish the water inside. Drain 
the vest completely, and then inflate it for drying and for storage. Periodically 
inspect the straps on your mask and fins for drying and cracking, and replace 
straps when they begin to deteriorate. After your mask has dried, rub a drop of 
defogging solution on the lens to help keep the lens clean during storage. 


Exposure Suits 


You should wear some type of exposure protection when diving regardless of 
the water temperature. An exposure suit provides protection against scrapes and 
stings in addition to providing insulation. 

The two basic types of exposure suits are wet suits and dry suits, Generally 
speaking, the colder the water, the thicker your suit should be and the more of 
your body should be covered by the suit. Suits come in many configurations, but 
most are one piece or a combination of a jacket and pants. Vests are accessories 
that help conserve heat in vital organs. Hoods, boots, and gloves help reduce 
heat loss from the head, feet, and hands, respectively. 


Wet Suits 


A wet suit is a good exposure suit for water temperatures ranging from 60 to 85 
°F (15.6 to 29.4 °C). A wet suit allows water inside, but any water that enters can 
also exit and carry heat with it. The better the fit of the suit, the less water inside 
and the warmer the suit, Table 4.1 provides a comparison of the various types 
of wet suits. The following descriptions provide some additional information. 


Table 4.1 Wet Suits 


‘Temperature 
Type Warmth Features range 
Spandex 45% more than Light, compact; useful as. 78°F 
bare skin undergarments for thicker suits (25.6 °C) + 
Thermoplastic 30% warmer than —_Neutrally buoyant; no weights. 75 °F 
spandex required: wicks perspiration;  (23.9°C) + 
windproof 
Plush-lined 10% warmer than Same as thermoplastic. 72°F 
thermoplastic. unlined (22.2°C)+ 
Foam neoprene 20-100% warmer Buoyant; weights required; Down to 60 
1 in, 2-3 mm) than plush-lined long drying time; evaporation °F (15.6 °C) 
346 in. (4 mm) thermoplastic chills wearer; minor repairs 
VA in, (6-6.5 mm) easy to do 
Hoods, vests, boots, 16-66% more Reduces water circulation; Down to 60 
and gloves or mitts warmth layering allows flexibility for °F (15.6 °C) 


various temperatures 
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Spandex suits are thin, stretchy, attractive, full-body garments that are popular 
for diving in tropical waters. Spandex garments provide 45 percent more insula- 
tion than bare skin and provide protection against stings, scrapes, and sunshine. 
Spandex suits are light and compact for travel. They are also useful as undergar- 
ments for thicker neoprene wet suits, adding an extra layer of insulation and 
allowing you to slip into the heavier suit more easily. If you live in a temperate 
climate, you can use a spandex body suit beneath a neoprene wet suit for local 
diving and use the spandex suit by itself for vacation diving in the tropics (see 
figure 4.10). 

Thermoplastic—sandwiched between two layers of spandex—is another type 
of wet suit material. A suit made from this three-ply material is about 30 percent 
warmer than a spandex suit. Thermoplastic suits are thin (1.2 to 1.4 mm) and 
designed for use in tropical waters (75 to 85 °F [24 to 29 °C]). Some suits feature 
soft, plush lining for extra warmth. The plush lining increases the warmth of the 
suit by about 10 percent. You can wear a thermoplastic suit beneath a neoprene 
wet suit for extra warmth in colder water. 

Thermoplastic material offers several advantages: The balance between the 
weight and volume of this unique material makes it neutrally buoyant, so you 
may not need a weight belt. The stretchy fabric allows you to move freely. The 
material draws perspiration away from your body but is windprool. 

A third type of wet suit material is foam neoprene, as in the suits shown in 
figure 4.11, The foam contains tiny bubbles of inert gas, which provide insula- 
tion. The thicker the wet suit material, the greater the insulation quality of the 
suit. A 1/8-inch (about 3 mm) neoprene wet suit is about 20 percent warmer 
than a plush thermoplastic suit, 

The thickness of foam neoprene in wet suits ranges from 1/8 inch for warm- 
water diving to 3/8 inch (about 9 mm) for extreme cold-water diving. The most 
common wet suit thicknesses are 1/8 inch, 3/16 inch (about 4 mm), and 1/4 inch 
(about 6 mm). You can layer wet suit material on critical areas of your body to 


AYR ae 


Figure 4.10 Common styles of warm-water wet suits: Figure 4.11 Common styles of cold-water wet suits: 
foam neoprene jumpsuit (left), shorty (center), and nylon Jackets at left and center (worn with or without an attached 
(right). hood) are worn over Farmer Johns at right to form layers. 
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reduce heat loss, but the thicker the insulation you wear, the more difficult itis 
for you to control buoyancy. Choose the thickness of wet suit material used by 
experienced divers in the area where you plan to dive. 

‘Nylon usually covers both sides of the neoprene used for wet suits. The nylon 
increases the strength and durability of the suit, which is glued and sewed 
together. You can make minor repairs with wet suit cement, but you should 
have a wet suit manufacturer do extensive repairs. 

Neoprene wet suits require weights to achieve neutral buoyancy. The suit 
provides immediate buoyancy when you release the weights, but the buoyancy 
of the suit can be either a benefit or a hazard. Neoprene is not windproof, and 
the evaporation of water from the suit between dives can chill you. You can 
wear a wet suit overgarment to retain warmth between dives in colder climates. 
Neoprene suits take longer to dry than other types of exposure suits. Mobility is 
good with thin neoprene wet suits but decreases as the thickness of the mate- 
rial increases. 

Numerous wet suit designs are available, including the shorty, the one-piece 
jumpsuit, and Farmer Johns (see figures 4.10 and 4.11). You must consider 
several features when selecting a wet suit design. The more zippers a suit has, 
the more water circulates inside the suit and the greater the loss of heat. You can 
get zipperless suits for cold-water diving. Good wet suits feature a spine pad to 
minimize water circulation along the channel formed by your spine, and some 
suits for cold-water diving have attached hoods to minimize water circulation at 
the neck. You may spend time kneeling around and in the water, so knee pads 
are a desirable feature. 

Heat packs are available for wet suits. These packs contain a nontoxic, reusable 
chemical that heats to about 130 °F (54 °C) for half an hour or more, depending 
on conditions. The packs fit into special pockets that are an optional suit feature, 

You can buy wet suits in standard sizes, or you can have a suit tailored for a 
custom fit, The fit of a wet suit is its most important feature, The suit must fit 
snugly all over, but it must not fit so tightly that it hampers your breathing and 
Grculation. A suit that fits well may feel slightly restrictive out of the water. The 
true test of the fit of a suit is to dive with it. You may be able to rent a wet suit 
identical to one you would like to purchase. 


Wet Suit Accessories 


Scuba divers wear footwear for warmth and foot 
protection. Several types of footwear—called 
boots or booties—are available for various needs. 
Boots, usually made from neoprene, may cover 
only the foot or both the foot and the ankle 
(see figure 4.12). Boots range from inexpensive 
neoprene socks to sturdy footwear with durable, 
molded soles. They may or may not have zippers. 
Zippered boots are easier to don and remove, but 
boots without zippers are warmer. 

You should wear hand coverings when the 
water temperature is less than 70 °F (21 °C). 
Some divers wear gloves for protection, such as 
when catching lobsters. Types of hand coverings 
include gloves, mitts, and gauntlets (see figure 


Figure 4.12 Boots are available with or 
without zippers. 


Fig2 
D. Smith's Energy Receiver 


Editor: in September 2003 
Donald Smith took part in the 
annual "Inventor's Week-end" 
Conference where he 
presented the report on his 
invention. In this issue you can 
find more details ‘on the 
conference. 


It is worth of a note that we 
have received a number of 
negative comments on this 
inventor's work. However, 
we thought his articles to be 
quite interesting and decided 


emitted electron energy. These electrons remain fullyin fg publish them. We would be 


tactandundiminished until the end of time. This Energy 
is free and the cost of accessing it depends on the 


glad to get readers’ comments, 


ignorance of the collector. With anappropriatecollector_ 20 are familiar with the work 
system an unending source of environmentally benign, ad inventions of Donald 
inexpensive, available energy everywhere, is provided. Sith. 


Disk permanent-magnet generator 
Faraday Lab Ltd 


In our lab we are still working at the 
optimization of the alternator design (electro 
magnetic generator with the permanent 
magnets). We have introduced the drum rotor 
instead of the disk rotor into the new design 
of the alternator. The operation mechanism 
is the same, namely, the alternation of the 
magnetic flux near the generator coils occurs 
asa result of the rotating elements operation 
of the rotor, which "shunt" the magnetic flux. 

Frolov AY. 
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4.13). Wear mitts in cold 
water because they are thicker 
and have less surface area for 
heat dissipation than gloves 
have. Wear gauntlets (neo- 
prene mitts with long cuffs) 
when the water is extremely 
cold, Thin neoprene gloves 
provide sufficient insulation 
in temperate water. Do not 
wear gloves in tropical areas. 
You are more likely to touch 
things when wearing gloves, FiGure 4.13. Gloves and mitts protect divers’ hands 


and grabbing delicate coral fom cold temperatures and injuries. 
reefs and marine animals 
while wearing gloves may 


harm the animals. 

A hood is an important 
warmth accessory that can 
reduce your heat loss from 
20 to 50 percent, depend- 
ing on the temperature of 
the water. Two basic types of 


hoods—attached hoods and 
separate hoods—are avail- 

able for wet suits (see figure Figure 4.14 Hoods conserve warmth in cold 
4,14), Cold-water divers like waters. 

attached hoods because they 
restrict water circulation in a 
suit more than separate hoods 
do. Some separate hoods have 
skirts that end at the base of 
the neck; other cold-water 
hoods have large bibs that 
cover the neck and shoulder 
area. Thin hoods are used for 
protection in warm water, 
and thicker hoods are used 
for insulation and protection 
in cold water. 

You can increase the warmth of your wet suit by as much as 16 percent by 
wearing a vest. Wet-suit vests come in all types of material and provide an addi- 
tional layer of insulation (see figure 4.15). Layering is an effective technique 
that reduces water circulation while increasing insulation, Some vests have 
attached hoods. 


Figure 4.15 The addition of a vest can increase the 
warmth of your wet suit by as much as 16 percent. 


Wet Suit Care and Maintenance 


With proper care, wet suits can provide years of service. Soak your wet suit in 
clean, warm freshwater alter each use. If you can’t soak your suit, rinse it. Hang 
your suit on a wet suit hanger, which is wider than a typical clothes hanger; dry 
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the suit in the shade; and store it on the hanger in a cool, dark, smog-free loca~ 
tion, A garage is a poor environment for storing equipment because of emissions 
from automobile exhaust. Do not fold your wet suit for storage because folds 
can form permanent creases, which insulate poorly. Inspect your suit regularly 
for seam integrity and tears. Make repairs or have them made as needed. 


Dry Suits 
When the water temperature is less than 60 °F (15.6 °C), consider using a dry 


suit, which is an exposure suit that keeps out water. Dry suits are much warmer 
than wet suits for three reasons: 


1. Airis in contact with your skin instead of water. Because air conducts less 
heat than water, you lose less heat via conduction, 

2. You wear undergarments beneath a dry suit, The undergarments trap a 
layer of air, which is a good insulator. 

3. Suit compression affects two of the three types of dry suits only slightly, 
so the insulating ability of those types of dry suits remains nearly constant 
regardless of depth. Constant volume in a dry suit provides an advantage 
over a wet suit, which compresses with depth and expands during ascent. 


Dry suits are identified by the material from which they are made. Table 4.2 
compares the three most common types of dry suits. The foam neoprene dry 
suit is made of the same material as a wet suit, but the dry suit has seals at the 
wrists and neck, attached dry boots, and a waterproof zipper (see figure 4.16). 

A dry suit can cost two to five times as much as a wet suit, but with proper 
care and maintenance, a good dry suit will last many times longer than a wet 
suit. If you dive primarily in cold water, a dry suit is a good investment, 

A dry suit creates a closed air space that is subject to squeezing. A low-pressure 
inflator valve, which isa standard feature, allows you to add air to the suit during 
descent to prevent suit squeeze. Because air expands during ascent, an exhaust 
valve is another standard feature. Get a dry suit that has a constant-volume 
exhaust valve that automatically maintains a constant state of buoyancy during 
ascent. 

Diving isa diuretic activity—that is, it increases the amount of urine you pro- 
duce. Urination in a wet suit is a regular practice by divers in open water, but 
the problem is more complex when you wear a dry suit, An optional feature for 
a dry suit is a relief zipper, which is useful only when you are out of the water, 


Table 4.2 Dry Suits 


Advantages Disadvantages 
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Divers wearing a dry suit have to exit the water to uri- 
nate, and those without a relief zipper must disrobe. 

Several types of undergarments for dry suits are avail- 
able. Some are inexpensive but compress with depth 
and lose insulating ability when wet. More expensive 
undergarments are highly resistant to compression and 
retain most of their insulating quality even if wet. Many 
divers who wear dry suits prefer to wear two layers of 
undergarments: a thin garment against the skin to carry 
perspiration away from the body and a thicker overgar- 
ment to provide the bulk of the insulation, Moisture 
conducts heat, so you are warmer when perspiration is 
wicked away from your body. 

Dry suits have several drawbacks. Controlling buoy- 
ancy is more difficult with a dry suit than with a wet 
suit. Rapid, uncontrolled ascents can occur unless you 
control the suit. Training is essential before attempting 
to dive in a dry suit. Dry suits are bulkier than wet suits. 
Itis easier to don and remove a dry suit than a wet suit, 
but the bulkiness of a dry suit makes surface swimming 
difficult. A dry suit also restricts your mobility more than 
a wet suit does. The inconveniences of a dry suit are 
of little consequence, however, when warmth is your 
primary concern. 


Dry Suit Accessories 
Most dry suits have attached boots, a desirable feature, 
Thin latex booties are found on less expensive suits; Fi9ure 4.16 Dry suits can be made 
more expensive suits have hard-soled boots. You should {2 foam neoprene, crushed neo- 

‘ prene, or nylon. 
wear heavy socks for insulation with latex booties, and PO" ONO 
you must wear wet suit boots over the latex booties to 
protect them, The end result is that divers who wear dry suits usually need fins 
with large foot pockets, 

You can wear neoprene gloves or mitts with a dry suit. If the water is extremely 
cold, you can get dry gloves with insulating liners that attach to some dry suits. 
An attached latex dry hood is an option for some models, but most divers use a 
separate neoprene dry suit hood. Figure 4.17 shows examples of dry suit acces- 
sories. 


Dry Suit Care and Maintenance 


Dry suits require more care than wet suits. The zipper and the control valves 
are expensive to replace, so do not allow salt crystals to form in the zipper or in 
the valves, Soak and rinse the zipper and valves in clean freshwater as soon as. 
possible after a saltwater dive. Wash the neck and wrist seals with soapy water, 
and then rinse them, Coat latex seals with pure talc after they dry. The talc helps 
protect the rubber from the elements. Fold dry suits in half over a wide hanger 
for drying. Lubricate the suit zipper according to the manufacturer's instruc- 
tions, then store the suit with the zipper open. If the suit needs to be repaired, 
have an authorized dealer make the repairs. As with wet suits, store your dry 
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Figure 4.17 Dry-suit boots and gloves help keep divers warm. 


suit inside your home. The rubber seals on dry suits are adversely affected by 
exhaust emissions. 


"4 Exposure Suit Selection 


You should consider many factors when selecting an exposure suit and acces- 

sories: your physical characteristics, where you intend to dive, how you intend 

to dive, how much diving you intend to do, and what you intend to do while 

diving. The amount of money you want to invest is also a factor, but keep in 

a mind that buying an inexpensive suit may be false economy. If the suit does not 
meet your needs, you will have to spend more money for another suit. 

‘The amount of diving you intend to do is an important factor. If you plan to 
make only one dive per day, your insulation requirements are not as great as 
they are if you plan to dive several times per day. The more time you plan to 
spend in the water, the warmer your suit needs to be 

If you are a thin person who gets chilled easily, you need more insulation, 
than the average person for a given water temperature. People with more-than- 
average body fat may not require as much insulation as those with average body 
fat; fat is a good, natural insulator, Thermal comfort is essential for diving safety 
and enjoyment. 

If you intend to do most of your diving in one area, the most popular type 
of suit in the area is probably the best type for you. If the local waters are cold, 
you have to choose between a wet suit and a dry suit. If you choose to get a 
wet suit as your first exposure suit for cold-water diving, a layered design with 
Farmer John pants, a vest, and a step-in jacket with an attached hood retains 
more warmth than high-waisted pants, a regular jacket, and a separate hood. A 
custom fit retains more warmth than a suit of a standard size. 

Dry suits are not desirable for long surface swims because you can overheat, 
and the drag caused by the bulkiness of some dry suits may cause you to tire or 
cramp. On the other hand, dry suits retain much more warmth at depth than 
wet suits. If most of your diving will be deeper than 40 feet (12 m), if the water 
is 60 °F (15.6 °C) or colder, and if you can avoid long surface swims, a dry suit 
is a good choice—as long as you obtain training before using the suit. 
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If you plan to dive in a variety of climates, a spandex or thermoplastic suit 
combined with a neoprene wet suit may be a good option. You can wear differ- 
ent parts of the suits to meet different warmth requirements. Your diving activ- 
ity affects your needs, An underwater hunter looking for game generates more 
body heat than an underwater photographer whose movements are minimal. 
The less active you are while diving, the more insulation you need. Your desires, 
needs, and budget determine the features you select for your exposure suit. 
When choosing features for your suit, you should consider the features that are 
popular with local experienced divers and diving leaders. 

The accessories you select for your suit depend on the type of suit you choose, 
the temperature of the water, the activity you intend to pursue, and your budget. 
A hood may be thin and short for warmer water, thick with a long skirt for colder 
water, or a dry suit type. Foot coverings may be low cut, ankle high, or attached 
to the suit, The soles may be soft or hard, Hand coverings range from nothing 
to thick mitts, gauntlets, or dry gloves. 

Local diving professionals can help with your selection of an exposure suit and 
accessories. No matter what type of exposure suit you choose, keep in mind that 
it is an investment in your enjoyment of diving. Diving is not fun if you get cold. 


Weighting Systems 


Exposure suits increase your buoyancy. You need weights for ballast in order to 
achieve neutral buoyancy. One type of weighting system is a weight belt (see 
figure 4.18); another type integrates the weights into the scuba unit, 

Weights can be attached to or inserted into a belt that you wear around your 
waist. The belt is heavy nylon webbing two inches (five cm) wide. You can thread 
the belt through lead weights, wrap pouches of lead shot around the belt, or 
put weights or pouches of lead shot into pockets on pocket-type belts. A hollow 
fabric belt that you can fill with lead shot is more comfortable on your hips than 
hard weights. Lead shot, which comes in different sizes, causes less damage than 
hard lead weights if you drop the belt accidentally. Smaller-diameter shot weighs 
more per volume than larger shot, so the more weight you need, the smaller 
the shot you should use. 

Because exposure suits compress with depth, a weight belt around your waist 
loosens unless it has a means of compensating for the suit compression. An 
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Figure 4.18 Weight belt with various sizes of weights. 
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elastic compensator is a desirable feature for a weight belt; you can select from 
a variety of designs. 

Secure the weights on your weight belt so that they will not shift position, 
Pocket-type belts are good in this respect. When you thread separate weights 
onto a belt, you should secure the first and last weights with retainers, which 
are available as accessories, 

The most important feature of any weighting system is the quick release, In 
the event of an emergency, you must discard weights quickly to establish positive 
buoyancy. No matter what type of system you choose, a reliable, easily located, 
and easily operated quick release is essential. 

Several types of weights are available. Large, curved hip weights help offset 
the buoyancy of cold-water exposure suits. Smaller, rectangular weights find 
widespread use because they are economical. Coated weights are attractive and 
practical, Manufacturers mold weights into various shapes and offer a heavy 
vinyl coating as an option. The coating reduces pollution from lead, improves 
appearance, makes the weights easier to see in the water, and reduces suit abra- 
sion. Fabric mesh packets filled with lead shot are popular. You can get bulk lead 
shot for hollow fabric belts. Coated lead shot, although slightly more expensive, 
is better than uncoated shot. Shot-filled tubular ankle weights are also available, 
although some diving experts believe ankle weights are unnecessary. 

‘An integrated weighting system eliminates the need for a weight belt by 
holding lead weight in the backpack that holds the scuba cylinder or in the 
buoyancy compensator. An integrated weighting system makes the scuba unit 
heavier, but it also allows better distribution of weight than a separate system 
can provide. Some divers consider an integrated weighting system advanta- 
geous because weights are less likely to shift, a suit compression compensator 
is not needed, and having the weight above the waist improves the diver’s trim 
in the water and reduces strain on the lower back, However, when you raise 
your center of gravity, you are more likely to lose your balance and fall when 
you are out of the water. You need strength, good balance, and caution to use 
an integrated weighting system, Integrated systems usually use lead shot, either 
in bulk or in pouches. 


Weighting System Care and Maintenance 


Weighting systems do not require as much care and maintenance as other items 
of diving equipment. Do not soak or rinse raw lead alter use because lead in the 
runoff pollutes the environment. If gray water seeps from your weight system, 
replace the lead with new, coated lead, (You can recycle old lead, so do not throw 
it away.) Pocket-type weighting systems allow you to remove the weights and 
rinse the remainder of the system. 

Regularly inspect the functional aspects, such as the quick release and the 
compensator, If you use a belt, inspect the weight retainers to make sure they are 
not broken, and make sure the end of the belt is clean and neat for easy insertion 
into the buckle, If the end of your belt is frayed, trim and singe it. When you fix 
a frayed end, be careful that you do not cut or burn yourself. 


Weighting System Selection 


When selecting a weighting system, you should consider your physical charac 
teristics, the amount of weight you need, and how frequently you will need to 
change the amount of weight you use. 
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If you have a large build, your waist is larger than your hips, and your expo- 
sure suit is thick, a weight belt may not work well—especially if you need more 
than 30 pounds (13.6 kg) of weight. In chapter 6, you will learn how to test your 
buoyancy to determine the amount of weight that you need. Consult with divers 
whose physical characteristics are similar to yours for advice about weighting 
systems. If you require more than 30 pounds of weight, you may need weights 
on a weight belt plus an integrated system. If you require only a small amount 
of weight, nearly any type of weight system is acceptable. 

Ifthe type of diving you do varies, the amount of weight you need also varies. 
If you dive in freshwater and in saltwater, you need to adjust your weights. When 
you vary your exposure suit configuration, you also need to vary the amount 
of weight you wear. The more you need to change weights, the more you need 
a weighting system that allows changes to be made easily. 


Buoyancy Compensators 


A buoyancy compensator (BC) helps you 
control buoyancy. You can inflate your BC at 
the surface to increase buoyancy, deflate it to 
reduce buoyancy for descent, and add air to 
it to achieve neutral buoyancy underwater. 
Most BCs also contain a backpack to hold 
your scuba cylinder. 

The three types of BCs are jacket style, 
back mounted, and front mounted (see 
table 4.3 for style comparison). Most BCs 
used in diving today have a wraparound 
jacket design, which provides front and 
rear buoyancy. There are two basic jacket 
designs: One style has inflation tubes over 
the shoulders; a newer style has straps over figure 4.19 Jacket-style buoyancy 
the shoulders. The straps have convenient, compensator with shoulder straps and 
adjustable releases (see figure 4.19). quick-release clasps. 


Table 4.3 Buoyancy Compensators 


es not provide as 
much lift as jacket 


Location of 
Type buoyancy chamber Advantages Disadvantages 

Even lift; diver can ‘Not suitable for skin 
remain upright == diving | 
“Back mounted Rear: Does not interfere with Pushes diver forward; | 
ag REDE) (Stee eta | 
“Front mounted Front sat poe epee ‘backpack 
ws diver to re inders; requires 
‘print [sacanmec ct infatrl 
hose before removal; | 
] 


Diving Equipment ml 81 


Back-mounted BCs place buoyancy chambers behind you. These systems 
are useful for underwater modeling and for specialty diving activities. Models 
look better without bulky BCs covering them, and back-mounted units do not 
interfere with valve operation on dry suits as much as other types of BCs do. 

Front-mounted BCs fit around your neck and cover your chest area. This was 
the first type of BC, but few divers use front-mounted BCs today. Most divers 
today believe that BC jackets are superior to front-mounted ones. You can use a 
front-mounted BC for both skin diving and scuba diving. Jacket-style and back- 
mounted BCs are not suitable for skin diving. 

In its simplest form, a BC is a bladder with attachments (see figure 4.20). 
The bladder may be coated material that constitutes the BC itself, or a separate 
bladder may be inside a fabric shell. The seams of a BC bladder are glued or 
electronically welded, depending on the type of material, 


Buoyancy Compensator Selection 


When selecting a BC, you should consider your physical characteristics, where 
you plan to dive, and the type of diving you plan to do, Some BCs provide more 
buoyancy than others. A cold-water diver wearing a wet suit needs more lift 
than a warm-water diver wearing a thin exposure suit, although a large amount 
of lift is not necessarily desirable. 

If you are a large, strong individual, the size and bulk of a BC may not be of 
much concem. But if you are small, you may be wise to choose a small, compact 
BC. The length of the BC is important. If the BC extends downward too far, this 
makes donning and removing your weight belt difficult. If you are shortwaisted, 
consider an integrated weighting system. The fit is important because a BC needs 
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relaining 
‘band on 
back 


inflator valve 


Pockets 
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Figure 4.20 Desirable BC features, 
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to support you in the water, The BC should fit snugly and not ride up on your 
body. Models that allow adjustment for a custom fit are desirable. 

Another desirable feature isa single-bladder construction, which is less expen- 
sive and requires less maintenance than a separate bladder. Renting and using 
different types of BCs will aid you in making a selection. Talk to experienced 
divers and diving professionals, and observe BC preferences in the area where 
you dive. 


Buoyancy Compensator Care and Maintenance 


Your investment in a BC is large. But, like most diving equipment, your BC 
will provide years of service if you take care of it. You need to rinse your BC 
inside and out after use, especially after use in a swimming pool or in the ocean. 
Chlorine in pool water and salt crystals from seawater are harmful to your BC. 
Drain the water from your BC after use, fill it about a third full with freshwater, 
swish the water around, and then drain the bladder. Rinse the inflator assembly 
thoroughly, and leave the BC fully inflated until it dries. Inflation will test the 
airtight integrity of the bladder and valves. If the BC does not remain firm for 


Ql Diving Equipment Checklist 


wv Mask, snorkel, and snorkel keeper Vv Signaling devices (whistle, mirror, 

v¥ Fins and boots safety tube) 

v¥ Scuba tank (filled) Vv Dive knife 

wv Buoyancy compensator v Float, dive flag, and anchor 

¥ Exposure suit, hood, and gloves v Dive tables 

v¥ Weight system v Dive light 

v Regulator with pressure gauge ¥ Slate and pencil 

v Alternate air source v¥ Marker buoy 

¥ Instruments to monitor depth, time, ¥ Collecting bag 
and direction (separate or integrated) v Gear bag 

Spare equipment 

¥ Scuba tank(s) 

wv Weights 

v Straps 

¢ O-rings 

v7 Snorkel keeper 

Secondary equipment 

v First aid kit Vv Jacket 

v¥ Emergency phone numbers and v Hat or visor 
radio frequencies Sects 

¥ Logbook Vv Dive kit 

% Swimsuit WY Save-a-dive kit 

¥ Towel v Drinking water 
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at least an hour, take it to a professional repair facility. Anytime your BC fails to 
function properly, have it professionally repaired. It is hazardous to attempt BC 
repairs without special training, tools, and parts, 


Scuba Cylinders 


A scuba cylinder stores compressed air at high 
pressure, The container must be strong and free of 
corrosion, Scuba cylinders (also called tanks) are 
made of either aluminum or steel. Each type has 
advantages and disadvantages. Figure 4.21 shows 
examples of various stee! and aluminum tanks. 


Steel Cylinders 


Steel scuba cylinders come in various sizes with 
various pressure ratings. Common sizes are 63, 
71.2, 80, and 100 cubic feet (1,784, 2,016, 2,265, 
and 2,832 L). The pressure to which the cylinders 
can be filled, called the working pressure, ranges 
from 1,800 to more than 4,000 pounds per square 
inch (psi), or 122 to 272 standard atmospheres 
(atm). 

Some compressors pump air only to 2,500 psi (170 atm). When you cannot 
get air at a pressure higher than 2,500 psi, a steel tank may be more desirable 
than an aluminum tank, A steel 71.2-cubic-foot scuba tank filled to 2,250 psi 
(153 atm) contains about 5 cubic feet (142 L) more air than an 80-cubic-foot 
aluminum tank filled to the same pressure. The aluminum tank must be filled 
to 3,000 psi (204 atm) to obtain 80 cubic feet. 

‘The main disadvantage of a steel cylinder is that it can rust, which can render a 
tank unsafe and unusable. Do not allow water inside a scuba cylinder. The high- 
pressure atmosphere has a large amount of oxygen to fuel corrosion, You can 
keep the inside of a steel scuba tank dry, but the outside is exposed to moisture. 
Galvanizing inhibits rust on the outside of steel tanks, but the inside may not be 
galvanized because galvanization affects air purity. Painting a galvanized surface 
may improve the appearance of a cylinder, but paint alone is an inadequate finish 
because cracks or chips in the paint allow moisture to reach the steel, The tank 
will begin to rust unless there is a galvanized coating beneath the paint. 

Another disadvantage of a steel scuba tank is that it has a rounded bottom 
because of the manufacturing process. The tank cannot stand by itself unless you 
place a rubber or plastic boot, called a tank boot, on the end of the cylinder. The 
boot makes the base of the tank flat so it will stand. Some boots have flat sides 
to help keep a tank from rolling when you lay the cylinder on its side. Moisture 
and salt trapped between the tank boot and the cylinder can cause corrosion. 
Boots with internal ridges—the preferred type of boot—are self-draining. 


Figure 4.21 Scuba cylinders come in many 
sizes and are made of steel or aluminum. 


Aluminum Cylinders 


Aluminum alloy cylinders also come in various sizes with various pressure rat 
ings. Common sizes are 63, 80, and 100 cubic feet (1,784, 2,265, and 2,832 L). 
The working pressure for aluminum cylinders is 3,300 psi (224 atm). 
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Aluminum corrodes, but the oxide that forms arrests the corrosive process— 
this is a significant advantage over the corrosive process of rust in steel tanks. 
Rust is an accelerating process, but corrosion in an aluminum cylinder is a self- 
arresting process. 

The bottom of an aluminum cylinder is flat. You do not need a tank boot on 
the cylinder to allow it to stand by itself, but many divers put boots on aluminum 
tanks to protect the tank and any objects struck by the bottoms of the cylinders. 

Aluminum cylinders also have drawbacks. Aluminum is softer than steel, so 
aluminum tanks can be dented and gouged more easily than steel tanks. On 
aluminum tanks, brass cylinder valves control the flow of air. Electrolytic action 
between the dissimilar metals of the cylinder and the valve can cause the valve 
to seize in the aluminum cylinder threads unless the valve is removed periodi- 
cally and coated with a special compound. Valve seizing seldom is a problem 
with steel cylinders. 

Aluminum cylinders do not need to be galvanized. You can paint them to 
improve appearance, but do not bake the paint finish. Temperatures hotter than 
180 °F (82.2 °C) reduce the strength of an aluminum cylinder and can cause it 
to explode when filled. If you would like your cylinder painted, have it done by 
a professional tank-painting service. 


Cylinder Markings 
Several rows of markings on 
the neck of a scuba cylinder 
provide useful information 
about the cylinder. You should 
be able to determine the mean 
ing of several of the marks. 
Figure 4.22 shows an example 
of cylinder neck markings. 
The first row of marks on 
tanks manufactured in the pepamentof Materials used 


Service 
United States discloses the Transportation forstel tank pressure in psi 
government agency that sanc- geri inenagtls 
tioned the manufacture of the umber [DOT] -BAAZ250] official mark 
tank, the type of metal from 123456) JPST)/[1 - 16/2] 

which the tank was made, Manufacturer“ [6 - 95] Month and year 
from, and the working pres- Ménthand year of current 


sure. The first letters in the Sf orig ycroginig et ny deagints et 


row identify the government Figure 4.22. Cylinder neck markings. 
agency, such as DOT (U.S. 
Department of Transportation), CTC/DOT (Canadian Transportation Commission 
and the U.S. Department of Transportation), or ICC (the former U.S. Interstate 
Commerce Commission). The next characters in the first row identify the type 
of metal that the tank was made from. The marks 3A and 3AA are designations 
for steel cylinders. The marks 3AL, E 6498, and SP6498 are designations for 
aluminum cylinders. The final figures in the first row—the important ones for 
you to remember—are numbers indicating the working pressure of the cylinder 
in pounds per square inch, 

The second row of markings includes the serial number of the tank (which 
you should record for identification purposes) and letters or numbers identifying 
the manufacturer of the cylinder. The month and year of the tank’s first pres- 
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sure test are located somewhere below the second row. U.S. regulations require 
compressed gas cylinders to be pressure-tested before being put into service and 
every five years thereafter. Subsequent test dates can be stamped anywhere on 
the neck of the tank. A registered symbol between the month and year of a 
pressure test identifies the facility that did the testing. 

‘Tanks are filled at an air (or “fill”) station (see figure 4.23). When you take your 
cylinder to an air station for filling, the facility personnel will examine the tank 
markings to determine whether the cylinder test date is current and to identify 
the pressure to which the tank can be filled 


Cylinder Selection 


The main criteria for the selection of diving equipment—fit and comfort—apply 
to scuba tanks as well. A small person should use a small tank. Larger divers may 
require larger tanks because they have larger lungs and use more air. 

The material from which a tank is made affects its capacity, size, and working 
pressure, Although steel is heavier than aluminum, aluminum tanks are larger 
and heavier than steel tanks with similar capacities. Because aluminum is not 
as strong as steel, the walls of an aluminum tank are thicker than the walls of a 
steel tank of approximately the same capacity. The higher the pressure rating, 
the greater the capacity of a tank of a given size. Modern high-pressure steel 
scuba tanks are high-capacity cylinders, but they are quite heavy. Good sizes for 
small divers to consider for an initial scuba tank are 50 and 63 cubic feet (1,416 
and 1,784 L). Popular sizes for divers of average size are 71.2 and 80 cubic feet 
(2,016 and 2,265 L). 

Another important factor to consider when selecting a scuba tank is the 
buoyancy of the cylinder, which is determined by the volume and weight of the 
tank, Aluminum tanks are more buoyant than steel tanks. High-capacity tanks 
have a greater change in buoyancy than smaller cylinders as you use air from 
them. The change in buoyancy between a full and an empty tank can vary by 
more than 8 pounds (3.6 kg; see table 4.4). Some tanks are negatively buoyant 


Figure 4.23 Scuba cylinder filling station. 
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Table 4.4 Cylinder Size, Working Pressure, and Buoyancy 


Working Buoyancy (Ib) from 
i full to empty 


whether full or empty, but most tanks sink when full and float when empty. 
Buoyancy for tanks varies so much that you should select the tank most often 
used for diving in your area or try diving with several different tanks to deter- 
mine which is easiest to manage. 

You need to decide whether you are going to dive using compressed air, 
enriched-air nitrox, or mixed gases. If your breathing gas is anything other than 
compressed air, your cylinder, cylinder valve, and regulator must be dedicated 
to the specialized gas. It is unsafe to use a compressed air cylinder and regulator 
with mixed gases. Regulators, valves, and cylinders must be “oxygen clean” and 
“oxygen safe” when used with mixed gases. 

‘Multiple-tank scuba units are used for specialty applications. As a beginning 
diver, you do not need double or triple scuba tanks. A single tank is adequate 
for most diving activities. 


Cylinder Accessories 


Fabric or plastic sleeves can help protect the exterior of your scuba cylinder. 
Some sleeves have places to attach items within easy reach. Tank bands, which 
secure a cylinder to a buoyancy compensator, vary. Some allow you to attach a 
small, backup scuba cylinder to your main cylinder, Additional accessories are 
available to help you carry or transport your scuba cylinders. Tank boots are a 
desirable cylinder accessory. 


Cylinder Care and Maintenance 


Scuba tanks are high-pressure vessels. They are strong, but you should handle 
them with care, Exterior damage can render your scuba tank useless. Avoid 
throwing scuba tanks or allowing them to roll about on the deck of a boat or 
in the trunk of your car, Secure cylinders for transportation or storage. Unless 
you are holding a scuba cylinder, do not leave it standing in an upright position, 
especially at a dive site. If the cylinder falls, it can injure someone or damage the 
tank valve or regulator. However, you should store your scuba tanks in an upright 
position so that any moisture inside will settle to the bottom where inspectors 
can detect it with relative ease. Rinse the outside of your cylinder with clean, 
fresh water after use, and pay special attention to the boot area of steel tanks. 
Corrosion can ruin a cylinder rapidly, and pieces of corrosion can damage a 
tank valve or scuba regulator, One way to prevent moisture from entering a tank 
is to keep air in the tank. Water can get into an empty scuba cylinder while you 
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are diving, so avoid using all the air in your tank. Moisture can enter an empty 
tank if you store it with the valve open. Store your scuba cylinder with a few 
hundred pounds (about 20 atm) of pressure inside. A low pressure keeps moisture 
out but provides little oxygen to aid corrosion if there is moisture in the tank. 

The filling process can force water into the tank. A water trap in an air com- 
pressor is supposed to remove moisture from air, but if the moisture-remoyal 
system does not function properly, water can be pumped into your tank along 
with air. The filling hose attachments for scuba tanks can get wet, and water 
inside the filling attachments can be forced into your cylinder. Using a high- 
quality air station is important. 

The diving industry requires an annual visual inspection of scuba cylinders. 
The examination consists of an external inspection, the removal of the valve from 
a cylinder, an internal inspection using a special light, special electrical testing 
for aluminum cylinders, the replacement of the valve, and the attachment of a 
decal indicating the inspection date. Most air stations require a current inspec 
tion sticker on a tank before they will fil it, When you handle your scuba tank, 
listen for sounds of anything moving inside the cylinder. If you hear anything, 
have the tank visually inspected. 

U.S. government regulations specify that compressed gas cylinders must be 
pressure-tested every five years. Some countries require pressure testing every 
year or two. The test is hydrostatic because it takes place in water. An inspec 
tor fills a scuba tank with water and submerges it in a closed container that is 
completely filled with water. The inspector applies pressure to the scuba tank 
hydraulically, and the tank expands slightly from the pressure. The expansion 
displaces water from the container holding the scuba tank. The inspector mea~ 
sures the expansion and then releases the pressure. The tank must return to 
within 10 percent of its original volume within a specified period of time. If the 
tank is too brittle to expand and contract correctly, the inspector condemns it. 

You may transport a scuba tank on an airplane only if the tank is completely 
empty and the valve is open—a situation that is not good for scuba tanks. Do not 
transport your cylinder by air. Diving destinations have tanks readily available, 
so there is no need to take a tank on a dive trip. 


Cylinder Valves 


Cylinder valves control the flow of a liquid or gas. Four types of valves are avail- 
able for scuba tanks: the simple valve, the reserve valve, the high-pressure valve, 
and the multiple-cylinder valve. Because multiple tanks are for advanced specialty 
diving activities, this section addresses only the simple and high-pressure valves. 


Simple Valve 


A simple valve is an on-off valve that operates like a faucet. You turn the valve 
handle counterclockwise to open it and clockwise to close it. The first catalog 
of diving equipment listed this type of valve as item K, and the valve has been 
identified as a K-valve ever since (see figure 4.24). 

The valve seat is a soft-sealing suriace. Itis the portion of the valve that closes 
and stops the flow of air. You can damage the seat with excessive closing pressure. 

Valves for scuba tanks have several features, one of which is a snorkel tube 
that extends from the bottom of the valve into the scuba cylinder. The valve 
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snorkel prevents moisture or particles from entering the valve when you invert 
the tank, Another standard feature of tank valves is a thin, metal disk called a 
burst disk, Ifa tank is overtilled or the heat froma fire causes the tank pressure 
to increase to a hazardous level, the disk 

will burst and vent the tank to prevent an xing 

explosion. The disks corrode over time, Orval knob 

and occasionally a burst disk ruptures. 
The failure makes a loud noise, and the 
tank hisses loudly, but the situation is not 
dangerous (even if it occurs while you are 
diving, which is unlikely). If the burst disk 
in your tank valve ruptures, you need to 
have the valve serviced professionally. 
Manufacturers rate burst disks for vari- 
ous pressures, and the correct disk must 
be used. Keep the pressure rating of the 
burst disk in mind if you want to change 
a valve from one scuba tank to another. 
A valve with a low-pressure burst disk 
will rupture if you use it on a tank with 
a higher pressure rating. 

There are two types of outlets for scuba 
tank valyes. The traditional outlet is 
nearly flush with the surface of the valve 
and surrounded by a soft, circular ring 
called an O-ring. The ring forms the high- 
pressure seal between the valve and the 
scuba regulator, so the ring must be clean 
and free of nicks or cuts, A newer type of 
threaded outlet with a recessed O-ring 
seal is a DIN valve, which withstands 
higher pressures than a traditional O-ring 
valve (see figure 4.25). Tank pressures in 
excess of 3,000 psi (204 atm) require a c 
DIN fitting. Figure 4.25 Close-up ofa DIN valve. 


Reserve Valve 


A J-valve (the valve was listed as item J in the first equipment catalog) was 
designed to maintain a reserve of air to permit a normal ascent. The introduc- 
tion of submersible pressure gauges (SPGs) for scuba tanks has rendered the 
J-valve obsolete. 

The reserve lever on a J-valve created problems. If the lever was in the incorrect 
position (down), the valve would not maintain a reserve. If the diver failed to 
put the reserve lever in the up position before a dive or if the lever was bumped 
during a dive, the diver relied on a reserve of air that was not available. Safety 
concerns also contributed to the demise of the J-valve. 


Valve Care and Maintenance 


Cylinder valves are made of soft metal and have thin areas, so physical abuse can 
ruin them, A protective cap is a good accessory for a tank valve. The cap helps 
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prevent loss of the O-ring, helps keep dirt out of the valve, and helps prevent 
physical damage to the high-pressure sealing surface around the valve opening. 
Protection of the valve is one reason that you should secure scuba tanks when 
you store them and should not leave them standing unattended, If a tank rolls 
about or falls over, this can damage the valve and render it inoperable. 

When you open a tank valve, you should turn it slowly, open it all the way, 
and then close it one half turn, If something strikes the handle, a valve seat that 
is fully open will be damaged more than if it were closed slightly. When you 
close the valve, avoid excessive force, which shortens the life of the valve seat. 

Rinsing your tank valve after use is a good idea, but soaking the valve by 
inverting your scuba tank in a container of warm water is better than rinsing. 
Water remains in the valve opening after rinsing or soaking, Open the valve 
momentarily to blow the water from the opening. I! you leave the water in the 
opening and have the tank filled before the water evaporates, moisture will be 
forced into the tank. 

Have your tank valve serviced annually by a professional, Also have your 
valve prolessionally serviced anytime it fails to operate easily or when the burst 
disk needs to be replaced. Valves receive partial servicing (lubrication) during the 
annual visual inspection of your scuba tank. The large O-ring that seals the valve 
to the scuba tank can be replaced at the time of the visual inspection. But partial 
servicing of your valve during a tank inspection is not the annual servicing of 
the valve. In a complete valve servicing, a qualified repair technician completely 
disassembles the valve, cleans the parts, replaces various parts, reassembles the 
valve, and then tests the unit. 


Scuba Regulators 


The function of a regulator is to reduce high-pressure 
air to a breathable level. Most scuba regulators 
use two stages of pressure reduction. The 
first stage of a regulator attaches to the 
valve of a scuba cylinder and reduces 
the high pressure to an intermediate 
pressure of about 140 psi (9.5 atm). 
The first stage of the regulator con- 
nets via a hose to the second stage, 
which contains the mouthpiece. 

The second stage reduces the 
pressure from the intermediate 

level to the surrounding pressure. 

A scuba regulator is a demand 
system; it delivers air only when 

you demand it by inhaling, unlike 

a constant-delivery, free-flow 
system, which commercial divers 
use. Scuba regulators are highly reli- 


Figure 4.26 Scuba regulator nomenciature: (1) fist 
able and have a fail-safe design that pipet aha akg Rpg peso 
turns the demand system intoa free-flow hose, (7) primary second stage, (8) extra second stage. 
system in the event of a component failure. 

Figure 4.26 provides more information about 

scuba regulator terms. 


90 I Scuba Diving 


First Stages 


The first stages on scuba regula- Closed Open 
torsare either balanced or unbal- 

anced. Changes in tank pressure 
affect the performance of a bal- 
anced first stage only slightly. 
With an unbalanced first stage, = = 
the performance of the regula~ 
tor changes as tank pressure + 

changes, so a balanced first stage Ly ul resuiaior Ly idl 
is desirable. 

The two main types of valves 
for the first stages of regulators r ry 
are diaphragm and piston (see 
figure 4.27). A diaphragm first 
stage has a diaphragm that keeps 
water and dirt from the working 
parts inside. A bias spring com- 
bined with water pressure pushes 
the valve open. Tank pressure 
closes the valve when the first 


stage pressure equals intermedi- a 
ate pressure plus water pressure. 

A diaphragm valve has more 

parts than a piston first stage, so 

it is more expensive to manufac- 

ture and service. The diaphragm 

valve’s exclusion of water and Piston 


dirt from the mechanics allows regulator 
high performance for longer peri- 
ods of time than a piston valve. 


Piston first stages have an 
open, simple design with few 
moving parts. Water pressure 
in direct contact with the piston 
combines with the force ofabias i 7 
spring to open the piston valve. Balanced 


Tank pressure causes the piston piston 
to move and the valve to close f * eonetat i 
when the first-stage pressure 
equals intermediate pressure plus 
water pressure. Piston first stages 
are easier and less expensive 
to service than diaphragm first Figure 4.27 Typical regulator first stages. Red 
stages. But dirt, salt crystals, and 70WS represent spring pressure. Black dots repre- 
sent O-rings. 

mineral deposits that accumulate 

inside a piston regulator can affect its performance. Each type of first stage has 
advantages and disadvantages, so either type is acceptable. A diaphragm-piston 
regulator combines the diaphragm and piston concepts. The diaphragm excludes 
water and dirt and transfers pressure to a piston, 


in| sce" P| 


High Intermediate Water 
pressure pressure pressure 
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A first stage must have a means of attachment to the tank valve. A typical 
regulator has a yoke that surrounds the valve and mates the regulator to the 
tank valve. The regulator inlet, which has an inlet filter, secures to a tank with 
a yoke screw, Scuba regulators that operate at above-average pressures use a 
DIN fitting instead of a yoke screw. A DIN fitting screws directly into a DIN valve 
and does not have a yoke. 

First stages include multiple openings called ports. One of the ports is for 
high-pressure air measurement with an SPG. The remaining ports are for low- 
pressure air. A regulator should have several low-pressure ports to supply air to 
the primary second stage, an alternate second stage, a BC inflator, and possibly a 
dry suit inflator. The sizes of ports vary. The high-pressure port is usually larger 
than the low-pressure openings. This helps prevent connection errors; a low- 
pressure hose inadvertently connected to the high-pressure port would rupture, 

Some regulators feature environmental shielding by sealing special fluid inside 
a flexible chamber attached to the first stage. The sealed, flexible chamber trans- 
mits water pressure to the regulator, but no water, salt, or dirt can enter the first 
stage. Extremely cold water can cause an unshielded regulator to freeze, but the 
fluid in an environmental chamber does not freeze. 


Second Stages 


The most common second stage is shaped like a cup lying on one side (see figure 
4.28). Imagine a pliable diaphragm across the top of the cup, a mouthpiece 
attached to the bottom of the cup, and an exhaust valve attached to the lower 
side. A lever that activates a valve inside the container is in contact with a static 
diaphragm. An inhalation through the mouthpiece creates a partial vacuum 
inside the second stage. The pressure reduction pulls in the diaphragm, which 
moves the lever and opens the valve, allowing air to flow from the first stage 
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Figure 4.28 Regulator operation. 
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of the regulator into the second stage. When you stop inhaling, the buildup of 
pressure returns the diaphragm and lever to their normal positions, closing the 
valve and stopping the flow of air. When you begin to exhale, increased pressure 
inside the second stage opens the exhaust valve, allowing air to escape. 

The two types of second-stage valves for scuba regulators are the downstream 
valve and the pilot valve, In a downstream-valve regulator, a small bias spring 
holds a valve closed. Inhalation moves the diaphragm, which moves a lever. The 
lever movement overcomes the resistance of the bias spring and opens a valve, 
allowing intermediate-pressure air to enter the second stage. Alter inhalation, 
air flows until the diaphragm moves outward, allowing the bias spring to close 
the valve. Downstream second-stage valves are simple and inexpensive, and 
they tolerate more sand and dirt than pilot valves do. 

Ina pilot-valve regulator, the movement of the diaphragm in the second stage 
opens a small valye that in turn opens a larger valve. When you stop inhaling 
from the regulator, the diaphragm returns to its normal position, and the valves 
dlose. A pilot valve delivers air up to four times more easily than a downstream 
valve, But pilot valves are more expensive to manufacture and service than 
downstream valves, and in shallow water, you may experience the effect of 
shuddering air movement with a pilot-valve regulator. 

All regulators have a purge button or area on the regulator that you depress 
to manually open the second-stage valve. Use the purge to test the regulator, to 
expel water and debris from inside the second stage, and to relieve the pressure 
in the regulator after you close the tank valve. 

The location of the exhaust valve varies. The exhaust valve may be at the 
bottom, the side, or the front of the second stage. The position of the exhaust 
affects the bubble pattern and the clearing of the regulator when it has water 
inside and the mouthpiece is in your mouth. Some regulators direct exhaust 
bubbles by means of an exhaust tee. You will learn more about regulator posi- 
tioning for clearing in chapter 6. 

A regulator is either right-handed, left-handed, or bidirectional, referring to 
the direction from which the regulator hose must come when the regulator is 
in your mouth. For example, the hose must come from the right side when you 
are using a right-handed regulator. The hose may come from either side when 
you are using a bidirectional regulator. The directional configuration is important 
only for knowing how to orient the regulator when you place it in your mouth. 
Figure 4.29 shows the possible directional configurations. 

Some second-stage casings feature strong, light, durable materials that do 
not bend or corrode as metal does. Several types and styles of mouthpieces are 
available. Use a soft, comfortable mouthpiece that does not cause jaw fatigue. 
A repair technician can replace mouthpieces quickly and easily. 


Figure 4.29 Scuba regulators have different configurations. 
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Regulator Accessories 


A regulator hose is flexible but has rigid metal connectors crimped onto the ends. 
The points where the hose and the metal meet are stress points because the hose 
fibers strain against an unyielding surface. To prevent the breakdown of the hose 
fibers at the stress points, you should use hose protector sleeves. Ata minimum, 
equip all regulator hoses with hose protectors at the first-stage end of each hose. 

Padded regulator bags help protect your regulator during transportation or 
storage. The bag should be large enough to accommodate the regulator and all 
hoses without bending the hoses sharply. 

Adapters allow you to use DIN-litting regulators on standard cylinder valves. 
Use protective covers for the threads on DIN fittings. 

Purge depressors are a built-in feature on some regulators and an accessory 
for regulators that do not have them. A purge depressor partially depresses the 
purge button to remove bias spring pressure from the second-stage valve when 
you are not using the regulator, thus extending the life of the valve seat. 

Colored second-stage covers allow you to color-coordinate your regulator with 
your other equipment, Other accessories include various mouthpieces and hose 
adapters (as previously mentioned) 


Regulator Selection 


It takes effort to inhale and exhale through a scuba regulator. Effort is needed 
to overcome resistance; good regulators have minimal breathing resistance. 
Compare the performance data for various regulators, and select one that lets 
you breathe easily over a wide range of tank pressures, which implies a balanced 
first stage. 

Choose a widely used and easily serviced regulator. You should get a regula- 
tor that can be serviced by facilities anywhere you happen to be and that uses 
readily available parts. 

The type of diving you do should affect your selection. If you plan to do most 
of your diving from shore, you should avoid a pilot-valve second stage, which 
is adversely affected by sand and dirt. Diaphragm first stages are a better choice 
if most of your diving is from shore. 

If you do not have a scuba tank, consider purchasing the tank and regulator 
at the same time so that you can match the fittings of the regulator and the cyl- 
inder valve. If you will be diving in water that is near freezing, you should select 
an environmentally shielded regulator. Remember that enriched-air nitrox and 
mixed gases require specially cleaned and dedicated regulators. 


Regulator Care and Maintenance 


Your regulator is a precision instrument; it requires care and maintenance to 
ensure the best possible performance, Keep sand and dirt out of your regulator. 
Do notallow salt crystals to form inside. Soak your regulator in clean, fresh, warm. 
freshwater as soon as possible after diving in the ocean. You need to remove salt 
before it dries. If you cannot soak your regulator, you should at least rinse it. A 
combination of soaking and rinsing is best, Follow these rules when rinsing or 
soaking a regulator: 


© Keep the inside of the first stage dry. The purpose of the dust cover on the first 
stage is to keep out water and dust. Develop the habit of replacing the dust 


Strategies for Launching Til i 


J 


a New Over-Uniity Device 


Ryan S. Wood, USA 


14004 Quali Ridge Drive, Broom! 


Problem description: With any singly successful 
over-unity energy device comes a host of business, 
technical and financial problems and 
opportunities. A public announcement 
permanently will lead to a "Pons & Fleishman" 
effect that at best delays public success and at worst 
derails the entire technological effort. Careful 
attention needs to be applied to the marketing 
launch, replication, patents, legal defense and 
finances, 


Potential Solution: With a few working devices 
that generate100-500 horsepower it is relatively 
easy to hook these units to the electrical gird and 
generate monthly checks from the utilities. The 
law states that major utilities must purchase 
electricity from any supplier at "cost avoidance" 
rate now typically, between 6 and 10 cents per 
kilowatt-hour. This law, California Public Utilities 
Commission - Rule 21, for example, is designed 


1d, CO 80020 


to help small hydro-electric producers and solar 
orwind farms. There isa safety requirement of grid 
transfer switches, but they are not terribly 
complicated or expensive. The entire equipment 
set-up must be approved by the utility, however, 
if you start with a diesel electric generator or small 
hydro plant it can be approved, operating and 
stable before the clandestine switch or hybrid 
operation with an over-unity machine. The law is 
strongly supportive of the energy producer and 
disconnection for non-safety or maintenance 
reasons is exceeding rare. 


A key benefit of this approach is that you have 
established repeatability by having multiple 
working sites, you have established that it can 
generate money and the technology does real work 
and you have created several independent 
locations where press and scientists can visit to 
validate the over-unity effectiveness in-situ 


Typical revenues would be as follows: 


Generator Horse Power 100 200 300 400 500 
Annual 8, 90% uptime @ 6 c/kWh $70,199 | $105,299] $140,398] $175,498 
Monthly payment @ 6 c/kWh $2,092 | $5850 | $8,775 | $11,700 | $14,625 

Annual 8, 90% uptime @ 10 c/kWh $58,499 | $116,999] $175,498] $233,997 | $ 202, 496 
Monthly payment @ 10 ¢/kWh. 34875 | $9,750 | $14,625 | $19,500 | $24,375 


It will take money without the strings of 
investors to champion and defend a new 
breakthrough technology into the energy 
marketplace and this strategy offers a quiet way 
to prepare for the ultimate launch and resulting 
scientific and media frenzy that will ensue. It 


will take years for the business to form, 
products to be built and marketing and 
acceptance and industry confidence to be 
established. All during those years this strategy 
can generate cash to support engineering and 
operations. 


Please call if there are questions at 303-941-9663 (cell), 
Home: 720-887-8071 
Ryan S. Wood 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 
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cover and securing it in place with the yoke screw anytime you do not have the 
regulator attached to a tank, Make certain the dust cover is in place before you 
rinse or soak a regulator. 

© Allow low-pressure water to flow gently through the second stage and also into the 
openings on the first stage, High-pressure water can force dirt or grit into crevices, 
where it causes damage. Gentle pressure washes the dirt away. 

© Do not press the purge button when you rinse the second stage unless the regula- 
tor is pressurized. If you do not pressurize the regulator and you press the purge 
button while water is inside the second stage, you open the second-stage valve 
and allow water to flow through the hose into the first stage. 


When the regulator has dried thoroughly, lay it flat for storage. For prolonged 
storage, place the regulator in a plastic bag to help protect it against the harmful 
effects of smog. Do not bend the hoses sharply because bending damages hose 
fibers. Replace hoses that are cut, bulging, or leaking. 

You can avoid most problems with your regulator by having it serviced annu- 
ally, Have your regulator serviced even if it seems to be functioning properly. 
Failure to invest in regular service can affect your safety and shorten the life of 
your regulator, 


Alternate Air Sources 


Several equipment options can help if you run out of air underwater (although 
running out of air is due only to sheer negligence). Your best option isan alternate 
air source (AAS), which is a source of compressed air other than your primary 
scuba regulator. An AAS is valuable if your primary source of air begins free- 
flowing or leaking during a dive; you can switch to the AAS and make a normal 
ascent. The two primary types of alternate air sources are extra second stages and 
backup scuba units. An extra second stage allows two divers to share air without 
passing a single mouthpiece back and forth, Backup scuba units are fully redun- 
dant scuba systems that provide an independent source of air in an emergency. 
You are not dependent on a buddy to provide air when you are equipped with 
a backup system, Extra second stages are less expensive than backup scuba units 
but do not provide the benefits of an independent scuba system. 


Extra Second Stages 


‘Two types of extra second stages are 
available, The first is an extra second 
stage for your regulator; the second is 
a BC low-pressure inflator that has an 
integrated regulator second stage (see 
figure 4.30). An extra second stage, or 
octopus, should meet the following 
criteria: 


© The first stage of the regulator 
should be capable of meeting the 
airflow demands of two second 
stages. 


Figure 4.30 Extra second stages. 
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© The hose on the extra second stage should be several inches longer than 
the hose on the primary second stage. 

© The extra second stage should attach to your chest area in such a way that 
your buddy can remove it quickly and easily. Do not allow the extra second 
stage to dangle. 

© The attachment device should cover the mouthpiece opening of the extra 
second stage to prevent the regulator from free-flowing and to keep dirt 
and debris from getting inside. 

© The extra second stage should be brightly colored for easy identification. 


‘A regulator second stage may be integrated into a BC low-pressure inflator 
in one of two ways. The BC inflator can have a built-in regulator second stage, 
or quick-release hose fittings on the regulator second stage can allow it to be 
connected in series in the low-pressure hose leading to the inflator assembly. 
Both types of extra second stages have advantages and disadvantages. An inte- 
grated second stage requires one less hose on your regulator because a single 
hose provides air for both the extra second stage and the BC inflator. When you 
must share air and you have an integrated second stage, you must breathe from 
the integrated second stage because the hose is too short for your buddy to use. 
With an extra second stage, you or your buddy can use either air source. Extra 
second stages integrated into the BC inflator may leak air. To stop a leak, you 
must disconnect the low-pressure air, thereby losing the functions of the low- 
pressure inflator and the extra second stage. 


Backup Scuba Units 


‘Two types of backup scuba units are 
available. A pony tank is a small 
(about 13- to 20-cubic-foot, or 368 
to 566 L) scuba cylinder with a 
separate, standard regulator. 

You clamp a pony tank to 

the side of your main scuba 
cylinder. A Spare Air unit 

is a smaller (2 to 4 cubic 

foot, or 57 to 113 L) scuba 

cylinder with a special 
regulator integrated 

directly into the valve. 

A pony tank provides an 

adequate supply of air 

for many situations, but 

a Spare Air unit provides 

only enough air to permit Pony tank 
an ascent from shallow 

depths, On the other hand, 

a Spare Air unit is small and 

light, whereas a pony tank is 

bulky and heavy (see figure 

431). Figure 4.31 A pony tank and a Spare Air unit. 


Spare 
Air unit 
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Alternate Air Source Care and Maintenance 


AAS equipment should receive the same care and maintenance as your primary 
scuba equipment. Some divers attempt to save money by having only their pri- 
mary scuba equipment serviced annually. This is false economy. AAS equipment 
needs servicing just as much as primary scuba equipment does. 


Instrumentation 


You move in three dimensions in water the way a pilot does in air. Instruments 
are important safety requirements for flying. A pilot needs information about 
altitude, direction, time, and amount of fuel remaining. Similarly, you need infor- 
mation about depth, direction, time, and amount of air remaining. The minimum 
instrumentation you need is a depth gauge, an underwater timer, a submersible 
pressure gauge (SPG), anda compass. A dive computer is highly recommended. 
All required instrumentation can be provided by a single integrated device 


Depth Gauges 


To tell how deep you have descended, you can use one of four types of depth 
gauges: a capillary gauge, a Bourdon tube, a diaphragm gauge, or an elec- 
tronic gauge, Manufacturers calibrate depth gauges in seawater. Most mechani- 
cal gauges do not indicate the correct depth in freshwater, but they indicate the 
equivalent seawater depth if you use them starting at sea level in freshwater or 
if they adjust for altitude pressure changes. The reading of gauges in freshwater 
is acceptable because tables for time limits at various depths are based on sea- 
level depths, Table 4.5 compares the four types of depth gauges. 

A capillary depth gauge is a simple instrument. Itis a hollow air-filled, trans- 
parent plastic tube sealed at one end and placed around a circular dial, The 
open end of the tube aligns with zero on the gauge dial. A capillary gauge uses 
the principle of Boyle’s law. Water pressure compresses the air inside the tube 
during descent. The position of the air-water interface inside the tube relative 


Table 4.5 Depth Gauges 


‘Type Accuracy ‘Advantages Disadvantages 
Capillary Accurate only to Rugged, inexpensive Can clog with debris 
depth of about or air bubbles 
40 ft (12 m) 
Bourdon tube Reading accurate Accurate Can be damaged by 
within 1% to 2% reduced pressure at 
altitude 
japhragm Very accurate Can adjust zero Expensive 
setting for pressure 
changes at altitude 
Electronic “Reading accurate Gauge may zero Must have sufficient 


within 


(15cm) 


itself to compensate 
for changes in 
atmospheric 
pressure 


battery power; 
expensive 
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to markings on the dial indicates the depth. At two atmospheres of pressure, the 
air column in the tube compresses to one half its original length. 

A Bourdon tube is a thin metal tube formed into a spiral. The tube may be 
open to the water, or it may be closed and placed inside a housing filled with 
oil. Oil-filled Bourdon gauges are more popular than open-tube gauges. Pres- 
sure on an open-tube gauge begins to straighten the tube and increases the coil 
diameter. The straightening produces a spiral movement of the tube, which is 
linked mechanically to a needle to indicate the depth, Water pressure causes 
the coil of a closed-tube gauge to decrease in diameter. The movement of the 
coil, linked mechanically to a needle, indicates the amount of pressure exerted 
on the gauge. 

The accurate but expensive diaphragm gauge uses elaborate mechanics to 
connect a thin, movable diaphragm to an indicating needle, Electronic depth 
gauges, also accurate and expensive, use a pressure sensor (transducer), electri- 
cal circuitry, a display, and a battery to indicate depth. 

A maximum-depth indicator is a desirable feature for depth gauges. As you 
will learn in chapter 7, you must know the depth of a dive for planning purposes. 
A digital depth gauge retains the maximum depth you attain. The instrument 
displays the information until the next dive or for 12 or more hours after a dive; 
it then resets automatically. Many modern depth gauges with needle displays 
have a thin indicating wire that the gauge needle pushes along the dial face. 
When the needle retreats, the wire remains at the highest point reached on the 
dial. You can reset the indicating wire by turning a screw on the dial face. When 
you use this type of gauge, you must remember to reset the maximum-depth 
indicator before each dive. 


Underwater Timers 


You can use either an automatic or a manual underwater timer to keep track 
of time during a dive. Either type may indicate time with hands on a dial or 
with a digital display. Pressure activates automatic timers, which start timing at 
a depth of about 3 to 5 feet (1 to 1.5 m) and stop timing when the depth is less 
than that, Automatic timers are better than watches because you do not have 
to remember to start or stop the timing of your dive, although you have to reset 
some watch-type automatic timers before a dive. Waterproof watches that you 
can use as underwater timers usually feature a rotating bezel, a movable ring 
that you can set to indicate elapsed time. Digital watches are accurate, but their 
small buttons can make them difficult to operate. The best timers are electronic 
automatic timers, which can keep track of how long you dive, how long you are 
at the surface between dives, and how many dives you make. You do not have 
to remember to reset or activate anything when you use an automatic electronic 
timer. Dive computers track underwater time precisely. Some computers can 
display a timed profile of the dives that you make. 


Dive Compasses 


Rarely can you see more than 100 feet (30 m) underwater, so a navigational 
aid can be valuable. If you dive without a directional reference, you can end 
a dive a long distance from your planned exit point. A dive compass can help 
you avoid long surface swims or swims through thick surface canopies of water 
plants. You can use a compass to navigate beneath the canopies, where there 
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are passages through the plants. A compass is also useful for relocating a precise 
area underwater and as a surface navigation device if fog arises. 

Three types of compasses are card types, needle types, and electronic, Card 
and needle compasses are mechanical. Magnetic deposits in the earth near the 
North Pole attract either a magnetized disk or a magnetized needle to provide 
a directional reference. The compass card or needle can deviate from its correct 
alignment if it is in close proximity to ferrous metal or a source of magnetic 
forces such as a magnet or electrical motor. 

The earth’s magnetic field varies in different locations, and the variations 
affect the balance of the compass card or needle, Some manufacturers offer 
compasses balanced for different zones of the earth, A good compass has a good 
Lilt potential of plus or minus 30 degrees. Be sure to ask about balancing when 
selecting a compass. 

Diving compasses have liquid inside to dampen the swinging of the needle or 
disk, To be useful for diving, a compass needs a reference line, called a lubber 
line, to indicate the direction of travel relative to the needle reference. Another 
desirable feature is a rotating bezel with bracketing index marks that allows you 
to mark the needle position for a specific direction. 

You view some compasses from the top and some from the side. Side-reading 
compasses display the course in a window on the side of the instrument. You 
look across a top-reading compass. You will learn how to read and use a compass 
in chapter 6. 

Digital compasses are 
usually an integrated com- 
ponent of a dive com- 
puter (see figure 4.32). 
The direction of travel is 
displayed both graphically 
and numerically. A heading 
(desired direction) can be 
set and the device will indi- 
cate any correction needed 
to remain on course. Bear- a 
ings can be stored in a Figure 4.32 Console with computer and SPG (left) 
memory device. and electronic dive compass (right). 


Submersible Pressure Gauges 


An SPG is analogous to the gas gauge of a car and is just as essential. The SPG 
measures scuba cylinder pressure. You can use either a mechanical or an elec- 
tronic SPG. A mechanical $PG is a high-pressure Bourdon tube. High-pressure air 
from the cylinder passes through the regulator first stage, through a high-pressure 
hose, and into a Bourdon tube inside a housing at the end of the high-pressure 
hose. The pressure tries to straighten the spiral tube, which moves a needle on a 
dial to indicate the tank pressure. Physical shock can damage a mechanical SPG. 

An electronic SPG has a pressure sensor (transducer), circuitry, a battery, and 
a display. It is a form of a high-pressure depth gauge. The display may be digital 
or graphic. Either a symbol or numbers (in pounds per square inch, atmospheres, 
or bars) indicate the amount of air in your tank. If the electronics get wet or if 
the battery dies, an electronic SPG will not function. Some electronic SPGs are 
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hoseless—they do not require an air hose between the cylinder and the gauge, 
which usually serves multiple functions (dive computer, compass, and PG). You 
should retain at least 300 to 500 psi (20 to 34 atm) in your tank at the end of a 
dive. Mechanical SPGs typically have a red area on the dial for the last 500 psi. 
When you dive, you should monitor your air supply and make sure that you 
surface before the needle gets into the red area. Electronic depth gauges usually 
warn of a low supply of air by blinking the display. 

An SPG has a blowout plug to relieve pressure in the housing in the event 
of a high-pressure leak. Identify the blowout plug on your SPG, and do not 
place anything over the plug that will prevent it from functioning. If the plug 
cannot come out to release high pressure inside the SPG housing, the face of 
the instrument can explode. 


Instrument Consoles 


You can purchase diving instruments individually or in combination, It is conve- 
nient to combine several gauges into a display unit called a console, An instru- 
ment console attaches to the high-pressure hose coming from your regulator 
first stage, When your instruments are in a console, your arms are free of gauges, 
and dive preparations are quicker. 

The two types of instrument consoles are mechanical and electronic. A 
mechanical console contains an SPG and a depth gauge. Some also contain an 
underwater timer, a compass, and a thermometer. The instruments usually fea~ 
ture luminous displays, which are easy to read in low light. 

With an electronic console, all instrument information is in a single display 
(see figure 4.32). If one gauge fails in a mechanical console, the remainder can 
still function; but when an electronic console fails, all the information provided 
by the unit is lost. Electronic displays are difficult to read in the dark unless they 
feature some type of illumination, 


Dive Computers 


A dive computer is an electronic instrument with a pressure sensor, electronic 
circuitry, a battery, and a display. A programmed computer inside the instrument 
uses pressure and time information to continuously calculate the uptake of nitro 
gen by various compartments that have different half-times. A half-time is the 
length of time required for a mathematical model (compartment) to increase or 
decrease its gas absorption or elimination by one-half, A compartment—which 
resembles, but does not duplicate body tissues—is completely saturated or 
desaturated in six half-times. When the absorption by any one of a computer's 
compartments reaches a predetermined level, the device indicates that you are 
approaching the time limit after which a direct ascent to the surface will no longer 
be possible, On reaching that time limit, the computer indicates a minimum 
depth—a ceiling—that you cannot exceed during ascent. You risk decompression 
sickness unless you wait until the computer indicates that sufficient outgassing 
has occurred to allow you to continue your ascent. A dive computer provides 
extremely accurate time and depth information, Other common features are a 
low-battery warning, a rapid-ascent warning, a dive log mode, a dive-planning 
mode, and information about flying after diving. Additional information about 
dive computers is provided in chapter 7. 
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Instrument Care and Maintenance 


Physical abuse can damage instruments, so protect your instruments from shock, 
Secure your console instead of allowing it to swing freely. 

Heat or prolonged exposure to hot sunlight can cause oil in a liquid-filled 
gauge to expand and break the seal on the housing encasing the instrument. If 
you break the seal, you must have the gauge repaired. Hot water in a whirlpool 
or a shower can cause an underwater timer to expand, break a seal, and allow 
water inside. Do not subject diving instruments to high temperatures. 

Have air leaks in $PGs repaired at the first opportunity. Have your depth gauge 
tested for accuracy from time to time by a professional repair facility, or com- 
pare your gauge with an extremely accurate instrument, such asa digital depth 
gauge. Follow all the manufacturer's recommendations. Reduced pressure at 
elevations above sea level can damage some instruments. Unless an instrument 
is designed for use at altitude, pack it in an airtight container for flying. Soak 
and rinse instruments with clean, fresh water after use. Give special attention 
to pressure-sensing areas to prevent them from becoming clogged with dirt or 
salt crystals. 

Electronic gauges require batteries. Some gauges must be returned to the 
manulacturer for battery replacement. Gauges that permit the consumer to 
replace batteries will flood if the batteries are not replaced properly. 


Dive Knives and Accessories 


This section addresses some addi- 
tional required and optional 
equipment. Figure 4.33 shows 
examples of a dive knife and other 
dive accessories 


Dive Knives 


A dive knife is a required equip- 
ment item, Lines and cords in 
water can cause entanglements, 
so you must have a knife to cut 
yourself or your buddy free if 
necessary. 

The many designs of dive knives 
include large knives and small Figure 4.33. Dive knives and accessories. 
knives. A small knife positioned 
where you can reach it easily is better than a large knife that you cannot reach. 
The most important feature of a dive knife is an effective cutting edge. Good 
blades are corrosion resistant and hold a sharp edge; serrated blades cut lines 
more effectively than straight blades. 

Some knives are multipurpose tools designed for prying, digging, pounding, 
and measuring in addition to cutting. If you have a multipurpose knile as a diving 
tool, you should also have a small, separate dive knife. 

A dive knife comes with a sheath, which has some means to lock the knife 
in place. Make sure the sheath lock is reliable to prevent losing a knife. You 
can attach a small knife to your leg, your arm, your console, or your BC. Wear 
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a large knife on the inside of your leg and secure it with straps that stretch to 
compensate for exposure suit compression, 

To prevent corrosion, rinse your dive knife after diving. Inspect the edge for 
sharpness, remove any rust, and coat the blade with grease, 


Accessories 


You are likely to need several small, but important, accessory items, These items 
include a gear bag, a dive flag and float, dive lights, dive kits, signaling devices, 
dive slates, and a diver’s first aid kit. 


Gear Bags 


You need so much equipment for diving that you also need a means to carry it, 
Gear bags can be simple or complex. They can feature multiple compartments, 
padding, novel ways for carrying or moving, sealed fabric edges, and various 
fabrics. The best type for you depends on your needs and how much you want 
to invest. Be sure to get a bag with webbing handles that completely surround 
the bag to provide full, durable support. No matter what your budget, you need 
a gear bag for your equipment. 


Dive Flags and Floats 


In many areas, local law requires the use of a dive flag while diving. In the United 
States, the traditional dive flag is a red flag with a white diagonal stripe (see figure 
4.34). The flag is usually vinyl, mounted on a fiberglass staff, and stiffened with 


International 


Figure 4.34 Dive flags. 
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a wire so that it stands out from the staff at all times. In addition to the red and 
white flag, you should use the international Alpha flag—a swallow-tailed blue 
and white flag—when diving from a vessel, The Alpha flag is a general dive flag 
in countries other than the United States, 

Unless you are diving from a boat, you need a float to support your dive flag. 
Some flagstafs have a float attached. You can also get attachments to secure a 
dive flag to an inner tube, Another option is a flag-holding canvas covering for 
an inner tube. 


Dive Lights 

A dive light can increase your diving enjoyment. Light levels are low underwater, 

and a light restores color to objects at depth and allows you to peer under ledges 

and into holes. You can see and enjoy much more when you use a dive light. 
The many types of dive 

lights available include 

large, powerful, recharge- 

able lights and small lights 

that use disposable batter- 

ies. Consider a small dive 

light initially. A large light 

is for night diving, which 


small light is easy to carry 
and is useful both for day 
dives and asa backup light 
for night diving. Many of a, 


today’s small dive lights are 
bright and compact (see 
figure 4.35). Maintain your 


dive light according to the Figure 4.35 Dive lights are useful during the day or 
manufacturer's instructions, night to restore color visibility and illuminate dark places. 


Kits 

‘Two equipment kits are recommended: a dive kit and a save-a-dive kit. The dive 
kit contains items you use frequently for diving. The save-a-dive kit contains 
items you may need to salvage a dive. See the Equipment Kits sidebar for items 
that you might include in each kit. Because the items in your dive kit are small 
and get wet, you may want to keep them in a container by themselves so you 
can find them easily. 

Once you get yourself and your equipment to a dive site, you don’t want a 
minor equipment problem to keep you from diving. A broken strap, a missing 
O-ring, and a torn mouthpiece are examples of problems that can stop you from 
diving unless you have spare parts. Keep save-a-dive items in a waterproof box. 
Do not mix wet items from your dive kit with dry items in your save-a-dive kit. 


Dive Slates 


You need to record and refer to information around and in the water when 
you dive, Plastic slates are better than paper because water does not affect the 
slates. You can write on dive slates with a standard lead pencil or a grease pen. 


ME Equipment Kits 


Dive Kit 
© Defogging solution for your mask © Seasickness medication 
© Lip balm © Sunscreen 


© Wet suit shampoo 


Save-a-Dive Kit 


© Mask strap o Twine 
© Regulator mouthpiece © Weight keepers 

© Fin strap © Duct tape 

© Crescent wrench © Superglue 

© Snorkel keeper © Extra batteries 

© Screwdrivers © Heavy nylon thread and heavy-duty needles 
© Tank valve O-rings © Neoprene cement 

© Cable ties © Fiberglass cast tape for temporary repairs 


© Quick-release buckle 


Dive slates include checklist slates, reference slates, logbook information transfer 
slates, and writing slates. All types have value. You will probably have several 
slates when you become an experienced diver. Initially, you should have an 
equipment checklist, a dive-planning slate, and an underwater writing slate. 


Signaling Devices 

Long-range signaling devices are invaluable if you become adrift, especially in 
areas where currents are strong. You should have a whistle readily available. 
A whistle is more effective than shouting to gain attention. The sound from a 
whistle does not require much energy to produce, and it travels well over water. 

A diver’s air horn, powered by low-pressure air, works with as little as 50 psi 
(3.4 atm) of tank pressure and produces a sound that can be heard up to a mile 
away. Although this device is small, it is so loud that you must point the horn 
away from yourself to avoid hearing damage. 

You can get long, bright, thin, inflatable safety tubes that fit easily into your 
BC pocket. Inflate a safety tube at the surface to make yourself easier to spot in 
the water. 

You can use a signal mirror to flash sunlight long distances over water. Other 
forms of signaling devices for divers are flashlights, strobe lights, and waterproof 
flares. The greater the chance of being caught in a current, the greater your need 
for signaling devices. 


Diver's First Aid Kit 


Diving takes place in remote areas, and because it is a physical activity, someone 
may be injured. You need to be prepared for an emergency. You should have 
a first aid kit at the dive site. See the First Aid Kit sidebar for items that should 
be included in a standard first aid kit. Pack the items in a waterproof container. 
Chapter 6 addresses the use of the first aid items. 
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MEE First Aid Kit 


Rescue breathing mask Baking soda 

‘Tweezers Diving first aid book 

Seasickness medication Analgesic and antiseptic ointment 
Bandage scissors Space blanket 

Isopropyl alcohol Hot packs 

Penlight Pen and small notebook 
Hydrogen peroxide Eyewash 

Coins for emergency phone calls Rubber band tourniquet 

White vinegar ‘Triangular bandages 


Emergency contact information 
for diving accidents 


Specialized Equipment 


Other specialized equipment for scuba diving includes nitrox (oxygen-enriched 
air) equipment, mixed-gas equipment, and rebreathers. This equipment permits 
divers with specialty training to obtain longer dive times. The risks associated 
with the use of specialized equipment make training and adherence to the rules 
pertaining to its use absolutely essential, 


Enriched-Air Nitrox (EANx) 


Breathing gas that contains levels of oxygen greater than the 21 percent found 
in air provides benefits for divers. Higher oxygen levels reduce the amount of 
nitrogen absorbed, thereby reducing the problems posed by decompression illness. 
However, divers must know the technical requirements and dangers associated 
with the use of EANx, Dedicated equipment and specialty training are essential. 

Filling standard cylinders with EANx is not permitted. Nitrox equipment is 
clearly marked to differentiate it 
from standard scuba equipment 
(see figure 4.36). Nitrox blend- 
ing stations are available at many 
modern dive facilities. Standard 
blends of nitrox are EAN32 and 
EAN36, which contain 32 and 36 
percent oxygen respectively (also 
called Nitrox32 and Nitrox36). 
Nitrogen and oxygen are blended 
together during the filling process, 
but the final mixture may not 
be exact, Divers need to test the 
oxygen percentage of the gas in 
their cylinder before diving. The 
divers use a handheld oxygen 
analyzer to ensure that the oxygen 
level is acceptable. 

If you breathe oxygen at a Figure 4.36 Nitrox tanks have explicit mark- 
partial pressure that is too high, _ ings to differentiate them from standard cylinders. 
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convulsions can occur, Partial pressures of oxygen must be kept within safe limits 
(1.4 to 1.6 atm or bars). For this reason, there are maximum operating depths 
(MODs) for nitrox diving. The MODs for EAN32 and EAN36 are 110 feet (33.5 
m) and 95 feet (29 m) respectively. These are absolute depths and must not be 
exceeded, Additionally, divers must determine equivalent air depths (EADs) 
for decompression. Modern dive computers allow divers to select the type of 
breathing gas being used. The computers automatically calculate EADs and are 
recommended for mixed-gas diving. 

Dive operators and gas blending facilities require proof of specialty training 
for the use of EANx. Training is widely available. 


Technical Diving 
This form of diving is even more specialized than the use of enriched-air nitrox 
because it involves the use of mixed gases and highly technical equipment. 
Breathing gases include helium, neon, nitrogen, and oxygen; these gases are 
mixed in various quantities depending on the depth. Obviously, divers need 
substantial training before they attempt this method of diving. Some gas mixtures 
will not sustain life until the partial pressure of the oxygen in the mix increases 
with depth, In this instance, technical divers must use travel tanks to reach a 
safe depth before switching to the low-oxygen mixture in the primary unit. The 
principal goal of technical diving is to allow divers to exceed recreational depth 
and time limits. Technical diving has greater risks than recreational diving, but 
many consider the rewards worth the risk, 

Some technical divers use multiple large-capacity cylinders for open-circuit 
scuba diving. Others use complex and expensive closed-circuit rebreathers 
(CCRs) to obtain greatly extended dive times. Rebreathers, which use a mixture 
of oxygen and inert gas, allow exhaled oxygen to be breathed repeatedly until 
it is metabolized. Additional oxygen is added as needed to the inert gas in the 
system to maintain required levels. Exhaled 
carbon dioxide is absorbed by a canister called a 
scrubber, Oxygen replacement may be controlled 
automatically by a central processing unit or may 
be controlled manually by a valve. The result, 
which is not affected by depth, allows a diver to 
remain submerged for hours at a time or to make 
multiple dives with a single fill of breathing gas. 
Figure 4.37 illustrates a modern CCR, 

Dive preparation and predive procedures 
vary greatly from open-circuit scuba diving. For 
example, a diver needs to prebreathe a CCR to 
activate the absorption process of the carbon 
dioxide scrubber. This procedure can take sev- 
eral minutes and is affected by the temperature 
of the absorbent. The diver also needs to check 
the unit’s calibration at a depth of 20 feet (6 m) 
during descent, Changes in the gas mixture that 
are made during ascent must be managed by 2 Figure 4.37 CCR 2000 
central processing unit or managed manually by rebreather. 
the diver. This truly is technical diving Ccoustey of Dan 
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If you want to avoid diving accidents, you should use familiar, correctly fitting, well-main- 
tained dive equipment the way that it is intended. As | look back over several decades of 
dive experience, | can recall many instances when divers got into trouble because they 
did not follow the essential equipment safety procedures summarized in the previous 
sentence, Diving allows us to explore an alien environment using life-support equipment. 
Modern scuba equipment is manufactured well, but you must take care of it and have it 


serviced periodically to keep it functioning properly. Would you even consider going into 
outer space with life-support equipment that was not carefully maintained and serviced? 
We go into inner space when we dive. Our life-support equipment is just as vital to us as 
an astronaut's. 

Equipment problems while diving do arise, but equipment failure is rarely the cause of 
an accident. Problems cause anxiety and stress. A diver experiencing stress from environ- 
mental factors and fear may panic from the added stress that a minor equipment problem 
might pose. Learning to manage yourself and your equipment helps you reduce stress, 
avoid panic, and prevent an accident. One of the most important rules of accident-free 
diving is to have good, familiar equipment that is in good condition and to use it properly. 


Oxygen levels are managed by employing multiple sensors, which are accurate 
devices when maintained and calibrated. Current CCRs lack reliable carbon diox- 
ide sensing devices. Carbon dioxide toxicity can be fatal, and a diver’s symptoms 
are not a reliable indicator. This problem requires the usage time of the carbon 
dioxide absorbent to be monitored and the absorbent must be discarded when 
time limits (based on statistical tests) have been attained. 

Because CCRs are expensive, must be used frequently, and require extensive 
maintenance, they are used by relatively few divers. But the advantage of greatly 
extended dive times appeals to many divers, so the popularity of rebreathers is 
increasing. 


Summary 


Diving involves a great deal of equipment. You are beginning to understand the 
equipment you need to have, how to select it, and how to care for it. You will 
Jearn more about equipment from your instructor, from retailers, from magazines, 
and from other divers, Get good equipment, and give it the best care possible. 
Diving is not enjoyable if you have constant equipment problems. 
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Application-of-Knowledge (AOK) Questions 


1. Diving equipment is expensive. What are the best procedures to follow that 
will increase the life of your equipment? 

. What two concerns are most important when selecting diving equipment? 

. You were unaware that your regulator was free-flowing behind you at the 
surface at the end of a dive, and your tank lost all of its air. When you move 
your tank after the dive, you feel water slashing inside. How was the water 
able to get into your cylinder? 

. You have weighted yourself to be weightless in water and are able to sink with 
your BC deflated just by exhaling. At the end of the dive you are unable to 
stop your ascent as you near the surface, even when you exhale completely. 
What is causing this undesirable change in buoyancy? 

. You are diving in a dry suit. You have added air to the suit to maintain a con- 
stant volume as you descend. You find a small anchor on the bottom and 
decide to salvage it. You pick up the anchor and carry it with you. To offset 
the weight of the anchor, you add more air to your dry suit. Why is this action 
a dangerous practice? 

. You and your buddy are practicing compass navigation by swimming a 
compass course. You place your compass next to your buddy’s to compare 
headings and proceed along your planned course, but you missed your mark 
and had to surface. You find that you swam in the wrong direction. What 
caused this error? 

. What is the best way to remove salt, debris, or chlorine from you diving 
‘equipment? 


. A scuba regulator can have four or five hoses attached to the first stage. Can 
you think of the purposes of these hoses? 

. What are the best reasons for having good dive equipment and maintaining 
it properly? 


Dive In and Discover 


By the end of this chapter, you will 
be able to do the following: 

© Describe the aquatic food cycle 
and explain how the process 
contributes to red tide. 

© List five types of aquatic life 
injuries and three ways to avoid 
such injuries. 

© List four types of pollutants and 
describe the effects they have 
on the underwater environment. 

© List three actions that divers 
can take to help preserve 
aquatic life. 

© List five ways to keep from 
damaging the environment while 
you are underwater. 

© Contrast the general diving 
conditions for freshwater diving 
and saltwater diving. 

© Describe the hazards of cavern 
diving, cave diving, and ice 
diving. 

© Explain the cause of tides and 
their effects on diving activities. 

© Explain the cause of waves and 
surf and their effects on diving 
activities. 

‘© Explain the causes of currents 
and their effects on diving 
activities. 

© Describe a rip current and 
explain how to escape from one. 

© Define the terms plankton, 
bloom, red tide, kelp, stipes, 
fronds, ciguatera, scombroid, 
tetrodotoxin, thermocline, 
overturn, reverse thermocline, 
upwelling, eddies, cavern, cave, 
sink, siphon, turbid, continental 
shelf, tsunami, stand, spring 
tide, neap tide, flood, ebb, 
slack water, fetch, swell, 
crest, trough, wave height, 
wavelength, wave period, 
wave train, surge, surf, gyres, 
downwelling, rip current, drift, 
set, drift dive, and trail line. 
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Aquatic Biology 


The plants and animals of the underwater world are 
wondrous and diverse. The millions of animals in the 
aquatic realm range from those that are microscopic to 
those weighing tons. To appreciate, respect, and enjoy 
aquatic life, you need to learn a bit about biology. This 
section familiarizes you with the flora and fauna of the 
aquatic realm, Aquatic life fits into three categories: life- 
forms that drift with the currents, those that swim freely 
and are able to move against the currents, and those that 
dwell on the bottom. 


Drifters 


The drifters are called plankton, Animals that drift are 
called zooplankton. Drifting plants are called phyto- 
plankton. Plankton begins the food cycle in the waters 
(see figure 5.1), Small animals eat plankton, and larger 
animals eat the smaller animals. When the large animals 
die, their remains sink to the bottom and decompose. 
The decomposed material rises to the surface, where it 
becomes food for the plankton, Warm water and nutri- 
ents cause some plankton to multiply. Overpopulations 
of plankton, called blooms, can color the water, destroy 
underwater visibility, and form toxins in animals that 
feed by filtering water. Toxin from blooms makes clams 
and mussels unsafe for consumption during summer 
months in some areas. One type of red phytoplankton 
often creates blooms, known as red tide, in the seas. 
Diving conditions are poor in areas affected by plankton 
blooms. 

Another type of aquatic plant, called algae, is an 
important part of the aquatic world. Plants use light to 
produce their own food and become food for animals. 
They convert water and carbon dioxide to oxygen and 
carbohydrates through the process of photosynthesis. 
Various types of algae are found in underwater areas 
where light is available. Most algae grow in shallow water 
where light is most abundant. Thick moss drapes objects 
in some freshwater areas. Turtle grass is a grasslike, green, 
tropical saltwater plant that provides a habitat for many 
forms of life. Some types of long, flowing algae in cold 
and shallow water, such as surf grass or eel grass, can 
cause you to trip if you try to walk in them, Slippery 
plants cover rocks and can cause you to slip and fall 
unless you move cautiously. 

Giant algae, called kelp, produce long strands, called 
stipes, in which you can become entangled. You can 
learn how to avoid and how to deal with this problem. 
A rootlike structure, called a holdfast, anchors kelp to 
the bottom; numerous gas bladders, called floats, lift 


Leaming to dive gives you an opportunity 
to become more familiar with the aquatic 
environment, which 


fascinating. Thi 
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You affect the unde r world more 


than you might imagine. 


the top parts toward the surface. What appear to 
be the leaves of kelp are fronds. Large areas of kelp 
are known as kelp beds, which have thick canopies that 
blanket the surface of the water (see figure 5.2). It is difficult to swim through 
a kelp canopy at the surface, but it is easy to swim between the clumps of stipes 
beneath the surface, Underwater navigational skills are important when diving 
in areas where kelp is dense. Kelp forests are popular diving areas because they 
contain great quantities of life. 
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Figure 5.1. The underwater food cycle. 


Atypical kelp bed. 


Swimmers 


One of the rewards of diving is seeing fish. Fish can be found in nearly all the 
waters of the world. You cannot outswim even the slowest fish, so do not chase 
them, If you want to observe fish closely, you must blend into the environment 
Fish will get closer to you than you could ever get to them. 

Collecting for aquariums requires specialized knowledge and procedures. Most 
fish have an internal air bladder for buoyancy control. If a fish is taken to the 
surface too quickly, the air bladder expands and kills the animal, Avoid handling 
fish because the experience can be traumatic as well as physically damaging to 
the animal. And the fish's spine could injure you. 

Eating some types of fish can harm you, as some fish are poisonous. Types of 
fish poisoning include ciguatera, scombroid, and tetrodotoxin. Ciguatera 
results from eating fish that consume a certain species of algae. Ciguatera poison- 
ing causes gastrointestinal problems within 6 to 12 hours, Scombroid poisoning, 
which produces nausea and vomiting within an hour, can result if you eat fish 
that have not been kept chilled, Tetrodotoxin, the most serious fish poisoning, 
results from eating exotic fish such 
as blowfish or puffer fish (figure 5.3) 
Tetrodotoxin poisoning can cause death 
within minutes. Avoid eating large and 
unusual-looking fish, Check with local 
fishermen to determine which fish are 
sale for consumption 

Many large mammals—sea lions, 


seals, dolphins, whales, and manatees— 
inhabit the water, They are graceful, 
beautiful, and sometimes awesome in 


Eating improperly 
prepared puffer fish can result in 
potentially fatal poisoning. 
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appearance. Viewing them is an exciting experience. Some are curious and may 
approach you, Aquatic mammals will usually not harm you in the water if you 
leave them alone. But sea lions and seals are defensive on land and might bite 
if you get too close. 


Bottom Dwellers 


Bottom dwellers include animals that are stationary, such as coral and sea fans, 
as well as animals that move about, such as crabs and lobsters. Living, station 
ary bottom dwellers are usually not included in fish and game regulations, and 
you should not take them, Do not take coral, sea fans, and animals that appear 
stationary, such as starfish. If you hunt crabs and lobsters for food, you should 
know how to determine the gender of the animals, how to catch them without 
harming them, and how to measure them for minimum size. Do not take females, 
particularly those bearing eggs. Some divers take only one claw from a crab to 
conserve the species. A crab can feed and defend itself with one claw and can 
regenerate a new claw to replace the one taken. 


Hydroids 


If you dive in saltwater, you should know about hydroids, a category of animal 
that includes bottom dwellers, such as coral, and swimmers, such asjellylish (see 
figure 5.4). Some hydroids, such as the beautiful sea anemone, have a round, 
columnlike body with a mouth surrounded by tentacles. This is a polyp form 
of hydroid. Another type, called the colonial form, can assume many different 


Loft: Undischargod sting 
‘or nematocyst, of a coelenterate, 
Right: Discharged stinging cel, 
(Microscopic views) 


‘Some hydroids, such as 
Jellyfish and fire coral, have 
stinging cells that can inflict 
painful injuries. 


Figure 5.4 Several types of hydroids have stinging cells. 
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People often ask, "What exactly is the 
Hutchison Effect?" This brief essay is an 
attempt to answer that question to the 
satisfaction of the majority. First of all, the 
Hutchison Effect is a collection of 
phenomena which were discovered 
accidentally by John Hutchison during 
attempts to study the longitudinal waves of 
Tesla back in 1979. In other words, the 
Hutchison Effect is not simply a singular 
effect. Itis many, 


The Hutchison Effect occurs as the result of 
radio wave interferences in a zone of spatial 
volume encompassed by high voltage 
sources, usually a Van de Graff generator,and 
two or more Tesla coils. 


Editor: We can call this effect "The H. 
Wells Effect" because be was first to 
describe it in bis book "The Invisible 
man". The main character of the 
book used two sources of electro- 
magnetic vibrations and Wells said 
that they were not Hertz waves but 
something else. "But the essential 
phase was to place the transparent 
object whose refractive index was to 
be lowered between two radiating 
centers of a sort of ethereal 
vibration..."("The Invisible Man", 
chapter 20). 


A. V. Frolov 


‘The effects produced include levitation of 
heavy objects, fusion of dissimilar materials 
such as metal and wood, the anomalous 
heating of metals without burning adjacent 
material, spontaneous fracturing of metals 
(which separate by sliding in a sideways 
fashion), and both temporary and permanent 
changes in the crystalline structure and 
physical properties of metals. 


Fig 1 represents the proof of Hutchison Effect 
based on metal blocks, Deformation occurred 
at room temperature as a result of complex 
interaction of electromagnetic fields. 


The levitation of heavy objects by the 
Hutchison Effectis not- repeat not- the result 
of simple electrostatic or electromagnetic 
levitation. Claims that these forces alone can 
explain the phenomenon are patently 
ridiculous, and easily disproved by merely 
trying to use such methods to duplicate what 
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shapes. Colonies of hydroids can encrust a surface, and groups of colonies form 
jellyfish. Learn to recognize and avoid hydroids that can injure you. 


Potentially Dangerous Aquatic Animals 


Aquatic animals use a variety of mechanisms to obtain food and to defend them- 
selves from attack. You can minimize your chances of injury by being familiar 
with the ways in which animals can inflict injury. Aquatic animals are rarely 
aggressive toward humans; they flee, hide, or stand still as you approach. If you 
do not touch, threaten, or provoke an animal, the animal is unlikely to injure 
you intentionally. But remember, aquatic animals are wild animals (figure 5.5) 
If you feed them, and they bite you in the process, you should not blame the 
animals. Table 5.1 lists types of injuries that you could sustain from aquatic ani- 
mals and recommended first aid 


Animals That Cause Abrasions or Cuts 


Many animals, such as some types of coral and barnacles, have sharp, hard 
structures that easily cut flesh, Such cuts can be painful, are slow to heal, and 
can get infected. Avoid contact with reefs and rocks covered with sharp animals. 
Some fish have knifelike protrusions on their gill plates or at the base of their 
tails. They defend themselves by flailing rapidly back and forth and slashing 
anything near them 


Animals That Puncture or Lacerate 


Sea urchins are the porcupines of the seas. Cold-water urchins have short, thick 
spines, while warm-water urchins have spines that are long and thin. The spines 
of all urchins can penetrate an exposure suit if you bump into them. The spines 
break off in your flesh and produce a painful, red, swollen wound. The spines 
can be difficult to remove, so if you are unable to avoid a sea urchin injury, see 
a physician to have the spines removed. 

Some fish have a row of long, sharp spines along their back, The scorpion- 
fish has hollow dorsal spines that have venom-filled sacs at the base. If you are 
punctured by the spines and compress the veriom sacs, you inject yourself with 
a toxin. The toxin of some species, such as the stonelish, can cause serious symp- 


Potentially dangerous aquatic animals: (a) White tip shark; (b) cone snail (c) sea snake; and (d) jellyfish with jacks. 


toms, Some fish, such as the lionfish (also called the turkey fish or zebra fish), 
have spines in other fins. The toxin of a lionfish produces serious symptoms in 
humans, Freshwater catfish also have venomous spines. 

A shellfish called the cone shell uses venom to kill animals for food. The venom 
is highly toxic, and these animals can inject their venom into humans. Do not 
handle conical shells in tropical waters 

Rays are bottom dwellers that are round and flat. Some rays have a sharp, 
serrated barb at the base of the tail. The rays blend into the bottom, When some- 
one disturbs a ray, it defends itself by arching its back and thrusting its barb into 
the attacker. A sheath, which often remains in the laceration wound, covers 
the barb and contains a toxin, Stingray wounds in the ankles of divers, waders, 
and swimmers are common in some areas, Avoid stingray wounds by shuffling 
your feet along the bottom as you walk. The torpedo ray, an animal found on 
the West Coast of the United States, can generate electricity. This ray can stun a 
diver, so you need to be able to recognize it. Avoid contact il you encounter one. 


Animals That Bite 


Use discretion to avoid being bitten by aquatic animals. One large freshwater fish 
that can bite is the gar. Turtles can inflict serious wounds. Muskrats may attack 
in defense, and moray eels in the ocean can deliver a serious bite. Alligators also 
have the potential to inflict an injury but have not been known to hurt divers 

Sharks can bite, but attacks on scuba divers are nearly nonexistent. Hollywood 
has exaggerated the danger of sharks; only a few species of sharks are aggres- 
sive, and itis rare to encounter these types in the waters visited by divers. Most 
divers would be delighted to see a shark because these animals usually retreat 
from an area frequented by scuba divers. 

Retreat from snakes if you encounter them. Do not handle snakes; they can 
be extremely venomous. A sea snake's bite can produce a life-threatening emer- 
gency. Some freshwater snakes, such as the cottonmouth, are also venomous. 
The blue-ringed octopus, while only the size of a golf ball, is one of the most 
toxic creatures on earth, Don’t allow curiosity to endanger your life 


Animals That Sting 


Many aquatic animals can sting. Learn to identify and avoid contact with jel- 
Iyfish, featherlike or whiplike hydroids, certain worms, and even some sponges. 
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Table 5.1 Potentially Dangerous Aquatic Animals 


Injury First aid 


Abrasions or cuts 
Bamacle Scrub and disinfect the wound. 


Coral 


Punctures or Lacerations 


Cone shell Soak the injured area in hot water. For a cone shell 
Bea uichin sting, apply a venous tourniquet and immobilize 
the injured area. It is advisable to seek medical 
Venomous fish attention for injuries caused by the spines of the 
(e.g., scorpionfish, lonfish) —Scorpionfish family. 
Stingray 
Bites 
Barracuda Stop the bleeding; clean and disinfect the wound. 
Blericed scone For a blue-ringed octopus bite, apply pressure 
to the wound and seek immediate medical 
Moray ee! attention—it may be necessary to administer 
Sea snake rescue breathing. For a sea snake bite, apply 
Gaark pressure, immobilize the area, and get prompt 


medical attention, 
Turtle, muskrat, alligator 


Stings 
Bristle worm Soak the injured area in vinegar. 


Fire coral 
Fire sponge 
Jellyfish 


‘Seek medical attention as neaded for any injury 


Hydroids have tiny stinging cells, called nematocysts, that they use to kill food. 
The sting of some animals, such as encrusting fire coral, is merely annoying; but 
the sting of others, such as the Portuguese man-ol-war or the box jellyfish, can 
cause a medical emergency. A tropical marine worm, called a bristle worm, has 
tufted, silky bristles along the sides of its body. The bristles, which are fine and 
brittle, penetrate the skin easily, are difficult to remove, and cause a burning 
sensation, Do not touch or handle these worms. You should wear an exposure 
suit at all times while diving in the ocean. The suit provides protection from 
stings, but be careful when you remove it. The stinging cells of marine animals 
remain active even if they are not on the animal. Parts of jellyfish and other 
animals that are on your equipment can sting if they come into contact with 
your skin when you remove the equipment. Avoid contact with any unusual 
debris clinging to your equipment after diving in salt water because it could be 
part of a jellyfish. Some jellyfish come to the surface at night in tropical waters. 
Dangerous stinging animals are seasonal in some regions. Check with local divers 
to find out what to avoid and when to be on the alert, 
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Avoiding Danger 


Many aquatic animals are potentially dangerous. Tropical waters have the most 
dangerous animals. Serious injuries to divers are not common because divers 
avoid animals that can hurt them. You should respect animals, but do not be 
overly concerned about them. Do not panic or flee just because you see a poten 
tially dangerous animal; simply avoid contact with it, Learn to recognize the 
dangerous animals in an area, know where to look for them, be alert for them, 
and keep clear of them, Move slowly and look carefully. Shuffle your feet when 
wading. Don't touch anything unless you know it is safe to touch it. Neutral 
buoyancy—the ability to hover—is an excellent defense against aquatic injuries. 

The biology of the underwater world is so interesting that many divers study 
it asa hobby. It is fun to learn about animals and plants and then observe them 
in their natural habitats. Some divers, fascinated with aquatic life, pursue biol- 
ogy as a career. 


Conservation and Preservation 


Life in the waters is beautiful and precious, but pollution from people jeopardizes 
life in the lakes and seas. Divers are physically ruining beautiful reets. Unless we 
take action immediately, there is a real danger that many areas of the underwa- 
ter world will become barren and lifeless. We must preserve and conserve the 
resources of our waters. 

Because the waters are so vast, people often take them for granted. Lakes and 
seas seem too big to be harmed, but that is not the case. The underwater envi- 
ronment is fragile; the balance of nature can be upset more easily than many 
people realize, We think of the seas as being great and powerful because we see 
big waves and pounding surf. People who do not see beneath the surface may 
not realize the delicate nature of the animals that inhabit the waters. Some living 
things in the seas grow slowly, only a fraction of an inch (or centimeter) per year. 

‘Asa diver, you can help reduce damage to the underwater world. Every diver 
should take two actions: (1) Do everything possible personally to preserve the 
diving environment, and (2) do everything possible to educate others and help 
them learn to preserve the aquatic environment. You will get closer to the aquatic 
environment than most of your friends. You will see firsthand the effects of pol- 
lution, litter, and exploitation, You will also see the beauty and abundance that 
are possible when the environment is clean and unmolested. Your influence 
in society can make a difference. If you do not become part of the solution to 
problems in the aquatic environment, you are part of the problem, 


Pollution 


Stemming pollution is one of the greatest challenges facing the world. Humans 
are incredible polluters of the environment; we have polluted the air, the land, 
and the waters. People dump billions of gallons and pounds of waste into water 
every day. People seem to think that when something is out of sight, itis no longer 
a problem, This is not true of pollutants. Sewage, industrial waste, garbage, and 
sediment have killed and are continuing to kill many underwater environments. 
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If we stopped all pollution today, the aquatic environment would continue to 
suffer for decades from the waste materials that are already in the water. 

Runoff from land that enters rivers and streams and flows into the ocean also 
causes pollution. Chemicals used in agriculture, on lawns, and in gardens cause 
death and destruction in the aquatic environment. Sediment from construction 
and drilling finds its way into water. The sediment blocks out life-giving sunlight 
and smothers bottom-dwelling creatures, 

Lakes and oceans have been viewed as bottomless toilets for waste disposal. 
There are two problems with this narrow view: (1) Animals and plants live in the 
water and are killed by the pollution; (2) the water cannot be replaced because 
large bodies of water cannot be flushed. 


Diver Impact 


As a diver, you can harm the environment in several ways. You can remove 
living things from the environment, you can smash and kill living things while 
moving about underwater, and you can stir up clouds of silt on the bottom. The 
silt can choke and kill some organisms. Good intentions can also cause problems; 
handling and feeding animals can kill them. 

You can be an effective predator underwater. Many animals are available for 
you to hunt and take. A few callous individuals kill things for sport, but respon- 
sible people take only what they will eat. Although the impact of divers is of 
little significance compared with commercial fishing, you should keep in mind 
that you do have an effect. If you spearfish on a reef, the fish in the area will 
soon be unapproachable by divers. If you want to be a predator, you must do 
so in a responsible manner. Conservation and preservation of aquatic resources 
are important topics that are discussed later in this section. 

It is difficult to resist touching animals underwater, but you should refrain 
until you know what animals may be touched and how to touch them without 
harming them, Many animals are delicate; rough handling will kill them. Preda- 
tors will eat animals that a diver removes from a protected area for viewing. 
Some animals, including fish, have a protective coating of mucus. If the coating 
is removed by handling, the animal can develop an infection and die, The stress 
of being handled by a gigantic, bubble-blowing monster may be more than some 
aquatic animals can take, Sea turtles may abort their eggs alter being harassed 
bya playful diver. Do not be guilty of killing things for your amusement. After 


SCUBA WISE 


There are similarities between the environments above and below water. Temperature, 
weather, plants, and animals change when you travel from region to region on land. We 
enjoy the variety of mountain, plain, forest, and desert regions. Similarly, the world beneath 
the water varies from region to region. The enjoyment that the various underwater environ- 
ments provide is a major reason why dive travel is so popular. 

When you go to places on land that are rugged, remote, and hazardous, you need spe- 


cial training and equipment. There are dangers everywhere you go. Careful planning and 
preparation help minimize risks and are essential. A guide makes exploration safer and 
more enjoyable. When you go diving in places that are rugged, remote, and hazardous, 
the same requirements apply. Enjoy the wonderful differences beneath the waters—coral 
reefs, vertical walls, wrecks, and so forth—but always be properly prepared and equipped 
and always obtain an orientation to a new area. 
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you learn how, you can get extremely close to animals underwater. You can 
interact with them and enjoy them without handling them, 

Feeding animals underwater was a popular activity until environmental- 
ists showed that this is harmful (not to mention dangerous). Several potential 
problems are associated with feeding aquatic animals, Unnatural food given to 
animals can interfere with their digestion. The animals may become dependent 
on the food fed to them by divers and may not be able to forage if the food 
supply is discontinued. Food can make animals overcome their natural fear of 
divers. When an animal that would normally take cover at the sight of a diver 
becomes accustomed to divers providing food, the animal will readily approach 
a diver who is a hunter. 

A diver underwater has the potential to be a bull in a china shop. Overweighted 
divers plow along the bottom with their fins pointed downward, stirring up 
great clouds of silt, Buoyancy difficulties cause divers to hold on to and crash 
into reefs and other living things. Divers who rest on the bottom crush plants 
and animals without realizing the damage. Divers who swim too close to a reef 
often kick animals to death, 


Prevention of Diver Impact 


One of the most important reasons for developing good buoyancy control skills 
is to prevent damage to the underwater environment, An environmentally 
responsible diver is properly weighted and in control of buoyancy at all times. 
Make your diving no-contact diving. You should be able to hover above a reef, 
move your mask within inches of an animal, and view it without touching any- 
thing but water and without stirring up silt. Learn to use your hands to scull 
into position while your fins remain still, Sculling is positioning achieved with 
short movements of the hands (not the arms). Buoyancy control and sculling 
are excellent skills for reducing diver impact. Figure 5.6 shows a diver sculling, 

Another way to protect the environment is to keep your equipment secured 
dlose to you so that it does not dangle and drag. Equipment that drags along the 
bottom for an entire dive can do a lot of damage, Streamline your equipment. 
Moving slowly underwater conserves energy and air and makes 
you less likely to come into contact with animals. This helps 
you avoid injuring both yourself and animals. 

If you must hold on to something underwater or 
push yourself away from something, you should 
look before you touch, and you should avoid 
touching anything that is living. If you must 
settle onto the bottom for some reason, select 
an area where there is no visible life. If you 
are weightless, keep in mind that one finger 
may be all you need to provide the leverage 
to move. Leave no evidence that you ever 
visited an underwater area. 


Figure 5.6  Soulling helps 
minimize the diver's impact on 
the aquatic environment. 
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Conservation 


Many animals that were once plentiful are nearly extinct because of a lack of 
conservation. Buflalo and passenger pigeons are good examples of this happen- 
ing on land. In some areas, this is happening to aquatic animals. Bait fish that 
once swarmed in enormous schools in some areas no longer exist. With no food 
to eat, larger predatory fish no longer frequent the areas. 

Fish and game regulations are designed to conserve natural resources. Rules 
regarding sizes, seasons, limits, and the means by which game may be taken have 
been established to help ensure an ongoing supply of a resource, Obey fish and 
game regulations, and encourage others to abide by them as well. In most areas 
you need a license to harvest lish and seafood. There are written regulations 
you need to be familiar with, Size, sex, limit, and season laws can impose a stiff 
fine if you fail to adhere to the regulations. Check with your local Department 
of Fish and Game, The rules can benefit everyone in the long run. 

If you take living things from the water, do it in a responsible manner, Avoid 
taking animals from areas that are popular dive sites. Limit hunting and collect- 
ing to remote areas where the impact of divers is much less, Take only what you 
need, not what you can get or what you are allowed. The two types of hunt- 
ers most harmful to the environment are the quantity hunter and the trophy 
hunter, The quantity hunter seeks to take as much and as many of everything 
as possible to build an image as a mighty hunter. The trophy hunter seeks the 
largest animals, which destroys the fittest of the breeding stock. If you kill an 
animal, you have a duty to know how large one must be to breed and what 
the maximum size of the animal is. You should take animals that have had the 
opportunity to reproduce, but do not take the largest ones. It is difficult at times 
to be selective, but you should attempt to conserve life. 

Nature left undisturbed maintains a balance of life. Animals are both predator 
and prey. An animal eats another animal and is in turn eaten by others. If there 
are too many predators, their population diminishes because of an inadequate 
food supply. If there is a temporary overpopulation of prey, the number of preda- 
tors increases. People upset nature’s balance. We are the most reckless predators 
of all, We disturb the food cycle with pollution, hunting, fishing, boating, and 
every other way that we affect the aquatic environment. It takes nature longer 
to recover from our impact than from any natural disaster. People must lessen 
their effect on the environment to reduce interference with the natural manage- 
ment of the life within the waters. 


Preservation 


Preservation is everyone’s business, but it is more your business now than it 
was before you became a diver. You probably know more than your friends 
and neighbors about the aquatic environment. You must be an ambassador for 
preservation. You must educate and motivate people to help preserve the diving 
environment. 

What people do above water affects life beneath the surface. What people put 
down their drains and toilets winds up in the aquatic environment, as do the 
chemicals they use on their lawns and gardens, Litter in and around the water 
kills animals, birds, fish, and shellfish Think twice about the products you buy, 
how you use what you purchase, and how you dispose of your wastes. Where 
will the toxic chemicals and waste you use end up? Be environmentally conscien- 
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tious; then teach others to be so, too, A simple act, such as the use of detergents 
without phosphates, can make a difference. Phosphates are powerful nutrients 
that upset the balance of nature when dumped into the aquatic environment. 

Be involved in your community. Be concerned about issues such as sewage 
treatment, toxic wastes, and construction, which can be extremely harmful, 
Waste products from manufacturing are also harmful. Help others understand 
the seriousness of pollution. 

Become more informed and keep informed. Join groups that are working to 
preserve the environment. Organizations such as the Ocean Conservancy, the 
Reef Environmental Education Foundation (REEF), and the Oceanic Society 
merit your membership. These groups provide up-to-date information and details 
on how you can help. Various organizations sponsor underwater cleanups from 
time to time; these are enjoyable and worthwhile. (For a list of environmental 
organizations you can join, see Appendix A.) 

There are actions you can and should take when you go diving. Dispose of 
trash properly, and encourage others to do the same, If you have a boat for diving, 
anchor it away from reefs to avoid reef damage caused by the anchor and chain. 
Retrieve trash you find in the environment, especially plastic. Collect plastic, 
monofilament, lead, and stainless steel leaders. Not all trash is bad. Bottles and 
cans provide homes for animals. Report unlawful dumping and lost or discarded 
fishing nets and traps, which continue to catch and kill alter abandonment. 


Aquatic Conditions 


The particular state of the environment and the physical situations in which 
divers find themselves are referred to as the aquatic conditions. The conditions 
of concern include the temperature, visibility, and the degree of movement of 
the water. You need to be familiar with aquatic conditions in general and local 
aquatic conditions specifically. 


The Big Picture 


Many factors affect the seas. The sun bears down on the earth at the equator 
more directly than on other parts of the earth. The climate and waters near the 
equator are warm; the greater the distance from the equator, the colder the 
water. The difference in water temperatures in different parts of the world causes 
the movement of air and water by convection currents. Winds move from areas 
of high pressure to areas of low pressure. Winds and the turning of the earth 
move water. On a global scale, water currents move in a clockwise direction in 
the northern hemisphere of the earth and in a counterclockwise direction in the 
southern hemisphere. Weather generally moves from west to east. The gravita~ 
tional attraction between the earth and other planetary bodies produces changes 
in the water level called tides, Storms at sea produce energy in the form of waves 
that travel thousands of miles before giving up their energy in the form of surf. 

Seasonal changes, winds, and storms affect inland bodies of water. Water from 
snow and rain in the mountains and hills flows into streams, rivers, and lakes. 
Water seeping into the ground resurfaces in quarries and springs. 

Weather, seasons, geography, and other factors affect both surface and under- 
water diving conditions. The water can be rough at the surface but calm at depth. 
There may be a current at the surface but none on the bottom. The visibility may 
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be good at the surface but poor on the bottom, or vice-versa. The temperature 
is usually warmer at the surface than it is at depth. You should become familiar 
with both surface and underwater conditions and their effect on your diving. 

Perhaps the most important fact to remember about diving conditions is that 
they vary. Thus, an environmental orientation is important when you dive in 
a new region. The diving conditions usually dictate the way you dive. What 
works well in one area may be totally ineffective for another, An understand- 
ing of the effects of diving conditions in an area is important. You should know 
what conditions to expect, how the conditions affect your approach to diving, 
and how to manage the effects of the conditions. For example, in one area, it 
may be safe to wade into the water and put on your fins; however, in another 
area, you may need to put your fins on before you wade in. 


General Freshwater Diving Conditions 


Freshwater is 2.5 percent less dense than saltwater, so you are less buoyant in 
freshwater than in saltwater. The density of water varies with temperature, Fresh- 
‘water is most dense at a temperature of 39.2 °F (4 °C)—the usual temperature 
and density of the water at depths greater than 60 feet (18 m) in freshwater 
lakes and quarries, The water becomes lighter when itis either warmer or cooler 
than this. Freshwater often forms layers: a layer of warmer, lighter water on 
top of a layer of colder, denser water. The change from the warm water to the 
colder water, called a thermocline, is abrupt. When the water is calm, the ther- 
mocline appears to have wisps of smoke on top of it when viewed from above. 
The refraction of light is different when the density of the water is dilferent, so 
there isa slight visual blurring at the interface of a thermocline. When you dive 
in freshwater, you must insulate yourself for the water temperature below the 
thermocline. Although the surface of a lake may be warm and sunny, the water 
at the bottom may be close to freezing. 

The best season for diving in a freshwater lake or quarry depends on the body 
of water, Spring and fall are often good times because the water temperature is 
the same from surface to bottom, there is oxygen for fish at all depths, popula- 
tions of plankton are low, and visibility is usually good. 

In later spring, the sun warms the surface water, and the lack of wind keeps 
the surface water from mixing with the colder water at depth. The water strati- 
fies, and a thermocline forms that remains until fall. The layer of water below 
the thermocline stagnates in most lakes during the summer. Decaying matter 
depletes oxygen and creates toxins, Fish seek refuge above the thermocline. 
Sunlight and warm water often lead to plankton blooms, which are aggravated 
by pollution. 

In the fall, the surface water in lakes and quarries cools until it equals the 
temperature of the water at depth. Colder water and reduced sunlight stifle 
plankton growth, and visibility improves. Winds cause water circulation. The 
movement of water from the top to a depth of about 60 feet, called an overturn, 
carries oxygenated water to the bottom and leads to what is called spring diving 
conditions. Visibility tends to be poor during an overturn. 

In the winter, the surface water in a lake or quarry is colder than the water at 
the bottom, A reverse thermocline exists and remains until the temperature 
of the surface water warms to that of the water at the bottom, This allows the 
spring overturn to begin. Water becomes 10 percent lighter when it freezes. If ice 
sank when it froze, bodies of water could become solid ice from top to bottom. 
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Ice that forms over water insulates the water beneath it. Figure 5.7 shows the 
annual cycle of freshwater lakes and the concept of thermoclines. 

When a strong wind blows along a shore for a sustained period over a body 
of water, the surface water is pushed away from shore. This water is replaced 
by colder water flowing up from the depths. This is called an upwelling, which 
can also occur in the ocean. If the wind conditions persist, the water tempera~ 
ture can become constant throughout the water column, even in the summer. 
An upwelling carries nutrients from the depths into shallow water and brings 
animals into the area. Alter an upwelling, a bloom can occur because of the 
increase in nutrients in warm, shallow water. 


Specific Freshwater Diving Conditions 


People can have good diving experiences in many kinds of freshwater environ 
ments. Springs, low-altitude lakes, and quarries are good sites for divers who do 
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Figure 5.7 Thermocline, reverse thermocline, and the annual cycle of overturn in lakes. 


Fig. 


Cold melting of metals 
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into which a wood block is fused (brown matter) 


http://www.rumormillnews.com/JOHN-HUTSHISON2.htm 


the Hutchison Effect has achieved, which has 
been well documented both on film and 
videotape, and has been witnessed many 
times by numerous credentialed scientists 
and engineers. Challengers should note that 
their apparatus must be limited to the use of 
75 Watts of power froma 120 Volt AC outlet, 
as that is all that is used by Hutchison's 
apparatus to levitate a 60-pound cannon ball. 


The fusion of dissimilar materials, which is 
exceedingly remarkable, indicates clearly 
that the Hutchison Effect has a powerful 
influence on Van der Waals forces. In a 
striking and baffling contradiction, dissimilar 
substances can simply "come together," yet 
the individual substances do not diss 
A block of wood can simply "sink into" a 


metal bar, yet neither the metal bar nor the 
block of wood come apart. Also, there is no 
evidence of displacement, such as would 
occurif, for example,one were tosinkastone 
intoa bowl of water. 


‘The anomalous heating of metal without 
any evidence of burning or scorching of the 
adjacent materials (usually wood) isa clear 
indication that possibly the nature of heat 
may not be completely understood. This 
has far-reaching implications for 
thermodynamics, which hinges entirely on 
the presumption of such knowledge. It 
should be noted that the entirety of 
thermodynamics is represented by the 
infrared portion of the electromagnetic 
spectrum, which is insignificant in a 
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not live near a coast. Other freshwater environments—such as rivers, caverns 
and caves, high-altitude and frozen lakes, and areas with submerged wreck: 
age—can be dangerous, You should complete specialty training courses before 
diving in any hazardous area, 

You may encounter strong currents in rivers (see figure 5.8). The currents 
are strongest at the surface and on the outside of bends. Countercurrents and 
swirling currents, called eddies, are common, and entanglements are likely in 
many rivers. Water flowing through a porous obstruction, such as a pile of logs, 
can pin a diver against the debris. Currents can undercut the bank of a river, 
so direct access to the surface can be impossible at times, Rivers are especially 
prone to seasonal changes and are often unpredictable, 

Freshwater springs can provide beautiful diving environments. The flow of 
dean, calm water, which is usually at a moderate temperature (65 to 78 °F, 
or 18 to 26 °C), provides excellent visibility. The water often flows through 
underground limestone cave systems that extend for thousands of feet. Diving 
in open-water basins in a spring is appropriate for certified divers, but a diver 
should not enter any overhead area where a direct, vertical ascent to the sur- 
face is not possible. A large, roomlike opening where light from the surface can 
be seen is called a cavern, Areas that extend farther than a cavern where no 
surlace light can be seen are called caves (see figure 5.9). Divers must com- 
plete specialty courses and must meet several requirements to dive in caverns 
and caves. Entering such an environment—even for a short distance—without 
the required training and equipment can be fatal, No amount of diving experi 
ence without cave diving training qualifies a diver to enter a cave. It is easy to 


Figure 5.8 Because many rivers have 
strong currents and pose other unique diving 
challenges, specialty training is advised. 
BereikaStock/Gaty Images 
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Figure 5.9 Dark blue areas are caves; light blue areas are caverns. 


become disoriented, to stir up thick clouds of silt that instantly reduce visibility 
to nothing, and to panic and drown. You may dive in spring basins, but stay 
out of caverns and caves unless you meet the requirements to dive in them, 
Appendix A contains contact information for organizations that offer training 
in cavern and cave diving. 

Sometimes the earth collapses into an underground cave system and forms 
a sink. The water flowing into the sink forms a basin. An opening called a 
siphon channels water from a sink back into the system, Diving in siphons can 
be dangerous. The amount of water moving through a system depends on the 
amount of rainfall in the area, Under extreme conditions, the normal flow of 
water can reverse. 

People dig pits to excavate sand, gravel, and stone. At some depth, they 
encounter the water table, and the pit floods, forming a quarry or sand pit. At 
some of these sites, you can see submerged construction equipment that was 
abandoned when the pit flooded. Sand pits and quarries tend to have fair to good 
visibility, although the disturbance of silt that has settled to the bottom can ruin 
the visibility quickly. Gravel quarries usually have more silt than other types of 
quarries, so the water may be turbid. 

Lakes can be excellent dive sites. There are freshwater lakes at altitudes above 
10,000 feet (3,048 m). Diving at altitudes above 1,000 feet (305 m) is a specialty 
called altitude diving. This type of diving presents many hazards because the rate 
of pressure change is greater when you descend into water at an atmospheric 
pressure that is less than the pressure at sea level. You must follow special 
procedures to avoid decompression sickness. Problems can also result from the 
thinner air, which provides less oxygen with each breath taken above water. 

When ice forms over water in the winter, diving becomes hazardous. Perils 
of ice diving include hypothermia, the freezing of regulator and buoyancy 
control valves, and getting lost beneath the ice. Ice diving can be beautiful and 
adventurous, but it is dangerous when attempted without the proper training, 
equipment, and procedures. 
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Potential hazards when diving in freshwater include body heat loss, submerged 
trees, wire, fishing line, hooks and lures, log jams, debris, currents, rapids, whirl 
pools, poor visibility, silt, and overhead restrictions. You can minimize these 
hazards with training, experience, equipment, correct diving techniques, area 
orientations, and good judgment. 


General Saltwater Diving Conditions 


The earth contains five oceans. Seas, gulfs, and bays are smaller sections of the 
oceans. The land beneath the oceans is not flat. The continental shelf is an 
underwater area that extends from land and slopes gradually to a depth of about 
600 feet (183 m). Beyond the continental shelf are great underwater canyons 
and mountains, as well as hills, valleys, and great plains. In some areas, the tips 
of mountains and volcanoes extend above the surface of the ocean from great 
depths, forming islands. In other areas, deep canyons sever the continental slope, 
creating deep-water conditions close to shore. 

The saltwater environment varies greatly from one part of the earth to another. 
The clear waters of the Caribbean, with temperatures that can exceed 85 °F (29 
°C), feature coral reefs covered with beautiful, lush animals that look like plants. 
Schools of colorful tropical fish abound. Temperate waters, with temperatures 
ranging from 55 to 70 °F (13 to 21 °C), may have great forests of kelp, which 
contain more life per volume than a tropical rain forest. Cold ocean waters in 
northern latitudes are nutrient rich and teeming with life. Beautiful sights and 
wonders can be experienced in all the oceans of our planet. 

Oceans are always in motion. Tides, winds, and currents cause water move- 
ment, An underwater earthquake can move water by creating gigantic seismic 
waves known as a tsunami. Although these giant waves are also called tidal 
waves, the tide has nothing to do with them, Tsunamis can cause great destruc- 
tion, but they are rare and can be forecasted. 

The energy source for movement of ocean water may be local or may originate 
thousands of miles away. You need to understand what causes water to move, 
how it moves, and how to dive in ocean water that is in motion. 


Tides 


The gravitational attraction between the sun, the moon and the earth pulls 
water toward these heavenly bodies. The resulting increase in water depth is a 
high tide. Water pulled away from the sides of the earth in the process produces 
a decrease in water depth called low tide. A high tide forms on the side of the 
earth opposite the moon because the attraction of the moon is least at that point 
and because of the centrifugal effect created by the rotation of the earth. Atany 
given time, two areas on the earth are experiencing high tides and two areas 
are experiencing low tides. During a brief period of time called a stand, the tide 
neither rises nor falls; four tidal stands can occur per day—two high and two 
low. Geographical formations interfere with or enhance the rising and falling of 
the water in some areas. 

The sun also affects the tides, but only about half as much as the moon because 
the moon is much closer to the earth, When the moon and the sun are aligned 
with the earth, which occurs twice monthly (during the new and full moons), 
tides are highest and are called spring tides (see figure 5.10). When the moon 
and sun are at right angles to each other in relation to the earth, tides are lowest 
and are called neap tides. 
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Big change from 
high to low tide 


Figure 5.10 The effect of the sun and moon on tidal patterns. 


‘The moon rotates around the earth in the same direction that the earth spins; 
therefore, the duration of a lunar day (moonrise to moonrise) is nearly 25 hours, 
This causes tides to occur at different times each day and explains why the heights 
of subsequent tides vary. 

During a tidal change, water flows from one area to another. The water move- 
ments caused by the tides are called tidal currents, and they vary in velocity 
between tides. The flow of water into an area because of high tide is called a 
flood. The flow of water away from an area because of low tide is called an ebb, 
Between flood and ebb, a period of time occurs when the water has minimal 
movement. The term for this period is slack water. Because of geographical fea~ 
tures of the earth, water cannot move instantly in many areas. There is usually a 
delay between the predicted time of a tide and the time when the water is slack. 

Tidal changes affect diving activities and operations. Large differences in the 
water level between tides affect visibility and other conditions. Water height 
also affects entries and exits, shoal areas when boating, the mooring of boats, 
and the loading and unloading of vessels. Divers should know how high the 
tide will be, Tidal changes are small (less than 2 feet, or 
0.6 m) in some areas or on some days, but they are large 
(more than 6 feet, or 1.8 m) in other areas or on other 
days. The greater the difference between high and low 
tide, the greater the effect of the tides. 

Because the earth, moon, and sun follow set courses, 
the tides are predictable. Tides vary because the distance 
between planetary bodies and their positions relative to 
one another change constantly. Despite all the variables, 
scientists can predict with accuracy when the tides will 
occur and the heights of the tides. The U.S. government 
publishes tide tables, and national weather channels 
broadcast tidal information continuously. Local correction 
tables and current tables can provide more precise infor- 
mation. Tide tables refer to the height of the tide in rela- 
tion to an average of the low tides in an area (see figure 
5.11). Wind and barometric pressure affect the height of 
tides, aiding or opposing the movement of tidal waters, Figure 5.11. Tide table. 
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Generally, it is best to dive at high tide, but you may need to time your diving 
to coincide with slack water in areas with strong tidal currents. The timing may 
not be important in areas where tidal changes are small. Consider local knowl- 
edge about the effects of tides when planning your dives. 


Waves and Surf 


Ripples form when wind blows across water. You can see this in a puddle on a 
windy day. When ripples form on a large body of water and the wind continues 
to blow, the sides of the ripples form a surface against which the wind can push 
to set the water in motion, The longer and harder the wind blows in a constant 
direction, the larger the waves that form. As waves move away from the area 
in which they were created—an area called the fetch—the tops of the waves 
become rounded, undulating forms called swells. The water within a swell moves 
in a circular motion but has little forward motion. The effect is similar to the 
transmission of a waveform along a rope that is tossed up and down at one end. 
Waves of energy travel along the rope, but the rope itself does not move forward. 

Swells are energy forms that can travel thousands of miles through water and 
still contain a great deal of energy. The top of a wave is called the crest. The 
bottom is called the trough, The distance from the crest to the trough is the 
wave height. The distance between waves is a wavelength. The time it takes 
two waves to pass a given point is a wave period. A long series of waves is a 
wave train, The greater the height of a wave and the greater the wavelength 
of a train of waves, the greater the energy contained in the waves, Two trains 
of waves can have phases during which the waves of each train reinforce one 
another and produce larger waves, called wave sets. The formation of larger and 
smaller waves can occur in phases. By timing the rhythm of the surf, you can 
make entries and exits easier by moving through the surf zone when the wave 
sets are small. Figure 5.12 illustrates fundamental concepts of waves and surf. 

The water within a passing wave moves in a circular motion (this motion is 
called an orb). The diameter of the motion equals the height of the wave at the 
surface and diminishes with depth, Motion from a passing wave can be felt to 
a depth equal to half the wavelength for a series of waves. If there is 100 feet 
(30 m) between waves, you can feel the effect of a passing wave to a depth of 
50 feet (15 m). 

When waves enter shallow water, contact with the bottom interrupts the 
circular motion of the water within the waves. The circular movements flatten 
and eventually become a back-and-forth subsurface motion called surge. Wave 
contact with the bottom causes waves to slow and to become steeper. The wave 
height increases as the depth of the water decreases. When the depth of the water 
is about the same as the wave height, the wave becomes unstable and tumbles 
forward. At this point, the water within the wave moves forward and gives up 
its energy in breaking waves known as surf. In areas with offshore reefs, sand 
bars, and underwater obstructions, waves can break in shallow water, pass over 
the obstruction, reform, and break again in shallow water near the shore. Waves 
that break offshore indicate the presence of shallow water in the area where the 
waves are breaking. 

Waves can break and release their energy all at once, or they can spill forward 
and expend their energy over a wide area. Waves that build quickly and break 
suddenly form plunging breakers, Waves that spill forward over some distance 
to shore are spilling breakers. Plunging breakers occur on steeply sloping shores, 
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Figure 5.12 Wind speed, the absence or presence of obstacles, and the shape and depth of the 
‘ocean floor influence the formation of waves and surf. 


while spilling breakers occur on bottoms with shallow slopes. Spilling breakers 
tend to reduce visibility more than plunging breakers. 

The crashing water of surf contains air. The white water and foam in the surf 
zone do not provide as much buoyancy as water that does not contain air. It 
can be difficult to remain above water in the foam of surf, but you should not 
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attempt to rise above the breakers because you can be picked up and tossed 
forward by the moving water. You should remain low in the wave and breathe 
from your scuba regulator. 

Surf rushes up the face of a beach and then flows back again to the still water 
evel. The return flow of water is called the backrush. This countercurrent, some- 
times called an undertow, does not extend beyond a depth of three feet (about 
a meter), Although backrush can be strong when surf is large on a steep beach, 
the belief that an undertow can carry a swimmer out to sea is a misconception. 

The surf’s crashing onto the shore moves sand. Gentle summer waves carry 
sand onto the beach. Large, rough winter waves carry the sand offshore, where it 
forms sand bars. This action explains why some beaches are rocky in the winter 
and smooth in the summer. 


Currents 


Currents are to water what wind is to air—fluid in motion. Because water is 800 
times denser than air, water poses much more resistance to movement than air, 
You need to know how and why water moves and how to move with it. The 
force of water in motion is too great to resist. You must learn to use the flow of 
water to your advantage. 

Wind, gravity, tides, and convection cause currents; the most common currents 
are wind-generated surface currents. Because of the rotation of the earth, cur~ 
rents flow at an angle to the wind that generates them, When the wind pushes 
water away from an area, a compensating current replaces the water displaced, 
Overall, the effect on the earth is to produce large circulating currents, called 
gyres, that move clockwise in the northern hemisphere and counterclockwise 
in the southern hemisphere, 

When wind blows along a coast, a vertical compensating current—an upwell- 
ing—occurs. Another vertical current, the opposite of an upwelling, is a down- 
welling. A strong downwelling current is rare, but it can occur under the right 
conditions where there isa steep drop-off near shore. Itis frightening to be pulled 
downward in water. You should find out if and where a downwelling occurs in 
an area, and you should avoid that location. If you get caught in a downwelling, 
swim horizontally until you are clear of the current. Trying to swim up against 
the current can lead to exhaustion and panic. 

Water flows in layers (see figure 5.13). The 
water at the surface moves quickly with 
the wind, whereas the water a few feet 
beneath the surface moves slower. 
The greater the depth, the less the 
effect of a surface current. After 
12 hours of a sustained wind in 
a given direction, the speed of a 
surface current is approximately 
2 percent of the wind that 
drives it. Because water flows in 
layers, itis possible fora surface Figure 5.13. The laminar flow of water 
Bi fa ined Sia ot a is similar to a stack of boards with rollers 

between them. When the stack is tipped, 
and for a subsurface current to the top board moves much farther than the 
flow in the opposite direction only —_ bottom board. Surface water moves more 
a few feet beneath the surface. than water at depth, 


Laminar flow 
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Surface water at the equator expands as it is warmed and flows slowly toward 
the poles of the earth, At the same time, water cooled near the poles increases 
in density and sinks. Slow-moving convection currents result. These currents 
do not affect diving procedures, but they greatly affect the oceans by moving 
nutrients and pollution. 

Water can move swiftly, and water movement intensifies whenever an amount 
of water passes through a restriction, When water moves past irregular forma- 
tions, turbulence produces dangerous eddies and whirlpools. Swift-water diving 
is a specialty that is considered hazardous even with experience and training. 

Incoming waves can pass over an underwater obstruction, such asa sand bar, 
and trap water on a shore. If the backrush of water flows back to sea through a 
narrow opening in the obstruction, a rip current exists. The current is narrow 
and strong and moves away from shore. The current dissipates shortly alter 
passing through the restricted area, You can identify rips by a fan-shaped area of 
water on the shore, by muddy and foamy water in the rip area, and by a section 
of waves that breaks before the other waves (see figure 5.14). Rip currents can 
be stationary or moving. You must learn to recognize and avoid rip currents. If 
you are unable to swim toward shore, you are probably in a rip current. Swim 
parallel to the shore for about 60 feet (18 m) to get clear of the rip; then tum 
and proceed toward shore. 

Waves breaking on a shore at a slight angle move water along the shore. The 
current is called a longshore current, and it affects diving. On steep beaches, the 
current can cut shallow trough in the bottom close to shore. The trough, called 
a longshore trench, is a sudden drop-off and can cause an unsuspecting wading 
diver to fall. Items dropped into the surf zone move along the shoreline in the 
direction of the longshore current. The movement of sand on beaches occurs 
because of wave action combined with longshore currents. 

‘Two types of currents result from all the forces of nature: standing currents, 
which are constant, and transitory currents, which occur briefly. The Gulf Stream 
that flows around Florida and up the eastern coast of the United States and the 
Antilles Current that flows through the Caribbean are examples of standing 


‘Trapped water accumulates on shore and funnols 
‘ffshare through narrow opening 
Shore 


‘Wave breaks 
‘over obstruction 


eet or sand bar 


Figure 5.14 Acclassic rip current. 
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currents. A longshore current isa transitory current. A rip current can be either 
type. You should be familiar with the currents you will encounter or may 
encounter in an area. 

Currents can flow at a rate of hundreds of feet per minute. The speed of a 
current is its drift, and the direction assumed by a current is its set. A fully 
equipped diver can swim at a rate of 60 to 100 feet (18 to 30 m) per minute (0.6 
to 1.0 knots). Attempting to fight even a mild current is a futile waste of energy. 
Strong water movement can dislodge equipment, cause regulators to free-flow, 
and cause rapid heat loss, You must learn to recognize and estimate currents. If 
the currents are strong, you must avoid them, Even if they are mild, you should 
avoid struggling against them. The primary rule for diving in currents—when 
you begin and end your dive at the same point—is to dive in a direction opposite 
the flow at the surface; then use the surface current to aid you when you return 
at the end of the dive. (See chapter 7 for techniques to estimate currents.) 

You also need to know some other general rules for diving in currents. Water 
movement is minimal at the bottom, Whenever possible, descend along a line 
from the surface to the bottom, If the current is still strong when you reach the 
bottom, ascend on the line and abort the dive. When you are unsure of your 
location during a dive, it may help to surface, determine the direction to the exit 
point, redescend, and move along the bottom toward your destination, 

When there is a surface current, you should minimize the time spent at the 
surface. Whenever possible, hold on to a fixed object at the surface to keep from 
drifting downcurrent at a dive site. When a surface current is mild, swim against 
it to maintain your position at the surface, Develop the habit of noting your 
surface position in relation to a fixed reference. If you are caught in a sudden, 
strong current, swim across it to escape from it. 

A dive in which the diver moves with the flow of a current is a drift dive. 
Simple drift dives along a coast are acceptable when planned. You enter the water 
at one point, move along the shore with the current, and exit at another point 
downstream. Another type of drift diving, which is a specialty activity, involves 
diving in currents from a boat. This type of diving is hazardous because the boat 
must be operated while divers are in the water. Do not attempt drift diving from 
boats unless you have completed specialty training and have a trained, experi- 
enced captain for the vessel. 

Potential saltwater diving hazards include body heat loss, currents, surf, marine 
life, poor visibility, and fishing nets and equipment. You can minimize the haz- 
ards of ocean diving by following the recommendations that were described in 
this section. 


Boat Diving 


All divers eventually dive from boats, either small private boats or large charter 
vessels. Space is limited aboard boats, so you should organize your equipment 
compactly and pack it in the order in which you will need it. You may need to 
carry equipment for some distance to a boat, so plan to wear your scuba tank 
and weight belt and carry a bag in each hand. One bag should contain your dive 
gear, and the other bag should hold your lunch, camera, and any items that you 
want to keep dry. 
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Charter Boat Diving 


You need to be well rested, so you should avoid partying the night before boat 
diving. Eat a meal that is free of acid and fat before you depart. Arrive at least 
30 minutes before the scheduled departure time. Check in with a crew member. 
Usually, you must sign a roster and complete some forms. Ask where to stow 
your gear, and pick out a suitable space to store your dry items. If you are prone 
to seasickness, take preventive medication before the boat gets underway. 

Tour the vessel. Locate the head (bathroom) and the emergency equipment. 
Stay out of the engine room and the wheelhouse (see example in figure 5.15). 
If you did not come with a buddy, you should find one before reaching the dive 
site. Listen carefully to the orientation provided by the captain or crewmember, 

If you begin to feel queasy after the boat gets underway, you should go out- 
side to the center of the boat and concentrate on the horizon, Sleep may help 
you acclimate to the boat's motion. If you are nauseated or vomiting when it 
is time to dive, avoid scuba diving. Vomiting underwater is hazardous. Mildly 
seasick divers may recover by snorkeling or by swimming to a nearby shore and 
waiting until they feel better, 

Diving operations begin only when indicated by the captain, When you are 
ready to enter the water, check out with the divemaster. Typically, you will enter 
the water by stepping off the side of the boat, and you will exit the water by 
boarding a swim step at the stern (rear) of the vessel. Using the anchor line for 
your descent is a good practice. 

Begin your dive against any current so that the water movement can assist 
you back to the boat at the end of the dive. Crew members often deploy a trail 
line—a long line with a float attached—to the stern for you to use in pulling 
yourself to the boat against the current (see figure 5.16). You should dive upcur- 
rent; however, if you end up downcurrent from the boat and are unable to reach 
the trail line, you should make yourself buoyant, signal the boat, remain calm, 
and wait to be picked up after all the other divers have boarded the vessel. 

If you hear a yelping, sirenlike sound while underwater, you should surface, 
The sound is from an electronic diver recall system. Remain where you are, and 
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Figure 5.15 Typical charter boat configuration. 


context of 0 Hz to infinite Hz. The 
anomalous heating exhibited by the 
Hutchison Effect shows plainly that we have 
much to learn, especially where 
thermodynamics and electromagnetism 
meet. 


The spontaneous fracturing of metals, as 
occurs with the Hutchison Effect, isunique for 
two reasons: (1) there is no evidence of an 
"external force" causing the fracturing, and (2) 
the method by which the metal separates 
involves a sliding motion in a sideways 
direction, horizontally. The metal simply 
comes apart. 


Doctor John Hutchison 


Some temporary changes in the crystalline 
structureand physical propertiesof metalsare 
somewhat reminiscent of the "spoon 
bending" of UriGeller, except that there isno 
‘onenear the metal sampleswhen the changes 
take place. One video showsaspoon flapping 
up and down like a limp rag ina stiff breeze. 
In the case of permanent changes, a metal bar 
will be hard at one end, like steel, and soft at 
the other end, like powdered lead. Again, this 
is evidence of strong influence on Van der 
Waalsforces 


The radio wave interferences involved in 
producing these effects are produced from as 
many as four and five different radio sources, 
alloperating at low power. However, the zone 
in which the interferences take place is 
stressed by hundreds of kilovolts. 


It is surmised by some researchers that what 
Hutchison hasdone is tap into the Zero Point 


Energy. This energy gets its name from the 
fact thatit is evidenced by oscillations at zero 
degrees Kelvin, where supposedly all activity 
in an atom ceases. The energy is associated 
with the spontaneous emission and 
annihilation of electrons and positrons 
coming from what is called "the quantum 
vacuum." The density of the energy 
contained in the quantum vacuum 
estimated by some at ten to the thirteenth 
Joules per cubic centimeter, which is 
reportedly sufficient to boil off the Earth's 
oceansina matter of moments 


Given access to such energies, it is small 
wonder that the Hutchison Effect produces 
such bizarre phenomena. Atthe present time, 
the phenomena are difficult to reproduce 
with any regularity, The focus for the future, 
then, is first to increase the frequency of 
occurrence of the effects, then to achieve 
some degree of precision in their control, 


The spontaneous fracturing 
of metals, as occurs with the 
Hutchison Effect, is unique for 
two reasons: there is no 
evidence of an "external 
force" causing the fracturing, 
and the method by which the 
metal separates involves a 
sliding motion in a sideways 
direction, horizontally. The 
metal simply comes apart. 


Editor: On November 17th 2003 we 
got to know that the inventor John 
Hutchison can eventually lose bis 
home laboratory. The property can be 
confiscated upon court order due to 
neighbours' complaints. Apparently, 
it is dangerous to conduct 
experiments of the kind at home and 
even within a town. We wish him 
success! 


A. V. Frolov 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 
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Figure 5.16 Divers can use a trail fine to pull themselves 
to the boat if they surface downcurrent. 


look to the boat for instructions. Lean the 
vessel's recall procedures in advance. 

At the end of the dive, return to the boat 
by swimming along the bottom or at the 
surface. You should avoid skimming (swim- 
ming just beneath the surface), because you 
cannot be seen and you could be struck by 
a passing boat. Also avoid crowding the 
exit area, Divers should exit one or two at 
a time and remain clear of divers climbing 
the boarding ladder. Retain your equipment 
until immediately before exiting the water. 
If you do not know what equipment to 
remove, ask for instructions. Immediately 
after exiting, pick up any equipment that 
you handed to someone during your exit, 
and clear the exit area to make room for 
others. 

‘After your last dive, pack your equipment 
before the boat gets underway. Be available 
fora visual roll call, which is required. Watch 
and learn from experienced divers. 

Charter boat dives provide memorable 
diving experiences. Learn the proper tech- 
niques for diving from charter boats and 
then do what you have learned. 


Small-Boat Diving 


When you plan to dive from a small boat, 
make sure the boat is equipped for safety 
and has all the equipment required by the 
Coast Guard. The boat should also have a 
first aid kit, Leave a float plan—information 
about where you are going and when you 
plan to return—with someone who can 
summon assistance if you are delayed. Have 
a radio or cell phone aboard for emergency 
communications. Check the weather and 
water conditions in advance, and reschedule 
the dive if conditions will be unfavorable or 
are marginal on the planned dive day. Diving 
is not good when the weather is bad. 
Small boats pitch, roll, and pound, so 
stow your equipment securely and expect 
it to get wet. If the trip to the dive site is 
short, you should suit up on shore. Doing 
so is easier and safer. If you must suit up in 
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a small boat, remain seated and help one another. Before you enter the water, 
make sure that there is a means to get back into the boat. More than one diver 
has been stranded alongside a boat, unable to exit the water. Display the dive 
flag, but only while diving. Deploy a trail line and float. 

The usual entry from a small boat is a seated back roll made by two divers at 
the same time. This method enables the divers to avoid rocking the boat and 
causing one diver to lose balance and fall in when unprepared. The descent 
should be down the anchor line to ensure that the anchor is set and clear. If 
possible, you should leave an operator in the boat. A sudden weather change, 
a slipping anchor, or a change of water movement could pose serious problems 
at the end of a dive if the boat is unattended. 

At the end of the dive, remove your weights and scuba unit before exiting. If 
you cannot hand them to someone in the boat, clip them to gear lines that have 
been hung over the side. Exit the water and pull in your equipment. 

Boat diving is good diving. Be prepared, conserve space, plan ahead, learn 
the rules, and follow those rules. Learn more about boating to make boat diving 
more enjoyable. Complete a course in seamanship and small-boat handling. 


Summary 


The aquatic environment is vast and wonderlul, We depend on it for our exis- 
tence. We need to learn about it, care for it, and respect it. We must protect the 
environment and encourage everyone we know to assist in that effort. Because 
the environment varies greatly from place to place, you need an area orienta~ 
tion before diving. There are hazards in the underwater world, just as there are 
hazards on land. You can minimize aquatic hazards with training, experience, 
planning, proper procedures, and common sense. 


Application-of-Knowledge (AOK) Questions 

This chapter provides knowledge but does not explain how to apply it. In the remain- 
ing chapters you will learn the skills for diving in various environments. Right now 
you need to digest what you know about the diving environment and consider how 
it might affect your diving. 

1. In what ways will the temperature of the water affect your diving? 

2. In what ways will the visibility under water be affected by the environment 

and by you? 

3. What ways can you recall that can help you manage currents while diving? 
When you encounter strange animals while diving, how should you respond? 
5, How much training and experience are required until you are able to dive 

anywhere at any time? 

6. When you are an experienced scuba diver, where is the safest and most 
comfortable place to be when diving? 

7. Ifyou were equipped for diving in the ocean and wanted to dive in fresh water, 
what equipment changes would you need to make? 


8. What do you think you need to know about diving conditions when you intend 
to go diving? 
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Dive In and Discover 


By the end of this chapter, you will 
be able to do the following: 

© Prepare, assemble, don, adjust, 
inspect, and disassemble your 
‘equipment for skin and scuba 
diving. 

© Demonstrate 16 skin and scuba 
diving hand signals. 

© Explain how to test and control 
buoyancy. 

© Explain how to clear water from 
a mask, a snorkel, and a scuba 
regulator. 

© Explain how to descend, swim 
with fins, and ascend when skin 
and scuba diving. 

© Explain how to handle, remove, 
and replace skin and scuba 
diving equipment. 

© Describe various entry and exit 
techniques for skin and scuba 
diving. 

© Explain how to use dive flags. 

© Explain the buddy system and 
lost buddy procedures. 

© Explain how to use a compass 
for underwater navigation. 

© Explain how to prevent 
and manage seasickness, 
dizziness, stress and panic, 
overexertion, coughing, cramps, 
entanglement, loss of buoyancy 
control, loss of air supply, and 
dive emergencies. 

© Explain how to rescue a diver 
who is not breathing and the 
first aid procedures for an 
injured scuba diver. 

© Define the terms buddy system, 
flutter kick, scissors kick, 
modified frog kick, dolphin kick, 
surf, neutral buoyancy, diver's 
push-ups, open-valve ascent, 
reference descent, nonreference 
descent, buddy line, compass 
heading, compass course, 
reciprocal compass course, 
flaring, and buddy breathing. 


138 


You will learn most of the diving skills in controlled 
conditions; when you have developed the basic skills, you 
will apply them in open water. (Open water is any body 
of water representative of dive sites in the local area.) 
When you can demonstrate the skills of diving in open 
water, you are ready to receive your diving certification, 


Preparing to Skin Dive 


This section covers the skills of skin diving, many of 
which apply to scuba diving. When you swim at the 
surface and breathe through a snorkel, you are snor- 
keling. Scuba divers snorkel to conserve the air in their 
cylinder for underwater activities. When you breathe 
through a snorkel at the surface, hold your breath, and 
dive beneath the surface, you are skin diving. Asa diver, 
you need to master the skills of snorkeling, skin diving, 
and scuba diving in order to enjoy all that the underwater 
world has to offer. 


Preparing Equipment 

Be ready to start your lesson when you come to your first 
water session. Prepare your mask, snorkel, and fins in 
advance. Clean your mask lens thoroughly so it will not 
fog (a description of the cleaning procedure is provided 
in chapter 4). Adjust the mask strap so it is snug but not 
tight. Attach the snorkel to the mask strap on the left 
side, and adjust the snorkel so it is comfortable in your 
mouth, If your fins have heel straps, adjust them so they 
are snug but not tight. Complete all adjustments before 
your first water session, 

Inspect your skin diving vest or buoyancy compensa- 
tor by inflating it, making sure it does not leak, and then 
deflating it. Put it on, reinflate it, and adjust the strap or 
straps so it will stay in position in the water. You may 
need to use a strap that runs between your legs and 
attaches to the front and back of the flotation device to 
keep it from riding up when you are in the water. 

If you wear an exposure suit, your instructor will sug- 
gest an initial amount of weight for your weight belt, 
Adjust the length of the belt at the buckle end so the 
excess strap at the opposite end does not exceed 6 inches 
(15 cm). Allow 2 inches (5 em) for each two-slot weight 
that you thread onto the belt. Distribute the weight on 
both sides of the belt so that you will be balanced in the 
water. Lock the weights in place with weight retainers. 

Mark your personal equipment with your initials so 
that you can identify it. You can use special paint or 
markers (available at dive stores) or colored tape. Pack 
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your equipment—with the exception of your weight belt—in 
a gear bag. Place the items you will don last, such as your fins, 

on the bottom, Place the items you will don first, such as your exposure suit, 
on the top 


Donning and Inspecting Skin Diving Equipment 

Don the pants or legs of your exposure suit first, then your boots, and then the 
top part of your suit. Donning a snug-fitting wet suit is easier if you wet the inside 
of your suit with water (to which you have added some mild shampoo) or if you 
wear a spandex suit as an undergarment. Place the ends of the legs of your wet 
suit over the tops of your boots so that water can drain from your suit when you 
exit from a dive. If the boots are outside the legs of your wet suit, water from 
the suit will balloon your boots when you get out of the water. If you become 
warm while donning the exposure suit, cool yourself before proceeding with 
your preparations. For open-water diving, don a cold-water hood before don- 
ning your wet suit jacket so that the skirt of the hood is underneath your jacket. 

After you put on your exposure suit, you should clean and defog your dive 
mask and then set it aside until you are ready to don it (see the description of 
the cleaning procedure in chapter 4). Leave about 1/2 inch (1.27 cm) of water 
inside the mask so it will not dry before you put it on, and place the mask where 
it will not get damaged 

Don your skin diving vest or BC next. Place the skin diving vest over your 
head, and then secure the straps, Inflate the vest fully to make sure it will not be 
too tight, The straps should be as snug as possible without being uncomfortable 
or interfering with breathing, 

Don your weight belt after the skin diving vest so the belt will be clear of the 
vest straps. Grasp the free end of the weight belt (the end without the buckle) 
in your right hand, and grasp the buckle end in your left hand. Pick up the belt, 
step through it, pull it into position across your back, and bend forward so that 
gravity supports the weight of the belt. Then tighten the belt and secure the 


quick release, Always wear the weight belt with a right-hand release, even if 
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you are left-handed, so that a rescuer will know how to release your belt in an 
emergency. If you always hold the free end of the belt in your right hand when 
donning it, you will always have a right-hand quick release. 

Don the remainder of your skin diving equipment—mask, snorkel, and fins—at 
the water's edge or, if itis calm, in the water. Place the mask on your forehead 
and pull the mask strap over the back of your head using both hands to position 
the strap. Position the mask on your face, clearing any hair from beneath the 
sealing edge of the mask. Reposition the mask strap so it lies flat. If the mask has 
a split strap, position the split above and below the crown of your head. Don 
your snorkel when you don your mask. Check the adjustment of the snorkel 
when your mask is in place. 

Stabilize yourself when putting on fins so that you don’t lose your balance 
and fall. Hold on to your buddy (see “The Buddy Diving” section later in this 
chapter) or an object for support, or sit at the water's edge. Hold one side of a 
fin, bend one leg into a figure-four position, push the fin onto your foot, and 
pull the strap or heel pocket into place (see fi 
other fin. Avoid walking with fins. If you must walk a few steps while wearing 
fins, shuffle your feet and walk backward. If you try to walk forward, you can 
lose your balance or damage your fins 

After you have donned your equipment, you should inspect it for complete- 
and adjustment. When you are satisfied with your 


ure 6.1). Repeat the process for the 


ness, correct positioning 


Donning fins. 
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equipment, inspect your buddy’s equipment while he inspects yours. Inspect 
from head to toe. You may be able to see something that your buddy could not 
see, or vice versa, Develop the habit of inspecting each other's equipment before 
every dive. 


Skin Diving Skills 
Diving skills can be divided into three categories: skin diving skills, scuba diving 
skills, and problem management skills. This section introduces skin diving skills. 


Using Skin Diving Hand Signals 


You cannot talk with a snorkel in your mouth and your face in the water, so you 
must use hand signals as a primary means of communication, You need to learn 
and use the standard hand signals shown in figure 6.2. You will learn additional 
hand signals for scuba diving. Display hand signals clearly and deliberately when 
you send them, and acknowledge all hand signals you receive. 


Figure 6.2 Skin diving hand signals. 


1. Descend 2. Ascend 3. Stop 
4a. 0K 4b. 0K 40. OK 


'5, Something's not right 6. Emergency 
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Using a Skin Diving Vest 


You inflated and deflated your skin diving vest as part of your diving preparations. 
You also need to learn how to deflate and inflate the vest in the water. To deflate 
the vest, position your body so the vest’s exhaust port is the highest point. Hold 
the deflation valve open while you sink lower in the water. The water pressure 
helps force the air from the vest. You may have to hold the collar of the vest 
down with one hand to remove the air from that area. When you have vented 
all of the air from the vest, close the valve to prevent water from entering. Get 
your buddy to confirm that all the air is out of your vest. 

Inflating the vest in the water is easier with your head underwater instead of 
above water. Take a breath of air, duck your face beneath the surface, insert the 
oral inflator into your mouth, open the valve, exhale into the vest, and close the 
valve, Repeat this process until you have the desired buoyancy. 


Testing Buoyancy 


Your buoyancy should be neutral at the surface. If you are too buoyant, you 
will have to struggle to descend and remain underwater. If you are not buoyant 
enough, you will tire quickly at the surface and sink while swimming under- 
water. You must be able to adjust your buoyancy correctly. 

If you are wearing an exposure suit, you need weights to offset the buoyancy 
of the suit, With all equipment in place, position yourself in chest-deep water. 
Exhaust all air from your skin diving vest, Take a full breath, hold it, lift your 
feet from the bottom, and remain motionless while you slowly count to 10. If 
you sink, remove some weight and try again. If you exhale half of the air in your 
fully inflated lungs and still can’t submerge, you need to add weight until you 
can, When your weighting is correct, you remain at the surface while holding 
a full breath and sink when exhaling. Adjust your weighting until you achieve 
neutral buoyancy, which means that you neither sink nor float when holding 
an average breath. Have your buddy watch while you make the final test. With 
your lungs about half full of air, the top of your head should remain even with 
the surface of the water when you are motionless in a vertical position, 


Clearing the Mask 


‘When your head is above the surface, water inside a mask will run out if you pull 
the bottom of the mask away from your lace. Water inside a mask underwater 
also flows out the bottom of the mask if you displace the water with air. Putting 
air inside the mask is easy: Just exhale lightly through your nose. A long, light 
exhalation is better than a short, forceful one because a strong exhalation blows 
air past the seal of the mask and does not displace water effectively. 

To clear a mask that has a purge valve, seal the mask against your face, tilt your 
head downward to make the purge the lowest point in the mask, and exhale 
through your nose until the mask is clear of water. To clear a mask without a 
purge, hold the top of the mask against your forehead, take a breath, and start 
exhaling slowly (see figure 6.3). When the level of the water is below your 
eyes, tilt your head back while continuing to exhale, and the remainder of the 
water will flow out the bottom of the mask, You must be exhaling when you 
tilt your head back or water will run up your nose. Bubbles from the bottom of 
the mask indicate when you have cleared all the water from your mask, It may 


Figure 6.3. Clearing a mask. 


sound as though it takes a long time and a lot of air to 
dear a mask, but with practice you will be able to flood 
and clear your mask several times alter a single inhala- 
tion, Clearing requires only a few seconds 


Using the Snorkel 


Stand in the water and lean forward with the snorkel 
in your mouth. Place your face in the water and inhale 
gently. If you inhale forcefully at first, you might inhale 
water, When you are sure the tube is clear, you may 
breathe more forcefully through your snorkel. When 
you descend beneath the surface, the snorkel tube can 
{ill with water, Self-draining snorkels drain nearly all the 
water from the tube when you surface. 

If your snorkel is not the self-draining or water exclu- 
sion type, you have to blast the water from the tube with 
a strong, sharp exhalation, To do this, blow hard into the 
snorkel to force the water out, Inhale cautiously after 
exhaling. If a little water remains in the tube, you can 
breathe past it if you inhale gently. After you fill your 
lungs again, expel the remaining water with another 
forceful exhalation. 

If you have a simple snorkel without valves, you can 
dear the tube while ascending by using the displacement 
method. Begin by looking up to invert the snorkel; then 
exhale a small amount of air into the tube. As you ascend, 
the air expands according to Boyle’s law and displaces the 
water in the tube, which will be clear of water when you 
reach the surface. The tube is inverted at this point, how- 
ever, so when you turn it to the upright position, water 
will flow into the tube unless you exhale while rolling 
your head forward at the surface. Continuous exhalation 
prevents water from entering the tube, When you use 
the displacement method, which is easier than the blast 
method, you can take a breath the moment you reach 
the surface. Figure 6.4 shows the displacement method. 

Figure 6.4 Displacement method of 
clearing a snorkel, 
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Learn to keep the snorkel in your mouth when you are in the water, Avoid the 
temptation to remove the mouthpiece and shake the water from your snorkel. 
You do not have to remove the mouthpiece when you can clear your snorkel 
proliciently. When your hands are occupied, you will not be able to remove and 
replace the snorkel to clear it. 


Using Fins 


Fins provide large surfaces that you can push—using the strong muscles of your 
legs—against the water for propulsion, The blades of the fins need to push the 
water the way a broom sweeps a floor. A broom cannot sweep if you move it up 
and down, and your fins will not provide propulsion if you move them length- 
wise in the water. You must kick them back and forth in wide, sweeping kick: 
Small fins allow short, quick kicks, but larger fins require wider, slower kick: 
Moving efficiently, not speedily, is your objective when wearing fins. 

The most common fin kick is the flutter kick, which is an up-and-down kick 
that you can do facing down, up, or to the side. Your fins need to be underwater 
to provide propulsion, It is easier to keep your fins submerged at the surface 
when you are on your back or on your side instead of your belly. Move your 
legs up and down from the hip while bending your knees only slightly. Extend 
your legs almost fully throughout each stroke, and use wide, slow kicks. Keep 
your hands at your sides or extend them in front. Do not use your hands and 
arms to swim. Figure 6.5 shows the flutter kick. 

The scissors kick, shown in figure 6.6, is a resting kick. The scissors kick is 
similar to a flutter kick, but it requires less energy. While lying on your side, 
slowly extend one leg backward while you extend the other leg forward, and 
then pull your legs together quickly. Hold a streamlined position with your toes 
pointed while you glide through the water. When you come to a stop, repeat 
the stroke, Extend your legs almost fully throughout the stroke, 

A modified frog kick is useful because it uses different muscles than the 
flutter and scissors kicks. Changing kicks is helpful if you become tired or 
develop leg cramps. The modified frog kick is different from a swimmer’s frog 
kick. Assume a facedown position with your fins perpendicular to the bottom. 
Rotate your ankles so that the tips of the fins point outward, slide the fins tip 
first in an outward direction, then pull the bottoms of the fins together quickly 
in a wide, sweeping arc. Extend your legs almost fully throughout the stroke, 
and then hold the final position with your feet together and your toes pointed 
while you glide (see figure 6.7). When you come to a stop, repeat the stroke. 


The dolphin kick is also useful for a change of pace or if you lose a fin, Hold 
both feet together continuously. Exert force against the water with a wavelike 
up-and-down motion of your body. To begin, straighten your body, extend your 
feet together, bend your shoulders forward, and pull your feet slightly backward. 
Next, lift your shoulders, thrust forward forcefully with your hips, and then pull 
down with your fins. When you see this kick demonstrated, you will be able to 
learn it by imitation, If you lose a fin, you can use the dolphin kick to propel 
yourself, Cross your legs and put the leg without a fin behind the one that has 
a fin, Figure 6.8 shows the dolphin kick, 


Performing Surface Dives 


You need to be able to dive down to see the beautiful world beneath the surface. 
The initial dive beneath the surface of the water is a surface dive. The principle 
ofa surface dive is simple: You raise part of your body above the water and point 
yourself straight down; the part of your weight above the water drives you down- 
ward. Once you are submerged, you start swimming to continue your descent. 

You should learn three types of surface dives: the pike, the tuck, and the feet- 
first dive (see figure 6.9). You do the pike dive while moving forward at the sur- 
face, Bend forward at the waist to make your trunk vertical in the water. Next, 
quickly lift your legs out of the water to a vertical position. The more of your legs 
you can lift out of the water, the farther your surface dive will push you under 
the water. For shallow dives, you can do the pike dive by lifting only one leg 

When you have learned the pike dive, you are ready for the tuck dive, which is 
similar. Do the tuck dive from a stationary position. Begin in an upright position 
in the water, pull your knees to your chest, and sweep backward with your arms 
to roll yourself forward in the water. When you are inverted, extend yourself 
fully into a vertical position. The procedure is a coordinated movement that you 
must do quickly to get your legs above water. After you extend your legs, the 
remainder of the dive is the same as the pike dive. 

Use a feet-first dive in areas where surface plant growth is dense because you 
are less likely to get entangled. Begin in a stationary, upright position, and use a 
strong scissors kick to propel yourself up and out of the water as far as possible. 
Pull your arms downward to your sides for added lift. When you reach the highest 
point, point your toes downward, and hold your arms to your sides. The weight 
of your body will push you below the surface. Raise your arms upward when 
you are below the surface to push yourself even lower. When your downward 
momentum ends, do a tuck dive to invert yourself, then continue your descent. 
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Pike 
Tuck 
Feetfirst 


Figure 6.9 Surface dives. 


Performing Descents, Underwater 
Swimming, and Ascents 


To prepare to descend, vent all air from your flotation device. Use an ear-clearing 
maneuver (described in chapter 3) at the surlace so that it will be easy to equal- 
ize pressure in your ears while you descend. Hyperventilate three times, inhale 
as fully as possible, and don’t exhale until you return to the surface. 

Initiate your descent with a good surface dive. Equalize the pressure in your 
ears and mask every couple of feet during your descent. Use wide, slow, powerlul 
kicks to propel yourself to your desired depth, and then relax as much as possible. 


Swimming underwater sounds simple, but some 
people have trouble controlling direction. Your 
head is your rudder, Pull your head backward while 
swimming facedown to go up. Bend your head 
forward to go down, Bend your trunk to the left 
or right to turn, With practice, you can go in any 
direction you choose without using your hands. 
Follow these four rules for ascents: 


1. Reach up; extend one arm over your head 
for protection (see figure 6.10) | 


. Look up to avoid obstructions and to deter- 
mine when the surlace is near. 


Nw 


3. Come up slowly. A slow ascent is better than 
a rapid ascent because swimming rapidly 
uses more oxygen. 

4, Revolve once or twice during your ascent to 
check your surroundings. 


Alternate breath-hold dives with your buddy. 
One diver should remain at the surface, watching, 
while the other diver is underwater. Make sure 
your buddy knows where you are at all times, 


Handling Equipment 


Occasionally you may need to remove, adjust, and 
replace skin diving equipment while you are inthe _ Figure 6.10 Extend your arm for protection 
water. You should be able to handle your equip- 4uting a skin diving ascent. 

ment easily with training and practice. 

To remove, adjust, and replace your mask, begin by inflating your skin diving 
vest. Because you will make the adjustment above water, you should use buoy- 
ancy to reduce the effort. After you make the adjustment, replace your mask 
using the procedure for donning the mask described earlier in this chapter. 

You may need to adjust a fin strap or remove sand or gravel from your fins 
while diving. The fins are easier to remove, adjust, and replace than the mask 
is. You do not need as much buoyancy to work with your fins because you can 
look into the water and make the adjustment underwater. In fact, too much air 
in your skin diving vest can be a nuisance. Keep your face in the water, breathe 
through your snorkel, and work with one fin at a time. 

You may need to tighten, adjust, or replace your weight belt. The weights may 
slip, or the belt may fall off, To tighten or replace your weight belt, you need to 
get the belt across the small of your back while you are in a facedown position 
breathing through your snorkel, If you try to replace or tighten the belt in an 
upright position, you will have a constant fight with gravity. When you are in 
the correct, facedown position, gravity becomes your ally while you secure the 
buckle. To get the belt into position across your back, begin in an upright posi- 
tion, holding the free end of the weight belt against the outside of your right 
thigh, Lean back into a horizontal, faceup position momentarily, and then roll to 
your leit to a facedown position while continuing to hold the free end of the belt 
against your right thigh. At this point, the belt will be draped across the backs 
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of your thighs. Clear your snorkel so that you can breathe. While holding the 
free end of the belt in your right hand, reach down with your left hand, grab the 
buckle end, pull the belt into position across your back, and secure the buckle. 


Removing Equipment 


Your equipment helps you adapt to the underwater environment. Develop the 
habit of keeping your equipment in place while you are in the water. You may 
need to defog your mask or make an adjustment, but other than that you should 
wear your equipment continuously. Avoid the tendency to prop your mask on 
your forehead when you are at the surface. Mask propping is a sign of distress 
and a good way to lose your mask and snorkel. If you must remove your mask 
while in the water, pull it down around your neck where it will be secure. 

Bottom conditions at the dive site determine whether you should remove 
your fins when leaving the water. In some areas, you can remove your fins in 
waist-deep water and wade out of the water. In other areas, you need to wear 
your fins until you are clear of the water. Fins can be removed in several ways. 
When you prepare to climb a boat ladder, hold the ladder continuously while 
crossing your legs in a figure-four position to remove each fin, If the boat has a 
platform at the rear, swim onto the swim step and remove your fins in a kneel- 
ing position, When you remove fins in waist-deep water or on land, you should 
use your buddy for support. On steep beaches, you may choose to crawl from 
the water. Your buddy can remove your fins while you are on your hands and 
knees. Your buddy then crawls ahead of you, and you remove your buddy's fins. 
When you stand up, you exchange fins. 

Weight belt removal also varies. When you can walk or climb out of the 
water, keep your belt on while doing so. When you remove a weight belt, lower 
it gently instead of dropping it. You can cause damage or injury if you develop 
the habit of dropping your weight belt, If you must pull yourself onto a dock or 
into a small boat, remove your belt first and hand it up. 

Keep your skin diving vest in place until you are clear of the water. Remove 
your skin diving vest, and then your wet suit. Remove your wet suit by turning 
it inside out. Be sure to remove your boots before your wet suit pants. You will 
need assistance from your buddy to remove a pullover jacket or a jumpsuit. 


Preparing to Scuba Dive 


Nearly all of the skills of skin diving are used in scuba diving, but you need to 
learn many additional skills for scuba diving. This section introduces the prepara 
tory skills of scuba diving; the next section covers basic and postdive skills, The 
more familiar you become with the skills by studying them, the better you will 
be able to perform them, You must learn the skills correctly from the outset in 
order to develop good habits for diving safety. 


Packing Equipment 


Nothing is more inconvenient than getting ready to dive and discovering that 
something is missing or not right. You should take steps to prevent equipment 
inconveniences. Begin by using a checklist when you pack your diving equip- 
ment to ensure that you have everything you need (see the diving equipment 
checklist). After taking inventory, inspect your equipment as you pack it. If you 


have not used your equipment for a while, 
assemble it and test it first. Make sure every- 
thing works properly. 

Pack your equipment in your gear bag— 
except for your weight belt, tank, and BC 
When you have to carry your equipment, 
put your BC on your tank, and carry the 
tank on your back, Carry your gear bag in 
one hand, and carry your weight belt in the 
other hand. Equipment-carrying devices 
with roller wheels can reduce the work of 
moving your diving equipment (see figure 
6.11) 


Assembling Equipment 


Today’s backpacks are part of the BC and 
have one or more bands to secure the scuba Figure 6.11 A gear bag with wheels 
cylinder. Many of the bands are made of | ©@" make transporting equipment easier. 
webbing, which stretches when wet. Soak 
a fabric tank band in water for a couple of 
minutes before securing it around a scuba 
tank. The soaking softens the webbing and 
allows it to stretch when you tighten the 
band. A dry fabric belt may allow the tank to 
slip when the band gets wet and stretches. A 
tank that slips from a pack can be a hazard 

Orient your backpack with the opening of 
the tank valve facing the backpack. Stand the 
tank up with the valve handle facing to your 
right. Slide the tank band over the tank with 
the tank between you and the pack. Tighten 
the band so the valve opening points directly 
toward the pack (see figure 6.12). 

The height of the tank band on the tank 
varies with the type of backpack. Generally, Figure 6.12 Strapping the backpack 
the top of the pack is even with the base of to the tank 
the tank valve. After you attach the pack 
and before you attach the regulator, don the scuba tank and check the height 
adjustment by slowly tilting your head backward. If your head hits the tank 
valve, the tank is too high in the pack. Reach over your shoulder for the tank 
valve. If you cannot touch it, the tank is too low in the pack. Adjust the height 
as needed. When you become familiar with the correct height adjustment, you 
will not need to test it before completing the assembly of the scuba unit, but you 
should check it before entering the water. 

Tighten the band as much as possible before securing it, and test the tightness 
by grasping the tank valve with one hand and the top of the pack with the other 
hand. Try to move the pack up and down on the tank. If there is movement, 
the band needs to be tighter. 

Attach the regulator assembly to the scuba tank. The tank valve should have 
a valve protector or a piece of tape over the valve opening. Remove the cover 
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or tape (but do not litter—put the tape in a trash container or in your gear 
bag). Make sure that the O-ring remains in place and is free of debris. Loosen 
the regulator yoke screw, and remove the dust cover. If your regulator second 
stages have purge depressors, release the purges. Expel any water or dirt from 
the valve by opening the tank valve slightly and momentarily before you attach 
the regulator to the tank. 

Your regulator has several hoses. Orient the hose to your primary second 
stage toward the same side of the tank as the handle of the tank valve so that 
the hose will come over your right shoulder. When you orient the hose this 
way, the other hoses are properly oriented automatically as long as they are 
untangled and can hang freely. 

Carefully seat the inlet opening of the regulator on the tank valve outlet, and 
then turn the yoke screw or DIN fitting until it is snug but not tight. Tighten the 
fittings using only your fingers and thumb. See figure 6.13 for an example of a 
regulator attachment. 

Attach the various regulator hoses to the scuba unit, It is easier to attach the 
low-pressure hose to the BC before you pressurize the hose, Attach your instru- 
ment console to the BC, but do not attach your extra second stage yet 

Turn on the air, Hold the SPG with the front facing away from you and others 
so it will not cause an injury if it fails when pressurized, The SPG blowout plug 
should prevent an explosion from occurring, but holding the gauge is a good 
precaution, Open the tank valve slowly in a counterclockwise direction. Open 
the valve all the way; then close it one-quarter turn. You should feel the hoses 
stiffen under pressure. Listen for leaks in the system. If the regulator [ree-flows, 
cover the mouthpiece opening with your thumb to stop the flow. If air leaks 


Your regulator and hoses should look like this if attached correctly to the 


cylinder. 


from the tank valve seal, turn the air off, remove the regulator, and inspect the 
seal. You may have to replace the O-ring. Solve alll air leakage problems before 
you use the scuba unit. 

Testing the unit is the final step. Use your SPG to make sure the tank is full. 
Reset instruments in your console as needed. While looking at the SPG, depress 
the regulator purges momentarily to test the second stages and clear them of any 
debris; then breathe deeply through each second stage several times. The tank 
pressure reading should remain constant while you breathe from the regulator, 
If the pressure reading drops when you inhale, you have not opened the tank 
valve sufficiently. Do not open the valve partially to check the pressure of the 
tank. When you have finished testing the regulators, attach the extra second 
stage to the BC. Depress the low-pressure inflation valve on the BC for one or 
two seconds to make sure the valve functions correctly. When you have com- 
pleted the assembly and testing of the unit, lay it on its side with the regulator 
and instruments on top. 

Equipment assembly procedures are the same for both new and experienced 
divers. Always assemble and test your scuba equipment before you suit up. 
Practice will help you recall the assembly procedures. 


Donning and Inspecting Scuba Equipment 


With skin diving equipment, you don the weight belt after the skin diving vest, 
but with a jacket-type BC, you should don the weight belt before the scuba unit, 

A good way to don a scuba unit out of the water is for your buddy to hold the 
system and help you into it. Once your arms are through the shoulder straps, 
you should bend forward and balance the unit on your back while you secure 
the waistband. Place the regulator hoses over your shoulders while you fasten 
the waistband so the hoses are not trapped beneath the waistband, Some dive 
boats have vertical tank racks on seats to allow you to sit while donning the 
system. Do not sit on the deck or ground to don a scuba tank, however, because 
the tanks of other scuba divers can strike you in the head. 

Some divers prefer to don the scuba unit in the water—this is a good practice 
if you dive from a small boat or have a minor back problem. Put the scuba unit 
into the water first. Make sure that it does not float away! To don a jacket BC 
unit in the water the way you would don a coat, inflate it fully, sit on it, put your 
arms through the arm holes, and slide off and into the unit, Or you may put 
your scuba unit on over your head. Maneuver the tank in front of you with the 
valve facing you and the backpack facing up. Place the regulator in your mouth 
and keep the hose of the primary second stage between your arms. (If you place 
your right arm inside the loop of the hose, the hose will wrap around your arm 
when you try to lift the tank over your head.) Place your forearms completely 
through the arm holes just past your elbows, and begin to lift the scuba unit 
over your head. Rather than lift the unit, you should push yourself down in the 
water and duck beneath the scuba unit. Lower the tank into position on your 
back, Use your left hand to pull your snorkel clear of your BC as the tank lowers 
into position, When the tank isin place, lean forward and secure the waisthand, 

When you have donned your scuba equipment and the remainder of your 
diving equipment, inspect all your equipment to make sure it is positioned, 
adjusted, and functioning correctly. Your buddy should do likewise. Then inspect 
each other's equipment. 
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Do a head-to-toe buddy check. Specific checks for each item of equipment 
are listed in the Head-to-Toe Buddy Check sidebar. 

Equipment inspections are important. Solving problems is easier before you 
enter the water than afterward. It does not take much time to inspect each 
other's equipment, but the practice can save a lot of time later. Make predive 
inspections a habit. 


Scuba Diving Skills 


To be a scuba diver and enjoy diving with minimum risk of injury, you need 
to learn the proper procedures for entering and exiting the water, controlling 
your buoyancy, descending and ascending, monitoring your instruments, and 
coordinating with a buddy. This section provides a helpful introduction to these 
skills, but you must learn them by doing. You will learn the skills in pool-like 
conditions and then apply them in open water. 


Using Entry Techniques 


The four basic types of water entries for divers are wading, seated, feetfirst, and 
back roll, You need to learn when to use each type and the procedures for each. 
The objective of any entry is to get into the water as easily as possible without 
injuring yourself or losing any equipment. After you enter the water and are 
under control, switch from your regulator to your snorkel if you are going to 
swim or remain at the surface. 

You can make open-water entries from the shore or from a boat. You can wade 
in from the shore, or you can enter from an artificial structure such as a dock, 
pier, or jetty. The conditions vary greatly, and so do the entry techniques. Surf 
may be a factor at some locations, Bottom conditions can range from smooth 
and soft to rough and firm, The bottom may slope gradually or steeply, and there 


Mle Head-to-Toe Buddy Check 


Mask In place, flush on face, no hair under skirt, not fogged 


Snorkel Attached to left side of mask 


Scuba cylinder _ Valve open all but a quarter turn, valve facing user's right 


side, height OK, snug in pack 
SPG Full pressure, not damaged or leaking 


Scuba regulator Primary and alternate air sources function OK, both 
buddies know the placement of the alternate air systems, 


regulator hoses oriented properly and free for use 
Buoyancy compensator _Inilates and deflates properly 


Weighting system In place, proper amount of weight, right-hand quick 
release accessible, weights clear to drop, both buddies 


familiar with weight release system 
Exposure suit — Properly positioned and zipped 
Dive knife Attached properly, easy to access, secured 
Fins Securely strapped or worn 
Instruments — Watch, dive timer, or dive computer ready for use 


may be holes and drop-offs. Plants, animals, and rocks may be present in the 
entry area. A good entry technique for one location may be inappropriate for 
another. It takes experience and knowledge of the area to determine an effec 
tive entry procedure. 

You need to know some general techniques when making wading entries at an 
open-water site, A wading entry sounds simple, but keep in mind that diving 
equipment affects your center of gravity, your mobility, and your peripheral 
vision. You must walk backward or sideways when wearing fins. 

If there is little or no surf, you can wade in, don your fins, and begin your dive. 
Breathe through your regulator and have your BC inflated partially. Shuffle 
your feet to detect holes and rocks and to chase away bottom-dwelling creatures 
(see figure 6.14), When the water reaches your thighs, lie down in the water 
and start swimming. In some areas with muddy bottoms, you should not wade 
because you can sink deeply into the mud and lose a fin when you try to extract 
your foot. When the bottom is firm and the water is calm, you can wade into 
the water without your fins and don them in the water. It is helpful to have 
information about the bottom conditions of a dive site. 

In most areas where there is surf, you should don your fins before you enter 
the water, and you should not remove them until you are clear of the water alter 
the dive. Time your entry to coincide with small waves (see the discussion of 
waves and surfin chapter 5). Keep all equipment in place, and breathe through 
your regulator, Deflate your BC because you need to duck beneath breaking 
waves when they are higher than your waist. If you inflate your BC, you will be 
unable to duck beneath the waves, and a large wave could lift and toss you. Hold 
your mask with one hand at all times; spread your fingers and curl them over 
the top of the mask so you can see. Keep your knees bent and shuffle sideways 
into the waves to minimize your profile to the moving water. Stop moving just 
before a wave hits you, allow the wave to pass, and then resume your shuffling 
until the water is deep enough for you to swim. Allow incoming waves to pass 
over you, and move through the surf zone quickly. 

From a commercial dive boat, you can enter the water from the side or froma 
water-level platform at the back of the boat. Have all equipment in place, breathe 


Figure 6.14 When 
entering surf, shuffle 
sideways (keeping knees 
bent), hold your mask, 
and lean into waves. 
Courtegy of Fred Humphrey, 
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Introduction 


A few years ago, Zaev [1, 2] demonstrated 
experimentally the possibility of heat to 
electrical energy conversion by means of 
ferroelectrics. A capacitor filled with a 
ferroelectric material was charged and 
discharged periodically at a temperature just 
alittle lower than the Curie point. According 
to Zaey, the capacitor must have a nonlinear 
capacitance dC/dV > 0, which means the 
capacitance increases with rising voltage. 
Besides these experimental results, it was 
proven by a theoretical calculation that the 
electrical energy obtained during discharging 
can reach up to 1.35 of the energy introduced 
to charge the capacitor. The present paper 
presents an inexpensive and simple electric 
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circuit which can be used to prove heat to 
electricity conversion experimentally. 
Moreover, the physical mechanism of heat to 
electricity conversion isexplained in the form 
ofa thermodynamic cycle. 


Thermodynamic cycle for energy 
conversion 


The following thermodynamic cycle is 
composed of four reversible steps. It works 
only at a temperature just a little lower than 
the Curie point, where the dielectric constant 
ishighly temperature dependent. Fig. 1 shows 
the relative dielectric constant of a 
representative ferroelectric ceramic as a 
function of temperature. 
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Relative dielectric constant versus temperature for a barium strontium titanate ceramic (80% Ba, 20% Sr) 
prepared by the author. Curie point = 55°C. 
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from your regulator, and hold your mask securely. Have any specialty items, 
such asa camera, handed to you after you are in the water; another option is to 
retrieve these items from an equipment line. When entering from the side of a 
boat, note the direction of boat movement, Wind will cause an anchored boat 
to swing from side to side. If you enter the water on the side of the boat when 
the boat is moving in that direction, the boat may pass over you after you enter. 

You can do a controlled, seated entry from a dock, from a swimming platform 
on a boat, or from any surface where you can sit close to the water, whether 
the water is only a few feet deep or too deep for standing. With all equipment 
in place, turn and place both hands on one side of your body on the surface 
that you are seated on. Then lift yourself slightly, move your body out over the 
water, and lower yoursel! into the water. A controlled, seated entry is a simple 
and easy entry (see figure 6.15) 

Use feet-lirst entries when the distance to the water is too high for a seated 
entry, such as when entering from a commercial charter boat. Two types of leet- 
first entries can be used: giant stride and feet together. 

Use the giant-stride entry, shown in figure 6.16, when the distance to the water 
is about 3 to 5 feet (1 to 1.5 m) and you want to remain at the surface during 
the entry. Stand at the entry point with your equipment in place and your BC 
partially inflated. Observe the point of entry and make sure the area is clear. Hold 
your mask firmly with one hand, spreading your fingers so you can see. Look 
straight ahead while stepping out with one leg. The entry is a step, not a hop 
or a jump. If you step out as far as you can, your trailing leg follows automati- 
cally. Keep one leg extended forward and the other leg extended backward until 
you hit the water; then pull your legs together quickly to stop your downward 
momentum. As soon as you stabilize at the surface, turn and signal that you are 
OK, and then move away from the entry point so that the next diver can enter. 


Entering the water from a Giant-stride entry. 
seated position. 
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Use the feet-together entry to avoid discomfort from the impact when the 
distance to the water is too high for a giant-stride entry. The procedures are the 
same as for the giant-stride entry, except that after you step out from the entry 
point, you bring your legs together before you hit 
the water, A feet-together entry submerges you 
After you bob back to the surface and stabilize, 
signal the next diver and clear the entry area 

A back-roll entry can be done from either 
a seated or squatting position. Use the seated 
back-roll entry from a low, unstable platform, 
such as a small boat. You can also use a back- 
roll entry when the distance to the water is too 
high for a regular seated entry and the platform 
is too unstable for you to stand. To do a seated 
back roll, sit with all equipment in place and 
your back to the water. Move your bottom to 
the very edge of the surlace on which you are 
sitting. Have someone make sure the entry area 
is clear. Hold your mask with one hand and 
your mask strap with the other hand. If you do 4 
not hold the mask strap, the force of the water Figure 6.17 Entering with legs extended risks 
may wash it up over your head, and your mask clipping the heels on the boat. Tuck the legs into 
may fall off. Lean backward to begin the entry. _ the chest instead. 

Hold your knees to your chest as you roll back- christ 

ward; if you don’t, you may clip your heels on 
the edge of the surface you were seated on (see 
figure 6.17). You are likely to do a backward, 
disorienting somersault in the water with this 
entry, You can reorient yourself when you bob 
back to the surface. 

A squatting back roll is used when there is no 
suitable surface on which to sit. The thin side 
of a small, rocking boat is a good example of an 
unsuitable seat, For a squatting back-roll entry, 
prepare yourself while sitting on an adequate 
seat immediately adjacent to the entry area 
Make sure the entry area is clear, then stand 
partially, turn your back to the entry area, and 
literally sit down into the water (see figure 6.18) 
Pull your knees to your chest as you enter so 
that you do not catch your heels. Figure 6.18 Squatting back-rol entry 


Surface Snorkeling With Scuba Equipment 


You may use your snorkel for surface swimming in order to conserve the air 
in your scuba tank, This procedure is used in areas where divers need to swim 
from shore to reach the dive area. If you use air from your cylinder for surface 
swimming, you will reduce the amount of time you can remain underwater, 
When snorkeling while wearing scuba equipment, you should inflate your BC 
partially. Excessive air in your BC combined with the weight of your scuba tank 


@@s Three Important Scuba Diving Rules 


1, Equalize pressure in your ears early and often, 
2. Always breathe; avoid breath holding. 
3. If the scuba regulator is out of your mouth, exhale continuously. 


can cause you to roll sideways when swimming facedown. It is better to swim 
on your back or side; these positions allow wider kicks than when swimming 
facedown, and the tank weight is not a factor. If you swim on your back, you 
can breathe without the snorkel. Swim beside—not behind or in front of—your 
buddy. Move slowly and steadily, pacing yourself. If you feel short of breath after 
snorkeling, rest before beginning your descent. 


Recovering and Clearing the Regulator 


When you are in the water wearing scuba equipment and have removed your 
regulator second stage from your mouth—such as when snorkeling or talking 
at the surface—you need to recover it from behind your right shoulder (where 
it falls naturally). The second stage will have water inside, and you must clear 
the water before you breathe. If you start with the regulator in your mouth, 
you need to place the regulator in the water. The task is more difficult than it 
sounds because if you place the second stage in the water with the mouthpiece 
facing up, the regulator free-flows. Place the second stage in the water with the 
mouthpiece facing downward to prevent free-flow. 

‘Two methods can be used to recover the regulator second stage from behind 
your shoulder. The most popular technique is the sweep method, Lean to the 
right side so gravity swings the second stage away from you. Reach back with 
your right hand until you touch the bottom of your scuba tank, and then extend 
your arm and sweep it forward in a large arc. The hose will lie across your arm, 
where you can retrieve the second stage easily. 

The second method of recovering the second stage is the over-the-shoulder 
reach, Reach back toward your regulator first stage with your right hand while 
lifting the bottom of your scuba tank with your left hand, Grasp the second-stage 
hose where it attaches to the first stage and follow it down to the second-stage 
end, Some divers find this recovery method difficult or impossible. 

Clearing the regulator can be as simple as exhaling into it, As long as the 
exhaust valve is at the lowest point, the water inside the second stage will be 
displaced. If the exhaust valve is not at the lowest point when you exhale, only 
part of the water may be exhausted, and you may inspire some water when you 
inhale, To avoid choking on inhaled water, find out where the exhaust valve 
is on your regulator, be sure to make it the lowest point when you clear your 
regulator, and inhale cautiously after clearing the regulator. 

‘Another way to clear a regulator second stage—the purge method—involves 
using low-pressure air to clear the water from the chamber. If you insert the 
mouthpiece into your mouth and depress the purge, you may blow water down 
your throat, You can prevent this in two ways. One way is to depress the purge 
lightly as you place the bubbling regulator in your mouth, and to use back pres- 
sure from your lungs to keep water out of your mouth and throat. The other 
method is to place the regulator into your mouth, block the opening with your 
tongue, and depress the purge momentarily to clear the chamber, Either method 


is acceptable. If you are purging the regulator while placing it in your mouth, 
release the purge the moment the regulator is in place to avoid overinflating 
your lungs. Develop the habit of blowing a continuous stream of tiny bubbles 
any time the regulator is out of your mouth to avoid holding your breath while 
breathing compressed air. 


Performing Snorkel-Regulator Exchanges 


You must be able to switch from breathing from your snorkel to breathing from 
your regulator and vice versa. When you prepare to descend for diving, you 
exchange your snorkel for your regulator; when you surface after a dive, you 
exchange your regulator for your snorkel, Do both exchanges with your face 
in the water. Take a breath, exchange one mouthpiece for the other, and clear 
the new breathing device. 


Inflating and Deflating the BC 


You should be familiar with two ways to inflate a BC and two ways to deflate 
it, The easiest and most commonly used means of inflation is the low-pressure 
inflator, which is used to add air to the BC in short bursts. Inflating the BC for 
several seconds can cause serious buoyancy control problems if the intlator valve 
sticks. By adding air a little at a time, you have better control of your buoyancy. 

If your low-pressure inflator or your integrated second stage develops a prob- 
lem while you are diving, you may need to disconnect the low-pressure hose. 
When you disconnect the hose, the low-pressure inflator no longer functions, 
so you have to control buoyancy by orally inflating the BC. The mouthpiece of a 
BC is usually more elaborate than the mouthpiece of a skin diving vest. To help 
keep water out of a BC, the mouthpiece has a purge so that the water inside can 
be cleared before you open the valve to the BC. To clear the BC mouthpiece and 
orally inflate the BC, follow this procedure: 


Insert the mouthpiece into your mouth. 

Exhale a small amount of air into the mouthpiece to clear it. 
Keep the mouthpiece in your mouth. 

Depress the manual inflator-deflator valve. 

Exhale into the BC. 

Release the manual inflator-deflator valve. 


aye 


7. Repeat the procedure until you achieve the desired amount of buoyancy. 


You can use the same bobbing technique at the surface that you learned 
for the skin diving vest (see the previous explanation in this chapter), but oral 
inflation procedures are different underwater. To inflate a BC orally underwater, 
follow these steps: 


1. Grasp the inflation valve with your left hand, and grasp your regulator 
second stage with your right hand 

Take a breath. 

Insert the BC mouthpiece into your mouth. 

Clear the mouthpiece. 

Exhale most of the air in your lungs into the BC. 


yyy 
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6. Save enough air to clear the regulator, which fills with water when you 
remove it from your mouth, 
7. Repeat the procedure until you achieve the desired amount of buoyancy. 


You can deflate your BC with the manual inflator-deflator valve or with a 
dump valve. If you do not use a dump valve, you must open the deflator valve 
at the lower end of the BC hose and hold it higher than the highest point of the 
BC. Using a dump valve is more convenient than using the dellator valve. Note 
that you can deflate your BC only when the exhaust port is the highest point. 
Air cannot escape if you try to deflate a BC in a horizontal or inverted position, 
so you need to be in an upright position to deflate your BC. 


Testing Buoyancy 

Similarities exist between buoyancy testing for skin diving and buoyancy test- 
ing for scuba diving, but there are also some important differences. Buoyancy 
varies more when you scuba dive than when you skin dive. The volume of air 
in your lungs varies more in scuba diving. You dive deeper, so suit compression 
affects your buoyancy more. As you use air from your scuba tank, your buoy- 
ancy changes. You need to sense buoyancy changes quickly to maintain control 
of your buoyancy. 

Your initial buoyancy test for scuba diving can be the same as your buoyancy 
test forskin diving, Begin by testing your BC at the surface. Inflate it fully and then 
deflate it. Make sure the low-pressure inflator and all deflation valves function 
correctly. With your regulator in your mouth and your BC completely deflated, 
relax and breathe slowly. When your lung volume is high, you should remain 
at the surface with your eyes just below the surface-water interface. If you sink 
with your lungs full of air, you need to remove some weight. When you exhale 
completely, you should sink. If you cannot sink after a complete exhalation, you 
need additional weight. Test your buoyancy while you are close to your point of 
entry, and correct any buoyancy problems before you attempt to dive. 

As you descend in open water, you may need to add air to your BC in order to 
maintain neutral buoyancy. Strive to maintain neutral buoyancy continuously. 
Add air to your BC in small amounts, and test your buoyancy by stopping all 
motion and observing what happens. If you are sinking, inhale and add air to 
your BC. If you are rising in the water, exhale and release air from your BC. 
With experience you will know when to add air to your BC, when to vent air 
from your BC, and how much air to add or release. 

You can learn buoyancy control in a swimming pool by assuming a rigid, face- 
down position with your arms at your sides. If your buoyancy is correct, a slow, 
full inhalation raises your shoulders while your fin tips remain on the bottom; 
a slow, complete exhalation causes your shoulders to sink. Some people call this 
buoyancy evaluation diver’s push-ups (although you do not use your hands), 
If you do not rise with a full inhalation, you should add a small amount of air 
to your BC and try again. Figure 6,19 illustrates a diver doing diver’s push-ups. 

Asa scuba diver, you need enough weight to get down at the beginning of a 
dive and enough weight to allow you to remain in control when you ascend at 
the end of the dive. The precise weight for scuba diving is the amount you need 
to hover at a depth of 15 feet (4.6 m) with 300 psi (20 atm) of air in your tank 
and no air in your BC, This amount may overweight you slightly at the begin- 
ning of a dive. Test your buoyancy at a depth of 15 feet at the end of a dive to 
see if you need to make an adjustment for your next dive. 


Figure 6.19 Executing proper diver’s push-ups ensures good buoyancy control. 


Controlling Buoyancy 


No skill identifies a scuba diver’s ability as much as buoyancy control. The ability 
to finely control buoyancy is important for safety, for enjoyment, and for the 
welfare of the environment. When your buoyancy is out of control, a hazard 
exists for both you and the environment around you. 

With your buoyancy adjusted to the point where you can pivot slightly up and 
down on your fins on the bottom (in a pool) while inhaling and exhaling, push 
yourself about 2 feet (0,6 m) off the bottom and remain motionless. You may 
or may not remain in a horizontal position, but that is not important, Maintain 
your depth by controlling your average lung volume, but remember to breathe 
continuously. If you are sinking, keep more air in your lungs. If you begin rising, 
reduce the amount of air in your lungs. With practice, you will be able to hover 
motionless just off the bottom. 

‘To demonstrate mastery of hovering, assume a vertical position in the water. 
Cross your legs at the ankles, grasp one wrist with the opposite hand, and 
remain motionless, Find an eye-level reference and develop the ability to hover 
motionless while upright in the water. Pay attention to the buoyancy effects of 
breathing, Once you master hovering both horizontally and vertically, you will 
realize several benefits. Your air will last longer, swimming will not tire you as 
much, you will need fewer buoyancy adjustments, and you will do less damage 
to the diving environment, Your buoyancy control continues to improve with 
practice until you become a highly experienced diver. 

‘A useful skill for maintaining neutral buoyancy during ascent is a BC vent- 
ing technique called an open-valve ascent. When you ascend, air in your 
BC expands and affects your buoyancy. You must release the expanding air to 
control buoyancy. If you vent the air from time to time, your buoyancy is in a 
constant state of change: You may not release enough ait, or you may release 
too much. The open-valve ascent is a better alternative. Hold the BC inflator- 
deflator valve just below the level of your shoulder, point the mouthpiece of 
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the inflator-deflator valve downward, and open the deflator valve. Air cannot 
escape because the opening is lower than the exhaust port on the BC. While you 
hold the mouthpiece downward and the deflation valve open, raise the inflator- 
deflator slowly until air just begins to bubble from the mouthpiece. Bubbling 
occurs when the mouthpiece and the exhaust port on the BC are at the same 
level. If you hold the inflator-deflator valve at the bubbling level while ascend- 
ing, the expanding air inside the BC bubbles out through the open valve, and 
your buoyancy remains constant. If you need to release additional air to control 
buoyancy, raise the inflator-deflator slightly; if you need to decrease the amount 
of air you release, lower the assembly slightly. 


Using the Dive Flag 


You should display the appropriate dive flag or flags when diving. Authorities 
in some areas require you to use a flag, and flag use is encouraged in all areas. 
Follow these conventions when you use a dive flag: Display the flag only when 
divers are in the water, and surface within 100 feet (30 m) of your flag—the 
closer the better, The flag does not guarantee your safety from boaters, who are 
supposed to give the flag a berth of at least 100 feet; however, the flag does serve 
as a signal to many boaters who recognize that the flag means there are divers 
in the vicinity. Figure 6.20 shows a boat anchored with a dive flag indicating 
there are divers in the area. 

If you support your flag with a surface float, you need to tow your float to the 
area where you wish to dive. In areas lacking underwater plants, you can tow 
the float while you dive. In areas with plants, you need to anchor the float to 
keep it from drifting away, and you must navigate back to the flag at the end of 
your dive. When entering through surl, you should tow the surface float behind 
you. Push the float ahead of you when exiting through surf. 


TE TET 


Descending 


Scuba descents are different from skin diving descents. You usually descend 
headfirst as a skin diver, but scuba divers descend feet-first. A feet-first descent 
allows better control of buoyancy, provides better orientation, allows buddies to 
maintain contact during descent, helps prevent the swallowing of air, and allows 
easier pressure equalization of air spaces. 

Descending involves several procedures, which seem complex at first but 
become routine with practice, The process of descending includes preparing to 
descend, initiating the descent, and completing the descent. 


1. Preparing to descend 

© Check your instruments, Orient yourself at the surface and set a refer- 
ence on your compass. Be sure your underwater timer and depth gauge 
are zeroed, 

© Confirm that your buddy is ready to begin. 

© Exchange your snorkel for your regulator. 

© Pressurize your ears slightly to begin the equalization process (see 
chapter 3). 

© Hold your BC deflator valve in your left hand. 

© Give or acknowledge the signal to descend, 

2. Initiating the descent 

© Begin the descent by venting your BC. It is better to do this with the 
dump valve than by holding the deflator valve above your head. Hold 
the inflator-deflator valve in your left hand throughout the descent so 
you can add or release air from your BC at any time. Exhale fully to 
help get started downward. 

© Breathe shallowly for the first 10 feet (3 m). 

© Equalize pressure in your ears ahout every 2 feet (0.6 m) for the first 
15 feet (4.6 m), If you experience equalizing problems, ascend a few 
feet to reduce the pressure, equalize again, and descend again, Exhale 
some air into your mask to prevent a mask squeeze, (See chapter 3 for 
a description of pressure equalization.) 

© Keep your fins still while you descend so that you do not stir up silt on 
the bottom, 

© Control your rate of descent by the average amount of air you keep in 
your lungs, When you begin sinking while your lungs are full, add a 
short burst of air to your BC to regain neutral buoyancy. 

3. Completing the descent 

© Remain with your buddy throughout the descent. 

© Avoid contact with the bottom. 

© Hover above the bottom, level off to a swimming position, agree on a 
direction with your buddy, and begin your exploration. 

‘Two types of descents are performed in open water: reference descents and 
nonreference descents. A reference descent is one that you control by following 
a line or the slope of the bottom, You should do a reference descent whenever 
possible, A descent made vertically in water without any external reference is a 
nonreference descent, which is more dificult to control than a reference descent. 
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Clearing the Mask 


To clear a mask while scuba diving, you need to develop the skill of breathing 
through your mouth with your nose exposed to water. With concentration and 
practice, you can master this skill quickly. First, try inhaling through your mouth 
and exhaling through your nose. Next, try inhaling and exhaling through your 
mouth, If you feel any water going up your nose, exhale immediately to keep 
the water out. 

To practice clearing a mask, you need to flood it with water. This is not dif- 
ficult, but a few tips make it easier. If you exhale lightly while tilting the mask 
forward on your face to break the seal at the top, the mask releases from your 
face easily, and the air escapes at the highest point. When you reseat your mask 
to begin clearing it, be sure to hold back any strands of hair with one hand while 
you reseat the mask with the other, Hair under the mask causes leakage. If you 
are wearing a hood, make sure that the hood is clear of the mask belore you 
attempt to clear water from the mask. 


Buddy Diving 


You should always dive with a companion, using the buddy system, A buddy 
provides reminders and assistance and sees things that you might not see. Bud- 
dies inspect each other's equipment, provide feedback based on observations, 
and work asa team. Dive buddies should remain close enough to each other that 
one can immediately assist the other in the event of an emergency. The more 
turbid the water and the greater the depth, the closer buddies should remain to 
each other, During your training, you should strive to remain within touching 
distance of your buddy at all times; learn to keep track of your buddy. Maintain- 
ing contact with a dive buddy in open water is not difficult when you follow a 
few standard procedures. 

Agree on a position relative to one another and maintain that position as 
much as possible. That way, your buddy will know where to look for you, and 
you will know where to look for your buddy. The best dive team configuration is 
side by side; the least desirable is for one diver to be above and behind the other. 
Looking up and back is difficult when you are hampered by your equipment. 

Agree ona direction of movement. Both parties should maintain that direction 
until both agree to proceed in a different direction, When you follow this practice, 
there are fewer directions to consider if you and your buddy become separated. 

Confirm your buddy's position every few seconds, If you scan the areas ahead 
from side to side while swimming, you should get a glimpse of your buddy each 
time you turn your head in your buddy’s direction, 

When visibility is poor, physical contact can keep you and your buddy together. 
Holding hands is appropriate. Or you can use a short line—a buddy line—to 
keep in contact with each other. If you become separated from your buddy 
underwater, look for your buddy for up to one minute, If you are unable to 
locate your buddy, ascend slightly and turn in a circle while looking for bubbles. 
The visibility is often better a few feet above the bottom than it isat the bottom, 
If you do not see your buddy’s bubbles, ascend to the surface and wait for your 
buddy, who should also duplicate this procedure, When you have reunited at 
the surface, you can descend again and continue your dive. Obviously, itis better 
to remain together underwater than to surface to reunite. 


MEE The Buddy System 


Teaming up with a qualified partner is appropriate for activities that involve risk, such 
as swimming, rock climbing, and skin and scuba diving. Safety is the primary purpose 
of the buddy system, but having a dive buddy also makes diving more enjoyable. The 
following list describes the duties and responsibilities of a good dive buddy: 


© Helps to plan the dive in advance and after arrival at the dive site 
Reviews signals and emergency procedures 

Assists with the donning of the scuba unit 

Inspects equipment 


Maintains contact while diving and follows procedures for reuniting if separation 
occurs 


Provides reminders concerning depth, direction, time, air pressure, and ascent rate 
Points out items of interest 

Identifies problems that you are unaware of, such as an air leak 

Provides reassurance and assistance as needed 

Summons additional assistance as needed 


© 02000 


Provides first aid as needed 
Assists with exits and the removal of the scuba unit 


If you are unable to relocate your buddy underwater and your buddy does 
not surface promptly, look at your surroundings to mark your position so that 
you will know the approximate location where your buddy was last seen. If 
someone is overseeing the diving operations, notify this person that your buddy 
is missing so that a search can be initiated. If you are alone, try to locate bubbles 
that could indicate your buddy's position. 


Underwater Swimming 


When you swim along the bottom, your fins can raise a cloud of silt that harms 
the environment and reduces visibility. Silting is more of a problem 
when you are overweighted because the excess weight angles 
your fins toward the bottom when you swim (see figure 
6.21). The first step in reducing silt is to weight your- 
self properly. In areas where the bottom silt is thick, 
add air to your BC to make yourselt slightly buoy- 
ant underwater. The buoyancy forces you to 
swim ata slight downward angle and keeps the 
thrust of your fins directed upward. Another 
way to reduce silt is to remain far enough 
from the bottom to keep from disturbing it, 


Figure 6.21 Overweighting can 
cause divers to stir up a cloud of silt 


Asit can be seen, just below the Curie pointin 
the range from 50 to 55°C, small changes of 
the temperature cause high changes of the 
dielectric constant. 


Furthermore, to understand the conversion 
mechanism, it is necessary to understand the 
electrocaloric effect. When an electric field 
is applied to a dielectric medium, the latter 
is polarized, For ferroelectric materials, the 
parallel domain alignment is the most 
important part of the total polarization. 
During the successive alignment of the 
domains, some material parameters in 
particular entropy, heat capacity and 
temperature change. Since the material 
possesses less degrees of freedom in the 
polarized state, itsentropyand heat capacity 
are reduced, As a consequence, provided that 
no heat exchange with the environment i 
possible (adiabatic conditions), the 
temperature increases. It is very important 
to understand that the energy for warming 
of the dielectric is not taken from the 
polarizing electric field. The increase in 
temperature is a result of the decreased heat 
capacity only. 


From this, it can be derived easily what means 
“nonlinear capacitance". 


When a capacitor is charged adiabatically 
which means its voltage increases faster than 
any heat exchange with the environment 
possible, due to the electrocaloric effect, the 
temperature of the dielectric mustalso increase. 
As it can be seen from Fig.1, below the Curie 
point, an increasing temperature leads to a 
higher dielectric constant. Assuming that both 
temperatures, the onebefore chargingand the 
other after charging are still below the Curie 
point, one can say that the dielectric constant 
increases with an increase in voltage. 


Since the capacitance is proportional to the 
dielectric constant, the capacitor has a 
nonlinear characteristic dC/dV > 0. In the 
same way it can be concluded that adiabatic 
charging just a little above the Curie point 
reveals a nonlinear capacitor characteristic 
with dC/dV <0. 


Quantitative experimental meas 
the electrocaloric effect 


ementson 
in some 


representative ferroelectric and 
antiferroelectric materials were published by 
‘Thacher[3}. 


STEP 1: Adiabatic charging 
of the capacitor 


We consider a capacitor filled with a 
ferroelectric medium at an environmental 
temperature a little lower than the Curie point. 


An adiabatic charging of a capacitor (noheat 
exchange) effects an increase in temperature 
and capacitance due to the electrocaloric 
effect. We assume that this increase in 
temperature is so small that the temperature 
remains below the Curie point. Finally, the 
capacitor is completely charged while the 
dielectric medium has a higher dielectric 
constant and therefore a higher capacitance 
than it posseses at the environmental 
temperature. 


To go further to step 2, the capacitor is hold 
under conditions where no discharge i. 
possible, eg. itis disconnected from the power 
supply. 


STEP 2: Thermal equilibration 


After a short time, the charged capacitor ha 
cooled down to the environmental 
temperature. While cooling down, the 
dielectric constantand capacitance decrease. 
But the charges of the capacitor plates remain 
constant. As a consequence, the voltage and 
the electrical energy increase. This can be 
readily recognized from the general capacitor 


equation q=CV (q=charge, C= capacitance, 
V=voltage): 
qz=constant=C,V, = C,V, 


STEP 3: Adiabatic discharging of the 
capacitor 


While discharging the capacitor the 
temperature and capacitance decrease (again 
heat capacity changes) due to the 
electrocaloric effect, leading to a further 
increase in the available electrical energy. The 
ferroelectric medium posseses now a final 
temperature below the temperature of the 
environment, 
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Finally, consider changing your kick if you boil up silt with your kick strokes. 
You should also consider redistributing your weight by placing a small portion 
of it higher on your body to achieve level trim as described in the “Mobility 
Adjustments” section of chapter 3. 

When you kick something while swimming, you must overcome the tendency 
to want to get away from whatever you kick. Your kicks are strong and can 
damage the environment or another diver, As soon as you feel something with 
a fin, stop kicking, look back to see what you have hit, and maneuver yourself 
clear before proceeding. 


Navigating 


To find your way underwater, you can use natural navigation and compass 
navigation. You can best determine your relative position with a combination 
of both types of navigation 

With natural navigation, you use your natural surroundings to determine 
where you are. Light, shadows, plants, formations, water movement, depth, 
and other indicators can help you navigate. As you move, note your surround- 
ings. Observe which way you are going relative to the movement of the water, 
the sand ripples on the bottom, the depth contour, and the angle of the sun. By 
noting natural aids to navigation, you can find your way underwater, 

A dive compass increases the accuracy 
of navigation. Figure 6.22 shows two 
types of dive compass. You need to be 
able to set a direction (called a compass 
heading) and to determine which way 
you are going relative to the directional 
reference you have set. Your compass 
should have a reference line, called a 
lubber line, that you point in the direc- 
tion of travel, The north-seeking needle 
or card of the compass establishes a posi- 
tion relative to the lubber line as long as 
you hold the compass in a level position. 
Many dive compasses have index marks 
on a movable bezel. You set the index 
marks to indicate the heading. Electronic 
compasses allow you to set a heading and 
use arrows to indicate the direction that Figure 6.22 Traditional dive compass 

(left) and electronic dive compass (right). 
you need to turn to remain on course. 

To go in the direction set on the compass, you must hold the compass so the 
lubber line is directly in line with the centerline of your body. If the lubber line 
points to one side, you will not be on course even though the north reference 
is at the correct point on the dial, Figure 6.23 shows a compass lock position, 

‘A compass course is a series of headings that leads to a destination. Many 
types of compass courses may be used. One frequently used course is the square 
compass course, To navigate a square course, set your initial heading and 
proceed in that direction for a given distance, which can be measured by time, 
tank pressure, or fin kicks, Stop and turn 90 degrees to the right while continu- 
ing to keep the lubber line aligned with the centerline of your body. Note the 


relative position of north on 
the compass, and proceed 
in the new direction for the 
same distance as you covered 
on the first leg of the course, 
Stop again, and turn another 
90 degrees to the right. Note 
the position of north on the 
compass, which should be 
opposite your initial heading. 
Proceed along the third leg 
of the course for the same 
distance as before. Stop once 
more, turn again 90 degrees 
tothe right, note the relative Figure 6.23 The compass-lock positon. 

position of north, and follow 

the new heading back to your starting point. 

Divers also frequently follow a reciprocal compass course—an out-and-back 
course, Set the initial heading on the compass. At the midpoint of the dive, turn 
180 degrees until north on the compass is directly opposite the original heading. 
Then follow the reciprocal heading back to your starting point. Advanced scuba 
diving courses provide additional compass navigation training. 

Ifyou do not know precisely where you are when the end of a dive approaches, 
you may need to surface, find a reference for your exit, and set a compass head- 
ing that leads directly to the end-of-dive location. Be especially careful if you 
surface more than 100 feet (30 m) from your dive flag, 

A compass provides correct directional reference information when it is not 
affected by nearby objects. Metal objects, other compasses, and electrical fields 
within a couple of feet of a compass can cause it to deviate from its correct read- 
ing. Keep metal, magnets, dive lights, and other compasses away from your 
compass to help ensure accuracy. 


Monitoring Instruments 


Most diving instruments are passive; that is, they do not provide information 
unless you look at them, Some instruments emit an audible beep, but most 
require observation to provide information. Develop the habit of checking your 
instrumentation frequently while diving so that you can control your depth, dive 
time, and direction. This will also help you avoid running out of air. You should 
be able to accurately estimate your tank pressure at any time during training. If 
you cannot estimate the pressure within 300 psi (20 atm) at any time, you need 
to monitor your SPG more frequently. 

When you are planning to dive in open water, you should look at your instru- 
ments when you assemble your equipment. Look at your instruments again 
when you inspect your equipment. Look at your instruments again before you 
descend and again while you are descending. Refer to your compass for direc 
tional reference before you begin moving underwater. Monitor your gauges every 
few minutes while diving, and compare your air pressure with your buddy’s 
several times during a dive. At any given time during a dive, you should be able 
to accurately estimate your depth, your dive time, your direction, your tank 
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pressure, and your buddy's tank pressure. If you cannot do this, you need to 
improve your instrument-monitoring skills. 


Using Scuba Diving Hand Signals 


Scuba divers use several hand signals that are not used for skin diving. The 
signals specific to scuba diving relate to air supply. Learn and use the standard 
hand signals shown in figure 6.24, Remember to display hand signals clearly and 
deliberately and also to acknowledge the hand signals you receive. 


Ascending 


Scuba ascents are different from skin diving ascents, although there are a few 
similarities. The procedures you need to learn become automatic with practice 
and experience. 

To initiate an ascent, one member of a buddy team gives the ascent signal, 
which the other acknowledges. Always obey the ascent signal. Prepare to ascend 
by noting your time, depth, and remaining air. Locate your BC inflator-deflator 
assembly, and hold it in your left hand, Begin the procedures for the open-valve 
ascent previously described (see “Controlling Buoyancy"). 

Begin ascending slowly with your buddy while breathing continuously. Moni- 
tor your depth gauge and keep tabs on your buddy. The maximum rate of ascent 
is 0.5 feet (0.15 m) per second, which is quite slow. Some instruments warn you 
when your rate of ascent is too rapid, You need training, practice, and awareness 
to avoid exceeding the maximum rate of ascent. 

Stop and decompress (outgas) when indicated by your dive computer. Whether 
or not you make a “deep stop,” you should stop for one to three minutes at a 
depth of 15 feet (4.6 m) to help prevent decompression sickness (DCS). The 
procedures for decompression are described in chapter 7. As you ascend, look 
up and around. Extend one hand above your head for protection against over- 
head obstacles. Make one full rotation to view the surrounding area as you near 
the surface, When you reach the surface, make another rotation to view the 
area, and then inflate your BC to establish buoyancy. Exchange your regulator 
mouthpiece for your snorkel. 


Handling Equipment 
Sometimes you will need to remove, adjust, and replace scuba equipment while 
you are in the water. You may need to remove equipment to exit the water onto 
a boat, to make an adjustment, or to free the equipment from an entanglement. 
With training and practice, you should be able to handle your equipment easily. 
Removal of the scuba unit is easy because it is similar to removing a coat. 
Open the releases, slip your left arm free, swing the scuba tank forward under 
your right arm, hold the scuba unit with your left hand, and pull your right arm 
free, Freeing your left arm is easier if you insert your hand and wrist through 
the armhole of the BC first and remove it hand first (instead of pulling your 
arm through first). If you are at the surface in water too deep for you to stand 
when you want to remove your scuba unit, you should remove your weight 
belt first and place it on a surface float or support station, Don the scuba unit in 
the water according to the in-water donning procedures previously presented 
in this chapter. 


eb aa 


1. Descend 2. Ascend 2. Stop 4a. OK 4b. OK 


40.0K 5. Something's not right 6.Emorgency Z.Low on air 


10, Look ‘1. Danger 


12. Watch me 18, You lead, | follow 14. Get with your buddy 
(finger pointing o chest) 


Figure 6.24 Scuba diving hand signals. 


Using Exit Techniques 


The technique you use to exit the water depends on the situation. To exit from 
shallow water in a swimming pool, begin by removing your weight belt, tank. 
and fins, in that order. Carefully place the equipment on the side of the pool; 
then climb out by using the ladder or lifting yourself up onto the edge of the pool 


To exit from the deep end of a swim- 
ming pool (as shown in figure 6.25) 
begin with your BC inflated partially. 
If you exit on a ladder, grasp the ladder 
with one hand and remove your fins 
with the other; maintain contact with 
the ladder at all times. Place your fins 
on the edge of the pool, or slide the heel 
straps over your wrists; then climb the 
ladder to exit the water. Clear the exit 
area at once, and take your fins with 
you. Remove your scuba system and 
weight belt when you are well clear of 
the exit area. 

To exit from deep water without a 
ladder, begin by removing your weight 
belt and carefully placing it out of the 
water. Remove the scuba unit and use 
one hand to trap the regulator hose 
against the surface onto which you will 
exit. Use your other hand to remove 
your fins, and place them out of the 
water, Place both hands on the exit edge. 
With the regulator hose trapped under 
one hand, lower yourself to about chin 
level in the water while you extend one 
leg forward and one leg backward. Pull 
yourself upward with your arms, and 
pull your legs together forcefully in a 
strong scissors kick to provide upward 
momentum. Pull with your arms until 
you are far enough out of the water to 
push downward and lift yourself from 
the water (see figure 6.26), Immediately 
after your exit, turn around and pull 
your scuba unit from the water carefully. 

If you are boarding a boat that has a 
ladder, you should keep your tank and 
mask on and keep your regulator in your 
mouth in case you fall back into the 
water (see figure 6.27). Use the ladder 
exit technique described for exiting the 
deep end of the pool. Maintain contact 
with the ladder at all times when you 


Exiting from the deep end 
using a ladder. 


Exiting from the deep end 
without a ladder. 
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are in the water, If the boat has a platform 
at the rear, you usually swim onto the plat- 
form, remove your fins, and then stand on 
the platform and board the vessel. 

‘Techniques for wading exits in open water 
vary with the environment. You should usu- 
ally wear all your equipment until you are 
clear of the water, Shuffle your feet along the 
bottom while moving backward. Surf exits 
require training and practice. Stop outside 
the breaking waves and evaluate the surf 
Approach the surf zone with your regula- 
tor in your mouth and your BC deflated. 
Hold your mask continually in the surf 
zone. Follow a breaking wave, and allow 
additional waves to pass over you until the 
water is only a couple of feet deep. If the 
surf is mild, you can stand at that point and 
back out of the water. If the surf is strong, 
swim until you can crawl; then crawl clear 5 
of the water (see figure 6.28). — 

When you are clear of the water, work 
with your buddy to remove your fins, The 
buddy system is in effect even when you are 
out of the water, 


Disassembling Equipment 


The first step in disassembling your scuba 
equipment is to turn off the air by turning 
the valve in a clockwise direction. Release 
the pressure in the hoses by depressing the Figure 6.28 Using a crawling extn strong surt. 
purge on the regulator second stage. Keep caunes ertea unoney 

the purge depressed until you bleed all the 

air from the system. Next, disconnect all hoses that are connected to the scuba 

unit: the low-pressure inflator, the extra second stage, and the SPG. Loosen the 

yoke screw and remove the regulator from the tank. Dry the first-stage dust 

cover thoroughly and replace it. Loosen the tank band and remove the BC from 

the scuba tank. Be sure to rinse and care for your equipment as soon as possible 
(following the procedures described in chapter 4) 


Managing Physiological Problems 


If you do everything you are trained to do as a scuba diver, you can avoid 
problems. But it is not a perfect world. If you fail to pay attention or forget 
to do something, a problem can occur. Good divers can deal with nearly any 
problem, This section introduces you to proven ways of dealing with potential 
diving difficulties. Do not be overly concerned about the problems presented. 
You can prevent them, but knowing how to deal with them helps reduce your 
apprehension. 
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Difficulties affecting your physiology include seasickness, dizziness, stress 
and panic, overexertion, coughing, and cramping. When you have one of these 
problems, your body sends messages that something is wrong. You need to know 
the messages and the actions you can take to overcome physiological difficulties. 


Seasickness 


The best strategy is to try to prevent seasickness (see “Equilibrium Adjustments 
and Seasickness” in chapter 3) because taking medication alter you are seasick 
is usually ineffective. If you do get seasick, you are likely to vomit, Vomiting 
underwater can be dangerous because of involuntary gasping that can cause you 
to choke. Only you can determine your degree of nausea. If you throw up or 
feel as if you are on the verge of doing so, do not dive. If you feel queasy, getting 
into the water may help you overcome the feeling. Some divers who feel slightly 
nauseated find that they feel better if they get into the water quickly and dive. 
Alter that first dive, they are fine for the remainder of the day. 

You should surface if you feel nauseated while diving. If you must vomit 
underwater, do not vomit through your regulator, Hold the second stage against 
one corner of your mouth, and depress the purge fully while you vomit, You 
should get air instead of water if you gasp. When you have finished throwing 
up, place the second stage in your mouth, clear it, and resume breathing. The 
purge method should be a last resort. Vomiting through the regulator is not 
recommended because this method sometimes results in clogging. 

If you are seasick and have to throw up while aboard a boat, do it over the 
rail on the side of the vessel opposite the wind. Do not use the restroom (or 
head, as it is called on a boat). The best remedy is to get to land, rest until you 
feel better, and take seasickness medication before returning to the vessel. If you 
are ill from motion sickness—and if the dive boat has a dinghy and there is land 
nearby—you should request to be taken to shore for a while. 


Dizziness 


The absence of visual clues in a weightless environment can cause temporary 
dizziness. Visual references can help you prevent disorientation (see chapter 
3). Injury, temperature changes, and pressure changes affecting the inner ear 
can also cause a whirling feeling called vertigo, which may be more difficult to 
overcome than dizziness caused by disorientation, 

To cope with either dizziness or vertigo, you should first seek a fixed visual 
reference, If possible, make physical contact with something solid for a point of 
reference, If there is nothing to see or to grasp, close your eyes and hug yourself. 
In most cases, dizziness passes in a minute or two. If you then move slowly and 
keep your head still, you should be able to surface. A good buddy can recognize 
your difficulty and assist you. 


Stress and Panic 


Stress is the perception of a substantial imbalance between environmental 
demand and a person's response capability, and it occurs under conditions where 
failure to meet demand is perceived as having serious consequences. Stressors 
are conditions or attitudes that cause stress. Dive stressors, which can be internal 
or external, include cold, illness, exhaustion, injury, fear, equipment problems, 


loss of air supply, buddy separation, depth, darkness, currents, and disorienta~ 
tion, Stress is not always bad, Moderate stress can cause a feeling of exhilaration, 
improve performance, and lead to a positive condition called eustress, Excessive 
stress causes anxiety, decreases performance, and leads to a negative condition 
called distress. 

Knowledge and appraisal of a situation affect your reaction to stress. Training, 
experience, and your predisposition toward a situation affect your knowledge 
and appraisal. Thus, your perception of the circumstances is determined by what 
you know and are able to do, by what you have done, and by any inherent fears 
about the circumstances that you might have. 

The problem with stress in diving is that it can lead to panic—a sudden, uncon- 
trolled, irrational reaction to a perceived danger. Divers who panic often perish. 
You must manage stress in order to prevent panic, Dr, Tom Griffiths, who has 
researched stress, said the following: “The most critical factor in the progression 
of panic after stress increases is whether or not a problem arises.” Divers who 
can recognize and manage stress can overcome problems and are far safer than 
those who cannot cope with the effects of stress. 

Stress has both physiological and psychological components. Anxiety causes 
involuntary physiological changes. When stress leads to anxiety, your breath- 
ing rate and heart rate increase, your nervous system becomes more active, and 
your awareness decreases. These factors decrease your performance and increase 
your anxiety. Then heightened anxiety begins the cycle again. Unless you inter 
rupt the cycle, anxiety escalates into panic. Psychological difficulty is every bit 
as critical as the physical problems. Frank Pia, a chie! lifeguard, says, “Much of 
the distress that a person experiences when difficulty arises stems from what the 
person tells himself about the situation.” You can be exhilarated by a situation 
or allow it to cause anxiety and distress. Pia continues, “The difference between 
panic and a heightened physiological state is the thought process.” 

Michael J. Asken, who has written books about stress, encourages the use of 
task-relevant instructional self-talk (TRIST). You determine your emotional state 
when in distress by what you tell yourself. Asken says that in a stressful situ 
ation, “Success is not achieved by focusing on the outcome, hoping for a good 
outcome, or even telling yourself that the outcome will be OK. The most effec~ 
tive self-talk involves imagining that your instructor is sitting on your shoulder 
guiding you through your response.” 

With the previous concepts in mind, you can recognize and manage stress. 
The first steps are to sense your breathing rate and identify your self-talk when 
a problem occurs, If your breathing rate is fast and you are having negative 
thoughts about the situation, it is time to break the stress cycle, Stop all physical 
activity, establish buoyancy, and breathe deeply. Divers in distress usually have 
an adequate supply of air! As you gain control of respiration, you can think more 
dearly. Take control of your thoughts before they take control of you. Imagine 
that you are telling someone else how to deal with this situation. Assess your 
options, determine the best course of action, and then take deliberate action. As 
you begin to overcome the difficulty, your confidence increases and your physi- 
ological condition begins to return to normal, Figure 6.29 shows how to break 
the stress cycle that leads to panic. 

Now you can understand why some divers are thrilled by the same situation 
that causes another diver to panic. Remember that stress is simply a matter of per- 
ception and that you can change your perception with training and experience. 
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You can also learn to manage difficult The panic cycle 
situations by imagining them vividly in 
your mind. Your body cannot distin- Problem a> Stross 
guish the difference between an actual 
event and one that you imagine. As t + 
you learn to solve problems in your 
mind, you can learn to recognize and Narrowed Uncontaled 
manage stress. thinking — “—rspaton 
Overexertion 
Breaking the panic cycle 

If you work too hard while scuba 
diving, the equipment may not be able Problem ao 
to supply enough air to meet your Sara 
respiratory needs. You experience a 4 
sudden feeling of suffocation, and you ¥ 
may suspect that your equipment has oe 
malfunctioned. It is unlikely that scuba ee ery, 
equipment will cease to function sud- 
denly in a way that restricts airflow. r ¥ 
More likely than not, overexertion is 
causing the feeling that you cannot get ere nie 

respiration respiration 
enough air. You can manage overexer- 
tion similarly to the way you manage 4 + 
stress. Stop all physical activity and 
breathe deeply; you should overcome Reduced mer 
your fespuatory problem within a sctvly— Pecoon 


minute or two. Figure 6.29 The panic cycle and how to 


: break it 
Coughing 

When water strikes your larynx, a reflex coughing action tries to clear the for- 
eign matter from your airway. When you cough while in water, you may inhale 
additional water, which can complicate the situation. You need to overcome 
the reflex as quickly as possible. The best way is to swallow hard three times in 
rapid succession. If you must cough, try to do so through a regulator so that you 
inhale air rather than water if you gasp. You can lose buoyancy as you expel air 
when coughing, so you may need to establish positive buoyancy if you cough 
excessively. 


Cramps 


When your muscles get cold or when circulation to your muscles is inadequate, 
cramping can occur. A cramp isa sudden, strong, involuntary, persistent, painful 
muscle contraction. Divers tend to get cramps in the lower legs and the feet. To 
alleviate a cramp, stretch the affected muscle and rub it to increase circulation. 
Pounding a cramped muscle is ineffective and causes tissue damage. If you expe- 
rience a cramp in your leg or foot in the water, you may be able to get rid of it 
by grasping the tip of your fin and pulling it toward you. Another technique to 
help release a leg cramp is to contract the muscles of the opposite leg. This action 
can inhibit nerve impulses to the cramped muscles. Buddies should assist one 
another with getting rid of cramps. Figure 6.30 shows a diver relieving a cramp. 


Your diving buddy 
can help you relieve a cramp 

by rubbing and stretching the 
cramped muscle, 


Managing Physical Problems 


Potential physical difficulties in diving include entanglement; loss of buoyancy 
control; loss of air supply; and a distressed, injured, or incapacitated buddy. As 
with physiological problems, you can overcome these problems, but it is better 
to avoid them 


Entanglement 


You will probably encounter fishing line, nets, wire, string, and rope in the 
tangle you, Underwater plants can also entangle 
divers in some areas. Streamlining your equipment to minimize places where 
things can get caught helps reduce the chance of entanglement. Being aware also 
helps. When you encounter something that can entangle you, swim around it 
or push it beneath you and swim over it. Avoid swimming beneath things that 
can cause entanglement. The area of your tank valve and regulator first stage is 
one of the easiest places to become entangled and also one of the most dificult 
areas to free from entanglement. 

If you become entangled underwater, you should stop. Then try to examine 


water—and these items can 


the problem without turning because turning often compounds the problem, If 
you can reach the entanglement, you should free yourself. If not, signal your 
buddy to help you get free, If you can see what you are doing, you can use 
your dive knife to cut yourself free. Trying to cut yourselt free from something 
in the area of your tank valve is an obvious mistake. If your tank is entangled 
ad 
ment, 


and you can't reach the entanglement—and your buddy is not nearby to | 


assistance—you should remove your scuba unit, free it from the entang] 
and put it back on. 


Loss of Buoyancy Control 


You can lose control of buoyancy underwater if you lose weights or if a low- 
pressure inflator on your BC or dry suit sticks. You can take steps to prevent loss 
of buoyancy control. Check your weight system from time to time while you are 


STEP 4: Thermal equilibration 


In order to proceed with step 1, it is necessary to reach the environmental temperature, An 
inflow of heat from the environment to the dielectric material is required. 


Electric circuit to observe energy conversion 


+/-5¥ 


OPTOCOUFLER gy 


capactioc 


Fig. 2 
Electric circuit for testing the energy conversion effect. The connections to the square wave generator are labeled 


with OV and +/- 5V, the res 


Assuming the experimenter has a nonlinear 
capacitor, the set-up shown schematically in 
Fig, 2 is proposed as a possible conversion 
device. The circuit contains two different types 
of transistors (NPN and PNP) which fulfill here 
the function ofa switch. 


The NPN junction transistor consists of two 
n-typesemiconductors (called the emitterand 
collector) separated by a thin layer of p-type 
semiconductor (called the base). On the other 
hand the PNP junction transistor consistsofa 
thin layer of n-type semiconductor lying 
between two p-type semiconductors. Thebase 
is the ON/OFF switch for the transistors. If a 
current flows to the base, there isa path from 
the collector to the emitter, where a current 
can flow (switch is ON). If there is no current 
flowing to the base, then no current can flow 
from the collector to the emitter (switch is 
OFF), 


stors Rb are to adjust the maximum bas 


current of the transistors, 


The charging-discharging proc 
controlled bya square wave generator which 
producesan output signal switching from +5V 
to -5V, The switching frequency is adjustable 
from 0.1 Hzup toat least 10 kHz. This output 
signal is applied to the bases of both 
transistors, 


During the time the square wave generator 
output signal is +5V, a base current flows 
through the base-emitter junction of the NPN 
transistor which createsa low resistance path 
between the collector and the emitter. As a 
consequence, the capacitor is charged by the 
battery. The collector-emitter junction of the 
PNP transistor has a very high resistance, 
because here no base current flows. 
‘Therefore the capacitor is not discharged at 
the same time. When the output signal 
switches to -5V, a current flows to the base of 
the PNP transistor and not to the base of the 
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diving to make sure it is secure. Inspect your low-pressure inflators before each 
use, and have them serviced at the first sign of unusual operation. 

If your weights fall off while you are underwater, immediately maneuver your- 
self into an inverted position, swim down forcefully, and retrieve the weights. If 
you are successful, you can avoid an uncontrolled ascent; if you are unsuccess- 
ful, you will float to the surface. Your rate of ascent depends on how buoyant 
you are without your weights, the type of exposure suit you are wearing, the 
amount of air in your BC at the time, your depth, and the amount of surface 
area you can expose to the direction of motion. You learned in chapters 2 and 
3 that the greater the cross-sectional area of an object moving in a given direc- 
tion, the greater the resistance to movement in that direction. If you lose control 
of buoyancy and your ascent is uncontrolled, you can slow your rate of ascent 
by flaring—arching your back, extending your arms and legs, and positioni 
your fins parallel to the surface, Flaring (shown in figure 6.31) is the method 
recommended to slow a buoyant ascent 

Unless you care for your BC inflator carefully and have it serviced annually, 
the inflator valve will eventually stick. If your low-pressure inflator sticks in the 
open position, you should first hold your BC deflator valve in the open position. 
Moder BCs vent air faster than the low-pressure inflator admits air. If the infla- 
tor valve remains stuck, disconnect the low-pressure hose. If an uncontrolled 
ascent results, flare to slow your rate of ascent 


Loss of Air Supply 


You are unlikely to have air supply difficulties if you have your regulator serviced 
annually, if you maintain your regulator properly, and if you monitor your SP 
Potential problems include a regulator that free-flows, low air pressure, and no 
air to breathe, Divers have ways to deal with each of these difficulties 


Flaring 
is an excellent way to 
slow a rapid ascent. 


Sand, dirt, vomit, and freezing can cause regulator free-flow. If free-flow occurs, 
your best course of action is to switch to your extra second stage. You could also 
use your buddy’s extra second stage. If there is no source of air except the regu- 
lator that is free-flowing, you can breathe from it by pressing your lips lightly 
against the mouthpiece, taking the air you need, and allowing the excess air to 
escape. Look down while you breathe from the regulator to keep the escaping 
air from causing your mask to leak. 

You are supposed to end a dive with at least 500 psi (34 atm) of air in your 
tank. If you are inattentive and breathe nearly all the air from your cylinder 
while diving, it will become difficult to get air from your regulator. Divers often 
refer to this situation as being “out of air,” but, in reality, they are out of air only 
at the depth at which breathing is difficult. As you ascend, the lower ambient 
pressure allows you to obtain additional air from your tank. When breathing 
becomes difficult and your tank is nearly empty, you should use your buddy's 
alternate air source (AAS) or ascend while continuing to breathe shallowly 
through your regulator. 

In the rare event that you should com- Lciharpeisay aoouni Gptbon Rlacarcbiy 
pletely lose your primary source of air 
while underwater, you have five ascent PEeRin ETT ee Ee) 
options. Figure 6.32 shows the order of (©) ithe dopin ts 50 (15 m) or greater. 
preference of these options. 

An extra-second-stage-assisted ascent + 
closely approximates a normal ascent. 

You ascend while breathing from your (4) (Egqardopinis lace nan 0 (tom. 
buddy's extra second stage. When you 

require air underwater, get your buddy's + 

attention and give the signals for “out of 

air” and “give me air,” if possible. If your @) bees Knky bom caverk sre: 
buddy's extra second stage and primary 

second stage are similar, your buddy 4 

will hand you the extra second stage, or SEALE ES 
you may take it. If your buddy's extra (2) (qasy 

second stage is integrated into the BC 

low-pressure inflator, your buddy will 4 

hand you the primary second stage and 

breathe from the integrated second stage. (1) Breathe fram a backup scuba unit 

If you cannot get your buddy’s atten 

tion, take the extra second stage, begin Figure 6.32. Loss-ot-air options. 
breathing, and then signal your buddy 

that you have no air. After you establish a breathing rhythm, grasp each other's 
right forearm or BC and ascend normally (see figure 6.33). 

‘An emergency swimming ascent (ESA) is a scuba ascent you do using only 
the air in your lungs. The ascent rate of an ESA is faster than a normal ascent, 
but it is not rapid. Retain your regulator in your mouth, and try to breathe from 
it from time to time. Do not hold your breath or you risk a lung overexpan- 
sion injury. If you exhale too much air, you will have a strong urge to inhale. 
The key to a successful ESA is to exhale enough air that your lungs remain at 
a comfortable volume. When you do an ESA correctly, you can ascend 50 feet 
(15 m) easily without an overwhelming desire for air. If the depth is over 50 
feet, discard your weights to initiate a buoyant emergency ascent (BEA). Swim 
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Figure 6.33 Airshar 
ing involves cooperation 
and coordination with 
your buddy. 


for the first portion of the ascent, but allow yourself to drift up when buoyancy 
can replace swimming. Flare during the last 15 feet (4.6 m) of a BEA, and keep 
your lungs at a comfortable—but not maximum—volume, 

Buddy breathing—the sharing of a single regulator second stage by two 
divers—is not a desirable loss-of-air option because it jeopardizes the safety of 
two people. You and your buddy should practice buddy breathing at the surface 
before beginning a dive if buddy breathing is a loss-of-air option for the dive. 
Not all divers are trained to buddy-breathe, and buddy breathing attempted by 
two divers who are not proficient with the skill can result in disaster. However, 
those who are proficient buddy breathers can make a loss-of-air situation a mere 
nuisance. 

Initiate buddy breathing with the “out-of-air” signal followed by the signal for 
“give me air.” Your buddy holds the regulator second stage in the right hand and 
grasps your shoulder strap with the left hand. Your buddy extends the second 
stage toward you and holds it in such a way that you have access to the purge. 
You grasp your buddy's wrist (not the regulator) with your left hand and grasp 
your buddy’s shoulder strap with your right hand. Guide the second stage to 
your mouth and push your lips against the mouthpiece to make a seal instead of 
inserting the mouthpiece into your mouth. By not putting the mouthpiece into 
your mouth to breathe, you can exchange the regulator quickly and reduce mask 
leakage caused by facial movements. Take several quick breaths initially; then 
pass the regulator back to your buddy. Exhale a small amount of air continuously 
when you are not breathing from the regulator. The exhalation helps prevent 
a lung overexpansion injury during ascent. After the initial contact, you and 
your buddy each take two breaths belore passing the regulator, Do not inhale 
fully when buddy breathing because full breaths can cause buoyancy problems 
or lung injuries. A medium inhalation is adequate because you receive air every 
few seconds. You should exhale fully after each first breath that you take. The 
complete exhalation helps expel carbon dioxide and reduces your urge to breathe. 
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As soon as you and your buddy estab- 
lish a breathing rhythm, you should 
swim to the surface, holding on to each 
other throughout the ascent. Blow 
bubbles continuously when the regula- 


tor is not in your mouth. Remember to 
control your buoyancy. 

Skills for loss-of-air situations require 
proficiency, so they must be learned 
well and renewed periodically. Discuss 


the procedures for a loss-of-air situa- 
tion with your buddy, and aj 
options you will use. You should both 
be familiar with the signals, positions, 
and techniques 


ee on the 


Assisting Your Buddy 


You have read about many ways to 
assist your buddy and how your buddy 
can assist you, so you should realize the 
importance of the buddy system while 
diving, 

In addition to helping your buddy 
handle entanglements, cramps, equip- 
ment problems, and loss-of-air situa- 
tions, you may need to provide assis- 
tance if your buddy is incapacitated from 
exhaustion, illness, or injury. 

A buddy who becomes agitated at 
the surface needs assistance in r 


ing control. Help such a buddy estab- 
lish buoyancy, calm down, and breathe 
slowly and deeply. When the situation is 
under control, you may be able to help 
your buddy resolve the difficulty that 
caused the agitation, 

If your buddy becomes exhausted, 
provide assistance at the surface with 
a biceps push, a fin push, or a do-si- 
do (arm-under-arm) push. The three 
types of pushes are illustrated in figure 
6.34, Use the biceps push when your 
buddy can help, and use the fin push 
when your buddy is too exhausted to 
help at all. Monitor your buddy and 
offer encouragement while you provide 
assistance. (Note: Scuba rescues require 
techniques different from surface assis- Providing assistance to an exhausted buddy 
tance.) using the (a) biceps push, (6) fin push, and (c) do-si-do push. 
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Managing Emergencies 


Divingaccidents occur when divers do not exercise good judgment or when they fail 
to follow recommended practices. If you do what you are supposed to do, the chances 
ofa diving accident are extremely small, But you may have to renderaid to someone 
else who violates safety rules. This section identifies the aid you should be capable of 
providing. 


Training and Preparation 


Three types of emergency preparedness training are recommended for all divers: 
first aid, cardiopulmonary resuscitation (CPR), and diving rescue techniques. 
You can get first aid and CPR training from various public service organizations. 
You'll learn some diving rescue techniques in your entry-level course, but you 
should also complete a rescue specialty course. 

Emergency preparedness includes having emergency equipment and informa- 
tion available. The emergency equipment available at a dive site should include 
these items: 


© Diving first aid kit (see the checklist of kit items in chapter 4) 
© Oxygen delivery system 

© Blanket (if appropriate) 

© Drinking water 


You may not have all of the emergency equipment yourself, but you can 
determine whether it is available aboard a boat or as part of an organized dive. 

Have a means of communication—a telephone, cellular phone, CB radio, or 
marine radio—to summon assistance. Have contact information for local emer- 
gency medical assistance and for the emergency treatment of divers at the dive 
site. Have phone numbers and radio frequencies for local emergency support 
services. Examples of numbers to have include the Coast Guard, paramedics, 
hospital, ambulance, police or sheriff’s office, recompression facility, and the 
Divers Alert Network (DAN). The Divers Alert Network has a 24-hour emer- 
gency number 919-684-8111 to assist with the coordination of responses to 
diving accidents. 


Scuba Lifesaving 


The principal elements of scuba lifesaving are cognizance, assessment, rescue, 
and evacuation (CARE). Cognizance is the ability to detect signs that identify 
or predict an accident. Trained and experienced divers can recognize situations 
that can lead to accidents before divers enter the water, when they enter the 
water, at the surface, during descents, underwater, during ascents, and during 
exits, As your experience increases, you will become more cognizant of potential 
difficulties. 

Assessment is an ongoing evaluation of various factors that can affect a lifesav- 
ing situation. Rescuers need to consider their own ability to rescue the victim, 
the victim’s condition, the environmental conditions, the equipment available, 
and additional resources. 

Rescue techniques include approaches, extensions, throws, assists, establishing 
buoyancy, defenses, towing, deep-water rescue breathing, equipment removal, 
and removing the victim from the water. The ability to rescue both conscious 
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and unconscious divers at the surface and underwater is an important skill to 
develop; you should take a scuba lifesaving or rescue specialty course as soon 
as possible after completing basic scuba training. 

An unconscious diver underwater can drown unless rescued immediately. Ill- 
ness, drugs, and blows to the head can cause loss of consciousness. Ifa diver loses 
consciousness underwater, make the diver buoyant and get her to the surface 
immediately. You do not need to concern yourself about expanding air if the diver 


is not breathing because an unconscious person exhales automatically regard- 
less of head position, Do not concern yourself about the diver’s decompression 
status; she can be treated for DCS but will die after about four minutes without 
air. Do not jeopardize your own safety when attempting to rescue another diver. 

A diver who is not breathing needs air quickly and must get it at the surface, 
This is where your CPR skills and diving rescue techniques are invaluable. Open 
the victim’s airway. Often this is all an unconscious person needs to be able to 
breathe, To open the airway, tilt the head and lift the chin. Turn the person’s 
head to the side to drain water from the mouth and throat. Vomiting is common, 
so be prepared for it. Clear vomit from the victim's mouth and throat at once or 
the person may inhale it and choke 

A person who is not breathing after you have opened the airway requires 
rescue breathing and medical assistance. Shout for help. If you can remove the 
victim from the water quickly, you should do so. If removal will be delayed by 
even a couple of minutes, begin rescue breathing while you remain in the water. 
Keep the victim's airway open and lightly pinch the victim’s nostrils to seal them 
Seal your mouth over the other person’s mouth and fill the person’s lungs with 
air until the chest rises gently. Give the victim one breath every 5 seconds or 
two breaths every 10 seconds while swimming to safety, A gurgling sound from 
the victim indicates water or vomit in the airway. Roll the person to the side 
and drain the fluid before continuing rescue breathing. The preferred method 
of in-water artificial respiration involves using a rescue-breathing mask, which 
you can carry in the pocket of your BC. Figure 6,35 shows a person doing rescue 
breathing using such a mask 

You will probably not be able 
to detect a pulse in the water, so 
don’t bother trying. You cannot 
administer CPR in the water; you 
must remove the victim from the 
water and position her on a firm 
surface. 

Evacuation is the final element 
of scuba lifesaving. Evacuation 
procedures include accident pre- 
paredness, communications, and 
transportation options. Advance 
planning is essential to evacu- 
ate an injured diver to a medical 
facility 


First Aid 


Some aspects of diving first aid 
are not taught in standard first 


Rescue breathing with a breathing mask. 
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aid courses, This section touches on those aspects, but you need the additional 
study and training that you can get in rescue specialty and oxygen administra- 
tion courses. 

Nothing is more important than attending to basic life support: airway, breath- 
ing, and circulation. The next priority for any serious diving injury is treatment 
for shock, Lay an injured diver who is breathing on his side, keep the person 
warm (but avoid overheating), and administer sips of water if he is conscious. If 
you suspect an air embolism, DCS, or near drowning, have the person breathe 
oxygen in the highest possible concentration. Keep any diver who has lost con- 
sciousness or who has symptoms of DCS lying down until he can be evaluated 
at a medical facility. Monitor the victim continuously. 

You should be able to recognize signs and symptoms that indicate a serious 
diving illness. The following signs and symptoms indicate an injury that requires 
the prompt administration of oxygen and medical treatment: 


Confusion 

Seizure 

Loss of consciousness 

Nausea or yomiting 

Shortness of breath 

Sudden, extreme weakness 

Numbness or a pins-and-needles sensation 
Inability to do simple motor skills 
Paralysis 

Unequal pupils 
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Venomous marine animals may be encountered in some parts of the world. A 
few venomous animals can inflict life-threatening wounds (see chapter 5). The 
wounds can cause pain, weakness, nausea, shock, mental confusion, paralysis, 
convulsions, depression, arrest of breathing, and even cardiac arrest. Fortunately, 
such wounds are rare. 

Venomous injuries are either punctures or stings. First aid for venomous 
puncture wounds involves removing all foreign matter from the wound, apply- 
ing hot packs to the injured area for half an hour, and keeping the injured area 
below the level of the heart. The injured person should obtain medical attention. 

First aid for a venomous sting includes killing any stinging cells that are in 
contact with the skin, removing any residue, cleansing the area, applying an 
analgesic ointment for pain relief, and seeking medical attention. Vinegar is a 
good solution to apply to all stings to neutralize stinging cells initially. 

You may not recall the appropriate first aid procedures in the event of an 
accident; therefore, you should bring along a diving first aid book to help you 
identify an injury and administer the appropriate first aid. A wilderness first aid 
books also strongly recommended because diving often occurs in remote areas. 


Managing Accidents 


Ifa serious diving accident occurs, and no supervisory personnel are available 
to take charge, you have to manage the situation to the best of your ability. 
Summon help, but do not leave a seriously injured diver unattended. Enlist 
the aid of others. Try to locate the injured diver’s identification and medical 
information, Write down what happened, as well as the person's dive profile, 
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People are creatures of habit, and habits are the result of repetition. If you repeat an 
action correctly enough times, you form a good habit. On the other hand, if you repeat 
an action incorrectly enough times, you create a bad habit. Divers need good habits to 
avoid accidents, but sometimes they fail to take the time to develop them. | often watch 
divers on charter boats and at dive sites as they prepare to dive. I notice that some fail to 


inspect their equipment adequately, some fail to plan their dive properly, and some fail to 
follow the practices outlined in this chapter. They usually know what to do, but because 
they have bypassed many steps every time they go diving, they have a habit of skipping 
important items. How safe is a pilot if he ignores the preflight checklist? Taking the cor- 
rect action requires concentration initially, but when repeated until the action becomes a 
habit, the process becomes automatic. People can make complex processes simple by 
repeating them. When a skill is executed properly every time, it not only becomes habit 
but also is easier to recall when you really need it, such as in an emergency. | strongly 
encourage you to take the time to form good diving habits. If you do, | assure you that 
the odds of being injured are extremely small, 


symptoms, dive times, and so forth. Pin the information in a conspicuous place, 
and send it with the injured diver to the medical facility. Accompany the diver 
to the medical facility, if possible. 


Summary 


The skills of diving range from simple skin diving procedures to complex scuba 
skills to problem management. You need to learn the skills correctly the first 
time, practice them until you can do them easily, and renew them frequently 
to stay proficient. You also need to be trained and prepared to handle a diving 
emergency. As mentioned previously, visualization of skills can help you develop 
skills. This is especially important for problem-management skills. Some prob- 
Jems are not common, and you may never encounter them; but you need to be 
prepared to manage them. If you visualize a problem vividly in your mind, you 
will be able to remain relatively calm when that problem occurs because you 
will know what actions to take. Knowing what to do helps you remain relatively 
calm, which allows you to think and to better manage your situation. 


Application-of-Knowledge (AOK) Questions 

1. What are ways in which you can control buoyancy? 

2. What do you need to remember to do while ascending from a scuba dive? 

3. What can you do to minimize the chances of becoming separated from your 
buddy while scuba diving? 

4, The inflator valve on your BC sticks when you open it to add air. What actions 
can you take to prevent a rapid ascent? 

5. What should you do if your regulator begins free flowing while you are under- 
water and cannot be stopped? 

6. When preparing to exit the water into a small boat, what is the correct order 
for the removal of your equipment? 

7. While swimming against a current at the bottom in 40 feet (12.2 m) of water, 
you begin to experience air starvation. What is the proper way to manage 
this problem? 

8. If you become entangled underwater, what can you do to get free of the 

‘entanglement? 
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NPN transistor. Now the capacitor is 
discharged. 


In order to understand the function of the 
inductance in Fig. 2, we analyze the 
thermodynamics of the charging process. 


x 


A, 


Fig.3 


Simple circuit for charging a capacitor 


If a linear capacitor of capacitance C is 
charged to a voltage V through the load R 
according to Fig, 3, the energy W = 0.5 CV2is 
stored in the capacitor. During the charging 
process, a time-dependent current I(t) flows 


1() = V/Rexp (/RC) 
Thiscurrent develops the heat Q in the load: 
2Q=R JP@dt=0,5cv? 


Here the integration limits are from zero to 
infinity. This calculation shows, that the 
energy taken from the battery is the energy 
storedin the capacitor after charging plus the 
heat produced in the load, also 2-C V2. One 
can see that the heat Q is not dependent on 
the resistance value R. 


The above used equations are only valid in 
case of a one-step charging process. 


If the capacitor is charged stepwise to the 
final voltage V, ¢g. using a ramp generator, 
and each voltage step effects a voltage 
increase , the total heat produced in the load 
is (N= number of voltage steps): 


Q=N05C(V/N¥= 


5. C/N VE 


Now the energy taken from the source is: 


W = 0,5:(1 + 1/N)1/2 CV? 


If the number of steps N tends to infinity, the 
heat Q tendsto zero. 


This energylossin the load dramatically 
influences the efficiency of any 
conversion device and must be taken 
into account, otherwise all 
experimental attempts to observe 
energy conversion would fail. 


A more detailed discussion on charging a 
capacitor and the unavoidable energy losses 
was given by Heinrich [4] and Gupta et al. [5] 


‘The inductance in the circuit (Fig. 2) effects 
slower rising of the current during the 
charging process (due to self induction) and 
can reduce the heat generated in the load 
amaatically, 


Acknowledgments 


Financial support of this work was 
provided by the Brazilian agency 
FAPESP (www.fapesp.br) and the 
German Academic Exchange Service 
(DAAD), (www.daad.de). 


References 


1 NE Zaev, YuS.Spiridonov, Capacitance asa 
converter of heat to electrical energy, Russian Electrical 
Engineering. Vol.69, (2000) pp.69. 

2.NE Zaev, Research on the Capacitance Converter of 
Environmental Heat to Electric Power, New Energy 
‘Technologies, ssuc 2,(2001) 

3. PD. Thacher, Electrocaloric effectsin some 
ierroclectric and antiferroelectric Pb(Zs, T)}03 
compounds, Journal of Applied Physics, Vol. 39, 
(1963), pp. 1996-2002 

4LF Heinrich, Entropy change when charging 2 
capacitor. demonstration experiment, American 
Journal of Physics, Vol. 54, (1986), pp. 742-744 

5.VK Gupta, G.Shanker, NK Sharma, Reversibility and. 
step processes: An experiment for the undergeaduate 
laboratory, American Journal of Physics, Vol. 52, (1984), 
p.945-947 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


Dive In and Discover 


By the end of this chapter, you will 
be able to do the following: 

© List at least nine factors to 
consider in dive planning. 

© Explain the why, who, where, 
when, how, and what of advance 
planning. 

© Explain the on-site planning 
procedures for a dive. 

© List at least five methods of 
obtaining area orientations for 
scuba diving. 

© Use dive tables to plan repetitive 
dives that do not require 
decompression. 

© Explain the planning procedures 
for cold or strenuous dives, 
variations in ascent rate, 
multilevel dives, omitted 
decompression, diving after 
required decompression, 
going to altitude after diving, 
exceeding maximum time 
when doing precautionary 
decompression, and a 
repetitive-dive residual nitrogen 
time that exceeds the absolute 
bottom time of the previous 
dive. 

© Define the terms residual 
nitrogen, repetitive dive, surface 
interval time, maximum bottom 
time, decompression stop, 
repetitive group, safety stop, 
residual nitrogen time, actual 
bottom time, total bottom time, 
emergency decompression, 
no-decompression-stop limit, 
dive profile, step dive, spike 
dive, multilevel dive profile, 
sawtooth dive profile, scrolling, 
and contingency plan. 

© Explain contingency planning for 
scuba diving. 

© Compare the advantages 
and disadvantages of dive 
computers. 
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In this chapter, you will learn about all phases of dive 
planning: advance planning, short-term planning, on-site 
planning, and postdive planning. You will also learn about 
area orientations and how to do dive profile planning. 
An essential part of dive planning is scheduling your 
time and depth to avoid DCS (decompression sickness). 

‘A well-planned dive increases enjoyment and satisfac 
tion and decreases the risk of injury. A poorly planned 
dive can result in disappointment, embarrassment, and 
discomfort. By the end of this chapter, you will under- 
stand the significance of the expression “Plan your dive, 
and then dive your plan.” 


Dive-Planning Factors 


Many factors affect your plans for a dive or a diving trip. 
Keep the following considerations in mind when you are 
looking ahead to a dive outing: 


© Health and fitness are important, Illnesses, required 
medications, and recent operations probably disqualify 
you for diving. If your health is not normal, consult a 
diving physician. If there is any doubt about your physi- 
cal condition, refrain from diving until you are in good 
health. If you are prone to motion sickness, take steps 
to try to prevent it. 

© Climate isa big factor affecting dive planning. If you 
dive close to where you live, dive planning is easier than 
if you intend to dive thousands of miles away. A differ- 
ence in climate usually means a big difference in diving 
conditions, which means a difference in your equipment 
requirements. 

© The distance you travel to a diving destination affects 
your planning. If you travel far to reach the destination, 
allow a day to rest and recover from travel before you 
dive. After even one day of repetitive diving, wait one 
full day before flying home. 

© Weather affects diving conditions significantly. 
Storms and sudden changes in the weather can make 
diving dangerous. Know the weather forecast, and 
reschedule your dive if poor weather is predicted. Know 
the expected wind speed, air temperature, and water 
conditions. 

© Seasonal changes affect water movement, water 
visibility, air and water temperatures, entry and exit 
areas, and the presence of certain types of animals. You 
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should know what to expect at a dive site at differ- 
ent times of the year. It helps to know the visibility, 
water temperatures, tides, surf, surge, currents, bottom 
composition, silt conditions, plants, and animals 


You need to be physically and mentally fit for diving. Fitness for diving implies 
that you are well rested, are well nourished, have the physical strength and 
stamina to meet the requirements of the environment and the activity, are quali- 
fied for the activity, are not apprehensive about your plans, are not goaded into 
doing something you are not prepared to do, and do not allow pride to affect 
good judgment 

Your objective for the dive affects your planning. Different diving activities 
require different plans and different equipment, The planning of an underwater 
photography dive is not the same as the planning of a dive where you intend 
to hunt for game. 

You must know and observe laws, regulations, and customs. Some areas 
have laws that require the use of a dive flag. Obey fish and game regulations. 
Some diving professionals discourage the taking of any living thing in an area 
You need to know the behavior expected of you. Knowing the expectations in 
advance can help you avoid being embarrassed at the dive site. 

Etiquette is important. Will early-morning diving activities be offensive to 
residents near the dive site? Will the parking of vehicles at a site irritate people? 
Be considerate of others who may be in the area where you intend to dive, 
including those who are fishing nearby. Consider the impact of noise, changing 
dlothes, and dive site access. Then make your plans using good etiquette. 


Advance Planning and Preparation 


The first phase of dive planning is the determination of why, who, where, when, 
how, and what 
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Why? 
Who? 
Where? 


When? 


How? 


What? 


Determine the objective of the dive. What do you want to do? 
Take photos? Explore? Look for artifacts? 


Determine with whom you want to dive, Select a buddy who is 
interested in your dive objective. 


Determine a primary and an alternative site. If conditions at the 
primary site are unfavorable, go to the alternate site. 


Determine the best time to dive. The water at most areas is usually 
calmer in the morning than it is in the afternoon, Tidal currents 
and height may affect the best time to dive 


Decide how to reach the dive site. Who will drive? What are the 
directions? 


Determine what equipment is needed for the dive. Who will bring 
the float and flag? How many tanks do you need? Are there any 
special needs for the intended activity? 


Advance preparation can include 


making reservations, 


paying deposits, 
buying or renting equipment 

having equipment serviced or repaired, 
getting tanks filled, 


obtaining a fishing license or permit, 


preparing equipment for phote 


raphy, and 


obtaining emergency contact information. 
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Your preparations will usually include a trip to your local dive facility. Inspect 
your equipment before you go. You may discover a needed repair that requires 
some time to complete. Identify your equipment needs early. 


Short-Term Planning and Preparation 


The day and evening before you intend to go diving, you need to take three 
actions, First, you should find out the weather forecast and current water con 
ditions so you can determine if conditions will be acceptable for your diving 
activities. Call your dive buddy to discuss and confirm your plans, Last-minute 
revisions, such as going to the alternative site, may be necessary. If you anticipate 
poor diving or weather conditions, reschedule the dive. 

The second step of short-term preparation is packing your diving equipment 
and your personal items. (See chapter 4 for an equipment checklist.) 

The third step of short-term planning is to write down your dive plans and 
schedule. Leave this information with a friend. Instruct your friend to notify the 
authorities if you fail to return by a certain time. 


On-Site Planning and Preparation 


When you and your buddy arrive at the dive site, you must determine whether 
the conditions are acceptable for diving. If not, go to an alternative site. If the 
conditions at the alternative site are also unacceptable, abort the dive. 

An important step in the assessment of a dive site is the estimation of the 

current. Look for telltale signs such as kelp bent over from water movement, a 

wake around the anchor line or behind an anchored boat, or objects drifting on 

the surface, Determine the velocity of moving water by measuring how long 

it takes a floating object to move a known distance, such as the length of your 

boat. When an object moves 100 feet (30 m) in one minute, the speed of the 

object is approximately 1 knot (1.15 miles or 1.85 km per hour). When a cur- 

on rent exceeds about 1/3 knot (0.4 miles or 0.6 km per hour), you must heed it 

because you can swim at a speed of only about 3/4 knot (0.86 miles or 1.4 km 

per hour). Plan the dive so that the current assists you in swimming to your 

exit point at the end of the dive. Figure 7.1 includes a table that can help you 
estimate current velocity. 

If the diving conditions are favorable, you should then determine the diving 
area, Select the entry and exit areas for the dive, and discuss the entry and exit 
procedures. Agree on the course to be followed during the dive. Agree on time, 
minimum air pressure, and landmarks for changes in direction. You and your 
buddy should know in advance approximately where you will be at any time 
during the dive. 

An important part of your planning is discussing and agreeing on the proce- 
dures for the buddy system. Decide who is in charge of the team, where you 
will position yourselves relative to each other, how you will move (steadily or 
start and stop), and what reunion procedures you will follow in the event of 
separation. Remember that communication is much easier on land than it is 
underwater, so take advantage of the opportunity you have to communicate 
and coordinate while preparing for a dive. 
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‘Current velocty estimation 


20 feet (6 meters) 


5 


Te seconds 


‘Measure how long it takes 2 floating object to travel 100 feet (30 meters). 
Ian abject travels 20 feet (6 meters) in 12 seconds, it travels 100 feet 
(80 meters) in 1 minute. 


Current velocity table 
(time to travel 100 feet oF 30 meters) 


Time Speed Time Speed 
(seconds) (knots) (seconds) (knots) 

5 12.0 85 (O62 

10 60 1000.59 

20 30 10054 

30 20 1200049 

40 15 190048 

50 12 10 042 

60 10 1800.39 

70 oss 160 = 0.37 

80 ara 17 0.35 

90 0.66 1800.83 


Figure 7.1. You can estimate the velocity of a current if you time how long it takes a floating object to move 
the length of your boat. 


Always review your plans for emergencies. Agree on air-sharing procedures. 
Discuss what to do in the event of a serious diving emergency. Know where, 
how, and whom to call for help. Make sure you both have access to a first aid kit 
and other emergency equipment. A few minutes spent coordinating procedures 
before an emergency can save precious seconds if an accident occurs 

Scuba diving requires dive profile planning. You and your buddy need to 
agree on the maximum time and depth for your dive. You must limit time and 
depth to avoid decompression illness. Dive profile planning is discussed later in 
this chapter. 


Area Orientations 


You should recognize the importance of learning about a dive site before diving 
there. Because orientation is vital and because you want to be a responsible 
diver, you need to learn how to obtain orientations, Area orientations can be 
formal or informal. A formal orientation is provided as a service by a diving 
professional. The professional will tell you what to look for and what to look out 
for in the area and will lead you on a dive. A professional dive guide provides 
suggestions and points out items of interest and potential hazards. When you 
have completed a formal orientation, ask the professional to sign and stamp 
your logbook. A continuing education dive course is another excellent form of 
formal orientation to a new area. 

Formal orientations are ideal, but if you cannot arrange to have a professional 
introduce you to a new region, consider some or all of the following options for 
an informal orientation: 


© Read books, articles, and brochures about diving in the area. Learn as much 
about an area as you can before you go there. 

© Write to dive stores in the region where you intend to dive. Ask if you can 
participate in a dive class session for your orientation to the area. 

© Write to dive clubs in a region where you intend to dive. Ask if you can 
participate in a club-sponsored dive when you are in the area, Ask for con- 
tact information for several club members who dive regularly and may be 
willing to allow you to go diving with them. 

© When you arrive in a new area, find local dive sites and visit them when 

divers are likely to be there. Ask the divers about the sites while they are 

preparing to dive or after they exit from a dive. If you have your equipment 

ready, you may be able to accompany them ona dive. Make sure they have 

experience in diving at the site. 
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Having reviewed dive accident reports for many years, | have found that failure to adequately 
plan or to carry out the plan for a dive is a common cause of accidents and injuries. | have 
been able to avoid serious injury during decades of diving. However, | have had some bad 
experiences. These experiences occurred when | failed to plan adequately, when | attempted 
activities without first completing training for the activity, or when | did not have adequate 
knowledge of a new dive site. 

I dived from shore in California on a beach with a steep incline without taking the time 
to research the dive. | was used to donning my fins, wading into the water, and swimming 
beneath the oncoming waves. When | attempted this procedure on this type of beach, | 
found that there was a trough created by plunging waves, and that the trough was a dropoff. 
The trough is also where the waves break suddenly and violently. As | waded into the water, 
ost my footing at the trough at the same time that a large breaker suddenly formed and 
pounded me into the trough. | managed to kick past the trough before the next wave hit, 
but | was humbled by the experience. A key part of dive planning is to understand the 
terrain and learn the local procedures. After the dive, | watched a local diver literally run 
into the water after a wave broke, jump over the trough, turn onto his back, pull on one 
fin, and kick beyond the area where the waves broke. | have used that technique on steep 
beaches ever since that day when the plunging surf taught me a lesson. Avoid surprises 
that could be dangerous by learning about any new location before diving there. 
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© Purchase a space on a diving charter boat. When you board the vessel, tell 
the crew you are new to the area, Ask for advice about diving procedures, 
and ask to be introduced to an experienced diver who can provide addi- 
tional information. 


When you dive with local divers, allow them to go lirst. Do as they say and 
do as they do. Procedures vary from region to region. A procedure you use in 
your area may be inappropriate in a different area. For example, in your normal 
diving environment, you may be able to enter the water from a boat in a cur- 
rent without holding on to a line. But if you tried to do so in a different area, 
you might be swept away at once. Be humble, listen to others, and follow their 
example to avoid embarrassment. 


Dive Profile Planning 


There are limits on how long you may remain at various depths. The amount of 
nitrogen absorbed by your body determines the limits. You need to be aware of 
the effects of residual nitrogen, which is nitrogen remaining in your system 
from a dive made within the past 12 hours. Whether you do one dive or a series 
of dives, it takes time to eliminate nitrogen from your body. If you dive again 
before the excess nitrogen has had time to outgas, you add to the nitrogen 
already in your body, and you reach critical nitrogen levels faster than if you 
had not already absorbed excess nitrogen. A repetitive dive is any dive made 
within 6 to 24 hours (depending on the dive-planning device) of a previous 
dive. Figure 7.2 shows how the amount of residual nitrogen in the body builds 
from repetitive dives. A rest stop—a precautionary decompression stop during 
ascent—reduces the risk of decompression illness. 


Dive 3 


Dive2 


Dive 


‘A—Normal amaunt of nitrogen in body 
B—Amount of ritrogen in body after fist dive 

(Amount of nitrogen in body after first surtace interval 
D—Amount of nitrogen in body after second dive 
E—Amount of ritrogen in body after second surface interval 
FAmount of nitragen after third dive 


Figure 7.2 Ifyou make a repetitive dive before allowing the residual nitragen to leave 
your body, the nitrogen continues to accumulate. 


Decompression experts use complex mathematical calculations and field test- 
ing to establish time limits for various depths for single and repetitive dives. The 
time limits are published in tables and programmed into calculators and dive 
computers, You need to know how to use these dive-planning devices to plan 
your dive profile so that you can minimize the risk of decompression illness. 

No dive-planning device can guarantee that you will not develop decompres- 
sion illness, Dive tables, calculators, and computers provide information based 
on statistics acquired through testing. Ifa diver adheres to the profile limits of a 
device, the statistical probability that the diver will develop decompression ill- 
ness is small. The devices assume that you are in good health, that you do not 
get cold during the dive, that you do not exert strenuously, and that you ascend 
at the correct rate. 

Ifyou dive to the maximum time limits indicated by any dive-planning device, 
you increase the likelihood of decompression illness. Reducing your exposure 
to pressure reduces the likelihood of decompression illness. 


Dive Tables 


The U.S. Navy (USN) developed tables for dive planning. The recreational diving 
community adopted the military tables in 1980 and has used modified versions 
successfully. Although the tables were designed for military diving rather than 
recreational diving, many decompression experts still consider the USN dive 
tables—with reduced maximum dive times—appropriate tables for recreational 
use, New Doppler-tested dive tables developed by the USN are the basis for the 
dive tables presented in this chapter. 

The USN tables use compartments with half-times of 5 minutes, 10 minutes, 
20 minutes, 40 minutes, 80 minutes, and 120 minutes. The amount of nitrogen 
remaining in the 120-minute (2-hour) compartment determines the repetitive 
group designations of the tables, which are represented by letters. Because 
outgassing of a compartment takes six half-times, you can see why the USN 
tables define a repetitive dive as any dive within 12 hours (6 X 2 hours) of a 
previous dive. 

The tables include four sets of dive tables: 

A. Total bottom timetable 

B. Surface interval timetable 

C. Residual nitrogen timetable 

D. Decompression timetable 


Dive Table Modifications 


Diving organizations and manulacturers have modified the dive tables to make 
them more appropriate for recreational diving. Here are some typical differ 
ences between standard dive tables and the modified dive tables presented in 
this chapter: 


© Reduced time limits—Dive-planning devices today include maximum time 
limits that are less than the no-decompression-stop limits of the USN dive tables. 

© Reduced depth limits—The USN dive tables provide dive-planning infor- 
mation for depths to 190 feet (58 m). The recommended maximum depth limit 
for recreational diving is 100 feet (30.5 m). New divers should limit diving to 
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Actual Bottom Time (ABT)—The elapsed time in minutes (rounded up to the next 
whole minute) from when a diver leaves the surface in descent until the diver begins 
a rest stop or surfaces 

No Decompression Stop Limit (NDSL)—The maximum time that a diver may stay 
at a specified depth (indicated in table A). For repetitive dives, the residual nitrogen 
time (RNT) from table C must be added to the actual bottom time (ABT) to obtain the 
total bottom time (TBT), which must not exceed the NDSL specified in table A. Table 
C also indicates the maximum ABT for various depth and repetitive group combina- 
tions that will prevent the TBT from exceeding the NDSL. 

Repetitive Dive—Any dive conducted within 12 hours of a previous dive with a 
minimum 10-minute surface interval. For repetitive dives of less than 40 feet, use 
the 40-foot (12 m) values in table C (RNT table) to determine the TBT. 

Repetitive Group Designation (RGD or RG)—A letter that indicates the amount 
of residual nitrogen in a diver's tissues for 12 hours after diving. 

Residual Nitrogen Time (RNT)—An amount of time (in minutes) that must be 
added to the actual bottom time (ABT) of a repetitive dive to determine the total 
bottom time (TBT). RNT compensates for residual nitrogen remaining in a diver’s 
tissties from previous dives. 

Surface Interval Time (SIT)—The elapsed time (rounded up to the next whole 
minute) from when a diver surfaces after a dive to the time the diver begins the 
descent of a repetitive dive. The minimum SIT is 10 minutes. 

Total Bottom Time (TBT)—The sum of ABT and RNT. For times not indicated at a 
particular depth, use the next longest time available for that depth. 


depths of about 60 feet (18 m), Advanced divers qualify to dive to approximately 
100 feet. Divers who complete a deep-diving specialty course qualily to dive to 
130 feet (39 m). Technical divers qualify to dive at even greater depths. Depth 
in water is similar to speed on land. When you qualify for a driver’s license, 
you may drive at speeds up to the legal limit. Driving at much higher speeds is 
hazardous and requires specialized training, special equipment, and controlled 
situations to minimize the risk of serious injury or death. Deep diving (beyond 
100 feet) is similar to race car driving in many respects. Deep diving is a profes- 
sional endeavor that unqualified recreational divers should not attempt. 

© Revised surface interval times—In 1983, a USN study reported a number 
of errors in the surface interval timetable. The errors usually do not affect the 
type of diving that recreational divers do, but some modified versions of the 
tables include the corrections. 

© Combined tables—Modified versions of the USN dive tables often combine 
information to make the tables easier to use. Tables may include the total bottom 
time (TBT) for repetitive dives along with the residual nitrogen time (RNT). 
Tables may include required decompression information to eliminate a separate 
decompression timetable 


Dive Table Use 


In this section we'll take a closer look at some of the individual elements com- 
prising the combined dive tables. 
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Your goal is to avoid exceeding the 
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Rowsare horizontal, and columns 395 
are vertical. Enter table A on the row 
corresponding to the deepest depth 120 
you plan to reach duringadive,and 335 
then move across to the end of the 
row to find your maximum NDSL. 366 
Alter your dive, reenter the row and 
find the first number (in minutes) 130 
that does not exceed your actual 386 
dive time. Proceed downward on 
the column containing your dive 
time and locate the repetitive group 
designation letter (from A to M) for your dive. For example, a dive of 50 feet 
(15 m) for 30 minutes assigns you to group E, Remember that whenever the 
depth or duration of your dive exceeds a listed number in the table, you must 
use the next larger number, 

Next, you use table B, the surface interval table, to determine your letter group 
for a repetitive dive. Your group designation depends on the amount of time that 
you remain at the surface until you dive again. The longer your surface interval, 
the closer to the beginning of the alphabet your letter group will be. 

Enter table B using the group designation you obtained from table A. Move 
downward along the column until you find the time range (expressed as hours: 
minutes; for example, 1:26 is 1 hour and 26 minutes) that your surface interval 
time (SIT) falls into. Remember that when you exceed a number on the dive 
tables, you must use the next larger number. Follow the row to the left to find 
your ending letter group designation. For example, if your letter group was E 
at the beginning of a 2:00 surlace interval, you would be in group C at the end 
of the surface interval. You would be in group C after a surface interval ranging 
from 1:45 to 2:39. 
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Dive table courtesy of Seba Ecucatore International 


Use table C, the residual nitrogen time (RNT) table, to determine both your 
adjusted maximum no-stop time for a repetitive dive and your residual nitrogen 
time (which must be added to your actual dive time) for your planned depth, 
For example, if your repetitive group letter from a previous dive is C and your 
planned depth for your next dive is 50 feet, your actual bottom time (the smaller, 
lower number for the depth column coordinate) must not exceed 57 minutes, 
Additionally, the residual nitrogen time (RNT) for the depth (the larger, upper 
number for the depth column coordinate) must be added to your actual bottom 
time. If you dived to 50 feet for 40 minutes as a group C diver, you would add 
23 minutes of RNT to your actual bottom time to obtain a total bottom time 
(TBT) of 63 minutes. 

Alter a repetitive dive, you return to table A and use your total bottom time 
(TBT) to obtain a new repetitive group designation. For example, your dive to 
50 feet for 40 minutes as a group C diver yielded a TBT of 63 minutes. According 
to table A, 63 minutes of TBT at a maximum depth of 50 feet would assign you 
to repetitive group Lat the beginning of your next surlace interval. 

Table D is for emergency use only when you exceed the maximum no-stop 
time (NDSL) for a depth. Avoid dives that require planned decompression. If you 
unintentionally allowed your total bottom time (TBT) to exceed the NDSL, you 
would refer to table D to determine the required decompression, For example, 
if your TBT for a depth of 60 feet (18 m) was more than 51 minutes (the NDSL), 
but less than 61 minutes, you would need to decompress at a depth of 20 feet (6 
m) for 2 minutes. Your total ascent time, including the decompression, would 
require 4 minutes. Your repetitive group after the decompression dive would 
be L. This example is for emergency purposes only. You should never plan a 
decompression dive unless you complete specialty training and meet every 
requirement for safety. 


Special-Equipment Dive Planning 

You must use special dive tables if you dive using oxygen-enriched air (nitrox); 
you learn how to use these tables when you take a nitrox specialty course. Do 
not attempt specialized diving without proper training. Exceeding the 130-foot 
(39 m) depth limit by a few feet when breathing compressed air is not particu- 
larly dangerous, but exceeding the maximum depth limit (which varies with the 
gas mixture) when breathing mixed gases can cause seizures and drowning. Gas 
mixtures other than compressed air are only for divers who have the prerequisite 
training and equipment. 


Dive Profile Terms and Rules 


Divers use several types of dive profiles, which are created by plotting the time 
and depth of a dive. Figure 7.3 shows a diagram of a standard profile. A dive to 
a constant depth for a given period of time is typically depicted as a profile with 
square corners. A multilevel dive profile is a dive that progresses from deep 
to shallow during a given period of time. When you make a dive in a series of 
steps, you can refer to it as a step dive. A sawtooth dive profile is a dive 
that progresses from deep to shallow and back to deep. Avoid this type of dive. 
Another profile is the bounce profile. This represents a dive with a short ABT, 
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Depth Satety 


Figure 7.3 Standard dive profile. 


such as a dive to free a fouled anchor. You should also avoid this profile, which 
is depicted graphically as a spike. Bounce profiles are also called spike dives. 
Figure 7.4 graphically depicts these four profiles. 


Dive Profile Diagramming 


Diagram your dive profiles when planning and recording your dives. Include 
planned and actual depths, rest decompression stops, bottom times, repeti- 
tive group letter designations, and surface interval times. For repetitive dives, 
include RNTs and TBTs. A simple method for diagramming dive tables is to use a 
worksheet like the one shown in figure 7.5. Some dive computers automatically 
record a profile of your dive that may be displayed for review. 

Try the following exercise, which combines diagramming with the dive table 
procedures you have learned. Use the blank diagramming worksheet in figure 
7.5. asa template. If you have any dilficulties, refer to the preceding section about 
the use of the dive tables, Assume that all dive times include three-minute rest 
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40 minutes 
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Figure 7.4 Types of dive profiles. 
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Figure 7.5 Use a worksheet like this to plan your dives. 


stops. Calculate and diagram the following series of dives (the answers to the 
diagramming problem are in the next paragraph and in figure 7.6): 


© The first dive is to 78 feet (24 m) with an ABT of 20 minutes, followed by, 
a surface interval of 1.5 hours. 

© The second dive is to 55 feet (16.8 m) with an ABT of 25 minutes, followed 
by a surface interval of 2 hours. 


© The third dive is to 40 feet (12 m) with an ABT of 25 minutes. 


Solution: The repetitive group after the first dive is E, After the surface inter- 
val, the repetitive group changes to D. The RNT for a D diver at 55 feet (16.8 m) 
is 26 minutes. The TBT (ABT + RNT) for the second dive is 51 minutes (25 + 26). 
The repetitive group after the second dive is I. After the second surface interval, 
the group changes to G. The RNT for a group G diver at 40 feet is 64 minutes. 
The TBT for the third dive is 89 minutes (25 + 64). The repetitive group alter 
the third dive is J. 

The following tips help make dive profile diagramming easier: 

© Enter the repetitive group letter at every upper corner of a profile except 

the first corner, 

© Add ABT and RNT to obtain TBT for every repetitive dive. Use the recall 

word ART to help remember that you add ABT and RNT to obtain TET. 

‘Now combine the dive table procedures to plan a series of dives. Use the blank 
diagram shown in figure 7.5. Assume that the depth of the first dive—the deep- 
est dive—is 60 feet. The NDSL, according to table A, is 51 minutes, Plan an ABT 


Bl 
nos. ZL +3 
nos. ZL 
at 26 
+ RNT 
Sent 37 


AD = Actual depth 
Figure 7.6 Completed diagramming worksheet. 
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Ascent Rate. Divers should ascend at 30 feet per minute or slower. 

Dives Less Than 25 Feet. Dives less than 25 feet do not have a specific No Decompression Stop 
Limit. However, if conducted as repetitive dives, they must be calculated as a 35 foot dive for 
Residual Nitrogen Times (RNT), Table C. 

Exceeding the No Decompression Stop Limits. If divers err and stay longer than the times 
allowed on the No Decompression Stop Limit, Table A, the divers have exposed themselves to an 
increased decompression requirement and must refer to the Decompression Stops Table, Table D, 
for required decompression stops to complete the dive, Once on the surface, these divers should 
not dive again for at least 12 hours or fly for at least 24 hours 

Flying After Diving. The longer the surface interval before flying, the less likely a diver will 
experience decompression sickness. A minimum surface interval of 12 hours is required before 
ascent to altitude in a pressurized aircraft (or a ground altitude of 1000 feet above sea level). 
Divers who plan to make multiple dives for several days or computer-assisted dives should take 
extra precaution and wait an extended surface interval of greater than 12 hours before flying or 
ascending to altitude. Divers who have made dives requiring decompression stops should wait a 
minimum of 24 hours before flying or ascending to altitude 

High Altitude Diving. These Air Diving Tables are not to be used for diving at altitudes greater 
than 1000 feet above sea level without calculating altitude adjustments, 

Order of Dives. All repetitive dives should be conducted with each successive dive equal in depth 
or shallower than the previous dive. 

Sport Diving Maximum Depth. Sport divers should not exceed 100 feet of depth 

Sport Diving Time Limit. On any dive, the Total Bottom Time (TBT) should not exceed the No 
Decompression Stop Limit. Dives requiring mandatory decompression stops should not be 
planned, 
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Bottom Time (BT). The elapsed time in minutes starts when the diver leaves the surface in descent 
and stops when the diver begins safety stop or surfaces (round up to next whole minute). On 
repetitive dives, this is Actual Bottom Time (ABT). 

Depth. The depth of a dive; use the maximum depth attained during the dive in feet or meters of 
seawater. When depth is not indicated on the table, use the next greater depth available. 

No Decompression Stop Limit. The longest amount of time a diver can spend at depth without 
requiring a decompression stop. Table A lists these for all depths. For repetitive dives, the Residual 
Nitrogen Time (RNT) must be added to the Bottom Time (BT) and the total bottom time (TBT) 
must not exceed the No Decompression Stop Limit. 

Repetitive Dive. Any dive conducted within the time period specified by the surface interval table 
(Table B) of a previous dive with a minimum surface interval of 10 minutes. For repetitive dives 
of less than 35 feet, use the RNT (Table C) values for 35 feet to calculate Total Bottom Time (TBT) 

Repetitive Group Designation (RG). Letters that relate to the amount of residual nitrogen in 
a diver's tissues for the time specified in the Surface Interval Table, 

Residual Nitrogen Time (RNT). Located in Table C, an amount of time, in minutes, which must 
be added to the Bottom Time (BT) of a repetitive dive to calculate Total Bottom Time (TBT). Rep- 
resents residual nitrogen still in a diver’s tissues from previous dives. 

Safety Stop. A 3-minute minimum safety stop at 15-25 feet is recommended at the end of all dives. 

Surface Interval Time (SIT). Located in Table B, the elapsed time from when a diver surfaces 
following a dive to the time (next whole minute) that diver starts the descent of the next dive. 
SIT must be a minimum of 10 minutes. 

Total Bottom Time (TBT). Calculated by adding the Bottom Time (BT) and the Residual Nitro- 
gen Time (RNT). For times not indicated at a particular depth, use the next longer time available 
for that depth. 


of 28 minutes (including rest stop) for the dive. Your repetitive group designa- 
tion after the first dive is E. Now plan a repetitive dive to the same depth. Refer 
to table C to plan the dive because table C provides the maximum allowable 
times for various letter group designations. If your surface interval is less than 
52 minutes, you remain in the E group, your RNT is 29 minutes, and your ABT 
must not exceed 22 minutes. Your surface interval should be at least 1 hour, 
as recommended. If you wait an hour between the first and second dive, your 
repetitive group changes to D, your RNT is 24 minutes, and your ABT cannot 
exceed 27 minutes. If you want to dive for 28 minutes, you need to extend your 
surface interval to at least | hour and 45 minutes to obtain repetitive group C. 

Assume that you repeat the first dive as a group C diver. Your RNT is 19 min- 
utes and your ABT is 28 minutes, so your TBT is 47 minutes. Your repetitive 
group after the second dive is I. 

Assume that the dive site is so good that you want to make a third dive to 60 
feet, No ABT minutes are allowed fora diver with a group I designation, Proceed 
up the column of the table. If you want to dive to 60 feet again for 28 minutes, 
you need to attain repetitive group C, which allows 32 minutes of diving with- 
out required decompression. When you know the group that you need to attain 
as well as your starting group, you can plan your surface interval. Table B tells 
you that you must wait at least 5 hours and 14 minutes to move from group I 
to group C. It would be wise to consider a shallower dive at this point. 

Use the tables to plan dives that enable you to avoid emergency decompres- 
sion, You have three options for planning repetitive dives that do not require 
mandatory decompression. If your RNT prevents you from making a desired 
dive, you can (1) reduce the duration of the dive, (2) reduce the depth of the 
dive, or (3) increase the surface interval preceding the dive. 


Special Procedures 


Unusual circumstances may arise that require special procedures. You should 
know the procedures for dive profile planning for each of the following situations: 


© A cold or strenuous dive—When a dive is particularly cold or strenuous, 
use the next greater time for the dive. If the dive is both cold and strenu- 
ous, use the next greater time and depth, 

© Variations in the rate of ascent—If you ascend faster than 30 feet (9 m) 
per minute, extend your rest stop by at least two minutes. The faster you 
ascend, the more you should increase the stop time. 

© Multilevel dives—Treat dives to multiple levels as square-profile dives, as if 
all the time of the dive was at the deepest depth of the dive. Do not attempt 
to extrapolate the dive tables 

© Omitted decompression—if you need to decompress but fail to do so, use the 
following procedure for omitted decompression. If you have no symptoms 
of decompression illness after the dive, remain out of the water, breathe 
oxygen in the highest concentration possible, rest, drink water, and be 
alert for symptoms of decompression illness. Wait 24 hours before diving 
again, If you suspect decompression illness, proceed at once to a hyperbaric 
facility for a medical examination. The USN has a procedure for in-water 
decompression, but diving medical experts agree that this procedure is 
inappropriate unless there is no alternative. 


Dive Planning mal 201 


202 lM Scuba Diving 


© A rest stop that causes your ABT or TBT to exceed NDSL—If a rest stop 
causes ABT or TBT to exceed the maximum time limits, determine your 
repetitive group letter designation using the NDSL for the profile. 

© Diving after mandatory decompression—After a dive that requires decom- 
pression, wait at least 24 hours before diving again. 

© Arepetitive dive with an RNT that exceeds the ABT of the previous dive—If 
the RNT for a repetitive dive exceeds the ABT of the previous dive, use the 
RNT [or planning the repetitive dive, 

© Altitude after diving—Ascending to altitude after diving increases the like- 
lihood of decompression illness because of further reduction in pressure. 
Driving in the mountains or flying after diving can cause decompression 
illness that would not occur if you remained at sea level until you elimi- 
nated the excess nitrogen. 


The Divers Alert Network (DAN) recommends that divers wait a minimum 
of 12 hours before ascent to altitude in a commercial jet airliner (higher than 
8,000 feet, or 2,438 m) after a single no-decompression dive. If you make 
multiple dives for several days, wait at least 18 hours before flight. If your dive 
requires decompression, a preflight interval substantially longer than 18 hours 
is required, Lengthening your preflight time interval reduces the chance that 
you will experience decompression illness 

DAN does not have a recommendation for flying or driving at lower altitudes, 
The most extensively tested tables for altitudes are the Swiss dive tables. The Swiss 
tables use a compartment with a much longer half-time than the USN tables. A 
reasonable approach to altitude delays after diving makes the surface intervals 
of the USN dive tables equivalent to those of the Swiss tables. Converted USN 
minimum surface intervals in table 7.1 specify the minimum time required to 
attain permissible nitrogen levels for various altitudes. 

Altitude is any elevation above 1,000 feet (305 m). The altitude delay timetable 
provides recommended time delays for altitudes up to 10,000 feet (3,048 m). To 
use the altitude delay timetable, enter the table horizontally on the top line and 


Table 7.1 Altitude Delay Timetable 
Starting repetitive group 
Altitude (ft/m) ABC 


2,000/610 00 
3,000/914 0:00 
4,000/1,219 0:00 
5,000/1,524 0:00 
6,000/1,829 0:00 
7,000/2,134 0:00 
8,000/2,438 0:00 
9,000/2,743 0:00 E 1 16:39 


10,000/3,048 0:00-6:18 10:37 13:25 15:56 18:05 20:10 21:18 23:24 24:50 C 
Note: Times repr 
times with a delay 


nding to the sted altitude 
hours 24 minut 


ent the minimum recommended time delay bafare as 


nd are USN surface interval 


ctor of 5.4, Times are in hours:minutes (for example 


Recommended minimum repetitive groups for indicated elevations, 


find your starting repetitive group. Next, find the altitude to which you wish 
to ascend. If you exceed a number, use the next greater one, The time at the 
coordinates of the desired altitude and your starting repetitive group indicates 
the minimum time delay recommended before ascending to the altitude selected. 


Profile Contingency Planning 


When you plan a dive profile, you should also plan for contingencies, You should 
know what to do in case you unintentionally exceed your planned depth or time 
or both. A simple matrix, such as that depicted in figure 7.7, is helpful. When 
diving using dive tables, you should prepare a contingency matrix in advance 
of your dives and carry it with you while diving. Dive computers automatically 
provide contingency information. 

Not all dive-planning information displayed by a computer can be accepted at 
face value. You must learn to apply the dive computer guidelines included in 
this section. 

After you complete your plans, you need to implement them. The first rule 
of dive planning is to plan your dive, and then dive your plan, You and your 
buddy should make every effort to do as you agreed to do before the dive. When 
circumstances force changes in your plans, it helps to have contingency plans. 


‘Times in boxes are emergency decompression times. 


Noxt greater time 40 minutes 
Next greater time 50 minutes 


© | Planned time 30-minutes 


Sample 
Planned depth g0ft o}o 
Next greaterdepth zo | 0 | 0 | 5 


Next geaterdeptn go | 0 | 5 | 10 


Next greater time 
Next greater time 


Planned time 


Planned depth 


Next greater depth 


Next greater depth 


Figure 7.7 A contingency matrix helps you plan ahead for unexpected events. 
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The Gates Motor 


A. Akau, USA 


Email adrianakau@aolcom 


‘The Gates motor company has produced 
a motor that does not run on fossil fuel 
or on electricity. It comes in a 28 HP. and 
a 5,000 HP version. When linked to an 
electric generator, the larger motor will 
produce 2,200 kW. 


My name is Adrian Akau, Iam a recently 
retired school teacher, having taught 
science and math in the public school 
system, state of Hawaii for the past 36 
years, One of the classes I taught was on 
energy. 


Our world should be reaching the half- 
way mark in easily accessible oil by about 
the year 2016. Since the rate of oil usage 
is becoming higher each year, it is unlikely 
that the oil supply will last as long as the 
140 years since the first well was drilled 
in Pennsylvania. We will become more 
dependent upon OPEC with all the 
political pressures and problems that 
accompany this type of dependency. As 
the easy oil is consumed, we must look for 


ways to extract less accessible oil such as 
from shale. The added expense will be 
passed on to the consumer. 


The burning of coal is not the answer 
either because coal cannot supply 
convenient energy as does oil. An oil- 
based economy cannot transfer over 
readily to natural gas; there is not 
enough natural gas available and it is 
again, not a convenient and 
concentrated source as is oil. We also 
have serious pollution problems with 
the burning of fossil fuels (natural gas 
being the exception) but the burning of 
all fossil fuels have contributed to the 
serious problem of global warming. 


It may take all of 50-80 years to transfer 
to a non-fossil fuel economy. The 
transfer must be made slowly so as not 
to disturb the infrastructure of our 
economy which is presently based upon 
fossil fuels. We must gradually create a 
new infrastructure that is non-fossil fuel 
dependent. 


The motor incorporates a 
unique spring configuration to 
provide rotation 


The production model of the motor is 
24 inches high by 48 inches in length 
Connected toa generator it will provide 
sufficient power for about eight 
hundred US homes. It is designed to be 
tough and to last a long time. It uses a 
high grade airplane synthetic engine oil 
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These plans need to address many possible contingencies fora dive. For example, 
you should know what to do if you 


© surface downcurrent from a boat when you had planned to surface in front 
of it, 

are unable to reach or use the exit point you had selected on shore, 

end the dive a long distance from your exit location, 

exceed the maximum allowable bottom time (ABT or TBT) for a dive, 
experience a failure of your dive computer while diving, or 


Ce a) 


ascend directly to the surface without precautionary decompression. 


Dive Calculators and Dive Computers 


The benefits of a dive computer outweigh the potential problems associated with 
the use of these devices. Because dive computers simplify dive planning, you 
should obtain a dive computer as soon as you can. However, make sure you 
learn how to use dive tables and dive calculators so that you will know how 
to plan a dive if you do not have a dive computer, Although dive computers 
have minimized the use of dive tables, divers must be able to use dive tables as 
a backup in case the dive computer fails to work. 

Dive calculators are circular planning devices that eliminate the mathematics 
required with the dive tables. Dive calculators provide precalculated numbers, 
and they eliminate the need to add and subtract times. Guides on the calcula 
tors help eliminate line-jumping errors frequently made when using dive tables. 

Dive tables have 5- or 10-foot (1.5 or 3 m) increments and require all the 
time of a dive to be counted at maximum depth of the dive. If the first part of 
your dive is deeper than the remainder of the dive, you suffer a penalty because 
the tables treat the entire dive as if it took place at the deepest depth (see figure 
7.8). At the end of the dive, you receive a repetitive group designation that is 
higher than you deserve. Dive tables are advance-planning devices, while dive 
computers provide constant information on decompression status. 

Dive computers use 1-foot (0.3 m) increments for profile planning, and they 
calculate nitrogen absorption continuously. As you vary depth during a multilevel 
dive, you are charged only for 
the nitrogen you absorb, You _ Surface 
do not incur the maximum- 
depth penalty (see figure 7.8) 
of the dive tables, so your 
residual nitrogen time after 
a multilevel dive is less than 
when calculated using dive 
tables. The penalty avoidance 
is the primary advantage of a 
dive computer as a planning 
device. Dive computers also 
provide advance-planning 
information by scrolling a Time 
sequential display of time Figure 7.8 The striped area represents penalty 
limits for various depths. You time imposed by dive table procedures. 


Depth 
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must carry your dive computer with you when you dive because it provides 
information about your decompression status continuously and keeps track of 
your residual nitrogen. 

Regardless of the type of dive computer you choose, you need to understand 
some basic principles. First, be sure to read the instruction manual that comes 
with your computer, Wait 24 hours after diving with dive tables before using a 
dive computer to ensure that you eliminate all residual nitrogen from your body. 
Do not exceed the ascent rate specified by the manufacturer, and do a five-minute 
Test stop at a depth of 15 to 20 feet (4.6 to 6.1 m) at the end of every dive. If 
you exceed the rate of ascent specified for your computer, extend the duration 
of your precautionary stop by at least the amount of time it should have taken 
you to ascend to the stop depth, Do not make repetitive dives deeper than 80 
feet (24 m). Keep your dive computer activated until its outgassing is complete. 
If your computer fails at any time while you are diving at a depth in excess of 
30 feet (9 m), terminate the dive immediately with a rest stop. If your computer 
fails or if you switch it off accidentally, discontinue diving for 24 hours. 

Ifyou exceed the maximum time limit for a dive, decompression is mandatory. 
The computer displays a ceiling—the minimum depth to which you may ascend. 
As you decompress, the ceiling becomes shallower until the computer indicates 
that you may surface. After a minimum interval at the surface, the computer 
begins scrolling—displaying the time limits for various depths sequentially. Wait 
24 hours before diving again after any dive for which a ceiling was displayed. 

The concept of backup planning with dive tables is good for square profiles; 
however, for multilevel dives planned with a computer, the use of the dive tables 
for backup planning is not feasible, 

Modern dive computers offer many features, Here are some examples of the 
features that a computer may include: 


© Operating modes for various breathing gases 
© Decompression stop data 


© A wireless transmitter that provides both cylinder pressure and remaining 
air data 


© Dive profile lifetime history memories 


“EEE Dive Computers 


Advantages 
© The maximum-depth penalty of the dive tables is avoided. 
© Dive profile information is accurate. 
© Dive computers store a record of the dive profile. 
© You can eliminate common errors made when using manual dive planners. 
© Dive computers offer additional features, such as an ascent rate indicator. 
Disadvantages 
© Dive computers are electronic instruments that can fail. 
© Dive computers are expensive to purchase and service. 
© Each diver must have a separate computer. 


© The mathematical model varies from one type of computer to another, so some 
confusion results when each diver of a buddy team usesa different type of computer, 
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A multiple-step ascent rate indicator 
Altitude adjustment 

A dive-planning mode 

Backlighted displays 

© Audible alarms 


ooo 0 


An integrated, wireless-transmitting, digital-compass dive computer provides 
dive-planning information before, during, and alter your dives. This type of 
computer is a highly desirable device. Central processing units (CPUs) in closed- 
circuit rebreathers (CCRs) are also sophisticated dive computers that provide 
highly technical dive-planning information. 

The advantages of dive computers greatly outweigh the disadvantages, and 
computers have become an almost essential item for scuba divers. 


Postdive Review 


Aftera dive, you and your buddy should reflect on your experience. How closely 
did the actual dive match the dive that you planned? If there were deviations 
from the plan, what caused them? Could you have prevented the deviations 
with a different plan or approach? What changes can you make to improve the 
next dive? Some problems require research, or you may need to ask the advice 
of a diving professional. The experience of each dive should affect your plans for 
future dives. Your dives with your buddy should progress more smoothly each 
time you dive together. Each time you visit a dive site, your dive procedures 
should improve. A review of each dive with your buddy and a discussion about 
future diving are valuable parts of dive planning. Even if you have a new dive 
buddy for a dive, you should plan your dives together and discuss the experi- 
ence afterward. It isa good idea to keep notes about your dives on a waterproof 
slate and transfer unusual experiences to your dive log along with the usual 
data. Reflecting on past experiences from time to time will help you become a 
better diver. 


Summary 


The saying “If you fail to plan, you plan to fail” is true for scuba divers. All 
phases of dive planning are important and help ensure enjoyable and successful 
underwater experiences. Follow the recommended steps for planning, get area 
orientations when appropriate, have contingency plans, and discuss your dives 
with your buddy. 

Dive profiles are a large portion of dive planning. Plan to dive conservatively. 
No dive-planning device can guarantee that you will not develop decompres- 
sion illness alter diving. The deeper, longer, and more frequently you dive, the 
greater your risk of decompression illness. Limit multiple-day and multilevel 
dives because repetitive multiple-depth profiles make you more susceptible to 
decompression illness. Make a rest stop at the end of every dive, avoid improper 
profiles, and have surface intervals of an hour or more, After three consecutive 
days of repetitive diving, wait a full day before diving again. Exercise good judg- 
ment and common sense. 


Application-of-Knowledge (AOK) Questions 


1 
2. 
3. 


What is the most difficult task of dive planning? 
How can you make dive planning easier and be more likely to accomplish it? 


You have a dive planned, the weather and water conditions are good, and you 
catch a cold virus the day before your dive. Cold medicine minimizes your 
congestion. What should you do? 


. A friend who has more diving experience than you invites you to dive on a 


shipwreck that is located at a depth of 120 feet (36.6 m). How should you 
respond to his invitation? 

Would you rather plan a dive by using a dive computer or by using dive tables? 
What is the advantage of each approach? 

‘You have been diving at a resort for a week. None of your dives have required 
decompression other than safety stops. Your plane leaves the day after tomor- 
row at 10 a.m, When should you stop diving? 


. If you have to go over a mountain pass with an altitude of 5,000 feet (1,525 m) 


to return home after diving, what action do you need to take? 
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By the end of this chapter, you will 
be able to do the following: 


List 11 special-interest areas 
for novice divers and 6 special- 
interest areas for advanced 
divers. 

List at least five ways to 
continue your scuba diving 
education. 


List at least three ways to get 
involved with the local diving 
community. 

List several actions to take 
when preparing for a dive 
travel trip. 


Continuing Education 


A good diver never stops learning. You cannot learn 
everything you need to know about diving during a 
single course of instruction. After you complete your 
entry-level course, you can enroll in an intermediate or 
adv 
you to gain additional experience under supervision, 
help you develop important skills (such as navigation), 
and introduce you to special interest areas of diving 
When you have identified a diving specialty you would 
like to pursue, you should complete a specialty course 
for that topic. A specialty course helps you begin enjoy- 
ing the special area from the outset and helps you avoid 
mistakes and injury. Specialty areas that are of interest 
to new divers include the following: 


ced scuba course immediately. These courses allow 


Underwater photography 
Underwater hunting and collecting 
Underwater environment 

Scuba lifesaving and rescue 

Night diving 

Boat diving 

Dry suit diving 

Drift diving 

Cavern diving 

Altitude diving 

Nitrox diving (enriched air) 


ed scuba diver, you can 


As aq 


many things. You can learr 
more, dive in different areas, t 
1 for expertise, help 
st to 


mame a few 


Wreck diving at Grand Cayman. 


The following specialty courses may be of interest to experienced scuba divers 
with advanced training: 
Wreck diving (penetration) 
Ice diving 
Cave diving 
Deep and wall diving 
Light salvage 
River diving 
Search and recovery 
Rebreather diving 
Mixed-gas diving 
Courses are only one way to learn about diving. Many diving seminars, 


workshops, and conferences are also available. Check the calendar section of 
diving publications to learn of events scheduled in your area. Diving changes 


constantly, so you need to keep updating your knowledge of diving medicine, 


diving equipment, and diving procedures. Continuing education programs give 
you the opportunity to learn from professionals who are continually involved 
in diving. 

You can learn more about scuba diving by reading books, magazines, and 
newspapers. Subscribe to a scuba periodical and read all you can about diving. 
The appendix contains a list of scuba periodicals. You can also visit websites by 
and for scuba divers, 


Another good way to continue your diving education is to join a dive club. Dive 
clubs offer many benefits to divers, including education, A talk on an interesting 
subject by a good speaker is usually part of the monthly meeting of a local club. 

Continuing your education is important for your safety and enjoyment. When 
you have increased your knowledge about diving, you may become interested 
in helping others to learn, 


Local Opportunities 


You do not need to live in a coastal area to dive regularly or to get involved in 
diving. You can dive nearly anywhere you can find water, and there are dive 
stores, dive clubs, and diving events in noncoastal areas. Get involved in diving 
in your area right away. Find all the diving-related businesses and groups in 
your area: dive clubs, dive stores, dive boats, diving events, and diving publica- 
tions. Join a dive club, attend the meetings, and participate in cub dives. Find 
a local diving website to make contact with other divers in the area, Complete 
continuing education courses. Attend local diving seminars, workshops, con- 
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ferences, and shows. Talk to other divers when you attend diving events. Seize 
every opportunity to learn and every opportunity to dive with those who are 
more experienced than you, 


Dive Travel 


Many divers enjoy taking dive trips to exotic destinations, and there are thousands 
of beautiful and exciting diving locations to choose from around the world. If 
you plan to travel somewhere to dive, you need to know how to arrange dive 
travel, how to prepare to travel, and how to enjoy your trip. 

Travel agencies that specialize in diye trips provide valuable information, so it 
is a good idea to book your trip through one of them. You might want to consider 
a dive package that includes accommodations and diving. Dive resorts advertise 
these packages in diving publications and often offer packages for bargain prices 
at dive shows. Many resorts have toll-free numbers you can call to obtain infor- 
mation about dive packages. To ensure the best value for your money, compare 
several packages before you book a trip. Ifa brochure from a dive resort is out 
of date, check with the resort for current offers. 

When planning a dive travel trip, you need to decide whether you want to 
dive from a live-aboard dive boat or from a shore-based dive resort. A live-aboard 
trip allows you to dive in a variety of locations. The vessel moves from place to 
place throughout the day. You dive in remote areas that only a few divers visit. 
You may find a live-aboard dive trip to be a wonderful experience if diving is the 
only objective of your trip and you are not affected by motion sickness, 

Consider a shore-based dive trip if you do not care for confinement and if you 
want to participate in activities other than diving. Many beautiful islands and 
resorts offer a variety of things to do in addition to diving. Nondiving members 
of your travel party can usually find many sources of enjoyment at a land-based 
diving destination, 

‘Many diving publications and diving websites are available to help you decide 
where to dive, although making a choice from all the fantastic destinations 
available can be difficult. Recommendations from other divers, trips sponsored 
by your dive club or dive store, and travel presentations can help you decide. 

When you have decided on the region for your dive trip, get as much informa- 
tion as possible about diving in the area, Obtain and review brochures, books, 
articles, videos, and any other materials about the region. The Internet is another 
excellent resource for information on dive locations. Talk to divers who have 
been to the location where you plan to go. The more you know in advance, the 
more enjoyable you can make your experience. 

After you select your diving destination, you should make your reservations 
well in advance, confirm all arrangements in writing, and get clarification con 
cerning cancellations, refunds, and so forth, 

Research and plan your dive trip by learning about the water temperature for 
the time of year when you will be diving, Then obtain the appropriate exposure 
protection. Remember that too much insulation is better than too little. Also 
make sure that all your equipment is in good working order. 

Plan to avoid sunburn, Sunlight in tropical areas is more intense than in other 
climates. Use a sunscreen, and unless you are well tanned, keep yourself covered 
at all times, even while in the water. Use lip balm with a sunscreen ingredient, 


to prevent friction and the build up of 
heat. Only the oil filter needs to be 
changed. The motor has special needle 
bearings and portions of the motor are 
made of high quality steel. 


The Gates motor is designed to run 24 
hours/day, 365 days/year without 
incurring any fuel costs. The larger size 
motor would come in pairs; the spare 
motor being used as a back-up unit 
should the regular motor be turned off 
for maintenance such as to change the 
oil or in case there should be any 
problems with the first motor. The 
company is willing to enter into a 
contract for maintaining the motor 
after installation. 


The Gates motor represents a major 
breakthrough in motor design 
technology and provides practical 
solutions to environmental and fuel 
conservation concerns. Finally, a 
completely mechanical motor has 
been developed. It can deliver the 
power needed ina wide variety of service 
applications without any waste products 
or emissions to adversely affect the 
environment. This revolutionary new 
motor utilizes spring power technology. 
Unlike conventional motors which must 
reach a maximum rpm level before the 
desired horsepower, the Gates motor 
provides maximum horsepower 
instantly by virtue of the torque stored in 
the springs. 


The basic operating principle of the 
Gates motor involves a series of 
springs configured to provide the 
required motor rotation and power 
delivery. Consider, if you will, the 
operating principle of a grandfather 
clock. Once the clock is wound, it 
continues to operate until it runs down. 
and stops. The springs must then be 
rewound$so it will operate again. Suppose 
the clock is continually being rewound 


as it operates. Then the clock would run. 
continuously. This condition is what forms 
the basis for the operating principle of the 
Gates motor. The motor incorporates a 
unique spring configuration to provide 
rotation. The springs inside the motor are 
wound and preset at the factory at the time 
the motor is assembled. The amount of 
torque wound into the springs at the 
factory determines the horsepower of the 
motor. Inside the motor are a multiple of 
springs positioned horizontally in a 
circular arrangement. As the motor 
operates, the springs are unwound a set 
number of degrees. A double ratchet 
system at one end of the motor rewinds 
the degrees used back into the springs. As 
the springs are unwinding, the power 
generated from all the springs reset 
each spring (one at a time) during 
each revolution of the motor. It is this 
reset action that produces and delivers 
power from the springs to the flywheel 
located at the opposite end of the motor. 
The flywheel serves to ensure the smooth 
operation of the motor and to convert the 
springs into useable horsepower. The 
smaller motor has 50 foot pounds of 
torque at a shaft speed of 3000 RPM and 
will produce 28 HP. The HP can be altered 
by factory adjustment. The speed of the 
engine is controlled by a hydraulic pump 
which provides pressure upon the power 
shaft. 


Contacts: Gates Motor Corporation, 
P.O. Box 715, Hauula, HI, USA 96717 
Email-gagates@earthlink.net 


Editor: We tried to get the video of this 
device operation from Gates Motor 
Co., but after a long consideration it 
was not provided since the authors 
are competitor-conscious. 
Alexander V. Frolov 
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Underwater salvage dperations. 


You cannot develop a tan ina few days, so itis silly to try if you do not already 
have one, Sunburn can ruin an expensive vacation, and donning an exposure 
suit is painful when you are burned. It takes only a few minutes for an untanned 
person to get bummed in the tropics, so be careful! 

Obtain all required documentation well in advance. Obtaining passports and 
visas can take months. Be sure to find out whether the country to which you 
are traveling requires immunizations. 

Learn what to expect when you arrive at your destination. Know the frequency 
and voltage of the electricity; take converters if you are bringing electrical devices 
that operate on a different voltage. Know the monetary exchange rate. Consider 
taking a small pocket calculator to help compute the conversion of money. 

If you have an expensive camera, video equipment, or jewelry, take your 
property to a customs office before you leave the country and have it documented 
to avoid being charged duty on the items when you return home. 

Do not procrastinate in making your preparations, Procrastination can cause 
a cancellation of your trip, a forfeiture of your deposit, and a great deal of frus- 
tration. Consider travel insurance 

Limit what you pack for your trip. You do not need much clothing for a dive 
trip unless you plan to attend formal events. A few pairs of shorts and T-shirts, 

ome swimsuits, and a couple of sets of nice clothes for dinner should suffice 
Experienced dive travelers travel light when it comes to clothing and personal 
effects. 
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Diving destinations provide tanks and weights, so you do not need to take 
those items with you. When you pack for your trip, keep in mind that there 
may be weight limitations for your baggage. Excess baggage costs can be very 
high. To guard against theit, avoid flaunting expensive diving, photography, and 
video equipment. Use inconspicuous containers to ship your equipment, and 
it will be less likely to disappear. Insure luggage that contains expensive equip- 
ment. Items I always take with me are mask, snorkel, fins, exposure suit, boots, 
gloves, regulator, buoyancy compensator, and dive computer. I rent tanks and 
weights. My gear can be packed in a dive bag, but I prefer to use a suitcase for 
better protection of the equipment. I pack a dive gear bag in the suitcase because 
T don’t want to use a suitcase at the dive site. There are also dive gear bags that 
have wheels, which are useful when you can roll the bag. 

Be prepared for travel illnesses. Obtaining medications for nausea, diarrhea, 
and colds is easier before a trip than it is if you become ill in a foreign land. 

Flying is the most common method of transportation for dive travel. Air travel 
usually produces jet lag and dehydration, A viral illness a couple of days alter 
reaching your destination is common because many virus germs are concentrated 
inside the cabins of airliners. Here are some tips and suggestions concerning air 
travel: 

Schedule your flight to arrive the day before you start diving. It is unwise to 
plan to dive the same day you arrive. 

Drink a full glass of water or fruit juice every hour during your flight to avoid 
dehydration. Avoid alcohol, milk, and drinks containing sugar. The humidity in 
an aircraft is about 8 percent, so you will become dehydrated unless you drink 
plenty of fluids. 

Avoid eating heavy meals and salty foods when flying. Light foods cause less 
dehydration than fatty foods. Consider ordering a special meal of salad and fruit, 
or bring your own food if meals aren’t served on the flight. 

Wash your hands frequently when traveling. Germs from your hands can get 
into your eyes and nose and lead to viral infections. 

Remember that baggage compartments on airliners are unpressurized and 
that the reduced atmospheric pressure can damage your gauges. Therefore, you 
should either bring your gauges inside the cabin in your carry-on luggage or 
store them in airtight containers. 

As soon as possible after reaching your destination, get some exercise and drink 
plenty of liquids. Limit your consumption of alcohol, which causes dehydration, 
Getting intoxicated at the outset of a diving vacation is one of the worst things 
you can do because you increase your chances of getting DCS. 

Confirm your return air reservations as soon as you arrive, especially if you 
travel to another country. If you fail to do this, you are likely to lose the reserva~ 
tions. You could end up arriving at the airport to go home and discovering that 
your tickets are not valid, 

Your first dive at your destination should be an orientation dive. In addition to 
learning about diving in the area, you should use the dive to check your buoyancy 
and make any needed adjustments. Work out any equipment problems during 
a dive in shallow, still, calm water. Avoid deep dives or moving water until you 
have acclimated to the area. 

Alter three days of repetitive diving, refrain from diving for a day so that your 
body can outgas. Go shopping or take a land tour for a refreshing change of pace. 
Allow one day between your final scuba dive and your scheduled flight home. 


SCUBA WISE 


Scuba equipment is a means to an end—a mechanism that enables you to go to areas 
that are otherwise unreachable by the average person. | think of scuba diving as a means 
of transporting myself to a destination where | can explore or participate in a special 
activity. Scuba diving without an objective loses its thrill after only a few dives. You need 
to develop an interest area, which can be anything from bottle collecting to wreck diving. 


When you have an objective for your dives, diving can be extremely rewarding. Over 
the years, | have participated in many different diving activities. My favorite underwater 
pursuit is photography. | can collect priceless memories without removing anything from 
the environment. In my opinion, underwater photography is the most challenging and 
the most satisfying dive activity. Select a diving activity that appeals to you, complete 
training for the activity, and then pursue it. You may choose several different activities. 
No matter what you choose to do while diving, | hope that your experiences will be as 
wonderful as mine have been. 


The nondiving day before flying helps prevent DCS caused by altitude, and it 
gives you the opportunity to rinse, dry, and pack your diving equipment. Snor- 
keling is a good last-day activity, and your mask, snorkel, and lins dry quickly 
for last-minute packing. 

Dive travel can be fun, exciting, and memorable when you plan it well. You 
can avoid unpleasant, frustrating, and disappointing experiences by researching 
your destination and preparing properly. Good diving to you! 


Dive Destinations 


One of the great pleasures of scuba diving is visiting different regions of the 
country and the world, Fantastic dive sites can be found nationally and interna- 
tionally. The following areas are popular dive destinations that you might want 
to visit, The pictures throughout this book were taken at these destinations. 


California 

Dense kelp beds that form surface canopies make diving in California an unforget- 
table experience. The kelp provides shelter for many forms of life. Rock forma- 
tions provide anchorage for the buoyant kelp and support additional life-forms, 
such as abalone, lobster, and moray eels. An expedition on a live-aboard dive 
boat to one or more of California’s offshore islands during the summer months 
is an extremely worthwhile scuba experience. Shore diving in California can be 
difficult because of surf and low visibility. An area orientation is essential before 
attempting to dive through surf. 


Washington 


Puget Sound, which was carved into the landscape by glaciers, forms a gigan- 
tic body of ocean water that is much more protected than the coastal waters. 
The Sound contains many shipwrecks and artificial reefs, which are havens for 
many life-forms. Puget Sound is the home of the world’s largest octopus as well 
as giant lingcod, monkey-faced eels, and beautiful orange and white anemones 
called metridians. The water is cold, but the visibility is 15 to 20 feet (4.5 to 6.1 
m) most of the time, Dry suits are recommended. 


Florida 


Florida features some of the best and most diverse diving in the United States. 
From crystal clear springs and rivers to the Keys, there are many spectacular 
dive sites. Cavern and cave diving are popular, but training for these specialties 
is mandatory. The Florida coast has abundant shipwrecks. The Keys boast coral 
reefs and colorful fish. All scuba divers should definitely have a dive excursion 
to Florida included in their dive log. 


New England 


The cold waters of the New England area offer a great variety of diving oppor- 
tunities. Wrecks, reefs, kelp, and creatures captivate your attention. Lobsters 
with claws and other interesting life-forms are great attractions. If you are able 
to schedule some time to dive when you travel to this part of the country, you 
should try to include the adventure in your itinerary. 


Great Lakes 


These great bodies of freshwater boast the most well-preserved shipwrecks in 
the United States. Many of these wrecks are in deep water, so you must have 
specialty training to explore them. Divers who are unfamiliar with the Great 
Lakes should use the services of a divemaster. If you like wreck diving, this is 
one of the places to include on your must-see list. 


Hawaii 
Hawaii offers exciting diving that includes good visibility, spectacular underwater 


formations, beautiful reef fish, large turtles, and giant marine mammals. Hawaii 
is a popular diving destination that you should visit if you get the chance. Aloha! 


Caribbean 


The Caribbean is one of the world’s most popular places to dive, 
and for good reason. The area includes reefs, wrecks, drop- 
offs, and life-forms that are unique and breathtaking. 
Visibility is usually excellent. Many dive resorts in the 
area offer trips to phenomenal locations, Nearly 
every experienced diver talks about Caribbean 
diving experiences. 


South Pacific 


The islands in the South Pacific offer some 
of the most beautiful diving to be found 
anywhere on Earth, Divers can see fantas- 
tic soft corals, sea fans, and incredible fish, 
Visibility is outstanding. Many of the island 
waters feature wrecks and war artifacts. The 
beauty found above and beneath the water in 
this part of the world makes trips to the South 
Pacilic highly desirable for scuba divers. 


Middle East 


The diving destination in this region is the Red Sea, which is unparalleled for 
scuba diving. The shear walls, the abundant and colorful life-forms, and the 
crystal clear waters make this one of the most desirable of all diving destinations. 
If you can afford a trip on a live-aboard charter boat to offshore islands, you will 
be treated to unforgettable sights. 

To learn details of the world’s most popular diving destinations, you can do a 
search of the topic on the Internet. Many websites provide excellent informa- 
tion, Traveling to exotic dive destinations is one of the most enjoyable aspects 
of scuba diving 


Career Opportunities 


Some people love diving so much that they want it to be their vocation. Career 
opportunities exist for those who are willing to put forth the effort to achieve 
their desires, Jobs within the recreational dive industry include resort dive guide, 
instructor, journalist, dive travel coordinator, retail salesperson, and sales repre- 
sentative for equipment manufacturers, People can also work in nonrecreational 
scuba jobs, such as scientific research, archaeology, engineering studies, hull 
cleaning, salvage, and underwater repairs. Two of the same rules that apply to 
recreational pleasure diving also apply to underwater work: (1) Complete training 
for an activity before you attempt it, and (2) use complete, proper equipment 
for the activity. Career training opportunities abound. If you are interested in 
diving as a vocation, you can find information about training in dive periodicals. 
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Leadership Opportunities 


After you have become an experienced diver, you may want to help others 
learn and enjoy scuba diving. You can take courses to become qualified as a 
divemaster, assistant instructor, and instructor. Many people who love diving 
work part-time in the industry in leadership positions. When you are ready for 
leadership training, contact your scuba training agency for information. 


Summary 


Always remember that a good diver never stops learning, You should complete 
additional training, make sure you are trained for any special activity before you 
attempt the specialty, read as much as possible, join a dive club, and attend edu- 
cational events. Take advantage of every opportunity to learn more about diving. 

Increase your diving abilities and experience by applying what you learn, 
Participate in dive trips and charters. Research and plan your excursions thor- 
oughly to maximize your enjoyment and minimize your disappointment. Many 
opportunities are available for diving adventures throughout the world, 

Another opportunity for you as a diver is to make a positive contribution to 
the diving community. You can do this by conducting yourself in a responsible 
mannerat all times and encouraging other divers to act responsibly, Help establish 
a good image of diving, get involved in issues that pertain to the diving environ 
ment, and help educate people who do not dive. Whether your contribution is 
small and personal or vast and international, you can make a difference. Decide 
now that your involvement in the wonderful pursuit of scuba diving will be a 
positive one. 


Application-of-Knowledge (AOK) Questions 
1. Why are you learning to dive? Do you just want to investigate a new activity, 
or are you interested in an activity that requires scuba diving? 
2. What do you visualize as your progression of training as a scuba diver? 


3. How often do you think you will dive? Will most of your diving be local or 
related to dive travel? 


4, If anondiving friend asked you what can be done to reduce the risk of injury 
while scuba diving, what advice would you provide? 


5. What causes you the greatest concern about scuba diving? What can you 
do to minimize your concerns? 


6. How do you see yourself as a scuba diver in 5 years? In 10 years? 
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Appendix A 


Associations and 
Periodicals 


Diver Training Organizations 


International Diving Educators Association (IDEA): www.ideascubausa.com/ 
home_15.html 


Multinational Diving Educators Association (MDEA): http://neptuneshop. 
wix.com/mdea#! 


National Association of Scuba Educators (NASE): http://naseworldwide.org 
National Association of Underwater Instructors (NAUI): www.naui.org 
Professional Association of Diving Instructors (PADI): www.padi.com/Scuba- 
Diving 

Scuba Diving International: www.tdisdi.com 

Scuba Educators International (SEI): www:seidiving.org 

Scuba Schools International (SSI): www.divessi.com 


Environmental Organizations 


Blue Frontier Campaign: http://bluefront.org 
Cousteau Society: www.cousteau.org 

Earthecho International: http://earthecho.org 
Living Oceans Society: wwwilivingoceans.org 


Marine Conservation Society: www.mesuk.org 
Oceana: http:/Joceana.org 

Ocean Defense International: www.oceandefense.org 
Oceanic Preservation Society: www.opsociety.org, 

Reef Check: www.reefcheck.org 

Reef Relief: www.reefrelieforg/mission 

Save Our Seas: http://saveourseas.com 

Sea Shepherd Conservation Society: www.seashepherd.org 
Coral Reef Alliance: http://coral.org 


Ocean Conservancy: www.oceanconservancy.org 
‘The Ocean Project: http://theoceanproject.org 
NOAA National Marine Sanctuary Project: http://sanctuaries.noaa.gov 
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Scuba Diving Magazines 


Advanced Diver: www.advanceddivermagazine.com 
Alert Diver: wwwalertdiver.com 

Dive Training: https://dtmag.com 

Diver: http://divermag.com 

Scuba Diving: 


www.scubadiving.com 
Undercurrent: wwwaindercurrent.org, 


Appendix B 
AOK Answers 


Chapter 1 


1. 


Some people learn to scuba dive because they seek a new experience or 
adventure. Scuba diving training opens the gate to a beautiful underwater 
world, which can provide many pursuits. Scuba diving should be con 
sidered a mode of transportation that takes you to places where you can 
pursue underwater interests such as exploring, photography, and wreck 
diving. After completion of your basic scuba diver training, continue your 
education and obtain an advanced scuba diver rating. With the additional 
skills acquired with advanced training, you will be ready to learn specialty 
activities and seek the rewards of your chosen endeavors. 

An open-circuit scuba system allows a diver to breathe compressed air 
from a pressurized cylinder and exhaust the used gases into the water. It 
is a simple, reliable, easily maintained air delivery system, which makes 
it the safest and most popular scuba system. A closed-circuit scuba system 
allows a diver to rebreathe exhaled air by removing carbon dioxide and 
adding the correct amount of oxygen without allowing gases to escape 
from the system, It is a complex air delivery system that requires specialty 
training and extremely careful maintenance. Closed-circuit scuba systems 
are very expensive compared to open-circuit systems. 

A scuba certification card (C-card) indicates that you have completed initial 
training, but it does not reflect how recently you have been diving. Certi- 
fication agencies recommend that you complete simple refresher training 
if you have not dived for a year or longer. This training is a review of your 
basic skills under the supervision of an instructor during an open-water 
dive. The confidence you gain from knowing that your skills are refreshed 
will make your diving safer. A good reason to log your dives is to docu- 
ment your diving activity. Some dive resorts and charter boats will want 
to review your log book to determine your diving experience, especially 
your most recent dives. Logged dives also can help you recall many facts 
that you would otherwise forget. 


. It is logical that the more time you can use your knowledge and skills of 


scuba diving under the supervision of a certified diving instructor, the 
better your knowledge and skills will become. Extended training also allows 
you to ponder your learning between training sessions. You have time 
to think of questions that will clarify concepts and increase your under- 
standing of principles, Short scuba training courses do not provide these 
benefits. The goal of learning is to transfer knowledge and skills acquired 
ina controlled environment to the actual environment in which they will 
be used. Longer scuba courses develop a greater ability to transfer your 
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knowledge and skills, which increases your safety for your independent 
diving after training. 

5. A medical exam for scuba diving should be performed by a scuba diving 
physician who understands medical issues that could be problematic for 
those considering scuba training, Knowledge of how pressure affects medi- 
cal conditions can help prevent pain, suffering, and even death. 

6. Actions you can take to minimize your risk of injury while scuba diving 
are to dive only when you are in good health, use well-maintained equip- 
ment, dive in good environmental conditions, and adhere to the safety 
rules of scuba diving. 

7. When you are in the process of selecting an instructional course for scuba 
diving, you need to know the sanctioning national agency, the instructor's 
experience, the total cost of the course, the course curriculum and dura- 
tion, and how much open-water (real environment) training is included. 

8. You can show that you are a responsible diver if you do only what you 
are qualified to do, dive within your personal limitations, adhere to safety 
rules, and remain aware of how your conduct will be viewed by others— 
divers and nondivers—when you go diving. 


Chapter 2 


1. Your exertion has used much oxygen, which has produced much carbon 
dioxide (CO,), which stimulates you to breathe more to expel the CO,. The 
feeling of a lack of air is caused by the need to reduce the amount of CO, 
dissolved in your blood. You need to minimize your activity immediately 
and breathe deeply until your breathing returns to normal. 

2. Rapid, shallow breathing (hypoventilation) moves only a small amount of 
air in and out of your body. The structures from your mouth to your lungs 
do not allow gas exchange, so your body is not getting oxygen or ridding 
itself of CO,, Gaining control of your breathing by stopping or reducing 
activity and breathing deeply until you feel better is the correct course of 
action and can help prevent panic. When your breathing is under control, 
you can think clearly and manage the difficulty that caused your anxiety. 

3. Many factors affect air consumption, but the primary cause of high air 
consumption is exertion, Relax and move slowly. If you are too buoyant 
and have to exert to maintain your position in the water, your air supply 
will be depleted rapidly. If you are wearing too much weight, your attitude 
in the water will increase your frontal surface area and drag will increase 
air consumption. Adjust your weight and trim so you can hang suspended 
ina level position, and then relax and enjoy diving. 

4, The first step is to tell yourself that you have time to manage this prob- 
lem. The next step is to think of the options available to you, The quickest 
and easiest solution is to switch to your extra second stage or alternate 
air source. Your buddy's extra second stage is another good choice. The 
worst way to manage this problem is to spit out your regulator and swim 
to the surface. 

5. Rapid and deep breathing before holding your breath is hyperventilation, 
which flushes carbon dioxide from your body. The buildup of carbon 
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dioxide when you hold your breath is what stimulates you to breathe. If 
you eliminate too much carbon dioxide from your body, you may lose 
consciousness while breath holding before you are stimulated to breathe, 
Loss of consciousness underwater can cause drowning. Hyperventilation 
should be limited to a few breaths before underwater breath holding to 
avoid what is called shallow-water blackout, 


6. Your body loses heat rapidly in water. When you increase your heat pro- 
duction by exercising in cold water, you lose more heat than you would 
if you had not increased exertion. If you are wearing a wet suit, ascend- 
ing to shallower water will increase your insulation as the water pressure 
decreases. Avoid moving directly into a current, which will push cold water 
through your suit, Your best action is to obtain better insulation for your 
entire body for future dives. 


Chapter 3 


1. The current is pushing cold water into and through your wet suit. If you 
swim at an angle to the current, you will reduce the flow of cold water 
through your suit and not get as cold, You can also look for places where 
you can be shielded from the current. You do not need to swim constantly 
when diving. Most of the life in the ocean is less than 1 inch (2.45 cm), 
so it is a good idea to stop and look closely at any underwater formations, 

2. Some of the best and safest ways to warm yourself after diving are to 
remove your wet suit, get dry, get out of the wind and into a warmer 
environment, wrap yourself in a blanket or sleeping bag, eat high-energy 
food, drink warm drinks, and avoid stimulants. The principle is to warm 
yourself from the inside out instead of using external heat, which is dan- 
gerous. Remember that your core temperature will not be normal until 
you begin to perspire. 

3. Did you think about the density of water and how much resistance to 
movement it causes? People usually think they will ascend rapidly if they 
lose their weights, but if you respond quickly, this situation is not difficult 
to manage. Quickly deflate any air from your BC. Then invert yourself to 
get your fins above your head, swim downward forcefully for a few kicks, 
grasp your weight belt, and replace it. (You will learn how to do this skill 
in chapter 6.) 

4. When you ascend 10 feet (3.3 m) to swim over the reef, your buoyancy 
will increase because your wet suit and the air in your BC will expand. If 
the upward excursion is brief, you may be able to control your buoyancy 
just by keeping the amount of air in your lungs minimal, If the excursion is 
long or you are unable to control your buoyancy by breathing, vent some 
air from your BC to maintain neutral buoyancy until you descend again. 

5. Remember that itis easier to equalize pressure in your ears if you descend 
{eet first. It is good to use an anchor line for reference and control during 
a descent, but remain upright as you make your way down the line. 

6. You should recall that the rate of change of pressure is greatest near the 
surface. Therefore, you need to equalize pressure in your ears and mask 
more frequently near the surface than will be required as the depth of 
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descent increases. If you can keep your air spaces equalized for the first 
33 feet (10 m), you are not likely to have problems beyond that depth, 

7. If you don’t stop swimming, you will experience air starvation, And if 
you do stop swimming, your buddy will disappear and you may become 
separated. Prevention is best. Get your buddy to agree that you will swim 
side by side at all times and that when one of you stops, you both stop. 
If your buddy is ahead of you and you want or need to stop, use a rock 
or the butt of your dive knife to bang on your tank to get your buddy's 
attention, If your efforts fail, stop and get your breathing under control 
and then surlace to reunite with your buddy if he does not return to you. 

8. You are out of air, but only at a depth of 50 feet (15 m). As amazing as it 
sounds, if you start swimming slowly to the surface, there will be additional 
air to breathe from your tank as the surrounding pressure decreases with 
ascent. This is not the best option, however. In chapter 6 you will learn 
other ways to deal with situations involving loss of air supply. 


Chapter 4 


1. Minimize sun exposure, soak and rinse after use, store in a dark and dry 
location that is free of smog, inspect your gear regularly, and have your 
equipment serviced regularly or as needed. 

2. The most important concerns for most diving equipment are fit and com- 
fort. Features, colors, and price do not matter if the equipment does not 
fit well or is uncomfortable to use. If possible, rent equipment before you 
make a purchase so you will know if an item is right for you. 

3. Ifall of the air escapes from your tank and the valve in your second stage 
is open (or if you happen to depress the purge button and open the valve), 
water can enter your tank, You will learn how to minimize the chances 
that your regulator will free-flow. If you detect water inside you scuba 
cylinder, take it to a facility for maintenance as soon as possible. 

4, Air has weight, The air in a typical scuba tank weighs five to six pounds 
(-2.25-2.7 kg) when the tank is full. As you deplete the air, your buoyancy 
increases. The loss of weight may not be apparent at depth if you wear an 
exposure suit because pressure compresses the suit. You simply add less 
air to your BC than you would if you were not wearing an exposure suit. 
Problems arise as you near the surface with a scuba tank that is nearly 
empty because your suit expands and you are unable to overcome the 
positive buoyancy caused by the loss of weight from your cylinder. To 
avoid this problem, you need to adjust your weight to be neutrally buoy- 
ant just below the surface while using a tank with approximately 500 psi 
of air remaining in the tank. 

5. You need just enough air in a dry suit to keep it from squeezing you. Any 
air forms a bubble inside the suit, and the bubble rises to the high- 
est point. If you tip upside down to do something, the bubble can rise to 
your feet, may loosen your fins, and can cause you to float upward in 
an inverted position. This problem is just one example of why you need 
special training in the use of a dry suit. 
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A compass is a magnet, and magnets attract one another. Placing your 
compass near your buddy's compass causes the needles to shift position and 
the readings to be inaccurate. You need to keep your compass away from 
any items that can cause the needle to deviate from its natural direction, 


7. The best way to clean your diving equipment is to soak it in warm water, 
rinse it gently with flowing water, and dry it thoroughly before storing it. 
Some equipment parts, such as dry suit zippers, require scrubbing, Follow 
the manufacturer's instructions. 

8, The attachments to a scuba regulator first stage may include a cylinder 
pressure gauge, a primary second stage regulator, an alternate air source 
second stage, a BC intlator hose, and possibly a dry suit inflator hose. 

9. The best reasons for having good dive equipment and maintaining it prop- 
erly are salety and comfort. You will know when your equipment is right 
when you are not concerned about it while you are diving, 


Chapter 5 


1. The water temperature affects the equipment you use, your body tempera- 
ture, your diving procedures, the visibility underwater, and the underwater 
life, among other things. Water temperature has a profound impact on 
your diving adventures, Knowing what to expect and how to be prepared 
ior the temperature of the water is essential. 

2. Water visibility is affected by depth, pollution, water movement, weather 
conditions, algae, temperature, your movements, and other factors. Check 
present diving conditions with your local dive facility and postpone diving 
when visibility is poor. 

3. A good way to manage currents is to know in advance what to expect. 
Obtaining training for diving in various currents is important. Being aware 
that the current is weaker at the bottom than at the surlace is helpful. 
Swimming at right angles to a current may help you get out of some cur- 
rents. Diving against the current is a common practice, but in some situ- 
ations it is best to drift with the flow of the current. 

4, When you encounter a strange animal underwater, respond by stopping 
movements, respecting the animal, observing it from a distance, and 
refraining from provoking or feeding the animal. Nearly all marine animals 
are defensive, not aggressive. Think and respond, The worst action to take 
when you see a strange or large animal is to panic and ascend rapidly to 
the surface. 

5. No matter how much training or experience you obtain, you will always 
need to acquire local knowledge about diving in a new area. Watching and 
mimicking experienced local divers are a good way to avoid embarrass- 
ment, but learning in advance about why the divers use the techniques 
they use is even better. 

6. While it may be difficult to accept until you gain experience, the safest and 
most comfortable place to be while diving is near the bottom. It is much 
more uncomfortable and dangerous at the surface of the water. 
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7. The transition from saltwater diving to freshwater diving requires changes 
that include the amount of weight you wear and perhaps the type and 
thickness of your exposure suit, 

8. When you plan to dive in a new area, you need information about the 
area, Weather conditions, seasons, forecasts of diving conditions, area haz- 
ards, equipment requirements, and local diving procedures are important 
to know in advance. Chapter 8 provides resources to help you obtain the 
information that you need. 


Chapter 6 


1, Buoyancy can be controlled by the amount of weight worn, the amount 
of air in your BC, and the amount of air in your lungs. Think of these 
methods as large, medium, and small ways of control, respectively. 

2. To ascend properly from a scuba dive, alert your buddy, hold your BC 
inflator-deflator with the mouthpiece facing down and the valve open, 
reach up, swim up, ascend slowly, monitor your rate of ascent and your 
buddy, turn slowly, stop at a depth of 10 feet (3.05 m) for precautionary 
decompression, ascend to the surface, and make a complete turn to assess 
your surroundings. Ascending is a complex skill. Learn it well. 

3. Successful buddy contact requires predive planning and communica- 
tions, agreeing on a direction and maintaining that direction until you 
both agree on a new direction, maintaining the same position (side by 
side) relative to one another, holding hands or using a buddy line when 
visibility is poor, and committing to reunite using standard procedures if 
you become separated. 

4, This situation can be frightening unless you respond quickly. All you have 
to do is raise and open the deflator valve with one hand and disconnect 
the low-pressure hose with the other hand, You do not need to terminate 
your dive because you should have the skills needed for manual inflation 
of your BC. 

5. When a regulator free-flows and will not stop, simply switch to your extra 
second stage and ascend. Remove your tank at the surface and turn off 
the air supply. If you allow the tank to empty and the second-stage valve 
is stuck in the open position, water can get inside your cylinder. 

6. To exit the water into a small boat, remove your weight belt and place it 
in the boat, inflate your BC about half full, and remove your scuba unit. 
Next, grab the rail of the boat and, while holding the regulator hose from 
your tank under one hand, kick yourself up and into the boat. Remove 
remaining equipment after you are in the boat. 

7. Swimming against a current can be tiring. If there is a nearby obstruc- 
tion, such as a rock formation, that you can get behind to minimize the 
current and rest, seek shelter. If there is an outcropping you can grasp 
that will allow you to rest and catch your breath, use it. If the bottom is 
sandy, plunge your knife into the bottom to maintain your position while 
you recover. The most important action is to reduce your exertion and get 
your breathing under control, If the situation is unmanageable, surface 
and drift back to your exit point. 
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8. The assistance of your buddy is the best way to get free of an entangle- 
ment, but you can also remove your scuba unit, clear the entanglement, 
and replace your equipment. Be sure you learn the skills of equipment 
removal and replacement well so you can manage minor problems that 
may occur while scuba diving. 


Chapter 7 


1. The most difficult task of dive planning is getting started! Most people agree 
that planning is a good idea, but they procrastinate. You can be successful 
with almost any task if you push yourself to get started. If you keep a list 
of things to do, consider adding dive planning to that list 

2. To make dive planning easier, find a buddy who would like to dive with 
you and agree on which items each of you will plan, Set a date to talk 
again about your plan. By taking responsibility and setting a date, you 
will have less work to do and will be more likely to meet your goal of 
developing a good dive plan. 

3. If your health is not normal, do not dive. Congestion from a cold can 
make it difficult to equalize pressure in your ears and sinuses. Pressure 
can cause the medicine to terminate sooner than it normally would, When 
decongestants stop working, air passages can swell and close rapidly and 
trap air. Notify your dive buddy that you need to postpone your dive trip 
until you are well again, 

4. Assuming you are a novice scuba diver, it would be unwise to attempt a 
dive on a wreck in deep water. Shipwrecks often occur where conditions, 
such as currents, can be treacherous. Tell your friend that you are extremely 
interested but that you need to complete advanced and specialty training 
so you will be adequately prepared for the dive. 

5. When you dive using a dive computer, you avoid the dive table penalty 
rule of having to assume that all of your dive time was spent at the maxi- 
mum depth. The computer also stores valuable information about your 
dive, helps you control your rate of ascent, and indicates when you need 
to stop for decompression. The disadvantage of a dive computer is that it 
is an electronic instrument that can fail. Dive tables do not need batter- 
ies. The best approach to planning time and depth limits is to develop a 
contingency plan using dive tables, write the plan on an underwater slate, 
and take it with you when you dive with your computer. If your computer 
stops working or you inadvertently turn it off, your contingency plan can 
help keep you safe. 

6. You need to plan, After multiple dives, you should wait 18 hours before 
flying, so your diving needs to end today. 


7. When driving decreases pressure with altitude after you have been diving, 
you need to consult the altitude delay timetable. If your driving altitude 
reaches 5,000 feet and your starting repetitive-dive group is 1, you need 
to wait 3 hours 4 minutes before driving over that pass. This requires plan- 
ning. If your altitude delay timetable is at home in your book, you won't 
know how long you need to delay your journey. 
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Chapter 8 


il 


Some people learn to dive just to experience the activity. They complete 
training, purchase equipment, make a few dives, and stop diving. Other 
people continue training, get involved in the diving community, pursue an 
underwater hobby, and dive for many years. If you think of scuba diving 
asa means to an end, it can provide wonderful experiences that will keep 
you involved for many years. 


. You might see yourself completing an advanced diver course and several 


specialty courses. It helps to gain some dive experience in addition to your 
training dives. Just be sure that your excursions are limited to the condi- 
tions and depths to which you are qualified. 


. If you are not certain that you will dive regularly or that you will dive 


only locally, consider renting the major equipment (cylinder, regulator, 
exposure suit, buoyancy compensator, and weight belt). If you find your- 
self diving frequently, buy your gear. Renting equipment will help you 
make a good selection. If you plan to dive primarily at dive destinations, 
rent the major equipment at the destination. When you become an avid 
scuba diver, you are likely to have full sets of equipment for both cold- 
and warm-water diving. 


. The best ways to reduce the risk of injury from scuba diving are to be 


trained for what you do while diving, have the proper equipment for your 
dive, and gain experience gradually. Making a dive that greatly exceeds 
your training and limitations without first gaining several experiences that 
gradually increase your training and limitations is unwise 


. Phobias are natural, but if something terrifies you and itis related to diving, 


learn how to deal with the fear before you are exposed to it. For example, 
many people fear sharks because of what they have seen in media, What 
you should know is that dangerous shark encounters are rare and most 
likely occur at the surface of the water. If you see a shark, remain calm, 
stay on the bottom, and enjoy the exciting experience. 


. When you look to the future, do you envision yourself diving regularly? 


Are you just going to wait and see what happens, or do you intend to 
continue your training, get involved, and become a frequent diver with 
many friends who also enjoy diving? You can dive for a lifetime and not 
even begin to see everything the underwater world has to offer. May all 
your diving experiences be enjoyable and memorable! 


Glossary of 
Scuba Diving Terms 


absolute pressure—The total pressure exerted on a diver, which is measured 
by adding atmospheric pressure to gauge pressure 

actual bottom time—The elapsed time in minutes from when a diver leaves 
the surface in descent until the diver begins a rest stop or suriaces. 


alternate air source—A source of compressed air other than the diver’s primary 
scuba regulator. The two primary types of alternate air sources are extra second 
stages and backup scuba units. 


ambient pressure—The surrounding pressure. 


Archimedes’ principle—This principle states that the force of buoyancy acting 
on a submerged object equals the weight of the water displaced. 

arterial gas embolism (AGE)—An embolism resulting from an air bubble 
blocking the arterial circulation, 

atmospheric pressure—The pressure exerted by the atmosphere 

backpack—The equipment that holds the diver’s scuba cylinder. 

barotrauma—Trauma or injury caused by pressure. 

bends—see decompression illness. 

bezel—A movable ring on a waterproof watch (being used as an underwater 
timer) or compass that you can set to indicate elapsed time or direction. 

blooms—Overpopulations of plankton that can color the water, destroy under 
water visibility, and form toxins in animals that feed by filtering water. 

blowout plug—A plug included in a submersible pressure gauge to relieve 
pressure in the housing in the event of a high-pressure leak. 

Bourdon tube—A type of depth gauge that uses a thin metal tube formed into 
a spiral. The movement of the coil, linked mechanically to a needle, indicates 
the amount of pressure exerted on the gauge. 

Boyle’s law—This law states that for any gas at a constant temperature, the 
volume varies inversely with the absolute pressure, while the density varies 
directly with the absolute pressure. 

buddy breathing—The sharing of a single regulator second stage by two divers. 

buddy line—A short line used by two divers to keep in contact with each other 
when visibility is poor. 

buddy system—the practice of teaming up with a qualified partner for activities 
that involve risk, such as skin and scuba diving. A buddy provides reminders 
and assistance and sees things that you might not see. 

buoyancy—The upward force of water. 

buoyancy compensator—An item of equipment that helps a diver control 
buoyancy. You can inflate your buoyancy compensator at the surface to increase 
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buoyancy, deflate it to reduce buoyancy for descent, and add air to it to achieve 
neutral buoyancy underwater. 

burst disk—A thin metal disk that is a standard feature of the valves for scuba 
tanks, Ifa tank is overfilled or the heat from a fire causes the tank pressure to 
increase to a hazardous level, the disk will burst and vent the tank to prevent 
an explosion. 

capillary gauge—A type of depth gauge that is made up of a hollow, air-filled, 
transparent plastic tube sealed at one end and placed around a circular dial. 
Water pressure compresses the air inside the tube during descent (based on 
Boyle’s law), and the position of the air-water interface inside the tube relative 
to markings on the dial indicates the depth. 

cayern—A large, roomlike opening in a natural formation where light from the 
surface can be seen, 


caves—Openings in a natural formation that extend farther than a cavern where 
no surface light can be seen. 

C-card—The certification card you receive when you complete your training 
requirements as a scuba diver. 

ceiling—The minimum depth that a diver cannot rise above without the risk 
of DCS. 

ciguatera—Fish poisoning that results from eating fish that consume a certain 
species of algae. 


closed-circuit—Refers to a scuba system that eliminates carbon dioxide from 
exhaled breath and resupplies oxygen without allowing gases to escape from 
the system. 

compartments—Mathematical models used to estimate gas absorption and 
elimination by various areas of the body. 

compass course—A series of headings on a compass that leads to a destination, 

compass heading—A direction that is set on a compass. 

console—A display unit into which several instruments can be combined. An 
instrument console attaches to the high-pressure hose coming from the regu- 
lator first stage. 

continental shelf{—An underwater area that extends from land and slopes 
gradually to a depth of about 600 feet (183 meters) 

contingency plans—Plans that address possible circumstances that could force 
changes in the original plans for a dive. 

controlling compartment—The area of the body that determines how long a 
diver can remain at a given depth. The determination is made by how quickly 
a gas diffuses from that compartment. 

crest—The top of a wave. 

Dalton’s law—A law stating that the total pressure exerted by a mixture of 
gases is the sum of the pressures that would be exerted by each gas if it alone 
were present and occupied the total volume. 

decompression illness (DCI)—A serious medical condition in which a diver 
has neurological symptoms on surfacing. Also known as the bends. 

decompression stops—Precautionary stops made during ascent in order to 
reduce the risk of decompression illness. 


defogging—The process of removing the film of oil from the surface of the glass 
lenses ona scuba mask in order to prevent the mask from fogging underwater. 
Commercial defogging solutions can help keep your mask clear while you dive. 

dehydration—A physical condition resulting from the excess loss of body fluids. 

density—Weight per unit volume. 

DIN valve—A newer type of threaded outlet for a scuba tank valve that has a 
recessed O-ring seal and withstands higher pressures than a traditional O-ring 
valve. Tank pressures in excess of 3,000 psi (204 atmospheres) require a DIN 
fitting. 

dive profiles—Diagrams used to plan a dive by plotting the time and depth of 
the dive, 


diver’s push-ups—A buoyancy evaluation used to learn buoyancy control, 

When the diver is weighted properly, a full inhalation will raise the shoulders 
while the fin tips remain on the bottom, and an exhalation will cause the 
shoulders to sink. 


dolphin kick—A type of fin kick in which a diver holds both feet together 
continuously and exerts force against the water using a wavelike up-and-down 
motion of the body. 


downwelling—A compensating downward current that occurs when wind 
blows along a coast where there is a steep drop-off near shore. 

drag—A force that slows movement. 

drift—The speed of a current. 

drift dive—A dive in which the divers move with the flow of the current, 

eardrum—A thin membrane that separates the ear canal from the middle ear 
and transmits vibrations to the inner ear via a series of small bones that are 
attached to the membrane. 

ebb—The flow of water away from an area because of low tide. 

eddies—Swirling currents that result from non-linear water flow 

embolism—A blockage of circulation 

emergency decompression—A required delay in ascent that a diver must take 
if the actual or total bottom time (ABT or TBT) exceeds the no-decompression- 
stop limit for a dive. 

equalization—The process of keeping the pressure inside an air space in or 
attached to the body equal to the ambient pressure. 


eustachian tube—The part of the ear that allows the equalization of pressure 
in the middle ear, 


Farmer Johns—A type of wet suit design where the leg material extends upward 
to cover the chest and is held in place with shoulder straps 

fetch—The area in which waves were created. 

fetch length—The distance wind travels unobstructed. The length of water over 
which a given wind has blown. 


flaring—A method of slowing an uncontrolled ascent by arching the back, 
extending the arms and legs, and positioning the fins so they are parallel to 
the surface. 


flood—the flow of water into an area because of high tide. 
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Cold Electricity 


Ad: 


in Akau, USA 


Emailadrianakau@aolcom 


Dr. Peter Lindemann in his book "The Free 
Energy Secrets of Cold Electricity" presents 
thestory of this type of electricity which really 
is not electricity as electricity is normally 
meant to be understood. Cold electricity 
behaves differently than normal electricity, 
Regular electricity maybe used in the process 
to generate this cold form but this 
transformation is not the type of change in 
voltage and current that occurs in a 
transformer, Rather, it is the extraction of a 
form of current from "normal" electricity by 
a process that uses high voltage. 


In discussing the Edwin Gray motor, Dr, 
Lindemann relates. demonstration by Gray. 
Gray used a6 volt car battery with lead wires 
running to a system he had devised using a 
voltage booster and a series of capacitors 
which raised the voltage to 3,000 volts. He 
then closed aswitch thatran the high voltage 
into two electromagnets which caused a loud 
popping sound and cause the top 
electromagnet weighing a pound and a 
quarter to be propelled over two feet into the 
air, Gray claimed that only 1%of the system's 
energy was used with 99% going back to the 
battery. He said thathe had ‘split the positive’ 
with his system. 


Other evidence of using this fractionated 
electricity was Gray's use of a small 
motorcycle battery (15 amps which would 
normally produce W=V x A=6V x 15. A=90 
watts) to run concurrently six 15-watt 
electrical light bulbs, a portable 110 volt TY. 
set and two radios. A glowing 40 watt light 
bulb running off the system was dropped into 
water without the glass breaking; the bulb 
gave off light but not the heat that 
accompanied bulb run by regular electricity. 


This would mean that tungsten in the 
filament of the light bulb was not resisting 
the flow of this fractionated electricity and 
that this "cold electricity" was causing the 
luminousglowbysome other means. 


According to Gray's Patent 4,595,975, low 
voltage was chopped into pulsating DC by 
passing it through a multi-vibrator (buzzer 
likea door bell). Then the pulsed DCwassent 
through the low voltage winding (primary) 
of a transformer which changed it to 
pulsating high voltage DC current at the 
secondary side, The pulsating high voltage 
DC was rectified by a full wave bridge and 
changed into high voltage DC. 


‘The high voltage DC was used to repeatedly 
charge a capacitor as the current was sent 
tobriefly discharge acrossa spark gap (rated 
at 3000 volts). The discharge of the spark 
across the gap had to be in one direction 
only and its duration was controlled by the 
size of the capacitor and by the strength of 
a magnetic field encompassing the gap. This 
magnetic field had a quenching effect 
because it caused a back EMF each time the 
discharge occurred. The current from the 
discharge across the gap was then sent 
through a resistor and then to a vacuum 
tube (the conversion switching element 
tube) 


Another of Edward Gray's patents "Efficient 
Electrical Conversion Switching Tube 
Suitable for Inductive Loads" (April 1987, 
patent 4,661,747) described the switching 
tube. Itutilizes a low voltage anode (positive 
plate), a low voltage anode (positive plate) 
and one or more electro-static or charge 
receiving grids (located between the positive 
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flutter kick—The most common type of fin kick. The flutter kick is an up-and- 
down kick that you can do facing down, up, or to the side. 

fronds—The portions of kelp that appear to be the leaves 

gauge pressure—The pressure indicated by a pressure gauge that reads zero at 
sea level (this type of gauge displays only the pressure in excess of one atmo- 
sphere). 

Gay-Lussac’s law—This law states that for any gas at a constant volume, the 
pressure of the gas varies directly with the absolute temperature. 

gyres—Large circulating currents that move clockwise in the northern hemi- 
sphere and counterclockwise in the southern hemisphere. 

half-time—The amount of time it takes a tissue to accumulate half of the gas 
it can hold at a given pressure. 


heat exhaustion—A medical condition that occurs when the core temperature 
of the body is above normal and the victim has become dehydrated. 


heatstroke—An emergency medical condition that occurs when the body 
temperature becomes so high that the body's temperature-regulating ability 
shuts down, 


Henry’s law—This law states that the amount of a gas that dissolves in a liquid 
ata given temperature is directly proportional to the partial pressure of that gas. 

hyperthermia—Higher-than-normal body core temperature. 

hyperventilation—Rapid, deep breathing in excess of the body’s needs 

hypothermia—Excessive loss of heat from the core of the body. 

hypoventilation—Rapid and shallow breathing that does not allow you to 
expel carbon dioxide from your lungs. 

ingassing—The process of gas diffusion into a liquid, 

jumpsuit—A one-piece dive suit. 

J-valve—A cylinder valve that was designed to maintain a reserve of air 10 
permit a normal ascent. The introduction of submersible pressure gauges for 
scuba tanks has rendered the J-valve obsolete 

kelp—Giant algae that produce long strands that a diver can become entangled 
in 

Kelvin—The absolute temperature scale for Celsius temperatures. To convert a 
Celsius temperature to Kelvin, add 273 degrees. 

K-valve—A cylinder valve that is a simple on-off valve that operates like a faucet. 
You turn the valve handle counterclockwise to open it and clockwise to close it. 

lubber line—A reference line on a compass that indicates the direction of travel. 

mediastinal emphysema—A lung injury in which air is present in the tissues 
in the middle of the chest 

middle ear—The air space behind the eardrum, 

modified frog kick—A fin kick in which the diver rotates the ankles so that the 
tips of the fins point outward, slides the fins tip first in an outward direction, 
then pulls the bottoms of the fins together quickly in a wide, sweeping arc. 

multilevel dive profile—A dive that progresses from deep to shallow during 
a given period of time. 


neap tide—The twice-monthly period of lowest tides, which occurs when the 
moon and sun are at right angles to each other in relation to the earth. 


neutral buoyancy—A state of buoyancy that a diver achieves when the diver 
neither sinks nor floats when holding an average breath, 

nitrogen narcosis—A detrimental effect caused by the increased pressure of 
nitrogen that occurs at a depth of about 100 feet (30 meters). 

nitrox—A nitrogen and oxygen mixture with a higher percentage of oxygen 
than is found in air. The mixture reduces the effects of nitrogen at depth. 

no decompression stop limits—The maximum time that a diver may stay at 
a specified depth. 

nonreference descent—A descent made vertically in water without any exter~ 
nal reference, 

octopus—A term used to describe an extra second stage. 

open-circuit—Refers to a scuba system that permits a diver to breathe com- 
pressed air from a pressurized cylinder and exhausts the used gases into the 
water. Open-circuit systems are the safest and most popular form of scuba 
system, 


open-valve ascent—A method for maintaining neutral buoyancy during an 
ascent by keeping the BC inflator-deflator valve open while holding the valve 
ina special way. 


O-ring—A soft, circular ring that surrounds the outlet for scuba tank valves. 


outgassing—The process of gas diffusing out of a liquid. For diving, it pertains 
to the diffusing of nitrogen absorbed under pressure. 


overturn—The movement of water from the top of a lake to a depth of about 
60 feet as a result of water circulation caused by winds. This water movement 
carries oxygenated water to the bottom and leads to what is called spring diving 
conditions. 


partial pressure—The percentage of the total pressure exerted by each gas in 
a mixture of gases. 


perfusion—The circulation in a tissue, 

plankton—Aquatic life-forms that drift with the currents. 

pneumothorax—A lung injury in which air is trapped in the chest cavity. 

pony tank—A backup scuba unit consisting of a small scuba cylinder with a 
separate, standard regulator. 

ports—The openings in the first stage of a regulator. One of the ports is for 
high-pressure air measurement with an SPG, The remaining ports are for low- 
pressure air. 

pressure—Force (often weight) per unit area. 

pulmonary barotrauma—Any lung injury caused by pressure. 

Rankine—The absolute temperature scale for Fahrenheit temperatures. To 
convert a Fahrenheit temperature to Rankine, add 460 degrees. 


reciprocal compass course—A course where the diver moves in a given head- 
ing for a given distance and returns to the origination point by reversing the 
direction of travel, 
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red tide—Blooms created by a type of red phytoplankton. 

reference descent—A descent that the diver controls by following a line or 
the slope of the bottom, 

repetitive dive—Any dive made within 6 10 24 hours (depending on the dive- 
planning device) of a previous dive. 

repetitive group or repetitive group designation—The letter on a dive table 
that indicates the amount of nitrogen in a diver’s body. 

residual nitrogen—Nitrogen remaining in your system from a dive made 
within the past 12 hours. 

residual nitrogen time—An amount of time that must be added to the actual 
bottom time (ABT) of a repetitive dive to determine the total bottom time 
(TBT). RNT compensates for residual nitrogen remaining in a diver’s tissues 
from previous dives. 

rest stop—A precautionary decompression stop during ascent. 

reverse block—Discomfort that occurs when the pressure in the middle ear is 
above normal during an ascent due to blockage of the Eustachian tube, 

reverse thermocline—The point of transition from a layer of cold water toward 
the surface of a lake to a layer of warmer water toward the bottom, This state 
exists in winter, 


rip current—The narrow, strong current that moves away from shore as a 
result of water flowing back to sea through a narrow opening in an underwater 
obstruction. 

sawtooth dive profile—A dive that progresses from deep to shallow and back 
to deep. 

scissors kick—A fin kick that can be used asa resting kick. While lying on the 
side, the diver slowly extends one leg backward while extending the other leg 
forward, and then pulls the legs together quickly. 

scombroid—A type of fish poisoning that can result if you eat fish that have 
not been kept chilled. It produces nausea and vomiting within an hour. 

scrolling—A method used by dive computers to provide advance-planning 
information through a sequential display of time limits for various depths. 

scuba—Self-contained underwater breathing apparatus. 

semi-closed-circuit—Refers to a scuba system that combines the benefits 
of closed-circuit and open-circuit systems. Small amounts of used gases are 
released periodically. 

set—The direction assumed by a current 

shallow-water blackout—The sudden loss of consciousness near the surface 
of the water. 

shorty—A one-piece dive suit with short arms and legs used for diving in warm 
water. 

sink—The area formed when the ground collapses into an underground cave 
system, 

siphon—An opening where water is channeled from a sink back into the system, 

skip breathing—An attempt to extend one’s air supply by holding each breath 
for several seconds. 


slack water—The period of time between flow and ebb when the water has 
minimal movement. 


Spare Air unit—A backup scuba unit consisting of a small scuba cylinder with 
a special regulator integrated directly into the valve. A Spare Air unit is smaller 
than a pony tank and provides only enough air to permit an ascent from shal- 
low depths. 

spike dives—A dive with a short actual bottom time (ABT), such as a dive to 
free a fouled anchor. 

spring tides—The twice-monthly period of highest tides, which occurs when 
the moon and sun are aligned with the earth. 

square compass course—A series of headings that allows the diver to travel 
in a square pattern so that the dive ends where it began. 

squeeze—A condition that occurs when the pressure on the outside of an air 
space in or on the body is greater than the pressure inside the air space. This 
condition may cause pain and injury and may be avoided by keeping the pres- 
sures equal (see equalization). 

stages—The two parts of a scuba regulator that perform the two steps in the 
pressure reduction process, 

stand—A brief period of time during which the tide neither rises nor falls 

step dive—A dive that is made in a series of steps 

stipes—Long strands of kelp 

subcutaneous emphysema—A lung injury in which air is present in the tis 
sues under the skin. The air swells the tissues around the neck. 

submersible pressure gauges—An instrument that measures scuba cylinder 
pressure. 

surf—Breaking waves that occur when the water within the wave moves for 
ward and gives up its energy. This occurs when the depth of the water is about 
the same as the wave height, 

surface interval time—The elapsed time from when a diver surfaces after a 
dive to the time the diver begins the descent of a repetitive dive. 

surge—The back-and-forth subsurface motion of the water within waves when 
the waves enter shallow water, 

swells—The rounded, undulating forms that waves take as they move away 
from the area in which they were created. 

tetrodotoxin—A type of lish poisoning that results from eating exotic fish such 
as puffer fish or blowfish, Tetrodotoxin is the most serious form of fish poison- 
ing and can cause death within minutes 

thermocline—An abrupt transition from a warmer layer of water to a colder 
layer of water. 

total bottom time—The sum of actual bottom time and residual nitrogen time. 

Toynbee maneuver—A method of opening the eustachian tubes by blocking 
the nostrils, closing the mouth, and swallowing. 

trail line—A long line with a float attached that is deployed from the stern 


of a boat. Divers use the trail line to pull themselves to the boat against the 
current, 
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trapdoor effect—A condition that exists when pressure prevents the Eusta- 
chian tube from opening. This condition may be overcome by ascending to 
reduce pressure, 


trough—The bottom of a wave. 


antic seismic waves caused by an underwater earthquake. 
turbid—Water that is unclear or murky because of stirred-up sediment. 


upwelling—The replacement of warm water at the surface with colder water 
flowing up from the depths asa result of a strong wind blowing along the shore 
for a sustained time. 


Valsalva maneuver—A method of opening the eustachian tubes by blocking 
the nostrils, closing the mouth, and gently trying to exhale. 


valve seat—The portion of the cylinder valve that closes and stops the flow of air. 
vasoconstriction—Narrowing of the blood vessels. 

vertigo—A subjective feeling of moyement perceived as a spinning sensation 
wave height—The distance from a wave crest to the trough 

wave period—The time it takes two waves to pass a given point. 

wave train—A long se 
wavelength—The distance between waves, 


's of waves. 
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bites, animal 115, 116¢ 
blooms 110 
blowout plug 99 
boat diving 132-135, 133-134f, 
153-154 
boots 73, 736, 76, 77f, 78 
bottom dwellers 113 
bottom time (BT) 200 
bounce dive 198, 198/ 
Bourdon tube 96-97, 961 
Boyle's law 23-24, 247, 27, 96 
breathing 15-18, 16F-17/, 196 28, 47 
adjustments 46-51, 48° 
buddy 175-177, 17561767 
BT (bottom time) 200 
Duddy breathing 175-177, 1751767 
buddy check 152 
buddy line 162 
buddy system 152, 162-163, 172, 
V73f, 75-177, 176F 77 
buoyancy 21-22, 21f 59, 60f 
adjustments 41-43, 421 
control 119, 159-160, 173-174 
equipment and 66, 70, 73, 75-76, 
78-83, SOP81/, 801, 85-86, St 
neutral 21, 142, 158-159, 161 
testing 142, 158 
buoyancy compensator (BC) 
equipment 64, 80-83, SOf81f, 
S01, 138-139, 150-151, 153, 
157-160, 174 
fnflating and deflating 152-153, 
157-160, 174 
buoyant emergency ascent (REA) 
175-176 
burst disk 88 


© 

caleulators, dive 204-206, 2041 

California 216 

capillary gauge 96-97, 96¢ 

cardiorespiratory system 16, 17 

CARE. See cognizance, assessment, 
rescue, and evacuation, 

career opportunities 218 

Caribbean 217 

carotid sinuses. 18, 18 

cavern 124, 1256 

caves 124, 125f 

Cocard 4 

CER, See closed-citcuit rebreather 

ceiling 99 

certification 4 


charter boat diving 133-134, 133/. 
1347, 190 

iguatera 112 

Girculation 15-18, 177-187 

closed-circuit rebeather (CCR) 3, 

4, 105-106, 1057 

lance, assessment, rescue, and 

evacuation (CARE) 178-179 

cold 32, 51, 201 

collapsed lung 51 

communication 178 

community, diving 3-5 

compartments 54-55 

compass course 164-165 

compasses, dive 97-98, 98f, L64- 
165, 1641657 

compass heading 164 

computers, dive 99, 204-206, 2047 

congested sinuses 44, 447 

conservation 117-121, 119f 

consoles 98f, 99-100 

continental shell 126 

contingency plans 203-204, 203f 

continuing education 210-212, 219 

controlling compartment 55 

coughing 172 

cramps 172, 1736 

crest 128 

currents 124, 124f, 130-132, 130/- 
131,187, 1887 

cuts 114, 161 

cylinders. 83-87, 83/857; Ber, 149- 
150, 1497-1507 

cylinder valves 87-89, 887 


D 

Dalion’s law 25-26, 26r 

dangerousaquatic animals 114-117, 
Ta L15f 1161, 180 

decompression illness (DCI) 7, 
535-57, 56F57/, 190, 200 

decompression stops 55, 57f 190, 
196, 1964, 200-201 

decompression theory 53-55, 547 

defogging 29, 66, 139 

dehydration 29, 38-59 

density 19f, 20, 201, 23-24, 247 

depth 200 

depth gauges 96-97, 961, 100 

descents 146-147, 161 

destinations 216-218 

diaphragm gauge 96-97, 961 

DIN valve 88, 88f 
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dive caleulators 204-206, 204¢ 
dive compasses 97-98, 98f, 164-165, 
164165 
dive computers 99, 204-206, 204 
dive courses 8 Sf 
dive Hags 101-102, 101f, 160, 160f 
dive floats 102 
dive kits 102-104 
dive knives 100-101, 100f, 152 
dive lights 102, 1027 
dive planning 
advance preparation 185-187 
fea oriemiations 189-190 
‘calculators for 204-206, 204" 
computers for 99, 204-206, 2042 
contingency 203-204, 203f 
dive profile 188, 190-191, 190, 
197-204, 198/-199f, 2021, 2037 
dive tables for 191-197, 1926 
1931, 1951-1961, 204, 204F 
factors 184-185 
on-site 187-188, L887 
postdive review 206 
short-term 187 
special-equipment 197 
special procedures 201-203, 2021 
dive profile 188, 190-191, 190f, 
197-206, 198/-199f, 2021, 2037 
diver impact 118-119, L19P 
diver's push-ups 158, 159 
dive slates 102-103 
dive tables 191-197, 192-1931, 
1954-1961, 204, 204f 
diving. See also equipment; scuba 
diving: skin diving 
altitude and 200, 202-203, 202¢ 
boat 152-135, 133-1347, 153- 
154 
buddy 162-163, 172, 173, 175- 
177, 76F ATIF 
community 3-5 
conditions 121-132, 12361257, 
1276 OPEL 
anit 132 
evolution of 3 
yuides 4 
joysol 2.9 
periodicals 222 
prerequisites 5-6 
risks 6-8 
surface 145, 146f 
training for 5-8, 8f, 221 
avel 213-218 
diving adjustments 
breathing 46-51, 48 
buoyancy 41-45, 420 
dehydration prevention 58-59 
equilibrium 52-53 
heart and lungs 50-52 
importance of 38, 61 
Ingassing and outgassing 53-58, 
54p 56f57) 
mobility 59, 60f 
thermal 38-41, 39f 41f 


visual 53 
diving environment 
aquatic biology 110-117, 111 
15p, 16r 
aquatic conditions 121-15 
125f, 127, 129f131F 
for boat diving 132-135, 133/- 
nay 
conservation and preservation 
117-121, 119F 
diving opportunities 
career 218 
‘continuing education 210-212, 219 
leadership, 219 
geal 212-213 
diving skills 
‘aulomatic execution of 139, 191 
for emergencies 178-181, 179f 
physical problem management 
173-177, YTAEATIL 
physiological problem manage- 
ment 169-172, 172-1736 
scuba diving 152-169, 153F155/ 
159/-160f, 163/-165f, 167/- 
169f 
skin diving 141-148, 141f, 1436 
17h 
dizziness. 170 
dolphin kik 145, 1457 
downwelling 130 
rag 20-21, 201, 59, 60F 
alt 152 
drift dive 132 
drifters 10-111, Matty 
dry suits 75-77, 751, 766-777 


E 

EAN, Se entiched-air nitrox 

eardrum. 14, 15f, 52 

fans 1-15, 15f 86, 45/52 

chi 127 

ediies 124 

education, continuing 210-212, 219 

tlectronic gauge 96-97, 96t 

embolism 50 

emergencies 178-181, 179f 188 

emergency decompression 201, 2031 

emergency swimming ascent (ESA) 
175-176, 175f 

emphysema 50-51 

enriched-air nitrox (EAN) 104- 
105, 1047 

entanglement 173 

entry techniques. 152-155, 153f- 
1357 

envionment. See ao diving 

air 19-25, 196 201, 216236 118 
water 19-23, 19f, 201, 21F:22f, 

28-29, 29f, 32-34, 327 

cavironmental organizations 12 
2 

euualization 7, 14,24, 257, 43-46, 
aapasy 


136 


‘equilibrium adjustments 52-53 
equipment. See also exposure sults 
fins; mask 
AAS 64, 94-96, 947-957 
accessories 101-104, 101/:102/ 
assembling 149-151, 49-150F 
BC 64, 80-83, SSI 80, 138-139, 
150-151, 153, 157-160, 174 
buoyancy and 66, 70, 73, 75-76, 
78-83, SOPS1/, 801, 85-86, 861 
checklist 82 
cylinder valves 87-89, 88f 
disassembling 169 
dive knives 100-101, L00f 
diver impact and 119 
donning 139-141, L40f, 151-152 
handling 147-148, 166 
Inspecting 139-140, 151-152 
Instrumentation 96-100, 96f, 98f 
152 
Introduction 10 64, 65f 
nitrox 104-105, 104f, 197 
packing 148-149, 149¢ 
preparing 138-141, 1407 
removing 148 
scuba cylinders 83-87, 83/-85f, 
Sst, 149-150, 1497-150 
scuba regulators 89-94, 89f-92f, 
149-152, 150f, 156-157 
skin diving 70-71, 70f, 138-141, 
140f, 147-148, 
snorkel 67-68, 67/-68f, 138, 140, 
143-144, M436, 152, 155-157 
specialized 104-106, 104/-105f, 
197 
surface snorkeling with 155-156 
fortechnical diving 105-106, 105/ 
training 8, 8/ 
Weighting systems 78-80, 78f 
138-140, 147-148, 152 
tof 59. 60F 
‘emergency swimming 
‘eustachian tubes 14, 15f 44-46, 457 
exit techniques 168-169, 168-1697 
exposure sults 
dry suits 75-77, 751, 76F-776 
preparing 138-139, 152 
wet suits 71-75, 711, 72-746 
17-78 
extra second stages 94-95, 94f 


Fr 
Farmer Johns. 72/73 
feet-together entry 155 
Fetch 128 
Lins 69-70, 69¢-70f, 152 
donning 138, 140, 140 
removing 148 
using 144-145, L44f145f, 147 
First ald 103-104, 1161, 178-180 


Mags 101-102, 101f, 160, 160/ 
Maring 174, 174f, 176 
oats 102 


flood 127 

Florida 217 

utier kick 144, 144f 

flying 200, 202, 2024, 215 

food eyele, underwater 
ny 

freshwater diving conditions 122 
126, 12361257 

fronds 111 


Ho-tn1, 


G 
pases 16, L6f, 18, 19f 26-27, 261 
gaslaws 23-28, 24-257 261 96 
Gay-Lussac’s law 24-25, 27 
ear bags 101 

glant-stride entry 154, 1547 
Great Lakes 217 

guides 4 

gyres 150 


4 
habits 191 
half-time 54,99 
hand coverings 
TIL 78 
hand signals 
scuba diving 166, 167F 
skin diving 141, L41f 
Hawaii 217 
head-to-toe buddy check 152 
hearing 14, 15/34 
heart 50-52 
heat 
exhaustion 40, 41f 
loss 28-29, 297, 39-40, 397 
heatstroke 40, 41f 
Henry’s aw 25-26, 261 
high altitude diving 200, 202, 2021 
hoods 74, 74f, 76, 78, 139 
humidity 29 
hydroids 113-114, 1136, 16 
hyperthermia 38. 
hyperventilation 18, 19F 
hypothermia 38, 40 
hypoventilation 18 
1 
Ingassing 26, 33-58, 54f, 56f-57/ 
injuries 50, 114-117, 116, 179-181 
instrumentation 
‘equipment 96-100, 96f, 98f, 152 
monitoring 165-166 


4 
job opportunities 218 
jumpsuit 72/73 
valve 88 


73-74, 74f, 76, 


K 
kelp 110-111, 1126 216 
Kicks 144-145, 144-1456, 164 
its 102-104 

knives 100-101, Loop 152 
K-valve 87, 88f 


. 
lacerations 114-115, 16r 
laws 4 

leadership opportunities 219 
Mesaving scuba 178-179, 1797 
Li 59, 60f 

ight 32-33, 32f 

lights, dive 102, 102f 

local diving opportunities 212. 
lubber line 98 

ungs 12, 13/47, 484, 5 


M 
‘magazines 222 
mask 46, 65-67, 65/:66f, 138-140, 
147-148, 152 
clearing 142-143, 143f, 162 
delogging 29, 66, 159 
maximum-depth indicator 97 
mediastinal emphysema 50 
menstruation 6 
middle ear 14, 15f, 52 
‘Middle East 218 
‘mobility adjustments $9, 60f 
modified frog kick 144, 145¢ 
multilevel dive profile 197, 198 


N 

navigation 97-98, 98f, 164-165, 
Tog 1657 

DSL. See no decompression stop 
limit 

neap tides 126 

neutral buoyaney 21, 142, 138. 
159, 161 

New England 217 

ntzogen narcosis 16, 58, 

nitrox equipment 104-105, 104f, 
197 

‘no decompression stop limit (NDSL) 
191, 194-197, 1951, 199-200, 
202 

onreference descents 161 


o 

gctopus 94 

on-site planning and preparation 
187-188, 188f 

‘open-cireuit scuba 3, 4¢ 

‘open-valve ascent 159-160, 166 

organizations 121, 221 

O-ring 88-89, 150-151 

outgassing 26, 28, 53-58, 54f. 56/- 
57f, 166 

overexertion 47-48, 172 

overheating 40-41, 41f 

overtum 122, 1237 

ghting 163, 1636 


B 


176 


P 
packing 148-149, 149/ 
panic 170-172, 172f 
partlal pressure 26-27, 261 
periodicals 222 
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physical problems, managing 173. 
177, ap A77F 
igleal problems, managing 
169-172, 1726173 
plankton 110, 111 
planning. See dive planning 
pneumothorax 51 
pollution 117-118 
pony tank 95, 957 
ports 91 
postdive review 206 
preparation 
scuba diving 148-152, 149. 150/, 
185-188, 1887 
skin diving 138-141, 1407 
prerequisites, diving 5-6 
preservation 117-121, L19f 
pressure 
absolute 23, 26-27 
ambient 53) 
almospheric 22-23, 22f 
‘equalization 7, 14,24, 257, 43-46, 
44pasy 
sgaslaws and 23-24, 247 
Injury from 50 
pmeasurement 22-23, 22 
partial 26-27, 261 
reduction, stages of 89-95, 90f- 
92f, 947 
proficiency testing 5 
Puget Sound 216 
pulmonary barotrauma 50 
punetures 114-115, 1160 


phys 


R 

Rankine 25 

reciprocal compass course 165 

recompression chamber 56, 56f 

recreational diving 3-4 

Red Sea 218 

red ide 110 

relerence descents 161 

regulators, scuba 89-94, B9P-92f, 
149-152, 150f, 156-157 

repetitive dive 190-191, 190f, 194, 
200 

repetitive group designation (RGD 
‘or RG) 191, 194, 200 

reserve valve 88 


residual nitrogen 190, 1907, 194. 
197, 1951 

residual nitrogen time (RNT) 194. 
202, 1951 

respiration 15-18, 16/-17f 19f 

responsibilities 9 

rest stops. 55, 57, 190, 196, 196%, 


200-201 
reverse blocks 24, 25/ 

reverse thermocline 122, 123f 
RG, See repetitive group designation 
RGD. Sve repetitive group designation 
Bip current 131, B1f 


plates and the cathode or negative plate 
supplying the electrons). This tube's function 
was to ‘split the positive’. A normal vacuum 
tube usually uses only a single anode at a 
particular voltage to control the voltage flow 
within the tube, The function of the charge- 
receiving grids was to collect the "cold 
electricity’ 


‘The most unusual part of this Power Supply 

ircuit consisted of devices specifically 
designed to remove excess energy when the 
Switching Tube was functioning. Aspark-gap 
protection device, served to "protect the 
inductive load and the rectifier elements 
from unduly large discharge currents". As 
stated, the rectifier elements are the two 
anodes and the grids in the Switching Tube. 
In a normal vacuum tube, no protection 
would be necessary because the maximum 
power of the tube would be based upon the 
electricity provided to heat the tube filament 
and to charge the anode (voltage x amps). 
‘Therefore, the excess energy comes from the 
process occurring as the spark gap affected 
clectrical pulses pass through the Switching 
Tube. The process of extracting the "cold 
electricity" places danger of overload upon 
the system. (Please take note that the 
"electricity" from the Switching Tube is no 
longer the normal type of electricity we have 
from ourbatteries or from an electrical outlet 
but rather a completely new form with 
entirely different characteristics.) 


The description continues, "Should the 
potentials (voltages) within the circuit 
exceed the predetermined values fixed by 
the mechanical size and spacing of the 
elements within the switching tube, the 
energy is dissipated (bypassed) by the 
protective device to the circuit common 
(electrical ground)" by two strategically 
placed diodes (devices that permit the 
passage of electricity in one direction only). 
The question now arises "What is the cause 
of this large amount of excess energy which 
must be dumped to ground through device 
acting like a lightning rod in order to prevent 
the circuit from burning out?" 


To examine the cause of the excess energy 
source, we must go back overa hundred years 
to1889. Heinrich Hertz had just announced 


in 1887 that he had discovered 
electromagnetic waves and Nicola Tesla was 
attempting to duplicate Hertz'sexperiments 
Tesla used abrupt and powerful electric 
discharges produced with banks of 
capacitors charged to very high potentials 
and was able to explode thin wire (copper 
bus bars). He came to the conclusion that 
Hertz had mistakenly associated electrostatic 
inductions (electrified shockwaves in air) for 
true electromagnetic waves 


The explosion of the copper bars by means 
of the "disruptive discharges" from the 
capacitor bank produced — sharp 
shockwaves which struck Tesla with great 
force across the entire front of his body. 
Tesla said they felt more like powerful 
gunshots rather than electrical sparks. They 
produced effects similar to lightning or to 
those produced by high voltage DC 
generators previously discussed; the simple 
closing of a high voltage DC generator 
caused a stinging shock, AC generators were 
not in use in this pre-AC era and it was 
shown, later on, that AC generators did not 
produce these effects 


This shock was first assumed to be the result 
of residual static charging, It stood straight 
out of highly electrified conductors, seeking 
ground paths which included workmen and 
switchboard operators. In long cables, Tesla 
estimated that this electrostatic 
concentration was several orders in 
magnitude greater than any voltage the DC 
generator could actually produce, Itcauseda 
hedge or crown of bluish needles or spicules 
topointatrightangles tothe cable orstraight 
from the electrical cable line into the 
surrounding space. The bluish needles 
appeared the very instant the switch was 
closed and disappeared a few milliseconds 
later, after which the system functioned 
normally. However, anyone through whom 
the blue needles passed, especially in large 
regional power systems which used high 
exceptionally high voltages, usually did not 
survive, Generators rated at a few thousand 
volts produced hundreds of thousands or 
even millions of electrostatic volts during the 
start-up pulse. Highly insulated, heavily 
grounded relay switches had to be installed 
to protect workers from certain death. 
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risks 6-8 
NT. See residual nitrogen time 


s 
salety stops 55, 57F, 190, 196, 1961, 
200-201 
saltwater diving conditions 126-132, 
127f, 129FA31f 
save-a-dive kit 102-103, 
sawtooth dive profile 197, 1987 
scissors kick 144, 1447 
seombroid 112 
scrolling 204-205 
scuba (sell-contain 
breathing apparatus) 
backup 94-95, 95 
cylinders 83-87, 837-85 861, 
149-150, 149-1507 
Mesaving 178-179, 179f 
regulators 89-94, 89-92f, 149- 
152, 1507, 156-157 
systems 3, 4r 
seuba diving 
ascents 159-160, 166, 174-176, 
174f-175f, 200-201 
descents 161 
entry techniques: 152-155, 1536 
155p 
exit techniques 168-169, 168 
Loop 
hand signals 166, 1677 
at high altiqude 200, 202, 2021 
laws 4 
navigation 97-98, 98/, 164-165, 
Leap 1657 
organizations 221 
preparation for 148-152, L496 
150f, 185-188, 1887 
prerequisites 5-6 
recreational 3-4 
responsibilities 9 
rules. 156, 200 
skills 152-169, 1536-1557, 1596 
L6Of, 163/165), 167/- 1697 
technical 105-106, 105/ 
underwater swimming in 163- 
164, 1637 
wreck diving 217 
seulling 119, 119f 
seasickness 52-53, 170 
seated entry 154, 154f 
sell-contained underwater breathing 
apparatus, See scuba 
semi-closed-circuit scuba 3, 4r 
set, of current 132 
shallow-water blackout 18 
short-term planning and prepara- 
tion 187 
shorty 72,73 
signaling devices 102-103 
signals. See hand signals, 
silting 163, 1637 
simple valve 87-88, 887 
sink 125 


od underwater 


sinuses 12, 13/,43-44, 447 
siphon 125 
SIT. See surface Interval time 
skills See diving skills 
skin diving 
ascents 146-147, 147 
equipment 70-71, 70f, 138-141, 
140f, 147-148 
hand signals 141, 141 
preparation 138-141, 1407 
prerequisites 5-6 
recreational 4 
skills 141-148, 141, 1437-147 
skip breathing 47 
slack water 127 
slates 102-103 
small-boat diving 134-135 
snorkel 67-68, 67/68/, 138, 140, 
143-144, 143f, 152, 195-157 
snorkeling 155-156 
snorkel-regulator exchanges. 157 
sound 34 
South Paciic 217 
Space Air unit 95, 957 
specialized equipment 104-106, 
104-105f, 197 
SPGs. See submersible pressure 
‘gauges 
spike dive 198, 1987 
spring tides 126, 1277 
square compass course 164-165 
squatting back-roll entry 155, 155/ 
squeezes 24, 257 
stages, of pressure reduction 89-95, 
90-92, 94f 
stand 126 
steel cylinders 83-85 
step dive 197, 1987 
stings, animal 115-116, 1160 
stipes 110 
stress 170-172, 172f 
subcutaneous emphysema 51 
submersible pressure gauges (SPGs) 
88, 98-100, 98f, 150, 152, 165 
suet 128-130, 129f, 153, 1537, 169, 
1697 
surlace dives 145, 146/ 
surlace interval me (SIT) 194-196, 
1951, 200) 
surlace stiorkeling 155-156 
surge 128 
surrounding pressure 
pressure 
swells 128, 
swimmers 112-113, 112F 
swirnming 
ESA 175-176, 175f 
Kicks 144-145, 144p-145f, 164 
surlace dives 145, 1467 
underwater 146-147, 147, 163- 
164, 16356 


ambient 


+ 
tanks, See eylinders 


lask-relevant instructional self-talk 
(reist) 171 

‘TRT. See total bottom time 

technical diving 105-106, 1057 

teeth 15 

lemperature 20, 23-27, 32, 34. See 
also thermal adjustments 

tetrodotoxin 112 

thermal adjustments 38-41, 39f, 41F 

thermocline 122, 123f 

throat 12, 137 

thrust 59, 60 

tides 126-128, 127 

total bottom time (THT) 194-202 

‘Toynbee maneuver 44 

talline 133, 134f 

training 5-8, 8f 210-212, 221 

trapdoor effect 45, 45f 

travel 213-218 

‘TRIST (lask-relevant instructional 
self-talk) 171 

ough 128 

tsunami 126 

turbid water 33 


u 

underwater food eyele 110-111 
ny 

underwater swimming 146-147, 
LATf, 163-164, 1637 

underwater timers 97 

upwelling 123 


v 

Valsalva maneuver 44 

valves, eylinder 87-89, 88f 

valve seat 87 

vasoconstriction 39 

venomous inj 
180 

vertigo 33, 52 

vests 74, 74f, 138-139, 142, 148 

visibility 33, 162 

vision 32-33, 32, 67 

Visual adjustments 53 

volume 23-24, 247 

vomit 52, 133, 170 


14-115, 1160, 


w 
wading entry 155, 153/ 
Washington 216 


environment 19-23, 19f, 201, 
f, 28-29, 29f, 32-34, 32f 


wave height 128 

wavelength 128 

wave period 128 

waves 128-130, 129° 

wave train 128 

Weighting systems 78-80, 78f 138- 
140, 147-148, 152 

Wetsuits 71-75, 711, 226-74, 77-78, 
139, 148 

wreck diving 217 
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INTRODUCTION 


ether the hunt takes you after Rocky 
Mountain elk along the western skyline or 

into a Carolina swamp behind a pack of beagles, 
the chase offers a unique challenge. Rabbit, deer, 
elk, moose or bear, whatever the quarry, the 
hunter must outsmart a wild animal with a better 
knowledge of its environment and keener senses. 


This challenge, along with the camaraderie of 
the hunt, accounts for the sport’s tremendous 
popularity. And a successful hunter can enjoy a 
year-round supply of lean, nutritious meat. 


The Complete Guide to Hunting is intended to 
make the reader a better hunter. Each section of 
the book deals with a different facet of the sport. 
Together, they will help you develop the skills and 
savvy needed to consistently bag wild game. 


The first chapter, “All About Wild Game,” provides 
an understanding of wildlife behavior and helps you 
recognize good habitat. By knowing how animals 
sense danger, react to threats and find food, water 
and cover, you can improve your chances of being 
in the right spot at the right time. 


Chapter 2, “Hunting Skills and Equipment,” 
provides all the information needed to select rifles, 
shotguns, bows and muzzleloaders. Learn how to 
choose the best ammunition for the game and 
how to become a proficient shooter. This chapter 
goes far beyond the basics, explaining complex 
principles of bullet and shot performance with 
descriptive photos and easy-to-understand charts. 


The third chapter, “Hunting Strategies,” teaches 
how to plan the hunt and how to scout a potential 
spot to make sure it holds game. This chapter 
details the most popular hunting techniques, from 
stalking to driving. Learn how to tailor a hunting 


strategy to the terrain and time of day. It also 
provides valuable tips for recovering game. 


The final four chapters acquaint you with North 
America’s most popular game animals. Hundreds 
of informative how-to photos, along with a 
fact-filled text, give all the information needed to 
locate, pursue and bag each of these species. 


Astounding photography puts you in the scene. 
Face-off with a huge bull moose; walk a fencerow 
and see a ring-necked pheasant burst from cover 
at your feet; experience the nerve-wracking 
anticipation of waiting for a wild turkey to strut 
close enough for a shot. 


The hunting techniques found in this book are 
those considered most effective by the nation’s top 
hunting authorities. Hunting regulations and legal 
equipment differ in every state and province, so it 
is possible that some of the procedures described 
are illegal in your area. Baiting bears, for instance, 
is a popular method in some states, but is against 
the law in others. Check the local hunting laws 
before going afield. 


In addition to the proven high-percentage 
hunting methods, this book also reveals dozens of 
little-known but effective tips that help the experts 
take their game. You will learn how to attract 
diving ducks by waving a black flag and how to 
imitate a scolding squirrel by clicking quarters. 


This book is a unique blend of straightforward 
writing and captivating photography. Never before 
has so much how-to hunting information and so 
many dramatic wildlife photographs been packed 
into one volume. The Complete Guide to Hunting 
is sure to make your days afield more enjoyable— 
and more successful. 


Engineers at this time assumed the effect to 
becaused bya"bunching" action which 
occurred when a powerful force was 
not able to move charge sufficiently 
quickly through a system. (A similar 
"choking effect" also happened with large 
steam engines; if steam was introduced too 
rapidly, the steam engine could explode.) 
The metal of which the wire was composed 
somehow offered resistance to the charge 
carriers before they were able to move away 
from the generator terminals. Itseemed that 
the wire acted as a blocking force to the 
electrons or to some unknown part of the 
electrons for the first few milliseconds, rather 
than as a conductor. The powerful, deadly 
bluish spikes sprang from the line until the 
current charges actually "caught up" with the 
applied electrical field. Itwasasif the spicules 
were a form of relieving pressure on the 
system by converting the voltage impulse 
intosome other form 


Tesla began wondering why the electrostatic 
field moved faster than the actual charges. He 
believed that this effect could help him find 
electric waves better than his capacitors 
because the line resistance caused the 
electrostatic charges to bunch together into 
adensity much greater that obtainable with 
hiscapacitors. 


Tesla understood that ordinary capacitor 
discharges were oscillating currents or spark 
currents which "bounced" between each 
capacitor plate until their stored energy was 
dissipated. The high surge voltage of the DC 
generator exerted such a high one way 
pressure on the dense line charges, due to the 
millisecond resistance of the metal, that 
possible voltage "bounces" were also 
oscillations of current as was true with the 
capacitors. Tesla used every means possible 
to block the "back-rush" (bouncing) of the 
oscillating current in order to prevent the 
supercharge to prematurely decline; he 
anted to maintain this powerful "bunching" 
effect as long as possible in order to study it 
and to make use of it. 


His face and hands experienced a penetrating 
shockwave; a sharp pressure and an electrical 
irritation were brought on at the sudden 
closing of the switch. Hisfaceand hands were 


especially sensitive to these shockwaves 
which caused a "stinging" effect at close 
range. Tesla believed that he was being struck 
by material particles approaching the vapor 
state as they were thrust from bluish crowned 
wire. 


Later on, he was to discover they were not 
gas particles, He placed himself behind a 
glass shield but to his amazement, he 
still felt the shockwaves and stinging 
effects; the glass shield did not protect 
him. Thesestingingrayscouldbe feltatgreat 
distances from their sources and, to his 
amazement, would penetrate shields of both 
glass and copper. Tesla knew that normal 
electrostatic charges spread over thesurface 
of a metal (copper, for example) shield so 
that the stinging effect could not have an 
electrostatic origin and therefore was not 
electrostatic in nature but was from some 
otheryet unknown source. 


Joseph Henry in 1842 had noticed the 
magnetization of steel needles by the 
discharge of a Leyden Jar (type of primitive 
condenser made with a glass bottle). The 
Leyden Jar was at the top floor of a building 
while the needles were in the basement. Dr. 
Henry, noting the passage of these 
magnetizing rays through brick walls, oak 
doors,stoneandiron flooring and tin ceilings 
believed that the spark given off by the 
discharge released "light-like rays" that 
passed through the material obstacles with 
ease before magnetizing the needles. 


Elihu Thomson, a physics instructor in 1872 
had been attempting to make sparks froma 

Ruhmkorrf Spark Coil more clearly visible for 
hisphysicsstudents. Heattached one pole of 
the coil to a cold water pipe and noted that 
the previously blue spark changed to white. 

He then attached the other pole to a large 
metal table top and produced a silver-white 
spark that would be clearly visible to all 
attending his lecture. He went to the doorof 
the room to notify his colleague but received 
astrong shock from the door knob. Turning 
off the Ruhmkorrf coil prevented the brass 
knob on the oak door to stop shocking. He 
returned with his friend, again turned on the 
coil and discovered that all metal objects in 

the entire building, no matter how distant 
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Chapter 1 


ALL ABOUT WILD GAME 


Fe the moment of birth, a game animal faces threats from 
predators, weather, disease and competition. Only the strongest 
and wariest live long enough to reproduce. In this way, nature selects 
the best breeding stock to ensure that the species thrives. 


All game animals have the potential to produce many more offspring than 
the habitat can support. Reproductive rates are high among small game 
and upland birds. High mortality rates are nature’s way of keeping game 
populations in check. When too many animals survive, the population 
explosion causes disease, stunted growth and eventually starvation. 


Among most upland birds, waterfowl and small game, 60 to 80 percent 
of the population dies each year. Individuals over one year old comprise 
only 20 to 40 percent of the fall population. Because young animals are 
more abundant and because they lack the savvy of older animals, they 
make up the bulk of the hunter’s bag. 


Regulations are based on the concept that game can be harvested as 
long as breeding stock remains to produce another crop of similar size 
the following year. Seasons for small game, waterfowl and upland birds 
are usually long and bag limits generous. Liberal regulations are possible 
because of the high reproductive rates of these animals. Regulations for big 
game are stricter because the animals produce fewer young. 


Resource agencies monitor game populations and set regulations to 
achieve the desired harvest. Scientific wildlife management has eliminated 
the problems of mass slaughter associated with market hunting in years 
past. In fact, some of the continent's most popular game species, such as 
white-tailed deer and wild turkey, are more numerous today than at any 
time in recorded history. 


THREE SENSES 


Game animals have an amazing ability to elude hunters. 


‘Their keen senses of sight, smell and hearing enable 
them to detect danger far in advance and take evasive 
action. Many animals also possess unique survival 
adaptations that far exceed the capabilities of humans. 

SIGHT. Game birds have color vision that may 
surpass that of humans. Their retinas have more 
color receptors, or cones, than most other game 
animals, Colored oil droplets in the retina work like 
a camera filter, enhancing the visibility of certain 
hues. The cones also give them excellent visual acuity, 
or sharpness. 

Game mammals have retinas that contain mostly 
light receptors, or rods. The rods enable them to see 
well in dim light. The vision of most game mammals is 
not as sharp as that of birds or humans and they have 
limited color vision, if any. 

Most mammals have poor accommodation 
capabilities; they cannot change the shape of their 
lenses to focus on both close and distant objects. As a 
result, images are often fuzzy. This explains why many 
types of big game animals do not seem to notice a 


stationary hunter. 


SMELL. Game mammals collect most of the 
information about their environment through their sense 
of smell. In a laboratory test, rabbits were able to detect 
the smell of acetone at a concentration of only 1/50 of 
that detectable by humans. Hunters who pursue big or 
small game should try to approach from downwind to 
keep their scent from drifting toward the animals. 

Game birds have a poor sense of smell. In one 
study, wild turkey were given two piles of grain, one of 
which contained a highly repulsive scent, The birds paid 
no attention to the odor, feeding equally at each pile. To 
a bird in flight, a highly-developed sense of smell would 
be of little value because odors produced by predators 
quickly sink to the ground. 

HEARING. Because game birds lack external ears 
and because their ears have fewer small bones than those 
of mammals, they are not as well equipped for detecting 
faint sounds. The range of pitches they can recognize is 
slightly less than that of humans and substantially less 
than that of many game mammals. 

Ina test of their ability to detect various pitches, 
mallards recognized sounds up to a frequency of 8,000 
cycles per second (cps). Humans detected higher pitched 


FACTORS THAT AFFECT GAME POPULATIONS 


Big game populations can reach high levels despite low reproductive rates. Predators take 
only an occasional young animal. In areas with good habitat and little hunting pressure, herds 
may grow so large that food shortages result. Hunting regulations are set to control the 
harvest, yet prevent overpopulation. 

Game populations tend to remain stable if the habitat is not disturbed and hunting 


pressure is regulated. In a study of a ruffed grouse population in New York state, there were 
174 adult grouse at the beginning of the breeding season. These birds produced 935 fertile 
eggs. As the months passed, 24 adult grouse succumbed to predators and disease, 26 to 
hunting and 54 to severe weather. By the following spring, 70 birds remained to breed again. 
Of the 935 eggs, 374 were destroyed by predators. The rest hatched, but 337 chicks were 
killed by predators and disease. Hunters claimed 38 of the young birds, 81 perished in winter 
storms and 105 survived to the breeding season. These first-year breeders, combined with the 
70 second-year birds, resulted in a total of 175 adult grouse, nearly identical to the breeding 
population of the previous year. 
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sounds, up to 20,000 cps and raccoon heard sounds of 
up to 85,000 cps. 

SPECIAL ADAPTATIONS. The process of evolution 
has provided almost every species of game animal with some 
unique physical feature or ability that gives it an advantage 
over other animals, These adaptations enable the species to 
survive the threats posed by predators, including humans. 

Many of these adaptations are so foreign to 
humans that we fail to consider them when hunting. 


For example, a mallard can stay submerged for as 

long as 16 minutes. It accomplishes this seemingly 
impossible feat by slowing its heart rate by more than 
50 percent while underwater. This substantially reduces 
its oxygen needs. 

Many a hunter has winged a duck, marked it down, 
spent 5 to 10 minutes looking for it, then given up in 
frustration. After the hunter returns to the blind, the 
live duck reappears in the very spot it went down, 


Hunters who understand the senses and special adaptations of the game they pursue stand the best chance of success. 


COMPARING HUMAN AND GAME SENSES 


Vision 
Human Good 
White-tailed Deer Fair 
Cottontail Rabbit Good 
Wild Turkey Excellent 
Ring-necked Pheasant Good 
Mallard duck Excellent 


Hearing Smell 
Good Fair 
Excellent Excellent 
Excellent Good 
Excellent Poor 
Good Poor 
Good Fair 


All About Wild Game 9 


SENSE ADAPTATIONS 


Color vision exists in some big game. In one study, white-tailed Night vision in nocturnal animals is enhanced by the tapetum 
deer were rewarded with a drink from a tube when a red lucidum, a layer of reflective pigment below the surface of 
light went on; a white light gave no reward. Even though the the retina. Light passes through the receptors on the retina’s 
lights switched between two tubes, deer consistently made the surface, hits the tapetum, then bounces back to stimulate the 
right choice. receptors again. 


Internal ears of birds do not collect Exposed ears gather sound waves. They 
sounds as efficiently as exposed ears, also help an animal pinpoint the source 
And because the ears are close together, of a sound by the difference in the time it 
they are not as well suited to locating the takes for the signal to reach each ear. 


direction of sounds. 
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Movable ears enable mammals to locate 
sounds from any direction. While one 
ear detects a sound from one direction, 
the other picks up a sound from a 
different source 


Positioning themselves below the crest of a wind-swept ridge Freezing in position and pressing its body to the ground (right) 
enables some big game to smell anything approaching from reduces the amount of scent an animal gives off. Some game birds 
above. They watch for anything coming from below. Scent glands also compress their feathers so less scent escapes. 

warn other animals of danger. When a mule deer faces a threat, 

metatarsal glands on the hind legs produce an odor that alerts 

other herd members. 


OTHER SPECIAL ADAPTATIONS 


Flared rump hair alerts other animals to Camouflage enables game animals to Genetic changes may result from hunting. 
a threat. By flaring its rump hairs to the escape detection by predators. The The tendency to run has increased among 
side, the pronghorn can greatly increase woodtock, for example, blends in so well pheasants. Many hunters attribute this 
the size and visibility of its white rump with the vegetation that it can hide in to the fact that fliers get shot, leaving 
patch open terrain with no overhead cover. runners to breed. 
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WILDLIFE HABITAT 


The best wildlife environment has a variety of plant life that 
provides food and cover. A mixed plant community generally 
supports more species and higher numbers of game than an 
expanse of the same type of vegetation. 
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Good habitat is the key to an abundant wildlife 
population. To survive and thrive, a game animal needs 
food, shelter cover, room to escape and water. A reliable 
supply of drinking water is important, although some 
animals find sufficient moisture in their foods. 

Most game species find the necessary plant variety 
along the edge between two vegetative types. Where a 
forest meets a marsh, for instance, the mixture of grasses, 
berry bushes, low-growing leafy plants and young trees 
provide an excellent supply of food and cover. The area 
where the two types of vegetation meet usually holds 
more kinds and higher numbers of game than either 
type by itself, Hunters call this “edge habitat.” 

Another factor that influences plant variety is 
succession. For example, after a forest fire or logging 
operation, the bare ground almost immediately begins 
to grow grasses, shrubs and trees, As the trees grow 
taller, they form a canopy that shades the forest floor. As 
the canopy grows denser, shrubs and grasses disappear 
because of the lack of sunlight. Eventually, only large 
trees remain. These changes in the plant community 
invariably affect the type and amount of game the 
habitat can support. 

Succession begins after trees have been removed. 
‘New grasses, shrubs and trees support animals like 
white-tailed deer. As time goes on, trees grow taller, yet 
enough sunlight penetrates to promote a dense growth 
of underbrush ideal for animals like ruffed grouse. As 
the trees mature and shade the forest floor, underbrush 
disappears and the forest becomes best suited for 
animals like black bear. 

Wildlife managers often set back the process of 
succession by periodically cutting or burning forested 
areas to promote growth of new vegetation. These 
techniques enable them to increase the production of 
important game species. 

In most agricultural areas, the trend is toward less 
habitat variety, Many farms once had small, weedy crop 
fields combined with brushy fence lines, unmowed 
roadside ditches, large wetlands and dense groves. 
Today's clean farms have vast acreages of crops unbroken 
by fence lines, wetlands or trees. Even roadside ditches 
are often mowed for hay. These intensive agricultural 
practices severely reduce or eliminate populations of 
farmland game like pheasants and quail. 


Cover Requirements 


Escape cover is vital to the survival of almost every 
game species, Wildlife also needs other kinds of cover 
for bedding, loafing, protection from the elements and 
producing young. 

A ring-necked pheasant, for example, often escapes 
from hunters by hiding in dense brush. It may roost 
in open grasslands, loaf along the grassy margin of a 
crop field and burrow under a clump of slough grass 
during a storm. Experienced hunters know where to 
look at different times of the day and under different 


weather conditions. 


ESCAPE COVER. Predators pose a constant threat 
to most game animals, Wildlife must learn to contend 
with these threats or perish. Most elude predators by 
hiding in dense cover; others scamper to a burrow or 
den; in light cover, some crouch motionless or rely 
on camouflage. 

BEDDING COVER. Some game animals bed 
in dens or burrows or roost in trees. Others prefer 
thick grassy cover for bedding sites. The grass offers 
concealment and warns animals of danger. Even the 
stealthiest predator finds ic difficult to move through 


thick grass without making some noise 


Adequate shelter cover is crucial to ensure winter survival, Bobwhite quail roost on the ground to exchange body heat. They may be found in 
fow-growing cover on agricultural lands and around farm equipment on old homesteads 


Forest clearings, like powerline corridors, logging roads and logged or burned areas, usually hold more game than the forest 
interior, Marshes or grassy meadows in the forests also attract wildlife. 

Farmlands abutting forests or brushlands have an abundance of edge habitat. Ample sunlight reaches the forest or 
brushland margin, resulting in a lush growth of seed- and berry-producing plants. 

Mountain slopes often have edge habitat where grassy foothills meet mid-elevation hardwoods; where hardwoods 
grade into high-elevation conifers; and at the treeline, where conifers end and lichens begin. 
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LOAFING COVER. Most game animals feed in 
early morning and late afternoon, then loaf during mid 
day. Loafing cover is thick enough so that animals are 
not easily visible, but not so dense that they cannot see. 

COVER FROM THE ELEMENTS. All game 
animals need some type of dense cover to insulate them 
from extremely cold temperatures. They also use cover 
as shelter from precipitation, strong winds and the hot 
summer sun, 

Many birds and small mammals craw! under 
vegetation to escape harsh winter storms. Some 
burrow under the snow, creating a cozy enclosure. The 
animal's body heat may keep the temperature as much 
as 50 degrees warmer than the outside air. Big game 


animals may bed under conifer limbs in a heavy rain 
or ona cold night. The boughs shed precipitation and 
act like a blanket to slow the loss of body heat into 
the atmosphere. 

Abandoned buildings serve as windbreaks for many 
types of game. Old farmsteads often have discarded 


machinery, brush piles, tall weeds and evergreen groves 


that offer cover from the elements. 

PRODUCTION COVER. Predators and adverse 
weather quickly wipe out nesting adults and newly 
produced young unless they have good production 
cover. This type of cover may not hold animals during 
the hunting season, but it often serves as an indicator of 
high game populations. 


BASIC COVER TYPES 
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Open timber (left) is used as 
loafing cover by some types 

of big game. Small game and 
upland birds generally loaf in 
areas with denser ground cover. 


Thickets make good escape 
cover for almost every type 
of wild game. Brush breaks 
up the animal's outline and 
offers shade. 


Tall grass makes excellent 
bedding cover It provides @ 
comfortable resting spot and 
offers animals camouflage 
from predators. 


Moderately dense vegetation 
provides nesting cover for many 
upland birds. They prefer cover 
open enough so they can see 
and escape if necessary. 


Glass for moose along forest edges, in willow swamps or near Fertile croplands offer a good food supply. But expanses of corn 
other feeding areas. Get to our vantage point early, so you can and other row crops with little cover support few birds 
complete your stalk before the animals retreat to bedding areas. 


Look for early-season ringnecks scattered throughout crop fields, In late season game concentrates in heavy cover like brush patches 
along grassy field edges and in brush patches. and farm groves 
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from the coil or insulated from the floor, 
produced long and continuous white sparks 
upon the touch ofa penknife or screwdriver. 


The device Tesla perfected was far superior 
to the Ruhmkorrf Spark Coil. The effect of 
his disrupter device was so strong that a 
single wire placed in an oil bath produced 
what he had originally but mistakenly 
thought to be gaseous streams so powerful 
that they visibly depressed the oil intoadepth 
of about two inches. Tesla concluded that 
"besides the air,another medium is present’. 


..be placed himself behind a 
glass shield but to his 
amazement, he still felt the 
shockwaves and_ stinging 
effects; the glass shield did not 
protect him. These stinging rays 
could be felt at great distances 
from their sources and, to his 
amazement, would penetrate 
shields of both glass and 
copper... 


Tesla had been able to perfect his device by 
placing a capacitor between the switch and 
the D.C. generator thusincreasing the power 
and protecting the generator windings in 
much the same manneras the diodes Edwin 
Gray's Switching Tube protected Gray's 
circuit. Tesla also raised the voltage and 
quickened the "make-break" rate of the 
switch to increase the power level by placing 
a powerful permanent magnet crosswise to 
the discharge path of the high voltage output 
of the DC generator wires. The magnetic field 
caused the discharge arc to automatically 
"blow out”; the charge passing through the 
wires in the presence of the magnetic field 
builtup reverse emf (electromotive force or 
voltage) 


Tesla believed he had discovered a new type 
of electricity with special characteristics, This 
form of electricity did not consist of 
alternating waves. They were longitudinal 
waves composed of successive shocking 


waves with effects that could be seen and felt 
ata distance. Vector components of these 
shock waves were unidirectional. They 
were able to force charges in the 
direction of their propagation. In his 
patent #787,412, "Art Of Transmitting 
Electrical Energy Through The Natural 
Mediums" (April 18, 1905), Tesla calculated the 
mean velocity of the waves propagated by his 
device to be 471,240 Km/sec. Knowing that 
the velocity of light is 300,000 Km/sec would 
indicate that the typeof transmission towhich 
Tesla is referring is different than standard 
electromagnetic radiation; these special 
longitudinal "Radiant Energy" waves moved 
faster than the speed of light. 


After conducting hundreds of experiments, 
Tesla found that “Radiant Energy" 
longitudinal waves could penetrate all 
materials and cause "electronic 
responses" in metalssuchascopperand 
silver. Impulses exceeding 0.1 millisecond 
duration produced effects such as pain, 
mechanical pressures, explosion of thin wires 
and vibration of objects. Impulses of 1.0 
microseconds caused the sensation of 
physiological heat; at still shorter lengths 
white light would fill the room, Impulses 
than 100 microseconds were safe to work 
with and Tesla planned to use them for his 
power broadcast system since they could 
pass through all matter. 


In 1890, Tesla discovered that placing along 
single turn copper helix near his magnetic 
disrupter became covered with an envelope 
of white sparks, Effects were strongest when 
the helical coil was placed withi 
disrupter wire circle. In this"shockzon 
il was surrounded by a blast of long, fluid 
streamers which clung to the 
surface of the coil, flowing over the coil at 
right angles to the windings. Tesla 
hypothesized the electrostatic-like effectwas 
due to radiant transformation rules requiring 
measurements of discharge lengths and 
attributes of the helix used (number of turns, 
diameter, etc,). (Editor: resonance) 


The new induction law he discovered 
showed that radiant shockwaves became 
much stronger when encountering 
segmented objects. The radiant shockwaves 
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Food and Water Needs 


Hunters who understand the feeding habits and water 
needs of their quarry can better predict its daily movements. 
‘This makes it easier to select a good hunting location. 

An elk may travel miles (km) to find food or 
quench its thirst, but most wildlife needs food and water 
in close proximity to cover, If an animal has to travel 
a long distance across open terrain to fulfill these basic 
needs, it is more visible to predators. 

FOOD. Most game animals can adapt to a wide 
variety of foods. Researchers have found that bobwhite 
quail consume over 1,000 different foods including 
seeds, plants, nuts and insects. 

Despite their ability ro use such a wide range of 
foods, most animals select items that they can digest easily 
and that are high in proteins and calories. They seem to 
instinctively know which foods are most nutritious. In one 
study, squirrels gained weight when fed a diet consisting 
solely of white oak acorns. But they lost weight when fed 
acorns of red oak, In nature, squirrels commonly feed on 
acorns of white oak, but ignore those of red oak. 

Like humans, game animals must have vitamins 
and minerals in their diet. Most animals obtain these 
vital elements from their food and water, but some 
need additional salt. They frequent springs and natural 
soil deposits with high salt contents. Many birds pick 
up grit not only to grind their food, but to provide 


needed minerals, 


WATER. Birds generally require less water than 
mammals, because they can reuse water as it passes 
through their digestive tract. Gambel’s quail can go a 
month or two without visiting a water hole. Pronghorns, 
on the other hand, need water each day. 

Many game species can survive in areas with no 
lakes, streams or other sources of surface water. They 


obtain water from foods or dew. 


A deer's diet varies throughout the year. Deer feed on twiggy 
browse, forbs (broad-leafed plants), grass, fruit, nuts, and mass. 

On scouting trips, identify and anticipate the food sources available 
during the season. 


FOOD SOURCES 


Natural foods are the mainstay in the diets of most game animals. A good supply of winter food is especially critical. 
Survival rates are generally low in years when winter food is scarce, 

Food plots planted by wildlife agencies provide an additional source of food during winter, when natural food may be 
difficult to find. Some farmers leave a few rows of corn to sustain wildlife on their land. 

Waste grain remains after farmers harvest their crops. It provides a temporary food supply for many animals like geese, 
ducks, pheasants and deer, They gather in large numbers to take advantage of this easy source of food. Waste grain may 
provide food throughout the winter where fields are left unplowed. 
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Common Types of Habitat 


Some game animals can adapt to almost any kind of 
habitat. White-tailed deer, for instance, live in places 

as diverse as Florida swamps, southwestern deserts and 
river valleys of the Pacific Northwest. But most types of 
wildlife have more specific habitat requirements. 

‘When hunting in unfamiliar territory, it pays to 
spend a good deal of time scouting. Conditions may not 
be right for spotting game, but you can always recognize 
good habitat. 

Many types of wildlife have cover, food ot water 
needs so specific that merely finding a broad habitat 


type is not enough. For example, moose prefer young 


conifer-hardwood forests. But within these forests, they 
seldom stray far from stream banks, lakeshores or willow 
bogs, their main feeding sites. Sage grouse live in semi-arid 
brushlands, but rarely venture more than 1.2 mile 
(1.93 km) from a water hole or other source of water. 

As the seasons change, many species of game 
migrate to different types of habitat. In late fall, 
waterfowl leave northern marshes en masse. Most 


winter in the South, resting and feeding on large lakes 
and in crop fields. As winter approaches, some types 
of mountain wildlife migrate to lower elevations, 
wintering in grasslands that offer more food and a less 
severe climate. 

Hunting pressure may also force animals from their 
preferred habitat, Elk favor grassy mountain meadows, 
but when hunters begin to invade their territory, they 
retreat to higher, more rugged terrain where a person on 
foot could not follow. Waterfowl abandon many small 
lakes and ponds once the season opens. They seek refuge 
in the open water of large lakes and reservoirs. 

In agricultural areas, wildlife may have to use 
other cover once crops are harvested. Pheasant hunters 
usually find the birds in crop fields during early 
season. But when the crops are removed, the birds 
move to permanent heavy cover like cattail swamps 
and woodlots. 

Throughout this book, I identify the habitats 
most commonly associated with each species of game. 


Following are the major habitat types to which I refer. 


WATER SOURCES 


Surface water is a requirement 
for many species, Popular 
watering sites (left) include 
streams, lakes, human-made 
ponds and natural springs. 


Succulent foods, like prickly pear 
cactus, provide water in arid 
climates. Rabbits and grouse 
often get water from grasses 
and buds. 


Frost or dew also provides water 
in dry climates. To use this water 
source, animals must feed in 
early morning before the plants 
dry off. 
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HABITAT TYPES 


Grasslands usually have grasses growing in combination with 
broad-leaved green plants or forbs, The height of the vegetation 
varies from less than 18 inches (46 cm) in arid habitats to 10 feet 
(3 m) where the soil is moist. 


Brushlands have shrubs mixed with grasses and forbs; some have 
widely-spaced trees, The vegetation may be so thick that it is 
impenetrable. Brushlands are often an intermediate stage between 
grassland and forest. 


18 The Complete Guide to Hunting 


Coniferous forests have dense stands of needle or scale-leaved 
evergreen trees that provide some cover, Needles that fall to the 
ground decompose slowly, forming acidic soil which produces few 
wildlife foods. 


Deciduous forests, also called hardwood forests, contain trees 
that lose their leaves in the fall. The leaves rat quickly, forming 
rich humus. Buds, nuts, shrubs and green plants provide food 
for wildlife. 


Mixed forests have a blend of conifers and hardwoods. The Wetlands have pockets of open water and dense stands of 


combination of a good food supply and abundant cover enables emergent vegetation like cattails and cane, The open water 
these forests to produce more wildlife than coniferous or produces food for waterfowl and the fringes provide cover for a 
deciduous forests alone. wide variety of game. 


Semi-arid deserts contain shrubs, grasses and cactuses and may Agricultural lands with a variety of cover types support a diversity 
have some trees. They support more types of game than arid of wildlife. The fertile soil produces abundant food and larger 
deserts, which have only scattered shrubs and cactuses. animals than most other types of habitat. 
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Chapter 2 


HUNTING SKILLS 
AND EQUIPMENT 


\ x Then you choose the path of the hunter, you adopt a lifestyle and an 
outlook uniquely suited to the chase. It is a pursuit that quickens the 


heart and sharpens the focus. And the life skills and attitudes formed cross over 
into other facets of life. Hunting skills are gained over the course of several seasons 
and there is always more to learn, keeping you fit, vital and interested. 


Gear to fit the small game hunter differs from that suited to the waterfowler. 
And the way of the traditional bowhunter is widely divergent from the style of 
the rifleman. Yet all share a bond and an ethos. 


The complete hunter is versed in many skills and knows the operating systems 
and the nomenclature of a variety of tools. Most learn to hunt with a .22 rifle 
and then graduate to a centerfire rifle and shorgun. With knowledge of rifle 
and shotgun comes a passing acquaintance with ammunition and ballistics. 


Some hunters opt to shoot a bow. The traditional bow (recurve or longbow) 
is a good place to start to learn the mechanics of archery. Next comes the 
compound bow, with its unique technical features and shooting style. 


Hunters may opt to hunt with a muzzleloader rifle for a variety of reasons. It 
too comes with the need to gather knowledge and insight. There are several 
ignition systems, various powders and an array of projectiles designed to fit 
specific situations. 


There is a lot to learn, but the process is rewarding. Along the way, the 
hunter faces challenges, but also finds satisfaction, building on successes in 
the field. Soon, success begins to show with meat on the table and trophies 
in the living room. 
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THE HUNTING RIFLE 


A rifle that suits your style of hunting greatly increases 
your chances of success. When selecting a rifle, consider 
its action, weight and caliber. 

ACTION, The action of a rifle refers to the design 
of the mechanism for chambering ammunition and 
ejecting spent cartridges. Single-shot actions, like the 
falling block, are extremely reliable because they have 
few moving parts. Their rigid mechanisms hold the 
cartridge firmly, resulting in a high degree of accuracy. 
These rifles must be reloaded after each round is fired, 
so they teach shooters to make the first shot count. 

Repeating actions hold several cartridges in the 
magazine, making it possible to fire more than one shot 
without reloading. Like single shots, bolt actions have 
a rigid design and few moving parts. Many hunters 
consider the bolt action to be the most accurate and 
reliable rifle. Lever, pump and semi-automatic actions 
are designed for faster firing. You may need a quick 
second shot if you fail to kill the animal or ifa branch 
deflects your bullet. But fast-action rifles have more 
moving parts, increasing the chance of mechanical 
failure, especially in cold weather or when dirt gets into 
the action, 


Butte plate 
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WEIGHT. Rifles commonly weigh between 6 and 
9 pounds (2.7 and 4 kg) without cartridges, slings or 
scopes. The recoil or kick, of a rifle depends mainly on 
its weight and its cartridge/caliber combination. Within 
a given combination, a heavy rifle has the least recoil, 
because the weight absorbs much of the energy that 
would otherwise be transmitted to your shoulder, Heavy 
rifles are easiest to hold steady and generally result in 
more accurate shots. Light rifles are easier to carry over a 
long distance. 

‘The term carbine denotes a light rifle with a short 
barrel, Some hunters prefer carbines when hunting in 
heavy cover, where a longer rifle would tend to catch on 
brush or tree limbs. 

CALIBER. The caliber of a rifle refers to the 
diameter of the barrel opening or bore. Caliber is 
measured in hundredths or thousandths of an inch or in 
millimeters. Hunters use rifles as small as .17 caliber for 
small animals and rifles up to .458 caliber for big game. 
Many rifle models are available in a choice of several 
calibers. Within a particular model of bole action there 
may be fifteen different calibers. 


Bolt handle 


Safety 


Magazine release 


Trigger guard 


Popular actions include: (1) falling block and (2) lever actions, which chamber and eject cartridges by means of a lever under the trigger 
guard; (3) bolt action, in which the cartridge locks in place by moving the bolt forward and downward, much like a door bolt; (4) pump or 
slide action, which chambers and ejects by sliding the forearm back and forth; (5) semi-automatic or autoloader action which chambers and 
ejects cartridges automatically after each shot. The action is powered by gases from the burning powder or by the recoil 


Hunters are often confused by traditional caliber 
designations. A .30-06 rifle has a 0.3-inch-diameter 
(7.6 mm) bore. The 06 refers to 1906, the year the rifle 
was introduced. A .30-30 rifle also shoots a .30 caliber 
bullet. The bullet was originally propelled by 30 grains 


of smokeless powder. To further complicate the matter, 


Sling swivel / 


Sling 


some caliber designations do not refer to the diameter 
of the bore. For example, the bore of a .308 Winchester 
rifle does not measure 0.308 inch (7.8 mm). The .308 
refers to the groove diameter or the diameter to the 
outside of the rifling grooves. The bore diameter is only 
0.3 inch (7.6 mm). 
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RIFLE AMMUNITION 


A hunter's choice of ammunition depends mainly on the 
size of the animal hunted and the distance at which it 


may be encountered. 


To determine the ammuni 
the game, consult a ballistics table. Most ammunition 
catalogs contain ballistic information including bullet 
energy, muzzle velocity and drop, all at different ranges. 

A bullet’ hitting power, or energy, is determined by 
its weight and velocity. The heavier and faster the bullet, 
the more energy it delivers to the target. At normal 
shooting ranges, a light, fast bullet generally delivers 
as much energy and kills as effectively as a heavier but 
slower bullet. Hitting power is measured in foot-pounds 
(Newton-meters). 

Muzzle velocity or bullet speed is measured as distance 
traveled per second. The faster the bullet is, for a given 
weight, the more energy it carries. It also flies flatter. When 
comparing bullets of the same size, the more powder the 
case holds, the more velocity a bullet has. The size of the 
brass case affects how much powder is behind the bullet. 

The bullet's performance is affected by its size, 
weight and shape. The bullet's size or diameter is 
referred to as its caliber. This diameter corresponds 
to the diameter of the rifling in the gun. Caliber is 


measured in decimal fractions of an inch, i.e., .300 or 


Lead bullet 
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.30 is a 30 caliber. Some calibers are expressed in 
millimeters. So a 7 mm is approximately a .280; 6 mm 
is a .240; and 7.5 mm is approximately a .300. 

Bullet weight is measured in grains. 

The shape of a bullet determines its friction or 
resistance in the air, affecting its trajectory or flight 
path. A long, thin, streamlined pointed bullet retains its 
velocity at longer ranges better than a short, stout bullet. 
So the longer bullet has a flatter trajectory. Trajectory 
is also affected by the bullet’ velocity. A fast bullet flies 
flatter than a slow one. 

The construction of a bullet also determines its 
ability to penetrate upon impact. The bullet should 
mushroom on impact and not break apart. Mushrooming 
transfers all the bullet’s energy into the target. 

Certain ammunition shoot better in your rifle; each 
gun isa little different. Today's factory loads can perform 
up to the highest standards. Try different brands and 


your needs and with which you can shoot tight groups. 


ads until you find a particular cartridge that meets 


Never use ammunition other than that 
recommended for the rifle by the manufacturer. The 
result could be a damaged rifle and serious injury. The 
correct cartridge designation for the rifle is stamped on 
the barrel next to the receiver or chamber. 


Centerfire cartridges (far left and below) consist of: a brass case; a 
primer containing a highly explosive compound that ignites when 
struck by the firing pin; powder, which is ignited by the priming 
compound; a lead bullet, which may have a copper-zinc jacket to 
control the bullet's expansion, With rimtires (near left), the firing pin 
strikes the edge of the rim, igniting the priming compound. 


Powder 


Brass case 


Cartridge types include: (1) 22 Long Rifle 40 Grain, (2) .222 Remington 


50 Grain, (3) .243 Winchester 100 Grain, (4) .270 Winchester 130 


Grain, (5) 7 mm Remington Magnum 150 Grain, (6) 30-30 Winchester 


170 Grain, (7) 30-06 Springfield 150 Grain, (8) 300 Winchester 
Magnum 180 Grain, (9) 375 H&H Magnum 270 Grain. 


TYPE OF CARTRIDGE = Muzzle 


(not actual size) Velocity 
(in fps) 

-22 Long Rifle 

40 Grain ee 

.222 Remington 

50 Grain a 

.243 Winchester 

100 Grain ae 

.270 Winchester 

130 Grain bad 

7mm Remington Ste 

Magnum 150 Grain 

.30-30 Winchester 

170 Grain ii 

30-06 Springfield 

150 Grain aes 

.300 Winchester 

Magnum 180 Grain oe 

375 H&H Magnum see 


270 Grain 


100 yds 200yds 300 yds 


92 


752 


1615 


2225 


2667 


1355 


2281 


3011 


3510 


ENERGY 


{in foot pounds) 


1818 


2196 


989 


1827 


2578 


2812 


1792 


720 


1445 


2196 


2228 


Bullet styles include (1) pointed, streamlined for high velocity and 
flat trajecto-ry. (2) Pointed boat tail has a tapered base to reduce 
drag even more. (3) Hollow points mushroom rapidly, but no 
faster than (4) flat and (5) round points, often used in rifles with 
tubular magazines, Their blunt points do not detonate cartridges 
ahead of them, but result in relatively slow flight and short range. 
(6) Mushroomed bullet shows expansion 


400 yds 


1180 


1448 


535 


1431 


1859 


1747 


100 yds 


0.0 


42.2 


41.9 


+17 


+2.0 


421 


42.5 


150 yds 200 yds 300 yds 


-115 


41.9 


41.6 


+15 


415 


0.0 


+18 


+16 


42.1 


TRAJECTORY 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


-10.0 


400 yds 


-32.3 


22.6 


21.6 


20.5 


~63.6 


-25.0 


-20.9 


29.4 


Ballistics tables help determine the effective killing range of the cartridge and bullet drop at various ranges. This table lists muzzle velocity and 
the energy in foot-pounds delivered at ranges from 100 to 400 yards (91 to 364 m). As a rule, use a cartridge with at least 900 foot-pounds 
(1,220 N-m) to kill a deer, 1,500 (2,031) for an elk and 2, 100 (2846) for a moose. Trajectory figures show how far the bullet strikes above (+) 
or below (-) the point of aim at ranges from 100 to 400 yards (91 to 364 m). 
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"flashed over" the outerskin of the helix from 
end to end without passing through the 
windings of the coil; shockwaves of 10,000 
volts introduced to a 24 inch coil rise to 
240,000 volts. The greater the resistance in 
the helix turns, the higher the maximum 
voltage. This was completely different from 
magneto-induction, Remember that he was 
not working with electricity but with radiant 
shockwaves 


Aether particles were 
incompressible and could 
easily pass through space and 
matter with a speed much 
greater than the speed of light. 
This was pure radiant matter 
but, at the same time, pure 
Radiant Energy. Cold electricity 
is one of the forms of this 
Radiant Energy 


This transformer he invented used radiant 
shockwavesto produce pure voltagewithout 
current. Each transformer had to be "tuned" 
by adjusting the disrupter to a specific 
impulse duration. At that point, voltage 
impulses could flow smoothly, flowing over 
the copper surface much like a stream of 
water in a pipe, No amperage could be 
detected but if the stream was aimed at a 
distant metal plates, "current" was produced 
which reached several hundred or even 
thousands of amperes, Tesla then began to 
wonder what made up this white, currentless 
stream 


Tesla determined that normal charge carriers 
(electrons) could not travel as quickly as the 
radiant pulse; no current moved the coil 
because the electrons were choked in the 
metal lattice of the coil. The radiant pulse 
moving over the surface of the coil was 
not electronic in nature. He placed the 
legs of a heavy U-shaped copper bus bar 
directly to the disrupter prima 
connected the short-circuited s 
several incandescent lamps. Th 
glowed with a brilliant cold white light as 


with Gray'slight bulb, proving that the power 
forthe lightwasnotelectrical in nature. Tesla 
believed that the electrons were blocked 
from flowing through the wire while the 
radiant pulse was released over the coil 
surface as a "gaseous" pulse (splitting the 
positive, according to Gray). 


Teslacame to believe that voltage could 
be viewed as streams of aether under 
various states of pressure and that his 
transformers affected the aether as to 
produce the luminous effects he 
observed. In his patents, he describes his 
“light-like rays" as tightly constricted aether 
streams propelled from his transformers 
along infinitesimal ray lines along which an 
incompressible movement occurs instantly 
through space on all points along its path. 
Aether streams were being drawn in through 
his transformer at higher natural pressure 
and then accelerated in the electrical 
discharge. The voltage in his transformer 
could control the brilliance of light in a room 
but this type of light was almost impossible 
to register on film, He could heat up a room 
or cause cool breezes by controlling the 
voltage in impulse duration in his 
transformer. 


Tesla saw electrical current wasreally 
acomplex combination of aether and 
electrons. Through the application of a 
disrupter, the electrons were removed from 
the gap by the magnetic field while the 
aether steams continued to flow through 
the circuit, He considered aether particles 
highly mobile with infinitesimally small 
mass and cross-section as compared to 
electrons. They were incompressible and 
could easily pass through space and matter 
with a speed much greater than the speed 
of light. This was pure radiant matter but, at 
the same time, pure Radiant Energy. Cold 
electricity is one of the forms of this Radiant 
Energy. 


Edwin Gray, Dr. Nicola Tesla and Dr. Thomas 
Henry Moray all used radiant energy 
technologies. It is important to understand 
that the Laws of Thermodynamics and 
Maxwell's equations do not pertain to 
"Radiant Energy" technologies. 
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SIGHTS 


The sighting system you use is as important as the rifle 
and ammunition. Some hunters spend as much for a 
rifle scope as they do for the rifle itself. 

Many rifles come with iron sights. To aim, center 
a post at the end of the barrel in a notch or peephole in 
the rear sight. Iron sights are inexpensive, lightweight, 
durable and best-suited for short-range shooting. 

For more accurate, precise shooting or for shots 
at longer distances, hunters prefer telescopic sights or 
scopes. A scope consists of a metal tube containing a 
system of lenses that magnify the target. The reticle, a 
network of lines or crosshairs inside the scope, enables 
you to aim precisely. The optics allow you to focus your 
eye on the reticle and target at the same time, so you can 
aim quickly. Scopes are not as durable as iron sights and 
are easier to knock out of adjustment. 

Scopes vary in magnification power, from Ix, which 
magnifies the target 1 time, to 12x or more. Fixed 


power scopes have one magnification power. Variable 
power scopes allow you to change the magnification 
with the twist of an adjustment ring. Most hunters use 
scopes ranging in power from 2x to 9x. Low-power 
scopes work best for close-range shooting. They have a 
larger field of view, making it casy to find your target. 
High-power scopes narrow the field of view, but help 
you see a distant animal. 

A scope is attached to the gun using mounts or 
bases and rings. Whatever the mounting system, it must 
fit the scope, attach solidly to the gun and be adjusted 
to provide enough distance between the scope and your 
eye. Scopes should be at least 3 inches (7.6 cm) away 
from your eye, when the gun is shouldered, to allow for 
clearance when the gun recoils. 

Most manufacturers offer a selection of 
special-purpose scopes designed specifically for shotguns 
and muzzleloaders. 


Four-plex reticles have wires that are thick toward the outside. These wires stand out against the background and draw your eye to the 
target. The thin crosshairs enable you to aim precisely, without obscuring the animal. 
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Open sights have a blade or post, which must be centered in the Peep sights require you to center the target in a hole in the rear 
notched rear sight. They are the most difficult of the sights to align sight, then place the bead directly on the animal, Hunters prefer 
and the rear sight covers up part of the target. large peep-holes so they can see most of the target. 


Crosshair reticles work best for long-range shooting. The fine wires provide a precise aiming point and cover litle of the target, But the wires 
may be difficult to see in dim light. 
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SIGHTING IN YOUR RIFLE 


Every season, hunters miss their chance at a trophy 
because their rifles were not sighted in. Many people 
think that bore-sighting is sufficient. It is not. A 
bore-sighted rifle may shoot 20 inches (50.8 cm) or 
more from point of aim. Before hunting, take several 
practice sessions with your hunting ammunition. 

You can sight in most easily at a shooting range. 
Most ranges have bench rests and sandbags to provide 
a steady rest and minimize human error. If sighting 
in your rifle in the field, make sure you shoot into a 
solid backstop. 

To shoot accurately, take a deep breath, exhale 
halfway, then hold your breath as you squeeze the 
trigger. Do not jerk the trigger as you shoot. 

Sights on a new rifle may be so far out of 


adjustment that you miss the target completely. To 


Rest the forearm and butt stock on sandbags when sighting in. Do 
not support the barrel; the result will be inaccurate shooting. Hold 
the stock firmly against your shoulder. Always wear eye and ear 
protection when on the range. 
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solve this problem, bore sight your rifle, Look directly 
through the bore of the bolt or falling block action. You 
cannot look directly through the bore of most other 
actions, so you must use a bore-sighting tool. 

You can also rough-sight your rifle by simply aiming 
ata close target through the sights, firing, then making 
any adjustments needed to hit the bull’s-eye. 

Once you have rough-sighted at 25 yards (23 m), 
back off to 100 yards (91 m). Continue to fine-tune 
the sights until you can center the shot group on the 
bull’s-eye. If you plan to shoot at longer ranges, sight 
in a few inches (cm) high at 100 yards. Then try a few 
long-range shots and make any necessary adjustments. 

Always hunt with the same type of ammunition 
you used to sight in. Changing brands or bullet weights 
often makes it necessary to realign your sights. 


Sight in your rifle so the bullet hits just above the point of aim at 
100 yards (91 m). For most flat-shooting cartridges, you should 
zero-in 2 to 3 inches (5 to 7.6 cm) high; the exact distance 
depends on the trajectory of your bullet. By sighting in this way, 
you can aim dead-on at your target at any range up to 300 yards 
(274 m), The bullet hits slightly high or low, depending on the 
range, but strikes somewhere in the animal's vital area. 


Move the rifle barrel until the center of the bore lines up with the bull’s-eye of a target 25 yards (23 m) away. Fix the rifle's 


position so it cannot move, then adjust the sights to aim at the bull's-eye. 


Fire a three-shot group. The center of the group is the average point of impact. If the center is not in the bull’s-eye, 
adjust the sights. With a scope you should strive to get a group size of 1 inch (2.5 cm) wide at 100 yards (91 m). 


HOW TO ADJUST RIFLE SIGHTS 


Aajust iron sights by moving the 
rear sight in the direction you 
want the rifle to shoot. To make 
the rifle shoot higher, raise the 
rear sight, To make it shoot to 
the left, move the rear sight to 
the left. 


Move scope sights by turning 
elevation (up-down) and windage 
(right-left) screws the way you 
want the bullet impact to move 
Read the instruction manual to 
see how much each click or mark 
changes the sight at 100 yards 
(91 m). 
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SHOOTING A RIFLE 


Shooting a rifle under hunting conditions is more 
difficult than shooting at a target range. To shoot 
accurately, hunters must assume a stable position and 
know how to compensate for wind, uphill or downhill 
angles and moving animals. 

Whenever possible, try to find a stable object to 
provide a steady rest for your rifle. If you cannot find 
such an object, the prone position is your next best 
choice. But shooting from the prone position may be 
impossible if ground cover or rolling terrain obscures 
your line of sight, Under these conditions, experienced 
hunters use the sitting position, which offers good 
stability because both elbows rest on the knees. The 
kneeling position is less stable, because only one elbow 
rests on the knee. The offhand position is the least 
stable. However, it may be the only choice when a 
moving animal offers a brief chance for a shot. 

Learn how to adjust for natural forces like wind 
drift and the slant range effect. A strong crosswind 
dramatically affects a bullet’s fight path. To hit a standing 
target, you must compensate by aiming slightly upwind, 

‘The slant range effect causes your bullet to hit high 
whenever you shoot uphill or downhill. This confusing 


phenomenon results from the fact that gravity acts at a 
right angle to the horizontal. When a bullet is shot on a 
horizontal plane, gravity pulls at a right angle over the 
entire distance to the target, resulting in a curved flight 
path. But when a bullet is shot vertically, either straight 
up or straight down, gravity does not bend the flight 
path at all. The closer the angle to the vertical, the less 
the flight path curves. 

A rifle is usually sighted in on the horizontal plane, 
so the sights are adjusted to compensate for maximum 
bullet drop. Since the bullet does not drop as much 
when shooting uphill or downhill, it always hits high. 
To compensate, aim low. 

Most hunters tend to shoot behind running 
animals, A hunter using 150-grain .30-06 bullets 
would maintain a 4- to 5-foot (1.2 to 1.5 m) lead ata 
deer running at a right angle 100 yards (91 m) away. 
At 200 yards (183 m), he would increase the lead to 
about 10 feet (3 m) and at 300 yards (274 m), to about 
16 feet (5 m). 

Practice your lead by shooting at a rolling tire with 
a cardboard target wedged inside. Position yourself on a 
hill, then have someone roll the tire past you. 


BULLET DRIFT 
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Wind drift increases as wind 
velocity and range increase. The 
chart shows how crosswinds 

of 10, 20 and 30 mph (16, 32, 
48 km/h) would affect the path 
of a 30-06, 150 grain bullet at 
100, 200 and 300 yards (91, 183, 
274 m), As the chart indicates, 

a 10 mph crosswind would 
cause the bullet to drift less than 
1 inch (2.5 cm) at 100 yards. 

But in a 30 mph crosswind, the 
bullet would drift over 22 inches 
(56 cm) at 300 yards. 


Prone, Lie with your body about 
30 degrees left of your line of 
aim, Place your left elbow just 
left of the rifle. Pull your right leg 
forward to lift your stomach off 
the ground, so your breathing 
does not affect the shot. 


Kneeling. Sit on your right foot with your body 45 degrees 
left of the line of aim. Place your left foot forward and your 
left elbow on the knee 


Offhand, Stand sideways with 
feet perpendicular to the line of 
aim. Spread your legs to shoulder 
width. Keep your left elbow close 
to your booy. 


Solid rest. Rest your left hand or 
elbow on a solid object, like a 
tree or rock. Do not rest your rifle 
directly on the object. 


Sitting. If you shoot right-handed, 
sit with your legs about 

30 degrees to the right of your 
line of aim and rest your elbows 
firmly on your knees. Sitting 

is the most useful shooting 


almost anywhere, assume it 
quickly and shoot accurately. 
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SHOTGUNS 


Frontiersmen referred to the shotgun as a scattergun because 
it sprayed a swarm of lead pellets, A shot swarm is more 
effective than a single bullet for hitting moving targets. 

When selecting a shotgun, consider the following: 
size of the bore, the chokes you need or the amount of 
barrel constriction, action, chamber length, weight and 
barrel type. 

BORE SIZE. Shotgun bores are measured in gauge 
or in inches. As the gauge number increases, the size 
of the bore decreases. The most common gauges are 
12 and 20, but gauges range from as small as 28 to as 
large as 10. The smallest bore is the .410, the only bore 
measured in inches. The larger the bore, the more pellets 
a gun can shoot. The denser shot pattern increases the 
chances for a long-range kill. 

CHOKE. The amount of constriction or choke, at 
the end of the barrel affects the diameter and density of 
your shot pattern. Common chokes, from widest (most 
open) to narrowest (tightest), include: cylinder, sk 
improved-cylinder, modified, improved-modified and 
full. Open chokes are best for close-range shooting; tight 
chokes, long-range. The improved-cylinder is a good 
all-around choice. 


ty 


Many modern shotguns have interchangeable 
screw-in choke tubes that enable you to quickly change 
chokes to suit the type of hunting. A gunsmith can also 
install screw-in chokes in some older guns. 


Hinge action. The action opens when you push a lever or button at 
the rear of the receiver, allowing you to manually insert the shell. 
After firing, you break the action again. If your gun has ejectors, 
the spent hulls pop out automatically; otherwise, you must remove 
them yourself. 
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ACTION. Most single-shot and double-barreled 
shotguns have a hinge action. The simple hinge design is 
more reliable than repeating actions, like the pump and 
semi-automatic. Pump shotguns are more dependable than 
semi-automatics, which can malfunction in cold weather. 

‘A pump gun ejects the spent shell and chambers 
another one each time you slide the fore-end back and 
forth. The majority hold five shells. 

A semi-automatic fires one shell, ejects it and 
chambers another with each pull of the trigger. Most hold 
five shells, although a few hold up to seven. 

CHAMBER LENGTH. Many shotguns are 
chambered for standard 2 shells. To shoot many 
types of magnum loads, you need a gun with a longer 
chamber. The proper shell length is usually engraved 
on the barrel. Never shoot a shell that exceeds 
that length, 

WEIGHT. A light shotgun works best for quick 
shots in heavy cover. When you have more time to 
shoot, a heavier gun works better. You can hold the 
barrel steadier and swing on a target more smoothly. 

BARREL TYPE. A long barrel provides a long 
sighting plane and can improve shooting accuracy. But 
contrary to popular belief, a longer barrel does not mean 
a noticeable increase in shooting range. 

Many guns come with ventilated ribs. A rib makes 
it easier to sight down the barrel and cools it quickly, an 
advantage for rapid-fire shooting. 

Field loads are adequate for close-range shooting 
at squirrels and rabbits and for small to medium-sized 
birds. Standard loads work better at longer ranges 
and for larger animals. Many hunters believe that 
magnum loads greatly increase their shooting range. 
But a magnum of the same length as a standard load 
may actually have a slightly lower velocity and a 
shorter range. The advantage of a magnum is a denser 
shot pattern. 

Some magnum shells have longer cases that hold 
even more shot and powder. A 12-gauge, 3-inch 
(7.5 cm) magnum, for example, contains 1% ounces 
(53 gm) of shot and 4 dr. equivalents of powder. Its 
effective range is about 10 yards (9 m) longer than a 
standard 2%-inch (7 cm) load. Never attempt to shoot 
a long-cased magnum shell in a gun chambered for 


standard shells. 


HOW CHOKE AFFECTS THE SHOT PATTERN 


Choke determines how quickly your shot spreads. With a 12-gauge, improved cylinder choke and a standard-load No. 6 shell, about 
13 pellets hit the vulnerable area of a stationary mallard silhouette at 40 yards (36.5 m). With a modified choke, about 16 pellets strike the 
target and with a full choke, about 20, Fewer pellets would strike a flying bird, because not all pellets in the shot swarm reach the target at 


the same time, 


Proper fit should be checked while wearing your hunting clothes. 
You should be able to bring the gun to your shoulder in one 
‘motion, without the butt catching on your clothing. When you 
point the gun, the heel of your thumb should be 2 to 3 inches 

(5 to 7.6 cm) from your nose. 


Game 

Cottontail Rabbit 
Snowshoe Hare 
Squirrel 

Raccoon 

Ring-necked Pheasant 
Quail 


Grouse 


Screw-in chokes enable you to change your shot pattern for 
different types of hunting. These chokes screw into the barrel, 

so they have little effect on the gun’s appearance. Use a specially 
designed wrench to install and remove the chokes. 


RECOMMENDED SHOT SIZES 


Shot Sizes 
6-74 
4-6 
5-74 
6-74 
4-6 

TAB 

6-8 


Turkey 4-6 
Dove 6-8 
Woodcock TAD 
Small Duck 1s 
Medium Duck 1-4 
Large Duck BB-3 
Medium Goose BBB-1 
Large Goose TBB 


Hunting Skills and Equipment 33 


Most often used for big-game hunting, slug 
loads are available in two basic styles: Sabot-type and 
Foster-style. While slugs are available for almost all 


gauges, 12-gauge slugs are the most popular. 


Shooting a Shotgun 


Te takes litle skill to hit a standing target with a shotgun, 
but moving game is a challenge. Expert shotgunners 
develop their skills through practice, You must adjust for 
different angles, ranges and flight speeds, all within seconds. 
Because a moving animal offers only a brief shot 
opportunity, learn to mount the gun quickly and 
consistently. Place the butt against your shoulder and 
press your cheek against the stock. Keep both eyes open 
and sight down the barrel with your dominant eye, 
which for most right-handed shooters is the right eye. 
Practice mounting the gun and operating the 
safety at home. Wear your hunting coat and make sure 


that you can bring the gun to your shoulder without 
it catching on your clothing. Quickly draw a bead on 
stationary objects. Rotate your shoulders and hips as 
if following a moving target. Be sure your shotgun is 
unloaded before you practice. 
Shotgunners use three basic t 
moving game. Snap-shooting works well at close range. 
But for crossing targets at longer distances, use the 
swing-through or sustained-lead method. 


chniques for 


To sharpen your accuracy, shoot at practice targets 
or clay pigeons. Practice at a shooting range or have 

a friend throw clay pigeons with a hand trap. Fire at 
crossing, overhead and straight-away targets, so you 
learn how to shoot at different angles, 

Most hunters tend to shoot behind crossing targets 
and below those that are rising, especially at long ranges. 
If you miss consistently, double your lead after each shot 
until you hit your mark. 


THE SWING-THROUGH TECHNIQUE 


Start your swing with the barrel behind the bird. Move the barrel 
smoothly and steadily, so it starts to catch up with the bird's tail 


Pull the trigger when you think you have reached the proper lead. Do 
not hesitate, finch or slow down your swing as you pull the trigger. 
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Continue swinging so the barrel moves ahead of the bird. How far 
ahead depends on the distance and the speed and angle of the 
bird's flight. 


* 


Follow through until the barrel is well past the bird. If you stop 
swinging too soon, you will shoot behind the target. 


BOWHUNTING 


Taking a big game animal with a bow and arrow is 
one of hunting’s biggest challenges. The hunter must 


practice many hours before the season begins; to learn to 


estimate range, draw the arrow smoothly, anchor it and 
place each shot in a target the size of a pie plate at 10, 
20, 30, 40 and 50 yards (9, 18, 27, 36 and 46 m). And 
the bowhunter needs to refine his or her hunting skills 
as well as shooting skills. 

Bowhunting is popular for many reasons: Hunters 
using a bow are generally allowed longer hunting 
seasons; this form of hunting is a big challenge; it is a 
relaxing and peaceful form of hunting. And it is fun! 

‘There are basically three types of bows: the 
compound bow, the recurve bow and the longbow. 
Your choice of bow type is largely a matter of 
personal preference, each having its advantages 
and disadvantages. 

‘The most popular hunting bow is the compound, 
which uses cams and cables to give the bow let-off, a 
reduction in the amount of force needed to hold the 
bow at full draw. This is an advantage when holding the 
bow back while waiting for a shot opportunity. 

‘The peak draw weight, or maximum amount of 
weight needed to draw the bow, can be adjusted on a 
compound bow, whereas on a longbow or recurve, the 
draw weight is determined by the design of the bow. For 
a given draw weight a compound bow produces more 
energy than a recurve or longbow. 

To determine draw weight, start by trying different 
bows. Select a bow with a draw weight that you can 
draw very comfortably. One of the biggest problems 
bowhunters have is trying to hunt with bows that have 
excessive draw weight. 

Bows with a 60-pound (27 kg) draw weight are 
heavy enough for all North American game animals. In 
truth, ic is the kinetic energy—not a bow’s poundage— 
that matters most. Kinetic energy is a measurement 
based on the speed and weight of the arrow used. 

The higher the kinetic energy of an arrow, the more 
penetrating power or killing ability the arrow will have. 

Kinetic energy is also affected by your draw length. 
This is the distance between the bowstring and the grip, 
when you hold a bow at full draw. Do not confuse draw 
length with arrow length; arrows are often shorter or 
longer than your draw length. For a given bow type, a 


Consistent shooting practice includes knowing how the bow and 
arrow combination performs from different angles and at varied 
distances, Practice while wearing the clothing that will be worn on 
the hunt. 


longer draw length produces more energy than a short 
draw length. 

‘The design of the cams or wheels on compound 
bows also affects the bow’ ability to produce energy. 
The more round the cam or cams are, the less arrow 
speed the bow is able to produce. However, they are 
casier to draw, more forgiving to shoot and are more 
quiet. Radical cams produce faster arrow speed, flatter 
trajectory and more energy, but they are also harder to 
shoot, more noisy and more difficult to maintain, 

Arrow weight also affects the amount of energy that 
you can deliver into a target. A heavier arrow produces more 
energy. However, an arrow that is too heavy for a particular 
bow will not perform well. Consult an arrow selection chart 
or archery shop to help you choose the correct shaft. 

Some hunters prefer to hunt with recurve and 
longbows. They are lighter, quieter to shoot and less 
prone to mechanical failure, These more traditional bows 
increase the challenge and add nostalgia to the hunt. 
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EQUIPMENT FOR BOWHUNTING 


Bows include: (left) compound bows, (middle) recurve bows, (right) longbows, Compounds deliver the most energy for a given draw weight; 
longbows the least. A compound's limbs are made of manufactured materials. Recurves and longbows are usually made of fiberglass-wood 
laminates, though some longbows are solid wood. 


nT 


Arrowheads include: (1) field points for practice, (2) steel blunts, (3) rubber blunts, (4) judo points for small game and field practice and 
(5) broadheads for hunting larger game. 
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Shooting a Bow and Arrow 


In the hands of an experienced shooter, the bow and 
arrow can be very accurate, But the average hunter 
stands little chance of killing an animal with a bow, 
unless he or she is willing to take the time to practice. 

Shooting a bow and arrow accurately is more difficult 
than shooting a firearm. You must build up the muscles 
you use to shoot, use the correct shooting mechanics 
and be able to concentrate. You also need to practice and 
develop your ability to judge distances accurately. 

The first key to good shooting is the ability to relax. 
Learn to let the bow shoot the arrow. If you try to force 
the arrow into the target you will not shoot consistently, 

A good stance is critical for accurate shooting. If 
your upper body moves around, your sights and bow 
will be moving, too. It is your legs that hold ir al still. 

Begin by standing with your feet spread apart at 
shoulder width, 90 degrees to the target. Then take a 
half-step back with the front foot and pivot slightly 
coward the target for a mildly open stance. Keep your 
weight evenly distributed on both feet and stand straight 
up, with your head directly over the center of your body. 
Maintain this stance as you raise the bow to shoot. Don't 
lean forward or backward to pull the bow and don't cock 
your head to the side to line up your sights. In some 
cases, you will not be able to shoot standing straight up, 
but try to position yourself in a way that gives you good 
upper body stability. 

Your bow hand is placed on the handle slightly 
differently depending on the type of bow that you 
shoot. After selecting the correct grip for your bow type, 
remember that your hand should stay very relaxed as you 
draw the bow. You must be consistent with your hand 
position, Even slighe variations affect the arrow flight. 

Your string hand, like the bow hand, should stay 
relaxed throughout the drawing process. There are 
two basic styles that hunters use to hold and release 
bowstrings. The more traditional method is to use 
your fingers. If you release with your fingers, start by 
grasping the string at the first joints of your first three 
fingers, with the index finger above the nock, the other 
two fingers below the nock. As you draw, the middle 
finger should hold most of the weight and the other two 
fingers should float on the string. The other method for 
releasing the bow involves using a mechanical release 
aid. Choose one that has a rotating head, so it does not 
torque the string as you draw. With a wrist-strap release, 


you should pull only on the strap and your fingers 
should remain loose. With a finger-held release, your 
wrist should stay straight and relaxed. 

When you draw a bow, hold it at arm’s length, 
roughly aiming at the target and begin to draw, pulling 
only with the muscles of your back. When you reach full 
draw, anchor solidly and aim at the target. 

The anchor point for finger shooters is typically 
fairly high, with the tip of the index or middle finger 
planted solidly in the corner of the mouth. There is not 
necessarily a best way to anchor when using a release 
aid. With a wrist-strap release, many hunters anchor 
with the big knuckle of the index finger pressed behind 
the jaw. With a finger-held release aid, experienced 
shooters commonly anchor with the back of the hand 
pressed against the jaw. 

No matter what type of equipment you use or the 
release method you use, the release should happen through 
complete relaxation. Focus your attention on pulling the 
bowstring with your back muscles. Release shooters pull 
the release trigger as their back muscles tighten up; finger 
shooters should let the string slip away as their hand 
relaxes. The shot should happen as a surprise. 

Follow through a shot by holding your bow arm 
and release hand in the same position they were in when 
you released, until the arrow hits the target. 

Always practice from the positions in which you 
hunt. If you use a tree stand, practice from an elevated 
platform. If you sit in your stand, practice in the sitting 
position, Wear your hunting clothes when practicing; 
they may affect your shooting. Use an arm guard to 
prevent the string ftom catching on heavy clothes. 


Foot position and weight 
distribution are a critical part of 
a consistent shooting routine. 
Relax, spread feet to shoulder 
width, and orient the body 
toward the target in an open 
stance. The stance, the draw, 
and the release will become 
automatic with regular practice. 
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PROPER GRIP FOR SHOOTING COMPOUND, RECURVE AND LONGBOW 


Low wrist position places the meaty party of the thumb on the Straight wrist grip is used with the recurve bow. At full dravy, all 
bow handle. Maximum pressure falls about 1 inch (2.5 cm) below pressure is between the thumb and forefinger. 


the big joint of the thumb. In this position, the wrist is more stable 
and less likely to move side to side. 


Low wrist grip (left) is standard form when shooting a longbow. Pressure should fall on the back edge of the heel of the hand (right), 
Gripping the bow with too much of the heel on the handle can cause the bow to twist during relase, leading to poor arrow flight. 


TYPICAL ANCHOR POINTS 


Using a wrist-strap release aid (left), many archers anchor with the big knuckle behind the jaw. With a finger-held release (right), most archers 
anchor so the tip of the index or midale finger is at the corner of the mouth, 
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Practice is critical to ensuring 
a clean kill. Skills honed on 
the range translate well to 
the woods. 


THUNDERSTORM }) 


BOW CARE TIPS 


Inspect the bowstring before shooting; Oil axles every few days when in the field. Keep your bow away from heat. 
frayed strings should be replaced. Laminated bow limbs can come apart 
after only a few hours in a hot vehicle. 
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MUZZLELOADERS 


Hunters who accept the challenge of making one 


shot count can hunt additional seasons when they 


start carrying a muzzleloader. Most states have special 
muzzleloader regulations that extend big-game 
hunting opportunities beyond normal gun seasons. 
Muzzleloaders or black powder guns must be loaded 
by inserting powder and bullet or shot into the muzzle, 
then pressing the load down the barrel toward the 
breech. Reloading after a shot can take a minute or 
more, requiring the first shot to be a good one. 
Hunters have a choice between muzzleloading 
ind rifl 


different ignition systems. The three most popular include: 


Each one of these is available in 


shotguns 


in-line percussion caplock, percussion caplock and 


flinclock. Flintlock, the oldest ignition system, has never 


been very reliable for the hunter. The percussion caplock, 


developed in 1820, increased the muzzleloader’s reliabili 


Te wasn't until the mid-1980s that the first in-line 
muzzleloaders were developed. These frontloaders became 
avery reliable hunting weapon. The in-line design allows 
the percussion cap to be located very close to the powder 


charge, promoting quicker and more positive ignition. 


In-line percu 


The most popular muzzleloading rifles for big game 
are 50 or 54 caliber. The projectile may be a patched 
round ball or a conical or a saboted bullet. An in-line 
rifle firing a saboted bullet can achieve good accuracy 
at 100 yards (91 m), comparable to modern center-fires 
and have a killing range on whitetail-size animals out 
to 150 yards (137 m). The practical accuracy range of 
a patched round ball is approximately 80 yards (73 m); 
a conical, 100 yards. A modern in-line muzzleloader 
properly loaded with a heavy, well-constructed bullet 

is up to the task of downing any North American 
game animal. 

A hunter today has a choice of types of powder to 
use in his gun. He or she can use the centuries-old black 
powder or a synthetic black powder called Pyrodex. 
Bither type performs well and can be tested to see which 
one performs best. 

Muzleloading shotguns work well on waterfowl, 


upland game birds and turkeys. Small caliber 


muzzleloading rifles are used for small game and 
varmints, Be sure to check the regulations in the area 


you plan to hunt when using these muzzleloaders. 


sion caplocks have an internal striker or hammer that is cocked by pulling it rearward. When the trigger is pulled, the striker 


slams forward and hits the percussion cap, which is positioned on a nipple. The nipple is positioned directly behind the powder charge, so 


the fire from the cap reaches it instantly. 
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OTHER COMMON IGNITION SYSTEMS 


On a percussion caplock, the hammer strikes a percussion cap, Flintlocks have a flint in the hammer, When the flint strikes a 
similar to the primer of a modern cartridge. A flash travels through frizzen, sparks ignite the primer powder, Flame passes through a 
the nipple to ignite the powder charge. vent hole to set off the powder charge. 

PROJECTILES 


Plastic sabots grip the bullet securely as Conicals fit tightly into the barrel without Patched round balls must fit correctly in 
they are pushed into the muzzle, At the the aid of patching materials. As a conical the barrel to achieve accuracy. The ball 
same time, the lands of the rifling groove is pushed down the barrel, the lands of never touches the inside of the barrel. The 
the sabot, When the gun is fired the sabot the rifling engrave the soft lead, forming patch grips both the soft lead ball and the 
transfers the spin of the rifling to the bullet. a tight seal. grooves of the rifling, 


BULLET TRAJECTORY 


Bullet trajectory for saboted 
bullets is flatter than that of 
conicals and round balls. As the 
: eee Saboted illustration shows, a saboted 
bullet sighted in at 100 yards 
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HUNTING SAFETY 


Most people would be surprised to learn that hunting is 
not among the most dangerous sports. A National Safety 
Council study showed the fatality rate for hunting to be 
less than half that of boating or swimming. 

Improved hunter education and increased use of 
fluorescent orange clothing account for the low accident 
rate, Every state and province sponsors some type of 
firearms safety or hunter education program. Many 
states require beginning hunters to pass such courses 
before they can purchase a license. 

Nevertheless, the potential for a serious accident 


s. To avoid an accident, follow these 


always 
safety rules. 

* Treat every firearm as if it is loaded. Never assume 
a gun is unloaded because someone said so. 

* Never point a weapon at anything you do not 
mean to shoot. This includes glassing other 
hunters with your rifle scope. 

* Make sure your safety is on at all times, unless 
you intend to shoot. 

* Positively identify your target before shooting. 
Never fire at a silhouette, a vague form or an 
area where you saw or heard something move. 
Fluorescent orange clothing greatly improves your 
own visibility, 
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* Control the direction of your muzzle at all times. 
Ifyou start to fall, point the barrel away from 
yourself and other hunters. After a fall, check 
the barrel for obstructions like dire or snow. A 
plugged barrel could rupture when you shoot, 
possibly causing serious injury. 

* Never lean a gun against a tree, fencepost, 
vehicle or any place where it could fall over and 
accidentally discharge. 

* Never shoot at hard surfaces or water with bullets 


or slugs. They could ricochet and strike another 
hunter or a building. 

* Never drink alcoholic beverages before or during 
a hunt. Alcohol does not keep you warm; instead, 
it speeds the loss of body heat. 

* Use only the ammunition recommended 
for your firearm. Do not carry two different 
types of ammunition in your pocket at the 
same time. 

* When not hunting, keep the gun unloaded and 
the action open. 

* Keep all firearms and ammunition out of the 
reach of children. 

* Refuse to hunt with anyone who does not observe 


the basic rules of firearms safe 


Keep the safety on and your 
finger away from the trigger 
until you are ready to shoot. 

This eliminates the possibility of 
discharging the gun accidentally 
especially if you stumble or fall. 


PLANNING FIRING ZONES 


Establish safe firing zones when hunting Position your boat sideways to the Split the area around your blind into 

with others. When driving game, hunters shooting area. Do not position the boat 180-degree shooting zones. Each hunter 

should shoot only within their zone area lengthwise; this places one hunter in the scans for birds in the semicircle area 
other's shooting zone around his or her half of the blind. 


Never shoot unless you can see your target clearly. In dim light you may see a form that resembles a game animal (left), The right photo 
reveals that the form is actually that of a hunter. 


OTHER SAFETY TIPS 


Open your action before crossing a creek (left), climbing over a fence 
or in any other situation where you are unsure of your footing. 


Never shoot if there is a chance of hitting buildings, livestock or 
any other unintended target. Avoid shooting over the tops of hills 
and ridges. 


Carry your firearm so the muzzle points away from others. Safe 
positions include: shoulder carry, cradle carry and trail carry. 
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Chapter 3 


HUNTING STRATEGIES 


ether you travel to another state or hunt the back forty, advance 
planning is the key to a good hunting trip. Lay the groundwork for 
your trip early. 


Preparations for an out-of-state hunt should begin at least a year ahead. 
Some states conduct drawings for non-resident permits to hunt animals 
like elk, deer, pronghorn or moose. Most states accept applications until 
spring, but some set deadlines as early as mid-winter. 


If you do plenty of scouting, it will pay off by helping you choose the right 
hunting method for the game and the area you hunt. 


Begin planning your trip by requesting non-resident hunting information 
from the wildlife agency in the state or province where you plan to hunt. 
Be sure to specify the type of game you will be hunting. Ask about drawing 
application deadlines and information on state and federal wildlife areas 
that may require advance reservations. Licenses may be offered on a 
first-come, first-served basis. Some states require hunters to show evidence 
of having passed a firearms safety or hunter education course. 


Reservations and permits may also be necessary when hunting in your 
own state. Wildlife managers and conservation officers can provide 
information on special hunts that require advance preparation. They can 
also supply current game census data to help you choose a hunting area. 
Managers may know of local farmers or ranchers who want hunters to thin 
over-abundant game populations. 


Sportsmen's clubs like the Safari Club International, Rocky Mountain 
Elk Foundation, Mule Deer Foundation, and state hunting organizations 
are great places where hunters can network and share information. Some 
clubs lease private land where members can hunt. 
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° Fantasti¢) Projects + 


Gravity Conversion 
Rotary Device 


Review is prepared by editor Tatiana Ezhova 


Here another fuelless perpetuum mobile is presented, 


bd, 


The system design 


‘The design includes a wheel with spring spokes. Pegs may be fixed inside the wheel to balance 
movement of weightson springs. All partsshould be homogenized as to dimension and weight. 
The author used 4 07. lead balls and the 3/16" springs. The wheel measures 9" in radius as 
measured from hub center to center of each lead ball at outer periphery. This device is actuated 
and stopped by the hand. Its speed is self governing, it ramps up to speed quickly and simply 
staysthere, 


Note:you can find more detailed information about the device at 
http://www egreaterthings com /News/FreeEnergy /Directory /GravityMotors/photos/. 
Also read in this issue article "Novozhilov's motor” that describes another wheel motor that 
does not require any fuel for its operation. 
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SCOUTING FOR GAME 


Pre-season scouting improves your odds of finding game 
once the hunting season begins. Best of all, scouting is 
enjoyable and saves valuable hunting time, 

Scouting enables you to become familiar with the 
terrain and to identify heavily used game trails. Ie also 
helps determine any changes in habitat conditions 
or fluctuations in game populations that could affect 
the hunting. 

Severe winter storms, wildlife food shortages, 
drought and cold or wet weather during nesting can 
drastically reduce game populations, New roads, 
housing developments and wetland drainage can 
permanently eliminate good wildlife habitat. So, there 
is no guarantee that last year's prime hunting spot will 
produce game this year. 

Binoculars and spotting scopes help to locate game 
from a distant vantage point. But even if you do not 


see animals, you can detect their presence by the signs 
they leave. For instance, squirrels build nests in trees 
and scatter nut shells on the ground, Waterfowl preen 
themselves and leave feathers around resting areas. 
Bull elk bugle and roll in wallows during the mating 
period. All animals can be identified from their tracks 
and droppings. Damaged trees and brush result from 
animals rubbing velvet from their antlers, scratching 
trees to mark their territory or chewing bark. 

Glass a potential hunting area from a nearby hill 
or tree. Look closely at edges between openings and 
cover to detect movement. You are most likely to see 
game carly in the morning, at dusk or on cloudy days. 
When you spot an animal, note the time and identify a 
landmark to pinpoint the exact location. If the animal 
is not disturbed, it may appear in the same area at about 
the same time on subsequent days. 


PLANNING TIPS 
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Always ask for permission to hunt on private land. Introduce yourself 
and specify the type of game you wish to hunt. Some landowners grant 
permission to a courteous hunter, even though their land is posted. 


Talk to a clerk at a sporting goods store for local hunting information. 
Most carry maps, permit applications and other items for planning your 
hunt and many employ knowledgeable hunters 


Gather information from state and federal wildlife agencies. They 
supply maps, brochures on public hunting areas, public access lists 
and regulations. Tourist bureaus can recommend motels, resorts 
and campgrounds, 


County maps identify paved and unpaved roads, They also show 
section lines, buildings, public lands, lakes and streams. Plat books 
detail property lines and identify landowners. The maps and plat books 
are usually available at county offices. 


Aerial photographs reveal important details lacking on maps. They 
show isolated ponds and marshes, small streams, vegetation types, 
logging areas, meadows and forest trails. They can be obtained from 
the U.S. Department of Agriculture and private survey firms. 


Topographic maps, like the U.S. Forest Service map and the U.S. 
Geological Survey map, provide information on land elevation and 
detail other features of the landscape, such as wetlands. They also 
show buildings, roads, trails, portages and other features useful for 
finding your way on a hunting trip, Geological Survey maps show 
forested areas in green. They generally cover a larger area than Forest 
Service maps. 


SIGNS OF GAME ACTIVITY 


Tracks in damp soil may reveal how long ago an animal passed. 
Fresh tracks (left) have sharp edges. Older tracks (right) have fuzzy 
edges. In snowy, old tracks have a hard crust. 


Droppings help hunters find game. Large quantities indicate 
feeding, loafing or bedding areas. Some animals do not digest 


their food completely, so you can check droppings to determine 
what they have been eating. 


Feeding signs include damaged crops; scratched earth; nipped 
ends on grasses or twigs; and pits, husks and shells of fruits 


or nuts. Experienced hunters can often identify an animal by 
these signs. 


Damaged trees and brush result fom animals rubbing velvet from 
their antlers, scratching trees to mark their territory, or chewing 
bark. Each species has distinctive rubs, scrapes and chews. 


Beds and roosts in tall grass or on soft earth reveal the resting 
spots of mammals and birds. You can identify the animal from the 
size of its bed or roost and from nearby droppings, hair or feathers. 


Game trails lead from cover to food or water. Several kinds of 
game often use the same trail. Inspect it closely and look for fresh 
tracks made by the animals you are hunting. 
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STILL-HUNTING 


More people blow it while they're still-hunting than 
with any other method. The problem is that we move 
too fast, It’s called still-hunting because most of the time 
the hunter should remain still, processing every sound, 
every movement, every smell. 

Take a step, look and listen. Wait 30 seconds, 

60 seconds or 5 minutes before taking the next step. 
Don't make a sound. Remember, you're in country you 
scouted. You know the game is close by. The success of 
the hunt hinges on the confidence you've placed in this 
piece of real estate, 

Hunt into the wind, If the air movement shifts 
direction, change with it, keeping the breeze in your 
face. Move too fast and deer see you before you spot 
them, Slow down. Slow way down. Every time you take 
a step, a new window opens in the habitat. Look for the 
horizontal line of a back, the black of a nose, the flick 
of a tail, the crook of a leg or sunlight glinting from a 


nut-brown antler. Carry binoculars on a harness around 


the shoulders, not on the belt or in a daypack. And use 
them more than your boots. 

In heavy cover, crouch down to look beneath the 
bushes. Sometimes that affords a better view through the 
stalks and the trunks. Maybe you'll spot a deer standing, 
listening to make sense of the sound you made when last 


you took a step. Sometimes you'll spot a deer looking back. 


Place each footstep carefully to prevent snapping 
twigs, crunching leaves or brushing against branches. 
Avoid crossing open areas and places where animals 
could see your form above the horizon. Try to stay near 
cover where game will not notice your movements. 

Still-hunting is usually a one-hunter method, but 
it also works well with two patient hunters. Game 
surprised by one person may run toward the other. Or 
an animal may be so intent on watching one human 
that it does not detect another approaching. 


Successful stil-hunting demands patience and confidence. If you 
lose patience and begin moving too fast, animals will spook, If you 
are confident of seeing game, it is easier to stay focused. 


TIPS FOR STILL-HUNTING 
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Walk slowly and quietly (top). Avoid turning your head quickly, 
swinging your arms or making other movements that animals associate 
with humans. 


Detect wind direction and rising and falling thermals (bottom) by 
squeezing unscented powder into the air or by tossing a small amount 
of down into the ait. 


Wear soft clothing to reduce noise. Hard-finish materials like nylon 
make swishing sounds as they brush the cover. Gummy boot soles 
enable you to walk quietly. 


Look for visual clues to find game. A horizontal line among trees 
could be an animal's back. A glinting eye or twitching ear could also 
reveal game. 


Avoid walking or waiting in direct sunlight. Animals are quick to notice 
the glare off your face and clothing. They are less likely to see a hunter 
in the shade. 


STAND-HUNTING 


To hunt from a stand, you must be positioned where 
you are likely to see game, but the game is not likely to 
see you. Concealment, awareness and confidence are the 
keys to success. 

Hunters conceal themselves on stands or in blinds. 
A stand may be nothing more than a large tree that 
obscures your form. Or it may be an elevated platform, 
either free-standing or attached to a tree trunk or 
limb. A blind provides more cover. Many have walls of 
camouflage material or vegetation. 

Whether hunting from a blind or stand, choose a 
spot where game is likely to pass. Take a scouting trip 
before the season to find first the water, then the feed, 
then the bedding ground. A deer will not make its living 
more than 4 mile (0.8 km) from its water source. Scout 
the area to find heavily-used game trails or escape routes. 
Take position well before game begins moving. You may 
have to find your spot in the dark. 

Place a stand to take advantage of the view into 
well-used trails that lead from bedding areas to feeding 
areas. Or set up on the approach from bedding cover 
to water. 

Take care to position the stand downwind from the 
trail and if the wind changes direction, find a different 
place to hunt until conditions improve. Select alternative 
locations for different wind conditions. To ensure that 
animals do not detect human scent, many hunters use 
odor eliminating products or masking scents. 

Wind direction is also important when hunting 
ducks or geese on water. Choose a blind on the lee side 


of natural cover. Waterfowl usually land into the wind in 
the calmer water. 

Stand-hunters sometimes wear camouflage outfits to 
reduce their visibility. Bur many types of hunting require 
high-visibility clothing for safety purposes. Even if you 
wear fluorescent orange clothing, game is less likely to see 
you if you keep motion to a minimum. If you must move, 
do so very slowly. Keep your face hidden; look at game 
from the side of your eye or from behind a hat brim. 

Comfort is important when stand-hunting, You 
cannot remain quiet and motionless if you are cold, wet 
or in an uncomfortable position. You need warm clothing, 
because you must remain stationary for long periods. 
Some hunters build roofs to shed rain or use padded seats 
and stoves. Waterfowl hunters sometimes build blinds that 


are completely enclosed except for shooting windows. 


Stand-hunting works best early or late in the day, when animals 
move between resting and feeding areas. 


Portable stands enable you to change location quickly. Some types clamp to the trunk in seconds. They have a comfortable 
seat and, when placed well above ground level, offer a wide field of vision. An elevated stand keeps your scent above the 
ground and places you higher than the usual sight plane of the game. 

Locate your stand or blind near a watering site or stream crossing. Dove and antelope hunters often hunt near water 
holes. Moose hunters carefully check stream banks for heavily used trails leading to water. 

Choose a site near a feeding area. Goose hunters build blinds or dig pits in harvest fields. Deer hunters take stands 
along the edges of corn, hay or milo fields. Bear hunters sometimes bait an area, then hunt nearby. 

Select a stand site in a location where you are not silhouetted against the skyline. Game will detect your movement 


more easily if you do not have a backdrop. 


Avoid stands that do not offer a clear field of fire. A tree or branch too close to your stand will narrow your shooting 
zone. A stand that restricts hip movement makes it difficult to swing your gun. 
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STALKING 


To sealk an animal, you must see it first. Binoculars or 
spotting scopes help hunters to locate the quarry from 
far away and plan a strategy. A spotter who remains in 
a fixed location can signal to the stalker and direct the 
hunt from afar. 

Like still-hunting, stalking demands fine-tuned 
hunting skills, because you must close the distance on 
game without being detected. Sneaking within shooting 
range can be extremely difficult, but expert stalkers may 
be able to approach within a few feet (m) of game. 

When you spot an animal, watch it to determine 
whether it is likely to remain in the same area long 
enough for a stalk. If the animal is moving or appears 
nervous, you will probably not be able to get close 
enough for a shot. The odds are much better when the 
animal is feeding or is bedded, 

Stalking works best where the topography or cover 


conceals the approach. Before beginning the stalk, 
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plot a course that takes you into the wind, but keeps 
you behind hills, trees, fence lines or other natural or 
man-made features, 

If there is no cover, use a clump of vegetation to 
break up your outline. Camouflage clothing makes 
you less visible. Move only when the animal faces 
away ftom you or when its head is down. Be sure 
that sunlight does not reflect off your gun, scope 
or wristwatch, 

Move silently during the final stages of the 
stalk. Noise may not be important if you shoot from 
300 yards (274 m), But for the bowhunter who must 
approach within 30 yards (27 m), the slightest noise can 
ruin his or her chances. 

Iris usually best to stay concealed until after the 
shot. But waterfowl hunters sometimes rush the birds 
before they shoot. They may gain an extra 5 to 10 yards 
(4.5 to 9 m) before the birds take off. 


Plan your stalk so you move 
directly into or quarter into the 
wind, This prevents the wind 
from carrying your scent and 
the sound of your approach to 
the animal. 


HOW TO STALK GAME 


Pinpoint game by identifying 
nearby landmarks like a 

tree, boulder or fencepost. 
You can stay hidden while 
using the landmark to guide 
‘your approach. 


Use natural cover to conceal your 
approach. A fenceline, a drainage 
ditch or a field of tall crops of 
grass enables you to sneak within 
gun range. 


Bring your own cover when 
hunting in flat, open country. 

Push a clump of weeds ahead 
of you and stay low so game 

cannot spot your form above 

the horizon. 
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DRIVIN 


A lone hunter has little chance of rousting game from 
a large expanse of cover. Most animals sit tight or move 
off to the side rather than run or fly. 

Before the drive begins, posters sneak to positions 
at the end of cover, where they intercept game pushed 
to them by drivers. The drivers spread out across the 
field or woods. The denser the vegetation, the closer 
they must be to discourage game from doubling back 
between them. It is generally better to have more drivers 
than posters. 


Drives work best in a corridor or block of cover 
surrounded by open land, Game usually stays in the cover 
until pushed to the end, assuring someone of a shot. If 
possible, start at the widest end and work toward the 
narrowest. This concentrates the animals in a relatively 
small area, increasing your chances of a close shot. 

Hunters should always know the position of other 
drivers and posters. Wear fluorescent orange clothing for 
maximum visibility and never shoot in the direction of 
another hunter. 


Driving is an effective way to push game out of cover. You can make a drive with as few as two or more than a dozen hunters, depending on 


the situation. 


Drivers should stay within sight of each other. Outside drivers often move ahead to prevent game from escaping out the 
sides, Be especially alert as drivers approach posters; cornered game may spring from cover. 

Islands of cover are ideal for drives. A patch of high brush in an open field, a shelterbelt or a woodlot is likely to hold 
game. If you attempt to hunt these areas alone, game may escape out the opposite side. 

Corridors of cover, like roadside ditches, canyons, stream courses and railroad tracks, make good places for a drive. 
Game is less likely to double back in a narrow strip of cover than in a wide expanse. 
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FLUSHING 


For many types of game, the surest way to evade hunters 
is to hide in dense cover. Even animals as large as a deer 
or as brightly colored as a rooster pheasant can hide 
within a few feet (m) of hunters without being noticed. 
Hunters who use dogs stand the best chance of 
flushing tight-holding animals. Even in thick brush or other 
dense cover, a good dog detects and follows an animal's 
scent, Without a dog, you are sure to walk by some game. 
A lone hunter can unnerve animals, causing them 


to flush. Unusual sounds and erratic movements may 


cause game to become nervous and burst from cover. 
Many hunters yell, clap their hands, crack brush or 
even run a few steps to convince an animal that it has 
been discovered. 

When hunting with a partner, try to flush game 
toward each other, Start at opposite ends of the cover 
in an attempt to trap game in the middle. This cuts 
off possible escape routes. And because the animal 
detects danger from two directions, it is more likely 
to flush, 


Stop frequently when attempting 
to flush game. If you walk at 

a steady pace, animals usually 

sit tight because they are 
confident they have not been 
detected. When you stop, they 
lose confidence and attempt 

to escape. 


Throw sticks or rocks to flush game from dense brush piles or other cover too thick to walk through. Game usually attempts 


to slip out the opposite side, so watch carefully and be ready for a shot. 
Kick or step on clumps of vegetation that could hold birds or small game. With a hunter this close, game may be 
reluctant to flush. Tracks, droppings, feathers or hair may reveal the animal's presence. 
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HUNTING DOGS 


One of the hunter's most valuable assets is a 
well-trained hunting dog. Watching a good dog in 
action adds to the thrill of the hunt, And a dog with 
flushing, pointing or retrieving skills greatly improves 
your hunting success. 

Before selecting a dog, consider the type of game 
you intend to hunt, the terrain and climate. Pointing 
and flushing breeds were originally developed for 
hunting upland birds, most retrievers for waterfowl 
and most hounds for small game. Many breeds work 
well for more than one type of game. The Labrador, 
for example, is an excellent waterfowl retriever, but 
is also favored by many upland bird hunters for its 
flushing skills. 

When hunting upland birds in a large expanse of 
light cover, use a dog that ranges widely. Pointing breeds 
work beyond gun range, When they detect a strong 
scent, they freeze in position or point. This gives the 
hunter time to walk in and flush the bird. For finding 
birds in thicker cover, a flushing dog may work better. 
These dogs work the cover slowly and thoroughly, 
usually staying within gun range. 

‘Thorny cover can penetrate the fur and cut a 
short-haired dog, Long-haired breeds can tolerate 
thorns, but their fur often becomes matted with burrs. 

In cold weather, a heavy-coated breed retains body 
heat longer than a dog with a thin coat. A thick coat 
is especially important for a dog that must retrieve 
in icy water. In extremely hot weather, a thin-coated 
breed works best. A dog with thick fur would 
overheat quickly. 


Learn to read your dog, because every dog behaves 
somewhat differently when it smells game, With a 
pointing dog, a loose point usually means that the game 
has slipped away. A staunch point generally means game 
is close. Retrieving and flushing breeds perk up their 
cars or wag their tails rapidly, Hounds bay when they 
detect game. 

Proper training and conditioning are the keys to 
developing a good dog. A poorly trained dog is worse 
than no dog at all. If it does not obey basic commands, 
it may flush game out of range. Or the dog may run off, 
costing you hours of hunting time. 

Pre-season conditioning helps a dog maintain 
its stamina and toughens its feet. Run your 
dog at least one-half hour several times a week 


during summer. 


Retrievers include the Labrador retriever, golden retriever, Chesapeake Bay retriever and American water spaniel. These 
breeds are well-suited for retrieving waterfowl, because their skin secretes an oily substance that sheds water. Most 


retrievers also flush and retrieve upland game birds. 


Pointing breeds include the English pointer, German shorthair, Brittany spaniel, English setter, Gordon setter and 
weimaraner. These breeds are used for upland birds, but a few hunters use them for rabbits and squirrels. Many pointers also 


retrieve downed game. 


Flushers include several types of spaniels, like the springer, cocker and Boykin. These breeds pursue game until it flushes 
from cover, so they should be trained to work within gun range. The springer is especially popular among pheasant hunters. 

Hounds, like the black-and-tan and redtick, have highly sensitive noses and are used mainly for trailing small game. Some, 
like the beagle, also work well for game birds. Other hounds include the bluetick, Walker and redbone. 
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FLOAT-HUNTING 


Float-hunting works bese for waterfowl, squirrels, deer, 
moose and other animals that frequent stream banks 

and lakeshores. You can also float up on flocks or rafts of 
waterfowl in open water. 

Most float-hunters use small, low-profile watercraft 
including jon boats, canoes, semi-Vs and sculling boats. 
Boats are usually painted camouflage colors or draped 
with natural vegetation, netting or camouflage cloth. 

‘The best boat depends on the area you hunt and the 
type of hunting, A jon boat is very stable, but the square 
bow would not slide through dense cattails. A canoe or 
double-pointed duck boat is less stable, but would slip 
through easily. A deep semi-V is best for rough water, 
but because of its high profile would not be a good 
choice for floating up on waterfowl. The birds would be 
less likely to notice a shallow-draft, sculling boat. 

Silence is the key to float-hunting success. You can 
paddle very quietly in a canoe. IF you row a boat, make 
sure the oars do not squeak or scrape the gunwales. 


Keep loose items tied down and try not to move around 


in the boat. Wood and fiberglass hulls are quieter 
than aluminum hulls. Many hunters glue carpet or 
rubber matting to the bottom, seats and gunwales to 
muffle sounds. 

Keep safety in mind when float-hunting. Wear a life 
preserver, Never hunt from a tippy boat. It may flip over 
if you stand up to shoot or when your dog plunges into 
the water to retrieve game. To stabilize a canoe or other 
small watercraft, add pontoons or bands of buoyant 
material to the side of the hull. Low-profile boats make 
you less visible, but they can be dangerous on large, 
wind-swept waters. 

To float-hunt a stream, float from one point to the 
next. The points conceal your approach, enabling you to 
slip up on game downstream. 

You can pole through heavy cover, such as cane, 
cattails, bulrushes o other high vegetation to jump 
waterfowl and other game, Some hunters use push-poles as 
long as 16 feet (5 m) to propel narrow watercraft through 
the weeds. Or, you can use a duck-bill on your push-pole. 


Water offers hunters an excellent means for a silent approach. A float-hunter can cover a large area with relatively little effort. 
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HOW TO FIND DOWNED GAME 


Losing a wounded animal is one of the greatest 
frustrations in hunting. Finding downed game requires 
patience and persistence. But conscientious hunters 
make every effort to recover game that has been hit. 

After the shot, watch the animal closely and try 
to determine if you made a clean kill, wounded it or 
missed completely, Clean kills and misses are usually 
obvious, but it may be more difficult to recognize 
a wounded animal, Even if you see no sign of a hit, 
look for hair or feathers, erratic movement ot unusual 
behavior. You might hear the impact when your bullet 
strikes a big game animal. 

Dogs with good retrieving skills greatly improve 
your chances of finding downed birds and small game. 
A dog marks a bird down and promptly retrieves it. IFit 
runs, the dog circles to pick up the scent, then follows 
the scent trail. 

Follow up any shot at big game, because large 
animals may show little evidence of being hit. Despite 
its size, a wounded deer can be as difficult to find as a 
cottontail. Unless hie in a vital area, it may run a long 
distance, especially if pursued by hunters. 

Ifyou are sure you hit a vital area, begin your 


pursuit immediately. An animal shot in the heart-lung 


area seldom runs farther than 100 yards (91 m). If you 
suspect a less damaging hit, it may be better to wait 
before following. A bleeding animal may lie down if 
not pursued. After 30 to 60 minutes, it will probably be 
too weak to run. Do not wait to follow if rain or snow 


threatens to obscure the blood trail. 


Blood trails may provide clues for pursuing wounded game. Bright 
red, frothy blood indicates a lung shot and tells you to follow 
immediately. Darker blood usually means a less damaging hit; wait 
before following. 


‘Mark the spot where you last saw the animal. Look for an obvious 
landmark, like a tree or leave a piece of clothing at the spot. 

Work outward in widening circles, but return if you fail to find 
the animal. 
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Look for feathers, hair or blood where you suspect the animal to 
be. Stand stil, listen for movement, then inspect nearby cover. 
Hunters may fail to find game by leaving too soon, thinking the 
animal has run off. 


Move quietly and watch ahead for movement when trailing big game. If you fail to see the animal and approach too closely, you may 
frighten it off, making it more difficult to find. Locating downed game is easiest with two or more hunters. While one inspects the ground 
for blood, the other looks for any signs of movement. if you lose the trail, mark the spot where you last saw blood. Then you can resume the 


search at that point. 


Check likely escape routes if you cannot Examine thick clumps of grass or brush Work your dog just downwind of downed 
find the animal. Wounded game may slip patches for signs of the animal. A game. If the dog does not pick up the 
into a strip of grass connected to the main protruding tail reveals the location of this scent, call it to the spot where you last 


cover area. wounded pheasant. saw the animal. 
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Chapter 4 


HUNTING BIG GAME 


he concept of giving game “a sporting chance” is almost as old as 
hunting itself. It springs from the ethic of a skilled hunter who 
appreciates the challenge of the hunt as much as the meat or the trophy. 


There is no sport with a richer tradition and no sport as demanding or 
rewarding as the hunt for big game. To be successful, the hunter has to 
develop an understanding of the quarry. 


An animal’s daily movements may be predictable or unpredictable, based 
on the species, the terrain, the weather and available feed. Scouting helps 
the hunter learn which trails animals are using between bedding areas and 
feeding areas. Such information allows the hunter to make an educated 
decision about where to still hunt, spot and stalk or set a tree stand. 


Big game hunters should know how to use a map, a compass and survival 
gear. It is easy to become disoriented in the mountains, in the plains or in 
the fog. Study aerial photos or topographic maps before hunting and carry 
maps while hunting. Identify prominent landmarks in the field. Study of 
maps and photos will also open up new potential hunting spots. 


Proper physical conditioning can make hunting more enjoyable, especially 
in steep or mountainous terrain. If you are out of condition or have blisters 
on your feet, it can be a chore to walk up a hill with a rifle and backpack, 
let alone drag out a large animal. 


There is no sport more challenging, demanding or rewarding than the hunt 
for big game. The individual must match wits with an animal perfectly 
suited to its habitat. And the reward is great: a sense of accomplishment, 
perhaps a trophy and a supply of prime, high-quality meat. 


59 


WHITE-TAILED DEER 


More people hunt for whitetail than for any other big 
game animal in North America. For many hunters, 
taking a trophy whitetail buck is the ultimate challenge. 
The typical whitetail doe or buck is a high-strung, 
elusive creature that is very aware of its surroundings, 
whether it is at rest, feeding or on the move. 
Ina Michigan experiment, 39 deer including 
7 bucks, 14 does and 18 fawns were fenced inside a 
L-square-mile (2.6 sq km) area. Six experienced hunters 
attempted to find one deer. On the fourth day, one hunter 
finally spotted a buck. After one month, the average 
amount of time needed for a hunter to spot a buck was 
51 hours. It took an average of 14 hours to spot any deer. 
The deer’s home range is small, so its very survival is 
based on its keen senses, its ability to find concealment 
and its intimate knowledge of its home range. 
Whitetails rely on their sense of smell to detect 
danger. They can catch a whiff of human scent from 
hundreds of yards (m) away. Deer also hear extremely 
well. They do not have particularly sharp eyesight, but 
they are quick to detect lateral movement. Deer are not 
color-blind. Researchers have discovered that deer can 


perceive some color. 
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Whitetails often elude hunters by sitting tight in grassy 
or brushy cover. Their coats blend in perfectly. A hunter 
may pass within a few feet (meters) of a deer and not see it. 

Deer are so familiar with their surroundings 
that they can quickly find an escape route or hiding 
place. And they are sure to notice any change in their 
surroundings, like a new deer stand. They avoid the area 
for several days until they get used to the new feature. 

Whitetails usually attempt to escape danger by 
sneaking away unnoticed. When alarmed, bucks and 
does may snort loudly and stamp their feet. This serves 
as a warning to other deer. If threatened, a deer bounds 
away with its snowy white tail or flag, erect. But they 
normally run only a short distance, then look back to 
sec if they are being pursued. They may stand for many 
minutes to ascertain if danger is approaching. 

A whitetail’s coat is reddish brown in spring and 
summer and brown or gray from fall through winter. 
Although the underside of the tail is white, the outside 
is the same color as the rest of the coat and covers up the 
white rump. 

More than two dozen varieties of whitetails inhabit 
North America, The smallest variety is the Key deer, 
which generally weighs from 45 to 65 pounds (20 to 
29 kg). It lives only in the Florida Keys. Another deer, the 
Coues whitetail (pronounced “cows”), is found in Arizona, 
New Mexico and Mexico. It reaches an average live weight 
of 120 pounds (54 kg) and a shoulder height of 32 inches 
(81 cm). The largest variety, the northern white-tailed 
deer, usually weighs from 130 to 190 pounds (58.5 to 
85.5 kg). It is found in the northeastern states and into 
southern Canada. The heaviest whitetail on record, 

511 pounds (230 kg), was shot in Minnesota in 1926. 

The life span of a whitetail seldom exceeds 8 years. 
Most deer taken by hunters are 1! ot 24 years old. You 
cannot tell a whitetail’s age by its antlers. A 14-year-old 
buck may have only spikes or it may have three or four 
points per side. Older bucks usually have four points on 
aside, but sometimes as many as seven. 

The record whitetail rack came from a 
Saskatchewan deer shot in 1993. Both of the main 
beams measure 28/4 inches (72.4 cm) long. The inside 
spread is 27/4 inches (69.2 cm). Coues deer have an 
average antler spread of 11.2 inches (28.5 cm) with a 
main beam length of 10.6 inches (26.9 cm). 


Whitetails can attain speeds of 35 
to. 40 mph (56 to 64 km/h) and 
can easily jump an 8-foot (2.4 m) 
barrier. If they cannot escape 

by land, they take to water. 
Whitetails are strong swimmers 
and have been observed crossing 
lakes several miles (km) wide. 


Shoot for the heart-lung area (red) of a big game animal. The best shot is directly from the side, where the most vital area is exposed. When 
an animal is quartering toward the hunter, slightly more than half as much vital area is vulnerable; slightly less than half when quartering 
away. An animal facing the hunter has only a small part of the vital area exposed. Facing away, none of the vital area is vulnerable and the 
shot would damage too much meat. 


Typical antlers are fairly symmetrical, although they sometimes Non-typical antlers can be almost symmetrical or extremely 
have a different number of tines on each side. But abnormal tines asymmetrical. Many have a large number of oddly-shaped tines 
and differences between the two antlers in tine count or size of in unusual locations. Some have tines that point downward. 
the main beam lowers the official score of the rack. Abnormal points add to the score of non-typical racks. 
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Whitetails feed primarily on buds and twigs from 
shrubs and small trees. They also graze on grasses, 
clover and other green plants. In agricultural areas, they 
commonly feed on alfalfa, oats, wheat and corn, but eat 
almost any crop available. 

Does spend the summer and fall with one or two 
fawns. Mature bucks live alone, except during the 
breeding season. Whitetails mate between October and 
January. The rutting period lasts longer in the South 
that it does in the North. During the early stages of the 
rut, bucks and does become less cautious. Bucks are 
busy making scrapes to advertise their presence to does. 
‘The does move from one scrape to another looking for a 
suitable mate. 


Where to Find Whitetails 


No other big game animal has adapted to such a 
diversity of habitat. Whitetails can be found from the 
conifer forests of Canada to the chaparral plains of 
Mexico and from the shoreline of the Atlantic ocean to. 
the river valleys of western Washington and Oregon. 
‘The whitetail thrives in farmlands, in suburbs and other 
areas where human development has severely reduced or 
eliminated populations of other big game. 

Young hardwood forests make prime habitat, 
Whitetails prefer large woodlands, but can survive 
in smaller areas like woodlots and tree-lined stream 
corridors. Deer also live in grasslands, brushlands 
and swamps. 

If you locate a good whitetail area when scouting 
before the season, chances are the deer will be there 
when the season begins. Whitetails have a surprisingly 
small home range. In a Texas study, marked deer were 
observed over a five-year period. On the average, does 
remained within a é-square-mile (0.4 sq km) area. 
Bucks stayed within an area averaging 1% square miles 
(4.3 sq km). 

Your best chance of seeing whitetails is during 
feeding periods or when they move between resting and 
feeding areas, Deer feed most heavily before sunrise and 
after sunset. They bed down in midday. But season, 
weather, moon phase and hunting pressure can alter 
daily movements. 

‘The changing seasons can affect whitetail 
movements in several ways. As the weather begins to 
cool in fall, deer feed for longer periods to build up 
their fat reserves for winter. When the acorns start to 


drop, deer often feed in the woods rather than moving 
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Scouting for deer continues year-round. Use springtime turkey 
hunts and early bird seasons to keep track of big game movements 
and habits 


to their usual feeding areas. Movement increases 
during the rutting period, as deer wander about in 
search of a mate. 

Changing weather increases deer movement. The 
animals sense impending weather changes, so they feed 
heavily while they can. On hot, sunny days, deer spend 
more time bedded down. They do not necessarily seek 
cover during a light drizzle. In fact, they often stand out 
in the open rather than lie in wer grass. But a heavy rain 
forces them into dense cover, 

During a full moon, whitetails may not come out 
to feed until after dark. In the dark phase, deer begin 
feeding earlier. They do not feed as heavily at night, 
because the lack of light curtails their activity. 

Hunting pressure can have a dramatic effect on deer 
movements. In heavily-hunted areas, whitetails change 
their feeding schedule once the season begins. They feed 
earlier and later in the day or even at night, to avoid 


exposing themselves during shooting 


Rubs on small saplings result from bucks marking their territories Scrapes on the ground mean that a buck is attempting to attract 


by rubbing scent from glands on top of their heads. Bucks rub does. As they paw the ground, whitetail bucks often thrash nearby 
dozens of trees during the rut, seldom returning to the same ones. saplings or overhanging branches with their antlers. They check 
They also rub before the rut to remove velvet from their antlers their scrapes regularly, especially those visited by does. 


TIPS FOR FINDING WHITETAILS 


Tracks and droppings reveal how many Day trails wind through thick brush and Night trails lead through meadows or 
deer are using an area, Deer tracks range trees, but seldom cross clearings. Hunters open croplands, Do not choose a stand 
from 2'f to 3!” inches (5 to 9 cm) long. wait along these trails when deer are along this type of trail, because deer 
Whitetail pellets are more elongated than most active, seldom use them in daylight. 


those of rabbits and hares. 


Hardwood forests provide food and cover. A young forest is best, because sunlight can reach the forest floor to grow shrubs 
and grasses. 

Farmlands offer ample food supplies. They can support large numbers of deer if they have cover like brushy draws or 
stream corridors. 

Lowlands like swamps, bogs and river bottoms provide dense cover. Whitetails usually feed in surrounding fields 
or woodlands. 
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HUNTING FOR WHITETAILS 


Stand-hunting, still-hunting and driving account for the 
vast majority of deer taken each year, but hunters use 
many techniques to outwit whitetails, Antler rattling, 
stalking, and float-hunting can also be effective. 

You can greatly improve your chances by planning 
your hunt weeks before the season opens. It is possible 
for an opening-day hunter to leisurely walk into the 
forest, find a likely-looking spot and bag a trophy buck 
within minutes. But the odds against such a chance 
encounter ate staggering, 

Hunters who enjoy consistent success invest a great 
deal of time in pre-season scouting, Regardless of how 
good a spot was in previous years, make sure it still 
holds good numbers of deer. If you find little sign, look 
somewhere else. Once you locate a likely area, scout it to 
determine movement paths and escape routes. 

Expert deer hunters know not only where, but 
when to hunt. Wind is an important consideration. You 
can approach deer more easily ifa light breeze rustles 
the leaves. This background noise makes the sound of 
your footsteps less noticeable. In a strong wind, deer bed 
down in cover and stay extra-alert. 
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Some hunters prefer a light rain because it softens 
the leaves and twigs so they do not crackle underfoot. 

A light rain provides a low level of background noise, 
but does not reduce deer activity. In a heavy rain, 

the animals bed down under dense, overhead cover. 
Powdery snow makes for quiet walking and good 
tracking, But when a hard crust develops, deer can hear 
you coming. Snow-covered tree boughs muffle your 
sound and may block a deer’s vision. 

Temperature and cloud cover also affect hunting 
success, but not the way many hunters think. The 
common belief is that hunting is best on cool or cloudy 
days. But after thousands of hours of observation, 
members of a nationwide hunting club found that deer 
move about more when the weather is warm rather than 
cold; clear rather than cloudy. 

Some hunters use bottled scents, either to mask 
their own odor or to attract deer. Masking scents are 
made with skunk or fox urine and sprinkled around the 
stand. Attractants, made from the urine of a doe in heat 
or from various fruits, are spread in the area where you 
want to shoot your deer. 


Rattling draws bucks during the 
rut. Take a stand near a dense 
thicket where you spotted deer 
the previous day. Or rattle near a 
fresh scrape, if the spot offers a 
clear shot. Rub, knock and rattle 
two antlers together to imitate 
the sound of fighting bucks. If 
nothing appears within 15 to 
30 minutes, move quietly to 
another spot. 


You do not need high-velocity cartridges for 
whitetails, because most shots are at close range. 
Cartridges should be a minimum of .240 caliber with 
bullets at least 100 grains, 


Stand-hunting for Whitetails 


Whitetails are creatures of habit. If you have scouted 
an area thoroughly and selected a stand near signs of 
recent deer activity, you can be sure that whitetails 
will eventually pass your way. If you lose confidence, 
become impatient and decide to go after the deer, you 
significantly reduce your odds. 

Choose a stand that offers good visibility. It 
should be located where the wind will not blow your 
scent toward a trail or other spot where you expect 
to see deer. You should also select a spot where the 
sun will not shine in your eyes. Be sure you are 
concealed on the sides from which deer will most 
likely approach. 

But deer may not come from the direction you 
expect, so you must slowly scan in a complete circle 
around your stand. When you spot a deer at a distance, 
stay motionless and be patient. IF you see a doe, watch 
closely because there may be a buck trailing behind. 

If you hunt in the morning, walk to your stand 
very quietly. Get there while it is still dark. Most 
hunters stay at their stand until about two hours 
after sunrise. It often pays to wait a little longer. The 
commotion caused by other hunters leaving their stands 


may spook deer to you. Ifyou hunt in the afternoon, 
stay until the close of shooting hours. Hunters often see 
more deer in the final minutes than during the rest of 


the day. 


Scouting is critical to the best stand placement, Position a stand to 
take advantage of daily movements between bedding cover, feed, 
and water. Ensure that there are clear shooting lanes. On stand, 
keep your awn movements to a minimum and be ready to stay for 
several hours. 


TIPS FOR STAND-HUNTING 


logs or brush. 


Intersections of two or more heavily used trails (left) make prime stand-hunting locations. 
Anther good spot is an area with many fresh scrapes. 


Elevated stands place you above a deer’s usual vision level. They also expand your field of view 
and keep your scent above the ground. But many hunters simply hide behind a tree or a pile of 
Raise and lower your unloaded gun or bow with a rope when hunting from an elevated stand. 


Make sure the barrel is pointed away from you. 


Tower blinds make it possible to hunt from a high elevation where there are no tall trees. Some 
tower blinds are permanent. 
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ABSTRACT 


Highly localized nuclear activation in 
electrochemical systems and other electrical 
discharge processes have been observed by 
many laboratoriesin the world, This reportisan 
attempt toexplainsuchanomalousphenomena 
by using torsion field theory and axion model. 
Anisotopic behaviours of radiation products, 
burst character, "heat after death" of excess 
energy release in electrical discharge systemsare 
considered to be interpreted by the torsion 
coherence of vortex dynamics with the zero- 
point energy induced by localized intense field 
emission of micro-protrusion of the cathode, 
and the dynamic Casimir effect of transient 
evolution of triple region of gas, liquid solution, 
and electrode protrusion, Axion model and 
Primakoff’seffectare proposed forexplanation 
of nuclear transmutation without noticeable 
gamma radiation, 


Nuclear products with high concentration, 
unidentified tracks with highly collimated 
lines of low energy nuclear reactions in the 
electrochemical systems were recorded by CR- 
39 solid detectors and photo-films, and 
localized spots with chemical alterations were 
observed at our laboratory. It is suggested to 
carryout intensive study of vortex dynamic for 
explaining the anomalous phenomena in 
wide area of nature and laboratories. Analysis 
of vortex dynamics with wide range from 
pitting corrosion of electrochemical system, 
laboratory plasma, tornado, to quasar spiral 
model with extremely high energy cosmic rays 
in the center region, leads to a conclusion for 
that vortex dynamics creates torsion fields 
responding to the anomalouseffects. 
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INTRODUCTION 


Many laboratories in the world have 
observed nuclear reactions andexcess heat 
in electrochemical systems. The mechanism 
ofsuch anomalous phenomena is not being 
well understood according to normally 
accepted physics. 


Nuclear products with high concentration 
and tracks with highly collimated lines oflow 
energy nuclear reactions in the 
electrochemical systems were recorded by 
CR-39 solid detectors and films at our 
laboratory [1,2]. These facts suggest that 
quasar model with spiral structure and 
extremely high enrage cosmic rays in the 
center could be used to explain the 
mechanism. Itis supposed touse the concept 
of torsion field to interpret the observed 
phenomena, typically, thepropertiesofaxion 
acceleration, memory effect, and the 
polarized nuclear reactions with torsion 
effect[3] 


II. PHENOMENA IN NATURE AND 
AT LABORLATORIES 


The vortex and spiral structures are the 
archetype that appears atall levels of nature 
and laboratories, for example, atom 
structure, vortex lattice in superconductors, 
dense plasma focus, lightning, quasar etc. 


Recent report of dark matter annihilation at 
the galactic center describes that the cold 
dark matter near the galactic center is 
accreted by the central black hole into a 
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Still-hunting for Whitetails 


‘Technology has turned man, the ultimate predator, into 


man, the consumer. We consume power, petroleum, 
potato chips, polyester and prescriptions. We run 
around in circles, from home to school to job to grocery 
store and home again in the relentless pursuit of more 
goods to consume, Every year we get better at it, 
whirling faster and faster. 

Ie is easy to bring our lifestyle to the woods, but it 
is not welcome there. In fact, it is counter-productive 
if the goal is to tie a tag on a deer. To succeed, we must 
become predators again. 

‘The slower you move, the more deer you will see. 
Place each step carefully; plant your toe first, then gradually 
lower your heel. Let the sole of your foot feel for a stick 
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Move slower than you ever 
imagined you could. Expect to 
see a deer. If you move carefully 
and cautiously, you will see them 
before they see you. 


that might snap or gravel that might grind or dry leaves 
that might crunch, Still hunters should wear shoes or boots 
with a light sole that allow the hunter to detect noisemakers 
before they alert game. Stop after a few steps then slowly 
move your head to examine the terrain. Bend down from 
time to time to scan the ground below the leaf line. 

If you accidentally make a noise, stop. If they 
do not detect motion, whitetails usually forget the 
disturbance within a few minutes. 

Wait 30 seconds or 1 minute or 5 minutes. Then 
take another step and scan the woods from this new 
vantage. You are seeing a new view of the world framed 
ina different series of trees, looking for the horizontal 
line of a deer’s back or the crook of a leg against the 
vertical world of trees and brush. 


Wind can be a hunter's ally or his worst enemy. 
Your scent is frightening to most deer. A deer’s ability 
to smell is the one sense that they never question. If the 
wind is steady from one direction, hunt into it. A steady 
wind is the friend of the still-hunter. 

Successful still-hunting is as much about attitude as 
it is about stealth. Tell yourself that you will see the deer 
before they see you. Convince yourself. Believe that the 


slower you move, the more deer you will see. 


Driving for Whitetails 


A deer drive's success depends on good organization. A 
group of hunters wandering haphazardly through the 
woods has little hope of shooting deer. 

Every drive should have a leader who is familiar 
with the terrain, Before the drive, the leader gives clear 


instructions to each hunter. Posters take their stands 


first; each should wait in a spot with a good view, 
preferably from an elevated stand. Drivers synchronize 
their watches, then spread out across the upwind side 
of cover. Distance between the drivers may be only 
15 yards (13.7 m) in dense cover or more than 50 yards 
(45.7 m) if the cover is sparse. 

Ac the appointed time, drivers begin walking 
downwind. Deer soon detect the hunter's scent. 
They flush closer if drivers move quietly, Some deer 
move ahead, some double back and others remain 


bedded down. 


Driving can work anytime deer are in cover. But if 
you drive a block of cover too large, deer slip to the side 
and let the drivers pass. 

Deer drives can be dangerous. Limit the number 
of hunters so you can keep track of everyone's location. 
Posters in elevated stands also make a drive safer. Their 


shots angle toward the ground and they are above the 


normal shooting plane of the drivers. 


Watch closely for whitetails doubling back through the driving 
line. Deer may sneak back though drivers are visible on both sides 
As drivers approach posters, deer must double back or break into 
the open 


Keep adjacent drivers in sight at all times, This prevents a hunter 
from moving too far ahead of the others and into the firing zone. 


Post near a known escape route. Deer often move from one block 
of woods to another by sneaking through a connecting patch of 
lighter cover. 
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MULE DEER 


The mule deer is named for its long, mule-like ears, 
but you can tell a mule deer from whitetail by the black 
tip on its tail. Most of the muley’s narrow tail is white, 
making the rump patch more evident than it is on 
whitetails. Their antlers also differ. The main beam of a 
mule deer antler is forked; whitetails have a continuous 
main beam. 

‘The muley is a much sought-after trophy of the 
western United States, Canada and Mexico. The record 
mule deer rack has a spread of 307 inches (78.4 cm). 
Its right antler has six points and a main beam that 
measures 30/4 inches (76.5 cm) long; its left has five 
points and totals 28% inches (73 cm). The animal was 
shot in Colorado in 1972. 

Like whitetails, mule deer have excellent senses of 
smell and hearing. But muleys have better long-distance 
vision. They usually bed down where they have a good 
view of the surrounding terrain. Unlike whitetails, they 
rarely sit tight and let hunters pass only yards (m) away. 

When they detect something unusual, mule 


deer cock their large ears to pinpoint the direction of 
the disturbance. Then they bound off in pogo-stick 
fashion, with all four feet touching the ground 
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simultaneously. This distinctive gait, called stotting, 
enables them to survey the terrain better and to change 
direction instantly. 

A startled mule deer runs much farther than a 
whitetail, sometimes up to 4 miles (6.4 km). They 
usually bound uphill, often pausing for a last look before 
slipping over a ridge. Muleys normally run with their 
tails down. 

Compared to whitetails, mule deer have a calm 
disposition. They show little fear of humans as long 
as enough distance separates them. But they become 
nervous and often slip away when a hunter disappears 
from sight. 

Mule deer prefer terrain more open than that used 
by whitetails. Mountains and foothills with sparse stands 
of timber, rolling prairies broken by canyons and coulees 
and low brushlands make ideal habitat, 

Where mule deer and whitetails co-exist, they 
eat many of the same foods. But the mule deer’s diet 
usually differs because of the rougher terrain. Common 
foods include bitterbrush, mountain mahogany, 
serviceberry, chokecherry and sagebrush. The Pious 
Report, completed in 1989, found that a mule deer’s 
diet consisted of 55 percent browse (the new growth of 
trees, shrubs and vines with woody stems), 22 percent 
forbs (broadleaf plants), 10 percent grasses, 7 percent 
nuts and 6 percent other materials. 

Browse is abundant in mule deer habitat, but 
broadleaf plants are mule deer favorites. Locate these 
plants, confirm the deer are eating them and spend 
time watching in the morning and evening, Early 
morning and late afternoon are the prime feeding 
periods. Favorite areas are brushy hillsides, meadows, 
croplands and pastures, generally at lower elevations 
than bedding areas. 

Mule deer move as much as 2 miles (3.2 km) from 
feeding to bedding areas. In midday, they often bed 
down on the lee side of a break. They may rest just 
below the crest of a hill or the lip ofa ravine. They 
watch only the downhill side, relying on the wind to 
bring them the scent of anything approaching from 
behind. Mule deer also bed on grassy mountain terrain, 
in the bottom of a dry wash or near a tree on a hillside. 
In remote areas, they may feed in the open rather than 


bed down during the day. 


Deer take their water from ponds, puddles, creeks, 
rivers, lakes, seeps and succulent plants. Researchers 
in another study found that they travel an average 
of 800 yards (731 m) to get it. They approach, ever 
watchful for predators, because coyotes, cougar and 


other carnivores need water too. 

After a rainy period, look for mule deer on sunny 
hillsides. Heavy snow drives them from the mountains 
to lower ground. Herds migrate as far as 50 miles 
(80 km), often wintering in brushy draws and canyons 
that are blown free of snow. 

Mule deer often form large herds, especially during 
the breeding season. Small and medium-sized bucks 
mix with does and fawns, but the largest bucks are 
usually loners. 

Most mule deer breed in November and December, 
bur the breeding period may be as early as October or as 
last as March. During the rut, the bucks thrash or horn 
bushes, poles, branches and tree trunks in a display of 
dominance. They do not make scrapes. 

Seven varieties of mule deer inhabit the western 
third of North America. The desert mule deer ranges as 
far south as central Mexico. The most numerous variety, 


Daily movements usually begin 
with mule deer moving to 
feeding areas like a grassy stream 
margin in a ravine. They feed 
until 1 to 2 hours after sunrise, 
then bed in areas like a ledge 
near the top of the ravine. Large 
bucks may bed on rocky terraces 
at higher elevation, Deer return 
to feeding areas about an hour 
before sunset. 


the Rocky Mountain mule deer, is found as far north as 
the Northwest Territories. 

Rocky Mountain mule deer reach the largest size, 
generally weighing from 140 to 200 pounds (63 to 
90 kg). The largest on record, 453 pounds (203.85 kg), 
was taken in Montana. The southern mule deer is 
the smallest variety; it weighs from 85 to 110 pounds 
(38.25 to 49.5 kg). 


Hunting for Mule Deer 


Mule deer live in rugged mountainous terrain and high 
desert landscapes. They may feed in the valley on a 
rancher's alfalfa, but they most often bed on the high 
ground where they can spot danger a long way off. 

A mule deers survival strategy includes identifying 
the predator, then putting distance and obstacles 
between himself and danger. Many hunters have scored 
on a buck because it stopped to take one last look before 
it went out of sight. Some make the mistake of thinking 
that mule deer are easier to outsmart than whitetails, 
but the truth is a big mule deer is one of the most 
sought-after trophies on the continent. 
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Mule deer hunting in open country lends itself 
to the spot-and-stalk method. Get to the highest part 
of your hunting area early in the morning, preferably 
before shooting light. The chances of spotting muleys in 
the open are best in the morning and the evening. The 
high elevation affords a good view. 

Glass every detail of the landscape, first with 
binoculars then with a spotting scope. Mule deer blend 
in well with their surroundings and are masters at 
concealment in a small amount of cover. Sometimes it 
takes movement of the sun and shadow to reveal a feeding 
or bedded animal. If you spot one deer, look closely for 
others because mule deer often feed and bed in groups. 

Glass potential feeding and bedding areas with 
binoculars. A spotting scope works better for long 
distances. Look for a reflection off shiny antlers; 
buff-white patches of throat or rump hair; or the 
symmetrical shape of a mule deer’s face and ears, which 
resembles a three-bladed propeller. 

If the animal is too far away for a shot, plan a stalk. 
Have a partner stay at the spotting scope and direct the 
approach using hand signals. Use natural features of the 
landscape, like ravines, for concealment. Try to approach 
from downwind and above, because muleys expect 
danger from below. 


Should glassing prove futile, still-hunt your way 
downhill. Some hunters take stands along trails where 
muleys are likely to pass on the way to bed, feed or 
water. When hunting with companions, driving can 
be effective. 

A running buck makes a difficult target because 
of its stotting gait and unpredictable turns. But it may 
stop and look back if you shout, whistle or make a 
deer call. 

Mule deer hunters take shots at up to 300 yards 
(274 m), so sight in your rifle for long-range shooting. 
Use a high-velocity cartridge of at least .240 caliber with 
a minimum bullet weight of 95 grains. 

Still-hunt a series of ravines by starting at the head 
of one ravine, then walking the edge. Look over the crest 
periodically to spot bedded deer. Cross the ravine at the 
lower end and walk the other side to check for deer you 
may have missed. Then, cross to the head of the next 
ravine and repeat the procedure. 

Stand-hunt along corridors between feeding and 
bedding areas. Conceal yourself behind a natural feature 
like a rock outcrop or large tree or use a tree stand. 
Mule deer trails are usually less distinct than those of 
whitetails. But the animals often follow natural passes 
like a saddle between two ridges. 


HOW TO DRIVE FOR MULE DEER 


Drive for mule deer in ravines. One hunter walks up the bottom 
and another halfway up the side. A third hunter posts at the head 
of the ravine. Driving also works well along wooded or brushy 
stream corridors. 
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Never shoot at a deer when it is on top of a ridge. Always be sure 
there is a solid backstop behind the animal before shooting. Bullets 
travel completely through them. 


BLACK-TAILED DEER 


Due in part to their narrow geographic range, 
black-tailed deer are largely ignored in the popular 
hunting press, but this animal is one of Americas most 
prized trophies. Blacktails are a subspecies of mule deer 
and their territories overlap along the eastern boundaries 
of the smaller deer’s range. A doe weighs 70 to 140 
pounds (30 to 66 kg). Bucks weigh between 120 and 
250 pounds (57 to 120 kg). A buck may measure up to 
36 inches (90 cm) at the shoulder. 

Antler growth is similar to mule deer. Males grow 
branching tined antlers. Typical antlers are four-points 
(western count), but many blacktails mature with 
three-points per side (not counting eye guards). 

They are called blacktails because the bottom 
two-thirds of the tail is black. The tail is wider than a 
mule deer’s tail. At the base, it is brown. The underside 
is white. Blacktails are reddish-brown in the summer 
and tend to go gray-brown in the fall. 

Black-tailed deer can be found throughout western 
Canada, western Washington, western Oregon and 
northern California, but certain types of habitat hold 
them in greater numbers. If you want to see blacktails, 


watch clearcuts and burns. Logging benefits these 


animals because it opens up the forest canopy to let in 
the sunshine, New growth springs up and deer can find 
most of what they need all in one place. 

Deer need food, water, shelter and space. 
Sometimes they get all four in a clearcut. They also 
become vulnerable to hunters. That’s why you only find 
does, fawns and immature bucks in large openings. 

If you want to fill your tag with a doe (when legal) 
ora young buck, hunt the clearcuts in the morning, 
bedding areas at noon and paths leading from bedding 
areas in late afternoon. You will find the deer. 

However, clearcuts are not as easy to find as they 
once were. Now, chemicals are used to control weeds, 
what we hunters refer to as forbs and what deer call 
groceries. Today's super-fast-growing tree seedlings 
turn clearcuts into tall timber again, a lot faster than 
they used to. Also, fear of fire may keep gates closed to 
timber company lands in low-water years, with “No 
Access” signs posted until the rains come. 


It doesn’t take much habitat ta hide a deer, and many big blacktail 
bucks grow old without ever being seen by a hunter. Their 
sanctuaries provide both cover and food. Water can be reached 
after dark, During the general rifle season, bucks may spend most 
of their time in an area of just a few acres (ha). 
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In open country and oak 
savannah, black-tailed deer are 
vulnerable to spot-and-stalk 
tactics. Take up a position before 
first light and employ a spotting 
scope to cover a lot of distance 
from one place. An afternoon 
stand can pay off with a glimpse 
of a big buck right before dark. 


A good strategy is to look for the pockets the crowds pass by. Sometimes they may be so obvious that no one would think 
‘to hunt there. Sometimes they are so far back in the timber or the brush is so thick that other hunters detour around it. 

In oak savannah, the hills are often bare, especially the south-facing exposures. Blackberry bushes, poison oak, oak 
‘trees and scattered pines grow up the sides, with bedding cover found in the run-off washes and along the creek bottoms. 


Old road beds provide dependable travel corridors and trails are visible from hundreds of yards (meters) away, showing 
where a hunter might expect to see a deer emerge from the heavy cover. 

Deer are easily seen from the tops of the hills, but usually, glimpses of does and forked horns are the pay-off. Wiser 
bucks know to bed in the sticker patches when the orange-clad horde takes to the ridges. The bigger bucks have seen it 
all before. 
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Finding Unpressured Deer in 
Pockets of Cover 


To find pockets that other people pass by, use a 

7.5 Minute Series, 1:24000 U.S. Geological Survey 
map. With the contour intervals of 40 feet (12 m) on 
47.5 minute topo, it’s casy to pinpoint roadless areas, 
identify swamps, spot north-facing ridges and locate 
most of the springs and seeps. You can also identify 
escape routes and make an estimate at where to find the 
dense cover where deer bed. 

In these hideouts, most big black-tailed bucks 
grow old without ever being seen by a hunter. Their 
sanctuaries provide both cover and food. Water can be 
reached after dark. During the general rifle season, bucks 
spend most of their time in an area of just a few acres 
(ha) and feed after the sun goes down. 

Private land may be the key to access, even to 
public ground. Get permission to cross a neighbor's 
land. If parking pull-outs are few and far between, have 
someone drop you off along the road. Ifa stream is the 


boundary, use waders or float a boat. Whatever it takes, 


hunt the ground other hunters can't or won't get to. And 
dont fall into their patterns. 

Mature blacktails seldom come easy, Examine aerial 
photos and topo maps to find the places where the big 


When scouting for blacktails, think small. A strip of trees between 
roads can hold a deer. A half-acre (0.2 ha) behind the barn may 
hold a buck, as will an island in a river or a lake. You may find such 
a spot anywhere in blacktail country. 


boys live. Locate natural escape routes such as saddles 
and canyons. Look for brushy shelves where a buck can 
watch his backtrail ftom his bed. Locate a trail from 

a nearby feeding area or water and you have found a 
buck’s living room, 

Hunt into the wind and watch every step. Move 
too fast and deer will see you before you spot them, 
Slow down. Every time you take a step, a new window 
opens in the heavy cover. Look for the horizontal line of 
a back, the black of a nose, the flick of a tail, the crook 
of a leg or sunlight glinting from a nut-brown antler. 
Carry binoculars on a harness against your chest, not in 
a daypack. And use them. 

Learning to recognize feed, water, bedding ground 
and escape cover are the fundamentals of hunting these 
most challenging of our western deer. 

Carry your lunch and stay in the woods all day. Watch 
a trail leading into a bedding area and let other hunters 
push the deer your way. In the timber, hunt from above, 
whether from a tree stand or looking down from a high 
cliff. Such stands afford greater visibility, keep you above the 
line of sight and keep your scent stream above the game. 

In open country, use a spotting scope to scout bucks 
on distant hilltops, Ics always better to see them first 
and plan a strategy. 


Black-tailed deer are among the most wary of all big game 
animals. Learn their habits, their preferred foods, and their 
bedding areas. Scouting pays off with more deer sightings during 
the season. 
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ELK 


Sought after and prized for its magnificent antlers and 
savory meat, a mature bull elk is the big game hunter's 
greatest trophy. A large animal may have antlers 5 feet 
(1.5 m) long. 

Antlers of the largest bulls, called monarchs, have 
eight points on a side. Imperial elk have seven points 
per side and royal elk six. The record elk rack has eight 
points on one side and seven on the other. The main 
beam of one antler measures 59% inches (151.5 cm); 
the other 55% inches (141.3 cm). The rack, which has a 
45% inch (115.5 cm) spread, came from an elk taken in 
Colorado in 1899. 

‘Two varieties of elk provide the vast majority of 
hunting, Most numerous is the Rocky Mountain elk, The 
slightly larger Roosevelt elk lives in the coastal mountains 
of the Pacific Northwest. Elk are brownish-gray with 
long, chestnut-brown hair on the neck. The tail 
and rump patch are buff-white. Bulls average about 
750 pounds (337.5 kg) and stand 5 feet (1.5 m) high 
at the shoulder. Cows weigh about one-fourth less. The 
smaller tule elk are found in California, 


Elk prefer heavily timbered country broken by 
clearcuts, burns and meadows. The best habitat is in 
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remote, mountainous terrain laced with streams and 
small glacial lakes. Elk also make their home in desert 
environs. In dry country, elk have large territories and 
do not tolerate human disturbance. 

Cow elk live in large herds which also include calves 
and an occasional spike bull. An old cow leads the herd, 
alerting the others to danger with a sharp bark. Older 
bulls live alone or in small groups of up to six. Bulls 
wander more than cows, shunning cow herds until the 
mating season. 

The breeding season or rut begins sometime 
between late August and mid-September. Bulls break 
out of their summer bachelor herds and locate on 
ridgelines. A dominant bull, called a herd bull, bugles to 
advertise for a harem that may number up to 30 cows. 
He protects them from the advances of younger males, 
also called satellites or of other herd bulls. 

To detect danger, elk rely mainly on a keen sense of 
smell. They also have excellent hearing. On windy days, 
when swishing tree limbs would obscure the sound of a 
hunter's approach, they become nervous and retreat to 
heavy cover. Elk quickly notice movement, but usually 
ignore stationary objects. 

An elk can run 35 mph (56 km/h) in a short burst 
and can maintain a 15 to 20 mph (24 to 32 km/h) trot 
over a long distance. A running bull carries his nose 
high, so his antlers lay back along his body and do not 
tangle in branches. Elle are strong swimmers and can 
jump obstructions up to 10 feet high (3 m). 

Elk feed mainly on grasses. As winter nears, they 
browse on twigs and leaves from shrubs and trees. The 
morning feeding period begins about one hour before 
sunrise and lasts until one hour after. In late afternoon, 
they begin feeding about two hours before sunset 
and continue until dark. Elk usually have four or five 
shorter feeding periods during the day, each lasting 
from 15 minutes to one hour, Because they eat so often, 
elk usually bed within 1 mile (1.6 km) of where they 
feed. They prefer bedding areas with a good view, like 
a grassy terrace or bench about half of the way up on 
a hillside. 

In summer and early fall, elk scatter over a large area 
at high elevation. The rugged terrain prevents intrusion 
by humans. In late fall, heavy snow and extreme cold 
push elk to lower elevations, But with a break in the 


weather, they may return to high altitudes. Some herds 
move 100 miles (161 km) to find the right conditions. 
Daily movement patterns depend on hunting 
pressure. When not disturbed, elk feed in open 
meadows or areas with young trees and shrubs. They 
bed down at the edge of timber nearby. If threatened, 
they move up to 5 miles (8 km) into the timber after 


Droppings that are elongated and % to 
1h inches (1.9 to 3.8 cm) in length mean 
that elk have been browsing on twigs and 
leaves. Droppings in a large mass are from 
elk that have eaten green grass 


from below. 


Wallows are made by big bulls to 
announce their presence to cows. A bull 
scrapes out a depression at a spring seep. 
He urinates in the mud, then rolls in it 
plastering his body. 


feeding. Or they may retreat to a steep, conifer-studded 
slope where they sniff rising air currents to detect danger 


Migrations in late fall begin when snow depth 
reaches 19 inches (48.25 cm) or more and temperatures 
plunge below zero Fahrenheit (-17°C). Elk move to 
snow-free, south-facing slopes at lower elevations. 


Bugling consists of a series of 
melodious whistles, progressing 
from a low to high pitch, 

Herd bulls bugle to intimidate 
competing males. Challengers 
bugle and chuckle to lure the 
herd bull away from his harem. 

In addition to bugling, herd bulls 
bellow, rake trees with their 
antlers, display and spar with 
other bulls to drive them off 
Occasionally, two bulls fight each 
other in a test of strength. 


Fresh rubs during the rut also advertise 
a large bull’s presence. Elk rubs are 
higher than those made by deer and 
the bark of the sapling is stripped over 
a greater length 
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dense spike [4]. Particle dark matter 
annihilation makes the spike to be a 
compact source of photons, electrons, 
positrons, protons, antiprotons and 
neutrinos, It reminds us for that there is a 
similarity among pitting corrosion with 
electrochemical noise, laboratory plasma 
pinching (dense plasma focus, forexample), 
fast laser induced ion beams [5] and quasar 
spiral model with high-energy cosmic rays 
in spiral center in spite of large dimension 
difference. Comparing the experimental 
results of electrochemical cells with excess 
heat and nuclear transmutation to 
astrophysics phenomena, it issupposed that 


the investigation of vortex dynamics of 
torsion coherence with the zero-point 


energy is ess 
pointenergy. 


ntial for tapping the zero- 


As it is predicted by quantum mechanics 
that the vacuum is seething with active 
energy, even at temperature of zero point 
Kelvin. This zero-point energy (ZPE) can be 
thought as an infinite number of virtual 
photons that are popping out of the 
vacuum and going back in, but should be a 
measurable effect en masse. To exam the 
origin of ZPE background, the interaction 
of matter with the ZPE can be treated on 
the basis of charged point particles 
interaction with a background of 
electromagnetic zero-point radiation with 
spectral-energy density. 


Based on observation in the experiments, the 
following features are considered in order to 
understand the experimental results with 
electrical discharge systems, 


A. ELECTROCHEMICAL DOUBLE LAYER 


In an electrolytic cell, the electrolysis with 
high conductivity and the electrochemical 
double layer with large layer-capacitance 
lead to a typical structure of the cathode 
potential distribution similar to the cathode 
drop of glow discharge in low gas pressure. 
For a compact layer the thickness of the 
double layer is equal to one ionic layer, across 
which there isa linear fall of potential. Thus, 
high electric field exists in some regions on 
the surface of the cathode. 


The local enhancement of the electric field 
on the cathode surface with the double 
layer is related to the protrusions and 
cracks similar to the tip discharge in air or 
in a vacuum. The current distribution 
depends strongly on the surface roughness 
and the work function of the electron 
emission, A high transient current density 
(> 108A/cm?) could be expected due to 
enhanced field, 


B. ENERGY CONCENTRATION 


On the cathode surface, the high persistent 
electrical fields (>10’V/cm) and large 
equivalent capacitance (>25 uF /cm?) lead to 
a high energy concentration in the double 
layer [6]. The concentrated field on the tips 
of the protrusions or cracks after a long- 
loading period with deuterium on the 
palladium cathode surface creates a high 
transient electron flux because of the large 

istributed capacitance and the negligible 
inductance in a localized discharge mini- 
network. The experimental data show that 
the reactions take place only in some 
restricted areas that have specific properties. 
The idea of micro fusion due to the results of 
energyconcentration and the high deuteron 
flux could be used to explain the nuclear 
transmutation, 


C.TORSION FIELD AND THEIR 
EXPERIMENTAL MANIFESTATIONS 


Elementary particles have the moment of 
quantity of motion, i. spin. If in any 
substance the spins of particle have a 
preferable direction, then it isinterpreted as 
spin polarization of the substance. Every 
substance creates a torsion-field (or called 
spin-field or axial field) in the space 
surrounding it when polarized by spins [7] 
The superposition of torsion field, 
generated by the atomic and nuclear spins 
of each molecule, determines the intensity 
of torsion field in the space surrounding 
each molecule. Torsion field has strong 
penetration ability and does not interact 
with the crystal lattice of substances. The 
torsion field created by rotation of some sort 
of matter is concentrated in two opposite 
beams propagating along the rotation axis. 
The intensity of torsion-field with some 
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Hunting for Elk 


A successful elk hunter must earn his or her trophy. 
Unlike most other big game animals, elk retreat deep 
into the forest or climb to extreme elevations to escape 
hunting pressure. 

Plan to spend several days on the hunt. Scout a 
prospective area to find fresh elk sign, then set up camp 
at least 1 mile (1.6 km) away. 

Scent can help you locate areas used by elk. The 
animals emit a strong, musky odor. The scent lingers in 
bedding or wallowing areas long after the elk leave. 

One of the most productive techniques is 
stand-hunting in early morning and late afternoon, 
especially when the stand is on or near a saddle that the 
elk use to move between one drainage and the next. For 
a morning hunt, walk to your stand in the dark, moving 
quietly to avoid spooking any elk in the vicinity. Remain 
‘on your stand until about two hours after sunrise, 
glassing to find elk that you could stalk. In the afternoon, 
be on your stand at least two hours before sunset. 


Pack trains enable hunters to reach the remote, mountainous areas 
which offer the best elk hunting. Horses or mules also simplify the 
task of carrying out the antlers and cut-up carcasses 
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Calls include: (1) flute, (2) pigtail and (3) tube types. Diaphragm 
calls (4) mimic small, medium and old bulls. Tapes, CDs and DVDs 
(5) help you lear the best calls 


In midday, when elk are bedded down, you are more 
likely to see them by still-hunting. The technique works 
best when the ground is damp or covered with soft snow. 
Noise doesn’t spook the elk as much as scent does. Use 
scent control to keep the human odor in check. 

Driving can be effective, but only if the hunting party 
is familiar with the terrain, Drivers approach from below 
a known bedding area and push the elk uphill to posters. 
‘The posters station themselves along game trails in thick 
timber or near clearings where elk are likely to break into 
the open, Startled elk make plenty of noise. But more 
often, they slip away silendly, so posters must watch closely. 

During the rut, hunters can bugle in bull elk. Many 
elk calls mimic the high-pitched, squeaky whistle of a 
spike bull. This call infuriates the herd bull. He thinks 
an unworthy youngster is making a play for his harem, 
so he moves toward the caller, ready to do battle. Ifa 
bull answers but does not move, he is probably guarding 
his harem and reluctant to leave. In this case, try 
stalking close enough for a shot. 

Because elk are so large and shooting distances so 
long, most hunters prefer high-velocity cartridges of 
.270 caliber or larger. Use a bullet weighing at least 
150 grains. 

A bow hunter should use a bow set up with a pull 
weight of at least 50 pounds (22.5 kg) and a razor-sharp, 
strong, fixed-blade broadhead. Muzzleloader hunters are 
best equipped when using a .50-caliber or larger, stoked 


with a premium bullet. 


Bugle for elk starting at dawn. When a 
bull answers, move toward him, staying 
downwind and calling about every five 
minutes as long as he continues to 
respond. Keep approaching until you get 
within about 400 yards (366 m). Then, 
select a blind and continue calling to lure 
him within shooting range 


Stand-hunt above trails or wallows or 
at the edge of a meadow where elk 
feed. Trails and feeding areas are most 
productive in early morning and late 
afternoon. Bulls usually visit wallows late 
in the day. 


Still-hunt to within shooting range. Bowhunters often get as close Follow fresh elk tracks in the snow. The tracks generally measure 
as 20 yards (18 m). Start by walking a ridge, looking for elk on 3% to 5 inches (9 to 13 cm). Stay an the trail as long as it 
terraces or hillsides. Approach elk from above because they usually goes downhill; stay above the trail if it moves across the slope. 
watch the downhill side. Constantly look ahead so you see the animal before it sees you. 
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MOOSE 


Most hunters are awestruck by the sight of their first 
bull moose. 

With antlers towering 10 feet (3 m) above the 
ground, a bull moose is truly a magnificent sight. A 
large bull weighs 1,200 pounds (540 kg) and moose 
up to 1,800 pounds (810 kg) have been recorded. The 
world-record rack has a 65-inch (165.4 cm) spread. 
The right palm measures 54% inches (138.4 cm) and 
has 19 points; the left 53% inches (136.5 cm) with 
15 points, 

Like other members of the deer family, moose have 
an excellent sense of smell and good hearing. But their 
eyesight is poorer than that of deer. Moose seldom 
notice a nearby hunter if he or she does not move. 

Despite their size, moose can run up to 30 mph 
(50.8 km/h). When spooked, they crash through brush 
and small trees, ignoring trails. But moose can also slip 
quietly through cover to elude a hunter. 

Young hardwood forests with scattered conifers 
and brushy lowlands make ideal moose habitat. The 
dense undergrowth provides ample food and bedding 
cover. But they can also live in older forests with 
little underbrush. 
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A big bull can browse on vegetation up to 11 feet 
(3.35 m) off the ground. Ifit cannot reach the upper 
portion of a small tree, a moose straddles the trunk, 
then starts walking. The animal bends down the tree, 
feeding on leaves and twigs as it walks. Moose feed most 
heavily from just before sunrise to about two hours after, 
and again in late afternoon. But they may feed anytime 
during the day or night. When not feeding, moose bed 
down in the thickets. 

Most of the year, moose live by themselves. They 
lead docile lives, seldom moving more than 4 mile 
(0.8 km/h) in a day, but during the rut, which begins 
in September, bulls become ill-tempered. They have 
been known to attack cars and even trains. Rutting bulls 
regularly visit wallows. Both sexes roam widely during 
the rut, sometimes wandering over 10 miles (16 km) 
from their usual home range. 

Hunters see the most moose on clear, calm days. 
Heavy overcast, rain, snow or high winds keep the 
animals bedded down. 

Before you hunt, scout the area for sign. With 
animals of this size, the evidence will be obvious. 
Select a stand near a wallow, a well-used stream 
crossing or any spot where the topography funnels 
moose through a small area. Get to your stand before 
daylight, remain until mid-morning, then return in 
late afternoon. 

Still-hunting can be effective at midday, especially 
if there is snow to quiet your footsteps. If you attempt 
to sneak through heavy timber and brush, you will 
make too much noise. During the rut, antler rattling 
or calling may lure bulls from dense cover. Using 
cupped hands or a birchbark megaphone, make a 
series of short grunts to imitate a cow in heat. If you 
hear a response, pour water ina puddle to imitate a 
cow urinating. 

In hilly or mountainous country, hunters 
stalk moose after spotting them with binoculars. 
Float-hunting works well along streams and lakeshores. 

Most moose hunters use large-caliber rifles 
and high-velocity ammunition, similar to those used 
for elk. A moose may not drop immediately after 
the shot. To prevent losing a wounded animal, wait 
10 to 15 minutes for it to lie down, then begin to 
track it. 


TIPS FOR FINDING MOOSE 


Moose have a dark brown, 
almost black, coat. A large bull 
stands 7 feet (2 m) tall at the 
shoulder and measures 10 feet 
(3m) in length. Each antler has a 
large palm with numerous points 
along the outer edge, Moose 
usually stay near water. Bogs and 
lakes provide a source of food, 

a place to cool off and a refuge 
from swarms of insects. Excellent 
swimmers, moase will not 
hesitate to cross a fast river or 
even a large lake, Moose tracks 
measure about 5 to 7 inches 

(13 to 18. cm) long, 


Broken saplings indicate a bull moose Droppings measure 1 to 1'4 inches (2.5 to 
in rut. A bull twists off saplings with his 3.8.cm) long. When moose are eating 
antlers to advertise his presence to cows. browse, droppings have a consistency 


similar to compressed sawdust, 


Brushy lowlands are favorite feeding 
areas. Moose prefer red-osier dogwood, 
willow, aspen, birch, mountain ash and 
aquatic plants. 


can complete your stalk before the animals retreat to bedding areas. 


Giass for moose along forest edges, in willow swamps or near other feeding areas. Get to your vantage point early, so you 


Float-hunt for moose if preliminary scouting shows abundant sign along the stream bank. The technique works best in 


early morning and late afternoon, when moose come to drink and to feed on shoreline willows. 
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PRONGHORN 


‘The fleet-footed pronghorn can reach a speed of 60 mph 
(96.5 km/h), unmatched among North American big 
game animals. According to fossil records, they are 

the only true native big game species on the North 
American continent. Ie is thought that all other big 
game are descended from animals that crossed the 
Bering Strait from Asia. 

Hunters refer to pronghorns as antelope but they 
are not related to the antelope of Africa. Pronghorns get 
their name from the sharp prongs that project forward 
on the horns of bucks. Their upper body is tan; the 
underside and rump white. The record pronghorn rack 
has a right horn measuring 17% inches (45.1 em) in 
length. Its left horn totals 1714 inches (43.8 em) long. 
‘The animal was shor in Arizona in 1985. 

Special adaptations for stamina such as an 
oversized windpipe and large lung capacity compared 
to their body size enable pronghorns to maintain high 
speeds for several miles (km). Their large eyeballs are 
approximately 2 inches (5 cm) in diameter and their 
vision is unequaled. 

Pronghorns prefer open plains, prairies and treeless 
foothills, The best habitat has rolling hills sprinkled with 
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water holes and ample sagebrush for food. One study 
showed that the typical diet consisted of 55 percent 
sagebrush, 30 percent rabbitbrush, 7 percent grass 

and 5 percent forbs (broadleaf plants). They feed most 
heavily in early morning and late afternoon, but may 
graze anytime day or night. During the spring and early 
summet pronghorns get most of their water needs met 
from succulent vegetation in their diet, but in the dry 
seasons of midsummer and fall they go to a water hole at 
least once a day. 

This animal is wary and nervous and constantly on 
the lookout for any signs of danger. The pronghorn’s 
sense of smell is good; however, sight and speed are 
their primary defenses. When alarmed, an antelope 
flares its white rump hairs or makes a barking sound, 
alerting others in the herd. Contrary, however, to their 
skittish nature, pronghorns are remarkably curious and 
may move a considerable distance to investigate an 
unusual sight. 


‘Most antelope weigh 80 to 130 pounds (36 to 58.5 kg), with the 
largest bucks weighing up to 140 (63 kg) 


‘The breeding season begins in August in northern 
pronghorn range and may occur as late as November 
in the south. In spring, mature dominant bucks claim 
territories that contain the best food and water. They 
vigorously defend the territory against other intruding 
bucks. As the rut approaches, the dominant or herd 
buck attempts to gather and keep a large harem of does 
in his territory, breeding each when they come into 
estrus. Pronghorn buck fights, as the herd buck chases 
intruding bucks away, seldom result in serious injury. 
These distractions can last long enough for a hunter to 
stalk within range. 

Spot-and-stalk is the primary tactic when hunting 
pronghorns. The hunter glasses, with binoculars or a 
spotting scope, from a high point of ground. After a 
good buck is spotted, a stalk, utilizing any available 
cover, is planned to get within shooting range. 


Stand-hunting tactics can be used if a herd shows 
repeated daily movement patterns. Some hunters set 
up a blind and wait near a well-used waterhole or fence 
crossing. Pronghorns prefer to go under or through 
fences, They habitually cross at the same places, 
leaving hair on the barbed wire or on the ground. 
Stand-hunting near these locations is often productive. 

Most hunters opt for a flat-shooting rifle, but using the 
contour of the land a gun hunter may be able to approach 
within 100 yards (91 m). Bowhunters must get much closer 
and have developed methods to overcome the limited range 
of their weapons. Decoying can be an effective method 
when the bucks are rutting. The hunter puts up the decoy 
within sight of a dominant buck, hiding behind it, hoping 
that the antelope will challenge this intruder. Antelope calls 
may also be used, when decoying, to challenge aggressive 
bucks. Calls may be used by a gun hunter. 


TIPS FOR HUNTING PRONGHORN 


Identify bucks by their black cheek patch. Mature bucks have horns 
that extend above the ears. Some does have buttons or spikes, but 


they are shorter than the ears. 


Challenge a rutting buck during the archery season using a decoy. 
Never use a decoy during gun season 


Stand-hunt from a blind near a water hole or fence crossing. Or 
simply hide in a depression 
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BLACK BEAR 


The complete hunter not only hunts for deer, elk, 
caribou and moose, but does his or her part to control 
predator populations. Spring and fall bear hunts offer 
another chance to pursue your passion. 

The black bear is a predator and an omnivore. 
‘To some it is a pest, to others a trophy. To all it is 
an icon of wilderness and wild country. Of all big 
game animals, bear are the most misunderstood. 
Black bear are dangerous game because they 
are unpredictable. 

Black bear favor a habitat of mixed conifers and 
hardwoods, with clearings that produce food. A bear's 
diet consists mainly of berries, fruits, nuts, grasses and 
crops. They also eat insects, small and large mammals 
and fish. In spring, they may feed on carcasses of 
animals killed by severe winter weather. Bear have an 
enormous appetite in lare summer and fall. A mature 
boar can gain over 100 pounds (45 kg) in preparation 
for hibernation. 

Bear feed most heavily during cool morning and 
evening hours. They remain in the shade on hot days 
because their fur absorbs too much heat from the sun. 


Windy or rainy weather limits their activity. 
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With the exception of the June breeding season, 
males or boars, lead solitary lives. Sows stay with cubs 
for about 1% years. Boars have a much larger territory 
than sows, often over 100 square miles (260 sq km). 

They may go into hibernation between October 
and December depending on the latitude and weather 
conditions. They remain in their dens until April, 
although they occasionally wander about during a warm 
spell. In warmer climates, bear may not hibernate. 

If they do, hibernation begins later and does not last 
as long. 

Black bear come in color phases. Most are glossy 
black, brown or cinnamon, but they may be white or 
even bluish. A large boar weighs 300 to 400 pounds 
(135 to 180 kg); some exceed 600 (270 kg). Sows 
weigh about one-third less. The largest black bear on 
record weighed 802 pounds (360.9 kg). It was taken in 
Wisconsin in 1885. 

Biologists rate the bear among the most intelligent 
game animals. A bear can run 25 mph (40 km/h) and 
climb a tree in seconds. They rely mainly on a keen 
sense of smell to find food and detect danger. They have 
excellent hearing and fair eyesight. 

Even in good bear country, the animals are not 
abundant, averaging only one bear for every 2 square 
miles (5.2 sq km). Because bear are scattered, hunters 
employ techniques seldom used for other big game. 

‘To many, the music of a pack of hunting hounds 
is what the chase is about. Walkers, black-and-tans or 
Plotts are most often employed for bear hunting. A bear 
can run for miles (km) and often loses the dogs. When 
cornered, it can quickly kill or injure a hound. Some 
hunters pursue bear solely for the sport of the chase. 
Once an animal is treed or brought to bay, they call off 
the dogs and let it go. 

Others like the intrigue and challenge of luring a 
bear with baits. Baiting takes advantage of the bear's 
highly developed sense of smell. A bear can detect the 
scent of bait at up to 3 miles (4.8 km) away. This method 
works in spring when hungry bear emerge from dens and 
in fall when they feed heavily to build up fat reserves. 

Patient spot-and-stalk hunting pays off where the 
use of dogs or bait is illegal. Hunters choose a canyon 
where they can watch the edge of a meadow or a patch 
of berries to spot feeding bears. 


Calling works as well. A rodent or a fawn-in-distress 
. Use 


electronic call to bring the bear within range. Let the 


call can bring in a hungry or curious be 


in 


call play constantly for up to an hour or more. 
In some regions, damage complaints from bears are 
at an all-time high. Wildlife biologists have fewer tools 


today to deal with problem bears. The biologist’s best 
friend is the hunter who has mastered the art of hunting 
the black bear. 

Bear hunters use rifles of at least .30 caliber and bullets 
that weigh at least 165 grains (10.7 gm). You can kill a bear 


with a smaller caliber, but a larger caliber is most effective. 


If there's one thing a hungry bear 
wants more than anything else, 
it’s an easy meal. And he’s used 
to taking food away from smaller 
predators, Black bear will come 
to a call, but bears have a short 
attention span. On the way in, he 
may stumble across a berry patch 
or a spawning salmon. Keep the 
sound rolling to keep him on 

the move, And give him time. 
Depending on how far he's got 
to travel, you may see the bruin 
ina few minutes or an hour. 
Keep the wind in your favor and 
your confidence high. Commit to 
spending an hour at each call set. 


Tracks (left) have distinct claw marks and measure 3'/ to 5 inches (9 to 
12.7 cm) wide. The front foot is 4 to 5 inches (10 to 12.7 cm) long; the 
hind foot 6 to 7 inches (15.25 to 17.75 cm), 


Damaged trees or bushes are common feeding signs. A bear rips down 
a branch with its claws, then strips off the fruit or berries 


Droppings reveal what bear have been eating. They often contain 
berries, grass, hair and wood eaten along with insects 


Bait black bear with food scraps. Cover each bait station with logs to 
keep out smaller scavengers, Bait several different locations before the 
season, then select a stand near a bait-site that bear visit regularly 


Follow hounds on foot or horseback until they tree or corner a bear, 


Hunters scout a potential area to locate fresh tracks, then release the 
dogs. Even if the scent is cold, good dogs pick up the bear's trail. 
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WILD BOAR 


‘The Spanish brought the first domestic hogs to 
California in the sixteenth century. Today, their 


descendants can be hunted in many places in the South 


and in California and other western states. 

This isn’t your average agricultural species. Adult 
wild hogs tip the scales between 100 and 200 pounds 
(45 and 90 kg). Boars can reach 375 (169 kg). Most 
European/feral crosses have a coat of long, coarse, dark 
hair, Boars grow wicked tusks and are not the kind of 
animals you'd like to run into on a narrow trail. 

Wild hogs come in all shapes and sizes. Long, 
coarse, dark hair is a characteristic of wild swine, 
wherever they are found. The ears are small, erect and 
hairy and tufted at the tips. Tails are long, straight and 
mule-like, in comparison with domestic pigs. They 
are lean, with shoulders higher and wider than their 
hindquarters. A wild boar may stand up to 35 inches 
(89 cm) at the shoulder. Wild hogs also have longer 
snouts than domestic swine and longer, sharper tusks, 
(up to about 3 inches/7.6 cm in length). 

Wild hogs are also faster runners than their 
farm-bound kin. They can hit speeds of up to 35 mph 
(56 km/h). 
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In periods between rains, you can scout for hogs at watering holes 
and fresh wallows. Such places will be visited by hogs at least once 
a day. A word of warning—bag your boar before he’s all covered 
with fresh mud. 


‘They eat everything from acorns to alfalfa, to 
rattlesnakes and bird eggs. And they multiply. Starting 
at six months old, a sow can produce piglets at the rate 
of two litters per year. 

There is no limit on hogs in many states. You need 
a hunting license and you may need a tag, And all your 
hunting skill. 


Spot-and-Stalk for Swine 


A spotting scope can help locate hogs, but often, 
binoculars are all you'll need. You can watch from one 
vantage point or move from hill to hill. Your best bet is 
in the first hour and the last hour of the day. Generally, 
the herd is bedded down for the day, but may get up to 
move around a little at noon. 

Feeding swine don't stay in one place very long. 

If you spot animals a long way out, watch them long 
enough to get an idea where they're headed. Then meet 
them there. 

For two or more hunters, it’s often better to split 
up to cover more ground. But hunting should be 
conducted in a low-impact manner. Stay on roads 
and established trails and out of bedding areas. Spook 


the herd and they're likely to leave the area or go 
nocturnal. When you crest a hill, go easy. Take a few 
steps then glass the habitat thar has just opened up 

to view. 

Hogs aren't known for superior visual acuity, but 
too often hunters don't give a hog’s eyes enough credit. 
‘As much as possible, use the terrain and the cover of the 
trees to get in close enough for a shot. 

Wind direction is the biggest consideration, Let 
them smell you and those hogs will be heading for cover 
in a hurry. Better to constantly check the way the breeze 
is blowing and plan your hunt and your stalks to keep 
the wind in your face. 

Hogs are creatures of habit. The same trails are 
used day after day, season after season, dependent 
on the food sources. In ranchland, you'll see dozens 
of broad trails leading from bedding areas to feeding 
areas, You'll find coarse black hair on the barbs of a 


fence and deep split-toed tracks at watering areas. 
Choose a stand where you can keep track of two or 
more trails at once. 

In periods between rains, scout for fresh wallows. 
Such places are visited by hogs at least once a day. 


Guns and Loads for Wild Boar 


The wild boar is not easy to kill. It has a tough shoulder 
hide called a shield that protects it from thorns. Your 
bullet muse penetrate this armor and retain enough 
energy to destroy the heart or lungs. Often the hog 
doesn’t drop at the first shot. 

Many shots have to be taken on the run. A 
well-balanced rifle can help you get on target fast. Keep 
the scope dialed down to 3x for quick acquisition of the 
target. Many hunters choose a 30-caliber like the .308 or 
the .30-06 while handgun hunters prefer the 44 Magnum. 


TYPICAL BOAR BIOLOGY 


Males and females both have 
tusks. They may grow to 5 to 9 
inches (13 to 23 cm) long. 


Wild hogs have a split toe (right) 
Large hogs leave the imprint 

of both the hooves and the 
dew claws, 


SIGNS OF WILD BOAR ACTIVITY 


Wallows (left) are used by hogs to coat themselves with mud to keep 
insects at bay. Look for tracks around water holes and the presence of 
stirred-up mud in the water. 


Two signs of hog activity: rooting for grubs and dried mud on the side 
of the tree where a big boar scratched. 


Between rains, hogs head for water every day. Look for tracks around 
water holes. 
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lower constant value can be retained for 
several weeks after the rotation is stopped. 
Such property of vortex mater has been 
recently observed in type II 
superconductors with magnetic flux line 
lattice [8]. The studies of vortex matter of 
type II superconductors have shown a 
number of puzzling phenomena associated 
with vortex motion, including: low- 
frequency noise and slow voltage 
oscillations; a history-dependent dynamic 
response, and memory of the direction, 
amplitude duration and frequency of the 
previously applied current. 


Some behaviors of the torsion-field effect 
have been observed in the experiments of 
electrolysis regarding the so-called cold 
fusion, such as when the gas bubble chains 
come out from the protrusions of the 
cathode surface a long time after 
switching off the electrolysis potential 
The more surprising thing is the heat after 
death, which has been recorded by many 
labs. This phenomenon could be 
explained by the persistence effect of the 
torsion-field produced by vortex 
dynamics of tip effect. 


D. EXPERIMENTAL RESULTS IN THE 
ELECTROCHEMICAL CELL 


9 plastic films possessing with a high 
degree of optical clarity and isotope in 
track response, and are sensitive to 
neutron, proton, tritium, alpha, and other 
charged particles, were used to detect the 
products of nuclear reactions, The films of 
2R-39 were immersed in the NaOH 
electrolyte of heavy water and placed 
adjacent to the tips of the cathode [9]. 
After 110 hours, electrolysis experiment 
with the applied voltage I V and current 2 
ma, the solid detector was etched by 6.25 
N NaOH solution in 70°C for 11 hours. The 
photomicrograph shows the cluster of 
tracks with a cycle crater of 100 zm in 
diameter and 25 wm in depth. According 
to the etching condition, the energies of 
the most of the particles, P, T, @ are 
estimated roughly to be in the range of 1- 
4 MeV. On the backside of same region of 
the CR-39 film detector, one can clearly 
see a few of tracks in the circle area or 


nearby. Such tracks are believed to be 
created by recoil-protons of forward 
incident neutrons. High concentration of 
the cluster of nuclear tracks could be 
explained by the quasar spiral model and 
by the crystal channeling effect (Fig. 1]. The 
experimental results of the generation of 
tritium with single crystal metal of Pd 
show that none of the generation of 
tritium has been revealed by using non- 
single crystal electrodes [10]. The 
importance of the crystal channeling 
effect for nuclear reactions in the 
€lectrochemical systems can be inferred 


Fig 
Schematic presentation ofa micropinch spiral 
by tip effect in the electrolysis cell 
piral structure of 
am; d) crystal channel, 
©) ion beam, 


To determine the spatial distribution of 
radiation active sites (RAS), Black-white 135 
films of 27 DIN have been used to image the 
3 fter a 1,5 year of 
deposition in glass tube of finishing 
electrolysis experiments with light water 
electrolyte for more than 200 hours running, 
the patterns of RSA were clearly formed on 
the films after exposure of 100 hours [2]. The 
bright spots corresponding to the tips of 
palladium cathode edges can be seen due to 
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Chapter 5 


HUNTING SMALL GAME 


he popularity of small game hunting stems from the relative ease of 

finding game and access. With a little scouting, you can probably 
locate rabbits, squirrels, raccoons or woodchucks within a few miles (km) 
of your home. Even with a minimum of equipment, you can find great 
sport and bring home a tasty meal. 


Even the novice has a reasonable chance of bagging rabbits or squirrels. 
But this does not mean that small game hunting is easy. Your success will 
improve as your level of skill increases. You can apply the skills you gain to 
other types of hunting. 


Small game hunters have many opportunities to enjoy their sport. Most 
hunting seasons last at least six months and some are continuous. Because 
you can find these animals close to home, you can make frequent short 
trips, which is difficult when hunting most other types of game. Almost 
all states and provinces have liberal bag limits. 


Most hunters use shotguns or rimfire rifles chambered at .17 or .22 caliber. 
But some prefer a combination gun with a .22 caliber rifle barrel on top 
and a 20-gauge shotgun barrel on the bottom. Combination guns are ideal 
for small game because you can fire one barrel at standing animals and the 
other at running targets. Other hunters employ handguns to bring home 
the game. You can also use small-caliber center-fire rifles, muzzleloading 
rifles, shotguns and bows with blunt-tipped arrows. 


A pair of waterproof leather boots is a good investment. With the possible 
exceptions of brush pants, a burr-proof jacket with a game pouch, binoculars 
and a small knife for field dressing, you need little other equipment. 


Many hunters compare rabbit and squirrel meat to chicken. Raccoon 
tends to be oily and has a distinctive flavor of its own. Small game tastes 
better if you remove the entrails soon after killing the animal. 
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COTTONTAIL RABBIT 


Rabbits don’t require a lot to thrive: a little food, water, 
shelter and escape cover. They can find everything they 
need in a few acres (ha) of ground. Best of all, rabbits 
may be hunted close to home. 

Each year, hunters throughout North America 
bag more than 40 million cottontail rabbits. This 
staggering total results from the cottontail’s tremendous 
reproductive rate and its ability to adapt to a wide range 
of habitats and foods. 

Cottontails breed in the spring and summer, 
producing up to eight litters, each with three to six 
young. They prefer brushy edges and woodlots, but 
can live almost anywhere, with the exception of dense 
forests. They eat practically any type of green plant. 
When green vegetation dies back, they switch to twigs 
and bark. 

Rabbits start feeding before dawn and continue for 
two or three hours. They resume feeding at sunset. They 
move about most on calm, sunny days. Rain or wind 
drives them into heavy cover. 

A cottontail spends most of the day sitting in a 


form, a shallow depression in grass or snow. The grass 
eventually wears away or the snow melts down and 
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compacts. Often a form is concealed by overhanging 
grass or other type of overhead cover. 

Rabbits use their superb hearing to sense impending 
danger. To escape, they bolt away on established travel 
lanes. Cottontails run in an elusive, zig-zag pattern, but 
their speed is not as fast as a jackrabbit. They average 
12 to 15 mph (19 to 24 km/h), but can reach 20 mph 
(32 km/h). 

Normally, cottontails do not run far. Rather than 
run straight away, a rabbie circles so it can stay in 
familiar territory. When frightened, it often slips into a 
woodchuck burrow or brush pile. 

You can often bag cottontails by walking through 
cover, looking for rabbits in their forms. Upland bird 
hunters flush rabbits by moving in typical walk-and-wait 
fashion. Like deer, a cottontail becomes nervous when 
a nearby hunter stands motionless and bounds from its 
resting spot. 

Hunting with dogs offers an interesting and 
effective alternative, Most hunters use slow-moving 
hounds such as beagles and bassets. When the dogs get 
close, the cottontail begins moving in a large circle and 
eventually passes within shooting range of the hunter. 
Almost any dog will chase cottontails, but if it works 
too fast, the rabbit dashes under a brush pile or down 
ahole. 

Rabbits may contract a bacterial disease called 
tularemia, which causes them to behave listlessly and 
eventually kills them. But the disease is rare. One 
researcher found it in only 2 of 12,000 rabbits he 
examined. Nevertheless, refrain from shooting rabbits 
that move slowly or otherwise behave unusually. 
Tularemia can be transmitted to humans who eat or 
handle the flesh of infected animals. 

To hit zig-zagging cottontails, most hunters use 
shotguns with modified or improved cylinder chokes 
and No. 6 shot. But when rabbits are in their forms or 
feeding in the open, reach for a .22 rifle. 


Y 
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Cottontails are named for their fluffy white tail. The fur on the upper part of the body is grayish-brown with black tips. The undersides are 
white, Adults measure 14 to 19 inches (35.5 to 48.25 cm) long and weigh 2// to 3 pounds (1 to 1.5 kg). 


WHERE TO FIND COTTONTAILS 


Strip cover, like brushy fencelines and Abandoned farms offer a variety of Brush piles provide good escape cover. 
hedgerows, makes ideal cottontail hidling spots. Look for rabbits around A fox or owl would have little chance 

habitat. The brush and high grass provide groves, under old machinery or in tall of reaching a rabbit beneath the logs 

food and cover. grass or brush. and sticks 
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Tracks of cottontails have side-by-side Runways in tall grass serve as escape Feeding signs include girdled shrubs 

hind prints ahead of smaller front prints. routes, Rabbits usually follow the same or saplings and cleanly-snipped twigs. 

One front foot falls ahead of the other. paths through cover, eventually matting Cottontails prefer the bark of sumac and 
down the vegetation. fruit trees. 


HOW TO HUNT WITH HOUNDS 
Kae se lie Oe 


Release the dogs where you find plenty of sign. Beagles have Wait in the area where the dogs first detect fresh scent, A rabbit 
excellent noses and scour the ground thoroughly to find fresh usually circles and returns to the spot where it was flushed. If it 
scent. They methodically follow the trail, slowly pushing the does not circle, try to predict its escape route, then attempt to 
rabbit ahead. intercept it. 
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OTHER COTTONTAIL HUNTING TECHNIQUES 


boa 
ahs 


Walk around the form in ever-widening circles, Look for the rabbit in clumps of brush, around the bases of trees, in tall grass or in any dense 
cover, Continue walking until you cover the entire area within a 100-foot (30 m) radius of the cottontail’s form. Follow any fresh tracks 
you encounter. 


Locate a form with fresh sign. Droppings are round and about % inch Hunt around abandoned farmsteads. Look for rabbits as you 

(95 mm) across. A rabbit seldom moves far from its form. Watch for round the corner of a building and be ready for a quick shot. Flush 
rabbit tracks as you walk a strip of cover lke a brushy fence line. A cottontails by beating a brush pile with a stick. Or climb on top of 
retriever or flushing dog will scare up tight-holding rabbits the brush pile, jump up and down and yell to scare out rabbits. 
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JACKRABBIT 


Black-tailed jackrabbits are found in low-lying 
semi-desert areas of the United States and Mexico. 
Jackrabbits (which are technically hares, not rabbits) 
may also be found in typical cortontail country and 
around tree plantations in more temperate climates. 
Night feeders, jackrabbits are best hunted in the 

low light of early morning and in the evening. 
Landowners are often happy to allow hunting to 
keep populations from destroying valuable alfalfa and 
other crops. 

The black-tailed jackrabbit grows to a length of 
about 24 inches (60 cm) and adults weigh between 
1 and 2 pounds (0.45 to 0.9 kg). They can reach speeds 
of up to 35 mph (55 km/h) and can leap up to 5 yards 
(6m) in a single jump. 

One of the most productive methods for hunting 
jackrabbits is the drive. Groups of three to five hunters 
work the best. The hunters walk in a line through good 
rabbit habitat, spread out with about 10 yards (9 m) in 
between. The preferred tools are .22 rifles and 20-gauge 
shotguns. Rabbits will be pushed out ahead of the group 
or hold tight to run the opposite direction after the 
drive has moved past. 
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For safety’s sake, high-visibility blaze orange is 
essential on these hunts and the group leader should 
ensure that the line stays intact. 

When flushed, jackrabbits zig and zag, putting 
brush and distance between the hunter and hunted. 
Unlike cottontails, jackrabbits don't often circle back, 
they're headed for the horizon. Be ready, because you'll 
probably not get another chance. 


Although blacktails are largely solitary animals, they may be 
found in large groups at certain times of the year, especially when 
feeding on a plot of alfalfa 


SNOWSHOE HARE 


The snowshoe is named for its oversized hind feet, 
which provide a large surface area to support the animal 
on soft snow. 

Snowshoes behave much like cottontails and eat 
similar foods, But they are more likely to feed at night. 
They prefer conifer swamps and young hardwood forests 
rather than brushy edges. Snowshoes are larger, faster 
and better jumpers. 

‘A snowshoe can run up to 30 mph (48 km/h) 
and change direction in the middle of a leap, so a tight 
choke is less effective. To increase their shooting range, 
many still-hunters use .22 rifles. 

Look for a snowshoe's black eye and black-tipped 
ears when hunting in snow. You can spot the animals 
more easily after a mid-winter thaw, because their white 


bodies stand our against bare ground. 

Hunting with hounds works as well for snowshoes 
as it does for cottontails. Like cottontails, snowshoes 
will stay ahead of a dog and circle back toward a 
waiting hunter. 


Snowshoes, also called varying hares, vary in color depending on 
the season, The coat is white in winter and brown in summer, 
Snowshoes are 16 to 21 inches (40.6 to 53.3 cm) long and weigh 
3 to 4 pounds (1.3 to 1.8 kg). 


Follow tracks after a fresh snowfall. About 2 inches (5 cm) of new 
snow over a hard crust makes for ideal tracking. If the snow is 
‘more than 1 foot (30 cm) deep, a pair of snowshoes make walking 
much easier. 
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GRAY SQUIRREL 


Because the squirrel can provide a good meal for 
hawks, owls, weasels, minks, bobcats, foxes, coyotes 
or humans, he must be alert at all times—whether 
on the ground or high in a tree. A gray squirrel hunt 
is a test of marksmanship for any hunter. Using their 
wide-angle vision and sharp hearing, squirrels quickly 
detect danger. 

To avoid being seen, a squirrel moves to the 
opposite side of a tree trunk or limb, Or it flattens 
its body against the tree. Once the hunter has walked 
past, it scampers to its den and stays there until it 
feels safe. 

Good habitat produces one gray squirrel per 
acre (ha). Thus, 1 square mile (2.6 sq km) of prime 
woodlands could hold over 600 squirrels. How 
plentiful gray squirrels are in a given year depends 
mainly on the previous year’s acorn crop. Other 
foods include walnuts, hickory nuts, pecans, berries 
and corn. 

Gray squirrels begin feeding just before sunrise 
and they continue for two or three hours. They 
resume feeding in late afternoon and may remain 


active until after sunset. Squirrels move about most 
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on calm, sunny days, Extreme cold or windy weather 
keeps them denned up. They seldom travel more than 
300 yards (274 m) from their dens. 

Mature deciduous forests throughout eastern 
North America hold gray squirrels. They favor mixed 
hardwoods with an abundance of mature oaks, dense 
undergrowth and few open areas. 


Gray squirrels have a grayish back and sides and whitish or 
brownish undersides. A solid black color phase predominates in 
some areas, Adults measure 14 to 21 inches (35.5 to 53.3 cm) 
from head to tail and weigh 7% to 1% pounds (0.3 to 0.7 kg) 


FOX SQUIRREL 


Named for its reddish, fox-colored fur, the fox squirrel 
differs from the gray in behavior and habitat. Some 
hunters maintain that ie is less wary and easier to outwit. 
Fox squirrels spend more time on the ground than 
pe routes. When 
threatened, they run straight for their dens or hide 
behind trunks or limbs. Unlike grays, they seldom feed 
in carly morning, They are more active during midday 


grays and rely less on treetops as esc: 


and stray farther from their dens. Fox squirrels can often 
be scen lying on a limb basking in the sun. 

Many hunters refer to fox squirrels as red squirrels. 
But the true red squirrel is much smaller and is not 
considered a game animal. 

Fox squirrels prefer woodlots, farm groves and strips 
of timber rather than forests. Like grays, they eat acorns 
and other nuts. In agricultural areas, corn and other 
crops make up a high percentage of the diet, Squirrels 
get most of their water from their food. 

Both gray and fox squirrels mak 
A series of rapid cherks or barks serves as a warning 


a variety of calls. 


signal to other squirrels. The familiar chatter means 
proaching one another. A low-pitched 
chuckle signifies contentment. 


squirrels ar 


Adult fox squirrels measure 19 to 29 inches (48.25 to 73.75 cm) 
from head to tail and weigh 1 to 2% pounds (0.45 to 1.2 kg). 


Hickory trees produce nuts that draw squirrels. You can easily identify 
hickories in early fal; they turn yellow earlier than other trees 
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the tip effect. The effect of magnetic field on 
the traces of the charged particles has been 
observed while the Pd samples exposing to 
the films, which were folding and wrapping 
upthesample, were inserted between couple 
magnets. The tracksstretching along the film 
surfaces confirm that the trackswere created 
by charged particles, electrons for example, 
with low energy about some keVs. Highly 
oriented tracks can be observed by 
autoradiography by using normal film: 
locally[Fig. 2} 


Autoradiography of charged particle tracks of beta 
delay isotopes on the surface palladium cathode. 
‘Some tracks of beta particles are paralleling the 
cathode surface. 


:. SONOLUMINESCENCE AND “BUBBLE 
NUCLEAR FUSION” 


Some scientists of Oak Ridge National 
Laboratory in America reported their 
articles of bubbles experiments in Science. 
Experimental results show that the 
radiation lights of sonoluminescence 
possess three characters: short duration 
with picoseconds; wide continual 
spectrum; highly oriented thin beams. 
Based on those characters, vortex 
dynamics with axial acceleration of 
bubble collapse could be inferred. 
Nuclear reaction with abnormal gamma 
radiation was observed [11]. Dr.Claudia 
Eberlein describes her conclusion on 
sonoluminescence that only the ZPE 
spectrum matches the light emission 
spectrum, which must be a ZPE 
phenomena [12], The effect of torsion field 
on nuclear reactions along the axis of 
vortex should be taken into consideration 


for the low ratio of the nuclear products of 
n/T due to spin polarization of reaction 
patticles. 


Axion model and the Primakoff effect are 
proposed for explanation of nuclear 
transmutation without noticeable gamma 
radiation, Many laboratories in the world 
havebeen engaged in several experiments to 
search for axions, light neutral pseudoscalar 
particles yet to be discovered. The axion 
would be produced in thesolarcore through 
the Primakoff effect if its mass is a few 
electronvolts and could be detected in the 
laboratory. 


II. CONCLUSION 


Researchers of new energy study of "cold 
fusion" type should pay great attention to the 
general processes of electrolysis to find the 
key points, which could playa major role in 
the transit from the electrochemical 
processes to processes of torsion and the 
nuclear processes, From the authors! point of 
view, the evolution of double layers is of 
importance to understand the anomalous 
effect, typically on the protrusions of 
cathode. The change of space-time near the 
tips due to torsion field generated isexpected 
to delivery the zero-point energy, and 
dynamic Casimir effect for the evolution of 
gas bubbles on the tips are expected to 
generate photons and excess heat [1]. The 
ields of transmutation productsare related 
to the current distribution on the cathode 
surface. The cathodes of thin wire were 
benefit to the generation of nuclear reactions 
and excess heat for electrochemical systems. 
Careful examination of the evolution of 
electrochemical double layer will lead to a 
good understanding of pitting corrosion 
with electrochemical noise, and further to 
recognize the anomalous excess heat and 
nuclearreactions 


Heat after death was observed at many 
laboratories. Itisbelieved that the persis 
behaviors of torsion field can be used to 
explain such anomalous phenomena. 


The contact between beads coated with a 
thin metallic layer or multilayered film and 
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SIGNS OF SQUIRREL ACTIVITY 


Acorn shells at the base of a tree indicate a squirrel den Stripped comcobs also reveal squirrel activity. Sign along a fence 
somewhere above. Sign in a large forest is usually left by grays. line or in a small woodlot is generally that of fox squirrels 


Dens are made by squirrels gnawing at small openings like Nests consist of twigs and leaves piled into a crotch or woven 
woodpecker holes. Dens are about 4 inches (10 cm) wide and at into the branches. Nests are 1 to 2 feet (30 to 60 cm) across and 
least 10 feet (3 m) off the ground. 20 feet (6 m) or more above ground. 
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Hunting for Squirrels 


Look for stands of oak trees or other nut-producing 
trees, An old apple orchard close to timberlands may 
also produce good hunting, 

Mast crops very from year to year and squirrels 
locate near this food. During late summer squirrels eat 
wild cherries, poplar buds, maple seeds, mulberries, gum 
berries and fruits, or the seeds of trees that ripen early. 

As fall progresses squirrels start their heaviest 
feeding of the year, preparing for winter. They cut or 
feed on the nuts of pecan, hickory, walnut, oak or beech 
trees. Piles of small pieces of chewed nut hulls dropped 
on the ground under these trees, called cuttings, are 
evidence of feeding. 

In agricultural areas, squirrels concentrate near 
cornfields; look for sign where squirrels have climbed 
cornstalks to eat the kernels off the cob or where they 
have pulled down the cobs. 

During the warm days of early and mid-fall 
squirrels may start feeding at night and continue until 
after daylight, resting during the warm part of the day 
and feeding again in late evening. Feeding and storing 


nuts for winter lasts longer into the daylight hours as 
the season progresses. Later in the season squirrels spend 
more time on the ground gathering, digging and storing. 
Hunting can be good during the squirrels major 
breeding period, which starts in December or January. 
Squirrels lose their normal caution as they begin 
courtship, paying less attention to hunters. 
‘The still-hunter watches for the slightest movement, 
the twitch of an ear, the flicker of a tail, the shine of 
an eye and listens for the cutting of teeth on nuts or 
the skitcering of claws on bark. Freeze and investigate 
cach noise. Windy or rainy weather covers your 
sound, allowing you to move through the woods with 
more stealth, 
Stand-hunting can be the most productive tactic 
when the woods are too noisy to still-hunt. Sit quietly 
in a feeding area, watching for movement. Remain still 
after shooting one; sometimes squirrels resume normal 
activity after a few minutes. 
Most squirrel hunters use 


ifles with scopes up 
to 4x. Shotguns are a good choice; carry a .410 or a 20 
ora 12-gauge with No. 6 shot. 


Hiding on the opposite side of a tree trunk is the squirrel's favorite method of eluding the hunter. No matter where the hunter is, the squirrel 
is always on the other side of the tree, 
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HOW TO STAND-HUNT FOR SQUIRRELS 


Sit quietly, glassing trees with binoculars. Call to coax squirrels into revealing Click coins together to imitate a scolding 

Choose a spot with the sun at your back. themselves, Calls include a blow call (left) squirrel. Place one coin slightly lower than 
That way, you can see squirrels but they and a bellows call (right). Either can be the other and rapidly snap the lower coin. 
may not see you used to produce barks and chatters. 


OTHER SQUIRREL HUNTING TECHNIQUES 


Team-hunt with a companion. With this method, squirrels cannot 
hide on the opposite side of a tree without being seen. Be ready to 
shoot the moment a squirrel moves to your side of the tree. 


Toss a stick or rock to the opposite side of a tree. Or tie a string to Float-hunt along streams bordered by nut trees. The extra sunlight 
a bush on one side of the tree, then move to the other side and and moisture result in good nut crops that attract squirrels. 
tug it sharply. The motion will frighten squirrels to your side. 
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PRAIRIE DOG 


The prairie dog is a creature of the western plains, found 
in the United States, Canada and Mexico. It grows to a 
length of 12 to 16 inches (30 to 40 cm). Prairie dogs live 
in large colonies or dog towns that can cover hundreds 
of acres (ha) of land. 

‘They live in groups thar consist of one male and 
two to four females, Females have one litter a year and 
give birth to an average of three or four pups. Prairie 
dogs feed on grass, insects and broadleaf plants. A 
great tunneler, this creature may dig 15 feet (4.5 m) 
downward and 100 feet (30 m) in a lateral direction, 

A tunnel system generally has several escape tunnels. 
The prairie dog has color vision and can detect danger 
at a great distance. To warn each other, prairie dogs 
use vocalizations. 

Hunters can use rimfire rifles, but most hunters find 
that a center-fire rifle is a better choice to make shots 
on animals out to 400 yards (366 m). The 204 Ruger, 
223 Remington and 22-250 Remington, stoked with 
thin-jacketed bullets are great options for prairie 
dog hunting. 

A variable rifle scope is a big help out on the fields. 
And a bipod or shooting sticks can make the difference 


when every little bit of accuracy counts. Often the 
quarry is almost hidden behind a mound of dirt, leaving 


you a target no bigger than a silver dollar. 


Prairie dogs may emerge from their dens during late winter 
warming trends, and are quite visible against the snow. Prairie 
dogs have dichromatic color vision, which allows them to detect 
predators over a long distance. A system of vocal communication 
enables them to quickly spread the alarm. 


Herbivorous, the prairie dog thrives on a diet of grasses and 
broadleaf plants. Grasses are trimmed around the colony to 
remove cover that might hide a coyote, fox, or ferret. 
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GROUND SQUIRREL 


Without food cultivated by humans, ground squirrels 
do not often grow out of balance, They live in small 
groups and are kept in check by birds of prey and 
sharp-toothed predators. But give a rodent an alfalfa 
field and everything changes. Before long, food becomes 
so plentiful that they don’t have anything left to work at 
except procreation. Soon there are more ground squirrels 
than a rancher can feed, 

Ground squirrels are members of the family 
Sciuridae, of the Marmotini tribe. Several different 
types of ground squirrels can be found. In some 
cases, the ground squirrel is found in small numbers 
and can be still-hunted. In cultivated fields, a hunter 
might spend all day in one place, shooting from an 
elevated stand. 

Asa team, two hunters can take turns spotting and 
shooting, Binoculars can help the spotter direct the 
shots. Such work makes both hunters more proficient. 
For the young shooter, looking forward to his or her first 
big game season, the practice is invaluable. April and 
May are the prime months for shooting as crops sprout 
and grow through last year's stubble. By mid-June, the 
grass may be too tall for spotting. 
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Property owners are often happy to let you shoot, 
but permission must be obtained. Keep in mind that 
well-traveled highways carry the most hunters and access 
might be easier to find off the beaten path. Establish 
relationships with landowners prior to the hunt or 
contact an outfitter for a guided shoot on private land. 

For years, hunters have used rimfire .22s to good 
effect, but today there are better choices. The .22s, 
except in the most practiced hands, are rarely accurate 
past 100 yards (91 m). 

An alternative is one of the 17 caliber rimfires. 
Based on the .22 Long Rifle or the .22 Magnum 
case, the 17-caliber bullet tips the scale at half the 
weight of the .22 projectile and can be accurate to 
200 yards (183 m). 


Abundant ground squirrel populations offer hunters the chance to. 
improve long-range shooting skills. Over the course of a long day 
in the field, a marksman may fire 500 rounds or more. 


RACCOON 


Equipped with needle-sharp teeth and a quick 
temper, the raccoon is a fighter and a challenge to the 
houndsman/hunter. They may run for miles (km) and 
when cornered, can kill or maim hunting dogs twice 
their size. 

Hardwood forests near water make good raccoon 
habitat. They also live in marshy lowlands and can adapt 
to habitats ranging from the Florida mangroves to the 
arid plains of New Mexico. 

Raccoon eat almost any kind of food including 
berries, fruits, nuts, frogs, crayfish and insects. Sweet 
corn is a favorite. They hold their food with small, 
nimble paws. 

An adult raccoon may travel up to 5 miles (8 km) 
on its 


ightly feeding rounds, especially in warm 
weather, During the day they often den up in hollow 
trees. But they may bed in the tall vegetation along the 
edge of a marsh, in a culvert or in the ground burrow of 
another animal. Raccoon frequently use different dens 
or beds on successive days. They den up for a period 
after heavy snow; in cold climates they may hibernate. 
Ranked among the most intelligent game animals, 
raccoon also have excellent hearing and good eyesight. 


Raccoon have a black, mask-like band across the eyes and black 
rings on the tail. Most raccoon weigh between 15 and 20 pounds 
(6.75 and 9 kg). The largest on record, 62 pounds, 6 ounces, 
(28.1 kg) was shot in Wisconsin in 1950. 
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‘They can run up to 15 mph (24 km/h) and are 
good swimmers. 

The vast majority of raccoon hunting is done 
with hounds, especially Walkers, black-and-tans and 
redbones. Tracking is easiest on damp, cool nights with a 
slight breeze, Some dogs can pick up a cold trail, making 
it possible to hunt in daylight. 


When pursued by hounds, raccoon usually run in 
large circles, crawling in and out of holes and climbing 


up and down trees to lose the dogs. They may jump 


to the ground from as high as 50 feet (15 m) and 
scurry away unharmed. They stay in a tree only when 
the hounds get so close that other avenues of escape 
are impossible. 

Early in the season you may be able to call raccoon. 
After dark, take a stand along a stream bank, lakeshore or 
cornfield. Use calls to imitate an injured bird or rabbit. 


asi 


Most raccoon hunters use .22 rifles, although some 
prefer 20-gauge shotguns with No. 6 or 7% shot. Where 


legal, a few hunters use small-caliber handguns. 


WHERE TO FIND RACCOON 
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Look for holes in trees that could be den sites (left). You seldom see 
raccoon during the day, but an area with many dens would be a good 
spot to hunt after dark 


Check for tracks in the soft dirt around ponds, marshes or streams. 
Raccoon go to water to drink and to find foods like crayfish, frogs and 
small fish 


Release the hounds and allow 
them to range ahead to pick up 
raccoon scent. To better control 
the hounds, some hunters keep 
them on leash until the dogs 
detect fresh scent, then turn 
them loose (left), 


Listen for the hounds to start 
baying, then follow the sound. 
Some hunters use orange or 

red headlamps to find their way 
through the woods. The colored 
light is less noticeable to a 
raccoon than a white light. 


Continue to follow the dogs until 
they either tree the raccoon or 
lose it, Sometimes the chase goes 
on for miles (km). Hunters can tell 
when their dogs tree a raccoon, 
because the baying becomes 
more intense. 


COYOTE 


The coyote, once an inhabitant of the Western plains, 
has spread across the continent. They are thriving now 
because of humans. In the late-1800s and early-1900s, 
ranchers and trappers declared war on wolves. For 
decades, the coyote’s ancient enemy has been largely 
absent from the lower 48 states. With little competition, 
coyotes have taken over. And, they have become 
educated about how to live around people. Even within 
the city limits of big cities, coyotes prowl golf courses 
and fields in search of their prey. In the suburbs, 
residents complain about the coyotes that roam at will, 
eating from dog food dishes and garbage cans or picking 
up unsuspecting dogs and cats. 

A good place to hunt coyotes is wherever they can 
find their principal foods. Fields, meadows and prairies are 
full of mice; brushy draws hold rabbits and upland birds. 
Wherever there are antelope or deer, there will be coyotes 
close by. In the spring when ungulates are giving birth to 
their young, a fawn-in-distress call can draw in predators. 


When you find an area that has all the right coyote 
foods, look for sign. Coyotes use trails and waterholes 
just like the other animals. If there are coyotes in the 
area, you'll soon see their sign. 


An adult coyote stands less than 24 inches (61 cm) 
tall and varies in color from whitish-gray to brown 
with sometimes a reddish cast to its pelt. Ears and 
nose appear long and pointed, in relation to the size of 
its head. Ie weighs between 20 and 50 pounds (9 and 
22.5 kg) and can be identified by a thick, bushy tail, 
which it often holds low to the ground. He is an 
extremely lean, fast animal that may reach speeds up to 
43 mph (69 km/h). 

Coyote droppings are about the same size as a dog's 
of similar size but the scat is small and twisted on the 
end. It contains undigested bits of whatever the animal 
has been feeding on. Deer hair, bits of rabbit and mouse 
fur and even berries are found in coyote droppings. 

Coyotes also need a den to raise their pups 
in spring and summer and for shelter in extreme 
conditions. A good coyote hunting area will be 
adjacent to food sources but also give ample cover 
to hide from their enemies. 

In September and October the young of the 
year are out searching for food on their own. The 
population is strongest at this time of the year and 
many coyotes are taken during deer and elk seasons. 
But the coyote pelt is best after the first snows and 
a tanned pelt or a coyote rug makes a fine trophy to 
remember a successful hunt. 


Calling Coyotes 


A fawn-in-distress or a dying rabbit predator call costs 
only a few dollars and can be easily mastered. Electronic 
calls with remote controls and motorized decoys cost 
more, but provide a way for the hunter to watch the call 
from a distance. 

‘The first two hours and last two hours of daylight 
are the best times for calling. A coyote may respond 
anytime of day bur the likelihood is greater at first and 
last light. 

The coyote knows that the sound of a rabbit or 
a rodent in distress means an easy meal, if it can take 
the prey away from whatever is killing it. That is why 
sometimes a dominant coyote comes right in while a 
younger dog might be hesitant. 

Put fright and pain in the calling. The first sounds 
a rabbit makes when it is captured are a series of squalls 


Hunting Small Game 103 


Coyotes normally have a territory of 10 to 40 square miles (26 to 104 sq km). They can sprint up to 35 mph (56 km/h), fast enough to 
overtake a deer. A coyote’s track looks similar to that of a domestic dog. 


which then become gasping cries. If the predator shifts 
its grip then the squalls might come again. 

Study the land and determine likely approaches 
a coyote might make. The wind is of paramount 
importance. Situate yourself downwind from where the 
coyote is likely to be. Situate hunting partners up to 
50 yards (45 m) away from the caller, 

‘Wear full camouflage and grease paint on hands 
and face. Keep all movement to a minimum, As coyotes 
approach they zero-in on the location of the caller, 

Call in one location for at least 20 minutes. 
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Depending on the topography you might need only 
move a quarter of a mile before calling again. 

For a dedicated coyote rifle, the best choice 
might be one of the flat-shooting .22 center-fires of 
a 6mm or .243. Beyond these, any rifle a big-game 
hunter is proficient with is the perfect choice 
for coyotes. 

For calling situations where the coyote is likely 
to come in close, a shotgun is ideal. Use a load with 
sufficient knockdown power in the range between No. 2 
and 00 buckshot. 


Coyotes perform a valuable function, keeping rodent and rabbit Coyotes are on the move when snow is on the ground. The cold 
populations in check. However, as coyote populations increase they weather speeds up metabolisms, making them vulnerable to the 
can put a severe dent in the numbers of deer and antelope herds. sound of a prey animal in distress. 


A shot at a coyote might be taken as close as 10 feet (3 m) or as Some callers use confidence decoys to lure the coyotes in 
far out as 300 yards (274 m). A good coyote gun should be able to Jackrabbit, cottontail and fawn decoys give the coyote something 
accommodate either circumstance. to look at as it approaches, Other hunters simply use an old stuffed 


animal that approximates the natural. 
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palladium black particles could be regarded as 
point-contactsimilarto the tip-effect [13]. 


We may say that it is expected to reveal the 
puzzles of the mechanisms of high-Te 
superconductivity with pinning vortices by 
the torsion field theory [14,15] 
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Chapter 6 


HUNTING UPLAND GAME BIRDS 


he memories that are made in the fall are the kind of images that stay 
with you for the rest of your life. 


Dried stalks of corn rattling with the November breeze and the sudden 
tush of wings that is a gaudy ringneck rooster clawing for altitude. Chukar 
running the ridge top in front of a flushing dog, then a dozen birds briefly 
silhouetted against the sky, A German shorthair quivering on point, his 
eyes locked on a patch of color in the grass. The heft and grace of a fine 
double gun coming to your shoulder. 


Upland bird hunting is a multi-faceted sport. Bird hunters cherish guns that 
they shoot well and spend months training their dogs for a few days afield 
each year. Some hunters focus on one or two species, but the continent 
holds a variety of game bird opportunities, from farmland pheasants to 
mountain quail, to the challenge of chukar. 


Upland gunning is sport for hunters of any economic background and 
experience. Upland bird hunts are the province ofanyone with ashotgun and 
a license, whether a nine-year-old novice or a well-traveled sportsman. 


The term upland means high ground. But upland birds can also be found 
in and around lowlands. Pheasants frequent marsh edges and sharp-tailed 
grouse often live in bogs. Migratory upland birds also congregate in 
lowland areas. Woodcock feed along moist stream banks and mourning 
doves gather near water holes. 


Upland bird hunters need little equipment other than waterproof boots 
and a thorn-proof jacket and pants. With the exception of the small-caliber 
rifles used for wild turkey, upland bird hunters almost always use shotguns. 
The choke and shot size varies with the size of the bird and the usual 
shooting distance. 
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RING-NECKED PHEASANT 


Imported from Asia in the 1880s, the pheasant 
fast became a favorite. The bird is a walking, Aying 
kaleidoscope of color, Flashing blue, purple, copper and 
iridescent green, it rises out of the amber grain in a blur 
of wings and sound. 

The pheasant deserves its reputation as one of 
the most wily and elusive upland game birds. Its 
first instinct is to run rather than fly. And despite its 
large size and gaudy colors, a rooster can slink away 
unnoticed in ankle-high cover. Sometimes a bird sits 
tight, refusing to budge unless you actually step on it. 

Pheasants rely on excellent eyesight and good 
hearing to elude hunters. They can detect ground 
vibrations not recognizable to humans. These vibrations 
often cause roosters to crow. 

Ringnecks thrive in fertile agricultural areas with 
good nesting and wintering cover. In spring, they nest in 


moderately dense cover like hay meadows, clover fields 
and roadside ditches. They continue to use these areas as 
roosting sites into the fall, but also roost in weedy crop 
fields, short slough grass, willow patches and woodlots. 
They occasionally roost in trees. Pheasants need heavier 
cover to escape winter storms. 
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Primary foods include grain crops like corn, wheat, 
milo and soybeans. They also eat weed seeds and insects. 
The birds pick up grit in fields and along roads. This 
helps their gizzard to grind food. 

From June through August, hen pheasants remain 
with their broods of four to eight chicks. By fall, the 
chicks begin to mature and the groups break up. As 
winter approaches, pheasants often flock together where 
they can find food and heavy cover. Flocks may contain 
hundreds of birds. 

Despite the fact that pheasants are among the 
hardiest of game birds, their average life-span is only 
nine months, Normally, only 30 percent of the birds 
survive from one year to the next, even where there is no 
hunting season. 

In most states and provinces, only roosters are legal 
game. Pheasant roosters can mate with many hens. 
Research has proven that hunters can harvest up to 
90 percent of the roosters without affecting the next 
year’s hatch. 

Hunters can quickly distinguish the colorful 
rooster from the drab hen. In addition, roosters 
often cackle on take-off, removing any doubt about 
the bird’s sex. The typical rooster measures 30 to 
36 inches (76 to 91 cm) from head to tail and 
weighs 2 to 3 pounds (1 to 1.3 kg). The hen has 
a much shorter tail and weighs about /4 pound less 
(0.25 kg). 

Roosters have spurs on the lower part of the leg. 
The spurs grow longer and sharper as the bird gets older, 
reaching %-inch (1.9 cm) on three-year-old birds. They 
use their spurs in spring territorial battles. The sharp 
spurs on an old rooster can badly scratch a hunter or 
adog. 

When a rooster bursts from cover, it quickly 
reaches a speed of 35 to 40 mph (56 to 64 km/h). 

It may fly up to 1 mile (1.6 km), but usually only a 
few hundred yards (m). A bird generally spends its 
entire life in an area of 4 square mile (1.3 sq km) 
or less, leaving that area only if food or cover 
becomes inadequate. 

Hunting pheasant is most glorious for what returns 
in memories. Good friends, a hard-working dog, 
long-tailed birds and sunlight on steel barrels. 


Wild ringnecks are often found in wheat, corn, barley and milo fields, feeding on grain, weed seeds and insects, Thick, 
brushy cover along fence rows, ditches, streams and marshes provide cover. 

Pheasants feed in the morning and evening, then retreat to rest. Ideal habitat includes water, cover and feed within a 
short walk. Early morning and evening are good times to listen for calling. 

When working brushy fence rows, one or two drivers should bust through the weeds with a dog, searching a ragged 
pattern back and forth, Post another hunter at the end of the row to jump skulking birds into the air, Expect pressured 
pheasants to seek out steep, brushy draws that defy all but the most determined. 


Ringnecks get their name from the white ring around the rooster's The hen is tan with dark flecks and creamy mottling. 
neck. Both sexes have brownish tails with black crossbars. The 

rooster has a reddish-copper breast and a powder-blue rump. Its 

head has shades of metallic blue, green and purple with a bright 

red eye patch. 


TYPICAL PHEASANT HABITAT 


Nesting cover is vital to pheasants (left). Hens need grassy cover at least 12 inches (30 cm) 
high which remains unmowed until after nesting. 


Fertile croplands offer a good food supply. But expanses of corn and other row crops with 
little cover support few pheasants. 


Winter cover includes cattail sloughs, thick brush or willows and woodlots. With good cover, 
pheasants can survive to -50°F (45°O). 
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When hunting in standing corn, post blockers at the end of the rows to jump roosters into the air. Avoid shooting at birds until they are 
above the stalks to avoid endangering other hunters 


Pheasant Hunting Strategies 


The pheasant hunting season can be split into two 
parts: the first few days and the rest of the season. 
Young pheasants lack the wariness of birds hatched the 
previous year, so the early days of the season usually 
offer the easiest hunting. Once the easier birds are 
gone, you will find it much more difficult to outwit the 
remaining roosters. 

EARLY SEASON. You can locate a good area 
before the season opens by driving through the 
countryside and looking for pheasants. The best time 
to spot the birds is around sunrise on a clear, calm day 
with dew on the grass, You may also see pheasants in 
late afternoon. Another way to locate a good hunting 
area is to look for abundant nesting cover. Chances are 
there are birds in the vicinity. If you find a promising 
location, ask the farmer if you can return to hunt once 
the season begins. 

Early-season hunters often find most of the land 
covered with crops. In this situation, pheasants may 
be almost anywhere, To flush birds from large crop 
or stubble fields, hunters conduct drives. With this 
much cover still standing, other techniques may not be 
as productive. 
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Ringnecks usually flush close in early season, so a 
shotgun with an improved cylinder or modified choke 
works best. Use shot no larger than No. 6, 

LATE SEASON. Once farmers harvest their crops, 
the birds have fewer places to hide. But birds that 
survive to late season have learned to evade danger and 
often flush far ahead of approaching hunters. Or they 
hold extremely tight and let hunters walk past. 

In late season, roosters hole up in much heavier cover 
than they did earlier in the year. They prefer areas with 
tall trees or other cover that breaks the wind. Look for 
them in brushy woodlots, thick fence lines and drainage 
ditches lined with slough grass. A favorite hiding spot is 
a fringe of cattails around the edge of a shallow wetland. 
Although it prefers heavy cover, a late-season rooster 
sometimes seeks refuge in a patch of grass not much 
larger than his body. After a snowfall, hunters often find 
pheasants under clumps of grass covered with snow. The 
birds evidently allow themselves to become snowed in. 

To bag late-season roosters, one hunter blocks a 
possible escape route while another approaches from the 
opposite end of cover. If'a rooster flushes too far ahead 
of the walking hunter, the blocker may get a shot, 

For long-range shooting in late season, use a 
modified or full choke shotgun with No. 4 to 6 shot. 


Hunting Pheasants with a Dog 


Statistics show that hunters who use dogs bag 

twice as many ringnecks as those who do not. Most 
hunters agree that flushers and retrievers work best 
in heavy cover. Preferred breeds include springer 
spaniels and Labrador retrievers. Some hunters prefer 
pointing dogs for large expanses of light, grassy 
cover, but a wily rooster often runs rather than hold 
to a point. 

A dog with good retrieving skills seldom loses a 
crippled ringneck. Pheasants are notoriously difficult 
to kill. A wounded rooster usually runs off and 
burrows under heavy grass or brush, where a hunter 
without a dog would have practically no chance of 
finding it. A good dog marks the bird down and 
relentlessly pursues it through even the thickest tangle 
of vegetation. 

Skilled handlers refuse to work their dogs in 
standing cornfields or fields of other tall row crops. To 
a ringneck, an open row is an invitation to run. And 
most dogs follow, often disappearing into the field and 
flushing birds at the opposite end. 

A novice pheasant hunter tends to over-command 
his dog, continually directing it to hunt likely-looking 
spots. Instead, let the dog use its nose to decide where to 
hunt. Allow it to range back and forth across cover until 
it finds fresh scent. 


Follow your dog through a large expanse of cover. A flushing dog 
may run when it picks up a scent. You must keep up so birds do 
not flush out of range. With pointing breeds, you do not have to 
stay as close. 


Hunt strip cover with your dog on the downwind side. When the 
dog detects fresh scent, it moves into the cover and flushes or 
points the bird. Late in the season, another hunter should post at 
the end of the strip. 


Send your dog into a thick patch of cover to save you time and 
energy. Keep track of its location by watching and listening for 
moving grass or brush. Or, attach a bell to the dog’s collar. 


Hunting Upland Game Birds 111 


General Tactics 


A ringneck’s inclination to run rather than fly 
makes it one of the most difficult birds to hunt by 
yourself, But you can greatly improve your odds 
by choosing the right type of spot and by using 
proven techniques. 

You are most likely to flush pheasants from small, 
isolated pieces of cover, such as a patch of short slough 
grass surrounded by a plowed field. In a large block of 
heavy cover, a rooster can easily give you the slip. 

If you walk steadily in a straight line, pheasants 
probably sit tight and let you pass. But if you follow a 
zig-zag path, walking a few steps, then stopping for a 
moment, nearby pheasants generally become nervous 
and fly. 


Watch and listen carefully for any indication of 
pheasant movement. If the cover is not too thick, you 
might catch a glimpse of a rooster running ahead. On 
astill day, you may hear the slight rustling of a rooster 
sneaking through the grass. 


Driving for Pheasants 


Driving takes advantage of the ringneck’s habit of 
running at the sight or sound of humans. A row of 
hunters moves through all or part of a large block of 
cover, while posters wait quietly at the end. 

Drivers may flush some pheasants, but more often 
the birds run to the end of the field. When the drivers 
approach the posters, the birds realize they are trapped 
and explode from cover. 


TIPS FOR HUNTING PHEASANTS 


Select manageable-sized pieces of cover. Ty to push the birds 
toward a spot where the cover suddenly ends. Pheasants are 
reluctant to run into an open field and usually flush near the edge. 


Look for the tallest, thickest cover, especially in cold or windy 
weather. Trees or tall weeds offer better shelter than the 
surrounding lower cover. 


Hunt the sunny side of cover on frosty momings. Pheasants 
move to the sunlit side to warm up and dry ant moisture on 
their feathers. Later in the day, the birds may retreat deeper into 
the cover. 
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Follow fresh tracks in the snow. Rooster tracks are slightly larger 
and farther apart than those of a hen. Often the tracks end at a 
snow-covered clump of grass. You may have to kick the clump to 
flush the bird. 


Leapfrog stretches of cover. Drop off a partner, 


drive ahead, then start walking, He or she walks to the 

car, drives ahead of you, then resumes walking. 
Choose dirty crop fields when hunting ringnecks. 

‘The weeds provide cover and food that is lacking 

in clean, well-manicured fields. Look for the tallest, 

thickest habitat, especially in cold or windy weather. 

Trees or tall weeds offer better shelter than the 


surrounding lower cover. 


Drive pheasants from the heaviest 
cover to the lightest. Pushing 
birds into sparse vegetation 
forces them to fy. If you drive 
from light to heavy cover, the 
birds are more likely to find a safe 
hiding spot 


Avoid driving into the sun, 
especially when it is low in the 
sky, The glare may blind you or 
prevent you from distinguishing 
a rooster from a hen. If you must 
hunt into the sun, listen for a 
cackle or look for a long tal 


If the field is too wide to cover in one pass, the posters 
can take a vehicle to the end they are blocking. The drivers 
can take the vehicle back to the opposite end, then make 
another drive. Or the posters can return, while the drivers 
start another pass ftom the end where they finished. 

When driving cover that narrows toward one end, 
start from the widest end. This way you will push the 
birds into a smaller area, increasing the likelihood of 
someone getting a shot. 
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BOBWHITE QUAIL 


A covey of bobwhites exploding from cover can rattle 
even the vereran hunter, Often, each bird flies in a 
different direction. In the confusion, you may shoot 
hurriedly without touching a feather. 

Despite their stubby wings, quail can fly up to 
30 mph (48 km/h) and change direction instantly as 
they dodge through cover, But they usually fly less than 
200 yards (183 m). Bobwhites are also excellent runners; 
in fact, they seldom fly unless threatened. 

When alarmed, a member of the covey emits a 
barely audible signal which tells the others to freeze. 
‘They squat and remain motionless, relying on 
camouflage for concealment until the threat passes. 

If they feel too conspicuous, they scurry to another 
hiding spot. 

Cocks have a white throat patch and a white line 
through the eye. On hens, the throat patch and line 
are buff-colored. Bobwhites measure about 10 inches 
(25 cm) long and weigh 6 to 8 ounces (170 to 226 g). 

Unlike pheasants, bobwhites are monogamous, 
meaning that a cock breeds with only one hen. Quail 
eggs hatch from May to early July. The cock helps 
incubate the eggs and raise the chicks. By the start of 
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Bobwhite quail roost on the ground. During cool weather, they 
form a roosting ring, huddling in a plate-sized circle with their 
tails pointing toward the center. This tactic preserves body heat. 
Bobwhites prefer a roosting site with plenty of open space above 
them, enabling them to flush quickly should the need arise. Roasts 
generally have a south or west exposure, so the ground stays 
warm in late afternoon. 


hunting season, the chicks resemble the adults and the 
covey consists of 10 to 15 birds. 

The birds thrive in areas with a mixture of 
grasslands, woodlands and brush adjacent to croplands. 
‘They use grasslands mainly for nesting; woodlands and 
brush provide roosting and escape cover. Bobwhites 
cannot survive in a climate with prolonged periods 
of deep snow or severe cold. They are unable to dig 
through deep snow to find food and their small bodies 
do not retain enough heat. 

Nearly all bobwhites live within 50 to 100 feet 
(15 to 30 m) of field borders. They are seldom found in 
the middle of a crop field or woods. 

The bobwhite’s diet consists mainly of weed seeds, 
but they also eat insects, acorns and crops like corn, 
soybeans, wheat and milo. On hor, clear days, the birds 
feed in early morning and late afternoon. In midday, 
they take periodic dust baths along sunny field edges. 
But during cool, damp weather, bobwhites often stay in 
their roosts until mid-morning, feed intermittently until 
dark, then return to their roosts. 

Each year, predarors, severe weather and hunting 
take a heavy toll on the bobwhite population. On 
the average, a bird lives about 84 months; only 15 to 
20 percent survive to the next breeding season. 


Hunting for Bobwhite Quail 


‘To many bobwhite hunters, the biggest thrill comes 
from watching good pointing dogs in action. 

‘A lone hunter who works the cover slowly and 
thoroughly can kick up some bobwhites by himself. 
But if the birds decide to hold tight, hunting can be 
extremely difficult without a dog. 

Most hunters prefer English pointers or English 
setters for large expanses of cover. Brittanys and German 
shorthairs also work well, but do not cover quite as 
much ground. Handlers allow the dogs to range far 
ahead of the hunting party. When a dog detects fresh 
scent, it locks on point. The covey freezes, giving the 
hunters plenty of time to move into position. 

Most of the birds burst from cover in unison. After 
the initial flush, work the area a little longer because a 
straggler or two may remain. Flushing the last birds is 
often more difficult. 

Quail usually fly only a shore distance, so you can 
flush them again, Sometimes the covey stays together, 
sometimes it breaks up. Watch carefully because the 
birds may veer off to the side just before they land. 


Early season offers the best bobwhite 
hunting. Coveys consist mainly of young 
birds that have never been hunted. But as the 
season progresses, quail become much more 
unpredictable. Some birds flush when you slam 
your car door, Others run rather than hold. Flushed 
birds fly two or three times farther than they did in 
early season. 

Finding downed quail can be difficult, even 
with a good dog. Some hunters maintain that the 
scent washes off as the birds fly. On the ground, 
bobwhites compress their feathers so little scent 
can escape. Bird dogs may walk within inches (cm) 
of wounded quail without finding them. Because 
of their small size and excellent camouflage, quail 
can hide in the lightest cover. Wear snakeproof 
chaps or leggings to protect yourself from snakebites. 
They also protect your legs from tough thorns 
and briers. 

Many quail hunters prefer 20-gauge, double- 
barreled shotguns with improved cylinder and modified 
chokes. Small shot, usually No. 7/4 or 8, works best. 


WHERE TO FIND BOBWHITE QUAIL 


Osage orange means good quail cover. 
Its sharp spines prevent cattle from 
eating the underbrush. Look for the 
large, yellow fruits. 


Giant ragweed provides roosting and 
escape cover. The plants stand up to 12 
feet (3.6 m) tall. Ragweed seeds may be a 
major source of food in fall. 


wae 


Lespedeza or Japan Clover, produces 
seeds which quail eat in winter. Found 
mainly in the southern United States, it is 
planted for erosion control. 
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BOBWHITE HUNTING BASICS 


Pick a single bird and concentrate on that shot. Resist the tendency Learn to judge your effective shooting distance. Because bobwhites 
to flock shoot, A wild shot at the covey rarely brings down a bird. are so small, they are probably closer than you think. 


bes ul, 


Wear snakeproof chaps or leggings to protect yourself from Listen for the typical bob-bob-white whistle during the mating 
snakebites, They also protect from tough thorns and briers period, You will find birds in the same area once the hunting 
season opens. 
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CALIFORNIA QUAIL 


California quail are also called valley quail. They prefer 
semi-arid desert brushlands. They feed on the seeds 

of weeds and brush and roost in dense patches of tall 
shrubs or low trees. The birds need water each day and 
are seldom far from streams, springs or water holes. 

In fall, they form large flocks numbering from 50 to 
over 100 birds. They prefer to run rather than fly. When 
Aushed, they usually go only a short distance, then land 
in bushes or trees. 

A good pointing dog can pin down an entire covey 
by circling the birds. If they fly, watch where they land. 
They hold tighter on the second flush. 

Ideal shotguns for California quail are 12- or 
20-gauge double barrels with modified and improved 
cylinder chokes. These guns give you an open pattern 
for birds that hold and a tight pattern for those that 
flush at long range. Most hunters use No. 7/4 shot. 

California quail, also called valley quail, can be 
found up and down the West Coast of North America, 
from southern British Columbia to the tip of the Baja 
Peninsula, They are a ground-dwelling and foraging bird 
that seldom moves far ftom the place where they were 
hatched. The coveys feed on seasonal seeds, leaves, and 


insects and search out sunny spots to take communal 
dust baths. 

Tn fall, they form large packs numbering from 50 to 
over 100 birds. They prefer to run rather than fy. When 
flushed, they are loud flyers, bursting like popcorn from 
cover. They scatter to confuse predators and seldom fly 
very far, landing in bushes and trees. 

These quail are native to the Southwest, but they 
have been introduced to other places around the world, 
including Australia, New Zealand, and Hawaii. 

California quail prefer semi-arid desert brushlands. 
They feed on the seeds of weeds and brush, and roost in 
dense patches of tall shrubs or low trees. The birds need 
water each day and are seldom far from streams, springs, 
or water holes. 

‘A good pointing dog can pin down an entire covey 
by circling the birds. If they fly, watch where they land. 
They hold tighter on the second flush. 

Ideal shotguns for the quail on these pages are 12- 
or 20-gauge double barrels with modified and improved 
cylinder chokes. These guns give you an open pattern 
for birds that hold and a tight pattern for those that 
flush at long range. Most hunters use No. 7% shot. 


California quail have a scaled breast, grayish brown flanks with 
white streaks and a teardrop-shaped plume. Males have a black 
throat with a white border and a chestnut patch on the belly. 
Females are less boldly marked, California quail weigh 6 to 

7 ounces (170 to 198 g). 
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GAMBEL’S QUAIL 


Sometimes called desert quail, Gambel’s quail are 
usually found along brushy slopes and in river valleys of 
arid and semi-arid deserts. They roost in dense thickets 
or trees and feed on the seeds of weeds and brush. 
Normally the birds get enough water from their foods 
and the dew. But during dry conditions, they rely on a 
watering site, 

The birds come out to feed early and late. They 
spend the rest of the day in brushy cover to escape the 
heat. In cool weather, they leave their roosts earlier and 
may remain in the open all day. 

If you approach Gambel’s quail in the open, they 
will probably run before you can get a shot. But if you 
wait until they move to cover, the birds are more likely 
to hold. A good pointing dog improves your odds. 

Poisonous snakes are rarely a problem, but some 
hunters wear leather or plastic leggings. 

The Gambel’s quail was named after William 
Gambel, a 19th century explorer of the southwestern 
United States. Sometimes called desert quail, Gambel’s 
quail inhabit the southwestern desert country of 
California, Arizona, Colorado, New Mexico, Nevada, 


Texas, Utah, and Sonora, Mexico. Non-migratory, 
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they are usually found along brushy slopes and in river 
valleys of arid and semi-arid deserts. They roost in dense 
thickets or trees, and feed on the seeds of weeds and 
brush. Normally the birds get enough water from their 
foods and the dew. But during dry conditions, they rely 
on a watering site. 

The Gambel’s average length is 11 inches (30 cm). 
Te has a wingspan of 14 to 16 inches (35 to 40 cm). It 
moves through cover by walking and when pushed can 
run surprisingly fast. Its flight, like that of its cousin the 
California quail, is abrupt, explosive, and terminated by 
a long glide to the ground. 

The birds come out to feed early and late. They 
spend the rest of the day in brushy cover to escape the 
heat. In cool weather, they leave their roosts earlier and 
may remain in the open all day. 

If you approach Gambel’s quail in the open, they 
will probably run before you can get a shot, But if you 
wait until they move to cover, the birds are more likely 
to hold. A good pointing dog will improve your odds. 

In the cooler weather of hunting season, poisonous 
snakes are rarely a problem, but some hunters wear 
leather or plastic leggings. 


Gambel's quail resemble California quail, but their buff-white 
belly is not scaled and the cap and flanks on the male are 
reddish brown. Males also have a black patch on the lower 
part of the breast. Gambel's quail weigh 5’ to 6'/ ounces 
(156 to 184 g). 


MOUNTAIN QUAIL 


Few upland game birds are as difficule to hunt as mountain 
quail. They run at the sight of a hunter and even a good 
pointing dog has difficulty pinning them down. A flusher 
or retriever is more likely to find single birds that sic tight. 

Found at elevations of 2,000 to 10,000 feet (610 to 
3,048 m), mountain quail live along brushy edges of 
conifer forests and streams. They eat berties, clover, 
wild oats and seeds of weeds and grasses; the birds roost 
under heavy brush of in small trees. Home territories 
take in large areas. They head to lower elevations in late 
fall to avoid severe weather. 

Coveys generally number only seven to nine birds. 
They do not form large coveys, but hunters sometimes 
see loose groups of birds feeding in the same area. 

Listen for the call any time of day, but pay close 
attention in the evening, as feeding birds reassemble 
near water prior to roosting. Food and cover are the 


keys to finding quail and to the lasting memory of a full 
game bag at the end of the day. 

Few upland game birds are as difficult to hunt as 
mountain quail. They will run at the sight of a hunter, 
and even a good pointing dog has difficulty pinning 


them down. 


Found at elevations of 2,000 to 10,000 feet (610 to 
3048 m), the mountain quail inhabits mountainous 
chaparral in California, Oregon, and Washington. They live 
along brushy edges of conifer forests and streams. Mountain 
quail eat berries, clover, wild oats, and seeds of weeds and 
grasses; the birds roost under heavy brush or in small trees. 
‘They are not migratory, but their home territories take in 
large areas. They seek out seasonally available foods and 
head to lower elevations in late fall to avoid severe weather. 

Like other quail, they move about primarily by 
walking. When they run, they can cover ground at an 
amazing rate of speed. When startled, they run through 
cover and flush when they hit an opening, The birds 
scatter when they fly then regroup by calling. 

Coveys generally number only seven to nine birds. 
They do not form large coveys, but hunters sometimes 
see loose groups of birds feeding in the same area. 

‘A Blusher or retriever is more likely to find single 
birds thae sit tight. 

Listen for the call any time of day, but pay close 
attention in the evening, as feeding birds reassemble 
near water prior to roosting. Food and cover are the keys 
to quail, and to the lasting memory of a full game bag at 


the end of the day. 


Mountain quail have a grayish-brown back, a chestnut throat and 
chestnut flank with heavy white bars. The head and breast are 
bluish-gray. Two long, dark feathers form the plume. The sexes 
look alike. Mountain quail weigh 8 to 9 ounces (227 to 255 g). 
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SCALED QUAIL 


Some hunters refer to scaled quail as blue quail; others 
call them cottontops or blue racers. These birds are even 
more likely to run than mountain quail. 

Scaled quail live in semi-arid desert grasslands and 
in grassy brushlands. They prefer weed and brush seeds 
for food. The birds roost in dense clumps of brush, 
grass or weeds. Their water requirements are similar to 
those of Gambel's quail. In some states and provinces, 
conservation agencies have installed watering devices, 
helping both quail species to survive during dry periods. 

Scaled quail country can be hard on the dog. Snakes 
are a concern, but the most important thing is to carry 
enough water for both hunter and dog. Lava rock and 
cactus play havoc with a dog’s paws. Bring boots and 
ointment to protect Fido’s feet. 

If you spot a covey, rush the birds to startle them 
into flying. Even if you are out of range, shoot to scatter 
the birds and scare up stragglers. Then hunt the singles, 
because they are more likely to hold. 

Some hunters refer to scaled quail as blue quail; others 
call them cottontops or blue racers. They are named for 


their scaly appearance on back and breast feathers. They 


can be identified by their corton-like white crest. 
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They are bluish-gray birds that live in semi-arid 
desert grasslands and in grassy brushlands. The scaled 
quail and its subspecies are found in parts of Colorado, 
New Mexico, Arizona, western Oklahoma, and Texas, 
as well as Sonora and Chihuahua in Mexico. The 
chestnut-bellied scaled quail is found in southern Texas 
down to northwestern Mexico. 

They prefer weed and brush seeds for food. The 
birds roost in dense clumps of brush, grass, or weeds. 
Their water requirements are similar to those of 
Gambel’s quail. In some states conservation agencies 
have installed watering devices, helping both quail 
species to survive during dry periods. 

Scaled quail country can be hard on dogs. Snakes 
are a concern, but the cooler weather of hunting season 
is likely to keep them dormant. The most important 
thing is to carry enough water for both hunter and dog. 
Lava rock and cactus play havoc with a dog's paws. 
Bring boots and ointment to protect Fido’s feet. 

‘These birds are even more likely to run than 
mountain quail. If you spot a covey, rush the birds to 
startle them into flying. Even if you are out of range, 
shoot to scatter the birds and scare up stragglers. Then 


hune the singles, because they will be more likely to hold. 


Scaled quail have breast feathers with dark margins, giving 

them a scaled appearance. The breast is bluish-gray; the head 
grayish-brown with a distinctive white-tipped crest. The crest is 
Jarger on males. Scaled quail weigh 6 to 7 ounces (170 to 184 g) 


RUFFED GROUSE 


Some hunters maintain that a ruffed grouse intentionally 
selects a flight path that places a tree directly in the line 
of fire. Whether intentional or not, the ruffed grouse is a 
difficule target for even the best wingshooters. 
Grouse accelerate rapidly, reaching a speed of 
40 mph (64 km/h) in seconds. But they seldom fly more 
than 200 yards (183 m). Grouse do not run as fast or as 
far as most other upland birds. When disturbed, birds of 
both sexes utter a call that sounds like pete-pete-pete. 
Many hunters call the birds partridge, but the term 
is a misnomer. The only true partridge in North America 
are the chukar and Hungarian. The name ruffed grouse 
comes from the ruff, a tuft of dark feathers on the neck. 
Hardwood forests with small clearings and mixed-age 
aspen trees make the best ruffed grouse habitat. Aspens 
provide good nesting cover and a year-round source of 
food. Grouse also favor birch trees, but also live in many 
other types of hardwood and conifer-hardwood forests. 
Besides aspen buds, leaves and twigs, other 
foods include berries, fruits, clover, nuts, insects and 


occasionally corn. On warm, sunny days with little 
wind, grouse feed most of the morning and again in 
late afternoon. Cold, snowy or windy weather drives 


the birds into dense thickets or conifer stands. Grouse 
usually roost on the ground or in conifer trees, but when 
snow depth reaches 8 to 10 inches (20 to 25 cm), they 
often burrow into the snow. 

Before the spring breeding season, male grouse 
begin drumming to advertise themselves to females. A 
bird stands on a log, braces his body with his tail, then 
starts beating his wings. The sound resembles that of 
a one-cylinder gasoline engine starting slowly, then 
gradually speeding up. Some drumming continues 
through summer and into fall. 

Grouse nest in April or May, producing a brood 
of eight to ten chicks. By fall, the birds are full grown 
and the brood scatters. Young grouse usually move at 
least 1 mile (1.6 km) and some relocate up to 10 miles 
(16 km) from the hatching site. Once they establish 
territories, they move very little the rest of their lives. 

Young birds lack the wariness of those that have 
been pursued by hunters. Often a young grouse will sit 
on the ground or on a tree limb in full view of a hunter. 
But the birds gain experience quickly. They learn to flush 
well ahead or from behind a tree or patch of dense brush 
where the hunter has difficulty seeing them, In remote 
areas, adult grouse are no more wary than young birds. 

Throughout much of the northern regions, ruffed 
grouse populations are cyclical, peaking about every ten 
years. Populations in peak years may exceed those in 
poor years by a ratio of 15 to 1. 

Ruffed grouse are some of the most available but 
under-hunted upland birds. With a range from northern 
California to Alaska and east to the Atlantic, public land 
birds are available to anyone with a full tank of gas and 


a shotgun. 


Hunting for Ruffed Grouse 


Every grouse hunter has been frustrated upon hearing a 
whirr of wings, scanning the dense cover, then spotting 
a bird just as it disappears from sight. 

In early season, you may scare up a dozen grouse for 
every one you see in time for a shot. Even though the birds 
generally flush close by, leaves severely limit your range 
of vision. By the time the leaves fall, grouse have become 
spookier and tend to get up farther away. But they are 
much easier to see and seldom flush out of shooting range. 
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Ruffed grouse have a broad, black or dark brown band on the tail. The band is unbroken on most males, but broken on the center two 
feathers on females, There are two color phases, red and gray. Red-phase birds are more common in the South and at low altitudes; grays 
predominate in the North and at high altitudes. Grouse measure 17 to 20 inches (43 to 51 cm) long. They weigh 16 to 24 ounces (454 to 


680 g), but occasionally reach 2 pounds (0.9 kg). 


A good dog improves your grouse hunting success. 
But a dog is not essential because grouse are easier 
to flush than pheasants or quail. Most hunters prefer 
pointing breeds, bur fushers and retrievers can also 
be effective if they work close to the handler. Because 
grouse are so well camouflaged, they can be difficult to 
find without a good dog. 

‘When hunting without a dog, walk through likely 
cover and stop frequently. You can sometimes hear the 
birds nervously clucking before they fly. With two or 
more hunters, walk on opposite sides of thick patches. 
One hunter is likely to get a shot when a bird flushes. 

If you miss or fail ro get off a shot, watch where 
the bird lands. A flushed bird often flies off to a dense 


thicket or lands in a tree. You may be able to approach 
close enough for a second attempt. 

You can improve your success by checking the crop 
ofa freshly killed bird to find out what it was eating, 
Then, hunt where these foods are plentiful. 

Grouse hunting is usually best on calm, sunny days. 
It seldom pays to hunt in early morning because the 
birds are still on their roosts. They begin moving after 
the woods have dried off. 

‘A short-barreled, 20-gauge shotgun with an 
improved cylinder choke is an ideal grouse gun. The 
short barrel makes the gun easy to carry through heavy 
brush and enables you to swing quickly. Most grouse 
hunters prefer No. 7% or 8 shot, 


Tracks are closely spaced and about 2 inches (5 cm) long. A grouse places one foot directly in front of the other, so the 
tracks form a straight line. 
Droppings on a drumming log mean that ruffed grouse are nearby. The brownish or greenish droppings are about Ya 
inch (6 mm) in diameter. 
Holes in the snow may be burrow-roosting sites. Burrows have an entrance hole and, if the bird has left, an exit hole. 
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Pointing dogs pin down grouse, 
enabling you to get close enough 
for an unobstructed shot. 

When you move in to flush the 
bird, avoid walking into dense 
cover where shooting would 

be difficult. 


GROUSE HUNTING TECHNIQUES 


Work the edges of cover, Grouse spend Walk along a logging road, powerline cut Listen for drumming ruffed grouse while 
much of their time feeding on fruits and or other trail through the woods. Trails hunting, Although most drumming 
berries that grow along sunlit borders. If a make for easy walking and the edges activity takes place in the spring, some 
bird flushes, your chances of getting a clear —_—_produce food that attracts grouse. Try to males continue to drum into the fall, 
shot are better than in a thick woods. avoid backtracking along the same path. revealing their locations to hunters. 


TIPS FOR HUNTING RUFFED GROUSE 


Pian your strategy using detailed maps of your hunting locale, State forestry departments may publish fire-control maps 
that show trails and logging roads. 

Attach a bell to the collar of your pointing dog. This helps you keep track of its location. When the bell stops ringing, 
the dog is on point. 

Scan the trees as you walk. Listen for a short flutter of wings that means a grouse has hopped up to a branch. Grouse 
in trees evidently feel safe, often allowing hunters to approach within gun range. 

Other species are quicker to run or flush, but grouse hold tight while a hunter walks by. Its plumage blends so perfectly 
that you may never see the bird. That is until it flushes behind you. 
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SHARP-TAILED GROUSE 


A novice hunter may mistake a sharptail for a hen pheasant, 
realizing the error only after the bird sails out of range. The 
two ate about the same size and color, but a sharptail has a 
short, whitish tail and usually clucks when it flushes. 

Sharptails prefer large ungrazed grasslands with 
numerous pockets of trees and brush for cover and fields 
of small grain for food. They favor wheat, oats and barley, 
but also eat berries, seeds, clover and buds. The birds feed 
in grain stubble or weed patches in early morning, loaf in 
wooded or brushy areas in midday, then feed again in late 
afternoon. Sharptails normally roost on the ground. 

In early fall, a flock consists of six to eight birds. 


Later, many flocks combine to form a large pack which 


may have over 200 birds. When the birds flush, the flock 


stays together, They usually Ay at least / mile (0.8 km) 
and occasionally a mile or more, But a bird or two may 
hold, so work the area thoroughly. Sharptails are strong 
runners and sometimes elude hunters by racing out the 
end of a field as the hunt begins. 

Early-season hunters use 12- or 20-gauge shotguns 
with improved cylinder or modified chokes and No. 
6 shor. After the birds form packs, they are harder to 
approach, so a full choke may work better. 


Sharptails are named for the two long feathers in the center of the 
tail. The brownish back and wings are covered with white spots. 
Males have a patch of yellow skin above each eye. These patches 
are less visible after the breeding season. The birds weigh up to 

2 pounds (0.9 kg) 


Look for sharptails in stubble fields early or late in the day. Carry binoculars to spot the birds and listen for clucking sounds. 
Hunt along brushy ravines in windy or stormy weather. A ravine, grassy ditch or the lee side of a hill makes a 

good windbreak. 
Check brush patches to find loafing sharptails. Other good loafing spots include shelterbelts and grassy areas around 

abandoned farms. 
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SAGE GROUSE 


In the 1800s, up to 1.1 million sage grouse could be found 
in parts of what are now sixteen states and three provinces. 
Today, the sage grouse is a recluse, its population 
numbering around 160,000, found on sagebrush ground 
from Oregon through Wyoming and points north. 

‘The birds inhabit open, semi-arid country with 
large sagebrush flats. Buds, leaves and shoots of 
sagebrush make up most of their diet. They also eat 
alfalfa, small grains, grasses, clover and berries. The 
birds feed along sagebrush edges in early morning. You 
can find them near water holes where they eat green 
vegetation. They rest in gullies and draws in midday, 
then feed again starting in mid-afternoon. 

In early fall, birds may be found in groups of six 
to sixty, on open flats, plateaus, ditches and ridge tops. 


Hunt the edges of agricultural land, where the fields 
meet the flats. For best success, hunt close to stock tanks 
and ponds. In dry times, grouse may fly in from long 
distances to get the moisture they crave. 

To find sage grouse, glass from a ridge in early 
morning. Check open areas and edges of cover. If you 
spot birds, attempt a stalk. If not, identify water holes, 
sagebrush edges and ravines that you could hunt later. A 
pointing dog works well in early season. But when the 
birds start to run, a flusher or retriever is more effective. 

At the flush, the birds come up in ones and twos, 
giving you the time to pick a target, swing with it and shoot. 

Use a 12-gauge with a modified or full choke and 
No. 6 shot to down sage grouse. Some hunters shoot 
only smaller birds. The meat of older, larger birds tends 
to be tough and gamey. 


Sage grouse have a mottled, grayish-brown back, a pale breast and 
flanks and a black belly The long, pointed tail feathers fan out in 

flight. Males have a black patch on the chin and upper neck and a 
white V across the throat. Females are much smaller than males. The 
‘mature male sage grouse can weigh up to 7 pounds (3 kg) and stretch 
the tape to 30 inches (76 cm) from his beak to the tip of his tail. 


Hunt near stock ‘tanks, ponds, irrigation ditches or creeks, especially in dry weather. These spots are best in early morning 
and just before dark. Sage grouse are seldom more than 2 mile (0.8 km) from water. 

Rush a flock of sage grouse once you stalk within shooting range. They cannot get off the ground as quickly as other 
upland birds, so this tactic enables you to gain yardage for a closer shot. 
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The Invention of Roman 
Solomyanny 


Our previous issue featured an article about 
Roman Solomyanny who came to our 
office and told us amazing things. He said 
that during his army years (according to his 
words, he was in the military intelligence) 
he made radio technology inventionand 
later on built a free energy generator. The 
inventor claimed that his device had been 
working for a certain period of time 
without any fuel and had been producing 
power enough for heating and lighting his 
countryside house. We could not ignore 
such an intriguing piece of information. 

Moreover, Roman promised to build and 
present his device in 2003. We paid him for 
this interesting story to be published in the 
issue and prepared for the continuation. 


_ Physicists 


ae 


~ are Jokin 


Alas, to no avail. His mobile phone was 
silent and we started to worry about the 
inventor's health, Fortunately, we managed 
to contact his parents on his home 
telephone (Roman lives in St. Petersburg) 
and they told us that the chap was OK. It 
seems he's lost his interest in us, But we still 
hope that Roman did invent something 
really exciting and not only polished up his 
talent for writing science fiction articles. 
Those people, who want to know the 
details about this invention or discuss it 
with the inventor himself, can get in touch 
with us for his contact information. 
Anyway, we will be very pleased to see him 
again full of new exciting stories. We have 
already introduced the 'Humour' section 
into the magazine and are planning to start 
the 'It Just Can't Be So’ section. 


Editor 


g 
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CHUKAR PARTRIDGE 


Chukar habitat is steep, dry, almost inaccessible and 
generally unsuitable for anything but wildlife. Much 
of the good hunting is on public land and access is 
generally not a problem. Chukars use rocky slopes for 
roosting and escape cover. 

Named for its call, the chukar was imported from 
India in the late 1800s. Populations became established 
in arid portions of the Northwest. Typical chukar 
habitat varies from bare rocks to sparse grasslands. 
Because of the open country, the coveys are easy to see, 
but difficult to approach. They run uphill at the sight of 
a hunter. When they flush, they usually fly downhill. 

Seeds, grasses, leaves, insects and fruit make up 
most of the chukar’s diet. The coveys, which average ten 


to twenty birds, begin feeding in mid-morning. On cool 


days they may feed through the afternoon. They often 
cover over | mile (1.6 km) on their feeding rounds. In 
hot weather, chukars spend the middle of the day loafing 
in the shade of rocky bluffs or near springs and water 
holes. In windy or stormy weather, they seek depressions 
or crevices in the rocks. 

Early in the season, when the weather is dry and 
hot, chukars will not be far from water. After fall’s first 
rains, they may be more widely dispersed. Cheatgrass is 
‘one of the chukar’s principal food sources, though the 
birds may also be found in agricultural areas close to the 
river and canyon habitat they prefer. 

In summer and early fall, chukars can be found at 
altitudes up to 11,000 feet (3,353 m). A heavy snowfall 


will drive them to lower elevations. 


A 12- or 20-gauge modified-choke shotgun makes a 
good chukar gun, Most hunters use No. 6 ot 7% shot. 


Chukars have a grayish-brown back, a reddish bill and legs and a 
black collar that passes through the eye. Black and chestnut bars 
cover the flanks. Chukars average about 15 inches (38 cm) long 
and weigh 18 to 24 ounces (510 to 680 g). 


Hunt with pointing dogs to help pin down the birds and prevent them from running, When your dog detects fresh scent, 


move into shooting position quickly because chukars may not hold to a point for long. 
Follow chukar tracks after a fresh snowfall, In addition to providing good tracking conditions, snow makes the birds 
hold tighter and prevents them from running as fast as they do on bare ground. 
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HUNGARIAN PARTRIDGE 


Hungarian partridge are birds of the wide open spaces 
and can be found in cropland, sage and bunchgrass 
country in Washington, Oregon, Nevada, Idaho, 
Montana, Wyoming and points east. Look for foothill 
habitat close to irrigated ag lands for the best hunting. 

Huns have an understated beauty, with a form that 
follows function, Wings of white and mottled brown 
allow the bird to hide from predators by holding still. A 
pastel-gray on the breast blends on the head with shades 
of brown. Their eyes are surrounded by a pencil-thin 


border of red. Flanks and breasts are splotched with 
markings of chocolate brown. 

Hunters find the birds in short, light cover. Huns 
feed mainly on grains like corn, oats, wheat and barley, 
but also eat weed seeds and green leaves. 


Huns begin feeding after most of the dew dries off 
the grass. They feed until late morning, loaf in a grassy 
area until mid-afternoon, then resume feeding until dusk. 
‘The birds roost in alfalfa fields, grain stubble, short grass 
or even on plowed ground. They often form roosting rings 
like those of bobwhite quail. In winter, huns may roost in 
a depression in the snow or burrow-roost under it. 

Coveys normally consist of ten to twelve birds. Huns 
do not hold well when first approached. They tend to 
sneak ahead of a hunter or dog, then burst from cover in 
unison. The covey remains together. Early in the season, 
huns fly only a short distance. As the season progresses, 
they go farther, sometimes over 4 mile (0.6 km). 

Shotguns and shells used for huns are similar to 
those used for chukars. Some hunters prefer 12-gauge 
guns with full chokes in late season. 

Huns are as spooky as chukar, faster than quail and 
smart enough to run, circle and hide. Add to all that 
its taste on the table and this import from Hungary is a 
welcome and worthy quarry for the best dogs and hunters. 


Hungarian partridge are technically named gray partridge. Native 
to Hungary, they have a cinnamon head and chestnut bars on the 
flanks. Males have a chestnut horseshoe on the breast. The birds 
weigh about 1 pound (0.45 kg) and measure 12 to 14 inches 

(31 to 35.5 cm) long. 


Watch the covey land, then approach the spot from opposite sides. This prevents the birds from slipping away and assures 
someone of a shot. You can often flush the same covey again. 


Hunt with a close-working retriever or flusher or use a pointing dog. Flushers and retrievers work best in high cover; 
wide-ranging pointers find more birds in sparse grasslands or other open terrain. 
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WILD TURKEY 


Every year, hundreds of thousands of hunters head out 
in pursuit of a gobbler. Winter's weariness is receding 
with the snowline. Forests are coming to life. Fields 

of wildflowers are awash with the yellows, pinks and 
blues. There are spotted fawns in the thickets and new 
growth on the trees. To many hunters turkey hunting is 
a celebration of spring. 

The wild turkey is the largest game bird in North 
America. It is found throughout North America (except 
for Alaska). Hawaii has an abundant (introduced) turkey 
population. There are five recognized subspecies, which 
vary slightly in color and size. 

First-time turkey hunters may wonder if they could 
tell a male from a female. There are definite differences. 

The male wild turkey, called a tom or gobbler, is a 
large, robust bird weighing up to 30 pounds (13.5 kg) 
and standing as high as 4 feet (1.2 m) tall. His body 


color is brownish black with a metallic, iridescent sheen. 


The head and neck, nearly bald, vary from white to 
blue to red. Bright red, fleshy bumps, called carbuncles, 
droop from the front and sides of the neck and a fleshy 
flap of skin, called a dewlap, is attached to the throat 
and neck. A fingerlike protrusion called a snood hangs 
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over the front of the beak. When the tom is alert, the 
snood constricts and projects vertically as a fleshy bump 
at the top rear of the beak. 

On the gobbler’s breast there is a beard, a series of 
coarse hair-like fibers. On a jake, an immature gobbler, 
the beard may be only 3 inches (7.6 cm) long. A mature 
male has a beard approaching 8 inches (20 cm) in length 
and longer. This is not a feature totally exclusive to 
gobblers though, as some females may sport a beard. 

Another feature that sets toms apart from hens 
is spurs. Hens have no spurs. Spurs are found on 
a gobbler’s lower legs and average between and 
14 inches (2.5 and 3.8 cm) long. These spurs are small 
and rounded on young birds; long, pointed and usually 
very sharp on mature birds. 


Toms begin their breeding displays in early spring. With tail fanned, 
feathers fluffed, and wingtips dragging, the tom struts boldly while 
emitting low-pitched hums. 


In the spring season, big gobblers are looking for love. This makes them vulnerable to hunters who can call a tom into range by imitating the 
varied calls of the hen. Several styles of turkey calls are available, making it easy for a hunter to find one that suits his hunting style and abilities. 


The male is called a gobbler for good reason: his 
rattling, deep-toned call is one of the most recognizable 
sounds in all of nature. At mating time, toms gobble with 


full-volume gusto, attempting to attract hens for breeding, 


Adult males display for hens by fanning their tail feathers, 
puffing up their body feathers and dragging their wings as 
they strut, Their heads and necks turn bright red during 
breeding season or when the tom is otherwise excited. 

Adult females, or hens, are considerably smaller 
than toms, rarely weighing more than 10 to 12 pounds 
(4.5 to 5.4 kg). Their overall body color is duller than 
the male’s and lacks his metallic, iridescent sheen. The 
hen's head and neck are usually blue-gray in color and 
sparsely covered with small, dark feathers. Carbuncles 
are sometimes present, but smaller than those on toms. 
Some hens grow small, rudimentary beards and spurs. 
Although they don’t gobble, hens make a variety of 
cluck, purr, cute and yelp sounds. Dominant hens may 
assert themselves with a display resembling that of the 
male, though they do not strut. 

Juvenile birds mature quickly. By their fifth month, 
the juvenile male (jake) and juvenile female (jenny) 
closely resemble adult birds. However, juveniles have 
darker legs, which turn pink as the birds age. Jakes make 


feeble gobbles, higher in pitch than the calls of mature 
toms. Their beards are shorter in length and usually have 
amber-colored tips. 

With its powerful legs, the wild turkey is an 
exceptional runner and has been clocked at speeds up 
to 12 mph (19 km/h). Although strong short-distance 
fliers, turkeys usually run when threatened, When 
necessary for escape, turkeys launch themselves with 
a standing leap or a running start and accelerate to 
35 mph (56 km/h) in a matter of seconds. They cannot 
remain in the air for more than a few hundred yards 
(m), but can glide for 4 mile (0.8 km) or more when 


coasting down from a ridge top. 


Subspecies 


Subspecies can be difficult to distinguish from one 
another, since regional variations within the group can 
be more dramatic than physical differences between the 
subspecies. In addition, where the subspecies’ ranges 
overlap, crossbreeding produces hybrid birds that show 
traits of both parents. A map showing the current 
range of all five subspecies is a good starting point in 
determining where subspecies live. 
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Turkey Calls and Decoys 


Turkey calls have been an important part of the hunt 
ever since man discovered he could talk turkey and the 
birds would respond. Calls are deadly at drawing toms 
to hunters. 
Calling is considered by most devoted turkey hunters 
to be the only sporting way to take a gobbler, Calling 
is the fun part of turkey hunting, Mastering a variety 
of different calls—learning when to yelp, cluck, purr or 
cutt, knowing when to call softly and when to crank up 
the volume—this is the art of spring turkey hunting, 
Under the right circumstances, turkeys can be 
ridiculously easy to call. But don't count on it. When 
hens are abundant or hunting pressure is heavy, only a 


Turkey calls can be divided into two basic categories: Friction 
calls include the (1) push-pull call, the (2) box call and the 

(3) slate-and-peg call. Airactivated calls include the (4) tube call 
and the (5) diaphragm call 


PROPER DIAPHRAGM CALL PLACEMENT 


Insert a piece of cloth or fleece under the 
paddle, then wrap a rubber band around 
paddle and box. This keeps the call from 
squeaking as you walk. 


Dependable locator calls include: (1) 

ow! hooter, (2) coyote howler with large 
bellows, (3) flute-style goose call, (4) silent 
whistle with adjustable frequency, (5) 


Proper placement of a diaphragm call in your mouth is crucial to 
success. (1) Use your tongue to position the call against the roof of 
your mouth with the straight edge facing forward. (2) Position the call 
so the forward edge nearly touches the back of your top front teeth. 

(3) Place the top of your tongue lightly against the latex reed and 

(4) expel short bursts of air between the top of your tongue and the 
reed, while saying the word "chirp." Stay at it and you will soon be able 
to produce acceptable yelps, the first call you should learn. Once you 
have mastered the yelp, begin practicing other calls. 


CALLING TIPS 


Trim the skirt of a diaphragm call with 
small scissors to make it fit comfortably 
against the roof of your mouth, 


crow call, (6) pileated woadpecker call, (7) 
hawk screamer and (8) predator call. 
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TYPES OF DECOYS 


Hen decoy styles include: (1) collapsible foam; (2) folding shell; 

(3) silhouette; (4) full body; (5) hen with safety orange head, which 
is both safe and often aggravates toms; and (6) motion decoy, 
which allows the hunter to move the head of the decoy by pulling 
ona long string. 


hunter who has mastered the art of calling walks out of 
the woods with a gobbler slung over a shoulder. 

Calls designed to lure gobblers to the hunter can 
be divided into two broad categories: friction calls and 
air-activated calls, Although each has its advantages 
and disadvantages, the friction calls are generally easier 
to operate. 

A third category of calls, locator calls, are used to 
clicie a response from a turkey without attracting the 
bird to your position. This response is most commonly 
referred to as a shock gobble. Turkeys have been known 
to shock gobble to the sound of a squeaking fence, 
slamming car door or a bellowing Holstein and a host 
of other sudden, loud sounds. Most locator calls imitate 
animals such as crows, owls and coyotes, but loud 
cutting on a turkey call can also prompt a shock gobble, 

There are dozens of commercial calls on the market 
and while there is no need to buy and use all of them, 

a hunter is wise to use a variety of calls. Wild turkeys 
can be fickle, preferring a box call one morning, a 
diaphragm the next. A well-prepared hunter is ready to 
switch calls on those mornings when his old standbys 
just aren’t making the grade. 

However, as important as calling is, woodsmanship 
is equally important. In fact, an accomplished 


woodsman—a hunter intimately familiar with the land 


Jake decoy styles include: collapsible foam in (1) full strut; 
(2) half-strut; and (2) erect position; and (4) folding shell in 
erect position. 


and the turkeys that live on it—can take gobblers with 
amazing consistency without ever touching a call. 

A well-positioned turkey decoy is often the final 
touch needed to lure a shy tom into shooting range. 
Especially in open country, toms responding to a hen 
call may grow suspicious if they can't spot the source of 
the call. But if they see a decoy, the reassured gobblers 
often commit and waltz into range. A decoy can work 
wonders on hard-hunted birds, which tend to be leery of 
even the best calling, 


Understanding Daily Patterns 


Ac first light, as turkeys begin to awaken in their 
roosting trees, toms begin to gobble, while hens utter 
soft tree yelps. Usually the birds fly to the ground as 
soon as there is enough light for them to spot predators, 
but this fly-down can be as late as two hours after 
sunrise if the morning is rainy or foggy. Turkeys roosting 
in small woodlots in relatively open areas tend to fly 
down sooner than birds roosting in deep timber, where 
daylight is longer in arriving, 

When a turkey gobbles on the roost in early 
morning, he is trying to draw a hen to him. If 
successful, the tom will fly down to join the hen. [Fa 
hen doesn't appear, the tom flies down and walks to his 
structing area, while continuing to gobble. 
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To effectively hunt wild turkeys in spring, a hunter must understand 
the bird's daily movement patterns. Bagging a wild turkey is largely 
a matter of being in the right place at the right time. 


Structing zones are located in open areas where 
toms can be easily seen by hens, such as a field edge, 
logging road or pasture. In hill country, structing areas 
are often located on elevated ridges, points or hilltops. 
In flat country, gobblers often strut in semi-open 
hardwood bottoms. 

When the tom arrives at the strutting zone, he 
continues to gobble until he attracts a hen. Once a 
hen arrives, however, the gobbler begins to strut and 
his gobbling becomes infrequent. The tom may attract 
several hens simultaneously. 

A gobbler follows hens as they wander to feed, 
mating with each several times during the morning, if 
they permit. Identifying feeding areas can be difficult, 
since wild turkeys eat such a wide variety of food. In 
big timber, turkeys often wander along, foraging on 
whatever they find. In agricultural areas, turkeys feed in 
crop fields a good deal of the time. 

Only in the arid regions of the West and Southwest 
do turkeys habitually seek water during their daily route. 
In most regions they obtain sufficient water from dew or 
in the plants they consume. 

By mid- to late morning, after satisfying their 
hunger, turkeys often treat themselves to a dust bath. 
Bred hens may then retire to the nest to lay or incubate. 
Gobblers may rest at this time or resume gobbling and 
continue to search for new hens. 

Mid-afternoon finds turkeys on the move and 
feeding once again. During the last hour of day, the 
flock feeds toward roosting sites. They usually fly up at 
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sunset or shortly thereafter. Birds often change limbs or 
even roosting trees a number of times before settling in 


for the night. 


Turkey Hunting 


One wrong moye and the turkey will duck his head and 
run. Don't move a muscle, not yet. Let him close to 

30 yards (27 m). He stops to strut, fanning out his tail 
feathers and puffing out his chest as if to say, “Look at 
me, ladies, Ain't I the pretty one, though?” 

Ideally, you'll want to “roost” a gobbler on the 
eve of the hunt, which means you actually see or hear 
the bird in his roost tree. Return before first light, slip 
within 100 yards (91 m) of this roost, sound a couple of 
tree yelps at dawn and odds are good the gobbler will fly 
down practically in your lap. 

To “put a bird to bed,” set up near a roosting site 
in early evening. Turkeys feed toward a roost tree in late 
evening, usually fly into them around sunset and settle 
in before dark. 

IF you cannot spot birds, listen for them. 
Occasionally, roms gobble a time or two after roosting 
and hens sometimes yelp. More often, you'll have to 
make them gobble by using a locator call. Walk through 
likely habitat, pausing every 14 mile (0.4 km) or 0 to 
call. Ifa gobbler responds, move toward him, eliciting 
additional shock gobbles until you've pinpointed his 
location. Mark the site and the trail to it with strips of 
toilet paper or surveyor’s tape so you can find your way 
back before dawn. 

As day breaks, give a few quiet tree yelps. Chances 
are good that the gobbler will reply, but if he doesn’t, 
resist the temptation to call louder or more often. 
Overcalling while a tom is still on the roost is a 
common mistake. 

If you failed to put a gobbler to bed the night 
before, plan to be at a good listening position well 
before first light. Hilltops and ridges are best. On 
most mornings, toms begin gobbling spontancously, 
but if you hear no gobbling by the time there is 
enough light for you to sce individual limbs on trees, 
then try to elicit a gobble with an owl or crow call. 
When you hear a gobbler within reasonable distance, 
try to get within 100 yards (91 m) before setting up 
to call him. 

Turkeys usually fly from the roost as soon as 
there is enough light for them to see predators on the 
ground. However, on rainy, foggy or unseasonably cold 


mornings, they may stay on the roost for an hour or 


more after sunrise. 


‘They use the same strutting grounds day after day. 
These are usually in relatively open areas, such as open 
timber, field edges, pastures or logging roads, where 
toms can watch for approaching hens and hens can 
clearly sce their strutting displays. Once you find these 
sites, you can hunt them productively for years, because 
turkeys return to the same strutting zones season 
after season. 

Hunters often make the mistake of yelping loudly 
and frequently. Call just enough to let a gobbler know 
you are there. Every few minutes, scratch the ground to 


mimic the sound of a foraging turkey. This assures the 


gobbler that a hen is still nearby, but since she ignores 
his calling, he sometimes goes against his own instinct 
and sashays toward her. 

The prime early morning strutting/gobbling period 
may last a few minutes to an hour. Occasionally, a tom 
returns to his strutting zone in late morning after his 
original partners abandon him. 

‘Two strategies can produce results after the prime 
carly morning period: run-and-gun or sit-and-wait. 

‘To use the run-and-gun approach, walk quickly 
through the area, stopping frequently to blow a locator 


call. Search for a bird that responds to every call you 
make. When you find such a bi 


, get within 200 yards 
(183 m) in open country, half that distance in timber; 
sit down and get ready before you make a single hen 
call. Call just often enough to keep the bird gobbling, so 
you know where he is. If the bird continues to gobble in 
response to your calls, but moves steadily away, determine 
his direction and attempt to get ahead of him. If he moves 
steadily in your direction, call sparingly and stay ready. 
‘The sit-and-waie tactic is most successful if you know 
the area well enough to predict travel routes. Picking a good 
feeding spot and waiting patiently for a flock of hungry 
birds to arrive is also a good tactic before 10:00 a.m. A 
blind can be a real asset when playing this waiting game, 
as can a decoy or two. Patience is the key. Turkeys feed at 
midmorning and a feeding flock is in no hurry, covering 
only about 200 yards (183 m) per hour, on average. 
Cover lots of territory after 10 a.m. Use locator 
calls and loud cutting to elicit gobbles. Locator calls 
are better than hen calls for prompting a tom to begin 
gobbling. Once you've elicited a shock gobble, set 
up and get ready to seduce the bird with your most 
authentic hen calls. If you begin by making hen yelps, 
atom may arrive before you are prepared to deliver the 
proper greeting, 


The first step in a successful hunt is to find good turkey habitat. Assuming you have scouted adequately, you should know several spots that 
hold birds. 
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If you prefer to sit and wait for your bird, late 
morning is a good time to stake out strutting zones. 
Gobblers that have been deserted by hens frequently 
meander back to their strutting zones and readily 
respond to calls. 

Gobblers can still be taken in the afternoon, though 
it takes patience and a slightly different strategy. Find a 
turkey hangout—a dusting area or feeding site—set out 
a decoy or two, relax against a big tree and give a few 
yelps every 15 minutes or so. Ifa gobbler comes to your 


call at this hour, he usually won't announce himself until 


within shooting range. Many hunters have been jarred 


from midday naps by tiptoeing gobblers shouting at 
close range. 

Action picks up again in late afternoon, when 
turkeys begin actively feeding and, later, working 
toward the roost. If you have located a roosting area, 
determine the most likely direction from which the 
birds will approach and set up in their path. If you 
haven't pinpointed a roosting area, spend the last hour 
of daylight covering ground and using a locator call. If 
you hear a gobbler, slip in close and work the bird with 
hen calls, Even if you don’t get a shot, you'll know where 


to continue the hunt in the morning, 


HUNTING STRATEGIES 


Roost tree 
= Turkey's path 
Decoy 


For typical early morning scenarios, set up in the nearest opening 
to the roost tree and put out a decoy. If the gobbler is alone, 

he will go to the field to gobble and strut, if he is with hens, he 
tags along as they go to feed in the field. The logging road is the 
obvious approach route. 


Ina tag-team setup, position the shooter (1), 30 to 100 yards (27 
to 91 m) in front of the caller (2). If a gobbler hangs up short of 
the caller, the bird will be within range of the shooter. 
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Hunter's path 
@ Stop & call 


Ifyou want to set up a typical run-and-gun scenario, follow the 
easiest route to cover the most ground in the least amount of time 
when running and gunning, Skirt the edges of all openings and 
call every 100 to 200 yards (91 to 183 m), until you get a response. 


For a typical sit-and-wait scenario, sit and wait for birds where you 
can cover locations where birds enter or exit fields (1), pastures (2) 
or other openings. Be patient, call sparingly and stay alert. 


MOURNING DOVE 


Irs hard to deny the thrill of seeing dozens of doves 
sweeping toward you and beyond, the sound of 

the wind in their wings. There’s no more difficule 
wingshooting challenge than that you find on a dove 
hunt. These birds are hard to hit. You need an edge if 
you hope to bag enough for dinner. 

North American hunters harvest about 50 million 
doves annually, more than all other migratory game 
birds combined. The continent's dove population is 
estimated at 500 million, making it the most common 
game bird. 

Mourning doves don‘ like cold weather. In 
northern states, the birds begin flying south after the 
first frost. Prior to migration, they form flocks consisting 
of several hundred birds. 

Doves prefer open fields with scattered trees and 
woodlots. The birds need water each day, so there must 
be a pond, stock tank, flooded gravel pit or river nearby. 
Doves nest in grass, shrubs, stubble fields or trees, 


especially evergreens. 
Nesting begins in carly spring and continues 

through early fall. Doves raise up to four broods, with 

both parents caring for the young. After predation 


and weather-related losses, broods average about 

one bird each. This trait of raising multiple broods 

is unique among game birds, It ensures a relatively 
stable population from year to year, with or without a 
hunting season. 

‘Weed seeds form the bulk of the dove’s diet. They 
favor foxtail, dove weed, ragweed and wild hemp. 
Other foods include corn, soybeans, sunflowers, oats 
and wheat. 

Doves fly to their feeding areas at dawn, feed until 
mid-morning, then head for water. Through midday, 
they rest in dead or dying trees near a feeding area, a 
water hole or a small pond. Doves resume feeding in 
late afternoon, then return to a watering site late in 
the day. 

At dusk, they fly to their roosts, often to the same 
trees they used during the day. If not disturbed, doves 
continue to use the same roosting and watering areas. 

Mourning doves can fly up to 55 mph (88.5 km/h). 
Their normal flight is smooth, effortless and direct. But 
they flare quickly at the sight of hunters, darting and 
weaving erratically as they fly away. 


Mourning doves have a slate-blue back, a fawn-colored breast 
with a pinkish cast and a black spot behind the ear. They measure 
11 to 13 inches (28 to 33 cm) from head to tail and weigh about 
374 to 5 ounces (99 to 142 g). 
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Roosting trees are usually within 2 miles (3.2 km) of water. A 
favorite roosting spot is a sand bar in a river where the birds find 
dead trees close to water, 


Hunting for Doves 


Most dove hunters find a stand along a flight path. It 
may be a route between a roosting and feeding site or 
between a feeding and watering area. Conceal yourself 
in a brush patch or near a fence line or tree, then 
pass-shoot as the birds fly through. 

Doves often fly near a dead tree, telephone pole or any 
object taller than the surrounding cover. They frequently 
fly through a gap in a tree line to reach a feeding area or 
water hole. Often they skirt the end ofa point of cover 
extending into a feeding field. If stands within gun range 
of these spots do not produce, watch where the birds are 
flying and change your location accordingly. 

By stationing several hunters around the edge, 
you can keep the birds moving and improve shooting 
for everyone. 

Ideal habitat includes an old dead tree and muddy 
water with a bank free of brush. Scout for set-ups where 
a fencepost or a dead tree will break up your outline. 


The best way to put birds in the game bag is to 
improve your shooting. Train to focus on one part of 
one bird. Key on a dove's beak for a passing shot or 
the tail feathers as it goes straight away. The tighter 
the focus, the better your chances are of bringing birds 
home for dinner. 

That's difficult to remember in the heat of the 
action, but it is easily practiced on any bird you see. In 
time it becomes automatic. 

There are more techniques to help the bird hunter 
fill the game bag. The first is timing. Take it slow. 
With an unloaded gun, practice disengaging the safety 
and shouldering it. The cheekpiece should come 
against your cheek, with the butt anchored against 
your shoulder. The barrel should be in the same 
plane as your master eye, front bead on (or ahead of) 
the target. 

Picture the shot leaving the barrel in a string, 
similar to water in a hose. Imagine swinging a spray 
nozzle across the sky. When you swing your barrel, 
following through as you squeeze the trigger, your shot 
will “wash” the target in the same way. 

A stool can improve your shooting. Lunging from a 
crouched position to shoot is awkward. Rising easily from 
a chair promotes good stance and shooting position. 

Another essential is the earplug. There may be more 
shooting on one dove hunt than in all the rest of your 
season's bird hunts combined. Earplugs keep you from 
flinching, but more important, they protect the auditory 
organs. You want to keep your hearing sharp so, on 
opening day of dove season twenty years from now, you 
can still hear the whistle of the wind in their wings. 

Camouflage clothing is ideal, but any drab 
outerwear will do. Many hunters use semi-automatic or 
pump shotguns. A variable or screw-in choke enables 
you to vary the shot pattern, depending on the range of 
the birds. An improved cylinder or modified choke with 
No. 7% or 8 shot usually works best. 


Water holes used by doves often have muddy water and bare ground along the edge. The best water holes have trees with 
dead branches nearby. 
Idle fields attract doves because they provide an ample supply of weed seeds. Doves prefer to pick seeds from bare 
ground. They seldom feed in dense vegetation. 
Gravel roads provide grit. Doves pick up sand and small gravel along roads in early morning and late afternoon. They 
also find grit along streams and in fields. 
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WOODCOCK 


Woodcock have a chunky body with a mottled brownish 
back and sides and black bars on top of the head. They 
measure 10 to 12 inches (24.5 to 31 cm), weigh 6 to 
8 ounces (170 to 227 g) and have a bill about 24 inches 
(5 cm) long. 
Eyes on the side of the head give the birds 
excellent lateral vision Some researchers believe that 
woodcock rely on an acute sense of hearing to find worms in 
the ground. The birds can fly as fast as 30 mph (48 km/h). 
‘When flushed, they usually land within 100 yards (91 m). 
Most woodcock breed in the northern states and 
Canada. They start their southerly migration in early to 
mid-October, leaving en masse once the ground freezes 
or after a heavy snow. Woodcock stop off in the same 
resting areas each year. 
Young forests with trees 10 to 20 feet (3 to 6 m) 
tall make the best woodcock habitat. The soil should be 
damp with little grassy cover, Heavy ground cover makes it 
difficult for the birds to find earthworms, their favorite food. 
Woodcock feed mainly around dawn and dusk, 
Besides earthworms, the birds eat insect larvae, seeds, 
. During the day, they rest on the 
ground, feeding only occasionally. In cool weather, look 


berries and green le 


for them on sunny hillsides or other sunlit areas. On a 
hot day, they sit in the shade, often below evergreens. 

‘The best woodcock hunting is during the migration 
period, Northern hunters may get some shooting at 
resident birds, but when the migration peaks, they may 
flush up to thirty birds per hour. 


Hunters who use dogs flush a least twice as many 
birds as those who do not. Because woodcock blend so 
well with the leaves, downed birds can be difficult to 
find without a dog. 

A short-barreled 20-gauge with an improved 
cylinder choke is an excellent gun for woodcock. Most 


hunters use No. 7% or 8 shot, but some prefer No. 9. 


Many hunters who own 
pointing dogs consider 
woodcock or timberdoodle, the 
ideal quarry. Even with a dog 
holding a close point, a bird 
will hold tight, confident in its 
near-perfect camouflage. 
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Chapter 7 


HUNTING WATERFOWL 


aterfowl are ideally suited for a life spent in and around water. 

Webbed feet give them extraordinary swimming ability and their 
long necks and broad, flattened bills allow them to feed on aquatic plant 
and animal life. Waterproof plumage and thick layers of insulating down 
keep these birds from losing body heat in cold water. 


Geese are distinguished by their large size, with some approaching 
15 pounds (6.75 kg). During the migration, geese may form enormous 
flocks numbering in the tens of thousands. Geese exhibit no coloration 
differences between the sexes. They rarely breed before their second year 
and may live for twenty-five years. Geese mate for life and maintain stronger 
family bonds than do ducks, with both parents caring for the young. 


Ducks differ from geese in that sexes usually vary in coloration. Males 
have distinctive, colorful plumage, while females are camouflaged with 
mottled, drab browns. Pair bonds are temporary, with the drake deserting 
the female shortly after breeding. Most ducks are short lived, but a few 
have been known to live fifteen years. 


Puddle ducks include some of the most widely hunted species. Puddle 
ducks are adept at walking and feeding on land. They can take flight 
almost instantly by jumping straight into the air. 


Diving ducks have legs and feet positioned far back on their bodies. Rather 
awkward on land, they spend most of their time in the water. 


Identification for species and sexes requires a great deal of practice, 
especially with ducks. But you can recognize the major types of waterfowl 
by their body size and wingbeat. Geese are larger than ducks and their 
wingbeat is slower. Puddle ducks have a faster wingbeat, but not as fast as 
diving ducks. 
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WATERFOWL EQUIPMENT 


Warerfowling requires more equipment than most other 


types of hunting. In many cases, you will need decoys, 


camouflage clothing, waders, binoculars, calls and a 
duck boat. 


Regulations require hunters to use nontoxic shot. 
Most hunters prefer a 12-gauge with a modified choke 
for shooting ducks and geese, increasing the size of shot 
when hunting larger waterfowl such as geese. 


Waterfowl hunters must 

think total concealment when 
setting up a decoy spread. 
Camouflage the hunter and 

the boat, and then utilize the 
proper call to “sell” the spread to. 
incoming birds. 


BASIC DUCK AND GOOSE CALLS 
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Duck Calls. There are two basic types of mallard calls: standard, 
or Reelfoot, style and Arkansas style. Reelfoot calls have a metal 
reed that is curved upward at the tip. Arkansas calls have a 
straight plastic reed. Reelfoot calls are generally harder to blow 
and have a narrower range of tones, but are much louder. Consult 
an experienced local duck hunter to determine what kind of call 
works best in your area. The sound of a particular call may be 
more effective in one region than in another. 


Calls for other species include those for wood ducks, diver ducks 
and pintail-widgeon-teal whistle calls. 


Goose Calls. The basic types of goose calls include the standard 
call and the flute call. Standard goose calls are easy to blow. They 
create two tones, one low and one high pitch tone, that imitate 
the basic sound made by Canada geese. Low grunting feeder 
sounds can also be imitated using standard calls, Flute goose calls 
are more difficult to master, but can imitate the many different 
communication sounds of Canada geese, Callers use both hands to. 
operate flute calls; one to hold the call while the other is cupped 
over the end of the call to regulate air flow. 


Calls for other species include those for white-fronted geese and 
snow geese. 


EQUIPMENT FOR DECOY HUNTING 


Full-body floating decoys may be made of wood, cork, foam or Field decoys: Shell decoys (bottom) are the most common among 
molded plastic. A weighted or water-filled keel makes them float hunters because they are three-dimensional and can still be 
upright and a string and anchor keep them from dtifting away. stacked for easy storage. Full-body decoys (top) add realism to 
They come in standard and magnum sizes. your spread, but are probably the most bulky of all the styles. 


Silhouette decoys (middle) are very lightweight and easy to stack. 
Manufacturers now cut them in a wide variety of feeding, standing 
and resting positions, adding to the believability of the spread. 


Decoy accessories include: (1) longline clip, for attaching decoy Flagging devices attract the attention of waterfowl at a distance. 
cords to longlines; (2) snap-swivels, which attach to decoy weights Use a black or white flag for geese; a gray or black flag for ducks. 
to prevent cord twist; decoy weights, such as (3) mushroom 

anchor, (4) pyramid anchor, (5) ring anchors, (6) strap anchor and 

(7) scoop anchor, which slios aver the decoy's bill; (8) tangle-free 

decoy cord; (9) braidled-nylon decoy cord; (10) decoy touch-up 

paint; and (11) grapple anchor for longlines. 
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PUDDLE DUCKS 


As their name suggests, these ducks commonly frequent 
small, shallow bodies of water, but they may also be 
found on big water. Also called dabblers, they feed on 
or just below the surface, mainly on aquatic vegetation. 
They may skim food off the water or they may tip up, 
submerging their upper body to feed while leaving their 
feet and rump pointing up. In fall, some puddle ducks 
also feed in grain fields. Their predominantly vegetable 
diet explains why they are considered better eating than 
arge wings give puddle ducks good 
maneuverability. They often circle a potential landing 


most other ducks. 


site several times, inspecting it closely before setting 
down. There are a total of twelve huntable puddle duck 


species in North America, 


Puddle ducks are able to lift from the water almost instantly. They 
may be hunted by jump-shooting, pass-shooting, or by using 
decoys to draw them in 


HOW TO RECOGNIZE PUDDLE DUCKS 


Tipping up or dabbling, is the usual puddle duck feeding method. 
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Colored wing patches are present on most puddlers. Most have 
a patch, called a speculum, on the wing's trailing edge. The 
speculum (arrow) is usually iridescent. 


Legs positioned near the center of the body give a puddler good 
balance, so it can easily walk and feed on land. 


Puddle-duck Hunting 
‘The widespread distribution of puddle dutks, combined 


with their excellent table quality, accounts for their 
tremendous popularity among waterfowl hunters. 

Asa rule, puddle ducks prefer smaller water than 
diving ducks; even the shallowest slough or tiniest creek 
may offer top-rate hunting. But puddlers are also found 
on some of the continent's largest waters, including the 
Great Lakes and Utah's Great Salt Lake. While divers 
are comfortable riding out big waves in open water, 
puddlers are usually found in calm water. In windy 
weather, they seek shelter along a lee shore. 

You don't need a lot of expensive equipment to hunt 
puddle ducks. Jump-shooting and pass-shooting require 
nothing more than a shotgun and a few shells and you 
can decoy the birds into a small body of water with only 
a half-dozen blocks. Hunting on big water, however, is 
much more involved and requires considerably more 
equipment, including a good-sized boat and a minimum 
of several dozen decoys. 

Mallards are the most numerous of the puddle 
ducks and most other puddler species feel comfortable 


Many waterfowl hunters 
prefer to use decoy spreads. 
Camouflage is important. Build 
a temporary blind from natural 
materials or bring in a portable 
blind. Permanent blinds can be 
built on private leases. 


in their company. Teal, for instance, are commonly 
seen flying with mallards and wood ducks often loaf 
in the same area as mallards. As a result, you can use 
mallard decoys and calls to attract most any kind of 
puddle duck. 

In setting decoys for puddle ducks, remember 
that puddlers rest in looser groups than divers, so your 
decoys can be spread out much more. Some hunters 
leave as much as 10 feet (3 m) between individual 
blocks. Diving-duck hunters seldom leave more than 
6 feet (1.8 m). 

Calling is of uemost importance in puddle-duck 
hunting, The birds, by nature, are quite vocal and they 
look for reassurance from ducks on the water before 
making the decision to land. If you are not a competent 
caller, however, it’s better not to call; you'll scare away 
more birds than you'll attract. 

Puddlers are generally considered to be smarter than 
divers, bur this “intelligence” may, in part, be a reflection 
of their migration and feeding habits. Because they 
migrate earlier than divers, they're exposed to a longer 
period of hunting pressure, so they're more likely to 
recognize the difference between decoys and the real thing. 
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PUDDLE-DUCK HUNTING TIPS 


Float a small stream or river using a poke boat or a canoe. Hug the Use several goose decays when hunting puddle ducks in the field. 
inside turns as long as possible. Ducks usually rest below the points Ducks often feed with geese and the larger decoys add to the 
and they won't see you coming until the last minute. visibility of your spread. 


Kick water with your boot when hunting flooded timber. The Pass-shoot from a strip of land between two lakes or between a 
ripples indicate to circling ducks that others are dabbling in Jake and a grain field. Ducks choase the route that crosses the 
the water. least land. 
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Wind 


Landing zone 


With the wind at hunters' backs, decoys should be set in two pods with a good-sized landing pocket between the pods, The outermost 
decoys should be no more than 30 yards (27 m) from the blind. The blind is positioned so the hunters are facing the pocket. Without a 
pocket, ducks may land beyond the decoys, out of shooting range. 


lentinges ihyi v 


With the wind from the left, arrange the decoys in a °C" formation to the left of the blind, as shown, Ducks do not like fiying over decoys to 
land, this way, they do not have to. When the wind is from the right, reverse the entire decoy setup. 
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Anti-Gravity 


3  , 7¥ 


The Holy Grail of the 21st Cenituity 


Bruce A. Smith, USA 
PO Box 1676, Yeim, Washington 98597 
Email brucesmith@rainierconnectcom 


A Primer on the Role of Electroma; 


etic, Electrostatic, and Torsion Fields 


in Anti-Gravity and Field-Effect Propulsion 


Before visiting a University of Washington 
physics professor to talk about electrostatic 
propulsion, and hopefully anti-gravity, I 
realized: Birds defy gravity. So do747'sfor that 
matter. They apphy the laws of physics and lift 
offthe ground. That's anti-gravity, isn'tit? Yes, 
that's true, Isuppose, ina metaphorical sense. 
But seagulls, jumbo jets and space crafts 
manifest anti-gravitation effects strictly 
speaking, What I want to address here is not 
the overcoming of gravity but the 
neutralizing of it 


Dr. Eugene Podkletnov, one of the foremost 
researchers in anti-gravity, and whose work 

sought by NASA, Boeing and British 
Aerospace (now known as BAE Systems) 
describes the hunt for anti-gravity the 
greatest scientific quest of this century, He 
calls for an international effort, akin to the 
Manhattan Project that developed the atomic 
bomb, to conquer the secrets of anti-gravity, 
and usher in a new era of scientific 
understanding whose technological 
development will be ata scale so vast that the 
potential outcomes are merely hinted at by 
our previous achievements 


Just getting such a project off the ground will 
require unprecedented international 
cooperation, and public disclosure as well; the 
potentials are that vast, that scary, and that 
dangerous. Dr. Dan Marckus, noted British 
avionics expert, states in The Hunt for Zero 
Point, the seminal work-to-date on anti- 
gravity written by Jane's Defence Weekly 
aviation editor Nick Cook, that the secrets of 
anti-gravity in the wrong hands will make 
thermonuclear weapons look like 
firecrackers. 


The secrecy surrounding anti-gravity 
research is phenomenal. Boeing refuses to 
publicly acknowledge any activity in anti- 
gravity development despite the fact that its 
competitor and sometime sub-contractor, 
British Aerospace (BAE Systems) is, the latter 
providing funds for four university research 
efforts as part of its Project Greenglow, one 
of which was a Podkletnov replication 
experiment headed by Dr. Clive Woods at 
the University of Sheffield,. Further, Nick 
Cook publicly, and privately to me in an 
email, states quite directly that George 
Mueliner, former director of Boeing's ultra 
secret Phantom Works, claims Boeing 
sought the services of Dr. Podkletnov to 
unlock the secretes of his gravity-shielding 
research. Cook says that Muellner states 
Boeing was denied Podkletnov's servi 
due to the objections of Russian officialdom, 
which the Russian-born Podkletnov must 
payattention to, apparently, despite the fact 
that he works in Tempere, Finland. Dr. 
Podkletnov, wisely perhaps, chooses not to 
clarify these particulars despite our several 
emails, 


Perhaps Boeing can deny any activity on anti- 
gravity because NASA is doing its own 
research, and asa prime contractor to NASA, 
such as by running the Space Shuttle 
Program, Boeing probably knows what NASA 
knows. NASA spent $600,000 recently in its 
Breakthrough Propulsion Physics program 
(BPP) to purchase Podkletnov replication 
equipment. Inexplicably, that equipmentsits 
in boxes in NASA's Marshall Research Center 
in Huntsville, AL, awaiting more funding; 
according to an email I received from NASA 
propulsion researcher, Ron Koczor. 
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DIVING DUCKS 


With legs positioned farther back on the body, these ducks 
are more adept at diving beneath the surface than are 
puddle ducks. Their feet are larger for their size, so they are 
better underwater swimmers. The leg position also makes 
it more difficult for them to walk on land, explaining why 
they seldom feed in agricultural fields. The diet of most 
divers consists mainly of invertebrates and fish, explaining 
their strong taste. But some, such as canvasbacks and 
redheads, feed heavily on wild celery and other aquatic 
vegetation and are considered better eating. There are 


nineteen huntable diving duck species in North America. 


Sea ducks, a subcategory of diving duck, differ from 
ordinary divers in that they spend most of their life in 
coastal areas. They have remarkable diving ability, wich 
some species descending to depths of more than 200 feet 
(61 m) to feed on mollusks, crustaceans and fish. 
Mergansets, often called fish ducks, are also 
classified as a subcategory of diving duck. They feed 
even more heavily on fish than other divers and their 
serrated bill is ideal for catching and holding small fish 
until they can be swallowed whole. Their crested head 


easily distinguishes them from other diving ducks. 


Diving ducks plunge well beneath 
the surface to feed. 


HOW TO RECOGNIZE DIVING DUCKS 


Large feet and legs positioned far back on the body account for 
the diving ability of these ducks. White to dark gray wing patches 
are found on most diving duck species. 
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Flying low over the water in tight flocks is typical behavior among 
most diver species. In flight, divers can be distinguished from 
puddlers by their shorter, faster wingbeat. Running on the water 
helps divers gain enough speed for take-off. Their small wings 
provide less lift than those of puddlers. 


~~. 


The pursuit of diving ducks takes hunters to broad rivers, estuaries, and in and around large saltwater bays. Strong fliers, they are one of 
waterfowling’s greatest challenges. 


Diving-duck Hunting 


If youre looking for a wingshooting challenge, diving ducks 
are the perfect quarry. When a flock of divers streaks along 
a decoy line, its not uncommon for a hunter to shoot at 
the lead bird and drop the third or fourth one back. 

Due to the divers’ preference for big water, hunters 
need more and different equipment than they ordinarily 
do for puddle-duck hunting, Instead of a 12- or 14-foot 
(3.7 to 4.3 m), shallow-draft duck boat, for instance, 
you'll need a 16- or 18-foot (5 to 5.5 m), deep-hulled 
semi-V to negotiate water that can turn rough ina 
hurry. You'll also need more decoys than you would for 
puddle-duck hunting and, possibly, a floating blind. 


‘The divers’ habit of forming large open-water 


rafts, particularly in late season, adds to the hunting 
challenge. Some hunters use low-profile sneak or 
sculling boats to approach birds in open water without 
alarming them. 

Because divers migrate much later in the season 
than puddle ducks, you'll be hunting in considerably 
colder weather. Warm, waterproof clothing, including 
insulated boots and gloves, is a requirement. 


Crippled divers often attempt to escape by 
swimming away underwater or with their head at 
water level. You'll need a determined, hardy retriever, 
preferably a Labrador or Chesapeake, that is capable of 
making long retrieves in cold, choppy water. 

In puddle-duck hunting, the idea is to lure birds 
into the decoys and take them when they're “putting on 
the brakes,” meaning that their wings are cupped and 
they are about to land. In diver hunting, the birds are 
less likely to slow down, so you'll probably have to take 
them as they're winging along a line of decoys that leads 
to your blind. 

Instead of shooting at birds that are barely moving, 
you're attempting to hit birds barreling along at speeds 
up to 75 mph (120 km/h). To be successful, you must 
learn the swing-through shooting technique and do a lot 
of practicing to determine the proper lead. 

Calling is seldom necessary in diver hunting. 

The birds spot the decoys from a distance and their 
curiosity draws them in without any vocal enticement. 
Nevertheless, many hunters try calling anyway, using a 
diver call or rolling their tongue against a mallard call to 


mimic the characteris 


ic diver “purr.” 
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Divers differ from puddlers in that they do not 
a result, there is 


hesitate to land in rough water, A: 
no need to set your decoys off a lee shore. It’s more 
important to set them where the birds are feeding, 
regardless of wind direction. 

Yet another difference: divers do most all of their 
feeding on the water, so the field-hunting techniques 


that work so well for puddle ducks are not effective for 
divers. Practically all diver hunting is done on the water 
or on passes between two bodies of water. 

Diver hunting is not for everyone. Not only does it 
require a high tolerance for inclement weather, it can be 
a lot of work. But if you're a hardy soul who loves the 


whistle of wings, there’s no more exciting shooting. 
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The J-hook. This setup works well off a point or in open water. The 
Jong tail extends well beyond shooting range. The largest clump of 


The V-formation. This setup is similar to the J-hook, but it has two 
tails extending out into the water, rather than one, giving the birds 
an additional option for approaching the blind. 


decoys is placed at the hook of the J, which forms a landing zone. 


Use sithouette sleds, which can be neatly stacked so they take up less space than ordinary decoys. Attach the sleds to 
longlines; each should be rigged with about twelve sleds. Tie a full-body floating decoy to each end of the line to help keep 
the silhouettes afloat in rough water. 

Make inexpensive diver decoys by painting black patches on white bleach jugs. 

Low-profile boats allow you to get close enough for a good shot on diving ducks that have rafted up on the water. 

Wave a black flag when you spot distant ducks. The motion resembles other ducks flying or landing. Stop flagging once 
‘the ducks start to head your way. 

Look for openings in the trees or long points that extend out into the main body of water to pass-shoot divers. 
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GEESE 


Geese often fly in a very distinct V-formation with a 
much slower wingbeat than ducks. Large, powerful wings 
enable geese to take flight very quickly, even though some 
Canada geese reach a weight of 15 pounds (6.75 kg). 

Once in flight, g 


wingbeat when compared to the fast wingbeat of ducks. 


re easily recognized by their slower 


Flocks consist of one or two family units, each 
numbering between four and six birds. As the 
migration progresses, many flocks join to form large 
concentrations, which may number in the thousands. 

An exceptional homing instinct draws geese to 


the same waters every year, And they often return to 


the same feeding areas on consecutive days. If the food 
supply holds up, they come back to the exact spot in 
the field, 

‘The fall diet of geese consists of waste grain, green 
plants such as clover, grasses and new shoots of barley, 
wheat and oats. Geese feed in open fields where they can 
see in all directions. 

About three out of four bagged geese are juveniles, 
but some live twenty-five years. To survive that long, 
they must learn to be extremely cautious, Old birds 
scrutinize a landing site and yer off immediately if 
anything looks suspicious. 


Dry land goose hunting is one of waterfowling’s greatest thrills. The birds are big, with a wingspan of up to 71 inches (180 cm). The birds 
breed in Canada and the northern United States, then travel south in the fall in long Vs. They can be enticed with large decoy sets and calling 
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Canada geese have a black head with a white chin bar, The back is grayish or brownish and the belly is whitish. Biologists recognize more 
than 12 varieties of Canada geese, the largest being the giant Canada; the smallest, the cackling goose. 


White-fronted geese, also called speckle bellies, have a brownish Snow geese are pure white with black wing tips. Two subspecies 
head, neck and back. The undersides are whitish with dark brown are recognized: the greater snow goose and the lesser snow 
speckles. A distinctive white facial patch rings the base of the goose. Lesser snow geese may sport either dark or white plumage. 


pinkish bill 
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Ross geese resemble the lesser snow goose, but are smaller and 
have a stubbier bill. Ross geese often travel with snow geese and 
can easily be identified in flight by their faster wingbeat. 


Hunting Geese 


Those minutes before first light, the barley bending 
with the wind, the cool of the morning and the 
whispered anticipation of honking geese against a paling 
sky—this is what brings goose hunters to the field each 
year, That and the thrill of seeing the birds over the 
barrel of a gun, ten feet off the ground, their wings 
cupped to land. 

Scouting, prior to the hunt, is essential. Note 
what time birds are seen in which fields and be 
there with your decoys the next day. Large flocks of 
strategically-placed plastic impostors, with good calling, 
will bring geese into shotgun range. 

Hunting with decoys can be done both in 
feeding fields and on the water. When hunting in 
a field, you often need a large number of decoys to 
entice the birds. 

When hunting for Canada or white-fronted geese 
in the early season, set your decoys in small clusters to 
imitate a small family group. Fewer decoys are often 


Brant geese, both Atlantic (bottom) and Pacific (top), can be 
recognized in flight by their rapid wingbeat. The head, neck 
and chest are black and the sides of the neck are marked with 
white streaks, The Pacific brant has a darker underside and more 
pronounced neck marks. 


required early in the season because the geese haven't 
grouped up for the fall migration. 

‘When hunting snow or Ross geese, some hunters 
use well over a thousand decoys in order to successfully 
decoy the most cautious waterfowl of North America. 
Combining large shell decoys and silhouette decoys, 
hunters mix in Texas Rag style decoys, white garbage 
bags and wind sock style decoys to increase the mass and 
visibility of the spread. Hunters rarely hunt snows on 
the water with decoys. 

Brants can also be hunted with decoys, most 
commonly on the water. Setting two separate groups of 
decoys and leaving a place for the geese to land in the 
middle is the most common setup. 

Most pass-shooting takes place in areas surrounding 
goose refuges or other waters with large concentrations 
of birds. Flight paths to and from a lake vary, depending 
on wind direction and the location of the feeding field 
being used. To select a good pass-shooting spot, spend 
a few hours watching the birds, taking note of the 
direction of the wind. 
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Hunters usually stalk geese after following or spotting a 
flock during their feeding period, which usually occurs twice 
daily, once in midmorning and again toward late afternoon. 
Be prepared to use any available cover to sneak on 
a flock of geese. Sometimes they land in a field that is 
impossible to sneak. Better to find another flock where 
you are more likely to make a successful stalk. 
‘When geese land in an open field, try team hunting. 
One hunter hides along an edge of the field, while 


Family spread. Set Canada or white-fronted goose decoys in small 
family groups when hunting early in the season. Groups consist of 
four to ten decoys spaced about § to 10 yards (0.9 to 9m) from 
each group. Set your blinds) on the downwind side, shooting 
geese as they approach your spread. 


Wind 
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another approaches from the opposite side. When the 
birds fly, they may pass over the hiding hunter. 
Hunters accustomed to shooting ducks often have 
trouble hitting geese. Because the birds are so large, the 
tendency is to underestimate their distance and speed. 
Goose hunters use 12- or 10-gauge shotguns with 
modified or full chokes, Shot sizes range from No. 3 
to T shot. 


Combination field. Place snow goose decoys on the downwind 
side of the spread. On the upwind side, set your Canada decoys, 
leaving a large opening. Hide among the snow goose decoys or in 
a pit blind near the downwind side of the spread and shoot as the 
geese approach the landing zone from the downwind side. 


Water spread. Place your decoys 
in the most protected area of the 
bay, leaving an opening about 
15 yards (13 m) wide for the 
birds to land in the middle of the 
spread, The opening should be 
directly in front of the blind. The 
outermost decoys should be no 
‘more than 35 yards (32 m) from 
the blind, giving you a distance 
guide to approaching geese 
Depending on the size of the 
water you're hunting, you'll need 
from one to six dozen decoys to 
hunt geese on the water. 


The short Reed Goose Call provides the most versatile range of tone and pitch of any call on the market. Today, many 
variations are available, made from ABS, polycarbonate and acrylic. Calls made from ABS range are the least expensive. 
Polycarbonate calls are more expensive. Acrylics may be the most expensive, but they have the crispest tones. 

The grip is critical. To create back pressure, put your index finger at the base of your thumb to form an 0 at the very end 
of the call. Then close your pinky finger and your ring finger against your palm as if in a fist. You use your middle finger to 
regulate the air pressure and flow to create all the sounds. 

Play the call like you would play an instrument. Don't blow with your mouth. Air pressure should originate in your 
diaphragm. 

Use your middle finger to change tones and your off-hand to direct the sound up and down and left and right. Begin to 
muffle the call as the birds get closer. The subtle sound keeps them coming. 


Most goose hunters use a blend of several types of decoys. Here, 
the hunters are setting up shells. Flags and silhouettes are handy 
because they take up less storage space and can add depth to 

a spread. 


Outfitter Darren Roe demonstrates proper calling form (right), 
employing a Basin Abomination short reed goose call, Use your 
middle finger to change tones and your off-hand to direct the 
sound up and down, left and right. Begin to muffle the call as the 
birds get closer. The subtle sound keeps them coming. 


Locate geese midmorning or late afternoon by scouting grain fields near resting waters. Secure permission and hunt the 
field the next feeding period. 
Use flags to gain the attention of distant geese. The waving flags imitate geese fluttering in to a flock of feeding geese. 
Pass-shoot geese flying to and from feeding areas. Many refuges allow hunting along the boundaries. 
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A 

Action, 22, 23, 32 
Ammunition, 24-25, 28 
Antelope. See Pronghorns 
Antler rattling, 64, 78 
Antlers, 61 

Arkansas style calls, 140 
Arrows, 35, 36, 37 


B 

Ballistics tables, 24, 25 

Bear. See Black bear 

Beds and bedding, 3, 14, 47, 50 
Bellows calls, 130 


Big game, 8, 10-11, 14, 34, 40, 59-85 


Binoculars, 46, 50, 70, 73, 140 
Black bear, 82-83 
Breeding season, 82 
Calling for, 82 
Daily and seasonal movements, 82 
Description, 82 
Escape tactics, 82 
Food and feeding, 82 
Habitat, 12, 82 
Hibernation, 82 
Hunting techniques, 49, 82-83 
Range map, 82 
Record weight, 82 
Rifles, ammunition, 83 
Senses, 82 
Sign, 83 
Territories, 82 
Black-tailed deer, 71-73 
Daily and seasonal movements, 73 
Description, 71 
Escape tactics, 73 
Food and feeding, 71, 73 
Habitat, 71, 72, 73 
Hunting techniques, 71, 72, 73 
Blinds, 49, 65, 81, 133, 143 
Boats, 46, 55 
Canoes, 55, 144 
Double-pointed duck, 55 
Duck, 140 
Jon, 55 


Low-profile, 147 
Sculling, 55, 147 
Semi-V, 55, 147 
Bobwhite quail, 13, 114-16 
Daily and seasonal movement, 114 
Description, 114 
Escape tactics, 114-15 
Foods and feeding, 16, 114, 115 
Habitat, 114, 115 
Hunting techniques, 115, 116 
Nesting, 114 
Range map, 114 
Roosting, 114, 115 
Shotguns, chokes, shot sizes, 115 
Sounds, 114, 116 
Bolt action rifles, 22-23 
Bore, 23, 28, 32 
Bore sighting, 28 
Bowhunting, 35-39, 50, 76, 77, 81 
Energy, 35 
Equipment, 35, 36, 39 
Types of arrowheads, 36 
Types of bows, 35 
Box calls, 130 
Brant geese, 151 
Bugling, 52, 85-87 
Bullets, 23, 24-25, 28-31, 41 
Ballistics tables, 24 
Energy, 24, 25 


Factors that affect flight path, 24, 30 


Mushrooming, 24 
Slant range effect, 30 
Styles, 24, 25 
Trajectory, 24, 25, 41 
Velocity, 24, 25 
Weight, 24 

Wind drift, 30, 31 


c 
Caliber, 22-24, 40 
California quail, 117 


Calls and calling, 78, 103, 130, 140, 
153 


Arkansas style, 140 
Bellows, 130 
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Coyote howler, 130 
Crow call, 130 
Diaphragm, 76, 130 
Diver, 147 
Flute, 76, 130, 140 
Hawk screamer, 130 
Owl hoster, 130 
Pigtail, 76 
Pileated woodpecker, 130 
Predator, 130 
Pronghorn, 81 
Push-pull, 130 
Silent whistle, 130 
Slate-and-peg, 130 
Standard, 140 
Tube, 76, 130 

Canada geese, 149, 150, 151 
Calls for, 140, 153 
Decoys, 149, 152, 153 

Canoes, 55 

Canwasbacks, 146 

Carbines, 22 

Cartridges, 24, 25 

Chokes, 33 

Chuckar partridge, 126 

Clothing, 42, 48, 49, 50, 52, 66, 


87, 104, 115, 116, 118, 136, 140, 
143, 147 


Color vision of game, 8, 10, 60 
Compound bows, 35, 36, 38 
Cottontail rabbits, 88-91 

Breeding season, 88 

Daily movements, 88 

Description, 89 

Diseases, 88 

Escape tactics, 88 

Foods and feeding, 88 

Habitat, 88, 89 

Home range, 88, 91 

Hunting techniques, 88, 90, 91 

Range map, 88 

Rifles, scopes, ammunition, 88 

Senses, 9, 88 

Shotguns, chokes, shot size, 33 

Sign, 90 


Cover, 12, 13-15, 50, 51, 73 
Corridors, 52, 72 
Escape, 13 
For bedding, 13, 47 
From the elements, 14 
Islands, 52 
Midday, 14 
Types, 13-14 

Coyotes, 103-5 
Calls for, 103, 104, 105 
Daily movement, 105 
Decoys, 105 
Dens and denning, 103 
Description, 103 
Foods and feeding, 103 
Habitat, 103 
Hunting techniques, 103, 104 
Range map, 103 
Rifles, ammunition, 104 
Shotguns, ammunition, 104 
Sign, 103 
Territories, 104 


D 
Deer, 16, 25, 49, 55, 60-73 
Diaphragm calls, 76, 130 
Diving ducks, 146-48 
Calls for, 147 
Decoys, 147, 148 
Description, 139, 146 
Foods and feeding, 146 
Hunting techniques, 147-48 
Migration, 147 
Dogs, 53, 54, 56, 57, 88, 90, 91, 111, 
115, 122-23, 126, 127, 137 
American water spaniel, 54 
Basset hound, 88 
Beagle, 54, 88 
Black-and-tan hound, 54, 82 
Bluetick hound, 54 
Boykin spaniel, 54 
Brittany spaniel, 54, 115 
Chesapeake Bay retriever, 54, 147 
Cocker spaniel, 54 
English pointer, 54, 115 


English setter, 54, 115 
German shorthair, 54, 115 
Golden retriever, 54 
Gordon setter, 54 
Labrador retriever, 54, 111, 147 
Plotts, 82 
Redbone hound, 54, 102 
Redtick hound, 54 
Springer spaniel, 54, 111 
Training, 54 
Walker hound, 54, 82, 102 
Weimaraner, 54 
Doves. See Mourning doves 
Driving, 52 
For elk, 76 
For jackrabbits, 92 
For mule deer, 70 
For pheasants, 110, 112-13 
For whitetails, 64, 67 
Safety, 52 
Where to drive, 52 


Droppings, 47, 53, 63, 75, 79, 83, 91, 


103, 122 
Ducks, 8, 9, 142-48 

Calls for, 140 

Decoys, 141 

Description, 139 

Foods and feeding, 16, 

Hunting techniques, 49, 143-44 

Shotguns, choke, shot sizes, 33 


E 

Elk, 16, 74-77 
Beds and bedding, 74, 75 
Bows, 76 
Breeding season, 74, 76 
Calls for, 76-77 
Daily movements, 74, 75 
Description, 74 
Escape tactics, 74 
Foods and feeding, 16, 74, 75 
Habitat, 17, 74 
Hunting techniques, 76, 77 
Migration, 74-75 
Muzzleloading, 76 


Range map, 74 

Record antlers, 74 

Rifles, ammunition, 25, 76 
Senses, 74 

Sign, 46, 75, 76 

Sounds, 75, 76 
Territories, 74, 75 
Varieties, 74 

Wallows, 75, 77 


F 
Falling block action rifles, 23 
Firing zone, 43 
Flagging devices, 141, 153 
Float-hunting, 55 
For ducks, 144 
For moose, 78, 79 
For squirrels, 98 
For whitetails, 64 
Flushing, 53 
For bobwhite quail, 115 
For cottontails, 91 
For grouse, 121-23, 124, 125 
For partridges, 126 
For pheasants, 110, 111, 112-13 
For quail, 119 
For woodcock, 137 
Flute call, 76, 130, 140 
Fox squirrels, 95, 96-98 
Breeding season, 97 
Calls for, 98 
Daily movements, 95, 97 
Dens and denning, 96 
Description, 95 
Escape tactics, 95, 97 
Foods and feeding, 95, 97 
Habitat, 95, 97 
Hunting techniques, 97, 98 
Nests, 96 
Range map, 95 
Rifles, scopes, ammunition, 97 
Shotguns, shot size, 97 
Sign, 96 
Sounds, 95 
Friction calls, 130 
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But enough with this business; what do we 
know about anti-gravity? 


The search for that answer has taken me to 
some exciting and obscure places in this 
world, like the Aeronautics and Astrophysics 
lab at the Seattle campus of the University 
of Washington. I called those folks because 
Nick Cook in The Hunt for Zero Point, 
mentions that UW received NASA contract 
tostudy theories of inertia as part of its BPP 
program. That's a good place to start, 1 
thought, but it took backtracking to BPP 
Project Director Marc Millis at NASA's Glenn 
Research Center in Cleveland to find Dr. 
John Cramer at the UW Physics 
Department. His mission was to confirm 
with Dr. James Woodward the latter's 1996 
preliminary research into the loss of 
gravitational mass in a targeted piece of 
metal from oscillating capacitors. Although 
Woodward's initial data appeared 
encouraging, NASA's Millis told me that their 
funding dried up before completing their 
research, Furthermore, the entire BPP 
became unfunded in 2002 and now in 2003 
has become a hazy, privatized version of it 

former NASA subset self. 


However, UW is continuing related 
research, such as magnetically confined 
fusion energy generators and that, for me, 
by using electromagnetism to contain an 
inner field makes it a close cousin of anti- 
gravity and field-effect propulsion. I spoke 
with Professor Uri Shumlak who told me 
that he and other UW staff from the 
Department of Aeronautics and 
Astronautics, along with a bevy of their grad 
students, are building a prototype of a 
fusion generator called HIT, which stands 
for Helicity Injected Torus. 


This donut ring-shaped torus encloses a 
roundish chamber, Within that chamber a 
vacuum is first created, and then a volume 
of hydrogen gas is introduced and heated to 
a few million degrees Celsius, which 
separates the electrons and protons from 
their atoms turning the whole stew into a 
quasi-neutral foam of plasma, Then the torus 
envelopes the plasma with a magnetic field 
to keep itaway from the sides of the chamber 
enabling the plasma mass to stay hot, and 


keep the rest of Seattle cool. (While I was 
standing next to his little eight foot long 
gizmo, Prof, Shumlak assured me there was 
no danger ofa couple million degrees of heat 
escaping, The heat density of the plasma was 
"too low" for me to, well, break a sweat over. 
His quote was, "There's no more heat mass 
inside that chamber than what's contained 
ina cup of coffee." I sure hope you're right, 
Doc) 


‘Then, once the plasma field iscontained, the 
magnetic field squeezes the plasma, fusing 
the nuclei of one hydrogen atom into 
another. As the hydrogen couples combine, 
a helium atom is created and a neutron is 
released, along with lots of energy in the form 
of heat. One day, such a generator will give 
us unlimited amounts of electricity, as the 
heat can produce electric voltage. 


Lots of electrical power on the cheap the UW 
predicts; and the Department of Energy 
agrees, once the details of building reliable 
magnetic field generators are solved, What 
does magnetic fusion have to do with anti- 
gravity? Two things: t, magnets. 
Electromagnetism seems to be one of the 
major playersin anti-gravity, particularly the 
use of electromagnetic fields to contain other 
fields, such as plasma fields in the HIT, or 
torsion fields, but more about that later. 
Secondly, the HIT works, or is about to. It's 
real and mainstream science embraces it, 
while anti-gravity is, well, a little more out 
there and reliable data isharder to obtain, So 
the technology of HIT laysa base that other 
research can build upon, such as not only 
containing other fields, but also building field 
effect propulsion systems, the mos 
elementary of which is electrostatic 
propulsion, and aspects of that are already 
being applied by NASA. 


Electrostatic propulsion uses electrical fields 
differently than electromagnetism does. In 
EM a current flows and creates a field, while 
in electrostatic systems the current is static 
and a charge builds up a field, such as in a 
capacitor. 


‘These theories are utilized on NASA's Deep 
Space I,a probe bound for the outer reaches 
of our solar system, On Deep Space I, the 
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G 
Gambel’s quail, 16, 118 
Game trails. See Trails 
Geese, 149-53 
Calls for, 140, 153 
Daily movements, 152 
Decoys, 151, 152, 153 
Description, 139, 149, 150-51 
Escape tactics, 149 
Foods and feeding, 16, 149 
Habitat, 1551-52 
Hunting techniques, 49, 49, 151-53 
Migration, 149 
Shotguns, chokes, shot sizes, 33, 152 
Species, 150-51 
Gray partridge. See Hungarian partridge 
Gray squirrels, 94, 96-98 
Breeding season, 97 
Daily movements, 94, 97 
Dens and denning, 96 
Description, 94 
Escape tactics, 94, 97 
Foods and feeding, 94, 97 
Habitat, 94, 97 
Home range, 94 
Hunting techniques, 97, 98 
Nests, 96 
Range map, 94 
Rifles, scopes, ammunition, 97 
Senses, 94 
Shotguns, shot size, 97 
Sign, 96 
Sounds, 98 
Ground squirrels, 100 
Grouse, 8, 17, 33, 121-25 


H 
Habitat, 12-19, 46 
Hares, 92, 93 
Hearing. See Senses 
Hounds, 54, 82, 83, 90, 93, 102. See 
also Dogs 
Hungarian partridge, 127 
Hunting equipment 
For big game, 59 
For small game, 87 
For upland game birds, 107 
For waterfowl, 140-41 
Hunting techniques 
Antler rattling, 64 
Baiting, 82, 83 
Jump-shooting, 142 


Leapfrog technique, 113 
Pass-shooting, 136, 144, 153 
Running-and-gunning, 133, 134 
Sitting-and-waiting, 133, 134 
Sustained-lead technique, 34, 39 
Swing-through technique, 34, 47 
Tag-team, 134 

Walk-and-wait, 118, 122 


J 
Jackrabbits, 92 
Jon boats, 55 


Jump-shooting, 142 


Leapfrog technique, 113 
Lever action rifles, 23 
Licenses, 45 

Locator calls, 130, 131 
Longbows, 35, 36, 38 


M 
Mallard ducks, 8, 143 
Mergansers, 146 
Metatarsal glands, 11 
Moose, 5, 78-79 
Beds and bedding, 78 
Breeding season, 78 
Daily and seasonal movements, 78 
Description, 78, 79 
Escape tactics, 78, 79 
Foods and feeding, 78, 79 
Habitat, 17, 78, 79 
Home range, 78 
Hunting techniques, 15, 49, 78, 79 
Range map, 78 
Record antlers, 78 
Rifles, ammunition, 25, 78 
Senses, 78 
Sign, 71, 78, 79 
Wallows, 78 
Water, 49 
Mountain quail, 119 
Mourning doves, 49, 135-36 
Daily movements, 135 
Description, 135 
Escape tactics, 135 
Foods and feeding, 135-36 
Habitat, 135, 136 
Hunting techniques, 49, 136 
Migration, 135 
Nesting, 135 
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Range map, 135 
Roosting, 135, 136 
Shotguns, chokes, shot sizes, 33, 136 
Water and watering sites, 49, 107, 
135, 136 

Mule deer, 11, 68-70 
Beds and bedding, 68, 70 
Breeding season, 69 
Daily movements, 68-69 
Description, 68 
Escape tactics, 11, 68, 70 
Food and feeding, 68-69, 70 
Habitat, 68, 70 
Home range, 68 
Hunting techniques, 69-70 
Migration, 69 
Range map, 68 
Record antlers, 68 
Record weight, 69 
Rifles, ammunition, 70 
Senses, 11, 68 
Sign, 71, 69 
Varieties, 69 

Muzzleloaders, 40-41, 76 


P 
Partridge, 126-27 
Pass-shooting, 
For doves, 136 
For geese, 151, 153 
For puddle ducks, 144 
Pheasants. See Ring-necked pheasants 
Pigtail call, 76 
Prairie dogs, 99 
Pronghorns, 11, 80-81 
Breeding season, 81 
Calls for, 81 
Daily movements, 80 
Decoys, 81 
Description, 80, 81 
Escape tactics, 11, 80 
Foods and feeding, 80 
Habitat, 80 
Home range, 80-81 
Hunting techniques, 49, 81 
Record horns, 80 
Rifles, scopes, ammunition, 81 
Senses, 80 
Territories, 81 
Water and watering sites, 16, 49 
Puddle ducks, 139, 142-45 
Calls for, 143 


Decoys, 143, 144, 145 
Description, 142 
Food and feeding, 142 
Habitat, 142, 143 
Hunting techniques, 142-45 
Pump action rifles, 23 
Pump action shotguns, 32 
Push-pull calls, 130 


Q 
Quail, 12, 33, 114-20 


R 
Rabbits, 8, 17, 54, 88-91 
Raccoon, 10, 101-2 
Beds and bedding, 101 
Calls for, 102 
Daily movements, 101 
Dens and denning, 101 
Description, 101 
Escape tactics, 101, 102 
Foods and feeding, 101 
Habitat, 101, 102 
Handguns, 102 
Hibernation, 101 
Hunting techniques, 102 
Range map, 101 
Record weight, 101 
Rifles, 102 
Senses, 101 
Shotguns, shot sizes, 33, 102 
Sign, 102 
Recurve bows, 35, 36, 38 
Redheads, 146 
Red squirrels, 95 
Regulations, hunting, 7 
Rifle sights, 26-29 
Rifles, 5, 22-31 
Actions, 22 
Ammunition, 24-25 
Caliber, 22-23 
Combination guns, 35, 87 
Performance, 26, 28 
Shooting a rifle, 28, 30-31 
Sights, 26-29 
Weight, 22 
Ring-necked pheasants, 5, 11, 15, 
109-13 


Daily and seasonal movements, 
108, 109 


Description, 108, 109 
Escape tactics, 11, 108 


Foods and feeding, 16, 108, 109, 113 
Habitat, 12, 13, 17, 107, 108, 109, 
110, 112 
Home range, 108 
Hunting techniques, 109, 110, 111, 
112 
Nesting, 108, 110 
Range map, 108 
Roosting, 108 
Senses, 9, 108 
Shotguns, chokes, shot sizes, 33, 110 
Sounds, 108, 109, 112 
Ross geese, 151 
Ruffed grouse, 121-23 
Breeding season, 121 
Daily and seasonal movements, 121 
Description, 122 
Drumming, 121, 122, 123 
Escape tactics, 121-23 
Foods and feeding, 121, 123 
Habitat, 12, 121 
Hunting techniques, 121-23 
Nesting, 121 
Range map, 121 
Roosting, 121, 122 
Shotguns, choke, shot sizes, 122 
Sign, 121, 122 
Sounds, 121, 122, 123 
Territories, 121 
Running-and-gunning, 134 


s 
Sage grouse, 17, 125 
Sea ducks, 146 
Safety, 42-43, 55, 67, 92, 110, 136 
Scaled quail, 120 
Scent, 11 
Scopes, 26, 29, 46, 50, 70, 73 
Scouting for game, 17, 46-47, 49, 59, 
62, 64, 65, 151 
Sculling boats, 55 
Semi-automatic action rifles, 23 
Semi-automatic action shotguns, 32 
Semi-Vs, 55 
Senses, 8-11 
Sharp-tailed grouse, 107, 124 
Shotguns, 32-34 
Actions, 32 
Barrel type, 32 
Bore size, 32 
Chamber length, 32 
Chokes, 32, 33 


Shells, 32 

Shooting a shotgun, 34 

Weight, 32 
Sitting-and-waiting technique, 134 
Slate-and-peg calls, 130 
Slugs, 34 
Small game, 7, 14, 54, 87-105 
Ammunition, 40, 87 
Snow geese, 150 
Snowshoe hares, 33 93 
Squirrels, 6, 33, 46, 54, 55, 94-98, 100 
Stalking, 50-51 

For black bears, 82 

For elk, 76 

For geese, 152 

For moose, 78 

For mule deer, 70 

For pronghorns, 81 

For sage grouse, 125 

For whitetails, 64 

For wild boars, 84 
Stand-hunting, 49, 65 

For elk, 76, 77 

For deer, 65 

For moose, 78 

For mule deer, 70 

For pronghorns, 81 

For squirrels, 97, 98 

For whitetails, 64, 65 
Still-hunting, 48, 66 

For bear, 82 

For elk, 76, 77 

For moose, 78 

For mule deer, 70 

For squirrels, 97 

For whitetails, 64, 66-67 
Succession, 12 
Swing-through technique, 34, 147 


T 
Tag-team hunting, 134 
Teals, 143 
Team-hunting, 98 
Tracks, 47, 53, 63, 77, 83, 85, 90, 
104, 112, 122 
Trails, 47, 49, 85 
Trajectory 
Of arrows, 37 
Of rifle bullets, 24, 25, 30 
Of muzzleloader balls, 41 
Tube calls, 130 
Turkey. See Wild turkey 
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U 
Upland game birds, 7, 40, 54, 107-37 


Vv 
Varmints, 40 
Vision. See Senses 


Ww 
Water, 16, 17, 49 
Waterfowl, 7, 17, 21, 46, 49, 50, 54, 
55, 139-53 
Calls for, 140 
Decoys, 141 
Equipment, 140-41 
Migration, 17 
Muzzleloaders, 40 
Population, 7 
Senses, 8 
Shotguns, ammunition, 32, 140 
White-fronted geese, 150 
White-tailed deer, 10, 60-67 
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propellant, a tankful of xenon gas, is excited 
€lectrostaticallyinto positive ions. Theengine 
has a negative charge at the exit end, so the 
charged xenon rushes out the tail pipe with 
a greater thrust than if it was just using 
conventional chemical propellants. In fact, 
the electrostatic propulsion system on Deep 
Space I allows it to fly at 60,000 mph, or 
10,000 mph faster than it would with a 
conventional rocket. In addition, only 82 kg 
of xenon is needed for its entire mission, so 
with its smaller mass and weight Deep Space 
I will fly along side its intended target, a 
comet, and drag race on equal footing while 
filming and conducting studies, Again, not 
anti-gravity per se, but electrically charging 
Deep Space I's fuel-field sets the stage for a 
closer look at electrostatic propulsion. 


‘Taking that closer look is Tim Ventura and his 
fellow researchers.at American Antigravity,an 
organization based in Kirkland, WA. Ventura 
and his crew use electrostatic asymmetrical 
capacitors to create a field that levitates 
objects, such as their small, kite-like "lifters." 
These lifters are very light, weighing only a 
few ounces, and have balsa wood struts that 
support the capacitors. When two capacitors 
of differentsize receive their share of a 30,000 
volt charge, the lifter lifts- no motors or wings. 


How, no one really knows in my judgment; 
and the phenomenon is replete with 
controversyand mystery. Butasone who has 
seen alifter fly, let me tell you what one looks 
like and what I saw when Tim Ventura's 
took off. 


Tim has been building lifters since he was a 
kid and has perfected a four-foot, by-four- 
foot, by four foot triangular lifter which has 
flown so many missions in his garage that the 
silver aluminum foil has turned white, The 
thin, chopstick-like balsa wood ribs that hold 
the aluminum foil in place are joined every 
few inches by a vertical strut (much like a 
telephone pole on a HO model railroad set) 
which sticks up and secures the copper or 
stainlesssteel wire of the upper capacitor. The 
ribs are intersected every ten inches or so by 
the strut of an interior triangle, since the 
whole lifter is composed of interconnected 
isosceles triangles which give the necessary 
strength to the balsa wood frame. All told 


there is about 30 linear feet of aluminum foil 
and a similar run of wire. 


‘The lower and larger capacitor is a strip of 
aluminum foil stretched between the 
horizontal balsa wood struts. The second 
capacitor is a thin strip of 50 gauge wire 
mounted about one inch above the 
aluminum foil, As capacitors they store 
electrical charge but don't pass it on in a 
current. 


Fig. 
Lifter 


The negative lead goes to the lower 
aluminum foil and the positive lead is 
attached to the upper wire. The three corners 
of the lifter are tethered to the work table so 
that the electrical leads from the power 
source are not broken off in flight. 


‘The power source kicks out 15,000 volts at 
250.watts. Tim usesa voltage generator made 
byInformation Unlimited, Inc, but before the 
current reaches the capacitors, the voltage is 
stepped up to 30,000 volts by Tim's 
homemade voltage multiplier stack. At full 
throttle the lifter is straining at the tethers, 
bending the balsa wood frame near the point 
of fracture, 


‘Throw the switch and at around 17,500 volts 
the lifter begins to quiverin take-off. Atthe full 
powerof30,000voltsthelifterisroaringanda 
noticeable downward breeze is observed. 
Many physicists call it"ion wind," and say that 
itis how the lifters fly, But what exactly is ion 
wind, and can it be the cause of flight? 
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Loallwwhom it may concern: 

Be it known that I, Herwasy Piavsox, 
Esthonian subject, residing in Hamburg, 
Germany, have. invented certain new and 
useful Improvements in the Conversion of 
Atmospheric Electric Energy, of which the 
following is a specification. 

Methods of obtaining atmospheric clec- 
tricity by means of metallic nettings set with 
spikes which are held by, means of ordinary 
or anchored kite balloons made of fabrics’ 


“and filled with hydrogen, are in theory al- 


ready kniown. Atmospheric electricity ob- 
tained in this way has been suggested to be 
used in the form of direct current. for the 
charging of accumulators. ‘This knowledge 
however is at present only theoretical as the 
conversion in practice has hitherto been a 
failure. No mans are known of protecting. 
the apparatus from destruction by lightning. 
‘The balloons used for collecting the charge 
must also be made of very: large size in order 
to be able to support the weight of the me- 
tallic netting and the heavy cable’ connec- 
tions. . 

Instead of using heavy metallie netting ag 
collectors attached to single air balloons of 
non-conducting materials which are liable to 


“be torn and are permeable to the gas, it is 


30 


38 


4s 


proposed to use metallic balloon collectors 
Which have the following important advan- 
tages— 

(a), The metallic cases. are impenetrable 
to helium'and hydrogen; they also represent 
large metallic weather-ptoof calectng snr- 

races. 

(8) Radio active means and.the like may 
be easily applied internally or externally ; 
whereby the ionization is considerably in- 
creased and therewith also the quantity of 
atmosphere electricity enpable of being col- 
lected. 

(e) Such balloon eollectors of light: metal 
donot require to be of large size as they 
have to carry only their own moderate 
weight, and that of the conducting cable or 
wire, 

(d) ‘The entire system therefore offers lit. 
tle Surface for the action of storm and wind 
and is resistant and stable. 

(e) Each balloon ean be easily raised and 
lowered by means of a winch so that all re- 
pairs, recharging and the like can be.carried 
put without danger during the operation. 


It is further proposed to use a collecting 58 
aerial network of several separate collectors 
spread out in the air above the earth, which 
collectors are interconnected by elegtrical 
conductors. 

According to this invention charges of at- 
mospheric electricity are not directly’ con- 
verted into mechanical energy, and this 
forms the main difference from’ previous in- 
ventions, but the static electricity which rung 
to earth through aerial. conductors in. the 
form of direct current of very high-voltage 
and low current strength is converted into 
electro-dynamic energy in the form of high 
frequency vibrations. Many advantages are 
thereby obtained and. all’ disadvantages 
avoided. 

The yery’high voltage of stati¢ electricity 
of a low current strength ean be’ converted 
by this invention to voltages more suitable 
for technical purposes and of greater cur- 
rent strength, By. the use of closed 0 
tory’ circuits it is possible to obtain electro- 
magnetic waves of various amplitude and 
thereby to increase the degree of resonance 
of such current, Such resonance allows va- 
vious values of inductance to be chosen 
whereby again the governing of the starting 
and stopping of machines driven thereby by 
simply tuning the resonance between coils 
of the machine and the transformer circuit. 83 
forming the resonance can easily be ob- 
tained.” Further, such’ eurrents have the 
property of beitig directly available for va- 
Tious uses, even without employing them for 
driving motors, of which-thére may be par- 
ticularly mentioned, lighting, produetion of 
heat and use in electro-chemistry. 

Further, with such currents a series of ap- 
paratus may be fed without direct current 
supply through conductors and also the 
electro-magnetic high - frequeney- ‘currents 
may be converted by means of special motors 
adapted for. electro-magnetic oscillations 
inté mechonical energy, or finally converted 
by special machines into alternating current 
of low frequency or even into direct current 
of high potential. 

‘The invention’ is more particularly de- 
ibed with reference to the accompanying 
iagrams in, which > - 

‘gure 1 is an explanator °. 

Figure 2 ip a diagrimmatie view of the 
simplest form. 
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Figure 8 shows a method of converting 
atmospheric electrical energy for use witl 
motors. 

Figure 4 is a diagram showing the use of 
protective means. 

Figure 5 is a diagram of an arrangement 
for converting large current strengths. 
re 6 isa diagram of an avrangement 
including controlling means. 
igure 7 shows means whereby the spark: 
gap length can be adjusted. 

Figure 8 shows a unipolar connection for 
the motor. 

Figure 9 shows a weal coupled system 
suitable for use with small power motors. 

Figures 10, 11 and 12 show modified ar- 
rangements, 

Figure 18 shows a form of inductive eou- 
pling for the motor circuit, 

Figure 14 is a modified form of Figure 13 
with inductive coupling. 

Figure 15 is an arrangement with non- 
inductive motor. 

Figure 16 is an arrangement with, cou- 
pling by condenser 

Figures 17, 18 and 19 are diagrams of fur- 
ther modifications, 

Figure 20 shows a simple form in which 
the acrial network is combined. with special 
collectors. 

Figure 21 shows diagrammatically an a 
rangement suitable for collecting 1 
quantities of energy. 

Figure 22 is a modified arrangement hav- 
ing {wo rings of collectors. 

Figure 28 shows the connections for three 
rings of collectors. 

Figure 24 shows a collecting balloon and 
diagram of its connection of condenser bat- 
terles. 

Figures 25 and 26 show modified collector 
balloon arrangements. 

Figure 27 shows a Second method of con- 
necting conductor for the balloon aerials. 

Figure 28 shows an auto-transformer 
method of connection. 

Figare 29 shows the simplest form of con- 
struction with incandescent. cathode. 

Figure 80 shows a form with cigar shaped 
balloon. 

Figure 31 is a saodified arrangement. 

Figure 32 shows a form with cathode and 
electrode enclosed in a vacuum chamber. 

Figure 33 is a modified form of Figure 32. 

Figure 34 shows an are light collector. 

Figure 85 shows such an arrangement for 
alternating current. 

Figure 36 shows an ineandescent collector 
with Nernst. lamp. 

Figure 37 shows a form with a gas flame. 

Figure 1 illustrates a simple diagram for 
converting static electricity into dynamic 
energy of a high number of, oscillations. 
For the sake of clearness in the’ drawings an 
influence machine is assumed to be employed 
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and not an aerial antenna, 13-and 14 are 
combs for collecting the static electricity of 
the influence machine. 7 and § are spark 
discharging electrodes, 6 and 5 condensers, 
9 an inductive primaty coil, 10 secondary 
coil, 11 and 12ends of conductors of the 
‘ondary coil 10. When the dise of the static 
influence machine is rotated by mechanical 
means, the combs collect the electric changes 
one the positive and the other the negative, 
and charge the condensers 5 and 6 until such 
a high potential is formed across the spark 
gap 7—8, that the spark gap is jumped. As 
the spark gap 7—8 forms a closed cirenit 
with condensers 6 and 5, and inductive re- 
sistance 9, as is well known, waves of high 
frequency’ electromagnetic oscillations will 
pass in this cireuit, 

The high frequency of the oscillations 
produced in the primary ‘circuit induces 
waves ‘of the same periodicity in the sec- 
ondary cirenit. ‘Thus in the primary 
nit electromagnetic oscillations are formed 
by the passage of the spark over the spark 
gap and these waves are maintainod by fresh 
charges of static electri 

By suitably selecting the ratio between the 
number of the coils in the primary and sec- 
ondary cireuits with regard to a correct ap- 

ication of the co-efficients of resonance 

‘capacity, inductance, and resistance) the 
high voltage of the primary cirenit may be 
suitably converted into low-voltage and high 
current strength. 

‘When the oscillatory discharges in the pri- 
mary circuit becomes weaker or entirely 
cease, the condensers are charged again by 
the static electricity until the accumulated 
charge again breaks down the spark gap. 
All this is repeated as long as electricity is 
produced by the static machine by employ- 
‘ing mechanical energy. 

‘An elementary form of the invention is 
shown in Figure 2 in which two spark gaps 
in parallel are used one of which mi 
termed the working gap 7 in Figure 2, whilst 
the second serves as a safety device for ex 
cess voltage and consists of a larger numbe 
of spark gaps than the working section, 
which gaps are arranged in series and are 
bridged by very small eapacities as is illus- 
trated in a, b, ¢,, Figure 2 which allow of 
uniform sparking’ in the safety section. 

In-Figure 2 A is the aerial antenna, for 
collecting charges of atmospheric electricity. 
18 is the earth connection of the second part 
of the spark gap, 5 and 6 are condensers, 9 a 
primary coil. Now when through the aerial 
‘A the positive atmospheric electricity seeks 
to combine with the negative charge to earth, 
this is prevented by (the air gap between) 
the spark gaps. The resistance of the spark 
gap T is, as shown in the drawings, lower 
than thai of the other safety section which 
consists-of three ‘spark gaps connected in 
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"Ion wind is the movement of ionized air 
particles;"according to Ventura, which flow 
downward according to electrical charge." 
Here's his theory: 


The positively charged wire on the top part 
of the lifter steals elections from the 
surrounding air, leaving the effected air 
molecules positively charged. These 
positively chargedairmolecules,orions, then 
head downward toward the large source of 
negatively charged electrons generated by 
the aluminum foil. These air molecule ions 
are bigger and heavier than the electrons 
seeking them, so there is a net thrust 
downward pushing thewholelifterup. That's 
the theory, and frankly all I can do to verify 
the theory is to tell you what others tell me. 
Before I do that, though, let me tell you what 
L experienced standing next to a levitating 
lifter, 


In flight the lifter emits a high whining, 
hissing buzz, and I could feel a good breeze 
coming up at me from the work table 
underneath the lifter. Also, standing next to 
the lifter but not touching it, the hair on the 
back of my head started to rise up in 
electrostatic-like fashion. 


Fig2 
Lifter 


To analyze the air currents Tim blew baby 
powder at the top of the lifter. The majority 
of the particulate cloud was drawn into the 
middle area of the lifter and then sucked 
downward. A kind of vortex was created at 


times, for intermittently I could see a cloud 
forming into an organized column beneath 
the lifter and then spreading out in 360 
degrees once it hit the work table surface. 


Electrostatic propulsion uses 
electrical fields differently 
than electromagnetism does. 
dn EM a current flows and 
creates a field, while in 
electrostatic systems the 
current is static and a charge 
builds up a field, such as ina 
capacitor 


Is that ion wind? Well, there certainly was a 
breeze,and it sure felt like air, buthow would 
Iknowifitwasionized? Something definit 
sucked the baby powder down, but was it 
more than just regular air blowing past me? 
Again, I don't know. 


Is the movement of wind why lifters fly, 
regardless of whether it is ionic or not, or is 
the wind just a by-product and not the 
propulsion? Could the capacitors be creating 
a field that neutralizes gravity, allowing the 
craft to levitate? Or are they creating some 
kind of new field that is localized and the 
surrounding ambient field pushes this"field- 
bubble" up, much like a helium balloon is 
pushed up by the surrounding heavier air 
trying to fill the emptier "field" of the lighter 
helium? 


Ventura thinks at least two phenomena are 
at work, Ion wind is definitely one he feels, 
for the breeze is self-evident. However, he 
thinks a second effect is at work, too, and 
many agree with him, Most speculation 
concerns what is called the Biefeld-Brown 
effect, the "Brown" being T. Townsend Brown, 
whose name is well known in early quantum 
research and whose work is prominently 
discussed in Nick Cook's The Hunt for Zero 
Point. 


The Biefeld-Brown effect, according to 
Ventura, is the theory that high voltage, air- 
gapped capacitors with different or 
asymmetrical capacities generate a net 
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series, and consequently a three times greater 
air resistance is offered. by the latter. 

So long’ therefore, as the resistance of 
tho spark gap 7 is not overloaded, so that 
the other spark gaps have an equal resist- 
ance with i tho discharges take place only 
over spark gup 7. Should however the 
voltage be increased by ‘any influences so 
that"it might be dangerous for charging 
the condensers 5 and 6 or for the coil in: 
ulation 9 and 10 in. consequence of brealc 
down, by a correct regulation of this spark 

p the second spark gap can discharge free 
FFom inductive effects direct to earth with: 
out endangering the machine. 

‘Without this second.spark gip, arranged 
in’ parallel having a higher resistance than 
the working spark gap it is impossible to 
collect. and-render available large quantities 
of electrical energy. 

‘Tho action of this closed dscillation cir- 
cuit consisting of spark gap 7, two condens- 
ers 5 and 6, primary coil 9,’and also see- 
ondary coil’'10 is exactly the same as the 
one described in Figure 1 with the arrange- 
ment of the static imduction machine with 
the only difference that here the second 
spark gap is provided. ‘The electromagnetic 
high frequency alternating currént obtained 
can be tapped off from the conductors: 11 
and 12 for lighting and heating. purposes. 
Special kinds of motors adapted for work- 
ing with: these peculiar: electrical chav‘ges 
may be connected at 14 and 15 which can 
work with statie electricity charges or with 
high frequency oscillations, 

Tn addition to the use of spark gaps 
in ‘parallel a second measure of security is 
also necessary for taking off the current. 
‘This precaution consists according to this 
invention, in the introduction of and method 
‘of connecting certain protective electro- 
magnets or choking coils in the aerial cit- 
cuit as shown by S in Figure’3. 

‘A single electromagnet only having a core 
of the thinnest possible separate laminations 
is connected with the aerial. 

In the ease of high voltages in the aerial 
network or at places where there ‘are fre- 
quent, thunder storms, several such magnets 
Tay however be connected in series 

the case of latgo units or plants sev. 
eral electromagnets ean be employed in par- 
allel or in Series parallel, 

‘The: windings of these electromagnets 
inay be simply connected in series with the 
aerials, In this case the winding preferabl 
consists of several thin parallel wes, which 
make up together, the necessary section, 

‘The winding may be made’ of primary 
and secondary windings in the form of a 
transformer. “The primary winding will be 
then connected in series with the aerial net- 
work, and tho secondary winding more. or 
less short-citeuited over a regulating resist- 


ance or an induction coil. In the latter ” 
case it’ is, possible to regulate to, a certain , 
extent the effect of the choking coils..: In 
the further description, of the’ connecting 
and constructional diagrams the aerial elec- 
tromagnet choke coil is indicated by a 
simple ring 8. 

, Figure 3 shows the simplest way’ of con- 
verting atmospheric electricity into electro- 
magnetic wave energy by the use of special 
motors adapted for high oscillatory cur- 
Tents or static charges of electrical energy. 
Recent improvements in motors for wo 
ing with static charges and motors working 
by resonance, that is to say, having groups 
of tuned electromagnetic cooperating cir- 
cuits render this possible but such do not 
form part of the present invention, 

A motor. adapted to operate, with static 
charges .will for the sake of simplicity be 
diagrammatically indicated by two semi- 
circles 1-and 2 and the rotor of the motor 
by a ring M._ (Figure 3.) A is a vertical 
aerial or aerial network. “S the safety 
choke or électromagnet with coil O as may 
be seen is connected with the aerial A. Ad- 
jacent the electromagnet’ S the serial con- 
auctor is divided, into three circuits, the 
cuit: 8 giving the safety spark gap, the 
circuit 7 with the working spark gap, and 
then a circuit including the stator terminal 
4, the rotor and stator terminal 2 at which 
a connection is made to the earth wire. The 
two spark gaps are also connected metal- 
lically with the earth wire. ‘The method of 100 
working these diagrams is as follows: 

‘The positive atmospheric ‘electric charge 
collected tends to combine with the negative 
electricity (or earth electricity) connected 
with the earth wire. Tt travels along the 
aerial A through the electromagnet S with- 
out being checked as it flows in the sane di- 
rection as the direct current. Further, its 
progress is arrested by two sparks gaps 
placed in the way and the stator condenser 
surfaces. The stator condenser surfaces are 
charged until the charge is greater than 
the resistance of the spark gap't, whereupon 
a spark springs over the:spark gap 7 and an 
oscillatory. charge is obtained as by means 116 
of the motor M, stator snrfaces 1 and 2, and 
spark gap 7, a closed oscillation circuit 
obtained for’ producing the electromagnetic 
oscillations..."The motor here forms the ca- 
pacity and the necessary inductance and re- 
sistance, which, as is well known, are neces 
sary for converting: static electricity into 
electromagnetic wave energy. 

‘The discharges formed ave converted into 
mechanical energy in special motors and ean 
not teach the aerial network by reason of 
the electromagnet, or. choke. If, however, 
when a spark springs over the spark gap 7 
a greater quantity of atmospheric electricity 
tends t6 flow to earth, a counter voltage is 
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induced in the electromagnet, which is 

eater the more rapidly and strongly the 
flow of current direct to the earth is By 
the formation of this opposing voltige 
sufficiently high resistance is offered to. the 
flow of atmosphoric electricity direct to 
earth to prevent a short cireuit with the 
earth. : 

‘The civenit containing spark gap 8 having 
an different, wave length whieh is not in reso- 

wane with the natural frequency of the 
motor, does not endanger the motor an 
serves as security against excess voltage, 
which, as practical experiments have shown, 
may still arise in certain cases, but, can 
conducted direct to earth through this spark 
gap. = 

In the diagram illustrated in Figure 4 th 
spark gap 7 is shunted across condensers 5 
and 6 from the motor M. This construction 
affords mainly « better insulation of, the 
motor against excess voltage and a uniform 
excitation through the spark gap 7. 

In Figure 5 a dingram is illustrated for 
transforming large current strengths which 
may be employed direct without motors, for 
mple, for lighting or heating purpose 
e main difference is that here the spar 
gap consists of a star shaped dise 7 which 
can rotate on its own axis and is rotated by 
a motor opposite similarly fitted electrodes 
74, When separate points of stars face one 
amother, discharges take place, thus forming 
an oscillation circuit over condensers 5 and 
Gand inductance 9 for oseillatory discharzes, 
It is evident that a motor may also be di- 
rectly connected to the ends of the spiral 9. 

‘The construction of the diagram shown 
in Figure 6 permits of the oscillation circuit, 
of the motor being connected with an in- 
Auction coil. Here a regulating inductive 
resistance is introduced. for counter-acting 
excess voltages in the motor. By eutting the 
separate coils 9 (coupled inductively to the 

rial) in or ont the induetive action on the 
motor may be more or less increased or 
variable acrial action may be exerted on the 
oscillation circuit. 

\In Figure 7 the oscillation circuit is closed 
through the earth (E and B,). The spark 
gap 7 may be prolonged or shortened by 
more or fewer spark gaps being successively 
connected by means of a contact arm 7 

Diagram § shows a unipolar connection of 
the motor with the aerial network.’ Here 
tyvo oscillation cirenits are closed through 
the same motor. The first oscillation eirenit 
passes from acrial A through electromagnet, 
S, point «, inductance. 9 to the earth con- 
denser 6 and further, over spark gap 7 to 
the aerial condenser 5 and back to #. ‘The 
second oscillation cirenit. starts from the 
aerial condenser at the point x over the 
inductance 9 to the carth condenser 6 at the 


3 point a and throngh the condenser 6 over 
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the spark gap 7 back to w. The motor itself 
fs inzerted Between the two points of the 
spark gap 7. From this arrangement slight- 
ly damped oscillation wave currents are pr 
duced. 

Tn the diagram illustrated in Figure 9 2 
loosely coupled system of connections is il- 
lustrated which is assumed to be for small 
‘motors for measuring - purposes. A indi- 
cates the aerial conductor, S the electromag- 
net in the aerial conductor, 9 the inductance, 
‘T the spark gap, § and 6 condensers, E the 
earth, M the motor, and 1 and 2 stator con- 
nections of the motor. The motor is di- 
‘yeetly metallically connected with the oscil- 
lation circuit, 

Tn Figure 10 a purely inductive coupling 
is employed for the motor civeuit. ‘The mo- 
tor is connected with the secondary wire 10 
as may be seen in Figure 11 in a Somewhat 
modified diagram connection. The same 
applies to the diagram of Figure 12. 

‘The diagrams hitherto described prefer- 
ably allow of motors of small and medium 
strength to be operated. For large aggre- 
gates, however, they are too inconvenient. as 
the construction of two or more oscillation 
circuits for large amounts of energy is diff- 
cult; the governing is still more difiicult and 
the danger in switching on or off is greater. 

‘A means of overcoming such difficulties is 
shown in Figure 13. The oscillation circuit 
here runs starting from the point « over con- 
‘denser 5, variable inductance 9, spark gap 
7 and the two segments (3* and 4*) form- 
ing arms of a Wheatstone bridge, back to 2. 
Tf the motor is connecied by brushes 3 and 
4 transversely to the two arms of the bridge 
as shown in’ the drawings, electromagnetic 
oscillations of equal sign are induced in the 
stator surfaces 1 and 2 and the motor does 
not revolve. If however. the brushes 8 and 
4 are moved in comnion with the’ conduct- 
ing wires 1 and 2 which connect the brushes 
with the stator poles a certain alteration or 
displacement of the polarity is obtained and 
the motor commences to revolve. 

The maximum action will result if one 
brush 3 comes on the central sparking con- 
tact 7 and.the other brush 4 on the part a, 
‘They are however, usually in practice not 
brought-on to the central contact 7 but only 
held in the path of the bridge segments 4* 
and 3* in order not to connect the spark gaps 
with the motor oscillation circuit. 

As however, the enttire oscillation energy 
can thereby not act on the motor it is better 
to carry out the same system according to the 
diagram 14. The diagram 14 differs from 
the foregoing only by the motor not being 
directly metallically connected with the seg- 
‘ments of.the commutator, but only a pri- 
mary coil 9 which induces ina secondary 
coil’10, current which feeds the motor M 
and takes the place of the rotor. By this 
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arrangement a good transforming action is 
cbiained, a loose coupling and also an os- 
cillation éireuit without a spark gap. 

Tn Figure 15 the motor is not purely.in- 
duetively as in 14, but directly metallically 
branched off from the primary coil (at @ 
and #) after the prineiple of the auto-trans- 
former. 

In Figure 16 instead of an inductance a 
condenser 6 is in similar manner, and for 
the same object inserted between’ the. sog- 
ments 3* and 4%, ‘This has the advanta 
that the segments 3* and 4* need not_be- made 
of solid metal but may consist of spiral coils 
whereby a more exact regulation is possible 
and further motors of high inductance may 
be employed. 

‘The arrangements of Figures 17, 18 and 
19 may be employed for use with resonance 
and particularly with induction condenser 
motors; between the large stator induction 
condenser surfaces, small reversing pole con- 
densers are connected, which, as maY be seen 
from Figures 17, 18 and 19 are led together 
to earth. Such’ reversing poles have the 
advantage that with large quantities of 
electrical energy the spark formation. be- 
tween the separate oscillation circuits ceases. 

Figure 19 shows a further method which 
prevents electromagnetic oscillations of high 

umber of alternations formed in the oscil- 
lation circuit striking back to the aerial con- 
ductor, Tt is based on the well known pri 
ciple that a mereury lamp, one electrode’ of 


5 which is formed of mercury, the other of 


solid metal such as steel allows an electric 
charge, to pass in only one direction from 
the mereury to the steel and not vice versa, 
‘The mereury electrode of the vacuum tube 
N is therefore connected with the aerial 
conductor and the steel electrode with the 
oscillation circuit. _ From this it results that 
charges ean pass’ only from the aerial 
through the vacuum tube to the oscillation 
cireuit, but not. viee versa, , Oscillations 
swhich are formed on being transformed in 
the escillation cirenit cannot, pass to the 
verial conductor. 

Tn practice these vacuum tubes must be 
connected behind an electromagnet:.as the 
latter alone affords no protection against the 
danger of lightning. 

As regards the use of spark ‘gaps, all 
arrangements as used for wireless teleg- 
raphy may be used. Of course the spark 
gaps in largo machines must have. a sufli- 
ciently Iarge surface. Tn very Tange stations 
they are cooled in liquid carbonic acid or 
better still in liquid nitrogen or hydroge 
in most eases the cooling may also take 
place by means of liquefied low homologues 
of the’metal series or by means of hydro- 
carbons the freezing point of which lies at 
between —90° C. and —40° C. The spark 
gap casing must also be insulated and be of 


sufficient strength to be able to resist any 
pressire which may arise: Any undesirable 
excess super-presstire which may be formed 
must be automatically let off, T have emn- 
Played with very good results mereury elec 
trodes which awere frozen in liquid carbonic 
acid, the cooling being maintained during 
the operation from the outside through the 
walls. 

Figuire 20 is one of the simplest forms of 
struction of an aerial network in com- 
bination with collectors, transformers and 
the like illustrated diagrammatically. Eis 
here the earth wire, 8 the safety spark gap, 
7 the working spark gap, 1 and 2 the stator: 
surfaces of the motor, 5. condenser battery, 
S the protective maghet. which is connected 
with the coil in the aerial conductor Av to 
A* aerial antennz with collecting balloons, 
N horizontal collecting or connecting wires 
from which, to the centre number of co 
nections rin. 

‘The: actual collectors consist of metal 
sheaths preferably made of an aluminium 
maghesium alloy, and are filled with hydro- 
gen or helium and are attached to copper 
plated steel wires. ‘The size of the balloon 
is selected so that the actual weight of the 
balloon and the weight of the conductin, 
wire is supported thereby. On the.top of 
the balloon aluminium spikes, made and 
gilded in a special manner hereinafter de- 
seribed, are arranged in order to produce a 
conductor action, Small 
radium preparations, more particularly 
polonium-ionium or mesothorium prepara- 
tions ‘considerably inerease the ionization, 
and therewith the action of these eollecto: 

In addition to metal balloons, fabric bal- 
loons which are superficially metal coated 
according to Schoop’s metal spraying proc- 
ess, may however also be employed. A 
metallic surface may also be produced by 
Inequering with metallic bronzes, preferably 
according to Schoop’s spraying’ process or 
Incquering with metallic bronze powders in 
two electrical series of widely different 
nietals, because thereby the collecting effect 
is considerably increased. 

Instead of the ordinary round balloons, 
elongated cigar shaped ones may be em: 
ployed. In order also to utilize the fric- 
tional energy of the wind, patches or strips 
of non-conducting substances which pro- 
duce electricity by friction, inay be attached 
to the metallized balloon surfaces. ' The 
wind will impart a portion of jts energy in 
the form of frictional electricity, to the 
balloon casing, and thereby the collecting 
effect is substantially increased. 

In practice however, very high towers 
(up to 300 metres is fully admissible) may 
be employed ‘as antenna. In these towers 
copper tubes rise freely further above the 
top of the lower. A” gas lamp secured 
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against the wind is then lit at the point of 
the copper tube and a netting is secured to 
the copper tube over the flamé of this lamp 
to form a collector. ‘The gas is conveyed 
through the interior of the tube up to the 
summit. ‘The copper tube must be nbso- 
Tutely protected from moisture at the place 
at which-it enters the tower and also, rain 
must be prevented running down the walls 
of the tower which might lead to «bad 
catastrophe. This is done by bell shaped en- 
largements which expand downwards, being 
arranged in the tower in the form of high 
voltage insulators of Sinmese pagodas. 
Special attention must be devoted to the 
foundations of such towers. ‘They must. be 
well insulated from the ground, which may 
be obtained by first embedding a layer of 
conerete in a box form to a suficient depth 
in the ground and inserting in this an 
asphalt lining and then glass bricks cast 
about 1 or 2 metres in thickness. Over this 
in tnrii there is a ferro-conerete Iiyer in 
which alone the metal foot of the tube is 
secured. This concrete block must be at 
least 2 metres from the ground and be fully 
protected at the sides by a wooden covering, 
from moisture. In the lower part of the 
tower a wood or glass house for the large 
condenser batteries or for the motors may 
he constructed. Tn-order to lead the earth. 
connection to the ground water, 2 well in- 
sulated pit constructed of vitreous bricks, 
must be provided. Several such towers are 
erected at equal distances apart and con- 
nected with a horizontal conductor. ‘The 
horizontal connecting wires may either run 
directly from tower to tower or be carried 
on bell shaped insulators similar to those in 
use for high voltage conductors. ‘The width 


of the network: may be of any suitable size, 


and the connection of the motors ean take 
place at any suitable places. 

In order to collect large quantities of 
electricity with few aerials it is well to pro- 
vide the aerial conductor with batteries of 
condensers as shown in two methods of con- 
struction in Figures 91 and 22. In Figure 
21 the batteries of condensers 5 are con- 
nected on the one hand with the aerial elec- 
tricity collectors Z hy the aerial conductor 
A, and on the other hand interconnected in 
series with an annular conductor from 
which horizontal conduetors run to the con: 
necting points C to which the earth wire is 
connected. 

Figure 22 shows a similar arrangement. 
Should two such series of antennw rings be 
shown bya voltmeter to have a large dif- 
ference of potential (for example, one in the 
mountains and one in the plain) or even of 
A'fferent polarity these differences may be 
compensated for by connecting sufficiently 
large condenser batéeries (5, 5*, 5°) by means 
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ure 23 a connection of three such rings of 
collectors to form a triangle with a central 
condenser battery is illustrated. 

The condenser batteries of si 


ge in 


stallations must be embedded in liquefied 7 


gases or in liquids freozing at very low 
temperatures. Th such cases a portion of 
the atmospheric energy must be employed 
for liquefying these gases. It is alsoprefer 
able to emiploy presstire. “By this means the 
condenser surfaces may be diminished, and 
still allow for large quantities of energy to 
be stored, secure against. breakdown. For 
smaller installations the immersing of the 
condensers in well insulated oil or the like, 
suffices. Solid substances on the other hand 
cannot be employed as insulators. 

‘The arrangement in the diagrams hitherto 
described was always such that the con- 
denser batteries were conneoted with both 
poles directly to the acrial conductors. An 
improved diagram of the connections for 
obtaining ‘atmospheric electricity. for the 
condenser batteries has however, heen found 
to be very advantageous, this arrangement, 
consists in that they are connected by only 
one pole (unipolar) to the collecting. net- 

Such a method of arrangement is 
‘y important, as by means of it a constant 
current and an increase of the normal work- 
ing pressure or voltage is obtained. If for 
example a collecting balloon aerial which is 
allowed to rise toa height of 300 metres, 
shows 40,000 volts above earth voltage, in 
practico it has been found that the working 
voliage (with a withdrawal of the pow 
according to the method hereinbefore de- 
seribed by means of oscillating spark gaps 
and the'like) is only about 400 volts. Tf 
however, the capacity of the condenser sur- 
faces be increased, which capacity in the 
above mentioned ease was equal to that of 
the collecting surface of the balloon aerials, 
to double the amount, by connecting the 
condenser batteries with only one pole, the 
voltage rises under an equal withdrawal of 
current up to and beyond 500 volts. This 
can only be ascribed to the favourable action 
of the connecting method. 

In addition to this substantial improve- 
ment it has also been found preferable to 
insert double inductances with clectromag- 
nets and to place the capacities preferably 
between two such cleetromagnets. Tt has 
also been found that the useful action of 


resistance to the unconnected pole of th 
condenser, or still better if the: condenser 
itself be made as an induction conden 
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other free condenser pole, and if through the 
spark gap a short cirenit. results, the accu- 
mulated energy is again given back since 
now new quantities of energy are induced 
at the condenser pole connected with the 
conductor network, which in fact charges 
with opposite signs to that at the free con- 
denser pole. ‘The new induced charges have 
of course the same sign as th collector net- 
work. The whole voltage energy in the 
aprial is thereby however increased. In the 
same space of time larger quantities of 
energy are accimulated than is the case 
without such inserted condenser batteries. 

In Figures 24 and 25 two. different di 
grams of connections are more exactly illus 
trated, Figure 24 shows a collecting balloon 
‘und the diagram of the comnections to earth, 
Figure 25 four collecting balloons and the 
parallel connection of the condenser bat- 
tories, belonging thereto. 


A is the collecting balloon made of an. 


aluminium magnesium alloy (electron metal, 
magnalium) of a specific gravity of 1.8 and 
a thickness of plate 0.1 to 0.2 mm. Inside 
there are eight. strong vertical ribs of T 
Shaped section about 10 to 20 mip. in height 
and about 3 mm..in-thickness with the pro- 
jecting part dirécted inwards (indicated by 
a,b, & d and so forth); they are riveted to: 
géther to form a firm skeleton and are stiff- 
ened in a hotizontal direction by two cross 
ribs. ‘The ribs are further connected with 
fone another internally and transversely by 
means of thin steel wires, whereby: the bal- 
Joon obtains. great power of resistance and 
clasticity. Rolled plates df 0.1 to 02 mm. in 
tisielness made of magnalitim alloy are then 
cther soldered-or riveted. ch this skeleton 
vo that a filly metallic easing with sninoth 
external surfuce is obtained. Well silvered 
‘or coppered aluminium plated steel wires run 
irom each rib to the fastening ring 2... Fur- 
ther, the coppered steel hasxser L preferably 
twisted out of separate thin. wires (shown in 
dotted Tines in Figure 24) and ‘which aust 
be long enowzh to allow the balloon to rise 
in the desired height, leads to.a metal roller 
or pulley 3 and from thenee to a winch W, 
vwell insulated from the earth,. By means of 
this winch, the balloon, whieh. i 
hydrogen, or helium, ean’be allow 
to a suitable height’ (300 to- 5,000 metres) 
and brought to the ground for recharging 


actual cmvvent is taken. directly 
through a friction contact from the metal 
roller 3 or from the wire, or even from the 
winch or simultaneously ‘from all three by 
ueans of brushes (3, 8° and 3). Beyond 
the brushes the conductor is divided; the 
paths being:—firstly over 12 to the safety 
spark gap 8, from thence to the ‘earth con- 
ductor’ E*, and secondly over elestromagnet 
S*, point 13, to a second loose electromagnet, 
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having an adjustable coil S#, then to the 
spark gap and to the second earth con- 
ductor E*, The actual working cirenit is 
formed through the spark gap.7, condensers 
3 and 6, and through the primary coil 9; 
‘here the static electricity formed ‘by oscil: 
latory discharges js acct'mnlated and con- 
verted into high frequency electromagnetic 
oscillations. Between the electromagnets 5+ 
and S* at the crossing point 18, fone con- 
denser batteries are introduced’ which: are 
‘only indicated diagrammatically in the 
drawings each by one condenser. Tivo of 
these batteries (16 and 18) are made as plate 
condensers and prolonged by regulating. in- 
duction coils or spirals 17 and 19 while the 
‘tivo others (21 and 23) are induction con- 
densers, As may he seen from the drawings 
each of the four condenser batteries 1¢, 1 
21,:23 is connected only by one pole to, the 
aerial, or to the collector conductor. - The 
second poles 17, 19, 92, 24 are open. In the 
case of plate condensers having no inductive 
resistance an induction coil is inserted. The 
object of such a spiral or coil is the displace 
ment of phase of the indhiction current by 14 
periods, whilst the charging current of the 
condenser poles which lie free in. the air, 
works back to the collettor aerial, The con: 
sequence of this is that in discharges 
collector aerial the back inductive action of 
the free poles allows a higher voltage to be 
maintained in the aerial collecting con- 
ductor than would otherwise be the easé. It 
has also been found that such a back action 
has an extremely favourable effect. on the 
wear of the contacts. Of course the indu 
tive effect may be regulated at will within 
the limits of the size of the indaction coil, 
the Iength of the coil in action being ad 
Justable by means of wire connection swith- 
out induction (seo Fig. 24, No. 211). 

S* and S* may also be provided with stich 
regulating devices inthe case of S* (illus- 
trated by 11). Ti exeess voltage be formed 
it is conducted to earth through the wire 12 
and spark gap 8 or throngh any other suit- 
able apparatus, since this formation would 
be dangerous for the other apparatus, 

‘The action of these condenser batteries 
already been hereinbefore described. 

The small cirgles-on the collector balloon 
indicate places at which zine amalgam. or 
gold amalgam-or other photoclectric acting 
nietals in the fori of small patches in ex- 
tremely thin layers (.01 to 05 mm. in 
thickness) are applied to-the balloon casing 
of light metal. Stich metallic patches may 
also be applied to the entire balloon as-well 
as in greater thicknéss to the conducting 
network, The capacity of the collector is 
thereby considerably strengthened at th 
surface. ‘The greatest possible effect in co 
ecting may be obtained by polonium amal- 
gams and the like. On the surface of the 
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collector balloon metal points or spikes are 
also fixed along the ribs, which spikes serve 
particularly for collecting the collector 
chargo. Sine it is well known that the re- 
sistance of the spikes is less the sharper the 
spike is, for this purpose it is therefore ex- 
tremely’ important to employ” as sharp 
spikes as possible. Experiments made as 
regards these have.shown that the forma- 
tion of the body of the spike or point also 
plays a large part. for example, spikes made 
of bars or rollers with smooth surfaces, 
have a many times greater point resistance 
as collector accumulator spikes than those 
with rough surfaces. Various kinds of 
spike bodies have been experimented with 
for the collector balloons hereinbefore men- 
tioned. ‘The best results were given by 
spikes which were made inthe following 
way. Fine points made of steel, copper, 
nickel, or copper and nickel alloys, were Eas: 
tened ‘together in undies and then placed 
as anode with the points in a suitable elec- 
trolyte (preferably: in hydrochtorie acid or 
muriate of iron Solutions) and so treated 
with weak current at 2 to 8 volts pressure. 


After 2 to 8 hours according to the thick- 


ness of the spikes or pins the points become 
extremely sharp and the bodies of the spikes 
have a rough surface. The bundle can then 
be removed and the acid washed off with 
water. The spikes are then placed ag 
cathode in a bath consisting of solution of 
gold, platinum, iridium, paladium or wolf- 
ram salts or their compounds and coated 
at the cathode galvanically with a thin layer 
of precious metal, which must however be 
sufficiently firm to protect. them from a 
mospherie oxidation, ‘5 

Stich spiles act at a 20 fold lower voltage 
abnost as well as the best,and finest points 
made by mechanical means. Still better re- 
snlts are obtained if polonium or radium 
salis are added to the galvanic bath when 
forming the protective layer or coating. 
Sneh pins have a low resistance at their 
points and even at one volt. and still lower 
pressures have an excellent, collector action. 

In Figure 24 the three unconnected poles 
are not connected with‘one another in pa 
allel. That is quite possible in practice 
Without altering the prine ple of the: free 
pole: Tt is also preferable to interconnect 
in parallel toa conimon collector network, 
a. series of collecting aerials, 

Figure 25 shows a diagram for such an 
tallation. At, At, A? A* are four metal 
Nector balloons with “gold or platinum 
coated spikes which are electrolytically 
made in the presence of polonium eman: 
tions or radi salts, which spikes or nee- 
ales are connected over four electro-magnets 

S*, $*, through an annular conduetor 
R. From this annular conductor four wires 
yun over four further electromagnets ‘Ss, 
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S*, S, S*, to Ue connecting point 13. ‘There 
the conductor is divided, one branch passing 
over 12 and ‘the safety ‘spark gap 8 to the 
earth at E', the other over inductive resist- 
ance J and working spark gap 7 to the earth 
at E%. ‘The working circuit, consisting of 
the condenser 5 and 6 and a resonance 
motor or a condenser motor M, such as here- 
inbefore described, is connected in prox- 
imity round the sparking gap section 7. 

Instead of directly connecting the con- 
denser motor of course the primary cireuit 
for high frequency oscillatory curvent'may 
also be inserted. 

‘The condenser batteries are connected by 
one pole to the annular conductor R and can 
be either inductionless (16 and 18) ox made 
as induction condensers ns shown by 21 
and 23. The free poles of the induetionless 
-eondensers ave indicated by 17 and 19, those 
of the induction condensers by 92 and 24 
‘As may be seen trom the drawings all these 

les 17. 22, 19, 24°may be interconnected 
in paraliel through. a second annular con- 
ductor without any fear that thereby the 
principle of the free pole connection will be 
injured. In addition to the advantages. 
already set forth the parallel connection 
also allows of an equalization of the work 
ing pressure in the entire collector network. 
Suitably constructed and calculated indue- 
tion coils 95 and 26 may also he inserted in 
the annular conductor of the free poles, by 
means of which a cirenit may be formed 
in the secondary coils 27 and 28 which al- 
lows current produced in this annular con- 
ductor by fluctuations of the charges or the 
ike appearances to be measured or other- 
swise utilized. 

According to what has been hereinbefore 
stated separate collector balloons may be 
connected at equidistant stations distribuited 
over the entire country, either connected di- 
rectly with one another metallically or by 
means of intermediate suitably connected 
condenser batteries throngh -high voltaze 
conductors insulated from earth, The 
static electricity is converted through a 
spark gap into dynamic energy of a high 
nuinber of oscillations and may in such form 
be coupled as a source of enerzy by means 
of a suitable method of connecting, various 
precautions being observed, and with spe- 
cial regulations.” ‘The wires leading from 
the collector balloons have hitherto been 
connected through an annular conductor 
without this endless connection, which can 
be regarded as an endless induction coil, be- 
ing able to exert any action on the whole 
conductor system. 

Tt has now been found that if the network 
conductor connecting the aerial collector bal- 
loons with one another is not made as a 
simple annular conductor, but preferably 
short citéuited in the form of coils over a 
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condenser battery or spark gap or through 
thermionic tubes or valves oF audions, then 
the total collecting network exhibits quite 
new properties. The collection of atmos- 
pheric electricity is thereby not only in- 
creased but an alternating field may be eas- 
ily produced in the collector network. 
Further, the atmospherie electrical forces 
showing themselves in-the higher regions 
may also be direetly obtained by induction. 
Tn Figures 26 and 98 a form of construction 
is shown on the basis of which the further 
foundations of the method will be more par- 
ticularly explained. 

In Figure 26 1, 2, 8, 4 are metal collector 
balloons, 5, 6,'7, 8 their metallic aerial con- 
ductors and T the actual collector network. 
This consists of five coils and is mounted on 
high voltage insulators in the ‘air, on high 
voltage masts (or with a suitable construc: 
tion of eable embedded in the earth), One 
goil has a diameter of 1 to 100 km. or more. 
8 and $* are two protective electromagnets, 
F the second safety section against excess 
voltage, E its earth conductor and E* the 
earth conductor of the working section. 
When an absorption of static atmospheric 
electricity is effected through the four bal- 
Joon collaztors, the current in order to reach 
the earth connection E* ‘must flow spirally 
through the collector network over the elec- 
tromagnet 8, primary induction coil 9, con- 
ductor 14, anode A of the audion tube, in- 
eandescent cathode K, as the way over the 
electromagnet and safety spark gap F offers 
considerably greater resistance!” Ding to 
the fact that the accumulated current flows 
in one direction, an electromagnetic alter- 
nating field is produced in the interior of 
the collector network coil, whereby the whole 
free electrons are directed more or less into 
the interior of the coil. “An increased ioni- 
zation of the atmosphere is therefore pro- 
duced.” In’ consequence of this the points 
mounted on the collector balloon show a 
considerably reduced. resistance and there- 
fore increased static charges between the 
points on’ the balloon and the surrounding 
atmosphere are produced. ‘The result of 
this is a considerably increased collector ef- 

ject. 

A second effect which could not be ob- 
tained otherwise is obtained by the electro- 
magnetic alternating field which running 
parallel to the earth surface, acts more or 
Jess with a: diminishing or increasing effect 
on the earth magnetic field, whereby in the 
case of fluctuations in the eurrent a return 
induction current of reversed sign is always 
produced in the collector coil by earth mag- 
netism. Now if, however, a constantly pul- 
sating continuots alternating field is pr 
duced as stated in the above collector net- 
work I, an alternating current of the same 
periodicity is produced also in the collecting 


c-) 
network coil. As the same slterating field 
is further transmitted to the aerial balloon, 


the resistance of its points is thereby con’ 
siderably reduced, whilst the collector ac- 
tion is considerably increased. A further 
advantage is that positive electrons which 
colleet on the metal surfaces during 
version into dynamic current produce a s0- 
called. drop of potential of the collector 
arei. As an alternating field is present, the 
negative ions surrounding the collector sur- 
faces, when discharge of the collector. sm 
faces takes place produce by the law of in- 
duction, an induction of reversed sign on 
the collector surface and so forth (that is 
to say again a positive charge). In addi- 
tion to the adyantages hereinbefore set forth, 
the construction of connecting conductors in 
coil form when of sufficiently large diam- 
eter, allows of a utilization of energy ari 
ing in higher regions also in the simplest 
way. As is well, known electric discharges 
frequently take place’at very great eleva- 
tions which may. be observed, such as St. 
Elmo’s fires. or northern lights. "These 
energy quantities have not been able to be 
utilized up to now. By this invention all 
these kinds of energy, as they are of an 
electromagnetic nature and the direction of 
the axis of the-edllector coils stands at right 
angles to the earth’s surface, ean be more or 
Jess absorbed in the same way as a receiver 
in wireless telegraphy absorbs waves coming 
from a far distance. With a large diameter 
of the spiral it is possible to connect large 
surfaces and thereby to take up also large 
quantities of energy. 

‘At ig well known that large wireless sta- 
tions inthe summer months, and also in 
the tropics are very frequently unable to 
receive the signals in consequence of inter- 
ruptions whieh are caused by atmospheric 
electricity, and this takes place with vertical 
coils of only 40 to 100 m. diameter. If on 
the contrary horizontal coils of 1 to 100 km. 
diameter be employed very strong currents 
may be obtained through ‘discharges which 
are constantly taking place in the atmos- 

here. Particularly in the tropics or still 

ter in the polar regions where the 
northern lights are constantly present, Tar 
quantities of, energy may probably be cb 
tained in this way. A coil with ‘several 
windings should act ‘the best. In similar 
manner any alteration of the earth mag- 
notism should act inductively on such a col, 

Tt is not at all unlikely that earthquakes 
and spots on the sun will also produce an 
induction in such collector coils of sufficient 
size. In similar manner this collector con- 
ductor will react on earth currents more 
particularly when they are near the surface 
of the earth or.even embedded in the earth, 
By combining the previous kind of current 
eollectors so far as they are adapted for 


the con-* 


0 


% 


80 


100 


ho 


ns 


123 


130 


20 


30 


40 


10 


the improved system with the improved po: 
sibilities of obtaining current, the quanti- 
ties of free natural energy which are to be 
obtained in the form of electricity are con- 
siderably increased. 

In order to produce in the improved col- 
lectne coil untform current oscillations of 
‘an undamped nature so-called audion high 
‘vacuum or thermionic tubes of suitable con- 
nection are employed instead of the pre- 
viously ‘known spark gaps (Fig. 26, Nos. 
9-18): The main aerial current’ flows 
through electromagnet $ (which in the ease 
of a high number of alternations is not con- 
nected here but in the earth conductor) 
and may be conveyed over the primary coils 
in the induction windi g through wire Lt 
to the anode A of the high vacuum grid 
tube. Parallel with the induction resistance 
9a regulating capacity of suitable size, such 
as condenser 11 is inserted. In the lower 
part of the vacuum grid tube is arranged 
the incandescent filament or the cathode K 
which is fed through a battery B. From 
the battery B two branches run, one to the 
earth conductor E* and the other through 
battery Bt and secondary coil 10 to the grid 
anode’g in the vacuum tube. By the method 
of connections shown in dotted lines, a. de- 
sired voltage at the grid electrode g may 
also be produced through the wire 17 which 
is branched off from the main current con- 
ductor through switches 16 and some small 
condensers (¢, 3, ¢, d) connected in series, 
and conductor 18, ‘without the ‘battery Bi 
being required. 

‘The action of the ‘entire system is some- 
what as follows: 

On the cofinecting conductor of the aerial 
collector network being short cirenited to 
earth, the condenser pole’I1 is charged and 
slightly damped oscillations are formed in 
the short circuited existing oscillation eir- 
cuit formied of the condenser 11 and self 
inductance 9. In consequence of the cou- 
pling through coll 10; fluctuations of voltage 
take place in the grid circuit 15 with the 
same frequency, which, fluctuations in turn 
influence the strength of the electrode cur- 
rent passing through the high vacuum am- 
plyfying tube and thus produce current flue- 
tuations of the sume frequency in the anode 
cireuit. A permanentsupply of energy tothe 
oscillation circuits 9 and 10 consequently 
takes place, until a condition of balance is 
set up, in which the consumed oscillation 
energy is equal to that absorbed. “Thereby 
constant undamped oscillations are now pro- 
Auced in the oscillation cireuits 9-11. 

For regular working of such oscillation 
producers high vacuum strengthening tubes 
sire necessary and it is also necessary that 
the grid and anode voltages shall have a 
phase difference of 180° so'that if the grid 
is negatively charged, then the anode is 
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positively charged and vice vers. This 
necessary difference of phase may be ob- 
tained by ‘most varied connéctions, for ex- 
ample, by placing the oscillation circuit in 
the grid cirenit or by separating the oseil- 
lation cirouit and inductive coupling from 
the anodes and the grid cireuit and so forth. 

‘A second important factor in this way of 
converting static atmospheric electricity into 


ease the 


connected in series; in this 
battery Bt may be-omitéed. With a suit- 
able selection of the grid potential a glow 
discharge takes place between the grid g 


and the anode A, and accordingly at the 
grid there is a cathode drop and a dark 
Space is formed. The size of this ‘cathode 
drop is influenced by the ions which .are 
emitted in the lower space in consequence 
of shock ionization of the incandescent 
cathodes K and pass through the grid in 
the upper space. On the other hand the 
number of the ions passing through the grid 
is dependent on the voltage between the grid 
and the eathode, ‘Thus if the grid voltage 
undergos periodic fluctuations (as in the 
present casé) the amount of the cathode 
drop at the grid fluctuates and consequently 
the internal resistance of the tube corre- 
spondingly fluctuates, so that when a back 
coupling of the feed’ cirenit. with the: grid 
cirouit takes place, the necessary means are 
afforded for producing undamiped oscil 
tions and of taking current, according to re- 
quirements from the collecting conductor 

‘The frequency of the undamped oscilk 
tions produced is with a snitably loose cou- 
pling equal to the self frequency of the 
oscillation circuits 9 and 10. By a suitable 
selection of the self induction of the coil 9 
and capacity 11 it is possible to extend from 
frequencies which produce electromagnetic 
oscillations of only a few metres wave 
Jength down to the lowest_ practical alter- 
nating current frequency. For large instal- 
Jations a suitable number of frequency pro- 
fureing tubes in the form of the well known 

igh. vacuum transmission tubes of .5 to 2 
kw: in size may be connected in parallel so 
that in this respect no difficulty exists. 

‘The use of such tubes for producing un- 
damped oscillations, and also the constri: 
tion and method of inserting such trans- 
mission tubes in ari accumulator or dynamo 
circuit is known and also that such oscilla- 
tion producing tubes only work well at volt- 
ages of 1,000 up to 4,000 volts, so that on 
the contrary their use at lower voltages is 
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considerably more difficult. By the use of 
high voltage static electricity this method 
of producing undamped oscillations as com- 
ared with that through spark gaps must 
Pe regarded. a9 an. ideat solution partien- 
larly for small installations of outputs of 
from 1 to 100 kw. 

By the application of safety spark gaps, 
with interpolation of electro-magnets, not 
only is short ‘cireuiting avoided but’ also 
the taking up of current is regulated. Os- 
cillation producers inserted in the above way 
form a constantly acting electromagnetic 
alterating field in the collector coil, where- 
by as already stated, a considerable accumu- 
lating effect takes place. The withdrawal 
wire or working wire is connected at 12 and 
13, but current may be taken by means of 
a secondary coil which is firmly or movably 
‘mounted in any suitable way inside the lary 
collector coil, i, e. in its electromagnetic 
alternating field, so long as the direction. of 
its axis runs parallel with that of the main 
current collecting coil. 

In producing undamped oscillations of 
high “frequency (50,000 per second and 
more) in the oscillation cireuits 9 and 11, 
electromagnets $ and S* must be inserted if 
the high frequency oscillations are not to 
penetrate the collector coil, between the os- 
cillation producers and the collector coil. 
In all other cases they are connected shortly 
before the earthing (as in Figs. 27 and 38). 

In Figure 27 a secontt method of construc. 
tion of the connecting conductor of the bal- 
Joon aerials is illustrated in the form of a 
coil. The main differenco consists. in that 
in addition to the connecting conductor I 
another annular conductor IT is inserted 
parallel to the former on the high voltage 
masts in the air (or enibedded as a cable in 
the earth) but both in the form of a coil. 
‘The connecting wire of the balloon aerials 
is indicated as a primary conductor and also 
as a current producing network; the other 
is' the consumption network and is not in 
unipolar connection with the current, pro- 
ducing network 

In. Figure 27 the current producing net- 
work I is shown with three balloon coll 
tors 1, 2, 8 and aorial conductors 4, 5, 6; it is 
short circuited through condenser '19 and 
inductance 9. ‘The oscillation forming cir- 
cnit consists in this diagram of spark gap 
f, inductance 10, and condenser 11; ‘the 
earth wire E, is) connected to earth’ over 
electromagnet S*. Fis the safety spark gap 
which is also connected to earth through a 
second electromagnet S at B. On connect- 
ing up the condenser ciretit 11 this is 
charged over the spark far f whereby an 
oscillatory discharge is ‘formed. This dis- 
charging’ current acts through’ inductance 
10 on the inductively coupled secondary 
whereby in the producing network a modi 


11 


fication of the potential of the condenser 19 
is produced. The consequence of this 1s 
that oscillations atise in the coil shaped 
producer network. ‘These oscillations in- 
duce a current, in the socondary cireuit II, 
which has a smaller number of windings 
and a Jess resistance, the voltage of which, 
according to the ‘proportion:of the number 
of windings and of the ohmic resistance, 
is considerably lower whilst the current 
strength is greater. 

In order to convert the current thus ob- 
tained into current of an undamped char- 
acter, and to tune its wave lengths, a. suff 
ciently large regulatable capacity 30 is in- 
serted between the ends 12 and 18 of the 
secondary conductor II. Here also current 
may be taken without an earth conductor, 
but it is advisable to insert a safety spark 
gap © and to connect this with the earth 
over an electromagnet St. 

The producer network may be connected 
with the working network IT over an indue- 
tionless condenser 21 or over an induction 
condenser 22, 23. In this case the secondary 
conductor is’unipolarly connected with the 
energy conductor. 

In Figure 28 the cotinecting conductor be- 
‘tween the separate accumulator balloons is 
carried out according to the autotrans. 
former principle. The collecting coil con- 
nects four aerial balloons 1, 2,8;4, the wind- 
ings of which are not made side By side hut 
‘one above the other. In Figure 28 the col- 
lector coil T is shown with a thin line, the 
metallically connectod prolongation coils IT 
with a thiek line. Between the ends I' and 
ID of the energy network I a regulating 
eapacity 19 is inserted. ‘The wire I is con- 
nected with the output wire and with the 


_spark gap F. 


As transformer of the atthospheric elod- 
tricity an arrangement is employed which 
consists in using rotary pairs of condensérs 
in which the one stator surface B is con- 
nected with the main current, whilst. the 
other A is connected with the earth nole. 
Between theso pairs of short circuited con- 
densers are caused to rotate from which the 
converted current can be taken by means of 
two collector rings and brushes, in the form 
of an alternating current, the frequency of 
which is dependent on the number of bal- 
Joons and the revolutions of the rotor. As 
the alternating current formed in the rotor 
can act, in this improved method of -con- 
nection described in this invention, through 
coils 10 on the inductance 9, an increase or 
diminution of the feed current in I can bo 
obtained according to the direction of the 
current by back induction. Current oscil. 
lations of uniform rhythmr thereby result in 
the coil shaped windings of the producer 
net-wark, 

As the ends of this conductor are short cir- 
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cuited through the regulatable condenser 19 
these rhythms produce short circuited: u 
damped oscillations in the energy conductor, 
the periodicity and wave lengths of which 
oscillations can be adjusted according to 
desize by altering the capacity 19 to a given 
wave length and therewith also to a given 
frequency. ‘These currents may also be em- 
ployed inthis form directly as working ewr- 
Sent. through the conductors TE and IIT. 
By. inserting the condenser 20 a connection 
between these conductors may also be made, 
whereby harmonic oscillations of desired 
wave Iength are’ formed. By this, means 
quite new effects as regards current distribu- 
tion are obtained. The withdrawal of cur- 
rent can even take place without direct wire 
connection if, at a siitable point in the in- 
terior of the producing network (quite im- 
materially whether this has a diameter of 
1 or 100 kan.) 2 coil tuned to these wave 
lengths and of the desired capacity is firmly 
‘or movably mounted in the aerial conductor 
in such a way that its axial direction is in 
parallel with that of the collector coil. In 
this case a current is induced in the produe- 
ing network, the size of which is depend- 
‘ent on the total capacity and resistance and 

‘on the periodicity employed. A possi- 
bility is thereby afforded im future, of tak 
ing energy from the producer network by 
wireless means. As thereby in addition to 
atmospheric electricity also magnetic earth 
currents and the energy from the higher at- 
mosphere (at least partially) may be simul- 
taneously obtained, this last system for col- 
lecting the atmospheric enefgy is of particu- 
lar importance for the future. 

Of course everywhere instead of spark 
gaps suitable grid vacuum tuhes may be em- 
ployed as producers for undamped oscilla- 
tions. The separate coils of the producer 
net-work with large diameters may be con- 
nected with one another through separate 
conductors all in parallel or all in series or 
in groups in series. By regulating the num- 
ber of oscillations and also the extent of the 
voltage more or less large collector coils of 
this kind may be employed. ‘The coils may 
algo be divided spirally over the entire see- 
tion, The-coils may be carried out in annit~ 
‘Jar form or also in triangular, quadrangular, 
hexagonal or octagonal form. 

Ofcourse wires may be carried from a suit- 
able place to the centre or also laterally 
which serve the current waves as guides. 
‘This is necessary when the currents have to 
be conducted Gver mountains and valleys 
and so forth. In all these enses the current 
must be converted into a current of suitable 
periodicit 

‘As already hereinbefore mentioned sepa- 
rate collecting balloons may be directly me- 
tallically interconnected at equidistant ‘sta- 
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tions distribnted over the entire country of 
may be comected by interpolation of Suit 
able condenser batteries by means of high 
voltage conductors. ‘The static electricity is 
converted through a spark gap into dynamic 
‘encrgy of a high number of oscillations, and 
could then in snch form, with a suitable 
arrangement of the connections, observing 
various measures of precaution, be employed 
ais source of enerzy after separate or special 
regulation. 

‘According to this invention in order to in- 
ereuse the collecting effect of the balloon in 
the aerial collector conductor of in the earth 
wire, radiating collectors are employed. 
‘These consist either of incandescent metal 
oF oxide electrodes in the form of vacuum 

rid tubes, or electric ares (mercury and the 
Tike electrodes) Nernst lamps, or finally 
flames of various kinds may be simply con- 
nected with the respective conductor. 

Tt is well known that energy can be drawn 
off from a cathode consisting of an_inean- 
descent body opposite an anode charged 
with positive electricity (vacuum grid tube). 
Hitherto however, a cathode was always first 
directly placed opposite an anode, and sec- 
ondly the system always consisted of 3 
closed cireuit, 
if we dispense with the ordinary 
n forming light or flame ares in which 
1 cathode must always stand directly oppo- 
site an anode, and if we place an ineandescent 
cathode opposite an anode charged to a high 
potential or another body freely floating in 
the air, or regard the incandescent cathode 
only as a, source of unipolar discharge 
(which represent group and. point dis- 
charges in clectro-statie machines similar to 
unipolar discharges) vit may be ascertained 
thnt incandescent cathodes and Jess per-fect- 
ly all incandescent radiators, flames and the 
ike admit of relatively large current censi- 
ties and allow large quantities of electric 
energy to radiate into the open space in the 
form of electron streams as transmitters, 

‘The object of this invention is as described 
below, if such incandescent oxide electrodes 
or other ineandescent radiators or flames ave 
not freely suspended in space but connected 
muctallieally with the earth so that they ean 
be charged with negative terrestrial elec- 
tricity, these radiators possess the property 
of absorbing -the free positive electrical 
charges contained in the air space sttrround- 
ing them (that is to say of collecting them 
and conducting them to earth). ‘They ean 
therefore, serve as collectors and have, in 
comparison to the action of the spikes, or 
points, a-very large radius of action R; the 
effective capacity of these clleto, is muuch 

eater than the geometrical capacity (Ro~ 
Elise fase Gectestate tows 

‘Now as our earth is surrounded as is well 
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directional force upwards from the larger 
element to the smaller element, which on the 
lifter is from the aluminum foil to the wire. This 
force then pushes against the ambient energy 
field of the surrounding area, perhaps pushing 
against a more rigid energy field of the zero 
point energy field, 


Brown apparently made his case for these 
electromagnetic effects, receiving patents in 
the 1960's for his research. NASA's Dr. 
Jonathan Campbell at Marshall Research 
Center in Huntsville confirmed to me thathe 
also, has received a patent recently for his 
research into the thrust effects of 
asymmetrical capacitors. 


Editor: By the way, this patent is meaningless 

from the point of view ofa prime claim. Before 
that there had been many publications on the 
subject. 


AV. Frolov. 


Fig3 
Lifter 


However, prominent physicist Hal Puthoff, 
whose research is a broad swath across the 
fields of the 'new physics featured in both The 
Field and The Hunt for Zero Point, and who 
was also the military's "Top P: 
twelve-year director of the CIA's remote 
viewing squadron, hasa different perspective: 
"I'm quite certain at this point that the so- 
called lifter phenomenaisjustan electrostatic 
ion wind phenomena, not 'antigravi 


But Dr. John J. Rusek, Adjunct Professor of 
Aeronautics and Astronautics at both Purdue 
University and the United States Air Force 
Academy, says that "Initial findings of 
‘classroom’ experiments with lifters show 
ionic wind to be way too small a factor, by 
three orders of magnitude." Dr. Rusek has 
formed a technological company, Swift 


Enterprises, to continue this research and 
bring it to the level that is "presentable to the 
mainstream physics community." 


Along these lines, Jean-Louis Naudin showson 
hisextensive web site, not only how to builda 
lifter, but also several photos of research into 
the ion windissue, Naudin's team haswrapped 
testliftersin plastic yet they still produce anti- 
gravitationaleffects, 


Others may have a clue to thesecondoreven 
a third force at work, Researcher Fran De 
Aquino, professor of physics 
University in Sao Luis, Brazil, is 
literature asshowing that "bubbles oflocalized 
space-time" can exist in variance to the 
surrounding fields. Anecdotal experience 
suggests that the lifters may be undergoing 
such space-time anomalies. 


Editor: At this point we need to interrupt 
the author as he bas already completely 
confused the reader. I wouldrecommend 
referring to Thomas T. Brown's patent: 
USA patent #3, 187,206, 1965. 
Alexander V. Frolov 


‘The Hunt for Zero Point states that NASA 
sought the services of Dr. Eugene 
Podkletnovy, and although their replication 
research languishes, The Hunt claims that 
researcher Ning Li, of Huntsville, AL is 
pursuing this line of research as a private 
contractor to NASA. 


Another Huntsville operation, 
‘Transdimensional Technologies, is exploring 
these multi-faceted phenomena as well, and 
itsextensive website showsit to bea frequent 
contractor to NASA, including research into 
"asymmetrical capacitive propulsion," and 
capacitor-based devices to test "ion wind" 
forces, Jeff Cameron, of Transdimensional, is 
said by Ventura to be "the father of the lifter," 
having developed them while exploring 
anomalous torsional effects of high energy 
lasers. The lasers twisted and at the time it was 
considered a nuisance. But the unknown 
forces at work later led Cameron to found 
‘Transdimensional, develop lifter technology 
to a commercial level, and subsequently 
patent many pieces of related technology. 
Unfortunately, [have been unable to reach Jeff 
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Known, with an clectro-static field and the 


difference of potential 
v 
oh 


of the earth field according to. the latest 
investigations, is in summer about 60 to 
100 volts and ‘in Winter 800 to 600 volts per 
metre of difference in height (24), a simple 
calculation gives the result that when such a 
radiation collector or flame collector is ar- 
ranged for example on the ground, and a 
second one is mounted vertically over it at 
4 distance of 2,000 metres and both are con- 
nected by a conducting cable, there is a dif- 
ference of potential in summer of about 
2,000,000 volts and in winter even of 6,000,- 
000 volts and more. 

According to Stefan Boltzmann’s law f 
ation, the quantity of energy which an 
incandescent surface (temperature T) of 1 
sq. cm. radiates in a unit of time into the 
‘open air (temperature T,) is expressed by 
the following formula: 

S=6 (TT) watt/sq. om. 
and the universal radiation constant 6. is 
according to the latest researches of Ferry 
(Annales de Chimie et de physique 17 page 
267 (1909) ) equal to 6.80><10-* watt/sq, cm. 

Now if an incandescent surface of 1 sq, 
shows, as compared with the surround: 
space @ periodic fall of potential 8V it 
ates (independent, of the current direo- 
tion, that is to say of the Sign) jn accord. 
ance with the above formula, for example at 
a temperature of 3725° C. an energy of 16 
Jew. per sq. eit per second. As for, the 
radiation the sume valve eam be calvafated 
for the collection of energy, but reversed. 
Now as carbon electrodes at the temperature 
of the electric are support on the current 
basis a current density up to. from 60 to 65 
amperes per sq. em. no dificulties will result 
in this direction in émploying radiating col- 
lectors as accumulators. 

Hf the earth be regarded as a cosmically 
insulated condenser in the sense of geometri- 
cal electro-statics @ there results from the 
geometric (compare Ewald Rasch, ‘das 
lektrische Bogenlicht® (The electric are 
Tight) page 169) capacity of the-earth ac- 
cording to Chwolson 

For negative charging 1.810% Coulomb 

For negative potential V=10x10" volts. 
From this there results however, ETa24.7 
X10" watt/Sec, Now if it is desired to 
make 9 theoretic short circuit through an 
carthed flame collector this would represent 
an electric total work of about 79,500 
10 kilowatt years. As the earth must be 
regarded as a'rotating mechanism which is 
thermo -dynamically, electromagnetically, 
and also kinematically coupled with the sun 
and stars system by cosmic radiations and 
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gravitation a diminution of the electric 
energy of the earth field is not to be feared. 
The energies which the incandescent col. 
lectors would withdraw from the earth field 
can only cause by the withdrawal of motor 
work « lowering of the earth temperature 
(temperature T:=300) and reduce this to 
that of the world space (T=O) by using 
the entire energy. ‘This is however not the 
case as the earth does not represent a cos. 
mically entirely insulated system. On the 
contrary there is conveyed. to-the same ac- 
cording to the recent ‘value corrected by 
Ferry for the solar constants through the 
radiation from the sun an energy of 18,500 
210 kw. Accordingly any lowering’ of 
the earth temperature (‘T's) without a simul- 
taneous lowering of the sun's temperature 
(Ts) would contradict: Stefan Boltzmann's 
law of radiation, 
8=6 (Tt~T,9. 

From this it must be conclided that if the 
earth temperature (Ts) sinks, the total 
radiation S absorbed by the earth increases, 
and further also that the secular speed of 
cooling of the earth is directly dependent 
on that of the sun and the other radiators 
cosmically coupled with the sun and is con- 
nected most closely with these. 

The incandescent radiation - collectors 
may, siccording to this invention, be em- 
ployed for collecting atmospheric electricity 
if they (1) are charged with the negative 
earth ‘electricity (that is to say when the 
are directly connected by means of-a metal- 
Hic conductor with the earth) and (2) if 
large capacities .(metal surfaces) charged 
with electricity are mounted opposite them 
as positive poles in the air. ‘This is regard- 
ed as the main feature of the present ins 
vention as without these inventive ideas it 
would not be possible to collect with an in- 
candescent collector, sufficiently large quan 
tities of the electrical changes contained 
in the atmosphere as technology requires; 
the radius of action of the flame collectors 
would also be too small, especially if it be 
considered that the very’ small surface den- 
sity (energy density) (6 about=2X7 . 10° 
St. E. per sq. em.) does not allow of lange 

juantities of charge being absorbed from 
the atmosphere. : 

2) Calculated according to Poisson's cal- 


culation; 

4n2; as here the alteration of the 
potential or potential gradients only takes 
lace in the direction of the normal, this 


calculation assumes the simple form 
1a 
Soe 
Tt, has indeed already been proposed to 
employ flame collectors for collecting at- 


mospheric clectricity and it is known that 
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their collecting effect is substantially great- 
er opposite the points. It is however, not 
Jmown that the quantities of current which 
could hitherto be obtained are too small for 
technical purposes. According to my e: 

riments the reason for this is to be found 
in the too small capacities of the collector 
conductor poles. If such flame or radiat- 
ing collectors have no or only small pos 
tive surfaces, their‘radius of action for 
large technical purposes is too sinall. Tf 
the incandescent. collectors be constantly 
Kept in movement in the air they may col- 
ect more according to the speed of the 
movement, but this is again not capable of 
being carried out in practice, 

‘By this invention the collector effect is 
considerably increased by a body charged 
with a positive potential and of the best 

jossible capacity being also held floating 

‘without direct earth connection) opposite 
such an incandescent collector whieh is held 
floating in the air at a desired height. If 
for example, a collecting balloon of sheet 
metal or of metalized balloon fabric be 
catised to mount to 300 up to 3,000 metres 
in the air and as positive pole it is brought 
opposite such a radiating collector con- 
nected by a conductor to earth, quite differ- 
ent results are obtained. 

"The metallic balloon shell (with a large 
surface) is charged to a high potential by 
the atmospheric electricity. - This potential 
is greater the higher the collecting balloon 
is above the incandescent collector. ‘The 
positive electricity acts concentratedly on 
the anode floating in the air as it is attracted 
through the radiation shock ionization, pro- 
ceeding from the incandescent  cathod 
‘The consequence of this is that the radiv 
of action of the incandescent cathode eo 
lector is considerably increased and thereby 
also the collecting effect of the collecting 
balloon surface. Further the large ca- 
pacity of the anode floating in the air plays 
therefore an important part because it al- 
lows of the taking of large charges, and 
thereby a more uniform entrent is obtained 
even ‘when there is x large consumption: 
this cannot be the case with small surfaces. 

Tn the present case the metallic collect- 
ing balloon is a. por'tive anode floating in 
the air and the end of the earth conductor 
of this balloon serves as positive pole sur- 
face opposite the surface of the radiating 
incandescent cathode, which in turn is 
charged with negative earth electricity be- 
ing conductingly connected to earth, 

"The process may be carried out by two 
such contacts (negative incandescent cath- 
ode and anode end of a capacity floating in 
the air) a condenser and an induetive re- 
sistance being switched on in parallel, 
whereby simultaneously undamped oscilla 
tions may be formed. 
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In very large installations it is advisable 
to connect two such radiating collectors in 
series. Thus an are’ light incandescent 
cathode may be placed below on the open 
grouid and an incandescent cathode which 
isheated by special electro-magnetic currents 
be located high in the air. Of course for 
this the special vacuum Liebig tubes with or 
without grids may also be employed. An 
ordinary are lamp with oxide electrodes may 
be introduced on the ground and the post- 
tive pole is not directly connected with the 
collecting balloon, but through the uppe 
incandescent. cathode or over a condenses 
‘The metho of connecting the incandescent 
cathode floating in the air may be seen in 
Figs. 29-33. 

B is the air balloon, Ka Cardan ring 
(connection with the hawser) C the bal- 
Toon, La good conducting cable, P a pos 
tive pole, N negative incandescent cathode, 
and B earth ednductor 

Fig. 20 represents the simplest form of 
construction. If electric oscillations are 
produced below on the ground by means of 
a carbon are lamp or in other suitable way 
a considerably greater electric resistance 
opposed to that in the direct way by in- 
serting an electrical inductive resistance 9. 
Consequently between P and N. a voltage is 
formed, and as, over N and P only an induc- 
tionless ohmic resistance is present, a spark 
‘will spring over so long as the separate in- 
duction co-effcients and the like are. cor- 
rectly calculated. The consequence of this 
is that, the oxide electrode (carbon or the 
like) is rendered incandescent and then 
shows as incandescent cathode an increased 
collecting effect. ‘The positive poles must 
be substantially larger than the negative in 
order that they may not also become incan- 
descent. As they are further connected with 
the lange balloon area which has a large 
capacity and is charged at high voltage, 
an incandescent body which is held floating 
in the air and a positive pole which can col- 
lect large capacities is thereby obtained in, 


the simplest way. The incandescent cathode" 


is first caused to- become incandescent by 
means of separate energy produced on the 
earth, and then maintained by the energy 
collected from the atmosphere. 

Fig. 0 only shows the diference that in. 
stead of a round balloon a cigar shaped one 
(of metal or metalized fabric) may be em- 
Ployed_ and also a condenser 5 is inserted 

etiveen the incandescent, cathode and the 
earth conductor so that a short circuited 
oscillation cireuit over P. N 5 and 9 is ob- 
tained. This has the advantage that quite 
small ‘quantities of electricity cause the 
eathode to become incandescent and much 
larger cathode bodies may be rendered in- 
eandescent, 

Tn this form of construction both the in- 
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candescent| cathode and also the positive 
electrode may be enclosed. ina’ vacuum 
chamber as may be seen in Fig. 32. A cable 
I. is carried well insulated through the 
cover of a vessel and ends in a condenser 
dise 5. ‘The cover is arched in order to 
keep off the rain, The vessel is entirely ot 
partially made of magnetic metal and well 
insulated inside and outside. Opposite the 
dise 5 another. dise 6 and.on this again a 
metallic positive pole of the vacuum tube 
g with the incandescent cathode (oxide 
electrode) N is arranged. The negative 
electrode is on the one hand connected with 
the earth conductor E, and on. the other 
hand with the inductive. resistance 9 whieh 
is also connected with the cable L with the 
Positive pole and wound round the vessel in 
coils. ‘The action is exactly the samo as 
that in Fig. 29 only instead of an open in- 
candesceat cathode one enclosed in vacuo is 
employed. As in such collectors only small 
bodies can be brought to incandescence in 
large installations “a plurality. of such 
vacuum tubes must be inserted in proximity 
to one another. According to the previous 
constructions Figs. 31 and 83 are quite self 
evident without farther explanation: 

Figs. 34-57 represent further diagrams 
of connections over radiating and flame col- 
lectors, and in fact, how they are to be ar- 
ranged on the ground. 

Fig. 84 shows an are light collector with 
oxide electrodes for direct current and its 
connection Fig. 35 a similar one for alter- 
nating current, Fig. 36 an incandescent col- 
lector with a ‘Nernst lamp and Fig. 87 a 
similar one with a gas flame. 

‘The positive pole 1 of the radiating col- 
ectors is always directly connected to the, 
acrial collecting conductor A.. In Fig. 34 
this is further connected over the condenser 
battery 5 with’ a second positive electrode 
3. The direct current dynamo b produces 
current which flows over between the elec. 
trodes 3 and 2 as am are light. On the for. 
mation of an arc the negative incandescent 
electrode 2 absorbs electricity from the posi- 
tive poles standing opposite it and highly 
charged with atmospheric clectricity and 
conveys the-same to the working circuit. 
The spark gap 7,.inductive resistance 9 and 
induction coil 10 ‘are like the ones previous. 
ly described. The protective electromagnet 
$ guards the installation against earth ce, 
cuiting, the safety spark gap 8 from ex- 
cess voltage or overcharging. 

In Fig. 85 the connection is so far altered 
that the alternating current dynamo feeds 
the exciting coil. 11 of the induction. con- 
denser. 12 is its negative and 18 its posi- 
tive pole; if the coil 3 on the magnet core 
of the dynamo is correctly calculated and 
the periodicity of the alternating current is 
suficiently high an are light can be formed 
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between the two poles 1 and 2, As the 
cathode 2 is connected with the negatively. 
charged earth, and therefore always acts as 
a negative pole, a form of rectification of 
the alternating current produced by the 
dynamo 8 jis’ obtained, the second half of 
the period is always suppressed. ‘The work- 
ing circuit may be carried out’ in the same 
way as in Fig. 34; the working spark gap 
7 may however be dispensed with, and in- 
stead thereof between the points mand m a 
condenser 5 and an induetion resistance 9 
may be inserted from which the current is 
taken inductively. 

Fig. 36 represents a form of construction 
similar to Fig. 94 only that here instead of 
an are lamp a Nernst incandescent body 
is employed. The Nernst lamp is fed 
through the battery 8. The working section 
is connected with the negative pole, the 
sufety spark gap with the + poles. ’ The 
working spark gap 7 may also be dispensed 
with and the current for it taken at 12 
over the oscillation circuit 5, 11 (shown in 
dotted lines). 

Flame collectors (Fig. 37) may also be 
employed according to this invention, The 
wire network 1 is connected with the aerial 
collector conductor A and the burner with 
the earth. “At the upper end of the latter, 
Jong points are provided which project into 
the flame. ‘The positive electrode is connect- 
ed with the negative over a condenser 8 and 
the induction evil 9 with the earth, 

The novelty in this invention is firstly, 
the use of incandescent, cathodes opposite 
positive poles which are connected with 
large metallic capacities us automatic col- 
lecting surfaces. (2) the connection. of the 
incandescent cathodes with the earth where: 
by, in addition to the electricity conveyed 
to them from the battery or machine which 
causes the ineandescing, also the negative 
charge of the earth potential is conveyed, 
and (3) the connection of the positive and 
negative poles of the radiating collectors 
over a condenser circuit alone or with the 
introduction of a suitable induetive res 
ance, whereby simultaneously an oscillatory 
oscillation cireuit may be obtained. The 
collecting effect is by these methods quite 
considerably increased, 

I declare that what I claim is:-— 

1. An electrical energy generating 
comprising a conducting surface: for 
charges, means to support same at a distance 
above the earth, a conductor leading to the 
earth level, a spark gap associated with said 
conductor to convert electrostatic charies 
into electromagnetic high frequency oscilla. 
tions means to supply said electromagnetic 
enorgy to a net work, and a spark gap of 
greatly increased relative resistance in prea! 
tel therewith, 

2. An electrical energy geners:'-> = 
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comprising-a conductor, means to. support 
same above the earth level, an inductance 
therein, a spark gap associated with said 
conductor, a second spark gap of much 

5 higher relative resistance in parallel the 
with and an energy receiving cireuit coupled 

with the spark gap of lesser resistance. 

3, An electrient energy generating system 
comprising « collecting surface, means to 
Support sime above the earth level, a con- 
ductor connecting Said collecting ‘surface 
with the earth level, a choke in said con- 
ductor, an electromagnetic resistance con- 
Yerting electrostatic energy to electromag- 
15 netic energy, a safety higher resistance in 

parallel therewith and a net work coupled 
With the conversion resistance of lesser 
value. 

‘4, An electrical energy generating system 
comprising electrie conductors spaced above 
the earth to form electromagnetic oscillat- 
ing eireuits, conductors connecting to earth 
level, electrostatic to electromagnetic energy 
conversion means therein, a safety high elec- 
trostatic resistance in parallel therewith and 
means to alter the electromagnetic: charac 
teristic of the circuits. 

5. An electrical energy generating system 
comprising in combination a static collect- 
20 ing surface arranged above the earth, con- 

duictors connecting to earth level, a pair of 
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spark gaps in parallel of different clectro- 
static ‘resistance, a utilization net work 
shunted across the spark gap of lesser re- 
sistance and an electromagnetic choke in said 
conductors. 

6. An electrical energy generating system 
comprising an open circuit energy collecting 
aerial, a pair of sparking gaps in parallel 
of widely different resistance, ‘connected 
thereto and a closed electric oscillation cit 
nit in shunt across the gap of lesser re- 
sistance. 

7, An electrical energy generating system 
comprising an open circuit energy collectin; 
seri, 2 pair oF sparking gaps in parallel 
of widely different resistance connected 
thereto, a closed electric oscillation cireuit 
in shunt across the gap of lesser resistance, 
a plurality of electrostatic collecting sur- % 
faces, means to connect, said collecting si 
faces in parallel in groups and means to 
connect said groups symmietrically with said 
aerial. 

‘In witness whereof, I have hereunto 
signed my name this 30 day of Dec., 1920, 
in the presence of two subscribing witnesses 


HERMANN PLAUSON. 
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Witnesses: 
HF, Anarene, 
W. H. Brrstoy. 


OLEG D. JEFIMENKO 
West Virginia University 
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PREFACE 


‘The fascinating science of electrostatics 
was developed mainly in the 18th century at a 
time when the technology and industry were too 
primitive to put this science to practical uses. 
As a result, serious research in electrostatics 
soon lost its momentum and, except for a few 
isolated efforts, was practically nonexistent 
during the entire 19th century. Only very re- 
cently practical aspects of electrostatics began 
to make their impact on the industry and econ- 
omy, and the once glamorous but long forgotten 
science has again appeared at the focal point of 
serious scientific investigations. 

A peculiar obstacle stands, however, in the 
way of many such investigations: because of the 
one and one half century of neglect of electro- 
static explorations there is a singular lack of 
easily available quantitative and qualitative in- 
formation on even the most basic electrostatic 
phenomena, techniques, and devices. Whereas 
experimental and theoretical data pertaining to 
most modern sciences are well documented and 
are easily retrievable from numerous reference 
sources, many data in the field of electrostatics 


vii 


viii 


must be extracted through thorough and labor- 
ious firsthand studies of old books and maga- 
zines, the very existence of which is not gener- 
ally known, and which are not readily available 
in any of the present-day libraries or repositor- 
ies. 

It is precisely this kind of obstacle that the 
author encountered, when several years ago he 
started his research on electrostatic motors, 
Luckily, however, the obstacle soon transformed 
itself into a highly rewarding experience of 
studying various “ancient” books and periodicals 
and searching through electrostatic inventories 
of various European and American science mu- 
seums. In the course of these studies he found 
numerous forgotten publications on electrostatic 
motors and found that several old electrostatic 
motors can actually be seen in some of the 
museums. (It is interesting to note that the lat- 
ter motors are usually not on public display, ap- 
parently because of a lack of adequate informa 
tion about their purpose and mode of operation 
available to museum personnel. It is also inter- 
esting to note that certain types of electrostatic 
motors were frequently employed in various 
animated toys during the second half of the 18th 
century, and that, although some of these toys 
are shown in museums, they are usually shown 
without an explanation of what made them move 
or how they were supposed to function.) 

‘The purpose of this book is to describe the 
various types of electrostatic motors reported in 


Cameron or anyone at Transdimensional for 
any kind of confirmation 


Nevertheless, how would gravitons be 
blocked, or gravity shielded? 


Dr. Hal Puthoff says there are two ways of 
looking at it. First, one can look at the issue 
from a quantum point of view, that there isa 
particle exchange between the gravitons and 
something else, and the net effect is anti- 
gravity. The how's and why's of that are 
speculative, so Puthoff turns to a classical 
approach for answers. He prefers looking at 
“engineering the vacuum." To do that one must 
first look at the vacuum. 


As L understand it we are all in the vacuum, 
everything is, The "vacuum is the matrix that 
contains all matter and all energy. It is the 
engineering perspective of the zero point 
energy field, or the "Field" as popularized by 
Lynn McTaggart in her masterpiece The Field. 
Puthoff shared with me statements from 
fellow researcher Dr. T. D. Lee that state: "The 
vacuum is the seat of energetic particle and 
field fluctuations, and ... is the seat of space- 
time structure... that encodes the distribution 
of matter and energy... The vacuum is 
energetic in its own right." 


‘Thus energy can be drawn from the field; and 
spacecraft can have "vacuum propulsion 
systems, or propellant-less propulsion," 
other words, field effect propulsion. 


At any rate, more and more physicists are 
thinking that the vacuum can give them a 
whole lotta oomph, enough to propel 
spacecraft;and when they learn how to corral 
it, a whole bevy of new phenomena may be 
encountered, including anti-gravity. Thisnew 
potpourri of research is being called by many 
the"new physics.” And although his approach 
iscl: Dr. Hal Puthoff seems to be sensing, 
what's out there waiting to be discovered. 


Puthoff’s current research as been to explore 
“the perturbation of atomic or molecular 
ground states, hypothesized to be equilibrium 
states involving dynamic radiation/ 
absorption exchange with the vacuum 
fluctuations. In this model atomsor molecules 

are expected to undergo energy shifts that 


would alter the spectroscopic signatures of 
excitations involving the ground state." 
Puthoffsayshe's had no successso far with this 
approach, but his words remind me of De 
Aquino's speculation that objects lose ma: 
they absorb energy. Pull energy from the field 
around you and you lose weight, Bingo, lift- 
off. But how does one pull energy from 
the field? 


Editor: Some solve this problem by means ofthe 
ether density changes, which are performed 
with the help of vortex longitudinal-wave 
technologies. 

AV. Frolov 


‘Torsion fields might playa role here according 
to many, and the literature on anti-gravity is 
filled with the phrase, "torsional effects." But 
what exactly is a torsion field? "It has 
something to do with spin," Nick Cook told 
me on the phone, "You have a torsion field 
when you spin something. Add a little 
electromagnetism and you might have anti- 
gravity.” That's theshort-hand version ofitand 
here'sa deeper look. 


Mike Wright, resident physics expert at 
BeyondTheOrdinary.Net web stream radio, 
told me this: "When forces create curvature 
(suchas rotation) in more than two planes, a 
torsion field results. Not only does the object 
go around, but it goes around and ‘down’ or 
‘up’, and the up/down movement is an 
additional acceleration in that dimension. EM 
and gravitational fields differ by having a 
magnitude of force and only one direction of 
movement. 


"A tornado is a structure of air in air. A 
whirlpool isa structure of water in water. So, 
because more than two planes are involved, 
objects can be created from ‘nothing; that is 
to say that objects can be created from the 
medium of the environment, such asa tornado 
from two air masses of differing temperature." 


‘0 spin plus movement is the key. Again, Tim 
Ventura is on the hunt. He demonstrated to 
me that spinning magnets will cancel 
out their magnetic fields sufficiently so 
that two magnets facing each other with 
like poles will not push each other away 
if one of the magnets is rotating 
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ix 
the scientific literature between 1700 and the 
present, and to discuss in general terms their 
various design features and principles of opera- 
tion, The book is written for a wide circle of 
readers, and care has been taken to avoid tech- 
nical details that would be useful only toa small 
group of specialists. The readers interested in 
additional scientific and technical data on the 
various motors are referred to appropriate orig- 
inal publications cited in this book. 

‘The material is presented in several chapters, 
each chapter describing a particular class of 
motors. ‘The sequence of the chapters corres- 
ponds to the chronological order in which the 
earliest motor belonging to each particular chap- 
ter was invented. The sequence of material in 
each chapter is normally arranged also in a 
chronological order. The last chapter describes 
some of the most recent research results on 
electrostatic motors and extrapolates these re- 
sults into the immediate future. 

‘The author is grateful to his wife Valentina for 
typing the manuscript and for otherwise helping 
him to make the book ready for publication. He 
is also grateful to Dr. David K. Walker for read- 
ing the manuseript and for drawing the illustra- 
tions for the book. 


Oleg D. Jefimenko 
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PLATE 1 


Here is what H. B. Dailey wrote about this elec- 
trostatic motor which he and his father built in 
1880: “Whether or not there is about the in- 
strument and its history that which would ever 
give it a claim to any measure or serious inter- 
est, it is at least an electric motor most unique. 
A motor without magnetism, wiring, or any iron 
inits make up. A motor that runs by the action 
of the direct push and pull of the pure unconvert- 
ed electricity itself”. 


PLATE 2 


It was Benjamin Franklin who in 1748 construct- 
ed the first electrostatic motors. No original 
drawings or models of his motors are known to 
exist, but his first motor must have looked very 
similar to this replica designed by the author for 
the Electret Scientific Company. 


PLATE 3 
Franklin's second motor probably looked very 
‘much like this replica also designed by the 
author for the Electret Scientific Company. 
Whereas the first motor operated from the elec- 
tricity stored in Leyden jars, this motor operat- 
ed from the electricity stored in the motor itself. 


PLATE 4 


The first corona motor was designed around 
1869 by the German physicist Poggendorff. Pog- 
gendorff made a thorough study of the motor, 
but failed to appreciate its possibilities in the 
mistaken belief that no sources of electricity 
could supply enough power to any electric motor 
to make it do useful work. This simplified ver- 
sion of Poggendorff's motor was built by the 
author. 


perpendicular to the force of 
opposition. It's not anti-gravity, but it 
gets us closer to the heart of the matter. 


Further, Russian physicists have been 
researching the torsional effects of both sub- 
atomic particle spin, and the loss of 
gravitational massin planets from theangular 
momentum of their orbits. Spinning makes 
something happen, but what? Tornadoesand 
Mother Nature might have a few clues 


Tornadoes spin, ina sense, although no one 
is Oklahoma who has spent a night in a 
storm shelter during an F5 event would 
describe the tornadoes in the night sky as 
spinning. Nevertheless, tornadoes have 
anomalous effects that are legendary: blades 
of grass stuck into mirrors, a piece of straw 
embedded flawlessly intoa tree trunk, How? 
It seems S, gravity and 
inertia are melted a virl at speeds 
up to 300 mph in an organized vortex 
pattern, Is this a clue to melting the pull of 
gravity? 


Getting information to this question has not 
been easy. Many scientists claim not to have 
even heard of torsion fields, including particle 
physicistsat major US universities, So,again I 
turn to Nick Cook and The Hunt for Zero 
Point 


Dr. Dan Marckus says that if "you generate a 
torsion field of sufficient magnitude the 
theorysaysyoucan bend the fourdimensions 
of space around the generator. The more 
torsion you generate the more space you 
perturb, When youbend space youalso bend 
time” 


Marckus continues, "If you dipped ..one of 
these whirlpools ... into the zero point 
energy field, the seething mass of latent 
energy that existed on an almost 
undetectable level all around us [in the field 
would]... react in an almost magical way by 
directing that energy." 


The torsion field, in effect, is "a pump, a 
‘coupling’ device that could dip into, and then 
direct, energy out of the zero point energy 
field." "But," Marckus continues, "the vortex 
wasn't a three-dimensional phenomena or 


even a four-dimensional one. Itcouldn'tbe. 
Fora torsion field to be able to interact with 
gravity and electromagnetism it had to be 
endowed with attributes that went beyond 
the three dimensions of left, right, up and 
down, and the fourth-dimensional time field 
they inhabited; something that the theorists 
for convenience sake labeled a fifth 
dimension-hypers 


Cook concluded that the torsion fields"bind 
with gravity... to produce a levitation effect - 
- an antigravity effect," but "it wasn't doing 
so in the four dimensions of this world, but 
somewhere else.” That somewhere else i 

hyperspace. So how do we activate 
torsion fields and enter hyperspace? 


Dr. Eugene Podkletnov may have a clue. 


Podkletnoy, the Russian researcher working 
in Finland, has studied the gravity shielding 
effects of superconductors. Again, Nick Cook 
in The Hunt, relays vital information. Cook 
says Podkletnov claims, "If the 
superconductors are rotated considerably 
faster than 5,000 rpm... the disc experiences 
somuch weight loss thatit actually takes off." 
Thus, torsion field creates levitation. 
emailed Dr. Podkletnov to find out more 
about this issue, He replied: "[A] fast rotating 
object can, under certain conditions, cause 
the polarization of the volume that it 
occupies in space and around it. This 
polarization causes the gravitational effect as 
it modifies |the] local gravity field. The vortex 
of the polarized particles will create a vertical 
thrust with a certain force and spatial 
momentum. Some scientists call these 
polarized particles gravitons. The term 
gravitonis an artificial one and at present we 
are not sure if it is a wave or a particle and 
what type of particle, Maybe it is a usual 
tachyon ora superluminal neutrino (a faster- 
than-light-particle). Polarization of the 
media means that the spins of electrons, 
protons, neutrons and of small subatomic 
particles that constitute the fabric of space 
or vacuum would be parallel. Then a kind of 
gravity well is formed and the objects tend 
to fall into this well. We observe this picture 
as an object rising to the sky. Polarization of 
the media (of space) causes some glow 
around the object as it acquires additional 
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PLATE 5 


The electret—a permanently electrized dielec- 
trie—is essentially a product of the 20th century. 
When an electret is placed between slotted elec- 
trodes to which a voltage is applied, the electret 
experiences aforce. This motor designed by the 
author utilizes the slot effect. The rotor of the 
motor is a carnauba wax electret made of two 
oppositely polarized half-disks. The motor was 
built in 1966. 


PLATE 6 


A more practical design of an electret motor in- 
corporates stationary electrets and rotating 
electrodes. The electrets can be easily with- 
drawn from the motor for servicing or replace- 
ment. The motor operates from approximately 
60 volts de. This particular motor was the first 
ever operated from atmospheric electricity. 


PLATE 7 


In this electret motor developed in the author's 
laboratory (as were all the electret motors re- 
produced in these photographs) several thin 
mica electrets are used as active elements. This 
arrangement of electrets makes good use of the 
available space and allows one to construct rela- 
tively powerful electret motors. 


PLATE 8 
This “hoop” electret motor built in 1967 by D. K. 
Walker has a stationary cylindrical electret. 
The rotor is made of four pairs of bent aluminum 
plates enclosing the electret. The motor re- 
quires no commutator. The motor has been op- 
erated for several years without any servicing. 


PLATE 9 
Corona motors are probably the most promising 
electrostatic motors. This 0.1-hp modern ver- 
sion of the Poggendorff motor has a cylindrical 
rotor instead of adisk. The motor operates from 
a 6000-volt power supply as well as from an 
earth field antenna. 


PLATE 10 


The operation of electrostatic motors from an- 
tennas can be demonstrated with this lecture- 
room apparatus. The Van de Graaff generator 
produces electric charges in the air. The sharp- 
point antenna collects the charges from the air 
and delivers them to one terminal of an electro- 
static motor whose other terminal is grounded. 


PLATE 11 


The author and D. K. Walker attempt to operate 
an electret motor from a 20-foot pole antenna in 
front of the Physics Building of the West 
Virginia University. The tall building screened 
the atmospheric field, and the motor did not run, 
although it operated very well from the same 
antenna in the nearby unobstructed parking lot. 


PLATE 12 


The author operates electrostatic motors by 
means of an airborne antenna. 


WHAT ARE 
ELECTROSTATIC 
MOTORS? 


Conventional electric motors create 
mechanical motion as a result of magnetic forces 
acting upon electric currents. These motors are 
properly called electromagnetic motors. There 
is, however, another type of electric motor, in 
which the motion is created as a result of elec- 
tric, or “electrostatic”, forces acting between 
electric charges. Motors of this type are called 
electrostatic motors. 

Tis interesting to note that in nature the elee- 
trostatic forces are much stronger than the mag- 
netic ones. There are many ways in which this 
can be demonstrated. For example, although a 
considerable effort may be needed to separate a 
magnet from an object attracted by it, a much 
greater effort is needed to break the magnet; 
this is because the magnet and the object are 
held together by magnetic forces, while the mol- 
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ecules of matter in the magnet (as well as in 
any other body) are held together by electro- 
static forces. 

Why, then, do we not use the electrostatic 
forces in our electric devices, and in motors in 
particular, at least on as wide a scale as we use 
the “inferior” magnetic forces? ‘There are two 
main reasons for that. First, it is difficult to 
establish appreciable concentrations of electric 
charges without causing an electric breakdown 
in the medium surrounding or supporting the 
charges (although with modern insulating 
materials and techniques this difficulty becomes 
progressively less serious). Second, powerful 
electrostatic devices require voltages of many 
kilovolts for their operation, and until recently 
such voltages could not be produced convenient- 
ly and economically. 

Motors of great power, however, are not the 
only ones needed. Equally important. are low- 
power motors capable of performing various 
special tasks. In this respect. electrostatic 
motors may compete successfully with their 
electromagnetic cousins even now. 

Although electrostatic motors are not yet 

widely known or used, they already hold at least 
five very impressive records as compared with 
the electromagnetic motors: 
1. The first electric motor ever invented was an 
electrostatic one. It was built about 100 years 
before the first electromagnetic motor was con- 
ceived. 


energy and because of it, the glow around 
some objects is observed." 


What I understand from Dr. Podkletnov is 
that gravity is the effect of spin -- the spin of 
all subjected particles, from the sub-atomic 
level and up being parallel; thus they are all 
aligned to fall into the gravity well of earth. 

And spinning objects, such as_ his 
superconducting discs, when influenced 
additionally by an electromagnetic field, will 
experience a shift in the spin of the sub- 
atomic and atomic elements, They will be 
turned and not be aligned in parallel. Thus, 
they are able to levitate. 


But how to polarize the media and get 
things spinning? Enter Dr. Marcus 
Hollingshed, an enigmatic figure allegedly 
from Cambridge University. Dr. 
Hollingshed claims to have built a six- 
ringed toroidal coil antigravity device, 
which achieved great effect using rotating 
magnetic fields. In January 2003 he 
announced on the Internet that he has 
developed a 160kg vehicle able to lift in 
excess of 2000kg and that it has both 
horizontal and vertical drive features. His 


device cannot only go up and down and 
sideways, but it can push things away and 
pull objects to it. 


In addition, the field that the device 
purportedly generates is capable of being 
broadened and weakened, or narrowed and 
amplified in a lensing effect, with the field 
producing an absolute vacuum of 2.2m 
spherical diameter. Best of all, when it's 
cranked up the core of it goes invisible, 
although the term Dr. Hollingshed uses is 
that there is a "loss of reflected light.” There 
are no reports of independent confirmation, 
and Nick Cook says he hasn't been invited 
to sec it, so, he's skeptical, 


Where does this leave us? Perhaps Dr. 
Podkletnov's words sum up our current 
situation."Modern theoretical physicscannot 
give you the direct answer to your questions 
(levitation, torsion fields, etc.,) anda scientist 
who would agree to give you the answer 
cannot be regarded seriously, softly speaking. 
If you had asked Dr. Einstein if he were an 
expert on gravity, the answer would be NO. I 
can repeat his words: No, lam nota magician, 
yet; lam still learning." 


ELECTRICAL 


Wayne Macleod, USA 
Email: dynamars2100@yahoo.ca, cwleod@shaw.ca 


Gravity is the incremental slowing of time as 
we move closer to its source. If we imagine 
panes of glass stacked on top each other, one 
pane slightly denser than the oneimmediately 
above, a ray of light coming from above will 
constantly refractin acurvedbeam downward 
asit enters the stack. The same is true ofa ray 
of light entering a gravity field, The analogy is 
not too far fetched because refraction is 
caused by a slowing of light in the denser 
medium, Of course, gravity affects material 
objects as well as light, but this is explained by 
every object traveling on a ‘world line’ in 


spacetime. We can use light as in the glass 
example because light is its own world line. 


Why the world lines of objects take the paths 
they do can best be understood by 
compressing our normal 3 dimensional space 
into 2 dimensions, length and height only. 
‘When we throw astone into the airit rises and 
falls in a parabolic arc in these two space 
dimensions, That path in space is a complete 
mystery until we consider another dimension, 
time, a dimension we can imagine measured 
at a right angle to the plane of the 2 space 
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2. The electric motor that operated without in- 
terruption longer than any other electric motor 
was an electrostatic one. This was a pendulum- 
type motor, known as the “electric perpetuum 
mobile”, installed at the University of Insbruck, 
Austria, in 1823. Since then it operated contin- 
uously at least until 1909, powered by a Zamboni 
pile (an early high-voltage battery). 

8, Electrostatic motors have been operated from 
voltages in excess of 105 volts, which is much 
higher than the voltages suitable for operating 
electromagnetic motors. 

4, Bleetrostatie motors have been operated by 
using currents smaller than 10~°amp, which is 
much less than the currents needed to operate 
electromagnetic motors. 

5. The first electric motor that operated directly 
from the atmospheric electricity was an electro- 
static motor, None of the presently available 
electromagnetic motors can operate directly 
from this source. 

Even this short list reflecting some of the 
more obvious peculiarities of electrostatic 
motors shows quite clearly that electrostatic 
motors possess a number of unique properties. 
These properties undoubtedly will make 
electrostatic motors increasingly more impor- 
tant for the science, engineering, and technology 
of the future. 

Many different types and designs of electro- 
statie motors are possible. It is customary to 
classify electrostatic motors in accordance with 
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some prominent feature of their mode of opera- 
tion or some prominent feature of their design. 
‘Thus, in reference to the techniques used for de- 
livering electric charges to the active part of a 
motor one speaks of contact motors, spark 
‘motors, corona motors, induction motors, and 
electret motors. In reference to the medium in 
which the active part of a motor is located one 
speaks of liguid- or gas-immersed motors. In ref- 
erence to the material and design of the active 
part of a motor one speaks of dielectric motors 
(the active part is made mainly of dielectric ma- 
terial) and conducting-plate, or capacitor, 
motors (the active part is made mainly of metal 
and resembles a variable capacitor). Finally, in 
reference to the rate of rotation of a motor rela- 
tive to the period of the applied voltage (for ac 
operated motors) one speaks of synchronous 
motors and asynchronous motors. 

This classification of electrostatic motors does 
not make it possible, however, to specify unique- 
ly each individual motor. Also, two or more dif- 
ferent operation modes are usually possible for 
most electrostatic motors (for example, certain 
motors can be operated at will as contact, spark, 
or corona motors). Therefore an assignment of a 
particular motor to one or another of the above 
types or categories is frequently more or less 
arbitrary. This applies, of course, also to the 
present book, where certain motors deseribed in 
the chapters that follow could be equally well 
discussed under different chapter headings, and 
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where the inclusion of certain motors in a par- 
ticular chapter was occasionally dictated by the 
fact that such an inclusion resulted in a more co- 
herent development of the subject matter. 


ELECTRIC 
PENDULUM MOTORS; 
CONTACT MOTORS 


If “electric motor” is understood to be a 
device converting electric energy into a contin- 
uous mechanical motion, then the first two elec- 
trie motors were invented in the early 1740's by 
Andrew Gordon, a Scottish Benedictine monk 
and professor of philosophy at Erfurt, Ger- 
many.! Gordon's first motor was a device 
known as the “electric bells” (his second motor 
will be described in the next chapter). ‘The de- 
vice and its operation were as follows. A metal- 
lic clapper (pendulum) was suspended by a silk 
thread between two oppositely charged bells 
(Fig. 1). From an initial contact with one of the 
bells the clapper acquired a charge of the same 
polarity as that of the bell. Due to repulsion of 
like charges and attraction of opposite charges 
the clapper was then repelled by this bell and at- 
tracted by the second bell. As the clapper 
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struck the second bell, it gave off its initial 
charge and acquired a charge of the same polari- 
ty as that of the second bell. ‘Then the clapper 
was repelled by the latter and attracted by the 
first bell, which it struck again, and so on. 

Numerous variations of Gordon's bells have 
been described by later authors, mostly as 
devices for lecture-room demonstrations of elee- 
trostatic forces. Such devices are widely used 
for this purpose even now. 

An ingenious application of Gordon's bells was 
made by Benjamin Franklin in 1752. He conneet- 
ed the bells to an insulated lightning rod as a 
warning device “to give notice when the rod 
should be electrified”.? (It appears that at that 
time neither Franklin nor any other scientist 
suspected how dangerous this “warning” device 
could be. The extreme danger of experiments 
with insulated lightning rods became clear a year 
later, when in 1753 the Russian physicist George 
Wilhelm Richmann was killed by lightning that 
entered his laboratory through such a rod, as he 
approached it in order to measure its electrifica- 
tion with a specially constructed electrometer.) 

In a later modification of Gordon's invention 
one of the two bells was mounted on a Leyden 
jar (Fig. 2); the bells would then ring for as long 
as there was enough electric energy stored in 
the jar to move the clapper. (Franklin described 
the operation of an electric pendulum powered 
by a Leyden jar in 1747; see Ref. 2, p. 189.) 

Sometimes Gordon's bells were made as a set 


FIGURE 1 


The so-called “electric bells” constituted the first 
device that converted electrical energy into a 
continuous mechanical motion. They were in- 
vented in about 1742 by Andrew Gordon, a pro- 
‘fessor of philosophy at Erfurt, Germany. 


FIGURE 2 


Ina later modification of Gordon's invention one 
of the two bells was mounted on a Leyden jar. 
The bells would then ring for as long as there 
was enough electrical energy stored in the jar to 
move the clapper. 
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FIGURE 3 


Sometimes Gordon's bells were made as a set of 
three bells and two clappers, all suspended from 
a horizontal bar, the central bell being insulated 
from the bar and grounded by means of a light 
chain. 


FIGURE 4 


Another modification of Gordon's bells was a set 
of bell chimes arranged on a wooden base in a 
circular formation around the central bell A 
separate clapper was then present for each of 
the outside bells. 
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FIGURE 5 


The electrical and mechanical principle of Gor- 
don's invention could be used not only for ring- 
ing bells but for creating a mechanical motion in 
general. In this “electric swing” this principle 
‘was used to operate an animated toy. 


FIGURE 6 


Various electrostatically operated toys were in- 
vented in the 18th and 19th centuries. This 
“electric seesaw” was basically a conducting bar 
oscillating about a horizontal axis on the same 
principle as the clapper of Gordon's bells. 
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of three bells and two clappers, all suspended 
from a horizontal bar, the central bell being in- 
sulated from the bar and grounded by means of a 
light chain (Fig. 3). Another modification of Gor- 
don’s bells was a set of bell chimes arranged in a 
circular formation around the central bell (Fig. 
4); a separate clapper was then present for each 
of the outside bells, each clapper moving be- 
tween one of the latter and the central bell (the 
central bell was usually grounded, the outside 
bells were connected to an electrostatic genera- 
tor). 

‘The electrical and mechanical principle of Gor- 
don's invention could be used, of course, not only 
for ringing bells but also for a variety of other 
purposes. In particular, this principle was later 
used in two electrically operated toys: the “elec- 
trie swing” and the “electric seesaw”, which util- 
ized, respectively, an insulated pendulum made 
as a swing (Fig. 5) and an insulated conducting 
swing bar capable of oscillating about a 
horizontal axis (Fig. 6).34 

Except for Franklin’s bells, all of the above de- 
vices were designed for operation from an 
electrostatic generator or from Leyden jars 
charged by such a generator. However, in 1806 
a high-voltage chemical battery (“dry pile”, later 
known as the “Zamboni pile”) was invented by 
Georg Behrens, and in 1810 this pile was adapt- 
ed by Giuseppe Zamboni to operate primitive 
electrostatic motors. Inasmuch as a Zamboni 
pile could remain active for many years, the 
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little motors that operated from it were known 
as the “electric perpetuum mobile”. An ex- 
ample of such a perpetuum mobile is shown in 
Fig. 7 (see Chapter 4 for another design). The 
apparatus consisted of a light rigid insulated 
pendulum, pivoted just above the center of 
gravity, with a light conducting ring at the top. 
The ring was located between the two knobs of a 
Zamboni pile. When the ring contacted one of 
the knobs, it acquired a charge irom the knob 
and was repelled from this knob and attracted to 
the second knob, and so on, just like the clapper 
in Gordon's bells. One such perpetuum mobile 
is reported to have operated without interrup- 
tion for at least 86 years. 6 

The most sophisticated device derivable from 
Gordon's electric bells was probably the recipro- 
cating electrostatic motor (Fig. 8 and Plate 1) 
built in 1880 by Howard B. Dailey and Elijah M. 
Dailey? The motor, which is now at the Museum. 
of History and Technology of the Smithsonian 
Institution, was described by one of its builders 
as follows: 

“This machine operates by the direct action of 
static electric attractions and repulsions. It is 
constructed entirely of fine wood, glass and hard 
rubber, there being no magnetic materials used. 
The flywheel is of laminated, soft wood and runs 
in journal bearings of very small diameter. The 
moving balls, mounted on the walking beam of 
vuleanite, are made of wood, hollowed out so 
that the walls are about 2 millimeters thick. 
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FIGURE 7 


This electric pendulum operated froma Zamboni 
pile, an early high-voltage battery. Since the 
pile remained active for years, the pendulum 
was known as an “electric perpetuum mobile”. 


FIGURE 8 
The most sophisticated device derivable from 
Gordon's bells was probably this reciprocating 
electrostatic motor built in 1880 by H. B. Dailey 
and E. M. Dailey. 
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They are covered with aluminum foil for statie 
conductivity. The stationary balls are of solid 
wood. 

“To operate the engine the stationary balls 
are charged with electricity from a static elec- 
trie generator, such as a Holtz machine, the up- 
per balls being connected through the brass ball 
to one pole of the machine while the lower 
stationary balls are connected through the bind- 
ing post on the bed frame to the opposite pole of 
the machine. Under proper conditions, when 
charged, the engine wil] make about 375 revolu- 
tions per minute. 

“The walnut base upon which the engine is 
mounted is 14" long, 4” wide and 1% thick. ‘The 
movable balls are about 1" in diameter; the 
upper stationary balls are 194"in diameter; and 
the lower stationary balls, 1¥/". The four glass 
rods, mounted vertically, are about 6” high and 
spaced 6” apart along the bed. The diameter of 
the flywheel is 5%". It is gilded and has small 
wire spokes. The connecting rod is 7” in 
length.”* 

‘The electric principle of Gordon's bells could 
be used also for producing a continuous unidir- 
ectional motion. A fascinating device of this 
type was the “electric racing ball”, or the “elee- 
trie planetarium”, an excellent description of 


*The author is grateful to Mr, Elliot N. Sivowiteh, Smith- 
sonian Institution Museum Specialist, for kindly providing 
this description and the photograph of Dailey's motor, 
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FIGURE 9 


The electric principle of Gordon's bells could be 
used also for producing a continuous unidirec- 
tional motion. This “electric racing ball” was 
propelled along a conducting hoop by the same 
‘mechanism that moved the clapper in Gordon's 
bells. 
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which has been provided by M. Guyot.® The 
apparatus consisted of an insulated horizontal 
conducting hoop positioned above a condueting 
disk having a vertical rim concentric with the 
hoop (Fig. 9). The arrangement constituted a 
track for a light sphere of glass placed on the 
disk between the hoop and the rim. When the 
hoop and the disk were connected to an electro- 
statie generator, the sphere ran along this track 
due to attraction and repulsion exerted by the 
hoop and the disk upon the points of the sphere 
that acquired charges from contact with the disk’ 
and the hoop (the rolling of the sphere usually 
had to be initiated with a light push by hand, but 
once the sphere had started to run, it continued 
running for as long as the electrostatic genera- 
tor was in operation). 

Since the moving elements in the above de- 
seribed motors were charged by contact, the 
motors may be classified as “contact. motors”. 
‘This method of charging, however, is neither the 
only possible nor the most expedient one. 
‘Therefore contact motors will probably always 
be subordinate to most of the motors described 
in the following chapters. In this connection it 
may be useful to note that, upon a closer examin- 
ation of the operation of Gordon's bells and other 
similar devices, one recognizes that the charging 
of the moving elements in these devices usually 
oceurs by means of a spark that jumps from a 
stationary electrode (bell) to a moving element 
(clapper) as soon as the latter comes close 
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enough to the former. Thus the actual physical 
contact between the moving and stationary com- 
ponents in these devices is not at all necessary 
for their operation. In fact, such a contact is 
harmful insofar as it results in energy losses 
from impact and friction. 
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ELECTRIC WIND 
__J MOTORS 


‘As already mentioned in the preceding 
chapter, Andrew Gordon invented two electric 
motors. His second motor was the “electric 
fly",}2 also known as the “electric whirl", 
“electric pinwheel”, or “electric reaction wheel” 
(Fig. 10). The electric fly consisted of one or 
more light metal arms with sharp-point ends 
pent at right angles to each arm and in the same 
circumferential direction. The fly was pivoted at 
its center on an insulated needle. When the 
needle was connected to an electrostatic gen- 
erator, a corona discharge took place irom the 
sharp points of the fly. The air near these points 
became charged with charges of the same polar- 


“Corona discharge is a spontaneous electric conduction in a 
gs (air) originating from sharp conducting bodies whose elee- 
trostatie potential relative to the ground is 8000 volts or high- 
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energy and because of it, the glow around 
some objects is observed." 


What I understand from Dr. Podkletnov is 
that gravity is the effect of spin -- the spin of 
all subjected particles, from the sub-atomic 
level and up being parallel; thus they are all 
aligned to fall into the gravity well of earth. 

And spinning objects, such as_ his 
superconducting discs, when influenced 
additionally by an electromagnetic field, will 
experience a shift in the spin of the sub- 
atomic and atomic elements, They will be 
turned and not be aligned in parallel. Thus, 
they are able to levitate. 


But how to polarize the media and get 
things spinning? Enter Dr. Marcus 
Hollingshed, an enigmatic figure allegedly 
from Cambridge University. Dr. 
Hollingshed claims to have built a six- 
ringed toroidal coil antigravity device, 
which achieved great effect using rotating 
magnetic fields. In January 2003 he 
announced on the Internet that he has 
developed a 160kg vehicle able to lift in 
excess of 2000kg and that it has both 
horizontal and vertical drive features. His 


device cannot only go up and down and 
sideways, but it can push things away and 
pull objects to it. 


In addition, the field that the device 
purportedly generates is capable of being 
broadened and weakened, or narrowed and 
amplified in a lensing effect, with the field 
producing an absolute vacuum of 2.2m 
spherical diameter. Best of all, when it's 
cranked up the core of it goes invisible, 
although the term Dr. Hollingshed uses is 
that there is a "loss of reflected light.” There 
are no reports of independent confirmation, 
and Nick Cook says he hasn't been invited 
to sec it, so, he's skeptical, 


Where does this leave us? Perhaps Dr. 
Podkletnov's words sum up our current 
situation."Modern theoretical physicscannot 
give you the direct answer to your questions 
(levitation, torsion fields, etc.,) anda scientist 
who would agree to give you the answer 
cannot be regarded seriously, softly speaking. 
If you had asked Dr. Einstein if he were an 
expert on gravity, the answer would be NO. I 
can repeat his words: No, lam nota magician, 
yet; lam still learning." 


ELECTRICAL 


Wayne Macleod, USA 
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Gravity is the incremental slowing of time as 
we move closer to its source. If we imagine 
panes of glass stacked on top each other, one 
pane slightly denser than the oneimmediately 
above, a ray of light coming from above will 
constantly refractin acurvedbeam downward 
asit enters the stack. The same is true ofa ray 
of light entering a gravity field, The analogy is 
not too far fetched because refraction is 
caused by a slowing of light in the denser 
medium, Of course, gravity affects material 
objects as well as light, but this is explained by 
every object traveling on a ‘world line’ in 


spacetime. We can use light as in the glass 
example because light is its own world line. 


Why the world lines of objects take the paths 
they do can best be understood by 
compressing our normal 3 dimensional space 
into 2 dimensions, length and height only. 
‘When we throw astone into the airit rises and 
falls in a parabolic arc in these two space 
dimensions, That path in space is a complete 
mystery until we consider another dimension, 
time, a dimension we can imagine measured 
at a right angle to the plane of the 2 space 
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ity as that of the fly and was then repelled from 
the points due to repulsion of like charges (the 
resulting motion of the air is known as the “elec- 
trie wind"), Similarly, the points themselves 
were repelled from the charges in the air, and 
the fly rotated therefore in the opposite sense to 
that in which the points were directed. 

Also the electric fly was used for ringing bells 
or chimes. This was accomplished by suspend- 
ing from the fly a clapper, which, as the fly ro- 
tated, struck in turn several bells positioned in a 
circular formation underneath the fly (Fig. 11).3 

Tn 1760, Hamilton, professor of philosophy at 
Dublin, suggested to use a similar device as an 
electrometer.4 In this electrometer small 
weights were suspended from the fly. As the fly 
turned, the weights were deflected from the ver- 
tieal direction by centrifugal forces. This de- 
flection was a measure of the fly’s speed and, 
hence, of the strength of the source to which the 
fly was connected. A more sophisticated 
electrometer utilizing the electric fly was de- 
scribed by Jakob Langenbucher,® a silversmith 
at Augsburg, Germany, who spent a large part 
of his time and fortune on improving electro- 
static generators and studying electrostatic 
phenomena. In this electrometer the fly was 
mounted on a thin vertical cylinder. A fine 
string was fastened to the cylinder. The string 
passed over a small pulley and had a light pan 
attached’ to its free end. A small weight was 
placed on the pan. As the fly turned, the string 
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FIGURE 10 


Andrew Gordon invented two electric motors. 
His second motor was the so-called “electric fly". 


FIGURE 11 


Also the electric fly was used for ringing bells 
with the aid of a clapper suspended from it. 


26 


wound itself on the eylinder lifting the pan and 
the weight. The maximum weight that could be 
lifted by this electrometer was a measure of the 
strength of the source from which the fly was 
operated. 

‘The principle of the electric fly was later used 
to operate an orrery depicting the orbital mo- 
tions of the Sun, the Moon, and the Earth (Fig. 
12).6 In such an orrery, also known as the “elec- 
trical tellurium”, the longer bent arm carried a 
large sphere at one end, while at the other end it 
carried a similar but smaller bent. arm, each end 
of which also carried a small sphere. The three 
spheres represented the Sun, the Moon, and the 
Earth. The arms were pivoted on sharp points, 
and each arm had a perpendicular sharp point in 
the horizontal plane. When the instrument was 
connected to an electrostatic generator, the two 
systems rotated about their points of support, 
the smaller system, being lighter, rotated more 
rapidly than the larger one. The relative masses 
of the spheres were adjusted to make the 
Earth-Moon system rotate twelve times for 
every single rotation of the Sun. 

An interesting variation of the electrie fly was 
constructed in 1761 by Ebenezer Kinnersley, a 
Philadelphia school teacher and close friend of 
Benjamin Franklin, Kinnersley called his device 
the “electrical horse-race”.’ ‘This was a cross 
formed by two pieces of wood of equal length 
{probably about 18 inches long) supported hori- 
zontally on a central pin, A light figure of horse 


FIGURE 12 


The principle of the electric fly was later used to 
operate an orrery depicting the orbital motions 
of the Sun, the Moon, and the Earth. The 
masses of the spheres were adjusted to make 
the Earth-Moon system rotate twelve times for 
every single rotation of the Sun, 


FIGURE 13 


An interesting variation of the electric fly was 
constructed in 1761 by Ebenezer Kinnersley, a 
friend of Benjamin Franklin. Kinnersley called 
his device the “electrical horse-race". The elec- 
trical horse-race was a popular toy in the latter 
part of the 18th century. 
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with his rider was placed upon each extremity of 
the eros. The motion was produced by corona 
discharge from the spurs of the riders (Fig. 13). 
‘The electrical horse-race was a popular toy in 
the latter part of the 18th century. Interesting 
descriptions of this toy have been provided by 
Langenbucher (Ref. 5, p. 206 and Plate 8), and 
by Guyot. 

To show more convincingly that the electric 
fly converted electrical energy into mechanical 
energy, electric flies were placed on horizontal 
axes and were arranged to lift small weights 
(Fig. 14) or to climb inclined rails (Fig. 15).9 

Operation of the electric fly in liquids was in- 
vestigated by Aime.!° A historical account, of 
electric fly studies was presented by Tomlin- 
son.!1 ‘The mechanism of the fly was discussed 
at some length by Mascart.!2 A quantitative 
study of the forces acting upon the electric fly 
was performed by Kampier.!? 

A more efficient modification of the electric fly 
was proposed in 1887 by Bichat.!4 Bichat’s elec- 
trie “tourniquet” consisted of a light vertical 
frame capable of turning about a vertical axis 
and supporting two thin vertical wires produe- 
ing a corona discharge along their entire length. 
‘The vertical sides of the frame acted as 
“spoilers” preventing a corona discharge from 
the “back side” of the wires. A simple motor 
based on Bichat’s device is shown in Fig. 16. 

In recent years the principle of the electric fly 
(reaction foree experienced by a sharp point as a 
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FIGURE 14 


Electric fly converted electrical energy into 
mechanical energy and could lift small weights. 


FIGURE 15 


Electric fly developed enough mechanical 
energy for climbing inclined rails. 


FIGURE 16 


A more efficient modification of the electric fly 
was proposed in 1887 by Bichat, who called his 
device the “electric tourniquet”. 


dimensions. By multiplying the time of the 
object in flight by the speed of light, we have 
athree-dimensional coordinate system, not 
ofspace but of spacetime, We can then graph 
the world line of the object. So why does the 
object fall? It is because spacetime near 
massive bodies is curved. A remarkable fact is 
that the curved world lines of all objects in 
the same gravity field, whether of a thrown 
ball or fired bullet, have the same radius of 
curvature, Henceall objects fall with the same 
acceleration. 


To neutralize gravity we must somehow 
straighten’ the world lines of objects traveling 
in curved spacetime. It would be asif we had 
in our stack of glass panes a bubble, around 
which the density of glass became less on 
approach to the bubble. Then the ray of light, 
when close to the bubble, would refract 
opposite to the path it would normally take 
when traveling thought the rest of the glas 
Similarly, if we could manufacture a ‘time 
bubble ina gravity field opposite to the time 
slowing knownas gravity, we would have any 
object embedded in the time bubble isolated 
from that gravity field. 


The Electrical Levitation theory can best be 
understood by first considering an analogy. 

Let us imagine a wheel spinning on an arm 
like a child's propeller toy. The arm also 
rotates, in a direction opposite to the 
spinning wheel. We consider the rate of 
spinning of the wheel from the point-of-view 
of two observers, one observer stationary on 
the ground, the other observer rotating with 
the arm, Obviously the two observers will not 
see the same rate of spinning on the wheel. 

Because the arm is rotating opposite the spin 
of the wheel, its rotation must be subtracted 
from the rate of wheel spin as seen by the 
stationary ground observer. This is not true 
of the observer rotating with the arm, who 
will see the spin of the wheel as if there were 
noarm rotation. 


The conceptis easier to envision with linear 
motion, such as ofa man throwing ballona 
moving train, The velocity of the ball seen by 
the pitcher on the train will not be the same 
asits velocity seen byastationary observeron 
the ground. As the stationary observerseesit, 
that velocity will have the train's velocity 


subtracted from it if thrown against the 
train's velocity. It is the same with rotary 
motion: the velocity of the wheel for the 
stationary observer is slower because the 
arm's rotation is subtracted from it. 


But suppose the wheel rotation is thesame for 
the two observers! Something must be 
different between them, and that is time. As 
explained by Special Relativity for linear 
motion, time is not a universal constant; it 
differs between observersdependingon their 
relative motion. The property of nature that 
is constant, that produces this relative time 
difference, is the speed of light. So we must 
look for a similar constant in nature for a 
relative time difference between observers in 
ourrotary example, We have one in electron 
angular momentum, known as electron 
"spin," h/4a= 5.28 x 105 kg-m?/sec, where h 
isPlanck’s constant. Like the speed of light, this 
quantityis constant forall observers, whether 
the observer is on a rotating system or 
stationary on the ground. Heres the tool for 
producing our time ‘bubble! 


Let us now imagine a series of concentric 
rings, all rotating in the same plane and in 
the same direction. Electric current is 
pushed through these rings in the same 
direction as the ring rotation. (Current here 
is considered the flow of electrons, not 
conventional positive current) The rotating 
rings are sandwiched between two 
magnetic plates, the function of which is to. 
maintain the angular momentum of the 
current electrons oriented properly with 
ring rotation. 


Analogous to the above example, each 
electron takes the place of the spinning 
wheel and the rotating arm is replaced by 
the rings. Thus, because electron angular 
momentum is a universal constant, an 
observer of the electrons in this rotating 
system will not have the same time as a 
stationary observer outside it. If each 
current electron has its "spin" oriented 
opposite the rotation of the rings, time on 
the rotating system would run faster than 
forastationary ground observer, the same 
as in empty space relative to the Earth, The 
rotating system would therefore have the 
world line of empty space, not that of the 
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result of a corona discharge from it) has been 
suggested for a flying machine (“corona-kraft 
levitation”).15 The lift realizable from such a 
machine does not, however, appear to be of prac- 
tieal signifieance.1® 

Closely related to the electric fly were the 
“electric wind wheels” and the “electric wind 
turbines". Like the electrie fly, they were 
invented in the 1740's and utilized a corona dis- 
charge from sharp points for their operation. 
Benjamin Franklin studied these devices in 1747 
(he first learned of them from his friend Philip 
Syng). According to Franklin (Ref. 7, p. 184) 
they were “light windmill-wheels made of stiff 
paper vanes; also... little wheels, of the same 
matter, but formed like water-wheels”. Their 
probable appearance was as shown in Figs. 17 
and 18. Later versions of these devices have 
been described by Guyot (Ref. 8, pp. 274, 275 
and Plate 27), by Langenbucher (Ref. 5, pp. 75, 
76 and Plate 3), by Gale,1? and by Neubur- 
er.t8 

A delightful electric toy using the electric 
wind for its propulsion was made by W. R. King, 
an associate of James Wimshurst (the designer 
of the electrostatic machine carrying his name). 
‘This toy, which may be called an “electrical rab- 
bit hunt", now at the Science Museum in 
London, is shown in a simplified form in Fig. 19. 
It consists of a small electrie wind turbine 
mounted on a vertical shaft carrying five light 
metal arms on its upper end; the arms support 


FIGURE 17 


Closely related to Gordon's electric fly was the 
“electric wind wheel”, Like the electric fly, it 
was invented in the 1740's and utilized a corona 
discharge from two sharp points for its opera- 
tion, 


FIGURE 18 


Benjamin Franklin studied this “electric wind 
turbine” in 1747. He concluded that its action 
depended not as much on the electric wind as on 
the forces between the charges present on its 
moving and stationary parts. 
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FIGURE 19 

A delightful electric toy utilizing the electric 
wind for its propulsion was made by E. R. King, 
an associate of James Wimshurst. This toy, 
which may be called an “electrical rabbit hunt”, 
is now at the Science Museum in London. 
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figurines of a rabbit, three dogs, and a horse- 
man, who chase each other in a beautiful little 
garden, as the arms turn powered by the turbine 
below. 

In studying the electric wind motors, Benja- 
min Franklin concluded that their action 
depended not as much on the electrie wind as 
such, but on the repulsion and attraction of elee- 
trie charges present on the moving and station- 
ary parts of the motors (Ref. 7, p. 184). It is very 
probable that this conclusion led him to the in- 
vention of his big electric motors, the famous 
“electrical wheels”, which are described in the 
next chapter. 
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FRANKLIN'S SPARK 
MOTORS AND 
THEIR DESCENDANTS 


If one defines the “electric motor” as a 
machine capable of converting substantial 
amounts of electrical energy into mechanical 
energy, then it was Benjamin Franklin who in- 
vented the electric motor, for he was the first 
person to design and to construct a machine 
capable of accomplishing such a conversion. 

Franklin built two electrie motors, which he 
called “electrical wheels”. He described them in 
a letter to Peter Collinson, Fellow of the Royal 
Society of London, written in Philadelphia in 
1748.) 

His first motor was a big machine, about 40 
inches in diameter. The main part of this motor 
was a wooden disk mounted horizontally on a 
vertical wooden axle and carrying 30 glass 
spokes with brass thimbles on their ends (Fig. 20 
and Plate2). The axle turned on a sharp point of 
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FIGURE 20 


Franklin's first “electrical wheel" was the earli- 
est device converting substantial amounts of 
electrical energy into mechanical energy. 


FIGURE 21 


Franklin's second “electrical wheel” was more 
efficient than the first. It was powered by the 
electric charge stored in its capacitor-rotor. 
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iron fixed in its lower end and was kept in the 
vertical position by a strong wire mounted in its 
upper end and passing through a small hole in a 
thin stationary brass plate. Two oppositely 
charged Leyden jars (bottles) were placed in 
close proximity to the thimbles on the spokes, so 
that when the wheel turned, the thimbles bare- 
ly missed the knobs of the jars. 

As the thimbles moved past the Leyden jars, a 
spark jumped between a jar knob and the 
passing thimble, charging the latter with a 
charge of the same polarity as that of the knob. 
Therefore each knob attracted the oncoming 
thimbles (“opposite charges attract”) and 
repelled the departing thimbles (“like charges 
repel”), causing the motor to turn. The motor, 
being perfectly symmetric, could turn in either 
direction, and usually required a starting push 
by hand to initiate the charging of the thimbles. 

Here is how Franklin himself described the 
operation of his motor:1 

“If now the wire of a bottle, electrified in the 
common way, be brought near the cireumfer- 
ence of this wheel, it will attract the nearest 
thimble, and so put the wheel in motion; that 
thimble, in passing by, receives a spark, and 
thereby being electrified, is repelled, and so 
driven forwards; while a second being attracted, 
approaches the wire, receives a spark, and is 
driven after the first, and so on till the wheel has 
gone once round, when the thimbles before 
electrified approaching the wire, instead of 


gravity field. Its spacetime would not be 
curved. Since gravity is a time 
phenomenon, such a system in a gravity 
field could not have the behavior of a 
normal object. This conclusion may seem 
erroneous considering that ring rotation 
could never reach relativistically significant 
velocities, but we have an analogy with 
magnetism that is caused by a Lorentz 
contraction of the distance between 
moving electrons. If we considered the 
diminutive drift velocity of electrons alone 
we would never conclude that magnetism 
was possible, but the effect isaccumulative 
over trillions of electrons. The hypothesis 
here is that the same is possible with the 
trillions of free electrons oriented with a 
spinning ring, to produce an accumulative 
timeeffect. 


We nowcome to the controversial part of this 
theory because the above treats electron 
angular momentum the same as angular 
momentum of a normal physical object. 
whereas the electron is a quantum particle 
and quantum particles have their own 
realities with bizarre consequences when 
analogized with our macro universe. For 
instance, the electron has quantum spin 
number 1 /2,and such a particle would have 
720 degrees in one rotation, not 360. 
Nevertheless, the electron does possess di- 
pole magnetism. Itdoes behaveasaspinning 
ball with negative charge. Electrical 
Levitation is therefore an empirical theo 
The property of the electron that gives 
electron di-pole magnetism cannot be an 
actual physical rotation, but whatever that 
quantum property, if it produces di-pole 
magnetism there is reason to expect it to 
produce other macro physical phenomenaas 
if it were. 


The theoretical finding of General Relativity 
that time runs slower in a gravitational field 
was confirmed by the Pound-Rebka 
experiment in 1959. It is not that gravity 
causes time slowing, gravity is time 
slowing. Since time and energy are 
reciprocal, more time on our rotating ring 
system would mean less energy seen by an 
observer in that frame of reference than seen 
by a stationary observer on the ground, the 
opposite of the red shift ofa gravity field. This 


energy difference must equal the energy of 
the mass in a gravity field that is to be 
levitated, its energy of weight, and lost 

Experimenters should therefore be aware 
that their device might radiate. But thisis not 
a free energy machine. The energy of 
levitation comes from its magnetic field,and 
the electron magnetic moment energy turns 
out to be V, = mc? divided by the electrical 
current, zis the mass to be levitated and cis 
the speed of light. This is an enormous 
amount, but becomes practical if enough 
electrical current can be sent through the 
rings. That means the electrical resistance of 
the ring material must be very low. For 
copper it is not. No material currently exists 
with sufficiently low electrical resistance at 
room temperatures, butsuperconducting 
materials exist. that at cryogenic 
temperatures experience a dramatic loss of 
electrical resistance. 


An experimental device can therefore be 
envisioned using a superconducting disc 
substituting for the electric rings. The disc 
would serve as a conductor for an electric 
currentand would therefore need tobesliced 
along one radius with an insulator placed in 
the notch. Both edges of the notch would be 
connected to a power source by brushes 
rotating with the disc. Witha counterclockwise 
disc rotation as seen from the top, to have 
clockwise electron “spin” the magnetic field 
between the plates would have to be up. Only 
the moving free electrons of the current will 
beavailable forany timealterationeffect, These 
will also produce a magnetic field, which 
itisreasonable toassume would be of the 
same time alteration effect as the 
electrons, thus producing the required 
alternate time “bubble”. 


The resources required for an experiment 
using superconducting material at cryogenic 
temperatures are beyond this writer's means 
andan experiment has not been attempted, 

but anexperimentat the Tampere University, 
Finland, 1992, using a superconducting disc 
suggests that gravity shielding is possible. 

Owing to the immense advantages 
gravitational shielding would give to the 
present interest in space exploration, effort 
toward its development would be logical. 

This essay may offer clues on how to begin. 
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being attracted as they were at first, are repel- 
led, and the motion presently ceases. But if an- 
other bottle, which had been charged through 
the coating (e.i. charged oppositely to the first, 
0. J.), be placed near the same wheel, its wire 
will attract the thimble repelled by the first, and 
thereby double the force that carries the wheel 
round; and, not only taking out the fire (electric 
charge, O. J.) that had been communicated to 
the thimbles by the first bottle, but even rob- 
bing them of their natural quantity, instead of 
being repelled when they come again towards 
the first bottle, they are more strongly attract- 
ed, so that the wheel mends its pace, till it goes 
with a great rapidity, twelve or fifteen rounds in 
a minute, and with such strength, as that the 
weight of one hundred Spanish dollars, with 
which we once loaded it, did not seem in the 
least to retard its motion”. 

Franklin was not quite pleased with this 
motor, however, because it required “a foreign 
force, to wit, that of the bottles” for its opera- 
tion. He constructed therefore a second, “self- 
moving”, motor, which itself contained the elec- 
trical energy to be converted into the mechani- 
eal motion. 

The second motor was made as follows (Fig. 
21 and Plate 3). A disk of window glass, 17 
inches in diameter, was gilded on each side, 
except for narrow areas next to the edge, Sever- 
al lead spheres (bullets) were fixed to the edge 
of the disk and were connected in alternation to 
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the two gold layers. The disk was mounted on a 
vertical axle consisting of two pieces of strong 
wire, each about 9 inches long; the upper wire 
being in contaet with the top layer of gold, the 
lower wire being in contact with the bottom 
layer. The lower wire terminated in a sharp 
point resting on a piece of brass cemented within 
‘a glass salt-cellar. The upper wire passed 
through a hole in a thin brass plate cemented on 
a long strong piece of glass. This wire carried a 
small ball on its upper end for preventing a 
corona discharge from it. Several glass pillars 
with thimbles on their tops were positioned in a 
cirele around the disk, so that the spheres on the 
edge of the disk barely missed the thimbles 
when the disk was in motion. The motor was 
powered by electricity stored in the disk itself, 
which, due to the two layers of gold, constituted 
a capacitor capable of storing an appreciable 
quantity of charge (to charge the rotor, the two 
layers of gold were temporarily connected to an 
electrostatic friction generator). 

‘The motor operated on the same principle as 
Franklin's first motor, exeept that now the 
thimbles were stationary and received positive 
or negative charges from the passing spheres, 
rather than the other way around. As in the 
first motor, the rotation persisted as long as 
there was enough charge stored in the capacitor 
(rotor) to produce sparks between the spheres 
and the thimbles. 

Franklin reported that his second motor 
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(which was more powerful than the first one) 
could make 50 turns in a minute and could run 
for up to 30 minutes on a single charging of the 
rotor. Experiments with replicas of Franklin's 
motors performed by the author indicate that 
the original motors developed a power of the 
order of 0.1 watt,® which was a very impres- 
sive achievement for that very early period in 
the history of electric science. 

Several authors have described simplified 
versions of Franklin's motors. Miniature 
Franklin-type motors have been constructed and 
described by A. D. Moores (Fig. 22). One such 
motor consists of a Plexiglas disk about 4 inches 
in diameter with small conducting balls embed- 
ded in the rim. The disk turns on a horizontal 
axis supported by a base behind the disk. The 
motor runs when placed between two conduet- 
ors connected to an electrostatic generator. To 
make the motor self-starting and one-way 
running, the conductors may be provided with 
short auxiliary rods tangential to the disk; since 
the rods dispateh sparks predominantly in the 
direction of their free ends, the disk also turns in 
this direction. Another little motor of the same 
type designed by Moore is shown in Fig. 23. 

‘An obvious improvement of Franklin's motors 
would be to use a cylindrical rotor with elec- 
trodes in the shape of long strips. Such elec- 
trodes would aecept more charge than thimbles 
or spheres, and the power of the motor would be 
increased considerably. Motors of this type 
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FIGURE 22 


Several authors have described simplified ver- 
sions of Franklin's motors. One such motor con- 
sists of a Plexiglas disk about 4 inches in di- 
ameter with small conducting balls embedded in 
the rim. The disk turns on a horizontal axis sup- 
ported by a base behind the disk. 


FIGURE 23 
This inexpensive miniature Franklin-type motor 
of recent design can be used for lecture-room 
demonstrations of electrostatic forces. The 
rotor disk can be made from cardboard, wood, or 
plastic. For the rotor electrodes one can use 
thumbtacks or small aluminum foil disks. 
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have indeed been constructed. Here is a 
description of a “bell jar” motor taken from a 
book published in 1847 (Fig. 24): 

“On a pivot, a, suspend a bell jar having four 
pieces of tinfoil pasted on its sides, b, c, d; 
connect the jar, by means of the insulated wire, 
y, with the prime conductor (high-voltage 
terminal of an electrostatic friction generator, 0. 
J.) so that the pieces of tinfoil may receive 
sparks. On the opposite side arrange a 
conductor, c, in connection with the ground by a 
chain. On putting the machine into activity, the 
jar will commence rotating on its pivot.” 

Small motors closely related to both Frank- 
lin’s first motor and to pendulum motors were 
used in the rotary-type “perpetuum mobile” (see 
Chapter 2) operated from a Zamboni pile.8 The 
main part of these motors (Fig. 25) was a light 
insulated arm pivoted on a sharp point and 
carrying a piece of tinsel on each end. The tin- 
sels could just touch the knobs of the pile when 
the arm was moving on its pivot. The device 
funetioned in the same manner as Franklin's 
first motor, the two tinsels corresponding to the 
thimbles of the latter. 

‘An analogous design has recently been de- 
scribed as a “millifleapower motor” operating 
from a nuclear battery.9 In this motor a light. 
aluminum vane with pointed ends (Fig. 26) bent 
so as to form an inverted V is mounted at its 
midpoint on the tip of a sharp needle protruding 
from the positive terminal of the battery. As the 


FIGURE 24 


This “bell jar" Franklin-type motor had a cylin- 
drical rotor with tinfoil electrodes in the shape of 
long strips. 


FIGURE 25 


This small motor was used as a rotary-type “per- 
petuum mobile” operating from. a Zamboni pile. 
Such motors turned for years without stopping. 


FIGURE 26 


An analogous design has recently been de- 
scribed as a “millifleapower motor” operating 
from a nuclear battery. 
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vane turns, its ends come close to two spheres 
connected with the ground through a high resis- 
tance and become attracted by them. A dis- 
charge from the ends of the vane charges the 
two spheres, and the spheres then repel the 
ends of the vane, During the time it takes the 
vane to complete one half of its revolution, the 
charges of the spheres leak off to the ground, so 
that the spheres can again attract the ends of 
the vane, accept new charges from them, and 
then again repel them. The motor is expected to 
run for many years. 

An interesting motor derivable from Frank- 
lin’s first motor and from pendulum motors was 
suggested for operation from an eleetrophor- 
us.10 ‘The main part of this motor (Fig. 27) was a 
light conducting ring supported in a vertical 
plane on an insulated needle. In front of the ring 
there were two insulated spheres, which were so 
positioned that the ring just missed them as it 
turned on its needle. The spheres were either 
charged oppositely by the electrophorus, or only 
one sphere was charged, in which case the sec- 
ond sphere was grounded. The device operated 
on the same principle as Franklin's first motor. 

Of all the motors discussed above, Franklin's 
original motors and the bell jar motor were the 
most powerful ones. One can make such motors 
even more powerful by increasing the number of 
moving and stationary electrodes. But this can 
be done only up to a limit, because if the elec- 
trodes are too close to one another, sparks will 


Editor: | find the article by Wane McLeod 
quite interesting as his approach is very 
to the idea I first presented in my 
report at the "Space, Time and Gra 
Conference which took place in St 
Petersburg in 1998, The report was included 
into The Proceedings of the Conference, 
Part I, 1999. Before that the brief version of 
the article was published in English in the 
‘ELECTRIC SPACECRAFT’ magazine, 
Leicester, North Carolina 28748 USA, Issue 
27, 1997 p.30-31 


simil 


I managed to demonstrate that the ideas of 
‘Thomas T. Brown, especially his USA patent 
¥ 3,187,206 of 1965, are something more 
than just the force asymmetry in the electric 
capacitor, According to the concept 
presented in my report, by creating a matter 
property gradient (in particular, the 
dielectric permittivity gradient) we actually 
change the curvature of the electric force 
line in space. Normally, the natural space 
curvature accounts for the electric field 
potential decrease with the distance 
increase from the surface of the charged 
object. By creating the dielectric 
permittivity gradient (described by T.T. 
Brown in his patent of 1965) we change the 
natural distance potential gradient law. We 
can both increase and decrease this change 
and even reverse it. With the dielectric 
permittivity change square function, the 
natural space curvature is completely 
compensated and with more extent it is 
reversed and can be turned to negative. At 
that rate, the potential is not decreased but 
increased with the increase of the distance 
from the surface of the charged object. This 
is the essence of my concept that has never 
been considered before by any author. By 
creating the gradient described by the 
quartic function we get the same distance 
potential gradient law as in the natural 
conditions only with a different sign! 


T.T. Brown, who discovered a force in 
capacitors with a special dielectric, offered 
the practical application of this concept 


However, he did not find the source of this 
force, which, according to my concept, is 
conditioned by two factors: the 


corresponding dielectric property gradient 
function and the elastic properties of the 
dielectric material, which is of no less 
significance. Normally, dielectric particles 
are attracted to the charged surface but 
when the reversion of the curvature of 


electric field force lines occurs, they are 
repulsed from it and we can use this 
propulsion force. Elastic deformations 
(including those occurring during the 
pulsating operation of the field) account 
for the reaction forces equivalent to the 
generated propulsion force. Thus, the 
momentum conservation law is in action, 
still moving. 


however, the device is 


‘T-T. Brown also considered other ways of 
generating a force, such as the material 
magnetic property gradient. Logically, by 
analogy with the electric field we can 
consider the gravity field, which can be 
"designed" and "reversed" by means of 
creating a matter with the density gradient. 
At that rate, the gravity potential must 
change in accordance with a certain law 
when the distance from the gravity field 
source being increased. 


We should also note that the local space 
volume levitation effect with the accelerated 
or decelerated time rate was first described 
in my articles "Physical Principles of the Time 
Machine", NET #3 (6), May-June 2002 and 
"Practical Application of the Time Rate 
Control (TRC) Theory", NET #3, November- 
December 2001. 


Our company conducts experimental 
researches on creating new materials that 
possess the properties described. We are 
interested in serious business contacts 
with companies in the aerospace industry 
to further discuss eventual cooperation 
projects in this field, including co- 
patenting. 


Alexander V. Frolov 
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FIGURE 27 


This motor derivable from Franklin's first motor 
and from pendulum motors was suggested for 
operation from an electrophorus. 
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jump all around from one electrode to the next, 
thus short-circuiting the motor. The motor will 
then not work at all, unless the operating volt- 
age is lowered. But by lowering the voltage one 
also lowers the power, so that the gain obtained 
by increasing the number of electrodes becomes 
offset by the decrease in the operating voltage. 
Franklin type motors have therefore an inherent 
limitation in their power characteristics, and the 
fact that they depend for their operation on the 
presence of many metallic electrodes is one of 
their disadvantages. 

Since in Franklin's motors and in other motors 
described in this chapter the rotor is charged by 
means of electric sparks, these motors may be 
classified as “spark motors”. Toward the end of 
the 19th century a way was found to construct 
electrostatic motors based on the same mechan- 
ism of attraction and repulsion between electric 
charges as in Franklin's motors, but with rotors 
(or stators) charged more efficiently than it is 
possible to do by means of the sparks. These 
motors are described in the next chapter. 
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CORONA MOTORS 
AND MOTORS 
SIMILAR TO THEM 


In 1867, W. Holtz, the inventor of the 
electrostatic “influence” machine (generator) 
carrying his name, discovered that this machine 
could function as a motor when powered by 
another similar maehine.1 In order to study this 
effect in some detail, the famous German phys- 
icist J. C. Poggendortf ordered the construction 
of a special device, analogous to Holtz’s machine, 
but designed to operate only as a motor and pro- 
vided with numerous adjustable components so 
as to operate under a wide range of conditions.2 

‘The basic part of this motor was a vertical 
glass-disk rotor placed between two ebonite 
crosses carrying metallic sharp-needle “combs” 
(Fig. 28 and Plate 4). ‘The sharp points of the 
combs almost touched the surface of the disk, so 
that the disk could be charged by means of a cor- 
ona discharge from the combs when they were 
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connected in alternation to an electrostatic 
generator. Each comb could be oriented so as to 
make an arbitrary angle with respect to a radial 
direction. 

Just like the sparks in Franklin's motors, the 
corona discharge from a comb deposited on the 
rotor a charge of the same polarity as that of the 
comb. Each comb repelled therefore the seg- 
ment of the rotor carrying charges which it 
sprayed onto the rotor and attracted the seg- 
ment carrying charges sprayed onto the rotor by 
the preceding comb. Because of a continuous 
discharge between the combs and the rotor, al- 
most the entire surface of the rotor was sprayed 
with electrie charges. The repulsion and at- 
traction between the combs and the rotor, were 
therefore not only much stronger than in Frank- 
lin's motors, (where only the electrodes were 
charged) but were also much steadier, since the 
distances between the combs and the charges on 
the rotor were always the same. Asa result, the 
torque and power obtainable with this motor 
were far greater than those obtainable with 
Franklin’s motors of similar dimensions. 

Poggendorff made a thorough study of his 
motor, varying all its important parameters (his 
article comprises 32 pages). He used several ro- 
tors of different thickness and surface character- 
isties, whose weight ranged from 2.5 to 4.5 
pounds (all rotors were 15 inches in diameter). 
He varied the number, the orientation, and the 
polarity of the combs. 


FIGURE 28 


Poggendorff's corona motor had a glass-disk ro- 
tor placed between two ebonite crosses carrying 
metallic sharp-needle “combs”. 
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He found that a motor with combs arranged 
along the radii of the rotor could rotate equally 
well in either direction but was not self-starting, 
since such combs sprayed charges onto the rotor 
in a perfectly symmetric fashion. However, if 
the combs were slanted relative to the radii, the 
motor became self-starting and unidirectional, 
because such combs sprayed charges predom- 
inantly in one direction. He also fould that the 
performance of the motor could be improved by 
placing pieces of glass, cardboard, or metal close 
to the surface of the rotor (this is the principle of 
the modern “backing plate” or “lining”; see 
Chapter 10). When properly adjusted, the 
motor could run at better than 300 rpm. 

Poggendorff had fully appreciated the super- 
iority of his motor in comparison fo Franklin's 
motors, and had stated so at the end of his arti- 
cle. In fact, he had indicated that his motor 
used from 1200 to 1800 times as much current as 
Franklin's motors, in which case, assuming that 
the operating voltage of his motor was the same 
as that of Franklin’s motors (approximately 100 
kilovolts), the power of his motor must have 
been close to 100 watts. 

At the time when Poggendorff’s article was 
written, however, it was considered unscientific 
to expect that electricity (any electricity) could 
ever become a significant source of motive 
power. This may be the reason why Poggen- 
dorff, speaking of the rotation phenomenon 
that he investigated, declared at the end of 
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his article: “...it would be a sanguine hope if 
one wanted to believe that any useful mechani- 
cal effect could be achieved with it. That this is 
not possible, follows already from the considera- 
tion of how small is the quantity of electricity 
that is here put into play in comparison to that 
developed by a voltaic battery, with which one 
nevertheless, even with the help of the magne- 
tismus produced by it, has so far achieved 
nothing substantial (“Erkleckliches”)”. The ar- 
gument was obviously weak, but taking into ac- 
count Poggendorff's reputation as an eminent 
scientist, it was probably sufficient to discour- 
age further serious investigations of the corona- 
induced rotation for many years to come. 

Since Poggendorff’s motor depended on a cor- 
ona discharge for its operation, the motor may 
be classified as a “corona motor”. 

Holtz’s rotation phenomenon was also studied 
by the Danish physicist C. Christiansen (whose 
interest in the phenomenon had been aroused by 
a preliminary report of Poggendor‘f's investiga- 
tions published in 1867).8 Christiansen de- 
scribed two motors based on Holtz’s discovery. 
His first motor consisted of a horizontal disk 
rotor and two stationary corona-produeing 
combs. His second motor was similar to the first. 
except that in it the glass disk was stationary 
and the combs constituted the rotor. The rotor 
combs in this second motor were located below 
the glass disk and were charged by means of two 
foil strips hanging from them and sliding along 


FIGURE 29 


This self-starting corona motor with a cylindrical 
rotor was described in 1871 under the name of 
“electric tourbillion”. 


FIGURE 30 


In this hand-held corona motor (attributed to 
Ruhmkorff) the horizontal wire, by a corona dis- 
charge, extracted charges from the power 
source, and the vertical needle connected to this 
wire, also by a corona discharge, sprayed these 
charges onto the rotor. 
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two horizontal concentric contact rings mounted 
on the base of the motor. 

Cylindrical and spherical motors operating on 
the same principle as Poggendorff's motor were 
described in 1871 by W. Gruel (Fig. 29), who 
called them the “electric tourbillions”.4 Gruel 
pointed out that these motors could be made 
self-starting and unidirectional by inclining the 
combs in the same rotational direction with 
respect to the surface of the rotor. He also 
suggested that by providing the rotors with a 
series of holes, the motors could be used as 
sirens. 

A disk motor not noticeably’ different from 
Poggendorif’s motor was patented in the U.S.A. 
in 1801 by J. W. Davis and J, B. Farrington.5 

An interesting hand-held corona motor (at- 
tributed to Ruhmkorff) was described in 1876 by 
M. E. Mascart.6 The motor had a horizontal 
mica disk rotor (Fig. 30) supported on a vertical 
needle by a jewel bearing, such as are used for 
supporting compass needles. Below the disk 
there were two vertical corona-producing 
needles mounted on a hard rubber base. One of 
the latter needles was connected to a metal han- 
dle, the other was connected to a long, stiff, hori- 
zontal wire terminating in a sharp point. To set 
the motor in motion, the operator held the motor 
so that the sharp point of the horizontal wire 
was in the proximity of a charged conductor. By 
a corona discharge, the horizontal wire then ex- 
tracted charges from the conductor, and the ver- 


FIGURE 81 


This motor had two insulated corona-producing 
points tangential to the rotor disk and oriented 
in the same rotational direction. 
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FIGURE 82 

This corona motor with a compound glass rotor 
could run at about 2000 rpm and had a power of 
about 90 watts. 
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tical needle connected to this wire, also by a cor- 
ona discharge, sprayed these charges onto the 
rotor. The second vertical needle discharged the 
rotor and conducted its charges to the ground 
through the hand and body of the operator. 

A number of experiments with Poggendorif 
type corona motors were reported in 1921 by V. 
E. Johnson.7 One of his motors was similar to 
Ruhmkorff's motor (Fig. 31). This was a hori- 
zontal mica disk, about. 6 inches in diameter, sup- 
ported ona vertical needle point. At the edge of 
the disk there were two insulated corona-pro- 
ducing points tangential to the disk and oriented 
in the same rotational direction. Another of 
Johnson's motors was a big machine consisting 
of two stationary glass disks and a three-piece 
glass rotor that, could rotate on ball bearings 
between the stationary disks. The rotor was 
made of two large glass disks separated by a 
smaller disk so as to have a deep slot along its 
edge. Two flat sharp-point combs were insert- 
ed diametrically opposite to one another into 
the slot of the rotor (Fig. 32). Johnson estim- 
ated that his motor could run at about, 2000 rpm 
and had a power of about 90 watts. 

Just as Poggendor!f's motor was derived from 
Holtz’s electrostatic machine, a series of electro- 
static motors were similarly derived from 
Wimshurst’s electrostatic machine. 

In 1891 five such motors were constructed by 
William McVay of New York City.8 MeVay's 
first motor (Fig. 33) consisted of two horizontal 
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glass disks, about 12 inches in diameter, one 
stationary and the other rotating on the vertical 
axis just above the first. The lower disk had two 
quadrants of tinfoil, and the upper disk had 16 
tinfoil sectors, as shown in the figure. The 
power (from a Wimshurst machine) was deliv- 
ered to the motor by means of two insulated 
arms, each of which terminated in two brushes, 
one touching continually one of the lower quad- 
rants, the other charging a sector on the upper 
disk just clear of the edge of the quadrant. 
Charges of the same polarity were thus 
deposited on the quadrant and on the sector, 
causing them to repel each other. An “equaliz- 
er” reduced the charge of the sectors before 
they passed over the further edge of an oppos- 
itely charged quadrant, thus reducing the back 
torque on the rotating disk. An important new 
feature of this motor was the simultaneous 
charging of the stationary quadrants and of the 
moving sectors, which assured a relatively 
strong starting torque and, together with the 
neutralizing system, assured a reliable unidir- 
ectional operation. McVay also constructed 
motors of cylindrical geometry, one of which is 
shown in Fig. 34. In this motor the quadrants 
were located on the inner cylinder, while the 
charging and neutralizing brushes were on the 
neck of the outside cylinder. 

MeVay’s first motor was later modified for 
charging by combs, rather than by brushes (Fig. 
35). ‘The motor then operated essentially as 


FIGURE 83 


McVay's first motor consisted of two horizontal 
glass disks, about 12 inches in diameter, one 
stationary and the other rotating on the vertical 
axis just above the first. 
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FIGURE 34 

In this McVay's motor the quadrants were locat- 
ed on the inner cylinder (shown as two seg- 
ments), while the charging and neutralizing 
brushes were on the neck of the outside cylinder. 


FIGURE 35 


MeVay's first motor was later modified for 
charging by combs, rather than by brushes. The 
motor then operated essentially as Poggen- 
dorff's corona motor, retaining, however, its 
selj-starting and unidirectional qualities. 
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Poggendorff's corona motor, retaining, however, 
its self-starting and unidirectional qualities. 

Instructions for building a Poggendorff motor 
may be found in the May 1971 issue of Popular 
Science.? Instruetions for building a simple 
MeVay motor may be found in the January 1914 
issue of Electrical Experimenter!0 (the author is 
grateful to Mr. Thorn L. Mayes tor this infor- 
mation). 

Since a corona discharge in air at atmospher- 
ic pressure requires a minimum voltage of about 
3000 volts, ordinary corona motors can operate 
only from sources capable of supplying a voltage 
of this magnitude. Such voltages are, of course, 
easily attainable at the present time, and since 
the corona motors are very simple and efficient 
devices, they have been further developed and 
studied in recent years. We shall return to them 
in the last chapter of this book. 
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Vladimir I. Likhachey, Russia 
Krasnodarskaya str, 38/20-34, Moscow, 109386 


In several issues of the "Nature and man. 

Light" magazine in 1995-97 my colleague 
E.Oparin and I wrote on the unscientific 
character of absolutizing the law of 
degradation of energy, on the importantissue 
of creating the perpetuum mobile of the 
second kind utilizing infinitely available 
environmental beat energy. Weevensenda 
letter to Yury S, Osipov, the Russian Science 
academy President, but received no reply. 

Notwithstanding many official discussions, 
there are no well-reasoned objections to our 
arguments or proof on the part of "high" 
official science, because, in fact, we are right. 


I have recently received one more 
confirmation: brightand feasible data on the 
negentropy cycle (the cycle with 
spontaneous reduction of entropy) with a 
chemicallyactive working substance that will 
be described later. 


After the publication of Victor M. 
Brodyansky'sbook "Perpetuum Mobile in the 
Past and at Present. From Utopia to Science 
and from Science to Utopia", Second Edition, 
‘one can not but return to these issues. More 
so because the foreword of V.A. Fabricant, 
member of the USSR Academy of Pedagogical 
Sciences, claims the law of degradation of 
energy tobe the "law of nature" and supports 
shamefully the deformation of the 
monothermists, especially PK Oschepkov, by 
academicians P.Kapitsa, LArtsimovich and 
LTamm ("Pravda" of November 22, 1959), 
followed by E. Velikhov, A.Prokhorov and 
VSagdeyev ("Pravda" of June 22, 1987) 


After the publication of Brodyansky’s book I 
met the author several times (notably at a 
special seminar in The Moscow Energy 
Institute) and expressed my opinion about 
his book: the book avoids serious discussion 


of the monothermists, stresses their failures 
which are quite normal in the initial 
development of perpetuum mobiles of the 
second kind. 


For example, Brodyansky knew about 
Tsiolkovsky's discovery. Guay's book "On the 
Little-Known Hypothesis of Tsiolkovsky" is 
listed among the First Edition references. But 
Vladimir Brodyansky avoided analyzing this 
discovery both "in the past" and "at present", 
The Second Edition references even list the 
"Physical Thought in Russia" magazine, 
issue #1 of 1991, that contained for the fist 
and only time the modern edition of the"Law 
of Degrading of Energy" by Tsiolkovsky. "At 
present" V. Brodyansky knows my analysis of 
Boltsman's mistakes but he paid noscientific 
attention to my analysis either. 


In Brodyansky’s book the description level of 
chemical reaction cycles is even lower than 
that of Schpilrine, Schpilrine at least tried to 
present his arguments but here we see 
unsupported statements "justified" by the 
phrase "the detailed discussion would take 
too much space’, Vladimir Brodyansky's 
analysis of anti-Stokes luminescence 
(pp.216-219) is also superficial, Dissipative 
and entropy processes prevail in it. But if 
there is evidence supporting higher 
frequency quanta than the frequency of 
radiating flux, it is the evidence of 
negative entropy. Vladimir Brodyansky 
not only is familiar with it and also shows it 
by the example of investigating the Sun and 
the Earth (p.247). 


Vladimir Brodyansky'sanalysisofRank’s tube 
(pp.235-237) displays the 


prevail. Its effectiveness as a refrigerator is 
lower than in the traditional schemes. 
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___| CAPACITOR MOTORS 


In 1889, Karl Zipernowsky, a Hungarian 
engineer (co-inventor of practical electrical 
transformers), constructed a new type of elec- 
trostatie motor, which was derived from Thom- 
son's quadrant electrometer.2 The rotor of this 
motor (Fig. 36) consisted of two pairs of alum- 
inum sectors insulated from each other and 
from the rest of the apparatus. The stator con- 
sisted of four double (hollow) sectors of brass en- 
closing the rotor. The rotor was fitted with a 
commutator in four parts, by means of which the 
sectors of the rotor were charged oppositely to 
those sectors of the stator into which they were 
entering and identically to those sectors of the 
stator which they were leaving. An interesting 
property of this motor was that it could operate 
irom high-voltage de as well as from high-volt- 
age ac sources. 
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FIGURE 86 


This motor was built in 1889 by Karl Zipernow- 
sky, a Hungarian engineer. It operated from de 
as well as from ac sources. 
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FIGURE 87 

This capacitor motor was described in 1904 by 
van Huffel. Its rotor could be charged by con- 
tact or by sparks. 
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Inasmuch as Zipernowsky’s motor operated as 
a result of the electric forces exerted by one 
charged conducting plate upon a second charged 
conducting plate (which are the same forces that 
act upon the two plates of a capacitor) it consti- 
tuted what is now called an electrostatic “eapae- 
itor motor”. 

A simpler version of a capacitor motor was de- 
scribed in 1904 by van Huffel.3 This motor was 
based on the so-called Thomson's replenisher.4 
‘The motor had an essentially cylindrical geome- 
try (Fig. 37) and consisted of a rotor with two i 
sulated bent brass plates mounted on a vertical 
axle and located between two similar, but slight- 
ly larger, plates of the stator. The rotor plates 
(which were not quite coaxial) were charged by 
means of two metallic tongues connected to the 
stator plates; the tongues touched the rotor 
plates just as the latter began to clear the stator 
plates. The charging of the rotor plates could 
occur by a direct contact as well as through a 
spark, depending on the adjustment of the 
tongues. 

Since capacitor motors do not require sparks 
or a corona discharge for their operation, they 
can operate, at, least in principle, from as low a 
voltage as one desires to use. This is one of their 
important advantages and is one of the reasons 
that such motors have been given considerable 
attention in recent years. Furthermore, as al- 
ready indicated, capacitor motors can operate 
not. only from de sources, but also from ac 
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sources. Finally, when powered by an ac source, 
they can operate both as synchronous and 
asynchronous motors (Zipernowsky's original * 
motor operated from ac as an asynchronous 
motor). 

‘A synchronous capacitor-type electrostatic 
motor is merely a multielectrode capacitor 
motor without a commutator, the proper 
charging of the rotor being accomplished by 
continuously supplying an ae voltage of proper 
frequency between the stator and the rotor (Fig. 
38). It is easy to see that if the rotor moves by 
one electrode in one period of the supply 
voltage, then the ae voltage accomplishes the 
same effect as that accomplished by a de voltage 
with a commutator. The synchronous velocity is 
therefore 2x f/N, where fis the frequency of the 
supply voltage and N is the number of the elec- 
trodes. 

Several precision-made synchronous motors 
were described in 1969 by B. Bollée.° One of 
these motors ran on sapphire bearings and had a 
cylindrical aluminum rotor 1 centimeter long 
and 0.45 centimeters in diameter; the rotor and 
the stator had 60 electrodes each, with a 0.001 
centimeter gap between stator and rotor elec- 
trodes. The maximum power of this motor was 
about 100 microwatts at 220 volts and 50 hertz. 
Another motor (for an electric clock) had a di- 
electric disk rotor, with four rows of 100 elec- 
trodes on each side, located between two 
bearing covers, each with five rows of 100 elec- 


FIGURE 88 


In a synchronous capacitor-type electrostatic 
‘motor the proper charging of the rotor is ac- 
complished by continuously supplying an ac volt- 


age of proper frequency between the stator and 
the rotor. 


FIGURE 89 


This synchronous electrostatic motor is essent- 
ially a variable capacitor with a rotatable shaft. 
The design of this motor is similar to the design 
of an electrostatic variable-capacitance genera- 
tor. 
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trodes; the gap width in the axial direction was 
0.01 centimeter. At 200 volts this motor had a 
maximum output of 600 microwatts. An in. 
teresting feature of this motor was that it had no 
slip ring on the rotor shaft, and that the rotor 
was therefore not connected to the power 
source. Instead, the stator was divided into two 
mutually insulated halves. This arrangement 
reduced the friction of the rotor and improved 
the performance of the motor. Still another 
motor was essentially a variable capacitor with a 
rotatable shaft. It had 15 plates in the stator and 
14 in the rotor, each 0.03 centimeters thick; the 
gaps between stator and rotor plates were 0.015, 
centimeters (Fig. 39). The design of this motor 
is similar to the design of the electrostatic vari- 
able-eapacitance generator deseribed by N. J. 
Felici.6 

According to Bollée, the maximum average 
torque on the rotor in a capacitor-type electro- 
statie motor is Tmax = KNV®, where k is a geo- 
metrical constant, and Vis the peak voltage ap- 
plied. A motor with many electrodes is there- 
fore slow but produces greater torque. The 
power of the motor is proportional to the square 
of the applied voltage and to the frequeney but 
does not depend on the number of electrodes. 

An important parameter in capacitor-type 
electrostatic motors is the capacitance differ- 
ence Cmax — Cmin, Where Cmax is the greatest 
capacitance between the rotor and the stator 
and Cymin is the smallest capacitance as they oc- 


FIGURE 40 


This interesting motor has been described by 
Moore, who calls it the “Interdigital Motor”. 
The stator consists of a glass bowl with strips of 
aluminum foil glued to it. The rotor is a single 
conducting ball inside the bowl. 
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cur when the rotor turns, ‘The larger this para- 
meter is, the better are both the torque and the 
power. The main objective in the design of such 
motors is therefore to obtain the greatest 
possible variation of the capacitance. 

An interesting motor which ean be classified 
either as a modified Franklin's second motor or 
as a modified capacitor-type motor has been de- 
scribed by Moore,’ who calls it the Interdigital 
Motor. The stator consists of a glass bowl with 
strips of aluminum foil glued to it (Fig. 40). The 
rotor is a single conducting ball inside the bowl; 
the ball runs along the sloping side when the 
strips are connected to an electrostatic gener- 
ator (positive and negative strips are connected 
in alternation). Several balls can be placed into 
the bow] at the same time, and all of them will 
then run. 
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» Electri- 


But one can not deny the existence of 
negentropy processes in it. It is these 
processes that "originate" the cold gas flow. 
And Brodyansky's "origination" on p.236"The 
vortex tube in fact divides the coming gas 
into two fluxes: heated and refrigerated - is 
totally false. That can be performed only by 
"Maxwell's demon" that does not exist in 
substance. 


The refrigerated flux in the Rank's tube is 
formed by the "Tsiolkovsky’s flux" by way of 
heat transfer"from cold to hot", from the tube 
center to its circumference by centrifugal 
accelerations. On its basis (to be more 
exact, on the basis of Finko's tube) the 
perpetuum mobile of the second kind can be 
created. And we have this engineering 
solution. E,Oparin and I made the 
corresponding patent application for an 
invention but the Federal Institute of 
Industrial Property again refused to consider 
such applications, Here one can see similarity 
with the causes of re-edition of Vladimir 
Brodyansky's book. And one need not be a 
big politician to admit the reality and 
understand thesources. 


Environmental and, especially, anti-nuclear 
movement is invincibly expanding. Danger 
to human life and threat of ecological 
catastrophe are quite real. The Second 
Edition of Brodyansky's book protects 


behind scientific arguments those who use 
Russia asa source of easy money and then flee. 


Butwe like our country -vastand austere, This 
austerity and space form REAL PEOPLE and 
support humanityand materialistichumanism 
ofthe energeticand talented, not just the rich. 


In modern Russia the powerfully spread 
alcoholism, debauchery and drugs are the 
instruments of slavery. But the monothermy 
and development of alternative power 
engineering will become basis for Russia's 
revival and unprecedented prosperity. 


Russianslearn slowly, sometimes, very slowly, 
even disgracefully slowly. But we will learn. 
And then no one will stop us. The following 
tips are meant for those who are ready to ris 
their efforts and facilities in order to build 
alternative energy knowledge base: dissipative 
and negentropy processesare inseparable and 
very often their mechanismis the same. Inour 
environment the dissipative processes are 
more effective and hide the negentropy ones. 
No dissipative process combination can 
generate the negentropy cycle. Look for 
examples in Brodyansky's book. To create the 
negentropy cycle and use the environmental 
energy at least one negentropy process is 
required that has effectiveness and 
negentropy exceeding entropy growth at all 
levels of the cycle. 


News from “IntAlek” Company 


William Aleck falekws@intalekicom] has updated the latest and greatest ZPOD system drawings: 


hhtp://www.intalek.com/Index/Projects/SmartPAK /Projects/ZPOD/ 
ZPOD_System05.pdf 


‘This is release 5.0 


Here is the latest electrical schematic: http://www. intalek com/ZPOD/ZPOD_System05.gif 


Based upon his "preliminary" tests thus far, he estimates the COP is around 2.0. This estimate is 
interpreted from the following scope traces: 


http://www.intalek.com/ZPOD/in.GIF 
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6. N. J. Felici, Electronics and Power, Vol. 11, 
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7. A. D. Moore, Electrostatics, Doubleday and 


Company, Ine., New York, 1968, p. 109. 


INDUCTION MOTORS 


In 1892-1893, electrostatic motors of a 
fundametally new kind were described by Ric- 
cardo Arno!2 and by W. Weiler.® Their motors 
operated on the principle that the polarization of 
a dielectric in a variable electric field lags behind 
the field inducing the polarization. Therefore if 
a dielectric body is placed into a rotating electric 
field, the polarization charges* induced on the 
body will experience a force causing the body to 
follow the rotation of the field. 

‘Arno's motor (Fig. 41) had a cylindrical stator 
formed by four insulated copper segments 
enclosing the space in which the rotating field 
was to be produced. The rotor was a hollow 
closed ebonite cylinder supported on two steel 


See, for example, 0. Jefimenko “Electricity and Magne 
tism”, Appleton-Century-Crofts, Ine. (1966), pp. 245-249. 
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points turning in holes in glass; the cylinder 
weighed 40.33 grams, was 18 centimeters long 
and 8 centimeters in diameter. The rotating 
field was produced by means of a high-voltage 
transformer (3800 volts output), an RC-cireuit, 
and a mereury commutator. The rotor attained 
a speed of about 250 rpm and developed a torque 
of 176 centimeter? x gram X second ~ 

Weiler used a hand-operated double commuta- 
tor for his motors. The commutator delivered 
high voltage from an electrostatic generator in 
sequence to the four segments of a stator, thus 
producing the needed rotating electric field. 
Weiler described four different motors utilizing 
rotating fields. One of his motors was similar to 
Arno's motor. The operation of this motor (and 
that of Arno's motor) can be explained with the 
aid of Fig. 42, representing the top view of the 
motor. When segment A of the stator is posi- 
tive, and segment B is negative, the electric field 
of the stator induces in the dielectrie rotor 
(assumed to be at rest) polarization charges as 
shown in the figure. After the commutator has 
completed '% revolution, segment C is positive 
and segment D is negative, Thus the field has 
rotated by 90°, and now it polarizes the rotor in 
anew direction (at 90° with respect to the first). 
However, since it takes a certain time for the 
larization charges to relax to zero, some of the 
al polarization charges are still on the rotor, 
so that the distribution of the polarization 
charges on the rotor is not symmetrical relative 
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FIGURE 41 
Arno’s induction motor operated on the principle 


that the polarization of a dielectric in a variable 


electric field lags behind the field. 
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FIGURE 42 


The operation of Arno's and Weiler’s induction 
motors can be explained with the aid of this 
diagram. 
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to the charges on the stator. The rotor experi- 
ences therefore a torque due to attraction and 
repulsion between the rotor charges and stator 
charges, and the rotor turns. 

Weiler also experimented with motors having 
noneylindrical rotors. One such motor is shown 
in Fig. 43. Rotating field electrostatie motors 
with disk-shaped rotors were built and studied 
between 1894 and 1901 in Japan by Hiderato 
Ho. 

Since Arno’s and Weilers motors depend for 
their operation on induced polarization charges, 
they may be called “induction motors”, 

Induction motors, too, have a number of ap- 
pealing features which attracted considerable in- 
terest to such motors in recent years: the 
motors ean operate from both de and ac; the 
motors can operate from low-voltage sources; 
since the motors require no brushes or slip rings, 
friction losses in these motors are very small. 

Several carefully designed induction motors 
(both cylindrical and flat) were described in 1969 
by Bollée.> One such motor of cylindrical geom- 
etry operated from a three-phase power supply 
at 20 volts and 50 hertz. The stator had 12 elec- 
trodes, which surrounded a rotor 15 centimeters 
in diameter. A disk-type induction motor oper- 
ating from a three-phase power supply had a ro- 
tor consisting of 10 glass disks, each 6 centi- 
meters in diameter, coated with a thin layer 
of slightly conductive material and mounted on a 
common axle. The rotor turned inside a ring 
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FIGURE 43 


In 1892-1898, Weiler also experimented with 
‘induction motors having noncylindrical rotors, 
such as the motor shown in this drawing. In- 
duction motors have a number of appealing fea- 
tures which attracted considerable interest to 
such motors in recent years. 
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formed by 60 comb-shaped stator electrodes. 
The maximum torque was 2000 centimeter? x 
gram X second ~ at 220 volts and 50 hertz. 

Another interesting motor described by 
Bollée was a linear induction motor, which “may 
be regarded as.a segment of rotating-field motor 
bent straight”.5 

An extensive mathematical analysis of the in- 
duction motors was published in 1970 by Soon 
Dal Choi and D. A. Dunn.6 They tested their 
theoretical results on a cylindrical motor with 72 
electrodes. The motor was 14 inches wide, 14 
inches high, and 197 inches long. It had a Plexi- 
glas rotor that turned at a maximum rate of 
about 1000 rpm when powered by a 10-kilovolt 
source. 
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LIQUID-IMMERSED 
MOTORS 


In 1893, W. Weiler discovered that a 
glass cylinder placed in a poorly conducting 
liquid between two spherieal electrodes began to 
rotate when the electrodes were connected to an 
electrostatic generator! He then constructed a 
small motor based on this discovery (Fig. 44). 
‘The principle of the operation of this motor was 
essentially the same as that, of a cylindrical cor- 
ona motor, except that the charges were now de- 
posited on the rotor not by a corona discharge, 
but by the conduction current in the liquid. 

Tn 1896, G. Quincke reported the same phen- 
omenon and published a very comprehensive 
experimental study of it.2 His device is shown in 
a simplified form in Fig. 45. It is interesting to 
note that Quincke, rather than Weiler, has been 
credited by subsequent investigators with the 
discovery of the rotation of dielectric bodies in 
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FIGURE 44 


In 1893, W. Weiler discovered that a glass cyl- 
inder placed in poorly conducting liquid between 
two spherical electrodes began to rotate when 
the electrodes were connected to an electrostat- 
ic generator. 
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FIGURE 45 


In 1896, G. Quincke reported the same phenom- 
enon of rotation and published a very compre- 
hensive experimental study of it. His liquid- 
immersed motor is shown in a simplified form in 
the above drawing. 
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poorly conducting liquids. 

Weiler-type liquid-immersed dielectric motors 
were recently studied in considerable detail by 
P. E. Secker and his co-workers.4 Their 
motors operated in various semi-insulating 
liquids such as hexane, hexane doped with amyl 
aleohol or ethyl alcohol, and isoamyl alcohol. 

In one of their motors the electrodes were 
stainless steel squares 1.8 centimeters on a side. 
‘Their separation was varied from 1 to 2.5 centi- 
meters. The rotor, of ebonite or Perspex, was 
0.95 centimeters in diameter and 2.2 centimeters 
long. The operating voltage was from 8 to 30 
kilovolts, The speed of the motor was found to 
be a linear function of the applied voltage, with 
the maximum recorded speed of about 2500 rpm. 

In another motor, a stator with six electrodes 
was used (Fig. 46). The rotor was made of Pers- 
pex and was 7/8 inches in diameter and 2 inches 
long; it had a layer of high-permittivity material 
on its surface (Litanium ceramic in polystyrene). 
Powered by a 30-kilovolt source, the motor 
turned at 1700 rpm, and the total power input 
amounted to 5.4 watts, of which 2.7 watts ap- 
peared at the rotor shaft. 

A discussion of electrohydrodynamic effects 
that may take place during an operation of liquid- 
immersed motors has been presented by J. R. 
Melcher and G. I. Taylor.5 

Beeause of considerable hydrodynamical loss- 
es, the motors of this type will apparently al- 
ways have a relatively low output torque. 


FIGURE 46 


This liquid-immersed dielectric motor was re- 
cently studied in considerable detail by P. E. 
Secker and his co-workers. 
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ELECTRET MOTORS 


In general, an electret is a permanently 
charged dielectric body. In a more restricted 
sense of the word, an electret is a permanently 
polarized dielectric body and may be considered 
to constitute the electrical counterpart of a 
permanent magnet. It is this latter type of elec- 
tret that has been used for constructing electro- 
statie motors. 

In 1961, the Russian physicist A. N. Gubkin 
described an electret motor! shown schematical- 
ly in Fig. 47. The motor consisted of a stator 
formed by two horizontal, axially symmetric, 
parallel-plate capacitors and a rotor formed by 
two flat, axially symmetric, oppositely polarized 
electrets mounted on a vertical axle and capable 
of passing between the plates of the capacitors. 
The motor operated as follows. When a volt- 
age was applied to the two capacitors, so that 
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FIGURE 47 

In 1961, the Russian physicist A. N. Gubkin de- 
scribed this motor with two electrets in the 
rotor and two parallel-plate capacitors in the 
stator. A commutator was used to change the 
polarity of the capacitors. 


99 


plates A and D were positive and plates B and C 
were negative, the capacitors attracted the 
electrets as soon as the latter came close to the 
plates, and the electrets were pulled into the 
capacitors. A commutator changed the polarity 
of the plates just as the electrets were coming 
out from the capacitors, and the electrets were 
then repelled from them, and so on. Thus the 
rotor was set in a continuous rotation. 

A well-known property of electrets is that 
they lose their polarization in the absence of ade- 
quate shielding. Electret motors with almost 
perfect shielding were described by this author 
and by D. K. Walker in 1970.2 These motors 
were based on the so-called “electret slot ef- 
fect”.3 The slot effect works as follows (Fig. 48). 
An electret is placed between two pairs of elec- 
trodes, each pair forming a slot. If a voltage is 
applied to one or both electrode pairs, the elec- 
tret (or the electrodes) experiences a force in a 
direction perpendicular to the slot and parallel 
to the plates. This arrangement insures both a 
nearly perfect shielding and a relatively large 
force. 

A simple electret motor utilizing the slot ef- 
fect is shown in Fig. 49 and Plate 5.* It uses a 
disk-shaped carnauba wax electret rotor consist- 
ing of two oppositely polarized half-disks. ‘The 
stator has two pairs of electrodes connected to a 


“The motor was designed by the author and built by one of 
his students, Charles Lynn Walls, in 1966. 


FIGURE 48 


The slot effect works as follows. An electret is 
placed between two pairs of electrodes, each 
pair forming alot. Ifa voltage is applied to one 
or both electrode pairs, the electret experiences 
a force in a direction perpendicular to the slot 
and parallel to the plates. 


FIGURE 49 


This simple electret motor utilizes the slot ef- 
fect. The rotor is made of a disk-shaped electret 
consisting of two oppositely polarized half-disks. 
The stator has two pairs of slotted electrodes 
connected to a cylindrical commutator, which is 
charged by contact or by sparks. 
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cylindrical commutator. The thickness of the ro- 
tor is ‘/ inch, the diameter is 5 inchés. The 
motor operates from an 8-kilovolt power supply 
and rotates at 1500 rpm. 

Similar motors with stationary electrets and 
rotating electrodes are shown in Plates 6 and 7. 

A more sophisticated slot-effect motor? uses a 
cylindrical eleetret (Fig. 50 and Plate 8). The 
electret is stationary; it is shaped as a hollow 
cylinder and has four seetions of opposite radial 
polarization. The rotor is made of four internal 
and four external aluminum electrodes forming 
two cylinders with four slots in each. The inner 
electrodes are cross-connected with the outer 
ones, and all electrodes are supported by a Plexi- 
glas disk mounted on a steel axle. This motor 
uses no commutator. The power is delivered to 
two adjacent external electrodes by means of 
two sharp points which charge the rotor through 
acorona discharge. The overall diameter of this 
motor is 3 inches, the operating voltage is 6 kilo- 
volts, the speed is up to 5000 rpm, the power is 
about 20 milliwatts. 

Synchronous electret motors for electric 
clocks have been recently announced by the 
General Time Corporation. The motors are 
about 1% inches in diameter and ‘% inch thick. 
In these motors (Fig. 51) a thin plastic electret 
disk with 15 active sectors and 15 equally large 
cut-outs is the rotor. The rotor is placed be- 
tween two stator plates fabricated as printed 
circuit boards. Each stator plate has 30 elec- 


Alan Francoeur‘s Generator 
. TR Canada 


Alan L Francoeur, Canada 
Emaibalf@shaw.ca 


This is my writing and development about 
the Interference disc generator, and the 
permanent magnet dynamo machine, and 
other related inventions, I have always been 
intrigued with electricity and magnetism and 
aetheric energies starting at a young age. 
Back in 1980 I wanted to do something to 
help get my large vehicles better fuel 
economy. With this goal in mind, I 
experimented and designed my first heat 


Fig 1 


I invented the Interference Disc generator 
concept while I was employed at Giant 
Yellowknife Mines NWT from 1983 to early 
1986. The idea of using metal blocking plates 
to shield magnetic fields stirred in my mind 
while working around heavy electrical mining 
equipment, and 1000hp and other electric 
motors with exposed coils that have heavy 
metal around the outer casing. I did a search 
at the time and found John Ecklin's work very 
interesting with his application of the 
shielding effect. During my off time in 
Yellowknife, I was experimenting with the 
interesting effect of producing induction with 
astationary coil mounted beside a stationary 
magnet with a small air gap maintained 
between the magnet and the coil, During the 
construction of my first disc machine, [called 
it the Interference Shielding effect because of 


exchanger vaporizer system to do my part to 
clean up our cars and trucks, fig, 1,2,and 3 are 
two earlier vaporizer units under construction. 
For more information about this fuel system, 
please refer to my vaporizer fuel system report. 
‘The main body of this writing is referring the 
permanent magnet dynamo system that has 
been in the making since 1987, starting after 
the development of the interference disc 
generator. 


Fig. 3 


the interference the blocking disc does to 
cause induction, thus the Interference Disc 
Generator fits the description, The first 
transformer coils lused to test the interference 
shielding effect were used from old radios,and 
the magnets were alnico types. Back in 1986 
in Calgary Alberta, a friend Bud Johnson and 
constructed the first test disc generator model 
using alnico magnets, fig. 4, and later ceramic 
magnets were installed. Months later I 
designed and began construction of another 
larger Interference Disc machine with 
horseshoe shape neodymium 35 grade 
magnets mounted on the outside,and with the 
Nand $ magnetic poles facing toward the coils 
inthe center portion of the machine. The coils 
and magnets in this larger machine are 
mounted in reverse of the first Interference 
Disc generator, fig. 5, 6. 
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FIGURE 50 
This more advanced slot-effect motor uses a sta- 
tionary cylindrical electret and works without a 
commutator. The rotor has 8 slots. 


FIGURE 51 


In this simplified version of a synchronous elec- 
tret motor for electric clocks a thin plastic elec- 
tret disk with several active sectors and several 
cut-outs is used as the rotor. 
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trodes connected in alternation to the two input 
terminals. The operation of this motor is similar 
to that of the first slot-effect motor described 
above (Fig. 49) except that the reversal of polar- 
ity of the electrodes is accomplished directly by 
the applied ac voltage rather than by a commu- 
tator. 

Of all presently known types of electrostatic 
motors, electret motors are the newest and (to- 
gether with corona motors) the most highly 
promising ones. We shall return to them once 
again in the next chapter. 
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WHAT 

TO EXPECT FROM 
ELECTROSTATIC 
MOTORS 


Having described the various types of 
electrostatic motors we shall now present a brief. 
discussion of the current aims in the electrostat- 
ie motor research and a brief discussion of the 
most probable future uses and applications of 
these motors. 

It has been pointed out by Bollée! that elee- 
tromagnetic motors rapidly lose their efficiency 
in scaled-down versions (which is due to the rel- 
ative increase in energy dissipation in the mag- 
net coils) and that very small capacitor-type and 
induction-type electrostatie motors may be a 
better choice for miniaturized systems. There- 
fore one may expect that miniature electrostatic 
motors of these types will find applications in 
various sensor and control devices where only 
very small torques and power are needed. 

Experiments with electret motors conducted 
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in the author's laboratory? indicate that these 
motors may be very useful in systems where 
powers of up to 1 watt are needed. 

‘The most promising electrostatic motors ap- 
pear to be, however, the corona motors. These 
motors possess a number of highly desirable fea- 
tures. Here are some of them: the motors are 
extremely simple in design; they require no 
expensive materials; their maintenance is very 
simple; having only few metal parts they pos- 
sess a very good power-to-weight ratio; they are 
fully capable of developing appreciable amounts 
of power; and they can attain very high speeds. 

Our present-day awareness of the many at- 
tractive properties of corona motors is to a great 
extent due to the work of the Russian engineers 
Yu, Karpov, V. Krasnoperoy, and Yu. Okunev 
published in 1958 and 1960.°* They described a 
6-watt cylindrical corona motor of improved 
design (Fig. 52) operating from a 7-kilovolt pow- 
er supply and turning at a rate of 6000 rpm. 
This motor had a hollow Plexiglas rotor 10.5 
centimeters in diameter and 17 centimeters long 
with a conducting lining on its inner surface. 
‘The stator supported 16 knife-like electrodes in- 
clined relative to the surface of the rotor in the 
direction of the desired rotation. The lining of 
the rotor served to increase the electric field in 
the gap between the electrodes and the surface 
of the rotor and thus to enhance the corona dis- 
charge from the electrodes. 

‘A high-speed corona motor with a disk rotor 


FIGURE 52 


In 1958, the Russian engineers Yu. Karpov, V. 
Krasnoperov, and Yu. Okunev described a 6- 
watt cylindrical corona motor of an improved 
design operating from a 7-kilovolt power supply 
and turning at arate of 6000 rpm. This motor 
had a Plexiglas rotor. 


FIGURE 53 


This corona motor with a disk rotor and cireum- 
ferential electrodes was described by J. D. N. 
Van Wyck and G. J. Kiihn of South Africa in 
1961. It had a rotor 1.5 inches in diameter turn- 
‘ing im jewel bearings. Operating from 18 
kilovolts, the motor ran at 12000 rpm. 


FIGURE 54 


The performance of a corona motor depends on 
the shape and arrangement of electrodes and the 
structure of the rotor. The curved electrodes of 
this motor produce an especially large torque. 
The lining of the rotor increases the power. 
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and circumferential electrodes was described by 
J.D.N. Van Wyck and G. J. Kiihn of South Afri- 
ca in 1961.5 The motor (Fig. 53) had a rotor 1.5 
inches in diameter turning in jewel bearings. 
The stator supported 6 sharp-point, electrodes. 
Operating from 8-13 kilovolts, the motor devel- 
oped speeds of up to 12000 rpm. 

A similar motor was studied in Poland by B. 
Sujak and W. Heffner in 1963.6 

A number of advanced corona motors were 
studied in the author's laboratory;7 an example 
of these motors is given in Fig. 54 and Plate 9. 
‘A diagram of a linear corona motor designed by 
the author is shown in Fig. 55. Instructions for 
building the corona motors of the author's 
design may be found in the May 1971 issue of 
Popular Seience.8 

It appears that corona motors with input 
power of 100 to 1000 watts and efficiency of at 
least 60% can be constructed without any diffi- 
culty. There seems to be no reason why even 
more powerful corona motors could not be built, 
It is likely that the motors can be further im- 
proved by using rotors immersed in a gas other 
than the air at atmospheric pressure. 

Performance characteristics of corona motors 
strongly depend on the design and geometrical 
configuration of the electrodes spraying charges 
onto the rotor. Several typical electrode types 
and electrode configurations for corona motors 
are shown in Fig. 56. Especially interesting is 
the electrode arrangement shown in Fig. 56c. 


General description of the interference disc 
generator 


‘The Interference Disc electrical generator is made of a 
stator (114) consisting of an array of even number 
parallel mounted bar magnets (112) arranged and 
supported (114) ina circular fashi i 
each other, where the polarity of the magnets (112) are 
alternating when viewed at either end. Fig. 7 


embly (rotor) 


Alsoin the stator fig. 8, (102) there are twice the number 
of coils (111) as bar magnets (112) wound in pairs on 
U-shaped cores (110). One half of the coil pairs 
mounted at one end of the bar magnets (112) in the 
same circular fashion, each corresponding to and 
aligned opposite to a pair of bar magnets (112) and 
separated from it by an air gap. On the other end of this 
pair of bar magnets (112) there are another set of coils, 
(111) aligned likewise. 


The rotor is made of two magnetically susceptible 
circular plates (109A or 109B) (suchasiron orsteel) Fig. 
9, centrally mounted on an axle (107) fig. 7, which is in 
Fig. 6 respect to the array of magnets and coils Fig. 9a. 
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FIGURE 56 


(a) Slanted electrodes and disk rotor with a con- 
ducting lining in the middle; (b) Straight elec- 
trodes; (c) Foil electrodes shielded on one side; 
(d) Curved electrodes and cylindrical rotor with 
a conducting lining. 
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This arrangement is used in conjunction with 
thin disk-shaped rotors “sandwiched” between 
two insulating stator plates. An even number of 
windows is cut in each stator plate, and metal 
foil electrodes are glued to the walls of the holes, 
as shown by heavy lines in Fig. 56c. In this 
arrangement there is a dielectric medium on one 
side of each electrode, and there is air on the 
other side. Therefore the electrodes spray 
charges predominantly in the direction of the 
side facing the air. Thus a motor with elec- 
trodes of this type is unidirectional and self- 
starting. Furthermore, the entire “sandwich” 
comprising the rotor and the two stator plates 
may be very thin. Therefore many such “sand- 
wiches” can be placed ona single axle thus form- 
ing a compound motor in which good use is made 
of the entire volume occupied by the motor. 
There are indications that compound motors of 
this type can develop up to 1000 horsepower for 
each cubie meter of their volume. 

An important property of electrostatic motors 
is that they can operate from a much greater 
variety of sources than: the electromagnetic 
motors. It is, of course, obvious that any sources 
used for operating conventional electromagnet- 
ie motors can be used to operate the electrostat- 
ie motors. However, the electrostatic motors 
can operate also from sources from which no 
other motors can operate. The reason for this is 
that the electrostatic motors are extra-high im- 
pedence devices and thus require extremely 
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small currents for their operation. 

One very interesting source of electricity for 
electrostatic motors is the ordinary capacitor. It 
is true that capacitors, as we know them now, do 
not store appreciable amounts of electric ener- 
gy. However, if high-permittivity low-loss di- 
electric materials were developed, then the 
capacitor would become a very useful device for 
storage of electric energy, and possibly could be 
used in place of the chemical batteries for oper- 
ating electrostatie motors. 

Another possible source of power for electro- 
statie motors are high-impedance high-voltage 
batteries of the type of Zamboni pile. 

A potentially very important source of elec- 
tricity for powering electrostatic motors are 
electrostatic generators. Considerable advances 
in the development of such generators have 
been made in recent years*!°and it is conceiv- 
able that electrostatic motor-generators will be 
used to convert the high-voltage de produced by 
such generators into the conventional low-volt- 
age de or ac. 

Finally, a very interesting source for power- 
ing electrostatic motors is the atmospheric elec- 
trie field. In fact, it appears possible to extract 
the energy contained in this field by means of 
electrostatic motors. Experiments on such an 
energy extraction have been conducted by the 
author. '!2 In these experiments an electret 
motor and a corona motor were powered by 
simple earth-field antennas (Fig. 57; Plates 10 to 


FIGURE 57 


Smalll electrostatic motors can be powered from 
atmospheric electricity by means of simple 
earth-field antennas. Whether or not it will be 
possible to operate large motors in this manner 
will depend on how successful we are in de- 
signing antennas capable of extracting apprec- 
jable power from the earth electric field. 
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12). The corona motor was the one shown in 
Plate 9. The electret motor was similar to that 
shown in Fig. 49, but with the electret station- 
ary and the electrodes rotating (Plate 6). These 
experiments indicate that it is entirely possible 
to operate small electrostatic motors from at- 
mospheric electricity. Whether or not it will be 
possible to operate large motors in this manner 
will depend on how successful we will be in 
designing and building earth-field antennas cap- 
able of extracting appreciable power from the 
earth electric field. 

In conclusion it may be useful to mention that 
a quantitative electrostatic motor research is 
now only in its very rudimentary stage. Almost 
all papers on electrostatie motors published thus 
far deal with the qualitative aspects of the per- 
formance of the various types of motors. Only 
very few papers deal with the optimization of 
design and with the quantitative aspects of the 
operation of the motors, likewise only very few 
papers present a theoretical analysis of the elec- 
trostatie motors. It is clear therefore that the 
electrostatic motors still constitute an essential- 
ly unexplored area of physics and engineering, 
and that the electrostatic motor research is 
presently one of the potentially most rewarding 
research fields in modern electrostatics. 
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Fun Projects fer the Experimentor 


FREE-POWER AM RECEIVER (P,E) 


This project uses a strange way to get its power. It uses power “extracted” 
from the tuned station to give to the amplifier transistor. With a reasonably 
‘strong applied modulation envelope, this type of detector produces a strong 
demodulated output. 


Naturally, the closer you are to a strong station, the more current your radio 
will be able to supply. 


For best results, you must do everything possible to deliver a strong signal to 
the transistor detector. We recommend a good antenna and ground, the lat- 
ter preferably being made to a water pipe or solid external ground composed 
of a pipe driven at least 5 feet into moist earth. This is important for ensuring 
maximum signal pickup. * 


If you have plenty of space available, the longer the antenna (up to about 100 
feet), the better the results. 


Figure 1 shows the schematic diagram of the Free-Power AM receiver. Ob- 
serve that the heart of the circuit is a germanium transistor that works as a 
detector and audio amplifier. 


Components placement on a terminal strip used as a chassis is shown in 
Figure 2. The terminal strip can be fixed on an experiment board that can be 
constructed using some common tools and materials. 


Q1 is any germanium transistor, such as GE-2 or 2N107. You can find germa- 
nium transistors in old nonworking AM transistor radio receivers. Nonworking 
AM radios can also supply the variable capacitor and the loopstick (ferrite 
rod). 


Earphone must be a high-impedance crystal type. Low-impedance earphones 
don't function in this circuit. 


Project 7_Free-Pewer AM Receiver 


Figure 1 
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Parts List — Free-Power AM Receiver 
Qi - NPNor PNP germanium transistor - see text 
XTAL - Crystal earphone 
1 - Loopstick - see text 


CV - 365 pF variable capacitor - see text 


Ri - 12,000 ohm, 1/4W, 5% resistor 


C1 - 1 uF, 25 WVDC electrolytic capacitor 


Ideas to Explore 
To learn more about the circuit: 


@ Replace L1 by 15 turns of No. 28 wire, wound on a ferrite rod, to 
tune short-wave stations. 


@ By replacing Q1 with a germanium diode and removing R1 and C1 
you'll transform this radio into a simple crystal set. 


@ Alter R1 in a range between 4,700 and 47,000 ohms to get better 
performance, depending on the transistor used. 


@ Replace the transistor with a silicon type, such as ‘the BC548. What 
will happen with sensivity? 


Science project involving the circuit and uncommon uses: 


@ Explain how crystal sets function and tell about radio history. If you 
are interested in more radio history, several texts can be found in the 
public library. 


@ Ifyou want to learn more about radio receivers, try to find intorma- 
tion about heterodyne and super-hereterodyne types. 


——————S———— ao 
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The system and apparatus of one or more embodiments ofthe 
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‘power from theearth ionosphere cavity through the integrated 
and collaborative operation of the system and apparatus con- 
sisting of a capacitively-coupled insulated elevated terminal 
(coupled capacitor upper plate), an evacuated spark gap, an 
integrated step-down transformer and resonant capacitor, and. 
‘a ground terminal (coupled capacitor lower plate). The archi- 
tecture governing exemplary embodiments of the system and 
‘apparatus of the present invention emulates the natural archi- 
tecture governing the interaction of living trees with the el 
trical energy resident in the earth ionosphere cavity. The 
implementation of such exemplary embodiments of the 
present invention utilizes standard and customized compo- 
nents appropriate for their function within the system and 
apparatus, 


The extracted electric power from the earth ionosphere cavity 
manifests in the form of broadband electromagnetic waves in 
the 0 to 200 Hz frequency range. Electric energy from these 
waves produce magnetic fields inside the integrated step- 
down transformer which are added together by the primary 
coil ofthe integrated step-down transformer, and delivered as 
60 Hz 120/240 VAC to an electric load via the secondary coil 
Othe integrated step-down transformer resonating at 60 Hz 
due to the influence ofthe integrated resonant capacitor. 


The system and apparatus of exemplary embodiments of the 
‘present invention extracts, conditions, and conveys iono- 
sphere cavity-resident electric power in altemating current 
and direct current realms. 
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METHOD AND APPARATUS FOR 
EXTRACTING AND CONVEYING. 
ELECTRICAL ENERGY FROM THE 
EARTHYS IONOSPHERE CAVITY 


10001] This application claims benefit of U.S, Provisional 
Application No. 61/889894, filed 11 Oct. 2013, titled, 
“Method and Apparatus for Extracting and Conveying Elec- 
trical Energy From the Earth's lonosphere Cavity." the di 
‘closure of which is incorporated herein by reference in 
entirety. 


BACKGROUND OF THE INVENTION 


19002] A portion ofthe disclosure of this patent document 
contains material which is subject to copyright proteetion. 
‘The copyright owner has no objection tothe facsimile repro- 
duction by any-one of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Office 
patent file or records, but otherwise reserves all copyright 
‘whatsoever. 

[0003] |The invention is an apparatus and methodology for 
extracting electric power manilesting as a broadband collec- 
tion of electric field oscillations in the 0 to 200 Haz frequency 
range within the Earth’s ionosphere cavity, tough the use of 
‘an elevated biased hemispherical or other curved surface 
‘capacitor coupling the ionosphere cavity and Barth, and then 
‘conveying this electrical energy at the proper frequency, 
amperage, and voltage to existing homes and buildings where 
is delivered for consumption over existing home or building 
wiring. 


DESCRIPTION OF THE RELATED ART 


[0004] The current state ofthe art in this field is focused on 
the bending of radio frequency waves in the Earth's iono- 
sphere cavity for the purpose of distorting (rough reflec- 
tion) the resident cavty's magnetic fied to physically direct 
the stimulating electrical energy to targeted locations within 
the Farth’s ionosphere cavity andor coordinates on the 
Earth's surface at spevific energy levels appropriate to spe 
cific applications. The regenerative feedback Was done by 
Surton’s active antenna. 

0005} Nikola Tesla atempted to transmit wireless power 
inthe “natural medium”;however, Teslabad nodescriptionof 
a device to receive natural oscillations as deseribed in the 
present disclosure 

{0006} ‘There is no known prior at inthe field of electric 
‘energy extraction fom the ionosphere cavity and conveyance 
to other terminals within the cavity for delivery of usable 
electric power. 


SUMMARY OF THE INVENTION 


10007] Inone exemplary embodiment ofthe present inven- 
tion, a properly-scaled electric power extraction/conveyance 
Apparatus is installed at a typical consumer residential home 
‘0 deliver 60 Hz 120/240 VAC electric power, sufficient to 
convey the equivalent of kW of continuous electricity, to the 
home's existing electric service entry component to power 
‘electrical appliances in the home over existing home electeic 
wiring. 

[0008] 1n another exemplary embodiment of the present 
invention, a properly-scaled electric power extraction/con- 
veyance apparatus is installed at an appropriate location 
‘within an industrial park or neighborhood to deliver 60 Hz 
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120/240V AC electric power, sufficient to convey the equiva- 
Tent of 300 kW of continuous electricity, to the service entry 
‘components of industrial buildings or neighborhood homes to 
power electrical devices and appliances over existing build- 
ing or home electric wiring. 

[0009] Altemative exemplary embodiments of the present 
invention will extract direct current electric power from the 
Earth ionosphere cavity, generated by the earth's rot 
‘magnetosphere, and convey in the form of conditioned direct 
ccurtent to direct current load sources, or conver to alternating 
current and convey in the form of conditioned alternating 
current 0 alfemating current load sources. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0010] A disclosure embodiments of the present invent 
is set forth more particularly in the remainder of the spec 
cation, which makes reference to the accompanying figures, 
in which: 

[0011] FIG. 1 provides an example of an electric power 
extraction and conveyance apparatus for one residential-seale 
embodiment of the present invention, Certain additional 
‘example embodiments of the present invention utilize similar 
fundamental technologies, but differ in the scale size) of the 
‘components and characteristics of the electricity conveyed 
for consumption; and 

[0012] FIG. 2 isa schematic illustration of ground termi 
nals for use with embodiments of the present invention, 


DETAILED DESCRIPTION 


10013] Applicant has discovered that tees extract and use 
electric power from the Earth ionosphere cavity. The present 
invention emulates the architecture of eleetie power extrac- 
tion and usage methodology inherent in the natural operation 
ofliving tees, btuses standard and customized components, 
common in the field, for its implementation. The natural 
clectie power extraction and use of electric power by trees 
leverages the shape and physical composition of trees as 
instances of large eletrical capacitors coupled to the fono~ 
sphere cavity. The eanopy of trees (upper limbs and leat 
structures) emulates the upper plates ofa coupled capacitor, 
the trunks of trees emulate acombined dielectric and resonant 
‘ransformerfcapaeitor, and the root systems of trees emulate 
ground teminals (lower coupled capacitor plates). The 
extraction of electric power from the ionosphere cavity by 
‘roes isin the form of ultra-low frequency broadband waves 
(oscillations) inthe frequency range of. t 14 Hertz (ULF). 
Inherent tree physical composition and control structure i.e, 
DNAVRNA) govern the use ofthe extracted electric power to 
accomplish tree growth, seasonal metabolic adjustments, and 
reproductive processes. Any exces extracted electri powwer 
by toes is returned 10 the ionosphere cavity, The present 
invention isan exemplary instanceof this same natural archi- 
tecture using standard and customized components that 
facilitate extraction and conveyance of ionosphere ca 
resident broadband electie power at useful scales sufficient 
to provide continuous electrical power for electrical devices, 
used by people. 

[0014] One preferred exemplary embodiment of the 
‘present invention i inthe form shown in Drawing 1 above 
and will deliver continuous 60 Hz. 120/240 V AC electric 
power to consumer residences (and other structures Wi 
similar electricity conditioning and consumption require- 
:ments) equivalent to electic power capacity of 5 kilowatt 
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(111) in a retro-order to the rotational 
direction of the interference discs (109A or 
109B). Depending on the number of 
magnet-coil assemblies three phase AC 
current can be obtained. The regulation and 
attenuation of these currents can be achieved 
byknown electric engineering methods (Fig 
10). 


The efficiency of the unit would vary greatly 
depending on the speed of rotation, the 
width of the air gap, the strength of the 
magnets, and the materials used to construct 
the coils. I used nickel base amorphous 
metglass in the coils in both the smaller and 
larger machines, which as a result, shows 
greater efficiency as compared to 
conventional core laminates, Less energy is 
needed to spin the balanced disc rotor while 
causing a larger moving magnetic field to 
cause induction in the stationary coils. With 
this effect, it is easy to visualize the 
advantages this design hasoverconventional 
generators and motors. New testing of the 
coils will be conducted after the machine 
goes through all the upgrades to eliminate 
the problems with the warping interference 
dis 


The Interference Discs Generator described 
in this document has the potential to 
produce more than unity effectsbyes 
turning of a magnetically balanced (non- 
warping) interference disc. Optimizing the 
device with closer tolerances and correctly 
selected materials and incorporating internal 
magnetic balancing, will add to the success 


and improved performance of this unique 
generator design, 


Improvementscan be madewith this design 
while the operating principal remains the 
same, Looking at the photographs included 
you will see the Ist proof of concept 
generator frame is constructed mainly from 
aluminum, this metal was used only because 
it was inexpensive material and easy to work 
with fig. 11. Non magnetic and non- 
conductive materials should be used to 
construct the generator frame supports to 
climinate the eddy current losses. All of the 
nuts and bolts used to hold the disc 
generators together worked well for making 
the test machines capable to have adjustable 
air gaps, however, they canall be eliminated 
with design changes that preset the gaps and 
tolerances to optimize the conditions of the 
interference disc effect. 
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[0013] A secondary exemplary embocliment of the present 
invention is also in the form shown in FIG. 1, appropriately 
scaled for lamer electrical power demands and related con- 
veyance capacity, and will deliver continuous 60 Hi 120/240 
VAC electric power to larger buildings or electrical distribu 
tion facilities for commercial office parks with electric power 
capacity of 300 kilowatts, 


[0016] A third exemplary embodiment of the present inven- 
tion is also in the form shown in FIG. 1, appropriately scaled 
tor larger electrical power capacity, and will deliver eontinu- 
‘ous 60 Hz 120/240 VAC electric power to utility substations 

ith electric power capacity of 30,000 kilowatts (or higher). 


[0017] The following system, power sources, and compo- 
rent descriptions provide additional details of the present 
invention in various embodiments. 


10018] | Earth's ionosphere cavity (10) isa reservoir of con- 
tinuously-generated electrical energy (E-Field) in both direct 
‘current (DC) and altemating cureent (AC) realms. The DC 
electric energy is ereated by the constant rotation of the 
Eanh’s magnetosphere exposed to the solar wind. Earth's 
perpetually moving magnetic fields create the DC electric 
power in the ionosphere cavity F-Field per the equations in 
‘James Clerk Maxwells fundamental theory of eleetromax- 
netism. AC electrical eneray in the ionosphere cavity is gen- 
‘erated irom the persistent E-Field disturbances (je. oscilla 
tions) caused by lightning discharges. The present invention 
includes the direct extraction of AC electric power from the 
ionosphere cavity, and the direct extraction of DC electric 
power from the ionosphere cavity which is eonverted t© AC 
electric power belore conveyance. Optional operational con- 
figurations ofthe present invention will also enable co 

‘ance of extracted DC electie power for potential scenarios 
where the conveyance of conditioned DC electricity is 
require. 

10019] Flectic-feld oscillations (22) are induced by light 
ning and encapsulated in the eath-ionosphere cavity, creating 
‘ continuous source of renewable electrical energy. The fe- 
‘quency of lightning occurrences in the ionosphere cavity 
averages thirty (30) strikes per second, with each strike rep- 
resenting approximately one (1) terawatt (IW) of instanta- 
neous energy. Assuming an average energy dissipation rate 
foreach lightning strike of fiften (15) microseconds (usec), 
i.e. the time involved for one (I) terawatt of instantaneous 
‘energy to dissipate to ero (0) energy, these Hightning-induced 
electri field oscillations are sulficient to provide 4,500 times 
the entire eletric energy consumption on planet Barth at the 
projected consumption rate for the year 2100 (55.3 TWh 
‘annually). Lightning-induced E-Field oscillations vary 
between 0.1 and 14 Hertz with wavelengths exceeding the 
practicality of an electromagnetic antenna for collecting the 
‘energy. The present invention milizes eapacitive coupling to 
‘overcome this obstacle. 

[0020] An insulated upper capacitor plate (terminal) (12) 
‘elevated above the influence of the ground floor collects 
E-Field oscillations from the ionosphere cavity. This insu- 
Jated elevated terminal, capacitively-coupled to the E-Field 
bounded by the earth-ionosphere cavity, is arranged ina sur- 
face of large radi of eurvature, supporting maximum surface 
‘connection to the E-Field without leaking the high voltage 
‘charge applied to the elevated terminal. The capacitance and 
resistance ofthe elevated terminal are responsiveto the ecep- 
tion of broadband electric-feld frequencies in the 0 to 200 
hertz range. The elevated terminalis subject to high voltage 
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altemating current biasing used to collet electric-field oxcil- 
lations generated by lightning impulses in the earth-iono- 
sphere cavity 

[0021] An evacuated spark gap (24) connected to the 
elevated terminal (12) prevents electrical discharge occurring 
‘between the elevated terminal and the ionosphere cavity. AS 
the high voltage alternating current approaches peak voltage 
the spark gap energizes and a large voltage is applied to the 
step-down transformer primary coil (16). The high voltage 
‘pumps high current from the ground terminal (14, 26) con- 
verting the electrified to a magnetic field within the trans- 
former (16). The step-down transformer is connected 103 60 
hertz resonant capacitor (18), the secondary side ofthe trans 
former resonating at 60 hertz will supply a 60 hertz 120/240 
VAC power to the load. Filter circuits will condition the 
power, The evacuated spark gap function may be accom- 
plished by solid state circuitry inthe implementation of the 
preseat invention. 

10022] ‘The resonant transformer (16) is integrated with a 
parallel resonant capacitor aeross the transformer where the 
integrated combination resonates at 60 hertz supplying power 
to the electricity consuming structure (home or business). 
‘Various step-down transformers (28) are utilized to condition 
the conveyed electricity to accommodate the requirements of 
the receiving station for various embodiments of the present 
invention, 

10023] | Ground (26) is the source of eleetric eurent forthe 
present invention. ground terminal, connected tothe sol, is 
arranged in a surface of large radii of curvature to permit 
instantaneous sourcing of high currents from earth ground 
without temperature and voltage rise inhibiting the ground 
terminal collection of current. The capacitance and resistance 
ofthe ground terminal to earth is minimized to promote on 
demand current sourcing. Drawing 2 illustrates an exemplary 
apparatus ofthe present invention that optimizes ground con- 
nection quality by maximizing the penetration extent and 
resulting surface area of the ground terminal's extension into 
the soil. 

10024] _Step-<town transformers (28) are scaled to transform 
the electrical current and voltage into structured and condi- 
tioned electricity that is compatible withthe electric power 
needs of the load sources for various embodiments of the 
present invention. 

0025] A mechanical nut (40) solidly attached to shaft 44 0 
facilitate extension, when tumed, of lanze uauge copper wire 
extrusions (46). 

10026] A downward pointed anchor flat shaft (42) attached 
to the bezel $0 via a Tslot in bezel 

[0027] A copper (o 
base (44) sourcing 
pointed copper wires (46) of length “Y", where “X" is equal 
to the number of escape portals in bezel (80), and “Y" isthe 
length determined to yield optimum surface area of wires of 
type 46 for high quality connectivity t0 soil. The spool ean 
freely rotate inside the bezel (48) and emulates the primary 
root structure of a living tre. 

10028} Sharpened lange gauge (reinforced) copper wires 
(46), quantity “X", of length “Y" emulating the root structure 
of living trees. 

10029] Threaded bezel (spool-housing sleeve) (48) with 
drilled escape portal holes with end of copper wires (46) 
protruding through holes ¥# inch, 
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[0030] _ Bezel anchor slots ($0) of twice the height ofanchor 
flat shafts (42) and slotted to accommodate anchor fat 
shafts. 
[0031] | Extended pointed end ($2) of inner spoo! base sha 
[0032] Escape portals (84) in bezel to allow for lage gauge 
‘copper wire (46) extension into soil 
10033] | Connector port ($6) for connection to ground termi- 
nal (14) in Drawing 1. 
[0034] Bezel threads (58), 
10035] _ Various embodiments of the present invention will 
includeone ormore of the following characteristics in various 
‘combinations. These descriptions are provided for purposes 
‘of example. Not all ofthe following characteristies will be 
required for any given exemplary embodiment. 
10036] | Characteristic 1, The form (shape), physical com- 
position, size, insulation, location altitude, dischange caps 
tive threshold and discharge rate, and the strength of AC or 
DC biasing applied to the (CUP) upper coupled capacitor 
plate (12: elevated terminal) all form an integrated whole, the 
purpose of which isto extract and temporarily store DCor AC 
‘electric power from the Earth's ionosphere cavity (10) at high 
voltage, and to trigger the energizing ofthe evacuated spark 
gap (24). 
10037] Characteristic 2, ‘The elevated terminal (12) is 
‘capacitively coupled to the E-Field (10) bounded by the earth 
ionosphere cavity, and arranged in a surface of large radii of 
‘curvature, supporting maximum surface connection to the 
:-Field without leaking the high voltage charge applied to the 
‘elevated terminal (12) 
10038] | Characteristic 3, The capa 
the elevated terminal (12) are respo 
broadband electric-ield frequencies 
range. 
[0039] Characteristic 4, The elevated terminal (12) is sub- 
ect to high voltage altemating current biasing used 0 collect 
E-Field oscillations generated by lightning impulses in the 
‘earth-ionosphere cavity 
10040] Characteristic 5, An alternative instantiation of 
elevated terminal (12) is subject to high voltage direct current 
biasing used to collect E-Field direct current generated by the 
Earth's otating magnetosphere. 
[0041] | Characteristic 6, The evacuated spark gap (24) may 
be in the form of a cohesive physical spark ignition or an 
‘operational emulation of this function through solid state 
circuitry. 
10042] Characteristic 7, The evacuated spark gap (24) con- 
nected to the elevated terminal (12) prevents electrical di 
‘change occurring between the elevated terminal and the iono- 
sphere cavity. 
10043] Characteristic 8, The high voltage altemating cur 
rent from the E-Field, induced into the elevated terminal (12), 
“approaches peak voltage and causes the evacuated spark gap 
(24) to energize and a lange voltage is applied to the step- 
down transformer primary coil (16). 
[0044] Characteristic 9, The high voltage altemating cur- 
rent impulse from the elevated terminal (12), which causes 
the evacuated spark gap (24) to energize, manifests as alter- 
nating current on broadband frequencies between 0.1 and 200 
Hr. 
10045] Characteristic 10, In an alternative instantiation of 
the elevated terminal (12) the stored high voltage direct cur- 
rent, which causes the evacuated spark gap (24) to energize, 
rmanifestsas direct current on broadband frequencies between, 
and 200 Hz. 


tance and resistance of 
ve to the reception of 
the 0 to 200 hertz 
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10046] Characteristic 11, The high voltage applied to the 
step-down transformer primary coil (16) pumps high current 
from the ground terminal (14), converting the electricfiekd t0 
‘a magnetic field within the transformer (16). 

10047] Characteristic 12, The high current pumped from 
the ground terminal (14), caused by high voltage applied to 
the step-down transformer primary coil (16), will attempt to 
normalize the field and extinguish the evacuated spark gap 
(24), 

[0048] Characteristic 13, The transformer’s (16) magnetic 
field expands in response to the high current electric-field 
inrush from the ground terminal (14). 

10049] Characteristic 14, The primary winding inside the 
step-down transformer (16) will add the energy from each 
broadband frequency together into a single magnetic field, 
where it will become a 60 Hz frequency at the secondary 
‘winding ofthe transformer (16) 

10050} Characteristic 15, The step-down transformer (16) 
is connected to a 60 Hertz resonant capacitor (18). 

10051] Characteristic 16, The secondary (coil) side of the 
step-down transformer (16), resonating at 60 hertz, will sup 
ply a 60 hertz 120/240 VAC power tothe electric loa. 
10052] Characteristic 17, Filter eireuits within the step- 
down transformer will condition the power according to the 
electric power needs ofthe electric load. 

10053} Characteristic 18, Electrc-feld lines 
the Earth's ionosphere eavity) that are hori 
face of the Earthand extend to heights above 30,000 fet, with 
voltage gradients typically 100 Volts per vertical meter. 
[0054] | Characteristic 19, Lightning impulses create global 
‘broadband oscillations in the Earth ionosphere cavity elec 
iric-ield between 0.1 and 14 Hertz 

10055} | Characteristic 20, Rotation ofthe Earth's magneto- 
sphere creates global electric field oscillations in the Earth 
ionosphere cavity that manifest as electromagnetic waves in 
the 0 to 200 Hertz frequency range 

10056] Characteristic 21, Global broadband oscillations in 
the Farth ionosphere cavity electric-field ean be used for 
‘wireless enengy transmission without harm to people, plants, 
ortrees. 

10057] Characteristic 22, A maximum quality ground con- 
nection is achieved by expanding the surface area of the 
‘ground connection (48 and 44) through extension of high- 
‘conductor lange gauge copper wires (46) horizontally through. 
bezel (48) escape portals ($4) along depth of source spool 
(44) and bezel (48). 

10058} Characteristic 28, The technique described in Char- 
acteristic 22 effectively expands the diameter of the ground 
source spool (44) with regard to quality of ground connection. 
10059] Characteristic 24, Bezel threads ($8) expand surface 
area of bezel (48) touching earth, enhancing ground connec 
tion quali 

10060] Characteristic. 25, Bezel threads ($8) enhance 
‘round connection quality of bezel (48), source spool (44), 
and high conductor large gauge copper wires (46) through 
‘tational insertion and resulting friction hold v. other (direct 
drive) insertion methods which can result in corruption of 
‘ground hole integrity caused by imprecise angle and/or vibra 
tion during insertion, 

[0061] While one or more embodiments of the present 
invention have been described above, it should be understood 
that any and all equivalent realizations of the present inven- 
tionare included within the scope and spirit thereof. Thus, the 
‘embodiments presented herein are by way of example only 
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‘and are not intended a limitations of the present invention, 
‘Therefore, itis contemplated that any and all such embodi- 
ments are included in the present invention 

What is claimed is 

1. A power receiver for extracting electrical energy from 

the earth’s electric field, said power receiver comprising: 

‘a resonant transformer connected between a ground term 
ral disposed below the surface of the earth and an 
‘elevated terminal; 

impulse generator for generating and applying a high vol 
‘age electrical impulse to a primary winding of the reso- 
nant transformer to induce current flow from the ground. 
femminal through the primary winding of the trans- 
former; and 


‘a power conversion circuit connected to a secondary wind- 
ing of the resonant transformer to convert electrical cur- 
rent flowing through the secondary winding toa desired, 
form. 
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2. The power receiver of claim 1 wherein @ resonant fre- 
«quency of the resonant transformer is below 200 Hz. 

3. The power receiver of claim I wherein the elevated 
terminal comprises an upper capacitive plate coupled to the 
carts ionosphere cavity 

4. The power receiver of claim 3 wherein the impulse 

yencrator comprises 
the apper capacitive plates 
‘pair of electrodes Separated by’ a spark gap, said elec 
‘wodes connected betWcen the upper capacitive plate and 
the primary winding of the resonant transformer and 
configured to generate a spark when voltage difference 
‘between the electrodes reaches a predetermined level 

5. Thepowerreceiver of claim I further comprisinga lower 
capacitive plate coupled tothe ground terminal. 

6. The power receiver of elaim 1 wherein the resonant 
transformer comprises a capacitor connected in parallel with 
& primary winding of the resonant transformer. 
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FIGURE 2D 
FIGURE 2E 


Many improvements were adopted in 
the next larger #2 version of the 
Interference Disc generator fig. 12. 
Phanolic materials (non conductive 
and non magnetic) were used in the 
frame supporting the magnetsand the 
coils, thus eliminating eddy current 
losses within the frame support. Large 
aluminum E bars were used to support 
the magnet frame supportand the coil 
frame support with no noticeable eddy 
current losses. The aluminum used is 
positioned further away from the coils 
and magnetsin thelargergeneratorso 
as not to be affected by the magnets. 
Larger more powerful neodymium 
magnets and I shaped transformer 
coils were installed and tested in the 
larger machine which showed an 
increase in output power 
over the Ist machine fig. 13. Using 
more powerful neodymium magnets 
in this larger disc machine created 
some problems with the interference 
discs, Not only did they warp the discs 
they caused them to vibrate and 
chatter causing the fins to hit the 
magnets and the coils. I increased the 
air gap to over halfan inch and moved 
the disc further away from the magnets 
to prevent damage. The effect was a 
reduction of magnetic flux 
reaching the coils that reduced the 
power output. The discs must be 
constructed much stronger and rigid 
if using neodymium magnet 
grade 35 or greater, then 
the air gap can be closed so more 
magnetic flux will reach 
the coils allowing for a greater 
electrical output. 


The wiring of the coils circuit can be 
constructed by known engineering 
methods to achieve AC or DC power, 
andlikeany conventional transformer, 
wind the coils with heavy wire for 
more amps and more turns for more 
volts, The coils are stationary in this 
machine which makes it easy to 
harness AC power directly from the 
coils without brushes. All coils that are 
in phase can be wired in series or 
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1 
ENERGY COLLECTION 


CROSS REFERENCE TO RELATED 
"APPLICATION 


‘This application is @ continuation application of U.S. 
lication Ser, No. 11/358,264, fled on Feb. 21, 2006, 
incorporated by reference herein, 


‘TECHNICAL FIELD 


‘The present disclosure is generally related to energy and, 
more particularly, is related to systems and methods for col- 
lecting energy. 


BACKGROUND 


‘The concept of fair weather electricity deals with the elec 
tric field and the electric current in the atmosphere propagated 
by the conductivity ofthe ar. Clear, calm air carries an elec- 
trical current, which is the return path for thousands of Hight- 
‘ening storms simultaneously occurring at any given moment 
‘around the earth. For simplicity, this energy may be referred 
to as static electricity or static energy. FIG. 1 illustrates a 
‘weather circuit for retuming the current from lightning, for 
‘example, back to ground 10. Weather currents 20, 30 return 
the cloud to ground current 40, 

In lightening storm, an electrical charge is built up, and 
‘electrons are aeross a gas, ionizing it and producing the light- 
‘ening flash, Asone of ordinary skill in the art understands, the 
complete circuit requiresa retum path for the lightening flash 
‘The atmosphere isthe return path forthe circuit. The electric 
field due to the atmospheric return path is relatively weak at 
any given point because the energy of thousands of electrical 
storms across the planet are diffused over the atmosphere of 
the entire Earth during both fair and stormy weather. Other 
contributing factors to electric current being present in the 
‘atmosphere may include cosmic rays penetrating and inter- 
acting with the earth's atmosphere, and also the migration of 
ions, as well as other effects yet to be fully studi 
of the ionization in the lower atmosphere is caused 
by airbome radioactive substances, primarily radon. In most 
places ofthe world, ions are formed at arate of S-10 pairs per 
‘cubic centimeter per second at sea level. With increasing 
altitde, cosmic radiation causes the ion production rate to 
increase. In areas with high radon exhalation from the soil (or 
building materials), the rate may be much higher. 

‘Alpha-active materials are primarily responsible for the 
atmospheric ionization, Each alpha particle (or instance, 
from a decaying radon atom) will, over its range of some 
centimeters, create approximately 150,000-200,000. ion 
pairs 

While there is a lange amount of usable energy available in 
the atmosphere, a method or apparatus fr efficiently collet- 
ing that energy has not been forthcoming. Therefore, a here- 
tofore unaddressed need exists in the industry to address the 
aforementioned deficiencies and inadequacies. 


SUMMARY 


Embodiments of the present disclosure provide systems 
‘and methods for collecting energy. Briefly described in archi- 
tecture, one embodiment ofthe system, among others, can be 
implemented by a support structure wire elevated above a 
ground level, at least one collection fiber electrically con- 
nected to the support structure wire; a load electrically con- 
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nected to the support structure wire; and a diode electrically 
connected between the load and at least one collection fiber. 

Embodiments of the present disclosure can also be viewed 
as providing methods for collecting energy. Inthis regard, one 
‘embodiment of such a method, among others, can be broadly 
summarized by the following steps: suspending at least one 
collection fiber from a support structure wire elevated above 
‘ground evel, the fiber electrically connected to the support 
structure wire; providing a load with an electrical connection 
to the support structure wire to draw current; and providing @ 
diode electrically connected between the collection fiber and 
the load. 

‘Other systems, methods, features, and advantages of the 
present disclosure will be or become apparent to one with 
skill in the art upon examination of the following drawings 
‘and detailed description. Itis intended that all such additional 
systems, methods, features, and advantages be included 
‘within this description, be within the scope of the present 
disclosure, and be protected by the accompanying claims, 


BRIEF DESCRIPTION OF THE DRAWINGS 


Many aspects of the disclosure can be better understood 
‘with reference to the following drawings, The components in 
the drawings are not necessarily to scale, emphasis instead 
being placed upon clearly illustrating the principles of the 
present disclosure. Moreover, in the drawings, like reference 
‘numerals designate corresponding parts throughout the sev- 
eral views, 

FIG. 1 isa circuit diagram of a weather energy circuit, 

FIG. 2 isa perspective view of an exemplary embodiment 
‘of many energy collectors elevated above ground by a steue- 
ture. 

FIG. 2A is a side view of an energy collection fiber sus- 
pended from a support wire 

FIG. 2B is a side view of an exemplary embodiment of an 
‘energy collection fiber suspended from a support wire and 
‘with an additional support member. 

FIG. 2C is a perspective view of a support structure for 
‘multiple energy colleetion fibers. 

FIG. 2D is a side view of an exemplary embodiment of a 
support structure for multiple energy collection fibers. 

FIG. 28 isa side view ofa support structure for an energy 

n fiber. 

FIG. 2F is a side view of an exemplary embodiment of a 
support structure for an energy collection fiber. 

FIG. 2G is a side view ofa support structure for multiple 
‘energy collection fibers. 

FIG. 3 isa cireut diagram of an exemplary embodiment of 
a circuit for the collection of energy. 

FIG. 4 isa circuit diagram of an exemplary embodiment of 
‘a circuit for the collection of energy. 

FIG. Sis circuit diagram of an exemplary embodiment of 
fan energy collection circuit for powering a generator and 
‘motor. 

FIG. 6 sa cireut diagram of an exemplary embodiment of 
‘a circuit for collecting energy and using it for the production 
of hydrogen and oxygen. 

FIG. isa circuit diagram ofan exemplary embodiment of 
a cireuit for collecting energy, and using it for driving a fuel 
cell 

FIG. 8is a circuit diagram of an exemplary embodiment of 
‘a circuit for collecting energy. 

FIG. 9 is a flow diagram of an exemplary embodiment of 
collecting energy with a collection fiber. 


DETAILED DESCRIPTION 


Electric charges on conductors reside entirely on the exter 
zal surface of the conductors, and fend to concentrate more 
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around sharp points and edges than on flat surfaces. There- 
fore, an electric field received by a sharp conductive point 
may be much stronger than a field received by the same 
‘charge residing on a large smooth conductive shell. An exem- 
plary embodiment of this disclosure takes advantage of this 
property, among others, to collect and use the enengy gener- 
ated by an electric field in the atmosphere. Referring to col- 
Iection system 100 presented in FIG. 2, atleast one collection 
device 130 may besuspended froma support wire system 120 
supported by poles 110. Collection device 130 may comprise 
‘a diode or a collection fiber individually, or the combination 
‘ofadiode anda collection fiber. Support wire system 120 may. 
be electrically connected to load 150 by connecting wire 140, 
Supporting wire system 120 may be any shape or patter. 
Also,condueting wire 149 may be one wire or multiple wires. 
‘The collection device 130 in the form ofa fiber may comprise 
‘any conducting or non-conducting material, including 
bon, graphite, Teflon, and metal. An exemplary embodiment 
utilizes carbon or graphite fibers for static electricity collec- 
tion, Support wire system 120and connecting wire 140 can be 
made of any conducting material, including aluminum or 
steel, but most notably, copper. Teflon may be added to said 
‘conduetor as well, uch as non-limiting examples ofa Teflon, 
impregnated wire, a wire with a Teflon coating, or Teflon 
sirips hanging trom a wire. Conducting wire 120, 140, and 
200 may be bare wire, or coated with insulation as a non- 
limiting example, Wires 120 and 140 are a means of trans- 
porting the energy collected by collection device 130. 

An exemplary embodiment of the collection fibers as col- 
lection device 130 includes graphite or carbon fibers. Graph- 
ite and carbon fibers, at a microscopic level, can have hun- 
‘dreds of thousands of points. Atmospheric electricity may be 
‘attracted to these points. If atmospheric electricity ean follow 
two paths where one isa flat surface and the other isa pointy, 
cconduetive surface, the electrical charge will be attracted 10 
the pointy, conductive surface, Generally, the more points that 
‘are present, the higher energy that can be gathered, Therefore, 
‘carbon, or graphite fibers are examples that demonstrate 
‘exemplary collection ability: 

In at least one exemplary embodiment, the height of sup- 
port wire 120 may be an important factor. The higher that 
collection device 130 is from ground, the larger the voltage 
potential between collection device 130 and electrical 
around. The electric field may be more than 100 volts per 
meter under some conditions. When support wire 120 is sus- 
pended in the air ata particular altitude, wire 120 will itself 
collect a very small charge from ambient voltage. When col 
Tection device 130 is connected to support wire 120, collec- 
tiondevice 130 becomes energized and transfers the energy 0 
support wire 120, 

‘A diode, not shown in FIG. 2, may be connected in several 
positions in collection system 100, A diode is a component 
that restricts the direction of movement of charge carriers. It 
allows an electric current to flow in one direction, but essen- 
Uially blocks it in the opposite direction. A diode ean be 
thought of asthe electrical versionofa check valve. The diode 
‘may be used to prevent the collected energy from discharging 
{nto the atmosphere through the collection fiber embodiment 
of collection device 130. An exemplary embodiment of the 
collection device comprises the diode with no collection fiber, 
A preferred embodiment, however, includes a diode at the 
‘connection point of a collection fiber to support system 120 
such thatthe diode is elevated above ground, Multiple diodes 
may be used between collection device 130 and load 150. 
Additionally, in an embodiment with multiple fibers, the 
diodes restricts enengy that may becollected through one fiber 
from escaping through another fiber, 


is 


2s 


3s 


6 


«s 


4 

Collection device 130 may be connected and arranged in 

relation to support wire system 120 by many means. Some 

ding examples are provided in FIGS. 24-2G using a 
a fiber embodiment. FIG. 2A presents suppoet wire 
200 with connecting member 210 for collection device 130. 
Connection member 210 may be any conducting material 
allowing for the flow of electricity from connection device 
130 o support wire 200. Then, as shown in FIG.2, the support 
‘wire 200 of support system 120 may be electrically connected 
through conducting ‘wire 140 to load 180. A plurality of 
diodes may be placed at any postion on the support structure 
wire. A preferred embodiment places a diode at an elevated 
position at the connection point between a collection fiber 
‘embodiment ofeollection device 130 and connection mem- 
ber 210, 

Likewise, FIG. 2B shows collection fiber 130 electrically 
connected to support wire 200 and also connected to support 
‘member 230, Support member 280 may be connected to 
collection fiber 130 on either side. Support member 230 holds 
the fiber steady on both ends instead of letting it move freely. 
Support member 230 may be conducting or non-conducting. 
‘A plurality of diodes may be placed at any position on the 
support structure wire. A preferred embodiment places a 
diode at elevated position at the connection point between 
collection fiber 130 and support wire 200 or between fiber 
130, support member 230, and support wire 200 

FIG. 2C presents multiple collection fibers ia a squirrel 
cage arrangement with top and bottom support members. 
Support structure 250 may be connected to support structure 
‘wire 200 by support member 240. Structure 280 has2top 260 
and a bottom 270 and each of the maltple colletion fibers 
130 are connected on one end to top 260 and on the other end 
to bottom 270. A plurality of diodes may be placed at any 
position on support structure 20. A preferred embodiment 
places a diode at an elevated postion atthe connection point 
‘between collection fiber 130 and support structure wire 200. 

FIG, 2D presents another exemplary embodiment of a sup- 
port structure with support members 275 in an x-shape eon- 
necfed to support structure wire 200 at intersection 278 with 
collection fibers 130 connected between ends of support 
‘members 278, A plurality of diodes may be placed at any 
position on the support structure. A preferred embodiment 
places a diode at an elevate postion atthe connection point 
‘between collection fiber 130 and support wire 200. 

FIG. 2E provides another exemplary embodiment for sup- 
porting collection fiber 130. Collection fiber 130 may be 
connected on one side to support member 285, which may be 
‘connected to support structure wire 200 ina first location and 
on the other side to support member 280, which may be 
‘connected to suppor structure wire 200 ina second location 
‘on support structure wire 200, The fist and second locations 
‘may be the same location, o they may be different locations, 
‘even on different support wires. A plurality of diodes may be 
placed at any position on the support stricture. A preferred 
«embodiment places one or more diodes at elevated positions 
atthe connection points) between collection fiber 130 and 
support wiee 200 

FIG. 2F presents another exemplary embodiment ofa sup- 
port for a collection fiber. Two support members 290 may 
support either side of a collection fiber and are connected to 
support wire 200 in a single point. A plurality of diodes may 
‘beplaced at any position onthe suppor structure. preferred 
embodiment places a diode at an elevated position at the 
connection point between collection fiber 130 and support 
wwiee 200. 

FIG. 2G provides two supports as provided in FIG. 2F such 
that atleast 80 support members 292, 294 may be connected 
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{o support structure wire 200 in multiple locations and col- 
lection fibers 130 may be connected between each end of the 
support structures. Collection fibers 130 may be connected 
between each end of single support structure and between 
multiple support structures. A plurality of diodes may be s 
placed at any position on the support structure. A prefered 
‘embodiment places one or more diodes a elevated positions 
at the connection point(s) between collection fiber 130 and 
Support structure wire 20. 

FIG. 3 provides a schematic diagram of storing cireuit 300 
{or storing energy collected by one or more collection devices 
(130 from FIG. 2), Load 180 indvces current flow. Diode 310 
may be electrically connected in series between one or more 
collection deviees (130 from FIG. 2) and load 150. plurality 
‘of diodes may be placed at any positon in the circuit. Switch 
330 may be electrically connected between load 150 and at 
deast one collection device (130 from FIG. 2) to connect and 
disconnect the load. Capacitor 320 may be connected in par- 
allel to the switeh 330 and load 150 to store eneray when 
switch 380 is open for delivery to load 180 when switch 330 
is closed. Rectifier 340 may be electrically connected in par- 
allel to load 180, between the receiving end of switch 330 and 
ground. Rectifier 340 may be a full-wave or a half-wave 
rectifier. Rectifier 340 may include a diode electrically con- 
nected in parallel to load 150, between the receiving end of 
switch 330 and ground, The diretion ofthe diode of rectifier 
340 is optional 

Inan exemplary embodiment provided in FIG. 4, storie 
circuit 400 stores energy fom one or more collection devices 
(130 from FIG. 2) by charging capacitor 410. If charging 
capacitor 410 is not used, then the connection t© ground 
shown at capacitor 410 is eliminated. A plurality of diodes 
may be placed at any position in the circuit, Diode 310 may be 
‘electrically connected in series between one oF more collec- 
tion deviees (130 from FIG. 2) and load 130, Diode 440 may. 
be placod in series with load 150, The voltage from capacitor 
4410 can be used to charge spark aap 420 when it reaches 
sullicient voltage. Spark gap 420 may comprise one or more 
spark gaps in parallel. Non-limiting examples of spark gap 
4420 include mercury-reed switches and mercury-wetted reed 
switches. When spark gap 420 are, energy will are from one 
‘end ofthe spark gap 420 to the receiving end ofthe spark gap 
420, The output of spark gap 420 may be electrically con- 
nected in series to rectifier 450, Rectifier 450 may be a fall 
wave or a hall-wave rectifier. Rectifier 450 may include a 
diode electrically connected in parallel to transformer 430 
and load 150, between the receiving end of spark gap 420.and 
round. The direction ofthe diode of rectifier 450 i optional 
‘The output of rectifier 450 is connected to translormer 43010 
drive load 150, 

FIG, § presents motor driver circuit $00. One or more 
collection devices (130 from FIG. 2) are electrically con- 
nected to static electricity motor $10, which powers generator 
520 to drive load 150. plurality of diodes may be placed at 
any positon in the circuit. Motor 810 may also be directly 
‘connected to load 150 t0 deve it directly: 

FIG. 6 demonstrates a circuit 600 for producing hydrogen, 
A plurality of diodes may be placed at any position in the 
‘circuit. One or more collection devices (130 from FIG. 2) are 
electrically connected to primary spark gap 610, which may 
be connected to secondary spark gap 640. Non-limiting 
‘examples of spark gaps 610, 640 include mereury-reed 
switches and mercury Wetted reed switches, Secondary spark 
‘zap 640 may be immersed in water 630 within container 620 
‘When secondary spark gap 640 immersed in water 630 is. 6s 
‘energized, spark gap 640 may produce bubbles of hydrogen 
and oxygen, which may be collected tobe used a fuel. 
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FIG. 7 presents circuit 700 for driving a fuel cel. plural- 
ity of diodes may be placed at any position in the circuit. 
Collection devices (130 from FIG. 2) provide energy to fuel 
cell 720 which drives load 150. Fuel cell 720 may produce 
hydrogen and oxygen, 

FIG. 8 presents exemplary circuit 800 for the collection of 
cenengy. Storage circuit 800 stores energy from one or more 
collection deviees (130 from FIG. 2) by charging capacitor 
810. charging capacitor 810 is not used, then the connect 
to ground shown at capacitor 810 is eliminated. A plurality of 
diodes may be placed at any position in the circuit. The 
voltage from capacitor 810 can be used to charge spark gap 
£820 when it reaches sufficient voltage, Spark gap 820 may 
comprise one or more spark aps in parallel or in series. 
[Non-limiting examples of spark gap 820 include mercury 
reedswitches and mercury-wetted reed switches. When spark 
‘zap 820 ares, energy will ae from one end of spark gap 820 
to the receiving end of spark gap 820. The output of spark gap 
£820 may be electrically connected in series to rectifier 828 
Rectifier $25 may be a full-wave or a half-wave rectifier. 
Rectifier 825 may include a diode electrically connected in 
parallel to inductor 830 and load 180, between the receiving 
End of spark gap 820 and ground, The dretion of the diode 
of rectifier 825 is optional. The output of rectifier 825 is 
‘connected to inductor 830. Inductor 830 may bea fixed Value 
inductor ora variable inductor. Capacitor 870 may be placed 
in parallel with load 180. 

FIG. 9 presents. flow diagram of a method for collecting 
energy. In block 910, one or more collection devices may be 
suspended! from a suppor structure wire, In block 920, a Toad 
‘may be electrically connected tothe support structure wire 10 
draw current, In block 930 a diode may be electrically eon- 
nected between the support structure wire and the electrical 
connection tothe load. In block 940, energy provided to the 
Toad may be stored or otherwise utilized. 

‘Any process descriptions or blocks inflow charts should be 
understood as representing modules, segments, or portions of 
code which include one or more executable instructions for 
implementing specific logical functions or steps in the pro- 
cess, and alternate implementations are included within the 
scope of the preferred embodiment ofthe present disclosure 
in which functions may be executed out of order from that 
shown or discussed, including substantially concurrently or 
in reverse order, depending on the functionality involved, as 
‘would be understood by those reasonably skilled in the art of 
the present disclosure, 

It should be emphasized that the above-described embodi- 
‘ments ofthe present disclosure, particularly, any “preferred” 
éembodiments, are merely possible examples of implement 
tions, merely set forth for a clear understanding of the prin- 
ciples of the disclosure. Many variations and modifications 
‘may be made to the above-described embodiment(s) of the 
disclosure without departing substantially from the spirit and 
principles ofthe disclosure. All such modifications and varia 
tions are intended to be included herein within the scope of 
this disclosure and te present disclosure and protected by the 
following claims. 


‘Therefore, atleast the following is claimed: 

1. A method of collecting energy comprising: 

suspending at least one collection device with, in oper 

jon, microscopic points of a cross-section of the collec 

tion device exposed to the environment, the at least one 
collection device electrically connected to the support 
structure: 

providinga load with an electrical connectionto thet least 
cone collection device to passively draw current; and 
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powering fet oe between the suppor structure and the 
Toad, the powering performed with energy collected 
from te atleast one collection device. 

2. The method of claim 1, wherein the collection device 
comprises diode 5 

3. The method of claim 1, wherein the collection devi 
comprises a collection fiber. 

1. The method of claim 1, wherein the collection dev 
comprises a diode and a collection fiber and the diode is 
lectically connected between the collection fiber and the 
Toad 

5. The method of claim 1, further comprising storing 
energy provided tothe lad. 

6, The method ofl S, wherein storing nergy provided 
to the load comprises storing energy in @ capacitor of an 
inductor. 

77 The method of claim 3, wherein the collection fiber 
comprises earbon fiber or graphite ber. 

A system of energy collection comprising 

a suppor structure; 

4 least one collection device with, in operation, miero- 
seopie pints ofa cross-section ofthe collection device 
expose tothe environment, the collection device elee- 
tically connected to and suspended from the suppor 
structre the a east one collin device config to 
passively dn cents 

a lad eleircally connect to the at sas one collection 
deviee: and 

4 diae electrically connected beween the at last one 
collection device and he support structure. 

9. The system of claim 8, wherein the eolection devi 

comprises a diode 

10. The system of claim 8, whersin the collection device 
comprises a collection fiber. 

I. The system of elim 8, wherein the collection device 
comprises a collection fiber and a diode elecricaly con 
nected between the load and the collection fiber. 

12. The system of claim 9, wherein the diode is elevated 
relative tothe ground lve 

13. The system of claim 10, whercin the collection Ser 
comprises a carbon fiber ora graphite fiber, 

1. The system of claim 8, further comprising 

a switch connected in series between the atleast one col- 
tection device and the load; and 

‘capacitor connected in paralel withthe switch and the 
Toad 

15. The system of claim 14, wherein the switch comprises 
an nterptr connected between the at least one collection 
device andthe lod, and wherein te interrupter comprises a 
least one ofa fluorescent tube, a neon bulb, an AC light, and 
spark ap. 

16. The system of claim 15, further comprising a trans- 
former connected between the interrupter and the load 

TT. The sytem of clam 8, further comprsog 

a motor for proving power, the motor connected between 
the at least one colletion device and the load; and 

generator powered by the motor, 

18. The system of claim & fer comprising afl ox 

between the suppor structure and the load 
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19. The system of claim 18, wherein the fuel cell produces 
hydrogen and oxygen. 

20, A system of collecting energy comprising: 

‘means for suspending at least one collection device with, in 
‘operation, microscopic points of a cross-section of the 
collection device exposed to the environment, the at 
Teast one collection device electrically connected to the 
‘means for suspending 

‘means for passively inducing current flow, the means for 
inducing current flow electrically connected 0 the 
‘means for suspending: and 

means for restricting the backflow of charge earriers, the 
‘means for restricting the backflow of charge carriers 
electrically connected between the at least one collec 
tion device and the means for inducing current flow. 

21. A system of energy collection comprising: 

f support structure; 

‘at least one collection device with, in operation, micto- 
scopie points of a cross-section of the collection device 
‘exposed to the environment, the collection device elec 
twically connected to and suspended trom the support 
structure, thet least one collection device configured to 
passively draw current; 

‘a Joad electrically connected to the at least one collection 
device; and 

‘a switch connected in series between the at Teast one col- 
lection device and the load, the switch comprising an 
interrupter connected between the at least one collection 
device and the load, and wherein the interrupter com- 
prises at least one ofa fluorescent tube, a neon bulb, an 
‘AC light, and a spark gap. 

22, The system of claim 21, further comprising a trans 

former connected between the interrupter and the load 

23. A system of energy collection comprising: 

‘support structure; 

‘at least one collection device with, in operation, micto- 
scopic points of a cross-section of the collection device 
‘exposed fo the environment, the at Ieast one collection 
device electrically connected to and suspended from the 
support structure, the collection device configured 10 
passively draw current; 

‘a Joad electrically connected to the at least one collection 
device: 

‘motor for providing power, the motorconnected between 
the at least one collection device and the load; and 

‘a generator powered by the motor, 

24, A system of energy collection comprising: 

‘support structure; 

at least one collection device with, in operation, micro 
scopie points of a cross-section of the collection device 
exposed to the environment, the at least one collection 
device electrically connected to and suspended from the 
‘support structure the at least one collection device con- 
figured to passively draw current; 

‘a Joad electrically connected to the at least one collection 
device; and 

a fuel cell between the support structure and the load, 

25, The system of claim 24, wherein the fuel cell produces 

hydrogen and oxygen, 
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fen) ABSTRACT 


A method and apparatus for altering at least one se- 
lected region which normally exists above the earth’s 
surface. The region is excited by electron cyclotron 
resonance heating to thereby increase its charged parti- 
cle density. In one embodiment, circularly polarized 
electromagnetic radiation is transmitted upward in a 
direction substantially parallel to and along a field line 
which extends through the region of plasma to be al- 
tered. The radiation is transmitted at a frequency which 
excites electron cyclotron resonance to heat and accel- 
crate the charged particles. This increase in energy can 
‘cause ionization of neutral particles which are then 
absorbed as part of the region thereby increasing the 
charged particle density of the re 
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parallel, the number of the blocking plateson the interference disc determines the phasing of 
thecoils. 


‘The diagram in fig. 14, 14a shows the path of the magnetic flux movement in relation to the 
position of the blocking plates of the interference disc. The magnetic field in the core/coil is 
switching polarity as the interference disc fins alternately moves in and out of the air gapson 
each side of the coil, Asyou can see, depending on the position of the disc, positive and negative 
induction takes place for AC output of the coils. John Ecklin has achieved this effect using 
rotating blocking plates. I have achieved the same effect using balanced rotating interference 
discs with multiple stacks of isolated coils and poles mounted in a circle equal distance from 
each other, 


i A 


Fig. 14 Fig.lda 


The effect I reproduced with Gary Wesley's permanent magnet motor is related to the 
Interference Disc generator in the fact that blocking plates are used to shield the magnetic 
field, only we differ on methods to balance the blocking shields. Gary Wesley used springs to 
carefully balance the blocking plate, and Iused a different number of interference fins working, 
with the magnets to balance the blocking plates. The magnets in my Interference Disc machine 
become the springs. 


More photos of both Interference Disc machines are shown in fig.15, 15a and 15b below. 


Fig. 15 
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METHOD AND APPARATUS FOR ALTERING A 
REGION IN THE EARTH'S ATMOSPHERE, 
IONOSPHERE, AND/OR MAGNETOSPHERE 


DESCRIPTION 


1. Technical Field 

This invention relates to a method and apparatus for 
altering at least one selected region normally existing 
above the earth's surface and more particularly relates 
toa method and apparatus for altering said at least one 
region by initially transmitting electromagnetic radia 
tion from the earth's surface essentially parallel to and 
along naturally-occurring, divergent magnetic field 
lines which extend from the earth's surface through the 
region or regions to be altered. 

2. Background Art 

Tn the late 1950's, it was discovered that naturally 
‘occuring belts exist at high altitudes above the earth’s 
surface, and itis now established that these belts result 
from charged electrons and ions becoming trapped 
‘along the magnetic lines of force (field lines) of the 
earth's essentially dipole magnetic field. The trapped 
electrons and ions are confined along the field lines 
‘between two magnetic mirrors which exist at spaced 
apart points along those field lines. The trapped elec~ 
tons and ions move in helical paths around their partic- 
ular field lines and “bounce” back and forth between 
the magnetic mirrors. These trapped electrons and ions 
can oscillate along the field lines for long periods of 
time. 

In the past several years, substantial effort has been 
made to understand and explain the phenomena in- 
volved in belts of trapped electrons and ions, and to 
explore possible ways to control and use these phenom- 
‘ena for beneficial purposes. For example, in the late 
1950's and early 1960's both the United States and 
USSR. detonated a series of nuclear devices of vari- 
us yields to generate large numbers of charged parti- 
cles at various altitudes, e-g,, 200 kilometers (km) or 
greater. This was done in order to establish and study 
artifical belts of trapped electrons and ions. These ex- 
periments established that at least some of the extrane- 
‘ous electrons and ions from the detonated devices did 
‘become trapped along field lines in the earth's magneto- 
sphere to form artificial belts which were stable for 
prolonged periods of time. For a discussion of these 
experiments sce “The Radiation Belt and Magneto- 
sphere”, W. N. Hess, Blaisdell Publishing Co., 1968, 
pps. 155 et sec. 

Other proposals which have been advanced for alter- 
ing existing belts of trapped electrons and ions and/or 
establishing similar artificial belts include injecting 
charged particles from a satellite carrying a payload of 
radioactive beta-decay material or alpha emitters; and 
injecting charged particles from a satellite-borne elec- 
‘ton accelerator. Still another approach is described in 
USS, Pat. No. 4,042,196 wherein a low energy ionized 
gas, eg, hydrogen, is released from @ synchronous 
orbiting Satellite near the apex ofa radiation belt which 
is naturally-occurring in the earth's magnetosphere to 
produce a substantial increase in energetic particle pre- 
cipitation and, under certain conditions, produce a limit 
in the number of particles that can be stably trapped, 
This precipitation effect arises from an enhancement of 
the whistler-mode and ion-cyclotron mode interactions 
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that result from the ionized gas or “cold plasma” injec- 
tion 

It has also been proposed to release large clouds of 
barium in the magnetosphere so that photoionization 
will increase the cold plasma density, thereby produc- 
ing electron precipitation through enhanced whistler- 
‘mode interactions. 

However, in all of the above-mentioned approaches, 
the mechanisms involved in triggering the change in the 
trapped particle phenomena must be actually positioned 
within the affected zone, e.g., the magnetosphere, be- 
fore they can be actuated to effect the desired change. 

The earth’s ionosphere is not considered 10 be @ 
“trapped” belt since there are few trapped particles 
therein. The term “trapped” herein refers to situations 
where the force of gravity on the trapped particles is 
balanced by magnetic forces rather than hydrostatic or 
collisional forces. The charged electrons and ions in the 
ionosphere also follow helical paths around magnetic 
field lines within the ionosphere but are not trapped 
between mirrors, as in the case of the trapped belts in 
the magnetosphere, since the gravitational force on the 
particles is balanced by collisional or hydrostatic forces. 

In recent years, a number of experiments have actu- 
ally been carried out to modify the ionosphere in some 
controlled manner to investigate the possibility of a 
beneficial result. For detailed discussions of these opera- 
tions see the following papers: (1) Ionospheric Modifi- 
cation Theory; G. Meltz and F. W. Perkins; (2) The 
Platteville High Power Facility; Carrol et al; (3) Are- 
cibo Heating Experiments, W. E. Gordon and H. C. 
Carlson, Jr. and (4) Tonospheric Heating by Powerful 
Radio Waves; Meltz et al, all published in Radio Sci- 
‘ence, Vol. 9, No. 11, November, 1974, at pages 885-888; 
889-894; 1041-1047; and 1049-1063, respectively, all of 
which are incorporated herein by reference. In such 
experiments, certain regions of the ionosphere are 
heated to change the electron density and temperature 
within these regions. This is accomplished by transmit- 
ting from earth-based antennae high frequency electro- 
magnetic radiation at a substantial angle to, not parallel 
to, the ionosphere's magnetic field to heat the iono- 
spheric particles primarily by ohmic heating. The elec- 
‘on temperature of the fonosphere has been raised by 
hundreds of degrees in these experiments, and electrons 
with several electron volts of energy have been pro- 
duced in numbers sufficient to enhance airglow. Elec- 
tron concentrations have been reduced by a few per- 
cent, due to expansion of the plasma as a result of in- 
creased temperature. 

In the Elmo Bumpy Torus (EBT), a controlled fusion 
device at the Oak Ridge National Laboratory, all heat- 
ing is provided by microwaves at the electron cyclotron 
resonance interaction. A ring of hot electrons is formed 
at the earth's surface in the magnetic mirror by a combi- 
nation of electron cyclotron resonance and stochastic 
heating. In the EBT, the ring electrons are produced 
with an average “temperature” of 250 kilo electron 
volts or kev (2.5% 10°K) and a plasma beta between 0.1 
and 0.4; see, “A Theoretical Study of Electron—Cyclo- 
tron Absorption in Elmo Bumpy Torus”, Batchelor and 
Goldfinger, Nuclear Fusion, Vol. 20, No. 4 (1980) pps. 
403-418, 

Electron cyclotron resonance heating has been used 
in experiments on the earth's surface to produce and 
‘accelerate plasmas in a diverging magnetic field. Kos- 
‘mahl et al. showed that power was transferred from the 
electromagnetic waves and that a fully ionized plasma 
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‘was accelerated with a divergence angle of roughly 13, 
degrees. Optimum neutral gas density was 1.7% 10"per 
cubic centimeter, see, “Plasma Acceleration with Mi- 
‘erowaves Near Cyclotron Resonance”, Kosmahl et al, 
Journal of Applied Physics, Vol. 38, No. 12, Nov., 1967, 5 
ps. 4576-4582, 


DISCLOSURE OF THE INVENTION 


‘The present invention provides a method and appara- 
‘tus for altering at least one selected region which nor- 
mally exists above the earth's surface. The region is 
excited by electron cyclotron resonance heating of elec- 
trons which are already present and/or artfically cre- 
ated in the region to thereby increase the charged parti- 
cle energy and ultimately the density of the region. 

In one embodiment this is done by transmitting circu- 
larly polarized electromagnetic radiation from the 
cearth’s surface at or near the location where a naturally 
‘occurring dipole magnetic field (force) line intersects 
the earth's surface. Right hand circular polarization is 
‘used in the northern hemisphere and left hand circular 
polarization is used in the southern hemisphere. The 
radiation is deliberately transmitted at the outset in a 
direction substantially parallel to and along a field line 
which extends upwardly through the region to be al- 
tered. The radiation is transmitted at a frequency which 
is based on the gyrofrequency of the charged particles 
and which, when applied to the at least one region, 
excites electron cyclotron resonance within the region 
of regions to heat and accelerate the charged particles 
in their respective helical paths around and along the 
field line. Sufficient energy is employed to cause ioniza- 
tion of neutral particles (molecules of oxygen, nitrogen 
and the like, particulates, etc.) which then become a 
part of the region thereby increasing the charged parti- 
cle density of the region. This effect can further be 
enhanced by providing artificial particles, ¢.g., clec- 
trons, ions, etc, directly into the region to be affected 
froma rocket, satelite, or the like to supplement the 
particles in the naturally-occurring plasma. These arti- 
ficial particles are also ionized by the transmitted clec- 
tromagnetic radiation thereby increasing charged par 
cle density of the resulting plasma in the region. 

in another embodiment of the invention, electron 
cyclotron resonance heating is carried out in the se- 
lected region or regions at sufficient power levels to 
allow a plasma present in the region fo generate a mir- 
ror force which forces the charged electrons of the 
altered plasma upward along the force line to an alti- 
tude which is higher than the original altitude. In this 
case the relevant mirror points are at the base of the 
altered region or regions. The charged electrons drag 
ions with them as well as other particles that may be 
present. Sufficient power, e.g., 10'8joules, can be ap- 
plied so that the altered plasma can be trapped on the 
field Tine between mirror points and will oscillate in 
space for prolonged periods of time. By this embodi- 
ment, a plume of altered plasma can be established at 
selected locations for communication modification or 
other purposes. 

In another embodiment, this invention is used to alter 
at least one selected region of plasma in the ionosphere 
to establish a defined layer of plasma having an ii 
creased charged particle density. Once this layer is 
established, and while maintaining the transmission of 65 
the main beam of circularly polarized electromagnetic 
radiation, the main beam is modulated and/or at least 
‘one second different, modulated electromagnetic radia- 
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tion beam is transmitted from at least one separate 
source at a different frequency which will be absorbed 
in the plasma layer. The amplitude of the frequency of 
the main beam and/or the second beam or beams is 
modulated in resonance with at least one known oscilla- 
tion mode in the selected region or regions to excite the 
known oscillation mode t0 propagate a known fre- 
quency wave or waves throughout the ionosphere, 


BRIEF DESCRIPTION OF THE DRAWINGS 


The actual construction, operation, and apparent 
advantages of this invention will be better understood 
by referring to the drawings in which like numerals 
identify like parts and in which: 

FIG. 1 is a simplified schematical view of the earth 
(not to scale) with a magnetic field (force) line along 
‘which the present invention is carried out; 

FIG. 2 is one embodiment within the present inven- 
tion in which a selected region of plasma is raised to 
higher altitude; 

FIG. 3 is a simplified, idealized representation of a 
physical phenomenon involved in the present invention; 
and 

FIG. 4 is a schematic view of another embodiment 
‘within the present invention. 

FIG. 3 is a schematic view of an apparatus embodi- 
‘ment within this invention. 


BEST MODES FOR CARRYING OUT THE 
INVENTION 


‘The earth's magnetic field is somewhat analogous to 
a dipole bar magnet. As such, the earth's magnetic field 
contains numerous divergent field or force lines, each 
line intersecting the earth's surface at points on opposite 
sides of the Equator. The field lines which intersect the 
earth's surface near the poles have apexes which lie at 
the furthest points in the earth's magnetosphere while 
those closest to the Equator have apexes which reach 
only the lower portion of the magnetosphere. 

‘At various altitudes above the earth’s surface, e.g. in 
both the ionosphere and the magnetosphere, plasma is 
naturally present along these field lines. This plasma 
‘consists of equal numbers of positively and negatively 
charged particles (ie., electrons and ions) which are 
guided by the field line. It is well established that a 
‘charged particle in a magnetic field gyrates about field 
lines, the center of gyration at any instance being called 
the “guiding center” of the particle. As the gyrating 
particle moves along @ field line in a uniform field, it 
‘will follow a helical path about its guiding center, hence 
linear motion, and will remain on the field line. Elec- 
trons and ions both follow helical paths around a field 
line but rotate in opposite directions. The frequencies at 
‘which the electrons and ions rotate about the field line 
are called gyromagnetic frequencies or cyclotron fre- 
‘quencies because they are identical with the expression 
for the angular frequencies of gyration of particles in a 
cyclotron, The cyclotron frequency of ions in a given 
magnetic field is less than that of electrons, in inverse 
proportion to their masses. 

If the particles which form the plasma along the 
earth's field lines continued to move with a constant 
pitch angle, often designated “alpha”, they would soon 
impact on the earth's surface. Pitch angle alpha is de- 
fined as the angle between the direction of the earth's, 
magnetic field and the velocity (V) of the particle. 
However, in converging force fields, the pitch angle 
does change in such a way as to allow the particle to 
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turn around and avoid impact. Consider a particle mov- 
ing along a field line down toward the earth. It moves 
into a region of increasing magnetic field strength and 
therefore sine alpha increases. But sine alpha can only 
increase to 1.0, at which point, the particle turns around 5 
and starts moving up along the field line, and alpha 
decreases. The point at which the particle turns around 
is called the mirror point, and there alpha equals ninety 
degrees. This process is repeated at the other end of the 
field line where the same magnetic field strength value 
B, namely Bm, exists. The particle again turns around 
and this is called the “conjugate point” of the original 
mirror point. The particle is therefore trapped and 
bounces between the two magnetic mirrors. The parti- 
cle can continue oscillating in space in this manner for 
Jong periods of time. The actual place where a particle 
‘will misror can be calculated from the following: 


in alpht= Bo/Bm, 


o 


-quatorial field strength on a particular field line 
field strength at the mirror point 

Recent discoveries have established that there are 
substantial regions of naturally trapped particles in 
space which are commonly called “trapped radiation 
‘belts. These belts occur at altitudes greater than about 
500 km and accordingly lie in the magnetosphere and 
‘mostly above the ionosphere. 

‘The ionosphere, while it may overlap some of the 
trapped-particle belts, isa region in which hydrostatic 
forces govern its particle distribution in the gravita- 
tional field. Particle motion within the ionosphere 
governed by both hydrodynamic and electrodynamic 
forces. While there are few trapped particles in the * 
ionosphere, nevertheless, plasma is present along field 
lines in the ionosphere. ‘The charged particles which 
form this plasma move between collisions with other 
particles along similar helical paths around the field 
lines and although a particular particle may diffuse 
downward into the earth's lower atmosphere or lose 
energy and diverge from its original field line due 10 
collisions with other particles, these charged particles 
are normally replaced by other available charged parti 
cles or by particles that are ionized by collision with 
said particle. The electron density (N,) of the plasma 
will vary with the actual conditions and locations in- 
volved. Also, neutral particles, ions, and electrons are 
present in proximity to the field Tines. 

‘The production of enhanced ionization will also alter $0 
the distribution of atomic and molecular constituents of 
the atmosphere, most notably through increased atomic 
nitrogen concentration. The upper atmosphere is nor- 
‘mally rich in atomic oxygen (the dominant atmospheric 
constituent above 200 km altitude), but atomic nitrogen 
is normally relatively rare. This can be expected to 
manifest itself in increased airglow, among other ef- 
feets. 

'AS known in plasma physics, the characteristics of 
plasma can be altered by adding energy to the charged 
particles or by ionizing or exciting additional particles 
to increase the density of the plasma. One way to do this 
is by heating the plasma which can be accomplished in 
different ways, e., ohmic, magnetic compression, 
shock waves, magnetic pumping, electron cyclotron 65 
resonance, and the like. 

Sinee electron cyclotron resonance heating is in- 
volved in the present invention, a brief discussion of 
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ssime i in order. Increasing the energy of electrons in a 
plasma by invoking electron cyclotron resonance heat- 
ing, is based on a principle similar to that utilized to 
accelerate charged particles in a cyclotron. If a plasma 
is confined by a static axial magnetic field of strength B, 
the charged particles will gyrate about the lines of force 
with a frequency given, in hertz, as fo=1.54x 1058/4, 
where: B=magnetic field strength in gauss, and A=- 
‘mass number of the ion. 

‘Suppose a time-varying field of this frequency is su- 
perimposed on the static field B confining the plasma, 
by passage of a radiofrequency eurrent through a coil 
which is concentric with that producing the axial field, 
then in each half-cycle of their rotation about the field 
lines, the charged particles acquire energy from the 
oscillating electric field associated with the radio fre- 
quency. For example, ifB is 10,000 gauss, the frequency 
of the field which is in resonance with protons in a 
plasma is 15.4 megahertz, 

‘As applied to electrons, electron cyclotron resonance 
heating requires an oscillating field having a definite 
frequency determined by the strength of the confining 
field. The radio-frequency radiation produces time- 
varying fields (electric and magnetic), and the electric 
field accelerates the charged particle. The energized 
electrons share their energy with ions and neutrals by 
undergoing collisions with these particles, thereby ef- 
fectively raising the temperature of the electrons, ions, 
and neutrals. The apportionment of energy among these 
species is determined by collision frequencies. For a 
more detailed understanding of the physics involved, 
see “Controlled Thermonuclear Reactions”, Glasstone 
and Lovberg, D. Van Nostrand Company, Inc., Prince- 
ton, NJ, 1960 and “The Radiation Belt and Magneto- 
sphere”, "Hess, Blaisdell Publishing Company, 1968, 
both of which are incorporated herein by reference. 

Referring now to the drawings, the present invention 
provides a method and apparatus for altering at least 
one region of plasma which les along a field line, partic- 
ularly when it passes through the ionosphere and/or 
magnetosphere. FIG. 1is a simplified illustration of the 
earth 10 and one of its dipole magnetic force or field 
lines 11. As will be understood, line 11 may be any one 
of the numerous naturally existing field lines and the 
actual geographical locations 13 and 14 of line 11 will be 
chosen based on a particular operation to be carried out. 
‘The actual locations at which field lines intersect the 
earth's surface is documented and is readily ascertain- 
able by those skilled in the art 

Line 11 passes through region R which lies at an 
altitude above the earth’s surface. A wide range of alti 
tudes are useful given the power that can be employed 
by the practice ofthis invention. The electron cyclotron 
resonance heating effect can be made to act on electrons 
anywhere above the surface of the earth. These elec- 
trons may be already present in the atmosphere, iono- 
sphere, and/or magnetosphere of the earth, or can be 
artificially generated by a variety of means such as x-ray 
‘beams, charged particle beams, lasers, the plasma sheath 
surrounding an object such as a missile or meteor, and 
the lke. Further, artificial particles, e.g. electrons, ions, 
ftc., can be injected directly into region R from an 
earth-launched rocket or orbiting satellite carrying, for 
example, a payload of radioactive beta-decay material; 
alpha emitters; an electron accelerator; and/or ionized 
gases such as hydrogen; see U.S. Pat. No. 4,042,196, 
‘The altitude can be greater than about 50 km if desired, 
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eg, can be from about 50 km to about $00 km, and, 
accordingly may lie in either the ionosphere or the 
magnetosphere or both. As explained above, plasma 
will be present along line 11 within region R and is 
represented by the helical line 12. Plasma 12 is com- 
prised of charged particles (Le, electrons and ions) 
\Wwhich rotate about opposing helical paths along line 11. 

‘Antenna 15 is positioned as close as is practical to the 
location 14 where line 11 intersects the earth’s surface. 
‘Antenna 15 may be of any knowa construction for high 
directionality, for example, a phased array, beam spread 
angle (8) type. See “The MST Radar at Poker Flat, 
Alaska", Radio Science, Vol. 15, No. 2, Mar.-Apr. 1980, 
pps. 213-223, which is incorporated herein by refer- 
ence. Antenna 15 is coupled to transmitter 16 which 
generates a beam of high frequency electromagnetic 
radiation at a wide range of discrete frequencies, e.g., 
from about 20 to about 1800 kilohertz (kHz) 

‘Transmitter 16 is powered by power generator means 
17 which is preferably comprised of one or more large, 
commercial electrical generators. Some embodiments 
of the present invention require large amounts of 
power, €.g., up to 10%to 10!!watts, in continuous wave 
for pulsed power. Generation of the needed power is 
within the state of the art. Although the electrical gen- 
cerators necessary for the practice of the invention can 
bbe powered in any known manner, for example, by 
nuclear reactors, hydroelectric facilities, hydrocarbon 
fuels, and the like, this invention, because of its very 
large power requirement in certain applications, is par- 
ticularly adapted for use with certain types of fuel 
sources which naturally occur at strategic geographical 
locations around the earth, For example, large reserves 
of hydrocarbons (oil and natural gas) exist in Alaska and 
Canada. In northern Alaska, particularly the North 
Slope region, large reserves are currently readily avail- 
able. Alaska and northern Canada also are ideally 1o- 
cated geographically as to magnetic latitudes. Alaska 
provides easy access to magnetic field tines that are 
especially suited to the practice of this invention, since 
‘many field lines which extend to desirable altitudes for 
this invention intersect the earth in Alaska. Thus, in 
‘Alaska, there is a unique combination of large, accessi- 
ble fuel sources at desirable field line intersections. Fur- 
ther, a particularly desirable fuel source for the gener 
tion of very large amounts of electricity is present in 
‘Alaska in abundance, this source being natural gas. The 
presence of very large amounts of clean-burning natural 
gas in Alaskan latitudes, particularly on the North 
Slope, and the availability of magnetohydrodynamic 
(MHD), gas turbine, fuel cell, electrogasdynamic 
(EGD) ‘electric generators which operate very effi- 
ciently with natural gas provide an ideal power source 
for the unprecedented power requirements of certain of 
the applications of this invention. For 2 more detailed 
discussion of the various means for generating electric- 
ity from hydrocarbon fuels, see “Electrical Aspects of 
Combustion”, Lawton and Weinberg, Clarendon Press, 
1969. For example, it is possible to generate the electric 
ity directly at the high frequency needed to drive the 
antenna system. To do this, typically the velocity of 
flow of the combustion gases (v), past magnetic field 
‘perturbation of dimension d (in the ease of MHD), fol- 
low the rule: 


a 
where f is the frequency at which electricity is gener- 
ated. Thus, if y= 1.78x 106 cm/sec and d=1 om then 
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electricity would be generated at a frequency of 1.78 
mlz 

ut another way, in Alaska, the right type of fuet 
(natural gas) is naturally present in large amounts and at 
just the right magnetic latitudes for the most efficient 
practice ofthis invention, a truly unique combination of 
circumstances. Desirable magnetic latitudes for the 
practice of this invention interest the earth's surface 
both northerly and southerly of the equator, particu- 
larly desirable latitudes being those, both northerly and 
southerly, which correspond in magnitude with the 
magnetic latitudes that encompass Alaska. 

Referring now to FIG. 2 first ambodiment is ilus- 
trated where a selected region Ryof plasma 12s altered 
by electron eyclotron resonance heating to accelerate 
the electrons of plasma 12, which are following helical 
paths along field line 11 

“To accomplish this result, electromagnetic radiation 
{s transmitted a the outset, essentially parallel to line 11 
via antenna 18 as right hand circularly polarized radia~ 
tion wave 20, Wave 20 has a frequency which will 
excite electron cyclotron resonance with plasma 12 at 
its inital or original altitude. This frequency will vary 
depending on the electron cyclotron resonance of re- 
gion Riwhich, in turn, can be determined from available 
data based on the altitudes of region Ry, the particular 
field line 11 being used, the strength of the earth’s mag- 
netic field, etc. Frequencies of from about 20 to about 
7200 kHz, preferably from about 20 10 about 1800 kHz 
ccan be employed. Also, for any given application, there 
‘will be a threshhold (minimum power level) which is 
needed to produce the desired result. The minimum 
power level isa function of the level of plasma produc- 
tion and movement required, taking into consideration 
any loss processes that may be dominant in a particular 
plasma oF propagation path. 

‘As electron cyclotron resonance is established in 
plasma 12, energy is transferred from the electromag 
netic radiation 20 into plasma 12 to heat and accelerate 
the electrons therein and, subsequently, ions and neutral 
particles, As this process continues, neutral particles 
Which are present within Ryare ionized and absorbed 
into plasma 12 and this increases the electron and ion 
densities of plasma 12. As the electron energy is raised 
to values of about 1 kilo electron volt (Kev), the gener- 
ated mirror force (explained below) will direct the ex- 
cited plasma 12 upward along line 11 to form a plume 
Roat an altitude higher than that of Ri 

Plasma acceleration results from the force on an elec- 
tron produced by a nonuniform static magnetic field 
@). The force, called the mirror force, is given by 


AB @ 


where pis the electron magnetic moment and V Bis the 
gradient of the magnetic field, being further defined 


wypamvon 


where Wis the kinetic energy in the direction perpen- 
dicular to that of the magnetic field lines and B is the 
‘magnetic field strength at the line of force on which the 
‘guiding center of the particle is located. The force as, 
represented by equation (2) is the force which is respon- 
sible for a particle obeying equation (1). 
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Since the magnetic field is divergent in region Ry, it 

can be shown that the plasma will move upwardly from 

the heating region as shown in FIG. 1 and further it can 
bbe shown that 

EMH ba 4 


vgn o 


where the left hand side is the initial electron transverse 
kinetic energy; the first term on the right is the trans- 
verse electron kinetic energy at some point (Y) in the 
‘expanded field region, while the final term is the ion 
Kinetic energy parallel to B at point (Y). This last term 
is what constitutes the desired ion flow. It is produced 
by an electrostatic field set up by electrons which are 
accelerated according to Equation (2) in the divergent 
field region and pulls ions along with them. Equation 
@) ignores electron kinetic energy parallel to B because 
‘=V/j|,$0 the bulk of parallel kinetic energy resides 
in the ions because of their greater masses. For example, 
if an electromagnetic energy flux of from about | to 
about 10 watts per square centimeter is applied to re- 
gion R, whose altitude is 115 km, a plasma having a 
density (N,) of 1012 per cubic centimeter will be gener- 
ated and moved upward to region R> which has an 
altitude of about 1000 km. The movement of electrons 
in the plasma is due to the mirror force while the ions 
are moved by ambipolar diffusion (which results from 
the electrostatic field). This effectively “lifts” a layer of 
plasma 12 from the ionosphere and/or magnetosphere 
to a higher elevation Ro, The total energy required to 
create a plasma with a base area of 3 square kilometers 
and a height of 1000 km is about 3x 10'3 joules. 
FIG. 3 is an idealized representation of movement of 
plasma 12 upon excitation by electron cyclotron reso- 
hance within the earth's divergent force field. Electrons 


(©) are accelerated to velocities required to generate the 3 


necessary mirror force to cause their upward move- 
ment. At the same time neutral particles (n) which are 
present along line 11 in region Ryare ionized and be- 
come part of plasma 12. As electrons (c) move upward 
along line 11, they drag ions (j) and neutrals (n) with 
them but at an angle @ of about 13 degrees to field line 
L. Also, any particulates that may be present in region 
Rj, will be swept upwardly with the plasma. As the 
charged particles of plasma 12 move upward, other 
particles such as neutrals within or below Ri, move in 
to replace the upwardly moving particles. These neu- 
trals, under some conditions, can drag with them 
charged particles. 

For example, as a plasma moves upward, other part 
cles at the same altitude as the plasma move horizon- 
tally into the region to replace the rising plasma and to 
form new plasma. The kinetic energy developed by said 
other particles as they move horizontally is, for exam- 
ple, on the same order of magnitude as the total zonal 
kinetic energy of stratospheric winds known to exis. 

Referring again to FIG. 2, plasma 12 in region Ry is 
moved upward along field line 11. The plasma 12 will 
then form a plume (cross-hatched area in FIG. 2) which 
will be relatively stable for prolonged periods of time. 
‘The exact period of time will vary widely and be deter- 
mined by gravitational forces and a combination of 
radiative and diffusive loss terms. In the previous de- 
tailed example, the calculations were based on forming 
a plume by producing O*energies of 2 ev/particle 
‘About 10 ev per particle would be required to expand 
plasma 12 to apex point C (FIG. 1). There at least some 
Of the particles of plasma 12 will be trapped and will 
oscillate between mirror points along field line 11. This 
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oscillation will then allow additional heating of the 
trapped plasma 12 by stochastic heating which is associ- 
ated with trapped and oscillating particles, See “A New 
Mechanism for Accelerating Electrons in the Outer 
Tonosphere” by R. A. Helliwell and T. F. Bell, Journal 
of Geophysical Research, Vol. 65, No. 6, June, 1960. 
This is preferably carried out at an altitude of at Teast 
500 km. 

The plasma of the typical example might be em- 
ployed to modify or disrupt microwave transmissions of 
satellites. If ess than total black-out of transmission is 
desired (e.g. scrambling by phase shifting digital sig- 
nals, the density ofthe plasma (N.) need only be atleast 
about 108 per cubic centimeter for a plasma orginating 
at an altitude of from about 250 to about 400 km and 
accordingly less energy (j.e., electromagnetic radia- 
tion), eg, 108 joules need be provided. Likewise, if the 
density Ncis on the order of 10*, a properly positioned 
plume will provide a reflecting surface for VHF waves 
and can be used to enhance, interfere with, or otherwise 
modify communication transmissions. It can be seen 
from the foregoing that by appropriate application of 
various aspects of this invention at strategic locations 
and with adequate power sources, a means and method 
is provided to cause interference with or even total 
<isruption of communications over a very large portion 
of the earth. This invention could be employed to dis- 
rupt not only land based communications, both civilian 
and military, but also airborne communications and sea 
communications (both surface and subsurface). This 
‘would have significant military implications, particu- 
Iarly as a barrier to or confusing factor for hostile mis- 
siles or airplanes. The belt or belts of enhanced ioniza- 
tion produced by the method and apparatus of this 
invention, particularly if set up over Northern Alaska 
and Canada, could be employed as an early warning 
device, as well as a communications disruption medium, 
Further, the simple ability to produce such a situation in 
4 practical time period can by itself be a deterring force 
to hostile action. The eal combination of suitable field 
lines intersecting the earth's surface at the point where 
substantial fuel sources are available for generation of 
very large quantitities of electromagnetic power, such 
as the North Slope of Alaska, provides the wherewithal 
to accomplish the foregoing in a practical time period, 
eg, strategic requirements could necessitate achieving 
the desired altered regions in time periods of two min- 
utes or less and this is achievable with this invention, 
‘especially when the combination of natural. gas and 
magnetohydrodynamic, gas turbine, fuel cell and/or 
EGD electric generators are employed at the point 
where the usefl field lines intersect the earth's surface. 
One feature of this invention which satisfies a basic 
requirement of a weapon system, ie., continuous check- 
ing of operability, i that small amounts of power can be 
generated for operability checking purposes. Further, in 
the exploitation ofthis invention, since the main electro- 
magnetic beam which generates the enhanced ionized 
belt ofthis invention can be modulated itself and/or one 
‘or more additional electromagnetic radiation waves can 
‘be impinged on the ionized region formed by this inven- 
tion as will be described in greater detail herein after 
with respect to FIG. 4, a substantial amount of ran- 
domly modulated signals of very large power magni- 
tude can be generated in a highly nonlinear mode. This 
cean cause confusion of or interference with or even 
complete disruption of guidance systems employed by 
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even the most sophisticated of airplanes and missiles. 
The ability to employ and transmit over very wide areas 
of the earth a plurality of electromagnetic waves of 
varying frequencies and to change same at will in a 
random manner, provides a unique ability to interfere 
‘with all modes of communications, land, sea, and/or air, 
at the same time, Because of the unique juxtaposition of 
usable fuel source at the point where desirable field lines 
intersect the earth's surface, such wide ranging and 
complete communication interference can be achieved 
in a resonably short period of time. Because of the mir- 
roring phenomenon discussed hereinabove, it can also 
be prolonged for substantial time periods so that it 
‘would not be a mere transient effect that could simply 
‘be waited out by an opposing force. Thus, this invention 
provides the ability to put unprecedented amounts of 
power in the earth's atmosphere at strategic locations 
‘and to maintain the power injection level, particularly if 
random pulsing is employed, in a manner far more pre~ 
cise and better controlled than heretofore accomplished 
by the prior art, particularly by the detonation of nu- 
clear devices of various yeilds at various altitudes. 
Where the prior art approaches yielded merely transi- 
tory effects, the unique combination of fuel and desir- 
able field lines at the point where the fuel occurs allows 
the establishment of, compared to prior art approaches, 
precisely controlled and long-lasting effects which can- 
not, practically speaking, simply be waited out. Further, 
by knowing the frequencies of the various electrom: 
netic beams employed in the practice of this invention, 
it is possible not only to interfere with third party com- 
‘munications but to take advantage of one or more such 
beams to carry out a communications network even 
though the rest of the world’s communications are dis- 
‘rupted. Put another way, what is used to disrupt anoth- 
er's communications can be employed by one knowl- 
edgeable of this invention as a communications network 
at the same time. In addition, once one’s own commus 
cation network is established, the far-reaching extent of 
the effects of this invention could be employed to pick 
‘up communication signals of other for intelligence pur- 
poses. Thus, it can be seen that the disrupting effects 
achievable by this invention can be employed to benefit 
by the party who is practicing this invention since 
knowledge of the various electromagnetic waves being 
employed and how they will vary in frequency and 
magnitude can be used to an advantage for positive 
communication and eavesdropping purposes at the 
same time. However, this invention is not limited to 
Tocations where the’ fuel source naturally exists or 
where desirable field lines naturally intersect the earth's 
surface. For example, fuel, particularly hydrocarbon 
fuel, can be transported by pipeline and the like to the 
Tocation where the invention is to be practiced. 

FIG. 4 illustrates another embodiment wherein a 
selected region of plasma Rswhich lies within the 
earth's ionosphere is altered to increase the density 
thereof whereby a relatively stable layer 30 of relatively 
dense plasma is maintained within region R3. Electro- 
magnetic radiation is transmitted at the outset essen- 
tially parallel to field line 11 via antenna 18 as a right 
hand circularly polarized wave and ata frequency (e.g., 
1,78 megahertz when the magnetic field at the desired 
altitude is 0.66 gauss) capable of exciting electron cyclo- 
tron resonance in plasma 12 at the particular altitude of 
plasma 12. This causes heating of the particles (elec- 
‘rons, ions, neutrals, and particulates) and ionization of 
the uncharged particles adjacent line 11, all of which 
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fare absorbed into plasma 12 to increase the density 
thereof. The power transmitted, e-g., 210° watts for 
up to 2 minutes heating time, is less than that required to 
generate the mirror force F required to move plasma 12 
‘upward as in the previous embodiment. 

‘While continuing to transmit electromagnetic radia- 
tion 20 from antenna 15, a second electromagnetic radi- 
ation beam 31, which is at a defined frequency different 
from the radiation from antenna 15, is transmitted from 
‘one or more second sources via antenna 32 into layer 30 
land is absorbed into a portion of layer 30 (cross-hatched 
area in FIG, 4). The electromagnetic radiation wave 
from antenna 32 is amplitude modulated to match a 
known mode of oscillation f3 in layer 30. This creates a 
resonance in layer 30 which excites a new plasma wave 
33 which also has a frequency of f and which then 
Propogates through the ionosphere. Wave 33 can be 
used to improve or disrupt communications or both 
depending on what is desired in a particular application. 
Of course, more than one new wave 33 can be gener- 
ated and the various new waves can be modulated at 
will and in @ highly nonlinear fashion. 

FIG. § shows apparatus useful in this invention, par- 
ticularly when those applications of this invention are 
employed which require extremely large amounts of 
power. In FIG. 5 there is shown the earth's surface 40 
with a well 41 extending downwardly thereinto until it 
penetrates hydrocarbon producing reservoir 42. Hydro- 
carbon reservoir 42 produces natural gas alone or in 
combination with crude oil. Hydrocarbons are pro- 
duced from reservoir 42 through well 41 and wellhead 
43 to a treating system 44 by way of pipe 45. In treater 
44, desirable liquids such as crude oil and gas conden- 
sates are separated and recovered by way of pipe 46 
‘while undesirable gases and liquids such as water, HoS, 
and the like are separated by way of pipe 47. Desirable 
{gases such as carbon dioxide are separated by way of 
pipe 48, and the remaining natural gas stream is re- 
‘moved from treater 44 by way of pipe 49 for storage in 
‘conventional tankage means (not shown) for future use 
‘and/or use in an electrical generator such as a magneto- 
hydrodynamic, gas turbine, fuel cell or EGD generator 
50. Any desired number and combination of different 
types of electric generators can be employed in the 
practice of this invention. The natural gas is burned in 
generator 50 to produce substantial quantities of elec- 
tricity which is then stored and/or passed by way of 
wire 51 to a transmitter 52 which generates the electro- 
magnetic radiation to be used in the method of this 
invention. The electromagnetic radiation is then passed 
by way of wire 53 to antenna $4 which is located at or 
near the end of field line 11. Antenna 84 sends circularly 
polarized radiation wave 20 upwards along field line 11 
to carry out the various methods of this invention as 
described hereinabove. 

‘Of course, the fuel source need not be used in its 
naturally-occurring state but could first be converted to 
‘another second energy source form such as hydrogen, 
hydrazine and the like, and electricity then generated 
from said second energy source form. 

It can be seen from the foregoing that when desirable 
field line 11 intersects earth's surface 40 at or near a 
large naturally-occurring hydrocarbon source 42, ex- 
ceedingly large amounts of power can be very effi- 
ciently produced and transmitted in the direction of 
field lines. This is particularly so when the fuel source is 
natural gas and magnetohydrodynamic generators are 
employed. Further, this can all be accomplished in a 
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relatively small physical area when there is the unique 
coincidence of fuel source 42 and desirable field line 11 
Of course, only one set of equipment is shown in FIG. 
5 for sake of simplicity. For a large hydracarbon reser- 
voir 42, a plurality of wells 41 can be employed to feed 
one or more storage means and/or treaters and as large 
‘a number of generators §5 as needed to power one or 
‘more transmitters 52 and one or more antennas 54. 
Since all of the apparatus 44 through 54 can be em- 
ployed and used essentially at the sight where naturally- 
‘occurring fuel source 42 is located, all the necessary 
electromagnetic radiation 20 is generated essentially at 
the same location as fuel source 42. This provides for a 
‘maximum amount of usable electromagnetic radiation 
20 since there are no significant storage or transporta- 
tion losses to be incurred. In other words, the apparatus 
is brought to the sight of the fuel source where desirable 
field line 11 intersects the earth's surface 40 on or near 
the geographical location of fuel source 42, fuel source 
42 being at a desirable magnetic latitude for the practice 
Of this invention, for example, Alaska. 

‘The generation of electricity by motion of a conduct- 
ing fluid through a magnetic field, ie., magnetohydro- 
dynamics (MHD), provides a method of electric power 
‘generation without moving mechanical parts and when 
the conducting fluid is « plasma formed by combustion 
ofa fuel such as natural gas, an idealized combination of 
‘apparatus is realized since the very clean-burning natu- 
ral gas forms the conducting plasma in an efficient man- 
ner and the thus formed plasma, when passed through a 
magnetic field, generates electricity in a very efficient 
manner. Thus, the use of fuel source 42 to generate a 
plasma by combustion thereof for the generation of 
electricity essentially at the site of occurrence of the 
fuel source is unique and ideal when high power levels 
are required and desirable field lines 11 intersect the 
cearth’s surface 40 at or near the site of fuel source 42. A 
particular advantage for MHD generators is that they 
‘can be made to generate large amounts of power with a 
small volume, light weight device. For example, a 1000 
megawatt MHD generator can be construed using su- 
perconducting magnets to weigh roughly 42,000 
pounds and can be readily air lifted. 

This invention has a phenomenal variety of possible 
ramifications and potential future developments. As 
alluded to earlier, missile or aircraft destruction, deflec- 
tion, or confusion could result, particularly when rela- 
tivistic particles are employed. Also, large regions of 
the atmosphere could be lifted to an unexpectedly high 
altitude so that missiles encounter unexpected and un- 
planned drag forces with resultant destruction or de- 
flection of same, Weather modification is possible by, 
for example, altering upper atmosphere wind patterns 
or altering solar absorption patterns by constructing 
cone or more plumes of atmospheric particles which will 
act as a lens or focusing device. Also as alluded to ear- 
lier, molecular modifications of the atmosphere can take 
place so that positive environmental effects can be 
achieved. Besides actually changing the molecular com- 
position of an atmospheric region, a particular molecule 
‘or molecules can be chosen for increased presence. For 
example, ozone, nitrogen, ete. concentrations in the 
atmosphere could be artificially increased. Similarly, 
environmental enhancement could be achieved by caus- 
ing the breakup of various chemical entities such as 
carbon dioxide, carbon monoxide, nitrous oxides, and 
the like. Transportation of entities can also be realized 
when advantage is taken of the drag effects caused by 
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regions of the atmosphere moving up along diverging 
field lines. Small mieron sized particles can be then 
transported, and, under certain circumstances and with 
the availabilty of sufficient energy, larger particles or 
objects could be similarly affected. Particles with de- 
sired characteristics such as tackiness, reflectivity, ab- 
sorptivity, etc, can be transported for specific purposes 
or effects. For example, 2 plume of tacky particles could 
be established to increase the drag on a missile or satel 
lite passing therethrough. Even plumes of plasma hav- 
ing Substantially less charged particle density than de- 
scribed above will produce drag effects on missiles 
which will affect 2 lightweight (dummy) missile in a 
manner substantially different than a heavy (lve) mis- 
sile and this affect can be used to distinguish between 
the two types of missiles. A moving plume could also 
serve as @ means for supplying a space station or for 
focusing vast amount of sunlight on selected portions of 
the earth, Surveys of global scope could also be realized 
because the earth's natural magnetic field could be sig- 
nificantly altered in a controlled manner by plasma beta 
effects resulting in, for example, improved magnetotel- 
luric surveys. Electromagnetic pulse defenses are also 
possible. The earth's magnetic ied could be decreased 
‘or disrupted at appropriate altitudes to modify or elimi- 
nate the magnetic field in high Compton electron gener- 
ation (eg, from high altitude nuclear bursts) regions. 
High intensity, well controled electrical fefds can be 
provided in selected locations for various purposes. For 
example, the plasma sheath surrounding a missile or 
satellite Could be used as trigger for activating such a 
high intensity field to destroy the missile or satelite 
Further, irregularities can be created in the ionosphere 
Which will interfere with the normal operation of vari- 
ous types of radar, e-., synthetic aperture radar. The 
present invention can also be used to create artificial 
belts of trapped particles which in tura can be studied to 
determine the stability of such parties. Still further, 
plumes in accordance with the present invention can be 
formed to simulate and/or perform the same functions 
as performed by the detonation of a “heave” type mu- 
clear device without actually having to detonate such a 
device. Thus it can be seen that the ramifications are 
‘numerous, far-reaching, and exceedingly varied in use- 
fulness. 

claim 

1A method for altering at least one region normally 
existing above the earth's surface with electromagnetic 
radiation using naturally-occurring and diverging mag- 
netic field lines of the earth comprising transmiting first 
electromagnetic radiation at a frequency between 20 
‘and 7200 kHz from the earth's surface, said transmitting 
being conducted essentially a the outst of transmis 
substantially parallel to and along at least one of said 
field lines, adjusting the frequency of said frst radiation 
to a value which will excite electron cyclotron reso- 
nance at an initial elevation at least $0 km above the 
earth's surface, whereby in the region in which said 
electron eyclotron resonance takes place heating, fur- 
ther ionization, and movement of both charged and 
neutral particles is effected, said cyclotron resonance 
excitation of said region is continued until the electron 
concentration of said region reaches a value of at least 
10° per cubic centimeter and has an ion energy of at 
least 2 ev. 

2. The method of claim 1 including the step of provid 
ing artificial particle in said at least one region which 
are excited by said electron cyclotron resonance. 


Fig. 15b 


Closing comments on the disc 
generator 


In closing this discussion of the Interference 
disc generator, I would like to go over and 


shields, some with 10 blocking fins and some 
with 11 blocking fins and others with 12 
blocking fins. They are all interchangeable on 
the machine to change the phase relations 
between all the isolated coils. The 12 finned 


point out some of the concepts that I discwill producea single-phase dynamo with 


incorporated into the design of my permanent 
magnetdynamo. 


AsI made further progress and completed the 
later stages of the Interference disc generator, 
it became clear to me to use certain concepts 
of the machine and incorporate them into the 
design of my multiphase permanent magnet 
dynamo. Some of these concepts are 
explained here. 


Ihave constructed several interference discs 
that have a different number of blocking 


all the coils in phase, and the 10 finned disc 
on the machine will produce a three phase 
dynamo. One phase represents four groups of 
isolated coils, and the second phase represent 
the other four coils, and the four coils left are 
the third phase, for a total of twelve coils. All 
just by changing the number of fins on the 
interference disc and or adding more layers. 
Using 12 magnet poles and the 10 or 11 
interference fins on the disc, the rotor discs 
becomes magnetically balanced and easy to 
rotate in spite of the load on the coils. The 12 
finned disc has a larger holding force because 
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3. The method of claim 2 wherein said artificial parti- 
cles are provided by injecting same into said at least one 
region from an orbiting satelite. 

4, The method of claim 1 wherein said threshold 
excitation of electron cyclotron resonance is about 1 
‘watt per cubic centimeter and is sufficient to cause 
movement of a plasma region along said diverging mag~ 
netic field lines to an altitude higher than the altitude at 
which said excitation was initiated. 

5, The method of claim 4 wherein said rising plasma 
region pulls with ita substantial portion of neutral parti- 
cles of the atmosphere which exist in or near said 
plasma region. 

6. The method of claim 1 wherein there is provided at 
least one separate source of second electromagnetic 
radiation, said second radiation having at least one fre- 
quency different from said first radiation, impinging 
said at least one second radiation on said region while 
said region is undergoing electron cyclotron resonance 
excitation caused by said first radiation. 

17. The method of claim 6 wherein said second radia- 
tion has a frequency which is absorbed by said region. 


8, The method of claim 6 wherein said region is 


plasma in the ionosphere and said second radiation ex- 
cites plasma waves within said ionosphere. 

9. The method of claim 8 wherein said electron con- 
‘centration reaches a value of at least 101? per cubic 
centimeter, 
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10, The method of claim 8 wherein said excitation of 
electron cyclotron resonance is initially carried out 
within the ionosphere and is continued for a time suffi- 
cient to allow said region to rise above said ionosphere. 

1. The method of claim 1 wherein said excitation of 
electron cyclotron resonance is carried out above about 
500 kilometers and for a time of from 0.1 to 1200 sec- 
fonds such that multiple heating of said plasma region is 
achieved by means of stochastic heating in the magneto- 
sphere 

12. The method of claim 1 wherein said first electro- 
magnetic radiation is right hand circularly polarized in 
the northern hemisphere and left hand circularly polar- 
ized in the southern hemisphere. 

13, The method of claim 1 wherein said electromag: 
netic radiation is generated at the site of a naturally- 
‘occurring hydrocarbon fuel source, said fuel source 
‘being located in at least one of northerly or southerly 
‘magnetic latitudes. 

14, The method of claim 13 wherein said fuel source 
is natural gas and electricity for generating said electro- 
magnetic radiation is obtained by burning said natural 
gas in at least one of magnetohydrodynamic, gas tur- 
bine, fuel cell, and EGD electric generators located at 
the site where said natural gas naturally occurs in the 
arth. 

15. The method of claim 14 wherein said site of natu- 
ral gas is within the magnetic latitudes that encompass 
Alaska. 
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To.all whom it may concern: 
Be it known that I, Nusova Testa, a citi- 
zen of the United States, residing’ in the 
borough of Manhattan, in’ the city, county, 
and State of New York, have invented cer” 
tain new and useful Improvements in Appa- 
vatus:for Transmitting Electrical Bnergy, 
of which the following is a specification, ref 
erence being had to the drawing accom- 
panying and forming a part of the same. 
Ta endeavoring to adapt currents or dis- 
charges of very high tension to various valu- 
able uses, as the distribution of energy 
through wires from central plants to distant 
places of consumption, or the transmission 
of powerful disturbances to great distances, 
through the natural or non-artificial medi: 
T have encountered difficulties in confining 
considerable amounts of electricity to: the 
conductors and preventing its leakage over 
their supports, or its eseape into the ambient 
air, which always takes place when the elec- 
trie surface density reaches a certain value. 
‘The intensity of the effect of a transmit. 
ting circuit with a free or elevated terminal 
is proportionate to the quantity of electric- 
ity displaced, which is determined by the 
product of the capacity of the cirenit, the 
pressure, and the frequency of the currents 
employed. To produce an electrical move 
ment of the required magnitude it is de- 
sirable to charge the terminal as highly as 
possible, for while a great quantity of élec- 
tricity may also be displaced by a large 
capacity charged to low pressure, there are 
disadvantages met with in many cases when 
the former is made too large. ‘The chief of 
these are due to the fact that an increase of 
the capacity entails a lowering of the fre- 
queney of the impulses or discharges and a 
diminution of the energy of vibration. This 
will be understood when it is borne in mind, 
that a circuit with a large capacity behaves 
as a slackspring, whereas one with a small 
capacity acts like a stiff spring, vibrating 
more vigorously... Therefore, in order to 
attain the highest possible frequency, which 
for certain purposes is advantageous and, 
apart from that, to develop the grentest 
energy in such a transmitting cireuit, I em- 
ploy a terminal of relatively small capacity, 
which I charge to as high a pressure as prac 
ticable, To accomplish this result T have 
found it imperative to so construct the ele- 
‘vated conductor, that its outer surface, on 


which the electrical charge chiefly accumin- 
lates, has itself a large radius of curvature, 
or is composed of separate elements which, 
irrespective of their own radius of curva” 
ture, are arranged in close proximity to each 
other and so, that the outside ideal surface 
enveloping them is of a large radius. Evi- 
dently, the smaller the radius of curvature 
the greater, for a given electrie displace- 
ment, will be the surface-density and, con- 
sequently, the lower the limiting presstire to 
which the terminal may be charged without 
electricity escaping into the air. Such a 
terminal I secure to an insulating support 
entering more or less into its interior, and I 
likewise connect the circuit to it inside or, 
generally, at points where the electric den? 
sity is small. ‘This plan of constructing and 
supporting a highly charged conductor I 
have found to be of great practical impor- 75 
tance, and it may be usefully applied in many 
ways, 

‘eferring to the accompanying drawing, 
the figure Sy a view in eleven and are 
section of an improved free terminal and 
circuit of large surface with supporting 
structure and generating apparatus. 

The terminal D consists of a suitably 
shaped metallic frame, in this ease a ring of 
nearly circular cross section, which is cov- 
ered With half spherical metal plates P P, 
thus constituting a very large conducting 
surface, smooth on all places where the elec: 
trie charge principally accumulates. ‘The 
frame is carried by a strong platform ex- 
pressly provided for safety appliances, in 
struments of observation, ete., which in turn 
rests on insulating supports F F. These 
should penetrate far into the hollow space 
formed the terminal, and: if the electric 
density at the points where they are bolted 
to the frame is still considerable, they: maj 
be specially protected by conducting hon 
as H. 
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A part of the improvements which form 
the subject of this specification, the trans- 
mitting circuit, in its general features, is 
identical with that described and claimed in 
original Patents Nos. 645,576 and 649,621. 
The cirenit comprises a coil A which is in 
close inductive relation with a primary C, 
and one end of which is connected to a 
‘ound-plate E, while its other end is led 
through a separate self-induetion coil B and 
a metallic: cylinder B’ to the terminal D. 113 
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The connection to the latter should always 
be made at, or near the center, in order to 
secure a symmetrical distribution of the eur- 
rent, as otherwise, when the frequency is 
very high and the flow of large volume, the 
performance of the apparatus might be im- 
paired. The primary C may be excited in 
any desired manner, from a suitable source 
of currents G, which may be an alternator 
‘or condenser, the important ' requirement 
being that the resonant condition is estab- 
lished, that is to say, that the terminal D is 
charged to the maximum pressure developed 
in the circuit, as.I have specified in my 
original patents before referred to. Thead- 
justments should be made with particular 
eare when the transmitter is one of great 
power, not only on account of economy, but 
also in order to avoid danger. Thaveshown 
that it is practicable to produce in a resonat- 
ing circuit as E A BB’ D immense electri- 
cal activities, measured by tens and even 
hundreds of thousands of horse-power, and 
in such a case, if the points of maximum 
presse should be shifted below the ter- 
minal D, along coil B, a ball of fire might 
break out and destroy the support F or any- 
thing else in the way. For the better ap- 
precfation of the nature of this danger it 
should be stated, that the destructive action 
may take place with inconceivable violence. 
‘This will cease to be surprising when it is 
‘borne in mind, that the entire energy accu- 
mnilated in the excited cireuit, instead of re- 
quiring, as under normal working condi- 
tions, one quarter of the period or more for 
its transformation from static to kinetic 
form, may spend itself in an ineomparably 
smaller interval of time, at a rate of many 
millions of horse power. The accident is 
apt to occur when, the transmitting cireuit 
being strongly excited, the impressed ose 

Jations upon ‘it are caused, in any manner 
more or less sudden, to be more rapid than 
the free oscillations. Tt is therefore, ad- 
visable to begin the adjustments with feeble 
and somewhat slower impressed oscillations, 
strengthening and quickening them grad- 
ually, until the apparatus has been brought 
under perfect. control. To increase the 
safety, 1 provide on a convenient place, pref- 
erably on terminal D, one or more elements 
or plaies either of somewhat smaller radius 
of curvature or protruding more or less be- 


5 yond the others (in which cose they maybe 


of larger radius of curvature) so that, should 
the pressure rise to a value, beyond which it 
is not desired to go, the powerful discharge 
may dart out there and lose itself harmlessly 
inthe air. Such a plate, performing a func- 
tion similar to that of a safety valve on 2 
high pressure reservoir, is indicated at V. 
Still “further extending the, principles 
‘underlying my invention, special reference 
is made to coil B sind conductor B’. The 
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latter is in the form ofa cylinder with 
smooth or polished surface of a radius much 
larger than that of the half spherical ele- 
ments PP, and widens out at the bottom 
into a hood H, which should be slotted to 
avoid loss by eddy currents and the pur- 
pose of which will be clear from the fore- 
going. The, coll Bis wound on a fraige or 
rum D? of insulating material, with its 
turns close together. I have discovered that 
when so wound the effect of the small radius 
of curvature of the wire itself is overcome 
and the coil behaves as a conductor of large 
radius of curvature, corresponding to that 
ofthe drum. This feature is of consider- 
able practical importance and is applicable 
not only in this special instance, but gen- 
erally. For example, stich plates at PP 
of terminal D, though preferably of large 
radius of curvature, need not be necessarily 
so, for provided only that the individual 
plates or elements of a high potential con- 
ductor or terminal are arranged in prox- 
imity to each other and with their outer 
boundaries along an ideal symmetrical en- 
veloping surface of a large radius of curva 
ture, the advantages of the invention will 
be more or less fully realized. ‘The lower 
end of the coil B—which, if desired, may 
be extended up to the terminal D--stiould 
be.somewhat below the uppermost turn of 
coil A. This, T find, lessens the tendency of 
the charge to break out from the wire con- 
necting, Doth and to pass along the sup: 
port F”. ‘ 

“Having described my invention, I claim: 

1. As a means for producing great elec- 
trical activities a resonant circuit having 
its outer conducting boundaries, which are 
charged to a high potential, arranged in 
surfaces of large radii of curvature so as 
to prevent leakage of the oscillating charge, 
substantially as set forth. 

2. In apparatus for the transmission of 
electrical energy 1 circuit connected to 
ground and to an élevated terminal and 
having its outer conducting boundaries, 
which are subject to high tension, arranged 
in surfaces of large radii of curvature sub- 
stantially as, and for the purpose described. 

3. In a plant for the transmission of elec- 
trical energy Without wires, in combination 
with primary or exciting cireuit a second- 
ary connected to ground and to an elevated 
terminal and having its outer conducting 120 
boundaries, which are charged to a hig 
potential, arranged in surfaces of large radii 
Of curvature for thé. purpose of preventing 
Teakiago and loss of energy, substantially a3 
set forth. 

‘Asa means for transmitting electrical 
energy to a distance through, the, natural 
media a grounded résonant circuit, com- 

rising 2 part upon which oscillations are 
[mpressed and another for raising the ten- 180 
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sion, having its outer conducting boundaries 
on which a high tension charge accumulates 
arranged in surfaces of large radii of curva: 
ture, substantially as deserived. 

5. The means for producing excessive 
electric potentials consisting of a primary 
exciting circuit and. a resonant secondary 
having its outer conducting elements which 
are subject to high tension arranged in prox- 
imity to each other and in surfaces of large 
adil of curvature go as to prevent leakage 
of the charge and attendant lowering of po- 
tential, substantially as described. 

6. 4 circuit comprising a part upon which 
oscillations are impressed and another part 
for raising the tension by resonance, the 
latter part being supported on places of low 
electric density and having its outermost 
conducting boundaries arranged in surfaces 
of large radii of curvature, as set forth. 

7. In apparatus for the transmission of 
‘electrical energy without wires a grounded 
circuit the outer conducting elements of 
which have a great aggregate area and are 
arranged in surfaces of large radii of curvé 
ture so as to-permit the storing of a high 
charge at a small electric density and pre- 
vent loss through leakage, substantially as ~ 
described. 


8. A wireless transmitter comprising in 
combination a source of oscillations as a 
condenser, a primary exciting circuit and a 
secondary grounded and elevated conductor 
the outer conducting boundaries of. which 
are in proximity to each other and arranged 
in surfaces of large radii of curvature, sub- 
stantially as described. 

9. In apparatus for the transmission of 
electrical energy without wires an elevated 
conductor or antenna having its outer high 
potential conducting or capacity elements 
arranged in proximity to each other and in 
surfaces of large radii of curvature so as to 
overcome the effect of the small radius of 
curvature of the individual elements and 
Teakage of the charge, as set forth. 

10, A. grounded resonant transmitting 
cireuit having its outer conducting bound- 
aries arranged in surfaces of large ra 
of curvature in combination with an ele. 


vated terminal of great surface supported 
tric. density, substan 


at points of low 
tially as described. 
NIKOLA TESLA. 
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‘The invention described herein may be manufactured 
and used by or for the Government for governmental 
‘Purposes without payment to me of any royalty thereon, 

This invention relates to the convenient and economical 
Provision of power for the operation of electronic circuits 
and devices using transistors, and of other electrical de- 
vices having modest power requirements, 

‘A great advantage of transistors, and a major reason 
ffor their enthusiastic reception since their introduction a 
‘few years ago, is the fact that they will operate satistac- 
torily with very low supply voltages and currents, One 
ailliwatt or even less is sufficient to power a transistor 
in many applications. “Various batteries have been de- 
Yeloped to provide, in a minimum of space, the relatively 
‘minute amounts of power needed by transistors, 

My invention provides methods and means that permit 
‘ransistor circuits, and also other low-powered electrical 
devices, to be economically and conveniently operated 
without any batteries whatever, and indeed without any 
Power supply whatever as power supplies are ordinarily 

‘The invention centers around my discovery that it is 
Practicable to construct operative transistor circuits that 
are able to abstract from the atmosphere sufficient cles, 
tromagnetic energy to provide all necessary supply volt. 
‘ages and currents for their own operation. Circuits end 
devices powered according to my invention will operate 
indefinitely without any local power source whatever. 

T have successfully constructed and demonstrated such 
circuits. For example, I have constructed a batteryless 
transistor radio receiver on which I have listened to either 45 
earby or distant broadcast stations as desired, ‘using 
either headphones or a loudspeaker; this receiver has been 
Powered entirely by electromagnetic energy abstracted 
rom the atmosphere, 

From the successful operation of this receiver, and 5 
from other experimental work, it becomes clear that, by 
the methods and means of the invention, a great variety 
oof practical and useful transistor circuits can be powered 
entirely by energy abstracted from the atmosphere, 

Farthermore, 2s will become apparent below, my in- 65 
‘Yention is applicable to the powering of other ¢lectrical 
‘devices requiring relatively small amounts of power. 

,An object of the present invention is to provide mesh- 
ods and means for powering transistor circuits entirely 
from radiofrequency energy abstracted from the atmion, 
phere, 

Another object is to provide methods and means for 
Powering remote radio receivers, low-powered radio trans. 
mitters, and other low-powered electrical devices, with 
energy received by radio from @ master station, so that 
no local power supplies are needed by the devices and o> 
that the powering or non-powering of the remote devi 
is under the control of the master station, 

‘A further object is to provide methods and means for 
Powering transistor circuits and other low-powered eles. 
tical devices with radiofrequency energy received from 
‘one or more remote radio transmitters, 
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Other objects, aspects, uses, and advantages of the ine 
‘vention will become apparent from the following descrip- 
tion and from the drawing, 

Figure 1 is a schematic diagram of a transistor radio 
receiver in which all necessary power is supplied by en. 
ergy abstracted from the atmosphere in accordance with 
the invention, 

Figure 2 is a schematic diagram showing a general ap- 
plication of the invention to provide dizectcurrent power 
fo a load. 

Figure 3 is a schematic diagram of a system for obtain- 
ing a high energy D.-C. sourco at a high voltaze level 
using energy abstracted from the atmosphere. 

Referring to Figure 1, a receiving antenna 1 is con- 
nected to antenna coupling coils 2 and 3, the other ends 
‘of which are connected to ground, A parallel resonant 
circuit consisting of coil § and capacitor 6 is coupled to 
oil 2, A second parallel resonant circuit consisting Of 
coil 7 and capacitor 10 is coupled to coil 3. A third 
parallel resonant circuit consisting of coil 11 and capac- 
itor 12 is also coupled to coil 3. 

Coil § and capacitor 6 are tuned to the frequency of 
a radio transmitter from which it is desired to receive 
information—for instance, an amplitude-modulated stand 
ard broadcast station, ‘The signal received from this trans. 
sitter need not be strong, The signal is detected by diode 
35 to obtain an andio-frequency information signal. This 
audio signal is coupled through a capacitor 16 and is am. 
pilifed by a circuit that includes a transistor 17 having a 
base 20, an emitter 21, and a collector 22. ‘The ampli 
fied audio output of the transistor is coupled through an 
audio transformer 23 to an electroacoustical transducer, 
preferably @ permanent-magnet dynamic loudspeaker 
as shown, 

‘The novelty of the invention lies largely in the method 
and means by which the necessary direct-current power 
is supplied to the emitter and collector circuits of transis. 
tor 17. This method and means will now be described, 

‘Coil 7 and capacitor 10, and also coil 11 and capacitor 
12, are tuned to receive radio signals of relatively high 
strength. Tt does not matter whether these signals con- 
tain information, ‘These power signals are rectified by 
diodes 26 and 27 to provide direct-cucrent power that ie 
filtered by capacitors 30 and 31. ‘The D.-C. power thus 
obtained is utilized to power the transistor 17, 

Tn the circuit shown, two tuned circuits (coil 7 and 
capacitor 10, and coil 11 and capacitor 12) are tuned to 
power signals and the D.C, voltages obtained from each 
‘are connected in series, ‘The tuned power circuits may 
be tuned to the same or different power signals. Under 
certain circumstances it may be desirable to use more 
than two tuned power circuits and to tune them to more 
than two power signals; inthis way power can be obtained 
from several signals and combined. On the other hand, 
if a strong power signal i available, a single tined power 
circuit may suffice to give the needed DC. power 

‘Even weak information signals can be received success: 
folly. A plorality of transistor amplifer stages can be 
used if desired, or other circuits such as superheterodyne 
circuits can be used. Tt is merely necessary thet a st 
iently strong power signal or signals be available to pro. 
vide the small amount of D.C. needed to power the 
transistors, 

If the information signal happens to be strong, 


it can 


be used as the power signal; all of the tuned circuits (coll 


8 and capacitor 6, coil 7 and capacitor 10, coil 
capacitor 12) are tuned to the information signal 

Engineers who have observed my invention in operation 
hhave been surprised at the unexpectedly good results ob 
tained, even with readily available power signals of quite 
‘moderate strength. For instance, sufficient power for sat, 
isfactory operation of a loudspeaker at low volumes is 
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readily obtained froma S-kilowatt standard broadeast 
station 5 miles away, using only an indoor antenna to pick 
‘up the power signal as well as information signals. In 
‘typical operation under these conditions.a:D.C, voltage 
‘of about 2.5 to 3 volts is obtained between ithe emitter 
and the collector, ata current of about 250 microamperes; 
D.C. power input to the transistor:is thus of the order 
of 0.5 to 1 milliwatt, So far as I am-aware, no one-has 
ever before discovered and demonstrated the:practicability 
of this method of powering a radio receiver. 

Because existing broadcast stations within a radius of 
fa number of miles:provide adequate ‘power signals, the 
invention is readily practicable with existing power ‘siz~ 
hhals in almost any location in-or near any city-in“the 
United States. 

‘Although T have described a‘ transistor radio receiver 
powered by my invention, it will'be readily apparent that 
‘the invention is applicable to the powering of any: tran- 
sistor circuit using one or a number-of transistors, and 
to the powering of other devices requiring relatively small 
amounts of power. For instance, sensitive electrome- 
chanical, electrochemical, or electrothermal devices can 
be operated by the method of the invention. 

‘Refetring to Figure 2, which shows a'more general em- 
bodiment of my invention, an antenna 38 picks up radio. 
frequency energy from the almosphere. This enersy 
flows through coil 36, which is coupled to a-tuned civ 
consisting of coil 37 and capacitor. Tho radiofre- 
‘quency voltage across capacitor 0 is rectified by <i 
41 and filtered by a low-pass filter 46 consisting of ea, 
itors 42 and 44 and choke coil 43. ‘The resulting D.« 
Voltage is applied to'a load 48. 

Tn the practice of my invention, larger amounts of 
power can be obtained for short periods of time by'stor- 
ing received energy in a suitable energy storage device. 
Stored energy may then be withdrawn at intervals at a 
‘more rapid rate than that at which it was received and 
put into the storage device. In this way the invention can 
be used to provide short pulses of relatively very high 
electrical energy. This result can be readily obtained by 
charging a relatively large capacitor with direct current 
and then discharging the capacitor rapidly into a load 
when desired, This rapid discharge can be initiated auto- 
‘matically when the voltage across the capacitor reaches 
2 certain level, or it can be initiated when a transistor 
radio receiver receives a certain information signal. 

“Higher voltages can be obtained with the invention by 
means of well known devices for raising D.C. voltages 
fs shown in Figure 3, The D.C. voltage output from the 
capacitor 44 can be used to power a low frequency tran- 
sistor oscillator $2 whose A.-C. output is aised to a higher 
voltage level by the transformer 88. This relatively high 
'A-C. voltage can then be rectified by a diode 61 and fed 
{to a capacitor 64 to provide a high energy D.-C. source 
at a relatively high voltage level at the terminals 69 and 
70. If desired, energy can now be withdrawn from the 
capacitor 64 at intervals in short pulses of high enerey 
at a high voltage level. Pulsed radio transmission is one 
Of the possible uses for this form of the invention. Other 
uses would be to provide a single relatively powerful pulse 
needed to actuate an electrothermal or electromechanical 
device, 

"AS has been indicated above, in many locations and 
particularly anywhere in or near most American cities, 
power signals normally present in the atmosphere are 
readily available for the easy and convenient practice of 
the invention, However, the invention also has important 
applications in systems i which the necessary power sig- 
zal is generated and transmitted specifically for the opsra~ 
tion of the particular system. Such systems can, for 
ample, comprise a master station transmitting’ all_the 
power that is needed for hundreds or thousands of fixed 
‘or mobile transistor receivers or other remote devices over 
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a range of many miles, This eliminates the need for 
hundreds or thousands, as the case may be, of local power 
supplies. At the same time, such a system has the advan- 
tage that all of the remote devices can be simultaneously 
activated or deactivated at the will of the master station, 
simply by starting or stopping the transmission of the 
power signal. In such systems it wil often be advanta- 
‘eous to use power signals of frequencies sufficiently high 
to permit the use of resonant receiving antennas of small 
physical dimensions for signal pickup at the remote de- 
Vices. In addition to the power signal, the master station 
‘may transmit an information signal on the same or a dif- 
ferent carrier. 

Certain types of devices powered entirely by received 
radio waves are of course well known. ‘The well-known 
“crystal set” of the early days of radio, which used a diode 
rectifier to demodulate an amplitude-modulated radio 
frequency signal, is an outstanding example of such a-de- 
vice. My invention is readily distinguishable from such 
prior devices, however, In typical prior devices a modu- 
Iated radiofrequency signal is applied t0 a diode to obtain 
unidirectional half-wave pulses whose amplitudes vary 
‘with modulation, These pulses are integrated by means 
of a capacitor to obiain a unidirectional signal the ampli 
tude of which follows the audiofrequency modulation en- 
vyelope. “If the radiofrequency signal is received with 
sufficient strength the audio signal may have sufficient 
power to operate headphones or similar utilization device 
‘without power amplification; but the signal is utilized for 
its information content, rather than (o supply non-infor- 
mation-containing power. 

‘My invention, on the other hand, entails the utilization 
of received radiofrequency energy to supply power to at 
Teast one pair of circuit points (across capacitor 31 in 
Fig. 1, for example), such circuit points requiring power 
solely for its power content and not for any information 
for modulation it may contain, In other words, my inven- 
tion entails the utilization of radiofrequency’ energy to 
supply power that would otherwise have to be supplied 
by batteries, generator, or other local power source. 

‘twill be apparent that the embodiments shown are 
only exemplary and that various modifications can be 
‘made in construction and arrangement within the scope 
of the invention as defined in the appended claim. 

Telaim: 

‘An electrical device for obtaining a high energy D-C. 
source at a high voltage level using energy abstracted 
from the atmosphere, said device comprising in combina 
tion: resonant means for receiving radio waves, first rect 
fier means for converting said radio waves into first direct 
current energy, first capacitor means for storing said first 
direct current energy, an oscillator powered by said direct 
current energy, said oscillator producing an A.-C. output, 
‘transformer means for raising said AC. output to an in- 
creased voltage level, second rectifier means for convert- 
ing the A-C. output of increased voltage level from said 
transformer into second direct current energy, and second 
capacitor means for storing said second direct current 
energy. 
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Fo all chom it may concern: 

Be it known that I, Hrpror.y: 
‘Viox, of Paris, in the Empire of 
neer, have invented a new 
Atmospheric Electricity and Terrestrial Ble 

and its Industrial Applications; and 1 | 

do hereby declare that the following is a full, 

clear, and exact description of the same, refer. 
enee being had to the accompanying drawing: 

making part of this specification, ia whieh 

Plate 1 represents a front elevation; Plate 2, 
a side clevation of an aerostat, in combination 
with certain other deviees for obtaining at. 
mospheric and terrestrial electricity; Plate 3, | 

Cyplan of the device for obtaining terrestrial 
lectricity; Plate 4, detached portions of the 
apparatus. Plate 5 shows a front view, and 

Plate ¢ & vertical soctioa and various détails 

of the apparatus when applied in mountainous 

regions, the use of an aerostat being dispenséd 
with. 

‘The object of my.jnventior 
electric pile of great power by using the posi- 
tive electri ined in the atmosphere, 
and the negative electricity contained In the 
earth, so as fo make the electricity therein con. 
tained available for industrial purposes, 

‘To enable others skilled in the art to make 
and use my invention, I will proceed to de. 
seribe its construction ‘and operation. 

Aisacrostat of a tabular form closed at both 
ends. Ibis made of suitable material, so as to 
be impervious to air. Its dimensions‘are such 
as to give it great ascensional power when 
filled with gas. 

a are valves in the surface of the aerostat, 
to be opened when the inflation of the aerostat 
should become too great. 

A long indiarubber tube, I, communicates 
with the interiorof the aerostat, being attached 
to the latter, near one end of its ends D, as seen 
in Plate 1, while the lower end of the tube T 
is attached to a gasometer, (not shown in the 
Grawings.) ‘The gasometer is to be fed with 
hydrogen gas, produced by the action of the 
Pile itself, the negative wires of which (atter- 
ward to be described) enter a body of water at 
or near the base of the apparatus and decom. 
Pose the water so as to produce the hydrogen 
gas. As the aerostat is supposed to bo at a 
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| the wire or other means empl 


Considerable height the tube I must be of cor- 


responding length, and is constructed of a num. 
ber of tubes, short wooden tubes ’ being in- 
serted where the tubes Tare joined, and a fast 
g-ring, I”, being slipped over each of the 
Joints, as seen in Fig. Sof Plate 4. At certain 
Aistauces the tube Tis fastened to the net-work 
of the positive wires (afterward to be described) 
in order to seenre the tube against the action 
of the wind, and at each of these fastening. 
places a washer, I”, is inserted in the tube in 
order that the tube shall not be compressed by 
ed to fasten it 
to the net-work of positive wires, (See Fig. 4, 
Plate 4) 

‘The aerostat is surrounded with @ net-vork 
of wires, one layer of the wires, O, being par. 
allel with the wsis of the aerostat and fastened 
torings Dat both ends of the aerostat, and 
the other layer of wires, B, extending partially 
around the aerostat at right angles tothe wires 
C. One end of each of the wires B extends 
around an iron tube, B, some distance below 
the aerostat and meets the other end of it be. 
tween the tube B and the aerostat. The two 
ends are fastened together by a ligature, B’, 
(See Fig. 1, Plated.) “Bach end of the tube 5 
terminates into aball,e. The wires Bare fast. 
ened to the surface of the tube E by means of 
a helical wire, F, wound around the tube and 
across the wires B, as seen in Fig. 1, Plate 4. 
‘The upper ends of long vertical wires G are 
also wound around cylinder E, each wire G be. 
tween two of the wires B, and the ends se. 
cured by a ligature, G’, as séen in Fig. 1, Plat 
4, Tho helical wire F is also wound across 
the wires G, so as to Keep them in their places 
on tube E. 

‘The vertical wires G, which are to be the 
conductors of the positive electricity of the 
atmosphere, inust be of a length proportionate 
to the desired eflicacy of the electric pile, and 
the size and asconsional power of the nerostat 
toust, of course, be adequate to sustain the 
weight of and keep suspended the wires G, (a 
weight still farther increased by the horizon. 
tal eross-wires Hf, with which the vertical wires 
G are interlaced, in order to form a netawork 
not liable to be deranged by the aetion of the 
winds or similar influenees.) ‘The two ontside 
wires, G, are stronger than the rest of them, 
and their lower ends are fastened to dyna: 


of the same number of fins as 
magnetic poles. However, it can be 
reduced to almost nil by adding 
morelayersof interference discand 
balance them against each other. 
Many in phase coils can then be 
added in series orin parallel to build 
your power levels to any desired 
potential. 


Both machines have stationary 
coils, and the disc generator has 12 
magnetic poles (6N and 6S), and 
the permanent magnet dynamo 
also has 12 magnetic poles (6N and 
6S). The disc generator uses 10 or 
more fins on the interference 
shielding plate per rotor, and the 
permanent magnet dynamo has 10 
or more coils around each rotor. 
There is the same number of 
interference blocking plates as 
there are induction coilson each of 
the two difference machines and 
the number of blocking fins and or 
coilsare interchangeable, The back 
emf effects are different on both 
machines, the Interference disc 
generator demonstrates easy 
turning of the discs while the 
stationary coils are loaded, and 
when producing alternating 
current the permanent magnet 
dynamo rotor slows down when a 
load is placed on the stationary 
coils. Both machines produce AC 
power out of the coils and the 
Interference Disc generator has a 
closed magnetic circuit through the 
coils, and the permanent magnet 
dynamo hasopen magneticcircuit 
through the coils. 


The Permanent Magnet 
Dynamo 


I would like to begin this topic at 
this point by describing my 
permanent magnet dynamo 
machine. 


I designed this machine to be 
completely interchangeable into 


many different motor generator combinations. These 
combinations involve different number of magnetic 
polesand different number of interchangeable coil poles 
inthe samemachine, two versionsare possible,one with 
isolated coils and another with the coils that share a 
common core fig. 16. 


We can change the magnetically balancing effect 
(holding force) by changing the number of coil poles or 
(interference disc fins) in relation to the magnetic poles. 
‘This turns the machine intoa multipurpose, multiphase, 
variable output, and variable frequency acdc permanent 
magnet motor generator system. I first designed this 
unique multi purpose dynamo in 1987 after I built my 
third Interference Disc generator. 


Fig. 16 


Dynamo description: 


Rotor: 


Itis well known that a bar magnet has its magnetic field 
concentrated at the N and § pole ends, and the half way 
line between the poles of a magnet is the neutral zone, 

thisis the region where the magnetic field iscanceledor 
neutralized. The ferrous keeper ring I designed for this 
rotor is mounted near the axle and it has machined flat 
decks so the magnets attach flush to the deck of the 
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mometers of any suitable construction. ‘These 
dynamometers are attached to the ends or a 
massive iron eylinder, J, and they serve to i 
dicate the tension in the outside wires, G, and 
the corresponding ascensional power of the 
aerostat. According to the reading,of these 
dynamometers the acrostat has to be Supplied 
{through tabe ) with more or Jess gus. The 
jower end of each of the wires @ is wound 
around the cylinder J, and secured by liga- 
tures similar to those ab ve described, The 
sires G are all insulated (by acoating of gutta 
percha or similar substanee,) except, where 
they are in contact with tube B and with ey!- 
inder J, and a similar insulating coating is 
id on cylinder J, after the lower ends of the 
wires G have been fastened to it. 

‘Another cylinder, K, similar to J, is ph 
at some distanee from and parallel to 
J. Ttis connected with eylinder J by wires 
L, wound around both eylinders and interlaced 

crosswires M. The wire-work LM and 
cylinders are insulated (in a manner already 
described) against outside influences, so that 
the only electric communication between the 
tiwocylinders will be throngh thewiresL, ‘The 
two eylinders aro placed upon insulated col- 
umnsP, The cylinder K may be used asa 
substitute for cylinder J, and vice versa, 
whenever repairs becomenceessary. Insulated 
branch wire or wires are attached to the eyl- 
inders J K and wires L, so as to conduet the 
positive electricity obtained from the atmos- 
phere by means of the above-described appa- 
ratus to wherever it is desired for industrial 
purposes. ‘The insulated wires Q (interlaced 
with cross-wires R) are placed on the ground 
underneath and parallel to the positive wires 
L. Both ends of each of the wires Qare sunk 
into the carth or submerged in water, and fast- 
ened toa metallic plate coated with a metal 
not subject to oxidation. These wires Q are 
the conductors for the negative electricity of 
the earth, and a branch wire or wires attached 
to the wires Q serve to transinit the negative 
terrestrial electricity to wherever it is wanted 
for industrial or other purposes. 

‘By uniting to the endsof the positive and the 
negative braneh wire or wires a powerful eleo- 
trig eurrent will be obtained, one pole of which 
is the atmosphere and the other the earth, and 
may be applied to.any suitable useful purpose. 

T will now proceed to deseribe the modifiea- 
tion of the above-described apparatus when to 
be applied in mountainous countries. 

P represents the positive electric copper or 
other metal wires coated over with an insulat- 
ingsubstance. The upper ends of each of the 


positive wires is soldered to a prompter, Q, at 
P’, Figs.1, 5, and 6, Plate 6. ‘The lower por- 
tion of each of the positive-wires is secured to 
an insulator, , Fig. 2, Sheet 6. The positive 
wires are held above the ground by joints A, 
Figs. 3 and 4, Sheet 6, projecting from thesoil 
‘at suitable distances from each other. The 
wires P are intended to follow the inequalities 
| of the ground on which they are laid. 

‘The prompters O, Figs. Saud 6,Sheet 6, are 
iron rods sharpened toa pointand silvered or 
coppered at their upperends. ‘The lower part 
of the prompter is fastened into a pole, S,cov 
ered with tar, which isolates the prompterand 
holds it in a firm position, A large metallic 
plate may be soldered to each prowpter, as 
shown in Fig. 6. ‘The positive wires may be 
soldered to the rod of each prompter or to the 
plate whieh is fastened thereto. 

One or more branch lines, H,aresoldered ap 
to the positive wires to transmit the positive 
atmospheric electricity for whieh the wires P 
are the conductors to any desirable point. 

N are negative iron or other metal condue: 
tors conted with an insulating substance. The 
upper ends of these wires rest on the ground 
near the positive insulators. ‘The lower ends 
of these wires are soldered to a metallic plate 
orplates, V, Fig.7, Plate 6, coated with a 
not subject to oxidation. "The uegativ 
are sunk into the ground at very great depth 
or into wells, rivers, or intothe sea, ‘Theneg. 
tri branch wires are attached to the 
nduetors N in the same manner as 
the positivebraneh wiresare tothe positive con 
Auetors. The branch wires and the solderivg 
are coated over with an insulating substance. 
‘They are intended to carry the negative ter 
restial electricity to any desired yy 

‘What I claim as my invention, and 
secure by Letters Patent, is— 

1. The peculiar arrangement of meanshere: 
n specified, whereby I am enabled to use the 
positiveelectricity contained intheatmosphere 
and the negative electricity contained in the 
earth, and thus form au electric pile ot consid 
erable power'and make the electricity therein 
containedavailable for industrial purposes, as 
set forth. 

2, The combination of an aerostat and ver 
tical wire-work with a tube, I, for admitting 
gas into the aerostat, in the’ mauner and for 
the purposes above set forth. 


CHARLES VION. 


jesire to 


Witnesses: 
‘Harry W, Spence 
A. Gurox, Jr. 
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Technology World Magazine, p. 279-281 (Year unknown, apparently circa 1912; another 
article about Meyers appeared in the November 1912 issue of Electronic World) 


"Picks Power from the Air" 


by 


Charlton Lawrence Edholm 


A remarkable scene took place in the legislature of Arizona this spring when the lawmakers 
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enthusiastically voted for the parole of a certain convict in the State penitentiary, granting him a 
and by means of private contributions raising a fund to deffay his 
expenses to Washington DC and return, 


The prisoner, Roy J. Meyers, is serving a 3-1/2 year sentence, but in spite of the fact that he bears 
the stigma of a convicted lawbreaker, he has demonstrated that a convict can be a usefil member 
of society. During his imprisonment he perfected an electrical device of such original character as to 
arouse feelings of wonder and skepticism until experts had seen it in actual operation. It is a device 
to draw electricity from the atmosphere for ight and power, and the 30-day parole was granted in 
order that the inventor might protect his rights through the patent office at Washington, 


With the acquiescence of the legislature, Governor Hunt granted the parole and the prisoner was 
allowed to go fee without any guard or any assurance but his word of honor that he would return 
‘Two days before the period had elapsed, Meyer again presented himself before the governor, 
having accomplished his mission, and then returned to the penitentiary at Florence, where he 
continues to serve his sentence. 


This, in brief, is the picturesque story which has called attention of the civilized world to a newly 
discovered electrical genius, and to another feature of the case which is of equal importance and 
human interest; namely, the enlightened policy pursued by our youngest State in its treatment of 
convicts. 


Before entering the prison, Meyer had already applied for various patents, among them one for an 
improved trolley wheel head which prevents the trolley wheel from jumping the wire. Meyers had a 
conference with Superintendent Sims and Parole Clerk Sanders, and it was to these gentlemen that 
the inventor first explained the principles of his new device for securing electrical energy ffom the 
air. The officials were wiling to give the man the opportunity to develop his plan and a little wooden 
building outside the walls was tumed over to Meyers and was fited up as a workshop and a 
laboratory. The first demonstration of the new apparatus was made shortly thereafter, the electricity 
drawn from the atmosphere being used to spark the gas engines of the pump house, and although 
the device was crude yet it did the work, and removed the doubts of his friends. Furtter 
development of the "absorber" followed, and his second model was constructed, and developed 8 
volts. The machine came to the attention of the remarkable woman who brought his name before 
the kegislature. 


This was Miss Kate Barnard, State Commissioner of Charities and Corrections of Oklahoma, who 
‘was a guest of Mr. Sims, while studying prison conditions. She saw the machine at work, became 
familiar with the facts of Meyers’ case, and was impressed by his rather blunt and unaffected 
personality, for Meyers has nothing of the polish or glibness of the poseur. He is a simple, earnest 
student of mechanical problems and not the sort of man to make a sentimental appeal for sympathy 
because of any grace of person or manner. Therefore it was the value of Meyers! invention, 
together with his essential integrity (in spite of hs lapse) which so strongly impressed Miss Bamard 
that when she appeared before the Arizona legislature not long afterwards, addressing that body on 
the need of enlightened legislature along the line of her own work, she told the story of Roy Meyers 
and his epoch-making invention. 


So, early in May, Meyers set out for Washington, unaccompanied, 


Inhis own words: "When I arrived in Washington and laid my plans before the patent office 
s, they merely smiled and told me that I would have to build a model and demonstrate my 
that it seemed strange that I, unknown as I am in the electrical world, should have 
accomplished the things for which Edison, Tesla and other experts have been striving for years. 
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“They could grasp the meaning of my drawings nor the explanation I tried to make to them, There 
‘was litle time to spare, as I had only 20 days left of my leave, but I set to work in a few days was 
able to take a crude model around to the patent office to make a demonstration. 


"Arriving at the patent office I telephoned to a friend who had been so kind as to introduce me and 
aid me in reaching the proper officials. The absorber was hoisted on two short poles and made to 
work. While they were as yet unable to understand the principles involved and hardly willing to 
believe their eyes, they were forced to admit that I had something new and different, and they told 
ime that there would be no further objection; that I might file my application without further delay. 


"Lhope to construct my first large machine right here in Phoenix. I feel grateful; to Governor Hunt 
and others for what they have done for me and to the help they have given in securing protection I 
might not otherwise have had, and I am desirous of demonstrating this gratitude. I am going back to 
Florence today to resume the serving of my sentence, which will expire in 10 months. Then, here in 
Phoenix, | will begin the work of making my machines.” 


While there are some details of the device which the inventor refuses to make public, yet there are 
many general features that may be explained. It is planned that the machine, to be set up in Phoenix, 
will generate sufficient power to light the city, and will consist of a 200 foot tower upon which is 
placed the "absorber". The latter consists ofa series of magnetized steel plates set ina circle (the 
‘manner of preparing them is kept secret) and this mechanism attracts the electricity from the 
atmosphere. This is carried by wires to a transformer in the engine house below and thence is 
applied to produce either power or light after the usual manner. 


In an authorized statement Meyers says: "The flow of electricity is constant. When it emerges into 
the transformer itis in the form ofa direct current. It will absorb the electricity day and night and will 
work whenever the wireless will work. I can put up a plant to supply such a building as the Adams 
Hotel for about $1500, and one of the principal items of the expense is the cost of the towers, the 
wires, the magnetizing of one set of plates, which is part of the secret of the treatment which makes 
it respond to the accumulations of the atmosphere. 


"For use in the case of an ekectrical storm I have made what I call a modified form of circuit 
breaker, such as is commonly used as a lightning arrester on telegraph lines. In case of a storm the 
accumulator would suddenly become overcharged, possibly, and as the electricity would not of 
itself flow back into the air, the result might be disastrous. So I send it down into the ground, 
whenever the voltage rises above a certain amount." 


Roy J. Meyers & the "Absorber" 
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Modern Electronics (1914 ?) 
Electricity From Air New Great Discovery 
by 
Dr Leonard Keene Hirshberg 


Working quietly in the heart of Baltimore for weeks on an invention which some crities say will 
revolutionize the method of converting electricity to practical use has been Roy J. Meyers, who like 
Benjamin Franklin, extracts the electric current from the air. 


Mr Meyers invention was made last summer while he was confined in the penitentiary at Florence, 
‘Arizona. His frst finished apparatus was made in Baltimore. 


‘A practical, unlettered electrician, Mr Meyers, while in Arizona, was arrested on a comparatively 
minor charge and sent to the penitentiary. There he was placed in charge of the prison electrical 
plant, and there he says he made his discovery that the current which the civilized world is beginning 
to use most extensively for light and power could be transformed from the atmosphere without the 
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aid of moving machines or batteries. 


Miss Kate Bamard, Commissioner of Charities and Corrections, of Oklahoma, hearing of Meyers’ 
invention and of his desire to have it patented, appeared before the Arizona Legislature to make an 
appeal in behalf of the young convict. As a resulta special bill was passed which granted Meyers 
month’s leave of absence on parole, He went unaccompanied to Washington, filed his patent 
applications and retuned to the penitentiary. Since then he has been indefinitely paroled. 


He came to Baltimore as the place where he could easily obtain the mechanical parts needed to 
make a more nearly perfect machine than the crude model he has fashioned in the penitentiary 
workshop, and is making his headquarters here while working on his invention. With him is W.E. 
Chenot, who has been his assistant in assembling and testing the machine and who says that he has 
bought Meyers” patent rights for Germany. 


‘They have proved beyond doubt that the invention is practical and that when finally brought to a 
state of perfection it will introduce a new epoch in the industrial use of electricity. By Westinghouse 
meters they tested the strength of the current gathered from the air, and with the use of only two of 
the four rectifying transformers the voltmeter recorded four and one-half vols, and the ammeter, 
which had the capacity of recording 75 amperes, was broken by the force of the current 


‘The machine itself is simple. It isin realty a transformer, which is familar to anyone knowing 
anything at all about electricity in ts practical uses. On a high tripod, which resembles somewhat the 
framework of a windmill tower, is the transformer, which Mr Meyers calls his absorber’. Its made 
up ofan iron core, wrapped with copper wire. The secret of the invention is the manner in which 
the disks composing this ‘absorber’ are magnetized, and this secret Meyers says he found by 
accident while at work in prison. 


‘What the machine, when finally perfected, will do is yet to be seen. Its inventor claims that it will 
greatly reduce the cost of making electricity. No batteries of any kind are needed, he says, and not 
a part ofthe machine tums upon the other. It is as durable, apparently, as an electric light pole. One 
of these machines, says Meyers, when perfected may be placed on a vehicle and transform enough 
eketricity to give motive power, be that vehicle a locomotive or an automobile. He declared it can 
be placed on a building to furnish electric lights or power, and that the only wear will be upon the 
machinery whieh its current runs. 


Meyers is 34 years old and he gained his knowledge of electricity by working in shops along the 
Pacific Coast. The depths of the mysteries of electricity he has not explored, but he is certain that he 
has found the means of absorbing it from the air and of converting it to the use of mankind. 


British (GB) Patent # 191301098 
Improvements in and Relating to Apparatus for Producing Electricity. 


1-14-1914 


Roy Jerome Meyers 


Classification: -intemational: HOSF 7/00; HOSF7/00; - european: HOSF7/00 
Application number: GBD191301098 19130114 

Priority number(s): GBT191301098 19130114 

Abstract ~ Vapour apparatus, arrangements of, - A rectifier for use with apparatus for producing 
eketricity from the earth consists of mercury- vapour lmps constructed and arranged as shown in 
Fig. 4. Each lamp comprises two wires 6<I>, 7<1> wound around a stee! tube 15 surrounding a 
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mercury tube 11 preferably of copper. The coil 6<1> is connected between the electrode 14 and 
the terminal 18, and the coil 7<1> between the terminals 19, 5. The coils 6<I>, 7<1> are 
preferably composed of soft iron, Reference has been directed by the Comp- troller to 
Specifications 16,709/87, 14,033/99, and 5457/11, [all in Class 53, Galvanic batteries], and 
15,412/06, 


British Patent # 1098 
(January 14, 1913) 
Improvements in and Relating to Apparatus for Producing Electricity 


Roy Jerome Meyers 


This invention relates to improvements in apparatus for the production of elec 
primary object in view is the production of a commercially serviceable electrical current without the 
employment of mechanical or chemical action. To this end the invention comprises means for 
producing what I believe to be dynamic electrivity from the earth and its ambient elements. 


sal currents, and the 


am, of course aware that it has been proposed to obtain static charges ffom upper strata of the 
atmosphere, but such charges are recognized as of widely variant potential and have thus far proved 
of no practical commercial value, and the present invention is distinguished from all such apparatus 
as has heretofore been employed for attracting static charges by the fact that this improved 
apparatus is not designed or employed to produce or generate irregular, fluctuating or other 
eketrical charges which lack constancy, but on the other hand I have by actual test been able to 
produce ftom a very small apparatus at comparatively low elevation, say about 50 or 60 feet above 
the earth’s surface, a substantially constant current at a commercially usable voltage and amperage. 
This current I ascertained by repeated tests is capable of being readily increased by additions of the 
unit elements in the apparatus hereinafter set forth, and I am convinced from the constancy of the 
current obtained and its comparatively low potential that the current is dynamic and not static, 
akhough, of course, its not impossible that certain static discharges occur and, in fact, I have found 
occasion to provide against the damage which might result ffom such discharge by the provision of 
lightning arresters and cut-out apparatus which assist in rendering the obtained current stable by 
eliminating sudden fluctuations which sometimes occur during conditions of high humidity from what 
I consider static discharges. The nature of my invention is obviously such that I have been unable to 
establish authoritatively all ofthe principles involved, and some of the theories herein expressed may 
possibly prove erroneous, but I do know and am able to demonstrate that the apparatus which 1 
have discovered does produce, generate, or otherwise acquire a difference of potential representing 
a current amperage above stated, or varied therefrom at the will of the operator according to the 
uses which the current is to be subjected, 


The invention comprises generically means for producing electrical currents of serviceable potential 
substantially without the employment of mechanical or chemical action, and in this connection I have 
been able to observe no chemical action whatever on the parts utilized although deterioration may 
possibly occur in some of the parts, but so far as I am able to determine such deterioration does 
not add to the current supply but is merely incidental to the effect of climatic action 


The invention more specifically comprises the employment ofa magnet or magnets and a co- 
operating element, such as zine disposed adjacent to the magnet or magnets and connected in such 
manner and arranged relative to the earth so as to produce current, my observation being that 
current is produced only when such magnets have their poles facing substantially to the north and 
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south and the zincs are disposed substantially along the magnets. 


The invention also comprebends other details of construction, combinations and arrangements of 
parts as will hereinafter be filly set forth and chimed, 


In the accompanying drawings: 
Figure 1 is a top plan view of an apparatus embodying the features of the present invention, the 


arrow accompanying the figure indicating substantially the geographical north, parts of the figure 
being diagrammatic for condensing the showing. 


Figure 2 is a view 
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in.e. 


_7O RECTIFIER. 


Figure 3 is a vertical section taken on the plane indicated by the line 3-3 of Figure 2 and looking in 
the direction indicated by the arrow. 
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Hy) it. 
70 RECTIFIER 


Figure 4 is a detail view partly in elevation and partly in section showing the detail connections of 
the converter and intensifier. 
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Fig. 17 


keeper ring. Because of this feature, flux 
leakage is reduced at the keeper ring and the 
magnetic field concentrates at the rotor poles. 
With the poles of the magnet positioned near 
the axle and attached to the keeper ring in the 
rotor, the magnetic field that was there isnow 
forced to add magnetic field density to the 
outer magnetic poles on the rotor rim, The 
density of the magnetic field at the poles is 
now greatly increased which makes a very 
powerful small size rotor. The ferrous inner 
keeper ring (active iron) that isinstalled inside 
this rotor design, is also theneutral zone of the 
magnetic field when viewingall the combined 
permanent magnets in the rotor. Shown isa 
cut away view diagram of the rotor, fig, 17. 


I utilize rare earth rectangular shape 
neodymium grade 35 bar magnets with the 
dimensions of 3" long and 1"x1" on the end 
poles. There are 12 bar magnets mounted 30 
degrees apart in NSNS configuration, and the 
bar magnets are attached to a precision 


machined inner keeper ring which makes the 
active iron the region of the middle of the 
magnetic field (the neutral zone). Another 
way to view thisis to imagine two 3" long bar 
magnets attached together, you now have a 
6" long magnet. Bend this magnet in half and 
install iron at the U and it now becomes a 
horseshoe magnet with two 3" long pole 
ends, It's a powerful rotor design in the fact 
that each of the 3" long bar magnetic poles 
has the field strength of a6" long bar magnet. 
More poles on the rotor will allow for higher 
frequency ac generation at lower rpms, 
twelve magnetic poleson each rotorisshown 
in fig. 18, 19. 


‘The drawing in fig. 20 and picture in fig. 21, 
shows twelve magnet poles in each rotor in 
relation to the position of the coils. Ten 
amorphouscoresareshown mounted around 
each of three rotors before they were wound 
with magnet wire fig. 21. The machine I have 
constructed housesa total of three rotorsside 
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Figure 5 is a transverse section taken on the plines indicated by line 5-5 of Figure 4 and looking 


downwardly. 


Figure 6 is an enlarged detail fragmentary section illustrating the parts at the juncture of the 
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conductors and one of the intensifier 


Figure 7 is an enlarged detail view partly in elevation and partly in section of one of the automatic 
cut-outs and 


Figure 8 is a diagrammatic view of one of the simplest forms of embodiment of the invention. 
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Referring to the drawing by numeral, 1,1 indicates magnets connected by a magnetic substance 2, 
preferably an iron wire, The magnets 1 are arranged in pairs, one pair being spaced beneath the 
other, and interposed between the magnets are zinc plates 3,3 connected by an iron wire conductor 
4, Suitable insulating supports 5 are arranged for sustaining the respective magnets 1 and plates 3,3. 
Each plate 3 is preferably bent substantially into V form, as clearly seen in Figure 1, and the V1 of 
one of the plates opens or faces toward the north and the V of the other plate to the South. I have 
determined by experimentation that iti essential that the plates 3 be disposed substantially north 
and south with their flat fices approximately parallel to the adjacent faces of the co-operating 
magnets, although by experience I have not discovered any material difference in the current 
obtained when the plates are disposed slightly to one side of north and south, as for instance when 
the plates are disposed slightly to one side of north and south, as for instance when disposed in the 
line of the magnetic polarity of the earth. The same is true with respect to the magnets 1, the said 
magnets being disposed substantially north and south for operative purposes, although I find that it 
is immaterial whether the north pole of one of the magnets is disposed to the north and the south 
pole to the south, or vice versa, and it is my convietion from experience that its essential to have 
the magnets of each pair connected by magnetic material so that the magnets substantially become 
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cone with a pole exposed to the north and a pole exposed to the north. In Figure 1, I have indicated 
in fll nes by the letters 8 and N the respective polarities of the magnets 1, and have indicated in 
dotted lines the other pole of those magnets when the connection 2 is severed. I have found that the 
magnets and zinc plates operate to produce, whether by collection or generation I am not certain, 
ekctrical currents when disposed substantially north and south, but when disposed substantially eas 
and west no such currents are produced. | also find that the question of elevation is by no means 
vital, but itis true that more efficient results are obtained by placing the zines and magnets on 
ekvated supports. | furthermore find from tests that its possible to obtain currents from the 
apparatus with the zines and magnets disposed in a building or otherwise enclosed, although more 
efficent resuits are obtained by having the said elements arranged in the open. 


While in Figures 1, 2, and 3, I have shown the magnets and the zine plates as superimposed, it will 
be apparent, as hereinafier filly set forth, that these elements may be juxtaposed in horizontal 
planes, and substantially the same results will be secured. Furthermore, the magnets 1 with the 
interposed zines 3, as shown in Figures 1, 2 and 3 merely represent a unit which may be repeated 
either horizontally or vertically for increasing the current supply, and when the unit is repeated the 
zinc plates are arranged alternating with the magnets throughout the entire series as hereinafier 
indicated. 


A conductor 6 is connected in multiple with the conductors 2 and a conductor 7 is connected with 
conductor 4, the conductor 6 extending to one terminal of a rectifier which I have indicated by the 
general reference character 8, and the conductor 7 extending to the other terminal of said rectifier. 
The rectifier as seen in diagram in Figure | may assume any of several well known embodiments of 
the electrical valve type and may consist of four asymmetric cells or Cooper-Hewitt mercury vapor 
lamps connected as indicated in Figure 1 for permitting communication of the positive impulses from 
the conductor 6 only to the line conductor 9 and the negative impulses fiom conductor 6 on only to 
the line conductor 10, The current from this rectifier may be delivered through the conductors 9 and 
10 to any suitable source for consumption, 


While the said rectifier 8 may consist of any of the known types, as above outlined, it preferably 
consists of a specially constructed rectifier which also has the capacity of intensifying the current and 
comprises specifically the ekments shown in detail in Figures 4, 5, and 6 wherein I have disclosed 
the detail wiring of the rectifier when composed of four of the rectifying and intensify in ements 
instead of asymmetric cells or simple mercury vapor valves. As each of these structures is an exact 
embodiment of all the others, one only will be described, and the description will apply to all, The 
rectifying element of each construction consists of a mercury tube 11 which is preferably formed of 
glass or other suitable material, and comprises a cylinder having its end portions tapered and each 
terminating in an insulating plug or stopper 12. Through the upper stopper 12 is extended the 
ekctrode 13 which extends well into the tube and preferably substantially one-half the length thereof 
to a point adjacent the inner end of an opposing electrode 14 which later electrode extends thence 
downwardly through the insulation 12 at the lower end of the tube. The tube 11 is supplied with 
mereury and is adapted to operate on the principle of the mercury vapor lamp, serving to rectify 
current by checking back impulses of one sign and permitting passage of impulses of the other. To 
avoid the necessity for utilzing a starter, as is common with the lamp type of electrical valve, the 
supply of mercury within the tube may be sufficient to contact with the lower end of the electrode 
13 when current is not being supplied, so that as soon as current is passed from one electrode to 
the other sufficiently for volatizing that portion of the mercury immediately adjacent the lower end 
of eketrode 13, the structure begins its operation as a rectifier. The tube 11 is surrounded by a tube 
15 which is preferably spaced from tube 11 sufficiently for allowing atmospheric or other cooling 
circulation to pass the tube 11. In some instances, it may be desirable to cool the tube 11 by a 
surrounding body of liquid, as hereinafier indicated. The tube 15 may be of insulating material but I 
find efficient results attained by the employment of. steel tube, and fixed to the ends of the of the 
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tube are insulating disks 16, 16 forming a spool on which are wound twin wires 6*1 and 71, the 
wire 6“1 being connected at the inner helix of the coil with the outer end of the electrode 14, the 
lower portion of said electrode being extended to one side ofthe tube 11 and passed through an 
insulating sleeve 17 extending through the tube 15, and at its outer end merging into the adjacent 
end of the wire 61. The wire 7°1 extends directly from the outer portion of the spool through the 
several helices to a point adjacent the juncture of the electrode 14 with wire 6*1 and thence 
extends in mechanical parallelism with the wire throughout the coil, the wire 61 ending in a terminal 
18 and the wire 7*1 ending in a terminal 19. For the sake of convenience of description and of 
tracing the circuits, each of the apparatus just above described and herein known as an intensifier 
and rectifier will be mentioned as A, B, C and D, respectively. Conductor 6 is formed with 
branches 20 and 21 and conductor 7 is formed with similar branches 22 and 23. Branch 20 from 
conductor 6 connects with conductor 71 of intensifier B and branch 21 of conductor 6 connects 
with the conductor 7° of intensifier C, while branch 22 of conductor 7 of intensifier C, while 
branch 22 of conductor 7 connects with conductor 7”1 of intensifier D. A conductor 27 is 
connected with terminal 19 of intensifier A and extends to and is connected with the terminal 18 of 
intensifier C, and a conductor 7 connects with conductor 71 of intensifier D. A conductor 27 is 
connected with terminal 19 of intensifier A. and extends to and is connected with terminal 18 of 
intensifier C, and a conductor 28 is connected with the terminal 19 of intensifier C and extends from 
the terminal 19 of intensifier B to the terminal 18 of intensifier D to electrode 13 of intensifier B. 
Each electrode 13 is supported on a spider 131 resting on the upper disk 16 of the respective 
intensifier. Conductors 31 and 32 are connected with the terminals 18 of intensifiers A and B and 
are united to form the positive line wire 9 which co-operates with the negative line wire 10 and 
extends to any suitable point of consumption. The line wire 10 is provided with branches 35 and 36 
extending to the electrodes 13 of intensifiers C and D for completing the negative side of the circuit. 


Thus it will be seen that alternating currents produced in the wires 6 and 7 willbe rectified and 
delivered in the form ofa direct current through the line wires 9 and 10, and I find by experiment 
that the wires 6 and 7 should be of iron, preferably sofi, and may of course be insulated, the other 
\wiring not specified as iron being of copper or other suitable material 


In carrying out the operation as stated, the circuits may be traced as follows: A positive impulse 
starting at the zincs 3 is directed along conductor 7 to branch 23 to conductor 7”1 and the winding 
of the rectifier of intensifier B through said rectifier to the conductor 61, through the winding 
thereofto the contact 18, conductor 32 and to the line wire 9. The next or negative impulse 
directed along conductor 7 cannot find its way along branch 23 and the circuit just above traced 
because it cannot pass across the rectifier of intensifier B but instead the negative impulse pa: 
along conductor 22 to conductor 7 of intensifier A and the winding thereof to the contact 19 and to 
conductor 27 to contact 18 of intensifier C, to the winding of the wire 61 thereof to the electrode 
14 through the rectifier to the of the electrode 13 and conductor of intensifier A, electrode 14 
thereofand conductor 6° to contact 18 and wire 31 to line wire 9. Obviously the positive impulse 
cannot pass along the wire 20 because of its inverse approach to the rectifier of intensifier B. The 
next impulse or negative impulse delivered to conductor 6 cannot pass along conductor 21 because 
of its connection with electrode 13 of the rectifier of intensifier A, but instead passes along 
conductor 20 to the wire 7*1 and its winding forming part of intensifier B to the contact 19 and 
conductor 29 to contact 18 and the winding of wire 6“1 of intensifier D to the electrode 14 and 
through the rectifier to the electrode 13 and conductor 35 to line wire 10. Thus the current is 
rectified and all positive impulses directed along one line and all negative impukes along the other lie 
s that the potential difference between the two lines will be maximum for the given current of the 
akemnating circuit. It is, of course, apparent that a less number of intensifiers with their 
accompanying rectifier elements may be employed with a sacrifice of the impulses which are 
checked back froma lack of ability to pass the respective rectifier elements, and in fact I have 
secured efficient results by the use of a single intensifier with its rectifier elements, as hereinatier set 
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Grounding conductors 37 and 38 are connected respectively with the conductors 6 and 7 and are 
provided with the ordinary lightning arresters 39 and 40 respectively for protecting the circuit 
against high tension static charges. 


Conductors 41 and 42 are connected respectively with the conductors 6 and 7 and each connects 
with an automatic cutout 43 which is grounded as at 4. Each of said automatic cutouts is exactly like 
the other and one of the same is shown in detail in Figure 7 and comprises the inductive resistance 
45 provided with an insulated binding post 46 wit which the respective conductor 6 or 7 is 
connected, said post also supporting a spring 48 which sustains an armature 49 adjacent to the core 
of the resistance 45. The helix of resistance 45 is connected preferably through the spring to the 
binding post at one end and at the other end is grounded on the core of the resistance, the said core 
being grounded by ground conductor 44 which extends to the metallic plate 52 embedded in moist 
carbon or other inductive material buried in the earth, Each ofthe conductors 41, 42 and 44 is of 
iron, and in this connection I wish it understood that where I state the specific substance I am able 
to verify the accuracy of the statement by the results of tests which I have made, but of course I 
wish to include along with such substances al equivalents, as for instance, where iron is mentioned 
its byproducts, such as steel, and its equivalents such as nickel and other magnetic substances are 
intended to be comprehended. The cutout apparatus seen in detail in Figure 7 is employed 
particularly for insuring against high tension currents, it being obvious fom the structure shown that 
‘when potential rises beyond the limit established by the tension of the spring sustaining the armature 
40, the armature will be moved to a position contacting with the core of the cutout device and 
thereby directly close the ground connection for ine wire 41 with conductor 44, eliminating the 
resistance of winding 45 and allowing the high tension current to be discharged to the ground. 
Immediately upon such discharge the winding 45 losing its current will allow the core to become 
demagnetized and release the armature 49 whereby the ground connection is substantially broken 
leaving only the comection through the winding 45 the resistance of which is sufficient for insuring 
against loss of low tension current. 


In Figure 8 I have illstrated an apparatus which though apparently primitive in construction and 
arrangement comprehends the first suecessfil embodiment which I produced in the course of 
discovery of the present invention, and it will be observed that the essential features of the invention 
are therein disclosed. The structure delineated in said figure consists of horseshoe magnets 54, 55, 
cone facing north and the other south, that is, each opening in the respective directions indicated and 
the two being connected by an iron wire 55 which is uninsulated and wrapped about the respective 
magnets each end portion of the wire 55 being extended from the respective magnets to and 
connected with, as by being soldered to, a zine plate 56, there being a plate 56 for each magnet and 
each plate being arranged longitudinally substantially parallel with the legs of the magnet and with the 
faces of the plate exposed toward the respective legs of the magnet, the plate being thus arranged 
endwise toward the north and south, An iron wire 57 connects the plates 56, the ends of the wire 
being preferably comnected adjacent the outer ends of the plates but from experiment | find that the 
wire may be connected at practically any point to the plate. Lead wires 58 and 59 are connected 
respectively with the wires 55 and 57 and supply an alternating current at a comparatively low 
tension, and to control such current the wires 58 and 59 may be extended to a rectifier or combined 
rectifier and intensifier, as above set forth. 


‘The tests which I have found successful with the apparatus seen in Figure 8 were carried out by the 
employment frst of horseshoe magnets approximately 4 inches in length, the bar comprising the 
horseshoe being about one inch square, the zincs being dimensioned proportionately and from this 
apparatus with the employment of a single intensifier and rectifier, as above stated, I was able to 
obtain a constant current of 8 volts 
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It should be obvious that the magnets forming one of the electrodes of this apparatus may be 
permanent or may be electromagnets, or a combination of the two 


While the magnets mentioned throughout the above may be formed of any magnetic substance, I 
find the best results obtained by the employment of the nickel chrome steel. 


While the successfil operation of the various devices which I have constructed embodying the 
present invention have not enabled me to arrive defintely and positively at fixed conclusion relative 
to the principles and theories of operation and the source from which current is supplied, I wish it to 
be understood that I consider myself.as the first inventor of the general type hereinbefore described 
capable of producing commercially serviceable electricity, for which reason my claims hereinafter 
appended contemplate that I may utilize a wide range of equivalents so far as concerns details of 
construction suggested as preferably employed. 


‘The current which I am able to obtain is dynamic in the sense that itis not static and its produetion is 
accomplished without chemical or mechanical action either incident to the actual chemical or 
mechanical motion or incident to changing caloric conditions so that the elimination of necessity for 
the use of chemical or mechanical action is to be considered as including the elimination of the 
necessity for the use of heat or varying degrees thereof. 


Having now particubarly described and ascertained the nature of my said invention, and in what 
manner the same is to be performed, I declare that what I claim is: -- [Claims not included here] 


NOTES & COMMENTS 
From the Article in Tech. World Mag.: 


1. First demo model was powerfil enough to spark a gas engine. 
2. Second model developed 8 volts 

3. Demo model at Patent Office was elevated on short poks. 

4, The model planned to power Phoenix AZ would be elevated 200 feet. 

5. The Absorber "consists ofa series of magnetized steel plates set in a circle (the manner of 
preparing them is kept secret)". 

6. "[T]he magnetizing of one set of plates... is part of the secret of the treatment which makes it 
respond to the accumulations of the atmosphere" 


From British Patent # 1098 (1913): 


"Lhave been able... to produce froma very small apparatus at comparatively low elevation, say 
about 50 or 60 feet above the earth’s surface, a substantially constant current at a commercially 
useable voltage and amperage”. 


“This current... is capable of being readily increased by additions of the unit elements in the 
apparatus", 


Fig. | and Fig. 2 show the magnet poles are connected N-S by a thick iron rod (thick compared to 
the lines used for wires in the drawings). 


No angle is specified for the V-shaped zine plates. The article (but not the patent) states that the 
plates are magnetized (obviously not zinc). Zinc-galvanized stee!? Willa thin fim of Zn work? Or 
powdered Zn in a binder (more surface area)? Or, zinc-galvanized iron wire ina coil? 


‘The Palmer Craig device ( www.rexresearch.com/craig/craig him ) is powered by the terrestrial 
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magnetic field, and employs a thin film of bismuth to capture the energy as diamagnetism. Perhaps 
this can be integrated with Meyers’ device 


Figure 8 (the demonstration of principle) show uninsulated iron wire being used to connect the 
plates and magnets. The wire is wound around the Bloch wall area of the horseshoe magnets, 
Perhaps Coler-type windings around the poles coukl be used here ( See: 

www rexresearch.com/colericoler.him ). Coler used copper plates as "condensers" in his device. 
Could copper plates be used for the Meyers device? Perhaps flat (Tesla non-inductive) coils could 
be integrated here. 


“It is essential that the plates 3 be disposed substantially N and S with their flat faces approximately 
parallel to the adjacent faces of the co-operating magnets. 


"find that itis immaterial whether the N pole of one of the magnets is disposed to the N and the S 
pole to the S, or vice versa’ 


[T]he magnets and zine plates... produce electrical currents when disposed... N and S, but when 
disposed... E and W no such currents are produced! 


“[Ellevation is by no means vital, but... more efficient results are obtained by placing the zines and 
magnets on elevated supports" 


"The elements may be disposed in horizontal planes [or verticaly)..". 


The "zine plate 56... [is] arranged longitudinally substantially parallel with the legs of the magnet and 
with the faces of the plate exposed toward the respective legs of the magnet, the plate being thus 
arranged endwise toward the north and south’: 


The first model used "horseshoe magnets approximately 4 inches in length, the bar comprising the 
horseshoe being about one inch square, the zincs being dimensioned proportionately and from this 
apparatus with the employment of a single intensifier and rectifier, as above stated, I was able to 
obtain a constant current of 8 volts... [T]he magnets... may be permanent or may be 
ekctromagnets, or a combination of the two... I find the best results obtained by... nickel chrome 
steel" 


Comments & Questions: 


The rectifier is described as a preferred embodiment, but other designs also work. The Ed Gray 
capacitor design comes to mind ( www.rexresearch.comeygray/l gray.him ). The Tate Ambient 
Power Module also might apply ( www.rexresearch'tate/tate.htm ). 


Would non-ferrous magnets work? Is there a frequency involved (oscilloscope tests)? Coler found 
that ferromagnetism has a resonant ffequency about 180 KHz. Can the components be made 
adjustable for RLC-resonance? 
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Date of Application, 14th Jan., 1913—Acoepted, 14th Jan., 1914 


COMPLETE SPECIFICATION, 


_ Improvements in and relating to Apparatus for Producing 
; Electricity: 


Y, Roy Jxmomz Mavens, of Motel Altamont, Baltimore, in the State of Mary- 
land, United Stites of America, Electrician, do hereby declare the nature of 
é this invention and in what mumier the sume is to be performed, to be particu- 
lurly'described aud ascertained in und by the following statement 


relates to improv n upparatus for the production of 
aud the primary object iu view is the production of a com- 
amerciully serviceable electrical current without the employment of mechanical 
‘or chemical action. ‘To this end the invention comprises means for producing 
what I believe to be dynumic electricity from the earth and its umbient elements. 
\ "Tam, of course, aware that it has been proposed ‘to obtain static charges’ from 
upper strata of the atmosphere, but such charges are recognixed as of widely 
variant potential aud have thus far proved of no practical commercial value, and 
the present invention is distingtished from ‘all such apparatus as hus heretofore 
been employed for attracting static charges by the tact that this improved 
+ apparatus is not de: or entployed to produce or generate irregular, fluctuat- 

ing or other electrical charges which luck coustancy, but on the other hand I 

have by uctual test been able to produce from a very small apparatus at com 

paratively low elevation, say ubout fifty or sixty feet above the earth's surface, 

a gubstuntiully constant current, at a commerciaily usable voltage and amperage. 
) ‘This current I ascertained by repeated tests is capable of being readily increased 

by additions of the unit elements in the apparatus hereinafter set forth, mid 1 
ain couvinced from the constancy of the current obtained and its comparatively 
Jow potential that the current is dynan , although, of course, it: 
is not impossible that certain static d, in fact, 'T have found 
occasion to provide against the damage which might result from such discharge 

the provision of lightning arresters an ut apparatus which assist in 
rendering the obtained current stuble by eliminating sudden fluctuations which 
sometimes vccur duritig conditions of high humidity from what I consider static 
discharges. ‘The nuture of muy invention is obviously such that I” have been 
) unable to estublish authoritatively all of the principles involved, and some of the 
theories herein expressed may possibly prove erroneous, but Ido, know and ag 
uble to demonstrate that the apparatus which I have discovered does produce, 
generate, or otherwise acquire a difference o! ntjal representing a current 
$alue which is commercially verviceuble and inay be delivered ut the voltage and 
umperage ubove stated, or varied therefrom at the will of the operator according 
to the. uses to which the current is to bo subjected. 

The invention comprises generically means for producing electrical currents 
of serviceable potential substantially without the employment of mechanical or 
chemical action, and in this connection I have been able to observe no chemical 
» action whatever on the parts utilized although deterioration may possibly occur 

in some of the parts, but so far as I am uble to determine such deterioration does 

not add to the current supply but is mercly incidental to the effect of climatic 


action, = é 
‘The invention more specifically comprises the ewployment of a maguet or 


[Price 8a.] (a 
IDECEMENTE LIBANET 
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showii 


a side elevation of the parts seen in plan in Figure 1. 
Figure i isa vortival section taken ou the plane indicated by the ling 3-3 
of Figure 2 and looking in the direction indicated by the arrow. - : 
Figure 4 iy a detail view partly in elevation and partly in section showing the 

detail connectiéas of the converter and intensifier. e 
Figure 5 ix a transverve section taken on the planes indicated by line 6—5 of 
Figure 4 and looking downwardly. 5 : 
igure 6 is an ‘alprged detail fragmentary scction ilastrating- the purts at- 20 
the juncture of the conductors and one of the intensifiers. - f 
i view partly in clevation and partly in section 
aud 


25 
: 4 to the drawing by numerals, 1, 1 indicates magnets: connected by 
magnetiv substance 2, preferably an iron wire. ‘The magnets 1 are arranged 
pins, one pair being spaced beneath the other, and interposed between the 
maguels ae xine plates 3, 3 counected by an ion wire conductor 4. Suitable 
insulating supports 5 are arranged for sust ig the respective magnets 1 ant 30 
plates 3, te 3 ix preferably bent substantially into V form, us eleurly 
i the V'of one of the plates opens or faces toward the north 
x plate tothe south. have determined by experimentat 
I that the plates 3 be disposed substantially north aud south 
ith their flat fees approximately parallel to. the adjacent faces of the co-” 35 
peraling magnets, althongh by experiouce I have not discovered any material 
‘Ancrense iu the Current sbtnivol whon tho plates aro disposed. slightly to ono 
south, as for instanve when di 


nots being 
rough T find that itis 


hether the north pole of one of the magnets 
disposed to the north and the south pole to the south, or vice vers, und it i 

rviction from expe that it is essential to have the magnets of each 
pur connected by magnetic materil so that the magnets substantially become 
fie with v pole exposed to.the north and a polo exposed to the south. In 45 
Figure J, L have indieated in full linos by the letters $ and N the respective 
poluritics of the magocts 1, and hove indiveted in dottell Lines the ofler poles 
of those anagnets when the counection 2 is severed. I have found that’ the 
magnets and xine plates operate to produce, whether by collection or generation 
Tam wot certuin, cloctrical currents when disposed substantially north end sonth 
but when disposed substantially cast and west no such curreuts are produced. 
T also find that the question of clevation is by no menns vital, but it is true that 

re efficient ‘results are obtained by placing the zines and magnets on elevate 
supports. I furthermore find from tests that it is possible to: obtain currents 
from the apparatus with the zines und magnets disposed in a building or other- 55 
wise enclosed, although more efficient results are obtained by having the said 
¢lements arranged in the opens " 3 


50° 


www rexresearch.com/meyers/meyers htm, 19/26 


byside that are mounted 10 degrees apart in relation to 
their magnetic poles, each rotor has twelve magnets 
installed fora total of 36 magnetic poles shown infig, 20. 
Thisdynamoconcept can be constructed to anysize with 
unlimited numbers of rotors and coil combinations to 
fitany power requirements. 


ee 


lll 
SSIS Sou yH 


Fig. 21 


It is well known that a magnet exerts a force of 
attraction to iron bringing them closer together, after 
they have come together, they are in their static 
position. A force must be exerted to either the magnet 
or the iron in order to pull the magnet and the iron 
apart, removing them from their static position. 
The term static position is used to describe the point 


when the magnet and the iron 
bar are at their nearest point. 


As in the Interference Disc 
Generator, this Permanent 
Magnet Dynamo I am describing 
also uses an internal magnetic 
balancing effect which reduces 
startup torque on the rotor. 


In this system, one set of magnets 
isin theirstaticposition inrelation 
to the coils, such as the impulse 
coils. Another set of magnets on 
one side of the rotor is not in the 
static position, and there is 
anotherset of magnets thatisnot 
in its static position on the 
opposite side. One side is half in 
to the coils, and the other side is 
half out the coils, allowing the 
rotor to have minimal start up 
torque in turning the rotor. The 
magnets function in two jobs, the 
first with its velocity is to cause 
induction into the transformer 
coils producing ac power. 


The second function, is the 
opposite pair magnetic fields on 
the rotor balancing each magnet 
out of their static position in 
relation tothe coil positionsatany 
given time, they cancel their 
holding force which puts the 
rotor at equilibrium. This reduces 
the amount of start up energy 
required to rotate the rotor 
resulting in higher efficiency. It 
allows the rotor and or multiple 
rotorsto turn easily and efficiently 
despite the inherent powerful 
holding force of the rare earth 
neodymium magnets. With the 
three rotor. ~——- machine 
configuration, Ihave connected 6 
impulse coils in three phase to 
function as the motor impulse 
circuits witha hall effect brushless 
motor controller fig. 22 


Star wound three phase motor 
impulse coils. 


80 New 
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‘Meyers’s Improvements in and relating to 


While in Figures 1, 2 and 3, I have showii the magnets and the xine plates 
as superimposed, it will be apparent, as hereinafter fully set. forth, that these 
elements may be juxtaposed in horizontal planes, and substantially the samt 
results will be secured. Furthermore, the magnets 1 with the interposed zines 3, 

5 as:shown in Figures 1, 2 and 3 merely represent a unit which may be repeated 
either horizontally or vertically for increasing the current supply, and when tho 
‘unit is repeated the xine plates are arranged alternating with the magnets 
throughout the catize ceries os hereinafter indicated. 

‘A conductor is connected in multiple with the conductors 2 and a con- 

10 ductor 7 is-connected with conductor 4, the conductor 6 extending to’ one 
sterminal of a rectifier which I have indicated by the general reference character 8, 
and the conductor 7 extending to the other terminal of said rectifier. 
rectifier as seen in diagram in Figure 1 may assume any of several well kno 
embodiments of the electrical valve type and may cousist of four assymmetric 

16. cells or Cooper-Hewitt mercury vapor limps connected ay indicated in Figure 1 
for, permitting communication of the positive impulses from conductor 7 only 
to the line conductor 9 and the negative impulses from the conductor 7 only 
to the line conductor 10, and permitting tbe positive impulses from the con- 
ductor 6 only to the line conductor 9 and the negative impulses from conductor 6 

20 only to the Hine conductor 10. - The current from this rectifier may be delivered 
through the conductors and 10 to any suitable source for consumption. 

While the suid rectifier 8 may consist of any of the known types, as 
outlined, it: preferably consists of a specially constructed’ rectifier which also 
Jas the capacity of intensifying the ‘current and “comprises specifically the 

25 ‘elements shown in detail in Figures 4,-5 and 6 wherein I have disclosed ‘the 
detail wiring of the rectifier when composed of ‘four of the rectifying and 
intensifying clements instead of assymmetric cells or simple mercury vapor 
-valves. As each of these structures is an exdct embodiment of all the others, 
‘one only will be described, and the description will apply to all. ‘The rectifying 

30 element of each construction consista of a mercury tube 11 which is preferabl 
formed of copper but-may be formed of glass or-other suitable material, a 
comprises « cylinder having its end portions tapered and each terminating. in 


an insulating plug or stopper 12. h the upper stopper 12 is extended 
into fhe tube and peelerably substantially 


the electrode 13 which extends wel 
36 one-half the length thereof to a point adjacent the inner end of an opposing 
electrode 14 which Jatter electrode extends thence downwardly through. the 
insulation 12 at the lower end of the tube. The tube 11 is supplied with 
mercury arid is adapted to operate on the principle of the- mercury vapor lamp, 
serving to rectify current by checking buck impulses of one sign and permitting 
40 Prsnage of impuleos of the other. ‘To avoid the necessity for ulilising 0 starter, 
as ia common with the lamp type af electrical valve, the supply of mercury 
within the tube. may be sufficient to coutact with the lower end af the electrode 13 
when current is not being supplied, so that ax soon as current is passed from 
one electrode to the other sufficiently for volatilizing that portion of the 
+4 mercury immediately adjacent the lower end of ‘lectrode £3, the structure begins 
its operation us a reetifier. The tube 11 is surrounded ‘by a tube 15 which 
is preferably spaced from tabe 11 euiiiciently for allowing atmospheric or other 
cooling, circulation to pass the tube 11. In some instances, it may be desirable 
to cool the tube 11: by a surrounding body of liquid, as hereinafter indicated. 
50 The tube 15 may be of insulating material but I find efficient results attained 
hy the employment of a ateel tube, and fixed to the ends of the tube are 
insulating diske 16, 16 forming a spool on which are wound twin wires 6 and T, 
the wire 6' being connected at the inner helix of the coil with the outer end of 
the electrode 14, the lower portion of said electrode being extended to one side 
£5 of the tube 11 and passed sh an insulating sleeve 17 extending through 
the-tube 15,-and at its outer end merging into the adjacent end of the wire:tt. 
‘The: wire 7" extends directly from the outer. portion of -the spool through, the 
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‘neveral Tielices to a point adjacent the juncture of the electrode 14. with wire 6* 
and thence’ extends in ciechonioel parallelism with. the wire throughout the 
Yoil; the wire 6 ending in a terminal 18 and the wire 7! ending in a terminal 19. 
For the auke of convenience of description and of tracing the circuits, each of 
the apparatus just above described und herein known as an intensifier and 5 
rectifler will be mentioned as A, 3, C and D, respectively. Conductor 0 ix 
formed with branches 20 and 21 and conductor 7 ix formed with similar 
branches 22 and 23. Branch 20 from conductor 6 connects with conductor 
of intensifier B and bronch 21 of conduetor 6 counects with the conductor 
of-intensifier C, while branch 22 of conductor 7 connects with conductor 7! of .10 
intensifier A and branch 2% of conductor 7 connects with conductor 7' of 
itensitier D. A conductor 27 ix connected with terminal 19 of intensifier A 
extends to and is connected with terminal 18 of intensifier ©, and a con- 
tluctor 28 is connected with the terminal 19 of intensifier C and extends to and 
is connected with electrode 1 of intensifier A. A conductor 29 extends .from 15 
the terminal 19 of intensifier I} to the terminal 18 of intensifier D and a con- 
ductor 30 extends from the terminal 19 of intensifier D to electrode 13. of 
intensifier B. Euch electrode 1: is supported on « spider 15) resting on. the 
‘upper disk 16 of the respective intensifier. Conductors 31 and 32 are con- 
nected: with the terminals 18 of intensifiers’ A and B and are united to form :20 
the positive line wire 9 which co-operates with the negative line wire 10 and 

‘tends to any suitable point of consumption. ‘The line wire.10 is provided with 
branches 35 and 36 extending to the electrodes 13 of intensifiers © and D for 
completing the negative side of the circuit. : ¥ 

‘Thus it will be seen that alternating currents produced in the wires 6 and 7 25 
ill be rectified and delivered in the form. of a direct current through the line 
wires 9 and 10, and I find by experiment that the wires 6 and 7 should be of 
iron, preferably soft, iand may of course be insulated, the other wiring not 
upecified as iron being of copper or other euitable material. 

In carrying out the operation as stated, the circuits may be traced as follows : ‘30 
‘A positive impulse starting at. the xines i is directed along conductor 7 to 
branch 2% to conductor 7! and the winding of intensi to terminal 19 
through conductor 30 to electrode 1: of t tifier of intensifier B through 
sid rectifier to the conductor 6', through the winding thereof to the contact 18, 
conduetor 82 and to i 


the tectifier to the electrode . 
‘positive impulse delivered to wire 6 passes along the said wire'to the brancli 21 
to the conductor 7! of intensifier © andthe windiig thereof to the contact 19, 
conductor 28; electrode 13 of the rectifier of intensifier-A, electrode 14 thereot 
and conductér 6! to contact 18 and wire 31 to line wire 9, Obviously the 45 
positive impulse cannot pass along the wire 20 because of its inverse approach 
to the rectifier of intensifier B. ‘The next impulse or. negative impulse 
ivered to conductor 6 cannot pass along conductor 21 because of its-connection 
electrode 1% of the rectifier of intensifier A, but instead passes along con- 
ductor 20 to the, wire 7! and its windiig forming part of intensifier B to the’59 
contact 19+ and conductor. 29 to contact 18 and the. winding of wire 6" of 
intensifier D to the electrode 14 and through: the rectifier to the electrode 13 and 
conduétor 85 to line wire 10. ‘Thus the current is rectified and all positive 
impulses directed slong one line and all negative impulses along the other line 
so that the potential difference betwoon-the two lines will be maximum for the ‘S. 
giten ‘ciirrent ofthe alternating cireuit. It is, of course, apparent that -a: lets 
“number of iutensifiers with their- accompanying: rectifier -élements may be 
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employed with a sacrifice of the impilses which are checkéd back from a lack 
of ability to pass the respective rectifier elements, and in fact I have. secured 

« efficient results by the use of « single intensifier with its rectifier elements, as 
hereinafter set forth. 

5. Grounding conductors 37 and 38 are connected respectively with: the co 
ductors G and Zand are provided with the ordinary lightning arresters 
and 40 respectively for protecting the circuit against high ‘tension static 
charges. ‘ 

Conductors 41 arid 42 ave connected respectively with the conductors G and 7 

10 and each connects with an automatic cut-out 43 which is inded us at 44. 
Each of said ‘automatic cut-outs is exactly like the other and one-of the same is 
shown in detail in Figure: 7 and comprises the inductive resistance 45 provided 

tive conductor 6 or 7 


15° The helix of resistance 45 is connected 


20 and 44 is of-izon, and in this connection I wish it understood that where I state 
the specific substance I am able to verify the accuracy of the statement by the 
results of tests which [ have made, but of coarse 1 w to include along with 
uch substance all-equivalents, as for instance, where iron is mentioned its by- 
produety, such as steel, and ite equivalents such ax nickel and other magnetic 

25 substances are intended to be comprehended. ‘The cut-out apparatus seen in 
detail iar Figure 7 ia employed particularly tor insuring against high. tension 
currents it ing ‘obvious from the structure shown that when potential risex 
-beyond ‘the limit established by the tension of the spring susteining .the 
armature 49, the armature will be moved to a position contacting with the core 

20 of the cut-out device and thereby directly close the ground connection for line 
wire 41 with conductor 44, eliminating the resistance of winding “45 and allow- 
ing the: high tension current to be discharged to the ground. Immediately upon 
auch discharge the winding 45 losing its current will allow the core to Pecome 
demagnetized and release ‘the armature” 49 wh 

itantially broken leaying only the © rough the winding 45 the 
registance-of which js kufficient for jnsuring against loss of low tension cus 
In Figure 8 I have illustrated an apparatus which though apparently pri 
.in-construetion and arrangement comprehends the first mevesaful 1 
which I-prodiced in the eourse of the discovery af the present invention, and it 

40 will be observed thit the essential features of the invention are therein, d 
The structure delineated: in said figure consists of horse shoe magnets 54, 54, 
one fucing north und the other south, that is, each opening in the req 
directions indicated and the two being connected by, an iron wire 55 w 
uninsulated and wrapped about the respective magnets at or adjacent the neutral 

45 xone thereof, and the wite 35 is preferably soldered to the respective magnets 
cach end portion vf the wire 3: ling extended from the respective maguet to 

and’ connected with, ax by being soldered to, a xine plete 56, there being a 

plate 56 for each magnet and each plate being aoranged | longitudinally substan- 

fially paral) with, the legs of the magnet and with the faces of the plate expoxed 

80 toward the respective Jogs of the magnet, the plate being thus arranged endwise 
toward the north and south. Anciron wire 57 connects the plates 56, the ends 
if the wire being preferubly connected adjacout the outer ends of the plates bul 
from experiment I find that the wire may be counected at practically any point 
to thesplate, "Lead wires S8 and OO.are cumected respestively with the wires 65 

55 and 57 -and supply an alternating current ordinarily at a comparatively low 
tension, and to sontrol-such current the wires 58 and 59 may he extended (0,0 
rectifier or combined rectifier and intensifier, as above: set fori, 


the ground connection ix 
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6 ‘N°'1098.—A.D. 1918. 
Meyers's Improvements in and relating to Apparatna for Producing Electri 


The tests which I have: found successful with the apparatus seen’ in Figure 8 
were carried out by the employment fist of horse shoo magnets approximately 
four inches in length, the bar comprising the horse shoe being about one inch 

uare, the sinew being dimensioned proportionately, and from this apparatux 
with the employment of x single intensifier and rectifier, as above stated, T'was & 
able to obtain a constant current of 8 volts, 

Tt should be obvious that the magnets forming ono of the electrodes of thix 
apparatus muay be permanent or may be electro-mngnets, or a combination of 
the twa. * 

While the magnets mentioned throughout the above may be formed of any 10 

etic substance, I find the, hest results obtained hy the employment of the 
chromo steel. 


of the various devices wh have constructed, 
ve nat enabled me to arrive definitely and 
e to the principles aud theories of operation 15 
h current is supplied, I wish it to be understood that 
T consider myself ns the first inventor of an apparatus of the general typs herein- 
Lefore described capable of producing commercially serviceable electricity, for 
which reason ny claims hereinafter appended contemplate that I may utilize a 
wide range of equivalents so far as concerns details of construction suggested 20 
as preferably employed. 
‘he current which Tam able to obtain ix dynamic in the sense that.it is not 
‘and its production is accomplished without chemical or mechanical action 
either incident to the actual chemical or mechanical motion or incident to 
nging calorific conditions so that the elimination of necessity for-the use of 95 
chemical or mechanical action is to be considered as including the ebimination 
of the necessity for the use of heat or varying degrees thereof. 


Having now particularly, described and ascertained the nature of my said 
invention, and in what manner the same is to he performed, T declaro that what 


without mechanical or chemical 


y producing means as claimed in Claim 1, characterized in that 

means is capable of producing low teusion current. i 
Electricity producing menns aa claimed in Claim 1, characterized in that 35 
‘means comprises a magnet, and means co-operating: with the latte 

4, Means as set forth in Claim 3, characterized in thut the parts are 

i n 3, characterized in that the magnet is 


8. Means as set forth in Claim 1, characterized in that said means comprises 45 
ied magnets with an adjacent co-operating zine, and an iron wire connecting 
the magnets, and means to deliver electrical current from said parts. : 
" Means as set forth in Claim 8, characterized in that the current delivery. 
ns comprises an intensifier and rectifier. : 
10: Means as set forth in Claim 8, characterized in that the current delivery 
means comprises wires connected with the magnets and zine, sn electrieal valve 
connected with one of said wires, and independent helices surrounding said valve, 
one of said helices being connected with the terminal of the valve at the opposite 
ide from the contact of said wire and the other of said helices being connected 
with the other wire, the electrical valye comprising a°mereury vapor rectifier. 55 
11, The process of producing electricity comprising” exposing a magnet and 
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co-operating means disposed vubstontially north and south and taking off curreit 
there 

12. The process of producing electricity comy 
clements in co-operative elation i in respect to cack ‘ote cepontay cempee samen to 
the earth for giving off relatively low Tension electrical current, substaaGally 
without chemical action. 

15, Blectricity producing means constructed and operating substantially as 
Aescribed with reference to the accompanying drawings. 


Dated this 13th day of January, 1913. 


W. P. THOMPSON & Co., 
Lord Street, Liverpool, and at 
Bradford & London, 
Agents for the Applicant. 
Reference has: been directed, in pursuance of Section 7, Sub-soction 4, of the 
Patonts and Designs Act, 1907, to Specifications No: 16,709 of 1887, No, 14,0833 
of 1899, No. 15,412 of 1906, and No. 6457 of 1011. 


Redhill; Vrinted for His Mojesty’s Stationery Office, by Love & Malcomson, Ltd.—1914. 
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Crystal Radio 7 
(in 45 minutes) Ze Oe gE 
\ rn 

Ground Wire @ Save 

Antenna 

Need double > 

length 

fi ad 


Please put away like 
this when done! 


Crystal Radio in 45 minutes. 
Work in groups of 4. 


2 people should assemble the radio and connect the 
ground wire. 


2 people should string the antenna 


If you get your radio to work using the GeAs diode, 
Try the Gallinium + Cat Whisker 


Return everything the way you found it before leaving 


n e ‘ll 
ax | 
we sa 
: roy 


tar wound 
three phase motor impulse coils 


‘Two more pictures of the one rotor dynamo option 
are shown with a Lhp de motor turning the rotor 
with an 800 watt load on the coils, six 100 watt AC 
light bulbs, and two 100 watt 12 volt DC light bulbs, 
Fig. 25, 25a. 


Fig, 25 
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The radios must have a good ground connection and a long antenna. 
Long means 100’-200’ of antenna wire outside. 200’ is better 


Two possible routes are 
shown here. Use one. 


Attach to tree branches you } 
can reach. 


When crossing a sidewalk, 
make it high so pedestrians 
don’t have to duck (they 
won't). 


You will take antenna down 
when class ends. 
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with practical circuits 


Medium, Long, and Short Wave designs 

12 different circuits to suit all areas and 
conditions - Complete practical wiring diagrams 
Comprehensive information on Aerial and 
Earth Installation - There are suitable designs 
for the beginner and advanced constructor 
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PREFACE 


‘The Publishers make no apology for reviving interest in the 
crystal set. For too long the technical press has immersed itself in an 
orgy of complex superheterodyne receivers and television equipment, 
all of which is necessarily expensive. In the 1920's, crystal set 
construction was a fascinating and inexpensive pastime indulged in by 
the majority of boys of that day. Today this pleasurable hobby can 
be even more attractive, the introduction of the germanium crystal 
diode and high performance coils, has opened up new paths which will 
capture the interest of boys of all ages. Perhaps most important of all. 
not only can a receiver capable of impeccable reproduction be 
produced without any technical knowledge; but the cost is no greater 
than that of a few visits to the cinema 


‘4 


INTRODUCTION 


Before any attempt is made to construct a 
receiver, it is necessary to ¢xamine the problems 
which surround the crystal set, so that the best 
can be obtained from any of the designs 
attempted. 

Firstly, it must be understood that the crystal 
set as it is to-day does not provide any amplifica- 
tion, It relies entirely on what is fed into it via 
the aerial and earth system and gives a very faith- 
ful replica of the original transmission. 

From this it will be obvious that the aerial and 
earth system must be as efficient as possible if 
the final results are to be in any way outstanding. 
This because these are the only means by which 
the signals are fed to the receiver. 

Secondly it is necessary to understand the 
nature of the transmitted signal, then it will be 
easy to undezstand the working of the set and to 
appreciate the function of each of the components. 

‘When crystal sets first became popular, very 
little information was generally available, at 
Teast, not in a form that school-boys could 
understand. 

We all built sets of all shapes and sizes, with 
coil designs that had to be seen to be believed, 
but very few of us had much idea of bow they 
worked. 


1 well remember the case of a cousin of mine 


plated end plates. Having observed similar dials 
several highly priced commercial receivers in 
town, he at once ripped out the somewhat 
‘tered coil from the family receiver and replaced 
with this device. The profound silence which 
ensued caused considerable amazement and dis- 


there is no risk of failure with any of the designs 
described provided the’ instructions are carefully 
followed. 
‘The Signal 

To commence, we will assume that an orchestra 
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of radio transmission is electrical it is 
necessary 10 change the sound produced by the 
orchestra into an electrical equivalent. This is 
carried out by the microphone, which picks up 
the sound and changes it into minute electric 
currents, 


is playing in a broadcasting studio. Since we 
Principle 


‘As they appear at the output of the micro- 
phone they are too small to be of uso and 
accordingly are passed through a high power 
amplifier, These amplified currents could now 
be transmitted, but unfortunately, as we shall 
learn, owing to the inherent nature of the signal 
in this state, transmission over any useful distance 
would be impractical. 


When the music from the orchestra is trans- 
formed into electrical currents they are in the 
form of alternating currents, usually called A.C. 
that is they rise to a maximum in one direction, 
fall to a minimom, rise to a maximum in the 
opposite direction and then fall to minimum 
again, This process is repeated over and over 
again. One complete rise and fall in each direc- 
tion is called a cycle and is drawn in Fig. 1. 
Every time a note is struck on a piano, vibrations 
are sent out which reach the ear enabling you to 
hhear it. These vibrations are also spoken of as 
eycles, they rise and fall in intensity the same way 
ag an alternating current. The number of cycles 
radiated by any given note over a period of one 
second are referred to as its frequency. Middle 
Con the piano sonds out 261 cycles every second 
and is known at having a frequency of 261. The 
microphone also “hears” the note and in the 
case of middle C produces minute A.C. at 261 
cycles. This can be drawn as in Fig. 2, the only 
difference between Fig. 1 and 2 is, that the time 
factor is given so that the frequency can be iden- 
tified. The higher the pitch of a note the higher 
the frequency and the lower the pitch the lower 
the frequency. On a piano the frequency of the 
top note is 3515 cycles and that of the lower 27 
cycles. Those of you who have listened to an 
organ in a concert hall will have noticed that 
when a very deep note was played, it sounded 
like a growl to the ear, but the vibrating tre- 
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citor any coil must contain a certain amount of 
self capaci 
By combining a coil and capacitor as in Fig. 
6 a peculiar effect is observed, at one particular 


are 
words the combined rappel of L and C no longer 


a short circuit, but only at one particu 
Ee feavency: Wf the value of Cis ahtred th 


effect will be observed at a different frequency; 
likewise by altering 1. the frequency at which the 
effect will take place can be changed. There is 
a name for this a, the frequency at 
which it occurs with any given L and C combina 
tion is known as the resonant 

The values of the coils and capacitors shown in 
this manual bave been carefully chosen so that 
resonance will be obtained at all frequencies 
where stations are broadcasting. Broadcasting 
stations work in bands of frequencies, those of 
major interest to tal set constructors are the 
medium wave-band 1200 k/cs—600 kjcs and the 
long wave-band 300 ke/s—150 k/cs. 

Usually a variable capacitor is used with a fixed 
inductance to cover one band and an additional 


bination can be adjust 
thedotited frequency of any grep seaion, Tm other 
words you can select the station wam by 
varying C, that is taming the dial of the variable 
capacitor. This procedure is referred to as tuning. 
Having selected or tuned the required station it 
still remains necessary to change the form of the 
signal back to that of the original transmission. 
This process is called detection or de-modulation. 

Examination of Fig. 5 will show that the signal 
has been duplicated, other words, as it rises 
in one direction it also rises equally in the other. 
In this form the signal is useless since each half of 
the signal cancels the other, and if this signal is 
applied to a pair of headphones silence will 
result. Obviously some provision must be made 
to get rid of the unwanted half of the signal, and 
it is here that the crystal detector must be con- 
sidered. This device will pass current in one 
direction only, ignoring any signal in the opposite 
direction, so that if the signal of Fig. 5 is passed 
through such a crystal, that of Fig. 7 will result, 
There is still the HLF. content to be reckoned 
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The efficiencies of this dynamo are so far inconclusive with regards to producing an endless 
selfrunning machine, Our research is continuing to improve the efficiency by eliminating all 
conventional type ac and de motors from this dynamo, and incorporating high voltage de 
impulses of very short time duration's as Ed Gray did with his technology years ago. However, 
adescription of my earlyself running attempts is included near the end of this dynamo report. 
These tests have manifested an abundance of heat in the 24 volt de drive motor. 


Another picture of the three-rotor dynamo configuration is shown with 12 regenerating acto 
de coils, and with the motor impulse coils removed fig. 26. 


Fig. 26, Fig. 26a 


Another close up of the regeneratingcoilsand Tests to produce an abundance of 
three phase motor impulse coils is shown on heat 
the dynamo fig. 27. 

Thave testing the machine so as the output 
coils are connected to regenerate a 12 volt 
battery as the motor is turning the rotors. I 
used a bran new conventional permanent 
magnet 1/4 hp 24 volt de motor that is 
running on 12 volts to turn the 110 pound 3 
balanced rotors, and or the 35 pound 1 
balanced rotor version. 


‘Theregeneratingoutputcoils produce ACtoDC 
power with no noticeable ripple on thescope. 
‘The generated direct current from the coils is 
connected to go back into the battery, in which 
the motor uses to produce the torque needed 
to rotate the rotor. As this happens, the 
regenerated de power from the coils is again 
goingbackintothebatteryfirst,and then tothe 
motor, The resultisthat thebatterysuppliesless 
powertothemotorwhen theregeneratingDC 
current is going into the battery. The motor 
takes on a load from two sources, one is from 
free wheeling the rotor with out loading or 
drawing current from the coils, and the other is 
the load induced on the motor when the coils 
areloaded to produce current. 
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with, foranately this is easily dealt with, a capa- 
citor connected across the hone terminals 
effectively disposes of this, leaving only the audio 
or LF. content, as shown in Fig. 8. This audio 
content, which is a faithful replica of the original 
transmission is fed to the headphones. These in 


acceptable to the human ear. 
Briefly then, juirements are as 
follows wee ee 


L shown diagramatically in Fig. 9. 

It should be erected as high as is practical, 
every foot counts. The horizontal wire, that is 
the aerial proper, should have a minimum length 
of 60’ to which of course the length of the down 


lead is added. Where it is impossible to erect 
an aerial with an ideal horizontal length, a com- 
promise must be 
Fig. 10 shows a three wire spreader aerial 
which gives quite a good effective length. 
Suitable wire for a receiving aerial will not set 


most 
types of insulator available. Fig. 11 is of porce- 
Tain and is usually referred to av an egg insula- 
tor, whereas Fig. 12 shows a more moder (and 
more expensive) type in glass, If you are using 


the glass pattern, one is usually sufficient at each 
end of the aerial, but with the egg type two 
should be used, No doubt many readers will not 
be in a position to crect an out-door aerial, and 
must necessarily be content with an indoor in- 


stallation. 
The next best thing to-a good out-door serial 
is a replica constructed in a loft. If this form of 


construction is used, care must be taken when 
feeding the down lead to avoid close contact with 
the wall of the house. At the point where the 
lead feeds under the eaves, a length of rubber 
tubing can be used to cover the wire. The lead 
is fed through one of the small spaces left for 
ventilation purposes. A general idee is given by 

ig. 13. 

‘A less elaborate but quite effective aerial can 
be obtained by using a bed-spring. A length of 
7/22 copper insulated wire is connected between 
the seceiver and the spring. The spring should 

joth, Remove about 


Such aerials arc quite popular since so many 
crystal sets are built for bedroom use, 
‘When an aerial is required in the Ii 
the picture rail can be conveniently used. Insu- 
lated screw-cyes are fixed at intervals of about 
feet rail, the wire is firmly anchored 
stretched right round the 
arrive back at the starting point 


room, 


; 
i 


receiver. The idea is illustrated in Fig. 14, 
Soldering 
Before leaving the subject of aerials, a few 
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irons which may be heated by 4 
flame can be obtained very cheaply from. 
iron Y stores. Assuming the use of 
an iron, first heat the iron until the 
is giving off a green coloured flame, 
now at the correct operating temperature, 
bit is now discoloured or oxidised and 
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INSULATORS 


WOODEN SPACING PO! 
APPROX. 4° LONG. 


TO RECEIVER 
INVERTED AERIAL “SPREADER” AERIAL 
ose 


FG. 10 


METHOD oe FITTING PORCELAIN .“ METHOD OF _FITTING 
INSULATOR GLASS TYPE_INSUTATOR . 
ial 
os TO RECEIVER 2 
BIT LENGTH 


OF RUBBER 
Tuaine OVER AERIAL 


INSULATOR. 


Ric) 
RECEIVER -—" 


LOFT AERIAL. “PICTURE RAIL AERIAL. 
FIG. 13 FIG. 14 
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quickly cleaned with an old file which 
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Process with the remaining wire and then twist 
the two together, Now apply the iron to the joint 
from the underside and the cored solder to the 
‘on top. Solder will flow evenly over the 
Joint. Remove both iron and solder and allow 
to set. The solder will harden or set in a few 
seconds but during this period the joint must 
not be touched or moved, as otherwise the joint 
will be “dry” and quite useless mechanically or 
electrically. On radio components, tags for sol- 
dering are already tinned though if they are old, 
or discolonred it is best to re-tin them. Normally, 
however, it is only necessary to twist the connect- 
ing wire to it and apply the iron and solder as 
explained. 

‘Remember: never apply the solder to the iron 
and then the iron to the joint, always apply the 
iron and the solder to the joint. It is however a 
good thing to apply a little solder to the iron tip 
even when it is perfectly tinned just before making 
a new joint. 

One final “DON’T,” you will have noticed 
tbat the solder referred to is “cored,” that is, it 
contains resin and other substances through ite 
centre, plain solder as used by clectricians and 
plumbers will not do, as it is the resin or flux 
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td poi» goed cesta jm ii 
permits a 
Equally important do not attem igi 
sepazate flux or soldering fluid with direct contact 
to “help” the cored solder, since these aro 
almost certain to cause eventual corrosion and ipe feeding 
will destroy any components that have been con- pipe ot 
Earths ~ 8 copper clip 
‘The provision of a good earth Biante 
sole 
¢ supply sufi- 
» though 
gas pipes: 
very 
con: 
de. before 
are at best 


: uo mle 
that 

wise a number of indifferent earth contacts are installation in- 
likely to be made at vi i to avoid them. 
length until it reaches the set. of 
desirable and will spoil the 

system. It is essential to keep the 

ing the rod moist, which is one reason 3 often 
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CONSTRUCTION 1 


If you examine the following circuits you will 
find that each one is different. In most cases the 
difference lies in the coil design andjor the 
method by which the crystal and aerial is tapped 
into it. Each of these circuits has its own pat 
ticular advantage to suit different conditions and 
the ideal circuit in some localities is not neces- 
sarily the best in others. It is not just a matter 
of a given circuit giving louder results than an- 
other, if it were there would be no point in 
showing more than one, 

The main problem is to obtain adequate 
selectivity without reducing tbe volume level. 

A receiver is said to be selective when it tunes 
sharply, a set with poor selectivity allows the 
stations to spread over the dial and when used 
near a transmitter will receive the local stations 
mixed together, which of course is useless. 

Consider Fig. i6a, this is a very simple receiver, 
with no special attempt to provide any great 
amount of selectivity. In areas where signal 


AERIAL 


‘PHONES 
LID SHOWN BROKEN AWAY _TO 
eae era ETERS TRIE FIG 16 
REVEAL POSITION OF COMPONENTS. reise 
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strength is not high, or a short acriai is used, it 
will probably be ideal, 

It would have been quite easy to increase the 
selectivity by providing a tap on the coil for the 
aerial as in Fig, 17a, but unfortunately, as the 
selectivity is increased overall volume is likel 
to decrease, so that unless you live close 
to the transmitter to have a large signal avail- 
able and therefore need the sélectivity, the circuit 
of Fig. 16a will be quite satisfactory. 

Capacitor Cl is to prevent the aerial damping 
the circuit too heavily because this would flatten 
the tuning unnecessarily, however with small 
aerials it may be better to take the aerial direct 
to the black tag on L1. The signals are selected 
or tuned by L1 and C2, X1 is the crystal and C3 
the capacitor across the ‘phones to prevent un- 
wanted carrier or R.F. reaching the ‘phones. 

A practical diagram (Rig. 16b) is provided 
showing the layout and ail the wiring. You will 
require nuts and bolts to fix the- coil, about 3”, 
4BA size will do, the other parts have locking 
‘auts provided, An old 2-0z, tobacco tin makes a 
very good container and keeps the size down. 
Note that the metal box is connected to earth. 
With the exception of AC/DC receivers the metal 
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Fig. 17a circuit is similar in many respects to 
that of Fig. 16a. The difference is purely one 
of selectivity, tuning will certainly be sharper, and 
even with comparatively ineflicient acrials the de- 
sign will put up a vory good performance. There 
is no reason why the cunstruction should not fol- 
Jow the same lines as the previous receiver but. by 
enlarging the set a little and using an air spaced 

ing capacitor, the efficiency is improved. 
Observe that the colour coding on the coil, an 
REP. Dual Range (Blue Box) is different from 
that of the Crystal sct coil used on the previous 


design, and make sure it is correctly wired in. 
Cl is a mica compression capacitor, often re- 
ferred to as a “trimmer” and because it is ad- 
justable, permits the set to be matched to aerials 
of varying lengths, Construction is carried out 
‘on a square panel of bakelite, perspex or wood, 
ae shown ia Fig. 376. Peropex being clear like 
glass presents a most attractive finish, provided 
the set is neatly wired. It must be drilied slowly, 
however, otherwise the generated heat of the drill 
will make the bole wander, and spoit the panel. 


work on any receiver or amplifier is connected 
to earth. 


When SI is open as in the diagram, the set will 
tune in long-wave stations, but when closed the 
medium wave-band will be received. 


Components List, Fig. 16a 


C1 100pF mica capacitar. 

C2 500pF tuning capacitor, solid dielectric, 
C3 1000pF mica capacitor. 

XL Germanium crystal. 

Li Crystal Set Coil, REP. 

SI Single Pole toggle switch. 

4 Insulated wander-plug sockets and plugs. 


1 2-02. tobacco tin (or similar container). 

Make sure that the wander-plug sockets are of 
the insulated type, otherwise the metal case will 
join all the sockets together electrically. 

“Try to follow the theoretical diagram when 
wiring, a little practice will soon enable you to 
wire up a set without a practical diagram, which 
is a great advantage because often only the theo- 
setical diagram is given when circuits are detailed 
in the technical press. 

Fig 28 on page 34 gives a list of symbols 
used on the theoretical diagrams, so that you can 
teadily identify the components, 


After the set has been wired and tested a small 

Se ern be made to howe the come, ents ee ee 
leted set. green fag on 

‘When ‘out reception tests, a little ex- yellow, st the same dime removiee the foal from 
Periment is well worth while, to get the best out C1 to yellow and connecting it to green. Once 
of the set. Try removing the germanium crystal the best arrangement bas been found wits 


a 


Se 


i 
i 
i 
B 
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can be loft permanently in that position. Note Components List, Fig. 17a 
that two tags on the coil arc unused, this is Cl 100pF mica trimmer capacitor. 
intentional because on this circuit the extra - SORGE sariebls capacitor {air spaced). 
winding connected to these tags is not required. )pF mica capacitor. 

With the switch $1 closed, the coil will cover tho LI Dual Range Coll REP: (Blue Box), 
medium wave-band, aud when open, long wave $1 GeStantun Coptal 

stations can be received. It is customary to 4 Terminals or wander-plugs and sockets. 
abbreviate the expression medium wave-band to Perspex, bakelite or wood for mounting 
M.W. and long wave-band to L.W. panel." * 


design shown in Fig. {8a and 18b is more 
of the preceding sets. 
to suit local conditions to & 


ut 
EP 
te 
i 


greater oxtent than the first two sets. This is made 
possible by the large number of taps provided 
on 


cardboard 
much larger than commercially produced 
coils, Coils wound in this mannet are 
solenoids, the tums are wound on side by side: 
in this case to a of some three inches. The 
diametee of the coil is made purposely large 50 
as to obtain bi ‘Modern commercial 
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ever, by using a former of reasonably large 
dimensions an efficient coil can be produced 
cheaply using ordinary copper wire. 


until the coil is complete. 
‘Construction is carried out on a wooden baso- 


INSET, SHOWING METHOD OF TAPPING COIL. 
Baa cll eal a a 


DETAILS OF COU, 


EIG. 16a 


When testing out, it will be found that the fur- 
‘ther the acrial is tapped down the coil towards 
the earth end, the greater the selectivity. A posi- 
tion should be found which permits separation 
of local stations without excessive loss of sensi- 
tivity. 

"The crystal tap is adjusted for best results and 
different settings of C1 tried out, when choosing 
the best position for the aerial tap. 


‘Components List, Fig. 188 
Cl 450pF padder. 

2. S00pF variable capacitor. 

€3 1000pF mica capacitor. 

Li See text and Fig. 18a. 


‘Xi Germanium Crystal. 
2 Crocogtle: Clipe: (i enee sence “call 
taps). 


4 = Wander-plugs and sockets, x 


EARTH = AERIAL 


[ca c2 


“PHONES: 
Rl 


xt 


TO_SUITABLE' 
TAPPINGS 


very important. 
‘The distance between each winding should be 
}°. After the coil has been wound it is a good 


plan to warm it before a fire and paint the wind- 
ings with “Durafix.” Heating the coils makes 
the “Durafix” ran freely, This substance scts 
quite hard and there will no risk of the wind- 
ings loosening. A small quantity of 
wire will cover tho requirements of this coil, a 
2 02. reel will provide more than sufficient, 
‘Before wiring in the germanium crystals, ex- 
i carefully, note that one 
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» IG. 194 


DETAILS OF coll 


ALL SONS WOUND Ht SAME DIRECTION, 


FORMER CAN BE BAKELITE, OR WAXED 
ARDBOARD TUBE® 


one of the crystals is connected the reverse way 
round. 

A bascboard and panel form of assembly is 
used for this set which looks quite attractive if 
housed in a small polished cabinet. Dimensions 
are not at all critical but Fig. 19b gives a gencral 
idea of the layout that should be used. To avoid 
any unnecessary losses the coil should be mounted 
on perspex. 

Obtain two strips of perspex 54” long by 1” 
wide, drill fixing holes at both ends of each strip. 
It is best to clamp the two together when drilling 
these holes, Place one.strip on the board in posi- 
tion, then put the coil and remaining strip over 
the first one and screw down. The coil will be 
clamped neatly and rigidly into position, 

Twin socket bakelite strips are used to carry 
the aerialearth and ‘phone connections, if de- 


n 


sired terminals mounted on pieces of bakelite 
could be used. These socket strips can be pur- 
chased from most shops selling components. If 
feet are not provided, drill two holes and screw 
into the edge of the base-board. Tag-strips are 
used to anchor some of the wires from the coil, 
and the germanium crystals. These also can be 
purchased for a few pence. At least two tags are 
necessary on one, and three on the other, though 
if the strips have more tags than required it is of 
no consequence, C3-C4, the ganged tuning capa- 
citors have trimmers fitted, this should be stipu- 
lated when purchasing, and when first operating 
the set these small trimming capacitances are set 
about half-way. The idea of these trimmers is, 
that they compensate for any difference between 
the self-capacity of the tuning coils, With te 
switch S.1 open, that is in the OFF position, two 


‘The de permanent magnet motor hasshown 
that during one of manyswitch mode tests, it 
consumes 15 ampsat 12voltsfrom thebattery 
while a chosen number of regenerating coils 
supply? the amount of current going back to 
the battery. The battery supplies 50% of the 
amps and the regenerating coils supply the 
other 50% amps. This effect can be changed 
depending on how many open isolated 
regenerating banks of coils are activated and 
loaded. 


This test shows a 15 amp draw the motor 
while it is turning the rotorsunderload while 
regenerating current from the coils. It maybe 
theybalance each otherand both battery and 
coils supply 7.5 ampseach that make the total 
15 amps draw on the motor. This accounts 
for the 15 amps total load that is shown on 
thedc drive motor. Itproducesan excessively 
large amount of heat in the de motor that is 
useable output energy. On a larger scale the 
heat generated in a given motor can be 
enormous, More accurate measurementsare 
needed todetermine the trueenergyin verses 
energy out. 


However, this electric heat pump effect can 
be altered to produce more or less heat 
depending on the size and type of the drive 
motor, and the amount of regenerating coil 
that are placed under load. Cooling tubes 
wound around the motor with water flowing 
through them is a way to pull the heat out 
for useful applications, Hot water from the 
drive motor and electric power from the coils 
atthe same time. 


After running the machine, the amorphous 
regenerating coils remain cool to the touch 
where asthe conventional de motor getsvery 
hot with higher amps going through it. The 
machinealso hasa longer running time when 
the coils are regenerating the battery, as 
compared to running an outside equal load 
with the same amp draw, in that case the 
battery drains much faster. 


Thissheds light with the observation of high 
heat build up in the motorside (less efficient 
side) of the circuit while being cooler on the 
generator side (amorphous side) of the 
Circuit. After hours of run time the battery 


begins to drain, when this happens, the 
battery begins to show tangible 
temperature changes from one side of the 
battery to the other. The whole negativeside 
of the battery remains cool to the touch 
(temperature drop), while the whole 
positive side of the battery gets warmer to 
the touch (temperature rise). The effect is 
repeatable and only happens when the 
regenerating coils are connected to charge 
the battery as it is running. It may be 
approximately 20 degrees difference in 
temperature, depending on how many 
regenerating coils are activated sending its 
current to the battery. There must be 
exothermic reactions and endothermic 
reactions going on inside the battery motor 
generator combination that is causing this, 
temperature difference. The load and heat 
generated can be changed the on the motor 
from the flick of a switch that activatesand 
loads the output coils, which in turn dumps 
it's energy back into the battery pack or 
outside load. The efficiency ratio of the 
machine changes depending on how many 
and which banks of regenerating coils are 
activated, which again also effects the 
temperature difference manifesting on each 
side of the battery, motor, and amorphous 
coils, 


Other tests 
An Automotion dc brushless 3 phase motor 
controller with hall sensors was used to test 


the machine in fig. 26a. Tests have shown 
the Ihp de motor and the three phase 
brushless de motor controller will not be 
the answer to closing the loop on this 
motor generator machine. The brushless 
controller has a 50% duty cycle which will 
not manifest the electro radiant effect,and 
it also has a constant draw on the battery 
is a regular de motor does. It is much less 
efficient than using very fast and short 
unidirectional de impulses in the motor 
impulse coils to kick the rotor around. This 
brings the subject of Nikola Tesla's 
magnifying transmitter and Ed Gray's 
radiant energy impulse motors to light, and 
a possibly answer to closing the loop for a 
real auto-rotating machine. 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 83 


& 7110 Fixeo 
_TO MOVING VANES ON 
VANES ON Ci ct 
c4 
3f 4 
6 
l 7 
RED E. A. 
FIG. 19 ess 
oot 


THE BOYS BOOK OF CRYSTAL SETS 


EER 
i 


Hi 
e 
= 
[ 

fh 
& 
g 
g 


E 
zs 
f 
2, 
8 
g. 
F 


(sometimes with the long-wave band thrown in as 
an afterthought) it is understandable. However. 
‘a good outdoor aerial (and 


station, reference’ should be made to the Radio 
Times which quotes both wave-lengths and fre- 
quency. If you know the wave-length in metres, 
it is simple to find the frequency. Divide 300,000 
by the wave-length in metres, the dividend equals 
the frequency in kilocycles, ie.. 300.000 ~ 300 
metres=1,000 ke/s. In the same way, dividing 
300,000 by the frequency in kilocycles will pro- 
duce the wave-length in metres. 

‘To use the receiver, tune in the signal by C3- 
C4, adjust Cl for maximum volume without 

ing stations to overlap. 


Components List, Fig. 198 
Cl 300 F solid dielectric variable capacitor. 
a 1000pF mica capacitor. 
C3-4 | SO0pF twin gnng variable capacitor. 


dinary coil. When dealing with the short waver 
it is customary to refer to the frequencies in terms 
of mega-cycles (mc/s) rather than kilo-cycles. One 
miogaccycle is equivalent to 1000 kilo-cycls, that 
i ron and wing can be cleacy followed f 
yout Wii can from 
Fig. 40b and a theoretical diagram is shown in 
Fig. 20a, Care should be taken when arranging 
a mounting for the aerial terminal. The best plan 
is to cut a 1” hole in the chassis, mount the aerial 
terminal on « piece of perspex and screw into 
the chassis, This avoids any unnecessary losses 
between aerial and chassis. The earth terminal 


i 
i 
i 
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slowly over the band and remember signal 
strength is likely to vary from day to day. 


Components List, Fig. 202 
Cl 140pF variable capacitor Eddystone 586. 
C2 1000pF mica 
1 Coil holder Eddystone 707. 
L1 3mj/oTmje coil Eddyrtone 70S/R. 


Engraved tuning 


a germanium crystal was used. Selectivity can 
be adjusted to suit all conditions and even at short 
distances from local stations, Good volume can 
be obtained without the programmes overlapping. 
Home made coils are used and for best results a 
75’ outdoor aerial is desirable, 
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Baseboard and panel construction is used, 
which can conveniently be housed in a small 
wooden cabinet. 

‘Operation is a little more complicated than 
some of the other designs, but the results cer 
tainly merit the extra trouble taken. As with 
the other receivers much of the success obtain- 
able is due to the coils and these must be care 
fully made otherwise results will be dis- 
appointing. 

Layout and wiring can be followed quite casily 
from Fig. 21b and requires no special comment. 
LI is a tapped coil. the 
taps should be made in. the same way as shown 
in Fig, 18b,_ It consists of 90 tums of 22 D.C.C. 
(double cotton covered) copper wire tapped at the 
following number of tums, 5. 10, 15, 25, 

40, 50, 60, 70 and 80. The former used has a 
diameter of 2”. L2 is also wound on a 2” dia- 
meter former, this coil however is not tapped. 
it consists of 110 tums of 38 D.C.C. or enamelled 
copper wire. Great care must be taken when 
handling this wire, it is quite fine and in the 


° 
hands of tho inexperienced will easily 
‘After wiring has been carried ot 


be put into operation. 


Selectivity is controlled by 
tuning is broad but in position 


sharp. 
‘When searching for a station swit 


Tune the station and switch S2 


82, 
A 


1G, 21a 
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FIG. 21b 


EARTH 
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Keep SI open and Ci for » adjusting the roughly to 2 movement of 20 divisions on 
P SI open tuning, jueting a ly equal 


tap on LI for best results. Very 

are best brought in with SI closed. When using 

Cl and adjusting the taps on Li. switch S2 is _Note that tho coils are mounted at right angles 

Kept in the A position. to one another and that in this instance wood 
It will be found that C2 acts as a fine control has been used as far as possible, an 

on Cl. One division of the tuning dial on C1 is of other metal chassis is not suitable. 


both ent because of 
long-wave reception is possible with the circuit of the capacity formed in the winding, but by divi- 
Fig Jab, A homentade coil" used.” On the ding i its five sections a coll of Seasonable of 
igi w but in ciency results. The same remarks concerning 
14” former winding apply to this coil as to all the others in 


fact this is not very critical and a 
Seusion of the long-wave ol seceon, Solesold 
struction wave section. 
coils as used for the medium wave-band are not Components List, Fig. 228 
efficient if the length is too great relative to the C1 300pF Mica Capacitor. 
diameter,- Now as the long-wave section has 300 C2 S00pF Variable Capacitor. 
tums, if wound as a solenoid the winding length €3 1000 Mica Capacitor, 
would be very great and a lot of efficiency would i 

lost. To overcome the the -coil is 
pile wound. If the whole coil were to be wound 


geans of con 


‘ALL COWL WOUND IN SAME DIRECTION, 


FORMER CAN BE BAKELITE O8 WAXED 
ra RO 


ElG. 224 
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this book, and readers 


should not, by this time, 


ind tuning coil are in parallel, 
ns essential and the circuit of 
series arrangement that is the 
tween the coil and earth 
across it. This design 


‘A wooden base-board and front panel is best 
for this design, and the wiring and layout can be 
clearly followed from Fig, 22b. Switch SI is open 
for long-wave reception and closed for the 
medium-wave band. 

Coil mounting can be on the same principle as 
for the full-wave design Fig. 19a-b. 


also appeared in Radio Craft a few years ago. 

An interesting point is that the coil is a con- 
version adapted from another type of component, 
To make this coil you must obtain an old LF 
transformer as used in superheterodyne receivers, 

You will require one designed to work any- 
where between 450 and 470 ke/s. Some of the 
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very early once worked at 110 kcs/ but these are 

unsuitable. 

‘The LF. transformer must also be of the type 

tuned by an iron dust core at cach end. 

Diemaace the transformer, remove the parallel 
mounting wires so that you are 

toro col ‘bobbine and their fornier Be 


25% (approximately) of the tums from one coil 
which we will cal te secondary, and completely 
Spin this coil, now 


Warm the cols wit heat fom your soldering 
iton or from a fire and gently side the colls nto 
me at the ends of the former as in Fig. 23a. 

wax will set again holding the coils in their 


few position. 

Note that the wires from the coils are con- 
nected to tags on the mountings. These are pieces 
of bakelite, and usual 
used on the LF. 

‘A word about soldering litzendraht. Do not 
attempt to use emery paper. Prepare the end of 
wire by removing the outer silk covering and dip 
the end in methylated spirits. Ignite with a match 


from the wite. Tt is a good plan to experiment 


WHE the O40 length ofwite removed fom the 
recondary coil. If the coils prove to bs con- 
structed of it can of course 


Wiring is straight forward as can be soen from 
Fig. 23 and requires no explanation. 
Operation is as follows, selectivity is controlled 
varying the distance ‘between with the 
‘ing nil, and 0 an exteat by the position of the 
primary iron dust core. Remember that the aerial 
and earth installations are as important with this 
set as with any other crystal recsiver. No parallel 
capacitance appears necessary across the ‘phones, 
the set works quite happily relying on the self- 
capacitance of the head-phones, 


ADJUSTING NUT. 


SLUG LOCK 
NUT. 


FIG. 23.4 
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TUNING CONTROL 


i 
PHONES. 


SELECTIVITY 
CONTROL, 


~ FRONT VIEW — 


So as to give a truly varied selection of circuits, Most 
some of the sets have been designed around com- but when it 
mercial coils whilst others use coils which must foal ctind il nyo comme cod 
is 


‘be home-constructed. the ol : 
oil, 3 Wb uses “a tobacco tin or a similar 
contamer just as the design shown in Fig. 16a. 
This receiver however is a little more selective 
and is niore 


is 


Components List, Fig. 240 


Gl. sop ice eapanior. 
C2 SO0pF variable capacitor solid dielectric 


es 
Ht 


XI Germanium crystal. 
LL2R.EP. dual range coil. Blue box. 
6 Insulated wander-plug sockets, 

5 Wander Plugs. 

2oz. Tabacco tin or similar container. 
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WAVECHANGE PLUG + 


MEDIUM 


AERIAL EARTH 


"PHONES 


LID SHOWN BROKEN AWAY TO REVEAL 
POSITION OF COMPONENTS- 


FIG, 246 


10 


‘In certain cases, signals from the local trans- 
miter are too powerful to permit a crystal set 
with a normal coil to be of much use. 1 myself 
five in Hertfordshire a few miles from the Lon- 
don transmitters, and find a more elaborate cif- 
cuit is necessary. Now in radio circles it is a 
well-keown fact that the greater the number of 
tuned circuits, the greater the overall selectivity. 
Look at Fig. 25a, you will see that the usual L 
and C tuning arrangements have been duplicated. 
This type of circuit is known as a Band-Pass 
Filter. ‘There are many kinds of such filters, this 
particular type is an inductively-coupled filter, 
‘vote that snergy from the first half {L2) is con- 


veyed 10 L3 by way of two small inductors LI 
and LA, 

Tuning is quite sharp and the “feel” of the 
set is quite different from that of single coil de- 
signs. A small chassis is ideal for construction. 

67x47x24" was used on the original, though it 
could have been smaller. 

Fig. 25b gives the layout and wiring. 

Take particular notice that L1-2-3 is mounted 
horizontally and at right angles to L4-5-6, this 
is to peevent the coupling from being too “ tight * 
which would ruin the idea of the filter. A good 
aerial and earth is of course necessary. It may 
be found on test that the selectivity is to great 


[. 


Before I go further with this, want to point 
out the many phase possibilities this 
dynamo has. If you look at the coil 
arrangements in the 10 coil machine, you 
can clearly see the coils that are in phase 
with each other. When a second and third 
rotor is installed with all the coils attached, 
one pair of coils on the first rotoris in phase 
with another pair of coils on the second 
rotor, and another pair of coils is in phase 
on the third rotor. With the ten coil to 
twelve magnet pole rotor assembly, the 
machine has five phases of isolated banks 
of coils. If twelve coil mounting bars are 
attached around the three rotors, and the 
three rotors are spiraled off set by 10 
degrees, you will have a powerful three 
phase dynamo. If the rotors are not off set 
by 10 degrees and are lined up in phase with 
each other, all the coils on the machine will 
be in phase for a powerful single phase 
dynamo, The volts and or amperage can be 
tailored for an application by the winding 
of the transformer coils, and the machine 
produces 60hz at 600 rpm, This dynamo 
machine concept is also interchangeable 
into many other motor generator 
combinations, and sizes, and any volts or 
amps requirements, it all depends on the 
needs of the end user. 


Cooling tubes wound around 
the motor with water flowing 
through them is a way to pull 
the heat out for useful 
applications. Hot water from 
the drive motor and electric 
power from the coils at the 
same time. 


It is possible to have super efficiencies with 
this system using unidirectional hy de 
impulses of very short duration'sat the make 
brake contact at the closure of the switch. 


T have acquired two of Ed Gray's radiant 
energy impulse motors #4 and #5 to revivean 
almost lost technology. I am proposing to 
combine a special permanent magnet 
dynamo with less back EMF thatis tailored to 
produce 5kv de under 2000rpm, This dynamo 


will energize a 5kv de capacitor bank and 
replace Gray's 12 volt to 5kv de converter. 
The energized capacitor bank will discharge 
through the conversion tubes in the very 
same manner as in Gray's original circuit, 
only the capacitors will get energized from 
the high voltage dc dynamo instead of from 
abattery through an inverter. This version of 
ahigh voltage de dynamo will be connected 
to and turned by Ed Gray’s EMA motor, a 
starter motor will disengage after it begins 
running, 


There are three banks of high voltage coils 
thatare connected 120 degrees out of phase 
from each other, each bank represents 12- 
100 watt coils for a total of 1200 watts per 
phase. All isolated coils in each phase are 
wired in series to produce the high voltage 
dc potential to energize the capacitor bank. 
The isolated capacitor bank will discharge 
their potential through its conversion tubes 
in 120 degree increments each time the 
impulse coils are at their closes point 
toward each other. One isolated capacitor 
bank will discharge through the conversion 
tube with it disconnected from the de 
dynamo circuit. The second isolated 
capacitor is at this point beginning to 
receive its charge from the de dynamo, 
while the third capacitor phase is fully 
energized just before the switching circuit 
disconnects it from the de dynamo for it 
harge phase. This fully aligns all the 
isolated 3 coil phases in this permanent 
magnet dynamo system to the 120 degree 
three phase radiant energy impulse system 
of Ed Gray's EMA motor #5. 


The planis to eliminate all the batteries and 
converter and use a rotating high voltage de 
dynamo in its place. Nikola Tesla used high 
voltage de dynamos with capacitors as part 
of his magnifying transmitter to produce 
radiant electricity. So it seems logical to do 
the same thing, merging Ed Gray's radiant 
energy motor and our version of a high 
voltage de permanent magnet dynamo. 
Could it regenerate a car, or power a home, 
andora factory? 


Shown below are pictures of Ed Gray's 
motors in fig 28, 29. 
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and that volume has suffered. This can be in- 


Beniowsly overcome by connecting a very smal 
capacitance between two Green tags on the 
coils, The simplest way is to connect it across 
the fixed vane connections on €2-C3. Values for 
this extra capacitance are a matter for experiment 
usually a value between 10pF and 47pF is suffi- 
cient. A small SOpF trimmer could be used and 
adjusted to suit. "The ideal setting is to enable 
powerful adjacent stations to be received just 
short of overlap so that as much volume as pos- 
sible is obtained. 

There is one point to be observed with the 
ganged capacitor. It should be of the type fitted 
with trimmers though of course, there is no rea- 
son why you should not fit them yourself. These 
‘are to for differences between coils to he 
balanced out, and consist of a small variable 
capacitance across each main section. 


When setting up the receiver, first set each 
trimmer at half way and tune in a station near 
the high-frequency end of the band (vanes nearly 
out) adjust the trimmers for maximum volume. 
If extra-coupling capacity is added as described. 
try adjusting them further. 

Once properly set up, no further adjustment 
is necessary. 


Components List, Fig. 250 
C1_100pF Mica capacitor. 
Q Fae hee reais nation (oos' tax. 


3 
1000pF Mica capacitor. 
-2-3 Dual Range Coil REP. (Blue Box). 
14-5-6 Dual Range Coil R.E.P. (Blue Box). 
XI Germanium Crystal. 

Sta-b 2 pole single throw toggle switch. 
4 Terminals or plugs and sockets. 


THE BOY'S BOOK OF CRYSTAL SETS 


TUNING CONTROL 


EXPLODED UNDER-CHASSIS VIEW 
anand 


‘ FIG. 25 b 
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Another band-pass circuit is shown in Fig. 26a. 
‘This time home-made coils are used. This filter 
is not inductively coupled but entirely capacitive, 
relying on C3. As in the previous circuit it must 
be adjusted to give just suflicient “ broadness” to 
the tuning to provide adequate volume without 
station overlap. To avoid unwanted coupling a 
screen is mounted between the coils, this is neces- 
sary because due to the size of the coils they 
would be bound to couple quite tightly without 


wanted coupling reduced. 

“The coils for this receiver are for medium wave 
reception only, this keeps the size down. Coil 
winding procedure has already been fully ex- 
plained, and covers all the requirements of these 
coils, Base-board and panel construction is used, 
and for more accurate tuning since the coils are 
home-made, separate tuning capacitors are re 


commended. Fig. 26b gives the layout and prac- 
tical wiring. 


Components List, Fig. 262 
Ci 100pF Mica capacitor. 
C2 500pF variable capacitor. 
C3 SOpF Mica trimmer. 
C4 500pF variable capacitor. 
C5 1000pF mica capacitor. 
LI-2 See text. 
XI Germanium Crystal. 
4 — Terminals or plugs and sockets. 


For those who do not wish to bother with these 
a ganged capacitor can be used, but tuning may 
not be as good as with separate ones, The screen 
mounted between the coils is of aluminium or 
copper and should be about 1” higher than the 
coils and the same length as the bascboard depth. 


THHHTOY OSH 
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Receivers using this type of filter are used to 
the best advantage when situated a short distance 
from 9 ‘transmitter and if selectivity is 
not important this particular design is not the 
most suitable. 

Both medium-waves and long-waves are catered 
for: consider L1-2-3, this is the first half of the 
filter, 

L1 is the acrial coupling coil, with S1 closed, 
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two sets of ising the Alter. and 
coupling is effected by C3, an earth retum for 
the coils is provided by R1 

L4 and L5 operated in a similar manner to 


way wafer switch is the best choice otherwise 
either two or even three separate switches are 


. All the necessary coil details are gives 
in the , the tap on L4 is made in the 
same way as shown for other coils in the manual. 
One other componeat used only on this design, 
is the resistor RI, its size is not i ‘be- 
cause the current flowing is so 


"A 1 watt rating is te, its precise value 
is not critical so a 20% tolerance component 
ia quite suitable. 

Resistor are coded by oolours and the 10008 
AR ode ead will be painted three coloured tings. 
Components List, Fig. 278 
Cl-2 500pF 2 gang. variable capacitor. 

RI 1000 ohm resistor. 

X1_ Germanium Crystal. 

$1-2.3 3-pole 2-way wafer switch. 
Li-2-3 & L4-5 Seo text. 


4 Terminals (Aerial, Earth and "Phoues). 
Sheet copper or aluminium for screen. 
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CENTRE COIL DETAILS. 
‘TAP — 


MOVING VANES 
G2 


TO FIXED 
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FIG. 27 b 


KEEP LEADS 6"LONG 
& CUT TO LENGTH ON 
CONSTRUCTION 


‘ON COIL 4 & Ls, 


OMIT WINDINGS 
4706 


TO BE 44 HIGH. 
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FIG. 28 


u 


THE BOYS BOOK OF CRYSTAL SETS 


The first one is BROWN which represents 1, the 
Grst ‘the value, the second BLACK, this 

second numeral is nought, and the 
third colour is RED itch tes us thet Eve te 


When setting up the receiver, tune to a station 
the high-frequency end _ ‘band and 
the «trimmers for loudest yolume, no cther 


vetments are necessary. 


CONCLUSION 


useful enjoyment, and the results will give lasting 
pleasure. 


A final word about components, if no actual 
maker is specified, any good class component can 
be used. Switches, fixed and variable capacitors 
and are available from numerous manu- 
facturers all of which are invariably of excellent 
gual. Where a paca manufacturer's pro- 

uct called for, the specication should’ bs 
adhered to. The commercial coils specified are 
freely available from most supply houses speiai- 
yin components for constructors, but in case 

ity write to Bernards (Publishers) Ltd., 

The Grampians, Western Gate, Londoa, W.6, who 


Sueplicn 3. Queensbridge Road, London, E.R, 
who will be pleased to help in any way possibie. 
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Set cea 
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Radio Instruments and thelr Construction 
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Jules GUILLOT 


Atmospheric Electric Generator 


Shared by L. Cozma (Thanks ! ) — 
The Guillot device generated about 2,5-3 Kilowatts with antenna height of ~ 20 meters. Power depends on the 


total collector surface and height of the vertical antenna. The apparatus in the photo produced ~300 watts 
with a collector 2 meters tall. 


"Practical Utilization of Atmospheric Electricity" 
by 
Gillbert Darida 
in The Invention Encyclopedia, pp. 204-207 (1930, Geo. Constantinescu, Ed. ) 


"The Earth has its own negative electricity, in the soil, and the atmosphere which surrounds the Earth is charged 
with positive electricity. The electric potential (the voltage) increases with the altitude, so we can say that the 
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Fig. 29 


I would like to acknowledge two friends of 
mine who have helped make the 
Interference Disc machine possible, Bud 
Johnson 1986 shown in fig. 30 and the late 
Dr. Carl Reich shown 1987 in fig. 31. would 
also like to acknowledge Wilbert Griffith 
and Brian & Rose Langan for their 
contribution in helping us make these 
projects possible, and there are others who 
wish to remain anonymous. Bud Johnson 
also an inventor, was one of the first people 
who I met after relocating to Alberta from 
the NWT, he made arrangements for us to 
construct the first disc machine in a 
machineshop. 


Fig. 30 
Bud Johnson 


Fig31 
Dr.Carl Reich 


Dr. Carl Reich was a pioneer in the alternate 
medical field and he published a book along 
with Robert R. Barefoot called "The Calcium 
Factor", copyright 1992. Through Carl's 
dedication and hard work with alternate 
health and energy, Dr. Carl Reich contributions 
have also helped made the Interference Disc 
machine andour Permanent Magnet Dynamo 
possible. 
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electric force is proportional to the atmospheric altitude (after Franklin, Quetelet, Lord Kelvin, Mascart, Joubert and 
other scientists). 


The recent observations demonstrate that the air at 6000-7000 meters in altitude, is very highly charged with 
positive electricity, which could be explained by the friction between the external photosphere and the upper 
atmosphere of Earth, which rotates at a speed of more than 100,000 Kilometer per hour. 


In that way, the Earth works like an electrostatic generator with electric charging by influence --- the upper 
atmosphere is positively charged by influence and the Earth crust obtains the negative polarity. 


Between the two environments, the air and the soil, and inside the low atmosphere, in conditions of good weather, 
there are sbout 800 positive ions and also, 680 negative ion (and electrons) in just one square-centimeter of normal 
ionised air. 


The Earth behaves like an huge electric armature negatively charged, which repels the electrons and attracts the 
positive ions. That positive ions’ attraction determinates an electric current, also called "convective current". That's 
like an invisible continous bombardment, subject to daily and seasonal variations, which could be aproximated at 3 
x 10 *-16 Amperes per square-centimeter, and that is a total value of 1500 Amperes for the entire surface of the 
Earth. 

The question is --- how does this current always maintains the same direction ? We can suppose that the natural 
radioactive emissions of the soil is responsable for this. We also know that radioactive emissions of the Earth works 
usually near the soil surface, and that explains the ionisation phenomenona inside caves. 


The ionisation of the low atmosphere could also be the effect of the radioactive emissions of the Earth, especially 
when the X radiation works. Also, the Earth atmosphere is ionisated by the external radiation proceeding from the 
‘Sun and from the space environment, especially the action of ultraviolet radiation and the electron fascicles emitted 
by the Sun surface, at the temperature of 6000 deg. Celsius. 


The capture of atmosphere electricity has been used in France, with aerial cables mounted on the Mont Blane, and 
also in Germany --- with conductive cables carried by the captive baloons. 


The atmosphere electricity collect system invented by eng. Jules Guillot is most ingenious and it relies on "the 
electric siphon" [ m.n. —- the discharging devices or spark-gap used today from the protection of aerial electric 
cables against the atmospheric electricity ; Jules Guillot has thought to recuperate and to use that electricity . 


His method consisted in the direct "pumping" of the atmosphere electricity using a collecting device which had two 
antennae and several collecting rods. 


One antenna is vertical and it has a lot of rods scattered like an opened fan, with the tips against the zenith, for 
collecting the negative electricity which comes from the air ; the horizontal antenna is orientated against the South 
and its role is to collect the positive electricity. 


The air electricity seems to have the double-polarity, as we can see at two electrised clouds when between them 
apears the electric discharge. The air could have different electric charging and the ionisation processus of 
atmosphere is very heterogenous. The inventor Guillot used two separated and insulated armatures with the 
positive armature against the South ( more precisely, against the Equator...) and the negative armature against 
the zenith. 


We can see in the scheme : 


1, the device P is the "collector apparatus" having 15-20 meters height ; it also has a lot of rods which are 
scattered fan-like, all this on top of an iron pillar ; and also an horizontal antenna S oriented against the South ; 
the two antennae are disposed at 90 deg. angle forming the two armatures where the electrical tension must apear. 
As the height of the pillar increases, the voltage increases more and more ; 
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2,- a system of lightning-rods ( p1, p2, p3 ) for protection against discharges of atmospheric electricity during 
storms; 


3,- the regulator system (voltage regulator, etc) R ; 
4, the electric resistors ( Cn ) for absorbing the parasite currents ; 


5,- the "electric siphons" which have the role of making a magnetic field as a good environment for the transport of 
the ionized fluid, absorbing the electricity from the air ; the El and E2 are their regulator devices : 


6,- an auxilliary continous current power supply which send the current against an special exci 
as starting device ; it works only when the system is starting. 

This collector device works very good for lighting and heating. The device made by Guillot had 
20 meters height on the total surface of 3 square-meters. Also, J.Guillot used and electrical transformer for the 
industrial utilization of this "collector" --- as power supply for industrial electric engine: 


n coil, used 


French Patent # 551,882 
Apparatus for Capture of Electric Currents in the Atmosphere 
16 April 1923 
Considering the terrestrial globe like the inductor of a dynamo, where the extraterrestrial ether is the inductor of 
electric currents circulating in the atmosphere; the apparatus of the invention described here selects through the 
device described below two perfectly distinct currents and eliminates others. 
The device includes: 
1, The air sensor; 2, a series of lightning rods; 3, vacuum; 4, an array of resistances; 5, vacuum; 6, witnesses. 
1. An aerial sensor mounted on a pole is composed of magnetic steel fixed and sealed by a porcelain insulator, and 
surrounded a base by a bronze ring which are screwed 32 points of soft iron, all forming antenna a pole. level 
beside it and isolated from the first, forming the 2nd pole, is fixed a sharp point of magnetic steel fixed in the 
horizontal position and directed towards the south and movable to an angle of 45 is sealed in a porcelain insulator. 
This point is also circled a ring of copper notches figure. 1. 
2. A series of 6 lightning surge arrestors at corners between each pole and the earth and the various gauges. 
3. A first regulator form of a device similar absolutely similar to the aerial amtenna, but the two poles are 
superposed and opposed to the vertical point, and a copper disk connects to ground. Opposite the horizontal point, 
a ring of tin to which are welded tubes alternatively 16 tubes composed each composed of copper-lead and iron- 
lead . The ring connects to the ground as shown in figure. 2. 


A second regulator form of automatic breakers balanced on 3 poles and two poles also equally balanced. 


4. A panel of resistances composed of wire mesh in bunches from different sections of glass tubes containing 
copper dust, coal and flowers of sulfur. 


Vacuum cleaners consists of a wooden box on each pole, containing a porcelain vase in which layers isolated 
with mica is made up of mercury, tin, coal, copper and sulfur, all contaied in a copper tube. 


6. The witnesses are comprised of ordinary incandescent lamps. 
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Resume 


By the point at the zenith and the point to the south we channel two currents forming the two poles. We also protect 
from lightning. It regularizes the flow by a regulator and similar devices by a controlling each devise of adequate 
strength of the current harmful nature of these devices do not have loads. The refined current is conducted by 
ordinary copper wires. 


French Patent # 565,395 


Combined Apparatus for Capture of Atmospheric Electric Currents with Immediate 
Implementation 


25 January 1924 


We know that earth with its constitution, its rotation and movement in space, provides the electricity in the 
atmosphere. The electrical currents escape into space or largely accumulate towards the equator, as a result of the 
greater periphery of the globe. 


In the atmosphere, there are two clearly distinct poles, i.e., clouds that can be electrically positive or negative; 
everything in nature shows this, otherwise it would be difficult to explain the lightning that occurs between the 
clouds and which are none other than contrary cloud electrical charges discharged by too close proximity. 


The invention relates to a set of devices capable of capturing the atmospheric electricity. 


So far, all searches made for this purpose has been to capture the atmosphere, i.e. that brought together into one 
system to capture two poles and opposes effect has been to destroy or cancel each other leaving the amount as the 
difference of the strongest to weakest. 


It is therefore easy to understand why, considering the two poles of air as about equal, it is almost impossible to 
measure some potential with the land, the highest on the lowest remaining which can be positive or negative, copper 
being the strongest of one or other of these polarities. 


It is on this basis that all research until now have been made, and that is why we must consider that all the time, 
between the two poles captured in the atmosphere and not in any mixture of systems uptake, it is possible to obtain 
tension and intensity, a considerable and measurable power captured separately between the two poles and 
remaining isolated from one another until their utilization . 


In accordance with this invention, this collection is made by attraction of primary electrical currents in teh 
atmosphere, either positively or negatively charged, by an antenna that has two points absolutely isolated from one 
another, where one points to the zenith to attract negative electricity, and the other turned south, toward the equator 
to draws in the masses grouped in this area. 


This shows and proves the existence of atmospheric electrical currents, and that it is possible to capture them with 
specially designed equipment primarily acting as regulators, as the persistent difficulty encountered so far in 
realizing their capture lies with large variations of tension in which the current atmosphere is present in space, for 
each of the poles, and an overload could inevitably fatal. 


The patent in its present form of presentation does not cover the regulators or devices that are anticipated in the 
system, because they can be designed in different ways and give the same result, but covers the application and 
grouping of equipment operating as automatic relays with variable influence to limit current tension to that chosen 
for utilization. 
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These devices have a role associated with an overflow reservoir outside carrying excess liquid; iti these regulators 
will divert the excess voltage flows to ground. 


We can still absorb these regulators having filters because they have the sole purpose of diverting the post being 
used , currents that are not yet known but likely that we will call for simplicity, abnormal currents. [sic...] 


The patent also covers systems for regulating currents, applied to each of the poles because it is recognized that the 
shape and tension of the currents of the two poles are not equivalent. 


The method of capture is by special antenna has directed two points in the atmosphere, as will be stated after this, 
with Boot ecoulement prior to the current atmosphere is also of great importance. 


Finally, the current atmospheric reception is adequate even with the installation of a post, which can be expected at 
any location without the need for special altitude, as has been attempted in previous efforts. 


We refer to the attached drawings:. 


Figure 1 represents in elevation and side view an antenna that only has two points, to overcome an elevation ; 


Figure 2 is the end of one of the peaks, the horizontal: 


BREVET D’INVENTIO 


XII, — Instruments de précision, électricité. 
5. — Proovenon ne u'écxcrnref, worauns'xerargcns. 


551.882 


Appareil capteur de courants électriques dans I'atmosphére. 
M. Joxss GUILLOT résidant en France (Tarn-et-Garanne). 


Demandé le 27 septembre 1921, a 48" 20%, & Paris. 
Déliveé lo 15 janvier 1923. — Publié to 16 avril 192d. 


{Brovet invention dont J divrance a és sjourade en exéetion do Tar. 448 7 de In loi da 5 julet +884 
‘eodibde parla tol da 7 ave 190] 


Cousidérant le globe terrestre comme Fine | pareil absolument semblable au capleur 80 
Aoit d'une dynamo, dontféther supraterresire | rien, mais ayunt les deux péles superposés, 
est Tinducteur, des courants électriques circus | et, opposé a la pointe vertcale, un disque de 
Tent dans Fintervalle est &-dire dans ln couche | euivr relié& In terre. Opposé & a pointe ho- 
5 atmosphérique; Tinventeur capte au moyen | rizontale, une rove A jante détain sur quelle 
de appareil déerit ci-dessous deux do ees | sont suudés alternativement 16 tubes eom- 35 
couranis parfaitement distinets et imine les | posés eux-mémes de deux métaux soudés : 


autres. = cuivresplomb ot ferplomb. Cotte rove est re- 
Lappareit eomprend : Tide la terre par son pivot fig. 2. 
to 4° Lo capleur aérien; a une série do ps- | Un deuxitine régulatenr formé d'eppareils 


rafoudres; 3° les régulateurs; 4° uri tableon | & déelanchement automatique au nombre de 4o 
de résistances; 5° les aspiraleurs; 6*les.té- | 3 par péles et. deux baseulatours également 
soins. ar poles. 
{* Le caper ain monté sur un potea | "é Un tables de riitancen compost de 

45 est composé dune pointe Wacioraimants fisée | Gls de maillchort ea boudins de diférentes 
par sellcent eur'unislotenr poredaine et | sections de tues en vere eonteoant ds pou AS 
cerelée sa base par ane bague de bronze sur | sitres de caivre, du charbon de coraue et de 
Iaguele sont vissbs 82 aigulles defor doux, | Ja fleur desoufre. 
Ietoot formant Fantenne dun pole. Ache | "5° Les asprteurs composé dine bole en 

420 isolé de Ja premitre, formant le 2° pile, est | bois sur chaque péle, contenant un vase de 
fixéo-une pointe docier cimanté dans la posi- | poreslaine dans Jequel par eouches superpo- So 
tion horizontale et dirigée vers le sud dont Ia | sées et isolées au mica est placé du mercure, 
base coudée 8 45° st seallée cur un izolateur | de I'lain, du charbon, du euivre ot du soufre, 

+ poreelaine, Cette pointe est également cercée | le tout traversé per une tige de cuivre, 

5 duno bogoe de cuirre & encoches ig. 6 Les témoins composés de lnmpes & in- 


2° Une adtie de 6 parafoudres 4 cornes | candescence ordinares 55 
entre chaque péle et la terce et & écartement 
nie chaque pl ta ee ot 3 éeartements ‘aes 

3° Un premier régolatear formé d'un ep- | Par la pointe ou 2énith et par la pointe au 
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Figure 3 shows schematically the table on which are mounted various devices or accessories that act as regulators 
of current tensions. 


2 [551.882] PRODUCTION DE VELEGTRICITE, ETC. 


sud nous canalisons deux courants formant les | nuisible dont ces' appareils sont chargés. Les 
deux poles. On protige ensemble par des | courants épurés sont conduits aux témoins 
parafoudres. On régularise le débit par un | par des fils de cuivre ordinsire. . 
régulateur semblable et par des appareils & é : 

6 déclanchement commandant ehacun dos résis- Jus GUILLOT, 
lances appropriées de la nature du courant Moissae (Tarn-et- Garonne). 


Figure 4 is a scheme of surge arrestors, and 


Figure 5 a table of resistances. 
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The necessary arrangements to capture atmospheric current form is as follows: 


1. The antenna in figure | is formed with two peaks: the 1 is steel, supported by a bronze ring 2, surrounded by a 
spiral form 3; this point is oriented for attracting the zenith layers of negative electricity and the other edge 4 
contains copper coils 6, and is oriented south to the equator to draw in the masses grouped in this area. To use this 
antenna it suffices to be raised on a mast or pole to a height a little higher than that of surrounding houses. 


2. On the table lightning arrestors, contained 4, forms of 7 copper horns used to absorb large atmospheric 
discharges by certain time, as it would be dangerous to allow movement in the devices regulators. 


3. On a table of two symmetrical systems regulators, Figure 3, one for each pole, to obtain and allow a 
regularization of large excesses in the current tensions, by automatically absorbing surges before passing over the 
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surfacea chosen for the desired use. These regulators are represented on the drawing by the references R, RI, R2, 
R3, R4. 


4. In the resistance panel in communication with regulators, these resistances are formed as spiral coils or screens 
8, tubes 9 of glass filled with fine coal dust , aluminum powder, sulfur and fine copper dust. Finally, two 
special 10 processors and constitutes layers of metal forming an absorbant for harmful or abnormal currents. 


5. As a source of energy formed auxiliary batteries 11 and Ruhmkorff coils 12 to get into the antenna sufficient 
attraction by means of an adjustment of intensity, which once it begins, allows the constant flow of atmospheric 
current in the system. 


In considering Figure 3, which represents a sort of an installation scheme of the device, the reception of atmospheric 
electrical current will, as set out above, producing a priming of these currents. This boot is made in launching the 
system which is double to answer each of the poles, the current batteries 11 through 12 and reels going to the 
antenna. 


This boot will continue until the disposal of electrical current atmosphere is evident by the one or more table lamps 
L of resistance shown in Figure 5. 


Once the lights illuminate it is advisable to charge the batteries to boot. Natural flow and constant currents will be 
captured by the regulators , Figure 3; they will regularize in tension and in amperage and then directed to use in 
table lamps. 


Ithas been said above that regulators R, ete., are intended and designed to automatically eliminate earth surge 
currents capture and abnormal currents that cannot yet be level but that these regulators could be replaced by 
devices with the same function. 


There is therefore no need to describe in detail and especially the claims. We only specify that these regulators must 
be proper protection for the purposes described above. 
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” x11. — Instruments de précision, électricité. 
3-— Phonvonon’os véveorsta, nonecas feacrmguns. 


N° 565,395 


Dispositif combiné pour capter les courants électriques atmospheriqu 


avee application immédiate. 


M. Jouss GUILLOT résidant en France (Aller. 


Demandé Je 6 avril 1923,.a 444 30%, a Paris... 
Délivré Je 7 novembre 123. — Publié le 25 janvier 1924. 


On sait que la terre, par sa propre consti- 
tution, sa rotation et son mouvement dans 
espace, fournit 2 elle seule Iélestricité que 
Yon utilise,et qui est-en suspension dans fat 
mosphare, Les courants électriques; qui se 
chappent de la surface du globe, montent di- 
reclement dans Vespace'oli les grandes masses 
sont accumulées vers I’équateur, par suite de 
Ja plus grande périphérie da globe, 

Dans 'atmosphére, il y a deux ue par- 
faitement distincts, Cest-A-dire que des nuages 
peuvent etre électrisés, soit d'électicité posi- 
tive ou négative; veci, tout dans Ja nature le 
déimontre, sans quoi, il serait difficile dexpli- 
quer la provenance des éelairs qui se eli 
sent entre Les nuages et qui ne sont autres que 
des nuages chargé d’lecvicité contraire et 
qui,s'amorcent entre eux par un trop grand | 
rapprochement. 

‘invention dont il-s‘agit concerne un, dis- 
sitif formé d'un ensemble d'appareils aptes 
Ma captation dé ces courants atmosphériques. 

Jusqu’a.ce jour, toutes es recherches faites 
dans ce but ont éié de capter dans Vatmo- 
sphare une seule catégorie de,courants atmo- 
sphériques, cestadire, qu’on a réuni dans 
un.méme systme de’ captation, deux péles 
opposés et dont Fefet.a été de se détruire ou 
des'annuler!'un & Yautre laissant comme quan- 
» tté que Ja diférence du plus for au plus ible, 
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Isera done facile de comprendre pourquoi, 
en considérant les deux piles d'un courant 
atmosphérique comme peu prés égaux, il est 
presque impossible par certains temps de me- 
surer le potentiel avec la terre, da plus fort 3! 
sur Je plus faiblo subsistant ét qui peut étre 
positif ou se suivant que le plus fort est 
de Tune ou de Fautre de ces polarités. 

Crest sur cette base que toutes les recherches, 
jusqu’h nos jours ont été frites et cest pour- fy 
quoi, il faut considérer que par tous les temps, 
entre les dour piles captés dans Patmosphtre 
ct non mélangés dans aucun des systtmes de 
caplation, il est posible d'ubtenir, en tension 
et en intensité, une puissance aussi considé- 4 
rable que Yon_puisse désirer et qui sera me- 
surée entre les. deux poles captés séparément 
et lovjours isolés Yun de Tautre jusqu’’ leur 
utilisation. i 

Suivant-Finvention, cette captation se fait § 

wr attraction dans Y'atmosphére au moyen 

un amorcage des courants électriques soit 
positif ou négatif, par une antenne & deux 
wave absolument isolées Pune de Vautre, 
font Pune touende: vers le zénith attire es & 
couches d'électricité négative, et Yautre, tour- 
née vers le sud, puise vers [quateur, dans les 
masses, groupées dans cette zone. 

Ceci exposé et lexistence des courants élec- 
tviqus ‘stmosphétiques dant prouvée, il est ( 


2 [565.395] 


possible de les capter & la condition de dis 
ser d'appareils spéciaux étudiés surtout pour 
Joter le rote de régulateurs, atlendu que ta 
iffculté persistanto rencontrée jusqu’alors 
pour réaliser lacaptation incombe aux grandes 
variations de tonsions cous laquelle tes cow. 
rants atmosphériques se. présentent dans ['es~ 
pies Pour shacun des pes, et dint Meow 
lement dans un poste de captation serait 
inévitablement funeste. iz 
Le présent brevet sous sa forme, de présent 
tation doit done couvrie, non pase ou les dis- 
Positifs régulateurs qui sont prévus dans Je 
systéme, carils peuvent étre concus d’ane fagon 
5 toute difigrente et donner Je méme résultat, 
sais surl'application raisonnée et le groupe= 
meat” d'appareils fonctionnant automatique- 
‘ment et intervenant chacun comme rebiis din- 
fluence variable pour limiter 1a tension des 
© courants captés dans Vatmosphire. 4 celle 
choisie pour utilisation. 
Ces appareils ont un rdle asser connexe 


avec celuidé trop-pleins sur un réservoir qui 
ores 


° 


acheminent'& Vertérieur Texcds de 
iti ces régulntéurs détournent Yexeds de ten 
sion des courants & 4a terre. 

On peut: encore assimiler ces réguloteurs & 


o 


des filtres ‘car ils ont re but de détouraer | 


du poste d'utilisation; des courants qui ne sont 
pas encore de nature eonnue mais que pour 
simplicité on appellera courants parasites ou 
norman. 

Le brevet portera aussi sur le systime de 
régulation des courants, appliqué & chacan 
des poles, car il est recon que 1a forme et 
Ja tension des eourants anx deux péles ne sont 
pas équivileates. —” 
~ Le'mode de captation-par antenne spéciale 
A-deux pointes orientées dans Tatmosphire, 
> comms il sera indiqué ci-aprés, avee amoreage 

préslable pour Técoolement des courants a= 

mosphériques est aussi d'une grande impor- 
tance. 


Enfin la réception des courants atmosphé- 
riques se fait & Tendroit méme de Pinstallation 
da poste; celni-ci peat &tre préva en un lien 
quelcongue seis heeniter Galitnde parti- 
culibre, comme cola a été tenté dans des essais 
préconcus. 
> Sur les dessins ci-annexés ausquels on se 
réfire 
Ta fig. 1 représente. en’ dlévation’ et en 
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le antenne seule, & deux pointes, 
surmontaat un poteau d’élévation; 

la fig. 2 est le plan de Pune des poinies, 
celle horizontale: 

La fig. 3 montre schématiquement Lo ta- 
lean sur lequel sont montés les divers appa- 
reils ou accessoires qui jouent le rile de régu- 
lateurs des tensions de courants. 6 

La fig. 4 est un sehéma do perafoudre, ot 

Ia fig-5 un tableau de résistances. 

Ledispositif écessaire la captation des cou- 
rants atmosphériques est formé comme suit : 

Vise sateioe, fig. 1, forméo do dous 6 
pointes dont Yune 1 est en acier, supportée 
par une bague de bronze 2 entourée d'une spi- 
tale 3 formant self; cette poiate est tournée 
vers 16 zénith pour attirer les eouches d'élee- 
ricité négative; autre pointe 4 comporte un 
cadre 5 de hut branches supportant des spi- 
rales de cuivre 6 et est tournée vers le sud 
pour puiser vers "équateur dans les masses 
{groupées dans cette zone, Pour Ptilisation de 


s 


ette anteane il sulira-qu’elle soit portée par 
un mat_ou poteau de hauteur un peu sopé 
rieure & celle des habitations environnantes. 


2 


3° D'une table de deux systimes symétri- 
es de régulateurs, fig. 3, un pour chaque 
Tak, gu pmol dbs ane egret 
le dans les tensions des courants en 
automatiquement Jes surtensions 
dépessent fa tension choisie pour utilisation 
Aside, Ces nigultcurs sont ropréents sur 
Je dessin par les référencas R, Rt, Re, RE, RS. g¢ 
4& D'un tableau de résistance en commu- 


absorbant certains eourants nuisibles ou anor- 
mans. é 101 
5* D'une source auriliaire d’énergio formée 
de piles 11 et de bobines Ralimkorlf 12. per- 
mettant dobtenir dans Tanienne une attrac 
tion suffisante au moyen d'un. dispositif de 


DARIDA, Gillbert : "Practical Utilization of Atmospheric Electricity"; 
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(in The Invention Encyclopedia, pp. 204-207 ; 1930, Geo. Constantinescu, Ed. ) ~ 


Lalso would like to thank my wife Jan 
Francoeur for being part of making this 
research possible, she has spent countless 
boursto prepare this report and assist in 
thereconstruction of these machines. 


The test resultsand hypothesis have written 
are not complete, and the research and 
development of the described magnetic 
energy machinesis on going, and assuch, the 
potential and performance and true 
efficiencies of these machines are still yet to 
be determined. This author knows that the 
aether is real and free energy systems are 
possible, and I will continue to work until 1 
have completed the integration of Ed C 


radiant energy motors with our larger versi 
dc dynamo machine. When this happens, a 
new round of testing will begin with our 
attempts to run the two machines together in 
closed loop regenerating mode. 


Thope explained these energy machines ina 
way that you all can understand, and more 
information will be released as progress is 
made. You may find this information 
useful with your quest to be energy 
independent. However, ifyouprofitfrom 
any of my ideas I have described in this 
writing, then in all fairness, please 
remember to reward the inventor so 
research and development can continue. 


This is my gift to humanity. 


Interesting Information 


New Propulsion Letter 


from Paul Toomer <jorjencar@leeds3 22.fsnet.co.uk> 


Please take a look at this new web site on how to challenge 
Newton's third law of motion at 


http://magnetic.propulsion.mysite.freeserve.com 
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New Energy Technologies, Issue *5-6 (14-15) September - December 2003 
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PRODUCTION DE L'ELECTRICITE, ETC. 


réglage d'intensité qui, une fois amoreé, per- 
met I’écoulement constant des courants de I’at- 
mogphiredané le este, 


considérant la fig. 3 qui représente en 
5 quelque sorte le schéma installation du dispo- 
Ai, ardeption des courants Gectiquee sono. 


pass ireranis dela facon indiquée ci-dessus, 

en produisantun amorcage de ces courants. Cet 

amorgage est fait en lancant dans le systéme qui 

» est double pour répondre & chacun des péles, 

jo courantles piles 1 + passant par les bobines 
19 et se rendant &f'antenne. 

Cot amoreage sera maintenu et réglé jusqu’a 

ce que I'écoulement des courants électriques 

) atmosphériques se soit manifesté Tallu- 

mage d'une ou plusieurs lampes L du tableau 

des résistances représenté en fig. 5 portant la 

prise d'utilisation, 

Des que Fallumage des lampes sera constaté 

» on sera averti de la captation des courants at- 

ig ralg et on pourra couper fe courant. 

des piles d’amorgage. L’écoulement naturel et 

constant des courants captés se produira dans 

3; 


Tha été dit ci-dessus que les régulateurs 
R, etc., étaient prévus et concus pour éli: 
miner automatiquement a Ja terre les surten- 
sions des courants captés ainsi que les courants 
anormaux qui ne peuvent encore étre classés. 
mais que ces régulateurs pouvaient étre rem- 
placés par des appareils faisant le mfme office. 

Il ny a done pas liew de les décrire en dé- 
tail et de les revendiquer spécialement. L'ave- 


nir seul précisera si ces régulateurs doivent [ 


(565.395) 3 


faire Yobjet d'une protection propre pour Pa 
pra ested ae a a a 


nésumé. 


Dispositif combiné pour capter les courants 
Gectriques atmosphériques avec application 
immédiate, caractérisé : 

1° En ce que lorgane de captation est une 
antenne & deux branches orientées différem- 
ment, Tune vertical avec self est tournée vers 
le zénith pour puiser les courants négatifs, 


Tautre horizontale comporte un plateau cen-- 


tral avec enroulement de fil et est orientée 


vers le sud pour puiser les courants positifs; | 


Yorientation des pdintes restant fonction du 
lieu terrestre ott se fait 1a captation des cou- 
tants considérés, 

2° En ce que 'éoulement des courants 
atmosphériques dans Ie systhme récepteur est 
sabariccud ic morgage qui consiste lancer 
dans Yantenne un courant provenant d'une 
source auniliaire, telle que des piles reliées & 
des bobines de Ruhmkorff. 

3° En ce qu'un tableau parafoudre est in- 
terposé entre 'antenne ou organe de captation 
et le tableau des régulateurs pour préserver 
Yinstallation en éliminant & la terre les dé- 
charges brusques atmosphériques. 

4° En ce que les'régulateurs sont disposés 
suivant deux sysidmes symétriques correspon- 
dant & chacun des pdles des courants atmo- 
sphériques. 


J. GUILLOT. 


Par procaraion 
Y. Pnévosr., 


French Patent # 551,882 


Appareil Capteur de Courants Electriques dans L'Atmosphere 
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The classic spark-gap with mas 
blowing circuit 


a) 

The spark-gap with magnetic blowing : 
4,- the initial stage ; the impulse current send in soil through the shunt-resistences 3, because the 
coils 2 have an impedance too big for the impulse of 1020 ys ; 

the spark-gap 1 has bvo elements disc-shaped 1a and 10, the inferior disc have one electrode and 
the upper disc the other electrode of the spark-gap circuit. 

',- the second stage ; the accompanying current discharge - after the impulse current; 

‘this accompanying current pass through the coils 2 which produce the magnetic field with the 
role to extend the electric are into the stit between insulator discs 1a and Ib ; the thickness of 
‘his stit is smatter and smatier in accord with the extension of the electric arc, in this manner 
producing the magnifing of its electric resistance and finally, the electric arc extinction. 


y 
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J,- the spark-gap individual devices which 
, Work in the manner to extend the electric 
are of the accompanying electric current ; 
1, the coils which produce the magnetic 
field for the magnetic blowing ; 
3,- the electric shunt-resistances in parallel 
! connection on the blowing coils, with the 
{ role of reducing the current inside this coils 
4,- the dise with untinear resistance ; 
| §,- electrical resistance for the homogenous 
distribution of the electric fletd in all the 
+! elements of the spark-gap. 


In Jules Guitlot scheme, that kind of de- 
! vice could be used for leading the current. 


Spark-gap element with circuit for the magnetic blowing of the electric fascicle 
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variable resistance ; 
b,- the tube spak-gap ; 
t- the time 


¢ | The tube spark-gap has the aerial spark 
2 8p with the electrodes 5 and 6 disposed 
at the insulator 8 extremities ; and one 
C wt-over: spark-gap device between the 
' rod 4 and the electrode 1. 
At start, the first spark apear in the aeriat 
Spark-gap and then, the electric dicharge 
== goes to the gas-producing tube 7, where it makes 
y the arc-over. The local pressure in the gas allow 
the electric arc extinction, after managing the 
over electric tension into soil. The capacity C 
which is created between the external ring 3 and 
the rod 4 is bigger than the Capacity C between 1 an 2 
in that manner, when the overtension apears, the 
Q auxiliary spark-gap I, 2 will start working and then, 
the main spark-gap 1, 4. In this circuit, the electrode 9 is connected at the 
aerial electric line and the electrode 1 at the Earth, 
In the image above, it is an classic tube spark-gap used for the protection of 
aerial electric cables. The atmospheric electricity is discharged in soit and 
lost... The Guillot's inventions used that kind of devices for leading and ab- 
sorbing of the atmospheric electricity. 
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prin ajutorul unk aparst de captary, format din 2 antene aevione 
410 serie de bobine dup cum se vide in fig. 108 Una din antene 
vertcalé in formi de evantaia drijata eu varfurle citre 
emit, pentru a capla olectsictaten negutivis din atmonterd; con 
are este orizontali, esto dirt etre Sud, enteu a capta elects 
‘ilate posit. 
leetiitaten in aer pare sf fe ou 
dubli polaritata, dupa etm o vede Ia 
2 ori electra, cari deplasindh-se 
Insenscontrar, dau aster nei gented 
(Culger)cind diatanta rspectivd poate 
i fle stetbatutd de pterica lor die 
ferent de potential. Stratarile do ace 
de density iferita, na sunt toate 
antrenate de aceeagi viteti_prin ro. 
tafia pimantuhi, ele se eletrineand 
‘levi prin frecaron decalajlul lr ree- 
peat 
Aceste sunt considerafiunile ce bau 
ficut po inventator ai ager In ate 
‘osferd doi poli complet ditinti 9 
perfect izolati, al cdma pol poxitiy 5 
(Gg. 108) poate fi dria fn direofinnea 
Suului, gi a eclulalt negativ: 2, in 
Airctionea zenitului, Fig. 109 anata 
schema montejului gi a conexiunilor 
sompuse dup eum urmeasts 1, intro 
fanleni dubld aerini, montata pe 
stilpi do 15—20 m inane. Accasta 
parle care so mei numeste gi aparat, 
Ao captat, este format din varfutile P, dispuse in evantal In 
visful nei tje do ofel dinate itr zonit, pentru a capta, 
curenfii negativi ai atmosfori gi dintr'o alti attend orizontala 
cies sigeaté este indroptatt citre sud S, aici edtee equator, 
pentru a recepta eurenfii positivi, Aceste doul pint diepusy 
‘In unghiu de 90% formeaxi ci doi poli ol curentalti tevin, 
4 cirei diferent do potential este suficienté pentru a. permit 
‘lilizarea electricity atmeserice, 


poy 


ope 
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Steel Rods, magnetic, 2 
Insulator, porcelain 
Ring, bronze 

Rods, soft iron, 32 
Ring, copper 

Surge Protector 


Mesh, Glass Tube. Cu, C, $ powder 
Box, Jar, Mica & 

‘Tube, copper: 

Reig, Sa, C, Cu, S 
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Wireless Transmission of 
Power Now Possible 


By THOMAS W. BENSON 


ECENT developments end to faléll transmiting radio waves without materia] of gas is a measure of ity ionization 
the old, old cream of power tans- serials Mt Hestinger hit upon the idea of | Furthéaore, ffs posse to ont a as 
isin wot wires! Tor years ing longed gh beams a clevsted cope byes of ram of ala pe rae 

Workang with these inet fe Hetesgee 
Aresed ‘means toute thet for ratio 


Rt red” eain oe Sadie 
ower without wires and as 

solve a myriad of transperiation problems, 
Socks" propelling vehicles ship tal 
Brera te, with: 

hae S terce 9f 
omer in thefecon= 
Rtrytion. Temes 
‘ones head almost 
feel to think of the 
posstaltien i such 
Enachievement 
nd nov te dream 
‘promies to come 


ly simple when one thanks 


‘tis a well4nowa fact that an fonized trapsmisson in the following manner 
isa conductor: fact, the condactvty "Ay shown im Fig I's source of tea 
let ays, an are 


sult Sa an onized 
team of air that 
Ste ab a conde 


eee 
eae 
ed 
Schnee 
Se 
See 
z > Seeds 


atroke “an Engich 
feats, Me "Tain 
shiney oct 
foaissdon’ Like 
Someone ether = 
ventions, the way, 


before or ery W/, : 
Be tid 7/7” aware a 
ete fontzed beam 


Papllly “Toses its 


White working 
‘conducting power 


fons means foF 


‘March, 1920 


4 the distnce from the source increases, 
ietefore the effective height of sc an 
Strangement is determined hy the intensity 
SERRE Feros Soma foe the den 
Hut let us consider further In study 
she spectrum we fad that the Stolieht of 
eching the carth contains few tea vckt 
Fags of shorter" wavelengths then ‘3000 
‘Rigstrom ‘its, yetwe are able to gen" 
crate much shorter rage with an aro leit 
T's treasonabie tov assume that shorter 
‘waves donot Tee the sun, and. in View 
‘ofthe fact that i has bet eterariaed that 
the igher streeam of our, stmowphee. is 
ronieed tis aecapted hat the shorter rays 
Sr abrbed ie ie hh Sin 

el now be apparent that = very good 
condition exists forthe ‘ansmiston” of 
heygy without nites, ‘As shown in Fig. 2, 
sve have the ear, © good conductor, sur” 
Tounded wich a bianlet of insulting air 
Shout ten "miles thie, beyond’ wish, gp to 
bout = hundred miles; the ar is" ghly 
{ated an Kept in'a state Of loviacon By 
[igh fom the fun an star 


Hens ef god conductors up 
Praccaly erie lator, ae isk 
Erranwemcar for our purposea” We have 
int t9 connect & source ef current to the 
strane fe sei oa ah 
He ih hut arene eng cod 
be lied in any part of the. earth 

‘eglycomneting Yo the pair of conductors 

"Thc condivon hag been recognized. for 
some tine bat the difesity issn aking 
Connections to. the upper layer of conduct 
ing stmocphere: It hardly practeat to 
fetsigc towers sie or seven ‘ms High 
could sot"be atleed withost using 4 sme 
AP ‘tract "atthe" point. of reception, 
‘which makes this. scheme hardly feasible 
Tor aircraft or moving venice. 

Thetrn then tg te ionsed,stram_ for 
radiowacriais "We can easy construct 
fea that wll throw a beam tek tventy 
fles. “Then why not make conection 
‘nt upper seat with an ionized steam 
ob ie? Woneetal in te simplicity. 

Tn Fig, 2 the writer attempts to portray 
4a, Reneraing sation embodying these pri. 
Sites Inthe mala budding wil be housed 
‘Ee fewtcng ate for supg te cre 
fenlto the aré andthe primary of the ig 
Soltage "apiarstas for” eransmission of 
nent. “Sogported on dhe root of his 
retire wil bes ‘monstrous are lamp 
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canable of shrowing a, stream of ultra 
Hlolet oye for at fest 'ten mes." Tn' this 
‘gm reppored conducting sertin 
Df ionized sir” ‘The insulation of these 
‘arts present o great ilies to meer 

"Te balling wil slo house a ug step 
sp. tanetorm "an oli loge cone 
lasers spark gap either ot the rary OF 
joeached type an’ huge ceiltion tea 
former or esla coil “These instruments 
are connected in the stat magner and 
ted So thatthe inductance in the circuit 
adie’ capucty formed by the cart and 
fontzed:ypper strata will Rave a well de- 
fined ecitation period 

"hy these ments the whole earth will he 


Sige tay pont wy a 
Seem of light verticay «screen being 
{sed to take the energy that wil ow Gown 
the’ beam "An inetanee col Bing nec 
San the cet to mare resonance with 
Ah’ canoer at the reeting set Aer 


gene ah See ge reno he 
aking 


if 


I 
aie 
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"Fwo Optional Forms of Wiel 


once started, the recsiving energy can be 
‘Sed so keep the are going 

“Ships “elite an are and. efector 
smounted Sa the mast aeroplanes hve to 
‘es; one of top, the ater below, and Soom, 

Thacher ot nerfere with pee 
fat short range” transmission, it" being 
‘Saray pracieal foreach home to have am 
4re.oh the roof whes ope are would serve 
for a'town and several fora large cy. 

‘Rather ier benoit wil ie in the llea- 
sion of water falls Yar {rom ciation, 
oat ae aie 
Sead of mes pina 

Aside ftom the transmission of power 
other advantages way aczeue, Wil Sacha 
Sires “between the earth and ‘upper ait 
Siesta reduce the presence of at particles 
inthe ‘stmonsere? On. seni: ease the 
Inmediate condensation of fogs and melee 
fie i the ito eve wpe cout 
2 matter of changing the Irequcney oF wl 
ge of the current to cause fain oF to re 

“hen the question of effect on radio com= 
syn: al ake our pee st 
Connected" direct to the power st an 
Scting by superinposing Paiferent™ re- 
uencles on the power frequency? Or wil 
fadiotclephoay ‘work band in hand wit 
ifs ower svem the vote currents en 
Iinprest on the power treat and Bl 
‘out at the receiver? 

"There a thooand and one hogs 
such “an, arrangement might ‘i 
Sh ge te oh 
Gite? What fist would suet stresses 
Ihave on germe and baci? ‘Their nusbess 
willie decreased by the destructive efets 
Shi gles volt he” Will mam grow 9 
Se taouspected “height and. become un 
Temly healer deta the leeeral teat 
‘tnt he would be constantly endergoing? 
iss greenies ito Hous, 

nt the scheme fy practical Yo all appeat” 
lances it requires ut some Santa gnats 
toigive ea rial 

ind to thin it all aa within, reach 
sucha dort time ago!” Had Tesla but pot 
sina aren fon of the tower at ie 
xperimenta sation’ in Long Team act 
SESE call att owen 
even 8 promise i would mean another 
top towards the fnal mastery ofall mater 
tytn 
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Nikola Tesla 


Scale up the enclosed methods and you could have Pd 


Unlimited Amperage! 


By Unite we mean you can keep aking mar art also your earth power ton 
‘Stu can led ityearby yar sing more an mae am poe 


There are many ways to pick up on the 
free energy in the earth, Just a few are 
described in these plans. These 
devices if made right will pick up earth 
energy that many call ether or static 
currents as well as acting as high 
efficient earth battery's. Ether travels 
through plastic wood ete... Study and 
research these plans closely there is 
Aluminum Copper more to these plans than what you may 

think. You can leamn to get enough 
power to run your home! 
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Learning The basic’s of our invention 


Experiment #1_How to assemble a 12 vdc system Hoc wnt irisdk 


1. You will have 12- 4" 3/4" copper piping, or If you did not =Negalive 
purchase the kit then cut your copper to this size. KIT: take 

each piece of copper and tape the tops with 1" masking 
tape. 


2. Now using RED LACQUER spray paint (Which you can 


buy at any hardware store), Paint the outside of the 1" or 3/4" 
copper all around. (DO NOT PAINT THE INSIDE.) Copper 
let air dry for 24 hrs. Now remove 1" masking tape. Pipe 


3. Take the copper pipe outside to the area that you are 
going to use. use a hammer and hammer each one Into 
the ground up to the 1" copper exposed top. do not let the 
exposed copper touch the earth in the final placement. Dirt 
should be moist. Not real dry. 

4. Now remove each pipe and place a thick piece of 

plastic on bottom of copper pipe to cap it. LET IT BE LOSE, 
DO NOT TAPE IT. YOU WANT RAIN WATER TO BE ABLE TO ° 
ESCAPE FROM EACH PIPE, Do not let exposed outside 

copper touch the earth. 


“Earth dirt, 


5. Now hammer each pipe back Into the same holes. 
place each 2" piece of zinc rod ( or a long bolt, most bolts are zinc 
plated ) into the center of each pipe. The zinc Is the NEGATIVE 
and the copper is the + POSITIVE. 


6. Now connect them in series to get 12 volts, use clip wire 1" Copper = + 


or solder them. If you are going to leave It outside for a Positive 1.5 vde 
long time then make sure connections are soldered and ‘ench nell you make 
then painted to protect them from the weather. The rain This represents one 
will replenish your earth batteries. Top get more amaperage cell. Aaty of 12 to 14 


will give you 12 - 14 volts de 


with this type simply add more copper and zinc rod cells USE 3' wil give you 12. 14 volts 


PIECES OF COPPER PIPE INSTEAD OF 4" PIPE. THEN 
CONNECT EVERY ROW OF 12 PIPES IN PARALLEL.. 

ADD AS MANY ROWS AS YOU NEED UNTIL YOU GET THE Cut 12-4°L x 3/4" 
DESIRED AMPERAGE YOU WANT. ( THINK BIG! ) This can be SOPESSPES: 

a very powerful free energy system for your home or other. Not only 

will you get an earth battery effect, but you will also be collecting earth 

currents from ether /static and under ground radio waves as well. 


7. The deeper you go with the copper pipe, the more 
amperage and voltage you can get. 
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Learning The basic’s of our invention 


Experiment #2 How to assemble a 12 vdc system 


This is just an example to go by and is not the best way but is low in ffciency! See our capacitor earth cells, coll type or lat 
sheet type. They produce far more amperage and voltages than this type. 
Copper Zine 


t 


‘ig pebiilg = 1- 12vde array 


NOTICE: Do not paint the 10 foot copper cell. Keep all copper exposed 
to the earth. The more exposed copper the better. For higher amperage 
output, use a zine or aluminum rod 10/16” Diameter which will leave a 
space of more than 1/16” to the copper. 


Advantages of earth powered batteries 


1. Free Energy 

2. Long Life 

3. The collection of aether energy. 

4. Cells are also replenished by 
outside weather. Rain as well 
as lightning charges. 
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Learning The basic’s of our invention 


You can purchase Zine rd of zinc plated bots at any hardware store, most all nuts and bots thay sll are ine coated and wil work us fine. They also carry 
lominum sheeting. Most hardware stores ean order you copper shesting a= Wal 


Experiment #3 How to assemble a 12 vdc system 


This is a simple way to produce more amperage but is not practical, we are only showing you 
this to educate you. The closer the zinc rod is to the copper the more amperage you will get as 
well as going deeper into the earth. If you do decide to build this basic set up. It is suggested 
that you solder all leads very well and dig deep enough into the earth to hide the tops of each 
cell. By covering the tops with dirt the cells can short out so what you want to do is to paint the 
exposed tops with lacquer or enamel paint then cover with plastic, cover with dirt and allow 
both the negative and the positive leads to stick out of the ground. But like I said this is not 
practical, what your goal should be is to make a very strong uf earth capacitor / battery, This 
will allow you to pick up and collect earth radiant waves of energy as well as lighting energy 
during storms, the energy you can collect in a strong lighting storm will amaze you! You must 
use an antenna on the zinc rod or copper rod. WARNING! Be careful when collecting 
lighting it can kill you, be sure the positive and negative wires are not coming into your 
home. During a storm it is advised to have the lead wires going into a large uf cap bank 
via a one way diode on the positive lead to the positive of the cap or battery. The earth 
battery's can be dangerous at times and must be completely buried in the earth so a 
child, adult or animal can not touch or get to. Our earth capacitor batteries can store and 
hold thousands of volts. So be careful. Use rubber gloves and clothing to protect 
yourself. We are not responsible for anything in these plans you build at your own risk. 


se: : 
+ we Top view of a 12 volt dc array | Zrscsnterenecesby 

high amp system {iii ttee de wp 

Connect the series arrays in parallel to each other as shown, {Soe a smal apace n petvoan 
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Learning The basic’s of our invention 


#4 The 6 foot spacing method ( old way ) 


There are many US Patents that were Issued back in the 1800's, one of them was 
issued to a Mr. Deckman. Deckman found that if you take several small pieces of 
Zinc and Carbon rod and stick them into the ground next to each other and connect 


them in series ( much like a battery ) you get very little gain at all. 


Experiment 


But if you put them 6 feet apart you will get a gain In voltage and they will not cancel 
one another out. so by doing this you can put them In series to increase your voltage 
and your volt amps. The theory is that there Is some sort of natural energy VORTEX 
that takes up about that much space for each unit or cell. 


TOP VIEW 


ZincorAl rod f 
Earth Ground 


we ef 


By using this method it will take a lot of ground space, ground space that many 
people just do not have with the exception of farmers. If you do have the space then 
think BIG! dig deep and have as many cells as you can get up to 2 to4 acres. There 
are much better ways - vs - the old method as you will see. but by using Deckmans 
old way or our new methods, you can get as much free energy as you want with volt- 
ages or amperages as high as you want or desire. The higher the desired amperage 
the more costly it can get. We are always working to better our inventions to keep 


the cost down. 
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Learning The basic’s of our invention 


By using our new system you can get as much voltage or amperage as you want. Just 
size It to meet your needs or your budget. 


How to get AC current for house hold use. 


You can convert the incoming de current to ac by using a home made inverter 
(which we sell the plans to, 5 kw inverter plans $40 order #579) or you can purchase 
a12v to 115 vac inverter from a store or solar panel supply house... If you are planing to 
make a 115 VAC system this Is the only way you can do it. You can not get AC current 
from the ground. You must use our system to charge a deep cycle 12 v marine battery, 
and then connect our 5,000 watt 120 vdc to ac inverter to the battery to run your 

home. ( we do not sell kits or inverters assembled, we only sell the plans at this time. ) 


More on the basic pipe method 


Please note: the dirt level inside each pipe should be up to 1/4" from the top. each 
pipe should be tightly fliied with dirt. Which will automatically happen when you hammer 
the pipe into the ground the first time. 


Each copper pipe (or cell) should be spaced 1 Inch to 1 1/2 inch apart. Doing this 
will give you more amperage and voltage. 


How to dig a simple deep hole for 8' pipe: There are many ways in which you can do this. 
you can rent a ground drill bit and rig it up with a electric 2 hp motor or you can use 1" 


copper pipe. 


First: prepare the ground with water to make it moist but not muddy, 2nd: hammer a 
1" x 5! copper pipe into the moist ground about 5 inches deep/ then remove it from 
the ground and take a stick or a water hose to remove the dirt from inside the pipe. 
Then just repeat the process over and over until you get the desired depth that you 
want. you can get about 10 feet or more using this method. 


WARNINGI_ BE CAREFUL OF ELECTIC POWER LINES WHEN YOU PLACE OR 
PULL THE COPPER PIPE FROM THE GROUND, IT WILL KILL YOU IF YOU TOUCH 
A POWER LINE WITH THE END OF THE COPPER PIPE, 


We are dealing with a new type of energy as well as conventional energy < Ether 
energy can go through rubber plastic. Iron, etc.... 
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What is ether or Radiant energy? 


The understanding comes from a very deep study of etheric or static 
forces, this energy that we are getting out of the ground is what some 
call LIGHT ETHER, when you separate the light ether from the warm 
ether you can get these superconductive events. It appears like 
electricity but it has no heat events related to It. 


The point is that the best polarity's of things to get a differential in the 
light ether is to have a silvered coloured metal and then something that 
is totally absorbitive/ Like black Carbon. 


So now you have something that's the perfect reflector and something 
that is the perfect absorber, and once you understand what your pulling 
out of the ground ( and that it Is not classic electricity as we 
get out of a normal type of chemical battery), then your going to be 
farther down the road to understanding how to get much more power 
out of this stuff..... 


There are researchers now that are getting 1 /2 volt to 2 volts dc ona 
"Quote" volt meter, but it will shock you through an inch of rubber shoes 
this is not normal electricity! 


Q: Is this energy coming from the sun and being absorbed In the earth 
or from the center of the earth? 


A: Yes, but the primary source of light ether is the sun light, yes the 
earth does have an economy of light ether which does follow the sun 
around. BUT IT IS ALSO IN THE GROUND! AND ITS IN THE AIR! 


Q: Did NokolaTesla know about this in the 1900's? 
A: Yes, if you read into his writings he was always saying things like, 
there is more energy moving than just the electricity in this stuff. 


Example: If you take a large Tesla coil and fire it up, and you drive it 
with a van de graph generator and you put the output of that into a Tesla 
coil. you can throw sparks across the room! What these electrostatic 
machines are gathering is light ether. 
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A Very Strange and New Discovery! 


While working outside on another experiment I discovered a very strange generator effect, 
much to my surprise, | found that by using 2 aluminum 8" disks connected to my DC volt 
meter and by placing both disks in a vertical position while touching the bare earth dirt, and 
moving one of the disks and allowing the other to be stationary | get a dc voltage positive 
output! This effect works with any size or shape of aluminum, we used 8" diameter disk x 
1/8” thick, we found that size to work best. Also by stacking them like a capacitor you will find 
that the current output is far greater, For Example: see figure 1, Disk A would have 4 more 
disks connected in parallel of the same size separated by paper die electrics. The same 
goes for Disk B. 


First find a spot any where on the ground where there is no grass ( best when wet ). 
Please note, it's not just creating an acid battery effect, you are also getting a good contact 
with the ground as a conductor to pick up ether energy. 

Now place the disks side by side, attach your DC voltmeter probes onto the disks, 
one negative and one positive. DC meter should be on the lowest setting, now place 
both disks on the ground very softly and move disk B and do not move disk A (positive.) 
You will notice you are getting a small amount of voltage and amperage. Now Move disk 
Aand do not move disk B. THE POLARITY CHANGES. 


The rule here is; The disk that moves is always positive. since we can get a polarity change 
just by moving the disks at opposite times. You can make a very simple mechanical device 
to get AC current from on top of the earth. Again, this is not just a chemical reaction we have 
done many test to prove this. You can also get a small voltage reading in dry dirt. The reason 
for the smaller voltage in using dry dirt is because a low conductance resistance is taking 
place here, keeping the system from being in contact with the earth and collecting the earth 
ether energy. 
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Capacitor Sheet Method 


This method is far better than using pipes or rods. By using copper and zinc or 
aluminum foil sheets you will get much more amperage out of your system! 


The amperage you will be collecting will be coming from 3 different sources, 
1. The acid in the ground and water 

2. Energy that is being transmitted from the earth itself 

3. Energy that is being transmitted from the sky and space. 


This may all seem unbelievable but it's true and is a fact! The more plates that 

you add the more power you will get! The copper sheet(s) is the positive, it must be 

facing down toward the earth. The aluminum or zinc sheet(s) is the negative and must 

be facing toward the sky! Between each sheet place 1- cotton or course screen printing 

mesh or other plastic course mesh cloth material. you can use a hole puncher to punch exact holes 
in each sheet, use 2 holes per sheet copper and aluminum. Use a 8 1/2” x 11” paper puncher one 
that is adjustable. next use a 3/4 wood base and drill hole for wood dowel rods to fit to the holes 
you punched in the sheets, you will have a total of 4 wood dowel rods, 2 on the right for the copper 
sheets and 2 on the left for the aluminum sheets to fit over, cloth die electric can be done the same. 
You then need to assemble dry and use another 3/4" wood board for top holding plate, which will 
fit over the wood dowel rods on top, sandwhich and press the assembly together and tape in place 
with duct tape, drill 2 long bolt holding holes on bottom wood base and top wood base then attach 
long bolts and nuts and tighten down. Remove tape. and attach wires, water the entire capacitor 
assembly and bury in the ground. 


Copper sheet Aluminum sheet 
tf Cloth sheet 
Top View Tepe 


Top View 


Place Aluminum sheet on top of copper sheet 


Wood base 
with wood! dowel 


Dotid ines indicate where coth goes 
Top View 
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Capacitor Sheet Method 


Copyigh 2002-2004 Create Scenes 8 Resecreh) 


Again, the more plate sheets of metal you add (or cells ) the more power you will get! 
Remember it's all about capacitance. You are collecting more than just simple battery type 
power. The copper plate sheet is the Positive + and the Aluminum sheet is the negative. 
There are many ways in which one can build this type of earth energy collector, below is 
simply an example of another shape and form. In this type we use water holes. water holes 


must all be in exact spots. 


e 000000 
- Aluminum 


e000000 


12" 


Figure #1 Top View of separate pieces 


12" 


100% 
10" Cotton Cloth 


Figure #1 Side View 
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EVIDENCE FROM EMPIRICAL AND ESOTERIC SOURCES 


Donald Reed, U 


1032 Borden Road, Depew, NY 14043 
Email torsionpower@yahoo.com 


The author of this article 
presents an experimental approach 
to the teleportation problem 
and time pace control 
and 


space regularity questions. 


Part I of II 


ABSTRACT 


The following essay seeks to establish 
awareness, through a far-ranging careful 
examination of various empirically 
documented anomalous research results in 
the field of new energy, the long-suspected 
evidence provided by associated key legendary 
secret government project work in the USA 
and former USSR, maverick new theoretical 
models in foundational physics for 
elementary particles/fundamental 
electromagnetic wave-field structures, as well 
as remarkably corroborative related 
information from esoteric (psychically 
channeled) sources, of the necessity for the 
development of a new paradigm for mass, 
energy and especially time. After having been 
guided through this process, the reader will 
hopefully be motivated to acknowledge the 
importance of this imperative for a new 
understanding of the workings of nature, as 
well as gain hints for the associated future 
development of new viable sustainable energy 
sources and related technologies, 


Introduction 


When we come to examine the annals of 
physics over the past century, we find them 
replete with several competing core theories 


of the physical world, each attempting to 
demonstrate a unified conception of space, 
time, energy and matter. Notable among 
these, the most successful and formally 
canonized in academia, are special and 
general relativity, and quantum theory, the 
latter of which includes quantum 
electrodynamics and == quantum 
chromodynamicsas recent offshoots. 


However, even these fundamental theories 
have fallen short in achieving this coveted 
goal, due to many reasons, not the least of 
which is their failure to account for the 
anomalous but substantial documented 
evidence continually presented over the 
years by new energy research and other 
related empirical evidence considered 
outside mainstream science. In this author's 
opinion, these weaknessesin current physics 
and its relative ignorance and/or selective 
omission of the findings of non-orthodox 
scientific research, stem primarily from an ill- 
conceived institutionalized conception of 
time, as an immutable linear flow against 
which everything involving change can be 
measured. This "relational" concept of time 
treats it as a specific passive property of 
physical systems and changes happening to 
them. Itisaone-dimensionalcontinuousand 
homogeneous entity geometrically 
describing the property of duration. This 
antiquated relational view of time is 
abstracted from our unique prejudiced 
viewpoint as sentient beings whose 
particular point of waking conscious focusis 
this camouflage physical reality, which is 
apprehended through the limitations 
circumscribed by the physical sens 


Accordingly, modern physics is built on the 
basis of this relational conception of time. 
However, the use of this conception has not 
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OUR MORE ADVANCED EARTH CAPACITOR! 


Copper Wire 
Layers 


EECC) Earth Energy Coil Capacitor! 


To collect more ether earth energy atoms, build the following Earth Energy Coil 
Capacitor, Designed & Created by Creative Science & Research. This is far better than anythin, 
we have found yet! Much more power and is easier to build. 


Start with our EECC Model #1, Take a 5/16” zinc rod or aluminum rod, cut to 7.5” long. 
Now use #27 bare copper wire, secure it in a drill press ( which you will then turn by hand). 
Cover zinc rod with paper one layer, use very tiny bits of tape to secure. Now apply the 
copper Wire over the paper, remember to use copper that is not coated! Tape one end of the 
copper wire to the end of the zinc or aluminum rod and begin to slowly wind. Each wind must 
be perfectly fitted side by side, paper should be 5.5” long, total length of winds should be 4” 
long centered on paper. Once you are done with the first layer, apply another piece of paper 
to the top layer of the first copper layer, do not use to much tape to secure paper in place! 
Now begin your 2nd layer, repeat this same process until you have about 10 layers, ( the 
more layers the better!) Copper must not touch the zinc or aluminum. When done hot glue or 
epoxy a small end piece of the copper wire so it will not come unwound. This is one 
complete cell, keep in mind this is a small test version, to get more power you have to 
THINK BIG! Build larger cells, using larger size copper. Then place them in salt water to test, 
2 cells can be connected in series, after that you must connect them by use of capacitors, 
diodes and electronic or hand wound spring switches. If you build 20 of these and try to 
connect them all in series without a cap/ diode switching method, the cells will cancel each 
other out. Keep in mind you want water to get to each layer as well as the zinc or aluminum. 
You can also use Aluminum or zinc pipe. 


Now concerning the paper Die Electric, Paper will not last very long, test and find a water 
absorbing plastic die electric,( mesh type). We suggest that you use Plastic screen mesh 
that you can buy at any hardware store, if all you are interested in is collecting small voltages 
then use one layer in between each layer of copper, if you are interested in collecting higher 
voltages such as lightning charges then you must use more layers of plastic screen mesh to 
thicken the die electric so the higher voltages will not short out your system. Paper may not 
last longer than 1 year, Plastic screen mesh or polyester screen printing mesh will last for 
many years. 


EECC Model #2 Same as #1, but different. In this design we use #27 copper COATED wire, 
instead of bare wire. since the copper wire is coated and not bare, each layer must be 
sanded, that is, the top portion of the copper coated layer must be sanded off so it will be 
exposed to the water and acid, a die electric should still be used in this case. This type 
makes for a very high efficient earth cap! 


ECC Model #3 Same as #1 but reversed! You will use aluminum wire and a copper rod or 
. Use a 3/4” copper pipe and wind the die electric paper or plastic mesh and Aluminum 
bare wire around the copper pipe as explained in Model #1 
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OUR MORE ADVANCED EARTH CAPACITOR! 


EECC) Earth Energy Coil Capacitor! 


Aluminum 3/4" Diameter Pipe 


+ 


EECC) Model #1 see page 12 


% size of our larger version 


Copper Wire 
Layers #20 Gauge 


Brown Paper 
layers = Die Electric 


21" 


Winding the wire can be done quickly if you 
use a drill press that is redesigned and 
fitted with a low rpm 90 vdc conveyer belt 
motor with control box. www.Graingers.com 


The perfect rpm is about 70 rpms, If you 
wish to make it a bit easier you can use 

larger wire such as # 17 gauge. The photo 
is an example of a mid size cell and can be 
very powerfull This is % size of a large cell. 
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OUR MORE ADVANCED EARTH CAPACITOR! 


EECC) Earth Energy Coil Capacitor! 


‘Our small test model #1, we used #22 bare copper 
wire wrapped around a zine rod, each layer had a ‘Small Drill press turned into a Coil Winder 
paper die electric, tested in tap water. 5 layers. 
Output = 89 vde x 3.5 ma, this is low. 
more layers will = more capacitance which ='s more The more layers, the 


Srnpetoge ane yoliegey more free earth energy 
you can collect! 


Small Drill press turned into a Coil Winder. We turned this by hand. 
Larger coils is best to use low rpm motor at about 70 rpms, In this picture you see 


that we wound each wind side by side, this makes for a more high efficient earth cap. Side View 
You can wild wind if you like if you use smaller wire like #31 to #34. Ideal size for 
experimenting 
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EECC) Earth Energy Coil Capacitor! 


/ 
Rolled Earth Capacitor La 


MODEL #4 Rolled Earth Capacitor ‘Bottom pager 
Copper foil is placed between 2 pieces of paper strips and 

Aluminum is placed on bottom. Use 400 foot strips 2” wide. 

This method is very hard to do. But is very high eff. 


We used salt water to test rolled caps before placing them in the ground. 
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EECC) Earth Energy Coil Capacitor! 
MODEL #4 Rolled Earth Capacitor 


‘Top paper 
/ 


Rolled Earth Capacitor Copper Foil 


_ Aluminum Foil 


/ 
Bottom paper 


Again rolling this type of earth capacitor is very hard, Everything must be kept straight and 
inline with one another, Manufacturers of rolled electrolytic capacitors use computers and 
machinery. | am sure a simple home made roller with pin registration could be designed very 
easily. This type of earth battery is very high efficient. Paper is not a good die electric for high 
voltages! If you are wanting to collect earth and storm HV Currents you must use a thicker die 
electric. Metals must be spaced properly for storing high voltage. 
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EECC) Earth Energy Coil Capa 


Rolling a capacitor is the best way but not the easiest, 
Which makes this pipe coil model much more desirable to build 


Copper 
#17 
Insulated 
Coated 


Aluminum Pipe 


Symbols 


am 


= One way DIODE 


Sand or scratch off top 
layer coating, this will leave 
a protective coating in between 
each wire and underneath. 
Copper should not touch itself 
or the aluminum pipe. 
Then cover with paper and begin 
next layer of copper wire. 


Capacitor ( Electrolytic ) 


This end not used! 


Phat tne ype 
‘capes 
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CONNECTING THE CELLS IN SERIES 


How to connect the cells in series to increase the output voltage without allowing the cells 
to cancel each other out. Figure A The Copper pipe and zinc rod method without the use 
of plastic on bottom of pipe. Figure B is the coil earth cap method. 


TO 
Figure A LOAD 
+] | Large Dump capacitor to collect high voltage 
and o be used by oad, 

t sw 

we. 

ious CG re io ic 
“4h LAL + 


Diode 


| ‘I-— 
x 


Use electrolytic capacitors to store the charge coming from each cell, then 
connect them in series using Commutator Sw’s connected to a small rotor shaft, Magnets 
connected to a milliamp solar cell hobby motor or build a small fuelless engine 
electric motor to run on and off switch’s. You can also build a very low milliamp 
electronic switching circuit and use the earth energy to power it. Or another 
more simple way would be to use a hand spring type device ( timer type ) glue 
small magnets on a long rotating rotor arm connected to the inner spring. Then 
place small reed relay magnetic switches, on each timing magnet ON position. 
should have multi reed sw’s, as the unit turns if gives time for the caps to charge 
and then comes around and connects caps all in series which in turn discharges 
into main cap dump. 


2 
a 
: 


} Feeeseri 


Hand wound 
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12 vde Loap 
car or marine Can be lights, 
BATTERY 
12 v to 115 vac Bh Ncivais 


INVERTER 


Copper 


12vto 115 vac 
INVERTER 


EECC 


Free Energy Power Source 
To keep up 12 vdc battery 


Symbols 


= One way DIODE 


—— 


a} 


Capacitor ( Electrolytic ) 
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Suppliers List 


Google —=——— om my 


See www.google.com 


1. HitpyAwww.delphigiass.comy mao > | 
2. http:/www.glassmart.com/foil_menu.htm 


3. http:/Awww.globalsources.com 


Search Google.com for: 


1. Copper flashing 

2. Inverters 

3. Batteries 

4. Copper coated wire 

5. Copper wire 

6. Electronic parts and supplies 
7. Diodes 

8. Capacitors 

9. Free energy from the earth 
10. Zinc rods 


GF 
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EECC update 


Step One 
Aluminum pipe or zinc 
Tape Paper 
A — — a = 
[ OT ao ieee a, 
Metal angle wire guides 
Total of pride 
Step two 
Paper 


Long bats, puts and washers 
long bot ataches io i press 


Apply first layer of wire, remove, metal wire guides, apply more paper, then repeat over and 
over again until you have about a 5 to 6 inch diameter roll of wire and paper. Makes a very 
powerful earth capacitor! 
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so far resulted in resolving all the problems 
associated with time. Moreover, so far even 
an essential definition of time has not been 
formulated in physics, there are only 
operational definitions indicating different 
methods of measuring time intervals. 


In contrast, the "substantial" conception of 
time, advanced in this paper, implies that 
time is an independent phenomenon of 
nature existing side by side with matter and 
physical fields, whose active essence can and 
does affect objects and processes occurring 
in the universe. Moreover, the following 
dissertation argues, by positing that active 
substantial change is the basic concept and 
relational time is its derivative, that those 
objects and processes can also havea reverse 
action on time. 


Accordingly, we will attempt to show, 
through a wide-ranging examination of new 
energy research and other information, the 
necessity for the establishment of a fluidic, 
clastic, field nature for true active time which 
is malleable; one in which even the local 
pace of time, and mass and energy content 
can be influenced artificially by intelligent 
technological control, or naturally by 
conscious intent, or by a combination of 
these two methods. To help motivate the 
reader's awareness for this imperative, we 
will also examine several esoterically-based 
sources from key selected psychically 
channeled transcripts. These will be taken 
from the following sources: unpublished 
comments by Jane Roberts on an altered 
state of consciousness{1] (indicated in this 
manuscript by].R), or published transcripts 
from The Seth Material and The 
"Unknown" Reality (indicated in the 
manuscript by UR)[2], published chronicles 
from the entity Kryon, channeled by Lee 
Carroll [3], and concepts from Wilbert 
Smith's legendary discourse 
The New Science (NS) [4] 
For easier reference, all psychically 
channeled transcripts will appear in italics, 
with my additional explanatory comments 
in regular type within parentheses. 


Granted, our unique investigative foray, 
ranging asit does from the concrete arena of 
knowledge represented by the cutting edge 


of visionary science to the intangible arcane 
realms bordering on the spiritual, will of 
necessity lack the exacting logic of scientific 
rigor. 


Nevertheless, we hope to provide, through just 
such a unique eclectic format, the beginnings 
of a possible fresh understanding of the 
workings of nature and perhaps ultimately 
furnish a conceptual basis for extending the 
structure of current physical theory to 
compatibly encompass the elements of a 

ified framework of phy and 
metaphysics. 


As"unscientific as this proposed venture may 
appear, especially to the contemporary 
physicist or theoretician, we unabashedly 
presson, secure in the belief that the currently 
perceived "mutually exclusive" bodies of 
knowledge defined through psychic means 
and that of orthodox physics are more closely 
linked than is currently suspected. Indeed, it 
will be demonstrated that that some of the 
psychically defined data bears a striking 
resemblance to the tenetsof present empirical 
knowledge. 


New Research 


‘Theories Indicate Necessity for Novel Time 
Concept 


Abody of work which postulates fluid-field 
substantial nature for time, is the esoterically- 
based book written by Wilbert Smith in the 
early sixties, The New Science. Here, 
outlined a unified theory of all phys 
interaction by positing that an active mass 
free field energy he termed the tempic field 
exists, and is the parent field structure out of 
which our passive relational linear clock time 
emerges. To be sure, this book and its specific 
format of exposition has its weaknesses, not 
the least of which is a writing style which 
taxes one's comprehension to the limit. All 
researchers who have attempted to connect 
Smith's knowledge with the frontiers of 
current scientific knowledge, new energy 
research, etc., have been frustrated by hi 
introduction of termswhich may or nothave 
the same meaning as the corresponding 
terms in mathematical science. This practice 
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These are just a few extra idea's that we threw together. | hope they are helpful to you. 
Let us know how you like these plans. Send us photo's of what you have done we love to 
hear from our customers. If you got any new free energy idea's let us know we can 

research them for you. Many customers do not have the extra research time that we have. 


Cloth or plastic mesh 


Copper 


1 
=} Aluminum or Zinc sheet 


1 sheet 


fspsisiais|=is=i=si=15 


Metal sheet type earth battery 
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by Robert A. Nelson 
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The Next Bigly Thing: Power from the Air 
by Robert A. Nelson 


‘The lightning bolts hurled at us by angry gods amply demonstrate the abundance of energy latent in the 
heavens. Lightning also introduced humans to fire. 


Benjamin Franklin's legendary kite flight during a thunderstorm in 1752 marks the beginning of our 
Promethean attempts to draw power from atmospheric electrostatic (ES) energy. Considerable progress 
has been made since then, and the industrial scale production of electrical power from the sky has been an 
accomplished fact since the early 1900s. The promising technology fell dormant after World War One, 
however, and it has slept since then 


Atmospheric electricity offers several advantages over other energy sources; the technology is simple and 
robust, costs less than wind or solar power, and it is available anywhere anytime. Earth is an electrostatic 
generator -- the atmosphere is positively charged relative to the negatively polarized Earth. The system 
generates approximately 3 x 10° -16 Amperes/sq. cm. (1500 Amperes for the entire Earth). 


Andor Palenscar 


Andor Palenscar's "Apparatus for Collecting Atmospheric Electricity" included a novel motor to utilize 
the ES energy, described in US patent US674427, granted in 1901: 


httpsiwww.rexresearch.com/atmosphelx/atmosphelxpower htm wT 
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Walter Pennock 


Walter Pennock developed an aerial energy collector, for which he was granted US patent US911260 in 
1909 and US1014719 in 1912. 


Jules Guillot 


The Atmospheric Electric Siphon invented by Jules Guillot in the 1920s generated about 2.5-3 kilowatts 


http iwuw.rexresearch.com/atmosphelatmosphelxpower him 
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with antenna height of ~ 20 meters. The power depends on the total collector surface and height of the 
vertical antenna. A tabletop apparatus with only a 2 meter tall collector produced ~300 watts. 


The great promise of Guillot’s device was reported in The Invention Encyclopedia (1930, edited by the 
eminent engineer George Constantinescu): 


"The capture of atmosphere electricity has been used in France, with aerial cables mounted 
on the Mont Blanc, and also in Germany --- with conductive cables carried by the captive 
balloons. 


"The atmosphere electricity collect system invented by eng. Jules Guillot is most ingenious 
and it relies on "the electric siphon". His method consisted in the direct "pumping" of the 
atmosphere electricity using a collecting device which had two antennae and several 
collecting rods. 


"One antenna is vertical and it has a lot of rods scattered like an opened fan, with the tips 
against the zenith, for collecting the negative electricity which comes from the air; the 
horizontal antenna is orientated against the South and its role is to collect the positive 
electricity: 


"Guillot used two separated and insulated armatures with the positive armature against the 
South ( more precisely, against the Equator...) and the negative armature against the zenith, 
Also, J. Guillot used an electrical transformer for the industrial utilization of this collector as 
power supply for industrial electric engines." 


httpsiwww.rexresearch.com/atmosphelatmosphelxpower him 
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siphons produce a magnetic field and absorb the aerial electricity. A Ruhmkorff induction 
coil is used to jump-start the system. Guillot received three French Patents for his "Apparatus for Capture 
of Atmospheric Electric Currents with Immediate Implementation” ( FR551882, FR565395, and 
FR5S1882 ) 


Hermann Plauson 


The Estonian Hermann Plauson was director of the Fischer-Tropsch Laboratories in Hamburg, Germany 
during the 1910s and 20s,. He thoroughly investigated atmospheric electricity and constructed practical 
apparatus to utilize it. His book "Gewinnung und Verwertung der Atmosphiirischen Elektrizitat" (1920) 
provides a detailed explanation of the technology. 


Hugo Gernsbach presented the invnetion in Science & Invention magazine (March 1922, June 1928). He 
noted that the system was "actually in use small power plants, that generate electricity direct from the air, 
day and night, without interruption at practically no cost, once the plant is constructed." 


“Herr Plauson found in his experiments that a single balloon sent aloft to a height of 300 
yards gave a constant current at 400 volts of 1.8 amperes, or in 24 hours over 17-1/4 

kilowatts! By using two balloons in connection with a special condenser battery, the power 
obtained was 81-1/2 kilowatts in 24 hours. The actual current delivered was 6.8 amperes at 
500 volts. 


"The best balloons... are made of thin aluminum leaf, filled with helium...,The surface is 
dotted with electrolytically sharpened pins amalgamated with zine, and a pinch of radium salt 
to further ionize the air. By dotting the balloon with photoelectric zine or polonium amalgam, 
the amount of electricity can be greatly increased." 


http www. rexresearch.com/atmosphelatmosphelxpower hm 
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Herman Psi 


by neg Box 


apart, will generate at least 200 horsepower, up to 400 during winter. 


Plauson used batteries of condensers and high voltage transformers to light lamps, run motors and charge 
batteries, etc, He also invented an electrostatic rotary transformer to produce alternating current. The 


system literally sucks electricity from the collector balloons. The balloons also act 


ightning arresters 


and quickly discharge thunder clouds. 


"There is no doubt that this invention will soon come into universal use all over the world. 
We will see the land dotted with captive balloons, particularly in the country and wherever 
water power does not abound. Indeed, the time is not distant when nearly ail of our power 
will be derived from the atmosphere, So far it seems to be the cheapest form of power 
known... safely extracting several kilowatts of electrical power from the atmosphere with 
metallic surfaced balloons, elevated to a height of only 1000 feet. 


"German patents show the use of a kite balloon from which hangs a metal net to collect 
electricity. The tether-conductor leads to a windlass. The patents claim that at a height of one 
mile 225,000 volts will be available. Plauson proposed the construction of insulated towers 
about 1000 feet high to support the aerials... [H]e carried out experiments with a balloon 
made of aluminum leaf with collecting needles of amalgamated zine with a radium 
preparation as an ionizer, The surface of the balloon was sprinkled over with zine amalgam. 
It was sent up to a height of 300 meters, early 1,000 feet, and was held by a copper-plated 
steel wire. A constant current of 1.8 amperes at an average of 400 volts potential difference 
was obtained. This gave nearly three-quarters of a kilowatt, or close to one horsepower. The 
collector of the balloon insulated from the earth showed a tension of 42,000 volts. By 
sending up a second balloon with an antenna to the same height at a distance of 100 meters 
from the first balloon, a current of over 3 amperes was obtained. Then by putting into the 
circuit a large condenser, whose capacity was equal to the surface capacity of both balloons, 
and of the antenna connections, the current rose to 6.8 amperes with about 500 volts mean 
tension. By the use of these two balloons, he eventually ran up the power to 3.4 kilowatts." 


http iwww-rexresearch.com/atmosphelatmosphelxpower him 
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UniTED STATES 


PATENT OFFICE. 


ANDOR PALENCSAR, OF BUDA-PESTH, AUSTRIA-HUNGARY. 


APPARATUS FOR COLLECTING 


ATMOSPHERIC, ELECTRICITY, 


SPECIFICATION forming part of Letters Patent No, 674,427, dated May 21, 1901. 


Applicaton fled Jaly 10, 1900, 


Zo all whom it may concern: 

Be it kuown that I, ANoR Panenes4r, a 
subject of the King of Hungary, residing at | 
Bada-Pesth, Austria-Hungary, have invented 
a certain new and useful Apparatus for Col- 
lecting Atmospherical Electricity, of which 
the following isa fall, clear, and exact speci- 
fication, 

‘The present invention concerns an appa- 
ratus for collecting and driving or conduct- 
ing atmospherical electricity which renders 
it practicable to obtain material quantities 
of the samo in serviceable form. 

The experiments made hitherto have been 
limited to deviating or conducting the elee- 
tricity by simple lightning-rods without mak- 
ing allowance for the progress of the theory 
of atmospherical electricity. Tt is obvious 
that only extremely small quantities of elee- 
tricity can be collected in this manner, and, 
moreover, it was obtained in a form which 
entirely precluded its utilization. Ib is evi- 
dent that a source of electricity of irregular 
yield can only be utilized by means of ac- 
cumulators and for charging accumulators 
only a current of constant potential ean be 
employed. The potential of electricity de- 
rived or deviated by means of a lightning: 
rod varies within wide limits, and, moreover, 
it is s0 high that it cannot be used at all for 
charging accumulators, All these drawbacks 
are remedied by the present invention, by 
which the atmospherie electricity is obtained. 
in larger quantities with as low and constant 
a potential as may be desired. 

‘Tho idea underlying the invention is based 
on the modern theory of atmospheric elec- 
tricity, according to which it is produced by 
the condensation of steam or aqueous vapors, 
and that the inerease of potential is effected 
by the concentration of the small drops of 
water into larger ones, as the proportion of 
the surface of the drops to the volume of 
same is materially reduced thereby. Accord- 
ing to this theory the water-droplets floating 
in the layers of air are considered as vehicles 
or carriers of the electricity, and a rational 
system of the deviation of the atmospheric | 
electricity must derive it from the water- 
drops. This is attained by the present in- 
yention in the following manner: A colleet- 
ing-body of as large a surface as possible is 
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provided with sharp needles. ‘This is moved 
in the higher layers of air, while being con- 
tinually heated by asuitable heating device. 
Owing to the heat the water-drops immo- 
diately ambient to the collecting-body will be 
evaporated, their capacity is gradually re- 
ducod, while the potential of the change grows 
until it reaches an infinite height with in- 
finite smallness of the drops. Ib is readily 
apparent that the whole charge of the drops 
as soon as they have been evaporated will 
have passed to the collector or collecting- 
body, from which it can be conducted. For 
the purpose of replacing the evaporated 
drops, which have been deprived of their 
chargeby new-charged drops, the collector is 
moved in relation to the ambient air. 

One way of carrying out the invention is 
represented in diagram in the accompanying 
drawings, in which— 

Figure’ is a longitudinal section of the 
colleeting-balloon. Fig. 2 shows the deviat- 
ing and conversion device, and Fig. 3 a detail. 
Tig. 4 is a diagrammatic perspective view of 
a form of automatic regulator for the rheo- 
static machine. 

‘The apparatus consists of a balloon having 
two walls and covered with a light wire net, 
preferably of aluminium wiro, said net being 
studded with needles. Besides, the balloon 
carries the net 3, on which the ting 4, made 
of asolid but light material, (wood,eane, de. 
is fixed. ‘This ring edrries the basket 6 by 
means of the cords or ropes 5. On a level 
with the riag 4 is the ring 7, which is kept 
spread by the blades or wings 9, which are 
journaled in a manner to rotate easily. . The 
ring 7 is kept fixedly in position by the cords 
or ropes 8. The blades or wings consist of a 
frame covered with light material, and their 
rotation in either direction is limited by the 
stops or ledges 10. The blades or wings for 
advantageously an angle of sixty to seventy 
dogroes with the vertical line. 

All wire nets, ropes, rings, and blades or 
wings may be covered with small metal neo- 
dies which are electrically connected with 
each other. 

From the space 11, fornted between the dou: 
ble wails of the balloon, the pipe 26 leads from 
the lowest point of the Samo to the serpentine 
12, arranged in the basket 6, which in turn is 
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causes many passages to appear so vague 
to cause total bewilderment on the part of 
the reader. 


...the establishment of a 
fluidic, elastic, field nature for 
true active time which is 
malleable; one in which even 
the local pace of time, and 
mass and energy content can 
be influenced artificially by 
intelligent technological 
control, or naturally by 
conscious inten 


Incoming to investigate the source of Smith's 
theory 25 years ago, came into contact with 
Kenneth Killick of Canada. Killick was the 
individual who served as the original mentor 
and fora timea colleague of Smith in the mid- 
1950's. Smith, whose background was in 
electrical engineering, found it very difficult 
to accept or understand the philosophical 
overtones of Killick's thought. Consequently, 
he resorted to the use of psychic mediums to 
try toverify the information provided to him 
by Killick. This is the origin of Smith's 
association with discarnate entities known to 
those familiar with his work as "the boys 
topside”, Thus Smith's subsequent writings 
promotesuch confusion perhaps because he 
only obtained a partial understanding of 
these cosmic ideas, and he opted to writing 
in a kind of code basically to try to hide his 
own confusion. Through my own association 
with Ken, I discovered that The New Science 
is able to be put into reference with known 
facts once the spiritual-philosophical 
elements of Killick’s teachings are duly 
integrated, When this is done, "Wib" Smith's 
book can teach much and can become a 
cornerstone to new energy science. 
Otherwise, it remains at best, a fragmentary 
enigma, 


‘The work by Smith and Killick is pertinent 
to the theme of the present paper, since they 
both showed through experimentation with 
a special caduceus-wound coil, that so- 


called relativistic parameters of mass and 
gravity, energy, and time-flow, canbe altered 
through intelligent artificial control. 
Adequate delving into some of the elements 
of these theories will enable us to glean new 
insight for transforming the current 
paradigm of time. Further details on Ken's 
so-called tachion energy theory can be 
found in this author's earlier expositions on 
this subject in issues of Energy Unlimited 
(1978-1982)[5} 


Smith's main error is in postulating a 
fundamental "spin" dynamics based upon 
conventional continuous rotation. As Killick 
points out, such a concept of spin on the 
microscopic level, precludes any possibility of 
truc evolutionary change, in the cosmicsense. 


Also, as we shall see presently, the continuous 
spin concept obviates expression by anything 
in the universe, of its personal moral 
responsibility. However, with tachion energy 
theory intact and untrammeled, the 
impersonal dualistic concept of interaction 
between two polar entities, such as is 
expressed not only in ordinary classical 
Newtonian physics, but its 20th century 
successors, relativity and quantum theory, is 
supplanted with the omnipresent workings 
of a trinity at all levels and manifestations 
ofreality, 


Indeed, the fundamental tachion field (mass- 
free) energy has three components: two 
polar opposite entities (a positive "charge" 
and a negative "charge"), and the ability for 
these two to be in what is called "static- 
dynamic balance". The static-dynamic balance 
completes the trinity 


Asimple physical macroscopic manifestation 
ofstatic-dynamic balance can be seen in two 
people arm wrestling. As the energy of one 
participants brought to bear against that of 
the other, we will see a vibration or oscillation 
once a balance of their energies is obtained. 
Asmoreeffortis expended, the vibrations will 
increase in frequency and decrease in 
amplitude, At this point we will see a static 
state relative to the two arms; neither causes 
loss of arm position of the other. But 
simultaneously we also have a dynamic 
situation in the rapid oscillation which 
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connected with the pipe 13, ending in the up- 
per part of the space 11 between the two 
walls 12. ‘The serpentine is heated by means 
of a suitable source of heat, whereby a warm 
current of gas ot air circulates continually 
between the double walls of the balloon. 

‘Under the basket the ball-bearing 14 is ar- 
ranged in electrical connection with the wire 
nots, and its stud is electrically connected 
‘with the earefully-insulated light though suf- 
ficiently strong éable 1 

‘On the earth’s surface is a winch 16, Fig. 
2, by means of which the balloon can be made 
to ascend or descend as soon as the interior 
space of the balloon is filled with iluminat- 
ing gas or hydrogen. 

‘Phe end of the cable-core is soldered to a 
collector arranged upon and insolated from 
the axle of the winch, and the electricity is 
conducted from this collector by means of a 
sliding contact. ‘The collecting of the elec: 
tricity takes place by moving the balloon con- 
nuonsly upanddown by meansof the wineh, 
In this movement the balloon is turned by 
means of the wings or blades 9, which are 
adapted to turn the balloon always in the 
sane direction whether ascending or descend 
ing, as in the change from ascending into de- 
seending of the balloon, or viee versa, the 
Dlades are turned over by the aerial resist- 
ance, and thus impart the rotating motion to 
the Balloon in the same direction. In order 
to avoid torsion of the cable, the ball-bearing 
14 is provided. This up-and-down motion 
and rotating of the balloon accomplishes the 
purpose of bringing it into contact with as 
many water particles floating in the air as 
possible. 

‘As the electricity conducted from the col- 
leetor-wing 17 possesses a much too high and 
varying potential for making its direct appli- 
cation practicable, and as it is usual with an 
irregular source of electricity to first charge 
accumalators and to further utilize the easily- 
regulated currentof thesame only, it beeomes 
necessary to seek to maintain the electricity 
conducted from the callector 17 for the charg- 

z of the-accumulators at a constant poten- 
tial and convert the potential to a much 
lower ono; but as we deal in this case with a 
direct current ordinary converters cannot be 
used for this purpose. Moreover, the clec- 
tricity possesses in this case a much too high 
potential, so that with the employment of or- 
dinary converters the greatest part of the 
collected electricity would be lost again. 
‘The only practical method for this purpose 
is the converting by means of the Planté 
rheostatie machine, by which this high-vol- 
tage electricity can be transformed almost 
withont any loss whatever. ‘Thus the ques- 
tion of conversion would be solved, and only 
‘the question of maintenance of constant po- 
tontial remains. This is obtained in the fol- 
lowing manner: The rheostatie machine 18 
or only a part of the plates is connected with 
an electrometer of any constraetion, the mov- 
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[able part of which closes a contact which 

eventually actuates an electromagnet which 
effects tho switching or roversion of the rheo- 
static machine. After the switching of the 
rheostatic machine it is discharged, the po- 
tential falls to zero, (nil,) and the electrom- 
eter resumes its initial position, whereby 
the current of the electromagnet which of- 
| fects the reversion is interrupted and the 
plates of the rheostatic machine are recon- 
nected to potential. ‘The machine is then 
ready for renewed charge and is again dis- 
changed when the determined potential is 
reached. ‘Thisaction is continually repeated 
as long as the apparatus is in operation, 

‘A form of the automatic regulator for the 
rheostatie machine is represented in Fig. 4. 
27 is the contact-cylinder of the rheostati 
machine,on which,for clearness sake, only the 
contacts for the charging position of the con- 
densor-plates are shown, while the contacts 
for the discharging position, which come into 
action after the contact-eylinder has been 
tarned, are omitted. ‘The coating of the con- 
denser-plates is connected in electrical ci 
cuit with the stationary ball 29 and the mo 
able ball 82 of the. charge-meter 30. When 
the charge of the rheostatic machine rises, 
the ball 32, arranged on the one extremity of 
the lever 31, is repelled and at acertain stroke 
actuated by means of the fork 83, which is 
fastened on the ball 32, and by dipping into a 
mereury-oup it closes the circuit of the source 
of current 34, ‘Thiscarrent passes through the 
windings of the anchor or armature 35, fixed 
on theshaftof the contact-cylinder,aud it also 
passes through the electromagnet 36. ‘There- 
by the contact-eylinder is turned bya certain 
angle and the rheostatie machine is thus re- 
versed. Then if the tonsion decreases by dis- 
chargo and the repulsion of the balls 29 32 
declines so far that the contact is interrupted 
at 83 the spring 37 turns the contact-cylinder 
into its normal position and the theostatic 
machine is again switched to tension. Tho 
regulation of the electrometer is effected 
by the adjustable weights 38 39. When 
larger quantities of electricity shall be de- 
rived or deviated, two rheostatie machines 
may operate alternately so,that while the one 
is being discharged the other ean becharged. 
It is readily apparent that if the capacity of 
‘the rheostatic machine is not changed the 
switching or roversion by the electrometer 
will always take place at the same potential 
of the rheostatic machine, and as the num. 
| ber of plates, and hence ‘the proportion of 

conversion, remains the saime the current 
impulses derived or deviated from the rheo- 
‘ie machine will alsohave the same poten- 
jal. 
‘The irregularities of the source of elec- 
tricity change the interval of timein which the 
charges follow each other; but as long as the 
potential remains constant this has no injuri- 
ous effect on the change of the accumulators. 
‘The current derived, or deviated from the 
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rheostatie machine ean be further trans- 
formed by an ordinary converter 21 22, and 
whenever it is sufficiently constant it ean be 
utilized without the intervention of the ac- 
5 cumulators. The converterscan be connected 
or disconnected by means of the double 
~ switeh 19 20 93, 

24 and 26 are the conducting-wires, which 
run either directly to the place of eonsump- 
tion or to an aecumulator-battery. 

Having now described my invention, what 
Telaim as new, and desire to secure by Letters 
Patent, is— 

1. An apparatus for collecting atmospheric 
15 electricity comprising a collecting - body 

adapted to be kept in motion, heating means 
for said body, anda rheostatie machine and a, 


‘conve ith the said body elec- 
trieally, substantially asdeseribed. 

20 2. Anapparatus for collecting atmospheric 
clectriity for storage comprising a collect- 


jing-body adapted to be kept in motion in the 
ambieut air, heating means for said body, a 
conductor Teading from said body, a rheo- 
2g-static machine connected with the said con- 


ductor, an electrometer connected with said 


theostatic machine electrically, a contaet con- 
trolled by the electrometer, and an electro- 
magnet controlled by said contact, said elec- 
tromaguet controlling the reversing of the 
theostatie ine, substantially as de- 
seribed, 

3. In combination, the balloon-like eolleet- 
ing-body, having the collecting-points, means 
for heating the interior space of said body, a 
conductor leading from the balloon-like body, 
and electrical devices for receiving the eur- 
rent therefrom, substantially as deseribed. 

4. In combination, the balloon-like collect- 
ing-body, means for’ turning the same 
stantly in one direction in both ascending 
and descending, conducting means leading 
from the balloon and eleetrical devices for re- 
ceiving the current therefrom, substantially 
as described. 

In witness whereof I have herounto set my 
hand in presence of two witnesses. 


ANDOR PALENCSAR. 


Witnesses: 
Euckws Harrinso, 
PauL BOLESKEY. 
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67) ABSTRACT 


The subject matter described herein is an atmospheric energy 
collector. The atmospheric energy collector ineludes of @ 
Windsock arrangement that has a lange up-wind opening on 
‘one side and that tapers from the larger up-wind opening on 
the one side to.a small down-wind opening on the other side. 
The up-wind side is secured to a tether such that an eleetri= 
cally conducting material (eg. metal) included in consteue- 
tion of the atmospheric energy collector is connected to the 
tether. The windsock arrangement is extended outwards by 
Wind and the like slmospherie conditions such that the elec 
twically conducting material collects the atmospheric energy 
and transfers the collected energy to the tether. 
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maintains, and is in turn sustained by the 
muscular energy which produces the static 
state of the arms, Both states mutually 
support each other's existence. The two 
component entities (the arms) resonate 
together, but without losing their own 
identity. 


The implications of this last statement, 
missing in current physical theory, is unique 
to the system of tachion energy. We will see 
in the following that the dynamic 
functioning of these sub-atomic tachions is 
such that by their inherent ability to 
manipulate space and the time-frame of 
matter through static-dynamic balance, they 
do not harm anything else in their 
environment, nor are they affected (forced 
to lose their own identity) by the ambient 
environment Accordingly, inertial massis not 
an inherent component of tachion energy, 
but is a derivative of certain tachion field 
modes 


We spoke earlier of tachion "charge", We keep 
the word in quotes to underscore that thisis 
not to be equated to electrical charge, but 
merely signifies two polar energy states of the 
primordial ground-form, out of which all 
known physical forces come to be manifest. 
‘These tachion energy states can be defined 
in terms of "rotational" motion. Again 
"rotation" must also be placed in quotes as it 
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"Let Me Think” 


does not signify the common idea of 
continuous spinning. Such a concept was 
suggested above in connection with 
evolutionary progress in its cosmic 
interpretation. 


The tachion-pair could be described as 
executing a "back-and-forth" ratcheting 
movement. The tachion-pairs are analogous 
to the ends of a drum majorette's baton, But 
unlike the twirling motion of the baton, the 
tachion-pairs do not demonstrate the classic 
macroscopic continuous spin motion, but 
oscillate in a 3-component "clocking" action. 


In Fig. | we have drawn a circle and have 
divided it into three 120 degree arcs. The first 
motion in the tachion cycle isan arc from the 
0-360" location, to the 240 degree position. 
‘Thismovementisstated philosophicallyas the 
question, "Can I go?" In the second phase it 
swings back from the 240 degree position to 
the 120 degree point, and then returns to the 
240 degree position. This graphically 
representsan analysis of the first question, and 
can be phrased as the "Let me think" 
component. Finally, then it proceeds forward 
another 240 degrees taking it past the 360 
degree point to 120 degrees. This last stage is 
theaction motivated from the analysis in stage 
two, and is entitled, "Yes I can" In this activity 
itwill be observed that all path lengths are 240 
degrees. 


0-360" 


C). O€¢ 240f 1206 


“Yes 1 Can' 


Fig. 
‘The 3-Component Tachion Movement 


However, as representative of true evolutionary progress, the tachion-pair does not remain 


confined to the plane in its 


phase cycle. After each "Let me think" stage, the entire pair unit 


could be considered to advance "upward", perpendicular to its plane of "rotation". The 
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ATMOSPHERIC ENERGY COLLECTION 


‘TECHNICAL FIELD 


[0001] The subject matter described herein relates to a 
light-weight, extendible electricity collecting windsock 
arrangement comprising an enhanced collection surface for 
“almospheric electrical enengy collection. 


BACKGROUND 


[0002] The atmosphere above the earth is known to inchide 
electrical charge. The earth’s surface is negatively charged, 
‘while the air above it is positively changed. All atmospheric 
effects are a result of an interplay between these two huge 
‘areas of opposite electrical energy. The potential difference 
between the positively changed atmosphere and the nega- 
tively charged earth surface causes atmospheric electrical 
‘energy to be developed. Some of this atmospheric electrical 
‘energy may be experienced through thunderstorms. 

10003] Even though there is a huge amount of atmospheric 
‘electrical energy in the atmosphere, collection of the atmo- 
spheric electrical energy still remains a problem. Due to high 
voltage and low current conditions, there is a need for large 
collection surfaces for maximizing the collection of atmo- 
spheric electrical energy. Note that the terms atmospheric 
electricity, atmospheric energy, and atmospheric electrical 
‘energy have been used interchangeably in this specification. 
[0004] The problem of low current is compounded by a 
heavy weight of the collectors of atmospheric electrical 
‘energy. The heavy weight of the collectors increases payload 
roquirements ofa Ii mechanism, which may be used to lift 
the collectors to an appropriate height or altitude so that the 
collection of atmospheric electrical energy is maximized. 
‘Ths, a need exists for large yet light-weight collectors such, 
that payload requirements for the it mechanism remain rea- 
sonable. 


SUMMARY 


[0005] The subject matter described herein relates to an 
‘atmospheric energy collector. The atmospheric energy col- 
Tector includes an electricity collecting windsock arrange 
‘ment that has a large up-wind opening on one side and that 
tapers from the larger up-wind opening on the one side to a 
small down-wind opening on the other side. The up-wind side 
is secured to a tether such that an electrically conducting 
material (e2. metal) included in construction of the atmo- 
spheric enengy collector is connected to the tether. The elec- 
ticity collecting windsock arrangement is extended outwards 
by wind and the like atmospheric conditions such that the 
electrically conducting material collects the atmospheric 
‘energy and transfers the collected energy to the tether. Fur- 
ther, the electricity collecting windsock includes light-weight 
collectors such that payload requirements for the lift mecha- 
nism remain reasonable (i.e. remain within a predetermined 
value). 

10006] In one aspect, an electricity collection apparatus 
includes a tether and a windsock, The windsock is formed of 
an insulation material with a metal deposited on at least a 
ortion of the insulation material. The metal ofthe windsock 
electrically connected to the tether. The windsock extends 
ina direction of ambient wind to provide a surface area based 
‘on the ambient wind, and the surface area provides the metal 
to collect electrical energy from the ambient wind, the col- 
lected electrical energy being transferred to the tether 
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[0007] Inanotheraspect, an electricity collection apparatus 
includes a windsock formed of an insulation material the 
‘windsock to extend in a direction of ambient wind to provide 
fa surface area based on the ambient wind. The apparatus 
further includes one or more electrical conductors provided 
fon at Jeast a portion of the insulation material to collect 
clectrical energy from the ambient wind. The apparatus fur- 
ther includes an electrically conductive tether connected with 
‘windsock fo anchor the windsock in the direction of the 
ambient wind, the electrically conductive tether being elee- 
twically connected to the one o more electrical conductors 
provided on at least a portion of the insulation material to 
transfer the collected electrical energy from the one or more 
electrical conductors to an electrical storage. 

[0008] |The subject matter described herein provides many 
advantages. For example, large collection surfaces allow 
‘maximized collection of atmospheric energy. Moreover, the 
light-weight collectors allow payload requirements forthe if 
‘mechanism to remain reasonable (i.e. remain within a prede- 
termined value). 

[0009] The details of one or move variations of the subject 
‘matter described herein are set forth in the accompa 
drawings and the description below. Other features and 
advantages of the subject matter described herein will be 
apparent from the description and drawings, and from the 
claims. 


DESCRIPTION OF DRAWINGS 


[0010] The accompanying drawings, which are incorpo- 
rated in and constitutea part of this specification, show certain 
aspects of the subject matter disclosed herein and, together 
‘with the description, help explain some of the principles 
associated with the disclosed implementations, In the draw- 
ings, 

[0011] FIG. 1A illustrates extendible electricity collecting 
‘windsock atrangement that is used for collection of atmo- 
spheric electrical energy in accordance with implementations 
‘of the current subject matter; 

[0012] | FIG. 1B illustates cross-section of one implemen: 
tation ofthe electrically conducting windsock in accordance 
‘with implementations of the current subject matter; 

[0013] FIG. 1C illustrates a cross-section of another imple- 
‘mentation of the electricity collecting windsock in accor 
<dance with implementations of the current subject matter; 
[0014] FIG. 2 illustrates an exemplary conductive line in 
accordance with implementations of the current subject mat- 
ter, 

(0015) FIG. 3A illustrates a front view of a conductive line 
in accordance with implementations of the current subject 
matter; 

[0016] FIG. 3B illustrates a top view of the conductive line 
shown in FIG. 3 in accordance with implementations of the 
ccurtent subject matter: 

[0017] FIGS. 4, 4B, and 4C illustrate electrical schemat- 
ies for handling the static charge from the atmosphere in 
accordance with implementations of the current subject mat- 
ter, 

[0018] FIG. 5 illustrates an adjusting apparatus (winch 
‘motor and spool) that enables adjustment of location/beight 
of the electricity collecting windsock arrangement in accor- 
dance with implementations of thecurrent subject matter, and 
[0019] FIG. 6isa process flow diagram illustrating aspects, 
‘ofa method in accordance with implementations of the cur- 
rent subject matter. 
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[0020] When practical, similar reference numbers denote 
similar structures, features, or elements. 


DETAILED DESCRIPTION 


{0021} To address these and potentially other issues with 
‘currently available solutions, one or more implementationsof 
the current subject matter provide methods, systems, articles 
‘or manufacture, and the like that can, among other possible 
advantages, provide an energy collector formed as a wind- 
sock and having an enhanced collection surface for atmo- 
spheric electrical energy collection. In preferred implemen- 
tations, an electricity collecting windsock is formed as a 
flexible cylinder, a truncated cone, or a cone with a metal 
surface, and is mounted to a mast or other tether so as to 
‘capture ambient wind which extends the windsock outward 
from the mast, in turn forming the langest possible surface 
‘area for the wind conditions to enable the metal surface to 
collect atmospheric amperage. The collected amperage is 
transferred from the metal surface ofthe electricity collecting. 
sock tothe mast ortether, and eventually tan electricity 
storage device. Although implementations in which wind- 
sock arrangements having one windsock each are discussed 
below, those or ordinary skill in the art understand that a 
‘windsock arrangement may inchuxe two or more windsocks 
{or enhanced atmospheric electricity collection 
[0022] FIG. 1A illustrates an implementation of electricity 
collecting windsock arrangement 100 that is used to collect 
‘atmospheric electrical energy. The electricity collecting 
‘windsock arrangement 100 includes an extendible electricity 
collecting windsock 102, The extendible electricity collect- 
ing windsock 102 is made of a material that hasa high tensile 
strength and provides electrical insulation, This electrically 
insulating material 134 (discussed below with respect to FIG. 
1B) may be a plastic ora flexible glass, such as polyester like 
polyethylene terephthalate (PE'T) or biaxially-oriented poly- 
‘ethylene terephthalate (BoPET). BoPET is known in the 
industry by different trade names, some of which are Mylar, 
Melinex and Hostaphan. 
10023] As is described later with respect to FIGS. 1B and, 
AC, which illustrate cross-sections of implementations of 
clectrcity collecting windsock 102, a thin coat of an electri- 
cally conducting material 132, 162 is deposited on the elec 
tically insulating material 134. The deposited electrically 
‘conducting material 132, 162 isa good conductor of electric~ 
ity, and helps electricity collecting windsock 102 to tap atmo- 
spheric electrical energy. The electrically conducting mate- 
rial may be any one of a metal ora suitable alloy, such as one 
of or a combination of one or more of gold, silver, copper, 
‘aluminum, and the like 
10024] The electricity collecting windsock 102 has a lange 
‘up-wind opening up-Wind opening 104 on one side. The 
lectricity collecting windsock 102 tapers from the large up- 
‘wind opening 104 on the one side to a small down-wind 
‘opening 106 on the other side of the electricity collecting 
sock 102. The up-wind opening 104 has. metal lop 110 
‘on the circumference ofthe up-wind opening 104, The metal 
Joop 110 is attached to a tether 112 using an attachment 
mechanism 114, The attachment mechanism 114 may include 
4 soldering mechanism, In some implementations, other 
‘attachment mechanisms 114 are also known to be used, such 
‘as nut and bolt mechanism, threading mechanism, gluing 
mechanism, and the like. The electricity collecting windsock 
102 is extended outwards by wind 116 and/or like atmo- 
spheric conditions such that the electrically conducting mate- 
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rial (¢-g, metal) collects the atmospheric electrical energy and 
‘ransfers the collected energy tothe tether 112. 

10025] ‘The tether 112 includes a conductive Tine that is 
isolated from the ground, ‘The conductive line is used to 
transfer the collected atmospheric electrical energy fom the 
electricity collecting windsock 102 to an electricity storage 
device (not shown) where the collected atmospheric charge 
‘may be gathered for later or simultaneous use. 

0026] When wind 116 strikes against the eleetricity col- 
lecting windsock arrangement 100 in the direction illustrated, 
the electricity collecting windsock 102 extends outward, thus, 
allowing the electrically conducting material 132 (discussed 
below with respect fo FIG. 1B) to collect maximum possible 
atmospheric electricity. In one implementation, the outward 
extension 118 is fifty feet or more. When there is no wind, the 
electricity collecting windsock 102 may be in a relatively 
‘compressed state such that the length of the electricity col- 
leeting windsock 102 is less than the outward extension 118 
caused by windy conditions or like atmospheric conditions 
‘Thecollected atmospheric electrical energy is communicated 
to the tether 112. 

10027] FIG. 1B illustrates cross-seetion 130 of one imple- 
‘mentation of the electrically conducting windsock 102. The 
cross-section 130 illustrates the electrically conducting mate 
rial 132 deposited on the inner surface of the electrically 
insulating material 134, The electricity collecting windsock 
102 includes the electrically conducting material 132 and the 
lectrically insulating material 134 such that the electrically 
ccondueting material 132 forms the inner surface of the elec 
tricity collecting windsock 102. When the wind 116 strikes 
the electricity collecting windsock arrangement, the elect 
ity collecting windsock 102 extends outward, thus allowing 
the electrically conducting material 132 to collect maximum 
possible atmospheric electricity. The electrically conducting 
‘material 132 may inelude muhiple collectors that are spaced 
apart such that the collection surface is greatly enhanced, The 
‘multiple collectors may be spaced apart in patterns, such as 
spaced apart lines, squares, rectangles, circles, and the like, or 
any other pattem that may maximize the collection of the 
atmospheric electrical enengy. As noted above, the electri- 
cally insulating material 134 may be a plastic ora flexible 
lass, such as polyester like polyethylene terephthalate (PET) 
or biaxially-oriented polyethylene terephthalate (BoPET).. 
‘The electrically conducting material 132 may be a metal or 
alloy, such as one of ora combination of one or more of gokl, 
silver, copper, aluminum, and the lke. 

[0028] FIG. 1C illustrates a cross-section 160 of another 
implementation of the electricity collecting windsock 102. 
‘The electrically conducting material (e:2. metal deposit) 132, 
162 may be placed on both sides ofthe electrically insula 
‘material 134 such thatthe collection ability is increased even 
further. Multiple collectors are implemented and are spaced 
apart on electrically conducting material 132, 162 such that 
the collection surface is greatly enhanced, The multiple col- 
lectors may form one or more patterns, as noted above with 
respect to FIG, 1B, Furthermore, the electrically insulating 
material 134 (e.g. mylar) used in the electricity collecting 
‘windsock 102 is light, thereby minimizing the overall weight 
of the electricity collecting windsock 102 and reducing the 
‘weight for payload calculations. The electrically conduct 
‘materials 132, 162 may bean electrically conducting metal or 
alloy, sch as one of or combination of atleast one of gold, 
‘copper, aluminum, sive, and the like. The electrically eon- 
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‘ducting materials 132, 162 may be made of the same metal’ 
alloy ora different metalalloy. 

[0029] The electrically conducting materials 132, 162 may 
be attached to the electrically insulating material 134 by a 
aluing mechanism. In some implementations, other attach- 
ment mechanisms are known to be implemented, such as 
paint coating mechanism, a threading mechanism, a nut and. 
bolt mechanism, soldering mechanism, and the like. The 
attachment mechanism between the electrically conducting 
material 132 and the electrically insulating material 134 may 
‘ormay not be the same as the attachment mechanism between 
the electrically conducting material 162 and the electrically 
insulating material 134 

10030] FIG. 2 illustrates an exemplary conductive fine in 
accordance with one implementation. Thistype of conductive 
line is commonly referred to as poly-wire. The conductive 
Jineconsists of multiple interwoven strands of plastic 202 and. 
204 woven into a cord or rope arrangement having inter 
twined therein exposed metal wires 206 and 208. Although, 
FIG. 2illustrates two plastic strands and two metal wires, any 
number of possible combinations of plastic strands and metal 
‘wires is possible. The exposed metal wires 206 and 208 attract, 
the atmospheric static change and transmit the change downto 
the electricity storage device (not shown). 

10031] FIG. 34 illustrates a front view of a conductive line 
300 in accordance with another implementation. FIG. 3B. 
illustrates top view of the conductive fine 300 illustrated in 
FIG. 3. The conductive line 300 creates an ionized pathway 
forthe flow of the static charges from the atmosphere to the 
electricity storage device via the electricity collecting wind- 
sock arrangement 100, This conductive line utilizes a tube 
302 having an outer layer 304 of PET Film (Biaxially-ori- 
‘ented polyethylene terephtalate polyester film). The tube 302 
provides exceptionally high tensile strength and is chemically 
and dimensionally stable. In one implementation, the tube 
302 may have an ideal diameter of between two and three 
inches. An interior metal coating 306 provides an initial con- 
«duit forthe low of static change. The static change through the 
metal may force the tube 302 to expand due to the repulsion 
‘experienced by like charges. Further, the flow of electricity 
‘causes the interior of the tube 302 to become ionized to 
provide an additional pathway for the atmospheric static 
‘charges to the electricity storage device (not shown). 

10032] FIGS. 44, 4B, and 4C illustrate electrical schemat- 
ics for handling the static charge from the atmosphere. By 
maintaining the voltage being collected in a prescribed range, 
an electrical conversion system is easily desizned. While 
FIGS. 4A, 4B, and 4C illustrate some electrical contigura- 
tions, those of ordinary skill in the art readily recognize a 
variety of other configurations that may serve the same fune- 
tion, 

10033] Referencing FIG. 4A, Direct Current In (DC IN) 
402 is buffered by a gang of capacitors 404 before being 
‘communicated to a DC/AC converter 406, The DC/AC con 
verter converts the direct current into alternating current suit- 
able for placement over an existing electrical grid 408 such as, 
normally found froma power-plant. Those of ordinary skillin 
the art readily recognize a variety of DC/AC converters that 
may work inthis eapacity. 

(0034) FIG. 4B illustrates an electrical arrangement sui 
able for use in charging a battery. DC IN 402 is buffered by 
‘capacitor bank 404 belore entering into a step down trans- 
former 408. Step down transformer 408 reduces the voltage 
so that the voltage can safely be introduced into battery 410, 
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which is connected to ground 412 atthe battery’ other pole. 
‘Those of ordinary skill inthe art readily recognize a variety of 
batteries that may work in this eapacity. 

[0035] In FIG. 4C, DC IN 402 is fed into an adjustable 
theostat 414, which is controlled by the controller so thatthe 
DC OUT 416 falls within a specified range. 

[0036] FIG. 5 illustrates an adjusting apparatus $00 that 
‘enables adjustment of height of the electricity collecting 
‘windsock arrangement 100 in accordance with one imple- 
‘mentation, As per one implementation, the height ofthe elee- 
ticity collecting windsock 102 can beadjusted using a winch 
‘motor 502 and a spool $04. The winch motor 502 and the 
spool $04 can release or withdraw the tether 112 to adjust the 
height of the electricity collecting windsock 102 that is con- 
rected to the tether 112. In one implementation, this release 
and the withdrawal may be performed manually. In another 
implementation, this release and the withdrawal may be per- 
formed automatically based on information obtained from a 
Sensor system that measures atmospheric electrical energy 
being collected per unit time. If the sensor indicates that a 
ccurrent flow is diminishing, then the tether 112 is released 
extended from the spool $04 to increase the altitude of the 
electricity collecting windsock 102 such that more static 
ccharge trom the atmosphere is gathered. Ifthe sensor incl- 
ccates that collected atmospheric electrical energy exceeds @ 
preset level per unit time, the tether 112 is withdrawn onto the 
spool $04 to decrease the static charge being collected from 
the atmosphere, 

10037] FIG. 6 isa process flow diagram illustrating aspects 
‘of'a method consistent with implementations of the curent 
subject matter. At step 602, the functioning of the electricity 
collecting windsock arrangement 100 depends on whether 
atmospheric conditions are windy. Ifthe atmospheric condi- 
tions are windy, the wind 116 stretches/extends outward the 
electricity collecting windsock 102—Step 604. Next, it is 
«determined whether the atmospheric electrical energy (atmo- 
spheric current) that is collected is in a predetermined 
range—Step 606. If the collected atmospheric electrical 
‘energy is in the predetermined range, the flow goes back to 
step 604, Ifthe current is not in the predetermined range, the 
height of the electricity collecting windsock 102 may be 
adjusted using adjusting apparatus 500, such as the winch 
‘motor $02 and spool S04, One skilled in the art understands 
‘that other implementations may include any other adjusting 
apparatus $00, such as a pulley, a wheel mechanism, or the 
ii 

[0038] The implementations set forth in the foregoing 
description do not represent all implementations consistent 
‘with the subject matter described herein, Instead, they are 
_merely some examples consistent with aspects related to the 
described subject matter. Although a few variations have been 
described in detail herein, other modifications or additions are 
possible. In particular, further features and/or variations can 
‘be provided in addition to those set forth herein. For example, 
the implementations described above can be directed to vari- 
‘ous combinations and sub-combinations ofthe disclosed fea- 
tures and/or combinations and sub-combinations of one or 
‘more features further to those disclosed herein. In addition, 
the logie flows depicted in the accompanying figures andlor 
described herein do not necessarily require the particular 
‘onder shown, or sequential order, to achieve desirable results. 
‘The scope of the following claims may include other imple- 
:mentations or embodiments 
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What is claimed is 

1. An electricity collection apparatus comprising: 

tether; and 

‘a windsock formed of an insulation material with a metal 

‘deposited om at least a portion of the insulation material, 
the metal of the windsock being electrically connected 
to the tether, the windsock to extend in a direction of 
ambient wind to provide a surface area based on the 
ambient wind, the surface area providing the metal 10 
‘collect electrical energy from the ambient wind, the 
collected electrical energy being transferred to the 
tether. 

2. The apparatus in accordance with claim 1, wherein the 
‘metal is deposited on at least one of opposite sides of the 
insulation material 

3. The apparatus in accordance with claim 2, wherein the 
‘metal is a metal selected from a group of metals comprising 
old, silver, copper and aluminum. 

4. The apparatus in accordance with claim 1, wherein the 
insulation material is a polyester film. 

'5, The apparatus in accordance with claim 1, wherein the 
twansferred electrical energy at the tether is further transferred 
from the tether to an electricity storage device, 

‘6. The apparatus in accordance with claim 1, wherein the 
‘metal comprises conductors that are light-weight thereby 
allowing payload requirements for adjusting the windsock to 
an optimum location to be within a predetermined value, the 
‘optimum location comprising a height of the windsock from 
‘ground level 

7. The apparatus in accordance with claim 6, wherein the 
‘deposited metal conductors form a pattern that maximizes the 
collection of the electrical energy at the optimum location. 

8. Anelectricity collection apparatus comprising: 
awindsock formed of an insulation material having metal 
‘deposited on at least a portion of the insulation material, 
the windsock to extend in a direction of ambient wind to 
provide a surface area based on the ambient wind, the 
surface area providing the metal to collect electrical 
‘energy from the ambient wind; and 

an electrically conductive tether connected with windsock 

to anchor the windsock in the direction of the ambient 
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wind, the electrically conductive tether being electri- 
cally connected to the metal of the insulation material, 
the collected electrical energy being transferred to the 
tether, 

9. The apparatus in accordance with claim 8, wherein the 
‘metal is deposited on at least one of opposite sides of the 
insulation material 

10. The apparatus in accordance with claim 9, wherein the 
‘metal is a metal selected from a group of metals comprising 
‘gold, silver, copper and aluminum. 

11. The apparatus in accordance with claim 8, wherein the 
insulation material is a polyester film. 

12. The apparatus in accordance with claim 8, wherein the 
transferred electrical enengy at the tether is further transferred 
from the tether to an electricity storage device. 

13. The apparatus in accordance with claim 8, wherein the 
‘metal comprises conductors that are light-weight thereby 
allowing payload requirements for adjusting the windsock 0 
an optimum location to be within a predetermined value, the 
‘optimum location comprising a height of the windsock from 
‘around level 

14. The apparatus in accordance with elaim 13, wherein the 
‘metal conductors forma pattern that maximizes the collection 
‘of the electrical energy at the optimum location, 

15, An electricity collection apparatus comprising: 

awindsock formed of an insulation material the windsock 
to extend in a direction of ambient wind to provide a 
surface area based on the ambient wind: 

‘one or more electrical conductors provided on at least a 
portion of the insulation material to collect electrical 
‘energy from the ambient wind: and 

‘an electrically conductive tether connected with windsock 
‘to anchor the windsock in the direction of the ambient 
‘wind, the electrically conductive tether being electri- 
cally connected to the one or more electrical conductors 
provided onat least portionof the insulation material 
transfer the collected electrical energy from the one or 
‘more electrical conduetors to an electrical storage. 
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This invention relates to a method and apparatus for 
tapping the enormous reservoir of energy existing in the 
ionosphere and more particularly for furnishing electrical 
ower to space vebicles. 

Within recent years various space probes and space 
vehicles such as satellites have been launched by man in 
an effort to learn more about the earth and the solar 
system within which he lives. Each of these various space 
craft has employed numerous electrical circuits which are 
Utilized to detect and transmit back to earth certain 
formation. ascertained by the craft as it moves throu, 
space. In view of the presence of such electrical cireuits, 
some source of electrical power must be made available 
‘whereby these circuits can be energized. In the past there 
have been three main sources of electtical power carried 
by space vehicles for energizing these circuits, namely, (1) 
conventional storage batteries, (2) solar batteries and (3) 
a combination of the conventional storage and solar bat- 
feries, Although these various electrical power sources 
hhave functioned with some degree of success each has 
certain serious limitations which cannot be readily over- 

In the first instance, the conventional storage battery 
may be of either the wet or dry type but, due to its superior 
storage capacity, the wet cell type is used nearly exclu- 
sively in space vehicles. This additional storage capacity 
‘of the wet cell battery is of great importance since the 
useful life of the vehicle is usually dependent upon the 
proper operation of its electrical circuits which are, in 
tum, directly dependent upon the capacity and life of 
the available power source. Use in space vehicles of a 
storage battery that utilizes a liquid electrolyte presents 
several problems that have not been completely solved, 
however, nor is there any apparent solution to some of 
‘these problems. For example, to increase the output ca- 
pacity of the battery and thereby extend the useful life of 
the satelite a greater amount of electrolyte must be carried 
by the battery. But to increase the quantity of electrolyte 
carried by the battery results in both an increase in size 
and weight of the power source and space vehicle which 
‘cannot, in most instances, be tolerated. Furthermore, the 
electrolyte may not function correctly if itis subjected to 
the extreme conditions of space such as, for example, the 
changes in temperature that are normally encountered. 
‘Thus, to insure the proper operation of the wet cell battery 
involved in powering a space vehicle and to prevent any 
leakage that might occur should the battery be damaged, 
some shielding or insulating of the battery is usually in- 
volved which, needless to say, adds materially to the cost 
and weight of the vehicle. 

To overcome the space, weight and leakage problems 
encountered when storage batteries of the conventional 
‘wet cell type are used, space engineers have turned to the 
recently developed soiar cell or battery which converts 
the light rays received from the sun directly into electrical 
energy. While these solar batteries do not require any 
type of electroylte and are, therefore, relatively light in 
‘comparison to the wet cell storage battery, they are ex- 
pensive and their inherent principle of operation presents 
one problem which cannot be overcome, namely, the 
inability of the solar cell to produce power while the 
space vehicle is shaded from the son such as occurs when 
a satellite isin the shadow cast by the earth, 
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In an effort to overcome this loss of power which oc- 
cours each time a satellite passes into the shadow cast by 
the earth or some other heavenly body, a storage battery 
of the wet cell type was added to the vebicle, While the 
satellite is in the sunlight the solar battery powers the 
various electrical circuits and charges the storage battery 
so that, once the sunlight is no longer available, the stor- 
age battery can be switched on to furnish the necessary 
electrical power to the vehicle. While this combined sys- 
tem functions satisfactorily, there is added to the already 
existing problems of weight, size and electrolyte leakage 
‘the problem of incorporating a battery charging and 
switch-over system between the solar and storage bat- 
teries. The addition of this type of system to the power 
source is undesirable since it adds unduly to the com- 
plexity, sensitivity and cost of the space vehicle. 

Acoording to the present invention, it has been found 
that some of the foregoing disadvantages of space ve- 
hele power sources can be overcome by employing an 
ionospheric type battery which utilizes the ionosphere or 
ther ionized medium existing in outer space a8 @ sup- 
plemental source of energy. Since power isa scarce com 
modity essential for the operation of the space vehicle. 
and for the proper functioning of its experiments, any 
‘means for supplying additional power while adding only 
slightly to the weight of the vehicle, inereases the ef 
ficiency and life of the space vehicle. Although it has 
‘been known for some time that the ionosphere contains 
‘an enormous reservoir of energy in the form of excited 
and ionized atoms and molecules, no practical method 
hhas heretofore been found whereby this energy could be 
utilized as a source of power for earth satellites even 
though much thought has been given to this problem. 
‘The operation of the present invention is based upon the 
discovery that the fonosphere can be utilized as a part 
‘of suppiemental power source for the load cireuit in a 
space vehicle when said vehicle is equipped with electrodes 
having different work functions which, in tum, are elec- 
tically connected through the load circuit, 

Accordingly, a primary object of this invention is to 
provide a method of producing electrical power from 
ionized media existing in nature. 

Another object of this invention is to provide a sim- 
ple, highly reliable supplemental power source for space 
‘vehicles. 

Yet another object of this invention is to provide an 
ionospheric battery for use by satellites. 

Still another object of this invention is to provide an 
ionospheric battery which utilizes the ionosphere as an 
electrolyte. 

‘A farther object of this invention is to provide a sup- 
plemental power source for space vehicles that will op- 
‘erate When shielded from the sun, 

Yet a further object of this invention is to provide a 
power source for a satellite that is light and inexpensive 
to produce, 

Another object of this invention is to provide a satel- 
lite with various shaped electrodes constructed of metals 
having different contact potentials. 

These and further objects and advantages of this in- 
vention will become more apparent upon reference to the 
following description, cloims and the appended drawings 
wherein: 

FIGURE 1 is a cross sectional view of an orbiting 
satellite equipped with a power source constructed in 
accordance with one embodiment of the present inven- 
tion; and 

FIGURE 2 is a view in partial section of an orbiting 
satellite equipped with a power source constructed in 
accordance with a second embodiment of the present 
invention, 

With continuing reference to the accompanying drav- 
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ings wherein like reference numerals designate similar 
parts throughout the various views, and with initial at- 
tention directed to the embodiment of FIGURE 1, refer- 
ence numeral 10 is used to generally designate @ space 
Satellite which is orbiting or otherwise passing through an 
ionized layer or medium such as, for example, the iono- 
sphere which surrounds the earth. As is well known, 
the ionosphere contains an enormous number of ex: 
cited and ionized atoms and molecules which are gen- 
‘erated or produced when the gasses surrounding the earth 
are subjected to bombardment by high energy particles 
fand rays such as, for example, ultra-violet or cosmic rays 
that originate throughout the solar system. Although 
these various ionized particles created by this bombard- 
‘ment are invisible to the eye they are represented pic- 
torially by the various dots 12 for purposes of clarity. 

‘The satelite 10 consists of an envelope or outer skin 
surface 14 which may be constructed of metal, ceramic 
‘or any other like material which is suitable for space 
vehicles of this type, As seen in FIGURE 1, a plurality 
of electrically conductive electrodes 16-18, which are 
shown in the form of rods and are constructed of ma 
terials having different contact potentials (work func- 
tions), are mounted in a spaced relationship in the medi- 
tum 12 through apertures 20 in the envelope 14 of the 
satellite, In order to prevent a leak from occurring be~ 
tween the normally pressurized interior 22 of the satel- 
lite and the ionosphere, which is a near vacuum, and to 
insulate the electrodes in case a metal is used for the 


envelope 14, vacuum tight insulator feed-through ele~ 3 


ments 24 are fitted around the electrodes 1618 and are 
securely mounted within the aperture 20. ‘These feed 
through elements may be of any suitable type so Tong as 
they are constructed to withstand the changes in en- 
vironmental conditions encountered in space without 
losing their insulative and sealing qualities. 

Carried within the cavity or interior 22 of the satel- 
lite 10 is a load circuit 26 which may be, for example, 
a transmitter or any other electrical device that requizes 
1 source of electtical power for its proper operation, The 
load circuit 26 is mounted to the interior wall of the 
satelite by stitable means (not shown) and has its posi- 
tive and negative power input terminals 28-30 con- 
nected to the various electrodes 16-18 respectively, by 
suitable electrical conductors 32-34, 

‘The overall principle and operation of the ionospheric 
battery in relationship to the satellite 10 can be explained 
substantially in the following manner. While the satellite 
remains on earth prior to its being hurled into or through 
‘an ionized medium, the electrodes 16-18 are at sub- 
stantially the same potential since very few ionized par- 
ticles are present. Thus, no current will flow through 
the load cireuit 26, However, once the satellite is 
Taunched and it enters an ionized medium a potential 
difference will be established between the electrodes 
16-48 and an electrical current will begin to flow through 
the load circuit 26, This dference in electrical potential 
that exists between the electrodes 16-18 while the satel- 
Tite ig in an ionized medium is attributed to the fact that 
the electrodes 16 are constructed of a material having 2 
different contact potential or work function from that 
of the electrodes 18. This difference in contact po- 
tential between the clectrodes 16-18 will result in the 
free electrons of the ionized medium being collected on 
fone group of electrodes, for example the electrodes 16, 
hile the positive ions produced when the gas is ionized 
‘will be collected on the other electrodes 18. With the 
electrodes 16 charged to a negative potential in rela- 
tionship to electrodes 18, a predetermined amount of 
current will flow through the load cireuit 26 and can thus 
be utilized to power an electrical circuit such as the trans- 
mitter mentioned above. 

‘The exact material from which the two types of elec- 
trodes 16 and 48 are constructed will depend upon sev- 
eral factors such as, for example, the amount of output 
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4 
power desired, the material readily available for con 
structing the electrodes, the susceptibility of the material 
to damage or destruction when exposed to the environ- 
mental conditions existing in space, and various other 
considerations that will be readily apparent (o a worker 
in the battery field, 

While the electrodes 16-18 used in the ionospheric bat- 
(ety of FIGURE 1 have been described as rods or whip- 
like elements it is to be realized that the electrodes may 
take other shapes. By way of example, a plurality of 
flat, plate-like electrodes 36-38 are shown mounted on 
f satelite in FIGURE 2. ‘These electrodes are con- 
structed of materials having different contact potentials 
And are insulated from the outer surface 14 of the s: 
lite when this is necessary by an insulative layer 40 of 
any stitable material having the desired insulative prop- 
‘erties under the severe conditions existing in space. The 
use of these plate electrodes 36-38 has the advantage of 
ineressing the surface area exposed to the ionized medi- 
um thus permitting a larger output current to be produced 
without the necessity of using excessively long electrodes 
as might be the ease if the rod electrodes of FIGURE 1 
‘were used. 

"The ouput current of the battery is dependent upon 
the degree to which the medium is ionized and to the 
extent that the electrode surface area is exposed to the 
medium, An increase in either results in an increase in 
the efficiency of the battery. From an analysis of various 
experiments it is expected that a current of about two 
Iicroamps per em.? of electrode surface at a potential of 
one volt would be produced if the satellite is orbiting 
the fonosphere at an altitude of approximately 350 km. 
and electrodes of gold and platinum are used. 

“twill also be Feadily apparent that the envelope of 
the satellite itself could be constructed in sectional form 
and of materials having different contact potential thus 
climinating the necessity of attaching different electrodes 
to the satellite or the slight increase in weight necessarily 
involved. Of course the various sections of materisl 
‘making up the envelope of the satellite would have to be 
insulated from one another to prevent electrical shorting 
from occurring. 

1t will be apparent from the foregoing that the power 
source of this invention is extremely light, rugged and 
involves a minimum of cost to construct. By using the 
vast natural reservoir of energy existing in the form of 
ionized gases for producing the electrical power nec 
essary to energize the various electrical circuits of a space 
vehicle a practically indefinite source of electrical power 
is made available to the vehicle. An ionospheric bat- 
tery constructed in accordance with this invention is also 
‘mich more reliable in operation than other heretofore 
known power sources since no liquid electrolyte is in- 
volved which can leak, deteriorate of otherwise become 
spent, nor is the operation of the battery dependent upon 
its position in relationship to a source of light 

‘The invention may be embodied in other specific forms 
without departing from the spirit or essential characte 
istics thereof. The present embodiments are therefore 
to be considered in all respect as illustrative and not 
restrictive, the scope of the invention being indicated by 
the appended claims rather than by the foregoing descrip- 
tion, and all changes which come within the meaning and 
range of equivalency of the claims are therefore intended 
to be embraced therein. 

‘What is claimed and desired to be secured by United 
States Letters Patent is: 

1. A space vehicle equipped with a generator of elec- 
trical energy operable in the ionosphere as a supple- 
‘mental source of potential for a load thereof, said gen- 
erator comprising at least two electrode means on said 
vehicle and positioned to contact said ionosphere when 
said vehicle is in said ionosphere, said two electrode 
means each having diferent contact potentials, one of 
stid two electrode means being gold and the other being 
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platinum, and electrical connector means connecting said 
two electrode means to said load, 

2. Apparatus for generating electrical energy from the 
ionosphere comprising, a pair of spaced electrode means 
having different contact potentials positioned to contact 
said ionosphere so that a direct-current electric potential 
is established between said electrode menns, load circuit 
‘means, and means electrically connecting said lond cir- 
‘cuit means to said electrode means whereby said load 
circuit means is powered by the direct-current electrical 
potential existing between said electrodes. 

3. Apparatus for generating electrical energy from the 
ionosphere comprising, carrier means, a first electrode 
having a first contact potential mounted on said carrier 
‘means, a second electrode having a second contact po- 
tential spaced from said first electrode and mounted on 
said carrier means, said first and second electrodes being 
positioned on said carrier means so that they will be in 
contact with said ionosphere when said apparatus is 
placed in the ionosphere so that a direct-current electric 
potential is established between said first and second 
electrodes, and an electrical load circuit connected be- 
tween said first and second electrodes, said load circuit 
boeing powered by the direct-current potential produced 
by said first and second electrodes, 

4. Apparatus according to claim 3 wherein said first 
and. second electrodes extend away from said carrier 

5. Apparatus according to claim 3 wherein said first 
and. second electrodes form a portion of said carrier 

6. In a space vehicle adapted to pass through ionized 
areas in space, a power source for said vehicle while it 
is passing through said ionized areas comprising, a plu- 
tality of electrode means located on the outer surface 
of said vehicle, said electrode means being constructed 
of materials having diflerent contact potentials, and 
‘means connecting said electrode means together through 
a Toad circuit whereby said circuit receives a source of 
direct-current as said space vehicle passes through said 
ionized areas. 

7. In a space vehicle according to claim 6 whe 
said electrode means are rod shaped. 

8. In a space vehicle according to claim 6 wherein 
said electrode means are plate shaped. 

9. A satellite comprising an envelope, electrical load 
‘means carried in said envelope, apertures extending 
through said envelope at spaced points, electrode means 
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having different contact potentials, said electrode means 
passing through said apertures, means in said aperture 
for insulating said electrode means from said envelope, 
‘and electrical conductor means connected between said 
electrode means and said electrical load means whereby 
said electrical load means is energized by the direct- 
current electric potential established when said electrode 
‘means pastes through an ionized medium. 

10. A space satelite comprising an envelope, an elec- 
trical load circuit cartied in said envelope, a power supply 
for said electrical load circuit comprising a first elec- 
‘rode having a first contact potential connected to said 
electrical load circuit and extending through said en- 
vyelope and a second electrode having a second contact 
potential connected to said electrical load circuit and 
extending through said envelope, said first and second 
<lectrodes being insulated from one another so that said 
elecitical load circuit is powered by the direct-current 
clectric potential established by said first and second elec- 
trodes coming in contact with an ionized medium, 

UL The method of powering electrical circuit means 
cartied by a space vehicle comprising the steps of posi- 
tioning first and second electrode means having differ- 
ent work functions on said vehicle, passing said vehicle 
through the ionosphere so that said first and second 
electrode means are in contact therewith and produce a 
direct-current potential between them, and connecting 
said first and second electrodes to said electrical circuit 
means by means of electrical connector means, whereby 
said direct-current potential is made available for oper~ 
ating said circuit. 
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combined motions can be viewed 
asanelevation up aninclined ramp, 
screw-fashion (Fig. 2). 
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Fig2 
Tachion Ratcheting” 


Thus, while they clock themselves 
backwardsin the plane, they never 
go back to where they were 
originally but only seem to do so 
from the point of view of an 
observer in the plane. This entire 
activity can be visualized as a 


diametrically opposed pair "rotating" in a plane, but there 
must still be considered an upward ratcheting 
movement. They execute the clocking motion simply 
because they adhere to the three principles of 
observation, analysis and motivation. A meaningful 
application of this idea to the structure of physics would 
climinate the necessity for a totally impersonal type of 
interaction governed solely by force. Unlike all current 
theories of elementary particles, the tachion-pair, by its 
unique activity, thus expresses a personal moral 
responsibility, So this elemental energy of the universe 
never goes where it is not wanted, but only where it will 
not disturb its immediate environment, 


The topological structure of each tachion in the pair is 
also significant in regards to this "ethical" modus 
operandi, First, tachions in their primordial state are 
massless, toroidal shaped fields which always occur in 
pairs. Like toroids, tachions will singly exhibit three 
motional degrees of freedom, to wit; 


1. rotation around its major axis. 


2. inner (P), or outer (N) rotation about its cro: 
sectional (poloidal) axis. 


3. expansion and contraction of the field (each toroid 
pulsates radially about its cross-sectional axis) 


Asa pair-unit, the combined motions will give rise to the 
following possible orientations: two identical (N) 
rotations; (N) rotation - (P) rotation; two identical (P) 
rotations (Fig. 3) 


Fig3 
‘The Three Tachion Modes 


‘The dual (P) or (N) rotations will always lie in the same 
plane, whereas in the "mixed" rotation mode, the 
orientations of the tachions will be mutually 
perpendicular, In the pair unit, the energy will shuttle 
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This invention relates to a cloud detector or an ap- 
paratus for sensing electrostatic conditions in the earth's 
atmosphere. 

Cloud detection apparatus which is presently employed 
is usually of the “ceilometer” type which merely measures 
the hefght of the lower surface of the clouds ¢o indicate 
the ceiling conditions. One object of the present inven- 
tion is to determine the location of both the top and the 
bottom of one or more cloud formations of the atmos- 
phere. 

While electrostatic sensors of one type o another have 
been proposed heretofore for use in the atmosphere, they 
hhave been so complex and expensive that they have not 
enjoyed widespread use. In addition, cloud radars have 
recently been developed, but their usefulness is limited 
by failures when different zones of the atmosphere con- 
tain droplets of different sizes, as discussed more fully 
below. Accordingly, it is another object of the present 
invention to simplify and reduce the cost of cloud 
detectors, while maintaining relinbility, compatibility with 
existing equipment, and adequate sensitivity for all prac- 
tical purposes. 

In accordance with an illustrative embodiment of the 
present invention, a conventional US. Weather Bureau 
or US. Army meteoroligical radiosonde transmitter may 
‘be provided with a modulator which is controlied by a 
field effect transistor. The input to the field effect 
transistor is a dipole antenna. Each of the arms of the 
dipole antenna may be five to fifty feet in lensth, for 
example, and one of the dipole elements may trail the 
radiosonde package while the other element may extend 
forward in the direction of movement of the unit. When 
a balloon is employed to carry the cloud detector unit 
aloft, a weight may be attached to one of the antenna 
‘elements so it hangs below the instrument package, while 
the other antenna element can extend along, or even form. 
the flexible connection between the radiosonde unit and 
the balloon. A receiving unit is provided to pick up 
the modulated signals from the radiosonde apparatus, 
demodulate these signals and record them. While it is, 
contemplated that the receiver may normally be situated 
‘on the ground and receive signals from a rising radiosonde 
unit, the radiosonde unit could well be employed by an 
aireraft to determine conditions below a cloud layer. 
Under these conditions the receiver would be mounted 
‘on the plane and the radiosonde unit could be parachuted 
to the ground, 

In accordance with a feature of the present invention, 
therefore, a system for detecting electrostatic field condi- 
tions in the atmosphere includes a transmitter, arrange- 
‘ments for moving the transmitter through the atmosphere, 
fan antenna extending a substantial distance from the 
transmitter, and a field effect transistor connected to re- 
ceive electrostatic input signals from said antenna and 
to modulate the output of the transmitter in accordance 
with voltages detected by the antenna, 

Tn accordance with one aspect of the present invention, 
simplicity of circuitry and. stability of operation are 
achieved by the use of dynamic circuitry which measures 
the instantaneous difference in potential between two 
antenna elements. Thus, a high input resistor may be 
connected between the input antenna elements. With this 
type of arrangement the instrument package must be 
continuously moved through the atmosphere in order to 


10 


6 


25 


30 


35 


«0 


45 


60 


65 


0 


2 


sive meaningful results. Under these conditions, the 
recorded output indicates changes in electric fields. A 
constant electric field, corresponding to a linear change 
in potential produces ‘no substantial output signal. It has 
been determined that a balloon velocity of about five 
‘meters per second will produce good results with a 
dipole antenna shunted by a 1,000 megohm resistor and 
connected to a field effect transistor as discussed in detail 
jn the present specification. With lower velocities, a 
higher input impedance or greater amplification would 
be required, with higher velocities, such as rocket propul- 
sion of the Tike, permitting even lower input impedances 
and simpler input circuits. 

‘Accordingly, it is a feature of the invention that ap- 
paratus is provided for moving a radiosonde unit through 
the atmosphere at a predetermined rate, that two element 
input antenna preferably of the dipole type is provided, 
‘and that the antenna is connected to the radiosonde by 
simple dynamic amplification circuitry, which requires 
continuous movement of the apparatus to give useful out- 
put information. 

‘The novel features which are believed to be char- 
acteristic of the invention both as to its organization and 
method of operation, together with further objects and 
advantages thereof, will be better understood from the 
following description considered in conjunction with the 
accompanying drawings in which a typical embodiment 
of the invention is illustrated by way of example, It is 
to be expressly understood, however, that the drawings 
are for the purpose of illustration and description only 
and are not intended as a definition of the limits of the 
invention. 

nthe drawing: 

FIG. 1 is a schematic block diagram of a radiosonde 
equipment for sensing changes in the electric field of the 
atmosphere, and thus detecting clouds, in accordance with 
the present invention; 

FIG. 2 is a diagrammatic showing of the record ob- 
tained under typical cloud conditions; and 

FIG. 3 is a circuit diagram indicating « typical arrange- 
ment of connections of a dipole antenna, a field effect 
transistor, and the input terminals of a standard meteor- 
ological radiosonde apparatus. 

With reference to the drawings, FIG. 1 shows a radio 
sonde package 12 supported by a balloon 14. The 
radiosonde unit includes a transmitter 16, blocking oscil- 
lator 18, pressure sensor 20, and a field effect transistor 
unit 22.” A dipole antenna having an upper element 24 
and a Tower element 26 is connected to the input of the 
field effect transistor unit 22. A small weight 28 is secured 
to the Jower end of the antenna element 26 to hold it in 
the extended position. Similarly, the upper antenna ele- 
‘ment 24 extends in the other direction, and it may either 
form the support for the radiosonde unit 12 or may 
be closely associated with the supporting cable. A para- 
chute 30 is provided for safe return of the instrament 
package to ground, 

‘A ground or receiving station 32 may include an 
antenna 34, receiver and demodulator 36, and a recording 
apparatus 38. 

FIG. 2 shows a typical recording of the electrostatic 
field obtained as the ballon 14 and instrument package 12 
rise through the successive layers of clouds 42, 44, and 46, 
along the center line of the drawing. It is known that 
the electrostatic potential in the atmosphere inct 
from ground potential to plus 300,000 volts at elevati 
fof about 30 miles. It is also known that the atmosphe 
electric field, which is the gradient of the potential, is sub- 
stantially increased within clouds, As the package enters 
the lower edge of a cloud, the sudden increase in electric 
field causes a pulse of current to flow through resistor Ry 
in one direction, and upon leaving the cloud, the sudden 
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reduction in electric field causes an oppositely directed 
current pulse, This produces the positive swing shown 
at 48 in FIG. 2 as the unit enters the cloud and the nega- 
tive peak 50 as the apparatus is rising through the upper 
surface of the cloud stratus 42. A similar pattern is ob- 
served as the unit goes through the higher cloud forma- 
tions 44 and 46, With a knowledge of the speed of ascent 
of the balloon and instrument package, the location of 
the upper and lower surfaces of successive cloud layers 
may be determined by the present apparatus. Accord- 
ingly, despite the presence of a relatively low cloud layer 
‘which completely obscures other cloud formations, ground 
‘personnel may readily determine the meterological condi- 
tions relating to clouds above this low ceiling. 

‘Returning to FIG. 1, the radiosonde equipment repre- 
sented by blocks 16, 18 and 20 is well known. ‘The 
meterological radiosonde system which will be taken as 
typical is designated by the military by the numbers AN/ 
AMT 4B, The Army technical manual which describes 
this radiosonde systom is identified as TM_11-2432A-TO_ 
3IM42AMT-11, dated June 26, 1958. ‘The radiosonde 
transmitter operates at a frequency of 1680 megacycles 
per second, This transmitter is modulated by a blocking 
‘oscillator 18, the frequency of the blocking oscillator being 
controlled by the meteorological conditions which are 
detected. Normally, a thermistor for measuring the tem- 
perature and a humidity sensor are alternately switched to 
the input terminals of the blocking oscillator 18. In the 
present case, the cloud detector circuitry is connected to 
both of these terminals, The barometric pressure sensor 
20 may also be retained in the unit, and it may be con- 
nected to control the frequency of the blocking oscillator 
18 by a switching action as described below. 

With reference to FIG. 3, the humidity channel input 
‘terminals 62 and the temperature channel input terminals 
64 of the standard radiosonde unit are shown at the right- 
hhand side of the circuit, Atmospheric electric signals 
received by the dipole antenna elements 24 and 26 are 
‘applied to the field effect transistor 66 and are then cou- 
pled by a suitable circuit to the input terminals 62 and 
64 of the radiosonde, While other field effect transistors 
may be employed, type C 610 of Crystallonies, Inc., was 
found to be suitable from a sensitivity and reliability stand- 
point for the present purposes. The input to the field 
effect transistor is shunted by a 1,000 megohm resistor Ri 
to stabilize the input characteristic. Suitable biasing of 
the transistor 66 is provided by resistor Ry. Because the 
impedance of the transistor 66 is substantially lower than. 
that of the temperature and humidity sensors which are 
normally employed, 2 110,000 ohm resistor in the block= 
ing oscillator was femoved and a capacitor C was con- 
nected in parallel to the input terminals. ‘The capacitor 
was selected to produce a modulation frequency of ap- 
proximately 100 cycles per second in the absence of an 
input signal, Positive and negative voltages will thea 
raise or lower this frequency. 

Tn the radiosonde apparatus, signals from the pressure 
sensor 20 are normally employed to switch from the tem- 
perature channel terminals 64 to the humidity channel 
terminals 62, This switch is well known in the art as @ 
baroswitch. “The barometric pressure switching action 
‘provides an indication of altitude, soit is useful to preserve 
this information. Accordingly, the resistor Rp is em- 
ployed between the transistor 66 and one terminal 64 to 
reduce the output signal slightly, thus changing the modu- 
lation level and preserving the pressure and thus altitude 
information. 

With regard to the length of the dipole elements 24 and 
26, the size of resistor R, and the amplification of the field 
effect transistor, these are fixed by several factors. First, 
the antenna elements should be large enough to provide 
fa substantial input signal, but should be relatively small 
‘as compared with normal cloud thicknesses. Lengths of 
5 to $0 feet for each dipole would be of the proper order 
Of magnitude. The resistor Ry was chosen to reduce the 
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input impedance between dipoles 24 and 26 below the 
point where fog and dampness and the resultant shunt 
impedance will introduce instability into the transmitted 
signals. With these parameters, and a speed of ascent 
Of the order of S meters per second, it was determined that 
a single field effect transistor provided the necessary am- 
plication for operation with the standard radiosonde 
tit 

‘As mentioned generally above, cloud radars are sub- 
ject to failure under certain atmospheric conditions. “Thus, 
the radar return is proportional to the sixth power of the 
Groplet or particle size, while the human eye and optical 
sysiems respond to the second power of the droplet size. 
With the radar retur proportional to such a high power 
of the droplet diameter, if a radar is adjusted to pick up 
f cloud having large pasticles, other clouds having small 
size particles are not detected. ‘The present electrostatic 
system, however, responds in @ manner which is nearly the 
same as the optical response, and therefore does not fail 
lunder atmospheric conditions where different size drop- 
[ets or particles are present in successive clouds, 

Tis to be understood that the above described arrange- 
ments ae illustrative of the application of the principles 
of the invention, Numerous other arrangements within 
the scope of the invention may be devised by those skilled 
in the art. Thus, by way of example and not of limita- 
tion, a somewhat different shape of antenna could be em- 
ployed to pick up electrostatic field variations and apply 
them to the field effec transistor, an inherently stabilized 
transistor may be used, and the instrument package may 
be carried by rocket or other suitable propulsion arrange- 
ments than the balloon shown in the drawings. Accord- 
ingly, itis evident that various changes may be made in 
the present invention without departing from the spicit 
of the invention as defined in the present claims. 

‘What is claimed is: 

4. An apparatus for sensing electrostatic conditions in 
the atmosphere comprising: 

‘radiosonde apparatus including means for modulat- 
ing the output frequency thereof, said means includ 
ing an R-C circuit; 

a pair of probes positioned in respectively different 
locations: in the atmosphere with respect to said 
radiosonde; 

a field effect transistor having its drain and gate ter- 
rminals connected across said pair of probes and hav- 
ing is source and drain terminals connected in 
series with the resistance of said R-C circuit to 
modulate said radiosonde; and 

a stabilizing high resistance’ connected across the two 
‘robes and across said gate and drain terminals of 
said transistor. 

2, In an apparatus for sensing atmospheric electro- 

static field conditions; 

2 balloon; 

fn instrument package connected to and spaced from 
suid balloon, said instrument package including a 
transmitter, means including an R-C circuit for mod- 
‘lating said transmitter, and a field effect transistor 
hhaving source and drain terminals connected in series 
‘with the resistance in said R-C circuit to modulate 
Said transmitter; 

antenna means including an antenna and resistance 
‘means connected across said antenna, suid resistance 
means also being connected across the gate and the 
drain of said field effet transistor, said antenna ex- 
tending upward from said package toward said bal- 
Joon and downwardly from said package for apply- 
ing signals to stid field effect transistor in response 
to said field conditions to render said modulating 
reans responsive to said field conditions. 

3. An apparatus for sensing changes of the atmos- 

phetic electric feld at cloud boundaries, which comprises: 
blocking oscillator-ype modulated radiosonde in- 
cluding fixed resistance means and eapacitance means 
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5 
connected in parallel with said fixed resistance 
‘means, said capacitance means being effective to dis- 
charge through said resistance means to control the 
‘modulation of said radiosonde; 
dipole antenna means responsive to changes of the at- 
‘mospheric electric field for producing a signal in- 
dicative of said changes; 

resistance means connected across said dipole antenna 

means; and 

4 field effect transistor having source and drain termi- 

nals connected in series with said fixed resistance 
‘means and a gate terminal connected to said dipole 
antenna means for reception of said signal, said field 
‘effect transistor being responsive to said signal for 
‘varying the rate of discharge of said capacitance 
‘means to cause the blocking oscillator to modulate 
said radiosonde in accordance with the second 
‘changes in the atmospheric electric field. 

4. An apparatus for sensing changes of the atmos- 
phetic electric field at cloud boundaries, which com- 
rises 

radiosonde means including a blocking oscillator hav 

{ng fixed resistance means and capacitance means 
connected in parallel with said fixed resistance 
‘means, said capacitance means being effective to dis- 
charge through said resistance means to control the 
frequency of oscillation of said blocking oscillator; 
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dipole antenna means responsive to changes of 
‘mospheric electric fled for producing a signal 
cative of said changes; 

resistance means connected across sid dipole antenna; 

a field effect transistor having source and drain termi- 
nals connected in series with said fixed resistance 
‘means and a gate terminal connected to said dipole 
antenna means for reception of said signal, said field 
effect transistor being responsive to said signal for 
varying the rate of discharge of said capacitance 
‘means to control the frequency of oscillation of said 
blocking oscillator in accordance with the sensed 
cchanges in the atmospheric electric field. 
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[57] ABSTRACT 


A novel induction-type electrostatic generator is dis- 
closed in which moving electrodes are transported back 
and forth between two Faraday cages. Each moving 
electrode, once enclosed by a cage, is contacted to the 
cage, then separated by more than the sparking distance 
before making electrical connection to the opposite 
moving electrode or to ground. In this way, charge 
‘opposite in polarity but proportional in magnitude to 
the charge on each cage, is induced in each moving 
electrode and carried into and imparted onto the next 
cage, progressively elevating the cage potentials until 
the corona or arcing limits are reached. Initiation of 
charging is spontaneous, deriving from inevitable statis- 
tical imbalances in nature. 


5 Claims, 4 Drawing Figures 
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1 
ELECTROSTATIC GENERATOR 


BACKGROUND OF THE INVENTION 


This invention relates to electrostatic generators, and 5 
‘more particularly to an improved induction-type elec- 
trostatic generator that is efficient, compact, and inex- 
pensive, in which electrodes are transported back and 
forth between two Faraday cages. 

‘The Greeks were the first to record observations of 
static electricity séveral thousand years ago. They dis- 
covered that amber, when rubbed vigorously with fur 
or fabrics under dry conditions, takes on electrostatic 
charge. In fact, the Greek word for amber, “electron”, 
hhas become the root of many of our words relating to 
electricity. 

Tt was not until about 1660 that the first electrostatic 
generator was invented. Otto von Guericke of Mazde- 
burg, Germany showed electrostatic sparks could be 
produced by spinning and rubbing a dry sulfur globe. In 
this device, high potentials were developed by friction, 
electric charging. More than 200 years passed 
before James Wimshurst invented the first reliable in- 
duction-type generator, called the “influence machine” 
at the time (1878). This involved two insulating discs 
sliding against each other as they rotated in opposite 
directions on a common axis. Attached to these oppo- 
sitely rotating plates were metal sectors into which 
charges are induced and carried to a capacitor for stor- 
age. The metal sectors continue inducing opposite 
ccharges in each other and carrying the charges to the 
appropriate ends of the capacitor, gradually building up 
the potentials of the capacitor until sparking voltages 
are reached. Wimshurst built many such machines, 
some with oppositely rotating discs more than two 
‘meters in diameter. The only substantial application of 
the Wimshurst generator appears to have been to oper- 
ate the early X-ray tubes. 

Then, in 1937, Robert Van de Graaff invented a belt- 
type generator in which an insulating belt, sometimes 
‘carrying conducting elements, transported charges into 
‘ giant conducting sphere, or “Faraday cage”, to gener- 
ate, in some cases, over a million volts. Van de Graaff 
charged the moving belt by spraying corona charge 
‘onto itor, alternatively, by frictionally charging it. 

In the 1960's Prof. A. D. Moore designed an induc- 
tion-type generator for instructional purposes. This is 
the simplest of the prior art generators to understand, 
‘and works purely by induction, requiring neither co- 
rona nor frictional charging means to produce the po- 
tential differences. FIG. 1 is a schematic diagram of 
Moore's “Dirod” generator, which he described in his 
book “Electrostaties”, (Doubleday, Garden City, NJ, 
1968; a Doubleday Anchor Book). In this generator, 
rods 2041...) are rotated between two collector elec- 
trodes, 22 and 24, Each rod makes momentary electrical 
contact to collectors 22 and 24 through flexible con- 
ducting brushes 23 and 25, respectively, as insulating 
disk 26 is rotated counterclockwise about its center. Just 
above and below rotating disc 26 are supported con- 
ducting rods 28 and 30, called “inductors”, electrically 
connected to collector electrodes 22 and 24, respec 
tively. At the point of nearest approach to each induc- 
tor, each of the rods 20, is momentarily contacted, one 
at a time, to ground or to the opposite rod 20(es.N/2) 
through flexible conducting brushes 29 and31, respec 
tively. Any incipient charge or potential difference 
between collector electrodes 22 and 24 will induce 
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‘opposite charges in those rods 20, and 20(n.n/2) adja- 
cent the inductors 28 and 30. For example, if we assume 
that, of the many billions of electrons in each of the 
collector electrodes, there is a slight excess in collector 
22, then collector 24 willbe slightly postive relative to 
collector 22. Inductor 28 will therefore induce positive 
charges in each rod 20, i is grounded in its proximity 
to inductor 28. At the same time inductor 30 induces 
negative charges in each rod 20,e.v/2) when grounded 
next to inductor 30. As the charged rods separate from 
inductor rods 30 and 28, their potentials increase so that 
part of the induced charges flow off to the collector 
plates 22 and 24, increasing their negative and positive 
potentials, respectively. As the potentials of the collee- 
tor electrodes increase, so the charges induced in rods 
20, by inductors 28 and 30 increase, quickly driving the 
collector electrodes to their maximum values. Once 
charging begins it will be seen how the potential differ- 
ence grows at a progressively increasing rate. The sta- 

al imbalance of nature insures thatthe inital imbal- 
ance can always be depended on. (To understand how 
the instability builds on itself, we need only understand 
why # sharpened pencil cannot be balanced long on its 
point; the restoring force is negative, and is propor- 
tional to the degree of imbalance.) Professor Moore's 
Dirod generator routinely produces 60 to 70 kV, de- 
pending on the spacing of the rods 20 from inductors 28 
‘and 30, since air breakdown (arcing) occurs at about 30 
KV per cm for gaps larger than a few millimeters. This 
generator is not entirely satisfactory for manufacturing 
as an educational toy or for use for demonstrations 
‘because it is relatively complicated and expensive to 
Produce and complex to understand. 


SUMMARY OF THE INVENTION 


Accordingly, the present invention provides a simpli- 
fied electrostatic generator for an educational toy. Also, 
the present invention provides an electrostatic genera 
tor that is more efficient, more affordable, more rugged, 
and easier to understand for teaching purposes and 
experimental uses than prior art devices. 

‘The foregoing and other features of the instant inven- 
tion will be more apparent from a further reading of the 
specification and claims and from the drawings, in 
Which: 

FIG. 1is a schematic plan view of a prior art genera- 
tor. 

FIG, 2a is a schematic plan view of the preferred 
embodiment of the present invention. 

FIG. 2b is an isometric view of the preferred embodi- 
ment of the present invention. 

FIG. 3 shows an alternative embodiment of the pres- 
ent invention that employs a single mobile electrode. 

While the invention will be described hereinafter in 
connection with a preferred embodiment and an alter- 
native embodiment, it will be understood that itis not 
intended to limit the invention to those embodiments. 
On the contrary, itis intended to cover all alternatives, 
modifications, and equivalents as may be included 
within the spirit and scope of the invention as defined 
by the appended claims. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENT 


In the pesent invention the induction-type generator 
has been simplified and made much more efficient by 
combining each pair of collector and inductor elec 
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trodes into a single Faraday cage, as shown in FIGS, 22 
and 2b. As Faraday taught, and Van de Graaff put to 
use, by enclosing a charged object in a conducting cage, 
the’ potential of the whole cage is increased as if all the 
charges were placed onto the cage, itself. In fact, if the 
enclosed charged object is conducting and makes con- 
ductive contact with the cage, all charges do, indeed, 
flow from the charged object onto the surrounding 
“Faraday cage”. 

In this example only two rotor electrodes 40a and 40b 
are shown. In fact, any even number can be used, within 
practical space limitations. An odd number could be 
Used if external ground is provided during charge in- 
duction. With an even number of rotor electrodes, 
contacts 48 and S0 can be connected to each other, 
instead of to external ground, to induce electrons from 
one rotor electrode to the other. Rotor electrode 40a is 
transported by clockwise rotation from one cage 42, to 
the other cage 44, making sequential contact first with 
the surrounding, or enclosing case, through contact 
post 43, then, after adequate separation from contact, 
post 43, making momentary contact with ground or the 
‘opposite rotor electrode 40b through contact posts 50 
and 48, whereby charges opposite to those on the en- 
closing cage are induced on each rotor plate and then 
transported to the opposite cage through brushes 49 and 
‘51. This results in a progressive build-up of opposite 
electrostatic potentials on collector cages 42 and 44, 
‘Assuming thin, flat rotor plates 40, the capacitance of 
each rotor plate 40 to the shell or cage 42 when the 
plate is totally enclosed by the cage is given by: 


Kot 


where C is capacitance, K is the dielectric constant of 
the medium (K = 1 for ait), eis the permittivity of space 
(=9X10~"2, A is the area of the surface of the rotor 
plate, and t is the distance between the rotor plate 40 
and the inner surface of the shell 42. Each plate carries 
‘a charge q out of one shell and into the other shell every 
half rotation, equal to: 


Itis possible, then, to calculate the current that can be 
supplied by this generator for any specified values of 
rotor plate area A, distance t between the rotor plate 40 
and the parallel surface of the cage 42, and speed of 
rotation of the rotor plates, 


cr 


where « is the spin velocity in rotations per second. For 
example, an area of 100 cm? on each face of the rotor 
plate (A=2% 10~2m), and a plate-to-cage spacing of 1 
com (t= 102m), and a spin velocity of ten rotations per 
second, gives a generator current of: 


fa socy= 40x 


( 


Clearly, then, current is very low for very low volt- 
ages, but builds exponentially with time, the initial volt- 
age build-up can be expedited by placing a charged 
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object on one of the cages. Once the maximum potential 
of, say, 20 kV is reached, the generator of this example 
of the present invention would produce a current of: 


f= 143c10-F amperes, oF about 16 eA 


FIG. 3 shows another embodiment of the present 
invention. Here a single mobile electrode 60 is mounted 
on a hinge 61 and swings reciprocally between Faraday 
cages 62 and 64. In this figure, the top plate of each cage 
62 and 64 has been removed for clarity. Movable elec- 
trode 60 enters cither cage 62 or 64, makes conducting 
contact with said cage, separates from said conducting 
contact by more than the sparking distance (1 cm for 
every 30 kV), and then makes the electrical contact to 
ground while it is still enclosed by said cage. During 
grounding, charges opposite to the charge on the en- 
closing cage are induced in electrode 60, and these are 
transported by movable electrode 60 into and deposited 
onto the opposite Faraday cage. Swinging contacts 63 
and 65 prevent electrical contact between movable 
plate 60 and ground during entry of plate 60 to each 
cage, while they insure contact with conducting edges 
64 and 66 during exit, while plate 60 is still fully en- 
closed within the associated Faraday cage. Since the 
charges induced on movable plate 60 are proportional 
to the charges on the enclosing cage, repeating the 
cyclic process produces progressively increasing poten- 
tials until corona or sparking limits are reached. 

In summary, the advantages of the electrostatic gen- 
trator of the present invention age its elegant simplicity 
for construction, for providing a simple understanding 
for the student, its ruggedness of design for portability 
without damage, affordability of cost, and its high effi- 
ciency derived by maximizing the rotor area and thus 
capacitance, for a given spacing, the spacing determin- 
ing the inherent limitation of voltage imposed by diele 
tric breakdown of air or other fluid medium in which 
the generator is operated. If we wish to develop poten- 
tials of 30 kV operating in air, for example, the spacing 
of rotors 40 to cages 42 must be at least one cm, since 
the dielectric breakdown of air for such gaps is 30 
kV/em. 

While the principles described herein have been de- 
scribed by the example of FIGS. 2a, 25, and 3, it should 
be understood that the concepts disclosed can be em- 
bodied in various mechanical designs without departing 
from the teachings of this invention and may come 
within the scope of the following claims. 

What is claimed is: 

1. A spontaneous non-frictional electrostatic induc- 
tion-type generator, comprising: 

(a) two Faraday cages: 

(b) electrode means, substantially surrounded by and 
‘mounted for rotary movement relative to said Far- 
aday cages in order to enable said Faraday cages to 
serve alternately as both the inductor and collector 
electrodes: and 

(©) flexible contact means comprising a single set of 
brushes mounted to said rotary electrode means so 
as to extend by centrifugal force into electrical 
contact with said Faraday cages, then, after sepa- 
rating from each cage by more than the sparking 
distance, momentarily contacting each said flexible 
contact means to ground or to opposite ends of 
conductor connecting said flexible contact means 
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to each other to progressively charge said Faraday 
cages. 

2. The spontaneous non-frictional electrostatic induc- 
tion-type generator of claim 1, wherein said electrode 
‘means comprises an even number of movable elec- 
trodes, and flexible contact means mounted for centrifu- 
gal extension to make momentary electrical contact 
separately to each cage; then, after separating from each 
cage by more than the sparking distance, momentarily 
connecting said movable elctrodes to each other. 

3. The method of claim 1, wherein an even number of 
rotary movable electrodes is provided, and means, 
‘mounted for extension by centrifugal force, is provided 
for contacting said rotary movable electrodes sepa- 
rately to each Faraday cage, then, after separating from 
each cage by more than the sparking distance, momen- 
tarily connecting said rotary movable electrodes to 
each other. 
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4. The spontaneous electrostatic induction-type gen- 
erator of claim 1, wherein said electrode means com- 
prises a plurality of movable electrodes. 
5. A method of generating high electrostatic poten- 
tials using a spontaneous, nor 
induction-type generator comprising the steps of: 

(@) providing two Faraday cages; 

(©) providing electrode means substantially sur- 
rounded by and mounted for rotary movement 
relative to said Faraday cages; and 

(© providing flexible contact means mounted to said 
rotary electrode means so as to extend by centrifu- 
gal force into electrical contact with each cage 
separately, then, after separating from each cage by 
more than the sparking distance, momentarily con- 
tacting to ground or to a neutral conductor, in 
‘order to progressively charge said Faraday cages. 
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back and forth between the tachionsby virtue of their harmonious expansion and contraction, 

The contraction of one pair partner is immediately compensated for by an equal amount of 
expansion in the other. When one is fully expanded and the other completely contracted, 

they will reverse roles executing the second portion of the cycle. There will be two points in 
the clocking cycle where the tachions will share an equal amount of energy ("field equity") 
stage. In each cycle of a tachion-pair the field equity stage is passed twice, a fact which is 
significant when topology of the field dynamics is considered (see [5]). Now, looking at the 
field geometry for the tachion-pair unit at the two field equity stages of the cycle, we observe 
that the two geometries are not identical but are mirror images of one another via a non- 
orientable field structure. See Fig. 5, which shows the isomorphism between the dynamics on 
a Moebius band (a non-orientable topological structure) and the tachion pair clocking cycle. 


Moebius Cycle: Flags move in direction of arrows in 180° stages 
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ATMOSPHERIC ELECTRICAL GENERATOR 


BACKGROUND OF THE INVENTION 


‘This invention relates tothe production of electrical energy 
‘and more particularly to the production of electrical energy 
{rom the atmosphere. 

Everyoneis familiar with Benjamin Franklin’s kite experi- 
ment of 1752. Using a kite whose string had become wet, 
negative charges from the passing clouds flowed into the 
siring, dawn to the suspended key, and then into a Leyden jar 
via a thin metal wire, Franklin was protected by a dry silk 
string; but, when Franklin's knuckle came too close to the 
key, he received a strong shock. Fortunately, Benjamin Fran- 
lin was not killed, others who tried this Same experiment 
‘were not so lucky. 

Since then, the formation of lightning has remained some- 
thing of a mystery. Lightning bolts are triggered when a 
negatively charged cloud base induces a positive charge from 
the ground, thereby forming a “pathway” forthe discharge of 
the collected electrical energy. 

Lightning travels up to 60,000 miles per hour with a flash 
that is brighter than ten million 100-watt lightbulbs. This 
Wattage is as much power as is produced by all of the elec- 
iy plants in the United States and with a voltage of up to 
300 million volts. 

Itis this very fact, the power within lightning is immense, 
that has prevented any successful collection of the electrical 
‘energy from lightning, The electricity in lightning is far too 
extreme for current technology to harness. 

While lightning has attracted a energy starved industrial 
world, no one has developed any technique to hamess this 
naturally occurring electrical source, 

tis clear there is a continuing need for an electrical source 
‘other than carbon-based fuels and thatthe naturally occurring, 
electricity in the atmosphere is being ignored, 


SUMMARY OF THE INVENTION 


‘The invention is a mechanism which taps into the naturally 
‘occurring static electricity in the atmosphere, Whereas here- 
‘ofore, the attempt to garner electricity from the atmosphere 
has focused exclusively on capturing lightning, the present 
invention syphons off the static electricity which is generated 
from any agitated air and avoids lightning. 

Lightning isonly the final discharge ofthe static electricity, 
whether that lightning is intra-cloud lightning, cloud-to- 
‘ground lightning, or inter-cloud lightaing. Other types of final 
discharges are known as heat lightning, summer lightning, 
sheet lightning, ribbon lightning, silent lightning, ball light- 
ning, bead lightning, elves, ets, and sprites. Well before these 
discharges are observed, as the atmosphere becomes agitated 
by wind or thermal activity, static electricity is being pener- 
aed. 

“The preseat invention recognizes that this static electricity 
is being formed and creates a mechanism to capture it 

‘The mechanism of this invention utilizes an aircraft suchas 
«fighter than air balloon. While the preferred embodiment 
uses a foil balloon, a variety of other aireralt are obvious to 
those of ordinary skill in the art, including, but not limited t: 
_liders,eubber balloons (such as weather balloons), 

Oriented polyethylene terephthalate polyester film balloons, 
‘and latex balloons, 

Within this discussion, the balloon is referenced, but, the 
invention is not intended to be limited solely to balloons. 

‘The balloon is sent aloft and is tethered by a conductive 
line. In this context, the conductive line may be any obvious 
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to those of ordinaty skill in the art. For the preferred embodi- 
‘ment, the conductive line is a generically referred to as @ 

‘poly-rope” and is commercially available through a variety 
‘of sources. A suitable conductive line is described in U.S. Pat. 
No. 5,203,542, entitled “Apparatus for Improved Electric 
Fence Wire Construction for use with Intensive Grazing” 
issued Apr. 20, 1993, foColey, etal. and incorporated hereinto 
by reference. 

“The conductive line is played out of a winch to control the 
altitude of the balloon, The motor controlling the winch is 
able to reverse direction to both extend and withdraw the 
conductive line which is wrapped around a spool on the 
‘winch. The winch/spool combination are part of a base unit 

In some embodiments of the invention, the spool is con- 
structed of rubber so as to insulate the conductive Tine from 
the winch assembly. In this embodiment, only the conductive 
line is charged by the atmospheric static electricity while the 
‘winch remains neutral 

Tn yet another embodiment, the winch/spool are part of a 
‘base unit which is itself isolated from the ground by an insu- 
lator, In this embodiment, the entire base unit is charged by 
the atmospheric static electricity. 

‘A conductor, such as an insulated wire is electrically con- 
nected to the conductive line. In one emboxdiment, where the 
‘conductive Tine is electrically isolated from the spool and 
‘winch motor, the conductor is connected to the conductive 
line, Inthe embodiment where the conductive line is electsi- 
cally connected to the base unit, then the conductor is con- 
nected anywhere on a metallic base unit, 

‘The other end of the conductor is connected to a load. The 
Toad inthis case can be any of a variety of electrical loads well, 
wn to those of ordinary skill in art, including, but not 
ted to a motor, a battery system, or the electrical grid for 
the system, 

In the preferred embodiment, a sensor array is used 10 
‘monitor the activities both at the base unit (such as electrical 
flow within the conductor) and in the surrounding locale. 

A sensor monitoring the electrical flow (.c. voltage and/or 
current) within the conductors used to monitor the electrical 
activity within the conductor, 

In the preferred embodiment, a lightning sensor monitors 
for lightning activity within the locale. As noted earlier, the 
electrical characteristic of lightning is so extreme that ideally 
this discharges avoidedas it might damage the mechanism of 
this invention, 

‘The sensor array is utilized by a controller, such as micto- 
processor, programmed to operate the mechanisin as outlined 
herein. 

The controller operates the winch motor to extend or with: 
draw the conductive line and by extension the altitude of the 
balloon. The controller is programmed to operate the winch 
by monitoring the electrical characteristics of the conductor 
‘and adjusting the balloon’s altitude to maintain these charae- 
teristics within the conductor within a preset range. 

“This preset range is established either in the base program- 
‘ming of the controller or is established by an operator of the 
system, 

AAs example, by controlling the amount of current being 
withdrawn from the atmosphere, the mechanism operates 
within a safe range and also provides a relatively stable cur- 
rent flow from which a variety of activities can take place 
(uch as DC-AC conversion). 

‘The controller also utilizes the lightning sensor to protect 
the mechanism from a lightning strike. Should lightning be 
detected withina pre-determined range (as established by the 
software or defined by an operator, then the balloon is pulled 
down to minimize the risk of damage from a lightning strike. 
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‘The invention, together with various embodiments thereof 
‘will be more fully explained by the following description of 
the accompanying drawings. 


DRAWINGS IN BRIEF 


FIG. 1 diagrams the preferred embodiment ofthe inven- 
tion 

FIG. 2 illustrates the collection of the negative charged 
particles inthe atmosphere. 

FIG. 3a flow-chart ofthe operation ofthe controller for 
the preferred embodiment of the invention. 

FIGS. 4A, 4B, and 4C are electrical schematies for han- 
dling the statie charge from the atmosphere 

FIG. § illustrates a conductive line used i the preferred 
‘emboaliment of the invention. 

FIGS. 6A and 6B illustrate an altemative conductive line 
‘ereating an ionized pathway forthe flow ofthe state changes 
from the atmosphere 

FIG. 7 illustrates the controller of an alternative embodi- 
ment and the associated safety deviees. 

FIGS. 8A and 88 illustrate two embodiments of enhanced 
‘electrical colletion leads 


DRAWINGS IN DETAIL 


FIG. 1 diagrams the preferred embodiment of the inven- 
tion. 

Balloon 10 is an aircraft which, inthis illustration, is a 
lighter than air balloon. Wings 10A, extending from the body 
‘of balloon 10, provide additional lif in air flow 18, Tail 10B 
helps to stabilize balloon 10. 

Balloon 10 s tethered to the ground via conductive fine 12. 
As noted earlier, a variety of configurations and materials are 
available to serve as conductive line 12. In this illustration, a 
poly-wire is used Poly-wire is commercially available 
through a variety of vendors, including, but not limited to: 
Jeffers Livestock and Zareba Systems, Ine, of Fllendale, 
Minn. 

In this embodiment, located proximate to balloon 10, is an 
‘electrical collection enhancement lead 11 which assists in the 
collection of the static electrical charge in the atmosphere. 
Electrical collection enhancement lead 11 is configured to 
attract the static charge and conduct the charge into the con- 
ductive line 12 

‘The electricity flows down the concluctive line into spool 
13, where the conductive line 12 is collected and either with- 
{drawn or dispensed through operation of winch motor 14. 

Winch motor 14 and spool 13 ate mounted onto base unit 
16 which is electrically isolated from ground 7 using insulator 
17. Note, inthis embodiment ofthe invention, when electric 
ity isbeing collected from the atmosphere, the entire base u 
16becomes charged. Inanotheremboxtiment ofthe invention, 
spool 13 is constructed of rubber, thereby preventing base 
unit 16 from becoming charged, thereby restricting the charg 
ing from the atmosphere to only conductive line 12 

In this embodiment, conductor 6 is connected to base unit 
16 (since the entire base unit 16 is charged and the base unit 
is metallic) to communicate the electrical current to load 5, 
Conductor 6 is ideally an insulated wire. 

‘The electrical current through conductor 6 is measured 
using sensor 8. 

Inthealternative embodiment discussed above, where only 
the conductive line 12 is charged, then conductor 6 is con- 
nected to conductive Tine 12. 

Controller 15, located inthis embodiment on base unit 16, 
‘operates winch motor 14 in response to signals from sensor 8 
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(measuring the current being discharged t load §) to main- 
‘ain the current flow withina pre-defined range. As the current 
flow diminishes, then the conductive line 12 extended from 
spool 13 to increase the altitude of balloon 10 to that more 
slatie charge from the atmosphere is gathered as the current 
flow falls exceeds a preset level, conductive line 12 is with- 
dawn onto spool 13 to decrease the static charge being col- 
lected from the atmosphere. 

The range of current flow through conductor 6is ideally set 
by the program, although some embodiments of the invention 
permit an operator to establish this range of operation 

Inn alternative embodiment, the sensor monitoring con- 
<uctor 6 monitors the voltage therein. 

Inthe preferred embodiment ofthe invention, controller 1S 
is also equipped with a lightning sensor 19. In this embodi- 
‘ment, when lighting is sensed within a preset range, then 
substantially al of conductive line 12is wound onto spool 13 
to pull balloon 10 near the ground and protect the entire 
:mechanism from being damaged from a lightning discharge 

In the preferred embodiment, the “safe distance form 
lightning is set in the programming of controller 18 and is 
ideally two miles other embodiments pennit the operator to 
“safe distance. 

‘There area variety of lightning sensors well known to those 
of ordinary ski inthe an, including, but not limited to those 
described in: US. Pat. No. 7,016,785, entitled “Lightning 
Detection” issued to Makela, et al. on Mar. 21,2006; U.S. Pat 
No. 6829,911,entitled “Lightning Detection and Prediction 
‘Alarm Device” issued to Jones, etal. on Dec. 7, 2004: US. 
Pat. No. 7.200.418, entitled “Detection of Lightning” issued 
to Karikuranta, et al. on Apr. 3, 2007; and U.S. Pat. No. 
6,961,662, entitled “Systems and Methods for Spectral Cor- 
rected Lightning Detection” issued to Murphy on Nov. 1, 
2005; all of which are incorporated hereinto by reference. 

In another embodiment of the invention, controller 18 is 
not located on base unit 16, rather itis remote and commu 
nicates its control signals to winch motor 14 using radio 

FIG, 2 illustrates the collection of the negative charged 
particles in the atmosphere. 

Static changes 23 are generated in the atmosphere by agi- 
tated air, These static charges are often collected atthe bottom 
of clouds, but exist in other environments as well 

Balloon 21 is extended into tis tata of sate charges 23 
Which are then attracted to conduetive Tine 12to flow to base 
‘unit 22 and then onto load §. 

By increasing or decreasing the altitude of balloon 21 
(defined by the length of the extended conductive line 12), 
conductive line 12 is selectively exposed to varying densities 
and levels of the statie charge strata, and by extension, the 
current flow of Voltage is increased or decrease. 

FIG, 3a flow-chart of the operation ofthe controller for 
the preferred embodiment of the invention 

‘Once the program starts 30, the lighining sensoris checked 
to determine tf lightning has occuered within the unsafe range 
SMA, if it has, then the balloon is lowered 32A, and the 
‘program continues monitoring the status of lightning until no 
Tightning is detected. 

‘When the lightning tats is acceptable, then the curent 
‘within the conductor is checked to see if the curren is within 
the prescribed range MB. Ifthe current is acceptable (within 
range) the program returns to cheek the lightning status 31: 
otherwise a determination is made to see if the current is 
above the prescribed range 31C. 
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If the current is above the prescribed range, then the alti 
tude of the balloon is withdrawn a set amount 328 (ideally 
twenty-five feet) and the program loops back to see if the 
‘current is within range 318, 

If the current is below the prescribed range, then the alti 
tude of the balloon is extended a set amount 32C (ideally 
‘wenty-five feet) and the program loops back t0 see if the 
‘current is within range 31B. 
this manner of feed-back and minor adjustments in the 
altitude of the balloon, the current is maintained within a 
prescribed range which can be handled by the downstream, 
‘electrical system, 

_Asnoted earlier, some embodiments ofthe invention moni 
tor the voltage instead of the current 

FIGS, 4, 4B, and 4C are electrical schematics for han- 
«ling the statie charge from the atmosphere. 

By maintaining the voltage being collected in a prescribed 
range, an electrical conversion system is easily designed. 
While FIGS. 4A, 4B, and 4C illustrate some electrical con- 
figurations, those of ordinary skill in the art readily recognize 
‘a variety of other configurations Which will serve the same 
function, 

Referencing FIG. 4A, Direct Current In (DC IN) 40 is 
batered by a gang of capacitors 41 before being communi- 
‘cated to a DC/AC converter 42, The DCIAC converter con- 
verts the direct current into a an alternating current suitable 
or placement over an existing electrical grid 43 such as 
normally found from a power-plant. 

Those of ordinary skill in the art readily recognize a vari 
‘of DC/AC converters, including, but not limited to: U.S, Pat 
No. 7,394,671, entitled “Controller IC, DC-AC Conversion 
Apparatus, and parallel running system of DC-AC Conver- 
sion Apparatuses” issued to Fukumoto, etal, on Jul. 1, 2008; 
and, U.S. Pat. No. 7,330,366, entitled “DC-AC Converter 
issued to Lee, et al-on Feb. 12, 2008; all of which are incor- 
porated hereinto by reference. 

FIG. 4B illustrates an electrical arrangement suitable for 
use in charging a battery. DC IN 40 is buffered by capacitor 
bank 41 before entering intoastep down transformer 43. Step 
down transformer 43 reduces the voltage so that the voltage 
‘can safely be introduced into battery 44 whieh is connected 10 
ground 45 at the battery's other pole. 

‘Those of ordinary skill in the art readily recognize variety 
of batteries which will work in this capacity, including, but 
‘not limited to those described in: U.S. Pat. No. 7.378.181, 
‘entitled “Electric Storage Battery Construction and Manufac- 
ture" issued to Skinlo on May 27, 2008; U.S. Pat, No. 7,388, 
350, entitled “Battery with Hlectronic Compartment” issued 
to Wright on Jun. 17, 2008; U.S, Pat, No. 7,397,220, entitled 
Connection Member and Battery Pack” issued to Uchida, et 
al. on Jul. 8, 2008; and, U.S. Pat. No. 7,375,492, entitled 
“Inductively Charged Battery Pack” issued to Calhoon, et al 
‘on May 20, 2008; all of which ate incorporated hereinto by 
reference, 

In FIG. 4C, DC IN 40 is fed into an adjustable sheostat 46 
which is controlled by the controller so that the DC OUT 47 
{alls within a specified range. 

FIG, § illustrates a conductive line used in the preferred 
‘embodiment ofthe invention, 

‘This type of conductive fine is commonly called pol 
‘and consists of multiple interwoven strands of plastic SOA 
‘and 50B woven into a cord or rope arrangement having inter- 
‘wined therein exposed metal wires SLA and $18. While this 
illustration shows two plastic strands and two metal wires, 
‘any number of possible combinations is possible 
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“The exposed metal wires SLA and S1B attract the atmo- 
spheric static charge and ansmit the charge dawn to the base 
unit (aot shown) 

FIGS, 6A and 6B illustrate an altemative conductive line 
‘reiting an ionized pathway forthe low of the stati charges 
from the atmosphere 

‘This conductive line uilizesatube 60 having anouter layer 
620fPET Film (Biawialy-oriented polyethylene teephtalte 
polyester film) which provides exceptionally high tensile 
strength ands chemically and dimensionally table. The tube 
hha an ideal diameter of between two and thre inches. 

‘An interior metal coating 61 provides an initial conduit for 
the flow of static charge. The static charge through the metal 
forces the tube to expand de tothe repulsion experienced by 
like charges. Further, te flow of electricity eauses the interior 
of the tube 60 to become ionized to provide an additional 
pathway for the atmospheric static charges to the base unit 
{ot shown), 

Because outer layer 62 provides a gas barrier, the resulting 
ionization is not dissipated by aie curents, thereby providing 
‘highly stable pathway. 

FIG. 7 illustrates the controller of an alternative embod 
‘ment and the associated safety devices. 

In this embodiment, controller box 70, resting on insult 
ingpad 72, is in communication with the sensors.as described 
above. Using the inpat from these sensors, when theres flow 
ofelecticiy through the base unit, warning lashing light 71 
is illuminated. To electrically neutralize the mechanism, 
switch 73 is activated to pass any existing current into the 
‘ground 74 

FIGS. 8A and 8B illustrate two embodiments of enhanced 
electrical collection leads. 

Referencing FIG. 8A, enhanced electrical collection lead 
82 is wire mesh which is in eleetrical communication with 
conductive line 81 and balloon 80. Because ofthe significant 
amount of metal exposed by enhanced electrical collection 
lead 82, more static electricity from the atmosphere is drawn 
to the collection lead 82, and then down conductive line 81 to 
the base unit (not shown) 

‘Conductive lead 82 is positioned proximate to balloon 80 
InFIG. 8B, poly-wire83 has enhanced electrical collect 
leads 84 wrapped therearound. Collection leads 84 bave 
pointed ends 85A and 858 which havea propensity to attract 

more electricity than rounded ends do. 

It is clear fiom the foregoing that the present invention 
captures an entirely new source of electrical energy. 


‘What is claimed is: 

1. mechanism to tap an electrical source comprising: 

4) a lighter than air balloon suspended in the atmospheres 

).a base unit having a spool of conductive line on a winch 
‘motor, one end of said conductive Tine secured to said 
lighter than air balloon, a portion of said conductive fine 
collecting electricity in the atmosphere, said winch 
‘motor capable of selectively extending or withdrawing 
said conductive line from said spool; 

«) an insulator electrically isolating said conductive line 
from ground: 

‘d) a conductor having a first end electrically connected to 
said conductive line and a second end electrically con- 
nected to a load being powered by collected electricity 
from said conductive line; 

) an electrical flow sensor monitoring electrical flow 
through said conductor and generating an electrical flow 
indicia indicative of said electrical ow in said conduc~ 
tor: and, 
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4) a controller receiving said electrical flow indicia and 
selectively operating said winch motor such that said 
‘electrical low indicia remains within a selected operat 
ing range. 

2. The mechanism to tap an electrical source according to 
claim 1, wherein said selected operating range is established 
by an operator. 

3. The mechanism to tap an electrical source according to 
claim 2, further including a waming light activated when said 
‘electrical flow indicia is non-zero. 

4. The mechanism to tap an electrical source according to 
claim 1, 

8) further including a lightning sensor generating a light- 
ning presence indicia indicative of lightning within a 
prescribed range, said presence indicia being communi- 
‘cated to said controller; and, 

>) wherein said control mechanism, in response to said 
lightning presence indicia, operates said winch motor to 
‘withdraw substantially all of said conductive line onto 
said spool. 

‘5, The mechanism to tap an electrical source according to 
claim 4, wherein said prescribed range is established by an 
‘operator. 

6. The mechanism to tap an electrical source according to 
claim 1, further including an electrical collection enhiance- 
‘ment lead in electrical contact witha first end of said conduc- 
tive material, said electrical collection enhancement lead con- 
figured to attract statie electricity. 

7. The mechanism to tap an electrical source according to 
laim 6, wherein said electrical collection enhancement lead 
positioned proximate to said lighter than air balloon, 

8, The mechanism to tap an electrical source according to 
claim 7, wherein said electrical collection enhancement lead 
Includes at east two pointed electrical conductors. 

9. The mechanism to tap an electrical source according to 
claim 1, wherein said insulator electrically isolates said con- 
ductive line from said winch motor, 

10. The mechanism fo ap an electrical source according 10 
‘claim 1, wherein said insulator electrically isolates said hase 
unit from ground. 

LL A mechanism comprising: 

4) an airborne aircraft having a conductive line secured to 

‘a winch capable of extending or withdrawing said con- 
‘ductive line from a spool, when said airborne aircraft is, 
‘lofi, said conductive line collecting electricity from the 
atmosphere: 

+b) a conductor having a first end electrically connected to 
‘tid conductive line and a second end electrically con- 
nected to a load such that collected electricity from said 
‘conduttive line powers said load; 
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©) an electrical flow sensor monitoring electrical flow 
through said conductor and generating an electrical flow 
indicia indicative of said electrical low in said condue- 
tor: and, 

4d)a controller receiving said electrical flow indicia adjust- 
ing an altitude of said airbome aircraft via said winch 
such that said electrical flow indicia remains within a 
selected operating range. 

12, The mechanism to tap an electrical source according to 

claim 11, 

‘9) further including a lightning sensor communicating with 
said controller; and, 

b) wherein said controller, in response to selected signals 
from said lightning sensor withdraws substantially all of 
said conductive line. 

13. A mechanism to tap an electrical source comprising: 

4) lighter than air balloon suspended in the atmosphere: 

bb) a base unit having a spool of conduetive line on a winch, 

‘motor, one end of said conductive line suspended by said 

balloon, a portion of said conductive line collecting elec 

tricity from the atmosphere, said winch motor capable of 
adjusting an altitude of said lighter than air balloon by 
selectively extending or withdrawing said conductive 

Tine from said spoof; 

©) conductor having a first end electrically connected to 
said conductive line and a second end electrically con- 
nected to a load being powered by said collected elec 
ticity from said conductive line; 

<d)a sensor array having, 

1) an electrical flow sensor monitoring electrical flow 
through said conductor and generating an electrical 
flow indicia indicative of said electrical flow in said 
‘conductor, and, 

2). lightning sensor monitoring existence of proximate 
lightning; and, 

©) a controller responsive to said electrical flow indicia 
from said sensor array to selectively operate said winch 
‘motor. 

14. The mechanism to tap an electrical source according t0 

claim 13, 
4) further including a warning light; and, 


‘warning Tight 
‘when said electrical flow in said conductor is non-zero. 

418, The mechanism to tap anclectrical source according to 
claim 14, further including an electrical collection enhiance- 
:ment lead in electrical contact with aid conductive material, 
sid electrical collection enhancement lead configured 10 
attract static electricity and positioned proximate 10 said 
ighter than aie balloon. 
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67) ABSTRACT 


Systems, methods and apparatus for harvesting atmospheric 
clectricity are provided. The system includes a laser eontig- 
ured to form a plasma filament and a collector configured 10 
collect electricity flowing along the plasma filament. The 
plasma filament comprises an electrically conducting plasma 
filament, Atmospheric electricity may be collected by having 
the plasma filament form at east a part of a conducting path: 
(1) between ground and a cloud, (2) between differently 
charged regions of the same cloud, (3) between differently 
charged regions of different clouds, and (4) between different 
regions of atmosphere, where there isa vertical voltage gra- 
dient, When the plasma filament is not long enough to form 
the entire conducting path, a lightning may be triggered to 
‘complete the conducting path needed to collect atmospheric 
electricity 


21 Claims, 6 Drawing Sheets 
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FIG. 1 


‘This suggests the remarkable idea that the space time points that the pairs generate are not, as, 
commonly assumed, identical, static, and bereft of intrinsic character, but exhibit 
enantiomorphic topologies, which by virtue of their mirrored relationship exert upon one 
anothera potential for dynamic interaction, For now we presenta second diagram to illustrate 
the three pair energy modes: N-N, N-P, P-P, as well as one sequence of oscillation of the N-P 


pair (Fig, 4), 


a) Three types of pairs: 


N-P (mixed) 


P-P (vertical) 


b) Stages in clocking cycle of N - P pair (I thry V) 


I (Can I Go?) 
I ("ves 1 Can") 
I (Let me Think") 
®) K—t)- 
‘V (same as 1) 
IV (same as Il) ey 


In this figure we note a unique trinity of field 
operation: two stages of maximum field 
disparity (I and III) connected by the 
intermediate condition of field equity (1). 
Upon postulating the additional requirement 
that the pair will create a new space-time 
location every time the field equity state is 
reached, we see that with each cycle the unit 
will not return to its original state with 
respect to the environment, but will advance 
to new evolutionary states with each 
pulsation. In accordance with the above 
comments, the tachion-pair unit "ascends" 
the evolutionary spiral via this unique action 
we have termed "clocking" motion. In 
acccordance with the description in Fig. 4A, 
in Fig. 4B, stage I represents "Can I go?", stage 


II represents "Let me think", and stage III 
represents""Yes I can’. 


Now, in this regard, the previous analogy of 
the tachion-pair as likened to the ends of a 
baton, where the baton rises and falls as it 
rotates, is quite apt. However, unlike the ends 
of the baton tachions are not rigidly 
connected but possess much freedom of 
movement outlined above. On the other 
hand, much like the baton ends, they are 
mutually supportive of each other's activity 
and requirements, never seeking to 
overpower, or to be eclipsed by the identity 
of their partner. In this manner they exhibit 
personal moral responsibility, as we have 
previously stated. By their mutual 
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SYSTEM FOR HARVESTING ATMOSPHERIC 
ELECTRICITY 


STATEMENT REGARDING FEDERALLY 
‘SPONSORED RESEARCH OR DEVELOPMENT 


Not applicable. 
FIELD OF THE INVENTION 

‘The subject technology relates in general to a system for 

harvesting atmospheric electricity, and more particularly toa 


system that uses a laser to form an electrically conducting 
plasma filament for harvesting atmospheric electricity 


BACKGROUND 


Itis well known that large quantities of electrical enemy are 
present inthe atmosphere andin lightning. Lightning was one 
‘ofthe first forms of electricity harnessed in the modem age by 
Benjamin Franklin in his famous kite experiment. 

‘A lightning discharge typically contains on the order of 
10%” Joules of enerey. It has been estimated that the total 
electrical powerof lightning across the Farthis of the order of 
102? watts, Collection of electrical energy from clouds ass0- 
<iated with lightning is problem that needs to be resolved, 

Lightning is but a small part of the total electrical activity 
‘ofthe atmosphere. When a local build up of charge above the 
Earth exceeds the local breakdown potential of the atmo- 
sphere a lightning discharge occurs. However, there is a con- 
tinval invisible flow of change from Ionosphere to Earth 
‘occurring day and night over the entire surface of the globe, 
Which exceeds the global lightning power output by many 
times. The source of tis flow of charge from the atmosphere 
toFarthisthe Sun, Radiation from the Sun helps form mostof 
the ions found in the Ionosphere, a highly charged region 
above the atmosphere, through ionization of atmospheric 
molecules. Solar radiation, particularly in the UV and soft 
x-ray bands, consist of photons whose energies are well 
suited to ionization, The Sun also emits continuously a solar 
of positively charged particles. These are captured by 
the Earth's magnetic field and further contribute tothe Tono- 
sphere. The positively charged region in the Ionosphere in 
turn induces (by electrostatic induction) a negative charge on 
the surface of the Earth. The Earth becomes in effect an 
‘enormous spherical capacitor. A potential gradient or electric 
field is thus established between the two “plates” of this 
‘capacitor, the Ionosphere (or Electrosphere) and the surface 
‘ofthe Fart, While the upperstrataof the atmosphere conduct, 
electricity reasonably well, the lower levels actas an insbltor 
ordielectrc, Near the surface of the Earth, this electrostatic 
potential gradient is on the order of about 100 Vim" in sum- 
‘mer, rising to 300 Vn" in winter. This How of charge ean be 
tapped and directed to provide useable electrical power. This 
source of atmospheric electricity has the following advan- 
tages: (1) Simple and robust technology; (2) Low cost tech- 
nology —much cheaper than photovoltaies or wind turbines; 
(G) Available day and night in all weather conditions —in fact, 
more power is produced at night than during the day; and (4) 
Available at any point on the Earth's surface. Collection of 
this source of almospheri electricity is another problem that 
needs to be resolved 


SUMMARY 


According to various aspects of the subject technology, a 
system for harvesting atmospheric electricity is provided that 
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solves some orallofthe foregoing problems. In someaspeets, 
the system may be used to harvest atmospheric electricity 
arising from an electrostatic potential gradient: (1) beeen 
round and a cloud, (2) between differently charged repions 
ofthe sime cloud, (3) between differently changed regions of 
different clouds, and (4) between diferent regions of atmo- 
sphere, where there isa vertical voltage gradient. In other 
specs. the system may be used to harvest atmospheric elec- 
tecity arising from an electrostatic potential gradient between 
the Tonosphere (or Eleetrosphere) and the surface of the 
Earth, 

According to various aspeets ofthe subject technology, a 
system for harvesting atmospheric electricity is provided 
‘The system comprises a laser configured to form a plasma 
filament. The system also comprises a collector configured to 
collet electricity lowing along the plasma filament 

According to various aspects of the subject technology, a 
‘method for harvesting atmospheric electricity is provided 
‘The method comprises forming a plasma filament with a 
laser. The method also comprises collecting electricity low- 
ing along the plasma filament 

‘According to various aspects of the subject technology, an 
apparatus for harvesting atmospheric electricity is provides. 
‘The apparatus comprises means for forming a plasma fil 
iment with a laser. The system also comprises means for 
colleting electricity flowing along the plasma filament. 

11 is understood that other configurations of the subject 
technology will become readily apparent to those skilled in 
the art fom the following detailed deseription, wherein vari 
‘ous configurations of the subject technology are shown and 
described by way of illustration. As will be realized, the 
subject technology is eapable of other and different eonfigu- 
rations and its several details are capable of modification in 
various other respects, ll without departing from the scope of 
the subject technology. Accordingly, the drawings and 
detailed description are to be regarded as ilustative in nature 
and not as restrictive. 


BRIEF DESCRIPTION OF THE DRAWINGS 


‘The accompanying drawings, which are included to pro- 
vide further understanding of the subject technology and are 
incorporated in and constitute a part ofthis specification, 
illustrate aspects ofthe subject technology and together with 
the description serve to explain the priniples ofthe subject 
technology 

IG. illustrates first example of a system for harvest 
atmospheric electricity. The system comprises laser config- 
‘red to form a plasma filament and a collector configured to 
collect electricity flowing along the plasma filament. The 
plasma filament forms conducting path between ground and 
acoud. 

IG. illustrates a second example ofa system for harvest 
ingatmospheric eletrcity. plasma filament anda fightning 
together forma conducting path between ground anda cloud 
‘A condensing mieror directs the beam of laser towards the 
cloud, 

FIG. 3 illustrates a third example ofa system forharvest- 
ing atmospheric electricity. A laser system situated on an 
airplane forms two plasma filaments that together complete 
condueting path between. first region of cloud anda second 
region of the cloud. The first region of the eloud and the 
second region ofthe cloud carry opposite electric charges. A 
collector configured to collect electricity flowing along the 
two plasma filaments is also situated on the same airplane as 
the laser system 
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FIG. 38 illustrates a fourth example of a system for har= 
vesting atmospheric electricity. It is similar to FIG. 3A, 
‘except two lightnings complete the conducting path between 
«first region of a cloud and a second region of the cloud (i.e, 
4 first lightning electrically connects the first region of the 
‘loud to one of the plasma filaments and a second lightning 
clectrically connects the second region of the cloud to the 
‘other plasma filament) 

FIG, illustrates a fifth example of a system for harvesting 
atmospheric electricity. laser system situated on an airplane 
forms two plasma filaments that together complete aconduct- 
ing path between a first cloud and a second cloud. The region 
‘of the first cloud that is connected to the fist plasma filament 
‘and the region of the second cloud that is connected to the 
seconkl plasma filament carry opposite electric charges. 

FIG, Sillustratesa sixth exampleofa system forharvesting, 
atmospheric electricity. A laser situated on an airplane forms 
«plasma filament that completes @ conducting path between 
8 first region of atmosphere and a second region of atmo- 
sphere. A collector situated on the same airplane as the laser 
‘can colleet electricity flowing along the plasma filamen 
because a vertical voltage gradient exists between the first 
region of atmosphere and the second region of atmosphere. 

FIG, 6 illustrates an example of a collector configured to 
collect electricity flowing along the plasma filament. The 
‘collector may be a charge collection circuit characterized by 
‘capacitance, inductance, and resistance. The electricity may 
be collected by charging a capacitor, 


DETAILED DESCRIPTION 


‘The detailed description set forth below is intended as a 
‘description of various configurations of the subject technol- 
‘ogy and isnot intended to represent the only configurations in 
which the subject technology may be practiced. The 
appended drawings are incorporated herein and constitute a 
part of the detailed description, The detailed description 
includes specific details forthe purpose of providing a thor- 
‘ough understanding of the subject technology. However, it 

be apparent to those skilled in the art that the subject 
technology may be practiced without these specific details. In 
some instances, well-known structures and components are 
shown in block diagram form in order to avoid obscuring the 
concepts of the subject technology. Like components are 
labeled with identical element numbers for ease of under 
standing. 

FIG. 1 illustrates a first example of a system 100 for har- 
vesting atmospheric electricity. The system 100 comprises a 
laser 110 configured to form a plasma filament 120 and a 
collector 130 configured to collect electricity flowing along 
the plasma filament 120, The plasma filament 120 forms a 
‘conducting path between ground and a cloud 140, 

‘The plasma filament 120 comprises an electrically con- 
‘ducting plasma filament. The plasma comprises of electrons 
and positive ions. The electrically conducting plasma fila 
‘ment may be formed in atmosphere using an ultra short pulse 
laser (USPL). The USPL forms a plasma filament by raising 
the conductivity of a very small diameter channel (~100 
microns orless) fora very brie time. The propagation ofhigh, 
power (~10* Wicm?) pulses from the USPL is accompanied 
by filamentation—selfchanneling of femtosecond laser 
pulses in stable high-intensity light filaments. with -100 
microns diameters (s0 that the Kerr effect focusing balances 
defocusing due to plasma formation). ‘This filamentation 
keeps the beam virtually free of diflraction divergence. The 
Jong plasma strings have high electron densities (10'*/em") 
‘which support high conductivities. The ionization of air at 
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4 
these intensities results from molti-photon processes. Fla- 
‘mentation has been produced and detected at alitudes as high 
48 13-20 km, Almost no beam scattering oceurs in flamen- 
tation phenomenon, and viewlly all the palse energy is 
invested in ionization of air molecules, With the typical eloc- 
trondensity and channel diameter a 160 J pulse issuiicient 
to generate 1 km long channel 

Once initiated, plasma filaments cannot go on forever, and 
typically only propagate a kilometer or so before eneray 
depletion and exhaustion. However, by using two coaxial 
LUSPL projection opti having different ime-lensing param- 
ters, a near and far filament could be initiated in "daisy 
hain” to extend the total length of the conductive channel. 
‘Theonsetor filamentation in the frfilamentistime-lensed 0 
coincide withthe exhaustion range ofthe near filament. Addi- 
tionally, using negative chirp, femtosecond laser pulses can 
propagate almost without loss until different frequency com 
ponents ofthe wave packet, propagating at different speeds 
due to dspersion in air, come together at a certain desired 
location so thatthe laser intensity there exceeds the filamen- 
tation threshold, resulting in log ionized filaments eeated at 
adistanceof upto several miles from the laser source. Inother 
words, negative chirp is used to essentially focus a beam of 
the laser at a desired distance to form the plasma filament 
there. Accordingly, ths technique may be used to move the 

Point ant extend the length of the plasma filament. 

“Thesize, electrical conductivity. and lifetime ofthe plasma 
filaments are enbanced by an auxiliary radio-frequency ec: 
tromagnetic waves or microwaves. The plasma filament may 
act like an antenna to absorb the auxiliary radio-frequency 
(RF) electromagnetic waves or microwaves. 

“The pulsed colletion of elecrie change and energy is 
repeated with an optimal (possibly very high repetition rate 
ofthe pulsed laser and of the auxiliary RF waves or micro= 
swaves, The energy collected per ane pulse should exceed the 
‘nergy spenton creating and enhancing the plasma filaments, 
so tat the net energycollected is positive. The optimal pulse 
repetition rate (PRR) depends upon atmospheric conditions 
‘whieh ean vary widely over even short time durations. As 
‘general rule, one tres o tune the repetition rate othe plasma 
relaxation time (the ion-eletron recombination time) so that 
the conductivity ofthe filament remain as high as is optimal 
ven the atmospheric conditions atthe time. A feedback 
Control system that varies the PRR as well asthe rest of the 
plse-shaping parameters may be employed to optimize the 
het power production of the system, For more information 
regarding pulse shaping and tailoring, whieh isthe central 
‘theme of the field called “quantum control”, please see A. 
Assion, T: Baumert, M. Bens, T. Brixner B, Kiefer, V. Sey- 
ined, M. Steve, G. Gerber (30 October)"Conteolof Chem 
cal Reactions by Feedback-Optimized Phase-Shaped Femto- 
second Laser Pulses”. Science 282 (5390): 919-922. doi: 
10.1126/sience 282,5390.919. PMID 9794756 

FIG. 2illsirates a second example ofa system 200 for 
harvesting atmospheric electricity. A plasma filament 120 and 
4 lightning 210 together form a conducting path between 
‘round and a cloud 140, A condensing miror 20 directs the 
ibeam of laser 110 towards the cloud 140, A collector 130 is 
configured 10 collect electricity flowing along the plasma 
filament 120 

Inthe case of electricity collection from the cloud 140, the 
initial and RF-enhanced plasma filaments ean be relatively 
short not reaching all the way from ground the cloud 140, 
‘The relatively shor plasma filament canbe optimized so that 
it would trigger propagation of the so-called leader (a in 
natural lightning), which would effectively use the eneray 
nd potential ofthe cloud to eventually erate an electrically 
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‘conducting path between ground and the cloud 140. The final 
‘condueting path would comprise ofa plasma filament 120 and 
a lightning 210. 

Itisnot shown in the figures, but altematively both the laser 
110 and the collector 130 may be place on a mobile device, 
‘which moves together with the cloud, One such mobile 
may be a vehicle moving on the ground, but another such 
mobile device may be an airplane lying in thea. Inthe case 
‘of an airplane flying in the air, plasma filaments may be 
formed by the laser to reach both ground and the cloud atthe 
same time. Inthe event the plasma filament directed at ground 
is not long enough to reach ground, a Hightning may also be 
formed to complete the conducting path to ground. 

FIG. 34 illustrates a third example of a system 300 for 
harvesting atmospheric electricity. laser system situated on 
‘an airplane 310 forms two plasma filaments (324, 322) that 
together complete a conducting path between a first region 
331 ofa cloud 330 and.a second region 332 of the cloud 330. 
‘The frst region 331 of the cloud 330 and the second region 
332 of the cloud 330 carry opposite eletric charges. In the 
‘example shown ere, the first region 331 of the cloud 330 
carries positive electri charges, while the second region 332 
of the cloud 330 carries negative electri charges. collector 
configured to collect electricity Rowing along the two plasma 
filamentsis als situated onthe same airplane 310 as the laser. 
Positive and negative charges are naturally separated within 
the cloud, so this example makes use of the electrostatic 
potential gradient between different regions of the same 
loud. 

FIG. 3B illustrates fourth example of the system 300 for 
harvesting atmosphere electricity. I is similar to FIG. 3A, 
‘except two lightnings (341, 342) complete the conducting 
path between a first region 431 of a cloud 330 and a second 
region 332 ofthe cloud 330 (i.e. first lighining 41 electri- 
cally connoes the frst region 331 ofthe cloud 330 to one of 
the plasma filaments 321 and a second lightning 342 electi- 
cally connects the second region 332 ofthe cloud 330 tothe 
‘other plasma filaments 322). The lightning formations again 
because the initial and RE-enhanced plasma filaments can be 
relatively short, not reaching all the way from the collector 
situated on aigplane 310 to the cloud 330, These relatively 
short plasma filaments ean be optimized so that they would 
trigger propagation ofthe so-called leader (s in natural light- 
ning), Which would eventually createan electrically conduct- 
ing path between the two regions of cloud 330 vie a connee- 
tion through airplane 310. The final conducting path would 
‘comprise of two plasma filaments (321, 322) and two light- 
nings (341, 342). Ofcourse, one ofthe lighmings may not be 
formed, if one of the plasma filament can reach all the way 
{rom airplane 310 to cloud 330. 

FIG. 4 illustrates a fifth example of the system 300 for 
harvesting atmospheric electricity. laser system situated on 
an agplane 310 forms to plasma filaments (421, 431) that 
together complete acondueting path between a firsteloud 420 
‘and a second cloud 430. The region 422 of the first cloud 420 
that is connected to the fist plasma filament 421 and the 
region 42 ofthe second cloud 430 that is connected to the 
second plasma filament 431 carry opposite electric charges. 
Inthe example shown here, region 422 of cloud 420 carries 
positive electric charges, while region 432 of cloud 430 carry 
negative elecrie charges. Positive and negative charges are 
naturally separated within the cloud, so this example makes 
use of the electrostatic potential gradient between different 
regions of differen clouds. Once again, in case one of the 
plasma filament cannot reach all the way from airplane 310 10 
“any one ofthe clouds, then lightning may be formed to com- 
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pletean electrically conducting path from aigplane 310 1 any 
‘one of the clouds. But these embodiments are not shown inthe 
figures. 

FIG. § illustrates a sixth example of the system 300 for 
harvesting atmospheric electricity. laser system situated on 
anairplane 310 formsa plasma filament 801 that completes a 
‘conducting path between a first region $10 of atmosphere and 
second region $20 of atmosphere. A collectorsituatedonthe 
same airplane 310 as the laser system can collect electri 
flowing along the plasma filament 501, because a vertical 
voltage gradient exists between the first region $10 of stmo- 
sphere and the second region $20 of atmosphere, Because no 
<louds are needed for this embodiment, atmospheric electric~ 

i collection is possible under fair weather conditions (rely 
1g on the naturally existing vertical voltage gradient in the 
atmosphere) as well as under foul weather conditions. 

FIG. 6 illustrates an example of a collector 130 configured 
tocollectelectrcity lowing along a plasma filament 620. The 
collector may be a charge collection circuit characterized by 
capacitance 631, inductance 632, and resistance 633. The 
electricity may be collected by charging a capacitor associ 
ated with capacitance 631. Battery 610 represents these nat- 
rally existing voltage sources: (1) between ground and a 
cloud, (2) between differently charged regions of the same 
cloud, (3) between differently charged regions of different 
clouds, and (4) between different regions of atmosphere, 
‘where there isa vertical voltage gradient. The plasma filament 
{620 can, for the purpose of analysis and optimization of the 
charge collection process, be viewed as electromagnetic 
transmission fines characterized by their effective capaci 
tance, inductance, and resistance per unit length. Accord 
ingly, the parameters of the charge collection circuit and of 
the effective transmission line representing the plasma fila- 
‘ments are optimized, so as to maximize the net change and 
energy collected (minus the enengy spent on generating and 
enhancing the plasma filaments) 

‘The foregoing description is provided to enable a person 
skilled in the art to practice the various configurations 
described herein, While the subject technology has been par- 
ticularly described with reference to the various figures and 
configurations, it should be understood that these are for 
illustration purposes only and should not be taken as limiting 
the scope ofthe subject technology. 

‘There may be many other ways to implement the subject 
technology. Various functions and elements described herein 
may be partitioned differently from those shown without 
departing from the scope of the subject technology. Various 
‘modifications to these configurations will be readily apparent 
to those skilled in the art, and generic principles defined 
herein may be applied to other configurations. ‘Thus, many 
changes and modifications may be made tothe subject tech- 
nology, by one having ordinary skill nthe art without depart- 
ing from the scope ofthe subject technology. 

Itis understood that the specific order or hierarchy of steps 
in the processes disclosed is an illustration of exemplary 
approaches. Based upon design preferences, its understood 
thatthe specific order or hierarchy of steps in the processes 
ay be rearranged. Some of the steps may be performed 
simultaneously. The accompanying method claims present 
elements of the various steps in a sample order, and are not 
‘meant t0 be limited to the specific onfer or hierarchy pre 
sented. 

‘A phrase such as “an aspect” does not imply that such 
aspect is essential to the subject technology or that such 
aspect applies to all configurations of the subject technology. 
A disclosure relating to an aspect may apply to all configu- 
rations, or one or more configurations. Anaspect may provide 
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‘one or more examples of the disclosure. A phrase such as an. 
“aspect” may refer to one oF more aspects and vice versa, A 
phrase such as an “embodiment” does not imply that such 
‘embodiment is essential to the subject technology or that such 
‘embodiment applies to all configurations ofthe subject tech- 
nology. A disclosure relating to an embodiment may apply to 
all embodiments, or one or more embodiments. An embodi- 
‘ment may provide one or more examples ofthe disclosure. 
phrase such an “embodiment” may refer to one or more 
‘embodiments and vice versa. A phrase such as a “configura- 
tion” does not imply that such configuration is essential to the 
subject technology or that such configuration applies to all 
configurations ofthe subject technology. A disclosure relat- 
ing toa configuration may apply toll configurations, or one 
‘or more configurations. A configuration may provide one or 
more examples of the disclosure. A phrase such as a “cor 

figuration” may refer to one or more configurations and vice 

Furthermore, to the extent thatthe term “include,” “have.” 
‘or the like is used in the description or the claims, such term 
is intended to be inclusive in a manner similar to the term 
»mprise” as “comprise” is interpreted when employed as a 
transitional word in a claim. 

The word “exemplary” is used herein fo mean “serving as 
an example, instance, or illustration.” Any embodiment 
described herein as “exemplary” is not necessarily to be con- 
strued as preferred or advantageous over other embodiments 

‘Areference to an element in the singular is not intended to 
‘mean “one and only one” unless specifically sated, but rather 
“one ormore.” The term “some” refersto one or more. Under- 
Jined and/or italicized headings and subheadings are used for 
‘convenience only, do not limit the subject technology. and are 
not referred to in connection with the interpretation of the 
description of the subject technology. All structural and fune- 
tional equivalents to the elements of the various configura 
tions described throughout this disclosure that are known or 
Tater come to be known to those of ordinary skill in the art are 
expressly incorporated herein by reference and intended to be 
‘encompassed by the subject technology. Moreover, nothing, 
disclosed herein is intended to be dedicated to the public 
regardless of whether such disclosure is explicitly recited in 
the above description 


What is claimed is the following: 
1. A system for harvesting atmospheric electricity, com- 
prising: 
laser configured to form a plasma filament comprising at 
Jeasta first filament and a second filament, wherein onset 
‘of formation of the second filament coincides with an 
‘exhaustion range of the first flame: 
an auxiliary source of electromagnetic energy operable to 
‘enhance the plasma filament by applying electromag 
netic energy to the plasma filament; and 
a collector configured to collect electricity flowing along 
the plasma filament, 
2. The system of claim 1, wherein the plasma filament 
‘comprises an electrically conducting plasma filament, 
3. The system of claim 1, wherein the laser isa pulsed laser. 
4. The system of claim 3, wherein the pulsed lasers pulsed 
tan optimal repetition rate 
5. The system of claim 1, wherein the electromagnetic 
‘energy comprises at least one of radio-frequency energy or 
microwave energy. 
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6. The system of claim 1, wherein the plasma filament 
forms atleast a part of a conducting path between ground and 
acloud. 

7. The system of claim 6, wherein at least one lightning 
forms another part of the conducting path between ground 
and the cloud, 

'8. The system of claim 1, wherein the plasma filament 
forms at least part of acondueting path between a frst region 
fa cloud and a second region of the cloud, 

9. The system of claim 8, wherein at least one lightning 
forms another part of the conducting path between the first, 
region of the cloud and the second region of the cloud, 

10. The system of claim 1, wherein: 

the laser is further configured to form a second plasma 
filament, 

the plasma filament is connected toa region of first cloud, 
and 

the second plasma filament is connected to a region of a 
second cloud. 

11. The system of claim 1, wherein the plasma filament 
completes a conducting path between a first region of atmo- 
sphere and a second region of atmosphere. 

12. The system of claim 11, wherein a vertical voltage 
‘gradient exists between the frst region of atmosphere and the 
second region of atmosphere 

13. The system of claim 1, wherein the collector comprises 
a charge eollection circuit. 

14, The system of claim 1, wherein the laser is situated on 
ground. 

15. The system of claim 1, wherein the laser is situated on 
a mobile device. 

16, The system of claim 15, wherein the mobile device isan 
ainplane. 

17. The system of elaim 1, wherein negative chirp is used 10 
_move the starting point of formation of the plasma filament to 
‘a desired location, 

18, A method for harvesting atmospheric electricity, the 
‘method comprising: 

‘Forming a plasma filament with laser, wherein the plasma 
filament comprises at least first filament and a second 
filament, and wherein onset of formation of the second 
filament coincides with an exhaustion range of the first 
filament; 

applying electromagnetic energy to the plasma filament to 
‘enhance the plasma filament; and 

collecting electricity flowing along the plasma filament. 

19, Anapparatus for harvesting atmospheric electricity, the 
apparatus comprising: 

‘means for forming a plasma filament with a Taser, wherein 
‘the plasma filament comprises at least a first filament 
anda second filament, and wherein onset of formation of 
the second filament coincides with an exhaustion range 
of the first filament; 

means for applying electromagnetic energy to the plasma 
filament to enhance the plasma filament; and 

means for collecting electricity flowing along the plasma 
filament. 

20, The system of claim 1. wherein the laser isan ultrashort 

pulse laser (USPL). 

21, The system of claim 1, wherein the laser comprises two 
© coaxial USPL projection optics having different time-lensing, 

parameters, 
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A method of converting atmospheric electrical discharge to a 
useable form of energy by arresting, storage and retransmis- 
sion of lightning induced electrical discharge is disclosed. 
The invention discloses methods of deploying this technol- 
‘ogy even in isolated locations where no electricity infrasira 

ture exists. Additionally, the potential for achieving in exce 
‘of | GWe of electrical power supply at costs orders of mag- 
nitude lower than fossil fuel or sola is also disclosed. Isolated 
collection units are disclosed. A method of deployment of 
these devices on individual cars and recharge stations is dis 
closed which in effect unplugs these automotive and recharge 
Stations from the grid. This capability significantly decreases 
their dependence on the electricity. grid infrastructure, 
‘enabling a much more enhanced rollout capability for the 
industry: The concept of Fnergy Dams is disclosed. These are 
facilites with substantial electrical energy storage capacities 
With the capability of receiving energy feeds from various 
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harmonious action tachion-pairs will 
progressina true evolutionary fashion, while 
never harming anything else in the universe 
by their action. 


... the dynamic functioning of 
these sub-atomic tachions is 
such that by their inberent 
ability to manipulate space 
and the time-frame of matter 
through static-dynamic 
balance, they do not harm 
anything else in their 
environment. 


Now, the above isan inherent characteristic 
of tachion-pairs as long as they go about 
their business individually- that is, in their 
pre-physical state. Now, when the three 
fundamental tachion-pair energy modes 
described above exhibit a slow clocking 
frequency, there is opportunity for them to 
join together whereupon we begin to see 
matter being formed. The element of mas 
or inertia is provided by the binding activity 
of the (N-P) mode, which is a function of 
the slow oscillation of the pair unit. Besides 
the clocking frequency, the factor of inertial 
mass or density of physical substance is also 
dependent upon the amount of separation 
between the two pair components in each 
individual sub-atomic tachion-pair unit. In 
general, the denser or more massive an 
object is, the slower its microscopic 
tachions will clock, and the farther apart 
will be the individual toroid components 
This is a classic push-pull situation, ic., 
there is a key inverse static-dynamic 
balance relationship between tachion-pair 
pulsation frequency and their area of 
operation (density of field). The rest mass 
that any physical substance displays to 
macroscopic observation, is thus a direct 
function of the amount of energy supplied 
by the master field to sustain the oscillation 
of the pair-unit. Thus, a primary feature of 
tachion dynamics is the following: if we 
change the energy, we must expect to 
observe a corresponding change in the 
manifestation of the mass, and vice versa 


Consequently, in tachion dynamics there is 
a built-in interchangeability of energy and 
mass, an idea which concurs with similar 
conclusions in Einsteinean relativity 
(notably, E= me’). 


But here is where tachion theory and 
relativity part company, We have seen that 
our postulated "clocking" pulsation of the 
pair is the factor, which determines both 
space and time. Both space (area of pair 
operation), and time (frequency of 
pulsation) are mutually dependent on what 
we shall call the master field of 
thought and intention, which 
determines the clocking frequency. 
From the dynamic influence of the master 
field arises subsidiary conditions of time and 
space which are truly "fluid" qualities of 
tachion operation, Thisisindeed consonant 
with the assumptions of a proper unified 
field theory in which all the factors of our 
objective world as apprehended by the 
physical senses, are subsumed under the 
relative state of a guiding master field. 

Moreover, under the geometrical constructs 
of such a theory neither space nor time 
should be subservient to the other but 
should retain their unique qualities in a 
mutually supportive relationship. This is 
guaranteed in tachion theory under the fluid 
give-and-take of the pair operation. 

Relativity, on the other hand, despite its 
logical consistency, does not meet the above 
requirements, To his great credit Einstein 
recognized the need to integrate time with 
space in a synthesis that would retain the 
distinctive qualities of both. The result was 
a theory, which extended the classical 
Euclidean concept of 3-dimensional space 
asakind of "cosmic container" of matter, to 
embrace a structure of space, which arises 
from the laws interrelating its material 
content. Thus, for instance, in his General 
Relativity theory gravitation became 
interpreted as a distortion of the spatial 
fabric by sources of mass-energy in a non- 
Euclidean framework, Unfortunately, as a 
foundation of his theory, Einstein 
mistakenly assumed a subservient role of 
time tospace, He tried to"freeze" time down 
into spatial-like dimensions utilizing metric 
equations, which were variants of a basic 
form. Before a true understanding of 
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gravitation is developed, the rationale for 
applying such metrics to this end should be 
seriously re-appraised. In short, instead of 
freezing time down into a spatial dimension 
in order to make it fit a world ruled by 
nothing but gravity, we must develop a 
conception of space sufficiently fluid to let 
true time have its proper place therein, 


‘These and other similar ideas are articulated 
by Andrea and Paulo Correa in their recent 
insightful essay on the various serious 
shortcomings of relativity theory. They write: 

“Time is not treated by relativity as distinct 
in nature or in quality from the set of 
topological locations or lengths between 
points. Whetherin the SR (Special Relativity) 
form ofa flat Minkowski spacetime or in the 
GR (General Relativity) form of a curved 
Riemannian spacetime, the essence in 
relativity lies in its treatment of time as the 
fourth length of a 4-dimensional space. As 
the actual metric of a length of time is not 
fixed, only the intervals being invariant, one 
cannolonger speak of the reality of timelines 
orofsynchronicity" {6} 


In their second installment, the 
Correas even imply the existence of a 
mass-free energy, which isan integral 
clement of the Killick tachion energy 
theory: "From a strict physical viewpoint, 
only an energeticist position can make 
sense, While space and time may be 
considered to exist outside the function of 
matter, independently from it, they cannot 
be conceived outside the function of 
energy...the field remains conceptualizable 
(in Einsteinean relativity) only by the 
pseudo-Riemannian manifold, which, on its 
own, fails to analytically treat the difference 
in dimensionality between Space and Time, 
fails to differentiate between them 
distinct manifolds, and fails to account for 
themas the intrinsic properties of energy in 
flux’ 


The tachion theory is such a model that 
delineates the functions of time and space in 
termsofaa basic mass-free energy substratum. 
Nowaswe haveseen, since tachion dynamics 
pre-supposesa static-dynamicbalance feature 
connecting frequency of the pairs 
(fundamental time elements) with their area 


of operation (“fluid” space configurations), it 
represents such a foundation upon which to 
construct such a theory which will 
harmoniously treat time and space on an 
equal footing without neutralizing theunique 
structural features ofeach. Since the decrease/ 
increase in the clocking frequency of the 
tachion-pairs will result in a corresponding 
increase/decrease of area of operation, the 
local pace of time will also decrease /increase 
atthat space-time location. Thisisdue tothe 
push-pull relationship between energy and 
time, The intrinsic energy of a tachion-pair 
will be defined to be its energy of "motion" 
(energy in the "convergent", pre-physical 
state). Thus we see that an increase /decrease 
in the clocking frequency also implies that the 
intrinsic energy of the pair will also followsuit. 
Consequently, the intrinsic energy available 
for a manifestation will increase /decrease as 
time paceallotted for this purpose decreases/ 
increases. Moreover, the product of intrinsic 
energy and time interval will always be 
constant due to the perfect trade-off between 
both factors in the tachion clocking action. 
This relationship is remarkably similar to the 
quantitative statement of the Uncertainty 
Principle in quantum mechanicsin the form: 
E - t=h.Thisformula states that the product 
of the energy exchange of a quantum 
mechanical particle and the time interval 
required for that exchange to take place, i 

equal to theso-called"quantum of action", or 
Planck'sconstant. 


Thus, as a concomitant of tachion 
dynamics, which is argued could also be the 
basis of electron spin geometry among 
other things (see [5]), time is made 
malleable;no longer continuous, or rigidly 
uniform as in Newtonian conceptions, or 
subservient to space as in Einsteinean 
relativity, time "flow" can go to zero, and 
can even reverse under the application of 
certain electrodynamic field 
configurations such as provided by the 
caduceus coil and other devices [5]. With 
tachion dynamics even the laws of causality 
will no longer hold. This is due to the fact 
that tachions have a much broader field of 
operation than the purely physical realm. 
Thus, many unusual demonstrated features 
relative to quantum theory, such as the 
principle of Indeterminacy, quantum non- 
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locality (EPR experiment), "entangled 
particles” as well as hypothesized qualities 
ofan aether of space, can find their source 
in this microscopic non-linear 
electrodynamic clocking oscillation 
attributed to the tachions. In fact, the 
ultimate expression of time as well as space 
tooursensory perception, could be a direct 
function of these substratum pulsations. 
From this consideration there emerges a 
new dynamic model for fundamental 
time as a "fluid-clastic’ field effect arising 
from the unique ratcheting oscillatory 
motion of tachion-pair entities. Ultimately, 
it will beseen that tachions may even form 
the structural essence of consciousness 
itself, thus providing the long sought-for 
unifying link between physics and 
metaphysics. 


N.Kozyrev 


(Other Recent Russian Research Implying New 
Dimensions for Time 


Another key researcher who postulated an 
active substantial role for time was the 
Russian astrophysicist Nikolai Kozyrev [7]. He 
argued that the gap between the exact 
(physical) sciences and the natural sciences 
will not vanish until the principle of causality 
differentiating cause and effect is placed at 
the basis of the exact sciences. This implies 
the objective directionality of time or its flow. 
We encounter numerous manifestations of 
this principle in our life and in natural 
science. Yet this principle is new in both 
mechanics and physics as a whole. The 
natural scientist's time is not Minkowski's 
geometrical time, nor is it the time of 
mechanics, theoretical physics, etc. 


Nikolai Kozyrev argued that 
the gap between the exact 
(physical) sciences and the 
naturalsciences will not vanish 
until the principle of causality 
differentiating cause and effect 
is placed at the basis of the 
exact sciences 


AsKozyrevargued, mechanics has been using 
only the "geometrical" property of time, its 
duration size, ic, the intervals between the 
events under study. Timed, these intervals 
acquire the same passive properties as the 
interval measured between two points in 
space. Itis only this property of time that the 
objective sciences assumed to be existing 
objectively, postulating that all other time 
properties are subjective. However, if we 
want to differentiate causes and effects, in 
reality the flow of time must be a physical 
quantity, duly expressed mathematicallyand 
entering the equations of mechanics. The 
physical meaning and mathematical 
expression of the flow of time can be 
obtained from the space-time properties of 
causality, Thus, processes in the world occur 
notonlyin time, but also with the aid of time. 
Time flow is an active property owing to 
which time may act on a material system. 
Consequently, it is in the properties of time 
that the source maintaining the vital 
processes of the world must be sought. 


From these arguments, we can also derive a 
fundamental property of time. Letus assume 
thatwe have changed bya certain technique 
the flow of time ina material system. In this 
process we have perhaps changed the 
stresses within the system and hence its 
energy. 


However, it is impossible to change the total 
amount of motion of the system, i. to 
obtain a momentum equivalent to an 
external action, In other words, time may 
carry energy but no momentum. Time is a 
non-momentum material reality. From the 
above property of the flow of time, Kozyrev 
concluded that it follows directly that the 
rotation of a body may be used as a device 
for changing the flow of time in a system. 
Time flowsintothesystem in thecause-effect 
direction, the rotation increases the flow,and 
hence the system obtains additional energy. 


Inattempttoverify his theories, in the 1950s, 
Kozyrev thus performed experiments with 
spinning gyroscopes and discovered, in 
agreement with his predictions, that the 
weight of the spinning system change: 

slightly depending upon the magnitude of 
the angular velocity and the direction of 
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METHOD OF ATMOSPHERIC DISCHARGE 
ENERGY CONVERSION, STORAGE AND 
DISTRIBUTION 


‘TECHNICAL FIELD 


[0001] | This invention relates othe field ofelectrical energy 
‘generation and storage in general and the conversion of atmo- 
spheric electrical discharge to a useable form of energy by 
arresting, storage and retransmission of lightning induced 
‘electrical discharge in particular 


BACKGROUND OF INVENTION 


[0002] Lightning has always been a destructive foree of 
nature. Causing death by electrocution and starting fires both 
in residential areas and in forests. Ineither case the loss of life 


and property is substantial. Lightning strikes have affected 
‘communication systems, and by uncontrolled arcing, elec- 
ticity grids leading to loss of power with substantial eco 


omic loss 
[0003] Lightningisthenumberonecause of forest and farm 
fires justin the United States and causes over 80 percent ofall 
Iivestock losses due to accidents. Property losses run into 
billions of dollars annually and thousands of deaths and 
injury are reported yearly. Business losses from power and 
‘communications failure run into billions of dollars annwally 
Up to now, lightning strike damage has generally boen con- 
twolled primarily by grounding. 

[0004] A lightning discharge can have voltage of 10MV to 
100 MV and current of I KA to 300 KA. It packs so much 
voltage that it can leap a mile through the air and strike 
‘another object, Lightning can strike a building directly or 
leaping to it after striking a tree or other nearby object or by 
following a power line. It can strike any object that provides 
an easier path to the ground for it than the air. Because of the 
Jarge network of lines, lightning can strike a utility pole atone 
point and be transmitted to any location in the network. 
Because ofthis, utility companies use multiple grounding and 
‘other protective devices per mile to ameliorate the lightning 
effects 

[0003] ‘There has been a lot of activity inthe alleviation of 
lightning damage but none in utilizing its energy potential 
10006] "U.S. Pat. No. 7,495,168 discloses a dipole lightning 
‘conduttor which can gather electrical charges from the atmo- 
sphere during a thunderstorm, opposite tothe polarity of the 
adjacent cloud on one side and induce a different polarity on 
the other end contacting the ground. When a sufficient poten- 
tial difference is reached between the dipole and the earth, 
dielectric breakdown occurs sending a large amount of earth 
charge tothe thundercloud, inducing a thunderbolt. 

[0007] In U.S. Pat. No. 6,012,330, Palmer discloses a 
‘method of inducing lightning strikes by shooting a stream of 
ionized water into a thundercloud and triggering electrical 
‘conduttion through the ionized water column to the ground. 
In this invention, while ionized water is used, advantage is 
taken also of capillary wetting of conducting mesh cable at 
the tip of which is tethered a balloon of conductor coated 
Myla: It is easier to float a balloon than to pump a columaof 
‘water to any significant height. 

[0008] In U.S. Pat. No. 620,119 Gumley discloses a 
‘capacitively coupled composite air terminal with sharp and 
rounded end components for voltage manipulation to mini- 
mize electric fick! ahead of streamers to minimize corona 
discharge. 
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10009] Kato, in U.S. Pat, No, 5,280,335, discloses a com- 
‘pound lightning low voltage arrester with high energy toler- 
ance for power and telephone lines comprising a spark gap is, 
connected toa serial combination of Zine Oxide arrestor and 
2 non-inductive resistor. By cooperative execution between 
the spark gap and the Zinc Oxide arrester, the Zinc Oxide is 
chosen to be of a rating such that thermal breakdown does not 
‘occur before the spark gap ignition voltage is reached. The 
mangement ensures reliable and predictable divehange and 
arrester survival even under multiple lightning strikes of close 
proximity 

10010] Subbarao in U.S. Pat. No, 4,338,648, discloses a 
discharge counter and arrester current meter to determine 
amester steady state current and the number of disehanze 
events occurring during a thunder stom Tightning arrester 
event. 

10011} Greenwald and Moses in U.S. Pat. No. 5,610,813 
disclose a thunderstorm cell detection and mapping system. 
for acquiring localized lightning strike information and iden- 
tifying and locating active thunderstorm cells 

10012] | InUSS. Pat. No. 4.272.720, a method of differenti 
ating between cloud-cloud and cloud-ground discharges is 
disclosed. Indicating discharge events with no accompanying 
lightning ground strike. This indicates that even in the 
absence of streamers, there is significant electrical discharge 
that can be converted and stored 

10013} | Weir and Nelson disclose in U.S. Pat. No. 7,033, 
406, a high energy density ceramic capacitor with energy 
capacity of 52 kW. in 2005 cu.in, the equivalent of 1600 
kW/m, Hansen in U.S, Pat, No. 6,078,494 discloses mul- 
tilayer ceramic capacitors comprising doped barium-cal- 
cium-zireonium-titanate dielectric, the materials basis for 
US. Pat, No. 7,033,406, I is claimed to be characterized by 
high dielectric constant, high stability of capacitance value, 
Tong service life, low loss factor, high insulation resistance 
capacitance, low voltage dependence, and wide temperature 
range stability. Electrodes of base metal alloy from the group 
of Ni, Fe, Co or their alloys are claimed to be perhaps just as 
effective asnoble metals containing gol, silver, platinum and 
palladium and may also contain Cr, Ti, Zx,V.Al, Zn, Cu, Sn, 
Pb, Mn, Mo and W. 

[0014] Although the eneray density capacity is not di 
closed, itmay bein the same range as U.S, Pat. No. 7,033,406 
showing a path for storing the energy that ean be extracted 
from lightning discharge. 

[0015] US. Pat. No. 5,361,187, claims dielectric constant 
{(k) of up t0 19000 using similar group of dielectrics and 
processes. In U.S. Pat. No. 5,604,167 dielectric constant val- 
ues of between 11,000 and 14,000 are disclosed by the same 
inventor with equivalent materials and processes. 

10016}  Sincethese capacitorsuse standard powder process- 
ing technique. it can reasonably be expected that equivalent 
characteristics may be observed with naturally occurring 
doped silicates such as phyllosilicates for example, montmo- 
rillonite:  (Na.Ca)o a9(ALMg)(Si,0).XOH),-011,0, or 
cyclositicates such as Benitoite—BaTi(Si,0,) as base mate 
rials appropriately calcined and doped. 

10017] In U.S. Pat. No. 6,078,494 multilayer ceramic 
‘capacitors comprising doped barium-caleium-zirconitum. 
tanate dielectric is disclosed. Iti claimed to be characterized 
by high dielectric constant, high stability of capacitance 
value, long service life, low loss factor, high insulation resis- 
tance and low voltage dependence, and wide temperature 
range stability. Electrodes of base metal alloys from the group 
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‘of Ni, Fe, Co or ther alloys are claimed to be perhaps just as 
effective asnable metals containing gol, silver platinum and 
palladium and may also contain Cr, Ti, Zr, V, Al. Zn, Cu, Sn, 
Pb, Mn, Mo and W. In US, Pat. No. 5,361,187, the inventors 
‘claim dielectric constants of up to 19000 using similar group 
Of dielectrics and processes. In US. Pat. No. 5,604,167 
dielectric constant values of between 11,000 and 14,000 is, 
disclosed by the same inventors with equivalent materials and 
processes. Since these capacitors use standard powder pro- 
‘essing technique, it can reasonably be expected that equiva- 
Jent characteristics may be observed with naturally occurring, 
‘doped silicates such as phylloslicates for example, various 
gnides of montmorillonite: (Na,Ca)y 9,(ALMg) (SiO) 
(OH),.0H,0, or eyclosiicates such as Benitoite—Bali 
(SixO,) as base materials appropriately calcined and doped. 
10018} Although the technology to arrest lightning strikes 
has been around for atleast a hundred years, this invention to, 
harness and store that power has only become viable due 10 
recent advances in super-capacitor technology which has 
made possible the fabrication of ultrahigh capacitance 
‘capacitors with very long lifetimes. high power, high energy 
densities and very fast charge and discharge rats. 

10019] Just as flood water, another destructive force of 
nature in times past was controlled by building dams, and 
from the dams eventually came hydroelectric power; and 
wind including thunderstorms has now been hamessed 10 
generate electricity, this invention describes the technology 10 
hhamess the power of atmospheric discharges including igh 
‘ening storms to generate useable electrical energy. 

10020] This disclosure also introduces the concept of an 
Energy Dam. Facilities of substantial energy storage capacity 
‘capable of receiving energy feeds from various enengy 
sourees suchas Solar, Wind, Thermal Power plants and Light- 
ning. For example, during a thunderstorm, electricity gener 
‘ated by wind and lighting is collected and stored. 

[0021] Lightning strikes every part of the globe but not 
‘uniformly. The regions with the highest historical concentra- 
tion of lightning strikes are shown in FIG, 1c. These include 
Florida and the Gulf Coast in the Americas, the Fquatorial 
Highlands of DRC, Rwanda and Burundi in Central Africa 
and the Monsoon Belt in Asia 

{0022} Except for the Americas, typically, these regions 
hhave very litte electricity infrastructure. With the capability 
disclosed here, substantial eserves of electricity can be gen- 
‘erated, stored and possibly traded. 

[0023] _Inregions of epileptic electricity supply, disruptions 
in power do not necessarily translate into disruption in ser- 
vice. Since when power is generated, itis fed into these 
‘energy dams or local storage units for eventual use. Just asin 
water supply, the customer is not necessarily conscious of 
‘when the local water company is pumping water into storage 
tanks or local dams, ineneray dams, the customer need not be 
‘conscious of whether or when electricity is being generated 
by the utility company because the power to his home is 
‘drawn not necessarily live from the grid but from the local 
‘energy storage units or energy dams. 


BRIEF SUMMARY OF THE INVENTION 


10024] A method of hamessing atmospheric discharge and 
storing suid energy in a useful form for subsequent use is 
presented, 

[0025] Since the voltage ofa lighting bolt can be as high as 
100 MV, a methodology for safely channeling this discharge 
for storie is disclose 
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10026]  Itis the also the object ofthis invention to present a 
storage medium in which an enengy capacity of | MWh in a 
‘volume of under 1 m° can be achieved. 

[0027] Itisalsoa further objective ofthis invention to show 
hhow lightening strikes on tall buildings can be harnessed to 
provide energy forthe building either directly or fed into the 
rid, 

[0028] 11s also an objective ofthis invention to present a 
methodology for hamessing lightening, heretofore a source 
of power disruptions for electricity grids and converting it 
into’ useable form of energy and feedingt back into the aid. 
{0029} Since each electricity grid has a lightning suppres- 
sion unit, a methodology for hamessing the impulse from 
these unis from lightening strikes and feeding it back into the 
arid is disclosed 

10030] a method of deploying @ network of said storage 
‘units along a utility grid is also disclosed 

[0031] Tis aso the objective ofthis invention to disclose a 
‘method of modifying the storage units for single building 


[0032] 
lar charging centers even in locat 
utility grid is also disclosed. 
[0033] A method of manipulating the direction and move 
‘ment of the lightening bolt in open air locations and redirect- 
ing them to predetermined collection points is disclosed. 
[0034] Lightning storms are some of the major eauses of 
‘wild fires in the world, A method of redirecting the electrical 
discharges in any given space via a network of polarized and 
‘non-polarized collectors is presented. The discharges can be 
stored, fed into the grid or grounded. 

[0035] A method for non-spontaneous discharge genera 
tion and storage is disclosed. And a method for adapting the 
_methosiology for electric automotive deployment is also dis- 
closed, 


BRIEF DESCRIPTION OF DRAWINGS. 


[0036] | Forunderstanding ofthe present invention reference 
is made of the accompanying drawings in the following 
DETAILED DESCRIPTION OF THE INVENTION. la the 


drawings: 
[0037] FIG, 1a, Picture of lightning strike over a city. 

[0038] FIG. 16 Picture of lightning strike over open plain. 
[0039] FIG. te: Global Distribution of Lightning Strikes: 


‘April 1995-February, 2003, (Source: NASA). 
[0040] FIG. 2 shows a schematic of discharge collection 
‘and storage system, 

[0041] FIG. 3 shows.a schematic of collection unit showing 
‘metallic composition variation, 

10042] FIG. 4 Shows a Schematic of composite collector 
showing polarized ends. 

[0043] FIG. § Schematic of collector network configura. 
tion with negatively polarized ends to manipulate and redirect 
lightning electrical discharge away from the earth for even- 
‘wal collection at a predetermined location. 

[0044] FIG. 6 Plan view of polarized collection network as 
shown in FIG. 5 acting to concentrate and modulate the elee- 
trical discharge and redirect such for collection at predeter- 
‘ined location. 

[0045] FIG. 7a, Schematic showing a representation of a 
network of varistors arranged in rows and columns with the 
net eflect of applying resistive arrestors in parallel and in 
series to effect voltage mitigation of atmospheric discharges 
prior to collection and storage. 
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[0046] FIG. 76: Schematic of varistor of power mitigation 
tunit showing cascade of ZnO arrestor in series with non- 
inductive resistor in parallel with spark gap. 

[0047] FIG. Te: Multilayer varistor with ZnO, ZnS and 
WO,/WSi, 

[0048] FIG. 8a. Schematic showing cross section of a col- 
lection unit, 

[0049] FIG. 85, Schematic showing cross-section of multi- 
layer ceramic capacitor of 8a 

[0050] | FIG.9 Schematic ofcollection unit network mesh in 
orested area with ar frames deployed on each tree as collec 
tion of trees linked in a mesh network, 

[0051] FIG. 10 Plan-view schematic of collection unit net- 
‘work mesh of FIG. 9 

10052] FIG. 11 Schematic showing collection unit deploy- 
‘ment on electricity transmission poles linked in a network and 
{od into the electricity grid. 

[0053] FIG. 12 Schematic showing collection unit deploy- 
‘ment on light poles or wireless towers. 

10054] FIG. 13 Schematic showing network of linked col- 
lection units and storage units on transmission lines, light 
poles or wireless towers fed into the rid. 

[0055] FIG. 14. Schematic ofa system for non-spontaneous 
“atmospheric discharge generation and storage. 

[0056] FIG. 18 Schematic of atmospheric discharge collec- 
‘ion and storage unit deployable on automotive units. 

10057] FIG. 16 Schematic of balloon-assisted discharge 
collection and storage unit. 


DETAILED DESCRIPTION OF THE INVENTION 


19058] This invention describes a method ofhamessing the 
electrical energy in atmospheric discharges, including, but 
‘ot limited to lightning, storing said electrical energy’ and 
transmitting said energy for use. To this end, asanllustration, 
the preferred embodiments are represented in the drawings 
shown in FIGS, 2 to 18, 

[0059] Since lightning discharge voltages range from 10 
MY to 100 MV with current of 10 kA to 100 KA, the tech- 
nology challenge will be in mitigating the ultrahigh power 
which range from 100 GW to in excess of 10,000 GW, 
Although individual strikes last less than 100 psec, thunder- 
storms usually last longer than 30min. in any cloud formation 
‘and location, Indicating that the energy that can be mined 
{rom any location in a thunderstorm can run in excess of 50 
GW.H. Enough energy for $00,000 homes consuming 1000 
kWh per month. At$100 per 1000 kWh, the revenue equiva- 
lent is $5 million per thunderstorm per location, 

10060] In solar energy generation, the cost of a 1 MWe 
rating PV panel is about $1 million. To achieve 1 GWe, the 
‘cost implications will be about $1 billion. In fossil fuel plants, 
the construction cost is approximately $1.3 million per MWe, 
puting the cost fora 1 GWe at ~81.3 billion excluding fuel, 
‘carbon footprint, and other operating cost. Though thunder- 
storms are not continuous, with storage capability, the cost 
basis for an atmospheric discharge energy source will be 
several orders of magnitude lower than fossil fuel or solar of 
‘any architecture. 

10061] One embodiment of this invention is depicted in 
FIG. 2. Lightning is collected at the air terminals 10, 20 and 
‘wansmitted through the conductor 3010 an arrestor 40 and on 
to the capacitor 50 where the electricity is stored. From which 
it can be extracted 60 at point of use or transmitted into the 
arid, 
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[0062] ‘The degree of atmospheric discharge charge collec 
tion canbe influenced by the metallurgical composition of the 
collectors. FIG. 3 illustrates the fabrication of the collector 
with different metals of varying conductivities and atmo- 
spheric and electrical stability. In this embodiment, metallue- 
‘ical compositions for the various segments comprise Ti, Cu, 
‘AL Other metals or their alloys can be used depending on the 
required properties and the locations of deployment. 

[0063] In yet another embodiment of the invention as 
shown in FIG. 4, a composite collector with opposite polatty 
air terminals 100, 110 is used. The air terminals are isolated 
from each other by an insulator 120. The negative polarity 
terminal serves to deflect and manipulate the charge to the 
positive terminal from which itis conducted fo the storage 
‘unit 130. 

[0064] Another embodiment ofthe invention is illustrated 
in FIGS. § and 6. In this representation, negative polarity 
collectors, 160 deflect the atmospheric discharge so that they 
do not reach the ground but are deflected for collection at & 
predetermined terminal 180 of positive polarity and thereafter 
storage 200. plan view representation ofthis embodiment is 
shown in FIG. 6. 

[0065] _ Iti essential to mitigate the power of the lightning 
before storage. In one embodiment of this invention, a col- 
lection of varistors of various power capacities, linked in 
series 270,280 and 290 are connected in parallel in lines 1 0 
1, to achieve a desired capability as shown in FIG. 7a. The 
resultant power is stored in the capacitor 300, An insulator or 
fuse 308 is placed at the end ofthe varistor chain to protect the 
capacitor 300 against over-current, In the event of overstre 
ing, the dielectric or varistor is deformed and the ext 
‘current is grounded, 

10066] Each component of the power mitigation unit is any 
Othe following configurations as shown in FIG. Th: A ZnO 
\aristor 312 connected in series with a non-inductive resistor 
313 and in parallel witha spark gap 311. The resultant current 
is further modulated through another Zn0 unit 314 and resis 
tor 318, A cascade of this configuration could be adopted to 
achieve the desired properties, 

[0067] Zine Oxide has a relatively large band gap of ~3.3 
eV at room temperature. The consequence of this lange band 
‘gap includes, higher breakdown voltages, ability to sustain 
large electric field and high power and temperature operation. 
Because of this, ZnO is the primary component in varistors, 
‘and in voltage suppression devices. Zine Sulfide has a band 
‘gapof3.SeV forthe cubie form andas high as 3.91 eV forthe 
hexagonal form at 300K. While ZnO band gap can be tuned 
from between 3-4 eV by alloying with magnesium oxide or 
cadmium oxide, the eo-processing of ZnO with ZnS of the 
hexagonal wurtzite form should provide electrical field and 
other operational advantages over Zn0 alone. 

[0068] Multilayers of ZnO and ZnS or as sandwich layers 
‘with each other with Zn0 achieving 50-99.9 mol. % of each 
layer can be adopted to improve on the suppression properties 
ofthe single layer ZnO varistor as is shown in FIG. Te. Said 
varistor comprising a ceramic base body 318 of multiple 
layers, terminal electrodes 316, 317 and internal electrodes 


10069] Atloying of ZnO with metal oxides and nitrides of 
transition elements including W. Zr, Mo, Mg, Cr, and Ti may 
improve its band gap characteristics and improve its voltage 
response non-linearity. Tungsten, in the form of tungsten 
silicide has very unique crystallization characteristies, par- 
ticularly in the presence of dopants such as phosphorus or 
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‘arsenic, Upon post deposition anneal, the Si in the non-sto- 
‘chiometric tungsten silicide (WSix) segregates to the grain 
boundaries and the film interfaces. The dopant atoms diffuse 
preferentially along the grain boundaries. When oxidized, itis 
the segregated silicon that is oxidized selectively, Ifthe W is, 
‘exposed! to the oxidizing ambient of 0,/Ar or O,/N, at tem- 
peratures in excess of 700° C., tungsten oxide WOx (x-3, or 
1.5) is formed. It has no corresponding erystallographic ori~ 
‘entation to the underlying tungsten silicide or metal, being in 
the form of an amorphous powder. The fabrication of mult 
layer varistors with Zn0 and WSi,/WO,, SiO, should provide 
the flexibility of modulation ofthe effective grain sizes of the 
host material to within 0.5-10y as the case may be. This 
precise grain size control provides corresponding modulation 
of the electrical properties including overvoltage suppres- 
sion, 

[0070] A schematic of the storage unit 320 is shown in FIG. 
a. A collection of capacitors 330 are connected in parallel to 
‘achieve a desired capacitance. A schematic of the eross-see- 
tion of each capacitor unit is shown in FIG. 8, The unit 331 
with dielectric layers 332 isa multilayer capacitorcomprising 
alternately stacked internal electrodes 335, 336 connected to 
‘extemal electrodes 333, 334. The dielectric layers may be of 
uniform composition, or layers of diflerent compositions 
‘optimized for flexibility inthe modulation of desired electi- 
‘cal, physical and reliability properties. 

10071] Capacitance in excess of 1 KF/m? with enengy sto 
‘age capacity of 1.5 MW.h is reported as being possible by 
‘existing art. With compositional and manufacturing improve- 
ments disclosed here these benchmarks are expected to be 
surpassed making possible energy storage capacities of up to 
1 GWh, Sufficient enengy for 1000 households consuming, 
1000 kW.h of electricity per month for one month. 

10072] Lightning storms are a major cause of wildfire. To 
‘address ths, in yet another embodiment of this invention as 
represented in FIG. 9, air terminals 360 are set up on a selec- 
tion of tees and connected by a conductor 370 in amesharray 
fas shown in FIG. 10. The impinging charge is transmitted 
through a conductor 380, through a suppressor unit 390 and 
‘onto the storage unit 400, 

[0073] Utility transmission lines usually have lightning 
collectors along the length of the network. In this invention as 
‘demonstrated in FIG. 11 aie terminals 440 deployed transmi 
sion poles 480 are linked by a polarized conductor 460. At 
predetermined locations the impinging charge is conducted 
through a suppression unit 490 and thereafter into the storage 
unit $00, The stored energy is periodically released into the 
arid 

10074) _In yet another embodiment of the invention, air ter- 
‘minals 10 are deployed on light poles 20. The collected 
charged are modified and stored in a storage unit $40, 
10075] In another embodiment, the air terminal/collection 
Lunits are deployed on radio transmission towers. The charge 
‘could be stored individually at each tower location oF linked. 
in a network as shown in FIG. 13. In either case, the stored 
‘energy be used at each individual location or fed into the grid 
570, 

10076] In the absence of a thundercloud, lightening flash 
‘can he generated by the modification of the natural bias 
between the cloud and ground. This is demonstrated in FIG. 
14, where a positively biased conductor 580 of height greater 
than nearest ground elevation or nearest structure. The 
increased elevation and bias facilitates cloud to ground dis- 
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charge even when there is no active lightning storm. The 
incoming charge is isolated by an insulator 600 and stored in 
the storage unit 610, 

0077] In yet another embodiment of this invention, a bal- 
loon of conductive material is tethered to a terminal via a 
:mesh line of conducting material. The balloon captures cloud 
tocloud discharges which are transmitted down storage. In 
‘yet another embodiment ths tether Hine may be wetted by a 
‘onduetve solution such as but not limited to salt solution to 
facilitate the discharge conduction. 

0078] Another embodiment of this invention is shown in 
FIG. 18. In an isolated collection system as shown here, the 
air terminal 620 which may be biased or unbiased is con- 
nected to a colletion/storage unit 650, 660 respectively by 
conductor 640 antl isolated by a dielectric or insulator 670. 
‘Should the discharge exceed the capacity ofthe isolation, the 
isolation is bridged and the charge grounded. This isolated 
collection system is particularly useful where there is no 
utility grid, particularly in very remote and isolated locations 
10079] This isolated collection capability enables deph 
‘ent on individual houses and isolated farms. In electric 
automotive recharge stations, this capability enables the loca- 
tion of these facilities in any location even thosenot served by 
regular electricity utilities lines. 

[0080] In isolated rural areas, the deployment of these iso- 
lated collection units enables the provision of electric 
where electricity grid infrastructure is not available or prac- 
tical The storage units can be deployed in banks as the est 
‘mated anticipated usage dictates. 

10081] In another embodiment of this invention, the iso- 
Tated collection unit is modified tobe portable for deployment 
‘on automobiles. The charge inthe storage units inked with, 
the automobile’s electrical power or storage unit. Altema- 
tively itean replace the power storage unit of the automobile 
for pure BV o hybrid cars. Additionally, it can unplug these 
cars from the grid. With the ambitious industry plans for 
electric or hybrid cars the infrastructure for charging these 
cars either in garages or charging stations is somewhat lim- 
ited. The capability to both ‘charge as you go" and unplug 
from the grid would expand the infrastructure significantly 
10082] In yet another embodiment of this invention, the 
isolated collection unit is deployed on tains. This could be in 
‘commuter trans that directly fed from the grid, or long-haul 
‘rains to augment or replace the fossil fuel used 

0083] Its understood that the presentation ofthese steps 
in this disclosure is not exhaustive. Only the preferred 
‘embodiments of the invention and but a few of the examples 
ofits versatility are shown and described inthe present 
losure Itshouk! be readily apparent to those of ordinary skill, 
in the art thatthe invention is capable of use in various other 
combinations, environments and applications and is capable 
‘of changes or modifications within the scope of the inventive 
concept as expressed herein. These changes and modifca- 
tions may be made without departing from the spirit and 
scope ofthe invention as set forth in the appended claims. 
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1. A method of converting an atmospheric electrical dis- 
‘charge into a useable form of electrical energy comprising the 
following steps: 

(a) Arresting the discharge via an air terminal, 

(b) Said aie terminal connected via conducting unit to a 
power mitigating (sep down) unit which ean reduce the 
discharge voltage from approximately higher than 100 
MV and 100 KA to below 20 RV, 10 kA. 

(6) The step down unit connected to-an energy storage unit 
‘which may comprise modules of high energy density 
capacitors 

(€) Said storage units arranged suc that the stored electi- 
cal enengy can be dischanged into the grid orto an appi- 
ance at point of use as desire. 

2. Amethod of claim 1 wherein the arrestor and mitigating 
unit comprise an aray of selfshealing vaistors in series and 
parallel chosen fo ensure total conversion of the incident 
lightaing discharge to a voltagelcurrent level suitable for 
storage in said capacitors. 

3. A method of claim 2, where the power mitigation unit is 
any of the following configurations: 

(a) Single 220 varistor oF 

() Zinc Oxide arrester connected in series with @ non- 
inductive resistor 

(6) Zine Oxide arrester in series with said non 
resistor and in parallel with a spark gap. 

(2) cascade of configuration as described in () 

4.A method of claim 1 wherein the storage unit comprises 
modular array of high energy density doped ceramic capa 
tors with storage capacity of 10 kWelh to 1 GWedh and vol- 
tume 0.1 to 1m and up to 1000 units as the desired capacity 
dictates. 

'.A method of broad spatial lightning protection by the 
‘manipulation of the path of an electrical discharge via the 
manipulation ofthe ar terminal bias magnitude and polarity 
Said arrestors being arranged in an array to achieve the redi- 
rection of the discharge path. The discharge path. being 
directed to a collection unit at some location significantly 
removed from the initial discharge impact position, 

‘6. A method of claim wherein the discharge redirection s 
via a biased conductor tothe said collection and storage unt 

7..A method of claim § wherein the area of protection isa 
forest whereby: 

(@)A network array of ar teminal is deployed on trees, in 
‘lose proximity to said tees with tip approximating the 
teoctops, oF girding the tees to redirect the discharge 
along a biased conductor to a collection unit for the 
purpose of mitigating lightning induced fires 

( Said discharge electrical energy being stored or fed into 
the electricity grid 

8. A method of elaim 1 wherein the discharge collection is, 
‘oneleczical powerlines and the stored energy is fed back into 
the grid. 

9. method of claim 1 wherein the discharge collection 
‘and storage are at telecom towers, ight poles or other free 
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standing structures, Said storage being at individual collee- 
tion sites or some location serving an array of collectors and 
said stored energy used for individual structure's operational 
‘energy need or fed back into the uility grid, 

10. A method of non-spontaneous generation of atmo- 
spheric discharge by the following: 

(@) Modulation of the magnitude and bias in a dipole air 

terminal relative to the ground 

(b) Conduetive material balloon tethered by a conductive 
‘mesh cable, 

(©) Said cable being soaked by an ionie liquid, includ 
salt solution to facilitate said atmospheric dischange 
conduction, 

‘The discharge thus formed i stored for feeding into the greed 
cr for operation as a stand-alone energy dam. 

11, A method of claim 1 in which the discharge collection 
unit is configured as a mobile unit. Said unit being deployed 
‘on an automobile or any mobile platform. The said deployed 
‘unit extracting electrical charge from the atmosphere and 
storing such energy in a deployed storage unit on the said 
automobile, The energy thus stored, feeds the car battery 
‘which obviates the need for recharging at charging centers or 
from the grid. 

12. A method of claim 1 wherein the electrical discharge 
‘energy collection unit is stand-alone unit comprising modu- 
Jar capacitors configured as an electric vehicle charging sta- 
tion, 


13. A method of claim 1 wherein the air terminals are 
deployed on buildings and the discharge energy collected 
thereby are: 

(@) Stored and fed back into the grid. 

(b) Stored for use by each building 

(©) Stored in a central energy storage facility for use by the 

‘community in general 

14, A method of claim 1 wherein the said storage units are 
underground. 

15. A method of claim 1 wherein the storage unit is of 
capacity and configuration to accept energy feeds from mul- 
tiple electricity generation sources: Thermal, Hydro, Solar, 
Wind and Lightning. 

16. A method of claim 4 wherein the storage unit is inte 
arated into a Utility's Switch Farm. 

17..A method of claim 4 wherein the multilayer ceramic 
‘capacitor unit comprises dielectric layers of varying compo- 
sitions individually or as sandwich layers with each other 
containing Barium-Titanate silicates as host material doped 
with Zr, WSi,/WO, to modulate grain growth to between 0.1 
to 10 jum as the case may be; said modulation providing 
corresponding control of electrical and reliability properties. 

18, A method of claim 1 wherein the varistor comprise 
multilayers of Zn0 and ZnS individually layered or as sand- 
‘wich layers with each other with ZnO achieving 50-99.9% of 
each layer; said layers being alloyed metal oxides of transi- 
tion elements including W, Zr, Mo, Mg, Cr, Ti to improve 
voltage response non-linearity 
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67) ABSTRACT 


Arrangement of resonators in an aperiodic configurations are 
described, which can be used for electromagnetic cloaking of 
objects. The overall assembly of resonator, as structures, do 
‘ot all repeat periodically and at least some of the resonators 
are spaced such that their phase centers ate separated by more 
than a wavelength. The arrangements can include resonators 
of several different sizes and/or geometries arranged so th 
each size or geometry corresponds to a moderate or high " 
response that resonates within a specific frequency range, and 
that arrangement within that specific grouping of akin ele- 
‘ments i periodic in the overall structure. The relative spacing 
‘and arrangement of groupings can be defined by self similae- 
ity and origin symmetry. 
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rotation. Although the effect detected w: 
not large, the nature of the arising forces 
could not be explained by existing theories. 
By applying a vibrating framework to the 
gyroscope, Kozyrev also found that not only 
does time deliver an energy, but that near the 
cause-effect system time density changes. 
Time is rarefied near the generator and 
becomes denser near the receiver. In other 
words, time becomes stretched by cause and 
compressed by effect. In addition, the 
variation in time intensity is in inverse ratio 
to the first degree of the distance. This can be 
seen by the following consideration: Time is 
expressed by rotation and hence involv 
planes passing through a pole of the rotating 
system with any orientation in space.Inthe 
case of lines of force issuing froma pole, 
their density decreasesin inverse ratio 
to the square of the distance, while the 
density of planes can readily be shown 
to decrease with the first degree of the 
distance. 


Kozyrev discovered another property of time 
when investigating irreversible processes 
such as crystallization of a substance, 
condensation, or evaporation. This influence 
can be effected by any irreversible process 
and is registered by a measuring sys 
without any preliminary excitation, ie, when 
the cause and effect positions are not 
eparated, In other words, apart from flow 
and density, time seems to have another 
property, causal orientation, resembling in a 
way the polarization of light [8]. This property 
proves to be so variable that even the sign of 
the observed influences may change and 
hence the reciprocal cause and effect 
positions become reversed. 


Continuing his studies on the properties of 
time, Kozytev (with VV, Nasonov) conducted 
astronomical observations using a receiving 
system of anew type. When the telescope was 
directed ata certain star, the special detector 
positioned within the telescope registered 
the incoming signal even if the main mirror 
was shielded by metal screens. This fact 
implied that electromagnetic waves (light) 
had some component that could not be 
shielded by metal screens. When the 
telescope was directed, not at the visible but 
at the true position of the star, the detector 


registered a signal that was much stronger. 
The registration of the true position of 
different stars could only be interpreted as 
the detection of star radiation that had 
velocities billions of times the velocity of 
light. It was concluded that the radiation 
from stellar bodies hence had a component, 
which was non-electromagnetic. Kozyrev 
also found that the detector measured an 
incoming signal when the telescope was 
directed at a position symmetrical to the 
visible portion of the star relative to its true 
position. This fact was interpreted as a 
detection of the future positions of stars [9] 


From the 1960's onward, additional Russian 
research groups continued and expanded 
upon the work began by Kozyrev on the 
unique non-electromagnetic radiation that 
was apparently a concomitant ofall rotating 
bodies, whether accompanying macroscopic 
spinning objects of great mass (cosmological 
or terrestrial), or at the quantum level 
exhibited by elementary particles possessing 
recorded anomalous spin features which 
were not accountable by standard theories. 
This emanation which was exhibited by 
rotating bodies was termed torsion radiation 
{10}. Subsequently it was learned that this 
unique radiation was a part of all living or 
inert substances. Thisso-called "torsion field’ 
research was carried on mainly in secret in 
the former Soviet Union, and only became 
known to the Western nations after the fall 
of the Iron Curtain, Many effects attributable 
toalterations in time and gravity have been 
reported through this research. For more 
information on this topic the reader is 
directed to this author's review in reference 
10 and references therein, 


Part II of II 


Summary of Part I 


It is the intention of this multi-part 
dissertation to motivate an imperative for 
considering the eventual establishment of a 
more expansive paradigm for the 
phenomenon of time, one which views time 
from the "substantial" as opposed to the 
orthodox "relational" standpoint. The 
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1 
WIDEBAND ELECTROMAGNETIC 
CLOAKING SYSTEMS, 


RELATED APPLICATION, 


‘This application claims priority to U.S. Provisional Patent 
Application No. 61/189,966, filed 25 Aug. 2008 and entitled 
“Method and Apparatus for Wideband Electromagnetic 
‘Cloaking, Negative Refractive Index Lensing and Metamate- 
rial Applications,” the entire contents of which are incorpo- 
rated herein by reference, 


BACKGROUND 


Much time and effort has been devoted to the quest for 
so-called invisibility machines, Beyond science fiction, how- 
‘ever, there has been litle if any real progress toward this goal 

Materials with negative permittivity and permeability lead- 
ing to negative index of refraction were theorized by Russian 
noted physicist Vietor Veselago in his seminal paper in Soviet 
Physies USPEKHI, 10, 509 (1968). Since that time, metama- 
terials have been developed that produce negative index of 
refraction, subject to various constraints. Such materials are 
antfically engineered micro/nanostructures that, at given fre- 
‘quencies, show negative permeability and permittivity 
Metamaterials have been shown t produce narrow band, e., 
‘ypically less than 5%, response such as bent-back lensing. 

index effect by 
‘of resonators, such 
‘as split-ring resonators, that all resonate. Previous metama- 
terials provide a negative index of refraction when a sub- 
‘wavelength spacing is used for the resonators. 

In the microwave regime, certain techniques have been 
developed to utilize radiation-absorbing materials or coatings 
to reduce the radar eross section of airborne missiles and 
vehicles. While such absorbing materials can provide an 
effective reduction in radar cross section, these results are 
largely limited to small ranges of electromagnetic radiation, 


SUMMARY 


Embodiments ofthe present disclosure can provide tech- 
niques. including systems andlor methods, for cloaking 
‘objects at certain wavelengths!frequencies or over certain 
wavelength/frequency ranges (bands). Such techniques ean 
provide an effective electromagnetic lens and/or lensing 
effect for certain wavelengths/irequencies or over certain 
‘wavelength frequency ranges (bands). 

effects produced by such techniques can include 


tion can include, but are not limited to, those over a range of 
500 MHz to 1.3 GHz, though others may of course be real- 
ized. Operation at other frequencies, including for example 
those of visible Tight, infrared, ultraviolet, and ay well as 
microwave EM radiation, ez, K, Ka, X-bands, ete. may be 
realized, e.g, by appropriate scaling of dimensions and selec 
tion of shape of the resonator elements 

Exemplary embodiments of the present disclosure can 
include a novel arrangement of resonators in an aperiodic 
‘configuration or lattice. The overall assembly of resonators, 
as structures, do not all repeat periodically and at least some 
‘of the resonators are spaced such that their phase centers are 
separated by more than a wavelength. The arrangements can 
include resonators of several different sizes andior geom- 
cities arranged so that each size or geometry (“grouping”) 
‘corresponds to a moderate or high “Q” (that is moderate or 
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Jow bandwidth) response that resonates within specific f 
quency range, and that arrangement within that specific 
grouping of akin elements is periodic in the overall siruc- 
ture—even though the structure as a whole is not an entizely 
periodie arrangement of resonators. The relative spacing and 
arrangement of groupings (atleast one for each specific fi 
‘queney range) can be defined by self similarity and origin 
symmetry, where the “origin” arises at the center of a struc- 
‘ure (or partof the structure) individually designed to have the 
‘wideband metamaterial property. 

For exemplary embodiments, fractal resonators can be 
‘used for the resonators in such structures because of their 
control of passbands, and smaller sizes compared 0 non- 
fractal based resonators. Their benefit arises from a size 
standpoint because they can be used to shrink the resonator 
(6). while conteol of passbands can reduce or eliminates issues 
‘of harmonic passbands that would resonate at frequencies not 
desired. 

It should be understood that other embodiments of wide- 
band electromagnetic resonator or cloaking systems and 
‘methods according to the present disclosure will bacome 
readily apparent to those skilled inthe art from the following 
detgiled description, wherein exemplary embodiments are 
shown and described by way of illustration, The systems and 
‘methods of the present disclosure are capable of other and 
different embodiments, and details of such are capable of 
‘modification in various other respects. Accordingly, the draw= 
ings and detailed description are to be regarded as ilustrative 
in nature and not as restrictive. 


BRIEF DESCRIPTION OF THE DRAWINGS 


Aspects of the disclosure may be more fully understood 
from the following description when read together with the 
accompanying drawings, which are to be regarded as ilustra- 
tive in nature, and not as limiting. The drawings are not 
necessarily to scale, emphasis instead being placed on the 
principles ofthe disclosure. In the drawings: 

FIG. 1 depicts a diagrammatic plan view of a resonator 
cloaking system utilizing a number of cylindrical shells, in 
accordance with exemplary embodiments of the present di 
closure: 

FIG. 2 depicts a diagrammatic plan view of a resonator 
cloaking system utilizing a number of shells having an ellip- 
tical cross-section, in accordance with an altemate embodi- 
‘ment of the present disclosure: 

FIG. 3 depicts an exemplary embodiment of a portion of 
shell that includes repeated conductive traces that are contig- 
‘ured in a fractal-like shape; and 

FIG.4 depicts. perspective view (photograph) ofan exem- 
plary embodiment of the present disclosure. 

‘While certain embodiments depicted in the drawings, one 
skilled in the art will appreciate that the embodiments 
depicted are illustrative and that variations of those shown, as 
well as other embodiments described herein, may be envi- 
sioned and practiced within the scope of the present disclo- 
sure. 


DETAILED DESCRIPTION 


‘The present disclosure is directed to novel arrangements of 
resonators useful for obscuring or hiding objects at given 
bands of electromagnetic radiation. Embodiments of the 
‘present disclosure can provide techniques, including systems 
and/or methods, for hiding or obscuring objects at certain 
‘wavelengths/froquencies or over certain wavelength/fre- 
quency ranges or bands, Such techniques can provide an 
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effective electromagnetic lens andor lensing effect for cer 
‘wavelengths/frequencies or over certain wavelengthifre- 


‘quency ranges or bands. The effeets produced by such tech- 
niques can include cloaking or so-called invisibility of the 
‘object(s) at the noted wavelengths or bands, 

Representative frequencies of operation can include, but 
are not limited to, those over a range of about $00 MHz to 
about 1.3 GHz, though others may of course be realized. 


infrared ultraviolet, and as well as microwave 
EM radiation, ez. K, Ka, X-bands, ete. may be realized, 2. 
by appropriate scaling of dimensions and selection of shape 
‘of the resonator elements 

Embodiments of the present disclosure include arrange- 
ment of resonators or resonant structures in aperiodic con- 
figurations or lattices. ‘The overall assembly of resonator 
structures can include nested or concentric shells, that each 
include repeated pattems of resonant structures. The resonant 
structures can be configured as a close-packed arrangement 
of electrically conductive material. The resonant structures 
‘can be located on the surface ofa circuit board. 

‘The overall assemblies, as structures, do not all repeat 
periodically and at least some of the resonators are spaced 
such that their phase centers are separated by more than @ 
‘wavelength. The arrangements can include resonators of sev- 
‘eral different sizes andor geometries arranged so that each 
size oF geometry (“grouping”) corresponds to a moderate or 
high quality-factor “Q” response (that is, one allowing for a 
moderate or low bandwidth) that resonates within a specific 
frequency range, and that arrangement within that specific 
rouping of like elements is periodic in the overall struc- 
ture—even though the structure asa whole is not an entirely 
periodic arrangement of resonators. The relative spacing and, 
‘rangement of groupings (atleast one for each specific fre- 
‘quency range) can be defined by self similarity and origin 
symmetry, where the “origin” arises atthe center of a struc- 
ture (orpart of te structure) individually designed tohave the 
wideband metamaterial property 

For exemplary embodiments, fractal resonators can be 
used for the resonators because oftheir control of passband, 
‘and smaller sizes. A main benefit of such resonators arises 
froma size standpoint because they can be used to shrink the 
resonator(s), while contro of passbands can reduce/mitigate 
‘or eliminate issues of harmonic passbands that would reso- 
nate at frequencies not desire 

Exemplary embodiments of a resonator system for use at 
microwave (or nearby) frequencies ean be built from belts of 
circuit boards festooned with resonators. These belts ean 
function to slip the microwaves around an object located 
‘within te belts, so the objec is effectively invisible and “see 
thru” at the microwave frequencies. Belts, or shells, having 
similar closed-packed arrangements for operation ata first 
passband can be positioned within a wavelength of one 
another, e8., Yih, 4h, Yb, Yh, et 

An observer can observe an original image or signal, with 
‘out it being blocked by the cloaked object. Using no power, 
the fractal cloak can replicates the original signal (that is, the 
signal before blocking) with great fidelity. Exemplary 
‘emboxtiments can function over a bandwidth from about 500 
Miz to approximately 1500 MHz (1.5 GHz), providing 3:1 
bandwidth; operation within or near such ean frequencies ean, 
provide other bandwidths. as well, suchas 1:1 up 02:1 andup 
to about 3:1 

FIG. 1 depicts a diagrammatic plan view of a cloaking 
system 100 and RF testing set up in accordance with exem- 
plary embodiments of the present disclosure. As shown in 
FIG. 1, a number of concentric shells (or bands) 102 are 
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placed on a platform (parallel to the plane of the drawing). 
‘The shels includea flexible substrate (e.g, polyimide with or 
‘without composite reinforcement) with conductive traces 
(eg. copper, silver, et.) in fractal shapes or outlines. The 
shells 102 surround an object to be cloaked (shown as 104 in 
FIG. 1). A transmitting antenna 1 and a receiving antenna 2 
are configured at different sides of the system 100, for veri- 
fying efficacy of the cloaking system 100 and recording 
results, The shells 102 can be held in place by radial supports 
106 (while only four are shown, 12 were used in the exem- 
plary embodiment indicated), 

‘The shells indicated in FIG. 1 are of two types, one set 
(AL-A4) configured for optimal operation over a first wave- 
lengthfrequeney range, and another set (B1-B3) configured 
for optimal operation over a second wavelength/frequency 
range. (The numbering ofthe shells is of course arbitrary and 
can be reordered, e4., reversed.) 

Foran exemplary embodiment of system 100, the outer set 
of shells (AI-A4, with AT being the innermost and Ad the 
‘outmost) had a height of about 3 to 4 inches (e.g.,3.5 inches) 
and the inner set of shells had a height of about 1 inch less 
(eg. about 2.5 to 3 inches). The spacing between the shells 
‘with a larger fractal shape (AI-Ad) was about 2.4 em while 
the spacing between shells of smaller fractal generator shapes 
(B1-B3) was about 2.15 em (along a radial direction). In a 
preferred embodiment, shell Ad was placed between shell B2 
‘and B3 as shown, The resonators formed on each shell by the 
fractal shapes can be configured so as to be closely coupled 
(eg. by capacitive coupling) and can serve to propagate a 
plasmonic wave. 

twill be appreciated that while, two types of shells and a 
given number of shells per set are indicated in FIG. 1, the 
‘number of shell types and numberof shells for each set can be 
selected as desired, and may be optimized for different appli- 
cations, eg, wavelength frequency bands 

FIG. 2 depicts a diagrammatic plan view of a cloaking 
system (or electrical resonator system) aecording to an alter- 
‘nate embodiment in which the individual shells have an ellip- 
tical cross section. As shown in FIG. 2, a system 200 for 
cloaking can include a number of concentric shells (or bands) 
202, These shells can be held in place with respect to one 
another by suitable fixing means, ez, they can be placed on 
a platform (parallel to the plane of the drawing) andior held 
‘with a frame. The shells 202 can include a flexible substrate 
(ea. polyimide with or without composite reinforcement) 
with a close-packed arrangement of electrically conductive 
‘material formed on the first surfice. As stated previously for 
FIG. 1, the closed-packed arrangement can include a number 
of self-similar electrical resonator shapes. The resonator 
shapes can he made from conductive traces (e.g. copper, 
silver, gold, silver-based ink, ete.) having a desired shape, 
eg. fractal shape, split-ring shape, and the like. The shells 
202 can surround an object to be cloaked, as indicated in FIG. 
2. 

As indicated in FIG. 2 (by dashed lines 1 and 2andarows), 
the various shells themselves do not have to form closed 
surfaces. Rather, one or more shells can form open surfaces. 
This can allow for preferential cloaking of the object in one 
direction or over given angle (solid angle). Moreover, while 
dashed lines 1 and 2 are shown intersecting shells BA-B3 and 
AI-A3 of system 200, one or more shells of each group of 
shells (B1-B3 and A1-A3) can be closed while others are 
open. 

‘With further regard to FIGS. 1-2, it should be appreciated 
that the cross-sections shown for each shell can represent 
closed geometric shapes, ¢ spherical and ellipsoidal sells. 
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As indicated previously, each shell of cloaking system 
‘can include multiple resonators. The resonators can be 
repeated patterns of conductive traces. These conductive 
traces can be closed geometric shapes. e., rings. loops, 
<losed fractals, ete. The resonator(s) can being self similar to 
atleast second iteration. The resonators can include split-ring 
shapes, for some embodiments. ‘The resonant structures are 
not required to be closed shapes, however, and open shapes 
‘can be used for such. 

In exemplary embodiments, the elosed loops ean be con- 
figured asa fractals or fractal-based shapes, e.., as depicted 
by 302 in FIG. 3 foran exemplary embodiment ofa shell 300, 
‘or402 in FIG. 4. The dimensions and type of fractal shapecan 
be the same for each shell type but can vary between shell 
types. This variation (e.., scaling of the same fractal shape) 
‘can aiford increased bandwidth for the cloaking characteris- 
ties of the system (eg. system 1000f FIG. 1) Thiscan lead io 
periodicity of the fractal shapes of common shell types but 
periodicity between the fractal shapes of different shell 
types. 

‘xamples of suitable fractal shapes (for use for shells and 
‘ora seating object) can include, but are not limited to, fractal 
shapes deseribed in one or more of the following. patents, 
‘owned by the assignee of the present disclosure, the entire 
‘contents of al of which are incorporated herein by reference: 
US. Pat. Nos. 6,452,553; 6,104,349; 6,140,975; 7,145.51 
7,256,151; 6.127.977; 6,876,766; 7,019,695; 7,215,290; 
6,445,352; 7,126,537; 7,190,318; 6,985,122; 7,345,642; and, 
US. Pat. No. 7,456,799, 

Other suitable fractal shape for the resonant structures ean, 
include any of the following: a Koch fractal, Minkows 
fractal, a Cantor fractal, atom square fractal, a Mandelbrot, 
Caley tree fractal, a monkey's swing fractal, a Sierpin 
gasket, and a Julia fractal, a contour set fractal, Sierpinski 
triangle fractal, a Menger sponge fractal, a dragon curve 
fractal, a space-filling curve fractal, a Koch curve fractal, an 
Iypanov fractal, and a Kleinian group fractal 

FIG, 3 depicts an exemplary embodiment of a shell 300 
(only a portion is shown) that includes repeated conductive 
traces that are configured ina fractal shape 302 (the individual 
<losed traces). For the exemplary embodiment shown, each 
resonator shape 302 is about 1 em on a side, Such resonator 
‘could, eg, be used for the fractal shapes of shells BI-B3 of 
FIG. 1, in which case similar fractal shapes of lager size (e1 
about 1.5 em on a side) could be used for shells AI-A4, The 
‘conductive trace is preferably made of copper. While exem- 
plary fractal shapes are shown in FIG. 3, the present disclo- 
sureis not limited to such and any other suitable fractal shapes 
(including generator motifs) may be used in accordance with 
the present disclosure. 

I will be appreciated that the resonant structures of the 
shells may be formed or made by any suitable techniques and 
with any suitable materials. For example, semiconductors 
with desired doping levels and dopants may be used as con- 
ductive materials. Suitable metals or metal containing com- 
pounds may be used. Suitable techniques may be used to 
place conductors owin a shel, inchuding, but no limited to, 
printing techniques, photolithography techniques, etching 
techniques, and the like 

Tt will also be appreciated thatthe shells may be made of 
any suitable material(s). Printed circuit board materials may 
be used. Flexible circuit board materials are preferred. Other 
material may, however, be used for the shells and the shells 
themselves can be made of non-continuous elements, ea 
frame or framework. For example, various plastics may be 
used. 
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FIG. 4 depicts a perspective view (photograph) ofan exem- 
plary embodiment of a cloak system 400 according to the 
present disclosure. As shown, the system ineludes a number 
of resonator shells 402 each having a close-packed arrange- 
‘ment of electrically conductive material (sel-similarresona- 
tors 404) formed on one surface. Two different shel configu- 
rations are shown, four lager shells and two smaller shells. 
‘The smaller shells included close-packed arrangements of 
resonator structures in which each resonator shape (as shown 
bby 302 in FIG. 3) was about em on a side. Similar fractal, 
shapes of larger size (eg, about 1.5m ona side) were used 
for the larger shells 

In FIG. 4, a transmitting (source) antenna and a receiving 
antenna are shown as triangular shapes on the left and right, 
respectively (though functionally of each could of course be 
interchanged forthe other). Twelve radially arrayed spacers 
are shown in FIG. 4. The system 400 is shown supported on a 
"Nalgene tank and Delrin platform and Delin supports (radial 
supports) RF absorbers were placed in the immediate vicinity 
of the setup; further RF tripods (e., available from ETS) 
‘vere used ll such materials were substantially transparent at 
the RF frequencies investigated used. The cloak system 400 
consists of six belts of fractal metamaterial (i.e. ractal-reso- 
nant structures shown in FIG. 3) on flexible Taconic EF35, 
(ow loss) cireuit board. The belts are shown surround a 
scattering rng (object). The arrangement is supported by RF 
‘transparent plastics in a comb support. The entire system 400 
vwas shown to be easily built up and broken down within a 
‘minute or two. The sea in FIG. 4is about 0.7 meters aeross. 
‘The height of each shell can ofcourse be selected as desired 
<epending onthe situation/application. 

‘While embodiments are shown and described herein as 
hhaving shells inthe shape of concentric rings (cieulareylin- 
ders), shells can take other shapes in other embodiments, For 
‘example, one or more shells could havea generally spherical 
shape (with minor deviations for structural support). In an 
exemplary embodiment, the shells could form a nested 
arrangement of such spherical shapes, around an object to be 
shielded (atthe tameted/selected Irquencies‘wavelengths). 
Shell cross-sections of angular shapes, eg, iangular,hex- 
agonal, while not preferred, may be used 

‘One skilled in the art will appreciate that embodiments 
andor portions of embodiments ofthe presen disclosure can 
bbe implemented in/with computer-readable storage media 
(ea, hardware, software, finmware, or any combinations of 
such), and ean be distributed and/or practiced over one or 
:more networks. Steps or operations (or portions of such) as 
described herein, including processing hnctions to derive, 
learn, or calculate formula and/or mathematical models ui= 
lized andior produced by the embodiments of the present 
disclosure, can be processed by one or more suitable proces- 
soFs, 6, central processing tnits (*CPUs") implementing 
suitable code/instructions in any suitable language (machine 
<dependent on machine independent). 

‘While certain embodiments and/or aspects have been 
described herein, twillbe understood by one skilled in the art 
tat the methods, systems, and apparatus ofthe present dis- 
closure may be embodied in other specific forms without 
departing from the spirit thereof. 

For example, while certain wavelengths/frequencies of 
‘operation have been deseribed, these are merely representa- 
tive and other wavelength/frequencies may be utilized oF 
achieved within the scope ofthe present disclosure. 

Furthermore, while certain prefered fractal generator 
shapes have been described others may’ be used within the 
scope of the present disclosure, Accordingly, the embodi- 
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ments described herein are to be considered in all respects as 
illustrative of the present disclosure and not restrictive 


What is claimed is: 

1, An electrical resonator system, comprising: 

a plurality of concentric electrical resonator shells, each 
shell including a substrate having first and second sur- 
aces and a close-packed arrangement of electrically 
‘conductive material formed on the first surface, wherein 


imilar electrical resonator shapes and is configured 
to operate at a desired passband of electromagnetic 
radiation: 
‘wherein the close-packed arrangements of at least two of 
the electrical resonator shells are diflerent in size and/or 
shape: and 
‘wherein a resonator in the close-packed arrangement com- 
prises a second order or higher fractal. 
2. The system of claim 1, wherein said passband is about 
2. 

3. The system of claim 2, wherein said passband is about 
31 

4. The system of claim 1, wherein the electrical system is 
‘configured and arranged so that radiation incident on the 
system from a given direction has an intensity on a point-by- 
point basis such at each respective antipodal point, relative 10 
‘an object placed atthe center of the system, the radiation has 
the same or similar intensity 

'S. The system of elaim 1, wherein the system is configured 

‘nd arranged so that radiation incident on the system from a 
<direetion in eylindrical coordinates has the same or similar 
intensity at the antipodal point after having traversed the 
system, 
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6. The system of claim 1, wherein the plurality of shells 
‘comprises a frst pair of shells having similar closed-packed 
arrangements for operation at a first passband, wherein the 
‘two shells are positioned within ‘42 of one another. 

7. The system of claim 6, wherein the plurality of shells 
‘comprises a second pair of shells having similar closed- 
packed arrangements for operation at a second frequency 
‘band, wherein the two shells are positioned within ‘42 of one 
another. 

8. The system of claim 1, wherein the plurality of shells are 
hemispherical 

‘9, The system of claim 1, wherein the plurality of shells are 
cylindrical 

10. The system of claim 1, wherein the plurality of shells 
are spherical. 

11. The system of claim 1, wherein said fractal is selected 
from the group consisting of a Koch fractal, a Minkowski 
fractal, Cantor fractal, a tom square fractal, a Mandelbrot, a 
Caley tree fractal, a monkey's swing fractal, a Sierpinski 
‘gasket, and a Julia fractal 

12. The system of claim 1, wherein the fractal is selected 
from the group consisting of a contour set fractal, Sierpinski 
iriangle fractal, @ Menger sponge fractal, a dragon curve 
fractal, a space-filling curve fractal, a Koch curve fractal, a 
Lypanov fractal, and a Kleinian group fractal, 

13, The system of claim 1, wherein the plurality of con: 
centric electrical resonator shells are configured and arranged 
for operation at K band, Ka band, or X-band 

14, The system of claim 1, wherein the system is open 
tional over a bandwidth from about $00 MHz to about 1500 
MHz. 
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Dedication 


Dr. Thomas Henry Moray, of Salt Lake City, Utah, was probably the first to use Radiant Energy 
a a source of power. His tireless effort, to gain recognition for this work, has been an inspiration 
to me. 


The original concepts presented by the late Dr. Thomas Henry Moray, of Salt Lake City, 
between the years 1909 to 1974, have paved a road to our energy independence. He made 
history by drawing the attention of the scientific community to certain discoveries of far-reaching 
importance. His research involved the direct application of Radiant Energy, to the ultimate 
electric particles of the atoms and molecules of the Universe, Dr. Morays discoveries, when 
demonstrated, convinced large numbers of scientific men who had witnessed them in action. 
However, there were a few scientists in high places who prevented the commercial success of 
this technology. 


If these eminent men, the supposed leaders of the scientific community, had the privilege of 
studying under Dr, Moray; they would have understood his discoveries and applauded them, But 
in their ignorance of Radiant Energy, they refused to believe or even listen politely to the facts 
that he often demonstrated. 


One of his prototypes measured about 42 x 26 x 22 inches and weighed no more than sixty 
pounds, It generated around four kilowatts of electrical power and was demonstrated in front of 
scores of witnesses. Unfortunately, these few people, knowing nothing of the truth, have done 
incalculable damage to Moray's discoveries over the years. 


In its’ widest form, Radiant Energy can be said to be the "Holy Grail of Free Energy." Those 
who wish to study this exciting subject will do well to give serious attention to Dr. Moray’s 
original discoveries and to my revent research. 


It should be as easy to accept the fact that a device can be built to receive radiation from its 
surroundings as it is to accept a radio that receives broadcast waves. One device transforms radio 
energy coming from a transmitter to sound while the other transposes electrical particles into 
heat light, or power. The fundamentals are the same in radio and in the Radiant Energy (R. E.) 
device. The radio receiver receives transmitted energy waves out of the air; the R. E, device 
receives energy waves from atomic ions and converts them into electricity. As in the reception of 
radio waves, the Radiant Energy circuit is tuned to respond to the natural energy that is emitted 
from certain intermolecular reactions. 
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substantial concept of time implies the 
existence of an active essence which can 
and does affect objects and processes 
occurring in the universe. Furthermore, 
approaching time from such a fundamental 
basis implies that by positing active 
substantial change as the ground form 
prime mover andrelational time ( passive 
"clock-time", or entropy changes) as its 
derivative, that those objects and processes 
can also have areverseactionon time. 


Towards this end in Part I (hereinafter 
referred to as I), we considered the key 
research of the late astrophysicist N.A. 
Kozyrev who, in carefully controlled 
experiments which were subsequently 
successfully replicated, recorded phenomena 
which have hitherto been unexplainable by 
standard contemporary __ received 
knowledge-whether from thestandpointsof 
Newtonian, Relativistic or Quantum physics 
Kozyrev pointed out that only by considering 
time as an active essence, could these cited 
nomalous" phenomena, which are virtual 
conundrums from the viewpoints of a 
relational (passive) concept of time, be duly 
formulated on a logical basis. Accordingly 
Kozyrev's associated "causal mechanics" 
incorporates an objective directionality of 
time flow, implying differentiation between 
"cause" and "effect". Consequently, by 
applying a thermodynamically 
irreversible process to a physical 
system (example: vibration to a 
spinning gyroscope), the rotor in this 
instance would be observed to lose (or 
gain) asmall but detectable percentage 
of its weight, depending upon the 
direction of rotation. Moreover, in this 
process linear momentum (linearspeedof 
rotation) is not changed, but energy is 
nevertheless delivered to the system by 
additional forces directed along the axis 
causing a change inangular momentum, 
and that near the cause-effect system of the 
irreversible process, time density isaltered 
- rarefied near the generator and 
concentrated in proximity to the receiver. 
Kozyrev concluded that time is a non- 
momentum material reality. 


Other experiments of an astrophysical 
nature showed that registration of the true 


position or future position (as opposed to 
visual-present-position) of different stars 
via the non-electromagnetic component of 
star radiation, demonstrated the existence 
of anenergy essence, which was apparently 
instantaneous, or had a propagation 
velocity of at least a billion times the 
velocity of light. In this regard, Kozyrev 
opposed the conventional astrophysical 
paradigm, which posits energy generated/ 
emitted by stars is a physical consequence 
of thermonuclear conversion. Instead he 
maintained that via rotation, stars 
converted time essence into non-physical 
(or pre-physical) energy. The latter was 
nevertheless detectable on Earth by 
transduction through reflecting telescopes 
shielded by metal screens, of stellar 
radiation by a Wheatstone bridge. Hence 
the "impact" of time was detected by 
resistor electric conductivity changes (see 
land references therein). 


Leaving no stone unturned in our 
investigation, we also took up a discussion 
of the related Killick-Smith tachion energy 
model for fundamental (pre-physical) 
reality, Here we coined a new term- a 
trinitivity of action, which was 
underscored as a key feature of the 
operation of tachion-pair entities. 
Accordingly, we posit the existence of two 
polar topologically orthogonal toroidal 
fields, with the unique ability, by the mutual 
shuttling back-and-forth of their energies, 
toexistina third auto-generated state called 
"static-dynamic balance". Now, since 
tachionsare hypothesized to transfer energy 
instantaneously, inertial/gravitational mass 
is not a primordial component of tachion 
operation (see I). Here we see a striking 
similarity to the Kozyrev conception of the 
operation of time in interaction with a 
physical system - where energy changes are 
manifested without linear momentum 
alterations delivered, Likewise, the Smith 
book, The New Science (sec I) treats the 
hypothetical tempic field as a scalar 
quantity, which only has direction in 
relation to its distribution (or 
"density" change). Only through 
establishing what Smith termed a 
tempic field gradient does the tempic 
field possess vectorial nature. Similarly, 


98 


New 


nergy Technologies, Issue *5-6 (14-15) September - December 2003 


INTRODUCTION 


adiant Energy is emitted as charged particles from all bodies at a constant rate. The 

surrounding it will unlock untold amounts of energy. Under the proper 
conditions, it can be rendered susceptible to the most incomprehensible changes 
caused by the oscillations, pulsation and surging throughout the Universe. 


It was discovered by the Curie's that all matter is radioactive, It can be shown that radium, 
barium, uranium, thorium, polonium, vanadium, cerium, molybdenum, zinc, aluminum, 
etc... will imprint radiographs on sensitive photographic paper. 


The Sun's explosions hurl intense surges of Radiant Energy at the Earth, The atmosphere 
absorbs these particles, shielding al life on the planet from deadly harm. Electrical charge is 
induced into the clouds that form in the lower atmosphere, This is due to the fact that 
clouds are in constant motion and travel parallel to the highly charyed upper atmosphere, 
Once enough charge is built up in a cloud, it discharges to the ground as lightening, Static 
charge is thus transformed into kinetic oscillations, The Earth’s magnetic field quivers in 
response to these surgings. Is it too far fetched to reason that we can duplicate this natural 
process to obtain electrical power? 


If an oscillating tank circuit has the correct impedance, reactance and inductance it. will 
absorb energy from an extemal oscillating electrical source. Energy is captured. The tank 
oscillations can be kept alive by establishing resonance with the extemal source, Therefore, 
energy is not drawn from the transformer that powers the tank circuit, In the case of the 
Radiant Energy Receiver, it becomes possible to hamess the atomic electrons that are 
generated within specially constructed energized plasma tubes. 


What I have just revealed here is the "Holy Grail of Energy." The implications of this 
discovery are far and wide. Is humankind ready for such a revelation? What will be explained 
in the pages to follow is nothing more than a glorified radio receiver, one that is designed to 
oscillate with the oscillations of the Universe. It locks onto the very wheelwork of nature, 
This Radiant Energy receiver should last for many years with very little maintenance, no 
more than for a good radio, 


"Electric power is everywhere present in unlimited quantities 
and can drive the world's machinery without the need of coal, 
oil, gas, or any other of the common fuels." 


- Nikola T esla 


SECTION 1 


Atmospheric Electricity 


We have succeeded in penetrating many secrets of Nature. Because of this we have an obligation 
to honor her abundant miracles with care and respect. 


Since the time of Benjamin Franklin and his famous kite experiments not much has been learned 
about the nature of atmospheric electricity and how to convert it into useful power. Certain people 
have discussed this form of energy to some extent. Some theoretical papers in the so-called "free 
energy" field have been written, Many of these theorists deny that our ionized atmosphere can be 
utilized to produce usable amounts of electrical power. They are determined to cling to their wild 
unproven theories. 


Nevertheless, I have taken it upon myself to find a solution to converting ionized particles into 
useful electrical currents. The properties of radioactive matter have shown me that large quantities 
of energy can be collected and converted. I have found that with the right circuits and components, 
rivers of high-voltage static electricity can be efficiently transformed into a lower practical voltage. 
It is my desire to be able to furnish irrefutable proof of this process, in this new millennium, 
However, there are still more questions that need to be answered. The utilization of the atmospheric 
electricity on completely new ground has to first take place. 


‘The production and utilization of atmospheric electricity for the well being of humankind has been 
the goal of scholars and researchers for countless years now. However, the implementation of a 
real working device has remained a pious desire until today. This is because well-intentioned 
researchers turn away from the simple fact that there is free electricity in the atmospheric air just 
waiting to power our appliances. Only in the last year have I realized through new experiences and 
investigations that atmospheric electricity may be drawn into an electronic device in usable 
quantities to be converted into useful power. 


‘Many researchers after investigating atmospheric electricity become astonished when they realize 
that there is nothing new in the World. They find out that the features of atmospheric electricity 
have been with us for a very long time, before the knowledge of electricity. The wisdom of the 
effects and utilization of atmospheric electricity dates back many thousands of years, as we can 
infer from the biblical texts. We read in the first book of Moses, that the all-holiest temple of 
Jehovah housed the Ark of the Covenant. With the exception of the high priests, this Ark would kill 
anyone getting to close to it. Furthermore, we read that 40 priests dared to approach the Ark, in the 
absence of Moses and Aaron. Lightning issued out from it, killing all 40 priests. 


It is written in the second book of Moses, Chapter 25 verses 10-11: 
10. Frame an ark of acacia-wood:; the length whereof shall be of two cubits and a half (45 inches): 


the width, a cubit and a half (27 inches): the height, likewise a cubit and a half, 
11, And thou shall overlay it with the purest gold within and without (exactly like a capacitor), 


‘The biblical text sited here indicates that the Ark was made out of a noble wood that acted as a 
good electrical insulator and that gold was to be laid inside and out. Thereby, all conditions were 
just right for creating a good electrical capacitor. From the description we can tell that Moses and 
‘Aaron knew how to collect electrostatic energy from the atmosphere. This Ark of the Covenant 
could only have been a very large capacitor with a huge capacity. It was charged by atmospheric 
electricity from the accounts given. The fact that it remained fully charged with this electricity 
must be attributed to the dry climate in Palestine. Knowledge of this energy was a coveted secret 
kept by Moses and the high priests of Egypt. They were the first connoisseurs of atmospheric 
electricity. 


‘When the study of meteorology first began there was a big interest in atmospheric electricity. Many 
in this field thought to use it. This is revealed through the patents of the time. The first relevant 
patent was granted to inventor Dr. Heinrich Rudolph of St. Goarshausen according to the German 
Patent Office; D.R.P. No. 98180 January 19, 1897. 


Benjamin Franklin in America made a few attempts to utilize atmospheric electricity. He once built 
‘a motor that implied a commercially significant amount of energy might be derived from the Earth's 
atmosphere. It has been observed that a potential gradient of 150 volts per meter of height is 
always available on average. 


‘There are three major causes of atmospheric ionization shown in Figure 2. The first one is due to 
the cosmic rays and the second cause is due to the solar winds. The solar winds consist of 96% 
protons and the remaining percentage is atoms of tritium. There are other particles but they are 
relatively unimportant. Almost all of these high-energy particles are absorbed by the Earth's upper 
atmosphere causing it to become ionized. This is how the ionosphere is created. However, the area 
where the reaction between the solar wind and the magnetosphere takes place is far outside of the 
Earth's atmosphere. The charged solar wind particles rattle our planet's magnetic cage long before 
its gas envelope neutralizes them. The third cause of atmospheric ionization is due to the content of 
radioactive gasses contained in the air we breathe. In the ground radioactive substances such as 
radium, thorium and actinium are spread throughout the soil. These elements generate gaseous 
radioactive emanations that spread in the air and ionize its molecules. The actinium-emanation 
generated from the decay of U235 plays a major role because of its brief radioactive half 
seconds. 


Radio Ionics 


There are not enough charged ions in the air to be converted into electrical power. This on the 
surface appears to be a correct calculation and assumption. There simply are not enough of them. 
However, what has been overlooked is the fact that these ions are in a state of constant surging 
motion. This is the mechanism to obtain power from this sea of energy! It is not the charge that 
should be looked at. These ions are in motion like magnets are in motion in a generator. Can you 
see the correlation here? It is the motion of the ions that induce electrical current. By means of 
properly tuned radio ionic circuit rests a possible solution to hamessing this source of energy. 
Hermann Plauson was successful in converting atmospheric energy into useful electrical currents. 
He was granted a patent titled "Conversion of Atmospheric Electric Energy" — U.S. Patent No. 
1,540,998. In this patent he states that "St. Elmo's fire and the northem lights can be more or less 
absorbed in the same way as a receiver in wireless telegraphy absorbs waves coming from a far 
distance." This patent has been added to the end of this book for your study. It begins on page 59. 


SECTION 2 


The Wireless Telegraphic 
Connection 


Radio in the early years was called "wireless telegraphy.” Beginning around the year 1913, 
amateur wireless telegraph stations were set up in trees and housetops. Aerials and masts dotted 
the countryside. It is estimated that there was almost "a quarter of a million stations.” They were 
used to send and receive wireless telegraph signals, not voice. Vacuum tubes were not yet widely 
known. These stations had to rely on spark gaps. 


It was the energy spikes, or surges put out by the spark-gap transmitters that first caught T. H. 
Moray’s attention back in 1903. In 1909 Moray devised a circuit that would draw electricity from 
these surges of energy that traveled through the ground. By the fall of 1910 he obtained enough 
electrical energy from the ground to power a miniature arc lamp. During the Christmas holidays of 
1911 he was able to power an old type 16-candle carbon arc lamp at about half of its brightness. 


In 1912 while Henry Moray was on mission with the Mormon Church in Uppsala, Sweden, his 
passion for crystal radios got him started in his research in the science of radiant energy. Every 
spare moment he searched for a mineral that could possibly work as a radio detector. Moray had 
found two specimens that worked well as radio detectors. The material found in the hillside could 
have very well been a type of argenti-zinciferrous-galena. This type of galena is highly sensitive 
to radio waves that allowed his receiver to function without a battery. I make this assumption 
because a galena type synthetic formula can be found in Moray’s Electrotherapeutic Apparatus — 
USS. Patent No. 2,460,707. This material using only the power transmitted from a local wireless 
station could drive a small horn speaker as reported by Moray. 


‘The other detector material was a white, powdery, stone-like material that he found in a railway 
car, located in Abisko, Sweden. From military records we know for certain that this white material 
was "fused silica.” Silica is the chemical name for the simple oxide of silicon, silicon dioxide 
(SiO,). Mineralogists call this compound quartz. This is normally found in nature in its crystalline 
form. Finding this mineral in a fused state can only mean one thing. That, what Moray found was 
‘metamict quartz, A metamict is a crystalline mineral that loses its crystal structure due to 
radioactive destruction. For this to occur the quartz had to have contained trace amounts of 
uranium and/or thorium, which is why it was found in a "fused" state, in a more or less amorphous 
state, the so-called metamict state, owing to radiation damage from o-decay of these impurities. 
"Over the course of hundreds of millions of years, a-decay doses as high as 10" decays/g can 
occur, which may lead to the complete amorphization" of the quartz structure. 


Moray's rare mineral find became known as the "Swedish stone.” He was able to light a standard 
100-watt General Electric light bulb in June of 1925 with this Swedish stone. By August 1925 he 
was able power an electric flat iron along with the 100-watt bulb. Therefore, bringing the total 
power consumed to 655 watts. People would quite often demand that he would draw too much 
power from his device and the white, stone-like material would overheat and bur up. 


A problem of drawing power from telegraph stations appeared when the Federal Radio 
Commission on Nov. 11, 1928 limited the amount that could be transmitted. The transmitted 
frequency also had to be well defined. Spark-gap transmitters simply could not meet these 
requirements. Scores of spark gap driven telegraph stations had to be dismantled and in effect had 
been given death sentences. This spelled disaster for Moray. He could still draw energy from the 
background radio noise produced by the great cosmos but the amount of power that he could 
obtain was severely limited. Originally, Moray’s source of power was drawn from the local spark 
gap radio transmitting stations through the ground. Moray could draw power from the radio 
frequencies generated by nature but unfortunately only very low power could be had from this 
source. This forced Moray to develop a more favorable detector material. It was not too long 
before he got the inspiration to add radioactive dopants to his Swedish stone material and to other 
types of semiconductive materials. This occurred shortly after the Radio Allocation Act of 1928 
when Moray’s detectors were no longer able to receive steady incoming power. His Radiant Energy 
receiver could produce power but it only came in regular pulses. It was not constant without the 
added radioactive material. The addition of radioactive dopants to semiconductors allowed his 
receiver to produce a steady flow of energy. 


Radiant Energy Early Definition 


Professor Langley showed that out of the total amount of radiation coming from the Sun, only the 
visible portion of the spectrum represents only 19%. He presented the theory that there is only one 
kind of energy radiated from sunlight. That, heat, and chemical effects depend entirely upon the 
state or condition which radiant energy may happen to fall on matter. 


Professor Langley wrote that up until 1872 it was almost universally believed that there were three 
different kinds of entities-actinic, luminous, and thermal, represented in the spectrum. There is 
only one radiant energy that appears to us as ‘actinic,’ or ‘luminous,’ or ‘thermal’ radiation, 
according to the way we observe it. Heat and light, therefore, can not be things in themselves, but 
separate sensations to our bodily sensors. They are merely effects of this mysterious thing called 
"radiant energy." 


‘The Italian physicist Melloni stated that, "light is merely a series of caloric indications sensible to 
the organs of sight, or vice versa, the radiation of obscure heat are veritable invisible radiation of 
light.” Melloni wrote this in 1843, but it was not adopted until Langley by his elaborate researches, 
more refined and complex, proved it. The great physicists of society then adopted the doctrine of 
one radiant energy. 


Only a few researchers know the immediate effect of radiant energy: electromagnetic. The results 
of two centuries of observation all point to this conclusion. When a mighty tongue of white-hot 
matter darts across the abyss of a large spot or cavern on the Sun, the equilibrium of the Earth's 
magnetic field is disturbed and the effect is a magnetic storm. The needles of magnetographs 
throughout the world quiver and oscillate. The vibrations take place on opposite sides of our 
planet, the impulse passes from the Sun to the side nearest of the Earth and then to the most distant 
side, whether through or around the Planet's surface. 


After centuries of investigation from Gilbert to Tesla, this most wonderful research still holds 
admiration and mystery for all that study this vast science; electrodynamics. Power is cut out of the 
seemingly emptiness of space, and the hurrying waves are caught and chained to servitude in 
artificial light and electric appliances. The Sun, being electromagnetic, emits waves that carry 


power, which beat and surge against the Earth. A magnetic field is space that surrounds a magnet. 
This space might be filled with air, wood, stone, glass, or might be a vacuum. But the waves are 
not quenched. They flow through all of these things. A freely suspended magnet in a magnetic field 
will move, and the Earth's surface is surrounded by a magnetic field, that is acted upon by the 
Sun’s magnetic field. Suspend a sewing needle by a silk fiber in the Earth's magnetic field and it 
will come to rest parallel to the field’s north and south poles. Now, if this field becomes disturbed, 
that is; if it becomes stronger or weaker, the needle will move. This is a magnetic storm. When a 
gas jet is hurled across a spot on the Sun the disturbance reaches the Earth in the same time that 
light does. So, radiance traveling at 186,000 miles per second is reaching the Earth in eight minutes 
and nineteen seconds. 


‘The most memorable magnetic storm occurred on November 17, 1882. This was one of the most 
violent recorded. The daily press was burdened with accounts of widespread magnetic disturbance. 
In some places telegraphic communication was suspended. The turbulence filled that great 
quadrilateral from New York to Yankton, Nashville and Winnipeg. In Milwaukee, the carbons in 
the electric lamps were lighted, rendered incandescent by currents of electricity flowing on the 
wires. At other locations, switchboards in telegraph offices were set on fire and sending keys were 
melted, while electric balls were seen hovering on the telegraph lines in Nebraska. 


‘The Earth's aurora holds the key to harnessing the Sun's daily pulsation. An aurora is the visible 
effect of obscure undulations from the Sun, as they come dashing on the Earth with a speed of 
186,000 miles per second. In a six-month winter, say at the North Pole of the Earth, the Sun is far 
south of the equator, and none of its rays can shine on the Earth’s northern pole. However, the 
aurora is very bright. It displays many colors, and these flash and glow with rapid variations. The 
light, although caused by the Sun, does not come direct. It is caused by the turbulence set up in the 
Earth's magnetic field by electromagnetic upheaval on the Sun. The field of the Earth is "tuned" 
with the Sun's field, as was the coherer in the days of wireless telegraphy and telephony. The 
aurora is known to be electrical, for magnets and compass needles on ships are always affected. 
Could the coherer of the days of old teach us something new? 


No magnet can be placed near a "current" of electricity, or a static charge without making an 
oscillation. Every oscillation sends out a wave, like a stone falling in water. An electromagnetic 
wave from the Sun disturbs the Earth's magnetic field in the same way that an induction coil used 
in wireless telegraphy does. The Earth and coherer are both doing the same thing with the same 
kind of electromagnetic waves. The coherer in a distant receiving station will react to natural 
electromagnetic wave fronts from the Sun. It will likewise react to the artificial wave fronts coming 
from the induction coil. The electromagnetic wave makes the loose particles of metal between the 
knobs in the glass tube coherer generate dots and dashes. 


Making a device "oscillate with the oscillations of the Universe" may not be too far off the mark in 
obtaining energy. Perhaps a radon-powered diode (ion valve) will act as a one way gate to this 
energy? This type of specialized diode offers zero resistance to electrical current. It is 
gate that can function in the million-volt range. Today's state of the art high voltage diodes will not 
meet our requirement. This is because as more are added in series the greater the electrical 
resistance becomes. I believe that Moray's Swedish stone met our requirements utilizing only a 
trace amount of radon generating material. 


Iso an ion 


Moray found that semiconductive materials doped with radioactive impurities have an increased 
sensitivity. One such satisfactory formula included a triboluminescent zinc mixture consisting of 


pure zinc sulfide, radioactive impurities and pure germanium metal. He also found that “artificial 
radiation” could be used in place of the radioactive impurities. For example, by exposing bismuth 
to wavelengths of energy emitted from one of his unique vacuum tubes, he was able to create 
"active bismuth," today known as Polonium—210. This is what Moray called “artificial radiation." 
When added to the zine sulfide, it would glow a bluish-green. When this glowing material was then 
doped into ultra-pure germanium it made an excellent emitter of secondary electrons. This synthetic 
substance was called "fission material" by Moray. This transistor type material is said to be 
superior even to what is available today. 


"The Moray germanium mixture gives certain unique results in functioning as in a valve and or 
booster (amplifier). Made in form of rounded stones or pellets compressed under high pressure and 
fused. Combination contains radium chloride, thorium, uranium, and pure germanium metal- 
triboluminescent zine. Some pellets fastened to envelop with pure tin in place of solder. Bismuth 
pellets fused to side. Germanium mixture pellets float between other pellets but making firm, 
needlepoint-like contact. Have used silicon too, which has some of the properties of germanium. 
Germanium works best when impurities are introduced. Care must be taken when alloyed with 
other substances, as too much other mixture added worsens conductivity and germanium loses its 
properties.” * T.H. Moray, Sth edition, The Sea of Energy in Which the Earth Floats (1978), p. 71. 


Thad often asked myself: what ever became of Moray’s radiant energy tubes? Wouldn't it be nice 
to run some tests on them? These questions have been put to rest because these very tubes are now 
in my possession. It was communicated to me that the widow of T. H. Moray gave these tubes and 
his notebook to a man named Stan Mahurin. This man knew Moray and his wife quite well. 


Mr. Mahurin passed the tubes onto a close friend because he had no clue as to their function but 
insisted on keeping the notebook. The next owner of the tubes had no clue either. These tubes 
remained in storage for over twenty-five years. I was contacted because of my passion for Radiant 
Energy research and was given the opportunity to purchase them. I promptly replied and have had 
the honor to inspect them first hand. Upon inspection of these tubes there does not appear to be any 
radioactive material in them. However, this does not mean that it was never in the tubes. Moray 
stated that he was using what he called “artificial radiation.” From his notes we know that he 
created this artificial radioactive material by attracting radon gas to a metal by giving it a negative 
charge. We also know that radon decays to lead-210, a beta emitter with a half-life of around 22 
years. This would mean that Moray's source of induced radioactive material would eventually bum 
itself out. This would explain why Moray did not have a running prototype in his later years 


My own research is now nearly complete. My next project is to build a radiant energy generator 
that will demonstrate a few hundred watts of excess power above what the circuits require to be 
self-sustaining. The final step will be for me to develop a commercial unit for general use. Through 
this millennium edition of my book, the shroud of mystery surrounding this old source of energy 
may now be lifted. 


1) Miami University, Herbert Jaeger Physics 


SECTION 3 


Moray’s Circuitry 


antenna “It's the ions, not the electrons! 
“TH. Moray 


‘A radioactive salt 
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‘earth ground 
Early Radiant Energy Circuit _- Figure 1 


It is assumed that the average reader of this publication is familiar with the elementary principles 
of radio transmission. Granting this, it is of course reasonable to believe that such readers will 
understand how an oscillating current is set up in a circuit comprising an inductance or coil of 
wire, a capacitor and a spark gap. The capacitor is charged with a high tension current from any 
convenient source such as a transformer or induction coil. When the potential stored in the 
capacitor reaches a critical value, the air in the gap between the spark gap electrodes can no longer 
stand the strain. The capacitor discharges across the gap in a succession of crashing sparks. As the 
current from the capacitor crosses the gap in one direction, it literally over-reaches itself just as a 
pendulum will swing past the neutral point when given a push by hand. After the first rush of 
current passes in one direction, a reversal of the cycle occurs and a second rush in the opposite 
direction occurs. This operation is repeated many thousands of times per second. The discharge 
gradually dies down as all the energy is either completely radiated or used up in heat or performing 
work. The oscillations cease once the potential across the capacitor has been lowered so that the 
spark can no longer jump the air gap. The capacitor immediately takes a fresh charge from the 


transformer and the entire cycle of operations is repeated, It will be understood that all of this 
passes in an infinitesimal fraction of a second. The charge and discharge of the capacitor takes 
place so rapidly that the observer can detect no change in the solid spark that appears continuously 
to fill the gap. It should also be understood that if the oscillating tank circuit has the correct 
impedance, reactance and inductance, it would absorb energy from an external oscillating electrical 
source. Energy is therefore captured. The tank oscillations can be kept alive by establishing 
resonance with the external source. In the case of Moray's early radiant energy receiver, the 
capacitor was charged through a material that acted like a high voltage diode. This material he 
called "Swedish stone,” Electrons (electricity) were actually generated in the discharge tubes and 
fed back to the antenna and ground circuitry. This mode of energy generation is explained in more 
detail on pages 37 to 38. 


‘What has been explained here is the Holy Grail of energy. The implications of this discovery are 
far and wide. Is humankind ready for such a revolutionary design? This receiver locks onto the 
very wheelwork of Nature. This device should last for many years with very little maintenance, no 
more than for a good radio. 


SOME FACTS TO THINK ABOUT 


1. Cosmic particles are hurled at the Earth from 
outer space. 


2. The Sun emits ionized protons and tritium 
atoms that are carried to the Earth by the solar 
winds 24 hours each and every day. 


‘The Earth’s upper atmosphere absorbs the 
charge carried by the particles in the solar 
winds causing it to become ionized. 


“~Tonisphere - plasma 


Tece salicanthty 4. ‘The Earth's ionized atmospheric region is 


called the "ionosphere." It is sort of a half gas 
S and half plasma. 
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negative lons 


Water vapor (clouds) become charged by 
induction as they travel parallel to the 
ionosphere. 


EARTH ‘surge of energy 


Sources of Radiant Energy - Figure 2 


6. When clouds become sufficiently charged they will discharge according to Pupin's theory of 
nacitive discharge. The energy is released in the form of light and electrical oscillations. 


7. There is a cloud discharge about one hundred times each second that is randomly located 
somewhere on the planet, generating a tremendous amount of oscillating electrical energy. The 
total energy per discharge is approximately "two million-million watts." Now multiply this by 
one hundred and you have an unbelievable amount of unleashed energy. 


8, The facts presented are Nature’s process of generating oscillating electrical energy. 


Moray’s Radiant Energy Detector Tube 


T.H. Moray invented a very unique vacuum tube. He called this discovery, the "Moray-valve.” It 
functioned as a high-voltage, high frequency, minute capacitance detector tube. It included solid- 
state semiconductors mounted "under ideal conditions. 


‘This Radiant Energy valve contained Moray’s fission material. It replaced the original Swedish 
Stone. It's anode acted as a collector made with a molybdenum disulfide rod. The metal case 
served as a parabolic reflector to concentrate and focus the secondary ions that were expelled from 
the fission material 


Radiant Energy in Moray's detector comes to us in waves of separate and distinct units called 
photons. There are definite relationships between the energies of these particles and the zinc sulfide 
(triboluminescent zinc) germanium mixture, contained in Moray’s fission material. The zine sulfide 
in the mixture is highly sensitive to the photons generated from the fission material. The sulfide 
transforms the high frequency photons into lower frequency photons. These photons then impinge 
upon the germanium. The germanium being sensitive to these lower frequency photons emit 
secondary photo ions. The hemisphere that contains the active materials was filled with a low- 
pressure water vapor and was comparatively simple in construction. 


‘Thomas H. Moray successfully demonstrated an electrical device, weighing less than sixty pounds, 
that extracted enormous amounts of energy: 4,000 watts. This unconventional source of energy is 
abundant day or night throughout the year. To understand how this device generates energy, you 
must carefully read the material contained in this book. I have compiled this information to assist 
you in understanding radiant energy power generation without giving away the entire contents of 
my discoveries. 


(On the introduction page in the "The Sea of Energy in Which the Earth Floats,” 4" edition, Moray 
explains that radiant energy is kinetic in nature. It is rendered sensible by conversion of its energy. 
He states that "this is the phenomenon of the transducer fueled by a fission reaction. In the final 
analysis, radiant energy is a means of using the energy released by the fissionable reactions taking 
place in the stellar crucibles of the universe.” Moray in his 2” edition, on page 61, describes the 
"universe" as being both stellar and atomic. The final clue to the inter-most secret of Moray’s 
energy device can be found on page 33 in this same edition; "It is an accepted fact that when 
various substances are bombarded with alpha particles they are found to give off electrons.” How 
much clearer could he have made this? He further states; "just as sodium, potassium, cesium, 
rubidium, barium and strontium react to visible light or wavelengths within a certain range, might 
not certain other substances react to oscillations from the Cosmos or artificially produced 
radiation?” Moray’s fission material clearly fits this description. How could we not know from 
this description how Moray’s "detector" functioned? He also states; "the universe is analogous to a 
radio transmitting station. It is continually emitting energy, only of a greater range of 
wavelengths." Is it this type of statement that has confused people seeking answers? I say that this 
is a certainty. 


What is revealed within this publication should clear a path to the understanding of Moray's 
radiant energy device for the reader. It will be understood that ionic recombination can be directed 
to produce intense surges of electromagnetic energy. More clearly, ionic energy is converted into 
electromagnetic energy. The conversion from ionic to electromagnetic energy can then be 
transformed into useful electrical power by conventional radio circuitry. 


Kozyrev viewed time like space as 
possessing both geometrical and physical 
properties. The geometric property of time 
is duration (its scalar component), while 
physically the course of time is similar to 
vectorial field propagation and the density 
of time to field intensity. Although Smith and 
Kozyrev apparently never were aware of 
each other's research, the following quote 
from Kozyrev reveals that they both made 
key profound discoveries about nature 
which indeed bear more than a superficial 
milarity: "Time density is a scalar quantity, 
just the one observed in the above 
experiments, Time density decreases with 
increasing separation from the process 
creating it. Therefore, a vector property 
corresponding to density gradient and 
tractable as time obtaining, should also be 
observed" [7]. However, in Iwe also enjoined 
the reader to observe caution and selectivity 
when attempting to separate the wheat 
from the chaff in Smith'sbook. 


Accordingly, the previous ideas are 
substantially correct, whereas his concept of 
“continuous spin" of tempic field energy is 
basically flawed. Killick replaces thi: 
outmoded counter-productive notion with 
a key ratcheting motion, like the 
escapement ofa watch, which is performed 
by the tachion entities composing a pair- 
unit. Through this unique "clocking- 
motion", a cycle of tachion-pair operation 
exhibits what could only be described as an 
ethical modus operandi, passing through 
the three stages of observation - reflection - 
action. By virtue of this 3-stage process, 
tachion-pairs demonstrate in their 
individual activity and in interaction with 
their environment - personal moral 
responsibility. 


This is indeed an unprecedented notion 
which implies that a type of conscious 
thought process can be ascribed to tachion 
operation, This can be related to current 
notions from quantum physics, relative to 
quantum coherence of states - such as wave- 
function collapse, Indeterminacy, quantum 
non-locality (EPR experiment), "entangled" 
particles, etc. This may be an indication that 
in such cases, whenever the Principle of 


Causality is breached or at least 
compromised, we may be witnessing the 
unique effects of the inherent conscious 
microscopic non-linear clocking oscillation 
of the tachions, 


Along these lines, although Kozyrey did not 
report observing any effects of time energy, 
which could be considered as "value 
motivated", he did report on an equally 
mysterious “after-effect" in many 
experiments, which could only be construed 
as signifying a memory process. For 
instance, it turned out that in experiments 
with a vibrating torsion balance (or 
pendulum), at points of support the 
emerging additional forces did not disappear 
when the vibration was stopped, but 
remained in the system for an appreciable 
time. Interestingly, their relaxation times 
were found to be independent of the 
mass of a body but were dependent on 
its density. The largest effects with 
maximum preservation timeswereobserved 
on porous materials like brick orvolcano tuff, 
Inenumerating on thisunusual preservation 
action Kozyrev observed:"...a body placed for 
acertain time near an (irreversible) process 
and then brought to a torsion balance, 
produced the same effect on itas the process 
itself..aluminum showed no memory. The 
largest memorizing effect for processes of 
both signs hasbeen shown bysugar'{7].Also, 
his colleague Danchakov later observed in 
conjunction with biological experiments 
that water with decreased viscosity due to 
having been subject to the action of a 
process, exerted a distant action on water 
that had not been under such an action, 
causing its viscosity to decrease as well 


In thissecond partof the current dissertation, 
we will examine other important related 
information gleaned principally from 
esoteric sources, referenced in I. These have 
been obtained from books by Jane Roberts: 
The Seth Material, The "Unknown" 
Reality (UR) (2), unpublished transcripts 
G.R)[1], and transcripts from the entity 
Kryon channeled by Lee Carroll [3]. This 
information is remarkably corroborative 
with that from Kozyrev research and the 
tachion energy theory. Finally, we will cap off 
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Electronics vs. Ionics 


‘The Earth’s electric field that exists between the surface and the ionosphere is charged to about 
360,000 volts. It is estimated that the stored energy ranges from about one million to a billion 
kilowatts. This field provides a low current at high voltage and will not power today's appliances 
because they use high current, low voltage electromagnetic power. In 1748, Benjamin Franklin was 
the first to invent an electrostatic motor that could run on the earth's energy field. Did this scientist 
of yesteryear point us in the right direction? 


At the Paris Electrical Exhibition of 1881, Professor Amos Dolbear successfully demonstrated his 
electrostatic transducer for the telephone. He obtained US Patents No. 239,742 and No. 240,578 
for this invention. 


‘Thomas Edison’s 1880 discovery of thermionic emission, the current of electron flow in a vacuum 
tube, created the first electronic device. Sir William H. Preece called this the "Edison Effect.” 
Edison had discovered the fundamentals of the electron tube and was granted US Patent No.307, 
031. Its’ basic principle was to be used in radio communication for many years to follow. 


In 1887 Dolbear was forced to go to court against Alexander Graham Bell to establish that he was 
the inventor of the telephone. Dolbear lost this infringement case. The judge consequently ruled 
that Bell was the inventor of the telephone. This decision was the pivotal point of our electrical 
development. Because of this one decision by a court, inventors moved in the direction of 
electromagnetic driven components. 


Conventional radio tubes to this day are based on electron emission. Electron flow through a 
vacuum tube is where we get the word "electronic." If science had gone the way of ionic emission 
instead of electron emission in radio tubes I believe that our technology would be drastically 
different today. 


Thave designed radio tubes that carry an ion current instead of electrons. Vacuum tubes that carry 
electrons are called "electron valves.” My tubes carry ions and therefore are called "ion valves." 
This changes everything about inductance and capacitance in any circuitry. Capacitance then 
becomes the real key element in electron transfer through associated wires and circuitry. It may be 
of interest to you that "ohm’s law” only applies to conventional electron tubes. In a conventional 
electron tube the mean velocity of an electron is about 1 cm per second. In my ion tube charge 
transfer is much faster. When using an ion tube as a rectifier or oscillator this changes the whole 
mathematical equation on the electrodynamics of the associated electrical circuits. 


I believe that T. H. Moray's tube oscillators were actually ion valves. This is what allowed them to 
run cold. This is the Holy Grail of energy that can be used to tap into the sea of energy that is all 
around us. We are bathed in this sea of ions at all times. This is not just a wild dream. The circuits 
given in this publication are proof positive that a new technology is just on the horizon. 


With the release of this publication, there can now be no doubt that we are at the dawn of a revived 
energy revolution. I have given a great gift to science. All | ask for in return is that you shout from 
your rooftops the information gleaned and to please give me the credit for what I have earned. 


SECTION 4 


Early Demonstrations 


What follows are accounts given by observers of the T. H. Moray radiant energy device that utilizes the 
vast stores of energy in the Universe without mechanical force, but through ionic oscillations. The 
statements have been edited for clarity without changing the meaning being conveyed. 


A brief description of the device 


A brief description of what the device has done will be given. Also, successful demonstrations will be 
described like those that have been made in the presence of hundreds of reliable witnesses, many of 
whom are highly trained and hold degrees in physics and electrical engineering. There will be a brief 
description of why the device works based on the oscillations of condensers. I do not believe in perpetual 
motion. I have no quarrel with those that may; the operation of the Moray device is not perpetual 
motion. It utilizes energy that exists and transforms it into useful forms. An electrical generator is not 
really a generator, as it creates nothing. The generator does not make electricity. It is merely pumped. 
From that standpoint, an electric generator might be referred to as an electron pump. The Moray energy 
device might be called an electric siphon, or high speed-oscillating turbine. 


T. H. Moray's device was enclosed in a box 10 x 10.5 x 26 inches, one wire leading from the device to a 
special balanced antenna. Another wire was connected to a balanced ground connection. 


In my version, a special tube ion is used. The switch of the device is simply tumed on. The device is 
adjusted so that a synchronized resonance is established. Once it is operating, the device "siphons" 
energy. A specially constructed high frequency transformer is used to control the output so that any 
desired voltage may be obtained. 


‘On page 17 of the "Nature of the World and of Men" (compiled by the technical staff, Chicago Institute 
of Technology), we learn that our planet is receiving energy from the Sun continuously at the rate of 
160,000 horsepower per inhabitant. 


In the "Physical Review," Dr. Gunn of the U. S. Navy Research Laboratories states that the Earth itself 
is a huge dynamo, producing 200,000,000 amperes of electrical current. For more detail, read pages 334 
to page 344, "Physical Review," July 15, 1939. 


‘The Aurora Borealis is definitely considered to be an electrical phenomenon produced by the passage of 
electric charges through the rarefied gases of the higher atmosphere. 


‘The conversion of matter to energy in the stars is now generally accepted as fact. During radioactive 
disintegration energy waves are radiated. Thus, we may conclude that energy waves of very high 
frequency are sent out from the stars, one of which is our Sun. 


Similar to the reception of radio waves, the Moray circuit is resonance tuned by the right arrangement of 
inductance, capacities and oscillators. These components respond to the particular wave frequency 


“oscillations” of energy from the Cosmos. Moray used a special valve to prevent retum of the power to 
the outer circuit and forced it to go through the power application circuit. 


All that is necessary to put the device in operation is to start electric oscillations in the circuit due to a 
difference of potential between ground and atmosphere. 


‘The frequency of the current is extremely high, as is shown by the brush discharge when either the 
antenna lead or the ground wire is disconnected from the machine. Certain difficulties of insulation 
inherent in high frequency currents are avoided by the ingenious operations of the oscillator tubes that 
reduce the frequency on the output side 


Standard electric light globes become exceedingly hot in one spot about the size of a dime when operated 
‘on this current. This is due to the fact that the gas in the globes becomes incandescent under the influence 
of the very high frequency current. Also, the luminosity of the incandescent gas is much higher and 
whiter than with ordinary current. A variation of the Tesla, high frequency, button type globe would be 
ideal for use with this device. 


Ordinarily, when a potential is applied to the terminals of a condenser, a full charge is acquired almost 
instantaneously. The filling up of Moray's oscillator tubes is similar to water being poured into a bucket. 
‘That is, the longer the voltage is applied the greater the charge that is taken, up to the maximum capacity 
for a given potential and frequency. 


RE. experiments have been made at different places, many miles from all power lines. One experiment 
occurred more than 50 miles from any power lines and 26 miles from even a farmer's telephone. The 
locations for these experiments were selected by those making the test and not by the inventor. These 
locations were not prearranged but selected as they drove along in their own car, not the auto of the 
inventor. 


In an endurance test, the device was operated under seals for a total of 157 hours and 55 minutes. Then 
the seals were broken and the device was put under severe strain and tests for about another hour and 
then shut off. 


Close examination of the device, showed that all parts were in perfect shape and could have been run 
indefinitely. During the entire test the light burned evenly and brightly without flickering. There was no 
change in the brilliance from day to day. 


‘The quantity of current passing through the secondary of the transformer, experts have asserted, is 
sufficient to burn up similar wire if ordinary current was used. Yet, there is no heating of the 
transformer, even though cooling air was not present, as it is completely enclosed. All parts of the 
machine run absolutely cool regardless of the length of time operated. 


It makes no difference whether one 50-watt lamp is used or whether fifty of them are connected to the 
machine; the current is adapted to the load. 


‘This current has another physical characteristic as seen in photographs of light bulbs operated by the 
radiant energy (RE.) device. The photographic images of such bulbs are extremely bright. So, the 
emulsion density in the area of the bulb image is extremely low, virtually zero. If one takes a photograph 
of the original print the resulting film has the same characteristics. Prints made from this second film 
have these same characteristics as well. The light bulb images have such extreme low density that one 
has to reduce the exposure of other parts of the image in order to get a satisfactory picture. Yet the light 
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from the R. E. device is whiter and less harsh, even to stressed eyes. Here is further evidence that this 
current is different from any coming from conventional sources in use today. 


‘There is no sound coming from the machine when in operation, there being no moving parts, electrical 
oscillations or prime mover operations. 


‘The current cannot be derived from batteries, as it can be seen. Doctors of Physics have pronounced this 
current to be high frequency. Only an alternating current has these properties. Batteries provide only 
direct current. 


It cannot be induction from adjacent power lines, as an induced current is always the same frequency as 
the inducing current. There is no power line on Earth carrying current of these frequencies. This current 
cannot be caused by radio signals. These are much too weak. To operate a loud speaker, it is necessary 
to amplify a radio signal many times, to say nothing of lighting a lamp or heating a flat iron. Also, the 
frequency of the incoming current is higher than radio signals. 


Moray gave a demonstration for a nationally known physicist, a professor in one of the greatest 
universities of this country. The physicist made these observations: 


Moray states that when the oscillators are connected to the circuit the condensers fill slowly. The longer 
the current is applied the greater the charge they take, up to their maximum for the applied voltage. This 
is similar to filling a bucket by pouring the water into it. The condensers do not take the charge 
instantaneously, as is ordinarily the case. 


Moray has also stated that the size of wire in the transformer could not cary the amperage passing 
through it without burning up if ordinary current were used. Yet the wires remained absolutely cool no 
matter how long the machine operated. 


‘The above points show these currents to be entirely out of the ordinary. They cannot be accounted for by 
induction from existing power lines or current from batteries. 


Another short account follows 


Today Mr. Judd, Mr. Adams and attomey Nebeker visited the inventor's laboratory. After the "radiant 
energy" device was packed into the attomeys’ auto, we drove away. The three above-mentioned 
gentlemen began to discuss where they should go to make the test experiment. The inventor did not want 
to have any say in where the test was made. He wanted the test to be made at a place selected by them, 
At last, the three men decided to go up Emigration Canyon, as there are no power lines there. After 
driving about four miles up the canyon they selected a place. Then they changed their minds, selecting 
another place a few hundred feet further up the canyon, 


Mr. Judd stayed in the car because of an injured foot, while Mr. Nebeker and Mr. Adams put up the 
antenna and ground. The inventor then took the device out of the car and connected it to the "antenna and 
ground.” The switch on the device was opened and closed many times as in all former experiments, but 
no light appeared. The device was then "tuned in” as Mr. Judd had witnessed in previous tests. Then the 
switch was closed and the lights came on, The "antenna wire” was momentarily disconnected. The lights 
went out but came back on when the "antenna" was again connected to the device. The same thing 
happened when the "ground wire" was disconnected and then reconnected. All this with Mr. Judd 
hopping around on one foot, he having gotten out of the car when the tuning process was started. All 


three gentlemen were very well satisfied and pleased with what they saw. It was dusk when they left the 
canyon. 


‘The following is a letter describing a similar test performed at a different location 
Dear Mr. Cooley, 


This letter is being written for your information. It is a record of the electrical demonstration made 
October 29th, 1926, by inventor T. H. Moray for Attorney Judd, Mr. Knight and myself. 


As prearranged, I met Moray and Judd at the Moray laboratory about 7:10 am. on October 29th, 1926. 
We carried the electrical equipment in my car and left Mr. Juda! car in the Moray parking lot. 


T remember that the odometer registered 19 miles at Charleston and 26 miles as we left the last electric 
power line near the mouth of Daniel's Canyon. It registered 52 miles when we stopped to do the 
demonstration. Thus, we were 26 miles from the nearest power line and also 26 miles from the nearest 
‘one wire rural telephone line. 


Moray requested that we select a place near a stream of water so that the ground pipe could be sunk in 
its bed to be more effective. The ground in the mountains, at this time of year, was frozen. We stopped at 
a place about 10 miles southeast of the Daniel’s Strawberry summit and about 200 yards west of the 
main road to Duchesne. This location was almost due east from what Mr. Knight called Haystack 
Mountain. It was perhaps % of a mile east of Strawberry Lake on a little stream that made a zigzag 
course through a gently sloping grassy flat. 


‘The antenna wire was put up without any aid or instructions whatever from Moray, as it had been 
balanced.” Moray did suggest that the wire be stretched tighter to prevent so much sag at its’ center. 
‘This was done and the wire then appeared to clear the ground by 7 or 8 feet at its lowest point. 


Operation of the R.E. device; 
‘The balanced ground rod was pointed at the end to make it easier to drive into the ground, 


‘The antenna wire was insulated from the poles with two quartz glass insulators about six inches long. A 
piece of wire about two feet long connected each insulator to the poles. The lead-in wire was fastened to 
the antenna at a point about 10 or 15 feet from the east pole. I helped Moray solder the connection where 
the lead-in wire was fastened onto the antenna wire. I also helped him solder the ground wie to the rod. I 
stepped the distance between the two antenna poles and estimated it to be 87 feet as I took 29 steps 
intended to be three feet each. 


Moray took his electrical equipment out of the automobile and placed it on the running board of the car. 
‘Two dry boards were laid on the ground and a rubber mat from my office was placed on the boards for 
‘Moray to stand on. This was as a precaution against electric shocks. The running board was hardly large 
enough for the equipment so we took the seat cushion out of the front seat and placed it on the mat. 
‘Moray transferred the equipment to the seat cushion and connected it up there. 


Very light snowflakes fell occasionally and a tarpaulin was hung over the top of the auto doors to protect 
the equipment from getting wet. When all of the wire connections were made and the device 
yynchronized in resonance by Moray. It was just 1:05 PM by my watch. Before "tuning in" he closed the 
switch but no light appeared. After "tuning in” for slightly more than 10 minutes the switch was closed 


and the light appeared immediately. It was slightly after 1:15 PM by my watch. Moray closed the switch 
two or three times before and during the tuning operation but no light appeared until perfect "balance" 
‘was established, 


‘While the lights were burning the antenna lead-in wire was disconnected from the apparatus. The lights 
‘went out. When reconnected again, the lights reappeared. Moray disconnected the "ground wire" and the 
lights went out. He then reconnected it and the lights appeared again. 


E.C. Johnson of Salt Lake Cit 


Utah signed the above letter. 


Mr. Nelton Welling wrote this letter, describing yet another test 


Your interest in the Moray invention to take electrical energy from the "air" and make it usable for light, 
heat and power purposes is the reason for this letter. It describes a demonstration that I saw of his device 
on Saturday, February 21 


A dozen people were present, including Paul Harsh, Mark Yuri and Mr. Ferguson. 


| first witnessed a demonstration of this device three months ago. Since then, the cabinet containing the 
‘machine has been simplified and improved. It was quite apparent that there was no possible faking of the 
power produced. 


‘The tuning device was improved. The time required to bring in the energy was shortened from five 
minutes to less than a minute. 


‘The operation was as simple as tuning in a well-equipped radio set. A lady who witnessed the 
demonstration for the first time also performed this tuning. She operated the device as easily as Dr. 
Moray himself did. This was after she had seen him "tune in” the energy. 


A pilot light on the cabinet first became illuminated. The switch was then closed, connecting a light rack 
with the current. Instantly thirty 50-watt lamps and five 100-watt lamps were brilliantly lit. 


A regular, Hot Point flat iron was then connected without dimming the lights in the least. The inventor 
stated that the result would have been the same had one hundred lamps been used in place of the 35 on 
the light rack. 

‘The lights and iron together were consuming more than four-horse power of electric energy. 

(On account of the brilliancy of the lights it was apparent that much more than ordinary voltage was 
going into them. The excessive heat, which developed in one spot, made me feel that they would soon 
‘burn out, but they did not. 


1 confidently believe Dr. Moray is on the threshold of perfecting one of the most amazing fundamental 
inventions of history. 


Very sincerely yours, 


Nilton H. Welling 


‘The next document is a lengthy report written by T. J. Yates to the Secretary of Utah about 
Morays work 


Dear Secretary of the State of Utah, 


‘Many men of science have come from foreign countries and from the East and the West and have been 
shown demonstrations. Not one of them has been able to find any fault with what they have seen or 
heard. Names of these men will be furnished upon request. These men have had the device opened for 
their inspection. They have pronounced the experiments to be wonderful, that the current is high 
frequency, the color of the light different, that the device carries many times as much current without 
even getting slightly warm. Any other electrical device of like construction, known to man, would burst 
into flame if it were camying that much current. They state that the "tubes used are far more powerful 
than anything known to science today." The drawings, circuits and theory have been pronounced by 
leading men of science as scientifically, electrically, mechanically sound and correct. 


It is generally accepted now by science. Moray’s device proves there is energy coming from somewhere, 
that such a field of energy surrounds the Earth. 


As Moray explains it, the oscillator tubes pick up electrical oscillations through the circuit of the device 
itself, As stated, the Moray device picks up these surgings or oscillations of energy coming and returning 
to the Universe. It is tuned to oscillate in harmony (sympathetically) with the oscillations of the Universe 
just as musical instruments can be made to vibrate together. Every oscillation, whether large or small, is, 
completed during the same interval of time, the heartbeats of life. The oscillations of the Universe are 
governed by the same eyelet of time and are completed during the same interval of time. As Moray stated 
‘years ago, these waves of energy have a regular beat note of time, coming and going like the waves of the 
sea. They are in a very definite mathematical order of time, coming to the Earth from every direction, 
‘They are stronger in the day time than at night, but always coming with a regular beat note that might be 
referred to as the Father of Time; the Sire of Gravitation, 


This energy has a definite elastic rigidity and density, which is subject to displacement and strains. When 
the strain is removed, this medium will spring back to its old position and beyond, surging back and forth 
as the waves of the sea. It will continue to oscillate until the original pressure is used up. If the internal 
impedance is too great, there will be no oscillations. It will merely slide back in a dead beat to its 
unrestrained state. By cutting down the resistance to the minimum and by synchronous resonance 
(sympathy) of the device with that of the Universe, recovery will be quicker and quicker. Finally inertia 
will assert itself and lengthen the time of final recovery by carrying the recoil beyond the natural 
oscillation. Thus, the vibrations are prolonged by oscillation. When the recovery is distinctly oscillatory, 
resonance sets in. The oscillations will go on forever because they come from the Universe. These 
electric oscillations are not simple ones, but surges with a definite beat note. 


‘One will ask, how can you get steady energy from such surging? Since there is a great amount of energy 
at such a terrific potential could not a steady flow of water be obtained from the surging of the sea? 


‘The operation of the condensers need not be repeated here as they have been fully explained in the 
enclosed account. 


It is not claimed that all of Moray's theory is proven. But itis claimed that the device works. ‘The results 
are certain, In the absence of better explanations, Moray's theories are as good as any. 


Moray explained his theory to a well-known and noted American scientist, who said, "You go in your 
theory back to the law of gravitation." 


In this day and age, anything is possible. What was done with radiant energy has been called "radical." 
Nevertheless, of the great number of learned men who have seen and heard of Moray's work, not one has 
been able to disprove his claims, theories or discoveries. Some of these men are amongst America's 
foremost in science. They have spent from five hours to many days on the theory and claims and made 
test experiments. Hence, these further explanations of the Moray theory, on which he has spent his time 
from boyhood. 


Fully realizing that whatever the difficulties in discovering new truths, there are still greater obstacles in 
getting them recognized. As Mark Twain once said, "It takes many years to get a new idea fixed in the 
‘human mind." One should not be long surprised at the attacks of some or at the exasperation of a certain 
number of worthy people. Not surprising is the silence of a greater number of the scholars who have 
heard of these experiments, It is hard for the average human mind to rid itself of inherited ideas, which so 
completely and unconsciously control our line of thought. Franklin, Faraday, Cavendish and others were 
tunable to always express themselves so that their peers understood their inner meaning. They gave to the 
World their ideas in a form unintelligible to others of their day. Yet their ideas have since become known 
facts. 


‘The theory described here is not new in the main, nor is it contrary to ideas that science has accepted 
today. Itis however original with Moray in application. When Moray first advanced them years ago they 
were "killed” by those who heard of them before they got very far. Be that as it may, Moray has studied 
“radiant energy" and found a means of using it. Heat, light, power and energy are not things in 
themselves. They are sensations, or effects produced by this "cosmic power,” directly or indirectly. 


"ASTRONOMY," by Robert H. Baker, P-H. D. Professor of Astronomy, University of Ilinois 
Page 303: 


Another problem relates to the apparent lavish expenditure of this radiation. Of all the energy that pours 
forth from the Sun, the planets and their satellites intercept less than one part in 200 million. The 
remainder spreads through interstellar space with little chance, so far as we know, of being recovered. 
‘The suggestion that the Sun shines only in the direction of material that can intercept it, may appeal from 
the point of view of economy, but appears to have litle else to recommend it. It would seem that Nature 
is squandering its resources of energy so prodigally that it must end in bankruptcy. But we doubtless 
have at present, an imperfect account of the situation. 


“FOUNDATIONS OF THE UNIVERSE," by M. Luckiesh, D. SS. Director of Lighting 
Research Laboratory, General Electric Company printed in 1925 


Page 5: 


In the far-off stellar crucibles, we see the same laws being obeyed as in our laboratories. Tracing down, 
to the almost infinitesimal constituents of the extremely minute atom, we find that apparently it does not 
exist at all. It is not even as the realistic matter that we have supposed it to be. There at its very 
foundation, it seems to consist of electric charges that probably simulate the motions of celestial bodies. 
It is becoming more and more certain that the apparent complexity of Nature is due to our lack of 
knowledge. As the picture unfolds, it promises a marvelous simplicity. 


Pages 41-43: 


‘The great success of the atomistic principle relating to the kinetic theory of matter, is one of the wonders 
of the modem scientific age. As expected, it has found other applications equally fascinating and 
promising, It is now being pressed further into the service of explaining the structure of matter. 


Maxwell's Theory 


‘When Maxwell (1873) propounded the electromagnetic theory of light (radiation), his achievement was 
epochal. The exact manner in which the radiant energy traversed space was not known, The next epochal 
event was the founding by Planck (1900) of the quantum theory. Here we have the atomistic principle 
applied to energy instead of being confined to the material of the Universe as it had been. In other words, 
in the quantum theory, we have the atomistic idea applied to physical processes. We now have the atom 
of matter, the atom (electron) of electricity and the atom (quantum) of action (a product of energy and 
time). Planck assumed the emission of radiation (from the Sun, a lamp filament, etc.), to occur 
discontinuously. He conceived elements of energy of equal magnitude; analogous to the equality of 
electrons, or atoms of a given element. Radiant energy is emitted at various wavelengths or frequencies 
that must be taken into account in the laws of radiation. Now, the physicist uses quanta as commonly as 
he does electrons and atoms and molecules. Bodies are built of molecules, the molecules of atoms, and 
the atoms of electrons (and protons). Here we see the atomistic principle applied to "material" (matter) 
and then to electricity (what shall we call it)? Finally, a physical process, the radiation emitted by the 
electrons, is divided into quanta. With such pictures of the Universe being constructed, we may cease to 
be surprised at anything, but our interest and admiration will grow. 


One of the most marvelous relationships that has ever been revealed in the entire science of physics is 
that between light and electricity. Knowing now how to view the structure of atoms, this relationship is 
not quite so surprising. Half century ago, there was a total absence of knowledge, pertaining to the 
existence of electrons in atoms of matter. So, the sudden revelation, that light (and radiation in general) is 
an electrical phenomenon, was very startling and revolutionary. Even today those persons, who are 
unfamiliar with fundamental physics, find it difficult to believe that energy traveling from yonder star to 
the eyes, is electromagnetic in nature. But that has been amply proved. It is the atoms in those distant 
stellar crucibles that possess moving electrons that are emitting electromagnetic waves of many 
wavelengths or frequencies. Here on Earth, we have many ‘receiving stations’ that are tuned to certain 
ranges of wavelengths. 


RADIANT ENERGY," by Edgar Lucien Larkin (1903) 
Pages 17-18: 


Radiant here means proceeding from a center in straight lines in every direction. Energy is internal and 
inherent. 


Professor Barker, "Physics," page 4, says: "Energy is defined as a condition of matter in which any 
definite portion may effect changes in any other definite portion.” This was written in 1892 and 
discoveries since confirm it. Energy then, is a state of matter. Or rather, is it the result of a particular 
state in which matter may be when any observed phase of energy appears? 


‘These two notions, matter and energy, o possibly one, are the sum total of all that has been found during 
three centuries of incessant research? This search has been in that portion of the Universe visible in a 
forty-inch telescope, armed with the most powerful spectroscope ever made. 


It is the belief of the writer that all this space is saturated with inconceivably minute corpuscles. J. J 
‘Thomson recently discovered these. These are doubtless either electricity in its ultimate refinement, or 
very closely allied to it, or its immediate carriers. The smallest particle of hydrogen has long been 
thought to be the smallest mass of any known particle of matter. But the corpuscles detected by 
‘Thomson have only one-thousandth the mass of the hydrogen atom, The Earth and Sun, all suns and 
dark bodies in space, all granular matter, moves through the primordial cosmic mass of electrical 
corpuscles as would a wire screen through water. The wide spaces in diamond, glass, steel, flint, or 
anything else, allow these "bodies smaller than atoms," as Thomson calls them, to pass through. 


Larkin’ 


s Theory on the transmission of energy 


From the definition of energy, it is the potential of the Universe. When matter is in a phase allowing it to 
be active, it affects other quantities of matter at a distance. The method of transfer is known to be by 
means of wave motion. Each impulse moves from the emitting to the receiving mass on a rigoroush 
straight line. One continuous set of oscillations in this straight line is called a ray. Each negative or 
‘Thomsonian corpuscle makes a double vibration to and fro like a pendulum straight across the direction 
of the ray —ic., at right angles to it. The corpuscle moves over and returns to the original position it had 
before the excursion. The corpuscles are negative and can be drawn out of their original straight path by 
the action of magnetism. So, the entire wave motion of the Universe is electromagnetic. This is what 
Maxwell prophesied forty years ago. Thomson fulfilled the prophecy. 


After one corpuscle makes an oscillation across the direction of the ray and retums, the next does 
likewise and the next and so on. After the first corpuscle makes a swing, another distant from it 186,000 
miles in the same straight line, will also make a vibration at the end of the first second of time. 


“ATOMS AND RAYS," by Sir Oliver Lodge, Fellow of the Royal Society of Science and holder 
of five or six Doctors degrees from colleges, with honors from a score more. He has held offices of 
President in a dozen or more Scientific Societies. Printed in 1924 


‘The term ‘light strictly speaking, means that kind of ethereal radiation which is able to affect the eye. But 
it is common knowledge that there are many other wavelengths of radiation besides those that effects the 
eye. It is not clearly known why the eye is sensitive to some kinds of ethereal radiation and not to others, 
‘That, no doubt, is a question for physicists and physiologists in collaboration. But the eyes of animals, 
insects and man, all appear to be sensitive to a limited range of ethereal radiation, which is therefore 
called light. Some kinds of radiation can affect a photographic plate. Other kinds can stimulate the 
chemical actions going on in the leaves of plants and thereby supply the energy needed for vegetable 
growth, Another kind, a rather deeper harmony as it were, supplies everything on Earth with warmth and 
by evaporating water contributes to most of the phenomena of weather. Other kinds, again, are omitted 
when individual electrons, traveling at a high speed in a vacuum, encounter the obstruction of a target. 
‘These kinds of invisible radiation are called x-rays. And, at the opposite end of the scale, great antennas 
emit another kind of radiation. These are the Hertzian waves employed in radio, 


If describing these kinds of radiation as different, we are not speaking quite accurately. They differ only 
as treble notes differ from bass notes. They differ in rapidity or rate, or vibration or wavelength. They do 
not differ in any other essential particular. The longest waves are telegraphic ones, which may be a mile 


our exposition with a brief examination of 
bold new maverick physical theory of sub- 
atomic electron structure, featuring variable 
time/mass attributes, which could be the 
catalyst for bringing the cited elements from 
esoteric knowledge and empirical physics 
research (Kozyrev, etc.) out from their 
hitherto relative obscurity, to the forefrontin 
our ongoing mainstream investigations in 
probing the cutting edge frontiers of notonly 
physics, but those of the natural sciences as 
well. 


Other evidence 


When one compares the transcripts from 
various esoteric sources it's remarkable 
how similaris their description of nature's 
fundamental operationsat the pre-physical 
level. For instance, a careful reading of the 
Jane Roberts’ channeled transcripts from 
the entity Seth, reveals a remarkable close 
connection with the particles termed EE 
(electromagnetic energy) units and the 
above Killick teachings on tachion pair 
dynamics. But first a word of caution to the 
reader, We should resist the tendency to put 
into the frame of reference of our sentient 
physical experience, structures whose 
ence is fundamentally non-physical. 
The customary physical characteristics of 
duality and dichotomy of fields, and the 
related yardsticks of mass, length and time, 
for the most part, may not apply in this 
situation. 


It would be impossible, however, to 
formulate a comprehensive model forthe 
unit dynamics were none of the factors for 
gauging physical reality to be able to be 
applied to higher dimensional realms. 
Fortunately, one characteristic does survive 
the transition to the non-physical 
framework- the element of pulsation, Seth 
reports in [2] how EE units, much like 
tachion-pairs are built up and dynamically 
pulsate in response to thought patterns. First, 
depending upon the relative intensity of the 
emotional energy, they will instantly be 
drawn together in clumps or may just as 
quickly disperse. Furthermore, being of a 
pulsating nature, these units can expandand 
contract, Theoretically, there is no limit to 


their size or frequency of pulsation. Seth 
describes their operation in the followin; 
manner. Now, thereare electromagnetic 
structures, so to speak, that are 
presently beyond your instruments, 
units that are the basic carriers of 
perception. Their size varies. Several 
units may combine, for example.To put 
this as simply as possible, it is not so 
much that they move through space, as 
that they use space to move through. 
Thereisa difference. 


On this point, if our conceptions remain 
"earthbound" we will not perceive any 
difference between these actions, but once 
we cast our mental gaze beyond physical 
experience, an important distinction 
becomes apparent. To understand this, we 
need only reflect on the similar non-classical 
logic that is the basis for the non-orientable 
‘Moebius topology that we have seen governs 
the dynamics of the tachion-pair unit [5]. 
Tachions, whose translational movement is 
governed by the relative pulsation frequency, 
apparently enterand leave our levelof reality 
at two times (field equity stages) duringeach 
pulsation cycle, Before leaving our plane, the 
tachion-pairconstitutewhat we callaspace- 
time point. 


Upon returning to our level, due to the 
Moebius topology of the clocking cycle, 
their essence creates a new space-time 
point with enantiomorphic (mirrorimage) 
characteristics to the first. The resulting 
progress of the units in physical reality is 
thus manifested bya "jerkily discontinuous" 
movement. Summing up, since the uni 
are the point they create, it can now be 
understood that the units use space (or the 
nature of the space-time points) to move 
through, rather than the case of 
macroscopic matter which moves 
continuously (or appears to) through 
space, 


Seth continues his description of the EE 
unit dynamics: Laws of attraction and 
repulsion are used and, in a manner of 
speaking, thermal qualities are involved, 
and this is the only bint that your scientists 
have received of them so far. The uni 
charge the air through which they pass, and 
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long. Much, much shorter are the x-rays, whose wavelength is actually smaller than atoms, and only 
expressible in billionths of an inch. This whole range of waves, travel at precisely the same speed. This is 
the only speed at which the ether is able to transmit energy. They are all of the same electromagnetic 
character. They are all subject to the same optical laws of interference, of reflection and polarization, 
which have long been studied in departments of physics. 


Moray would qualify the above by saying there are speeds greater than the speed of light 


Whatever an electric charge is, or is not, it is certainly a focus of energy. Imagine an ether vortex, 
containing the known mass of the electron and circulating with the velocity of light. The energy of this 
vortex would be equal to that of the electric field in the space surrounding the electron. This coincidence, 
if it were a coincidence, can hardly fail to have some meaning. Some thinkers are beginning to view the 
whole material Universe as being built up of ether in various states of self contained or intrinsic motion. 
‘These adjectives are intended to discriminate between rotary motion, like that of a top or a whirlpool and 
ordinary locomotion, or whiffling from place to place. Locomotion has not been attributed to the ether, 
which is the most stationary thing we know. It is perhaps the only stationary thing that exists, but it may 
be full of what is sometimes called "stationary motion." This is a paradoxical term, appropriate to the 
condition of a sleeping top. 


‘Those who hold this view of the Universe are strengthened in their position by Einstein's expression of 
energy in general. It is well known that all ordinary energy, such as the motion of railway trains, or 
croquet balls, etc, is merely relative to the Earth, or to some other piece or matter. There is nothing 
absolute about it. But Einstein gives an expression for what could be called absolute energy, in which the 
only relevant velocity is that of light. All the phenomena of Nature, at any rate in inorganic Nature m: 
be due to, this great ethereal velocity. It must appear in a form that enables it to appear to our animal 
derived senses. For the spinning motion itself is impalpable and beyond the ken of our instruments. It can 
be detected only when it partially exhibits itself as transmitted waves in the form of radiation. 


All the light that we experience can be resolved into vibrations or tremors in the ether. That is how we 
first knew about the ether. But all electric and magnetic phenomena and therefore, all chemical activity 
are likewise known to be modes of manifestation of the ether of space. The complete manner and 
meaning of which have still to be worked out. 


So the question arises, What is matter? Is that too a manifestation of some peculiar properties in the 
ether? We know now that matter is built up of protons and electrons. But analyzing these into their 
fundamentals, we find far more than a hint that they are but special modifications in the all-pervading 
ether. They are essentially resolvable into ethereal energy of a specific kind, Hence, we are beginning to 
think that matter itself is a form of energy. 


Energy is one thing in the physical universe that directly appeals to us. We apprehend it under a great 
variety of forms. And it is becoming provable that what we call matter is one of those forms. Most of the 
known forms of energy are convertible one into another. The energy of motion tums into heat, as does 
the energy of electric currents, unless it is converted into the energy of chemical separation or electric 
charge. Conversion from one form to another, without loss, is the sign-natural of energy. The proof that 
matter is a form of energy will not be clinched until it can be demonstrated that matter too is convertible 
into other forms of energy. 


Such a process has not yet been performed in our laboratories, or has it? Though it is believed to be 
‘occurring in the giant stars. The interior of stars is at an altogether exceptional temperature and pressure. 
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‘This constitutes a laboratory where results can be beyond the scope of our present manipulation. In the 
light from those stars we see some small residual outcomes of this production of energy at the expense of 
‘matter. In their motions, we probably see the same thing. That, which we ordinarily recognize as the 
locomotive energy of bodies, seems now to be overflow or surplus of the violent constitutional energy 
within. This energy, at present seems inaccessible to us, but is possessed in enormous amount by the 
very constitution of the atoms of matter. Fortunately, a few of those atoms have given us the hint. They 
have spontaneously emitted their energy. We call it radioactivity. It is only the heavy atoms of fission 
material and other substances at that end of the series, which still retain the property of spontaneous 
disintegration. The other more familiar atoms seem to have lost that power, and settled down into 
apparent stability and quiescence. These atoms show no obvious sign of possessing any such power. But 
to the eye of science, itis there. Means have been sought for getting at it. 


‘Combination of atoms into molecules and the interaction of molecules generally have long been known to 
give rise to various forms of energy. Witness ordinary combustion and the power of explosives. Simple 
atoms like those of hydrogen, can be packed together so as to form the more complex atoms of 
higher elements. This process will liberate vast stores of energy, much greater than could be 
obtained from ordinary kinds of chemical combination. It is highly unlikely that this will go on 
spontaneously or uncontrollably or dangerously, under such conditions, as we are familiar with on Earth. 
‘They may be violent enough under the conditions in the interior of stars, including perhaps our Sun. But 
here, on Earth, they are traceable, guided and controllable. They will not run rampant and do damage, 
except by reason of bad or malevolent arrangements and then only on a relative small scale 


How soon energy of this kind may become commercial, no one can say. The practical way is by using 
energy from the cosmos; ie., not by so-called fission material 


Another Testimonial 
TO WHOM IT MAY CONCERN, 


This is to certify that on the evening of March 16, 1929, along with Dr. Wilkinson, of Cedar City, I 
witnessed a demonstration at the laboratory of . Henry Moray, Salt Lake City, Utah 


Dr. Moray claims to have invented an apparatus that will produce electrical energy without the use of a 
prime mover. This apparatus was demonstrated on this occasion. 


1. Description of the Apparatus 


‘The apparatus uses an antenna specially balanced or an aerial capacitor and a special ground wire. 
‘These were connected to the terminals of a switch. Two wooden boxes were placed on a table. On one of, 
these boxes was a high-frequency transformer. In the other box were two sets of condensers, ten large 
‘ones in one set and ten small ones in the other set. There were two composition cylinders, each about I — 
1/8 inches in diameter and four inches long. Each of these cylinders weighed about three or four ounces. 
In addition, there was another box approximately hemispherical in shape, about two inches in diameter 
and weighing about two ounces. There were also coils of wires and other equipment. These pieces of 
apparatus were connected by a number of wires. 


‘Two of these wires were led out to the switch. One was attached to the blade of the switch and the other 


its’ jaw. When the switch was closed, the antenna, lead-in, apparatus in the boxes and ground wire, were 
all in series. 
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‘The other wires leading out of the box were connected to six 100-watt lamps connected in multiple 
uring part of the demonstration, A flat iron was connected during part of the demonstration, as well. 


2. Demonstration 


During the demonstration the apparatus was connected in series as above described, except that a small 
switch connected in series with the coil was left open. 


Dr. Moray energized and synchronized the device in three or four minutes. The lamps were lighted and 
remained bright as long as the switch was left closed, which was about 60 minutes. He then connected an 
electric flat iron. In a short time, the iron was hot. When the "ground wire” was disconnected and then 
the lead-in was disconnected, the lights went out. 


3. Objections people have made 
1. That there is a hidden wire from the electric lighting current obtains the power. 
II. That the power is obtained from batteries. 
4. Tests, 


Before and after the demonstration I closed the big switch that connects or shorts the antenna and 
ground, I also made other tests. If the antenna or lead-in were connected to the lighting circuit this would 
have produced a short circuit. I further tested the device by closing and opening the switch several times 
to see if any sparks appeared. But there were no sparks. I placed my wet finger between the blade and 
the jaws of the switch and could not feel any electricity. I touched my hand to both sides of the switch 
We tured the table over and examined it 
carefully for hidden wires but found none. With the apparatus all connected as when operating the lights 
the contacts with the switch were moved but produced no arcing. This indicates that the circuit was dead. 


and the wall to check for ground but could not fee! anything 


While the demonstration was being conducted and the lamps were receiving energy through the 
apparatus, the main switch, that controls the lights in the building, was opened. All lights on the house 
circuit went out but the lights on the Radiant Energy circuit were not altered. They were neither brighter 
nor dimmer at that time. Thus the lights could not have received their power from that source. 


‘The condensers were thoroughly tested. The terminals were shorted, the positive to the negative. If they 
had been batteries they would have showed a spark. But no sign of spark appeared. I connected them to 
the electric terminals then tested them. After being charged, the large condensers gave a vigorous 
discharge, showing a brilliant strong arc and a loud sound. They showed a sudden discharge as 
condensers are supposed to do and batteries never do. 


‘The small condensers were less vigorous in discharging. They displayed the same snappy discharge of a 
condenser and not how a battery discharges. These tests proved positively that condensers and not 
batteries were in the cases. Besides no batteries of such size, could produce such power. The boxes were 
completely emptied thus leaving no possible place for batteries to be stored. Besides the boxes were not 
large enough in order to hide batteries. 


During the time that the lights were burning the connections with the big switch were moved along the 
switch and vigorous arcing occurred. Thus, proving that electrical energy was passing through this 
apparatus. 


5. Conclusions 


‘The electric lamps received energy from some source. During the demonstration, which lasted for more 
than an hour, the lights were brilliant at all times, just as bright at the end as at the beginning of the 
demonstration. 


‘The lights were a different color and brighter and whiter than those on the house circuit. The electric 
energy that lighted the lamps and heated the flat iron was not received from the house circuit. 


(One is therefore forced to the conclusion that the electric energy was received from some other source, 
As difficult as it is to understand, with our present knowledge, the only conclusion that can be drawn 
from the demonstration is that the energy was received by and through the apparatus as claimed by Dr. 
Moray. 


T.J. YATES, KEN.E. 
‘This next letter is from Murray O. Hayes Ph.D. 
To all whom it may concem, 


It is now more than two years since I first became acquainted with Dr. T. H. Moray and the work he is 
carrying on. In that time he has demonstrated inventive ability of an exceptional order. 


Perhaps the most wonderful of his inventions is a device whereby he is able to draw electric power from 
the Cosmos. This energy is not derived by induction from power lines, as has been suggested by some, 
nor is it derived from radio stations. This has been demonstrated by taking the apparatus more than 50 
miles from the nearest power line and over a hundred miles from the nearest radio station. At this 
location it operated just as well as anywhere else. This device was subjected to an endurance test in 
which it was operated continuously for a week. During this test a 100-watt lamp was lighted 
simultaneously along with the heating of a 575-watt standard Hot Point flat iron, making a total of 675- 
watts. It is very evident that no batteries could sustain such a current drain as this. Besides the current is 
high frequency. 


He has also invented a very sensitive sound detector whereby it is possible to hear conversations carried 
on in an ordinary tone of voice, at a distance of several blocks, 


He has also worked out numerous radio designs that eliminate many of the parts now considered 
necessary for good reception. Yet, there was no apparent diminution in quality or volume. In fact, there 
‘was a notable elimination of interference from static when some of these designs were used. 


He has devised a means for measuring with some degree of accuracy the energy evolved during mental 
activity. His device shows variable deflections of a sensitive galvanometer needle that appeared to be 
related to the rigor of mental activity. 


‘There are a great many other equally remarkable things that he has done. For example, reducing old 
rubber from truck tires to the state of a viscous fluid. This fluid is readily vulcanized without the addition 
of a smoke sheet as is necessary with other processes. He also created a high frequency therapeutic 
device and numerous other devices, which show great ingenuity. 


Murray O. Hayes Ph.D. 
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‘This letter is addressed to Mr. Lovesy is from Murray O. Hayes, Ph.D. 
Dear Mr. Lovesy, 


As promised during our recent discussion, I am writing about my acquaintance with the construction and 
operating principles of the Moray device for utilizing cosmic energy. 


You are already aware that I have seen many demonstrations of what this mechanism will do. Also, I 
have seen the parts of which it is built. Recently Dr. Moray has shown to me the wiring diagram of the 
device. I can find no inconsistencies in it, not anything that does not appear to be logical and sound, 
While this device appears to be very complicated, when looking at the machine, it is in reality very 
simple in essence. It is based on reorganized laws of electricity, when all is explained. There are many 
features which appear to be incidental, but they are in reality of basic importance. 


He has also shown to me and explained the detector that his device uses. In this he has applied a 
fundamental principle of electric circuits which, I believe, would not have been noticed unless pointed out 
by him, This detector also has numerous features which appear incidental but are the heart of the matter 
and of first importance, 


In my own home he connected his detector into a crystal set for receiving radio in place of the crystal. 
‘The reception was better than with the Erla crystal, though the antenna was merely one of the bell type. 
He also took a lump of lead treated according to a process of his own. He used in it place of the crystal 
and got wonderful reception of radio signals. They were loud enough, in fact, to operate an old fashion 
hom speaker of the type put out of RCA about 1923. 


1 was recently present when an electrical engineer representing the Russian goverment was given a 
demonstration of the energy machine. He at first said that the amplification of radio waves accounted for 
the output energy. However, it would be a real achievement to amplify such waves sufficiently to light 
six one hundred-watt lights at one time. This is in addition to heating a flat iron of the standard five 
hundred seventy-five-watt type. When engineer saw the inside of the device, he admitted that it could not 
have been radio waves. He remarked many times, "It is very interesting, 


‘This machine has been operated in my presence so many times, under so many different conditions of 
weather and of Season that I am positively convinced that it is what its’ inventor claims it to be. I also 
believe that its! commercial adaptation is feasible. I believe that Dr. Moray has explained everything to 
me without reservation. I am sure that this is a revolutionary and epoch making invention. 


Sincerely yours, 


Dr. Murray O. Hayes 
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Patent Correspondence 
Dear Henry, 
For your information, I wish to report on the matter of your radiant energy machine since coming here. 


We arrived here Friday, July 10. On Monday, July 13, I spent the whole day in the search room of the 
Patent Office. I examined every patent issued by the U. S. on devices for the reception of radiant energy. 
Most of them were so obviously dissimilar to your invention that they did not consume much time. Not 
one is there which shows, on reading, even the remotest resemblance to your radiant energy machine, 
Not one mentions such an idea. 


Neither is there any patent that suggests anything like your oscillator tubes. I feel perfectly safe in saying 
that there is not one chance in a hundred thousand that the examiner will find any disclosures that will 
restrict your claims. I have always felt certain that you would obtain broad protection on your radiant 
energy invention, But now I know it for certain. 


‘You may use this letter in any way that you see fit. 
Very truly yours, 


Murray O. Hayes 


‘Thomas J. Yates, E.E., M.E, wrote this notarized letter 
TO WHOM IT MAY CONCERN, 


I witnessed a demonstration of the apparatus invented by Dr. T. H. Moray by which he produces 
electrical energy. A report of that visit has already been made. 


T now have, about two years later, witnessed a second demonstration of the same device; some changes 
in the apparatus were noted. A great improvement was made in the performance. The condensers, coils 
and other parts, noted at the previous test, were now in one small box about 10 x 10 x 30 inches. A safer 
and better means of starting the device has been devised. Once the apparatus is put in operation, it will 
continue to charge itself, 


‘The lamp rack that formerly held six 100-watt lamps has been replaced. The new rack is larger and 
holds thirty-two 50-watt lamps, three 100-watt lamps and a receptacle to receive an extension plug and 
cord. On the other end of this cord a 575-watt electric iron was connected. During this test, all of the 
electric lamps were lighted at one time. Their light was whiter and more brilliant than other lights in the 
room, which were supplied from the house circuit. When the lights were on bright, the electric iron was 
plugged in. There was no noticeable blinking or sudden diminution of the lights as in the usual house 
lighting systems when an electrical iron is tured on. The lights were as bright as before the iron was 
plugged in. The iron heated quite rapidly. In about 2 minutes it was hot enough to be used for ironing. 


I made a thorough and careful examination of the entire system to see if electricity could have been 
introduced from some other source. | inspected every part of the system, all wires were checked; the 
switch was removed and examined. Leads from the switch to the box containing the condensers and coils 
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were checked, The box itself was lifted and examined, The leads from the box to the lamp rack were 
inspected. The lamp rack was lifted and examined, as was the ground wire from the switch to the water 
pipe on which it was grounded. Not an inch of space was overlooked where there might be any metal that 
‘would carry the power. I am prepared to say that no such connection existed from which power could be 
had from any other system. 


A crystal radio set was connected to the lead-in wire from the antenna on one side and to the ground wire 
on the other. Perfect reception was had. If there had been power from other sources on the antenna or 
lead-in wire radio reception would not have been possible. Instead a loud humming sound would be 
produced. This was demonstrated that by connecting the radio set to the house lighting system. 


‘When Moray’s system was working, the lights were buming bright. The terminal attached to the antenna 
was disconnected. A vigorous arcing occurred and the sparks jumped over an air gap as long as eighteen 
inches. This would indicate that the power was high voltage. The nature of the sparks indicated a high 
frequency current. 


I do not understand the principle by which Dr. Moray’s device produces the electric energy. The 
condensers and the coils of wire are common. The cylinders called "oscillators" and the small conical 
shell called the “detector” are the only things not commonly known, but the system works. It produces 
electric power in abundance and does all that Dr. Moray claims for it. 


1 do not own any stock or interest in Moray’s work. My only purpose in issuing this statement is in the 
interest of the advancement of science. I consider this development a great advance in the science of 
producing electrical energy. 


Very truly yours, 


In witness to the above I hereunto sign my name. 
(Signed) Thomas J. Yates, E.E., ME. 
STATE OF UTAH COUNTY OF SALT LAKE 


‘Thomas J. Yates, being first duly swom, deposes and says that he has read the foregoing statement and 
acknowledges that he wrote and signed the same as above set up. 


(SEAL) 


‘Thomas J. Yates 


Subscribed and sworn to before me this 18th day of December 1930. 


‘My Commission expires R. J. Chapman May 7, 1934 Notary Public ~ residing at Salt Lake City, Utah. 
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‘This isa letter addressed to Moray from W. H. Lovesy 


Dear Henry, 


Thave handed you the original letter from Murray O. Hayes, in which he described being shown and 
having explained to him the wiring diagram of your R-E. device. Also the fundamentals of the detector 
were explained to him. In that letter he stated plainly these fundamentals would not have been noticed 
unless pointed out by you. At the same time, he had become familiar with all of the details of the 
construction of your device for utilizing cosmic energy. He added that you had applied only fundamental 
principles of electric circuits, 


‘There is attached a second letter containing details of Mr. Hayes educational record. 


I made the memorandums on the face of these two original documents at the time I was consulting with 
Murray O. Hayes in my office. At the time he definitely advised me of being shown every detail of your 
invention, Mr. Hayes stated that he could make one of the machines himself from the information that 
had been given him. 


Murray ©. Hayes made similar statements to me several times. I have made repeated requests that he 
makes these declarations. Namely that he had been shown every detail of the invention, Perhaps these 
repeated requests gave him the impression that I had a doubt about the invention. 


Personally, I have never had a doubt. But I thought that only you held the real detailed secrets of the 
invention. I had a conference in New York with Dr. Harvey Fletcher and Dr. Carl Eyring at the Bell 
laboratories. I agreed with them to ask you to give the details of your invention to Murray O. Hayes. The 
purpose was to determine if he could duplicate your machine. In every instance his answer was emphatic 
and to the effect that he could do so. 


Yours truly, W. H. Lovesy 


‘This letter is from Geo. R. Pyper 
To Whom It May Concer, 


Thave worked in electricity all my life. 1 was with the Utah Power and Light Company for thirteen years 
and worked in all departments including sub-stations. I have been with the Keams Corporation for over 
seventeen years. I have been in charge of all the electrical work for the Tribune and Telegram Publishing 
(Company and in the Keams and Tribune Buildings, 


In last December I witnessed a demonstration at Dr. Moray’s laboratory of his electrical marvel box. He 
let me see inside this box. There was a H. F. transformer, some of his cold tubes and some condensers, 
Dr. Moray connected this box to a special balanced aerial and ground wire from outside the building. 
‘Two of us held a counter poise antenna attached to glass insulators in the room. When he connected the 
box to this counter poise antenna, I saw the same results as with the external aerial. 


During this demonstration and while the lamp and appliances were operating, I shorted the aerial and 


ground wires. There was no spark; it just tured off the power from the box. I then took hold of both of 
these wires and felt nothing, they were both cold, 
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He then took a larger box, about 18 x 30 x 15 inches and connected it to the outside aerial and ground 
wire. From this box he lighted about fifty 100-watts, 120-volt lamps, ran a small motor specially wound 
at great speed, an original electric iron and a 500-watt glow heater 


Dr. Moray then disconnected the appliances and lamps and attached two long wires to the box. We 
pulled the main line, Utah Power and Light Company service switch for his building. We attached the 
wire from the box to the building side of the switch, He lighted his building and heated iron heaters. In 
fact, he did everything the Utah Power and Light Company service would do except run motors that I 
understand have to be specially wound. 


‘Standard globes were used. They seemed to give a softer whiter light that was more like daylight. 
1 am satisfied from my experience in electricity that there was no fake of any kind such as concealed 
batteries or wires. Everything was in the open so I could see every operation. I did not see the inside of 
the larger box. 


It was a very remarkable demonstration and one that I will always remember 


Geo. R. Pyper 


SECTION SUMMARY 


Whenever a fairly large amount of oppositely charged ions coexist within a small volume of space 
extensive recombination occurs. The resulting accumulative radiation can add up to an intense, 
constant wide-band frequency. This phenomenon prevails around many stars in our own galaxy 
and is concentrated around nebulas and star clusters. Indeed, this is a very old source of energy. 
All we have to do is attach our machines to this "Wwheelwork of nature.” 


SECTION REFERENCES 


“The Sea of Energy In Which The Earth Floats’ 


by T. H. Moray, 5" Edition 1978 


‘The Eyring Research Institute, before Henry Moray died, was working on "Direct Energy 
Conversion Systems." This involves using radioactive material in conjunction with the quartz 
junction. p. 89 


In 1942, shortly after World War II began for the United States, Henry Moray attempted to rebuild 
a radiant energy device. He used the remaining bit of what was known as the "Swedish Stone.” This 
‘material limited the amount of power that his device could draw. Consequently, in the larger unit, he 
developed a second detector that forced him into extensive research involving nuclear materials and 
radioactive reactions. He became deeply involved in the study of synthetic radioactivity as described 
by Gustave LeBon in his book, "The Evolution of Matter." p. 186 


Others may discover Direct Energy Conversion Systems using synthetic radioactive materials. Bell 
laboratories have made millions of dollars from semiconductors, though no credit has been given to 
Henry Moray. p. 190 
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‘This is from a speech given by 
Northridge, California 


‘T. H. Moray on Jan. 23, 1962 at the Valley State College 


It is now estimated, because of present advances in dielectrics that a 100-Ib. unit can be made to 
deliver 300KW. That is gross weight, not net weight. p. 11 


“The Sea of Energy In Which The Earth Floats" 4th Edition 1960, by ‘T. H. Moray 


Nikola Tesla was not referring to so-called atomic energy or nuclear energy but to the energy that 
is continually bombarding the Earth from outer space. Call it cosmic, or what one will. p. 1 


Enough energy is coming to the Earth to light 1,193,600 one hundred-watt lamps for every human 
being alive today. No fuel of any kind will be taken. Energy can be "picked-up” directly by great 
ocean liners, railroads, airplanes, automobiles or any form of transportation, In addition, heat, light 
and power can be available for use in all kinds of buildings. p. | 


Electrons are spontaneously being emitted from the nuclei found in Nature. Every new discovery on 
the subject bears out the claim that all "space" is filled with energy containing millions of amperes 
at very high voltages. p. 89 


In the case of R. E. devices, a different effect is established. The oscillations from the Universe are 
trapped by the R. E. valve and continue to enter the circuit as the waves of the sea beat upon the 
shore. p. 92 


Pellets were made of a mixture of the Moray lead that withstands heat over 1800°F. Using pure 
germanium mixed with bismuth, iron sulfide, triboluminescent zinc and certain other impurities 
including the Moray fission material, he obtained a substance that had wonderful properties as a 
detector or valve for radio signals. p. 128 


With this germanium combination alloy used as a detector, it was found that radios would operate 
without batteries or any source of power other than that obtained from the radio transmitting 


station. p. 128 


To make this special R. E. energy valve, he used a lump of lead (Moray lead). It was treated 
according to the process that he has discovered and got wonderful reception on a radio. p. 129 


"Radiant Energy" 3rd edition by T. H. Moray, 1945 


This energy, or as Dr. Moray explains it, these oscillations of energy, are picked up by the device 
through the oscillators, or neutron bombardment. p. 8 


In reference to electrons, neutrons, protons and ions: It is my theory, in using these terms, that they 
are the energy of the Universe. p. 17 


My device oscillates because of the oscillations of the Universe caused by the disintegration of 
matter. p. 18 
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draw to them other units. The units are not 
stationary in the way that, say, a cell is 
stationary. These units have no "home". 

They are built up in response to emotional 
intensity. They are one form that emotional 
energy takes. They follow their own rules of 
attraction and repulsion. As a magnet will 
attract with its filaments, so these units 
attract their own kind and form patterns 
which appear toyou as perception. They are 
electromagnetic, in your terms, following 
their own patterns of positive and negative 
charge. In this instance, like definitely 
attracts like. The units are just beneath the 
range of matter. None are identical. 

However, there is a structure to them. The 
structure is beyond the range of 
electromagnetic qualities as your scientists 
think of them. Consciousness actually 
produces these emanations, and they are the 
basis for any kind of perception, both 
sensory and extrasensory. These 
emanations can also appear as sounds and 
you willbe able to translate theminto sounds 
long before your scientists discover their 
basic meaning. One of the reasons they have 
not been discovered is precisely because they 
are so cleverly camouflaged within all 
structures. 


Beingjust beyond the range ofmatter, having 
a structure, but a non-physical one, and 
being ofa pulsating nature, they can expand 
and contract. They combine qualities of a 
unitanda field, in other words. Since they are 
beyond the range of matter, upon which 
matter is formed, they will not follow the laws 
ofmatter, although at times they maymimic 
the laws of matter. It is almost impossible to 
detect an individual unit, for in its dance of 
activity it constantly becomes a part of other 
such units, expanding and contracting, 
pulsating and changing in intensity, in force, 
and changing polarity. It would be as ifthe 
positions of your north and south poles 
changed constantly while maintaining the 
same relative distance from one another, and 
by their change in polarity upsetting the 
stablility of the planet- except that because 
of the greater comparative strength at the 
poles of the units, anewer stability is almost 
immediately achieved after each shifting. 
Even the altruistic motives of the tachion- 


pair as cited by Killick parallels similar 
behavior of these EE units. 


Again from J.R: The bebavior of these units 
changesin the following manner. When aunit 
is in the act of combining with another, it 
aligns its components ina characteristic way. 
When it is separating itself from other units, 
itwill align its components in a different way. 
The polarities change in each case, within the 
units, The unit will alter its polarities within 
itself, adapting the polarity-design ofthe unit 
to which it is being attracted; and it will 
change its polarity away from that design on 
breaking contact. 


Ken Killick has described the mutual action 
of several tachion-pairs bonding, as the 
origin of standard sub-atomic particles 
possessing features known to modern 
science such as mass, charge, spin angular 
momentum, magnetic moment, etc. Thus, 
according to tachion energy theory, the 
electron attains its validity, and maintains its 
structural integrity, by virtue of relations 
between the component pair dynamics [see 
(5)).Since for the bulk of their independent 
existence, tachion pairs are in the pre- 
physical state, we can speculate that they 
may actually be superluminal entities. 
Remarkably, J.R. echoes this view with 
similar notions: ..the electron achieves its 
validity because of these (possib 
superluminal) orbital units (tachions 


) 
What we see asan electronisnotmade of the 
same things as the orbital units, however; it 
isaneffect..whenyou change the structure 


of the electron, you are changing the 
relationships between the orbital units. This 
change will require an application ofenergy. 
Itmay be possible to constructa chamber that 
would give the electron more freedom. 


Whatever we do now in the handling of 
electrons is not giving them enough freedom 
andweare structuring the way in which they 
can appear. The next observation made by 
Seth could prove to be essential in clarifying 
the true nature of time:... If electrons were 
given more freedom they would affect our 
notion of time in perceiving them. The 
way the measurements (on electrons) 
are made forces the electron to appear 
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Radiant Energy 2" edition by T. H. Moray, 1931 

As far as atomic energy is concerned for heat, light and power, it is and always will be nothing 
more or less than an expensive, dangerous, glorified steam plant or an equally dangerous 
thermoelectric device. The process involves breaking into the lines of force of the radiation field that 
surrounds the reactor to capture energy. Such a plant, no matter how efficient, never is the 
complete answer to the World's energy problems. Costs and weight will always be a great problem. 


Any nuclear fuel, even the most "super nuclear pile reactor," or what have you, is, and always will 
be, just another way to operate an energy plant from any heat, light and power viewpoint. p. 1 


When Moray used the word "Universe" he was often referring to the atom. Moray refers to 
cosmic energy that relates to both "stellar space" as it does to "atomic space." p. 61 


‘The facts involved are the same in both the radio receiving set and this device. The nature of the 
mechanism, however, in one differs greatly from the other. The radio receiving set receives 
transmitted energy waves out of the air and transposes them into sound waves. The R.E. device 
receives oscillations from the Universe, and transposes them into electricity. p. 13 


If the frequency is raised high enough, molecules will separate and the atoms are freed. Raise the 
vibration of the atoms still higher and higher and they will resolve themselves into the original 
elements of which all matter is constituted. p. 15 


‘Cosmic rays are constantly creating radioactive carbon. The fusion of small atoms together to make 
larger ones gives off more energy than so-called "splitting" of the larger uranium or plutonium 
atoms. The uranium energy release ratio is only 1 to 1000 — that is only 1/1000 of the heavy atoms 
are changed in the uranium "atom splitting” process of the atomic pile. p. 60 


11 April 1990 


Arthur Glenn Foster 
Principal Engineer wrote: 


side details. "We" (a group of us in government and industry, loosely 
coupled) were pursuing "Project X". We had a contract to process some of the Moray "valve," fine- 
ground, "Swedish Stone” into pressed "detector" pellets. The pellet material was doped with a tiny 
amount of unpurified radium reduced from U238 yellow cake. 


‘The pellets were subjected to a huge number of millibars of pressure by a tetrahedral press used for 
manufacturing artificial diamonds. This technique was developed and patented by Dr Tracy Hall 
after he left GE. When a certain critical pressure was reached "something" in the material "flashed." 
‘The electric pulse produced was so violent that it burned out the 2000-amp carbon-die heater 
power supply, blew the main breakers in the building and blew the power line transformer on the 
outside power pole! 


SECTION 5 


My Radiant Energy Research 


Whenever radiation from a radioactive substance ionizes atoms, electrons are emitted. The 
electrons almost immediately recombine with the positively charged atoms that expelled them in the 
first place. Charge equilibrium occurs at the exact moment of recombination, along with 
electromagnetic oscillation. A by-product of this phenomenon is called ionic oscillation, 
Radioactive particles will again separate the newly recombined atom. In fact, any electrically 
neutral atom will lose electrons when exposed to radioactive matter. The atom that is left behind 
becomes a positive ion. This process of ionization and recombination is a continuous cycle as long 
as the atom is exposed to a source of ionizing radiation. 


Whenever a fairly large amount of oppositely charged ions coexist within a small volume of space, 
the accumulative radiation from recombination can add up to an intense, constant wide-band 
frequency. This phenomenon prevails around many stars in our own galaxy and is concentrated 
around nebulas and star clusters. Indeed, this is a very old source of energy. All we have to do is 
attach our machines to this "wheelwork of nature.” 


What has just been revealed to you here is the final secret to hamessing the very wheelwork of 
nature. Ionic recombination of the decay products of radioactive isotopes will produce intense 
surges of electromagnetic energy. More often the wavelengths created are in the infrared (thermal) 
range. However, the wavelengths generated can also manifest within the radio frequency range or 
even far into the gamma end of the electromagnetic spectrum. They can even be made to manifest 
as free electrons. What does the decay of radioactive matter teach us about the nature of energy? 


Under the right conditions, radioactive particles can be made to generate intense surges of energy in 
the radio frequency range. Tune into this energy with a tank circuit that will resonate with it and 
you have yourself a powerful source of electrical power. 


To the best of my knowledge no person has ever harnessed radioisotopic energy using the process 
that I have just explained, with the exception of T. H. Moray and myself. There is not a patent to 
be found that even closely resembles it. Radio astronomy only gives us hints about these “ionic 
oscillations." 


Many radioactive isotopes could be used to generate electrical power. However, the real power 
behind these isotopes is the radon gas that they release. I have pointed this out many times in my 
writings, lectures and articles. Polonium can be cheaply manufactured by bombarding the metal 
bismuth with a source of neutrons. 


In United States Patent 2,728,867, it is stated that each gram of nuclear fuel that is undergoing 
fission gives off around twenty watts of power. In comparison, one gram of polonium will generate 
about one hundred and forty watts of power. This is seven times more energy than what is 
available from a conventional nuclear reactor! 
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If polonium is made to generate surges of intense electron oscillations then it becomes a powerful 
source of radio energy. A simple ion valve, or call it what you will, can be used to generate these 
oscillations. They in turn can be directly converted to electrical power. This unique valve is shown 
in Figure 4. Before it can function it must be connected to a source of high-voltage. In order for 
electrical energy to be extracted, it must also be connected to a proper circuit. One such circuit is 
detailed in Figure 5. The electronic circuit shown is basically what is required for this conversion. 
Many additional stages can be added for more power. Many other circuit and component 
configurations can also be used but the fundamental conversion principle will remain the same. The 
circuit and components shown in this book will give you the general idea of the principles involved. 


The actual mechanics and electronics of building and validating a radiant energy prototype are 
relatively simple. It is fun and easy. Moray's devices used a detector that was ionized by 
radioactive impurities. However, radioactive material need not be used, from what we now know. 


‘Those involved in building prototypes, must first confront some serious issues before beginning. I 
will try to enumerate a few pitfalls and make descriptions as clear as I can. This will fortunately 
and blessedly push some of you into action, but for others it will be viewed as an impossible 
challenge. 


What are the most important assets for by 


inning my research? 


Dedication 
Motivation 


Passion 
Do instead of just theorizing 


Beye 


What is the second most important thing? 


‘The lone wolf researcher will need a lot of skills if their project is to be successful. Among the 
most valuable skills are those involving electronics technology. Plus, some familiarities with 
machine shop practice and materials. A good sense of organization is important. Being able to 
stand-back and observe the big picture, along with a lot of plain, good old common sense; are 
necessary skills to have. The "hands-on-imperative” must be at the very core of your efforts. 


What if I have few tools and skills but have the dedication? 


Then you need to have some cash, the green stuff. You will have to buy the skills, knowledge and 
time of others. You can farm out electronics and machining chores but it will be expensive. The 
more that you can do for yourself the better off it will be for you in the long run, 


A fully equipped, skilled, advanced amateur radiant energy experimenter might slip by for about 
$300.00 for everything. If you have only a few tools hanging around then a proof of concept 
prototype might cost you around $500.00 because of the extra tools that you will have to purchase. 
Later you can build a more powerful prototype to replace the proof of concept design. Your basic 
working design will not have to be replaced. You can add more components as your research 
progresses. Simple dedication goes a long way. Watching, paying attention to details and doing it 
right the first time; are all very important. With this borne in mind, you could complete a powerful 
prototype for around $5,000.00 that could provide power for the average home. However, it is not 


now my intention to instruct you on how to build a home power unit. This book was written so that 
you may validate the technology: refinements still have to be made 


Are there any dangers involved? 


Yes, of course there are! There are a number of ways to wind up in an early grave! Most of the 
lethal dangers can be avoided with skills. Read first and do second. Reference books and a solid, 
broad-based scientific library are your true assets. Access to the Internet would also be very 
helpful. Know the danger zones in the various disciplines that you are going to come across in your 
research endeavors. 


‘The radiant energy circuitry is connected to an antenna and ground. A lightning strike could fry the 
device and burn down your house to boot. I take no responsibility for this. You build these circuits 
at your own risk. Take the time to install lightning protection on the antenna and ground leads. It 
could save you a lot of grief in the long run. 


Some specific dangers include: 


1. Crushed and mangled hands of the unwary or metal splinters in the eyes or skin. 


‘There are burn and eye damage hazards. 


3. Imploding glass bell jars, power valves, can scatter glass splinters at high velocity into face 
and body. Always use glass enclosures that can withstand the vacuum that is being applied. 


Do you have what it takes to go the distance? 


If you have what it takes and there is a burning passion for this research then you are probably 
ready to begin. This is not a place for a wimpy mentality. If you become frustrated or fail in your 
experiments, have the courage and good grace to realize how this came about. Make the effort to 
find out where you made your mistakes. 


More than likely, you are going into this research with leaming from books that have been written 
to hide certain facts from you. Do not expect results over night. Learn all that you can by careful 
observation, educate yourself, search out the truth first and let Nature be your guide 


There are political powers in this World that would not like to see us succeed in getting radiant 
energy power implemented. They know quite well that this energy source will liberate the global 
community. This mode of power generates not only power, but it will also generate hope for our 
decaying World. 


Fundamental Validation Test Circuit 


First of all, let me say, there is no fringe science involved with radiant energy power generation. 
This is a very old source of energy being extracted and hamessed in a unique, new way. I do not 
claim to have discovered anything new in nature. What I do claim is an improved method to 
convert radiant energy (atomic ions) into useful electrical power. Think of the radiant energy 
receiver as a type of electronic heat pump, only it is pumping ions, not heat. No laws of physics are 
being violated. No new laws are being implied. 


Energy from the Dissociation of Matter 


It is no secret that electrical current can be obtained by utilizing a couple of dissimilar metals. You 
can plunge a dissimilar couple into an electrolyte to obtain electrical current. This is called 
electrochemical energy. You can heat the junction of a pair of dissimilar wires that have been 
twisted together at their ends to generate electrical potential. This is called "thermoelectricity." 
However, what is not generally known is that you can also generate electrical current with plasma 
or a glow discharge as your medium between two dissimilar electrodes. This effect is the result of 
“triboelectricity." All these forms of electrical energy are caused by the dissociation of matter. This 
dissociation of matter is called "radioactivity" by the scientific world. All electrical phenomenon is 
the result of this radioactive decay. 


© The “ion gate” in this circuit uses two .00Imfd/20kvde capacitors and two 20kv, 100- 
nanosecond diodes. 

© There are varieties of electronic circuits that can be built to serve as ion pumps. The circuit 
used was designed by Robert E. lannini and can be found on my website at: 
http://www_nuenergy.org/plasma,htm 

© The ion valve in the above proof of concept prototype consists of a standard aluminum 
electrical conduit that is six inches in length. Its center wire is a 60 im diameter tungsten wire 
secured with two half-inch PVC end caps. 


Preliminary Ion Valve Validation 


1. The output at the ion gate reads around SKVDC using an analog high voltage test probe 
without the ion-regulator valve in the circuit, With the ion valve in circuit a 20KVDC 
reading is obtained with at least a 25% reduction in current being drawn to power the 
circuit, 


‘The apparent energy gain in the above ion valve appears from the fact that when negative 
ions produced at the surface of the inner cylinder bombard the center wire secondary 
negative ions are generated. The negative ions, when accelerated with sufficient voltage are 
capable of dislodging (dissociation) other negatively charged ions by from the target 
against which they impinge upon; and a significant result is that the number of secondary 
ions may be several times greater than the number of primary ions. This has the effect of 
reducing power drain from the power supply. A.W. Hull observed this effect in a 
thermionic tube - HULL, Proc. LR.E., 6, 5, 1918. 

The ion valve can be used as a quenching (regulator) device that can provide clean 
sinusoidal currents to the output current. 
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SECTION 6 


lon Valve Technology 
Explained 


An ion 
high-volta 
an ion valve in this embodiment the ively charged cathode wire that 
extends the length of the cylinder. The anode is made out of an aluminum cylinder that is positively 
charged. Its cathode is a tungsten wire or rod that is negatively charged. 


ig” 


CATHODE () 
Jon Valve - Figure 4 


In the diagram shown here negatively charged ions are formed at the surface of the center cathode 
wire. Positively charged ions are formed on the inner surface of the anode cylinder. 


When a surge of ions flows through the valve they are added to the negative ions that sit on the 
cathode. They are now attracted to the positive anode cylinder. A few milliseconds later the 
positive ions on the surface of the inner cylinder are attracted to the negatively charged onrushing 


ions. When these negative and positive charges collide they neutralize each other generating 
electromagnetic oscillation. This characteristic has the effect of suppressing any inductive kick 
back seen from the loads that would normally flow back towards the power supply. Feedback from 
the loads to the power supply will result in wasteful heat losses. 


1 am fully convinced that my ion valve is a refined version of Edwin Gray's conversion tube 
described in his US Patents No. 4,595,975 and No. 4,661,747. Chauncey J. Britten also describes 
a similar component in his US Patent No. 1,826.727. Mr. Britten's component appears to be a 
prior variation of my ion-regulator valve design. Britten's valve was said to have lit up his home in 
1930 according to a local newspaper article of that time period. Russian scientist Alexander 
Chernetski experimented with what appears to have been a type of ion-regulator valve. It is said 
that he got up to five times more energy out of his device than what he put into it. Plans were made 
to commercialize the invention but like the Moray, Gray and Britten devices it never became a 
commercial product. 


The ion valve is not to be confused with a current rectifier. The ion valve prevents ions from 
flowing back to the power source. It is an ‘energy dam’ for the lack of a better description. Both 
negative and positive ions can flow through this component. The valve has a charge blocking 
effect. This is why Moray stated that "the valves are not rectifiers in the sense that they operate as 
radio valves in changing AC or HF to DC. on valves have an actual valve action in stopping the 
‘flow’ of energy in one direction. Its function may be thought of as an oscillatory action similar to 
the waves of the sea, without rectification, from returning to the outer circuit.” p. 209, The Sea of 
Energy, 5th edition. This rather cryptic language now makes more sense seeing first hand how my 
ion valve works. 


‘The metal atoms in the cathode wire are bonded to each other through electron sharing. In another 
embodiment, to break these bonds the wire is given a positive charge and the cylinder is given a 
negative charge. The negative charge on the cylinder negatively ionizes any gas that contacts it 
‘These ions rush towards the positive cathode. When an ion that carri electron hits head 
on with a positively charged metal atom the electron combines with the metal atom. The absorbed 
electron passes along its kinetic energy onto the metal atom causing it to break its bonds with the 
atoms that were joined to it. This generates an intense burst of free electrons. The "sea electron” 
model helps to explain this effect. It is where metal atoms are bathed in a "sea" of valence 
electrons. If this model is taken one step further it can be shown that when metallic atoms are 
dissociated from each other excess electrons are released as pure electrical energy. This occurs 
because the electrons no longer take part in the intermolecular binding force that existed before the 
dissociation took place. The freed electrons will add amperage to the output circuit to which it is 
connected. Henceforth, the equation Ix E = P holds true in this system. Where, "I" represents 
electrons (amperage), "E” electromotive force (ionic voltage) and "P" is the power generated, 


an exces 


‘The ion-regulator valve is an important component to the radiant energy converter. Add a grid to 
this valve and you then have an ion driven oscillator component. The ion-regulator valve can be 
used as a rectifier by heating its cathode. Electric motors can be made to draw less current from the 
power supply. Communication systems that take advantage of the ion valve as an oscillator could 
make present day radio transmission obsolete. Electrical power transmission and its generation 
could also receive a fresh new start. The possibilities are refreshing. It is an honor to offer 
humankind this technology. It is my goal to build and bring devices to market that will introduce 
new products that will better the quality of our lives. 
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Radiant Energy Generator Concept Device - Figure § 
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To activate an ion valve a vacuum is pulled, radon gas is introduced and a negative charge is 
applied to the cathode wire. The radon decays and deposits lead-210, This is a beta emitter and 
will supply electrons without the need for filament current, 


TSS Taylor electron tubes were used in the above public demonstration device due to nuclear 
regulatory restrictions, Other radio vacuum tubes may be substituted. The energy output of this 
device does not give the slightest shock when the hands are in direct contact with it. Voltage meters 
will not respond to this type of energy. A 100-watt light bulb placed across the output will be 
brighter than if powered by conventional current, The filament within the light bulb can be seen to 
glow a cherry red and the gas is excited throughout. It is not a form of electricity that we are 
accustomed to experiencing. This type of electrical current should not be confused with what 
powers the circuitry of Figure 5. 


‘The source of energy that drives the circuit is a wavelength of energy that T. H. Moray loosely 
called "radiant energy." To obtain power from this energy source a receiver must be built that will 
oscillate in harmony with it. This particular type of radiant energy possesses great powers of 
penetration, exceeding, in fact, the penetrating powers of ordinary x-rays. These rays have been 
proven to be harmless and may be used, if desired, to produce clear radiographs. They are 
antiseptic, germicidal, and are good tissue builders possessing wonderful healing powers. They will 
also effect photographic plates, produce phosphorescence in certain substances, render the 
surrounding air conductive to electricity and can produce heat in some materials. 


WARNING! 


Electricity is EXTREMELY DANGEROUS and caution should always be used when 
working around it. Please take the time to educate yourself sufficiently. If you don't 
understand something, investigate further before attempting it. Take liberal advantage 
of encyclopedias, science books, and other reference materials, This book was 
compiled for information purposes only. I do not control the materials used in 
construction, the methods of construction, nor the applications of the construction, 
therefore; | AM NOT RESPONSIBLE FOR DANGEROUS OR UNDESIRABLE 
RESULTS, Always use rubber gloves when working with high-voltages. 


ALL SAFETY PROCEDURES MUST BE CAREFULLY OBSERVED 
MEASURING HIGH VOLTAGE IS NOT RECOMMENDED 


Disclaimer: The author assumes no liability for any incidental, consequential or 
other liability from the use of this information. All risks and damages, incidental 
or otherwise, arising from the use or misuse of the information contained herein 
are entirely the responsibility of the user. Although carefull precaution has been 
taken in the preparation of this material, no responsibility is assumed for 
omissions or errors. 
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SECTION 7 


Edwin Gray's Energy System 


‘Thomas H. Moray invented a high efficiency 6,000-hertz power supply. It turns out that Edwin 
Gray's power supply also produced this same frequency. Gray claimed that electrical equipment 
such as solid state radio; television and light bulbs would operate on this type of current. 


‘The overall efficiency of the Gray device was said to be extremely high. From one of his company 
press releases we are told that it will power loads four times longer in comparison to a standard 
DC to AC inverter power supply. This particular press statement indicates that he was planning to 
market a device that put out a 6Khz frequency, as compared to the standard 60Hz frequency 
coming from the public utility power grid. 


Both the Moray and Gray energy systems harnessed a very old source of energy in very unique 
ways. They could be the solution to our power needs by using an inexpensive renewable energy. 
‘The advantages over other systems are many. The World is indeed moving at a suicidal pace, we 
need this technology more than ever. It will light lights, run motors and electrical appliances. 


When you put a high potential current across two separate elements, ionization will occur between 
them. The high voltage elements 12 & 34 develop a pre-discharge plasma glow between them, The 
charge polarity given to the tube 14 in the Gray circuit puts it into an impulse mode. When a glow 
pre-discharge is present in this mode no current flows. The tube 14 functions pretty much like a 
Geiger radiation detection tube waiting for an electromagnetic surge to trigger it into conduction. 


Discharge occurs across the spark gap 62 once the capacitor 16 charges to the gaps’ breakdown 
voltage. Once the arc is broken the capacitor 16 recharges, the cycle repeats and the cycle repeats 
so long as the batteries remain charged. This discharge current flows along the red wire shown in 
Figure 6. 


Consider an electron moving through a magnetic field, whose lines of force are at right angles to its 
direction of motion. It is known that the electron is constrained to move in a circular path. In fact, 
if the field is made strong enough the electron may be forced to revolve in a circular orbit whose 
diameter is smaller than the field. If a magnetic field is applied transversely to the motion of the 
electrons, they may be deflected to such an extent as to prevent them from reaching the plate. Thus 
they are constrained to return to the cathode. A.W. Hall of the General Electric Co. was the first to 
use this principle in a highly efficient vacuum tube converter that he called a magnetron. The 
sudden discharge through the element 12 generates an intense electromagnetic field that collapses 
very abruptly. This discharges the energy stored in capacitor 38 in series with the load 36 and 
capacitor 16. During this discharge cycle capacitors 16 & 38 recharge and in the same moment a 
powerful surge of electrical oscillations flows through the load 36. The collapsing magnetic field in 
conjunction with the reappearance of the pre-glow discharge instantly generates a pulse train of 
electrical oscillations. This surge of power runs Gray's unique high frequency motor. The motor 
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in a particular way, but actually it's 
flitting around, seemingly in many 
places in rapid succession (pulsing in 
and out of physical reality). Turning to 
the structure of elementary particles in [2] 
Seth offersa similar observation in which he 
describes the electron as commonly 
perceived by scientific measurement 
apparatus, as merely a shadow or facade of 
the actual electron entity which constitutes 
amulti-dimensional structure. 


In terms of a structural model for the 
electron, Seth says it would be more 
appropriate to view these unitsas composed 
of interrelated fields ratherthanasthecurrent 
conception of a particle or a wave. 
Correspondingly, both of these criteria are 
key elements of the tachion theory, which 
posits the electron as composed of two-pair 
tachion fields. The electron achieves its 
stability-integrity from the interaction of 
these free-wheeling units. 


Electron Spin and Structure of 
Fundamental Time 


The electron "spin" feature is also claimed to 
beintegral to the exhibit of "time's arrow" in 
UR [2]: The electron spin determines time 
"sequences" from your viewpoint. In those 
terms, then, areversedspinisa reversed time 
motion..electrons, however, spin in many 
directions at once, aneffectimpossible for you 
to perceive. You can only theorize about it. 
Thereare "electromagneticmomentums'" thus 
achieved and maintained- certain stabilities 
that operate and maintain their own integrit 
though these may notbe "equal" atall portions 
of the spin. There are equalities set up 
"between" the inequalities..time, in your 
terms, then, is spinning newly backward as 
rely as it is spinning newly into the futur 
And it is spinning outward and inward 
(pulsing inward and outward of physical 
reality) into all probabilities simultaneously. 


Itisvitalthatyou understand thisinwardand 
outward "thrust" of time, however, and 
realize that from this flows the consecutive 
appearance of the moment. The thrusting 
gives dimension to time that so far you have 
not even begun to realize... This inward and 


outward thrusting allows for several 
important conditions that are necessary for 
the establishment of " relatively" separate, 
stable universe systems, Such a system may 
seem like a closed one from any viewpoint 
within itself. Yet this inward and outward 
thrusting condition effectively sets up the 
boundaries anduniquenessofeach universal 
system, while allowing for a constant give- 
and-take of energy among them. By their 
unique operation , the EE-units, which form 
the elementary particlessuch asthe electron, 

serveasthe conduit for this energy flowonce 
itis transduced by elements of thought that 
Seth terms "consciousness units"(CUs) 

Continuing in UR on this subject Seth 
describes how time can be alternately 
created or "broken down": The 
consciousness units serve as source points or 
"poles" (Black holes or White holes?) through 
which energy falls into your system or is 
attracted to it-and in so doing, forms it. The 
experience of forward time and the 
appearance of physical matter in space and 
time and all the phenomenal world, results 

As CUs leave your system, time is broken 
down, Its effects are no longer experienced as 
consecutive, and matter becomes more and 
more plastic until its mental elements become 
apparent. These observations are 
corroborated by Kryon in his dissertations 
follow. 


Specifically, in the Kryon channelings, 
further insight on this electron "freedom" is 
given in the context of change of frequency: 

There issomething we call the electron haze 
which isaround the nucleus ofthe atom. The 
space between the energy haze and the 
nucleus (which isgreal), varies more thanyou 
think in matter. As the space varies, the speed 
(frequency) of the haze must change. It is in 
the physics where the speed of the haze is 
strongand fast that you have adifferent time- 
frame than your own..you have not yet 
accepted that an object can seem to be 
stationary- yet traveling (vibrating) very fas! 
Not in a linear time from point A to point B, 
but in the electron haze ofits vibrating parts, 


LR. corroborates these comments in this 
dissertation: Einstein considered relationships 
of this sort thathold in the far universe asone 
increases velocity towards the speed of light, 
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functions with extreme efficiency because DC resistance is reduced to a minimum and wasteful 
heat loss is practically non-existent in this system. 


US. Patent Apr. 28, 1997 Sheet 1 of 2 4661747 


FIG. 1 
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1. The blue wires represent the high frequency current path that powers the load 36. 
2. The red wires represent the current discharge path that occurs when the spark gap in the Gray 
conversion tube 14 fires. Storage batteries 40 and 18 alternately recover the discharge energy 


through a double-poled switch 48. 


3. When the capacitor 16 discharges an intense oscillating high frequency electromagnetic field is 
generated through the "switching tube" and load circuit. 
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SECTION 8 


Treatise On Matter & Energy 


Matter and Energy are one and the same. 


‘Three Primary Particles 


Atomic theory does not predict every reaction created by the various states of matter and of energy. 
There are principles in Nature yet to be revealed. Something has been missing from the over-all 
atomic picture of matter and energy. There are three primary particles that bring the elements into 
existence. Just as the colors red, green and blue combine to give us the entire rainbow, the same 
holds true of the three primary particles: protons, neutrons and electrons. The combination of these 
three basic primary particles is what gives physical mass to an element and its’ unique 
characteristics. Its physical size, its mass, gives it a signature. This signature is given an 
"elemental" name. 


If a given element is not in a kinetic state then it is said to be at complete rest. It is cold. The 
external forces acting upon it determine a particle's energy level. When struck by another particle, 
it becomes kinetic. It is this kinetic activity that we call heat. This heat or kinetic energy level may 
be raised by particles which impinge upon it that have higher kinetic energy levels. The "heat" of 
an element may be lowered by other elements that impinge upon it that have lower kinetic energy 
levels. This will cause the element to lose some of its heat. It is therefore "cooled." However, the 
elements fundamental make up is not changed. An element may acquire the kinetic energy level of 
visible light and still retain its fundamental properties. Its’ signature is not changed. 


Gamma Radiation 


An atom that absorbs or expels neutron particles will ring like a bell. It emits gamma energy. 
Whenever an atom gains or loses neutron energy it generates gamma energy. Gamma energy is a 
disturbance phenomenon. 


‘The only difference between natural and artificial gamma energy levels is their origins. Natural 
gamma rays are emitted from the nucleus of a radioisotope. Artificial gamma energy is generated 
outside the atom. Gamma rays and x-rays are often called photons. They have no mass and no 
charge and may be considered to be energy disturbances in space. 


Wavelength 


‘The kinetic energy level of the radiating element determines the wavelength of energy. A low 
Kinetic level is represented by a long wavelength on the chart. A high kinetic level represents a 
short wavelength on the chart. The "speed of light" is therefore a relative term. Energy is contingent 
upon the matter that it impinges upon. 
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‘The x-rays begin at about the middle of the ultraviolet portion of the spectrum. These are called 
soft x-rays. Those that extend into the lower portion of the gamma range are called hard x-rays. 
Beyond this range, they are cosmic rays. These energy disturbances are called "photons." They are 
not particles. They are disturbances caused by the kinetic states of particles in motion. This energy 
spectrum proceeds in order of decreasing wavelength: sound, thermal, visible light, ultraviolet, 
gamma, and the cosmic rays. 


Pair Production 


If a photon has sufficient energy, its’ energy may be absorbed by atoms. The photon interacts with 
electrons. This gives rise to a process called "pair production,” in which the energy of the photon is 
absorbed by the atom. 


Photo Disintegration - Gamma Energy 


Atoms can absorb high-energy x-ray photons, those with energies above 10 MeV (Million electron 
Volts). Here, the electrons within atoms are raised to an excited state and instantaneously emit 
high-energy gamma radiation. This makes the atom receptive to nuclear transformation. This 
process is called "photo-disintegration.” 


1.02 MeV Energy Barrier 


It has been calculated that when one electron pairs with another, 0.51 MeV of photon energy 
results. Since two electrons are involved in a pair production event, a photon must have at least 
1.02 MeV of energy to separate them. A photon with less than 1.02 MeV will not produce a pair 
production event. Any energy in excess of 1.02 MeV is distributed equally between the two 
electrons. 


Electrical Energy — Electron Cloud 


An atom is negatively ionized when it gains electrons. The atom is positively ionized when it loses 
electrons. How can it be then that a helium particle expelled from radioactive decay is charged to 
millions of volts positive? This observation can mean only one thing, that the electron shells are 
really an abstract thought for mathematical calculations, when concretely the atom is a mixture of 
electrons, neutrons and protons. The electron cloud consists of thousands of actual electrons. It 
must be noted that an electron is approximately 1,830 times smaller than the mass of a proton. The 
scientific community has ignored this little fact. As an example it will take around 1,830 electrons to 
equal the mass of one proton in the hydrogen atom. So, it is said that there is one proton and one 
electron in the hydrogen atom. What really should be said is that there is one proton and 
approximately 1,830 electrons. However, it is much easier to state that there is one electron in the 
hydrogen atom for simplicity. The mathematical electron shell theory need not be modified to fit 
this reality. It is convenient to use the square root of the actual number of electrons that surround 
each nucleus, for day to day chemical formulations. 


When electrons or negative ions rush towards a positively charged atom in order to reach 
equilibrium, it is said that an electric current is generated. This current is created by a particular 
energy state called "voltage." If a metallic conductor has electrical current flowing in one direction 
one end of the conductor has an excess of electrons. The opposite end has a deficit of electrons. All 
"electric oscillations" are a result of this phenomenon. Battery power, direct current generators, 
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alternating current alternators, radio, microwaves, radar, electronic oscillators, metallic coils and 
condensers, electron-tubes, ion-tubes and transistors, magnetrons, klystrons, lasers, masers and 
‘molecular transitions; all carry these oscillations. 


So then, what is electricity? This question has eluded the most able intellects throughout human 
history. Could this be because science ignored the fact that the electron in an atom is actually 
representing more than one thousand electrons, not just one? As observation shows, two states of 
energy exist, one "negative" and the other "positive." How could it be that there are two states, 
identical in their properties, opposite in character, both clinging to matter, both attracting and yet 
completely neutralizing each other? From this analogy, it is safe to say that electron differences 
create the effects of electricity. 


Chemical Cohesion 


Atoms are attracted by virtue of their differing kinetic phase relationships. Matter stays together 
because of this principle. Atoms are continually expanding and contracting in unison with their 
kinetic frequencies. Expanding particles are attracted to contracting ones and visa-vers 
"Gravitation" might turn out to be a grand display of this phenomenon. Atoms will repel atoms 
only if they are in the state of coherent kinetic vibration. This occurs when atoms are vibrating in 
phase with each other. Coherence will raise energy levels. Differing elements will form 
"compounds" when their fundamental frequencies are in accord with each other. They must ring 
harmoniously. 


Ultra Chemistry 


‘The first law of thermodynamics describes the principle of the conservation of energy. It states that 
"energy is not created or destroyed; it merely changes form.” The fact is that the creation or 
destruction of energy is a result of matter being broken down or built up. They both go hand in 
hand. 


1 strongly believe that the three primary particles were created at the beginning of the Universe and 
that they can not be destroyed. However, the good news is that to serve our needs we can 
artificially alter the elements, (cosmic soups) of these three particles, protons, neutrons and 
electrons). 


1 will dare to further state that neutrons not only reside in the "nucleus," but they also exist 
throughout the atom as a homogenous mix with the other primary particles. The most simplistic 
expression of the Perreault Atom involves the bold statement that neutrons reside in balance with 
the protons and electrons in the atoms. This concept applies throughout the entire Periodic Chart of 
the Elements. 


Isotopes 
Three hydrogen elements (isotopes) are known to exist that are chemically similar but have 
different weights. The three weigh differently due to neutron content. These are all hydrogen atoms. 


However, it is the neutron count in the atomic shell that determines the isotope. 


It is clearly established that triple weight hydrogen (tritium) decays to helium-3. In this particular 
transformation a charged normal weight hydrogen element (protium) carries an excess electron in 
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its shell. It can react with tritium and emit an electron as a by-product of the reaction. At this 
‘moment the electron is emitted at an accelerated rate and is seen as beta energy. This model will 
not alter the way we view chemistry, however, it should change how nuclear changes are viewed. 


Gravitation 


Each individual atom is at the center of it's own universe and has a unique resonant frequency that 
is representative of it's specific mass. Lithium for an example has a greater mass than the hydrogen 
atom and will vibrate at a lower frequency in comparison. Therefore, we may say that it is caught 
by earth’s gravitational pull more readily and has more weight. This may help to explain how 
physical objects are attracted to the Earth. 


Stored Nuclear Ener 


Have you ever wondered about spontaneous radioactive decay? Is there a super charged state of 
matter? If an atom becomes ionized by either gaining or by losing electrons then why can there not 
be a nuclear ionization too? I hypothesize that atoms do become ionized on the nuclear level by 
gaining or losing neutrons. This may appear incidental but could be at the very heart of an ultra- 
chemistry. I say that it is highly likely that this very phenomenon is behind natural spontaneous 
radioactive decay and explains many unanswered questions in nuclear science. 


Atoms can gain or expel neutron particles, some to a greater or lesser degree. Thorium can readily 
be transformed into a fissile isotope of uranium by absorbing neutrons. It is a known fact that 
thorium stores more energy than uranium, coal, oils and all other fuels combined. This represents a 
tremendous amount of stored energy. Transformed thorium could be our most economic source of 
energy. It is almost as abundant as the element lead. 


It is only by passing from one state of equilibrium to another that matter can lose or gain energy, 
consequently emitting radiation. The notion that radioactivity originated in a peculiar chemical 
process was adopted and defended by Rutherford. "Radioactivity," says he, "is due to a succession 
of chemical changes.” Research has found that this "succession" is due to neutron transformation. 


Nuclear Transformation 


Elements that absorb neutrons and become unstable are called "radioisotopes." When an atom 
absorbs neutrons it is seen as a "fusion" reaction. When an atom loses neutrons, it is seen as a 
“fission” reaction. All elements can "transform" into a radioisotope and visa-versa. Radioactive 
isotopes are unstable and will transform into stable elements. A radioactive isotope will eventually 
revert back to the original element on it's own accord. Radioisotopes are nature's storehouses of 
energy. We need not look any farther for our energy needs. Nature holds an inexhaustible supply. 


Induced Radioactivity 


‘When bismuth is exposed to radium, initially it becomes several hundred times more active than the 
radium. This is due to emanation that clings to the surface of the bismuth. Emanation is widely 
known as radon gas that will eventually decay to polonium. It releases more energy than any single 
natural element ever discovered. 
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If beryllium is exposed to radium, neutrons are generated. These neutrons will have penetrating 
power several times that of the most energetic gamma energies. This activity is due, not to an 
alteration of the inactive matter itself, but to an admixture of a very small quantity of intensely 
active matter. Is this the neutron? Could it be that a neutron is actually an inert monatomic gas? 
‘This would certainly explain a few gaps in accepted atomic theory. 


T have found that "radioactive" matter can be electronically synthesized. I find that radioactive 
matter is simply in an atomically charged state. It has been recognized that when an atom gains or 
loses electrons, it becomes "charged." However, I have taken this one step further by suggesting 
that matter will also become super charged when it gains or loses neutrons. This super charge that 
the atom acquires depends largely on its energy state and the type of radioactive gas that it reacts 
with at the moment of contact. 


Strange Nuclear Facts 


Primary neutron particles and gamma energy levels are generated in nuclear transformations. This 
results in the atom becoming super charged. 


A “chain-reaction” in radioactive matter is due to the concentration of excess neutrons. The greater 
the concentration of excess neutrons, the more accelerated the decay process becomes. 


For example, if beryllium metal is added to radium metal, neutrons are expelled. These neutrons 
can be used to cause secondary nuclear reactions in fissile material. The beryllium becomes the 
nuclear trigger 


‘The energy released by the transformation of beryllium is estimated to be at around 50 MeV and 
that of boron nearly as large. The excess neutrons generated can be used to super charge atoms 
thus transforming them into radioisotopes. 


Cold Fusion 


Here is a "cold fusion" reaction to consider. Radon gas (a pure alpha emitter) generated from the 
decay of radium is deposited onto a beryllium wire. Beryllium will react with an excited alpha 
particle that will generate a "cold fusion" reaction without the need for excessive heat, as is the 
case for “hot fusion.” The reaction that results is: the yBe” + >He* —» ,C’ + on' (cold fusion) 
mentioned above. This secondary neutron energy now can effect a reaction in nuclear fuels. Atoms 
need not be fragmented in this reaction. Therefore, this reaction is "clean." There are other 
examples but this formula will give you a general idea. 


Alpha fusion is actually cold fusion. The end result generates neutrons from the production of 
fusion by alpha particle collision. A simple equation where mass squared by it's speed equates to 
temperature. This equation can be applied to a kinetically energetic alpha particle in my model. 
Simply stated, a fusion reaction occurs when there is a temperature differential between the alpha 
particle and the target that it impinges upon. It must also be noted that no new neutrons will result 
because the reaction consumes what it releases. This is cold fusion. 


The over all reaction is ‘cold’ in the general sense; in contrast to reactions that produce excess 


residual heat. To site a cross correlation; a thermal heat pump will absorb hot particles right out of 
the cold air of winter. The average temperature is cold. This analogy can be applied to the alpha 


4s 


fusion reaction just sited. The particles involved are in the midst of relatively cool ones. The 
average temperature is cold. This is my justification for dubbing it a "cold fusion" reaction. You 
may still consider the reaction to be hot. In fact, it is in every real sense of the word. Even so, the 
term ‘cold fusion’ is a non-mathematical one. We can use it to denote the difference between 
reactions that result from a CERN particle reactor and those that are naturally directed by ultra 
chemical reactions. As you can see, 1 do not buy into what the textbooks say about what 
constitutes the nuclear verses chemical reaction. All reactions are chemical in my point of view. 
The sited alpha reaction is an ultra extension of chemistry. The textbooks have over complicated 
the "nuclear reaction” in my assessment and in doing so have fogged the truth in many instances. 


So-called "cold fusion” researchers have overlooked the fact that the electrodes that they are using 
contain traces of naturally occurring radioisotopes. Alpha particle emitters such as Pt190 & Pt192 
are two examples. What is an alpha particle anyway? It is a super charged helium atom is it not? 
Couldn't you also say that it is the atomic ash of nuclear decay? That is exactly what researchers 
are finding in their experimental cold fusion setups. Neutrons may also be generated as a result of a 
cold fusion reaction but we might not always detect them. If the neutrons generated equal the 
neutrons absorbed in the reaction there is nothing left to detect. In my opinion this is the signpost of 
aclean nuclear reaction. 


Some Ignored Uranium Facts 


1. U235 emits ultraviolet light. Galen Winsor’ 


U238 expels electrons most readily when exposed to a wavelength of 3000 Angstroms in the 
ultraviolet spectrum. H. C. Renschler” 


3. The UV light wavelength of 254 nanometers (nm) is a catalyst to oxidation processes. 


4, The 254 nm frequency of light kills viruses, molds and other pathogens by rendering their 
DNA inactive. It therefore disinfects drinking water 


5. The human skin is reddened (erythema) and is most sens 
Angstroms (254 nm range). Hauser and Vahle* 


ive to the wavelength of 3000 


SECTION SUMMARY 


Bombardment by alpha or beta particles does not "disintegrate" atoms. Rather, this bombardment 
goes beyond normal chemical changes. Energy is transformed by neutron absorption or by neutron 
emission. 


‘What other discoveries await us? The future is indeed a glorious jewel to behold. Will we continue 
to follow the path that leads us further away from this great storehouse of energy? 
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SECTION 9 


Alpha Fusion 


‘The Department of Energy (DOE) has hindered the development of this technology by holding fast 
to its’ bogus restrictions on radioactive materials. I allege that they fear a miniature, clean atomic 
power source that will deny the Department of Defense its supply of weapons-grade plutonium. 


‘The DOE's 45-year old H-bomb fusion program sucks up all government fusion funding. The 
DOE's fusion projects are located at the Princeton University Plasma Physics Lab. These projects 
‘are top-secret, cold-war research projects using fusion for massive production of plutonium and 
tritium for nuclear weapons. 


‘The Princeton fusion reactor burns tritium, a radioactive fuel that produces deadly neutron 
radiation, 80% of its total output of energy. This reactor, if used in conjunction with a breeder 
reactor, is capable of "breeding" 100 times more plutonium than can be produced by a 
conventional utility reactor. This is a fuel machine for nuclear weapons of destruction. 


Congressman George Brown, Chairman of the Science, Space and Technology Committee, had 
introduced a new bill, in early May of 1994. This bill would have allowed for clean, compact, 
“neutron-less" fusion energy technologies that would compete with the DOE’s weapons program. 
This bill was never passed! 


In spite of resistance from the DOE against clean atomic reactions, the "Fusion Energy Research 
and Development Act" (Brown's bill) would have created an Office for Alternative Fusion Energy 
and a separate budget for Alternative Fusion Technologies. 


A neutron free, atomic device could generate electricity at minimal cost. It would compete with any 
petroleum-based fuels. This would mean no more oil spills, among many other benefits that I have 
already outlined. 


Dr. Bogdan Maglich was the driving force behind the neutron free technology and the alternative 
fusion bill. He discovered the omega meson and other particles. In 1961, his omega meson 
discovery won him and three associates, a citation from President John F. Kennedy. 


Dr. Maglich invented the "Migma," a miniature reactor that demonstrated the principle of a non- 
radioactive nuclear reaction in a 6-cubic-inch volume. While most fusion reactions are radioactive, 
Dr. Maglich’s reactor utilizes a design that is virtually non-radioactive. In 1984, Dr. Maglich 
planned to demonstrate the magmas’ energy capabilities. The tests were to be done in cooperation 
with nuclear labs in Russia, under the State Department's "Conversion of Peaceful Nuclear 
Research” program for Russian scientists. 
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Dr. Maglich had flown supporters with him to Washington to persuade the Congress to give the 
project an affirmative vote. The DOE and the nuclear-industry lobbyist defeated the vote. 
Humanity was on the brink of an energy technology that would have been compact, safe and 
almost zero residues except for the electricity that it produced. 


‘A space shuttle full of moon dust would contain enough helium-3 to meet all the energy needs of the 
USS. for an entire year. Dr. Maglich pointed out that nine grams of helium3 are the equivalent of 
1,000 barrels of crude oil. A Migma reactor could breed helium-3 from seawater. You do not need 
to go to the moon. 


‘The Bechtel Corporation in 1989 subcontracted with Dr. Maglich to produce an engineering design 
of a clean nuclear reactor slated for a space power station. Dr. Maglich at the time was about 
ready to publish his completed design. The Defense Department (DOD) at this point stepped in and 
ified the plans before he could utter one word. DOD called his reactor " 
ication forbidding any written or verbal presentation of this invention to anyone except for 
government officials. This clearly violated an international agreement that forbids withholding 
information on controlled nuclear reactions. The agency justified this classification by saying that 
this type of research contains "ground-breaking work." 


‘The bottom line is that neutron free atomic reactions do not generate weapons fuel. The DOE 
would stand to lose its funding for nuclear weapons fuel if non-radioactive reactors were to be 
commercialized. These groundbreaking designs would threaten all nuclear power plants. 


In the final analysis, it is relatively simple. The alpha particle proves to be an effective energy 
source in inducing fusion when combined with the right material. We can safely come to the 
conclusion that through the proper conditions that the alpha particle can provide incredible amounts 
of power for our use. 


Energy Released by Alpha Fusion ys. Uranium Fis 


ion 


"Alpha fusion” is an amazing process. Here is a comparison of the energy released per atom of 
uranium that undergoes fission verses alpha fusion via neutron absorption. 


U235 fission=161,000 kWh/kg (2x10* BTU/b.) 
vs, 


Alpha fusion=1.68x10'' kWh/kg (2.6x10"* BTU/Ib.) 


‘The potential implication of this alpha fusion formula staggers the imagination, There is room for 
unlimited innovation and creativity. Imagine having a device that could safely provide power for 
several decades without recharging. Sounds almost like science fiction you say? It is a scientific 
fact! Plutonium-238 is a non-fissile isotope that decays by alpha particle emission with essentially 
zero associated gamma emissions. This type of plutonium spontaneously produces about one 
Kilowatt of energy for two kilograms of mass. This reaction will release alpha particles that can 
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only travel a short distance before they are stopped. This process decreases slowly over time. After 
ten years the energy production is about 92 percent of the initial value. Even after 87 years the 
material produces half as much energy as it did when was first started. 


When positively charged helium atoms (alpha particles) collide with the electron cloud that 
envelops another atom the positive charge is eventually canceled by these collisions. This is called 
“absorption.” Atoms ring like a bell when impinged upon by alpha particles. This ringing state 
generates x-rays. The wavelength of this generated x-ray depends on the charge of the alpha 
particle and what type of atom it hits. If the x-ray generated has an energy level that exceeds 
10MeV, atoms absorb it. In this case, the neutrons are raised to an excited state. They may be 
broken loose from the shells of an element or a neutron may be added to a shell. Gaining or losing 
neutrons via this process may create isotopes. We can efficiently do this by exposing atoms to 
alpha particles. This model clearly demonstrates that energy is transformed from one state to 
another. It is neither created nor is it destroyed. 


Generally, the formation of a chemical compound is accompanied by the release of a definite amount 
of heat per unit mass of the substance formed. The burning of a fuel is a chemical reaction in which 
oxygen is consumed. The quantity of heat released when a unit of fuel is burned with oxygen is 
called the "heat of combustion." For the average coal, this value is from 7,000 to 8,000 calories per 
gram or 12,000 to 14,000 BTUs per pound. 


In contrast, radioisotopic transformation is accompanied by the release of enormous energy when 
compared to conventional oxygen — electron oxidation. However, this does not justify the theory 
advanced that neutrons occupy the center of atoms. It is my hypothesis that neutrons reside in the 
orbital shells of elements and not within the nucleus. To envision this atomic structure one only has 
to look at our own solar system to see this on a grand scale. Isotopic oxidation (neutron oxidation) 
simply involves the neutrons. However, the energy involved is much greater because the neutrons 
represent neutral charge and therefore the binding energy of the elemental shells is of a greater 
magnitude. 


When the unstable isotope of an element reverts back to its original stable state energy is released 
in the transformation. Now, consider that incident electrons are impinging upon, for example, the 
naturally occurring element U235. Assuming its absorption wavelength is correct, according to the 
resonant frequency of this element, then excess energy can be released. This may be done with any 
isotope. However, U235 will "self-fission” and under the right conditions, will not require any source 
of energy other than what it emits. Excess energy is released only after enough neutrons are 
captured to cause the transformation of the U235 atom. This is called the "break even" point, 
beyond which excess energy is released to effect a "chain-reaction." 


We are not limited to the U235 isotope to use as a fuel source. This element is used in a 
commercial nuclear reactor because it undergoes self-fission and requires no additional catalyst in 
order to "burn." The public does not generally know that the U238 in a commercial reactor does not 
undergo fission. The only reason for its presence is to capture neutrons that transform it into 
weapons grade plutonium (Pu>”). 


U238 will "fission" via fast neutrons generated by the alpha fusion process. However, there is one 
small hitch to the alpha fusion process. A nuclear fusion fuel material is needed along with the 
U238 alpha emitter. This material generates the required fast neutrons for this type of fission. All 
that is needed is the right type of spark to speed up the decay rate. Radium or radiothorium could 
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but there are also "inner" situations (altered 
stationary states) that relate these 
quantities, and that are much easier to get 
into. In regards to atomic structure to allow 
for frequency changes, Kryon adds:Whatisit 
that makes the distance between the parts 
change? Thisisthe puzzle for the scientists. For 
the area between the nucleus and the energy 
haze although vast, isnotvoid. Itisapatterned 
soup ofenergy (theso-called "vacuum, and 
itis within the pattern of this null that changes 
the distance, and therefore the speed 
(frequency) ofthe haze. 


Mass, gravity and time are intimately 
related to this frequency change in the 
atom. Witness thecomments from] R: Time 
existsasaninvisible dragonmatterand 
thisis interpreted as gravity. Time exerts 
a definite force like gravity, and this is 
connected with the behavior of the 
electron. However, since we always look at 
electrons in a certain way and gravity in a 
certain way, we miss the connection. And this 
related comment as well: There is another 
equation to be discovered that expresses the 
relation between time, mass and gravity. 
Kryon reiterates this sentiment, along with 
relatively detailed scientific information: 
Gravity is an absolute product of the 
characteristics of mass and time..one of which 
you may change. 


Whathas been missingso far inyour thoughts 
ishow gravity isrelated to time, and that the 
entire issue of gravity, mass and time isnon- 
linear. You have yet to develop the formula 
ofphysics. It isnot here yet, andwe aregoing 
togiveyou three attributes ofthe formula, but 
without the formula. These attributes are 
understood but the way they relate are 
misunderstood. Your science is just now 
beginning to see the shadows of them, 
however. The first attribute of the formula is 
the ability to understand thedensity ofmass. 
Why is the electron haze so far from the 
nucleus? We have told you that you can 
change this distance, and in doing so, the 
density will change in the mass that is defined 
by the atoms being shifted. The electron haze 
will have to vibrate faster (this is possibly the 
"freedom" referred to earlier by J.R.), the 
Closer it is to the nucleus; when the electron 


haze vibrates faster, its time-frame will shift. 
Therefore, thesecondattribute of the formula 
isatime-shift, and they go together. Also, be 
aware that you make an erroneous 
assumption that the actual speed 
(frequency?) of the electron haze must 
always be the same no matter what the 
distance. This is not understood yet either. 
There isa difference between speed (velocity/ 
translatory rate) and vibratory rate, and it 
bas to do with the actual physical definition 
ofthe electronhaze. 


Mass discrimination is the ability to control 
the density of mass. With a density shift will 
come a time-shift, and with a time-shift will 
come a third attribute..we will call the 
reality of location, or where the matteris. 
in which dimensional reality it goes to when 
shifted. Here is an axiom: shifts in 
dimensionality when matter is 
changed in this fashion createa reality 
where the matter has to be to exist in 
its new form. It might be inches from 
where youchanged it or miles. That depends 
‘on how much it got changed. The difficult 
thing to explain to you isa concept that has 
not been recognized... that matter has a 
reality index, and thatitscoreattributesare 
linked to where it exists in time and space. 
Therefore, the three attributes that must 
work together are density, time-frame 
andlocation, 


Electromagnetic Field 
Manipulation of Cosmic Lattice 
and Time-Space-Matter 


Inregardsto tapping this (mass-free) energy- 
haze-soup, between the atomic nucleus and 
electron shells, Kryon speaks thusly: There's 
something we are going to call APD (atomic 
phasic displacement). This is a term that is 
‘going to refer to the ability to tap the (Cosmic) 
Lattice for unlimited energy. The Cosmic 
Lattice is balanced, but it is not quiet. The 
Lattice has astounding power. Ithasa flow of 
energy that cannot explain to you, forthere 
is no paradigm model for it yet in your 
thinking. Therefore, you would not easily 
understand. The Lattice hasvents that wecan 
best describe as necessary for the flow of 
energy. It balances the slight inequity of the 
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also be used as the alpha source. Beryllium, boron, or carbon can be used as the fusion catalyst. 
Any of the elements below periodic number fifteen feasibly could be utilized. However, these three 
elements sited pack the most wallop. My process uses alpha fusion formulas that show the way to a 
simple and economical method. No excess neutrons result to create a toxic waste problem. Fully 
depleted U238 could be used that does not contain U235. Instead of making nuclear bullets, like the 
ones used in the Gulf War, we could be using our reserves of depleted uranium as a beneficial fuel 
source. 


Plutonium is not feasible at this time, so plain old, natural, untreated uranium will also work. One 
pound of "yellow-cake" (U,Os) is equivalent to 31 barrels of oil or 10 tons of coal. At the moment 
yellow cake costs only $12.50 per pound. 


Radon gas from naturally occurring radio emissive uranium or thorium ores can be directly 
converted into electricity. The case surrounding these materials will provide adequate shielding, 
‘These devices can be designed to be compact so that a lightweight unit could be built. It has been 
estimated that for every pound of fuel, that, one kilowatt of power can be generated. 


For political reasons’ people, organizations and government agencies have strongly opposed the use 
of all forms of nuclear energy. These people have made the general population paranoid of any and 
all radioactive materials. Despite this strong opposition and threats against it's development, work 
continues with the dream of hamessing transformations safely. The atom makes energy available to 
us. I have proposed a radical atomic theory to explain the nuclear energy process. Conventional 
atomic theory has many flaws. It does not completely explain the energy created by a nuclear 
reaction. Does this mean that the nuclear reactor does not completely create energy? No matter 
what theory you wish to use in explaining atomic power, the fact still remains that energy is 
transformed. 


James Chadwick discovered the neutron in February 1932. Later, further studies were made to 
discover what effects would be produced by bombarding different materials with this new particle. 
Researchers for the next several years bombarded every known element with neutrons and recorded 
hundreds of new radioactive isotopes. My own research in this area has revealed many secrets of 
the vast reservoirs of energy contained within the atom. 


‘The First Neutron Initiator 


‘The initiator for the first plutonium weapon was composed of polonium coated onto beryllium. The 
polonium came from the Radium Chemical Company. 


Electronically Activated Neutron Source 

In the winter of 1996, I applied a 90,000-volt negative charge to a carbon rod. This carbon rod was 
surrounded with radioactive ore in a closed container. Under these conditions, the radon gas 
emitted from the ore was attracted and absorbed into the charged rod. This began my research into 


electronically assisted atomic transformations. 


"It must be first remarked that helium is a gas which accompanies all radioactive minerals. It was 
from these bodies that it was first obtained — a catalyst with an interesting effect.” 


50 


"This derivation from radium is a special helium since it appears to possess the property of 
spontaneously vanishing. Its’ only resemblance to ordinary helium seems to consist of the 
‘momentary presence of some spectral rays.” * The Sea of Energy, 5" edition, pages 229-230. 


Breeding U234 


Mix a dilute solution of uranium nitrate and finely divided carbon together. The solution is boiled 
for about half an hour. Radon is united with the carbon. After which the carbon is filtered out. To 
unite the radon with the carbon, the two are exposed to a strong source of gamma radiation. This is 
the catalyst that accelerates nuclear (ultra-chemical) reactions. 


‘The reaction is 


follows: C? + Rn — U™ (uranium "X") + eT 
To concentrate the U234 the excess carbon can be removed by burning. 


The results of my life-long research have opened a doorway that could lead to electronically 
induced nuclear fusion. | originally named this process "alpha fission" to connote the electronically 
induced atomic reaction. The term was chosen so as to cause the least adverse social reaction to 
this discovery, due to the fact that the public has been duped into a state of paranoia by its global 
governments. Later, this term was changed to alpha fusion, as this is a more accurate term than the 
original chosen term. 


Conventional nuclear reactors generate deadly toxic radioactive wastes as by-products. These 
reactors are even more deadly than anyone realizes. Fuel rods in the reaction process are extremely 
hot and are subjected to enormous internal pressure. You can not tell me that untold amounts of 
deadly radon gas are not leaking into our environment. The fact of the matter is that a special 
detector would be required to detect this leakage. Scintillation, Geiger and Alpha counters will not 
detect this gas because the mass of the radon gas can not penetrate the sensors on these meters. We 
must take a close look at clean nuclear processes before it is too late (if it isn't already). 


With the advent of electronically triggered neutrons, a self-sustaining chain reaction can be 
obtained and may be highly controlled. I find this especially true if thorium ore is used. Thorium 
emits thoron (Rn™"). Owing to its extremely short half-life, thoron by itself can not be used as a 
source of strong radiation. However, in conjunction with its parent substance radiothorium, it can 
indeed be used as a strong source of radioactivity. 


‘Thoron has a short half-life of 54.5 seconds. On the other hand Radon—222 has a considerably long 
half-life of 3.5 days making it a hazard. Thoron is safe and convenient to work with because there 
are no long-lived products in its disintegration chain. Therefore, there is minimal danger of 
permanent contamination, The parent substance, radiothorium, may be obtained from thorium 
solutions in the manner described next. 


Radiothorium is generally used as a parent source of thoron. Radiothorium has a conveniently long 
half-life of nearly two years. Extractions of radiothorium can be obtained in a highly emanating 
state. A small quantity of iron chloride is added to a thorium solution and precipitated as hydroxide 
by ammonia or as oxalate by oxalic acid. The precipitate, the hydroxide or oxalate of iron, is 
washed very carefully and dried at room temperature. This precipitate should have a high activity 
rate. It will not lose more than 20% of its initial activity rate for many months. This radiothorium 
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preparation may be spread into a thin layer in a shallow brass tray placed at the bottom of a small 
lead-shielded container. The active deposit thorium can be collected on a negatively charged wire, 
insulated with respect to the container. The emanated thoron gas may also be absorbed into various 
materials. 


Many radioactive isotopes could be used to generate electrical power. However, the power behind 
these isotopes is really with the radon gas. I have pointed this out many times in my writings, lectures 
and articles. Simply by bombarding bismuth, we can create polonium. In United States Patent 
2,728,867, it is stated that the available energy of a commercial nuclear fuel rod is around twenty 
watts of power per gram. In comparison, polonium will generate one hundred and forty watts of 
power per gram. This is seven times more energy than is available from the conventional fission 
process! 


The atomic ions emitted from radioactive isotopes can be directly converted to electrical power. 
My conversion method shown in Section 5, Figure 4 can be used to convert this source of radiant 
energy. Additional stages can be added for more power. The circuit shown gives a general idea of 
how such an energy conversion device can function. By no means is this technology limited to thi 
one circuit or configuration. 


Radon Fuel 


My research has revealed that the energy devices of T. H. Moray, Alfred Hubbard, Reverend 
Antonio d’Angelo, Joseph Papp, and others all contained a source of radon gas. They may or may 
have not realized that this was what they were using as their fuel. We will never know this for sure. 
However, what we do know for certain is that they all used radium in their energy devices. When 
my prototype is ready to be demonstrated I too will show how radon can be used to generate 
electricity. Demonstrations will have to be performed in private until my device obtains an 
exemption from government restrictions. 


‘The facts show beyond doubt that radon gas was the fuel source that has powdered many so-called 
"free energy" devices. You can say that these devices ran on the energy of the cosmic rays. It is 
these rays that created radioactive thorium and uranium that we find in the ground. High-energy 
cosmic rays are really neutrons as Nikola Tesla had discovered. When a cosmic particle reacts with 
cither thorium or uranium a radioisotope is created. This is why you see a consistent percentage of 
U235 all over the planet. This percentage represents an accumulation of comic ray bombardment 
over the lifetime of our world. Nature offers us this fuel that can be used to obtain electrical power 
with no moving parts and it is out there free for the taking. We do not have to split atoms to 
harness this storehouse of energy. Nature has already safely done this for us. 


In order for clean nuclear power generation to enter into public use, high-grade radioactive ores 
must be secured without restrictions. Recent attempts to obtain these ores have been blocked by the 
United States Government. Once these ores are obtained I will build a high wattage radiant energy 
converter. Through my writings, lectures and published articles I have attempted to explain my 
research. Over the years I have made my research available to the public and have asked for little 
in retum. I am asking you at this to help me to get this technology implemented, within the 
constraints of the law. As a former United States President once stated: "Sometimes when we reach 
for the stars, we fall short but we must press on. 


P resident Ronald R eagan 


SECTION 10 


The Truth about Nuclear Science 


Present day alternative energy researchers find hope in that, one day, power will be obtained from 
the energy that runs the Cosmos. In reality, this dream has only proved to be a lure to its followers, 
beyond the limits of credibility. A quagmire of unsubstantiated hypotheses exists that are bottomless 
and lack reality. The facts of many newly conceived energy concepts are wholly inadequate, lacking 
justification, and incapable of throwing any light on the promise of inexpensive, abundant sources 
of energy. 


‘The Earth is indeed bathed in a sea of cosmic and solar energies. Can a device be built that can 
transform these energies into usable power? I believe that T. H. Moray did build such a device. 
‘This has inspired me to conduct my own research and to build my own prototypes. How the radiant 
energy device really worked might shock a few people once the facts become realized. 


Nature is my best teacher. Within one of her classrooms there are mineral samples that 
pure electrical energy. They are the radioactive rocks. If radioactive matter from these rocks 
derives its energy elsewhere, this must be of a type entirely different from any presently known. It is 
capable of penetrating, without loss, hundreds of feet of solid rock. 


Nikola Tesla’s investigations brought him to the conclusion that the Earth was being showered 
with "tiny particles, each carrying so small a charge that we are justified in calling them neutrons." 
He stated that "...they move with great velocity, exceeding that of light. 


Dr. Thomas Moray called into existence the concept of unlimited radiant energy (the cosmic ray), 
permeating all space and all matter, unimpeded. Such a view, at first glimpse, merges perfectly with 
the continuous and permanent activity of radium extracted from certain rocks. This activity seems to 
last for an indefinite time. There appears to be no rational reason why radioactivity, however 
intense and powerful, should decay or diminish with the passage of time. Yet, radiant matter 
(radioactivity) does decay. The demonstrated "half-life" values have proven that the stored energy within 
radiant matter will eventually be depleted. 


At some point in my own research, I had to ask myself three important questions: 

1) Is there anything opposed, either to reason or to probability, to the view that the energy evolved 
from radium is actually derived from an existing previously unsuspected internal process within the 
atom? 

2) Within the decay process does the element experience a transformation into other elements? 


3) How is it that such enormous stores of energy in matter have remained so long unknown? 


In my experience, a specimen of radium chloride is dissolved in water and the liquid is then 
evaporated. Bringing this compound back to its dry state, as the result of this very simple operation, 
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the radium has lost the greater part of its radioactivity. The penetrating beta and gamma rays 
completely disappear. The remaining non-penetrating alpha rays will be only one quarter as 
powerful as they were initially. Then a strange thing happens. Left alone, the radium will 
spontaneously recover its lost activity. Little by little, day by day, until at the end of a month, it 
will be no less active than it was before it went into solution. This appears to be in direct conflict 
with the zealous statement that "radioactivity of radium cannot be affected by any known proces 
(On studying this experiment carefully, we will find that when radium chloride is dissolved in water 
something escapes into the air. This "something" is intensely radioactive. It diffuses in the air, but 
will remain if contained within a gas-tight, closed vessel. In short, this "something" is a gas 
possessing the property of radioactivity to a very intense degree. This gas was called "emanation" 
in days of old. Today it is called RADON-222. It has a half-life of around 3.8 days. This radon 
gas is highly radioactive. Thorium releases RADON-220 that is intensely radioactive and has a 
half-life of around 55.6 seconds. Uranium emits RADON-219, the most intensely radioactive 
substance, having a half-life of only 3.96 seconds. 


Radon that has been separated from its parent source will rapidly decay. It is easy enough to 
conclude from this experiment that energy is stored within the radium atom. This accounts for the 
comparatively rapid decay of the activity of the generated radon gas. This gas is depleting its 
internal store of energy so rapidly that it is soon exhausted. On the other hand how is the gradual 
recovery of the radioactivity of the parent radium explained? This question is the golden key to 
unlocking the secret of its power. 


If it is true that energy comes from within, as large as the store of energy within the atom must be 
to explain its radioactivity, yet it cannot be infinite. Therefore, it is expected that the activity will 
slowly decay with the passing of time. Two radioactive bodies, one much more radioactive than the 
other, are compared together. It is expected that the activity of the more powerful body will decay 
faster than that of the other. A time will come for both of these substances, when the internal stores 
of energy are exhausted, that the radioactivity will come to an end. Therefore, radium, a substance 
containing the store of energy, can no longer be radium when the energy is lost. Coal is not coal 
after it is burnt, When energy is obtained from matter, the matter changes. Before it can be restored 
to its former state, the energy evolved must be put back. In no case, is it possible for matter to part 
with its store of chemical energy and remain the same, otherwise perpetual motion could be easily 
constructed. 


We conclude that, if the energy is stored in the radium, it must be within the atom. Therefore, 
radium changes, it must be a change of the atom and of the element itself. This change would be its 
ultra-chemical reaction, This is a more fundamental and deep-seated change than the normal 
chemistry or any known kind of material change. Until the discovery of radioactivity, such changes 
certainly had never been observed. If the energy of radium comes from within, then it must be 
subjected to this ultra-chemistry that has eluded the chemist. This process of ultra-chemistry must 
be understood as a special extension of chemistry. It is not some vaguely po: 
nuclear condition in the Sun and stars. Once th 
the nose on your face, 


‘ible, transcendental 
is understood, the answers will become as sure as 


Imagine that a month has passed. The radium chloride is once again dissolved in water and 
evaporated down to dryness exactly as before. Once more you will find in the process, that the 
radium has lost the same large proportion of its radioactivity. Again it gains a new amount of radon 
gas no less than before it went into solution. Repeat this experiment as often as you like. You will 
find the result always the same. The radon that you separate from the radium is decaying away from 
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day to day. But the radium will also generate a spontaneous fresh new batch of radon. In order to 
make sense of this, we have to answer these nagging questions; "from where does the energy of 
radium come?" Does it come from nowhere, or is it being newly created out of nothing? This is a 
view that is not acceptable for a plausible twenty-first-century physical science. 


If our doctrines of energy are true, then there are only two possible answers to consider. Either the 
energy must be derived from within the radium, or it must be supplied from elsewhere. This simple 
narrowing down of all the possible answers may appear to you somewhat simplistic, but in reality, 
it carries with it far more than appears on the surface. Being a minute property of the element, 
radioactivity is therefore a property of the atom. If we say that the energy comes from within, this 
‘means that there must exist an enormous and not previously suspected store of energy in matter, or 
at least in radioactive matter. 


Dr. Moray often advanced the theory that radium acts merely as a transforming mechanism, that it 
converts the cosmic rays into electrical particles. He states that it retransmits energy in a form that 
we recognize. Tesla also entertained this view. There are electrical transformers dotted all over our 
country receiving transmitted but dangerous high-tension currents from the central power station, 
‘These are "transformed" into comparatively safe, low-tension currents for your house. Are the atoms 
of radium acting as the transformers of a mysterious and unknown source of external energy, first 
receiving it and then delivering it up again in a form that can be recognized? It may be said that so 
vague a view, postulating the existence of limitless and mysterious supplies of omnipresent energy, 
cannot be directly disproved. One thing is for certain; this view provides a way of escape from 
some of the more distasteful "logical" assertions, namely that all forms of energy are stored within 
the atoms and molecules. 


If radium owes its activity to an energy source outside itself, one has only to isolate it. We have 
seen that to quench radioactivity, or to modify it in any way is one of the things mainstream science 
cannot do. 


An experiment has proven that even in its natural state in the mine, hundreds of feet deep down in 
the Earth, pitchblende exhibits its normal radioactivity. Over 100 years ago, scientists concluded 
that some sort of radiation must exist in the atmosphere. This conclusion arises because under all 
circumstances, air is found to be have a slight positive concentration of ionized particles. The atoms 
are minus an electron. This radiation is constantly much stronger at high altitudes than at the Earth's 
surface. This leads us to conclude that such radiation does not originate on this planet but rather 
from somewhere in the outer regions of space. The fact that the intensity of this radiation does not 
increase during daylight hours eliminates the sun as its source. Also, the intensity does not decrease 
during the day or increase by night, therefore it cannot be a result of any particular group of stars. 


Spontaneous Decay 


Does not the "free emanating” state of a salt of radium teach anything about its decay mechanism? 
Results obtained by Dr. Alois Gaschler and Otto Hahn in the 1920's proved conclusively that when 
radium becomes finely divided, it most readily emits radon. This teaches us that radioactive change 
is effected by confinement. How many scientists have paid attention to this all-important lesson? Is 
it actually the true mechanism behind what is being called "fission? 


It is in my humble educated opinion that the seat of radioactivity is due to radon gas trapped within 
the lattice of certain heavy metals. The best comparison that I can think of is coal and the stored 
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hydrogen gas within its lattice. Its stored hydrogen reserve reacts with oxygen transforming these 
two gasses into HO with the release of heat. The carbon contained in the coal also reacts with 
‘oxygen when a high enough heat is generated from the hydrogen reaction and combustion occurs, 
transforming the carbon and oxygen into CO, Pretty much the same fundamental principle must 
occur when radon gas is released from its heavy metal prison. The reactant in this later case is a 
neutron from a previous radon gas emission. Radon reacts with a metal, losing a neutron to it. 
When this occurs, the radon becomes highly unstable, emitting alpha particles and rapidly 
transforming into stable lead. From this reaction it is clear that radon is not as inert as we were lead 
to believe. In fact, I say that radon is at the very foundation of nuclear reactions. 


Since the discovery of radium by Madame Curie, the fundamental method of its extraction has not 
changed. The process utilizes the same methods that were instituted by Madame Curie and M 
Debieme. Radioactive ores are first treated with a warm solution of hydrochloric acid that 
dissolves the metals. The addition of sulfuric acid precipitates the insoluble barite's that are always 
present, carrying along with them all the radium as barium sulfate. It is necessary that barium is 
present in the process. If the solution does not contain a sufficient quantity, then some barium has to 
be added. It is said that the barium acts as a "carrier" to the radium. Can there be any other 
explanation? It never made much sense to me why the radium would not precipitate out without the 
barium. I simply could not accept the notion that it acted as the carrier. The answer to this problem 
becomes relatively simple if you let Nature be your teacher. Forget what the textbooks tell you. We 
know from her lessons that radiation can be induced into non-radioactive elements, do we not? 
Could it be then, that something in the separated hydrochloric solution is transforming the barium 
into what we call radium? Ala-ka-zam, low and behold, there sure is, it is called URANIUM-235. 


Nu Radium Formula 


Radium may be synthetically manufactured by fusing dry uranium nitrate mixed with about 0.5% 
of dry barium nitrate. This is done in the heat of an electric arc. The mass is then treated with nitric 
acid, water and sulfuric acid, successively. Radioactive barium sulfate, possessing all the physical 
properties of the "element" discovered by Madame Curie, is obtained by this formula. This material 
will emit ultra-violet rays, x-rays, excite phosphor screens and cause air to conduct electricity. The 
chloride and the carbonate of radium may also be created by using uranium chloride or uranium 
carbonate respectively and will have the same properties. 


Uranium nitrate typically contains about 0.72 per cent U238. The barium reacts with the U235 
creating pure radium, Take note here that this is an ultra-chemical reaction and that the barium is 
not a carrier as has been believed. Best results are obtained when 0.72 per cent barium is added, 
making it equal or less than the amount of U235 contained in the nitrate. If sulfuric acid is added 
after the reaction takes place, then radium sulfate is precipitated. This material can now be filtered 
for removal from the solution. The synthetically created radium radioisotope results when barium 
reacts with RADON-219. It can not come into being otherwise. All other ay be 
called into existence by using U235 as the source of energy transformation. There are other 
processes involved but this will be discussed in a future paper. Radioisotopes created by ultra- 
chemical processes will have far reaching ramifications, if and when it is taken under the wing of 
‘mainstream science. Radioisotopes could be made to order literally in a jar. These findings indicate 
that all radioactive substances originate from the U235 atom. Now the question arises; where did 
the U235 atom originate? I can only speculate at this point that it is created when a cosmic ray hits 
a stable U238 atom head-on. If my conclusions tum out to be correct, then the energy stored in radiant 
‘matter is a product of an extemal cosmic force and an intemal force without contradiction. 


-adivisotopes 1 
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‘Clean Nuclear Reactors 


‘Mother Nature offers us a clean nuclear process to supply the World with energy. My reasoning is 
based upon her process that leaves behind a clean, non-toxic ash. You have seen it in children's 
balloons at birthday parties. The inert gas that I am referring to here is called "helium." When I 
shine ultraviolet light onto a radioactive ore, the trapped helium gas will fluoresce a lime-green. 
The only ash, left behind by Nature’s process, is what is seen under the ultraviolet lamp. There are 
no deadly radio toxins like the ones found in the commercial reactor. It makes all the difference in 
creation how the reaction is carried out and for what purpose. I will also tell you that eating 
radium, like the women did who painted the glow-in-the-dark watch and clock dials will create 
serious health problems. A little common sense goes a long way. 


‘The commercial nuclear reactor releases excessive amounts of neutrons. This is a direct result of 
the reaction of RADON-219 with the zircalloy fuel rod casing. It is highly likely that we can 
design reactors that will release only pure electrical particles in place of the toxic radioisotopes 
created by stray neutrons. Why not build clean reactors that do not generate excessive neutron 
release? Maybe it is because this is not presently perceived by mainstream science? Knowing the 
true facts makes it a relatively simple matter to acquire a cleaner burning reaction. The only major 
modification in reactor design is to find a more suitable fuel rod casing. Eliminate the excess 
neutrons and you will have a clean burn. 


Are Neutrons What Really Cause Fission? 


1. Alpha bombardment of any element with atomic numbers from 1 through 15 will generate a new 
and stable element that will release one excess neutron from the reaction. 

2. Neutron bombardment of any stable element from 16 and above will generate a new and 
unstable element by capturing neutrons. One or more neutrons are released from the reaction. 
‘The targeted element will gain the weight of the absorbed neutrons. 

3. Neutron bombardment of an unstable element generates one helium-4 atom from each reaction, 
The atomic weight of the targeted element looses the weight of one helium—4 atom as a result 
of the reaction. 


From these three facts, it is not too hard to figure out that the "moderator" in a commercial nuclear 
reactor is actually what initially supplies the required neutrons for a "fission reaction." ‘The excess 
neutrons created are what react with a "fissile fuel” that creates a secondary reaction. The release of 
thermal energy is a by-product. Scientists of yesteryear had these facts straight. Why are present 
day nuclear theories so off course? It will only be when these facts resurface that advances will be 
made in the way we obtain energy. 


CONCLUSIO! 


‘The devices that I have presented at public tests do not contain radioactive materials for obvious 
reasons. However, the underlying principles have been adequately demonstrated. I have used star- 
mode electrodes in the past to slowly discharge the capacitors in a prototype device. Advanced 
discharge systems are now being utilized. In 1995 I discovered ion valve circuits that are now being 
used in my most recent prototype. Even though these public tests have not contained radioactive 
material, my research has been validated. 
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Funding has not permitted me to build a device that can power a home or electric car. However, my 
prototypes have proven beyond doubt that with the proper funding this can be accomplished. It is 
my hope, through the publication of my findings, that funding will be forthcoming. At this point in 
time, it is most important to me that I receive credit for my for work and that my research 
discoveries do not fall on deaf ears. 

Public tests are performed as necessary to validate the technologies. These demonstrations are 
deemed as research and development tests only. No power claims are expressed or implied. 


For almost fifteen years now I have carried out many experiments. The fruits of this research are 
ripening. Many fruits are within grasp but they are not yet quite ripe for the picking. The intent of 
revealing my progress to the World is to insure that this work is not done in vain. Through my 
writings I have attempted to explain the many facets of "radiant energy" and how it is possible to 
draw useable power from it. If radiant energy can be given to the World then humankind will have 
the potential to reach heights not yet dreamed or conceived. Today, I freely give to you the results 
of my life's work. Together we can reclaim our independence! 


REEERE! 
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HISTORICAL COMMENTARY 


Tesla's last ten years of his life, 1933 - 1943, contrary to popular belief, were his most productive years in his 
private laboratory located on Canadian soil. This was communicated to me through his last known living assistant, 
‘Arthur H. Matthews, E-E., and B.Sc. before he passed away in 1986. He also revealed to me that special primary 
batteries with replaceable zine electrodes powered Tesla’ electric car. This car also had a "fluid transmission" and 
could travel at 90 miles per hour. The electric motor could run on the batteries for three hundred miles before you 
hhad to pull over and attend to the batteries and then you were on your way for another three hundred miles, 
‘Matthews claimed that there were enough spare parts in the trunk to run the car for one year! The performance of 
this vehicle seems to be impossible. However, the characteristics of Tesla's unidirectional electrical current can 
generate short duration high-energy that will generate high frequency oscillations when dumped through an 
inductive coil. This unique principle makes possible many seemingly impossible innovations. It was this principle 
that was at the very heart of Tesla's Magnifying Transmitter, also known as his "DC transformer" to his assistant 
“Arthur H. Matthews, 
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polarity. The vents also have to do with 
time...you will always find two vents together. 
One will be prominent, the other will be 
secondary. You might graphically and clearly 
see one, butyou will have to look carefully to 
see its partner. There are always two. This is 
anaxiom or physical rule ofthe Lattice energy, 
and of the universe: This information 
remarkably parallels Killick's teachings on 
tachion energy pairs 


Witness this Kryon pronouncement:Hiding 
within common atomic structure is a 
marvelous peek at something that will totally 
and completely mystify you, for it willseem to 
break all the laws of time and space. The" 
twins" are a pair ofatomic parts thatalways 
relate to each other, andarealwaysfoundin 
pairs, You will discover thatwhen stimulated 
, they will always move together as a 

pair. When you start separating them by 
distance to experiment, they will continue to 
move exactly together. If one's energy is 
converted, then the other willdo thesame. This 
will cause you to totally reexamine your ideas 
of time and space, for this condition will not 
follow the "ultimate speed" of transmission 
thatyou thoughtwascorrect...thatofthe speed 
of light. You will have discovered something 
that travels faster than you can ever measure. 

mpare this statement with the torsion 
energy claimed by the Russians to travel ata 
billion times light speed [10] 


Inreturningto the discussion on how to tap 
the Cosmic Lattice for energy, Kryon 
continues: The ventsare very necessary for the 
balance of your universal energy. The vents 
are also energy portals, (drains, to you), and 
arewhere the jrontofeach Lattice cell touches 
the back..Like so many other physical 
processes, however, its going to take a 
tremendous amount of energy in order to 
unbalance even one cells nullattribute..Once 
you understand how to" prod" the null to 
unbalance itself, you will be rewarded with a 
steady flow ofenergy, far beyond what you put 
into it. This is accomplished since you create 
your own tiny "vent". An unbalanced cell 
creates a situation where the other cells 
around it will try to" feed" energy to the one 
thatisunbalanced. This createsa tap that will 
pull upon the Lattice indefinitely, as long as 


your work matches the properties the Lattice 
expects to see. Kryon further expands on the 
specific method to accomplish this..Here' 
how it works. Two magnetic fields together, 
posturedin the correct way- away thatisvery 
three-dimensional inyour thinking process- 
will create a "designed magnetic field" that is 
very specific. 


...your math told you that 
there might be a possibility of 
invisibility and that was your 
goal. This was again because 
you did not understand that 
because the distance between 
the parts change, it doesn't 
necessarily mean that the 
overall size will dramatically 
change or that it might 
vanish... 


Itsoneyouhaveneverseen, and doesnot exist 
naturally. Startwith trying several magnetic 
fields postured against one another- of 
unequal force and pattern, and at right 
angles, Don't make any assumptions. Think 
Jreely. Done in the right fashion, these two fields 
willcreate a third pattern which isuniqueand 
is the product of the original two. This third 
custom-created pattern is the one that you 
want to deal with, and is the one that has the 
potential of manipulating the Lattice. Once 
youhavecreatedit, you will know ofits special 
qualities by how dramatically it changes the 
physics around it. And this important 
admonishment is given: Here is a caution. 

Keep this experiment away from your body. 

Keep the experiment in check with your 
scientific methods. Go slowly. Understand 
whatyou're seeing before yougo onto the next 
step. Do not expose yourself to any magnetic 
fields. Remotely conduct all energy 
experiments. Remember that magnetics also 
plays an important part within your body 
(DNAcomponents). 


Here is another. Understand that if you 
unbalance the Lattice too grandly and too 
greatly, you will have atime displacement, 
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for the process also involves the property of 
time..One ofthe actualphysicalplayersin the 
creative process ofunbalancing the Lattice is 
the manipulation of the time-frame of matter. 
This is not time travel, but time 
displacement. It is where you are actually 
addressingtiny parts ofmatter, and changing 
the time-frame they are in. When the inequity 
of time-frames meet one another (matter 
mixed up with differing time attributes), the 
result isa displacement of distance (reality of 
location). Although there is no horrendous 
danger for Earth within this time 
displacement, it can and will affect the local 
situation within the experiment. In other 
words, it can create a matter-distorting effect, 
completely stopping the experiment, and 
actually dislocating the parts. Weare not going 
tosayany more about thisat the moment, but 
the more astute scientific minds reading this 
will go to the next obvious step..and the 
answer is "yes", the Lattice is also the key to 
quick travel oflarge physical objects.. even of 
very short distances. 


Possible Documented 
Demonstrations of Time-Space 
Warping 


Such fantastic transformations were 
possibly evident in the Hutchison 
experiments [11], in which metal samples 
were catastrophically fractured when 
exposed to radiation from the unique 
electromagnetic field effect. It was also 
noticed that many physical objects of 
different composition which were separate 
in space before the electromagnetic field 
was applied, became inexplicably 
embedded in each other once these objects 
were radiated by the field effect. For 
instance, pieces of wood contained 
metal knives, etc. Other metal samples 
were catastrophically fractured in their 
molecular-atomic crystal arrangement, 
producing a substance which was uniform 
and geometrically symmetrical at one end 
but appeared to have the resemblance of 
corrugated cardboard at the other. 


Also, similar to Kryon's assertion of the 
inevitability of time-shift with massaltering 


phenomena, in Hutchison's work 
anomalous inertial impulses were recorded 
on film, sometimes resulting in the 
complete lift/levitation of various 
substances of different mass. We notice also 
anomalous inertial impulses were a feature 
of the Zinsser "kinetobaric" effect [12], in 
which due to excitation by sawtooth 
microwaveimpulseswith very fast rise 
time, a sample attached to a torsion 
balance, deflected the balance for days and 
weeks after the original excitation was 
extinguished. Notice the similarity between 
these results and those of the Kozyrev 
experiments, some of which reportedly 
featured a memorizing preservation effect 
onatorsion balance, ete. 


Wealso find additional confirmation from the 
basically anecdotal evidence from thealleged 
legendary Philadelphia Experiment in 1943, 
which apparently causedeither large time-or 
space (teleportation) shifts in a Navy ship.In 
fact, in another piece Kryon himself possibly 
speaks directly about the Philadelphia 
Experiment, providing us with further insight 
into important possible new paradigms for 
time, mass and energy: In all your questions 
regarding magnetics and the massless 
condition, you have never asked about what 
happened in your year 1943. You tried to 
create a massless condition with coarse 
equipment and little understanding of what 
youwere doing. Inthe processyouactually did 
create an unstable massless condition for a 
moment. Its instability created a situation 
where, instead ofa truemassless condition, you 
received one where the time-frame changed 
but the parts within the sphere of the time 
change did not have the fine-tuned 
synchronicity needed for amassless object. The 
resultwas an actualdistance displacement of 
the object instead ofatrue massless condition. 

Indeed, humans were involved on the large 
objectand their biology was damaged greatly. 

Your experiment was done in an atmosphere 
ofdesperation, andyour goalwas flawed. For 
your math told you that there might be a 
‘possibility ofinvisibilityandthatwasyour goal. 
This was again because you did not 
understand thatbecause the distance between 
the parts change, itdoesn'tnecessarily mean 
that the overall size will dramatically change 
(or thatit mightvanish). 
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To allwwhom it may concern: 
Be it known that I, nmwarx Pravson, 
Esthonian subject, residing in Hamburg, 
Germany, have invented certain new and 

5 useful Improvements in the Conversion of 

Atmospheric Electric Energy, of which the 
following is a specification. 

Mothods of obtaining atmospheric elec 
tricity by means of metallienettings set with 
spikes which are held by means of ordinary 
or anchored kite balloons made of fabrics 
and filled with hydrogen, ere in theory al- 
ready ktlown. Atmospheric electricity ob- 

cd in this way has been suggested to be 
used in the form of direet current for the 
charging of accumulators. ‘This knowledge 
however is at presont only theoretical as the 
conversion in practice has hitherto been a 
failure. No means are known of protecting 
the apparatus from destruction by lightning. 
‘The balloons used for collecting the charge 
imust also be made of very large size in order 
to be able to support the weight of the me- 
ag (illic netting; and the heavy’ cable connec- 
tions. 

Instead of using heavy metallic netting as 
collectors attached to single air balloons of 
non-conducting materials which are liable to 
he torn and are permeable to the gas, it is 
proposed to nse_metallic balloon collectors 
‘which have the following important advan- 
inges— 

(a) ‘Tho metallic cases are impenetrable 
to helium and hydrogen; they also represent 
Jaro metallic weather-proof collecting si 
faces. 

(3) Radio active means and.the like may 
be easily applied internally or externally; 
whereby the ionization is considerably in. 
creased and therewith also the quantity of 
almospheric electricity capable of being eol- 
ected. 

(c) Such balloon collectors of light metal 
do not require to be of large size as they 
have to carry only their own moderate 
weight, and that of the conducting eable or 


» 


4 


d) ‘The entire system therefore offers Hit: 
tu stedace forthe Ytion of stort and nd 
stant and stable. 

{e) Bach balloon can be easily raised and 
lowered by means of a winch so that all re- 
pairs, recharging and the like can be earried 
Gut without danger during the operation. 


Serial Wo, 437,107, 


It is further proposed to use a collecting 85 
aerial network of several separate collectors 
spread out in the air above the earth, which 
collectors ate interconnected by electri 
conductors. 

‘According to this invention charges of al 
mospheric electricity. are not directly ot 
rerted into mechanical energy, and this 
forms the main difference from previous in- 
ventions, bul the static electricity which run 
to earth through acrial conductors in the 
form of direct current of very high voltage 
and low current strength is converted into 
lectro-dynamie energy in the form of high 
frequency vibrations. Many advantages are 
oreby “oblainel and all “disadvantages 

‘The very high voltage of static electricity 
of a low current strength can be converted 
by this invention to voltages more suitable 
for technical purposes and of greater cur. 
rent strength, By the use of closed oscilla- 
tory circuits it is possible to obtain electro- 
magnetic waves of various amplitnde and 
thereby to increase the degree of resonance 
of such current. Such resonance allows ¥ 
rious values of inductance tobe chosen 
hereby again the governing of the starting 
and stopping of machines driven thereby by 
simply tuning the resonance between soils 
of the machine and the transformer circuit 
forming the resonance can qasily be ob- 
tained,” Further, such currents have the 
property of being directly available for va. 
Fious uses, even without employing them for 
Ariving motors, of which there may be par- 
ticularly mentioned, lighting, production of 
heat and use in eleviro-chemistry. 

‘Further, with such currents a setios of ap- 
povatus may be fed without direct curren 
Ripply through ‘conductors nnd also. the 
electro-magnetic high. frequency  eurrents 
say be converted by means of special motors 
adapted for electro-magnetic. oscillations 
intd mechanical enerpy, or finally converted 
by special machines into alternating current 
of low frequency or even into direct eurrent 
Sf Ingh potential. 

THe iheention is more. partieulavly.do- 
seribed with reference to the accompanying 
diggrams in which =~ 

Figure 1 ig an explanatory figare. 

Figure 2 isa diagrammatic view of the 
simplest form. 
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Figure 8 shows a method of converting 
atmospheric electricel enorgy for use with 
motors. 

Figure 4 is a diagram showing the use of 
protective means. 

Figure 6 is 9 diagram of an arrangement 
for converting large current strengths. 

Figure 6 is-a diagram of an arrangement 
including controlling means. 

Figure 7 shows means whereby the spark 


Figure. 9 shows a wealr coupled system 
suitable for use swith small power motors. 


Figures 19, Li and 19 show modified ar- 
rangements. 

Figure 13 shows a form of inductive cou- 
pling for the motor cirenit. 

Fignro 14 is a modified form of Figure 13 
with inductive conpling. 

Figure 18 is an arrangement with non 
inductive motor 

Figure 16 is an areangoment with cou 
pling by condenser 

figures 17, 38 and 19 ave diagrams of fur 
ther modifieations. 

Figure 20 shows a simnple form in which 
the aerial network is combined with special 
collectors. 

Figure 21 shows diagrammatically an ar- 
rangement suitable for collecting large 
quantities of energy. 

Figure 22 is a modified arrangement hav- 
ing tivo rings of collectors. 

‘Figure 23 shows the connections for three 
‘ngs of collectors. 

Figure 24 shows a collecting balloon and 
diagram of its connection of condenser bat- 
teries. : 

Figures 2% and 26 show modified collector 
balloon arrangement 

Tignre 2T shows a second method of con~ 
necting conductor for the balloon aerials. 

Figure 98 shows an aulo-transformer 
method of connection. 

Figure 29 shows the simplest form of con 
struction with incandescent cathode. 
igure 80 shows a form with cigar shaped. 
balloon. 

Figure 81 is a shodified arrangement, 

Figure 32 shows a form with eathode and 
electrode enclosed in a vacuum chamber. 

Figure 33 is a modified forin of Figure 92 

Figure 84 shows an are light collector 

‘igure 35 shows such an arrangement for 
alternating current. 

Fignre 86 shows an incandescent collector 
with Nernst lamp. 

Figure 37 shows a form with a 


s flame. 


Figare 1 illustrates e simple diagram for 
converting static. electricity into “dynamic 
energy of a high number of oscillations. 


For the sake of clearness in the drawings an 
influence machine is assumed to be employed 
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and not an aerial antenna. 13 and 14 ave 
combs for collecting the static electricity of 
the influenco machine. T and 8 are spark 
discharging electrodes, 6 and 5 condensers, 
9 an inductive primaty coil, 10 seconday 
coil, {Land I2ends of conductors of the se 
ondary coil 10. Whon the dise of the static 
influsiee machine is rotated by mechanical 
‘means, the combs collect the electric charges 
one the positive and tho other the negative, 
and charge the eondonsors § and 6 until suclt 
‘ high potential is formed across the spark 
gap T—8, that the spark gap is jumped. As 
the spark gap 7—8 forms a closed circuit 
with condensers 6 and 5, and induetive re- 
sistance 9, as is well known, waves of high 
frequen electromagnetic oscillations wil 
this circuit, 


by the passage of the spark over Ue spar 
gap an 5 
charges of statie electricity. 

‘By suitably selecting the ratio between the 
nutaber of the coils im the primary and sec- 
‘ondary circuits with regard to a correct ap- 
plicatlon of the co-eflicients of resonance 
(capacity, inductance, and resistance). the 
high voltage of the ptimary eixouit may be 
suitably converted into low voltage and hight 
current strength. 

When the oscillatory discharges in the pri- 
mary cireuit becomes weaker or ent 
cease, the condensers are charged again by 
the static electricity until the accumulated 
charge again breaks down the spark gap. 
AIL this 1s repeated as long as electricity is 
produced by the statie machine by employ- 
Jng mechanieal energy 

An elementary form of the invention 
shown in Figuré 2 in which two spare gaps 
in parallel are used one of which may he 
termed the working gap 7 in igure 2.whilst 
the second serves asa safety device for e: 
cess voltage and consists of a Inger num) 
of spark gaps than the working section, 
which gaps are arranged in sevies and are 
bridged by very small capacities as is ilus- 
trated in a, 3,. ¢,, Figure 2 which allow of 
uniform sparking’ in the safety’ section, 

Tn Figure 2 A is the aerial antenna for 
collecting charges of atmospheric electricity. 
13 is the earth connection of the second part 
of the spark gap, 8 and 6 ave condensers, 9 a 
primary coil.” Now when through the aeri 
A the positive atmospherie electricity seeks 
to combine with the negative charge toeartt, 
this is prevented hy (te air gap between) 
the spark gaps. The resistance of the spark 
gap 7 is, as shown in the drawings, lower 
than that of the other safety section which 
consists of three spark gaps connected in 
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series, and consequently a three times greater 
air resistance is offered by the latter. 

So long therefore, as the resistance of 
‘the spark gap 7 is not overloaded, so that 
the other spark gaps have an equal resisi- 
‘ance with it the discharges take place only 
over spark gap 7. Should however the 
voltage be increased by any influences so 
that it might be dangerous for charging 
the condensers 5 and 6 or for the coil in- 
sulation 9 and 10 in consequence of breale 
down, by a correct regulation of this spark 
pp the second spark gap can discharge free 
from inductive effects direct to earth with- 


10 


‘cuit consisting of spark gap 7, two conden 
ers and 6, primary coil 9,’and also see- 
ondary coil'10 is exactly tho same as the 


25 one described in Figure 1 with the arrange- 
Inont of the static Induction machine with 
the “only difference that here. the sevond 
spark gap is provided, ‘The electromagnetic 
high frequency alternating current obtained 
‘ean be tapped off from the conductors 11 
and 12 for lighting and heating pate. 
Special kinds of motors adapted for work- 
jng with these peenliar electrical charges 
may Be connected at 1 and 15 ‘which 
8 work with static electricity charges or with 
high frequency oscillations, 

fa addition to the use of spark gaps 
in parallel a second measuro of security is 
alsy necessary for taking off the current, 
‘This precaution consists according to this 
invention, in the introduction of and method 
of ecannecting: certain protective electro- 
magnets or choking coils in the aerial cir- 
chit a5 shown by Sin Figure 9, 

‘A single lestiomagiel only having a core 
of the thinnest possible separato laminations 
fs connected with the serial. 

In the case of high voltages in the aerial 
network or at places where there are fre- 
quent thunder storms, several such magnets 
thay however e cast in srs 

in the case of latge units or plants sev- 
eral electromagnets can be employed in par 
allel or in series parallel. 

‘The windings of thess electromagnet 
may be simply connected in series with the 
aerials, In this ease the winding preferabl: 
consists of several thin parallel wires, whick 
rake up together, the necessary section 

‘The winding may be made of primary 
and secondary windings in the form of a 
transformer. “The prim: winding will be 
then connected in series with the aerial net- 
work, and the secondary winding more or 
less short-circuited over a regulating resist- 
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tance or an induction coil, Ta the ater 
caso it is possible to regulate to a cerbain 
extent the effect of the choking coils. In 
the further description of the connecting 
and constructional diagrams tho aerial elec 
tromagnet choke coil’ is indicated by a 
simple ring S. 

‘igure 3 shows the simplest way of con- 
verting atmospheric clectricity into electro- 
magnetic wave energy by the use of special 
motors adapted for high oscillatory cur- 
rents or static charges of electrical energy 
Recent improvements in motors for wor 
ing With static charges and motors working 
bby resomance, that is to say, having groups 
of, tuned electromagnetic cooperating cir- 
euits render this possible but such 
form part of the present invention, 

A motor adapted to operate with static 
charges will for the sake of simplicity be 
diagrammatically indicated by two semi 
circles 1 and 2 and the rotor of the motor 
by a ring M. (Figure 3.) A is a vertical 
aerial of aeriai notwork. the safety 
choke or electromagnot with coil O as may 
be seen is connected with the aerial A. Ad 
Jacent the electromagnet S the aerial con- 
ductor in divided, into three citeuits, the 

reuit: 8 giving the safety spark gup, the 
cirenit 7 with the working spark Zep! and 
then a circuit including the stator terminal 
4, the rotor and stator teriainal 2 at which 
i connection is made to the earth wire. ‘The 
two spark gaps are also connected metal- 
lically with the earth wire. The method of 
working these diagrams is as follows: 

‘The positive atmospheric electric charge 
collected tends to combine with the negative 
electricity (or earth electricity) contiected 
with the earth wire. Tt travels along th 
aerial A through the electromagnet S with 
out being checked as it flows in the. same di- 
rection as the direct current. Fncther, its 
Progress is arrested by two sparks. gaps 
pleced in the way and the stator condenser 
‘The stator condenser surfaces are 


lo not 


until the charge is greater tha 
the resistance of the spark gap , whereupon 
a spark springs over the spark gap 7 and an 


oscillatory charge is obtained ax by meaus 
of the motor M, stator surfaces {and 2, and 
spark gap 7, a closed oscillation circuit is 
obtained for’ producing the electromaynetic 
oscillations. ‘The motor here forms the ea- 
pacity and the necessary inductance and re~ 
sistanice, which, as is wall known, 
sary for converting static elect 
electromagnetic wave energy. 
‘The discharges formed ave converted into 
mechanical energy in special motors and ean 
not reach the aerial network by reason of 
the electromagnet or choke. If, however 
when a spatic springs over the sparie gap 7 
a greater quantity of atmospheric electricity 
tends to flow to earth, a counter voltage is 
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induced in tho electromagnet, hich is 
neater the more rapidly and strongly the 
ffow of erent divect 12 the earth is By 
the formation of this opposing voltage. i 
Sulfiionly hight resistance ie niored tthe 
flow of ntmosplieric electricity direct to 
earth to prevent a short ciredit with the 
cnet. : 
The cirenit containing spark yap 8 havin 
a difforeit wave lengtltorhieh ie not in eso 
hance with the natural frqueney of the 
niotor, does not endanger the motor and 
serves’ as security ayuinst excess voltage, 
whieh, as practical experiments have shown, 
may still arise in certain eases, but, ean be 
conducted direct to earth through this spark 


emp. % . 

Fi the diagram illustrated in Figure 4 the 
spark gap 7 is shnted across condensers 5 
and 6 from the motor ML. This eonstruetion 
affords mainly a better insulation of the 
motor against exeess voltage and a wniform 
excitation through the spark gap 7. 

‘In Figure 5 a diagram is iMlusteated for 
transforming large curzent strengths whieh 
nay be employed direct without motors, for 
example, for lighting ov heating purpose 
The main diffcreneo is that here the spar 
gap consists of a star shaped dise 7 whicit 
an rotate on its own axis and is rotated by 
a motor opposite similarly fitted electrodes 
78, When separate points of stars face one 
another, discharges (ake place, thus forming 
an oscillation eireuit over condensers 5 and 
6 and inductance 9 for oscillatory discharses 
Tt is evident that a motor may itso bed 
rectly conneeted to the ends of the spiral 9. 

‘The construction of the diagram shown 
in Fignre 6 permits of the oscillation cireuit 
of the motor being connected with an in- 
@uetion Here a rexuiating inductive 
resistance is introduced. for counter-acting, 
excess voltages in the motor. By cutting the 
separate coils 9 (coupled inductively to the 
acrial) in o ont the induetive aetion on the 
motor may be more or less increased or 
‘arjabe aerial action may be exerted on the 
oscillation eireuit 

Tn Figure 7 the oscillation cireuit is closed 
through the earth (E and E,). ‘The spark 
gap T may be prolonged or shortened. by 
move or fewer spark gaps being succossively 
connected by means of a. contact arm 7% 

Dingram 8 shows a unipolar connection of, 
the motor with the aerial network. Here 
tivo oscillation eivenits are closed through 
the same motor. ‘The first oscillation circnit 
passes from acvial A through clectromagact, 

, point 2, inditetanee 9 to the earth con- 


denser 6 ahd further, over sparle gap T to 
the aerial condenser 5 and back to «. Tho 
second oscillation cirenit ts from the 


aerial condenser 5 at the point ot over the 
inductance 9 to the earth condenser 6 at the 
point 2? and through the condenser 6 over 
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the spark gap 7 back io", Tho motor itt 
is inserted between the Lwo points of the 
spark gap 7. yom this arrangement slight- 
Ly damped oscillation wave curtents are pro- 


In the diagram illustrated in Figure 9 2 

loosely coupled system of connections is il- 
Instrated whieh is assumed to be for sinall 
motors for measuring purposes. A indi: 
cates the aerial conductor, S the electromag- 
not in the acrinl conductor, 9 tie inductanee, 
‘T the spark gap, 6 and 6 condensers, B the 
earth, M the motor, and 1 and 2 stator con- 
nections of the motor. ‘The motor is 
rectly metallieally connected with the oseil- 
lation cirenit. 
__ In Figure 10 a purely inductive coupling 
is employed for the moior civevit. The mo- 
tor is connected with the secondary wire 10 
as may be seen in Figure 11 in a Somewhat 
modified diagram connection. ‘The same 
applies to the diagram of Figure 12, 

‘The diagrams hitherto described prefer- 
ably allow of motors of small and medivm 
strength to be operated. Wor large aygce- 
gates, however, they are too inconvenient, as 
the construction of two or more oscillation 
circuits for amounts of energy is diM- 
cult; the governing is still more diflicult and 
the danger in switching on or off is greater. 

A means of overcoming such difficulties is 
shown in Figure 13, The oseillation cireuit 
here runs starting from the point # over con- 
denser 5, variable inductance 9, spark gap 
‘7 and the two segments (3* and 4*) form. 
ing arms of 2 Wheatstone bridge, back to 2. 
‘If the motor is connected by brushes 3 and 
4 transversely to the two arms of the bridge 
as shown in the drawings, electromagnetic 
oscillations of equal sign are induced in the 
‘stator surfaces 1 nnd 2 and the motor does 
not revolve. If however. the brushes 3 and. 
4 are moved in comnion swith the conduct. 
ing wires 1 and 2 which connect the brushes 
‘with the stator poles a certain alteration or 

isplacement of the polarity is obtained and 
‘he motor commences to revolve. 

‘The maximmn action will result if one, 
brush 3 comes on the central sparking con- 
fact 7 and tho other brush 4 on the part 2, 
‘They are however, usually in practice not 
brought on to the central contact 7 but only 
held in the path of the bridge segments a 
and 3*in order not to conneet the spark gaps 
with the motor oscillation circuit, 

As however, the erttire oscillation energy 
can thereby not act on the motor it is better 
to carry ont the sume system according to the 
Gingrain if. ‘The diagram 14 ciffers from 
the foregoing only by the motor not being 
directly metallically connected with the seg- 
meats of the commutator, bnt only a pri 
mary coil 9 which induces in 2 secondary 
coil 10, current w! feeds the motor M 
and takes the place of the rotor. By this 
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igeanent a good transforming action is 
ned, a loose coupling and also an os- 
cillation circuit without @ spark gap. 

In Figure 18 the motor is not purely in- 
ductively as in 14, but. directly metaltically 
branched oft from the primary coil (at @ 
and 2*) after the principle of the auto-trans 
former, 

In Figure 16 instead of an inductance a 
condenser 6 is in similar manner, and. for 
the same object inserted between’ the seg- 
mens 3 and 4%. ‘This has the advantage 
that the segments 3* and 4* need not be-made 
Of solid metal but may consist of spiral coils 
‘whereby a more exact regulation is possible 
and further motors of high inductance may 
be euployed. 

The arrangements of Figures 11, 18 and 
49 may be employed for use with resonance 
and particularly with induetion condenser 
moters; between the large stator induction 
condenser surfaces, sinall reversing pole con 
ensers are connected, which, as may be seen 
from Figures 17, 18 and 19 are led together 
to earth. Such’ reversing poles have the 
advantage that with large quantities of 
electrienl energy the spark formation bo- 
tween the separate oscillation cireuits ceases. 

Figure 19 shows a further method which 
prevents electromagnetic oseillations of high 
nuunber of alternations formed in the oscil- 
Intion circuit striking back to the aerial con- 
ductor, Tt is based on the well known prin 
ciple that a mercury Tamp, one electrode of 
which is formed of mercury, the other of 
solid metal such as steel allows an electric 
charge to pass in only one direction from 
Use mercury to the steel and not vice versa, 
‘The merenry electrode of the vacuum tube 
N is therefore connected with the aerial 
ie steel electrode with the 
oscillation circuit, From this it results that 
charges can pass only from the aerial 
Girowgh the vacuum tube to the oscillation 
cirenit, but not vice yersa. Oscillations 
which ‘are formed on being transformed in 
the oscillation circuit cannot pass to the 
uctinl conduetor. 

Tn practice these vacuum tubes must, be 
connected hehind an electromagnet as the 
latter alone affords no protection against the 
Hanger of lightning, 

As regards the use of spark gups, all 
arrangements us used for wireless teleg- 
raphy. may be used. Of course the spark 
pepsin large machines must have a sulle 
Gieutly large surface, Th very la 
they ave cooled in Tiquid eaxbor 
utter still in liquid nitrogen or hydrogen 
in migst cases the cooling may also take 
place by means of liquefied low homologues 
‘of the'metal series or by aneang of hydro 
carbons the freezing point of which lies at 
hetween —90° C. and —40° C. ‘The sparkc 
gap casing must also be insulated and be of 


sullcient strength to be able to resist any 
pressure which may atise. Any, undesirable 
excess super-presstire which may be formed 
must be automatically let off. I have em- 
ployed with very good results mercury el 
trodes which were frozen in. liquid carbonic 
acid, the cooling being maintained daring. 
the 9peration fromthe outside through the 
walls 

Figure 20 is one of the simplest forms of 
construction of an aerial network in com- 
dination with collectors, transformers and 
the like illustrated diagrammatically. E is 
here the earth wire, 8 the safety spark gap, 
7 the working spark gap, 1 and 2 the stator 
surfaces of the motor, 5 a condenser battery, 
S the protective magnet which is connected 
with the coil in the aerial conductor, At to 
A acrial antenna with collecting balloons, 
N horizontal collecting or connecting wires 
from which, to the centre a number of con- 
nections run. 

‘The actual collectors consist of metal 
sheaths preferably made of an aluminium 
‘mmagnesinm alloy, and are filled with hydro- 
igen or helium and are attached to copper 
plated steel wires, ‘The size of the balloon 
Is selected so thnt the actual weight of the 
balloon and the weight, of the conductin 
wire is supported thereby. On tho top o} 
the balloon aluminium spikes, made and 
gilded in a special manner hereinafter de- 
Seribed, are arranged in order to produce @ 
conductor action, Small quantities of 
radium preparations, more particularly 
polonium-ionium or mesothorinin prepara 
tions considerably increase the ionization, 
and therewith the action of these collectors. 

Tn addition to metal balloons, fabric bal- 
Joons which are superficially metal coated 
necording to Schoop’s metal spraying proc- 
ess, may lowever also. be employed. A 
metallie surface may also be produced by 
lacquering with metallic bronzes, preferably 
according to Schoop’s spraying process or 
lacquering with metallic bronze powders in 
two electrical series of widely different 
motals, beeause thereby the collecting effect 
is considerably increased. 

Instead of the ordinary round balloons, 
elongated cigar shaped ones may be em: 
ployed. In order also to utilize the fric- 
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wind will impart e portion of its energy in 
tho form of frictional electricity, tothe 
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agains the wind is then lit at the point of 
the copper tube and a netting is secured to 
the copper tube over the flats of this lanip 
to form a collector. ‘The gas is conveyed 
through the interior of the tube up to the 
summit. ‘The copper tube must bo. xbso- 
Tutely protected froin moisture at the place 
at which it enters the tower and also rain 
must be prevented rimning down the walls 
of the tower which might lead to a bad 
catastrophe. This is done by bell shaped e 


largements which expand downwards, being. s 


arranged in the tower in the form of high 
voltage insulators of Siamese pagodas. 

Special attention must be devoted to the 
foundations of such towers. ‘They must be 
well insnlated from the ground. which may 
be obtained by first embedding a layer of 
conerete in a box form to a sulliciont depth 
in the ground and inserting in this an 
asphalt Tining and then glass bricks cast 
abort 1 or 2 metres in thickness. Over this 
in turd there is a ferro-concrcte layer in 
which alone the metal foot of the tube is 
secured. ‘This concrete block must be at 
Teast 2 metres from the ground and be fully 
protected at the sides by a wooden covering, 
from moisture. In the Iower part of the 
tower a wood or glass house for the large 
condenser batteries or for the motors may 
hhe constructed. In order to lead the earth 
connection to the ground water, a wel 
sulated pit constructed of vitreous bricks, 
must be provided. Several such towers aro 
erected ab equal distanees apart and con- 
nected with a horizontal conduetor. ‘The 
ntal connecting wires may either r 
y from tower to tower or be carried 
con boll shaped insulators similar to those in 
use for high voltage conduetors. ‘The width 
of the network may be of any suitable size 
and the connection of the motors can take 
place at any suitable places 

In order to collect large quantities of 
lectricity with fer aerials it is well to pro- 
vide the acrial conductor with batteries of 
condensers as shown in two methods of con- 
struction in Figures 21 and 92. Tn Figure 
21 the batteries of condensers me con- 
noeled on the one hand with tho aerial eles 
tricity collectors % hy the acrial conductor 
A, and on the other hand interconnected in 
Series with an annwlar conductor from 
‘which horizontal conduetors run to the con- 
necting points C to which the earth wire is 
connected. 

Figure 22 shows a similar arrangement. 
Should two such series of antemne rings be 
shown by 2 voltmeter to have a large dif- 
ferenee of potential (for example, one in the 
monntains and one in the plain) or even of 
GHlerent polarity these differenees may he 
compensated for by connecting, sufieiently 
large condenser batieries (5, 5", 5°) by means 
of Maji star conductors D and D', “Th Fig- 
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wre 23 a connection of thyeo such 
collectors to form a triangle with a central 
condenser battery is illustrated. 

‘The condenser batteries of sitch large in- 


stallations must be embedded in liquefied 7 


gases or in liquids freezing at very Jow 
Eemperatures, In suoh cases 4 portion of 
the atmospheric energy must be employed 
for liquofying these gases. Tt is also profer- 
able to employ presatire. By this means the 

never surfaces may be diminished, and 

allow for large quantities of energy to 
bbe stored, secure ‘against: breakdown. For 
smaller installations the immersing of the 
condensers in well insulated oil or the like, 
sulfices, Solid substances on the other hand, 
cannot be employed as insulators. 

The arrangement in the diagrams hitherto 
deseribed was always such that the con- 
denser batteries were conneoted with both 
poles directly to the aerial conductors. An 
Improved diagram of the connections for 
obtaining atmospheric electricity for tho 
condetiser batteries has however, been found 
to be very advantageous, this arrangement 
consists in that they are’ connected by only 
one pole (unipolar) to the collecting, net- 
work, Such 2 method of arrangement is 
very important, as by means of it a constant 
current and an increase of the normal wo 
ing pressure or voltage ie obtained. If for 
example a collecting balloon aarial which is 
allowed to rise to a height of 300 metres, 
shows 40,000 volts above earth voltage, in 
practice it has been found that the working 
yoltage (with a withdrawal of the power 
according to the method hereinbefore de- 
scribed by means of oscillating sparle gaps 
and the Fike) is only about 400 volts. Tf 
however, the eapacity of the eondenser sur- 
faces le inereased, which capacity in the 
above mentioned eas wax equal to that of 
the collecting surface of the balloon aerials, 
to double the amount, by connecting the 
condenser batteries with only one pole, the 
voltage rises under an equal withdeav 
current p to and beyond 500 volts, 
can only be ascribed to the favourable action 
of the connecting method. 

In addition to th's substantial improve- 
ment it has also been formd preferable to 
insert double indnetances with eleet rama 
nots and to place the capacities preferahty 
boetavcen two such clectromagnets. Tt has 
also heen found that the useful action of 
sucht condensers can be further increased if 
an indnetion epi be connected as inductive 
resistance to the unconnected pole of the 
condenser, ot still better if the condenser 
itself be made as an induction condenser. 

‘hn condenser may be compared with 
spring which when compressed carri 
itself nccamulated force, which it ag: 
gives off when released.’ Tn charging, a 
charge with reversed sign is formed nt the 
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other free condenser pole, and if through the 
spark gap a short cireuit results, the accu- 
mulated energy is again given back since 
now now quantities of energy are induced 
at the condenser pole connected with the 
conductor network, which in fact charges 
‘with opposite signs to that at the free eon 
denser pole. ‘The new induced charges have 
of course the same sign as the collector net- 
work, "The whole roltage onergy in the 
aprial is thereby however inere in the 
same spaco of time larger quantities of 
energy are accumulated than is the case 
‘without such inserted condenser batteries. 
In Figures 24 and 25 two different dia- 


grams of connections are more exactly jllus- 
trated, Figure 2 shows a collecting balloon 


and the diagram of the connections to earth. 
Figure 25 four collecting balloons and the 
parallel connection of the condenser bat- 
tories belonging thereto. 

‘A is the collecting balloon made of an 
aluniniom magnesium alloy (electron metal, 
aagnalium) of a specific gravity of 1.8 and 
a thickness of plate 0.1 t 02 mm, Inside 
there are eight strong vertical ribs of T 
shaped section about 10 to 20 mm. in height 
stout & mo thickonsy withthe po 
x part dirécted inwards (indicated by 
Sd and so forth); they are riveted tir 
to form a firm skeleton and are stiff- 

ued in a hotizontal direction by two cross 
ribs. The ribs are further connected with 
‘one anothey internally and transversely b3 
means of thin steel wires, whereby the bale 
Joon ahtains great power of resistance and 
elasticity. Rolled plates of 0.1 to 0.2 mm. in 
tiviekness made of magnalium alloy ace then 
either soldered or riveted sn this skeleton: 
vo that a fly metallic easing with suinot!, 
external surface is obtained. " Well silvered 
or coppered aluminium plated steel wiresrun 
rum each rib to the fastening ring 2. F 
ther, Uhe coppered steol haxser L preferably 
twvisted out of separate thin wires (shown in 
dotted Tines in Fignre 24) and which rust 
he long enough to allow the balloon to rise 
in the desired height, leads to @ metal roller 
or pulley 3 and from thence to a winch W, 
‘well insilated from the garth, By means 
thig winch, the balloon, which js filed with 
hydrogen, or helium, can be allowed to vise 
to a suitable height’ (800 to 5,000 metres) 
and Inought to the ground for rechargizys 

The actual emvent is taken directly 
through a friction contact from the metal 
from the wire, or oven from the 

nntltaneously ‘from, all three by 
of brushes (3, 3° and 3) 
brushes th 
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having an adjustable coil $# then to the 
spark gap 7 and to the second cath e 
ductor EX The actual working cizenit is 
formed through the g 


a * electromagnetic 
Betweon the ele-tromagnet 
we erossiny point 13, fim cone 
denser batteries are introduced which are 
only indicated dingrammatically in the 
drawings each by one condenser. ‘Tivo of 
these batteries (16 and 18) are made as plate 
condensers and prolonged by regulating 
duction coils or spirals 17 and 19 while the 
two others (21 and 23) are induction con- 
densers, As may he seen from the drawings 
each of the four condenser batteries 1t, 1k 
21, 23 is connected only by one pale to the 
actial or to the collector conductor. ‘The 
second poles 17, 19, 22, 24 are open. Tn the 
case of plate condensers having no inductive 
resistance an induction coil is inserted. The 
“object of such a spiral or cril is the displace- 
mont of phase of the induction current by % 
periods, whilst the charging currant of the 
condenser poles which lic free in the air, 
works back to the collector aerial. ‘The con: 
sequence of this is that in discharges in the 
collector aerial the back induetive action of 
the feve poles allows a higher voltage to be 
maintained in the acrial collecting con- 
ductor than would otherwise be the case. Ib 
has also been found that such a back action 
has an estremely favourable effect on the 
‘wear of the contacts, OF course tho induec- 
ve effect may be regulated at will within 
the limits of Wie size of the induction coil, 
tho Iength of the coil in action being ad? 
justable by means of wire connection with 
‘ut induction (see Fig. 24, No. 20) 

St and S* may also he provided with snch 
regulating devires in the case of S* (illus. 


oo 


00 


10s 


already been hereinbefore described. 

The small circles on. fhe collector balloon 
indicate places at which zine amalgam or 
gold amalgam or other photoclectrie acting 
metals in the fori of small patches in es- 
tremely thin Inyors (01 to .05 mm. in 
thickness) are applied to the balloon casing 
of light metal, Such metallic patches may 
also be applied to the entire balloon as well 
as in greater thiclméss to the conducting 
network. ‘The capacity of the collector is 
thereby ‘considerably strengthened atthe 
surface. ‘Tho greatest possible effect in col- 
lectiug may be obtained by polonium amale 
guins and the like. On the surface of the 
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collector balloon metal points or spikes ave 
also fixed along the ribs, which spikes serve 
particularly for collecting the collector 
charge, Since it is well known that the re- 
sistance of the spikes is less the sharper the 
spike is, for this purpose it is therefore ex- 
tremely’ important to employ as sharp 
spikes’ as possible, Experiments made 
gurds these have. shown that Uhe forma 
tion of the borly of the spike or point also 
plays « large part. for example. spilies made 
of bars or rollers with smooth surfaces, 
have a nuny Limes greater point resistance 
ns collector accumulator spikes than those 
with rough surfaces. Various kinds of 
spike bodies have been experimented with 
for the collector balloons hereinbefore men 
tioned. ‘The hest results were given by 
spikes which were made in. the following 
‘ay. Fine points made of steel, copper, 
cel, or copper and nickel alloys, were fs 
tened together in Tnmdles and then placed 
as anode with the points in a suitable clec- 
trolyte (preferably: in hydvocllorie acid or 
muriate of iron sotutions) and so treated 
with weak current at 2 to 8 volts pressne 
After 2 to 3 hours according to the thick- 
ness of the spikes or pins the points hecome 
extremely sharp and the hodies of the spikes 
have a rougl surface, The bundle can then 
he removed and the acid washed off with 
water, The spikes are then placed ag 
thode in a bath consisting of solution of 
Id, platinum, m, paladium or wolf- 
im 'stits or their compounds and coated 
ab the cathode galvanically with a thin layer 
Of precious metal, which must however be 
suificiontly firm to protect them from at: 
mospherie oxidation. = 
Such spikes act at'a 20 fold lower voltage 
ast as well ns the best,and finest points 
made ly mechanienl means. Stil) better ve- 
sults are obiained if polonium or radinm 
ie ackded to the galvanic bath when 
forming the protective Tayer or coating. 
Such pins have a low resistance at theit 
points ind even at one volt and still lower 
Pressures have an excellent collector action. 
Tn Figure 24 the Uhree weonnested poles 
are not connected with one another in par- 
alls hat is quite possible in practice 
withont altering the_prineiple of the free 
pole. Tt is also preferable to intersomect 
in parallel fo a common collector network, 
75 4 series of cullecting aerials, 
shows a diagram for snel an 
2 AAS ASA are four metal 
collector hatteons with’ gold ox platinum 
coated, spikes which are electrolytically 
inade in the presence of polonis:m emani- 
tions or radium salts, which spikes ov 
los are.connected over four electro-muznels 
S#, S*, 8%, S', Urongh an anmular conduetor 
Re From this annilar eondnetor four wites 
rin over four further electromaguets 8°, 
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St, S:, $4, to (he connecting point 19, ‘There 
the eandaetor is divided, one branch passing 
over 12 and the safety spark gap 8 to the 
earth at B?, the other over inductive resist- 
ance JJ and working spark gup 7 to the earth 
at EA. ‘The working circuit, consisting of 
the condenser 5 and G and a resonance 
motor or a condenser motor M, such as here- 
Inbefore described, is connected in prox- 
imity round the sparking gap section 7, 
Trstend of directly cosmecting the ‘con 
denser motor of course the primary cirenit 
for high Ivequency oseillutory current may 
also be inserted. 
‘The condenser batteries are connected by 
one pole to the annular conductor Rand ean 
or indnetionless (16 and 18) or made 
uction condensers as shown by 2L 
The free poles of the inductionless 


jercounected 
an parallel throngh a. second annalar cone 
Auetor without any fear that thereby the 
ptineiple of the free pole connection will be 
injured. In addition to the advantages 
already set forth the parallel connection 

1.0 allows of an equalization of the work- 
ng pressure in the entire collector network. 
Suitably constructed and calculated induc 
tion coils 25 and 96 may also he insevied in 
the annular condnetor of the free poles, by 
means of which a cirenit may be formed 
in the secondary coils 97 and 28 which ale 
lows current produced in this annular con- 
Auctor by flactuntions of the charges or the 
ike appenranees to be measured or other- 
wise utilized, 

According to what has been hereinbefore 
slated separate collector balloons may. be 
connected at oquidistant stations distributed 
over the ontire conntry, cither connected di 
rectly with one another motallically or by 
means of intermediate suitably connected 
condenser batteries through high voltaze 
conductors. insulated from ‘earth, The 


static clectricity is converted through 
spark gap into dynamic energy of x high 
nitinber of oseillations and may in such form 

by ineans 


he coupled as a souroe of ener 
of a suitable method of connerti 
Dreeantions being observed and vith spe- 
cial regulations. ‘The wi ading from 
the collector balloons have hitherte been 
a annular conductor 
ction, which ‘ean 
bo regarded as an endless induction coil, bo 
ing able to exert any action on the whole 
condinctor system 
Tt has now been found that if the network: 
conductor connecting the aerial collector bal 
loons with one another is not made ns a 
simple’ aninlar ‘ont preferably 
short ci of coils over a 


‘ond 
énited in the form 
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condenser battery or spark gap or through 
thermionic tubes or valves or wudions, then 
the total collecting network exhibits’ quite 
new properties. ‘The collection of atmos 
pheric electricity is thereby not only in- 
creased but an alternating field may be cas- 
ily produced in the collector network. 
Further, the atmospheric electrical forces 
showing themselves in the higher regions 
aay also be directly obtained by induction. 
In Figures 26 and 98 a form of construction 
is shown on the basis of which the further 
foundations of the method will be more ps 
ticularly explained. 

In Figure 26 1, 2, 3, 4 are motal collector 
balloons, 5, 6, 7, 8 their metallic aerial con- 
ductors and f the actual collector network. 
‘This consists of five coils and is mounted on 
high voltage insulators in the air, on high 
oltage masts (or with a sniteble constine 
tion of cable embedded in the earth). One 
coil has a diameter of 1 to 100 km. or more, 
S and S$? are two protective electromagnets, 
F the second safety section apainst excess 
voltage, E its earth conductor and E* the 
earth conductor of the working section. 
‘When an absorption of static atmospheric 
electricity is effected through the four bal- 
Joon collectors, the current in order to reach 
the earth connection E* must flow spirally 
through the collector network over the elec- 
tromagnet 8, primary induction coil 9, con. 
ductor 14, anode A of the audion tube, is 
candescent cathode K, as the way over the 
electromagnet and safety spark ap F offers 
considerably greater resistance. Owing to 
the fact that the accumulated current flows 
in one direction, an electromagnetic alter- 
pein field is produced in the interior of 
the collector network coil, whereby the whole 
free electrons are directed more or less into 
‘the interior of the coil. An increased ioni- 
zation of the atmosphere is therefore pro: 
duced, Tn consequence of this the points 
mounted on the collector balloon show a 
considerably reduced resistance and there- 
fore increased static charges between the 
points on the balloon and the surrounding 
atinosphere are produced. The result of 
ra is a considerably increased collector ef- 

fect. 

A second effect which could not be ob- 
tained otherwise is obtained by the electro- 
magnetic alternating field which runni 

arallel to the th surface, acts more or 
jess with a diminishing or increasing effect 
on the earth magnetic field, whereby in the 
case of fluctuations in the current 2 return 
induction current of reversed sign is always 
produced in the collector coil by earth mag- 
netism. Now if, however, a constantly pui- 
sating continuons alternating field is pro- 
duced as stated in the above collector net 
work I, an alternating current of the same 
periodicity is produced also in the collecting 


if Windings should act the best. 


network coil. As the same alternating field 
is further transmitted to the acrial balloon, 
he resistance of its points is thereby con: 
siderably reduced, whilst the collector ac- 
tion is considerably increased. A further 
advantage is that positive electrons which 
collect on the metal surfaces during the con- 
version into dynamic current, produce & so- 
called drop of potential of the collector 
avea. As an alternating field is present, the 
negative ions surrounding the collector sur- 
faces, when discharge of the collector sur- 
fuces' takes place produce by the law of in- 
duction, an induction of reversed sign on 
the collector surface and so forth (that is 
to say agnin a positive charge). In addi- 
tion to the adyantages hereinbefore set forth, 
the construction of connecting conductors in 
coil form when of sufficiently large diam- 
eter, allows of a utilization of energy aris. 
ing in higher regions also in the simplest 
way. As is well known electric discharges 
frequently take place wt very great cleva- 
tions which may be observed, such as St. 
Elmo's fires or northern lights. ‘These 
nergy quantities have not been able to be 
utilized. 

these. kinds 
electroma, 


well known that lange wireless sta- 
tions in the summer months, and also in 
the tropies are very frequently unable to 
necsive the signal in consequence of inter. 
ruptions which are caused by atmospheric 
electricity, and this takes place with vertical 
coils of only 40 to 100 m. diameter. If on 
the contrary horizontal coils of 1 to 100 km. 
diameter be employed very strong currents 
may be obtained through discharges which 
‘are constantly taking place in the atmos- 
phere. ‘Particolarly in the tropios or stil 
tter in the polar regions where the 
northern lights ate constantly present, lary 
‘quantities of energy may probably be ol 
tained in this way. A coil with several 
Jn similar 
manner any alteration of the earth ms 
nelisin should act inductively on such a col 
It is not at all unlikely that earthquakes 
and spots on the sun will also produce an 
induction in such collector eoils of sulflicient 
size. In similar manner this collector con- 
auctor will react on earth currents more 
particularly when they are near the surface 
of the earth or even embedded in the earth. 
By coimbining the previous kind of current 
collectors so far as they are adapted for 
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Although thismay seemlike a paradox toyou, 
the internal mechanics of small particle 
behavior supports this. The change is 
measurable but very small, much like what 
happens with heat and chill..Many of you 
have guessed correctly thatmagneticsand 
electricity play a critical role in the 
determination of the real attributes of 
mass..and the magnetic variables that 
determine the mass product, are often 
working within very small particles to create 
the density of an object and also its time- 
frame. The time frame ofa massless object is 

slightly different than your own, making you 
ry? ‘appear slightly slower than the massless 
object. Its reaction to more traditional mass 
molecules around it is also predictable: 
because of the very slight time displacement, 
it tends to change the number of electrons 
within the atoms directly in contact with it. 
This is a clue on how to detect a massless 
object even ifyou can'tsee it. 


The reason you felt the object (ship) would 
vanish was that you were able to simulate a 
"vanishing" in the laboratory with smaller 
objects. This observation was not consistent 
however, soyou again were in desperation 
to try this experiment ona larger object. The 
"vanishing" was an illusion and was due to 
a distance displacement rather than an "in 
place" vanishing..does this giveyou a clue to 
long distance travel using magnetics and the 
vibratory rate ofmatter?.. Only one buman 
on the planet bas ever captured a true 
massless condition, and even this was a 
coarse one and lasted for only for a few 
moments that were uncontrollable in scope. 
This massless condition was created in the 
primitive workshop of a great electrical 
scientist in your culture on the American 
continent not too long ago. Ifyou were able 
tovisithis workshop, you would note the holes 
in the ceiling and the patched glass-covered 
light port where his massless objects took off 
and wildly flew everywhere. If he bad been 
born 50 years later be would have been able 
to control the attributes of the experiment. As 
itwas, he did not have the precision tools you 
have now to direct and control such an 
experiment. It was bis great passion to 
understand this phenomena, but because it 
was so uncontrollable and sporadic, he was 


never able to bring others to see it work, for 
be could not accurately create it consistently. 
This depressed him in his later years, for bis 
wasagreat three-dimensional mind.. When 
asked the identity of this scientist Kryon 
replied: The inventor of your multi-phase 
current, born in the land you now call 
Yugoslavia. 


From the above information, there emerges 
aremarkably consistent picture suggesting 
that atomic structure may not be as rigid or 
immutable as formerly thought. Changing 
the fundamental frequency of vibration of 
atomic structure can perhaps apparently 
not only change the density of matter by 
altering the distance of electron shells from 
the nucleus, but in so doing alter the time- 
frame of that object, its mass and also the 
reality of location of that substance. 

Certainly, the implications of the Kozyrev 
research, among others, can possibly form 
the basis for the eventual technological 
implementation of these futuristic 
principles. Perhaps those experimenting 
with the relatively detailed data provided 
by Kryon on APD can actually realize this 
coveted goal. 


Maverick New Theories in Physics 
Suggest Fluid Nature for Time, 
Space, Energy 


‘The Dirac theory is to be understood as a 
theory of the electron with electromagnetic 
interactions. It consists of the Dirac wave 
function and its properties, including the 
Dirac equation and relations to physical 
variables such as energy-momentum, spin 
and position probability current. In spite of 
itsindisputable mathematical successes, the 
Dirac theory is still without a completely 
satisfactory physical interpretation. In 
particular, the so-called zitterbewegung 
(jitter motion" isa distinctive feature of the 
Dirac theory which continues to be the 
subject of conflicting interpretations in the 
standard scientific literature. The concept of 
zitterbewegung was introduced by 
Schrodinger to interpret high frequency 
oscillations in free-particle wave packets of 
the Dirac theory. These oscillations with 
angular frequency 2mc?/h arise from 
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‘the improved system with the improved pos- 
sibilities of obtaining current, the quanti- 
ties of free natural energy which are to be 
obtained in the form of electricity are con- 
siderably increased. 

In order to produce in the improved col- 
lector coil uniform current oscillations of 
an undamped nature so-called audion high 
‘yaenuin or thermionic tubes of suitable con- 
nection are employed instead of the pre- 
viously Imown spark gaps (Fig. 26, Nos. 
9-18). The main serial current ” flows 
‘through electromagnet: S (which in the ease 
of a high nuniber of alternations is not con- 
nected ere bat in the earth conductor I) 
and may be conveyed over the primary coils 
in the induction winding through wire 14 
to the anode A of the high vacuum grid 
tube. Parallel with the induction resistance 
9 a regulating capacity of suitable size, such 
as eondenser 11 is inserted. In the lower 
part of the vacuum grid tube is arranged 
the incandescent flament or the cathode TC 
which is fed through a battery B. From 
the battery B two branches rin, one to the 
earth conductor E* and the other throngh 
battory B* and secondary coil 10 to the grid 
anode g in the vacuum tube. By the method 
of connections shown in dotted lines, a de- 
sired voltage at the grid electrode g may 
also be produced through the wire 17 which 
is branched off from the main current con- 
ductor through switches 16 and some small 
condensers (a, b. o, 2) connected in series, 
and conductor 18, ‘without the battery B! 
being required. 

‘The action of the entire system is some- 
what a5 follows:— 

On the connecting condnetor of the aerial 
collector network being short circuited to 
earth. the condenser pole 11 is charged and 
slightly damped oscillations are formed in 
the short circuited existing oscillation cir- 
cuit formed of the condenser 11 and self 
inductance 9. In consequence of the cou- 
pling through coil 10, fluctuations of volta, 
take place in the grid circuit 15 with the 
same frequency, which, fluctuations in tarn 
influence the strength of the electrode cur- 

ssing through the high vacuum am- 
ig tube and thus prodiice current: fluc 
tuations of the same frequency in the nnode 
cireuit, A permanent supply of energy to the 
oscillation civeuits 9 and 10 consequently 
takes place, until a condition of balance is 
set up, in which the consumed oseillation 
energy is equal to that absorbed. ‘Thereby 
constant undamped oseillations are now pro- 
Auced in the oscillation circuits 9-11. 

For regular working of such oscillation 
producers high vacuum strengthening tubes 
tire necessary and it is also necessary that 
the grid and anode voltages shall have a 
phase sifference of 180° so that if the gr 
1s negatively charged, then the anode is 
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positively charged and vice versa. This 
necessary difference of phase may be ob- 
tained by most varied connections, for ex- 
ample, by placing the oscillation eireuit in 
the grid eitenit. or by separating the oscil 
Iation circuit and inductive coupling from 
the anodes and the grid eireuit and so forth 

‘A. second important factor in this way of 
converting static atmospheric electricity into 
undamped oseilations is that care intist be 
tnken that the grid and anode voltages have 
a certain relation to one another; the latter 
may be obtained by altering the coupling 
and-a suitable selection of the self induetion 
in the grid circuit, or ns shown by dotted 
Jines 18, 17, 16 by means of a larger or 
smaller ‘number of condensers of suitable 
size connected in series; in this ense the 
battery B! may be omitted. With a snit- 
able selection of the grid potential a glow 
discharge takes place between the grid g 
and the anode A, and accordingly at the 
grid there is a cathode drop and a dark 
space is formed. ‘The size of this cathode 


drop is influenced by the ions which .are 
emitted in the lower space in consequence 
of shock fonization of the incandescent 


cathodes K and pass through the grid in 
the upper space. On the other hand the 
number of the ions passing through the grid 
is depenclent on the voltage hetween the grid 
and the cathode, Thus if the gtid voltage 
undergos periodic fluctuations (as in the 
present case) the amount of the eathode 
drop at the grid fluctuates and consequently 
the internal’ resistance of the tube corre- 
spondingly Auctnates, so that when back 
coupling of the feed’ cirouit with the grid 
circuit. fakes place, the necessary means are 
afforded for producing undamped oscilla- 
tions and of taking eutrent, accotding to re- 
quirements from the collecting conductor. 
‘The frequeney of the undamped osc 
tions produced is with a suitably loose con- 
pling equal to the self frequency of the 
oscillation circuits 9 and 10. By a suitable 
solection of the self inciuction of the coil 9 
snd eapacity 11 it is possible to extend from 
frequencies which produce electromagnetic 
oscillations of only a few metres wave 
ength down to the lowest, practical alter- 
nating current frequency. For large in 
Jations a suitable number of frequency pro- 
ducing tubes in the form of dhe well known 
high Vacuum transmission tubes of .5 to 2 
ky. in size may be connected in parallel so 
that, in this respect no difficulty exists. 
‘The use of stich tubes for producing 
damped oscillations, and also the constrne 
tion and inethod of inserting such trans. 
mission tubes in an accumulator or dynamo 
cirenit is Imown and also that such oscilla 
tion producing tubes only work well nt volt 
ages of 1,000 up to 4,000 volts, so that on 
the contrary their use at lower voltages is 
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considerably more difficult. By the use of 
high voltage static electricity this method 
‘of producing undamped oscillations as eom: 

ured with that through spark gaps must 
Po regarded as sn iden} solution particu. 
larly for small installations of outputs of 
from 1 to 100 kw. 

By the application of safety spark gaps, 
with interpolation of electro-magnets, not 
only is short cireuiting avoided but’ nlso 
the taking up of current is regulated. Os- 
cillation producers inserted in the above way 
form constantly acting electromagnetic 
alternating field in the collector coil, where- 
by as already stated, a considerable accumu 
lating effect takes place, ‘The withdrawal 
wire or working wire js connected at 12 and 
38, but current may be taken by means of 
a Secondary coil which is firmly or movably 
mounted in any suitable way inside the lange 
collector coil, i. e. in its electromagnetic 
alternating field, so long as tho direction of 
its axis runs parallel with that of the mei 
current collecting coil. 

Tn producing tndaraped oscillations of a 
high “frequency (50,000 per second and 
more) in the oscillation circuits 9 and 11, 
electromagnets $ and S* must be inserted if 
the high frequency oscillations are not to 
penetrate the collector coil, between the 
Gillation producers and the collector co 
Tn all other cnses they axe connected shortly 
before the earthing (as in Figs. 27 and 98), 

In Figure 27 « segontl method of constr 
tion of the connecting conductor of the bal- 
Joon aerials is illustrated in the form of a 
coil. main difference consists in that 
jn addition to the connecting conductor T 
another annular conductor II is inserted. 
parallel to the former on the high voltage 
masts in the air (or enibedded as cable in 
the earth) but both in the form of a coil. 
‘The connecting wire of the balloon aerials 
is indicated as a primary conductor and also 
as a current producing network; the other 
js the consumption network and is not in 
unipolar connection with the eurrent,pro- 
ducing network. 

Tm Figure 27 the current producing net- 
work Tis shown with three balloon coll 
tors 1,2, 3 and aerial conductors 4, 5, 6; it is 
short’ circuited, through condenser ‘19. and 
induetance 9. The oscillation forming. eir- 
cuit consists in this diagram of spark gap 
f, inductance 10, and condenser 11; the 
earth wire E, is’ connected to earth’ over 
electromagnet. i the safety spark gap 
which is also connected to earth through a 
second electromagnet § at E, On eonnect- 
ing up the condenser circuit 11 this is 
charge over the spark gep whereby an 
oscillatory discharge is formed. This dis- 
charging’ current acts through inductance 
10 on the inductively coupled socondary 9, 
whereby in the producing network » modi- 


a 


fication of the potential of the condenser 19 
is produced. ‘The consequence of this is 
that, oscillations in the coil shaped 
reducer network. ‘These oscillations in- 


luce s current in the secondary cixeuit 11, 7 


which has a smaller number of windings 
and a less resistance, the voltage of which, 
according to the proportion of the number 
of windings and of the ohinic resistance, 
is considerably lower whilst the cttrrent 
strength is greater. 

In order to convert the current, thus ob- 
tained into current of an undamped char- 
actor, and to tune its wave lengths, a sulfi- 
ciently large regulatable capacity 30 is in- 
serted between the ends 12 and 18 of the 
secondary conductor II. Here also current 
may be taken without an earth conductor, 
‘but it is advisable to insert a sefety spark 
gap E* and to connect this with the earth 
Over an electromagnet S*. 

‘The producer network may be connected 
with the working network IT over an indne- 
tionless condenser 21 or over an induction 
condenser 22, 23, In this ease the secondary 
conductor is unipolarly connected with the 
energy conductor. 

In Figure 98 the connecting conductor be- 
tween the separate accumulator balloons is 
carried out according tothe autotrans- 
former principle, ‘The collecting coil con- 
ects four aerial balioons 1, 2,3, 4, the wind- 
ings of which are not made side by side but 
‘one above the other. In Figure 28 the oal- 
lector coil T is shown with a thin lino, the 
metallically connected prolongation coils If 
with a thick line. Betiven tho ends T+ and 
II! of the energy network T 9 regulating 
capacity 19 is inserted. ‘The wire T is con- 
neoted with the output wire and with the 
spark gap F. 

‘As transformer of the atwmospheric eloc- 
tricity an arrangement is employed which 
consists in using rotary pairs of condensers 
in which the one stator surface B is con- 
nected with the main current, whilst the 
other A is connected with the earth nole, 
Between these pairs of short circuited eon- 
densors are caused to rotate from which the 
converted current can be taken by means of 
tsvo collector rings and brushes, in the form 
of Rr alternating current, the frqvency of 
which is dependent on the number of bai- 
Joons and the revalutions of the rotor. As 
the alternating current formed in the rotor 
‘can aot, in this improved method of con- 
nection described in this invention, through 
oils 10 on the inductance 9, an increase or 
diminution of the feed curvent in I can be 
obtained according to the direction of the 
current by back induction. Current oscil- 
lations of uniform rhythar thereby result in 
the coil shaped windings of the producer 
net-wark, 

“As the ends of this conductor are shortcit- 
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cuited through the regulatable condenser 19 
these rhythms prodnee short circuited wn- 
damped oscillations in the energy conductor, 
the periodicity and wave lengths of which 
oseiflations can be adjusted according to 
Aosire by altering the capacity 19 to a. given 
wavo length and therewith alse to a. given 
frequency. ‘These enzrents may also be ev 

ployed inthis form directly as working cur~ 
Yent_ through the conductors TT and LE 
By. inserting the condenser 20 a connection 
Detween these conductors may also be nade, 
thereby harmonic oscillations of desired 
wave length are formed. By this, metns 
quite now effects as regards eurrent distribu. 
tion are obtained. ‘The withdrawal of cur 
rent ean even take place without direct wire 
comneclion if, at a suitable point in the in- 
terior of the producing netivork (quite in- 
materially whether this hes 2 diameter of 
Lor 100 km.) a coil tuned to these ware 
lengths nnd of the desired eapacity is finmly 
‘or movably mounted in the serial conductor 
in such a way that its axial direction is in 


parallel with that of the collector evil. Tn 
this ease 1 eurzent is induced in the produc- 
ing network, the size of which is depend- 


ent on the total capacity and resistance and 
also on the periodicity employed. A poset 
bility is thereby afforded in future, of tak- 
ing energy from the producer network by 
wireless means. As thereby in addition to 
Atmospheric electricity also magnetic earth 
currents and the energy from the higher at 
mosphere (at Ieast partially) may be sinul- 
taneously obtained, this Jast system for eol- 
lecting the atmospheric energy’ is of particu- 
importance for the fubure. 

OF course everywhere instead of spark: 
gaps suitable grid vacunm tubes may be em- 
ployed as producers for undampes oseilla- 
tions. ‘The separate coils of the producer 
net-work with large diameters may be con: 
nected with one another throng! separate 
‘conductors all in parallel or all in series or 
in groups in series. By regulating the nun- 
her of oscillations and also the extent of the 
voltage more or less large eollertor coils of 
this Kind may be employed. ‘The coils may 
algo be divided spirally over the entire se°- 
tion, ‘The coils may be carried ont in annit- 
Jar form or also in triangular, quadrangolar, 
hexagonal or octagonal form. 

Ofeourse wires may be carried froma suit- 
able place to the centre or also laterally 
which serve the current waves as guides. 
‘This is necessary when the currents have to 
be conducted over mountains and valleys 
and so forth, In all these enses the current 
must be converted into a current of suitable 
periodicity. 

‘As already hereinbefore mentioned sepa~ 
rate collecting balloons may be directly sne- 
tallically interconnected at equidistant sta- 
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tions distributed over the entire country or 
may be comected by interpolation of suit- 
ablo condenser batteries by ineans of high 
voltage conductors. ‘The static electricity is, 
converted through a spark gap into dynamic 
energy of a high number of oscillations, and 
could then in sich form, with a suitable 
arrangencitt of the connections, observin; 
various nieasures of preceution, be employe 

ouree of encrzy after separate or special 
-galation. 

According to this invention in order to 
cxruse the collecting effect of the balloon in 
the aorial collector conductor or in the earth 
wire, rndiating collectors aro employed. 
‘These consist either of incandescent’ metal 
or oxide electrodes in the form of vactrum 
grid tubes, or electric ares (mercury and the 
like electrodes) Nernst Imps, or finally 
flames of various kinds may be’simply con- 
nected with the respective conductor. 

It is well known that energy can be drawn 
off from a le consisting of an 
descent body opposite an anode charg 
with positive electricity (vacuum grid tube). 
Hitherto however, a eathode was always first 
directly placed opposite an anode, and see- 
ondly the system always consisted of 
closed cixeuit, 

Now if we dispense with the ordinary 
islens in forming Tight or fame ares in which 
a cathotle must al\ways stand directly oppo- 
site an anode, and if we place an incandescent 
cathode opposite an anode charged to a high 
potential oF another body freely floating an 
the air, or regard the incandescent enthode 
only asa source of unipalar discharge 
{which represent group and point dis- 
charges in electro-statie machines similar to 
unipolar discharges), it may be ascertained 
that incandescent cathodes and Jess perfect- 
Iy all incandescent, radintors, flames and the 
like admit of relatively large ewrrent densi 
ties and allow large quantities of electric 
energy ta radiate into the open space in the 
fornt of electron streams as transmitters, 

‘The object of this invention is as described 
below, if such incandescent oxide electrodes 
‘or other incandescent radiators or flaines are 
not freely suspended in space but. connected 
metallically with the earth so that they can 1 
harged with negative terrestrial eleo- 
tricity, these radiators possess the property 
of absorbing the free positive electrical 
‘hanges contained in the six space surround- 
ing them (that is to say of collecting them 
and conducting them to earth). ‘They ean 
therefore, serve as collectors and have, in 
comparison to the action of the spikes, or 
points, a very large radius of action R; the 
effective capacity ofthese collect. is much 

eater than the geometrical capacity (Ro~ 
Efoalued ia an lediosatic ewe, 

‘Now as our earth is surrounded as is well 
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Imown, with an clectro-static field and the 
difference of potential 

wv 

ah 
of the earth field according to the latest 
investigations, is in summer about 60 to 
100 volts and in winter 300 to 500 volts per 
metre of difference in height (88), a simple 
calculation gives the result that when such 
radiation collector or flue collestor is at- 
ranged for example on the ground, and a 
second one is mounted vertically over it at 
1 distance of 2,000 metres and both are eon- 
nected by a conducting eable, there is a dif- 
ference of potential in suminer of about 
2,000,000 voits and in winter even of 6,000,- 
060 volte and more. 

‘According to Stefan Boltzmann's law of 
radiation, the quantity of energy which an 
incandescont surface (temperature T) of 1 
sq. em, radiates in a unit of time into the 
open air (temperature T,) is expressed by 
the following formula: 

Sat (TH—TMp) watt/sg. em. 
and the universe) radiation constant 6 is 
according to the latest researches of Ferry 
(Annales de Chimie et de physique 17 page 
267 (1909)) equal to 6.20% 10" watt/sq. cm. 

‘Now if an incandescent, surface of 1 sq. 
gi, shows, ae compared wih the surround 
ing space periodic fall o ial BV it 
Tadites (independent of the eurrent direc- 
tion, that is to sny of the sign) in accord: 
‘ance with the above formula, for example at 
‘a temperature of 3725° O. an energy of 1.6 
‘kw. per . per second. As for the 
radiation the sume value can be calculated 
for the collection of energy, but reversed. 
Now as carbon electrodes at the temperature 
of the electric are support on the current 
basis a current density up to from 60 to 68 
samiperes per sq. em. no difficulties will result, 
in this direction in employing radiating eol- 
Jectors as accumulators. . 

Tf the earth be regarded as  cosmically 
insulated condenser in the sense of geometri- 
cal electrostatics @ there results from the 
geomet (compare Hivald Tasch, “das 
elektrische Bogenlicht” (The electric arc 
light) page 165) capacity of the earth ac- 
cording to Chwolson 

For negative charging 1.810% Coulomb 

For negative potential V-=i0X10" volts. 
‘From this there results however, BJ T224.7 
X10" wati/See. Now if it is desired to 
make a theoretic short circuit through an 
earthed flame collector this would represent 
an electric total work of about 79,500 
10" Ielowatt years. As the earth must be 
regarded as a rotating mechanism which is 
thermo- dynamically, electromagneticaily, 
and also kinematically coupled with the sun 
and stars system by cosmic radiations and 
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gravitation a diminution of the electric 
energy of the earth field is not to be feared. 
"The energies which the incandescent col- 
lectors would withdraw from the earth field 
can only cause by the withdrawal of motor 
work a lowering of the arth temperature 
(temperature T.=800) and reduce this to 
that of the world space (T=0) by using 
the entire energy. ‘This is however not the 
ease as the earth does not representa cos- 
mically entirely insulated system. On the 
contrary there is conveyed to the same ac- 
cording to the recent value corrected by 
Ferry for the solar constants through the 
radiation from the sun an energy of 18,500 
10" kw, Accordingly any lowering of 
fhe earth temperature (Ts) without a simul- 
taneous lowering of the sun’s temperature 
(Ts) would contradict Stefan Boltzmann's 
Taw of radiation. 
Smo (Tt-T,9. 

it must be concluded that if the 
earth temperature (Tp) sinks, the total 
radiation & absorbed by the earth increases, 
and further also that the secular speed of 
cooling of the earth is directly dependent 
‘on that of the sun and the othet radiators 
cosmieally coupled with the sum and is con- 
nected most closely with these. 

‘The incandescent radiation collectors 
may, according to this invention, be 
ployed for collecting atmospheric electricity 
if they (1) are charged with the negative 
earth electricity (that is to say when they 
are directly connected by means of a metal 
ie conductor with the earth) end (2) if 
large capacities (metal surfaces) charged 
with electricity are mounted opposite them 
as positive poles in the air. ‘This is regard- 
ed as the iain feature of the present i 
yention as withont, these inventive ideas it 
would not be possible to collect with an in- 
candescent collector, sufficiently large que 
tities of the electrical charges contained 
Jn the atmosphere as technology requires; 
the radius of action of the flame collectors 
would also he too small, especially if it be 
considered that the very’ small surface den- 
gy (eneray density) (@ about==2X<7 » 10° 
Sk, por ag. em.) doesnt allow of large 

luantities of charge being absorbed from 
the atmosphere. 

2) Calculated according to Poisson's eal- 
culation; 

AV=—4n2; as here the alteration of the 
potential or potential gradients only. takes 
place in the direction of the normal, this 
calculation assumes the simple form 
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Tt has indeed already been proposed to 

employ flame collectors for collecting at- 


ic olectricity and it is known that 
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their collecting effect is substantially great- 
x opposite the points. Tt is however, not 
known that the quantities of current. which 
could hitherto be oblained are too sinall for 
technical purposes. According to my ex- 

sriments the reason for this is to be found 
in the too small eapacities of the collector 
conductor poles. If such flame or radiat- 
ing collectors lave no or only stall post 
tive surfaces, their radius of action for 
large teclinical purposes is too small. Tf 
the incandescent collectors be constantly 
kept in movement in the air they may co!- 
lect more according to the speed of the 
movement, but this is again not capable of 
being carried out. in practice. 

By this invention the collector effect is 
considerably increased hy a body charged 
with a positive potential and of the best 
possible capacity being also held floating 
(without direct earth connection) opposite 
such an incandescent collector which is held 
floating in the air at a desired height. If 
for example, a collecting balloon of sheet 
metal or of metalized balloon fabric. be 
caused to monnt to 800 up to 8,000 metres 
in the air and as positive pole it is brought 
opposite such a radiating collector con- 

cted by a conductor to earth, quite differ- 
eng results are obtained. 

‘The metallic balloon shell (with a large 
surface) is charged to a high potential by 
the atmospheric. cleetricity. - This potent 
is grenter the higher the collecting balloon 
ig above the incandescent collector. The 
positive electricity acts coneentratedly on 
the anode floating in the air as it is attracted 
through the radiation shock ionization, pro- 
ceeding from the incandescent eathode. 
‘The consequence of this is that the radius 
of action of the incandescent, cathode col- 
lector is considerably increased and thereby 
also the collecting effect of the collecting 
balloon surface. Further the large n= 
pacity of the anode floating in the air plays 
‘therefore an important part because it 
Jows of the taking of large charges, and 
thereby 2 more uniform current is obtained 
even When there is a large consumption: 
this cannot bo the case with small surfaces. 

In tho praesent ease. the metallic collect- 
ing balloon is a por'tive anode floating in 
the vir and the end of the earth conductor 
of this balloon serves 2s positive pole sur- 
fnce opposite the surface of the tadiating 
incandescent, cathode, which in turn is 
chatged with negative earth electricity be- 
ing conduetingly connected to earth, 

"Phe process may be carried ont by two 
such contacts (negative incandescent cath- 
ode and anode end of a capacity floating in 
the ni) a condenser and an indnetive re- 
sistance being switched on in parallel, 
whereby sinmiltaneously undamped oscilla. 
tions may be formed. 


will spring over so long as the separa 
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In very large installations it is advisable 
to connect, two such radiating collectors in 
stries, ‘Thus an are. light’ incandescent 
cathode may be placed below on the open 


geowld and an incandescent cathode which 7 


isheated by special electro-magnetic currents 
be located high in the air. Of course for 
this the special vacuum Liebig tubes with or 
without grids may also be employed. An 
ordinary arc lamp with oside electrodes may 
be introduced on the ground and the posi- 
tive pole is not directly connected witht the 


collecting balloon, but through the upper 
condenser. 


incandescent. cathede or over 
The metho? of connecting the 
cathode floating in the 
Figs 20:93. 

is the air balloon, K a Cardan ring 
(connection with the hawser) C the bal- 
Toon, Ta guod conducting cable, Pa posi- 
tive’pole, N negative incandescent cathode, 
and E earth conductor. 

Fig. 29 represents the simplest form of 
consttuetion. If electric oscillations are 
produced below on the ground by means of 
a carbon are lamp or in other suitable way 
a considerably greater electric resistance is 
opposed to thet in the direct way by in 
sorting an electrical inductive resistance 9. 
Consequently between P and N. a voltage is 
formed, and as, over N and P only an indue- 
tionless chmie resistance is present, a spark 

fe 


duction co-effcients and the like are. co: 
rectly calculated. ‘The consequence of this 
ig that, the oxide electrode (carbon or the 
like) is rendered incandeseent, and then 
shows as incandescent cathode an increased 
collecting effect. ‘Tho positive poles must, 
be substantially larger than the negative in 
order that they may not also become incan- 
descent. As they are further connected with 
the large balloon area which has a Targe 
capacity and is charged at high voltage. 
fan ineandescent body which is held floating 
in the air and a positive pole which can col 
lect Iarge capacities is thereby obtained in 
the simplest way. ‘The incandescent cathode 
is first caused to become incandescent by 
means-of separate energy produced on the 
earth, and then maintained by the cnergy 
collected from the atmosphere. 

Fig. 30 only shows the difference that in. 
stead of a round balloon a cigar shaped one 
(of metal or metalized fabric) may be om- 
ployed and also a, condenser 6 is: inserted 

jetwween the incandescent cathode and the 

earth conductor so that a short cirenited 
oscillation cirenit over P. N 5 and 9 is ob- 
tained. This has the advantage that quite 
small ‘quantities of electricity cause. the 
cathode (o become incandescent. and much 
larger cathode bodies may be rendered in 
eandescent, 

In this form of construction both the in- 
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candescont, cathode and also. the pos 
electrode may be enclosed in a vacuun 
chamber as may be seen in Fig. 32. A cable 
1, is carried well insulated through the 
cover of a vessel and ends in a condenser 
disc 5 ‘The cover is arched in order to 
keep off the rain, The vessel is entirely or 
partially made of magnetic metal and well 
Insulated inside and outside. Opposite the 

ise 5 another dise 6 and on this again a 
‘metallic positive pole of the vacmum tube 
g, with the incandescent cathode (oxide 
electrode) Nis arranged. The negative 
tlectrode is on the one hand connected with 
the earth conductor E, and on the other 
hand with the inductive resistance 8 which 
is also connected with the eable T. with the 
positive pole and wound round the veseel in 
coils. ‘The action is exactly the samo as 
that in Fig. 29 only instead of an open in- 
eaodeset lledo a enclosed in vacuo is 
employed. As jn such collectors only smal 
Sodies ean be brought to ineandescenoe in 
large installations a plurality of such 
‘vacuum tubes must be inserted in proximity 
to one another. According to the previous 
constructions Figs. 31 and 83 are quite self 
evident without further explanations. 

Figs, 34-87 represent further diagrams 
of connections over radiating and flame col- 
lectors, and in fact, how they are to be ar- 
ranged on the ground, 

Fig. 84 shows an arc light collector with 
oxide electrodes for direct current and its 
connection; Fig. 85 8 similar one for alter- 
nating current, Fig. 86 an incandescent, col- 
lector with a ‘Nernst lamp and Fig. 37 a 
similar one with a gas flame. 

‘The positive pole 1 of the radiating col- 
lectors is always directly connected to the 
serial collecting conductor A. In Fig. 34 
this is further connected over the condenser 
battery 5 with » second positive electrode 
3. The direct current dynamo 8 produces 
current which flows over between the elec- 
trodes 8 and 2 as aware light. On the for- 
mation of an arc the negative incandescent 
electrode 2 absorbs electricity from the posi- 
tive poles standing opposite it and highly 
charged with atmospheric electricity ond 
conveys the-same to the working cirenit, 
The spark gap 7, inductive resistenice 9 and 
induction eoit 10’ are lilo the ones previous. 
ly deserbed. ‘The protective electromagnet 
S guards the installation against earth cir- 
cuiting. tho safety spark gep 8 from ex- 
cess voltnge or overcharging. 

In Fig. 85 the connection is so far altered 
that the alternating current dynamo feeds 
the exciting coil 11 of the induction. on- 
denser. 12 js its negative and 18 its posi- 
tive polo; if tho coil 3 on the magnet core 
of tho dynamo is correctly calculated and 
the periodicity of the alternating current is 
sufficiently high an arc light can be formed 
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e between the two poles 1 and 2 As the 


cathode 2 i: connected with the negatively 
charged earth, and therefore always acts a3 
a negative pole, a form of rectification of 
the alternating current produred by: the 
dynam 3 is obtained, the second half of 
the period is always suppressed. The work- 
ing eireuit may be carried ont in the snme 
way as in Fig. 34; the working spark gap 
7 may however be dispensed with, and in- 
stoad thereof between the points wand m a 
condenser 5 and an induction resistance 9 
may be inserted from which the curren 
taken inductively. 

Fig. 36 represents a form of construction 
simili to Fig. 84 only that here instead of 
gn ae lamp Nernst incandescent body 
is employed. ‘The Nernst lamp is fed 
through the battery 3, The working section 
Js connected with the negative pole, the 
safely spark gap with the + poles. ’ The 
‘working spark gap T may also be dispensed 
with and the current for it taken at 12 
over the oscillation circuit 5, 11 (shown in 
Aotted Tine) 

Flame collectors (Fig. 87) may also be 
employed according to this invention, ‘The 
‘wire network 1 is connected with the aerial 
collector conduetor A and the burner with 
thy earth. At the upper end of the latter, 
Jong points are provided which projet ints 
the flame. ‘The positive electrode is connect- 
‘ed with the negative over x condenser 5 and 
tho induction evil 9 with the earth. 

Tho novelty in this invention 
the use of incandescent eathodes 


by, in addition to the electricity conveyed 
to them from the battery or machine which 
causes the ineandescing, also the negative 
charge of the earth potentiat is conveyed, 
and (8) the connection of the positive and 
negative poles of the radiating collectors 
over condenser circuit, slone or with the 
introduction of a suitablo inductive resist- 
ance, whereby simultaneously an oscillatory 
oscillation circuit may be obtained. The 
collecting effect is by these methods quits 
considerably increased. 

T declare that what T claim is; 

1. An electrical energy generating system, 
comprising a conducting surfnen for st 
charges, means to support same at.a distance 
hove the earth, a condnotor lending to the 
earth level, a spark gap associated with said 
conductor 'to convert electrostatic charges 
into electromagnetic high frequency oscill: 
tions means to supply said electromagnetic 
energy to a net. work, and a spark gap of 
really increased relative resistance in parat 
{el thorowith 

2. An electrical energy ge 
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comprising a conductor, means to support 
xame above the earth level, xn inductance 
therein, a sync gmp assole with sai 
conductor, a second spark gap of much, 
higher relative resistance in patallel there 
with and an energy receiving eirenit coupled 
with the spark gap of lesser resistance. 

3, An electrical energy generating system 
comprising a collecting sifuee, means to 
support sme aliove the earth level, 1 con- 
ductor connecting said collecting "surf 
with the earth level, a choke in Said con- 
duetor, an electromagnetic resistance con- 
senting cletostatie eneagy to electromag 
3 netic energy, a safety higher resistance in 

parallel tiorowith’ and a net work coupled 
with the conversion resistance of lesser 
value, 

4. An electrical enexay yenerating system 
comprising electric eanductors spaced above 
the earth to form electromagnetic oscillat- 

i tors connecting to eaxth 
c to electromagnetic energy 
yn means therein, a safety high elec- 
trostatia resistance in povallel therewith and 
means to, alter the electromagnetic eharuc- 
teristic of the cixeuits. 

5. An electrical energy generating system 
comprising in combination a slatio collect 
480 ing surface arranged above the earth, con. 

Aluictors connecting to earth level, a pair of 
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spark gaps in parallel of different electro. 
static resistance, a utilization net work 
shunted across the spark gap of lesser re 
sistance and an electromagnetic choke in said 
conductors. 

6G. An electri ing system 
comprising an open circuit energy collecting 
aerial, 2 pair oe sparking gaps in parallel 
of widely different resistance, connected 
thereto and a closed electric oseillation cir- 
cuit in shunt across the gap of lesser 1e- 
sistance 

7. An electrical energy generating system 
comprising an open circuit energy collecting 
aerial, n pair of sparking gaps in parallel 
of widely different resistanies connected 
thereto, a closed clectric oscillation circuit 
in shunt across the gap of lesser resistance, 
a plurality of electrostatic collecting sur? 
faces, means to connect, said collecting sur- 
faces’ in parallel in groups and means to 
connect said groups symuietrically with said 
serial. 

Tn witness whereof, I have hereunto 
signed my name this 30 day of Dee., 1920, 
in the presence of two subseribing witnesses. 

HERMANN PLAUSON. 

Witnesses 


IL F. Anuernoxc, 
W.H. Brsstox, 
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A Leading Source for Clean & Economical Energy... 
‘powering our future with revolutionary radio ionic energy 


INVENTION AND DISCOVERY 


Nuclear 
Science 
has been 
incorrect 
since the 
advent of 
the Atomic 
"chain 
reaction" 


Radiant Energy Power Generation 


It would be logical to expect that the discovery of fission was the 
authoritative answer to nuclear science. It would be normal also 
to expect that no single individual could really daim to be its 
"inventor," since it is a natural physical process. The efforts of 
hundreds of dedicated scientists were required to bring it into 
existence. Countless descriptions on the origin of atomic decay 
have been theorized. Since the advent of the atomic chain reaction 
nuclear science has been written into scientific law. However, this 
was based on atomic-bomb era mentality and is not correct 
according to what the author of this book has unveiled. 


Mr. Bruce A. Perreault knows the truth about nuclear reactions. 


He is a catalyst who will ultimately lead humankind to the 
successful development of radiant energy power generators. 


By any normal standard this man is the discoverer of a revised 
nudlear standard that promises to open new roads to invention 
and discovery. 


Bruce A. Perreault, P. O. Box 22, Rumney, New Hampshire 03266-0022 USA 


Ison reaca18017 ya 


Copyrighted © 1999, 2000 & 2001 All Rights Reserved 


Website: http:/www.nuenergy.org 


‘$24.95 USD Retail 
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Step 1: Round Up Some LEDs! 


About This Instructable 


© 8,885 views Liconse: 
Free Energy From LEDS ty throtie7s (imember/Throttie74)) in electronics (technalosvelagones) = 
worites 


Download BE (id/Free-Energy-FromLEDs/) 3Steps > + Collection IMadeit! Favorite we Share~ at 


Throttle78 
(member/Throttle78/) 


Follow 4 


(Umember/Thrattie78/) 
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First you'll need to get however many LEDs you want. You'll then want to 
connect the LEDs in a series, leaving a positive and negative wire. 


NOTE: This works with any LEDs, but | have found that it works best with Red 
LEDs 


Step 2: Go Towards the Light! 


Then you'll want to get a light source (lamp or daylight) and put the circuit right 
in the strongest part of the light. 


Step 3: It's As Simple As That! 


interference between positive and negative 
energy components of a wave packet 
Schrodinger interpreted the oscillations as 
fluctuationsin position of the electron about 
an average motion, However, this concept 
has not been interpreted in the bulk of the 
literature as having an objective significance, 
but haserroncously been viewed by standard 
theory asa mathematical artifact of the one- 
particle Dirac theory which does not appear 
in a correctly formulated quantum field 
theory. 


However, as noted theoretical physicis 
David Hestenes suggests in the first of his 
recent article series in the journal, 
Foundations of Physics [13], itis only by 
interpreting the zitterbewegung literallyand 
objectively as point particle motion, that a 
completeand coherent interpretation of the 
Dirac theory can be achieved, Moreover, this 
model has implications that have not yet 
been previously considered by established 
physics that relate directly to some of the key 
features of sub-atomic behavior enumerated 
in the tachion energy theory and also in the 
microscopic dynamics of elementary 
particles revealed by the selected esoteric 
channelings that we have previously 
considered in the present exposition, 


In particular, itimplies that the electron is the 
seat of a fluctuating electromagnetic field 
which oscillates with the DeBroglie frequency 
of the electron (1.6x 10"cycles/sec), 


‘Thus, it tellsus that a kind of electromagnetic 
wave-particle duality is implicit in the Dirac 
theory. Of course, this contradicts the 
conventional view that wave-particle duality 
is a property of matter which is completely 
independent of the nature of itsinteractions 
If the zitterbewegung is an objective 
phenomenon, then it originates from 
electron self-interaction, since it persists in 
the absence of external fields. In this new 
theory which considers the zitterbewegung 
as an objective physical phenomenon, the 
electron massandspin canbe identified with 
the energy and angular momentum of. 
electromagnetic interaction. Itsuggests that 
the self-interaction is such that there exist 
certain stable, non-radiating but accelerated 
states of motion; in particular, for a free 


particle, this implies motion in a circle with 
the radius of a Compton wavelength- the 
zitterbewegung, The zitterbewegung implies 
that some of the mass, at least, is kinetic self- 
energy associated with a spin, and it 
reconciles the mass with a zero mass of the 
bare electron, Thus, according to this bold 
new theory, the electron spin arises from a 
helical world-line in spacetime. To be sure, 
some researchers have previously postulated 
such a helical electron dynamics. 
Unfortunately, such models have failed to 
explain why helical motion for spin should 
depend on interference between positive 
and negative energy states or why the 
zitterbewegung should depend on the waya 
wave packet is constructed, or even how the 
zitterbewegung can be the origin for electron 
spin despite the fact that it vanishes for plane 
wave states that certainly describe a particle 
withspin, 


The Hestenes model does offer an 
explanation forsuch effects and accounts for 
the ubiquitous feature of spin angular 
momentum as a function of the 
zitterbewegung. The essential 
unprecedented feature of the Hestenes' 
zitterbewegung idea is the association of the 
spin with a local circulatory-helical motion 
characterized by the phase factor of the 
electron wave function, 


Thus, we reach the conclusion that the 
complex phase factor of the electron wave 
function can be associated directly with an 
objective helical motion of the electron, 
which is, in turn, a derivative of the 
zitterbewegung. Although the idea of helical 
motion connected with the electron has 
been considered before, it has not previously 
been related to electron phase to produce a 
complete interpretation of the Dirac theory. 


Moreover, in the next installment of his 
dissertation [14], Hestenes argues that the 
zitterbewegung is not only an objective 
dynamical phenomenon associated with 
the electron, but is a ubiquitous 
phenomenon, with manifestation in every 
area of quantum mechanics, even in the 
non-relativistic domain. For instance, by 
showing thatspin angular momentumcan 
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Just hook up the wires to a voltmeter and you'll see how much power they are 
generating. | was able to produce 1 volt just by using 3 LEDs and a bright lamp. 


(As if you couldn't tel, this is my first ible, so some advice would be greatly 
appreciated) 


Inspiration for this project and more information on how this works can be found 
at https:/www.instructables.com/id/Better-LED-as-light-sensor 
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Comments 


Vie have abe rice commen po 
Pease be psiveandcombucive.  W!Madelt! — @ Add Images 


‘uwazl(/memberluwezi/) 2015-05-20 Rely 


‘An LED is @ very poor solar cell in the same way that a solar cell is a very poor 
LED. Both are optimized for their primary function: to emit light OR to convert 
light ot electricity. Both work in the opposite way as well, but apart from studying 
the underlying physics there is nothing to be gained from using LEDs as solar 
cells, 


Get a cheap solar-powered garden light for EUR 0.50 or an equivalent amount 
of money from your nearest hardware store and you get an LED and a useful 
solar cell module for your projects. 


(ttas:siedninstructables.com/FTOMXLISUE2ST3/FTOWSXLIQUE2STS LARGE jpg) 


Fi ‘Throtte78 (ImemberThrotte78!) 2019-11-10 ply 


only have 4 LEDs, so | have not been able to generate enough current to 
power something, 


2018-12-17 Rely 


gs assasinsarous (Imomberlassasinsareusi) > Thvote78 (membor/ivtte7@) 


'm afraid even with 4,000 LEDs you would struggle to 
actually power something, Voltage and Current are interdependent. A 
large voltage does not mean a large current. Power in terms of Watts Is 
represented in terms of Voltage x Current. You would be much better off 
with actual solar cells. Using the LED as a light sensor is a good use for 
this phenomonon, 


zoldekins (Imember/zoldekins/) 2014-01-13 Rely 


I think you can use powe LED (1W) to achive more energy! 


Throttle78 (/member/Throttle781) 2O1B-1-11 | Realy 


Lean04, you do realize a simple schematic of this would be an LED? 


Jean04 (/memberllean04l) > Throtle7S (member/Throtle78)) 2013-12-04 ely 


since you've asked for advice i was suggesting a schematic so you have 
‘a more complete and friendly instructable, and it wouldn't be a simple 
LED, because you'd be showing a lots of simple LEDs in series (in this 
particular case) for those DIYers that are new to electronics. 


Basti3r (imomber/Basti3e/) 2013-11-19 Realy 


‘The LEDs are acually in reverse (anode on negative and cathode on positive 
connector). The current is there, but it is somewhere between nano- and 
microamperes. 


‘The current that is generated could be used to indicate sunlight (or the absence 
of it) as shown in this schematic ( 
http:sAvww.dieelektronikerseite.de/Pics/Tricks/Dioden-Sperrstrom’%20S01 GIF) , 
the D1 is the diode in the way you use it. 


‘Your method of producing energy is barely enough to keep a microcontroller in 
fow-power-mode, but not using it to make any program run. 


With an array of 1000 LEDs in parallel you could produce about 1-10mA which 
would be nothing fancy, if you think of the costs compared to a little solar power 
module. 


‘Most of the energy you put into the LEDs (the 100W lamp) is wasted, because 
of the less energy you get out 
P=4V" (ca, 1-10yA) = 1-100W. 
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Even if it would be more current (for example 10HA per LED) the output of 
power would still be around 30-50yA with 3-5 LEDs 


| would suggest a net of lemons to build a lemon battery or some other 
chemical ways (Vinegar and copper) which produce more power than the LEDs 
in reverse. 


eand4 (/member/leano4/) 2013-11-10 Realy 


‘Maybe placing some schematics would help and measuring the current too 


andrea bff (/member/andrea+biffi) 2013-11-10 Realy 


thats interesting, but maybe a picture of the multimeter with output voltage will 
explain better the goal. 


Kiteman (/member/Kiteman/) 2013-11-10 Realy 


So, you're using LEDs as tiny solar cells? 


Have you powered anything with them yet? 


Kimerserd (Imember/kimerserd/) 2013-11-09 Realy 


Ugo my robot bro! 


Throttle78 (/momber/Throttle781) 2013-11-09 Realy 


was unable to detect any amps with only 3 LEDs. 


‘mman1506 (/memberimmant506), 2013-11-09 Realy 


now how much current can they supply? 


mettaurlover (Imember/mettaurlover!) - mman1806 (/memberimmant606/) Rely 


Nowhere near enough to be useful, unfortunately, since they 7°"%1-08 


aren't designed to do this. A similarly-priced solar panel typically outputs 
far, far more voltage and current than a bunch of LEDs can, and isn't likely 
to decide that it wants to emit light instead of generating power if there's 
any surplus power in the system, such as a backup battery. 


4 Moce Comments 
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Electricity from the earth's atmosphere. An old forgotten idea 


Source: hitp/ssienzacarte blogspot. i/2011/03/energia-letrice-allatmosfera html 


Solar, wind, hydroelectric, geothermal, biogas. These are the main renewable and non-polluting energy sources. But 
sure not to leave something out? 
It is known that the Earth's atmosphere has a potential difference that increases with height. For non-professionals it 
the atmosphere was a charged battery. This is evident during thunderstorms, when this charge finds its outlet in th] 
frightening and fascinating phenomena that are lightning, Many have imagined and studied methods for storing | 
energy, but this presents numerous problems: 


1) it is not known in advance where a lightning will strike or in any case where a thunderstorm will take place; 2) ev 
lightning strike could be intercepted, for example by attracting it with a kind of lightning rod, it would be extrem 
difficult to store all its energy, since the discharge is very short; 3) moreover, most of the lightning energy dissipat 
light, heat and sound. In short, a "power plant" based on the interception of lightning would not be very profitable. V 
less known, however, is that the atmosphere has this charge even when there is not even a cloud in the sk 


The idea of deriving electricity directly from the earth’s atmosphere dates back more than a century 
knowledge - I urge readers to post comments if they are aware of other studies - the latest and most promis 

field was carried out by the Estonian engineer and inventor Hermann Plauson . His studies took place in the 1920} 

almost a century ago. Is it possible that since then there has been no progress in this field? Why did the idea of extr 


electricity from the Earth's atmosphere go into oblivion, even though it seemed promising at the time of Plauson's st 
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Image taken from the magazine "Science and Invention" (1922), where we describe the invention of Hermann Pla 

Let's see before giving a brief description of the method used by Plauson, An electricity collector, consisting for exai 

a balloon filled with helium, Was raised to an altitude of several hundred meters, corinected to the ground by a cond 

able. The balloon itself was made of conductive material and was covered with innumerable little needles, capabl] 

collecting atmospheric electricity through a phenomenon called field effe ion , High-voltage electricity w 

conveyed to the ground by the conductor cable, and was converted into low-voltage electricity to be used by com 
electric users. 


In the description‘of his invention , Plauson reports that he managed to get about 3.4 kW (kilowatt) in a "pilot" expey 


using two of these balloons. 
Returning to the first question: why such a promising technology was abandoned? 

Several hypotheses can be made, The Plauson method provided - even if it was not bound - the use of radioactive m: 
(radio and / or polonium), whose ionizing properties were used as a "catalyst" to increase the current inflow. It is ob] 
that today any alternative energy proposal based on the use of radioactive material would not be frowned upon, 

considering the possible environmental impact that could result from accidental contamination. As a note 

it is interesting to mention that until the eighties a type of lightning conductor covered with a thin layer of americi 

radioactive material), similar in concept to the Plauson collectors, was used in Italy: itis useless to say that these de 
are currently become outlaws. 

Another possible reason why the idea was abandoned may be relatéd to the fact that the energy needs in the 20s wel 

lower than today's ones: a typical "central" "at Plauson", composed of 100 separate balls the one from the other of 
100 meters (so 1 km of side), would have generated some hundreds of kilowatt: a power of all respect for those timd 

that pales a bit ‘when compared to the energy produced by a single wind generator - about 1 Megawatt. 

This reason, however, would justify only part of the abandonment of research in this field, since a system that allows| 
obtain even a few kilowatts using just a couple of balls could be competitive - compared to wind energy - in areas 
windy and not seryed by the electricity network. Let's add at this point an advantage that this system would hav 

wind and solar: uninterrupted production 24 hours a day and 365 days a year 

~ Apparently, therefore, the only major obstacle would seem to be represented by the use of radioactive material. Ani 
we are meeting the recent technological development, In recent years, in fact, techniques have been developed to o| 
nanomaterials that are very efficient from the point of view of field effect emission: in practice they are super-pins 
could function as effective collectors of atmospheric electricity without resorting to use of radioactive material 
Some might argue, and rightly so, "But are these particular nanomaterials safe from the health point of view?" 
Unfortunately, since these are new technologies, it is still difficult to estimate the impact in this sense, but some stud 

under way. If, as is hoped, these materials will be considered harmless to health, then it can not be excluded that 
research on electric energy obtained directly from the earth's atmosphere will find a new vigor and this source not} 

exploited can go alongside the best known renewable and non-polluting sources. 
As a final note it should be added that even without using radioactive material and the nanomaterials mentioned ab 
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system similar to that of Plauson could provide modest but useful quantities of electricity, finding application especi 
the areas of developing countries far from large centers inhabited 


Hermann PLAUSON 


Conversion of Atmospheric Electricity 


Source: Source: rexresearch.com 


In 1920 the German engineer Hermann Plauson published a text "Gew 
lund: Verwertung der Atmospharischen Elekt 
atmospheric electricity’ 


Where he. concluded that atmospheric electricity could. be captur 
lexploited by met 


time it will be possible.to exploit the natural resources to the fullest ... Humanity will no longer 
suffer from the cold, because Mother Nature will give her abundant gift power." 


Plauson designed a series of helium-filled balloons, able to collect atmospheric electricity 


through the use of thermionie rectifiers, Leida battle condensers and induction coils, his idea| 
supply energy to whole Germany. 


Biography (Wikipedia) 


Meridian International Risearch: Atmospheric Eletricity Research 


1 Flauson: British Patent #157269 - Process & Apparatus for Converting Static Atmospheric Electrical Egergy into Dynamic Electrical Ener 
Science & Invention ( June 1928) - "Harnessing Nature's Electric . 
lausoi: British Patent #209735 Rapidly Moving Eicetron Process for Producing [PDF] 


H, Plauson: Gewinnung und Verwertung der Armosphitischen Elechiriztat (1922) | PDE | 


Mermann_Plauson 


Biography 


Hermann Plauson was an Estonian engineer and inventor. Plauson investigated the production of energy and power via atmospheric electricity 


Plausin asthe director ofthe Fischer-Tropsch "Otto Triun Research Laboratories" in Hamburg, Germany during the Weimar Republic af the 1920s 

Nikola Tesla's idea for connecting’machinery to the "wheclwork of nature”. Plauson’s US Patent # 1,540,998 mithods of converting alterating radi 

ai continuous current pulses. He developed the Plagson's converter, an electrostatic generator, In 1920, Plauson published 6 

ton and Utilization of the Armaspheric Electricity "( Ge, Geivianung und Verwertung der semospharischen Elekiriitat ). A copy af this bo 
Batish Library 


Itis believed to he Gert Plausom (the exaet relationship is unknown 


Bower fon the Ai Shee and Imenton Feb. 1923, n, 10, Vl IX, Whale No. 108, New York: (ee 
ower from the Air“: Science and lnvention March 1923, 


‘Seiemce and Invention, Vol-IX (106) # 10 (ebruary 1 


Power from the Air (I) 
by 


Hugo Gernsback 


in dhe war there was developed in Germany in the new art or science — that bids fair revolutionize our present means of obtaining pve. 


This at, which is as new now as wireless: ig 25 years ago, wil he attainments during the next 25 years thit may apnea fantastic today. Hermann Plas 
of the new science, has devoted years of labor to his researches and fc has now been sing small powerplants, generating electricity direct from the 
sight wiotnterapson at practically no cos ons the punt is onstrated 

© have occasion, i deseaibe the sytem, oughly, rom eabled dispatches, but complete informatjon is available now. The amount of electrical power 
‘sour amospere minding Her Pas fod in his experineis tingle belloon spt phigh of 300 yds gave acon cent 400 
amperes, or i 24 hours over 17-14 kilowatts! By using two Balloons in exinection witha special condenser battery, the power abtained was 81-1 /2 
2 hours. The acual eurent delivered was 6.8 amperes at 500 volts. 


The best halloons used bythe inventor are made‘of thin aluminum lea. No fabsic was wsedA siiple internal systeih of ribs, says and wires, gives 
rigidity aswell isa certain amount of elasticity, The halloon, when made airtight, is Silled witli bydrgen or etter, with helium, Iwill then stay alo fo 
time. The outer surface is dotted wit'extremely sharp pins, made sharp electrolytically. Ordinary pins didnot prove good curtent collectors, as they lac 
sharpness. The pins themselves were made ftom amalgamated Zinc, containing a adiuri preparation, in order to ionize-the air. It was alo found that by 
Outer surface of the balloon with zne-amalgam morg current cou be collected. Even beter resus Were obiaingd with polonium amalgam Pawson st 
function ofthese amalgams is purely photoelectric. 


(One hundred of-such captive balloons, separated one hundred yards ftom cach other, wil give a steady yield af 200 horsepower, This isthe cniimli, 
the winter this igure inereases.up to IN horsepower, dae to the higher electrification ofthe atmosphire. 


Weenced not go into the technic of how the current is finally made useable for industrial purposes, suffice it to say thatthe problem has been entirely sol 
Plauson. By-using batteries of condensers, high tension transformers, ec, the current can he transformed! to any form desires. Suc a for lighting la 
motors, charging storage bajtries, et 


Plaason also invenied a sit of eletrostalc rotary transformer which gives alterhaing current without the use of condensers and transformers: Indeed, 
very grit, as it actully “sucks the current down rapidly from the collector balloons, There i no doubt that this invention will soon come into universal 
the world. We wil see the land dated with-capive balloons, particularly in he country and wherever water power docs not abound. Indeed, the time 
‘when nearly al af our power wil be derived from the atmosphere. So far it actms to be the cheapest form of power known, it be 
power —- the cheapest form of potver known today. Not only tt, but asthe inventor points xt, no devastating thunder storms occur near such 
because the balloons ct not only as lightning arresters, but they quickly discharge the biggest thunder cloud, safely and noiselessly through their 

ms 


Seignce & Invention (M: 


Pawer from the Air (IN) 

Hugo Gernsback 
For many’ years electric engineers have etideavored to devise some means whereby it would become possible ts utilize the free electrical energy evel 
the atmosphere, butathey were not successful, as every now and then an extra heavy surge of static current would rush down the elevated conductor a 
the lives of the experimenters, or else destoy the apparatus connected with it A German-enginecr has, however, devised the somewhat elaborate 


own in brief, and he has succeeded, atleast so his report state, in safely.extracting séveral kilowatts of electical pawer from the atmosphere w 
ced balloons, elevated t «height of only 1000 feet. | 
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We have previously tr dl atmosphere, The die tal in ferent pars of the atm 
the dite ‘upper air ind earth make i a tempting proposition ta obiain power from atmospheric electricity. The power wou take the & 
most of a statie nature, It hs ln rather doubtfal to conservative engincers,ifsuch a source of powers 
ailable though the total ofits energy may be smal, an account 
ddurgtion of th ect is now being seriously in 
: in, as laborate-work on this subject, and has im the use of kites, balloons and fo 
lization of thé high potentials existing inthe air at diferent aliudes, and has studfed out the construction of mators to be operated by the pecu 
discharge: yhich will be e 2 : 


‘We wil ist speak ofthe ttethods ured for electricity from the upp gral German patents. One df them shows the 
balloon. The balloon is shown floating i the ai, kite fashion, and from it hangs a great collection of electricity. The conduc 

ads to he ground station quite an elaborate d whi the ps ropes to have covered with nde 

‘nor pays out cable fr the ball ‘apparatus to a height of ah he will have 225,000 volts 

then speaks o a battery of 20,000 cells in seres, which will use upto 40,000 to 50,000 vols in the charging. This 

potential.» a 


F Je proposes the eect 

bout the height oft Tower. At the ral, The appliance consists of a aumbe 

bum gas lamps, whose products of combustion will reach the acral, cole fering the tops of the tubes ensigns 

should wot his connections trouble might ensue, she proposes a protection at the tap in thé shape of a great hell-like shield, resembling in his te 

ppapode”. He also compares the fori ofthe protection to that ofa grest petticoat insulator. Another of his dffculis 6 that he must have his ow 

earth : es a complicated foundation for his structure. He proposes frst to pour in af the bottom af the excavation a foundat 
On this he places a layer of asphalt, and then a layer of cat glass, thr et thick, and the “ Foundati 

lke fot of th This foundation must rise atleast sey 
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The coating ofthe spots isto be of the thinnest amalgam, of mercury and gold, of zine, or even polonium, pethaps only 1/2500 inch thick. Allover the 
{he balloon acc numberless metal points: To prepare the needle-like wires, they are collected into bundles and are treafedclecrolyically in a b 
dissolved in par. This pives a sharp point and roughened surface, all adaptéd for colleting the electric energy. The points may be of copper. 
‘ictal alloy. After this corrosion, A itty be termed, the wires ae plted with gold or other ofthe so-called oble metals, [es advised that poland 
salts be added tthe plating bath, 


Ds Plauson devotes many pages of his book to escribing his motor. This isa rotary niotor including a stator and rotor and its peculsrity is that it conta 
‘develops no electromagnetic field properly speaking, but works by sgtic excitation, One typical arrangement s shown in our illustration. Te stator pat 
plates are concentric with each offen representing Segments of cylinders, The altemation of negative and positive charged plates produc 

confictios there is included a salty spark gap to take care of dangerous poteails.Inductances and capacities are also ised and indicated, It was fy 
plates heated, owing td the Foucalt ures, and to oyercome this, several methods of sublviding the stator and rar plates, are described bythe author 


The whole subject is quite captiv cally seems as ifthe utilization ofthe electricity of the air may be almist in sight, lr would seem possible 
experiments inthis diction hy means ofthe Eifel Tower, but of course, the trouble Here is thatthe tower is grounded, and perfect insulation of th 
surface is absolutely essential 4 ¢ 
And now our author givesss some piacticl details He says that on the Finland plains he caried out experiments with balloon made of alumsing 
collecting needles of amalgamated zine with wradsum preparation as an ionizer The surface ofthe balloon was sprinkled aver with zine amalgam. I wa 
‘height of 300 meters, early 1,000 fect, and was held by a copper plated steel wiee. A constant curgent of 1.8 amperes at an average of 400 volts potenti 
was obtained This gave nary three-quarters of kilowatt, ar close to one horsepower. Tig collector af the balloon insulated from the earth showed 
42,000 volts iy sending up a second balloon with wn antenna to the samme hight ata distance of 100 miters from the firs alloon, a curent af over 3 
‘obained. Then by putting ina the circuit large condenser, whose capacity Was equal to the siface capacity of both balloons, and of the antenna con 
‘current rose to 6 8 amperes with about S00 volts mean tension. By the use of these fo balloons, he eventually ax up the power to 3.4 kilowatts, 


Science'& Invention (June 1928 ) 


a fieanrons 


B.coypeg vorrs igey 
19,090,090 VOLTS EXPECTED: Iae, (fest Huw eno reer 
ee eT ose 
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be regarded as angular momentum of the 
zitterbewegung fluctuations, _ the 
zitterbewegung interpretation of the Dirac 
theory begun by Hestenes in reference 13 
provides an explanation for the electron 
spinand magnetic momentin the physical 
circulation of momentum and charge. It 
also explains the mass as the energy of this 
circulation. Thus, the origin of the 
zitterbewegung is attributed to self- 
interaction of the electron with its own 
electromagnetic field. The relations derived 
by Hestenes in this article suggests that the 
interaction is of magnetic origin, since it 
has the form of a Larmor precession energy 
if spin angular momentum is proportional 
to aself-generated magnetic field. The so- 
called "rest mass" of the electron is thus a 
kinetic energy of self-interaction. It is this, 
that gives the electron its inertial 
properties, and the flywheel-like nature of 
this inertia may be the ultimate origin of 
spin dependence in electron scattering. 
And the Heisenberg Uncertainty relations 
can now be attributed to the 
"zitterbewegung fact" that an electron 
cannot be confined toa region smaller than 
a Compton wavelength. Also, the stationary 
states of a bound electron exhibit a 
resonance of the orbital frequency with 
harmonics of the zitterbewegung 
frequency, which is imposed formally in the 
standard theory by requiring single- 
valuedness of the wave-function. Evidently, 
such resonances, so prominent in quantum 
mechanics, can be interpreted as 
zitterbewegung resonances, This leads to a 
new explanation of penetration of a 
potential barrier by sub-atomic particles as 
due to zitterbewegung fluctuations in 
momentum, and the Aharonov-Bohm 
effect as a shift in zitterbewegung phase. 
The zitterbewegung phase factor literally 
represents a physical rotation. The rotation 
rates of this phase in time and space 
directions are the source of the electron's 
energy, mass and momentum. 


Inhisthird paper [15], Hestenes drawsa closer 
relation of the zitterbewegung dynamics to 
the Dirac theory by suggesting that the latter 
actually describes a statistical ensemble of 
possible electron motions, which are actually 
governed by the zitterbewegung sub- 


structure,Since the energy-momentum ofthe 
electroncannowbe interpreted in termsofa 
rotation rate in the spin-plane, Hestenes then 
derives a corresponding relation which 
defines a variable mass for the electron- 
another unprecedented idea which is in 
agreement with the information given by 
Kryon in his dissertations and Ken Killick's 
tachion theory. The mass m, the scalar radius 
of curvature r and the zitterbewegung 
frequency all covary with changes in the 
rotation rate in the electron spin-plane. 
Hestenes obtains a relation demonstrating 
that the electron mass is inversely 
proportional to the zitterbewegung 
frequency. This conforms to the relativistic 
concept of mass as a measure of energy 
content, But here, mass is concluded to be 
primarily a frequency measure. This also 
conforms to DeBroglie’s original idea that the 
electron contains an internal clock with 
frequency determined by its mass, though for 
a free particle, the zitterbewegung frequency 
differs from the DeBroglie frequency by a 
factor of 2, Moreover, the new key relation 
derived by Hestenes: m-r = 1/2h (h, Planck's 
constant), says that this frequency measures 
the radius of curvature of the electron world- 
line, soitisa thoroughly geometrical quantity. 
sincreases the radius of curvature 
decreases, in concert with the tachion 
dynamics as well, All this suggests that the 
electron mass relates ourexternallyimposed 
time scale to a time scale intrinsic to the 
electron, 


The reader can see that the information 
transmitted by JR. is also remarkably similar 
in this connection, It should be evident that 
there is introduced a new concept of mass 
here, though, toacertain extent, itwasalready 
implicit in the Dirac theory. The formerly 
vague concept of mass as some kind of 
material stuff is completely gone. Also, no 
longer is vanishing mass a distinguishing 
feature of particles moving with the speed of 


light. 


Corroborating Research on 
Oscillatory-Fluid Nature for Time 


In his recent thought-provoking 
dissertation [16], Tom Bearden relates of 
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Plaiison's Electrical Pateits 


USP # 1,540,998 
Conversion of Atmospheric Electric Energy 
6-09-1925 


caine 
Improvements in Electric Motors 

1922-07-10 

GeisT263, 

Process asd Apparatus for Converting Static Atmospheric Electrical Energy into Dynamic Electrical Energy of any Suitable High Periodicity 
10-1922 : : 


British Patent # 299,738 
Apparaius for Producing Rapidly Moving Electrons 
715-1930 


Fini 


‘lektrisk uppvirmningsanordning 
425-1946 


‘Varmelegeme med clektriske yarsiemodstande 
Dk6Te91C 
9.271948 


FRSTT302 . 


Dispositifde chauffage électrique 
19d, 


DETMT94 
Elektrisches Héizsystem 
424-1943 


cun22509, 
Elektrischer Heizkirper zur Enwirmung von Flissigkciten 
31-1942 : 


DETSS07 
Elektrolyt fuer unmittelbare elektrische Warmovasse 
8-03-1943 


DEA376 
ren zur Herstellung von Eiektroden und Schicifkontakten fuer Dynashomaschinen 


cusaonr 
Elektrode und Verfatiren za dere Hers 
401-1022 


canr6s2 


Electrode for Electrolytic ‘Apparatuses: 
rents 


pil www.ieridian-int-res.com/Energy/Atmospherichtm 


Atmospheric Electricity Research 
[ Excerpts | 


Inthe nineteenth and early twentith Zenturies, i large number of researchers investigied ways.to extract electrical power froin the Earth's ambient elec 


The leader if this field was'D? Hermann Plauson wh inthe 1920s sicceeded in gesirating significant quinites of electrical power comparable with 
phonovoliaic systems of a similar sale . 

The leader inthis field before the Second World War appears to have been Dr Hermann Plauson. Dr Plauson was an Estonia citizen who lived i 
Switzerland, He carried out experimedts in Finland with arostas manufactured from magnesiumaluminium alloy, covered with electrolytically deposi 
The needles were further daped with «radium compound is increase local jnisation of the ai. (This was the era im which the hands of watches were b 
with mdm to make them hansinous inthe dark). Zine amalgam patches were also painted onto the aerastats. Plauson obtained a power output of bet 
find 34kW fom one and wo acrostts 300m aove ground level, Dr Plauson filed patents in the USA. Great Britain and Germany in the 1920 
"Gewinnung und Verwertung der Atmosphitischen Elektrzitat” isthe most detailed known account of the fechnology 


Other atmospheric electricity researchers contemporary to Dr Plauson included Walter Pennock and MW. Dewey in thé USA, Afndor Palenesa in Huy 
Heinrich Rudolph iri Germany. Hippolyte Charles Vion in Paris predated them al, puting forward! proposal in the 1850s and 1860s, 


‘Heinrich Rudolph made an interesting contribution tothe design ofthe aeostet collectors. in 1898 he designed an ellipical aerostat made up offsets 


‘minimise the effect of wind, The design hears a strong resemblance to Nortrop's 20413 UCARS wnamangd helicopter UAW project. The. design wses 
Effect to belp keep the acrostat on sation and minimise wind effects, 
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Tn recent tnies, the only person who scems to haverbocn active inthis field is Dr Oleg Jefimenko. Dr Jefimenko carried out experiments on devin 
‘ters from the Earls electric field inthe 1970s and has recently calle for research into the neglected field of elecrosttic motors to be renewed 


MIR's Research Programme F 
Since 1997we have been carying out theoretical refearch into conversion of atmospheritlecricity into useable eledtrical power. . 


From a low [evel (Sm high-simple zine ayitenna we are able to obtain sufficient charge to light a number of white power LEDs, Further experimental in} 
with metalié werosat collectors and cavity resonant slow wave antennae concepts are ongoing 


Advantages of Atinospherie Electricity 


Simple and robust technology 
Low Cost technalogy - much cheaper than shotovltaics or wind turbines 

Available day and night in all weather conditions ~ infact, more power is prodhiced at night than during the day 
Available at any point on the Earths surice 


1. Gewinnung ind Verivertung der Atmospharischen Elektrizitit, De Hermann Plauson. Hamburg, (1920) 
2.Conversion of Atmospheric Electric Energy, USP 1,340,998, Dr Hermann Plauson, (1925) 

3. Asseribly. forthe Induction of Lightning into a Superconducting Magnetic Enengy Storage System, USP 5.367.245 Goven Mims, (1994) 
4 Electrostatic Motors are Powered by Electric Field of the Earth: CL Stong, Scien 

5. Qpemtion of Elecrig Motors from the Atmospheric Electric Field; Dr Oleg Jefigienko, American Journal of Physics, vol 39, aly 1971 
6, Electrostatic Motors: Ther Principles. Iypes and Theory of Operation; Dr Oleg Jefimgnko, Eectst Scientific, (1972), 

7, Parametric Electric Machine, USP 4,622,510, Fernand Cap, (1986). 


US Patent # 1,540,998 
Conversion of Atmospheric Electric Energy 
(9 dune 1925) 


Hermann PLAUS 


Be it known that I, Hermann Plauson, Esiiian subject, residing in Hamburg, Germany, have invented certain new and useful improvemests in the Convers 
leotic Energy of which the following is a specification 


Methods sf obtdining atmospheric electricity by rieans of metalic nettings set with spies which are held by means of ordinary’ or anchored kite balloons 
filled with hydrogen, are in theory alread) known. Atmospheric electricity obtained inthis way bas been suggested to Be used inthe form of direct curret 
accumulators, This kndwledge however is at present only theoretical asthe conversion in practice his hithero heen a faire. No means are knavof protec 
from destruction by lightain ecting the charge must also me be made of very large size in onder to be able to suppor the wel 
petting and the heavy cabl 


Instead of using heavy metallic netting as colctorsatachedto single at ballons of non-condacting materials which are liable to be torn and are permeab 
proposed to usg metalic ballon collectors which have the following important advantages —, 


(@) The inctalic cases are jmpenctrable to helium and hydrogen; they also represent large metallic weathey-prooélecting sur 


(b) Radio active means the like may be easily applied internally or externally; whiereby the ionization is considerable increased and therewith also the qusntil 
clestricity capable of being collected, 


{c) Suck halloon collectors ight metal do not require to be of large size as they have to carry only their oi moderate weight, and th 
(a) The entire system therefore offers litle surface fo the iction of storm and wind ands reiatan an stable, 
(c) Each ballad can be easly raised and lowered by means of a'winch so that all reps, reciarging and the ike 


Its further proposed to usea collecting aerial network of several separate collectors spc out in th 


According to thiinvention charges of atmespheric electricity aro not diectly converted into-nsechanical ener 
bul the static electricity which runs to earth through acral conductors inthe form of direct current of very high volt 
dynamic energy in the form of high frequcicy vibrations. Many advantages are thereby obtained and al disadvantages avout. 


The very high voltage of static eletricity ofa low current strength can be converted by this invention to vatalges'more suitable fr technical purposes and og 
the use of closed oscillaory cious it is possible to obtin electromagnetic waves of various amplitude aad thershy to increase the dégree of resonance of 5 
resonance allows various falues 6 inductance to be chosen wherchy again the governing ofthe starting ahd stopping bf machines driven thereby by simply ta 
betiveen coils of the machine andthe transformer circuit forming the resonance Can casily be obitind, Furher, such currents have the property of being din 
various uses, even without employing them for driving motors, of which there may be particularly mentioned, fighting, production oheat and use in electro-ch 


Firther, with such currents a serits of apparatus may be fed without direct cufrent supply through conductors ‘and also the electro-magnetic high frequene 
converted by means of spedial motors adapted for electro-magnetic oscillations into mechanical encisy, or finally converte hy special machines into alterna 
Frequency of even into diectcirrent of high potentish 


The invention epic dese weirs to the ncn grin hil: — 
Figure 1 fan explanatory figure 
Figure 2 isa diana view of the simplest Frm, 


Figure 3 shows a'method of converting atmospheric electrical enefgy for use with motors, 
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igure isa diagram showing thease of protective means 
Figure 6s diagram of an arrangement including contrlling mens. 


shows means whereby the spark gap length can be adjusted 

Figure 8 shows a unipolar connection fo the motor. 

Figure 9 shoves 1 weak coupled system suiable for use.with small power motors, 

Figures 10,11, nd 12 show’ modified arrangements, 

Figure 13 shows a frm of inductive coupling fir the motor circuit 

Figure 14 isa modified form of Figure 13 with inductive coupling 

Figure 15 is en atangement with no-inductive motor 

Figure 16 isan arerigement with eoupling by cindensce 

Figure 17,18, and 19 ae diagfam’ of further modifications. 

Figure 20 shows a simple form irwich the serial network is combined with special collectors, 


Fighin, 21 shows dingrammatically an arrangement suitable f 


or collecting lage quantities of energy 
Figure 22 isa modified arrangement having two rings of collectors: 

Figure 23 shows the connection for three rings of collectors 

Figuie 24 shows a collecting balloon and diagram ofits connection of condenser biteric. 

Figure 25 and 26 show modified collect ballon arrangements 

Figure 27 shows second method af connacting condkctor for the balloon seta, 

Figure 28 shows da suto-trnsformer'method of connection. «+ 

Figure 29 shows the’ simplest form of constructién with incandescent cathode. 


Figure 30 shows a form with cia? shaped balloon 


Figure 31 is x modified arengement 


Figg 32 shows a fre with cathode and electri enclosed in a vacuum chamber 
Figure 33 isa modified foem.of Figure 43, 

Figure 34 shows an ar light collector. 

Figuie 35 shows such an arrangement for altemating current. 

Figure 36 shows an incandescent collect with Netnst lamp. 


Figure 37 shows form with a gas Mame 


Figure 1 astrates simple diggram for converting static electricity int dynamic powers high number of oscillations, For the sake of clearness in the drs 
‘machine is assumed to be eruploved and got an acral antenna. 13 and 14 are combs for collecting the static electricity gf the influence machine. 7 and 8 are 


clectrodes. $ang'6 are condensers; 9 an inductive primary vol, 10 secondary coil, 11 und 12 gids of conductors ofthe secondary coil 10. When the dise of 
machine is rotated by mechanical means, the combs collect the electric charges one the positive and the other the negative, and charge the condensers 5 and 4 


tential is formed! across the spark gap 7-8, thatthe spark gap is jumped As the spark gap 7 ers Sand 6, and inctve 
‘Well known, waves of high frequency electromagnetic osilltons wil pass in this circ a 


The high fequenc} ofthe oscillations produce in thie primary circuit induces waves ofthe sme periodicity in the secondary’ circuit, This in the 
‘oscillations are farmed by the pastage ofthe spark over the spark gap and these waves are maintained by fresh cRarges of static electricity. 


By suitably selecting the eatio hetveen the number of the coils in the primary and secondary cicuitswith regard to a correct application ofthe co-ei 
(especially, inductanee and resistance) the high voltage of the primary circuit may be suitably converted into low voltage and high current strength 
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‘When the oscillatory discharges in the primary circuit becomes weaker or entirely tease, the condensers are charged again by the sate electricity until the ag 
agin breaks down the spark gop, Al thsi repeated as long as cleetiity is produced by the static machine employing mechanical ener 


‘An elementary form the invention is shown in Figure 2 in which twa spark gaps in parallel are used ome of which may be termed the working gap 7 in F 
second serves asa safety device for excess voltage aid consists of a larger numberof spark zaps than the working section, which gips re aranged in series 


‘ery small capacities asi illustrated in b,c, Figure 2 which allow af uniform spacing in the safety section, 


In Figure 2A isthe aerial aitenna for eillecting charges of atmospheric electricity. 13 isthe earth connection ofthe second part of the spark gap, § and 6 3 
primary el. Now when through the acral A the positive atmosphere electricity seeks to comihine with the negative charge to cart, thi i prevented y (th 
{he spark gaps. The resistance ofthe spark gap 7 is, as shown in the drawings, lower than that ofthe ther salty section which consists of three spark gaps cf 
snd consequently a three tines greater air resistance is offged by the later. 


So long, therefore, asthe resistance of the spark gap 7 is not overloaded, so tht the other spark gaps have an gual resistance with tthe discharges take plag 
zap 7. Should however the voltage be increaséd by and influences so that i might be dangerass for charging the condensers S end 6 or forthe coi insu 
consequence of break down, hy q correct regulation of this spark gap the second spark gap ean discharge (reg from inductive effects direct to, earth withoo 
‘machine . 


Without this second spar gap, aang in parallel faving a higher resistance than the working spark gap i is impossible to collect and render available 
clectrical energy. 4 


The actions ofthis closed oscillation of spark gap 7, two condensers $ and 6, primary coil 9, and alsa secondary coil 10 i exactly th 
Aeseribed in Figure 1 with induction machine vith the only difference tht hese the second: spark gap is provided. The 
frequency altemating eureot obtained can be tapped off from the conductors Ll and 12 for lighting and heating purposes. Special kinds of motors adapted 
there peculiar electrical charges may be connected at 14 aid 15 which ean work with static electricity charges or with high frequency oscillations, 


In addition to fhe use of spark gaps in parallel a second measure of security is also necessar) for aking off the current. This precaution consists accord 
the introduction of and method of connecting certain protective electromagnets or choking coils inthe arial circuit as shown by Sin Figure 3 


A single elotrogiagnet only having a core ofthe thinnest possible separate laminations is conngeted with the aril, 


In the case of high voltages in the acral network of at places wherp there dre frequent thunder stems, several such magnets may however he compected ih sri 


In the case of lange sits or plntsseveral electromagnet cai be employed in parallel orn series parallel 


The windings ofthese cleetromagnets may be simply connected in series with the aerial, In this case the winding preferaly consists of several thin parallel x 
up together, the necessary section 


The winding may be made of piimary and secondary windings inthe form of a transformer. The primary windings will be then connected in series with th 
the Secondary winding more oles short-circuited vera regulating resistance or dn, indction coll In the latter case its posible to regulate to a cerain ext] 
choking coils Inthe further description ofthe connecting and constructional diagrans the aril electromagnet choke coils indicated by a simple ring S. 


Figure 3 shows the simple 
static chaiges of electrical e : 
sectromagnetietooperating circuits render this possible but such do not for part ofthe preseat invention 


A. motor adaptitio operate with static changes will fr the sake of simplicity be diagrammatically indica 
M (Figure 3) isa vertical acral or acral network. S the safety choke or electromagnet with coiLO as may hescen is connected with theeerial A. Adjacent 
S the aerial conductor i divided into three circuits, the circuit 8 giving the safety spark gap, the circuit 7 wil the working spark gap, and then a circuit if 


terminal 1, the rotor and stator terminal 2 at which «connection is made to the earth wire. The two spark gaps arg also connected metalliclly with the earth wi 
working these diagrams is as follows: : 


Te positive atmospheric &lectric’chane collected tends to combine with the negative electricity (or earth eletricty)coaneeted withthe earth wire. It travels 

Saget S without begin checked asi laws in the same direction asthe direct current. Further, is progress is arrested by two sparks gaps 
and th stator condenser surfaces. The stator condenser surfaces are charged until the charge is greater than the resistance ofthe spark gap 7, whereupon a spay 
snark gap 7 and an oscillatory charge is btained as by means ofthe kotor M, stator surfaces | and 2, and spark,gap 7, closed oscillation circuit obtained 
clectromagnetic oscillations. The motor here forms the capacity and the-necessary inductance and resisiance, which, as is well known, are necessary oy 
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The discharge formed are converted info™mechanieal energy in special motors and cannot ach the aerial network by résson ofthe electromagnet or choke. 
spark springs over the spark-gap 7 a grear quantity of atmospheric electricity tends to low to earth, a counter voltage is induced in the electromagnet, wf 
‘ore rapidly and strongly the law of current direct o the earth is, By the formation of this opposing voltage a sufficiently high resistance is offered to the fd 
lctrictydirct to earth to prevent a shor eiruit with the earth 


Te circuit containing spark gap § having a different wave length which is not in resonance with th natural lrequency ofthe motor, daes got endanger the m4 
security aginst excess voltage, which, as practical experiments hive shown, may tll arise in certain cases, but ean be crkducted direct to earth through this 


In the digramilustrated in Figude 4 the spark gap, 7 is shunted across condensers Sand 6 from the motor Ni, This construction gords manly a beter insu 
inst excess volage ail a uniform excitation through the spark gap 7 


In Bigure 5.2 diagram i illustrated for trnsforming large current strengths which may be employed direct without mofors, for example; for lighting oF beat 
‘main difference is that here the spark gxp consists of as star shaped disk 7,which can rotate on is ayn axis and is rotated By & motor opposite simalaey fi 
When separate points of stars face one another, discharges take plac, thus forming an oscillation circuit over condensers § and 6, and inductance 9.fr oscil 
istvident that a motor may alsa bé directly consicted ta the ends af the sil 9. 


The construction ofthe diagram shown in Figure 6 permits ofthe oscillation crcutof the mator being connected with an induction gol’ Here a regulating ind 
introduced foe counteracting excess voltages inthe motor. By cuting the separate coils 9 (coupled inactive tothe arial) in or out the inductive action on 
‘more or le inirease oF variable aerial ction may be exersed onthe scillationeiruit 


1 Sheth 


Fag 8 


In Figure 7 the iscllation cirout is close through the earth (E and E1). The spark gap 7 slay be prolonged or shortzned by more or fewer spark gaps 


connected by means of a contact arm Tb, 


Diagram § shows a unipolar conigtion of the motor with tht acral network, Here two osillation circuits are losed through the same'mofo. The Sirs oscil 
from acrial A through electromagnet S, points inductance 9a to the earth condenser 6 and further, aver spark gap 7 to the acral condenser $ and back| 
‘oscillation circuit starts from the derial condenser Sat the point x! over the inductance 9 to the earth condenser 6 at the point x° and through the condenser 6 4 


7 ack to x!, The motor itself inserted betwen the tws points ofthe spark gap 7. From this arrangement slightly damped osillation wave currents aie prod 


In the diagram illustrated in Figure 9 loosely coupled syitem of connections i illustrated which is assumed to be fof small motos for measuring purpose 
acral conductor, §the-electromagnet in the aerial eonductor 9 the inductance, 7 the-spark gap, Sand 6 condensers, the earth, M the motor, and | and 2st 
the motor. The motor is directly metalliclly connected with the osellation circuit, 


In Figure 10 s putely‘indutive coupling'is employed forthe motor circuit. The motor is connects with, the secondary wire 10 as may be seen in Figure 
smodified diagram connection, The seme applies tothe diagram of Figure 12. 


rams titherta described preferably allow af motors of small and medium strength io be operated. For la ts, however, they are tm in 
‘constrctign of two or more osilation circuits fr Jarge amounts af eneruy is difficul;tae governing i till more difficult andthe danger in switching or of 


A means of ovefsoming suc dificult i sn in Figure 13, Thé oscillation circuit Here runs starting ffm the points over condenser 5, vari 
jens (Sa and 4a) forming arms of a Wheatstone bridge, back ts, [Che mofor is Gonnected by brushes 3 and 4 transversely tot 
are ince in the stator sutfgces | and 2 and the motor dacs not evolve. I how 
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Tnoved in common with the conducting wires | ang 2 which connect the brushes withthe satr poles a certain alteration or displacement ofthe polarity 
motor commences to revolve 


The maximum action will esult i ne brush 3 comes on the central sparking contact 7 and the other brush 4 onthe part x. They are however, usually in prac 
the central contact ‘-but only bel in the path of the bridge segments 4a and 3a in order not ta connect the spark gaps with the motor oscilltion circuit 


the entire oscillation energy yan thercby not act on the motor tix hetter to care: Sut the ring to thee 
foregoing only by the motor not being dimectly mealically connected withthe segments of thie commutator, bit only a primary cil 9 which induces 
‘current which feeds the motor M and takesthe place of the rotor By this arrangement a good transforming action is obtained, a loose coupling and also an 
without a spark'sip. ‘ : 


In Figure 15 the moiar is not purely inductive ain 14, but directly metallically branched oft fromthe primary ctl (a aid x*Vafter ple ofthe auto-t 


In Figure 16 instead of an inductance a condenser. isin similar manner, and far the same‘object inserted between the segments a,and 4a. This has the 
segments 3a and 4a need not be made of solid metal bu may consist of spiral coils whereby a more exact regulation is possible and fer motors of high i 
employed . : 


The arrangements of Figures 17, 18 and 19 my be employed for use with resonance and paticularly with induction condenser motors; between the lrg 
condenser surfaces, small reversing pole condenser surfaces, mall reversing pole condensers are connected, whic, as may be seen from Figures 17,18 and 19 
tanh. Such reversing poles have the advantage-that with large quantities of electrical enefgy the spark formation Between the separate oscillation circuits Gens 


Figure 19 shows a further méthod which prevents electtomagnetic oscillations of high number of altemations formed in the oscillation circuit striking 4 
conductor Iris based on the well known principle that a mercury lamp, one electrodé’of which is formed of mercury, the other of solid metal such as ste! 
‘charge to pass in only ope direction from the mercury tothe tee! and not vice versa. Thé mercury electrode of the vacuum tube N is therefore connec 
{onctorand the sce! electtode with the oscillation circuit. From this tesuls that charges can pass only from the acral through the vacuum tube to the os 
‘nt vice vers Oscillations which are formed on being transformed in the oscillation eiroit cannot pass to the aerial conuctor. 


In practice these vacutim tubes must be connected behind an clectromuignet as the latter alone affords no protection against the danger of lightning, 


As regards the use of spark gaps, all arangements as used for Wireless telegraphy may be used. OF course the spark gaps in-lange machines mast have a 
surface. In very lange stations they are cooled if liquid carbonic acid or etter sill in liquid nitrogen or hyrogr: in most ces the cooling may also take 
Tiguetied low homologues of the metal series or by micans of hydrocarbons the fcezing point of which lies a hetween -90° C and —40" C. The spark gap 
insulated and be of suflicient srehgth to be able to resist any presure which may arise. Any andesiable excess super-pressure which may be formed must b 
‘off [ have employed wit very good results mercury electrodes which were fzen in liquid carbonic atid, the cooling being maintained daring 

throug the walls, 


Figure 20 8 one ofthe simplest farms Of construction ofan aerial network n combination with collectors, transformers and the ike lustraled didgrammat 
cant wire, 8 the safety spack gap, 7 the workiig spark gap, 1 and 2 the stator surfaces of the motor, Sa condenser hattery, She protective magnet which isc 
coil in eral conductor, ta Aerial antennae with collecting balloons, N horizontal collecting of conccting wire from which, the.center « number of ¢4 


Te actual collectors consis of metal sheaths preferably made of an alumigum magnesium alloy and are filled with hydrogen or helium and are aiiached te 
wires. The size ofthe alloon is selected so that the actual weight ofthe balloon and the weight of the conducting wige is supported thereby” On tap ofthe 
spikes, mide and gilded in e special manner hefeinafter described, are arranged in Srder lo produce a conductor action, Small quantities of radium pj 
particularly polonium-ioniuni or meso-Iiciim preparations considefably increase the ization, and therewith the actiog of these collectors 

In addition to metal balloons, fabric ballooné which are superficially metal coated dcconding to Schoop’s mica spraying process, may alsa he employed. A mef 
also me produced by lequering with metalic bronzes, preferably ‘according to Schoop's spray proces ot lcguering With metalic bronze potders in two 
‘widely different metals, because thereby the collecting eflecis considerably increased. 


Instead of the ordinary round balloons, cliigated cigar shaped ones may be employed. In,order also to ullize the frictional enengy of the wind, patches 
conducting substances which produce clecricity by friction, may be attached fo the metalized balloon surfaces, The wind will-impart a portion of ts eney 
frictional electricity, tothe balloon casing, and thereby the collecting efec is substantially increased 


In practice however very high towers (up 1300 sete is fully admissible) may be emplayed ws dtc. In bese towers copper tubes ie freely further b 
tovrer"A ga lamp accred against he wind is then it atthe point of the copper thé anda meting is secured 1 the voper tube ver the lame of his amp 
The gas is conveyed through the otro othe ue upto Un sum, The copper ube mast be sbsoletly protected fram moistare atthe place t Which 
also rin must be prevented running dv the walls of th lower which might lad toad catastrophe. This i done by bell shape enlargements wh 
being arranged inte tower in the form of high voltage ingles of Siamese pagodas, 


Special ittention must be devoted to the foundations of such towers, They must he well insulated from the ground, which maybe obtained by first embedding 
ina box form to a'suficient depth inthe ground and inserting inthis an asphalt ining and thea’ lass bricks cast about 1 or 2 meters i thickness. Ovet th 
ferro-concrete layer in which alone the rita footof the ube is secured. This concrete block must be atleast 2 meters'rom the-ground and be fully protect 
wonden covering, from moisture. Inthe lower par f the tower a wood or glass house forth large condenser batteries ot fr the motars may be constructed. 
ant connection to the ground water, a well insulated pit constructed of vitreous brick, must he provided, Several such towers are erected at equal distance ap 
‘wits horizontal conductor: The horizontal necting wires may ether ain directly from tower to tower or be carted on ell shaped insulators simula. to th 
voltage conductots, The width ofthe network may be of any suitable size and the conection athe motos ean take place at any suitable places 


In onder to collect lange quintitcs of electricity with Few aerials itis well io provide the aerial condictor with ttries of condensers as shown in Figures 21 
the bateies of condensers S are connected on theo the serial electricity collectors Z by the aerial consluctor A amd on the other hand intr 
‘ith an innular conductor from which horizontal conductors run tothe connecting poits C to which the earth wire is connected 


Figure 22 shows a similar arrangement-Should g0o such series of antennae rings be shown by a voltmeter fo have large diference of potenti 
‘mountains and one inthe plain) or even of different polarity these diferences may be compensated for by connecting suficcmly large condenser b 
‘of Maj tar condictors D and D', In Figure 23 a cannéction of three such rings of collectors to.orm a triangle with «central condenser hattry is illustrate. 


The condenser batteries of such largé installations must bé embedded in liquid gases‘or in liga freezing at very low temperatures. In duch cases a potion « 
energy must be employed for liquelying these gases, It is algo preferable to employ pressure. By this means the, condenser surfces may be diminished, and sf 
‘Guanities of energy to be stored, secure aginst breakdown. Far smaller installation the immersing ofthe condensers in Well-Sasulated oil or he like, suffices 
‘on the other hand cannot be enpigyed as insulators, 


The arrangement in the diagrams hitherto described was always such thatthe condenser batteries were with both pales directly tothe arial conden 
diagram ofthe connections for oiaining atmospheric electricity far the condenser batteries has however beer be very advantageous, This errangem 
thes are connected daly by one pole (unipolar) tothe collecting netork, Such @ method of arranglement is very important as by micans ofa constant cure 
of thermal working pressure or voltage is obtained. If for example a collecting balloon acral whic i allowed to rise toa height of 300 meters, shows 4 
arth voltage, in practice it has been found that the working voltage(with a withdrawal ofthe power according to the method hereinbefore desgribed by me 
Spark gaps andthe like) is only about 400 vols. If however, the capacity of the condensct surfaces be increased, which capacity inthe abave mentioned case 
the collecting surface ofthe balloon aeiils, to double the amount, by connecting the condenser battercs with only one pole, the voltage rises under an ea 
‘current up t and beyond 500 volts. This san only be ascribed to the favorable action ofthe connecting method 
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In addition to this substantia improvement it has also been found preferable to insert double inductances wu clectromagnets and to place the capacities pref 
such electromagyiets. It as also been found thatthe useful action of such condensers can be Juner inerased if an induction coil be connected as indus 
unconnected pole of the condenser, of stil-better ifthe condenscr itself he made as am induction condenser. Such & condenser may be compare 
‘compressed cars in itself accumulted force, which it again gives off when released, In changin, a charge with reversed sign is formed at the oth 

hrough the spark gap a shor circuit results, the accumulated energy is again given back since now new quantities of encrzy 

the conductor network, which in fact charges With opposite signs to that atthe fee condenser pole. The new anduced tharges have of course the same si} 
network, The whole voltage energy in the serial is thereby however increased, In the same space of time larger quantities of energy are accumulated than 


such inserted condenser batteris, 


In Figures 24 and 25 two differnt digrams of connections are more exactly illustrated, Figure 24 shows ollecting balloon und the diagram ofthe connecta 
25 shows four collecting balloons and the parallel connection of the condenser bateres belonging thereto 


A is the collecting ballon inade of an aluminum magnesium alloy (electron metal, majgnalium) ofa Speciic gravity of 18 and a thickness of plate 0.1 to 02 
are eight strong vertical ribs of F-shaped section about 10 to 20 mim in height and about 3 mn in-tickness with the projecting part directed inkwards (indie 
So forth); they are riveted tether to forth a firm skeleton and are stiffened ina horizontal direction by two cross ris. Phe ribs are furlher connected with ane 
tnd transversely by means wf thin seeljvires, whershy the balloon obtains great power of resistance and clasticity,Rolled plates of 0.1 to 02 mm int 
‘majgnalium alloy ae ten either soldered or riveted on this skeleton so that fully metallic casing with smooth extemal surface is obtained! Well slvered or eo 
plated stel wires an from each ib to the fastening ring 2, Further the eoppersd steel havwser L. preferably twisted out of separate thin wires (shown in dotted 
fand which must ke long enough to allow the balloon to ris in the desired height, eads o a met roller or alley 3 and from thence to a winch W, well insula 
By means of this winch, the balloon, which is filled with hydrogen, or helium, can be allowed to rise to @sudable height (300 to 5000 meters) and brought 
recharging or repairs. 


The actual curtent is taken iirocly through a fiction contact from the mictal roller 3 or fom the wire, cr Cved from the wine’ siultancously from al 
brushes (3, 3a and 3h). Beyond the brushes the conductor is divided, the paths hein: —- firstly aver 12 tothe safety spark gap 8, frm thence to the earth 
secondly aver electromagnet S!, point 13, ta second loose electromagnet ving an adjustable col S?, then ta the spark gap 7 and to the second earth cond 
workigg circuit is formed through the spark gep 7; condensers § and 6, and through the primary coil 9; bere the stati electricity formed by oscillatory discharg 
and converted into high frequency electromagnetic oscillations, Bebween the elctromagnets S! and S? af the crossing pont 13, four condenser batteries are 
are only indicated diagrammatically in the drawings each by one condenser: Two of these bateies (16 and TS) are made as plate condensers and prolon} 
inaction coils or spirals 17 and 19 while the two others (21 and 23) are induction condensers. As my besgen rom the urawings eacls othe four candenser 
and 23 is conscted by only one pole tothe aerial or fo the collector conductor. The second poles 17,19, 22 nnd 24 are open. Inthe pase of plate condensers 
resistance an induction col is inserted. The object of such a spiral or coil isthe displacement of phase by the induction curent by 1/4 periods, whist hat oft 
fof the condenser poles which lie fee in the air, works back to the collector aerial. The consequence ofthis i that in dischar 

the fee pales allows a higher voltage tobe maintained inthe acral collecting conductor jhan would otherwise be the cas. 

extremely, favorable effect on the wear of the contacts. OF course the inductive effect may be regulated at wll within the limits. of the size ofthe induction coil 
coil in ation beg adjustable by cans of wire conncetion without induction (see Figure 24, No. 20, 


Sand S? may alt be provided wit such regulating devices inthe case"af S® (illustrated hy Lt), If excess voltage farmed i is conducted 1 
spark gap 8 o thraugh any other suitable apparatus, since this formation would be dangerous fr the hice appari 
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the dynamic influence of time on a 
material system: "But we can also 
legitimately state that ‘time is energy’ and 
be rigorously accurate..Time is extremely 
compressed EM spatial energy..Without 
further elaboration, we speak of a ‘ma: 
in which a small portion exists as 
‘masstime' rather than mass, as having 
been 'time-charged' or'time-excited’ 


The t-polarization wave in the time 
dimension is quite unique: The spatial 
energy of the wave is in equilibrium and 
not vibrating at all; instead, the photons 
comprising the wave are vibrating in their 
time-components.. In short, mass m is 
changed into masstime mt by photon 
absorption... Rigorously, a mass does not 
really ‘travel through time’ continuously, 
per se, but proceeds with an overall serial 


change mechanism, driven by its total 
virtual and observable photon 
interactions, as m+ mt+ m+ mt>..We 


propose that this may account for the 
duality of particle and wave..The particle 
actually oscillates at a high rate between 
the mand mtstates... Mass ‘travels through 
time’ by an extremely high oscillation 
between corpuscle-like state and wave- 
like state". Notice how Bearden's 
description of the macroscopic operation 
of time on a physical system closely 
parallels Hestenes' proposed model for of 
the zitterbewegung dynamics at the sub- 
atomic level which provides the electron 
(and possibly photons, etc.), witha time- 
substructure (its internal "clock" 


We can see many other places in Bearden's 
treatise where the unique terminology 
chosen can now be put into direct 
reference with equivalent concepts and 
unique phraseology employed by many of 
the researchers examined in the current 
exposition. This cross-referencing 
certainly provides much needed 
clarification about key ideas for researchers 
currently involved with the development 
of this fledgling discipline that we shall 
term causal mechanics, after Kozyrev's 
designation, 


Allsuch efforts will help to place investigative 
endeavors currently scoffed at by 


establishment science on a firm rational 
foundation, as well as assist in synthesizing 
cemingly dis parate but surprisingly related 
" phenomena. For instance, to 
implement the science he has termed 
“vacuum engineering", Bearden often speaks 
of the necessity of establishing a "local time- 
stress of the vacuum potential". This 
process, which as we hope to have shown 
here is completely legitimate, is identical to 
what Smith calls creating a "tempic field 
gradient", Kozyrev's "alteration of time- 
density", or Alexander Frolov's"changein the 
local time-rate’ 


Itcanclearlybeseen thatsuch ideascan only 
be perceived as science fiction fantasy, if we 
observe strict adherence to all current 
received paradigms (even in superstring 
theory), which consider space and time 
purely from their relational standpoints. 
These theories must of necessity involve 
models employing scalable metrics for their 
proper description, However, once we 
embrace the novel view posited here that 
vacuum energy is primary and both local 
space and time are derivatives of this mass- 
free non-scalable dynamic non-local 
oscillating substratum, then we can conceive 
of space and time properly as 
complementary aspects of non-local 
conscious reality, neither fixed in a scalable 
mannerorsubservient to the other, but fluid 
and mutually interdependent features of 
energy in constant flux (see the related ideas 
voiced by A. Correa and P. Correa in 1). 


With this approach we will then come to 
acknowledge the technological feasibility 
of many of the "futuristic" claims made in 
the channeled transcripts. For instance, we 
can see that it will no longer be necessary 
to propel elementary particles to 
relativistic velocities, or to probe 
astrophysical systems possessing large 
gravitational fields, to recognize alterations 
in space, time and mass parameters, since 
these phenomena can equally as well be 
accomplished in the laboratory by 
modifying atomic structure of stationary 
matter through electromagnetic means, 
Once again, peruse the Kryon dissertations 
on this process, for it may be key to future 
technology. 
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The small eirelgs onthe collector balloon indicate places at which zinc amalgam or gokd amalgam or other photOclctric acting metals in he for of small pal 
thin layers (0.01 to 0.05 mam i thickness) ate applied tothe entire balloon as well ax in greater thickness tothe conducting network: The capacity of the c 
considerably stengthenedat the sufface. The greatest possible effect in collecting may be obtained by polonium amalgams and the like. On the surlace of th 
‘ictal points or spikes ae also fixed along the nbs, which spikes serve particulaty for collecting the enlletor charg. Since it is well known thatthe resist 
less the sharper th spike i, for this purpose tis therefore extremely itmporiant to employ as sharp spikes as possible, Experiments made as regards these ba 
formiation ofthe body ofthe spike or point also plays a large part, fr example, spikes made of bars of rollers with smoth surface, have a many times greater j 
callector accumulator spikes than those with rough surfaces, Varicus kinds of spike bodies have been experimented with forthe collector ballocins herinbel 
best results were given hy spikes which were mad inthe following way, Fine points made of steel, copper, nickel ar copper and nickel alloys, were fasteied if 
and then placed as anode with the points in a suitable electrolyte (preferably in hydrochloric acid or muriate of iron solutions) and.so treated with weak cur 
pressure: After? to3 hours according o the thickness of the spikes or pins the points become extremely sharp and th bodies afte spikes havea rough surfac 
then be removed and the acid washed off with water. The spikes are then placed as eathode'in a. batch consisting of solution of gold, platinum, iridium pall 
Salts oftheir compounds and coated a the cathode galvanically with a thin layer of precious metal, which must however be sufficinly firm to protect thers 


‘Such spikes act it a 20-foldJower voltage almost as well asthe best and finest points made by fuecimical means. Sil beter results are obtained if polonium d 
added tothe galyanic bat when forming he-proteclive layer or egating. Such pins have a low gesstance at their points and eve at one volt apd still ower 
excellent collector action, 

In Figure 24 the three unconnected poles are not connected with one another in parallel That is quite possible in practice without altering the principle of the f 
preferable to inferconnect in paralfe 1o a common collector detwork, a series ofcallecting aerials 


Figure 25 shows a diagram for such an installation. A',A?, a’ 


x¢ four metal collector balloons with gold or platinum coated spikes which are electroly 
presence of poloniufs emanations or radim sats; which spikes ot needles are connected over for electromagnets S!,S2, S'S, through an annular cond 
annalar conductor four-wires run over four furier electromagnet Sa, Sb, Sc, Sd, to the connecting point 13. There the cond ed, one branch pas 
safety spark gap 8 to the earth at E', the-otber over inductive resistance J and working spark gap 7 to the earl at E*The working circuit, consisting ofthe 
and a resonance motor M, such as hereinhefare described, is connected in proximity round the sparking gap section 7. 


Instead of directly connecting te condenser motor ocoufsethe primary circuit for high fequeney oscillatory current maycalso be insert, 


The condenser batteries are connected by one pole to the annulr conductor Rand can be either inductonless (U6 and 18) oF made as induction condensers as 

23, The fe poles af the indctionless condensers are indicated by 17 and 19, those of he induction condensers by 22 and 24 As may be seen from the draw 

19, 24-may be interconnected in parallel through a second annular conductor without any fear that. thereby the principle ofthe free pole connection 

on fo the alvantages already’ set forth the parallel connection also allows at an equalization ofthe working pressure inthe entire collector network: Su 

tnd calculated induction coils 25 and 26 may also he inserted in the annular conductor af the fee poles, by means of which a circuit may be formed inthe 5 
fad 28 which allows current produced inthis annular conductor hy Factuaions af the charges ofthe like appearances ta be measured or citerwise utilize. 


According to what lias been hercinhefore sated Separate collestor balloons may be connected at eqjidistant stations distributed aver the emfire county, either 
with one another mctallically or by means of intermediate suitably connected condenser bateries through high voltage conductors insulated from earth. The 
Converted throsgh a spark gap info dynamic energy of a high numberof oscillations and may in such form he Goupled as sourve of e 

{connectmg, various prectutions being observed and with special regulations: The wires leading from the collector balloons have hitherto been 


‘conductor without this endless connection, which can be regarded as an endless induction coil, being ableto exet any action on the whole conductor system, 


It has now been foind-that ifthe network conductor connecting the arial collectr balloons with one another isnot made ai a simple annular conductor, bd 
circuited in the form of coils over a condenser battery or spark gap or through thermionic tubes or valves or audions, then the tal collecting-network of 
Froperties: The collection of atmospheric electricity is thereby not only, increased but am allemating field nay be easily produced in the collector. net 
atmospheric clectialforcés showing themselves inthe higher regions may also be directly obtained by induction, kn Figures 26 and 28 a form of constructo 
basis of which the further foundations of the method will Be more particularly explained. 


In Figure 26, 1,2, 3,4 are meta collector balloons, 5,6, 7, Stheir metallic aerial conductors and I the actual collector network. This consists of five coils 
high voliage insulators in the air, jn high voltage masts (or with a suitable construction of cable embedded in thy earth). One coil has a diameter of { ar 100 
S! are two prviective electromignels F tlie second salty section aguinst excess voltage, Ets earth vonductor and E1the earth conductor ofthe working 
absorption of static atmospheric electricity is effected through the four balloon collectors, the current inorder to reach the earth connection E| must flo 5 
collector network over the electromagnet S, primary induction col 9, conductor 14, nade A of tha audion tube, incandescent cathode K, asthe way over the 
salty spark gap F offers considerably greater resistance. Owing o the fact thatthe accumulated curent flows in one direction, in eletromagnetic a 

in the imterior ofthe collector network coil, wherchy the whole fee electrons are directed more or less into the interior of the coil, An increa 
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thereby produced, In consegience ofthis the pbints mounted on the collector balloon show a considerably feduced resistance and therelore increased static cb 
pints on the balloon ad the surrounding stmosphere are produced, The result ofthis ss considerably increased collector effec. 


AA second effec which could not be obtained wthervise is obtained by the electron field which running parallel to the earth surface, acts 1 
‘diminishing or increasing effect on the earth magnetic field, whereby in the case of fhuctuations in dhe current a return induction curent of reversed sigs al 
the colletor coil by earth magnetism. Néw if However, a constantly pulating continuowsaltemating fel is produced’ sated inthe above collector netwo 
‘current ofthe sain periosiity is produced also i th collecting network coi. As the sate alterating feldss further transmitted o the aril halloon, the resis 
is thereby considerably reduced, whilst the collector ston is considerably increased, A further advantage is that postive electrons which collect on the me 
the conversion ito dynamic current produce so-called drop of potentiql ofthe collector are Asan altemating field is present, the negative ions sufroun 
surfaces, when Wicharge ofthe collector surfaces takes place produce by the law of induction in induction of reversed sign om the collector surface and x0 ff 
gain «positive charge). In addition to the advantages hereinbefore set forth, the constracton of connecting candyctors in co frm when-of sufficiently leg 
‘of a utlization of energy arising in higher regions aso inthe simplest way. As is well known electric discharges frequently take place at very great clevatid 
‘served as St Elmo's fire or none lights These energy quantities hive no been available to be utilized wp Iq now. By this invention al these kinds of ene 
ie nature and the direction of axis ofthe collector cols stands at right angles tothe earths surface, can be more‘ less absorbed in the same 
in wireless telegraphy absorbs waves coming from far distance. With a large diameter of the spiral it possible to connect lange sasfaces and thereby 10 
‘quantities of eneray, 


Ie is wellknown that large wirelessstations inthe summer months, and also inthe tropics are very frequently unable't receive the signals in consequence of 
are caused by atmospheric electriity, and this takes place with vertical coils f-only 40 to 100 meters diameter, If on the contrary horizontal coils of 1 to 10 
{employed very strong curreits may be obtained through discharges which are constantly taking place in the atmosphere. Particularly ia the tropics a sill 
regions where the northem lights are constantly presen, large quantities of energy may probably be oblained inthis way. A coil with several windings shoo 
similar manner any alteration ofthe earth magnetism should act inductively om such a cil 


1 isnot at ail inlkely that earthquakes and spots on the sun will also produce an induct in such collector evil of sufficient size. In simile manner this 
‘wll react on eath current more particuliy when they are near the surface ofthe earth or even embedded in the earth “By combining the previous kind of ea 


faras they are adapted forthe improved systema with the improved possbilitis of obtaining current the quantities offs natural electricity which are to be ob 
of electricity arconsigerably increased. F 


In onder to proce inthe impraved éollestor coil uniforn curent oscillations of an tndammped ature so-called audion high vacuum or thermionic tubes of s 
are employed instead ofthe previously known spark gaps (Figure 26, Nos. 9-18). The main serial curent flows shrough electromagnet S (which in the case of 
alternations is notconnected here’but in the eath conductor E!) and may be conveyed aver the. primary coils ithe induction winding through wire 14 10 
high vacuum grid tube. Parallel withthe indiction resistance 9a regulating Capacity of suitable size, suc as.condenser 11 is inserted. Inthe lower part of th| 
is aranged the iricandescent filament or the cathode K swhich is fed through a battery B. Fron the battery B two branéhes.run; one-to the earth conducto 
through battery B! and sexondary coil 10 to the grid above gin the vacuum tube. By the method af connections shown in doted lines, a desired voltage at 
‘may also be produced though the wire 17 which is branched off from the main current conducter through sitehes 1 and some small condensers (a. bf 
sericsrand conductor 18, without the battery B! being required 


‘The action ofthe entire system is Somewhat as follows: 


(Qn the connecting conductor of the arial colletor network being short circuited to earth, tie condenser pole 1 is charged and slightly damped oscillations 
short ercuited existing oscillation circuit formed ofthe condenser 11 and self inductance 9. In.consequence of the coupling through coil 10, fluctuations of vo 
the grid circuit 15 with the same fFequency. which, Hactuations in turn influence the strength the electrode current passing through the high vacuum ampli 
produce cyirent Aucuations ‘ofthe same frequency’ in the anode circu. A penmanent supply of energy tothe oscillation cieyis 9 and 10 consequenty t 
condition. balance is setup, in which te consumed oscillation energy is equal to that absorbed. Thereby constant undamped oscillations are naw produce 
‘Src 9-11 : 
‘vdcuum srengthining tubes-are necessary and it is also nécessary thatthe grand angde voll 

charged, then the anode is positively charged and viee versa. This necessary difference of phase may be 
‘varied conncctions, for exammple, by placing the oscillation circuit in the grid circuit or by separating the oscillation circuit and inductive coupling fom the a 
Circuit ana so fort 


A second important factor inthis way of converting sttle atmospheric electricity intoundampéd oscillations is that caré must be taken hat the grid nd anc 
‘certain relation to one another; the latter may be obtained by altering the coupling and a suitable selctiow of the selF-induction in the gr circuit, o as shown 
17,18 by means of larger or smaller numberof gondensersof suitable size connccted in series i his case the battery B!‘may be omitted. With a suitable 
potential a glow discharge takes place between the grid and the anode A, and accordingly atthe grid there is a-cathode drop and a dark space is form 
tathode drop is influenced by the ions which are ented im the lower space in consequence of shock ionization of the incandescent cathodes K and pass thro 
‘upper space. On the other hind the number of fons passing through the gnid i dependent on the voltage between the grid and the eathode. Thus isthe grid 
periodic fluctuations (as in the present case) the amount ofthe euhode drop atthe grid fluctuates and consequently the intemal resistance ofthe tube corres 
So that when a back coupling ofthe feed eicuit wit he brid eicuit takes place, the necessary means are afforded for producing uridatuped oscillations and| 
according to requirements from the collecting conductr. 


The frequency of the undampe oscillations produced is with a suitably loose coupling equal tothe sel-frequency ofthe oscillation circuits 9 and 10. By a sy 
the self induction ofthe coil 9 and capacity 11 iis possible to extend from frequencies which produce electromagnetic ysillaton of only afew meters wavel 
loosest practical gltemating current frequency. For lage installations a suitable number of Irequency-producing tubes ofthe well-known high vacuum rane 
‘to 2 kw in size may be connected in parallelso that in his respect no difficulty exists. 


The use of such tubes for producing undamped oscillations, and also the constnction and method sf inserting such transmission tubes in,an accumulator oF 
known and also that such oscillation producing tahes only work wel at vallages of 1000 up to 4000 volts, so thaton the contrat their use at lower vallages 
dificult By the use of high voltage static electricity this method of producing undamped oscillations as copopared with that through spark gaps rust bee 
‘olution particlarly for small installations of outputs of fom 1 to 100 kw : 


By the application of safety spark gaps, with intepolation of clectromagnets, not only is shor-crcuiting avcided but also the taking up of curent is reg 
producers inserted inthe above way form a constantly acting electromagnetic atergating eld in the collecor coil, whereby‘as already stated, a considerable a 
fakes place, The withdsawal wire or working wire is connected at 12 and 13, bu current may be tkem by means of «secondary col which i firmly or movabl 
suitable way inside the large collector cai Le, i electromagnetic alternating field, so long as the direction of its axis runs parallel with that ofthe main 
il * . 


In producing undamped oscillations of a igh frequency (0,000 per second or more) inthe oscillation circuits 9 and {veletromagnets Sand S! must be i 
frequency oscillations are rot to penetrate the collector oil, heween-the oscillation producers and the collector col. In all other eases they are connected 
‘anting (as in Figures 27 and 28). 


MVENERGIA_GRATIS_DALL%27ATMOSFERA_DIDATTICA_27.himl 


{In Figure 27 a Second method of construction-of the connecting coniductor of the balloon acrials i illustrated in the form of a coil. The main difference 
addition tothe egnnecting conductor] another annular conductor I is inset parallel to the former on the high voliage mass in te ar (r embeded as'a cab 
bot in te form of edi. The cognecting wire ofthe balloog aerials is indicated asa primary conductor and algo os a current producing ngtwork; the other i 
etwork and isnot unipolar connection with he eurent producing network 


In Figure 27 the current producihg network I is shown with thre balloon collectors 1, 2+ 3 and aerial conductors 4 5, 6: it i short-circuited through 
inductance 9. The oscillation forming cicuit consis in tis diagram of spark gp f, inductance 10, and condenser 1; the earth wire Es connected to earth o 
SIP s the safety spark gap whic is also connected to earth through a second electromagnet S at E, On chnnecting up the condense circuit 1 this is charged 
Fwherehy an oseillsory discharge is formed. This discharging curent acts through inductance 10‘an the inductively coupled secondary 9, whereby inthe pr 
‘modification ofthe potential of the-condenser 19 is produced. The consequence of this is that oscillations arise inthe evil shaped producer nctwork. These ok 
‘current inthe secondary circuit IL, whic has a smaller number of windings and a less resistance, the voltage of which, according tothe proportion of the no 
land ofthe ohmic resistance, fs considerably lower whilst the curentstength is grea 


In order to convert the curent thus obtained int current sf an undamped character, and to tune its wavelengis, a sufficiently large fegilatable capacity 20 i 
the ends’ 12 and-13 ofthe secondary conductor IL Here also current may be taken without an earthy conductor, but itis advisable to insert a safety spark gop 
shis with the eth ayer an electromasenet S2. 


The producer network may be connected with the working network II over an inductivnlets condenser 21 or over an jndction condenser 22, 28. In this 
conductor is unipolar connected with the, energy conductor. 


In Figure 28 the connecting conductor hetweet the separate accumulator balloons i carried out according tothe sulotransfrmer principle. The collecting 
sacral balloons 1, 2,3, 4, the windings of which are not made side by side but one above the other. In Figure 2§ the collector coil i shown with thin lin 
‘connected prolongation coils Il with a thick line. Between the ends 1! and Il! of the energy network Ia regulating capacity 19 is inserted, The wie 1 is 


‘usp wire and with the spark gop F 


As transformer bf the stmospheric electricity an arrangement is emphiyed which consists in ying rotary prs of condensers in which the one stator surface B 

1 main current, whist the other is connected with the earth pole. Between these pairs of short-circuited condensers are caused to rola from which the con 
be taken by means of twa collect rings and brishes, inthe form of an altemating current, the frequency of which is defendent of the numberof balloons and| 
the rotor."As the alternating current formes ithe rotor can act, i this improved method of gonnection described in ths invention, through coils | on the 
increase of diminution of the feed current in [can he dbtsined according tothe direction ofthe curent by back induction, Current oscillations of wnifoem Hh 
in the coil shaped windings of the produce ntwork 


As the ends ofthis conductor areshor-ctcuited through thexepulstable condenser 19 these rhythms produce short-circuited undamped ossllations inthe ene 
periodicity and wave lengths of which oscillations ean be adjusted according to desire by altering the capacity 19 10a given wavelength and therewith alsa to 
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conductors may also be made, whereby harmonic oscillations of desired wavel. 
The withdrawal of current can even take place without direct wire connection if, a a suitable point in the interior of the producing network (quite sma 

a diareter of | or 10Q km) a col tuned 10 thes¢ wavelengths and of the desired capacity is fem. or movably mointed isi the aerial conductor in such a 
Girction is in parallel with that ofthe collector col. In this case a cugent is induced i the producing network, the size af which is dependent on the total capa 
atid also on the periodicity employed. A possibilty is thereby afforded in futite, of ting energy from the praducer network by wireless means 
atmospheric electricity als magnetic earth currenis and energy fom the higher atmosphere (a leas partiely may be simultanoosly obtained, this lst syste 
atmospheric energy is of pancular importance forth future 


Of course everywhere instend of spark gaps grid vacuum tyhes may’ be employed as producers fo undumped oscillations. The separate coils af the produsero 
iiameters may be connected with one another through separate conductors all in parallel or all in series or in groups in series. By regulating the number of o 
the extent of the voltage more or less large colletar coils of this kind may be employed, The coils may alsa be divided spirally Over the entire section. The co 


ut in angular form or also i tiangular, quadrangular, bexagonal or octagon form. s 


‘OF course wires may be eared from a suitable place tothe center or also lateral which serye the curent waves as guides, This is necessary when*the c 
congucted over suntan and valley and so forth nal these cases the current must be converte into a current of suitable periodicity. 


As already hercinefore mentioned separate collecting balloons may be ditetly metalically interconnected at equidistant stations distributed over the entice 
Connected by ipterpolation of sulle condenser batteries by means of high voltage conductogs. The static elecncty is converted through a spark gap into dy 
high number of oscillations, and could thet in such formes, wit a suitable arrangement ofthe ednnections, observing various mesures of protection, be ex 
‘energy aller separate or special regulation, 


Acciing to this invention in rer to increase 4h collecting effect of the ball ithe aerial collscor conductor or in the earth wite, radiating collectors ar 
‘consist either of incandescent metal or oxide electrodes in the form of vacuum grid tubes, or clectrié ares (mercary and the ike electrodes}, Nem lamp, 
various kinds may be simply, connected withthe respective conductor 


It is well known that ergy an be drawn of from a cathode consisting of an incandescent body opposite ax anode charged with positive electricity (vacuum 3 
however. cathode was always first directly placed opposite wn anode, and secondly the system always consisted ofa closed circuit. 


Now if we dapenie withthe ordinary ideas in forming light ci Mame. arc in which a cathe most always stand disctly opposite anvanode, charged a 

another bady fecly floating inthe ato regard the incandescent eathode only asa suce af unipolar discharge which repfesent group and point discharg 

‘chines similar to unipolar dichargcs)it may be ascertained tht incandescent cathodes snd lex perfectly al ncendescent adits, les aa the like 
Guanes of elec energy to radiatsint the open space in the fom of electron seams as rans 


The object of ths invention i as described below, if such incshdescent oxide elcctrodes dither incandescent radiators or lames are not freely susp 
connected metallcally withthe earth sa that they can be charged with negative terrestrial electricity, these radiators posses the property aFabsorbing the free 
‘charges contained.n the airspace surrounding them (that isto say of collecting them and conducting them to earth) They ean therefore serve ws colle 
‘comparison to the action of the spikes, or pints, avery lage radius of action Rs the effective capacity of thesg collectors is mich greater than the geome 
calculated in a electrostatic sense. 


Now as our earth is surrounded as is well known with an electrostatic field and the difference of potential’ 


‘aleultion gives the result that when such’ a radiation collector or flame cllectr is arranged for example on the ground, and a second ne is mounted ver 


distance of 2000 meters and both are connected by a conducting cable, there isa difference in potential in summer of about 2,000,000 volts and in wi 
volts and more 


Acconding to Stefan Boltzminn's law of radiation, the quantity of energy which an incindescent surface (femperature'F) of 1'sq cm madites in unit of tim 
(temperature 1,9 is expressed by the Following formula : 


s= Bort) Fwatisq om, 


And the universal radiation constant Bis according tothe latest researches af Ferry (nnales de Chimie et de Physique, 17: 267 [1909] equal 1 6.30 10°12 


Now if an in incandescent surface of | gq cm shows, as compared with the surrounding space a periodic fll ot potential BN it radiates (independent a the cur 
isto say ofthe sign) in acEordance with the above formula, for example at a temperature af 31725° C an Energy of 1.6 ks emisecond. As forthe radiation tf 
be calculated forthe collection of energy but reversed, Now, a8 carbon electrodes atthe temperate ofthe electric are suppor on the current bass current 
60 ta 65 amperes per sq cm no difficulties wil result in this direction in emplaying radiating collectors as accumulators, 


IF the earth be reganled asa comically insulated condenser in'the sense aff geometrical electrostatics x thére results frm the geometric (compare Bal 
lekrische Bogenlicht [The Electric Arc Light), page 169) capacity ofthe earth according to Chwolson: 


For segitive changing 1.3 x'10® Coulomb 
For negative potential V= 10) 108 vals? 


From this there tesulty however, EIT = 24.7 x 10% wattsce. Now if i desired to make a theoretic short circuit thradgh an earthed flame collector this 
clectrc total work of about 79,500 x 10!" kilowatt years. As the earth’ must be regarded as,a rotating mechanism which thermodynamically, electromag 
kinematically coupled with the sun and star system by cosmie radiations and gravitation diminution ofthe electric enengy of the earth field isnot to be 

‘which the incandescent collectors ould withdraw from the'earth field can only ease by the withdrawal of motor work a lowering of the Garth temperature ( 
300) and reduce this to tha of the world space ( T= O ) by wing the entie energy. This is however not the case as the earth does not representa cosmically 
system. On the contrary there is Conveyed to the same according tothe recent value corrected by Perry fr ihe Solar constants through the radiation from th 
18,500-x 10! kw. Accordingly, any’ lowering ofthe earth temperature (T) without a simultaneous lowering ofthe sun’s temperature (T,) would contradict S 


s-Bis!-1), 
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From this # must be concluded that i the ear temperature (Ts) sinks the total radiation S absorbed by the earth increases, and further also tht the secular sf 


the earth is directly dependent om that ofthe sun and the other radiators cosmically coupled ith the sun and is connected wiost closely with these 


The incandescent tadiation colletérs may, according to tis invention, He employed fr Collecting atmospherie electricity if they (1) are’ charged with 
clectricitytthat is to say when they are disclly connected by metns of & metallic conductor with the earth) and (2) if lage cipacities (metal surfaces) char 
are mounted opposite tem as positive poles in thea. This ss regarded asthe main feature ofthe present invention as without these inventive ideas it would 
collet with an mcandescent collector, sulficiently large quantities ofthe electrical charges contained in the almosphereas the techal 

flume eolletors would also be too smal, especially if tbe considered thatthe very small surface den density) ( 

allow of large quintites of charge being absorbed from the atmosphere 


+) Calculated according to Poisson’ calculation 


a here the alteation of thé potent sential gradients only takes place in the direction o the normal, this ealeilation assumes the simple ff 


Trius deed tlrcady been proposed to éinplay flame collestors fr cllecting atmospheric electricity and itis known iat ther collecting effect i¢ substantial 
the points, It s however, aot known thatthe quantities of current which coil hitherta be obtained are too-smal for technical purposes. According to my x 
for this i to be found in the too small capactis ofthe collector conductor poles. If such flame of radiating collectors have noo cal: smal positive surta 
action fer large technical purposes is too small. Ifthe incandescent collectors he constantly kept in movement inthe se they may collect more according 
‘movement, btihis again is not capable of being carried out in practice. 


By this ination the elector is onsidably incase by a bay chars with postive potential nd ofthe est posible capacity bing ali el 
direct earth conection) oppinite such an incahdescen collector which i held floating inthe ar t a desired hight. If for example, a collecting balloon of 
sctalzed alle abi ead o mou 300 oN metro thesia postive pole i bot oppost sucha rating collector comet 
the earth, quite different results are obtained 


The metalic balloon shell (sith large surface) is charged fa high potential by the atmospheric electricity, This potential ig greter the ltigher the collecting 
the incandescent collector. The positive electricity acts concentrated om the anode floating in the ar as tis atiracted through the radiation shock ionization 
the incandescent cathode. The consequence of this is that the radius of action of the incandescent cathode collector is considerably increased and thereby 
ciset ofthe collecting balloon surface, Further the large capacity ofthe anode floating in the air plays therefore an. important part because it allows of the taki 
‘and thereby a more uniforgy current is obtained even when there isa large consumption: this canaot be thy case with small surfaces. 


In the present case the metallic collecting balloon i a positive anode floating'in thé air and the end of the earth conductor of this‘balloon serves as positive pol 
the sufface ofthe radiaing incandesoént cathode, which in tum is charged with negalive earth clectricty being cnhictively connected to earth, 


‘The process may be caried out by two such contacts (negative incandescent cathode and anode end of a capacity Heating in the air) « condenser and wn in 
being switched on in ral, whereby simultancously ungamped oscillations may be formed. 


In very large initallations itis advisable to connect swe such radiating collectors iSeries. This an are light incandescent cathode may be placed below on the 
tn incandescent cathode which is heated by special electromagnetic cutents be locate high inthe ai. OF couse for this the special vacuum Licbig tubs wi 
‘may also be employed. An ordinary are lamp witroxide electrodes may be introduced an the ground and the postive ple is not directly connected with the 
but through the tipper incandescent cathode or aver a condenser. The method of connecting te incandescent ealhnde leaing ithe air may be seem in Figures 


1 the balloon, K Caan sing (connection with the haw), tg ballon La good connecting able, P pov ple, N negative fcandescet cl 


lavegtor 
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rlow'on the ground by means of a carbon are lamp’ or in ot 


Figure 29 represents the simplest form of construction, If electric ostillations are produc 
ly between P and N, 2 


‘considerably greger electric resistance is opposed to that i the dest wat by inserting an electical inductive resistance 9: Consequent 
andl as, over Nand P only an inductionless ohmic resistance is present, a spatk will spring aver so long as the separate induction comcficints and th 
Calculated. The consequence of this is thatthe oxide clectrde (carbon or the like) is rendered incandescent aad then shows’ as incandescent cathode an in 
tft. The posite poles must he substantially larger than the negative in.order that they may’ aot also hecome incandescent, As they afe further connce 
balloon area which has a lange cupacity and is charged at high voltage, an incandescent body which is held Mating inthe air and a positive pole which 
opacities i thereby obtiined inthe simplest way. The iandescent cathode i fist caused to bocome incandescent by means of séparate energy proce om 
‘maintained by the energy aollecte! from the atmosphere 


shaped one (of metal or metalized fabric) may be employed and also a cond 


Figuire 30 only shows the difference thit insted of round balloon 3 cig 
between the incandescent cathode and the earth conductor so that q short circuited oscillation circuit over PN.'S and 9 is obtained. This has the advan 


‘ianities of electricity cause the eathode to berome incandescent and much large cathode bodies may be rendered incandescent 


Igzaghar™ 


In this form of construction both the-incandescenteathode and also the postive electrode may be ceclosed in a vacuum chimber as may be seen in Figur 
carried well insulted through the cover of a vessel and ends in a condenser dic S. The cover is arched inorder to keep off the rain. The vessel js entirely on 
‘majgetic metal and wellinsulated inside and esse, Opposite the disc $ another dise & and on this again a postive pile oF the vacuum tube p with tI 
(oxide cestode) N isarrariged, The negative electra ison the one hand connected with the earth eondictor Ey 

also connected with the cable L with the postive pole and wound round the vessel in cols. The action is exactly the sam 

incandescent eathode one enclosed in vacuo is employed. As in such collectors only’ small bodies can be brought fo incandescence in large installations f 
‘vacuum tubes inust be inserted in proximity to one another According tothe previous constrictions Figures 31 and 33 are quite self evident without further ex 
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Figures 34437 ropresent further disgrams’of comiietions over radiating anid flame collectors, and in fact, how they are tbe aringed onthe ground 


Figure 34 shows an are light collector with oxide electrodes for direct current and its conncotion; Figure 35 a similar one for altcnating current, Figure 


collestor with a Nernst lamp and Figure 37x sinilar one with «gas lame, 


The positive poe | of the radiating collectors is always directly connected tothe aerial collecting eondictor A. In Figure 34 thiss further connected over the 
5 with a second positive electrade 3. The direct current dynamo h produces current which flows over betwen the clectddes 3 and 2 as an arc light, On the fi 
the negative incandescent elecjoge 2 absorbs electricity from th positive poles standing opposite it and highly charged with atmospheric electricity and conve 
circuit The spark ap 7. inductive resistance 9 and induction coil Mare ike the does previously desenbed. The clectromagnet S sur 

inst darth ciruiting, the salty spark gap 8 ftom excess voltage or overchatying 


In Figure 35 the conhection isso far altered tha the altenating current dynamo feeds the exciting chil 11 of the induction condenser. 12 i its negative and 13 j 
the ool 3 on the magnet core af the dynamo is correctly calculated and the perodicky ofthe alternating curent is suiciently high an are light ean be formed 
poles I and 2. As the eathode 2 ig connected with the negatively charged earth, and therefore always acts as 2 negative pole, a form of rectification of the 
produced by the dynamo 3 i obtained, the second half of the period is always suppressed, The working circuit may be caried out in the same way asin Figs 
zap T may however be dispensed with, and instead thereof between the points m and n a condenser 5 and an indoction resistance 9 may be inserted fram wi 
taken inductively 


Figure 36 réprésents a form of construction similar to Figure 34 only that here instead of an ie tmp a Nesnst incandescent body i employed. The Neral 
the battery 3. The working section is connected withthe negative pol: the sufety spark gap with the + poles. The working spark gap 7 may also be dispel 
‘current frit taken at 12 overthe oscillation circuit 5,11 (shown in dotted lines), 


Flame cllctn (Fie 37) ny nln be Camploywccoring otis yen, The wire net Ii conned wit the sei collar cont Ad 
tart AL the upp nd ofthe ater, lng plats ae provided which projec ino the fame. Tie pose clrd is connected wth tc cgaive ove 2c 


The novelty in this invention is firstly, the use of incandescent cathodes oppesite postive poles which are connected with large metallic’ capacities as 
surfaces, (2) the connection of th? incandescent cathodes with the earth whereby, in addtion-ta the eletricity eonveyed to them from the battery or machine 
incandeseing, also the negative charge ofthe earth pote is conveyed, and (3) the eonnection ofthe postive and negative poles of the radiating collector} 
circuit alone or with the introduction ofa suitable inductive resistance, whereby simultanenusly an osallatory oscillation circuit may be obtained, The cal 
these methods quite tonsiderably increased * 


1 dere that what lela is: [ Claims not included here] 


British Patent # 157,262 
(10 July 1922) 


Improvements in’Electrie Motors 


Hermann Plauson // Otfo Traun’s Forchungs-Laboratorium GmbH 


This invention relates to that typeof motor in whic rotation is prsduced by means of the attraction and repulsion of surfaces carrying charges of electricity 
According to this invention a stats and rotor aré formed of condensor surfaces and charges of electricity hereon imposed inthe form of alternating eurents of 


Te invention fs more particularly described with rference tothe accompanying’ drawing in Which: — 


Figire 1 shows a sigple fem of motor and ec 
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FREE ENERGY Fi 


Figure 3 shows oné form ofa spiral condenser suriace 
Figure 4 shows a wire wound condense surface 


Figure 5 is a diagram of one ype of rotor, 


The inner plates of the condensers and (are changed froma spark of Suflicietly high pressure (alt 
potential has rin so far that spark spin 


The spark gap 7, forms with the condenser 5 and selF-inductanoe 9 and'condenser 6a closed oscillatory circuit and alternating currents of hig frequency ¥} 
this cet The igh frequency current produced inthe primary cifcuit 9 excite by induction inthe secondary circuit 10 currents of the same penoiity 


Te improved type af motor is fd by the discharges produced by the indoction inthe secondary circuit, 


Hitherto only fesla’s motor system (shown diagrammatically in Figure 1, 16 and 17) was knw for this purpose, The above-méntioned diagram is only sho 
the fundamental principle [thas however na practical interest for carrying out large machines by reason gf the impossibility ofthe regulation and the law ei 


otk aml th daft yer by the comcton Of x machine wc a appli fox tigh Segieny cent ac as ma 
tmgnelc induction ely (as fave been all moto hero and ls Tala’ motor 


fund thatthe mchine te,Figure {cannot only be fed directly with static electricity but if itis connected to a source of high fi 


will operate 
‘The applicaats eal this new type of motors ‘condenser motors a differenti them from hitherto existing types 


The simplest form of construction of such.condenser motors is shown in Figure 1, and this motor may be fed with high Frequency allemating currents 

At a given moment positive electricity ie charged hy means ofthe lead 14 tothe stator surface | and to the brush 3x (Figure 1). The brush 3x is connect 
condenser surficé 3, so that both the stator surface 1 and also the rotor surface 3 is charged-with positive slectriciy. The stator surface 1 and the roior st 
‘charged with positive electricity and the second rotor surfaces 4 and 4a by brushes 4x with negative electricity, such motors can then be started by providing 
surfaces Il, 12, the earth connection 13 of oné of which is broken by a switch (not shown) according to the direction of raiaton desires, or alternatively 
stared by 2 separate source of algrating current in a maanner similar the starting of synchronous motors of known construction. After a half revolution of 
3x comes in eamtact with thé sevond collector surfave so that naw ths surface is connected by the brush 3x with the stator surface 1 an the brush with th 
3. Consequently with a reverse direction of current through the second half ofthe oscillation period all the hereinbefore mentioned eects take place in th 
‘which, however, prodices no alteration inthe direction of rotation because the deal points between two directions of oscillation are avercome by inertia, 


Although this motor iseasy to tart.t can oaly be employed for small experimental and measuring purposes because the stator and rotor surfaces are made of 
‘betel by Foucale (edly) currents, In spite ofits simplicity and its unsuitability fr use in practice it must however he regarded a «basi type for technical cal 


The condenser motor showin in Figure 2 differs from Figure | by the otor surfaces consisting of six condenser surfuccs connected one behind the other ins 
connected with three colleciorsurtaces, so that at anyéne moment only two adjacent collector surfaces come under the two brushes(3 and 4). In its other acti 
to Figuré [. The leads 14 and 15 may be connected citer to the ends of the secondary coil 10 or directly with the source of energy, The outer thicker line if 
surfaces | and’? (hat isto say the unmoving part ofthe motor), Il and 12 shown by thick dotted lines means earthed additional poles ofthe stator, 8, 9, an 
parts ofthe rotor condenser surfaces which in tumare connected with te collector sirfaces 8, 9, and 10 5, 6, and 7 arethe inne. parts of the condenser surf 
Sand 4 are brushes 


Hitherto stator and rota surfaces of compact metal have been spoken of. These however become highly heated with eddy-current and hardly yield 10-18%. ¢ 
‘examining into such small useful effects it was found that certain forms of metal sections inthe stator and condeiser surfaces highly iicrease these. 1 was 
{hit if slots or notches be eu in the metal surfaces of the sar and rotor inthe form ofa spiral, not only was a higher useful effect possibl, ut also an casi 
«regulation could be obtained, 


Experiments have shown that'by"such a form of construction itis possible to build 2 very useful motor fa hibh Frequency alternating currents more partic 
‘undamped nature 


Efe example the system of construction of a state showin Figure 1, but four polar, be taken and the system of rotor construction shewa diagrammaticall 
with tbe form of eonsinction of the epndensersof the stator as well as of the rotor according to Figure 3, condenser motor i blained which works well ino 
high frequency altemating éurent. It was also observed thatthe motors in such forms of construction were found to be more sensitive to resonance effects 
‘Works the best stator and ror stirfaces have equal capacity and sellsinductancé sa thatthe windings both i th stator and also in the rotor are i resonance, 


A motor constructed according tothe foregoing kind is already fully technically applicable. But even thede'motors have a series of faults, more particular 
construction. For example, the attichment of the spiral condenser surfaces both of the stator apd ofthe rotor sown in Figure 3 are in practice dificult to cary 
practice the condenser and stator surfaces are simply wound of wire or baods in the form stown in Figure 4, Such stator and rotor surfaces may, without fag 
‘egarded as electromagnctic poles, although they are not made of iron as s the case in electromagnets, Such michines,may be spoken of drccly as motors ff 
alternating currents in which the separate pole surfaces consists of wound induction condenser surfaces of which one is sound on the stator and the other on the 


IF the coil as shin in’ Figure 4 he made cell insulated wires the col ein he embedded in isulating material either fi the stator or motor surfaces has 
in the ease of ordinary single and multiphase motors, At the same, time the possiblity is afforded by increasing the number of turns to proce great 
the self induction co-ffcients 


In Figure 5 is shown a mosfied construction of rotor fr a four pole motor consisting of four condenser surfaces 1, 2,3. 4, of which | and 2are connected th 


9 coupled with,te coil 10, Eour ianer surfaces 5,6, 7, ¥are provided of which $ and 6 are dirytly connected‘leo 7 and & smiles connec 


The pairs of like poles arg connected by wires 14 and 15 to the source of energy, by & suitable selection of the-values of the reactance and capacity in th 
cirouits may be formed, 


Havinis now particularly deserted anid axcertsin the nature of our said invention atin what mannerthe same isto be performed, we declare that what we cli 
at included bere] 


British Patent # 157,263, 


Process & Apparatus for Converting Static Atmospheric Electrical Energy into Dynainic Electrical Energy of any Suitable High 


Hermann Plauson // H.O, Traun’s Forscfiungs-Laboratorium GmbH 


‘Static acral eletricty inthe frm of direct current can be converted by using spar gaps and with the sssstgnce of oscillatory circuits into dynamic electrial 
high number of alterations of « more of less undoped nature and in such form — either direct ar by mes ofa special kind of resonance or ‘condenser mit 
utilized for technical purposes aé mechanical energy 
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the spark gaps however increase considerably Further it is desirable to conver the accumulated currents of Irom 100 to 100K periods wich may then be use 
types Af altermating curtent machines instead of into electromagnetic waves of a high numberof at 


In experimenting with condenser otors the costruction of which forms the object of British Patent 157.262 if was observed thatthe rotor if one poe oft 
connected with the actals collecting aerial electricity and the other pole withthe exth, not only could act asa motor, but if vice vers the rotor connection 
interruped anid the rotor caused to rotate by means of another motor, that when the brushes supply an altemating current the periodiity of which is dependent 
poles and the revolutions ofthe rotor, Such an apparatus may therefore be regarded as atransfarmer of static into dymamic electrical ener 


The invention is more partcilarly described with reference tothe accomipanying diagrams in which: — 


In Figure 1A is a stfong accumulator batter, | and 2 are the outer poles of the transformer, costing of simple metalic plates rare ax shown in Figures § 
ceils thot an elecirmagnet bens present. Beten these poles am armatare is revlubly mounted dn shaft, whith armature als consists of two similar of 
Plates 3 and 4. These are mctalicaly comcted wih two collector cigs San 6 on which hwo brushes 7 and 8 ios a which again re short-cieited with 
Primary coil 9: 10s th sevondary col with he fee ends 1! and 12. 1f hough te accumulator battery the stator pate 1 is charged wih positive cles 
Sf reverse sign on th rior surface 3 wich is connected by the brases 7 nd § ove the primary coi 9 withthe second rotor surface This later ster 
Positive electricity, which in tam induces egative electricity om the stator surface 2 Up Wo this moment ever 

Connected one chind the other inthe current eicut A. If however, by micas of mechshical power, this rotor be caused to vost, the surface conitions a 
Saree revolution the rotor plats afe hetween the slat lates and therefre na condenser surface faces another By this means however, the capacity 
‘laced fra minimum anda change of cient wil alsa vuln the main 9. Now ithe rotor be tamed further troagh 90 degiees by mechanieal energy the 

‘opposite the stator pate 2 sd the rotor plate 4 opposite the stator plate 1, 30 that thes the rotor pate a in ack of reverse sign. A tes cha 

rection now mms hrmph the primary coi 9. ARers Further half revolute he same aston isrepestd 0 tha fcr 8 fl revolution thesia condi 

result of such a revolution is an altmating current the periodicity of which is equal tothe numberof revolution. la practice of course ant twa polos but 
possible would b employed because thereby the mimber of alertions would e consderalyhereased. Te primary alterna 

Sri an alteatingcurent the potential of which x dependt on he winding of he col igure 7 shows a multipolar machine 


If the stator surface I, instead of being connécted ith the battery be connected witha collecting acral network and the ober stator surface 
‘wich s otherwise constructed as hereinbefore, he rata. by a separate motor a uch strange? altemating current results which is to be ascribed to 

higher potential ean be charged on the pole surlaces of the stator hy reason of the higher pressure of the slate electricity than where accumulators ae employ 
the transformer has gf egufse mach larger quantities of energy supplicd to it 


Figuré 2 shows a mode of connections, The stator surface | i connected withthe tril antennae which is conpcted through the si 
surface 2 js directly earthed at £2, The ianerrevaluble rotor surfaeeé 3 and 4 are interconnected by means of ag indction coil which is constructed dicetly 
‘current is taken asin Figure 1 upto collecoreings by meats of brusies, which are not shown forthe sake of clearness, and further conveyed through the con 
Between these a condenser § may be inserted. There is thereby formed a short seillatory oscillation circuit fee Irom spark gaps, which circuit consists of th 
and condense 5 and ig fed by the periodic charging eurent impulse. By this means the possibility is aforded of obtaining kindof current which is chara 
periods and is undamped and oscillatory. O couse a simple alternating current may’ be obiaincd by cutting out the condense. 


Instead ofthe induction coil the condenter mag also b constructed in the rotor. His cam be carried out in such a way/that it ends serve ditectly as collect 
‘current through the brushes. In Figure 3 such a motor is sketched in perspective, 3 and are ths rotor surfaces, Sand 6 ae the condenser surfaces constructed | 
‘or consisting ef tweco-exal cylinders iting one inthe ther in such a way that free room islet for the Brushes 7 on one end of the coidenser cylinder 8. 


The condenser may be made in the form of a cylindrically wound spiral forming the capacity‘and reactance as shown in Figure 4. further ype of rans 
Figure §. The difference consss-n the stator and rotor surfaces not only each assuming a quarter ofthe circuit but almost the half. By this mens the space 
condenser surface js beter utilized. Charge is produced only when the rotor surfaces face the fll scope of the stator surfaces. 


In addition & condition, jg ‘obtuied in which the, stator surfaces are inductively connect! by the rotor suflaces. The consequence of this is that an af 
simltatously results which is produced withoit sparking otherwise the connection iss befo 


Figure 6 shows the'altemation of the olor surfyces; the fotor here consists of two cylindrical tondenser plates arranged gancentrically, each divided in 
‘omnectel so that half the inner cylinder is connected to hall the outer. Such # machine shows the more complete transformer action, 
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Forthose who wish tofurtherinvestigate these 
theoretical possibilities, the papers of 
A.A. Nassikasare recommended. Nassikashas 
postulated what very few researchers before 
him have theorized: the existence ofaground- 
form probability density function for energy, as 
a necessary precursor to the malleable 
(deformable) characteristicsof timeandspace 
[18], One of Nassikas' conclusionsis significant 
in light of ideas articulated in the present 
exposition concerning the hypothetical 
tachion-pair model for reality (see 1). Here we 
refer to the key push-pull oscillatory 
(‘breathing’) operation between space and 
time, which may be responsible for the 
structural integrity of matter as we know it 
(again re-read the Hestenes zitterbewegung, 
model), 


Researcher Alexander Frolov has taken 
Nassikas' theory even further to suggest an 
explanation for the anomalous over- 
unity effect that has continually been 
demonstrated in low-energy nuclear 
reactions (LENR) over the past decade [19] 
In such so-called "cold fusion" cells the 
Palladium cathode is over-saturated with 
protons, producing a local imbalance in the 
vacuum engine, causing a local alteration in 
the time-frame of the experiment to 
compensate the local change in energy 
density. Subsequently, as Frolov claims, 
this time-frame change converts non- 
local time-energy directly into heat 
energy, similar to Kozyrev's 
description of energy production by 
stars. Perhaps this observation might 
provide the hitherto missing key in our 
understanding of fusion by electrolytic 
action, 


Conclusions and Prospects 


In the preceding paper it is sincerely hoped 
that the author has demonstrated ample 
evidence that will spur on researchers of a 
kindred spirit towards the development of 
new paradigms for space, energy, mass and 
especially time, All these concepts, as well as 
the foundations of current classical 
electromagnetic theory, are in need of a 
drastic overhaul before we can fully 
appreciate and understand the operations of 


nature as it interrelates the metaphysical- 
mental realms with the physical level of 
reality. 


At any rate, the continual appearance of 
research results, such as the Kozyrev effect, 
which up to present apparently resists 
explication in terms of conventional 
scientific paradigms, certainly offers clear 
evidence of the incompleteness of our 
knowledge of nature, even in this 
enlightened era since the dawn of the new 
millennium 


Accordingly, hints as to how the Kozyrev 
effect arises in association with the 
postulated active properties of time,andhow 
the latter interacts with known physical 


forces,can assistus towards the development 
of a more comprehensive paradigm which 
embraces a wider spectrum of human 
knowledge - one in which the current 


conundrums rampantin the foundations of 
theoretical physics, and biological science 
disciplines as well, which have hitherto 
prevented the establishment of a unified 
model of all physical interaction, can find 
satisfactory solution, Also, such empirical 
evidence which generally flies in the face of 
current scientific wisdom, presents the 
greatest challenge to our ongoing search for 
newsustainable energy sources which will be 
of absolute necessity in the future. 


In this light, if formally integrated into 
scientific thought, the tenets of tachion 
energy theory, which is based on an altruistic 
modus operandi, also may hold profound 
implications for the status of our very social, 
political and religious structures as well. 

Indeed, unlike the impersonally motivated 
interactions believed to be the basis for force 
interactions in modern sub-atomic physics, 
which help sustain our illusory belief in the 
supremacy of theego, the philosophical basis 
of tachion dynamics is an able reminder of 
the humility of purpose which shouldbe the 
guiding force whatever our walk of life. Like 
tachion-pairs, in the ideal social structure 
individuals will work side-by-side, yet 
achieving a common accord, United in the 
circle of their activity they will work together 
joyfully in freedom, each with his own task, 

yet always conscious of the common bond. 
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Figure 7 show’ a four polar transformer. It consists of a mal casing, the lower half of which is fastened withthe foundation plates 17 tothe Support or foun 
half, the cover, is connected by bolts 15'and 16 firmly with the under art. This upper sleeve or casing is insulated ffomn the under part Two rings 1 and 
consisted in the casing. The ring 1 is gietalliclly connected with the collector aerial and the ning 2 vith the earth, On both rings an equal number of 
incanted side by'side but well insulated from one another and thus form av electrostatic Field'similar to the electromagnetic in many alternati 

‘consists in similar manner of two rings § and 6-on which an equal number of rotor surfaces are fixed so that each stator surface Laces a rotor sur 

alternating curremt formed is removed from the collector, The charge is conveyed by the condudtor 14 to and by 1 away, IF this rotor be then rot 

ponitive and negative fields precisely as in the case of magnetizing wil alter and thereby an altemating current formed inthe roto, the periods of which ae 
number of the poles and the revolutions pet sect, 


At the commencement it was thought that this apparatus could only be regarded as alternating-current conver: but it was soon found that much more ener 
‘tate the rotor than cthe friction. [twas then found thatthe considerable expenditure of energy for rtaling the rotor was 
being moved through strongly elgetrosatc Fields since the electrostatic lines of force mst be cut at rigit angles and that further i the conductors a stron 
\was.otherise to be‘expected. This apparatus must therefore not only be regarded asa transformer’ bur also as an enerey producer, with the difference tha the 
obtained instead of by means of electromagnet, by static fields of high pressure. The entre system may, to some extent, be compared with a dynamo in wh 
takes place by means of a fixed constant magnet, It was further ascertained that this way of using the atmospheric electricity produced a sot of suction on the 
‘nd that thus suitable greater quanti of currest could be obtain 


The effects which inthis apparatus became evident aré extremely intresting and open a prospect of being able to obtain here a great deal more. Merely that 
made it possible to trasform suitable quantities of atmospheric electricity into altemating current of high or lower frequency (without the use 

extreme uty of these apparatus: Should in future, the construction of larger aggregates be iecessary the transformer installation may be-constructed in such 
‘which are fed by a curren obtained from an installation with spark gaps praduce a certain quantity of enetgy which may then be employed for prodicing eu 
the last described system, 


The results ofthe exatinations made fr this may be construc as follows ‘i 


(0) antidotes (sone ura rotor nd stant) ae ploy they bees nk, Th elt my be conde eddy cuting theo 


form Figure 8, but sot entirely remaived. This frm allows the surface of the condenser plate tobe’ enlarged or iacreasedthe electrodes may be fastened ia 
the under frame by perforation 1, 2,3, 5, 


) If nicks or notches i spiral form as shown in-Figure 9 seen from the side end'in Figure 10 in Section are employed, not any is the transformer effect 
yieldsalso more curr, but require greater quantities of energy for their movement than a simple corhmutator acto would requite 
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(8) The greatest fee is obtained ifthe rolor and stator surfaces are wound in flat spiral form of suitably thick wire, and in sich a way thatthe inductive eff 
the capacity i calculated in suitable proportion and this result is adapted to a suitable periodicity In practice this preferably dae hy the wire bent inspiral fi 
inva separate vileanite or hard rubber mass (sce Figure 11) so that a smooth pole wurfae is fone simular fo that in phase motors 


commected withthe ring 20. To this two pole surfaces | and 2 are connected. The inductive earth pole is aSo consccted with a second ring (0 from which 

2a are branched off ‘OF course in similar mann any suitable number of oles may be branched of In similar manner there are inthe rotor two poles fastened 

land und Sa and 4a) connected with separate collector rings. From these two rings the curent is collected by means of two brushes, The induced alteating 4 

ircetly metallica connected with an medactive earth stator condactor over an intiction coil 8, Further a combined inductance and capacity 5 is inserted bet 
11 and 12 in parallel with ie converter By this means-asparklessoscllaory circuit is oblained which can act om the exciting eurent in the stator. This pr 

periodic altertion of te charging quantities according to the oscillation curves ofthe rotor currens-in consequence af which the stator charge alsa commenc 

Dscllaions aod if the stator and rotor surfaces are calculated to one another in such a way that they are adapted to Rm oscillations of waves of simi 
pnverer is cays to oscillate and furnishes undaroped oscillations ofa high number of alterations, but of periodically change 

the amplitude of the main alternating eurent and is caused by the numberof the poles ad revolutions per second, Thus 

formed, the separate periods of which aré formed! by undamped oscillations ofa higher numberof alterations, In Figuré 14-16 four other diagrams of conver 

the abjectaf which isnot to produce usual altemating current, but oscillations of hi 


The main dffegence ofthese systams from those previously deeribe is tha from the connection of the collecting aerials is made between the stator poe I (P 
pole 16 pf the condenser 17 and the earth connection between a second stator pole 2 and the pole 18 ofthe cadens 19. The othet poles af these condensers 1 
yer two inductive primary coils 9 and 9a with one another. The sevondary coils lonm the rotor conductors 10 and 10a. The rotor isl 


the manner shown Figure 6 of two short-tireyited plate condensers which may be wound as shown in Fi 
formed! The collector tings of the rotor with the-two brushes for collecting current are here not shown in order to simplify the draw 
lnsers in the exiting circu af the alsa by the action of the altemating current produced in the rotor on the stator circuit, wit coms 
ity and the sel-inductin co-eflicients a maximum action may be obtained. The kind of curren prodiced wil be similar to tht described fr Fi 


‘mainly in tha the current resulting in the rotor isnot directly employed, but only serve a exci 
coils 9 and 9b. The work ‘ fs 10 and 10a and.furher conducted through the epnductors 11 an 12. 
by the regulatabléindytive res 


{In Figure 16 a vety similar systém is shows to Fig is however gonnecied in parallel w ter and by the inductive re 
rotor shor circuited osilatory iret is forme oe rily ood results and is simple in co 


The'inductiveresisttce 9 may also instead of being constructed inthe roto be cinstructed a primary coil einployed outside the rotor and short circuit the 
‘over the stat surfaces (sce Figure 17), 


fe 
Wiel, 


Hy az 
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The last six types serve only for producing oscillations of q high number of alemations, IF be desired to obtan-ordinary alternating eurens there complica 
‘arangemepis are not required asthe types illustrated in Figures Ito Il sullce Ii selevident that these arrangements maybe altered in various ways hy 
condenser surfaces in practice. 

Having now particularly described and aigertained the nate of oir said invention and in what mane the same is td,be performed, we declare that what 
(Claims not included here] 


] 
if you want to support our research, make an| 
‘optional donation. 
Thanks 
Ifyou want to support our research make a 


| 
donation Thanks. | 
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In electronics, a diode is a two-terminal electronic component that conducts 
primarily in one direction; it has low resistance to the flow of current in one 
direction, and high resistance in the other. A semiconductor diode, the most 
common type today, is a crystalline piece of semiconductor material with a p—n 
junction connected to two electrical terminals. A vacuum tube diode has two 
electrodes, a plate and a heated cathode. Semiconductor diodes were the first 
semiconductor electronic devices. The discovery of crystals' rectifying abilities was 
made by German physicist Ferdinand Braun in 1874. The first semiconductor 
diodes, called cat's whisker diodes, developed around 1906, were made of mineral 
crystals such as galena. Today, most diodes are made of silicon, but other 
semiconductors such as selenium or germanium are sometimes used. 


This diode is able to detect RF signals and converts it to DC electricity to power a 

Led the amazing thing about this is that its completely passive and doesn't require 
any batteries... Gold Plated Slug 1N23B is Vintage U.S. ARMY Military for General 
Purpose UHF-MW Silicon Mixer. Primarily used in the Allies’ radar systems during 
World War II. 


Add Tip Ask Question 


Step 1: 


PRELIMINARY PLANS TO RUN YOUR CARON TAP WATER! 


IT ALSO WORKS ON YOUR. 
TRUCK/ RV / MOTORCYCLE / AIRPLANE (ETC) 


Will This Work? 


These plans were sent to the Spirit of Ma'at anonymously, from someone who does not 
want his or her name printed (for obvious reasons). 

We have had them checked by anexpert who believes that they are real. 

We also have talked with another individual who has patented a similar device, and we Know 
by personal experience that the technology is sound. 

So although we cannot guarantee it, we believe these plans willenable you to build acar 
that runs on water. If you test it out, though, do as the writer suggests and use an old car 
that doesn't represent a loss of value if you can't make it work. And leave everything 
intact so that you can always reconnect back to gas if you have to. 


But if you do get it working, please send us your experience for our readers. You could be 
a national hero and help save our country and our world. 


We know for certain that an automobile will run on water. So this could be an interesting 
project for you mechanical types, with a great reward of never having to purchase gasoline 
for the rest of your life - and helping humanity at the same time. 


Re The Need to Rustproof Your Exhaust System 


It is possible to make a hybrid of both gas and water (a system that is being tested now in 
Mexico), which would eliminate the need to openthe head and remove the exhaust system. 
Just a thought. It takes only a small amount of gas to keep the system dry. 


The text sent from the anonymous individual was edited slightly for better reading. The 
following is his/her words and drawings, which has been given into the public domain. 
+ Spirit of Maat LLC 


Introduction 


It is suggested you try this out to begin with ona second vehicle you own, one that you 
don't need to live with everyday, until you perfect this technology. 


Do-it-yourself plans allow the individual (that's you and me, folks) to make a difference. 
This is the easiest and lowest-cost way to convert your car to run on (relatively) free 
energy. 


Now, with existing technology, anyone can stand up and make a difference by reducing the 
focal automotive pollution, eliminate gasoline expenses, help restore our atmosphere, and 
breathe a little easier 


In putting these plans into operation, you will be making use of your entire existing system 
except for the fuel tank and the catalytic converter. 


The Plan 


Build and install a low-cost alternative method for running your vehicle (internal 
combustion engine) on tap water, using off-the-shelf components. 


This is simply an efficient way to convert ordinary tap water into gaseous hydrogen and 
oxygen, and then burn these vapors in the engine, instead of gasoline. 


This ‘minisystem runs easily from your existing battery and electrical system, and it 
plugs into your carburetor with simple off-the-shelf fittings. 


You will be installing a plastic water tank, a control circuit, a reaction chamber, a hi- 
pressure carb/fI fitting, and 3 gauges, and then hooking into your existing carb/FI. 


The simplicity comes from its being an ‘on-demand’ system requiring no fancy storage or 
plumbing. You crank the gas pedal or throttle, and you electrically create more vapor for 
immediate consumption, on demand; low-high flow rate as needed, from idle to maximum 
power. The only real change is that you are using tap water as fuel, instead of the 
traditional petroleum-based fuel. 


Given a choice, which way would you choose? 
Frequently Asked Questions 


Q: Does it really work? 
A: Yes; this is well-established technology dating back to stainless steel. But be sure to 
follow these instructions using the proper mechanical and electrical assembly techniques, 
as this plan incorporates the best qualities of several techniques. 


Q: How does it qualify as ‘free energy’? 
A: If you're paying someone for the water you use, then it is not strictly free. But the 
alternative is to Keep buying into expen$ ive ga$ oline and its resultant hydrocarbon 
pollution. 


With the full import of these simple truths 
appreciated, tachions may afford a rational 
justification of the formerly "unprovable" 
mystical doctrine of the omnipresent 
intelligent plan behind the working of the 
universe at all levels of conscious reality. We 
will come to realize the profound truth of 
Einstein'svision of ultimate reality couched in 
his heretofore cryptic statement, "God is 
subtle, never malicious": 
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Q: Is it safe? 

A: Technically, it is safer than running on fossil fuel because you are no longer choking on 
your own emissions (health-wise). In general, it is practically as safe as your current 
gasoline arrangement. You will be installing a few simple safety devices, using current 
automotive standards. 


Q: What kind of performance can I expect? 
A: Properly adjusted, your modified vapor-only fuelsystem will run cooler, and at a 
modestly higher power level. The mileage performance expected from this design ranges 
from 50-300 mpg (of water), depending on your adjusting skills. 


Q: Can I do the modification myself? 

A: Why not? If you don't have any mechanical skills, and you know someone with basic 
mechanical and/or electrical skills, you can even delegate some of the construction. If you 
are using a fuel-injected engine, you may have to get a mechanic's opinion. [There will have 
to be an adapter inserted into the fuel-injection system, just as you would have to do if 
you were going to run on propane, hydrogen, or natural gas. Ed.) 


Q: What is the environmental impact that my vehicle will have? 
A: It will be producing H20 steam (water vapor) and unburnt O2 (Oxygen). Hence, it will be 
cleaning the environment, rather than dumping nauseous toxins into it. Plus you will be 
helping to save our dwindling supply of atmospheric oxygen. Any excess vapor in the 
reaction becomes either steam or oxygen. You can also expect to be receiving more than 
casual interest from those around you. 


Q: Isnt this really a steam engine? 
A: No. Really. Exceedingly high temperature and pressure are not used. This is strictly an 
internal-combustion engine (burning orthohydrogen) with residual steam in the exhaust as 
a by-product. 

There are afew things you should know about gasoline: 

Gasoline as a fuelis not necessary; it is optional. 

Gasoline versus Water 

There is a lot of thermochemical energy in gasoline, but there is even more energy in 
water. The DOE (De partment of Energy) has quoted about 40%, so it is probably much 


more than that. 


Most people are unaware that ‘internal combustion’ is defined as ‘a thermo-vapor 
process’ - as in ‘no liquid in the reaction." Most of the gasoline ina standard internal 


combustion engine is actually consumed, (cooked, and finally, broken down) in the catalytic 
converter after the fuel has been not-so-burnt in the engine. Sadly, this means that most 
of the fuel we use in this way is used only to cooldown the combustion process, a pollution- 
ridden and inefficient means of doing that. 


How It Works 


Exceedingly simple. Water is pumped as needed to replenish and maintain the liquid level in 
the chamber. The electrodes are vibrated with a0.5-5A electrical pulse which breaks 
2(H20) =>2H2 +02. When the pressure reaches say 30-60 psi, you turn the key and go. 
You step on the pedal, yousend more energy to the electrodes, and thus more vapor to the 
cylinders; ie. fuel vapor on demand. 


You set the idle max-flow rate to get the most efficient use of power, and you're off to 
the races. 


In the big picture, your free energy is coming from the tap water in an open system, as 
the latent energy in the water is enough to power the engine and hence drive the 
alternator and whatever belt-driven accessories. And the alternator is efficient enough to 
run the various electrical loads (10 - 20 amps), including the additional low current to run 
this vapor reaction. No extra batteries are required. 

STEP BY § TEP CONSTRUCTION (Please refer to diagrams at the end of this document) 
OVERVIEW - Here is the suggested sequence of steps: 


1. Install the CHI (or £GT) gauge and measure your current operating temp range 
(gasoline), for comparison. 


2. Build and test the controller to verify the correct pulse output. 

3. Build the reaction chamber and test it with the controller (ie pressure out). 

4. Install the tank, controller, chamber, and pressure fittings. 

5. Run engine and adjust the control circuit as necessary for best performance 

6. Install the stainless steel valves and get the pistons/cylinders coated with ceramic. 


7. Coat the exhaust system with ceramic without the catalytic converter (or let it rust out 
and then replace the whole dang thang with stainless steel pipe sections). 


YOU WILL NEED 


plastic water tank with pump and level sensor. 

control circuit, wiring, connectors, and epoxy. 

reaction chamber with electrodes and fittings. 

3/8" stainless steel flex-tubing, fittings and clamps. 

carb/FI vapor-pressure fitting kit.- pressure, CHT (or EGT), xlevel gauges. 
stainless steel valves. 

copper mesh junction. 

ceramic surface treatment for cylinders e pistons. 

stainless steelor ceramic treated exhaust assembly. 


BASIC TOOLS 


drill, screwdriver and pliers 

hole cutter 

wire-wrap, solder-iron and clippers 
DVM and oscilloscope. 


REACTION CHAMBER, 


Construct as shown in the diagrams. Use a section of 4° PVC waste pipe with a threaded 
screw-cap fitting on one end and a standard end-cap at the other. Make sure to drill-and- 
epoxy or tap threads thru the PVC components for all fittings. Set and control the water 
level in the chamber so that it well submerses the pipe electrodes; yet leave some 
headroom to build up the hydrogen/oxygen vapor pressure. Use stainless steel wires inside 
the chamber or otherwise use a protective coating; use insulated wires outside. Ensure 
that the epoxy perfects the seal, or otherwise lay down a bead of water-proof silicone 
that can hold pressure. 


The screw fitting may require soft silicone sealant, or a gasket; its purpose is to hold 
pressure and allow periodic inspection of the electrodes. No leaks, no problems. Make sure 
you get asymmetric 1-5mm gap between the 2 stainless steel pipes. The referenced 
literature suggests that the closer to Imm you get, the better. You will want to get your 
chamber level sensor verified before you epoxy the cap on. 


Make your solder connections at the wire/electrode junctions nice, smooth, and solid; then 


apply a water-proof coating, e.g. the epoxy you use for joining the pipes to the screwcap. 
This epoxy must be waterproof and be capable of holding metal to plastic under pressure. 
You will want to get your chamber level sensor verified before you epoxy the cap on. 


CONTROL CIRCUIT 


The diagrams showa simple circuit to control and drive this mini-system. You are going to 
make a'square-pulse' signal that ‘plays’ the electrodes like a tuning fork; which you can 
watch on an oscilloscope. The premise given by the literature is: the faster you want do go 
down the road, the ‘fatter’ you make the pulses going into the reaction chamber. Duty 
cycle will vary with the throttle in the vicinity of 90% MARK 10 %S PACE (O FF/ON). 


There is nothing sacred about howthe pulse waveform is generated; there are many ways 
to generate pulses, and the attached diagrams showa few. The diagram shows the NES55- 
circuit approach from the referenced patent. The output switching transistor must be 
rated for 1-5 amps @ 12VOC (in saturation). 


Go with a plan that works for you or your friendly neighborhood technoid or mechanic, and 
go get all the circuit elements from your local electronics store, such as Radio-S hack or 
Circuits--R:Us, including the circuit board, 1C sockets, and enclosure /box. 


Digikey has better selection, service, and knowledge; plus they have no minimum order. Be 
sure to use acircuit board with a built-in ground plane, and to accommodate room for 
mounting 2 or 3 of the gauges. Mounting the reaction chamber in the engine compartment 
will require running a stub to your pressure gauge where you can watch it. 


You can easily make 30-gauge wire-wrap connections between the socket pins and thru- 
hole discrete components having wire leads. Also make sure to get spec sheets on any IC 
you use. More details of the best circuits to use will be announced pending prototype 
testing. You will want to get your chamber levelsensor verified before you epoxy the cap 
on. 


Throttle Control 


If you have a throttle position sensor, you should be able to access the signal from the 
sensor itself OR from the computer connector. This signal is input to the circuit as the 
primary control (ie. throttle level = pulse width = vapor rate). 


If you don't have such a signal available, you will have to rig a rotary POT (variable 
resistor) to the gas linkage (ie. coupled to something at the gas pedal or throttle cable 
running to the carb or FI. 1f you make the attachment at the carb/Fl, be sure to use a 
POT that can handle the engine temp cycles. Don't use acheezy-cheapy POT; get one 


rated for long life and mechanical wear; mount it securely to something sturdy and 
stationary that will not fall apart when you step on the gas. 


Control Range. The full throttle RANGE (idle-max) MUST control the vapor rate, ie. pulse- 
width (duty). The resistor values at the throttle signal must allow the throttle signal 
voltage, say 1-4 Volt swing, to drive the VAPOR RATE. You will be using this voltage swing 
to generate a 10% ON ‘square’ pulse. The patent implies using a ‘resonant’ pulse in the 10- 
250 KHz frequency range; but it is not explicitly stated so. 


In this circuit, you will simply tune to whatever frequency makes the most efficient vapor 
conversion. You will have to get into the specs for each IC you use, to insure you connect 
the right pins to the right wires, to control the frequency and pulse width. You can use 
spare sockets to try out different discrete component values. Just keep the ones that are 
spec-compatible in the circuit, and get the job done. 


You crank up the throttle signal and put more electricalenergy (fatter pulses) into the 
electrodes; verify you can get 10% duty on the scope (2 - 100 usec on the horizontal time- 
Base). Your averaging DVM will display the 90%-10% DC voltage across the output 
transistor (Vce or Vds or Output to Ground). Set and connect DVM in the supply current 
and measure 5 - 5 amps, without Blowing the DVM fuse. Now verify that you got 
everything you wanted. 


Verify your wiring connections using your DVM as a continuity detector. Check your wiring 
Lat atime and yellow line your final schematic as you go. You can best use board-mount 
miniature BOTs for anything you want to set-and-forget. The LEDs are there to give youa 
quick visual check of normal vs abnormal operation of your new creation. You will want to 
get your chamber levelsensor verified before you epoxy the cap on. 


CARB/ FI CONNECTION. 


The diagram also shows that fittings are required to the carb/#I l. There are ready-made 
Kits (such as by Impco) available for making your pressure fittings to the carburetor or 
fuel-injector as the case may be. You will necessarily be sealing the built-in vents and 
making a 1-way air-intake. 


The copper mesh comprises the inadvertent backfire’ protection for the reaction 
chamber. Make sure that all vapor/duct junctions are air-tight and holding full pressure 
without leakage. Your new ‘system’ is considered successful and properly adjusted when 
youget the full power range at lower temp and minimum vapor flow without blowing the 
pressure safety valve. 


CHT (or £GT) 


Monitor your engine temp with the CHT (cylinder head temp) or EGT (exhaust gas temp) 
instead of your original engine temp indicator (if any). Your existing gauge is too slow for 
this application and will not warn you against overheating until after you have Burnt 
something. Make sure that your engine runs no hotter than in the gasoline arrangement. 
VDO makes a CHT gauge with a platinum sensor that fits under your spark plug against the 
cylinder head (make sure it is really clean before you re-install your spark plug (as this is 
also an electrical ground). 


ENGINE/EXHAUS T TREATMENT 


Get the valves replaced with stainless steelones and get the pistons/cylinders ceramic- 
treated ASAP when you have successfully converted and run your new creation. Do not 
delay as these items willrust, either by sheer use or by neglect (ie. letting it sit). You 
could make max use of your current exhaust system by using it with your new deal until it 
rusts through, then have your mechanic or welder friend to fit a stainless steelexhaust 
pipe (no catalytic converter is required). But it could be easier and cheaper to send your 
existing exhaust system out for the ceramic treatment, and then simply re-attach it to 
the exhaust ports 


GENERAL 


1. Do not discard or remove any of the old gasoline setup components, e.g. tank, carb/Fl, 
catalytic converter, unless necessary. Better to always leave an easy way to revert back to 
something that at least runs, just in case.Some people are leaving their gasoline setup 
completely intact, and switching back and forth at will, just to have a backup plan. 


2. Set your throttle circuit so that you get minimum vapor flow at idle, and maximum vapor 
flow at full power without blowing the pressure relief valve. In this way, you control how 
‘lean’ your mixture is by the strength of the pulse (i.e. “fatness” at the optimum pulse 


frequency). 


3.1f you just don't get enough power (at any throttle setting), it means that you need to 
(1) change the pulse frequency, (2) change the gap between the electrodes, (3) change the 
size (Bigger) electrodes, or (4) make ahigher output pulse voltage (last resort). Always use 
an output transistor, such as a MOS FET, that is rated for the voltage and current you 
need to get the job done.OXKso you might have to play around with it some. Isn't that 
where all the Fun is anyhow? 


4. 1f youget any engine knock our loud combustions (not compensated by adjusting the 
timing), it means that you need to install an additional coil in the chamber, and drive the 
coil with an additional pulse signal (about 19 Hz on the .Isec time base (see diagram). Here, 


you will be slowing down the burn rate just enough so that the vapors burn thru out the 
power stroke of the piston. Be sure to include a board-mount POT to set the correct 
strength of this 2nd pulse signal into the coil. This is a stainless steelcoil of about 1500 
turns (thin wire) that you can arrange like a donut around the center pipe (but NOT 
touching cither electrode), directly over the circular 1-5mm gap. You want no knocking at 
any power/throttle setting; smooth power only, but also no excess hydrogen leftover from 
the combustion. 


5. Build the canister(s) as tallas you can without compromising your ability to mount them 
conveniently near the dash panel, or inthe engine compartment, as the case may be. This 
way, you can always make the electrodes bigger, if necessary without undue hardship. 
Remember that anything in the engine compartment should be mounted ina bullet-proof, 
vibration and temperature tolerant fashion. 


6. If you have to drilla thru-hole for wiring or plumbing thru metal, make sure to also 
installa grommet for protection against chafing. Always watch your chamber pressure 
range from IDLE (15-25 psi) - FULL POWER (30-60 psi). Set your safety-pressure relief- 
valve to 75 psiand make sure it’s rated for much higher. 


7. Shut OFF the power switch and pull over if there is any malfunction of the system. Your 
engine will last longest when it still develops FULL POWER+ at some minimum temperature 
that we are sure you can find, by leaning back the Royal Vapor Flow and/or by making use 
of the water-vapor cooling technique (see diagram). Keep good mpg performance records, 
and periodic maintenance /inspection. Keep it clean; save some money; clean the air; heal 
the planet; happy motoring; tella friend; enjoy your freedom and self-empowerment. 


8. There lacks documented material for perfecting this vapor system thru a fuel injector; 
there may be some details you will discover on your own as working prototypes progress. 
For example, you may be restricted to inject the hydrogen/oxygen vapor without any 
water vapor, as it may rust the injectors. If engine temp and CHT is a problem, then you 
will want to re-think your plan, e.g.cerami 
“replacing the FI system with a Carb.” 


coating the injectors. There is always 


9. If you install the water-vapor system (for lower operating temp/stress), you will want 
to lean the mixture (vapor/air) for minimum vapor flow rate to achieve any given throttle 
position (idle - max). Make sure that youget a minimum flow for IDLE and a modestly 
sufficient flow for MAX, that does the cooling job without killing the combustion. 


10. If you cannot find stainless steel pipe combinations that yield the 1-5mm gap, you can 
always regress back to alternating plates of +/- electrodes. 


11. If youare concerned about the water freezing in your system, you can (a) add some 


98% isopropyl alcohol and re-adjust the pulse frequency accordingly; or (6) install some 
electric heating coils. 


12. Do not let ANYONE ever compromise your dream, your freedom, your independence or 
your truth. 
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VAPOR FROM WATER....... ON DEMAND + POLLUTION-FREE 
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FIGURE 6 OPTIONAL WATER COOLING 


Capacitors we used are electrolytic rated at 400 volts x 47 uF put in series to equal 6,000 
volts, the diodes we used were silicon 1000 volt 2 amp placed in series to equal 6,000 
volts... Ground was connected to laboratory wall out let ground. 


If you decide to try Tesla's experiment by pumping DC 
into the ground be careful, | tried this and it does work 
but is very dangerous to you or your neighbors. If 
someone is taking a shower or using water they can get 
killed or shocked. do this experiment far away from 
humans and animals. you can get far more energy out 
than you put in. | will not tell you much more because it 
is such a dangerous experiment. 
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1. Introduction 


The resonances in the spherical shell between the 
earth and ionosphere that are due to azimuthal waves 
have been considered 

[Galejs, 1964a; Wait, 
experimental data as well as the req 


‘The basic theory of the resonances has bee 
by Wait [1964b]. In the present summary. the 
emphasis will be on correlation between measurements 


and available theory. There will be no extensive 
analytical developments, but frequent references will 
be made to literature. 

Based on_ theoretical considerations, Schumann 
[1952a, b, 1957] postulated resonances of the earth: 
to-ionosphere_ cavity. Koenig [1958 1959, 1961] 
obtained the first experimental indication of Schumann 
resonances by observing noise waveforms in the o 


put of a narrow band amplifier. Detailed frequency 
spectra of this noise were first obtained by Balser and 
Wagner [1960]. Other measurements have been 


reported by Fournier [1960]; Benoit and Houri [1961, 
1962]; Lokken et al. [1961, 1962]; Polk and Fitehen 
[1962); Gendrin and Stefant [1962a}; Balser and Wagner 
[1962a, b, 1963]; Rycroft [1963]; Chapman and Jones 
1964}. 

The funda 
[Schumann 


ntal theory of Schuman! 
152a, b, 1957] is discussed in a book by 
Wait [1962]. Raemer [196la, b] considers the observ- 
able noise spectra as the response of the earth-to- 

nosphere cavity due t x flashes all over the 
world, but the homogeneous sharply bounded iono- 
sphere model of Raemer introduces high losses, and he 
does not succeed in reproducing the spectral measure. 
ments of Balser and Wagner [1960]. Galejs [1961a, b] 
uses an isotropic ionosphere model of exponentially 
increasing conductivity which is based on measured 
or calculated characteristics of the lower ionosphere. 


ld of Schumann resonances and discusses the topics 
frequencies and Q factors, source distributions and 
fe spectra, and variations of resonance frequencies 
ed with theoretical considerations 


This model permits a close reproduction of the noise 


in the 


spectra measuremen resonance region, and 
it also provides an_ agreement with measured ELF 
attenuation rates. [Chapman and  Macario, 
Jean et al., 1961) 

Models of an anisotropic ionosphere are difficult to 


apply to the problem of earth-to-ionosphere cavity 
resonances because of the variations of the magnetic 
field vector along the surface of the earth. The prop: 
agation parameters can be estimated in the presence 
of a horizontal magnetic field component from the 
work of Galejs and Row [1964] and of Galejs [1964b]. 
‘The earth-to-ionosphere cavity resonances have b 


analyzed for a nonhomogeneous ionosphere, in the 
presence of a radial (vertical) magnetic field by Thomp- 
son [1963] and Galejs [1965]. A thin-shell approxi 


of the 


re with a superimposed radial 
idered by Wait [1964c]. 
Some other work of Wait [1963a, b], although intended 
for a different frequency range, can also be applied 
to the earth-toionosphere resonance problem in the 
presence of a radial magnetic field. 
Additional references are available in the compre: 
hensive bibliography by Brock-Nannestad [1962] 


2. Waveforms and Frequency Estimates 
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correlation between the high intensity ELF noise bursts 
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observed at the various sites. A recording of one of 
the waveforms is shown in figure 2. The darkened 
areas indicate resonance frequencies around 8, 14, 
and 20 c/s. Noise waveforms in the 5 to 20 c/s band 
have been reported by Polk and Fitchen [1962] and 
Polk [1962]. Figure 3 shows sample recordings of 
the outputs of two coils the axes of which are oriented 
in the north to south (N-S) and east to west (E=W) 
directions. Frequency of these waveforms has been 
estimated by counting the cycles between the second 
markers shown on the records. The average fre- 
quency computed in this procedure should be higher 
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Fioune 1. Noise recording in the 2 to 30 els band. 
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Ficune 2. Recording ofthe noise waveform X of Westham Island, 
BC. 
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FicuRe 8 Noise recording in the 5 to 20 cls band. 


than the resonance frequencies of a spectral analysi 
[Galejs, 1962a, 1964a]. Noise recordings made sim 
taneously in Germany and in Rhode Island have been 
reported by Keefe, Polk, and Koenig [1964] 


3. Resonance Frequencies and Q Factors 
3.1. Definitions 


A resonance frequency and Q factor may be deter 
mined from spectral measurements. Analytically it 
is also possible to compute the power spectrum of the 
noise waveform. However, it is more convenient to 
relate the resonance frequency and the Q factor to 
the analytically determined propagation parameters, 
‘The radial electrical field due to the vertical dipole 
excitation can be represented by 


ay 


where 
y+ 1)= (koa. o) 


For a wave that propagates in the ical shell be- 
tween the earth and the ionosphere S is defined as the 
ratio of the complex wave number & to free space 
wave number ki(S=kjko). The real part of S can be 
seen to be inversely proportional to the phase velocity, 
and the imaginary part of S is proportional to the at 
tenuation constant. This parameter S is determined 
from solving the appropriate boundary value problem 
of the earth, the air space and the chosen ionosphere 
model [Wait, 1962; Galejs, 1964a]. The resonance 
frequencies of the nth mode are determined from the 
minima of sin vz in (1) [Galejs, 1962a, 1964a] which 
gives 


Van, 


ears 


3) 


Typical values of ReS are 1.4 to 1.2 for frequencies in 
the resonance region. 
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The cavity Q may be determined as a ratio between 
the stored energy and energy loss per cycle or simply 
by the width of the resonance curves. As shown in 
the appendix, in the present problem the electrically 
stored energy Ie differs from the magnetically stored 
energy Ws. and the Q definition should consider the 
sum of the average stored energies We and Wy, This 
expression for Q is, 


ReS)?+ 1 
4ReS TS 


i) 


When considering only the magnetically stored energy 
Qis given by 


6) 


For a given set of propagation parameters this. will 
give a lower Q figure than (4), This expression has 
heen used in the past work of Galejs [1961a, 1962a, b. 
1964a]. Considering only the electrically stored 
energy gives 


6) 


The last expression can also be derived from the con 
cept of complex resonance frequencies [Wait, 1964a] 
or by considering the half-power band width of the 
resonance curve. All three Q definitions yield the 
same results as ReS approaches unity, but they will 
differ near the lower resonance frequeney of the 
ionosphere cavity. Equation (4) will be used 
present calculation, 

Experimentally determined Q values that are esti: 
mated from the half-power bandwidths of the reso- 
nance curves neglect the effects of adjacent resonances 
and of near-field noise that will tend to add to the 
background level. Hence, the half-power level is 
estimated too low, the apparent half-power bandwidth 
is larger and the estimated Q factor may be too low. 


3.2. Characteristics of the Boundary 


In the theoretical models that are advanced for ex- 
plaining the resonance frequencies and the Q-factor 
measurements [Wait, 1962; Galejs, 1964a; Wait, 1964a] 
itis necessary to consider the boundary properties 
of the spherical shell. 

In the frequency range of the resonances the dis- 
placement currents of ground are negligible and the 
ground conduetivity ¢)=10-* to 1 mho/m is much 
higher than the effective ionospheric conductivity 
estimated to be of the order of 10°? to 10-* 
\e ground conductivity may be assumed 
1¢ in the first approximation and only the iono- 
spheric properties require a detailed analysis. 

The ionosphere acts as an anisotropic conductor 
and for a z-directed magnetic field its conductivity 


o] 


o 


Equations for computing the conductivity components 
are available in literature [Calejs, 1964a and b] and 
typical conductivity profiles are shown in figure 4 but 
some uncertainties still apply to such models [Van 
Zandt, 1964]. The above computations consider the 
ion effects, but assume the operating frequency to be 
zero. These profiles can be further approximated by 
straight lines through the lower ionosphere in the 
semilogarithmic plots of figure 4, which corresponds to 
an expoential height variation of the conductivity com 
ponents. In a further simplification the anisotropy 
may be ignored (o;=09, ¢2=0). Even a simple one 
or two layer model can be assumed, such as shown in 
figure 5. These particular models have been used in 
past work by Raemer [1961a and bl, Galejs [1962a 
and b], and by Chapman and Jones [1964]. In the 
isotrople exponential model the conductivity is given 


o(2) =o (20) exp [B(z—20)] (8) 
where z»=60 km and the day and night models are 
characterized by (zo) =4.63 10°" mhofm and 


and by (29) =6.5% 10°" mho/m 
respectively. 


B=0.308 kn 
and B=0.44 km: 


Ficune 4 Components ofthe tensor conductivity F=0. 
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FicuRe 5. Models of ionospheric conductivity. 


3.3. Single Layer Ionosphere 


The single layer ionosphere model of Raemer [19614 
and b] assumes the boundary height of the ionosphe 
to be constant, but the conductivity to change wit 
frequeney so as to obtain the correct resonant fre- 
quencies. However, the resulting Q factors are 
approximately two times lower than in measurements. 
‘The same difficulties are experienced with an iono- 
sphere model of constant conductivity, but frequency 
dependent boundary height. Similar results are 
obtained by Madden [1961] wi 


The deficiencies of a 
ionosphere model are less pronounced ifit is attempted 
to achieve only a partial match of the resonant fre~ 
quencies, as seen from Wait [1964a]. However, 
the Q factors will be too low in particular at the higher 
resonance frequencies (f~ 30 c/s) 
Compressibility effects of the 
considered by Seshadri [1965b] 
perfectly conducting flat earth and a sharply bounded 
homogeneous isotropic and lossless ionosphere. The 
compressibility of the ionosphere does not affect the 
wave propagation below it for frequencies in the range 
of Schumann resonances and in the ELF band. How 
ever, the compressibility. should be considered for 
waves that propagate inside the ionosphere [Seshadri, 
19654). 


wre have been 
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3.4, Two-Layer Ionosphere Models 


Twolayer models give more accurate values of the 
resonance frequencies and of cavity Q or of the com. 
plex propagation parameter S. Two-layer and multi- 
layer models have been discussed by Wait [1958, 
1962]: Madden [1961]: Jean et al. [1961], and a 
ticularly successful tworlayer model has’ been 
structed by Chapman and Jones [1964a, b]. 


This 
model, which is indicated in figure 5, has been applied 
in the frequency range of earth-to-ionosphere cavity 
resonances and also for frequencies up to 1 ke/s. 
Such models are usually derived by trial and error 
procedures and they are difficult to correlate with con- 
tinuous ionosphere profiles, such as shown in figure 4. 


3.8. Models of Continuously Varying Ionosphere 


The isotropic exponential model gives a reasonable 
approximation to the ionospheric conductivity versus 
height profile through the lower ionosphere layers, and 
the propagation parameters of the model can be deter- 
mined from closed form expressions of the surface 
impedance [Galejs, 1961a, 1962a, b, 196ta]. Caleu. 
lated resonance frequencies and Q factors that are 
based on (3), (4), and available values of S [Galejs. 
1962a] are listed in tables I and I. Calculations are 
based on daytime or day and nighttime ionosphere 
models. The Q factors considered also the effects 
of cosmic ray ionization [Bourdeau et al., 1959] that 
give @ nearly exponential conductivity versus height 
variation as indicated by Galejs [1962a]. Cosmic ray 
ionization decreases the effective Q figures, in particu- 
lar for the lower frequencies. The calculated @ values 
are still somewhat higher than those estimated from 
experimental data. 
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3.6. Magnetic Field Effects 


‘The magnetic field effects for a homogeneous sharply 
bounded ionosphere model have been discussed by 
Wait [1962] in @ quasi-longitudinal approximation for 
a superimposed radial magnetic field and also for a 
transverse magnetic field (east-west or west-east propa- 
zation along the magnetic equator). 

‘The propagation parameters have been determined 
by Galejs and Row [1964] and Galejs [1964a, 1964b] 
in the presence of a horizontal magnetic field.” These 
data provide an indication of propagation character- 
istics of the waves near the magnetic equator, but 
they do not apply directly to the earth-ionosphere 
resonance problem, where the H veetor is nearly hori- 
zontal only over a small surface portion of the earth. 

‘The earth-ionosphere cavity resonance 
have been considered in the thesis of Thompson 
[1963] for a radial magnetic field. He uses a multi 
layer ionosphere model that approximates the con- 
tinuous altitude variation of the conductivity tensor. 
The azimuthal field variation is expressed in terms of 
the Legendre polynomials Ps (cos 6) for the nth mode. 
The wave equation has four different solutions for 
each of the ionosphere layers, but it has only two 
solutions for the space between the ionosphere and 
the perfectly conducting ground surface. The solu: 
tion of the problem and the resonance condition for 
the mode n are obtained after multiplying a sequence 
of 4X4 matrices. In these computations the displace 
currents of the ionosphere are neglected. The 
puted resonance frequencies are in agreement 
s, but the Q values are in the range 
he exception of nighttime anisotropic 
ns, where Q=7 to 10. ‘The lowering of the 
nighttime Q figures by the magnetic field has been 
attributed to wave penetration through the ionosphere 
and to energy thus escaping from the earth-ionosphere 
cavity. 


Another solution to. the problem of earth's 
ionosphere cavity. resonance in the presence of 
4 radial magnetic field is given by Galejs (1965) 


is expressed in terms of 
cos 6), and the s 


‘The azimuthal field varia 
the Legendre functions Py 
of the wave equ setup 
of the ionosphe: 
into two solutions for the lower ionosphe: 
where o <<we» and for free space. After comput: 
ing the surface impedance at the lower boundary of 
the ionosphere, the propagation parameters are deter- 
mined from the solutions of the modal equation for TM 
modes, althought the coupling between TE and TM 
«considered in the processes of computing the 
pedance. Only the vertically polarized TM 
sumed to propagate below the ionosphere 
h assumptions have heen justified for a single layer 
nosphere model at higher frequencies [Wait 1962, p. 
269] and for a th shell also for fre- 
s in the resonance range [Wait, 1964c]. 
In the numerical calculations the anisotropic 
ionosphere models are those of figure 4 and further 
calculations are made for ionosphere models which 


7-025 0-6-2 


consider electrons and ions at_an_ operating. fre- 
quency of 20 c/s, as indicated in figures 3 and 4 
of Galejs [1964b]. In the isotropic ionosphere 
models gp remains unaltered, ooo, and o:—>0. 
‘The calculated resonance frequencies fy are listed in 
table IIL The isotropic day or night models exhibit 
too high resonance frequencies, but the average for 
the anisotropic day or night models gives nearly 
correet_results, although the first resonance occurs 
near 7.7 c/s. At night the various anisotropic models 
ive different results, while their results are nearly the 
same for daytime or for the isotropic models. The 
calculated Q factors are listed in table IV. At daytime 
the @ factors are lowered slightly due to anisotropy. 
The losses are principally due to absorption in the 
lower D region where the collision frequencies are 
high and the magnetic field has only small effects. At 
nighttime the anisotropy reduces the Q values dras. 
tically, and the ions have a considerable effect. For 
the isotropic models the energy remains below the 
ionosphere, the losses in the lower ionosphere are small 
and the Q values are high. For the anisotropic models 
some energy penetrates the ionosphere and escapes 
from the earth to ionosphere cavity. Hence the Q 
figure is low 


ees 


Neots ullese. 


The previous caleulations have assumed a constant 
radial magnetic field (S pole) all over the globe. A 
reversal of the static magnetic field (N pole) causes 
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On the Rotating 
ent Magmet System 


Alexander V. Frolov, Russia 
7 Lev Tolstoy tr, St.Petersburg, 197376, Faraday Laboratory Led. 


In one of our issues we published an article about the results of the experiment conducted by S.M. Godin 
and V.V. Roschin. They started in 1990 at Moscow Aviation Institute (MAI) when a technical physics 
laboratory was created in Machine Industry Projects Institute at the "Aeropromservice" Association. Their 
research work was financed by private investors and was continued in close cooperation with Chair 
310 of MAI, especially with Prof. PhD. LK. Kovalev, Prof. PhD. V.V. Rybakov and PhD. KY. Ilyushin. By 
1991 "a device for inner energy of matter conversion" had been designed and tested (according to the 
Technical Design Assignment). The prototype was finished in the middle of 1993 (Fig.1). 
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negligible differences in the propagation parameters or 
in the values of fy and Q. Hence a model using the 
average of the radial magnetic field may provide a 
first order estimate of the anisotropy effects. The 
present calculations assume the radial magnetic of the 
polar regions to be extended over the whole surface of 
the globe and the anisotropy effects should be too 
pronounced. The analytical results are highly 
dependent on the detailed structure of the nighttime 
anisotropic ionosphere, and further studies of it may 
be in order. 


4. Source Distributions and Noise Spectra 


Most of the ELF energy is of terrestrial origin and is 
caused by thunderstorm activity, although there are 
some high latitude events of an apparent. extra- 
terrestrial origin. Such emissions of approximately 
800 c/s have been detected near Kiruna, Sweden 
[Egeland, 1964] and of 14 to 17 c/s on Kerguelen Island 
in the Southern part of the Indian Ocean [Gendrin and 
Stephant, 1964, private communication]. The 
Spectran recording of the signals received at Kerguelen. 
is shown in figure 6. upper trace shows a normal 
signal with resonances near 8, 14, 20, and 25 c/s. 
‘There is an additional signal of 14 to 17 c/s on the two 
lower traces. When neglecting the presence of such 
extraneous signals 
be calculated after estimating th 
the sources and using propagation para 
appropriate to the selected ionosphere model. 
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Ficure 6, 


Spectran recordings of noise waveforms at Kerguelen 
Titand. 
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Fioune 7. Estimated lighting flash spectrum. 


Raemer [196], b] has estimated the power spectrum 
of the dipole moment in a median lightning flash [ds (or 
the first derivative of the electrostatic moment diMjd0) 
based on statistics of lightning strokes compiled by 
Williams [1959]. Later work of Raemer [1963 private 
communication] has lead to a revised estimate. These 
spectra are shown in figure 7. Pierce [1963] has com- 
puted the magnitude of the frequency spectra of the 
second derivative d#M/de?, and Rycroft [1963] has 
caleulated the frequency speetra of dMid¢ using a 
similar representation of the lightning moments. The 
square of the frequency spectrum computed by Rycroft 
[1963] is also indicated in figure 7. 

An equivalent power spectrum for the dipole moment 
of terrestrial noise sources has been deduced by 
Harris and Tanner [1962] from the measurements of 
Balser and Wagner [1960] by estimating the complex 
propagation constant within this frequency range in 
a “trial and error” approach. Harris and Tanner 
[1962] do not require an ionosphere model or any 
knowledge of lightning waveforms and their statistics 
for obtaining this equivalent power spectrum. 

After determining the source spectra and the propa- 
zation parameters the power spectrum of the received 
noise may be computed from 


tio) |» (v+1)| 
BlakshF [y+ 3|[cosh Qa Im v)—cos@x Rev) 


{a i [21m v (7—8) 


Gliw) =: 


(-Im») 
_ sin[(2 Re v+ 1) (r—0)=(/2)] 2 
Rev+ 0° 9) 


where the v is given by (2) and where the sources are 
assumed to be uniformly distributed in the @ interval 
of 1.<0< 6s. derivation of (9) starts from (1) 
and Legendre funetions P,(—cos 0) are replaced by 
an asymptotic expansion. “There are also equivalent 
spectral representations in terms of Legendre poly. 
nomials [Raemer, 196la, b]. 
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9. Noise spectrum for 38° = 


‘The noise spectrum of Raemer [1961b] has been 
used for computing the observed noise spectra in 
conjunction with a sharply bounded ionosphere model 
This spectrum is shown in figure 8 and is seen to exhibit 
excessively damped higher resonance peaks, 

The exponential ionosphere model [Galejs, 1961b, 
1962a, 1964a] produces a better agreement with meas: 
urements as seen in figures 9 and 10. In this work 
propagation is assumed to be uniform around the sur: 
face of the earth and the propagation parameters 
represent the average of day and night conditions. 
‘The sources are assumed to be uniformly distributed 
terval indicated in the figures (@ is defined 
with respect to the observer) 


5. Diurnal and Seasonal Changes of 
Power Spectra 
Bal: 


variat 
urements of the diurnal variati 


and Wagner [1962a] have recorded diurnal 
Their 
1s of the power level 


FiGURE 10. Noise spectrum for 47° = 6 = 120". 


Ficune 11. Diurnal variation of the resonance modes at Ipswich, 
Mass. February 1901 (vertical eletric field), Chambon-ta Foret 
(near Paris) July 1962 and at Tromso (Norway) April 1962 (hor. 
zontal magnetic field) 


at the first three resonance frequencies are shown in 
figure 11 together with similar measurements by 
Gendrin and Stefant [1962a] I variations of 
the fields near the two lower resonance frequencies 
have been measured at Kingston, R.I., by Polk, Huck, 
and Yu [1963, private communication]. The maxi: 
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mum signal intensity occurs between 1500 and 1800 
UT. In an amplitude versus time plot the signal peak 
is broader during summer than winter. Seasonal and 
diurnal variations of the noise power in the ELF fre- 
queney band below 35 c/s have been described by 
Wright [1963] without singling out the individual 
resonance modes. The measurements are made at 
Byrd Station, Antarctica (80°S, 120°W) and show peak 
intensities near 1000 UT during spring and summer 
and near 2300 UT during most of the year. 

The gross features of the spectrum, such as the 
number of peaks and their approximate time of occur- 
ance, may be explained qualitatively by noting areas 
of globe with particularly high thunderstorm activi 
and by measuring the polar angle @ from these source 

ns to the observation point, The vertical elec- 
¢ field Ey and the horizontal magnetic field Ha of 
the mode n exhibit the @ dependence of 


Pr (cos6) (10) 
+p, (cos6), 
Pee ay 


where P,(cos 0) is a Legendre polynomial of the order 
n. A particular geographical region will contribute 
to the measured values of Er or Hy in the mode n if 
the right hand sides of (10) or (11) are sizeable for those 
values of @. Such considerations have been reported 
by Balser and Wagner [1962a] and Gendrin and 
Stefant [1962a]. 

More detailed calculations have been carried out by 
Abraham [1964, private communicat 
who used available estimates of geogray 
tions of the noise sources and who calculated the day 
and night propagation effects after expressing the fields 
as a sum of recirculating azimuthal waves. 

In the expression for the electric field component 
E, of (1), the Legendre function is replaced by the 
leading term of its asymptotic expansion. ‘The fune- 
tion sin v7 is expanded into 


= 21 Stenson 
which is valid for Im v>0. This results in (Abra. 
ham, 1964, private communication] 


(sin vz)! «ay 


lds vvti) _ 
2weha® V2n(v+ Hsin 
3 {ces neste ian 4 ¢ Hot Plamtn cera 
(13) 
The first term of the summation represents a wave 


which has traveled the direct distance from the source 
to the observation point (@) plus n full circles around 
the sphere (27), while experiencing a phase shift of 
(7/2) radians at each traversal of the source point 
or its antipode. The other term of the summation 
represents a wave which has traveled toward the ob- 
servation point across the antipode of the source 
(27 —@) and has made furthermore n circles around the 


sphere nz) and has also experienced a phase shift 
of (7/2) radians at each traversal of the source point 
or its antipode. This physical interpretation of (13), 
which is equivalent to (1) for »=const., permits a 
heuri between the 
day and night hemispheres. The multiplicative v fac- 
tors in front of the n summation are assumed to be coi 
stant and equal to 7 which is intermediate betwee 
the day and night v values. The @ factors of the ex- 
ponentials are replaced by integrals in order to 
account for the v variation seen by the circular wave 
front as it propagates in the é-direction with respect 
to the source. The amplitude changes at the day 
and night boundary can be also considered for each 
traveling wave by assuming that the energy of the 
wave remains constant after passing the day and night 
boundary. This results in decreased amplitudes for 
the larger ionospheric height of the night hemisphere. 
In the numerical work the surface of the earth was 
subdivided into 10° cells. Each cell had a constant 
surface density of noise sources but a variation was 
allowed from cell to cell. ‘The plots of thunderstorm 
days over the world were used to set relative values 
of lightning activity for each of the cells, by assuming 
that the distribution of squared dipole moment per 
unit area is directly proportional to the thunderstorm 
day plots according to the Handbook of Geophysics 
[1960]. The diurnal variations were accounted for 
by @ multiplicative factor in terms of local time at 
the source [Williams, 1959]. The final equation 
used in the spectrum calculations is similar to (9), 
although it is algebraically more involved [Abraham, 
1964, private communication]. 

‘The diurnal variations of the noise power at the 
first three Schumann resonances have been computed 
using the exponential ionosphere model of figure 5 
and are shown in figure 12. The calculations have dis- 
regarded the noise sources near the antipode where 
the usual asymptotic approximation of the Legendre 
functions is inaccurate. Figure 12 shows a qualitative 
agreement with the measurements of Balser and 
Wagner [1962a], that are shown in figure 11. 

An example of seasonal power variations is shown 
in figure 13. It indicates a decreased noise power 
near the higher frequencies and/or during winter 
months. 

Based on measurements at one location of the earth 
it is also possible to predict the noise levels at other 
locations using this procedure of noise spectrum 
calculations. The noise that is due to a worldwide 
distribution of thunderstorms depends on the fre 
quency variation and also on the absolute value of, 
the power spectrum of the mean dipole moment of 
the source gio, 0,4). The @ and @ dependence may 
be estimated from the thunderstorm frequency maps 
as was indicated before, which leaves the absolute 
value and the frequeney dependence of iw) as an 
unknown. Assuming that g(éw) is the same for all 
noise sources, it may be determined by making the 
calculations to agree with measurements at one par- 
ticular location. This gives a uniquely determined 
noise distribution over the surface of the earth and 
the accuracy of this model ean be checked by com- 
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Ficune I. Comparison of calculated field strenuth’s data with 


July 190% mewsurements by DECO and RCA. 


IRE 12, Calculated diurnal variation of noise power at the 
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Fiovne 13, Calewlated noise spectrum for local noon in northern Diurnal frequent 


hemisphere 
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paring the calculations with measurements at other 
locations, In_an example, measurements by DECO. 
at Boulder, Colo., [Maxweil, 1963, private commu 
cation] and by RCA at Long Island, N.Y. [Powers, 
1964, private communication}, were used to determine 
aio), alculations by “Abraham [1964, private 
communication] based on these values of glia) have 
been compared with simultaneous measurements 
made in Malta and Alaska [Maxwell, 1963, private 
communication]. As seen from figure 14 th 
curves agree in shape with the meast 
1 Boulder gi 
edictions of the noise level. This may pos 
sed by summertime thunderstorm activi 
in the mountains near Boulder, Colo., that would 
i ul a high estimate for the fune- 
lations are extended above the 
onosphere cavity resonances to 
ificant noise level changes occur at 


rmalization with respe 


nie). 
region of the © 
show that more s 
higher frequenci 

In the calculations leading to figures 12 through 14 
the day and night effects are considered most ac- 
curately if the day and night boundary is located sym- 
metrically with respect to source (i., source at local 
noon or midnight). For nonsymmetrical day and 
night boundaries it is difficult to estimate the effects 
of wave front distortion, When neglecting such distor- 
tions (or assuming propagation strictly in the @- 
direction), this method can account for v(@) variations, 
which may be caused by ionosphere parameter changes 
‘or by changes of the static magnetie field along the 
surface of the earth. The asymptotic expansions of 
P.A—cos®) used in (13) or (9) can be modified to 
increase their accuracy for observations near the 
source or its antipode | Abraham, 1965] 


6. Variations of Resonance Frequencies 


variations of the earth-ionosphere 
cavity modes have been reported by 
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[1962b], Gendrin and Stefant [1963], Rycroft [1963] 
and by Chapman and Jones [1964b].. The resonance 
frequencies vary by about +0.2 to 0.3 c/s, but the 


changes are not simultaneous for the different modes: 
a low resonance frequency of one mode occurs simul- 
taneously with a high frequency of a different mode. 


Ficune 15. Diurnal frequency variations measured by Gendrin 


‘and Stefant.~ 


Pops: . 
i  D 
UNIVERSAL TIME 
Ficunk 16. Diurnal frequency variations measured by Rycroft 


Ficure 17, Nuclear effects on e 


‘h-ionosphere cavity resonances. 


A high altitude nuclear explosion has been shown to 
affect the earth-to-ionosphere cavity resonances by 
simultaneously lowering all the resonance frequencies, 
[Gendrin and Stefant, 1962a and b; Balser and Wagner, 
1963]. Tepley et al., [1963] noted also an increase of 
signal strength for observations near the conjugate 
point of the explosion. ‘The lowering of resonance 
frequeney shown in figure 17 has been attributed to 
worldwide lowering of the effective ionosphere in a 
model of a single layer isotropic ionosphere [Gendrin 
and Stefant, 1962b]. The depression of the resonance 
frequency can be also explained by assuming an ex- 
ponential daytime ionosphere to be effective around 
the globe [Row, 1964, private communication}. As an 
illustration the daytime resonance frequencies of 
table 1 compare with the measured resonance fre- 
quencies of figure 17. There are VLF observations 
[Zmuda et al, 1963] that ean be explained by a lower- 
ing (or increasing electron density) of the D-region 
boundary. Brady et al., [1964] interpreted VLF di- 
ural phase shifts to show that some enhanced D. 
region ionization persists for several days following 
the event. 

The lowering of the resonance frequency following 
a nuclear explosion has been attributed by Chapman 
and Jones [1964a] in their two-layer ionosphere model 
solely to a decreasing conductivity of the E-region. 

After measuring a change of the resonance frequen- 
cies following a nuclear explosion, it is possible to 
advance simple ionosphere models for explaining a 
particular change. However, no attempt has_been 
reported to predict resonance shifts for different 
nuclear yields and detonation altitudes. This rather 
complex problem requires a quantitative evaluation 
of the various nuclear mechanisms that may lead to 
ionosphere perturbations. If such information is 
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available, the computation of the resonance shifts 
is relatively simple. It would be also of interest to 
investigate the effects of sudden ionosphere dis- 
turbances (SID) and to discriminate between SID's 
and nuclear effects. 

The resonant frequeney changes ean be considered 
more accurately with nonuniform models of the propa: 
gation geometry. A perturb: method | [Wait, 
1964b] or numerical techniques [Madden and Thomp- 
son, 1964] have been used for solving such problems. 

Madden and Thompson [1964] compute the local 
surface impedance and propagation constant for a 
uniform cylindrical shell between the anisotropic 
nosphere and the earth using matrix multiplication 
techniques. ‘There is a smooth variation of the 
parameters between polar and equatorial regions 
and also between day and night hemispheres. ‘These 
local surface impedances and propagation constants 
are assumed to characterize a spherical transmission 
line of nonuniform parameters. The resonance fre- 
quencies and Q factors are computed numerically 
using a lumped parameter approximation of the two- 
dimensional transmission line. ‘This model has been 
applied to explain the diurnal frequency variations 
and also the frequency changes due to a nuclear 
explosion. 


7. Areas of Future Work 


‘There are numerous observations of earth-iono- 
sphere cavity resonances and existing ionosphere and 
source models account for most observed charac- 
teristics like the resonance frequency, @ factors, 
shape of the noise spectra, and diurnal variations of 
the received power. 

Future work appears to be required in a systematic 
study of diurnal and seasonal amplitude and frequency 
variations of resonances. These changes should also 
he correlated with ionospheric disturbances. The 
parameters of the nighttime ionosphere require also 
a future clarification, The variations of the ionosphere 
parameters and the variations of the magnetic field 
vector along the surface of the earth should be in- 
corporated in future calculations [Wait, 1964b; Mad- 
den and Thompson, 1964]. Much work remains to be 
done for assessing nuclear effects on the earth iono- 
sphere resonance and for discriminating between 
lower level nuclear and sudden ionospheric disturb- 
ances, 


The work of Sylvania reported in this paper has 
been supported principally by the Office of Naval 
Research under Contract Nonr 3185(00). 


8. Appendix. Q Factors 


‘The basic definition of the Q factor of a cavity with 


lossy walls is 
SJ EXH*- ds Fr 
SS SE Bedv+ he pf fH: Hd 


where the surface integral is extended over the cavity 
walls and the volume integral covers the inside of the 
cavity. The ground surface is assumed to be a perfect 
conductor and Ey is related to Hg at the ionospheric 
boundary by the surface impedance Z, as Ex=ZsHs. 
However Ey is assumed to be small relative to Ey for 
vertically polarized waves. Equation (14) is rewritten, 
as 


1 2 f J ReZ.|Hsla+h} sin bdodd 


of J J levlE-P+ wolHel* dr sin adodd 


(15) 


2Rei S |Ho|? sin do ts 

wh Sleo|Er/?+ polo] sin ode = (16) 
where a is the radius of earth, A is the ionospheric 
height and where the cavity is assumed to be uniform, 
For excitation by a radial electric dipole of moment 
Idr the field component E, and Hg follow from (21), 
(61), and (62) of lejs [1964a] as 


ildr 


*Frhwea® 


nin+DON+D p eng g) 


D, (7) 


Hy 


th Dy=nin+1)—vo+ 1). Substit 
in (16) and evaluating the integrals gives 


1 2ReZ, 


x n(n+1) 
i | (koa)? +] 
where ko=oVyse. From the approximate modal 
equation 
iZy 
Ls Paiiah (20) 
it follows that 
Reds, ; 
2ReS ES its (21) 
Applying (21) and the resonance condition 
nin+1) ~ (kya ReS)? (22) 
(19) simplifies to. 
1 _4 ReS ImS 
Oo Res 1 23) 
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which was listed as (4). When considering the dif 
ferences of Ey, Hs, Z:, and h between the day and 
night hemispheres it follows that 


1 {ReS ImS}aqy+ ReS Im$]ne) 
a (ReSlayp? +1 


The form (5) or (6) is obtained by neglecting the E 
integral or H integral, and by doubling the value of 
the H integral or E integral in (14). 


(24) 
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67 ABSTRACT 


A space vehicle propelled by the pressure of inflationary 
vactum state is provided comprising a hollow superconduc- 
tive shield, an inner shield, a power source, a support 
sirueture, upper and lower means for generating an electro- 
magnetic field, and a flux modulation controller. 


cooled hollow superconductive shield is energized by an 
electromagnetic field resulting in the quantized vortices of 
lattice ions projecting a gravitomagnetic field that forms a 
spacetime curvature anomaly outside the space vehicle. The 
spacetime curvature imbalance, the spacetime curvature 
boeing the same as gravity, provides forthe space vehicle's 
propulsion. The space vehicle, surrounded by the spacetime 
‘anomaly, may mave at a speed approaching the light-speed 
characteristic for the modified locale. 


13 Claims, 6 Drawing Sheets 
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The experiments resulted in the 
possibility of creating a 7 kW output 
power in load after the rotor was sped 
up to 10 rps, but in the autumn of 
1993 the laboratory was closed due to 
the investors’ financial problems. 
Now their research work is 
continuing in Moscow and we hope 
the scientists will obtain new 
experimental results, 


You can email S.M. Godin for 
more information at: 
smgodin@online.ru 


Considering the theoretical basis of the 
functioning of these systems I should 
suggest a number of interesting details 
for prospective researchers. 


SM. Godin, VV. Roschin et. al. (Physics 
of Negative Viscosity Phenomena, Prof. 
Victor P. Starr. Massachusetts Institute 
of Technology) spoke of vacuum 
(quantum medium) as a physical 
medium possessing negative 
viscosity. At that rate, it is worth 
making assumptions that can be useful 
to the developers of this topic. I think 
that standard (positive) viscosity of 
matter, from the physical point of view 
presupposes the presence of positive 
friction and a "“work-to-heat" entropy 
transformation. Consequently, 
negative viscosity should 
correspond to the negentropy cycle 
“heat is converted to work". This is 
exactly the stray heat conversion once 
described by Tsyolkovsky in 1914. 
Apparently, the medium of the kind 
supports self-sustained vortices 
characterized by the surrounding 
medium — heat_—_ absorption, 
which was mentioned yet not 
explained by S.M. Godin and VV. 
Roschin. 


It is possible that all the elements of 
matter are the self-sustainable vortex 
structures. To mathematically describe 
these physical mechanisms, the 
notions “heat-work-heat" 
transformation and "time" or 
"gravitation" should be interrelated 
Russian philosopher Pavel _D. 
Uspenskiy had been making related 
research since the year 1910, 


Fig2 


From the conventional point of view, this device (Fig 1) creates 
a circulating energy flux described by the Umov-Pointing 
vector (toroidal vortex) a 
vertical and the electric field is radial 


the roller magnet field vector is, 


S.M.Godin (on the left) and A.V-Frolov (on the right), St. 


Pe 


burg, June 2001. 
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SPACE VEHICLE PROPELLED BY THE 
PRESSURE OF INFLATIONARY VACUUM 
STATE, 


CROSS REFERENSE TO RELATED 
‘APPLICATIONS. 


‘This is a continuation of application Ser. No. 104 
filed on Aug, 4, 2003, now abancloned. 


‘TECHNICAL FIELD 


‘The technical field of this disclosure represents space 
Vehicles propelled by the electto-magnetically changed 
properties of vacuum, particulary the pressure of inflation- 
ary vacuum slate 


BACKGROUND OF THE INVENTION 


‘The existence of a magneticlike gravitational field has 
been well established by physicists for general relativity, 
‘avitational theories, and cosmology. The consequences of 
the effect of electromagnetically-affected gravity could be 
substantial and have many practical applications, particu- 
larly in aviation and space exploration, 

‘There are methods known for converting electromagne= 
tism into a propulsive force that potentially yenerates 2 large 
propulsive thrust. According to these methods, the machine 
thnust is produced by rotating, reciprocating masses i the 
following ways: centrifugal thrust, momentum thrust, and 
impulse thrust (“To the Stars by Electromagnetic Propul- 
sion”, MT. French, _bitpyiwww.mtjfdemon.co.uk 
antigravp2htmieforce). 

However, the electromagnetic propulsion in an ambient 
space, or space that iS not artificially modified, is not 
practical for interstellar travel because of the great distances 
involved. No interstellar travel is feasible without some 
form of distortion of space. In tur, no alteration of space is 
possible without the corresponding deformation of time. 
Gravitomagoetic alteration of space, resulting inthe space 
time curvature anomaly that could propel the space vehicle, 
could be a feasible approach to future space travel 

In the late 1940s, H. B. G. Casimir proved that the 
‘vacuum i neither particle nor flek-fee. It isa source of 
zero-point-fluctuation (ZPF) of fils such as the vacuum 
‘avitomagnetic fiekd. ZPF fields lead to real, measurable 
physical consequences such asthe Casimir force. The quan 
tized hand-made electromagnetic processes, such a8 those 
‘occurring in superconductors, affect the similarly quantized 
ZPRS, The most likely reason isthe electron-postton cre 
ation and anniilation, in part coresponding to the “polar- 
ization effet” sited by Evgeny Podkletnov in explaining the 
sravitomagnetic effect reportedly observed by him in 1992. 
CWeak Gravitational Shielding Properties of Compesite 
Bulk YBa;Cu,30,,) Superconductor Below 70 K Under 
EM. Field”, Evgeny Podkletnov, LANL database: number 
cond-mat9701074, v. 3, 10 pages, 16 Sep. 1997). 

‘The investigation of gravitomagnetism, however, started 
‘well before Podkletnov. In the U.S. Pat. No. 3,626,005, 
Henry Wm. Wallace describes an experimental apparats for 
generating and detecting a secondary gravitational field. He 
also shows how a time-varying gravitomagnetic field can be 
used to shield the primary background of a gravitoeletric 
fil 

In the US, Pat. No. 3,626,606, Henry Win. Wallace 
provides a variation of his earlier experiment. Atype HI-V 
semiconductor material, of which both components. have 
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2 
unpaired nuclear spin, is used as an electronic detector for 
the gravitomagnetc field, The experiment demonstrates that 
the material in his gravitomagnetic field circuit ha hystrisis 
and remanence effects analogous to magnetic materials. 

In the US. Pat. No, 3,823,570, Henry Win, Wallace 
provides an additional variation of his experiment. Wallace 
‘demonstrates that by aligning the nuclear spin of materials 
having an odd number of nucleons, a change in specific heat 
occurs 

In the US. Pat, No. 5,197,279, James R. Taylor discloses 
Electromagnetic Propulsion Engine where solenoidal wind 
ings generate an electromagnetic field that, without the 
‘conversion ino a gravitomagnetic field, generates the thrust 
necessary for the propulsion. 

Inthe U.S, Pat, No, 6,353,311 BI, John P. Brainard etal. 
offer a controversial theory of Universal Particle Flux Field, 
and in order to prove it empirically, provide a shaded 
motor-ype deviee. This deviee is also intended for extract- 
ing energy from this hypothetical Feld. 

In tbe early 1980s, Sidney Coleman and F. de Laca noted 
that the Einsteinean postulate of a homogeneous Universe, 
while correct in general, ignores quantized local fluctuation 
‘of the pressure of inflationary vacuum state, tis fluctuation 
‘causing local cosmic calamities. While the massless par- 
tices propagate through large portions of Universe a light 
speed, these anomaly bubbles, depending on their low or 
high relative vacuum density, cause a Tocal increase or 
‘decrease ofthe propagation values for these particles. Sci- 
‘entists disagree about the possibility, and possible ways, 10 
artificially create models of such anomalies 

Inthe early 1990s, Ning Li and D. G Torr described a 
method and means for converting an electromagnetic field 
into a gravitomagnetic field. Li and Torr suggested that, 
under the proper conditions, the minuscule force fields of 
superconducting. atoms can. “couple”, compounding_in 
strength to the point where they can produce a repulsion 
force (“Effects of a Gravitomagnetic Field on Pure Super 
‘conductors”, N. Li and D. G. Torr, Physical Review, Volume 
43, Page 457, 3 pages, 15 Jan. 1991) 

‘Aseries of experiments, performed in the early 1990s by 
Podketnov and R. Nieminen, reportedly resulted in reduc 
tion of the weights of objects placed above a levitating, 
rotating superconductive disk subjected to high frequency 
magnetic fields. These results substantially support the 
‘expansion of Einsiainean physics offered by Li & Tor. 
Podklenov and Giovanni Modanese have provided a num- 
ber of interesting theories as to why the weight reduction 
clfect could have occurred, citing quantum gravitational 
cffects, specifically, a local change in the cosmological 
constant, The cosmological constant, under ordinary cir- 
‘cumstances, is the same everywhere. But, according 10 
Podkletnov and Modanese, above a levitating, rotating 
superconductive disk exposed to high frequeney magnetic 
fields, itis modified. (“Impulse Gravity Generator Based on 
Charged YB1,Cu;30,,, Superconductor with Composite 
Coystal Structure”, "Evgeny Podkletnoy, Giovanni 
Modanese, arXiv orgphysis database, #0108005 volume 2, 
32 pages, 8 figures, Aug, 30, 2001) 

Tn the July 2004 paper, Ning Wu hypothesized that 
‘exponential decay of the gravitation gauge feld, eharacter- 
istic forthe unstable vacuum such as that created by Pod 
Kletnov and Nieminen, is at the root of the gravitational 
shielding effects (Gravitational Shielding Effects in Gauge 
‘Theory of Gravity, Ning Wa, arXiv:hep-th/ 0307225 v 1 23 
Jul, 2003, 38 pages incl. 3 figures, July 2004) 

1n2002, Edward Fomalont and Sergei Kopeikin measured 
te speed of propagation of gravity. They confirmed thatthe 
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speed of propagation of gravity matches the speed of light. 
(General Relativistic Model for Experimental Measure= 
ment ofthe Speed of Propagation of Gravity by VLBI’, S. 
Kopeikin and E, Fomalont, Proceedings of the 6° European 
VLBI Network Symposiuin Jun, 25-28 2002, Bonn, Ger- 
many, 4 pages). 

String theory unifies gravity with al ober known forces. 
‘According to String theory, all interactions are carried by 
fundamental particles, and all particles are just tiny loops of 
space itself forming the spacetime curvature. Gravity andl 
‘bent space are the same thing, propagating with the speed of 
light characteristic of the particular curvature. In ight ofthe 
Fomalont and Kopeikin discovery, one can conclude that if 
there is a change in the speed of propagation of gravity 
within the spacetime curvature, then the speed of light 
within the locality would also be affected. 

In general relativity, any form of energy affects the 
‘avitational fel, so the vacuum energy density becomes a 
potentially crucial ingredient. Traditionally, the vacuum is 


assumed to be the same everywhere in the Universe, so the 21 


‘vacuum energy density is a universal number. The eosmo- 
logical constant is proportional to the vacuum pressure. 
‘A=(SxG/3")p 4, where G is Newton's constant of gravita- 
tion and c isthe speed of light ("The Cosmological Con- 
stant’, Sean M, Carll, http:/pancake.uchicago.edu/car- 
rollieneye’, 6 pages). Newer theories, however, permit local 
‘vacuum fluctuations where even the “universal” constants 
are affected: A,=(82G,/3¢,")P,, 

‘Analyzing physies laws defining the cosmological con- 
stant, a conclusion canbe drawn that, if levitating, rotating 
superconductive disk subjected to high frequeney magnetic 
fields affects the cosmological constant within a locality, it 
‘would also affect the vacuum energy density. According to 
the general relativity theory, the gravitational attraction is 
explained asthe result of the curvature of spacetime being 
proportional to the cosmological constant. Thus, the change 
in the gravitational atraction of the vacuums subatomic 
particles would cause a local anomaly in the curvature ofthe 
insteinean spacetime. 

‘Time is the fourth dimension, Lorentz. and Einsicin 
showed that space and time are intrinsically celated. Later in 
his life, Einstein bypothesized that time fluctuates both 
locally and universally. Ruggero Santilli, recognized for 
«xpaning relativity theory, has developed the isocosmology 
theory, which allows for variable rates of time. Time is also 
«force field only detected at speeds above light speed. The 
energy of this force field grows as its propagation speed 
declines when approaching light-speed. Not just any light- 
speed: the lightspeed of a locale. If the conditions of the 
locale were modified, this change would afect the local time 
rate relative to the rate outside the affected local, or ambient 
tate, The electromagnetically generated gravitomagnetic 
field could be one such locale modifier. 

‘Analyzing the expansion of Einstainean physics offered 


bby Li 8 Torrone could conctude that gravity, time, and lights 


speed could be altered by the application of electromagnetic 
force to a superconductor. 

By creating a spacetime curvature anomaly associated 
with lowered pressure of inflationary vacuum state around a 
space vehicle, with the lowest vacuum pressure density 
located directly in front of the vehicle, a condition could be 
created where gravity associated with lowered vacuum 
pressure density pus the vehicle forward in modified space~ 
time, 

By ereating a spacetime curvature anomaly associated 
with elevated pressure of inflationary vacuum state around 
the space vehicle, with the point of highest vacuum pressure 
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<eosity located directly bend the vehicle, a condition could 
be created where a repulsion force associated with elevated 
-vacuu pressure density pushesthe space veiele forward in 
modified spacetime. From the above-mentioned eosmologi- 
cal constant equation, re-writen a 


e 
ro 


itis clear that the increase in the vacuum pressure density 
‘ould lead to a substantial increase in the lightspeed. 
[the space vehicle is moving in the enomaly where the 
local lght-speed is higher than the lightspeed of the 
ambient vacuum, and if this vehicle approaches this 
local light-speed,the space vehicle would then possibly 
exceed the light-speed characteristic for the ambient 
area. 

‘The levitating and rotating superconductor disk, which 
Podkienov used to protect the object of experiment from the 
attraction produced by the energy of the vacuum, was 
externally energized by the externally-powered solenoid 
‘coils. Thus, Podkletnov’s system is stationary by definition 
and not suitable for travel in air or space. Even if the 
superconductive disk is made part of the craft, and if itis 
‘energized by the energy available on the era, the resulting 
anomaly is one-sided, nt enveloping, and aot providing the 
variable speed of light (VSL) environment for the craft 

In a recent (2002) article, Chris ¥. Tailor and Moxanese 
propose to employ an impulse gravity generator directing, 
from an outside location, an anomalous beam toward a 
spacecraft, this beam acting as repulsion force field pro- 
ducing propulsion for the spacecraft. (“Evaluation of an 
Impulse Gravity Generator Based Beamed Propulsion Con- 
cept”, Chris ¥. Taylor and Giovanni Modanese, American 
Institute of Aeronautics and Astronautics, Ine, 2402, 21 
‘pages, 10 figures). The athors ofthe article, however, did't 
take into account the powerful quantized processes of field 
dispersion, which would greatly limit the distance of propa~ 
gation of the repulsive force. At best, the implementation of 
this concept could assist in acceleration and deceleration at 
short distances from the impulse gravity generator, and only 
along a straight line of travel Ifthe travel goal is a space 
‘exploration mission ratber than the shuttle-like commute, 
the proposed system is of litle use 

Only @ self-sufficient craft, equipped with the infernal 
sravity generator and the internal energy source powering 
this generator, would have the flexibility needed to explore 
new frontiers of space. The mevlcation of the spacetime 
‘curvature all around the spacecraft would allow the space= 
‘rato approach the lightspeed characteristic for the modt- 
fied locale, this lightspeed, when observed from a location 
in the ambient space, being potentially many times higher 
than the ambient light-speed. Then, under sullicient local 
‘energies, that is, energies available on the spacecraft, very 
lange intergalactic distances could be reduced to conven 
tional planetary distances. 

In “The First Men in the Moon” (1903), H. G. Wells, 
anticipates. gravitational propulsion methods when he 
describes gravity repelling “eavorte.” Discovered by Pro- 
fessor Cavor, the material acts as a “gravity shield” allowing 
Cavor’s vehicle to reach the Moon. Prof. Cavor built a large 
spherical gondola surrounded on all sides by cavorite shut- 
ters that could be closed or opened. When Prof. Cavor closed 
all the shutters facing the ground and opened the shutters, 
facing the moon, the gondola took off foe the Moon, 
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Until today, no cavorite has been discovered. However, 
recent research inthe area of superconductvity, nanomate- 
rialsand quantum state of vacuum, including that of Li, Tor, 
Podikletnov, and Modanese, has resulted in important new 
information about the interaction between a gravitational 
field and special states of matter at @ quantum level. This 
new research opens the possibility of using new electrom: 
netically-energized superconductive materials allowing 
sable states of energy, the materials useful not only in 
controlling the local gravitational fields, but also in reating 
new gravitomagnetc fick, 


BACKGROUND OF INVENTION: OBJECTS 
AND ADVANTAGES 


‘There are four objects of this invention: 

‘The first object isto provide a method for generating a 
pressure anomaly of inflationary vacuum state that leads to 
electromagnetic propulsion, 

‘The second object isto provide a space vehicle capable of 
clectromagnetically-generated propulsion. The implement 
tion of these two objects leads t0 the development of the 
space vehicle propelled by gravitational imbalance with 
‘ravity pulling, andor antigravity pushing, the space vehicle 
forward. 

‘The third object is to provide @ method for generating a 
pressure anomaly of inflationary vacuum state, specifically, 
the local increase in the level of vacuum pressure density 
associated with the greater curvature of spacetime. The 
speed of light in such an anomaly would be higher than the 
speed of light in the ambient space. 

‘The fourth object isto provide the space vehiele capable 
of generating an unequally-dstributed extemal anomaly all 
around this vehicle, specifically the anomaly with the 
clevated level of vacuum pressure density. The anomaly is 
formed in such a way that gravity pulls the space vehicle 
forward in the modified spacetime at a speed possibly 
approaching te lihl-speed specific fr this modified locale 
If the vacuum pressure density ofthe locale is modified to 
be substantially higher than that ofthe ambient vacuum, the 
speed of the vehicle could conceivably be higher than the 
ambient light-spee 


SUMMARY OF THE INVENTION 


‘This invention concems devices self-propelled by the 
autilicially changed propertis of the pressure of inflationary 
‘vacuum state to speeds possibly approaching the lightspeed 
specific for this modified locale, Furthermore, this invention 
concerns deviees capable of generating the spacetime 
anomaly characterized by the elevated vacuum pressure 
density. The devices combining these capabilities may be 
able to move at speeds substantially higher than the light- 
speed inthe ambient space. 

‘The device of this invention is a space vehicle, The 
‘ouside shell of the space vehicle is formed by a hollow disk, 
sphere, or the lke hollowed 3-limensional shape made of 
superconductor material, hereinafter a hollow superconduc- 
tive shield. An inner shield is disposed inside the hollow 
superconductive shield. The inner shield is provided to 
protect crew and life-support equipment inside. 

A support structure, upper means for generating an elec= 
tromagnetic field and lower means for generating an elec~ 
tromagnetic field are disposed between the hollow super- 
conductive shield and the inner shiek. A flux modulation 
controller is disposed inside the inner shield to be accessible 
to the crew. 
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Electrical energy is generated in a power source disposed 
inside the hollow superconductive shield. The electrical 
‘energy is converted info an electromagnetic field in the 
upper means for generating an electromagnetic ied and the 
lower means for generating an electromagnetic fed 

Electrical motos, also disposed inside the hollow super- 
‘conductive shield,” convert the electrical energy. into 
mechanical energy. 

‘The mechanical energy and the electromagnetic fil 
rotate the hollow superconductive shield, and the upper and 
the lower means for generating an clectromagnetic field, 
against each other 

‘The electromagnetic field is converted into a gravitomag 
netic field in the hollow superconductive shild 

‘The gravitomagneti field, propagated outward, orthogo- 
nally to the walls of the hollow superconductive shield, 
forms a pressure anomaly of iflationary vacuum state inthe 
area of propagation. The pressure anomaly of inflationary 
vacuum state is comprised of an area of relatively lower 
‘vacuum pressure density i font ofthe space vehicle and an 
area of relatively higher vacuum pressure density behind the 
vehicle. 

‘The difference in the vacuum pressure density propels the 
space vehicle of this invention forward 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a cross-sectional view through the front plane 
taken along the central axis of a space vehicle provided by 
the method and device ofthis invention 

FIGS. 2A & 2B are diagrams, presented as perspective 
‘views, showing some of the physical processes resulting 
from a dynamic application ofan electromagnetic fill to a 
hollow superconductive shield. Only one line of quantized 
vortices, shown out of scale, is presented for illustration 
purposes. 

FIGS. 3A & 3B are diagrams, presented as perspective 
views, showing a vacuum pressure density anomaly associ 
ated with lowered pressure of inflationary vacuum slate and 
a vacuum pressure density anomaly associated with elevated 
pressure of inflationary vacuum state, respectively. Both 
anomalies are shown on the background of Universal cur- 
‘ature of inflationary vacuum stat. 

FIGS. 44 & 4B are diagrams, presented as perspective 
‘views, showing a spacetime anomaly associated with low- 
‘ered pressure of inflationary vacuum state and a spacetime 
anomaly associated with elevated pressure of inflationary 
‘vacuum state, respectively. Both anomalies ar shown on the 
background of Universal spacetime, 

FIGS. $A, $B, 6, 7A, & 7B are diagrams of spacetime 
‘curvature anomalies generated by the space vehicle of the 
‘current invention, these anomalies providing for the propul- 
sion of the space vehicle. 


DRAWINGS—REFERENCE NUMERALS 


1 hollow superconductive shield 
2 inner shield 

3 upper shell 

4 lower shell 

5 support structure 

6 upper rotating element 

7 lower rotating element 

8 upper means for generating an electromagnetic field 
9 fower means for generating an electromagnetic field 
10 fis lines 

I power source 
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12 life-support equipment 

13 flux modulation controller 

crew 

15 clockwise shield motion vector 

16 counterclockwise EMF motion vector 

17 wire grid 

18 clockwise quantized vortices of latice ions 

19 outward gravitomagnetic fek! vector 

20 counterclockwise shield motion vector 

21 clockwise EMP motion vector 

22 counterclockwise quantized vortices of lattice ions 

23 inwand gravitomagnetc field vector 

24 vacuum pressure density anomaly associated with low- 
cred pressure of inflationary vacuum state 

25 Universal curvature of inflationary vacuum state 

26 vacuum pressure density anomaly associated with 
clevated pressure of inflationary vacuum state 

27 spacetime anomaly associated with lowered pressure of 
inflationary vacuum state 

28 spacetime anomaly associated with elevated pressure of 
inflationary vacuum state 

29 Universal spacetime 

30° substantially droplet-shaped spacetime curvature 
‘anomaly associated with lowered pressure of inflationary 
‘vacuum state 

31 substantially droplet-shaped spacetime anomaly associ- 
ated with elevated pressure of inflationary vacuum state 

232 substantially egg-shaped spacetime anomaly associated 
‘with lowered pressure of inflationary vacuum state 

33 area of the lowest vacuum pressure density 

34 substantially egg-shaped spacetime anomaly associated 
with elevated pressure of inflationary vacuum state 

35 area of the highest vacuum pressure density 


DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENT 


FIG. Lis a cross-sectional view through the front plane 
taken along the central axis of a space vehicle provided by 
the method and device of this invention. A hollow super- 
conductive shield 1 forms a protective outer shell of the 
space vehicle, The hollow superconductive shiek! 1 may be 
shaped as a hollow disk, sphere, or the like 3-limensional 
‘geometrical figure formed by the 2-dimensional rotation of 
‘curve around the central axis, 

In the preferred embodiment, the hollow superconductive 
shield Lis made of a superconductor such as YBa2Cv307-y, 
‘or a ike high-temperature superconductor with a composite 
crystal siructure cooled to the temperature of about 40 
degrees K. The skilled in the art may envision the use of 
many other low- and high-temperature superconductors, all 
‘within the scope of this iaveation. 

‘An inner shield 2 is disposed inside the hollow supercon- 
ductive shield 1. The inner shiek 2is comprised of an upper 
shell 3and a lower shell 4 the shells 3 and 4 adjoined with 
each other. Executed from insulation materials such as 
foamed ceramics, the inner shicld 2 protects the environ- 
‘ment within the shield from the electromagnetic field and 
severe temperatures 

‘A support structure $ is disposed between the hollow 
superconductive shield 1 and the inner shield 2, concentric 
to the hollow superconductive shickd. The support structure 
is comprised of an upper rotating element 6 and a lower 
rotating clement 7 

‘The upper rotating element 6 is pivotably disposed inside 
the hollow superconductive shield 1 and may envelope the 
‘upper shell 3. The lower rotating element 7 is pivotably 
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8 
isposed inside the hollow superconductive shield 1 and 
may envelope the lower shell 4, Even though the preferred 
‘embodiment has two rotating elements, a skilled inthe art 
may envision only one rating element, or three or more 
rotation elements, all within the seope ofthis invention, 

Upper means for generating an electromagnetic field Bare 
‘isposed between the hollow superconductive shiek! 1 and 
the upper shell 3. ‘The upper means for generating an 
electromagnetic fiekd 8 are alfixed to the upper rotating 
‘element 6 at an electromagnetic field-penetrable distance 10 
the hollow superconductive shield 1. 

Lower means for generating an electromagnetic field 9 are 
<isposed between the hollow superconductive shield 1 and 
the lower shell 4. The lower means for generating an 
electromagnetic field 9 are alixed to the lower rotating 
<element 7 at an electromagnetic ficld-peneirable distance 10 
the hollow superconductive shield 1 

‘The upper means for generating an electromagnetic fie 
8 and the lower means for generating an electromagnetic 
field 9 could be solenoid coils or eleetromagnets. In the 
process of operation of the space vehicle, the electromag 
netic field identified by flux lines 10, is controllably and 
‘vaiably applied tothe hollow superconductive shield 1. 

Eleciric motors are disposed inside the hollow supercon 
‘ductive shield along its central axis, 

‘A power source I is disposed inside the hollow super- 
‘conductive shield L and may be disposed inside the lower 
shell 4 The power source II is elecrically connected with 
the upper means for generating an electromagnetic field 8, 
the lower means for generating an electromagnetic field 9, 
and the electric motors. In-turn, the upper means for gen= 
‘erating an electromagnetic field 8, the lower means for 
generating an electromagnetic field 9, and the electric 
‘motors provide forthe rotation ofthe upper rotating element 
6 and the lower rotatingelement 7. The power source II may 
be exccuted as a nuclear power generator. 

Life-support equipment 12 is disposed inside the inner 
shield 2, and may be disposed insie the lower shell 4, The 
life-support equipment 12 may inchide oxygen, water, and 
food. 


A flux modulation controller 13 is disposed inside the 
{nner shield 2, and may be disposed inside the upper shell 3. 
‘The fux modulation controller 13 is in communication with 
the upper means for generating an electromagnetic field 8, 
the lower means for generating an electromagnetic field 9, 
the power source 11, and the electric motors, 

‘The flux modulation controller 8 may be executed as a 
‘computer or a microprocessor. The flux modulation control- 
ler 8 is provided with a capability of modulating the per- 
formance parameters of the upper means for generating an 
electromagnetic field 8, the lower means for generating an 
‘electromagnetic field 9, the power source 11, and the electric 
motors. 

‘Acrew 14 may be located inside the upper shell 3 ofthe 
inner shield 2 and may consist of one or more asttonaus. 
‘The crew has a free access to the life-support equipment 12 
and the flux modulation controller 8. Askilled inthe art may 
cavision a fully-automated, pilotless crafl, which is also 
‘within the scope ofthis invention 

Asie in the art may also envision the embodiment (not 
shown), also within the scope ofthis invention, where the 
hollow superconductive shield is pivotable, and the support 
structure with the means for generating an electromagnetic 
field is afixed on the outside ofthe inner shield 

FIGS. 2A & 2B are diagrams showing the esuls ofthe 
‘quantized electromagnetic turbulence within the supercon- 
‘ductive shel of the hollow superconductive shield provided 
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by the relative rotational motion of the hollow supercon- 
ductive shield against the upper means for generating an 
clectromagnetic fil 

FIG. 2Ashows the clockwise relative rotational motion of 
the hollow superconcictive shield, this motion identified by 
1 clockwise shi motion vector 15, and the counterclock- 
‘wise relative rotational motion of upper means for generat- 
ing an electromagnetic field, this motion identified by a 
counterclockwise EMF motion vector 16 

‘The electromagnetic field, controllably and variably 
applied by the upper means for generating an electromag 
netic field, whose various positions are identified by 8 wire 
sid 17, to the hollow superconductive shield (oot shown), 
causes quantized electromagnetic turbulence within the hol- 
low superconductive shield, This turbulence is represented 
by a plurality of clockwise quantized vortices of lati fons 
18, Only one line of the clockwise quantized vortices of 
latice ions 18, out of scale, is shown for illustration pur- 
poses only. Each of the clockwise quantized vortices of 
lntice ions 18 generates gravitomagnetic field identified by 
an outward gravitomagnetic field vector 19 directed 
‘orthogonally away from the hollow superconductive shield 

FIG. 2B shows the counterclockwise relative rotational 
motion of the hollow superconductive shield, this motion 


idcailied by a counterclockwise shield motion vector 20, > 


and the clockwise relative rotational motion of upper means 
for generating an clectromagnetic fel, this motion identi- 
fied by a clockwise EMF motion vector 21 

‘The electromagnetic field, controllably and variably 
applied by the upper means for generating an electromag 
netic field identified by the wire grid 17, to the hollow 
superconductive shield (aot shown), causes quantized elec- 
‘tromagnetic turbulence within the hollow superconeuctive 
shield, this turbulence represented by a pluality of coun- 
terclockwise quantized vortices of lattice ions 22. Only one 
line of the counterclockwise quantized vortices of lattice 
ions 22, out of scale, is shown for illustration purposes onl. 
Each of the counterclockwise quantized vortices of lattice 
ions 22 generates a gravitomageetic field identified by an 
‘inward gravitomagnetic field vector 23 directed orthogo- 
nally toward the hollow superconductive shield 

‘The electrical requirements for providing the Li-Torr 
effect ae as Follows: 

Podikletnov has reported using the high frequency current 
‘of 10° Hz, He also used 6 solenoid coils @ 850 Gauss each, 
‘The reported system’s efficiency reached 100% and the total 
field in the Pockletnov's disk was about 0.5 Tesla. The 
maximum weight loss reported by Podkletnoy was 2.1%. 

‘The preferred embodiment of the device of current inven 
tion is capable of housing 2-3 astronauts and therefore is 
envisioned fo be about 5 meters in diameter at the widest 
point. The preferred space vehicle's acceleration is set at 9.8 
‘ns providing that gravity on board is similar to that onthe 
surface of Earth 

‘The means for generating an electromagnetic field may be 
comprised of 124 solenoid coils. At the same 100% effi- 
ciency reported by Podletnoy, the total field required pro- 
viding the acceleration of 9.8 mis is 5,000 Tesla, or about 
40 Tesla per coil. Skeggs suggests that on the Podkleinov 
device, out of 850 Gauss developed on the col surface, the 
fiekd affecting the superconductor and causing the gravito- 
magnetism is oaly 400 Gauss (*Engincering Analysis of the 
Podikletnov Gravity Shielding Experiment, Peter L. Skeggs, 
‘Quantum Forum, Nov. 7, 1997, hitp/www-inetarena.com) 
~noeticipls/podlev:html, 7 pages). Ths translates into 47% 
device efficiency 
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In this 47%-<ficient space vehicle, the total field required 
achieving the 98 miss acceleration is about 10,600 Tesla, or 
185.5 Tesla per each of 124 solenoid ens, It must be noted 
that a this acceleration rate, it would take nearly a year for 
the space vehicle to reach the speed of light 

Ie also mast be noted that Skeggs has detected a diserep- 
ancy between the Li-Torr estimates and Podkletnov’s prac 
tical results. If Podkletnov’s experimental results are ert0= 
‘neous while the Li-Torr estimates are indeed applicable to 
the space vehicle ofthis invention then the energy requie= 
iments for achieving the sought speed would be substantially 
higher than the above estimate of 10,600 Tesla 

Podkletnov has concluded that, in order for the vacuum 
pressure density anomaly to take place, the Earth-bound 
‘device must be in the condition of Meissner levitation, As 
are all space bodies, the space vehicle is a subject to the 
pressure inflationary vacuum state and the gravitational 
force, which, within the migrating locality of the expanding 
Universe, in any singe linear direction, are substantially in 
‘equilibrium. Thus, forthe space vehicle, the requirement of 
Meissoer levitation is waved, 

‘The propagation of the gravitomagnetic field identified by 
the outward gravitomagnete field vector 19 and the inward 
‘gravitomagnetic field vector 23 would cause exotic quan- 
tized processes in the vacuum’s subatomic particles that 
include particle polarization, ZPF field defects, and the 
matter-energy transformation per Esmc*, The combination 
‘of these processes would result in the gravitational anomaly. 
According to the general relativity theory, gravitational 
attraction is explained as the result of the curvature of 
spacetime being proportional to the gravitational constant. 
‘Ths, the change inthe gravitational attraction of the vacu- 
um’s subatomic particles would cause a local anomaly inthe 
‘curvature of the Einsteinean spacetime. 

Gravity isthe same thing as bent space, propagating with 
the speed of light characteristic forthe particular spacetime 
‘curvature, When bent space is affected, there isa change in 
the speed of propagation of gravity within the spacetime 
‘curvature anomaly. The local speed of light, according 10 
Fomalont and Kopeikin always equal tothe local speed of 
propagation of gravity, is also affected within the ality of 
spacetime curvature anomaly. 

‘Creation of spacetime curvature anomalies adjacent to, or 
around, the space vehicle, these anomalies characterized by 
the local gravity and light-speed change, has been the main 
‘object ofthis invention, 

FIG. 3A shows a diagram of a vacuum pressure density 
anomaly associated with lowered pressure of inflationary 
‘vacuum state 24 0 the background of Universal curvature 
of inflationary vacuum state 25, The vacuum pressure den- 
sity anomaly associated with lowered pressure of iflation- 
ary vacuum state 24 is formed by a multitude of the inward 
sravitomagnetic field vectors. According tothe cosmologi- 
cal constant equation, A=(S8NGI37)p, where the cosmo- 
Jogical constant Ais proportional othe vacuum energy 
pressure PG is Newton's constant of gravitation, and cis, 
the speed of light, the curvature of spacetime is proportional 
to the gravitational constant, According tothe general rela- 
tivity theory, the change inthe vacuum pressure density is 
proportional to the change in the spacetime curvature 
anomaly. By replacing fg withthe vacuum pressure density, 
P times the vacuum energy coeficient x, and replacing ¢ 
with Adistance/Atime, we derive to A=[8xG/3(Adistance/ 
‘Atime}"JP,, and could now consinict a vacuum pressure 
density curvature diagram, 

‘The vacuum pressure density curvature anomaly assaci- 
ated with lowered pressure of inflationary vacuum state 24 
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is shown here as a fattened surface representing the lowered 
pressure of the inflationary vacuum sate, This anomaly is 
the result ofthe exotic quantized processes inthe subatomic 
patcles caused bythe quantized turbulence occurring in he 
hollow superconductive shield. The XYZ axes represents 
‘three dimensions of space and the P axis represents the 
vacuum pressure density 

FIG. 3B shows a diagram of a vacuum pressure density 
anomaly associated with elevated pressure of inflationary 
‘vacuum state 26 on the background of the Universal curva- 10 
ture of inflationary vacuum state 25. The vacuum pressure 
density anomaly associated with elevated pressure of inla- 
tionary vacuum state 26 is formed by a multitude of the 
outward gravitomagnetic field vectors. The anomaly is 
Shown here asa convex surface representing the elevated 1 
presse of inflationary vacmum slate. The diagrams of 
FIGS. 3A & 3B are not to scale: the anomaly sizes are 
exaggerated for larity. 

FIGS. 4A & 4B show diagrams of a spacetime anomaly 
associated with lowered pressure of inflationary vacuum 20 
‘state 27, and a spacetime anomaly associated with elevated 
pressuré of inflationary vacuum sate 28, respectively, each 
‘on the background a diagram of Universal spacetime 29. 

‘The quaterized Julia set Q,,,=Q,”"4C, is assumed to be an 
‘accurate mathematical representation of the Universal 
spacetime. The generic quaterion Q, belongs to the Jliaset 
‘associated with the quaternion C, and a tends to infinity. 1f 
‘ve assme tht the quterion value Cy is associated with 
the Universal spacetime 29, C, is the value of quaternion C 
for the spacetime anomaly associated with lowered pressure 
of inflationary vacuum site 27, and C; is the value of 
Gqusterion C for the spacetime anomaly associated with 
elevated pressure of inflationary vacuum state 28, then we 
an consinict two diagrams. 

‘The diagram of FIG. 44 shows the spacetime anomaly 
associated with lowered pressure of inflationary vacuum 
state 27 as a quaterized Julia set contained in a 4-dimen- 
sional space: Q,,,,=0,"4C, on the background of the Uni- 
versal spacetime 29 represented by Q,,..=0,74C. 

“The diagram of FIG. 4B shows the spacetime anomaly 
associated with elevated pressure of inflationary vaeutm 
state 28 as a quaterized Julia set Q,,,,=Q,24C;, also on the 
background of the Universal spacetime 29 represented by 
Qua: ,°4Cy, On both diagrams, the XYZ axes represent 
‘three dimensions of space, and the T axis represents time. 
‘The diagrams are not to scale: the anomaly sizes are exis 
gerated for clarity, and the halves of quaterized Julia sets, 
conventionally associated with the hypotistical Ani-Uni= 
verse, are omited 

FIGS. SA, SB, 6, 7A, & 7B show simplified diagrams of 50 
spacetime curvature anomalies. generated by the space 
‘hice ofthe eurent invention, these anomalies proving 
for the propulsion of the space vehicle. In each case, the 
presstre anomaly of illatonary vacuum sate is comprised 
of an area of relatively lower vacuum pressure density in 
front of the space vehicle and an area of relatively higher 
vacuum pressire density behind the space vehicle. Because 
the lower pressire of nfationary vacuum sate is associated 
vith greater gravity and the higher pressure is associated 
“with the higher repulsive force, the space vehiele is urged 10 
move from the area of relatively higher vacuum pressure 
density toward the area of relatively lower vacuum pressure 
density. 

FIG. 5A illustrates the first example of spacetime curva 
‘ture modification. This example shows a substantially drop- 
et-shaped spacetime curvature anomaly associated with 
lowered pressure of inflationary vacuum slate 30 adjacent to 
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the hollow superconductive shield 1 of the space vehicle 
‘The anomaly 30 is provided by the propagation of a gravi- 
tomagnetc ic radiating orthogonally away from the front 
‘of the hollow superconductive shield 1. This gravitomag 
netic field may be provided by the relative clockwise motion 
‘of the upper means for generating an electromagnetic field, 
and relative counterclockwise motion of the hollow super 
‘conductive field, as observed from above the space vehicle. 

In this example, the difference between the. spacetime 
‘curvature witia the substantially droplet-shaped spacetime 
anomaly associated with lowered pressure of inflationary 
‘vacuum stat, and the ambient spacetime curvature, the 
spacetime curvature being the same as gravity results inthe 
‘gravitational imbalance, with gravity pulling the space 
Vehicle forward 

FIG. SB illustrates the second example of spacetime 
‘curvature modification, This example shows a substantially 
‘ropletshaped spacetime anomaly associated with elevated 
pressure of inflationary vacuum state 31 adjacent 10 the 
hollow supeteoncctive shickd I of the space vehicle, The 
anomaly 31 i provided by the propagetion ofa gravitomay 
netic field radiating orthogonally away from the back ofthe 
hollow superconductive shield, This gravitomagnetc field 
may be provided by the relative counterclockwise motion of 
the lower means for generating an electromagnetic fe, and 
relative clockwise motion of the hollow superconductive 
field as observed from below the space vehicle, 

In this example, the difference between the. spacetime 
‘curvature withia the substantially droplet-sbaped spacetime 
anomaly associated with elevated pressure of inflationary 
vacuum state, and the ambient spacetime curvature, the 
spacetime curvature being the same as gravity results inthe 
sravitational imbalance, with the repulsion fore pushing the 
space vehicle forward 

FIG. 6 illustrates the third example of spacetime curvature 
modification. This example shows the formation of the 
substantially dropletshaped spacetime anomaly associated 
‘with lowered pressure of inflationary vacuum state 30 com- 
bined with the substantially drople-shaped spacetime 
anomaly associated with elevated pressure of inflationary 
‘vacuum state 31. This combination of anomalies may be 
provided by the relative clockwise motion of the upper 
means for generating an electromagnetic field and relative 
‘clockwise motion of the hollow superconductive fcld, com- 
bined with the relative clockwise motion ofthe lower means 
for generating an clectromagnetic field, as observed from 
above the space vehicle 

In this example, the difference between the spacetime 
‘curvature withia the substantially droplet-shaped spacetime 
anomaly associated with lowered pressure of inflationary 
‘vacuum state, and the spacetime curvature of the substan- 
tially dropletshaped spacetime anomaly associated with 
elevated pressure of inflationary vacuum sate, the spacetime 
‘curvature being the same as gravity, results inthe gravita~ 
tional imbalance, with gravity pulling, and the repulsion 
force pushing, the space vehicle forward. 

FIG. 7A illustrates the fourth example of spacetime cur- 
‘vature modification. This example shows the formation of a 
‘substantially egg-shaped spacetime anomaly associated with 
lowered pressure of inflationary vacuum state 32 around the 
hollow superconductive shld 1 of the space vehicle. The 
anomaly 32 is provided by the propagation of gravitomag~ 
netic ficld of uncqually-listributed density, this gravitomag- 
rete felt radiating in all directions orthogonally away from 
the hollow superconductive shield. The propagation of the 
uocqually-distributed gravitomagnetic field leads t0 the 
similarly unequally-cistributed spacetime — curvature 
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anomaly. This uncqually-dstributed gravitomagneti fild 
maybe provided by the relatively faster clockwise motion of 
the upper means for generating an electromagnetic field 
relative fo the hollow superconxluctive field, combined with 
te relatively slower counterclockwise motion ofthe lower 
‘means for generating an electromagnetic field, as observed 
from above the space vehicle 

‘An area of the lowest vacuum pressure density 33 of the 
substantially egu-shaped spacetime anomaly associated with 
lowered pressure of inflationary vacuum state 32 is located 
dlicetly in front of the space vehicle. 

In this example, the variation in the spacetime curvature 
within the substantially egg-shaped spacetime anomaly 
associated with lowered pressure of inflationary vacuum 
sfate, the spacetime curvature being the same as gravity, 
results in gravitational imbalance, with gravity pulling the 
space vehicle forward in modified spacetime. 

HIG, 7B illustrates the fifth example of spacetime curva- 
ture modification, also with the purpose of providing for a 
propulsion in modified spacetime. This example shows the 
formation of a substantially egg-shaped spacetime anomaly 
associated with elevated pressure of inflationary vacuum 
state 34 around the hollow superconductive shield 1 ofthe 
space vehice. The anomaly 34 is provided by the propaga~ 
tion of gravitomagnetc ficld of uncqually-dstributed den- 
sity, this gravitomagnetie field radiating in all dteetions 
orthogonally away from the hollow superconductive shield 
‘The propagation of the unequaly-istributed gravitomes 
netic feld leads tothe similarly unequally-istributed space 
time curvature anomaly. This unequally-<tistibuted gravito- 
magnetic fiekd may be provided by the relatively slower 
counterclockwise: motion ofthe upper means for generating 
‘an electromagnetic field relative tothe hollow superconduc= 
tive felt, combined with the relatively faster clockwise 
‘motion of the lower means for generating an electromag 
netic fied, as observed from above the space vehicle. 

‘An area ofthe highest vacuum pressure density 35 ofthe 
substantially egg-shaped spacetime anomaly associated with 
elevated pressure of inflationary vaevum slate 34 i located 
dicectly behind the space vehicle 

In this example, the variation in the spacetime curvature 
within the substantially egg-shaped spacetime anomaly 
associated with elevated pressure of inflationary vacuum 
state, the spacetime curvature being same as gravity, results 
in a gravitational imbalance, withthe repulsion force push- 
ing the space vehicle forward in modified spacetime at 
speeds approaching the ligh-speed characteristic for this 
modified area. Ths lightspeed might be much higher than 
te High-speed inthe ambient space. 

By creating altemative anomalies and! modulating their 
parameters, the space vehicle's erew would dilate and con- 
Iract time and space on demand. The space vehicle, emiting 


vacuum pressure_modifying, controllably-modulated 


‘avitomagnetic field in all directions, would rapidly move 
in the uneven spacetime anomaly it eeated, pulled forward 
by gravity or pushed by the repulsion force, The time rate 
zone ofthe anomaly is expected to have multiple quantized 
boundaries rather than a single sudden boundary alfecting 
space and time in the immediate proximity of the vehicle. 
Speed, rate of time, and direction in space could be shifted 
fon demand and n'a rapid manner. ‘The modulated light- 
speed cou! make the space vehicle suitable for interstellar 
travel. Because ofthe time rate contol inthe newly eeated 
isospace, the accelerations would be gradual and the angles 
of deviation would be relatively smooth, The gravity shild- 
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{ng would further protect pilots from ihe il-ffects of gravity 
‘uring rapid accelerations, directional changes, and suelden 
stops. 

‘What seamed iss 

1. Aspace vehicle propelled by the pressure of inflation 
ary vacuum state is claimed comprising: 

‘hollow superconductive shield, 

an inner shield, the inner shield dixposed inside said 
hollow superconductive shield, sid inner shield eom- 
prising an upper shell and a lower shell, 

4 support structure, the support structure disposed 
between said hollow superconductive shield and said 
inner shield concentrically to said hollow superconduc 
tive shield, said support structure comprised of an 
upper rotating element and a lower rotating element, 

‘upper means for generating an electromagnetic field, the 
‘upper means for generating an electromagnetic fil 
disposed between said hollow superconductive shield 
and said upper shell, affixed to said upper rotating 
clement at an electromagnetic field-penetrable distance 
to said hollow supereonductive shiek, 

lower means for generating an electromagnetic field, the 
lower means for generating an electromagnetic field 
disposed between said hollow superconductive shield 
and said lower shell, affixed t0 said lower rotating 
clement at an electromagnetic fild-penetrable distance 
to said hollow superconductive shit, 

clectic motors, the electric motors disposed inside said 
hollow superconductive shield along the central axis of 
said hollow superconductive shield, 

8 power source, the power souree disposed inside said 
hollow superconductive shield, said power source elec 
‘really connected with said upper means for generating 
‘an electromagnetic field, said lower means for gener- 
ating an electromagnetic field, and sad eletrie motors, 

life-support equipment, the life-support equipment dis 
posed inside said inner shield, 

«flux modulation controller, the flux modulation control- 
ler disposed inside said inner shiek, said flux modu- 
lation controller in communication with said upper 
means for generating an electromagnetic field, ssid 
lower means for generating an electromagnetic field, 
said power source, and said electric motors, and 

«crew, the crew disposed inside said inner shi acces- 
sibly t0 said lifesupport and said lux’ modulation 
controller. 

2. The space vehicle of claim 1 wherein said hollow 
superconductive shicl is composed of a high-temperature 
‘ceramic superconductor with a composite erystal structure, 
and is cooled fo a temperature of about 40 degrees K. 

3. The space vehicle of claim 1 wherein suid inner shield 
is composed of insulating materials such as foamed ceram- 
ies, 

4. The space vehicle of ela 
isa nuclear generator, 

‘5. The space vehicle of claim 1 wherein said flux modu- 
lation conteoller is @ computer. 

66. The space vehicle of claim 1 wherein said upper 
rotating element and sid lower rotating element are pivoted, 
urged to rotate by said upper means for generating. an 
‘electromagnetic field, sid lower means for generating an 
‘electromagnetic field, and stid electric motors. 

7. The space vehicle of claim 1 wherein said hollow 
superconductive shield is pivoted and urged to rotate by sit 
upper means for generating an electromagnetic field, said 
lower means for generating an electromagnetic field, and 
said eetric motors. 


| wherein said power source 
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8. Amothod for generating pressure anomaly of inlation- 
sary vacuum state is claimed comprising the following steps, 
some occurring simultaneously: 

providing a space vehicle comprising a hollow supercon 
ductive shield, an inner shield, a support structure, 
‘upper means for generating an electromagnetic field, 
lower means for generating an electromagnetic field, 
electric motors, a power source, life-support equip= 
rent, a flux modulation controller, and a crew, 

senerating electrical energy in sad power source, 

converting said electrical energy into an electromagnctic 
field in said upper means for generating an electromag 
netic field and ssid lower means for generating. an 
electromagnetic field, 

converting sid electrical energy into mechanical energy 
in sid electrical motors, 

rotating said upper means for generating an electromag 
netic field and said lower means for generating an 
leciromagnetic field relative to said hollow supercon 
ductive shield, 

converting said electromagnetic field into « gravitomag 
netic field in said hollow superconductive shield, 

propagating sad gravitomagnetic field outward, orthogo- 
nal tothe walls of sad hollow superconductive shield, 
and 

forming a pressure anomaly of inflationary vacuum state 
inthe area of propagation of sad gravitomagnetic field, 
the pressure anomaly of inflationary vacuum sate 
comprised of an area of relatively lower vacuum pres- 
sure density in front of said space vehicle and an area 
of relatively higher vacuum pressure density behing 
said vehicle, 

‘whereby sad Space vehicle is urged to move from said 
area of relatively higher vacuum pressure density 
toward said area of relatively lower vacuum pressure 
density. 

9. The method! of claim 8 wherein said pressure anomaly 
of inflationary vacuum state isa substantially roplet-shaped 
anomaly assoviated with lowered pressure of inlationary 
‘vacuum stale provided by the propagation of a gravitomag~ 
netic feld radiating orthogonally away from the front of said 
hollow superconductive shield, 

‘whereby providing for the gravitational imbalance where 
the lowered pressure of inflationary vacuum slate is 
pulling said space vehicle forward 

10. The method of claim 8 wherein said pressure anomaly 
cof inflationary vacuum state isa substantially droplet-shaped 
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16 
anomaly associated with elevated pressure of inflationary 
‘vacuum state provided by the propagation of a gravitomag 
etc fed radiating orthogonally away from the back of said 
hollow superconductive shield, 

‘whereby providing for the gravitational imbalance where 
the elevated pressure of inflationary vacuum state is 
pushing said space vehicle forward 

{1 The method of claim 8 wherein sad pressure anomaly 
‘of inflationary vacuum state is comprised of a substantially 
‘rople-shaped anomaly associated with lowered pressure of 
inflationary vacuum state and a substantially droplet-shaped 
anomaly associated with elevated pressure of inflationary 
‘vacuum slate, 

‘whereby providing forthe gravitational imbalance where 
the lowered pressure of inflationary vacuum slate is 
pulling, and the elevated pressure of infiationary 
‘vacuum state is pushing, suid space vehicle forward 

12. The method of claim 8 wherein said pressure anomaly 
of inflationary vacuum statc is a substantially egg-shaped 
anomaly associated with lowered pressute of inflationary 
‘vacuum state provided by the uncqually-distributed gravi- 
tomagnetic field propagated in all directions orthogonally 
away from said hollow superconductive shield with an area 
‘of lowest vacuum pressure density disposed directly infront 
said space vehicle, 

‘whereby providing for the gravitational imbalanee such 
the lowered pressure of inflationary vacuum state 

is pulling suid space vehicle forward in modified space 
time, 

13. The method of claim 8 wherein said pressure anomaly 
of inflationary vacuum state is @ substantially egg-shaped 
anomaly associated with elevated pressure of inflationary 
vacuum state provided by the uncqually-fistributed gravi- 
tomagnetic field propagated in all directions orthogonally 
away from said hollow superconductive shield wih an area 
‘of highest vacuum pressure density disposed directly behing! 
said space vehicle, 

whereby providing forthe gravitational imbalance such 
‘that the highest pressure of inflationary vacuum sate is 
pushing said space vehicle forward in modified space- 
time at a speed possibly approaching « Koc light- 
speed, the loal lightspeed which may be substantially 
higher than the light-speed in the ambient spac. 
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The belaw added text 1 have heen looking into has been an easily made design. Our government oa 

‘eso end tostop ne al women wh lp hun Kod wither awsome God given nvenllons. Lam not fad to share thi Flood Alex Wt Demand, 
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Jeu Ascanlus’ Version of Nikola Tesla's Aerial System Manin 8: Earth Paychic 


"hs sort information may sem confusing and maybe a itl to techn for you, so lat me el you aout the practical and asf 
applieations used by Je Ascanis, Danish developer to whom than s due for sharing his design Initly eset upa system 

change hls mobile pone baler overnight from an etal. Then be went onto prduce a full-ie Tesla Aerial stm as deserted at the 
stutof his chapter, Lt start withthe very slple system and proses frm ha othe more power ul arrangements, ‘Ba The Bast You Can Be 


The otal elu uses one strand of vd wire which ee vertaly to yoo mn ameter drum where there are some twenty turns. The 
rangement keh: Agenda 21 


|— drum 70 100 ae ‘UN. Gun Arms Trade rag 
‘with 2 tures on 


INSPIRATION SITES 


How do you fee 
players kneeling 
anthem? 


"The aerial wie several meres log, and in he prototype, was supported by 
(and insulated rom) the eaves of house The aerial should be yertial or nea verti and proper eet connetion provided by ding, 

2 meal od into Ue ground o connecting awit to a neal plate and burying the platen the ground at god electra connection fe 

ede ere. The earth connection used here sa 12 mm enpper pipe metres loa, dlven into the ground and the ground around it 

saturated with water 
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The wire used to cannect with the earthing vd is very important and should not be ess than 8 sg copper wie 
that, 4m ameter and 19, rose-sectional aren. A with al free-energy devices, the enact construtional details ae vit 


‘The dines used are germanium 1Nq oF 1Ng4a as germanium diodes drop files voltage han dosileondiodesandibe sagypsare TTY 
lows diodes, particulely suited to this applieation. Cramie ise typesave recommended forthe 200 uF capacitors. The raotype 
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‘Whileit spss to use more than one module wih the aca tn gt mare power the Danish developer thes switched 
to the ul. Aown Teal seratigement by ataching a oo x 600 x2 aluminium plate inside the sloping roto his house: 


the plate being suspended using nylon cord to prevent i touching 
‘he on anything else: 


‘The plate postioned 
‘between and 35 metres (10 to 12 fet) above the round and the attachment othe plate also heavy-duty 8 swgeable: 


‘itp s/planetinfowars.comvscienceldont-iet-the-big-energy-corporations-control-your-free-energyris-here 216 


1212612017 Don't let the big energy corporations control you — Free energy is HERE | Planet Infowars 


rhe cables comet othe aluminium plate using a brass ball and nuts 
hich the bilder thinks may be significant, quit part from avoiding any galvanic connection tothe erul. The able then run 
‘ecticaly downoad tothe eral Hor this arrangement a second eating point also used, Ths galvanised ron pipe mete 
tong, driven veteally ito the ground which saturated wth wate. The second earth ia metres away ro the fs cath, 


‘This arrangement provides serious power, enough to cause inhiry to, oF kill a caveleas human, Wh two modules, ll 
light a LED very righty diving to 2.6 volts the LED i removed, then the vege limbs to abot vent vols ad easily 
suet to charge 12V battery or battery bank alhough that takes ine. With twenty modules ab 1V battery canbe charged ee 
ight estinated that with wo hunted modules, the power woud besulflnt to power a house although that has ot yt been 
‘done. It shouldbe borne in miad that each module easy and cheap to make, s arranging fr a stack of them where additonal modules 
‘eam beaded at ate date for more power, an ideal arrangement. The cet ke hs 


‘This cet ook completely mad asthe aerial inp tothe ceuit 
appears tobe dry shor-lreuted by the second eath connection. In pte ofthis, the creat works very well when connected this 

way. Additional modules ean be added without any known Uni, nereased power abe ad by ier rasing the luni plate higher 
ahve the ground, to sy, 10 metres (33 et), oF by sing one ar more addtional aval plates. As you have good aera connected 
vou i very good earth, there has tobe the possiblity ofthe equipment being ity lightning ands its sugested that a 
otectivesprk-gap is iastalled between the aerial and the earth close the rai, so that high-vallagelsuddenly applied tthe 
‘era, the spark gap Wilf ad shua the excess power through tothe earth. Alternatively, possibly better solution it install 
‘stand ght ys a fe metres away ror the ef and a aete of two higher up 0 that forma a more attractive pot for 
AMighmingsteke 


Further experimentation has shown that sering the conection point forthe srl has signifi effet onthe ress the 
‘conection is made at them plat bene the serial plate and the earth coanetin produces a rete ouput: 


‘With this arrangement sage module prduces round yo vl while 
‘he orginal metbod of connecting near the earth was vag about 26 voll wth two tales, 


Dragan Kjic as eon expeaenting with this cru and has started by bulding many of tese module on a printed eat boa he 
this 
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Using two af these boards, raga pling 96 wats 
‘continuously fram hs aval plate. He intend to extend this arrangement much furter buts being hindered a preset by locale 


‘There fru where some bulders of this stem share comments. One comment stat theres a increased risk of ighning ste 
‘where you have an earthed aerial, and sos advisable ot to place the aerial plate inde a house, bt perhaps suspended between two 
ties Also, using cr spark lag connected cross the module set can protect against lightning ses damaging the rely. 
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Review is prepared by Editor Tatiana Ezhova 


This year the annual Inventor's Week-end 
Conference was held on September 19-20 in 
Seattle, Washington. The conference featured 
several interesting inventions, including MEG. 


Bill Alek demonstrated a device that he believed 
could let him detect Vortex-Energy. It was attached 
toa meter, and his belief was that if he walked into 
a naturally-occurring energy vortex carrying the 
device it would show him changes in gravitational 
and other energies, He cited the Vortices in Santa 
Cruz and Oregon as examples that might be good 
for experimentation 


Z-Pod, Bill Alek 


Bill Alek 


In his report “Introduction to Parametric Mass 
Fluctuation - a breakthrough in Energy and 
Inertialess Field Propulsion” Bill Alek presented the 
Z-Pod, developed to test a theory of solid-state 
parametric mass fluctuation. Here is the URL for a 
good overview of the device that he published 
online at www.intalek.com: 


http://www.intalek.com/Index/Projects/ 
SmartPAK/Projects/ZPOD/ 
ZPOD_System03.pdf Rio Von Sternberg 
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Testatika Demonstration (4 August 1999) 


Translation by Stefan Hartmann < harti@harti.com > & Hans Holzherr 


From: Hans Holzherr 
To: Stefan Hartmann 


Recently, over 30 technicians and engineers (most of them retired) were allowed to visit the 
Methernitha group in Linden, Switzerland, where they witnessed a demo of the different Testatika 
machines. 


Here is a report from Hans Holzherr from Switzerland who was present: 
Hello Mr. Hartmann, 
To your questions: > Have you seen live a machine with a load? If so, what load? 


Tam referring in the following to the model with the 50-cm diameter disks. This machine was 
already running when the visitors stepped into the room, and was not halted during the whole time - 
-- we were there for about 1.5 hrs. As a first load a 1000-Watt lamp was connected for 
approximately 10 seconds whose brightness did NOT diminish --- the corresponding sequence on 
the Testatika film is just an effect of the camera aperture's automatic adjusting to the sudden 
brightness! The second load was a U-shaped heating element, that Mr.Baumann handed to me. It 
became so hot within one second that I had to put it down immediately! What was particularly 
impressive was that while he pulled back one of the contact wires (that was with the lamp, I 
believe), a 1-cm long arc appeared between the output electrode and the connecting wire for 
approximately one second. The apparatus was under a plexiglass hood. Near the base it had two 
holes which Baumann used to insert the contact wires to touch the output electrodes. 


How do you think the high wattage is produced ? 
Good question! I'd love to know the answer, too! 
Did the disks slow down when a load was placed across the output electrodes ? 


I did not notice that (nobody else did), but of course you tend to turn your look to 'where the action 
is’ (the lamp ete.) The disks turned with 15 rpm, which is quite slow. The spin rate was regulated 
magnetically. 


What general impression did you have ? 


It was really impressive! One can hardly believe it, with this slow rotation. In any case, this cannot 
be explained in terms of bare electrostatics in the sense of the Wimshurst machine. The perforated 
sheets seem to have a key function... Beside the pick-up and the drive electrodes there are a number 
of small plexiglass blocks with glued-on perforated sheets, whose function is unknown, 


As Adolf Schneider already mentioned, my colleague Bernhard XXX and I want to try to copy the 
principle experiment shown by Baumann --- without much hope to find anything extraordinary, 
though. 


The device consists of a horizontal swiveling plexiglass arm with a small rectangular plexiglass 
plate at both ends glued to the lower side of the arm. The lower side of the arm is covered with 
perforated aluminum sheets (square holes), while the bottom of the plates is covered with brass wire 
mesh, Beneath each plate five additional plates are glued onto the base plate. There is also wire 
mesh between each pair of plates in the two blocks. From the mesh layer between the lowest plate 
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Paul Baumann: Testatka Generator (Motheritha Group) 
and the base a wire goes to the two capacitors, which are connected in parallel . Baumann seized the 
arm with both hands and turned it about ten times back and forth (a full rotation was not possible, 
because the capacitors were in the way), then measured the DC voltage with a digital measuring 
instrument: 60 Volts. Then, as he short-circuited the condensers a loud crack could be heard. I don’t 
know if that already is an abnormal result... 


On my question Baumann replied that with metal foil (instead of wire mesh) the device would not 
produce that effect. 


For more information, Contact: leo@zelator.in-berlin.de 


"Back-Engineered Testatika" 
by 
Paul E. Potter 
http://website.lineone.net/~aarekhu/index.html 
(Copyright 2000) 


That the Swiss Methernitha group's Testatika machine is thought to be based on a Wimshurst 
electrostatic generator, is only a sparse approximation of the truth --- of the great multitude of 
electrostatic influence machines developed around the 1900's it more closely follows the charge- 
separation-and-collection system used by the 1898 Pidgeon machine [note 1] for its electrical 
circuit. 


Its 50-per-disc steel grilles or ‘gitter-grilles' are plainly unique to the Methernitha (see fig.1) but in 
principle follow on from previous research and patents for corrugated sectors which were found to 
be more efficient charge carriers [note 2] than flat ones, and from a similar example in more recent 
times of aluminium rods extending out like wheel spokes from an insulating hub of perspex [note 
3]. 


Another unique function of these perforated grilles attached to the discs is how they induce charge 
from the rotating discs onto the special collecting pads, or 'tasten' antennae keys (which are also 
perforated --- so as to more readily pick up charge); for ina Wimshurst you had conductive brushes 
or rails of sharp points which actually touched the discs or were placed very close to them, but in 
the Methernitha the charge has to be made to traverse a parallel air-gap to the pads and for this, 
purpose the metal gitter-grilles are so designed to create miniature eddy-currents of charged air 
which circulate in and out of the perforated metal’s surface charges, and are more easily bounced 
out to the collecting pads. This process is categorised as VARIABLE CAPACITANCE electrostatic 
generation. 


Careful note needs to be made of how the Methernitha uses its basically Pidgeon setup with regard 
to its neutralising rods (that equalise and stabilise the opposite charges ~- see fig.2), and how 
charges are picked up from one area and accumulated at others, so that the polarities of charge are 
distributed correctly to specific areas on both discs [note 4]. 


And although there have been some fanciful claims, or misinformation, that it uses all sorts of 
radioactive materials to achieve its pulsed output I most strongly believe that the auxiliary 
electromagnetic circuit, that wraps itself around the rotating discs, portrays a simple electronic 
approach; afterall, who would use radium radioactive emission alongside leyden jar capacitors ! 
Indeed, the more you look into certain elements of its construction the more they point to three main 
eras of electronics development, the 1900's, the 1920's and the 1950/60's. The authentic Methernitha 
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was designed and developed by purists who believed they had discovered a previously unknown 
electronic phenomenon, but they wanted to keep an integrity to the early pioneering days of the 
Pidgeon, Wimshurst and Holtz electrostatic machinery; they would not use such modern devices as 
transistors or IC chips (more's the pity) --- but they do use some pretty uncommon electronic 
engineering in their circuit [note 5]. 


Obviously, the electronics are in two parts; one --- the electrostatic generator and its particular 
technologies of how to direct what charge where, and two --- the very unique auxiliary 
electromagnetic circuit of inductances, capacitances and rectification that mobilises that 'static’ 
electricity. To understand how they convert static energy into an electromotive force you would do 
well to go back to the earliest years of radio, From the pages of spark radio you soon appreciate just 
how important oscillation circuits and their valve rectifiers were, and moreover, how difficult it 
proved to engineer them. For although radio transmitters and receivers from the 1900's used 
resonating circuits their oscillations were controlled by sparks between two contacts and, of course, 
they were relatively inefficient. Not until the 1920's did the first electric current oscillations become 
an observable controlled phenomenon when someone coupled a rectifier valve, a capacitor, and a 
resistor together [note 6]. The early 1920's also saw the best era of experimentation and invention 
for novel devices that turned static energy into useable electromagnetic energy; it was in a 1921 
patent that we see a German physicist Hermann Plauson describe in great detail his methods to 
convert static power, not only from rotary influence machines but also from balloons collecting 
atmospheric electricity up in the sky; and by using thermionic rectifiers, leyden jar capacitors and 
inductor coils he proposed a free-energy network that was to power the whole of Germany [note 7] ! 
The thermionic rectifier valve heralded a new era for radio and high voltage physics, and as it was 
then subjected to such a broad array of experiments and modifications to improve its efficiency so it 
paved the way for all sorts of new avenues in electronics. Indeed, with such a technical catalogue of 
similarities with what we sce in the available photographs of Testatika it can be assumed without 
doubt that the horizontal glass tube which sits on top of the Methernitha machines is exactly what a 
home-made vacuum thermionic rectifying valve would look like; with its internal anode mesh-plate, 
surrounded by a coiled copper grid, fed by a glowing (heated) cathode wire running horizontally 
across its centre and capped by two black end-pieces, which are too big and bulbous to be mere end- 
caps and must surely be black rubber vacuum seals to seal the glass tube and the input/output wires 
[note 8]. 


With such a rectifier, some induction coils, and some leyden jar capacitors you have a circuit that 
oscillates, and that's what has to happen with a Methernitha, the electromagnetic circuit has to 
oscillate for it to work, and then the oscillations have to be rectified (or even modulated) so that the 
resulting single-pole pulses can be channeled through the big cans, which are basically high- 
efficiency transformers, and outputted as reduced voltage higher current DC pulses (see fig.3). 


The precise components used to oscillate the primary oscillating circuit are, I believe, not to be seen 
in any of the available photographs, but there are various hints for their approximate whereabouts 
on the machine. Firstly, according to electronic design there should be a capacitor and coil 
configuration in close proximity to the rectifier. Well, from the picture "3K WREAR" can be seen 
the two long upright tubes which, according to those who have seen them first-hand, comprise a 
spirally turned aluminium strip (which indicates they are chokes [note 9]) inside a glass tube, inside 
the same sort of outer shielding that the big cans have (which indicates they are electrostatic 
shields), inside yet another glass tube, and are terminated at the top with a brass connecting rod 
which does a right-angled turn and passes into the side of the tower --- but only two-thirds up the 
height of the tower. These two assemblies must form a connection to the rectifier, because the 
rectifier is at the top of the tower, so why don't these electrostatically sensitive tubes extend all the 
way up to it ? Again, from the photographs of the rear and front of the Methernithas there is a wire 
that comes out of the tower's side wall at about 4 inches above the upright’s brass terminals and this 
wire then passes through a short black tube and on to the rectifier valve. This, of course, would 
happen on both sides of the tower, enabling a connection to both ends of the rectifier. But why have 
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this 4 inch gap of connections at the top of the tower ? Something is placed inside the top of the 
tower in this intermediate space which is very necessary to the circuit, and I think it must be the 
location of the capacitor/inductor configuration to oscillate the circuit. This (fig.4) is how I would 
see the inside of the top of the towers [note 10]. 


I've seen some of the patented inventions that rotate discs --- by using magnets (i.e., H.Rosenberg’s 
permanent magnet excited rotational machine, US Patent # 3,411,027 ), and by utilising inscribed 
metalised discs (US Patent # 3,239,705 for instance), but there simply isn't enough room for these to. 
be located in the Methernitha disc setup --- also, you don't want to interfere with the ES fields that 
zip around the revolving dises: From the reports of those who have seen the small machines 
working it appears their dises were rotated by small DC electric motors after they were hand- 
started, some re-wound with thinner wire (to presumably increase their torque) and powered 
directly from the dises' generated electricity --- but I have also seen how two discs can continue to 
rotate simply by careful placement of curved electrodes [note 11] which would act on the charges 
on the discs --- like the 3kw Testatica Distatica generators. 


After reading through the many early accounts of electrostatic rotary machines, and some of the 
more recent ones, you can't help but be puzzled by the Methernitha’s incredibly low rotational speed 
of just 60 rpm (and in the 1999 engineers report as low 15 rpm !). Most other early experimenters 
boasted up to 3000 rpm. J.G.Trump in his work on high voltage generation in space [note 12] spun 
his rotary machine at 10,000 rpm (to produce 433 Watts at 24 KV no less). One reason for this low 
speed might be to do with the close proximity of the 50 lamellas (gitter-grilles) on the discs at their 
inner ends, they are very close together, I think too close. Air, normally an insulator, breaks down 
and conducts at around 25-35 KV (this figure has been fairly constant from day-one of electrostatic 
machine experiments right through to the present day --- because air has a breakdown field strength 
of 3x106 volts/metre) and short-circuits the circuit. I feel that because this design of grilles is prone 
to short-circuiting at high voltages the Methernitha people have limited their rotational speed so as 
to ensure a low operating voltage --- of what I'd guesstimate to be only 12 to 24KV. 


But, is this a waste of extra potential ? Not necessarily, for I don't think that the main power output 
comes solely from what the two counter-rotating supply. 


There is, I believe, a far more important power generator --- the electron cascade generator, and the 
Methernitha has two of them, held inside the two horseshoe magnets, and providing the circuits to 
the magnets are made to oscillate at the right frequency at a high enough voltage then these 
metalised-perspex laminated blocks can enmass A MUCH LARGER AMOUNT OF 
ELECTRICITY THAN WHAT IS PUT INTO THEM. 


This, pethaps, is the previously unknown electronic phenomenon that the Methernitha group have 
so zealously been trying to protect against unscrupulous entrepreneurs. But I would say that this 
copious supply of free energy is already known to the world -- it is not readily available - and its 
principles are not fully understood, as yet, but it is known about. 


As the descriptions say (on the Testatika website), between the horseshoe magnet legs are four 
blocks of transparent ‘plexiglass’ type material alternated with copper and aluminium plates (that 
may or may not be perforated), in the sequence c-p-a-c-p-a-c-p-a-c-p-a (also see fig.6). And 
according to the Linden Experiment, where Paul Baumann induces a resonance of about 80-140 
MHz in a coiled horseshoe and then has an aluminium-insulator-copper block moved between the 
horseshoe legs, a voltage could be taken off the plates of the block which measured 700 volts (DC 
presumably) [note 13]. This incredible phenomenon has never been replicated by any ‘outside 
researcher, and is said to be the basis by which the Methernitha machine could be understood how 
to work [the clue, possibly, to this Principle Experiment may be variable-capacitance and dielectric- 
absorpsion].. 
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But what, I hear you say, is an electron cascade... Well, it was only by chance, very recently, that I 
happened to listen to an audio tape by a Dr. Flanagan about crystal water; when I switched the tape 
over after the end of side one Dr. Flanagan then began talking about an electronic configuration that 
applied a high frequency, high voltage alternating field across an insulator --- that created what he 
called an electron cascade effect --- Yes, I thought, here is the answer to the Methernitha Machine. 


The electron cascade or avalanche effect is where air molecules are accelerated to the device at such 
a high velocity that they collide with other molecules and atoms in the air to liberate new electrons 
which in turn also collide and liberate even more ‘free electrons’ from other air molecules (see 
fig.5), all of which become accelerated by the electric field, and an avalanche of electron- 
multiplications progresses throughout the whole immediate environment [note 14]. It's a chain 
reaction, and an entirely safe one, it happens in a more ferocious way in lightning strikes, and is a 
natural phenomenon. And, as in this case, the environment actually becomes part of the circuit [note 
15] because the process is actually negatively-ionising the air surrounding the Methernitha 
machines, and that is why those who have been near these generators when working say the air 
around about them is cool and fresh [note 16]. 


In view of the fact that it's designers have chosen to wind insulated wire (which may or may not be 
bifilar) around the horseshoe metal it is likely that the horseshoes are used for some form of 
induction (note 17], it would also be very possible to draw directly from this part of the circuit the 
extra electric current produced from the electron cascade blocks, with suitable connections that 
might lead downward into the wooden base (where it is believed that an alternate layering of 
perforated metal plates and insulating plates - making up a large high-voltage storage capacitor - is 
located). This power could then be discharged as a pulsed output of high wattage, especially if the 
final output part of the electronic circuit is configured as a Pulse Forming Network of multiple 
sections of inductor / capacitor combinations [note 18]. 


The two big cans at the side, the big capacitors, are probably not highly technical (see fig.7), once 
the fundamental formula has been decided upon all models of a Testatika generator would follow a 
similar construction process. The written descriptions are a little contradictory but they seem to 
suggest a central input rod, or tube, connecting at the bottom of the cans to a stack of inter-linked 
pancake coils, that are wound secondary-outside primary-inside, fitted around a core of 6 hollow 
donut-ring magnets stacked in such a way with plastic spacers as to allow air gaps between them, 
and then finally the output of each can is a connection from the top coil of the secondaries of the 
pancake coils to a brass ring around the centre of the black plastic top lid --- and from the 
photographs can be seen a large diameter wire or tube [note 19] connecting that polarity’s output 
terminal to the top lid's brass ring via a brass screw terminal. I would suggest that the ring magnets 
(of anistropic ferrite perhaps) are gapped in this way to prevent the magnetic flux fields of the 
pancake primaries co-joining as one sprawling field, because it would be more advantageous, and 
safer, to have each separate pancake'’s magnetic flux cut it's own adjoining secondary coil, and 
divide the secondary output voltage into smaller amounts of potential, thus depending less on 
complicated insulating procedures that accompany high voltage single primary / single secondary 
transformers. 


The use of aluminium mesh and solid copper sheeting is commonly used in electronic construction; 
the outer aluminium mesh cylinder would be used to shield stray electrostatic charges, and the solid 
copper cylinder is to shield the large amount of stray electromagnetic fields produced by the 
transforming process from high voltage/low current to lower voltage/higher current [note 20]. 
Obviously they don't want field contamination taking place between the sensitive electrostatic 
generator and the transformers. 


Within these two outside shielding-cylinders are ‘grid condensers’ which, according to the 1999 
report by the 30 engineers, can be as many as 20 layers of perforated sheet (presumably as 
concentric cylinders) - which I have indicated (in fig.7 for instance) as being electrically connected 
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BETWEEN each separate secondary winding - in the fashion of an old discovery from the early 
days of wireless telegraphy and based on the ‘disruptive discharge coil’ devised by Nikola Tesla, that 
such a condenser connected in the center of a secondary coil collects the maximum amount of 
voltage created by that secondary. This configuration of one condenser inside another inside another 
etc etc, has a striking similarity to the layout of a pulse forming network [see note 18]. 


In the red wired can the transformer is wired to output negative, and the blue wired can's 
transformer is wired to output positive polarity. Special note should be made of a similar 
arrangement for divided primary / secondary windings devised by Van de Graaff in his ‘High 
Voltage Electromagnetic Charged-Particle Accelerator Apparatus Having an Insulating Magnetic 
Core’ [note 21] with respect to magnetic reluctance gaps. 


Whilst it has been said that the clear perspex disc was designated the ‘cloud’ disc, and the (rear) dark 
disc the ‘ground’ disc I would think this relates to different types of acrylics or plastics that might 
become charged to different polarities, as in the triboelectric series, where frictional charging of 
different plastics --- and then bringing them close together, might cause donation or acceptance 
from one to the other; I would think from the above that cloud represents a donator (positive charge) 
and that ground must mean an acceptor (negative charge). Has anyone tried the combination of a 
teflon disc (extremely negative charge) with a glass disc (highly positive charge) ? 


Or discs doped with paramagnetic particles perhaps [note 22] ? 
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Back-Engineered Methernitha --- Notes 


Note 1 -- For more information on the Pidgeon machine see "Electrical Influence Machines" by 
John Gray, 1903 p. 206 & "Philosophical Magazine" Dec 1898, p. 564, and of course the Pidgeon 


patents. 
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Note 2 --- See "Modern High Speed Influence Machines" by V.E. Johnson, 1921, p. 76. Johnson 
was not only a researcher of electrostatic machines but was also an innovative constructor of them, 
and as such was keen to try any technique that made his generators more powerful than even the 
specialised Wommelsdorf multi-dise condenser machines. This book is an absolute must for those 
who wish to work in this field. Another ‘must’ is the website of Antonio Carlos M. de Queiroz ( 
http://www.coe.uft.br/~acma/electrostatic.html ) which is absolutely full of information about (and 
with links to) present-day developments in electrostatic machines. 


Note 3 --- See "Self-Excited, Alternating, High-Voltage Generation Using A Modified Electrostatic 
Influence Machine” by M.Zahn, et al., American Journal of Physies, Vol 42 (1974) p. 289. 


Note 4 The Methernitha designers have taken a basic Pidgeon electric field system and added a few 
modifications of their own, partly to lock a certain polarity of charge to a certain area so as to 
stabilise it, and also to boost certain areas with charge. As in their use, for example, of an extra field 
plate located at the top-centre in front of the front disc (just under the rectifying valve), note also 
that this plate, or antennae key, is indirectly coupled to the rest of the circuit, via a coil setup. Much 
the same occurs with the two plates slightly below it, these plates are connected to a brass terminal 
which connects to a copper wire that goes down and winds in a coil shape around a hollow plastic 
tube, and inside the tube will be another wire or small coil that draws off the electric charge. So 
these three plates are using not direct connection but induction to get their charge. 


By looking at how each of the photographed machines have been constructed you can 
see that these are high quality crafted structures. I would think each would start off as sub- 
assemblies fitted together by pairs or small groups of members, those sub-assemblies of wooden 
base, big cans, perspex framework, discs with bearings and axles, when completed would be passed 
on to the electrical engineers of the community who would then fit the wiring connections, vacuum 
tube rectifier and make sure that not only did they work but that they looked like a work of art. 


Note 6 --- The Fleming valve had been around since 1905 and while it progressed to the thermionic 
valve and audion, by 1922 the ‘Pearson and Anson Effect’ was discovered whereby oscillating 
currents could be produced with a resistor, capacitor and thermionic valve coupled together. 


Note 7 --- See US Patent 1,540,998 (9 June 1925) Conversion of Atmospheric Electric Energy by 
Hermann Plauson. He also wrote a book of the subject titled "Gewinnung und Verwertung der 
Atmospharischen Elektrizitat" in 1920 in German (which is currently held in the British Library). 


Note 8 --- Whilst some have seen the smaller 300 Watt machine’s discharger/rectifier quite open 
and not encased in a vacuum tube the vacuum tube models would be much more efficient and 
would waste less current, Also, the rectifier tube must have a heated filament (which on the 3KW 
machines can be seen as a glowing line running the whole length of the grid and coil assembly 
between the two black end caps, and in the films you can see faint flashes coming from behind the 
rectifier so possibly the filament is wrapped around the other side of the grid/coil assembly as well). 
Coolridge, back in the 1900s, discovered that no discharge from the cathode to the anode would 
occur, even at 100,000 volts, unless the filament was heated (Physics Review, Vol. 2, Dec 1913, p. 
418). Aluminium mesh will give off electrons quite readily and can be used as a cold cathode --- but 
a heated cathode offers the advantage of being able to control the oscillations. 


Note 9 --- The two long upright tubes are without doubt choke coil assemblies in precisely the right 
place to slow down the current where it gets oscillated and rectified. In a choke the higher the flow 
of current the greater will be its resistance to that current flow. An even better form of choke will 
have some form of iron core inside it. 


Note 10 --- I have come up with 6 different circuits for this oscillation section, some of which 
include small quartz crystals. (See notes 13 and 16 on frequency of oscillation). The black dial at 
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the rear of the 3kw machine is most likely to select a variety of capacitances so as to control the 
oscillations of the circuit, which in turn control disc rotational speed. 


Note 11 --- The phenomenon of electrostatic motors has been well researched over the years (see 
“Electrostatic Motors" O. Jefimenko in "Physics Teacher" Vol. 9, March 1971, p. 121-9, and in 
“Electrostatics And Its Applications" by A.D. Moore (1973) p. 131-147; "Electrostatic Motors" by 
B.Bollee in "Philips Tech. Review" Vol 30 (1969), p. 178-194). The Methernitha Testatika 
generators (see a recent report by 30 engineers) auto-rotate, after they have been started by hand, by 
the same principles of these ES motors. 


Note 12 --- J.G.Trump worked for the US Air Force and pioneered some highly efficient 
electrostatic machines around the 1960’s (see" Electrostatic Sources of Electric Power" in "Elec. 
Eng." 66:525, June 1947; and "High Voltage Generation in Space:The Parametric Electrostatic 
Machine" in "Progr. Astronaut. Rocketry" (vol 3 --- Energy Conversion for Space Power) 1961 
p745). 


Note 13 --- Although the ‘Linden Experiment’ was thought to register a frequency of 80-140 MHz 
this does not necessarily mean that the Methernitha generators would oscillate at that rate also. Such 
a frequency seems unnecessarily high. 


Note 14 --- See "Plasma --- The Fourth State of Matter" by D.A. Frank-Kamenetskii (1972) pp10, 
and Dr-Patrick Flanagan’s US patents 4,743,275 (May 10, 1988) and 4,391,773 (Jul 5, 1983). 


Note 15 --- The effect is very similar to the converging forces in a non-uniform field, the oscillating 
perspex blocks become one ‘electrode’ and the surrounding air in the room becomes the opposite 
“electrode”, and by the processes of electrophoresis and dielectrophoresis the electrically charged 
particles in the air (the electrons and negative ions) are drawn toward the central electrode, which in 
this case is the perspex block assembly (see "Nonuniform Electric Fields" by Herbert A. Pohl in 
"Scientific American" (Dec 1960) p. 107-8). | am much more inclined to believe that the ingenuity 
of the design of these types of machines comes from physicists and not electronic engineers. 


Note 16 --- Dr. Flanagan actually uses the electron field generator in his own special ionizer (see 
Method of Purifying Air and Negative Field Generator US Patent 4,391,773). 


How does an electron cascade generator work, I would think that while you have an alternating 
electron movement (and Dr. Flanagan reckons this effect occurs with a high voltage field alternating 
at above 20 KHz) at the metal electrodes, the perspex blocks sandwiched between them would 
transfer the electricity not through their mass but around it, as surface charge --- actually in the layer 
of air right next to the insulator’s surface. Its the same principle as dielectric absorption - the 
perspex blocks don't discharge themselves fast enough to keep up with the alternating voltage and 
so they accumulate more and more charge --- until it forms as a layer of charge on the insulator's 
surface. This means that at a high enough frequency the surface-air molecules polarize, with the 
more mobile electrons separating from the slower bulks of those molecules and while the electrons 
get thrusted back and forth a secondary layer of (slower) positive air ions develops, and so on, and 
the process of high voltage high frequency polarization triggers the electron avalanche effect. 


In the event that the perspex blocks are indeed ELECTRETS (as free-energy researcher Geoff Egel 
and others suggest) I would think that they would work in a similar fashion to the above process, of 
dielectric absorption that charges up the blocks before they produce the cascade-effect. Because in 
the electret the electrons charged into the perspex/plastic, and the positive ions, would still be 
manipulated by the reversing electromagnetic field in such a way as to orientate (as with dipoles) 
back and forth, to eventually reach the point (if the whole circuit is tuned properly) where they 
would attain resonance with the immediate air surrounding them. And if this effect is similar to an 
inductance then possibly a back-emf will result also, to increase the output voltage. Either way I 
believe the effect will still be an electron cascade through the environment and the product of this 
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oscillating output (at the blocks) could similarly be drawn off and accumulated in the multi-layered 
base capacitor network. 


I would suggest that a test program to find the best type of blocks would be; One -~ try different 
types of plastic/acrylic/ceramic materials for the blocks. 
‘Two --- try different methods of electrifying the plastics (as with electrets). Three -- try plastics 
doped with semiconducting particles. Four - try plastics doped with paramagnetic particles. Five - 
try hollow plastic blocks containing an electrolytic fluid. More information on plastics will be found 
on the Electret vs Dielectric Absorption Page. 


Note 17 --- There are several definitions of Bifilar, one where the wires cancel out their magnetic 
fields, and one where the wires are wound to ensure a tight low-loss magnetic flux coupling, in this, 
case you need all the magnetic flux you can get so it must be the latter --- See "Transformers For 
Electronic Circuits" by Nathan R. Grossner (1967), p. 224 ete. 


Most commonly used magnetic metal is Mumetal, which is an easily saturable magnetic material, 
routing magnetic flux through it rather than in the surrounding air, so as to enhance the mutual 
induction between the two coilings of red wire around the horseshoe legs. 


Note 18 --- So that the machine's output voltage doesn't drain away when it is connected up to a 
large load, what is needed here is a Pulse Forming Network (or artificial delay line). "Such a 
network is an improvement on simple capacitor storage because of the cascading action from one 
capacitor to the next along the chain. At the beginning, all capacitors are charged to the same 
voltage but as soon as the first one starts to loose voltage, the one behind it is then free to discharge 
into it. This topping-up action, which trickles down the network from capacitor to capacitor, is the 
mechanism by which the voltage across the output terminals tends to hold onto its original level." 
(see "High Energy Discharge Systems" A.P.Stephenson, Electronics Today International, March 
1992, pp. 24-26). 


Note 19 --- When voltage of a high potential and high frequency flows along a wire it does so on 
the outer surface (called the ‘skin effect’) and so the Methernitha would use thick wiring or even 
1/8" tubing to connect its circuit. 


Note 20 --- Two references for shielding ar 
Vol 11 (1938), pp. 20-22; and "Measurements 
& p. 34. 


"A Shielded Loop" by S. Goldman in "Electronics" 
in Radio Engineering" by F.E. Terman (1935), p. 218 


Note 21 --- For information on maximum voltage in the center of a secondary coil see "A 
Handbook of Wireless Telegraphy” by J. Erskine-Murray (1913) p. 42; and an article called 
"Dielectric Hysteresis at Radio Frequencies" by E.F.W. Alexanderson in "Proc. LLR.E., Vol. 2 (June 
1914) p137-157. For Van de Graaff’s transformer see US patents 3,323,069 (May 30, 1967) and 
3,187,208 (June 1, 1965). These patents were not just for a Van de Graaff high voltage generator, 
they were for a special system devised by Van de Graaff long after his generator had been in use to 
convert static electricity into current electricity. This system may be a little too complicated for the 
Methernitha but, nevertheless, the principles he used for multiple primary / secondary windings may 
be of some interest. 


Note 22 --- Dr. Flanagan modified his insulator blocks, made of resin, by doping them with 
paramagnetic granules (such as silicon carbide) to enhance even more the electron cascade effect; 
which is an idea that the physicist Thomas Townsend Brown first experimented with (by using lead 
oxide granules) in his US Patent 3,187,206 (June 1, 1965) to good effect. The surrounding air could 
also be ‘enhanced’ in similar fashion to polarise it's electric charge and improve its side of the 
performance (for those interested in the ‘physics’ of this see an article by W.A.Douglas Rudge "On 
Some Sources of Disturbance of the Normal Atmospheric Potential Gradient" in Proc. Royal Soc. 
A, Vol. 90 (1914) pp. 571, ete). 
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Rio Von Sternberg was presented as the original 
inventor of the MEG. He apparently has a patent 
on the device; however, from his presentation I 
understand that his configuration is somewhat 
different than the model that J.L.Naudin and 
TEBearden have been experimenting with, 


Alexander Peterson had a very interesting 
presentation on optical-mirror magnetic field 
systems. The crux of his presentation involved 
cutting precise notches into magnetic coils to 
separate them into identical optical-isomeric 
shapes. Apparently, by cutting a thin line directly 
down the center of the transformer-core is believed 
by Peterson to increase the efficiency of electric 
motors by up to 50%. 


Alexander Peterson 


Mark Plotkin, a well-known Washington DC 
attorney also took part in the conference. He is 
interested in new energy technologies and works 
with new technologies in collaboration with Mark 
Whitford at www.awetec info. The photo of Mark 
shows him rotating a steel coil apparatus that was 
passed around the conference by Slim Spurling, 


Mark Plotkin 


Slim Spurling is an inventor from the Southwest, 
shown holding a helical-wound coil that he claims 
provides health benefits through an interface with 
zero-point energy. Spurling's belief is that this 
specific circumference of the coils provides a 
"Casimir-like Effect" that concentrates the energy. 


Donald Smith 


Note: Donald Smith, a well-known inventor, also 
took part in this year's conference. His work is 
described in more detail in a separate article of this 
issue, 


Full information on the conference and 
reports is presented at http:// 
ionvalve.com /iw/2003/ 
conference2003.htm. 
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Note 23 --- Some other generators with similarities to the Testatika machine are the "Electrostatic 
Energy Field Power Generating System" invented by William W. Hyde (US Patent 4,897,592 of Jan 
30, 1990) is a rotor/stator variable capacitance machine capable of producing 300 KV. Other such 
generators are; "Parametric Electric Machine" invented by Ferdinand Cap (US Patent 4,622,510 of 
Nov 11, 1986) which has a series resonant (LCR) circuit structured into it so that it oscillates -- and 
indeed operates AT RESONANCE to ensure a high output; "Electrostatic Generator" invented by 
Dan B. Le May, et al. (US Patent 3,094,653 of Jun 18 1963) is a very ingenious system of variable 
capacitance; the "Electrostatic Machine" by Noel Felici (US Patent 2,522,106 of Sep 12, 1950) is a 
good standard which utilizes a valve rectifier; and the "Electrostatic Generator" by William S. 
Spencer (US Patent 1,415,779 of May 9, 1922) is an early rotor/stator generator which transferred 
its electric impulses through a transformer to produce a higher current output. 


Fig.2 


/' Pidgeon (configured as 
Metherritha machine) 


Wimshurst machine 
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| In the Testatha-Distatiea Video has. "By means of gri-condensers the energy is stored and ftlsthen unfermly discharged, 
atthe same time reducing the higvoleage and bullng up power with addtional devices" 


"Principle Experiment" 
by 
Paul E. Potter 


With respect to the 30 engineer's report (of 1999) the ‘principle experiment’ was set up in such a 
way (see diag 1) that by swivelling the cross-piece over two other plexiglas blocks a current was 
transferred into two capacitors. Possibly when someone grabs hold of the swiveling cross-piece 
they transfer some static electricity from their body to the grilles of the cross-piece which, when 
vigorously turned back and forth will 
below them attached to the base. This may either be because anyone walking over a carpet or 


ite a transfer of electric charge to the two stacks of blocks 


wearing man-made fibres will already hold thousands of volts of electrostatic charge - which will be 


enough to ‘prime’ this apparatus after touching it, to get it to work, much the same as when a 


rotating influence machine has to be primed with an electric charge before it will work: or, as many 
researchers have surmised already, that the plexiglas blocks glued to the swiveling cross-piece had 


been charged up with electricity as an ELECTRET. 
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The use of mesh around the cross-piece guarantees a variable capacitance to the moving arms 
and as these are moved quickly over the base blocks (again, alternated with mesh and Plexiglas) an 
amount of electric charge will be transferred to them EACH TIME the arms go backward-and- 
forward over them, Electronically, you have one variable capacitance acting upon another variable 
capacitance - which is why Baumann said that if metal foil were used instead of the mesh it would 
not produce the same effect. 


What happens next is called "dielectric absorption", and the following extract, from "Dielectrics" by 
P.J.Harrop (1972) pp71, will explain; 


"When a given dielectric {i.e., plexiglas] has a field put across it, and this field is then removed, the 
electrodes are briefly shorted out (not enough for all the ions and particles to relapse back) and the 
device left on open circuit one finds subsequently that it has partially charged up again. 


This is due to the slow-moving charge carriers remaining in position. It can be a frightening 
phenomenon with practical dielectrics since a person who has briefly discharged a charged insulator 
may subsequently touch it and be severely shocked.” Some dielectric materials being more prone to 
this effect than others, and so obviously some experimentation will be needed to choose the best 
perspex, plexiglas, plastic, or acrylic materials so as to take the most advantage from this dielectric 
absorption effect. 


Once the blocks are being charged up the electric charge simply flows into the two interconnected 
capacitors and accumulates. 


Principle Experiment 
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Linden Experiment ~ 


‘A look at the only available diagram of the Linden experiment (see diag 2) shows a horseshoe 
‘magnet coupled to what seems to be a closed-ended wire. It can also be seen in this diagram that the 
wire coils around the magnet are sufficiently spaced apart so as to provide capacitance (between 
each coil of the wire) in the circuit. So, with capacitance, coils (for induction), and magnetic flux, 
you have all the ingredients needed to make an oscillating circuit - provided there is a supply of 
voltage and some sort of interruption mechanism - then you have @ circuit that will resonate, And 
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Paul Baumann: Testatka Generator (Mtheritha Group) 
this leads us back to that oft repeated question --- is the block used in the Linden Experiment an 
electret. The first person to PUBLISH how they have duplicated this experiment will be the one to 
answer that question... 


But there is something wrong with this diagram --- the resonant frequency of this simple circuit — 
depending only on the values of inductance and capacitance included in the circuit would 
consequently enable it to oscillate at only a few kilohertz at best. No circuit of 
capacitance/inductance can be made to resonate at such a high frequency as claimed, not even if it 
included any form of quartz crystal. If, as the diagram says, it resonates at 140 MHz then there must 
be a Lecher wire system (the running of two conducting wires in a parallel line, about a foot apart or 
less, for several feet) to make it resonate at such a high frequency. It would seem to me also that a 
required modification of the Linden Experiment diagram would be to put a different metal into this 
circuit where the wire is said to be "closed-ended", say for instance a zine plate, then there will be a 
contact voltage established between the copper wire and the zinc plate. Such a voltage would start 
the circuit resonating, for the reasons stated above. 


And as with the Tini setup if block comprising two metal plates separated by a suitable dielectric 
material (such as plexiglas) is placed in an oscillating electric field the electric charge on the metal 
plates will permeate into the dielectric, and for the same reasons as detailed above in the Principle 
Experiment, will temporarily accumulate voltage because of dielectric absorption. As I have already 
said elsewhere there is a great similarity between the phenomenon of the Testatika horseshoe blocks 
(and the Tini setup) and the principle behind Patrick Flanagan's Electron Field Generator which 
energizes an electron cascade mechanism throughout the immediate environment. 


Geoff Egel (1997) — http://www2.murray.net.au/users/egel ~ 


Rectifier Circuit ~ 
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The rectifier forms the basis for Testatika’s operation 

For whilst the LC circuitsL*, VC’, UPR#, UPR® and C' set up 
oscillations from the generator’s high voltage output the 
rectifier controls the osaillationsto provide positive de pulses 
(which are then directed through a step-down transformer 
BP'BS and BP"BS9), to supply power 

ata higher current rate and lower voltage. 


single filament 
rectifier 


Unidentified European Report ~ 


"Believe or Not, Here It Is!" 


The first really running "free energy" machine coming from Switzerland, Europe. It was developed 
over a 20 years Research period by a religious group called: METHERNITHA. This group lives in 
CH-3517 Linden, Switzerland. The inventor of this superb machine, Mr.Paul Baumann claims, its 
running principle was found by studying the lightning effects from nature. 


And here are the facts : 


* Testatika is an influence-type Wimhurst machine which runs on it's own energy, once started by 
counterclock revolving it's 2 dies by hand !!! 
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* Testatika not only runs on it! own energy, but produces also a huge amount of excess power, at 
least 3 KWATTS of power! That is enough to supply a one-person apartment with one machine! 


* The machine you see during this demo-animation is only about 70 cm wide, 40 cm deep and about 
60 cm tall ! 


* It delivers DC-Voltage ranging from 270 til 320 Volts, only depending on the dryness of the air! 
At this voltage it can supply at least 10 Amperes of DC-current ! 


* Testatika is not a perpetuum mobile, but an energy machine that collects it's huge amount of 
"FREE" energy from the charged and ionized air particles. But there are still some technological 
tricks implemented to overcome the normal drag-resistance of a conventional Wimhurst machine, 
which is still the secret of the Methernitha group 


When will this technology be available for everyone? 
The Testatika machines, (there already exists also some smaller units which only deliver about 200- 
300 Watts) are not yet mass-production type models! They are still laboratory prototype units, 
although they are build with a very good craftmansship ! 


For more info contact directly: 


METHERNITHA, CH-3517 LINDEN, Switzerland 
TEL.-Nr.: ++ 41 31 97 11.24 


The pictures are from some photos and from a video-tape Methernitha sells. It shows the machines 
(also the smaler ones) and explains also Methernitha’s spiritual aims. The tape has a running length 
of about 40 minutes and is really worth looking at it! It is also available in 

VHS-NTSC and American language. It also shows Methernitha's earlier research developments like 
huge wind generators. 


With the Testatika there is no fraud, hidden batteries or any other hidden energy source. It is really 
running! They already have the technology of ten years ahead! No more oil, no more pollution, no 
more atomic waste products, no more hunger in this world! This is the machine the mankind has 
dreamed about for centuries. Now it has come true! 


More information about the Methernitha machine is also available in the German magazine RAUM 
& ZEIT, issue Nr.40 (8). 


Jean L, Naudin Labs (4 February 1998) ~ 


"Testatika Generator and Over-Unity" 


by 


Having read Nelson Camus’ article purporting to "explain" the Testatika over-unity generator 
(http://members.aol.com/overunity2/nelson/testatic.htm), I am of the opinion that the real 
explanation is hidden amongst the 19th century electrical mumbo jumbo which makes up much of 
the machine (Leyden Jars, Horseshoe Magnets, Wimshurst Generator and so on). From the 
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description of spiral-wound foil capacitors containing radioactive material and placed within current 


carrying coils it strikes me that perhaps the real energy comes from Beta particles (fast electrons) 
absorbed into the electrical circuit. 


To extract energy from Beta particles it is not just enough to capture them. Clearly this will result in 
a current flow according to the capture rate, but current by itself is not power. The kinetic energy of 
the particle must be captured and this will result in potential difference or voltage. If a Beta particle 
enters a thin foil conductor normal to its surface and is captured, then the potential difference 
associated with giving up its kinetic energy can be expected to occur across the opposite faces of the 
foil. If however the Beta particle were turned so as to enter at a shallow grazing angle to the surface, 
not only would the probability of capture be increased (since the particle will travel further within 
the material) but the potential difference will occur along the length of the foil. Beta particles 
travelling even at relavistic velocities can be turned within short distances by relatively weak 
magnetic fields, so the concept shown in the following Figure suggests itself. 


Magnetic 
Field 
4 


Beta 
emitter. pc 


Output 


Thin Foil 
Conductor 


Methernitha Statement of Purpose ~ 


"The Research Work of Methernitha in the Field of the so-called Free Energy" 


Ever since the foundation of Methernitha there existed a department for research, development and 
electronics, which was concerned with the problem of alternative energy sources, namely with 
technologies, which were suited to exploit the inherent forces of nature and thus to unlock sources 
of energy without disturbing natures ecological balance in any negative way. Any technology man 
invents should serve him in short as well as in long terms, and this condition is not fulfilled as soon 
as it opposes nature in any way. 
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This team of research within Methernitha works completely autonomous and is financed out of the 
co-operatives own resources, without any outside support. 


The efficient utilisation of wind energy was one of the first objectives of Methernitha’s research 
program. At the beginning generators with special excitation were developed, which allowed to load 
the cells of accumulators even at low RPM at times when there are only moderate air movements. 


Utilising the kinetic energy of water currents was another field of interest of the development team, 
but it was pursued more as hobby. The key problem was here to transfer the slow revolutions of the 
waterwheel to an extent that the excitation threshold of the generator could be surpassed by a 
minimal loss of energy. 


Also solar cells and solar heat collectors attracted the attention of our researchers since a long time. 
But since in these fields other institutions have attained outstanding results, Methernitha started, and 
this was already more than 30 years ago, to concentrate its efforts on lesser known and even 
generally unknown sources of energy. The result of this scientific work is the Thestatica machine. 


The question arises: How it comes, that Methernitha, nothing more than a private organisation, 
could invest so much time, engagement, perseverance and financial resources in this kind of 
research. 


Research and development are integrated parts of the general idealistic concept of Methernitha. To 
make you understand these ideals and goals, we will now introduce you into the practical sides of 
this spiritual community Methernitha, as it functions as a co-operative of people, living and 
working together. 


Linden is a calm village of farmers just as dozens of others in the region of the valley called 
Emmental. However Linden is also the home of a special form of human life, which is capable of 
attracting more and more people from all over the globe, and which has repeatedly caused 
astonishment through its excellent functioning, even in extremely difficult situations. 


There is no doubt that the formation of Methernitha is also a good part of the life story of Paul 
Baumann. Through his extraordinary technical capabilities, but also through his astonishing 
practicable wisdom he opened relations to all kind of people with ideals and in many places, and 
pretty soon, the idea to form a co-operative enterprise took shape. 


“In the name of the God Almighty" people of equal thinking gathered and founded a co-operative, 
which could serve as the economic basis of this spiritual community. 


"We want to be a united group of brothers, and never separate however severe the burden may be", 
this was the solemn vow. 


Renunciation of alcohol and smoking and the will to realise a harmonious community life without 
dispute and discord like in the original Christian communities were the prerequisites to become a 

member. For the members Methernitha is an ideal opportunity to lead a fulfilled life by practising 
charity. 


A workshop was erected and soon, one house after the other grew on these premises. Also all 
construction was done out of own resources and solely with the savings from the common work. 


Today Methernitha is a social model proving the quality of its ideals through its well functioning 
just more than forty years. The people working here are almost without exception members of 
Methernitha. 
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Not even the prospering development that took place over the following decades could impair or 
even suppress the global idealistic aims. On the contrary, everybody works in his own interest with 
diligence and great joy towards the erection and the support of their new homeland and according 
to the principle: 


One for all and all for one! 
With this word one can conquer anything. Also the ancient truths appear again and attain respect. 


The people living here feel themselves as members of a family, like a group sitting in the same boat 
and proud, but also grateful proprietors of their own beautiful homeland, which they may shape 
exactly as they wish to. Evidently, this form of human social life can function only on the base of 
idealistic principles. 


The question arises, how the realisation of a sincere religious philosophy of life may be brought in 
harmony with a successful economic management. It is not obvious at all, that this is attainable. 


Nowadays there are many amongst us that are caught in the world-wide and dense network of social 
and economic dependencies and obligations and many also feel the confrontation with its problems. 


One member of the economic directory has recently phrased this in the following way: 


"The fact that all essential functions of Methernitha are fulfilled without any external force, driven 
solely through inner conviction, which causes everybody to help and take care of the other, this is 
for me the most astonishing effect which is produced by this form of living together. It seems to be 
a miracle.” 


Another miracle within Methernitha is the Thestatica, which is the result of more than 20 years of 
research. 


This wonder machine is lurked from nature, nothing else. Nature is the greatest source of power as 
well as knowledge which man has, and it still conceals many secrets, which are only revealed to 
those, who approach and tie in with them with highest respect and responsibility. 


To understand nature and to perceive its voice, man is obliged to experience silence and solitude, 
and it was there, where the knowledge about this technology was obtained. 


For these reasons it was always a great concern of Methernitha to acquire properties, untouched by 
man as far as possible, be it in valleys or forests, in the mountains or ashore of lakes, where one 
could study nature, ones own being and the creator of all this universe in silence and concentration 
and without being disturbed. 


The public never understood this properly, rather interpreted it wrongly as an act of seclusion, 
assuming we had to hide something unclean. We actually had --- and still have --- to take great 
troubles to realise undisturbed all the things we intended to accomplish. 


Such undertaking in research and development necessitate considerable financial expenditures. 
Therefore we are quite often obliged to construct things with most primitive means and materials. 
What was thrown away by our affluent society, we collect and possibly set up with it a cornerstone 
in the discovery of new forces and truth. 


We are fortunate in gaining the experience that paradoxically the most beautiful and useful results 
can be achieved by just using the most simple means. Never did we use any borrowed capital 
because we want to stay free Swiss citizens and do not want to be hindered or even bound in any 
way in the pursuance of our aims. 
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The two conterrotating discs generate an electrostatic charge. One disc represents the earth, the 
other the cloud. Using grid electrodes the charges are bound. After that they are collected by non- 
contacting so-called antenna keys and then sorted. 


After being initially turned on by hand, the discs rotate by themselves according to the electrostatic 
laws about attraction and repulsion. A rectifying diode keeps the cycles in steady state. Otherwise 
the impulses of attraction and repulsion would accumulate and cause the discs to run faster and 
faster. The correct speed is of great importance and for optimal power generation the discs have to 
run quite steady and slow. 


By means of grid condensers the energy is stored and then uniformly discharged, at the same time 
reducing the high voltage and building up power with additional devices. Finally the machine 
supplies a uniform direct current, which varies according to the size of the model. The machine 
furnishes about 3-4kW permanent output, depending on humidity, whereby the electric potential 
ranges from 270 to 320Volt. High humidity of the atmosphere prevents the build-up of electric 
potential. The drier the air, the better. 


No doubt, through the so far achieved results one main objective has been reached, namely to prove 
that it is possible to use Free Energy. Nevertheless the research work is not yet completed. 


To the educated physicist many a thing of this machine may seem impossible, maybe even crazy. 
Maybe he is also offended by the conceptions used to explain the whole. Only partly we could use 
the concepts of conventional physical terminology to explain and define only approximately the 
functions and properties of the various parts of the machine. 


Afier all it will be necessary to create some more new concepts like the one we have already used 
before, when we termed the non-contacting collectors of electric charges as antenna keys. 


This machine puts experts, which are just trained in conventional physics to a very hard test, 
because its mode of action is not explainable with the state of the art of officially accepted physical 
knowledge, or at the most only partially explainable. However also a trained specialist should 
remain free and independent in his thinking, and should avoid to be limited by the temporal 
framework of publicly admitted knowledge in any science. 


It has to be remembered that the established science was already many times forced to change or 
give up some of its very fundamental concepts. Think about Galilee, to name only one example. 
Our human society almost condemned this man as a sorcerer and magician, just because he 
investigated and discovered a truth that seemed unacceptable by the established science of the days. 


The book knowledge of any times is not wrong, but it is incomplete, and therefore allows to draw 
wrong conclusions. 


We are part ofa new area which brings to light many new facts and new knowledge. The clothes of 
nowadays science have become too tight and should be stripped off, just as the larva of an insect 
does with its skin, Only this will allow a true metamorphosis to take its course, and finally, at the 
limits and at the destination of all worldly knowledge, an universal and unlimited spiritual science, 
radiating and beautiful, just as the completed imago of an insect, may give its blessings and 
benediction to a renovated humanity. 


To ever reach there, a universal development of man has to take place. This however is only 
possible when man becomes aware of his true role within the whole creation, and again learns to 
recognise his true tasks, because the whole universe functions within a strict and precisely 
structured order according to the will and word of the creator. Therefore also man should recognise 
and realise these universal laws that are valid within the whole and within every part of this 
creation. 
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The hard facts rather show how far man has left the divine order through his self willed and 
authoritarian way of action and that he has become the actual cause of all discord and evil on this 
planet. 


Unfortunately the ruling bodies that should be responsible for the well-being of the people work too 
often with the target to make life more and more difficult and to render impossible every free 
spiritual development. 


Instead of utilising the achievements of science and technology for the benefit and preservation of 
all form of life, they are abused carelessly and irresponsibly to destroy and to kill, and thus turn 
them into a curse upon mankind. 


To change all this, the evolution of a new technology is not enough, even if it were the most 
ecological and ingenious. To change this present status one has to go much deeper down, to the 
root-cause of all this evil, and this is mans way of thinking, his state of mind. 


The ancient divine commandments are still valid today and also show today the way and direction 
humanity should go, as clearly spoken by the prophet Mica: 


God has told you what is good. And what is it that the Lord asks of you? Only to act justly, to love 
loyalty, to walk wisely before your God. 


"Testatika-Distatica Machine" 


(Transcribed from the Methernitha Testatika video by Paul E Potter) 


The efficient utilization of wind energy was one of the first objectives of Methernitha’s research 
program. 


At the beginning generators with special excitation were developed which allowed to load the cells 
of accumulators even at low rpm, at times when there are only moderate movements. 


Utilizing the kinetic energy of water currents was another field of interest of the development team, 
but it was pursued more as hobby. The key problem was here to transfer the slow revolutions of the 
water-wheel to an extent that the excitation threshold of the generator could be surpassed by a 
minimal loss of energy. Also solar cells and solar heat collectors attracted the attention of our 
researchers since a long time. But since in these fields other institutions have obtained outstanding 
results Methernitha started, and this was already more than 20 years ago [since 1960], to 
concentrate its efforts on lesser-known and even generally unknown sources of energy, the result of 
this scientific work is the Testatika machine of which most of you may have heard already. 


The two counter-rotating discs generate an electrostatic charge. One disc represents the earth, the 
other the cloud. Using grid-electrodes* the charges are bound. After that they are collected by non- 
contacted, so-called, antennae keys** and then sorted [shorted ?]. 


After being initially turned on by hand the discs rotate by themselves according to the electrostatic 
laws about attraction and repulsion. 


A rectifying-diode keeps the cycles in steady state, otherwise the impulses of attraction and 
repulsion would accumulate and cause the disc to run faster and faster. The correct speed is of great 
importance, and for optimum power generation the discs have to run quite steady and slow. 


By means of grid-condensers* the energy is stored and it is then uniformly discharged, at the same 
time reducing the high-voltage and building up power with additional devices. 
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Finally, the machine supplies a uniform direct current which varies according to size of the model. 


The machine furnishes about 3 to 4 Kilo-Watt permanent output, depending on humidity, whereby 
the electrical potential ranges from 270 to 320 volt. High humidity of the atmosphere prevents the 
build up of electric potential. The dryer the air the better. 


No doubt, through the so-far achieved results, one main objective has been reached, namely, to 
prove that it is possible to use free energy. Nevertheless, the research work is not yet completed: To 
finish a model which can be handed out more or less to anybody and without any haphazards, also 
to non-specialists, much work and also time will still be needed. 


Only partly we could use the concepts of conventional physical terminology in order to explain and 
define only approximately the functions and properties of the various parts of the machine. After all, 
it will be necessary to create some more new concepts, like the one we have already used before, 
when we termed the non-contacting collectors of electric charge as antennae keys**. This machine 
puts experts who are just trained in conventional physics to a very hard test..." 


* The German original has gitter-condensers, with gitter defined as wire lattice, grille, grate. 


** the original word used is tasten or taster, which means antenna, probe, key. 
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Energy Projects 
Electrodynamic Tether Photos 


Deployment of the Tether Satellite 


Boom Deploy Initial Deploy 


Satellite Deployed 


Closeup of boom showing tether Close up of end of boom 
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Tether Break 


The tether deployed to one mile 


Shortly after the breakreak 
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‘The tether coils as it moves away from the Shuttle 
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‘The base of the tether boom. The area looks more like a Tesla Laboratory than the space shuttle hanger bay. 


After the Break 


‘The following three images are those displayed for the public showing the white specks that appearall around 
the tether after it has broken free. NASA calls these “dust and debris" particles, though Mission control in the 
audio portion of the videos state that they see a "lot of stuff swimming around" and that the tether is wider 
than expected. 
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If you compare these images to the ones we captured from a hard to find high resolution copy of the video on 
you will see a remarkale difference. The video is a must see. 


Video Clip 


Editors Note: This video has been removed several times by Youtube. Currently it is available again. If it does 
get removed again, email me and I can send you a copy as we have it on disk now. Contact me at 
‘This one is from the hand held Infrared Camera and is not as clear as the other one was 
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Comments: 
‘What is most interesting to note is that most of the video clips above are taken from this video, yet NASA does not show the video 
itself. The copy on Youtube is a transmission intercept copy. However the fact that the NASA info site DOES use those clips gives 
credibility to the video that it is indeed a NASA film - Zorgon 


‘Tethered Satellite System (TSS-1R. 
‘Source of Clips: NASA STS-75 Mission Pictures 


Kennedy Space Center STS-75 Mission Fact Sheet 


"Critters" fromSTS-75 


The Report After the Fact 


NASA/TP—2003-21228 
Low Earth Orbit Spacecraft Charging Design Guidelines 


Below are a few keynote excerpts from the PDF file. The entire 367 page document is available below for those 
with technically savy who want to read the entire paper... 


Excerpt 1: 
In the case of the TSS-1R tether, its 20 km length produced a maximum of about 3500 V potential between its most positive and 
negative ends, since it wasn?t oriented perfectly perpendicular to the velocity vector and the Earth?s magnetic field. A satellite at 
its upper end collected electrons, and an electron gun at the lower end emitted electrons to complete the circuit. When the electron 
‘gun was not in operation, a large resistance prevented the Shuttle from being biased thousands of volts negative of its surrounding 
plasma, However, there remained a large voltage between the tether lower end and the Shuttle orbiter. This enormous bias 
eventually led to a continuous are on the tether (see The Continuous Are, section 4.2.3.1 below), which broke, freeing the satellite 
and ending the experiment. During the are, the satellite collected over 1 Amp of electron current to keep the are going, Probe 
theory (Cohen et al, 19870010625 N) is usually used to calculate the total current collected by a wire with distributed potentials. 
However, before the break, TSS-IR demonstrated that a satellite at a high positive potential could collect an anomalously large 
electron current, See Zhang, et al (20000110580), Stone and Raitt (19990084046 and 20000025437), and Stone, et al (19980202347) 


Excerpt 2: 
Sustained ares (continuous arcs) - These are the events that have been attributed with the destruction of on-orbit solar arrays. 
Generally, the process begins with a fast transient (a so-called trigger arc). Under some conditions, the transient develops into an 
are that is fed directly by the entire array, effectively becoming a short-circuit, Such events invariably involve large quantities of 
energy and can be severely damaging to cells, interconnects or power traces. 
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Excerpt 3: 
When the structure or array capacitance electrically connected to the are site is sufficiently large, the initial transient ares 
themselves can be large enough to produce significant damage. In Figure 9, we see an anodized aluminum plate that has undergone 
repeated arcing in the laboratory with the ISS structure capacitance attached. Its thermal properties have been completely 
destroyed, along with most of the insulating surface layer of aluminum oxide. 
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Information from www.rextesearch.com/inertial/ 


ii} 
te bie 

suf’ pe Ta 
No 6,290,622 (7/18/01) 


Mechanical Force Generator 
Murray, Lawrence D. 


Ne 5,890,400 (4/06/99) 
Apparatus for Generating 
aPropulsion Force 
Oades, Ross A. 


N06,259,177 (7/10/01) 
Motion Imparting System 
Deschamplain, Daviv 


No 5,937,698 (8/17/99) 
Centrifugal Propulsi 
onSystem 
Kunz, William T. 


No6,089,511(7/18/00) 
Method & Apparatus 
for Propulsion 
Rasmussen, James K. 


Ne 5,966,986 (10/19/99) 
Propulsion System. 
Laul, Virgil R. 


116 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


6/28/2010 Electrodynamic Tether Photos 


Excerpt 4: 
‘The most famous sustained are event of all led to the breakage of the TSS-1R electrodynamic tether, and the loss of the attached 
satellite. The image below shows the burned, frayed and broken tether end still attached to the Shuttle after the break. 
Incidentally, the tether continued arcing long after it and its satellite were drifting free, until finally it went into 
night conditions where the electron density was insufficient to sustain the arc. Noel Sargent (2002) has investigated 
whether the TSS-1R are was seen to disrupt Shuttle communications. Although he has found no record of disturbed communications 
during the event, for most of the time the are was shielded by metallic structures from the communications antennas, and when the 
tether broke, the are Was many meters from the receiving antennas. It remains to be seen whether sustained ares produce radio 
noise severe enough to be a communications problem. 


‘Comments: 

‘This is official confirmation that the tether continued to produce plasma energy long after it broke free, accounting for the 
“fluorescent bulb" glowing effect viewed after. We believe this concentrated collection of plasma energy is what attracted the 
"swarm" of "critters" toa "feeding frenzy" 


‘To get the full PDF file you can download LEO Charging Guidelines v1.3.1.zip 
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Electrodynamic Tether Photos 


6/28/2010 


Tether Optical Phenomena Experiment (TOP) 


‘sual data that may 
-1R. In particular, 


Using a hand-held camera system with image intensifiers and special filters, the TOP investigation will provide 
allow scientists to answer variety of ques! erning tether dynamics and optical effects generated by TS! 
this experiment will examine the high-voltage plasma sheath surrounding the satellite.. 


Jerators to return 


In one mode of operation, the current developed in the Tethered Satellite Systemis closed by using e 
electrons (o the plasma surrounding the orbiter. The interaction between these electron beams and the plasma is not well 


understood... 


Associate Investigator: Stephen Mende, Lockheed Martin 


MURCE 


The Report After the Fact 


The most famous sustained are event of all led to the breakage of the TSS-IR 
electrodynamic tether, and the loss of the attached satellite, Figure 8 shows the bumed, 
frayed and broken tether end still attached to the Shuttle after the break! Incidentally, the 


tether continued arcing long after it and its satellite were drifting fize, until finally it went 
into night conditions where the electron deusity was insufficient to sustain the are. 
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6/28/2010 Electrodynamic Tether Photos 


Figure 8 — The end of the remaining TSS-IR tether 


Itis thus possible that an astronaut, grounded to ISS by his tether or conductive tools, 
could undergo an are at only -50 V. A sneak circuit analysis showed that such ares could put 
1 Amp of invent thitough aa astrontut’s heart, Since 0.1 Amp is enough to cause heart 
stoppage. it is imperative that if the ISS plasma contactors are inoperable during astronaut 
EVAs, a method be used to prevent 1SS astronaut workplaces from floating more than 50.V 
negative 


For many ISS surfaces, peak are 
Strengths of hinidreds Of Ainps have been calculated, Arcs this strong will melt the are site 
and spew molten metal through space. Plasma chamber tests of this kind of arcing are 
spectacular indeed! Arcs on one anodized surface have been seen to trigger arcs on nearby 
line-of-sight surfaces, 


Finally, an are on an electrodynamic tether may become continuous, The infamous are 
on the TSS-IR tether that led to its break and the loss of the satellite was'a contimuots 
(ustained) are with its power supplied by the tether. 
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6/28/2010 Electrodynamic Tether Photos 


Had TSS-IR used a tether of greater resistance, the 
threshold are current could not have been maintained. For example, a total tether resistance 
of ten thousand ohms would have limited the are current to less than 0.4 Amps, less than the 
sustained arc threshold, Altematively. if the satellite electron collection capability had been 
limited to Tess than %4 Amp, the arc could not have been sustained. Of couse. these measures 
would have severely restricted the power or propulsion that could be obtained by tether 


One should never assume that a high voltage 


Tonized gases can be emitted by plasma sources such as hollow cathode plasma 
contactors or from neutral gas soureas at high positive potentials. Locally, the plasma 
density can be greater than the ambient plasma density and similar plasma interactions can 
occur with high voltage components. On ISS, the Plasma Contacting Units (PCUs), when 

roduce a local xenon plasma of much greater density than ambient 


dausity decreases below the ambient plasma density in ‘Areing and current collection 
from such a plasma could occur in much the same way as with an ambient plasma, implying 
that solar arrays aud other active sites should be kept out of induced plasma plumes 


Electrodynamic Tethers ~ Menu 
Critters ~ Critters 01 ~ Critters 02 ~ Critters 03 


Copsright Notice 


All pictures und photos on this puge, unless otherwise noted have heen gathered from pubic domain sources ur are wailale under GNU License. Further 
documentation fs wailable on otr Copyright Page and our Legal Department. 


Article Quotes all have links to their appropriate source undare noted All other text not so noted s available under the terms of the GNU Pree Documentation 


All information on this page is used only for non profit educational purpaves. All reasonable atfempls have been made that no credits are missed, but wih a work 
ofthis size omissions may occur. you see anything of yours that has not ren properly credited or wish tohave removed please contact the Websast 
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STS 75 TETHER INCIDENT 


" GEE 


an 
Tether Deployed 


‘Tether Satellite being deployed from the Shuttle Bay of STS-75 


21-9506 


‘Tether Activated 
Tether Satellite begins to glow as it gathers electricity from the fonosphere 


Tether Breaks Free 
Tether Satellite cable fries the connection and breaks free,.. still producing energy 
The glow increases and the cable gets wider. ( More om this later) 


Tether Broke Free 
Tether Satellite worth 100 million has overloaded the circuits within minutes of being activated because the NASA 
enlists under estimated the potential. The tether in just a few moments of operation produced 10 times the 
anticipated power and they forgot to Install a circult breaker 


TETHER BROKEN FREE AND DRIFTING 


AWAY 


At this point the STS 75 Ast the Tether wt ebour 80 
nautical miles away from the| This is 
commented on by Mission C y 


cis also at this point that thepranma come 
to. NASA report issued after the event (See Below) attracts the "Critters" or UFO's as most people eall them. To 
see more about the "Critters" VISIT HERE In the image include below you ean see the Tether Satellite at the tip. 
By this time the Tether is almost as wide as the Satellite itself 


Going behind the tether you see one of the "Critters" It is CLEARLY behind the tether. This is what NASA calls 
“dust and debris" The purpose of this paper is to show the tether homever, not the "Critters". If you want to know 
more ubout them either email us or cheek out the pages Haked to above. 


‘STS-74 - The Tether Incident" 


Tether Swarmed by "Critters" 


Matt (Matyas) had written me that he has found documents hinting at a Tether in 
operation near Jupiter. He is still following that up, but it seems the Cassini Spacecraft 
has found one or more in the vicinity of Saturn 


Tether 


atellite 


Tether Near Saturn 
Judging by the scale of Saturn, it would seem this is NOT the lost Satellite, but 2 much larger one. The STS 75 
Tether was 12 miles long... This one is huge 
(Note Dates and Size are being calculated) 


Cassini Spacecraft Image 
Tether Near Saturn 
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OTHER PUBLICATIONS 


“Tethers Open New Space Options” by Ivan Bekey, Astro- 
nauties & Aeronauties, 198° 


Prima 


Examiner—J, Woodrow Eldred 
gent, or Firm—Arthur M. Dula 
ABSTRACT 


‘The present invention comprises an clectrodynamic tether 
structure and a method of use, The sirueture of the tether 
taught by the present invention is a sbort, wide, intercon- 
nected multiwire (compared to the long, narrow single wires, 
‘of the prior art) conductive tether whose area maximizes 
electrodyaamic drag while simultaneously minimizing the 
‘Atea-Time-Product swept by the tether during its operating 
life. The preferred tether length is two kilometers to five 
kilometers. The preferred tether mass is one percent to five 
Percent of the spacecraft mass. The method of operation 
‘comprises orienting the tether structure at an angle to the 

10 maximize elecirodynamic drag on the host 
J minimize tether instability, The angle of 
35.26 degrees is preferred, 


26 Claims, 12 Drawing Sheets 
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‘6% Tether - 1 km x 25 cm 
1 Mass = 50 kg; Power = 5385 watts 


300 500 700 900 1100 1300 1500 
Circular Orbit Altitude (km) 
‘Atea-Time Product for Mean and Extremes of Exospheric Temperature 
(m = 1000 kg, Cd = 2.0; 1% Tether, 1 km x 25 cm; power = 1077 watts) 
(6% Tether, 1 km x 25 cm; power =5385 watts) 
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FORCES AND TORQUES ON AN UPWARD DEPLOYED CONDUCTING TETHER DUE TO THE MOTION OF 
THE HOST SPACECRAFT THROUGH THE MAGNETIC FIELD OF THE EARTH. 


FIG. 2 
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ELECTRODYNAMIC TETHER AND. 
METHOD OF USE 


‘TECHNICAL FIELD 


‘This invention relates generally to apparatus and methods 
useful for changing the state vector of a space object when 
the space object is moving relative to a magnetic field, More 
‘specifically, the present invention relates to an apparatus and 
method of using @ conducting tether to produce an electro- 
‘dynamic force t© deorbit a satellite from its orbit around a 
‘celestial body, such as the Earth, which has an associated 
magnetic field 


RESERVATION OF RIGHTS. 


‘This application is subject to certain rights of the U.S. 
government as a resull of contracts between the U.S. gov 
‘ernment and the inventors. 


BACKGROUND ART 


‘The present invention has its principal utility in outer 
space, primarily for deorbting satellites at the end of their 
useful life to mitigate the harm and reduce the liability 
ewated by the proliferation of space debris. In order to 
‘obtain « better understanding of the present invention it is 
helpful to understand the prior art of space tethers, especially 
tether dynamics and tether electrodynamics. The present 
invention may be more readily understood through a review 
‘of the experimental prior art and a mathematical analysis of 
electrodynamic space tethers 

Prior Art Tethers 

‘Atether was originally a rope or chain used fo fasten an 
animal so that it grazed only witin certain limits. Tethers 
have been used for decades in space to attach astronauts 10 
their spacecraft 

In 1974 Professor Guiseppe Colombo, holder of the 
Galileo chair of astronomy at the University of Padua in 
Italy, proposed using a long tether to suppor satelite trom 
an ofbiting platform. U.S. Pat. No. 4,097,010, which issued 
to Prolessor Colombo and Mario Grossi on Jua. 27, 1978, 
teaches a satelite connected by means of a long tether to a 
powered spacecraft, Colombo actively pursued the design of 
8 tethered satellite system. 

Several NASA experiments, such as the two Small 
Expendable Deployer System (SEDS 1 & 2) experiments 
and the Plasma Motor Generator (PMG) experiment used 
tethers in space. SEDS used a nonconducting tether. The 
PMG used a 500-meter conducting tether. The Tethered 
Satelite System flighs in 1992 and 1996 (TSS-1 & LR) used 
2 20,000-meter conducting tether 

‘On the TSS-1 mission the tether deployed only 260 meters 
(853 feet) before the deployer failed. On the TSS-IR the 
tether was deployed 19,500 meters. Inthe SEDS-? flight, a 
0.8-mm diameter, 20,000-meter long braided single-line 
tether was deployed to study tether dynamies and lifetime. 
Orbital debris or @ meteoroid severed this tether in less than 
four days. 

Inthe TSS-IR flight, the conducting single-Line tether was 
severed after five hours of deployment. This failure. was 
caused by an electric are produced by the 3,500 volts of 
electric potential generated by the conductive tether’s move- 
ment through the Earth’s magnet field 

“The Tether Physics and Survivability (TIPS) satellite 
‘consists of two end masses connected by 4 4,000-meter long 
non-conducting tether. This satellite was deployed on Jun, 
20, 1996 at an altitude of 1,022 kilometers (552 nautical 
miles) Its teber is an outer layer of Spectra™ 1000 braid 


2 
over a core of acrylic yam, The yarn will “puff” its outer 
braid to two millimeters fo “give it a larger etoss section to 
improve its resistance to debris and small micrometeoroids”, 
according to the National Reconnaissance Olfice (NRO), 
‘5. Which is sponsor ofthe TIPS mission. As of Jun, 21, 1997 
the HPS tether had survived one year. 
References: 
1. Joseph A. Carroll, “SEDS Deployer Design and Flight 
Performance”, paper WSEDSA-1 at the 4" Interna- 
tional Conference on ‘Tethers in Space, Washington, 
D.C, April 1995. 
2. James E. MeCoy, et. al. “Plasma. Motor-Generator 
(PMG) Flight Experiment Results”, pp.57-84, Pro- 
ceedings ofthe 4” International conference on Tethers 
1s _ in Space, Washington, D.C., April 1995, 

3. W. Jobn Raitt, ct al “The NASA.ASI-TSS-1 Mission, 

‘Summary of Results and Reflight Plans, pp. 107-118, 

Proceedings of the 4” International conference on 
‘Tethers in Space, Washington, D.C., April 1995, 
Joseph C. Anselmo, “NRO Orbiting Spacecraft Studies 
‘Tether Survivability”, Aviation Week, page 24, Jul. 1, 
1996, 

‘These experiments all used single line tethers. 

‘The following reference is illustrative of the current state 
25 of the art in space tethers: Paul A. Penzo and Paul W. 

‘Ammann. Tethers in Space Handbook—Second Edition 

NASA Office of Space Flight, NASA Headquarters, 

Washington, D.C, 20546, Sec also the bundreds of refer- 

in the 33 page bibliography at the end of the hand- 
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‘The “Hoytether"™, an Improved, Migh-Reliability 
Tether: 

In 1991, one of the present inventors, Robert Hoyt, 
invented a lightweight net-like structure that provides many 
redundant load-bearing paths. A number of primary load 
bearing lines running the length of the structure are con- 
rected periodically by diagonal secondary lines. The dis= 
closed embodiment of this invention has the Secondary lines 
firmly connected by knots to the primary lines. The second 
ary Lines are connected only to the primary lines. At either 
‘end of the disclosed structure, a support ring enforces the 
cylindrical spacing between the primary lines, The second- 
ary Lines are designed with a small amount of slack, These 
secondary lines are only put under load if a primary line 
fails. This specific tether structure was disclosed to the 
public in 1992 (Forward, R. L., “Failsafe Multistrand Tether 
‘Structures for Space Propulsion”, ALAA paper 92-3214, 28" 
Joint Propulsion Conference, Nashville, Teon., 1992 
(hereinafter “1992 Hoytether structuce"). This structure was, 
named a “Hoytether". The term “Hoytether" 
‘throughout the remainder of this specification forth 
tether structure. 

‘The present invention uses an improved Hoytether, which 
‘was invented by the same inventors as the present invention. 
‘This improved Hoytether is the subject of a copending PCT 
application. The Hoytether is discussed briefly in this speci- 
fication to aid understanding of the present invention, 

‘The 1992 Hoytether design teaches that the normally 
slack secondary lines have half the cross-section (0,707 the 
diameter) of the primary lines, There are twice as many 
Secondary lines as primary lines, thus the mass of the 
secondary lines is equal fo the mass of the primary lines. In 
‘an undamaged Hoytether, the primary lines carry the entire 
load, while none of the secondary lines ate under load, 

While the survival probability of a single-line tether 
decreases exponentially with time, the Hoytether can main- 
tain a high, ie. greater than 99 percent, survival probability 
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3 
for periods of months or years (forward and Hoyt, “Failsafe 
Multiline Hoythther Lifetimes", Paper ALAA 95-2890, 31° 
Joint Propulsion Conference, Fily 1995). 
References: 

1. Robert L. Forward, Failsafe: Multisrand Tethers for 
Space Propulsion, Forward Unlimited, PO. Box 2783, 
Malibu, Calif, 90265, July 1992, Final Repost on 
NASA Contract NASS-39318 SBIR 91-1 Phase I 

2. Robert L. Forward and Robert P. Hoyt, Failsafe Mul- 
tistrand Tether SEDS Technology Demonstration, Final 
Report on NASS-40545 with NASAMSFC Gun. 14, 
1995) 

3. Robert L. Forward and Robert P. Hoyt, “High Sirensth- 
to-Weight Tapered Hoytether for LEO to GEO Payload 
“Transfer” Final Report on contract number NASS- 
40690 with NASAIMSFC Gl. 10, 1996). 

‘The Hoytether is essentially a tri-axial net structure, with 
< primary’ fines running along the length ofthe tether and two 
sets of ‘Secondary’ lines connecting these primaries diago- 
nally. They can be made by hand and connected with knots 
as is taught by the 1992 Hoytether structure. Because 
Knotted connections severely limit the stwength of @ 
structure, itis desirable to use a knotless fabrication tech 
nigue to. achieve interconnections that have strengths 
approaching the limits ofthe constituent material. AS these 
tethers may be many kilometers long; fast and inexpensive 
mechanical methods are required for their practical fabri 
tion 

Hoytethers may be made by mechanical braiding, is. 
three-dimensional braiding, such as 3-D rotation braiding 
using braiding machines such as those developed by the 
Herzog Company in Germany (August Herzog Maschinen- 
fabeik GmbH & Co., Postfach 2260.26012, Oldenbueg, 
Germany. The specialized loom developed by the Nichimo 
Company of Japan (Nichimo Company Ltd., 2-6-2 
Obtemacki, Chiyoda-Ku, Tokyo, Japan) is used to produce 
“Ultracross” knoiless fishing nets in which the individual 
strands are braided 3s a 4-braid line, and the strands are 
interbraided where they exoss. This produces netting that has 
Slipless interconnections that are very sicong, approaching 
the maximum capability of the fiber Such a foom could, 
with some modifications, produce the present invention’s 
structure. Only two such machines exist, one in Japan, the 
‘ther in Washington State. Unfortunately neither can work 
‘with the small line diameters needed 10 practice the pre- 
ferred embodiment of the present invention. See generally, 
Ko, F.K,, “Braiding”, in Engineered Materials Handbook, 
Vol.1., Composites. ASM International, Metals Park, Ohio, 
1957. Pp. 519-528, 

‘The most common 3-dimensional braiding machines are 
4-step braiders based upoa the designs of Maistre (German 
Patent P230-16986, issued 1973) and Forentine (U.S. Pat. 
No. 4,312,261, issued 1982). Braiding is accomplished by 
using poeumatics or solenoids to push the parts of the 
braiding machine to the proper positions. This is a slow 
process and making a Hoytether kilometers long with these 
‘machines would be very time consuming and expensive. The 
‘composites division of Albany International (Albany Inter 
national Research Company, 777 West Street, Mansfeld, 
Mass.) also produces a 3-D braiding machine. This machine 
uses modular braiding components that are assembled 
breadboard fashion on a large wall 

Although braiding is the preferred technique, altemate 
fabrication methods such as Raschel kitting and crocheting 
‘ean be used successfully. Multikilometer long Hoytbthers 
ae presently being produced for the inventors by the ven- 
‘dors Culzean Fabrics and Flemings Textiles using an elec- 
tronieally controlled erochet machine produced by Come in 
Italy. 
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Space Tether Systems: 

‘The prior art teaches the use of tethers ia space applica- 
tions. U.S. Pat. No. 5,163,641, issued on Apr. 9, 1990 to 
‘Yasaka, teaches the use of a powered spacecraft connected 
by a tether to a satellite. This tether is disconnected to 
change the state vector of the satellite, The sate ofthe art of 
energy and momentum transfer using space tethers is dis- 
‘cussed in Ivan Beckey’s article “Tethering, a new Technique 
for Payload Deployment”, Aerospace America, March 1997, 
‘at pages 36-40. Beckey concludes, “Tethers can perform the 
‘same functions as propulsive upper stages of direct payload 
injection, but at lower weight and cost per pound.” U.S. Pat. 
No. 4,923,151, issued Mar. 1, 1988 to Roberts, Wilknson 
and Webster, teaches a tether power generator for earth 
Orbiting satellites. US. Pat. No. 4,580,747, issued Mar. 15, 
1983 to Pearson, teaches use of a long tether extending 
downward into the atmosphere from a satellite. The state 
‘vector ofthe satelite is changed by forces acting on a lifting 
body connected to the end of the tether. U.S. Pat. No. 
4,824,051, issued Jan. 12, 1987 to Engelking, teaches pass- 
ing an electric current through a conductive tether attached 
to 8 satelite to provide propulsive force to alter the orbit of 
the satellite. U'S. Pat. No. 5,082,211, issued Jan. 21, 1992 t0 
‘Werka, teaches use of a tether 10 deorbit space debris. U.S. 
Pat, No. 4,727,373, issued Mar. 31, 1986 to Hoover, teaches 
‘an orbiting stereo imaging radar system having two space- 
craft in synchronous parallel orbits connected by a tether. 
‘Tether Dynamics: 

In order to understand the forces that cause a tethered 
satellite fo move upward and away from an orbiting satellite, 
for example, it is first necessary to explain briefly how a 
satellite remains in orbit. An orbiting satellite is acted on by 
the force of gravity which pulls it toward Earth, and by a 
centrifugal force, which pushes it away fom Earth, The 
centrifugal force” (actually inertia) results from the motion 
of the satellite around its circular orbit. This is the same 
force that one can experience by swinging a ball around on 
the end of a siriog. A satellite is maintained in its orbit when 
it travels at the natural speed for its altitude and, as a result, 
the centrifugal force is equal to the gravitational force 

‘At the typical orbital altitude of 250 kilometers for a 
low-Earth orbit satelite, for example, a speed of approxi 
mately 7.6km per second is required to create sufficient 
centrifugal force to balance gravitational attraction on the 
satelite. Ifthe altitude is changed, the two opposing forces. 
‘ill no longer be in balance unless the satellite also changes. 
its speed. A higher orbital altitude requires a slightly lower 
speed so the satellite will take longer to complete an orbit. 
Because of this, if two free-Mlying satellites are in orbits at 
different altitudes, the lower satelite will cicle the Earth in 
less time than the satellite in the higher orbi 

If two satellites, at different altitudes, are connected to 
«each other by a tether, they are forced to travel around their 
‘orbits together—in the same period of time, which is longer 
than the natural period of the lower satelite but shorter than 
that of the upper satellite. The lower satelite will, therefore, 
slow down below the natural speed for its orbit and will tend 
to fall to lower orbit because the centrifugal force will now 
be less than the gravitational attraction of the Earth, An 
upward foree in the tether that makes up the difference 
between centrifugal and gravitational forces holds it in 
place, however. 

Correspondingly, the upper satellite will be accelerated 
above its natural orbiting speed (increasing its centrifugal 
force above the gravitational attraction) and will tead to 
move to a higher orbit. It, 100, is held in place by an 
additional force (downward) in the tether. In other words, 
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the net force downward on the lower satellite is balanced, 
through the tether, by the net force upward on the upper 
satellite The effect of unbalanced forces on the two satellites 
is, therefore, to create tension in the tether. During the TSS-1 
& IR experiments, the inertia of the tethered satellite causes 
the satellite to rise above the orbiter as the tether is reeled 
‘out. Very close fo the orbiter, there is litle difference in the 
two orbits, and the tension force is insuficient ro overcome 
friction in the deployer mechanism; therefore, until the 
satellite reaches a separation of approximately 1000-meters, 
the tension is augmented by small tether-aligned! thrusters on 
the satellite, Beyond this point, the tension in the tether is the 
only force required. 

By experimenting with a ball hung on a piece of elastic 
‘cord (a paddleball, for example) itis possible to simulate all 
the different types of oscillations that are possible on a 
‘space-based tether system. The elastic cord, representing the 
tether, may compress and stretch, causing the bal to bounce 
up and down (longitudinal oscillation). It also may move in 
a circular (Skip-rope) motion or may develop wave-like 
motions (transverse oscillations). Even if the string itselE 
remains straight, itis possible to get the ball swinging back 
and forth about its attachment point on the paddle Tike a 
child on a swing rope (pendulous motion. 

Each type of motion occurs with a particular frequency, 
‘which depends on the length and tension of the tether. When 
the frequencies are different, the motions do not interact; 
however, at some tether lengths, the frequencies of two or 
more types of oscillation can become very close. At this 


point, enengy can be transferred from one type of motion 10s 


another, a phenomenon known as resonance. For instance, 
the transverse oscillations in the tether may cause the 
satellite to swing back and forth in pendulous motion, 

Many different factors may cause oscillations; the move- 
‘ments of the satellite or Shuttle are but two of these. For an 
<lectrodynamic tether, the skip-rope and pendulous oscilla- 
tions are of particular interest, Ifa current is passed through 
tether, the current will interact with Earth’s magnetic field, 
resulting in a force that may produce skip-rope and pendu- 
lous oscillations, Because it is necessary 0 maintain control 
‘of the satelite, much study has gone into identifying the 
different types of possible motions and the methods used 10 
‘control them, 

‘One way to control the magnitude of those motions th: 
‘cause a change in tension or transverse motion atthe end of 
the tether is to have an end mass connected to the Hoytether 
that maintains a controlled tension on the tether, working 
‘much Tike a spring-loaded ‘dog leash’. This may be as 
‘simple as a coiled spring, or as complex as an active control 
system that measures the tension and transverse forces on 
the tether and adjusts the applied tension according toa local 
‘or remotely operating algorithm. 

Electrodynamic Effects of Conductive Tethers: 

Electric potential is generated across a conductive tether 
by its motion through the Earth's magnetic feld. Electeo- 
magnetic forces acting on a conductive tether in oxbit can 
‘make the tether system behave like an electric motor or 
‘generator, thereby exerting a useful force to alter the state 
‘vector of the tether and any mass attached to it, 

Electrodysamic tether propulsion is unlike most other 
types of space propulsion in use or being developed for 
‘space application today—there is no hot gas expelled 10 
provide thrust. lastead, the environment of near-Earth space 
{s being utilized to propel a spacecraft or upper stage via 
‘electrodynamic interactions. 

“Acharged particle moving in a magnetic field experiences 
force that is perpendicular to its direction of motion and the 
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direction of the field. When a current flows through a long, 
conducting tether the electrons flowing through the tether 
experience this force due to the fact that they are moving 
‘along the wire in the presence of Earth's magnetic field. This 
force is transferted to the tether and to whatever the tether 
is attached (Like a spacecraft, satellite, space station or upper 
stage). It can be an otbitraising thrust force or orbit- 
lowering drag force, depending upon the direction of current 
flow. Operation in one mode allows boost from LEO to 
higher orbit while reversing the current flow provides nega 
tive thrust for deboost. The principle is much the same for 
an electric motor; reverse ils operation and it acts as a 
‘generator. The current passing through the tether is retumed 
through the ionosphere to complete the current loop with 
collection and emission occurring on opposite ends of the 
tether 

‘The PMG experiment demonstrated that a conducting 
tether can be used as both a motor and a generator. The TSS 
experiments, especially TSS-1R showed that very large 
voltages (about 3500 volts) can be generated by a sulfi- 
ciently long tether. 

Uses ofan eletrodymamic tether as an orbit raising and 
lower propulsion system has many advantages over com- 
peting systems: 

a. ILis nearly propellaatless. Most other systems expel hot 
‘gases and require extensive resupply. To emit current, 
the electrodynamic tether propulsion system may use 
plasma contactors developed as a part of the Interna- 
tional Space Station Program. These contactors con 
ssume less than 20 kg of xenon gas per year with a 50% 
duty cycle. The electrodynamic tether propulsion sys 
tem can also use field emitter arrays, which emit 
electrons without the use of any gas 

b. Itcan change both altitude and inclination, The Earth's 
magnetic field is non-uniform and can therefore pro- 
vide both in- and out-of-plane forces for inclination 
changes as well as altitude changes. This is of particular 
interest to payloads requiring polar orbits in that they 
‘can be launched on a small launch vehicle into a lower 
inclination orbit and have it raised in space by the 
proper phasing of current through the tether. 

A demonstcation of the propulsive capabilites of electro- 
dynamic tethers was recently approved for a flight test in 
1999, The Propulsive SEDS or ProSEDS mission, will fly as 
‘a secondary payload on a Delta II launch vehicle and deploy 
a 5-km conklucting tether using the existing SEDS deployer 
‘concept. The ProSEDS experiment will be followed by the 
Electrodynamic ‘Tether Upper Stage (EDTUS) experiment 
that will demonstrated the use of electrodynamie forces 10 
‘change both the altitude and inclination of the experimental 
spacecraft. FIGS. 1B and 1C show the calculated electio- 
dynamic thrust at several inclinations and the reentry time 
sensitivity of the ProSEDS tether, respectively, 

One application for long-life conducting clectrodynamic 
tethers is as a “Terminator Tether™” for removing. fom 
orbit unwanted Earth orbiting spacecraft at the end of their 
useful lives. When the mission of the satellite is completed, 
the Terminator ‘Tether™, weighing a small fraction of the 
mass of the satellite, would be deployed. The electrody- 
namie interaction of the conducting tether with the Earth's 
magnetic field will induce current flow in the tether con- 
ductor. The resulting energy loss from the heat generated by 
the current flowing through the ohmic resistance in the 
‘conducting tether will remove energy from the spacecralt 
eventually causing it to deorbit, thus reducing the amount of 
orbital space debris that must be coped with in the future. 

In the following analysis, itis shown that the amount of 
cenergy loss generated by an electrodynamic tether is essen- 


6,116,544 


7 

Wally independent of its length or area, and instead is 
primarily proportional to the fether mass and the physical 
properties of the conductor metal chosen, In the typical 
‘example calculated, a 1000-kg spacecraft can be deorbited 
from a 1000-km high Earth orbit by a 10-kg mass tether 

2 month, while a 1-ky tether can deorbit a 1000-kg space 
‘erat in fess than a year. 

To the knowledge of the inventors, Joseph P. Loftus of 
NASAJSC first proposed the general concept of using an 
clectrodynamic tether to deorbit spent satellites. (Joseph P. 
Lofius <JLoftus(@ems.jse.nasa.gov>, personal communica 
tion via email to Robert Forward, Monday Jun. 10, 1996 
15:50:10.) In order to show that the Loftus deorbit concept 
\was not obvious to those skilled in the art of electrodynamic 
tethers, Forward contacted the leading expert, Joseph 
Carroll, of Chula Vista, Calif., who built and participated in 
the flight test of the PMG. After being told of the Loftus 
‘concept in a telephone conversation, his reply in an Email 
message dated Aug. 5, 1996, was “such a system would be 
feasible . by itis stil not obvious to me that it would be 
useful..." 

Loftus was considering the use of electrodynamic drag 
from a conducting tether to achieve this goal of bringing the 
unwanted spacecraft down from its high orbit (where atmo- 
spheric drag is negligible) to a 200-km orbit, where atmo- 
spheric drag would rapidly finish off the task of removing, 
the unwanted spacecraft from orbit. The tether Loftus was 
‘considering was a single-line, conducting tether, typically 
1-mm in diameter, 1-km long, and, if made of aluminum, 
2-kg in mass. He would include means at the ends of the 
tether to contact the ambient space plasma around the Earth 
{fo complete the current loop. 

Unfortunately it is probable that space impactors would 
sever the I-mm diameter, I-km long single-line tether 
proposed by loftus within a Ie lifetime of four months. This 
‘would produce orbital debris rather than removing it. The 
‘motivation for this work is the NASA Safety Standard NSS 
1740.14 “(Guidelines and Assessment Procedures for Lim- 
iting Orbital Debris.” The relevant portion of the Standard 
‘tarts on page 6-3: General Policy Objective-Postmission 
Disposal of Space Structures, Item 6-1: “Disposal for final 
mission orbits passing through LEO: A spacecralt or upper 
‘tage with perigee altitude below 2000 km in its final orbit 
will be disposed of by one of three methods.” The method 
Of interest is the atmospheric reentry option, Option a: 
“Leave the structure in an orbit in which, using conservative 
projections for solar activity, atmospheric drag will limit the 
lifetime to no longer than’ 25 years after completion of 
mission. If drag enhancement devices are to be used to 
reduce the orbit lifetime, it should be demonstrated that such 
‘devices will significantly reduce the area-time product of the 
system or will not cause the spacecraft or large debris 10 
fragment if a collision occurs while the system is decaying 
from orbit.” 

‘The NASA standard applies only to NASA spacecraft and 
‘even then only to completely new spacecraft designs. New 
versions of existing designs are to make a “best elfort” 10 
meet the standard, but will not be required to change their 
‘design to do so, The Department of Defense has adopted the 
NASA standard with the same provisos. An Interagency 
Group report bas recommended that the NASA standard be 
taken asa starting point for a national standard. is NASA’S 
recommendation fo the Interagency Group that the safety 
requirement be phased in only as spacefaring nations reach 
‘consensus internationally, which is being done through the 
International Debris Coordination Working Group whose 
‘members are Russia, China, Japan, ESA, UK, India, France, 
Italy, and the US. 
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‘Thus, although the NASA Safety Standard in its present 
form is not the “Law”, the existence of the standard means 
that some time in the future a similar requirement may be 

1posed on all spacecraft. This could result in major geowth 
in future space tether business, with a sale to every non- 
geostationary spacecraft being “mandated” by government 
safety regulations, somewhat as the sale of seat belts and 
airbags for every car are mandated, 

In fact, three of the companies planning to set up “con- 
stellations” of low to medium orbit communications: 
‘Teledesic, Iridium and Odessey have committed their com- 
panies to abide by the spirit of NASA Safety Standard 
1740.14 by using one means or another to deorbit their 
spacecraft before they reach end of life. 

Problems with Prior Art Tethers: 

All electrodynamic tether designs proposed by the prior 
art teach that the tether should be operated at a right angle 
to the magnetic field through which the tether is moving. 
‘This is a problem because the clectrodynamic force acting 
on the tether causes the tether to align itself with the 
magnetic field force lines, To overcome this problem the 
prior art teaches the use of a large ballast mass attached to 
the end of the tether and/or use of a very long (tens to 
hhundreds of kilometers) tether. The large ballast mass is 
expensive to take to orbit because it replaces useful payload. 
‘The long tether sweeps a larger Area-Time-Product during 
its useful life and thus is more likely to impact other space 
objects, either debris or another spacecraft. 

‘Another problem common to all proposed prior art tethers 
is tether instability. Ifthe tether produces a lange electrody- 
namie drag force, which is desirable because a large drag 
force will cause the satellite to deorbit quickly, then the 
tether will be dynamically unstable. This instability can 
cause the tether to lose its effectiveness, act uncontrollably 
and even wrap around the satellite or otherwise malfunction, 
Experts skilled in the art of tether design have opined that 
this dynamic instability is inherently unavoidable in any 
lectrodynamic tether system. The prior art solution, such as 
that presently being used in the ProSEDS experiment, has. 
been to use a large ballast mass to increase the stabilizing 
gravity-gradient force and/or to limit the electrodynamic 
drag of the tether to less that the maximum that could be 
produced. In the ProSEDS experiment, the conducting elec- 
trodynamic tether is five kilometers long, To insure stabil 
it will be augmented by a 20-35 kilometer long non- 
conducting tether, which to further have stability will have 
40 kilogram ballast end mass. 

Yet another problem of all proposed prior art electrody- 
namic tether systems is how to radiate away the energy 
produced by the tether’s operation. A satellite moving at an 
‘onbital velocity of 18,000 miles per hour has a kinetic energy 
of over 10,000 calories per gram. To put this amount of 
energy in an understandable perspective, it may be noted 
‘that when nitroglycerine explodes it produces about 1,500 
calories per gram. Prior art designs of electrodynamic drag 
‘ethers teach the use of the electrical energy generated by the 
tether to charge batteries or operate electronics, with the 
excess energy being converted into heat by a resistive load. 
‘This excess heat must be radiated to the space environment 
or it will melt the resistive load. Thus the resistive load, 
andjor its associated radiator structures, must be massive 
and replace useful payload, 


DISCLOSURE OF THE INVENTION 


‘The present invention comprises an electrodynamic tether 
structure ancl a method of use, The principal industrial tility 
of the present invention is to deorbit satellites in Earth orbit 
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atthe end of their useful life. This embodiment ofthe present 
invention is sometimes referred to in this specification as a 
“Terminator Tether” because it terminates the orbital 
lifetime of the host spacecraft. The structure of the tether 
taught by the present invention is @ short, wide, 
interconnected-multiwire (compared to the long single wires 
Of the prior art) conductive Hoytether whose area maximizes 
celectrodynamic drag while simultaneously minimizing the 
‘Area-Time-Product swept by the tether during its operating 
life. The preferred tether length is two to five kilometers. 
‘The preferred tether mass is one to five percent (1%-5%) of 
the spacecraft mass, The method of operation comprises 
orienting the tether structure at a 35.26-degree trailing angle 
{o the local vertical o maximize electrodynamie force on the 
tether while avoiding tether instability and allowing use of 
‘small tether end mass, 

‘The present invention also teaches that the satellte-tether 
‘system may be rotated around its common center of mass 10 
ccentrfugally produce tension force in the tether structure 10 
‘oppose forces causing tether instability. The angle of the 
conductive tether structure of the present invention with 
respect (0 the velocity vector of the host spacecraft may be 
controlled by the method of the present invention so it 
interacts with the encountered magnetic field to induce a 
‘maximum current flow in the tether. This produces maxi 
‘mum clectrodynamie drag. All or a portion of this electric 
power may be stored and then controllably applied to the 
cconduetive tether to produce an induced clectrodynamic 
force. This induced electrodynamic force may by used to 
‘enhance the drag foree, to rotate the tether-satellite system 
and/or to provide satellite propulsion, ie. to change the state 
‘vector of the satelite for any useful purpose, e.g. to avoid 
collision or to change the host spacecraft's ofbit to an obi 
more favorable for more rapid deorbiting, 

‘The present invention also teaches a tether structure that 
also functions as a thermal radiator and/or plasma contactor. 
‘An embodiment of the preseat invention using conducting 
‘elements of the satellite, eg. the solar arrays, as electrody- 
namic tether structures is also disclosed. 


BRIEF DESCRIPTION OF THE DRAWINGS 


‘The present invention may be better understood with 
reference to the following drawings: 

FIG. 1a is a graph comparing the survival probability of 
single line tether as taught by the prior act to the Hoytether 
used by the present invention. 

FIG. 1b is @ graph showing the level of electrodynamic 
thrust for a 10 kilometer, 10 kilowatt tether at various 
altitudes and inelinations. 

FIG. 1c is a graph showing reentry time sensitivity of a 
five kilometer ProSEDS tether for several conditions of 
‘curtent flow in the electrodynamie tether, 

FIGS, 2a, 2b and 2c show the Hoytether structure used by 
the preferred embodiment of the present invention. 

FIG. 2d shows the Hoytape structure used by the preferred 
‘embodiment of the present invention, 

FIG. 3 is a block electrical diagram of an electrodynamic 
tether system. 

FIG. 4 is a graph showing a graph of the Area-Time 
product for three separate levels of exospheric temperature 
(or neutral drag calculations) and for two separate assump- 
tions regarding tether mass and power drawn from the 
ambient plasma (for the Terminator Tether™ calculations). 

FIG, $ is the percent additional mass required in orbit 10 
‘drop the perigee of a circular orbit a altitude, a to a value 
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of 200 kilometers using standard chemical rocket as taught 
by the prior art for deorbiting unwanted spacecraft 

FIG, 6 isa deorbit tether system shown operating, with its 
lectrodynamic tether at a trailing 35.26-degree angle to the 
encountered magnetic field, as is taught by the preferred 
‘embodiment of the present invention, 

FIG. 7 shows an embodiment of the present invention in 
which the clectrodynamic tether—satellite system is rotated 
about its cemter of mass to avoid tether instability. 

FIG. 8 shows an embodiment of the present invention 
wherein the tether is powered fo provide induced electro- 
dynamic force. 

FIG, 9 shows an cmbodiment of the present invention 
wherein the solar power system structure of the satellite is 
‘used as an electrodynamic tether. 

FIG. 10 shows the use of a portion of the tether structure 
asa thermal radiator and plasma contactor, 

FIG. LL shows the braiding of an ohmic resistive load into 
the tether structure, 

FIG. 12 is @ force diagram showing the forces and torques. 
‘on an upward deployed conducting tether due to the motion 
of the host spacecraft through the magnetic field of the 
Earth, 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 


‘The principal industrial utility of the present invention is 
the deorbiting of satellites in Earth orbit, which necessarily 
‘can happen only in outer space. Until the present invention 
is reduced to actual practice by use with satellites in outer 
space and a body of practical experience is thereby obtained, 
the present invention can only be constructively reduced 10 
practice, such as by this written specification and its asso- 
ciated drawings, diagrams and graphs and by reference to 
electric measurements made on conducting tethers in space 
by the PMG and TSS experiments. The inventors provide 
herein a detailed discussion of the theory of the present 
invention to help those skilled in the art of aerospace and 
tether engineering to understand the present invention and 10 
make and use the best embodiment of the present invention 
known fo the inventors at the time this specification was 
prepared, without undue experimentation 

Although the present invention is discussed in this speci- 
fication in its preferced embodiment as a means of deorbiting 
satellites, it_ must be emphasized that discussion of this 
Specific use in a0 way limits the broad scope of the present 
invention. The present invention can be used to change the 
direction and speed, ic. the state vector, of any space object 
providing that object is in motion relative to any magnetic 
field, This magnetic field may be that of the Earth or of any 
other celestial body, for example Jupiter or the sun. 

In this specification the material forming the structure of 
the electrodynamic tether is specified as being a conductor. 
For example, a metal, such as copper or aluminum wire 
could be used. Likewise, nonmetallic conductor, such as 
carbon nanotubes, or a conductive polymer could form the 
conductive structure of the tether. 

FIG. 1a shows the survival curve for a Hoytetber as used 
by the present invention vs. the survival curve of a prior art 
single line tether. The survival probability curve of the 
Hoytether asa function of time does not conform to the well, 
known “Ie decay” shape of a single-line tether. ‘The 
Hoytether can maintain a high level of survival probabi 
about 99 percent, until it nears its ‘lifetime’. Its survival 
probability then drops rapidly to zero, A detailed mathemati- 
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cal analysis of the difference between Hoytether and single 
tether survival probabilities is given in Appendix E “Small 
Impacior Survival Probabilities of Hoytetbers" and Appen- 
dix F “Large Osbital Debris Survival Probabilities. of 
Hoytetbers”, both contained in the Final Report of NASA, 
Contract NASS-40545, The resulting cut probability with 
time forthe Hoytether has a “bingo curve” shapes. Ina bingo 
game, at least five numbers. must be called before anyone 
‘can win, and usually many numbers have tobe called before 
‘one of the bingo cards gets five in a row. In the Hoytether 
at least four culs must happen atthe same level before any 
failure occurs, and many cuts have to be made before any 
‘one of the levels has al four lines cut. The bingo curve has 
the property that the probability of survival stays very high 
for periods short compared tothe lifetime. The probability of 
‘survival is greater than 99% for periods shorter than 10% of 
the lifetime. This is much better performance than the Le 
‘curve of a single line tether, where the probability of survival 
is only 90% at 10% of the 1c lifetime. 

FIG. 1b shows the caleulated level of electeodynamic 
thrust in Newtons, produced by a ten kilowatt, en kilometer 
Single conductor tether at altitudes between 200 and 1400 
kilometers and at orbital inclinations between zero degrees 
and eighty degre. 

FIG. te is a graph showing the reentry time sensitivity 
calculated for a five kilometer ProSEDS single conductor 
tether at altitudes between 200 and 500 kilometers wit 
‘curent flow in the tether between on flow and one ampere 

FIGS. 1b and te are the work of Enrico Lorenzini of the 
‘Smithsonian Astrophysical Observatory from his study 
“Performance Evaluation of the Electrodynamic Tether 
Tug", NASAIMSEC Grant NAGS-1303 (Nov. 12, 1966). 
‘They’ show that experts in the field believe that the present 
invention will have industrial utility, asthe current How of 
‘one ampere in FIG, Le decreases the deosbit time for the 
calculated ease from more than 180 days to less than 20 
days. 

FIG. 2a is an isometric drawing showing the generally 
cylindrical structure of the Hoytether. In FIG. 2a, primary 
lines 201 and 203 are shown connected via secondary lines 
2IL. In FIG. 2b, which is a schematic illustration of the 
Structure shown in FIG. 2a, primary lines 201, 208,208, 207 
and 209 are connected, each to their respective adjacent 
primary lines, by a plurality of secondary lines 221. These 
‘connections, for example as shown at inierconnection 213, 
are made by knotles, slipless interconnections, such as 
Soutache braiding of twisted connections. 

FIG. 2c shows the Hoytether stucture of FIG, 26 but with 
a severed primary line 205 at breakpoint 215. The second 
level of secondary lines 217, shown as bold ines in FIG. 2, 
redistribute the load from the severed primary line 215 at 
point 217 back to line 218 at points 219 and 221, ahove and 
below the break, respectively. 

For the electtodynamic tether, a preferred embodiment 
‘would be to uneoll the tubular Hoytethere™ into a flat 
Hoytape™ as shown in FIG. 2d. 

FIG. 3 generally shows the arrangement of functional 
«elements of an clectroaiynamic tether system. OF course such 
a system must have a means of attachment to the spacecraft, 
a deployer, the tether iisell, some form of space plasma 
cathode contactor, some form of space plasma anode 
‘contactor, power dissipation system, and a communication 
and control system. Each of these individual elements are 
known in some form to those skilled inthe at of aerospace 
‘engineering, Thus the present inventors do not feel it is 
necessary 10 describe them in detail in this specification. 
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In FIG. 3, a space object 301, ie. a satellite in Earth orbit 
for any other space object either natural or man made, 
physically connected tothe tether system, The tether system 
comprises a deployer 303 from which a conductive 
Hoytether 308 having a bare seyment 307 extends upward 
from space object 301. The positively biased anode end 309 
of tether 308 collects electrons from the ionosphere as space 
‘object 301 moves ia direction 310 across the Earth's mag- 
netic field, These electrons flow trough the conductive 
siructure of the Hoytether tothe power system interface 311, 
where it supplies power to an associated load, not shown. 
‘The electrons then flow tothe negatively biased cathode 313, 
where electrons are ejected into the space plasma 315, thus 
completing the electric circuit, 

In onder to allow those skilled in the art to better appre- 
ciate the broad scope ofthe present invention, the iaventors 
will now provide an example using specific tether and 
system valles to compare the Terminator Tether" to prioe 
art means, ie a rocket, for deorbiting a satelite. 
‘Terminator Tethers: 

‘When an Earth orbiting conducting space tether moves 
through the magnetic field of the Earth, an electric field is 
generated in the tether that is proportional to the velocity of 
the conductor, the magnetic field strength ofthe Earth, and 
the angle betWeen the conducting tether and the magnetic 
field lines. From data obtained during the various electro- 
<dynamic experiments that have been conducted in space to 
date, such as the PMG, TSS-1, and TSS-IR experiments, a 
typical value of the generated emf per unit length of tetber 
‘of E=100-200 Volts kilometer can be assumed. The electric 
potential V developed at the ends of a tether of length Lis 
then VEL. For a tether of length L=10 km, the electric 
potential developed is V=1000 V. For calibration, the 20km 
tong TSS-1R tether, atthe moment of failure, was develop- 
ing a potential of 3500 vols, which is 175 voltskm. 

‘The mass of & conducting tether of length L, eross- 
sectional area A, and densin, dis given by medLA. Typical 
values for the density are 2700 ky per cubie meter for 
aluminum and 8900-kg per eubie meter for copper. For a 
typical aluminum tether of mass me10 kg and length L=10 
km, the cross-sectional area will be Ae0.37 mm squared. If 
this were a solid-wire single-line tether, the diameter of the 
wire would be D=0.69 mm (21.5 gauge) I this were an 18, 
line tubular Hoytether, the diameter of the lines in the 
Hoytether would be D=0.16 mm (4 gauge). 

The resistance of a conducting tether of Tength L and 
cross-sectional area A is given by RerL/A, where r is the 
resistivity of the eonductor in oano-ohm-meters (n82-m) 
‘Typical Values for the resistivity are #=27-4nQ2-m for alue 
minum and 17.0 -nQm for copper. For the me10 kg 
‘aluminum tether of length L=10 km and cross-sectional area 
‘A=0.37 mm squared at 20 degrees C, the end-to-end resis- 
tance is 750 ©. This value of resistance isthe essentially the 
same Whether the conductor area is concentrated into a 
single-ine tether or divided up into many Tines as in a 
multiline Hoytether. 

‘The current I generated in the conducting tether by the 
cleetic potential V between the ends of the tether applied 
across the tether resistance R is FeV/R. For the 10 kg mass 
aluminum tether of length L=10_km, electric potential 
V=EL=1000 volis, and resistance R750 Q the current is 
JeViR=1.33 Amps. Currents near these values were mea- 
sured inthe T'SS-1R experiment at the time of failure. At the 
time of failure of the 'TSS-1R tether, none of the plasma 
cconlaciors on the Space Shuttle or the Italian Satellite were 
‘operating, Thus the current was being collected by the 
conductive surface area of the Space Shuttle and the Halian 
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Satellite atthe two ends of the tether. The Space Shuitle area 
is quite large, so it was not the limiting factor in current 
collection. The diameter of the Italian Satellite was 1.6 m, 
‘which would give it an effective plasma contact arca of 
about 8 square meters. This shows tha, ifthe plasma contact 
area of the ends of a conductive space tether can be make 
Jarge enough, then ampere level eurents ean be extracted 
from the ambient space plasma without the use of space 
lasma contactors 

Pifhe power dissipated as ohmic healing in the tether is 
‘given by PIE. For an aluminum tether of mass m=10 kg, 
resistivity 27 n-m, and density de2700 kajeubie meter, 
subjected to an electtic field of E=100 Vim, the power 
‘dissipated in the ohmic losses of the conductor is P=lV= 
1330 Watts. For a 1 kg mass tether, it would be still a 
‘considerable 133 Watts of dissipation 

‘There will no doubt be additional dissipation of energy in 
plasma ohmic losses, plasma wave generation, and plasma 
fon acceleration, but the ohmic losses in the conducting 
tether alone are sufficient for the task of deorbiting an 
unwanted spacecraft massing 100 to 1000 times more than 
the tether. 

“The decay time of a metric ton spacecraft moving from a 
1000 km altitude orbit to a 200 km altitude orbit with an 
‘energy difference of dU=3.3G), when its energy is being 
dissipated at a power of P=1330 W by an aluminum tether 
massing just 10 kg, or 1% the mass of the spacecraft, is about 
‘one month. This is @ remarkably short time, and indicates 
that the concept of using a conductive tether to deorbit a 
spacecraft is indeed feasible. Ifthe aluminum tether massed 
‘only 1 kg, or 1/1000th the mass of the spacecraft it was 
‘dcorbiting, then the decay time would rise to 10 months, still 
a reasonable value. 

In realty, of course, the actual decay time will be longer 
than this. I the electrodynamic drag fore is very lage, and 
becomes larger than the gravity gradient forces pulling on 
the ends of the tether (which force is proportional to the 
mass of the tether), then the tether will tend to aliga itself 
along the magnetic field lines instead of across them, and the 
‘rag force will decrease because ofthe small angle between 
the conductor length and the magnetie field lines. The tether 
will then settle into an angle determined by the balance 
between these two forces 

Is the Terminator Tether™ theoretically a better means 
than atmospheric drag or a rocket engine for deorbiting 
satellites at the end of their useful life? 

In the formula for da/dt (change in altitude per change in 
time), using the assumptions of nearcircular spiral 
trajectories, the Area-Time-Product (Z), the criteria by 
which NASA judges compliance with ‘Safety Standard 
1740.14, is given by: 


eoafere 


‘where pa) is simply the density as a function of semi-major 
axis. Thus, for a static atmosphere, the problem of arca-time 
product is reduced 10 quadrature. Note that the arca-time 
procluct depends only on the density profile and the ratio of 
‘spacecraft mass to drag-coelficient and is linearly related to 
that ratio. 

“The basic altiude-dependence of the atmospheric density, 
represented here by p(a) can be expressed in a low-order 
power series of ln(density)f(In(altitude)), so that it will be 
possible 10 develop a representation of the log—log rela 
tionship between altitude and density. The three Stati levels 
‘of almospherie density are modeled as Sth order polynomi- 
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alsin the natural log ofthe altitude and are representative of 
‘well known atmosphere models, for example, Jacchia, L. G., 
“Thermospheric Temperature, Density, and Composition: 
New Model,” SAO Special Report 375, March 1977. 2 
‘Anoa., Marshall Space Flight Center, “Long-Range Statis- 
tical Solar Activity Estimation,” Atmospheric Sciences 
Division, 1989.) The values of exospheric temperature are 
reasonable (about 2-sigma) high and ow solar activity 
values of 1400 and 800 kelvins respectively. The mean value 
is taken to be 1100 kevins. 

FIG, 4 shows a graph of the Area-Time produet for three 
separate levels of exospheric temperature (for neutral drag 
calculations) and for two separate assumptions regarding 
tether mass and power drawn from the ambient plasma (for 
the Terminator Tether™ calculations). The density profiles 
for the thece values of exospheric temperature represent the 
extremes and mean values to be expected during the next 
several decades. The exospheric temperature goes through a 
cycle of about an 11 year period with maximum about 1400 
Kelvins and minimum about 800 Kelvins. 

‘The tether calculations include an inherent assumption 
that the Terminator Tether™ transfers all the energy 
extracted from the ambient space plasma into drag that 
decreases the orbital energy of the spaceerat ata rate given 
by the power drawn by the tether. Thus, the change in energy 
fora spacecraft of mass m at an initial altitude his given by 
the expression 
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and the time required to effect this change in energy of the 
mass, m, is just 


Ana, 


where P is the power drawn by the tether from the ambient 
plasma charge. 

‘The curves for 1% and 5% tethers do not include the 
cllecis of atmospheric drag because the electrodynamie drag, 
is orders of magnitude greater than the neutral atmospheric 
drag. AL altitudes greater than about 700 km, the electeody- 
namie drag. is 200 to 3000 times greater than the neutral drag, 
forces. 

It is clear, from FIG. 4 that the Terminator Tetber™ 
‘concept is far superior to neutral drag in removing spacecraft 
from orbit, no matter how much additional area is added to 
the passive spacecraft to increase the atmospheric drag. The 
analyst should note that FIG. 4 is proportional to mass; that 
is, the Area-Time-Product values should be multiplied by the 
mass of the spacecraft and divided by 1000 kg. This is teue 
for the neutral drag and Terminator Tether™ curves alike. 
‘The power levels assumed for the 1% and 5% tethers are 
only 80% of their theoretical values. This is done t0 provide 
8 20% margin on the power available from the ambient 
plasma and electrodynamic gradient 

Conventional rocket mechanisms can remove spacecraft 
from orbit, but this mechanism is apparently not viable from 
mass considerations when these factors are compared with 
the capabilities of the Terminator Tetber™. A satellite owner 
may decide to satisly the NASA safety requirements by 
adding a small solid motor and the associated hardware, 
software, sensors and structure t0 make the package 
independent, to be used to deorbit the spacecraft in case the 
main spacecraft power, atitude, or propulsion system fails 

‘The requirements of such a rocket motor system are more 
stringent than those attributed to ordinary spacecraft. The 
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rocket motor deosbt system must operate When some or all 
‘other systems of the spacecraft have failed, These more 
stringent requirements are balanced by lesser requigements 
‘of performance. The backup system must simply deorbit the 
‘spacecraft; it does not have to perform all the other duties of 
the spacecraft. But the backup system must know when to 
fire under all kinds of anomalous situations, including 
tumbling, offset of center of mass (because of loss of parts 
‘due to collisions), and lack of knowledge of the ofbital 
position, 

FIG. § shows the percent additional mass required by the 
rocket motor system to drop the perigee of a citcular orbit at 
some initial perigee altitude 10 a value of 200 km. The 
atmospheric drag at this 200 km perigee altitude will remove 
any spacecraft (in the range considered) from orbit in afew 
revolutions. The contours of constant stage propellant mass 
fraction, range from low values of 0.5 through reasonable 
values of 0.65 to 0.7, up to the values associated with the 
best solid motors (70.93) without adding any extra hard- 
‘ware to the emergency stage. An elective, independent stage 
to provide a retro delta of from 50 to 325 mis will almost 
certainly have a) of the onder of 0.6 to 0.75. If the 
emergency stage is required to perform its own attitude 
‘determination, the stage propellant mass fraction may be as 
Jow a8 0.55 oF 0.50. Note thatthe additional mass, shown in 
FIG. 5, must also be lofted to orbit in the first place, 10 
provide the mass on orbit forthe originally intended service. 
‘The stage propellant mass fraction, }, is a key stage perfor- 
mance parameter that describes the ratio of the mass of 
propellant to the mass of the stage. That is 2=m,/(m, +m), 
‘where mis the mass of the propellant and mis the mass of 
‘everything else in the stage (not including the payload or any 
stages above or below the stage being considered). Typical 
independent small rocket stages have values of 2. from 0.60 
to 0.75. The curves of stage propellant mass fraction are 
shown as straight lines («minor approximation) and are 
included only from 0.5 to 0.95, the extremes of reasonable 
design practice. 

‘These calculations that show, beyond any reasonable 
<douby, that the Terminator Tether™ concept is far superior to 
‘conventional mechanisms such as drag enhancement 
‘devices or small rocket deorbit propulsion systems. The 
superiority is measured in terms of Arca-Time-Product, 
NASA's measure of the likelihood of collision with other 
spacecraft inthe path of the descending spent member of a 
constellation. Tether calculations were made using conser- 
vative assumptions that the power extractable from the 
ambient plasma and electrodynamie gradient is only 80% of 
the theoretical power available to a perfect tether crossing 
the magnetic field lines at a right angle, ie. normally. 

‘The following analysis is presented by the inventors to 
help those skilled in the art to better understand the present 
invention when it is used as a Terminator Tether™ for 
removing from orbit unwanted non-geostationary Earth- 
‘orbiting spacecraft at the end thei useful lives. The primary 
result of that analysis is that the electrical power P in the 
tether that is converted into heat by the resistance of the 
tether and radiated away into space will remove eneegy from 
the spacecraft, causing it to rapidly deorbit, thus reducing 
the amount of oxbital space debris that must be coped with 
in outer space. Tether electric power P is given by: 
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‘where m is the mass of the conducting tether, «and d are the 
resistivity and density of the conducting material, and v is 
the velocity of the spacceraft’s motion through the Earth's 
magnetic field B. For a m=10 kg tether of aluminum with 
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resistivity of r=27.4 n&Q-m and density de2700 kg/m’, 
moving at a velocity v=7037 m/s relative to the Earth's 
horizontal magnetic field B=26.5 s/T, the power dissipated is 
42350 W! This energy loss in the form of heat must 
necessarily come out of the Kinetic energy of the host 
spacecraft. For a typical example, « 1000 kg spacecraft in @ 
1000 km high orbit subjected to an enengy loss of 2350 J/s 
from a 10 kg tether (1% the mass of the host spacecraft) wil, 

be deorbited in a few weeks. 
Power levels of the magnitude estimated in the previous 
paragraph have been measured in a real orbital space 
experiment, the TSS-1R mission carried out on the Shuttle 
Orbiter in 1995. In that experiment, a large Italian 
spacecraft, 1.6 m in diameter, was deployed upward from the 
Shuttle Orbiter at the end of a conducting copper wire tether 
‘covered with electrical insulation, As the tether was slowly 
deployed upwards, a series of measurements were made of 
the open cigcuit voltage induced in the tether by its motion 
through the Earth's magnetic field, The voltage between the 
tend of the tether and the Osbiter ground varied from zero 
vols at the start to 3500 V when the amount of tether 
deployed approached its maximum length of 20 km. 
Periodically, the encl of the tether was connected either 10 
‘one of two different electron guns, which supplied contact to 
the surrounding space plasma, or to the Orbiter ground. The 
bare surfaces of the Shuttle Orbiter proved 10 be a suepris- 
ingly good plasma contactor via a combination of ton 
collection and secondary electron emission, ‘The current 
flow through the tether was deliberately limited by control 
citeuits and the current capacity ofthe electron guns to about 
0.5 amperes, but power levels of 1800 Watts were reached. 
“The tether was intended to have a fully deployed length of 
10 km, but at a deployed length of 19.5 km, when about 
+3500 V was being induced at the end of the tether inside the 
“Orbiter eel mechanism, a flaw in the insulation allowed an 
clectrical spark to jump in an uncontrolled manner from the 
tether to the Orbiter ground, With no control circuits to keep 
the current level down to 0.5 amperes, the current flow 
jumped to 1.1 amperes, and the total power generated was 
P3850 Watts Most of this energy went into the electrical 
‘ar, which buened through the tether, causing it to break and 
halting the experiment, This experiment showed that lange 
areas of bare conducting material, such as that provided by 
the 8 square meter area of the Italian spacecraft at one end 


ss of the tether and the very large surface area of the Shuttle 


Orbiter spacecraft at the other end of the tether, can collect 
and emit amperes of current, while thousands of volts of 
potcotial can be generated by sufficiently long tethers mov- 
ing at orbital speeds. 

“Thus, both theory and experimental data collected in the 
space environment indicate that significant amounts of elec- 
trodynamic drag force can be obtained from a low mass 
‘conducting tether attached to a host spacecraft, provided the 
ends of the conductor can exchange sufficient numbers of 
electrons with the surrounding space plasma. 

Experimental data from the TSS-1R data also produced 
the amazing result thatthe efficiency of a bare metal surface 
in “contacting” the space plasma is many times better than 
the standard theory would predict, The 8 square meters of 
bare surface area of the Italian spacecraft were sullicient to 
collect the 1.1 A of electron current. This amount of area is 
easily replicated by a few hundred meters of bare wire, 
‘considering thatthe effective collection diameter around the 
wire is the Debye length, which is a few centimeters at the 
typical values for space plasma density and temperature 

‘Because of this result, that a bare wire can easily collect 
electrons, Les Johnson, Nobie Stone, Chris Rupp, and others 
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at NASA Marshall Space Flight Center have formed! team, 
‘which includes the present inventors, which is embarked on 
anew flight experiment. The experiment is scheduled for a 
Pigey-back flight on a Delta Il launch of an AF Global 
Positioning Satellite in early 2000. The goal of the experi- 
‘ment isto demonstrate that electrodynamic drag from a wire 
moving at orbital speeds through the Earth’s magnetic field 
will create a large enough electrodynamie drag force 10 
<dcorbit the Delta Il second stage, whose mass is greater than 
1000 kilograms, in afew weeks. This is essentially a 
demonstration of the Loftus electrodynamic drag deotbi 
‘concept and the first step in the development ofa Terminator 
Tether™: 

‘The ProSEDS (Propulsion Small. Expendable-ether 
Deployer System) mission will use a 5 km long copper wire 
‘conductive tether massing 18 kg connected to a 20-35 km 
Jong nonconducting tether, which is in turn connected to a 
25-40 kg ballast mass. The total of 25-40 km of tether 
iength and! the 2540 ky ballast mass on the end will provide 
‘enough gravity gradient force to Keep the tether aligned near 
the zenith, so that the direction of the current in the tether is 
at right angles to both the direction of the spacecraft motion 
in the nominal EW direction and the Earth’s near-equatorial 
magnetic field in the nominal NS direction 

‘An important feature of the ProSEDS experiment is that 
itis designed to be completely self-powered. Ituses a battery 
to initiate deployment and to power up the plasma contactor, 
but once current is flowing through the tether, some of the 
power is tapped off and used to recharge the battery. The 
battery, in tum, powers the current control electronics, the 
telemetry, system, and the plasma contactor, The ProSEDS 
mission will not be designed to allow ground control 
‘changes in operation, primarily because of the inerease in 
‘complexity and cost associated with that option, 

‘The present invention is the use of a small, low-mass 
deployericontroller package containing large’ collecting 
area, short length, multiline space tether, such as a Hoytape 
mesh made of aluminum wire, as a “Terminator Tether™” 
for a constellation spacecraft, The Terminator ‘Tether™ 
‘would be deployed when the host spacecraft is no longer 
‘working or no longer wanted. The electroynamic drag from 
the Terminator Tether™ would rapidly remove the unwanted 
spacecraft from the constellation and a few weeks later 
complete the deorbit of the host spacecraft from space by 
bburnup in the upper atmosphere of the Earth, For a Termi- 
nator Tether™ to be of maximum usefulness for constella- 
tion spacecraf, it would be desirable to minmize the mass 
and the length of the tether. A lower added mass means more 
mass for revenue producing transponders, while a shorter 
tether length means a lower collision cross-section Area 
‘Time Product during deorbit. 

FIG. 6 shows a spacecraft 600 having a state vector 602 
that causes the spacecraft to move across magnetic field 
lines 601, Spacccraft 600 has a conductive tether 603 
aitached to it by tether deployer and control system 608. The 
‘outer end of tether 603 is attached to tether end mass 607 
Spacecraft 600 also has an attached electron emitter means, 
613. 

In FIG. 6, spacecraft 600 has a velocity and direction 
defined by state vector 602. As spacecraft 600 moves it 
‘causes conductive tether 603 to cut magnetic field lines 601. 
As this happens the distal end of the conductive tether 
‘collects electrons, shown as arrows 611, from the space 
plasma. Electrons 611 move through the conductive tether 
603, are passed through a resistive load, not shown, in 
control system 608, and are emitted back into the space 
plasma as electrons 615 from electron emitter 613. This, 
produces an electrodynamic drag in the direction shown by 
arrow 609. 
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As is discussed in detail in the electrodynamic drag 
analysis below, especially in that sections of the analysis 
titled “Optimization of Tether Angle", the maximum elee- 
‘odynamic drag of the tether is achieved when the angle, 
shown as the Greek letter + in FIG. 6, is 35.26 degrees, 
trailing, to the direction of the magnetic field lines. This 
angle may be maintained by a feedback control circuit that 
maximizes the electrodynamic drag of the tether system, a8 
is discussed in detail below. The tether structure 603 is a 
Hoytether having a length of about 2 to 5 kilometers. The 
use of the 35.26 degree angle to the magnetic field reduces 
the tether instability, allowing the use of a short tether which 
will have a small Area-Time-Produet, This will minmize the 
possibility that the tether will impact another space object 
luring its use. 

In FIG. 7, spacecraft 700 has a state vector 702 across 
magnetic field lines 704. Conductive tether 706 is attached 
to spacecralt 700 by tether deployer and conteol system 708. 
‘The distal end of tether 706 is attached to a tether end mass 
‘710, Spacecraft 700 has an electron emitter means 714, 

Functionally, electrons 712 flow from the space plasma 
into conductive tether 706, are passed through a resistive 
Toad in control unit 708 and are emitted into the space 
plasma by electron emitter 714 as free electrons 716. As is, 
discussed in detail in the analysis below, this produces an 
electrodynamic drag on satellite 700, which causes it to 
deorbit 

In FIG. 7, spacecraft 700 is rotating with an angular 
velocity indicated by arrow 718, This rotation causes a 
centrifugal force 720 to place tension on conductive tether 
706. This force 720 places tension on the tether 706 in a 
rection that counters tether instability. The Tether 706 may 
be at any angle to the magnetic field while the rotation of the 
tether-satelite system is producing this useful tension, FIG. 
7 shows the angle to be 35.26 degrees, which is optimum, 
but any angle will work 

FIGS. 8a and 86 show a powered Terminator Tether™. In 
FIG. 8a the spacecraft 800 has a state vector 802 that causes 
it and its associated conductive tether 806 10 move across 
magnetic field 804. Tether 806 has an end mass 808 that is 
proximate a plasma contactor 810, Just as was discussed in 
the embodiment of the present invention shown in FIG. 6 
and FIG. 7, an clectrie current moves through the circuit 
formed by the space plasma, the plasma contactor 810, the 
‘conductive tether 806, and the electron emitter 815, thence 
back into the space plasma as electrons 816. This creates an 
clectrodynamic drag on the tether inthe direction shown by 
arrow 818. 

In FIG. 86, similar numbers indicate similar structures. [a 
FIG. 8b, however, an electric power source, not shown, in 
spacecraft 800 provides electrons to conductive tether 806. 
‘The electrons are emitted from the end 812 of the tether 806. 
Electrons are collected to from the space plasma 814 by 
‘contactor 815, thus completing the electric circuit. The result 
is an electrodynamie force on tether 806, and therefore on 
spacecraft 800, in the direction show by areow 820. 

Spacecraft 800 in FIG. 8 may be rotated as is taught in 
the embodiment of the invention showa in FIG. 7, above, to 
allow the control system to time the application of electric 
Ccurtent to the tether 806 fo cause force 820 to be exert force 
in any desired direction along the cigcle made by the rotating 
tether. This allows the state vector of the spacecraft o be 
modified to raise or lower the spacecraft's orbital altitude, oF 
to otherwise usefully change its orbital elements. 

FIG, 9 show an embodiment of the present invention 
wherein the conductive structure of a satellite is used as the 
tether. In FIG. 9, « spacecraft 900 which has a state vector 
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901 and is moving across magnetic field 903, has two 
attached solar panels, 92 and 904. Solar panels 902 and 904 
have conductive aluminum frames 908 and) 906, respec~ 
tively: Frame 906 is clecrically and mechanically connected 
to plasma contactor 912. Frame 908 is electrically and 
mechanically connected to electzon emitter 910. As space- 
cralt 900 moves across magnetic field 903, electrons from 
the space plasma 914 low through contactor 912 and frame 
806 to the body of spacecraft 900, where the current Hows 
through a resistive load, not show, and then into frame 908 
and electron emitter 910 to the space plasma 916, thus 
‘completing the circuit. This creates an electrodynamic drag 
‘on spacecraft 900 If the power output from solar panels 902 
and 904 was directed to flow into the frames, 906 and 908, 
then the eleetrodynamic interaction withthe space plasma 
would cause a useful foree to be impressed on spacecraft 
900, 3s was discussed in connection with FIG. 8 above. The 
spacecraft may be rotated andior oriented to a desired angle 
‘with the magnetic field lines, as was also discussed above 

FIG, 10 shows an embodiment of the preseat invention 
‘wherein the plasma contactor and the resistive load are 
structurally part ofthe conductive tether. In FIG. 10 space- 
craft 1000 has a state vector 1001 that causes it to. pass 
through magnet field 1003. Spacceraft 1000 has a tether 
control and deployment system 1005 that is connected to a 
‘conductive tether 1007 having an end mass 1013. A con- 
tactor portion LOLS of the conductive tether 1007 near end 
mass 1013 is adapted to contact the space plasma so as 10 
receive of emit electrons. This may be the bare wire strands 
‘of a wide Hoytether, or it may be any other plasma contactor 
means that can he conveniently made electrically part of the 
Hoytether structure, sueh as points or metal fuzz. A second 
resistive portion 1009 of tether stcucture 1007 is adapted to 
be a resistive load. This may be done by making a postion 
‘of the tether structure from a material, such as nichrome 
steel wite, that has suitable electrical resistance The large 
surface area of the Hoytether provides an excellent radiator 
structure into the three degree Kelvin radiation sink of outer 
space. 

FIG, 11 shows an alternative embodiment of the load 
resistance/radiator structuce of the present invention. In FIG. 
AL, a biline Hoytether 1002 is atlached to its control and 
<deployer system 1100 on a spacecraft, not shown, and to a 
tether end mass 1004. A resistive load, 1006 is woven into 
the Hoytether stmcture, whereby this load 1006 aod the 
section of the Hoytether 1002 into whieh itis woven act 
together as a thermal radiator allowing photons 1008 10 
radiate into the thermal sink of outer space 

‘The following detailed analysis of the present invention 
‘will help those skilled inthe at to better understand and use 
the present invention. 

Electrodynamic Drag Analysis 

‘The following is an optimization analysis of the clectro- 
dynamic drag produced by a conducting tether deployed 
from a host spaceeraft that itis to deorbit. The foree and 
torque diagram used in the analysis is shown in FIG. 12, 
‘which shows the forces and torgues on an upwaed deployed 
‘conducting tether due to the motion of the hast spacecraft 
through the magnetic field of the Earth 
Physical Constants and Assumptions: 

‘The analysis that follows will use the following physical 
‘constants and assumptions: 

[Newion's gravitational constant G=6.67%10" m"/kgss 

Mass of Earth Mx5.976x10" kg. 

Radius of Earth near equator R,6378 km. 

Assumed host spacecraft altitude h=622 km. 

‘Assumed bost spacecraft orbital radius 2=7000 km. 
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Host spacecraft orbital velocity wewae{GM,/a }" 
mis 
Vertical gravity gradient at spacecraft, 20'=2GMJa"= 
232x10°* s) 


Centrifugal gradient at spacecraft ©*=GM,Ja*=1.16«10°° 


7546 


Combined _gragient at spacecraft 30 
3.49x10"" s 
Magnetic field of Earth (tilted dipole approximation): 
Magnitude B,=35 4/T=0.35 gauss. 
‘Angle between magnetic pole and spin pole 11.5°. 
Field components at spacecraft with altitude a and 
angle B between radius vector of spacecraft and 
magnetic equatorial plane. 
Horizontal By=B,(R,/a) cos ()=26.5 1T cos B. 
Vertical By=2B,(R/a)'sin fo52.9 JT sin Bi 
Electrodynamic Tether Constanis and Assumptions: 

‘The electodynamic tether is assumed to be made of a 
conducting metal, and have a length L, density d, resistivity 
1 and cross-sectional area A that is constant along the length 
of the tether. Ifthe tether is a single round wire of diameter 
D, then the cross-sectional area is A=xD"/4, Because of the 
micrometeorite and space debris hazard, however, itis likely 
the tether will be made up of redundantly interconnected 
multiple lines whose individual cross-sectional areas add up 
to A. Given these assumptions, the tether mass is then 
myndLA, while the end-to-end tether resistance is Ry=rl/ 
AsrdL?im 
Specific Conductivity Parameter: 

‘The choice of the metal conductor to be used in a space 
tether is determined by a combination of low resistivity 
(high conductivity) and low density, with cost, strength, and 
melting point as secondary considerations for certain appli 
cations. Copper has a resistivity r=17.0 nQ-m, a density 
46-8933 kg/m, and a “specific conductivity” of 1/1d=6,585 
m?/Q-kg, Aluminum has a resistivity r=27.4 nQ-m, which is 
significantly greater than that of copper, but it has a much 
lower density of d=2700 ka/m*. AS a result, aluminum's 
“specific conductivity” of 1/rd=13,500 m7/Q-kx is twice the 
‘conductivity per unit mass of copper. Silver, because of its 
higher density and higher cost, is not competitive as an 
clectrodynamic space tether even though its resistivity of 
16.1 nQQ-m is slightly better than that of copper. An alternate 
candidate material would be beryllium, wi 
1=32.5 nQ-m, density d=1850 kg/m’, and a 
ductivity” of 1/ta=16,630 m*/@-kg, slightly better than that 
of the much cheaper aluminum. Beryllium also has a higher 
melting point at 1551 K than aluminum at 933 K, so some 
of ils alloys may be a preferred material for some electio- 
dynamic applications despite its higher materials cost. 
Unfortunately, despite decades of metallurgical research by 
the nuclear power industry, highly ductile alloys of beryl- 
lium have not been found, so it is dificult to pull beryllium 
into wire. As a result, because of its high specific 
‘conductivity, low cost, and ready availablity in ductile wire 
form, it will be assumed for this analysis that the electro 
dynamic tether will be made of alumiaum wire. 

‘Typical Resistance Values: 

‘To be economically competitive, the mass of the tether 
riceds to be a small fraction ofthe mass of the bost spacecraft 
itis required to deorbit. Since a typical constellation space 
craft bas a mass of about 1000 kg, a typical Terminator 
‘Tether™™ with a mass that is 2% of the host spacecraft mass, 
‘would consist of a deployer/controller package with a mass 
mp=10 kg, containing an aluminum tether with a mass 
m=10 kg with a volume of LA=m,/d=3.70x10-° m*. If this, 
10 kg of aluminum were formed into a tether with a length 
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‘of L=2 km and a cross-sectional area of A=185 mm, then 
the end-to-end resistance of the tether would be ResL/A= 
rall/m =29.6 © A longer tether would have a proportion- 
ately smaller cross-sectional area and a higher resistance; for 
‘example, a 5 km long tether with the same mass would have 
a resistance of 185 Q. 
Orbit Inclination Assumption: 

In order to make the remainder of the analysis mathemati 
‘ally tractable, it will be assumed that the orbit of the host 
‘spacecraft is circular and above the magnetic equator, so that 
the angle between the radius vector to the spacecraft and the 
‘magnetic equatorial plane is B=0 degrees, In this orbit, the 
velocity v ofthe spacecraft with respect to the magnetic field 
is the orbital velocity w less the rotational velocity of the 
‘magnetic field atthe orbital radius a due to the once per day 
rotation of the Earth, or 
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‘This equation also shows why clectrodynamie drag will not 
be useful for removing geostationary spacecralt from orbit. 
At the geostationary orbital radius of a=42,200 km, the 
relative velocity of the spacecraft and the rotating magnetic 
field of the Earth is ze. 

‘With this assumption of an orbit above the magnetic 
‘equator, the vertical component ofthe Earth's magnetic field 
is zero and the horizontal component of the Earth's magnetic 
field is at right angles to both the local vertical and the 
Jirection of motion of the spacecraft. The total magnetic 
field seen by the host spacecraft and its Terminator Tether™ 
is then orthogonally horizontal and has the magnitude: 


BoB BARA cos fo20.5 


‘Where for simplicity the subscript H will be dropped for the 
remainder of this analysis, 
‘This orbit, with its inclination of 11.5° with respect to the 


spin equator, will not stay in the plane of the magnetic 
‘equator, but Will vary +11.5° above and below it asthe Earth 
rotates, causing a variation in magnetic field strength of 20.5 
iT, as well asa slight variation in angle. This 2% variation 
is negligible in terms of the other uncertainties in this, 
analysis. It is not until the orbital inclination of the host 
spacecraft orbit reaches 64, where cos 60°=0.5, that there is 
a significant drop in the expected magnitude of the electro- 
‘dynamic drag forees calculated in this analysis. 
Electromagnetic Drag Effects in Polar Orbit 

In many medium Earth orbit communication satelite 
there area significant numberof spacecraft at 
ms and in nearly polar onbits. ‘The high incl 
nation spacecraft, with inclinations between 60° and 78.5°, 
will all have orbits that stay between the magnetic poles. 
Although the amount of eleetrodynamic drag will be sig- 
nificantly less than that experienced by spacecraft. with 
orbits at lower inclinations, the direction of the induced 
electric fields in the tether will always be in the proper 
direction. If the tether is vertically upward, the outer tip of 
the tether will be positively charged and the bare wire in the 
tether will pull electrons out of the surrounding space 
plasma, while the electron emitter at the host spacecraft end 
will eject the electrons back into the space plasma to 
‘complete the circuit, 

For spacecraft in near polar orbits with inclinations 
between 78.5° and 90°, however, there will be much more 
‘drastic variations. Fest of all, fora spacecraft in a 90° orbi 
that happens to pass directly over the magnetic poles, there 
is no horizontal component of the magactic field when itis 
passing over one of the magnetic poles, so no voltage is 
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‘generated in the tether during that part of the orbit, while the 
horizontal component of the magnetic field near the mag- 
netic equator, while strong in magnitude, is along the 
spacecraft velocity vector, so no voltage is generated in the 
tether in that part of the orbit either. As a result, there will 
be negligible electrodynamic drag experienced by the host 
spacecraft during that particular orbit. The Earth is rotating, 
however, and the magnetic pole is rotating with it. A few 
corbits later, the host spacecraft will be passing over the 
Earth's spin pole at a point where the horizontal component 
‘of the magnetic field is exactly at right angles to the direction 
‘of motion of the spacecraft, so the full voltage is generated 

the tether. When passing over the spin pole, the spacecraft 
radius vector is at an angle of 115° from the magnetic pole 
and al an angle B=78.5° away from the magnetic equatorial 
plane. With these assumptions, the magnitude of the hori- 
zontal component of the mageetic field at the Earth's spin 
pole is a respectable 
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‘oF 20% of the maximum value experiences by spacecraft 
orbiting above the magnetic equator. This value will drop 
slightly as the orbit continues, thea build back up as the 
spacecraft passes over the opposite pole. AS the Earth 
continues to rotate, bringing the magnetic pole again under 
the orbit, and the interaction ofthe tether with the horizontal 
‘component of the magnetic field again drops to zero. The 
average coupling of a tether to the Earth's magnetic field 
over all polar trajectories has been calculated to be 12.3 
percent, 

‘A problem experienced only by spacecraft with orbit 
inclinations greater than 78.5°: 

‘The spacecraft will ao longer be traveling from west to 
‘east with respect to the magnetic field axis, but wil have a 
retrograde motion as it moves through the magactie field. As 
4 result, the voltage generated by the motion of the tether 
trough the Earth's magnetic field will switch direction. The 
‘outer tip will be negatively charged and will attempt to 
collect fons, which is a much less efficient process than 
collecting electrons. 

‘There are a number of solutions to this problem. The first 
is to increase the mass and length of the tether supplied to 
‘a spacecraft assigned to a polar orbit, so that higher voltages, 
ccurtents, andl drag are generated during the limited times the 
spacecraft is passing over the poles in the right direction. 
‘The second is to supply a tether with plasma contactors at 
both ends that can emit electrons from either end, allowing 
the current to flow either way, depending upon which 
direction the spacecraft is passing around the magnetic pole. 
‘The thied isto utilize the first aumber of passes to torque the 
‘orbit of the spacecraft until the orbit inclination has been 
shifted below 60°, then turn on the electrodynamie drag full 
time to deorbit the spacecraft from this more favorable orbit, 
inclination. This orbit torqueing maneuver is accomplished 
by activating the electrodynamic drag mechanism only when 
the magoetic field orientation is such that a strong out-of- 
plane component of force is created. This orbit torqueing 
maneuver can be augmented by switching to a propulsion 
mode, where power saved in the batteries during the drag 
force mode is pumped back into the tether when the mag: 
netie field is in the opposite direction, applying electrody~ 
namie propulsion to torque the orbit even further. With the 
tether at a large and stable trailing orientation, the coupling 
to the magnetic field can be sigaificant to a vertical tether. 

In summary, spacecraft in near-polar orbits might take 
longer to bring down, and might have to utilize specially 
designed Terminator Tethers™ that might cost and mass 
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‘more than the simpler Terminator Tethers™ usable in lower 
inclination orbits, but a Teeminator Tether" can still emove 
1 spacecraft from a polar orbit when desired. 

‘The inventors now present a detailed analysis and opti 
mization of a typical Terminator Tether™ attached to a 
typical host spacecraft in a typical low inclination orbit 
Electromotive Generation of Voltage and Current in the 
Tether: 

‘When an object is moved at a velocity v through a 
‘magnetic field B, an electric field is generated in the frame 
‘of reference of the moving object given by: 


Ente 


where the magnetic field B of the Earth, being mostly 
tangent to the Earth's surface in the north-south direction, is 
at right angles to the velocity vector v of the spacecraft, 
assumed 10 be orbiting in a generally west-east direction, 
‘The direction of the electric field E will be at right angles 10 
both v and B, or along the local vertical. It should be noted 
that this electric field exists in the moving frame of reference 
because a moving magoctie field ereates an electric field. No 
‘object actually has to be there, but if it is, then the relative 
motion of the magnetic feld of the Earth will not only apply 

forces to whatever material the object is made out 


NNote also that the velocity used ia this equation is the 
relative velocity between the object and the magnetic field 
Because the Earth's magneti¢ field rotates with the Earth the 
motion of the magnetic field must be subtracted from the 
‘orbital velocity of the object t0 obtain the relative velocity 
Voltage generation in a Conducting Tether: 

If the moving object is a long conducting wire of length 
L, the electric field E, generated in the wire produces a 
voltage V between the opposite ends of the wire given by: 


Ve AL 98 XBL oo 


\where is the angle between the length vector Lof the tether 
and the electric field vector E, assumed to be in the vertical 
‘direction at right angles o the velocity vector v inthe plane 
of FIG, 12 and the magnetic field vector B out of the plane 
‘of FIG. 12. A typical value for the voltage level built up in 
a vertically oriented tether with length L=5 km and =0, 
moving at a velocity of v=7037 m/s through the Earth’s 
horizontal magnetic field of strength 26.5 wT, is 932 V, or 
0.186 Vim. Spaceeratt in higher inclination orbits. would 
experience somewhat smaller electric fields. For calibration, 
the voltage measured between the ends of the 19.5 km long 
‘TSS-IR tether was 3500 V, o 0.175 Vin. 

Contacting the Space Plasma: 

‘Although a voltage will build up between the ends of the 
‘conducting tether, no current will flow unless the circuit is 
‘completed. The circuit cannot be completed with another 
\wire, for i too will have a similar voltage generated in it by 
the moving magnetic field, Fortunately, empty space is not 
‘empty, and in near-Earth regions aot too distant from the 
Earth's atmosphere there exists highly electrically conduc 
live space plasma, kept partially ionized by radiation from 
the Sun, The electron and ion density varies from the dark 
‘o light side, with altitude, with season, with sunspot eyele, 
with contamination level, ete. but it typically varies from 
10" to 10" electronsiec. 

Fortunately, it has been found that if a bare conductive 
‘surface such 36 the spherical talian spacecraft in the TSS-1R 
‘experiment, or the long bare wire to be used in the ProSEDS 
‘experiment, or a multiline conducting wire Hoytape mesh, is 
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charged to a few hundred vols, the bare conductor will 
readily pull electzoas out of the space plasma, So all that is 
needed to complete a connection to the space plasma atthe 
positively charged (upper) end of the tether is sullicient 
large area of uninsulated conductor. 

It is more difficult to eject electrons from a wire oF to 
collect positive ions from the space plasma. Although it is 
conceivable that a very large area at the other end of the 
tether could collect enough ions to complete the circuit 3s 
was demonstrated during the TSS-IR mission when the 
‘Shuttle orbiter was found tobe an adequate plasma contactor 
for over an amp of current, the preseat method chosen is to 
use an electron emitler of Some sort, either a hot cathode, a 
plasma cathode or contactor, a feld-emission device, or 
Something similar. Once provisions have been made at both 
ends of the tether to allow the flow of electrons out of one 
tend of the tether and into the other end, and the altitude of 
the host spacecraft is not too high, then there will be 
sulicent conductivity inthe space plasma surrounding the 
host spacecraft to allow cureent to flow trough the tether. 
‘Current Flow In The Telber: 

‘The amount of current 1 flowing through the tether 
depends upon the total resistance Rin the circuit. This 
resistance will consist of three components, te effective 
resistance of the plasma, the resistance ofthe tether, ealeu- 
lated earlier as Ryrl {Anrdl*im, and a contol resistor Re, 
which will be varied as needed (6 optimize the Terminator 
‘Tether™ performance, There will also need to be a parasitic 
load on the curren in the form of a charging device to charge 
some batteries. The batteries in ten willbe used (0 power 
the control and communication circuits, and drive the elee- 
‘ton emiting devices at the negative end of the tether. A 
‘well-designed Terminator Tether will thus be completely 
self-powered, except for an initial charg in the batteries to 
provide electrical power for the deployment and startup 
procedure, For simplicity of analysis it will be assumed that 
this battery charging load, which absorbs power like a 
resistor, but Which stores it and uses it later instead of 
dissipating it immediately as heat, i incuded in the control 
resisior R,. Normally, this load would act as a “base resis- 
tance” below which the control resistor could not be 
lowered, but since the charging cireuit can be turned off 
‘when desired, and operations contioued without interruption 
using the power stored in the batteries, it will be assumed 
thatthe control resistor ean be taken t0 near zero value in 
those circumstances where the space plasma conductivity is 
low, or the magnetic field is inthe wrong orientation and the 
voltage being generated in the tether is not lange. Under 
these circumstances, lowering the control resistor to near 
zero allows a much higher curteat to flow for a given 
{generated voltage, thus increasing the power being dissi 
pated in the tether and maintaining a bigh level of electro- 
dynamic drag on the host spacecraft 

‘A properly designed Terminator Tether™ will have plenty 
of bare metal area for electron colleetion atthe postive end, 
‘hile the elecizon emitters at the other end are efficient in 
terms of emitting large electron currents at low voltages and 
therefore low powers, while at the same time the mass, 
length, and area of the conducting tether have been made 
such that the resistance of the tether is moderately high. 
Under these conditions, the effective resistance ofthe space 
plasma will be much less than the design resistance of the 
tether. To make the mathematics more tractable it will be 
assumed that the plasma resistance is ean be neglected and 
that the voltage available to drive the tether is the full 
voltage generated by the moving magnetic field. Although 
voltage will be needed to power the electron emit, what- 
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‘ever its form, it will be assumed that the required voltage and 
power will be supplied by the batteries. The batteries in turn 
‘will be powered by the battery charging circuit, whose 
effective resistance is included in the control resistor (except 
for those short periods when the plasma or magnetic field 
interactions are weak), 

Given all these assumptions concerning the total resis- 
tance in the circuit, the current I flowing through the tether 
is then given by: 
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Auypical current level can be estimated by assuming that the 
‘control resistance Re should be about the same size as the 
tether resistance Ry, which for an alumioum tether with 
resistivity 1=27.4 n0-m, density d=2700 kgm’, length L=5 
km, and mass mj=10 kg, is R/=185 Q, giving a total 
resistance, including the control resistance Re, of R370 Q. 
‘Thus the current flowing though a tether of length L=5 km, 
generating a voltage of V=932 V, would be I=V/R=2.52 A. 
Power Dissipation Analysis: 

‘The induced current I flowing through the tether resis- 
tance Ry will generate heat in the wire, which will be 
radiated into space and lost, That radiated energy must come 
from somewhere, There is also power taken out of the 
‘current flow by the battery charging circuit and ultimately 
dissipated. In order to conform 0 energy conservation laws, 
this power and energy must come from a deerease in the total 
kinetic and potential energy of the host spacecraft, causing 
it to deorbit. Set forth below is a detailed, optimized force 
analysis which will calculate the drag force on the host 
spacecraft, In this section, by using some simplifying 
assumptions, it is possible to produce a general argument 
based on energy conservation laws, which will illustrate the 
broad scope of the present invention. 

For this energy conservation analysis it will be assumed 
that the plasma resistance is small compared with the tether 
resistance, and that the control resistance is equal to the 
tether resistance: 
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Assume that the ballast mass at the end of the tether is a 
large piece of the defunct host spacecraft, such as a solar 
panel, antenna, or battery pack, so thatthe gradient force is 
large ‘and the tether is always oriented along the vertical so 
that the angle e=0°, Also assume the spacecraltis in an orbi 

above the magnetic equator and thus is moving at right 
angles 10 the Earth's magnetic field, so that the angle 
between the orbital velocity vector and the magnetic field 
‘vector is 90°, and the electric field vector is in the vertical 
irection, aligned perfectly with the tether length vector, 
Under these ideal conditions, the voltage between the ends 
of the tether i given by: 


VebsL-(xBpLovBl. 
“The current in the tether is then just: 
FN ReAR, vB 2a 
‘The power dissipated as ohmic heating in the tether is then 
sven by: 
Patvet a2 
‘This equation shows the intresting result that the power 


dissipated does not depend upon the length or the area ofthe 
tether (withio reason), but only the mass ofthe tether m, the 
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resistivity r and density d of the tether material, and the 
velocity v of the conducting tether through the Earth's: 
magnetic field B. 

For a typical aluminum tether of mass my=10 kg, the 
power dissipated is an impressive P=2350 W, Even if only 
‘a simall fraction of this power is dissipated in a real system, 
the Kinetic energy of the host spacecraft would sulfer a 
significant energy loss with time, 

Orbital Energy Extraction Analysis: 

‘The total energy U of a spacecraft of mass M in orbit, 
around the Earth consists of two components, its posit 
orbital kinetic energy and its negative gravitational potcotial 
cencrgy. Ifa circular orbit of altitude band radius a=R, +b is 
assumed, then the total energy of the spacecraft moving at 
velocity w=(GM,/a)"* is: 
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‘The system will be dissipating energy in the tether to 
decrease the energy U of the unwanted spacecraft from its 
relatively low negative value in a high Earth orbit to a 
‘greater negative value in a lower Earth ombit, To give @ 
specific example, an unwanted spaceeralt with a mass of 
M=1000 kg (a metric ton) in an orbit with an altitude of 
hh=1000 km and a high orbital radius of a(H)=R,+h=7371 
‘km, then its (negative) total energy is: 
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It is desired to lower the spacecraft to an orbit with an 
altitude just outside the atmosphere of h=200 km or a lower 
orbital fadius of a(L)=R,+h=6571 km, where atmospheric 
drag will finish the job. The total (negative) energy of a 
meiric ton spacecraft at 200 km altitude is: 
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‘Thus, the amount of enengy nocd to be dsiated in 
conde to move the 1000 kg spaceeratt rom 4 1000 km orbit 
a total energy U(H)=-27.1 GJ down to a 200 km orbit 
nergy U(L e304 Cd is 


aUabH-U)=3.3 G1 


‘The decay time Tof a metric ton spacecraft moving from 
48 1000 km altitude orbit to a 200 km altitude obit with an 
energy difference of dU=3.3 GJ, when its enemy is being 
dissipated at a power of P=2350 W by a typical alumiaum 
tether massing just 10 kg or 1% the mass of the spacecraft, 
is found to be T=dUP=16 days. 

‘The actual decay time will be longer than this. If the 
electrodynamic drag force is very large, and becomes langer 
than the gravity gradient forces pulling on the ends of the 
tether, then the tether will tend to align itself along the 
magnetic field lines instead of across them, and the drag, 
force will decrease because of the small angle between the 
‘conductor length and the magnetic field lines. The tether 
‘curtent will need to be contzolled until the angle of the tether 
settles into an angle determined by the balance between 
these two forces. These electrodynamic torque vs. gradient 
torque dynamic interaction effects are discussed in the next 
section. 

Force and Torque Balance Analysis: 

It is now possible 10 calculate the forces and torques on 
the tether, It is also possible to use the fact that the electro- 
dynamic and gravity forces and torques on the tether must 
balance each other out to calculate and teach some optimum 
values for some of the Terminator Tether parameters, 
Electrodynamic Force and Torque: 
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AS discussed above, both theory and experiment show 
that: provided the conducting tether is moved rapidly 
through the Earth's magnetic field in order to generate a 
‘voltage across it, and provided good contact is made with the 
space plasma, the conducting tether will have a current 
flowing through it. When a wire (moving or not) carrying a 
‘current Tis embedded in a magnetic field B, there willbe an 
clectrodynatnic force F- generated on each element of the 
‘wire. The electrodynamic force will be at right angles to the 
magnetic field vector and the Ieagih vector of the wire 
‘element, with a magnitude given by: 
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where B is the horizontal component of the magnetic field, 
which is perpendicular to the assumed magnetic equator 
‘orbit plane, while the tether length vector Lis assumed to lie 
in the orbit plane. If as will be the case most of the time, the 
‘electron current is leaving the space plasma and entering the 


tether along the length of the tether, thea IL needs to be 


replaced with an integral of the current along the length of 
the tether. 

‘Note thatthe electrodynamic force amplitude or direction 
is not directly dependent on the motion ofthe tether through 
the Earth’s magnetic field. The electrodynamie force would 
be the same if the tether were aot moving and the current 
‘was being supplied by a battery. Since the cuerent I is a 
function of the orbital velocity, however, there is a second- 
ary dependence of the electrodynamie force magnitude on 
the orbital velocity, but not its direction, The electrodynamic 
force is always at right angles to the conductor, and stays at 
right angles to the conductor as the angle + varies, as shown, 
in FIG. 12. 

‘Assuming that the electrodynamic drag force is applied 
uniformly along the length of the tether, it is possible to 
‘make the simplifying assumption that the integrated force is 
<ffectively applied at right angles to the center of mass of the 
tether at the point L/2 as shown in FIG. 12. The electrody- 
namie torque on the tether is then: 


‘Teg DL'D'L? os WARe4nL nn eeD°L? cos WOR 
Gravity Gradient Forces and Torques: 

‘When a tether and its ballast end mass are deployed from 
1 host spacecraft, the gravity gradient force field of the 
Earth, combined with the orbital centrifugal gradient force 
field, will cause the tether 1o deploy either up or down from 
the host spacecraft. The direction desired depends on which 
end of the tether is connected to the electron emitter 
Normally, the electron emitter will be on the end attached to 
the host spacecraft, in which case the desired direction of 
‘deployment will be upward so thatthe induced voltage in the 
tether will produce an excess of electrons at the electron 
‘emitter end of the tether, The desired! upward direction is 
‘chosen by having the deployer eject the ballast mass in the 
upward direction. Once the ballast mass has been started in 
that direction, the centrifugal force due to the orbital motion 
‘of the ballast mass will cause the ballast mass to continue 10 
accelerate in the upward direction until it is brought to a halt 
by the full deployment of the tether, 

If there were no electrodynamic or atmospheric drag, the 
‘equilibrium direction of the tether would be exaetly along, 
the vertical, since the combined gradient field is a maximum 
in that direction, Because a significant amount of electeo- 
‘magnetic drag is expected, the actual angle of the tether with 
respect 10 the local vertical will be at some angle, lagging 
behind the spacceraft motion in the plane of the orbit, as 
‘shown in FIG. 12, In the following analysis shows that there 


0 


a 


o 


28 

is an optimum angle for v that produces the largest electro- 
dynamic drag force on the host spacecraft without producing 
tether instabil 

‘The combined vertical gravity gradient and centrifugal 
gradient ficld 31° acting on the ballast mass mp at the cad of 
the tether of length L will produce a gradient force Foy given 
by: 
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‘The strength of the force depends not only on the ballast 
mass my and the strength of the gradient field 317, but also 
the component along the radial direction of the distance of 
the ballast mass from the center of mass, which is L cos". 
This force acts in the vertical direction along the radius 
vector leading from the ballast mass away from the center of 
the Earth. The amount of gradient force is not large. For @ 
ballast mass of my=10 kg and a tether length of L=5 km, the 
‘gradient force is about 0.175 N. 
‘As can be seen in FIG. 12, the component of this gradient 
force that is a right angles to the tether, given by Fa sin, 
woduce a torque Ty on the tether that tends 10 restore 
her toward the vertical, lessening the angle . 


‘The tether mass m, also contributes to the gradient force 
‘and torque. If it is assumed that the tether has a uniform 
cross section, then it is possible to replace the distributed 
mass of the fether with an equivalent poiat mass m, placed 
at the center of mass of the tether, which is the point L/2 
along the tether, and distance [2 cos in the radial 
direction. The gradient force due to the tether mass is then: 


Foyt-AemyL cos 
While the gradient torque is: 
Tae LDF sin Sil inTeo8T 


‘The total gradient tonque attempting to restore the tether 
to ils vertical orientation is then: 


TeV Tey Sengem/4)? iat 9 


It is important to notice the variation of the total gravity 
aradient torque as the tether angle + is varied. Since the 
aadient force is always in the radial or vertial direction, 
there is oo torque on the tether when the tether is vertical, as 
is the case when there are no aerodynamic or electromag 
netic drag forces. Once the drag forees become important 
and start to apply torque to the tether, increasing the tether 
angle 7, those drag torques causing an increase in tether 
angle t will be opposed by a rising gradient torque which 
will attempt to decrease the tether angle. For small tether 
angles, the gradient torque inereases first linearly with t, 
then as sin t, since cos t is near unity for small, then at 
‘te45? the gradient torque reaches its maximum, where sin 
‘tacos ta0.707 and sin t cos t=0.50. When this angle is 
reached, the tether isa point of catastrophic instability, for 
ifthere isa further increase in the clectrodynamic drag force, 
causing the angle to become greater than 45°, the gradient 
orque, instead of growing stronger fo counteract the 
increased drag torque, will become weaker and the tether 
Angle will go rapidly to 90°, 

To restore control to the tether angle if the instability 
‘occurs, it will be necessary to tum off the eleetrodynamic 
drag forces by shutting off the current flow through the 
tether, The t=90° position for the fether and ballast mass is 
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4 gravitationally unstable orientation. After a time, slight 
fluctuations in the gravity field will allow the geadient force 
to slowly take over and restore the tether to the vertical 
orientation, which, unless it can be controlled in some way, 
is equally likely to be up or down, It would therefore be 
desirable to maintain control of the tether angle so as to 
avoid the tether angle getting into the region of instability. 
‘Torque Balance on the Tether: 

‘The angle t of the tether is determined by a balance 
between the electrodynamic torque T,, attempting to 
increase the angle t and the gradient torque T,, attempting 
to decrease the angle t, Balance is achieved when the two 
torques are equal: 


Tee To Tar 
MPL cos ARGS {mgrmy OL? sn cove 


‘Simplifing and rearranging yields an equation giving us 
the angle t at which torque balance occurs: 


‘reasi( B"LOx(mye2/9)R] 


‘The physical interpretation of this equation is that the 
‘maximum electrodynamic force that can be sustained on the 
tether is limited by the gradient force on the tether. It is 
possible to increase the electrodyaamic force by decreasing 
the foal resistance R of the tether (for example, by using a 
tether with a langer mass and a lower tether resistance), but 
if the tether resistance is t00 low, then the quantity in 
brackets becomes greater than unity and this equation has no 
solution, indicating that the tether has reached an angle 
‘where instability set 

‘To maintain contol of the tether angle, it will be neces- 
sary to vary the control resistance of the tether to compen 
sate for variations in magoete field strength and direction, 
plasma density (which affects the plasma resistance), and 
‘ther factors, and thereby maintain the tether at an interme 
diate angle where both the electrodynamic and gradient 
forces are at an appreciable level and balance each other. 
Optimization of Tether Angle: 

‘At first glance, it might seem that the optimum angle for 
the tether would be 45°, since at that angle the gradient 
torque is largest and therefore can counteract a larger 
electrodynamic drag force. However, since the 45° angle is 
the point where instability sets in, i i desirable to set the 
tether angle at some value below 45°. The optimum angle is 
that which maximizes the horizontal or drag. component of 
the electeodynamie force. This optimum angle tis derived 
from the equation for the horizontal component of the 
clectrodymamic force, or the eleetrodynamie drag force, 
since it opposes the host spacecraft motion 


Fyre cos tlt, fA sin cose 


By setting the partial derivative, ,'2t=0 and solving, 
it is possible to calculate that the optimum angle for the 
tether that gives the maximum electrodynamic drag force 
Fp, while still keeping the tether torques balanced and 
under control, is tearctan(0.707}=35.26". With this angle 
selected and maintained by varying the control resistor Re- 
to compensate for variations ia plasma contact resistance 
and variatins in the streagth and direction of the Earth's 
‘magnetic field B seen atthe spacecraft, the tether experience 
the maximum stable value for the electromagnetic drag force 
of 
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eofee=35.26°%2S1fogemy SL, 


‘There are many ways to provide the sensing information 
needed 0 provide the feedback signals to the control 
resistor, but the simplest is 10 meeely measure the dag 
acceleration on the host spacecraft with a set of 
accelerometers, and maximize the force in the direction 
‘opposite to the host spacecraft motion, Another method 
‘would be to measure the current in the tether, and knowing 
the tether resislance and the amount of control resistance, 
calculate the power being extracted and maximize that 
value. Alternate methods would be to use an optical position 
sensor or GPS receivers atboth ends of the tether to measure 
the angle ofthe tether or the postion of the ballast mass with 
respect tothe host spaceeralt. 

‘To make an estimate of the magnitude of drag force 
attainable, assume that a typical aluminum tether with @ 
length of LS km, a tether mass of my=10 ky and a ballast 
mass of my=l0 kg is being used. Then the maximum 
radient force limited electrodynamie drag force is Fro 
0.167 N. The power being dissipated in the canoieal tether 
atthe angle, with Re=Rj=rdL*/m=185 Q is given by 


PeIR4 BL cos xP(Re4nsL my) 


which for an angle t=35.26° results in a power dissipation 
‘of 1570 W. Thus, the thrust level per unit power obtained by 
the typical Terminator Tether™ would be about 0.106 N/kW. 
‘This number is comparable to the value of 0.148 N/kW 
estimated for the much heavier ancl longer TSS-IR tether, 

Reconciliation of Energy and Force Analysis: 

By a force and torque balance analysis an optimum angle 
for the tether has been discovered at which it is possible 10 
‘obtain a maximum in the drag component of the electeody- 
namie force. There is also an additional component of the 
electrodynamie force, the component in the vertical 
direction, Feyare sin(t), which is downward for an 
upwardly deployed tether, This component of force com- 
bines with the gravity force of the Earth to effectively allow 
the bost spacecraft to oxbit a litle faster than normal for that 
‘orbital altitude. It does not contribute to the deorbiting of the 
host spacecraft. But since this vertical component of force is 
created by current running through the tether, and that 
current is creating heat and dissipating energy as it passes 
through the tether, there might be some concern that the 
force and torque balance analysis above does not conform t0 
the law of conservation of energy. 

‘The inventors will now show, in a very general manner, 
that no matter what the tether angle, the electrical power 
being dissipated in the tether is exactly equal to the power 
‘being lost by the slowing of the host spacecraft 

‘The “deorbit power” Py that must be removed from a 
spacecraft moving at a velocity v when that motion is 
‘opposed by a drag force Fp, 


Pagar cos TANI oe eB cos] 


But, since the voltage V induced across the tether of 
length L. and tilt angle moving at a velocity v through a 
horizontal magnetic field B is 


“LAEL coe BL cos 


‘Therefore: 


‘And the deorbit power P, extracted from the slowing of the 
spacecraft by the drag component of the clectrodynamic 
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force is always exactly equal tothe electrical power P,- being 
dissipated as beat in the tether circuits, independent of the 
tether angle. 

Optimization of Tether Mass Distribution: 

If't is not possible to use a piece of the host spacecraft as 
ballast mass, then the mass of the ballast must be included 
in the Terminator Tether"™ mass. It would be desirable to 
‘minimize the total Terminator Tether™ mass, since every 
kilogram saved means that another kilogram’s worth of 
revenue-producing transponders can be added 10 the work- 
ing payload of the host spacecraft, Given & total mass for the 
‘Terminator Tether™ and the mass of the deployer/controller 

possible to optimize the mass distaibution between 
the ballast mass and the tether mass (0 obtain a minimum 
‘otal Terminator Tether™ mass. A well-designed Terminator 
‘Tether™ will also have most, if not all, of the deployer mass 
incorporated into the ballast mass 

‘Assume that the total Terminator Tether"™ mass consists 
of the deployer/controller mass mp, the tether mass m,, and 
the ballast mass m, with m,>m>m,. Of the three mass 
‘components in the Terminator Tether™, two of them alfect 
the electrodynamic drag performance. If it is assumed that 
the ballast mass is a factor X larger than the tether mass, or 
mp=Xmy the maxioum drag force that can be obtained is 
now: 


fond Sens M4025)71, 


IE; is assumed that the control resistor has been adjusted 
so that this maximum value for the electrodynamic drag 
force is maintained as the motion of the spacecraft along 
‘orbit moves the spacecraft into regions with different max~ 
netic field strengths and plasma densities, then forthe angle 
1235.26", cos(35.26°}<0.817, and the maximum electredy- 
namie drag force in terms of the electrodynamie parameters 
will be: 


DSI B'L?ReaaL int pglnas-2.81m(XVO.29TL, 


‘or canceling out terms and rearranging: 
(0640.25)-0 85369 Btn) 

Itis now possible to make the further simplifying assump- 
tion that to maintain control ofthe tether, the control resistor 
‘needs to be roughly the same size as the tether resistance or 
Reetdl*/m,. Using this assumption produces an equation 


for the optimum value for the ratio X of the ballast mass to 
the tether mass: 
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Where A is the “effective electrodynamic length”. 

If the tether is short, so that L is small, this equation 
indicates that the ballast mass must be increased to increase 
the gradient force, since it is the gradient force which 
‘determines the upper limit t0 the amount of electrodynamie 
‘drag force that can be generated without losing control ofthe 
tether. 

‘Assuming the usual values for the Earth's magnetic and 
‘gradient fields, the velocity of the host spacecraft through 
the magnetic field, and the resistivity and density of 
aluminum, this equation becomes: 
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\where L is in kilometers 


0 


a 


0 


o 


«s 


32 

For a typical tether of length L=5 km, X=1.93. Ifthe total 
mass for the Terminator Tether™ is 20 kg, or 2% of the host 
‘spacecraft mass, and the mass of the deployer is 10 kg, then 
the remaining 10 kg should be distributed so that 6.59 kg is 
in the ballast mass while 3.41 kg is in tether mass. 
Optimization of Tether Length: 

If the ballast_mass consists of a piece of the host 
spacecraft, then the mass of the ballast does not have to be 
considered in the optimization of the Tether system. In this 
‘case, the optimum distribution of the Tether mass is to put 
‘as much mass as possible into the tether, with a minimum in 
the deployer/controller package. Under this assumption, the 
‘optimum length of the tether is determined by the desire to 
kkeep the Area-Time Product of the host spacecraft plus. 
‘Tether to a minimum, 

In a long tether of length L, the effective “collision” 
‘cross-sectional area is not the area of the tether, but the larger 
area produced by multiplying the length of the tether by sum 
of the width of the tether plus the width of the “target” 
spacecraft that would be damaged by the tether hitting it. 
‘Thus, to decrease the “area” portion of the Area-Time 
Product, it would be desirable to shorten the tether, making 
it thicker, and perhaps slightly wider, at the same time, thus 
‘keeping the same tether mass and electron collection area, 
and thereby maintaining the drag force and keeping the 
decay time at the same level. The result will be a shortening 
of the Area-Time Product 

If the tether is shortened too much, however, the smaller 
voltage generated across the shorter tether will leave less 
voltage margin for the operation of the plasma contactors 
and the battery recharge system. Since the maximum voltage 
that can be generated is about 200 V/km, and typical plasma 
contactors and battery, chargers take 25-100 V to operate, @ 
minimum length for a Tether would be roughly 2 km. Host 
spacecraft operating in polar orbits, where the conditions for 
voltage generation are not as good, may require a tether 
length of $ km or more. 

‘Since many watts of beat power will be dissipated in the 
control resistor, means must usually be provided to radiate 
the heat away into space. One low-mass method of accom- 
plishing this is to make the control resistor (or resistors) in 
the form of a long, electrically insulated, high resistivity 
‘wire similar to those used in electric blankets, but designed 
to operate ata higher temperature, and during the fabrication 
of the electrodynamic tether, incorporate the high resistivity 
wire (ot wires) into the end of the tether closest to the control 
circuit by weaving or braiding the insulated high resistivity 
‘wire in with the uninsulated aluminum wire of the electro- 
dynamic tether. The surface area of a long wire is very large, 
so in this extended wire configuration, exposed to the space 
all around it, the hot control resistor wire can self-radiate its 
power into cold space without incurring the mass penalty of 
a separate radiating surface. 

Implementation: 

‘The basic optimum structure for a Terminator Tether™ 
‘would be one of the many types of Hoytethers. A multiline 
(6-12 primary Tine) Hoytape™ will provide the largest 
‘contact area with the plasma, since both sides of the tape 
‘would be able to pass current to the plasma. If the spacing 
between the primary lines is chosen to be larger than twice 
the Debye length of the plasma, then the effective current 
collection area per unit length of the Hoytape is proportional 
to the width of the Hoytape mesh, not the diameter of the 
wires in the mesh, Thus, a Hoytape not only provides an 
assured longer life for the Terminator Tether™, but very 
short lengths will also provide a very large current collection 

‘The deployer for the tether can deploy the Terminator 
‘Tether™ cither down or up or both, The deployer can stay 
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attached to the spacceaft as was done in the SEDS missions, 
for perlaps a better alternative would have the deployer 
‘jected fom the spacecraft with one end of the tether stil 
attached tothe spacecraft cling out tether as it leaves. The 
‘empty deployer would then act asa ballast mass atthe end 
of the Terminator Tether™, which would improve the per- 
formance. 
he "Remora Remover" 

Tn addition to afaching Terminator Tethers to spaceraft 
before launch, it is possible to consider a misile-like 
application, This “Remora Remover” missile would use a 
‘Terminator Tether™ carried by a secker missile simile 10 
the small “hit-o-kill” missles developed by the Space 
Defense Initiative Orie that deployed a net loaded with 
‘oriented metal rods, The Remora Remover missle would 
tnt down a spacecraft that needs tobe removed from space, 
but instead of hitting the spacecraft, the misile would be 
programmed to rendezvous with the spacecraft and attach 
Hisef tothe host spacecraft using a hooked ne harpoon, or 
adhesive “sucker". The Remora Remover missile would 
then deploy the Terminator Teher™, which would bring 
down both the spacecraft and the missile 

“The inventors have presented two analyses, backed up 
with data obtained from space flight experiments, One 
analysis was based on generalized energy conservation laws 
‘while the other analysis use force and forgue balance argu- 
ments. Both analyses show that optimized aluminum wire 
tethers 20 5 km in length and messing just 14 to 3% ofthe 
mass of the host spacecraft can deorbit he host spaceraft in 
the order of « few weeks, this mitigating the long-lived 
orbital debris hazard created by 4 constellation spacecraft 
after their end-of-life. 

Power Augmented Operation of th Tether: 

Te is well known in the aerospace literature that if 
spacecraft has « power supply and a conducting. tther 
fhanging from it an the spacecraft isin an orbit or trajectory 
that takes it cara body, such asthe Earth or hpite, which 
has both a magnetic field and a region of moderate density 
electron-ion plasma, and electrical current is pumped from 
the power supply through the tether and back through the 
plasma, that the current flowing through the tether will 
Interact withthe magnetic il of the body, producing forces 
‘on the tether and thence on the spacecraft, changing ils ori 
for trajectory. These forces can be used to increase. or 
‘ecrease the spaceeraftallitude andjor inclination. ‘The 
amount of altitude or incination change i proportional to 
the ratio of the power available from the power supply 
divided by the mass of the spacecraft and varies with 
altitude, The unpoered Terminator Tether™ is a simple 
‘example of such a system, in which only altitude decrease is 
possible, although smail amounts of both inclination 
Increase or decrease are possible at the same time. Some 
typical references to this prior at are: Les Johnson, "Pro- 
pulsive. Small Expendable Deployer System Mission 
(ProSEDS)”, Proceedings of the OAST 8” Advanced Pro- 
pulsion Workshop, IPL, Pasadena, Cali, 20-22 May 1997, 
tnd Les Johnson, Joe Carroll, Robert’ D. Estes, Enrico 
Lorenzni, Brian Gilchrist, Manuel Martinez Sanchez, Juan 
Sanmartin, and Irwin. Vas, “Electrodynamic Tethers for 
Reboost of the Intemational Space Station and Spacecraft 
Propulsion, ATAA Paper 1996, 

Since the Terminator Tether of the invention #8 nor- 
anally associated with «satellite that has a power supply in 
the form of a solar panel combined witha storage battery, the 
‘Terminator Tether™ can be operated inthe “powered pro- 
pulsion” mode if desired, Such a mode would be useful 
‘when attempting to avoid a collision besseen the Terminator 
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‘Tether™ and another spacecraft. In such cases, the power 
from the solar panel, augmented by the power stored in the 
battery, can be used to temporarily operate the Terminator 
‘Tether™ in the propulsion mode instead of the normal drag 
mode. This would enable to Terminator Tether™ to raise its 
altitude and/or increase or decrease its inclination to avoid a 
collision, 

In addition, the Terminator Tether™ could be operated in 
the “power-augmented drag” mode. In this mode, there will 
be a current induced in the tether by the motion of the 
spacecraft through the magnetic field, which will cause a 
drag force on the spacecraft. This induced current would 
then be augmented by additional current in the same direc~ 
tion generated by the Solar panel and the storage batteries in 
the power supply. The increased current will cause an 

creased drag force. If there is a significant vertical com- 
ponent of the magnetic field there will also be an increased 
force normal to the orbital plane, which will cause an 
increased rate of change of inclination, 

When the Terminator Tether™ is operated in the “pow- 
‘ered propulsion” or “power-augmented drag” mode, the 
conditions for stable optimum operation will be essentially 
the same as in the “unpowered drag” mode. The reason the 
conditions stay the same is that the maximum tether force 
than can be eflectively utilized is limited by the strength of 
the gradient force, which has not changed, since the length 
‘and mass of the tether and the ballast mass has not changed 
for these different modes of operation, As a result the 
optimum operational angle for the tether is still 35.26 
degrees, and the optimum ratio of ballast mass to tether mass 
for different tether lengths and tether material is still deter- 
mined by the analysis of the invention as is set forth above. 

In the analysis given above, where the optimum tether 
angle was found, the tether was assumed to be in the plane 
of the orbit and lagging behind the spacecraft motion, since 
in the “unpowered drag” mode, that would be its normal 
position, although if the component of the magnetic field 
along the orbit were high, there would be some tilt of the 
tether out of the plane of the orbit, producing a force tending 

change the inclination of the orbit. In either of the 
‘powered” modes of operation of the Terminator Tether™, 
however, the tilt of the tether could be forward toward the 
motion of the spacceraft or strongly tilted to one side or the 
other of the orbital plane. In all these cases, if the electro- 
dynamic force is allowed to become too large, and the tether 
angle exceeds 45 degrees, the restoring force of the gradient 
field will drop off and the tether angle will go unstable. AS. 
‘ result, the optimum angle for the tether that will give the 
maximum stable force, whether itis a maximum drag force, 
and maximum propulsion force, or a maximum inclination 
change force, will be 35.26 degrees, and the optimum ratio 
for the mass of the tether versus the mass of the ballast will 
bbe the same as for the unpowered drag case, 

‘The analysis that gave the optimum angle as 35.26 
degrees assumed that the tether would be oriented like a 
rigid rotor. In reality, variations in forces along the tether 
will probably cause the tether to hang in a slightly curved 
shape, where the optimum angle may not be exactly 35.26 
degrees from the local vertical. The optimum angle of the 
tether as it leaves the host spacceraft in such a case is where 
the drag force is largest 

‘The present invention is discussed in this disclosure in 
terms of its space applications as a ‘Terminator Tether™ 
useful for the removal of unwanted satellites. It should be 
understood, however, that the present invention is useful in 
any application where a space object can use a conductive 
tether to produce clectrodynamic force through interaction 
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with a magnetic field. The invention, therefore, should be 
limited not by this description, but only by the appended 
claims and their equivalents. 

‘What is claimed is: 

1. A method of operating a conductive tether attached to 
a space object, said conductive tether being oriented at an 
angle to magnetic field lines of an external magnetic field 
and said conductive tether moving across the magnetic field 
lines of said external magnetic field at said angle to produc~ 
ing an electric current in said conducting tether and a 
resulting electrodynamic force acting on said tether and said 
attached space object comprising, 

Controlling the amount of electric current flowing in said 
conducting tether to vary the angle between the con- 
ductive tether the field lines of the external magnetic 
field and the electrodynamic force acting on said tether 
and attached space object. 

2. A method as in claim 1 wherein said angle is less than 

45 degrees, 

3. A method as in claim 1 wherein said angle is 35,26 
degrees. 

4. A method as in claim 1 wherein said angle is controlled 
{o average 35.26 degrees over time. 

5. Amethod as in claim 1 wherein said angle is controlled 
to average 35.26 degrees over the length of the tether. 

6A method as in claim 1 wherein the space object and the 
tether connected to it are rotated about their center of mass 
while the conductive tether interacts with the external mag- 
netic field, 

7. A method as in claim 1 wherein the angle of the 
‘conductive tether to the external magnetic field is controlled 
by sensing a measurable parameter of the space object/ 
conductive tether system. 

8, Amethod as in claim 7 wherein the parameter is current 
flow in the conductive tether, 

9. A method as in claim 7 wherein the parameter is the 
electrical power dissipated in the conductive tether and the 
‘current control system, 

10. A method as in claim 7 wherein the parameter is the 
relative position of the space object and the position of the 
far end tip of the tether. 

IL, A method as in claim 7 wherein the parameter is the 
acceleration of the space abject. 

12. A method as in claim 6 wherein the parameter is the 
state vector of the space object as measured by the Global 
Positioning System, 

13. A method as in claim 1 including the step of applying 
electric power fo the conductive tether to change the state 
‘vector of the space object. 
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14, A method of operating a conductive tether attached to 
f space object, said conductive tether being oriented at an 
angle to the local vertical between said space object and a 
celestial body having a magnetic field having magnetic field 
lines external to said conductive tether; said conductive 
‘ether moving across said magnetic field lines of said 
‘external magnetic field at an angle to the local vertical to 
produce an electric current in said conducting tether and @ 
resulting clectrodynamic force acting on said tether and said 
atlached space object comprising, 

Controlling the amount of electric current flowing in said 
conducting tether to vary the angle between the con- 
ductive tether the local vertical between said space 
object and said celestial body to vary the clectrady- 
namic force acting on said tether and attached space 
object. 

15. Amethod as in claim 14 wherein said angle is less than 

AS degrees, 

16. A method as in claim 14 wherein said angle is 
controlled to average 35.26 degrees over time. 

17. A method as in claim 14 wherein the space object and 
the tether connected to it are rotated about their center of 
mass while the conductive tether interacts with the external 
magnetic field, 

18. A method as in claim 14 wherein the angle of the 
conductive tether to the external magnetic field is controlled 
by sensing a measurable parameter of the space object 
conductive tether system, 

19. A method as in claim 18 wherein the parameter is 
current flow in the conductive tether. 

20. A method as in claim 18 wherein the parameter is the 
acceleration of the space object caused by the electrody- 
namic force acting on the space object. 

21. A method as in claim 18 wherein the parameter is the 
‘change in the state vector of the space object as measured by 
the Global Positioning System. 

22. Amethod as in claim 14 including the step of applying, 
electric power to the conductive tether to change the state 
‘vector of the space object. 

23. A method as in claim 14 wherein the celestial body is 
the Earth and the magnetic field is the Earth’s magnetic field. 

24, A method as in claim 14 wherein the celestial body is, 
the sun and the magnetic ficld is the Sun’s magnetic field, 

25. A method as in claim 14 wherein the magnetic field is 
the vector sum of the magnetic fields from all celestial 
bodies in the solar system. 

26. A method as in claim 14 where 
is a Hoytether. 
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‘The present invention relates to a method and apparatus 
for operating an engine having a cylinder and a piston 
reciprocable therein on compressed gas. The apparatus 
comprises a source of compressed gas connected to a 
distributor which distributes the compressed gas to the 
cylinder. A valve is provided to selectively admit com- 
pressed gas to the cylinder when the piston is in an 
approximately top dead center position. In one embodi- 
ment of the present invention the timing of the opening 
of the valve is advanced such that the compressed gas is 
admitted to the cylinder progressively further before 
the top dead center position of the piston as the speed of 
the engine increases. In a further embodiment of the 
present invention a valve actuator is provided which 
increases the length of time over which the valve re- 
‘mains open to admit compressed gas to the cylinder as 
the speed of the engine increases. A still further embodi- 
ment of the present invention relates to an apparatus for 
‘adapting a conventional internal combustion engine for 
‘operation on compressed gas. 


22 Claims, 8 Drawing Figures 


U.S. Patent Oct. 6, 1981 Sheet 1 of 3 4,292,804 


U.S. Patent oct. 6, 1981 Sheet 2 of 3 4,292,804 


SESS) 


U.S. Patent oct. 6, 1981 Sheet 3 of 3 4,292,804 


147 i | 
" j 


4,292,804 


< 


METHOD AND APPARATUS FOR OPERATING 
‘AN ENGINE ON COMPRESSED GaS 


BACKGROUND AND SUMMARY OF THE 
PRESENT INVENTION 


The present invention relates to a method and appara- 
tus for operating an engine using a compressed gas as 
the motive fluid. More particularly, the present inven- 
tion relates to a apparatus for adapting a pre-existing 
internal combustion engine for operation on a com- 
pressed gas. 

‘Air pollution is one of the most serious problems 
facing the world today. One of the major contributors 
to air pollution is ordinary internal combustion engine 
which are used in most motor vehicles today. Various 
devices, including many items mandated by legislation, 
have been proposed in an attempt to limit the pollutants 
‘which an internal combustion engine exhausts to the air. 
However, most of these devices have met with limited 
success and are often both prohibitively expensive and 
complex. A clean alternative to the internal combustion 
tengine is needed to power vehicles and other machin- 
ery. 

‘A compressed gas, preferably air, would provide an 
ideal motive fluid for a engine since it would eliminate 
the usual pollutants exhausted from an internal combus- 
tion engine. An apparatus for converting an internal 
combustion engine for operation on compressed air is 
disclosed in U.S. Pat. No. 3,885,387 issued May 27, 1975, 
to Simington, The Simington patent discloses an appa- 
ralus including a source of compressed air and a rotat- 
ing valve actuator which opens and closes a plurality of 
mechanical poppet valves. The valves deliver com- 
pressed air in timed sequence (0 the cylinders of an 
engine through adapters located in the spark plug holes. 
However, the output speed of an engine of this type is 
limited by the speed of the mechanical valves and the 
fact that the length of time over which each of the 
vvalves remains open cannot be varied as the speed of the 
‘engine increases. 

‘Another apparatus for converting an internal com- 
bustion engine for operation on steam or compressed air 
ig disclosed in U.S. Pat. No. 4,102,130 issued July 25, 
1978 to Stricklin. The Stricklin patent discloses a device 
which changes the valve timing of a conventional four 
stroke engine such that the intake and exhaust valves 
open once for every revolution of the engine instead of 
once every other revolution of the engine. A reversing 
valve is provided which delivers live steam or com- 
pressed air to the intake valves and is subsequently 
reversed to allow the exhaust valves to deliver the ex- 
panded steam or air to the atmosphere. A reversing 
valve of this type however does not provide a reliable 
apparatus for varying the amount of motive fluid in- 
jected into the cylinders when itis desired to increase 
the speed of the engine. Further, a device of the type 
disclosed in the Stricklin patent requires the use of mul- 
tiple reversing valves if the cylinders in a multi-cylinder 
‘engine were to be fired sequentially. 

Therefore, it is an object of the present invention to 
provide a reliable method and apparatus for operating, 
fan engine or converting an engine for operation with a 
‘compressed gas. 

‘A further object of the present invention is to provide 
‘4 method and apparatus Which is effective to deliver a 
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constantly increasing amount of compressed gas to an 
engine as the speed of the engine increases. 

‘A still further object of the present invention is to 
provide a method and apparatus which will operate an 
engine using compressed gas at a speed sufficient to 
drive a conventional automobile at highway speeds. 

It is still a further object of the present invention to 
provide a method and apparatus which is readily adapt- 
able to a standard internal combustion engine to convert 
the internal combustion engine for operation with a 
compressed gas. 

‘Another object of the invention is to provide a 
‘method and apparatus which utilizes cool expanded gas, 
exhausted from a compressed gas engine, to operate an 
air conditioning unit and/or an oil cooler. 

“These and other objects are realized by a method and 
apparatus according to the present invention for operat- 
ing an engine having at least one cylinder and a recip- 
ticating piston therein using compressed gas as a motive 
fluid, The apparatus includes a source of compressed 
gas and a distributor connected with the source of the 
‘compressed gas for distributing the compressed gas 10 
the at least one cylinder. A valve is provided for admit- 
ting the compressed gas to the cylinder when the piston 
is in approximately a top dead center position within the 
cylinder. An exhaust is provided for exhausting the 
expanded gas from the cylinder as the piston returns to 
approximately the top dead center position. 

Ina preferred embodiment of the present invention a 
device is provided for varying the duration of each 
engine cycle over which the valve remains open 10 
‘admit compressed gas to the cylinder dependent upon 
the speed of the engine. In a further preferred embodi- 
‘ment of the present invention, an apparatus for advanc- 
‘ng the timing of the opening of the valve is arranged to 
admit the compressed gas to the cylinder progressively 
further before the top dead center position of the piston 
as the speed of the engine increases. 

Further features of the present invention include a 
valve for controlling the amount of compressed gas, 
admitted to the distributor. Also, a portion of the gas 
Which has been expanded in the cylinder and exhausted 
through the exhaust valve is delivered to a compressor 
to be recompressed and returned to the source of com- 
pressed gas. A gear train is selectively engagable to 
Grive the compressor at different operating speed de~ 
pending upon the pressure maintained at the source of 
eompressed air and/or the speed of the engine. Still 
further, a second portion of the exhaust gas is used to 
‘cool a lubricating fluid for the engine or to operate an 
air conditioning unit. 

Ina preferred embodiment of the present invention, 
the valve for admitting compressed gas to the cylinder 
is electrically actuated. The device for varying the du: 
ration of each engine cycle over which the intake valve 
remains open as the speed of the engine increase com- 
prises a rotating clement whose effective length in- 
creases as the speed of the engine increases such that a 
first contact on the rotating clement is electrically con- 
nected to a second contact for a longer period of each 
‘engine cycle. The second contact actuates the valve 
‘whereby the valve remains in an open position for a 
longer period of each engine cycle as the speed of the 
‘engine increases. 

Still further features of the present invention include 
‘an adaptor plate for supporting the distributor above an 
intake manifold of a conventional internal combustion 
‘engine after a carburetor has been removed to allow air 
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to enter the cylinders of the engine through the intake 
manifold and conventional intake valves. Another adap- 
tor plate is arranged over an exhaust passageway of the 
internal combustion engine to reduce the cross-sectional 
area of the exhaust passageway. 3 


BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of a method and apparatus 
for operating an engine according to the present inven- 
tion will be described with reference to the accompany- 
ing drawings wherein like members bear like reference 
numerals and wherein: 

FIG. 1 is a schematic representation of an apparatus 
according to the present invention arranged on an en- 
gine; 

FIG. 2 is a side view of one embodiment of a valve 
actuator according to the present invention; 

FIG. 3 is a cross-sectional view taken along the line 
3-3 in FIG. 2; 

FIG. 4 is a cross-sectional view of a second embodi- 
ment of a valve actuator according to the present inven- 
tion; 

FIG. $ is a view taken along the line SS in FIG. 4; 

FIG. 6 is a cross-sectional view of a third embodi- 
ment of a valve actuator according to the present inven- 
tion; 

FIG. 7 is a view taken along the line 7—7 in FIG. 6; 

FIG. 8 is a cross-sectional view of a gearing unit to 
drive a compressor according to the present invention. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 


With reference to FIG. 1, an engine block 21 (shown 
in phantom) having two banks of cylinders with each 
bank including cylinders 20 having pistons 22 recipro- 
cable therein (only one of which is shown in phantom) 
ina conventional manner. While the illustrated engine is 
a V-8 engine, it will be apparent that the present inven- 
tion is applicable to an engine having any number of 
pistons and cylinders with the V-8 engine being utilized 
for illustration purposes only. A compressed gas tank 23 
is provided to store a compressed gas at high pressure. 

It may also be desirable to include a small electric or gas 
‘compressor to provide compressed gas to supplement 
the compressed gas held in the tank 23. In a preferred 
embodiment, the compressed gas is air which can be 
obtained from any suitable source. 

A line 25 transports the gas withdrawn from the tank 
23 when a conventional shut off valve 27 is open. In 
‘addition, a solenoid valve 29 preferably operated by a 
suitable key operated switch (not shown) for the engine 
is also arranged in the line 25. In normal operation, the 
valve 27 is maintained open at all times with the sole- 
noid valve 29 operating as a selective shut off valve to 
start and stop the engine 21 of the present invention. 

‘A suitable regulating valve 31 is arranged down- 
stream from the solenoid valve 29 and is connected by 
4 linkage 33 to a throttle linkage 35 which is operator 
actuated by any suitable apparatus such as a foot pedat 
(not shown). The line 25 enters an end of a distributor 
33 and is connected to an end of a pipe 35 which is 
closed at the other end. A plurality of holes, which are 
equal to the number of cylinders in the engine 21, are 
provided on either side of the pipe 35 along the length 
Of the pipe 35. 

‘When the present invention is used to adapt a conven: 
tional internal combustion engine for operation on com- 
pressed gas, an adaptor plate 36 is provided to support 
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the distributor 33 in spaced relation from the usual in- 
take opening in the intake manifold of the engine after a 
conventional carburetor has been removed. In this way, 
air is permitted to enter the internal combustion engine 
through the usual passageways and to be admitted to 
the cylinders through suitable intake valves (not 
shown). The adaptor plate 36 is secured to the engine 
block 21 and the distributor 33 by any suitable appara- 
tus, eg. bolts. 

Each of the holes in the pipe 35 is connected in fluid- 
tight manner to a single line 37. Each line 37 carries the 
‘compressed gas to a single cylinder 20. In a preferred 
‘embodiment, each of the lines 37 is } inch high pressure 
plastic tubing attached through suitable connectors to 
the distributor 33 and the pipe 35. Each of the lines 37 
is connected to a valve 39 which is secured in an open- 
ing provided near the top of each of the cylinders 20. In 
the case of a conversion of a standard internal combus- 
tion engine, the valves 39 can be conveniently screwed 
into a tapped hole in the cylinder 20 typically provided 
for a spark plug of the internal combustion engine. In a 
preferred embodiment, the valves 39 are solenoid actu- 
ated valves in order to provide a fast and reliable open- 
ing and closing of the valves 39. 

Each of the valves 39 is energized by a valve actuator 
41 through one of a plurality of wires 43. The valve 
actuator 41 is driven by a shaft of the engine similar to 
the drive for a conventional distributor of an internal 
combustion engine. That is, a shaft 55 of the valve actu- 
ator 41 is driven in synchronism with the engine 21 at 
one half the speed of the engine 24. 

‘A first embodiment of the valve actuator 41 (FIGS. 2 
and 3) receives electrical power through a wire 45 
which is energized in a suitable manner by a battery, 
and a coil if necessary (not shown) as is conventional in 
‘an internal combustion engine. The wire 45 is attached 
to a central post 47 by a nut 49. The post 47 is connected 
to a conducting plate 51 arranged within 2 housing 53 
for the valve actuator 41, Within the housing 53, the 
shaft §5 has an insulating element 57 secured to an end 
of the shaft 58 for co-rotation therewith when the shaft 
835 is driven by the engine 21. A first end of a flexible 
contact 59 is continuously biased against the conducting 
plate 51 to receive electricity from the battery or an- 
Other suitable source. A second end of the contact 59 is 
connected to a conducting sleeve 60 which is in con- 
stant contact with a spring biased contact 62 which is 
arranged within the sleeve 60. The contact 61 is biased 
by a spring 63 which urges the contact 61 towards a side 
wall of the housing 53. 

With reference to FIG. 3, a plurality of contacts 65 
are spaced from one another and are arranged around 
the periphery of the housing $3 at the same level as the 
spring biased contact 61. Each contact 68 is electrically 
connected (0 a post 67 which extends outside of the 
housing $3. The number of contacts 65 is equal to the 
number of eylinders in the engine 21. One of the wires 
43, which actuate the valves 39, is secured to each of the 
posts 67. 

In operation, as the shaft 5 rotates in synchronism 
‘with the engine 21, the insulating element $7 rotates and 
electricity is ultimately delivered to successive ones of 
the contacts 65 and wires 43 through the spring biased 
contact 61 and the flexible contact §9. In this way, each 
Of the electrical valves 39 is actuated and opened in the 
proper timed sequence to admit compressed gas to each 
Of the cylinders 20 to drive the pistons 22 therein on a 
downward stroke. 
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The embodiment illustrated in FIGS. 2 and 3 is effec- 
tive to actuate each of the valves 39 to remain open for 
‘a long enough period of time to admit sufficient com- 
pressed gas to each of the cylinders 20 of the engine 21 
fo drive the engine 21. The length of each of the 
contacts 65 around the periphery of the housing $3 is 
sufficient to permit the speed of the engine to be in- 
creased when desired by the operator by moving the 
throttle linkage 35 which actuates the linkage 33 to 
further open the regulating valve 31 to admit more 
compressed gas from the tank 23 to the distributor 33. 
However, it has been found that the amount of air ad- 
mitted by the valves 39 when using the first embodi- 
ment of the valve actuator 41 (FIGS. 2 and 3) is substan- 
tially more than required to operate the engine 21 at an 
idling speed. Therefore, it may be desirable to provide a 
valve actuator 41 which is capable of varying the dura- 
tion of each engine cycle over which the solenoid 
valves 39 are actuated, i.c., remain open to admit com- 
pressed gas, as the speed of the engine 21 is varied. 

‘A second embodiment of a valve actuator $1 which is 
capable of varying the duration of each engine cycle 
over which each of the valves 39 remains open to admit 
compressed gas to the cylinders 20 dependent upon the 
speed of the engine 21 will be described with reference 
to FIGS. 4 and 5 wherein members corresponding to 
those of FIGS. 2 and 3 bear like reference numerals. 
‘The wire 45 from the electrical source is secured to the 
post 47 by the nut 49. The post 47 has a annular contact 
ring 69 electrically connected to an end of the post 47 
and arranged within the housing 83. The shaft $5 rotates 
at one half the speed of the engine as in the embodiment 
of FIGS, 2 and 3. 

At an upper end of the shaft 85, a splined section 71 
slidably receives an insulating member 73. The splined 
section 71 of the shaft $5 positively holds the insulating 
member 73 for co-rotation therewith but permits the 
insulating member 73 to slide axially along the length of, 
the splined section 71. Near the shaft $5, a conductive 
sleeve 72 is arranged in a bore 81 in an upper surface of 
the insulating clement 73 generally parallel to the 
splined section 71. A contact 75, biased towards the 
annular contact ring 69 by a spring 77, is arranged 
within the conductive sleeve 72 in contact therewith. 
The conductive sleeve 72 also contacts a conductor 79 
at a base of the bore 81 

The conductor 79 extends to the upper surface of the 
insulating element 73 near an outer periphery of the 
insulating element 73 where the conductor 79 is electri- 
cally connected to 2 flexible contact 83. The flexible 
contact 3 selectively engages a plurality of radial 
ccontaets 8§ arranged on an upper inside surface of the 
housing 53. A_weak spring 87 arranged around the 
splined section 71 engages a stop member 89 secured on 
the shaft 58 and the insulating clement 73 to slightly bias 
the insulating element 73 towards the upper inside sur- 
face of the housing 53 to ensure contact between the 
flexible contact 83 and the upper inside surface of the 
housing 53. As best seen in FIG. §, the radial contacts 
85 on the upper inside surface of the housing 83 are 
arranged generally in the form of radial spokes extend- 
ing from the center of the housing 53 with the number 
of contacts being equal to the number of cylinders 20 in 
the engine 21. The number of degrees covered by each 
of the radial contacts 85 gradually increases as the dis- 
tance from the center of the upper inside surface of the 
housing $3 increases 
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In operation of the device of FIGS. 4 and 5, as the 
shaft $8 rotates, electricity flows along a path through 
the wire 45 down through post 47 to the annular contact 
member 69 which is in constant contact with the spring 
biased contact 75. The electrical current passes through 
the conductive sleeve 72 to the conductor 79 and then 
to “the flexible contact 83. As the flexible contact 83 
rotates along with the insulating member 73 and the 
shaft $5, the tip of the flexible contact 83 successively 
‘engages each of the radial contacts 85 on the upper 
inside of the housing 53. As the speed of the shaft 55 
increases, the insulating member 73 and the flexible 
‘contact 83 attached thereto move upwardly along the 
splined section 71 of the shaft 55 due to the radial com- 
ponent of the splines in the direction of rotation under 
the influence of centrifugal force. As the insulating 
member 73 moves upwardly, the flexible contact 83 is 
‘bent such that the tip of the contact 83 extends further 
radially outwardly from the center of the housing 83 (as 
seen in phantom lines in FIG. 4). In other words, the 
effective length of the flexible contact 83 increases as 
the speed of the engine 21 increases. 

‘AS the flexible contact 83 is bent and the tip of the 
contact 83 moves outwardly, the tip remains in contact 
‘with each of the radial contacts 85 for a longer period of 
‘each engine cycle due to the increased angular width of 
the radial contacts with increasing distance from the 
‘center of the housing 3. In this way, the length of time 
‘over which each of the valves 39 remains open is in 
‘creased as the speed of the engine is increased. Thus, a 
larger quantity of compressed gas or air is injected into 
the cylinders as the speed increases. Conversely, as the 
speed decreases and the insulating member 73 moves 
downwardly along the splined section 71, 2 minimum 
quantity of air is injected into the cylinder due to the 
shorter length of the individual radial contact 85 which 
js in contact with the flexible contact 83. In this way, 
the amount of compressed gas that is used during idling 
of the engine 21 is at a minimum whereas the amount of 
compressed gas which is required to increase the speed. 
of the engine 21 to a level suitable to drive a vehicle on 
a highway is readily available. 

With reference to FIGS. 6 and 7, a third embodiment 
of a valve actuator 41 according to the present inven- 
tion includes an arcuate insulating element 91 having a 
first end pivotally secured by any suitable device such 
as screw 92 to the shaft 58 for co-rotation with the shaft 
55. The screw 92 is screwed into a tapped hole in the 
insulating element 91 such that a tab 94 at an end of the 
screw 92 engages a groove 96 provided in the shaft 58. 
In this way, the insulating element 91 positively rotates 
with the shaft 55. However, as the shaft 55 rotates 
faster, a second end 98 of the insulating clement 91 is 
permitted to pivot outwardly under the influence of 
centrifugal force because of the groove 96 provided in 
the shaft 55. A spring 93 connected between the second, 
end 98 of the element 91 and the shaft 55 urges the 
second end of the element 91 towards the center of the 
housing 53. 

‘A contact 99 similar to the contact 59 (FIG. 2) is 
arranged such that one end of the contact 99 is in con- 
stant contact with the conducting plate 51 located cen- 
trally within the housing $3, The other end of the 
contact 99 engages a conductive sleeve 101 arranged in 
bore 102. A contact element 95 is arranged in the con- 
ductive sleeve 101 in constant contact with the sleeve 
101. The bore 102 is arranged generally parallel to the 
shaft $5 near the second end of the arcuate insulating 
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clement 91. The contact 95 is biased by a spring 97 
towards the upper inside surface of the housing 53 for 
selective contact with each of the plurality of radial 
contacts 85 which increase in arc length towards the 
outer peripheral surface of the housing 83 (FIG. 6). 

In operation of the device of FIGS. 6 and 7, as the 
shaft 58 rotates the arcuate insulating element 91 rotates 
with the shaft 55 and the second end 98 of the insulating 
element 91 tends to pivot about the shaft $$ due to 
centrifugal force. Thus, as the effective length of the 
contact 95 increases, ie., as the arcuate insulating cle- 
ment 91 pivots further outwardly, the number of de- 
{grees of rotation over which the contact 95 is in contact, 
with each of the radial contacts 85 on the upper inside 
surface of the housing 53 increases thereby permitting 
‘each of the valves 39 to remain open for a longer period 
of each engine cycle to admit more compressed gas 10 
the respective cylinder 20 to further increase the speed 
of the engine 21. 

With reference to FIG. 1, a mechanical advance link- 
age 104 which is connected to the throttle linkage 35, 
advances the initiation of the opening of each valve 39 
such that compressed gas is injected into the respective 
cylinder further before the piston 22 in the respective 
cylinder 20 reaches a top dead center position as the 
speed of the engine is increased by moving the throttle 
linkage 35. The advance linkage 104 is similar to a con- 
ventional standard mechanical advance employed on an 
internal combustion engine. In other words, the linkage 
104 varies the relationship between the angular posi- 
tions of a point on the shaft $8 and a point on the hous- 
ing 83 containing the contacts. Alternatively, a conven- 
tional vacuum advance could also be employed. By 
advancing the timing of the opening of the valves 39, 
the speed of the engine can more easily be increased. 

‘The operation of the engine cycle according to the 
present invention will now be described. The com- 
pressed gas injected into each cylinder of the engine 21 
drives the respective piston 22 downward to drive a 
conventional crankshaft (not shown), The movement of 
the piston downwardly causes the compressed gas to 
expand rapidly and cool. As the piston 22 begins to 
move upwardly in the cylinder 20 a suitable exhaust 
valve (not shown) arranged to close an exhaust passage- 
way is opened by any suitable apparatus. The expanded 
gas is then expelled through the exhaust passageway. As 
the piston 22 again begins to move downwardly a suit: 
able intake valve opens to admit ambient air to the 
cylinder. The intake valve closes and the ambient air is, 
‘compressed on the subsequent upward movement of the 
piston until the piston reaches approximately the top 
‘dead center position at which time the compressed gas 
is again injected into the cylinder 20 to drive the piston 
22 downward and the cycle begins anew. 

In the case of adapting a conventional internal com- 
bustion engine for operation on compressed gas, a plu- 
rality of plates 108 are preferably arranged over an end 
of the exhaust passageways in order to reduce the outlet 
size of the exhaust passageways of the conventional 
internal combustion engine. In the illustrated embodi- 
‘ment, a single plate having an opening in the center is 
bolted to the outside exhaust passageway on each bank 
of the V-8 engine while another single plate having two 
openings therein is arranged with one opening over 
each of the interior exhaust passageways on each bank 
of the V-8 engine. A line 105 is suitably attached to each 
of the adaptor places to carry the exhaust to an appro- 
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priate location. In a preferred embodiment, the exhaust 
lines 105 are 1)” plastic tubing. 

In a preferred embodiment, the exhaust lines 108 of 
‘one bank of the V-8 engine are collected in a line 107 
land fed to an inlet of a compressor 109. The pressure of 
the exhaust gas emmanating from the engine 21 accord- 
ing to the present invention is approximately 25 p.si. In 
this way, the compressor 109 does not have to pull the 
exhaust into the compressor since the gas exhausted 
from the engine 21 is ata positive pressure. The positive 
pressure of the incoming fluid increases the efficiency 
‘and reduces wear on the compressor 109. The exhaust 
{gas is compressed in the compressor 109 and returned 
through a line 111 and a check valve 113 to the com- 
pressed gas storage tank 23. The check valve 113 pre- 
vents the flow of compressed gas stored in the tank 23, 
back towards the compressor 109. 

‘A suitable pressure sensor 115 is arranged at an upper 
end of the tank 23 and sends a signal along @ line 117 
‘when the pressure exceeds a predetermined level and 
when the pressure drops below a predetermined level. 
The line 117-controls an electrically actuated clutch 119 
disposed at a front end of the compressor 109. The 
clutch 119 is operative to engage and disengage the 
compressor 109 from a drive pulley 121, Also, the signal 
carried by the line 117 actuates @ suitable valve 123 
arranged on a compressor housing 125 to exhaust the air 
entering the compressor housing 125 from the line 107, 
when the clutch 119 has disengaged the compressor 109 
from the drive pully 121. 

In a preferred embodiment, when the pressure is the 
tank 23 reaches approximately 600 p.si., the clutch 119 
is disengaged and the compressor 109 is deactivated and 
the valve 123 is opened to exhaust the expanded gas, 
delivered to the compressor 109 from the line 107 to the 
atmosphere. When the pressure within the tank 23 
drops below approximately 500 p.si., the sensor 115 
sends a signal to engage the clutch 119 and close the 
valve 123, thereby operating the compressor 109 for 
supplying the tank 23 with compressed gas. 

‘The pulley 121 which drives the compressor 109 
through the clutch 149 is driven by a belt 127 which is 
driven by a pulley 129 which operates through a gear 
box 131, With referenée to FIGS. 1 and 8, a second 
pulley 133 on the gear box is driven by a belt 138 from 
& pulley 137 arranged on a drive shaft 139 of the engine 
21. The pulley 137 drives a splined shaft 140 which has 
a first gear 141 and a second larger gear 143 arranged 
thereon for rotation with the splined shaft 140. The 
splined shaft 140 permits axial movement of the gears 
141 and 148 along the shaft 140. 

In normal operation (as seen in FIG. 8), the first gear 
141 engages a third gear 148 arranged on a shaft 147 
which drives the pulley 129, The shafts 140 and 147 are 
arranged in suitable bearings 149 arranged at each end 
thereof. When the speed of the engine 21 drops below a 
predetermined level, a suitable sensor 151 responsive to 
the speed of the drive shaft 139 of the engine 21 gener- 
ates a signal which is transmitted through a line 183 to 
1 solenoid actuator 155 arranged within the gear box 
131. The solenoid actuator 185 moves the first and sec- 
‘ond gears 141, 143 axially along the splined shaft 140 to 
the right as seen in FIG. 8 such that the second, larger 
gear 143 engages a fourth smaller gear 187 which is 
arranged on the shaft 147. The ratio of the second gear 
143 to the fourth gear 187 is preferably approximately 3 
tol 
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In this way, when the speed of the engine 21 drops 
below the predetermined level as sensed by the sensor 
451 (which predetermined level is insufficient to drive 
the compressor 109 at a speed sufficient to generate the 
500-600 pounds of pressure which is preferably in the S 
tank 23), the solenoid actuator 158 is energized to slide 
the gears 143, 141 axially along the splined shaft 140 so 
that the second, larger gear 143 engages the fourth, 
smaller gear 157 to drive the pulley 129 and hence the 
‘compressor 109 at a higher rate of speed to generate the 10 
desired pressure. When the speed of the engine in- 
creases above the predetermined level, in a preferred 
‘embodiment approximately 1500 rpm, the solenoid ac- 
tuator 185 is deactivated by the sensor 151 thereby 
moving the gears 143 and 141 to the left as seen in FIG. 
8 such that the first gear 141 re-engages with the third 
gear 145 to effectuate a 1 to 1 ratio between the output 
shaft 139 of the engine 21 and the pulley 129. 

‘The other bank of the V-8 engine has its exhaust ports 
arranged with adapter plates 103 similar to those on the 20 
first bank. However, the exhaust from this bank of the 
engine 21 is not collected and circulated through the 
compressor 109. In a preferred embodiment, a portion 
of the exhaust is collected in a line 159 and fed to an 
enlarged chamber 161. A second fluid is fed through a 
Tine £63 into the chamber 161 to be cooled by the cool 
‘exhaust emmanating from the engine 21 in the line 159. 
The second fluid in the line 163 may be either transmis- 
sion fluid contained in a transmission associated with 
the engine 21 or a portion of the oil used to lubricate the 30, 
engine 21. A second portion of the exhaust from the 
second bank of the V-8 engine is removed from the line 
159 in a line 168 and used as a working fluid in an air 
conditioning system or for any other suitable use. 

It should be noted that the particular arrangement 35 
utilized for collecting and distributing the gas exhausted 
from the engine 21 would be determined by the use for 
which the engine is employed. In other words, it may be 
advantageous to rearrange the exhaust tubing such that 
a larger or smaller percentage of the exhaust is routed 
through the compressor 109. It should also be noted 
that since the exhaust Hines 105 are plastic tubing, 2 
rearrangement of the lines for a different purpose is 
both simple and inexpensive. 

Tn operation of the engine of the present invention, 
the engine 21 is started by energizing the solenoid valve 
29 and any suitable starting device (not shown), e-g,, 
‘conventional electric starter as used on an internal com- 
bustion engine. Compressed gas from the full tank 23, 
flows through the line 25 and a variable amount of the 
‘compressed gas is admitted to the distributor 33 by 
controlling the regulator valve 31 through the linkage 
133 and the operator actuated throttle linkage 35. The 
‘compressed gas is distributed to each of the lines 37 
which lead to the individual cylinders 20. The com- 
pressed gas is admitted to each of the cylinders 20 
timed relationship to the position of the pistons within 
the cylinders by opening the valves 39 with the valve 
actuator 41 

‘When itis desired to increase the speed of the engine, 
the operator moves the throttle linkage 35 which simul- 
taneously admits # larger quantity of compressed gas to 
the distributor 33 from the tank 23 by further opening. 
the regulator valve 31. The timing of the valve actuator 
41 is also advanced through the linkage 104. Still fur- 
ther, as the speed of the engine 21 increases, the effec 
tive length of the rotating contact 83 (FIG. 4) or 95 
(FIG. 6) increases thereby electrically contacting a 
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wider portion of one of the stationary radial contacts 85 
to cause each of the valves 39 to remain open for a 
longer period of each engine cycle to admit a larger 
quantity of compressed gas to each of the cylinders 20. 

‘As can be scen, the combination of the regulating 
valve 31, the mechanical advance 108, and the valve 
actuator 41, combine to produce a compressed gas en- 
gine which is quickly and efficiently adaptable to vari- 
ous operating speeds. However, all three ofthe controls 
need not be employed simultaneously. For example, the 
mechanical advance 104 could be utilized without the 
benefit of one of the varying valve actuators 41 but the 
high speed operation of the engine may not be as eff 
cient. By increasing the duration of each engine cycle 
over which each of the valves 39 remains open to admit 
compressed gas to each of the cylinders 20 as the speed 
increases, conservation of compressed gas during low 
speed operation and efficient high speed operation are 
both possible. 

‘Affer the compressed gas admitted to the cylinder 20 
has forced the piston 22 downwardly within the cylin- 
der to drive the shaft 139 of the engine, the piston 22 
moves upwardly within the cylinder 20 and forces the 
expanded gas out through a suitable exhaust valve (not 
shown) through the adapter plate 103 (if employed) and 
into the exhaust line 105. The cool exkaust can then be 
collected in any suitable arrangement to be compressed 
and returned to the tank 23 or used for any desired 
purpose including use asa working fluid in an air condi- 
tioning system oF as a coolant for oil. 

‘When using the apparatus and method of the present 
invention to adapt a ordinary internal combustion en- 
gine for operation with compressed gas it can be seen 
that considerable savings in weight are achieved. For 
example, the ordinary cooling system including a radia- 
tor, fan, hoses, etc. can be eliminated since the com- 
pressed gas is cooled as it expands in the cylinder. In 
Addition, there are no explosions within the cylinder to 
generate heat. Further reductions in weight are ob- 
tained by employing plastic tubing for the lines which 

arty the compressed gas between the distributor and 
the cylinders and for the exhaust lines. Once again, 
heavy tubing is not required since there is little or no 
heat generated by the engine of the present invention. 
In addition, the noise generated by an engine according 
to the present invention is considerably less than that 
generated by an ordinary internal combustion engine 
since there are no explosions taking place within the 

ders. 

The principles of preferred embodiments of the pres- 
ent invention have been described in the foregoing spec- 
ification. However, the invention which is intended 10 
be protected is not to be construed as limited to the 
particular embodiments disclosed. The embodiments 
are to be regarded as illustrative rather than restrictive. 
Variations and changes may be made by others without 
departing from the spirit of the invention. Accordingly, 
it is expressly intended that all such variations and 
changes which fll within the spicit and the scope of the 
present invention as defined in the appended claims be 
embraced thereby 

What is claimed is: 

1. An apparatus for operating an engine having at 
least one cylinder and a reciprocating piston therein 
comprising: 

‘8 source of compressed gas; 
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it 
distributor means connected with the source of com- 
pressed gas for distributing the compressed gas to 
the at least one cylinder; 

valve means for admitting the compressed gas to the 

at least one cylinder when the piston is in approxi- 5 
mately a top dead center position within the cylin- 
der; 

altering means for increasing the duration of each 

engine cycle over which the valve means admits 
compressed gas to the at least one cylinder as the 
speed of the engine increases; and 

exhaust means for exhausting gas as the piston subse- 

quently approaches approximately the top dead 
center position. 

2. The apparatus of claim 1 further comprising con 
trol means for controlling the amount of compressed 
gas admitted to the distributor means. 

3. The apparatus of claim 1 wherein the valve means 
isa solenoid valve secured in an opening in the cylinder 
above the level of the piston at the top dead center 
position, 

4. The apparatus of claims 1 or 2 further comprising 
means for advancing the timing of the valve means as 
the speed of the engine increases such that compressed 
gas is admitted progressively further before the top 
dead center position as the speed of the engine in- 

8. The apparatus of claim 4 wherein the means for 
advancing the timing comprises a mechanical linkage 
connected to an operator actuated accelerator linkage. 

6. The apparatus of claim 1 wherein a portion of the 
gas exhausted through the exhaust means is compressed 
in a compressor driven by an output shaft of the engine 
and is returned to the source of compressed gas. 

7. The apparatus of claim 1 wherein a portion of the 
gas exhausted through the exhaust means is used to coo! 
transmission fluid for a transmission associated with the 
engine. 

8. The apparatus of claim 1 wherein a portion of the 
gas exhausted through the exhaust means is used as a 
working fluid in an air conditioning system. 

9. The apparatus of claim 6 further comprising first 
‘gearing means interposed between the output shaft of 
the engine and the compressor for increasing the speed 
at which the compressor is driven. 

10. The apparatus of claim 6 further comprising 
‘clutch means attached to the compressor both for disen- 
gaging the compressor from the output shaft of the 
engine when a first predetermined pressure at the 
source of compressed gas is exceeded and for engaging 
the compressor with the output shaft of the engine 
when the pressure at the source of compressed gas 
drops below a second predetermined pressure. 

11. The apparatus of claim 9 further comprising 
means for both disengaging the first gearing means 53 
when a predetermined speed of the engine is exceeded 
and engaging a second gearing means for driving the 
compressor at a speed slower than the first gearing 
‘means when the predetermined speed of the engine is 
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exceeded. o 
12, The apparatus of claim 1 wherein the valve means 
is electrically actuated and wherein the altering means 
comprises: 
2 rotating member timed with the at least one eylin- 
der and arranged within a housing; 6 


first and second contacts arranged on a first end of 
the rotating member and on an inside surface of the 
housing, respectively; 
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‘means for increasing the distance of the first contact 

from the rotational axis of the rotating member as, 
the speed of the engine increases such that the first 
contact moves radially outwardly within the hous- 
ing; and 

said second contact presenting a longer arc length to 

the first contact as the distance of the first contact 
from the rotational axis of the rotating member 

13. The apparatus of claim 12 wherein the rotating 
member comprises an arcuate arm and wherein the 
means for increasing the distance of the first contact 
comprises pivotally mounting a second end of the arcu- 
ate arm about the axis of rotation of the rotating mem- 
ber and spring means for biasing the first end of the 
arcuate arm towards a radially inward position whereby 
the first end of the arcuate arm pivots radially out- 
wardly as the speed of the engine increases. 

14, The apparatus of claim 12 wherein the rotating 
member is axially slidably received on a rotating shaft 
for co-rotation therewith, said shaft having splines with 
a radial component in the direction of rotation, and 
wherein the first contact comprises a flexible contact 
located on an upper surface of the rotating member, said 
flexible contact being biased against the inside surface of 
the housing which carries the second contacts whereby 
as the speed of the engine increases the rotating member 
is urged axially along the splined shaft towards the 
inside surface of the housing such that the flexible 
contact is forced radially outwardly along the inside 
surlace. 

15. The apparatus of claim 12 wherein the second 
contact comprises of radially extending conductor ar- 
ranged on an upper inside surface of the housing, said 
conductor increasing in arc length as the conductor 
extends radially outwardly from a central portion of the 
housing, 

16. An apparatus for adapting an internal combustion 
‘engine for operation with compressed gas, the internal 
‘combustion engine having at least one cylinder, a piston 
reciprocable within the at least one cylinder, intake and 
exhaust means disposed in the at least one cylinder, and 
2 tapped hole in the at least one cylinder adapted to 
receive a spark plug, the apparatus comprising: 

1 source of compressed gas; 

distributor means connected with the source of com- 

pressed gas for distributing the compressed gas to 
the at least one cylinder, 

valve means arranged in the tapped hole for admit- 

ting the compressed gas to the at least one cylinder 
when the piston is in approximately a top dead 
center position within the cylinder; and 

altering means for increasing the duration of each 

engine cycle over which the valve means remains 
‘open to admit the compressed gas as the speed of 
the engine increases, 

17. An apparatus as in claim 16 further comprising 
first adapter plate means for supporting the distributor 
means above an intake manifold of the engine, which 
adaptor plate means allows ambient air to enter through 
‘he intake manifold, 

18. The apparatus of claim 16 further comprising 
second adapter plate means for reducing the exit area of 
the exhaust means. 

19. A method of operating an engine on compressed 
122s, said engine having at least one cylinder and a piston 
reciprocable therein comprising the steps of: 
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13 
delivering compressed gas from a source to a distribu- 
tor; 
distributing the compressed gas to the at least one 
cylinder; 
admitting compressed gas to the at least one cylinder 
through an intake valve when the piston is at ap- 
proximately a top dad center position; 
increasing the duration of each engine cycle over 
which compressed gas is admitted to the at least 
cone cylinder as the engine speed increases; and. 
exhausting the remaining gas when the piston subse- 
‘quently reaches approximately the top dead center 
position. 
20. The method of claim 19 further comprising the 
step of controlling the amount of compressed gas which 
is delivered to the distributor. 
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21. The method of claim 19 further comprising the 
step of advancing the timing of the opening of the intake 
valve as the speed of the engine increases 
2. An apparatus for operating an engine having at 
least one cylinder and a piston reciprocable therein on 
compressed gas comprising 
‘a source of compressed gas; 
distributor means connected with the source of com- 
pressed gas for distributing the compressed gas 10 
the at least one cylinder; 
electrically actuated valve means secured in an open- 
‘ng in the at least one cylinder for selectively ad- 
‘mitting compressed gas to the at least one cylinder 
‘when the piston is in approximately a top dead 
center position; and 
‘means for advancing the timing of the valve means as 
the speed of the engine increases whereby com- 
pressed gas is admitted progressively further be- 
fore the top dead center position as the speed of the 
‘engine increases. 
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Goodbye Chemtrails, Hello Blue Skies! 
The Do-It-Yourself Kit for Sky Repair 


This web page reproduced with permission from 
Ken Adachi of Educate_yourself organization 
original page 

Jan. 10. 2002 


A couple of years ago, I was standing outside a restaurant on a sunny day in southern California 
showing Joanna Beck, wife of Dr. Bob Beck, just how simple it was to disperse clouds using The 
Visual Ray 

(http:/educate-yourself.org/visualray21may0.html), a technique I learned from reading Trevor 
James Constable's book, The Cosmic Pulse of Life. After demonstrating the technique to her on a 
couple of smaller clouds, we worked together on evaporating a particular large cumulus cloud and 
noticed how the blueness of the sky was slightly darker where the large cloud had existed only a 
few minutes earlier, a result of intensified orgone energy accumulating in that area. Almost 
simultaneously, we wondered aloud whether a group of people could use this technique to break up 
chemtrails! I tried it a number of times on my own, but I couldn't get chemtrail ‘clouds’ to break up 
and disperse the same way normal clouds would and I wondered silently whether a Cloudbuster, a 
simple invention of Wilhelm Reich.to direct orgone energy in the atmosphere, could tackle the job. 


Over the course of 35 years, Trevor Constable had modified Reich's original long pipe arrayed 
Cloudbuster down to a much smaller, compact, and simpler design that could 'make' or 'break’ 
weather in any direction he chose: He could make rain or stop it; he could relieve drought and 
break up smog or create a dry spell and intensify smog conditions. It all depended on how you 
manipulated the atmospheric ether in a given area. Trevor discovered that it all depends on how you 
apply his modified Cloudbuster design to direct the flow of etheric energy. If you bottle up the 
etheric flow, or stymie its normal expansive and contractile puke, you will get drought (and smog). 
If you release the etheric flow after being ‘bottled up’ or stuck during a dry spell, you will get 
torrential rains. There is likely no civilian on the face of this earth who has accumulated more 
expertise about weather engineering than Trevor James Constable 


Don Croft 

However, the hero of this article is Don Groft (zapperl G@earthlink.net), a man who was led to 
Reich's work with orgone energy and Cloudbusters by another route entirely. Someone had 
directed Don to a web site (http://www. orgone.net) that discussed Reich's observations about 
orgone energy and how you could utilize Reich's inventions of the Orgone Accumulator 
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(abbreviated "oracs") involving a much smaller design than the conventional oracs built by Reich 
using metal shavings, magnets, crystals, and epoxy or polyester resin. Don started to make cone 
shaped oracs using the above mentioned materials (and plastic funnels for the mold) and called them 
"Holy Hand Grenades" (HHG's) (hitpz/educate- yourself.org/HHGconstruction10jan02.himl), He 
also incorporated these ideas into his "terminator zappers (contact me if interested: 


Editor@educate-yourself.org) . 


"Holy Hand Grenades" Batman! 

‘These things had the ability to focus life positive energy and break up areas of noxious energies or 
DOR, a word coined by Reich which means Deadly Orgone Energy. Don calls them orgone 
generators since they neutralize DOR and seem to only generate positive, life affirming energies. 
Don began planting these HHG's in outdoor locations near nuclear power plants and other 
(classified ) areas of noxious, life depleting energies and started to have a definite effect on 
improving the energy fields radiating from these zones. Since he already was thinking about using 
the cloudbuster to try and break up chemtrails, Don took ita step further and combined a large 
version of his HHG with a cloudbuster utilizing rigid copper pipes and a 2 gallon plastic bucket to 
hold the whole enchilada together. This modification of Reich's Cloudbuster is a unique and original 
design idea of Don's and produces some rather special effects. 


He set up his combo orac/cloudbuster outside on a chemtrail overcast day with the pipes pointing 
straight up and sure enough, after a while, the chemtrails started to break up revealing blue sky 

above. The longer he left the orac/CB in place, the clearer the sky got , eventually covering an area 
out to 90 miles. He later improved the orac design and got the coverage to extend out to 120 miles. 


Don had contacted me by Email last year and was sending me reports of his success with the 
orac/CB both in this country and abroad. He had sent the instructions to an African man named 
Gert Botha living in Namibia who built a modified version of the device using locally scavenged 
materials (read "Africa's First Cloudsbuster” {httpy/educate- 

yourself org/africasfirstcloudbusterjun01.html}and then see Gert's Report {http:/educate- 
yourself org/gertbothareportoct01.html}}). Initially, Gert found that his Cloudbuster was having an 
effect on the incessant sand storms causing them to constantly change direction, but eventually he 
found that aiming the Cloudbuster south at an angle of 30 degrees to the horizon forced the 
sandstorms to stop. After being parked in this position for two months, his orac/CB brought on 
torrential rains for the first time in years in one of the driest regions of Africa. 


Psychic Dames 

Don gains many of his "insights" about his oracs and other devices through dowsing with his wife, 
Carol Derry, and his daughter, Nora, who both possess psychic ability, big time. His two psychic 
‘dames' also keep him one step ahead of the Bad Guys. Don is on the road most of the time and 
whenever the black op types try to move in on him, he learns about it before they do! The Bad 
Guys have their high tech advantages, but it seems the Universe takes care of its own when you're 
trying to do the Right Thing, In Don's case, he's been provided with exactly the sort of ‘assistance’ 
he needs (three cheers for Carol and Nora!). 


Your Weekend Project 

Complete instructions to make your own orac/CB or "ChemBuster" are included in this article. It 
will cost you about $150 US dollars if you buy all of the materials new, but if you're a scrounger, 
you can probably do it for the cost of the plastic resin. The instructions were written by Don Croft 
with a little bit of editing by another man who wished to remain anonymous. The pictures were 
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mostly supplied by Don, but Mr. Anonymous threw in one photo of his own orac/CB breaking up 
chemarails in the midwest, his neck of the woods. Anyone with modest do-it-yourself skills can 
build these devices, but be aware that an orac/CloudBuster is not a toy. It directs orgone energy, 
both the good type and the harmful DOR type. 


Ifyou don't educate yourself about a Cloudbusters and handle this thing carelessly, you could 
experience some discomfort, but not the sort of DOR that Reich's Cloudbuster design could 
accumulate, Trevor Constable told me first hand a story about the late Robert McCullough, Reich's, 
friend and assistant in the Arizona desert in the 1950's. Dr Reich and Bob were running pioneering 
experiments with Reich's Cloudbuster when Bob had allowed a big (functioning) Cloudbuster to 
accidentally touch the side of his bare Jeg-which instantly paralyzed his leg and caused him 
excruciating pain, It took weeks to recover and Bob walked with a limp and had to use a cane for 
the rest of hs life. You need to remember to discharge an active Cloudbuster before touching the 
pipes. Don recommends touching the base of the unit after touching the pipes to discharge any 
DOR energy. You could also lay the unit on its side on the ground and remove the pipes with a 
rubber glove. Laying the pipes on the bare earth should discharge them of any DOR. 


So here's the edited reprint of Don's papers on Chemtrail Busting and the complete instructions for 
making your own "Chembuster” . 


You can ako review an earlier version of Don's Cloudbuster directions (httpy/educate- 
yourself.org/CBconstructioninfo 1 feb02,html) which he had sent to me in August, 2001. It includes 
some interesting uses for the CB not included in the directions given below. At the time, Don 
indicated that you could get S double pointed quartz crystals from "David" at davdart@texas.net 
for $7 including shipping, but I don't know if that contact is still valid. Give ita try. 


How to Build A Cloudbuster to Disperse Chemtrails 
and Improve the Weather 


By Don Croft 


Definition of a contrail: A contrail occurs when a plane travels at a high akitude (about 30,000 ft. 
or more) and compresses the air into a water vapor or ice crystals through jet engines or the wing 
tips pushing through the air. This trail disappears afier anywhere from a few seconds to 15 minutes, 
as the water vapor evaporates. 


Definition of a chemtrail: The term "chemtrail’ is a relatively new word, which appeared in the 
last few years along with the 
appearance of chemtrails. A chemtrail 
's very different from a contrail, At first 
a chemtrail might look a bit like a 
contrail. However, instead of 
disappearing like a contrail does, a 
chemtrail just keeps spreading out and 
forming a hazy cloud bank. These trails 
traverse the whole sky and stay for up 
to around five or even eight hours. 
They have been known to tum what 
was originally a clear blue sky into a 
grey haze. (Note: As of Nov 2001 
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there are already several dozen 
cloudbusters in seven countries, so if you see chemtrails that don't last anywhere near this long, 
there may already be a cloudbuster in the area). 


It is believed chemirails are composed at least in part by an oil based substance of unknown 
content that is actually being sprayed from jets on populated areas. It has also been found that some 
chemtrails contain red blood cells, aluminum, mycoplasma, viruses and other unknown biological 
components. There are many reports of increased diseases, especially respiratory ailments, in areas 
where there are chemtrails. 


Chemtrails are ofien seen to be sprayed by white planes with no markings. Sometimes you will see 
these planes give off no contrail at all, and immediately after the same kind of plane in the same area 
will start to leave a thick chemtrail, At other times, distinct short gaps in chemtrails have been 
photographed, as though the plane ran out of chemicals and then had to start spraying with a new 
supply. 


For information on Chemizails see the sites listed at_http:/www.carnicom.com/contrails.htm 


History of the Cloudbuster 

‘The Wilhelm Reich cloudbuster (CB) was well known for its ability to create rain. But a problem 
existed with its continued use, in that the deadly orgone energy that it absorbed could in fact hurt the 
operator if it was not correctly "drained off’. This "draining off" of deadly orgone energy was 
accomplished by 1. Connecting the cloudbuster to a body of running water (difficult) or 2. 
Connecting the cloudbuster output to an orgone accumulator. However, the orgone accumulator 
would soon become saturated with the deadly orgone energy which in turn caused more problems 
for the operator. So the cloudbuster, as good a technology as it is, has lain dormant for many years. 


The Cloudbuster Re-Invented 
By utilizing the research of Wilhelm Reich, we have created a cheap, portable and easy to build 
device that consistently destroys Chemtrails and heals 
the atmosphere. The “chembuster” is the answer to 
these ongoing attacks. Unlike the original cloudbuster, 
the CB changes the deadly orgone energy to good 
orgone energy and does NOT become saturated or 
dangerous to the operator. You can build one for 
about $150. 


Join The Battle - Now! 

It is human nature to sit on the sidelines and think that 
one person cannot change the things that are 
happening to our country. You now have no excuse 
for inaction. For a few dollars and a few hours of your 
time YOU can make a difference. 


A properly constructed CB unit should be able to 
greatly reduce the effects of chemtrails for about 45 — = 
miles in all directions (90 mile diameter) from the un. fused with Sim Spuring’s environmental 
tools, and a few extra crystals, the diameter can be increased to about 120 miles in all directions. 
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With this device a mere few hundred concemed citizens can SHUT DOWN the multi-billion dollar 
chemtrail program. The chembuster cannot do any damage. It can only help and heal. Its up to you 
to join the fight to save America, 


Chembuster Construction Details 


Cloudbuster Materials 
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No4,577,520(3/25/86) 
Mechanical Propulsion System. 
Colla, Joseph. 


No4,631,971(12/30/86) 
Apparatus for 
Developing a Propulsive 
Force 
Thornson, Brandson R. 


No3,889,453(6/17/75) 
Propulsion System 
Mast,Oscar. 


No4,238,968(12/16/80) 
Conversion of Centrifugal Force 
to Linear Force & 
Motion 
Cook, Robert L. 


No4,726,241 (2/23/88) 
Continuous Force & Impact 
Generator 
Melnick, Harrys. 


No4,261,212(4/14/81) 
Unidirectional 
Force Generator 
Melnick, HarryS. 


122 New Energy Technologies, Issue *5-6 (14-15) September - December 2003 
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Set pipes in bottom spacer 


Middle Plywood Spacer 
CLOUDBUSTER DIRECTIONS 


BUCKET: Base: 9" in dia., 9" deep. I use two-gallon plastic buckets from the Home Depot paint 
department, but two-gallon food buckets, available from restaurants, or two-gallon spackle buckets 
from drywall contractors are fine, Leave the buckets on, as the handles make it easier to move the 
finished cloudbuster, 


COPPER PIPES: Six standard Type M, 1” copper pipes, 6 long, open at one end, the capped 
ends submerged to within an inch or so of the bottom of the bucket before casting. For portability 
...fortunecity.com/.../cloudbuster. htm. 
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and shipping, you can use 12” sections of pipe in the base, adding five-foot lengths by putting 
couplers between the 12” and five-foot pieces. You won't need to buy as much copper pipe this 
way, too. 


CRYSTALS: I glued a double-terminated (two pointed ends) quartz crystal, about 2" long, into a 
.75” section of garden hose, (or use electrical tape) then, glue to the inside of each of the six copper 
end caps, pointing in the same direction as the pipe will be after the cap is glued on. I use 'Goop’ 
glue. Tape, or solder around the cap where it joins the pipe to prevent resin from leaking into the 
cap during casting. (Note) Another option is to add one citrine gemstone to each pipe before 
adding the crystal, this smoothes the CB's energy and helps to transmute negative energies. 
However, citrine does not seem to make the CB any more effective at eliminating chemtrails. 


METAL PARTICLES: Get some metal particles from a machine shop, recycling yard or a place 
where they saw a lot of aluminum (sign shops and aluminum fabrication shops are good places to 
look). I use aluminum for weight considerations, but ANY metal will do. Very fine particles (such as, 
filings from a key-making machine) aren’t quite as good as ones that will easily go through a 4” 
screen are okay, There really is a wide margin of suitability! . 

PLYWOOD: Template 1 - 3/4” exterior plywood is used to make the base for the copper 
endcaps/pipes. I arrange the six pipes evenly around a 2 1/2” radius circle, which makes the pipes 
2.1/2” apart on centers. A flat, 1 1/4” auger bit drills a suitable hole for each end cap. 


Template 2 - Make another piece to fit inside the rim of the bucket. Remember to cut a section 
away so you can fit your fingers under it to remove it from the bucket. This piece is not part of the 
finished CB, just used to get the spacing for the pipes right during construction. Cut the holes in this 
with a 1 1/8” flat bit so that it will it well over the six pipes. This piece will hold the pipes in position 
while the second batch of resin hardens. 


Template 3 - I make a circular plywood spacer for the top ends of the pipes, 4” radius with 1 1/8” 


holes on the same 2 1/2” radius circles for the pipe ends. This keeps the pipes parallel with each 
other and fairly rigid. 
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Not to scale Widest circle is 9 1/8” 


RESIN: I use polyester resin (used to build fiberglass boats) but epoxy also works, as does 
envirotech resin from www.eti-usa.com (this sets up very quickly, so you need to be proficient with 
it). (Ifyou are going to construct many of these units, try to purchase your resin in 5 gallon buckets 
over the internet, possibly from a surfboard or boat manufacturing supply company. Home depot 
gets $24 per gallon for resin ) 


Ona level surface, pour an inch or so of catalyzed resin into the bottom of the bucket and stir in 
‘metal particles until the surface is uniform and flat. CAUTION: Resin fumes are flammable; use in 
a warm, but well ventilated area. 


The ratio that seems to work is approx. one part resin to one part metal particles. 
Put the base Template 1 onto that before it hardens, so that it just touches the surface and doesn't 
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sink in much. Pour a half gallon of catalyzed resin into the bucket afier the six pipes are set into the 
holes in the base template. Use the dowel to stir in handfuls of metal particles in the same ratio as 
before. Note that the wood Template 1 should not be pushed down to the bottom of the bucket 
with the resin squishing over the top. 


Carefully move the Template 2 down on to the six pipes until itis snugly within the rim of the 
bucket. Put the top Template 3 onto the top of the pipes and move them until the pipes are parallel. 
‘After the resin has hardened, remove the second template and set it aside. This is only used during 
construction, as I mentioned. 


‘You can finish off putting the resin/metal mixture in now in two stages if you want, up to within a half 
inch of the rim of the bucket. Now it’s finished (wait until it hardens before you move it. You will 
actually use about one gallon of metal shavings and 1 ¥ gal. Of resin. 


A MONEY SAVING SUGGESTION, ALSO FOR BETTER PORTABILITY: 


Cut six pipes, 12" long, and put the crystals/endcaps on them for the base. Buy six coupler joints 
which allow a pipe to come into them from both directions and stop at the middle. This allows you 
to make the rest of the pipe assembly from three pipes, 10" long, cut in half. The finished product 
leaves you with only one piece of pipe, four feet long leftover. 


When positioning the 12" pipes for pouring the second layer of mix, temporarily tape the top ends 
of the 12" pipes so no metal particles are dropped in them by mistake. 


‘After the mix is made, take off the tape and push the rim plywood piece down onto the pipes so 
that it fits into the rim of the bucket. 


Put the spacers (soldered if desired), then the 5' pipes onto the 12” base pipes, then put the third 
(top) plywood piece onto the 5’ copper pipes. 


The pipes will look skewed, most likely, so just twist the top plywood piece around until the pipes 
line up parallel, As you do that, the rim plywood piece will move around. You need to do this 
expeditiously, though not in a hurry, so that the resin doesn't harden before you're done. 


We experimented with 5' extensions to the pipes to increase the range. It had a strong effect on the 
moon and on the upper atmosphere of the planet for hundreds of miles. We also apparently shut 
down the weather warfare facility under Homestead Air Force Base by leaving the extended 
cloudbuster pointing at the dead orgone field above it for a week. 


We found that we don't need to point it in any particular direction in order to clear the atmosphere 
of bad orgone, and the longer it's left standing, the nicer it feels for a longer distance from the 
cloudbuster (many miles). We just stand it on its bottom, pointing straight up. We did once eliminate 
a belt of smog which was just off the coast by aiming at it for a few minutes, so direction can be a 
factor. 


Cloudbusters destroy chematrails consistently. It may take a few days for your cloudbuster to 
activate the environment enough to do this, but after that point the spew will disappear within 
seconds of leaving the UN jets and dissipated trails that drift within range of the cloudbuster will 
also disperse, but more slowly. The ones that are made up of solids take longer to dissipate, but 
we've found that these only make up about 10% or so of the spewing episodes. 
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Dr. Reich’s cloudbusters were extremely dangerous when in operation since he had no orgone 
generator attached to them. Bad orgone does carry a charge which can quickly drain one’s life 
force away when it’s concentrated in one spot. It's similar to a strong positively charges static 
electrical field. When cloudcover is unproductive or unbalanced (too much lighting, for instance, or 
too much rain) the cloudbuster busts it up. 


Italso may help stop drought. Overall, it just balances the weather, I think it sort of mediates 
between the ground and the atmosphere somehow. The one in Namibia, Africa finally brought 
heavy rain to the desert there. It happened 9/5/01, and continued for several days. Gert, the fellow 
who made the cloudbuster and reported the occurrence, told me that this had simply never 
happened in the Namib desert before to the best of anyone's knowledge. It’s arguably the driest 
region on the planet. 


WARNING: If you touch the pipes when they’re drawing in strong unbalanced or dead orgone and 
don’t put your hand on the base after that, you may experience headaches, even into the next day, 
as a friend of ours did recently. 


Mind you that our efforts, though somewhat pioneering, should be seen mainly as a springboard for 
further developments rather than the last word. 


SUGGESTION: If you want even more rain, try putting water on top of the material in the bucket 
and/or hosing down the whole apparatus daily. In freezing climates, cover the top of the six pipes 
so water can’t freeze and shatter the crystals. The CB appears to effect chemtrails equally well 
whether it’s placed indoors or out. Up to seven crystals can be placed in each pipe to improve 
performance. 


Additional Information from Ken Adachi 
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Concering discharge of a CB. The origanl CB as built by Reich could channel both positive orgone 
and negative DOR and DOR is the problem when touching the pipes. Don Croft's modification for 
all practical purposes eliminates 99% of the potential dangers of DOR , but he does report that 
some people have gotten a headache by touching the pipes of an active unit (meaning it's been set 
up outdoors for a few days and pointing up) without grounding the energy by touching the base of 
the unit where the orac is located. 


Concerning rain making, You don't have to do anything special. Simply set the unit up and give it a 
few days or a couple of weeks. One technique found to work was to pour water onto the base of 
the pipes (not into the pipes) and allow it to puddle on the top of the orac (encased in resin within 
the bucket). Orgone has a tremendous affinity for water and the presence of water on the orac 
seems to stimulate the production of rain clouds. 


Below is Don Croft's chat list for the chembuster CB, HHgs info, etc. Very active site with many 
fascinating postings. You can read all of the previously posted messages about the success others 
have been having with Don's CB ref. breaking chemtrails and producing rain, etc.. Maybe you 
could post it to the Energy 2000 chat list and gain their attention faster than I. 


cloudbuster newsgroup yahoo website 


‘Anyone can read the previously posted messages. If you want to join and contribute to the chat, 
you have to agree to either be in the process of building a CB or have already built one. He doesn't 
‘want armchair ‘experimenters’ spouting off without hands-on experience. I can understand that. 


Free Newsletter: 


All information posted on this web site is the opinion of the author and is 
provided for educational purposes only. It is not to be construed as medical 


advice. Only a licensed medical doctor can legally offer medical advice in the 
United States. Consult the healer of your choice for medical care and advice. 


Educate- Y ourself 


The Freedom of Knowledge, The Power of Thought 


Further URL Links for further and related subjects at Educate yourself organization 


Current News | Introduction | Colloidal Silver | Chemtrails | Emerging Diseases | Forbidden Cures | 
immunity Boosting 
Nutrition | Mind-Body Connection | Ozone | Bioelectrification | Story on Drugs | Vaccine Dangers | 
Newsletter | Links 
Coming Attractions | New World Order | NWO News | Pam Schutfert | Reports From Peru | Phil 
‘Schneider | Al Bielek 
‘Trevor James Constable | Mind Control | Brice Taylor | Ted Gunderson | Free Energy | Membership | 
Help | Discussion 
Light Therapy | 2003 | Anna Hayes | Gary Wade | Tone Generator | Home | Contact Us | Products | 
Search | Letters 
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New Information is being added to this website constantly. You 
may wish to bookmark it now. 


Some additional notes and info from Graham Snook another 
cloudbuster builder 


graham snook 


Here are some photos of cloud busters The following photograph of a cloudbuster and is made of wood and 
plastic pipes, this is not my best subject i can make things but putting it down on paper is a problem for me, so 
here we go 


They are 16 tubes 1”1/2 inch wide set ina wooden box with an accumulator section at the bottom where the end 
has two pipes just fit in the end, one pipe has a water pipe fitted the comes from the water mains and runs when 
in use it works well and the pond is full of life and i site around the pond for hours gives me a nice feeling as well 
as busting clouds and moving weather fronts away, its not a good idea to keep it on for long periods you can 
rewrite this if you wish i hope you get the idea of this type of cloud buster. 


This cloud buster is of metal construction and has three metal pipes with the end sealed up and four slots cut in 
the pipe about four inch from the end or so about 1 inch wide by 8 inch then you make the end into a capacitor 
Cut some thick plastic the stuff used under concrete you can get it from the builders merchants, and then get 
some aluminium foil at the end wrap a piece of plastic round to cover the slots that you have cut in the ends then 
aluminium foil then plastic and keep going until you do this about 20 time then wrap it in duct tape to keep it all 
together make sure its tight the one in the photo can turn 360 degrees and move up or down its ako can change 
a weather front over 1000 miles the tubes are insulated from the mount as well, 
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A bit of a close up of the cloud busters if you need and more info let me know 


all the best graham snook 


B 
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SECTION I 
“NO SOLDERING” PROJECTS 


With these, connections are generally made with small ter- 
‘minals, or nuts and bolts. By this means components are 
» connected together, and fixed to an insulated board or panel. 


A project can be built using one size of bolt and nut through- 
“ out, but it will be found convenient to have two or three 
sizes. Small nuts and bolts can then be'used for connections. 
| between components, while larger bolts with extra nuts, or 
{ terminals, can be used to connect extemal items, such as 

| headphones. 


[For one size throughout, 6ba screws or bolts will be satis-= 

Hactory, about # inch long. Only a few are needed for each 

“project, but they are quite inexpensive in 50 or 100-packs, 
sme extra nuts will prove useful, and also a quantity af 

‘washers. Ifthe insulated board of panel isnot too thie 

‘inch bolts with an extra nut each will do.as te 

' connecting extemal items, 


£ dba bolt is larger than 6ba, and a few of these, % inch ot 

{more long, also with washers and nuts, can be used for 
terminals, if preferred. It is also possible to obtain terminal 

Theads, so that bolts with nuts can be used as terminals, 


‘The 8ba size is smaller than Gba. These can be of advantage 
‘ina project where size is to be kept down, or for positions 
‘where several leads come close together (as at a transistor). 
Bolts, nuts and washers (Sba throughout) can be obtained 

together. 


Naturally all sorts of nuts and bolts, to hand or obtained from 
‘constructional toys or old electronic equipment, can be used. 
Results are not going to depend on the sizes used, which are 
‘more a matter of convenience and appearance 


J 
t 


‘There is also considerable latitude in the insulated panels or 
boards used to carry the components. Some projects need 
‘only a few holes in a small board, Here, itis convenient to use 
1/16 inch thick or similar paxolin sheet, cutting a piece of 
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the wanted size and drilling holes for the bolts or terminals. 

A small hand drill is satisfactory for this purpose. The drills 
used can be 3/32 inch for 8ba bolts, 1/8 inch for 6ba, and 
5/32 inch for 4ba, or any similar sizes giving clearance. 


Where drilling is inconvenient, a ready-perforated board must 
be used. For projects where size is not important, perforated 
1/8 inch thick hardboard is suitable — holes are generally at 
1 inch intervals, but this is not important. For this type of 
board, the size of the holes will generally mean that 4ba nuts 
and bolts will be beeded 


Plain perforated board (that is, without any conductor foil) 
can be obtained with holes at 0.1 inch or 0.15 inch spacing 
but these holes are too small and too close together. However, 
such boards can be used instead of plain unperforated paxolin 
sheet by drilling the holes larger in just those places where 
bolts must be placed. 


There is also a type of eyelet board, with holes at Smm spacing 
and just large enough to take 8ba bolts. This is handy for 
small projects. 


Its also relatively easy to prepare a fully perforated board or 
Panel, which can be used for a number of projects in turn. 


For a board up to about 4 x 6 inch paxolin 1/16 inch thick is 
adequate, with 1/8 inch sheet for larger boards. It is also 
possible to use 1/8 inch or similar PVC or other transparent 
sheet, which allows connections to be seen on both sides. 
Plain hardboard, or thin plywood, is also satisfactory. Hard- 
board or wood should be given a coat of shellac or similar 
vamish, before use, to keep out damp 


Where size is not important, the board can be drilled with 
holes spaced 1 inch from each other throughout. Do not 
mark off a grid with pencil lines, as this may cause leakage 
between adjacent terminals. An easy method is to mark such 
4 grid on paper, secure this over the board or panel with tape, 
and drill all the holes. Make these of an appropriate size for 
the terminals or bolts. 


For small items, the board will need to be prepared to suit. 
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But where a board is going to be a general purpose support 
can be also 

for several projects in tun, it can be much larger. It is 

handy to support it on two strips of wood, about 1 inch high, 

0 that there is clearance underneath for bolts and connections 


Zc mae 

ill be found that neat and efficient projects can * 
thsombled on such boards, and that it is ety to check connee- 
Gon or components or to make changes for experimental or 
other purposes. 


ircuits 


Theoretical 


retical circuits shows an electronic device in simple 
fate Cipasors, ssl tmastor and other ems ar 
shown by their own symbols. Lines representing connections 
are drawn from symbol to symbol. The layout of actual eom- 
ponents in the device may not be the same as the positions of 
the symbols in the theoretical circuit. 


will be found that it soon becomes easy to follow a 
theoetal creat. An undemtanding of such cies 
develops when they are compared with an actual layout which 
shows components and the connections 


anal Tracer in Fig 1 is an example ofthis, The main 
and collector (C) wires. For the transistors shown, these Wire 
‘come from the base as in the diagram, which is of the under- 
Sie he tansstor, Emiter, base and collector wires may 
be in different positions in other transistors.) It will be seen 4 
Meat te emiter Eis connected to negative atthe baton, an 
{oi clp on entth of flexible wire 


‘The headphones — or single earpiece — go between collector C 
and battery positive, A headphone jack, marked P, is used to. 
take a plug for the phones. Generally, an on-off switch woul 
be present in one battery connection, but this is not necessary 
here as the circuit can be interrupted (to switch “off") by 
‘unplugging the phones, Exactly the same results would be 
oblained if two separate sockets were used, to take two plugs 
from the headphortes. 


u 


RI 470K 


Resistor RI is connected from collector C to base B, and it 
supplies a base current for the transistor, so that the latter can 
operate as an amplifier. 


‘The signal to be amplified is obtained through capacitor C1. 
‘A capacitor has plates or foils separated from each other by an 
jnsulator. There is no direct current circuit through the 
capacitor, so placing the test prod on various points of 
circuit being tested does not upset direct current working, 
conditions, 


It is clear, from Fig. 1, how the theoretical circuit is made 
up as a practical piece of equipment, with C1, R1, transi 
phones and battery connected together in the way reqi 


With later projects, the theoretical circuit and practical wiring 
diagram may be shown together in this way, ot may appear as 
separate diagrams when they are larger. If the theoretical 
circuit and wiring diagram are compared, so that capacitors, 
resistors and other items on one are also found on the other, 
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it will soon be found that a theoretical circuit is readily 
followed and understood. It will be noted that the theoretical 
circuit could be built up in numerous ways, all equally satis- 
factory. 


ignal Tracer 


This locates and amplifies audio (sound) signals which may be 
present in a circuit. Construction is most easily carried out in 

a small plastic case (Fig. 1). An insulated board about 1% x 2 
inch (or to suit the case) has three small bolts to secure emitter, 
base and collector leads of the transistor. Bolts also hold two 
small brackets, which press on the negative and positive ends 

of the 9v battery. String or elastic through holes in the board 
helps to secure the battery. 


The prod is a long 6ba or 4ba bolt, or length of screwed rod. 
Lock one end of Cl lead with nuts, or loop it under the bolt 
head. Thread the clip flex through a hole in the case, and pass 
the prod through another hole, as shown. “A washer and nut 
then fix the prod, with the board inside the case. The case 
lid can then be fitted, and the securing nut can be screwed on 
the phone outlet. Connections here can be tightly twisted 
round the outlet tags, and compressed with pliers. A piece of 
insulating sleeving is put on the test prod, and a clip with 
fixing screw is attached to the flexible lead. 


Making Connections 


For all the projects in this book, any thin insulated conne 
wire can be used; or bare wire with insulated sleeving. It is 
handy to have two or more colours — such as red for positive, 
and black for negative circuits. 


A loop is made at the bare end of the wire, and is put under 
the screw head, or under a washer. Where two or more leads 
g0 to the same bolt, it is convenient in some cases to have a 
washer or two extra, to go between loops. Each connection 
must be reasonably ‘tight, and short circuits must not be 
allowed between wires or loops which are shown separated 
from each other. 
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Battery and external leads are generally of flexible wire 
Positive and negative battery clips, with leads already attached, 
are available for transistor radio and similar batteries. Else- 
‘where it may be convenient to arrange contacts as in Fig. 1, 

or to twist wires to the battery tags. 


The battery polarity (positive and negative) must always be 
correct, as shown. 


When dealing with transistor, it will be found that some types 
have long wire leads, more than adequate for easy screwed 
‘connections. Others, such as the BC1O8 and similar types, 
have rather short wires, but can be held satisfactorily with 
8ba bolts fairly near eath other. (With other transistor types 
not used in this section, soldering may be essential for proper 
connections to be made.) 


Gircuit Tracing 


‘To use the signal tracer, connect the clip to the earth return 
line of the receiver or amplifier. The prod is then touched one 
by one on points where the audio signal should be present, 
working systematically through the audio amplifier, or from 
the first point where the signal can be heard. Take in each 
‘capacitor, joint, or stage in turn. When signals cease to be 
heard, the fault lies between this point and the previous 
point, where signals were heard, 


Do not test any mains operated or high voltage equipment, as 
this is a job for an engineer who will follow the necessary and 
essential precautions for safety 


Medium or high impedance phones are most suitable for 
this tracer. A.600 ohm DC headset will be ideal. The tracer 
can be utilised as an amplifier for a crystal diode radio receiver 


Multivibrator 


You will be able to use this as an audio oscillator for numerous 
test purposes, or for Morse Code practice, or as a signal device 
in place of a bell or buzzer. 
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SPEAKER 


B 2NI306 


So 


Fig. 2 shows the practical assembly of the device on an insula- 
ted board. A theoretical circuit is given in Fig. 14, and is not 
repeated here, so Figs. 2 and 14 should be looked at together. 


R1 is the collector load resistor for transistor TRI. Collector 
‘current passes through this resistor, and an audio signal voltage 
is developed across it. Resistor R2 supplies base current for 
TRI 


TR2 has a similar collector resistor R4, and base resistor R3. 
Capacitor Cl couples the signal at the collector C of TRI to 
the base B of TR2, while C2 similarly couples TR2 collector 
to TRI base. Amplification in the transistors and feedback 
by the capacitors in this way result in the circuit oscillating 
‘That is, each transistor goes rapidly in and out of conduction 
in turn, so that a voltage at audio frequency is produced across 
the collector load resistors. C3 is @ coupling capacitor, allow- 
ing the signal voltage at the collector of TR2 to be taken toa 
loudspeaker or headphones. 


With a circuit of this type, the component values, transistors, 
and battery voltage will not be critical. However, resistor 
values, capacitor values, battery voltage, transistors, and the 
loudspeaker or other sound-reproducing device will all have an 
influence on the frequency of oscillation, or tone produced, 
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‘The values for Fig. 2 (as in Fig. 14) are R1 6.8k, R2 100k, 
R3 33k, R4 330 ohm, Cl 47nF, C2 47nF, C3 0.47uF, and 
2Ni306 transistors. This allows 4 good power output at 
medium frequency, with a 15 ohm loudspeaker. 


‘An insulated board about 2% x 5 inch is easily large enough, 
and it can be fully perforated, or holes can be drilled from 
Fig. 2, as already described. In many places the wire ends of 
resistors and capacitors are long enough to reach their con- 
necting points. Elsewhere, bare or insulated wire leads are 
fitted as shown. Provide three bolts with extra nuts, or three 
terminals, for the connections to speaker, key and battery. 


‘The loudspeaker should be fitted in a case, this having a front 
aperture about the same size as the speaker cone. This case 
‘can take the circuit board and battery. 


For Morse, the key is connected to emitters and battery 
negative as shown, with flexible leads of convenient length 
If the multivibrator is to be used as a warning device then 
these leads can instead go to a door bell push, or to a relay or 
‘SCR, used to complete the circuit, as with some tater projects. 
In this way the multivibrator, with its speaker, can replace @ 
‘buzzer or bell. 


If the frequency of the multivibrator is to be changed, this 
‘can readily be done by altering the values of capacitors Cl and 
C2 in particular. The two capacitors need-not be of the same 
value. Larger values reduce the frequency (lower the tone) 
while smaller capacitors increase the frequency. C3 also has 
some effect, due to loading from the speaker. 


Such a circuit can be used with a battery voltage as low as 
1.5v, for headphones. Transistor types are very uncritical. 
But if PNP transistors are fitted, the battery polarity must be 
reversed. The transistors shown are NPN. 


“C” Substitution Box 


When experimenting with circuits or checking a suspected 
capacitor, a box bringing into circuit a range of capacitor 
values may be used. In many circuit positions an exactly 
correct value 1s not required tor testing by substitute, so that 
a very large number of capacitors need not be provided. 
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Such a box is easily made as in Fig. 3, using a plastic or other 
insulated case. Here, point 1 is common to all the capacitors, 
and any capacitor can be selected by connecting to points 2 
to 8. Connections can be taken to 6ba bolts, using extra 
nuts. An alternative is to have eight sockets, with a pair of 
test leads equipped with plugs. 


Suggested values are CI 100pF, C2 470pF, C2 InF (1000pF 
or 0.0014F), C4 10nF (0.01uF), C5 0.1uF, C6 O.SuF, and 
C7 84uF. As the last capacitor will be polarised, mark its ter- 
minal to agree, 


‘These values will be found sufficiently near for use in many 
oupling, decoupling, by-pass and similar circuit positions. 
‘The substitution box can be used in place of C1 or C2 in Fig. 2. 
But where a defective capacitor is found in a tuned circuit, it 
should be replaced by the exact value. 


By ignoring terminal 1 and connecting leads to any pair 
of the terminals 2 to 8, two capacitors can be used in series. 
For those who like to work out the value of such combina- 
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tions, it can be found from C1 x C2 over C1 plus C2, where 
C1 and C2 are the actual values present, As example, points 
6 and 7 give 0.14F and 0.SuF in series. ‘The result is 0.1 x 
0.5/0.1 +0.5. That is 0.05 divided by 0.6, or approximately 
0.083pF. 


By using point 1 for one connection, and joining any two 
points 2 to 8, capacitors are in parallel. The total value can 
be found by addition. So joining 6 and 7 would give 0.6uF 
(O.1uE + 0.5uF). 


“R” Substitution Box 


A similar box can be made for resistors. If so, where two 
resistors are in series, the overall value is found by adding the 
separate values. So if 10k (10,000 ohm) and 5.6k (5600 ohm) 
resistors were in series, the total value would be 10k plus 
5.6k = 15.6. This would be near enough to 15K to substitute 
for such a value, 


Where resistors are placed in parsilel, the value is found as 
for capacitors in series. That is, KI x R2 over RI + R2. 

So for the 10k and 5.6k resistors, this would be approximately 
3.6k 


Naturally each resistor may be selected alone, as for the 
capacitors. If sufficient terminals are provided, a large number 
Of resistors could be fitted. For most transistor circuits, values 
from about 150 ohm to 270k will fill most needs. 


SCR Controlled Light 


This device will switch on alight, when the level of general 
illumination falls below that for which triggering is set. It can 
thus be used for an automatic night light. Operation can be 
from a battery; or from a mains power supply, as described 
later. 


Fig. 4 is the circuit, and introduces two new devices. One is 
the light-dependent resistor LDR. The resistance of this com- 
ponent depends on the strength of the light falling on it. The 
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resistance is low (some hundreds of ohms) with bright light, 
but rises to many thousands of ohms in dim light, or darkness. 


VRI 


100k 


The second device is the silicon controlled 
Normally, this does not allow current to pass from its cathode 
Ktoits anode A. However, a small current applied to its gate 
G will trigger it so that it conducts from cathode to anode. 

It remains in this state even when gate current is removed. 

It is restored to the non-conducting state by removing the 
‘voltage from its cathode, by opening switch SI 


In this device the SCR is controlled by the LDR. With 
illumination present the resistance from gate to cathode is 
low, so that when S1 is closed, current does not flow from the 
‘anode circuit through the 6 volt 3 watt lamp. As illumination 
falls, the resistance of the LDR rises. This continues until a 
sufficient gate potential is present to operate the SCR, which 
moves into its avalanche or conducting state, lighting the lamp. 
The potentiometer VR1 enables the resistance from positive 
to gate to be adjusted, to set the illumination level at which 
the circuit operates. 


AS0v 1 amp SCRis more than adequate for this circuit, and 
it resembles a large transistor externally, and can be mounted 
by its wire ends, 


19 


Fig. 4B shows constructional and wiring details. ‘The SCR is 
mounted on a small insulated board. Clear bared wires are 
twisted tightly to the LDR, so that this also can be fitted by 
small bolts and nuts, as shown. The connections to VR1 
are also tightly twisted and pressed together with pliers. 


A battery holder for four 1.5v cells is shown, and connections 
to this can be by means of clips which have leads attached. 
The switch S1 is the small, low-voltage type having small 
screws, a8 used for toy lighting circuits and similar purposes. 


Avhole is cut in the box level with the LDR, which may be 
directed towards the window of the room, or positioned as 
found to give the results wanted. The bulb, in holder, can be 
Positioned on top of the case. If light from it reaches the 
LDR this will not stop the circuit working, as the SCR can 
only be returned to the non-conducting state by opening the 
switch S1, 


r 


ce, a case can be 
For an automatic night light or similar device, a case can be 
fhade from thin wood, vith opening back or bottom, The 
device can also be used for various games, where momentarily 
interrupting the light falling on the LDR switches on the bulb. 


° d 
detailed reference to the operation of the SCR is wanted, 
ths cam be found in "30 Projects Ung Relays, SCRS & 
Triacs” (BP37, Babani Press). 


One Transistor Intercom 


Jingle high gain transistor will provide sufficient amplifica- 
fon or 8 day loudspeaking intercom. ‘Ths wil allow 
‘communication between two rooms or other points. 


Sis the circuit. A 2-pole 3-way switch provides 2way 
Cebsmunicstion, with a central “OI” position, With the 
switch as in Fig. 5, section S1A takes loudspeaker SP1 to the 
base coupling capacitor C1. At the same time, section S1B 
connects the battery and transistor collector circuit to the 
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speaker SP2, SPI then acts as a microphone, and sounds are 
reproduced in SP2, 


With the switch in the opposite position, SIA selects SP2 
as microphone, and amplified signals pass via SIB to SPI, 
so that speech can be in the other direction. 


‘The switch, amplifier, battery and SP2 are assembled as the 
‘master control unit, and twin leads run to SPI. The person at 
SPI should say “Over” so that the other person can operate 
the switch, and he in turn should say “Over” to signify that 
SPI is again acting as microphone 


{A simplified home-made change over switch is shown in Fig: 
5, This is two strips of metal, pivoted so that they can be 
swung from side to side, and bearing on two of the three 
round-headed screws. A’strip of insulating material is fitted 
{both strips move together. In Fig. 5 this switch is in 


Ready made 2-pole 2-way switches can be obtained and used 
instead (see Fig. 49). Spring-loaded push switches are also 
available, and can be wired to provide “press to talk”. A 
‘switch without a central “Off position can also be used, a 
Single pole on-off switch then being added in one battery 
connection. 


The master unit can call SPI by switching to speak, and allow- 
ing SP2 to be used as microphone. If calling in the other direc- 
tion is required, a third connection, with bell push, battery 
and buzzer can'be used. (An altemative, requiring more 

try, but avoiding the need for a third wire, will be found 
‘wo Transistor Electronic Projects”, (BP30, Babani Press.) 


Fig. 5B shows assembly of the intercom in a wooden case. 

‘A3% inch speaker is suitable, $0 the whole can be quite a 
compact unit, The home-constructed switch, using the bolts 
below the speaker, can be replaced by a ready-made switch, 

as described, if preferred. 


Best results are obtained with speaker units of quite high 
impedance — say 45 ohm to 75 ohm orso. The few other 
components are assembled on a small insulated board, as for 
earlier circuits. 
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‘The speaker at the remote point also requires a small case, 
Dimensions are not important, and it is possible to utilise 
plastic boxes of suitable type for each unit. Connections 
between units are by twin bell wire, or any similar twin con- 
ductor. With a transistor of other than the type shown, the 
value of R1 can be chosen to give maximum amplification 


‘Tuned Ferrite Aerial 


This simple device will allow “portable” reception with the 
old type of receiver which normally requires an external 
aerial, and it can also give improved reception in terms of 
freedom from interference on the 160 metre amateur band 
and adjacent frequencies. As shown in Fig. 6, it consists of a 
tuned circuit with ferrite rod, and a coupling winding to 
connect to the receiver aerial and earth sockets. It will be 
found very useful with a communications type receiver, where 
along extended outdoor or similar aerial results in high level 
of noise and interference. 
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An airspaced single gang capacitor of about 315pF is most 
suitable for VC1, and will allow the usual medium wave band 
of frequencies to be tuned as well. However, a smaller capaci- 
toris suitable if the ferrite aerial is for 160m reception only, 
or for the high frequency end of the medium wave band, The 
actual frequencies tuned can be lowered by having more turns 
for LI, or by using a larger capacitance for VC1, or by having 
LI more nearly towards the centre of the rod. Reducing VCI, 
or the number of turns on L1, ormoving LI to the end of the 
rod, will raise the highest frequency tuned 


a RECEIVER 


FERRITE 
ROD, The rod is directional, so the unit can be positioned for best 
signal pick up of wanted transmissions, or minimum reception 


of interference. 


VC! has to be adjusted in conjunction with tuning of the 
receiver and is set for best reception. Tuning with this control 
should be quite sharp. 


A ready made MW transistor type receiver aerial cdn be useful 
for the medium wave band, and may in some cases reach 160 
metres, if VC1 has a low minimum capacitance, and the 
winding is quite near the end of the rod, But should tuning 
not reach a high enough frequency, some turns will have to 
be removed. 


The device is constructed in a plastic lunch box about 6 x 4 x 
4 inch or other insulated case. Some boxes of this kind, 
though strong, are of brittle material. These must be drilled 
without too much pressure, or they may crack. Drill points 
should also be sharp. 


Diode Radio 


Alot of interest can be obtained from a diode radio receiver. 
It requires few components, no battery or other supply, 
and can give good headphone reception of a few of the more 
powerful transmitters. It can also be used as a tuner, as shown 
‘ater, and will provide excellent audio quality for local station 
reception 


The rod is 6 inch long and 3/8 inch in diameter, and it is 
supported by two strips of insulating material, which are fixed 
with brackets, Each strip has a V-shaped notch, so that the 
rod can be held with thin string. LI is the tuned winding, and 
it had sixty turns of 24 swg enamelled wire, side by side. 
Connections can be made to the frame (moving plates) and 
fixed plates of the capacitor VCI by means of small bolts, or 
may be lightly twisted 


The circuit in Fig. 7 is intended for medium wave reception. 
That is, from about 200 metres to $00 metres, or 1500 kilo- 
hertz t6 600 kilohertz. 


12 is the coupling winding. Many communications type 
receivers have a low impedance input circuit, and twelve turns 
will be adequate for L2. The same wire can be used a8 for LI 
With other receivers it may be worth while to experiment with 
the number of turns on L2, for best reception. 


‘The coil L1 is tuned by the variable capacitor VCI. At re- 

Sonance with the wanted transmission, a signal voltage is 

developed across the coil. Detection or demodulation by the 

diode D1 allows the audio component of the signal to be 
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taken {o the moving plates connection or metal frame of the 
capacitor. Ends 1 and 2, and loop 3,are left long enough to 
Bee narpse cxdike mae cued scent oT 
the wire where connections are to be made.. The capacitor 
VCI can best be about SOOpF, but this exact value 1s not 
essential 


recovered, and taken to the phones or to an amplifier. Such 
rystal sets” were used in very marty homes, in the early 
days of radio. 


AERIAL 
DIODE DI 


VARIABLE 
CAPACITOR 
vet 


PHONES 


Fig. 7B shows the practical layout. It is convenient to use an 
insulated board larger than necessary, so that a transistor 
amplifier can be added later. A board about 5 x 8 inch is 
Suggested, and it can be supported on 1 inch high runners 
(Strips of wood) so that there is clearance for screws or 
terminals. 


Four terminals, for Aerial, Earth, and Phones, will 
Bie tect” Best wits wil hu by covsseing + pod 
headset, of about 500 ohm to 2,000 ohm. Very low 
impedance earpieces, such as are employed with some tran- 
sistor receivers, ae not suitable here 


Coil L1 is wound with 26swg or similar wire, and has seventy 
tums, side by side. Secure the wire by passing it through two 
‘small holes, wind on about thirty five turns, and form a loop. 
Continue to wind in the same direction for a further thirty 
five tums, cut off the wire, and secure the end through two 
holes, The tube used can be 1¥4 inch to 2 inch in diameter, 
and can be paxolin, or can be made by winding thin card 
ound a suitable object, smearing a little adhesive on to forma 
tube. 


With a simple receiver of this kind it is necessary to employ a 
teasonably effective aerial and earth, Only in some circum: 
stances will volume be great enough with no earth, or with a 
short aerial. The earth connection can be taken to a metal 
spike in the ground, or to a metal object buried in soil, or to 
any other available earth other than a mains circuit earth. 
(No connection must be made to any mains plug or other 
mains circuit.) A cold water pipe may provide a good earth. 
Gas pipes should not be used. 


Point 1, the beginning of the coil, is taken to the fixed plates 
tag F of the variable capacitor, which is also connected to 
diode D1. The tapping 2 goes to the aerial terminal. End 3 is 
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For the aerial, a length of aerial wire some 30 ft to75 ft or so 
in all may form the aerial itself and lead-in. If this can be 
pended quite high, and clear of buildings or earthed objects, 
Signal strength will be improved. However, satisfactory 
reception may be obtained from an indoor aerial, or shorter 
aerial, ia good earth is present. A simple indoor aerial can 

tbe made from about 15 ft to 20 ft or $0 of thin insulated wire, 
fitted along two walls of the room near the ceiling with 
adhesive tape. (Do not fold the wire back on itself to obtain a 
greater length.) 


Volume will be improved, with a poor aerial, if the arial lead 
js taken directly to point 1 of the coil or F at VC1. However, 
this will make tuning even more flat or unsclective, so cannot 
generally be employed with a long aerial 


Use as Tuner 


(C2 and RI are added, Cl and RI 


In Fig. 8 components C1, 
ve te alow pro ‘ng of the detector diode D1, and 


are to allow proper worki 


may be considered as replacing the headphones, C2 is a 
coupling capacitor passing audio signals to the following 
amplifier. 


‘As with the previous circuit, any general purpose detection 
type diode is satisfactory for D1, such as the OA91 and many 
similar devices. The value of Ci is not critical, and this 
component can be about 470pF or Ink. Rl can be 100k to 
220k or so. C2 should be of quite large value, and can be 
O.1uF to 0.5uF. 


DI can be moved from the position in Fig. 7B, and the few 
extra components added, as in Fig. 8. 


When using the tuner to feed an amplifier, note that one 
phone terminal Pis the earth line, and that audio signals are 
taken from the other terminal, connected to C2, : 


The earth line of the amplifier is connected to the earth line of 
the tuner. For a sensitive or powerful amplifier, a screened 
audio lead is recommended. ‘This has an inner scroened lead, 
which goes to C2, and a conductor former by the outer 
brading, which is the ground or earth. The lead should be 
fitted with a plug to suit the amplifier input socket. 


Where the tuner is to be followed by a small headphone or 
similar amplifier, a screened audio lead is not required. So then 
connections are merely taken from terminals P-P in Fig. 8, 
temembering to join amplifier earth and tuner earth circuits as 
explained, 


‘Medium and Long Wave 


The addition of long wave coverage is worthwhile in some 
areas, and the coil can be modified as in Fig. 9 so that both 
MW snd LW can be tuned. 


A tube about 3 inch long and approximately 1% inch in 
diameter will be necessary. The section LI is wound as before. 
L2 consists of about two hundred tums of 34swg or 36swg 
wire, in two compact piles of one hundred turns each. All 
turns throughout are in the same direction. The junction of 
LI and L2 goes to the waveband switch $1. The second 
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performance than the air-cored home made type of coil 


switch terminal goes to 4 and earth line. MW tuning is Ren 
‘oils can also be wound in a similar way to that in Fig, 6 


‘Obtained with SI closed, and LW tuning with SI open. 
One Transistor Amplifier 


AERIAL 


Wh 


huh 


Headphone volume obtained fr 

r ie obtained from the crystal diode receiver 
an be considerably boosted by adding a owe coe Sear 
implifier. Space for this can be found on the circuit board. 


In Fig. 10, resistor R2 and the t 

1 ind the transistor have been a 

With swiich S2 for on-off switching of the bate Rt 
DI and C2 are already present, as shown in Fig. 8. 


For accurate coverage of the usual MW and LW bands, and 
using a 1% inch diameter tube, LI can be eighty-four turns of 
‘swe enamelled wire, with tapping 2 sixty turns from point” 
1. Leave a space of 5/8 inch and glue on a card dise cut to 
fit the tube. Also glue on two further discs, leaving spaces of 
inch between them. L2 is wound with 32swg double cotton! 
covered wire, with one hundred and twenty turns in each slot 
(making 240 in all for L2). ‘The coil can be fixed with two 
screws or small bolts, with spacers or extra nuts to hold it 
2 little clear of the board. The windings should not be 
‘varnished, covered with adhesive, or wax. 


TRI, R2 and $2 are connected as shown. Fo: 

A as For TRI, a BC108, 
2N706, ot similar general purpose NPN transistor wil be 
satisfactory. R2 can generally be 1 megohm with satisfactory 
results, but it can be worth while trying values from about 
100k to 2.2 megohm here, as performance depends on the 
transistor, phones, and battery voltage. 


With circuits of this kind there is no ganged tuning, or need 
for exact tuning of a particular frequency band. This means 
that coil winding details (wire gauge and covering, and 
diameter, or number of turns) can be varied to suit materials 
to hand.” Ready-made coils can also be tried. Some com 
mercially made coils with cores can give a slightly better 


30 


Medium and high impedance phones, such as a 
jones, 600 0 
headset, will be most suitable. The battery canbe 4 5y toy, 
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Ifthe phones are first connected to terminals P-P in Fig. 8, 
then taken to terminals P in Fig. 10, a very considerable in- 
erease in volume should be obtained. 


Ifa PNP transistor isto be tried in this eircut, the polarity 
of the battery must be reversed. 


‘Two Transistor Amplifier 


Fig. [1 is the circuit for an easily made 2-transistor amplifier 
which can provide teasonable loudspeaker volume. ‘The 
audio signal is taken to the input terminals, battery negative 
being the grounded side of this circuit. 


C1 couples the audio signal to the base of the first amplifier 
TRI, which receives base current through R1. An amplified 
signal is developed across the collector resistor R2, and is 
coupled to the base of the following amplifier TR2 by means 
of C2 


The two resistors R3 and R4 set the base operating conditions 
for TR2, and the output is taken from TR2 emitter. 


Fig. 11B shows assembly of the components on a small insula- 
ted board. If preferred, connections between components 
can be on the underside of the board, in the way shown for 
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later circuits. Fit ced and black flexible leads for battery 
connections. The amplifier, with its battery, can be fixed in 
an insulated box or metal case. Sockets can then be used for 
input and output circuits, and an on-off switch can be placed 
in one battery lead. 


The board can be secured with bolts through its fixing holes, 
and through the bottom of the case. Extra nuts or other 
spacers must be placed between the case and board. 


Whenever a metal box is used, remember that all connections 
and other circuits except the earth line must be insulated from 
the metal. The metal case itself is normally connected to the 
earth line, and a lead can be put under one of the fixing screws 
for this purpose. In Fig. 11, both input and speaker are re- 
tured to the earth line. So 3.5mm jack sockets of the type in 
Which the outer or sleeve contact is common to the fixing 
bush could be used, as these points will be connected to 
battery negative and the earth line and metal box, But with 
some circuits itis necessary to use an insulated jack socket, 

6r to insulate this from the metal, An example of this would 
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arise if the speaker were placed in the collector circuit of TR2, 
as the outer or sleeve circuit would then need to go to battery 
positive. 


Instead of the type of socket which takes a jack plug, ordinary 
single sockets can be used — two for input, and two for out- 
ut. Or wires may be connected directly to the terminals, 
provided in Fig. 118. 


Input to this amplifier may be directly from the crystal set, 
Fig. 7. Connect earth and battery negative lines; and C1 of the 
amplifier to D1. The effect of connecting C1 and RI, Fig. 8, 
across the crystal receiver phone terminals, can be tried. 


‘The amplifier can operate a speaker of 15 ohm to 75 ohm 
impedance. Current with a 9v battery is about 25—30mA 
with a 15 ohm speaker, or 10-15mA with a 75 ohm speaker. 
Headphones can also be used if required 


‘Two BC108 or similar transistors will give very good results. 
For transistors of different type, it may be necessary to alter 
the values of RI or R2 for best operation of TRI, or R3 or 
R4 for TR2. 


2 and 3 set the base bias condition for the transistors 
Bias is arranged so that collector current is low, when no audio 
Push-Pull Output Stage signal is present. ‘The emitter bias resistor Re limits peak 
collector current. 

For good volume, with low battery current, some form of 
push-pull output stage is generally used. This has two tran- 
sistors, and each amplifies one half of the audio signal, Base 
bias conditions of the two transistors are so arranged that 
only a low current flows during silent intervals, Overall 
battery drain is thus much lower than if a single transistor 
were used to obtain a similar level of volume. 


IPR3 isa preset resistor, as in Fig. 12, operating conditions 
can be arranged to suit the transistors fitted. For best results 
TRI and TR? should be a matched pair. This means that they 
will have simitar-gain and current characteristics. However, 
two transistors of the same type number will generally be 
satisfactory. 


I is assumed that the same battery will supply earlier stages 
of the amplifier, and current for this purpose Is taken from Cl 
and RI. RI and Cl prevent audio signals present in the posi- 
tive line passing back to earlier amplifier stages. The by-pass 
capacitor C2 also helps in this respect. With simple circuits 
not giving much overall amplification, or small power outputs, 
RI, CI nd C2 might all be omitted. 


Fig. 12 is typical push-pull output stage. T! is the input 
or driver transformer, and an audio signal is taken to its 
primary P. The secondary Sis centre tapped. So for one half 
Of the audio cycle one transistor base is driven positive and the 
other transistor base is driven negative, this being reversed 
for the remaining half cycle. Thus each transistor conducts 
alternately, and the centre-tapped output transformer T2 
combines the collector currents, to operate the speaker 
connected to the secondary S. 
34 
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TRI and TR2 are NPN transistors. If PNP transistors are to 
be tried, battery polarity must be reversed, and also the 
polarity of CI and C2. PNP transistors, with a positive earth 
line, could be convenient where earlier stages also use PNP 
transistors and a positive earth. 


When first using the circuit, a meter can be placed in one 
battery lead. 3 is set for minimum value. Battery current 
will then be low, but reproduction will be very distorted, 
Slowly increase the value at R3 until reproduction is a 
best. This will cause a rise in battery current, so do not set 
R3 to an unnecessarily high value. 


‘The driver transformer TI can be of about 5:1 ratio. T2 can 
be aminiature type for low power, or a 300 milliwatt or 1 

‘watt component for larger power. Its ratio can generally be 
about 8:1, for use with a 3 ohm speaker. T1 must have a 
‘entre tap on its secondary, and T2 a centre tapped primary. 


Many transistors other than those given below can be 
the following being typical for negative ground or posit 
ground. 


Negative earth (NPN transistors). 2 x BC1O8. RI 1.2k. 
3 100 ohm fixed or 250 ohm preset. R4 4.7 ohm. 


Positive earth (PNP transistors). 2 x AC128 or 2 x AC142 
R2.4.7k. R3 82 ohm or 250 ohm pre-set. R4 4.7 ohm. 


RI will generally be 1k to 2.2k, depending on the eatlier 
amplifier. The primary of TI can be connected to terminals 
P in Fig. 10; or alternatively to any audio source where a 
reasonably strong signal is present. 


Where signals are too strong, an audio gain control needs to 
be fitted. In Fig. 8 this can be done by omitting RI, and 
disconnecting C2 froin D1. Connect the outer tags of 100k 
volume control or log pot from DI to earth line. Take C2 to 
the centre tag or slider of the potentiometer. Any required 
audio level can then be taken off by adjusting the control 
knob, 


Fig. 12B shows the board layout. 
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FIG.128. 


Boost Speaker 


Fox best reproduction, a speaker needs to be encl 

cabinet or ited to abate board A eabinet canbe made 
from wood, and can be about 6 x 10 inch and 4 inch deep, 
‘or as required for the speaker unit. Cut an aperture in the. 
cabinet front to match the cone diameter, and glue thin 
fabric behind this opening. The speaker can be fixed with 
nuts and bolts, or short woodscrews driven in from behind. 


Connect flexible leads, with separate plugs or r 
suit the equipment, 7 Pata Pues or jack plug to 


Small pocket receivers, which have a miniature speaker, can 
give much improved volume and reproduction when wed with 
4 larger speaker. If a headphone socket, operated from the 
receiver output stage, is present, itis only necessary to plug 
the speaker into this.” fairly large speaker, of sensitive type 
will give best results. A unit 5 inch to 6 inch in diameter, or" 
about 4 x7 inch, will be convenient. The speaker has to be 
of approximately the correct impedance, which should be 
found in the reesiver operating instructions, “Where the 

cer impedance is wrong, a matching transformer 
Be employed between recetver and speaker eT MS 1° 
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Extension speakers are less frequently tised today, but if two 
leads are run into another room programmes from a non- 
portable type radio can be listened to there also. 


Other “No Soldering” Projects 


It will be seen that many of the circuits which follow, and 
especially those of simpler type, can be assembled without 
soldering. Where necessary, an examination of the practical 

layouts will give an indication of how components can be 

placed. Generally a little extra space should be allowed so 
that nut and boli connecting points need not be extremely 
close together on the insulated board, 
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SECTION 2 
MISCELLANEOUS DEVICES 


Soldering 


Soldering for electronic wiring will be found to be a very easy 
and straightforward matter. An electrically heated iron is 
usual, and as large areas of metal do not have to be raised 

to the melting point of the solder, a 20 watt to 25 watt iron 
is satisfactory. This will be perfectly safe if correctly fitted 
with a mains plug, and if placed on a metal plate or tray when 
not actually in use. 


It is best to use cored solder, as made for electronic wiring, 


Leads, tags and other items to be joined should be clean and 
bright. They have to be raised in temperature to the melting 
point of the solder at the actual points where a joint is to be 
made, and the active core of the solder, or flux, must be 
present here when the joint is being made. 


The iron should be tinned — that is, have melted solder on its 
tip — and have reached its correct temperature. Leads can be 
hooked or looped into position. The joint is then heated with. 
the iron, and the solder is simultaneously applied to the joint, 
so that it melts and flows over the surfaces to be soldered. 
This usually takes place in a second or two. The solder and 
iron should be removed at once, as excessive heating may 
damage some components, and especially transistors or other 
iconductors. The joint cools in a few seconds, and should 
be rigid, and solder having flown onto the items to be joined. 


A probable cause of poor joints is insufficient heating of items 
to be soldered, or carrying solder to the joint on the iron, so 
that the activity of the flux is wasted. 


Electronic items such as tags and the wire ends of compon- 
ents are generally designed for easy soldering. They will be 
copper, tinned copper, and similar metals and alloys which 
solder readily. For this reason, difficulties are unusual, 
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Some metals do not solder readily, or need special methods. 
‘Aluminium is one of these, and it is not used where popular 
cored solders intended for copper or general wiring are 
employed. 


(1) shows leads from a typical NPN transistor, such as the 
BC108, 2N706, and similar types. (2) is the base of the PNP 
ACI28 transistor. 


TI can be a small speaker matching transformer, as used for 
‘push-pull stages. A centre tapped primary is necessary. The 
Secondary S can be taken to a loudspeaker or headphones. 


Make sure that heat from the iron does not damage furniture 
or other items, and keep the flexible cord away from the 
heated tip, Always switch the iron off at once when the work 
in progress is to be left. 

The values of R1, C1 and C2 can be varied considerably, 
CI can be 0.1uF or so. RI determines to some extent the 
power obtained, and can be about 22k, increased to 47k or 
100k for lower ‘power. The value of C2 has considerable 
influence on the note, or frequency of oscillation. Increasing 
the value of C2 lowers the pitch. C2 can be about 47nF to 
4.7nF or thereabouts. A 9v battery can be used. Changes 
to the supply voltage will influence the note produced. 


‘One Transistor Audio Oscillator 


This can be used instead of a bell or buzzer waming, or for 
code practice and similar purposes. It needs very few compon- 
cents, Fig. 13, and can be made to work satisfactorily with a 
‘wide range of transistors. 


In Fig. 13, an NPN transistor is shown in the theoretical 
circuit, so battery polarity is as indicated, with negative to 

emitter. If a PNP transistor is fitted, battery polarity must be 
reversed. 


Fig. 13 also stiows a layout for components, using either a 
fully perforated board, or a panel drilled to suit. ‘Trans- 
former T1 is fixed by screws. Small transformers of this type 
are usually wire ended, or have pins which pass down through 
holes in the board, 


The wire ends of the resistors and capacitors are passed down 
through suitable holes, and bent over. The board is then 
tured so that the underside wiring can be carried out. In 
‘most places the wire ends of the components will be long 
|enough to reach connecting points. Elsewhere, 24swg tinned 
[copper wite, or similar connecting wire, will be used. Make 
the soldered joints as described, and snip off unwanted ends of 
Wire. Its as well to leave the transistor to last, as this avoids 
hheating it unnecessarily when soldering other items. Lengths 
Of flex, anchored at holes in the board, are used for battery, 
key (ot push) and speaker connections. 


Multivibrator 


Fig. 14 is the circuit of the multivibrator assembled in Fig. 2. 
Reference to Fig. 14B will show how this can also be prepared 
on a tag board. 


‘The tag board has two rows of tags fitted to an insulated 
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board, and itis five tags long in Fig. 14B. Boards of this type 
can be obtained in many sizes. It is also easy to cut a section 
from a Jong tag board, to suit the needs of the item to be 
assembled. Such boards are very handy indeed for electronic 
assemblies, as the tags support resistors, capacitors and other 
items, and a neat layout is readily achieved, 


‘Tag strips are also useful for projects, and may have any 
number of tags required. Long tag strips can be cut down as 
necessary. Short tag strips have one tag for mounting the 
strip, longer strips having two tags formed as brackets for this 
purpose. 


Place the components approximately as i 
the wires to the tags. If any component values may be 
changed, do not twist the leads tightly round the tags before 
soldering, or removal will be difficult. 


Wires which cross can be kept clear of each other, and then 
no insulated sleeving will be necessary. ‘The transistors can be 
soldered on last, and can readily be changed without disturb- 
ing other parts. 


‘The same layout can be used for the next project, though the 
component values are different 
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Fig. 14B, and solder 


FIG.148, 


Glissade 


‘This device will produce swooping, rising and falling tones, for 
“effects” purposes, or can with additional skill be-used to 
obtain musical notes through several octaves. The circuit is 
shown in Fig. 15, and reference can be made to Fig. 14B 
for a practical layout on a tag board, 


In Fig, 15, suitable component values are: 


RI 10k Cl (22nF 
R22 12k @Q 2nF 
R3 100k C3 220F 
R4 10k VR1_ 100k linear pot. 


Transistors: 2 x BC108 or similar types. 


The circuit is a wide frequency audio oscillator, in which the 
pitch can be controlled by VRI, and “on” switching is obtain- 
ed by S. The oscillator is placed in a box, so that switch S 
and VRI can be mounted on the top. The switch isa strip of 
springy metal, fitted with a spacer and bolt, so that itis just 
clear of a further bolt. A small downwards movement of the 
arm or knob completes the circuit 
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VRI has a % inch shaft coupler, into which is screwed a length 
of 4ba threaded rod. A knob is also fitted to the end of this 
rod. It can be swung backwards or forwards, to change the 
resistance of VRI. Connect VRI so that movement of the 
knob towards the right raises the pitch. 


Output from C3 can go to high resistance headphones, for 
amusement, but should be taken to an audio amplifier. Gain 
of the amplifier will have to be tumed back somewhat, as the 
output from the glissade is at a quite high level. 


‘Swooping tones are produced by holding down the switch S 
and swinging the control knob attached to VRI from side to 
side. For notes which do not swoop to frequency, switch S 
must be released while VRI is rotated. A slight quivering 
motion of the hand controlling VRI will produce a vibrate 
effect. It is useful to have an ordinary switch in parallel 
with the knob control S, and to have the amplifier audio gain 
‘control near the left hand, so that fading effects can be pro- 
duced as well. “ 


About 4.5y to 9v can be used, this influencing volume. Should 
other transistor types give an unsuitable range of frequencies, 
the note can be raised by reducing C1 or C2 (or both). 


Miorse Oscillator for Phones 


By using the windings of magnetic headphones as part of the 
feedback circuit from collector to base, a single transistor 
Oscillator can be made as in Fig. 16. Medium to high imped- 
ance phones are most suitable, and numerous other transistor 
types can be fitted. 


‘The transistor and few other items are mounted on a tag strip. 
This is in turn bolted to a small insulated box, which can carry 
the battery. A 4.Sv supply was found best with this oscilla- 
tor. The note obtained can be modified by altering the 
voltage, resistor, or capacitor values. 


For serious code practice a good Morse key is required. It is 
adjusted so that only a small movement of the wrist is needed 
to operate it. Each letter consists of short and long sounds, 
shown as (+) and (—). The (—) has three times the length of 
the (») 


NExXE<cHMBO FOZ 
1 


After leaming the code, practice between two persons will 
bbe best to gain speed. Care should be taken to form each 
letter correctly. 


‘Two Door Siren 


This can be used as a warning device instead of a door bell. 
The circuit is arranged so that two bell pushes can be con- 
nected, and they will provide distinctive notes. It is thus clear 
which of the pushes has been used, as, for example, to dis- 
tinguish between front and back doors. 


Fig. 17 is the circuit. The collector of each transistor drives 
the base of the other through a capacitor with parallel resistor. 
TI is centre tapped, and couples a loudspeaker. 


Component values are intended for two ACI28 or AC142, 
or similar transistors, as used in 4w to 1w output stages of 
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receivers and small amplifiers. Other transistors will of course 
operate in this circuit. The pitch obtained can be modified 

by changing C3. The circuit shown is for PNP transistors, 
and battery polarity has to be reversed for NPN transistors. 


v 


Gsreaner 


Fig. 17B shows the oscillator wired on perforated board. For 
a self contained unit, the board can be screwed inside a case 
which is large enough to house the speaker and battery. 


‘The note obtained when Push 1 is operated depends on the 
value of R3. In the same way, R4 allows a different note to 
be obtained when Push 2 is closed. If necessary, R3 or R4 
can be changed, to obtain notes which are readily distin- 
guished. 


Transformer T is best of fairly high ratio, or can be the usual 
type of transistor output transformer, with a ratio of about 

- Tl and loading by the speaker influence the volume and 
notes obtained 
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PUSH! PUSH2 


In some circumstances it may be convenient to run a single 
twin lead from Push 1 on to Push 2, including an extra resistor 
at Push 2 itself, to modify the tone. This may save taking 
Jeads from Push 2 all the way back to the oscillator board. 


UIT Oscillator 


‘The uni-junction transistor is a device having emitter, Base 1, 
and Base 2, Fig. 18. B2 receives positive bias, in this case 
through the headphones, When forward bias on the emitter E 
is reached the UIT conducts. 


In Fig. 18, the emitter potential rises as C1 charges through 
the resistor RI. When the UJT conducts, Cl is discharged 
and the process is repeated. This can take place over a very 
‘wide range of frequencies, depending on the values used for 
RI and C1. Here, these are chosen to produce an audio tone 


A battery supply of 3v to 9v will be convenient. For use of 
the UST oscillator during code practice, place the key in one 
battery lead. _ 


2N2646 
UJT 


UIT Continuity Tester 


Fig, 19 shows actual assembly of the circuit in Fig. 18 on a 
small perforated board. This js fitted in an insulated box, 
which carries a phone jack socket, and two sockets for Morse 
Key or test leads, A 9v battery is used, secured with string 
or elastic. 


For continuity tests, fake prods or clips on the test leads to 
the suspected item. If the circuit isin order, the UJT oscil- 
lator will produce an audio tone. Oscillation will be obtained 
with a series resistance between the prods of up to 20k or 
more, so various components can also be tested, and some idea 
Of the resistance in circuit can be gained from the sound 
obtained. The tester can also be used to check bulbs, lamps, 
fuses, extension and other leads, and similar items ~ these 
must of course be removed or disconnected from the equip- 
‘ment, before being tested. 
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PHONES FIG.I9. KEY OR TEST LEADS 


UST High Voltage Producer 


The UJT oscillator can be used to produce a high voltage, at 
very low current, by connecting a transformer as in Fig, 20. 
A loudspeaker transformer, as would be used in valve equip- 
ment, is suitable, and will have a ratio of about 45:1 or so. 
The usual secondary, or low-resistance winding, is connected 
to B2 and positive, so that a step-up of voltage is obtained 
This should be found to light a small neon lamp. 


VR1 is fitted to allow some adjustment, to find the most 
suitable frequency of oscillation. For maximum possible 
high voltage output, if required, operating voltage and current 
should be raised. No rating of the UJT must be exceeded. 
For the 2N2646, the supply should not exceed 30v, emitter 
current should not be over SOmA, and dissipation of power 
in the device should not be more than 300 milliwatts. (Dissi- 
pation can be found from Voltage x Current.) 


50 


+ 


VRI 


250K 


LOW CURRENT 


(ac 


TI 
HIGH VOLTAGE, 

RI 22k 

B2 


FIG.20. 


ae 


Seci 22 NF 


A small mains transformer can be used for TL. with a low 
voltage winding, such as that for a 6.3v heater circuit, as 
primary, and the 200/250v winding as secondary. The high 
voltage Output is alternating current, 


Signal Blinker 


Fig. 21 is a multivibrator in which the feedback capacitors 
Cl and C2 are of high value, so that conduction alternates 
between TRI and TR2 at alow rate. A light emitting diode is 
placed in the collector circuit of TR2, and so flashes on and. 
off. 


This device can be used for various instruments and other 
equipment, and a flashing indicator draws attention to a 
greater extent than does one continuously illuminated, The 
LED can be located at any required point, with leads running 
toit, 


Transistors other than the types shown can be utilised. R4 can 
usually be about 150 ohm for a 3v supply, 470 ohm to 1.2k 
for 6v, or 680 ohm to 1.5k for 9v. This depends to some 
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extent on the amount of light required when the indicator 
is operating. Lower resistor values at R4 will increase light, 
but current must in any ease be limited to the LED rating. 


CI and C2 need only be 6.4v working, arid the device can be 
assembled on a very small perforated board. See p.61 for 
LED polarity 


Mains Wiring 


All the devices described so far have operated from low 
voltage batteries, so than no shock hazard exists with them. 
However, it is necessary to employ mains power for some 
units, and proper care must then be taken to avoid any danger. 
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Power should be drawn from a 3-pin plug, and this should have 
3A or other low rating fuse installed. The live or L, neutral 
or N, and earth or E conductors must be correctly connected, 
both’at the plug and the equipment. 


‘The plug must always be withdrawn from the supply socket, 
before touching any intemal connections, or making any 
adjustments or checks of any kind. 


‘Apparatus operated from the mains must be constructed in @ 
‘strong insulated box, such as can be obtained from various 
suppliers of electrical equipment; or when built in a metal 
box, the box must be soundly earthed. This is achieved by 
bolting the mains cord earth conductor to the box. 


Boxes or cases can have ventilation holes or slots, but must 
be closed so that no one-can touch live or dangerous connec: 
tions or parts inside. It should be remembered that unskilled 
‘or unaware persons may eventually handle or use the equip- 
‘ment, so it must be arranged to present no unexpected hazards 
such as live terminals or parts, or openings for the fingers. 


If these points are remembered, mains operated equipment 
can be safe to use and handle. No switch or other means of 
interrupting the circuit is put in the earth conductor, and any 
switch or equivalent device is placed in the live or L con- 
ductor. This leaves both earth and neutral permanently 
connected, for maximum safety. 


Dimmer/Heat Control 


It is often convenient to dim a filament lamp, or reduce the 
heat of a soldering iron to be left on for long periods, or the 
power of a low wattage heater. ‘The silicon controlled rectifier 
circuit in Fig. 22 can be used for these purposes. 


When the switch marked “Full” is closed, current for the 
oad passes through this, so that full power is obtained. 


When this switch is opened, current passes through the SCR. 
This device conducts only when the gate has been triggered, 
and the instantaneous point in the alternating current cycle 
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where this arises is determined by the setting of the potentio- 
meter WRI. Triggering is advanced as the wiper of VR1 is 
moved towards RT. The average power supplied to the load 
can thus be adjusted between wide limits. Since the device is 
operating as a half wave controller, full power is not obtained 
with VRI at maximum, so the switch is closed as described. 


of the box should be screwed in place. A suitable size is about 
4x5 x2 inch deep. 


P BACK OF 
‘Ourcer 


o 


Fig, 22B shows construction of the SCR controller in a metal 
box. The front of this carries a socket outlet, and the mains 
cord has a 3-pin plug, wired as explained earlier. It is thus 
easy to plug the controller into an outlet, and insert the plug 
Of the lamp or other item to be used in the new outlet. 


The mains cord is secured with a clamp, and passes through 
an insulated grommet. The tag strip supporting the small 
items is mounted by an unused tag. A strip of metal is cut 
to clamp round the body of the SCR, and is soldered to one 
tag, as shown, Run earth and neutral leads from the cord up 
through a hole, and connect them to the E and N terminals of 
the socket outlet. Also earth the case, at E, A well insulated 
wire runs from the L terminal of the outlet, to the “Full” 
switch. The outlet can be secured with bolts and nuts. 


RI should be 1 watt, and Cl is a SOOv capacitor. The neon is 
a small type as used for indicators, etc, 


After checking that the controller operates correctly, the back 
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FIG.228, 


Ifa fully insulated box is used instead, then the bush of VRI 
and of the switch should both be earthed by wires, except 
when these items are constructed wholly with insulated 


material. (This precaution is necessary to avoid any chance of 


‘metal parts outside the box becoming “live”.) 


‘Two Power 


A circuit which will allow half or full power can be useful to 
reduce the heat of a soldering iron, or for dimming a filament 
lamp. 


Fig, 23 is an easy circuit of this type. Full power is obtained 
when the switch Sis closed. With S open, the silicon rectifier 
allows current to flow in one direction only, so that power is 
approximately halved. A 600v 1A or 1000v 1 rectifier is 
suitable. 
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This device can be made by using an insulated junction box 
which will take a socket outlet and also the switch S, A3- 
‘core cord with plug is run to the box, so that it can be used 
‘with any power point. The iron or other item can then be 
plugged into the outlet fitted to the junction box. Remember 
to make mains connections in the way described earlier, for 
safety. The switch § should be of fully insulated type. 


Sensitive Touch Switch 


In Fig. 24, finger contact with the touch pad switches on a 
Jow voltage bulb. iis circuit is suitable for a battery operated 
portable bedside light, and for some other devices. 


Normally the silicon controlled rectifier is not conducting, 

so the lamp is extinguished. Finger contact with the pad 
provides positive base bias for the transistor so that it conducts, 
This moves the transistor emitter and SCR gate positive, 
triggering the SCR. Current then flows from cathode K'to 
anode A, and through the bulb. The SCR remains in the 
‘conducting condition until the battery circuit is interrupted 

by opening the switch. A push switch, normally closed, 
‘most suitable here. Pressing it then switches off the bulb. 


This touch pad is easily made from a piece of circuit board 
with foil strips. It can be about 2 x 1 inch, or of any convenient 
size. Join together altemate foils — e.g., 1, 3, 5 and 7 — by 
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soldering a connecting wire through the holes. This will 
provide one connection to the pad. The other foils —2, 4 
nd 6 — are similarly joined together for the other pad con- 
nection. 


The pad is fixed to the top or side of a box, which ean contain 
the battery and electronic components. 


e sensitivity of the SCR, or gate current or potential needed 
To produce conduction, will depend somewhat onthe individual 
device, while the gain of individual transistors will also be 
different. Numerous NPN types are suitable. If itis found that 
the switch is too sensitive, this can be corrected by placing a 
resistor from transistor base to SCR cathode or negative 
fine. This resistor can be about 470k to 1 megohm or so. 
Excessive sensitivity will be apparent if the circuit is switched 
on by dust, damp air, or similar effects. The pad should be 
kept clean by wiping it with a dry cloth. 


Fig. 24B shows assembly of the components on a tag strip. 
‘Avmall sv TA SCR is more than adequate, The bulb can be 
screw in type, and can be 6.3v 0.154, or 6.3V0.3A. A 

6v 3W (0.5A) bulb is also suitable, provided the battery is 
fairly large 


It is convenient to make a wooden box which will take the 
battery, and leave a little space for the tag strip assembly. 


37 


FIG. 24B 


-(GwitcH) + 


Water Level Indicator 


This is a battery operated low voltage device, which is trig 
gered by rising water. It can be used to give indication when @ 
tank, cistern, fish or swimming poo! has filled to the required 
level 


Fig. 25 shows the circuit, and also assembly on an insulated 
board. This also carries the battery, and it is fitted in a metal 
or plastic box. 


In use, the base normally has no positive bias, as the sensor 
passes no current. When water reaches the sensor, it conducts, 
and the transistor passes collector current, to operate the 
indicator. RI limits base current. 


This circuit will operate satisfactorily with a wide range of 
PNP or NPN transistors, but battery polarity must be reversed 
for the PNP types. 


The indicating or waming device can be one of the multi 
vibrator or other audio oscillators shown earlier. These will 
sive an audible warning, and will draw only a small custent, 
so that a large transistor is not required, 
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INDICATOR 


Ss 


SENSOR 
INDICATOR 


SENSOR 


For indoor use or in a location protected from rain, the sensor 
can be two bare wires, about % inch apart, bolted to a strip 

of insulated material. Where rain could operate the device, 

it needs to be covered. Alternatively, it can be made from a 
piece of metal tube, with a central wire, as in Fig. 25. The 
Wire is bound with insulating tape for about half its length, 

to fit tightly in the tube. Flexible leads are soldered on, and 
the joints covered with tape. The sensor can be suspended 
inside the tank or pool, with its bottom at the required water 
level. 


If the transistor isa high gain one, so that damp operates the 
indicator, sensitivity can be reduced by connecting a 100k 
resistor from base to emitter. 
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Optical Isolator 


In some equipment complete electrical isolation of one circuit 
from another is required, though signals must be able to pass 
The optical isolator is a neat way to arrange this, and can be 
fitted up from the circuit in Fig. 26. 


AUDIO. BATTERY FIG.26 


Electrically, the device is in two sections. The first has the 
light emitting diode LED, VRI, and transformer T1. When 
the battery is switched on, current flowing through the LED is 
adjusted by VRI, so that the LED glows dimly. A signal 
voltage in the secondary of TI then modulates the LED light 
intensity 


To operate this circuit from a radio having a 2/3 ohm or simile 
speaker, a speaker matching transformer with a ratio of about 
45:1 can be used. (The actual ratio is not very important.) 
Connect the usual transformer secondary to the radio speaker, 
so-that TI provides a step up effect 


The second part of the equipment has the light dependent 
resistor LDR, forming part of the network providing TRI with 
base bias. VR2 allows adjustment of conditions for best 
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amplification, which will depend on the transistor. and also 
the LDR, orstray light reaching the latter 


The LED and LDR can be enclosed in a card tube, or should 
at least be shielded from light, which will swamp the modula~ 
ted illumination of the LDR, obtained from the LED! 


With the circuits switched on, and VR1 adjusted so that the 
LED is illuminated, turn the radio to give fairly low volume. 
Adjust VR2 for best bias conditions. When these are reached, 
signals should be heard clearly in the headphones. VR1. VR2 
and the audio input to TI can then be adjusted for best results 
TRI can be the BC108, 2N706, or similar transistors suitable 
for audio amplification. A medium or high impedance head- 
set will be satisfactory. Assembly can be on a perforated 
board, as for other circuits. Take care not to adjust VRI so 
that the LED current is too high. 


LED Indicator 


A light emitting diode can be used as an indicator on battery 
powered equipment and the current required is very small 
Fig. 27 is a LED indicator circuit. Here, the long wire of the 
ED is negative, but with some LEDs this is not so. A flat 
side may, or may not, be present. So polarity may have to be 
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The LDR has a high resistance when in darkness or subdued 
light, so that the gate potential of the SCR is not sufficiently 
high to trigger this device. When light reaches the LDR, 

its resistance falls, and the SCR gate voltage rises. The SCR 
then moves into its conducting condition, so that current 
flows through the bulb. The sensitivity of the circuit, or 
level of illumination needed to trigger the SCR, is set by VRI 


found by trial — the correct connections are those allowing 
the LED to light. The series resistor may be about 150 ohm 
to 1k or more, depending on the actual voltage, and brightness 
required. Current drawn varies with different LEDs, and 

with voltage and series resistance, but can be about SmA or 
less, without reducing the brightness too far. 


‘The LED indicator with resistor is connected to the circuit 
where voltage is present when the equipment is on. LEDs are 
available in red, yellow, green and other colours, with grommets 
rclips for panel mounting. Different circuits may be identi 
fied by a range of colours. 


Components can be assembled on a small tag strip. This, with 
a battery, can occupy a tubular case, with the lamp on top. 

An opening is necessary opposite the LDR, and a hole is also 
made so that VR1 can be adjusted with a screwdriver. Here, 

4 miniature pre-set SOk or 100k linear potentiometer is most 
suitable. It is necessary to have a small push switch to interrupt 
the battery current, as the SCR remains in the conducting 
condition until the circuit is momentarily broken. A 6V 
battery and bulb can be used. SCRs may fail to operate at 

all if attempts are made to use them with extremely low 
voltages, such as a single 1 Sv cell. 


“Magic Candle” 


‘The triggering of a silicon controlled rectifier can be used for 
slave photoflash and similar purposes. In Fig. 28 it is em- 
ployed to switch on a light when a match or lighter is brought 
near. Sensitivity is best in somewhat subdued light, and it 
will then be found that striking a match at some distance can 
bring on the light 


“Nerve Tester” 


This device tests the nerve, concentration, and steadiness of 
hand, and always provides amusement, 


Connections and construction will be seen from Fig. 29” A 
wooden box at least 10 inch or 12 inch long will be used, 
and large enough to take the battery and other parts. 


A stout bare wire — at least 14swg — is mounted with a bolt 
and spacer, and is bent in any way found appropriate, and 
according to the degree of difficulty wanted, A similar wire 
is fitted with a wooden handle, and has a loop bent at one end. 
A flexible lead of convenient length is soldered to this wire. 


The problem is to pass the loop all along the shaped wire, 
without allowing contact, until the loop can be rested ona 
Piece of insulated sleeving at the fixed end, as in Fig, 29. 
The size of the loop will also have considerable influence on 
the ease or otherwise of the likelihood of success. 


FLEX 


Sour wine 
ae 


BATTERY 


If loop and wire touch, current flows from the battery to the 
buzzer, which sounds, Current also flows to the relay winding, 
so that the relay contacts close. Even a momentary contact 
between loop and wire will thus cause the buzzer to sound 
until the switch is used to break the circuit. 


Any 4.5v, 6v or similar battery and buzzer will be satisfactory, 
with a relay which operates on a similar voltage. Connections 
are to the relay contacts which remain open until the relay is 
energised 


In use, the device can stand upright. A back is attached with 
small screws. 


Burglar Alarm 


‘The same circuit arrangement as in Fig. 29 will provide a burglar 
alarm operated by pressure mats. ‘The latter are available 
various sizes, and consist of a thin pad which can be placed 
under a carpet or ordinary mat 
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Leads from the mat or mats will run to the terminals at 

X-X. The buzzer should be changed for a bell, which need 
not be fitted in the box, but can be situated where it is best 
heard. Momentary weight on any of the mats will then switch 
on the bell, which will be locked on by the relay as described, 
and will ring until the unit is switched off. 


Transistor Tester 


A very useful check of transistors can be made with the aid of 
4 multi-range test meter, with a selection of base resistors to 
provide base current, as in Fig. 30. This method does not give 
fan exact indication of transistor gain, but it does allow defective 
transistors to be eliminated, and provides a good idea of the 
performance to be obtained from surplus or other unknown 
transistors. 


‘A G-way switch allows the base to be open circuit, or to receive 
current through one of the resistors RI to RS. ‘These values 
are RI 330k, R2 110k, R3 33k, R4 11k and RS 3.3K. After 
allowing for the base-emitter potential, switch positions and 
corresponding base currents are near the following: 1, zero; 
2, 10HA; 3, 30WA; 4, 100WA; 5, O.3mA, and 6, IMA. 


Polarity is sho. 


for NPN transistors. Reverse pola 
both meter and battery for PNP transistors. 


ity of the circuit. Switch, and battery can all be fitted to a 
small box. A development of the ciseuit would be to include 
acurrent meter, with switch and shunts, to replace the external 
general purpose test instrument 


For all tests, initially set the switch to 1, and the meter to its 
highest range (say 1 ampere). Afterwards, switch the meter to 
a lower range, after adjustment of the 6-way switch, as may 
prove to be necessary to obtain an easy reading. Treasure Locator 
With the switch at 1, a high reading on the meter shows hat the 
transistor has a short circuit from emitter to collector, and is 
defective. 


This locator is among the simplest that can be constructed, as 
it uses an ordinary small portable radio as part of the detection 
circuitry. No modifications or connections to the radio are 
needed 


With germanium transistors, collector current (with the switch 
«at 1) may be 0.1mA or so up to perhaps 0.5mA for small 

types, and up to some milliamperes for larger types. This small 
leakage current does not show that the transistor is defective. 


In the case of silicon transistors, the leakage current (with 
switch at 1) will be zero or extremely small, if the device is in 
good condition, 


‘The switch is then turned to one of the positions 2 to 6. If 
collector current does not rise, the transistor is defective. 

If current rises at each step, do not go beyond the switch 
setting which results in a safe collector current for the device 
actually being tested. This can be 10mA or less for some small 
transistors, or 100mA or so for those able to handle greater 
power, and up to an ampere or more for large power transis- 
tors, but limitation of base current will not allow full collector 
current with large types, 


‘The approximate hFE or current amplification of the transis- 
tor (common emitter mode) can be found by noting the 
approximate base current and collector current. If the collector 
current with the switch at 1 was very small, it can be ignored. 

If not, take this value from the actual collector current read 

by the meter, with the switch at 2 to 6. Collector current 

(read by the meter) is then divided by base current (taken 

from the switch position as described). This gives the approxi- 
mate hFE, or amplification, of the transistor. 


Fig. 31 is the circuit. It has a single transistor as a low radio- 
frequency oscillator, operating in conjunction with the search 
coil. Oscillation is obtained by having a tapped coil, with 
‘outer leads going to base and collector circuits, The 
frequency of oscillation depends on the coil, and the parallel 
capacitors, trimmer TI, and C2. 


‘The winding of the search coil is 6 inch in diameter, and is of 
34swg enamelled wire. The coil former can be made from three 
pieces of 1/8 inch thick hardboard, or similar insulated mat- 
erial. Cut one disc 6 inch in diameter, and two others about 
64 inch in diameter. Smooth the edges with glasspaper, and 
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It is convenient to mark the switch with the base current 
figures, and to have three small clips to attach a transistor to 
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‘cement them securely together, with the small dise between 
the larger discs. This provides a former with a channel to take 
the winding. The adhesive should be allowed to dry with the 
dises under pressure, so that there is no gap into which turns 
can fall, The former should also be varnished, and allowed to 
dry, before winding, 


‘The wite is passed up through a small hole, this being point 1. 
Wind on fifteen tums. Make a loop and pass this up through a 
hole, for point 2. Wind a further twenty-five tums in the same 
direction, finishing off at point 3. These leads are scraped and 
soldered to a small tag strip. This is an anchor point for i 

sulated leads which will run up the handle of the locator 


Eon 


Cut a block of wood, and drill it to take the bottom of a 
broomstick. Cement the block to the prepared coil. 


Components are assembled on a tag strip as in Fig. 32. Mount 
this strip in a plastic lunch box or similar container, which 
will also take a small 9v battery, and the switch SI. A test 


for oscillation can be made by placing a meter in one battery 
lead, and shorting 1 and 3 of the coil. Meter current should 
charge slightly. If not, look for some mistake in wiring, 


A shelf is bolted to the handle, and the detector rests on 
this, with connections passing down to the search coil. A 
few loops of tape or string will secure these to the handle. 


Operation in Great Britain can be on frequencies under 
100kHz, Initially tune the radio receiver to 200kHz on long 
wave, and place it near the coil. Adjust Tl until a strong. 
whistle is heard in the receiver speaker. This is the 2nd 
harmonic of the oscillator. T1 is then screwed down very 
slightly from this position. 


The small portable radio is placed on top of the locator box, 
and can be held here with elastic. It is tuned to the medium 
wave band. Some small adjustment of TI, and of the receiver 
tuning, may be required, until a suitable heterodyne is produced 
by aharmonic or multiple of the oscillator. It will then be 
found that the pitch of the note changes when the search coil 
approaches a metal object. 


It should generally be found that sufficient coupling is obtained 
with the receiver when they are situated as in Fig. 32. If not, 
runa few inches of insulated wire from the transistor collector 
tag up through the box and place this under the receiver. 


For best results, adjustments are directed towards obtaining a 
good change in pitch, when the search coil approaches metal 


For those interested in details of other detectors, reference 
can be made to “How to Build Your Own Metal and Treasure 
Locators” (No. 32, Babani Press). 


69 


70 


SECTION 3 
RADIO AND AUDIO FREQUENCY 


MW Booster 


This unit can be employed in conjunction with any ordinary 
portable having a ferrite rod aerial, and will provide a con: 
siderable increase in range and sensitivity to weak signals. It 
has two functions — to allow the use of an external aerial and 
earth, and to amplify and couple signals to the portable 
receiver. 


‘Tuning coverage is for medium waves. That is, about 200~S50 
metres, or 1500—550kHz. Many overseas and other stations 
can be picked up on this band, and distant reception can be 
particularly common on the higher frequencies, during the hours 
of darkness, 
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Fig. 33 isthe circuit, and it uses a cored tuning coil with 
aerial coupling winding 8-9, tuned winding 6—1, and base 
coupling coil 5~7.. These nuimbers are for the pins of the 
Denco (Clacton) “Blue” Range 2 component. It will be 
apparent that other coils, or surplus or home-wound inductors, 
‘ean be substituted 


For the coil mentioned, VCI is 315pF. However, this value is 
not too critical, provided the capacitor fitted allows tuning 
the wanted frequencies. A solid dielectric capacitor can be 
used, though the air spaced type is likely to be a little more 
efficient 


Coupling to the base is by C1, and resistors RI and R2 set the 
base bias conditions, with R3 for emitter bias. These values. 
will suit numerous RF transistors 


Fig. 33B shows assembly of the components on an insulated 
board. The coil is mounted by its threaded bush. When the 
board has been wired, it can be mounted by means of bolts 
with extra nuts, The case is preferably metal, for screening 
purposes, but the booster can be used satisfactorily with a 
plastic or similar box. 


EARTH AERIAL 


Fit a small slide switch to the box front, and aerial and earth 
sockets to the back, near the coil, A 9v battery is accommo- 
dated in the case: 


Coupling to the transistor receiver is by means of a loop which 
is placed on the receiver ferrite rod, or near the rod. The loop 
can be about twenty tums of thin insulated wire, about % inch 
in diameter, and bound with cotton to keep the turns together 
‘The ends can be left long enough to reach the two connecting 
points in Fig, 33B. 


If the case is metal, the booster and receiver can be near each 
other, so the loop leads will only need to be a few inches long. 
But when an insulated case is used, coupling from the receiver 
ferrite aerial or other circuits, to the booster coil, may cause 
instability. This will become apparent as whistles accompany 
ing most signals. If this arises, the booster and receiver should 
be moved some inches apart. The aerial lead must not run 
near the loop connections. 


Some receivers have an internal winding which is intended to 
Couple an external aerial, and it may be possible to connect to. 
this, so that a separate coupling loop is not required. 


In some cases the earth connection may be omitted, though it 
can improve range. The aerial can be some 20ft to 40ft or 50 
Tong. If possible, it should be high and clear of walls and 
other earthed objects. 


If necessary, the coupling afforded by the loop to the receiver 
aerial circuit can be modified by moving the loop. Initially, 
tune in signals with the receiver, then adjust VCI for reson 
ance. This should provide a very considerable increase in the 
volume of weak signals. A scale can be fitted to the booster, 
and marked to agree with the receiver tuning by this means. 
This will allow tuning to be kept in step, and the booster 
should allow reception of transmissions which will be inaudible 
if it is removed. 


‘Actual tuning coverage can be modified by adjusting the 
position of the coil core. This may be helpful in obtaining 
Agreement between booster and receiver tuning. The booster 
is not required for the reception of powerful signals, and the 
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receiver automatic gain control circuit will tend to mask any 
increase in signal strength obtained with such transmissions. 


Midget MW Diode Radio/Tuner 


A small, compact tuner can be of utility in allowing radio 
reception through an amplifier, and a diode receiver can give 
excellent quality of reception. Such a unit can also be em 
ployed alone, with headphones, for personal listening. 


Fig, 34 is a receiver/tuner which can be built in a very small 
plastic or other insulated box. VC1 is a compression type 
trimmer, fitted with a small knob for adjustment by hand. 

To do this, itis necessary to remove the short screw (gener- 
ally 6ba) and replace this with a longer one, which projects to 
take the knob. The latter can be a terminal head, or the cap 
from an empty tube of adhesive, secured with lock nuts. 


vel 
PLASTIC BOX 


FIG.34. 


For best efficiency and small size, the tuning coil is wound on 
apiece of ferrite rod. It consists of seventy tums of 24swe, 
or similar enamelled wire, on a rod about 1% inch long and 
3/8 inch in diameter. Actual details will not be critical. A 
Piece can be obtained from a longer rod by cutting a notch 
round the rod with a file and snapping at this point with the 
fingers. A few touches of adhesive will hold the ends of the 
winding secure. The loop for the aerial connection is about 
one-third the total number of turns from the diode end of 

the coil. (Moving this tapping towards the earthed end of the 
coil will increase selectivity or sharpness of tuning, but reduce 
volume.) 


Aerial and earth sockets, and a 3.5mm jack outlet, complete 
the receiver. Headphones can be plugged directly in here. 


The aerial and earth can be provided as explained for the diode 
radio in Fig. 7 


To use the radio as a tuner, C1, RI and C2 may be added. 
Suitable values are C1 470pF, RI 220k, and C2.0.25uF. A 
screened lead with jack plug should be made up to connect the 
tuner to the amplifier input socket 


‘One Transistor VHF Receiver/Converter 


The super-regenerative receiver is well known for its great 
sensitivity, which equals that of a multi-stage supethet. It has 
no alignment difficulties, and few components, so is an inter- 
esting project. Its main disadvantages are its background 

hiss, but this ceases when a signal is tuned in, and its lack of 
selectivity. The latter is however relatively unimportant on 

the VHF bands. The circuit here is particularly intended for 2m 
reception, but is easily modified. It is not intended for FM 
signals. 


In Fig. 35 the detector is a VHF FET, and the field effect 
transistor will be found very satisfactory in circuits of this 
kind. 71 is the pre-set tuning capacitor, which allows adjust- 
ment over a fairly wide band of frequencies. Tuning is by VC1, 
which does not require a reduction drive. 
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cS 3:3PF 


Control of supersegeneration is by means of the potentio- 
meter VRI, which adjusts the FET drain potential. The value 
‘of VRI is not very important, but a linear potentiometer is 
necessary. 


5 provides feedback from source to drain, for regeneration. 
R3 and the associated components form the quench network, 
with C6 feeding headphones, or an audio amplifier. 


For best results, VR1 should enable the transistor to go 
smoothly into super-regeneration, which is shown by the hiss 
mentioned. Achieving this depends somewhat on the transis- 
tor, value of C5,adjustment of TI, and aerial loading 
However, matters are not too critical 


Transistors unsuitable for VHF cannot be used. Individual 
FETs of the same type will also differ somewhat, so that in 
some cases it might be necessary to omit C5, or change the 
value. Alternatively, small pre-set (not over 10pF) may be 
fitted. It will be found that a very small capacitance is required. 


Another cause of filing to obtain super-tegeneration is too 

‘tight aerial coubling, and this is easily corrected by moving the 

aerial coupling winding a little further from the larger winding. 
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The RF choke can be a VHF type, or can consist of seventy 
five tums of 36swg enamelled wire, side by side on a % inch 
diameter insulated rod. Touches of adhesive may hold the end 
tums only. 


Short leads are essential, and assembly on a tag board is shown 
in Fig. 35B. The variable capacitor is fitted first, and it can 
later attach the finished board to a panel, by means of an extra 
nut. 


AERIAL 


AF OUTPUT 


FIG. 358. 


The larger coil has five turns of 18swg wire, and is % inch in 
diameter and % inch long. The smaller coil has two tums. 
Wiring to VC1, TI, C5, the coil and C1 must be as short as 
can be arranged. Connections elsewhere are reasonably direct 
‘A ceramic disc Capacitor may be used at C1. TI should be a 
low loss trimmer. 


‘The board can be fitted in a case which will carry VRI, and 
large enough for the battery and on-off switch. The case can 
be used to support a telescopic aerial, some 30 inch or so when 
extended, 7” 


Frequencies tuned by VC1 can be raised by unscrewing T1 
or by stretching the larger coil to separate the turns more, Or 
by using a coil with fewer tums, or of smaller diameter. The 
receiver is most suitable for use over the 70MHz to 200MHz 
range. 


For the single transistor alone, a sensitive pair of medium or 
high resistance phones will be needed. Audio ouptut from C6 
can be taken to an amplifier, for more powerful reception with 
phones, or to allow a loudspeaker to be used. 


To use the circuit as a converter, tune a portable receiver to 
around 1500kHz (or as found to give best results, with no 
break through of unwanted medium wave signals). Place the 
receiver so that its ferrite aerial is coupled to the RF choke of 
the converter. When VR1 is correctly adjusted, conversion 
within the VHF circuit will then allow VHF signals to be 
heard with the receiver. 


Component List 


RI ik Cl nF VHF dise 
R2 10k C2 22uF 10 

R3 12k C3 4.7nF dise 
RI 20k linear pot. C4 10nF dise 
VCI_5pF airspaced variable CS 3.3pF VHF type 
TI_20pF air spaced trimmer CS OWE 


MPF102/BF244, or other VHF FET 
Tagboard, wire for coils and choke, etc 


Morse and Sideband Resolver 


Quite a number of inexpensive multi-band transistor receivers 
have frequency coverage which includes one or more Amateur 
bands, That is, 1.8, 3.5, 7, 14, 21, or 28MHz. On these 
‘bands transmissions are often in Morse code or CW, or single 
sideband. CW or SSB can be resolved by the specialised 
‘Amateur receivers and transceivers, but not with the general 
purpose home receiver. To receive CW or SSB with the latter 
type of radio, itis necessary to add an oscillator. This either 
generates a heterodyne or beat note for code reception, or 
replaces the carrier which was eliminated from the single 
sideband transmission. 
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The circuit in Fig. 36 may be used for these purposes. It 
generates a carrier of about the same frequency as that used 
in the intermediate frequency stages of the receiver, exact 
adjustment of frequency being by VCI, 


MoSt popular receivers have an intermediate frequency of about 
455kHz to 470kHz. The circuit in Fig. 36 uses an intermediate 
frequency transformer of similar type, and adjustment of 

its core allows operation with any IF from 455 to 470kHz. 

Pin numbers are for the Denco (Clacton) [FT13, normally 
intended for 465kHz. The connections to the base winding 

(4 and 5) have to be phased to secure oscillation. 


R1 and R2 provide base bias, and R3 emitter bias. R4, and 
the large capacitor C3, allows current to be drawn from the 
same battery as is used to run the receiver, if wished. Alter: 
natively, a separate 9v battery may be employed here 


Fig, 368 shows the practical layout of components, and 
wiring to them, using a perforated board. Connections and 
joints are kept close against the underside of the board. When 
‘wiring is finished, the board is mounted in a metal box, using 
4 inch bolts with extra nuts for clearance. 


VCI can best have a dial with a central zero mark, this showing 
when the plates are half meshed. 
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‘An insulated lead is run from 2 on the IFT, and is placed near 
the receiver. This lead may be so positioned as to give best 
coupling into the IF stages of the receiver. If coupling is too 
weak, the signal from the CW/SSB Resolver will be inadequate. 
On the other hand, tight coupling will allow the carrier to swany 
weak signals tuned in on the receiver. Fortunately the degree of 
coupling is not at all critical 


To set up the oscillator, first ofall tune in any normal broad- 
cast with the receiver. ‘Set VC1 half closed and switch on. 
The core of the IFT should now be slowly adjusted until a 
oud heterodyne or beat note is heard accompanying the 
signal received. Set the core so that this note falls to about 
zero, of to.a low pitch, It will then be possible to rotate 
VCI either way from this central zero beat position, in each 
‘case producing a note which rises in frequency as VCI is 
rotated. 


To receive CW or Morse code, it is only necessary to tune in 
the code signal with the receiver, and then to adjust VCI to 
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obtain note of the most suitable pitch. VC1 can be rotated 
either way from its central or zero beat position, to obtain 
best freedom from interference. 


When receiving SSB, a more critical adjustment of VCI is needed 
and the carrier produced must be at the right side of the SSB 
signal. (One side is used for the low frequency bands, and the 
other for the higher frequency bands.) If the carrier is the 
wrong side, the speech will be “inverted” or unintelligible. 
With careful adjustment of VC1, a setting will be found where 
the sideband signal is correctly resolved 


Easy Preamplifier 


This amplifier can be placed in circuit before a larger amplifier, 
to boost the input, or it may be used alone with headphones, 


A preamplifier will be added to existing equipment when a 
pickup or microphone having only a low output has been found 
to give insufficient volume. An amplifier may be able to 
provide a signal at a sufficiently high level. But with low input 
levels, output can be inadequate. 


‘The stage in Fig. 37 can provide considerable gain. Audio 
input is to Cl, and RI. provides base current for the transistor. 
‘Amplified signals are obtained across R2, and pass to the main 
amplifier (or phones) via the isolating capacitor C2. 


No 2,636,340(4/28/53) 
Direct Push 
Propulsion Unit 
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With a BC108 or similar transistor, the supply can be about 9v 
to 15v, Numerous NPN transistors, intended for preamplifier 
use and of fow noise type, will perform well. Current may be 
from a separate battery. Or it may in many cases be drawn 
from the main amplifier. To avoid instability or similar 
troubles, the positive supply should be from a well decoupled 
and smoothed point in the main amplifier. 1f this is not 
available, connect a 220uF capacitor from positive to negative 
in Fig. 37, and draw the positive supply through a 1k resistor. 
Nogative is returned to the negative line of the main amplifier. 


Should the main amplifier have a positive earth line, then the 
transistor can be a PNP type, RI and R2 being changed to 
suit 


Fig. 37B shows assembly on a perforated board. When the 
circuit provides input to a main amplifier, it should generally 
be in a metal case. Input is by a screened lead, and a screened 
lead is also fitted for the audio circuit to the main amplifier. 
The case should be earthed to the negative line. This can be 
by means of one of the bolts securing the board. 


Screening to avoid hum or instability will generally prove to be 
unnecessary when using the stage to operate headphones. So 
two sockets, or a jack socket, will be more convenient for the 
phone circuit 


741 Preamplifier 


Integrated circuits have several stages of amplification, formed 
as asingle chip and enclosed in a small case. The 741 is an 
easily obtained audio IC which can be used in many circuits, 
‘The wA741CE or metal can 741 is convenient, as its leads may 
be spaced to suit any ready perforated board. The dual in line 
741 is electrically similar, 


Fig. 38 shows a preamplifier using the metal can 741. Input is 
via Cl to 3. As shown, 7 and 4 are positive and negative, while 
‘output is from 6. Negative feedback is applied to 2, via R4. 
C3 is an isolating capacitor. 


a 


RI 100K 


Modification to the values of R3 or R4 allow feedback and 
ain to be adjusted between quite wide limits, but for general 
Purposes the values shown are satisfactory. A wide range of 
voltages (not exceeding 36v) may be used. The actual output 
is from a complementary pair, and is easily adequate for very 
‘good headphone volume, if required 


Fig. 38B shows assembly of the integrated circuit amplifier 
on a perforated board. For phone working, input and output 
need not be screened. But for preamplifier use before a main 
amplifier, these circuits need to be made by means of screened 
leads. 
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Lead 8 is identified as in Fig. 38. The wires are spread out 
slightly, to fit the board perforations. After inserting com- 
ponents as shown, turn the board over. Bend and solder the 
‘wires, cutting off excess length. Sleeving can be put on any 
connections which run very near other leads or soldered joints, 


If the preamplifier is to be used as a separate unit, input and 
output leads may be run to jack sockets, or sockets to suit 
other items of equipment. A metal case is advised, as this will 
help to avoid any pick up of hum, or other troubles due to 
coupling to the board wiring. ‘The board can be secured to 
the metal box or case with ¥ inch 6ba bolts, and extra nuts 
to give a little clearance. 


The amplifier may be run from its own battery; or from a 
supply used with a main amplifier. For the latter, itis wise to 
provide a decoupled point, in a similar manner to that deseri- 
bed for the transistor preamplifier. This consists of a quite 
large capacitor (say 220uF to 470jF) from positive to negative 
across the preamplifier supply circuit, and a resistor of 1k to 
2.2k or so from preamplifier positive to positive on the main 
amplifier. on 


Tone Control for Your Dises Ete. 


The preamplifiers shown have a substantially flat response. 
That is, they do not purposely emphasize bass or treble, or 
have similar effects in modifying the audio frequencies pre- 
sent. In some circumstances it is necessary to boost treble or 
bass, or reduce the emphasis of these frequencies, in order to 
‘obtain the most satisfactory reproduction. 


This may be achieved by making a fully adjustable tone 
control, and Fig. 39 is a suitable circuit, A volume control is 
also incorporated, as this has not been present in the pre- 
amplifiers. 


The tone control is a passive circuit, needing no battery, and 
it can be placed between the source of audio signals (generally 
a microphone, pick-up, or radio tuner) and the amplifier or 
preamplifier. ‘It may also be located between preamplifier 
and main amplifier, if wished. 


Results are substantially flat with the treble control VRI and 
base control VR2 in their central positions. Adjustment of 
VRI and VR2 will provide separate boost or cut of treble, or 
boost or cut of bass frequencies. VR3 is the volume control. 
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Input A has its individual volume control VRI, and Input B 
is similarly provided with VR2. Resistors RI and R2 prevent 
short circuiting one input when the other potentiometer is 

set at zero. Coupling to the transistor base is by Cl. R3 

and R4 set base bias conditions, with RS as the collector load and 
audio output from C2. 


‘The degree of control afforded by circuits of this type may be 
adjusted by alterations to the component values, In practice, 
it will be found that there is little point in having extreme 
levels of adjustment, which will never be required. The follow. 
ing values may be used: Cl and C2, 270pF; RI, 390k; R2 and 
R3, 100k; C3 680pF; VR1 and VR2, 2 megohm linear poten 
tiometers; VR3, 2 megohm log potentiometer. 


‘Component values are not very critical, though R3, R4 and RS 
need to be selected to suit the transistor fitted. The mixer is 
connected and used in a similar way to that explained for the 
preamplifiers 


Components should be assembled in a metal case, for sereen- 
ing. The case is grounded to the earth line, Input and output 
sockets can be near the ends of the case, with VR1, VR2 and 
VR3 between. Components can be soldered directly to the 
potentiometer tags. 


FIG. 408. 


Two Channel Mixer 


A mixer will permit fading in and out of two signals, such as 
these from tape and microphone, or radio and disc, and can be 
of considerable utility for home entertainment. The mixer 
in Fig. 40 takes two inputs, and also provides additional 
amplification, which will often be useful where input levels 
are not very high. 


Fig. 40B is the layout, using a metal case or box. A screened 
output lead is provided. Input sockets A and B may be chosen 
to suit the type of plugs on existing equipment. The on-off 
switch is separate from the potentiometers, so that these can 
be left at pre-set levels if wished. 


Component values may be chosen to suit low or high imped- 
ance inputs, if wished. Or the following may be used for 
general purposes: 
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Components List: 


VRI, VR2, 1 megohm log potentiometers. 
RI, R2, 200k 

CLO.SuF €2.0.5uF 
R3 330k BC109 
RA 22k 

RS 10k 


This is when using a 9v supply. 


4 Watt IC Amplifier 


An integrated circuit which combines driver and push-pull 
‘output stages is used in Fig. 41. The IC is the MFC400B and 
is intended for operation from a 9v battery supply, and 
delivers up to about 250 milliwatts into a 16 ohm speaker. 
This will be found ideal for many projects, and for loud- 
speaker reception, 


‘Audio input is to 2 of the IC, from the isolating capacitor 
C1. C2 is a by-pass capacitor to maintain stability. The IC 
has only four connections, 1 going to the negative line, and 3 
to the positive supply. Audio output is from 4, and to the 
loudspeaker via C3. RI provides negative feedback and bias, 
to point 2 
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‘The assembly of this amplifier on 0.15 inch matrix board is 
shown in Fig. 41B, Pin numbering is when looking at the top 
of the IC and the component side of the board. 


F1G.416. 


A screened input circuit will be found necessary when the IC 
amplifier is used with a preamplifier or similar items. Connect 
the outer brading of this lead to the negative line, and the 
inner conductor to C1. Such screening is not necessary with 
very short connections from other stages to the IC 
amplifier, or when using it to amplify a erystal diode radio, 

‘or for similar purposes, 


‘The on-off switch can be in either the positive or negative 
battery lead. The IC will be found to give a good performance 
speakers of a higher impedance than that shown, and up 
to 75 ohm may be used (with some small loss in output). 
Units of lower impedance than 16 ohms should not be fitted. 


‘The small size of this IC and the few extra components needed 
make is very suitable for miniature apparatus, probably with 
a2% inch speaker. It will also operate a large speaker well 
(Gee “Boost Speaker”) and at a volume level adequate for 
many purposes. 
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Class A Amplifier 


‘A Class A amplifier uses a single transistor, Fig. 42, which 
must thus operate over the whole audio cycle. As a result, 
the resting or no-signal current has to be fairly high, if other 

_ than a very low power output is to be obtained. An ampli- 
fier of this kind is thus most usual in circumstances where a 
fairly large current will be available. That is, with accumulator 
operated equipment (e., a car radio) or mains operated 
amplifiers. It can also be used for other purposes where op 
tion is more or less on an intermittent basis (as in a Loud 
Haller), or for somewhat lower power where simplicity is 
important 


‘The circuit in Fig. 42 can be used with any NPN transistor, 
‘or with PNP transistors if polarity is reversed. Small transi~ 
stors of the 300mW and similar type will provide rather 
modest loudspeaker volume. Larger transistors, with a dissipa- 
tion of SOOmW to 1W or so, will be able to give reasonable 
power, and can often be useful here. The very large power 
transistor, such as that shown, will run at a much higher 
‘current level, and deliver several watts output. 


TI is the coupling or driver transformer, which may receive 
audio signals from a radio receiver, smalier amplifier, or other 
equipment. A step down ratio of about 5:1 to 10:1 will 
generally prove to be suitable. 


For smaller Class A amplifiers, Tl may be omitted. R1 and 
VRI may then beof about 1k, and the audio signal can be 
coupled to the transistor base by means of a fixed capacitor, 
as in earlier circuits. 


‘T2 is the output or speaker transformer. This can be omitted 
when the speaker is of suitable impedance, and is able to carry 
the required collector current. This means that a 75 ohm 
lar unit can be connected directly in the collector 
circuit, with low power transistors. If a 2/3 ohm speaker is 
‘used, then T2 is required with these for impedance matching. 


With the large type of transistor, current may be SOOmA to 
TA or so, and this means that the usual speaker cannot be 
connected directly in circuit. Instead, a transformer or tapped 
choke will be needed. 


‘The circuit is often operated from 12v (a vehicle supply) but 
can be used with 9v, or more than 12y. 


RI and VRI set bias conditions, and R2 limits peak collector 
current. For the 2N3055, R2 may be 1 ohm. Ri can be 
100 ohm, and VR1 25 ohm. T2.can be 2:1 for a3.5 ohm 
speaker. Cl is 3200uF. Begin with VRI at minimum value, 
slowly increasing this until reproduction is satisfactory. 
(This will set collector current at about % ampere.) 


With other transistors, adjustment can be made in the same 
way, by slowly increasing the base bias until best results are 
secured. Raising the value of VRI in Fig. 42, or reducing the 
value of R1, will increase collector current, and thus raise the 
power which can be handled. However, current is limited by 
the power handling capacity of the transistor, so a meter 
should be put in one battery lead, and a check made that the 
power dissipation of the transistor is not exceeded. With 
small transistors, current can be limited to SOmA or so. 


Fig. 42B shows assembly of the circuit in Fig. 42. The power 
1 


= 


transistor is mounted on an aluminium plate, which acts as a 
heat sink to carry away heat from the transistor itself. Note 
that this plate is common to the collector. Base and Emitter 
pins pass through clearance holes. Smooth off any burr round 
the fixing and clearance holes, so that the transistor can rest 
flat on the metal. Where it is awkward to have the plate or 
case common to the collector, the usual insulation set can be 
fitted. This consists of bushes for the fixing bolts, and a thin 
mica washer to go under the transistor, so that electrical 
isolation is obtained. 


stage is by the isolating capacitor C1. Operating conditions 
in this stage depend largely on the values of R2, R3, and the 
emitter bias resistor RS. 
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(as pa T1 is the driver transformer, with centre tapped secondary, so 


that TR2/3 may be operated in push-pull (See Fig. 12). T2 
couples output to a 2/3 ohm speaker. 


With the values shown, a BC109 will give very good results in 
the TRI position, with 2 x BC108s for the output stage. R7 

is set so that battery current is around 10mA, with no signal 
present. Current rises from 20mA to 60mA or $0, according to 
volume, when the amplifier is driven. 


The insulated board carrying the other components is 
mounted by long bolts with extra nuts. Alarge Class A stage 
transistor of this type will grow very warm to the touch, if 
run at anything like maximum power rating. This does not 
indicate any defect. 

A pair of 2N1306 transistors may be used for the output stage. 


Other transistors are also possible here, as operating conditions 


‘Two Stage Amplifier can be adjusted by R7. 


‘The circuit of a 2-stage amplifier is shown in Fig. 43, and this 
‘can be used for loudspeaker reproduction. Input to the driver 
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‘The 2N3706 will operate in the TRI position, though with 
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ower gain than the BC109. Numerous other small audio 
transistors can also be used here. 


For full volume, a fairly strong input is required to TRI. It 
will thus be necessary to use a preamplifier, for low level 
signals 


Components List: 
RI 3.3k C1 O.SuF 
R2 47k C2 100uF 
R3 15k C3: 100uF 
R4 lk C4 4.7nF 
RS 680 ohm C5 470uF 
R6 27k 

R7 500 ohm preset 

R8 4.7 ohm 


SECTION 4 
POWER SUPPLIES 


Mains power supplies are convenient for equipment which will 
receive long periods of use, and for items where the current 
needed is too heavy for economical running from batteries. 


Such supplies should be operated from a 3-pin plug, fitted 
with a low rating fuse. Connect L, N and Earth correctly, 
both at the plug and at the equipment. 


Those circuits where mains voltages are present must be so 
arranged that no shocks can be experienced. Mains voltage 
circuits include any means of anchoring the mains con- 
ductors in the equipment, the main on-off switch (if used), 
and primary connections of the mains transformer. Enclos- 
ing the whole equipment in an insulated or metal case will 
avoid accidental contact with such circuits or with the tags 
of switches or transformer. If the case is metal, earth it by 
the mains earth conductor. 


Provided the secondary or low voltage circuit is correctly 
‘earthed, there is normally no danger from handling these 
‘connections, or equipment operated from the supply. 


Easy PSU 


A useful power supply suitable for many purposes can use 
the circuit in Fig. 44. Mains L (live) and N (neutral) con- 
ductors go to the primary P of the transforer. A switch is 
placed in the L circuit 


The secondary S can delivery any wanted low voltage, and also 
give isolation from the mains 


Almost all equipment will need direct current. The four 
separate rectifiers, or an equivalent single device, produce 
pulsating DC. The reservoir capacitor C1 smoothes this. 
Resistor RI, with the second capacitor C2, gives additional 
smoothing. ‘Output from the supply is then substantially 
smooth DC, as would be obtained from a battery. 
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Sometimes Ri and C2 are omitted. Should hum accompany 
reproduction from an amy lifier, this shows that. smoothing 
is probably inadequate, and if so the cure is to add RI and C2, 


Any wanted voltage can be obtained by using a transformer 
with an appropriate secondary, with rectifiers and capacitors 
to suit 


CI may charge up to approximately 1.4 times the RMS or 
usual voltage rating of the secondary S. Thus, if S were a 63v 
winding, about 8.8v would be expected across C1. But should 
RI be present, a voltage drop will arise in it, the figure depend- 
ing on the resistance value of RI, and current flowing. 


For these reasons, the actual output may not be exactly the 
figure expected. ‘This will often be unimportant, and such 
power supplies are largely used for all sorts of equipment 


For apparatus generally operated from a 9v or similar battery, 
a bell transformer with 3v, Sv and 8 output tappings is suit- 
able. If RI is 22 ohm, this will give around 9v at 100mA, 
with the 8v tap in use 


Itis convenient to use SOv or 100 rectifiers, and the rating 
can be | ampere, with a 1 ampere transformer secondary. 
Four individual wire ended rectifiers can be mounted on a 
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tag strip, and connected as in Fig. 44. A combined rectifier 
will have AC, positive, and negative tags (se Fig. 45) and e: 
be fitted instead 


The capacitors need to be of large value, and have a voltage 
rating higher than the actual voltage which will be present 
‘The 12v capacitors could be fitted in the circuit described. 
Cl can be 2500uF or larger, and C2 can be of similar value 


Easy Regulated PSU 


With the circuit in Fig. 44, the exact voltage will depend on 
the current drawn, rising when current is low. To avoid this, 
some means of regulation may be employed. 


Fig. 45 shows a typical regulation circuit, giving an output of 
approximately 9.4v. The output from the rectifier needs to 
be of somewhat higher voltage than required at the output, 
and a transformer with a 1Ov secondary is suitable. Current 
through R1 supplies the Zener diode, which holds the base of 
the transistor at virtually the same voltage for all current 
Toads. Some voltage is lost in the transistor, so the output is 
nearly the same, for any current load. For up to about 
200mA, a BEYS1 or equivalent transistor is adequate, so this 
‘will do well for many purposes 
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“oltage Regulated PSU 


Fig. 46 is somewhat similar circuit, but it has a switch, 
to select any one of the four Zener diodes. These may be 
chosen so that 6v, 9v, 12v and 15v will be available. 


‘One Transistor Adjustable PSU 


Fig. 47 is the circuit of a simple power supply unit which can 
be set to provide any output from zero to 12 volts. The 
transformer has a 17v secondary, rated at 1 ampere or higher. 
‘After rectification, DC is obtained from the reservoir capa 
tor Cl 


RI supplies current for any diode, and 1 watt diodes should 
used. With a 24v transformer and large transistor such as the 
2N1970 or 0C29, an output of up to1 ampere can then be 
drawn. The bridge rectifier must of course be rated at 1A 
or higher. 


Note that this circuit has a PNP control transistor, so that 
polarity is obtained as shown. (Compare with the NPN 
transistor in the previous circuit.) However, either positive or 
negative can be grounded, and a separate earth terminal can 
be provided to allow this. A flying lead is placed between 
earth terminal and positive, or earth and negative, as required 
‘The permanent negative earth connection shown in Fig. 45 
‘must of course then be omitted 


More details of actual construction will be found later. 


VR1 is panel mounted, and allows the base potential of the 
control transistor to be set at the required voltage. C2 pro- 
Vides “electronic smoothing” from the base circuit 


The 12 volt 15 watt bulb is for short circuit protection. 
With relatively low currents, little voltage is lost here. But if a 
short circuit arises in the output circuit, current is limited to 
alittle over 1A by the bulb. This reduces the chances of any 
damage due to temporary shorts in leads or equipment. 


R1 isa bleeder resistor, drawing some current even when no 
extemal load is connected. The meter is the usual high resis- 
tance type, scaled from zero to 12v. VRI is adjusted until 
this instrument shows the wanted voltage. 
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The regulation of this supply is not so good as that of supplies 
Using a number of transistors. But it will be found suitable for 
all ordinary purposes, and to supply power for circuits in this 
book, as only a small change in voltage arises, with changes 

to the load, or current drawn 


Fig. 47B shows practical construction of this PSU. A similar 
layout can be adopted for the other power supply units. 


The mains cord is anchored at a tag strip, and connections 
are made as described earlier. ‘The mains switch is in the L 
conductor to the 240v winding, or primary, of the trans- 
former, 


A tag strip supports the rectifier, which has AC (~), positive 
and negative connected as shown. The lamp can be a vehicle 
type, supported by stout wires soldered to its base contacts, 
or side and tip. A hole is drilled in the panel level with this 
Lamp, so that it will give indications of a short circuit or heavy 
load. 


The transistor is mounted on the metal panel, to enable this 
to carry away heat, but is insulated from the metal. Use the 
correct insulation set (mica washer and bushes) which can 

generally be obtained with the transistor. A tag under one 
‘f the securing nuts provides the collector connection 


For voltage readings, a meter scaled 0—-12v is most suitable. 
Ora ImA meter, with 12k 1% series resistor, may be used. 
If'so, anew scale, marked 0-12, can be drawn for it 


A 3 watt linear potentiometer is used. Earth and negative 
are connected to the metal panel, for equipment with a 
negative ground line. The positive output terminal or socket 
is insulated from the metal. 


‘The case can be metal, or wood, It should have a few 
ventilation holes. The transistor can be expected to run quite 
warm, at maximum current. Heating here rises as the output 

voltage is reduced by VR1, as in these circumstances more 

voltage is dropped in the transistor. 
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Zener Regulated Supply 


Zener diodes alone may be used to provide a regulated supply. 
This can be convenient, as example, when operating 9v equip- 
ment from a car accumulator, where the voltage will vary 
somewhat during charging. 


Fig. 48 shows two supplies regulated by a Zener diode only. 
With the first circuit, R1 and the negative line are taken to 
the supply, and the ‘egulated output is obtained across the 
Zener in the polarity shown 


The units employed are ohms, amperes, and volts. Wattage 
may be found from Voltage x Current 


Select RI or R2 so that the wattage rating of the Zener is not 
exceeded, with the smallest current ever to be drawn by the 
load. As example, suppose a 7.5v output is wanted, so that 
a 1 4w 7.5y Zener i fitted. Approximately 200mA may thus 
flow through the Zener, if no current is taken by the load 
Suppose the supply is up to 15v. It will be necessary to drop 
or waste 75v in RI or R2. Soa 42 ohm resistor may be 

| fitted, with a little safety latitude. Any cuftent from zero to 
about’ 150mA may then be drawn, without any important 
change in voltage 

Where a Zener diode would have to be of very large wattage, 
it may be more convenient to use the Zener to control the 
base potential of a transistor, as also shown for negative and 
positive earths in Fig. 48. (See also Fig. 45.) R3 or R4 then, 
| only need provide a relatively low current for the Zener and 

transistor base. 


| Motor PSU with Reverse 


| Fig. 49 is the circuit of a supply for model motors, and giving 
| both speed control and reversing 


‘The second circuit is virtually the same, but polarity is re- 
versed, so that the ground retum is positive: 


‘These circuits can be prepared for a wide range of voltages, 
by taking into account the Zener voltage and wattage, and 
thus the voltage to be dropped in RI and R2 


For calculations, remember the following 
Voltage = Current in Amperes x Resistance in Ohms. 
Current = Voltage divided by Resistance. 
Resistance = Voltage divided by Current. 
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A transformer with a 12v secondary will be suitable for the 
usual model requiring up to 12v. The circuit is similar to that 
of the supply in Fig. 47. The potentiometer VRI gives speed 
control. Cl can be around 2,000uF. 


“A” is one type of ready-made switch, and it can be obtaine 
with a central off position. “B™ shows a home-built switch, 
similar to that described in Fig. 5. The switch must not short 
circuit the supply when changing over polarity, and one with 
central off is recommended. 


Motors reversed in this way must be of the permanent magnet 
type, in which a change of polarity causes the amature to 
tun in the opposite direction. Train and many other model 
motors ate of this construction. Motors with a wound field 
will not be reversed by changing the polarity of supply. 


A controller of this kind should be constructed as shown 
earlier, $0 that it i safe to use, and so that no joints in the 
mains circuits can be touched. 


Earthing can only be omitted when a double insulated trans- 
former, of the type specifically made to avoid any need for 
earthing, has been used. The whole controller should be so 
constructed that, even if a fault develops, mains voltages 
‘cannot reach the secondary circuit or model 


Wrong Polarity Protector 


There is sometimes a danger that transistorised equipment 
may be connected to a vehicle or other supply in the wrong 
polarity. This will usually cause damage, and may destroy 
the semiconductor devices, or electrolytic capacitors. 


‘Adding a diode to the circuit as in Fig. 50 will avoid this. 
For most small equipment, a silicon 100v 1A rectifier wil 
be ideal. With the supply connected correctly, current passes 
with virtually no loss of voltage. But if the supply polarity 
is reversed, the diode does not conduct, so no harm is 
caused to the equipment. Such a diode is readily incorporated 
in almost any item which may from time to time be run from 
an external accumulator or dry battery supply where the 
polarity is not known, 
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‘Component Tolerances 


For circuits in this book, exact component values are generally 
not too important. Capacitor values such as 47nF (0.0474) 
and 0.0SuF may be regarded as interchangeable. In the same 
way, a 125uF capacitor may replace 100uF, or 200uF can be 
used instead of 220uF,, and so on. 


Resistors will generally be the standard 5% tolerance types 
In some circuits exact resistor values are not at all critical 
In others, and especially base, emitter and collector circuits, 
the values which provide best results can have much less 
latitude. 


Bases 


The lead-out positions of base, emitter and collector wires 
have been shown for typical transistors. However, itis felt 
that Fig. 51 should be useful. This gives lead information for 
types most likely to be required for circuits in this book. 
Other types of transistors may of course be used success- 
fully, but it is not practical to list all these, or show 
connections for them all 
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EQUIVALENT SEMICONDUCTORS. 


2N706 — BFYSI 


*&) °&) ‘Ozvw 


NPN PNB BCIO7/8/9 


To help our overseas readers the following list of possible 
equivalents is shown below: 


ACI28  CV9778, OC74—318, NKT281, 2N467, 2SB222 
415, ACL17—124- 153, GETI10, NKT302. 
SFT232, 2N6S9— 1373” 1384—1926—2001 2431 


FET 


MATOS FAN3207; 2N5459 4106, 2SB370, SK3004, RS276— 2005. 
eC )c G2 nen MBFIO2 ACY39CV9475, NKT243, ACZ10, 2N6S2- 23032801 
AcI38 pup BCE AFII7  2N642-2SA155, AF102—105~-127—133-137, 
aci2a sD BPX48, BSWi9~73, GM1213B, NKT6t 


SFT3S4, SK3006, 2N2273~263 
5354, RS276—2003 


vst 0c29 PNP BC107 _CV9780, AM251, BC147—167-207-317, MPS6S66, 
; BI aT Hi $K3020- 3122, ZTX107, TT107, RS276—2009, 
cay BiGe BCIO8 CV10541, AM352, BC148—168—308_318, 
MPS6520, $K3020, ZTX108, TT108, RS276- 
; 82 82 bli 
2N2646 T1843 RC109  CV}0769—10806, AM253, BC149~ 169-209-319, 


MPS6521, SK3020, ZTX109, TT109, RS276~ 2009, 
BCI47 —BCI71—182/L.-207-317, MPS6566, SK3020, 


FIG.5I, 
es NPN 2N3055 


RS276-2013, 

BCI48 BC172—183/L~208-318, MPS6520, SK3020, 
BS276~2009. 

BC149 — BC184/L 209-173-319, MPS6S21, SK3020, 
RS276~2009. 

BF200  BF162~173—225—271-311_314, SES020/1/2/3/4, 
'SK3018, 2N616 ~2708-3288—3693, RS276—2011. 


BFYS1 CV7723-7726—10827—11238, BEXS1—68A, 
BFR19, BSX45/X, BSY46—85, SK3024, 40347. 
2SC708, ME6102 2N2193/4— 2218-2410 -3053 

252-4046, RS276—2009. 

BSY9SA CV7648~9379, BCIO8A, BSX51—73-91, 


2N744-914—1708— 
2011 

MPF102 E305, SK3116. 

OASI— AAII7—118-132—144, AAZIS, OA91—95-161, 
'SD38, IN38—56-476~618, 1833. 

C26 CV8560, NKT452, 2N257-297-458-553 
1021, 2SB3, ADI30—131—138—140-149. 
C28, SK3009, TF80, T1156~3027, 2N174 
1073-2870-RS276~2006. 
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029 


ocas 


oc70 


076 


ORPI2 

1N4001 
14002 
2N1306 


2N1613 


NB. 


CV7083-8356, NKT402, 2N457, 2SB86—425, ADI50, 
ASZ16, AUY21, OC28—3536, SK3009, T13028, 
2N174~1073—2870, RS276—2006. 

CV5710-7003, 0C170—171—410-613, 2N1303, 
SAIS, AFIO1~117—-126, ASY5S, ACI91, BC126, 
NKT211, SKT358, SK3005, 2N36—1191/2— 
13731384, RS276-2003. 

CV5457, 0C303—602, NKT214, 2N279—-1305, 2SB75, 
ACI22—125—151—163, ACY27—34, ASY27, BC213— 
206A, BSX36, SK3003, 2N1193—1352—1375—2429, 
RS276~2004. 

(CV5712—7005—8344, OC70-304—604, NKT214, 
2N280-1305, 2SB77, ACI22—125—151-163, ACY35, 
BSX36, OC3041, SK3003, 2N1193—-1352—1375— 
1384-2429, RS376—2004. 

AC122/3—125/6—131—151 IV—152—162—191, 
BC126-213—206A, NKT211, SFT353, 2N282— 
1190-—1352—1371-1384-1991—2431, CVS713— 
7006-8440, RS276-2005. 

CV8314, 0C307—6025, 2N284—1305, NKT212, 
2SB89, ACI28—131—151—152, ACY28, ASYS8— 

76, BC126-213-260A, SK3004, 2N394—1191— 
1352-1371-1384—1991, RS276—2004, 

RS276—116, LDRO3, RPY25. 

BY127, EMSO2, RS276—1101/1135, 18100. 

BY 127, EMSO2, RS276~1102/1136, 18100, 
CV7350—10686, NKT736, 2N634—635—-636— 
1891-1993--1994-1995, ASY26~-29, BSX19-20, 
RS276~2001 

€V7440--8843, BFY33-34—67, BSY44, 2N698— 
699-717-171 | -1889— 1890-1893, BFY41, 
BSX45/6, BSY53, MPS6530, 2SC708, 2N2101. 


Although equivalent semiconductors may have 
similar electrical properties, physical dimensions may 
be different and this must be born in mind if space 

is tight and for mounting details. 

Remember polarities if replacing PNP with NPN types 
and vice versa, Ifin doubt always be advised by your 
‘dealer for suitable equivalent semiconductors. 
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Notes 
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Please note overleaf is a list of other titles that aré available in 
out range of Radio and Electronic Books. 
‘These should be available from most good Booksellers, 
Radio Component Dealers and Mail Order Companies. 
However, should you experience difficulty in obtaining any 
title in your area, then please write directly to the publishers 
enclosing payment to cover the cost of the book plus adequate 


postage. 


If you would like a copy of our latest catalogue of Radio & 
Electronics Books then please send a Stamped Addressed 
Envelope, 


BERNARD BABANI (publishing) LTD 
‘The Grampians 
Shepherds Bush Road 
London W6 7NF 
England 
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‘This experiment 
in coopera 


In the previous issue we wrote about the invention of 
Bogomolov V.I. The device shown in Fig,1 (and also on 
the cover) was constructed and tested in our laboratory. 


Fig. 1 
‘The Device 


The simplified diagram is known as "Maxwell's 
Pendulum" (Fig.2). This is a disk set onto the horizontal 
axis with two attached strings. The upper ends of the 
strings are fixed to the crossbar. 


hz =989 mm 


Fig.2 


h3 = 1030 mm 


conducted by Faraday Lab Ltd 
n with V. I. Bogomolov 


If we wind the strings about the 
axis, the disk will lift (the height h) 
and store the potential energy of 
the Earth's gravitational field 
E=mgh (m- mass of the flywheel; 
g - free fall acceleration; h - the 
height of the mass fall). If welet the 
pendulum go, we can observe 
periodic "up-and-down" damped 
oscillations: first, the string spins 
and potential energy convertsinto 
rotation kinetic energy; upon 
reaching the lowest point the disk, 
still rotating, goes up using rotation 
kinetic energy and then converts 

again into potential energy. This, 
device is interesting: due to the 
energy conservation law we can 
observe the usage of rotation 
kinetic energy of the flywheel, 
measuring only the h-parameter, 
the lift height of the flywheel strings 
in the second semi-oscillation 
compared tothe heightwith which 
the pendulum started falling in the 
first semi-oscillation, the difference 
hl -h2ofthetwosemi-oscillations 
isdirectly proportional to the losses 
of rotation kinetic energy for air 
ance work and friction. 


We 


have made "Maxwell 
Pendulum" more complicated by 
substituting the flywheel disk for 
the Watt centrifugal governor in 
accordance with its description in 
the article (1). The main difference 
of the device from Maxwell's 
flywheel is that the flywheel inertia 
momentum changes by the 


hy = 1100 mm centrifugal force operation at the 


lever transferring of weights (the 
total weight - 1200 g) from the 
minimum radius position (40 mm) 
to the maximum radius position 
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(90 mm), At that, the levers compress the 
string with the force of about 16 N. 


There have been three stages of the 
experiments, During the first stage we define 
the necessary lift height of 1100 mm at 
moment when the string winds around the 
axle, When the flywheel falls from this height, 
the rotation speed and centrifugal force are 
achieved, which move apart the loads to the 
maximum radius (90 mm) and which 
completely compress the string. During 
the second stage the loads are fixed at the 
minimum radius position (40 mm), thus the 
compress string centrifugal forces are not 
involved any more and we can measure the 
air resistance and friction losses of kinetic 
energy. At this stage the flywheel lifts up 
to 980 mm losing 120 mm, During the third 
final stage the load fixing rods are taken away 
and centrifugal forces are applied. Just 
like during the second stage the Watt 
governor starts spin-falling from the height 
of 1100 mm, It compresses the string and lift 
up to the height of 1030 mm thus 
exceeding the second stage height 
by50mm! 


The experiment conclusions of the 
‘autho 


1. At the third stage the flywheel exceeds the 
“loss height" h=980 mm, This means that the 
compression of the string was performed’ for 
free": 


2. At the third stage the flywheel converted 
kinetic energy into potential energy and lifted 
up 50 mm more. This means that in 
accordance with the principle of conservation 
of moment of momentum, the outer 
compressed string energy force has 
caused the moment of momentum change of 
the rotating masses, thus giving the additional 
acceleration to the flywheel andincreasing 
itskinetic energy "for free"! 


3. For the practical application of the 
Bogomolov generator in order to generate free 
energyit is necessary to achieve a high rotation 
speed (more than 10 000 rpm) and involve 
centrifugal forces to transfer the rotating mass 
to the less possible inertia radius difference 


‘The described centrifugal regulator diagram i 
not sufficient for larger experiments, For the 
industrial generator the author has a 
hydraulic-principle pneumatic string device 
drawing (know-how), 


Editor: Also in this issue: the article on "Glen Gates 
Motor" by A. Akau. The principle is almost the same. 
The further implementation of this ideamay soon 
design purely mechanical power-generating 
systems, which use inertia and centrifugal forces. 


References: 


1, Bogomolov V"The Bogomolov Generator", New 
Energy Technologies, Issue * 4, 2003. 


Magnetic Power Inc. (MPI) is developing Self-Powered Generators. Together with its subsidiary, Room 
‘Temperature Superconductors Inc, (see the website www.ultraconductors.com), MPI has raised a 
total of more than $7 million from Angel investors to date. 


Due toa pleasant surprise, solid-state electric power generators might be fabricated by modifying off- 
the-shelf utility hardware. If confirmed in coming weeks, this could result in serial fabrication by this 
time next year, since large devices of the type needed for conversion are presently manufactured 
worldwide. 


Multiple modules may prove able to replace power plants, Smaller units appear practical for powering 
homes, Later, optimized designs might replace engines in every variety of vehicle, These generators 
may make possible very rapid utilization of fuel and pollution free electric power --a revolutionary, 

new, renewable energy alternative. 


Accredited Angel investors can help speed the work needed to bridge into major capital, and 
accelerate this remarkable alternative. Multi-million dollar funding is on the horizon. Additional 
information is available privately. We welcome due diligence by qualified parties. 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 129 
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Hist of Perpetual Motion 
‘and Free Energy Machines 


Web site http://www.phact.org/e/dennis4.html 


Hundreds of people for centuries have 
attempted to solve the holy grail of energy 
production - Perpetual Motion Machines. 
Still to this day Eric Kreig gets weekly emails 
from people who feel they are about to get 
one working. Eric is very skeptical about free 
energy. But his collection of information is 
very interesting. Eric offered a special prize 
for those who will agree to publicly test their 
over-unity devices. 


¢  Villand de Honnecourt 13th century 
had a drawing of one, 


* Leonardo da vinci made a number of 
drawings of things he hoped would make 
energy for free. 


# Jesuit priest, Johanes Taisnerius 
worked on a magnetic based perpetual 
motionmachine. 

¢ Mimara in 1518 designed a “self- 
blowing windmill”. 


* John Dee of 16th century reported 
seeing one - but wasn’tallowed a closer look. 


* Cornelis Drebbel, 1610, was an 
alchemist and magician supposedly made 
one. 


¢ Robert Fludd 1630 proposed many 
machines -people were trying to patent 
variations of Fludd’s device in the 1870's. 


¢ Edward Somerset 1638 demonstrated 
many free energy water wheels to the king of 
France, 


¢ 1635 - first of many English perpetual 
motion machine patents granted, - By 1903, 
600 such patents had been granted. Free 
energy claimants love impressing people with 
patents, 


¢ Ulrich von Carnach in 1664 in 
Germany designed a perpetual ball-moving 
machine. 


* Scientist Jean Bernoulli (1667 - 1748) 
proposed a fluid energy machine. 


* Bockler in 1686 made designs for self 
powered water mills, 


* In 1712 Johann Bessler aka 
Orffyreus investigated 300 different 
perpetual motion models and claimed he 
had the secret of perpetual motion and got 
much investment money. 


¢ Dr Conradus Schiviers in 1790 made 
abelt driven wheel. 


¢ Sir William Congreve in 1827 tried a 
machine running on capillary action. 


¢  Britisher Henry Prince 1866 described 
the first partially submerged perpetual 
motionmachine, 


¢ Mark Zimara of Italy had a huge air 
powered machine that never worked, 


* Horace Wickmam of the USA got a 
patent toa machine with many balls that just 
rotatearound. 


* Austrian, Alois Drasch patented a 
machine in the US in 1868 


* German, George Andreas Bockler 
proposed ‘self operating mills’ using variants 
of Archimedes screws. 


¢_E.P.Willis of Connecticut made money 
off a perpetual motion machine in 1870 - 
people eventually found outa secret source 
of power toit. 
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How to bull a Hulda Clarkzapper, NEW 2003 updated circuit 


Order A Hulda Clark Zapper - Order Dr. Clark's Books - Order Electrical Supplies 


Welcome to the Zapper Lab. Here we have the step-by-step instructions for building your 
very own Hulda Clark Zapper, reprinted with permission fram the books by Dr. Hulda Clark, 
Dr. Clark has improved her original zapper circuit and published this update in 2003. 
Knowing her readers have varying experience with building electronics, this recent update 
released several different sets of instructions on how to build a zapper, depending on 
one's electronic expertise. 


* The original published Zapper instructions require soldering or twisting the parts 
together. It is best when soldered, which does require some special tools and skill. 
These instructions are found reprinted below from Dr. Clark's 2003 update. 

* Anewer, easier to build design employs the use of an electronic breadboard. A 
breadboard does not require soldering, as one can push the electronic components 
into place onto the breadboard to easily build a circuit. Dr. Clark published designs 
for the 30 kHz Zapper, and the 1000 Hz Zappicator to be built on a breadboard. 
The instructions for building both breadboard zapper circuits are at ClarkZapper.net 
along with a nifty on-line video to help guide you through the process. 

* And last, for advanced electricians, Dr. Hulda Clark published a schematic for 
building the updated Zapper (see photo below). 


If you do not know anyone who could put one together for you, you can order a pre-built 
Zapper at the web site, www.ClarkZapper.com. Remember, the Hulda Clark Zapper is not 
a licensed medical device. It has not been tested by the FDA or AMA for use on humans 
or animals. The Clark Zapper can be sold and used only as an experimental device, and no 
claim can be made as to a diagnosis, cure or treatment for any medical condition or 
disease. Dr. Clark's book states to not experiment with a zapper if you are either 


pregnant or wearing an electronic pacemaker. Please be sure to read one of Dr. Clark's 
books before using a Hulda Clark Zapper. 


Order A Hulda Clark Zapper - Order Dr. Clark's Books - Order Electrical Supplies 


How To Build A Hulda Clark Zapper 


click here to print the 2003 schematic for building a zapper 
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How to bull a Hulda Clarkzapper, NEW 2003 updated circuit 


Order A Hulda Clark Zapper 


Instructions for building your very own zapper can be found reprinted 
below from the books by Dr. Hulda Clark. You can get all the parts you 
need at online electrical supply stores such as: PositiveOffset.com. If 
you would rather order a pre-built zapper, just click: Clark Zapper. 


Dr. Clark has released new devices called the Food Zappicator and the 
Toothbrush Zappicator. For the instructions on how to build this new 
type of zapper, visit: FoodZappicator.com and ToothZappicator.com 


NEW! Build A Hulda Clark Zapper Video Instructions 


Nine short videos that take you step-by-step through the process of building 3 Hulda Clark Zapper. 


How To Build A Hulda Clark Zapper 
The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 
Zapper instructions have been updated for 2003 by Dr. Hulda Clark 


Hints for absolute novices: Don't let unusual vocabulary deter you. A 
"lead" is just a piece of wire used to make connections. When you 
remove a component from its package, label it with a piece of tape. A 
serrated kitchen knife works best, as does a large safety pin. Practice 
using the micro clips. If the metal ends are L-shaped bend them into a 
U with the long-nose pliers so they grab better. Chips and chip holders 
(wire wrap sockets) are very fragile. It is wise to purchase an extra one 
of each in case you break the connections. The "555" timer is a widely 
used component; if you can't locate this one, try another electronics 
shop. 


The Shoebox Way 
This circuit has been improved since the one given in earlier books. A 


resistor has been added that gives every pulse an added Positive Offset 
of 1/4 volt. You no longer need to operate your zapper so daringly close 
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to a Negative voltage. 


Get from Radio Shack, (serial number included to make it easy). 
Order these parts from their web site at: www.RadioShack.com. If any electrical 
parts are unavailable at Radio Shack, visit another on-line electrical supplier of 
these items, such as: www.PositiveOffset.com to buy your electrical parts. 


Parts List for the 30,000 Hz Zapper Circuit 


Item Radio Shack Catalog Number 
lUse Shoebox or Buy a Plastic Project Box 270-1809 
9 volt battery 
9 volt battery snap connector 270-324 (set of 5 you need 1) 
on-off toggle switch 275-624A micro mini toggle switch 


If not available, choose any toggle switch with holes in the contact points or Radio 
Shack 275-612 


1K Ohm resistor, brown-black-red-gold 2215312 (500 \plece-assortarent) 


use 2 
3.9 K Ohm resistor, orange-white-red-gold Use 2 from 500 piece assortment 
39 K Ohm resistor, orange-white-orange-gold From 500 piece assortment 
low-current red LED 276-044 
0047 uF capacitor 272-130 (set of 2, you need 1) 
“01 uF capacitor 272-131 (set of 2, you need 1) 
555 CMOS timer chip (TLC 555) ae (you may: wish foibuy a 
8 pin wire-wrapping socket for the chip [900-7242 


If only 16 pin sockets are available, cut one in half OR leave half empty. Editor's Note: 
These parts have been discontinued at most Radio Shacks. 8 pin wire wrap sockets are 
available at many other electrical supply stores such a 

short (12") alligator clip leads fany electronics sho} 
If not available, use 14” length from Radio Shack, 278-1156 


Re (you need 2 packages of 
2) 


Micro clip jumper wires 


If not available, use mini-clip jumper wires 278-016 


2 bolts, about 1/8" diameter, 2” long, with 4 nuts and 
14 washers 


2 copper pipes, 3/4" diameter, 4” long hardware store 
[Sharp knife, pin, long-nose pliers, tape, 4 twist ties or rubber bands. 


hardware store 


Editor's Note: 


The 8 pin wire-wrapping socket has been discontinued at many Radio 
Shacks and readers have asked what to do. We know a great electrical 


supply store where 8 pin wire wrap sockets are available, as well as 
easy-to-build science kits for making a 30,000 Hz Frequency Generator 
with all the parts listed above in one simple package. 


A Hulda Clark zapper is basically just a common Frequency Generator 
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Howto buld a Hulda Clarkzapper, NEW 2008 updated circu 
set at 30,000 Hz, with a 100% positive offset square wave. The cost for 
the electrical parts to build one is about $30-$40 for them all. Visit the 
electrical suppliers at PositiveOffset.com for all your electrical needs. 
They have everything you'd need to build a basic 30,000 Hz Positive 
Offset Square Wave Frequency Generator, and their kit is much easier 
to build than the instructions given below, because it uses a breadboard 
so there is no need to twist or solder wires, you simply push the 
electrical parts into place on the breadboard. -editor. 


Assembling The Zapper 


If you have tools such as a drill, needle nose pliers, and small drill bits, 
buy one of the plastic project boxes on the list, otherwise build your 
zapper in a shoe box, or a box half the size of a shoe box. 


1. You will be using the lid of the shoe box or plastic lid of the project 
box to mount the components. Save the box to enclose the finished 
project. 


2. Pierce two holes near the ends of the lid. Enlarge the holes with a 
pen or pencil until the bolts would fit through. Mount the bolts on the 
outside about half way through the holes so there is a washer and nut 
holding it in place on both sides. Tighten. Label one hole "grounding 
bolt" on the inside and outside. 


3. Mount the 555 chip in the wire wrap socket. Find the "top end" of the 
chip by searching the outside surface carefully for a cookie-shaped bite 
or hole taken out of it. Align the chip with the socket and very gently 
squeeze the pins of the chip into the socket until they click in place. 


4. Make 8 pinholes to fit the wire wrap socket. Enlarge them slightly 
with a sharp pencil. Mount it on the outside. Write in the numbers of 
the pins (connections) on both the outside and inside, starting with 
number one to the left of the "cookie bite" as seen from outside. After 
number 4, cross over to number 5 and continue. Number 8 will be across 
from number 1. The pins are numbered like this: 


uannoa 


1 
2 
3 
4 


5. Pierce two holes ‘2 inch apart very near to pins 5,6,7, and 8. They 
should be less than 1/8 inch away. (Or, one end of each component can 
share a hole with the 555 chip.) Mount the .01 uF capacitor near pin 5 
on the outside. On the inside connect pin 5 to one end of this capacitor 
by simply twisting them together. Loop the capacitor wire around the 
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pin first; then twist with the long-nose pliers until you have made a 
tight connection. Bend the other wire from the capacitor flat against the 
inside of the shoe box lid. Label it .01 on the outside and inside. Mount 
the .0047 uF capacitor near pin 6. On the inside twist the capacitor wire 
around the pin. Flatten the wire from the other end and label it .0047. 
Mount the 3.9 K Ohm resistor near pin 7, connecting it on the inside to 
the pin. Flatten the wire on the other end and label it 3.9. Mount the 1 
K Ohm resistor and connect it similarly to pin 8 and label it 1K. 


6. Pierce two holes ‘2 inch apart next to pin 3 (again, you can share the 
hole for pin 3 if you wish), in the direction of the bolt. Mount the other 
1 K Ohm resistor and label inside and outside. Twist the connections 
together and flatten the remaining wire. This resistor protects the 
circuit if you should accidentally short the terminals. Mount the 3.9 K 
Ohm resistor downward. One end can go in the same hole as the 1K 
resistor near pin 3. Twist that end around pin 3 which already has the 
1K resistor attached to it. Flatten the far end. Label. 


7. Next to the 3.9 K Ohm resistor pierce two holes % inch apart for the 
LED. Notice that the LED has a positive and a negative connection. The 
longer wire is the positive (anode). Mount the LED on the outside and 
bend back the wires, labeling them + and - on the inside. 


8. Near the top pierce a hole for the toggle switch. Enlarge it until the 
shaft fits through from the inside. Remove nut and washer from switch 
before mounting. You may need to trim away some paper with a 

serrated knife before replacing washer and nut on the outside. Tighten. 


9. Next to the switch pierce two holes for the wires from the battery 
holder and poke them through. Do not attach the battery yet. 


10. An inch away from the switch pierce two holes 1/4 inch apart. Mount 
the 39 K Ohm resistor on the outside and label it inside and outside as 
"39 K, Positive offset." Flatten the wires on the inside. 


39K 
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* Charles Redheffer in 1812 in 
Philadelphia made much money on a 
perpetual motion machine, tried to restrict 
scientific evaluation, but was eventually 
debunked. 


Scottish shoemaker Spence designed a 
magnetic based machine, which was 
debunked. 


¢ John Worrel Keely of Philadelphia in 
1872 (he also had a traveling show of 
exhibitions), He fooled manyscientists with 
amachine, which appeared to run on water. 


¢ John Gamgee in 1881 got considerable 
support for a machine very similar to Dennis 
Lee’s, which used liquid ammonia - it got 
vaporized from heat readily available, thus 
expanding it would drive a piston. Gamgee 
thought the vapor would condense to liquid 
to start the cycle over again. The Navy 
appeared to have been fooled and showed it 
to president Garfield - it never wentanywhere 
‘Tom Napier agrees that Dennis Lee may have 
resurrected Gamgee’s engine. 


¢ J. M. Aldrich was arrested for getting 
investors for his free energy machine in 1899 
- he some how was able to avoid conviction 
and conned many investors. One of whom was 
finally able to inspect the machine found a 
hidden spring. 


¢ T.-H. Moray in the 20's demonstrated a 
“radiant energy device” to many people who 
were unable to find a hidden power source. 
Some how, the secret was said to have been 
forgotten, 


* Lester Hendershot in 1928 got an 
Army commandant to endorse his free 
energy machine - but it was later found to 
have a hidden power source in the motor. 
His sons believe Lester lost his notes and that 
maybe they can rediscover how to get it to 
work, 


¢ Viktor Schauberger claimed to have 
discovered some special vortex energy in 
water. Since he died in 1958, I don’t know if 
his claims have been replicated, but people are 
still studying his works 


* Mr Papfin 1966 wasa conspiracy believer 
alternative car engine got a few investors but 
killed someone during a demo. He tried to 
blame the problem on an investigating skeptic. 
He disappeared and became part of urban 
legend of scores of people, which the big 
conspiracy hasbeen silencing for generations. 


¢ Guido Franch was convicted of fraud in 
1954 and 1973 of selling rights to distribute 
little green pills that would convert water into 
gas. He hid behind conspiracy theory and 
secrecy to avoid fair testing, A number of 
people have run this scam and many people 
still believe there are pill repressed by the oil 
companies 


* Garabed T.K. Giragossian in 1917 
claimed to have a free energy machine. He 
was one of the early frauds to hide behind 
conspiracy theory. Woodrow Wilson signed 
a resolution offering him protection from 
some kind of conspiracy. After much fanfare, 
and delaying tactics his machine turned out 
tobe a giant flywheel, which was charged up 
with energy slowly and put out a lot of 
energy for just a second. In spite of lack of 
proof of anything significant his followers 
still bothered the US congress for 
recognition. 


* Otis Carr in 1958 sold stock for a 
company to manufacture UFO’s and free 
energy machines from Oklahoma. He claimed 
inspiration from Tesla, 


Edgar Cayce even babblesabout“Motor’s 
with no Fuel”. 


McClintock was claimed to use air as a 
fuel and had a patent. 


* The Evgray machine scammed many 
investors (who didn’t know how to test 
‘depleted’ batteries), 


* Arnold Burke in 1977 collected 
$800,000 of investor money (again, mostly 
from bible believing farmers) for a ‘self acting 
pump’. He tried to hide behind religion. He 
called his device Jeremiah 33:3' Finally, an 
open test was done in 1979 and found a 
hidden source of electricity. His believers (with 
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How to build a Hulda Clarkzapper, NEW 2003 updated circuit 


Now To Connect Everything 


1. Twist free ends of the two capacitors .01 and .0047 together. 
Connect this to the Grounding Bolt using an alligator clip. 


2. Bend the top ends of pin 2 and pin 6 (which already has a 
connection) inward towards each other in an L shape. Catch them both 
with an alligator clip and attach the other end of the alligator clip to the 
free end of the 3.9 K Ohm resistor by pin 7. 


3. Using an alligator clip connect pin 7 to the free end of the 1 K Ohm 
resistor attached to pin 8. 


4. Using three micro clips connect pin 8 to one end of the switch, pin 4 
to the same end of the switch, and one end of the offset resistor to the 
same end of the switch. (Put one hook inside the hole and the other 
hooks around the whole connection. Check to make sure they are 
securely connected.) Connect the free end of the offset resistor to the 
bolt using an alligator clip. 


5. Use an alligator clip to connect the free end of the 1 K Ohm resistor 
(by pin 3) to the bolt. It is the output resistor. 


6. Twist the free end of the 3.9 K Ohm resistor by pin 3 around the plus 
end of the LED. Connect the minus end of the LED to the grounding bolt 
using an alligator clip. 


7. Connect pin number 1 on the chip to the grounding bolt with an 
alligator clip. 


8. Attach an alligator clip to the outside of one of the bolts. Attach the 
other end to a handhold (copper pipe). Do the same for the other bolt 
and handhold. 


9. Connect the minus end of the battery snap connector (black wire) to 
the grounding bolt with an alligator clip. 


10. Connect the plus end of the battery snap connector (red wire) to the 
free end of the switch using a micro clip lead. Attach the battery very 
carefully. Before attaching the battery to its snap connector, cover one 
terminal with tape. After snapping in one terminal, remove the tape to 
attach the other terminal. This is to prevent accidental touching of 
terminals in a backwards direction. If the LED lights up you know the 
switch is ON. If it does not, flip the switch and see if the LED lights. 
Label the switch clearly. If you cannot get the LED to light in either 
switch position, double-check all of your connections, and make sure 
you have a fresh battery. Even if it does light up, check every 
connection again. 


11. Finally tie up the bunches of wire with twist-ties or rubber bands 
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and replace the lid on the box. Slip a couple of rubber bands around the 
box to keep it securely shut. For safer storage, place it inside a larger 
box. 


Note: Having gained this much experience, you may prefer to build your 
next zapper on a piece of cardboard folded and able to fit inside a 
shoebox or plastic electronic project box for more protection. 


* Optional: measure the frequency of your zapper by connecting an 
oscilloscope or frequency counter to the handholds. Any electronics 
shop can do this. It should read between 20 and 40 kHz. The shop 
can also read the voltage (peak to peak) and the amount of 
Positive offset (on the .5 volt-per-division scale). The voltage 
output should be about 8 volts. 


* Note: a voltage meter will only read 4 to 5 volts because it 
displays an average voltage. 


Using The Zapper 


1. Wrap handholds in one layer of wet paper towel before using. More 
will reduce the current. Grasp securely and turn the switch on to zap. 
Keep a bottle of water handy to keep them wet. 


2. Zap for seven minutes, let go of the handholds, turn off the zapper, 
and rest for 20 minutes. Then seven minutes on, 20 minutes rest, and a 
final seven minutes on. This is the routine for regular zapping. 


Tell us about your zapper experience at the zapper message board. 
To Visit The Zapper Museum - Click Here! 


Order A Hulda Clark Zapper - Click Here! 
See The ‘Build A Zapper’ Video - Click Here! 
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Learn about Dr Clark's latest zapping technique called: Plate Zapping 


Learn about Dr Clark's latest inventions: 
The Food Zappicator and The Toothbrush Zappicator 


Order Electronic Parts at RadioShack.com and Frequency Generator kits at PositiveOffset.com 


All information is for educational purposes only. These statements have not been evaluated by the FDA. 
Not intended to diagnose, treat, prevent, mitigate or cure disease. Visit www.HuldaClark.com for more 
information on Dr. Clark's Syncrometer™ Science, and the Zapper. Legal Disclaimer Privacy Policy 


www.HuldaClark.com 
The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 
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Zapper Schematics 
No claims are made by KeelyNet for any of these plans 
They are provided for informational purposes only! 
KeelyNet 01/10/02 


Simple Zapper Schematic 


+9 


ANQ14 or equivalent 
y oT 
43k 


Lis 39k } 


Positive Probe 


{________4 Negative Probe 


The Research of Dr. Hulda Regehr Clark, Ph. D. 


Ihave recently (9/15/2000) come across the research of Dr. Hulda Regehr Clark, 
Ph. D., N.D. In her books, she states that many diseases, among which are cancer 
and HIV/AIDS, can be cured by the use of, among other things, certain herbs and a 
frequency generator called a "Zapper" that was invented by her and her son. 


Speaking of mothers :), my mother, 62, had fatigue and arthritic symptoms in her 
hands before I found out about and told her about Dr. Hulda Clark. She is a 
seamstress, so the arthritic symptoms hindered her work. After doing the Parasite 
Cleanses and using the Zapper, she doesn't have to take naps like before and her 
hands are flexible again, She has done the complete Parasite Cleanse only twice 
but she Zaps practically every day. 
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Simple Zapper Information 


Schematic updated on 12/21/2001 
Simple Zapper Information text updated on 12/21/2001. 


1 forgot to mention that the Simple Zapper that I'm using has a 1 Megohm 
potentiometer instead of the 2.2k ohm resistor in order to vary the output 
frequency. If you use a potentiometer with the circuit put it in series with the 2.2k 
ohm resistor because the chip gets hot when there is too little resistance. 


The duty-cycle is pretty consistent with a range of 51% to 57%. With the 
oscilloscope's frequency analyzer in storage mode, I hold the Zapper probes and 
put the oscilloscope probes somewhere on my body and then I vary the frequency 
of the Zapper using the 1 Megohm potentiometer. 


When testing my body on a spectrum analyzer while using the Simple Zapper with 
an output of around 5 Volts (tested on a DC voltmeter), I noticed that the 
frequencies around 4,000 hz to around 18,000 hz had larger peaks telling me that 
my body at the time was more conductive (less reactive?) and/or less resistive to 
frequencies in this range at the given voltage. 


With my body being more conductive (less reactive?) at these frequencies, I 
believe that there is a better dispersal of the Simple Zapper’s output within my 
body. I did this recent test with one Zapper probe in each hand (as opposed to both 
in one hand) and the oscilloscope probes (RCA to 1/4" phone plug adaptor) in my 
mouth near my wisdom teeth with my lips around the RCA ground (like a lollipop). 


The oscilloscope's frequency analyzer was in storage mode. With the Simple 
Zapper circuit on this page, change the 2.2k ohm resistor to 4.3k ohm if you want a 
~15,000 hz frequency. I have recently built a couple of Zappers with optimized 
output frequencies of around 11,000 hz. I haven't tested anyone using the Simple 
Zapper other than myself, so there is the possibility that your body's response may 
differ. 


For more information, check out my Simple Zapper webpage at: 


www.members.aol.com/mas 191 1/index.html 


or for really interesting free circuit schematics: 


www.members.tripod.cony~mas 191 1/zappers20011221tripod.html 


You can write the Author of Simple Zapper if you have comments or questions. 
Ee ee 


The following document, written by Luke Parrish, provides instructions on building 
an astable multivibrator in DC pulse mode, identical in output to the Zapper, 
described in The Cure For All Diseases by Dr. Hulda Clark. 
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Plans For Zapper 


This page tells how to make a Hulda Clark-style "Parasite Zapper". It's a simpler 
and more efficient version, but works just as well. We make no theraputic claims 
for this device. It is for experimental purposes only. We provide a ready made 
version for those who prefer not to spend so much time building it. 


Materials 


- A CD4069 hex inverter (Radio Shack link) 

- 11M resistor, 1 10k resistor, and 1 1k resistor (Radio Shack link) 
(Resistor color code) 

- 1 1000 pF capacitor (Radio Shack link) 


NOTE: The size of the resistors and capacitors can vary, because they 
determine the frequency of the zapper, which doesn't really matter 
much according to Hulda Clark, 


‘The following parts may be substituted according to preference, though 
something similar will be needed: 
- Solderiess breadboard (Radio Shack link) 
- 9-volt battery 

- 4 alligator clip-leads sets Radio Shack link 
-2 copper pipes (hand-holds) 


Instructions 


Plug the components into the solderless breadboard according to the 
following schematic. Make sure none of the wires touch each other. To 
hook up the power, attach an alligator clip-lead to each side of the 
capacitor that stretches from hot to ground. Clip the one that goes to 
hot to the positive terminal on the battery and the one that goes to 
ground to the negative terminal. The two hand-holds are attached with 
the other two clip-leads. (One goes to ground, the other to the end of a 
resistor that goes to pin 12.) 


Schematic 
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4069 Hex Inverter 


Copper electrodes 


The above instructions are not the only way to do it. You can, for example, solder 
all the components directly to a 14-pin socket, like we do in our ready made 
version. This is a lot more trouble and more time-consuming for most people, which 
is why we recommend a breadboard. The resistors and capacitor don't all have to 
be the exact sizes mentioned here to make a working Zapper. However, any 
variation in capacitance or resistivity will change the frequency. (There are certain 
limits on how high of frequencies the chip can handle, so don't stray too far from 
the specified values.) If you have an oscilliscope, that's handy to check 
working. 


Ready made Zappe! 
———————————— 


Free plans from Zapperlab.com 
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Here we have the easy step-by-step instructions for building your very own Hulda 
Clark Zapper reprinted with permission from her books (provided below). For 
advanced electricians there is a schematic for building a Hulda Clark Zapper as 
well. If you do not know anyone that could put one together for you, you can now 
order the zapper Hulda Clark uses as described in "The Cure For All Cancers" 
and "The Cure For All Diseases" at: www.SyncroZap.com. The Dr. Clark Zapper 
can be sold only as an experimental device, and no claim can be made by us legally 
as to a diagnosis, cure or treatment for any medical condition or disease. 


Build A Dr. Clark Zapper 


lot 


Order A Dr. Clark Zapper 


Instructions for building your very own zapper can be found 
reprinted below from the books by Dr. Hulda Clark. If you would 
rather order a pre-built zapper, just click here. 
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How To Build A Zapper from The Cure For All Cancers: 
The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 


Get from Radio Shack, (serial number included to make it 
Order these paris trees thal web site at: 
www.RadioShack.com 

____ Black plastic Project Box Radio Shack # 270-1809 

____ 9 volt battery 

____ 9 volt battery clips: Radio Shack # 270-325 

____ On off switch: Radio Shack # 275-624A 

____ 1K Ohm resistor: RS# 271-1321 

____ 3.9K Ohm resistor: RS# 271-1123 

___ low current red LED: RS# 276-044 

___ -0047 uF capacitor: RS# 272-130 

____ -01 uF capacitor: RS# 272-1065 

____ 555 CMOS timer chip: RS# 276-1723 

____ 8 pin wire wrapping socket for CMOS chip: RS# 276-1988 

____ two packs of Microclip test jumpers: RS# 278-017 

___ one pack of 14" alligator clip leads RS# 278-1156C 


Get from any Hardware Store: 
2 Bolts 1/8" diameter, 2" long with 4 nuts and washers. 


2 pieces of %4" copper pipe, cut to 4 inches long each. 


Editor's Note: 


The 8 pin wire-wrapping socket has been discontinued at many 
Radio Shacks and readers have asked what to do. Some say it is 
still available on their website at www.RadioShack.com, if not: 


There are a couple options. One can still get the 16 pin wire- 
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wrapping socket. Pull out the bottom grouping of 8 pins, and you 
now have an 8 pin socket. Just make sure when you plug the 555 
Timer into it, you line it up with the remaining 8 pins. Very 
simple. 


There is also a Low Profile 8 pin socket. The pins are so small 
one must solder to them. 


The wire-wrap socket has long pins for easy twisting onto other 
wires. The low profile is for those that solder electronics. 


If you are soldering your zapper together get the low profile 8 pin 
socket. Since the socket is just a saddle for the 555 Timer, it is 
not a vital part of the circuit. It's just a way to put long or short 
pins on the 555 Timer for easy twisting. If you cannot find one at 
your local Radio Shack, simply get the 16 pin wire-wrap socket, 
and pull out 8 pins. -editor. 


Assembling The Zapper 


If you have tools such as a drill, needle nose pliers, and small 
drill bits, buy one of the plastic project boxes on the list, 
otherwise build your zapper in a shoe box, or a box half the size 
of a shoe box. 


1. You will be using the lid of the shoe box or plastic lid of the 
project box to mount the components. Save the box to enclose 
the finished project. 


2. Pierce two holes near the ends of the lid. Enlarge the holes 
with a pen or pencil until the bolts would fit through. Mount the 
bolts on the outside about half way through the holes so there is 
a washer and nut holding it in place on both sides. Tighten. Label 
one hole "grounding bolt" on the inside and outside. 


3. Mount the 555 chip in the wire wrap socket. Find the "top 
end" of the chip by searching the outside surface carefully for a 
cookie-shaped bite or hole taken out of it. Align the chip with the 
socket and very gently squeeze the pins of the chip into the 
socket until they click in place. 


4. Make 8 pinholes to fit the wire wrap socket. Enlarge them 
slightly with a sharp pencil. Mount it on the outside. Write in the 
numbers of the pins (connections) on both the outside and inside, 
starting with number one to the left of the "cookie bite" as seen 
from outside. After number 4, cross over to number 5 and 
continue. Number 8 will be across from number 1. The pins are 
numbered like this: 
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an infinite supply of denial) still raised 
$250,000 to get out of a fraud conviction, He 
still went on making lots of claims with no 
evidence. 


* Robert Adams in 1977 made all kinds 
of conspiracy and OU claims in New 
Zealand. Many still believe in the Adams 
Motor. - He had the obligatory battles over 
patents, debates over theory, debates over 
power measurement and dabbling in other 
areas of alt physics. He’s 80 years old and said 
to have a scientific education. He has a lot 
of theories about Aether. Skeptical 
information. 


+ Robert Stewart in 1978 got over 
$3,000,000 of investment money (much from 
farmers) fora closed cycle engine using freon 
rather than water. This ‘engine’ used the same 
scheme John Gamgee tried to sell the navy in 
1882. -Eric Krieg thinks this is the same 
approach Dennis Lee’s free energy machine 
works on, I think he just faded away (people 
claim he was silenced). 


* Rory Johnson of Elgin Illinois, claimed 
tohave invented a cold fusion, laser activated, 
magnetic motor that produced 525 HP, 
weighed 475 Ibs, and would propel a large 
truck or bus 100,000 miles. After signing a 
number of dealers, he moved all his equipment 
out of his labs, moved to CA and died. (To this 
day, folks say he was silenced by OPEC), 


+ RJeseph Maglich was a physicist and 
claimed to have a device in 1978, which 
harnessed fusion power from seawater. They 
say they put power in and get more power out. 
Tve never heard of them since. 


¢ Howard Johnson got a patent for a 
device that claimed to make free energy from 
amotor like device. As of 11/02, Stephen was 
claiming he would soon mail out samples of 
working ones, By 12/12/02, Stephen dropped 
out of contact. 


* Keith Kenyonhada device claimed to 
produce more energy than consumed. 
Calculations seemed to not take power 
factor (also known as phase angle) into 
account, It never openly had its output 


hooked up to its input. Even Dennis Lee tells 
his followers that all the over unity motors 
(claim to make more electricity than 
consumed) usually just fool people who 
can’t measure power factor, 


¢ Muller: Bill Muller and Carmen Muller of 
Germany raised money on an over unity motor 
and got a few followers, but never actually 
demonstrated one working. 


+ Dennis Lee Since 1988 has been 
promising to demonstrate free electricity 
“in a month or two”. He is much like 
Newman in his mixture of religion & 
extremist politics, evasion of qualified 
investigators, endless promises, threatening 
detractors, etc. He had a Fischer engine, a 
CRD device and now, and OU motor device. 
Dennis has invested in Searle and Stanley 
Meyer and joined Pantone in 2001 in a 50 
state tour. 


+ Stanley Meyer 1996 claimed to have a 
water powered carand was also bigon mixing 
Christianity and patriot politics in with fringe 
science. Meyer was found guilty of fraud after 
his Water Fuel Cell was tested before an Ohio 
judge. Itisrare foran inventor tobe prosecuted 
for an invention that does not work, but 
Meyer's problem was that he had been selling 
“dealerships”, offering investors the “right to 
do business” in Water Fuel Cell technology. 

Meyer refused to allow anyone else to measure 
hisdevice. DennisLee investedin him, Hedied 
in early 1998, 


+ Joseph Newman in 1984 claimed to 
have a free energy machine based on 
alternative physics. Like many perpetual 
motion inventors, he sued the US patent 
office. Many people wrongly measured the 
true power output of this machine, (they 
didn’t realize you must specially calculate 
power for non sinusoidal current 
consumption). He now refuses to ship a unit 
for testing. Ten years ago, inventor Joseph 
Newman gave an open week-long 
demonstration in the Super dome in New 
Orleans, Over 9,000 people attended from 
across the country (including Dennis Lee who 
reportedly wanted to join his ideas with 
Newman). Newman is suing some former 
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3 6 
4 5 


5. Pierce two holes ‘2 inch apart very near to pins 5,6,7, and 8. 
They should be less than 1/8 inch away. (Or, one end of each 
component can share a hole with the 555 chip.) Mount the .01 uF 
capacitor near pin 5 on the outside. On the inside connect pin 5 to 
one end of this capacitor by simply twisting them together. Loop 
the capacitor wire around the pin first; then twist with the long- 
nose pliers until you have made a tight connection. Bend the 
other wire from the capacitor flat against the inside of the shoe 
box lid. Label it .01 on the outside and inside. Mount the .0047 uF 
capacitor near pin 6. On the inside twist the capacitor wire around 
the pin. Flatten the wire from the other end and label it .0047. 
Mount the 3.9 K Ohm resistor near pin 7, connecting it on the 
inside to the pin. Flatten the wire on the other end and label it 
3.9. Mount the 1 K Ohm resistor and connect it similarly to pin 8 
and label it 1K. 


6. Pierce two holes ¥2 inch apart next to pin 3 (again, you can 
share the hole for pin 3 if you wish), in the direction of the bolt. 
Mount the other 1 K Ohm resistor and label inside and outside. 
Twist the connections together and flatten the remaining wire. 
This resistor protects the circuit if you should accidentally short 
the terminals. Mount the 3.9 K Ohm resistor downward. One end 
can go in the same hole as the 1K resistor near pin 3. Twist that 
end around pin 3 which already has the 1K resistor attached to it. 
Flatten the far end. Label. 


7. Next to the 3.9 K Ohm resistor pierce two holes % inch apart 
for the LED. Notice that the LED has a positive and a negative 
connection. The longer wire is the positive (anode). Mount the 
LED on the outside and bend back the wires, labeling them + and 
- on the inside. 


8. Near the top pierce a hole for the toggle switch. Enlarge it 
until the shaft fits through from the inside. Remove nut and 
washer from switch before mounting. You may need to trim away 
some paper with a serrated knife before replacing washer and nut 
on the outside. Tighten. 


9. Next to the switch pierce two holes for the wires from the 
battery holder and poke them through. Attach the battery and 
tape it to the outside. 


Now To Connect Everything 


Twist free ends of the two capacitors .01 and .0047 together. 
Connect to Grounding Bolt using an alligator clip. 


Bend pin 2 and pin 6 together inward, using an alligator clip, catch 
them and connect to free end of 3.9K Ohm (by pin 7). 
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Alligator clip Pin 7 to free end 1K Ohm (near pin 8) 


Using two microclips Pin 8 and pin 4 to one end of switch (use 
hole to attach both microclips). 


Free end of 1K Ohm (by pin 3) to the Bolt using an alligator clip. 


Alligator clip the free end of 3.9K Ohm (by pin 3) to plus end 
(long) of LED. 


Minus end (short) of LED to Grounding Bolt with an alligator clip. 
Alligator clip pin 1 to the Grounding Bolt. 

Alligator clip Black battery wire to Grounding Bolt. 

Micro clip the Red battery wire to free end of switch. 


Hook up the battery, and the light should turn on, click the switch 
if it does not, check connections if LED does not light up. 


Build A 
CLARK ZAPPER! 


Dr. Clark's NEW 
Breadboard Design 


. NO 
~ SOLDERING! 


, dust Push 
into the Grid. 


Kits & Parts: 
Attach a long lead wire to the grounding bolt & bolt, and then to 


the copper handles. Wrap handles in paper towel, clip with lead 
wire, wet handle when you are ready to zap.) 


How To Zap 

Wrap handles in wet paper towel, or wet cotton sleeves, and hold 
in each hand. If you have wrist cuffs, run them under water to 
wet them, attach to each wrist. 

Attach handles or wrist cuffs to zapper. 

Tum zapper on, zapping for 7 minutes. 

At end of 7 minute zapping rest 20 minutes. 


Do this a minimum of three 7 minute zapping sessions, with a 20 
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minute break in between each session. Some people zap five 
times in extreme cases. 


Order A Dr. Hulda Clark Zapper lick Hers 
Learn about Dr Clark's latest zapping technique at: www.PlateZapping.com 


All information is for educational purposes only. These statements have not been evaluated by 
the FDA. Not intended to diagnose, treat, prevent, mitigate or cure disease 


uit designed by Geoff Clark and approved by Dr. Hulda 
Clark 


SOTA Instruments Inc. presents 
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www.PositiveOffset.com 
Electronic Kit & Parts for Educators, Researchers & Hobbyists 


30 kHz / 1 kHz Zapper Kit 
with Color Illustrated Instructions 
$50.00 Add to Cart 


Our Zapper Kit contains all the parts necessary to build either a 30,000 Hz 
or a 1,000 Hz Positive Offset Square Wave Frequency Generator Unit. This 
breadboard kit is based on Dr. Hulda Clark's zapper circuit design that was 
recently updated and published in 2003. Copper Pipes and 9 Volt Battery 
are not included in kit. For copper pipes and individual electronic parts, 
click the links in the right column. 


PositiveOffset.com 


Hulda Clark Zapper Kit with Color Illustrated Instruc 
$50.00 Add to Cart 


Zapper Kit includes: Breadboard, 555 CMOS Timer, (2) 1K Ohm resistors, 
2.2K Ohm resistor, 4.7K Ohm resistor, 39K Ohm resistor, (2) 270K Ohm 


‘ww postiveotiset. com 


www.PositiveOffset.com 


+ 30_kH2/1 kHz Zapper Kit 

+ 10047 uF Capacitors 
iLuH Inductors, 

ik Ohm Resistors 

2.2K Onm Resistors 

5.9K Ohm Resi 

4.7K Ohm Resi 

39K Ohm Resistors 

270K Ohm Resistors 

555 CMOS Timer 

Pin Wire Wrap Socket 

9 -Volf Battery snap 

Alligator Clip Converter 

Alligator Leads 

Aluminum Square 

Banana to Alligator Leads 

Bresdbosra 

Color Coded Jump Wires 

Copper Pipes 

Nuts and Bolts 

‘On/Off Toggle Switch 

Red Mini LED 

‘Switching diode 1N914 

Video Instructions 


WWW FREQUENCYGENERATION.COM 


www. PositiveOffset.com 


VIEW CART 
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resistors, (2) .UU4/ uF Capacitors, Mini Ked LED, (9) Color Coded Jump 
Wires, 9-Volt Battery Snap, (2) Alligator leads, and an On/Off Switch. All 
this comes in a sturdy little cardboard box you can use to house your 
finished circuit. The full-color instructions will help you build either a 
30,000 Hz or 1,000 Hz circuit. 


It's so easy to build. No soldering required! Watch the video instructions 
right here (36 minutes). 


* YouTube video instructions: 9 easy steps to build this circuit 


* Build a zapper Frequently Asked Questions and Answers 
* Already have electronic parts? Download PDF Instructions 


Remember the Hulda Clark Zapper has not been licensed as a medical 
device by the US FDA. Zapper Kit is sold as an educational tool only, no 
medical claims are intended by the sale of these electronic parts. Our 
Zapper Kit is a great project for a school science fair, or to learn the 
basics of building simple electronics. 


Please note that when ordering electronic parts and kits we can assume 
no liability on the customer's ability to use them. Safety, craftsmanship, 
experience, and ability are the user's responsibility. 


Electronic parts are small and fragile. We can not offer refunds or 
replacements on electronic parts. Buy electronic parts and kits only if you 
believe you can accomplish the work. If you experience difficulty with your 
build, or have little experience in electronics, please order replacement 
parts along with your kit. 


The 555 CMOS Timer is the most likely part to need replacement, so it may 
be smart to order extras when building a kit. 


The 555 CMOS Timer is vulnerable to static electricity. If you walk on a 
carpeted floor and the 555 receives a static shock it may burn out and 
need replacement. 


555 CMOS Timers are sold separately for those who want to have several 
at hand during a kit build, or to troubleshoot a circuit that is not working. 


If you are new to electronics, or just want to be cost effective, you may 
want to purchase extra 555 CMOS Timers when building your first kit. We 
can not offer refunds or replacements on electronic parts. 


View Shonpina Cart / Checkout 
‘ww postiveotiset. com 
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Customer Service Information 


We accept all major credit cards via our secure shopping cart. We also 
accept checks and money orders through the mail. All packages are 
shipped United States Postal Service Priority Mail with Delivery 
Confirmation. If you have an existing order and would like to track your 
package's Delivery Confirmation, click: USPS Delivery Confirmation. If 
you have any other question or concern about your order, please send an 
email to Customer Service. 


‘wy positiveotiset. com 


11292018 Hulda Clark Zapper kit 


www PositiveOffset.com 


www.PositiveOffset.com 
Electronic Kit & Parts for Educators, Researchers & Hobbyists 


Hulda Clark 30 kHz / 1 kHz Zapper Kit 
with Color Illustrated Instructions 
Order Zapper Kit Here 


Hulda Clark Zapper Kit includes: Breadboard, 555 CMOS Timer, 7 resistors: (2) 1K Ohm, 2.2K SSM ETRE 
‘Ohm, 4.7K Ohm, 39K, (2) 270K Ohm, (2) .0047 uF Capacitors, Red LED, (8) Color Jump Wires, (2) + ESS. CMOS Timer 
Alligator Leads, and Soldered Battery Snap/On-Off Switch. All this comes in a sturdy little cardboard = SO 
box you can use to house your finished circuit. The full-color instructions will help you build either > HELAMHSLESeRs 
30,000 Hz or 1,000 He circuit. Kit does not include copper pipes. Click here to order copper pipes. Ars 
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VIEW CART 


Order Zapper Kit Here 


If you are new to building electronics, you may also want to watch the instruction video. The ‘Build A 
Zapper Video' shows how to build this Clark Zapper breadboard kit. Watch the video below. (Note: 
There are minor updates to the "Bulld Your Own Zapper” Kit. We have adjusted the jump wires for a 


hittpviw postveotiset.com) 4 


1112972018 Hulda Ciark Zapper kit 


better fit. We have also pre-soldered the 9-volt battery snap to the on/aff switch. These updates are 
not shown in this video, but are clearly described in the kit instructions.) 


It's so easy to build. No soldering required! Watch the video instructions right here (36 minutes). 


& 


More Video Instructions 


+ Build a Zapper, Plate Zapper, Food Zappicator, and Toothbrush Zappicator 
+ Zapper Kit Frequently Asked Questions and Answers 
+ Already have electronic parts? Download PDF Instructions 


The Hulda Clark Zapper has not been licensed as a medical device by the US FDA. Zapper Kit is sold 
as an educational tool anly, no medical claims are intended by the sale of these electronic parts. Our 
Zapper Kit is a great project for a school science fair, or to learn the basics of building simple 
electronics. 


Please note that when ordering electronic parts and kits we can assume no liability an the customer's 
ability to use them. Safety, craftsmanship, experience, and ability are the user's responsibility. 


Electronic parts are small and fragile. We can not offer refunds or replacements on electronic parts. 
Buy electronic parts and kits only if you believe you can accomplish the work. 


The 555 CMOS Timer is the most likely part to need replacement, so it may be smart to order extras 
when building a kit. 


The 555 CMOS Timer is vulnerable to static electricity. If you walk on a carpeted floor and the 555 
receives a static shock it may burn out and need replacement. If you ever touch the 9 volt battery 
backwards to the battery snap, it may burn out the 555. You may want to protect your 555 by adding 
2 1N914 Switching Diode to your kit (diode sold separately). 


‘555 CMOS Timers are sold separately for those who want to have several at hand during a kit build, 
6 to troubleshoot a circuit that is not working. If you are new to electronics, or just want to be cost 
effective, you may want to purchase extra 555 CMOS Timers when building your first kit. We can not 
offer refunds or replacements on electronic parts. 


View Shopping Cart / Checkout 
‘Customer Service Information 


We accept all major credit cards via our secure shopping cart. We also accept checks and money 
orders through the mail. All packages are shipped United States Postal Service Priority Mail with 
Delivery Confirmation. If you have an existing order and would like to track your package's Delivery 
Confirmation, click: USPS Delivery Confirmation. If you have any other question or concern about 
your order, please send an email to Customer Servi 
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investors he claims are trying to steal his 
invention, I give more information. Evan 
Soule of Newman's organization offers a 
rebuttal 


¢ Bruce De Palmahada machine in 1986, 
which appeared toone Electrical Engineering 
professor to put out4 times more power than 
consumed. Turned out it was just a 
measurement error, (We could go on and on 
withsuch examples). 


* Dr. Potapoy sold a device that was 
claimed to produce more energy than 
consumed, 


Editor: Eric’s skeptical remarks can be 
tolerated but sometimes he writes about the 
things he does not know. Potapov and hi 
team have created a technology, which have 
been replicated and sold by dozens of 
companies in Russia (see the cover picture of 
the Susorov heat generator). There are 
several devices in St. Petersburg to be tested. 
The efficiency is 200 % and more. The 
operation principle: electric motor rotates in 
water and causes the heating of water. We 
have also received the information about 
another Russian invention, namely the close 
cycle vortex generator: “water rotation — 
vapour - turbine - electric power “ (the 
power is from 100 kW). 


Alexander V. Frolov 


¢ John Bedini claims tohavea free energy 
device. 


¢ Mr. Finsrud is a Norwegian artist who 
made a sculpture where a metal ball moves for 
weeks apparently with no outside influence. 


+ Don Watts of Las Vegas in around 1990 
had a patented CEACU, which stands for 
Centrifugal Energy Amplification and 
Conversion Unit- it turned out to be one more 
investment fraud. 


* Stephan Marinov claimed to have 
proven much alternative physics and to have 
contacted a Methernitha thatclaimsto havea 
Free Energy Machine, He committed suicide 
on July 15, 1997 but he left behind some 
intense rants. 


* Greg Watson sold kits for a rolling ball 
and track thatwere thought to have over unity 
in 1997. Attempts of replication I know of 
have failed, 


* CETI These people have claimed to have 
a device that puts out anomalous yet small 
amounts of heat - maybe cold fusion. They 
raised millions. Asof 10/97, they have not been 
willing to have me come over and see for 
myself. They have said, we wantpeopleto think 
it doesn’t work so we won't have competition. 
T've wondered if the energy may have come 
from not accounting for friction effects from 
the cooling flow through the pellets. Jed 
Rothwell, a rational editor of Infinite Ener; 
Magazine says “however, tests with CETI cells 
atMotorola, Skland the FrenchAtomic Energy 
Commission show no measurable friction”) 

Milton Rothman has a response: “I openly 
admit that I have not followed all the history 
of cold fusion claims and am generally 
ignorant on the subject”. 


* In January 1998 Barbara Hickox 
allegediy has a patent dating from 1981 fora 
fusion powered free energy system, 


¢ Paramahamsa TewariofIndiaclaimsto 
have a device that is 200% efficient. 


+ RQM is a Swiss company selling FE 
machines found at www.rqm.ch. 


* Ted King is looking for people to buy 
stock for a car he plans to drive across the 
country using just 2 12-volt batteries. Youcan 
contact Ted if you want to buy shares, 


* Bruce Perreault has claimed to have 
discovered new clement, the plasmatron, ion 
pump, radiant energy device, etc. 


* Daniel Pomerleau of Canada claims to 
have something that works, but he isn’t 
interested in releasing it (as 12/97). 


+ Entropy Systems of Ohio 1999 Sanjay 
Amin got 1.6 million investment dollars fora 
device that would violate the 2nd law of 
thermodynamics. I've asked them to apply for 
my prize for proof. -Theyseem to have folded. 

See a rational review of Amin’s claims. 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


133 


2,100 
ASANAS 


Z\ 
Begin Reading 


Table of Contents 
Newsletters 


Copyright Page 


In accordance with the U.S, Copyright Act of 1976, the scanning, uploading, and electronic sharing of any part of this book without the 
permission of the publisher constitute unlawful piracy and theft of the author’s intellectual property. If you would like to use material from 
the book (other than for review purposes), prior written permission must be obtained by contacting the publisher at 
permissions@hbgusa.com. Thank you for your support of the author’s rights. 


Opening Prayer 


Om 


For the peaceful resolution 

From the illusionary nature of dualistic existence, 

I ground myself before the lotus feet of the gurus, 

Who remind me that the light I search for is within me 
Bringing stillness to the whirling of the cascading ego mind 
I behold the awakened joy of my own Soul 

Realizing the truth of pure radiance 

That we are in fact the same 

To the self-awakened gurus of the past, present, and future, 
Tsalute 


Om 


Daniel Lacerda, Mr. Yoga 


A MESSAGE FROM MR. YOGA 


The ultimate goal of yoga is self-realization. You do not need to go to the mountaintop to find it or pay 
a teacher to show you the way. There are currencies that we exchange with one another that are much 
more valuable than money: kindness, selflessness, being one part of the greater good. Nor do you 
need to look outside yourself. If you have an open mind, a sincere desire to learn and to apply that 
knowledge on a daily basis, and the commitment to follow through on what you’ve begun, you can 
achieve self-realization. 


Self-realization is the knowledge that we sentient beings are interconnected and that what we think, 
say, and do affects those around us. Burdened by the pressures and demands that exist outside of 
ourselves—of our jobs, bills, desire for status and for material possessions—we forget this. Self- 
realization is the ability to achieve freedom from these demands and to know that true happiness 
comes from fulfilling our own potential and from lifting up those around us without the thought of self- 
gain. Dedicating yourself to the regular practice of yoga can help bring you back to this place. 


Yoga is, indeed, an excellent form of exercise that carries with it many immediate and long-term 
physical benefits from improved flexibility to stronger muscles and bones. However, yoga is not just 
about moving through the poses. Mindfulness plays an essential part in any dedicated yoga practice. If 
performed properly, yoga quiets the mind of all distracting thoughts from the outside world 
(chittavritti, meaning mind chatter), bringing you to a place of peace within. In turn, being mindful of 
your thoughts will allow you to be mindful of, and truly connected with, your body, thus completing 
the cycle of mental and physical health that will allow you to enjoy all the wonderful things that life 
has to offer. 


For the past eleven years, I have dedicated my life to yoga, teaching an average of twenty-five classes 
seven days a week. I have done this to make a difference in the lives of my students. Now it’s my 
pleasure to share this passion and dedication with you. 


Namaste! 


A HISTORY OF YOGA 


Most of us know yoga as a set of poses performed in a gym or yoga studio setting. The majority of 
yoga styles practiced today were invented in the last quarter of the 20th century and are either a far 
cry from yoga’s roots or have no authentic lineage. 


If we really want to examine the roots of yoga, we need to go back to the Harrapan culture, dating 
back 3,500 years, when yoga was a meditative practice. According to some, around 1500 BCE, 
Harrapan culture was diminished due to Aryan invasion. Barbarians from Normandy introduced the 
caste system and enforced a set of religious rituals that involved blood sacrifice practices. Along 
with these religious practices came sacred scriptures called the Vedas, a large body of spiritual texts 
originating in India. The word “yoga” was first mentioned in the oldest of the Vedas, Rig Veda. It 
referred to the concept of discipline. 


Fast forward to 800BcE. The Upanishads, a collection of texts that contain some of the earliest 
concepts of Hinduism, prescribed the method of achieving enlightenment by studying under a teacher 
and dedicating one’s life to a yoga practice. The Upanishads outlined two paths to enlightenment: 
Karma Yoga (selfless dedication to the service of others) and Jnana Yoga (intense study of spiritual 
writings). Around the 3rd century Bc, the Maitrayaniya Upanishad prescribed a six-step process to 
enlightenment, which included mastering pranayama (breath control), pratyaharia (sense 
withdrawal), dhyana (meditation), dharana (one-pointed concentration), tarka (self-reflection), and 
samadhi (absolute absorption) in order to unite the Atman (individual’s spirit) and Brahman 
(universal spirit or source of creation). The sacred syllable om appeared in this particular Upanishad 
as a symbol of union between mind and breath. 


At around the same time that Maitrayaniya Upanishad was introduced, Bhagavad Gita gained 
prominence. This scripture combined and mythological tales that later made their way into a 
celebrated collection of tales, Mahabharata. Three methods of devotion were outlined in Bhagavad 
Gita: Karma Yoga, Jnana Yoga, and Bhakti Yoga (devotion). 


Compiled around 400cE by Patanjali, The Yoga Sutras introduced the eight-fold path to yoga 
practice, which is considered to be the classical yoga manual and the foundation of many of today’s 
yoga practices, particularly Ashtanga Yoga. We will hear more about this eight-fold path in The Eight 
Limbs of Yoga (here), which include yama (self-restraint) niyama (self-purification by self-restraint 
and discipline), asana (seat or posture), pranayama (control of breath), pratyahara (sense 
withdrawal), dharana (one-pointed concentration), dhyana (meditation), and samadhi (total 
absorption). 


Around the 4th century ce, Tantra Yoga emerged. This new form of yoga celebrated the physical body 
as a vehicle to enlightenment. The philosophy behind Tantra Yoga can be summarized by the idea of 
uniting all the dualities within a human body (e.g., male and female; good and evil), which gave 


Tantra a very sexual reputation. This is, however, a common misunderstanding, since Tantra practices 
extend far beyond sexuality. 


Hatha Yoga was introduced in the 10th century CE. It combined the physicality and conscious intent of 
using bodily postures, or asana practice, and pranayama breath control for the goal of self- 
realization. 


In 14th century ce, the Yoga Upanishads were introduced. One of these sacred texts, Tejo Bindu 
Upanishad, added seven more important parts of yoga practice on top of Patanjali’s eight. They were 
as follows: mula bandha (root lock), balance, undisturbed vision, tyaga (abandonment), mauua 
(quiet), desha (space), and kala (time). 


Tt was not until the 20th century that yoga gained any kind of popularity in Western Europe and North 
America. Swami Sivananda Saraswati was one of the first yogis to travel outside of India to spreac 
the teachings of yoga to the West. He established yoga centers in North America at the time Swami 
Satchidananda also delivered an opening speech at the Woodstock Festival in 1969. However, T. 
Krishnamacharya is arguably the father of the yoga practice with which Westerners are familiar 
today. In the 1930s, he began teaching his students the Mysore vigorous sequences of yoga poses that 
emphasize strength and athletic ability. Students were only allowed to learn the next and more 
challenging pose after they had grasped the previous one. His three most prominent and influential 
students are Pattabhi Jois, lyengar, and Indra Devi. Pattabhi Jois established Ashtanga yoga. It is oni 
of the most popular types of yoga practiced in the West. Iyengar became successful by creating his 
own sequences of yoga poses, which were characterized by a focus on the alignment of the body and 
the use of various props. Indra Devi is considered the first famous yogini (female yoga master). 
Krishnamacharya also educated his son Desikachar in yoga. An engineer by training, Desikachar saw 
great value in studying yoga only when he was already a college graduate. Desikachar developed 
Vinyoga, which is a more therapeutic and less intense approach to physical practice, as compared to 
Ashtanga. 


The 21st century presents us with an endless variety of yoga “styles” or “brands,” such as Bikram 
Yoga, Power Yoga, Kundalini Yoga, and countless more. It is important to be open-minded, try as 
many styles and approaches as possible, and figure out what gives you the best results in terms of 
achieving both your physical and spiritual goals. There is no wrong way to achieve self-realization. 
Just make sure you are mindful, patient, practical, and consistent in your practice. 


A Note on the Naming of Poses: 


One of the ways that the distance from yoga’s roots expresses itself in Western culture is in the 
naming of the poses. “Seated forward bend,” “eagle pose,” and “dolphin pose,” for example, are all 
imprecise translations of the original Sanskrit name. Garudasana, for example, is widely known as 
eagle pose, but traditionally this pose was named in dedication to Garuda, who is a Hindu deity, 
portrayed as half-man and half-eagle. He is the charioteer of Lord Vishnu, who is part of the Holy 
Trinity in Hinduism. Knowing this history adds a whole new dimension to our understanding of the 
significance, philosophical depth, and essence of the pose, and can in turn enrich our practice. 


The poses throughout this book are identified by both their English and Sanskrit names. The Englist 
name is a direct translation of the Sanskrit, which sometimes differs from the more common Western 
name, also provided in the notes. For a literal translation of each part of the Sanskrit name, you may 
consult the glossary at the back of the book. The intention is to provide you with as much information 
about the name of the pose and its history as possible, so no matter what style of yoga you practice, 
you will have the most complete understanding of the names of the poses. 


THE EIGHT LIMBS OF YOGA 


The Yoga Sutras, also known as The Eight Limbs (Ashtanga) of Raja (King) Yoga was the first fully 
developed and recorded system of yoga. Created by Patanjali around 400 ce, this system influences 
much of the yoga that is practiced today. Although most of the sutras were originally focused on 
mindfulness, the yoga practiced in the West today seems to focus more on the body. Somewhere along 
the way, it seems, we began to practice the movement of yoga in isolation from its original 
philosophies. 


For those interested in truly integrating the mindfulness of yoga with its movement, I recommend that 
you read The Eight Limbs of Yoga in its entirety and digest it very slowly. Take time to reflect on it 
piece by piece so you can implement it into both your practice and your daily life. Wisdom is in the 
doing. The following, however, is a useful summary of The Eight Limbs of Yoga, which will 
introduce you to the basic concepts of the philosophy. A deep understanding of yoga philosophy and 
history will greatly enhance the benefits of your practice and put you on the path to mindfulness and 
self-realization. 


There is a wonderful lesson in Buddhism that applies here: 


Once, a very old king went to see an old hermit who lived in a bird’s nest in the top of a tree. He 
asked the hermit, “What is the most important Buddhist teaching?” The hermit answered, “Do no evil 
do only good. Purify your heart.” The king expected to hear a long and detailed explanation. He 
protested, “Even a five-year-old child can understand that!” “Yes,” replied the wise sage, “but even 
an eighty-year-old man cannot do it.” 


Your biggest obstacle to self-realization is you. As it says in the Bhagavad Gita, “The mind is 
restless and hard to control, but it can be trained by constant practice (abhyasa) and freedom from 
desire (vairagya). A man who cannot control his mind will find it difficult to attain this divine 
communion; but the self-controlled man can attain it if he tries hard and directs his energy by the right 


means.’ 


Pantanjali’s Eight Limbs of Yoga will help you form the necessary groundwork to get on the right 
track, but you must decide to confront your problems at their roots. Reading and intellectualizing is 
not enough. If you want to reap the full benefits of the yoga experience, implement the Eight Limbs 
into every aspect of your life. You must live it, breathe it, and engage this planet and its inhabitants 
with the lessons below. 


The first and second limbs, Yama and Niyama, form your foundation. Here, awareness and 
realization is established. Yama and Niyama lay the footing for everything to come. A serious student 
should be mindful of every limb, as each of these limbs need constant reflection. As you commit 
yourself to their study and practice, your depth of understanding for each limb will get deeper over 
time. In our world that perpetuates instant gratification, many people will take shortcuts and go 


straight to the yoga poses. Others will go straight to meditation and neglect physical health. I highly 
recommend starting with Pantanjali’s first two limbs. Your practice will be at its deepest and most 
fulfilling if the first two limbs are practiced at a high level. If the first two limbs are not practiced at a 
proficient level, the rest of the limbs will be performed at a more superficial and less effective level. 


FIRST LIMB Yama (Self-Restraint) 


The focus of the first limb is on being an ethical and moral person, and on improving your 
relationship with the outer world. These values are as important today as they were centuries ago. 
The Yamas, as they are referred to, are not meant to be a moral straitjacket, but instead are meant to 
help develop a greater awareness of one’s place in the world. It is not a coincidence that this is the 
first limb of the practice. When taking steps to transform our inner world, our outer world becomes a 
total reflection of this effort. There are five Yamas: 


1. Ahimsa: Non-violence 
Replace harmful thoughts, speech, and actions with that of loving kindness toward yourself 
and others. 


2. Satya: Truth to be expressed in thought, word, and action 
Be honest in your thoughts, words, and actions toward yourself and others. 


3. Asteya: Non-stealing and non-covetousness 
Curb desires for things that are not your own. Share the beauty of your thoughts, speech, 
actions, and material belongings to uplift others instead of stealing and hoarding them for 
yourself. 


4. Brahmacharya: Abstinence from sexual intercourse when not married, practicing 
monogamy and not having sexual thoughts about another person who is not your spouse 
It is believed that a life built on celibacy and spiritual studies done by free will increases 
energy and zest for life. Celibacy may sound like an unrealistic goal today, but it may help to 
remember that brahmacharya is also about monogamy. When brahmacharya is fully realized 
in marriage, the sex lives of both partners improve because the level of trust and devotion 
deepens their connection. It is important that the sexual activity is an expression based on the 
highest level of mutual respect, love, selflessness, and wisdom. 


5. Aparigraha: Non-possessiveness or non-greediness 
Replace the habit of hoarding with sharing. Do not take without giving back. If you want 
something, work for it. This builds appreciation for what you have. This will help minimize 
the insatiable desire to constantly consume. An appetite that is not wisely disciplined leads to 
personal ill health, financial debt or poor credit, and destruction of the planet’s natural 
resources. The Greek god Apollo’s motto, “Nothing in excess. All things in moderation,” is a 
great way to describe aparigraha. 


COND LIMB Niyama (Self-Purification by Self-Restraint and Discipline) 


The second limb helps refine your spiritual path. Discipline and self-restraint lead to a more orderly 
and productive life. From the perspective of ancient yoga texts, life is extremely short and we need to 
make the most of it while we can. This limb gives us guidance. There are five Niyamas: 


1. Shaucha: Purity of body and mind 
When you develop shaucha (cleanliness), unwholesome thoughts that lead to foul speech and 
a sick body are cleared. Purity starts with your mind. Speech and action follow. So, the 
second limb directs you to make a habit of consuming both food and mental stimuli that 
support well-being for yourself and the environment (humanity and the planet). This will 
allow destructive habits (hatred, greed, and delusion) to dissolve. 


2. Santosha: Contentment with what one has 
When you achieve santosha (contentment), bonds to the material world are broken and 
authentic peace and happiness are established within. A lack of contentment is often based on 
a distorted perception of what one has versus what others have. You advance on the path to 
self-realization when you can be content with your lot, whether you sit on a throne of dirt or 
gold. 


3. Tapas: Self-discipline, sometimes associated with austerity, and being able to conquer 
the body and mind through mental control 
Tapas literally means “heat” or “glow.” This refers to a burning desire to accomplish one’s 
goal despite what obstacles may appear. The commitment to achieving a goal, no matter how 
challenging it becomes, builds character. However, note that the highest level of tapas is to 
complete one’s goal without a selfish motivation. When tapas is attained, laziness is 
overcome and willpower is developed for future use. 

4. Svadhyaya: Self-study that leads to introspection and a greater awakening of the soul 
and the source of creation; traditionally studied through Vedic scriptures 
Svadhyaya (self-study) leads to a greater awakening of your true potential, the root of one’s 
place in this world and how to live in harmony with the Earth and all its inhabitants. 


5. Ishvara pranidhana: The surrender to God 
When you accept that all things come froma higher power, pride and egocentric behavior are 
turned into humility and devotion. This strengthens your practice of all the limbs leading up to 
samadhi (the eighth limb). 


Asana and Pranayama are the third and fourth limbs, and they relate to health and longevity, which 
allow us more time to achieve the ultimate goal of yoga, Self-Realization or Enlightenment. The thire 
and fourth limbs are important, as they prepare the body for meditation, which will be the key to 
calming your mind and discovering your true potential. 


THIRD LIMB Asana (Seat or Posture) 


Here is a question: If Gandhi is one of the greatest yogis of our time, does that mean he can touch his 
toes or bring his foot behind his head? The answer is that it doesn’t matter. Gandhi’s ability to 


perform the asanas had very little to do with what he contributed to the world as a great yogi. The 
same applies to you. The practice of asanas is as much about training the mind as it is the body. How 
you approach your asana practice is often a reflection of how you approach life. Do you keep a sense 
of peace and calm when a challenge presents itself? Do you break down the impossible into smaller 
tasks, making the whole possible through commitment to and reflection on each of the parts? Do you 
overcome self-perceived limitations on your own or do you accept support from others? 


Your practice of yoga poses should be characterized by two components: steadiness (sthira) and ease 
(sukha). Concentrating on the sound of your breath (wjjayi, the most commonly practiced breathing 
technique in yoga, see here), can provide the steadiness. If you lose your breath, it is most likely 
because you are pushing too hard; ease off the pose and let the pose cater to the breath. 


There is no such thing as a perfect pose; let the poses come like the steps of a dance. Just like in 
dance, when we focus too much on the mechanics, we let go of the ability to enjoy the music. While 
the mechanics of alignment are important to prevent injury, never forget the final goal. Feel the music 
of life flow through you as you do each pose and your body will learn the moves naturally. There are 
more than enough postures to keep you busy for the rest of your life, so allow yourself to let go of 
ambition and enjoy the journey. Incorporating a combination of forward bends, backbends, twists, and 
inversions in your yoga session is optimal for health. 


Remember, too, that asanas help prepare the mind and body for meditation, relieving tension and 
protecting the body from disturbances by purifying the nervous system. 


FOURTH LIMB Pranayama (Control of Breath) 


The English word “spirit” comes from the Latin spiritus, meaning “breath.” 


The breath and the mind are interconnected. Deep, rhythmic, and fluid breathing will energize yet 
calm the mind and body. Rapid, irregular, and strained breathing produces a chaotic and disturbed 
mind. A calm mind will give you the mental space to make better decisions and a life in which you 
take control instead of feeling like a victim of circumstances. 


Breathing properly is fundamental to our very existence. Your brain feeds on oxygenated blood, 
which is supplied with every inhalation. If you are unable to draw oxygen into your body, you will 
become brain dead after a few minutes. On the other hand, proper exhaling helps expel carbon 
dioxide. If your ability to exhale were impaired, you would most likely die due to the toxic buildup of 
carbon dioxide and poison. Stress tends to negatively affect breathing patterns, which contributes to a 
chain of effects that cause wear and tear on both your body’s nervous and immune systems. In fact, 90 
percent of illness is stress-related and, for this reason, attention to breathing properly is, indeed, a 
matter of life and death. 


FIFTH LIMB Pratyahara (Sense Withdrawal) 


Our perception of reality is predominantly influenced by our sensory experience—what we see, feel, 


* Brian Collin of Australia claims 
revelation from God (like mostofthese people) 
to make a free energy device. A Stephen Mark 
claimed he invented it 


« Kawai and Takahashi - both of Japan 
claimed in the 90's to have overunity devices, 


¢ Carl Cella claimed to have one of the 
many cars said to run on water. 


*¢ Robert LeBreton in 1999 claimed to be 
making a 600 hp free energy machine. 


*¢ Renzo Boscolio in 1999 in Italy claimed 
to have low-energy nuclear reactions but 
refused to supply real proof that he promised 
to people who came out from Infinite Energy 
Magazine. 


* Doug Konzen of Seattle says he has an 
overunity motor in Jan of 2000 that anyone 
cansee, 


¢ Troy Reed of Oklahoma was ready to 
issue licenses for manufacturing his 
permanent magnet motor etc. He’s taking 
investment money fora device he claims puts 
out more heat energy than input energy. He 
says he’s dumped a few million into his designs 
over the last 10 years and had little interest in 
my prize offer when I contacted him in 2001 


¢ Kipper Motor. In 10/00, Steve Elswick 
thought it was overunity. But David Sligarwho 
paid $175 for plans could not get it working, 


+ Ludwig Brits and Victor Christie in 
2001, claim the Lutec free electricity over 
unity motor/generator will soon be in 
Australia. 


¢ Jasker in 2002, an Irish company has 
claimed to have free electricity. (Some have 
said it is just a joke) 


+ Confidential Technology -Wayne 
Cochran died 12/29/02 Crazy Jack Carey 
took over. They have been promising FE soon 
forabout 20 years now. 


* Tom Bearden’s MEG device: many 
articles on the Internet. 


* Gurbakhsh Singh Mann of India 
claims to have invented gravity and buoyancy 
perpetual motion machines. 


* Michael J. Marshall in Las Vegas has a 
device called QSFG , which stands for quick 
start fuel-less generator he says 64 nations 
have asked him to build factories, 


¢ Carl Tilley and Robert Kibbey in 6/ 
2001 in Tennessee have claimed some over 


unity device and other stuff. Their 
demonstration failed in 9/02 and as of 11/02, 
they have been evading proper 
demonstrations. 


* Stephen Walker in 9/2002 promised to 
send me and several others a free energy 
machine in mail. 


¢@ PerEnDev promised to make some kind 
of free energy by means of magnets. 


¢ Bill Muller of Canada in 2003 claimedto 
have some kind of OU device. Independent 
tests found it under unity. 


+ Energie: In 2003 this Greek company 
promised a homopolar magnet (De Palma 
design) FE design by June of 2003. They 
actively seek investors 


* GWE Genesis World Energy In 2002 
this group claimed to have 400 people who 
developed some device that sounds like it 
separates water into H2 and O2 using less 
energy than mainstream science says is 
possible. As of 2003, they have evaded 
independent confirmation. More information 
is available, 


* Steven Greer (Disclosure Project) In 
02.2003, Steven announced he had discovered 
some real sources of Free energy, which he 
promised to make sure get proven to the 
general public. 
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hear, touch, and taste. Pratyahara refers to the withdrawal of the senses from external objects and 
our modern-day need for constant gratification from sensory stimuli. Our minds are constantly being 
pulled outward to evaluate all the information the senses bring in. Evaluation involves categorizing 
what has been perceived; ofien, we hold on to what we believe is desirable, push away what we 
believe is undesirable, and ignore what we believe to be neutral. Pratyahara gives our minds a 
moment to rest and teaches us to be free of the grasping and clinging to the things we enjoy and 
avoiding the undesirable. 


When you throw a pebble into a pond, your reflection becomes distorted by the resulting ripples. 
Your mind works in very much the same way: Every thought creates a ripple that distorts the ability to 
see your true self clearly. Constantly disrupted by these ripples, you begin to believe that the distorted 
reflection is who you really are. Practicing pratyahara calms the mind, allowing you to see yourself 
clearly. 


SIXTH LIMB Dharana (One-Pointed Concentration) 


Asanas, pranayamas, and pratyahara help prepare us for meditation. 


When the mind moves from experiencing random scattered thoughts to single one-pointed 
concentration, it can then find complete absorption in the present moment. By practicing one-pointed 
concentration, we clear the mind of all distracting thoughts. This can be achieved by focusing on your 
breath, counting, reciting mantras, or observing a candle flame or an image. Because we are 
constantly entangled in reliving past memories or living in anticipation of what is to come, it is very 
seldom that we live in the present moment. It is even less common to be mindful of the present 
moment with a calm and focused mind. However, this is crucial when trying to achieve self- 
realization. The power is in the now! 


SEVENTH LIMB Dhyana (Meditation) 


Just as there are many different types of yoga poses, there are many ways of meditating. Meditationis 
a form of inner contemplation that allows you to access a state of mind that has transcended the ego. 
This is a state of pure awareness of the present moment that is free of judgment. All meditation leads 
to a state of full awareness that does not discriminate or categorize things in a dualistic manner, 
which is to say the perception of what is good versus what is bad, beautiful versus ugly, pleasant 
versus unpleasant, etc. When we examine reasons behind such judgments, we find many of these 
beliefs are based on learned behavior, may vary from one culture to another, and have no fixed or 
concrete reality. With consistent reflection and an open mind, we can correct our biased perceptions. 
You will develop that part of you called “the Observer.” Once grounded in a regular seated 
mediation, it is important to take it into a moving mediation throughout your daily life. 


EIGHTH LIMB Samadhi (Total Absorption) 


Samadhi occurs when the analytical mind becomes absent and at one with the object of meditation. 
The object of meditation can be whatever you are focusing on in your meditation that is used to 


achieve one-pointed concentration. The word om, a deity, or a candle flame are all examples of 
objects of meditation. Total absorption involves the feeling of oneness with all creation, dissolving 
all lines between the act of meditation and the object being meditated upon. 


It is the absorption in the present moment (amanaska) where dualistic thinking is transcended. Many 
are mistaken in believing samadhi is the final goal of yoga. It is but a temporary state of mind that we 
enter based on the conditions that we have nurtured to support it. 


It’s useful to remember that every moment in your life gives you an opportunity to practice the eight 
limbs. Learn at your own pace, but stay focused, be consistent, and enjoy the journey! 


THE UJJAYI BREATH 


Breath is an essential staple of every yoga practice. By focusing on the breath, a yogi is able to stay in 
the present moment. Since the breath is neutral, a yogi neither seeks to avoid it, nor is she eager to 
chase it. Proper and continuous breath helps clear the mind of distracting thoughts and to remain in the 
present moment with one-pointed concentration, 


Deep, conscious breathing also slows down the heartbeat and activates the parasympathetic nervous 
response, which soothes the nervous system, and allows the muscles to relax into the stretches and 
stay strong in the strength-based yoga poses. Maintaining deep, fluid breathing will help transform 
your yoga practice into a moving meditation. 


Ujjayi pranayama is one of the most commonly used breathing techniques in every yoga practice. 
Ujjayi means “victorious” in Sanskrit. When practicing this breathing technique, a yogi creates what 
can be described as the “ocean sound” in the back of the throat by gently squeezing the glottis (the 
opening between the vocal cords in the throat). You’re aiming to create a breathy and whispery sound 
atthe back of the throat. The sound is often compared to the sound Darth Vader makes when 
breathing! In order to practice ujjayi breath, first sit ina comfortable position. Inhale through the nose 
and, as you exhale, imagine you are trying to fog up a glass. Try to inhale with the same sound. Once 
you feel like you have an understanding of the ujjayi breath technique, seal your lips in order to 
prevent the throat from drying out. (A dry throat usually leads to coughing and drinking water, which 
distracts you from your yoga practice.) Inhale and exhale through the nose, while still maintaining the 
sensation in the throat of trying to fog up a glass. 


Using breath to facilitate poses: 


Keep your breath deep and rhythmic. 


If your breathing becomes restricted or choppy, there is a good chance that you are pushing 
yourself unnecessarily. In this case, you should ease off the pose and return to a place that 
promotes smooth and fluid breathing. 


e The body lifts up and lengthens on the inhale. For example, lift up froma forward bend into a 
mountain pose on the inhale, using the inhale to lengthen the limbs of the body and the spine. 
Use the exhales to go deeper into the pose. 


THE BANDHAS 


Bandha means “lock.” Bandhas were traditionally believed to regulate the flow of life energy 
(prana) throughout the body. In contemporary yoga practice, bandhas serve a more practical purpose. 
They are contractions, or “body locks,” that you can implement to help correct your posture or aid 


you in proper alignment, 


There are three major bandhas: mula bandha, uddiyana bandha, and jalandhara bandha. The 
combination of all three bandhas is called maha bandha, or “the great lock.” 


Mula bandha refers to the triggering of the perineum muscle that is located between the genitals and 
the anus. Mula means “root,” therefore mula bandha translates as “root lock.” When this bandha is 
engaged, you will feel a slight pull on the inside of the thighs, similar to what you feel when trying to 
stop the flow of urine. 


Uddiyana bandha means “flying/moving up.” To engage this bandha, place three fingers below the 
belly button and pull your lower abdominal muscles slightly in and up. This will cause your pelvis to 
tilt forward slightly with an upward action, protecting the lower back and strengthening the lower 
abdominals. 


Mula and uddiyana bandhas should be engaged throughout the yoga practice. Together they help 
correct the posture and create proper alignment, which will reduce the chance of injury. 


Jalandara bandha is a chin lock. To practice this lock, bring the chin toward the clavicle bone while 
keeping your spine upright and moving your shoulder blades down the back. This bandha is rarely 
used, but can be found when engaged in Dandasana, Staff Pose. 


THE DRISHTIS 


Drishtis are the meditation gazing points to focus on while performing the poses. They are designed 
to aid with proper alignment, as well as to strengthen the focus on the present moment. While 
practicing we tend to look around, compare ourselves to others in the room, or look at the clock. This 
takes away from the focus on the internal aspects of the practice. Drishtis are meant help you look 
inward. 


They are as follows: 


1. Nasagrai or Nasagre (nose) 

. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
. Nabhi, Nabhicakre, or Nabi Chakra (belly button) 

. Hastagrai or Hastagre (hands) 

. Padayoragrai or Padayoragre (toes/feet) 

. Parshva Drishti (to the right) 

. Parshva Drishti (to the lefi) 

. Angushtamadhye or Angushta Ma Dyai (thumbs) 
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. Urdhva or Antara Drishti (up to the sky) 


Drishtis can be complicated to grasp at first. However, there are general guidelines for the gaze. It 
comes down to letting your eyes follow the direction of the stretch. For example, in backbends we 
look at our third eye in order to let the head roll back and deepen the backbend. Similarly, in seated 
forward bends, such as Paschimottanasana (Western Intense Stretch Pose), we gaze at the toes to 
lengthen the spine. The purpose ofdrishtis is not for you to become cross-eyed; they are a way to 
softly focus without intensely staring. 


HOW TO APPROACH YOGA POSES 


Yoga poses provide much more than a physical workout. Performing them builds character. Facing 
your fears and challenges that extend beyond your comfort zone with a sense of peace, calmness, and 
psychological equanimity will help you overcome your self-perceived limitations. 


| find it helpful to think of every yoga pose as a prayer you do with your body. While you perform the 
pose, focus on what is good in your life with a feeling of gratitude. Being at one with your mind and 
body in this place of grace helps you transcend the ego, which helps you get closer to the ultimate 
goal of yoga, which is enlightenment. 


Universal Alignment Cues 


© Engage mula and uddhiyana bandhas. 


Engage the ujjayi breath and maintain deep conscious breathing all throughout the yoga session. If 
your breath is suffering, then back off a bit. 


Keep the chest open and shoulder blades down the back. 
Lengthen the body and limbs on the inhale, deepen the pose on the exhale. 


Avoid jerky and uncontrolled movements during the poses that are based on flexibility. 


Square your hips. 


Don’t let your knee go past your ankle when doing any kind of lunge. 


In Plank and the majority of arm balances, shoulders should be just over the fingertips. 


Even if you are intermediate or advanced, start with the beginner modifications in order to ensure 
proper form and get the blood into the targeted muscle as a warm-up. 


Universal Flexibility Cues 
¢ Hold flexibility for a minimum of 30 to 90 seconds. 
Stretch to the edge of comfort and stimulation without straining. 


¢ Don’t overstretch to the point of pain; your muscles will tighten up in order to protect themselves 
and your flexibility will decrease. 


RELAXATION AND MEDITATION 


Relaxation 
Corpse Pose (Shavasana) 


(Shava in Sanskrit means “corpse”) 


After an intensive asana practice, the final resting yoga pose, Corpse Pose or Shavasana, helps 
deepen the connection between our physical body and mind and helps prepare both for meditation. 
Shavasana can be thought of as an awakening, giving us the time to contemplate the question “If I died 
today, would I be fully satisfied and content with what I accomplished in this lifetime?” Have you 
lived up to your full potential? Have you fully acknowledged the people in your life that are of great 
importance to you? Would you be able to pass on with no regrets? 


1. Lie down on your back, shoulder blades tucked in, legs apart. Relax your arms and let your palms 
face the ceiling. Let your fingers naturally curl. Relax your body into a neutral, comfortable 
position. 

2. Close your eyes. Let your jaw naturally separate as you relax your whole body as if it were 
sinking down to the floor. Release all tension from your body. 

3. Without letting the mind wander, concentrate on your breathing to reach a deep state of conscious 
relaxation, both physically and mentally. 


Meditation 
Easy Pose (Sukhasana), Seated Lotus Pose (Padmasana) 


1. Start in Staff Pose (Dandasana), both legs extended in front of you. Grab onto your sitting bones 
and pull back the flesh to lengthen your legs and spine. 

. Sit ina cross-legged position that is comfortable. You can sit on a chair, in Easy Pose 
(Sukhasana), in Half Lotus (Ardha Padmasana), or Full Lotus (Padmasana). Press your sitting 
bones into the ground as you extend up through the spine. Lift the crown of your head up to the sky. 
Place one hand on top of the other and have the thumbs lightly touch. Gently close your eyes. 
Perform the 1:4:2 Healing Breath Zen Meditation as follows: 


Inhale for a count of 4 and feel your lower abdomen expand as you push it out. Hold and retain the 
air in your lungs for the count of 16. Exhale for a count of 8 as you squeeze the belly button back to 
the spine. Visualize the numbers as you count throughout the set. This will help develop what is 
called “one-pointed concentration.” Your breathing must be so fine that it would not ruffle a 
feather. Each count should be one second long. 


After 10 breath cycles are performed, the exercise is finished. In an authentic yoga practice, the 
ego may not be permitted to intrude into the process. Don’t “perform” the exercises as if you had 
an appreciative audience. This is your personal journey. Explore and express yourself while you 
gain the wonderful physical and mental benefits. This breathing technique is called Abdominal 
Breathing and should be maintained during the entire yoga practice. 


A BRIEF SUMMARY OF CHAKRAS 
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In Sanskrit the word chakra can be translated into “wheel” or “turning.” In the yogic interpretation, 
the chakras are based on the concept of a vortex and are visually portrayed as a lotus flower. 


According to various Eastern yogic spiritual practices such as Hinduism and Tantric Buddhism, 
chakras are described as wheels or rings of energy found in the subtle (non-physical) body; the 
culmination of the mind, intelligence, and ego, which influences the gross physical body. Within this 
subtle body there are energy channels called nadis that carry the life force or vital energy (prana). 
The main adi that runs through the chakras is called the sushumna (brahma) nadi. The sushumna 
joins two other important nadis (ida and pingala) together at the first and seventh chakras. The 
diameter of a singular nadi is believed to be no thicker than a thousandth of a hair’s width and is 
located along the spine. 


There are various opinions on how many chakras there are, but it is generally agreed that chakras 
spin in a “wheel-like” motion to draw in vital energy that creates a balance between the spiritual and 
physical body. 


The earliest known recording of chakras dates back to the ancient Vedas (1700 sce). The most 
popular chakra model used today is based on two Indian texts: Shat-Cakra-Nirupana, written by a 
Bengali yogi named Purnananda Swami in 1577, and the Padaka-Panchaka, written in the 10th 
century. 


Chakras are activated in the following ways: 

By stretching open the area where the chakra is located. For example, the throat chakra can be 
activated in Camel Pose (Ushtrasana). The head is rolled back so there is a stretch in the front of the 
throat. 


By applying physical pressure on the area where the chakra is located. Throat chakra, for example, 
can be activated in Staff Pose (Dandasana). The Chin Lock V/aladhara Bandha) is engaged by 
bringing the chin to the clavicle bone, therefore applying pressure to the throat area. 


By combining the two methods above, throat chakra is activated in full version of Inverted Locust 
Pose (Viparita Shalabhasana). The head is rolling back, creating a stretch in the front of the throat. 
At the same time, the throat area is pressed to the floor, so there is physical pressure on that area. 


BENEFITS AND CAUTIONS FOR 8 CONDITIONS 


CONDITION 
1. Headache & Migraine 


Many headaches are caused by tension and stress. In yoga we breathe deeply and relax. The yoga 
practice stretches the tight muscles in the upper body, releases endorphins (a “feel good” hormone) 
and relaxes the mind. It helps release tension by increasing blood flow to the muscles, making the 
nervous system less agitated and reducing a chance of a headache or migraine. 

Poses that put weight or pressure on the head and neck should be avoided. If you suffer from 
migraines, avoid poses that dramatically increase blood flow to the head. If your migraines are 
severe, avoid practicing yoga poses and lie down ina dark room. 


BENEFICIAL POSES 


Seated forward bends-Ex. Both Hands to Ankle Head to Knee Pose Owi Hasta Kulpa Janu 
Shirshasana) here. Seated forward bends release tension in the hamstrings and lower back and 
help prevent headaches caused by tension in the legs and lower back. 


Seated twists—Ex. Half Root Lord of the Fishes Pose (rdha Mula Matsyendrasana) here. Seated 
twisting poses can help prevent headaches caused by tension in the upper and lower back. 


Hand position of the pose dedicated to Garuda-Ex. Hand Position of the Pose Dedicated tc 
Garuda in Child’s Pose (Hasta Garudasana in Balasana) here. Any pose with this hand position 
helps stretch the upper back and back shoulder heads and can help prevent headaches caused by 
tension in the muscles of the upper back. 

Hand position of Cow Face Pose-Ex. Hand Position of Cow Face Pose in Bound Angle Pos: 
(Hasta Garudasana in Baddha Konasana) here. Any pose with this hand position helps stretch the 
triceps, front shoulder heads, and rotator cuffs and can help prevent headaches caused by tension in 
the arms and shoulder muscles. 


POSES TO APPROACH WITH CAUTION 


Inversions—Ex. Peacock Feather Pose (Picha Mayurasana) here, Leg Position of One-Leggec 
King Pigeon | Version B in Headstand 5 (Pada Eka Pada Raja Kapotasana I B in Shirshasana 5 
here, and Leg Position of the Pose Dedicated to Garuda in Hands Bound Supported Whole Bod 
Pose (Pada Garudasana in Baddha Hasta Salamba Sarvangasand, also known as Shoulderstand 
here. Avoid any intense inversions that require a lot of strength, as they increase the heart rate and 
blood flow to the head and may trigger headaches or migraines. 

Backbends with feet and head on the floor-Ex. Bridge Pose (Setu Bandhasana) here. Avoid 
poses that put pressure on the head and neck, as they may trigger headaches or migraines. 


CONDITION 
2. Carpal Tunnel 


To help prevent or alleviate carpal tunnel syndrome with yoga, you'll need to practice poses that 
strengthen and stretch the flexor muscles of the forearm, which are the muscles on the palm side of 
the forearm. Depending on the severity of your condition, you may want to start with poses that 
bear less weight on the wrist joint. 


BENEFICIAL POSES 


Poses that strengthen the wrist without straining it-Ex. Staff Pose (Dandasana) here. Stretching 
and gently strengthening the wrist and muscles of the forearm can help prevent or reduce carpal 
tunnel syndrome. 


Poses with hands in the reverse prayer position-Ex. Hidden Lotus Pose (Gupta Padmasana) here 
and Reverse Prayer Mountain Pose (Viparita Namaskar Tadasana) here. These poses help stretch 
out the wrists, forearms, front shoulder heads, chest, and rotator cuffs. Releasing tension from these 
areas is helpful because muscles in the upper body are interconnected and carpal tunnel can be 
caused or worsened by a chain reaction of tense muscles. 


Poses that have hands in prayer (Anjali Mudra)-Ex. Revolved Prayer Standing Rising Winc 
Relieving Pose (Parivritta Namaskar Stiti Utthita Vayu Muktyasana) here. Stretching the wrists 
and forearm muscles can promote blood flow and lessen tension in the area. 

Poses with bound hands, palms facing out-Ex. Mountain Pose—Raised Bound Hands (adasana 
Urdhva Baddha Hastasana) here These poses help stretch the forearm muscles that are strained 
and tight in most people who have carpal tunnel syndrome. 


POSES TO APPROACH WITH CAUTION 


Arm balances with both feet off the floor-Ex. Crane Pose (Bakasana) here. These poses have the 
entire body weight resting on the wrists, which puts a great amount of strain on the carpal tunnel 
and may drastically worsen its symptoms. 

Backbends with hands and feet on the floor-Ex. Upward Bow Pose Urdhva Dhanurasana) here 
and Wild Thing Pose (Chamatkarasana) here. These poses are very hard on the wrists. 


Backbends with straight arms-Ex. Upward Facing Dog Urdhva Mukha Shvanasana) here. These 
poses put strain on the wrist joints because most of the upper body weight rests on the hands. 
ADDITIONAL NOTES: There are some options to avoid pressure on the wrist while practicit 
Upward Facing Dog Pose Urdhva Mukha Shvanasana) here or Downward Facing Dog (Adho 
Mukha Shvanasana) here. If you feel that these poses irritate the carpal tunnel, drop the knees to 
the floor and rotate the hands 45 degrees to the outside to take the pressure off the nerve. You may 
also experiment with placing props (rolled-up yoga mat, thin book, or slant board) under the heels 
of the palms to shift the weight to the knuckles and fingers to reduce the compression of the wrist. 


CONDITION 


3. Asthma 


Yoga can help bring awareness to your breathing patterns and release tension from the neck, upper 
back, chest, and shoulders. Focus on developing full and complete breaths through seated 
mediation sitting in Easy Pose (Sukhasana) here. Since a symptom of asthma is short shallow 
breaths, developing control of the breath will help the body obtain the oxygen needed and help 
calm the body, preventing future attacks. 


Some yoga poses may be strenuous to the respiratory system and could cause asthma attacks. It’s 
recommended that you pace yourself, gradually raising your body temperature and gradually 
cooling down. Cold air can cause bronchi to contract and cause an asthma attack. Hot and humid 
air can cause dehydration and can also cause an asthma attack. Find a room with a comfortable 
temperature. 


BENEFICIAL POSES 
Poses on hands and knees-Ex. Going from Tiger Pose (Vyaghrasana) here to Unsupported Tiger 
Pose (Niralamba Vyaghrasana) here. Many people who suffer from asthma have tension in the 
upper back and chest from coughing during asthma attacks. Combining mild backbends with mild 
forward bends gently stretches the chest, upper back, and the neck, which can help reduce the 
symptoms of asthma worsened by tension in those areas. 
Mild backbends-Ex. Fish Pose (Matsyasana) here. Mild backbends help open the chest and front 
shoulder heads and improve the quality of breathing. 
Lion's Pose variations—Ex. Lion Pose Dedicated to an Avatar of Lord Vishnu in Garland Pose 
(Narasimhasana in Malasana) here. Lion’s Pose variations can help release tension in the throat, 
neck, and jaw because you “roar” like a lion in these poses. They also can help push the stale air 
out of your lungs. 


Seated meditation focusing on breathing—Ex. Lotus Pose (Padmasana) here. Bringing awareness 
to your breath and developing control can be useful during an asthma attack. It can also help 
prevent an attack from happening. 

Inversions—Ex. Headstand 5 (Shirshasana 5), also known as Tripod Headstand here. Inversions 
help promote proper movement of the diaphragm during an exhalation. Since the majority of the 
body is upside down, gravity works with the exhalation, not against it. 


POSES TO APPROACH WITH CAUTION 


Inversions on the shoulders-Ex. Ear Pressure Pose (Karnapidasana) here. Inversions on the 
shoulders compress the neck and chest, especially when the knees are bent toward the head. This 
compression restricts your breathing and may cause an asthma attack. 

Backbends on the chin and chest-Ex. Inverted Locust Pose (Viparita Shalabhasana) here. These 
poses compress the throat and restrict your breathing, and may cause an asthma attack. 

Seated forward bends—Ex. Western Intense Stretch Pose (Paschimottanasana) here. These poses 
compress the lungs and restrict your breathing, and may cause an asthma attack. 

Cardio-intense poses-Ex. Crocodile Pose (Nakrasana) here. Poses that require a lot of strength 


and that are demanding on the cardiovascular system can cause shortness and shallowness of 
breath, and may cause an asthma attack. 

Intense backbends-Ex. Little Thunderbolt Pose @aghuvajrasana) here. These poses can be 
stimulating and cause shortness of breath if you have asthma. It is recommended to start with mild 
backbends and progress into deeper ones slowly, according to how your body feels. 


Arm balances with both feet off the floor-Ex. Uneven Half Repose Pose Dedicated to Ashtavakr: 
(Vishama Ardha Shayana Ashtavakrasana) here. These types of poses require a lot of strength and 
endurance and may cause shortness of breath. 


CONDITION 
4. Neck Pain 


Yoga practice can help prevent and relieve neck pain. The combination of gentle stretches and 
strengthening movements can open up tight muscles in the body, increasing neck flexibility and 
rebalancing postural muscles. Simple and slow movements will lubricate the neck and increase its 
range of movement. Hold each pose for 30 to 90 seconds. 

While it’s important to strengthen and stretch the neck muscles in order to help prevent neck injury, 
if you already have a neck concern it’s best not to aggravate it. Poses that are most strenuous for the 
neck are the ones that bear the majority of the body’s weight on the head or neck. 


BENEFICIAL POSES 


Seated neck stretches-Ex. Easy Pose with Neck Stretch Sukhasana) here. Neck pain can be 
caused by tension in the neck muscles. Stretching these muscles can help prevent or reduce neck 
pain. 

Seated twists—Ex. Pose Dedicated to Bharadvaja 1 @haradvajasana 1) here. Muscles in the neck 
are connected to the muscles in the upper back. Seated twists increase the range of motion in the 
upper back and neck and can help prevent or reduce neck pain caused by tension in these areas. 


Poses on hands and knees-Ex. Going from Tiger Pose (Vvaghrasana), modification knee to the 
forehead, here to Tiger Pose (Vyaghrasana), also known as Cat Tilt here, top. Rounding the back 
and then going into a mild backbend can help strengthen the neck muscles and stretch the front of 
the neck (in Dog Tilt) and the back of the neck (in Cat Tilt). 

Hand position of the pose dedicated to Garuda-Ex. Hand Position of the Pose Dedicated tc 
Garuda in Hero Pose (Hasta Garudasana in Virasana) here. Any pose with this hand position 
helps stretch the upper back and back shoulder heads and can help prevent neck pain caused by 
tension in the muscles of the upper back. 


POSES TO APPROACH WITH CAUTION 


Full inversions-Ex. Revolved Leg Position of One-Legged King Pigeon | Version B in Headstan 
5 (Parivritta Pada Eka Pada Raja Kapotasana I B in Shirshasana 5 here, One-Legged 
Unsupported Whole Body Pose (Eka Pada Niralamba Sarvangasand, also known as 
Shoulderstand here Full inversions with the head on the floor put strain on the neck since the 


majority of the body weight tends to rest on the head or neck. If you have a neck injury, it’s best to 
avoid these. 


Backbends with feet and head on the floor-Ex. Inverted Tip Toe Bow Pose (Viparita Prapada 
Dhanurasana), also known as Headstand Bow Pose (Shirsha Dhanurasana) here. Backbends 
with head and feet on the floor require a lot of neck strength and should be avoided if you have a 
neck concern. 


CONDITION 
5. High Blood Pressure 


If you think you may be at risk or have already been diagnosed with high blood pressure, it is 
advisable to speak with your health care provider. Practicing yoga may help with blood pressure 
management since it combines the benefits of meditation, muscle relaxation, and strength training 
exercise. When practicing yoga poses, ensure that you are able to breathe comfortably and deeply. 
If you have any difficulty breathing, come out of the pose and rest or perform an easier version of 
the pose. If difficulty breathing persists, then consult your health care provider immediately. 


BENEFICIAL POSES 


Seated backbends-Ex. Hands Bound Lotus Pose @addha Hasta Padmasana) here. Seated 
backbends gently open the chest and improve the flow of oxygen to the lungs. They release tension 
in the chest and front shoulder heads often caused by stress and hunching over a computer on a 
daily basis. This can help lower high blood pressure that is a result of stress. 

Seated twists-Ex. Revolved Easy Pose (Parivritta Sukhasana) here. Seated twists help release 
tension from the upper back and detoxify the body. This can help lower high blood pressure that is 
a result of tension in the upper back. 


Supine forward bends—Ex. Reclining Both Hands to the Leg Pose Gupta Dwi Hasta Padasand 
here. Supine forward bends stretch the hamstrings without increasing blood pressure, as opposed 
to standing forward bends where the head is below the heart. This can help lower high blood 
pressure that is a result of muscle tension of the lower back and legs. 


POSES TO APPROACH WITH CAUTION 


Inversions—Ex. Feet Spread Out Intense Stretch Pose 2 Prasarita Padottanasana 2) here and 
Crane Pose in Headstand 5 Prep. @akasana in Shirshasana 5 Prep.) here. Inversions should be 
avoided if you have high blood pressure that is not controlled. They are very stimulating postures 
since the head is below the heart, which causes an increased demand for oxygen. These increase 
blood flow and heart rate, generating pressure to the blood vessels of the brain, and may cause 
blood pressure to rise dramatically. 

Lunges with back knee off the floor-Ex. Revolved Son of Anjani (Lord Hanuman) Lunge Pos: 
with Hands in Prayer (Parivritta Anjaneyasana Namaskar) here. These poses can require a lot of 
lower body strength if you are not used to practicing them. They can raise the heart rate and 
increase blood pressure. 


Arm balances with both feet off the floor-Ex. Leg Position of Cow Face Pose in Pendant Pos: 
(Pada Gomukhasana in Lolasana) here. These poses are demanding on the upper body and may 
increase heart rate, which can increase blood pressure. 


Backbends with hands and feet on the floor-Ex. Elevated Both Legs Inverted Staff Pose Utthita 
Dwi Pada Viparita Dandasana) here. Poses such as these can be demanding on the upper body 
and can elevate blood pressure by increasing heart rate. 


CONDITION 
6. Menstruation 
During a period, uterine contractions can cause painful cramps in the lower abdomen and lower 
back. Yoga can help release endorphins to relax the body. Stretch out the lower body and back to 
help release the pain. Forward bends, inside hip openers, and gentle twists can help relieve the 
symptoms of menstruation. 
Some are of the opinion that inversions can cause engorgement in the blood vessels of the uterus, 
which may increase blood flow, and should be avoided during a period. On the other hand, B.K.S. 
Tyengar’s book The Path to Holistic Health recommends inversions during a period to reduce 
blood flow. You should listen to your own body and judge accordingly. If you are not feeling 
strong, engage in a slower-paced yoga pose practice. 


BENEFICIAL POSES 


Supine hip openers-Ex. Universal All-Encompassing Diamond Pose Vishvavajrasana) here. 
Poses such as this open up the hips and groin and allow the lumbar spine to rest, which can help 
relieve the menstrual discomfort. 

Low squats—Ex. One Leg Bound Garland Pose Eka Pada Baddha Malasana here. Practice poses 
such as this to stretch out the groin, the chest, and front shoulders. Releasing tension from those 
areas can help relieve menstrual discomfort. 

Seated hip openers-Ex. One Legged King Pigeon Pose 1 Prep. Eka Pada Raja Kapotasana | 
Prep.) here. Poses such as this help open up the hip and stretch the lower abdomen, which can help 
relieve menstrual discomfort due to tension in that area. 


Backbends on the knees-Ex. Camel Pose (Ushtrasana) here. Poses such as this can help stretch 
out the lower abdomen and release tension from that region, which can help relieve menstrual 
discomfort. 


Gentle seated twists-Ex. Easy Lord of The Fishes Pose Prep. Gukha Matsyendrasana Prep.) 
here. Seated twists stimulate internal organs and can help relieve the symptoms of menstruation by 
gently encouraging the natural blood flow during menstruation. 


POSES TO APPROACH WITH CAUTION 


Arm balances with hands and feet on the floor-Ex. Four Limbed Staff Pose Chaturanga 
Dandasana) here. Poses such as this are very demanding on the upper body and core, and may 


worsen the symptoms of menstruation due to overstraining. 

Arm balances with both feet off the floor-Ex. Pose Dedicated to Galava, One-Legged Variatior 
(Eka Pada Galavasana) here. These poses demand a lot of strength and may worsen the symptoms. 
of menstruation due to overstraining. 

High squats-Ex. Tip Toe Fierce Pose (Prapada Utkatasana) here. Poses such as this are 
demanding on the legs and core, and may worsen the symptoms of menstruation due to 
overstraining. 

Backbends on hands and feet-Ex. Partridge Pose (Kapinjalasana) here. Intense backbends put a 
lot of strain on the body, because they engage the entire body. They may worsen the symptoms of 
menstruation due to overstraining. 


CONDITION 
7. Pregnancy 
Don’t engage in a vigorous yoga practice with jump-through and jump-back Vinyasas. Jumping is 
dangerous during pregnancy. Avoid hot yoga classes that can dangerously elevate your core 
temperature or cause dehydration. After giving birth, be mindful when going into deep stretches. 
The levels of relaxin (the hormone that loosens the muscles and joints to accommodate birth) in the 
body may still be high, increasing the danger of injury due to overstretching. If you had a C-section, 
make sure the wound heals properly. Avoid doing any intense twists or backbends, as they may 
interfere with healing of the wound. 


BENEFICIAL POSES 
Seated inner hip openers-Ex. Knees Spread Wide Hero Pose @rasarita Janu Virasana) here. 
Poses such as this stretch out the inner hips without compressing the abdomen. 
Wide-legged squats—Ex. Lotus Hand Seal in Upward Hands Pose Dedicated to Goddess Kal 
(Padma Mudra Urdhva Hasta Kalyasand here. Wide-legged squats strengthen quadriceps (front 
of the thighs), hamstrings (back of the thighs), and glutes (buttocks) without putting pressure onto 
the abdomen. 
Standing side bends-Ex. Extended Side Angle Pose (Utthita Parshva Konasana) here. Standing 
side bends stretch out the side of the torso and lower back while strengthening the legs without 
putting pressure onto the abdomen. 
Poses on hands and knees-Ex. Tiger Pose (Vyaghrasana) here. Poses on hands and knees can be 
done during pregnancy because they do not compress the abdomen. 
Mild backbends on the knees-Ex. Half Camel Pose drdha Ushtrasana) here. Mild backbends 
can be practiced during pregnancy since they don’t compress the abdomen. 


POSES TO APPROACH WITH CAUTION 


Inversions—Ex. Repose Pose (Shayanasana) here. Don’t do any inversions where your heart is 
above your head beyond the first trimester. Turning your body upside down creates pressure on 


your internal organs and may be damaging to the developing fetus. 


Forward bend twists-Ex. Two Hands Revolved Western Intense Stretch Pose (Dwi Hasta 
Parivritta Paschimottanasana) here. Don’t do any forward bends or twists that compress the 
abdomen and squeeze the fetus and placenta. 


Core poses-Ex. Revolved Boat Pose (Parivritta Navasana) here. Don’t do strenuous core poses 
that compress the abdomen. 

Prone poses-Ex. One-Legged Pose Dedicated to Siddhar Konganar Eka Pada Konganarasana) 
here. Avoid prone poses since they put a lot of pressure on the abdomen. 

Supine poses where the back is flat on the floor-Ex. Reclined Leg Position of Cow Face Pos 
(Supta Pada Gomukhasana) here. Supine poses with the back flat on the floor take out the natural 
curve in the lumbar spine that is present during pregnancy and can compress the fetus and placenta. 
Intense backbends—Ex. One-Legged Pigeon Pose Eka Pada Kapotasana) here. Intense backbends 
create too much stretch in the abdomen and should be avoided during pregnancy. 


CONDITION 
8. Menopause 


Common symptoms of menopause such as hot flashes and mood swings can be alleviated with 
regular yoga pose practice. Focus on poses that open up the pelvic area as well as mediation to 
help control stress. 

Avoid practicing hot yoga and avoid overexertion. Both can trigger menopause symptoms. It is 
recommended to avoid vigorous Sun Salutes, as they can increase body temperature and cause hot 
flashes. 


BENEFICIAL POSES 


Mild supine backbends-Ex. Bridge Whole Body Pose Getu Bandha Sarvangasana) here. Mild 
backbends open up the chest and heart area. They can help balance blood pressure and hormonal 
secretions as well as help relieve mood swings and hot flashes. 


Supine hip openers-Ex. Reclined Bound Angle Pose(Supta Baddha Konasana) here. These poses 
open up the chest, heart and pelvic areas. Blood flow is increased into the pelvic area and 
reproductive organs and that can help balance hormonal functions. These poses can help relieve 
high blood pressure, headaches, and breathing problems. 


Supine thigh openers-Ex. Reclined Hero Pose Supta Virasana) here. Poses such as this can help 
improve blood circulation in the ovarian region and stimulate the pelvic organs, which can help 
balance hormonal functions and relieve the symptoms of menopause. 


POSES TO APPROACH WITH CAUTION 


Backbends on hands and feet-Ex. Tip Toe One Hand Upward Bow Pose @rapada Eka Hasta 
Urdhva Dhanurasana) here. Poses such as these can be too strenuous on the upper body (arms and 
shoulders). They can raise the body temperature and cause hot flashes. 


Core poses—Ex. Boat Pose (Navasana) here. Avoid any vigorous core yoga poses, as it creates too 
much tension around the abdominal organs and may worsen the menopause symptoms. 

Standing tv Ex. Revolved Side Angle (Parivritta Parshva konasana) here. Avoid any intense 
twists, as it creates too much compression around the internal organs of the torso, which may 
worsen the menopause symptoms. 

Inversions—Ex. Headstand 1 (Shirshasana 1) here. Avoid any full inversions, as they increase 
blood flow to the internal organs of the torso and raise heart rate which may cause hot flashes. 


Tesla Energy Science Conference 
and Exposition 


1220 L Street NW, Suite 100-232 Washington DC 20005 
‘Tel:800-295-7674 
Fax: 301-513-5728 
‘www IntegrityResearchinstituteorg 
Email iri@erolscom 


Saturday, November 8, 2003 
Wireless Electricity Seminar 


30 AM 10:15 AM 


Opening Address: “Space Solar Power” — Dr. Paul Werbos Program Director, National Science 
Foundation 


10:15 AM 12:15 PM 


Special 2-Hour Presentation: “Nicola Tesla and the development of RF Power Systems” - Dr. James 
Corum, Physics Professor, research Scientist and Inventor and Kenneth Corum, Physicist, teacher, 
consultant, 


2:00 Pm 3:00 PM. 


“Power Engineering Scalar Field Theory: Faraday vs. Maxwell and Longitudinal Wave Demonstration” — 
Professor Konstantin Meyl, Engineer, Author, Inventor of the Demo-Set, Professor at the University 
of Berlin 


3:15 PM 4:15 PM. 


“Wireless Energy Through the Earth-lonosphere Cavity” — Dr. Elizabeth Rauscher, Nuclear and 
Astrophysicist, Inventor of the ELF Earthquake Predictor and Triangulator. 


4:15 PM 5:15 PM 


“Masters of the lonosphere HAARP Modifies the Polar Electrojet” - BBC Video on Tesla Technology, 
with Wiliam Terbo, demonstrating ionospheric excitation by radio waves, 


6:30 PM 7:15 PM. 


Masters of the lonosphere ~ BBC Video Presentation repeated for the Special Tesla Evening Event 
attendees 


30 PM 8:30 PM 


“The Wardenclyffe Dream: Tesla’s Plan for Wireless Worldwide Distribution” ~ Dr. Mare Seifer Professor, 
Author of the best-selling book Wizard, The Life and Times of Nikola Tesla, presents an illustrated historical 
account, 

30 PM 9:00 PM 


High Voltage Tesla Coil Demo — High Voltage Device with Music: The Tesla Tower wind ensemble 
composition by Prof. Holland, Skidmore College 


Sunday November 9, 2003 
Electrotherapeutic and Tesla History Day 


9:30 AM - 10:30 AM 


“A Family Perspective on the Personality of Nikola Tesla. Review of the Popular Interest in this Scientific 
Icon” with Q and A Session — William Terbo, Engineer, Closest living relative of Tesla (Grand-nephew). 
Founder and Director of the Tesla Memorial Society. 
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MOUNTAIN POSE: HANDS BELOW THE HEAD 


Mountain Pose 


Tadasana 

(tuh-DAHS-uh-nuh) 

Also Known As: Equal Steady Standing, State of Balance (Samasthiti) 
Modification: palms rotated forward 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


@ 


Mountain Pose with Hands in Prayer 


Tadasana Namaskar 

(twh-DAHS-uh-nuh nuh-muhs-KAHR) 

Modification: hands in Anjali Mudra (Hands in Prayer); feet to the front, toes lifted 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


@ 


¢. 


Reverse Prayer Mountain Pose 


Viparita Namaskar Tadasana 

(vi-puh-REE-twh nuh-muhs-KAR tuh-DAHS-uh-nuh) 

Also Known As: Penguin Pose, Back of the Body Prayer Mountain Pose (Paschima Namaskara 
Tadasana) 

Modification: feet rotated out 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


a 


Hands Bound Mountain Pose 


Baddha Hasta Tadasana 

(BUH-duh HUH-stuh tuh-DAHS-uh-nuh) 

Pose Type: standing 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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MOUNTAIN POSE: HANDS ABOVE THE HEAD & TANDAVA AND LASYA DANCE MODIFICATIONS, 


Upward Salute Pose 


Urdhva Hastasana 

(OORD-vuh huh-STAHS-uh-nuh) 

Also Known As: Volcano Pose 

Modification: arms shoulder width apart 

Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Upward Salute Pose 


Urdhva Hastasana 

(OORD-vuh huh-STAHS-uh-nuh) 

Also Known As: Volcano Pose 

Modification: palms pressed together 

Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Mountain Pose—Raised Bound Hands 


Tadasana Urdhva Baddha Hastasana 


(tuh-DAHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Also Known As: Mountain Pose (Parvatasana) 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


eo 


Mountain Pose 


Tadasana 

(tuh-DAHS-uh-nuh) 

Modification: shoulder opener, intense version 

Pose Type: standing 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


e 


Pose Inspired by Parvati’s Graceful Dance 


Lasyasana 

(lahs-YAHS-uh-nuh) 

Modification: both legs straight; one leg extended to the front, heel up; one arm up over the head 
reaching to the floor, other arm reaching up to the sky; deep backbend 

Pose Type: standing, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
es00¢0e 
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ER THE HEAD & TANDAVA AND LASYA DANCE 


Standing Crescent Pose 


Indudalasana 

(in-doo-duh-LAHS-uh-nuh) 

Modification: grabbing onto the wrist of the top hand 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Sideways Mountain Pose—Raised Bound Hands 


Parshva Tadasana Urdhva Baddha Hastasana 
(PAHRSH-vuh tuh-DAHS-wh-nuh OORD-vuh BUH-duh HUH-STAHS-uh-nuh) 
Also Known As: Side Bending Pose (Parshva Bhangi) 

Pose Type: standing, side bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Upward Mountain Pose—Raised Bound Hands 


Parivritta Urdhva Tadasana Urdhva Baddha Hastasana 
(puh-ri-VRIT-tuh OORD-vuh tuh-DAHS-uh-nuh OORD-vuh BUH-duh HUH-STAHS-uh-nuh) 
Also Known As: Side Bending Pose (Parshva Bhangi) 

Pose Type: standing, side bend, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
e00Ge 
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One-Legged Standing Crescent Pose 


Eka Pada Indudalasana 

(EY-kuh PUH-duh in-doo-LAHS-uh-nuh) 

Modification: grabbing onto the wrist 

Pose Type: standing one-legged balance, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Side Stretch Pose 


Parshvasana 

(pahrsh-VAH-suh-nuh) 

Modification: fingers interlocked, palms pressed together 

Pose Type: standing, side bend 

Drishti Point: Nasagrai or Nasagre (nose), Urdhva or Antara Drishti (up to the sky) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-suh-nuh) 

Modification: heels down, legs crossed, arms up over the head 
Pose Type: standing, side bend, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
eso00¢0e 


‘TANDAVA AND LASYA DANCE MODIFICATIONS 


Pose Inspired by Parvati’s Graceful Dance 


Lasyasana 

(lahs-YAHS-uh-nuh) 

Modification: legs crossed, knees bent; one hand on the hip, one arm over the head 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Inspired by Parvati’s Graceful Dance 


Lasyasana 
(lahs-YAHS-uh-nuh) 


Modification: front leg ankle stretch, both knees bent, legs crossed, one arm toward the opposite 


knee, other arm up over the head 
Pose Type: standing, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE BENDS: ONE ARM UP OVER THE HEAD, OTHER ARM ALONG THE SIDE OF TORSO 


One Hand Side Stretch Pose 


Eka Hasta Parshvasana 

(EY-kuh HUH-stuh pahrsh-VAH-suh-nuh) 

Modification: one arm up over the head, other hand sliding down the leg 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


@ 


10:30 AM 11:30 AM 


“The Search for Free Energy: Genius, Vision and Psychology of Invention” — Keith Tutt, British Writer 
and Author of the book The Scientist, The Madman, The Thief and their Lightbulb that includes Testa. 


11:30 AM 12:15 PM 


“Electrotherapy with Tesla Coil Design: Intorduction to Bioelectromagnetics’ — Dr. Thomas Valone 
Physicist, Professional Engineer, Author of the new book, Bioeletromagnetic Healing: A rational for its 
Use. 


12:15 PM 


:00 PM 
Exhibitors Presentations — Brief Presentations by exhibitors (5-10 minutes each) 


2:00 PM-3:00 PM. 


“Emerging Opportunity: cancer Electromagnetic Frequency Therapy” — Dr, Mark Neveu President, the 
National Foundation for Alternative medicine 


00 PM 4:00 PM. 


“Turn of the Century Electrotherapy Discoveries” — Jefrey Behay Director, The Turn of the C 
Electrotherapy Museum. 


4:00 PM 5:00 PM 


“How a Crushed Leg Helped Me Discover High Voltage Electromagnetic Healing Device” — Ralph 
Suddath, Third generation Tesla Electrotheraphy Inventor, radio Host, Entrepreneur. 


5:00 PM 5:15 PM. 


Closing Remarks — Thomas Valone Program Coordinator 


The Conference Report Compilation can be purchased from T. Valone, 
Integrity Research Institute. 


“Nornikel” and Alternative Energy 


“Norilsky Nikel”, the largest Russian non-ferrous metal producing 
company has announced the beginning of the cooperation with the 
Russian Academy of Science. Metallurgists are planning to invest into 

the development of the hydrogen energy and fuel cell R&D projects 
of the Russian Academy of Sciences. Accordingly, last week an 
agreement was signed. Mikhail Prohorov, the General Director of 

“Nornikel” said that they are ready to invest 20-40 million dollars 

annually into R&D projects of the Academy in this field. 
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SIDE BENDS: ONE ARM UP OVER THE HEAD, OTHER ARM ALONG THE SIDE OF TORSO 


Swaying Palm Tree Pose os 


Tiryak Tala-Vrikshasana 
(TIR-yuhk TAHL-uh-vrik-SHAHS-uh-nuh) 
Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Inhale; step your feet slightly wider than shoulder-distance apart with toes facing forward and feet 
parallel to each other. Expand your chest and hold your arms straight out to the sides, parallel to 
the floor. 

3. Exhale as you side bend to the left, dropping your left hand either to the side of the left thigh or the 
left shin. (Avoid putting pressure on the knee joint.) Bring your right arm over head and bend it at 
the elbow. 

4. Inhale as you rotate your chest up to the sky; do not collapse it forward. Feel the deep stretch on 
the right side of your torso as you look toward your right hand (Pose #1). 

5. On your next exhale, try to reach your right arm over your head with fingertips pointing toward the 
floor (Pose #2). 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose. Inhale as you press strongly into both feet to come up. 

7. Exhale, come back to Mountain Pose (Tadasana), and repeat on the left side. 


Modification: elbow of the top arm bent 
1, mild version 
2. intense version 


tiryak = horizontally, sideways, obliquely, across 


tala-vrikshasana = palm tree 


STANDING BACKBENDS: LEGS STRAIGHT 


Hands Bound Rising Standing Locust Pose 


Baddha Hasta Utthita Stiti Shalabhasana 

(BUH-duh HUH-stuh UT-ti-tuh STL-ti shuh-luh-BAHS-uh-nuh) 

Also Known As: Baddha Hasta Utthita Nindra Shalabhasana 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sun Salutation Pose—Raised Bound Hands 


Surya Namaskarasana Urdhva Baddha Hastasana 
SOOR-yuh nuh-muhs-kahr-AHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 


Pose Type: standing, backbend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Rising Standing Cobra Pose 


Utthita Stiti Bhujangasana 

(UT-ti-tuh STL-ti bu-juhng-AHS-uh-nuh) 

Also Known As: Utthita Nindra Bhujangasana 
Modification: toes down, hands on the front of the knees 
Pose Type: standing, backbend 


Sun Salutation Pose 


Surya Namaskarasana 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
(SOOR-yuh nuh-mwhs-kahr-AHS-wh-nuh) 
Modification: palms facing up 


e00¢e 
Pose Type: standing, backbend 


Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Sun Salutation Pose 


Surya Namaskarasana 
(SOOR-yuh nuh-muhs-kahr-AHS-uh-nuh-wh-nuh) 


Modification: fingers interlocked, pointer fingers out 

Pose Type: standing, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Reverse Facing Intense Stretch Pose 


Tiryang Mukhottanasana 

(TEER-yuhng mu-ko-tahn-AHS-uh-nuh) 

Also Known As: Full Wheel Pose (Purna Chakrasana) 

Modification: grabbing onto the shins 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Facing Intense Stretch Pose 


Tiryang Mukhottanasana 

(TEER-yuhng mu-ko-tahn-AHS-uh-nuh) 

Modification: grabbing onto the front of the knees 
Pose Type: standing, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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STANDING BACKBENDS: KNEES BENT 


Standing Upward Facing Intense Ankle Stretch Bow Pose 


Stiti Urdhva Mukgattana Kulpa Dhanurasana 

(STI-ti OORD-vuh mu-ko-TAH-nuh KUL-puh duh-nur-AHS-uh-nuh) 

Also Known As: Nindra Urdhva Mukgattana Kulpa Dhanurasana 
Modification: hands to the heels 

Pose Type: standing, backbend, balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: KNEE BENT—HEEL TO THE SITTING BONES 


One Hand to Foot Rising Standing One-Legged Frog Pose 


Eka Hasta Pada Utthita Stiti Eka Pada Bhekasana 


(EY-kuh HUH-stuh PUH-duh UT-ti-tuh STI-ti EY-kuh PUH-duh bey-KAHS-uh-nuh) 
Also Known As: Eka Hasta Pada Utthita Nindra Eka Pada Bhekasana 
Modification: grabbing onto the foot, arm crossed in front; foot toward the glutes 
Pose Type: standing one-legged balance, binding 

Drishti Point: Hastagrai or Hastagre (hands) 
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Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: one hand to foot, foot toward the glutes 
Pose Type: standing one-legged balance, backbend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Both Hands to Foot Rising Standing One-Legged Frog Pose 


Dwi Hasta Pada Utthita Stiti Eka Pada Bhekasana 
(dwi-huh-stuh PUH-duh UT-ti-tuh STI-ti EY-kuh PUH-duh bey-KAHS uh-nuh) 

Also Known As: Dwi Hasta Pada Utthita Nindra Eka Pada Bhekasana 
Pose Type: standing one-legged balance 


Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: KNEE BENT—HEEL TO THE SITTING BONES—HALF FORWARD BEND 


Bowing with Respect Lord of the Dance Pose 


Nantum Natarajasana 

(NUHN-tum NAH-tuh-rahj-AHS-uh-nuh) 

Modification: half forward bend, both hands to the back foot, foot toward the glutes 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Bound Bowing with Respect Lord of the Dance Pose 


Ardha Baddha Nantum Natarajasana 

(UHR-duh BUH-duk NUHN-tum NAH-tuh-rahj-AHS-uh-nuh) 

Modification: grabbing onto the back foot with opposite hand 
Pose Type: standing one-legged balance, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 


eso 


a 


Half Moon Bow Pose Prep. 


Ardha Chandrachapasana Prep. 

(UHR-duh CHUHN-druh-chahp-AHS-uh-nuh) 

Modification: grabbing onto the back foot with the hand on the same side 
Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hand to Foot Revolved Half Moon Bow Pose 


Hasta Pada Parivritta Ardha Chandrachapasana 

(HUH-stuh PUH-duh puh-ri-VRIT-tuh UHR-duh CHUHN-druh-chahp-AHS-uh-nuh) 
Also Known As: Lord of the Dance Pose Modification (Natarajasana) 
Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Bound Unsupported Bound One-Legged Intense Stretch Pose Prep. 


Ardha Baddha Niralamba Baddha Eka Pada Uttanasana Prep. 

(UHR-duh BUH-duh nir-ah-LUHM-buh BUH-duh EY-kuh PUH-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Lord of the Dance Pose Prep. Modification (Natarajasana Prep.) and Half Bound 
Unsupported Bound One-Legged Forward Bend Prep. 

Modification: one hand to the floor 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: KNEE BENT—HEEL TO THE SITTING BONES—FORWARD BEND 


One Leg Stretched Upward Pose Prep. 


Urdhvya Prasarita Ekapadasana Prep. 

(OORD-vuh pruh-SAH-ri-tuh EY-kuh-puh-DAHS-uh-nuh) 

Modification: top leg bent, heel toward the glutes; both palms to the floor 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Unsupported Bound One Foot Intense Stretch Pose 


Niralamba Baddha Eka Pada Uttanasana 
(nir-ah-LUHM-buh BUH-duh EY-kuh PUH-duh ut-TAHS-uh-nuh) 

Also Known As: Unsupported Bound One Foot Full Forward Bend 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: KNEE BENT—HALF FORWARD BEND 


Revolved Half Moon Bow Pose 


Parivritta Ardha Chandrachapasana 

(pub-ri-VRIT-tuh UHR-duh CHUHN-druh-chahp-AHS-uh-nuh) 

Pose Type: standing one-legged balance, backbend, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padhayoragrai or Padayoragre (toes/feet), 
Hastagrai or Hastagre (hands) 
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Pose Dedicated to Yogi Gitananda 


Gitanandasana 

(geet-ah-nuhn-DAHS-uh-nuh) 

Also Known As: Lord of the Dance Pose Modification (Natarajasana) 
Modification: foot away from the head 

Pose Type: standing one-legged balance, backbend, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Yogi Gitananda 


Gitanandasana 

(geet-ah-nuhn-DAHS-uh-nuh) 

Also Known As: Lord of the Dance Pose Modification (Natarajasana) 
Modification: foot to the head 

Pose Type: standing one-legged balance, backbend, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: HANDS BOUND BEHIND THE BACK. 


Toppling Tree Pose 


Patan Vrikshasana 

(PUH-tuhn vrik-SHAHS-uh-nuh) 

Modification: both knees bent 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Toppling Tree Pose 


Patan Vrikshasana 

(PUH-tuhn vrik-SHAHS-uh-nuh) 

Modification: both legs straight 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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ONE LEG STANDING BALANCE: KNEE BENT—FOOT TO THE ELBOW CREASE 


Lord of the Dance Pose Prep. 


Natarajasana Prep. 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: foot to the elbow crease, arms open to the sides, elbows bent 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Prayer Lord of the Dance Pose 


Namaskar Natarajasana 

(nuh-muhs-KAHR NAH-tuh-rahj-AHS-uh-nuh) 

Modification: foot to the elbow crease 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Moon Bow Pose Prep. 


Ardha Chandrachapasana Prep. 

(URH-duh chuhn-druh-chahp-AHS-uh-nuh) 

Modification: foot to the elbow crease 

Pose Type: standing one-legged balance, backbend, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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ONE LEG STANDING BALANCE: KNEE BENT BEHIND 


Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Baby Dancer’s Pose (Bala Natarajasana) 

Modification: hand to the foot on the same side using an under-head grip, back knee bent 
1. thigh parallel to the floor 

2. thigh 45 degrees to the floor, half forward bend 


Pose Type: standing one-legged balance, backbend 
Drishti Point: Hastagrai or Hastagre (hands) 


e300 


ONE LEG STANDING BALANCE: KNEE BENT BEHIND 


Hand Position of Mermaid Pose in Bowing With Respect @ ra} 8 Oe 


Lord of the Dance Pose 


Hasta Naginyasana in Nantum Natarajasana 

(HUH-stuh nuh-gin-YAHS-uh-nuh in nan-toom NAH-tuh-rahj-AHS-uh-nuh) 

Pose Type: standing one legged balance, backbend, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Inhale and bring your weight onto the left foot. Exhale as you bend your right knee, grab onto the 
right foot with your right hand, and bring your right heel to your right sitting bone. Keep your 
standing leg strong and straight by pulling the knee cap up and engaging the front thigh muscles 
(quadriceps). Keep your knees together. 

3. On the next exhale, start pushing your right foot back and up to the sky, while tipping your torso 
forward. 

4. Exhale as you bring the right foot to the right elbow crease and bend your right arm to keep the foot 
in place. 

5. Inhale as you reach your left arm out in front of you. Exhale, bend the left elbow, and grab onto the 
right hand with your left hand (Pose #2). This is the arm position of Mermaid Pose (Hasta 
Naginyasana). 

6. To deepen the shoulder stretch, on the next exhale start walking your left hand down your left 
forearm. Grab first onto the left elbow and then to your left tricep (Pose #1). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose, come back to Mountain Pose (Tadasana), and repeat on 
the right side. 


hasta = hand 
naga = great mythological snake 
nantum = to bow with respect 


Nataraj = name of Shiva as a cosmic dancer 


Review 


www perendev.co.za/products/magnetic_motor/index.html 


shown below is a Magnetic Motor with 
Alternator (Patent Pending): 


Fig 


‘This is the "PerEnDev" (Perpetuum Energy 
Devices) company latest motor predicted to 
deliver some 60 kW. Motors can be built up to 
amw. 


Background of the Magnetic Motor 


The Company started in 1969 with the 
development ofa magnetic motor to drive an 
alternator to produce electricity. The concept 
wassound but the problem they faced was that 
the magnets that were available at the time 
(ferrite magnets) were not very powerful, The 
unit ran but had very little power and the 
project was abandoned. 


In 1996 the "Perendev" company started to 
investigate the possibility of reviving the 


original idea, magnets had now come a long 
wayand were very powerful (rare earth). 


Fig. 2 
Rare earth magnets 


After the engineers successfully designed a 
new model, the company developed a 3 rotor 
system producing 6 kW, coupling this to an 
alternator through an 11:1 gearbox to produce 
electricity in 220volt and 380volt, single or 3 
phase. 


Fig3 


‘The units will be ideal for the small and large 
user, such as emergency, military, farms, plots, 
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Open Heart Lord of the Dance Pose 


Anahata Chakra Natarajasana 

(uhn-AH-huh-tuh CHUHK-ruh NAH-twh-rahj-AHS-uh-nuh) 

Modification: back knee bent, arms open to the sides, foot working toward the head 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: hand to opposite foot using an under-head grip, back knee bent 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: standing leg bent, heel to the floor; hand to the foot on the same side using an overhead 
grip, foot to the shoulder 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Lord of the Dance Pose 1 (Natarajasana 1) 

Modification: both hands grabbing onto the back foot with overhead grip, foot away from the head 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: GRABBING ONTO THE BACK KNEE 


Bound Lord of the Dance Pose 


Baddha Natarajasana 

(BUH-duh NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Yogi Yogananda Pose (Yoganandasana) 

Modification: hand binding to the knee on the same side of the body; back foot away from the head 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Lord of the Dance Pose 


Baddha Natarajasana 

(BUH-duh NAH-tuh-rahj-AHS-uh-nuh) 

Modification: one hand binding to the knee on the same side of the body, other arm crossed in front of 
the neck 

1. left side view 

2. right side view 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Bound Lord of the Dance Pose 


Baddha Natarajasana 

(BUH-duh NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Yogi Yogananda Pose (Yoganandasana) 

Modification: hand binding to the inside of the thigh on the same side of the body, back foot away 
from the head 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Supported Sideways Hand to Knee Lord of the Dance Pose 


Salamba Parshva Hasta Janu Natarajasana 
(sah-LUHM—buh PAHRSH-vuh HUH-stuh JAH-nu NAH-tuh-rahj-AHS-uh-nuh) 
Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Unsupported Sideways Hand to Knee Lord of the Dance Pose 
Niralamba Parshva Hasta Janu Natarajasana 
(nir-ah-LUHM-buh-nuh PAHRSH-vuh HUH-stuh JAH-nu NAH-tuh-rahj-AHS-uh-nuh) 


Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT 


Hand Bound Rising Standing Wind Relieving Pose Prep. 


Baddha Hasta Utthita Stiti Vayu Muktyasana Prep. 

(BUH-duh HUH-stuh UT-t-tuh STL-ti VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Baddha Hasta Utthita Nindra Vayu Muktyasana Prep. 

Modification: knee of the standing leg bent; fingertips to elbows, arms parallel to the floor, knee of 
the lifted leg to the forearm 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Standing Rising One-Legged Chin to Knee Pose Prep. 


Stiti Utthita Eka Pada Chibi Janu Shirshasana Prep. 

(STL-ti UT-ti-tuh EY-kuh PUH-duh CHI-bi JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Nindra Utthita Eka Pada Chibi Janu Shirshasana Prep. 
Modification: 1. arms wrapped around the shin 2. fingers interlocked over the shin 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT—BINDING & TWISTS 


Standing Rising Wind Relieving Pose 


Stiti Utthita Vayu Muktyasana 

(STL UT-ti-tuh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Nindra Utthita Vayu Muktyasana; Standing Pose Dedicated to Marichi (Nindra 
Marichyasana) 

Modification: standing up straight 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 


eo00 


Revolved Prayer Standing Rising Wind Relieving Pose 


Parivritta Namaskar Stiti Utthita Vayu Muktyasana 
(puh-ri-VRIT-tuh nuh-muhs-KAHR STI-ti UT-ti-tuh VAH-yu mukTYAHS-uh-nuh) 

Also Known As: Parivritta Namaskar Nindra Utthita Vayu Muktyasana 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Bound Standing Rising Wind Relieving Pose 


Parivritta Baddha Stiti Utthita Vayu Muktyasana 
(puh-ri-VRIT-tuh BUH-duh STI-ti UT-ti-tuh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Parivritta Baddha Nindra Utthita Vayu Muktyasana 
Modification: binding around the back of the thigh 

1, foot on the knee 

2. foot away from the knee 

Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Bound Standing Rising Wind Relieving Pose 


Parivritta Baddha Stiti Utthita Vayu Muktyasana 
(puh-ri-VRIT-tuh BUH-duh STI-ti UT-ti-tuh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Parivritta Baddha Nindra Utthita Vayu Muktyasana 
Modification: binding around the shin 

Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE LEG STANDING BALANCE: BOTH KNEES BENT—BINDING & TWISTS 


Revolved Bound Standing Rising Wind Relieving Pose Prep. 


Parivritta Baddha Stiti Utthita Vayu Muktyasana Prep. 
(puh-ri-VRIT-tuh BUH-duh STI-ti UT-ti-tuh VAH-yu muk-TYAHS-uh-nuth) 

Also Known As: Parivritta Baddha Nindra Utthita Vayu Muktyasana Prep. 
Modification: foot resting on the knee, standing leg bent 

Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: knee to the opposite elbow, foot resting on the knee, standing leg bent, heel down 
Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahin-duh-VAHS-uh-nuh) 

Modification: both arms straight, one forearm to the opposite knee, other arm straight up to the sky, 
both knees bent 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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ONE LEG STANDING BALANCE: HEEL UP 


Tip Toe Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Prapada Tandavasana 

(PRUH-puh-duh tahn-duh-VAHS-uh-nuh) 

Modification: knee to the opposite elbow, foot resting on the knee, standing leg bent 
Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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industrial and large users... in fact 


any application requiring power. Editor: In 2002 "Faraday Lab" got an offer 
Key Benefits Foreseen: from the company to buy th ro kW 
generator for testing at the price ofabout 

seo fuel costs $6,000. However, no contract was signed. 
¢ Constant running The company is currently engaged in 


redesign of their motors and is looking 


ee for regional partners but they are not yet 
¢@ Cost Effective ready to produce: ontheline. In our issues 

: we will try to inform the readers on their 
#Bortable (okw-120Kw) activities. Alexander V. Frolov 


Jasker Power System Electric Radial Motor 
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Tip Toe Pose Inspired by Parvati’s Graceful Dance 


Prapada Lasyasana 

(PRUH-puh-duh lahs-YAHS-uh-nuh) 

Modification: deep backbend, one arm reaching up to the sky, other arm reaching down to the floor; 
standing leg straight, other knee bent; foot to the inside of the knee of the opposite leg 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Intense Ankle Stretch Tip Toe Lord of the Dance Pose 


Uttana Kulpa Prapada Natarajasana 

(ut-TAHN-wh KUL-puh PRUH-puh-duh NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Tip Toe Pose Inspired by Parvati’s Graceful Dance (Prapada Lasyasana) 
Modification: standing leg bent, toes curled under, overhead grip, foot to the shoulder 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT, BINDING, FORWARD BENDS. 


Half Standing Wind Relieving Intense Stretch Pose 1 & 2 Prep. 


Ardha Stiti Vayu Muktyuttonasana 1 & 2 Prep. 

(UHR-duh STI-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Ardha Nindra Vayu Muktyuttonasana; Standing Wind Relieving Half Forward Bend 
Modification: fingers interlocked on the knee, half forward bend 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand Bound Half Standing Wind Relieving Intense Stretch Pose 


Eka Hasta Baddha Ardha Stiti Vayu Muktyuttonasana 

(EY-kuh HUH-stuh BUH-duh UHR-duh STL-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Eka Hasta Baddha Ardha Nindra Vayu Muktyuttonasana; One Hand Bound Standing 
Wind Relieving Half Forward Bend 

Modification: binding around the shin, palm to the rib cage, foot resting on the thigh of the standing 
leg 

Pose Type: standing one-legged balance, forward bend, binding 


Drishti Point: Hastagrai or Hastagre (hands) 
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Standing Wind Relieving Intense Stretch Pose 1 


Stiti Vayu Muktyuttonasana 1 

(STL-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Nindra Vayu Muktyuttonasana; Standing Wind Relieving Half Forward Bend | 
Modification: chin away from the shin, binding on the inside of the thigh 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT, BINDING, TWIST FORWARD BENDS 


Standing Wind Relieving Intense Stretch Pose 2 


Stiti Vayu Muktyuttonasana 2 

(STL-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Nindra Vayu Muktyuttonasana; Standing Pose Dedicated to Sage Marichi (Nindra 
Marichyasana) and Standing Wind Relieving Full Forward Bend 


Modification: chin away from the shin, binding around the shin 
Pose Type: standing one-legged balance, forward bend, binding 
Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Half Standing Wind Relieving Intense Stretch Pose 


Parivritta Ardha Stiti Vayu Muktyuttonasana 

(puh-ri-VRIT-tuh UHR-duh STI-ti VAH-yu muk-tew-ton-AHS-wh-nuh) 

Also Known As: Parivritta Ardha Nindra Vayu Muktyuttonasana; Revolved Standing Wind Relieving 
Half Forward Bend 

Pose Type: standing one-legged balance, forward bend, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT—BACKBENDS. 


Hand to Knee Pose Inspired by Parvati’s Graceful Dance 


Hasta Janu Lasyasana 
(HUH-stuh JAH-nu lahs-YAHS-uh-nuh) 


Modification: arm up over the head and parallel to the floor 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT—BACKBENDS—GRABBING ONTO THE ANKLE 


Standing One-Legged Hero Pose 


Stiti Eka Pada Virasana 

(STL-ti EY-kuh PUH-duh veer-AHS-uh-nuh) 

Also Known As: Nindra Eka Pada Virasana; Standing One-Legged Thunderbolt Pose (Nindra Eka 
Pada Vajrasana) 

Modification: hand grabbing onto the foot, heel toward the glutes, shin parallel to the floor, other arm 
up to the sky 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand to Foot Pose Inspired by Parvati’s Graceful Dance 


Hasta Pada Lasyasana 

(HUH-stuh PUH-duh lahs-YAHS-uh-nuh) 

Modification: arm up over the head reaching to the sky 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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ONE LEG STANDING BALANCE: KNEE BENT, KNEES IN LINE, FORWARD BENDS 


Hand to Ankle Half Standing Wind Relieving Intense Stretch Pose 


Hasta Kulpha Ardha Stiti Vayu Muktyuttonasana 

(HUH-stuh kul-puh UHR-duh ST1-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Hasta Kulpha Ardha Nindra Vayu Muktyuttonasana; Knee to Ear Half Standing 
Wind Relieving Intense Stretch Pose (Janu Karna Ardha Nindra Vayu Muktyuttonasana) and Hand to 
Ankle Standing Wind Relieving Half For-ward Bend 

Modification: one hand grabbing onto the ankle, knee to the temple; other arm up to the sky, elbow 
bent 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand to Foot One-Legged Half Intense Stretch Pose 


Hasta Pada Eka Pada Ardha Uttanasana 

(HUH-stuh PUH-duh EY-kuh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Hand to Foot One-Legged Half Forward Bend 

Modification: hand to the foot from the same side, heel to the sitting bone, other palm to the floor 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Hand to Foot One-Legged Intense Stretch Pose 


Hasta Pada Eka Pada Uttanasana 

(HUH-stuh PUH-duh EY-kuh PUH-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Hand to Foot One-Legged Full Forward Bend 

Modification: hand to the foot on the same side, heel to the sitting bone; other palm to the floor 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Intense Stretch Pose 1 


Eka Pada Uttanasana 1 

(EY-kuh PUH-du ut-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Full Forward Bend 1 

Modification: leg bent, heel to the sitting bone, knees together; fingertips to the floor, arms extended 
behind the foot 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Intense Stretch Pose 2 


Eka Pada Uttanasana 2 

(EY-kuh PUH-du ut-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Full Forward Bend 2 

Modification: leg bent, heel to the sitting bone, knees together; fingertips to the floor, arms extended 
behind the foot 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: BOTH KNEES BENT & SHIVA DANCE IN THE RING OF FIRE 


Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: both knees bent, both elbows bent 
Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: standing leg straight; other knee bent, foot to the inside of the knee; one forearm to the 
opposite knee, other arm extended up to the sky 

Pose Type: standing one-legged balance, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: standing leg straight, other knee bent at 90 degrees; both elbows bent, fingertips 
reaching to the sky; twisting to the outside of the body 

Pose Type: standing one-legged balance, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STANDING BALANCE: KNEE BENT TO THE SIDE 


Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: knee to the tricep on the same side; both elbows bent, one arm up over the head 
Pose Type: standing one-legged balance, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: standing leg straight, other knee bent, toes pointing away from the head; fingertips to 
the temples 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Hand to Big Toe Pose 2 Prep. 


Utthita Hasta Padangushtasana 2 Prep. 

(UT-ti-tuh HUH-stuh puh-DAHNG-goosh-tahn-AHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose B Prep. (Utthita Hasta Padangushtasana B Prep.) 
Modification: knee bent 

Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Easy Tree Pose Modification 


Sukha Vrikshasana 

(SOOK-uh vrik-SHAHS-uh-nuh) 

Modification: hands on the hips 

1. toes to the floor 

2. foot to the calf muscle 

Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Tree Pose with Hands in Prayer 


Vrikshasana Namaskar 

(vrik-SHAHS-uh-nuh nuh-muhs-KAHR) 

Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Reverse Prayer Tree Pose 


Viparita Namaskar Vrikshasana 
(vi_puh-REE-tuh nuh-muhs-KAHR vrik-SHAHS-uh-nuh) 


Also Known As: Back of the Body Prayer Tree Pose (Paschima Namaskara Vrikshasana) 
Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Half Bound Tree Pose 


Parivritta Ardha Baddha Vrikshasana 

(pub-ri-VRIT-tuh UHR-duh BUH-duh vrik-SHAHS-uh-nuh) 

Pose Type: standing one-legged balance, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Tree Pose with Hands in Prayer 


Vrikshasana Namaskar 

(vrik-SHAHS-uh-nuh nuh-muhs-KAHR) 

Modification: backbend 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: KNEE BENT TO THE SIDE 


Tree Pose OsGge 


Vrikshasana 
(vrik-SHAHS-uh-nuh) 
Also Known As: Upward Hands Tree Pose (Urdhva Hasta Vrikshasana) or Pose Dedicated to Royal Sage Bhagiratha 


(Bhagirathasana) 
standing one-legged balance, mild backbend 
Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


Pose Typi 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. Find a still point on the floor to keep your gaze on. This will help you find 
and keep your balance. 

2. Inhale and bring your weight onto the right foot. Exhale as you bend your left knee, and bring it out 
to the left side, opening the inside of your left hip. Keep your hips leveled and parallel to the floor 
(don’t let your left hip go higher than your right). Keep the lower abdomen engaged to take out the 
compression (the arch) in the lower back. 

3. Exhale as you place the sole of your left foot to the left calf muscle. Make sure the toes of your left 
foot are pointing to the floor. 

4. On the next exhale, grab onto the left ankle with your left hand and slide the left foot up to the 
inside of your left thigh, keeping the toes of the left foot pointing to the floor. Avoid putting 
pressure on your right knee. Make sure to keep the lefi knee out to the side as you open the inside 
of your left hip. 

5. Inhale as you reach both arms up over your head, fingertips pointing up to the sky. Keep them 
straight and shoulder-width apart. Make sure to lengthen your neck and keep your shoulder blades 
down your back. 

6. Exhale and bring your gaze to your thumbs (Pose #1). You can experiment with rolling your head 
all the way back, feeling the stretch in the front of your neck (Pose #2). 

7. If your shoulders are open, the neck is long, and your breathing is not constricted, you can bring 
your palms together on the exhale and look at your thumbs (Pose #3). With your palms pressed 
together, you can also experiment with rolling your head all the way back, feeling the stretch in the 
front of your neck (Pose #4). 

8. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose, come back to Mountain Pose (Tadasana), and repeat on 
the other side. 


Modification: arms extended up over the head 
1. arms shoulder width 

2. arms shoulder width, head rolling back 

3. palms together 

4. palms together, head rolling back 


vriksha = tree 
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Hand Position of Cow Face Pose in Tree Pose 


Hasta Gomukhasana in Vrikshasana 
(HUH-stuh go-muk-AHS-wh-nuh in vrik-SHAHS-uh-nuh) 
Modification: Gomukhasana arms 

Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Tree Pose 


Hasta Garudasana in Vrikshasana 

(HUH-stuh GUH-ru-duh-AHS-uh-nuh in vrik-SHAHS-uh-nuh) 

Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Sideways Tree Pose 


Parshva Vrikshasana 


(PAHRSH-vuh vrik-SHAHS-uh-nuh) 

Modification: side bend toward the bent knee 

Pose Type: standing one-legged balance, side bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Upward One Hand Half Bound Lotus Tree Pose 


Urdhva Eka Hasta Ardha Baddha Padma Vrikshasana 
(OORD-vuh EY-kuh HUH-stuh UHR-duh BUH-duh PUHD-muh vrik-SHAHS-uh-nuh) 
Pose Type: standing one-legged balance, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Half Bound Lotus Tree Pose 


Parivritta Ardha Baddha Padma Vrikshasana 

(pub-ri-VRIT-tuh UHR-duh BUH-duh PUHD-muh vrik-SHAHS-uh-nuh) 

Pose Type: standing one-legged balance, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eo 


industrial and large users... in fact 


any application requiring power. Editor: In 2002 "Faraday Lab" got an offer 
Key Benefits Foreseen: from the company to buy th ro kW 
generator for testing at the price ofabout 

seo fuel costs $6,000. However, no contract was signed. 
¢ Constant running The company is currently engaged in 


redesign of their motors and is looking 


ee for regional partners but they are not yet 
¢@ Cost Effective ready to produce: ontheline. In our issues 

: we will try to inform the readers on their 
#Bortable (okw-120Kw) activities. Alexander V. Frolov 


Jasker Power System Electric Radial Motor 


138 New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


Hand to Foot Hand to Knee Tree Pose 


Hasta Pada Hasta Janu Vrikshasana 

(HUH-stuh PUH-duh HUH-stuh JAH-nu vrik-SHAHS-uh-nuh) 

Modification: grabbing onto the foot and the knee, knee to the outside 
Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eso 


Hand to Foot Hand to Knee Tree Pose 


Hasta Pada Hasta Janu Vrikshasana 

(HUH-stuh PUH-duh HUH-stuh JAH-nu vrik-SHAHS-uh-nuh) 

Modification: backbend, grabbing onto the foot and the knee, knee to the outside, looking straight 
ahead 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand to Foot Hand to Knee Toppling Tree Pose 


Hasta Pada Hasta Janu Patan Vrikshasana 

(HUH-stuh PUH-duh HUH-stuh JAH-nu PUH-tuhn vrik-SHAHS-uh-nuh) 
Modification: grabbing onto the foot and the shin, knee to the outside 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: LEG STRAIGHT IN FRONT 


Both Hands to Foot Pose 


Dwi Hasta Padasana 

(dwi-huh-stuh puh-DAHS-uh-nuh) 

Also Known As: Raised Up Leg and Back Stretch Pose (Utthita Eka Pada Paschimottanasana), 
Standing Head to Knee Pose (Dandayamana-Janushirasana) 

Modification: chin to the shin 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Extended One Foot Pose 


Utthita Ekapadasana 

(UT-ti-tuh EY-kuh-puh-DAHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose D (Utthita Hasta Padangushtasana D; found in 
Ashtanga Yoga System) 

Modification: hands on the hips 

Pose Type: standing one-legged balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Extended Hand to Big Toe Pose 1 


Utthita Hasta Padangushtasana 1 

(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose A (Utthita Hasta Padangushtasana A) 
Modification: lifted leg in front of the body 

Pose Type: standing one-legged balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


Extended Pose Dedicated to Trivikrama—Conqueror of the Three 
Worlds (Vishnu) 


Utthita Trivikramasana 
(UT-ti-tuh tri-vi-kruh-MAHS-uh-nuh) 
Also Known As: Extended Hand to Foot Stretch Pose (Utthita Hastha Pada Uttanasana) 


Modification: knee away from the shoulder 
Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: LEG STRAIGHT 


THE SIDE 


Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) 


Trivikramasana 
(tri-vi-kruh-MAHS-uh-nuh) 


Also Known As: Leg to the Side Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) (Parshva Pada Trivikramasana) 

Modification: arm wrapping around the leg on the same side 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Rising Standing Sundial Pose 


Utthita Stiti Surya Yantrasana 

(UT-ti-tuh STL-ti SOOR-yuh yuhn-TRAHS-uh-nuh) 

Also Known As: Utthita Nindra Surya Yantrasana 
Modification: side bend 

Pose Type: standing one-legged balance, side bend, twist 
Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) 


Trivikramasana 


(tri-vi-kruh-MAHS-uh-nuh) 

Also Known As: Leg to the Side Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) (Parshva Pada Trivikramasana) 

Modification: both hands grabbing onto the leg, shoulder to the back of the knee, looking to the side 
Pose Type: standing one-legged balance, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) 


Trivikramasana 

(tri-vi-kruh-MAHS-uh-nuh) 

Also Known As: Leg to the Side Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) (Parshva Pada Trivikramasana) 

Modification: one hand grabbing onto the opposite foot, shoulder to the front of the knee, other arm 
straight out to the side, looking straight ahead 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: LEG STRAIGHT TO THE SIDE—BINDING & TWISTS. 


Extended Hand to Big Toe Pose 2 


Utthita Hasta Padangushtasana 2 

(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose B (Utthita Hasta Padangushtasana B), Standing Leg 
Going to the Side Pose Prep. (Utthita Parshvasahita Prep.) 

Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Bound Pose Dedicated to Trivikrama—Conqueror of the Three 
Worlds (Vishnu) 


Ardha Baddha Trivikramasana (UHR-duh BUH-duh tri-vi-kruh-MAHS-uh-nuh) 
Also Known As: Leg to the Side Half Bound Pose Dedicated to Trivikrama—Conqueror of the Three 
Worlds (Vishnu) (Parshva Pada Ardha Baddha Trivikramasana) 

Modification: one arm wrapping around the leg on the same side, other arm behind the back, hand to 
the inside of the thigh 

Pose Type: standing one-legged balance, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Bird of Paradise Pose 


Svarga Dvijasana 

(SVUHR-guh dwij-AHS-uh-nuh) 

Pose Type: standing one-legged balance, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Extended Hand to Foot Pose 


Parivritta Utthita Pada Hastasana 

(puh-ri-VRIT-tuh UT-ti-tuh PUH-duh huh-STAHS-uh-nuh) 

Also Known As: Revolved Hand to Big Toe Pose (Parivritta Hasta Padangushtasana) 
Pose Type: standing one-legged balance, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Bird of Paradise Pose 


Parivritta Svarga Dvijasana 

(puh-ri-VRIT-tuh SVUHR-guh dwij-AHS-uh-nuh) 

Also Known As: Raised and Revolved Bound Leg Pose (Utthita Parivritta Baddha Padasana) 
Pose Type: standing one-legged balance, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STANDING BALANCE: BOTH LEGS STRAIGHT—BACKBEND 


Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: under-head grip with one hand on the same side; both legs straight 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Yogi Yogananda 


Yoganandasana 

(vo-gah-nuhn-DAHS-uh-nuh) 

Also Known As: Pose Dedicated to Vishnu Devananda (Vishnu Devanandasana) 
Modification: both legs straight, grabbing onto the back leg with an under-head grip 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Yogi Sivananda’s Pose 


Sivanandasana 

(shiv-ah-nuhn-DAHS-uh-nuh) 

Modification: grabbing onto the shin 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: BOTH LEGS STRAIGHT—FORWARD BEND. 


Pose Dedicated to Sage Sundaranandar 


Sundaranandarasana 
(sun-duh-RAH-nuhn-duh-RAHS-uh-nuh) 

Modification: palms to the floor, forehead to the shin 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Leg Stretched Upward Pose 


Urdhva Prasarita Ekapadasana 

(OORD-vuh pruh-SAH-ri-tuh ey-kuh-puhd-AHS-uh-nuh) 

Modification: one hand grabbing onto the ankle on the same side, palm of the other hand to the floor, 
head away from the shin 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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One Leg Stretched Upward Pose 


Urdhva Prasarita Ekapadasana 

(OORD-vuh pruh-SAH-ri-tuh ey-kuh-puhd-AHS-uh-nuh) 

Modification: both hands grabbing onto the ankle, forehead to the shin 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) if chin touches the shin 
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Unsupported One Leg Stretched Upward Pose 


Niralamba Urdhva Prasarita Ekapadasana 

(nir-AH-luhm-buh OORD-vuh pruh-SAH-ri-tuh ey-kuh-puhd-AHS-uh-nuh) 

Modification: arms straight along the sides of the torso, fingertips to the sky 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 
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Bound Unsupported One Leg Stretched Upward Pose 


Baddha Niralamba Urdhva Prasarita Ekapadasana 

(BUH-duh nir-AH-luhn-buh OORD-vuh pruh-SAH-ri-tuh ey-kuh-puhd-AHS-uh-nuh-uh-nuh) 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: LEG STRAIGHT TO THE SIDE—HALF FORWARD BEND 


Bowing with Respect Extended Hand to Big Toe Pose 2 


Nantum Utthita Hasta Padangushtasana 2 

(NUHN-tum UT-ti-tuh HUH-stuh puhd-aling-goosh-TAHS-uh-nuh) 

Modification: forward bend, grabbing onto the big toe of the lifted leg; other arm extended to the side 
parallel to the floor 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


o3e@ 


Bowing with Respect Both Hands Extended to Big Toes Pose 2 


Nantum Utthita Dwi Hasta Padangushtasana 2 

(NUHN-tum UT-ti-tuh DWI-huh-stuh puhd-ahng-goosh-TAHS-uh-nuh-uh-nuh) 

Modification: forward bend, grabbing onto the big toes with both hands, leg lifted higher than the hip 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing with Respect Half Bound Hand to Leg Pose 


Nantum Ardha Baddha Hasta Padasana 

(NUHN-tum UHR-duh BUH-duh HUH-stuh puhd-AHS-uh-nuh) 

Modification: half forward bend 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: STANDING KNEE BENT & STRAIGHT—FORWARD BEND 


Bowing with Respect Bird of Paradise Pose Prep. 


Nantum Svarga Dvijasana Prep. 

(NUHN-tum SVUHR-guh dwij-AHS-uh-nuh) 

Modification: 1. standing leg bent; other knee to the back of the shoulder, leg bent 
2. standing leg bent; other knee to the back of the shoulder, leg straight 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing with Respect Bird of Paradise Pose 


Nantum Svarga Dvijasana 

(NUHN-tum SVUHR-guh dwij-AHS-uh-nuh) 

Modification: half forward bend 

Pose Type: standing one-legged balance, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Benu Bird Pose 2 


Benvasana 2 

(ben-VAHS-uh-nuh) 

Modification: both knees bent, chest toward the quadriceps, arms open to the sides 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: ONE LEG STRAIGHT TO THE BACK, HANDS TO THE FLOOR 


Half One Leg Stretched Upward Pose 


Ardha Urdhva Prasarita Ekapadasana 

(UHR-duh OORD-vuh pruh-SAH-ri-tuh ey-kuh-puh-DAHS-uh-nuh) 

Also Known As: One Leg Stretched Upwards Pose Prep. (Urdhva Prasarita Ekapadasana Prep.), 
Warrior 3 Prep. (Virabhadrasana 3 Prep.) 

Modification: fingertips to the floor 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Leg Stretched Upward Pose Prep. 


Urdhva Prasarita Ekapadasana Prep. 

(OORD-vuh pruh-SAH-ri-tuh ey-kuh-puh-DAHS-uh-nuh) 

Modification: standing leg bent, shoulder to the back of the knee, arms extended to the back 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Moon Pose Prep. 


Ardha Chandrasana Prep. 

(UHR-duh chuhn-DRAHS-uh-nuh) 

Modification: with yoga block prop, hand on the hip 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Half Moon Pose 


Ardha Chandrasana 
(UHR-duh chuhn-DRAHS-uh-nuh) 


Pose Type: standing one-legged balance, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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ONE LEG STANDING BALANCE: ONE LEG STRAIGHT TO THE BACK—HANDS OFF THE FLOOR 


Warrior 3 


Virabhadrasana 3 

(VEER-uh buh-DRAHS-uh-nuh) 

Also Known As: Bird Pose A (Dikasana A) 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Warrior 3 


Virabhadrasana 3 

(VEER-uh buh-DRAHS-uh-nuh) 

Also Known As: Bird Pose B (Dikasana B) 

Modification: arms extended to the back and parallel to the floor 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Reverse Prayer Warrior 3 


Viparita Namaskar Virabhadrasana 3 
(vi-puh-REE-twh nuh-muhs-KAHR VEER-uh buh-DRAHS-uh-nuh) 


Also Known As: Back of the Body Prayer Warrior 3 (Paschima Namaskara Virabhadrasana 3) 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Warrior 3 


Hasta Garudasana in Virabhadrasana 3 

(HUH-stuh guh-ru-DAHS-uh-nuh in VEER-uh-buh-DRAHS-uh-nuh) 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Half Lotus Warrior 3 


Ardha Padma Virabhadrasana 3 

(UHR-duh PUHD-muh VEER-wh-buh-DRAHS-uh-nuh-uh-nuh) 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: ONE LEG STRAIGHT TO THE BACK—FACING THE SIDE & BINDING 


Half Moon Pose es 


with Hands in Prayer 


Ardha Chandrasana Namaskar 
(UHR-duh chuhn-DRAHS-uh-nuh nuh-muhs-KAHR) 


Pose Type: standing one-legged balance, forward bend 
Drishti Point: 1, Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 2. Urdhva or Antara 


Drishti (up to the sky) 


How to Perform the Pose: 


1. Begin by doing Extended Triangle Pose (Utthita Trikonasana) with the left foot in front and your 
left hand to the floor outside the left foot (either on the fingertips or with the palm flat on the 
floor). Engage your mula bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale as you slide your left palm out to the front while bending your left knee. Experiment with 
the distance to find your balance. 

3. Inhale and lift your right foot off the floor until your right leg is parallel to the floor. Keep it 
straight and reaching away from your head. Straighten your standing left leg. 

4, Exhale and rotate your chest to the side so that your shoulders stack one on top of the other. 

5. On your next exhale, lift your left arm up off the floor and bring your hands into prayer at the center 
of your chest. 

6. You can either find a gazing point on the floor that is not moving to help keep your balance (Pose 
#1) or challenge yourself by looking up to the sky (Pose #2). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale, lower your right foot to the floor, coming back into Extended Triangle Pose 
(Utthita Trikonasana), and repeat on the other side. 


Modification: 
1. looking down 
2. looking up to the sky 


ardha = half 
chandra = moon 


namaskar = greeting with hands in Anjali Mudra (hands in prayer) 


ONE LEG STANDING BALANCE: ONE LEG STRAIGHT TO THE BACK—FACING THE SIDE & BINDING 


Reverse Prayer Half Moon Pose 


Viparita Namaskar Ardha Chandrasana 

(vi-puh-REE-twh nuh-muhs-KAHR UHR-duh chuhn-DRAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Half Moon Pose (Paschima Namaskara Ardha 
Chandrasana) 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Half Moon Pose 


Baddha Ardha Chandrasana 

(BUH-duh UHR-duh chuhn-DRAHS-uh-nuh) 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) or Padayoragrai or Padayoragre (toes/feet) 
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Revolved Bound Half Moon Pose 


Parivritta Baddha Ardha Chandrasana 

(vi-puh-REE-twh BUH-duh UHR-duh chuhn-DRAHS-wh-nuh) 

Modification: looking up to the sky 

Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Firelog Pose in Half Moon Pose Prep. 


Ardha Agnistambhasana in Ardha Chandrasana Prep. 
(UHR-duh uhg-ni-stuhm-BAHS-uh-nuh in UHR-duh chuhn-DRAHS-uh-nuh) 
Modification: foot on top of the knee, palm to the lower back 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Bound Lotus Half Moon Pose Prep. 


Ardha Baddha Padma Ardha Chandrasana Prep. 
(UHR-duh BUH-duh PUHD-muh UHR-duh chuhn-DRAHS-uh-nuh) 
Modification: arm behind the back, binding to the inside of the thigh of the leg in Half Lotus 


Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Leg Position of Half Cow Face Pose in Half Moon Pose Prep. 


Pada Ardha Gomukhasana in Ardha Chandrasana Prep. 

(PUH-duh UHR-duk go-muk-AHS-uh-nuh in UHR-duh chuhn-DRAHS-uh-nuh) 

Also Known As: One-Legged Cow Face Pose in Half Moon Pose Prep. (Eka Pada Gomukhasana in 
Ardha Chandrasana Prep.) 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


eo 


i 


sbi 


ONE-LEGGED STANDING BALANCE: HALF LOTUS. 


Half Bound Lotus Intense Stretch Pose Prep. 


Ardha Baddha Padmottanasana Prep. 
(UHR-duh BUH-duh puhd-mo-tahn-AHS-uh-nuh) 
Also Known As: Half Bound Lotus Half Forward Bend Prep., Half Lotus Half Intense Stretch Pose 


(Ardha Padma Ardha Uttanasana), Half Lotus Half Forward Bend 

Modification: half forward bend, fingertips of both hands to the floor 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Half Bound Lotus Intense Stretch Pose Prep. 


Ardha Baddha Padmottanasana Prep. 

(UHR-duh BUH-duh puhd-mo-tahn-AHS-uh-nuh) 

Also Known As: Half Bound Lotus Half Forward Bend 

Modification: half forward bend 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Half Bound Lotus Intense Stretch Pose 


Ardha Baddha Padmottanasana 
(UHR-duh BUH-duh puhd-mo-tahn-AHS-uh-nuh) 


Also Known As: Half Bound Lotus Full Forward Bend 
Pose Type: standing one-legged balance, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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GARUDA LEGS 


Pose Dedicated to Garuda 


Garudasana 

(guh-ru-DAHS-uh-nuh) 

Also Known As: Eagle Pose 

Modification: hands intertwined in front, low stance 

Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Reverse Heart Chakra Seal in Leg Position of the Pose Dedicated to 
Garuda 


Viparita Anahata Chakra Mudra in Pada Garudasana 
(vi-puh-REE-twh un-AH-huh-tuh chuh-kruh MU-druh in PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Reverse Heart Chakra Seal in Leg Position of the Eagle Pose 
Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Garuda 


Garudasana 

(guh-ru-DAHS-uh-nuh) 

Also Known As: Eagle Pose 

Modification: elbows to the knees 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
es00 


Leg Position of the Pose Dedicated to Garuda 


Pada Garudasana 
(PUH-duh guh-ru-DAHS-uh-nuh) 


Entirely New Kind Of Generator Invented! 


(1-26-2003 ) TASHKENT, Uzbekistan 
(UPI) - An Uzbek inventor said he has 
created a type of electrical generator that 
does not rely on the principle of 
electromagnetic induction — on which all 
existing generators are based. 


‘The new generator employsa concept called 
magnetic conductivity modulation and 
it has potential applications in industry, 
communications, households and even the 
military, explained Vladimir Matveev, the 
inventor, a specialist in electronics. 


Matveev said he is convinced he has created 
a fundamentally different machine 


“All electrical machines I know are based on 
the principle of interaction between the 
magnetic fluxes (lines of force) of their rotor 
(rotating member) and stator (portion that 
remains fixed)," he explained. 


Such machines, Matveev said, are based on 
electromagnetic induction, a property of 
energy discovered by Michael Faraday, an 
English physicist and chemist, in the 19th 
century. The machines produce electrical 
current either by moving a conductor across 
a magnetic field or by regulating the flux of 
that field. 


"My machine has a principal difference," 
Matveev told United Press International."The 
magnetic field of its stator does not interact 
with the magnetic field of the rotor (because) 
its rotor is not a magnet — the rotor only 
changes the magnetic resistance of the stator," 
he said. 


‘The stator in Matveev's generator contains a 
magnetic core with a permanent magnet and 
adetachable winding A rotor with changeable 
magnetic resistance is placed ata cutoff point 
in the core's magnetic field. It is composed of 
alternating magnetic and air parts and can 
operate in either linear or rotary form, 


When the rotor isset in motion, itsalternating 
components pass through the magnetic core's 
cutoff point. When the magnetic part passes 
through the cutoff point its magnetic 
resistance decreases. When the air part passes 
through, its resistance increases. 


‘This pulsing of resistance results in changing 
the magnetic conductivity of the magnetic 
core, which in turn produces an alternating 
electrical current in the core's winding. The 
frequency of the winding's current can be 
controlled by regulating the rotors speed or 
by changing certain qualities of its magnetic 
or air parts. Also, the generator's electrical 
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Also Known As: Leg Position of the Eagle Pose 
Modification: arms straight out to the sides behind the back 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Bound Leg Position of the Pose Dedicated to Garuda 


Parivritta Baddha Pada Garudasana 

(puh-ri-VRIT-tuh BUH-duh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Revolved Bound Leg Position of the Eagle Pose 
Pose Type: standing one-legged balance, forward bend, binding, twist 


Drishti Point: Nasagrai or Nasagre (nose) 
‘ 
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Hands Bound Leg Position of the Pose Dedicated to Garuda 


Baddha Hasta Pada Garudasana 

(BUH-duh HUH-stuh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Hands Bound Leg Position of the Eagle Pose 
Pose Type: standing one-legged balance, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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ONE-LEGGED SQUATS: TWISTS 


Revolved Half Standing Wind Relieving Intense Stretch Pose 


Parivritta Ardha Stiti Vayu Muktyuttonasana 

(puh-ri-VRIT-tuh UHR-duh STI-ti VAH-yu muk-tew-to-NAHS-uh-nuh) 

Also Known As: Parivritta Ardha Nindra Vayu Muktyuttonasana; Revolved Standing Wind Relieving 
Half Forward Bend 

Modification: knees together; elbow to the opposite knee, other arm extended to the back 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Revolved Half Standing Wind Relieving Intense Stretch Pose with 
Hands in Prayer 


Parivritta Ardha Stiti Vayu Muktyuttonasana Namaskar 

(puh-ri-VRIT-tuh UHR-duh STI-ti VAH-yu muk-tew-to-NAHS-wh-nuh nuh-muhs-KAHR) 

Also Known As: Parivritta Ardha Nindra Vayu Muktyuttonasana Namaskar; Revolved Standing Wind 
Relieving Half Forward Bend with Hands in Prayer 

Modification: back leg crossed under the front leg 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Revolved Half Standing Wind Relieving Intense Stretch Pose 


Baddha Parivritta Ardha Stiti Vayu Muktyuttonasana 

(BUH-duh puh-ri-VRIT-twh UHR-duh ST1-ti VAH-yu muk-tew-to-NAHS-uh-nuh) 

Also Known As: Baddha Parivritta Ardha Nindra Vayu Muktyuttonasana; Bound Revolved Standing 
Wind Relieving Half Forward Bend 

Pose Type: standing one-legged balance, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE-LEGGED SQUATS: KNEES IN LINE—HEEL TO THE SITTING BONES—GRABBING ONTO THE ANKLE 


Revolved One Hand to Foot Half Standing Wind Relieving Intense 
Stretch Pose 


Parivritta Eka Hasta Pada Ardha Stiti Vayu Muktyuttonasana 

(puh-ri-VRIT-tuh EY-kuh HUH-stuh PUH-duh UHR-duh STI-ti VAH-yu muk-tew-to-NAHS-uh-nuh) 

Also Known As: Parivritta Eka Hasta Pada Ardha Nindra Vayu Muktyuttonasana; Revolved One 
Hand to Foot Standing Wind Relieving Half Forward Bend 

Modification: knees together; elbow to the opposite knee, other hand grabbing onto the ankle 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Both Hands to Foot Half Standing Wind Relieving Intense Stretch Pose 


Dwi Hasta Pada Ardha Stiti Vayu Muktyuttonasana 
(DWI-huh-stuh PUH-duh UHR-duh STI-ti VAH-yu muk-to-NAHS-uh-nuh) 

Also Known As: Dwi Hasta Pada Ardha Nindra Vayu Muktyuttonasana 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE-LEGGED SQUATS: KNEES IN LINE—HEEL TO THE SITTING BONE—HEEL OF THE STANDING LEG UP 


One Hand to Foot Tip Toe Half Standing Wind Relieving Intense 
Stretch Pose 


Eka Hasta Pada Prapada Ardha Stiti Vayu Muktyuttonasana 
(EY-kuh HUH-stuh PUH-duh PRUH-puh-duh UHR-duh STL-ti VAH-yu muk-to-NAHS-uh-nuh) 
Also Known As: Eka Hasta Pada Prapada Ardha Nindra Vayu Muktyuttonasana 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Both Hands to Foot Tip Toe Half Standing Wind Relieving Intense 
Stretch Pose 


Dwi Hasta Pada Prapada Ardha Stiti Vayu Muktyuttonasana 
(DW1-huh-stuh PUH-duh PRUH-puh-duh UHR-duh STL-ti VAH-yu muk-to-NAHS-uh-nuh) 

Also Known As: Dwi Hasta Pada Prapada Ardha Nindra Vayu Muktyuttonasana 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
@00¢60e 


ONE-LEGGED SQUATS: TWISTS—GRABBING ONTO THE FOOT, LEG STRAIGHT IN FRONT 


One-Legged Pose Dedicated to Yogi Shankara 


Eka Pada Shankarasana 

(EY-kuh PUH-duh shunk-uhr-AHS-uh-nuh) 

Modification: forehead to the shin 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved One-Legged Pose Dedicated to Yogi Shankara 


Parivritta Eka Pada Shankarasana 

(puh-ri-VRIT-tuh EY-kuh PUH-duh shunk-uhr-AHS-uh-nuh) 

Modification: twisting to the inside of the leg 

Pose Type: standing one-legged balance, forward bend, twist, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved One-Legged Pose Dedicated to Yogi Shankara 


Parivritta Eka Pada Shankarasana 

(puh-ri-VRIT-tuh EY-kuh PUH-duh shunk-uhr-AHS-uh-nush) 

Modification: twisting to the outside of the leg 

Pose Type: standing one-legged balance, forward bend, twist, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE-LEGGED SQUATS: FOOT ON TOP OF THE KNEE 


One-Legged Fierce Pose 1 


Eka Pada Utkatasana 1 

(EY-kuh PUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: One-Legged Prayer Fierce Pose (Eka Pada Namaskar Utkatasana) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing one-legged balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


One-Legged Fierce Pose 2 


Eka Pada Utkatasana 2 

(EY-kuh PUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Both Hands to Ankle One-Legged Fierce Pose (Dwi Hasta Kulpa Eka Pada 
Utkatasana) 

Modification: both hands to the ankle 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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One-Legged Fierce Pose 3 


Eka Pada Utkatasana 3 

(EY-kuh PUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Arms Spread One-Legged Fierce Pose (Prasarita Hasta Eka Pada Utkatasana) 
Modification: arms straight out to the sides, forward bend 

Pose Type: standing one-legged balance, forward bend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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One-Legged Fierce Pose 4 


Eka Pada Utkatasana 4 

(EY-kuh PUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Hands Bound One-Legged Fierce Pose (Baddha Hasta Eka Pada Utkatasana) 
Modification: hands bound behind the back, forward bend 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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ONE-LEGGED SQUATS: HALF LOTUS 


Half Bound Lotus Fierce Pose 


Ardha Baddha Padma Utkatasana 
(UHR-duh BUH-duh PUHD-muh ut-kuh-TAHS-uh-nuh) 


Modification: hips low 
Pose Type: standing one-legged balance, binding 
Drishti Point: Hastagrai or Hastagre (hands) 
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STANDING: FORWARD BEND—FOOT TO KNEE & FOOT TO ARMPIT 


Baby Cradle Pose in Intense Stretch Pose 


Hindolasana in Uttanasana 

(hin-do-LAHS-uh-nuh in ut-tahn-AHS-uh-nuh) 

Also Known As: Baby Cradle Pose in Full Forward Bend 
Modification: foot behind the knee of the standing leg 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Standing Bound Yogic Staff Pose 


Stiti Baddha Yoganandasana 
(STL-ti BUH-duh yo-gah-nuhn-DAHS-uh-nuh) 


Also Known As: Nindra Baddha Yoganandasana 
Pose Type: standing one-legged balance, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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Yogic Staff Intense Stretch Pose 


Yogadananda Uttanasana 

(vo-gah-nuhn-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Yogic Staff Full Forward Bend 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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STANDING HALF FORWARD BEND: LEGS CROSSED 


Hand Position of the Pose Dedicated to Garuda in Sideways Half 
Intense Stretch Pose 


Hasta Garudasana in Parshva Ardha Uttanasana 


(HUH-stuh guh-ru-DAHS-uh-nuh in PAHRSH-vuh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Hand Position of the Pose Dedicated to Garuda in Sideways Legs Crossed Half 
Forward Bend 

Modification: legs crossed 

Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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STANDING HALF FORWARD BEND: ONE KNEE BENT 


Reverse Prayer Uneven Legs Half Intense Stretch Pose 


Viparita Namaskar Vishama Pada Ardha Uttanasana 

(vi-puh-REE-twh nub-muhs-KAHR VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Uneven Legs Half Intense Stretch Pose (Paschima 
Namaskara Vishama Pada Ardha Uttanasana), Reverse Prayer Uneven Legs Half Forward Bend 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Uneven Legs Half Intense Stretch Pose 


Baddha Vishama Pada Ardha Uttanasana 
(BUH-duh VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 
Also Known As: Bound Uneven Legs Half Forward Bend 
Pose Type: standing, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


es000e 
ti 


STANDING HALF FORWARD BEND: ONE KNEE BENT—TWISTS & BINDING 


Revolved Uneven Legs Half Intense Stretch Pose 


Parivritta Vishama Pada Ardha Uttanasana 

(puh-ri-VRIT-tuh VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Revolved Uneven Legs Half Forward Bend 
Modification: one hand to the floor, other hand up to the sky; looking down 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Reverse Prayer Revolved Uneven Legs Half Intense Stretch Pose 


Viparita Namaskar Parivritta Vishama Pada Ardha Uttanasana 

(vi-puh-REE-twh nuh-muhs-KAHR puh-ri-VRIT-tuh VISH-uh-nuh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Revolved Uneven Legs Half Intense Stretch Pose 
(Paschima Namaskara Ardha Parivritta Uttanasana), Reverse Prayer Revolyed Uneven Legs Half 
Forward Bend 


Pose Type: standing, forward bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hands Bound Revolved Uneven Legs Half Intense Stretch Pose 


Baddha Hasta Parivritta Vishama Pada Ardha Uttanasana 
(BUH-duh HUH-stuh puh-ri-VRIT-tuh VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 
Also Known As: Hands Bound Revolved Uneven Legs Half Forward Bend 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Bound Revolved Half Intense Stretch Pose 


Baddha Parivritta Ardha Uttanasana 


(BUH-duh puh-ri-VRIT-tuh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Bound Revolved Half Forward Bend 
Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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STANDING HALF FORWARD BEND: HANDS OFF THE FLOOR 


Arms Extended Half Intense Stretch Pose 


Utthita Hasta Ardha Uttanasana 

(UT-ti-tuh HUH-stuh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Arms Extended Half Forward Bend 

Modification: palms pressed together 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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STANDING HALF FORWARD BEND: HANDS ON THE FLOOR, 


Half Foot Big Toe Pose 


Ardha Padangushtasana 

(UHR-duh puhd-ahng-goosh-TAHS-uh-nuh) 

Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


Sideways Half Intense Stretch Pose 


Parshva Ardha Uttanasana 

(PAHRSH-vuh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Sideways Half Forward Bend 

Modification: fingers interlocked, palms to the floor on the outside edge of the foot 
Pose Type: standing, forward bend, side bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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STANDING HALF FORWARD BEND: HANDS ON THE FLOOR—HEELS UP 


Tip Toe Half Intense Stretch Pose 


Prapada Ardha Uttanasana 

(PRUH-puh-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Tip Toe Half Forward Bend and Downward Facing Tree Pose Prep. (Adho Mukha 
Vrikshasana Prep.) 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Intense Stretch Pose 


Prapada Uttanasana 

(PRUH-puh-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Tip Toe Full Forward Bend 

Modification: arms straight and pointing to the back, both arms on the inside of the legs 

1. head up 

2. forehead toward the shins. 

Pose Type: standing, forward bend 

Drishti Point: 1. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 2. Nasagrai or 
Nasagre (nose) 
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STANDING FULL FORWARD BEND: BALLET TOES 


Intense Ankle Stretch Intense Stretch Pose 1 


Uttana Kulpa Uttanasana 1 

(ut-TAHN-uh KUL-puh ut-tahn-AHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Forward Bend 
Modification: legs together 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


Intense Ankle Stretch Intense Stretch Pose 2 


Uttana Kulpa Uttanasana 2 

(ut-TAHN-uh KUL-puh ut-tahn-AHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Forward Bend 
Modification: scissor legs 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: ONE-LEGGED 


Extended One Hand to Foot Intense Stretch Pose 1 


Utthita Eka Hasta Pada Uttanasana 1 
(UT-ti-tuh EY-kuh HUH-stuh PUH-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Extended One Hand to Foot Full Forward Bend 1 
Modification: hand grabbing the foot on the same side 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended One Hand to Foot Intense Stretch Pose 2 


Utthita Eka Hasta Pada Uttanasana 2 

(UT-ti-tuh EY-kuh HUH-stuh PUH-duh ut-tahn-AHS-wh-nuh) 

Also Known As: Extended One Hand to Foot Full Forward Bend 2 
Modification: hand grabbing the foot on the opposite side 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: HANDS TO THE FLOOR & HANDS TO THE BACK OF THE LEGS 


Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend 

Modification: palms to the floor, fingers pointing to the back 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend and Standing Turtle Pose (Nindra Kurmasana) 
Modification: feet hip width apart, grabbing onto the calves, elbows bent 

Pose Type: standing, forward bend 


Entirely New Kind Of Generator Invented! 


(1-26-2003 ) TASHKENT, Uzbekistan 
(UPI) - An Uzbek inventor said he has 
created a type of electrical generator that 
does not rely on the principle of 
electromagnetic induction — on which all 
existing generators are based. 


‘The new generator employsa concept called 
magnetic conductivity modulation and 
it has potential applications in industry, 
communications, households and even the 
military, explained Vladimir Matveev, the 
inventor, a specialist in electronics. 


Matveev said he is convinced he has created 
a fundamentally different machine 


“All electrical machines I know are based on 
the principle of interaction between the 
magnetic fluxes (lines of force) of their rotor 
(rotating member) and stator (portion that 
remains fixed)," he explained. 


Such machines, Matveev said, are based on 
electromagnetic induction, a property of 
energy discovered by Michael Faraday, an 
English physicist and chemist, in the 19th 
century. The machines produce electrical 
current either by moving a conductor across 
a magnetic field or by regulating the flux of 
that field. 


"My machine has a principal difference," 
Matveev told United Press International."The 
magnetic field of its stator does not interact 
with the magnetic field of the rotor (because) 
its rotor is not a magnet — the rotor only 
changes the magnetic resistance of the stator," 
he said. 


‘The stator in Matveev's generator contains a 
magnetic core with a permanent magnet and 
adetachable winding A rotor with changeable 
magnetic resistance is placed ata cutoff point 
in the core's magnetic field. It is composed of 
alternating magnetic and air parts and can 
operate in either linear or rotary form, 


When the rotor isset in motion, itsalternating 
components pass through the magnetic core's 
cutoff point. When the magnetic part passes 
through the cutoff point its magnetic 
resistance decreases. When the air part passes 
through, its resistance increases. 


‘This pulsing of resistance results in changing 
the magnetic conductivity of the magnetic 
core, which in turn produces an alternating 
electrical current in the core's winding. The 
frequency of the winding's current can be 
controlled by regulating the rotors speed or 
by changing certain qualities of its magnetic 
or air parts. Also, the generator's electrical 
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Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend and Locked Elbows Standing Intense Stretch Pose (Baddha 
Padahastasana) 

Modification: grabbing onto triceps behind the calves 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: GRABBING ONTO THE FEET 


Foot Big Toe Pose 


Padangushtasana 
(puh-ahng-goosh-TAHS-uh-nuh) 
Pose Type: standing, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Under Foot Pose 


Pada Hastasana 

(PUH-duh huh-STAHS-uh-nuh) 

Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


eo 


Intense Stretch Pose 


Uttanasana (ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend 

Modification: arms crossed, grabbing onto the outside edges of the feet, half forward bend 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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Forward Bend 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend and Hands to Feet Pose Modification (Pada Hastasana) 
Modification: feet hip width apart, arms crossed, grabbing onto the outside edges of the feet, elbows 
moving toward the feet 

1. half forward bend 

2. full forward bend 

Pose Type: standing, forward bend 

Drishti Point: 1. Padayoragrai or Padayoragre (toes/feet) 2. Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: UNSUPPORTED 

Intense Stretch Pose 

Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend 

Modification: grabbing onto the triceps, swaying from side to side 
Pose Type: standing, forward bend, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Stretch Pose 


Uttanasana 
(ut-tahn-AHS-uh-nuh) 


Also Known As: Full Forward Bend and Unsupported Forward Stretch Pose (Niralamba Uttanasana) 
Modification: arms straight out to the sides behind the back, forehead to the shins 


Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Forward Bend Modification 


Baddha Hasta Uttanasana 

(BUH-duh HUH-stuh ut-tahn-AHS-uh-nuh) 

Also Known As: Hands Bound Full Forward Bend and Unsupported Forward Stretch Pose 
(Niralamba Uttanasana) 

Modification: knees bent, chest to the quadriceps 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: HANDS TO THE FLOOR—ARMS OPEN WIDE 


Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Legs Crossed Full Forward Bend 

Modification: legs crossed, forehead to the shins, hands to the floor in line with the feet, elbows bent 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: TWISTS 


Sideways Intense Stretch 


Parshva Uttanasana 

(PAHRSH-vuh ut-tahn-AHS-uh-nuh) 

Also Known As: Sideways Full Forward Bend 

Modification: one hand grabbing onto the opposite ankle, fingertips of the other hand to the floor 
Pose Type: standing, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Sideways Intense Stretch 


Parshva Uttanasana 

(PAHRSH-vuhut-tahn-AHS-uh-nuh) 

Also Known As: Sideways Full Forward Bend and Sideward Forward Stretch (Parshva Bhaga 
Uttanasana) 

Modification: fingers interlocked, palms to the floor on the outside edge of the foot 

Pose Type: standing, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Intense Stretch Prayer Pose 


Parivritta Uttana Anjalyiasana 

(pub-ri-VRIT-uh ut-TAHN-wh uhn-juhl-YAHS-uh-nuh) 

Also Known As: Revolved Full Forward Bend Prayer Pose 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Intense Stretch 


Parivritta Uttanasana 

(pub-ri-VRIT-tuh ut-tahn-AHS-uh-nuh) 

Also Known As: Revolved Full Forward Bend 

Modification: grabbing the outside edge of the feet, feet hip width apart 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


STANDING FULL FORWARD BEND: TWISTS—FEET SLIGHTLY WIDER THAN HIPS 


Revolved Intense Stretch 


Parivritta Uttanasana 

(puh-ri-VRIT-tuh ut-tahn-AHS-uh-nuh) 

Also Known As: Revolved Full Forward Bend 

Modification: feet wide; one hand grabbing onto the ankle, back of the other hand to the floor in front 
of the opposite foot 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Intense Stretch 


Parivritta Uttanasana 

(puh-ri-VRIT-tuh ut-tahn-AHS-uh-nuh) 

Also Known As: Revolved Legs Crossed Full Forward Bend 
Modification: feet wide, legs crossed, feet flat on the floor 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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STANDING FULL FORWARDS BEND: BINDING 


Firefly Pose 2 A 


Tittibhasana 2 A 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Intense Stretch Pose Stork Modification (Uttanasana), Standing Bound Arms Head 
Between Knees Pose (Utthita Baddha Hasta Janu Shirshasana) 

Modification: arms wrapped around the legs, fingers interlocked behind the head 

Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 2 B 


Tittibhasana 2 B 

(ti-i-BAHS-uh-nuh) 

Also Known As: Inverted Firefly Prayer Pose (Viparita Tittibha Anjali Asana) 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Complete Firefly Pose 2 


Paripurna Tittibhasana 2 

(puh-ri-POOR-nuh ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose B (Tittibhasana B), Inverted Firefly Pose (Viparita Tittibhasana), 
Standing Firefly Pose Modification (Utthita Tittibhasana), Bound Firefly Pose, Standing Tortoise 
Pose (Nindra Kurmasana) 

Modification: hands bound 

Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 3 A Prep. 


Tittibhasana 3 A Prep. 
(ti-ti-BAHS-uh-nuh) 

Modification: hands on the ankles, heels up 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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output — itsvoltage — can be controlled by changing the 
configuration of the rotor's components, Matveev 
explained. 


Electrical machine assembly - 
FEDORO VF 1996.10.10 1996RU-119822 
(1998.09.27) GO1R 31/34, 31/02 


AddnlData: VOROBEI VK MATVEEV V A 


NOVELTY - Device has electrical machine, 
non-brush field exciter with diode rectifier, 
two dynamics double-winding transformers, 
which primary windings are located on rotor 
and secondary windings on stator. One end of 
primary winding of second transformer i 
connected to rotor housing; another end is 
connected to common point of conductor 
which is connected between capacitor and 
cathode of semiconductor diode, which other 
terminals are connected to direct current 
terminals of diode rectifier. Semiconductor 
diode is connected to cathode group of 
rectifier; capacitor is connected to anode 
group. Secondary windings of transformersare 
connected to actuating member through 
generator of signal, which is proportional to. 
resistance of insulation in excitation winding 
circuit 


USE - Electric power production 


Matveev said his generator 
different from an invention by 
Howard Johnson of the United 
States. Johnson discovered how to 
build motors that can run without 
input of electricity or any other 
kind of external energy. He 
obtained a patent in 1973 for 
describing electrical generation 
using only the energy contained in, 
the atoms of permanent magnets, 


Matveev also said some Russian 
inventors have experimented with 
a generator similar to his. Their 
generator changes its magnetic 
conductivity by changing 
temperature. However, the 
machine requires. lot of time to be 
heated and cooled alternately and 
resultsina current frequency much 
lower than what generally is used 
in industry. Moreover, the Russian 
generator requires high steel 
density and greater mass 


Matveev's machine generates 
electric energy of industrial 
frequency. Furthermore, he said his 
machine is simple, reliable and 
requires less steel and mass than 
conventional generators. Italsocan 
be adapted to flows of low speeds. 
such as weak water or wind 
streams. Matveev tested the 
generator in his former household 
in Kazakhstan before he patented 
itin Uzbekistan. 


"Lwant to pass the invention on to 
all mankind," he said. 


Boris Abdurakhmanov, director of 
the Uzbek Koinot (Cosmos) design 
office and head of the laboratory 
of semiconductors and 
photoelectricity of the Institute of 
Electronics of the Uzbek Academy 
of Sciences, told UPI: "Matveev has 
offered a fundamentally new 
approach to a problem of the 
creation of electric power 
generators." 
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Firefly Pose 3 A 


Tittibhasana 3 A 

(ti-t-BAHS-uh-nuh) 

Also Known As: Firefly Pose C Prep. (Tittibhasana C Prep.) 
Modification: hands on the ankles, one foot lifted 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 4 A 


Tittibhasana 4 A 

(ti-tiBAHS-uh-nuh) 

Also Known As: Firefly Pose D (Tittibhasana D), Standing Firefly Pose (Utthita Tittibhasana) 
Modification: fingers interlocked in front of the ankles 

Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 4 B 


Tittibhasana 4 B 

(ti--BAHS-uh-nuh) 

Also Known As: Inverted Both Legs Prayer Pose (Viparita DwiPada Anjaliasana) 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Complete Firefly Pose 4 


Paripurna Tittibhasana 4 

(puh-ri-POOR-nuh ti-ti-BAHS-uh-nuh) 

Also Known As: Inverted Bound Legs Pose (Viparita DwiPada Baddhasana) 
Modification: hands bound 

Pose Type: standing, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LEGS WIDE: STRAIGHT SPINE, TWISTS & BACKBEND 


Book Stand Pose 


Grantadara 

(gruhn-tah-DAH-ruh) 

Also Known As: Chikkyasana 

Modification: hands to the head, palms facing up, looking to the side 
Pose Type: standing, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Feet Spread Mountain Pose 


Parivritta Prasarita Pada Tadasana 

(pub-ri-VRIT-tuh pruh-SAH-ri-tuh PUH-duh tuh-DAHS-uh-nuh) 

Modification: arms straight out to the sides 

Pose Type: standing, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Feet Spread Mountain Pose in Hero Succession Series 


Prasarita Pada Tadasana in Vira Parampara 

(pruh-SAH-ri-tuh PUH-duh tuh-DAHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 
Modification: backbend, hands on the calf muscles 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LEGS WIDE: ARMS UP OVER THE HEAD 


Easy Feet Spread Upward Hands Pose 


Sukha Prasarita Pada Urdhva Hastasana 

(SUK-kuh pruh-SAH-ri-tuh PUH-duh OORD-vuh huh-STAHS-uh-nuh) 

Also Known As: Part of Hero Succession Series (Vira Parampara) 
Modification: palms together, looking up 

Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Feet Spread Upward Hands Pose 


Prasarita Pada Urdhva Hastasana 

(pruh-SAH-ri-tuh PUH-duh OORD-vuh hul-STAHS-uh-nuh) 

Also Known As: Equal Angle Pose (Sama Konasana) 

Modification: legs open extremely wide; palms together, looking straight ahead 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Angle Pose 
Konasana 
(ko-NAHS-uh-nuh) 


Also Known As: Triangle Pose (Konasana) 

Modification: fingers interlocked, palms together; side bend 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Nasagrai or Nasagre (nose) 
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Book Stand Pose with Upward Bound Hands 


Grantadara Urdhva Baddha Hastasana 
(gruhn-tah-DAH-ruh OORD-vuh BUH-duh HUH-STAHS-uh-nuh) 

Also Known As: Chikkiasana Urdhva Baddha Hastasana 
Modification: fingers interlocked, palms facing up, looking up 
Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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KALI SQUAT: HEELS DOWN—ARMS UP OVER THE HEAD 


Lotus Hand Seal in Upward Hands Pose Dedicated to Goddess Kali 


Padma Mudra Urdhva Hasta Kalyasana 
(PUHD-muh MU-druh OORD-vuh HUH-stuh kahl-YAHS-uh-nuh) 


Modification: heels down; arms extended to the sky, fingertips open 


Pose Type: standing 
Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Hands Bound Pose Dedicated to Goddess Kali 


Parshva Baddha Hasta Kalyasana 
(PAHRSH-vuh BUH-duh HUH-stuh kahl-YAHS-uh-nuh) 


Modification: side bend, fingers interlocked 
Pose Type: standing, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


eso 


“we 
> 


KALI SQUAT: HEELS DOWN—ARMS AT HEAD HEIGHT. 


Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: elbows bent, palms facing the sky, heels down 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Pose Dedicated to 
Goddess Kali 


Hasta Garudasana in Kalyasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in kahl-YAHS-uh-nuh) 

Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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KALI SQUAT: HEELS DOWN—ARMS BEHIND 


Hands Bound Pose Dedicated to Goddess Kali 


Baddha Hasta Kalyasana 

(BUH-duh HUH-stuh kahl-YAHS-uh-nuh) 

Modification: head rolling back, heels down 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Pose Dedicated to Goddess Kali 


Baddha Kalyasana 

(BUH-duh kahl-YAHS-uh-nuh) 

Pose Type: standing, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS DOWN—ONE ARM SIDE BENDS 


Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: one hand to the forehead, arm to the knee on the same side 
Pose Type: standing 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: one arm straight and parallel to the floor, other arm bent, palm facing up 
Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 


2 
“os 


Sideways Pose Dedicated to Goddess Kali 


Parshva Kalyasana 

(PAHRSH-vuh kahl-YAHS-uh-nuh) 

Modification: leaning to one side, one arm out to the side—elbow slightly bent, palm facing up, other 
hand to the face—palm down 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Half Bound Pose Dedicated to Goddess Kali 


Parshva Ardha Baddha Kalyasana 
(PAHRSH-vuh UHR-duh BUH-duh kahl-YAHS-uh-nuh) 


Modification: forearm to the knee on the same side 
Pose Type: standing, side bend, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Sideways Pose Dedicated to Goddess Kali 


Parshva Kalyasana 

(PAHRSH-vuh kahl-YAHS-uh-nuh) 

Modification: one hand to the floor, other arm up to the sky 
Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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KALI SQUAT: HEELS DOWN—FORWARD BEND 


Bound Pose Dedicated to Goddess Kali 


Baddha Kalyasana 
(BUH-duh kahl-YAHS-uh-nuh) 
Modification: forward bend 


Pose Type: standing, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: forward bend, arms straight and parallel to the floor, palms together 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: forward bend, arms crossed, hands to the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS DOWN—FORWARD BEND & FORWARD BEND TWISTS 


Revolved Half Bound Pose Dedicated to Goddess Kali 


Parivritta Ardha Baddha Kalyasana 
(puh-ri-VRIT-tuh UHR-duh BUH-duh kahl-YAHS-uh-nuh) 
Modification: arm under the opposite leg 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Revolved Pose Dedicated to Goddess Kali 


Parivritta Kalyasana 

(pub-ri-VRIT-tuh kahl-YAHS-uh-nuh) 

Modification: hands to the knees 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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KALI SQUAT: HEELS UP—ARM POSITIONS. 


Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: head down, elbows bent, back of the hands on the knees 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lotus Hand Seal in Upward Hands Tip Toe Pose Dedicated to Goddess 
Kali 


Padma Mudra in Urdhva Hasta Prapada Kalyasana 
(PUHD-muh MU-druh in OORD-vuh HUH-stuh PRUH-puh-duh kahl-YAHS-uh-nuh) 


Pose Type: standing 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: one hand behind the back in reverse prayer, one elbow on the knee 
Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Reverse Prayer Tip Toe Pose Dedicated to Goddess Kali 


Viparita Namaskar Prapada Kalyasana 

(vi-puh-REE-twh nuh-muhs-KAHR PRUH-puh-duh kahl-YAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Tip Toe Pose Dedicated to Goddess Kali (Paschima 
Namaskar Prapada Kalyasana) 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS UP—SIDE BENDS 


Sideways Tip Toe Pose Dedicated to Goddess Kali 


Parshva Prapada Kalyasana 

(PAHRSH-vuh PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: one palm to the forehead, fingertips of the other hand to the floor 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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KALI SQUAT: ONE HEEL UP, ONE HEEL DOWN 


Sideways Uneven Tip Toe Pose Dedicated to Goddess Kali 


Parshva Vishama Prapada Kalyasana 
(PAHRSH-vuh VISH-uh-muh PRUH-puh-duh kahl-YAHS-uh-nuh) 
Modification: side bend 

Pose Type: standing, side bend 

Dristhi Point: Padhayoragrai or Padayoragre (toes/feet) 
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KALI SQUAT: HEELS UP—FORWARD BENDS 


Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: forward bend, arms crossed, hands to the floor, fingertips pointing toward each other 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: forward bend, arms crossed, hands to the floor, fingertips pointing away from each 
other 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: forward bend, hands to the floor, fingertips to the floor facing away from each other 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: forward bend, arms open wide 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS UP—BINDING 


Extended Side Revolved Hands Bound Half Pose Dedicated to Goddess 
Kali 


Utthita Parshva Parivritta Baddha Hasta Ardha Kalyasana 
(UT-ti-tuh PAHRSH-vuh puh-ri-VRIT-tuh BUH-duh HUH-stuh UHR-duh kahl-YAHS-uh-nuh) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hands Bound Pose Dedicated to Goddess Kali 


Baddha Hasta Kalyasana 

(BUH-duh HUH-stuh kahl-YAHS-uh-nuh) 

Modification: hands bound under the leg, heels down 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS UP—BINDING 


Tip Toe Hands Bound Pose Dedicated to Goddess Kali 


Prapada Baddha Hasta Kalyasana 
(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: hands bound under the leg 
Pose Type: standing, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Half Bound Pose Dedicated to Goddess Kali 


Prapada Ardha Baddha Kalyasana 

(PRUH-puh-duh UHR-duh BUH-duh kahl-YAHS-uh-nuth) 

Modification: one arm bound under the leg, palm to the rib cage, other forearm to the floor 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Editor: In the previous issue we made a review of Mikbail Smeretchanski's invention 
"Perpetual motor with magnetic control elements" (# 4, 2003). This invention was 
patented; shown below are some pages from the patent itself. You can contact the author 
by e-mail: smeretchanski.mikbail@wanadoo.fr, or the postal address: 13 av. 
Rochambeau 3800 GRENOBLE FRANCE 
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LEGS WIDE: HALF FORWARD BEND 


Half Feet Spread Out Intense Stretch Pose 


Ardha Prasarita Padottanasana 

(UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Half Forward Bend 
Modification: legs straight, hands on the shins 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LEGS WIDE: HALF FORWARD BEND, HANDS TO THE FLOOR—HEELS DOWN & HEELS UP 


Half Feet Spread Out Intense Stretch Pose 


Ardha Prasarita Padottanasana 

(UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Half Forward Bend 

Modification: 1. toes pointing straight ahead, palms flat on the floor 2. toes pointing slightly outward, 


back of the hands to the floor, fingertips pointing toward each other 
Pose Type: standing, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Tip Toe Half Feet Spread Out Intense Stretch Pose 


Prapada Ardha Prasarita Padottanasana 

(PRUH-puh-duh UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Tip Toe Feet Spread Out Half Forward Bend 
Modification: toes pointing straight ahead, heels up, palms flat on the floor 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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LEGS WIDE: FULL FORWARD BEND—HANDS TO THE FLOOR 


Feet Spread Out Intense Stretch Pose 1 


Prasarita Padottanasana 1 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose A (Prasarita Padottanasana A), Feet Spread 
Out Full Forward Bend A 

Modification: palms to the floor, elbows bent at 90 degrees 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Feet Spread Out Intense Stretch Pose 1 


Prasarita Padottanasana 1 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose A (Prasarita Padottanasana A), Feet Spread 
Out Full Forward Bend A 

Modification: arms straight, palms to the floor, fingertips pointing away from the head 

Pose Type: standing, forward bend 


Drishti Point: Hastagrai or Hastagre (hands) 
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Feet Spread Out Intense Stretch Pose 4 


Prasarita Padottanasana 4 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose D (Prasarita Padottanasana D), Hands to Big 
Toes Feet Spread Out Full Forward Bend (Hasta Padangushta Prasarita Padottanasana) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LEGS WIDE: FULL FORWARD BEND—ARMS BEHIND THE BACK. 


Feet Spread Out Intense Stretch Pose 2 


Prasarita Padottanasana 2 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose B (Prasarita Padottanasana B), Feet Spread 
Out Full Forward Bend 


Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Feet Spread Out Intense Stretch Pose 5 


Prasarita Padottanasana 5 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Reverse Prayer Feet Spread Out Full Forward Bend (Viparita Namaskar Prasarita 
Padottanasana) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Feet Spread Out Intense Stretch Pose 3 


Prasarita Padottanasana 3 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose C (Prasarita Padottanasana C), Feet Spread 
Out Full Forward Bend, Hands Bound Wide Legs Forward Fold (Baddha Hasta Prasarita 
Padottanasana) 


Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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LEGS WIDE: FULL FORWARD BEND—ARMS OPEN WIDE 


Feet Spread Out Intense Stretch Pose 6 


Prasarita Padottanasana 6 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Full Forward Bend 6 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Feet Spread Out Intense Stretch Pose 7 


Prasarita Padottanasana 7 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Full Forward Bend 7 
Pose Type: standing, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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LEGS WIDE: FULL FORWARD BEND—TWISTS 


Revolved Half Feet Spread Out Intense Stretch Pose 


Parivritta Ardha Prasarita Padottanasana 
(pub-ri-VRIT-tuh UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Feet Spread Out Half Forward Bend 
Modification: palm to the floor 

Pose Type: standing, forward bend, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Half Feet Spread Out Intense Stretch Pose 


Parivritta Ardha Prasarita Padottanasana 
(pubh-ri-VRIT-tuh UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Feet Spread Out Half Forward Bend 
Modification: forearm to the floor 


Pose Type: standing, forward bend, twist 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Paying Homage Feet Spread Out Intense Stretch Pose 


Parivritta Namasya Prasarita Padottanasana 

(puh-ri-VRIT-tuh nuh-MUHS-ya pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Paying Homage Feet Spread Out Forward Bend 
Modification: legs crossed, hand to the back foot, other arm extended to the sky 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Bound Revolved Feet Spread Out Intense Stretch Pose 


Baddha Parivritta Prasarita Padottanasana 

(BUH-duh puh-ri-VRIT-tuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Bound Revolved Feet Spread Out Full Forward Bend 
Modification: arm straight, looking up 

Pose Type: standing, forward bend, twist, binding 


Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Hands Bound Revolved Feet Spread Out Intense Stretch Pose 


Baddha Hasta Parivritta Prasarita Padottanasana 

(BUH-duh HUH-stuh puh-ri-VRIT-tuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Hands Bound Revolved Feet Spread Out Full Forward Bend 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Paying Homage Feet Spread Out Intense Stretch Pose 


Parivritta Namasya Prasarita Padottanasana 

(puh-ri-VRIT-tuh nuh-MUHS-ya pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Modification: outside edges of the feet to the floor, legs crossed, forward bend, both hands on the 
back foot 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Revolved Feet Spread Out Intense Stretch Pose 


Parivritta Prasarita Padottanasana 

(puh-ri-VRIT-tuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Feet Spread Out Full Forward Bend 
Modification: grabbing onto the knee and the foot 

Pose Type: standing, forward bend, side bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Revolved Feet Spread Out Intense Stretch Pose 


Parivritta Prasarita Padottanasana 

(puh-ri-VRIT-tuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Feet Spread Out Full Forward Bend 
Modification: grabbing onto the ankles 

Pose Type: standing, forward bend, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved to the Side Feet Spread Out Intense Stretch Pose 


Parivritta Parshva Prasarita Padottanasana 

(puh-ri-VRIT-tuh PAHRSH-vuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved to the Side Feet Spread Out Full Forward Bend) 
Modification: grabbing onto the foot with both hands 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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DOWNWARD DOG 


Downward Facing Dog Pose e000 


Adho Mukha Shvyanasana 
(uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Pose Typ 


standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


How to Perform the Pose: 


1. Start by lying on your stomach with your whole body flat on the floor. Place your palms on the 
floor at the bottom of your ribs with fingertips facing forward and elbows tucked in. Engage your 
mula bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale as you engage your core and lift your torso off the floor, and straighten your arms, coming 
into a distinct upside-down V shape with your sitting bones up to the sky. Your feet should be in 
line with your sitting bones and your hands should be shoulder width apart. 

3. Try to keep your legs as straight as possible while pressing the heels to the floor. You should feel 
a deep stretch in the back of your thighs (the hamstrings) and your calf muscles. 

4, Inhale as you lengthen your spine, keeping your neck long and your shoulder blades down your 
back. Try not to round your lower back, keeping it long. Exhale as you press through your chest, 
moving it toward your thighs. You should feel a deep stretch in the back of your shoulders. 

5. You can either keep your head off the floor (Pose #1) or bring your forehead to the floor (Pose #2) 
if your shoulders are open. 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

7. To come out of the pose, inhale as you rock into Plank Pose, and exhale as you bend your elbows 
into Four Limbed Staff Pose (Chaturanga Dandasana) and lower all the way down to the floor 
into the starting position. 


Modification: 
1. head off the floor 
2. forehead to the floor 


adho = downward 
mukha = face 


shvana = dog 
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DOWNWARD DOG: FOREARMS AND HEAD ON THE FLOOR 


Downward Facing Pose Dedicated to Makara on the Head 


Adho Mukha Shirsha Makarasana 

(uh-DO MUK-uh SHEER-shuh muh-kuh-RAHS-uh-nuh) 

Pose Type: forward bend, inversion, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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DOWNWARD DOG: KNEES BENT 


Downward Facing Dog Pose 


Adho Mukha Shyanasana 

(uh-DO MUK-wh shwa-NAHS-uh-nuh) 
Modification: knees bent, heels up 

Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Downward Facing Dog Pose 


Adho Mukha Shvyanasana 
(uh-DO MUK-uh shwa-NAHS-uh-nuh) 


Modification: knees bent, heels up, spine in Cat Tilt, forehead toward the knees 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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DOWNWARD DOG: WIDE-LEGGED 


Feet Spread Downward Facing Dog Pose 


Prasarita Pada Adho Mukha Shvanasana 
(pruh-SAH-ri-tuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: heels down, palms down 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Feet Spread Downward Facing Dog Pose 


Prapada Prasarita Pada Adho Mukha Shvanasana 

(PRUH-puh-duh pruh-SAH-ri-tuh PUH-duh wh-DO MUK-uh shwa-NAHS-uh-nuh) 

Modification: one palm on top of the other, fingertips to the floor, head above the arms 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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DOWNWARD DOG: ONE-LEGGED—KNEES TOGETHER 


One-Legged Downward Facing Dog Pose 


Eka Pada Adho Mukha Shvanasana 

(EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: back leg bent, knees together 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Leg Position of the Half Cow Face Pose in Downward Facing Dog Pose 


Pada Ardha Gomukhasana in Adho Mukha Shvanasana 

(PUH-duh URH-duh go-muk-AHS-uh-nuh in wh-DO MUK-uh shwa-NAHS-uh-nuh) 

Also Known As: Leg Position of the One-Legged Cow Face Pose in Downward Facing Dog Pose 
(Eka Pada Gomukhasana in Adho Mukha Shvanasana) 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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DOWNWARD DOG: ONE-ARMED 


Revolved Downward Facing Dog Pose 


Parivritta Adho Mukha Shvanasana 
(puh-ri-VRIT-tuh wh-DO MUK-uh shwa-NAHS-uh-nuh) 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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DOWNWARD DOG: ONE-ARMED—ONE-LEGGED 


Hand to Knee One-Legged Downward Facing Dog Pose 


Hasta Janu Eka Pada Adho Mukha Shyanasana 
(HUH-stuh JAH-nu EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: hand grabbing onto the opposite knee 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Hand to Ankle One-Legged Downward Facing Dog Pose 1 


Hasta Kulpa Eka Pada Adho Mukha Shvanasana 1 

(HUH-stuh KUL-puh EY-kuh PUH-duh wh-DO MUK-uh shwa-NAHS-uh-nuh) 

Modification: grabbing onto the ankle on the same side; back leg bent, knees together 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hand to Ankle One-Legged Downward Facing Dog Pose 2 


Hasta Kulpa Eka Pada Adho Mukha Shvanasana 2 

(HUH-stuh KUL-puh EY-kuh PUH-duh wh-DO MUK-uh shwa-NAHS-uh-nuh) 

Modification: grabbing onto the ankle on the opposite side; back leg bent, knees together 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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DOWNWARD DOG: ONE-LEGGED 


One-Legged Downward Facing Dog Pose 


Eka Pada Adho Mukha Shvanasana 
(EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: knee bent 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Leg to the Side Downward Facing Dog Pose 


Parshva Eka Pada Adho Mukha Shyanasana 


The Most Interesting Articles - 2003 


In the year 2003 we have published more than 120 
articles, mainly on the alternative energy, new 
propulsion principles and the development of 
ether dynamics, 


"Cold fusion", low energy nuclear reactions (LENR) 
and highly-efficient electrolysis were represented 
by the works of Professor Kanarev, E. Storms, P. 
Hagelstein, T. Chubb and E. Cartlidge 


Almost every "New Energy" issue features articles 
on highly-efficient permanent magnet motor or 


generator experiments or patents of the kind. The 
articles by T. Valone, E. Vogel, A. Akau, T. Hardwood, 
A. Francouer and S. Abramov are of great value for 
engineers and researchers in this field. 


‘The interesting articles by M. Filo, R. Koontz and V. 
Bogomolov reveal several principles of designing 
and building purely mechanical energy generating 
systems, All these systems possess one common 
feature: namely, the fact that a substance (a solid 
or fluid working mass) is accelerated in the 
gravitational field or in the centrifugal force field 
The design characteristics of the system make it 
possible to obtain free energy. 


We have published several articles by S. Gerasimov 
and his colleagues on the reaction-less propulsion 


‘There is interesting newsgroup of the sit 


device experiments, We hope that in the future we 
will keep in touch with these researchers. 


The article by D. Reed on the new physics 
development concepts is worth mentioning too. 
‘The article by E. Sorokodum on new energy sources 
and the article by V. Chernobrov on the research 
into the active properties of time are of no less 
importance. 


A. Egorov's article on the ball lightning makes it 
possible to form a number of experimental 
approaches to the problem of creation multi- 
purpose stable plasma objects 


Electrogravity questions, water-powered vehicles, 
longitudinal electromagnetic wave technologies, 
the Searl effect commercialization, capillary 
engines, resonance high-efficiency power- 
engineering, single-wire power lines, heat pumps 
and other similar research works were presented 
to our readers in the year 2003. We have minimized 
theoretical articles and we hope that the magazine 
has become more interesting and useful for the 
new energy practice development. 


Alexander Frolov 
St. Petersburg, Russ 


http://www.overunity.com, 


Stefan Hartmann, email: harti@harti.com 


Stefan Hartmann writes: Thisis the answer Igot from Finsrud;it seems that the film they have done about him will 
be shown [on Discovery Channel] in 2004 when [if] l interpret this norwegian text right.. 


Subject Documentary Film 
Reidar Finsrud, 


Dear Sir, 


‘The Australian Broadcasting Company together with The Discovery Channel, have funded my company 
to make a documentary film entitled 'A Machine To Die For’, the story of Perpetual Motion and the 
search for 'Free Energy’ 

Thave read extensively about your Perpetual Motion sculpture and we would be interested in traveling 
from Australia to Norway in order to film this now famous piece of work, At the same time we would 
request an interview with yourself. 

If you are in agreement with this it is our intention to be in Norway on the 10th and 11th of July 2003, 
‘This documentary will be released worldwide and should produce considerable interest in your Gallery. 
Mark Eliot f 
Catherine Jarvis and Mark Eliot 

Romany Mill Studios 
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(PAHRSH-vuh EY-kuh PUH-duh wh-DO MUK-uh shwa-NAHS-uh-nuh) 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Downward Facing Dog Pose 


Eka Pada Adho Mukha Shvanasana 

(EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 

Also Known As: One-Legged Downward Facing Dog Shoulder Press 
Modification: bottom knee bent; elbows bent, fingertips to the floor 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Downward Facing Dog Pose 


Eka Pada Adho Mukha Shvanasana 

(EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 

Also Known As: One Leg Raised Up Downward Facing Dog Pose (Utthita Eka Pada Adho Mukha 
Shvanasana) 


Modification: back leg straight and extended up to the sky 
Pose Type: standing, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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DOWNWARD DOG: TWISTS 


Uneven Legs Revolved Downward Facing Dog Pose 1 


Vishama Pada Parivritta Adho Mukha Shvanasana 1 
(VISH-wh-muh PUH-duh puh-ri-VRIT-tuh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: one knee bent, foot crossed over 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Uneven Legs Revolved Downward Facing Dog Pose 2 


Vishama Pada Parivritta Adho Mukha Shvanasana 2 
(VISH-wh-muh PUH-duh puh-ri-VRIT-tuh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: both legs straight, one leg crossed over 


Pose Type: standing, forward bend, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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INTENSE SIDE STRETCH: STRAIGHT SPINE TO BACKBEND 


Upward Bound Hands Pose in Hero Succession Series 


Urdhva Baddha Hastasana in Vira Parampara 
(OORD-vuh BUH-duh huh-STAHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 
Modification: arms up to the sky, fingers interlocked, spine straight 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Pose in Hero Succession Series 


Baddha Hastasana in Vira Parampara 
(BUH-duh huh-STAHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 
Modification: grabbing onto the triceps behind the back 
Pose Type: standing, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Prayer Pose in Hero Succession Series 


Viparita Namaskarasana in Vira Parampara 

(vi-puh-REET-tuh nuh-muhs-kahr-AHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 

Also Known As: Back of the Body Prayer in Hero Succession Series (Paschima Namaskara in Vira 
Parampara) 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Bound Hands Pose in Hero Succession Series 


Urdhva Baddha Hastasana in Vira Parampara 

(OORD-vuh BUH-duh huh-STAHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 

Modification: deep backbend 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angusthamadhye or 
Angustha Ma Dyai (thumbs) 
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INTENSE SIDE STRETCH: HALF FORWARD BEND 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: arms straight out in front, palms pressed together 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: one hand to the lower back, one arm extended out in front and parallel to the floor 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: grabbing onto the triceps behind the back 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


os 


% be 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 
(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: arms open to the sides 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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INTENSE SIDE STRETCH: HALF FORWARD BEND—GRABBING ONTO ONE LEG 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: both hands on the shin on the front leg 
Pose Type: standing, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Extended Both Hands to Foot Intense Side Stretch Pose 


Utthita Dwi Hasta Pada Parshvottanasana 

(UT-ti-tuh DWI-huh-stuh PUH-duh pahrsh-vo-tahn-AHS-uh-nuth) 

Modification: toes of the front foot flexed in and lifted off the floor 
Pose Type: standing, forward bend 


Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
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Intense Side Stretch Pose 


Parshvottanasana 


(pahrsh-vo-tahn-AHS-uh-nuh) 


Modification: both hands grabbing onto the calf of the back leg 
Pose Type: standing, forward bend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


INTENSE SIDE STRETCH: FULL FORWARD BEND—ARMS IN FRONT AND ARMS POINTING TO THE BACK 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: palms to the floor on either side of the front foot 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Also Known As: Hero Succession Series (Vira Parampara) 

Modification: arms reaching to the back, fingertips to the floor 

1. chin to the shin 

2. forehead to the shin 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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INTENSE SIDE STRETCH: FULL FORWARD BEND—HANDS IN PRAYER, HANDS IN REVERSE PRAYER AND. 
BEHIND 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer), arms wrapped around the front leg 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Intense Side Stretch Pose 


Parivritta Parshvottanasana 

(puh-ri-VRIT-tuh pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer), arms wrapped around the front leg, twist 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Intense Side Stretch Pose 


Parshvottanasana 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Also Known As: Reverse Prayer Intense Side Stretch Pose (Viparita Namaskar Parsvottanasana), 
Back of the Body Prayer Intense Side Stretch Pose (Paschima Namaskara Parshvottanasana) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Intense Side Stretch Pose 


Baddha Hasta Parshvottanasana 

(BUH-duh HUH-stuh pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: both legs straight 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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INTENSE SIDE STRETCH: FULL FORWARD BEND—ONE ARM IN FRONT—ONE ARM BEHIND 


Uneven Legs Tip Toe Intense Side Stretch Pose 


Vishama Pada Prapada Parshvottanasana 

(VISH-wh-muh PUH-duh PRUH-puh-duh pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: 1. one arm stretched out to the back and up to the sky; other arm stretched out to the 
front, fingertips to the floor 2. both arms stretched out in front, fingertips to the floor 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: opposite arm wrapped around the front calf, chin to the shin 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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‘TRIANGLE POSE 


Extended Side Triangle Pose 


Utthita Parshva Trikonasana 

(UT-ti-tuh PAHRSH-vuh tri-ko-NAHS-uh-nuh) 
Modification: top arm parallel to the floor 
Pose Type: standing, forward bend, side bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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TRIANGLE POSE 


Extended Triangle Pose e300 


Utthita Trikonasana 
(UT-ti-tuh tri-ko-NAHS-uh-nuh) 
Pose Type: standing, forward bend, side bend 


Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Inhale and step your feet about elbow distance apart with toes facing forward and feet parallel to 
each other. Expand your chest and hold your arms straight out to the sides, parallel to the floor. 

3. Keep your legs strong and straight by engaging your quadriceps and pulling the kneecaps up. Turn 
your left foot 90 degrees to the left. Turn your right foot as close to 45 degrees to the left as 
possible. 

4. On your next exhale, reach over to the left as far as you can with good form and drop your left 
hand toward the left shin (or left foot or to the floor either on the inside or the outside of the left 
foot). 

5. Reach your right arm up to the sky and look at your right thumb (the drishti point). Make sure that 
your chest is not collapsing down toward the floor by lengthening both arms, grabbing onto the big 
toe of your left foot with pointer finger and middle finger and thumb locked on top, and leaning 
back far enough so that your shoulders are stacked one on top of the other. 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose. Inhale as you press strongly into both feet to come up. 

7. Exhale, come back to Mountain Pose (7adasana) and repeat on the other side. 


Modification: 
1. front view 
2. back view 


utittha = extended 
tri = three 


kona = angle 


‘TRIANGLE POSE: BINDING 


Half Bound Extended Triangle Pose 


Ardha Baddha Utthita Trikonasana 

(UHR-duh BUH-duh UT-ti-tuh tri-ko-NAHS-uh-nuh) 

Pose Type: standing, forward bend, side bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Extended Triangle Pose 


Baddha Utthita Trikonasana 
(BUH-duh UT-ti-twh tri-ko-NAHS-uh-nuh) 


Modification: fingers interlocked on the inside of the thigh 
Pose Type: standing, forward bend, side bend, binding 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Bound Extended Triangle Pose 


Baddha Utthita Trikonasana 

(BUH-duh UT-ti-tuh tri-ko-NAHS-uh-nuh) 

Pose Type: standing, forward bend, side bend, binding, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Sideways Extended Triangle Pose 


Parivritta Parshva Utthita Trikonasana 
(puh-ri-VRIT-tuh PAHRSH-vuh UT-ti-tuh tri-ko-NAHS-uh-nuh) 
Modification: grabbing onto both shins 

Pose Type: standing, forward bend, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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‘TRIANGLE POSE: REVOLVED & BINDING 


Revolved Triangle Pose 


Parivritta Trikonasana 
(puh-ri-VRIT-tuh tri-ko-NAHS-uh-nuh) 


Also Known As: Revolved Intense Side Stretch Pose (Parivritta Parshvottanasana) 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Triangle Pose 


Parivritta Trikonasana 

(puh-ri-VRIT-tuh tri-ko-NAHS-uh-nuh) 

Pose Type: standing, forward bend, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Bound Triangle Pose 


Parivritta Baddha Trikonasana 

(puh-ri-VRIT-tuh BUH-duh tri-ko-NAHS-uh-nuh) 

Also Known As: Bound Leg Twisted Angle Pose (Baddha Pada Parivritta Konasana) 
Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Hydrogenics Secures $3 Million from Japan Auto 
Makers 


Letter from RemyC remyc@prod: 


Contacts: investors@ hydrogenics.com 


Hydrogenics Secures $3 Million in Test Equipment Orders Japanese Auto Makers Select 
Greenlight Power for Fuel Cell Testing Equipment 


TORONTO, Sept. 30 ~ Hydrogenics 
Corporation (Nasdaq: HYGS; TSX: HYG), a 
developer and manufacturer of fuel cell 
products, announced today that its wholly 
owned subsidiary, Greenlight Power 
Technologies (Greenlight) has received 
orders totaling US $3 million for fuel cell test 
stations from two leading Asian automotive 
customers. Both are repeat orders for 
multiple machines 


mulatively, Greenlight is providing seven 
Fuel Cell Advanced Test Stations (FCATS) to 
two major customers, The first order is for 
three 3 kW PEM FCATS L-Series test systems. 
‘The second is for three 12 kW PEM FCATS H- 
Series test systems and one 60 kW PEM FCATS 
HX-Series testing station, The stations are 
expected to be delivered over the next two 
quarters. 


“Ourdecision to open an office in Tokyo, Japan 
over three years ago continues to pay 
dividends," said Pierre Rivard, President and 
(O of Hydrogenics. "The Japanese market is 
advancing quite aggressively towards the 
commercialization of fuel cell technology, as 
evidenced by our growth in test equipment 
sales to the region over the past three years 
We are delighted to secure these m: 
contracts with customers who are clearly 
setting the pace in fuel cell development." 


Greenlight fuel cell testing systems provide 
high precision instrumentation, combined 
with full-featured software. They deliver fuel 
cell testing results that prove the reliability, 


repeatability and versatility required for world- 
leading fuel cell development programs. 


About Hydrogenics Corporation 


Hydrogenics Corporation (Nasdaq: HYGS; 
‘TSX: HYG) isaleading clean powergeneration 
company, engaged in the commercialization 
offuel cell technology and teststations for fuel 
s. The company is building a sustainable 
business, in a potentially "game changing 
technology’ for transportation, stationaryand 
portable power. Hydrogenics, based in 
Mississauga, Ontario, Canada, has operations 
in British Columbia, Canada, Japan, the United 
States and Germany. For more information, 
please visit www.hydrogenics.com. 


About Greenlight Power 
Technologies, Inc. 


Greenlight Power Technologies Inc. 
(http://www greenlightpower.com),awholly- 
owned subsidiary of —Hydrogenics 
Corporation, is a leading global supplier of 
testing and diagnostic equipment to the fuel 
cell industry. It has supplied fuel cell test 
equipment to the world’s premier fuel cell 
stack manufacturers, component 
manufacturers, system integrators and 
research organizations. Greenlight provides 
full suite of test equipment for fuel cell stack, 
stack component, reformer andsystem testing 
forcompanies focused on portable, stationary, 
and transportation fuel cell applications. 
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WARRIOR 2 & SIDE ANGLE POSE 


Extended Side Angle Pose es 


Utthita Parshva Konasana 
(UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 


Pose Type: standing, side bend 
Drishti Point: Hastagrai or Hastagrahe (hands) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Inhale and step your feet about wrist-distance apart with toes facing forward and feet parallel to 
each other. Expand your chest and hold your arms straight out to the sides parallel to the floor. 

3. Keep your legs strong and straight by engaging your quadriceps and pulling the kneecaps up. Turn 
your left foot 90 degrees to the left. Turn your right foot 45 degrees to the left as much as possible. 

4. Exhale and bend your left knee until your left thigh is parallel to the floor, coming into Warrior 2 
Pose (Virabhadrasana 2). 

5. On the exhale, bend to the left and drop your left elbow to the left thigh. Reach your right arm over 
your head and rotate your chest to the side until your right shoulder is on top of your left shoulder. 

6. You can experiment with bringing your left palm to the floor on the inside of your left thigh or the 
outside of your thigh. 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose. Inhale as you press strongly into both feet to come up. 

8. Exhale, come back to Mountain Pose (Zadasana) and repeat on the right side. 


Modification: 

1. arm to the inside of the thigh 
2. elbow on the thigh 

3. arm to the outside of the thigh 


utthita = extended, rising, risen 
parsva = side 


kona = angle 


Warrior 2 


Virabhadrasana 2 

(veer-uh-buh-DRAHS-uh-nuh) 

Also Known As: Half Side Angle Pose (Ardha Parshva Konasana) 
Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE ANGLE POSE 


Extended Side Angle Pose Prep. 


Utthita Parshva Konasana Prep. 

rsh-vuh-ko-NAHS-uh-nuh) 

back knee on the floor, palm to the floor on the inside of the front leg 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Arms Extended Side Angle Pose Prep. 


Dwi Hasta Utthita Parshva Konasana Prep. 
(DWI-huh-stuh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: back knee on the floor 

Pose Type: standing, side bend 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Both Arms Extended Side Angle Pose 


Dwi Hasta Utthita Parshva Konasana 
(DWI-huh-stuh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: back knee off the floor 

Pose Type: standing, side bend 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Tip Toe Extended Side Angle Pose Prep. 


Prapada Utthita Parshva Konasana Prep. 

(PRUH-puh-duh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: front heel lifted, fingertips to the floor on the inside of the leg, other arm resting on the 
side of the torso 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Tip Toe Both Arms Extended Side Angle Pose 


Prapada Dwi Hasta Utthita Parshya Konasana 
(PRUH-puh-duh DWI-huh-stuh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: back knee off the floor 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE ANGLE POSE: BINDING 


Half Bound Extended Side Angle Pose 


Ardha Baddha Utthita Parshva Konasana 
(UHR-duh BUH-duh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: hand to the floor on the inside of the front leg 
Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Bound Extended Side Angle Pose 


Baddha Utthita Parshva Konasana 

(BUH-duh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: fingers interlocked on the inside of the front thigh 
Pose Type: standing, side bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Bound Extended Side Angle Pose 


Baddha Utthita Parshva Konasana 
(BUH-duh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Also Known As: Bound Arms Side Angle Pose (Baddha Hasta Parshva Konasana) 


Pose Type: standing, side bend, binding, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Vishvamitra Prep. 


Vishvamitrasana Prep. 

(VISH-vah-mi-TRAHS-uh-nuh) 

Modification: knee bent wrapped around the tricep, grabbing onto the foot 
Pose Type: standing, arm balance 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Vishvamitra Prep. 


Vishvamitrasana Prep. 

(vish-vah-mi-TRAHS-uh-nuh) 

Modification: knee bent, shin to the tricep 

Pose Type: standing, arm balance 

Drishti Point: Hastagrai or Hastagre (hands), Padayoragrai or Padayoragre (toes/feet) 
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SIDE ANGLE POSE: REVOLVED 


Revolved Side Angle Pose Prep. 


Parivritta Parshva Konasana Prep. 

(puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: one arm under the leg, hands in Anjali Mudra (Hands in Prayer), 

1. back knee on the floor, looking up to the sky 2. back knee off the floor, looking down 
Pose Type: standing, twist 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 

2. Padayoragrai or Padayoragre (toes/feet) 
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Revolved Side Angle Pose Prep. 


Parivritta Parshva Konasana Prep. 
(puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 
1. back knee on the floor, looking up to the sky 

2. back knee off the floor, looking up to the sky 

Pose Type: standing, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands Free Revolved Side Angle Pose 


Dwi Mukta Hasta Parivritta Parshva Konasana 

(DWI muk-tuh HUH-stuh puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: bottom hand off the floor, fingertips pointing in opposite directions 
1. back knee on the floor 

2. back knee off the floor 

Pose Type: standing, twist, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


es00 


vo 


Revolved Side Angle Pose Prep. 


Parivritta Parshva Konasana Prep. 

(puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: palm to the floor, other palm to lower back 

Pose Type: standing, twist, side bend 

Drishti Point: Hastagrai or Hastagre (hands) or Padhayoragrai or Padayoragre (toes/feet) 
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SIDE ANGLE POSE: REVOLVED BOUND 


Revolved Side Angle Pose 


Parivritta Parshva Konasana 

(puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: 1. palm to the floor, back knee on the floor 2. palm to the floor, back knee off the floor 
Pose Type: standing, twist, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Bound Revolved Side Angle Pose 


Baddha Parivritta Parshva Konasana 

(BUH-duh puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Also Known As: Hands Bound Revolved Side Angle Pose Prep. (Baddha Hasta Parivritta Parshva 
Konasana Prep.) 

Modification: |. back knee on the floor 2. back knee off the floor 

Pose Type: standing, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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REVERSE WARRIOR 


Both Arms Extended Reverse Warrior Pose Prep. 


Dwi Hasta Utthita Viparita Virabhadrasana Prep. 
(DWL-huh-stuh UT-ti-tuh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 
Modification: back knee on the floor, arms straight, palms together 
Pose Type: standing, backbend, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Tip Toe Both Arms Extended Reverse Warrior Pose 


Prapada Dwi Hasta Utthita Viparita Virabhadrasana 

(PRUH-puh-duh DWLhuh-stuh UT-ti-tuh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 

Modification: arms straight, palms together 

Pose Type: standing, backbend, side bend 

Drishti Point: Bhrumadhye (third eye, between the eyebrows) or Hastagrai or Hastagre (hands) 
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Revolved Sideways Tip Toe Reverse Warrior Pose 


Parivritta Parshva Prapada Viparita Virabhadrasana 

(puh-ri-VRIT-tuh PAHRSH-vuh PRUH-puh-duh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 

Modification: front heel up, one arm in front and parallel to the floor; other elbow bent, palm facing 
up, hand to the crown of the head 

Pose Type: standing, backbend, twist, side bend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eo0 


Tip Toe Reverse Warrior Pose 


Prapada Viparita Virabhadrasana 

(PRUH-puh-duh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 

Modification: front heel up, both elbows bent, one arm up over the head, other arm in front of the 
torso 

Pose Type: standing, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Bound Reverse Warrior Pose 


Ardha Baddha Viparita Virabhadrasana 
(UHR-duh BUH-duh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 
Pose Type: standing, backbend, binding 

Drishti Point: Hastagrai or Hastagre (hands) 
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Reverse Warrior Pose 


Viparita Virabhadrasana 
(vipuh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 


Also Known As: Reverse Warrior Pose 2 (Viparita Virabhadrasana 2) 


Modification: hand to the calf of the back leg; low lunge, low stance 
Pose Type: standing, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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WARRIOR 1 


Warrior | Prep. 


Virabhadrasana 1 Prep. 

(vee-ruh-buh-DRAHS-uh-nuh) 

Modification: both legs straight, palms pressed together 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Warrior | 


Virabhadrasana 1 
(vee-ruh-buh-DRAHS-uh-nuh) 
Also Known As: Raised Arms Warrior Pose (Urdhva Hasta Veerasana), Hero Succession Series 


(Vira Parampara) 
Pose Type: standing 
Drishti Point: Nasagrai or Nasagre (nose) 
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Warrior | 


Virabhadrasana 1 

(vee-ruh-buh-DRAHS-uh-nuh) 

Modification: arms out in front and parallel to the floor, palms facing the sky 
Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Bound Warrior 1 


Baddha Virabhadrasana 1 

(BUH-duh vee-ruh-buh-DRAHS-uh-nuh) 

Modification: fingers interlocked on the inside of the front thigh 
Pose Type: standing, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Warrior | 


Virabhadrasana 1 

(vee-ruh-buh-DRAHS-uh-nuh) 

Modification: arms up over the head and open to the sides; front leg, toes rotated out; deep backbend 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Open Heart Chakra Hands Bound Warrior 


Anahata Chakra Baddha Hasta Virabhadrasana 

(uh-NAH-huh-tuh CHUHK-ruh BUH-duh HUH-suh vee-ruh-buh-DRAHS-uh-nuh) 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Raised Bound Hands in Warrior | 


Urdhva Baddha Hastasana in Virabhadrasana 1 
(OORD-vuh BUH-duh huh-STAHS-uh-nuh in vee-ruh-buh-DRAHS-uh-nuh) 
Modification: fingers interlocked deep backbend 

Pose Type: standing, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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WARRIOR 1: FORWARD BEND—TO THE SIDE 


Spread Out Hands Side Angle Pose 


Prasarita Hasta Parshva Konasana 
(pruh-SAH-ri-tuh HUH-stuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Also Known As: Down Dog Lunge Pose 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Side Angle Pose 


Hasta Garudasana in Parshva Konasana 
(HUH-stuh guh-ru-DAHS-uh-nuh in pahrsh-vuh-ko-NAHS-uh-nuh) 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Hand Position of Cow Face Pose in Side Angle Pose 


Hasta Gomukhasana in Parshva Konasana 
(HUH-stuh go-muk-AHS-uh-nuh in pahrsh-vuh-ko-NAHS-uh-nuh) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Now our readers can get familiar with some hydrogen fuel cell development photos. Itis worth 
ofa note that the prices are high for the majority of people. For example, a hydrogen fuel cell 
car costs 100 000 dollars FOB Sacramento, CA. The next picture features a fuel cell van, which 
costs 150.000 dollars, 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 
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WARRIOR 1: FORWARD BEND—ARMS BEHIND 


Bowing Warrior with Hands in Prayer 


Nama Virabhadrasana Namaskar 
(NUH-muh vee-ruh-buh-DRAHS-uh-nuh nuh-muhs-KAHR) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing Hands Bound Warrior 


Nama Baddha Hasta Virabhadrasana 
(NUH-muh BUH-duh HUH-stuh vee-ruh-buh-DRAHS-uh-nuh) 
Modification: grabbing onto the triceps behind the back 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing Reverse Prayer Warrior 


Nama Viparita Namaskar Virabhadrasana 

(NUH-muh vi-puh-REE-tuh nuh-muhs-KAHR vee-ruh-buh-DRAHS-uh-nuh) 

Also Known As: Bowing Back of the Body Prayer Warrior (Nama Paschima Namaskara 
Virabhadrasana) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing Hands Bound Warrior Pose 


Nama Baddha Hasta Virabhadrasana 

(NUH-muh BUH-duh HUH-stuh vee-ruh-buh-DRAHS-uh-nuh) 

Also Known As: Warrior Veerastambana Pose (Veerastambanasana), Bound Hands Side Angle Pose 
(Baddha Hasta Parshva Konasana) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing Hands Bound Warrior Pose 


Nama Baddha Hasta Virabhadrasana 

(NUH-muh BUH-duh HUH-stuh vee-ruh-buh-DRAHS-uh-nuh) 

Also Known As: Bound Hands Side Angle Pose (Baddha Hasta Parshva Konasana) 
Modification: arms bound around the front leg 

Pose Type: standing, forward bend, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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SIDE ANGLE POSE: HEAD BEHIND LEG 


One Foot Behind the Head Side Angle Pose 


Eka Pada Shirsha Parshva Konasana 
(EY-kuh PUH-duh SHEER-shuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: arms crossed in front of the chest 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Foot Behind the Head Side Angle Pose 


Eka Pada Shirsha Parshva Konasana 

(EY-kuh PUH-duh SHEER-shuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: palms together, arms straight on the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Foot Behind the Head Bound Side Angle Pose 


Eka Pada Shirsha Baddha Parshva Konasana 
(EY-kuh PUH-duh SHEER-shuh BUH-duh pahrsh-vuh-ko-NAHS-uh-nuh) 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR 


Equestrian Riding Horse Lunge Pose 


Ashva Sanchalanasana 


(UHSH-vuh suhn-chuh-luh-NAHS-uh-nuh) 
Modification: back knee on the floor, hands to the floor on either side of the front foot, looking up to 
the sky 


Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Equestrian Riding Horse Lunge Pose Prep. 


Ashva Sanchalanasana Prep. 

(UHSH-vuh suhn-chuh-luh-NAHS-uh-nuh) 

Also Known As: Son of Anjani (Lord Hanuman) Lunge Pose Prep. (Anjaneyasana Prep.) 
Modification: back knee on the floor, both hands on the front knee 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


LUNGE: BACK KNEE ON THE FLOOR—FORWARD BEND 


Hands Bound Extended Lizard Tail Lunge Pose 


Baddha Hasta Uttana Pristhasana 

(BUH-duh HUH-stuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Also Known As: Bowing Warrior Pose Prep. (Nama Virabhadrasana Prep.) 
Modification: back knee on the floor, forehead to the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Extended Lizard Tail Lunge Pose 


Prapada Uttana Pristhasana 

(PRUH-puh-duh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: back knee on the floor, shoulder to the back of the knee, one arm straight out in front, 
other arm straight to the back, forehead to the floor 

Pose Type: standing, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Lizard Tail Lunge Pose 


Uttana Pristhasana 

(ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: back knee on the floor 

1, forearms to the floor on the inside of the foot 
2. forearms to the floor on either side of the foot 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Unsupported Extended Lizard Tail Lunge Pose 


Niralamba Uttana Pristhasana 

(nir-AH-luhm-buh ut-TAHN-uh prish-TAHS-uh-nuh) 

Also Known As: God Favour Seeking Sacrifice Ritual Pose (Yajnasana), Christ’s Cross Pose 
Modification: arms straight out to the sides 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Extended Lizard Tail Lunge Pose 


Baddha Uttana Pristhasana 

(BUH-duh ut-TAHN-wh prish-TAHS-uh-nuh) 

Also Known As: Bound God Favor Seeking Sacrifice Ritual Pose (Baddha Yajnasana), Bound 
Christ’s Cross Pose) 

Modification: back knee on the floor 

Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Spread Out Extended Lizard Tail Lunge Pose 


Prasarita Hasta Uttana Pristhasana 

(pruh-SAH-ri-tuh HUH-stuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Also Known As: God Favour Seeking Sacrifice Ritual Pose (Yajnasana), Christ’s Cross Pose 
Modification: back knee on the floor, shin to the tricep 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR—BACKBEND—ARMS BEHIND THE BACK 


Bound Hands Son of Anjani (Lord Hanuman) Lunge Pose 


Baddha Hasta Anjaneyasana (BUH-duh HUH-stuh uhn-juh-ney-AHS-uh-nuh) 
Also Known As: Open Heart Chakra Hands Bound Equestrian Riding Horse Pose (Anahata Chakra 
Baddha Hasta Ashva Sanchalanasana) 

Modification: back knee on the floor, backbend, hands to the floor on the inside of the back knee 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana (uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Open Heart Chakra Equestrian Riding Horse Pose (Anahata Chakra Ashva 
Sanchalanasana) 

Modification: back knee on the floor, backbend, fingertips to the floor on either side of the back knee 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Son of Anjani (Lord Hanuman) Lunge Pose 


Eka Hasta Anjaneyasana (EY-kuh HUH-stuh uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Equestrian Riding Horse Pose (Ashva Sanchalanasana) 

Modification: back knee on the floor, one arm extended up over the head, other hand to the floor 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE ON THE FLOOR—BACKBEND—ARMS UP OVER THE HEAD 


Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana (uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Crescent Lunge Pose 

Modification: front heel on the floor, back knee down, back toes curled in; arms shoulder width 
apart, fingertips up to the sky 

Pose Type: standing, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Tip Toe Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Anjaneyasana (PRUH-puh-duh uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Tip Toe Crescent Lunge Pose 

Modification: front heel off the floor, back knee down, back toes curled in; arms shoulder width 
apart, fingertips up to the sky 

Pose Type: standing, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana (uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Monkey Pose (Kapyasana), Crescent Lunge Pose 

Modification: arms up over the head, back knee on the floor, palms pressed together 

Pose Type: standing, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angusthamadhye or 
Angustha Ma Dyai (thumbs) 
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Standing Pose of the Heavenly Spirits Prep. 


Stiti Valakhilyasana Prep. (STI-ti VAH-luh-kil- YAHS-uh-nuh) 

Also Known As: Nindra Valakhilyasana; Son of Anjani (Lord Hanuman) Lunge Pose (Anjaneyasana), 
Crescent Lunge Pose) 

Modification: back knee on the floor, arms up over the head, palms open to the sky, arms parallel to 
the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Standing Pose of the Heavenly Spirits 


Stiti Valakhilyasana (ST/-ti VAH-luh-kil-YAHS-uh-nuh) 

Also Known As: Nindra Valakhilyasana 

Modification: back knee to the floor, grabbing the back heel with overhead grip 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE ON THE FLOOR—TWISTS AND SIDE BENDS 


Sideways Son of Anjani (Lord Hanuman) Lunge Pose 


Parshva Anjaneyasana 

(PAHRSH-vuh uhn-juh-ney-AHS-uh-nuh) 

Modification: back knee on the floor; one hand to the inside of the opposite knee, other arm up over 
the head 

Pose Type: standing, side bend, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Paying Homage Lunge Pose 


Parivritta Namasyasana 
(pub-ri-VRIT-tuh nuh-muh-SYAHS-uh-nuh) 
Also Known As: Curtsey Lunge 


Modification: front leg crossed over to the side, opposite elbow over the front knee, back knee on the 
floor 


Pose Type: standing, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Parivritta Anjaneyasana 

(puh-ri-VRIT-tuh whn-juh-ney-AHS-uh-nuh) 

Modification: back knee on the floor, toes curled in; one hand to the floor, other arm up in the sky; 
twisting to the inside of the front knee 

Pose Type: standing, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Sideways Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Parshva Anjaneyasana 

(PRUH-puh-duh PAHRSH-vuh uhn-juh-ney-AHS-uh-nuh) 

Modification: back knee on the floor, toes pointed to the back, one hand to the floor, other arm up in 
the sky, twisting to the outside of the front knee 

Pose Type: standing, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Parivritta Anjaneyasana 

(puh-ri-VRIT-tuh whn-juh-ney-AHS-uh-nuh) 

Also Known As: Revolved Monkey Pose (Parivritta Anjaneyasana) 
Modification: back knee on the floor 

Pose Type: standing, twist 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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LUNGE: BACK KNEE ON THE FLOOR UNDER THE HIP SOCKET 


Tip Toe Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Parivritta Anjaneyasana 
(PRUH-puh-duh puh-ri-VRIT-tuh whn-juh-ney-AHS-uh-nuh) 
Pose Type: standing, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Horse Pose Prep. 


Vatayanasana Prep. 

(vah-tah-yuh-NAHS-uh-nuh) 

Modification: back knee and foot on the floor 

Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Fighting Warrior Pose 1 


Yudhasana 1 

(yu-DAHS-uh-nuh) 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Fighting Warrior Pose 2 


Yudhasana 2 

(yu-DAHS-uh-nuh) 

Modification: back knee on the floor 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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LUNGE: BACK KNEE ON THE FLOOR UNDER THE HIP SOCKET—FORWARD BEND 


Half Equestrian Riding Horse Lunge Pose 


Ardha Ashva Sanchalanasana 
(UHR-duh UHSH-vuh suhn-chuh-luh-NAHS-uh-nuh) 


Modification: spine in Cat Tilt, back knee down, toes pointing away from the head 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Bound Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Baddha Anjaneyasana 

(PRUH-puh-duh BUH-duh uhn-juh-ney-AHS-uh-nuh) 

Modification: front leg bound, back knee on the floor, toes pointing away from the head 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Foot Behind the Head Extended Lizard Tail Lunge Pose 


Eka Pada Shirsha Uttana Pristhasana 

(EY-kuh PUH-duh SHEER-shuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: back knee under the hip, toes pointing away from the head 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


One Foot Behind the Head Extended Lizard Tail Lunge Pose 


Eka Pada Shirsha Uttana Pristhasana 

(EY-kuh PUH-duh SHEER-shuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: legs working toward full vertical splits, toes of the back leg curled in 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR UNDER THE HIP SOCKET—BACKBEND 


Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Modification: deep backbend; chest open, arms to the side, elbows bent; back knee on the floor, toes 
pointing away from the head 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe One Hand to Foot Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Eka Hasta Pada Anjaneyasana 

(PRUH-puh-duh EY-kuh HUH-stuh PUH-duh uhn-juh-ney-AHS-uh-nuh) 

Modification: deep backbend; hand to the ankle on the same side 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Both Hands to Foot Son of Anjani (Lord Hanuman) Lunge Pose 


Dwi Hasta Pada Anjaneyasana 

(DWI-huh-stuh PUH-duh uhn-juh-ney-AHS-uh-nuh) 

Modification: backbend 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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.LONIZATI 


We have received an interesting article from California. Here is the short version 
of the article. 


The Mechanism of The Electric Spark 


Review of the research 
by Leonard B, Loeb 
Professor of Physics, University of California at Berkeley 
and 
John M. Meck, Research Engineer 
Stanford University Press, Stanford University, California 


Dedicated to Professor]. S. Townsend whose 
pioneer research and theory laid the whole 
foundation for the study of the mechanism of 
the electrical spark discharge. 


Although the electric spark has been known 
tomankind in its various manifestations from 
time immemorial, its mechanism has to date 
been little understood. The initial clarification 
of the mechanisms involved is due to J. 
Townsendasa result of his brilliant researches 
in the early nineteen hundreds. On the ba 
of his theory of ionization by collision by 
electrons and positive ions, the fundamental 
mechanisms active and especially the 
coefficients required in their application were 
made available. 


In 1936 the present senior author was forced 
todescribe the mechanism of spark discharge 
in terms of a modified but distinctly 
unsatisfactory Townsend theory. In 1935 the 
discovery of photo-ionization in airby corona 
discharge indicated a solution was not far off. 
The turning point of a more successful theory 
came in the discovery of streamers in positive 
point to plane corona in 1936. The 
quantitative analysis of the self-propagating 
positive streamer in all breakdown 
phenomena became clearly evident asa result 
of the dataconcerning electron avalanches. As 
a result a qualitative mechanism of sparking 
by streamer propagation from anode to 


cathode functioning by means of photo- 
ionization in the gas was established. 


The Townsend Sparking Criteria 


It will not be necessary here to derive the 
famous equation of Townsend for the current 
[i]in a gap between electrodesasa function of 
the photoelectric current [io] from the cathode, 
the gap length [x] and the coefficients [a] and 
[B]. For this the reader can go to any standard 
text. (Editor: the equation is omitted) 


In thisequation the first Townsend coefficient [a] 
represents the number of newelectronscreated 
in the gas byan initial electron in its advance of 1 
cmalong the field axis from the cathode, 


The second Townsend coefficient [B] in 
‘Townsend's original theory was the number of 
new electrons created by a single positive ion in 
itsadvance of 1 cmalong the field from the anode, 


‘The quantity [a] has been extensively studied 
in various gases. It varies with the ratio of field 
strength to pressure, X/p, where [X] is in volts 
per centimeter and [p] is in millimeters of Hg 


Note: the reason we are going through thi 
to determine the actual increase in current 
provided by the spark gap, and thus be able to 
design the circuit to avoid blowing out 
semiconductor components. Italso provides a 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


147 


Tip Toe Both Hands to Foot Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Dwi Hasta Pada Anjaneyasana 

(PRUH-puh-duh DWL-huh-stuh PUH-duh uhn-juh-ney-AHS-uh-nuh) 

Modification: deep backbend, back knee on the floor, back toes curled in 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
es00¢0e 


a 


LUNGE: BACK KNEE ON THE FLOOR—FOOT OFF THE FLOOR 


One-Legged King Pigeon Pose 2 Prep. 


Eka Pada Raja Kapotasana 2 Prep. 
(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: arms open wide and raised 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


eo 
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Half Bound Revolved One-Legged King Pigeon Pose 2 Prep. 


Ardha Baddha Parivritta Eka Pada Raja Kapotasana 2 Prep. 
(UHR-duh BUH-duh puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: standing, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


oso 


Tip Toe Extended Lizard Tail Lunge Pose Prep. 


Prapada Uttana Pristhasana Prep. 

(PRUH-puh-duh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: arms straight to semi-straight, back foot lifted off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Bound Revolved Side Angle Pose Prep. 


Baddha Parivritta Parshva Konasana Prep. 

(BUH-duh puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Also Known As: Bound Revolved Son of Anjani (Lord Hanuman) Lunge Pose Prep. (Anjaneyasana 
Prep.) 

Modification: back knee bent, heel toward the sitting bone 

Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Foot to Knee Revolved Son of Anjani (Lord Hanuman) Lunge Pose with 
Hands in Prayer 


Janu Pada Parivritta Anjaneyasana Namaskar 
(JAH-nu PUH-duh puh-ri-VRIT-tuh whn-juh-ney-AHS-uh-nuh nuh-muhs-KAHR) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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LUNGE: BACK KNEE ON THE FLOOR—GRABBING ONTO THE BACK FOOT 


Tip Toe One-Legged King Pigeon Pose 2 Prep. 


Prapada Eka Pada Raja Kapotasana 2 Prep. 

(PRUH-puh-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: both hands grabbing onto the back foot with under-head grip 
Pose Type: standing, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved One-Legged King Pigeon Pose 2 Prep. 


Parivritta Eka Pada Raja Kapotasana 2 Prep. 

(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the back foot with the opposite hand using an under-head grip, twisting 
toward the front knee 

Pose Type: standing, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One Hand in Prayer Revolved One-Legged King Pigeon Pose 2 Prep. 


Eka Hasta Namaskar Parivritta Eka Pada Raja Kapotasana 2 Prep. 
(EY-kuh HUH-stuh nuh-muhs-KAHR puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: opposite hand to the back foot, other hand to the heart 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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One Hand to Foot Extended Lizard Tail Lunge Pose 


Eka Hasta Pada Uttana Pristhasana 

(EY-kuh HUH-stuh PUH-duh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: forward bend, elbow to the floor, grabbing onto the back foot with opposite hand, heel 
to the glutes 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR—FOOT TO THE HIP SOCKET 


Spear Pose Prep. 


Kuntasana Prep. 

(kun-TAHS-uh-nuh) 

Modification: grabbing onto the foot with one hand, arm crossed over in front, other arm parallel to 
the floor, foot away from the hip 

Pose Type: standing, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


oso 


Spear Pose 


Kuntasana 

(kun-TAHS-uh-nuh) 

Modification: grabbing onto the foot with one hand, arm crossed over in front, other hand to the knee, 
foot close to the hip 

Pose Type: standing, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Both Hands Bound Revolved Spear Pose Prep. 


Dwi Hasta Baddha Parivritta Kuntasana Prep. 

(dwi HUH-stuh BUH-duh puh-ri-VRIT-tuh kun-TAHS-uh-nuh) 

Pose Type: standing, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Spear Pose with Hands in Prayer 


Kuntasana Namaskar 
(kun-TAHS-uh-nuh nuh-muhs-KAHR) 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


eso 


Half Bound Revolved Spear Pose Prep. 


Ardha Baddha Parivritta Kuntasana Prep. 
(VHR-duh-BUH-duh puh-ri-VRIT-tuh kun-TAHS-uh-nuh) 
Modification: foot to the inside of the elbow 

Pose Type: standing, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


eso 


Spear Pose 


Kuntasana 

(kun-TAHS-uh-nuh) 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Hands Bound Ankle Stretch Pose 


Baddha Hasta Kulpasana 

(BUH-duh HUH-stuh kul-PAHS-uh-nuh) 

Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR—HEAD BEHIND THE FRONT LEG, GRABBING ONTO THE BACK FOOT 


One Foot Behind the Head Extended Lizard Tail Lunge Pose 


Eka Pada Shirsha Uttana Pristhasana 

(EY-kuh PUH-duh SHEER-shuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: grabbing onto the foot with the opposite hand, back knee under the hips 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


oso 


One Foot Behind the Head Extended Lizard Tail Lunge Pose 


Eka Pada Shirsha Uttana Pristhasana 

(EY-kuh PUH-duh SHEER-shuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: grabbing onto the foot with the opposite hand, chest and quadriceps on the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2 


One-Legged King Pigeon Pose 2 Prep. 


Eka Pada Raja Kapotasana 2 Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: back knee bent toward the glutes, front heel down; arms on the sides, spine straight 
Pose Type: standing 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ese 


sound and already proven scientific theory to 
work from giving us a good foundation and 
the confidence to proceed with technical 
design work. 


The quantity [B] has been evaluated, albeit 
rather inaccurately, from the variations of [i] 
with [x] at various higher values of X/p, by 
many observers in different gases. Inasmuch 
as it has now been shown that there are 
numerous other mechanisms other than 
impact with positive ions, which can liberate 
the secondary electron, needed in discharge. 


There has been an inclination to give up the 
mechanism of impact ionizations by positive 
ions in gas. The discovery of measurable 
photoelectric ionization in gashas now made 
itpossible to explain such cases. The exactway 
in which photo-ionization in the gas could 
operate to cause a spark, was not clear until 
the development of the present streamer 
theory. 


The Streamer Theory of Spark 
Discharge Anode Space-Charge Field 
Due to an Avalanche 


Assume a spark gap of I cm in length. Assume 
that in air at atmospheric pressure the 
potential across the plates is 31,600 volts, 
whichis the conventionally observedsparking 
potential [Vs] 


Letus then calculate what happensin the field 
to one of those electrons. It starts across the 
gap, quickly acquiring an average random 
energy of some E=1 /2mC= 3.6 electron volts 
anda drift velocity [v] in the field direction of 
about 1.5 to 2 times 10’ centimeters per 
second. Asit movesit creates new electrons at 
a rate of [a] per centimeters in the field 
direction so that in a distance [x] it and its 
progeny amount to e(ax) electrons, forming 
what is called an electron avalanche. 


Therefore, e(ax) positive ions have been left 
behind by the electron group, virtually where 
they were formed in the 10” second of 
advance for the electrons in the distance x=q 
across the plates. As the electron avalanche 
advances, its tip is spreading laterally by the 
random diffusive movement of the 
clectrons.From these data it is possible to 


compute the density of positive-ion space 
charge left behind at any point [x]. The value 
of [a] under these conditions is about 17 
making e(aq)=e(17). The first ion pair is 
created at 0.0407 cm from the cathode. At0.5 
cm from the cathode there are 4914 ions, at 
0.75 cm there are 3.66 times 10° ions, and 
within 0.0407 cm from the anode thereare 1.2 
times 10” ions. Most electrons will be 
drawn to theanode except for some few 
that are bound by the positive ions, 
making a sort ofa conducting discharge 
plasma in theavalanche. 


Such a distribution of ions does not make a 
conducting filament of charges across the gap, 
and hence in itself an avalanche that has 
crossed does not constitute a breakdown of 
the gap. Thus one must look further for the 
mechanism of the spark. 


If Loeb and Meek are correct then if we assume 
a spark gap of 3 mm and a voltage of 5,000 
voltsthere are roughly 2,000 electrons created 
by avalanche for every one electron leaving 
the cathode. Theystate that most of these'free 
electrons’ are absorbed by the anode. [This 
would certainly explain why the 
semiconductor components cannot handle 
the current gain,] 


NOTE: Loeb and Meek make little reference 
to initial amperage. There are only two values 
they refer to 10°ampere and 10““ampere. 


In conclusion: Sparks and Arcs are two 
different beasts. My initial research into the 
amperage necessary to form an arc does not 
apply to spark and the process of avalanche 
where this huge gain mechanism is possible. 


Photoelectric Ionization in Gas asa 
Secondary Mechanism 


Accompanying the cumulative ionization 
there is produced by electrons from four to ten 
times as many excited atoms and molecules. 
Some are excited to an energy exceeding the 
ionizing potential of some of the atoms and 
molecules present, either by excitation of an 
innershell, by ionization andexcitation, or in 
amixed gas like air by the excitation of 
molecules of higher ionizating 
potential, e.g., N2, These excited atoms or 
molecules emit radiations of very short wave 
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Tip Toe One-Legged King Pigeon Pose 2 Prep. 


Prapada Eka Pada Raja Kapotasana 2 Prep. 

(PRUH-puh-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: back knee bent toward the glutes, heel of the top foot up; hands on the hips, backbend 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged King Pigeon Pose 2 


Eka Pada Raja Kapotasana 2 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: prep.—arms up over the head, back knee bent toward the glutes 
Pose Type: standing, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe One-Legged King Pigeon Pose 2 Prep. 


Prapada Eka Pada Raja Kapotasana 2 Prep. 

(PRUH-puh-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: fingertips to the floor, front heel lifted 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
ec00¢0e 


Intense Ankle Stretch One-Legged King Pigeon Pose 2 


Uttana Kulpa Eka Pada Raja Kapotasana 2 

(ut-TAH-nuh kul-puh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: prep.—fingertips to the floor, front toes curled under 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e0006¢0e 


LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2 


One-Legged King Pigeon Pose 2 Prep. 


Eka Pada Raja Kapotasana 2 Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: 1. grabbing onto the foot on the same side 

2. grabbing onto the foot with the hand on the same side, foot toward the hip 

3. grabbing onto the foot with the opposite hand, foot twisted toward the opposite glute 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved One-Legged King Pigeon Pose 2 


Parivritta Eka Pada Raja Kapotasana 2 

(pub-ree-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: standing, forward bend, twist 

Drishti Point: Parsva Drishti (to the right), Parsva Drishti (to the left) 


oo 


Mermaid Pose 2 


Naginyasana 2 

(nuh-gin-YAHS-uh-nuh) 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
es0060e0 


LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2—OVERHEAD GRIP 


One-Legged King Pigeon Pose 2 


Eka Pada Raja Kapotasana 2 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the foot with the opposite hand, palm of the other hand to the floor on the 
side 

1. foot to the head 

2. heel to the forehead 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged King Pigeon Pose 2 


Eka Pada Raja Kapotasana 2 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: both hands grabbing onto the foot 

1, foot to the head 

2. heel to the forehead 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e000¢0e0 


Half Bound One-Legged King Pigeon Pose 2 


Ardha Baddha Eka Pada Raja Kapotasana 2 

(UHR-duh BUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: standing, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2—FOOT TO THE BACK OF THE HEAD 


Necklace Pose Prep. 


Graivasana Prep. 

(gr-eye-VAHS-uh-nuh) 

Also Known As: Chain Pose (Gaivasana) 

Modification: back foot to the back of the head, hands to the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Necklace Pose Prep. 


Graivasana Prep. 

(gr-eye-VAHS-uh-nuh) 

Also Known As: Chain Pose (Gaivasana) 

Modification: back foot to the back of the head, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2—ARM CROSSED OVER IN FRONT 


Bound Hand to Foot Supported One-Legged King Pigeon Pose 2 


Baddha Hasta Pada Salamba Eka Pada Raja Kapotasana 2 
(BUH-duh HUH-stuh PUH-duh SAH-luhm-buh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: arm crossed in front of the neck, other hand to the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e000¢0e 


Bound Hand to Foot Unsupported One-Legged King Pigeon Pose 2 


Baddha Hasta Pada Niralamba Eka Pada Raja Kapotasana 2 
(BUH-duh HUH-stuh PUH-duh nir-AH-luhm-buh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: arm crossed in front of the neck, other arm straight out in front 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: FRONT LEG STRAIGHT—BACKBEND 


Both Hands to Foot Son of Anjani (Lord Hanuman) Lunge Pose 


Dwi Hasta Pada Anjaneyasana 

(DWI-huh-stuh PUH-duh uhn-juh-ney-AHS-uh-nuh) 

Modification: front leg straight 

1. back knee on the floor 

2. back knee off the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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length in some 10° second. This short 
ultraviolet radiation is highly absorbed in 
the gas and leads to ionization of the gas. In 
fact, the whole gas and the cathode as well are 
subjected to a shower of photons of all 
energies traveling from the region of dense 
ionization with the velocity of light. Thus 
nearly instantaneously in the whole gap and 
from the cathode new photoelectrons are 
liberated which almost at once begin to ionize 
cumulatively. 


The Mechanism of Positive Streamer 
Formation 


The photoelectrons created at points in the 
gas and at the cathode at any great radial 
ance from the avalanche axis will merely 
create other avalanches. Those in the gas will 
be short and those coming from the cathode 
region will be long and like that of the initial 
avalanche. Being smaller and, in any case, later 
in creation than the parent avalanche, such 
avalanches will be of no interest in breakdown. 
However, those photoelectrons created near 
the space-charge channelof positive ions, and 
pecially near the anode, will be in an 
enhanced field, which exerts directive action 
drawing them into itself. If the space-charge 
field [X1] is in the order of magnitude of the 
imposed field [X], this action will be very 
effective. In addition the values of [a] will be 
muchenhanced. 


The electrons from the intense 
cumulative ionization of such 
photoelectron avalanches in the 


combined fields [X] and [X1] which are 
drawn into the positive space chargefeed 
into it, making it a conducting PLASMA 
which starts at the anode. The added fields 
will be most effective along [X] and so will the 
ionization. The positive ions they leave behind 
will therefore extend the space charge towards 
the cathode. These electrons also create 
photons, which produce electrons to continue 
this process. In this fashion the positive 
space chargedevelops toward thecathode 
from the anode as a self-propagating 
positivespace-chargestreamer. 


As the streamer advances towards the cathode 
it produces a filamentary region of intense 
space-charge distortion along a line parallel to 


the field. The conducting streamer of a plasma 
consistingofelectronsandionsextendingtothe 
anode thus makes a very steep gradient at the 
cathodeendofthestreamer tip. Asthisadvances 
toward the cathode the photoelectron 
avalanches produced by radiation at the 
cathode, especially at the intercept of the 
extended streameraxisat the cathode, itbegins 
to produce an intense ionization near the 
cathode. Hence the positive ions created there 
may increase the secondary emission, Thus, as 
the space-charge streamer approaches the 
cathode a cathode spot is forming which may 
become a source of visible light. 


‘When thestreamer reaches the cathode there 
is a conducting filament bridging the gap. As 
the streamer tip reaches the cathode the high 
field producesa rush of electrons towards the 
end of the streamer. This if followed by a 
current of electrons, gives a high-potential 
wave, which passes up the preionized 
conducting channel to the anode, 
multiplying the electrons present by a 
large factor. The channel is thus rendered 
highly conducting. If the metal can emit a 
copious supply of electrons because of the 
formation of an efficient cathode spot, the 
current of electrons continues the channel 
maintaining its high conductivity and ever 
increasing in it, This current, unless limited 
by external resistance, will then develop into 
anarc. It is, however, the intense increase in 
ionization by the potential wave, which gives 
the highly conducting channel characterizing 
thespark, 


Conclusion: According to Loeb and Meek 
thereare three means bywhichasparkin open 
air will provide a very large current gain. If this 
is true, it should be fairly easy to prove with 
inexpensive and unsophisticated equipment. 

Once the actual amount of current gain has 
been determined for the design parametersof 
the spark gap, then the rest of the circuit can 
be designed for the increased current value. 


Editor: It is worth of a note that the 
current gain by means of ionization was 
patented by Pavel N. Yablotchkov (the 
patent of France * 120684, October 11th 
1887). Some two years ago one of our 
issues featured an article about him. We 
think it is worth being published again. 
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ONE LEG STRAIGHT, OTHER KNEE ON THE FLOOR: SIDE BEND 


Gate Pose eseG 


Parighasana 
(pub-ri-GAHS-uh-nuh) 
Pose Type: standing, side bend 


Drishti Point: Hastagrai or Hastagrahe (hands) 


How to Perform the Pose: 


1. Begin by standing on your knees with sitting bones lifted off the feet. (Make sure your knees are 
comfortable by rolling up the yoga mat a couple of times.) Engage your mula bandha, uddhiyana 
bandha, and ujjayi breathing. 

2. Exhale and extend your right leg straight out to the side with the right foot on the floor. You can 
either point the toes to the right (Pose #1) or point your toes straight ahead, lifting the arch and 
pressing the outside edge of the right foot to the floor (Pose #2). 

3. Inhale as you expand your chest and hold your arms straight out to the sides, parallel to the floor. 
4. On your next exhale, side bend to the right and bring your right hand onto your right shin (Pose #2), 
while extending your left arm over your head to the right with the palm facing down. Make sure 
your chest is rotated to face forward and not collapsing toward the floor. Look toward your right 

hand. You can also experiment with dropping your right palm to the floor on the inside of your 
right leg (Pose #1). 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Inhale as you come up and bring your right knee back to the floor by your lef knee. Repeat 
on the other side. 


Modification: bending to the opposite side of the bent knee on the floor 
1. palm to the floor, toes of the straight leg pointing to the side 
2. hand on the shin, toes of the straight leg pointing straight ahead 


parigha = iron bar used for locking a gate 
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Gate Pose 


Parighasana 

(puh-ri-GAHS-uh-nuh) 

Modification: bending to the side of the bent knee on the floor, hand to the floor on the outside of the 
bent leg, toes of the straight leg pointing straight ahead 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Bound Gate Pose 


Ardha Baddha Parighasana 

(UHR-duh BUH-duh puh-ri-GAHS-uh-nuh) 

Modification: bending to the side of the bent knee on the floor, forearm to the floor on the side of the 
bent leg, toes of the straight leg pointing straight ahead 

Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Gate Pose 


Parighasana 

(pub-ri-GAHS-uh-nuh) 

Modification: bending to the opposite side of the bent knee on the floor, forearm to the floor, toes of 
the straight leg pointing to the side 

Pose Type: standing, forward bend, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


es00 


ONE LEG STRAIGHT OTHER KN. 


ON THE FLOOR: SIDE BEND & B 


ING 


Gate Pose 


Parighasana 

(pub-ri-GAHS-uh-nuh) 

Modification: bending to the opposite side of the bent knee on the floor, palm to the top of the foot of 
the straight leg, toes of the straight leg pointing to the side 

Pose Type: standing, forward bend, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Gate Pose 


Parighasana 

(puh-ri-GAHS-uh-nuh) 

Modification: bending to the opposite side of the bent knee on the floor, both hands to the top of the 
foot of the straight leg, toes of the straight leg pointing to the side 

Pose Type: standing, forward bend, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Half Bound Gate Pose 


Parivritta Ardha Baddha Parighasana 

(pub-ri-VRIT-tuh UHR-duh BUH-duh puh-ri-GAHS-uh-nuh) 

Modification: hand to the floor on the outside of the straight leg, rotating the chest to the sky, toes of 
the straight leg pointing to the side 

Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Bound Gate Pose 


Parivritta Baddha Parighasana 

(pub-ri-VRIT-tuh BUH-duh puh-ri-GAHS-uh-nuh) 

Modification: toes of the straight leg flexed in, toes of the bent leg pointing away from the head 
Pose Type: standing, forward bend, side bend, binding 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Revolved Bound Half Lotus Gate Pose 


Parivritta Baddha Ardha Padma Parighasana 
(puh-ri-VRIT-tuh BUH-duh UHR-duh PUHD-muh puh-ri-GAHS-uh-nuh) 
Modification: toes of the straight leg pointing to the side 
Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE LEG STRAIGHT OTHER KNEE ON THE FLOOR: TWISTS 


Revolved Gate Pose 


Parivritta Parighasana 

(puh-ri-VRIT-tuh puh-ri-GAHS-uh-nuh) 

Modification: forearm to the floor, hand grabbing onto the opposite foot, other arm straight up to the 
sky, toes of the straight leg pointed to the side, toes of the bent leg pointing away from the head 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Half Bound Gate Pose 


Parivritta Ardha Baddha Parighasana 

(puh-ri-VRIT-tuh UHR-duh BUH-duh puh-ri-GAHS-uh-nuh) 

Modification: forearm to the floor, twisting toward the straight leg, toes of the straight leg pointing to 
the side 

Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE LEG STRAIGHT OTHER KNEE ON THE FLOOR: FORWARD BEND. 


Half Pose Dedicated to Lord Hanuman 


Ardha Hanumanasana 

(UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 

Modification: back toes pointed away from the head, fingertips to the floor on the outsides of the 
straight leg 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Pose Dedicated to Lord Hanuman 


Ardha Hanumanasana 

(UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 
Modification: back toes curled in, toes of the straight leg flexed in, arms extended to the front, 
fingertips to the floor 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Bound Half Pose Dedicated to Lord Hanuman 


Ardha Baddha Ardha Hanumanasana 

(UHR-duh BUH-duh UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 
Modification: toes of the bent leg pointed away from the head 

Pose Type: standing, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Pose Dedicated to Lord Hanuman 


Ardha Hanumanasana 

(UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 

Modification: toes of the straight leg flexed in; hand grabbing onto the back foot on the same side, 
heel to the sitting bone 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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PATENT of 1877 by Pavel N. Yablotchkov 


Alexander V. Frolov 


Faraday Lab Ltd, 
Lev Tolstoy 
‘Tek 7-812-380-3844 


Pavel N. Yablotchkov was born in 1847 near Saratov, Russia 
He graduated as a Military Engineer in 1866 and spent several 
years in the Russian Army. 


In 1872 he came to Moscow and started his activities in 
electrotechnical field. Since 1875 he had been working in Paris 
with the famous Louis Breget and his first French patent * 
110479 of November 29th, 1875 was dedicated to an 
electromagnetic transformer. Then he developed and 
patented a lighting system (the well-known Yablotchkov 
electrical candle). In 1876 he patented a new electromagnetic 
transformer for industrial purposes, France * 115793 of 
November 30th, 1876. 


‘The most interesting patent claim on over-unity devices by 
Pavel N. Yablotchkov is known as France patent * 120684, 
October 11th, 1877, "The system of distribution and 
amplification of electrical currents by means of atmosphere 
electricity." The patent describes special capacitors connected 
in series with the load to increase the output current by means 
of ionization. Experiments were conducted together with the 
well-known physicists such as Dr. Maskar, Dr. Varren-Delaru 
and others and they confirmed the 200 % efficiency of 
the circuit. Now we will try to explain the method. 


From high-voltage source 


Special plate 


with many nzedlles 


Ground 


Fig.1 features a schematic drawing taken from Yablotchkov's 
patent. The Leyden jar is an asymmetrical capacitor, ic. it is 


7 St. Petersburg, 197376 Russia 


different in principle from a two-plate 
flat capacitor, The inner electrode of 
the jar should be connected to a high- 
voltage source and in this case the 
changes of the potential have an effect 
on the potential changes on the 
external electrode. It does not work in 
the opposite case and if you connect 
a high-voltage source to the external 
electrode no potential changes will be 
detected on the inner electrode 
Connection to the ground or toa 
special plate (which is covered with 
many needles to increase air 
ionization) is necessary to attract the 
maximum number of electrons to the 
plate surface or to return the 
maximum electrons from the plate 
surface when potential changes on the 
external electrode are produced by 
means of electrical induction in the 
Leyden jar. 


In conclusion I should mention one 
more supposition of the secrets of the 
well-known Swiss M-L converter 
(Methernitha). The main elements of 
the design are Leyden jar capacitors, 
which have the external surface made 
of perforated metal 


‘The other known fact is that great 
ionization of air is observed when the 
converter is in operation. So, the 
electrostatic machine can produce 
pulses of a very high voltage (potential 
difference) but it cannot be used as a 
source of a powerful current. In order 
to increase the current in the circuit 
we should apply a certain method and 
Yablotchkov's technology seems to be 
appropriate. A large surface of the 
external electrode of the Leyden jar 
can be a good solution to the problem. 
Maximum strong ionization allows us 
to obtain the output current several 
times stronger than the weak current 
generated by the electrostatic 
machine. 
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Half Lotus Half Pose Dedicated to Lord Hanuman 


Ardha Padma Ardha Hanumanasana 

(UHR-duh PUHD-muh UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 
Modification: fingertips of both hands on the sides of the straight leg 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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HORSE POSE: FORWARD BEND, BINDING & TWIST 


Revolved Leg Position of Horse Pose with Hands in Prayer 


Parivritta Pada Vatayanasana Namaskar 
(puh-ri-VRIT-tuh PUH-duh vah-tah-yuh-NAHS-uh-nuh nudt-muhs-KAHR) 
Pose Type: standing, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Lotus Extended Lizard Tail Lunge Pose 


Ardha Padma Uttana Pristhasana 

(UHR-duh PUHD-muh ut-TAHN-wh prish-TAHS-uh-nuh) 

Modification: 1. palms to the floor, elbows bent 90 degrees 

2. forearms to the floor 

3. one forearm to the floor; other elbow to the floor, hand to the face 

Pose Type: standing, forward bend 

Drishti Point: 1 & 3. Nasagrai or Nasagre (nose) 

2. Padhayoragrai or Padayoragre (toes/feet) and Angusthamadhye or Angushta Ma Dyai (thumbs) 
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Bound Half Lotus Extended Lizard Tail Lunge Pose 


Baddha Ardha Padma Uttana Pristhasana 
(BUH-duh UHR-duh PUHD-muh wt-TAHN-uh prish-TAHS-uh-nuh) 
Pose Type: standing, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One Foot Behind the Head Bound Half Lotus Extended Lizard Tail 
Lunge Pose 


Eka Pada Shirsha Baddha Ardha Padma Uttan Pristhasana 
(EY-kuh PUH-duh SHEER-shuh BUH-duh UHR-duh PUHD-muh ut-TAHN-uh prish-TAHS-uh-nuh) 
Pose Type: standing, forward bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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HORSE POSE: SPINE STRAIGHT 


Half Bound Revolved Leg Position of Horse Pose 


Ardha Baddha Parivritta Pada Vatayanasana 
(UHR-duh BUH-duh puh-ri-VRIT-tuh PUH-duh vah-tah-yuh-NAHS-uh-nuh) 
Modification: wrist to the knee of the front leg 

Pose Type: standing, binding 

Drishti Point: Hastagrai or Hastagre (hands) 
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Horse Pose 


Vatayanasana 

(vah-tah-yuh-NAHS-uh-nuh) 

Also Known As: Sea Horse Pose 

Modification: |. Front View 

2. Side View 

Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


ONE KNEE BENT TOWARD THE HIP: SPINE STRAIGHT 


One-Legged Frog Pose in Camel Pose 


Eka Pada Bhekasana in Ushtrasana 

(EY-kuh PUH-duh bey-KAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Modification: spine straight 

Pose Type: standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Mermaid Arm Position in Half Camel Pose 


Hasta Naginyasana in Ardha Ushtrasana 

(HUH-stuh nuh-gin-YAHS-uh-nuh in UHR-duh oosh-TRAHS-uhna) 

Modification: spine straight 

Pose Type: standing (on the knees), mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved One-Legged Frog Pose in One-Legged King Pigeon | Version 
B 


Parivritta Eka Pada Bhekasana in Eka Pada Raja Kapotasana 1 B 
(pub-ri-VRIT-tuh EY-kuh PUH-duh bey-KAHS-uh-nuh in EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: fingertips to the floor in front 

Pose Type: standing (on the knees), twist, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Half Bound Revolved One-Legged Frog Pose in One-Legged King 


Pigeon | Version B 


Ardha Baddha Parivritta Eka Pada Bhekasana in Eka Pada Raja Kapotasana 1 
B 

(UHR-duh BUH-duk puh-ri-VRIT-tuh EY-kuh PUH-duh bey-KAHS-uh-nuh in EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Pose Type: standing (on the knees), twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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COW FACE POSE AND GARUDA ON THE KNEES 


Leg Position of Cow Face Pose on the Knees 


Janu Pada Gomukhasana 

(JAH-nu PUH-duh go-moo-KAHS-uh-nuh) 
Modification: hands on the hips 

Pose Type: standing (on the knees) 
Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of Cow Face Pose on the Knees 


Janu Pada Gomukhasana 

(JAH-nu PUH-duh go-moo-KAHS-uh-nuh) 

Modification: 1. one hand on the hip, other arm straight over the head, side bend 

2. one arm crossed in front of the body, other arm over the head, elbow bent, side bend 
Pose Type: 1. standing (on the knees) 

2. standing (on the knees), side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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KNEES ON THE FLOOR: LOTUS POSE 


Half Pose Dedicated to Sage Goraksha 


Ardha Gorakshasana 

(UHR-duh go-rak-SHAHS-uh-nuh) 

Modification: spine straight, one hand to the heart, other hand to the side of the thigh 
Pose Type: standing (on the knees), balance 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Goraksha 


Gorakshasana 

(go-ruhk-SHAHS-uh-nuh) 

Also Known As: Yogic Seat Pose A (Yogapithasana A) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing (on the knees), balance 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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LUNGE: BACK KNEE OFF THE FLOOR 


Fighting Warrior Pose 2 


Yudhasana 2 

(yu-DAHS-uh-nuh) 

Modification: back knee off the floor 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Modification: arms open wide, forward bend, back knee bent and off the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Warrior 1 Modification (Virabhadrasana 1 Modification) 
Modification: hands on the hips, back knee off the floor 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE OFF THE FLOOR 


Equestrian Riding Horse Pose es0Gge 


Ashva Sanchalanasana 

(UHSH-vuh suhn-chuh-luh-NAHS-un-nuh) 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padhayoragrai or Padayoragre (toes/feet) 


How to Perform the Pose: 

1, Begin in Intense Stretch Pose (Uttanasana), also known as Full Forward Bend Pose. Engage your 
mula bandha, uddhiyana bandha, and ujjayi breathing. 

2. Inhale and bend your knees enough for your fingertips to touch the floor on the sides of the feet. 

3. Exhale as you step your left foot to the back, keeping your toes curled in, your left knee off the 
floor and keep your left leg strong and straight. Make sure your right knee is on top of your right 
ankle to prevent wear and tear on your knee joint. 

4. Rest your torso on your right thigh. Inhale as you lengthen your spine, stretching your body in two 
opposing directions: crown of the head moving to the front and the heel of the right foot pushing to 
the back. You can look at the toes of the right foot. 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 


6. Exhale as you step your left foot to the front in line with your right foot, and repeat on the other 
side. 


Modification: back knee off the floor, fingertips off the floor on either side of the front foot 


ashva sanchala = horse, riding posture 


Reverse Prayer Son of Anjani (Lord Hanuman) Lunge Pose 


Viparita Namaskar Anjaneyasana 

(vi-puh-REE-twh nuh-muhs-KAHR uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Son of Anjani (Lord Hanuman) Lunge Pose (Paschima 
Namaskara Anjaneyasana) 

Modification: back knee off the floor 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Modification: palms together, thumbs to upper back, back knee off the floor 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE OFF THE FLOOR, BACK LEG STRAIGHT—BACKBENDS 


Tip Toe One Hand Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Eka Hasta Anjaneyasana 

(PRUH-puh-duh EY-kuh HUH-stuh whn-juh-ney-AHS-uh-nuh) 

Modification: deep backbend, one arm up over the head; fingertips of the other hand to the floor, 
back knee off the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Warrior 1 Modification (Virabhadrasana | Modification), Crescent Lunge Pose 
Modification: hands up over the head and shoulder width apart, back knee off the floor 

Pose Type: standing, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Rising Standing Pose of the Heavenly Spirits 


Eka Hasta Utthita Stiti Valakhilyasana 

(EY-kuh HUH-stuh UT-ti-tuh ST1-ti vah-luh-khil- YAHS-uh-nuh) 

Also Known As: Eka Hasta Utthita Nindra Valakhilyasana; Son of Anjani (Lord Hanuman) Lunge 
Pose (Anjaneyasana) 

Modification: grabbing the back ankle overhead on the same side, other hand to the floor, back knee 
off the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Rising Standing Pose of the Heavenly Spirits 


Utthita Stiti Valakhilyasana 

(UT-ti-tuh ST1-ti vah-luh-khil-YAHS-uh-nuh) 

Also Known As: Utthita Nindra Valakhilyasana; Son of Anjani (Lord Hanuman) Lunge Pose 
(Anjaneyasana) 

Modification: grabbing the back ankle overhead with both hands, back knee off the floor 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE OFF THE FLOOR, BACK LEG STRAIGHT—FORWARD BENDS 


Extended Lizard Tail Lunge Pose 


Uttana Pristhasana 

(ut-TAH-nuh prish-TAHS-uh-nuh) 

Modification: elbows to the floor on the inside of the front leg, back knee off the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Punnakeesar Lunge 


Punnakeesarasana 

(pu-nuh-kee-suh-RAHS-uh-nuh) 

Also Known As: Bound God Favor Seeking Sacrifice Ritual Pose (Baddha Yajnasana), Bound 
Christ’s Cross Pose 

Modification: back knee off the floor 

Pose Type: standing, forward bend, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Extended Lizard Tail Lunge Pose 


Uttana Pristhasana 

(ut-TAH-nuh prish-TAHS-uh-nuh) 

Modification: elbows bent at 90 degrees, palms to the floor, back knee off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Extended Lizard Tail Lunge Pose 


Uttana Pristhasana 

(ut-TAH-nuh prish-TAHS-uh-nuh) 

Modification: forearms to the floor on either side of the front foot, back knee off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


esGe 


Tip Toe Extended Lizard Tail Lunge Pose 


Prapada Uttana Pristhasana 

(PRUH-puh-duh ut-TAH-nuh prish-TAHS-uh-nuh) 

Modification: arms straight and reaching in the opposite directions, heel of the front leg up, top of the 
back foot to the floor, back knee off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE OFF THE FLOOR, BACK LEG STRAIGHT—TWISTS 


Sideways Son of Anjani (Lord Hanuman) Lunge Pose 


Parshva Anjaneyasana 

(PAHRSH-vuh uhn-juh-ney-AHS-uh-nuh) 

Modification: top of the back foot on the floor, back knee off the floor 
Pose Type: standing, side bend, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose with Hands in 
Prayer 


Parivritta Anjaneyasana Namaskar 
(puh-ri-VRIT-tuh whn-juh-ney-AHS-uh-nuh nuh-muhs-KAHR) 
Modification: elbow over knee, back knee off the floor 
Pose Type: standing, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose with Hands in 
Prayer 


Parivritta Anjaneyasana Namaskar 
(pub-ri-VRIT-tuh whn-juh-ney-AHS-uh-nuh nuh-muhs-KAHR) 
Modification: arm under the knee, back knee off the floor 
Pose Type: standing, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Bound Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Baddha Parivritta Anjaneyasana 

(BUH-duh puh-ri-VRIT-tuh uhn-juh-ney-AHS-uh-nuh) 
Modification: back knee off the floor 

Pose Type: standing, twist, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Parivritta Anjaneyasana 

(puh-ri-VRIT-tuh whn-juh-ney-AHS-uh-nuh) 

Modification: one hand to the floor, other arm up in the sky, twisting to the inside of the front knee, 
back knee off the floor 

Pose Type: standing, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Sideways Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Parshva Anjaneyasana 

(PRUH-puh-duh PAHRSH-vuh uhn-juh-ney-AHS-uh-nuh) 

Modification: one hand to the floor, other arm up in the sky, twisting to the outside of the front knee, 
back knee off the floor 

Pose Type: standing, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Paying Homage Lunge Pose 


Parivritta Namasyasana 

(pub-ri-VRIT-tuh nuh-mwhs-YAHS-uh-muh) 

Also Known As: Curtsey Lunge 

Modification: front leg crossed over to the side, opposite elbow over the front knee, back knee off 
the floor 

Pose Type: standing, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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SIDE LUNGE: SITTING BONES LIFTED—ARMS BELOW HEAD. 


Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Also Known As: Plyo Side Lunge 

Modification: high stance, fingers interlocked in front of the chest 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Extended Leg to the Side Squat Pose 


Prapada Utthita Parshva Pada Upaveshasana 

(PRUH-puh-duh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: high stance; arms straight out to the sides, toes of the straight leg flexed in 
Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: arms crossed in front of the chest, forward bend 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: leaning toward the bent leg, one arm straight to the side, fingertips flexed in; other 
elbow to the side, fingertips to the back of the head 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE LUNGE: SITTING BONES LIFTED—ARMS ABOVE THE HEAD 


Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bend toward the straight leg, one arm parallel to the floor, other arm extended to 
the sky 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE LUNGE: SITTING BONES LIFTED—HANDS TO THE FLOOR 


Tip Toe Extended Leg to the Side Squat Pose 


Prapada Utthita Parshva Pada Upaveshasana 
(PRUH-puh-duh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: one palm to the floor 

Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: both hands to the floor, side bending toward the straight leg 
Pose Type: standing, forward bend, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Intense Ankle Stretch Extended Leg to the Side Squat Pose 


Uttana Kulpa Utthita Parshva Pada Upaveshasana 
(ut-TAH-nuh kul-puh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: both palms to the floor, arms crossed 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE LUNGE: SITTING BONES ON THE FLOOR, 


Lotus Hand Seal Extended Leg to the Side Squat Pose 


Padma Mudra Utthita Parshva Pada Upaveshasana 
(PUHD-muh MU-druh UT-ti-tuh PAHRSH-vuh PUH-duh w-puh-vey-SHAHS-uh-nuh) 
Modification: forward bend, forehead to the floor, arms extended in front 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Uneven Arms Extended Leg to the Side Squat Pose 


Vishama Hasta Utthita Parshva Pada Upaveshasana 
(VISH-wh-muh HUH-stuh UT-ti-tuh PAHRSH-vuh PUH-duh w-puh-vey-SHAHS-uh-nuh) 
Modification: forward bend, one forearm to the floor, other hand to the face 
Pose Type: standing, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Extended Leg to the Side Squat Pose 1 


Parivritta Utthita Parshva Pada Upaveshasana 1 
(puh-ri-VRIT-tuh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: both hands to the foot of the straight leg 


Pose Type: standing, seated, forward bend, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Extended Leg to the Side Squat Pose 2 


Parivritta Utthita Parshva Pada Upaveshasana 2 

(puh-ri-VRIT-tuh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: grabbing onto both feet 

Pose Type: standing, seated, forward bend, side bend, twist 

Drishti Point: Hastagrai or Hastagre (hands), Padayoragrai or Padayoragre (toes/feet) 
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SIDE LUNGE: SITTING BONES LIFTED—TWISTS AND BINDING 


Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: fingertips to the floor, toes of the straight leg flexed in 
Pose Type: standing, forward bend 


Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Knee to Shoulder Extended Leg to the Side Squat Pose 


Janu Bhuja Utthita Parshva Pada Upaveshasana 
(JAH-nu BHU-juh UT-ti-tuh PAHRSH-vuh PUH-duh w-puh-vey-SHAHS-uh-nuh) 
Modification: toes of the straight leg pointed 

Pose Type: standing, forward bend, side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Bound Extended Leg to the Side Squat Pose 


Baddha Utthita Parshva Pada Upaveshasana 

(BUH-duh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: binding around the shin of the bent leg, toes of the straight leg flexed in 
Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Half Bound Extended Leg to the Side Squat Pose 


Parivritta Ardha Baddha Utthita Parshva Pada Upaveshasana 
(pub-ri-VRIT-tuh UHR-duh BUH-duh UT-ti-tuh PAHRSH-vuh PUH-duh w-puh-vey-SHAHS-uh-nuh) 
Modification: toes of the straight leg pointed 

Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE LUNGE: SITTING BONE TO THE HEEL—ARMS HIGHER THAN HEAD LEVEL 


Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 
(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: toes of the straight leg to the floor 

Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: elbow to the knee of the bent leg, toes of the straight leg to the floor 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bend toward the straight leg, one arm parallel to the floor, other arm extended to 
the sky, toes of the straight leg pointed 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bend toward the straight leg, arms extended to the side and straight, toes of the 
straight leg to the floor 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands), Padayoragrai or Padayoragre (toes/feet) 
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Both Arms Extended Leg to the Side Tip Toe Squat Pose 


Dwi Hasta Utthita Parshva Pada Prapada Upaveshasana 
(DWI-huh-stuh UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: side bend toward the bent leg, toes of the straight leg to the floor 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE LUNGE: SITTING BONE TO THE HEEL—HAND TO THE FLOOR 


Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: one hand on the knee, other hand to the floor, toes of the straight leg pointed 
Pose Type: standing, forward bend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: one palm to the floor, other arm straight and parallel to the straight leg, toes of the 
straight leg to the floor 

Pose Type: standing 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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SIDE LUNGE: SITTING BONE TO THE HEEL—1 ARM OVERHEAD, OTHER HAND TO THE FLOOR 


Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bending toward the bent knee, one hand to the floor, other arm extended up over 
the head, toes of the straight leg to the floor 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bending toward the straight leg, one hand to the floor, other arm extended up over 
the head, toes of the straight leg to the floor 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE LUNGE: SITTING BONE TO THE HEEL—TWISTS & BINDING 


Revolved Extended Leg to the Side Tip Toe Squat Pose with Hands in 
Prayer 


Parivritta Utthita Parshva Pada Prapada Upaveshasana Namaskar 
(puh-ri-VRIT-tuh UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh nuh-muhs-KAHR) 
Modification: toes of the straight leg to the floor 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Revolved Bound Extended Leg to the Side Tip Toe Squat Pose 


Parivritta Baddha Utthita Parshva Pada Prapada Upaveshasana 
(puh-ri-VRIT-tuh BUH-duh UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh w-puh-vey-SHAHS-uh-nuh) 
Modification: toes of the straight leg to the floor 


1. knee on the floor 


2. knee off the floor 

Pose Type: standing, twist, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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CHAIR SQUAT: HIGH STANCE 


Fierce Pose 


Utkatasana 

(OOT-kuh-TAHS-uh-nuh) 

Also Known As: Chair Pose 

Modification: palms pressed together, high squat 

Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Fierce Pose 


Utkatasana 

(OOT-kuh-TAHS-uh-nuh) 

Also Known As: Chair Pose 

Modification: hands shoulder width apart, low squat 

Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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CHAIR SQUAT: HIGH STANCE—HANDS TO THE FLOOR 


Wagtail Bird Pose Prep. 


Khanjanasana Prep. 

(kuhn-juh-NAHS-uh-nuh) 

Modification: hands to the floor, palms facing up, feet together 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye/Ajna Chakra (third eye, between the 
eyebrows) 


Intense Wrist Stretch Fierce Pose 


Uttana Manibandha Utkatasana 

(ut-TAH-nuh muh-ni-BUHN-duh OOT-kuh-TAHS-uh-nuh) 

Also Known As: Intense Wrist Stretch Chair Pose 
Modification: palms to the floor, fingertips facing the toes 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


eo 
Wagtail Bird Pose 
Khanjanasana 


(kuhn-juh-NAHS-uh-nuh) 


Also Known As: Shoulder Pressure Pose Prep. (Bhujapidasana Prep.) 
Modification: shoulders to the back of the knees, fingertips to the heel 


Pose Type: standing, forward bend 


Drishti Point: Bhrumadhye/Ajna Chakra (third eye, between the eyebrows) 
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CHAIR SQUAT: HIGH STANCE—ONE HAND TO THE FLOOR 


Intense Wrist Stretch Half Bound @ 
Fierce Pose 


Uttana Manibandha Ardha Baddha Utkatasana 
(ut-TAH-nuh muh-ni-BUHN-duh UHR-duh OOT-kuh-TAHS-uh-nuh) 

Also Known As: Intense Wrist Stretch Half Bound Chair Pose 

Pose Type: standing, forward bend, binding 

Drishti Point: Hastagrai or Hastagrahe (hands) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Exhale, bend your knees until your thighs are parallel to the floor, and drop both your hands to the 
floor. Rest your torso on top of your thighs. 

3. Inhale as you externally rotate your right arm to point the fingertips of your right hand toward your 
feet. 

4. On your next inhale, bring your left arm behind your back and your left hand to the inside of your 
right thigh. Try to seal the gap between your ribcage and your elbow. 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

6. Exhale as you release your left arm and bring your left hand to the floor. Repeat on the right side. 


Modification: hand to the floor, fingertips pointing toward the toes 


ut = intense 
tan = to stretch, to extend 
manibandha = wrist 
ardha = half 

baddha = bound 


utkata = fierce 


CHAIR SQUAT: HIGH STANCE—HANDS IN FRONT & FINGERS INTERLOCKED BEHIND THE BACK 


Elephant Old Form 


Gaja Vadivu 

(GUH-juh vah-dee-vuh) 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hand Position of the Pose Dedicated to Garuda in Half Intense Stretch 
Pose 


Hasta Garudasana in Ardha Uttanasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Hand Position of the Pose Dedicated to Garuda in Half Forward Bend 
Modification: knees bent, feet hip width apart 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hands Bound Ear Pressure Fierce Pose 


Baddha Hasta Karnapida Utkatasana 
(BUH-duh HUH-stuh kahr-nuh-PEE-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Hands Bound Ear Pressure Chair Pose 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Revolved Fierce Pose 


Baddha Hasta Parivritta Utkatasana 
(Buh-duh HUH-stuh puh-ri-VRIT-tuh ut-kuhh-TAHS-uh-nuh) 

Also Known As: Hands Bound Revolved Chair Pose 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHAIR SQUAT: HIGH STANCE— 


IST, ONE HAND TO THE FLOOR 


Intense Wrist Stretch Revolved Half Bound Pose Dedicated to Yogi 
Shankara 


Uttana Manibandha Parivritta Ardha Baddha Shankarasana 
(ut-TAHN-uh muh-ni-BUHN-duh puh-ri-VRIT-tuh UHR-duh BUH-duh shuhng-kuhr-AHS-uh-nuh) 
Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Revolved Pose Dedicated to Yogi Shankara 


Parivritta Sankarasana 

(puh-ri-VRIT-tuh shuhng-kuhr-AHS-uh-nuh) 

Pose Type: standing, forward bend, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHAIR SQUAT: HIGH STANCE—TWIST AND ELBOW OVER THE KNEE 


Revolved Fierce Pose 


Parivritta Utkatasana 

(pub-ri-VRIT-tuh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Chair Pose 

Modification: feet wide apart, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Revolved Fierce Pose 


Parivritta Utkatasana 

(puh-ri-VRIT-tuh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Chair Pose 

Modification: feet together, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Revolved Fierce Pose 


Parivritta Utkatasana 

(puh-ri-VRIT-tuh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Chair Pose 

Modification: hands behind the head 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Fierce Pose 


Parivritta Utkatasana 

(pub-ri-VRIT-tuh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Chair Pose 

Modification: arm wrapped under the knee, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHAIR SQUAT: HIGH STANCE— 


ST AND BINDING 


One Hand Bound Revolved Fierce Pose 


Eka Hasta Baddha Parivritta Utkatasana 

(EY-kuh HUH-stuh BUH-duh puh-ri-VRIT-tuh ut-kuh-TAHS-uh-nuh) 

Also Known As: One Hand Bound Revolved Chair Pose 
Modification: |. one hand to the heart 

2. hand grabbing onto the biceps, other elbow over the opposite knee 
Pose Type: standing, forward bend, twist, binding 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 

2. Padhayoragrai or Padayoragre (toes/feet) 
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Revolved One Leg Bound Fierce Pose 


Parivritta Eka Pada Baddha Utkatasana 
(puh-ri-VRIT-tuh EY-kuh PUH-duh BUH-duh ut-kuh-TAHS-uh-nuh) 
Also Known As: Revolved One Leg Bound Chair Pose 
Pose Type: standing, forward bend, twist, binding 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved One Leg Bound Fierce Pose 


Parivritta Eka Pada Baddha Utkatasana 
(puh-ri-VRIT-tuh EY-kuh PUH-duh BUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved One Leg Bound Chair Pose 
Modification: binding around one leg, hands bound overhead 
Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Both Legs Bound Fierce Pose 


Parivritta Dwi Pada Baddha Utkatasana 
(puh-ri-VRIT-tuh DWL-puh-duh BUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Both Legs Bound Chair Pose 
Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


CHAIR SQUAT: HIGH STANCE HEELS UP—CHEST AWAY FROM QUADRICEPS 


Tip Toe Fierce Pose 1 


Prapada Utkatasana 1 

(PRUH-puh-duh ut-kuh-TAHSuh-nuh) 

Also Known As: Tip Toe Chair Pose 1 

Modification: arms up over the head, fingers interlocked 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


Tip Toe Fierce Pose 3 


Prapada Utkatasana 3 

(PRUH-puh-duh ut-kuh-TAHSuh-nuh) 

Also Known As: Tip Toe Chair Pose 3 

Modification: both elbows bent, one arm up in front, one arm down to the back 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 


CHAIR SQUAT: HIGH STANCE HEELS UP—KNEES TO THE ARMPITS, VARIOUS HAND POSITIONS TO THE 
FLOOR 


Crane Pose Prep. 


Bakasana Prep. 

(buhk-AHS-uh-nuh) 

Modification: hands to the floor in front of the feet 

1. fingertips to the floor 

2. palms flat to the floor, arms shoulder width apart, fingertips pointing away from the head 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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Konstantin Meyl 


Scalar waves 


From an extended vortex and field theory 
to a technical, biological and historical use 
of longitudinal waves 


Edition belonging to the lecture and seminar 
Electromagnetic Environmental Compatibility” 


CHAIR SQUAT: HIGH STANCE HEELS UP—ARMS IN FRONT & BEHIND 


Tip Toe Fierce Pose 


Prapada Utkatasana 

(PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Awkward Pose (Utkatasana) 

Modification: arms out in front and parallel to the floor, sitting bones lifted off the heels 
Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Fierce Pose 2 


Prapada Utkatasana 2 

(PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Tip Toe Chair Pose 2 and Tip Toe Diver’s Pose 

Modification: arms extended to the back, chest to the quadriceps, palms facing down 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Head to Knees Tip Toe Fierce Pose 2 


Janu Shirsha Prapada Utkatasana 2 

(JAH-nu SHEER-shuh PRUH-puh-duh ut-kuh-TAHS-wh-nuh) 

Also Known As: Head to Knees Tip Toe Chair Pose 2 and Head to Knees Tip Toe Diver’s Pose 
Modification: knees together, arms straight out to the sides, forehead to the knees 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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CHAIR SQUAT: HIGH STANCE HEELS UP—BACK OF THE KNEE OVER THE SHOULDER 


Unsupported Tip Toe Wagtail Pose 1 


Niralamba Prapada Khanjanasana 1 
(nir-ah-LUHM-buh PRUH-puh-duh kuhn-juh-NAHS-uh-nuh) 
Modification: elbows bent, hands reaching to the front 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Unsupported Bound Tip Toe Wagtail Pose 


Niralamba Baddha Prapada Khanjanasana 
(nir-ah-LUHM-buh BUH-duh PRUH-puh-duh kuhn-juh-NAHS-uh-nuh) 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Supported Tip Toe Wagtail Pose 


Salamba Prapada Khanjanasana 

(sah-LUHM-buh PRUH-puh-duh kuhn-juh-NAHS-uh-nuh) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Unsupported Tip Toe Wagtail Pose 2 


Niralamba Prapada Khanjanasana 2 

(nirsah-LUHM-buh PRUH-puh-duh kuhn-juh-NAHS-uh-nuh) 

Modification: fingertips reaching away from the head, palms pressed together, high stance 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
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CHAIR SQUAT: HIGH STANCE—BALLET TOES FROM CHEST HIGH TO LOW—ARMS APART TO ARMS 
TOGETHER IN FRONT AND BACK. 


Intense Ankle Stretch Tip Toe Fierce Pose 3 


Uttana Kulpa Prapada Utkatasana 3 

(ut-TAH-nuh KUL-puh PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Tip Toe Chair Pose 3 

Modification: both elbows bent, one arm up in front, one arm down to the back 
Pose Type: standing, balance 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Intense Ankle Stretch Tip Toe Uneven Legs Half Intense 
Stretch Pose 


Parivritta Uttana Kulpa Prapada Vishama Pada Ardha Uttanasana 
(puh-ri-VRIT-tuh wt-TAH-nuh KUL-puh PRUH-puh-duh VISH-uh-muh PUH-duh UHR_duh ut-tahn-AHS-uh-nuh) 
Also Known As: Revolved Intense Ankle Stretch Tip Toe Uneven Legs Half Forward Bend 
Modification: fingertips off the floor 

Pose Type: standing, balance, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Intense Ankle Stretch Tip Toe Fierce Pose Prep. 


Uttana Kulpa Prapada Utkatasana Prep. 

(ut-TAH-nuh KUL-puh PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Tip Toe Chair Pose Prep. 
Modification: fingertips to the floor 

Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Intense Ankle Stretch Tip Toe Fierce Pose 2 


Uttana Kulpa Prapada Utkatasana 2 

(ut-TAH-nuh KUL-puh PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Tip Toe Chair Pose 2 and Intense Ankle Stretch Tip Toe 
Diver’s Pose 

Modification: arms extended to the back, chest to the quadriceps 

Pose Type: standing, balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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CHAIR SQUAT: HIGH STANCE HEELS UP—ANKLES CROSSED, HANDS TO THE FLOOR 


Revolved Tip Toe Pose 


Parivritta Prapadasana 

(puh-ri-VRIT-tuh pruh-puh-DAHS-uh-nuh) 

Modification: ankles crossed, one arm to the back, other hand toward the floor in front of the feet 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Modification: ankles crossed, arms crossed, fingertips to the floor in front of the feet 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pendant Pose Prep. 


Lolasana Prep. 

(lo-LAHS-uh-nuh) 

Modification: ankles crossed 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—LEGS CROSSED 


Easy Leg Position of the Pose Dedicated to Garuda in Yoga Squat with 
Hands in Prayer 


Sukha Pada Garudasana in Upaveshasana Namaskar 
(SUK-kuh PUH-duh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-wh-nuh nuh-muhs-KAHR) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagrahe (hands) 
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Easy Leg Position and Complete Arm Position of the Pose Dedicated to 
Garuda in Yoga Squat 


Sukha Pada Paripurna Hasta Garudasana in Upaveshasana 
(SUK-kuh PUH-duh puh-ri-POOR-nuh HUH-stuh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-uh-nuh) 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Easy Leg Position of the Pose Dedicated to Garuda in Yoga 
Squat 


Parivritta Sukha Pada Garudasana in Upaveshasana 
(puh-ri-VRIT-tuh SUK-kuh PUH-duh guh-ru-DAHS-uh-nuh in w-puh-veysh-AHS-uh-nuh) 
Modification: both knees off the floor, arms open wide and straight 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagrahe (hands) 
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Revolved Easy Leg Position of the Pose Dedicated to Garuda in Yoga 
Squat 


Parivritta Sukha Pada Garudasana in Upaveshasana 
(puh-ri-VRIT-tuh SUK-kuh PUH-duh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-uh-nuh) 
Modification: bottom knee on the floor, arms open wide and straight 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagrahe (hands) 


eo0 


Revolved Easy Leg Position of the Pose Dedicated to Garuda in Yoga 
Squat 


Parivritta Sukha Pada Garudasana in Upaveshasana 
(puh-ri-VRIT-tuh SUK-kuh PUH-duh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-uh-nuh) 
Modification: elbow over the opposite knee, other arm straight out to the side 
Pose Type: standing, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Preface to the lecture, 1* Edition 1996 


The theme encloses the electromagnetic compatibility of both technical and biological 
systems. Only part of the electromagnetic wave can be considered for function troubles, 
namely the part that was absorbed and has rolled up to a vortex. The activity depends on 
the number of created vortices and of their lifetime, their decay. 

The eddy current only manifests in conducting materials. In the air and in dielectric 
materials on the other hand the vortex of the electric field will form, also called the 
potential vortex. To calculate and to measure this vortex is our goal 


First we'll carry out a survey of the problems and the usual methods. From the analysis of 
unsolved problems the need for the introduction of the new vortex phenomena is deducted 
and an adequate field-theoretical approach will be chosen, Afterwards the potential 
vortices are calculated and their properties are discussed and interpreted 
For the purpose of proving their existence, on the one hand the Schrodinger equation will 
be derived and on the other hand the quantum properties of the most important elementary 
particles will be calculated and compared with the well-known measured values 
Measurement and calculation are in excellent agreement for weight, charge, magnetic 
moment and spin, So the theory not only proofs it's correctness, in addition it 
demonstrates it can achieve much more. The theory takes us to the unification of the well- 
known interactions and physical phenomena and shows itself as an unified theory. 
In the practical conversion and usage of the theory there will not only be informed but by 
all means also be provoked as an entrance in a fruitfully discussion. Fundamental 
‘questions will be taken up like: What is information, energy, temperature or smell? The 
connection to the theme of the electromagnetic environmental compatibility is formed by 
the technical and the biological usage of the potential vortices, the energy transmission of 
Nikola Tesla exactly like the in a similar way functioning nerve conduction, Here we 
already can expect biological reactions. 


This lecture, held for the first time in the winter semester of 1995/96, is available in book 
form, as an edition belonging to the lecture. This lecture will not deliver ready recipes or 
instructions. The goal is reached when the critical sense of the listeners and readers has 
been inspired and discussions have been set going. Everybody has to draw the 
‘consequences out of such a theory by him- or herself. 

In addition to this lecture a seminar is offered, wherein several themes are supplemented 
or deepened, different theories are compared and possible consequences are discussed. 
The appearance of an edition belonging to the seminar has started in 1998. 
Regarding the conversion of consequences both politicians and scientists are equally 
addressed, because the clectromagnetic environmental compatibility has developed to one 
of the most urgent problems of today's world. But in last consequence all of us bury the 
worldwide responsibility for our environment. 


<i. May Electromagnets environmental compatbiliy, Par 2 and of this 
book, Edition belonging tothe seminar. iia 


SQUAT: HEELS UP—KNEES APART 


Hand Position of the Pose Dedicated to Garuda in Half Tip Toe Hero 
Pose 


Hasta Garudasana in Ardha Prapada Virasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in UHR-duh PRUH-puh-duh veer-AHS-uh-nuh) 

Modification: one knee on the floor, one foot to the floor on the inside of the knee 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


Half Bound Hand to Foot Uneven Tip Toe Pose 


Ardha Baddha Hasta Pada Vishama Prapadasana 

(UHR-duh BUH-duh HUH-stuh PUH-duh VISH-uh-muh pruh-puh-DAHS-uh-nuh) 

Modification: one hand crossed in front, grabbing onto the heel; other hand to the inner thigh on the 
opposite side 

Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hand Position of the Pose Dedicated to Garuda in Half Lotus Tip Toe 
Pose 


Hasta Garudasana in Ardha Padma Prapadasana 
(HUH-stuh guh-ru-DAHS-uh-nuh in UHR-duh PUHD-muh pruh-puh-DAHS-uh-nuh) 
Modification: 1. Both knees on the floor 

2. One knee on the floor 

Pose Type: standing 

Drishti Point: 1. Angusthamadhye or Angustha Ma Dyai (thumbs) 
2. Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES TOGETHER—ARMS BELOW HEAD 


Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Also Known As: Noose Pose Prep. (Pasasana Prep.) 
Modification: 1. fingertips to the floor on the outside of the knees 
2. one hand to the heart, other hand to the floor 

3. hands on the hips 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Tip Toe Pose 


Baddha Hasta Prapadasana 
(BUH-duh HUH-stuh pruh-puh-DAHS-uh-nuh) 


Modification: arms straight out in front, palms facing out, chest to the quadriceps 


Pose Type: standing, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Pose with Hands in Prayer 


Prapadasana Namaskar 

(pruh-puh-DAHS-uh-nuh nuh-muhs-KAHR) 

Modification: knees together, chest to the quadriceps 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Also Known As: Garland Pose Prep. (Malasana Prep.), Full Squat Pose (Purna Utkatasana) 
Modification: |. arms straight out in front and parallel to the floor 

2. arms up over the head, palms pressed together, elbows bent 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 

Drishti Point: 1. Hastagrai or Hastagrahe (hands) 

2. Nasagrai or Nasagre (nose) 
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Half Bound Tip Toe Pose 


Ardha Baddha Prapadasana 

(UHR-duh BUH-duh pruh-puh-DAHS-uh-nuh) 

Modification: one hand binding to the opposite hip behind the back, other arm straight and extended 
out to the side 

Pose Type: standing, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Seated Tip Toe Pose 


Upavishta Prapadasana 

(u-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Crouching Tip Toe Pose; Upavistha Prapadasana 
Modification: elbows resting on the knees, fingers interlocked in front of the face 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hands Bound Seated Tip Toe Pose 


Baddha Hasta Upavishta Prapadasana 

(BUH-duh HUH-stuh u-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Hands Bound Crouching Tip Toe Pose; Baddha Hasta Upavistha Prapadasana 
Modification: arms away from the body 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


Knees to the Shoulders Seated Tip Toe Pose 


Janu Bhuja Upavishta Prapadasana 

(JAH-nu BHU-juh u-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Knees to the Shoulders Crouching Tip Toe Pose; Janu Bhuja Upavistha Prapadasana 
Modification: |. palms together to the floor 

2. palms apart and to the floor, elbows bent 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


eo 


Supported Seated Tip Toe Pose 


Salamba Upavishta Prapadasana 

(sah-LUHM-buh u-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Supported Crouching Tip Toe Pose; Salamba Upavistha Prapadasana 
Modification: fingertips to the floor in front of the feet 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Supported/Unsupported Intense Ankle Stretch Seated Tip Toe Pose 


Salamba/Niralamba Uttana Kulpa Upavishta Prapadasana 
(sah-LUHM-buh-/nir-ah-LUHM-buh ut-TAHN-uh KUL-puh w-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Supported/Unsupported Intense Ankle Stretch Crouching Tip Toe Pose; 
Salamba/Niralamba Uttana Kulpa Upavistha Prapadasana 

Modification: |. hands to the floor by the hips 

2. arms wrapped around the shins, grabbing onto the triceps 

Pose Type: 1. standing, forward bend 

2. standing, balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—TWISTS 


Tip Toe Easy Noose Pose Prep. 


Prapada Sukha Pashasana Prep. 

(PRUH-puh-duh SUK-kuh puh-SHAHS-uh-nuh) 

Modification: elbow on the inside of the thigh, arms open wide 
Pose Type: standing, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Uneven Legs One Hand to Foot Noose Pose 


Vishama Pada Eka Hasta Pada Pashasana 

(VISH-wh-muh PUH-duh EY-kuh HUH-stuh PUH-duh puh-SHAS-uh-nuh) 
Modification: one heel up, one heel down 

Pose Type: standing, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Extended Side Tip Toe Noose Pose 


Utthita Parshva Prapada Pashasana 

(UT-ti-tuh PAHRSH-vuh PRUH-puh-duh puh-SHAHS-uh-nuh) 

Modification: one hand to the floor, other arm extended up over the head 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Tip Toe Noose Pose with Hands in Prayer 


Prapada Pashasana Namaskar 

(PRUH-puh-duh puh-SHAHS-uh-nuh nuh-muhs-KAHR) 

Pose Type: standing, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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One Hand to the Foot Tip Toe Noose Pose 


Eka Hasta Pada Prapada Pashasana 

(EY-kuh HUH-stuh PUH-duh PRUH-puh-duh puh-SHAHS-uh-nuh) 

Modification: one hand to the opposite heel, other hand binding to the opposite hip behind the back 
1. right side view 

2. left side view 

Pose Type: standing, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Tip Toe Noose Pose Prep. 


Prapada Pashasana Prep. 

(PRUH-puh-duh puh-SHAHS-uh-nuh) 

Modification: 1. binding around one leg with a strap 
2. binding around one leg without a strap 

Pose Type: standing, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Tip Toe Noose Pose 


Prapada Pashasana 

(PRUH-puh-duh puh-SHAHS-uh-nuh) 

Modification: binding around both legs 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS DOWN—ARMS BELOW HEAD 


Intense Wrist Stretch Garland Pose Prep. 


Uttana Manibandha Malasana Prep. 

(ut-TAH-nuk muh-ni-BUHN-duh mah-LAHS-uh-nuh) 

Modification: heels down, knees together, palms to the floor, fingers facing the toes, chest to the 
quadriceps 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose with Hands in Prayer Prep. 


Malasana Namaskar Prep. 

(mah-LAHS-uh-nuh nuh-nahs-KAHR) 

Modification: heels down 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


Garland Pose Prep. 


Malasana Prep. 

(mah-LAHS-uh-nuh) 

Also Known As: Full Squat Pose (Purna Utkatasana) 

Modification: knees together, heels down; arms straight out to the front, palms down 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Arms Spread Out Garland Pose Prep. 


Prasarita Hasta Malasana Prep. 

(pruh-SAH-ri-tuh HUH-stuh mah-LAHS-uh-nuh) 

Also Known As: Full Squat Pose (Purna Utkatasana), Flying Bird Pose (Khagasana) 
Modification: knees together, heels down, arms straight out to the side 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS DOWN—ARMS ABOVE HEAD 


Upward Hands Garland Pose Prep. 


Urdhva Hasta Malasana Prep. 

(OORD-vuh HUH-stuh mah-LAHS-uh-nuh) 

Also Known As: Full Squat Pose (Purna Utkatasana) 
Modification: knees together, hands to the sky 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Easy Noose Pose 


Sukha Pashasana 

(SUK-kuh puh-SHAHS-uh-nuh) 

Also Known As: Revolved Yoga Squat (Parivritta Upaveshasana) 

Modification: heels down, shoulder between the knees, one palm flat on the floor, other arm straight 
out to the back 

Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Side Noose Pose 


Utthita Parshva Pashasana 

(UT-ti-tuh PAHRSH-vuh puh-SHAHS-uh-nuh) 

Modification: heels down, one hand to the floor, other arm extended up over the head 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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SQUAT: HEELS DOWN—TWISTS 


Noose Pose with Hands in Prayer 


Pashasana Namaskar 

(puh-SHAHS-wh-nuh nuh-muhs-KAHR) 

Modification: heels down 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Half Bound Noose Pose 


Ardha Baddha Pashasana 

(UHR-duh BUH-duh puh-SHAHS-uh-nuh) 

Modification: heels down 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Noose Pose 


Pashasana 

(puh-SHAHS-uh-nuh) 

Modification: heels down, binding with a strap 

1. binding around one leg 

2. binding around both legs 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Noose Pose 


Pashasana 

(puh-SHAHS-uh-nuh) 

Modification: heels down, binding around both legs 

1. side view 

2. front view 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


ONE-LEGGED SQUAT: FOOT TO KNEE 


One-Legged Tip Toe Pose 


Eka Pada Prapadasana 

(EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 

Also Known As: Half Bound Lotus Tip Toe Pose Prep. (Ardha Baddha Padma Padangushtasana 
Prep.) 

Modification: 1. both hands to the floor on the sides 

2. hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Tip Toe Pose 


Eka Pada Prapadasana 

(EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 

Also Known As: Half Bound Lotus Tip Toe Pose Prep. (Ardha Baddha Padma Padangushtasana 
Prep.) 

Modification: 1. one hand on the hip, other hand to the floor 

2. one hand on the hip, one arm up over the head 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Baby Cradle Pose with Hands in Prayer in One-Legged Garland Pose 


Hindolasana Namaskar in Eka Pada Malasana 

(hin-do-LAHS-uh-nuh EY-kuh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Baby Cradle Pose with Hands in Prayer in One-Legged Yoga Squat (Hindolasana 
Namaskar in Eka Pada Upavesashana) 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Water colloids as vortex balls, 
Transport phenomenon, 


Derivation and interpretation 
Fundamental field equation 

Mathematical interpretation 

Physical interpretation 

Phenomenological interpretation. 

Atomistic interpretation. 

Derivation of the Klein-Gordon equation. 

Derivation ofthe time dependent Schrodinger equation 
Derivation of the time independent Schrodinger equation 
Interpretation of the Schrodinger equation. 


Theory of objectivity 
Proof. 

Law of conservation of energy 

Radius of the electron 

Maxwell's field equations 
Transformation equations. 

Field overlap 

Field dependent curvature of space 
Electromagnetic interaction, 

Gravitation 

Field dependent speed of light 
Universality 

Aether 

Spin and tunnel effect. 

Interpretation of the measured faster than light speed. 
Definition of the speed of light 
Relativity and objectivity 
Transformation 

Transformation table 

Interpretation ofthe transformation table. 
Particle decay. 


Proof. 
Elementary vortices 

Matter and anti-matter 
Positronium, 

Dipole moment 

Myon. 

Calculation of the vortex fields 
Calculation of the proton 
Strong interaction 

Magnetic moment of the proton 


Baby Cradle Pose in One-Legged Tip Toe Pose 1 


Hindolasana in Eka Pada Prapadasana 1 
(hin-do-LAHS-uh-nuh in EY-kuh PUH-duh pruh-puh-DAHS-wh-nuh) 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


eso 


Half Yogic Staff Pose Prep. in One-Legged Tip Toe Pose 


Ardha Yogadandasana Prep. in Eka Pada Prapadasana 
(UHR-duh yo-guh-duhn-DAHS-uh-nuh in EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


oo 


ONE-LEGGED SQUAT: FOOT UNDER THE KNEE 


Baby Cradle Pose in One-Legged Tip Toe Pose 2 


Hindolasana in Eka Pada Prapadasana 2 
(hin-do-LAHS-uh-nuh in EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Supported Revolved One-Legged Tip Toe Pose 


Salamba Parivritta Eka Pada Prapadasana 
(sah-LUHM-buh puh-ri-VRIT-tuh EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 
Modification: foot under the knee 

Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ONE-LEGGED SQUAT: FOOT TO KNEE & ONE KNEE OVER THE SHOULDER 


Tip Toe Lord of the Fishes Pose 


Prapada Matsyendrasana 

(PRUH-puh-duh muhts-y-eyn-DRAHS-uh-nuh) 

Pose Type: standing one-legged balance, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Supported One-Legged Tip Toe Pose 


Salamba Eka Pada Prapadasana 

(sah-LUHM-buh EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 

Modification: leg wrapped around the tricep, fingertips to the floor 
Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Supported One-Legged Tip Toe Pose 


Salamba Eka Pada Prapadasana 

(sah-LUHM-buh EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 

Modification: hands to the floor, shoulder to the back of the knee, other foot wrapped around the 
forearm 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE-LEGGED SQUAT: HALF LOTUS 


Half Bound Lotus Tip Toe Pose 


Ardha Baddha Padma Prapadasana 

(UHR-duh BUH-duh PUHD-muh pruh-puh-DAHS-uh-nuh) 

Also Known As: Half Bound Lotus Tip Toe Pose (Ardha Baddha Padma Padangushtasana) 
Modification: 1. fingertips to the floor, other hand to the heart 

2. binding, other hand to the heart 

3. binding, other arm out to the side, parallel to the floor 

Pose Type: 1. standing one-legged balance 


2 & 3. standing one-legged balance, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Half Lotus Tip Toe 
Pose 


Hasta Garudasana in Ardha Padma Prapadasana 
(HUH-stuh guh-ru-DAHS-wh-nuh in UHR-duh-PUHD-muh pruh-puh-DAHS-uh-nuh) 
Modification: knee on the floor, forward bend 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


oo 


ONE-LEGGED SQUAT: HALF LOTUS—HEEL DOWN 


Half Lotus One-Legged Garland Pose 


Ardha Padma Eka Pada Malasana 

(UHR-duh PUHD-muh EY-kuh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Half Lotus One-Legged Yoga Squat (Ardha Padma Eka Pada Upaveshasana) 
Modification: arms parallel to the floor 

Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Half Lotus Bound One-Legged Garland Pose 


Ardha Padma Baddha Eka Pada Malasana 

(UHR-duh PUHD-muh BUH-duh EY-kuh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Half Lotus Bound One-Legged Yoga Squat (Ardha Padma Baddha Eka Pada 
Upavesasana) 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 


ONE-LEGGED SQUAT: ONE LEG STRAIGHT—HEEL UP & DOWN 


Hand to Foot Pose Squatting Prep. 


Hasta Padasana Prep. 

(HUH-stuh puh-DAHS-uh-nuh) 

Modification: leg straight and lifted off the floor, arms parallel to the floor 
Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hands to Foot Squatting Pose 1 


Hasta Padasana 1 

(HUH-stuh puh-DAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi Modification (Marichyasana Modification) 
Modification: both hands to the foot, heel down 

Pose Type: standing one-legged balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


Drishti Point: Nasagrai or Nasagre (nose) or Padhayoragrai or Padayoragre (toes/feet) 


e0o 


Revolved Supported Hand to Foot Pose Squatting 


Parivritta Salamba Hasta Padasana 

(puh-ri-VRIT-tuh SAH-luhm-buh HUH-stuh puh-DAHS-uh-nuh) 

Modification: one hand to the floor 

Pose Type: standing one-legged balance, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Hand to Foot to the Side Tip Toe Pose 


Hasta Pada Parshva Prapadasana 

(HUH-stuh PUH-duh PAHRSH-vuh pruh-puh-DAHS-uh-nuh) 

Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Sundial Pose in One-Legged Garland Pose 


Surya Yantrasana in Eka Pada Malasana 

(SOOR-yuh yuhn-TRAHS-uh-nuh in EY-kuh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Sundial Pose in One-Legged Yoga Squat (Surya Yantrasana in Eka Pada 
Upavesasana) 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Extended Hand to Big Toe Pose in Half Tip Toe Hero Pose 


Utthita Hasta Padangushtasana in Ardha Prapada Virasana 
(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in UHR-duk PRUH-puh-duh veer-AHS-uh-nuh) 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ONE-LEGGED SQUAT: ONE LEG STRAIGHT—HEEL DOWN 


Baby Grasshopper Pose 


Bala Shalabhasana 

(BUH-luh shuh-luh-BAHS-uh-nuh) 

Also Known As: Baby Locust Pose 

Modification: chest facing the floor, forearm on the floor 
Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Hand to Foot Pose 2 


Hasta Padasana 2 

(HUH-stuh puh-DAHS-uh-nuh) 

Modification: leg crossed over, one hand to the foot, other hand to the heart 
Pose Type: standing one-legged balance, forward bend 


Drishti Point: Padayoragrai or Padayoragre (toes/feet), Angushtamadhye or Angushta Ma Dyai 
(thumbs) 


“VI 


Structure of the neutron 
Caleulation of the neutron 
beta-decay 

"Weak interaction’ 

Tau particle 

Pions 

Table of vortices of the Mesons 
Table of vortices of the Baryons. 


Unified theory 
Structure ofthe field theory 

Unification of the interactions 
Temperatut. 

Heat 

Sound. 

Basic principle of cybernetics. 

Structure of adaptive regulatory circuits 
Information. 

Philosophy of nature 


Usage 
Longitudinal electromagnetic waves 

Medical technical usage. 

Flying objects 

Electro gravitation’, 

Free energy? 

Nerve conduction and action potential 

Wireless energy transmission technology 
Measuring and switching technique of Nikola Tesla 
Energy technical usage 

Environmental compatibility 

Ecologically fairusage 

‘Claims concerning the environmental compatibility. 
Epilogue belonging to the lecture (part 1) 
Abstract belonging to scalar waves, part I 
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ONE-LEGGED SQUAT: LEG BEHIND THE HEAD 


Supported One Foot Behind the Head Tip Toe Pose Prep. 1 


Salamba Eka Pada Shirsha Prapadasana Prep. 1 
(SAH-luhm-buh EY-kuh PUH-duh SHEER-shuh pruh-puh-DAHS-uh-nuh) 
Modification: heel up, sitting bones lifted 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Supported One Foot Behind the Head Tip Toe Pose Prep. 2 


Salamba Eka Pada Shirsha Prapadasana Prep. 2 
(SAH-luhm-buh EY-kuh PUH-duh SHEER-shuh pruh-puh-DAHS-uh-nuh) 
Modification: hands to the floor 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 


One Foot Behind the Head Tip Toe Pose 


Eka Pada Shirsha Prapadasana 

(EY-kuh PUH-duh SHEER-shuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Tip Toe Balance Foot Behind The Head Pose (Padangushta Eka Pada Shirshasana), 
One Foot Behind the Head Tip Toe Pose (Eka Pada Shirsha Padangushtasana) 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 


eso 


SQUAT: HEELS DOWN—KNEES WIDE 


Hand Position of the Pose Dedicated to Garuda in Garland Pose 


Hasta Garudasana in Malasana 

(HUH-stuh guh-ru-DAHS-wh-nuh in mah-LAHS-uh-nuh) 

Also Known As: Hand Position of the Pose Dedicated to Garuda in Yoga Squat (Hasta Garudasana in 
Upaveshasana) 

Pose Type: standing, forward bend 


Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Lion Pose Dedicated to an Avatar of Lord Vishnu in Garland Pose 


Narasimhasana in Malasana 

(nuh-ruh-sim-HAHS-uh-nuh in mah-LAHS-uh-nuh) 

Also Known As: Lion Pose in Yoga Squat (Simhasana in Upaveshasana) 
Modification: heels down 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Revolved Garland Pose 


Ardha Baddha Parivritta Malasana 

(UHR-duh BUH-duk puh-ri-VRIT-tuh mah-LAHS-wh-nuth) 

Also Known As: Half Bound Revolved Yoga Squat (Ardha Baddha Parivritta Upaveshasana) 
Modification: forearm on the knee 

Pose Type: standing, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Bound Garland Pose 


Baddha Malasana 

(BUH-duh mah-LAHS-uh-nuh) 

Also Known As: Bound Yoga Squat (Baddha Upaveshasana) 
Pose Type: standing, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Leg Bound Garland Pose 


Eka Pada Baddha Malasana 

(EY-kuh PUH-duh BUH-duh mah-LAHS-wh-nuh) 

Also Known As: One Leg Bound Yoga Squat (Eka Pada Baddha Upaveshasana) 
Modification: heels down, binding around one of the legs, knees open wide 
Pose Type: standing, binding, forward bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SQUAT: ONE HEEL UP, ONE HEEL DOWN—KNEES WIDE 


Uneven Legs Garland Pose 


Vishama Pada Malasana 

(VISH-wh-muh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Uneven Legs Yoga Squat (Vishama Pada Upaveshasana) 

Modification: one knee higher than the other; fingertips of one hand to the floor, other elbow on the 
knee 

Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Uneven Legs Garland Pose 


Parshva Vishama Pada Malasana 

(PAHRSH-vuh VISH-wh-muh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Sideways Uneven Legs Yoga Squat (Parshva Vishama Pada Upaveshasana) 
Modification: one heel up, one heel down, one arm up over the head into a side bend, back of the 
other hand on the floor 

Pose Type: standing, forward bend, side bend 


Drishti Point: Hastagrai or Hastagre (hands) 
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SQUAT: HEELS DOWN—KNEES WIDE, FORWARD BENDS 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Yoga Squat (Upaveshasana) 
Modification: 1. hands in Anjali Mudra (Hands in Prayer) 
2. arms straight out in front; palms down, head up 

3. arms straight out in front; palms down, head down 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Garland Pose 


Baddha Hasta Malasana 

(BUH-duh HUH-stuh mah-LAHS-uh-nuh) 

Also Known As: Hands Bound Yoga Squat (Baddha Hasta Upaveshasana) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS DOWN—KNEES WIDE, FORWARD BENDS—BINDING 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Tortoise Pose Squat (Kurmasana Modification) 
Modification: grabbing onto heels 

1. head off the floor 

2. forehead to the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Golden Belt Pose (Kanchyasana) 
Modification: hands bound, heels down 

Pose Type: standing, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES WIDE, FORWARD BENDS—BINDING 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: heels up, arms stretched out to the back, palms facing up, forehead to the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Golden Belt Pose (Kanchyasana) 
Modification: heels up, hands bound 

1. front view 

2. side view 

Pose Type: standing, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: heels up, arms binding around the shins, hands between thighs and rib cage 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES WIDE, FORWARD BENDS—FOREARMS & ELBOWS ON THE FLOOR 
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1g to the energy technical seminar 


Preface tothe seminar, part 2 
Oscillating interaction. 

Kepler's laws. 

Unknown interaction 

Harmony of the alternating current engineers 
Four fundamental interactions. 

Resonating interaction 


The growing globe 
Long-distance effect of the neutrinos 

Model of expansion 

Ancient Egyptian legend of Genesis 

Inner structure of the earth 

Earth's core as a converter of neutrinos 

Speed of growth. 

Conservation of angular momentum 

Set of difficulties conceming the change of magnetization 
The weakly damped moon. 

Calculation of celestial mechanics 

The biblical age 


New cosmology. 
Conceming the formation of our solar system 

The birth ofthe planets. 

The derivation of the Titus-Bode law 

The hollow planet 

Conceming the formation of the universe 

Counter examples concerning the 2nd law of thermodynamics 
Entropy destroying potential vortices. 


Recording of space and time 
The measuring technical debacle 

The clock paradox 

The Tamarack mines experiment 

Field dependent linear measure 

Experiences from space travel 

Spherical aberration 

Step by step understanding of the measuring technique. 
Discussion of the cosmological insights. 


The way towards free energy. 
The liberalization of the energy markets 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: forehead to the floor, thumbs to the upper back 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: forearms to the floor 

1. grabbing onto the triceps 

2. forearms on the floor, palms pressed together 
Pose Type: standing, forward bend 

Drishti Point: 1. Nasagrai or Nasagre (nose) 

2. Angusthamadhye or Angustha Ma Dyai (thumbs) 
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SQUAT: HEELS UP—KNEES WIDE, FORWARD BEND—FOREARMS & ELBOWS ON THE FLOOR 
Garland Pose es 


Malasana 
(mah-LAHS-uh-nuh) 
Pose Type: standing, forward bend 


Drishti Point: 1 & 2. Angusthamadhye or Angustha Ma Dyai (thumbs) 3 & 4, Nasagrai or Nasagre (nose) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Exhale as you bend your knees, lift your heels, and drop your sitting bones to your heels. 

3. Inhale as you open your knees out to the sides. Exhale as you drop your chest between your knees 
and lower your forearms to the floor. Your knees should end up on the outsides of your shoulders. 

4. You can experiment with various arm positions. Start with your palms flat on the floor (Pose #1), 
then bring either one hand to your face (Pose #2) or both hands to your face (Pose #3) and then 
spread your fingers out (Pose #4). 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

6. To come out of the pose, inhale as you lift your chest and bring your knees together. Exhale as you 
press into your feet, straighten your legs, and come back to Mountain Pose (Tadasana). 


Modification: 

1. forearms and palms to the floor 

2. one forearm and palm to the floor, other elbow to the floor hand to the face 

3. both hands to the face, elbows on the floor 

4. both hands to the face, fingers spread open in a Padma Mudra - Lotus Hand Seal elbows, on the 
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SQUAT: HEELS UP—KNEES WIDE, FORWARD BENDS—ARMS OPEN WIDE 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Full Squat Pose (Kunthasana) 
Modification: hands wide, knees on top of the triceps 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: heels up 

1. knees to the armpits; hands out to the sides, fingertips to the floor 

2. forehead to the floor; elbows bent at 90 degrees, fingertips to the floor 
3. forehead to the floor; hands off the floor, arms out to the sides 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES WIDE, ARMS TO THE FLOOR & BALLET TOES 


Supported Tip Toe Pose 


Salamba Prapadasana 

(SAH-luhm-buh pruh-puh-DAHS-uh-nuh) 

Modification: knees open, elbows and wrists together, fingertips touching the floor in front of the feet 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Wrist Stretch Supported Tip Toe Pose 


Uttana Manibandha Salamba Prapadasana 

(ut-TAH-nuh muh-ni-BUHN-duh SAH-luhm-buh pruh-puh-DAHS-uh-nuh) 

Modification: knees open wide; palms on the floor, fingertips toward the feet 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lion Pose Dedicated to an Avatar of Lord Vishnu in Tip Toe Pose 


Narasimhasana in Prapadasana 

(nuh-ruh-sim-HAHS-uh-nuh in pruh-puh-DAHS-uh-nuh) 

Also Known As: Lion Pose in Tip Toe Pose (Simhasana in Prapadasana) 
Modification: feet wide apart 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
O3Ge 


Unsupported Intense Ankle Stretch Tip Toe Pose 


Niralamba Uttana Kulpa Prapadasana 
(nir-AH-luhm-buh ut-TAH-nuh KUL-puh pruh-puh-DAHS-uh-nuh) 
Modification: hands on the knees 

Pose Type: standing, balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Supported Intense Ankle Stretch Tip Toe Pose 


Salamba Uttana Kulpa Prapadasana 
(SAH-luhm-buh ut-TAH-nuh KUL-puh pruh-puh-DAHS-uh-nuh) 
Modification: fingertips to the floor 

Pose Type: standing, balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES WIDE, ARM MODIFICATIONS 


Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Modification: knees open wide; palms together, elbows together 
Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Modification: knees open wide, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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The consequences of the liberalization 
The chances of the wind energy 

The chances of being self-sufficient conceming energy 
The space energy technology of nature 

The gap in the energy balance of man 

Carl Freiherr von Reichenbach. 

Cold fusion and Genesis 

Photosynthesis 

How nature materializes 

Lightning 

Ball-lightning. 

Discussion conceming the neutrino conversion, 


Principle of funtioning of space energy 
The course ofthe field lines. 

Gravitation, 

Systematizing the interactions 

Magnetic force converter. 

The railgun 

Unipolar induction 
‘Tendency to instability 
Unipolar field configuration 
‘The Testatika 

‘The secret of the Testaika. 
‘The key to fice energy 


Space energy technology (SET). 
The unipolar generator 

Derivation of Maxwell’ field equations 
SET-devices with rotating magnetic fields. 
‘Commentary conceming magnetic SET-levices, 
RQM and the space quanta manipulator 
‘SET-devices with pulsed magnetic fields 
SET-deviees with Mobius winding 

Mobius converter of Seike and Coler 

Tesla’s flat coil 

The secret ofthe flat coil 


Discussion concerning the technology of the neutrino collectors 


Technical use of the weak interaction _ 
Radioactivity caused by neutrinos, 

Nikola Tesla, the discoverer of the neutrino radiation 
Transmutation and reduction of radioactivity, 

The Patterson Power Cell, 

Report concerning the cold fusion, 

Water-Fuel-Cell technology 

Unconventional electrolysis 
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One Hand in Reverse Prayer Tip Toe Pose 


Eka Hasta Viparita Namaskar Prapadasana 
(EY-kuh HUH-stuh vi-puh-REE-tuh nuh-muhs-KAHR pruh-puh-DAHS-uh-nuh) 
Modification: knees open wide; one hand to the knee 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Hands Tip Toe Pose 


Urdhva Hasta Prapadasana 

(OORD-vuh HUH-stuh pruh-puh-DAHS-uh-nuh) 

Modification: knees open wide; arms extended up to the sky, head rolling back 
Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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SQUAT: HEELS UP—KNEES WIDE, KNEES ON THE FLOOR—ARM MODIFICATIONS 


Reverse Prayer Root Lock Pose Prep. 


Viparita Namaskar Mulabhandasana Prep. 

(vi-puh-REE-twh nuh-muhs-KAHR moo-luh-buhn-DAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Tip Toe Pose (Paschima Namaskara Prapadasana) 
Modification: knees open wide; knees to the floor 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


oso 


Root Lock Pose Prep. 


Mulabhandasana Prep. 

(moo-luh-buhn-DAHS-uh-nuh) 

Also Known As: Tip Toe Pose Modification (Prapadasana Modification) 
Modification: knees open wide; palms and elbows together; knees to the floor 
Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Root Lock Pose Prep. 


Mulabhandasana Prep. 

(moo-luh-buhn-DAHS-uh-nuh) 

Also Known As: Tip Toe Pose Modification (Prapadasana Modification) 

Modification: knees open wide; elbows and ankles crossed; knees to the floor, fingertips to the floor 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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ROOT LOCK POSE 


Root Lock Pose Prep. 


Mulabhandasana Prep. 

(moo-luh-buhn-DAHS-uh-nuh) 

Also Known As: Twisted Feet Bound Angle Pose (Parivritta Pada Baddha Konasana) 
Modification: fingertips to the floor behind the hips, sitting bones off the floor 

Pose Type: standing, mild backbend 


Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Womb Staff Pose 


Yoni Dandasana 

(YO-ni duhn-DAHS-uh-nuh) 

Also Known As: Root Lock Pose Modification (Mulabandhasana Modification) 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 


Root Lock Pose 


Mulabhandasana 

(moo-luh-buhn-DAHS-uh-nuh) 

Also Known As: Perineal Contraction Pose (Mula Bandhasana) 
Modification: palms up on the knees, head rolled back 

Pose Type: seated, mild backbend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Vamadeva 1 


Vamadevasana 1 

(vah-muh-dey-VAHS-uh-nuh) 

Modification: both hands binding to the top foot 

Pose Type: seated, twist, binding 

Drishti Point: Parsva Drishti (to the right), Parsva Drishti (to the left) 
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SAGE VAMADEVA’S POSE 
ONE-LEGGED KING PIGEON POSE 


EASY POSE: KNEES HIGH 


Easy Pose ° 


Sukhasana 

(suk-AHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


How to Perform the Pose: 
1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 


2. Exhale as you bring your feet toward you and cross them at the ankles. Keep the soles of your feet 
flat on the floor and your knees in line with your shoulders. 


3. Inhale, stretch your arms up to the sky to lengthen your spine, and exhale as you bring your elbows 
together on the inside of your knees. 


4. Inhale as you open your palms up to sky with your fingertips pointing to the outsides. Exhale as 
you bring you thumbs and pointer fingers together. 


5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 
6. Exhale as you release the pose, coming back to starting position with both your legs straight out. 


Modification: knees in line with the shoulders, elbows to the inside of the knees 


sukha = easy, lightness 


Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: knees to the chest, elbows to the outside of the knees, palms covering the face 
Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Pose 


Sukhasana 

(swk-AHS-uh-nuh) 

Modification: knees high, forearms to the shins 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: elbows crossed, backs of both hands to the knees 

Pose Type: seated, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASY POSE: SPINE STRAIGHT 


Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: on the yoga block 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Pose 
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Materialization of neutrinos. 
Oscillation of size and luminescence 
Phosphorescence and sonoluminescence 

Discussion conceming the use of the weak interaction 


Physical phenomena 
Water as a catalytic converter for neutrinos 

Background and zero point radiation. 

The Casimir effect 

Effects under high tension 

Flying dises, 

Propulsion with neutrinos. 

“Antigravitation or levitation 

Discussion concerning the effect of closed field lines 

‘Concerning the determination of the stand of today's energy technique 


‘Own experiments 
Concerning the rating of experimental physics 

The charge amplifier from the workshop of handicrafts 

Interpretation of the observations with the charge amplifier. 
High-tension experiments inthe laboratory for performance electronics 
Measurement of dielectric capacitor losses in the HF laboratory. 
Analysis of the measured capacitor losses 

Microwave oven for testing inthe laboratory of electrical engineering 
Microwave heating by decay of vortices 

The Tesla coil from the workshop of handicrafts 

Biological effectiveness of the Tesla coil 

Wrestling for measuring technical insight in the Transfer Centre 
Neutrinolysis, the alternative splitting of water 


Cosmic experiments. 
Millions of voluntary test subjects at 11 August 1999 

Model of calculation for the cosmic experiment 

Physical technical consequences 

Biological consequences 

Epilogue to 11 August 1999 

Dropping of the neutrino radiation 

‘Analysis and comparison of the occurrences 

Radioactive decontamination with the help ofa supernova. 
Free energy from the Orion constellation 

Interaction of the neutrinos with the core of the earth 
‘Changing of polarity and apocalypse 

Scalar wave gauges for the prediction of earthquakes 
Calculation of future occurrences. 

Epilogue belonging to the energy technical seminar (part 2) 
“Abstract belonging to scalar waves, part 2 


Sukhasana 

(suk-AHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Hands Easy Pose 


Baddha Hasta Sukhasana 

(BUH-duh HUH-stuh suk-AHS-uh-nuh) 

Modification: arms in front, arms straight 

Pose Type: seated 

Drishti Point: Hastagrai or Hastagre (hands), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Embryo in the Womb Pose in Easy Pose 


Garbha Pindasana in Sukhasana 
(GUHR-buh pin-DAHS-uh-nuh in suk-AHS-uh-nuh) 


Modification: grabbing onto the outside edges of the feet 


Pose Type: seated, forward bend, core 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASY POSE: TWISTS & SIDE BENDS 


Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: neck stretch 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Easy Pose 


Parivritta Sukhasana 

(puh-ri-VRIT-tuh suk-AHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Sideways Easy Pose 


Parshva Sukhasana 

(PAHRSH-vuh suk-AHS-uh-nuh) 

Modification: one forearm to the floor, other arm extended up over the head 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Bound Easy Pose 


Parivritta Baddha Sukhasana 

(puh-ri-VRIT-tuh BUH-duh suk-AHS-uh-nuh) 

Modification: elbow to the floor 

Pose Type: seated, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ACCOMPLISHED ONE POSE 


Accomplished One Pose 


Siddhasana 

(sid-DAHS-anna) 

Modification: 1. one heel in front of the other 

2. one foot tucked between the hamstring and the calf 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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FIRE LOG POSE 


Fire Log Pose 


Agnistambhasana 

(uhg-ni-stuhm-BAHS-anna) 

Modification: 1. spine straight, fingertips to the floor behind the hips 

2. leaning forward, palms on the floor by the thighs 

Pose Type: 1. seated 

2. seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Revolved Fire Log Pose 


Parivritta Agnistambhasana 

(puh-ri-VRIT-tuh uhg-ni-stuhm-BAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 
1. elbow to the knee 

2. elbow to the foot 

Pose Type: seated, forward bend, twist 


Drishti Point: Urdhya or Antara Drishti (up to the sky); Parshva Drishti (to the right), Parshva Drishti 
(to the left) 
os 


Revolved Bound Fire Log Pose 


Parivritta Baddha Agnistambhasana 

(puh-ri-VRIT-tuh BUH-duh uhg-ni-stuhm-BAHS-uh-nuh) 

Modification: one elbow to the sole of the top foot, other arm behind the back, hand to the inside of 
the thigh 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Fire Log Pose 


Parivritta Agnistambhasana 

(pub-ri-VRIT-tuh uhg-ni-stuhm-BAHS-uh-nuh) 

Modification: forearms to the floor 

Pose Type: seated, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Fire Log Pose 


Agnistambhasana 

(uhg-ni-stuhm-BAHS-uh-nuh) 

Modification: forward bend, palms together, fingers spread wide; elbows and forehead on the floor 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HALF LOTUS POSE 


Half Lotus Pose 


Ardha Padmasana 

(UHR-duh puhd-MAHS-uh-nuh) 

Modification: back of the hands on the knees 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Lotus Pose 


Ardha Padmasana 

(UHR-duh puhd-MAHS-uh-nuh) 

Modification: Salute to the Buddha Mudra Hand Position: one palm facing up, fingertips of the other 
hand to the floor 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Reverse Prayer Revolved Half Lotus Pose 


Viparita Namaskar Parivritta Ardha Padmasana 

(vi-puh-REE-twh nuh-muhs-KAHR puh-ri-VRIT-tuh UHR-duh puhd-MAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Revolved Half Lotus Pose (Paschima Namaskara 
Parivritta Ardha Padmasana) 

Modification: top foot resting on the bottom knee 

Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Embryo in the Womb Pose in Half Lotus Pose 


Garbha Pindasana in Ardha Padmasana 
(guhr-buh-pin-DAHS-uh-nuh in UHR-duh puhd-MAHS-uh-nuh) 
Modification: knees lifted toward the chest 

Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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i ARMS IN FRONT 


Lotus Pose 


Padmasana 

(puhd-MAHS-uh-nuh) 

Modification: back of the hands on the knees 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lotus Pose 


Padmasana 

(puhd-MAHS-uh-nuh) 

Modification: fingers interlocked, hands resting on the lap 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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LOTUS POSE: ARMS BEHIND 
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edition belonging to the information technical seminar 


Prefaces to the seminar, part 3 
Derivation of the scalar wave 

Lord Kelvin in a delicate mission 
Helmholtzian ring-like vortices in the aether 
Taking apart of the wave equation 
Derivation of the scalar wave equation 
Derivation of a plasma wave 

Mistakes of the HF technology. 

Coupling of the wave parts. 

Set of difficulties of the near-field 

Transition to the far-field 

Scalar wave model. 

Double-frequent oscillation of size 

Electric and magnetic scalar wave. 


Properties of scalar waves 
Wave-particle compromise. 

‘Concerning the measurement of light 
‘Comparison of the parts of Tesla and Hertz 
Noise, a scalar wave phenomenon, 

Neutrino radiation 

Parallel instead of serial image transmission. 
‘Comparison of the properties 


Research of scalar waves 
Frequency diagram 

The reverse of the HF medal 

Radiesthesia 

Prediction of earthquakes with the help of scalar waves. 
Searching water with the help of scalar waves 
Receiving scalar waves with the Lecher antenna. 
‘Assignment according to wavelength 


Medicine of oscillation 
Mediation of information with the help of scalar waves 
‘Systems with positive feedback 

The Synchrometer. 

The sound therapy 

The colour therapy. 

The aromatherapy 

The gem therapy 

Meditation and self-therapy, 


Reverse Prayer Lotus Pose 


Viparita Namaskar Padmasana 

(vi-puh-REE-tuh nuh-muhs-KAHR puhd-MAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Lotus Pose (Paschima Namaskara Padmasana) 
Modification: |. fingertips pointing down 

2. fingertips pointing up 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Lotus Pose 


Baddha Padmasana 

(BUH-duh puhd-MAHS-uh-nuh) 

Modification: both hands to one foot, one arm behind the back 

Pose Type: seated, mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Lotus Pose 


Baddha Padmasana 

(BUH-duh puhd-MAHS-uh-nuh) 

Modification: both arms behind the back 

Pose Type: seated, mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Lotus Pose 


Baddha Hasta Padmasana 
(BUH-duh HUH-stuh puhd-MAHS-uh-nuh) 
Modification: backbend 

Pose Type: seated, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lotus Pose 


Padmasana 

(puhd-MAHS-uh-nuh) 

Modification: palms to the floor behind the hips; fingertips facing forward, backbend 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOTUS POSE: FINGERS BOUND - BICEPS BY THE EARS 


Raised Bound Hands Lotus Pose 


Urdhva Baddha Hasta Padmasana 

(OORD-vuh BUH-duh HUH-stuh puhd-MAHS-uh-nuh) 

Also Known As: Seated Mountain Pose A (Parvatasana A) 
Pose Type: seated, mild backbend 

Drishti Point: Angushtamadhye (Thumbs) 
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Simple Yoga Seal 


Laghu Yoga Mudra 

(LUH-gu YO-guh MU-druh) 

Also Known As: Seated Mountain Pose B (Parvatasana B) 
Pose Type: ed, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Simple Yoga Seal 


Parshva Laghu Yoga Mudra 

(PAHRSH-vuh LUH-gu YO-guh MU-druh) 

Modification: fingers interlocked, palms facing out; arms straight to the side, forward bend 
Pose Type: seated, forward bend, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LOTUS POSE: TWISTS 


Pose Dedicated to Siddhar Vaasamuni—Easy Version 


Sukha Vaasamunvasana 

(SUK-uh vah-sah-moo-NYAHS-uh-nuh) 

Pose Typ eated, side bend, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


oso 


Arms of Twist Dedicated to Sage Bharadvaja 2 in Revolved Lotus Pose 


Hasta Bharadvajasana 2 in Parivritta Padmasana 
(HUH-stuh buh-ruhd-vuhj-AHS-uh-nuh in puh-ri-VRIT-uh puhd-MAHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Lotus Pose 


Parivritta Padmasana 

(puh-ri-VRIT-uh puhd-MAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 
Pose Type: seated, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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LOTUS POSE: SIDE BEND & TWISTS 


Sideways Lotus Pose 


Parshva Padmasana 

(PAHRSH-vuh puhd-MAHS-uh-nuh) 

Modification: forearm to the floor 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Western Intense Stretch Pose Lotus Pose 


Parivritta Paschimottana Padmasana 

(pub-ri-VRIT-uh puhsh-chi-mo-TAHN-nuh puhd-MAHS-uh-nuh) 

Also Known As: Revolved Forward Bend Lotus Pose 
Modification: shoulder to the floor, other arm extended to the sky 
Pose Type: seated, forward bend, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Pose Dedicated to Siddhar Vaasamuni—One Hand Modification 


Eka Hasta Vaasamunvasana 

(EY-kuh HUH-stuh [vah-sah-moo]-NYAHS-uh-nuh) 

Pose Type: seated, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Pose Dedicated to Siddhar Vaasamuni 


Vaasamunvasana 

([vah-sah-moo-NYAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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LOTUS POS 


‘ORWARD BEND 


Yogic Seal Pose 


Yoga Mudrasana 

(¥O-guh mu-DRAHS-uh-nuh) 

Also Known As: Yoga Pose (Yogasana) 

Modification: grabbing onto the wrist behind the back 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Hands Bound Lotus Pose 


Baddha Hasta Padmasana 

(BUH-duh HUH-stuh puhd-MAHS-uh-nuh) 

Also Known As: Yoga Seal (Yoga Mudra) 

Modification: chin to the floor, forward bend 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Reverse Prayer Yogic Seal Pose 


Viparita Namaskar Yoga Mudrasana 

(vi-puh-REE-twh nuh-muhs-KAHR YO-guh mu-DRAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Yogic Seal Pose (Paschima Namaskara Yoga Mudrasana) 
Modification: forehead to the floor 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Yogic Seal Pose Prep. 


Yoga Mudrasana Prep. 

(YO-guh mu-DRAHS-uh-nuh) 

Modification: |. using a yoga strap 

2. wrists crossed behind the back, reaching toward the feet 

Pose Type: seated, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Yogic Seal Pose 


‘Systems with negative feedback. 
The homeopathy 

The bioresonance 

The frequency therapy 

The Zapper 

Discussion concerning the medicine of oscillation 
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Contributions to the discussion concerning the information technical use $15 


Window of the sensuous perception. 
The sense organs (nose, eye, tongue) 
The nerve conduction 
The brain, a scalar wave computer 

Concerning signal engineering 
Stabil 
The microwave window 
Discussion concerning scalar wave medicine 


Recapitulation from the viewpoint of textbook physics 


Common misinterpretation of the antenna losses. 
Wave damping by field vortices 

Laplace versus Maxwell 

Envor term in the wave equation 

Interim result 

Failure of the Maxwell theory 

Concerning the evidence situation 


Faraday versus Maxwell 
Energy out of the field. 

Vortex and anti-vortex. 

Vortices in the microcosm and macrocosm 
Faraday’s law and Maxwell's formulation. 
The discovery of Faraday 

Different formulation of the law of induction 
Contradictory opinions in textbooks 

The field-theoretical approach, 

Derivation of Maxwell's field equations 
Derivation of the potential vortices 
Derivation of the fundamental field equation" 
The Maxwell field as a derived special case 
Derivation of the wave equation. 

TThe new field approach in synopsis 


Objectivity versus relativity 

The question concerning the aether 
Vortices, an overlap of the overlap, 
Field overlap. 


‘against interference and repair mechanisms 
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Parshva Yoga Mudrasana 

(PARHSH-vuh YO-guh mu-DRAHS-uh-nuh) 

Also Known As: Sideways Bound Lotus Pose (Parshva Baddha Padmasana) 
Modification: chin to the knee 

Pose Type: seated, forward bend, binding, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Yogic Seal Pose 


Yoga Mudrasana 

(¥O-guh mu-DRAHS-uh-nuh) 

Also Known As: Bound Lotus Pose (Baddha Padmasana) 

Modification: 1. side view 

2. front view 

Pose Type: seated, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOTUS POSE: EMBRYO IN THE WOMB POSE 


Embryo in the Womb Pose 


Garbha Pindasana 

(guhr-buh pin-DAHS-uh-nuh) 

Modification: arms wrapped around the legs 

Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Hand Position of the Pose Dedicated to Garuda in Yoga Pose A 


Hasta Garudasana in Yogasana A 

(HUH-stuh guh-ru-DAHS-uh-nuh in yo-GAHS-uh-nuh) 

Pose Type: seated, forward bend, core 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs) 
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Embryo in the Womb Pose 


Garbha Pindasana 

(guhr-buh pin-DAHS-uh-nuh) 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Nasagrai or 
Nasagre (nose) 
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BOTH KNEES BENT: BINDING & TWISTS 


Bound Sundial Pose 


Baddha Surya Yantrasana 

(BUH-duh SOOR-yuh yuhn-TRAHS-uh-nuh) 
Modification: both knees bent 

Pose Type: seated, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Pose Dedicated to Sage Marichi 


Parivritta Marichyasana 

(puh-ri-VRIT-tuh muh-ree-CHYAHS-uh-nuh) 

Modification: twisting to the inside, foot to the thigh, binding under the leg 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Lord of the Fishes Pose 3 


Ardha Matsyendrasana 3 

(UH-ruh muhts-yeyn-DRAHS-uh-nuh) 

Modification: looking to the back 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


e30 


Pose Dedicated to Sage Marichi 4 


Marichyasana 4 

(muh-ree-CHYAHS-uh-nuh) 

Modification: binding under the knee 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOTH KNEES BENT: BINDING & TWISTS—ARM THREADED UNDER 


Half Pose Dedicated to Sage Agasthiyar 


Ardha Agasthiyarasana 

(UHR-duh wh-guhs-ti-yahr-AH-suh-nuh) 

Modification: 1. one arm threaded through 

2. full expression of the pose 

Pose Type: 1. seated, forward bend, twist, binding 

2. seated, forward bend, binding 

Drishti Point: Urdhya or Antara Drishti (up to the sky), Nasagrai or Nasagre (nose), or Bhrumadhye 
or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Half Pose Dedicated to Sage Agasthiyar 


Parivritta Ardha Agasthiyarasana 
(puh-ri-VRIT-tuh UHR-duh uh-guhs-ti-yahr-AH-suh-nuh) 

Pose Type: seated, forward bend, binding, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Agasthiyar 


Agasthiyarasana 

(uh-guhs-ti-vahr-AH-suh-nuh) 

Modification: 1. prep. one arm threaded under the knee, fingertips of the other hand to the floor 
2. full expression of the pose 

Pose Type: seated, forward bend, binding 

Drishti Point: 1. Hastagrai or Hastagre (hands) 

2. Nasagrai or Nasagre (nose) 
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BOTH KNEES BENT: BINDING & TWISTS—KNEES TOGETHER 


Seated Noose Pose Prep. 


Upavishta Pashasana 

(u-puh-VISH-tuh puh-SHAHS-uh-nuh) 

Also Known As: Half Noose Pose (Ardha Pashasana), Upavistha Pashasana 
Modification: 1. grabbing onto the knees 

2. elbow over the opposite knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Seated Noose Pose Prep. 


Upavishta Pashasana 

(u-puh-VISH-tuh puh-SHAHS-uh-nuh) 

Also Known As: Upavistha Pashasana 

Modification: heels lified; elbow over the opposite knee, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: seated, forward bend, twist, core 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Seated Noose Pose 


Upavishta Pashasana 

(u-puh-VISH-tuh puh-SHAHS-uh-nuh) 

Also Known As: Upavistha Pashasana 

Modification: binding around both legs under the knees 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Seated Noose Pose 


Upavishta Pashasana 

(u-puh-VISH-tuh puh-SHAHS-uh-nuh) 

Also Known As: Upavistha Pashasana 

Modification: binding around both shins 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


BOTH KNEES BENT: BACKBEND, SIDE BEND, BINDING & TWI 


Half Lord of the Fishes Pose es 


Ardha Matsyendrasana 
UHR-duh muhts-yeyn-DRAHS-uh-nuh 


Pose Type: seated, forward bend, side bend, twist 
Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale as you bend the right knee toward your right shoulder and then bring it over your left leg so 
that your right foot is flat on the floor on the outside of your left shin. 

3. Exhale and bend your left knee, bringing your left heel toward your right sitting bone. Keep the left 
knee and both your sitting bones evenly on the floor. 

4. Exhale as you bring your right elbow to your right knee. Inhale as you bring your left arm up over 
your head and look towards your left foot (Pose #1). 

5. To execute pose #2, exhale as you bring your left elbow over the right knee. Inhale as you bring 
your right arm up and exhale as you bend your right elbow and look over toward your right foot. 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

7. Inhale as you release the twist and exhale as you bring both your legs out in front of you. Repeat on 
the other side. 


Modification: side bend twist: 
1. elbow to the knee on the same side 
2. elbow to the opposite knee 


ardha = half 


Matsyendra = a Hindu sage and one of the first teachers of Hatha yoga, a legend, king of the fish 
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Appendix 


Half Lord of the Fishes Pose 


Ardha Matsyendrasana 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 
Modification: backbend 

Pose Type: seated, backbend, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Half Lord of the Fishes Pose 


Ardha Matsyendrasana 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Modification: twisting to the inside 

1. grabbing onto the ankle 

2. elbow over the knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Lord of the Fishes Pose 


Ardha Matsyendrasana 

(VHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Modification: twisting to the outside, elbow over the knee; palm of the other hand to the floor 
Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Lord of the Fishes Pose 1 


Ardha Matsyendrasana 1 

(VHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Modification: grabbing onto the ankle, other arm behind the back, hand to the inside of the thigh 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOTH KNEES BENT: BINDING FORWARD BEND & TWIST 


Pose Dedicated to Sage Marichi 3 Prep. 


Marichyasana 3 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B (Marichyasana B) 
Modification: top foot to the bottom thigh, binding around the shin, nose to the knee 
Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 4 Prep. 


Marichyasana 4 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Modification: sitting in a cross-legged position, one knee dropped to the side, foot by the sitting 
bones; other knee bent toward the shoulder, binding around the shin on the outside of the leg 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOTH KNEES BENT: BINDING & TWIST 


Pose Dedicated to Sage Marichi 3 Prep. 


Marichyasana 3 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B (Marichyasana B) 

Modification: spine straight, bottom knee wrapped around the foot, fingers interlocked on the shin 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Pose Dedicated to Sage Marichi 3 Prep. 


Marichyasana 3 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B Modification (Marichyasana B Modification) 
Modification: bottom knee wrapped around the foot, binding under the thigh 


Pose Type: seated, forward bend, twist, binding 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


ooo 


Pose Dedicated to Sage Marichi 3 Prep. 


Marichyasana 3 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B Modification (Marichyasana B Modification) 
Modification: knee wrapped around the foot, binding over the shin 

Pose Type: 1. seated, forward bend, binding 

2. seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Lord of the Fishes Pose 1 Prep. 


Ardha Matsyendrasana 1 

(VHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Modification: foot under the knee, twisting to the outside 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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HALF LOTUS POSE: KNEE BENT TOWARD THE CHEST. 


Pose Dedicated to Sage Marichi Prep. 


Marichyasana Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Modification: prep.-—elbow to the knee on the same side, palm to the floor behind the hips 
Pose Type: seated, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Marichi Prep. 


Marichyasana Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Modification: prep.—arms wrapping around the leg 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HALF LOTUS POSE: BINDING & TWISTS—KNEE BENT TOWARD THE CHEST 


Pose Dedicated to Sage Marichi 3 


Marichyasana 3 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B (Marichyasana B) 
Modification: sitting up straight 

Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 3 


Marichyasana 3 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B (Marichyasana B) 
Modification: full forward bend 

Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 4 


Marichyasana 4 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi D (Marichyasana D) 
Modification: sitting bones on the floor 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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1. Introduetion 


Here the extremely controversially discussed question of the environmental compatibility 
of electromagnetic fields will be persuaded. Limits should inform what is incompatible 
and what is compatible, But there are as many limits as there are commissions and 
specialists. And besides that differ the results from each other for several powers of ten. In 
course of time the legitimate doubts become unmistakable and the representatives of 
science slowly get to feel the burden of proof. 

For the sake of efficiency, the actual discussion concerning the theme of electro-smog is 
analysed and the necessity to involve an until now unnoticed field phenomenon in the 
discussion about limits is derived: It concems vortices of the electric field. These potential 
vortices, as they are called, have the corresponding properties to show biological effects 
‘even at the lowest field strengths. In any case it is not possible to exclude that at present 
the wrong physical phenomena are measured and made responsible. 

A parable should bring claity 

Lets imagine that the to us well-known and over our sense of touch understandable 
physical phenomenon of the temperature is unknown to us, neither measurable nor 
perceptible. Our weather station only exists of a barometer that could show us the air 
pressure and deliver us indications if’ good or bad weather is to be feared. 
We ready realize that there exists a connection between the air pressure and our health and 
make the to us well-known phenomenon responsible. When the pointer points to good 
‘weather we can go out lightly dressed. With bad weather we should take a coat, so we 
know from experience 

"Now we imagine the realistic situation that in winter we have a weather situation of high 
pressure but it's stone-cold outside. The weather station will display high temperatures 
With the result that some people will walk around with short-sleeved and open shirt, only 
to lic in bed with a cold in the evening. Of course the air pressure was to blame! Logically 
the "pressure sensitive", as they are called mocking, demand the limits for the allowed 
pressure to be reduced so far that no consequences for health are to be feared. 
Concerning the theme of allowed limits, science is asked and science proceeds in a 
systematic way: the pressure is investigated in the laboratory, isolated from all other 
parameters and so it is discovered that man catches no cold even at a substantially higher 
air pressure, so there is no reason to alter the limits. 

Actually we would expect these at any time reproducible results to have a calming effect 
fon the minds of the participants of the discussion and on the population. Instead the 
pressure sensitives time and again cite new knowledge that won't fit in the scheme. So is 
for instance stated that draught causes the same health problems although this pseudo 
effect has nothing at all 10 do with the air pressure. So owing to incomprehensibility and 
emotions the discussion about limits becomes a farce. 

The fact that sensitive people react to effects of air electricity and possibly get ill without 
proof that some today measurable physical quantities are responsible should make us 
think. It is little calming watching our scientists poking at the dense fog whereas at the 
same time among the runners of the new telecommunication networks there spreads 
something like a gold-digger mood. 

To introduce a new technology is not difficult, but to abolish it for reasons of the 
<lectromagnetic environmental compatibility i almost impossible! 


LOTUS POSE: BINDING & TWISTS—KNEE BENT TOWARD THE CHEST 


Full Lord of the Fishes Pose Prep. 


Paripurna Matsyendrasana Prep. 

(puh-ri-POOR-nuh muhts-yeyn-DRAHS-uh-nuh) 

Modification: one palm to the floor behind the hips, grabbing onto the knee with the opposite hand 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Full Lord of the Fishes Pose 


Paripurna Matsyendrasana 

(puh-ri-POOR-nuh muhts-yeyn-DRAHS-uh-nuh) 

Also Known As: Full Lord of the Fishes Pose (Poorna Matsyendrasana) 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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FOOT TO THE BACK: TWISTS—KNEE BENT TOWARD THE CHEST 


Root Lord of the Fishes Pose Prep. 


Mula Matsyendrasana Prep. 

(MOOL-uh muhis-yeyn-DRAHS-uh-nuh) 

Modification: heel to the perineum, other foot resting on the knee, fingertips to the floor by the hips 
Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Root Lord of the Fishes Pose 


Ardha Mula Matsyendrasana 

(UHR-duh MOOL-uh muhts-yeyn-DRAHS-uh-nuh) 

Modification: heel to the perineum, other foot resting on the knee, fingertips of one hand to the floor 
by the hips, other hand grabbing onto the opposite knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Root Lord of the Fishes Pose Prep. 


Mula Matsyendrasana Prep. 

(MOOL-uh muhts-veyn-DRAHS-uh-nuh) 

Modification: backbend, heel to the perineum, other foot resting on the knee, fingertips to the floor 
behind the hips 

Pose Type: seated, backbend, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Marichi 6 Prep. 


Marichyasana 6 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi F (Marichyasana F) 

Modification: opposite hand grabbing onto the foot, heel resting on the knee, other arm behind the 
back to the inside of the thigh, looking over the shoulder to the back 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Pose Dedicated to Sage Marichi 6 Prep. 


Marichyasana 6 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi F (Marichyasana F) 

Modification: opposite hand grabbing onto the foot, foot flat to the floor, other arm behind the back to 
the inside of the thigh, looking toward the foot 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOUND ANGLE POSE: ARMS IN FRONT. 


Bound Angle Pose with Hands in Prayer 


Baddha Konasana Namaskar 

(BUH-duh ko-NAHS-uh-nuh nuh-muhs-KAHR) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 
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Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

Modification: fingertips touching the floor 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

Modification: half forward bend, opening the soles of the feet up to the sky 
Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOUND ANGLE POSE: ARMS BEHIND 


Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-wh-nuh) 

Modification: one hand to the knee; other hand behind, grabbing onto the bicep 
Pose Type: seated, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Hands Bound Angle Pose 


Baddha Hasta Baddha Konasana 

(BUH-duh HUH-stuh BUH-duh ko-NAHS-uh-nuh) 
Modification: arms behind, grabbing onto the elbows 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Reverse Prayer Bound Angle Pose 


Viparita Namaskar Baddha Konasana 

(vi-puh-REE-twh nult-muhs-KAHR BUH-duh ko-NAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Bound Angle Pose (Paschima Namaskara Baddha 
Konasana) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of Cow Face Pose in Bound Angle Pose 


Hasta Gomukhasana in Baddha Konasana 
(HUH-stuh go-muk-AHS-uh-nuh in BUH-duh ko-NAHS-uh-nuh) 
Pose Type: ied 

Drishti Point: Nasagrai or Nasagre (nose) 
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BOUND ANGLE POSE: SIDE BEND & BINDING 


Sideways Bound Angle Pose 


Parshva Baddha Konasana 

(PAHRSH-vuh BUH-duh ko-NAHS-uh-nuh) 

Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Sideways Star Pose 


Parshva Tarasana 

(PAHRSH-vuh tahr-AHS-uh-nuh) 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Bound Leg Bound Angle Pose 


Parshva Baddha Pada Baddha Konasana 

(PAHRSH-vuh BUH-duh PUH-duh BUH-duh ko-NAHS-uh-nuh) 

Modification: binding around one leg, arm wrapped around the shin 
Pose Type: seated, forward bend, side bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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BOUND ANGLE POSE: HEELS CLOSE, FEET LIFTED, SITTING BONES LIFTED AND FORWARD BEND 


Pose Dedicated to Sage Goraksha 


Gorakshasana 

(go-rahk-SHAHS-uh-nuh) 

Modification: feet in Bound Angle Pose (Baddha Konasana), sitting on the heels 

1. one hand to the centre of the chest, other hand to the floor behind the hips 

2. hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated, balance 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Equilibrium Bound Angle Pose 1 


Tulya Baddha Konasana 1 

(TUL-yuh BUH-duh ko-NAHS-uh-nuh) 

Modification: feet lifted off the floor 

Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
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Fig. 1.1: Discussion about limits 


WL imits for professional exposition (electronics engineers) and 
ZZ Limits for non-professional exposition (population in general) 
according to the Recommendation of IRPA/INIRC 
oO Limits according to VDE 0848 / 1989 

Limits according to VDE 0848 / 1992 

experimentally determined threshold values of reactions of 
© iological systems “ 
Increase of the activity of movement of birds 
deflection of divining-rods 
influence on the time of reaction of men 
conditional reflexes of fish without electrical organs 
conditional reflexes of fish with electrical organs 
conditional muscular reflexes of men 
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taken from: 
<i>: HLL. Konig: Unsichtbare Umwelt (Wetterfubligk:), 5. Aufl, Bild 111, 8. 123 


Verlag "Moos & Partner Munchen," ISBN 3-89164058-7 
<ii>: Habiger ua., EMV, Verlag Technik, Berlin 1992, S. 152 


Equilibrium Bound Angle Pose 2 


Tulya Baddha Konasana 2 

(TUL-yuh BUH-duh ko-NAHS-uh-nuh) 

Modification: sitting bones lifted off the floor 

Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-wh-nuh) 

Modification: forward bend; arms straight to the front, palms down 

Pose Type: seated, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) or Nasagrai or Nasagre (nose) 
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BOUND ANGLE POSE: FORWARD BEND 


Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 
Modification: 1. half forward bend 
2. full forward bend, chin to the floor 
Pose Type: seated, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

Modification: elbows bent and to the floor, forehead to the floor, palms together, fingers spread wide 
Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Nasagrai or 
Nasagre (nose) 
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STAR POSE 


Easy Embryo in the Womb Pose 


Sukha Garbha Pindasana 

(SUK-wh GUHR-buh pin-DAHS-uh-nuh) 

Modification: arms under the legs 

1, hands to the feet 

2. fingertips to the temples 

3. hands to the sides; heels touching, feet to the sides 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Embryo in the Womb Pose 


Sukha Garbha Pindasana 

(SUK-uh GUHR-buh pin-DAHS-uh-nuh) 

Also Known As: Yoga Pose A Prep. (Yogasana A Prep.) 

Modification: shins into armpits, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Star Pose 


Tarasana 

(tahr-AHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Star Pose 


Urdhva Tarasana 

(OORD-vuh tahr-AHS-uh-nuh) 

Pose Type: seated, forward bend, core 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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LEGS IN FRONT: KNEES BENT 


Seated Eastern Intense Stretch Pose 


Upavishta Purvottanasana 

(u-puh-VISH-tuh poor-vo-TAHS-uh-nuh) 

Also Known As: Reverse Plank Prep.; Upavistha Purvottanasana 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00¢60e 


LN 


One Hand Seated Eastern Intense Stretch Pose 


Eka Hasta Upavishta Purvottanasana 

(EY-kuh HUH-stuh w-puh-VISH-tuh poor-vo-TAHS-uh-nuh) 

Also Known As: One Hand Reverse Plank Prep.; Eka Hasta Upavistha Purvottanasana 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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LEGS IN FRONT: KNEES BENT—LEGS OUTSIDE OF THE SHOULDERS 


Seated Knee to Shoulder Pose 


Upavishta Janu Bhujasana 

(u-puh-VISH-tuh JAH-nu buj-AHS-uh-nuh) 

Also Known As: Upavistha Janu Bhujasana 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Broken Wing Pose 


Avabhinna Pakshakasana 

(uh-vuh-BIN-uh puhk-shuh-KAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Tortoise Pose Prep. 


Kurmasana Prep. 

(koor-MAHS-uh-nuh) 

Modification: grabbing onto the ankles 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 


eo 


Tortoise Pose Prep. 


Kurmasana Prep. 

(koor-MAHS-uh-nuh) 

Modification: 1. arms straight 

2. elbows bent 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose,) Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Sleeping Tortoise Pose Prep. 


Supta Kurmasana Prep. 

(SUP-tuh koor-MAHS-uh-nuh) 

Modification: feet unhooked 

Pose Type: seated, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sleeping Tortoise Pose 


Supta Kurmasana 

(SUP-tuh koor-MAHS-uh-nuh) 

Pose Type: seated, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HORIZONTAL SPLITS: LEGS LIFTED—KNEES BENT. 


Half Upward Seated Angle Pose Prep. 


Ardha Urdhva Upavistha Konasana Prep. 
(UHR-duh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 


Modification: shoulders to the back of the knees, palms to the floor, knees bent 
Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), 
Nasagrai or Nasagre (nose) 
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Bound Legs in Half Pose Dedicated to Sage Koormamuni 


Baddha Pada Ardha Koormamunyasana 

(BUH-duh PUH-duh UHR-duh koor-muh-mun-YAHS-uh-nuh) 

Pose Type: seated, forward bend, core, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), 
Nasagrai or Nasagre (nose) 
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HORIZONTAL SPLITS: LEGS LIFTED 


Half Upward Seated Angle Pose Prep. in One Hand to Foot Boat Pose 


Ardha Urdhva Upavishta Konasana Prep. in Eka Hasta Pada Navasana 
(UHR-duh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh in EY-kuh HUH-stuh PUH-duh nuh-VAHS-uh-nuh) 


Introduction 3 


1.1 Discussion about limits, 


Whoever follows the public discussions conceming electro smog always sees two arguing 
parties, whose standpoints lie so far apart that they inevitably talk at cross purposes and 
there can be found no consensus. 


On one side the "affected" find together who maintain to have found the electromagnetic 
radiation as the damaging cause for their problems. They are to be taken serious, even 
when only their personal sensitivity serves as means of measurement and proof and a more 
fr less distinct sensitivity against electromagnetic phenomena, This group occasionally 
finds support of homeopaths who can base on reproducible laboratory results that fit as 
few into the view of life of science as the empirical statements of affected and possibly 
hurt people. 

On the other side stand the representatives of the energy-supply companies and the 
runners of radio networks who argue with the needs of our modem industrial society and 
give "limits" prescribed to them by scientists. These, for their part, proceed according 10 
stricly scientific methods. Their presented results are reproducible and there's no doubt 
about them, 

The limits after all are fixed far below those that are recommended from a scientific 
viewpoint. Nevertheless both groups are separated from consensus by powers of ten. 
When we want to know how deep the ditch is we want to bridge, we should take a look at 
the determined limits (Fig. 1.1). 


The limits stem from the IRPA (Intemational Radiation Protection Association) an organ 
of the World Health Organization that in tum has appointed the INIRC (Intemational Non 
Tonizing Radiation Committee). These now state to have used all available scientific 
research results as bass forthe given guidelines. 

Moreover a safety range was worked into them. So the limits were fixed at substantially 
lower levels to guarantee that no health damage arses. In this way first the limits were 
determined for the people who for reasons of profession are exposed to electromagnetic 
fields 

For the population in general the imits forthe so called non-professional exposition were 
reduced further to one half till one fifth for teasons of caution and care. In Fig. 1.1 these 
limits are registered. Thereby is distinguished between magnetic fields and electric fields 
that appear stationary or at extremely low frequencies (ELF deseribes frequencies between 
1 Hz and 100 Hz). Moreover limits for low-frequency (1-10 kH2) and high-frequency (1- 
10 MHz) altemating elecwomagnetc fields are given. 

The graph should serve as a rough orientation and show us the proportion of scale. As 
further information some thresholds of measured reactions of biological systems are 
registered (after Konig*!*). Because a logarithmic scale was chosen to fit all the values on 
cone graph it becomes clear that between the frst reactions and the recommended limits 
there lie up to five powers often. The ditch seems to be insurmountable. 


Also Known As: Ardha Urdhva Upavistha Konasana Prep. in Eka Hasta Pada Navasana 
Modification: one leg straight, back of the other knee to the shoulder 

Pose Type: seated, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands) or Padhayoragrai or Padayoragre (toes/feet) 
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Half Upward Seated Angle Pose 


Ardha Urdhva Upavishta Konasana 

(UHR-duh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Ardha Urdhva Upavistha Konasana 

Modification: palms to the floor, one leg straight up to the sky; other foot to the floor, knee to the 
chest 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Seated Angle Pose 


Urdhva Upavishta Konasana 
(UHR-duh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 


Also Known As: Urdhva Upavistha Konasana 

Modification: arms open to the sides, triceps to the back of the knees 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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HORIZONTAL SPLITS: LEGS LIFTED & STRAIGHT 


Seated Firefly Pose 


Upavishta Tittibhasana 

(upuh-VISH-tuh ti-ti-BAHS-uh-nuh) 

Also Known As: Upward Seated Angle Pose Prep. (Urdhva Upavishta Konasana Prep.), Pose 
Dedicated to Sage Koormamuni Prep. (Koormamunyasana Prep.), Upavistha Tittibhasana 
Modification: palms to the floor, shoulders to the back of the knees 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Pose Dedicated to Sage Koormamuni 


Koormamunyasana 

(koor-nuh-mun-YAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Pose Dedicated to Sage Koormamuni—Bound Legs 


Baddha Pada Koormamunyasana 

(BUH-duh PUH-duk koor-muh-mun-YAHS-uh-nuh) 

Modification: legs straight 

Pose Type: seated, forward bend, core, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Hands to Feet Upward Seated Angle Pose 


Pada Hasta Urdhva Upavishta Konasana 

(PUH-duh HUH-stuh OORD-vuh u-puh-VISH-tuh ko-NAHS-wh-nuh) 

Also Known As: Pada Hasta Urdhva Upavistha Konasana 

Modification: grabbing onto the outside edges of the feet 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Urdhva or Antara 
Drishti (up to the sky) 
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Big Toe Upward Seated Angle Pose 


Padangushta Urdhva Upavishta Konasana 

(puhd-ahng-GOOSH-tuh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Padangushta Urdhva Upavistha Konasana 

Modification: grabbing onto the big toes, arms parallel to the floor 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Urdhva or Antara 
Drishti (up to the sky) 
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Upward Seated Angle Pose 


Urdhva Upavishta Konasana 

(OORD-vuh u-puh-VISH-twh ko-NAHS-uh-nuh) 

Also Known As: Urdhva Upavistha Konasana 

Modification: palms to the floor, heels of the palms touching, fingertips pointing to the sides; feet 
lifted, toes pointed 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Urdhva or Antara 
Drishti (up to the sky) 
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HORIZONTAL SPLITS: FORWARD BEND 


Tortoise Pose 


Kurmasana 

(koor-MAHS-uh-nuh) 

Modification: |. knees bent 

2. legs straight 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Equal Angle Pose 


Samakonasana 

(suh-much-ko-NAHS-uh-nuh) 

Modification: forward bend, forearms to the floor 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Big Toe Seated Angle Pose 


Padangushta Upavishta Konasana 


(puhd-ahng-GOOSH-tuh u-puh-VISH-tuh ko-NAHS-wh-nuh) 

Also Known As: Padangushta Upavistha Konasana 

Modification: forward bend, chin to the floor 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Equal Angle Pose 


Samakonasana 

(suh-much-ko-NAHS-uh-nuh) 

Modification: forward bend, arms crossed in front 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Equal Angle Pose 


Samakonasana 

(suh-muh-ko-NAHS-uh-nuh) 

Modification: forward bend, arms extended to the front 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Reverse Prayer Equal Angle Pose 


Viparita Namaskar Samakonasana 
(vi-puh-REE-twh nuh-muhs-KAHR suh-muh-ko-NAHS-uh-nuh) 


Also Known As: Back of the Body Prayer Equal Angle Pose (Paschima Namaskara Samakonasana) 
Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Equal Angle Pose 


Baddha Hasta Samakonasana 

(BUH-duh HUH-stuh suh-muh-ko-NAHS-uh-nuh) 

Modification: forward bend 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HORIZONTAL SPLITS: SPINE STRAIGHT 


Seated Angle Pose 


Upavishta Konasana 
(u-puh-VISH-tuh ko-NAHS-uh-nuh) 
Also Known As: Upavistha Konasana 


Modification: mild version, backbend 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Seated Angle Pose 


Upavishta Konasana 

(u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Upavistha Konasana 

Modification: 1. hands in Anjali Mudra (Hands in Prayer), toes flexed in 
2. hands in reverse prayer, toes flexed in 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 
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Wireless telephones 


Bs 


Fig. 1.2: _ Set of problems of environmental compatibility by 
of the example of the handheld wireless 
telephones (handy), 


<i>: L.v.Klitzing: Neurophysiologische Einflusse durch elektromagnetische Felder 
wahrend und nach der Exposition, Med. Universitat 2u Lubeck 


Seated Angle Pose 


Upavishta Konasana 

(u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Upavistha Konasana 

Modification: palms to the floor in front of the hips, heels of the palms touching, fingertips pointing to 
the side, straight spine, toes pointed 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Equal Angle Pose 


Samakonasana 

(su-muh-ko-NAHS-uh-nuh) 

Modification: hands on the knees, spine straight 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Bound Equal Angle Pose 


Baddha Samakonasana 

(BUH-duh su-muh-ko-NAHS-uh-nuh) 

Pose Type: seated, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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HORIZONTAL SPLITS: TWISTS 


Half Bound Seated Angle Pose 


Ardha Baddha Upavishta Konasana 

(UHR-duh BUH-duh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Ardha Baddha Upavistha Konasana 

Modification: toes pointed, one hand binding behind the back, fingertips of the other hand to the floor 
in front of the hips 

Pose Type: seated, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


Revolved Half Bound Equal Angle Pose 


Parivritta Samakonasana 

(puh-ri-VRIT-tuh suh-muh-ko-NAHS-uh-nuh) 

Modification: 1. toes pointed, both hands on one leg 

2. toes flexed in, one hand to the leg, other hand to the floor 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Bound Equal Angle Pose 


Parivritta Baddha Samakonasana 

(puh-ri-VRIT-tuh BUH-duh suh-muh-ko-NAHS-uh-nuh) 

Modification: 1. toes pointed 

2. toes flexed in 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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HORIZONTAL SPLITS: SIDE BENDS 


Sideways Equal Angle Pose 


Parshva Samakonasana 

(PAHRSH-vuh suh-muh-ko-NAHS-uh-nuh) 

Modification: side bend, fingertips to the back of the head; elbow to the floor 
Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands to Foot Revolved Seated Angle Pose 


Dwi Hasta Pada Parivritta Upavishta Konasana 
(DWI-huh-stuh PUH-duh puh-ri-VRIT-tuh w-puh-VISH-tuh ko-NAHS-uh-nuh) 
Also Known As: Dwi Hasta Pada Parivritta Upavistha Konasana 
Pose Type: seated, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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RAIGHT IN FRONT: SPINE STRAIGHT & BACKB. 


Staff Pose 


Dandasana 

(duhn-DAHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet) 


Reverse Prayer Staff Pose 


Viparita Namaskar Dandasana 

(vi-puh-REE-twh nult-muhs-KAHR duhn-DAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Staff Pose (Paschima Namaskara Dandasana) 
Pose Type: seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Staff Pose 


Dandasana 

(duhn-DAHS-uh-nuh) 

Modification: 1. fingertips pointing to the heels 

2. fingertips pointing away from the heels, head rolling back 

Pose Type: seated, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LEGS STRAIGHT IN FRONT: FORWARD BEND 


Western Intense Stretch Pose 


Paschimottanasana 

(puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Modification: grabbing onto the big toes 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Western Intense Stretch Pose 


Paschimottanasana 

(puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Modification: grabbing onto the balls of the feet 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Western Intense Stretch Pose 


Paschimottanasana 

(puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Modification: grabbing onto the wrist 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Western Intense Stretch Pose 


Paschimottanasana 

(puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Modification: palms down 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Bound Hands Western Intense Stretch Pose 


Baddha Hasta Paschimottanasana 

(BUH-duh HUH-stuh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Reverse Prayer Western Intense Stretch Pose 


Viparita Namaskar Paschimottanasana 

(vi-puh-REE-twh nuh-muhs-KAHR puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Western Intense Stretch Pose (Paschima Namaskara 
Paschimottanasana), Reverse Prayer Forward Bend 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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LEGS STRAIGHT IN FRONT: TWISTS 


Revolved Staff Pose 


Parivritta Dandasana 

(puh-ri-VRIT-tuh duhn-DAHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Upward One Arm Extended Hand to Foot Staff Pose 


Parivritta Urdhva Eka Hasta Utthita Hasta Pada Dandasana 


Introduction 5 


1.2 Wireless telephones 


Measuring technical surveys with regard to the influence of brain currents by digital radio 
signals by the university hospital in Lubeck have startled handy manufacturers and users 
equally“. Although in this case measurement errors could be detected, the bugaboo on 
the wall” remains that we are sitting unsuspecting in a restaurant and a neighbour draws 
his handy out of his pocket to make a digital telephone call. Thereby synchronizing the 
brain currents within a radius of 100 meters on the broadcasting signal and occupying our 
brain useless with technical signals. The derivation will show that fom the start this can't 
happen to all visitors, because as a prerequisite conditions of resonance must be fulfilled, 
But would there be an affected, he or she for sure would have considerable problems, 
because informations that are not picked up over the sense organs can neither be classified 
timely nor as regards content. 

An affected whose brain has picked up technical signals not even is able to register by 
itself that it was fed with incorrect informations. It would be reasonable when the visitors 
of the restaurant would defend themselves and put the radio operator on the doorstep. ‘The 
‘number of restaurants where apart from cats and dogs also handy’s have to stay outside is 
increasing. How should we keep out of the way of electromagnetic fields? Should we walk 
around permanently with a steel helmet or even better in a knights armour and even go 10 
bed with them? It would be worse than in the dark middle ages. 


Summarizing: it should be guaranteed that the operation of electro technical apparatus 
‘causes neither health damage nor unintentional influence or irritation. A systematic and 
scientific procedure should investigate in the laboratory all relevant physical phenomena 
individually for their interaction. Electro physics bases on two phenomena in connexion 
‘with electro-smog: on the one hand the radiation and on the other hand the thermal effect, 
but at a close look both factors prove to be of only little importance! 
In radiation measurements the intensity of the electromagnetic wave at a certain place is 
termined, In laboratory experiments the field strength is increased so long till biological 
reactions are observed. Thermal limits are determined in a similar way. As said, the values 
lie about powers of ten above those that possibly bother you when you hold a handy to 
your ear. It is true that the microwave radiation penetrates into your head but we also 
iknow that it marches out again on the other side and this visit in your head happens with 
the speed of light 

Exactly like this are guest in your body constantly your local radio station, your local 
television station the satellites with hundreds of programs and anyway the whole radio 
technical world even when you did not invite them, 

For an electromagnetic wave to become receivable, the field strength must lie clearly 
above the common noise signal and this can only be achieved by a permanent overlap, by 
standing waves, like in a cavity tuned to a specific frequency or an antenna. As long as 
people don't let themselves grow antennas on their heads they hardly have to fear direct 
biological effects of electromagnetic waves. 

That leaves as the second phenomenon the thermal effect. With a handy held to your 
cheek there comes into being a local fever in your head. But that is not at all unusual or 
unnatural for the human body. Something like’ that happens to a far greater degree when 
you take a hot foot bath or let yourself be irradiated at one side from the sun at a tourist 
evil 


(puh-ri-VRIT-tuh OORD-vuh EY-kuh HUH-stuh UT-tu-tuh HUH-stuh PUH-duh duhn-DAHS-uh-nuh) 
Pose Type: seated, forward bend, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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One Hand Revolved Western Intense Stretch Pose 


Eka Hasta Parivritta Paschimottanasana 

(EY-kuh HUH-stuh puh-ri-VRIT-tuh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: One Hand Revolved Seated Forward Bend 
Modification: one hand to the foot 

Pose Type: seated, forward bend, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Two Hands Revolved Western Intense Stretch Pose 


Dwi Hasta Parivritta Paschimottanasana 
(DWI-huh-stuh puh-ri-VRIT-tuh puhsh-chi-mo-tahn-AHS-uh-nuh) 
Also Known As: Two Hands Revolved Forward Bend 
Pose Type: seated, forward bend, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


LEGS STRAIGHT: ON THE SIDE & SCISSOR LEGS 


Upward Side Infinity Pose 
Urdhva Parshva Anantasana 
(OORD-vuh PARSH-vuh uh-nuhn-TAHS-uh-nuh) 


Pose Type: seated, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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One Leg Upward Hand to Knee Revolved Staff Pose 


Urdhva Eka Pada Janu Hasta Parivritta Dandasana 
(OORD-vuh EY-kuh PUH-duh JAH-nu HUH-stuh puh-ri-VRIT-tuh duhn-DAHS-uh-nuh) 
Pose Type: seated, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One Leg Upward Hand to Foot Revolved Staff Pose 


Urdhva Eka Pada Hasta Pada Parivritta Dandasana 
(OORD-vuh EY-kuh PUH-duh HUH-stuh PUH-duh puh-ri-VRIT-tuh duhn-DAHS-uh-nuh) 
Pose Type: seated, forward bend, twist 

Drishti Point: Parsva Drishti (to the right), Parsva Drishti (to the left) 
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One Hand to Foot Archer’s Pose 


Eka Hasta Pada Akarna Dhanurasana 

(EY-kuh HUH-stuh PUH-duh AH-kuhr-nuk duh-nur-AHS-uh-nuh) 

Modification: both legs straight, knee behind the shoulder, other palm to the floor 
Pose Type: seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Bound Leg Archer’s Pose 


Baddha Pada Akarna Dhanurasana 

(BUH-duh PUH-duh AH-kuhr-nuh duh-nur-AHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE LEG STRAIGHT, ONE LEG BENT 


Archer’s Pose Prep. 


Akarna Dhanurasana Prep. 

(AH-kuhr-nuh duh-nur-AHS-uh-nuh) 

Modification: knee wrapping around the arm 

Pose Type: seated, mild backbend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Archer’s Pose 


Akarna Dhanurasana 

(AH-kuhr-nuh duh-nur-AHS-uh-nuh) 

Modification: foot to the ear 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


oso 


Foot Behind the Head Pose 


Eka Pada Shirshasana 

(EY-kuh PUH-duh sheer-SHAHS-uh-nuh) 

Also Known As: Foot Behind the Head Pose A (Eka Pada Shirshasana A) 
Modification: leg straight 

1. palms to the floor by the hips 

2. hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Skanda 


Skandasana 

(skuhn-DAHS-uh-nuh) 

Also Known As: Foot Behind the Head Pose B (Eka Pada Shirshasana B) 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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ONE LEG STRAIGHT, ONE LEG BENT: TWISTS 


Easy Lord of the Fishes Pose Prep. 


Sukha Matsyendrasana Prep. 

(SUK-uh muhts-yeyn-DRAHS-uh-nuh) 

Modification: one leg straight, arm wrapped around the bent knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
eso 
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Easy Lord of the Fishes Pose 


Sukha Matsyendrasana 

(SUK-uh muhts-yeyn-DRAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, ONE LEG BENT: KNEE TO THE CHEST 


Pose Dedicated to Sage Marichi 1 & 2 Prep. 


Marichyasana 1 & 2 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi A & C Prep. (Marichyasana A & C Prep.) 
Modification: arms parallel to the floor in front of the chest 

Pose Type: seated, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Marichi 1 & 2 Prep. 


Marichyasana 1 & 2 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi A & C Prep. (Marichyasana A & C Prep.) 
Modification: both hands grabbing onto the foot of the straight leg 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Pose Dedicated to Sage Marichi 1 Prep. 


Parivritta Marichyasana 1 Prep. 


(puh-ri-VRIT-tuh muh-ree-CHYAHS-uh-nuh) 

Modification: twisting to the inside of the bent knee, elbow to the knee 
Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, ONE LEG BENT: KNEE TO THE CHEST—BINDING & TWIST 


Pose Dedicated to Sage Marichi 1 


Marichyasana 1 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi A (Marichyasana A) 
Modification: 1. spine straight 

2. half forward bend 

3. full forward bend, nose to the shin 

Pose Type: seated, forward bend, binding 

Drishti Point: 1. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
2 & 3. Padhayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 2 Prep. 


Marichyasana 2 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi C (Marichyasana C) 
Modification: elbow over the bent knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Pose Dedicated to Sage Marichi 2 Prep. 


Power of waves: 


irradiated stored radiated 
(absorbed) 


local fever: 


absorbed power: 


Absorption of waves: 


effectiveness: n Pa/Pe 
Fig. 13: Damping of waves and ability to absorb of a 
body 
(our head) if we are making a phone call with a 
handy. 


a contribution to the theme dielectric los 
* capacitor 
+ high-frequency welding 
+ microwave oven 


<5 _K Mayl: Potentialwibel Band 1 [AT] (only im German), 
INDEL Verlag, Villingen-Schwenningen 1990, ISBN 3-9802 542-1-6 
<ii>: K. Meyl: Potentialwirbel Band 2 [A2] (out of print), 
INDEL Verlag, Villingen-Schwenningen 1992, ISBN 3-9802 542.2-4 


Marichyasana 2 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi C (Marichyasana C) 

Modification: grabbing onto the knee of the straight leg 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padhayoragrai or 
Padayoragre (toes/feet) 


eo0 


Pose dedicated to Sage Marichi 2 


Marichyasana 2 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi C (Marichyasana C) 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT & LIFTED, ONE LEG BENT 


Seated Revolved Upward One Hand to Foot Pose 


Upavishta Parivritta Urdhva Eka Pada Hastasana 

(u-puh-VISH-tuh puh-ri-VRIT-tuh OORD-vuh EY-kuh PUH-duh huh-STAHS-uh-nuh) 

Also Known As: Upavistha Parivritta Urdhva Eka Pada Hastasana 

Modification: straight leg lifted, grabbing the foot with the opposite arm, other forearm on the floor 
Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


One Leg Extended Full Lord of the Fishes Pose 


Utthita Eka Pada Paripurna Matsyendrasana 

(UT-ti-tuh EY-kuh PUH-duh puh-ri-POOR-nuh muhts-yeyn-DRAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, OTHER LEG CROSSED OVER: FOREARM & ELBOW TO THE FLOOR 


Revolved Western Intense Stretch Pose Hand to Foot Side Infinity Pose 


Parivritta Paschimottana Hasta Pada Parshva Anantasana 

(puh-ri-VRIT-tuh puhsh-chi-mo-TAHN-uh HUH-stuh PUH-duh PAHRSH-vuh uh-nuhn-TAHS-uh-nuh) 

Also Known As: Revolved Seated Forward Bend Hand to Foot Side Infinity Pose 

Pose Type: seated, forward bend, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Revolved Western Intense Stretch Pose Uneven Arms Upward Side 
Infinity Pose 


Parivritta Paschimottana Vishama Hasta Urdhva Parshva Anantasana 
(puh-ri-VRIT-tuh puhsh-chi-mo-TAHN-uh VE-shuh-muh HUH-stuh OORD-vuh PAHRSH-vuh uh-nuhn-TAHS-uh-nuh) 
Also Known As: Revolved Seated Forward Bend Uneven Arms Side Infinity Pose 

Pose Type: seated, forward bend, twist 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 


Revolved Western Intense Stretch Pose Bound Arms Upward Side 


Infinity Pose 


Parivritta Paschimottana Baddha Hasta Urdhva Parshva Anantasana 
(puh-ri-VRIT-tuh puhsh-chi-mo-TAHN-uh BUH-duh HUH-stuh OORD-vuh PAHRSH-vuh wh-nuhn-TAHS-uh-nuh) 
Also Known As: Revolved Seated Forward Bend Bound Arms Upward Side Infinity Pose 
Modification: arms wrapped around the foot, elbows toward the floor 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, OTHER LEG CROSSED OVER: SIDE & BACKBEND 


Upward Side Infinity Pose 


Urdhva Parshva Anantasana 

(OORD-vuh PAHRSH-vuh uh-nuhn-TAHS-uh-nuh) 

Modification: top leg crossed over, outside edge of the foot to the floor 

1. looking to the side 

2. head rolling back 

Pose Type: 1. seated, side bend, twist 

2. seated, side bend, twist, backbend 

Drishti Point: 1. Hastagrai or Hastagre (hands), Padhayoragrai or Padayoragre (toes/feet) 
2. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HALF COW FACE POSE: FORWARD BEND & SIDE BEND 


Half Cow Face Western Intense Stretch Pose Prep. 


Ardha Gomukha Paschimottanasana Prep. 

(UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Cow Face Western Intense Stretch Pose (Eka Pada Gomukha 
Paschimottanasana), Half Cow Face Seated Forward Bend 

Modification: half forward bend 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Half Cow Face Western Intense Stretch Pose 


Ardha Gomukha Paschimottanasana 

(UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Cow Face Western Intense Stretch Pose (Eka Pada Gomukha 
Paschimottanasana), Half Cow Face Seated Forward Bend 

Modification: 1. grabbing onto the wrist, chin to the knee 

2. chin to the knee, arms straight, palms down in front of the foot 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Revolved Sideways Half Cow Face Western Intense Stretch Pose 


Parivritta Parshva Ardha Gomukha Paschimottanasana 

(puh-ri-VRIT-tuh PAHRSH-vuh EY-kuh PUH-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Sideways One-Legged Cow Face Western Intense Stretch Pose 
(Parivritta Parshva Eka Pada Gomukha Paschimottanasana), Revolved Sideways Half Cow Face 
Seated Forward Bend 

Modification: top leg straight 

Pose Type: seated, forward bend, side bend, twist 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands), Parshva 


Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Hand to Foot Sideways Half Cow Face Western Intense 
Stretch Pose 


Parivritta Hasta Pada Parshva Ardha Gomukha Paschimottanasana 

(puh-ri-VRIT-tuh HUH-stuh PUH-duh PAHRSH-vuh UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Hand to Foot Sideways One-Legged Cow Face Western Intense Stretch 
Pose (Parivritta Hasta Pada Parshva Eka Pada Gomukha Paschimottanasana), Revolved Hand to Foot 
Sideways Half Cow Face Seated Forward Bend 

Modification: bottom leg straight, looking up to the sky 

Pose Type: seated, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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HALF COW FACE POSE: LEG LIFTED 


Upward Half Cow Face Western Intense Stretch Pose 


Urdhva Ardha Gomukha Paschimottanasana 

(OORD-vuh UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward One-Legged Cow Face Western Intense Stretch Pose (Urdhva Eka Pada 
Gomukha Paschimottanasana), Upward Half Cow Face Seated Forward Bend 

Modification: bottom leg straight, grabbing onto the foot 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Urdhva or Antara 
Drishti (up to the sky) 
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Upward Half Cow Face Western Intense Stretch Pose 


Urdhva Ardha Gomukha Paschimottanasana 

(OORD-vuh UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward One-Legged Cow Face Western Intense Stretch Pose (Urdhva Eka Pada 
Gomukha Paschimottanasana), Upward Half Cow Face Seated Forward Bend 

Modification: top leg straight, grabbing onto both feet 

Pose Type: seated, forward bend, core 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


es0 


ONE LEG STRAIGHT, ONE LEG BENT: SHOULDER TO THE BACK OF THE KNEE 


Sundial Pose 2 


Surya Yantrasana 2 

(SOOR-yuh yubn-trahn-AHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Sundial Pose 1 


Surya Yantrasana 1 

(SOOR-yuh yubn-trahn-AHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Upward Bound Hands Sundial Pose 1 


Urdhva Baddha Hasta Surya Yantrasana 1 
(OORD-vuh BUH-duh HUH-stuh SOOR-yuh yuhn-trahn-AHS-uh-nuh) 
Pose Type: seated, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Downward Bound Hands Sundial Pose 1 


Adho Baddha Hasta Surya Yantrasana 1 

(uh-DO BUH-duh HUH-stuh SOOR-yuh yuhn-trahn-AHS-uh-nuh) 

Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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ONE LEG STRAIGHT, ONE LEG BENT: HALF LOTUS & BINDING 


Half Bound Lotus Western Intense Stretch Pose Prep. 


Ardha Baddha Padma Paschimottanasana Prep. 
(UHR-duh BUH-duh PUHD-muh puhs! 


chi-mo-tahn-AHS-uh-nuh) 


Introduction z 


1.3 Absorption of waves 


The with the theme dealing physicians logically have to put up with criticism that they 
‘work only with two phenomena that not at all can be involved authoritative in the causes 
for biological effects. A third factor can be considered, a field phenomenon until now 
stayed unnoticed by science: the vortex of the electric field, the so called potential vortex 
A vortex is to be considered as an oscillation around a fixed point. Through that a 
permanent overlap is caused, like what happens at an antenna only that the vortex is not 
bound to the dimension of an antenna. The potential vortex is contracting and in this way 
reaches extremely high energy densities at very litle spatial measurement, densities that 
lie far above those that field strength measurements are pretending to us [Al] 


When again you take the handy at hand with which you blow" the pulsed microwaves 
into your head. Don't worry, because with the speed of light and without provable damage 
almost everything comes out again on the other side, but only almost everything. little 
damping of the wave has taken place and your head has absorbed this part of the irradiated 
wave (Fig. 1.3). Who claims this is already the thermal factor actually should realize that 
there exists no corresponding term in the wave equation. Here there are found merely two 
dual vortex phenomena as a possible damping term: the eddy current and the potential 
Vortex. An eddy current damping is ruled out because of the bad conductivity of the head, 
But this favours his dual anti-vortex, the potential vortex (A). 


Seen physically the following is taking place in your head: the absorbed waves roll 
themselves up to vortices and through that become localized and overlap themselves 
permanently (Fig. 1.4b). In the course of time the vortices decay and produce the well- 
known eddy losses that lead to the measurable increase in temperature. When reactions or 
biological effects arise, simply and solely the vortex can be considered as the possible 
cause. Thereby play two points an important role: the number of the generated vortices 
and thei lifetime that is determined by the time of decay. 


In anticipation of the mathematical calculation of the potential vortices it is pointed out 
here that these are favoured not only by a low conductivity, but also by a high 
dielectricity. Because water has an unusual high dielectricity (¢, = 80) and our head 
consists predominantly of water doubts in dealing with handy's are reasonable. 


‘Also the relaxation time constant representative for the lifetime can be calculated [A2}* 
We must proceed from the assumption that both the aumber of the vortices and their 
lifetime, that is all the at a fixed point in time in our head existing and effective vortices, 
can be a cause and therefore have to be considered and investigated scientifically 


Also Known As: Half Bound Lotus Seated Forward Bend Prep. 

Modification: arm extended to the sky 

Pose Type: seated, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Bound Lotus Western Intense Stretch Pose 


Ardha Baddha Padma Paschimottanasana 

(UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Half Bound Lotus Seated Forward Bend 

Modification: |. half forward bend 

2. full forward bend 

Pose Type: seated, forward bend, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE LEG BENT: HALF LOTUS, TWISTS & BINDING 


Revolved Half Bound Lotus Western Intense Stretch Pose 


Parivritta Ardha Baddha Padma Paschimottanasana 

(puh-ri-VRIT-tuh UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Half Bound Lotus Seated Forward Bend and Half Lord of the Fishes Pose 
(Ardha Matsyendrasana) 

Modification: grabbing onto the big toe 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Lord of The Fishes Pose 2 


Ardha Matsyendrasana 2 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Also Known As: Sage Warrior Bharadvaja Prep. (Bharadvajasana Prep.) 
Modification: |. looking toward the foot 

2. looking over the shoulder 

Pose Type: seated, forward bend, twist, binding 


Drishti Point: 1. Padhayoragrai or Padayoragre (toes/feet) 
2. Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, ONE LEG BENT: HALF LOTUS—LEG LIFTED 


Half Lotus Extended Hand to Big Toe Pose in Infinity Pose 


Ardha Padma Utthita Hasta Padangusthasana in Anantasana 

(UHR-duh PUHD-muh UT-ti-twh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Pose Type: seated, mild backbend 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Bhrumadhye or Ajna Chakra (third eye, 
between the eyebrows) 
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Half Lotus Extended Revolved Hand to Foot Pose in Infinity Pose 


Ardha Padma Utthita Parivritta Pada Hastasana in Anantasana 
(UHR-duh PUHD-muh UT-ti-twh puh-ri-VRIT-tuh PUH-duh huh-STAHS-uh-nuh in whn-whnt-AHS-uh-nuh) 
Modification: grabbing onto the foot on the opposite side 

Pose Type: seated, mild backbend, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE LEG BENT: HALF LOTUS & BACKBEND—BINDING 


Half Lotus Upward Infinity Pose 


Ardha Padma Urdhva Anantasana 

(UHR-duh PUHD-muh OORD-vuh uhn-uhnt-AHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Bhrumadhye or Ajna Chakra (third eye, 
between the eyebrows) 
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Half Bound Lotus Infinity Pose 


Ardha Baddha Padma Anantasana 

(UHR-duh BUH-duh PUHD-muh whn-uhnt-AHS-uh-nuh) 

Modification: Arm 1: forearm to the floor 

Arm 2: grabbing onto the foot 

Pose Type: seated, mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus Infinity Pose 


Ardha Baddha Padma Anantasana 

(UHR-duh BUH-duh PUHD-muh uhn-uhnt-AHS-uh-nuh) 

Modification: Arm 1: elbow to the floor 

Arm 2: hand to the hip socket 

Pose Type: seated, mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE KNEE BENT TO THE BACK: FORWARD BEND & TWIST 


Three Limbed Face to Foot Western Intense Stretch Pose 


Trianga Mukhaikapada Paschimottanasana 
(tri-UHNG-uh muk-EYE-kuh-puh-duh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Three Limbed Face to Foot Seated Forward Bend 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Churning Pose 


Chalanasana 

(chuh-luh-NAHS-uh-nuh) 

Pose Type: seated, forward bend, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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ONE LEG STRAIGHT, ONE KNEE BENT TO THE BACK: TWIST, SIDE BEND & FORWARD BEND 


Revolved Half Bound Half Hero Half Seated Angle Pose 


Parivritta Ardha Baddha Ardha Vira Ardha Upavishta Konasana 
(puh-ri-VRIT-tuh UHR-duh BUH-duh UHR-duh VEER-uh UHR-duh w-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Parivritta Ardha Baddha Ardha Vira Ardha Upavistha Konasana 
Konasana Modification: spine straight 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Gate Pose 


Parighasana 

(pub-ri-GAHS-uh-nuh) 

Modification: side bend toward the straight leg; grabbing onto the heel of the bent leg with both 
hands 

Pose Type: seated, side bend, forward bend, binding 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 


Gate Pose 


Parighasana 

(pub-ri-GAHS-uh-nuh) 

Modification: seated: 1. palm to the floor by the ankle, other arm up over the head 
2. elbow to the floor by the knee 

3. both hands grabbing onto the foot, chest rotated up to the sky 

Pose Type: 1 & 2. seated, side bend 

3. seated, side bend, twist 

Drishti Point: 1. Hastagrai or Hastagre (hands) 

2 & 3. Urdhva or Antara Drishti (up to the sky) 
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Benu Bird Pose | 


Benvasana 1 

(ben-VAHS-uh-nuh) 

Modification: seated; sitting bone on the heel, forward bend; arms to the side and to the back 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STRAIGHT, ONE KNEE BENT TO THE BACK: LEG LIFTED—BACKBEND 


Reclined Half Hero Extended Hand to Foot Pose 


Supta Ardha Vira Utthita Hasta Padasana 

(SUP-tuh UHR-duh VEER-uh UT-ti-tuh HUH-stuh PUH-duhs-uh-nuh) 

Modification: 1. right side view 

2. left side view 

Pose Type: seated, mild backbend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Bhrumadhye or Ajna Chakra (third eye, 
between the eyebrows) 
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ONE LEG STRAIGHT, ONE KNEE BENT TO THE BACK: LEG LIFTED 


Heron Pose 


Krounchasana 

(crown-CHAHS-uh-nuh) 

Modification: grabbing onto the wrist, toes pointed 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Overlap effect 


a) standing wave 


felectro- 
magnetic 
wave (71; fi) 


amplifier 
for fi 


b) localized vortex = noise 


i> he 
fi<b 
O-f=0) 


electro- 
magnetic 
wave (21, fi) 


Vortex centre 
(ha, fa) 


c) broadband antenna for EMC-measurements 
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Fig. 1.4: Measurement of localized waves and vortices 


Sundial Pose 3 


Surya Yantrasana 3 
(SOOR-yuh yubn-TRAHS-uh-nuh) 
Modification: foot turned to the back 


Pose Type: seated, twist 


Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Heron Pose 


Parivritta Krounchasana 

(puh-ri-VRIT-tuh crown-CHAHS-uh-nuh) 

Also Known As: Revolved Sundial Pose 3 (Parivritta Surya Yantrasana 3) 
Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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GARUDA LEGS: BACKBEND, TWIST, FORWARD BEND & BINDING 


Seated Leg Position of the Pose Dedicated to Garuda 


Upavishta Pada Garudasana 
(u-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Upavistha Pada Garudasana 
Modification: backbend, one hand to the sky 
Pose Typ eated, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 


e30 


Revolved Hand to Foot Seated Leg Position of the Pose Dedicated to 
Garuda 


Parivritta Hasta Pada Upavishta Pada Garudasana 
(puh-ri-VRIT-tuh HUH-stuh PUH-duh w-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh) 
Also Known As: Parivritta Hasta Pada Upavistha Pada Garudasana 
Pose Type: seated, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Seated Leg Position of the Pose Dedicated to Garuda 


Upavishta Pada Garudasana 
(u-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Upavistha Pada Garudasana 
Modification: forehead to the knee 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Seated Leg Position of the Pose Dedicated to Garuda 


Parivritta Upavishta Pada Garudasana 

(puh-ri-VRIT-tuh w-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Parivritta Upavistha Pada Garudasana 

Modification: hands in Anjali Mudra (Hands in Prayer), one arm threaded through the legs 
Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Bound Revolved Seated Leg Position of the Pose Dedicated to Garuda 


Baddha Parivritta Upavishta Pada Garudasana 

(BUH-duh puh-ri-VRIT-tuh u-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Baddha Parivritta Upavistha Pada Garudasana 

Pose Type: ed, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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GARUDA LEGS: KNEES TO THE FLOOR ON THE SIDE 


Seated Leg Position of the Pose Dedicated to Garuda in Upward Side 
Infinity Pose 


Upavishta Pada Garudasana in Urdhva Parshva Anantasana 
(u-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh in OORD-vuh PAHRSH-vuh whn-whnt-AHS-uh-nuh) 
Also Known As: Upavistha Pada Garudasana in Urdhva Parshva Anantasana 
Modification: one hand to the floor, one arm extended out 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


= 
/ 


Seated Leg Position of the Pose Dedicated to Garuda in Upward Side 
Infinity Pose 


Upavishta Pada Garudasana in Urdhva Parshva Anantasana 
(u-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh in OORD-vuh PAHRSH-vuh uhn-uhnt-AHS-uh-nuh) 
Modification: palms flat on the floor, fingertips pointing away from the heels, backbend 
Pose Type: seated, side bend, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH KNEES BENT: ANKLES HOOKED—TWIST & SIDE BEND 


Twist Dedicated to Sage Bharadvaja 3 


Bharadvajasana 3 

(buh-ruhd-vahj-AHS-uh-nuh) 

Pose Type: seated, forward bend, twist 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


Sideways Twist Dedicated to Sage Bharadvaja 3 


Parshva Bharadvajasana 3 
(PAHRSH-vuh buh-ruhd-vahj-AHS-uh-nuh) 
Modification: forearm to the floor 

Pose Type: seated, mild backbend, side bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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LEG CRADLE: ONE LEG STRAIGHT 


Baby Cradle Pose 


Hindolasana 

(hin-do-LAHS-uh-nuh) 

Also Known As: One Foot Behind the Head Pose A & B Prep. (Eka Pada Shirshasana A & B Prep.) 
Modification: leg straight 

1. spine straight, front view 

2. half forward bend, side view 


Pose Type: seated, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 
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Baby Cradle Pose 


Hindolasana 

(hin-do-LAHS-uh-nuh) 

Also Known As: One Foot Behind the Head Pose A Prep. (Eka Pada Shirshasana A Prep.) 
Modification: leg straight, hands to the face 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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HEAD TO KNEE POSE: FORWARD BEND 


Head to Knee Pose Prep. 


Janu Shirshasana Prep. 

(JAH-nu sheer-SHAHS-uh-nuh) 

Modification: palms to the floor by the hips, spine straight 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet) 
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Both Hands to Ankle Head to Knee Pose 


Dwi Hasta Kulpa Janu Shirshasana 

(DWL-huh-stuh KUL-puh JAH-nu sheer-SHAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet) 
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Both Hands to Foot Head to Knee Pose 


Dwi Hasta Pada Janu Shirshasana 

(DWI-huh-stuh PUH-duh JAH-nu sheer-SHAHS-uh-nuh) 

Modification: 1. grabbing onto the foot; fingers interlocked, half forward bend 

2. grabbing onto the wrist, half forward bend 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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HEAD TO KNEE POSE: HEEL UP—FORWARD BEND 


Head to Knee Pose C Prep. 


Janu Shirshasana C Prep. 

(JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Half Root Lock Pose (Ardha Mula Bandhasana) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 
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Head to Knee Pose C 


Janu Shirshasana C 

(JAH-nu sheer-SHAHS-uh-nuh) 

Modification: 1. half forward bend 

2. full forward bend 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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1.4 Overlap effect 


The graph at the left (Fig. 1.4) should clarify once more that only the in space localized 
and permanently overlapping field appearances can be considered as a cause for biological 
effects, This can concern an over an antenna standing wave (a) or a vortex (b) which is to 
bbe taken as localized by nature. 

It would be allowed to in general speak only of a vortex because the standing wave can by 
all means be understood as a special case of the vortex. The essential difference is that the 
vortex is not bound to the size of a fixed antenna and can contract itself at any time to 
achieve in this way a substantial higher energy density. As a result this than will lead to an 
increased biological effectiveness. 


It should be pointed at a further omission. In the discussion about limits, without 
exception, the absolute field strength of the broadcasting signal is valued and not the type 
of modulation. The last mentioned should actually not at all play a role according to the 
prevailing scientific opinion, 

Totally different is the case with a vortex that acts damping. Such a vortex shows near it's 
centre a considerable smaller wavelength than more to the outside and through that it has a 
big frequency bandwidth (ASJ". It is to be expected that in the extremely broadband 
pulsed signals of the digital networks the creation of vortices (or eddies) will be favoured 
considerably stronger than in amplitude- or frequency-modulated signals (AM/FM/C- 
network). In connexion with analog modulated radio- or handy-signals until now there 
never has been reported of any synchronization of the brain currents with handy-signals 
from a comparison of the EEG with the broadcasting signal, 


Interestingly the for EMC-measurements usual stepped broadband antennas have exactly 
the construction that certainly would be favourable to the measuring technical registration 
‘of vortex phenomena (Fig. 1c). 

With the dipole antennas of different lengths for different wavelengths there still are 
measured waves and not vortices but these measuring techniques is certainly 
accommodating 10 the until now unnoticed and stayed undiscovered vortex phenomenon, 
So there are some good reasons that the vortex is a dominating influential factor for EMC- 
problems. 


By means of the example of the handheld wireless telephones can be studied and 
discussed with which set of problems the very young discipline of science of the 
environmental compatibility has to fight in the future. And in which ways there can be 
found approaches towards a solution of the problem. When the comfortable and trodden 
out ways of textbook physics do not lead to the goal than we will have to force our own 
way through the jungle of science, 

At first welll have to obtain a short overview of the actual level of research and 
knowledge. From the criticism to this we than can derive the tasks of the electromagnetic 
environmental compatibility and in particular the unsolved tasks. 


Se K. Moy: Wirbel des clektrischen Feldes, eine neue Storquelle? 
EMC Journal 1/95, 6. J, S. 56-59, 
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HEAD TO KNEE POSE: TWISTS 


Revolved Half Bound Angle Pose 


Parivritta Ardha Baddha Konasana 

(pub-ri-VRIT-tuh UHR-duh BUH-duh ko-NAHS-uh-nuh) 

Modification: hand to the knee, other hand to the floor behind the hips for support 
Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Revolved Half Bound Angle Pose 


Parivritta Ardha Baddha Konasana 

(pub-ri-VRIT-tuh UHR-duh BUH-duh ko-NAHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Sideways Half Bound Angle Pose 


Parivritta Parshva Ardha Baddha Konasana 
(puh-ri-VRIT-tuh PAHRSH-vuh UHR-duh BUH-duh ko-NAHS-uh-nuh) 
Modification: grabbing onto the big toe of the bent leg 
Pose Type: seated, twist, side bend, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Half Bound Angle Pose 


Parivritta Ardha Baddha Konasana 

(pub-ri-VRIT-tuh UHR-duh BUH-duh ko-NAHS-uh-nuh) 

Modification: looking back Arm |: grabbing onto the outside edge of the opposite foot 
Arm 2: grabbing onto the shin of the opposite leg behind the back 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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HEAD TO KNEE POSE—SIDE BENDS 


Half Bound Angle Pose in Infinity Pose 


Ardha Baddha Konasana in Anantasana 

(UHR-duh BUH-duk ko-NAHS-uh-nuh in uhn-uhnt-AHS-uh-nuth) 

Modification: elbow to the floor, head rolling back 

Pose Type: seated, mild backbend, side bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Head to Knee Pose Prep. 


Parivritta Janu Shirshasana Prep. 

(puh-ri-VRIT-tuh JAH-nu sheer-SHAHS-uh-nuh) 

Modification: grabbing onto the foot, other hand to the knee 
Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Sideways Head to Knee Pose 


Parshva Janu Shirshasana 

(PAHRSH-vuh JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Sideways Half Bound Angle Pose (Parshva Ardha Baddha Konasana) 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Head to Knee Pose 


Parshva Janu Shirshasana 

(PAHRSH-vuh JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Sideways Half Bound Angle Pose (Parshva Ardha Baddha Konasana) 
Modification: elbow to the floor on the inside of the leg, other hand on the hip 

Pose Type: seated, forward bend, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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HEAD TO KNEE POSE—SIDE BENDS 


Half Bound es 
Half Seated Angle Pose 


Ardha Baddha Ardha Upavishta Konasana 
(UHR-duh BUH-duh UHR-duh u-puh-VISH-tuh ko-NAHS-uh-nuh) 
Also Known As: Ardha Baddha Ardha Upavistha Konasana 

Pos: seated, side bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 


How to Perform the Pose: 

1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale as you bend your left knee and bring the sole of your left foot toward your right thigh. 

3. On the next exhale, bring your right leg out to the right side, keeping it strong and straight by 
pulling up the kneecap and engaging the thigh muscles (quadriceps). Press your right toes and your 
right heel to the floor, lifting the right leg slightly on off the floor. 

4, Inhale as you expand your chest and hold your arms straight out to the sides, parallel to the floor. 

5. Exhale as you bend your left arm and reach your left hand behind the back to the inside of your 
right thigh to bind. 

6. Inhale as you reach your right arm up to the sky. Exhale as you bend your right elbow and look 
toward your left knee. 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive full benefits of the stretch. 

8. Inhale as you release the bind. Exhale as you bring both your legs straight out in front of you. 
Repeat on the other side. 


Modification: side bend toward the bent knee 


ardha = half 
baddha = bound 
ardha = half 
upavishta = seated 


kona = angle 


Half Bound Sideways Head to Knee Pose 


Ardha Baddha Parshva Janu Shirshasana 

(UHR-duh BUH-duh PAHRSH-vuh JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Sideways Half Bound Angle Pose (Parshva Ardha Baddha Konasana) 
Modification: |. toes pointed 

2. toes flexed in 

Pose Type: seated, forward bend, side bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Head to Knee Pose 


Parivritta Janu Shirshasana 

(puh-ri-VRIT-tuh JAH-nu sheer-SHAHS-uh-nuh) 

Modification: elbow to the floor 

1. forearm to the floor, chest to the side 

2. head on the knee, chest to the sky 

Pose Type: seated, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands to the Head Sideways Head to Knee Pose 


Dwi Hasta Shirsha Parshva Janu Shirshasana 

(DWI-huh-stuh SHEER-shuh PAHRSH-vuh JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Sideways Half Bound Angle Pose (Parshva Ardha Baddha Konasana) 
Modification: 1. slight side bend 

2. elbow to the knee 

3. elbow to the floor 

Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


oo 


HEAD TO KNEE POSE: LEG LIFTED 


Hands Free Sundial Pose 1 


Mukta Hasta Surya Yantrasana 1 

(MUK-tuh HUH-stuh SOOR-yuh yuhn-TRAHS-wh-nuh) 

Modification: foot to thigh, fingertips of both hands to the floor 
Pose Type: seated, forward bend, side bend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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EC 


environmental compatibility 


{aspect of compatibility: emitted interference radiation) 


__and safety at work) 


protection of healt 


EMc———_+_——8¢ 


(electromagnetic compatibility) | (biological compatibility) 


technical device biological systems 


Regulations of called EMEC know how of 


the German Post ~ thirties: radio druids 
Office since 1992: operator disease magic 
EMC-law* today. E-Smog, esoteric 
from 1996: HF-, SW-therapy medicine 
EU -regulation diathermy, etc. biology 


Fig. 2.1: Overview concerning environmental compatibility 


<i>: _ E. Habiger: EMV-ubergreifende Aspekte 2u benachbarten Problemfeldem, 

Elektrie 48 (1994), Heft 5/6, Seite 163-161 

<i>: EMVG: Gesetz uber die elektromagnetische Vertraglichkeit von Geraten, 
Bundesgesetzblatt Teil | vom 9.11.1992, S. 1864 


Sundial Pose 1 


Surya Yantrasana 1 

(SOOR-yuh yubn-TRAHS-uh-nuh) 

Modification: foot to thigh, grabbing onto the foot on the same side 
Pose Type: seated, forward bend, side bend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Unsupported Seated Revolved Upward One Hand to Foot Pose 


Niralamba Upavishta Parivritta Urdhva Eka Pada Hastasana 
(nir-AH-luhm-buh w-puh-VISH-tuh puh-ri-VRIT-tuh OORD-vuh EY-kuh PUH-duh huh-STAHS-uh-nuh) 
Pose Type: seated, forward bend, twist, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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HERO POSE: TOES CURLED IN 


Tip Toe Hero Pose 


Prapada Virasana 

(PRUH-puh-duh veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 

Modification: toes curled in, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: seated 

Drishti Point: Hastagrai or Hastagre (hands) or Nasagrai or Nasagre (nose) 


@ 


z 


Tip Toe Hero Pose 


Prapada Virasana 

(PRUH-puh-duh veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 
Modification: head down, arms open wide 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HERO POSE: SITTING ON THE HEELS 


Hero Pose 


Virasana 

(veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 

Modification: arms to the sides; modified version for tight ankles 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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HERO POSE: SITTING ON THE HEELS—HANDS ON THE KNEES. 


Hero Pose 


Virasana 

(veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 

Modification: hands on the knees, palms up 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Lion Pose Dedicated to an Avatar of Lord Vishnu in Hero Pose 


Narasimhasana in Virasana 

(nuh-ruh-sim-HAHS-uh-nuh in veer-AHS-uh-nuh) 

Also Known As: Lion Pose in Thunderbolt Pose (Simhasana in Vajrasana) 
Modification: sitting on the heels 

1. Cat Tilt 

2. Dog Tilt 

Pose Type: seated 

1, forward bend 

2. mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HERO POSE: SITTING ON THE HEELS—ARMS UP & FORWARD BEND 


Hero Pose—Raised Bound Hands 


Virasana Urdhva Baddha Hastasana 
(veer-AHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Also Known As: Thunderbolt Pose Raised Bound Hands (Vajrasana Urdhva Baddha Hastasana) 


Modification: palms facing up 
Pose Type: seated 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hero Pose 


Virasana 

(veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 

Modification: forward bending, ankles crossed, palms to the floor by the knees 

Pose Type: seated, forward bend 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 


Hand Position of the Pose Dedicated to Garuda in Hero Pose 


Hasta Garudasana in Virasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in veer-AHS-uh-nuh) 

Also Known As: Hand Position of the Pose Dedicated to Garuda in Thunderbolt Pose (Hasta 
Garudasana in Vajrasana) 

Modification: 1. half forward bend 


2. spine straight 

Pose Type: 1. seated, forward bend 

2. seated 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs) 
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HERO POSE: SITTING ON THE HEELS—KNEES OFF THE FLOOR 


Hero Scale Pose with Hands in Prayer 


Vira Tolasana Namaskar 

(VEER-uh to-LAHS-uh-nuh nuh-muhs-KAHR) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated, balance, core 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 
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Hero Scale Pose 


Vira Tolasana 

(VEER-uh to-LAHS-uh-nuh) 

Modification: grabbing onto the knees, Cat Tilt 

Pose Type: seated, balance, core 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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‘THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—VARIOUS ARM POSITIONS 


Hero Pose 


Virasana 

(veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 
Modification: sitting bones to the floor 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 


Both Hands to Feet Hero Pose 


Dwi Hasta Pada Virasana 

(DWI-huh-stuh PUH-duh veer-AHS-uh-nuh) 

Also Known Both Hands to Feet Thunderbolt Pose (Dwi Hasta Pada Vajrasana) 
Modification: sitting bones to the floor, arms crossed behind the back 

1. back view 

2. front view, mild backbend 

Pose Type: 1. seated, binding 

2. seated, mild backbend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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One Arm Upward Hero Pose 


Eka Urdhvya Hasta Virasana 
(EY-kuh OORD-vuh HUH-stuh veer-AHS-uh-nuh) 


Also Known As: One Arm Upward Thunderbolt Pose (Eka Urdhva Hasta Vajrasana) 
Pose Type: seated 
Drishti Point: Hastagrai or Hastagre (hands) 
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Hero Pose—Raised Bound Hands 


Virasana Urdhva Baddha Hastasana 

(veer-AHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 

Also Known As: Thunderbolt Pose Raised Bound Hands (Vajrasana Urdhva Baddha Hastasana) 
Modification: palms facing up 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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‘THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—TWISTS & SIDE BEND 


Revolved Hero Pose 


Parivritta Virasana 

(puh-ri-VRIT-tuh veer-AHS-uh-nuh) 

Also Known Revolved Thunderbolt Pose (Parivritta Vajrasana) 
Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Pose Dedicated to Sage Bharadvaja 1 


Bharadvajasana 1 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: ankles crossed, grabbing onto the bicep 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Sideways Pose Dedicated to Sage Bharadvaja 1 


Parshva Bharadvajasana 1 


Tasks in 


2. Tasks 


2.1 Tasks of the electromagnetic environmental compatibility 


The environmental compatibility (EC) forms the generalization that includes both the 
electromagnetic compatibility (EMC) and the biological compatibility (BC). Besides the 
technical and functional goals of an undisturbed functional course it also pursues ethical 

and moral goals. 

Technology should benefit to humanity and at the same time be in accord with nature. 

This goal will not be reached when this technology directly or indirectly is endangering 
humanity 

‘A direct attack on the health of people poses for instance the military usage of technical 

apparatus or the negligent usage, by pretended ignorance and unsuspicion, 

Is a technology posing a danger to the environment so humanity endangers itself indirectly 
with this technology. After all are human beings a product of their environment. We 
always should reckon on the environmental sins taking revenge on us sooner ot later. 


In fig. 2.1 a formal definition is given that in particular concerns the claims for an 
undisturbed functional course: it concerns the compatibility aspects of unallowed emitted 
and irradiated interference radiations, the reliability and quality safety with which a 
function and task is fulfilled and finally the questions of the protection of health and the 
safety at work. 


Moreover fig. 2.1 provides an overview and the structure of the 2nd chapter. First welll 
‘eat the electromagnetic compatibility (EMC) that frst of all deals with the influence of 
artificial but also natural interference sources on technical apparatus, 

After that we'll throw a glance at the appearing fields in nature. The biological 
compatibility (BC) deals with the influence on biological systems, 

An especially sensitive area of the environmental compatibility (EC) than describes the 
with a cross-link hinted influence of artificial interference sources on biological systems 
that is popularly described as ,electro smog" 


The numerous aspects of the environmental compatibility for instance in the areas of 
chemistry and biology that certainly are important, but do not fall in the area of 
electromagnetism, can't be treated in the here marked framework. 


(PAHRSH-vuh buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: one arm crossed in front; other arm over the head, elbow bent 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


Pose Dedicated to Bharadvaja 1 


Bharadvajasana 1 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: |. grabbing onto the inside of the hip with opposite hand, other hand on the knee, 
looking over the shoulder 

2. grabbing onto the tricep of the opposite arm, looking over the shoulder 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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‘THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—KNEES OPEN WIDE 


Lion Pose Dedicated to an Avatar of Lord Vishnu in Knees Spread 
Wide Hero Pose 


Narasimhasana in Prasarita Janu Virasana 

(nuh-ruh-sim-HAHS-uh-nuh in pruh-SAH-ri-tuh JAH-nu veer-AHS-uh-nuh) 

Also Known As: Lion Pose (Simhasana) 

Modification: sitting bones on the floor 

Pose Type: seated, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Knees Spread Wide Hero Pose 


Prasarita Janu Virasana 
(pruk-SAH-ri-tuh JAH-nu veer-AHS-uh-nuh) 

Also Known As: Frog Pose (Mandukasana) 
Modification: sitting bones off the floor 
Pose Type: seated 


Drishti Point: Nasagrai or Nasagre (nose) 
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Half Bound Revolved Knees Spread Wide Hero Pose 


Ardha Baddha Parivritta Prasarita Janu Virasana 
(UHR-duh BUH-duh puh-ri-VRIT-tuh pruh-SAH-ri-tuh JAH-nu veer-AHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—FEET TURNED OUT. 


Complete Thunderbolt Pose 


Paripurna Vajrasana 
(puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Complete Thunderbolt Pose 


Parivritta Paripurna Vajrasana 

(pub-ri-VRIT-uh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Western Intense Stretch Pose in Complete Thunderbolt Pose 


Paschimottanasana in Paripurna Vajrasana 
(puhsh-chi-mo-tahn-AHS-uh-nuh in puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 

Also Known As: Seated Forward Bend in Complete Thunderbolt Pose 
Modification: forward bend, toes turned out 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Pose Dedicated to Sage Marichi in Revolved Half Thunderbolt 
Pose 


Ardha Marichyasana in Parivritta Ardha Vajrasana 
(UHR-duh muh-ree-CHYAHS-wh-nuh in puh-ri-VRIT-uh UHR-duh vuhj-RAHS-uh-nuh) 
Modification: 1. looking straight ahead 

2. looking over the shoulder 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Bound Pose Dedicated to Sage Marichi in Half Thunderbolt Pose 


Ardha Baddha Marichyasana in Ardha Vajrasana 
(UHR-duh BUH-duh muh-ree-CHYAHS-uh-nuh in UHR-duh vuhj-RAHS-uh-nuh) 


Pose Type: seated, forward bend, twist, binding 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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‘THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—FEET TURNED OUT—ARMS UP OVER THE HEAD 


Complete Thunderbolt Pose—Raised Bound Hands 


Paripurna Vajrasana—Urdhva Baddha Hastasana 
(puh-ri-POOR-nuh vuhj-RAHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Modification: 1. looking straight ahead 

2. head rolling back 

Pose Type: 1. seated 

2. seated, mild backbend 

Drishti Point: 1. Nasagrai or Nasagre (nose) 

2. Angushtamadhye (thumbs) 
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Revolved Complete Thunderbolt Pose—Raised Bound Hands 


Parivritta Paripurna Vajrasana—Urdhva Baddha Hastasana 
(puh-ri-VRIT-tuh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Pose Type: seated, twist 

Drishti Point: Angushtamadhye (thumbs) 
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Sideways Complete Thunderbolt Pose—Raised Bound Hands 


Parshva Paripurna Vajrasana—Urdhva Baddha Hastasana 
(PAHRSH-vuh puh-ri-POOR-nuh yuhj-RAHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Pose Type: seated, side bend 

Drishti Point: Angushtamadhye (thumbs) 
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One Hand Sideways Complete Thunderbolt Pose 


Eka Hasta Parshva Paripurna Vajrasana 
(EY-kuh HUH-stuh PAHRSH-vuh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—FEET TURNED OUT—ONE-LEGGED & FORWARD 
BENDS 


Half Pose Dedicated to Sage Marichi in Half Thunderbolt Pose 


Ardha Marichyasana in Ardha Vajrasana 
(UHR-duh muh-ree-CHYAHS-wh-nuh in UHR-duh vuhj-RAHS-uh-nuh) 
Modification: grabbing onto the knee with both hands 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Pose Dedicated to Sage Marichi in Half Thunderbolt Pose 


Ardha Marichyasana in Ardha Vajrasana 

(UHR-duh muh-ree-CHYAHS-uh-nuh in UHR-duh vuhj-RAHS-uh-nuh) 

Modification: palms to the floor in front of the hips 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Star Pose in Half Frog Pose 


Ardha Tarasana in Ardha Mandukasana 
(UHR-duh tahr-AHS-uh-nuh in UHR-duh muhn-doo-KAHS-uh-nuh) 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Virancha (Brahma) | Prep. 


Viranchyasana 1 Prep. 
(vir-uhn-CHYAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE 


TO THE BACK: 


HER FOOT TO THE THIGH—SPINE STRAIGHT, TWIST & SIDE BEND. 


Easy Pose Dedicated to Sage Bharadvaja 2 Prep. 


Sukha Bharadvajasana 2 Prep. 

(SUK-uh buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: neutral spine, back of the hands on the knees 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 


oso 


Tasks of the electromagnetic compatibility (EMC) 
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Easy Pose Dedicated to Sage Bharadvaja 2 


Sukha Bharadvajasana 2 

(SUK-uh buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: foot to the inside of the thigh 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Sideways Easy Pose Dedicated to Sage Bharadvaja 2 


Parshva Sukha Bharadvajasana 2 
(PAHRSH-vuh SUK-uh buh-ruhd-vuhj-AHS-uh-nuh) 
Modification: foot to the inside of the thigh, side bend 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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ONE KNEE BENT TO THE BACK: OTHER FOOT TO THE THIGH—SIDE BEND 


Easy One-Legged King Pigeon Pose 1 


Sukha Eka Pada Raja Kapotasana 1 
(SUK-uh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Half Hero Half Bound Angle Pose 


Parshva Ardha Vira Ardha Baddha Konasana 
(PAHRSH-vuh UHR-duh VEER-uh UHR-duh BUH-duh ko-NAHS-uh-nuh) 
Modification: forearm to the floor 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Hero Half Bound Angle Pose 


Ardha Vira Ardha Baddha Konasana 

(UHR-duh VEER-wh UHR-duh BUH-duh ko-NAHS-uh-nuh) 

Modification: arm behind the back, hand to the hip; backbend 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE KNEE BENT TO THE BACK: HALF LOTUS, 


Twist Dedicated to Sage Bharadvaja 2 es 


Bharadvajasana 2 
(buh-ruhd-vuhj-AHS-uh-nuh) 


TWIST & BINDING 


e: seated, twist, binding 
Drishti Point: Parsva Drishti (to the right), Parsva Drishti (to the left) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Inhale as you lean over to the left side, bending your right knee and bringing your right knee, shin, 
and ankle to the floor. Your right heel should be close to your right hip to protect the knee and your 
right knee should be open slightly to the side. 

3. Exhale as you bend your left knee and bring your left foot to your right hip socket in the Half Lotus 
(Ardha Padmasana), rotating the sole of your left foot up to the sky. Try to keep both knees on the 
floor. 

4, Inhale as you expand your chest and hold your arms straight out to the sides, parallel to the floor. 

5. Exhale as you twist to the left, bringing your left arm behind your back and grabbing your left foot 
with your left hand to bind. Grab onto the left knee with your right hand and look over your left 
shoulder (Pose #2). 

6. Inhale as you lengthen your spine. Exhale as you bring the back of your left hand under your right 
knee (Pose #1). On the next exhale, look over your right shoulder to deepen the twist (Pose #3). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

8. Inhale as you release the bind and look forward. Exhale as you bring both your le 
front of you. Repeat on the other side. 


traight out in 


Modification: 

1. palm under the knee, twisting to the inside of the body 
2. hand on the knee, twisting to the inside of the body 

3. palm under the knee, twisting to the outside of the body 


Bharadvaja = Pindola Bharadvaja was one of four Arhats asked by Buddha to stay on earth to propagate Buddhist law or 


Dharma 
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Half Fire Log Pose in Half Bound Hero Pose 


Ardha Agnistambhasana in Ardha Baddha Virasana 
(VHR-duh whg-ni-stuhm-BAHS-uh-nuh in UHR-duh BUH-duh veer-AHS-uh-nuh) 
Modification: 1. grabbing onto the hip 

2. grabbing onto the heel 

Pose Type: seated, binding 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Bharadvaja 2 Prep. 


Bharadvajasana 2 Prep. 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: palms together, heels of the palms resting on the crown of the head, neutral spine 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Pose Dedicated to Sage Bharadvaja 2 Prep. 


Bharadvajasana 2 Prep. 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Also Known As: Root Lock Pose (Mula Bandhasana) 

Modification: sitting on the heel, both hands grabbing onto the foot, neutral spine 

Pose Type: seated, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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ONE KNEE BEN 


TO THE BACK: KNEE TO THE CHEST, BINDING, TWIST & BACKBEND 


Pose Dedicated to Sage Marichi 5 & 6 Prep. 


Marichyasana 5 & 6 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi E & F Prep. (Marichyasana E & F Prep.) 
Modification: spine straight 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 5 


Marichyasana 5 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi E (Marichyasana E) 
Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 6 


Marichyasana 6 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi F (Marichyasana F) 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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One-Legged King Pigeon Pose 3 


Eka Pada Raja Kapotasana 3 

(EY-kuh PUH-duh RAHJ-uh kuh-po-TAHS-uh-nuh) 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LEG CRADLE & FOOT TO THE KNEE 


Baby Cradle Pose in Half Hero Pose 


Hindolasana in Ardha Virasana 

(hin-do-LAHS-uh-nuh in UHR-duh veer-AHS-uh-nuh) 

Also Known As: Baby Cradle Pose in Half Thunderbolt Pose (Hindolasana in Ardha Vajrasana) 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tasks 1B 


2.2 Tasks of the electromagnetic compatibility (EMC) 


First of all the EMC (electromagnetic compatibility) is concemed with the function of 
technical apparatus. Correspondingly rational and dry sounds the official definition: 
"electromagnetic compatibility (EMC) describes the ability of an electrical setting-up (ie. 
of @ construction element, of a construction group, of an apparatus or of an installation) to 
function in an elecomagnetic environment without stressing this environment by 
electromagnetic effects in an unallowed fashion ". 


Actually it concems an old need for protection that should be as old as the usage of electro 
technical apparatus, But in the beginning no one cared about it. The spark gaps with which 
Heinrich Hertz 1888 in Karlsruhe has carried out the first radio technical experiments 
were genuine polluters", that would have been detectible at several hundreds of 
kilometres distance with modem receivers. For these installations that he had assembled in 
the lecture room with his students, today he would hardly get a permission of operation 
and the since 1996 required declaration of conformity he would get not at all. 


1925, as in Germany the number of radio listeners had exceeded the limit of one million, 
for the first time a need for protection appears in the certificate of approval for radio 
receivers: "The public telegraphs and telephone installations must not be disturbed by the 
radio receiver". 

Later on every backside of the good old steam radios there was found the following hint 
(ranslated): "This apparatus meets the interference radiation regulations of the German 
Post Office’. So the manufacturers were urged to measure the emission of their apparatus 
and in particular to sereen the HE-oscllators in the superhet-receivers. 


Since the fifties, in the VDE-instiuute EMC-examinations in the present day sense are 
taken, The main point of the measurements and the by the VDE recommended limits, 
however is about interferences bound to a circuit. On the supply lines of the network the 
prevailing conditions are reproducible so that standards can be put through (Fig. 2.2) 


For measurements of interference radiation maybe the time was not ripe enough or the 
necessity was not big enough. The usual argumentation was: what we can't measure 
reproducibly, can not be forbidden and certainly not be put under punishment. Therefore 
merely recommendations were issued or impositions weak as wax were made like: "the 
interference field strength ... must be so small that an undisturbed reception is guaranteed 
as soon as the minimum field strength for utilization exists at the place where the antenna 
is mounted"™. 


In common parlance that means something like: "as long as no one bleats, everything is 
allowed". Within a connected industrial area there even existed an officially legitimized 
fools freedom, Merely atthe fence of the industrial area limits had to be fulfilled. 


Specially for the line-ftequency of the sereen one has decided to build a loophole in the 
law so that one didn't have to throw the TV sets, that so successfully had conquered the 
living rooms, out of the window. OF course the flickering screens did interfere exactly as 
before but this EMC- interference now was officially approved. 
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Baby Cradle Pose Prep. 


Hindolasana Prep. 

(hin-do-LAHS-uh-nuh) 

Modification: palms to the floor behind the hips, heel of the bottom foot to the sitting bone 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Fire Log Pose in Half Yogic Staff Pose Prep. 


Ardha Agnistambhasana in Ardha Yogadandasana Prep. 
(VHR-duh whg-ni-stuhm-BAHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 


Pose Type: seated, forward bend, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Yogic Staff Pose Prep. 


Yogadandasana Prep. 
(vo-guh-duhn-DAHS-uh-nuh) 

Modification: grabbing onto the foot with one hand 
Pose Type: seated, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Yogic Staff Pose Prep. 


Yogadandasana Prep. 

(vo-guh-duhn-DAHS-uh-nuh) 

Modification: grabbing onto the foot with both hands, foot to the chest 
Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


eso 


LEG CRADLE: FOOT TO THE HIP & HALF LOTUS 


Baby Cradle Pose Prep. 


Hindolasana Prep. 

(hin-do-LAHS-uh-nuh) 

Modification: both hands grabbing onto the foot, fingers interlocked 
Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Baby Cradle Pose 


Hindolasana 

(hin-do-LAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Four Corner Pose 


Chatushkonasana 
(chuh-tush-ko-NAHS-uh-nuh) 
Pose Type: seated, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Half Lotus Baby Cradle Pose 


Ardha Padma Hindolasana 

(UHR-duh PUHD-muh hin-do-LAHS-uh-nuh) 

Also Known As: Pose Dedicated to Virancha (Brahma) | or A Prep. (Viranchyasana | or A Prep.) 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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FOOT TO THE ARMPIT: BOTH KNEES BENT 


Yogic Staff Pose with Hands in Prayer 


Yogadandasana Namaskar 

(vo-guh-duhn-DAHS-uh-nuh nuh-muhs-KAHR) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Yogic Staff Pose 


Yogadandasana 

(vo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Half Bound Fire Log Pose in Half Yogic Staff Pose Prep. 


Ardha Baddha Agnistambhasana in Ardha Yogadandasana Prep. 
(VHR-duh BUH-duh whg-ni-stuhm-BAHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Bound Fire Log Pose in Half Yogic Staff Pose Prep. 


Baddha Agnistambhasana in Ardha Yogadandasana Prep. 
(BUH-duh whg-ni-stuhm-BAHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


oso 


= 


Hands Bound Half Lotus Pose in Half Yogic Staff Pose Prep. 


Baddha Hasta Ardha Padmasana in Ardha Yogadandasana Prep. 
(BUH-duh HUH-stuh UHR-duh puhd-MAHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Hands Bound Half Hero Pose in Half Yogic Staff Pose Prep. 


Baddha Hasta Ardha Virasana in Ardha Yogadandasana Prep. 
(BUH-duh HUH-stuh UHR-duh veer-AHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG OVER THE SHOULDER: BOTH KNEES BENT 


Sundial Pose 2 Prep. 


Surya Yantrasana 2 Prep. 

(SOOR-yuh yubn-TRAHS-uh-nuh) 

Modification: shoulder to the back of the knee, knee bent 
Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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FOOT BEHIND THE HEAD 


Pose Dedicated to Virancha (Brahma) 1 


Viranchyasana 1 

(vir-whn-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Virancha (Brahma) A (Viranchyasana A) 
Pose Type: seated, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Seated Moonbird Pose 


Upavishta Chakorasana 

(u-puh-VISH-tuh chuh-kor-AHS-uh-nuh) 

Also Known As: Upavistha Chakorasana 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Foot Behind the Head Pose 


Eka Pada Shirshasana 

(EY-kuh PUH-duh sheer-SHAHS-uh-nuh) 

Modification: palms on the floor by the hips, knee bent toward the chest 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Virancha (Brahma) 1 


Viranchyasana 1 

(vir-whn-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Virancha (Brahma) A (Viranchyasana A) 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ese 


COW FACE POSE: SPINE STRAIGHT 


Leg Position of Cow Face Pose 


Pada Gomukhasana 

(PUH-duh go-nuk-AHS-uh-nuh) 

Modification: hands on the top knee, one palm on top of the other 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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is Declaration of conformity 


specification: 


(basic-, generic- household, 
product-standards): _business,... 
4 


industry 


stability against 
interference: 


DIN EN 50082-1 DIN EN 50082-2 


against emission 
of interference: 


DIN EN 50081-1] [DIN EN 50081-2 


test procedure: 
stability against 


interference: DIN EN 61000-4 
and (IEC 1000-4, resp. IEC 801) 
against emission DIN EN 550.. 


of interference: DIN EN 60555 


document: 


EU- declaration of conformity 


Fig. 2.3: The way to EU conformity 


Ganesh Seal in Leg Position of Cow Face Pose 


Ganesh Mudra in Pada Gomukhasana 
(guh-NEYSH MU-druh in PUH-duh go-muk-AHS-uh-nuh) 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Both Hands to Feet Leg Position of Cow Face Pose 


Dwi Hasta Pada Gomukhasana 

(DWI-huh-stuh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: arms crossed behind the back, grabbing onto the feet 

1. back view 

2. front view 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Cow Face Pose 


Gomukhasana 

(go-mu-KAHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of Cow Face Pose 


Pada Gomukhasana 
(PUH-duh go-mu-KAHS-uh-nuh) 


Modification: elbows touching behind the head 
Pose Type: seated 
Drishti Point: Nasagrai or Nasagre (nose) 
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COW FACE POSE: FORWARD BEND. 


Leg Position of Cow Face Pose 


Pada Gomukhasana 

(PUH-duh go-mu-KAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer), thumbs to third eye; elbows together 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Angushtamadhye or Angustha Ma Dyai (thumbs) 
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Western Intense Stretch Pose in Leg Position of Cow Face Pose 


Paschimottanasana in Pada Gomukhasana 
(puhsh-chi-mo-TAHS-uh-nuh in PUH-duh go-mu-KAHS-uh-nuh) 
Also Known As: Seated Forward Bend in Leg Position of Cow Face Pose and Long Horn Pose 


(Dighasrngasana) 
Pose Type: seated, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Leg Position of Cow 
Face Pose 


Hasta Garudasana in Pada Gomukhasana 
(HUH-stuh guh-ru-DAHS-uh-nuh in PUH-duh go-mu-KAHS-uh-nuh) 
Modification: forward bend 

Pose Type: seated, forward bend 


Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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COW FACE POSE: SIDE BEND 


Sideways Leg Position of Cow Face Pose 


Parshva Pada Gomukhasana 
(PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh) 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Hand to Foot Sideways Leg Position of Cow Face Pose 


Hasta Pada Parshva Pada Gomukhasana 
(HUH-stuh PUH-duh PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh) 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Leg Position of Cow Face Pose 


Parshva Pada Gomukhasana 

(PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: intense shoulder stretch 

Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hand to Foot Revolved Leg Position of Cow Face Pose 


Hasta Pada Parivritta Pada Gomukhasana 

(HUH-stuh PUH-duh puh-ri-VRIT-tuh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: grabbing onto the big toe, arm behind the back; other arm in front of the body, hand on 
the hip 

Pose Type: seated, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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(COW FACE POSE: KNEES LIFTED TO THE CHEST 


Upward Leg Position of Cow Face Pose 


Urdhva Pada Gomukhasana 

(OORD-vuh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: arms under the legs, knees lifted to the chest 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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Upward Hands Upward Leg Position of Cow Face Pose 


Urdhva Hasta Urdhva Pada Gomukhasana 

(OORD-vuh HUH-stuh OORD-vuh PUH-duh go-nu-KAHS-uh-nuh) 

Pose Type: seated, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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Both Hands to Feet Upward Leg Position of Cow Face Pose 


Dwi Hasta Pada Urdhva Pada Gomukhasana 
(DWI-huh-stuh PUH-duh OORD-vuh PUH-duh go-mu-KAHS-uh-nuh) 
Modification: grabbing the outside edges of both feet 
Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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COW FACE POSE: ELBOW & FOREARM ON THE FLOOR 


Half Bound Sideways Easy Leg Position of Cow Face Pose 


Ardha Baddha Parshva Sukha Pada Gomukhasana 

(UHR-duh BUH-duh PAHRSH-vuh SUK-wh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: forearm to the floor, sitting on the bottom heel 

1, front view 

2. back view 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Sideways Easy Leg Position of Cow Face Pose 


Ardha Baddha Parshva Sukha Pada Gomukhasana 
(UHR-duh BUH-duh PAHRSH-vuh SUK-uh PUH-duh go-mu-KAHS-uh-nuh) 


Modification: elbow to the floor 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SAGE VAMADEVA'S POSE: LEANING TO THE SIDE 


Pose Dedicated to Sage Vamadeva Prep. 


Vamadevasana Prep. 

(vahm-wh-dey-VAHS-uh-nuh) 

Modification: 1. palm flat on the floor, chest rotating up 

2. one arm crossed over in front, hand grabbing onto the back foot; top hand to the head 
Pose Type: seated, side bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Vamadeva 


Vamadevasana 

(vahm-wh-dey-VAHS-uh-nuh) 

Modification: binding: 

1, hand to the hip socket 

2. hand to the knee 

Pose Type: seated, side bend, twist, binding 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 
2. Padayoragrai or Padayoragre (toes/feet) 
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Tasks 15 


2.3 Declaration of conformity 


In the EMC times seem to have gone as the standardizers had to fit in with the insuffi- 
ciencies of technology. Meanwhile the conditions have turned up. We owe this circum- 
stance first of all the EMC-law of 1992 that doesn't name any limits but it states the 
political intention to demand from technical apparatus and installations an appropriate 
stability against interference and at the same time limit the sent out interference. 
‘AS a consequence of this law the measurement facilities and measurement processes had 
to be standardized to get reproducible measurement results that are not influenced by the 
electromagnetic environment. That goes so far that even the floor covering of a 
measurement hall is dictated because the conductivity of the floor influences the degree of 
reflexion. Normally the examinee is situated on a revolving plate that is turned around for 
360° during the measurement of the radio interference field strength. Is it however not 
possible to tum the examinee than the antenna has to be led around it, thereby again 
increasing the dimensions of the measurement hall. The distance to the antenna should be 
up to 10 meters. Moreover it must be possible to move the antenna, up till a height of 4 
meters to register the influence of the reflexions on the floor 

Moreover there is to plan a reflexion free zone around the measurement track (in elliptical 
form) that depends on the reachable damping of reflexions of the used absorber. Used are 
pyramids of foam material soaked with carbon and increasingly tiles of ferrite or 
shieldings of wallpaper 

Taken all together for a measurement hall doing justice to standards there result 
considerable measurements of for instance 18 m length x 10 m width x 7 m_ height 
Let's again come to talk about the EMC-law with which only the intention but not the way 
is fixed. To form the claims catalogue in a way that is fulfllable in general, some concrete 
prescriptions, the so called standards, have to be worked out. This task was transferred to 
the European committee for electro technical standardization CENELEC, which has 
established the workgroup TC 110 to at first’ work out some _ standards: 
The basic standards deal independent of product with general questions of the EMC, of 
the testing process and of the measurement environment, 

The generic standards likewise deal independent of product with the so called 
fundamental technical standards for apparatus in their dependence of the respective 
electromagnetic environment (protected computer room or medical room, environment of 
the house, office or industry. 

‘The product standards concern the EMC-standards referring to products (7 product 
families / approx. 50 products. 

In Fig. 2.3 the arduous way through the jungle of paragraphs for a technical apparatus is 
outlined. Corresponding to the requirements of use, first the relating ES-standards for the 
apparatus have to be determined and than have to be measured according to own test 
standards based on the fundamental technical standards, When the allowed limits for 
stability against interference and for sending out interferences are not exceeded, the EC- 
declaration of conformity is handed out. Since 1.1.96 that declaration is needed when 
‘apparatus are commercialized or - stated more exactly - "put in circulation" and operated 
When still further EC-guidelines are met in the end the CE-hallmark is awarded. Since 
1.1.96 only with this hallmark the access to the common market of the EC is possible 
Violations can be punished with fines and if need be with imprisonment. But there are 
‘great national differences in the EC. The Federal Republic of Germany with fines of up to 
50,000 Euro counts a expensive for criminals, 


Revolved One-Legged King Pigeon Pose | Prep. 


Parivritta Eka Pada Raja Kapotasana | Prep. 

(pub-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the back foot 

1. one arm crossed over, other arm to the side, elbow bent 

2. arms crossed in front of the body, free hand to the opposite knee 

Pose Type: seated, side bend, twist 

Drishti Point: Hastagrai or Hastagre (hands), Parshva Drishti (to the right), Parshva Drishti (to the 
left) 
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Pose Dedicated to Sage Vamadeva 2 


Vamadevasana 2 

(vahm-wh-dey-VAHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ONE-LEGGED KING PIGEON: HIPS OFF THE FLOOR 


One-Legged King Pigeon Pose | Version B 


Eka Pada Raja Kapotasana 1 B 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: standing (on the knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy One-Legged King Pigeon Pose 1 


Sukha Eka Pada Raja Kapotasana 1 

(SUK-uh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips lifted off the floor, grabbing onto the foot on the opposite side with overhead grip 
1. free arm extended to the front 

2. free hand to the floor by the opposite knee 

Pose Type: standing (on the knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy One-Legged King Pigeon Pose 1 


Sukha Eka Pada Raja Kapotasana 1 

(SUK-uh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips off the floor; fingertips to the floor by the hips, foot touching the head 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE-LEGGED KING PIGEON: UNDER-HEAD GRIP 


One-Legged King Pigeon Pose | Prep. 


Eka Pada Raja Kapotasana | Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: 1. back knee bent 

2. grabbing onto the back foot with one arm on the same side 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand on the front knee on the same side, other hand pressing the back foot toward 
the hip 

Pose Type: seated, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand on the back knee, one hand on the front knee; foot to the back of the head 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: foot to the opposite armpit 

Pose Type: seated, backbend, twist 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 
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Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 
(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: foot to the armpit on the same side 
Pose Type: seated, backbend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 
(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: foot under the chin 

Pose Type: seated, backbend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose of the Heavenly Spirits Prep. 


Valakhilyasana Prep. 

(vah-luh-kil-YAHS-uh-nuh) 

Modification: under-head grip 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE-LEGGED KING PIGEON: OVERHEAD GRIP 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the foot with one hand on the same side, overhead grip; other hand 
resting on the front knee 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the foot with both hands, overhead grip; heel of the back foot to the 
forehead 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE-LEGGED KING PIGEON: ASYMMETRICAL ARMS—CROSS OVER & UNDER-HEAD/OVERHEAD GRIP 


One Hand to Foot Bound One-Legged King Pigeon Pose 1 


Eka Hasta Pada Baddha Eka Pada Raja Kapotasana 1 
(EY-kuh HUH-stuh PUH-duh BUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: arm crossed over in front of the neck, other hand on the knee 
Pose Typ eated, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Both Hands to Feet Bound One-Legged King Pigeon Pose 1 


Dwi Hasta Pada Baddha Eka Pada Raja Kapotasana 1 
(DW1-huh-stuh PUH-duh BUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: arm crossed over in front of the neck 

Pose Type: seated, backbend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Mermaid Pose 1 


Naginyasana 1 

(nah-gin-YAHS-uh-nuh) 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


esg00 


ONE-LEGGED KING PIGEON: ASYMMETRICAL ARMS—CROSS OVER & UNDER-HEAD/OVERHEAD GRIP 


Both Hands to Feet Bound One-Legged King Pigeon Pose 1 


Dwi Hasta Pada Baddha Eka Pada Raja Kapotasana 1 
(DWI-huh-stuh PUH-duh BUH-duh EY-kuk PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: grabbing onto the opposite foot with overhead grip 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand on the back knee, one hand grabbing onto the opposite foot with overhead 
stip 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e000¢0e 


6 EMC-techniques to measure the emission of interference 


Simulation of network for the measurement of the interference 
voltages Us: and Uso 


simulation of network 


PE -+ 
low-pass 


output of inter- 


| ference voltage fest object 


impedance Z, of the simulation of networks for 
industry networks in the range of 0.15 to 30 MHz 


1a Suit 
50a 
Fig. 2.4: Simulation of network for the measurement 


of interference voltages.” 


<i> ace. to Ernst Habiger: EMV, Huthig Buch Verlag Heidelberg ( 1992), 
ISBN 3-7785-2092-X 


ONE-LEGGED KING PIGEON: FOOT TO THE BACK OF THE HEAD 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the back knee with both hands under-head grip; foot to the back of the 
head 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE-LEGGED KING PIGEON: FOOT TO THE BACK OF THE HEAD 


One Legged King Pigeon Pose 1 o3000 


Eka Pada Raja Kapotasana 1 
(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Pose Type: seated, backbend 


Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale and bend your left knee, keeping the knee on the floor, and slide the left heel toward the 
inside of your right thigh. 

3. Inhale as you lean forward. Exhale, extend the right leg straight out behind you with your right 
thigh, knee, shin, and front of the right foot on the floor. Square your hips by pulling the left hip to 
the back and right hip to the front. 

4. Inhale as you lengthen the spine, pressing both hands to the floor by your hips for support. Exhale 
as you let your head roll back into a backbend. 

5. Exhale as you bend your right knee, bringing your right foot toward your head. Once your right foot 
touches your head, slide your right foot under the back of your head and fix it in place. 

6. Inhale as you stretch both arms up over your head. Exhale as you bring your palms together, 
keeping your arms straight and strong (Pose #1). Push through your chest. You can experiment with 
interlocking your fingers and letting your pointer fingers and thumbs be straight. You can also 
bring your foot to the side of your head (Pose #2). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

8. Exhale as you release the right foot from under your head and lower it to the floor. Inhale and 
straighten your spine. Exhale as you bring both your legs straight out in front of you. Repeat on the 
other side. 


Modification: both arms extended to the sky 
1. foot to the back of the head, palms together 
2. foot to the side of the head, fingers interlocked, pointer fingers free 


eka = one 
pada = foot or leg 


raja = king, royal 


kapota = pigeon 


ONE-LEGGED KING PIGEON: BACK LEG STRAIGHT 


Easy One-Legged King Pigeon Pose 1 


Sukha Eka Pada Raja Kapotasana 1 

(SUK-uh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips lifted, back leg straight, arms open wide 

Pose Type: standing (on the knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e00060e 


One-Legged King Pigeon Pose | Prep. 


Eka Pada Raja Kapotasana 1 Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips off the floor, back leg straight; hands on the hips 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Hands One-Legged King Pigeon Pose 1 


Urdhva Hasta Eka Pada Raja Kapotasana 1 

(OORD-vuh HUH-stuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips off the floor, back leg straight; arms extended to the sky 
Pose Type: seated, backbend 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs) 
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One-Legged King Pigeon Pose | Prep. 


Eka Pada Raja Kapotasana | Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: back leg straight; palms facing up, back of the hand on the foot and the knee 
Pose Type: seated, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE-LEGGED KING PIGEON: BACK LEG STRAIGHT—FORWARD BEND & TWIST 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: back leg straight; forward bend, forearms to the floor, foot and knee to the elbow 
creases 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: back leg straight; forehead to the floor, palms to the floor, elbows on top of the wrists 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of Cow Face Pose in One-Legged King Pigeon Pose 1 


Hasta Gomukhasana in Eka Pada Raja Kapotasana 1 
(HUH-stuh go-muk-AHS-uh-nuh in EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 


Modification: back leg straight, forward bend with Gomukhasana Arms 
Pose Type: seated, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 

(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: twisting to the inside of the body, back leg straight; foot to the armpit 
Pose Type: seated, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 

(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: twisting to the outside of the body, back leg straight; knee to the armpit 
Pose Type: seated, forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 


VERTICAL SPLITS: SPINE STRAIGHT 


Pose Dedicated to Hanuman 


Hanumanasana 

(huhh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Hanuman A 

(Hanumanasana A) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

1. side view 

2. front view 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 
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Tasks 7 


2.4 EMC-techniques to measure the emission of interference 


Actually we already can be glad that it came to an europe-wide agreement for the 
regulation of the EMC-set of problems. But the question if we can be satisfied with what 
we have reached is stil outstanding. All too often the lowest common denominator of the 
measurable and checkable was sought and not so much the technical possible was taken 
into consideration, 


The main emphasis is put on the measurement of the emission of interferences. 
Traditionally the interferences bound to a circuit are registered in a frequency range up 
to 30 MHz. The corresponding wavelengths thereby can correspond with the length of the 
supply lines and form standing interference waves. Primarily the spectrum of the 
interference currents is measured e.g. over a HP-current converter. These currents 
produce a voltage drop over the internal resistance of the feeding network. Because the 
properties of the networks can vary very strong, a standardized end-resistor is required for 
the measurement of the interference voltage. For this purpose an imitation of the network 
is switched between the network and the examinee. This imitation in addition has the task 
to keep away the interference signals that come from the supplying network with the help 
of filter-clements (Fig. 2.4), 

The measurement of the interference radiation, the field-bound interference emission, 
lakes place between 30 MHz and 1 GHz. For that a free field or an absorber-hall with 
litle or no reflexions is required. The standardized distances of measurement are 3, 10 and 
30 meters. The electric field strength is determined with dipole broadband antennas, the 
‘magnetic field strength with frame antennas. It must be possible to both vary the receiving 
fntenna between horizontal and vertical polarization and to adjust the receiving antenna in 
the height and the position to the test object. 


VERTICAL SPLITS: ARMS STRAIGHT ABOVE THE HEAD & BEHIND THE BACK 


Upward Hands in @ 8 © @ @ 


Pose Dedicated to Hanuman 


Urdhva Hasta Hanumanasana 

(OORD-vuh HUH-stuh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Hanuman B (Hanumanasana B) 
Pose Type: seated, backbend 

Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. Begin by standing on your knees with sitting bones lifted off the heels. Engage your mula bandha, 
uddhiyana bandha, and ujjayi breathing. 

2. Exhale, step your left foot to the front into a lunge. Keep your left knee on top of your left ankle 
and your right knee under your right hip. 

3. Inhale as you slide your left foot out to the front, lifting your left toes off the floor until your left leg 
is straight. 

4. Inhale and stretch your arms up to lengthen your spine. Exhale as you hinge forward from your 
hips, bringing your hands to the floor on either side of the left leg. 

5. On your next exhale, start sliding your left foot out to the front and your right knee to the back, 
reaching your legs in two opposite directions, coming into a full vertical split. Keep your hips 
square by pulling your left hip back and your right hip forward. 

6. Inhale and reach both your arms up to the sky. Exhale as you deepen the backbend by letting your 
head roll back and your arms reach in the direction of your back foot. 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

8. Inhale as you come out of the backbend. Exhale and place both your palms to the floor on the 
inside of the left leg. Inhale. As you exhale, swing your left leg back and bring your left knee to the 
floor by your right knee. Inhale and come up to the starting position with both knees on the floor. 
Repeat on the other side. 


Modification: deep backbend 
urdhva = upward 


hasta = hand 


Hanuman = Hindu Deity, Lord of the Monkeys 


Hands Bound Pose Dedicated to Hanuman 


Baddha Hasta Hanumanasana 

(BUH-duh HUH-stuh huh-nu-mahn-AHS-uh-nuh) 

Modification: forward bend 

1, side view 

2. front view 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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VERTICAL SPLITS: TWISTS & SIDE BENDS 


Revolved Pose Dedicated to Hanuman 


Parivritta Hanumanasana 
(puh-ri-VRIT-uh huh-nu-mahn-AHS-uh-nuh) 


Pose Type: seated, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Sideways Pose Dedicated to Hanuman 


Parivritta Parshva Hanumanasana 
(puh-ri-VRIT-uh PAHRSH-vuh huh-nu-mahn-AHS-uh-nuh) 
Modification: twisting to the inside of the body 

Pose Type: seated, forward bend, twist, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Sideways Pose Dedicated to Hanuman 


Parivritta Parshva Hanumanasana 
(puh-ri-VRIT-uh PAHRSH-vuh huh-nu-mahn-AHS-uh-nuh) 
Modification: twisting to the outside of the body 

Pose Type: seated, forward bend, twist, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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VERTICAL SPLITS: BACK FOOT TOWARD THE HIP & MERMAID POSE 


Revolved One-Legged King Pigeon Pose 4 Prep. 


Parivritta Eka Pada Raja Kapotasana 4 Prep. 

(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: 1. hand to the floor by the hip, other hand pressing the foot toward the hip 

2. grabbing onto the big toe of the front foot on the same side, other hand pressing the back foot 
toward the hip 

Pose Type: seated, backbend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Parshva Drishti (to the right), Parshva 
Drishti (to the left) 
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Mermaid Pose 4 


Naginyasana 4 

(nuh-gin-YAHS-uh-nuh) 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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VERTICAL SPLITS: BACK KNEE BENT—OVERHEAD GRIP & FOOT TO THE BACK OF THE HEAD 


One-Legged King Pigeon Pose 4 


Eka Pada Raja Kapotasana 4 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand grabbing onto the back foot on the same side with overhead grip 
Pose Type: seated, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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One-Legged King Pigeon Pose 4 


Eka Pada Raja Kapotasana 4 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand grabbing onto the back foot on the opposite side with overhead grip, foot 
reaching toward the head; other hand on the knee of the front leg 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged King Pigeon Pose 4 


Eka Pada Raja Kapotasana 4 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Also Known As: One-Legged Stretched Out King Pigeon Pose (Prasarita Pada Raja Kapotasana), 
Pose of the Lord Kailasha (Kailashasana), Saw Pose A (Kroukachasana A) 

Modification: both hands grabbing onto the back foot with overhead grip 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Foot to the Head One-Legged King Pigeon Pose 4 


Shirsha Pada Eka Pada Raja Kapotasana 4 

(SHEER-shuh PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Also Known As: Hanuman Salutation Pose (Hanumana Namaskara) 
Modification: both arms extended to the sky, back foot to the back of the head 
Pose Type: seated, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Electro Smog 


ypical measurement set up to measure the emission of 
interferences bound to a conductor 


shielded link conductor 
bundle of conductors folded like a meander 
connection to the reference mass 

ME: receiver of interference signal 

NNB: Simulation of network 

PO: test object 


OBe 


reference mass with 
a large surface 


Fig. 2.5: Measurement set up to measure the emi 
terferences bound to a conductor,” 


ar Emst Habiger EMV, Huthig Buch Verlag Heidelberg (1992), 
ISBN 3-7785.2002-X 


BOAT POSE: BOTH KNEES BENT. 


Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, arms wrapped around the shins 
Pose Type: core, seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, grabbing the back of the thighs, toes touching the floor 
Pose Type: core, seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, arms wrapped around the back of the thighs, shins parallel to the floor 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: grabbing onto the heels, toes touching the floor 
Pose Type: core, seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Easy Boat Pose 


Sukha Navasana 
(SUK-uh nah-VAHS-uh-nuh) 
Modification: grabbing onto the outside edges of the feet, shins parallel to the floor 


Pose Type: core, seated 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pendant Pose 


Lolasana 

(lo-LAHS-uh-nuh) 

Modification: knees in front of chest, ankles crossed 
Pose Type: core, arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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BOAT POSE: BOTH KNEES BENT 
Boat Pose ° 


Navasana 
(nah-VAHS-uh-nuh) 


core, seated 


Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Keep your hands on the 
floor at the sides of your hips for support. Engage your mula bandha, uddhiyana bandha, and 
ujjayi breathing. 

2. Exhale, bend your knees, and slide your feet toward your sitting bones. Keep your feet and knees 
together. 

3. Inhale as you lengthen your spine. Engage your core and lean back. Make sure your spine is 
straight and your lower back is off the floor. 

4. Exhale and lift your feet off the floor until your shins are parallel to the floor. 


5. Once you have your balance, exhale and lift your arms off the floor, keeping them parallel to the 
floor. 


6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of pose. 


7. Inhale as you release the pose by lowering your hands and feet to the floor. Exhale and slide your 
feet out in front until your legs are straight to come back to the starting position. 


Variation: arms straight and parallel to the floor, knees bent, shins parallel to the floor 


nava = boat 


Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, ankles crossed, arms straight and parallel to the floor 
Pose Type: core, seated 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, fingertips to the floor, toes touching the floor 
Pose Type: core, seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, fingertips to the floor, shins parallel to the floor 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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BOAT POSE: BOTH LEGS STRAIGHT. 


Supported Boat Pose 


Salamba Navasana 

(SAH-luhn-buh nah-VAHS-uh-nuh) 

Modification: palms to the floor behind the hips 

1. both legs straight, fingertips pointing toward the hips 

2. both legs straight, both arms straight, fingertips pointing to the back 

Pose Type: core, seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Supported Boat Pose 


Salamba Navasana 

(SAH-luhn-buh nah-VAHS-uh-nuh) 

Modification: both arms wrapped around both legs, legs straight 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Supported Boat Pose—One-Handed 


Eka Hasta Salamba Navasana 

(EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: both legs straight; one arm straight, fingertips to the sky; other arm wrapping behind the 
ankles of both legs 

Pose Type: core, seated 

Drishti Point: Urdhva or Antara Drishti (up to the sky) or Hastagrai or Hastagre (hands) 


Supported Boat Pose 


Salamba Navasana 

(SAH-luhn-buh nah-VAHS-uh-nuh) 

Modification: fingertips on the floor, pointing to the front 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Supported Boat Pose 


Salamba Navasana 

(SAH-luhn-buh nah-VAHS-uh-nuh) 

Modification: grabbing behind the knees, legs straight 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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2.5 Electro-Smog 


There is almost no end to the possibilities of variation and one needs already a lot of 
‘overview and experience to determine the field strength maximum. Nevertheless we have 
to ask ourselves if in this way really all emissions of interference are understandable, that 
popularly are described as electro smog” 


Smog is the combination of the terms Smoke and Fog. It therefore describes a pressure on 
the environment with fog like smoke. When for instance in the case of smog alarm all 
interference sources are switched off, which means all kilns are brought to a stop and all 
automobiles are stopped, than the fog like smoke therefore still is not vanished from the 
ait. It just distributes itself and dissolves only very slowly. 


The transfer of the smog idea on the electromagnetic interference radiation is bound to fail 
because, when the test object is switched off no emission of interference at all is detectable 
‘with the usual measurement means. Nevertheless the rainbow-press is tying to enumerate 
almost all electromagnetic field phenomena under the term electro smog" without 
consideration of the fact that this tem is not at all a collection term, 
From the sight of an expert one can only speak of smog when something like smog 
remains and stays active further after the switching off of an electro technical apparatus. It 
should be a phenomenon that is not understandable by the standardized measurements. of 
interference radiation, Such a phenomenon would be eg. the vortex of the electric fied. 
However vortices are virtually not measurable in a direct way because they have the 
unpleasant property to whirl about around the measurement probe. But they will be 
detectable by their eddy losses and in the case of the electric field vortex appear as noise. 
Until now the standardizer however haven't planned to investigate the influence of an 
apparatus on the noise in the environment. Here we still grope in the dark. 


At least the vortex shows a storing property that would justify the use of the idea "smog". 
We'll have to investigate the phenomenon, 
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Complete Boat Pose 


Paripurna Navasana 

(puh-ri-POOR-nuh nah-VAHS-uh-nuh) 

Modification: arms straight and parallel to the floor, legs straight 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Boat Pose 


Ardha Navasana 

(UHR-duh nah-VAHS-uh-nuh) 

Modification: fingers interlocked behind the head 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Boat Pose 


Navasana 

(nah-VAHS-uh-nuh) 

Modification: palms and elbows together, elbows bent 

Pose Type: core, seated 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Unsupported Boat Pose 


Niralamba Navasana 

(nir-AH-luhm-buh nah-VAHS-uh-nuh) 

Modification: arms shoulder width apart 

Pose Type: core, seated 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Bhrumadhye or Ajna Chakra (third 
eye, between the eyebrows) 
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BOAT POSE: TWIST 


Revolved Boat Pose with Hands in Prayer 


Parivritta Navasana Namaskar 

(puh-ri-VRIT-tuh nah-VAHS-uh-nuk nuh-nwhs-KAHR) 

Pose Type: core, seated, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


Supported Boat Pose—One-Handed 


Eka Hasta Salamba Navasana 

(EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: both legs straight, ankles crossed; one arm straight, palm to the floor behind the hips; 
other arm wrapping behind the 

ankles of both legs 

Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Supported Boat Pose—One-Handed 


Parivritta Eka Hasta Salamba Navasana 

(puh-ri-VRIT-tuh EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: both legs straight, ankles crossed; arms straight, fingertips to the floor behind the hips, 
one hand grabbing onto the heel 

Pose Type: core, seated, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Supported Boat Pose—One-Handed 


Parivritta Eka Hasta Salamba Navasana 

(puh-ri-VRIT-tuh EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: one foot under the knee, other leg straight; one arm threaded under the bent leg, 
fingertips of the other hand on the floor 

Pose Type: core, seated, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Supported Boat Pose 


Parivritta Salamba Navasana 

(puh-ri-VRIT-tuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: ankles crossed, legs wrapped around the forearm 
Pose Type: core, seated, twist 

Drishti Point: Parshva (far to the right), Parshva (far to the left) 
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BOAT POSE: TWIST, SCISSOR LEGS 


Revolved Boat Pose 


Parivritta Navasana 

(puh-ri-VRIT-tuh nah-VAHS-uh-nuh) 

Modification: one leg over the shoulder, toes of the other leg to the floor 
1, front view 

2. back view 

Pose Type: core, seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Revolved Boat Pose 


Parivritta Navasana 

(puh-ri-VRIT-tuh nah-VAHS-uh-nuh) 

Modification: one leg over the shoulder, both legs straight 
1, front view 

2. back view 

Pose Type: core, seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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BOAT POSE: ONE LEG STRAIGHT, ONE LEG BENT 


One-Legged Supported Boat Pose 


Eka Pada Salamba Navasana 

(EY-kuh PUH-duh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: one leg straight, one knee bent and dropped to the side for support 

Pose Type: core, seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padayoragrai or 
Padayoragre (toes/feet) 
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One-Legged Supported Boat Pose 


Eka Pada Salamba Navasana 

(EY-kuh PUH-duh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: grabbing onto the back of the thighs for support; one leg straight, one leg bent—toes 
touching the floor 

Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One-Legged Unsupported Boat Pose 


Eka Pada Niralamba Navyasana 

(EY-kuh PUH-duh nir-AH-luhm-buh nah-VAHS-uh-nuh) 

Modification: one leg straight; one knee bent toward the chest, foot off the floor 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


e 


BOAT POSE: SCISSOR LEGS 


One-Legged Supported Boat Pose—One-Handed 


Eka Pada Eka Hasta Salamba Navasana 

(EY-kuh PUH-duh EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-ub-nuh) 

Modification: grabbing the outside edge of the foot with the opposite hand for support, leg straight, 
other arm up to the sky 

1. other leg bent, toes touching the floor 

2. other leg straight, foot off the floor 

Pose Type: core, seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 


Padayoragre (toes/feet) 
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BOAT POSE: ONE FOOT TO KNEE 


Upward Half Firelog Western Intense Stretch Pose 


Urdhva Ardha Agnistambha Paschimottanasana 

(OORD-vuh UHR-duh uhg-ni-STUHM-buh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Half Firelog Seated Forward Bend 

Modification: |. forehead to the shin 

2. forehead away from the shin 

Pose Type: core, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Baby Cradle Pose in Boat Pose 


Hindolasana in Navasana 

(hin-do-LAHS-uh-nuh in nah-VAHS-uh-nuh) 

Modification: foot of the bent leg to the back of the knee of the straight leg 
Pose Type: core, seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Yogic Staff Boat Pose 


Parivritta Yogadanda Navasana 


20 EMC-techniques to measure the stability against interference 


Test object 


ban 
Petes 
= a 
cintheliiee unsymmetrical asymmetrical 


test generator 


Fig, 2.6: Picking up of interference voltages in network lines.” 


<i> Emst Habiger: EMV, Huthig Buch Verlag Heidelberg (1992), 
ISBN 3-7785-2092-X 


(puh-ri-VRIT-tuh yo-guh-DUHN-duh nah-VAHS-uh-nuh) 

Modification: both knees bent; one arm behind the back, grabbing onto the ankle; other arm grabbing 
the outside edge of the foot 

Pose Type: core, seated, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Bound Yogic Staff Boat Pose 


Parivritta Baddha Yogadanda Navasana 
(puh-ri-VRIT-tuh BUH-duh yo-guh-DUHN-duh nah-VAHS-uh-nuh) 
Modification: binding around the straight leg 

Pose Type: core, seated, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Yogic Staff Boat Pose 


Parivritta Yogadanda Navasana 
(puh-ri-VRIT-tuh yo-guh-DUHN-duh nah-VAHS-uh-nuh) 


Modification: foot to the triceps; one arm grabbing onto the heel of the straight leg, other arm open to 


the side 
Pose Type: core, seated, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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BOAT POSE: ONE FOOT TO HIP SOCKET 


Upward One-Legged Half Lotus Western Intense Stretch Pose 


Urdhva Eka Pada Ardha Padma Paschimottanasana 
(OORD-vuh EY-kuh PUH-duh UHR-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 
Also Known As: Upward One-Legged Half Lotus Seated Forward Bend 
Modification: one hand grabbing onto the big toe, one hand on the hip 
Pose Type: core, seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward One-Legged Half Bound Lotus Western Intense Stretch Pose 


Urdhva Eka Pada Ardha Baddha Padma Paschimottanasana 
(OORD-vuh EY-kuh PUH-duh UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 


Also Known As: Upward One-Legged Half Bound Lotus Seated Forward Bend 
Pose Type: core, seated, forward bend, binding 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward One-Legged Half Bound Lotus Western Intense Stretch Pose 


Urdhva Eka Pada Ardha Baddha Padma Paschimottanasana 
(OORD-vuh EY-kuh PUH-duh UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward One-Legged Half Bound Lotus Seated Forward Bend 
Modification: grabbing onto the foot, hand between the calf muscle and the hamstring 
Pose Type: core, seated, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward One-Legged Half Lotus Western Intense Stretch Pose 


Urdhva Eka Pada Ardha Padma Paschimottanasana 
(OORD-vuh EY-kuh PUH-duh UHR-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 
Also Known As: Upward One-Legged Half Lotus Seated Forward Bend 
Modification: |. grabbing onto the wrist, hands over the foot 


2. grabbing onto the foot, nose to the shin 
Pose Type: core, seated, forward bend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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BOAT POSE: GRABBING ONTO FEET/TOES 


Big Toes Pose 


Ubhaya Padangusthasana 

(u-beve-uh puhd-ahng-goosh-TAHS-uh-nuh) 

Modification: grabbing onto the big toes, toes flexed in 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 
Modification: grabbing onto the heels, arms straight 

Pose Type: core, seated, forward bend, quadriceps to the chest 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 
Modification: grabbing onto the heels 

1. forehead away from the shins 

2. forehead to the shins 

Pose Type: core, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Facing Supported Western Intense Stretch 


Urdhva Mukha Salamba Paschimottanasana 

(OORD-vuh MUK-uh SAH-luhm-buh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 

Modification: arms reaching to the front, fingertips to the floor, 1. forehead away from the shins 
2. forehead to the shins 

Pose Type: core, seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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Bound Hands Upward Facing Western Intense Stretch 


Baddha Hasta Urdhva Mukha Paschimottanasana 
(BUH-duh HUH-stuh OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Bound Hands Upward Facing Seated Forward Bend 
Pose Type: core, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 
Modification: grabbing onto the ankles, forehead to the shins 
Pose Type: core, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


e00e 


Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 

Modification: grabbing onto the outside edges of the feet, feet hip distance apart, toes pointed 
Pose Type: core, seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ARM BALANCE: SITTING BONES & FEET OFF THE FLOOR 


Celibate Pose 


Brahmacharyasana 

(bruh-muh-chahr-YAHS-uh-nuh) 

Also Known As: Lifted Up Staff Pose (Dandasana Utpluti) 
Modification: fingers to the floor, thumbs pointing to the back 
Pose Type: core, arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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SIX TRIANGLES POSE 


Six Triangles Pose 


Shatkonasana 

(shuht-ko-NAHS-uh-nuh) 

Modification: top foot on the bottom knee 

1. fingertips to the temples 

2. one forearm to the floor, other arm wrapped around the top knee 
3. fingertips to the temples, elbow toward the top knee 

4. one elbow to the floor, other elbow to the top knee on the same side 
Pose Type: core, seated, twist 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 

2. Nasagrai or Nasagre (nose) 

3. Nasagrai or Nasagre (nose) 

4. Hastagrai or Hastagre (hands) 
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SUPINE: ONE LEG STRAIGHT, ONE LEG BENT 


Half Wind Relieving Pose 


Ardha Vayu Muktyasana 

(UHR-duh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Wind-Relieving Pose (Pavana Muktasana) 
Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tasks 2 


2.6 EMC-techniques to measure the stability against interference 


The question is: what kind and what intensity of an electromagnetic interference can an 
apparatus cope with without limiting it regarding its technical function. 
For that test generators are used and with their help interference signals are produced in 
the test object. Fig. 2.6 shows the possibilities of a symmetrical, of an unsymmetrical and 
of an asymmetrical production of interference voltage signals in the power supply lines of 
fan examinee. Over and above that the testing possibilities and testing methods are 
‘numerous. In principle the following processes are used: 
1. The simulation and production of interference factors typical for the network like 
harmonic waves on network voltages, overlapping signal voltages, changes of network 
voltage, decrease of network voltage, network interruptions, network unsymmetries and 
network frequency changes 
2 The production of both energy-poorer and energy-richer interference impulses like they 
‘can form in energy-networks by switching acts or by the effect of lightning (bust). 
3. The simulation of the course of events when static electricity discharges. 
4, Low-frequency magnetic fields like those that can form by network frequency operating 
and loading currents or by short-circuit and lightning currents in the form of a pulse. 
5. The stability against interference against the influence of an electromagnetic field also 
called radio interference firmness. For this purpose high-frequency generators and 
broadband antennas are used to expose the examinee 10 electromagnetic fields in a 
frequency range between 10 kHz and 18 GHz, At the moment tests are only performed 
between 27 and S00 MHz. The modulation of the carrier wave should be possible to be 
able to imitate the interferences by radio technology as realistic as possible. Thereby 
the field strength values can by all means reach up to several 100 Vim, 


In accordance with expectation the result of this irradiation with an outside field is that 
every conduction path and every wire can act as an antenna and therefore can produce 
high-frequency currents and measurable potentials. Building parts of the analog techno- 
logy as a consequence battle with problems of drift whereas with digital logic parts and 
computer parts the danger exists that switching states change unintentionally. Let us 
remember again the overlap effect of fig. 1.4. The electromagnetic wave itself marches 
with the speed of light through the examinee. When a small part of the wave finds an 
object that it can use as an antenna than the localized overlap comes into play. This than as 
1 cause is responsible for the effective and measurable antenna currents. Until here the text 
books help us to explain the problems that happen and to remove them logically. 

However time and again cases are reported where textbook physics can't help us any 
further. Spectacular cases even came to court like eg. the ABS (Antilock Braking System) 
‘of a truck that had failed due to EMC-interference radiation. As a consequence the brakes 
had failed. When after that the local radiation pollution is measured no anomaly at all can 
be discovered. The measurable field strength is not higher as is usual in the whole area 
Maybe you also have made the experience that often the causes can't be found when your 
‘computer suddenly "crashes" out ofthe blue 

Here the mentioned vortex of the electric field is capable to deliver plausible explanations 
because it is not bound to the geometry of an antenna and in addition is highly active 
without being detectable with the usual EMC measurement methods of the interference 
radiation measurement! 
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Revolved Half Wind Relieving Pose 


Parivritta Ardha Vayu Muktyasana 

(puh-ri-VRIT-tuh UHR-duh VAH-yu muk-TYAHS-ub-nuh) 

Modification: one knee bent, one leg straight 

Pose Type: core, supine, twist 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye (third eye, between the eyebrows) 
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SUPINE: BOTH LEGS STRAIGHT “SCISSORS” 


One-Legged Upward Extended Legs Pose 


Eka Pada Urdhva Prasarita Padasana 

(EY-kuh PUH-duh OORD-vuh pruh-SAH-ri-tuh puh-DAHS-uh-nuh) 

Modification: 1. one arm extended to sky, other palm to the floor, head on the floor 
2. one arm extended to sky, other palm to the floor, head and shoulders off the floor 
3. fingers interlocked behind the back of the head, head and shoulders off the floor 
Pose Type: core, supine 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SUPINE: BOTH LEGS STRAIGHT. 


Abdominal Lift Pose 


Jatharasana 

(jah-tuh-RAHS-uh-nuh) 

Modification: head on the floor, palms down by the hips 

Pose Type: core, supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Extended Legs Pose 


Urdhva Prasarita Padasana 

(OORD-vuh pruh-SAH-ri-tuh puh-DAHS-uh-nuh) 

Pose Type: core, supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ee 


Abdominal Lift Pose 


Jatharasana 

(jah-tuh-RAHS-uh-nuh) 

Modification: head and shoulders off the floor, feet off the floor 
Pose Type: core, supine 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SUPINE: BOTH LEGS STRAIGHT. 


Two-Legged Abdominal Lift Upward Extended Legs Pose 


Dwi Pada Jathara Urdhva Prasarita Padasana 

(DWLpuh-duh JAH-tuh-ruh OORD-vuh pruh-SAH-ri-tuh puh-DAHS-uh-nuh) 

Modification: with a yoga block 

Pose Type: core, supine 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padayoragrai or Padayoragre (toes/feet) 
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Abdominal Lift Upward Facing Western Intense Stretch 


Jathara Urdhva Mukha Paschimottanasana 
(JAH-tuh-ruh OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Abdominal Lift Upward Forward Bend 
Modification: head lifted off the floor, forehead to the shins 
Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose) 
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Abdominal Lift Upward Facing Western Intense Stretch 


Jathara Urdhva Mukha Paschimottanasana 
(JAH-tuh-ruh QORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Abdominal Lift Upward Forward Bend 
Modification: head lifted off the floor, legs crossed modification 
Pose Type: core, supine 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SUPINE: ONE LEG STRAIGHT, ONE KNEE BENT. 


Revolved Stomach One Leg Extended Pose 


Parivritta Jathara Utthita Eka Padasana 
(puh-ri-VRIT-tuh JAH-tuh-tuh UT-ti-tuh EY-kuh puh-DAHS-uh-nuh) 
Modification: foot to the elbow 

Pose Type: core, supine, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SUPINE: GARUDA LEGS ON THE BACK 


Reclining Abdominal Lift Pose Dedicated to Garuda 


Supta Jathara Garudasana 

(SUP-tuh JAH-tuh-ruh guh-ru-DAHS-uh-nuh) 

Pose Type: core, supine 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Reclining Abdominal Lift Pose Dedicated to Garuda 


Supta Jathara Garudasana 

(SUP-tuh JAH-tuh-ruh guh-ru-DAHS-uh-nuh) 

Modification: fingers to the temples, elbows to the knees 

Pose Type: core, supine 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padayoragrai or Padayoragre (toes/feet) 
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Abdominal Lift Pose Dedicated to Garuda 


Jathara Garudasana 
(JAH-tuh-ruh guh-ru-DAHS-uh-nuh) 


Modification: palms to the floor, arms straight, sitting bones lifted off the floor 
Pose Type: core, supine 
Drishti Point: Urdhva or Antara Drishti (up to the sky), Padayoragrai or Padayoragre (toes/feet) 
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Revolved Stomach Reclining Pose Dedicated to Garuda 


Parivritta Jathara Supta Garudasana 

(puh-ri-VRIT-tuh JAH-tuh-ruh SUP-tuh guh-ru-DAHS-uh-nuh) 

Modification: fingers to the temples, elbows out to the sides 

Pose Type: core, supine, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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SUPINE: FULL LOTUS 


Reclining Abdominal Lift Lotus Pose 


Supta Jathara Padmasana 

(SUP-tuh JAH-tuh-ruh puhd-MAHS-uh-nuh) 

Modification: fingers to the temples, knees up to the sky 
Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Stomach Reclining Lotus Pose 


Parivritta Jathara Supta Padmasana 

(puh-ri-VRIT-tuh JAH-tuh-ruh SUP-tuh puhd-MAHS-uh-nuh) 

Modification: fingers to the temples, elbows out to the sides 

1. back view 

2. front view 

Pose Type: core, supine, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Abdominal Lift Lotus Pose 


Jathara Padmasana 

(JAH-tuh-tuh puhd-MAHS-uh-nuh) 

Modification: palms on the floor, arms straight, sitting bones lifted off the floor 
Pose Type: core, supine 


Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Unsupported Abdominal Lift Lotus Pose 


Niralamba Jathara Padmasana 

(nir-AH-luhm-buh JAH-tuh-tuh puhd-MAHS-uh-nuh) 

Modification: arms extended in front, knees to the forearms 
Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose) 
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Fig. 2.7: Intensities of natural electromagnetic fields 
(electric, magnetic and 
electromagnetic fields) 


In addition to fig. 1.1, page 3, 
magnetic field in Gauss (= 10“ T), 


electric field in V/m. 


<>: AS, Presman: Electromagnetic Fields and Life 


Plenum Press, New York - London, 1970, 


RABBIT POSE 


ALL FOURS (VARIATIONS) 
PLANK POSE 


CHILD'S POSE 


Child’s Pose 


Balasana 

(bah-LAHS-uh-nuh) 

Also Known As: Child’s Pose (Garbhasana) 

Modification: arms extended to the back, palms up; toes pointed to the back 
Pose Type: forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Child’s Pose 


Balasana 

(bah-LAHS-uh-nuh) 

Also Known As: Child’s Pose (Garbhasana) 

Modification: arms extended to the front, palms down; toes pointed to the back 
Pose Type: forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Child’s Pose 


Balasana 

(bah-LAHS-uh-nuh) 

Modification: arms extended to the front, palms down; toes curled in 
Pose Type: forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands to the Side Child’s Pose 


Parshva Hasta Balasana 

(PAHRSH-vuh HUH-stuh bah-LAHS-uh-nuh) 

Pose Type: forward bend, side bend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Hand Position of the Pose Dedicated to Garuda in Child’s Pose 


Hasta Garudasana in Balasana 


(HUH-stuh guh-ru-DAHS-uh-nuh in bah-LAHS-uh-nuh) 
Pose Type: forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Child’s Pose 


Balasana 

(bah-LAHS-uh-nuh) 

Modification: knees open wide; palms pressed together, fingers spread wide, thumbs to the upper 
back 

Pose Type: forward bend, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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CHILD’S POSE: TWISTS 


Revolved Side Child’s Pose 


Parivritta Parshva Balasana 
(puh-ri-VRIT-tuh PAHRSH-vuh bah-LAHS-uh-nuh) 


Pose Type: forward bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands to Legs Bound Revolved Child’s Pose 


Dwi Hasta Pada Baddha Parivritta Balasana 
(DWI-huh-stuh PUH-duh BUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Pose Type: forward bend, twist, binding 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
eo 


Leg Position of the Pose Dedicated to Garuda in Revolved Child’s Pose 


Pada Garudasana in Parivritta Balasana 
(PUH-duh guh-ru-DAHS-uh-nuh in puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Modification: hands in Anjali Mudra (Hands in Prayer) 
Pose Type: forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Child’s Pose 


Parivritta Balasana 

(puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 

Also Known As: Turned Child’s Pose (Parshva Balasana) 

Modification: bottom arm straight out to the side; top arm bent at 90 degrees, palm to the floor 
overhead 

Pose Type: forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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One Hand Bound Revolved Child’s Pose 


Eka Hasta Baddha Parivritta Balasana 
(EY-kuh HUH-stuh BUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Modification: grabbing onto the quadricep 

Pose Type: forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHILD'S POSE: TWISTS & HALF LOTUS BINDING 


Hand to Foot Revolved Side Child’s Pose 


Hasta Pada Parivritta Parshva Balasana 
(HUH-stuh PUH-duh puh-ri-VRIT-tuh PAHRSH-vuh bah-LAHS-uh-nuh) 
Modification: foot resting on the back of the knee 

Pose Type: forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands to Feet Half Bound Lotus Revolved Child’s Pose 


Dwi Hasta Pada Ardha Baddha Padma Parivritta Balasana 
(DWI-huh-stuh PUH-duh UHR-duh BUH-duh PUHD-muh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Pose Type: forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


e30 


Half Bound Lotus Revolved Child’s Pose 


Ardha Baddha Padma Parivritta Balasana 

(UHR-duh BUH-duh PUHD-muh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 

Modification: torso twisting to the outside of the body, hand binding to the foot 
Pose Type: forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Bound Lotus Revolved Child’s Pose 


Ardha Baddha Padma Parivritta Balasana 

(UHR-duh BUH-duh PUHD-muh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 

Modification: torso twisting to the inside of the body, hand binding to the shin 
Pose Type: forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHILD'S POSE: TWISTS—ONE-LEGGED—BACK FOOT IN THE AIR 


Equilibrium One-Legged Revolved Child’s Pose with Hands in Prayer 


Tulya Eka Pada Parivritta Balasana Namaskar 
(TUL-yuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh nuh-muhs-KAHR) 
Modification: knee of the top leg bent 

Pose Type: forward bend, twist 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Half Bow Pose in Equilibrium One-Legged Revolved Child’s Pose 


Ardha Dhanurasana in Tulya Eka Pada Parivritta Balasana 
(UHR-duh duh-nur-AHS-uh-nuh in TUL-yuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Pose Type: forward bend, twist, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Half Bow Pose in Equilibrium One-Legged Revolved Child’s 
Pose 


Parivritta Ardha Dhanurasana in Tulya Eka Pada Parivritta Balasana 
(puh-ri-VRIT-tuh UHR-duh duh-nur-AHS-uh-nuh in TUL-yuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Pose Type: forward bend, twist, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Bow Pose in Equilibrium One-Legged Revolved Child’s Pose 


Ardha Dhanurasana in Tulya Eka Pada Parivritta Balasana 
(UHR-duh duh-nur-AHS-uh-nuh in TUL-yuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Modification: back heel toward the sitting bone 

Pose Type: forward bend, twist, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Tasks 23 


2.7 Tasks of the biological compatibility 


The second leg of the environmental compatibility (EC) forms the biological compatibility 
(BC) besides the electromagnetic environmental compatibility. Whereas the interests of 
the EMC are looked after by electrotechnical engineers and clectrophysicists, with the BC 
also doctors, biologists and architects are addressed. 

Moreover this leg is already very old and already existed long before artificial interference 
sources could be created by mankind. The interaction between the arising interference 
sources in nature and the biological systems in general and specially men always 
interested the doctors, the priests, the druids and geomants, that not seldom looked after 
several functions in personal union equally. Unfortunately they as a rule have kept their 
Knowledge and capabilities as secret knowledge, didn't make any recordings and merely 
initiated and trained their respective successors. Through that a great deal got lost and 
today non-medical practitioners, homeopaths and esoterics trouble themselves to take up 
to the far-reaching buried knowledge. 

Because this concems pure knowledge by experience, often the with the topic occupied 
persons themselves are not capable to say anything about the physical backgrounds and 
causes. One concentrates entirely on the under certain circumstances reachable results and 
‘only in rare cases on reproducable effects. In some areas the scientific assignment already 
hhas succeeded, have parascientific phenomena managed their admission in the so called 
“exact sciences", but in most experience disciplines the assignment is still due. There still 
is a lot to do here. 


In the time as there not yet were operated any artificial interference sources on our planet, 
the senses of man naturally were a whole lot sharper for his electromagnetic environment 
as today. Today, where there scarcely is a place on earth where we are not irradiated by 
terestrial transmitters, by satellites or by the netirequency that is measurable everywhere. 
In the bluntness of our senses perhaps the hybris of modem man is founded, with which he 
wants to rise himself above esotericism, geomancy and other sciences of experience and 
thereby dispute the electric and magnetic fields their biological effectiveness, 


The fields of natural origin form an electromagnetic environment for men, that they have 
adapted to and that they probably need for a life in accord with nature. The evolution has 
taken care for a corresponding adaptation. 

In fig. 2.7 in addition to the limits from fig. 1.1 the intensities of natural electromagnetic 
fields are registered”. They lie clearly lower as the recommended limits but exactly in the 
area wherein the first reactions of living beings are observable. 


When we ask us how much electromagnetism is good for us and how much harms us so 
the obvious answer is: exactly as much radiation as nature dictates in the fluctuations 
between day and night, between the months, years and in the end between the cycles of 
sunspots of 11 years. Here the guide value is found that man and nature have adapted, 
themselves to. In fig. 2.7 the corresponding area between the natural minimum and 
‘maximum values is given 
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Equilibrium One-Legged Revolved Child’s Pose 


Tulya Eka Pada Parivritta Balasana 
(TUL-yuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 


Modification: one leg straight, other knee bent, heel toward the sitting bone 
Pose Type: forward bend, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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RABBIT POSE 


Hands Bound Qeoeges 
Rabbit Pose 


Baddha Hasta Sasangasana 

(BUH-duh HUH-stuh shuh-shahng-AHS-uh-nuh) 

Pose Type: forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Nabhi, Nabhicakre, or Nabi Chakra (belly button) 


How to Perform the Pose: 


1. Begin by sitting on your heels in Hero Pose (Virasana). Engage your mula bandha, uddhiyana 
bandha, and ujjayi breathing. 

2. Exhale and bend forward, letting the crown of your head touch the floor, and lift your sitting bones 
off your heels. Grab onto your heels with both your hands, keeping your arms on the outsides of 
your shins. 

3. Exhale as you rock forward, bringing your forehead toward your knees. Feel the stretch in the 
upper back between your shoulder blades. 

4. Inhale as you lift your hands off your heels and interlock your fingers behind your back. Try to 
press your palms together. Exhale and stretch your arms up to the sky behind your back. Feel the 
stretch in your front shoulder heads and your chest (Pose #1). You can experiment by leaving your 
sitting bones on the heels and moving your forehead away from your knees (Pose #2). 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

6. Inhale as you release the arms. Exhale as you straighten your spine, coming back to Hero Pose 
(Virasana). 


Modification: 
1, forehead to the knees, sitting bones lifted 
2. forehead away from the knees, sitting bones to the heels 


baddha = bound 
hasta = hand 


sasanga = rabbit 


Rabbit Pose 


Sasangasana 
(shuh-shahn-GAHS-uh-nuh) 


Also Known As: Rabbit Foot Pose 

Pose Type: forward bend, inversion 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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COW POSE ON THE HEAD: HALF LOTUS & GARUDA LEGS 


Half Bound Lotus Cow Pose on the Head 


Ardha Baddha Padma Shirsha Bitilasana 

(UHR-duh BUH-duh PUHD-muh SHEER-shuh bee-til-AHS-uh-nuh) 

Also Known As: Ardha Baddha Padma Shirsha Gavasana* 

Modification: crown of the head to the floor 

Pose Type: forward bend, inversion, binding 

Drishti Point: Nasagrai or Nasagre (nose), Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
eseo 
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Reverse Prayer in Leg Position of the Pose Dedicated to Garuda in Cow 
Pose on the Head 


Viparita Namaskar in Pada Garudasana in Shirsha Bitilasana 

(vi-puh-REE-twh nuh-muhs-KAHR in PUH-duh guh-ru-DAHS-uh-nuh in SHEER-shuh bee-til-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Leg Position of the Pose Dedicated to Garuda in Cow Pose 
on the Head (Paschima Namaskara Pada Garudasana in Shirsha Bitilasana) 

Pose Type: forward bend, inversion 

Drishti Point: Nasagrai or Nasagre (nose), Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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COW POSE ON THE HEAD: HEELS TO THE SITTING BONES & HEELS TO THE OUTSIDE OF THE HIPS 


Both Hands to the Legs Cow Pose on the Head 


Dwi Hasta Pada Shirsha Bitilasana 

(DWI-huh-stuh PUH-duh SHEER-shuh bee-til-AHS-uh-nuh) 

Modification: heels toward the sitting bones 

Pose Type: forward bend, inversion 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Both Hands to the Feet Cow Pose on the Head 


Dwi Hasta Pada Shirsha Bitilasana 

(DWI-huh-stuh PUH-duh SHEER-shuh bee-til-AHS-uh-nuh) 

Modification: heels to the outside of the hips 

Pose Type: forward bend, inversion 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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ALL FOURS: NEUTRAL SPINE 


Cow Pose 


Bitilasana 

(bee-til-AHS-uh-nuh) 

Also Known As: Table Pose (Bharmanasana) 

Pose Type: standing (hands and knees) 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Intense Wrist Stretch Cow Pose 


Uttana Manibandha Bitilasana 

(ut-TAHN-uh muh-ni-BUHN-duh bee-til-AHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 

Pose Type: standing (hands and knees) 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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One Hand Cow Pose 


Eka Hasta Bitilasana 

(EY-kuh HUH-stuh bee-til-AHS-uh-nuh) 

Also Known As: Table Pose (Bharmanasana) 

Pose Type: standing (hands and knees) 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Leg Position of the Pose Dedicated to Garuda in Cow Pose 


Pada Garudasana in Bitilasana 

(PUH-duh guh-ru-DAHS-uh-nuh in bee-til-AHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 

Pose Type: standing (on hands and knees) 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Lotus Pose in Cow Pose 


Padmasana in Bitilasana 

(puhd-MAHS-uh-nuh in bee-til-AHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 

Pose Type: standing (on hands and knees) 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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ALL FOURS: NEUTRAL SPINE—ONE LEG EXTENDED TO THE BACK 


Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 
Modification: neutral spine 

Pose Type: standing (hands and knees) 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One Hand One-Legged Cow Pose 


Eka Hasta Eka Pada Bitilasana 

(EY-kuh HUH-stuh EY-kuh PUH-duh bee-til-AHS-uh-nuh) 

Also Known As: Cat Pose (Marjarasana), Balancing Table Pose Modification (Dandayamana 
Bharmanasana) 

Modification: neutral spine 

1. arm reaching to the front, opposite leg reaching to the back 

2. arm reaching to the back, opposite leg reaching to the back 


24 Natural fields 


Irradiation strengths of the field radiation in the biosphere and 
how the optical windows are situated in the atmosphere™. 
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Fig. 2.8: Absorption dependent on frequency in the atmosphere 


<i>: entnommen aus: H.L, Konig: Unsichtbare Umwelt (Wetterfubligk,), $. Aull, 
Bild 8, Seite 14, Verl. Moos & Partner Milnchen, ISBN 3-89164-058-7 


3. arm reaching to the back, leg reaching to the back on the same side 
Pose Type: standing (hands and knees) 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One Knee Cow Pose 


Eka Janu Bitilasana 

(EY-kuh JAH-nu bee-til-AHS-uh-nuh) 

Also Known As: Unsupported Balancing Table Pose Modification (Niralamba Dandayamana 
Bharmanasana) 

Pose Type: standing (on the knee), balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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ALL FOURS: NEUTRAL SPINE—ONE LEG EXTENDED TO THE BACK—HALF LOTUS 


Downward Facing Pose Dedicated to Kashyapa 


Adho Mukha Kashyapasana 

(uh-DO MUK-uh kah-shyuh-PAHS-uh-nuh) 

Modification: Leg 1: knee on the floor Leg 2: foot on the floor 

Pose Type: arm balance, binding 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Downward Facing Pose Dedicated to Kasyapa 


Adho Mukha Kasyapasana 
(uh-DO MUK-uh kah-shyuh-PAHS-uh-nuh) 
Modification: Leg 1: knee on the floor Leg 2: foot off the floor 
Pose Type: arm balance, binding 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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ALL FOURS: CAT TILT 


Downward Facing Cat Pose 


Adho Mukha Marjarasana 

(uh-DO MUK-uh mahr-jah-RAHS-uh-nuh) 

Modification: toes pointing away from the head 

Pose Type: standing (on hands and knees), forward bend 
Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Downward Facing Cat Pose 


Adho Mukha Marjarasana 

(uh-DO MUK-uh mahr-jah-RAHS-uh-nuh) 

Modification: arms straight to the front, fingertips to the floor; rocking back, toes curled in 
Pose Type: standing (on hands and knees), forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 
Modification: knee to the forehead 

Pose Type: standing (on hands and knees), forward bend 
Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 
Modification: knee to the shoulder on the same side 
Pose Type: standing (on hands and knees), forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 
Modification: knee to the opposite tricep 

Pose Type: standing (on hands and knees), forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 

Modification: shoulder to the back of the knee; back leg, toes curled in 

Pose Type: standing (on hands and knees), forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 

Modification: one hand to the heart 

1. back of the knee to the shoulder, leg bent 

2. back of the knee to the shoulder, leg straight 

Pose Type: standing (on hands and knees), forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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ALL FOURS: DOG TILT 


Upward Facing Dog Pose Tilt 


Urdhva Mukha Shvanasana Tilt 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Balancing Table Pose Modification (Niralamba Dandayamana Bharmanasana) 
Modification: one leg straight out, toes pointing away from the head 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Tiger Pose 


Niralamba Vyaghrasana 

(nir-AH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: One-Legged Bow Pose from All Fours (Eka Pada Dhanurasana), Balancing Table 
Pose Modification (Dandayamana Bharmanasana) 

Modification: grabbing onto the foot with under-head grip on the same side 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Unsupported Tiger Pose 


Niralamba Vyaghrasana 

(nir-AH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: One-Legged Bow Pose from All Fours (Eka Pada Dhanurasana), Balancing Table 
Pose Modification (Dandayamana Bharmanasana) 

Modification: grabbing onto the shin with under-head grip on the opposite side 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Tiger Pose 


Niralamba Vyaghrasana 

(nir-AH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: Balancing Table Pose Modification (Dandayamana Bharmanasana) 
Modification: grabbing onto the foot with overhead grip on the same side, foot toward the head 
1. toes pointing away from the head 

2. toes curled in 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Tiger Pose 


Niralamba Vyaghrasana 

(nir-AH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: Balancing Table Pose Modification (Dandayamana Bharmanasana) 
Modification: grabbing onto the foot with overhead grip on the opposite side, foot away from the 
head, toes curled in 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ALL FOURS: FOREARMS 


Cow Pose 


Bitilasana 

(bee-til-AHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 

Modification: forearms to the floor 

Pose Type: standing (on forearms and knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Frog Pose in Cow Pose 


Mandukasana in Bitilasana 

(muhn-doo-KAHS-uh-nuh in bee-til-AHS-uh-nuh) 

Also Known As: Frog Pose in Table Pose Modification (Mandukasana in Bharmanasana) 
Modification: forearms to the floor, knees open wider than hips 

Pose Type: standing (on forearms and knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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2.8 Natural fields 


Our electromagnetic environment has something to offer: 
From the magnetic north pole to the magnetic south pole of the earth run the field lines of 
the earth's magnetic field that we are exposed to. With a compass we use the vector 
character of the magnetic field to fix our position. The induction averaged over time is 
approx. 50 uT. But it is overlapped by short-time fluctuations caused by geomagnetic 
storms in the ionosphere, 


These storms again are caused by the eddy currents and the currents of charged particles 
that come from the sun, At the same time these eddy currents in the ionosphere together 
‘with the earth's magnetic field form a protective shield with a excellent screening effect 
for us inhabitants of earth. 

In several layers like for instance the ozone and Heaviside layers a filtering and damping 
until the complete suppression of the very broad cosmic spectrum is caused. This 
extraterrestrial spectrum of radiation doesn't leave a single frequency out and has a lethal 
intensity for us. 


Only for a little window in the frequency spectrum, radiation can pass almost undamped, 
as can be seen in fig. 2.8: the light with the spectrum of the colors. For this nature has 
donated man a sense organ so that man can protect himself against too high dose values. 
After all, who will look voluntarily into the sun? We only get into trouble when our sense 
forgan doesn't function any more (for instance in the fringe range of the visible spectrum, 
the UV-range). 


For other frequencies of electromagnetic radiation man neither has a sense organ but that 
doesn't mean that he is not influenced by these. Here, as in the UV-range he only 
indirectly notices that he has got too high a dose when he’ has to discover some influences 
fon his well-being and his health. Without the help of neutral measurement apparatus he 
himself by no means is in a position to make a connection between an excessive 
exposition to radiation and his health problems. 


When natural field strengths should be used as a measure for technical limits, so there 
should be paid attention to the fact that nature doesn't know intense continuous 
irradiation. The values are subject to powerful fluctuations that leave men and nature the 

chance to regenerate 

The television stations not even think it is necessary to reduce their broadcasting power 

after the end of broadcasts and further sprinkle the sleeping population with test signals, 

‘with senseless pictures of going by underground or nonstop program advertisements, 

People need the intermissions. That again shows how good nature means it with us 
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Uneven Wounded Duck Pose Prep. 


Vishama Pungu Karandavasana Prep. 

(VISH-wh-muh pung-u kahr-uhn-duh-VAHS-uh-nuh) 

Modification: one forearm to the floor, toes of both feet on the floor 
Pose Type: standing (on forearms and feet), forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Supported Tiger Pose 


Salamba Vyaghrasana (SAH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 

Modification: forearm on the floor, one hand to the heart; back of the knee to the shoulder, leg straight 
Pose Type: standing (on forearms and knees), forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Supported Tiger Pose 


Salamba Vyaghrasana (SAH-luhm-buh-nuh vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 

Modification: forearm on the floor, grabbing onto the foot with under-head grip on the opposite side 
Pose Type: standing (on forearms and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


ec00¢e 


ALL FOURS: FOREARMS—TWISTS. 


Hand to Leg Sideways Leg Position of Cow Face Pose in Cow Pose 


Hasta Pada Parshva Pada Gomukhasana in Bitilasana 
(HUH-stuh PUH-duh PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh in bee-til-AHS-uh-nuh) 
Modification: forearm to the floor 

Pose Type: standing (on forearms and knees), twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Bound Sideways Leg Position of Cow Face Pose in Cow Pose 


Ardha Baddha Parshva Pada Gomukhasana in Bitilasana 
(UHR-duh BUH-duh PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh in bee-til-AHS-uh-nuh) 
Modification: forearm to the floor 

Pose Type: standing (on forearms and knees), twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ALL FOURS: FOREARMS—HALF LOTUS 


Half Lotus Cow Pose 


Ardha Padma Bitilasana 

(UHR-duh PUHD-muh bee-til-AHS-uh-nuh) 

Also Known As: Half Lotus Table Pose Modification (Ardha Padma Bharmanasana) 
Modification: forearms to the floor 

Pose Type: standing (on forearms and knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Half Lotus Cow Pose 


Parivritta Ardha Padma Bitilasana 

(puh-ri-VRIT-uh UHR-duh PUHD-muh bee-til-AHS-uh-nuh) 

Also Known As: Revolved Half Lotus Table Pose Modification (Parivritta Ardha Padma 
Bharmanasana) 

Modification: forearm on the floor, other hand behind the back 

Pose Type: standing (on forearms and knees), twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Bound Lotus Cow Pose 


Ardha Baddha Padma Bitilasana 

(UHR-duh PUHD-muh bee-til-AHS-uh-nuh) 

Also Known As: Half Bound Lotus Table Pose Modification (Ardha Baddha Padma Bharmanasana) 
Modification: forearm to the floor 

Pose Type: standing (on forearms and knees), binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Half Lotus Cow Pose 


Parivritta Ardha Padma Bitilasana 

(puh-ri-VRIT-uh UHR-duh PUHD-muh bee-til-AHS-uh-nuh) 

Also Known As: Revolved Half Lotus Table Pose Modification (Parivritta Ardha Padma 
Bharmanasana) 

Modification: forearm on the floor, top arm up to the sky 

1. back view 

2. front view 

Pose Type: standing (on forearms and knees), twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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PLANK POSE: ON THE FINGERTIPS & ARMS CROSSED 


Extended Four Limbs Staff Pose 


Utthita Chaturanga Dandasana 
(UT-ti-tuh chuh-tur-UHNG-guh-uh duhn-DAHS-uh-nuh) 
Also Known As: High Plank 

Modification: on the fingertips 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Four Limbs Staff Pose 


Utthita Chaturanga Dandasana 
(UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: High Plank 
Modification: arms crossed 

1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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PLANK POSE: LEG MODIFICATIONS 


Extended Four Limbs Staff Pose 


Utthita Chaturanga Dandasana 
(UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: High Plank Modification 
Modification: 1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Extended Four Limbs Staff Pose 


Eka Pada Utthita Chaturanga Dandasana 

(EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: One-Legged High Plank Modification 
Modification: knee to the nose 

Pose Type: arm balance, forward bend, core 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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One-Legged Extended Four Limbs Staff Pose 


Eka Pada Utthita Chaturanga Dandasana 
(EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: One-Legged High Plank Modification 
Modification: knee to the shoulder on the same side 
Pose Type: arm balance, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Extended Four Limbs Staff Pose 


Eka Pada Utthita Chaturanga Dandasana 
(EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: One-Legged High Plank Modification 
Modification: foot wrapping around the calf muscle 
Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Extended Four Limbs Staff Pose 


Parivritta Utthita Chaturanga Dandasana 

(puh-ri-VRIT-tuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: Revolved High Plank Modification 

Pose Type: arm balance, twist, core 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


PLANK POSE: ARM AND LEG MODIFICATIONS 


One-Legged Extended Four Limbs Staff Pose 


Eka Pada Utthita Chaturanga Dandasana 
(EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: One-Legged High Plank Modification 
Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand Extended Four Limbs Staff Pose 


Eka Hasta Utthita Chaturanga Dandasana 

(EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: One Hand High Plank Modification 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Fig. 2.9: Spectrum of frequency of one lightning, 
measured 

field strength at a distance of 1.6 km from the place 
of origin. See Watt and Maxwell: 


from: 
<i>: HEL, Konig: Unsichibare Umwelt (Weiterfubligk, 
Verl. Moos & Partner Munchen, ISBN 3-89164-058-7, see <i 


Aull, Bid 38, Seite 27, 
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One Hand Extended Four Limbs Staff Pose 


Eka Hasta Utthita Chaturanga Dandasana 

(EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duln-DAHS-uh-nuh) 

Also Known As: One Hand High Plank Modification 

Modification: hand to the heart 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushtha Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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One Leg One Hand Extended Four Limbs Staff Pose 


Eka Pada Eka Hasta Utthita Chaturanga Dandasana 

(EY-kuh PUH-duh EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: One Hand High Plank Modification 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Tree Pose in One-Legged Extended Four Limbs Staff Pose 


Vrikshasana in Eka Pada Utthita Chaturanga Dandasana 
(vrik-SHAHS-uh-nuh in EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Tree Pose in One-Legged High Plank Modification 
Modification: 1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Four Limbs Staff Pose 


Utthita Chaturanga Dandasana 

(UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: High Plank Modification 

Modification: arms extended to the front, tops of the feet on the floor 
1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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PLANK PO! 


Leg to the Side Revolved One Hand Extended Four Limbs Staff Pose 


Parshva Pada Parivritta Eka Hasta Utthita Chaturanga Dandasana 
(PAHRSH-vuh PUH-duh puh-ri-VRIT-tuh EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Leg to the Side Revolved One Hand High Plank Modification 
Modification: |. back knee on the floor 

2. back knee off the floor, knee bent 

3. back knee off the floor, both legs straight 

4. back knee off the floor, knee bent, toes of the straight leg pointed 

Pose Type: arm balance, twist, core 


Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved One Hand Extended Four Limbs Staff Pose 


Parivritta Eka Hasta Utthita Chaturanga Dandasana 
(puh-ri-VRIT-tuh EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Revolved One Hand High Plank Modification 
Modification: |. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, twist, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Leg to the Side Extended Four Limbs Staff Pose 


Parivritta Parshva Pada Utthita Chaturanga Dandasana 
(puh-ri-VRIT-tuh PAHRSH-vuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Revolved Leg to the Side High Plank Modification 
Modification: leg sweeping under the torso 

Pose Type: arm balance, twist, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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PLANK POSE: ONE LEG TO THE SIDE 


Leg to the Side Extended Four Limbs Staff Pose 


Parshva Pada Utthita Chaturanga Dandasana 
(PAHRSH-vuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Leg to the Side High Plank Modification 
Modification: 1. back knee on the floor 

2. back knee off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward One Leg to the Side Extended Four Limbs Staff Pose 


Urdhva Parshva Eka Pada Utthita Chaturanga Dandasana 
(OORD-vuh PAHRSH-vuh EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Leg to the Side One-Legged High Plank Modification 
Modification: back knee off the floor, other leg off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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PLANK ON FOREARMS 


Staff Pose Dedicated to Makara 


Makara Dandasana 

(MUH-kuh-ruh duhn-DAHS-uh-nuh) 

Also Known olphin Plank Modification 

Pose Type: forearm balance, core 

Drishti Point: Nasagrai or Nasagre (nose), Angushtamadhye or Angushta Ma Dyai (thumbs) 


One Hand Staff Pose Dedicated to Makara 


Eka Hasta Makara Dandasana 

(EY-kuh HUH-stuh MUH-kuh-ruh duhn-DAHS-uh-nuh) 

Also Known As: One Hand Dolphin Plank Modification 

Pose Type: forearm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Staff Pose Dedicated to Makara 


Eka Pada Makara Dandasana 

(EY-kuh PUH-duh MUH-kuh-ruh duhn-DAHS-uh-nuh) 

Also Known As: One-Legged Dolphin Plank Modification 
Pose Type: forearm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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PLANK ON ELBOW 


Uneven Repose Staff Pose 


Vishama Sayana Dandasana 

(VISH-wh-muh SHUH-yuh-nuh duhn-DAHS-uh-nuh) 

Also Known As: Uneven Elbow Plank Pose Modification 

Modification: one hand to the face, one forearm to the floor 

Pose Type: forearm/elbow balance, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Repose Staff Pose 


Sayana Dandasana 

(SHUH-yuh-nuh duhn-DAHS-uh-nuh) 

Also Known As: Elbow Plank 

Pose Type: elbow balance, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Leg Position of One-Legged King Pigeon 1 Version B in Repose Staff 


Pose 


Pada Eka Pada Raja Kapotasana 1B in Sayana Dandasana 
(PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh in SHUH-yuh-nuh duhn-DAHS-uh-nuh) 
Pose Type: elbow balance, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PLANK ON FOREARMS: TWIST 


Revolved One Hand Staff Pose Dedicated to Makara 


Parivritta Eka Hasta Makara Dandasana 
(puh-ri-VRIT-tuh EY-kuh HUH-stuh MUH-kuh-ruh duhn-DAHS-uh-nuh) 
Also Known As: Revolved Dolphin Plank Modification 
Modification: | & 2. knees on the floor, front and back view 

3 & 4. knees off the floor, front and back view 

Pose Type: forearm balance, twist, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tasks 27 


2.9 Electricity of the air 


The electrostatic field strength of the earth lies between 30 and $00 Vim. That is a whole 
lot considering that voltages off 60 Volts can be lethal for man. But a living person 
distorts the terrestrial E-field for reason of his own field and his electric conductivity, so 
that there exists no danger for him as long as he doesn't grow into the sky 


Maybe the dinosaurs had to become extinet because they were to big and for instance the 
E-field near the ground had risen with a jump by @ meteorite that brought a high charge 
from the cosmos. That would explain why the smaller living beings could survive the 
natural disaster. 


‘Also the thunderstorm electricity can become life-threatening. Burns, heart and brain 
failures are the most common consequences. After all the probability to be struck by 

lightning is four times higher as to have six right ones in the lottery. 

Over the lightning channel of approx. 1 meter in diameter charges between 10 and 200 C 

are transported what results in current strengths of 2000 up to 200,000 A. The main 

discharge lasts between 10 and 50 usee. With the preceding and all the following 
discharges it lasts over a second. 

Field strengths on the scale of 4,000 V/m are typical but ina distance of S km these wear 
off to 8 V/m. The frequency spectrum ofa lightning reaches 4 powers often into the range 
‘of the radio waves. In fig. 2.9 is shown the field strength measured in a distance of 1.6 km. 

fiom the place of origin 


The origin of lightnings is still an unsolved problem after the well-known models (Wilson) 
are not in a position to explain the reason for the origin of the potential difference of more 
than 100 million Volts requited for the ionization of the air. Also the lightnings that struck 
in the direction of -— the ~—ionosphere—still,~—=sare.—-mysterious. 
‘We'll have to come back to this. 


<i>: HLL. Konig: Unsichtbare Umwelt (Wetterfubligkeit), 5. Aufl., Bild 38, Seite 27, 
Verlag Moos & Partner Munchen, ISBN 3-89164-058-7, according to <ii>. 
<ii>: A. D. Watt and E. L, Maxwell: Characterisic of Atmospheric Noise from 1 to 
100. Kes. Symposium on the ‘Propagation of += VLF_— Waves, 
Boulder, Col., Paper 35, Jan. 1957. 

<iii>: see Part 1, chapter 5.4 and part 2, chapter 14.11 
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PLANK ON FOREARMS: UNEVEN LEG AND ARM POSITIONS, 


Uneven Staff Pose Dedicated to Makara 


Vishama Makara Dandasana 

(VISH-wh-muh MUH-kuh-ruh duhn-DAHS-uh-nuh) 

Also Known As: Uneven Dolphin Plank Modification 

Modification: one elbow bent at 90 degrees, other forearm to the floor, knees on the floor 
Pose Type: arm/forearm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


Hand to the Leg Sideways Uneven Legs Staff Pose Dedicated to Makara 


Hasta Pada Parshva Vishama Pada Makara Dandasana 
(HUH-stuh PUH-duh PAHRSH-vuh VISH-wh-muh PUH-duh MUH-kuh-ruh duhn-DAHS-uh-nuh) 
Also Known As: Hand to the Leg Sideways Dolphin Plank Modification 
Pose Type: forearm balance, twist, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Uneven Staff Pose Dedicated to Makara 


Vishama Makara Dandasana 

(VISH-wh-muh MUH-kuh-ruh duhn-DAHS-uh-nuh) 

Also Known As: Uneven Dolphin Plank Modification 

Modification: one elbow bent at 90 degrees, other forearm to the floor, knees off the floor 1. left 
forearm on the floor, right arm at 90 degrees 

2. right forearm on the floor, left arm at 90 degrees 

Pose Type: arm/forearm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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FOUR LIMBED STAFF POSE: KNEES ON THE FLOOR 


Four Limbed Staff Pose 


Chaturanga Dandasana 
(chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees on the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand Four Limbed Staff Pose 


Eka Hasta Chaturanga Dandasana 
(EY-kuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees on the floor 

1. starting position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lion Pose Dedicated to an Avatar of Lord Vishnu in Four Limbed Staff 
Pose 


Narasimhasana in Chaturanga Dandasana 

(nuh-ruh-sim-HAHS-uh-nuk in chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: Lion Pose (Simhasana) 

Modification: |. on the fingertips 

2. on the fists 

Pose Type: arm balance, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Leg Position of One-Legged King Pigeon 1 Version B in Four Limbed 
Staff Pose 


Pada Eka Pada Raja Kapotasana 1 B in Chaturanga Dandasana 

(PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: bottom knee bent and on the floor; top leg straight—knee resting on the sole of the 
bottom foot 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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FOUR LIMBED STAFF POSE: KNEES OFF THE FLOOR 


Four Limbed Staff Pose 


Chaturanga Dandasana 
(chuh-tur-UHNG-guh duln-DAHS-uh-nuh) 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Crocodile Pose 


Nakrasana 

(nuh-KRAHS-uh-nuh) 

Modification: feet and hands off the floor and up in the air 
Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Four Limbed Staff Pose 


Parivritta Chaturanga Dandasana 

(pub-ri-VRIT-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Pose Type: arm balance, twist, core 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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One-Legged Four Limbed Staff Pose 


Eka Pada Chaturanga Dandasana 

(EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Pose Type: arm balance, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Upward One Leg to the Side Four Limbed Staff Pose 


Urdhva Parshva Eka Pada Chaturanga Dandasana 

(OORD-vuh PAHRSH-vuh EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Pose Type: arm balance, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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FOUR LIMBED STAFF POSE: KNEE TO THE ARM 


One-Legged Four Limbed Staff Pose 


Eka Pada Chaturanga Dandasana 
(EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knee to the forearm 

Pose Type: arm balance, forward bend, core 
Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Four Limbed Staff Pose 


Eka Pada Chaturanga Dandasana 

(EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Modification: knee on top of the tricep 

Pose Type: arm balance, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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FOUR LIMBED STAFF POSE: ONE ARMED 


One Hand Four Limbed Staff Pose 


Eka Hasta Chaturanga Dandasana 

(EY-kuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Modification: hand to the heart 

Pose Type: arm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) or Nasagrai or Nasagre (nose) 
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Hand to the Side Four Limbed Staff Pose 


Parshva Hasta Chaturanga Dandasana 

(PAHRSH-vuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Modification: 1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) or Nasagrai or Nasagre (nose) 


One Hand to the Side Four Limbed Staff Pose 


Parshva Eka Hasta Chaturanga Dandasana 
(PAHRSH-vuh EY-kuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: one knee on the floor, other knee off the floor 
Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand to the Side Four Limbed Staff Pose 
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Biological effects 
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Fig.2.10A: Effect ofa static magnetic field of 100 
kA/m (0,12 

Tesla) on the root (1) and on the plant (II) of barley 
seeds 

plants in the magnetic field: dotted line 

for checking: drawn line 

ing to Novitskii""” 


<iie:_ Novitskii, Ya Effects of a magnetic Held on the dry seeds of some cereals. 
Proceedings of Conference on the Effect of Magnetic Fields on Biological 
Objects, Moscow, p. 52, 1966. 

Taken “from: H.L. Konig: Unsichtbare Umwelt (Wetterfubligkeit), 5. Aufl, 
Bild 72, S. 73, Verlag Moos & Partner Munchen, ISBN 3-89164-058-7 


Parshva Eka Hasta Chaturanga Dandasana 
(PAHRSH-vuh EY-kuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand to the Side One-Legged Four Limbed Staff Pose 


Parshva Eka Hasta Eka Pada Chaturanga Dandasana 
(PAHRSH-vuh EY-kuh HUH-stuh EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 


Modification: one knee on the floor 
Pose Type: arm balance, core 
Drishti Point: Hastagrai or Hastagre (hands) 
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FOUR LIMBED STAFF POSE: PUSH UPS 


Diamond Four Limbed Staff Pose 


Vajra Chaturanga Dandasana 
(VAHJ-ruh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees on the floor 

1. start position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 


Diamond Four Limbed Staff Pose 


Vajra Chaturanga Dandasana 
(VAH-ruh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees off the floor 

1. start position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Spread Wide Four Limbed Staff Pose 


Prasarita Hasta Chaturanga Dandasana 
(pruh-SAH-ri-tuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees on the floor 

1. start position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Spread Wide Four Limbed Staff Pose 


Prasarita Hasta Chaturanga Dandasana 
(pruh-SAH-ri-tuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees off the floor 

1. start position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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SIDE PLANK: TOP LEG CROSSED OVER 


Pose Dedicated to Sage Vasistha 


Vasisthasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Side Plank Modification 

Modification: top leg crossing over 

1. arm alongside of the torso 

2. arm extended up 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose), Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Pose Dedicated to Sage Vasistha 


Vasisthasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Side Plank Modification 

Modification: bottom knee to the floor 

1. arm alongside of the torso 

2. arm extended up 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushtha Ma Dyai (thumbs) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Side Plank Modification 

Modification: both knees bent, shin of the top leg on the inside of the knee of the bottom leg 
1. bottom leg bent at 90 degrees 

2. bottom leg slightly bent 

Pose Type: arm balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE PLANK: LEGS STRAIGHT. 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Side Plank Modification 

Modification: both legs straight 

1. arm alongside of the torso 

2. arm extended up 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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SIDE PLANK: BOTTOM LEG OFF THE FLOOR 


Revolved Pose Dedicated to Sage Vasistha 


Parivritta Vasisthasana 

(puh-ri-VRIT-tuh vuh-sish-TAHS-uh-nuh) 

Also Known As: Revolved Side Plank Modification 

Modification: bottom knee bent, foot resting on the thigh of the top leg; the wrist of the top arm to the 
knee of the bottom leg 

Pose Type: arm balance, twist, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Leg to the Side Pose Dedicated to Sage Vasistha 


Parivritta Parshva Pada Vasisthasana 

(puh-ri-VRIT-tuh PAHRSH-vuh PUH-duh vuh- |HS-uh-nuh) 

Also Known As: Revolved Leg to the Side Plank Modification 

Modification: both legs straight, bottom foot lifted off the floor, leg crossing over in front of the body 
Pose Type: arm balance, twist, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Padayoragrai or Padayoragre 


(toes/feet) 
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Hand to Foot Pose Dedicated to Sage Vasistha 


Hasta Pada Vasisthasana 

(HUH-stuh PUH-duh vuh-sish-TAHS-uh-nuh) 

Also Known As: Hand to Foot Side Plank Modification 

Modification: both legs straight; bottom leg crossing over in front of the body, foot in line with the 
center of the chest 

Pose Type: arm balance, forward bend, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SIDE PLANK: FOOT TO THE THIGH & HALF LOTUS 


Tree Pose in Pose Dedicated to Sage Vasista 


Vrikshasana in Vasishtasana 
(vrik-SHAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 
Also Known As: Tree Pose in Side Plank Modification 


Modification: top foot to the inner thigh 
Pose Type: arm balance, core 
Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Half Lotus Pose in Pose Dedicated to Sage Vasishta 


Ardha Padmasana in Vasishtasana 

(UHR-duh puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Pose in Side Plank Modification 
Modification: bottom knee on the floor 

Pose Type: arm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE PLANK: TOP LEG OFF THE FLOOR 


One Big Toe Pose Dedicated to Sage Vasishta 


Eka Padangushta Vasisthasana 
(EY-kuh puhd-ahng-GOOSH-tuh vuh-sish-TAHS-uh-nuh) 
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2.10 Biological effects 


The in fig. 2.1 indicated connection between the EMC and the BC, by some authors 
inofficially described as EMC-environment (EMCE), describes the effect of artificial 
fields on biological systems, This concems the sensitive range of tasks that is discussed 
extremely controversially in the public. The problem thereby is that the artificially 
produced field strengths lie above the natural field strengths for several scales. 
In the thirties first reports about troubles were provided by navy radio operators that 
complained about headache, dizzyness, concentration failure and indisposition. Besides 
these negative reports concerning the so called "radio operator disease" at the same time 
medical usages conceming high-frequency therapy were tested. In the beginning this 
diathermy called healing method still was a short wave irradiation. Today it is extended 
into the microwave range and uses the thermal effect of electromagnetic rays. The 
increased temperature of the tissue causes an increased local blood flow. This supports 
healing processes, loosens cramped muscles and can help in case of rheumatic fever. 
The advantage of the HF-irradiation compared to contact heat by a hot-water bottle or by 
infrared rays is the higher penetration depth. Herein short waves ate superior to 
microwaves. But microwaves can be better focussed on a certain part of the body. 
Is the temperature further increased, so the tissue is damaged. This is used for the 
treatment of cancer and is called hyperthermy. Because cancer cells as a rule are flowed 
with blood worse than healthy cells, they are more sensitive to heat and therefore are faster 
destroyed than healthy cells at a correspondingly increased temperature. In this way for 
Instance in the USA cattle with a so called cancer eye are weated. For that the spot 
suffering from cancer is irradiated with 2MHz-waves for 30 seconds with a handheld 
apparatus of 10 Watts broadcasting power. The rate of succes is given to be 90%! 
The method of hyperthermy has not yet been able to establish in the area of the medicine 
for humans. Also at our college comesponding research work is cartied out in co-operation 
‘with the radiological clinic ofthe university of Freiburg (Germany J. 


The thermal effects of high-frequency fields are therefore well-known and subject of 
sciemtific research. On the other hand and in spite of numerous publications, non-thermal 
effects even today are denied by some scientists as non-existent”. Here only a few 
counter-examples will be listed. 


Fig, 2.10 A shows the effect of a static magnetic field of 0.12 Tesla on the root (1) and on 
the plant (II) of barley seeds. The readable effect is an acceleration of the growth of the 
treated seeds (dotted line) compared to the plants for checking (drawn line) 


<b: AL Schulz, W. Opitz: _Lokale Hiyperthermie durch hochffequente 
Wirbelstrome, Medizin Technik 1, 1987. 

<i>: G, Nimtz: Mikrowellen, Einfuhrung in Theorie und Anwendung. 2. Aufl., Bl- 
Wissenschaftsverlag 1990, ISBN 3-411-03203-0 

<iii>: Novitskii, Yu.l: Effects of a magnetic field on the dry seeds of some cereals. 
Proceedings of Conference on the Effect of Magnetic Fields on Biological 
Objects, Moscow, p. 52, 1966; taken from: H.L. Konig: Unsichtbare Umwelt, 
fig.72, p. 73, Verlag Moos & Partner Munchen, ISBN 3-89164-088-7 


Also Known As: Big Toe Side Plank Modification 

Modification: |. bottom knee on the floor—leg bent, toes pointing to the back; on the fingertips 
2. bottom knee off the floor; palm flat to the floor 

Pose Type: arm balance, forward bend, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padayoragrai or Padayoragre (toes/feet) 
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VISHVAMITRA’S POSE 


Pose Dedicated to Vishvamitra 


Vishvamitrasana 

(vish-vuh-mi-TRAHS-uh-nuh) 

Modification: knee on the floor, grabbing onto the outside edge of the foot 
Pose Type: arm balance, side bend, twist, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Vishvamitra 


Vishvamitrasana 

(vish-vuh-mi-TRAHS-uh-nuh) 

Modification: arm alongside of the torso 

Pose Type: arm balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Vishvamitra 


Vishvamitrasana 

(vish-vuh-mi-TRAHS-uh-nuh) 

Modification: knee off the floor, top arm straight and extended up to the sky 
Pose Type: arm balance, side bend, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Pose Dedicated to Vishvamitra 


Vishvamitrasana 

(vish-vuh-mi-TRAHS-uh-nuh) 

Modification: knee off the floor 

1. grabbing onto the outside edge of the top foot 

2. grabbing onto the ankle of the top leg 

Pose Type: arm balance, side bend, twist, core 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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KALA BHAIRAVA’S POSE 


Pose Dedicated to Shiva the Destroyer 


Kala Bhairavasana 

(KAH-luh beye-ruh-VAHS-uh-nuh) 

Modification: 1. arm extended up 

2. top hand to the inside of the bottom thigh 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Padayoragrai or Padayoragre 
(toes/feet) 
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SIDE PLANK: TOP LEG OVERHEAD GRIP 


Partridge Pose 


Kapinjalasana 

(kuh-pinj-wh-LAHS-uh-nuh) 

Modification: overhead grip 

1, bottom knee on the floor 

2. bottom knee off the floor 

Pose Type: arm balance, backbend, core 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SIDE PLANK ON FOREARMS: KNEES ON THE FLOOR 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 
Modification: forearm on the floor, both knees to the floor 

1. arm up to the sky 

2. arm alongside the torso 

Pose Type: forearm balance, core 

Drishti Point: 1. Angushtamadhye or Angushta Ma Dyai (thumbs) 
2. Nasagrai or Nasagre (nose) 
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SIDE PLANK ON FOREARMS: KNEES OFF THE FLOOR 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor, arm crossed over in front of the chest, looking down 
Pose Type: forearm balance, twist, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 
Modification: forearm on the floor, top hand on the hip 
Pose Type: forearm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Vasistha 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 
Modification: forearm on the floor, top arm up to the sky 
Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor, top hand to the back of the head 
Pose Type: forearm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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SIDE PLANK ON FOREARMS: ONE LEG CROSSED OVER 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top leg crossed over, foot flat on the floor; top hand by the bottom 
hip socket 

Pose Type: forearm balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top leg crossed over, heel lifted; top arm extended up to the sky 
Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top leg crossed over, foot flat on the floor, bottom leg lifted off 
the floor, top hand on the hip 

Pose Type: forearm balance, core 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Half Lotus Pose in Pose Dedicated to Sage Vasishta 


Ardha Padmasana in Vasishtasana 

(UHR-duh puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Pose in Dolphin Side Plank Modification 
Modification: forearm on the floor, top arm extended up to the sky 
Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE PLANK ON FOREARMS: TOP LEG LIFTED 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top knee toward the top elbow, bottom knee on the floor; leg 
bent, toes pointing to the back 

Pose Type: forearm balance, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Biological effects, 


650 653 666  659| 0001001 01 10 


wavelength [mm] —= |intensity [mW/cm?]-— 


Fig. 2.10 B: Measured increase in the production (K) 
of colicin 
by colibacteria as a microwave effect 


a) asa function of the wavelength, 
b) asa function of the intensity of the microwaves, 


according to Keilmann“. 


taken from: 


<i>: HL’ Konig: Unsichibare Umwelt (Wetterfubligkei), 5, Aull, Bild 106, S. 111 
Verlag Moos & Partner Munchen, ISBN 3-89164-058-7 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top knee toward the top elbow; bottom leg straight, knee off floor 
Pose Type: forearm balance, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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One Big Toe Pose Dedicated to Sage Vasishta 


Eka Padangushta Vasishtasana 

(EY-kuh puhd-ahng-GOOSH-tuh vuh-sish-TAHS-uh-nuh) 

Also Known As: Big Toe Dolphin Side Plank Modification 
Modification: forearm on the floor 

1. knee bent 

2. leg straight 

Pose Type: forearm balance, forward bend, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SIDE PLANK ON FOREARMS: BOTTOM LEG LIFTED 


Revolved Leg to the Side Pose Dedicated to Sage Vasishta 


Parivritta Parshva Pada Vasishtasana 

(puh-ri-VRIT-tuh PAHRSH-vuh PUH-duh vuh-sish-TAHS-uh-nuh) 

Also Known As: Revolved Leg to the Side Dolphin Side Plank Modification 
Modification: forearm on the floor; both legs straight, bottom leg lifted in front of the body 
Pose Type: forearm balance, twist, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Pose Dedicated to Sage Vasishta 


Parivritta Vasishtasana 

(puh-ri-VRIT-tuh vuh-sish-TAHS-uh-nuh) 

Also Known As: Revolved Dolphin Side Plank Modification 

Modification: forearm on the floor; bottom knee bent, foot resting on the thigh of the top leg; the 
elbow of the top arm to the knee of the bottom leg 

Pose Type: forearm balance, forward bend, twist, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE PLANK ON FOREARMS: TOP LEG UNDER-HEAD GRIP 


Partridge Pose 


Kapinjalasana 

(kwh-pinj-wh-LAHS-uh-nuh) 

Modification: forearm on the floor, under-head grip: 

1. knee on the floor 

2. knee off the floor 

Pose Type: forearm balance, backbend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SIDE PLANK ON FOREARMS: HALF LOTUS & LOTUS 


Half Lotus Pose in Pose Dedicated to Sage Vasistha 


Ardha Padmasana in Vasishtasana 

(UHR-duh puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Dolphin Side Plank Modification 

Modification: forearm on the floor, bottom leg in half lotus, top knee bent, toes to the floor 
Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Lotus One Big Toe Pose Dedicated to Sage Vasistha 


Ardha Padma Eka Padangushta Vasisthasana 

(UHR-duh PUHD-muh EY-kuh puhd-ahng-GOOSH-th vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Big Toe Dolphin Side Plank Modification 

Modification: forearm on the floor 

Pose Type: forearm balance, forward bend, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Urdhva or Antara Drishti (up to the sky) 
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Half Lotus Half Bow Pose in Pose Dedicated to Sage Vasishta 


Ardha Padma Dhanurasana in Vasishtasana 

(UHR-duh PUHD-muh duh-nur-AHS-wh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Half Bow Pose in Dolphin Side Plank Modification 

Modification: forearm on the floor, bottom leg in half lotus, grabbing onto the top foot with under- 
head grip 

Pose Type: forearm balance, backbend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Lotus Pose in Pose Dedicated to Sage Vasishta 


Padmasana in Vasisthasana 

(puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Lotus Pose in Dolphin Side Plank Modification 
Modification: forearm on the floor 

Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE PLANK ON THE ELBOWS 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Elbow Side Plank Modification 
Modification: on the elbow; both legs straight, ankles crossed 
Pose Type: elbow balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Elbow Side Plank Modification 

Modification: on the elbow; bottom leg straight; top leg crossed over, foot flat on the floor; fingertips 
of the top arm to the floor in front of the body 

Pose Type: elbow balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

TAHS-uh-nuh) 

Also Known As: Elbow Side Plank Modification 

Modification: on the elbow, top foot to the side of the bottom leg 
Pose Type: elbow balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Lotus Pose in Pose Dedicated to Sage Vasistha 


Ardha Padmasana in Vasisthasana 

(UHR-duh puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Pose in Elbow Side Plank Modification 
Modification: on the elbow 

Pose Type: elbow balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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UPV BOW 


COW FACE POSE AND GARUDA ON THE KNEES 


Pose Dedicated to Garuda on the Knees 


Janu Garudasana 

(JAH-nu guh-ru-DAHS-uh-nuh) 

Pose Type: standing (on the knees), backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Leg Position of Cow Face Pose in Camel Pose 


Pada Gomukhasana in Ushtrasana~ 

(PUH-duh go-moo-KAHS-uh-nuh in 00sh-TRAHS-uh-nuh) 

Modification: Gomukhasana legs modification 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KNEES ON THE FLOOR: LOTUS POSE 


Tasks a 


‘A static field naturally produces no induction and hence no heating will arise. In the case 
‘of alternating fields the thermal effect in experiments is excluded by working with 
extremly low stimulations. The example after fig. 2.10 B, shows the measured increase in 
the production (K) of colicin by colibacteria at only 0.01 mW/em* microwave power". 


In addition the example provides the interesting information that obviously only a certain 
frequency and it's harmonic waves increase the production, other frequencies on the other 
hand remain inactive. Because only minimal field strengths are used it more likely 
concerns an information-technical as an energetic effect (curve a). This statement is 
supported by the observation that an increase of the intensity not at all necessarily as a 
consequence also increases the production (curve b). What the colibakteria need is 
obviously neither energy nor heat but only a certain frequency that stimulates the colicin 
production or the growth, 


Should it really be confirmed that biological effects of electric and magnetic fields can be 
produced by certain frequencies and can't happen by an energy transition so the 
discussions about limits must seem ample meaningless, 


Maybe the one or the other in thought already draws a connection to the acceleration, the 
acclerated growth of kids, which is observed world-wide and stronger in cities than in the 
‘country. It started for approx. 100 years simultaneous with the electrification of the homes 
in the towns. In Asia the acceleration and also the electrification have started later 
Other growth stimulating effects like radio waves, X-ray examinations, atomic tests and 
provable also the nourishment with vitamin B6 happened only until much later and at the 
most could support the actual effect. 


But how should a proof be offered when anyway the field strength not at all can have a 
decisive influence on the growth of man after the statement of fig. 2.10 B? Which 
information is authorative? Where lies the responsible frequency window? Does the 
information actually manifest as frequency? Is the authorative influential factor also in this 
case not at all noticed and measured? 


‘A lot of pressing questions are still outstanding. But in any case the numerous influential 
factors detected in experiments do not at all let themselves reduce to a sole factor, for 
instance the nourishment, For a family doctor it may be comfortable to be able to give an 
casy explanation: Cause is the nourishment!" With such a reductionism on the other hand 
the actual cause stays in the dark and the asked questions in this way won't let themselves 
bbe answered. 


Half Pose Dedicated to Siddhar Kamalamuni 


Ardha Kamalamunyasana 

(UHR-duh KUH-muh-luhmoo-nyAHS-uh-nuh) 

Also Known As: Upward Facing Lotus Pose (Urdhva Mukha Padmasana) 

Modification: fingertips pointing to the back, thumbs pointing to the front, knees close to the hands 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE KNEE TO THE FLOOR: ONE LEG BENT & ONE LEG STRAIGHT UP TO THE SKY 


One-Legged Camel Pose 


Eka Pada Ushtrasana 

(EY-kuh PUH-duh oosh-TRAHS-uh-nuh) 

Modification: Leg 1: knee to the floor Leg 2: foot to the floor in semi-lunge position 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Camel Pose 


Eka Pada Ushtrasana 

(EY-kuh PUH-duh oosh-TRAHS-uh-nuh) 

Modification: Leg 1: knee to the floor 

Leg 2: sole of the foot to the quadricep 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Extended Hand to Big Toe Pose in Half Camel Pose 


Utthita Hasta Padangushtasana in Ardha Ushtrasana 

(UT-ti-tuh HUH-stuh puhd-AHNG-goosh-TAHS-uh-nuh in UHR-duh oosh-TRAHS-uh-nuh) 
Modification: |. toes pointed to the back 

2. toes curled in 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KNEES TO THE FLOOR: BACKBEND 


Camel Pose Prep. 


Ushtrasana Prep. 

(o0sh-TRAHS-uh-nuh) 

Modification: 1. hands to the lower back 

2. hands in Anjali Mudra (Hands in Prayer) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Salute Pose in Camel Pose 


Urdhva Hastasana in Ushtrasana 

(OORD-vuh huh-STAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Also Known As: Pigeon Pose Prep. (Kapotasana Prep.) 

Modification: palms together 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Raised Bound Hands in Camel Pose 


Urdhva Baddha Hastasana in Ushtrasana 

(OORD-vuh BUH-duh huh-STAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Modification: |. hips pushed back 

2. hips pushed forward 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KNEES ON THE FLOOR: BACKBEND—HANDS TO THE HEELS AND TO THE FLOOR, 


Camel Pose 


Ushtrasana 

(00sh-TRAHS-uh-nuh) 

Modification: |. grabbing onto both ankles 

2. palms to the heels, fingertips pointing to the back 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to King Nahusha 


Nahushasana 

(nuh-hu-SHAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Graceful Thunderbolt Pose 


Eka Hasta Laghuvajrasana 

(EY-kuh hub-stuh luh-gu-vuhj-RAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e00¢e 


& 


Pigeon Pose 


Kapotasana 
(kuh-po-TAHS-uh-nuh) 


Also Known As: Sage Korakar Pose (Korakarasana), Graceful Thunderbolt Pose (Laghuvajrasana) 
Modification: arms over the head, palms to the floor, feet toward the head 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KNEES ON THE FLOOR: ONE ARM EXTENDED 


Half Camel Pose 


Ardha Ushtrasana 

(UHR-duh oosh-TRAHS-uh-nuh) 

Also Known As: One Arm Camel Pose (Eka Hasta Ustrasana) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Half Camel Pose 


Ardha Ushtrasana 


(UHR-duh oosh-TRAHS-uh-nuh) 

Modification: arm crossed behind the back to the opposite leg 

1. hand to the outside of the hip 

2. hand to the inside of the knee 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Leg Position of the Pose Dedicated to Garuda in Half Camel Pose 


Pada Garudasana in Ardha Ushtrasana 

(PUH-duh guh-ru-DAHS-uh-nuh in UHR-duh oosh-TRAHS-uh-nuh} 

Modification: one hand to the floor; other arm up, elbow bent 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Hastagrai or Hastagre (hands), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Camel Pose 


Ardha Ushtrasana 

(UHR-duh-oosh-TRAHS-uh-nuh) 

Modification: one foot to the armpit on the same side; opposite arm straight up over the head 
Pose Type: backbend, standing (on the knees) 


Drishti Point: Hastagrai or Hastagre (hands), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Bound Lotus Camel Pose 


Ardha Baddha Padma Ushtrasana 

(UHR-duh BUH-duh PUHD-muh oosh-TRAHS-uh-nuh) 
Modification: free arm straight up over the head 

Pose Type: backbend, standing (on the knees), binding 


Drishti Point: Hastagrai or Hastagre (hands) or Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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ONE KNEE BENT TOWARD THE HIP: BACKBEND 


One-Legged Frog Pose in Camel Pose 


Eka Pada Bhekasana in Ushtrasana 

(EY-kuh PUH-duh bey-KAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Mermaid Arm Position in Camel Pose 


Hasta Naginyasana in Ushtrasana 

(HUH-stuh nuh-gin-YAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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2 Artificial fields 
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Fig. 2. 11: ___ profile of the 50-Hz-field on the ground 
at 380KV/IKA in each circuit.” 
a) electric field, 
b) magnetic field. 


ken from: 


E, Habiger u, a: Elekiromagnetische Vertraglichkelt, fig. 73, page 147 and 
ig. 7.1, page 146, 2" Ed, 1992, Berlin, Miinchen: Verlag Technik 


BACKBEND ON THE KNEES, HEAD AND SITTING BONES: BED POSE 


Bed Pose 


Paryankasana 

(puhr-yuhng-KAHS-uh-nuh) 

Also Known As: Reclined Thunderbolt Pose (Supta Vajrasana) 
Modification: |. head off the floor 

2. crown of the head on the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bed Pose 


Paryankasana 

(pubr-yuhng-KAHS-uh-nuh) 

Also Known As: Reclined Thunderbolt Pose (Supta Vajrasana) 

Modification: |. hands in Anjali Mudra (Hands in Prayer), fingertips pointing to the sky 
2. grabbing onto the forearms, arms to the floor up over the head 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND ON THE KNEES AND HEAD: LITTLE THUNDERBOLT POSE 


Little Thunderbolt Pose 


Laghuvajrasana 

(lluh-goo-vuhj-RAHS-uh-nuh) 

Modification: 1. grabbing onto the knees, head off the floor 
2. forehead to the floor, hands on the quadriceps 

3. head to feet, grabbing onto the knees 

Pose Type: backbend, standing (on the knees) 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Little Thunderbolt Pose 
Laghuvajrasana 


(luh-goo-vuhj-RAHS-wh-nuh) 

Modification: back of the head on the floor, grabbing onto the knees 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND ON THE KNEES AND HEAD: PIGEON POSE 


Little Thunderbolt Pose Prep. 


Laghuvajrasana Prep. 

(luh-goo-vuhj-RAHS-uh-nuh) 

Modification: crown of the head to the floor, arms in Headstand 5 (see here) position 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Pigeon Pose 


Eka Hasta Kapotasana 

(EY-kuh HUH-stuh kuh-po-TAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pigeon Pose 


Kapotasana 

(kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the ankles 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0coece0 


Pigeon Pose 


Kapotasana 

(kuh-po-TAHS-uh-nuh) 

Modification: fingertips toward the knees, palms flat down 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PIGEON POSE: ONE-LEGGED 


One-Legged Pigeon Pose Prep. 


Eka Pada Kapotasana Prep. 

(EY-kuh PUH-duh kuh-po-TAHS-uh-nuh) 

Modification: arms over the head palms to the floor, head away from the foot 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Pigeon Pose Prep. 


Eka Pada Kapotasana Prep. 

(EY-kuh PUH-duh kuh-po-TAHS-uh-nuh) 

Modification: 1. knee bent, foot to the floor 

2. leg straight, foot to the floor 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Pigeon Pose 


Eka Pada Kapotasana 

(EY-kuh PUH-duh kuh-po-TAHS-uh-nuh) 

Modification: foot to the quadriceps 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Pigeon Pose 


Eka Pada Kapotasana 


(EY-kuh PUH-duh kuh-po-TAHS-uh-nuh) 

Modification: leg straight 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e000¢60e0 


i 


TOES CURLED IN: BACKBEND—SHOULDERS ON THE FLOOR & HEAD ON THE FLOOR 


One-Legged Tip Toe Bridge Pose 


Eka Pada Prapada Setu Bandhasana 

(EY-kuh PUH-duh PRUH-puh-duh SEY-too buhn-DAHS-uh-nuh) 
Modification: back of the head on the floor, arms up to the sky 
1. knee bent, foot resting on the knee 

2. leg straight and extended to the sky 

Pose Type: supine, backbend 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs) 
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Tip Toe Bridge Pose 


Prapada Setu Bandhasana 

(PRUH-puh-duh SEY-too buhn-DAHS-uh-nuh) 

Also Known As: Tip Toe Bed Pose (Prapada Paryankasana), Big Toe Bridge Pose (Padangushta Setu 
Bandhasana) 

Modification: 1. grabbing onto the shins, elbows to the floor 

2. grabbing onto the shins, arms straight 

3. hands on the quadriceps, arms straight 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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‘TOES CURLED IN: BACKBEND—HANDS TO THE FLOOR & TOE BALANCE 


Thunderbolt Pose 


Vajrasana 

(vuhj-RAHS-uh-nuh) 

Also Known As: Tip Toe Bed Pose Prep. (Prapada Paryankasana Prep.) 
Modification: toes curled in, fingertips pointing away from the feet, intense backbend 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Camel Pose 


Prapada Ushtrasana 

(PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: palms flat to the floor, fingertips pointing to the front 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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2.11 Antificial fields 


The scepticism of people feeling close to nature is especially directed against artificial 
fields that man can't see nor hear nor smell. Objects of doubt are first of all the 
installations for the creation, distribution and conversion of electric energy. 


‘An essential role plays the fact how close the supplying and the draining conductors are 10 
each other, so that the respective fields can compensate each other. The worst solution one 
can think of is realized at the electrified railway. Here the rails and the earth are used as 
the draining conductor for the current while there exists an ample large distance to the 
supplying conductor. A compensation is almost impossible thus causing gigantic 
interference fields that are detectable even at a distance of 10 kilometers. The increased 
putting on of railway engines feeded by rectified current is likely to aggravate the set of 
problems because the non-sinusoidal absorption of current is strongly afflicted with 
hharmonie waves. 

With high tension transmission Lines (fig. 2.11) the interference field strength is reduced 
‘when the three cables are suspended with only litle distance between them. But even the 
selected phase order can play a role, Of course the optimal compensation effect is 
guaranteed with cables in the earth, But these are expensive and technically not realizable 
for such high voltage levels. 


In the eighties also the computer screens got in the headlines. The terminals are furished 
with a cathode ray tube and have a very broad radiation spectrum that already starts at 0 
Hz, Here already static maximum values of 64 kV/m are measured! 


Trequeney range ‘Measured maximum 30cm in front oF 
ales Bost Hoe the screen 

Siac Held (0 Hy akvim 

30 He. 60 Hz 10 Vim and 
02-1 Alm 

SHz-1kHe. 1800 Vin and 10 Vim and 
4m 06. 

50 Hz-0,5 MHz TAim 

15 kHz-220 kHz 30 Vim-and 15 Vimand 
TT Alm 0417 Alm 

3. MHz -300 MHz. ORV 


Fig. 2.11: Electromagnetic fields from screens" 
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Unsupported Tip Toe Camel Pose 


Niralamba Prapada Ushtrasana 

(neer-AH-luhm-buh PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: knees lifted off the floor, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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‘TOES CURLED IN: BACKBEND—GRABBING ONTO THE HEELS & KNEES, HANDS ON THE FLOOR & HEAD 
TO THE HEELS 


Tip Toe Camel Pose 


Prapada Ushtrasana 

(PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Tip Toe Camel Pose 


Ardha Prapada Ushtrasana 

(UHR-duh PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Tip Toe Camel Pose 


Prapada Ushtrasana 

(PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Camel Pose 


Prapada Ushtrasana 

(PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: hands on the knees 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Pigeon Pose 


Prapada Kapotasana 

(PRUH-puh-duh kuh-po-TAHS-uh-nuh) 

Also Known As: Big Toe Pigeon Pose (Padangushta Kapotasana) 

Modification: arms straight up over the head, palms to the floor 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Tip Toe Pigeon Pose 


Prapada Kapotasana 

(PRUH-puh-duh kuh-po-TAHS-uh-nuh) 

Also Known As: Big Toe Pigeon Pose (Padangustha Kapotasana), Little Wheel Pose (Laghu 
Chakrasana) 

Modification: arms up over the head, elbows bent, palms to the floor, forehead to the heels 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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‘TOES CURLED IN: BACKBEND—ARMS STRAIGHT, PALMS TOGETHER 


Raised Bound Hands in Tip Toe Camel Pose 


Urdhva Baddha Hastasana in Prapada Ushtrasana 

(OORD-vuh BUH-duh huh-STAHS-uh-nuh in PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: hips pushing back 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Tip Toe Pigeon Pose 


Prapada Kapotasana 

(PRUH-puh-duh kuh-po-TAHS-uh-nuh) 

Also Known As: Big Toe Pigeon Pose (Padangushta Kapotasana), Full Camel Pose (Purna 
Ushtrasana), or Little Wheel Pose (Laghu Chakrasana) 

Modification: 1. arms extended to the sky 

2. arms parallel to the floor 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: HEADSTAND 5 ARM POSITION 


Upward Bow Pose in Headstand 5 


Urdhva Dhanurasana in Shirshasana 5 

(OORD-vuh duh-nur-AHS-uh-nuh in sheer-SHAS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Bow Pose with Leg Position of the Pose Dedicated to Garuda 
in Headstand 5 


Urdhva Dhanurasana Pada Garudasana in Shirshasana 5 
(OORD-vuh duh-nur-AHS-uh-nuh PUH-duh guh-ru-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Tip Toe Bow Pose in One Hand Headstand 5 


Urdhva Prapada Dhanurasana in Eka Hasta Shirshasana 5 
(OORD-vuh PRUH-puh-duh duh-nur-AHS-uh-nuh in EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Tip Toe Bow Pose 


Viparita Prapada Dhanurasana 

(vi-puh-REE-twh PRUH-puh-duh duh-nur-AHS-uh-nuh) 

Also Known As: Headstand Bow Pose (Shirsha Dhanurasana) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: HEADSTAND 1 ARM POSITION—KNEE/KNEES BENT 


Upward Bow Pose in Headstand 1 


Urdhva Dhanurasana in Shirshasana 1 

(OORD-vuh duh-nur-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Tip Toe Bow Pose in Headstand 1 


Urdhva Prapada Dhanurasana in Shirshasana 1 

(OORD-vuh PRUH-puh-duh duh-noor-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Inverted Staff Pose 


Eka Pada Viparita Dandasana 

(EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Modification: knee of the bottom leg bent 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0000e0 


BACKBEND: HEADSTAND 1 ARM POSITION—LEGS STRAIGHT 


One-Legged Inverted Staff Pose 


Eka Pada Viparita Dandasana 

(EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Also Known As: Inverted Staff Pose B (Viparita Dandasana B) 
Modification: both legs straight 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Two-Legged Inverted Staff Pose 


Dwi Pada Viparita Dandasana 

(DWL-puh-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Also Known As: Inverted Staff Pose A (Viparita Dandasana A) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: FOREARMS ON THE FLOOR, BOUND HANDS 


Bound Arms Tip Toe Bound Wheel Pose 


Baddha Hasta Prapada Chakra Bandhasana 

(BUH-duh HUH-stuh PRUH-puh-duh CHUHK-ruh buhn-DAHS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Arms Both Legs Inverted Staff Pose 


Baddha Hasta Dwi Pada Viparita Dandasana 

(BUH-duh HUH-stuh DWI-puh-duk vi-puh-REE-tuh duhn-DAH-suh-nuh) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e00¢0e 


“ Protection against artificial fields 


system used frequency measured 
about value 
radio broadcasting station 600 kHz 2...17 Vim 
(MW 20 kW) 
radio broadcasting station 15 MHz 1...25 V/m 
(SW 100 kw) 
[SOS-transmitter 410 kHz 1...3 Vim 
on a ship (100 W) 
Epitaxiedevice 450 kHz 37...400 V/m 
(induction oven) 
|HF-welting press 27,12 MHz 70...85 V/m 
(welding of plastic foils) 
radar. on a ship 9,3 GHz 1.30 uW/em* 
|(TRN 311) 
radar of an airplane 9,2 GHz 450. 

2800 uWi 


domestic appliances measured in a distance _of 30 em: 


hand mixer 50) Hz 50 Vim 
refrigerator 50 Hz 60 Vim 
Fig. 2.12: the electric field strength resp. Power density 


in our environment.“ 


taken from: 
<i>: E, Habiger u. a: Elektromagnetische Vertraglichkert, Fig. 72, page 146, 
2. Ed., 1992, Berlin, Munchen: Verlag Technik, ISBN 3-341-00993-0 


BACKBEND: FOREARMS ON THE FLOOR, HEELS DOWN 


Bound Wheel Pose 


Chakra Bandhasana 

(CHUHK-ruh buhn-DAHS-uh-nuh) 

Modification: forearms to the floor, heels down, fingertips touching the heels 
Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Wheel Pose 


Chakra Bandhasana 

(CHUHK-ruh buhn-DAHS-uh-nuh) 

Also Known As: Bound Wheel Pose (Bandha Chakrasana) 

Modification: grabbing onto ankles 

1. looking straight ahead 

2. head rolling back 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: FOREARMS ON THE FLOOR, HEELS LIFTED. 


Tip Toe Bound Wheel Pose 


Prapada Chakra Bandhasana 
(PRUH-puh-duh CHUCK-ruh buhn-DAHS-uh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Tip Toe Bound Wheel Pose 


Vishama Prapada Chakra Bandhasana 
(VE-shuh-muh PRUH-puh-duh CHUCK-ruh buhn-DAHS-uh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: FOREARMS ON THE FLOOR, ONE-LEGGED 


One-Legged Inverted Staff Pose 


Eka Pada Viparita Dandasana 

(EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Modification: forearms to the floor, head off the floor 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Foot One-Legged Inverted Staff Pose 


Baddha Pada Eka Pada Viparita Dandasana 

(BUH-duh PUH-duh EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Modification: forearms to the floor, head off the floor 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: FOREARMS ON THE FLOOR, ONE-LEGGED 


Tip Toe Bound Foot One-Legged Inverted es Perarex:) 
Staff Pose 


Prapada Baddha Pada Eka Pada Viparita Dandasana 
(PRUH-puh-duh BUH-duh PUH-duh EY-kuh PUH-duh vicpuh-REE-tuh duhn-DAHS-uh-nuh) 


Pose Type: backbend, inversion 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 


1. Begin by lying flat on your back. Engage your mula bandha, uddhiyana bandha, and ujjayi 
breathing. Inhale and bring your hands under your shoulders with elbows bent and close to your 
head, with the fingertips pointing away from your head. 

2. Exhale and bend your knees, keep your feet flat on the floor and slide your heels toward your 
sitting bones. Keep your feet in line with your sitting bones and parallel to each other with your 
toes pointing straight ahead. 

3. Exhale as you lift your sitting bones and your back off the floor. Place the crown of your head onto 
the floor, balancing on your hands, head, and feet. 

4. Exhale as you slide your right palm in the direction of your feet until your forearm is flat on the 
floor. On the next exhale, slide your left palm to meet your right. Interlock your fingers at the back 
of your head. 

5. Exhale and lift your head off the floor. 

6. On the next exhale, walk your feet toward your hands. Grab onto your left ankle with both hands. 

7. Exhale as you lift your right foot off the floor, keeping your right leg strong and straight with toes 
pointing up to the sky. 

8. Inhale and lift your left heel, coming onto the toes of the left foot, while holding onto the left toes 
with both hands. Hold the pose for at least 30, and up to 90, seconds in order to receive the full 
benefits of the stretch on the right side. 

9. Inhale and lower the left heel to the floor, followed by the right foot. Exhale and grab onto the right 
ankle with both hands. On the following exhale, lift your left foot off the floor, keeping your left 
leg strong and straight with toes pointing up to the sky. 

10. Inhale and lift your right heel, coming onto the toes of the right foot while holding onto the right 
toes with both hands. Hold the pose for at least 30, and up to 90, seconds in order to receive the 
full benefits of the stretch on the left side. 

11. Inhale and lower your right heel to the floor, followed by your left foot. Exhale and lower your 
head to the floor. Exhale and tuck your chin to your chest and lower your spine to the floor, coming 


out of the pose. 
Modification: forearms to the floor, head off the floor 


prapada = tip of the feet 
baddha = bound 

pada = foot or leg 

eka =one 

pada = foot or leg 
viparita = inverted 


danda = stick or staff 


Foot to the Head One-Legged Inverted Staff Pose 


Shirsha Pada Eka Pada Viparita Dandasana 

(SHEER-shuh PUH-duh EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-u-nuh) 
Modification: forearms to the floor, head off the floor 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD BOW POSE 


Upward Bow Pose 


Urdhva Dhanurasana 

(OORD-vuh duh-nur-AHS-uh-nuh) 

Modification: heels down 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Upward Bow Pose 


Prapada Urdhva Dhanurasana 
(PRUH-puh-duh OORD-vuh duh-nur-AHS-uh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Elevated Both Legs Inverted Staff Pose 


Utthita Dwi Pada Viparita Dandasana 

(UT-ti-tuh DWL-puh-duh vi-puh-REE-th duhn-DAHS-uh-nuh) 

Also Known As: Upward Bow Pose (Urdhva Dhanurasana) 

Modification: head rolling back 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe One-Legged Upward Bow Pose 


Prapada Eka Pada Urdhva Dhanurasana 

(PRUH-puh-duh EY-kuh PUH-duh OORD-vuh duh-nur-AHS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e909¢e 


wm 


One-Legged Upward Bow Pose 


Eka Pada Urdhva Dhanurasana 

(EY-kuh PUH-duh OORD-vuh duh-nur-AHS-uh-nuh) 

Also Known As: Two Limb Upward Bow Pose (Dwi Anga Urdhva Dhanurasana) 
Modification: one hand to the thigh 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe One Hand Upward Bow Pose 


Prapada Eka Hasta Urdhva Dhanurasana 
(PRUH-puh-duh EY-kuh HUH-stuh OORD-vuh duh-nur-AHS-uh-nuh) 
Pose Type: backbend, inversion 


Tasks 38 


2.12 Protection against artificial fields 


Artificial fields more of less always occur in the neighbourhood of electric apparatus and 
installations. Especially problematic are those that work with the free radiation of 
electromagnetic fields, that is all the radio broadcasting stations, handheld and radar 
transmitters, 

Herewith itis important that not needed parts of the antennas are shielded, that antennas 
‘with little close by field pollution are used and that the stand should be situated at least 3 
km remote from inhabited areas. For instance at radar installations damping values of 10 
{4B and more can be obtained only by using a corresponding tee growth, 

This obviously concems a damping of the waves in a dielectric manner. We'll have to 
ccome back to this because textbook physics does not know a corresponding damping term 
inthe wave equation, 


The radiation leaking out in case ofthe high-frequency welding of plastic foils and of the 
‘microwave oven should be minimized, 

In the case of induction ovens or of motors an active shielding often causes problems so 
that for simple domestic appliances like a hand mixer and especially for the electric hait- 
dryer non proportionally high field strength values are measured. Fig. 2.12 informs about 
t 

Protective measures for the operator are hardly possible. To protect uninvolved people not 
only the apparatus but also the rooms and eventually whole parts of buildings had to be 
shielded and grounded. 


Sometimes also fairly simple possibilities are helpful like e.g. the usage of a remote 
control, By clearing away the cable salat at the workplace and at the sleeping place 
induction loops can be removed. Alarm-clocks operated by batteries should have 
preference over those operated by the network. Mattresses with metal in them and spring- 
beds which clearly act as an antenna should be avoided. In extreme cases even so called 
"current-fize switches" and shielded network lines are recommended (fig. 2.13) 


In the area of the network supply lines a choking coil can help decrease the spreading of 
high-frequency interference radiation. It is especially important that all the conducting 
‘metallic objects like e.g. water pipes, heatings, steel racks, machines, switching racks, 
steel armaments and metallic windows should be grounded properly, because otherwise 
extremly high static charges could result instead of a shielding. Construction biologists 
recommend to when possible do without metals when building houses and furnishing, 
‘what of course is only realizable with limitation, 


In any ease numerous measures are known that toa lesser extent find thei legitimation in 
classical physics, but more likely in precaution. As long as we do not know which 
phenomenon causes the electrosmog and we don't have a measuring-instrument at our 
disposal, precaution is really the only thing we can do irrespective of the effectiveness of 
the measures and ofthe arising costs! 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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WILD THING POSE 


Wild Thing Pose 


Chamatkarasana 

(kudh-muht-kar-AHS-uh-nuh) 

Modification: forearm to the floor 

Pose Type: backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 

See the glossary for a more precise translation of chamatkarasana. 
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Wild Thing Pose 


Chamatkarasana 
(kuh-muht-kar-AHS-uh-nuh) 
Pose Type: backbend, inversion 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 
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Wild Thing Pose 


Chamatkarasana 
(kuh-muht-kar-AHS-uh-nuh) 

Modification: foot to inside of the thigh 
Pose Type: backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Wild Thing Pose 


Chamatkarasana 

(kub-muht-kar-AHS-uh-nuh) 

Modification: grabbing the ankle with overhead grip on the same side 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 
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Wild Thing Pose 


Chamatkarasana 

(kuh-muht-kar-AHS-uh-nuh) 

Modification: grabbing the ankle with overhead grip on the same side; other foot off the floor—knee 
bent 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
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PENDANT POSE 


ARM BALANCE: SITTING BONES & FEET OFF THE FLOOR, 


Half Fire Log Celibate Pose 


Ardha Agnistambha Brahmacharyasana 
(UHR_duh uhg-ni-STUHM-buh bruh-muh-chahr-YAHS-uh-nuh) 
Pose Type: core, arm balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One Leg Over Shoulder Pose 


Eka Hasta Bhujasana 

(EY-kuh HUH-stuh buj-AHS-uh-nuh) 

Also Known As: Comfortable Bird Pose (Sukha Chakorasana) 
Pose Type: core, arm balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Moonbird Pose 


Chakorasana 

(chuh-kor-AHS-uh-nuh) 

Pose Type: core, arm balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ARM BALANCE: LOTUS 


Rooster Pose 


Kukkutasana 

(ku-ku-TAHS-uh-nuh) 

Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Scales Pose 


Tolasana 
(to-LAHS-uh-nuh) 


Modification: 1. fingertips pointing to the back, thumbs pointing to the front 
2. palms flat on the floor, fingertips pointing to the front 

Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Galava 


Galavasana 

(gah-luh-VAHS-uh-nuh) 

Modification: 1. hips low 

2. hips high 

Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Rooster Pose 


Urdhva Kukkutasana 

(OORD-vuh ku-ku-TAHS-uh-nuh) 

Modification: |. hips at shoulder height 

2. hips higher than the shoulders 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Side Rooster Pose 


Parshva Kukkutasana 

(PAHRSH-vuh ku-ku-TAHS-uh-nuh) 

Also Known As: Revolved Rooster Pose (Parivritta Kukkutasana), Wounded Rooster Pose (Pungu 
Kukkutasana) 

Modification: |. elbows bent 

2. arms straight 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: PENDANT POSE 


Pendant Pose 


Lolasana 

(lo-LAHS-uh-nuh) 

Modification: ankles crossed 

Pose Type: arm balance, forward bend, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) or Nasagrai or Nasagre (nose) 
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Unsolved tasks 


transmission line 
used voltages: 
10/30/110/220/380kV 


‘Transformer 


Neutral earthing 


(N=PE)! 
jm LI underground cable 
to £2 3x 400V 
Fae BS. to the consumer loads 

— t= wv 
‘main fuse 


recommendation: 


U a reactor with current compensation 
‘Standard (!): grounding of the 


neutral conductor 


Blectric| 
meter lL. PE 
fe 2 ee Wit to the installation 
i Pre N of the house 
fuse (bedroom) 
power supply 
(ie. 12 VDC) 
ae 
D ‘measurement of current 

with amplifier 
(glow lamp) 
consumer load 
(bedroom) 


Fig. 2.13: About the circuitry and the problems involved 
with a "current-free switches" installation 


ARM BALANCE: PENDANT POSE 


Pendant Pose oo 


Lolasana 
(lo-LAHS-uh-nuh) 


Pose Type: arm balance, forward bend, core 


Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) or Nasagrai or Nasagre (nose) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Keep your fingertips 
on the floor on the sides of your hips. Engage your mula bandha, uddhiyana bandha, and ujjayi 
breathing. 

2. Exhale and lean forward, lifting your sitting bones off the floor. Bend your right knee, sliding your 
foot back. On the next exhale, bend your left knee, sliding your left foot back to meet your right. 
Your lef shin should end up on top of your right calf muscle. Sit on your heels with ankles crossed 
under your sitting bones. 

3. Inhale and rock forward. Exhale, engage your core, pull your quadriceps toward your chest, and 
lift your knees and feet off the floor, balancing on your fingertips. Make sure your arms are strong 
and straight and your shoulders are on top of your fingertips. 

4. Aim to hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of 
the pose. 

5. Inhale and lower your feet and knees to the floor. Exhale and bring both legs straight out in front of 
you. Repeat on the opposite side. 


Modification: on the fingertips; ankles crossed 


Iola = pendant 


Pendant Pose 


Lolasana 

(lo-LAHS-uh-nuh) 

Modification: fingertips pointing to the back, thumbs pointing to the front 

Pose Type: arm balance, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Leg Position of Cow Face Pose in Pendant Pose 


Pada Gomukhasana in Lolasana 

(PUH-duh go-muk-AHS-uh-nuh in lo-LAHS-uh-nuh) 

Modification: fingertips pointing to the back, thumbs pointing to the front 

Pose Type: arm balance, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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ARM BALANCE: ONE LEG OVER THE SHOULDER 


Pose Dedicated to Viranchi (Brahma) 1| Prep. 


Viranchyasana | Prep. 

(vir-uhn-CHYAHS-uh-nuh) 

Modification: back of the knee toward the shoulder 
Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Crane 2 Prep. 


Eka Pada Bakasana 2 Prep. 

(EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: both knees bent, back of one knee over the shoulder, other knee toward the chest 
Pose Type: arm balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One Foot Behind Head Crane Pose 


Eka Pada Shirsha Bakasana 

(EY-kuh PUH-duh SHEER-shuh buh-KAHS-uh-nuh) 

Modification: 1. hips at shoulder height 

2. hips at elbow height, head lifted 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ARM BALANCE: CRANE POSE 


Crane Pose 


Bakasana 

(buh-KAHS-uh-nuh) 

Also Known As: Crow Pose (Kakasana) 
Modification: elbows bent 

Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Crane Pose 


Bakasana 

(buh-KAHS-uh-nuh) 

Modification: 1. knees off the triceps 

2. knees on the triceps 

Pose Type: arm balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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ARM BALANCE: SHOULDER PRESSURE POSE & FIREFLY POSE 


Two-Handed Arm Balance 


Dwi Hasta Bhujasana 

(DWI-huh-stuh buj-AHS-uh-nuh) 

Modification: 1. feet off the floor 

2. toes touching the floor 

Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Shoulder Pressure Pose 


Bhujapidasana 

(buj-uh-peed-AHS-uh-nuh) 

Also Known As: Shoulder Pressure Pose (Bhujapidasana A) 

Modification: head off the floor 

Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 


os 


Firefly Pose 1 


Tittibhasana 1 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose A (Tittibhasana A) 

Modification: elbows bent, legs on top of the shoulders 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), or Nasagrai or 
Nasagre (nose) 


esGge 


Firefly Pose 1 


Tittibhasana 1 

(ti-t-BAHS-uh-nuh) 

Also Known As: Firefly Pose A (Tittibhasana A) 

Modification: arms straight, feet extended to the sky 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Nasagrai or 
Nasagre (nose) 
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Firefly Pose 1 


Tittibhasana 1 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose A (Tittibhasana A), Raised Tortoise Pose (Utthita Kurmasana) 
Modification: arms straight, legs parallel to the floor 

Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: FIREFLY POSE 


Firefly Pose 


Tittibhasana 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Raised Up Feet Spread Out Resting on the Arms Pose (Utthita Dwi Pada 
Vrishtasana) 

Modification: elbows bent, legs on triceps, wide legged 

1. side view 

2. front view 


Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Lifted Feet Spread Out Pose 


Utthita Dwi Pada Vrishtasana 

(UT-ti-tuh DWE-puh-duh vrish-TAHS-uh-nuh) 

Modification: arms straight, heels of the palms touching, fingertips pointing to the sides 
Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tasks 31 


2.13 Unsolved tasks 


The report concerning the actual state of research could be continued at will. But the 
expositions should suffice, to understand what are the tasks of the electromagnetic 
‘environmental compatibility (fig. 2.1) and which questions still have to be supplied with a 
solution. One can get deeper into every of the addressed points and then discover that 
some questions can be expressed sharper and maybe conceivable answers can be found, 
but at the same time and unavoidable the number of new questions increases faster. 


Let us again take up the example of the handheld wireless telephones (chapter 1.2). At 
least it now is clear to us that the usage of the built-in microwave antenna of a handy is 
problematic. In the interior of an automobile it never should be used. If, however, one uses 
the antenna installed on the outside on the sheet metal then the damping and’ screening 
effect of the sheet metal chassis is advantageous at least for the handy user. 


With that of course the central question is not answered. The question of what the cause is 
for the interfering and at worst health endangering effect of the HF-radiation. Field 
freedom we can't find anywhere on this world. Possibly we even need the fields. But then 
the question is how much is necessary, how much is healthy and how much makes ws il, 


The gap of explanation especially gets clear in the case of the static or of the low- 
frequency magnetic field: away from technical interference sources normally fields on the 
scale of 10 nT are measurable. Construction biologists say that 20 nT, so twice that value, 
should not be exceeded at the sleeping place and maybe SO nT at the desk. These values 
however are determined purely empirical 


When a person is examined in a nuclear magnetic resonance tomograph that person is 
exposed to a field that lies between 0.2 and 1.5 Tesla. that is a value 7 ull 8 powers often 
higher than before mentioned without this leading to the death of that person. Entirely on 
the contrary this method is regarded as especially caring and safe compared to the X-ray 
‘examination, 


Here again the legitimation of the thesis put forward is entirely comfirmed, The thesis that 
the well-known physically measurable and controllable phenomena can not be considered 
‘as a cause and that possibly a until now undiscovered field phenomenon should be called 
to account. 


Should such a phenomenon exist it should be derived, calculated and proved. We must go 
to endless troubles and try everything. The actual difficulties wherein the electromagnetic 
environmental compatibility is stuck are a challenge. 


ARM BALANCE: ONE LEG STRAIGHT, ONE KNEE BENT 


One-Legged Crane 1 


Eka Pada Bakasana 1 

(EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: knee to the tricep 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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One-Legged Crane 1 


Eka Pada Bakasana 1 

(EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: knee to the outside of the shoulder 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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One-Legged Crane 2 


Eka Pada Bakasana 2 

(EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: shin of the bent leg to the tricep 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Nasagrai or 
Nasagre (nose) 
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Pose Dedicated to Galava, One-Legged Modification 


Eka Pada Galavasana 

(EY-kuh PUH-duh gah-luh-VAHS-uh-nuh) 

Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Dragonfly Pose 1 


Maksikanagasana 1 

(muhk-shi-kah-nah-GAHS-uh-nuh) 

Also Known As: Stick Arm to the Side Grasshopper Pose (Parshva Bhuja Danda Salabhasana) 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Moonbird Pose 


Chakorasana 

(chuh-kor-AHS-uh-nuh) 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven One-Legged Crane 1 


Vishama Eka Pada Bakasana 1 

(VISH-wh-muh EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: one forearm to the floor, other elbow bent at 90 degrees 
Pose Type: arm/forearm balance, forward bend, inversion 


Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Arm to the Side Pose Dedicated to Sage Koundinya One-Legged 
Version 1 


Parshva Hasta Eka Pada Koundinyasana 1 

(PAHRSH-vuh HUH-stuh EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 

Modification: bottom knee bent 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ARM BALAN! ISSOR LEGS 


Pose Dedicated to Sage Koundinya One-Legged Version | Prep. 


Eka Pada Koundinyasana I Prep. 
(EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 
Modification: ear to the floor, bottom knee bent 


Pose Type: arm balance, forward bend, twist 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Koundinya One-Legged Version | Prep. 


Eka Pada Koundinyasana | Prep. 
(EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 
Modification: head on the floor 

Pose Type: arm balance, forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Koundinya One-Legged Version 2 


Eka Pada Koundinyasana 2 

(EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 

Modification: 1. prep. back foot on the floor, toes curled in 

2. back foot lifted 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 


(nose) 
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ARM BALANCE: GARUDA LEGS 


Revolved Leg Position of the Pose Dedicated to Garuda in Swan Pose 


Parivritta Pada Garudasana in Hamsasana 
(puh-ri-VRIT-tuh PUH-duh guh-ru-DAHS-uh-nuh in huhms-AHS-uh-nuh) 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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or 


Revolved Leg Position of the Pose Dedicated to Garuda in Uneven 
Swan Pose 


Parivritta Pada Garudasana in Vishama Hamsasana 
(pub-ri-VRIT-tuh PUH-duh guh-ru-DAHS-uh-nuh in VISH-uh-rwh huhms-AHS-uh-nuh) 
Modification: forearm to the floor 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Leg Position of the Pose Dedicated to Garuda in Uneven 
Swan Pose 


Parivritta Pada Garudasana in Vishama Hamsasana 

(pub-ri-VRIT-tuh PUH-duh guh-ru-DAHS-uh-nuh in VISH-uh-muh huhms-AHS-uh-nuh) 

Modification: elbow to the floor 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) or Padayoragrai or Padayoragre (toes/feet) 
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ARM BALANCE: BOTH LEGS TO THE SIDE 


Two-Legged Pose Dedicated to Koundinya 


Dwi Pada Koundinyasana 

(DWL-puh-duh kown-din-YAHS-uh-nuh) 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Uneven Two-Legged Pose Dedicated to Koundinya 


Vishama Dwi Pada Koundinyasana 
(VISH-wh-muh DWL-puh-duh kown-din-YAHS-uh-nuh) 
Modification: one forearm to the floor, knees bent 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


Pose Dedicated to Ashtavakra Prep. 


Ashtavakrasana Prep. 
(uh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Eight Angle Pose Prep. 
Modification: feet unhooked 

Pose Type: arm balance, forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: BOTH LEGS TO THE SIDE—ASHTAVAKRA’S POSE 


Pose Dedicated to Ashtavakra 


Ashtavakrasana 

(uh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Eight Angle Pose 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Uneven Pose Dedicated to Ashtavakra 


Vishama Ashtavakrasana 

(VISH-wh-muh wh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Uneven Eight Angle Pose 
Modification: one forearm to the floor 

Pose Type: arm/forearm balance, forward bend, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Uneven Half Repose Pose Dedicated to Ashtavakra 


Vishama Ardha Shayana Ashtavakrasana 
(VISH-wh-muh UHR-duh shuh-yuh-nuh wh-shtuh-vuh-KRAHS-uh-nuh) 
Also Known As: Uneven Half Repose Eight Angle Pose 
Modification: one elbow to the floor, hand to the face 
Pose Type: arn/elbow balance, forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: BOTH LEGS TO THE SIDE KNEES BENT AND TOGETHER 


28 Approach, 


fundamental physical 
principle 
(God) 


Fig. 3.0: pyramid of causality 


vortices are a consequence of the principle of causality 


Side Crane Pose 


Parshva Bakasana 

(PAHRSH-vuh buh-KAHS-uh-nuh) 

Also Known As: Revolved Crane Pose (Parivritta Bakasana), Sideways Crow Pose (Parshva 
Kakasana) 

Modification: 1. elbows bent 

2. arms straight 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Two-Legged Pose Dedicated to Koundinya Modification on the Fists 


Mushti Dwi Pada Koundinyasana 

(mush-ti DWL-puh-duh kown-din-YAHS-uh-nuh) 

Modification: ankles crossed 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Arms Side Crane Pose 


Vishama Hasta Parshva Bakasana 
(VISH-wh-muh HUH-stuh PAHRSH-vuh buh-KAHS-uh-nuh) 
Pose Type: arm balance, forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: LOTUS PEACOCK 


Bound Angle Pose in Peacock Pose 


Baddha Konasana in Mayurasana 

(BUH-duh ko-NAHS-uh-nuh in muh-yoor-AHS-uh-nuh) 

Pose Type: arm balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lotus Pose in Peacock Pose 


Padmasana in Mayurasana 

(puhd-MAHS-uh-nuh in muh-yoor-AHS-uh-nuh) 

Pose Type: arm balance, hip opener 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Fist Lotus Peacock Pose 


Mushti Padma Mayurasana 
(mush-ti PUHD-muk muh-yoor-AHS-uh-nuh) 

Pose Type: arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: PEACOCK AND SWAN 


Peacock Pose 


Mayurasana 

(muh-yoor-AHS-uh-nuh) 

Modification: 1. feet lifted higher than the hip level 

2. body parallel to the floor 

Pose Type: arm balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Swan Pose 


Hamsasana 

(huhms-AHS-uh-nuh) 

Also Known As: Swan Pose (Hansasana) 
Pose Type: arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand Peacock Pose 


Eka Hasta Mayurasana 

(EY-kuh HUH-stuh muh-yoor-AHS-uh-nuh) 

Also Known As: Wounded Peacock Pose (Pungu Mayurasana) 
Pose Type: arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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PLOW POSE 


DUCK POSE 


Duck Pose 


Karandavasana 

(kahr-uhn-duh-VAHS-uh-nuh) 

Also Known As: Baby Duck Pose 

Modification: thumbs grabbing onto the biceps, fingers grabbing onto the triceps; knees to the 
armpits, feet together 

Pose Type: forearm balance, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Duck Pose 


Karandavasana 

(kahr-uhn-duh-VAHS-uh-nuh) 

Also Known As: Baby Duck Pose 

Modification: forearms to the floor, knees to the armpits, feet together 

Pose Type: forearm balance, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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DOLPHIN POSE 


Downward Facing Pose Dedicated to Makara 


Adho Mukha Makarasana 

(uh-DO MUK-uh muh-kuh-RAHS-uh-nuh) 

Also Known As: Dolphin Pose 

Pose Type: forward bend, inversion, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Uneven Peacock Feather Pose 


Eka Pada Vishama Picha Mayurasana 
(EY-kuh PUH-duh VISH-uh-muh pich-chuk nuh-yoor-AHS-uh-nuh) 


Also Known As: Eka Pada Vishama Pincha Mayurasana 
Pose Type: forearm balance, inversion, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Half Lotus Downward Facing Pose Dedicated to Makara 


Ardha Padma Adho Mukha Makarasana 

(UHR-duh PUHD-muh uh-DO MUK-uh muh-kuh-RAHS-ul-nuh) 

Also Known As: Half Lotus Dolphin Pose 

Modification: heel down 

Pose Type: forward bend, inversion, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Leg Position of the Pose Dedicated to Garuda in Downward Facing 
Pose Dedicated to Makara 


Pada Garudasana in Adho Mukha Makarasana 

(PUH-duh guh-ru-DAHS-uh-nuh in uh-DO MUK-uh muh-kuh-RAHS-uh-nuh) 

Also Known As: Leg Position of the Pose Dedicated to Garuda in Dolphin Pose 
Pose Type: forward bend, inversion, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PEACOCK FEATHER POSE 


Peacock Feather Pose 


Picha Mayurasana 

(pich-chuh muh-yoor-AHS-uh-nuh) 

Also Known As: Upright Scorpion Pose (Avakra Vrishchikasana), Pincha Mayurasana 
Pose Type: forearm balance, inversion 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Peacock Feather Pose 


Eka Pada Picha Mayurasana 

(EY-kuh PUH-duh pich-chuh muh-yoor-AHS-uh-nuh) 

Also Known As: Eka Pada Pincha Mayurasana 

Pose Type: forearm balance, inversion, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Scorpion Pose 


Eka Pada Vrishchikasana 
(EY-kuh PUH-duh vrish-chi-KAHS-uh-nuh) 
Modification: biceps in line with the ears 


Approach 30 


3. Approach, 


In the question, ifthere exists a still unknown phenomenon that influences the 
electromagnetic environmental compatibility, we must fall back far until upon the roots of 
‘our physical understanding. Here we find a fundamental principle that until today is not, 
doubted and that is regarded as elementary, the principle of causality. Every result of a 
measurement, every interpretation is checked for causality and only after passing this 
‘examination itis accepted and published. 


This principle of cause and effect has established, not only in physics but also in many 
other disciplines of science. Is an effect observed, so there immediately is asked for the 
‘cause. This principle encounters us in daily life". 


When all observable and measurable effects ever can be assigned to a cause without force 
and without exceptional regulations then the logical result is a pyramid of causality. On 
top a fundamental physical principle is found, that is regarded as given by nature or as 
jaiven by god and that with its properties is responsible as the cause for different effects. 
These effects again appear as the cause for new effects and so on (Fig. 3.0). 
Sometime we have removed us so far from the top of the pyramid that a direct reference 10 
the describable effects can't be made anymore, so the impression could arise that it 
concerns an isolated and independent discipline. We should take care not to think in such 
‘@ monocausal way, because both delimitation and avoidance of interdisciplinary working 
methods will inevitably ster us into a dead end! 


This pyramid of causality stands for the vision of a “unified theory", like it is demanded 
and sought-after by numerous research scientists. But as long as it is not found, well have 

to do with unsolved problems of causality. About this any number of examples ean be 

civen 


‘A physical principle based on the principle of causality is the vortex. This the eddy current 
‘demonstrates us clearly, The cause for its origin is an alternating field. According to 
Faraday's law of induction this induces a voltage that in a conducting medium results in a 
current according to Ohm's law. Around this current according to Ampere’s law an 
altemating field forms, that points perpendicular to the current and overlaps the original 
alternafing field. This induced field first of all isan effect that overlaps the cause and itself 
becomes the cause. The effect that follows from that further overlaps and forms a new 

‘cause ete. In this way vortices form, 


Vortices quasi represent the principle of causality 


=i; When for instance @ woman complains: "Doctor, my Tet knee hurts” (effect) 
The doctor diagnoses the cause: "Yes, that comes with age! With that 
causality is established. "But doctor", Says the woman, "my right knee is, 
exactly as old as my leit knee!" And already the doctor has a new problem of 
causality 


Pose Type: forearm balance, inversion, backbend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Lord Hanuman in Peacock Feather Pose 


Hanumanasana in Picha Mayurasana 

(huh-nu-mahn-AHS-uh-nuh in pich-chuh muh-yoor-AHS-uh-nuh) 

Also Known As: Hanumanasana in Pincha Mayurasana 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Stretched Out Scorpion Pose 


Eka Pada Paripurna Vrishchikasana 

(EY-kuh PUH-duh puh-ri-POOR-nuh vrish-chi-KAHS-uh-nuh) 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Scorpion Pose 


Eka Pada Vrishchikasana 

(EY-kuh PUH-duh vrish-chi-KAHS-uh-nuh) 

Modification: forearms to the floor, foot away from the head 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBENDS ON FO. 


EARMS, LOTUS ON FOREARMS, AND ELBOW BALANCES 


Inverted Puppy Dog Pose in Peacock Feather Pose 


Viparita Shvanakasana in Picha Mayurasana 
(vi-puh-REE-twh shvuh-nuh-KAHS-uh-nuh in pich-chuk nuh-yoor-AHS-uh-nuh) 
Also Known As: Viparita Shvanakasana in Pincha Mayurasana 
Modification: knees bent, backbend 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Scorpion Pose 


Vrishchikasana 

(vrish-chi-KAHS-uh-nuh) 

Modification: forearms to the floor, feet to the head 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Scorpion Pose 


Eka Pada Vrishchikasana 

(EY-kuh PUH-duh vrish-chi-KAHS-uh-nuh) 

Modification: forearms to the floor, foot to the head, other leg parallel to the floor 
Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Lotus Pose in Peacock Feather Pose 


Urdhva Padmasana in Picha Mayurasana 

(OORD-vuh puhd-MAHS-ub-nuh in pich-chuh muh-yoor-AHS-uh-nuh) 

Also Known As: Raised Lotus Scorpion Pose (Urdhva Padma Vrishchikasana), Duck Pose 
(Karandavasana) 

Pose Type: forearm balance, inversion 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Uneven Repose Pose 


Vishama Shayanasana 

(VISH-wh-muh shuh-yuh-NAHS-uh-nuh) 

Modification: both knees bent 

Pose Type: forearn/elbow balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Repose Pose 


Shayanasana 

(shuh-yuh-NAHS-uh-nuh) 

Modification: both knees bent 

Pose Type: elbow balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HANDST, 


\S: BOTH LEGS STRAIGHT. 


Feet Spread Intense Stretch Pose in Downward Facing Tree Pose 


Prasarita Padottanasana in Adho Mukha Vrikshasana 

(pruh-SAH-ri-tuh puh-do-tahn-AHS-uh-nuh in uh-DO MUK-uh vriks-SHAHS-anna) 

Also Known As: Feet Spread Full Forward Bend Pose in Downward Facing Tree Pose, Prasarita 
Padottanasana in Adho Mukha Vrksasana 

Pose Type: inversion, arm balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Downward Facing Tree Pose 


Eka Pada Adho Mukha Vrikshasana 

(EY-kuh PUH-duh wh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Eka Pada Adho Mukha Vrksasana 

Pose Type: inversion, arm balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Downward Facing Tree Pose 


Adho Mukha Vrikshasana 

(uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Adho Mukha Vrksasana 

Modification: legs crossed 

Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Seated Angle Pose in Downward Facing Tree Pose 


Upavishta Konasana in Adho Mukha Vrikshasana 

(u-puh-VISH-tuh ko-NAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Upward Spread Feet Pose A (Urdhva Prasarita Padasana A), Upavista Konasana in 
Adho Mukha Vrikshasana 

Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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HANDSTAND, LEG CROSSED OVER: GARUDA LEGS & HALF LOTUS 


Leg Position of the Pose Dedicated to Garuda in @s Og 
Downward Facing Tree Pose 


Pada Garudasana in Adho Mukha Vrikshasana 
(PUH-duh guh-ru-DAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 
Also Known As: Pada Garudasana in Adho Mukha Vrksasana 

Pose Type: inversion, arm balance 


Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Exhale and hinge from the hips, coming into a forward bend, placing the palms on the floor on the 
outsides of your feet. Your hands should be shoulder width apart or slightly wider. Make sure 
your arms are straight and your shoulders are on top of your fingertip: 

3. There are many ways to come into a handstand. When you start practicing handstands, make sure 
you can balance on your hands against the wall for at least 60 seconds. Then you can experiment 
with jumping into a handstand or lifting your legs using your core. Press strongly into your hands. 

4. Once you find your balance in a Downward Facing Tree Pose (Adho Mukha Vrikshasana), also 
known as Handstand, exhale and bend your knees; cross your right leg over your left leg, hooking 
your right foot around your left calf muscle. Hold for 30, and up to 90, seconds to receive the full 
benefits of the stretch. 

5. Inhale and bring your legs back to the straight position. Exhale and switch legs as you bend your 
knees and cross your left leg over your right leg, hooking your left foot around your right calf 
muscle. Hold for 30, and up to 90, seconds to receive the full benefits of the stretch. 

6. Inhale and bring your legs back to the straight position. On the following inhale, lower your feet to 
the floor. Inhale as you come back to Mountain Pose (Tadasana). 


pada = foot or leg 
Garuda = Hindu Deity, half-man half-eagle, carrier of Lord Vishnu 
adho = downward 

mukha = facing 


vriksha = tree 


HANDSTAND: BOTH KNEES BENT. 


Frog Pose in Downward Facing Tree Pose 


Mandukasana in Adho Mukha Vrikshasana 

(muhn-doo-KAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Mandukasana in Adho Mukha Vrksasana 

Pose Type: inversion, arm balance 

Drishti Point: Nasagrai or Nasagre (nose) or Angusthamadhye or Angustha Ma Dyai (thumbs) 
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Bound Angle Pose in Downward Facing Tree Pose 


Baddha Konasana in Adho Mukha Vrikshasana 
(BUH-duh ko-NAHS-uh-nuh in wh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Baddha Konasana in Adho Mukha Vrksasana 
Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Svastika Legs in Downward Facing Tree Pose 


40 Principle of causality 


Principle of Causality: 


cause —-> effect 
quantum physical om eer 


approach: quanta aie fields 


field-theoretical approach: fields. —-B quanta 


violations of the principle of causality: 
1. monopoles exist 
2. starting point for the strong interaction 
3. fields and quanta are a cause at the same time 


4. hypothetical particles (gluons, quarks, etc.) 


5. transm 
light 

* with photons (University of Berkeley) 

+ with microwaves (University of Cologne) 

+ with laser beams (Technical Univ. of Vienna) 


sion of information with speeds faster than 


6. transmission of energy with speeds faster than light 
+ with scalar waves (Nicola Tesla) 


Fig. 3.1: Causality or the principle of cause and effect 


Pada Svastikasana in Adho Mukha Vrikshasana 

(PUH-duh svuh-sti-KAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Pada Svastikasana in Adho Mukha Vrksasana 

Modification: both knees bent, one knee bent toward the chest, other foot pointing to the back 
Pose Type: inversion, arm balance, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Scorpion Pose Prep. 


Vrishchikasana Prep. 

(vrish-chi-KAHS-uh-nuh) 

Also Known As: Pose Dedicated to the Demon Taraka A (Tarakasana A) 
Modification: knees bent, feet away from the head 

Pose Type: inversion, arm balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Lotus Pose in Downward Facing Tree Pose 


Ardha Padmasana in Adho Mukha Vrikshasana 


(UHR-duh puhd-MAHS-uh-nuh in wh-DO MUK-uh vrik-SHAHS-uh-nuth) 
Also Known As: Ardha Padmasana in Adho Mukha Vrksasana 
Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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HANDSTAND, LEGS CROSSED: GARUDA LEGS & LOTUS 


Leg Position of the Pose Dedicated to Garuda in Downward Facing Tree 
Pose 


Pada Garudasana in Adho Mukha Vrikshasana 
(PUH-duh guh-ru-DAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 
Also Known As: Pada Garudasana in Adho Mukha Vrksasana 
Modification: arms bent at 90 degrees 

Pose Type: inversion, arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Lotus Pose in Downward Facing Tree Pose 


Urdhva Padmasana in Adho Mukha Vrikshasana 
(OORD-vuh puhd-MAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 
Also Known As: Urdhva Padmasana in Adho Mukha Vrksasana 
Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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HEADSTAND 1 ARM POSITION: LEG MODIFICATIONS 


Headstand 1 


Shirshasana 1 

(sheer-SHAHS-uh-nuh) 

Also Known As: Supported Headstand (Salamba Shirshasana*), Bound Hands Headstand A (Baddha 
Hasta Shirshasana A) 

Modification: 1. back view 

2. side view 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Headstand 1 


Eka Pada Shirshasana 1 

(EY-kuh PUH-duh sheer-SHAHS-uh-nuh) 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Leg Contraction Knee Bend Pose in Headstand 1 


Pada Akunchanasana in Shirshasana 1 
(PUH-duh wh-kunch-wh-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: one knee bent toward the chest 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


e300 


IN 
a oa 


Upward Staff Pose in Headstand 1 


Urdhva Dandasana in Shirshasana 1 

(OORD-vuh duhn-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Half Headstand Pose (Ardha Shirshasana), Headstand B (Shirshana B) 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 1 ARM POSITION: VARIOUS LEG POSITIONS 


Svastika Legs in Headstand 1 


Pada Svastikasana in Shirshasana 1 
(PUH-duh svuh-sti-KAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: inversion, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of One-Legged King Pigeon | Version B in Headstand 1 


Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 1 
(PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: both knees bent, one knee to the sky, other foot to the knee 
Pose Type: inversion, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Feet to Head Pose 


Shirsha Padasana 

(SHEER-shuh puh-DAHS-uh-nuh) 

Pose Type: inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Angle Pose in Headstand 1 


Baddha Konasana in Shirshasana 1 
(BUH-duh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Pose Type: inversion 
Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Bound Angle Pose in Headstand 1 


Parshva Baddha Konasana in Shirshasana 1 
(PAHRSH-vuh BUH-duh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: inversion, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Hanuman in Headstand 1 


Hanumanasana in Shirshasana 1 
(huh-nu-mahn-AHS-uh-nuh in sheer-SHAH-suh-nuh) 
Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Seated Angle Pose in Headstand 1 


Upavishta Konasana in Shirshasana 1 

(u-puh-VISH-tuh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Upavista Konasana in Adho Mukha Vrikshasana, Upavista Konasana in Adho 
Mukha Vrksasana 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of the Pose Dedicated to Garuda in Headstand 1 


Pada Garudasana in Shirshasana 1 
(PUH-duh guh-ru-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 1 ARM POSITION: LOTUS LEG POSITION 


Upward Lotus in Headstand 1 


Urdhva Padmasana in Shirshasana 1 
(OORD-vuh puhd-MAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: 1. back view 

2. side view 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Upward Lotus in Headstand 1 


Parshva Urdhva Padmasana in Shirshasana 1 
(PAHRSH-vuh OORD-vuh puhd-MAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: inversion, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Embryo Pose in Headstand 1 Prep. 


Pindasana in Shirshasana 1 Prep. 
(pin-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Approach a 


3.1 Principle of causality 


ur physical view of life strictly obeys the rules of causality, the principle of cause and 

effect. But there are numerous cases, where causality at first could not be fulfilled 

anymore. Here alternate solutions had to be found to not endanger this very successful 

principle. A few examples should clarify this: 
1. Technically it is impossible to produce a magnetic monopole. When a north pole is 
produced then the accompanying south pole is also formed. In the same way only the 
positive and negative pole can be assembled as the so called dipole. In the microcosm 
however we find monopoles. Electrons are such particles. To restore causality we must 
‘grant the microcosm its own laws that are not valid in the macrocosm! But this 
monocausal hypothesis contradicts the observation that the microcosm represents an 
image of the macrocosm and vice versa. Doubts if this assertion is allowed are 
reasonable. 
2. Like charges repel each other and that the more the smaller the distance gets. In an 
‘atomic nucleus positively like charged protons are together at the smallest possible 
room without any repulsion happening. Arithmetically seen all atomic nuclei would 
hhave to explosively fly to pieces. But because this doesn't happen, shortly a new and 
supposedly fundamental interaction, the strong interaction, was introduced to save 
causality. Nevertheless this interaction now holds the like particles in a not explained 
manner together. Causality could be obtained only by the introduction of a new 
fundamental phenomenon, 
3. When causality should hold as the supreme principle, it should be demanded with 
priority for the fundamental phenomena of physics. Instead, in quantum 
lectrodynamics the particle is attributed the same physical reality as the field. With the 
wave-particle duality Heisenberg has given out the corresponding formula of 
‘compromise. This slaps the face of the principle of cause and effect. 


Causality on principle allows only two approaches for a solution: the quantum physical 
approach. which holds the quanta as the cause for the fields, and the field-theoretical 
asproach. wherein only the fields act as the cause. For both approaches there are good 
arguments. The field theorists cite that fields can exist also in the vacuum, so that there 
exist fields without particles but never particles without fields. Against that the quantum 
physicists hold that somewhere, even when quite far away, there exist particles and that 
the measurable fields merely are ther action at a distance. 

Both approaches first arouse the impression to be fully equal. In the course of the 
discoveries in the area of quantum physics, the corresponding approach has been able to 
establish. But it demands that all phenomena have to be understood as a consequence of | 
particles, So should gravitons make gravitation possible, should gluons hold everything 
together and the quarks form the basic building parts. Meanwhile there is only worked. 

‘with hypotheses. Out of poverty quantum physics meanwhile has said goodbye to strict 
causality, after the number of the violations of causality has risen that much and in every 

respect there isa lack of models of explanation. It seems as if the end is reached, as if the 
quantum physical approach to a large extend is exhausted, 


Modification: thighs parallel to the floor 
Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Embryo Pose in Headstand 1 


Pindasana in Shirshasana 1 
(pin-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: 1. knees to the triceps 

2. knees to the chest 

Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND | & 3 ARM POSITIONS: VARIOUS ARM AND LEG POSITIONS 


One Hand Headstand 1 


Eka Hasta Shirshasana 1 

(EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 

Modification: both knees bent toward the chest, one forearm on the floor 
1. other arm straight, fingertips to the sky 

2. other arm behind the back, fingertips pointing to the upper back 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Uneven Upward Staff Pose 


Parshva Vishama Urdhvya Dandasana 

(PAHRSH-vuh VISH-uh-muh OORD-vuh duhn-DAHS-uh-nuh) 

Modification: forearm to the floor in front of the face, palm down; legs parallel to the floor 
Pose Type: inversion, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Leg Contraction Pose in Headstand 3 


Pada Akunchanasana in Shirshasana 3 

(PUH-duh wh-kunch-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Modification: one leg straight and out to the side, other knee to the chest 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Contraction Pose in Uneven Headstand (Fusion of Headstand 5 and 
Headstand 3 Arm Position) 


Pada Akunchanasana in Vishama Shirshasana 

(PUH-duh wh-kunch-AHS-uh-nuh in VISH-uh-muh sheer-SHAHS-uh-nuh) 

Modification: one forearm to the floor, other elbow on top of the wrist, knee to the tricep on the same 
side 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 5 ARM POSITION: VARIOUS LEG POSITIONS 


Leg Position of the Pose Dedicated to Garuda in Headstand 5 


Pada Garudasana in Shirshasana 5 
(PUH-duh guh-ru-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of Cow Face Pose in Headstand 5 


Pada Gomukhasana in Shirshasana 5 
(PUH-duh go-muk-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: bottom knee to the opposite tricep 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Headstand 5 


Shirshasana 5 

(sheer-SHAHS-uh-nuh) 

Also Known As: Tripod Headstand 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Frog Pose in Headstand 5 


Mandukasana in Shirshasana 5 
(muhn-doo-KAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: inversion 


Drishti Point: Nasagrai or Nasagre (nose) 
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Seated Angle Pose in Headstand 5 


Upavishta Konasana in Shirshasana 5 

(u-puh-VISH-tuh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Tripod Headstand Same Angle Pose (Utripada Shirsha Samakonasana), Upavista 
Konasana in Shirshasana 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of One-Legged King Pigeon 1 Version B in Headstand 5 


Pada Eka Pada Raja Kapotasana | B in Shirshasana 5 

(PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: knee to the tricep on the same side, other knee resting on the foot 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Leg Position of One-Legged King Pigeon 1 Version B in 
Headstand 5 


Parivritta Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 5 
(puh-ri-VRIT-tuh PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: knee resting on the foot 

1. top leg straight 

2. top knee bent at 90 degrees 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 5 ARM POSITION: VARIOUS LEG PREP. POSITIONS 


Headstand 5 Prep. 


Shirshasana 5 Prep. 

(sheer-SHAHS-uh-nuh) 

Modification: one knee to the tricep, other foot to the floor on the side 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Crane Pose in Headstand 5 Prep. 


Bakasana in Shirshasana 5 Prep. 
(buh-KAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: knees on the triceps 

Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Side Crane Pose in Headstand 5 


Parshva Bakasana in Shirshasana 5 
(PAHRSH-vuh buh-KAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: knees together, knee to the opposite tricep 
Pose Type: inversion, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Embryo in the Womb Pose in Headstand 5 


Garba Pindasana in Shirshasana 5 
(guhr-buh-pin-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Side Rooster Pose in Headstand 5 Prep. 


Parshva Kukkutasana in Shirshasana 5 Prep. 
(PAHRSH-vuh ku-ku TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Modification: crown of the head on the floor 
Pose Type: inversion, forward bend, twist 


Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 5 ARM POSITION: VARIOUS ARM POSITIONS BASED ON HEADSTAND 5 & VARIOUS LEG 
POSITIONS 


Baby Cradle Pose in Headstand 5 


Hindolasana in Shirshasana 5 

(hin-do-LAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Modification: Side 1: ankle to the inside of the elbow joint of the opposite arm, knee bent to the 
inside of the same arm, toes touching the floor. 

Side 2: other knee bent to the side, heel toward the sitting bone 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Baby Cradle Pose in Headstand 5 


Hindolasana in Shirshasana 5 
(hin-do-LAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


rr Field-theoretical approach 


Field-theoretical approach: 


3" Maxwell equation 4% Maxwell equation 


DivB = 0] (3.3) DivD = pu] (3.4) 


With the relations of material: 


B-u-H| @5) D=¢-E (3.6) 
u-DivH = 0 34) e-DiVE = pa (44) 
H: source free E: non-vortical 

vortex field source field 


New ficld-theoretical approach: [DivD = 0 en 
thus: DivH = 0 3.3") and |DivE = © 3.7") 


Hand E: source free vortex fields! 


Einstein: 
“Is it conceivable, that a field theory permits us to 
understand the atomistic and quantum structure of 
reality? This question by almost all is answered with 
No. But I believe that at the moment nobody knows 
anything reliable about it". 

Pauli: 

"The electric elementary quantum © is a stranger in 
Maxwell-Lorentz! electrodynamics"*”. 


Fig. 3.2: The field-theoretical approach 


<i: A. Einstein: Grundzuge der Relativitatstheorie, $ 162, Anhang Il; 5. Aufl, 
Viewex, Braunschweig 1974 
<ii>: “W. Pauli: Aufsatze und Vortrage uber Physik und Erkenntnistheorie. Vieweg, 
Braunschweig 1961, entnommen aus: 
H_G. Kussner: Gnindlagen einer einheitichen Theorie der physikalischen 
Teilchen und Felder. Musterschmidt-Verlag Gottingen 1976, S. 161 


Modification: Side 1: arm bent at 90 degrees, fingertips to the floor, knee to the elbow on the same 
side. 

Side 2: arm bent at 90 degrees, palm flat on the floor, ankle to the inside of the elbow joint, toes lifted 
off the floor 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Hand to Big Toe Pose in One Hand Headstand 5 


Utthita Hasta Padangushtasana in Eka Hasta Shirshasana 5 
(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 
Modification: Side 1: arm and leg straight out, grabbing onto the big toe. 
Side 2: arm bent 90 degrees, knee resting on the tricep on the same side 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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One-Legged Crane Pose 1 in One Hand Headstand 5 


Eka Pada Bakasana 1 in Eka Hasta Shirshasana 5 
(EY-kuh PUH-duh buh-KAHS-uh-nuh in E¥-kuh HUH-stuh sheer-SHAHS-uh-nuh) 


Modification: Side 1: arm and leg straight out. 

Side 2: arm bent 90 degrees, knee resting on the tricep on the same side 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Extended Hand to Big Toe Pose in Uneven Headstand (Fusion of 
Headstand 5 and Headstand 6 Arm Position) 


Utthita Hasta Padangushtasana in Vishama Shirshasana 5 & 6 
(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in VISH-uh-muh sheer-SHAHS-uh-nuh) 
Modification: Side 1: arm and leg straight out, grabbing onto the big toe 

Side 2: arm bent 90 degrees, knee bent to the tricep on the same side 

Pose Type: inversion, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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Crane Pose in Uneven Headstand (Fusion of Headstand 5 and 
Headstand 6 Arm Position) 


Bakasana in Vishama Shirshasana 5 & 6 

(buh-KAHS-uh-nuh in VISH-uh-muh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm straight out, fingertips to the floor, knee to the tricep. 
Side 2: arm bent 90 degrees, knee bent to the tricep on the same side 

Pose Type: inversion, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Headstand 6 


Shirshasana 6 

(sheer-SHAHS-uh-nuh) 

Also Known As: Hands Free Headstand (Mukta Hasta Shirshasana) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Upward Staff Pose in Headstand 6 


Urdhva Dandasana in Shirshasana 6 

(OORD-vuh duhn-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Modification: on the fingertips 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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HEADSTAND 7 ARM POSITION: VARIOUS ARM POSITIONS BASED OFF HEADSTAND 7 & VARIOUS LEG 
POSITIONS 


Headstand 7A 


Shirshasana 7A 

(sheer-SHAHS-uh-nuh) 

Also Known As: Spread Hands Headstand (Prasarita Hasta Shirshasana), Hands Free Headstand C 
(Mukta Hasta Shirshasana C) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Angle Pose in Headstand 7B 


Baddha Konasana in Shirshasana 7B 

(BUH-duh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Bound Angle Pose in Free Hands Headstand (Baddha Konasana in Mukta Hasta 
Shirshasana) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of the Pose Dedicated to Garuda in Uneven Headstand 
(Fusion of Headstand 5 and Headstand 7 Arm Positions) 


Pada Garudasana in Vishama Shirshasana 5 & 7A 
(PUH-duh guh-ru-DAHS-uh-nuh in VISH-wh-muh sheer-SHAHS-uh-nuh) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Lotus Pose in Headstand 7B 


Urdhva Padmasana in Shirshasana 7B 

(OORD-vuh puhd-MAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Supported Lotus Headstand Pose (Salamba Padma Shirshasana), Upward Lotus 
Pose in Spread Hands Headstand (Urdhva Padmasana in Prasarita Hasta Shirshasana), Upward Lotus 
in Hands Free Headstand (Urdhva Padmasana in Mukta Hasta Shirshasana) 

Modification: 1. neutral spine 

2. backbend 

Pose Type: 1. inversion 

2. inversion, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 8 & 5 ARM POSITIONS: LEG STRAIGHT OUT TO THE SIDE 


Leg to the Side Revolved Uneven Headstand (Fusion of Headstand 5 
and Headstand 8 Arm Positions) 


Parshva Pada Parivritta Vishama Shirshasana 5 & 8 

(PAHRSH-vuh PUH-duh puh-ri-VRIT-tuh VISH-uh-muh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm bent at 90 degrees, palm flat on the floor, knee resting on the opposite 
elbow 

Side 2: arm bent at 90 degrees, fingertips to the floor, leg straight out to the side 


Pose Type: inversion, forward bend, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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Leg to the Side One Hand Headstand 5 


Parshva Pada Eka Hasta Shirshasana 5 

(PAHRSH-vuh PUH-duh EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm bent at 90 degrees, palm flat on the floor, knee resting on the same elbow 
Side 2: arm straight, grabbing onto the shin of the leg, leg straight out to the side 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg to the Side Revolved One Hand Headstand 5 


Parshva Pada Parivritta Eka Hasta Shirshasana 5 

(PAHRSH-vuh PUH-duh puh-ri-VRIT-tuh EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm bent at 90 degrees, palm flat to the floor, leg straight out to the side 
Side 2: arm straight up to the sky, knee resting on the opposite tricep 

Pose Type: inversion, forward bend, twist 


Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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Leg to the Side Revolved One Hand Headstand 8 


Parshva Pada Parivritta Eka Hasta Shirshasana 8 

(PAHRSH-vuh PUH-duh puh-ri-VRIT-tuh EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm bent at 90 degrees, fingertips to the floor, leg straight out to the side 
Side 2: arm straight out to the side, knee resting on the opposite tricep 

Pose Type: inversion, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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HEADSTAND 8 ARM POSITION: VARIOUS LEG POSITIONS 


Feet Spread Intense Stretch Pose in Headstand 8 


Prasarita Padottanasana in Shirshasana 8 
(pruh-SAH-ri-tuh puh-do-tahn-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Feet Spread Full Forward Bend in Headstand 8 
Modification: fingertips on the floor 


Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Revolved Leg Position of One-Legged King Pigeon 1 Version B in 
Headstand 8 


Parivritta Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 8 
(puh-ri-VRIT-tuh PUH-duh EY-kuh PUH-duh RAH-juh kudt-po-TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: palms flat on the floor 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Headstand 8 


Shirshasana 8 

(sheer-SHAHS-uh-nuh) 

Modification: knees resting on the triceps, ankles crossed 
1. hands apart, elbows touching, fingertips to the floor 

2. hands together, elbows together, palms flat on the floor 


Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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HEADSTAND 2 ARM POSITION: LOTUS 


Upward Lotus Pose in Headstand 2 


Urdhva Padmasana in Shirshasana 2 

(OORD-vuh puhd-MAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Upward Lotus in Hands Bound Headstand (Urdhva Padmasana in Baddha Hasta 
Shirshasana) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 


esed 


Approach 43 


3.2 Field-theoretical approach 


The fieldtheoretical approach is the very much older one. Until the last tum of the century 
the world in this respect still was in order. Max Planck, by the discovery of quanta, has 
plunged physies into a crisis. 

Albert Einstein, who, apart from his lightquanta hypothesis, in his soul actually was a field 
theorist, writes: Is it feasible that a field theory allows us to understand the atomistic and 
quantum structure of reality?". This question by almost all is answered with No. But 1 
believe that at present nobody knows anything reliable about it" 


By the way the "No" can be justified by the fact that the fleld description after Maxwell is 
by no means able to the formation of structure so that it is not possible for quanta to 

appear as a consequence. The field-theoretical approach could, obstructed by Maxwell's 

field theory, not further be pursued and to this until today nothing has changed. 

Nevertheless it would be an omission to not at least have tried this approach and have it 
examined for its efficiency. Maybe the above mentioned problems of causality let 
themselves be solved much more elegantly. For this however the Maxwell theory must be 
reworked to a pure field theory. With the well-known formulation it offends against the 
claim of causality, since it is field theory and quantum theory at the same time. To 
Maxwell himself the quanta were still unknown, but today we know that the fourth 

“Maxwell equation is a quantum equation: 


div D = ps (G4) 
Afier this the electric field is a source field whereby the individual charge carriers, like 
eg. electrons, act as sources to form in their sum the space charge density py. The other 


three Maxwell equations are pure wave equations. In this way the third equation identifies 
the magnetic field as source free: 


divB=0 G3) 


This for Pauli probably was the reason to call, "the electric elementary quantum e° a 
stranger in Maxwell-Lorentz’ electrodynamics" 


Let's return to the principle of causality according to which in the field-theoretical 
approach the fields should act as a cause and not the particles, In a corresponding field 
description quanta logically have not lost anything, It is only consistent to likewise 
demand freedom of sources of the electric field: 


DivD=0 67 


When the electric field is not a source field, then what is it? The magnetic field is a vortex 
field, Hence it would be obvious to also conceive the electric field as a vortex field. 
Numerous reasons speak for it 

1. A non-vortical gradient field, like itis formed by charge carriers, merely represents a 
special case of the general vortex field. Only by the generation of quanta a source field 
can form as a special case. 

2. The electromagnetic wave teaches us the duality between the E- and the H-field that 
are directed perpendicular to each other and are in a fixed relation to each other. Ifone 
of them is a vortex field then also the dual field must be a vortex field. 


SHOULDERSTAND: BOTH LEGS STRAIGHT—DIFFERENT ARM POSITIONS 


Inverted Pose Dedicated to Mythological Khimi Karani Pond 


Viparita Khimi Karanyasana 

(vi-puh-REE-twh kuh-HEE-mee kuh-ruh-NEE-uhs-uh-nuh) 

Also Known As: Inverted Lake Seal (Viparita Karani Mudra), Half Whole Body Pose (Ardha 
Sarvangasana) 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Supported Whole Body Pose 


Salamba Sarvangasana 

(SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Supported Whole Body Pose 


Baddha Hasta Salamba Sarvangasana 

(BUH-duh HUH-stuh SAH-luhm-buh suhr-vuhng-GAHS-u-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Whole Body Pose 


Niralamba Sarvangasana 

(nir-AH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nabhi, Nabhicakre, or 
Nabi Chakra (belly button) 
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SHOULDERSTAND: ONE LEG UP, ONE LEG DOWN 


Leg Contraction Pose in Supported Whole Body Pose 


Pada Akunchanasana in Salamba Sarvangasana 

(PUH-duh wh-kunch-AHS-uh-nuh in SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: one knee bent toward the forehead 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Supported Whole Body Pose 


Eka Pada Salamba Sarvangasana 

(EY-kuh PUH-duh SAH-luhm-buh suhr-vulmg-GAHS-uh-nuh) 

Also Known As: One-Legged Plow Pose (Eka Pada Halasana), Shoulderstand 
Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Sideways Supported Whole Body Pose 


Parshva Eka Pada Salamba Sarvangasana 

(PAHRSH-vuh EY-kuh PUH-duh SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDERSTAND: ONE LEG UP, ONE LEG DOWN—DIFFERENT ARM POSITIONS 


One-Legged Unsupported Whole Body Pose 


Eka Pada Niralamba Sarvangasana 

(EY-kuh PUH-duh nir-AH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: both hands to the calf of the bottom leg 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Extended Hand to Big Toe Pose in Unsupported Whole Body Pose 


Utthita Hasta Padangushtasana in Niralamba Sarvangasana 
(UT-ti-tuh HUH-stuh puhd-ahng-goosh-tahn-AHS-uh-nuh in nir-AH-luhn-buh suhr-vuhng-GAHS-uh-nuh) 
Also Known As: Shoulderstand 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Unsupported Whole Body Pose 


Eka Pada Niralamba Sarvangasana 

(EY-kuh PUH-duh nir-AH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: both arms along the sides of the torso 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Inverted Tortoise Pose 


Ardha Baddha Viparita Kurmasana 

(UHR-duh BUH-duh vi-puh-REE-tuh koor-MAHS-uh-nuh) 

Pose Type: inversion, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDERSTAND: GARUDA LEGS 


Leg Position of the Pose Dedicated to Garuda in Hands Bound 
Supported Whole Body Pose 


Pada Garudasana in Baddha Hasta Salamba Sarvangasana 

(PUH-duh guh-ru-DAHS-uh-nuh in BUH-duh HUH-stuh SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: knees toward the forehead 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Leg Position of the Pose Dedicated to Garuda in Hands Bound 
Supported Whole Body Pose 


Pada Garudasana in Baddha Hasta Salamba Sarvangasana 

(PUH-duh guh-ru-DAHS-uh-nuh in BUH-duh HUH-stuh SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: legs extended toward the sky 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Leg Position of the Pose Dedicated to Garuda in Supported Whole 
Body Pose 


Pada Garudasana in Salamba Sarvangasana 
(PUH-duh guh-ru-DAHS-uh-nuh in SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 
Also Known As: Shoulderstand 

Pose Type: inversion 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDERSTAND: BOUND ANGLE & LOTUS 


Bound Angle Pose in Whole Body Pose 


Baddha Konasana in Sarvangasana 

(BUH-duh ko-NAHS-uh-nuh in suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Lotus in Whole Body Pose 


Urdhva Padmasana in Salamba Sarvangasana 

(OORD-vuh puhd-MAHS-uh-nuh in SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Lotus in Whole Body Pose 


Urdhva Padmasana in Salamba Sarvangasana 

(OORD-vuh puhd-MAHS-uh-nuh in SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: arms straight to the back, palms on the floor 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Lotus in Unsupported Whole Body Pose 


Urdhva Padmasana in Niralamba Sarvangasana 

(OORD-vuh puhd-MAHS-uh-nuh in nir-AH-luhm-buh suhr-vulmg-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Ear Pressure Raised Up Lotus Pose 


Viparita Karnapida Urdhva Padmasana 
(vi-puh-REE-twh kuhr-nah-PEED-wh OORD-vuh puhd-MAHS-uh-nuh) 
Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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SHOULDERSTAND: LOTUS—BACKBEND & FORWARD BEND 


Intense Lotus Peacock Prep. 


Uttana Padma Mayurasana Prep. 

(ut-TAHN-uh PUHD-muh muh-yoor-AHS-uh-nuh) 

Also Known As: Intense Front Body Stretching and Rejuvenating Lotus Pose (Purvottana Padma 
Sarvangasana) 

Modification: knees off the floor, fists to the lower back 

Pose Type: inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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“ Duality 


34 Maxwell eq. 4% Maxwell eq. new: 


DivB = O| (3.3) | DivD = pel] 4) | DivD = O| 3.7) 


With the relations of material: 


B=y-H| (3.5) 


Fig. 3.3: The dual field deseri 


Dual approach according to Jackson“ or Lehner™”: 


DivB=pimagu because of the 4" Maxwell equation: Div D = pq (3.4) 
Pmogn = magnetic monopoles should exist, 
otherwise dual extension (3.8) not allowed! 


Caution: closed loop conclusion! 
Maxwell theory proves the correctness of the Maxwell theory. 
Result: search for magnetic monopoles unsuccessful 


=52__1_D. Jackson, Classical Electrodynamics, 2° Ed, John Wiley, New York, 
1975, $. 251-253 

<i>: G. Lehner, Elektromagnetische Feldtheorie, Springer-Verlag Berlin, Heidel- 
berg 1990, $. 35 - 36 und S. $33 ff. 
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Upward Lotus Pose in Whole Body Pose 


Urdhva Padmasana in Sarvangasana 

(OORD-vuh puhd-MAHS-ub-nuh in suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: 1. thighs parallel to the floor, elbows bent 

2. arms straight 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Embryo Pose in Whole Body Pose 


Pindasana in Sarvangasana 

(pin-DAHS-uh-nuh in suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Inverted Embryo Pose (Viparita Pindasana), Embryo Pose in Plow Pose (Pindasana 
in Halasana), Shoulderstand 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDERSTAND: LOTUS—KNEES ON THE FLOOR 


Lotus Pose in Plow Pose 


Padmasana in Halasana 

(puhd-MAHS-wh-nuh in hul-AHS-uh-nuh) 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Sideways Embryo Pose in Whole Body Pose 


Parshva Pindasana in Sarvangasana 

(PAHRSH-vuh pin-DAHS-wh-nuh in suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Side Embryo Pose (Parshva Pindasana), Embryo Pose in Plow Pose (Pindasana in 
Halasana), Shoulderstand 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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SHOULDERSTAND: EAR PRESSURE POSE—FEET ON THE FLOOR 


Inverted Tortoise Pose 


Viparita Kurmasana 

(vi-puh-REE-tuh koor-MAHS-uh-nuh) 

Modification: 1. grabbing onto the feet 

2. palms to the floor, fingertips facing to the back 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 


e30@e 


Bound Inverted Tortoise Pose 


Baddha Viparita Kurmasana 

(BUH-duh vi-puh-REE-tuh koor-MAHS-uh-nuh) 

Pose Type: inversion, forward bend, binding 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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SHOULDERSTAND: EAR PRESSURE POSE—FEET OFF THE FLOOR 


Ear Pressure Pose Prep. 


Karnapidasana Prep. 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: knees to the temples, palms to the lower back 
Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Ear Pressure Pose Prep. 


Karnapidasana Prep. 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: one hand to the lower back; other arm up over the head, elbow bent, fingertips to the 
floor; both knees bent, one knee to the elbow of the front arm, heel of the other foot toward the sitting 
bone 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Ear Pressure Pose 


Karnapidasana 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: both knees bent, feet off the floor; arms straight behind the back and off the floor, 
palms up 

Pose Type: inversion, forward bend, balance 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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SHOULDERSTAND: EAR PRESSURE POSE—HEELS TO THE SITTING BONES, GRABBING ONTO THE SHINS 


Ear Pressure Pose 


Karnapidasana 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: both heels to the sitting bones, grabbing onto the ankles, elbows bent 
Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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SHOULDERSTAND: EAR PRESSURE PO! 


|E FLOOR—DIFFERENT ARM POSITIONS 


Ear Pressure Pose 


Karnapidasana 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: palms to the lower back 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Sideways Ear Pressure Pose 


Parshva Karnapidasana 

(PAHRSH-vuh kuhr-nah-pee-DAHS-uh-nuh) 

Also Known As: Side Contraction Pose (Parshva Akunchanasana) 
Modification: palms to the lower back 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Hands Bound Ear Pressure Pose 


Baddha Hasta Karnapidasana 

(BUH-duh HUH-stuh kuhr-nah-pee-DAHS-uh-nuh) 

Modification: fingers interlocked 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Shivalinga Pose 


Lingasana 

(ling-GAHS-uh-nuh) 

Also Known As: Ear Pressure Pose (Karnapidasana) 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 


e00e0 


Bound Hands Shivalinga Pose 


Baddha Hasta Lingasana 

(BUH-duh HUH-stuh ling-GAHS-uh-nuh) 

Also Known As: Ear Pressure Pose (Karna Pidasana) 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 


e00e0 


Ear Pressure Pose 


Karnapidasana 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: grabbing onto the heels 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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PLOW P [RAIGHT AND TOGETHER—DIFFERENT ARM POSITIONS 


EG! 


Plow Pose 


Halasana 

(huh-LAHS-uh-nuh) 

Modification: palms to the lower back, toes pointed to the front 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Plow Pose 


Halasana 

(huh-LAHS-uh-nuh) 

Modification: fingers to the toes, palms up 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Plow Pose 


Halasana 

(huh-LAHS-uh-nuh) 

Modification: arms straight to the back, palms on the floor 
Pose Type: inversion, forward bend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Approach 45 


3.3 Duality 


Duality is a fundamental physical principle, Opposite, but one another complementing 
phenomena can be assigned to each other in pairs, like eg. (see fig, 8.8): 


‘Yin (female) ‘Yang (male) 
south pole north pole 
Se @ 
R [9] resistance: R7[0") conductance 
ULV] voliuge 1 [A] curent 
E [Vim] electe.field strength 1 [Am] magnet.field strength 


D [Asim] clectr.displacement B [Vsim’] magnetic induction 
6) [AsV] eleetrfield-constant — i [Vs/Am] magnet field-constam 


QIAs| charge — 6 [Vs] magnetic ux 
PafAsin’] electr.charge density — PyyyLVsin'] magnet.charge density 


induction law Ampére’s law 
potential vortex eddy current 
(vortex ofthe electri field) (vortex of the magnetic field) 


First of all we find the duality confirmed in the case of the electromagnetic wave 
spreading in a homogeneous medium. Here the field pointers of E and H are directed 
perpendicular to each other and are in a fixed relation to each other. But if the wave is 
damped in the presence of matter, for instance by eddy currents, then by basing on 
Maxwell’ field theory the duality will vanish. 
‘A good example for perfect duality provides the integral of a field strength vector along 
‘the path from a tb: 

b 


a 
[Has ery and JEds = U 2") 


a b 
Um if the integration takes place along a closed path then the circulation yields: 


$H ds = lang 3.1), and 4Eds = 0 (32) 
According to Ampere's law (3.1) the magnetic field can thus form enclosed currents and 
spatially spreading eddy currents. The electric field on the other band should be 
inrotational (3.2) 

Ler’ take the case that the electromagnetic wave is damped by eddy currents and the 
‘magnetic field in this way becomes a vortex field. The electric field itself that, as said, is 
ina fixed relation and perpendicular tothe vortex field H, will show all the vortex-typical 
properties. Hence nothing would be more obvious as to also grant the electric field a 
ormation of vortices: 

gee Saas 68) 
Crities of this dual approach, like for instance Jackson" or Lehner, point out that with 
reference to the fourth Maxwell equation the electric field should be understood as a 
source fick 


divD = py G4) 


Bound Hands Plow Pose 


Baddha Hasta Halasana 

(BUH-duh HUH-stuh huh-LAHS-uh-nuh) 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PLOW POSE: LEGS TO THE SIDE & LEGS WIDE APART 


Sideways Plow Pose 


Parshva Halasana 

(PAHRSH-vuh huh-LAHS-uh-nuh) 

Modification: palms to the lower back 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Hands Bound Feet Spread Wide Intense Stretch Pose in Plow Pose 


Baddha Hasta Prasarita Padottanasana in Halasana 

(BUH-duh HUH-stuh pruh-SAH-ri-tuh puh-do-tahn-AHS-uh-nuh in huh-LAHS-uh-nuh) 

Also Known As: Hands Bound Feet Spread Wide Full Forward Bend in Plow Pose 
Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PLOW POSE: ONE LEG STRAIGHT, ONE LEG BENT 


One-Legged Elbow to Knee Plow Pose 


Eka Pada Kurpara Janu Halasana 

(EY-kuh PUH-duh kuhr-PAH-ruh JAH-nu hul-AHS-uh-nuh) 

Modification: one hand to the lower back; other arm up over the head, elbow bent, fingertips to the 
floor; knees together, one leg straight; knee to the elbow, other knee bent, heel to the sitting bone 
Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 

e°Ge 


ahs 


Reclined Upward Foot Thunderbolt Pose 


Supta Urdhya Pada Vajrasana 

(SUP-tuh OORD-vuh PUH-duh vuhj-RAHS-uh-nuh) 

Also Known As: Half Bound Lotus Pose in Whole Body Pose (Ardha Baddha Padmasana in 
Sarvangasana), Shoulderstand 

Modification: 1. front side view 

2. back side view 

Pose Type: inversion, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SAGE GH 
BACKBENDS 


STOMACH ON THE FLOOR 


Pose Dedicated to Makara—Prone Modification 


Makarasana 

(muh-kuh-RAHS-uh-nuh) 

Also Known As: Crocodile Pose 

Modification: whole body flat on the floor; arms straight out in front, palms together 
Pose Type: prone 

Drishti Point: Nasagrai or Nasagre (nose) 
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Side Corpse Pose 


Parshva Shavasana 

(PAHRSH-vuh shuh-VAHS-uh-nuh) 

Pose Type: prone 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Downward Facing One Leg to the Side Pose 


Adho Mukha Parshva Eka Padasana 
(uh-DO MUK-uh PAHRSH-vuh EY-kuh pub-DAHS-uh-nuh) 
Pose Type: prone 

Drishti Point: Nasagrai or Nasagre (nose) 
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STOMACH ON THE FLOOR: ONE LEG STRAIGHT, ONE KNEE BENT—FOOT TO THE FLOOR ON THE SIDE 


Intense Stretch Slithering Lizard Lunge Pose 


Utthana Sarpa Godhasana 

(ut-TAHN-uh SUHR-puh go-DAHS-uh-nuh) 

Also Known As: Extended Lizard Tail Lunge Pose (Uttana Pristhasana) 
Modification: foot to the elbow crease 

Pose Type: prone 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Stretch Slithering Lizard Lunge Pose 


Utthan Sarpa Godhasana 

(ut-TAHN-uh SUHR-puh go-DAHS-uh-nuh) 

Also Known As: Extended Lizard Tail Lunge Pose (Uttana Pristhasana) 

Modification: foot to the outside of the rib cage, arm binds around the leg 

Pose Type: prone 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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STOMACH ON THE FLOOR: FROG POSE & LOTUS POSE 


Frog Pose 


Mandukasana 

(muhn-doo-KAHS-uh-nuh) 

Also Known As: Thavaliasana 

Pose Type: prone 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lotus Staff Surrender Salutation Pose 


Padma Danda Namaskarasana 

(PUHD-muh DUHN-duh nuh-muhs-kahr-AHS-uh-nuh) 

Modification: arms straight in front, palms down to the floor 
Pose Type: prone 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hidden Lotus Pose 


Gupta Padmasana 

(GUP-tuh puhd-MAHS-uh-nuh) 

Pose Type: prone, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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(CHEST FACING THE FLOOR: TWISTS. 


Downward Facing Twisted Stomach Pose 


Adho Mukha Jatara Parivartanasana 

(uh-DO MUK-uh JAHT-uh-ruh puh-ri-vuhr-tuh-NAHS-uh-nuh) 

Modification: knees together, legs bent 

Pose Type: prone, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Downward Facing Twisted Stomach Pose 


Adho Mukha Jatara Parivartanasana 

(uh-DO MUK-uh JAHT-uh-ruh puh-ri-vuhr-tuh-NAHS-uh-nuh) 

Modification: top leg straight, bottom knee bent 

Pose Type: prone, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Downward Facing Twisted Stomach Pose 


Adho Mukha Jatara Parivartanasana 
(uh-DO MUK-uh JAHT-uh-ruh puh-ri-vuhr-tuh-NAHS-uh-nuh) 
Modification: legs straight 

Pose Type: prone, twist 


Drishti Point: Nasagrai or Nasagre (nose) 


e 


i. 


Pose Dedicated to St. Brighid of Kildare 


Brighidasana 

(bree-gid-AHS-uh-nuh) 

Modification: bottom leg crossed under, looking straight ahead 
Pose Type: prone, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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CHEST FACING THE FLOOR: TWISTS—LEGS TO THE SIDE 


Pose Dedicated to Sage Koundinya One-Legged Version 1—Prone 
Modification 


Eka Pada Koundinyasana 1 
(EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 


Modification: one arm straight to the side, bottom knee bent 
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Flow vortices, 


Ay (velocity) 


— 


34a: 
rigid- 
body rotation 


Av (velocity) 


R (radius) 


Velocity distribution v(R) for a vortex with 


> 


R (radius) 


Fig. 3.4b: Velocity distribution v(R) in a potential vortex 


(see Lugt™). 


=m ___Lugt, Hans Jz Vortex flow in nature and technology. Krieger publishing 
company, Florida 1995; page 30 and 31, ISBN 0-89464.916-7 


Pose Type: arm balance, forward bend, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


oso 


yh 


Pose Dedicated to Ashtavakra—Prone Modification 


Ashtavakrasana 

(uh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Eight Angle Pose—Prone Modification 

Modification: legs unhooked, bottom knee wrapped around the opposite forearm, top leg straight 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Pose Dedicated to Ashtavakra—Prone Modification 


Ashtavakrasana 

(uh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Eight Angle Pose—Prone Modification 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


CHEST FACING THE FLOOR: TWIST & VERTICAL SPLITS 


Svastika Legs in Downward Facing Twisted Stomach Pose 


Pada Svastikasana in Adho Mukha Jatara Parivartanasana 

(PUH-duh svuh-sti-KAHS-uh-nuh in uh-DO MUK-uh JAHT-uh-ruh puh-ri-vuhr-tuh-NAHS-uh-nuh) 

Modification: one arm straight out in front, palm down to the floor; other elbow bent, temple resting 
on the forearm of the bent arm 

Pose Type: prone, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Downward Facing Pose Dedicated to Trivikrama—Prone Modification 


Adho Mukha Trivikramasana 

(uh-DO MUK-wh tri-vi-kruhm-AHS-uh-nuh) 

Pose Type: prone 

Drishti Point: Hastagrai or Hastagre (hands) 
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Bound Downward Facing Pose Dedicated to Trivikrama—Prone 
Modification 


Baddha Adho Mukha Trivikramasana 

(BUH-duh wh-DO MUK-uh tri-vi-kruhm-AHS-uh-nuh) 

Modification: back leg bent—toes pointing to the sky 

Pose Type: prone, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: LEGS ON THE FLOOR, ARMS BEHIND 


Cobra Pose 1 


Bhujangasana 1 

(buj-uhng-GAHS-wh-nuh) 

Modification: palms lifted off the floor, elbows bent 
Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Locust Pose 


Shalabhasana 

(shuh-luh-BAHS-uh-nuh) 

Modification: arms straight, palms facing up by the hips; feet on the floor 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: LEGS AND CHEST OFF THE FLOOR—ARMS BEHIND ON THE FLOOR 


Locust Pose 


Shalabhasana 

(shuh-luh-BAHS-uh-nuh) 

Also Known As: Locust Pose B (Shalabhasana B) 

Modification: palms to the floor by the bottom of the ribs, elbows bent at 90 degrees 
Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Locust Pose 
Shalabhasana 


(shuh-luh-BAHS-uh-nuh) 

Also Known As: Locust Pose A (Salabhasana A) 

Modification: palms to the floor by the hips, arms straight, legs and chest lifted 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: LEGS AND CHEST OFF THE FLOOR—ARMS BEHIND 


Fingers to Head Reverse Prayer Locust Pose 


Anguli Shirsha Viparita Namaskar Shalabhasana 

(UHNG-goo-lee SHEER-shuh vi-puh-REE-tuh nuh-muhs-KAHR shuh-luh-BAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Fingers to Head Locust Pose (Paschima Namaskara Anguli 
Shirsha Shalabhasana) 


Modification: feet on the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Makara 


Makarasana 

(muh-kuh-RAHS-uh-nuh) 

Also Known As: Crocodile Pose 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Locust Pose 


Shalabhasana 

(shuh-luh-BAHS-uh-nuh) 

Modification: arms open wide, fingertips pointing to the toes 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Locust Pose 


Baddha Hasta Shalabhasana 

(BUH-duh HUH-stuh shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: LEGS AND CHEST OFF THE FLOOR—ARMS IN FRONT. 


Locust Pose 


Shalabhasana 

(shuh-luh-BAHS-uh-nuh) 

Also Known As: Crocodile Pose (Makarasana), Boat Pose (Navasana) 

Modification: both arms straight in front, palms facing down 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Hand Position of the Pose Dedicated to Garuda in Locust Pose 


Hasta Garudasana in Shalabhasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Inverted Locust Pose 


Viparita Shalabhasana 

(vi-puh-REE-twh shuh-luh-BAHS-wh-nuh) 

Modification: chin to the floor, legs lifted 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: ONE LEG 


Half Locust Pose 


Ardha Shalabhasana 

(UHR-duh shuh-lwh-BAHS-uh-nuh) 

Modification: hands to the floor by the hips, palms facing up, arms straight 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Hand Position of the Pose Dedicated to Garuda in Half Locust Pose 


Hasta Garudasana in Ardha Shalabhasana 
(HUH-stuh guh-ruh-DAHS-uh-nuh in UHR-duh shuh-luh-BAHS-uh-nuh) 
Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Half Locust Pose 


Ardha Shalabhasana 

(UHR-duh shuh-luh-BAHS-uh-nuh) 

Also Known As: Crocodile Pose (Makarasana) 

Modification: one arm straight to the front—palm facing down, other hand to the floor by the hip— 
palm down 

Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 

e0006 


One-Legged Frog Pose in Locust Pose 


Eka Pada Bhekasana in Shalabhasana 

(EY-kuh PUH-duh bey-KAHS-uh-nuh in shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 
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Approach 47 


For a complete duality from the existence of electric monopoles, individual in the space 
charge density p,, contained charge carriers, the claim for magnetic monopoles is derived. 

In spite of intensive search such north or south pole particles however until now could not 
be found. Herein from the sight of criticism is seen a confirmation for the assumption that 

Maxwell's field theory is self-contained and hence in principle may not be extended. The 
critics have a problem of causality: They postulate source fields that at the same time 
should be vortex fields. But if one asks how one should imagine such afield that is scalar 

and at the same time vectorial, then it looks as if‘no one has ever made any thoughts about 

it 


The from causality derived solution of the problem of lacking duality requires to extend 
the Maxwell theory in one point, by introducing the potential vortex of the electric field 
here and at the same time make a cu in another place: 


div D=0 7 


With this formulation, the assumption ofa freedom of sources in principle, the complete 
duality already is reached: Now neither magnetic nor electric monopoles exist (Fig. 3.3)! 
AL first we have to accept the loss of the electron hoping that the calculation in the end 
‘works out: the “exchange” vortices against particles, by which the quanta can be banned 
from the field theory, suggests thatthe elementary particles themselves are nothing else as 
spherical vortices that have found to an own physical reality. 


3.4 Flow vortices 


In Muid engineering convincing and strong indications for the correctness of the chosen 
approach can be found. It benefits us that hydrodynamic vortices are visible or can be the 
injection of smoke, eg. in a wind-tunnel, 

Already Leonardo da Vinci had observed at liquids that there exist two dual basic types 
of plane vortices: "Among the vortices one is slower at the centre than at the sides, another 
is faster at the centre than atthe sides." 

‘A vortex of the first type, also called "vortex with rigid-body rotation", is formed for 
instance by a liquid in a centrifuge that due to its inertia of mass is pressed to the edge 
because there the largest velocity exists. In an analogous way the electromagnetic vortex 

in electrically conductive material shows the well-known "skin effect" (Fig. 34a) 
To explain the other vortex Newton describes the experiment where a rod is dipped into a 
liquid as viscous as possible and then is turned. In this potential vortex the velocity of the 
particle increases the closer to the rod it is (Fig. 3.4b). 

The duality of both vortex phenomena becomes obvious when we make ourselves clear 

that in the experiment with the centrifuge the more liquid presses to the edge the less 

‘viscous the medium is. And that on the other band the potential vortex forms the stronger 

the more viscous the medium is. As conclusion we read in text books that the viscosity of 

the liquid decides whether a vortex with rigid-body rotation or a potential vortex is 

formed. 


Mermaid Pose in Locust Pose 


Naginyasana in Shalabhasana 

(nuh-gin-YAHS-uh-nuch in shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SPHINX POSE: BOTH AND ONE LEG STRAIGHT 


Supported Cobra Pose 


Salamba Bhujangasana 

(SAH-luhm-buh buj-uhng-GAHS-uh-nuh) 

Also Known As: Sphinx Pose or Crocodile Pose (Makarasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Frog Pose 


Eka Pada Bhekasana 

(EY-kuh PUH-duh bey-KAHS-uh-nuh) 

Modification: open ankles modification, heel to the floor by the hip socket 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Leg Extended Uneven Supported Cobra Pose 


Utthita Pada Vishama Salamba Bhujangasana 

(UT-ti-tuh PUH-duh VISH-uh-muh SAH-luhm-buh buj-ung-GAHS-uh-nuh) 

Also Known As: Uneven Sphinx Pose 

Modification: 1. knee bent 2. leg straight 

Pose Type: prone 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SPHINX POSE: BOTH KNEES BENT 


Supported Cobra Pose 


Salamba Bhujangasana 

(SAH-luhn-buh buj-uhng-GAHS-uh-nuh) 

Also Known As: Sphinx Pose or Crocodile Pose (Makarasana) 
Modification: knees bent 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Feet to the Head Supported Cobra Pose 


Shirsha Pada Salamba Bhujangasana 

(SHEER-shuh PUH-duh SAH-luhn-buh buj-uhng-GAHS-uh-nuh) 

Also Known As: Feet to the Head Sphinx Pose 

Modification: toes to the forehead 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Feet to the Face Supported Cobra Pose 


Mukha Pada Salamba Bhujangasana 

(MUK-uh PUH-duh SAH-luhm-buh buj-uhng-GAHS-uh-nuh) 

Also Known As: Feet to the Face Sphinx Pose 

Modification: heels to the forehead 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 


es00¢e 


Downward Facing Bound Angle Pose 


Adho Mukha Baddha Konasana 
(uh-DO MUK-wh BUH-duh ko-NAHS-uh-nuh) 
Modification: forearms to the floor 

1. top view 

2. side view 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hidden Lotus Pose 


Gupta Padmasana 

(GUP-th puhd-MAHS-uh-nuh) 

Modification: hands to the face on the elbows 
Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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COBRA POSE 


Cobra Pose 


Bhujangasana 

(buj-uhng-GAHS-uh-nuh) 

Modification: palms on the floor, elbows bent 

1, mild backbend 

2. intense backbend 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Cobra Pose 


Bhujangasana 

(buj-uhng-GAHS-uh-nuh) 

Modification: 1. elbows bent, fingertips to the floor 2. arms straight, palms to the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Cobra Pose 


Bhujangasana 

(buj-uhng-GAHS-uh-nuh) 

Modification: palms on the floor, arms straight, head to the glutes 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KING PIGEON POSE: HANDS TO THE FLOOR 


Half King Pigeon Pose 


Ardha Raja Kapotasana 

(UHR-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: palms to the floor, one foot to the head 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged One Hand King Pigeon Pose 


Eka Pada Eka Hasta Raja Kapotasana 

(EY-kuh PUH-duh EY-kuh HUH-stuh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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King Pigeon Pose 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: palms to the floor, feet away from the head 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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King Pigeon Pose 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: head touching the glutes, knees bent, feet away from the head 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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King Pigeon Pose 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: palms to the floor, feet to the head 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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King Pigeon Pose 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: palms to the floor, feet to the shoulders 
Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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48 Rankine vortex 


v (velocity) 


R (radius) 
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Fig. 3.5: Combination of a vortex with rigid-body 
rotation and 
a potential vortex (Lugt™). 


<i> __Lugt, Hans J.: Vortex flow in nature and technology. Krieger publishing 
company, Florida 1995; ISBN 0-89464-916-7 


KING PIGEON POSE: GRABBING ONTO THE KNEES 


King Pigeon Pose es0Gege 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 
1. Begin by lying flat on your stomach with your legs straight out behind you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 


2. Exhale and bring your forearms to the floor with your shoulders on top of your elbows. Inhale, 
lengthen your neck, roll your shoulder blades down, and feel the backbend in your upper back. 

3. On the next exhale, press strongly into your hands and straighten your arms. Walk your hands as 
close as you can toward you. 

4. Exhale and bend both your knees, reaching your feet toward your head. 


5. Inhale and shift your weight to your left hand. Exhale, bring your right arm behind you, and grab 
onto your right knee. On the next exhale, bring your left arm behind you and grab onto your left 
knee. 


6. Exhale as you push through your chest, keeping the backbend in the upper back and pressing your 
feet to the crown of your head (Pose #1). 
7. To deepen the pose, exhale and bring your feet to your shoulders (Pose #2). 


8. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 


9. Inhale as you release the pose, letting go of your knees. Bring your hands to the front and lower 
your chest and feet to the floor. 


Modification: grabbing onto the knees 
1, feet to the head 
2. feet to the shoulders 


raja = king, royal 


kapota = pigeon 
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KING PIGEON POSE: GRABBING ONTO THE KNEES 


King Pigeon Pose Prep. 


Raja Kapotasana Prep. 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand to the floor, other hand grabbing onto the knee 
Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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King Pigeon Pose Prep. 


Raja Kapotasana Prep. 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: both hands grabbing onto the knees 

1. looking straight ahead 

2. head rolling back 

Pose Type: prone, backbend 

Drishti Point: 1. Nasagrai or Nasagre (nose) 

2. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Feet to the Back King Pigeon Pose 


Pada Paschima Raja Kapotasana 

(PUH-duh PUHSH-chi-muh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD DOG POSE: BOTH LEGS STRAIGHT. 


Upward Facing Dog Pose 


Urdhva Mukha Shvanasana 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes pointed to the back, knees on the floor 

1. looking straight ahead 

2. head rolling back 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Facing Dog Pose 


Urdhva Mukha Shvanasana 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes pointed to the back, knees off the floor 

1. looking straight ahead 

2. head rolling back 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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UPWARD DOG POSE: BOTH LEGS STRAIGHT—ONE LEG, ONE ARM, & TO THE SIDE 


Uneven One-Legged Upward Facing Dog Pose 


Vishama Eka Pada Urdhva Mukha Shvanasana 

(VISH-wh-muh EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: both toes pointed 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Upward Facing Dog Pose 


Parshva Urdhva Mukha Shvanasana 

(PAHRSH-vuh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Pose Type: prone, backbend, side bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Upward Facing Dog Pose 


Eka Hasta Urdhva Mukha Shvanasana 

(EY-kuh HUH-stuh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes pointed to the back 

1. knees on the floor 

2. knees off the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD DOG POSE: TOES CURLED IN 


Upward Facing Dog Pose 


Urdhva Mukha Shyanasana 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes curled in 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways One-Legged Upward Facing Dog Pose 


Parshva Eka Pada Urdhva Mukha Shvanasana 

(PAHRSH-vuh EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes curled in 

Pose Type: prone, backbend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Upward Facing Dog Pose 


Approach 2 


3.5 Rankine vortex 


When we, ina third experiment, immerse the centrifuge filled with water into a tough 
‘medium and let the centrifuge rotate, then inside the centrifuge a vortex with rigid-body 
rotation forms and outside the centrifuge a potential vortex forms (Fig. 3.). 


It is obvious that one vortex always causes the other vortex with the opposite properties 
‘and so the existence of one causes that of the other. So in the first case, that of the vortex 
with rigid-body rotation, outside the centrifuge potential vortices will form in the 
surrounding air, whereas in the second case, that of the potential vortices, the tuming rod 
itself can be interpreted asa special case of a vortex with rigid-body rotation, 
Hence in all conceivable experiments the condition always is fulfilled that in the centre of 
the vortex the same state of "peace", that we can fix as "zero", prevails as in infinity 


When we take a tomado as an example, thus a whirlwind. In the “eye of the cyclone” 
there's no wind at all. But when I go away from this spot, then I'm blown to the outside. 1 
can really feel the vortex with rigid-body rotation in the inside. If. however, Iam standing 
‘on the outside, then the potential vortex tries to pull me into the vortex. This potential 
vortex is responsible for the structure and in the end also for the size of the tornado, 


At the radius of the vortex, the place with the largest speed of the wind, an equilibrium 
prevails. The vortex with rigid-body rotation and the potential vortex at this point are 
equally powerful. Their power again is determined by the viscosity, which thereby fixes 
the radius ofthe vortex! 


Therefore meteorologists pursue with interest whether a tornado forms over land or over 
water. Over the ocean for instance it sucks itself full with water. In that way the potential 
vortex increases in power, the radius of the vortex gets smaller and the energy density 
increases dangerously. 


If the knowledge from hydrodynamics is tansferred to the area of electromagnetism, then 
the role of the viscosity is taken over by the electric conductivity. The well-known current 
eddy occurs in the conductor, whereas its counterpart, the postulated potential vortex, 
forms in the bad-conducting medium, with preference in the dielectric. The duality of both 
vortices is expressed by the fact that the electric conductivity of the medium decides 
‘whether current eddies or potential vortices can form and how fast they decay, ie. convert 
their energy into heat. 


Eka Pada Urdhva Mukha Shvanasana 

(EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes of the straight leg curled in; knee of the other leg bent, toes pointing up to the sky 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 

e00¢0e 


Half Big Toe Bow Pose in One-Legged Upward Facing Dog Pose 


Ardha Padangushta Dhanurasana in Eka Pada Urdhva Mukha Shvanasana 
(UHR-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh QORD-vuh MUK-wh shvuh-NAHS-uh-nuh) 
Modification: grabbing onto the foot with overhead grip on the same side 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD DOG POSE: TOES CURLED IN—LEGS CROSSED 


Upward Facing Dog Pose 


Urdhva Mukha Shvanasana 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes curled in, ankles crossed 

1, knees on the floor 

2. knees off the floor, looking straight ahead 

3. knees off the floor, head rolling back 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Upward Facing Dog Pose 


Eka Pada Urdhva Mukha Shvanasana 
(EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 


Modification: toes curled in, foot of the bent leg to the inside of the knee of the straight leg 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD DOG POSE: ONE LEG BENT. 


Uneven One-Legged Upward Facing Dog Pose 


Vishama Eka Pada Urdhva Mukha Shvanasana 

(VISH-wh-muh EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: Leg 1: knee bent and on the floor, toes pointed to the sky Leg 2: straight and off the 
floor, toes pointed away 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 

e090e 


Half Bow Pose in One-Legged Upward Facing Dog Pose 


Ardha Dhanurasana in Eka Pada Urdhva Mukha Shvanasana 
(UHR-duh duh-nur-AHS-wh-nuh in EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 


Modification: grabbing onto the opposite foot with under-head grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bow Pose in One-Legged Upward Facing Dog Pose 


Ardha Dhanurasana in Eka Pada Urdhva Mukha Shvanasana 

(VHR-duh duh-nur-AHS-wh-nuh in E¥-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: under-head grip on the same side 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
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Half Pose Dedicated to Siddhar Konganar in One-Legged Upward 
Facing Dog Pose 


Ardha Konganarasana in Eka Pada Urdhva Mukha Shvanasana 
(VHR-duh kong-guh-nuh-RAHS-wh-nuh in EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 
Modification: grabbing onto the knee with under-head grip on the same side—foot to the armpit 


Pose Type: prone, backbend 
Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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COBRA POSE: UNDER-HEAD GRIP 


Half King Pigeon Pose in One-Legged Big Toe Bow Pose 


Ardha Raja Kapotasana in Eka Pada Padangushta Dhanurasana 
(UHR-duh RAH-juh kuh-po-TAHS-uh-nuh in EY-kuh PUH-duh puhd-ahng-GOOSH-th duh-nur-AHS-uh-nuh) 
Modification: Hand 1: grabbing onto the knee on the same side. 

Hand 2: grabbing onto the big toe of the opposite foot with overhead grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Cobra Pose 


Bhujangasana 
(buj-uhng-GAHS-uh-nuh) 


Also Known As: Supported Cobra Pose (Alamba Bhujangasana), King Pigeon Pose Prep. (Raja 
Kapotasana Prep.) 

Modification: grabbing onto the knees with under-head grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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COBRA POSE: OVERHEAD GRIP 


Upward Facing Unsupported Cobra Pose 


Urdhva Mukha Niralamba Bhujangasana 

(OORD-vuh MUK-uh nir-AH-luhm-buh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Bhrumadhye or Ajna Chakra (third 
eye, between the eyebrows) 
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Unsupported Complete Cobra Pose 


Niralamba Paripurna Bhujangasana 


(nir-AH-luhm-buh puh-ri-POOR-nuh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Bhrumadhye or Ajna Chakra (third 
eye, between the eyebrows) 
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Complete Cobra Pose 


Paripurna Bhujangasana 

(pub-ri-POOR-nuh buj-uhng-GAHS-uh-nuh) 

Modification: 1. grabbing onto the shins with overhead grip 

2. grabbing onto the knees with overhead grip 

3. grabbing onto the shins with overhead grip, toes curled in 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: UNDER-HEAD GRIP—BOTH KNEES BENT 


Bow Pose 


Dhanurasana 

(duh-nur-AHS-uh-nuh) 

Modification: hands grabbing onto the ankles 

1. on the inside of the ankles 

2. on the outside of the ankles 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bow Pose 


Dhanurasana 

(duh-nur-AHS-uh-nuh) 

Modification: legs bent at 90 degrees; ankles and knees together, toes pointed to the sky 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bow Pose 


Dhanurasana 

(duh-nur-AHS-uh-nuh) 

Modification: legs bent at 90 degrees; ankles and knees together, toes flexed away from the head 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Sideways Bow Pose 


Parshva Dhanurasana 

(PAHRSH-vuh duh-nur-AHS-uh-nuh) 

Pose Type: supine, prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Vortex and anti-vortex 


Fig. 3.6. Kirlian photograph of _leaves™ 
structured corona discharges 


<i>: (produced by students of electronics in the laboratory for power electronics of 
the Author, University of Applied Sciences Furtwangen 1991) 


Kupfinuller, Karl: Einfubrung in die theoretische Elektrotechnik, 
Springer-Verlag Berlin, 12. Auflage 1988, page 453 


<iii> Kupfinuller, Karl: Einfubrung in die theoretisehe Elektrotechnik, 
Springer-Verlag Berlin, 12. Auflage 1988, page 208 


BOW POSE: UNDER-HEAD GRIP—BOTH KNEES BENT 


One-Legged @ 3 .¢ Ge 
Pose Dedicated to Siddhar Konganar 


Eka Pada Konganarasana 
(EY-kuh PUH-duh kong-guh-nuh-RAHS-uh-nuh) 
ye: prone, backbend 


Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 
1. Begin by lying flat on your stomach with your legs straight out behind you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 


2. Exhale and bring your forearms to the floor with your shoulders on top of your elbows. Inhale, 
lengthen your neck, roll your shoulder blades down, and feel the backbend in your upper back. 


3. On the next exhale, press strongly into your hands and straighten your arms. 
4. Exhale and bend both your knees, reaching your feet toward your head. 


5. On the next exhale, reach your right hand behind you and grab onto your right shin. Keep sliding 
your right hand until your right foot reaches your right armpit and your right hand rests on your 
right knee. 

6. Inhale and reach your left arm up and over your head. Exhale and grab onto your left foot with your 
left hand, keeping your left elbow close to your ear. 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 


8. Inhale, let go of your legs one by one, and lower your chest and feet to the floor to come back to 
the starting position. Repeat on the opposite side. 


eka = one 
pada = foot or leg 
Konganar = one of the Siddhars 


Little Bow Pose 


Laghu Dhanurasana 

(LUH-gu duh-nur-AHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


e000e 


a 


Feet to the Head Little Bow Pose 


Shirsha Pada Laghu Dhanurasana 

(SHEER-suh PUH-duh LUH-gu duh-nur-AHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e00e0<e0 


Pose Dedicated to Siddhar Konganar 


Konganarasana 


(kong-guh-nuh-RAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: OVERHEAD GRIP—BOTH KNEES BENT 


One Hand Both Feet Big Toe Bow Pose 


Eka Hasta Dwi Pada Padangushta Dhanurasana 

(EY-kuh HUH-stuh DWL-puh-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: grabbing onto the toes of both feet with one hand, other palm to the floor 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Big Toe Bow Pose 


Padangushta Dhanurasana 
(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 
Modification: head rolling back 


Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Big Toe Bow Pose 


Padangushta Dhanurasana 

(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: 1. feet to the face 

2. heels to the forehead 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: OVERHEAD GRIP—ONE KNEE BENT, ONE LEG STRAIGHT 


One Hand One-Legged Big Toe Bow Pose 


Eka Hasta Eka Pada Padangushta Dhanurasana 

(EY-kuh HUH-stuh EY-kuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: 1. one hand grabbing onto the foot on the opposite side with overhead grip 

2. with backbend 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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One Hand One-Legged Big Toe Bow Pose 


Eka Hasta Eka Pada Padangushta Dhanurasana 
(EY-kuh HUH-stuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 


Modification: one hand grabbing onto the foot on the same side with overhead grip 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Both Hand One-Legged Big Toe Bow Pose 


Dwi Hasta Eka Pada Padangushta Dhanurasana 

(DWI-huh-stuh EY-kuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: both hands grabbing onto the foot with overhead grip 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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BOW POSE: OVERHEAD GRIP—ONE KNEE BENT, ONE LEG STRAIGHT AND OFF THE FLOOR 


Pose Dedicated to Goddess Kamala 


Kamalasana 

(kuh-muh-LAHS-uh-nuh) 

Also Known As: Upward Facing One-Handed Big Toe Boat Pose (Urdhva Mukha Eka Hasta 
Padangushta Navasana) 

Modification: 1: grabbing onto the ankle 


2. foot to the shoulder 
Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: CRISS-CROSS LEGS AND ARMS 


Revolved Bow Pose 


Parivritta Dhanurasana 

(puh-ri-VRIT-tuh duh-nur-AHS-uh-nuh) 

Pose Type: prone, backbend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padhayoragrai or 
Padayoragre (toes/feet) 
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Bow Pose 


Dhanurasana 

(duh-nur-AHS-uh-nuh) 

Modification: legs crossed 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Big Toe Bow Pose 


Padangushta Dhanurasana 

(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Also Known As: Difficult Bow Pose (Dur Dhanurasana) 

Modification: one hand grabbing opposite ankle with under-head grip, other hand grabbing the 
opposite foot with overhead grip 

1, one knee on the floor 

2. both knees off the floor 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Big Toe Bow Pose 


Padangushta Dhanurasana 

(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: one foot toward the shoulder 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HALF LOTUS BACKBENDS 


Approach sl 


3.6 Vortex and anti-vortex 


Fig. 3.5 shows that vortex and dual anti-vortex mutually cause each other. In high tension 
transmission lines we find a striking example for the combination of current eddy and 
potential vortex. Within the conductor current eddies are formed. Thus the current density 
Increases towards the surface of the conductor (skin effect). Outside of the conductor, in 
the air, the altemating fields find a very bad conducting medium. If one follows the text 
book opinion, then the field outside the conductor should be an irrotational gradient field! 
But this statement causes unsolvable problems. 


When vortices occur inside the conductor, then for reasons of a detachment of the vortices 
without jumps atthe interfice to he dielectric, also the elds in the air surrounding the 
Conductor must have the form andthe properties of voices. Nothing woud be more 

obvious ast also matheratialy deste and interpret these so-called gradient ids os 

vortex fds, When looking exae this argument ever Is mandatory! 

The as laws of field refraction known boundary conditions“ in addition demand 
Steadiness atthe interface ofthe conductor tothe dielectric and don't leave us any other 
choice Iter sa vortex field on one side then alo the eld onthe ther side isa vortex 
Field otherwise we offend against the law! Here an obvious failure ofthe Maxwell theory 
ispreent 

Outside the conductor inthe sr, where the altemating fields finda very bad conducting 
tedium the potential vortex not only exists theoretical it even shows itself. Dependent 
timong oer onthe frequency and te composition ofthe surface ofthe condutor, the 
potenal vortices form around te conductor. When the thereby induced potential exceed 
the initial voltage, then impact ionisation takes place and the well-known corona 
discharge is produced. Everyone of us can hear tis as crackling and se he sparkling 
skin wilh which high tension trnsssion ines cover themselves 

in accordance with the ext boks also a gradient id increases towards the surface ofthe 
conductor, but an even shiing would be expected and nota crackling. Without potential 
Vortces the observable siicue ofthe corona would remain an unsolved phenomenon of 


physics (Fig. 36) 


But even without knowing the structure-shaping property of the potential vortices, that in 
addition acts supporting and that we'll have to derive, it can be observed well that, 
especially roughness on the surface of the conductor stimulate the formation of vortices 
and can produce vortices. If one is looking for a reason why with large frequency the very 
short impulses of discharge always emerge from roughness”, then very probable 
potential vortices are responsible for it. By means of a Kirlian photograph it can be 
shown that the corona consists of structured separate discharges (Fig. 3.6) 


With this the approach is motivated, formulated and given reasons for. The expositions 
can't replace a proof, but they should stand a critical examination, Mathematical and 
physical evidence will be furnished later 


Half Lotus Frog Pose 


Ardha Padma Bhekasana 
(UHR-duh PUHD-muh bey-KAHS-uh-nuh) 


Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Lotus Bow Pose 


Ardha Padma Dhanurasana 

(UHR-duh PUHD-muh duh-nur-AHS-uh-nuh) 

Modification: both hands grabbing onto the ankle with under-head grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


es00¢e 


Half Lotus One Hand One-Legged Big Toe Bow Pose 


Ardha Padma Eka Hasta Eka Pada Padangushta Dhanurasana 


(UHR-duh PUHD-muh EY-kuh HUH-stuh EY-kuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 
Modification: grabbing onto the foot with overhead grip on the same side, other hand to the floor 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOTUS BACKBENDS 


Lotus Cobra Pose 


Padma Bhujangasana 

(PUHD-muh buj-uhng-GAHS-uh-nuh) 

Modification: both hands to the floor, hips off the floor, arms straight 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lion Pose Dedicated to an Avatar of Lord Vishnu 


Narasimhasana 
(nuh-ruh-sin-HAHS-uh-nuh) 


Also Known As: Lion Pose (Simhasana) 

Modification: full lotus leg position 

1. elbows bent, fingers in lion claw 

2. arms straight, palms flat on the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Lotus Cobra Pose 


Eka Hasta Padma Bhujangasana 

(EY-kuh HUH-stuh PUHD-muh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lotus Cobra Pose 


Padma Bhujangasana 

(PUHD-muh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SAGE GHERANDA’S POSE: UNDER-HEAD GRIP 


Revolved Pose Dedicated to Sage Gheranda 1 


Parivritta Ardha Gherandasana 1 

(puh-ri-VRIT-tuh UHR-duh gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


es00 


Half Pose Dedicated to Sage Gheranda 1 


Ardha Gherandasana 1 

(UHR-duh gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Gheranda 5B 


Gherandasana 5 B 

(gey-ruhn-DAHS-uh-nuh) 

Modification: under-head grip, grabbing onto the ankle, elbow on the floor instead of the forearm 
Pose Type: prone, backbend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Gheranda 1B 


Gherandasana 1 B 

(gey-ruhn-DAHS-uh-nuh) 

Modification: under-head grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Gheranda 6 


Gherandasana 6 
(gey-ruhn-DAHS-uh-nuh) 

Modification: under-head grip 

Pose Type: prone, backbend, binding 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SAGE GHERANDA’S POSE: OVERHEAD GRIP 


Pose Dedicated to Sage Gheranda 5 

Gherandasana 5 

(gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
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Pose Dedicated to Sage Gheranda 1 


Gherandasana 1 

(gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Gheranda 2 


Gherandasana 2 

(gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Gheranda 3 


Gherandasana 3 

(gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Pose Dedicated to Sage Gheranda 4 


Gherandasana 4 

(gey-ruhn-DAHS-uh-nuh) 

Modification: 1. back view 

2. front view 

Pose Type: prone, backbend, binding, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBENDS: GARUDA LEGS: UNDER-HEAD GRIP 


Twined Legs Cobra Pose 


Parivitta Pada Bhujangasana 

(pub-ri-VRIT-tuh PUH-duh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Supported Twined Legs Cobra Pose 


Salamba Parivid Pada Bhujangasana 

(SAH-luhn-buh PUH-ri-vid PUH-duh buj-uhng-GAHS-uh-nuh) 

Also Known As: Supported Twined Legs Sphinx Pose 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Leg Position of the Pose Dedicated to Garuda in One Hand Bow Pose 


Pada Garudasana in Eka Hasta Dhanurasana 


Concentration effect 


copper cable fibre optic cable 
Lil} (current density) (intensity) 1 
R (radius) R (radius) 

distribution distribution 

of the current density intensity of light 

(eddy current) (potential vortex) 

Fig. 4.1 ‘The distribution in principle of the intensity of 
light 
within a fibre optic cable compared tothe 


distribution of the current density in a copper cable 


<i> Meyl, Konstantin: Potentialwirbel, Band 1: Diskussionsbeitrage zur natur- 
wissenschafilichen Deutung und zur” physikalisch-technischen Nutzung, 
basierend auf einer mathematischen Berechnung neu entdeckter hydro: 
tischer Wirbel, INDEL GmbH, Verlagsabteilung, 
illingen-Schwenningen 1990, ISBN 3-9802-542-1-6 


(PUH-duh guh-ru-DAHS-uh-nuh in EY-kuh HUH-stuh duh-nur-AHS-uh-nuh) 
Modification: one forearm to the floor, one hand to the ankle, under-head grip 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBENDS: GARUDA LEGS: OVERHEAD GRIP 


Leg Position of the Pose Dedicated to Garuda in One Hand Big Toe 
Bow Pose 


Pada Garudasana in Eka Hasta Padangushta Dhanurasana 
(PUH-duh guh-ru-DAHS-uh-nuh in EY-kuh HUH-stuh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 
Modification: forearm to the floor 

1. grabbing onto the top foot 

2. grabbing onto the bottom foot 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Leg Position of the Pose Dedicated to Garuda in One 
Hand Big Toe Bow Pose 


Niralamba Pada Garudasana in Eka Hasta Padangushta Dhanurasana 
(nir-AH-luhm-buh puh-ri-vid-PUH-duh guh-ru-DAHS-uh-nuh in EY-kuh HUH-tuh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh- 
nuh) 

Also Known As: One Handed Twined Legs Bow Pose (Eka Hasta Parivid Pada Dhanurasana) 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Leg Position of the Pose Dedicated to Garuda in Big Toe Bow Pose 


Pada Garudasana in Padangushta Dhanurasana 

(PUH-duh guh-ru-DAHS-uh-nuh in puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Also Known As: Difficult Bow Pose (Dur Dhanurasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHIN ON THE FLOOR & EAR ON THE FLOOR, 


One-Legged Inverted Locust Pose 


Eka Pada Viparita Shalabhasana 

(EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


es00¢e 


Kes 


Ear Pressure Staff Formidable Face Pose 


Karnapida Danda Ganda Bherundasana 

(kuhr-nah-PEED-uh DUHN-duh GUHN-duh bey-run-DAHS-uh-nuh) 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST ON THE FLOOR: BOTH LEGS STRAIGHT 


Inverted Locust Pose 


Viparita Shalabhasana 

(vi-puh-REE-twh shuh-luh-BAHS-uh-nuh) 

Modification: 1. chin to the floor 

2. chest to the floor, chin lifted off the floor 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Formidable Face Staff Pose 


Danda Ganda Bherundasana 

(DUHN-duh GUHN-duh bey-run-DAHS-uh-nuh) 

Also Known As: Intense Stretch Locust Pose A (Uttana Shalabhasana A) 
Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Locust Pose 


Viparita Shalabhasana 

(vi-puh-REE-twh shuh-luh-BAHS-wh-nuh) 

Also Known As: Raised Locust Pose—Urdhva Shalabhasana) 

Modification: arms straight on the floor, palms down, chin lifted off the floor 
Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST ON THE FLOOR: BOTH FEET TO HEAD 


Formidable Face Pose 


Ganda Bherundasana 

(GUHN-duh bey-run-DAHS-uh-nuh) 

Also Known As: Full Locust Pose (Purna Shalabhasana), Intense Stretch Locust Pose B (Uttana 
Shalabhasana B) 

Modification: fingers pointing to the front of the body, feet to the head, chest on the floor 1. side view 
2. front view 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0o0e500 


Formidable Face Pose 


Ganda Bherundasana 

(GUHN-duh bey-run-DAHS-uh-nuh) 

Modification: fingers pointing to the back 

1. knees apart 

2. knees together, chin lifted off the floor 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Locust Pose 


Viparita Shalabhasana 

(vi-puh-REE-twh shuh-luh-BAHS-uh-nuh) 

Also Known As: Full Locust Pose (Purna Shalabhasana) 

Modification: arms straight on the floor, palms down; feet to the head 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00Ge0 


Formidable Face Pose 


Ganda Bherundasana 

(GUHN-duh bey-run-DAHS-uh-nuh) 

Modification: feet to the head, grabbing onto both feet, chin off the floor 
Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHIN ON THE FLOOR: FULL LOTUS 


Inverted Lotus Peacock Pose 
Viparita Padma Mayurasana 
(vi_puh-REE-twh PUHD-muh muh-yoor-AHS-uh-nuh) 


Pose Type: prone, backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Locust Pose with Lotus Legs 


Padma Viparita Shalabhasana 
(PUHD-muh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 


Pose Type: prone, backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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(CHEST ON THE FLOOR: FEET TO THE FLOOR, 


Inverted Locust Pose 


Viparita Shalabhasana 

(vi-puh-REE-twh shuh-luh-BAHS-uh-nuh) 

Modification: arms straight on the floor, palms down; feet toward the floor over the head, legs bent 
1. heels up 

2. heels down 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Formidable Face Pose 


Ganda Bherundasana 

(GUHN-duh bey-run-DAHS-uh-nuh) 

Modification: feet on the floor, grabbing onto both ankles, chin off the floor 
Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES UNDER THE HIPS 


Intense Extended Puppy Dog Pose 


Uttana Shvanakasana 

(ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification), Extended Dog Pose (Utthita Shvanasana) 
Modification: 1. palms down to the floor 2. grabbing onto the heels 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Properties 3 


4. Properties 


4.1 Concentration effect 


It can be assumed that until now there does not yet exist a technical application for the 
hhere presented potential vortex theory unless the phenomenon was used by chance and 
unconsciously. About this the transmission of optical light signals over fibre optic cable 


can be given as a typical example. 
Compared to a transmission of energy impulses over a copper cable fibre optic cables 
show a considerable better degree of effectiveness. The derived potential vortex theory 
provides a conclusive explanation for this phenomenon and therefore is put here to 
discussion: If we cut through a fibre optic cable and look at the distribution of a light 
impulse over the cross-section, then we observe a concentration in the centre of the 
conductor (fg. 4.1) 


Here the duality between the vortices of the magnetic and of the electric field comes to 
light. Whereas the current eddies in a copper conductor cause the "skin effect” as is well- 
known, potential vortices show a "concentration effect" and align themselves with the 
vortex centre, The measurable and in fig. 4.1 shown distribution of the light intensity in a 
fibre optic cable may confirm this phenomenon, the orientation of the potential vortex on 
the vortex centre, 


For instance the calculation of the resistance of a copper cable provides as an important 
result an apparent dectease of the resistance directed towards the conductor surface. There 
the associated better conductivity as a consequence causes an increased current density. In 
the reversed direction, towards the centre of the conductor, consequently a decrease of the 
effective conductivity would be present, and this result is independent of the used 
‘material. According to the rules of duality this is a condition for the formation of potential 
vortices. As already said the conductivity is responsible for i, if the expanding eddy 
current with its skin effect or the contracting potential vortex with its concentration effect 


‘spredominan. 


Usual fibre optic materials possess not only a small conduetivity, but in addition a high 
diclewicity. This additionally favours the formation of vortices ofthe eleettic field. If one 
consciously or unconsciously supports the potential vortices, then there isa possibility that 
the life ofthe fibre optic cable is negatively influenced because of the concentration effect. 

Of course it can not be excluded that other effects, like e.g. reflections or the modes of the 
light are involved in the concentration effect. But it should be guaranteed that this actually 
concerns is causal phenomena and doesn’t concern only alternative explanations out of | 
ignorance of the active vortex phenomenon, 


The formal mathematical reason for the concentration effect provides the reverse sign in 
Faraday's law of induction compared to Ampere's law (see also equation 3.1 and equation 


3.8 in fig. 33), 


Intense Extended Puppy Dog Pose 


Uttana Shvanakasana 

(ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Prayer Heart Pose (Namaskar Anahatasana), Extended Dog Pose (Utthita 
Shvanasana) 

Modification: thumbs to the upper back 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Water Grove Pose 


Nirakunjasana 
(neer-wh--kunj-AHS-uh-nuh) 
Also Known As: Heart Pose (Anahatasana Modification) 


Modification: arms in front, elbows bent; palms together; chin off the floor; heels toward the sitting 
bones 


Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Hands Bound Water Grove Pose 


Baddha Hasta Nirakunjasana 

(BUH-duh HUH-stuh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: heels toward the sitting bones 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Goddess Arani Prep. 


Aranyasana Prep. 

(uh-rah-NYAHS-uh-nuh) 

Also Known As: Dragon Pose 

Modification: 1. hands underneath the shoulders, elbows tucked in 

2. arms reaching toward the knees, palms up 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Goddess Arani 


Aranyasana 

(uh-rah-NYAHS-uh-nuh) 

Also Known As: Dragon Pose 

Modification: |. grabbing onto the shins 

2. grabbing onto the hamstrings 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES UNDER THE HIPS—HALF LOTUS. 


Intense Extended Puppy Dog Pose 


Uttana Shvanakasana 

(ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification), Extended Dog Pose (Utthita Shvanasana) 
Modification: arms extended to the front 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Half Lotus Intense Extended Puppy Dog Pose 


Ardha Padma Uttana Shvanakasana 

(UHR-duh PUHD-muh ut-TAHN-wh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Half Lotus Heart Pose (Ardha Padma Anahatasana), Half Lotus Extended Dog Pose 
(Ardha Padma Utthita Shvanasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Half Bound Lotus Intense Extended Puppy Dog Pose 


Ardha Baddha Padma Uttana Shvanakasana 

(UHR-duh BUH-duh PUHD-muh ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Half Bound Lotus Heart Pose (Ardha Baddha Padma Anahatasana), Half Bound 
Lotus Extended Dog Pose (Ardha Baddha Padma Utthita Shvanasana) 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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CHEST AND KNEES ON THE FLOOR: KNEES UNDER THE HIPS—LOTUS & LEGS STRAIGHT 


Lotus Intense Extended Puppy Dog Pose 


Padma Uttana Shvanakasana 

(PUHD-muh ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Lotus Heart Pose (Padma Anahatasana), Lotus Extended Dog Pose (Padma Utthita 
Shvanasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Upward Hands Bound Lotus Pose in Pose Dedicated to Goddess Arani 


Urdhva Baddha Hasta Padmasana in Aranyasana 

(OORD-vuh BUH-duh HUH-stuh puhd-MAHS-uh-nuh in wh-rah-NYAHS-uh-nuh) 

Also Known As: Dragon Pose, Upward Bound Hand Lotus Heart Pose (Urdhva Baddha Hasta Padma 
Anahatasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Feet Spread Wide Pose in Inverted Locust Pose 


Prasarita Padottanasana in Viparita Shalabhasana 
(pruh-SAH-ri-tuh puh-do-tahn-AHS-uh-nuh in vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—ARMS IN FRONT AND BEHIND THE BACK 


Water Grove Pose 


Nirakunjasana 

(neer-wh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: arms straight and crossed in front 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Water Grove Pose 


Nirakunjasana 

(neer-wh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: chin and feet on the floor 

1, knees on the floor 

2. knees off the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Eight Limbs Pose 


Ashtangasana 

(uhsh-tahng-AHS-uh-nuh) 

Also Known As: Eight Point Bow Pose (Ashtanga Namaskara) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Prayer Water Grove Pose 


Viparita Namaskar Nirakunjasana 

(vi-puh-REE-twh nuh-muhs-KAHR neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Water Grove Pose (Paschima Namaskara Nirakunjasana), 
Heart Pose Modification 

Modification: toes curled in 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—ARMS BEHIND THE BACK. 


Hands Bound Water Grove Pose 


Baddha Hasta Nirakunjasana 

(BUH-duh HUH-stuh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: 1. knees on the floor, toes pointed to the back 

2. knees on the floor, toes curled in 

3. knees off the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—ONE LEG STRAIGHT AND LIFTED—ARMS 
BEHIND THE HEAD 


One-Legged Water Grove Pose 


Eka Pada Nirakunjasana 

(EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: 1. forearms on the floor, toes pointed 

2. palms to the floor by the rib cage, elbows bent, toes curled in 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound One-Legged Water Grove Pose 


Baddha Hasta Eka Pada Nirakunjasana 

(BUH-duh HUH-stuh EY-kuh PUHD-uh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Prayer One-Legged Water Grove Pose 


Viparita Namaskar Eka Pada Nirakunjasana 

(vi-puh-REE-twh nuh-muhs-KAHR EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer One-Legged Water Grove Pose (Paschima Namaskara Eka 
Pada Nirakunjasana), Heart Pose 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—ONE LEG STRAIGHT AND LIFTED—BOTTOM. 
KNEE BENT 


One-Legged Inverted Locust Pose Prep. 


Eka Pada Viparita Shalabhasana Prep. 
(EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 


Modification: forearms on the floor, knee of straight leg resting on the foot of the bottom leg 
Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved One-Legged Inverted Locust Pose Prep. 


Parivritta Eka Pada Viparita Shalabhasana Prep. 

(puh-ri-VRIT-tuh EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Modification: bottom leg bent, top leg straight, top knee resting on the sole of the bottom foot 
Pose Type: forward bend, twist 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 

2. Hastagrai or Hastagre (hands) 
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Upward Bound Hands One-Legged Inverted Locust Pose 


Urdhva Baddha Hasta Eka Pada Viparita Shalabhasana 
(OORD-vuh BUH-duh HUH-stuh EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 
Also Known As: Flying Locust Pose (Uddayate Shalabhasana) 
Modification: 1. knee of the straight leg resting on the foot of the bottom leg 
2. bottom foot away from the top leg 

Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—BOTH LEGS BENT—ARMS IN FRONT 


One-Legged Water Grove Pose 


Eka Pada Nirakunjasana 

(EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: both knees bent; arms straight out in front, palms down 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Half Bow Pose in One-Legged Water Grove Pose 


Ardha Dhanurasana in Eka Pada Nirakunjasana 

(IUHR-duh duh-nur-AHS-wh-nuh in EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: 1. right front side view 

2. right back side view 

Pose Type: backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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AND KNEES 


ON THE FLOOR: KNEES BEHIND HIPS—BOTH LEGS BENT—ARMS BEHIND THE HEAD 


One-Legged Water Grove Pose 


Eka Pada Nirakunjasana 

(EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: both knees bent 

1. arms straight to the back, palms down 

2. arms lifted off the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bow Pose in One-Legged Water Grove Pose 


Dhanurasana in Eka Pada Nirakunjasana 

(duh-nur-AHS-uh-nuh in EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: both hands grabbing the top foot with under-head grip; the knee of the bottom leg on the 
floor, toes pointing to the sky 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bow Pose in One-Legged Water Grove Pose 


Ardha Dhanurasana in Eka Pada Nirakunjasana 

(UHR-duh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: grabbing onto the foot on the opposite side, under-head grip; other hand to the lower 
back, palm up 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—BOTTOM KNEE BENT—OVERHEAD GRIP 


Big Toe Bow Pose in One-Legged Water Grove Pose 


Padangushta Dhanurasana in Eka Pada Nirakunjasana 
(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 
Also Known As: Heart Pose (Anahatasana Modification) 

Pose Type: prone, backbend 


Drishti Point: Padayoragrai or Padayoragre (toes/feet), Bhrumadhye or Ajna Chakra (third eye, 
between the eyebrows) 
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One Leg to the Head Water Grove Pose 


Eka Pada Shirsha Nirakunjasana 

(EY-kuh PUH-duh SHEER-shuh neer-wh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—BOTTOM KNEE BENT—UNDER-HEAD & 
OVERHEAD GRIP 


One-Legged Inverted Locust Pose 


Eka Pada Viparita Shalabhasana 
(EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 
Modification: one palm to the floor at the bottom of the ribs, other arm straight, palm down; both 


knees bent, knee of the top leg resting on the foot of the bottom leg 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand to Foot Inverted Locust Pose 


Eka Hasta Pada Viparita Shalabhasana 

(EY-kuh HUH-stuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Modification: grabbing onto the top foot with the opposite hand; other arm straight, palm down to the 
floor; both knees bent, knee of the top leg resting on the foot of the bottom leg 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Both Hands to One Foot Inverted Locust Pose 


Dwi Hasta Eka Pada Viparita Shalabhasana 
(DWI-huh-stuh EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 


Modification: both hands grabbing the top foot with under-head grip; top knee resting on the sole of 
the bottom foot 


Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Foot to the Shoulder Inverted Locust Pose 


Eka Pada Bhuja Viparita Shalabhasana 

(EY-kuh PUH-duh buj-uh vi_puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Modification: grabbing onto the toes of the top foot; the quadriceps of the top leg resting on the sole 
of the bottom foot 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Propertios 35 


4.2 Duality of the vortex properties 


The rules of duality dictate for the vortex of the electric and of the magnetic field the 
following characteristics: 


1, Whereas currents and eddy currents demand a good conductivity, potentials and 
potential vortices can only form with bad conductivity, thus in a dielectric and best in 
the vacuum. 


2, Eddy currents run apart, strive towards infinity and thus show the well-known "skin 
effect” with a spatially limited arrangement of the conductor. According 10 the rules of 
duality the potential vortex will strive towards the vortex centre and in this way will 
show a “concentration effect” 


43. Another property of vortices is shown in fig. 4.2. 
‘On the left side a plane eddy current is indicated, Since the discovery of Ampere's law 
itis well-known to us that such a circular current (I) forms a magnetic dipole standing 
perpendicular to the vortex plane. 

‘On the right hand side the dual phenomenon is sketched. Here charges are piled up 
circularly to a planar potential vortex (U). Thereby an electric dipole forms, standing 
perpendicular to the vortex plane. This relation directly follows from the equations of 
the field-theoretical approach, 

Whereas circular currents and current eddies produce magnetic dipoles, the postulated 
potential vortices will form electric dipoles. 


With these three interesting properties some key questions of quantum physics, that until 
now have stayed a mystery to science (fig. 44), can be answered conclusively and without 
compulsion eg. 


Why are there no magnetically charged particles? 

The better the conductivity of a medium is, the higher as a consequence the number of free 
ccharge carriers is. the more strongly eddy currents are formed. The answer to question | is 
inferred from the ‘opposite case: 
Inthe ideal vacuum no charge carriers at all are present, why no currents, no current 

‘eddies and consequently no magnetic poles can exist. 

With this well-known fact the first question already is answered. ‘The question why in the 
microcosm there can not exist magnetically charged elementary particles, why the search 

for magnetic monopoles doesn't make any sense. Let's ask further: 


U.— Why are there only electrically charged particles? 
Let us for that consider the dual conditions. The worse the conductivity of a medium is, the 
more the potential vortex -will be favoured that because of this property also can be 
understood as the vortex of the dielectric. 

In the mentioned extreme case ofthe ideal vacuum, no electric conductivity is present for 

reason of the missing charge carriers. But this circumstance favours the potential vortex 

and that, according to fig. 4.2, forms electric poles and with this also the second question 

‘would be answered clearly. 

It can be traced back to the boundary conditions of the microcosm that without exception 
electrically charged particles ate entitled to exist; a realization derived from the tield- 
‘theoretical approach, that covers all experiences. 


TRICEPS ON THE FL{ 


ONE AND BOTH FEET BEHIND HEAD 


HORIZONTAL SPLITS 


SHOULDER ON THE FLOOR: VARIOUS LEG POSITIONS 


Sideways Wind Relieving Pose 


Parshva Vayu Muktyasana 

(PAHRSH-vuh VAH-yu muk-TYAHS-uh-nuh) 

Modification: palms together in front of the face, knees together 
Pose Type: supine (on the side) 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Arms Raised Sideways Wind Relieving Pose 


Urdhva Hasta Parshva Vayu Muktyasana 
(OORD-vuh HUH-stuh PAHRSH-vuh VAH-yu muk-TYAHS-uh-nuh) 
Pose Type: supine (on the side) 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Sideways Wind Relieving Pose 


Parshva Vayu Muktyasana 


(PAHRSH-vuh VAH-yu muk-TYAHS-uh-nuh) 

Modification: bottom leg straight; top knee bent, foot to the knee of the straight leg 
Pose Type: supine (on the side) 

Drishti Point: Nasagrai or Nasagre (nose) 
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Infinity Pose 


Anantasana 

(uhn-whnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top leg lifted in front of the body, bottom leg straight 

Pose Type: supine (on the side), forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Infinity Pose 


Anantasana 
(uhn-uhnt-AHS-uh-nuh) 


Also Known As: Sleeping Vishnu Pose 


Modification: top leg straight and lifted; bottom leg bent, toes pointing to the back 
Pose Type: supine (on the side) 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SHOULDER ON THE FLOOR: TWISTS AND BINDING 


Svastika Legs in Twisted Stomach Pose 


Pada Svastikasana in Jatara Parivartanasana 
(PUH-duh svuh-sti-KAHS-uh-nuh in JAH-tuh-ruh puh-ri-vuhrt-ahn-AHS-uh-nuh) 
Modification: grabbing onto the back foot, heel toward the glutes 
Pose Type: supine (on the side), twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 
(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 


Modification: back knee bent, both hands to the back foot; front foot to hip socket 


Pose Type: supine (on the side), twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


e300 


One-Legged Bound Infinity Pose 


Eka Pada Baddha Anantasana 

(EY-kuh PUH-duh BUH-duh whn-whnt-AHS-uh-nuh) 

Also Known As: One-Legged Bound Sleeping Vishnu Pose 

Modification: bottom leg bent, heel toward the glutes; top leg bent 

Pose Type: supine (on the side), twist, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDER ON THE FLOOR: HALF LOTUS BACKBEND—UNDER-HEAD & OVERHEAD GRIP 


Sideways Half Lotus Bow Pose 


Parshva Ardha Padma Dhanurasana 
(PAHRSH-vuh UHR-duh PUHD-muh duh-nur-AHS-uh-nuh) 
Modification: grabbing onto the bottom foot with both hands with under-head grip 


Pose Type: supine (on the side), backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Half Lotus One-Handed Big Toe Bow Pose 


Parshva Ardha Padma Eka Hasta Padangushta Dhanurasana 

(PAHRSH-vuh UHR-duh PUHD-muh EY-kuh HUH-stuh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: grabbing onto the bottom foot with overhead grip on the same side, top arm straight, 
fingertips to the sky 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Half Lotus Two-Handed Big Toe Bow Pose 


Parshva Ardha Padma Dwi Hasta Padangushta Dhanurasana 
(PAHRSH-vuh UHR-duh PUHD-muh DWL-huh-stuh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 
Modification: overhead grip, both hands grabbing onto the foot 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDER ON THE FLOOR: FOOT TO THE THIGH, HALF LOTUS & LOTUS 


Mermaid Pose in Infinity Pose 


Naginyasana in Anantasana 

(nuh-gin-YAHS-uh-nuh in whn-uhnt-AHS-uh-nuh) 

Also Known As: Mermaid Pose in Sleeping Vishnu Pose 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Half Lotus Bow Pose 


Parshva Ardha Padma Dhanurasana 

(PAHRSH-vuh UHR-duh PUHD-muh duh-nur-AHS-uh-nuh) 

Modification: grabbing onto the top foot with the bottom hand; grabbing onto the bottom foot with top 
hand 

1, front view 

2. back view 


Pose Type: supine (on the side), backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Lotus Pose in Infinity Pose 


Baddha Hasta Padmasana in Anantasana 

(BUH-duh HUH-stuh puhd-MAHS-uh-nuh in whn-whnt-AHS-uh-nuh) 

Also Known As: Hands Bound Lotus Pose in Sleeping Vishnu Pose 

Pose Type: supine (on the side), mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDER ON THE FLOOR: FINGERS INTERLOCKED BEHIND THE BACK. 


Hands Bound Infinity Pose 


Baddha Hasta Anantasana 

(BUH-duh HUH-stuh uhn-uhnt-AHS-uh-nuh) 

Also Known As: Hands Bound Sleeping Vishnu Pose 

Modification: 1. bottom leg bent, top leg straight and lifted; resting on the arms and the bent knee for 
support 

2. bottom leg straight, top leg straight and lified; arms lifted off the floor 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Half Lotus Pose in Infinity Pose 


Baddha Hasta Ardha Padmasana in Anantasana 

(BUH-duh HUH-stuh UHR-duh puhd-MAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Hands Bound Half Lotus Pose in Sleeping Vishnu Pose 
Modification: 1. front view 

2. back view 

Pose Type: supine (on the side), backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TRICEPS ON THE FLOOR: HAND TO THE HEAD—LEGS TOGETHER & LEGS APART 


Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: both legs straight and together; bottom leg on the floor 
Pose Type: supine (on the side), side bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


electron as an elementary vortex 


the elektron e 


Fig. 4.3: Elementary particles as configurations of 
potential 
vortices 


Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: legs straight, together and lifted off the floor 
Pose Type: supine (on the side), core, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: both legs straight, top leg lifted, bottom leg on the floor 

Pose Type: supine (on the side), core, side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Urdhva or Antara Drishti (up to the sky) 
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Extended Hand to Big Toe Pose in Infinity Pose 


Utthita Hasta Padangushtasana in Anantasana 

(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in whn-whnt-AHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose in Sleeping Vishnu Pose 
Pose Type: supine (on the side), forward bend, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Sundial Pose in Infinity Pose 


Surya Yantrasana in Anantasana 

(SOOR-yuh yuhn-TRAHS-uh-nuh in uhn-whnt-AHS-uh-nuh) 

Also Known As: Sundial Pose in Sleeping Vishnu Pose 
Modification: 1. grabbing onto the heel on the outside of the calf 
2. grabbing onto the heel on the inside of the calf 

Pose Type: supine (on the side), forward bend, side bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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TRICEPS ON THE FLOOR: BOTH KNEES BENT 


Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top knee to the top shoulder; both knees bent 

Pose Type: supine (on the side), forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padhayoragrai or 
Padayoragre (toes/feet) 
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Bound Angle Pose in Infinity Pose 


Baddha Konasana in Anantasana 

(BUH-duh ko-NAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Bound Angle Pose in Sleeping Vishnu Pose 

Modification: |. top wrist on the top knee 

2. top hand grabbing onto the top foot 

Pose Type: supine (on the side), side bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 
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‘TRICEPS ON THE FLOOR: BOTTOM LEG STRAIGHT—BACKBENDS 


Half Frog Pose Prep. in Infinity Pose 


Ardha Bhekasana in Anantasana 

(UHR-duh bey-KAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Frog Pose Prep. in Sleeping Vishnu Pose 

Modification: hand in beginner modification; neutral spine, top leg moving into a half-frog leg 
position 


Pose Type: supine (on the side), mild backbend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Bow Pose in Infinity Pose 


Ardha Dhanurasana in Anantasana 

(UHR-duh duh-nur-AHS-wh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Bow Pose in Sleeping Vishnu Pose 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ec00¢e 


Ane 


Half Big Toe Bow Pose in Infinity Pose 


Ardha Padangushta Dhanurasana in Anantasana 

(UHR-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh in whn-uhnt-AHS-uh-nuh) 

Also Known As: Half Big Toe Bow Pose in Sleeping Vishnu Pose 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TRICEPS ON THE FLOOR: ONE LEG STRAIGHT, OTHER FOOT TO THE HIP SOCKET 


Infinity Pose 


Anantasana 

(uhn-whnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top foot to the hip socket, toes touching the floor; bottom leg straight on the floor 
Pose Type: supine (on the side), side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Lotus Pose in Infinity Pose 


Ardha Padmasana in Anantasana 

(UHR-duh puhd-MAHS-uh-nuh in anan-TAHS-annauhn-uhnt-AHS-uh-nuh) 
Also Known As: Half Lotus Pose in Sleeping Vishnu Pose 
Modification: bottom foot in half lotus, top leg lifted and straight 
Pose Type: supine (on the side), side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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TRICEPS ON THE FLOOR: HALF LOTUS & FULL LOTUS 


Half Lotus Mermaid Pose in Infinity Pose 


Ardha Padma Naginyasana in Anantasana 

(UHR-duh PUHD-muh nuh-gin-YAHS-uh-nuh in whn-uhnt-AHS-uh-nuh) 

Also Known As: Half Lotus Mermaid Pose in Sleeping Vishnu Pose 
Pose Type: supine (on the side), backbend, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Lotus Pose in Infinity Pose 


Padmasana in Anantasana 

(puhd-MAHS-uh-nuh in whn-whnt-AHS-uh-nuh) 

Also Known As: Lotus Pose in Sleeping Vishnu Pose 

Pose Type: supine (on the side), side bend, knee, ankle opener 
Drishti Point: Hastagrai or Hastagre (hands) 


ELBOW ON THE FLOOR: BOTTOM LEG STRAIGHT, TOP LEG CROSSED OVER 


Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: elbow to the floor, top knee bent, leg crossed over in front of the body; bottom leg 
straight 

1. palm of the top hand on the floor 

2. top hand on the top knee 

Drishti Point: Urdhya or Antara Drishti (up to the sky) 
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Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: elbow to the floor, hands in Anjali Mudra (Hands in Prayer); top knee bent, foot by the 
hip, bottom leg straight 

1. bottom leg on the floor 

2. bottom leg lifted off the floor 

Pose Type: 1. supine (on the side), side bend 

2. supine (on the side), side bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ELBOW ON THE FLOOR: BOTH KNEES BENT, LEGS CROSSED 


Infinity Pose 


Anantasana 

(uhn-whnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top leg crossed over in front, toes on the floor; bottom leg bent, toes to the back; elbow 
to the floor, other arm straight fingertips to the sky 

Pose Type: supine (on the side) 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Lotus Pose in Infinity Pose 


Ardha Padmasana in Anantasana 

(UHR-duh puhd-MAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Lotus Pose in Sleeping Vishnu Pose 

Modification: top leg in half lotus; bottom leg bent, heel to the sitting bone; elbow to the floor, other 
arm straight fingertips to the sky 

Pose Type: supine (on the side) 

Drishti Point: Hastagrai or Hastagre (hands) 
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4.3 Derivation of the electron as an elementary vortex 


The next key question necessarily has to be brought to a conclusive answer to save the 
principle of causality, so that we no longer have to postulate an own physics with its own 
laws for the microcosm: 


LIL Why do these particles show as monopoles? 


More concrete the question has to read: 
‘Where is the positive pole in a negatively charged electron, if it should be an electric 
dipole? 

The only possible answer is 

In the centre of the particle! 


Thus in the centre of the electron its positive pole is hidden and in the centre of the 
positron its negative pole is hidden, But we only observe these particles from the outside 
and for reason of the field conditions of the electron we measure a negative charge and for 
its antiparticle, the positron, a positive charge. If in each case we wanted to measure the 
electric fields included in the inside, we had to destroy the particle. Then a proof would 
rot be possible anymore, 


Here also a persistent mistake is eliminated by the for a long time known axiom that 
monopoles can not exist at all if one considers continuity! By means of technical-physical 
experiments this axiom is sufficiently secured. 

The quantum physical approach is standing on uncertain ground if it is postulated that 
other laws of nature should apply to particle physics, if a second approach, the field- 
theoretical approach, is conceivable that does not know these problems! 


The discussed concentration effect gives the potential vortex a structure shaping property. 
With that also the fourth key question can be answered: 


IV. Why do the particles have the form of spheres? 


The potential vortex is favoured in the particle-free vacuum of the microcosm because of 
the missing conductivity. In connection with the concentration effect the following 
conclusion can be drawn: 

The extremely mighty potential vortex exerts a high pressure on the microcosm and on 
each particle 


With that also the fourth key question, why stable elementary particles are spherical, can 
be answered by the potential vortex theory: 

‘Only the sphere is able to withstand a high outside pressure. 

All other forms, like e.g. dipoles formed like a rod or a club would be instable in the 
presence of the extremely concentrating potential vortex. They would be immediately 
destroyed by the pressure of the potential vortex. 
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Leg Position of the Pose Dedicated to Garuda in Infinity Pose 


Pada Garudasana in Anantasana 

(PUH-duh guh-ru-DAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Leg Position of the Pose Dedicated to Garuda in Sleeping Vishnu Pose 
Modification: elbow to the floor, hands behind the head 

Pose Type: supine (on the side) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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3 CROSSED OVER & HALF LOTUS 


Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top leg crossed over; forearm to the floor, top elbow resting on the top knee 
Pose Type: supine (on the side) 

Drishti Point: Hastagrai or Hastagre (hands) 


Extended Hand to Big Toe Half Cow Face Western Intense Stretch in 
Infinity Pose 


Utthita Hasta Padangushta Ardha Gomukha Paschimottanasana in Anantasana 
(UT-ti-tuh HUH-stuh puhd-ahng-GOOSH-tuh UHR-duh go-MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 
Also Known As: Extended Hand to Big Toe Half Cow Face Forward Bend in Infinity Pose, Extended 
Hand to Big Toe Half Cow Face Western Intense Stretch in Sleeping Vishnu Pose 

Modification: forearm to the floor; top leg crossed over; grabbing onto the big toe of the bottom foot, 
leg off the floor 

Pose Type: supine (on the side), forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Lotus Pose in Infinity Pose 


Ardha Padmasana in Anantasana 

(VHR-duh puhd-MAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Lotus Pose in Sleeping Vishnu Pose 
Modification: top foot to the bottom knee; top forearm to the top knee 


Pose Type: supine (on the side), mild backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Lotus Extended Hand to Leg Pose in Infinity Pose 


Ardha Padma Utthita Pada Hastasana in Anantasana 

(UHR-duh PUHD-muh UT-ti-tuh PUH-duh huh-STAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Lotus Extended Hand to Leg Pose in Sleeping Vishnu Pose 
Pose Type: supine (on the side), forward bend, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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FOREARM ON THE FLOOR: TOP LEG STRAIGHT, BOTTOM FOOT TO THE THIGH 


Half Bound Angle Pose in Infinity Pose 


Ardha Baddha Konasana in Anantasana 

(UHR-duh BUH-duh ko-NAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Bound Angle Pose in Sleeping Vishnu Pose 
Modification: forearm to the floor 


1. finger tips of the top arm to the floor in front of the abdomen, elbow bent 

2. top arm straight and parallel to the top leg 

Pose Type: supine (on the side), side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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EASTERN INTENSE STRETCH: SITTING BONES BELOW KNEES—ONE LEG OFF FLOOR & TWISTS 


Tip Toe Half Eastern Intense Stretch Pose 


Prapada Ardha Purvottanasana 

(PRUH-puh-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Tip Toe Half Reverse Plank Pose 

Modification: prep—sitting bones below the knee level, on the fingertips 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00ee 


Half Eastern Intense Stretch Pose 


Ardha Purvottanasana 

(UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Half Reverse Plank 

Modification: mild prep—sitting bones slightly off the floor, feet flat on the floor; palms flat on the 
floor, fingertips pointing to the heels 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Fire Log Pose in Half Eastern Intense Stretch Pose 


Ardha Agnistambhasana in Ardha Purvottanasana 

(VHR-duh whg-ni-stuhm-BAHS-uh-nuh in UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Half Firelog Pose in Half Reverse Plank 

Modification: prep—sitting bones slightly off the floor; elbows bent, fingertips pointing to the heels 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Ankle Stretch Pose in One-Legged Half Eastern Intense Stretch 
Pose 


Uttana Kulpasana in Eka Pada Ardha Purvottanasana 

(ut-TAHN-uh kul-PAHS-uh-nuh in EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Pose in One-Legged Half Reverse Plank 
Modification: knee bent toward the chest, fingertips pointing away from the heels 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Half Eastern Intense Stretch Pose 


Parivritta Ardha Purvottanasana 

(puh-ri-VRIT-tuh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Half Reverse Plank Pose 
Modification: opposite elbow to knee of the straight leg 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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EASTERN INTENSE STRETCH: KNEES BENT 


Half Eastern Intense Stretch Pose 


Ardha Purvottanasana 

(UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Reverse Table Top and Half Reverse Plank Pose 

Modification: prep—knees bent and on top of the ankles, fingertips pointing away from the heels 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Leg Position of Cow Face Pose in Half Eastern Intense Stretch 
Pose 


Vishama Pada Gomukhasana in Ardha Purvottanasana 

(VISH-wh-muh PUH-duh go-muk-AHS-uh-nuh in UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Uneven Leg Position of Cow Face Pose in Reverse Table Top and Uneven Leg 
Position of Cow Face Pose in Half Reverse Plank 

Modification: knees bent, fingertips pointing to the heels 


Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Half Eastern Intense Stretch Pose 


Eka Pada Ardha Purvottanasana 

(EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Reverse Table Top and One-Legged Half Reverse Plank Pose 
Modification: prep—one knee bent, foot on the floor; other leg straight; knees in line, fingertips 
pointing to the heels 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Half Eastern Intense Stretch Pose 


Eka Pada Ardha Purvottanasana 

(EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Reverse Table Top and One-Legged Half Reverse Plank 
Modification: prep—both knees bent, top foot to the knee, fingertips pointing to the heels 


Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Half Eastern Intense Stretch Pose in Pose Dedicated to 
Sage Vasistha on the Forearm 


Eka Pada Ardha Purvottanasana in Vasishtasana 

(EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: One-Legged Reverse Table Top in Pose Dedicated to Sage Vasistha on the 
Forearm, One-Legged Half Reverse Plank Top in Pose Dedicated to Sage Vasistha on the Forearm 
Modification: both knees bent, foot to the knee 

Pose Type: standing (on the forearm and the foot) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Half Eastern Intense Stretch Pose 


Eka Hasta Ardha Purvottanasana 
(EY-kuh HUH-stuh UHR-duh poor-vo-tahn-AHS-uh-nuh) 


Also Known As: One Hand Reverse Table Top or One Hand Half Reverse Plank 


Modification: knees bent, fingertips pointing away from the heels 
Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: LEGS STRAIGHT. 


Eastern Intense Stretch Pose 


Purvottanasana 

(poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Reverse Plank and Upward Plank Pose 

Modification: legs straight, fingertips pointing to the heels 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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58 quanta as field vortices 


L Why are there no magnetically charged 
particles? 
(the vacuum has no conduetivity!) 


I. Why are there only electrically charged 
particles? 
(in the vacuum only potential vortices ean exist!) 


III. Why do these particles show as monopoles? 


(the other pole is locked up in the inside of the vortex 
oscillation!) 


IV. Why do the particles have the form of spheres? 


(for reason of the outside pressure by the concentration 
effect!) 


/V. Why is the elementary quantum stable? 


(without conductivity no decay of vortices takes place!) 


VI. Why does for every particle of matter exist an antiparticle? 


(there are two swirl directions with equal rights!) 


VII. Why are particles and antiparticles incom- 
patible? 


(contrary swirl directions!) 


Fig. 4.4: Key questions of quantum physics 


EASTERN INTENSE STRETCH: ONE LEG STRAIGHT, ONE KNEE BENT. 


Foot to the Side es oCOg@o@ 
Half Eastern Intense Stretch Pose 


Parshva Eka Pada Ardha Purvottanasana 
(PAHRSH-vuh EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 
Also Known As: Foot to the Side Reverse Table Top, Foot to the Side Half Reverse Plank and Foot to the Side Half Upward Plank 


Pose 


Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Keep your hands on the 
floor on the sides of your hips with fingertips pointing toward your feet. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale, bend your knees, and slide your feet toward your sitting bones. Keep your feet and knees 
hip-width apart. 

3. On the next exhale, press into your hands and feet and lift your sitting bones off the floor. Your 
shoulders should be on top of your wrists, your knees on top of your ankles, and your torso and 
thighs parallel to the floor. 

4. Exhale, straighten your right leg, and bring it out to the side, flexing the toes of your right foot out 
to the side. Hold the pose for at least 30, and up to 90, seconds in order to receive full benefits. 


5. Inhale and bring your right leg back to the center in line with your left leg. Repeat on the other 
side. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 


6. Inhale and lower your hips to the floor, coming back to the starting position. 
Modification: one knee bent, other leg straight out to the side, fingertips pointing to the heels 


parshva = side 
eka =one 

pada = foot or leg 

ardha = half 

purva = east, the front of the body 
ut = intense 


tan = to stretch, to extend 


Feet Wide Eastern Intense Stretch Pose 


Prasarita Pada Purvottanasana 

(pruh-SAH-ri-tuh PUH-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Feet Wide Reverse Plank and Feet Wide Upward Plank Pose 
Modification: legs straight, toes flexed in, fingertips pointing to the heels 

1. side view 

2. front view 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: FOREARMS ON THE FLOOR 


Easy Fish Pose 


Sukha Matsyasana 

(SUK-wh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: head off the floor, forearms on the floor, legs straight 

Pose Type: seated, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Eastern Intense Stretch Pose 


Purvottanasana 

(poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Reverse Plank on the Forearms and Upward Plank Pose on the Forearms 
Modification: legs straight, forearms on the floor 

Pose Type: standing (on the forearms), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Fish Pose 


Sukha Matsyasana 

(SUK-wh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: head off the floor, forearms to the floor; one leg straight, other knee bent, foot flat on 
the floor 

1. straight leg on the floor 


2. straight leg off the floor, toes flexed in 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: FOREARMS TO FLOOR—ONE LEG OFF FLOOR 


Half Fire Log Pose in Easy Fish Pose 


Ardha Agnistambhasana in Sukha Matsyasana 

(VHR-duh whg-ni-stuhm-BAHS-uh-nuh in SUK-wh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: forearms to the floor, head off the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Fish Pose 


Sukha Matsyasana 

(SUK-wh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: forearms to the floor, head off the floor, sole of the foot to the opposite knee 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Hand to Foot Pose in Half Eastern Intense Stretch Pose on the 
Forearm 


Parivritta Hasta Padasana in Ardha Purvottanasana 

(puh-ri-VRIT-tuh HUH-stuh puh-DAHS-uh-nuh in UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Hand to Foot Pose in Reverse Table Top, Revolved Hand to Foot Pose in 
Half Reverse Plank 

Modification: forearm on the floor; grabbing onto the outside edge of the foot, leg straight 

Pose Type: standing (on the forearm and the foot), twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: FOREARMS TO FLOOR—GRABBING ONTO TRICEPS—KNEES BENT 


Hands Bound Easy Fish Pose 


Baddha Hasta Sukha Matsyasana 

(BUH-duh HUH-stuh SUK-uh muhts-YAHS-uh-nuh) 

Modification: knees bent, feet to the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Half Eastern Intense Stretch Pose 


Baddha Hasta Ardha Purvottanasana 

(BUH-duh HUH-stuh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Hands Bound Reverse Table Top, Hands Bound Half Reverse Plank 
Pose Type: standing (on the forearms), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Prayer One-Legged Easy Fish Pose 


Viparita Namaskar Eka Pada Sukha Matsyasana 

(vi-puh-REE-twh nubt-muhs-KAHR EY-kuh PUH-duh SUK-uh muhts-YAHS-uh-nuh) 

Also Known As: Back of the Body Prayer One-Legged Easy Fish Pose (Paschima Namaskara Eka 
Pada Sukha Matsyasana) 

Modification: both knees bent, heel to the knee 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound One-Legged Half Eastern Intense Stretch Pose 


Baddha Hasta Eka Pada Ardha Purvottanasana 

(BUH-duh HUH-stuh EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Hands Bound One-Legged Reverse Table Top, Hands Bound One-Legged Half 
Reverse Plank 

Modification: heel to the knee; grabbing onto the triceps 

Pose Type: standing (on the forearms), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: FOREARMS TO FLOOR—GRABBING ONTO THE TRICEPS 


Hands Bound Easy Fish Pose 


Baddha Hasta Sukha Matsyasana 

(BUH-duh HUH-stuh SUK-wh muhts-YAHS-uh-nuh) 

Modification: one leg straight to the floor; other knee bent, foot to the floor 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Easy Intense Leg Stretch 


Baddha Hasta Sukha Uttana Padasana 

(BUH-duh HUH-stuh SUK-uh ut-TAHN-uh puh-DAHS-uh-nuh) 

Modification: knees bent at 90 degrees, feet off the floor 

Pose Type: seated, backbend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: ELBOWS ON THE FLOOR—HALF LOTUS 


Half Lotus Easy Fish Pose 


Ardha Padma Sukha Matsyasana 

(UHR-duh PUHD-muh SUK-uh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: elbows to the floor, palms to the lower back; one leg in half lotus, other knee bent; 
heel up 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Lotus Half Eastern Intense Stretch Pose 


Ardha Padma Ardha Purvottanasana 

(UHR-duh PUHD-muh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Half Lotus Reverse Table Top, Half Lotus Half Reverse Plank 

Modification: elbows to the floor, palms to the lower back; one leg in half lotus, other knee bent; 
heel up 

1. right side view 
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4.4 Quanta as field vortices 


TThe fied-theoretical approach demands removing the electron from the field equations 
(eq. 3.7) and at the same time introducing the potential vortex of the electric field. With 
this vortex phenomenon there now is a possibility that the electromagnetic wave 
spontaneously rolls up to a vortex in case it is disturbed from the outside. The vortex 
particle that is formed in such a way owes its physical reality on the one hand the 
concentration effect of the potential vortex, that compresses this particle o the dimension 
‘of a tiny sphere and on the other hand its localization for reason of the oscillation around 
fixed point 

The spherical elementary particles are being compressed to inconceivably small 
dimensions. Therefore they are capable to bind a comparatively high energy in their 
inside. This is confirmed by the mass-energy relation E = me" (4) 


TThe fact that the energy is dependent on the speed of light can be judged to be a clear 
indication that quanta actually are nothing but oscillating electromagnetic packages, 
vortical oscillations of empty space! 

TThe next question reads: 


V. Why is the elementary quantum stable? 
The worse the conductivity is, the more the potential vortex will be favoured, the more 
strongly the concentration effect will form, the smaller the spherical phenomena’ will get 
the larger the authoritative relaxation time will be, i.e. the slower the decay of vortices 
and with that the more stable the vortex phenomenon will be. 

In the microcosm, that comes the ideal case of a particle-free vacuum very close, the 
spherical vortices because of the missing conductivity have an absolute stability 


VL. Why does for every particle of matter exist an antiparticle? 
Since every vortex can also oscillate 

in the opposite direction, there always exist two forms of formation of spherical vortices 
with equal rights, one of them is assigned to the world of matter and the other to the world 
of anti-matter 


VIL. Why ate particles and antiparticles incompatible? 
For reason of the contrary swirl direction they are incompatible to each other. They have 
the tendency to destroy each other mutually, like two tains that want in the opposite 
direction on a single-tracked distance. 


The quantum physical approach does not have an answer to these key questions. Until 
now scientists have merely thought about to what the observable contraction in the 
‘microcosm and the macrocosm can be traced back. Because the approach was not able to 
furnish an answer, without further ado some new matter was introduced: the sluons, These 
binding particles should be able to exert the necessary pressure. But until now no one has 
been able to observe or detect this fabulous matter. Nobody knows its structure and its, 
‘composition. Despite missing evidence itis stated that this matter is mass less and at the 
same time lumped; it is invisible because it cant interact with any other matter, not even 
‘with the supposed building parts of the atomic nuclei, the quarks. But at the Same time 
there should be exerted a pressure on the quarks, for which reason quarks again should be 
able to interact with gluons! 


2. left side view 
Pose Type: standing (on the elbows, knee and foot), backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN, SPINE ON THE FLOOR 


Bridge Whole Body Pose Prep. 


Setu Bandha Sarvangasana Prep. 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: spine flat on the floor, palms down by the hips, heels down 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Hands Bound Twisted Stomach Pose in Bridge Whole Body 
Pose Prep. 


Supta Baddha Hasta Jatara Parivartanasana in Setu Bandha Sarvangasana 
Prep. 

(SUP-tuh BUH-duh HUH-stuh JAH-tuh-ruk puh-ri-vuhrt-uhn-AHS-uh-nuh in SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: ear resting on a yoga block 

Pose Type: supine, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Reclined Hands Bound One Leg Extended Pose in Bridge Whole Body 
Pose Prep. 


Supta Baddha Hasta Utthita Eka Padasana in Setu Bandha Sarvangasana Prep. 
(SUP-tuh BUH-duh HUH-stuh UT-ti-twh EY-kuh puh-DAHS-uh-nuh in SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: arms straight in front, palms facing up 

Pose Type: supine 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Reclined Half Bound Lotus Pose in Bridge Whole Body Pose Prep. 


Supta Ardha Baddha Padmasana in Setu Bandha Sarvangasana Prep. 
(SUP-tuh UHR-duh BUH-duh puhd-MAHS-uh-nuh in SEY-tu BUHN-duh suhr-vulmg-GAHS-uh-nuh) 
Modification: grabbing onto the ankle 

Pose Type: supine, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN, ARMS BEHIND THE BACK 


Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms to the floor, arms straight; feet in front of the knees 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Bridge Whole Body Pose 


Vishama Setu Bandha Sarvangasana 

(VISH-wh-muh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: palms down by the heel of the bent leg, other leg straight 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulder Pose (Kandharasana) 

Modification: palms down by the heels 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN, ARMS OVERHEAD & BEHIND THE BACK 


Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: arms straight to the floor over the head, palms facing up 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Upward Bow Pose Prep. (Urdhva Dhanurasana Prep.) 
Modification: palms under the shoulders, fingertips pointing to the heels 
Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Hands Bound Bridge Whole Body Pose 


Urdhva Baddha Hasta Setu Bandha Sarvangasana 
(OORD-vuh BUH-duh HUH-stuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Also Known As: Desk Pose Modification (Dwipadapitam) 
Pose Type: supine, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hands Bound Bridge Whole Body Pose 


Baddha Hasta Setu Bandha Sarvangasana 

(BUH-duh HUH-stuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN, GRABBING ONTO THE ANKLES 


Hand to Ankle Bridge Whole Body Pose 


Hasta Kulpa Setu Bandha Sarvangasana 

(HUH-stuh KUL-puh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hand to Ankle Bridge Whole Body Pose 


Hasta Kulpa Setu Bandha Sarvangasana 

(HUH-stuh KUL-puh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: arms crossed 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN—ONE FOOT OFF THE FLOOR 


One Hand to Ankle Bridge Whole Body Pose 


Eka Hasta Kulpa Setu Bandha Sarvangasana 

(EY-kuh HUH-stuh KUL-puh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: yoga block under the sitting bones; grabbing onto the ankle on the same side, top of the 
foot to the floor 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand to Ankle Bridge Whole Body Pose 


Eka Hasta Kulpa Setu Bandha Sarvangasana 

(EY-kuh HUH-stuh KUL-puh SEY-ta BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: Arm 1: grabbing onto the ankle of the opposite leg Arm 2: grabbing onto the opposite 
arm 

Pose Type: supine, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Fire Log Pose in One-Legged Hands Bound Bridge Whole Body 
Pose 


Ardha Agnistambhasana in Eka Pada Baddha Hasta Setu Bandha 
Sarvangasana 

(UHR-duh whg-ni-stuhm-BAHS-uh-nuh in EY-kuh PUH-duh BUH-duh HUH-stuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: ankle on top of the knee heel down, toes of the top foot pointed 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus One Hand to Ankle Bridge Whole Body Pose 


Ardha Baddha Padma Eka Hasta Kulpa Setu Bandha Sarvangasana 
(UHR-duh BUH-duh PUHD-muh EY-kuh HUH-stuh KUL-puh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: heel down 

Pose Type: supine, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN—ONE LEG TO THE SKY 


One-Legged Bridge Whole Body Pose 


Eka Pada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vulng-GAHS-uh-nuh) 

Modification: palms down, arms straight on the floor; both knees bent 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


60 the photon 


Fig. 4.5: Two coaxial oscillating vortex rings (Lugt™’). 


<i> _Lugt, Hans J.: Vortex flow in nature and technology. Krieger publishing 
company, Florida 1995; page 42, ISBN 0-89464-916-7 
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One-Legged Bridge Whole Body Pose 


Eka Pada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh SEY-t BUHN-duh suhr-vulmg-GAHS-uh-nuh) 

Modification: palms down, arms straight on the floor; one leg up and straight, knees toward each 
other 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Bridge Whole Body Pose 


Eka Pada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vulmg-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: palms down by the heel 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Bridge Whole Body Pose 


Eka Pada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vulmg-GAHS-uh-nuh) 

Also Known As: Peacock Stretch Pose (Uttana Mayurasana) 

Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Both Hands to Ankle One-Legged Bridge Whole Body Pose 


Dwi Hasta Kulpa Eka Pada Setu Bandha Sarvangasana 
(DWI-huh-stuh KUL-puh EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vulng-GAHS-uh-nuh) 
Modification: grabbing onto the ankle with both hands 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: ONE LEG TO THE SKY 
One-Legged Upward Hands Bound Tip Toe es oo 


Bridge Whole Body Pose 


Eka Pada Urdhva Baddha Hasta Prapada Setu Bandha Sarvangasana 
(EY-kuh PUH-duh OORD-vuh BUH-duh HUH-stuh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Pose Type: supine, backbend 


Drishti Point: Angusthamadhye or Angustha Ma Dyai(thumbs) 


How to Perform the Pose: 


1. Begin by lying with your back flat on the floor. Keep your arms by the sides of your torso, hands 
by the sides of the hips, palms facing down. Engage your mula bandha, uddhiyana bandha, and 
ujjayi breathing. 

2. Exhale, bend your knees, and slide your feet toward your sitting bones. Keep your feet flat on the 
floor, parallel to each other and in line with your sitting bones. 

3. On the next exhale, push into your arms and feet and lift your hips off the floor until your thighs are 
parallel to the floor. 

4. Inhale, interlock your fingers behind your back, and press your palms together. Exhale as you push 
through your chest and straighten the arms. 

5. Exhale, bring your ankles and feet together. On the next exhale, lift your right leg, pointing your 
right toes up to the sky (Pose #2). 

6. Exhale, bring your left heel up. Inhale, release your arms and bring them out in front of your chest. 
Exhale as you interlock your fingers, rotate your palms up to the sky and straighten the arms (Pose 
#1). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Inhale, lower your right leg, and repeat on the opposite side. 

8. On the next inhale, lower your spine to the floor and stretch the legs out in front of you, coming 
back to the starting position. 


Modification: arms extended up to the sky, fingers interlocked, palms facing up, heel up 


eka =one 
pada = foot or leg 
urdhva = upward 
baddha = bound 
hasta = hand 


prapada = tip of the feet 


setu = bridge, dam or dike 
bandha = lock 


sarvanga = the whole body 


BRIDGE: HEELS UP 


Tip Toe Bridge Whole Body Pose Prep. 


Prapada Setu Bandha Sarvangasana Prep. 

(PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: spine flat on the floor, palms down by the hips, heels up 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Bridge Whole Body Pose 


Prapada Setu Bandha Sarvangasana 

(PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms down 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Bridge Whole Body Pose 


Prapada Setu Bandha Sarvangasana 

(PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Tip Toe Bridge Whole Body Pose 


Baddha Hasta Prapada Setu Bandha Sarvangasana 

(BUH-duh HUH-stuh PRUH-puh-duh SEY-t BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Hands Bound Tip Toe Bridge Whole Body Pose 


Urdhva Baddha Hasta Prapada Setu Bandha Sarvangasana 
(OORD-vuh BUH-duh HUH-stuh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Pose Type: supine, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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BRIDGE: HEELS UP—ONE LEG CROSSED OVER 


Half Fire Log Pose in One-Legged Hands Bound Tip Toe Bridge Whole 
Body Pose 


Ardha Agnistambhasana in Eka Pada Baddha Hasta Prapada Setu Bandha 
Sarvangasana 

(UHR-duh whg-ni-stuhm-BAHS-uh-nuh in EY-kuh PUH-duh BUH-duh HUH-stuh PRUH-puh-duh SEY-tu BUHN-duh suhr- 
vuhng-GAHS-uh-nuh) 

Modification: heel up; ankle on top of the knee, toes flexed in 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Leg Position of Cow Face Pose in One-Legged Tip Toe Bridge 
Whole Body Pose 


Vishama Pada Gomukhasana in Eka Pada Prapada Setu Bandha Sarvangasana 
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4.5 The photon 


The ability to form structures as a consequence of the concentration effect gives the 
potential Vortex a number of highly interesting properties. To derive these properties we 
can make work easier when we fall back upon the observations and experiences of flow 
‘dynamics 

Here the vortex ring takes a special place. Its vortex centre is not closed, for which reason 
it is not stationary and propagates in space with a constant speed, It can be observed that 

the velocity of propagation increases with the ring diameter becoming smaller. By means 
of the vortex rings, that skilful smokers can produce with pointed lips, these properties can 
bbe made visible. 

‘Now if two vortex rings run into each other with the same axis and direction of rotation 

then both oscillate around each other, by one vortex attracting the other vortex, thereby 
accelerating and thus contracting it. The second vortex thea slips through the core opening 

and gets again slower and larger. Now the frst vortex accelerates and plays the same game 

(fig. 45) 

It would be obvious for the vortex of the electric field to have a corresponding property 
The electron e- and with the opposite switl direction the positron e+ will form such a 
potential vortex corresponding othe derivation. Two electrons, as like charged particles, 

‘would repel each other and surely will be out of the question for such a configuration, An 
electron and a positron however will attract each other and because of their 
incompatibility they will mutually destroy unless they open their vortex centres to form a 

vortex ring. Now the e- shows its positively charged centre that shows the same swirl 

direction as the e+ seen from the outside. Therefore the vortices don't hut each other, 

‘hen the positron slips through the opened vortex centre ofthe electron and vice versa 

‘This oscillating eleetron-positron pair has strange properties: seen from the outside one 

‘moment itis negatively charged and the next momeat itis positively charged. Therefore 

over time on the average no charge will be measurable and no electromagnetic inter- 
action will take place 

‘One moment the particle is matter and the next moment it is anti-matter. Hence no mass at 
all can be. attributed to the particle. Interactions primarily takes place between both dual 
Vortices. We can predict, the particle has neither mass nor charge. The environment 
merely sees a fast oscillating particle that only within every half cycle is capable of an 
interaction. 

The centre of the oscillating particle is open, for which reason it is not stationary 
anymore. Instead it propagates in z-direction with the swirl velocity, which is the speed of 
light, in this way preventing a rotation around the x- or y-axis (lig. 46). In this way a 
polarizability is present. 

The only possible and, as we will see, necessarily taking place rotation around the 2-axis 
aves the particle a spin of the magnitude of a quantum of angular momentum. After all 
the rotation for & and is ofthe same magnitude with aspin of each ime There 

should be paid attention to the fact that for the ease of an opposite sense of direction of the 
respective rotation around the common 2-axis the spin on the average will be 2er0. 

In addition the particle is characterized by an outstanding property: a periodically taking 
place oscillation with any frequency, but that frequency has to. be constant 
We now only have to take a table of particles to hand. Actually we will find a corre: 
sponding patice that has all these properties: the y-quanta.lso called photon. 


(VISH-uh-muh PUH-duh go-muk-AHS-uh-nuh in EY-kuh PUH-duh PRUH-puh-duh SEY-ta BUHN-duh suhr-vuhng-GAHS-wh- 
nuh) 


Modification: Arm 1: grabbing onto the foot of the opposite leg Arm 2: grabbing onto the opposite 
arm 

Pose Type: supine, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus One Hand to Ankle Tip Toe Bridge Whole Body 
Pose 


Ardha Baddha Padma Eka Hasta Kulpa Prapada Setu Bandha Sarvangasana 
(UHR-duh BUH-duh PUHD-muh EY-kuh HUH-stuh KUL-puh PRUH-puh-duh SEY-ta BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: heel up 

Pose Type: supine, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS UP—ONE LEG EXTENDED TO THE SKY 


One-Legged Tip Toe Bridge Whole Body Pose 


Eka Pada Prapada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: palms down 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Tip Toe Bridge Whole Body Pose 


Eka Pada Prapada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: palms to the lower back 

1. fingertips pointing to the heel 

2. fingertips pointing to the head 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Hands Bound Tip Toe Bridge Whole Body Pose 


Eka Pada Baddha Hasta Prapada Setu Bandha Sarvangasana 
(EY-kuh PUH-duh BUH-duh HUH-stuh PRUH-puh-duh SEY-ta BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: leg straight and extended to the sky, heel up 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS UP—ONE LEG EXTENDED TO THE SKY—*BALLET TOES” 


Intense Ankle Stretch One-Legged Bridge Whole Body Pose 


Uttana Kulpa Eka Pada Setu Bandha Sarvangasana 

(ut-TAHN-uh KUL-puh EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: palms to the lower back; both knees bent 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Ankle Stretch One-Legged Bridge Whole Body Pose 


Uttana Kulpa Eka Pada Setu Bandha Sarvangasana 

(ut-TAHN-uh KUL-puh EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: palms to the lower back; top leg straight 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand One-Legged Tip Toe Bridge Whole Body Pose 


Eka Hasta Eka Pada Prapada Setu Bandha Sarvangasana 
(EY-kuh HUH-stuh EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: lifted leg bent; palm to the lower back, heel up 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: LEGS STRAIGHT—BACK OF THE HEAD TO THE FLOOR 


Extended Hand to Big Toe Pose Intense Ankle Stretch One-Legged 
Bridge Whole Body Pose 


Utthita Hasta Padangushtasana in Uttana Kulpa Eka Pada Setu Bandha 
Sarvangasana 

(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in ut-TAHN-uh KUL-puh EY-kuh PUH-duh SEY-tu BUHN-duh suhr- 
vuhng-GAHS-uh-nuh) 

Pose Type: supine, backbend, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


e300 


BRIDGE: LEGS STRAIGHT—BACK OF THE HEAD TO THE FLOOR 


Complete Bridge Whole Body Pose 


Paripurna Setu Bandha Sarvangasana 
(puh-ri-POOR-nuh SEY-tu BUHN-duh suhr-vulmg-GAHS-uh-nuh) 


Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Complete Bridge Whole Body Pose 


Eka Pada Paripurna Setu Bandha Sarvangasana 

(EY-kuh PUH-duh puh-ri-POOR-nuh SEY-tu BUHN-duh suhr-vuhng-GAHS-wh-nuh) 
Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: KNEES BENT 


Half Fish Pose 


Ardha Matsyasana 
(UHR-duh muhts-YAHS-uh-nuh) 
Modification: knees bent; feet flat on the floor, heels toward the sitting bones; palms down to the 


floor by the heels, elbows to the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Fish Pose 


Ardha Matsyasana 

(UHR-duh muhts-YAHS-uh-nuh) 

Modification: knees bent 

1, arms over the head, feet flat on the floor 

2. hands by the navel, palms pressed together, fingertips pointing up, both feet in the tip toe position 
3. hands by the navel, palms pressed together, fingertips pointing up; one foot in the tip toe position, 
other leg raised 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: LEGS STRAIGHT 


Fish Pose 


Matsyasana 

(muhts-YAHS-uh-nuh) 

Modification: legs straight on the floor, elbows to the floor, palms down to the floor by the hips 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Prayer Fish Pose 


Viparita Namaskar Matsyasana 

(vi-puh-REE-twh nuh-muhs-KAHR muhts-YAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Fish Pose (Paschima Namaskara Matsyasana) 
Modification: legs straight to the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Leg Stretch 


Uttana Padasana 

(ut-TAHN-uh puh-DAHS-uh-nuh) 

Modification: legs straight on the floor, arms straight in front of the chest, palms pressed together 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: ONE LEG STRAIGHT, ONE KNEE BENT 


Fish Pose 


Matsyasana 

(muhts-YAHS-uh-nuh) 

Modification: 1. one leg straight, other knee bent 

2. one leg straight, other knee bent, bent leg crossed over 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus Fish Pose 


Ardha Baddha Padma Matsyasana 

(UHR-duh BUH-duh PUHD-muh muhts-YAHS-uh-nuh) 

Modification: sitting bones on the floor, palm to the floor by the hip 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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@ pair creation | 


Fig. 4.6: The photon as oscillating electron-positron pair 


‘The decay of the y- quanta (photon)” 
(= pair creation = Bethe-Heitler-process 1934 ): 


y—mete 


(42) 


<i> Nachtmann, Otto: Phanomene und Konzepte der Elementarteilchenphysik, 
Vieweg, Braunschweig 1986, S. 135, ISBN 3-528-08926-1 


Half Bound Lotus Fish Pose 


Ardha Baddha Padma Matsyasana 

(UHR-duh BUH-duh PUHD-muh muhts-YAHS-uh-nuh) 

Modification: one arm straight up to the sky, other arm grabbing onto the inside of the thigh behind 
the back; leg straight 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: HANDS AND FEET ON FLOOR—BINDING & GARUDA ARMS 
AND LEGS 


Half Bound Lotus Half Fish Pose 


Ardha Baddha Padma Ardha Matsyasana 

(UHR-duh BUH-duh PUHD-muh UHR-duh muhts-YAHS-uh-nuh) 

Modification: grabbing onto the foot with arm behind the back, fingertips of the other arm touching 
the floor overhead, elbow bent; knee of the free leg bent 

1. heel down 

2. heel up 


Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Intense Leg Stretch Pose Dedicated to Garuda 


Uttana Pada Garudasana 

(ut-TAHN-uh PUH-duh guh-ru-DAHS-uh-nuh) 

Modification: fingertips and bottom foot to the floor 

Pose Type: seated, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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RECLINED BOUND ANGLE POSE & FISH POSE 


Reclined Bound Angle Pose 


Supta Baddha Konasana 

(SUP-tuh BUH-duh ko-NAHS-uh-nuh) 

Modification: hands to the inner thighs, palms up 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Bound Angle Pose 


Supta Baddha Konasana 

(SUP-tuh BUH-duh ko-NAHS-uh-nuh) 

Also Known As: Bound Legs Fish Pose (Baddha Pada Matsyasana) 

Modification: crown of the head to the floor, grabbing onto the shins, arms on top of the legs 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Fish Pose 


Matsyasana 

(muhts-YAHS-uh-nuh) 

Modification: 1. palms up on the inside of the thighs 

2. grabbing onto the big toes, elbows to the floor 

3. grabbing onto the forearms, arms up over the head 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: LEGS AND ARMS OFF THE FLOOR 


Reverse Prayer Intense Leg Stretch 


Viparita Namaskar Uttana Padasana 

(vi-puh-REE-twh nudt-muhs-KAHR ut-TAHN-uh puh-DAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Intense Leg Stretch (Paschima Namaskara Uttana 
Padasana) 

Modification: legs straight and off the floor, ankles crossed 

Pose Type: seated, backbend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Leg Stretch 


Uttana Padasana 

(ut-TAHN-uh puh-DAHS-uh-nuh) 

Modification: legs straight and off the floor; arms straight in front of the chest, palms pressed together 
Pose Type: seated, backbend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Leg Stretch Pose Dedicated to Garuda 


Uttana Pada Garudasana 

(ut-TAHN-uh PUH-duh guh-ru-DAHS-uh-nuh) 

Modification: legs and arms lifted off the floor 

Pose Type: seated, backbend, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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BRIDGE POSE 


Complete Bridge Whole Body Pose 


Paripurna Setu Bandha Sarvangasana 

(puh-ri-POOR-nuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms to the floor under the shoulders, fingertips pointing to the heels; elbows tucked 
in, shoulder width apart 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Vajra Cutter Sutra Bridge Pose 


Vajracchedika Prajnaparamita Sutra Setu Bandhasana 

(vahj-ruh-CHEY-di-kuh pruhj-NAH-puh-ruh-mi-TAH SU-truh SEY-tu buhn-DAHS-uh-nuh) 

Modification: forehead to the floor, elbows splaying to the side, arms in “diamond” shape 
Pose Type: standing (on the head and feet), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Pose 


Setu Bandhasana 

(SEY-tu buhn-DAHS-uh-nuh) 

Modification: fingertips to the floor and pointing toward the heels 

Pose Type: standing (on the head and feet), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Pose 


Setu Bandhasana 
(SEY-tu buhn-DAHS-uh-nuh) 


Modification: arms crossed in front of the chest, hands to the shoulders 


Pose Type: standing (on the head and feet), backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Bridge Pose 


Eka Pada Setu Bandhasana 

(EY-kuh PUH-duh SEY-tu buhn-DAHS-uh-nuh) 

Modification: fingertips pointing toward the heels, palms flat on the floor 
Pose Type: standing (on the head and feet), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOUND ANGLE POSE & LOTUS: BACKBEND 


Reclined Bound Angle Pose 


Supta Baddha Konasana 

(SUP-tuh BUH-duh ko-NAHS-uh-nuh) 

Also Known As: Bound Legs Fish Pose (Baddha Pada Matsyasana) 

Modification: crown of the head to the floor, grabbing onto the shins under the legs 


1. elbows to the floor 

2. arms straight, elbows off the floor 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Lotus Peacock 


Uttana Padma Mayurasana 

(ut-TAHN-uh PUHD-muh muh-yoor-AHS-uh-nuh) 

Also Known As: Intense Front Body Stretching and Rejuvenating Lotus Pose (Purvottana Padma 
Sarvangasana), All Body Parts Lotus Pose (Sarvangasana Padmasana) 

Modification: knees on the floor 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH KNEES BENT: ONE LEG CROSSED OVER 


Eye of the Needle Pose 
Sucirandrasana 
(so0-chi-ruhn-DRAHS-uh-nuh) 


Pose Type: supine, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Leg Position of Cow Face Pose 


Supta Pada Gomukhasana 

(SUP-tuh PUH-duh go-muk-AHS-uh-nuh) 

Modification: knees to the chest, grabbing onto both feet 

1. front view 

2. side view 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Properties 63 


4.6 Pair creation 


Proof for the correctness of the model concept provides the decay of the photon in an 
electron and a positron in the presence of.a strong field, as for instance in an atomic 

rnucleus. This observable decay is called pair creation or Bethe-Heitler process”! 

ye ere 42) 

In this process the elementary vortices for a short time get back their localization and are 
therefore detectable. Otherwise the electron and positron have the form of a sphere, the 

photon however rather has the form of two oscillating discs. 

‘The photon doesn't participate in the electromagnetic interaction, because the electric field 
lines run from one dise to the other (from + to =). The field lines are not open as they are 
for e* or e* (fig. 43). To open up the field lines an energy is necessary that corresponds to 
the sum of the two formed particles. But from this it by no means follows that this amount 
of energy will be released in the reversed and much better known process, where matter 
and anti-matter annihilate under emission of y.quanta, At the end of the derivation the 

vortex model will provide us the desired answers on questions of the energy of photons. 

Here first’ of all ~—only the -—_properties ~— willbe ~—concemed, 
Experiments, in which light shows as a particle, are the photoelectric effect, the Compton 

effect and a lot more, According to the by Maxwell developed classical theory of light 
however is light an electromagnetic wave that is not quantized in any way, neither as 
sphere nor as disc, the wave nature of light as well has a physical reality and is secured by 
experiment, This is witnessed by the interference patterns of overlapping coherent light 
beams. 


A concept in which light could exist at the same place and the same time both as wave and 
as corpuscle could never be brought into accord with the principle of causality. Formulas 
of compromise, like the uncertainty principle of Heisenberg that refers to the point of 
view of the observer, can't change anything about this dilemma, The dual nature of light, 
that in this context is gladly spoken of, rather consists of the fact that dependent on the 
local field conditions, any time and spontaneously the wave can roll up toa vortex. 

Asan example ofa violation of the principle of causality it has been indicated under point 
3 (fig. 3.1) that both fields and quanta at the same time should be the cause of something, 
This concept was formulated by Maxwell and written down in modern quantum electro- 
dynamics by Dirac but in the field-theoretical approach we have dropped this concept 
because it Violates all rules of causality in an elementary manner. Therefore it only is, 
consistent, if we hold the view thatthe light is either wave or particle but never is both at 
the same time! 


In the spontaneous transition of the wave to the particle all the important properties are 
conserved: the propagation with the speed of light, the characteristic frequency of the 
oscillation and the mentioned polarizability 
The process of rolling up possibly takes place already in the laboratory, in a bubble 
chamber and at the latest in our eyes. To receive the electromagnetic wave, we had to have 
antennas. We actually see the photons. It therefore would be obvious if our cells to see 
only could perceive vortices, in this ease photons. We don't possess a sense organ for 
ficlds and waves. 


Reclined Twisting Fire Log Pose 


Supta Parshva Agnistambhasana 

(SUP-tuh PAHRSH-vuh uhg-ni-stuhm-BAHS-uh-nuh) 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Leg Position of Half Cow Face Pose 


Supta Pada Ardha Gomukhasana 
(SUP-twh PUH-duh UHR-duh go-muk-AHS-uh-nuh) 


Modification: knees apart, top foot on the floor 

1. one hand to the forehead, other hand on the top knee 

2. grabbing onto the shoulders, arms crossed in front of the neck 

3. one hand to the top ankle, other hand to the bottom foot 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH KNEES BENT: ONE LEG CROSSED OVER—KNEES TO THE FLOOR 


Reclined Leg Position of Cow Face Pose 


Supta Pada Gomukhasana 


(SUP-tuh PUH-duh go-muk-AHS-uh-nuh) 

Modification: knees to the floor 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Universal All-Encompassing Diamond Pose 


Vishvavajrasana 

(vish-vuh-vuhj-RAHS-uh-nuh) 

Also Known As: Double Diamond Pose 

Modification: foot on top of the knee; hand to the sole of the back foot, other hand resting on the thigh 
of the front leg, looking straight ahead 

Pose Type: supine, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Universal All-Encompassing Diamond Pose 


Parivritta Vishvavajrasana (puh-ri-VRIT-tuh vish-vuh-vuhj-RAHS-uh-nuh) 
Also Known As: Revolved Double Diamond Pose 


Modification: hand grabbing onto the foot; other hand grabbing onto the opposite knee, looking up to 
the sky 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Universal All-Encompassing Diamond Pose 


Parivritta Vishvavajrasana (puh-ri-VRIT-tuh vish-vuh-vuhj-RAHS-uh-nuh) 

Also Known As: Revolved Double Diamond Pose 

Modification: hand grabbing onto the ankle, arm under the thigh; other hand grabbing onto the ankle 
of the bottom leg, looking straight ahead 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH KNEES BENT: KNEES TOGETHER, 


Reclined Child’s Pose 


Supta Balasana 


(SUP-tuh bah-LAHS-uh-nuh) 

Also Known As: Pelvic Pose (Apanasana) 

Modification: binding arms, grabbing onto the triceps 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e000e 


wh 


Wind-Relieving Pose 


Vayu Muktyasana 

(VAH-yuh muk-TYAHS-uh-nuh) 

Also Known As: Wind Releaser Pose (Pavana Muktasana) 

Modification: fingers interlocked on top of the shins 

Pose Type: supine, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Twisted Stomach Pose 


Jatara Parivartanasana 
(JAH-tuh-ruh puh-ri-vuhrt-uhn-AHS-uh-nuh) 


Also Known As: Reclining Waist Pose Prep.(Supta Madhyasana), Sideways Wind Releaser Pose 
(Pavana Muktasana) 

Modification: knees bent, arms straight out to the sides 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE KNEE BENT 


One-Legged Wind Relieving Pose 


Eka Pada Pavana Muktasana 

(EY-kuh PUH-duh puh-vuh-nuh muk-TAHS-uh-nuh) 

Also Known As: Reclined Big Toe Pose A Prep. (Supta Padangushtasana A Prep.) 
Modification: head on the floor, fingers interlocked on top of the shin 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclining Tree Pose 


Supta Vrikshasana 

(SUP-tuh vrik-SHAHS-uh-nuh) 

Also Known As: Reclined Big Toe Pose B Prep. (Supta Padangushtasana B Prep.) 
Modification: hand to the bent knee, other hand along side of the torso, toes flexed in 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH LEGS STRAIGHT: ONE LEG TO THE SIDE 


Revolved Reclining Hand to Foot Pose 


Parivritta Supta Hasta Padasana 

(puh-ri-VRIT-tuh SUP-tuh HUH-stuh puh-DAHS-uh-nuh) 

Modification: legs straight, grabbing onto the inside arch of the foot 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclining Big Toe Pose 2 


Supta Padangushtasana 2 

(SUP-tuh puhd-ahng-goosh-TAHS-uh-nuh) 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE KNEE BE! ‘WisT 


Reclined Lord of the Fishes Pose 


Supta Matsyendrasana 

(SUP-tuh muhts-yeyn-DRAHS-uh-nuh) 

Also Known As: Revolving Reclined Big Toe Pose Prep. (Parivritta Supta Padangushtasana Prep.), 
Revolved Reclining Tree Pose (Parivritta Supta Vrikshasana) 

Modification: knee bent at 90 degrees 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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GARUDA LEGS; 


Sideways Reclining Leg Position of the Pose Dedicated to Garuda 


Parshva Supta Pada Garudasana 

(PAHRSH-vuh SUP-tuh PUH-duh guh-ru-DAHS-wh-nuh) 

Modification: hand resting on the top knee, other arm to the floor along side the torso, looking to the 
side; arms straight out to the side, looking straight ahead 

Pose Type: supine, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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BOTH LEGS STRAIGHT AND TOGETHER: TWIST. 


Twisted Stomach Pose 


Jathara Parivartanasana 

(JAH-tuh-ruh puh-ri-vuhrt-uhn-AHS-uh-nuh) 

Also Known As: Reclining Waist Pose (Supta Madhyasana) 
Modification: legs and arms straight 

Pose Type: supine, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


ONE LEG STRAIGHT, ONE KNEE BEN 


[EG CRADLE & HALF HAPPY BABY POSE 


Reclined Baby Cradle Pose 


Supta Hindolasana 

(SUP-tuh hin-do-LAHS-uh-nuh) 

Modification: back leg straight 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One Hand to Foot Pose 


Supta Eka Hasta Padasana 

(SUP-tuh EY-kuh HUH-stuh puh-DAHS-uh-nuh) 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
ese 
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loss energy (Ws) 
log { P/Af} 


b= eddy current losses 


‘7 & = power density losses 
= capacitor losses 


Kr 
log {1} 
f. 2f=kT/h frequency [Hz] 
Fig. 4.7: The power density shown against frequency for 


noise 
(a) according to Kupfmuller® 
as well as for dielectric losses of a capacitor (also a) 
and for eddy current losses (b) according to Mevi" 
(b in visible duality to a) 


<i> Kupfinuller, Karl: Einfuhrung in die theoretische Elektrotechnik, Springer 

Verlag Berlin, 12. Auflage 1988, ISBN 3-540-18403-1 

<i> Meyl, Konstantin: Dreidimensionale nichtlineare Berechnung von 
Wirbelstromkupplungen, Dissertation Universitat Stuttgart 1984 
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HAPPY BABY POSE & ONE FOOT BEHIND THE HEAD 


Happy Baby Pose 


Sukha Balasana 

(SUK-wh bahl-AHS-wh-nuh) 

Also Known As: Happy Baby Pose (Ananda Balasana) 

Modification: grabbing onto the big toes of the feet 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Star Pose 


Supta Tarasana 

(SUP-tuh tah-RAHS-uh-nuh) 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Happy Baby Pose 


Sukha Balasana 

(SUK-uh bahl-AHS-uh-nuh) 

Also Known As: Happy Baby Pose (Ananda Balasana) 

Modification: arms crossed, grabbing onto the outside edges of the feet 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One Hand to Foot Pose 


Supta Eka Hasta Padasana 

(SUP-tuh EY-kuh HUH-stuh puh-DAHS-uh-nuh) 

Modification: grabbing onto the back foot, heel to the sitting bone, toes pointed to the floor 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One Hand to Foot One Leg Behind the Head Pose in Infinity 
Pose 


Supta Eka Hasta Pada Eka Pada Shirshasana in Anantasana 
(SUP-tuh EY-kuh-HUH-stuh PUH-duh EY-kuh PUH-duh sheer-SHAS-uh-nuh in whn-uhnt-AHS-uh-nuh) 
Modification: bottom knee to the floor, toes pointing up to the sky 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Leg Behind the Head in Infinity Pose 


Eka Pada Shirshasana in Anantasana 

(EY-kuh PUH-duh sheer-SHAHS-uh-nuh in uhn-whnt-AHS-uh-nuh) 

Modification: bottom heel toward the hip 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE AND BOTH FEET BEHIND THE HEAD 


Pose Dedicated to Bhairava in Half Upward Facing Western Intense 
Stretch 2 


Bhairavasana in Ardha Urdhva Mukha Paschimottanasana 2 
(b-eye-ruh-VAHS-uh-nuh in UHR-duh OORD-vuh MUK-wh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Bhairava in Half Upward Facing Forward Bend 2 
Modification: 1. front view 

2. back view 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Yogic Sleep Pose 


Baddha Hasta Yoganidrasana 

(BUH-duh HUH-stuh yo-guh-ni-DRAHS-uh-nuh) 

Modification: hands bound 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HORIZONTAL SPLITS 


Reclined Angle Pose 


Supta Konasana 

(SUP-tuh ko-NAHS-uh-nuh) 

Modification: back flat on the floor, feet lifted off the floor, grabbing onto the big toes 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Angle Pose 


Supta Konasana 

(SUP-tuh ko-NAHS-uh-nuh) 

Modification: back flat on the floor, toes to the floor, grabbing onto the outside edges of the feet 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Angle Pose 


Supta Konasana 

(SUP-tuh ko-NAHS-uh-nuh) 

Modification: back flat on the floor, feet lifted off the floor, arms straight out to the sides, palms 
down to the floor 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Reclined Angle Pose 


Parshva Supta Konasana 

(PAHRSH-vuh SUP-tuh ko-NAHS-uh-nuh) 

Modification: back flat on the floor, head turning to side Side 1: leg in the air; arm straight on the 
floor, palm facing up 

Side 2: leg on the floor, grabbing onto the big toe 

Pose Type: supine, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Half Bound Reclined Angle Pose 


Parivritta Ardha Baddha Supta Konasana 

(puh-ri-VRIT-uh UHR-duh BUH-duh SUP-tuh ko-NAHS-uh-nuh) 

Modification: both legs straight Side 1: leg pointing to the sky; arm wrapping around the back, hand 
to the inside of the hip on the opposite side 

Side 2: leg on the floor, opposite hand grabbing onto the foot 

Pose Type: supine, twist, binding 

Drishti Point: Hastagrai or Hastagre (hands), Padayoragrai or Padayoragre (toes/feet) 
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ONE LEG STRAIGHT TO THE SKY, ONE LEG CROSSED OVER 


Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Forward Bend 

Modification: legs crossed, one arm threaded through the legs, other hand to the center of the chest 
Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclined Hands Bound Pose Dedicated to Astavakra 


Supta Baddha Hasta Ashtavakrasana 

(SUP-tuh BUH-duh HUH-stuh whsh-tuh-vuh-KRAHS-uh-nuh) 

Also Known As: Reclined Hands Bound Eight Angle Pose 

Modification: ankles crossed 

Pose Type: supine, forward bend, twist, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE KNEE BENT TO THE BACK, OTHER LEG STRAIGHT. 


One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: straight leg lifted, fingers interlocked on the back of the thigh 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: leg straight out to the side, grabbing onto the outside edge of the foot 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: leg straight on the floor, toes flexed in; arms straight out to the sides, palms facing up 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE KNEE BENT TO THE BACK, OTHER LEG BENT 


One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: Leg 1: in Hero Pose (Virasana) 

Leg 2: knee up to the sky, heel to the sitting bones; arms up over the head, palms facing up 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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4 Noise 


If, according to the field-theoretical approach, there exist electric field vortices then they 
will not only form the elementary particles in the vacuum, but will also. macroscopically 
form and have an effect in larger dimensions. 


Assuming a wave that rolls up to a plane vortex it would be obvious if polarization and 
velocity of propagation are conserved in the process. But how does it stand about the 
Frequency? 

The wave now will walk round a stationary pont, the vortex centre. The propagation with 

the speed of light c wll remain existent asthe swirl velocity. For a plane circular vortex, 

‘where the path for a revolution on the outside is very much longer than near the vortex 

centre, there arises a longer wave length and as a consequence a lower frequency on the 
outside as more to the inside. With tis property the vortex proves to be a changer of 
frequency: the vortex transforms the frequency of the causing wave in an evenly 
spectrum, that stars at low frequencies and stetches to very high frequencies (fig. 14) 
Exactly this property we observe in "white noise". The consistent conclusion would be 

that this concems the vortex of the electric field. Anyone can, without big expenses, 

convince himself o herself ofthe localization, ofthe property to change the frequency and 

of the circumstance tht vortices can be very easly influenced, that they avoid or again 

‘whirl about a place of disturbance, for instance an antenna For that one only needs to tune 

4 radio receiver to a weak and noisy station and move oneself or some objects around, 

then one is able to directly study the influences from the manipulation of the receiving 

signal 

But already the fact that the using and measurabiity of signals is limited by noise makes 
clear. which attention the potential vortex shouldbe given 


Within a limited frequency range the power of the Nyquist or resistance noise is 
independent of frequency (fig. 4.7). This should be clarified particularly by the term 
“white noise” analogous to white light, where all visible spectral ranges independent of 
frequency have the same energy density. 


But this relation doesn't hold for high frequencies of any magnitude. Here another noise- 
effect appears, that is said to have its cause in the quantum structure of energy’ 
Untouched by possible interpretations an increasing power of the noise is measured, that 
more and more tums into a being proportional to fiequency (fig. 4.7, curve a). 
Interestingly this curve shows a remarkable duality to the power curve of eddy currents, 
likewise shown against the frequency, that for instance can be measured at eddy current 
couplings* (fig. 4.7, curve b). This circumstance suggests a dual relation of the potential 
vortex of the electric field in bad conducting media on the one hand and the eddy current 
in inductive materials on the other hand“. 


ir Moyl, Konstantin: Wivbel des clektrischen Feldes, 
EMC Journal 1/95, 6. J, ISSN 0945-3857, S. 56 - 59. 
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One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: Leg 1: in Hero Pose (Virasana) 

Leg 2: knee toward the chest, toes flexed in; fingertips interlocked on top of the knee 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Angle Pose in One-Legged Reclined Hero Pose 


Ardha Baddha Konasana in Eka Pada Supta Virasana 

(UHR-duh BUH-duh ko-NAHS-uh-nuh in EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 
Modification: arms up over the head, palms facing upward 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Hero Pose 


Supta Virasana 

(SUP-tuh veer-AHS-uh-nuh) 

Also Known As: Bed Pose B (Paryankasana B) 

Modification: arms up over the head, palms facing upward 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TOES TURNED OUT TO THE SIDE: ONE KNEE BENT TO THE BACK, OTHER LEG BENT. 


Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: Leg 1: in Thunderbolt Pose (Vajrasana) 

Leg 2: knee up to the sky, heel to the sitting bones; arms up over the head, fingers interlocked, palms 
facing out 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: Leg 1: in Thunderbolt Pose (Vajrasana) 

Leg 2: knee up to the sky, sole of the foot to the thigh; arms up over the head, fingers interlocked, 
palms facing out 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: Leg 1: in Thunderbolt Pose (Vajrasana) 

Leg 2: knee bent at 90 degrees, heel off the floor; arms up over the head, fingers interlocked, palms. 
facing out 

Pose Type: supine 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Complete Thunderbolt Pose 


Supta Paripurna Vajrasana 

(SUP-tuh puh-ri-POOR-nuh vuhhj-RAHS-uh-nuh) 

Modification: arms up over the head, fingers interlocked, palms facing out 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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‘TOES TURNED OUT TO THE SIDE: ONE KNEE BENT TO THE BACK, OTHER LEG STRAIGHT & FOREARM 
POSES 


Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 
(SUP-twh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 


Modification: leg straight to the floor, toes flexed in; arms up over the head, fingers interlocked, 
palms facing out 


Pose Type: supine 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: leg straight and lifted off the floor by using a Yoga strap 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: forearms to the floor in a backbend, one leg straight to the floor, toes flexed in, other 
leg in Thunderbolt Pose (Vajrasana) 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Complete Thunderbolt Pose 


Supta Paripurna Vajrasana 

(SUP-tuh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 

Modification: forearms to the floor in a backbend 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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VERTICAL SPLITS: SCISSOR LEGS—BOTH KNEES BENT & ONE KNEE BENT, ONE LEG STRAIGHT 


Reclining Both Hands to the Leg Pose 


Supta Dwi Hasta Padasana 

(SUP-tuh DWI-huh-stuh puh-DAHS-uh-nuh) 

Modification: elbows bent, triceps on the floor, fingers interlocked behind the back of the thigh Leg 
1: slight knee bend, foot flat on the floor Leg 2: knee bent at 90 degrees, knee toward the chest 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padayoragrai or 


Padayoragre (toes/feet) 
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Reclining Half One Leg Extended Pose 


Supta Ardha Utthita Eka Padasana 

(SUP-tuh UHR-duh UT-ti-tuh EY-kuh puh-DAHS-uh-nuh) 

Modification: palms flat to the floor on the sides. 

Leg 1: straight up to the sky Leg 2: knee bent, foot flat to the floor, heel to the sitting bones 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Both Hands to the Leg Pose 


Supta Dwi Hasta Padasana 

(SUP-tuh DWi-huh-stuh puh-DAHS-uh-nuh) 

Modification: grabbing onto the calf muscle, elbows bent Leg |: straight and toward the chest Leg 2: 
knee bent, foot flat to the floor 

Pose Type: supine, forward bend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Both Hands to the Leg Pose 


Supta Dwi Hasta Padasana 

(SUP-tuh DWI-huh-stuh puh-DAHS-uh-nuh) 

Modification: grabbing onto the calf muscle, elbows bent at 90 degrees, nose toward the shin Leg 1: 
straight and toward the chest Leg 2: knee bent, foot flat to the floor 

Pose Type: supine, forward bend, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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VERTICAL SPLITS: SCISSOR LEGS—BOTH LEGS STRAIGHT 


Reclining One Leg Extended Pose 


Supta Utthita Eka Padasana 
(SUP-tuh UT-ti-tuh EY-kuh puh-DAHS-uh-nuh) 


Modification: palms flat to the floor on the sides Leg 1: straight up to the sky Leg 2: straight out on 


the floor, toes flexed in 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Big Toe Pose 1 


Supta Padangushtasana 1 

(SUP-tuh puhd-uhng-goosh-TAHS-uh-nuh) 

Modification: back flat on the floor 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Big Toe Pose 1 


Supta Padangushtasana 1 
(SUP-tuh puhd-uhng-goosh-TAHS-uh-nuh) 
Modification: head and shoulders off the floor, nose to the shin 


Pose Type: supine, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Reclining Both Hands to the Leg Pose 


Supta Dwi Hasta Padasana 

(SUP-tuh DWL-huh-stuh puh-DAHS-uh-nuh) 

Modification: head and shoulders off the floor, nose to the shin, toes pointed 

Pose Type: supine, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Reclining One Hand to the Leg Pose 


Supta Eka Hasta Padasana 

(SUP-tuh EY-kuh HUH-stuh puh-DAHS-uh-nuh) 

Modification: hand to opposite leg, head and shoulders off the floor, nose to the shin, toes flexed in 
Pose Type: supine, forward bend, core 


66 capacitor losses 


metallized film of polypropylen 


| glass plate 


glass plate 


a) measurement set up according to Yializis and others” 


b) after 40 hours ©) after 52 hours 
Fig. 4.8 Measurement set up (a) and photo of vortex 
structure 


in a metallized _polypropylen layer _—_ capacitor 
(at 450 V/ 60 Hz/ 100°C) 

Observation of the formation of a vortex (b) and (c). 
(110 fold magnification), according to Yializis et al. 


<i: A. Vializis, SW. Cichanowski, D. G. Shaw: Electrode Corrosion in Metallized 
Polypropylene ‘Capacitors, Proceedings of IEEE, International Symposium on 
Electrical Insulation, Bosten, Mass., June 1980; 


Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Reclining One Leg Extended Pose 


Supta Utthita Eka Padasana 

(SUP-tuh UT-ti-tuh EY-kuh puh-DAHS-uh-nuh) 

Modification: palms flat to the floor on the sides, head and shoulders off the floor, nose to the knee, 
bottom toes flexed in 

Pose Type: supine, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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BOTH LEGS STRAIGHT AND TOGETHER 


Reclining Legs Extended Pose 


Supta Utthita Padasana 
(SUP-tuh UT-ti-tuh puh-DAHS-uh-nuh) 
Modification: arms crossed in front of the chest 


Pose Type: supine 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Legs Extended Pose 


Supta Utthita Padasana 

(SUP-tuh UT-ti-tuh puh-DAHS-uh-nuh) 

Modification: arms straight up to the sky 

1, arms and legs perpendicular to the floor 

2. arms and legs slightly lowered toward the floor 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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Half Upward Facing Western Intense Stretch 2 


Ardha Urdhva Mukha Paschimottanasana 2 

(UHR-duh OORD-vuh MUK-wh pubsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Half Upward Facing Forward Bend, Upward Facing Western Intense Stretch Pose 2 
Prep. (Urdhva Mukha Paschimottanasana 2 Prep.) 

Modification: grabbing onto the calf muscles 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Upward Facing Western Intense Stretch 2 


Urdhva Mukha Paschimottanasana 2 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Forward Bend 2 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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SUPINE LOTUS & CORPSE POSE 


Reclining Lotus Pose 


Supta Padmasana 

(SUP-tuh puhd-MAHS-uh-nuh) 

Also Known As: Fish Pose (Matsyasana) 

Modification: back flat on the floor; arms up over the head, palms facing up 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Side Corpse Pose 


Parshva Shavasana 

(PAHRSH-vuh shuh-VAHS-uh-nuh) 

Also Known As: Belly Twist (Jataraparivritti) 

Modification: 1. head turned to the opposite side of feet 

2. looking straight ahead 

Pose Type: supine, side bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 


(hands) 
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Corpse Pose 
Shavasana 


(shuh-VAHS-uh-nuh) 

Also Known As: Dead Pose (Mrtasana) 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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48 Capacitor losses, 


Next the dielectric losses in a capacitor fed with an alternating voltage are measured and 
likewise put on against the frequency. At first the course is independent of the frequency, 
but towards higher frequencies it increases and shows the same characteristic course of the 
‘curve as the before mentioned power of the noise (ig. 4.7, curve a. 


This excellent agreement suggests the assumption that the dielectric losses are nothing but 
eddy losses. 
These vortex phenomena, caused by time-varying fields, are not only found in ferro- 
magnetic and conductive materials, but equally as dual phenomena in dielectrics and non- 
‘conductors. 


As examples of practical applications the induction welding or the microwave oven ean be 
mentioned, The process can be described in other words as follows: in both examples the 
cause is posed by high-frequency alternating fields that are irradiated into a dielectric as 
an electromagnetic wave, there roll up to potential vortices and eventually decay in the 
vortex centre. The desired and used thermal effect arises during this diffusion process. 


The striving in the direction of the vortex centre gives the potential vortex of the electric 
field a structure shaping property. As a consequence of this "concentration effect” 

circular vortex structures are to be expected, comparable to the visible vortices in flow 
«dynamics (e.g. tomados and whirlwinds). At the same time the dual anti-vortex arses, the 

ging eddy current. It takes, as is well-known, the given structure of the conductor, so 
in the technical literature’ one correspondingly talks of a "skin effect’ 
Now if conductor and non-conductor meet as they do in a capacitor, then at the boundary 

area visible structures will form. Circles would be expected, if the eddy current in the 
inside and striving to the outside is equally powerful as the potential vortex that comes 
from the outside and concentrates. 


‘Actually such circular structures are observed on the aluminium of high tension 
‘capacitors, when they were in operation for a longer period of time. The formation of 
these circles, the cause of which until now is considered to be unsolved, is already 
experimentally investigated and discussed on an intemational level by scientists (fg. 
spa 


These circular vortex structures ean be seen as a visible proof“ for the existence of 
potential vortices ofthe electri field 


<i>: D. F. Taylor, On the Mechanism of Aluminium Corrosion in Metallized Film 
Capacitors, IEEE Transactions on El-19,August 1984,No.4,pp.288-293 


<iii> Meyl, Konstantin: Wirbel des eleKtrischen_Feldes, 
EMC Journal 1/95, 6.J, ISSN 0945-3857, S. 56-59, 
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‘Thank you to special guest, Danny Paradise. 


GLOSSARY 


A 
adho mukha = having the face downward 
agni = fire 


ahimsa = nonviolence; the word has not merely the negative and restrictive meaning of “nonkilling or 
nonviolence,” but the positive and comprehensive meaning of “love embracing all creation”; one of 
the yamas 

ajna = to command 

ajna chakra = energy or command chakra, energy center/the nerve plexus located between the 
eyebrows, the third eye, the seat of command, the sixth chakra 

akarna = near the ear 

akuncha = contraction or bend 

alamba = a prop or support 

anahata = unstruck 

anahata chakra = spiritual heart chakra, energy center situated near the heart, the nervous plexus 
situated in the cardiac region, the fourth chakra 

ananda = joy, happiness, bliss, ecstasy 

ananta = infinite, without end; a name of Vishnu and also of Vishnu’s couch, the serpent Sesa 

anga = limb, points, step, the body; a limb or a part of the body; a constituent part 

angushta (angula) = finger or digit, the thumb 

anjali = hands held together as in prayer 

anjali-mudra = the gesture of anjali 

Anjaneya = son of Anjani (Hanuman’s mother’s maiden name is Anjani) 

antara = within, interior 

apanasana = pelvic floor yoga pose 

aparigraha = non-greediness, freedom from greed, desire, hoarding or collecting; one of the yamas 

Arani = Hindu Goddess of Fire 

aranya = wild animal 

asana = a physical posture, the third limb or stage of yoga, originally this meant “meditation posture” 
or “seat” 

ashta (asta, astau) = eight 

Ashtavakra = one having eight bends (crooked in eight places), in reference to a Hindu Sage who was 
born with eight physical deformities in his body, and went on to become a spiritual preceptor of 
King Janaka of Mitila 

ashva (asva) = horse 

ashva sanchala = horse, riding posture 

asteya = nonstealing, freedom from avarice; one of the yamas 

atman = individual soul, the true self, consciousness; the term Vedanta uses instead of purusha 

avabhinna = broken 


avatara = divine manifestation, descent, advent or incarnation of God. There are ten avataras of 
Vishnu: Matsya (the Fish), Kurma (the Tortoise), Varaha (the Boar), Narasimha (the Man-Lion) 
Vamana (the Dwarf), Parasurama, Rama (hero of the epic Ramayana), Krishna (hero of the epic 
Mahabharata, who related the Bhagavad Gita), Balarama, and Kalki 


B 


baddha = bound 

baka = crane, heron, a wading bird 

bala = young, childish, not fully grown 

bandha = a bond, tying, energetic lock, contraction, bondage, or fetter; a posture in which certain 
organs or body parts are contracted and controlled 

Benu = the mythological bird of ancient Egypt symbolic of rebirth and creation, also associated with 
the Sun 

bhaga = strength 

Bhagavad Gita = one of India’s most beloved and sacred texts, the divine song of the Lord, the most 
influential of all shastras; the epic story of Arjuna, a warrior prince who confronts moral 
dilemmas through sacred dialogues with Krishna (one of Lord Vishnu’s Avatars) and is led to a 
better understanding of reality by learning the teachings of Samkhya, Yoga, and Vedanta 

Bhagavata Purana = also called Shrimad Bhagavatam, apurana that deals with devotion to the 
Supreme Being in the form of Lord Vishnu and describes some of the avatars of Vishnu, including 
Krishna 

bhairava = terrible, gruesome, formidable; one of the fierce manifestations of Shiva 

bhakti = devotion, worship or love; from bhaj, (to divide), the belief that there is an eternal divide 
between the Supreme Being and the world that cannot be overcome through knowledge, hence the 
Supreme Being must be met with an attitude of devotion 

bhangi = position 

Bharadvaja (Bharadwaja) = a Vedic rishi, great warrior described in the Mahabharata, Pindola 
Bharadvaja was one of four arhats asked by Buddha to stay on earth to propagate Buddhist law, or 
dharma 

bharman = load, nourishment, care, burden, maintenance load 

bheka = a frog 

bherunda = terrible, frightful; it also means a species of a bird or a name of a yogi 

bhuja = arm or shoulder 

bhujanga (bhujagga) = serpent, snake 

bhuja-pida = pressure on the arm or shoulder 

bidala = cat 

bija-mantra = a mystical syllable with a sacred prayer repeated mentally during pranayama, and the 
seed thus planted in the mind germinates into one-pointedness 

bindu (bindhu) = seed, point, dot, the creative potency of anything where all energies are focused, the 
third eye 

bitila = cow 

Brahma = a five-headed first deity of the Hindu Trinity; the Supreme Being, the creator; responsible 


for the creation of the world, he is the first being to appear at the dawn of each universe to create it 
based on its subconscious conditioning: the Brahma of the present universe is called Prajapati 
(progenitor), the predecessor of humankind 

brahmachari = a religious student vowed to celibacy and abstinence; one who is constantly moving 
(charin) in brahman (The Supreme Spirit); one who sees divinity in all 

brahmacharya = chastity or teacher of the soul, abstinence, a life of celibacy, religious study and 
self-restraint, recognition of Brahma in everything; one of the yamas 

Brahman = the absolute, or divinity itself, infinite consciousness, universal soul, deep reality, the 
reality that cannot be reduced to a deeper layer; the Supreme Being, the cause of the Universe, the 
all-pervading spirit of the Universe 

Buddha = enlightened one 


Cc 


chakora = a type of bird like a partridge (Greek partridge), moonbeam bird, said to feed on 
moonbeams 

chakra = literally, a wheel or circle, the wheel of a wagon; metaphorically, psycho-energetic subtle 
centers of the subtle body in which energy flows, located along the spine, believed to transform 
cosmic energy into spiritual energy when activated. Energy (prana) is said to flow in the human 
body through three main channels (nadis), namely, sushumna, pingala, and ida; sushumna is 
situated inside the spinal column. Pingala and ida start respectively from the right and the left 
nostrils, move up to the crown of the head, and course downward to the base of the spine. These 
two nadis intersect with each other and also the sushumna. These junctions of the nadis are known 
as chakras of the flywheels, which regulate the body mechanism. The important chakras are: (a) 
muladhara (mula = root, source; adhara = support, vital part) situated in the pelvis, above the 
anus; (b) svadhishtana (sva = vital force, soul; adhishtana = seat of abode) situated above the 
organs of gestation; (c) manipuraka (manipura = navel) situated in the navel; (d) manas (mind) 
and (e) surya (the sun) which are situated between the navel and the heart; (f) anahata (= 
unbeaten) situated in the cardiac area; (g) vishuddha (= pure) situated in the pharyngeal region; (h) 
ajna (= command) situated between the eyebrows; (i) sahasrara (= a thousand) which is called a 
thousand-petaled lotus in the cerebral cavity; and (j) /alata (= forehead) which is at the top of the 
forehead. 

chalana = to churn 

chamatkara = delight or savoring; the refined pleasure that a connoisseur takes in a lovely poem, 
painting, or fine wine. Chamatkarasana is translated as “Wild Thing Pose” probably because the 
posture looks like someone who has just seen something so amazing and beautiful that they are 
“bowled over” or “blown away.” 

chandra (candra) = moon 

chapa = bow, rainbow, arc 

chatur (chatuari, chatura) = four 

chatush = four times 

chatushpada = quadruped 

chikitsa = therapy 


chitta = consciousness that comprises mind, intellect, the restraint of consciousness; a mind in its 
total or collective sense, being composed of three categories: (a) mind, having the faculty of 
attention, selection, and rejection; (b) reason, the decisive state which determines the distinction 
between things; and (c) ego, the I-maker, the aggregate of intellect (buddhi), egoity (ahamkara) 
and thinking agent (manas) 

chittavritti (chitta-vritti, chitta vritti) = an imbalance of the mental state, fluctuations of the mind, 
movement of the consciousness; a course of behavior, mode of being, condition, or mental state 

cibi = chin 


D 


dakshina = the right side 

danda = stick, staff (refers to the spine) 

dasha = ten 

dhanu (dhanura) = bow 

dharana = concentration, sixth limb of Ashtanga yoga, orienting the mind toward a single point 

dhyana = generally translated as meditation, freedom from attachments, an ongoing stream of 
awareness from the meditator toward the object of meditation, and of information from the object 
toward the meditator; the seventh limb of Ashtanga yoga 

dhyana-yoga = yoga of meditation 

Diti = the mother of the demons, also called Daityas 

drishti = focal point, perception or looking place, “view” or “sight”: yogic gazing, such as at the tip 
of the nose or the spot between the eyebrows 

dur = difficult 

Durvasa = a very irascible, notoriously angry sage 

dvija = twice-born 

dwi (dve) = two 

dwihasta = two hands 

dwipada = two feet or legs 


E 


eka (ekam) = one 
eka-pada (ekapada) = one leg, one-legged, one-footed 


G 


gaja = elephant 

Galava = the pupil or son of Viswamitra 

ganda = the cheek or side of the face including the temple 

gandha = subtle earth element; quantum of (tanmatra) earth; smell 

gandha-bherunda = a species of bird, also a two-headed mythological bird that embodies immense 
powers and destructive forces 

garbha = an infant, womb, fetus 


6 vortex lines and vortex streets 
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Fig, 4.9: Motion of two point vortices. (Lugt’”) 
A. with opposite direction of rotation 


B. with the same direction of rotation 
1. for equal vortex strength 
2. for unequal vortex strength 


Bl 


Example from practice for case Al: 
vortex pair behind an airplane 


@ 


garbha kosha = uterus 

garbha pinda (garbha-pinda) = fetus, embryo in the womb 

Garuda = Hindu deity, half-man half-eagle, fierce bird of prey, vehicle (vahana) of Lord Vishnu, king 
of birds; Garuda is represented as a vehicle of Vishnu and as having a white face, an aquiline beak, 
red wings, and a golden body 

gava = cow 

Gheranda = author of Gheranda Samhita, an important text on Hatha Yoga which he taught to Chanda 


Kapali 

Gheranda Samhita =a Tantric treatise describing Hatha Yoga written by the sage Gheranda in the 
15th century 

Gitananda = a well-known yogi, living in the 20th century CE 

go = cow 


godha = iguana 

gomukha = cow face, face resembling a cow, cow head; it is also a kind of musical instrument, 
narrow at one end and broad at the other, like the face of a cow 

Goraksha (Goraksha, Gorakshanath) = an 11th to 12th Century Hindu Nathyogi, one of 
Matsyendranath’s two most important disciples; tending to or breeding cattle, cowherd 

graiva = a chain worn around the neck of an elephant; necklace or collar 

guru = “he who is heavy, weighty,” a spiritual teacher or preceptor, one who illuminates the 
darkness of spiritual doubt, one who hands down a system of knowledge to a disciple; heavy one 
or dark/light, dispeller of darkness, one who helps to gain knowledge 

guru-shishya parampara = the tradition of teaching dating back centuries, where a guru imparts his 
knowledge to his students 


H 


ha = first syllable of the word hatha, which is composed of the syllables ha (= sun) and tha (= 
moon); the object of Hatha Yoga is to balance the flow of solar and lunar energy in the human 
system 

hala = plow 

hamsa (hansa) = a swan; a metaphor for the soul; a vehicle of Lord Brahma; the name of the mantra 
by which prakriti permeates the universe; also refers to the breath as it moves within the body 

Hanuman = a powerful monkey chief, a mythological entity, of extraordinary strength and prowess, 
whose exploits are celebrated in the epic Ramayana; he was the son of Anjana and Vayu, the god 
of wind, monkey-god, hero of Ramayana, egoless superhero and perfect devotee, who resembles a 
monkey leaping 

hasta = hand 

hastasana = forward stretch of the arms 

hatha = force; the word hatha is used adverbially in the sense of “forcibly” or “against one’s will”; 
Hatha Yoga is so called because it prescribes rigorous discipline in order to find union with the 
Supreme 

hatha-vid) 

Hatha Yoga 


he science of Hatha Yoga 
“Forceful Yoga,” a major branch of yoga, developed by Goraksha and other adepts c. 


1000-1100 CE, emphasizing the physical aspects of the transformative path, notably postures 
(asana), cleansing techniques (shodhana) and breath (pranayama); literally, sun/moon yoga (ha = 
sun, tha = moon), it emphasizes balancing the solar and lunar energy channels in the body. Hatha 
Yoga shifted the focus away from the mysticism and philosophy of the older Upanishadic types of 
yoga toward using the body as a tool; combines opposing forces to achieve balance, sighting the 
soul through the restraint of energy, yoga concerned with mastering control over the physical body 
as a path to enlightenment (self-realization) 

Hatha Yoga Pradipika = a celebrated treatise on yoga compiled in the 12th century by the sage 
Svatmarama 

himsa = violence, killing 

Hindola = cradle or swing; also Hindu Religious Festival associated with baby Krishna being rockec 
ina decorated swing 


I 


ida = a nadi, a channel through which prana moves, starting from the left nostril, then moving to the 
crown of the head and then descending to the base of the spine on the left side; in its course it 
conveys lunar energy and so is called chandra nadi, “channel of the lunar energy”; associated with 
pale or blue (lefi/feminine) 

Indra = ruler, lord of thunder, king of the heavens 

indudala = crescent moon 

Ishvara = God, the Supreme Being, Brahman, with form 

ishvara pranidhana = one of the niyamas; centering on the divine, devotion or surrender to God, 
dedication to the Lord of one’s actions and one’s will 


J 


jalandhara bandha (jalandharabandha) = a bandha that locks the throat, chin lock; straightening the 
back of the neck by keeping your head straight while slightly receding your chin; a yoga pose where 
the neck and throat are contracted and the chin is rested in the notch between the collarbones at the 
top of the breast-bone 

janu = knee 

jatara = stomach, belly, or the interior of anything 

jatara-parivartana = an action of an asana (yoga pose) in which the abdomen is made to move to 
and fro 

Jnana Yoga = the emphasis is on questioning, contemplation, and meditation as a path to 
enlightenment, yoga that seeks to teach the identity of the individual self (atman) and the infinite 
consciousness (brahman) 


K 


kaka = crow 
Kala Bhairava = Shiva in his terrible or gruesome form as Destroyer of the Universe 
Kali = Hindu Goddess of Time and Change 


Kamala = Hindu Goddess of Wealth, “One of the Lotus” 

Kamalamuni = one of the 18 Siddhars believed to be over 4,000 years old 

kanda = a bulbous root, a knot, egg, stem, stalk, trunk; the kanda is a round shape of about four inches 
situated twelve inches above the anus and near the navel, where the three main nadis (sushumna, 
ida, and pingala) unite and separate; it is covered as if with a soft white piece of cloth 

kapala = skull 

kapalabhati = bellow-like breathing technique with sharp, quick inhalations and exhalations; a 
cleansing ritual for the respiratory tract, lungs, and sinuses; skull shining 

kapila = a sage or rishi, the founder of the Samkhya system, one of the six orthodox systems of Hindu 
philosophy, noted in the Bhagavad Gita and Bhagavata Purana as a manifestation of the Supreme 
Being 

kapinjala = a kind of partridge, the chataka bird, which is supposed to drink only raindrops 

kapota = dove, pigeon 

kapya = monkey 

karanda = duck 

karani = making, doing 

karma (karma law) = action, activity of any kind, including ritual acts; said to be binding only so 
long as engaged in a self-centered way; the law of cause and effect, or the movement toward 
balanced consciousness: everything that you do, say, or think has an immediate effect on the 
universe that will reverberate back to you in some way 

karma yoga (karma-yoga) = yoga of action, path to enlightenment is through selfless acts and service 
to others, the achievement of union with the Supreme Universal Soul through action; in its original 
Vedic sense, Karma Yoga is any yoga that employs ritualistic action, such as asana, meditation, or 
mantra, to produce spiritual gain. The term excludes Jnana Yoga and Bhakti Yoga, which are 
thought to operate beyond spiritual gain 

karna = the ear; also one of the heroes in the Mahabharata 

karna-pida = pressure around the ear, blocked ears 

Kashyapa = an ancient Hindu sage, husband of Aditi and Diti; he is one of the lords or progenitors o! 
living things 

khaga = bird 

khanjana = a wagtail bird 

Khimi Karani = mythological pond of milk in which Garuda drowned a snake to give birth to the 
Shami Tree 

kona = angle 

Konganar = one of the Siddhars, student of Siddhar Bogar 

Koormamuni = Hindu Sage 

Korakar = one of the 18 Siddhars, a well-known sage, author of works on philosophy, medicine, and 
alchemy 

Koundinya (Kaundinya) = Hindu sage, Vedic scholar, and a descendant of Vasishta 

kriya = act, action, cleansing 

kriya yoga = the yoga of action and participation in life, preliminary yoga consisting of simplicity 
(tapas), the reading of sacred texts (svadhyaya), and acceptance of the existence of a Supreme 
Being (ishvarapranidhana); also, a Tantric mode of yoga using breath, mantra, and visualization. 


krakacha = a saw 

krounch (krouncha, krauncha) = heron 

kukkuta = rooster, cock 

kulpa = ankle 

kundalini = a coiled female serpent; the divine cosmic energy, the obstacle that closes the mouth of 
sushumna; the rising of shakti in the sushumna; this force or energy is symbolized as a coiled and 
sleeping serpent lying dormant in the lowest nerve center at the base of the spinal column, the 
muladhara-chakra. This latent energy has to be aroused and made to ascend the main spinal 
channel, the sushumna piercing all the chakras right up to the sahasrata, the thousand-petaled 
lotus in the head. Then the yogi is in union with the Supreme Universal Soul. 

Kundalini Yoga = a mode of yoga that focuses on the raising of the life force 

kunja = grove, alcove 

kunta = spear, lance 

kurma (koorma) = a tortoise, it is also the name of one of the subsidiary vital airs whose function is 
to control the movements of the eyelids to prevent foreign matter or light that is too bright going 
into the eyes 


L 


laghu = little, small, simple; it also means “handsome” 

lasya = beauty, happiness, and grace; also a dance performed by Goddess Parvati in response to her 
husband Shiva’s tandava 

Linga (Lingam, Shivalinga) = symbol of union and origin of all life associated with Lord Shiva anc 
Goddess Shakti 

Jola = tremulous, dangling, pendant; charm, swing; swinging like a pendulum, moving to and fro 


M 


madhya (madya) = middle of the body, central 

maha = great, mighty, powerful, lofty, noble 

maha bandha = the great lock 

maha mudra = the great seal 

Mahabharata = the celebrated epic, the largest piece of literature created by humankind, authored by 
Rishi Vyasa and containing the Bhagavad Gita, dating to the first century BCE;dharma shastra 
(scripture dealing with right action), which comes to the conclusion that however hard you try, you 
can never be completely right 

makara = a mythological sea creature, who is the vehicle of the river Goddess Ganga; a crocodile 

makshika = fly 

mala = a garland or a wreath, often of prayer beads or flowers 

manas-chakra = nervous plexus situated between the navel and the heart 

mandala = a circle ambulation, a circular drawing or design that exemplifies sacred geometry that 
draws your eye to the center and is used as a focal point while meditating; it also means a 
“collection,” a division of Rig Veda 

manduka = frog 


manipuraka = a nervous plexus situated in the region of the navel; the third chakra, the navel chakra, 
the fire energy center, site of the sense of fear and apprehension 

mantra = a mystical syllable designed to create and alter reality by influencing the vibrational 
patterns that make up creation; a sacred sound or phrase that has a transformative effect 

Marichi = a sage, son of Brahma, the great-grandfather of Manu, the Vedic Adam and the father of 
humanity, the creator of the universe, and the father of Kasyapa 

marjarai = cat 

matsya = fish 

Matsyendra = a Hindu sage and one of the first teachers of Hatha Yoga; a legend, king or lord of the 
fish 

mayura = peacock 

moksha (moksha) = liberation from bondage, final emancipation of the soul from recurring births 

mrita (mrta, mritra) = dead, corpse 

mudra = a seal; a pleasant hand gesture or seal posture; directs the life current (life energy) through 
the human body, usually a combination of asana, pranayama, and bandha 

mukha = face 

mukta = free, unbound, liberated 

mukti = release, liberation, final absolution of the soul from the chain of birth and death 

mula = root, foundation, bottom; a yoga pose where the body from the anus to the navel is contracted 
and lifted toward the spine 

mula bandha (mula-bandha) = rectal lock, root lock; contraction of the pubococcygeus, a yoga pose 
where the body from the anus to the navel is contracted and lifted up and toward the spine 

muladhara = root foundation, the name of the first chakra 

muladhara chakra = the first chakra, the base chakra, the earth energy center situated at the root of 
the spine, nervous plexus situated in the pelvis above the anus at the base or root of the spine, the 
main support of the body that controls sexual energy 

mushti = fist 

mutra kosa = bladder 


N 


nabi = navel 

nadi = river; nerve or conduit, channels that distribute energy from the chakras throughout the body, a 
tubular organ of the subtle body through which energy flows, subtle vibratory passages of 
psychospiritual energy; it consists of three layers, one inside the other, like insulation of an electric 
wire. The innermost layer is called the sira and the middle layer, damani. The entire organ as well 
as the outer layer is called nadi; they connect at special points of intensity (chakras). 

naga = great mythological snake; one of the subsidiary vital airs that relieves abdominal pressure, 
causing one to belch 

Nahusha = Hindu King of Aila Dynasty 

nakra = crocodile 

namaskar = greeting, worship, salutation with hands in prayer 

namaste mudra = a mudra in which the hands are placed together in a prayerlike fashion to honor the 


inner light 

nantum = to bow with respect 

nara = aman 

Narasimha = an avatar of the Hindu god Vishnu in his fourth incarnation, often visualized as half-man, 
half-lion 

nasika = nose 

nata = actor, dancer, mime 

Nataraj = name of Shiva as a cosmic dancer, the lord of the dancers 

natya = dancing 

nauka = boat 

nava = boat 

nava = nine 

nidra = deep, dreamless sleep; the third state listed in the Mandukya Upanishad. The others are 
waking state (jagrat), dream (susupt), and consciousness (turiya); also the fourth fluctuation of the 
mind listed by Patanjali in Yoga Sutra 1.6 (the others are correct cognition, wrong cognition, 
perceptualization, and memory). 

nindra (nantra) = sage, praise, wonder 

nindra (nitara) = standing firm, standing 

nir = without 

nira = water 

niralamba = self-supported, independent, without support 

niyama = self-restraint, personal observances, self-purification by discipline, the Vedic system of 
logic; the second stage or limb of Ashtanga Yoga mentioned by Patanjali; five personal disciplines, 
as defined by Patanjali in his Yoga Sutras: shaucha, santosha, tapas, svadhyaya, and 
ishvarapranidhana 


oO 


om (aum) = the original mantra symbolizing the ultimate reality, the sacred syllable emitted by the 
Supreme Being, the sound that produces all other sounds and into which all other sounds return. 
Like the Latin wordomne, the Sanskrit workaum means “all” and conveys concepts of 
Omnipotence, Omnipresence, and Omniscience. 


P 


pada = foot or leg; also a part of a book or text 

pada-hasta = hand(s)-to-feet 

padangushta = big toe 

padma = lotus 

pakshaka = wing 

pakshi = bird 

pancha = five 

parampara = tradition, uninterrupted series, convention, a succession 
parigha = iron bar used for locking, bolting, or shutting a gate 


parigraha = hoarding, possessiveness 

paripurna = full, entire, complete 

parivartana = turning around, revolving 

parivartana-pada = with one leg turned around 

parivid = twined, twisted around 

parivritta = revolved, turned around 

parivritti = crossed or with a twist, turning, rolling 

parshva = the side, flank, lateral 

parshvaika = parsva (side) + eka (one) 

parshvaika-pada = with one leg turned sideways 

parvata = mountain 

paryanka = a bed, a couch 

pasa (pasha) = snare, trap, noose, fetter 

ima = the back of the whole body from head to heels, west side, western 

paschimatana = intense stretch of the back side of the body from the nape to the heels 

pakshya = being in or belonging to the wings 

patan = to collapse 

Patanjali = a sage, the author of the Yoga Sutras, a treatises on Sanskrit and Ayurveda; the founder of 
yoga, most likely lived between 200 BCE and 300 CE; a manifestation of the serpent of infinity 

pavanamuktasana = wind release pose 

perineum = the area between the thighs, behind the genitals, and in front of the anus 

pichamayura = peacock with stretched feathers 

pid = squeeze 

pida = pain, discomfort, pressure 

pincha = a feather of a tail, the chin 

pinda = a fetus, an embryo in an early stage of gestation, ball, the body 

pingala = a channel on the right side of the spine through which prana moves, associated with 
reddish color, a nadi or channel of masculine energy starting from the right nostril, then moving to 
the crown of the head and then downward to the base of the spine; as the solar energy flows 
through it, it is also called surya-nadi 


pitam = stool, chair 
plavana = jump through 
pliha = the spleen 


poorna = full 

prana = breath, life, vitality, wind, energy, strength; connotes the soul, life force or inner breath; 
sometimes refers to anatomical or outer breath; vital upward energy current 

pranayama = breath control, energy control through breathing, consisting of conscious inhalation 
(puraka), retention (kumbhaka), and exhalation (rechaka), breath extension, breathing exercises to 
harmonize the flow of life force; the fourth stage or limb of Ashtanga Yoga 

prapada = tip of the feet 

prasarita = spread, stretched out 

pratyahara = internalization of the senses, independence from sensory stimuli; the fifth stage or limb 
of Ashtanga Yoga, withdrawal and emancipation of the mind from the domination of the senses and 


sensual objects; withdrawal of the mind, mental detachment from the external world 

prishta = back 

Punakeesar (Punnakeesar) = one of the Siddhars, aguru of Machamuni (also referred to as 
Matsyendra) 

pungu = Telugu word for “wounded” 

purna = complete 

purva = eastern 

purvottana = intense stretch of the front side of the body 


R 


raja = king, royal 

raja yoga (raja-yoga) = royal yoga; a term generally applied to the three higher limbs of Ashtanga 
Yoga, that is dharana, dhyana, and samadhi; the royal road to self-realization through the control 
of the mind. The achievement of union with the Supreme Universal Spirit by becoming the ruler o1 
one’s own mind by defeating its enemies, sighting the soul through a restraint of consciousness 

raja-kapota (rajakapota) = king pigeon 

Ramayana = literally, Rama’s way; a famous ancient epic (itihasa) authored by Sage Valmiki that 
describes the life of Rama, an avatar of Lord Vishnu 

Rig Veda = literally “Knowledge of Praise,” it consists of 1,028 hymns and is the oldest known 
reference to yoga and possibly the oldest known text in the world 

rishi =a Vedic seer, a liberated sage or saint, one who through suspension of the mind can see to the 
bottom of his heart 

Ruchika (Richika, Ruschika) = name of a Hindu sage, dedicated to the grandfather of an incarnation of 
Vishnu 


Ss 


sa = with 
sahaja = easy, natural 
sahasrara chakra = energy center situated at the crown of the head, the thousand-petaled lotus in the 
cerebral cavity, the most important seventh chakra which, when uncoiled, brings the seeker to 
freedom 
St. Brighid = known for establishing numerous monasteries 
sakti = power 
salamba = with support 
sama = same, equal, even, upright 
samadhi = “putting together”: the ecstatic or state in which the mediator becomes one with the object 
of meditation, forgetting him/herself completely (the Supreme Spirit pervading the universe) where 
there is a feeling of unutterable joy and peace, absorption, ecstasy, enlightenment, self-realization; 
the state of meditation in which ego disappears and all becomes one; a state of absolute bliss; the 
eighth limb or stage of Ashtanga Yoga 
amadhi yoga = yoga of absorption 
samastiti = a state of balance 


Sankarar = yogi from the eighth century BC 

Sanskrit = the programming language used to write the operating system of the subtle body; the 
language of the gods 

santosha (santosa) = contentment; one of the niyamas 

sapta = seven 

sarpa = serpent, snake 

arva = all, whole 

arvanga = all parts, the whole body 

‘asanga = rabbit 

satya = truth; one of the yamas 

Shesha = a celebrated serpent, said to have a thousand heads; Sesa is represented as the couch of 
Vishnu, floating on the cosmic ocean, or as supporting the world on his hoods; other names of 
Shesha are Ananta and Vasuki 

setu =a bridge, dam, dike 

setu-bandha = the construction of a bridge; name of an asana in which the body is arched 

shalabha = grasshopper, locust 

Shankara, Adi = world teacher, yoga master, propounder of Jnana Yoga and Advaita Vedanta; author 
of commentaries on the Brahma Sutra, the Upanishads, the Bhagavad Gita and thirty other texts; 
founder of ten monk orders and four large monasteries whose abbots today still carry the title 
Shankaracharya. His dates are disputed. Western academics often place him at 800 CE. Traditior 
places him at 1800 BCE. Also known as Shankaracharya or Shankara Bhagavatpada 

shanti = peace 

shat = six 

haucha = purity or inner and outer cleanliness; one of the niyamas 

hava (shava) = corpse 

bed, couch, sleeping 

ead 

Shiva (Siva) = the most Powerful God in Hinduism, the Destroyer, a name of the Supreme Being 
pure consciousness, Brahman with form 

shvana (swana) = dog; inspiration 

hvnaka = puppy dog 

siddha = accomplished, fulfilled, perfected; a sage, seer, or prophet; also a semi-divine being of 
great purity and holiness, a perfected being, a yoga master who has become an immortal, ethereal 
being 

siddhi = divine attribute, perfection, supernatural power, proof 

simha = lion 

Skanda = a name of Kartikeya, the god of war, general of the celestial army, Lord of War, second son 
of Lord Shiva and Godmother Uma Parvat 

stamba = transition 

steya = theft, robbery 

ucirandra = threading the needle 

ukha = ease, lightness, comfort, happiness, delight, joy, pleasure; literally, agreeable mental space 

Sundaranandar = one of the eighteen Siddhars, author of numerous works on medicine 


supta = lying down or sleeping, reclining, supine 

surya = sun 

surya yantra = sun dial 

surya-chakra = nervous plexus situated between the navel and the heart 

urya-nadi = the nadi of the Sun; another name for pingala-nadi 

sushumna = the main nadi channel situated inside the spinal column, a hollow passageway between 
pingala nadi and ida nadi that runs through the spinal cord, and through which kundalini can travel 
once it is awakened 

utra = thread: a work consisting of aphoristic statements such as Patanjali’s Yoga Sutra 

‘va = one’s own, innate, vital force; soul, self 

svadhyaya = education of self by study of divine literature, self-study, to study one’s body, mind, 
intellect, and ego; one of the niyamas 

svarga = heaven 

svastika = good fortune 

Svatmarama = the author of Hatha-yoga-pradipika, a classical textbook on Hatha Yoga 

swadhishtana chakra = site of worldly desires, energy center located above the organ of generation 

Swami Sivananda = a well-known yogi of the 20th century, founder of Sivananda Yoga 

Swami Vishnu Devananda = a close disciple of Swami Sivananda 


T 


taal-vrksa = palm tree 

tada = mountain, straight tree 

tadasana-samasthiti = a state of balance; an even distribution of weight while standing 

tan = stretch, lengthen out or extend 

tana = to stretch out, extend 

Tandava (Thandava) = sacred frantic dance representing the cosmic cycles of creation and 
destruction performed by the Hindu Deity Lord Shiva 

tantra = thread on the loom 

Tantra (Tantric) Yoga = this yoga is characterized by certain rituals designed to awaken the kundalini 

tap = to burn, to blaze, to shine, to suffer pain, to be consumed by heat 

tapa = austerity 

tapas = a burning effort, glow, heat; austerity gained through the committed practice of yoga, self- 
discipline; practice with discipline, devotion and religiosity; one of the niyamas 

tara = star 

Taraka = a demon slain by Kartikeya, the god of war 

tha = the second syllable of the word hatha; the first syllable ha stands for the sun, while the second 
syllable tha stands for the moon; the union of these two is represented in Hatha Yoga 

thavali = frog in Tamil 

tirieng = horizontal, oblique, transverse, reverse, upside down 

tiryak= horizontally, sideways, obliquely, across 

tiryang-mukha = backward facing 

tittibha = a small bird living along the coastline; firefly; or insect 
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4.9 Vortex lines and vortex streets 


It can be assumed that the vortex of the electric field is relevant with regard to the 
electromagnetic environmental compatibility. This then holds not only for microcosmic 
and microscopic vortices, but also for macroscopic and larger dimensions. The individual 
vortices can join together to balls and lines. For the study of this process itis useful to 
‘again fall back upon experiences of flow dynamics. 


The co-operation of individual point vortices has been investigated thoroughly in flow 
dyamics. Without any outside manipulation an individual vortex rotates on the spot. 
That changes in the case of two neighbouring vortices. Now it depends on their mutual 
strength and sense of rotation. If they have the opposite sense of rotation and equal 
strength then their centres of rotation move straight forward in the same direction. If 
however the direction of rotation is the same then both vortices rotate around each other 
(lig. 4.9), 


In this way a multitude of point vortices is capable, to form in the first ease whole vortex 
streets and in the second case spherical vortex balls. In principle a vortex string can also 
consist of a multitude of potential vortices pointing in the same direction; but it has the 
tendency to roll up toa vortex ballin case it is disturbed from the outside, as can be shown 

very clear by means of computer simulations 


‘AS a starting-point for a discussion the thesis can be put forward that also electric field 
vortices, in nature usually consisting of a multitude of individual point vortices, appear as 
vortex stings and vortex balls 


Perhaps historians see in this property an answer to the question, how it was possible for 
‘the Romans to build streets straight as a die in the wildemess. heir land surveyors, the 
‘Augures, had at their disposal neither laser, nor any other suitable gauges. Their most 
important tool was the Lituus, the crook, that at its upper end was rolled up like a vortex in 
the sense of a flat eol shaped like a spiral 

The question poses what this strange object was used for. Perhaps the roman land 
surveors tracked down any vortex lines with this crook and then used them to orientate 
themselves? 

History still holds a lot of secrets, but for now only this indication is given. The following 
seminar will give enough opportunities for speculations and discussions” 


<i>: Lugt, Hans J: Vortex flow in nature and technology. Krieger publishing 
company, Florida 1995; p.38, fig. 325, 3.26 and 3.27, ISBN 0-89464-916-7 

<ii>: K. Meyl: Blektromagnetische Umweltvertraglichkeit Teil 2 und 3 Seminar- 
umdrucke, INDEL Verlag VS; see part 2 and 3 of this book. 


tola = balance, scale 

tolana = weighing 

tri (tri, tra) = three 

tryanga = three limbs 

trikona = three angle or triangle 

Trivikrama = Vishnu in his fifth incarnation, The Dwarfavatar of Lord Vishnu, who with his three 
steps (krama) filled the earth, heaven and hell, the conqueror of three worlds 

tulya = equilibrium, balance 


U 
ubhaya = both 
uddayate = fly, soar, fly up 


uddiyana = a fetter or bondage, a yogic abdominal lock; here the diaphragm is lifted high up the 
thorax and the abdominal organs by tilting your pelvic floor up and pulling your belly button back 
toward your spine; the uddiyana-bandha, the great bird prana (life), is forced to fly up through the 
shushumna-nadi; to fly up 

ujjayi = apranayama that produces sound in the throat with the inhalation, literally meaning 
“extended victory”; the lungs are fully expanded and the chest is puffed out, slow throat breathing 

Upanishad = the word is derived from the prefixes wpa (near) and ni (down) added to the root shad 
(to sit); it means sitting down near a guru to receive spiritual instruction. The Upanishad 
scriptures of ancient Hindu philosophy are the philosophical portion of the Vedas, the most ancient 
sacred literature of the Hindus, dealing with the nature of man and the universe and the union of the 
individual or self with the Universal Soul 

upavishta (upavistha) = seated, sitting, with legs spread 

urdhva (urdhwa) = upward, raised, elevated, inverted 

urdhva-mukha = face upward 

ushtra (ustra) = camel 

ut = intense, a particle denoting intensity 

utkata = fierce, powerful, exceeding the usual measure, excessive, squat 

utpluti = lifting or pumping up 

utripada = upright tripod 

uttana = an intense stretch, upright 

utthita = extended, risen or rising, raised up, stretched 


Vv 


Vaasamuni Siddhar = a disciple of Shiva 

vadivu = old form; Gaja Vadivu is an animal posture from Kalari Yoga, a mystical tantric form of 
yoga, which stems from Kalarippayat 

vajra = thunderbolt, Indra’s weapon 

Vajracchedika Prajnaparamita Sutra = Diamond Cutter Sutra, one of thesuwtras of Mahayana 
Buddhism focusing on non-attachment 

vakra = bent, curved, crooked 


Valakhilya = flying wise and virtuous companions, celestial beings; a class of divine personages of 
the size of a thumb, produced from the Creator’s body, and said to precede the chariot of the sun 

Valmiki = known as the father of Sanskrit classical poetry 

vama = left side 

‘Vamadeva = the name of the preserving aspect of the God Shiva 

vamana = Vishnu in his fifth incarnation, when he was born as a dwarf to humble the demon king Bali 

Vasishta = a celebrated sage, author of Yoga Vasistha; several Vedic hymns, most excellent, best, 
richest 

vatayana = horse 

vayu = air, vital force, wind, vital air 

Vedas = the sacred scriptures of the Hindus, revealed by the Supreme Being 

vibhuti = might, power, greatness 

vimshati = twenty 

vin ingle movement 

vinyasa = a steady flow of connected yoga asanas linked with breath, work in a continuous 
movement, going progressively, variation 

viparita = reversed, inverted, turned 

vira = a brave or eminent man, heroic, chief, hero 

virabhadra = a legendary warrior, a powerful hero created out of Shiva’s matted hair 

Virancha (Viranchi) = one of the names of Lord Brahma 

vishama = uneven, unequal 

Vishnu (Vishnu, Narayana, Hari) = the second deity of the Hindu Trinity, All-Pervading essence of all 
beings, one who supports, Preserver God 

vishuddhi chakra = seat of intellectual awareness, energy center situated behind the throat, the 
nervous plexus in the pharyngeal region 

vishva = entire, whole 

Vishvamitra = a celebrated Hindu Sage, ruler so impressed with Vasistha’s knowledge and 
contentment that he became his disciple 

vrischika = scorpion 

vriksha = tree 

len or dropped as rain 

vyaghra = tiger 


vrishta 


Y 


yajna = Hindu Sacrificial Ceremony 

yama = ethical codes for daily life, self-restraint 

Yama = the god of death; Yama is also the first of the eight limbs or means of attaining yoga. Yamas 
are universal ethical codes for daily life, self-restraint, and moral commandments or ethical 
disciplines transcending creeds, countries, age, and time. The five mentioned by Patanjali are: non- 
violence, truth, non-stealing, continence, and non-coveting 

yantra = to sustain 

yoga = union, communion, the path which integrates the body, senses, mind, and the intelligence with 


the self, derived from “yuj”, meaning to join or to yoke, to concentrate one’s attention on. It is the 
union of our will to the will of God, a poise of the soul which enables one to look evenly at life in 
all its aspects. The chief aim of yoga is to teach the means by which the human soul may be 
completely united with the Supreme Spirit pervading the universe and thus secure absolution 

yoga-mudra = a posture, a seal 

yoga-nidra = the sleep of yoga, where the body is at rest as if in sleep while the mind remains fully 
conscious, though all its movements are stilled; yoga-nidra is also the name of an asana 

Yogananda = a great yogi of the twentieth century 

yogasana = yogic posture 

Yoga Sutra (yoga-sutra) = a classical collection of aphorisms on the practice of yoga, attributed to 
the sage Patanjli. It consists of 185 terse aphorisms on yoga and it is divided into four parts dealing 
respectively with samadhi, the means by which yoga is attained, the powers the seeker comes 
across in his quest, and the state of absolution 

yogi or yogini = one who follows the path of yoga, a student, a seeker of truth 

yogic = an adjective describing things that are associated with yoga 

yoni = the womb 

yoni-mudra = womb or female seal or awakened kundalini, the sealing; the breeding place, and 
mudra is a seal; yoni-mudra is a sealing posture where the apertures of the head are closed and the 
aspirant’s senses are directed within to enable him to find out the source of his being 

yudha = from Yudhisthira, a legendary warrior mentioned in the ancient Hindu epic Mahabharata 

yuj = to join, to yoke, to use, to concentrate one’s attention on 

yukti = union 


* “Bitilisana” may also be translated as “Gavasana” in the following cow poses. 


*“Ushtrasana” may also be spelled as “Ustrasana’ in the following camel poses. 


* “Shirshasana” may also be spelled as “Sirsasana” in the following headstand poses. 
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70 ‘water colloids as vortex balls 


Oe ae 


Fig. 4.10: The rolling up of a vortex chain to a vortex ball 
for the smallest disturbance 


(case BI in fig. 4.9) (Rosenhead™*). 


<i>: __L. Rosenhead: Formation of vortices from a surface of discontinuity. Proc. 
Roy. Soe. A 134, 1931, 170. taken from: 


Lugt, Hans J.: Vortex flow in nature and technology. Krieger publishing 
company, Florida 1995; page 39, figure 3.29, ISBN 0-89464-016-7 
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4.10 Water colloids as vortex balls 


We have to realize that in the biosphere we are staying in a relatively ideal dielectric, The 
two "capacitor plates" are being formed by the ionosphere and the earth. The potential 
vortex will, as said, be favoured by a bad conductivity and by a high dielectricity. Conse- 
quently it will dominate and take effect in the biosphere. In which way it takes effect is the 
central theme of the electromagnetic environmental compatibility. 


Life in this world consists predominantly of water and water has a very high diclectricity! 
With that the effectiveness and the long life ofthe potential vortex increases. The human 

head for instance contains 70% and plants contain over 90% water! But it does not 

simply concem HO, but structured water in a colloidal form. These water colloids could 

be vortex balls because they consist ofa large number of water molecules in a spherical 
arrangement They form independent and insoluble particles with a negative electric 

charge (fig. 4.10. 
Water is not equal water thanks to this structure. One can buy healing water and 
corresponding sources are well-known and famous. Many an effect can be explained by 
‘means of a chemical analysis but not everything. 

The highest age in this world is reached by the inhabitants of Hunza, in the mountains of 
nother India atthe foothill of the Hindu Kush, at an altitude of 2500 meters. They drink 

some muddy glacial water that is strongly colloidal. Hence it would be obvious that plants 

and also we ourselves need such water for our physique. Processes are known with which 

the advantageous vortex balls, say colloids, are produced artificially by mechanic or 
chemical treatment". Levitated water, as itis called and as it is forsale nowadays, is said 

to be more healthy. Unfortunately people predominantly work empiric in this area, 
because science occupies itself with this topic only litle or not at all 

Another problem is the fact that the colloids again fall apart quickly. The like negative 
charge favours this process. The liquid erystals have to be stabilized from the outside. In 
the case of the Hunza-water the colloids are surrounded by a vegetable layer of fatty acid 
and are protected in this way “. It possibly is very obliging to nature, if the water colloids 
also in biological systems are stabilized in that way. 

Everyone of us knows that fresh spring water tastes much better than stale, bottled water, 

even ifthe chemical analysis turns out of be absolutely identical. For this fact classical 

science is not able to give a cause - a further problem of causality. In any case should 
potential vortices with their structure shaping property be considered as a cause for the 
formation of water colloids. It surely causes no difficulties at all to interpret the colloids as 

vortex bulls 


<i>: V. Schauberger: Die Entdeckung der Levitationskraft, Implosion 1995 

Nr. 112 und: 

N. Harthun: NaturgemaSe Technik - Wege fur die ‘Forschung nach 

Viktor Schauberger, Verlag Delta Design, Berlin 1996, 

<ii>: Flanagan: Elexier der Jugendlichkeit, Waldthausen Verlag Ritterhude 1992, 
Elixir of Ageless 
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Fig. 4.11: | Water molecules and water colloids 
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4.11 Phenomenon of transport 


The vortex principle is self'similar. This means that the properties of an individual vortex 
also for the collection of numerous vortices again appear and can he observed in a similar 
‘manner. That's why a vortex ball behaves entitely similar as an individual isolated vortex, 
The same concentration effect, that keeps the vortex together, shows its effect for the 
vortex ball and keeps it together also. 

Something corresponding holds for a basic property of potential vortices, being of a 
completely different nature. It is the property to bind matter in the vortex and carry it 
away with the vortex. Well-known are the vortex rings that skilful cigarette smokers can 
blow in the air. Of course also non-smokers can produce these air eddies with their mouth 
but these remain invisible, Solely by the property of the vortex ring to bind the smoke it 
becomes visible to the human eye. 

Ifout potential vortex transports something then it rather should be a dielectric material, 

so preferably water. Therefore if in the environmental air we are surrounded by potential 
vortices that we can detect for instance as noise, then they are capable with their 
"phenomenon of transport", to pick up water and to keep it in the vortex. In this way the 
atmospheric humidity is explicable asthe ability of the air particles to bind comparatively 

heavy water molecules. Ifthe vortex falls apart then it inevitably releases the water 

particles and it rains. This is merely a charming alternative for the classical representation 

without claim to completeness. 

Already the Romans have made use of this phenomenon to find water and sources. About 

this Vitruv* (from 23 BC) in his 8th book about architecture writes: "Before sunrise one 
hhas to lie down on the earth at the places, where to search for water... and one has to look 
at the area... Then one has to dig at the place where there appears curling and in the air 
rising moist steam, Because this characteristic can not occur at a place where there is no 
water", The at a certain time of day and in certain seasons occasional in meadows and corm 
fields observable streaks or circular mostly moist places with differing vegetation, have to 
be judged as an infallible sign forthe existence of this phenomenon, 

This phenomenon of transport again appears for the discussed water colloids. The 
involved water molecules form a spherical object with a negative charge. They tum their 
negatively charged side to the outside and point with the positively charged end in the 
direction of the middle of the sphere. There, no longer discernible from the outside, a 
negatively charged ion can be, that is stuck, that no longer can escape and that gives the 
whole colloid a characteristic property. In this way nature knows various water colloids 
that constitute plants and animals. But starting at a temperature of 41°C the liquid crystals, 
fall apart. This not by chance is the temperature at which a person dies. 
Already 10 millivolts per liquid crystal suice forthe electrically induced death, 

The to a colloid identical structure we find in the structure of the atoms. Here the atomic 
nucleus is held in the inside of a vortex-like cloud of electrons, the atomic hull. We'll hit 
the phenomenon of transport a last time, when we derive the elementary particles. For the 
photon is already discernible the tendency of an elementary vortex, to take another vortex 
in its inside. Merely because the electron and positron are evenly matched a stable 
configuration is prevented for the photon, 


<i5; Vitruvius Pollio, Mareus: Ten Books about architecture, WBG 1987 


2 vektoranalysis| 


In chapter vortex calculation used differential operations: 
field pointer (vector = bold): 
A =e Ap + ey Art eA 
Gradient of the scalar function of position V: 
grad V = ex- 8V/dx + ey - 8V/Sy +e: - BV/dz 
Divergence of the vector A: 
divA = 8A,/8x + 5Ay/By + 5A,/3z 
Curl (vortex density) of the vector A: 
rota = ex: (BA:/dy ~ 8Ay/5z) + 
+ ey» (BAs/6z ~ 8Ac/x) + 
+e: (GAy/Sx — 8A;/8y) 
Laplace operator A: 
AA = SA/5x2 + 6°A/ay? + A/822 
arithmetic rules: 
AA - grad divA—rot rotA 
divrotA = 0 
AxB = -BxA 
div(AxB) = BrotA—ArotB 
rot (AxB) = (Bgrad)A- (A gradjB + A div B-BdivA 
AxBxO) = BiAC)-C(AB) 


* important equations are given in a box 
* newenuations are underlined twice. 


Fig. 5.0: Collection of formulas for vector analysis 
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5. Derivation and interpretation 


Vortices cause big problems to every measuring technician. They have the unpleasant 
property to whirl around the sensor even if it is as small as possible. Vortices avoid the 
smallest disturbance and then can hardly be detected reproducibly. 


From the well-known eddy current we know of this problematic. Instead of the vortex, we 
are forced to measure and analyse any effects that arise from the vortex. These can be 
measurements of the eddy losses or effects back on the stimulating field. But only 
provided that the effect actually occurs 

The prerequisite for an increase in temperature by eddy losses is that the vortex falls apatt. 
In an ideal medium it unfortunately will not do us this pleasure. 


As vitex of the dielectric the potential vortex will find fairly ideal conditions in air or in 
water. How should a vortex be detected, if it does not produce any effect? The classical 
‘measuring technique is here a its wits’ end, 


From the duality to the well-known eddy current and by means of observation in the pre- 
vious chapters numerous properties of the potential vortex have been derived. But these 
are not all the properties. The mathematical calculation of the electric vortex field, that we 
‘want to turn to now, will reveal still further meaningful and highly interesting properties. 


The observation is important, but it can't replace an exact calculation. A strictly mathe- 
matical derived result has occasionally more expressiveness than a whole book full of 
explanations. It will be a big help to derive and to discuss the field equation that all 
considerations are based on, 


We facilitate the mathematical work by vector analysis. Therefore it is useful that we 
choose the differential form (equation 5.1 and 5.4) instead of the integral form (equations 
3.1 and 32resp.3.8) 


16. fundamental field equation 


1. Ampére’s law: 

rotH = j + 8D/st 6 
with H = Hirt) 
and Ohm’s law: j=o-E ‘ 
dielectric displacement: D = ¢-E @ 
relaxation time: u = 2/6 : 


rotH = ¢-(B/n + 8E/8)| 6. 


2, Faraday’s law of induction (extended according to duality 
-rotE = B/t + 8B/ét c 

with E = E(r,t) 

and the flux density: B 


[rote = us H/e + SH/é0)| 6 


rot rotB = y-(1/t:)-rotH + n-d(rotM)/st 


u-H cc 


insert equation 5.1": 
-rotrotE = p+ e+ (B/tits + (1/t2) - 8E/st + 
+ (1/t:)  8B/8t + 8B/8t2) 6: 
-rotrotE = AE-graddivE = AE, 
ift divE =O es 
abbreviation: bee = 1/c2 ¢ 


3. fundamental field equation: 


AE.c? = 8?B/at? + (1/1;)-3E/at + (1/t2)8E/ét + E/cita 


a b © a e 


Fig. 5.1: Derivation of the fundamental field equation. 
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5.1 Fundamental field equation 


Well start fiom Ampere’s law which provides a value for the curent density at any point 
pace and this value corresponds to the vortex density of the magnetic field strength 


rot = j+8D/6 6.1) 
Weel use Ohm's law: i=o-kE, 62) 
Ihe dielectric displacement: D=e-£ (0) 
hyo the relaxation time: t= 2. 53) 
Je indicates how fast the current eddies decay. So far we can fall back upon well-known 
Be resus: rot = e+(Bir) + SEVBH) 5.1") 


‘The new electric field vortices demand the introduction of a corresponding time constant 
tau, that should deseribe the decay of the potential vortices, as an extension. The extended 
Faraday law of induction now provides a potential density, that at any point of space 
corresponds to the vortex density ofthe electric field strength: 


| =r = Bit; + 8B 4) 
[ptt the flux density BawH 65) 
‘Phe result fulfis the required 

[Peatity 10 equation 5.1*: ot = y.(Hits + BH) oa) 


Jor aesin apy he cut equation 54 


| = rotrotE = p+ (I/e:)<rotH + y+ dtrot Hy & (55) 
a sort equation 5.1°, we obtain: 


rotor = wa: (G/nits + (Iss) BEBE + (In) BEB +H) — (554) 


which according to the rules of vector analysis can still be further simplified 
= rot rot E = AE - grad div E , where we should remember that the divergence has t0 
vanish (div E = ©. fig. 3.2, equation 3.7 ), should the corresponding field vortex be 
inserted! 

Furthermore the following well-known abbreviation can be inserted: yt @ Ve (3.6) 


‘With that the relation withthe speed of light c simplifies tothe sought-for field equation: 


AE-@ = SH? + (Iie) SEIS + (ie) -BElOL + Bir 
ier ‘ —_ Saar eee 57) 


‘This equation describes the spatial (a) and temporal (b, c, d) distribution of a field vector. 
It describes the electromagnetic wave (a, b) with the influences that act damping. As 
dumping terms the well-known eddy current (c) and in addition the newly introduced 
potential vortex (d) appear. 


7a | mathematical interpretation! 
Field vector:y = E, H, j, B or D 


1. elliptic potential equation: 
(stationary:t ——* © resp. 6/5t = O) 


Ay+c? = y/ri 
pa pa ny 
a e 


6s) 


2. hyperbolic equation: 
(undamped wave equation) 


Ayo? = Bty/at? 
wesw sia 
a 


69) 


3. parabolic equation: 
(vortex equation) 


Ay ct = (1/2) -dy/at 
= peeecinniainy 
a e/a 


6.10) 


decay time of the eddy currents 
relaxation time:t; = ¢/o 63 


decay time of the potential vortices 
relaxation timer), ~ usc un) 


Fig. 5.2: mathematically divisible individual cases. 
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5.2 Mathematical interpretation of the fundamental field equation, 


Every specialist will be suprised to find the Poisson equation (@, e) again as a tem in the 
‘wave equation. ‘This circumstance forces a completely new interpretation of stationary 
fields upon us. The new damping term, that is formed by the potential vortices (d), is 

standing in between 

Let us start with a mathematical analysis. We have applied the cul to equation 5.4*, then 
inserted equation 5.1* and obtained a determining equation fr the electric field strength 

E, Of course we could as well have applied the cul to equation S.1* and inserted equation 

5.4*. This would have resulted inthe determining equation for the magnetic field strength 

H 

If we insert Ohm's law (5.2) and cancel down the specific conductivity, or we put in the 
relations of material (3.5) or (3.6) and cancel down by uw respectively. e, then the field 
equation can likewise be written dawn for the current density j, for the induction Bor for 
te dielectric displacement D. 

It jst is phenomenal that at all events equation 5.7 doesn't change its form at all. The field 
vector is thus arbitrarily interchangeable! ‘This circumstance is the foundation for the claim 
ofthis field equation to be called fundamental. 

Ir does make sense to introduce a neutral descriptive vector y as substitute for the 
possible field factors E, Hj, B oD. 


The fundamental field equation 5.7 consists of three different types of partial differential 
equations: hyperbolic (b), a parabolic (c and d) and an elliptic (e) type. On the left-hand 
side each time the Laplace operator (a) is found which describes the spatial distribution of 
the field factor. 

The potential equation of the elliptic type (e) is known as Poisson equation. It describes 
the stationary borderline case of'a wom off temporal process ({ “= co, resp. 6/&t= O). 

With this equation potentials and voltages can be calculated exactly like stationary electric 
currents (58). 

The hyperbolic equation (b). known as wave equation, shows a second derivative to time. 
which expresses an invariance with regard to time reversal; or stated otherwise: the direc- 
tion of the time axis can be reversed by a change of sign of t, without this having an influ- 
ence on the course of frequency. Wave processes hence are reversible. Equation 5.7 makes 
clear that a wave without damping by no means can exist in nature. For that both time 
constants (7) and) would have to have an infinite value, which is not realizable in 
practice. Seen purely theoretical, undamped waves could withdraw themselves from our 
‘measuring technique (5.9), 

Both vortex equations of the parabolic type (c and d) only show a first derivative to time. 

With that they are no longer invariant with regard to time reversal. The processes of the 
formation and the decay of vortices, the so-called diffusion, are as a consequence itre- 

versible, Seen this way itis understandable that the process of falling apart of the vortex, 

‘where the vortex releases its stored energy as heat e.g. in form of eddy losses, ean not take 

place in reverse. This irreversible process of diffusion in the strict thermodynamic sense 
increases the entropy of the system (5.10). 

Because it poses an useful simplification for mathematical calculations, offen the different 
types of equations are treated isolated from each other. But the physical reality looks 
different. 


0 physical interpretation! 


field vector:y = E, H, j, Bor D 


1. Borderline case: no conductivity (vacuum) 
(6 = 0; 1/t = o/e = 0): 


Ayre = Bye + (ya sy/ee | 
b d 
a 


(612) 


(damping by potential vortices) 


2. Borderline case: ideal conductivity (superconductor) 
(i/o = 0; 1/m =O}; 


Ay-c2 = Sy/St + (1/t1)-Sy/ot 
i a as eC 


a b c 


crea 
(damping by eddy currents) 


3. Diffusion equation 


Ay sc? = (1/s)-8y/at, + y/nie 
ye cen gc a ey 


a e/d e 


i), 
(vortex) 


Fig. 5.3: Two borderline cases of the damping of waves 
and 
the diffusion equation for the decay of vortices 
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5.3 Physical interpretation of the fundamental field equation 
In nature the different types of equations always occur in a combined manner, 


1. Let’s take the concrete case of the particle-free vacuum. Here the specific conductivity 
is zero. The relaxation time constant t; = e/¢ responsible for the decay of vortices tends 

towards infinity according to equation 5.3 and the terms (c) and (e) are cancelled fom the 
field equation 5.7. What remains is the by potential vortices (d) damped wave equation (b) 
(equation 5.12) 


2. The reversed case (with t ——s= x) will consequently occur in materials without 
resistance, super conducting materials, We now are dealing with the well-known case of 
the wave damped by eddy currents (equation 5.12"), 


Virtually all in nature existing materials however don't fulfil these boundary conditions, 
from which it follows that both damping terms always occur together and in addition the 
stationary tem (e) becomes active. 

It is true that every antenna demonstrates that the electromagnetic wave is convertible in 
high-frequency altemating currents and voliages, which then are amplified in the receiver. 
But until this fundamental equation was written down it however was not understood that 
this transition takes place by means of a vortex. Used are either antennas from well con- 
ducting material, or waye guides and hom radiators, which only haye a minimal condue- 
tivity, because they are filled with air. Actually the wave can be converted in two dual 

ways; by means of the rolling up to current eddies or to potential vortices (fig. 1.4). 
Now we finally are capable to explain, why wave guides make possible a better degree of 
effectiveness: Owing to the concentration effect of the potential vortex the HF-power is 
bound in the inside and not emitted until the antenna is reached as happens for a wite for 

reason of the skin effect. 

Therefore, physically, one has to imagine this relation, which describes the transition of an 
electromagnetic wave into a vortex, in the way that the wave spontaneously can roll up to 

‘a vortex in case it is disturbed from the outside. The more vortices are generated, the 

larger consequently is the damping of the wave (equations 5.12 and 5.12*), 


43. The life span of the vortices is limited and is determined by the electric conductivity. 
‘The at first stored vortices decay with their respective time constantr, This process is 
described by the diffusion equation 5.12**. The final stage of the decaying vortices 
finally is described by the Poisson equation (a, e: equation 5.8). 


If the vortex falls apart, it converts the in the vortex stored energy in heat. These processes 
‘are known from the eddy current. We speak of heating losses, that the stationary currents 
‘cause in the conductor material 

But new is the concept that such vortex phenomena can occur as dielectric losses in 
iors or in the air. The microwave oven or induction welding are good examples of 


2 phenomenological interpretation 


concentration of electrons at day / 
bossa in the night 
1000 
800 


600 
400 


: ee 


1 FOP 
concentration of electrons [e/em'] 


Fig. 5.4: The dependency on height of the ionisation 
in the 


ionosphere for medium latitudes .“* 


left curve: for a minimum of sun spots 


right curve: for a maximum of sun spots 


= TLL, Konigr Unsichibare Umwelt (Wetterfubligken), 5. Aufl., Bild 6, 
Seite 11, Verlag Moos & Partner Milnchen, ISBN 3-89164-058-7, 
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5.4 Phenomenological interpretation of the fundamental field equation 


How does a damping by vortices take effect in practice? First of all we notice that the 
reception of broadcastings gets worse. "The information signal is neglectable regarding 
the noise” explains the radio engineer and means, the number of vortices increases at the 
expense of the wave intensity 

Why, does the pupil ask, is itso cold in space? There the sun shines day and night and in 

addition much more intensely than on earth! The correct answer would have to read that 
‘because of the extremely small conductivity no diffusion process can take place. We owe 

the warmth on our earth solely the here taking place decay of vortices. Responsible is the 
‘conductivity of the atmosphere. 

In 60 km to 500 km height over the earth's surface, the region which is called the 
ionosphere, the gases predominantly exist in ionized form. There a very good conductivity 
prevails and eddy current losses are the result. Correspondingly high are the measurable 
temperatures, Besides the diffusion process the eddy currents carry out a damping of the 

cosmic radiation, We say the sunlight is filtered and reduced to a for nature bearable 

intensity 

‘But not all frequencies are damped in the same way (fig. 2.8). We observe a blue shift, if 

‘we look into the actually black sky. The blue sky doesn't show any spots or clouds. The 
reason isto be sought in the skin effect ofthe eddy currents, which strive outwards. Since 

ro edge of a conductor is present here, no skin can form, The vortices spread evenly over 

the ionosphere 

The potential vortex however is able to structure. It merely needs a bad conductivity and 
this it finds in lower heights between | km and 10 km. It damps the wave and with that 

also the light, for which reason we say it becomes darker, the sun disappears behind, 

clouds. 


The clouds well visibly form the discussed vortex balls and vortex strings. Clouds can 
form virtually from the nowhere during intense solar iradiation, ie. the waves can roll up 

to vortices, But asa rule this takes place above the oceans. Here also the phenomenon of 
transport has an effect. Because of the high dielectricity the water surface favours the 
formation of potential vortices. So the vortices bind individual water molecules and carry 

them away. If'a diffusion process takes place, in which the vortex decays, then it rains. 

This can happen in two different ways: 

1. Either the conductivity increases. If for instance during intense solar irradiation air ions 
form, the sun is able to break up clouds and fog. Or when the air is raised in higher 
layers with better conductivity, because a mountain forces this, then it rains at the 
‘mountain edge. 

2. For potential vortices the electric field is standing perpendicular to them. If at one point 

an exceptionally lot of vortices join together, which let the cloud appear particularly 

dark to black, then the danger exists thatthe ionization field strength for air is reached, 

in which case a conductive air channel forms along which the stored up charges 

discharge. Also lightning is diffusion process, in which potential vortices decay and 
rin can form, 

In connection with the electromagnetic environmental compatibility great importance is 
attributed in particular to the storage and the decay of electric vortices. There not only is 

aan academic-scientific interest in the question, how many potential vortices are generated, 

how many are stored and how many decay, if we make a telephone call with a handy, if 

‘we ate staying under a high-tension line or if we are eating food, which has been heated 

up in a microwave oven. The necessary mathematical description is provided by the 
fundamental field equation 5.7 


a ‘atomistic interpretation! 


force of attraction, 


Elektron & 


Fig. 5.5: The structure of atoms in the view of the 
fundamental field equation 


condition for equilibrium: a 12 613) 
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5.5 Atomistic interpretation of the fundamental field equation 


Lat’s again turn to the smaller, the atomistic dimensions. Here positively charged protons 
and negatively charged electrons are found. Both are matter particles and that means that 

seen from the outside both have the identical swirl direction, For reason of the unequal 

charge conditions they attract each other mutually and according to fig. 4.9 rotate around a 

‘common centre of mass as differently heavy pair. Chemists say: "the light electron orbits 

the heavy atomic nucleus", With small balls they ir to explain the atomnic structute. 

But the model is no good it contradicts causality in the most elementary manner. We are 

dealing with the problem that according to the laws of electrodynamics a centripetally 
accelerated electron should emit electromagnetic waves and continuously lose energy, 0 
‘eventually plunge into the nucleus 

‘Our experience teaches that this fortunately is not true - and Niels Bohr in order to save 
his model of the atom was forced to annul the laws of physics with a postulate founded in 
arbitrariness, 

‘Actually this state only exists for a very short time and then something unbelievable 
hhappens: the electron can't be distinguished as an individual particle anymore, "It is 
smeared over the electron orbit” da certain people say; “it possesses a dual nature” says 
Heisenberg. Besides the corpuscular nature the electron should in case of its "second 
nature" form 2 matter wave, "the position of the electron is to be looked at as a resonance 
which is the maximum of a probability density", do explain us de Broglie and 
Schrodinger. 


‘These explanations can hardly convince. If the electron loses its particle nature in its 
second nature, then it also will ose its typical properties, like for instance its mass and its 

‘charge. but this is not the case, 

THE vortex theory provides clear and causal answers: if the electron were a ball it con- 
tinuosly would lose energy, therefore another configuration forms that does not know 
this problem. Here the phenomenon of transport takes an effect. The electron opens its 
vortex contre and takes the tiny protons and neutrons as atomic nucleus up into itself. The 
Bohr electron orbit with that is not a path anymore, but is occupied by the whole particle 
as spherical shell. This is confirmed by the not understood measurements exactly like the 
photos of individual atoms with the scanning electron microscope. 

But now an electron does in its inside have the opposite switl direction as the proton seen 

from the outside. As a consequence a force of repulsion will occur, which can be 
interpreted as the to the outside directed current eddy, the force of attraction for reason of 

the opposite charge works in the opposite direction and can be interpreted as the potential 

vortex effect. 

It both vortices are equally power: c=y (5.13) 

fr if both forces are balanced, as one usually would say, then the object which we call an 
atom is in a stable state 

It probably will be a result of the incompatible swirl direction, why a very big distance 

results, ifthe electron becomes an enveloping electron. On such a shell not too many 
electrons have room, Because of the rotation of their own, the electron spin, they form a 
‘magnetic dipole moment, which leads to a magnetic attraction of two electrons if they put 

their spin axis antiparallel. 

As a "ifictionless" against one another rotating pair they form two half-shells of a sphere 
fand with that occupy the innermost shell in the hull of an atom. If the positive charge of 
the nucleus is still not balanced with that, then other electrons is left only the possibility to 
form another shell. Now this next electron takes the whole object up into itself. The new 
shell lies further on the outside and naturally offers room to more as only two vortices. 


% Klein-Gordon equation 


approach: 
E(t) = ve, 


with o= if 


Aft + 1/t)/2 6. 


we insert the approach 5.17 and its derivations: 


8B /st 


—a- ye + (y/st} et on 


E/6t? 


oP ys et 20 - (By/St) e+ (2/32) SUT 


into the fundamental field equation 5.7: 


AE « c? = 5°E/6t? + (1/t:) - 8E/St + (1/ta) - 3E/St + B/site 


and divide by et: 


6. 
Ay-o? = y/tie (a) = 
-o-y-(1/m+ 1/m) ( 
+ (1/m+ 1) - By/Bt ( 
+ 02 - w— 2ody/dt + ey/6t2 
insert the frequency according to equation 5.18: 
(a 
Ay = y/nm (a) = 
= (w/2) > (/m+ A/r2 ( 
+ (L/ti + 1/ta) - dy/dt (c, 
+ (w/4) © (L/ti+ 1/12)? 
= (1/tat 1/2) » dy/at + S8y/at? 
summarized with equation 5.18: 
Ay- 2 = y/tita- 0? y+ Sy/3t? 6 


Fig, 5.6: Derivation of the Klein-Gordon equation (5.20) 
from the fundamental field equation (5.7) 
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5.6 Derivation of the Klein-Gordon equation 


The valid model of the atom today still raises problems of causality, as has been 
explained. An improvement was provided by an equation, which was proposed by the 
‘mathematician Schrodinger 1926 as a model description, This equation in this way missed 
the physical root, but it nevertheless got intemational acknowledgment, because it could 
be confirmed experimentally. Looking backwards from the result then the physical 
interpretation of the probability density of the resonance of the waves could be pushed 
afterwards. 


is Sylét = U-y @/2m) Ay (3.14) 

The Schrodinger equation is valid for matter fields (of mass m), while the interaction 
with a outside force field the energy U indicates. It can be won fom a wave equation by 
conversion, which possibly isthe reason why it usually is called a wave equation, 
although in reality itis. diffusion equation, so a vortex equation! 

For the derivation Schrodinger gives the approach of a harmonic oscillation for the 
complex wave function y: 


vir) = He S15) 
if the entire time dependency can be described by one frequency — f = Wh 
(de-Broglie relation): @ = nf = W-2n/h = W/a (5.16) 


The high-put goal is: if the structure of the atom is determined by the fundamental field 
equation §.7 then one should be able to derive the experimentally secured Schrodinger 
equation and to mathematically describe the discussed special case, Also we select at first 
‘an approach periodic in time: 


| Er) = wera) [617 


with © = Ve = (n+ 18) 
We insert the approach 5.17 and its derivations into the field equation 5.7 and divide by 
the damping terme: 
ay = plete — oy (ey + ies) + (Ir + es) Gyib) + 

+ aF-y — 2odyiat + Fla (5:9) 
If as the next step the angular frequency according 10 equation 5.18 is inserted, then 
summarized the provisional intermediate result results: 


aye = yin — ay + Swe |(520) 


‘The derived equation 5.20 represents formally seen the Klein-Gordon equation, which is 
used for the description of matter waves in quantum mechanics and which particularly in 
the quantum field theory (e.g. mesons) plays an important role. Even if t often is regarded 
as the relativistic invariant generalization of the Schrodinger equation, it ata closer look is, 
incompatible with this equation and as "genuine" wave equation itis not capable of 
treating vortex problems correctly, like e.g, the with the Schrodinger equation calculable 
{quantization of our microcosm. 


a8 time dependent Schrodinger equation 


Schrodinger approach yir,t) = dlr) ¢* | 6 


with: f = W/h; de-Broglie relation: 
© = Qnf = W-2n/h = W/h 


the derivation: 

by/at = -io-y 
rewritten for y: 

v = (i/o) - by/dt 6. 


Bay /t? 


2. derivation: 


io: dy/st 6. 
inserted in equation 5.20: 


Ay 2 = y/tim -2io- dy/at 6 


= sought-for Schrodinger equation (usual notation): 
i-h- By/at = U-y-(b?/2m)- Ay r 


comparison of coefficients is needed: 
Einstein relation (with the speed of light c): 


with (5.16) W= mc = oh ( 
coefficient of the 
imaginary part: -2io = 2o/i) = 2me/ik 6 
comparison of coefficients 
for the T 
real part: T/ritec? = U- 2m/e 6. 
kinetic energy of a particle moving with the specd v: 

%-m-v = W-U 6 
v= group velocity of the matter wave: 


v = hf/me = ho/me ro 


Bq.5.27: U = W- %-m(ho/me? 6 


Eq.5.24: 


W=o-k; (ho/mo = 


resp.: m/h = o/c? 
In eq.5.27" the sought-for coefficient reads (according to eq. 5.2 

U-2m/h = 20/ch-[o-k-% -m- ce] 
= 20/h-[o-h-% -@-b) = (o/c)? & 


Fig. 5.7: Derivation of the time dependent Schrodinger equation 
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45.7 Derivation of the time dependent Schrodinger equation 
With the Schrodinger approach 5.15 and its derivations the derivation is continued: 


(5.15) 


bow, w= (i/o) Bylot (21) 


Bysr = -i@- Bylot (622) 
The for a harmonic oscillation won relations according to equation $.21 and 5.22 are now 
inserted into equation 5.20: 


This is already the sought-for Schrodinger equation, as we will see in a moment, when 
we have analysed the coefficients. Because, besides equation 5.16 for the total energy W, 
also the Einstein relation is vali (with the speed of light c) 


w oh (524) 


msc 


‘we can replace the coefficients ofthe imaginary part by: 
2(w/i) = 2me/ih (525) 


To achieve that equation 5.23, as required, follows from the Schrodinger equation 5.14, a 
‘comparison of coefficients is carried out forthe veal part 


tyre? = U2m/H |(5.26) 


Ifthe kinetic energy of a particle moving with the speed v is: 
%om-v=W-U 627) 


then acccording to De Broglie this particle has the wavelength himv. The consideration of 
the particle as matter wave demands an agreement with the wave length c/f of an electro- 
magnetic wave (with the phase velocity c). The particle hence has the speed v, which 
corresponds with the group velocity of the matter wave: 

v = hi/me = bo/me , (528) 
if we insert v into equation 527 

U= W-% mho/me) (527%) 


‘According to equation 3.24 on the one hand the total energy is W = w+ h and on the 
other hand the relation 528 gives (ho/me) = © resp:m/h = o/c? 
Inserted into equation S.27* the sought-for coefficient reads (according to eg. 526): 
U-2m/t = 20/Ph- [oh — 4 ome] 
= 20/Eh-[o-k- He oo-b] = 


(6.29) 


90 time independent Schrodinger equation 


comparison of coefficients 5.26 is fulfilled if: 
1 
Aue? = U-2m/h? = (o/c)? 6 


the angular frequency is given by equation 5.18. Therefore has 
be valic 


! 
Aftvts = ¥4 (1/er + 1/ea)? 6: 

resp.: ! 
fife = % (1/m1+1/%2) (3. 


arithmetic average = geometric average, ift 


jn = lfe and: | t%1 = 12 6s 


is valid. Eq. 5.23 is divided by c? and 
eqs. 5.30 and 5.25 are inserted: 


Ay = U-y- (2m/¥) + (2m/ik) - 5y/St Gu 


ime dependent Schrédinger equation 5.14. 


replace 5y/8t ace, to eq. 5.21 with @ - W/h ace.to eq. 5.24: 
Ay = U-y- Qm/h®) + (2m/ib)-y- -i)- W/b 6 
Schrédinger approach 5.15 for the function of position 4(r) 


Ag 


(U2m/#? — W-2m/h)-6 o 


Ad 


—2m/h (W - U)-6 G 


= time independent Schrodinger equation. 


Fig. 5. 


erivation of the time independent Schrodinger equation 
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5.8 Derivation of the time independent Schrodinger equation 


The wal is wached if we are capable to full the comparison ofcoeMicients 8.26 


Vac (530) 


The angular frequency w is given by equation $.18, Therefore has to be valid: 


4 (I+ WeaP = 1/t)%3(531) 


% Oi) = fine 332) 


‘As is well-known the arithmetic and the geometric average only correspond in case the 
Variables are identical, In this case, as already required in equation 5.13: 


= 6.13) 
has to hold. 


From this we can draw the conclusion that the Schrodinger equation is just applicable to 


the described special case (according to eq, 5.13), in whi 


the eddy current, which ties 


to increase the paticle or it citeular path and the potential vortex, which keeps the atoms 
together and also is responsible for the stability of the elementary particles, are of 


identical order of magnitude, 


‘Asa check equation 5.23 is divided by c? and equations 5.30 and 5.25 are inserted: 


Ay = U-ys @m/s)+(2m/ih) Bylot (5.14%) 


This isthe time dependent Schrodinger equation 5.14 resolved for Ay. 


[Next we replace S/d according to equation 5.21 with @ = W /R ace. to equation 5.24 


‘Ay = U-y-(2m/B) + 2m/ihy-y- (=i) W/% 6.33) 
If'we separate the space variables ¢(r) from time by the Schrodinger approach 5.15 we 


cobain: 
Ao 


(U2m/bY — W+2m/4) +4 (534) 


This quation 5.34 for the function of space coordinates(r) is the time independent 


Schrodinger equation: 


Ag = —2m/t8 (W-U)+o 


(535) 


The solutions of this equation which fulfil all the conditions that can be asked of them (of 
finiteness, steadiness, uniqueness etc.), are called eigenfunctions. The existence of 
corresponding discrete values of the energy W, also called eigenvalues of the Schrodinger 
equation, are the mathematical reason for the different quantum postulates. 
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Fig. 5.9: Photographs of models of the probability 
densities for 

different states of the hydrogen atom. 

The densities are symmetrical if rotated around the 
vertical axis 


taken fom: 


r U, idmann/H, Wolter Grundlagen der —Atomphysik, 
AVG, Frankfurt a. M. 1971, P. 190, 


Derivation and interpretation 93 


5.9 Interpretation of the Schrodinger equation 


The interpretation of the Schrodinger equation is still disputed among physicists, because 
the concept of wave packets contradicts the corpuscular nature of the elementary’ particles. 
Further the difficulty is added that wave packets at a closer look never are connected, run 
‘apart more or less fast, and really nothing can hinder them doing that. But for a particle the 
‘connection represents a physical fact. Then there can be no talk of causality anymore. 
The monocausal division into two different levels of reality, in a space-timely localization 
and in an energetic description, does not represent a solution but rather the opposite, the 
abolition of the so-called dual nature. As has been shown, the potential vortex is able 10 
achieve this with the help of its concentration effect. 

But from the introduction of this new field phenomenon arises the necessity to interpret 
the causes for the calculable and with measuring techniques testable solutions of the 
Schrodinger equation in a new way. Laws of nature do not know a possibility to choose! If 
they have been accepted as correct, they necessarily have to be applied 


Three hundred years ago the scholars had an argument, whether a division of physical 
pheomena, like Newton had proposed it, would be allowed to afterwards investigate 
them in the laboratory individually and isolated from other influences or if one better 
should proceed in an integrated manner, like for instance Descartes with his. cartesian 
vortex theory. He imagined the celestial bodies floating in ethereal vortices, 
One absolutely was aware that the whole had to be more than the sum of every single 
realizaton, but the since Demokrit discussed vortex idea had to make room for the 
‘overwhelming successes of the method of Newton, And this idea after 2100 years was 
stamped, to in the meantime almost have fallen into oblivion, 

Today, where this recipe for success in many areas already hits the limits of the physical 
possibilities, we should remember the teachings of the ancients and take up again the 
vortex idea It of course is true that only details are calculable mathematically and that 
nature, the big whole, stays incalculable, wherein problems can be seen. 

If we consider the fundamental field equation 5.7, we find confirmed that actually no 
mathematician is capable to give a generally valid solution for this four-dimensional 

partial differential equation, Only restrictive special cases for a harmonic excitation or for 

certain spatial boundary conditions are calculable. The derived Schrodinger equation is 

such a ease and for us particularly interesting, because it is an eigenvalue equation. The 
‘eigenvalues describe in a mathematical manner the with measuring techniques testable 
structures of the potential vortex 

Other eigenvalue equations are also derivable, like the Klein-Gordon equation or the 
Lionville equation, which is applied successfully in chaos theories. So our view opens, if 
chaotic systems like turbulences can be calculated as special cases of the same field 
‘equation and should be derivable from this equation 

The in pictures recorded and published structures, which at night should have come into 

being in corn fields, often look like the eigenvalues of a corresponding equation. The ripe 

‘ars thereby lie in clean vortex structures flat on the sol. Possibly potential vortices have 

‘charged the ears to such high field strength values that they have been pulled to the soil by 

the Coulomb forces. 


proof, 


Consequences resulting from the derivation of the Schrodinger 
equation from the fundamental field equation 5.7: 


T. Any experiment which confirms the Schrodinger 
lequation is with that able to confirm at the same time the| 
stone of the newly discovered potential vortex and| 

3 of the fieid- theoretical approach. 


[2 Properties of the atomic hull and of the atomic nucleus 
which can be described with the Schrodinger equation, 
can as of now be interpreted as an electromagnetic! 
—————EE 


|3. There exist no particles or wave packets from matter 
waves, but only configurations consisting of potentiall 
: i a 


(4. There exists no matter! What we call matter is 
but an el ic state of oscillation of space. 


The relation between the energy of oscillation and the mass is 
described by the relation named after Albert Einstein 


(6.1=5.24) 


Fig. 6.1: Derivation of the Schrodinger equation, 
power of proof and consequences 
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6. Theory of objectivity 


6.1 Proof 


‘A new theory only has chances on acknowledgment if itis provable. For that physical 
phenomena in the sense of the new theory are calculated and independently of this 
experiments are being carried out, Ifthe calculations are confirmed by reproducible 
‘measurement results then with thatthe correctness ofthe approach is proven. 

In the here presented case we have chosen the field-theoretical approach instead of the 

usual quantum physical approach. As a consequence of this we had found as a new 
phenomenon the vortex of the electric field. With regard to the normally used Maxwell 

theory this resulted in changed field equations in a dual formulation. If both equations, 

each of which describes a source-free vortex field, are inserted into each other the result is 

an only in time and space formulated, generally valid and hence fundamental field 
equation (57, fig. 5.1). 

This equation has many special cases; one of them, the Schrodinger equation, could be 
derived by using an approach which was harmonic in time, We renounced to give special 
solutions of the Schrodinger equation, because these are printed in numerous text books. 
On the other hand experiments are known, which are capable to confirm the theoretical 
solutions and thus to prove the Schrodinger equation. The eigenvalues of the equation 
describe for instance the shell-shaped structure of the atoms with the by Niels Bohr given 
radii 

Now this already proven equation was derived from the new field-theoretical approach, 
Thus for the special case, the area where the Schrodinger equation is valid, the new theory 
ccan be said to be proven (Fig. 6.1). 

We still are not content with that and put another stone on top: we will calculate the 
quantum properties of the elementary particles for ourselves. These until now have only 
‘been measured, Today is merely sought for symmetries and for models of explanation, like 
eg. the quark-hypothesis. From a calculation science is miles and miles away. We will 
compare the calculation results with the measurement values. Then everyone can check 
and compare for him or herself 

The conditions in an elementary particle are completely different. Here it concems the 
vortex itself, whereas the model of the atom merely describes vortex properties, so-called 
actions at a'distance. The differences in size and distances for an atom lie more than five 
powers of ten over those of a particle! 

Here a new problem of causality comes to light, at which we now must have a critical 
look: the question of the by Einstein postulated constancy and universality of the speed of 
light. Seen from a relativistic and subjective point of view of an observer, Einstein by all 
‘means may be right. But may such a theory be generalized? How are the measurements 
conceming the speed of light and the relativity of space and time to be judged when 
looking at them objectively? 

The current measurements of speeds faster than light speak a clear language and represent 
‘challenge (fig. 3.1, violation of the principle of causality no. 5). 


96. Law of conservation of energy 


The electron as a spherical capacitor (see fig. 4.3): 


with circumference 


U=r~e 


is valid: 


62) 


field theoretical approach (vortex particles): 

The amount of energy bound in the inside of the particle is identical 
with the free and measurable amount of energy on the outside of 
the particle. 


(If the number of particles is left unchanged): 
In an isolated system the sum of the energy is constant 


(particle = electromagnetic vortex) 
Energy is a state description of electromagnetism. 


Fig. 6.2: Derivation of the law of conservation of energy 
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6.2 Law of conservation of energy 


Let the starting-point for our considerations be the electromagnetic wave in a particle-free 
vacuum. Here no vortices appear, so that the plane wave can propagate undamped with the 
speed of light, and in this way a transport of energy takes place. Electric and magnetic 
energy each are the same magnitude. 

Let's now imagine the symmetry is disturbed as the wave is “slowed down" on one side, 
AS a possible result the wave rolls up to a spherical vortex. 

‘AS we will see such a process is possible, for instance at impact on a strong field. Thus 

part of the energy is bound in the inside. This part from now on withdraws itself from 

every possibility to measure it, We can only measure the second part of the field energy, 

‘with which the particle interacts with its neighbourhood. 

We can assume that 


The amount of energy bound in the inside of the particle is identical with the free and 
‘measurable amount of energy on the outside of the particle. 


The same energy We = 0,51 MeV, we attribute to the electron for reason of its mass with 
the help of the Einstein relation (6.1), is also bound in its inside. This conclusion is also 
applicable to other elementary particles and with that to all matter 

We here again recognize the principle of the duality between the to the outside striving 
eddy current in the inside of the elementary vortex and the concentrating potential vortex 

fon the outside. Thus also seen energetically both are of the same magnitude. 
Whereas in the case of the electromagnetic wave it concems a symmettical oscillation 
around "zero", by the process of quantization, by the rolling up to a spherical vortex, there 
forms an energetic state of space different from zero. The order of magnitude is 
determined by the number of elementary vortices, of which the particles and all matter 
consist 

Anti-matter forms the opposite energetic state and this again is for the particles of matter 
available in their inside in a bound form. 

‘As long as we do not artificially produce new elementary vortices and thus keep the 
umber of available vortices constant, the energetic state will not change, or as it is 
formulated in text books: 

In an isolated system the sum of the energy is constant 

Tue Taw of conservation of energy shot an axiom, but follows without compulsion from 

the vortex theory. It is not elementary, but a consistently derivable consequence of the 
field-theoretical approach, according to which solely the field acts as cause for all other 
physical phenomena, also for the conservation of energy! Because the cause of itis the 
electromagnetic field, the following has to hold 


Energy is a state description of electromagnetism. 


Now we finally can explain why energy can be converted. Different forms of energy only 
are different forms of formation of the same phenomenon! 

OF course this statement of the field-theoretical approach does not yet explain what, for 
instance, the temperature has to do with electromagnetism. | ask for some patience; no 

question will be left unanswered, 


98 radius of the electron 


From 


eeu 2) 


follows: 


| ‘The speed of light determines the size of the elementary particles 


Energy of a capacitor: 


2 /C, (63) 
written down for the electron (with the Einstein relation): 
We = €2/C. = mec? = 0,51 MeV wy 


Capacity of a spheri 


al capacitor: 
Co = e+ Atte 4) 
“classical” radius of the electron” is 


Te = €2/20- 4x» We (65) 


25108 m 66) 


in the case of Kuchling“” the radius of the electron is: 


re = 14+ 10m @ 


Fig. 6.3: Calculation of the radius of the electron, 


<i>: Mende, Simon: Physik, Gl, 10.39, VEB-Leipzig, 4. Aut. 
<i>: Kuchling: Physik, Gl. Ats, VEB-Leipzig, bis einschl. 11, Auflage 1974 
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6.3 Radius of the electron 


For the crucial process, in which the electromagnetic wave rolls up to a vortex, it is for 
reasons of continuity to be expected that the velocity of propagation remains equal that 
thus for the vortex oscillation exactly like for the electromagnetic wave the speed of light 
is determining. The direction of propagation in the case of the vortex takes place 
perpendicular to the in fig. 6.2 shown field direction of the electric field strength. Not even. 

in tha both field-phenomena dite. 

Summarizing: the propagation takes place with the speed of light ¢ along a circular path 
‘with the perimeter) = 2a: Therefore holds: 


e~r (62) 


‘According to this equation the radius and with that the size of the electron is determined 
by the speed of light. Therefore the question of the size ofthe electron is raised. 


The energy interpretation predicts that for the theoretical case of a change of size the 
energy density in the inside of the particle is influenced that however the quantity of the 
included energy remains unchanged, We therefore can further proceed from the 
assumption that the bound amount of energy is independent ofthe size ofthe particle! 


Consequently for the elementary quantum the energy W. = 0,51 MeV is assumed, which it 
has acccording to the Einstein relation W, = m.c*, For the electron of mass m, the with 
‘measuring techniques determined value is inserted. 

The spherical electrode of a spherical capacitor with the above given energy W. 
(according to eq. 6.1) and the capacity C. (according to equation 64, fig. 6.3) represents a 

very realistic model of the negatively charged patticle, 

In this manner te classical radius ofthe electron is calculated to bo": 1, =2:82°10""* m 


But in the ease of Kuchling it only is half this size“, what according to equation 6.2 
‘would mean that in the case of Kuchling the light would be on the way only half this 
fast “"”. Therefore if one is careful, one prefers to be silent concerning this delicate theme 
and if one is honest, one admits not to know anything exact. 

Not only the electron but also all the other elementary particles are according to the field- 
theoretical approach formed from concentrated potential vortices. For these equation 6.2 
hence has to hold in the same manner, so that more generalized we can conclude: 


The speed of light determines the size of the elementary particles. 


This statement is incompatible with the assumption of a constant speed of light! Because 
then all elementary particles would have identical size. As is known, however, ate the 
building parts of the atomic nucleus, the protons and neutrons very much smaller than 
individual electons. The constancy of the speed of light is to be questioned. 
This question is of such an elementary importance that we are not content with these 
considerations and in addition undertake a mathematical derivation in the sense of the 
field approach. 


ii: Difference = Thomas factor 


100 Maxwell field equations 
‘The Maxwell laws, source free (figures 3.2 and 3.3): 
DivD=0 — 37) and DivB=O Ge 


Faraday’s law of induction] and Ampére’s law 
E=E(r,t) with 1/~-0: | H= He,t) with j= 0 resp. 1/11 = 


rot E=-sB/st | 6.4) rot H= 8D/at 6. 


with: B-=y-H  (35)/ and D-¢-E 6 


if we again apply the curl to equation 5.4 and insert equation 5, 
(cf. fig. 5.1, eq. 5.5): 


-rotrot E = p+ 6(rot H)/8t = n+ e+ 52 B/ét 6 

thanks to missing divergence: div E =O @ 
(fig. 5.2 

= wave equation: AB. c? = #E/6t? 6s 

with the speed of light c: nee = Ifo? 6 


Hertz’ wave ~ transverse wave ~_planc wave with: 


direction of propagation: v= dx/dt (co 
E=5,|, [p=5.|, [H=H,], [B=B, (6 

curl operation (in y-direction): with equation 5.4: 
rotE = —dE/dx = -dB/dt (6s 
with 6.8: dE = (dx/dt)-dB = v-dB (6s 
orgenerally: [B= vxB or 


Fig. 6.4: Derivation of the laws of transformation 


<i>: Prof. G. Bosse in his text book in reversed direction derives the Faraday law 
fof induction from the law of transformation 6.10, which he again derives 
from considerations about the Lorentz force. G. Bosse, Grundlagen der 
Elektrotechnik II, BI 183, Hochschultaschenbucher-Verlag, Mannheim 1967 
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64 The Maxwell field equations 


The laws of transformation of the electromagnetic field shall form the starting-point for 
the coming up considerations. To exclude any doubts with regard to the interpretation, the 
‘equations will be derived from the Maxwell laws under the assumption that no sources or 
charge catriers are present (fig. 32 and 33) and as a consequence no current density (j = 
0) is wo be expected. 
This corresponds to the vanishing of the time independent terms, which consequently are 
responsible for the occurring of force effects like e.g. the Lorentz force. Only at the end of 
this derivation we ean understand the sense of this assumption (with I/si= 0 and I/ee 0) 
The procedure at first corresponds to that of fig. 5.1. Here the fundamental field equation 
had been derived from Faraday's law of induction and Ampere's law. With the 
assumptions made this time the in fig. 52 treated undamped wave equation is left (5.9, 
here 5.9*). Whom the derivation is still present ean go in at this point. 

Ina sufficiently great distance from the source we are dealing witha plane wave, in which 

the field factors only depend on the direction of propagation x. The Hertz’ wave is a 
transverse wave, in which the field pointers oscillate perpendicular to the direction of 
propagation and in addition stand perpendicular to each other: 


duct | (68), E=E,, D=D,, H=H,, B=B, (68*) 
The curl, applied to the electric field pointer, itself points in the y-direction: 
rot E = - dE/dx . This for the transverse wave carried out curl operation is now 


‘compared with Faraday’s law of induction (3.4) 
rot E = -dB/dx = - dB/dt 69) 
‘The relation won in a mathematical way, with the speed fixed by (6.8), reads: 

dE = (dvidty dB = vy" aB 69") 


The result of this derivation at first only is valid for the introduced simplification, for 
instance for the case of the transverse electromagnetic wave. Better known is apart from 
that the generalized formulation, which among others by G. Bosse” is called law of 
transformation, 


E> vxB (6.10) 


With Ampere's law (5.1) we now should proceed in an analogous manner. The result is: 


vxD |(6.10%) 


This equation 6.10* is given among others by Simonyi“*. Now that we know, under 
‘which circumstances these equations of transformation can be derived from the Maxwell 
‘equations, the actual work ean stat. 


Sip: K Simonyi, Theoretische Elekrotechnik, 7. Aullage VEB Verlag Berlin 1979. 
pp. 921-924; In addition see chapter 27.8 in patt 3 of this book, 


lor Equations of transformation 


Laws of transformation: 
= vxB)= vx u-H (6.10) 


E 
Ho =-vxD =-vxe-E (6.10%) 


and 


We experience the magnetic field as an electric field 
andthe electric. field © as_—sa_~—s magnetic _—field 
simply and solely for reason of the same relative motion! 


The component of the direction of motion perpendicular to the 
area defined by the field pointers: 


E = v-p-H (ol 
and 

H =-vre-E at 
with the relations of material: 

B= u-H fe 

D=6-E fe 


with the speed of light: 
cr l/Yure rer 


additional field: 


E, = -vi-p-e-E = -(v2/c)-E 6. 
resp. 

He = -v2-e-p-H = -(2/c3)-H 6.12 
basic field: E resp. H (atv=0) 


measurable overall field: (if v +0) 


E,= E+E, 6.13) 
resp. 
Ho= H+H, (6.134) 
Fig. 6.5: Properties of transformation of the 


electromagnetic field. 
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6.5 Equations of transformation 


As a consequence of the in fig. 6.5 again written down laws of transformation of the 
electromagnetic field (6.10 and 6.10*) magnetic phenomena can be traced back to electric 
phenomena and vice versa. The mathematical formulation reveals us the two sides of the 

same medal and points to a perfect duality between both fields and their factors of 
description 

Because a way exists, as is shown here, in which the equations of transformation can be 
derived from the Maxwell field equations, the same generally valid and extensive 
importance should be attributed to them. They can with the same right be called the 
foundation of electromagnetism. Wherein does lie its message for physies, the always 
curious researcher will ask? For thatthe relations of material 3.5 and 3.6 are completed! 


E = veqel (6.10) ud [a = 


yee | (6.10%) 


The here presented equations state, that we measure an electric field strength E, if we are 
moving with regard to a magnetic field H with the speed v and vice versa, 
The electric and the magnetic field therefore prove to be an experience of the observing 
person and we ean say: 


We “experience the magnetic field as electric field and the cleciie field 
‘as magnetic field simply and solely for reason of the relative motion! 


Let's assume, v is the component of the relat 
to the area defined by the field pointers (6.8* 
with 3.5) now read: 


E = vew-H@.ll) and H= -vees (a) 


ve velocity (6.8), which stands perpendicular 
then the equations of transformation (6.9* 


If we are moving with the velocity v in a basic field which is present with the field 
strength E, then according to equation 6.11* we observe a magnetic field, which again 
according to equation 6.11 is to be interpreted as an additional electric field E, 


Wee-E = (WE) E 6.12) 


In duality equation 6.11 inserted into equation 6.11% provides for the magnetic field 
strength a corresponding additional field H, 


Hy = -v ee H = =(%2)-H 6.124) 

W e obviously owe the measurable overlap fields ina laboratory simply and solely to the 
relative velocity v with which the laboratory is moving. But now we must pay attention to 
the fact that a terrestrial laboratory rotates along with the earth, thatthe earth otbts the sun 
and the sun again rotates around the centre of the milky way. Eventually the whole milky 
‘way is on the way in the cosmos with a galactic, for us hardly understandable speed. If we 
further take into consideration that for every subsystem an additional field occurs as a 
consequence of the relative motion with regard to the super ordinate system, then one 
additonal field follows after the next and overlaps this one. 

Let's imagine, the relative velocity could be reduced towards zero - and maybe we are 
‘moving around such a cosmic point - then here no overlapping field would be measurable 


357A derivation using vectors is written in chapter 28 (part 3) 


tos Field overlap 


Additional field (from fig. 6.5): 


12) -(/c)-E | and 


129) 


S 
0 


= (v2/e) HH | 


Superposition of the fields: 
‘The additional field (E, resp. H,) overlaps the basic field 
(E resp. H) to produce the measurable overall field (Eo resp. Ha): 


(613) Eo = E+E: = E-(1-vi/c)| 13% 


Ho = H+H. = H-(1—v4/cH) 


transformed 
v Eo Ho 

falas fp mepeael seat 
e E H 
14) 


for the Lorentz contraction holds apart from that: 


ve 1 
14) a-—) 
oe 
From the comparison 
Follows 
ws) 
Eo Ho 1 
= (—# 
E H lo 


the proportionality: 


|EH ~ 1/2 |and Bo, Ho ~ 1/lo? (615) 


Fig. 6.6: The field dependency of the Lorentz contraction 
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6.6 Field overlap 


Field vectors can be superpositioned. In this manner the additional field E, resp. H, which 
depends on the velocity, acconding to equation 6.10, overlaps the respective basic field (E 
esp. H) to produce the measurable overall field (E, rsp. Hl) 


B= E+E, = BG-¥e) | @13) 


Hy = H+H, = HG-ve) | 613%) 


In the result something surprising the factor (L-v*/c*) appears, which is well-known from 
the special theory of relativity and for instance appeats in the Lorentz contraction. 

If we rewrite both equations for the characteristic factor and compare with the in a purely 
‘mathematical way, over the Lorentz transformation, won length contraction 
(1 = vie!) = (Vlg), then it becomes clear that the Lorentz contraction physically seen 
should have its cause in the changed field conditions which a with relativistic speed 


‘moving body finds with regard toa resting body. 


y E gia eo ge 
+ —} (6.14) 

o E i a 

Te equation is a compulsionless consequence of known physical laws. In this derivation 

actually no new factor was introduced and nevertheless a completely new picture for the 
natural scientific reality esults* 


In our observer system, where the field E, exists, a rule has its proper length ly. In another 
system, which is moving with the speed v relative to the observer, as a consequence of the 
here prevailing field E the corresponding rule has a length 1. In which relation the factors 
stand to each other, is described by equation 6.14. Accordingly the following 

‘proportionality holds: 


EH ~ 1? and Eq Hy ~ Vii | (6.15) 


If we are exterior to a very fast moving body with velocity v, we immediately can observe 
hhow this body for reason of its relative velocity experiences the calculated additional field 
and in this way experiences a length contraction. If the observer is moving along with the 
body, then he purely subjective seen doesn't detect a length contraction, because be 

himself and his entire measuring technique is subjected to the same length contraction 
From the axiomatic approach what would be, if the field, which itself only represents an 
experience, would determine perceptible space and its dimensions, quickly a fundamental 
realization can develop if the described experiences should coincide with real 
observations 


57 Because To Ths porn of view The aibjecIve Sanus of the obyener We determining, 
it isnot completely impossible that there isan error in the interpretation of the 
uations of itansformation (6.10 and 6.10%). But because we slarted liom the” same 
int of view of the observer for the derivation of the length contraction from the 
Porents transformation, here the same error is 10. be expected. in putting both resus 
equal (6.14), 2 tke constituted ror on both sides will cancel out an any" case and the 
Feat stays above al doubts! 


field dependent curvature of space 


E,H ~ 1/P | and | Bo,Ho~ 1/ lo? (6.15) 


(Model): 
Two particles of matter each in the field of the other particle. 


Two elementary particles or two accumulations of matter 
consisting of these are able to reduce the distance to each 
other for reason of their fields, which we interpret as a 
force of attraction. 


4 Uams 


Sanu ag 
B: (Example): The orbits of the planets in the field of the sun. 


Fig. 6.7: The influence of the field on interactions. 
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6.7 Field dependent curvature of space 


Let's assume, an accumulation of matter, as big as our earth, wanted to fly past the sun in 
the distance earth-sun, But it would not succeed. Because the fields arising from the sun 
decreases with increasing distance and according to equation 6.15 as a consequence the 
size of the particles of matter increases. The planet hence is more strongly contracted on 
its side turned towards the sun, as on the turned away “night side". It bends towards the 
sun and its flight path becomes a circular path around the sun. That is the interaction 
known as gravitation! 


To an earth inhabitant this curvature reveals itself merely in the observation that the 
duration of sunshine at daytime is longer, than it would be expected to be under the 
assumption of the earth as a homogeneous sphere. In this context one willingly speaks of a 
curvature of space. Actually it is a curvature of matter under the influence of the field 
‘dependent length contraction 

Exactly this contraction the planets owe their circular orbits around the sun and by no 
means the equilibrium of forces between the force of attraction and the centrifugal force 
(fig. 6.7 B). It obviously is a fundamental mistake to think that gravitation would causally 
be connected with a force effect! 

If, in this context, we speak of a force of attraction for the sake of our subjective 
observation, then we must realize that it merely can concem an auxiliary term founded in 
usefulness. 


‘A thought experiment should bring us clarity (fig. 6.7 A). The field, which surrounds 
every particle of matter, reaches tll infinity but becomes less effective with increasing 
distance. If the distance between two particles is 1, then one particle is in the field of the 
‘other particle. As a consequence of the field the length 1 reduces and in this way the size 
determining field inereases, which again leads to a further reduction of length etc. AS a 
‘consequence it can be observed that both particles are moving towards each other. We 

speak ofa force of attraction, because we can't register the influence of the field with our 

In this way the consistent result that we and our environment at daytime must be smaller 
than in the night will as well remain hidden, We experience the effect only indirectly as 
‘gravitational pull of the earth. 


Because we don't see the cause of a subjectively observed force effect, for the 
electromagnetic interaction, just as for the gravitation, the field dependency of the length 
‘contraction will be responsible. Hence the following conclusion holds for both interactions 

‘equally way. 


Two elementary particles or two accumulations of matter consisting of these are able 10 
reduce the distance to each other for reason of their fields, which we interpret as a force 
‘of attaction, 


Now the question still is open, why gravitation only knows forees of attraction, whereas 
the electromagnetic interaction also permits forces of repulsion and which are the causal 
fields for each, 


ms electromagnetic interaction 


A: The field lines of the E-field for unlike charged particles 


SW) 
AN 


B: The field lines of the E-field for equal charged particles 


The electromagnetic interaction of a particle is a result of 
the influence of the open field lines arising from it on the 
dimensions of space. 


Fig. 6.8: The influence of the open field lines of the E- 


eld 
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628 Electromagnetic interaction 


‘A convincing answer to the open question provides us the analysis of the course of the 
field lines, on the one hand for charged particles and on the other hand for uncharged 
particles, "which donot participate inthe electromagnetic —_ interaction 
If at first we consider electrically charged particles, like e.g. electrons, protons or ions. 

Then all in common is that the towards infinity running field lines of the electic field are 
‘open. With this field the particle is able to interact with its environment. We measure a 
charge and an electromagnetic force effect. In the case of unequal charges, as is well- 

Known, a field amplification and attractive acting forces ate observed whereas for equal 
charges a field reduction results and repulsion is observed. 


If we make a connection between the field conditions and the electromagnetic interaction 
inthe sense of the proportionality (6.15), then the particle in reality is able to influence the 
distance to other particles merely with the help of its electric field. For unequal charges a 
‘compression of field lines arises, in which one particle stays in the focussed field of the 
other and vice versa, In this way a contraction of all lengths occurs and the observable 
attraction happens (fig. 68 A). 

For equal charges the opposite case is present, in which even a local field freedom can 
‘occur (fig. 68 B). Ifthe field tends towards zero on the dashed line, then the distance will 
{20 to infinity (according to eq. 6.15). Consequently, the observable effect that both bodies 
20 away fom each other, will reach to infinity 


Actually the electromagnetic interaction proves to be a result of the field dependent length 
‘contraction, 


The electromagnetic interaction of a particle is a result of the influence of the open field 
lines arising from it on the dimensions of the space, in which itis. 


Its important that the field Lines are open, for which reason they are bent away from like 
charges and are directed towards unlike charges. Subjectively seen we find out that as a 
consequence of the field reduction repulsive force effects and as a consequence of the field 
compression attractive acting force effects are observed (fig. 6.8). 

The consequence of is every electric field is, as is well-known, a magnetic field standing 
perpendicular on it, The field lines of the magnetic field run parallel to the surface of the 
particle and have a closed course (fig. 6.9 A)! 

Therefore no magnetic poles form, which would be measurable. Seen from the outside the 
particle behaves neutral magnetically seen, because of the closed course ofthe field lines. 
‘An antficial field reduction and as a consequence observable forces of repulsion, like in 
the case of the electromagnetic interaction, hence in principle are impossible. 


The effect of the magnetic field thus is limited to a geometrical manipulation of the 
environment, namely the curvature of space, with which we have founded the 
‘phenomenon ofthe attraction of masses and of the gravitation, 


Lio Gravitation 


A: The open field lines of the E-field and the closed field lines of 
the H-field of an electrically charged particle (c.g. e-) 


B: The closed field lines of the E-field and H-field of an electrically 
uncharged particle (e.g. of the neutron n°), 


Gravitation is a result of the influence of the field lines with a closed 
course running parallel to the surface of the particles on the 
dimensions of the space, in which they are. 


Fig. 6.9: The influence of the closed field lines of the H-field 
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6.9 Gravitation 


For uncharged, neutral particles (neutron, atom, molecule etc.) both the magnetic and the 
perpendicular on them standing electric field lines have a closed course. Now both run 
parallel to the surface of the particle (fig. 6.9 B). 

As is said, the density of field lines with a closed course can’t be influenced from the 
outside. If we approach a particle, the consequence of an increase of the density without 
exception is a decrease of the linear measures and thus a larger force of attraction, For this 
case of field lines with a closed course, for which in general it doesn't give a field 
attenuation and no forces of repulsion, there holds: 


Gravitation is a result of the influence of the field lines with a closed course running 
parallel tothe surface of the particles on the dimensions of the space, in which they are. 


Both interactions logically have an infinite range. Both form a whole in the influence of 
the fields on the size conditions. 

It surely is of the greatest importance that for this derivation of the field dependency of the 
Lorentz contraction from the known equations of transformation of the electromagnetic 
field we could do completely without the introduction of new factors of description or 
neglects. 

Solely by consistent derivation and interpretation of the result the unification already has 
suceeded and the electromagnetic interaction and the gravitation could, with the derived 
field dependent Lorentz contraction, be traced back to a single basic phenomenon. Doing 
so we have to pay attention to the fact thatthe observer is subjected to the same Lorentz 
contraction as his measuring technique and therefore he can’t see the field dependency at, 
all. Merely as being an exterior observer it in rate cases will be possible to him to see the 
‘curvature of space in the presence of strong fields. 


From this for an astronaut practical consequences result. If he namely would land on 
Jupiter, he would think flat hills to be gigantic mountains, that small he would be! Vice 
versa if he landed on the moon, high mountains would appear to be insignificant hills, not 
because of wrong altitude readings of the terrestrial mission control and measurement 
centre, but only because of his own body size. The astronauts of the Apollo missions were 
rot prepared for this circumstance and after their landing on the moon were completely 
surprised, how little validity learned textbook physics has, hardly has one left the earth 
They have brought photographs with them which prove the Lorentz contraction to depend 
‘on the field and therefore on gravitation. 


The fact that force effects should arise from the interactions is an auxiliary concept and 
auxiliary description of the observing person founded in pure usefulness. The Lorentz 
force therefore shouldn't be regarded as cause anymore. It actually appears only as 
property of the field factors. Seen this way it only would be consistent to do without space 
charges and currents as a result of moving charges and to assume a source-free and 
‘quanta. free field description (fig. 6.4: j= 0) 

From an unified theory it is demanded that it besides the electromagnetic interaction and 
the gravitation also is able to integrate the strong and the weak interaction. We will also 
solve this problem, 


M2 Field dependent speed of light 


iy Q 


Strong grave oS 


tational field: nS 


observer: x 


Fig. 6.10; Diversion of the light by a strong gravitational field. 


Speed of light of the wave: c= 28F (616) 


For the wavelength ) holds (because of eq. 6.15):E,H ~ 1/2? 


From equation (6.16) follows (with f= constant): 


(6.17) 


The speed of light depends on the field! 
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6.10 Field dependent speed of light 


But not only matter is bent towards @ gravitational field. If we only think of the much cited 
phenomenon that the ray of light of a star is diverted towards the sun, if it passes very 
close to the sun on its way to us, like this has been observed for the first time during an 
eclipse of the sun in 1919 (fig. 6.10). 

Quite obviously the field of the sun also slows down the speed of light, On the side of the 

say of light which is turned towards the sun, the field is somewhat larger and the speed of 

light correspondingly is slower than on the side which is turned away, and with that the 

ray of light changes its direction in the observable manner. Exactly this relation willingly 

is interpreted as a consequence of a curvature of space. 

‘The extremely strong field of a black hole can divert the light down to a circular path, in 
‘order to in this way eatch and bind it. The light now orbits the black hole like planets the 


[At this point the open-minded reader already might have tapped the confirmation of the 
proportionality 62 (c~ ), which has been derived from the vortex model (fg. 62). 

‘The sceptic is offered still another derivation: for the borderline case that the relative 
velocity v tends towards the speed of light c (fg. 6.6), according to equation 6.13 the 
measurable overall field E, (and also H,) will go to zero and equation 6.12, with E, 
(and H, =~ H), will again turn into the wave equation (5.9*) after double differentiation 

(i. 64). 

‘The speed v = c so to speak forms the escape velocity, with which the electromagnetic 
‘wave runs away from the cosmic field. Under these citcumstances of course neither an 
attraction of masses nor an electromagnetic interaction can be exerted on the wave. 

If Ey goes to zero at the same time ly tends to infinity (equation 6.15, fig. 6.6): ie. the 
‘wave spreads all through space. ‘This result entirely corresponds to the observations and 
experiences 


For the wave length 2, and in the end for the velocity of propagation ¢ only the selffield of 
the wave E resp. H is responsible, Because of 


Ta HF] 616 


and the proportionality from equation 6.15: EH ~ W267") 


obtain the new ration: EH ~ Ue 17) 


If the speed of light in the presence of matter decreases, then we now also know why. It is 
the field, which surrounds matter, that slows down the speed of light. Therefore a 
‘gravitational field is able t0 divert a ray of light in the same manner as matter which flies 
past. Finally moves the speed of light in the proportionality 6,17 to the place of the linear 
‘measure (in 6.15). 

But if the rule fails one will try to replace by an optical measurement arrangement. In this 
‘manner the field dependency of the Lorentz contraction should be measurable; but it isn't! 


4 universality of the speed of light 


From the comparison of the derived proportionalities: 


(6.13): (6.17) 
ey 1 
Eine yee as at 
F e 
follows: 
l~e (6.18) 


The speed of light is proportional to the measurement path. 
The variable speed of light is being measured with itself. 


‘The result at all events is a constant value. 


The constancy of the speed of light is based on a measurement 
which is faulty from the principle! 


Because of c ~ 


physical length contraction 


i 6.11: Derivation of the length contraction 
(field dependent Lorentz contraction) 
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6.11 Universality 


Why can't the rule be replaced by an optical measurement arrangement? The crucial 
indication provides the comparison of both derived proportionalities 6.15 and 6.17. 
According to them holds the same field dependency for both the Lorentz contraction and 
the speed of light 


VP ~ We or (6.18) 


Ifthe rule has proved to be useless, then we will experience the same disaster if we 
‘measure optically, i. with the speed of light 

Obviously both, the length 1 and the speed of light ¢ as a length per unit of time, depend in 
the same manner on the respective local field strength. On the one hand do both measuring 
methods lead to the same result; but on the other hand will anything which can't be 
measured with one method, neither. be measured with the other method. 
If now the speed of light is being measured optically, then the measurement path will be 
proportional 10 the speed of light and as a result will the unknown factor be measured with 
itself. The result of this measurement, which is faulty from the principle, at all events is a 
constant value, because here two variables which stand in direct proportionality to each 
other are related to each other. 

Was the famous experiment of Michelson and Morley unnecessary, the result trivial? And 
how does it stand about the postulate of the universality of the speed of light? 
If we for that consider a cube (fig. 6.11). And we assume that the speed of light is a 
vectorial quantity, which in our experiment is for instance in one direction twice as large, 
as in the direction of the other two space axes. By means of the mentioned influence of the 
speed of light on the spatial length is, as a consistent consequence, the cube along this, 

edge pulled apart to a cuboid. We however register this spatial body with our eyes, which 
is with the speed of light and that has increased proportionally to the length of the edges, 
for which reason we as subjective observer still see a cube in front of us and not a cuboid. 
If we trust an apparent objective measurement more than our sense organ and measure the 
three lengths of the edges of the cuboid again with a rule then we get three times the same 
length, which is a cube, 
We probably are dealing with an optical deception using the true meaning of the word. 


If the by Einstein postulated universality and constancy of the speed of light in reality 
doesn't exist at all, we in no way would be capable to register this; neither to observe nor 
to measure it! 

The Galilean theorem of the addition of speeds objectively seen tll is valid, even if the 
fact that the speed of light apparently is independent of the speed of the source pretends us 
the opposite. 

If for instance a light source is moved towards a receiving device or away from it, then the 
speeds will overlap, like for the passenger, who marches in a driving train against or in the 
driving direction through the corridor. For the ray of light also the fields, which influence 
the speed of light and the measurement equipment, overlap. As a consequence will a 
‘measuring technician, who himself is exposed to this overlapping field, always observe 
and "measure” the identical speed of light. The observer as a result imagines, there is an 
universality of the speed of light. 


lie acther 


The field takes over the function of the aether. 


mirror 


_7 Glass plate 


light source 


mirror 


telescope 


Fig. 6.12: Experiment of Michelson and Morley to 
detect an aetherwind” 


<i: A.PFrench: Special Relativity, Massachusetts Institute of Technology, 1966. 
<ii>: Nikola Tesla: "This is the same as writing a business letter and forgetting the 
subject you wish to write about". To Einstein's Theories, Rare Book and 
Manuscript Library, Columbia University, 15.4.1932 
<iii>: Binstein proceeds in the same manner with the time dilatation, by assuming 
time constant by definition for the derivation to present at the end of his 
derivation a variable time. And with that he presents a result which 
contradicts his approach completely. 
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6.12 Aether 


Important experiments like the one of Doppler concerning the redshift or the one of 
Bradley conceming the aberration of the stars show only to clear, where the influence of 
the speed of light subjectively still is perceptible, or for laboratory experiments like the 
cone of Michelson and Morley, where the influence isnt perceptible anymore, because the 
length of the interferometers always changes proportionally to the speed of light 
The look in the stars at the same time is a look in cosmic areas, where completely other 
field conditions prevail and as a consequence completely other values for the speed of 
light and for the dimensions of space are present. The mentioned observations suggest that 
we together with our measuring station are moving through the cosmos and therefore a 
relative velocity has to be present with regard to an aether which determines the respective 
speed flight 

If we however constrict our range of vision and retire in a laboratory, then we no longer 
are capable to observe the influence of the field on the speed of light. The experiments of 
Michelson which Maxwell had prompted to and which Morley with a higher precision had 
repeated with the goal, to detect the aether, inevitably had to tum out negatively. The 
laboratory experiments resulted in the misleading picture, as if the earth was resting in the 
aetber 

The not understood measurements will suggest any observer, he forms the centre of the 
universe and everything rotates around him, entirely in the sense of the Ptolemean view of 
life, which, although long ago abolished, here belated has experienced support. 
With a Swabia caper Albert Einstein has prevented a relapse into the dark Middle Ages 
and removed the open contradiction in the question of the aether, which once is measured 
as moving and another time as resting, by without further ado abolishing the acther. With 
that he undoubtedly has solved a centml problem of physics and at the same time created a 
new one. As is known does the speed of light have a certain value, and therefore the 
question is raised, what determines is size. Exactly for this purpose a luminiferous aether 
had been introduced, however iis constituted. 

Scientifically it does make little sense, to make an assumption, if at the end of the 
derivation the prerequisite is deleted without substitute. In such a case either in the 
approach or in the derivation is a principal error*!"*. Nikola Tesla comments on the 
Working method of Einstein with the applicable comparison, as if Einstein had, while he 
was writing a business leter, forgotten completely the subject he wanted to write about 
(ig. 612°) 

The answer, which removes all contradictions and is entirely in accord with all 
observations and measurements, is obvious. Naturally a luminiferous aether exists, which 
determines the velocity of propagation and of course it by no means is bound to the 
observer 

‘As has been derived in figures 6.5 and 6.6, will for a relative velocity v arise afield, which 
according to proportionality 617 detemmines the speed of light. With that we bave derived 
completely 

The field takes over the function of the acther 


The equations 6.10 also answer the question, why no aetherwind is being observed, 
although such a wind actually is present: we experience, as we have discovered, an E-field 


with head wind" as a resting H-field and vice versa and therefore we aren't capable to 
dtect the head wind in the aether! 


ne 


spin and tunnel effect 


Key questions of quantum physics (fig. 4.4 + continuation): 


Iv. 


Why do the particles have the form of spheres? 
(with increasing E-field decreases c) 


VIII. Why is the elementary quantum localized? 


(in the vortex centre: ¢ = 0, see figures 4.3 and 6.2) 


IX. Why do the elementary particles have a spin? 
(spherical form demands field compensation) 


IX. Why is the magnitude of the spin quantized? 
(cosmic basic field determines the need of E,) 
XI. Why can speeds faster than light occur in a 


tunnel? 
(a reduction of the cosmic basic field can only be realized 
locally in a tunnel) 


to Xl: 


wave 
or 
particles n 


Fig. 6.13: Consequences concerning the field 
dependency of the speed of light: spin effect and tunnel effect 


<i>: Nimtz,G.: Instantanes Tunneln, Tunnelexperimente mit elektromagnetischen 
Wellen, Phys.B1.49, VCH Weinheim (1993) Nr-12, 8. 1119-1120 

Thonia, P., Weiland.T.: Wie real ist das Instantane Tunneln? Phys.BLS0, VCH 
Weinheim (1994) Nr, S, 359-361 
<#5: The measurement results are in accord with the theory of objectivity, not 
however the contradictory attempts to interpret them <i> and <il> et al 
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6.13 Spin and tunnel effect 


Only with the field dependency of the speed of light (6.17) we can understand, why the 
elementary quanta can form as spheres, like is drawn in the figs 43 and 62. In the centre 
the field lines run together, ie. the field increases and the speed of light decreases. Only 
inthis way it will be possible for the vortex oscillation to everywhere occur with the speed 

of light, even in the inside of the particle! In the centre of the vortex particle the field in 
theory will become infinitely large and the speed of light zero, This circumstance again is 
the foundation why the elementary particles are localized and it answers key question 
VIII of quantum physics. The absence of a speed after all is the characteristic of an 
immobile thing. 

The field dependency of the speed of light answers also further basic and up to today 
‘unanswered key questions of quantum physics, like why the elementary particles have a 

spin (IX) and why the magnitude of the spin is quantized (X). 

A vortex particle after all does not exist alone in the world, but it is in the field of other 
particles. We can eal this the cosmic basic field (E resp. H). This basic field overlaps the 

self-field and takes effect the strongest in the area of the spherical shell, where the self- 
field is correspondingly small. In order to keep the form of a sphere, this influence of the 
basic field has to be compensated. The additional field (E, resp. H, according to eq. 6.12) 
necessary for the compensation is produced by the particle, by rotating in a spiral around 
itself with a speed v which increases towards the outside of the spherical shell. Therefore 
does the elementary pauticles have a spin, The electron spin is therefore determined by the 

cosmic basic field. 
Another effect ofthe field dependent speed of light is the tunnel effect. As an example we 
consider the two differently charged particles shown in fig 68 A. The open, outside of the 
particles running, field lines of the electric field are predominantly bent towards the each 
time oppositely charged particle. If another particle wants to pass between the two, then it 
gets into an area of increased field strength. As a consequence it will be slowed down, 
because here a smaller speed of light is present, 

Water molecules show with their polar nature exactly this property. Water has a remar- 
Kably high dielectricity e and slows down the speed of light correspondingly according to 
equation 5.6 (= Vc"). The refraction of light at the water surface is an observable result 
‘of the reduced speed of light in the presence of mater. 

If we now examine the case in which the two particles have the same charge as is shown 
in fig. 68 B (and fig. 6.13 belonging to XI). The field lines repel each other, so that 
exactly in between the two particles a field free area forms, in which the speed of light 
goes to infinity! This area acts like a tunnel. If we send through a particle exactly here, 
then purely theoretically seen it won't need any time to run through the tunnel, and for a 
short time the signal becomes infinitely fast. 
Ifa partice hits only slightly besides the tunnel, then it will one-sidedly be slowed down 

and diverted by the respective field. We call this process reflection or scattering. Only the 
few particles, which exactly hit the tunnel, arrive behind the hurdle and in the ideal case 
even almost without loss of time! 

The current measurements of speeds faster than light demonstrate in a convincing manner 
the superiority of the field-heoretical approach with regard to the nowadays normally 
used quantum physical approach, 


measured speed faster than light 


wave guide: 


Fig. 6.14: The microwave experiment at the II 
Physical Institute of the University of Cologne to 
measure speeds faster than light.” 


<i>: Nimtz, G. : New Knowledge of Tunneling from Photonic Experiments, Proc. of 
the Adriatico Research Conference, 1996, World Scientific Publishing 
Company 
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6.14 Interpretation of the measured speed faster than light 


Now the attempt can be undertaken, to interpret the spectacular experiments, in which a 
speed faster than light has been measured. It is reported that in experiments with 

photons atthe University of Califomia in Berkeley on an average a speed of 1.7 times the 

speed of light has been measured by Prof. Raymond Chiao and his co-workers. At the 
Technical University of Vienna Prof. Dr. Ferene Krausz already has obtained 2.4 times, 

the, according to Einstein at maximum obtainable, speed of light with tunnelling laser 

gh. 

The first measurements of speeds faster than light have been carried out with microwaves 
at the University of Cologne’ by Prof. Dr. Gunter Nimtz and co-workers. They at first 
had published the measurement of a speed 2.5 times the speed of light. In the meantime 
they even have transmitted a symphony of Mozart with a speed almost 10 times the speed 
of light and with that have contradicted Einstein's hypothesis, according to which the 
speed of light in vacuum would be the highest possible speed for the transmission of 
signals. The different experiments only resemble each other in the point that the particles 
have to tunnel, because one has put a barrier in their way. This "tunnelling" apparently is 
the cause for obtaining speeds faster than light. With the prevailing physical view of life 
‘these measurement result are incompatible. 

In the measurement set up in Cologne the microwaves are sent through a wave guide, 
Which they pass with the speed of light. If a parts with narrowed cross-section is inserted, 
‘where the microwaves actually don't fit through at all, then the signal gets damped 
strongly. Now however arrives nevertheless a small part of the signal at the other end of 
the wire, but much faster than allowed, namely with the measurable speed faster than 
light 

The answer of the here presented potential vortex theory reads as follows: the waves 
picked up by the wave guide run up to the entry of the tunnel, in order to find out that they 
don't fit through. They are reflected or absorbed. A small part however rolls up to 
ppotential vortices and these fit through the tunnel. They however have to be compressed 
additionally. In the derivation of the photon (fig. 4.5 and 4.6) we had seen that the inner 
vortex always is faster than the bigger one, through which it slips through. The 
‘compression therefore causes an increase in speed. In flow dynamies is known an analogy: 
‘the Venturi-tube. The flow-technical potential vortices also confirm exactly this property 
‘One can as well start with the Lorentz contraction (fig. 6.6, eq. 6.14%). This states that a 
particle moving with a higher speed actually becomes smaller and not only appears to be 
smaller as an optical deception of the observer. Because only smaller particles fit through 
‘the tunnel, the particles, measurable at the other end, must be correspondingly faster: quod 
erat demonstrandum, In the same manner also the experiments of Berkeley can be 
explained physically, because here is worked with photons from the start". With that the 
process of rolling up the wave can be left out. The tunnel lets pass only compressed and 
‘therefore faster light particles. 


TIS! RY Chie, PC Rwiat, AM Steimberg: Schneller als Lich? Spektrum der Wiss, TS 
iis: B. Schuh, Gespenstisch fixe Wellen, DIE ZEIT Nr. 45, 5.11.93, 8.43. 
lim: Enders, A., Nimlz, G.: Photonic-tunneling experiments, Physical Review B, 
Vol. 47, No. 15 (1993), pp. 9608-9609) 
si: | "Enders, A.. Nimtz, G.: Bvanescent-mode propa 
Physical Review E, Vol 48, No.1 (1993), pp. 632-633, 


tion and quantum tunneling, 


ie Definition of the speed of light 


‘a mathe- 


"The theory of relativity is not a physical theory... it 
matical poetic idea, a deduction from impossible premises." 
Oskar Kraus 


“The theory of relativity is a mathematical masquerade, behind 
which is hidden an inextricable ball of a mixing up of ideas, 
contradictions, fallacies, arbitrary assumptions and ignoring of, 
healthy logic." 
Erich Ruckhaber 


"The theory of relativity not only is fantastic, but also of an in- 
lconsistency which in the history of science not yet has been 
present." 

Harald Nordenson 


“A physics of hybrids, of contradiction 
nonsense!" 
Johann Marinsek 


and fantastic confusions, 


"This is absurd." (regarding mass-energy interpretation) | 
Nikola Tesla 


“In my experiments 1 have destroyed billions of atoms, without 
having observed any emissions of energy. ""*"" 
Nikola Tesla 


Fig. 6.15: Some statements regarding the theory of relativity. 


Walter Theimer: Die Relativitatstheorie, Seite 7, Francke Verlag, Bem, 1977, 

ISBN 3-7720-1260-4 

<ii>: Johann Marinsek: Rationale Physik, S. 163, dbv-Verlag TU Graz, 1989, ISBN 

3-7041-0176-1 

Sili>: Nikola Tesla, To Einstein's Theories, Rare Book and Manuscript Library, 
Columbia University, 15.4.1932. Entnommen aus J.T-Ratzlaff: Tesla Said, 

Tesla Book Company, pp. 238, ISBN 0-914119.00-1 
Nikola Tesla, Franz Ferzak World and Space Publications 1985, 
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6.15 Definition of the speed of light 


If a fight signal propagates in space, then as a consequence of the velocity of propagation 
«it ata certain point in time tis in a distance r of the light source: 
a (6.19) 


Should the speed of light become smaller for instance by Ac, then the light signal 
‘obviously has covered a distance less by Ar or the time interval has changed by At: 


r+ Ar = (¢+ Ac): (t+ At) (6.20) 


This equation describes purely mathematically the most general case which can be 
assumed. By writing out the multiplication and subtraction of equation 6.18 the change in 
distance considered for itself is: 

Ar=c-At+ t+ Ae + Ae- At (6.21) 


‘The answer of mathematics is thatthe change in distance can have its cause ina change in 
time, in a change of speed or in both. We now want to tum to the physical interpretation 
and have a closer look at the two possibilities, in which either ¢ or tis to be taken constant 
(see fig. 6.16). 

In the first ease the speed of light ¢ is constant and as a consequence the change Ac = zero, 
The mathematical formulation (according to eq. 6.21) therefore reads: 


a 
an] 

If in this conception world a change in distance is observed, for instance the Lorentz 

contraction, then in order to save this relation inevitably a change in time, for instance a 

time dilatation, has to make the compensation. Einstein in an applicable manner speaks of 

relativity, because according to his opinion in the case of both variables, the length 

contraction and the time dilatation, it only concerns observed changes, 

For the time dilatation experiments are given. But for the measurement of time always 

‘only atomic clocks are available and their speed of running of course could also be 

influenced by the Lorentz contraction. In any case it can't be claimed the time dilatation is 

proven experimentally as long as we do not know the mechanisms of decay of atoms. 

Otherwise the statements of the theory of relativity are familiar to us, for which reason 

further remarks seem unnecessary. 

In the second case the time t is constant and consequently the change At = zero, At a closer 

look this case is much more obvious, since why should time change. After all time has 

been stipulated by definition, 


case | (relativity) (622) 


‘Afier all, we are the ones who tell, what simultaneity ist 


The mathematical formulation for this case reads (eq. 621 with At= 0} 


case 2: (objectivity) (623) 


This equation does open up for us an until now completely unknown and fundamentally 
other way of looking atthe physical realty. 
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Conces the definition of the speed of light c [m, 


r[m) = distance of the light source: 


ret 6. 


For changes, observed or measured: 


r+ Ar = (c+ Ac) “(t+ At) (6. 
= ec'tte' Att Ac'tt+ Ac At 


Change in distanc 


EE) « 


2 possible causes: 


with Ac = 0 with At = 
case 1: case 


c=— 6: 
c= constant t= constant 
Ar ~ At (623) Ac ~ Ar (628-6, 
= time dilatation = universality 
Ar = observable Ar = physical 
length contraction length contraction 
Theory of relativity Theory of objectivity 


Fig. 6.16: Theory of relativity and theory of objectivity, 
derivation and comparison. 
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6.16 Relativity and objectivity 


[New to the second case (equation 6.23) is particularly the proportionality contained in it: 


Ac ~ Ar |(625=62) 


But tous itis not new, because we have derived the same proportionality from the model 
conept (equation 6.2, fig. 6.2), in which the elementary particles are understood as 

spherical vortices. 
Equantion 6.25 unconcealed brings to knowledge that any change of the speed of light e 

[mvs] in the same way leads to a change of the radius r {m], the distance between two 
points in space or even the length of an object, e.g. a rule. Such a rule after all consists of 
nothing but spherical atoms and elementary ‘particles and for their radius + again the 
proportionality 6.25 holds. Therefore itis to be set: 


a a (626) 


and taken both together we already had derived as equation 6.18 (fig. 6.11) from the field 
dependency. Here the vortex model as well finds a confirmation of its correctness, as in 
the derivation from the equations of transformation of the electromagnetic field, Because 
all three, the derivation according to the model, the physical and the mathematical 
derivation, lead to the same result, this second case should be called "objective". 


With that the first ease, which describes the subjective perception of an observer, is not 
supposed to be devaluated. It contains the definition of reality, according to which only is 
real what also is perceptible. The theory of relativity of Poincare and Einstein is based on 
this definition 


With the second case, the case with a variable speed of light, we however get serious 
problems, since we observe with our eyes, and that works with the speed of light. If that 
changes, we can't see it, as already said. If we could see it, then "reality" would have a 
completely different face and we surely would have great difficulties, to find our way 
around. In this “objective world” neither electromagnetic interactions nor gravitation 
‘would exist, so no force effects at all, Because all distances and linear measures depend on 
the speed of light, everything would look like in a distortion mirror. 

The concept of an "objective world” at first has not a practical, but rather a theoretical and 
‘mathematical sense. The distinction between an observation domain and a model domain 
is founded in pure usefulness. 


The observation domain should correspond to case 1 and the model domain to case 2. The 
‘mathematical derivation tells us, how we can mediate between both domains (equation 
621): This mediation amounts to a transformation, which provides us the instruction, how 
4 transition from the observation into a not perceptible model concept, from the relativity 
into an objectivity has to, 
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transformation 


Theory of relativity Theory of objectivity 
speed of light: absolute time: 
c= constant t= constant 
ar 
c= — (6.22) Ac = 6. 
at 
consequences: consequences: 


time dilatation and 
length contraction 
observable 


universality and 
length contraction 
real 


observation domain 
(measurable) 


model domain 
(only calculable) 


x) Q——+——@ Mair 
| 
T. approach] | 
| 
IL, transform 
VI. compare | Ill. calculate 
TV. transform back 
V, result | 
Fig. 6.17: Model-transformation between 


theory of rel: 


ty and theory of objectivity. 
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6.17 Transformation 


The observation domain is, as the name already expresses, perceptible (observable) with 
the help of our sense organs and measurable with corresponding apparatus. The special 
theory of relativity for the most part provides us the mathematics needed for that. And in 
that is assumed a constant speed of light. Because a length contraction is being observed 
and can be measured, a time dilatation must arise as a consequence. Such is the consistent 
statement of this theory. Because we already could make us clear that it concems a 
subjective theory, of course caution is advisable if generalizations are being made, like the 
‘one of the inductive conclusion of the length contraction on the time dilatation. We'll 
‘come to speak about that in this chapter (fig. 6.20). 


The model domain however is not observable to us and only accessible in a mathematical 
‘manner. Here the time is a constant, On the other hand do the radii of the particles and all 
other distances and linear measures stand in direct proportionality to the speed of light. If 
that changes, then does that lead to a change in length. The length contraction occurs 
physically, which means actually. We propose the name "theory of objectivity" for the 
valid theory which is derivable with this prerequisite and independent of the point of view 
of the observer. 


The importance of this mode! domain and of the possible model calculations is founded in 
the circumstance that many physical relations within our observation domain aren't 
recognized by us and can't be mathematically derived. Besides is only all to often worked 
‘with unallowed generalizations and with pure hypotheses. Such a thing does not even exist 
inthe model domain, 


The model domain can be tapped over a transformation. For that we select an approach 
x(0) in the to us accessible observation domain. This then is transformed into the model 
domain by a calculation instruction M{x(f)}. Here we can calculate the sought-for relation 
In the usual manner and transform back again the result according to the same calculation 
instruction M''{x(.)} but in the reversed direction. After being retumed in our familiar 
‘observation domain, the result can be compared and checked with measurement results 
(fig. 6.17) 

In this way we will derive, calculate and compare the quantum properties of the 
‘elementary particles with the known measurement values. Here we remind you of the fact 
that all attempts to calculate the quantum properties conventionally, without 
transformation, until now have failed. Not even a systematization may succeed, if it 
‘concems for instance explanations for the order of magnitude of the mass of a particle. 


A transformation at first is nothing more than an in usefulness founded mathematical 
measure. But if a constant of nature, and as such the quantum properties of elementary 
particles until now have to be seen, for the first time can be derived and calculated with a 
transformation then this measure with that also gains its physical authorization 
We now stand for the question: how does the instruction of transformation M{x(#)} read, 
with which we should transform the approach and all equations from the observation 
domain into the model domain? 
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general special theory theory of 
relations: of relativity objectivity 
domain of observation | model 
validity: domain | domain 
speed of light © = 

[m/s]: = constant c~r 
field strengths (6.15) (6.15) + (6.18) 
H[A/m]: H ~ 1/rt \H~ ar 
E[V/m]: E ~ 1/r E ~ I/r 


because of eq. (5.6) 
em = 1/c? is valid: 


u [Vs/Am] : ho = const. ho~ ifr 
e[As/Vm] : 0 = const. 6 ~1fr 
relations of material: 

Bep-H @s: | Be ayn B ~ 1/r? 
B [Vs/m?] 

D=¢-E G6: | D~ 1/7 D ~ 1/ 
D [As/m?] 


e.g. spherical capacitor 


C[As/V] = e4ar (6:4) C = const. 
QfAs] = C-U 31) | Q = const. 

W{[VAs] = Q2/C (A) W = const. 

with energy-mass relation: 

(624) and (6.1) W = me? 

mass m [kg=VAs?/m2] | m ~ 1/1? 

relaxation time a [sl: 1 = const. 

with u =e/o (53) 

specific conductivity [A/Vm]: | o~ ft 


Fig. 6.18: Transformation of the dependencies on radius 
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6.18 Transformation table 


The attempt to write down at this point aleady a closed mathematical relation as instuc- 
tion ‘of ‘Uansformation, would. be pure speculation, Such an instruction ist must be 
Verified hy means of aumerous. practical cases, Le. be tested for its efficiency and 
Correciness. But we not even know tbe practical examples necessary for this purpose. if we 
dpe te ansomaton or he Stine! 

For his reason unfortunately isnot yet posible, to calculate absolute values in a dret 

We have tobe content to work with proportionaliis and to cary out comparisons 

In fig 6.18 the proportionalitis ae compared inthe way, how they would have tobe 
transformed: on the left side, how they appear and can be observed inthe view of the 
Special theory of relativity, and on the right side, how they ean be represented and 
Calculated in the theory of objecting a : 

The change, which hete Would have to be wansformed, is the physical lengh contaction, 
Which is the change in length as it depends on the specd of light. For spherical symmet 
the length becomes the radius r (eq" 626), of which is to be investigated the alluence 
Inthe observation domain we had derived the proportionality (6.15 * 6.18) 


BWP and He Ue 


The field of a point charge or ofa spherical capacitor confirms this relation: 


E = Qietnr® 
Because the speed of light in our observation is constant, also both constants of material 
which are related to it (eq.5.6: 6+ y= 1/c*), the dielectricitye and the permeability u, are 
to be taken constant. 
With that the same proportionality as for the field strengths also holds for the induction B 
and the dielectric displacement D. 


BVP and D~ Ue 


In the model domain everything looks completely different. Here the radius and any length 
stands in direct proportionality to the speed of light. In this way we get problems with out 
{stad system of unis, the MSK-S-Asystem  (Meter-Kilogram-Second-Ampere). The basi 
unit Meter (m] and as a consequence also the unit of mass Kilogram [kg = VAs'/m'] 
dives ere a varabl, It would be advantageous, to itoduce Haste the Vol [V8 
Suni 

But in any case does the dimension of a quantity show us, in which proportionality it 
stands 10 the unit of length. This in the model domain then is authortaive! As an example 
does the speed of light have the dimension Meter per Second. In the model domain thre 
consequently. has 10. exist. a proportionality tothe length (m) 
‘The sped of light determines with equation 56 again the constants of materi 


WIVs/Am] ~ rand. 6fAsVmn]~ Vr (628) 
According to the model holds unchanged: 
B[Vsint]~ 12 and [Asim] ~ 1. (629) 


But if we insert the proportionalities 6.28 and 6,29 into the equations of material 3.5 and 
3.6, then holds for the field strengths: 


H[Alm] ~ Ve and E[Vim]~ Wr (627) 


Further dependencies of the radius can be read in the same manner either by inserting into 
‘well-known laws or immediately from the dimension. 
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In the observation domai: 


energy density of a field: 


w= (e-BP+ph-H4/2 ~ I/rt (6.31 
energy: Weir ©. 
with ¢= constant and W = m-c?: | m ~ 1/r “ 


eis bigger and lighter than p* or n°! 


m= (639 To (6.26) lo (6.24*) 1 A 
= = = (6 
mo r 1 Vi - (w/o? 
In the model domai: q 
e.g. spherical capacitor 
capacity: C[As/V] = e4ar (4) | © = const. (6: 
charge: QlAs] = C-U 631) | Q = const. (632) 
energy: WIVAs] = 


eC 6) | W = const] (633) 
: 


(6.33) means: law of conservation of energy! 


relaxation time ui (sh: t= const. (635) 
with aa e/o (5.3) 
specific conductivity o [A/V]: lo ~ ifr] (6.26) 


(6.36) means: elementary vortices are indestructible! 


Fig. 6.19: Interpretation of the dependencies on radius 
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6.19 Interpretation of the transformation table 


The transformation should tel us, what we would see if the variable speed of light would 
be observable tous. Doing so highly interesting results come out 

The eneray density of afield isasis known wy = (c+ Ey“ HY2 (637) 

In the observation, domain will, according to fig. 6.19, decrease the energy density w 
proportional to l/r’. Multiplied with the respective volume we obtain for the energy itself 
the proportionality We lie (638) 

If we make use of the Einstein relation Wemee 

with ¢~ constant holds also for the mass m~ Ue (639) 

In this manner we finally find out, why the small nucleons (protons and neutrons) subjec~ 
tively seen are heavier than the very much larger electrons. As a consequence does a rela- 
livistie particle experience the increase of mass (with the length contraction according to 
equation 624°) 


mM 639) ty (62) ly (624%) 
= (640) 


This result is experimentally secured. Our considerations therefore are entirely in accord 

‘with the Lorentz-transformation. There at least is no reason to doubt the correctness 

In the model domain we with advantage assume a spherical symmetry. As easily can be 

shown with equations 6.4 and 6.31, are the capacity and charge of a spherical capacitor 
independent of the radius (6.30 and 6.32). In that case also the from both values calculable 
energy (6.1) must be constant. We come to the same conclusion, if take we the above 
equation 6.37 for the energy density of a field or if we carry out a verification of 
dimensions: 


W [VAs] = konst. (633) 
This simple result is the physical basis for the law of conservation of energy! With that 
we have liminated an axiom. 


The result states that the energy stays the same, even if the radius, the distance or the 
speed of an abject should change. To the subjectively observing person it shows itself 
‘merely in various forms of expression. Consequently is the energy, as is dictated by the 
here presented field theory, formed by binding in the inside of the quanta the same amount 
‘of energy but of the opposite sign. The amount of energy therefore is bound to the number 
of the present particle, as we already had derived. 

Under the assumption of a constant time (6.35) there results for the electric conductivity, 
by calculating backwards over the equation of the relaxation time (5.3), the 
proportionality: (6.36) 


o(AVm) = Ur (636) 


Maybe the result surprises, because it can't be observed. Actually we know that the 
(microscopically observed conductivity in reality only represents an approximated 
averaged measure for the mobility of free charge carriers. In a particle-free vacuum 
however this well-known interpretation doesn't make sense anymore. Hence it is 
recommended, to only work with the relaxation time constants. Who nevertheless wants to 
eontinue to work withgas a pure factor of description, can do this. But he mustn't be 
surprised, if in the model domain with decreasing radius the conductivity suddenly 
increases. But this is necessary, because otherwise the elementary particles would 
collapse. Only by the increase of the conductivity, which is produced by the spherical 
vortex itself, will the expanding eddy current build up in the inside of the particles, which 
counteract the from the outside concentrating potential vortex. 


132 Particle decay 


Approach: 


a.The particles don't decay by themselves, but only by a 
corresponding disturbance from the outside. 


b.The decay time is the statistical average in which such a distur- 
bance can occur and take effect 


¢.The elementary particles consist of an integral and finite 
number of elementary vortices, which can't decay anymore for 
their part. 


d.lf the compound particles get into the disturbing range of 
influence of high-frequency alternating fields, then they are 
stimulated to violent oscillations and in that way can be torn 
apart into individual parts 


c.As disturbing factor the high-frequency fields of flying past 
neutrinos are considered primarily. 


f. Authoritative for the threshold of decay and with that also for 
the rate of decay is the distance, in which the neutrinos fly past 
the particle, 


g.The distance becomes the larger, the smaller the particle is. If 
the particle thus experiences a relativistic length contraction, 
then it will, statistically seen, to the same extent become more 
stable! 


That has nothing to do at all with time dilatation] 


We are entitled to demand a simultaneity, after all we are the ones, 
{who tell what that is! 
F 


Fig. 6.20: Proposal for an interpretation of the particle decay 


<i> Walter Theimer: Die Relativitatstheorie, Seite 106, 
Francke Verlag, Bem, 1977, ISBN 3-7730-1260-4 


Theory of objectivity i 


6.20 Particle decay 


We still have to get rid of a fundamental misunderstanding. It concems the problem of the 
time dilatation. Here the model domain doesn't give us any difficulty, because it dictates a 
constant and therefore by us definable time. In the relativistic view however should in 
moving systems clocks go wrong! But how does one want to explain a time dilatation 
physically, ifit merely represents a purely mathematical result ofthe actually taking place 

length contraction on the one hand and the postulate of a constant speed of light on the 
other hand? 

Nobody has troubled mote about the physical interpretation than Einstein himself. But he 
hhad as les as we nowadays the possibility to verify the so-called phenomenon experimen- 

tally, by accelerating a laboratory clock to values close to the speed of light 
Only atomic particles can, e.g, in accelerator systems, be brought on such high speeds and 
then be observed for their properties. But also these experiments don't have any power of 
proof, as long as we don't know the atomistic structure of the particles and there exists the 


danger of ‘misinterpretations. 
So the slowing down of the rate of decay of instable. particles at high speeds willingly is, 
cited as "proof for time dilatation”. "The most cited example for the time dilatation is 


the "long-living” meson. The-mesonis a charged particle, which exists only 22 * 10° 

seconds if itis observed in rest. Then it decays .. About 10 % of the mesons reach the 
earth's surface. Even if they fly with approximately the speed of light, they at least must 
haye used 30» 22 * 10* seconds, in onder to reach the earth. Their "lie" therefore by the 
‘movement has been extended for a multiple... to the supporters of the theory of relativity 
here the time dilatation is revealed..." 

This "proof however is worthless, as long as "the structure and the mechanism of decay 
ofthe particle are not known" ike W. Theimer"* expresses himsell 


On the basis of the new field theory the approach standing on the left page is dared (ig. 
6.20). Accordingly the particles don't decay by themselves, but only by a corresponding 
disturbance from the outside, which for instance is triggered by the high-frequency fields 
of flying past neutrinos. The closer the neutrinos fly past the particle, the sooner it will 
decay. But the distance becomes the larger, the smaller the particle is, Ifthe particle thus 
experiences a relativistic length contraction, then it will, statistically seen, to the same 
extent become more stable! 

That has nothing to do at all with time dilatation, as this proposal for an interpretation 
shows (fig. 6.20). The same effect of course also occurs, if atomic clocks are taken for a 
fly in a plane and compared to identically constructed clocks on earth. 


The time was stipulated by us and therefore should be able to keep its universal validity 
We are entitled to demand a simultaneity, after all we are the ones, who tell what 
simultaneity is! 

An interesting technical use would be the acceleration of the rate of decay in order to 
dispose of radioactively contaminated waste, For that the waste has to be irradiated by 
collecting and focussing free neutrinos or with the help of a neutrino transmitter, like one 
which will be discussed in chapter 9. After such a neutrino shower dangerous radioactive 
‘waste would be reusable or at most be harmless domestic refuse. 
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7. Proof 


Ample evidence is available for the correctness of the theory of objectivity. The field 
dependent change in length is observed and used as magnetostriction or electrostriction 
If a ferromagnetic material, eg a nickel rod, is brought into an alternating magnetic field, 
then field dependent longitudinal length oscillations are observed. In the same manner 
barium titanate or quartz crystal oscillates in the electric field if a high-frequency 
alternating voltage is ‘applied. 
‘A practical application forms the production of ultrasound, 


In this chapter are, as already announced, the quantum properties of the elementary 
particles calculated and in this way is fumished perhaps the most convincing proof for the 
existence of potential vortices and for the correctness of the field-theoretical approach 
and the theory which is based on it. 

‘A special challenge represents the calculation of the particle mass. This mass stretches 

from 207 electron masses of the myon over 1839 of the neutron into the order of 
‘magnitude of 18513 electron masses (¥°). Doing so not only can be tested, if the 
calculated values correspond with the measured ones. Also the gaps have to correspond, 

ice. where there doesn't exist a discrete mathematical solution also no particle should exist. 

The fig. 7.0 standing on the left page anticipates the result and shows that even this strict 
condition is fulfilled! The agreement of the calculated with the measured results is, 

excellent. If in individual cases small deviations become visible, we always have to bear in 

‘mind that the measurements as a rule are analysed statistically and the results are falsified 

if small particles ereep in unrecognized. Particle physics nowadays has at its disposal 
extremely precise gauges, but even here remaining errors can't be excluded, 


Quantum physics is occupied with further taking apart the elementary particles into 
hhypothetic particles, the quarks, and to sort these according to properties and symmetries. 
Seen strictly causal this procedure thus corresponds to the quantum physical approach 
We however have taken the field-theoretical approach, and this excludes the introduction 
of hypothetic particles fiom the start. It should be our goal to derive and to explain the 
quantum structure as a field property. Yes, we even want to calculate it, with which we 
‘would have overtaken quantum physies in the scientific competition with one leap! 


Strong support our approach has experienced by current experiments, in which matter was 
transformed in electromagnetic waves - practically the reversal of the rolling up of waves 
to vortices. To do so at the Massachusetts Institute of Technology (David Pritchard and 
others) sodium atoms were dematerialized in waves by lattice scattering". According 10 
Einstein one surely could have blown the whole M.LT. in the air with the occurring mass 
defect; but don't worry, no emission of energy whatsoever has been observed, entirely as 
predicted by the vortex theory. 


<i=:__ 1. Teuber: Materie und Energie, Ganze Atome wurden au 
Energieweilen, 
Ilustrierte Wissenschaft Nr. 7 (1996), S. 56 
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With the classical radius of the electron rp = 2,82 * 10°'* m: 


Ce = t0'4nte= 3,135 © 10°F (64*) 


U, SIIKV. (631%) 


eC, 


(constant independent of r.) 


Formation forms (vortex prope! 


1, Amassing (formation of vortex balls): 


II. Overlapping (phenomenon of transport) 


Fig. 7.1: The amassing and overlapping of elementary vortices 
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7.1 Elementary vortices 


We had derived the electron and the positron as elementary vortices (fig. 4.3). Before we 
can go in the calculation, we must gain a clear picture of the possible configurations of 
vortices, which for reason of the derived properties are possible. For that we start with the 
elementary vortex and afterwards we predict the behaviour of interaction which can be 
expected, 


Actually only one single particle is really elementary. According to the realizations of the 
new theory it is an elementary vortex in the form of a sphere. lis size is determined by the 
speed of light and this again by the local field strength; its stability is founded in the 
concentration effect of the potential vortex. The whirling takes place everywhere with the 
speed of light, even in the vortex centre, where all field lines run together, where the field 
increases infinitely and the speed of light goes to zero. This last circumstance owes the 
elementary vortex its localization 


We can attribute a charge to this vortex for reason of the field lines which on the outside 
run towards infinity and which we can measure (fig. 4.3). This is the smallest indivisible 
unit, the elementary charge e. Structure and course of the field lines suggest to understand 
and to calculate the elementary vortex as a spherical capacitor, By basing on the classical 
radius of the electron r, given in fig. 6.3 the capacity according to equation 6.4 is 
calculated to be: 


Cy = so dnt, = 3,135 - 107° F (64%) 


Here the theory of objectivity has provided us the realization that even for a change of the 
radius of the electron the capacity remains unchanged constant (6.30), and this entirely 
corresponds to our observation, 


Between the hull of the elementary vortex, measured at the radius r., and its centre, 
respectively also with regard to infinity, there exists according to equation 6.31 the tension 
voltage of: 

U. = el. = SILKY (631*) 


tas well is constant and independent of the size of the elementary vortex. 


Since a different solution is refused, we'll have to assume that all elementary particles 
consist of an integer multiple of elementary vortices. For that the amassing, like closely 
packed tennis balls, or the overlapping of individual vortices in the form of shells, like in 
the case of an onion (phenomenon of transport) can be considered. 


The among each other occurring forces of attraction can be traced back to the fact that 
every elementary vortex is compressed by the field of its neighbour as a consequence of 
the field dependent speed of light. This field as a rule is for the small distances 
considerably larger than the field on the outside. Therefore do compound elementary 
particles not have the twofold or triple mass, but at once the 207-fold (myon) or the 1836- 
fold (proton) mass. After all there is no other explanation for the fact that there don't exist 
lighter particles (with a mass less than 207 electron masses)! 
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a. The electron-positron pair 
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b. . The &”- e+ pair for a small distance: 


Fig. 7.2: The electron-positron pair annihilation 


he 


7.2 Matter and anti-matter 


For the amassing or overlapping of elementary vortices several cases must be distin- 
guished, because two inverse forms of formation are possible for the elementary vortex: 
the negatively charged electron and the positively charged positron. Whereas in the case 
‘of the electron the vortex produces a component of the electric field which points from the 
inside to the outside, has the field in the case of the positron the opposite direction for 

reason ofa reversed switl direction 
This statement can be generalized: if we consider the elementary particles from the 
‘outside, then we assign the particles with a swirl direction identical to that of the electron 
to the world of matter and call the particles with the opposite swirl ditection anti-matter. It 
now is strongly recommended, to take colours to hand, in order to optically clarify the 
properties of vortices. The electron will be marked as a green sphere and the antiparticle, 
the positron, as a red sphere. 
If we now look into the world of matter, then appears our world of matter to us “green”, 
the world of anti-matter however "red". The uniform green colour of all the in our world 
existing elementary particles however doesn't exclude that red anti-vortices can exist 
hhidden in the inside of the green vortices, where we can't discover them. But they must be 
completely covered, otherwise a disastrous reaction occurs, the pair annihilation, as a 
consequence of the oppositely directed property of the’ vortices which cancel out. 
By means of the pair annihilation a dematerialization can occur, because every 
elementary vortex keeps in its inside the same amount of energy with opposite sign and 
the fusion of two inverse particles can result in a zero sum of the energy. The best known 
example is the annihilation of an electron-positron pair under emission of radiation 
discovered by Klemperer in 1934, In the upper representation (fig. 7.2a) the elementary 
vortices still are symmetrical, but the outside field lines already are "bent" and linked 
together in such a way that, with the exception of the ones in the direction of the axis, no 
interaction takes place which can be measured. 
The two particles for reason of the different charge approach each other quickly, and the 
closer they are, the larger the mutual fore of attraction becomes; a vicious circle, which 
leads t0 the asymmetry shown in the lower sketch (fig. 7.2b) and only comes to rest, if 
both particles have destroyed themselves mutually. 
The electron and the positron had the same amount of, but oppositely directed swirl 
activity, so that purely arithmetically seen a zero sum of the rest energy results. But it 
should be paid attention to both particles having some kinetic energy on the occasion of 
the relative motion to each other and if they rotate around their own axis also rotational 
energy. An emission of annihilation radiation occurs, is the explanation of particle 
physics. 
With the knowledge of the photon (fig. 4.6) we can interpret the annihilation radiation as a 
consequence of the phenomenon of transport. The faster and consequently smaller vortex, 
for instance the green one, slips into the red one and sees the green inside, which is 
compatible for it Unfortunately it only can remain there, as long as it is smaller, thus is 
faster, and therefore it shoots out on the other side again. Now the electromagnetic force 
of attraction fully takes effect. It is slowed down and the red vortex correspondingly 
accelerates. The process is reversed. 
‘These around each other oscillating vortices, so we had derived, have a characteristic 
fiequency (colour), are polarizable and are moving forward with the speed of light as a 
‘consequence of the open vortex centre. It therefore concerns the photon. 
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Positronium 


Fig. 7.3: Theoretical final state of the positronium 
= static y-quant (photon). 
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7.3 Positronium 


But before the two elementary vortices, the electron and the positron, are annibilated 
under emission of radiation, they will for a short time take a shell-shaped, a bound state, in 
which one vortex overlaps the other. 

Its formation we can imagine as follows: an electron, flying past a resting positron, is 
‘cached by this for reason of the electromagnetic attraction and spirals on an elliptic path 

towards the positron, In doing so its angular velocity increases considerably. It will be 
pulled apart to a flat dise for reason of the high centrifugal forces, to eventually lay itself 
around the positron as a closed shell 
Now the red positron sees the electron vortex so to speak "from the inside” and doing so it 

sees as well red; because the green vortex has a red centre and vice versal The result is the 
in fig. 73 given configuration, 


The number of field lines, which run from the red border of the positron in the direction of 
the centre, is identical to the number, which point towards the green border of the electron 
Here already the same state has been reached as in the centve, which corresponds to the 
state at infinity. That means that no field lines point from the green border to the outside; 
seen from the outside the particle behaves electrically neutral. It doesn't show any 
electromagnetic interaction with its surroundings. 


If the particle were long-living, then it undoubtedly would be the lightest elementary 
particle besides the electron; but without stabilizing influence from the outside the 
positronium can't take the in fig. 7.3 shown state at all. The positron takes up the kinetic 
energy which is released if the electron becomes a shell around it, But before the bound 
state can arise, which would identify the positronium as an elementary particle, the equal 
rights of both vortices comes to light. With the same right, with which the electron wants 
to overlap the positron, it itself vice versa could also be overlapped. 
If the stabilization of the one or the other state from the outside doesn't occur, then the 
stated annihilation under emission of y-quanta is the unavoidable consequence (fig. 4.6). 
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Fig. 7.4: Two electrons with oppositely directed spin 
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7.4 Dipole moment 


‘As electrically charged spheres elementary vortices have a magnetic dipole moment along 
their axis of rotation as a consequence of the rotation of their own (fig. 7.4). This is 
‘measurable very precisely and for the most important elementary particles also known 
quantitatively. In contrast to the angular momentum the magnetic moment can't be 
constant according to the here presented theory. It should slightly change, if we increase 
the field strength in the laboratory. 


Ina particle consisting of several elementary vortices the vortices mutually increase the 
local field strength. Therefore we measure at the proton, which consists of three vortices, 
not the triple, but only the 2,793-fold of the nuclear magneton which can be expected for 
reason of its mass. Also the neutron has instead of the double only the 1,913-fold nuclear 
‘magneton. The deviations therefore are explicable asa consequence of the surrounding 
fields. 


Prerequisite for this point are two other, still unanswered, key questions of quantum 
physics: 


XII: Why is measured for the proton approximately the tiple of the magnetic dipole 
moment which can be expected for reason of the charge? 


XII: Why does the neutron, as an uncharged particle, actually have a magnetic 
moment? 


These questions can only be brought to a conclusive answer, if we have derived the vortex 
structures of the respective particles. 


The elementary vortex, as a consequence of the spin along its axis, forms a magnetic north 
pole and a south pole. Another possibility to interact with an external field or with other 
particles is founded on this property. This shall be studied by means of two electrons. 
‘hich form an electron pair. 

For reason of the equal charge the two electrons at first will repel each other, If they rotate 
of their own they however will mutually contract, which, seen from the outside, is 
interpreted as a force of attraction. And in addition will they align their axes of rotation 
antiparallelly. While they now rotate in the opposite direction, a magnetic force of 
attraction occurs 


As is shown in fig. 7.4, the magnetic dipole field in this way is compensated towards the 
outside, as is clarified by the field line (H) with a closed course, Between both electrons a 
space free of E-field stretches. If both vortices are a small distance apart they lay 
themselves around this space like two half-shells of a sphere. A particle forms which seen 
from the outside is magnetically neutral, but it carries the double elementary charge (lig. 
7.4). 

The exceptional affinity is always restricted to two vortices of equal charge with an 
‘opposite direction of rotation. Further vortices can't be integrated anymore and are 
repelled, This property of vortices covers the quantum condition (Pauli's exclusion 
principle) for the spin quantum number perfectly. 
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‘myon 


radius r: 


electric 
field strength E: 


a: theoretical course 
of the field of a 


single negative 
charged body 

b: actual course of 
the field of a jr 

c: field of an e* 


d: field of an e~ 


sm: : difference between the vortex calculation (b) 
and the classical calculation (a). 


Fig. 7.5: The mvon and the electric field E(x) 
of the three elementary vortices 
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75Myon 


We now have discussed all conceivable possibilities, which two elementary vortices can 
form: the creation of a pair for like charge and the annihilation under emission of photons 
‘via the formation of the positronium as an intermediate result for unequal charge, Next 
another elementary vortex shall be added and all different possibilities and configurations 
will be derived, which can be formed by amassing or overlapping. 


The positronium can, as said, only take the in fig. 7.3 shown bound structure, if it is 
stabilized fiom the outside. This task now a further electron shall take over. According to 

the shell model the innermost elementary vortex an electron (e), is overlapped by a 
positron (e") and that again overlapped by an electron (e). 

With an in the sum single negative charge, a completely symmetric structure as well as a 
hhalfinteger spin this particle will show a behaviour corresponding to a large extent to that 
fof the electron. Merely the mass will be considerably larger, because every vortex each 
time compresses the other two, 


It therefore concems the myon (1), which also is called "heavy electron*. The myon 
‘was discovered 1937 in the cosmic radiation (Anderson and others). 

In fig. 7.5 are drawn above each other the shell-shaped structure of the myon and the 
electric field E(x) of the three elementary vortices. 

I is visible that merely in the proximity of the particle the actual course of the field 
deviates from and is smaller, than the course which theoretically can be expected for a 
single negatively charged body. ‘The difference is marked by a hatching. 


‘We now can tackle the calculation of the myon, For that the following considerations to 
begin with are useful: 

Mass is an auxiliary term founded in usefulness, which describes the influence of the 
electromagnetic field on the speed of light and with that on the spatial extension of the 
“point mass" 

Without exception the local cosmic field E, has an effect on a free and unbound 
elementary vortex, thus on an individual e" or e", and determines so its size and its mass. 
Butas long as we haven't determined this field strength, the calculation of its quantum 
‘properties won't succeed. 

Instead the masses of compound particles will be compared to each other, which are so 
heavy thatthe field strength of the neighbouring vortices is predominant over the basic 
field E,, so that a neglect of E, seems to be allowed. The course of the calculation is made 
forall elementary particles in the same manner, which is explained hereafter 
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Spherical capacitor: (r= inner radius; rs = outer radius) 


Ta 
u-JEdr aM 

n 
Electron (i= and ra= re): U =) 511 kV = const. alt 
Ur = Us = Us = Us =o. = Un @. 


At The radius ri is valid: E(r:) = E: and 


Tn ! Tt 
Ur = fEvdr = Exrr= U2 = JEidr= Es (t2— 1m) aay 
° n 


At the radius 12 is valid for the 2nd and 3rd shell E(ra) = Ea: 
t2 1 T3 
Us = [Eodr = Ex(t—n) = Us= [Eodr = En(ts-m) (7.194) 
n t 


comparison of the radii: 
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Ars ons mom 2 mom =. = tote 3) 
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comparison of the field strengths: (7.1° with 7.1°* with Eq. (7.2) 
Ei = Ea = Ea =... = Es as) 
Theory of objectivity, fig. 6.18: BE ~ ijt (6.25), 
see fig. 7.5: Ei(ts) = Ear = - Ex: (ti/rs) 
Eats) = Eso = Ea: (t2/t3) 
Ep cosmic basic field (negligible) 
E(ts) = Es + Bao+ Eo = Ex: (r2—m)/ta +h (5) 
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Fig. 7.6: Calculation of the electric field strength E(r) of 
the myon from its dependency on radius 
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7.6 Calculation of the vortex fields 


The tension voltage of an elementary vortex, like for a spherical capacitor, is determined 
by integrating over the electric field strength fiom the inner radius t, up to the outer radius 
ty 


u = fear (7) 

For the electron (f, = 0 und r, ~ r2) we already have carried out the integration and 
determined the tension voltage tobe S11 KV (equation 6.31 *) 

Doing so we further had discovered that it won't change, if the radius varies. Even for a 
shell configuration, in which electrons and positrons alternately overlap the approach is 
vali: 


U=U: =Us ) 


‘Ata certain radius all elementary vortices show the same density of field lines and with 
that also the identical field strength, so that we can solve the integral (7.1) for the each 
time neighbouring vortex shells and can compare the results 

‘At the radius ¢, with E(r,) = E, the agreement, according to equation 7.1* (fig. 7.6), is 
valid forthe innermost and the overlapped vortex shell 

At the radius r, with E(r3) = E, the agreement according to equation 7.1* (fig. 7.6) is 
valid analogously for the 2nd and 3rd shell 

If-still more shells are present, then we can arbitrarily repeat this procedure. For the radius 
of each shell we always obtain relation 7.3, which, related to the innermost radius, 
provides the following simple expression for the individual radi 


Fe2tey; nadeny ay 


From the comparison of the integration results 7.1* and 7.1** follows further that all 
clementary vortices produce the same field strength: 


B= & = B=. = & sy 


We infer from the transformation table (fig. 6.18, eq. 6.27) that the field strengths E and H 
decrease with I/t, In fig. 7.5 the decrease of the fields with I/r is shown. Up to the radius 


1, the field of the innermost vortex E; has worn off to the value Ex) = Ey * (tr) 
This field is overlapped by Ex» * (rr) as well as the cosmic basic field E: 
(ny) = Bayt Bust By Ey + (te niltn +B, 76) 


The local basic field E, is not known, but it is very small with regard to the field of the 
neighbouring vortex." shells, so that a neglect seems tobe allowed. 
From equation (7.6) inthis way follows with the radius relation (7.4)- 


Ets) re 


i 
—— = = 

ER a4 3 

For the shell-shaped configuration of the myon (fig. 7.5) relation (7.7) indicates, which 

field the outside vortex shell is exposed to. From this can already be seen, how much it is 

compressed thanks to the field dependent speed of light and how much its mass as a 

consequence is increased. 


Lak calculation of the proton 


Structure of the proton p*: 


Calculation: 
structure consisting of two shells, inner vortices with 2 + E,, 
field strength at the outer radius ry: 


E(r2) =2*E2) =2*E,(ri/t2) = Ei (78) 
Comparison of p* (7.8) with w (7.7) (ze = number of the elementary 
vortic: being involved with) 
in building up the structure, here each time z= 3): 
Comparison of the radii with E~1/r (627) 
re ea E, (03) 3 1/3 1 
Poe py ee Oe wollte (79) 
ta hs Ep (r2) 3 1 3 
Theory of objectivity (fig. 6.18): mr (634) 
mp Zep ty 3 3 
a ( ie = ( P= 9 (10) 
my Zag Tp 3 1 
mm, = 9*(m,/m,) = 9 *207 1863 (vat) 
Measurement value, proton mass: m, = 1836+ m, 
Resp.: 
measurement value myon mass m, = 207 * m. 
myon calculated value m) = 204%m.. — (error=1,5% ) 


Since we, by using this calculation method, for the first time succee- 
ded in deriving the mass of an elementary particle from that of an- 
other particle, the particle mass isn't a constant of nature anymore! 


Fig. 7.7: Calculation of the proton 
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7.7 Calculation of the proton 


If we again remember the affinity of two elementary vortices, which rotate with opposite 
spin. They align their axis of rotation antiparallel and form a very probable, but not 
particularly tight bound pair (fig. 7.4). 

If we this time start with a positon pair, then does this pair have a double positive 
elementary charge. The two e” hence exert a particularly big force of attraction on 
electrons flying past them. If they have cached one and put it round as a shell, like a coat, 
then they will never again give it back! To again remove the electron, a triple positive 
charge would be necessary. But such a particle can't exist at all. The new particle 
therefore has an absolute ‘stability and a very big mass, because the positron pair is 
considerably compressed by its ouier shell. The total charge is single positive. With these 
properties it actually only can concen the proton. Its structure is shown in fig. 7.7. 
We can start from the assumption that both positrons are very close together in the inside 
‘and thus each forms the half of a sphere, For the calculation of the proton mass we then 
can assume as an approximation a structure of two shells, in which the inner vortex will 
have the double charge and the double field (2 * E,). With equation 7.4 the field strength at 
the outer radius fis: 


E(n) = 24Ey = 248, *(ry/n2) = Ey (78) 

If we want to compare the results of the p’ (7.8) and they (7.7), then it should be 
considered that the field of the innermost elementary vortex E, only is equal, if the number 
2, of the elementary vortices involved in building up the particle is identical. Here with 
each time 2. = 3 this is the ease. Because of equation 6.27 (E, H ~ 1/t) now also the radii 
are comparable: 


ng oe 

ho de 
‘The mass of a particle first is determined by the number of the elementary vortices 2. 
According to the theory of objectivity (fig. 6.18) however also the radius has an influence 
‘on the mass: m- ue (634) 


This proportionality shouldbe applied to the p=y°= comparison. 
Bilt 
- (= 9 729 
3 1 
“The calculation provides nine times bigger mass for the proton with regard to the mass 
ofthe myon, Therefore the mass of the proton related to the mass ofthe electon is 
Miele = 9" (myftie) =_9*207_= 1863 _ uy 
Ik would be favourable, o start fom the with measuring techniques determined value for 
the mass of the proton my'm, = 1836 and calculate backwards the related mass of the 
yon 
Then we obtain 204 as the calculated value instead of the measurement value my/me 
207 
The reason forthe deviation of 1.5 percent is caused by the neglect ofthe cosmic field E, 
with regard tothe field ofthe neighbouring elementary vortex. Ths neglect takes very 
much less effect forthe relatively heavy proton than forthe light myon, 
{The cosmic field therefore will compress the myon more strongly and increase the mass 
nore strongly as is calculated here, in agreement with the measurement results 
Summarizing: since we, by using this calculation method, forthe fist ime succeeded in 
deriving the mass of an elementary particle from that of another particle, the particle 
nas ft constant of nature anymore! 
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i E(x,y) 

a: theoretical course of the 
field of a single positive 
charged body 


b: actual course of the 
field of the p* 


¢: field of an e- Zé 
de: field of both e* Ele) 
cm: discrepancy between the measurement (b) 


= the vortex calculation (b) 
and the classical calculation (a) 


Fig. 7.8: The proton and the electric field of the three 
elementary vortices in x-, y- and z-direction 
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7.8 "Strong interaction" 


‘A central question of nuclear physies concerns the forces which keep the atomic nucleus, 

‘Which consists of many neutrons and protons, together and give it its very good stability in 

spite ofthe like positive charge (key question XIV fig. 7.13). 

According to today’s textbook opinion (course of the field indicated with a in fig. 7.8) the 
forces of repulsion between the individual protons increase further as the distance gets 
smaller, to obtain immense values within the nucleus. They theoretically had to be 
‘overcome by new and unknown nuclear forces. Therefore physicists assume the 
hypothesis. of | — "strong ~— interaction". But they are_—amistaken 
The answer to this open question is provided by the course of the field (b) for the proton, 

sketched in fig. 7.8. We see that the electric field at first indeed still increases if we 
approach the proton, but in the proximity it contrary to all expectations decreases again 
until it is zero, With that then also any force of repulsion has vanished! But the course of 
the field follows without compulsion from the overlap of the three individual elementary 
vortex fields 

The field direction in the z-direction even is reversed! In this topsy-turvy world, in theory, 
fan electromagnetic force of attraction between two like charged protons can occur. We 
conclude: 

A strong interaction doesn't exist at all. The usually given values for "range" and 
"strength" just represent a misinterpretation. The hatched drawn area marks the difference 
which is misinterpreted by quantum physics. The model concept ever and above that 
answers another mysterious property of the proton, As an electrically charged particle with 
1 spin it first of all should form a magnetic moment for reason of the rotating charge. But 
until now the measurable order of magnitude couldn't be explained, 


7.9 Magnetic moment of the proton 


If the inner positrons rotate around each other with oppositely pointing spin, then the 
‘magnetic field line is already closed within the particle and no effect in x- or y-direction is 
‘observable from the outside. 

As pair they however still can rotate together around the z-axis and they'll do that. The 
overlapping electron for reason of its rotation of its own will likewise build up a magnetic 
dipole moment along its axis of rotation. It also will align its axis in the zirection, so that 
now all three elementary vortices have one field axis, Being comparable to individually 
"elementary magnets" aligned in the same direction they produce a triple magnetic 
‘moment (key question XII fig. 7.13). 

If we namely would start with a single positively charged body according to the theory of 
‘quantum mechanics, then we would have expected the value of the nuclear magneton” py 
as the magnetic moment for the proton py = e « f/2m . Opposite to that provide 
experiments with protons the approx. threefold value as already predictable by the new 
vortex theory. In addition does the direction of the vector pp correspond with the spin- 
axis, so as if the proton were negatively charged. The reason for that is that only the 
‘outermost elementary vortex determines the spin of the particle, and that is actually a 
negatively charged electron! Also this excellent agreement in the case of the proton can be 
{judged as proof for the correctness of the vortex model. 
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a. n® ifthe & amasses toa p*. 


Fig. 7.10: The neutron with magnetic dipole field H 
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7.10 Structure of the neutron 


Until now could not be solved, why despite its missing charge also the neutron n° has a 
‘magnetic moment. The experimentally determined value is approx. the double of the 
nuclear magneton. Further was with measuring techniques an only 0,14% bigger mass 
with regard to the proton determined. The difference is approximately two and a half 
electron masses. And how reads the answer in the view of the potential vortex theory? 
It is obvious that a positively charged proton and a negatively charged electron mutually 
attract and amass. together (fig. 7.10a). A pair annihilation can't occur, because the 
electron, which jackets both positrons, prevents this. The formation of an outer shell is not 
permitted by the high stability of the proton. It would have to be a positron shell, which 
instead of neutrality would produce a double positive charge. Conceivable is however the 
configuration, in which one of the two e° of the proton takes up the e in its inside and 
overlaps it (fg. 7.10b). 


At first appears the amassing of p* and eto be the obvious answer tothe structure of the 
neutron also in view of the small increase in mass. Since both elementary particles (p* and. 
) have a spin, will they align their axes of rotation antiparallelly and rotate against one 
another, exactly like an electron pair. But we now have unequal conditions: the proton 
brings the triple magnetic moment, the electron however only the single, and its field line 
will be closed by the proton. The difference which remains is the measurable double 
nuclear magneton, with which key question XIII (fig. 7.13) would be answered 
exhaustively. 

This structure is shown in fig. 7.10a and has as rest mass the by only one electron mass 
increased proton mass, but it will deviate from this value, when the unequal partner come 
closer. Doing so the electron will be more strongly compressed by the heavier proton as 
Mass, magnetic moment and charge thus correspond to a large extent with the 
measurement values. Problems are seen concerning the spin and the stability 

Set of problems concerning spin: both the e" and the p have a halfinteger spin, for which 
reason this configuration should have an integer spin 

Set of problems concerning stability: the neutron decays as is well-known in a p* and an 
but this object should be shorter-lived as determined by experiments, If namely the 
partner come each other very close, then the field strength of the p’, contrary to 
expectation, doesn't increase but decreases, as is shown in fig. 7.8. The e therefore ean 
‘only be bound very, very loosely; in z-direction it even will be repelled! 

For these reasons is the open structure, which is shown in fig. 7.10, not feasible as an 
isolated elementary particle, but only in a spatially extended network, ike it is present in 
‘an atomic nucleus. n this case the neutron is, as is well-known, lighter by the mass defect, 
hich is interpreted as binding energy. 

Possibly it only concerns an intermediate stage. The heavier final product of the n° then 
could look like is shown in fig. 7.10b. For this version the line of the magnetic field 
already is closed partly within the particle, so that also here the approx. double nuclear 
‘magneton remains as a rest with a sense of orientation, as if the neutron were negatively 
charged. 

Without charge and with the 1/2 spin it in this configuration fulfils all important quantum 
properties of the neutron, even that ofthe stability 
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the field of the e* Ex = Es (ry/ts) = Es (rains) 


and in addition the e's Es;= Ey (ry/ts), 
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With the radius relation (eq. 7.4): m= 2% und oy = 3% 
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Fig, 7.11: Calculation of the mass of the neutron 
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7.11 Caleulation of the neutron 


The calculation of the mass for the structure of the neutron according to fig. 7.10b has still 
remained open. 


Because in this book for the first time has been shown, how the mass can be calculated, if 

the particles are understood as potential vortices, we also in this case again want to make 
use of this possibility. 

We have, like for thea structure of three shells with the radii r, rand ry. At the outer 
radius 15 the fields of the elementary vortices on the inside have an effect on the electron 
(On the outside: like isthe case for the i~ 


the field of the e Eyl) = -Eye/), 


the field ofthe e* By 


Ex(in) = Es (yn) 


and in addition the e Ey= Ey (ev) 


The total field is, with the radius relation equation 7.4: 


Em) Ti te ako 1 1 2 
«fee = (142) 
By noo of Bi ake aw Be 3 


If we compare the neutron, in which now 2, = 4 elementary vortices are involved, with 
the proton: 


9 
= — = 125 (7:13) 
8 


then we infer from the arithmetically determined result that the neutron according to the 
radius is 12.5% bigger than the proton. The mass is calculated to: 


105. (7.14) 


‘The particle therefore has a mass which is $% larger than for the proton, slightly more as 
has been measured for the neutron, The difference is acceptable. The particle after all is 
structured very asymmetrically, in which the reason is to be seen, why the uncharged 
particle, looked at from close up, nevertheless shows an observable charge distribution 
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Decay equations if neutrinos are involved: 
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Fig. 7.12: The electron-neutrino as a ring-like vortex 
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742 thdecay 


In the case of the calculated quasistable particles, they~ and the n°, the verification by 
means of the well-known decay processes is still due. Also free neutrons, those which are 
not bound in an atomic nucleus, decay. But with an average life of 918 seconds they are 

by far the longest living among the quasistable elementary particles 
‘Should the neutron decay be triggered by neutrinos, then obviously a distant flying past 

does not suffice. For that the electron is bound in the proton too tight, There probably has 
to occur a direct “erash’, in which a neutrino is used, since the decay equation reads: 


ni ——e phee 47, (7.15) 


‘As could be expected a proton p’, an electron e° and the mentioned eleetron-antineutrino 

are formed. What here is writen down as the emission of an antiparticle, is equivalent 
in the absorption of the patticle"", in this case of the neutrino, The reaction equation 7.15 
can be reformulated accordingly 


tye em ptt] |(7.15%) 


‘Also for the decay of the myon an electron-neutrino is used. In both cases it provides the 
‘energy necessary for the decay. But we can really understand the B-deeay only, after we 
have got to know these particles beter. 


Without charge and without mass neutrinos show hardly any interactions with matter and 
as a consequence they possess the enormous ability of penetration - as is well-known 
They are said to participate in the .weak interaction", which should trigger a conversion of 
the concemed particles, which is their decay. Pauli already has postulated the neutrino 
1930 theoretically, because the transition from a halfinteger spin to an integer spin for the 
1! decay otherwise wouldn't have been explicable. 


If we imagine an elementary vortex is being born, but the local field strength and energy 
isn't sufficient for obtaining a quantized state. The result is an incomplete potential vortex, 

‘which has an open vortex centre and as a consequence shows no localization at all. In the 

form of a vortex ring it oscillates around itself, while it continually turns its inside to the 

‘outside and then again tothe inside 

‘One moment the vortex ring is green, then it is red again, one moment matter, then anti- 
matter, one moment positively charged and the next moment negatively charged. In 
ccontrast to the photon the number of the involved elementary vortices 2, for the neutrino is, 

‘dd (for the y, 2;= 1). Perpendicular to the direction of propagation the neutrino has a spin 

(wh)='4) for reason of a rotation, which overlaps the pulsating oscillation. 
This vortex ring is, as said, not a member of stationary matter, because it doesn't form a 
"black hole” in its centre, where the speed of light becomes zero. But it has an absolute 
stability like every elementary vortex, even if it only occurs incomplete and hence not in 
any quantized form,. This concept of the electron-neutrino as an open oscillating 
elementary vortex in the form of a ring-like vortex covers the experimentally determined 
realizations unexpectedly well. 


=e: Kisser TO> Grundlagen elmer einheiichen Theorie der phiysikalischen 
Teiichen und Felder, Musterschmidt, Gottingen 1976, S.155 


Iss "weak interaction” 


A strong interaction doesn't exist. The electric field in 
the proximity of the proton goes to zero within the range 
which is determined with measuring techniques. 


A weak interaction doesn't exist. That interaction only 
is a special case of the electromagnetic interaction 
which appears in a weakened form, 


XII: Why does the proton have approximately 3 
times the magnetic moment which can be 
expected for reason of the only single charge? 

(3 elementary vortices) 


XIII: Why does the neutron as an uncharged 
particle anyway have a magnetic moment? 
(Structure of the n°) 


XIV: What owes the atomic nucleus, which con- 
sists. of like charges, its _ stability? 
(Course of the field of the p’, instead of "strong interaction") 


XV: Why does the free neutron decay, although it 
is stable as a particle of the nucleus? 
(Interaction with neutrinos) 


XVI: Why do neutrinos nevertheless participate in 
the "weak interaction", although they have no 
mass and no charge? 

(Oscillating charge) 


XVII: How can be given reasons for the finite range 
of the "weak interaction"? 
(Reaction cross-section for particle decay) 


Further key questions of quantum physics 
(Continuation of figures 4.4 and 6.13) 
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7.13 "Weak interaction" 


Let's now look again at thefdecay of the neutron, in which 2 neutrinoy,is used. But this 
by no means will be a process of the weak interaction. Instead will neutrinos, contrary to 
the textbook opinion, participate in the electromagnetic interaction. They after all are one 
‘moment positively charged and the next moment negatively charged. With slow-acting 
‘gauges this it is true can't be proven, because the interaction is zero on the average, But 
this charged oscillating vortex ring can exert a considerable effect while approaching a 
neutron, which is based solely on the electromagnetic interaction, 

The neutron is stimulated to synchronous oscillations of its own by the high-frequency 
altemating field of the neutrino, until it in the case of the collision releases the bound 
electron, which takes up the energy provided by the neutrino and transports it away. The 
interaction obviously is only very weak due to the oscillation, But a physical 
independency of it has to be disputed. 

The finite range, which is given in this context, indicates the reaction cross-section around 
the n°-particle, within which the "crash" and as a consequence thef-decay occurs. This 
range is considerable larger as the particle itself. The electromagnetic interaction for such 
small distances after all is so violent, even if it only occurs in pulses, that the neutrino is 
thrown out of its path and can fly directly towards the neutron, 


Perhaps we now understand also the [decay of the myon. It actually were to be expected 
that without outside disturbance an absolute stability could exist because of the. ideal 
symmetry of they, On our planet we however are in every second bombarded with 
‘approx. 66 milliard (billion) neutrinos per cm? ~”. Obviously it takes 2.2 us on the average 
Ul @-neutrinovaflies past a myon so close that it decays. In doing so it stimulates the 
outside elementary vortex to violent oscillations by trying to synchronize it. In this case 
the electron-neutrinoy,carries away with it the wo outer, and therefore weaker bound, 
elementary vortices of the myon, which meanwhile are oscillating synchronously. The 
innermost vortex, an electton e, is left behind, The decay of the myon which takes place 
‘with a probability of almost 100 % reads: 

ee they ep tye ty TH) 
Thus a different neutrino y, is formed which can he distinguished from the v, and is 
called myon-neutrino since it forms from they", Actually it even bas a similar stricture of 
three shells, as is shown in fig. 7.5. But the vortex centre is open and the particle isn't 
stationary anymore. In the picture now only a momentarily state is shown, in which the y, 
appears green on the outside and red in its open centre, As already for the y, oscillates also 
hete the inside to the outside and vice versa, this time merely as a packet of three shells, so 
that also this particle shows all the typical neutrino properties discussed for the example of 
the Ve 
The for potential vortices typical and already discussed phenomenon of transport here has 
an effect. In particular in connexion with vortex rings this property is known fiom 
hhydrodynamics, It thus can be observed, how vortex rings bind matter and carry away with 
them, Because the neutrino is not quantized, it neither is restricted with regard to its ability 
to transport elementary vortices. Consequently even bigger configurations are 
conceivable, like configurations of S shells 7 shells ete 


<2 *Zeugen aus der Sonne™, VDI-Nachrichten Nr. 45 vor 9.11,90, Seite 26 


tau particle 


a: the structure of the tau-neutrino with 5 shells 


colour of the elementary vortices 
from the outside to the inside 


gn/rd/gn/rd/en 


ie. 
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b: the heavy and stable variant of the tau particle 
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resp. 
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Fig. 7.14: Tau-neutrino and tau particle 
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7.14 Tau particle 


In the table of the leptons after the e* and the 1" as the next particle the tau particle is 
found with its accompanying neutrinoy,.The obvious solution for the tau particle is the 
structure of five shells, as is shown in fig. 7.14a. With that the electron would have 
another particularly “heavy relative with otherwise very similar properties. 
For the myon the neutrino was stable, the particle itself however instable. We after all 
huve explained the particle decay as a consequence of an outside disturbance, and 
disturbances always are based on interactions. Correspondingly should, with the small 
possibility for an interaction, also the neutrino y, of the tau particle have a better stability 
than the particle r itself. 
Without doubt this structure of 5 shells fulfils all known quantum properties like spin, 
charge ete. Merely the check of the mass is still due, This we now want to calculate for the 
structure shown in fig. 7.14a. 


m = 4 ran 
bo fs 
3 
m, = 1836-(——| m, = 1360+m, (7.17%) 


But the for the tau particle measured value is considerable higher! 
Even if this structure is the only possible in the case of the neutrino vz for reason of the 
complete symmetry, will the tau particle however change its structure by itself if another 
structure exists, which is more stable, thus in which the particle can take a bigger mass. 
Such a maximum provides the structure shown in fig. 7.14b after checking all possible 
configurations with five elementary vortices: 
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3 

1836 -(— m™ 
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This value now lies 8% above the measurement values. It would be obvious, if’ unbound 
tau particles predominantly would take the structure shown in fig. 7.14b, The remaining 
error becomes explicable, if a very small number of tau particles in the lighter structure 
according to fig. 7.14a are involved with a correspondingly smaller probability 


‘The enormous variety of kinds of decay, and not a single one of the dominating ones has a 
probability of over 50%, makes it more difficult for us, to be able to directly infer the 
inner structure of a particle from the decay products. It nevertheless should be mentioned 
that after all 35% of all decays take place by taking up and using a neutrino v, or v, 
entirely in accordance with the model of the myon decay (equation 7.16). 
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7.15 Table of vortices of the calculated leptons and mesons 
compared with measurement values (Part 1) 
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7.15 Pions 


Unlike the leptons, which we could derive and calculate fairly completely, the mesons 
don't have a half-integer spin, With this characteristic property they therefore can't 
represent an individually overlapped elementary particle and they probably will consist of 
the amassing in pairs of individual configurations of potential vortices. This kind of bond 
can't he particularly tight. Consequently we don't know any stable mesons. 


The most important basic building part of the mesons we have got to know over the 
positronium in fig. 7.3. It necessarily has to amass to another particle, otherwise it 
annihilates under emission of a y-quanta, as already mentioned. This "particle, as it will 
bbe named here, has the mass of: 


my = (213)'-(1/2)*+ 1836-m, = 136+ m, (7.19) 


which only can be determined arithmetically. As a partner, to which they’particle can 
amass, first of all another/-particle should be considered. Because both partner will 
rotate against one another, this new particle would not have a spin and moreover would be 
uncharged. The mass now would be twice as big with: 


Img = 2+my = 272+m,.(7.19%) 


But the two y-particles will come very close together and mutually feel the local, in the 
same direction orientated, distribution of the field, which will lead to a weakening of the 

field and as a consequence to a slight reduction of the mass, 

With these properties it probably concerns the uncharged pion n®, This model concept 

finds an excellent confirmation in the two possible kinds of decay, which can be regarded 
as equivalent: 


a! y+ with a probability of 9% 
and 
x = yterte with a probability of 1% 


Also in the case of the charged pion eth observable decay offers a big help, which will 
take place with a frequency of almost 100 %: 


ety, 
‘The equition doesnt state anything about the fat, if @ neutrino v, is used in the proces 
But it points at the circumstance that the partner of the y-particle for the 1 most likely is 


a myon 1*, The mass will be smaller than the sum of both building parts: 


(204+136) *m, = 340 * m, 
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Fig. 7.16: Table of vortices of the calculated leptons and 
mesons compared with measurement values (Part 2). 
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7.16 Table of vortices of the mesons 


The numerous kinds of decay for K-mesons suggest that these strange particles will 
consist of various combinations of amassed together and in pairs rotating". and 
particles. The possibilities of combination now already have increased in such a way that 
for every kaon and other mesons several solutions can be proposed. To avoid unfounded 
speculations, only a few clues will be given. 


Besides the particles also heavier arrangements should be considered as partner for the 
spin and asa building part for kaons and other mesons. 

If for instance a is overlapped by a, then this particle has an arithmetically 
determined mass of 918 m. It therefore can concern a building part of the uncharged kaon 


‘The likewise with three +! formed configuration of 6 shells however, iff it actually would 
staystable for the duration of a measurement, would have the mass of 3672 electron 


A very much better detectability must be attributed to the configuration of 4 shells which 
consists of two /!,s0 to speak a heavy relative of the and the. 1 among others should 

be able to decay like ax’With this property and with an arithmetically determined mass 
of 1088 mit actually only can concern the n-meson. Solely according to the numeric 

Value the 1'-meson could also consist of four n.aesons; but the decay in only two light 

quants speaks against it 


‘The kaon-puzzle in addition is made more difficult by the spontaneously possible ability 
to change of the involved /-particles during a process of decay, as is made clear by the 
numerous kinds of decay. These dependent pion halves can be "swallowed" or “spit out" 
by neutrinos in the process, they ean form from incident light or be emitted as photons and 
eventually they even can break up in their individual parts 


In fig. 7.16 the possible configurations of potential vortices are sketched and the 
respective, according to the new theory calculated, mass is given. If above that the other 
decay products and quantum properties, which can be given for the vortex structures, are 
added, like eg. charge, spin and if need be magnetic moment, then an assignment without 
doubts to the until now only from measurements known elementary particles is possible, 
In order to better be able to assess the efficiency of the potential vortex theory, the 
‘measurement values are compared to the calculated values. 


Some terms are put in brackets, because it can be assumed that the calculated part only 
concems the dominating part, to which further or other small configurations of vortices 
will amass for reason of its high mass. Correspondingly should the mass in that ease be 
comrected slightly 


<2 Ii could eg, concem the "meson, 
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Fig. 7.17: Table of vortices used for the calculation of the 


most 


important barvons with suggestions for the structure 


(Part 3). 
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7.17 Table of vortices of the baryons 


The number of possibilities of combination quickly increases, if only a few elementary 
vortices extend the structure of a particle, This probably is the reason for the large number 
‘of observable hyperons, which recently have been produced artificially and observed with 
the help of particle accelerators. 


Both the neutron and the lambda particle can exist in a lighter and a heavier variant. At the 
moment of the decay, as it for instance is observed in a bubble chamber, according 10 
expectation the state with the smaller mass takes the bigger probability. But in the 
amassing with further particles as building part of bigger and heavier hyperons the heavier 
structure is more likely. This circumstance should be considered in calculating the mass of 
the hyperons. 


In figures 7.17 and 7.18 the most important baryons are listed, which are characterised in 
the way that one of the amassed together packets of vortices is a nucleon, thus a proton or 
a neutron. 


The given, from measurements known, kinds of decay are able to confirm the inner 
structure pretty good. Of course an infinitely lot of combinations are conceivable and 
‘numerous predictions are possible. But speculations are unnecessary from the time on 
‘where we are able to calculate the particles! 

The restriction to the few in the table listed particles seeming to be important hence 
doesn't limit the universal importance of the theory of objectivity in any way! 
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Fig. 7.18: Table of vortices used for the calculation of the 


most 


important baryons with suggestions for the structure 
(Part 4). 
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8. Unified theory 


With the theory of objectivity the longed for goal of a "theory of everything" (TOE), of an 
universal theory, seems to have moved within reach. If in the nineteenth century still 
promising field theories and approaches were being discussed, then has at the latest 
Einstein's theory of relativity destroyed all hopes in such a theory. Science as a conse- 
quence has become very much more modest and understands a TOE only as the 
unification of all known interactions. 


Einstein has stated the minimum demand so: "a theory should be favoured by far, in which 
the gravitational field and the electromagnetic field together would appear as a whole" 
“It is evident that a subjective or relativistic observer theory never is able 10 achieve 
this 


The presented theory of objectivity made it possible that the unification here for the first 
time actually has succeeded. This undoubtedly brings science a whole lot further, but it 
still is not sufficient to lie one's hands in one's lap being content with oneself. After all we 
still know very much more phenomena, which likewise should be unified. After all it is no 
accident that both Maxwell and Einstein, to name only two prominent representatives, 
after completion of their well-known works have struggled for the question, what sort of 
phenomenon it concerns in the case of the temperature and how this could be integrated in 


ther thoory. 


The requirement reads: We must be able to derive all basic factors, which influence our 
system of units with their basic units, as a compulsionless result from the new theory. 
Besides the dimensions of space and time which determine our continuum, the expla- 
nation and unification of the basic factors mass and charge has to be tackled. If we have 
succeeded in doing so, we'll also tackle the problem of the fifth and last basic factor, 
which until now has put itself in the way of any unified theory as the question of fate, the 
problem of the temperature! 


<i> Einstein, A: Grundziige der Relativitatstheorie, Vieweg+Sobn, 
Braunschweig 1973, 5. Aufl., WTB 8. Seite 97 
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gravitational fleld and the clectromagneti 


togeth 1 appear asa whale 
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Fig. 8.1: Structuring of the fields and definition of terms 


<i>: Einstein, A. : Grundziige der Relativitatstheorie, Vieweg + Sohn, Braun- 
schweig 1973, 5. Aufl. WTB 58. 


<ii>: derived from the Greek hydro (= water). 
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8.1 Structure of the field theory 


In contrast to Maxwell's theory the new field theory, which we derived from duality, is 
also able to describe fields, in which no particles and no quanta exist. It probably is 
justified and useful in the sense of a clearer communication, to give the new field a name 
ofits own 

The author recommends the introduction of the term “hydrotic field”. In it should be 
expressed, which importance water has for both the like named potential vortex and this 
field<ii> 

AS we already have worked out, the hydrotic field is favoured particularly by polar 
‘materials and by a high dielectricty. Water is a corresponding and in the biosphere of our 
planet dominating material 


Whereas we had to correct the concept of a vortex five electric field, we had until now, 
considerable, we can take over the description of the magnetic field unchanged. This then 
should also be valid for its name. The new field which consists of both correspondingly is 
called hydromagnetic field 


In fig. 8.1 we recognize the structure, At the top stands the "hydromagnetic field", which 
is described mathematically by the equations of dual electrodynamics in fig. 3.3. It does 

not know quanta and as logical consequence neither charge nor mass! If we insert these 
equations, Ampere's law and the dual formulated Faraday law of induction, into each 
other, then there results as a mathematical description of our space-time-continuum the 
fundamental field equation (5.7, fig. $.1). As a new physical phenomenon the potential 

vortex appears, which gives the hydromagnetic field a new and important property: this 
field can be quantized! 


[Starting-point is the wave, which for corresponding interference effects can spontaneously 
roll up toa vortex, which as highly concentrated spherical vortex finds a new right to exist 
and finds to a new physical reality 


The in the described manner formed particles show specific properties of their own. We 
now are able to attribute them for instance a charge or a mass. And these properties also 
ccan be investigated and described individually and isolated from each other. Thus are 
formed the two special cases, strange by nature, on the one hand the well-known, with the 
help of the Maxwell equations describable “electomagnetic field" and on the other hand 
the new "hydrogravitational field” 


If we overlap the results of the two special cases, e.g, by adding the force effects of 
electric charges and accelerated masses, then we summarized obtain a field, which we 
accordingly should call “electrogravitational”. This case is not at all unknown, Already 
Niels Bohr in this way has calculated the radii of the electron orbits in the hull of his, 
‘model ofthe atom, to mention only one example. We can summarize: 


The hydromagnetic field is the all encompassing and with that most important field. Apart 
liom that the electromagnetic field of the currents and the eddy currents and the hydro- 
leravitational field of the potentials and the potential vortices merely describe the two 
lpossible and important special cases. For reasons of pure usefulness for every special 
[case a characteristic factor of description is introduced, the charge and the mass! 


in unification of the interactions 


Auxiliary terms (description of quantum properties): 
* mass * charge * temperature * Planck's quantum of action 


Structure of the fundamental field equation 5.7 (fig. 5.1): 
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Fig. 8.2: Unified theory 


*electromagnetic interaction (open field lines) 
* gravitation (closed field lines) 

*strong interaction (does not exist) 

* weak interaction (only special aspect) 


6 interactions are at 


siti sn 13 


8.2 Unification of the interactions 


The discovery and introduction of the hydromagnetic field makes the desired unification 
possible, because the electromagnetic resp. Maxwell field, which describes the electro- 
‘magnetic interaction, and the hydrogravitational field of the gravitation can be derived 
from this field as a consequence of the formation of quanta 

The kind ofthe interaction is eaused by the course of the field lines of the field quanta 

‘which form as spherical vortices: the open field lines make the electromagnetic interaction 
possible. And the field, lines witha closed course lead to gravitation. Both area direct 

result ofthe field dependent speed of light. A more perfect unification seems hardly 

possible 

‘As the next step the unification with the strong and the weak interaction is required, but it 

could be shown that those don't exist a all It just concerns misinterpretations with much 

fantasy, which should help explain the difference between a wrong theory and the physical 

reality 

Numerous auxiliary terms for the description of the quantum properties exist, like for 
instance mass, charge or Planck's quantum of action. The prerequisite for their usability 
naturally is the existence of the quanta. But until these have found to a physical reality, the 
auxiliary terms are unnecessary. ‘The hydromagnetic field does not know quanta, quantum 
properties or auxiliary descriptions. It will be shown that, according to expectation, also 
the temperature is a typical quantum property, which comes within the group of the 
auxiliary terms. In this way also the temperature is fitted into the unified theory without 
compulsion. 

Without the by us for reasons of usefulness introduced auxiliary terms the fundamental 
field equation is left with its description of a spatial-temporal principle. Ifa world 

equation should exist, then this field equation 5.7 has the best prerequisites 
For the fundamental field equation the division in four parts is repeated like already for the 
hydromagnetic field (fig. 8.1). It likewise consists of four individual parts, the wave (b), 
the to vortex phenomena (c and d) and the time independent term (e) (fig. 82). Whereas 
the duality still is combined in the wave, it comes to light clearly for the vortices to again 
be combined in the fourth case. Here arise however potentials and currents, which again 
can react and oscillate with each other, for instance as L-C-resonant circuit in an electronic 
circuit, with which the principle is repeated. 

This principle is shown clearer for the phenomenon of the temperature as in all other 
cases. If we start at the top in the picture in fig. 82 we have an electromagnetic wave, 
which is absorbed and thus becomes a vortex. If the vortex falls apart, then eddy losses are 
formed. We observe that the temperature rises and propagates in the well-known manner. 
We have arrived in the bottom box, but this again can be taken as the top box for the now 
following process, because the equation of heat conduction is a vortex equation of type 
cord! We discover a se-similariy 


The spatial-iemporal principle formulated mathematically by the fundamental 
field equation can be carried over into itself time and again, 


in ‘Temperature 


b. if thermally excited: 


Fig. 8.3: Temperature as an oscillation of size for the 
speed of light depending on field strength 
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83 Temperature 


Following the atomic view, in the case of heat it concems kinetic energy of the molecules, 
which carry out more or less violent oscillations. In the case of gaseous materials with this 
concept, basing on mechanical models, actually successful calculations are possible, like 
for instance the speed distribution of gases won by Maxwell from theoretical considera- 
tions conceming probability. 
But the attempt to apply the formulas of the kinetic theory of gases to solids and liquids 
‘only succeeds, if additional supplements and improvements are introduced. Since at all 
events it concems temperature, thus the same physical quantity, of course also an uniform 
interpretation should be demanded, which in addition should stand in full accord to the 
presented design ofan integrated theory (TOE). 
‘Against the background of the new theory of objectivity we consider, what happens, if for 
instance the local field strength is increased by a flying past particle. The matter located at 
this point is contracted for a short time, By coming closer to each other, the individual 
elementary vortices mutually reinforce their field and are further compressed. Sometime 
this process comes to a standstill, is reversed and swings back 
At the same time every single particle, which in this way carties out an oscillation of size, 
has an effect on its neighbours with its field, to also stimulate these to the same oscillation, 
but delayed by some time. This phenomenon spreads in all directions. The propagation 
only will become stationary, if all neighbouring elementary vortices pulsate with the same 
amplitude, It now should be recorded: 


The oscillation of contraction of the elementary vortices we eall temperature, 


‘Also this thermodynamic state variable therefore is a result of the variable speed of light. 
‘At the absolute zeto of temperature no oscillation takes place anymore, whereas the upper 
limit lies in infinity. Since the cause for temperature represents an oscillation of the local 
electromagnetic field strength around the cosmic field strength, the following phenomena 
must be considered as excitation and cause, as dictated by the fundamental field equation 
57; 


1. Electromagnetic waves (b) are able to stimulate matter particles to synchronous oscilla- 
tions of contraction by their alternating field, In doing so energy in form of heat is 
twansferred to the particles, with the result that their temperature is increased. The wave 
is absorbed completely, if the thermal oscillation corresponds with the frequency of the 

We speak of thermal radiation. 


2 But also the two dual vortices, the eddy current (c) and the potential vortex (d) can 
cause oscillations of contraction. This immediately becomes clear, if we consider a 
vortex as the special case of the wave, in which the oscillation takes place around a 
more or less stationary vortex centre. In the case of the decay of vortices, of the 
transition of energy from vortices to matter, the increase in temperature is measurable. 

In the ease ofthis process of diffusion we speak of eddy losses and of loss heat. 


176 heat energy 


Answers to open questions of thermodynamics: 


1. Temperature occurs independent of the state in which the 
matter is (unified theory). 


2.Temperature even occurs in solids, where a purely kinetic 
interpretation fails (unification), 


3. Each elementary particle is carrier of a temperature. 
4.Expansion with ing temperature because ofthe 


increasing need for room for larger amplitude of oscillation 
(principle: bi-metal-thermometer). 


5.For solids the thermal oscillation of size is primarily passed on 
by the electrons in the atomic hull. Good electric conductors 
therefore at the same time also have a high thermal conductivity. 
(principle: electrical re 


ance thermometer) 


6.For gases the entire atoms carry out this task, for which reason 


a kinetic auxiliary description becomes applicable. 


7.For extreme amplitudes of oscillation the atoms partly or entirely 
lose their enveloping electrons, when they change into the 
plasma state. 


8.The second law of thermodynamics loses its claim to be 
absolute and at best reads: with today's technology we are not 
capable, to design a cyclic working machine, which does 
nothing else, as to withdraw heat from a heat container and to 
convert it into mechanical work. 


Fig. 8.4: Questions concerning thermodynamics 
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3. Flying past particles, in particular unbound and free movable charge carriers (e) 
produce an alternating field for other fixed particles. Doing so kinetic energy can be 
transformed in temperature, thus in energy of pulsation. A good example is the inelastic 
collision, But it can also be pointed to numerous chemical reactions. Whoever searches 
for a concrete example, takes two objects in his hands and rubs them against one 
another. In that case the particles which are at the frictional surfaces are being moved 
past each other in very small distance, in this way causing oscillations of pulsation, 
‘which propagate into the inside of the objects according to the thermal conductivity. We 


speak of friction heat, 


This model concept provides sound explanations for a whole number of open questions 
(fig. 84), Le. why the temperature occurs independent of the state (1) and even in solids, 
‘where a purely kinetic interpretation fails (2). Every single elementary particle afterall is, 
carrier ofa temperature (3). 

With inereasing temperature most materials expand, because the need for room, purely 
‘geometrically seen, increases for larger amplitude of oscillation (4). This principle is used 
in the case ofa bi-metal thermometer. 

In the ease of solids the thermal oscillation of size is passed on primarily by the electrons 
in the atomic hull (5). Good electric conductors therefore atthe same time also have a high 
thermal conductivity. An example of an application isthe electric resistance thermometer. 
Inthe case of gases the entire atoms carry out this task, for which reason a kinetic theory 
‘becomes applicable as an auxiliary description (6). 

For extreme amplitudes of oscillation the atoms partly or entirely lose their enveloping 
electrons, when they change into the plasma state (7). 

Finally the model concept even limits the second law of thermodynamics, which contains 
the postulate that itis impossible to design a cyclic working machine, which does nothing 
else, as to withdraw heat from a heat container and to convert it into mechanical work (8). 


84 Heat energy 


The discussed oscillation of contraction shows two characteristic properties, which must 
be looked at separately: the amplitude and the frequency. 
Temperature describes solely the amplitude of the oscillation of size. 


TThe heat energy however is determined by both, 
by the amplitude as well as by the frequency. 


‘Consequently the ideas of temperature and heat energy should be Kept sicily apart. It 
therefore isn't allowed to set this oscillation equal to the electromagnetic wave in tables of 


frequency. 


To be correct two tables should be given, one for the wave, characterized by a propagation 
with the speed of light, and another one for oscillations of contraction, thus for stationary 
phenomena and phenomena bound to matter. The latter indeed can’ likewise propagate 
relatively fast by luctuations of pressure in the case of acoustical sound frequencies or by 
free movable charge carriers in the case of heat conduction, but the velocity of 
propagation for sound or heat is as is well-known still considerably smaller than the speed 
of light, Thus an assignment without doubts can be made as to which kind of oscillation it 
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Fig. 8.5: Heat conduction resp. sound 
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85 Sound 


The close relationship of longitudinal sound waves with the oscillations of contraction of 
thermally heated matter becomes particularly clear for ultrasound, where the arising heat 
in the inside of the body which is exposed to sound can be measured directly. The funda- 
mental difference consists of the fact that the produced sound waves not only have the 
same frequency, but also the same phase, what needs not be the case for the temperature. 
The apparently uncoordinated occurring oscillations of size of the temperature, which as a 
rule occupy more space if the intensity increases, form a “thermal noise" 


The oscillation of size with the same phase is not realizable at all in a spatial formation of 
particles, with one exception, the case that all particles expand and afterwards again 
contract simultaneously and in the same time. We can observe such a synchronization of 
the pulsation oscillations of all elementary vortices in the case of a pulsar. For us a pulsar 
looks like a “lighthouse” in space which shines with a fixed frequency. 
In reality it as well can concem a constantly shining sun, which carries out a synchronized, 
thermal oscillation of size, like a gigantic low-frequency’ loudspeaker. During the phase of 
contraction of the star its emitted light stays back. To us the pulsar looks dark. In addition 
the field strength is extremely increased and the light becomes correspondingly slow. 
During the phase of expansion the conditions are reversed and we observe a light flash 
Exactly the pulsar unambiguously confirms the here presented theory of the variable, field 
dependent speed of light 


The well-known fact that the microcosm represents a copy of the macrocosm, already 
suggests that each atom is capable of the same oscillation of size as a pulsar: if next to the 
oscillating atom a resting one is placed, then does this one see a smaller field during the 
phase of contraction because of the increasing distance. It hence becomes bigger itself. If 
the pulsating neighbouring atom afterwards expands, it however becomes smaller. The at 
first resting atom in this way becomes a "pulsar" oscillating with opposite phase. 
The oscillating atom has stimulated the neighbouring atom as well to an oscillation of size, 
‘and this process will be repeated with the closest neighbouring atom. We speak of heat 
‘conduction, 

To which extent the average distance between neighbouring atoms is influenced while a 
‘material is heated, solely depends on the structure of the atomic lattice. For matter with a 
fixed lattice according to expectation a smaller heat expansion will occur, as for the 
‘unordered structure of gases, in which we find confirmed well-known relations, 


In a for potential vortices characteristic property sound waves and thermal waves of 
‘contraction correspond: 


The propagation of potential vortex fields takes place as a longitudinal wave. 


In this point vortex fields clearly differ ftom the transverse propagating electromagnetic 


180 basic principle of cybernetics 


1, Ampére’s law (see fig 5.1): 


TotH = ¢- (E/t + 8E/3t) ro 


with relaxation time 1 = e/o 5. 
transformed: 8E/at = (1/e)-rotH - E/t rcs 


integrated: E = J((rot W)/e - E/ti] dt ca 


2. Faraday’s law of induction (in analogy): 


=rotE = q: (H/ta + 8H/6t) 6 


transformed: 8H/st = ~(1/u) + rot E - H/t2 6 


integrated: =H = S{(rot B)/u + H/t] dt Ga 


3. Signal flow diagram of the field equation 5.1***: 


adaptation of — | comparator |I-controller | control path 


driving factors 


Fig. 8.6: Control technical analysis of the dual equations 
of the hydromagnetic field. 
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8.6 Basic principle of eybeneties 


Surely can be attributed also information to the potential vortex. But how should infor- 
‘mation be formed? Is information a form of energy? Energy occurs as a consequence of 

the formation of potential vortices. Without this phenomenon there wouldn't be any 
energy! 

Can information be described by means of a mathematical equation? 

To be able to answer these questions, we subject the fundamental field equation to a 
control technical analysis. If it actually eoncems a world equation, then an answers should 
be possible, 


We again take up Ampere's law 5.1 from fig. 5.1 and remodel it according to the time 
derivative (5.1%). If the equation now is integrated over the time (5.1***), a signal flow 
diagram can be drawn (fig. 8.6). 

The structure of a regulatory circuit is clearly visible. The individual paragraphs are 
described in an analogous way as for a technical control system. The execution of the curl 
‘operation on the field pointer of the magnetic field strength H and the multiplication with 
Vp accordingly form an adaptation of driving factors. In the comparator the difference for 
control from driving factor w and controlling factor x is formed and supplied to an 
integral controller. The control path has a purely proportional behaviour and consists of 
the processing of the measurement value of the electric field stength E with 1/r, in which 

| describes the ~—relaxation ~—time = ofthe ~—= eddy-current, 
In technical control systems such a structure is found remarkably seldom, although it has 
aan invaluable advantage: it possesses a stability in principle. Not a single adjustment of 
the controller exists, in which the closed regulatory circuit could become unstable, 
because it shows a proportionally delaying behaviour of first order. Possible changes of 
the adjustment of the controller ot of the control path merely take effect on the speed, with 
which the regulatory circuit is able to follow changes of the driving factor. 
This control technical basic principle convinces by its simplicity and efficiency. It meets 
us ayain in identical form in the second field equation 5.4*, the extended Faraday’s law of 
induction. Ia dual formulation the electric field strength now appears as input factor and 
the magnetic field strength as output factor. Both regulatory circuits are coupled and 
connected with each other, by deriving their driving factor each time from the controlling 
factor of their dual partner. Is this structure actually efficient and meaningful? 
Every regulatory circuit needs a target value, which is dictated from the outside. Let us 
think of the numerous control systems in nature. At all events a higher intelligence would 
be necessary for all the target values. This problematic is comparable to the question, what 
existed first: the egg from which a hen hatches or the hen without which no eggs can exist. 
Without a given target, evolution would not exist 


The connected regulatory circuit structure provides the matching answer: cybernetic 
systems, which usually and as is well-known strive to a state of balance, get their target 
value from their dual "partner", It is crucial that correspondingly dual systems are self: 
sufficient and can form and develop independently out of themselves without target values 
ofa third side, This basic principle of cybernetics undoubtedly is brilliant. 
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adaptive regulatory circuit structure 


adaptation of 
driving factors 


Fig. 8.7: 
equation 


comparator) I-controller | control path 


Signal flow diagram of the fundamental field 


with adaptive structure. 
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8.7 Adaptive regulatory circuit structure 


If out of the nowbere something like the cosmos or like life on earth should form, then the 
connected regulatory circuit structure basing on duality probably is the only possible and 
conceivable. Thus it merely concems the control technical representation of the funda- 
mental field equation. 


The question for the efficiency not only concerns the stability, but equally the possibility 
of both systems, to oscillate and to communicate with each other by the coupling and the 
associated exchange of information. 


Fig. 8.7 shows the signal flow diagram of both regulatory circuits. These are switched in 
line and form a coupled circuit, which itself can be interpreted as a third regulatory circ 
Also this one shows a change of sign in the circuit like the other two circuits 


The information technical interpretation could tum out as follows: information about 2 
regulatory process in the lower regulatory eireuit Fj, caused for instance by a disturbance 
is communicated over the coupled circuit to the upper regulatory circuit Fp. In this case 
F\, acts as uansmitter and F\> as receiver of the information. Afterwards ‘both exchange 
their places, because Fis for its part reacts by a regulatory process and reports 10 Fy. The 
regulatory circuits adapt 10 each other. Obviously it concems the basic structure of an 
adaptive regulatory circuit 


To analyse the coupled circuit the examination of individual special cases is 
recommended. If the regulatory circuits Fy, and Fiz are opened up in the way that the time 
constants tau and taus go towards infinity, then the double integral effect is lefl. Analyses of 
technical regulatory circuit teach us that such systems always tend to instability, Because 
in addition the target value is zero, an oscillation around zero will atise, which we call 
electromagnetic wave. 

If one of both time constants becomes finite, e.g-r3, then damping of the waves will occur. 
‘The “subordinate” cascade regulatory citcuit Fi. will adjust itself and now has a propor 
tional delaying behaviour of first order. Together with the integral controller of the open 
F,,- circuit the coupled circuit will show the typical and more or less optimal regulatory 
behaviour of a damped oscillation 


These special cases correspond with the mathematical (fig. 5.2) and the physical (fig. 53) 
interpretation of the fundamental field equation. In addition a spatial rotation, a swirling 
‘will occur because of the double execution of the curl operation, 


If interpreted control technically then vortices are the temporally stable, spatial swing of a 
field pointer around a centre, the vortex centre. 


Without potential vortices no stability, no matter, no energy nor information would exist! 


t 
‘As can be looked up in Goethe's Faust, it always has been a desire of humanity, to find 
‘out, “what keeps the world together in the heart of hearts" 


Iss information 
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Fig. 8.8: Table of dual correspondences 
(as a supplement to chapter 3.3 and fig. 4.2) 
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88 Information 


The search for an answer for numerous philosophers and physicists was tantamount to the 
search for a world formula, Of course mustn't be forgotien that a formula only is a 
‘mathematical description and never the physical reality itself. It is a mathematical tool in 
the hand of a person and not the world or the cosmos itself, which he tries to understand. 
What keeps the world together in the heart of hearts, has to be more than only a pure 
apparatus of formulas, Actually the fundamental field equation tells us more. It reveals us 
1 basic principle basing on duality in which the dual partners mutually dictate target 
values and goals. This principle convinces by its simplicity and efficiency. Apart from the 
self regulation” it obviously also has the fundamental possibility of a "self 
organization" and the "generation of information". The field equations of the 
hydromagnetic field thus are the starting-point for the formation not only of matter and 
energy, but aso of information. Accordingly holds: 


Information is nothing but a structure of electromagnetic vortex fields! 


This statement is new and to a large extent incompatible with the conception world of 
Norbert Wiener, who goes as the founder of cybernetics. From N. Wiener stems the 
sentence: “information is information, not matter and not energy”. 

We hold against it that obviously a fairly direct connection exists, We have worked out 
that only the vortex can show a stable adaptive regulatory circuit structure. Only the 
vortex and not the wave exists in two forms of formation dual to each other, and the 
principle of duality again is the prerequisite for the formation of information, of self 
organization and finally for the evolution. In fig. 8.8 well-known dual partnerships are 
listed. From it follows in a consistent way that for the production of information without 
‘exception the electromagnetic vortices should be considered. 

But how can this so important duality occur, how can it form? This question is closely 
associated with the question of the formation of vortices. The signal flow diagram (fig. 
8.7) to that says that the dual regulatory circuits F; and F; can only exist by the coupled 
circuit, which provides them the necessary target values and at the same time forwards the 
respective information. In this way of the oscillations and the more or less damped wave 
F, and F communicate with each other. 


‘The electromagnetic wave —serves_-~— solely the 
mediation of information and energy. 
With that falls a central role upon the wave, so that vice versa is valid: 


Without wave no vortices, no duality and 

consequently no evolution can exist 

According to the to date state of knowledge the basic principle of cybernetics forms the 
basis for matter and energy as well as for information. Since the wave can only serve the 
transmission of information, the principle of duality and the vortex will function as 
carriers of information. We are entitled, to speak of vortex information, this by no means 
is characterized by special frequencies or modulations of frequencies. This is prevented by 
the property of the vortices which allows them to change the frequency. On the other hand 
various configurations of vortices are possible and numerous combinations and modula- 
tions are conceivable. 

If technical apparatus generate vortices, then they produce information, Here a serious 
‘danger with regard to the environmental compatibility can not be excluded! 


16 philosophy of nature, 


Equivalent things: 
* elements of the fundamental field equation 5.7 
elements of the Greek philosophy of nature 
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Fig. 8.9: The theory of four elements of the old Greek 
philosophy of nature (Aristotle and others) 
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8.9 Philosophy of nature 


Seen in the view of the philosophy of nature now two dual points of view are possible. 
The optimistic one would be: 

We and our environment on the one hand are a result of the cybernetic principle and on 
the other hand of our observation point of view which should be valued relaivistcaly 
If really everything should be electromagnetism, a phenomenon which can't be grasped 
directly by humans, then the pessimist would come to the conclusion: everythins is 
nothing. What we observe is nothins but a deception of the senses. Perhaps therefore 
famous philosophers of antiquity, like Empedokles or Demokritos have ended their life in 
the crater of the Etna. According to the theory of the atom of Demokritos (470 to 380 
BC, the formation of matter, earth and celestial bodies will occur by means of formation 

of vortices! 

Empedokles (482 to 420 B.C.) was the frst to develop a theory basing on four elements, 

‘which was continued and improved by Plato (428 to 348 B.C.) and Aristotle (384 to 322 

B.C). Accordingly these elements are changeable into each other and mixable with each 

other. From them all bodies are build up. 

The terms "ait, water, fire and earth, with which the philosophers have described the four 

elements, ae of course not identical with the ones in our translation and conception world, 

but they were used in a philosophical sense as a substitute for the description of the 

respective basic principle. 

There also have been different approaches, to translate these terms differently, eg. by an 
assignment to the four states of matter (soli, liquid, gaseous, plasma). But the ancient 

texts don't get easier to read in that way. 

Fig. 89 shows the obvious assignment to the four building parts of the fundamental field 
equation 5.7. It would be worth an attempt, to exchange the terms in the translations of 
ancient texts and to translate air with wave, water with potential vortex and fire with eddy 
current, The term earth has two sides, which should be translated with potential instead of 
‘wood and current instead of metal 

Let's try the translation this way with the theory of Plato", by correspondingly translating 
‘anew the talk of Timaios about the formation of the world, The perception of smell then is 
described as follows: "..as the potential vortex tums into waves (or) the wave into 
potential vortices, the smells are formed during this transition, and smells are smoke or 
fog. But fog is the transition of waves into vortices, the transition of the vortex into waves 
however smoke 

Plato here provides an indisputable and conclusive interpretation of the fundamental field 
equation. In this equation the potential vortex acts as damping term in the wave equation, 
‘what in the case of waves rolling up to vortices will show to the observer in the way that 
the electromagnetic waves and therefore also the light will be damped. We say, the 
visibility gets worse and speak of fog. If the damping phenomenon disappears again, as 
the potential vortices break up, then Plato speaks of smoke. 

Numerous ancient texts, which until now only could be "interpreted" philosophically, in 
this way tur out to be a rational textbook description of natural scientific phenomena. 
They anyway only get readable and understandable for the general public with the modem 
technical terms. 


<1: Platon: Samiliche Werke 5, Rowohlis Klassiker Nr 47, S- 188, 668 


1s formation of smell 


environment ‘on the one 


1 on the other ha 


Plato (talk of Timaios about the formation of the world) 
description concerning the perception of smell: 


“as water (the potential vortex) tums into air (waves) or air (the 
wave) into water (potential vortices), the smells are formed during 
this transition, and smells are smoke or fog. But fog is the transition 
of air (waves) into water (vortices), the transition of water (vortex) 
into air (waves) however smoke" 


changed translation with the technical terms: 


ai _= wave 
water ___ potential vortex 
fire eddy current 


As a consequence: 


smell is vortex information 


Fig. 9.0: The explanation of Plato concerning the 
formation of 
smell, smoke and fog 


<i>: Platon: Samtliche Werke 5, Rohwoblts Klassiker Nr. 47, 8. 188, 662 
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9. Usage 


If the newly discovered vortex phenomenon of the vortex of the electric field exists, then 
it will be possible to practically use it. Whereas we still think about possibilities for 
technical usage, there by all means exists the possibility, that nature already is successfully 
using the vortex for a long time. We should look precise at things. We can only learn of 
nature! 


Remarkable about the passage of Plato (fig. 9.0) is not only the fact, that the potential vor- 
tex already was known for two and a half thousand years and was taken into consideration 
for an interpretation, but also the realization of Plato, that during the described transition 
the smells form, Smell thus would be a vortex property! 


After all vortices are able to bind information as can be inferred from the basic principle of 
cybernetics. With this vortex property and the statement of Plato smell obviously would be 
nothing else than pure information which by potential vortices is stored, distributed and 
eventually is caught by the hair cells. for smell ofthe nose. 
Ifnow a dog takes up a track, does it then run after vortices which remained behind or 

does it analyse, according to the encyclopaedia, the chemistry left behind, or does it 
combine both? Does the bloodhound for instance interpret the vortical oscillations of 
chemical substances like lattice oscillations or the movements of the electrons in the 
atomic hull? A lot of work awaits the research scientist of vortices here. The seminar will 
offer opportunity, to deepen this topic”. 


Only if technicians exist, who put an electronic box on the table with a button, at which 
they adjust the wanted scent of rotten eggs to lavender, we honestly can claim to have 
understood the phenomenon of the smell. 


For the majority of the people a theory only wins its sense by the practical applicability, 
and therefore we'll have to develop and present a technical usage on the basis of the 
vortex theory. 


ist Suggestions Tor appropriate seminar themes: the meaning of smell, taste, the 
aroma therapy, the homeopathy or the effect of aetheric oils. (To that in part 
3, INDEL Verlagsabt. 2003) 
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The basic experiment 
with the Tesla coil: 
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Fig. 9.1: High tension transmitter of Nikola Tesla 
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9.1 Longitudinal electric waves 


It is important, that experts struggle for problem solutions. Only if the discussion about 
limits doesn't come to a result which can be grasped and verified, then also in the 
environmental compatibility the willingness will grow, to accept a not yet known 
phenomenon as a further and possibly crucial influential factor. 

‘Already for a hundred years there has been a dispute of experts. At that time scientists all 
‘over the world were uying to verify the experiments of Heinrich Hertz. Then from 
America the message came, Hertz had been mistaken and the electromagnetic wave would 
have completely other properties. The scientists in Europe were indignant, but they had to 
take the message seriously, because it after all came from the important experimental 
physicist Nikola Tesla (1856-1943), who with his inventions of the rotary field and of the 
asynchronous motor has stamped today's electric energy technology as no other. 


As a result Lord Kelvin boarded a steamship as a mediator and sailed 1897 to New York 
to convince Tesla from the opposite. But the experiments, which Tesla presented his 
Lordship, didn't give rise to any doubts”, and thus Kelvin retumed to Europe with the 
message: "Both are right, Tesla as well as Hertz! Whereas the electromagnetic wave which 
Hertz has detected, is a transverse wave, does Tesla work with a longitudinal wave"! 
Lord Kelvin as a result started to draw most different vortex models, because it was clear 
to him, that a propagation as a longitudinal standing wave analogous to the sound wave 
only is conceivable, if quantized structures exist, which knock each other mutually. Kelvin 
therefore assumed vortex structures of the electromagnetic field. His vortex models were 
published and landed in the curiosity box of orthodox science. 

Heinrich Hertz did have a big advantage. He could refer to Maxwell and calculate his 
wave with the field equations. For modem technology the mathematical calculability is 
almost an indispensable prerequisite! 

For Tesla wave there however neither was a mathematical nor a physical theory. The only 
thing Testa had, were presentable experiments. 

In Colorado Springs he had build a 10 kW transmitting installation and lighted 200 fluo- 
rescent lamps of 50 Watt each on a mountain in the Rocky Mountains in a distance of 25 
‘miles. With that he had completely transmitted the transmission power of 10 kW, as can 
be inferred from the press reports at that time. With Hertzian waves, which propagate 
spatially, this experiment even today, after over 100 years, wouldn't be realizable techno- 
logically. According to the law of the square of the distance one isn’t even able to let glow 
‘tiny litle lamp in such a distance. 


For sure his rotary field theory was a big help for Tesla in all experiments. Actually a 
rotary field can be seen as the special case of a planar vortex. 

Thus Tesla obviously was able, to use the potential vortex without even knowing it. Tesla 
has stimulated a loosely coupled high tension coil wound like a spiral to self-resonant 
‘oscillations and emitted the produced vortices over an antenna (fig. 9.1). On the receiver 
side the process was then reversed. 


<i: __N, Tesla: Til, The Singular Misconcepiion of the Wireless (Famos Scientific 
Illusions), Electrical Experimenter, Feb. 1919, p. 732. 
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‘wood-wool or 


wooden box Sains wel 


Fig. 9.2: Orgone accumulator according to Wilhelm Reich.“ 


<i> Dr. James DeMeo: The Orgone Accumulator Handbook, 
ISBN 0-9261855.0-7 
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9.2 Medical technical usage 


Nikola Tesla at his time was extremely popular in the area of medicine. With his inven- 
tions injuries were cured and pain eased. Modem diathermy goes back to his work. But 
Tesla at that time has ueated the patients with vortices, whereas today, possibly out of 
ignorance, electromagnetic waves are used. These however have in contrast to potential 
vortices only a small penetration depth. Today in addition only the effect of heat is con- 
sidered and in no way the information technical effect of electric vortices. Here we are 
‘missing the comparison, to be able to say. if the treatment with a Tesla apparatus was 
‘more successful than with modem microwave radiators 


The experiments of Wilhelm Reich (1897-1957) aimed in the same direction. Exactly as 
Tesla 55 years before also Reich emigrated to America in 1939. He had specialized in 
catching and collecting vortices, which he called "orgone", from the air. In this way he 
could store up high energies over time and then use them purposeful. With his “orgone 
accumulator" he was able to cure wounds faster and to ease pain. He also treated cancer 
and a lot of forms of anaemia. Technically Reich could demonstrate, that charged 
capacitor plates discharge faster under the influence of his apparatus. His orgone 
accumulator for instance is a wooden box, filled with wool of steel and wood, which 
altemate in layers. He said that the reason for this construction is, that metals repel the 
forgone energy, whereas organic materials become charged and accumulate it, That holds 
in his opinion to a particularly high degree for water. 

Reich concludes that no material and no device are known, with which the orgone energy 
could be shielded. This with regard to the environmental compatibility of the vortex 
phenomenon should make us thoughtful 

‘As a supplement it should be mentioned, that Reich already at the end of the forties has 
pointed to the dying of the forests and he has made a direct connection to the orgone 
energy. Reich was slandered and mocked and died in the prison of Connecticut, while his 
\writings were burned publicly. 


Not much better fared the Austrian forester Viktor Schauberger (1885-1958), who also 
can be described as visionary. He was able to produce water with a particularly good 
conductivity. His water in addition goes for medicinal and healthy. Also to him travelled 
cancer patients of far away to get this water. 

Schauberger spoke of the natural treatment of the water, whatever he meant with that. In 
‘any case he build with great success installations to transport wood by floating it and even 
installations to mine ore with so-called double twist pipes, which made possible a 
transport without friction even of materials, which are heavier than the "means of 
transport" water. It could be proven that no contact with the pipe took place. This was 
scientifically investigated and confirmed at the university of Stuttgart 1952 by Prof. Popel. 
Quite obviously in the double twist pipe vortices have formed, which have bound the 
‘material to be transported (see phenomenon of transport) 

Today you can buy levitated water at over 100 selling points in Europe, of which is 
claimed, that it is prepared according to instructions of Schauberger. Unfortunately we 
aren't able to ask him anymore, if he agrees with such a "centrifuged" water. Thus the test 
of the effectiveness has to be left to everyone himself or herself. 


14 flying objects 


the functioning of the Faraday generator 


B: Construction of the flying dise: 


Fig. 9.3: Applications of the Faraday generator” 
in the flying dise of Prof. John Searl 
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9.3 Blying objects 


The medium of Viktor Schauberger always was the water. He could produce light effects 
and very high temperatures with it with only minimal excitation in the form of impulses 
‘An installation, which had been built according to his plans at the company of Siemens, 
eventually melted at 4000°C by improper operation, as he himself stated. According to 
that the machine would have released more energy than used, thus a perpetuum mobile 
The authorities of the state in the Third Reich were impressed and put Schauberger in a 
concentration camp, where he was instructed to build a "flying saucer" under permanent 
supervision together with fellow prisoners. For him it's all about the concentration effect 
and the usage of the as a result occurring implosion in contrast to our today's " technology 
‘of explosion and fire" as Schauberger was accustomed to express himself 
Itis not known, if Schaubergers "repulsine" ever has took off. 

‘A disc, which has proven its suitability to fly, was constructed and built by the english 
technician John R. R. Searl, although he said he can't explain the effect. He also had big 
difficulties, to get the apparatus under control, A dise broke through the ceiling and the 
roof of his laboratory and disappeared to never be seen again. Five other flying discs, 
which he after this experience started in the open, went lost in the same manner. 
Without knowing the effect, he of course neither could assess the dangers. His 
experiments have claimed serious injuries and a casualty. While he 1985 was put in prison 
under a pretext, his laboratory and his house were bumed down and all documents 
destroyed. Now he works on a technical usage. According to the principle it concerns a 
Faraday machine. Thereby a permanent magnet, magnetized in axial direction, is tumed. 
Now the magnetic induction B for a relative velocity v is measured as an electric field 
strength E according to equation 6.10; E= vx B (6.10) 
Because the vectors are arranged as standing perpendicular to each other, will arise a 
tension voltage in radial direction (direction of E-field) which can be taken off. Apart from 
the friction no further force of reaction occurs in the case of the Faraday generator. 
Because of the small gain of energy until today no application ready for the market exists. 
But this principle, to convert magnetic field energy into electric, already has moved the 
nature of many inventors, Professor Searl has reversed this old principle. Whereas 
normally the component of the velocity towards the centre of rotation decreases, it 
increases in Searls case. For that he works with roller pivoted concentric rings, which he 
drives by a small electric motor (fig. 9.3). Doing so something inexplicable for him 
happens: After switching off the motor the revolutions per minute don't decrease again, 
but increase audibly and increase further, until the produced electric field shows the well- 
known high tension phenomena: corona discharges, formation of ozone, ionisation of the 
air and production of a vacuum in the inside of the disc 

The rings and rollers consist of several layers, which are built up similar to a bi-metal. The 
only explanation I can think of is that a change in structure would occur as a result of the 
physical length contraction which is caused by the increase of the E-field in the direction 
of the centre of rotation. The bi-metals uy to withdraw themselves from this change by an 
increase of their rotation of their own (fig. 6.5). To compensate the field the dise builds up 
a spin, as also the elementary particles do (fig. 6.13). While the formation of vacuum pre- 
vents sparking in the inside of the flying dise, and the revolutions per minute further in- 
crease because there is no air friction whatsoever, the dise weighing S tons all of a sudden 
lakes off the ground and according to reports of eyewitnesses shoots vertically upwards. 
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ecto gravitation 


high tension 


—_——_——_——+ 
atom direction of movement atom 
(air) (charged capacitor) (air) 
Fig. 9.4: Capacitor experiment concerning the so-called 


electro- 
gravitation according to Prof. Biefeld / Dr. Brown. 
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9.4 Electro gravitation? 


Wild speculations circulate about the mechanism of the flight of a "flying saucer”, which 
should function without sound and without combustion, and for which no sound. barrier 
exists, as pilots have observed. The talk is about cancelling gravitation or about an 
“electro gravitation". 

Reproducible in any case is an experiment, which has been systematically investigated by 
the american professor Biefeld and his pupil T. Brown from 1925. Accordingly does 
body charged to high tension show a force effect in the direction of its positively charged 
note. As a check for oneself a capacitor can be suspended on its connection wires and it 
can be observed, how it moves visibly in the direction of the positive pole in case it is 
charged (fg. 9.4), 

Because the Biefeld-Brown effect depends on direction, it actually cant concem gravita- 
tion at all but merely a not understood electromagnetic interaction. In the neighbourhood 
of the capacitor pole air molecules are found, and their negatively charged atomic hull is 
attracted by the positive pole. At the same time the atomic nucleus is repelled. By that the 
air atoms in the presence of the high tension capacitor become unsymmetrical, causing the 
force of attraction due to the smaller distance to exceed the force of repulsion. At the 
negatively charged end the conditions are exactly reversed. There a repulsion occurs. 
Because the polarized air atoms and molecules are sucked in, no pressure can build up and 
fs a result no sound barrier can occur. Experiments with charged and uncharged rockets 
have brought the interesting result, that the electrically charged rockets flew many times as 
far as the uncharged ones (5-6 times as high)". 

Many a person now perhaps starts to dream of the flying carpet but, as said, it isnt an 
“effect of antigravitation". Does "fie energy" actually exist, we have to ask ourselves? 
From the gravitation the soviet physicist Landau calculates an energy density of 16 
megawatt hours per cubic meter for the earth's surface. Immediately inventors are found, 
‘who want to use this gravitational energy. 

Nikola Tesla in his laboratory in Manhattan has incidentally built resonators, of which he 

could bring all electric, magnetic and mechanic factors in resonance. On an evening stroll 

he fastened a battery operated vibrator to the tubular stee! scaffolding of a new building 

and let everything shake and wobble. In his laboratory such a device once got out of 

control by inattentiveness and triggered an earthquake. In that way the road surfacing and 

pipes were burst and window panes got broken. The police penetrating his laboratory only 

could see, how Tesla forcible finished the experiment with a sledge-hammer 

‘The experiments which got out of control of Tesla, Searl and Schauberger have one thing 

in common: it concerns constructions with an unipolar arrangement of the field. 

Tesla had arranged the magnetic field in a unipolar way, as he has reported himself, Sear 

had realized electric unipolar fields in a construction similar to the electron, and Viktor 
Schauberger had specialized in producing unipolar structures with water vortices 

In the case of the corresponding technical usage, which can be interpreted as making use 

‘of the occurring "spin coupling”, therefore in principle utmost caution is imperative 


<i: ___Rho Sigma (Dr. Rolf Schaflvanke): Forschung in Fesseln, das Ratsel der 
Elektro-Gravitation, Ventla-Verlag, Wiesbaden, 1972, Page 67. 
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Nikola Tesla: ,,Ere many generations pass our machinery will be 
driven by power obtainable at any point in the Universe This idea 
is not new, we find it in the marvellous myths of Antheus, who 
derives energy from the earth... Everywhere in the universe there 
is energy. Is this energy static or kinetic? If static, our hopes are 
in vain; if kinetic, and this we know it is for certain, then it is a 
more question of time when men will succeed in attaching their 
machinery to the very wheel work of nature”. New York, the 20" 
may 1891, American Institute of Electrical Engineers. 
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Consumer light bulbs 


Fig. 9.5 Energy transmission bound to a wire, 
Patent No. 593,138 (1897) of Tesla. 


<i>: Philadelphia Public Ledger, Nov. 2, 1933 
<ii>: Dr, Nikola Tesla: Complete Patents, Tesla Book Company, New Edition 1983, 
Compiled by J. T, Ratzlaff, ISBN 0-960356-8-2, page 301-304. 
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9.5 Free energy? 


Furthermore is reported of Tesla, he would have developed a "converter for space 
energy" and 1931 have built it in a luxury car (Pierce Arrow)". The car was a 14S km/h 
fast, doing so the asynchronous motor (presumably built by Westinghouse) fumished 80 
HP ‘at 1800 Rpm. The “free energy” the converter, build by Tesla himself, got from a 1.8 
1m long antenna. Because the motor ran without adaptation of frequency in slipping 
operation, it had to be cooled correspondingly. It was on the way in tial run for over a 
week. Now we of course want to know, of what this "ftee energy" consists, which Tesla 
will have used and of which he already 1891 had spoken in the American Institute of 
Electrical Engineers 

For the electron as a spherical vortex we have calculated an electric tension voltage of $11 
KV between its surface and its centre respectively infinity (equation 6.31*, fig. 7.1). The 
highest level of tension voltage normally used for the high tension wansmission lies at 380 
KV (effective value): for a direct current tansmission it is S00 kV. Although still higher 
tension voltages would be desirable, they are avoided. This is no accident. Experiments 
with higher” tension voltages namely have resulted in inexplicable high — losses. 
We have an explanation: the electrons are taken apart on the way! Their inner energy 
amounts with the outer energy to zeto. The charge carrier, which in the power station as 
result of an energy conversion has been sent on a journey, is in danger to vanish into thin 
air (@.g. corona) for tension voltages above SII kV. The transmitter of Nikola Tesla how- 
ever (fig. 9.1 and 9.5) worked with 600 kV and more. He said, with his experiments he 
had destroyed billions of particles without being able to observe an emission of energy 
and made fun of the misinterpretation of Einstein of the already at that time well-known 
mass-energy relation E= me’ 

For the purpose of a one wire or a wireless energy transmission the tension voltage there- 

fore has to be higher than S11 kV. With Teslas equipment however the electrons shouldn't 
be destroyed, but merely be pulled apart to plane circular vortices with help of the today 
is Tesla coil known winding. These then could be sent on a journey over the antenna, 10 
again be caught and formed back in spherical elecwons by the receiver antenna. AS long as 
the electrons don't fall apart, they keep their structure and quantum property. Quanta pass 
on an excitation, for instance a bump, in form of a longitudinal standing wave, by one 
particle bumping the neighbouring particle, analogous to sound waves, where one gas 
molecule passes the bump on to the neighbour. The transmission hence takes place as 
longitudinal scalar wave. 

Electrons pulled apart to planar vortices in addition haven't got a closed vortex centre 
anymore on their joumey. For the by Tesla in his laboratory used and publicly presented 
cone wire energy transmission (1897, Patent Nr. $93,138) the transmission hence doesn't 
take place in the wire, but as vortices around the -wire. That explains, why only a 
relatively thin conductor, which normally should have melted, was necessary for a 
demonstrated power transmission of 10 kW. Tesla however could show, that the wire 
stayed cold and virtually no heating losses were measurable<ii> (ig. 95). 
He himself said, that this one wire transmission technology is much better than the alter- 
nating curent technology full of losses, which stems from him as well. Tesla must have 
known the limit of 311 kV very exactly, because on several photographs one can see, that 
he changed the coiling technique off this value! 


Philadelphia Public Ledger, Nov. 2, 1933 
i>: resp. Tesla's lost inventions, VAP, page 36 and page 48, 49. 
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— 
"Action potential" Synapse 
(= amplifier) (- electrical signal) (= diode + 
memory) 


cell body (soma) nerve fibre (axon) 


Nerve conduction with 120 m/s 


Fig. 9.6; Nerve cell and message processing (neurons) 


+ Material information conduction: at plants 
+ Information conduction with hormones: at simple animals 


+ Electrical information conduction; at higher developed 
creatures 


+ Analog transmission: from 10% and more difference in 
potential, and 


+ Digital transmission: number of the action potentials 


+ Modulated information: i.e. complex modulation of the 
action potential (the potential vortices) 
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9.6 Nerve conduction and action potential 


Technical solutions often are only a suboptimum and many times they are anything but an 
‘optimum. In many cases the feasibility stands in the foreground. In the question of the 
current distribution at that time the decision was made for the worse system, the full of 
losses three phase system, because no current meters were available for the free of losses 
fone wire technology. Without being able to collect money from the consumer, it wouldn't 
hhave been possible for the energy distribution installations to pay for’ themselves. 
Compared to that is nature with its selection principle merciless and without compromises 
Only the most efficient system has a chance to survive and to spread. If it’s about trans- 
mittining information in an electric way and two different principles present themselves, 
then in nature only the better one will be brought into action. 

Lets take a look at the nerve conduction in the human body. In the synapses ion concen- 
trations and electric potentials of 70 to 90 mV arise. Here with conventional gauges the 
activity of a nerve can be detected. From a measurement of the transmission time of 
synapse to synapse the velocity of the signal is determined. If we however want to 
measure between the switch points on the line, then we have to find out, that for instance 
with an ammeter actually nothing is measurable. In addition the nerve fibre has a 
miserable conductivity 

The biologist calls the electric signal just "action potential" and draws a vortex-like ring 
around the nerve fibre and speaks of a mixed digital and analogue information 
transmission, 

The doctor on the other hand knows two different types, fast and slow nerves. In the inside 
both are built up virtually identical. A characteristic difference consists of the fact, that the 
fast nerves are jacketed with a thick fat layer. 

The technician would say, they are better isolated, but why they therefore should be faster, 
he hardly would be able to answer. If we however assume, that the action potentials or OUT 
potential vortices oscillate around the conductor, thus exactly in the isolation layer and are 
forwarded there, then possibly an explanation would have been found, 

TThe nerve conduction moreover has much in common with the one wire system of Tesla: 


1. Charges and electric potentials are transmitted 
2 Doing so a uansport of charge carriers, thus an electric current on the 
line, isn't detectable. 

3. Consequently no losses worth mentioning occur. 

4. Decisive for the functioning isthe dielectric insulator material which surrounds 

the conductor and not’ the electric resistance of ~— the conductor. 

5. _In contrast to electric circuits a draining conductor is unnecessary. 


It looks as if the one wire system is not new at all, as would nature use it already for ages 
in the highest perfection. We realize immediately, why our head does without a ventilator 
and how the high of signal processing density can be explained. Compared with our brain 
modern personal computer (PC) with their backward cable technology are far less than a 
suboptimum. 

With regard to the pressure on the environment by interference radiation we had derived, 
that currents and eddy currents with the skin effect direct their radiation to the outside, 
whereas potential vortices with their concentration effect direct it to the inside. Probably 
for this reason the radiation field of a person is environmentally better compatible than 
that of a PC 
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wireless energy transmission technology 
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Fig. 9.7: Wireless energy transmission, 


Patent No. 645,576 (1900) of Testa.” 


Dr. Nikola Tesla: Complete Patents, Tesla Book Company, page 311-321 
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9.7 Wireless energy transmission technology 


Tesla still went a step further, He has cut the wire connection between transmitter and 
receiver (fig. 9.5) and instead has installed each time a spherical electrode (fig. 9.7). With 
this facility he now was able, to transmit energy completely wireless (1900, Patent No. 
645,576). Building on this principle Tesla already 1890 had built a radio remote control 
for a battery operated submarine and had presented his patented system the navy. But they 
‘weren't able, to recognize the strategic importance of the radio technology and rejected 
with the words: "Its too advanced!" (fg. 9.8). 


Tesla further had proven with this technology the mentioned proof concerning the 
existence of longitudinal electromagnetic waves. There exist descriptions, partly of Tesla 
himself, how he, inside oF also outside his laboratory, goes in search of oscillation nodes 
of the standings wave= swith» alsmeasuring receiver" 
He names several conditions forthe wireless energy transmission: 


1 “perfect resonance” (same frequency) of transmitter and receiver 
2. Installation ofthe receiver on an “oscillation node" (maximum). 


Important is also the measurement of the velocity of propagation, and that isn't constant 
from the start for a wave, which oscillates in the direction of propagation. From the 
research of earthquakes we know, that the longitudinal waves are faster than the as well 
‘occurring transverse waves, Usually the distance to the epicentre is determined fom the 
difference in transmission time. 

In the patent specification the measurement is deseribed"*. ‘Tesla has sent longitudinal 
radio signals from his transmitter in Colorado Springs once around the earth along the 
earth's surface and determined a transmission time of 0,08484 seconds. This corresponds 
to a frequency of approx. 6 Hz. He saw his result confirmed, as he could find the oscilla- 
tion node of the standing wave again (according to?/2)in his laboratory (on the ground 
plate), 

For the full wave length the Schumann resonance, which describes a standing wave of 
tan around the earth running Hertzian wave, lies as is well-known at 7.8 Hz! Tesla 
calculates for his wave a speed 1.6 times the speed of light assuming the polar radius of 
the earth tobe 6363 km 

Also this measurement result confirms, that Tesla didn't use the Hertzian wave. Tesla 
found the off-beat concept of Einstein, the speed of light would be the fastest possible 
velocity of signal transmission, only funny. If however today is claimed, 1993 in 
tunnelling experiments for the first time a speed faster than light has been measured, then 
this just isnt true. Possibly also the Tesla wave tunnelled, as the vortices for a small 
conductivity of the air contract and as a result of the length contraction become 
comespondingly fast. 

Later Tesla after several goes in vain even succeeded in building a high tension tube as a 
tunnel, with which the velocity of the signal could be increased arbitrarily. Tesla with that 
pursued the goal to be able to make radio contact with other worlds " 


N Tesla: Art of Transmitting Electrical Energy Through the Natural Mediums, 
vatent. No. 787412, 18.4.1 Complete Patents pp. 397-402, 

M. Cheney: Tesia, Man out of Time, Bares & Noble Books, New York, 1993, 
lund 8. 309, Omega-Verlag, 1996, ISBN 3-930243-01-6 


204 ‘measuring and switching technique of Nikola Tesla 


radio and radio 
transmitter receiver 
Fig. Energy wave broadcasting system, 


Patent No. 787, 412 (1900) of Tesla. 


In today’s switching technical notation: | 


(sphere bridge rectifier 
antenna 


‘Transformer 
charging = lie 


capacitor 


HF- 
generator timed load oH 


Vege 205 


9.8 Measuring and switching technique of Nikola Tesla 


‘As an important and accepted experimental physicist with 14 doctor titles and carrier of 
the Edison medal Tesla always has held on to his measurement results. Not a theoretical 
interpretation but exclusively correct carried out measurements have shown him the 
physical reality. But the by Tesla won measurement results were already for 100 years 
hhard to digest and couldn't be brought into accord with any theory. Therefore a switching 
technical analysis of the by Tesla described and carried out experiments should give us 
now information over the nature of the free energy, the tachyon energy, the orgone, of 
however fantastic the terms may read. 

The Tesla coil, according to the instructions of the inventor, is a flat coil wound like a 
spiral in contrast to the copies today on sale which, surely out of ignorance, are_mostly 
cylindrical. Its peculiarity probably is to be seen in the circumstance, that charges moved 
through the wire of the coil inevitably inerease their angular velocity towards the centre, 
In this way the electrons, which at first are spherical elementary vortices, are pulled apart 
to vortex rings like planar dises. 

Tesla switches the "secondary" called flat coil between two "terminals", Following he 
sends, stimulated by his "primary", charge carriers from one terminal to the other and back 
‘again and produces a standing resonant oscillation. 


Mostly replaces Tesla one of both terminals by the earth, He thus assumes, that now the 
earth as a spherical electrode takes over the function of one terminal. That he again infers 
from the observation, that a by the transmitter wireless fed little lamp goes out, if he cuts 
the connection to the ground. Doing so the oscillation collapses. Radio sets on the other 
hhand can also be operated without grounding, as we know! 

The degree of effectiveness of today's distribution technology of current due to the 
heating losses lies clearly beneath 100 per cent. Without the losses of the wiring it lies 
close to 100 per cent for the discussed one wire energy transmission, There the vortex 
rings are guided nicely one after another along the line like beads drawn over a string 
This result even is to be expected, as far as no vortex "jumps off the wire or "falls apart 
For the wireless version Tesla however to his own surprise had to find out that more 
energy could be received, than his transmitter produced. The measured degree of 
effectiveness lay above 100 per cent! He therefore called his transmitter a "Magnitying 
Transmitter" (fig. 9.10). The further transmitter and receiver were away of each other, the 
further the received energy increased. Tesla inferred from this, that there had to exist free 
‘energy and that he had caught that too, 


Consequently he had built a receiver for free energy and registered for patent (1901, 
Patent No. 685,957, fig. 9.9), Tesla states that the amount of energy depends on the size of 
the "terminal". Of today’s sight we could be willing, to describe this receiver plate as a 
solar panel, but we should know, that the apparatus produced energy even at night! In 
addition the energy gain was considerable higher than for today's solar panels. Tesla 
spoke of "radiations ", of an unknown radiation and he in his lifetime has in vain sought- 
for help of explanation, 
The vortex model will also in this question be a valuable help to us. 
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Fig. 9.9: Receiver for "free energy", 
Patent No. 685,957 (1901) of Tesla 


9.9 Energy technical usage 


The answer of the potential vortex theory could turnout as__follows: 
If at the transition of the one wire to the wireless transmission the ring-like vortices is 
purloined the guiding wire the vortices immediately begin to turn around each other, as is 
observable for flow-technical ring-like vortices, In this way the ring-like vortex the next 
‘moment shows its inside. If it before was an electron vortex (fig. 4.3), then it now shows 
as positron, if it was negatively charged, then it now is positively charged. Following it 
oscillates back again, ete. Wit that the ring-like vortex on the average has no measurable 
charge and no mass, because it altemately forms matter and anti-matter. Without inter- 
action it has an enormous ability of penetration . In physics such particles are called 
neutrinos. 

Tesla thus had, apart from his transmitted energy wave, which tumed out to be neutrino 
radiation, by chance also caught neutrinos which oscillated synchronously. 


According to the actual level of knowledge do neutrinos penetrate the earth and appear 
also on the night side. The order of magnitude in every second amounts to approx. 66 
billion neutrinos per square centimetre. It is a true bombardment. If we would be able, to 
collect and convert all neutrinos, the won energy would be entirely sufficient, to cover the 
need for energy of the world population (approx. 27 W/m’). We merely have to 
‘materialize them, thus give them mass, charge and the necessary localization. ‘Tesla was 
able to do that experimentally! Let's record: 

The ring-like vortices, which Tesla with his transmitter has sent on a joumey as electrons 
‘with an open vortex centre, are neutrinos (fig. 7.12). Tesla requests that transmitter and 
receiver operate in resonance, thus with the same frequency. Under this condition the 
receiver collects in a oscillating Vortices, so that no one is lost. 

If the neutrinos for instance are just positively charged when leaving the transmitter 
electrode, then an electromagnetic force of attraction takes place, if the receiver electrode 
fat the same time is negatively charged. ‘The required operation ‘with the same frequency 
‘and opposite phase guarantees that also the next moment, if both, the neutrino and the 
receiver, have changed their polarity, the electromagnetic attraction is preserved. 
It is obvious, that strange neutrinos which fly past and by chance oscillate synchronously 
are as well attracted. In that way the power collected in the receiver capacitor will increase 
further and degrees of effectiveness of over 100% are obtainable. Tesla discharges the 
receiver capacitor timed with the frequency of resonance (fig. 9.9) and points to the 
difficulty of an exact keeping of the condition of synchronisation 

Tesla indeed did work on a theory of his own, but never published it. The patent office and 
his lawyers had to proceed from the Maxwell theory, although Tesla knew only too good, 
that his apparatus in no way could be described with this theory. It therefore can't be 
excluded, that important facts in his patent specifications haven't been mentioned at all ~ 
for even’ worse - consciously or unconsciously in an inapplicable manner have been 
explained with the Maxwell theory. 

Pethaps this is the more profound reason, why the numerous ‘Tesla imitations don't want 
to function quite so well. With the new theory there should be some changes, and we 
should accept the challenge for the sake of humanity. 
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‘The transmitter tower of Tesla (57 m high with a spherical electrode of 21 m) 
for the transmission in multiplex mode of operation (according the inventor) of. 
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Fig. 9.10: The planned transmitter Wardencliff of Tesla on 
Long 


Island, 7.5 MW (1902). 
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9.10 Environmental compatibility 


We now can summarize the different observations and try to find answers for the in the 
first chapter raised questions concerning the electromagnetic environmental compatibility 

The by Tesla used longitudinal energy wave is a potential vortex wave in the sense of the 

vortex model of Kelvin, which we again could identify as neutrino radiation (Dirac). 

Also other, partly quite fantastic terms, are known like "radiations" (Tesla), “orgone 
radiation" (Reich), "tachyons” (Feinberg), radiation’ (Hartmann), "bioradiation" or 
"water veins" 

Actually these rays have nothing to do with water as a cause. Water with its high dielec- 
ticity however favours and influences the course and the local distribution of the 
radiation. The maximums of the standing wave considered for themselves result lines in 
straight as a die in the landscape. Of Tesla is known, that he measuring technically could 
detect the cross points of the lines, which he called oscillation nodes. 
There exist so-called dowsers, who can make these standing waves out even without 
technical aids. For that they hold a fork in their hands, which suddenly moves over such 
lines 

Let's remember that the same potential vortices are used at the nerve conduction as 
reaction potentials to conduct stimuli. If ring-like vortices arrive at a muscle, it contracts 
without knowing, if the signal was sent from the brain over the spinal cord or picked up 
from the environment over the fork and the hand. 


TThus if the same signals, which we use for the tasks of controlling and thinking, are also 
produced by technical apparatus, then this touches the question of the environmental 
compatibility in a direct way. Above extremely strong points of resonance, which are 

called "geopathic zones", now and then even is wamed about “psychotronics", a function 
trouble of the brain, which can show ina disturbance of the waking consciousness. 

A possible explanation would be that the brain is occupied with so much vortices picked 
up from the outside, that it isn't able anymore to accomplish its actual tasks. For muscle 
cramps or an inexplicable crash of a PC an correspondingly interpretation would be 
obvious. 

As long as no gauges are available, the highest caution is imperative! 


If Tesla had been able to put into operation his transmitter tower for longitudinal waves 
(World Telegraphy", Wardenelyffe, Long Island, s. fig. 9.10) with the estimated power of 

7.5 Megawatt and thus had been able to realize his dream of a world-wide wireless 
‘communication, then this could have had hardly estimable consequences for the health of 

the world population. 

Shortly before the completion of the project, in the year 1905, Tesla without notice let stop 
all work. He to that never made an explanation to anyone. Officially it was said, his 
financial backer J. P. Morgan would have withdrawn his financial means. In any case 
‘was Tesla financially ruined with this step. 

Perhaps also T. A. Edison was behind it, who was his opponent at that time. Edison 
committed himself engaged for the use of direct current. Against the altemating current, 
preferred by Tesla, Edison argued with unhealthy risks, and with that he perhaps wasn't 
so wrong at all 
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Fig. 9.11: Concerning the technology of the Wardencliff 
transmitter (fig. 9.10). 


<i>: Dr. Nikola Tesla: Complete Patents, (J.T.Ratzlaff), ‘Tesla Book Company 
(1983), ISBN 0-960356-8-2, P. 435, 
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9.11 Ecologically fair usage 


Tesla not only has stimulated ecologically fair usages of the energy radiation, To that can 
be counted the use of a Tesla transmitter as a radiation weapon’ as well as the 
‘mentioned building of a Tesla interferometer, the low-frequency interferences of which 
can lead to mighty gravitational waves and with help of which it should be possible, to 
produce earthquakes, to sink ships or to shoot down planes from the sky". Against the 
background of two world wars it can be understood, why Tesla has drawn attention to the 
possibilities ofa use of his system for the purpose of defence. 


In today's sight a technology like Tesla's wireless energy transmission (fig. 9.11) hardly 
would have any chance of a large technical use, because it should be reckoned with 
enormous problems of environmental compatibility. After all had come out in our 
considerations, that entirely in contrast to the Hertzian wave just of the Tesla energy wave 
direct biological effects are to be expected. A purposeful medical use of the Tesla rays 
however can be imagined, 


The collecting of "five" energy waves with a neutrino receiver at first undoubtedly would 
be a clean and ecologically fair alternative to the present energy technology, with which 
‘we heat or nuclearly contaminate our environment. But even the use of free energy 
converters has limits. Should it turn out that the Photosynthesis uses such a 
materialization, in which the necessary free electron for the chemical reaction actually is 
produced from a caught neutrino in the so-called reaction centre and thus the reaction 
energy is won, then for an as usual excessive use by men it can't be excluded anymore, 
that the plants on earth die and nothing grows anymore! 


I in contrast attribute big chances to the one wire transmission technology. Because for an 
use of alternative and regenerative energy sources, like the sun in the desert or the 
‘geothermal energy in Iceland, the uansport of energy has to be made over large distances 
through the oceans the small losses and the possibility to be able to use sea cables, play a 
big role. In the residential areas and conurbations on the other hand it has a positively 
‘effect, that by the concentration effect of the potential vortices the interference radiation 
is directed inward. Laid on the bottom of a sea or of a river, such a line in addition is 
protected against the effects of lighting and sabotage, and it neither spoils the 
‘countryside, as the old-fashioned high tension pylons do. 


For transportation tasks the mentioned making use of the spin coupling would surely be 
the most suitable drive. The denser the medium, the more efficient would be the driving 
effect, for which reason not only flying objects, but quite particularly also ships and sub- 
marines could be operated non-polluting in this way without combustion and without 
exhaust fumes. Build up effects by the water pressure or the sound barrier don't occur. 
But control might not be entitely unproblematic, If for the reason of a unipolar arrange- 
ment of the field a relative velocity to compensate the field becomes necessary, then a 
correspondingly build up arrangement will do so without considering losses. It is no acci- 
dent that most apparatus which got well-known have flown the builder sooner or later 
“past his ears" (note of the translator: broke into pieces). Till a commercially utilizable 
flying saucer has been built, many technological hurdles have to be taken 
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Claims concerning the environmental compatibility 


Claims to an up-to date environmental policy 
in view of longitudinal electromagnetic energy waves 

Tesla waves = neutrino radiation = scalar waves 
potential vortex waves: 


T. Gauges must be developed and built, with which the 
energy waves can be measured. 


2.All technical apparatus 
emission of energy waves 
avoided. 


ould be tested regarding the 
Harmful radiation should be 


3.Only such transmitter antennas may be brought into 
action, which emit a minimum of energy waves. 


4.The ability of biological systems to absorb energy waves 
should be determined. To that also belongs __ the 
question, how many vortices collect locally and how 
fast they fall apart, 


S.Limits for allowed pressure produced by _ artificially 
energy waves should be fixed, regulations and laws 
enacted 


6.The in nature available energy waves should be 
brought to a technical use, with the goal of a natural 
energy production. 


Fig. 9.12 Catalogue of claims concerning the 
environmental 
compatibility in the view of the new field theory. 
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9.12 Claims concerning the environmental compatibility 


Now we stil not know, ifthe using of handy or another electronic device poses a danger 
to the user. Now, we surely cant exclude a danger, and the statement of the manufacturer, 
itis safe because all limits have been met, is worth nothing, as long as the part of longitu: 
dinal waves isnt measured. Therefore stands atthe very top of the lst of the catalogue of 
claims (fig. 9.12) the development and the building of gauges to measure Tesla radiation 
More than haif the 700 patents of Nikola Tesla concer the building of transmiter and 
receiver installations for energy waves. Here a lot of valuable clues are found, especially 
a5 he hinself has built and used some of the switching circuit designs. In the seminar a 
rebuild is discussed, ‘with which 1995 the existence of longitudinal waves could be proven 
(a7 

For an earthquake always both, the transverse and the longitudinal wave, occur simulta 
neously and, taken exact the same is valid for the sound wave, even if the tansverse. part 
doesnt get too far in the air. The emission of both parts in analogy is almost to be 
expected’ of an electromagnetic wave generator or transmitter. Actually both waves. are 
detectable" at the receiving point: “The useful transverse wave and the longitudinally 
Propagating vortices, which show as noise (fig. 4.7). If the vortices are predominant and 
the useful signal goes under in the noise, then a interruption of the radio operation occurs. 
‘Also small gardeners immediately near a radio station have made experiences as eg. in a 
distance of one kilometre fiom the transmitter of RIAS-Berlin. They were able to light 
their allotments day and night with a neon tube, to which they merely had ted a fiee wie 
The radio station immediately insinuated, that they in an illegal manner had tapped their 
tseful wave and damped it But it cant be exchided, that the transmitter hes. sent a 
longitudinal par in the ether too, which was responsible for the energy transpor. But that 
suggests, that also at other transmitter antennas, thus for the mobile’ phones, the 
tineloome pat is transmitted even than, if we dont use it ata. 

Still another problem is added. If in a modem receiver radio waves arrive, then they roll 
up to a standing wave and according to fig. 14 to a vortex over the antenna. According to 
that we arent able anymore to distinguish, ifthe transmission took place as Hertzian wave 
or as Tesla wave, The separation of both sorts of waves has to’ take place before the 
antenna is reached 

‘An upto date messurement arrangement would look as follows: In front of the receiver 
antenna a path with a tunnel, which represents an insurmountable obstacle for the trans- 
verse waves (fig. 6.14), is placed. Then only the longitudinal waves pass the tunnel, and 
these at the end of the tunel can be recorded and analysed with conventional technology 
The tunnel is an elegant possibilty, to make use of the part of Tesla waves. After all only 
this part is. relevant with regard to the electromagnetic environmental compatibility. 
Concerning the above asked question we can take home at least one important realization 
The probability is quite high that you actually notice nothing of the handy radiation, be- 
cause not every system react in the same manner to certain vortices. ‘The resonance 
Conditions regarding. frequency, phase and position always have to be fulfilled, if an 
absomption of energy waves should occur. (fig. 2.10 B, E.coli bacteria) 
On the other hand it however cant be excluded, that just you or me synchronize according 
to frequency and collect 100 % of the transmitted energy radiation. In contrast to the 
Herizan wave plays for that the distance to the source of interference only a secondary 
role! Seen that way worries would by all means be entitled 
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From Indian mysticism: 


it neither is 


this nor that 


itis 


not that 


it is this 


and it is that 


Fig. 9.13: The structure of the world equation, an example 
from 
Indian mysticism 
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9.13 Epilogue belonging to part 1 


The correctness of a new theory not by all means guarantees, that it also is accepted! A 

new theory must be used. Only if a concrete need exists then an acknowledgement is to be 

expected if at frst only by the direct beneficiaries. 

In november 1994 in Munich the trade fair "Electronica" took place. Here invited by the 

Deutschen Gesellschaft fur EMV-Technologie (German association for EMC-technology, 

note of the translator) the books about potential vortices (Al, A2] were honoured with 

prize by an intemationally renowned EMC-scientist. The number of people, who the 

potential vortex theory helps further to find answers to problems, which until now aren't 
explicable, grows further. 

Nevertheless, nobody should believe that something will be changed to the content of the 

text books in the shelves that fast. Habit and laziness encourage to further use the to date 

interpretation, even ia new theory has ready a better and convincing answer. It will tke 

some time, to give an example, till the heating of water in a microwave oven is explained 

fas eddy losses, as is described sound by the potential vortex theory already today. 
The discovery’ of a physical phenomenon may happen in a fright second. Its 

acknowledgement on the other hand as a rule is a lengthy procedure. If we look back in 

history we find out that even in the pas it hasnt been otherwise. 

‘Of the four fundamental phenomena in fig. 8.2 at frst the tension voltages and the charges 

have been discovered by Coulomb (5.72) 

(5.7e): An effect of the eddy currents was observed already 1825 by the French physicist 

Arago. He discovered that a magnetic needle suspended above a rotating dise tends to 

rotate along. Out of ignorance he named the effect "rotational magnetism" 

But the eddy currents could only be mathematically described withthe help of two laws, 

the law of Ampere (1820) and the law of induction of Faraday (1831). Because the effect 

due to the eddy current losses rather was regarded as disturbing, technical applications or 

patents at first have stayed out. At first Riidenberg has carried out fundamental 

caleulations for eddy current brakes in 1906, The discovery and usage of the "skin effect" 

isto be attributed to Tesla, 

(5.7b): The electromagnetic wave for the first time was mathematically described by 

Maxwell (1864). He had aimed to calculate the light and he could show, that his theory 

actually could correctly describe all properties ofthe light. With that he was able to prove 

the correctness of his theory. But he had to deal with many sceptics, because he had 

postulated the dielectric displacement, without however in his lifetime being able to 

‘measure it because of its smallness. 

This may be the reason, why the discovery is attributed to Heinrich Hertz and was and is 

spoken of the Hertzian wave. Neutrally seen Hertz at first was nothing more than a 

enthusiastic pupil, who had worked through the "Treatise", Maxwells books. All results, 

‘which Hertz could observe experimentally already were contained in the Maxwell-theory 

and published 


Se James Clerk Maxwell A Treatise on Blecicity & Magnetism, vol. 2, 
Chapter XX: Electromagnetic Theory of Light. Dover Publ. New York 
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But the great mathematical description of Maxwell at first had a purely academic 
importance. The interest of the general public on the other hand concentrates on the 
practical applicability. Herz had experimented with antennas and has laid the foundations 
of the building of a gauge for electromagnetic waves (1888). The wireless transmission of 
invisible waves was convincing. It was an entirely new technology, which stimulated 
fantasy in view of a technical usage. A practical man, who was stimulated by the 
theoretical realizations, was Marconi, He goes for the inventor of the radio (1895, Nobel 
prize: 1909), 

Between the three summits, first the calculation and at the same time discovery, second 
the measurement and third the usage of the wave phenomenon lay 31 years, and the radio 
technology is developing still further, even today. In the area of the cellular phone 
network and the telecommunication even a kind of gold mining mood prevails, which 
can't be impressed much even by hints of an electromagnetic environmental compatibility 

In the euphoria of the past 100 years is fallen into oblivion completely, that besides the by 
Hertz detected transverse wave in the wave equation according 10 Laplace and according 
to the original version of Maxwell also a longitudinal wave was described mathematically. 
This one was discovered and detected by Tesla in numerous experiments. With reference 
to his discovery Tesla initially had asserted publicly, Hertz had been at fault, with which 
hhe undoubtedly was wrong and had incurred the wrath and the scom of the scientific 
community. As a result of this development his experiments haven't been reproduced and 
the discovery of the scalar wave could fall into oblivion. 

Not enough with such sanctions against the inconvenient freethinker Tesla a series of 
professors like Gibbs and Heaviside have made cuts and discarded all parts from the 
original version of the Maxwell equations, which by that time weren't considered to be 
experimentally proven by experiments of Ampere, of Faraday, of Ohm and Hertz. With 
that the scalar waves fell vietim to the axe, what, though it had encountered severe 
criticism, finally entered as textbook opinion into all textbooks, after Hertz also had 
sanctioned this measure 

If the field equations according to Maxwell in today's revised version don't describe 
scalar waves anymore, then all orthodox scientists, who want to bear reference to that, 
have to bear one thing in mind: discarding a term of an equation is the same as neglecting 
it. But the term only may be neglected if it is sufficiently small. The first thing every 
student learns in the physical practical training is that this first has to be tested. For that 
the term has to be measured and its order of magnitude must be determined. Then it is 
little helpful and extremely unscientific, if at first is neglected and on the basis of the 
revised field equations, which have put all scalar waves to zero, is demonstrated that the 
neglect was allowed or even necessary. 

A practical example are the longitudinal wave parts, like they occur and are proven in the 
near-field of a transmitter antenna. Considering the order of magnitude a neglect is out of 
the question. On the other hand they should not exist at all according to textbook physics, 
because they had fallen victim to the axe. Since most scientists in present time do not 
know about the cutting action anymore, they are postulating field vortices anew in the 
proximity of an antenna. Field vortices, which are propagating longitudinally in the 
direction of a field pointer as a scalar wave. 
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With that they calculate their own arbitrary assumption. 
If in the practical training of physics a student unevalusted neglects an essential factor of 
influence, then his experiment goes as not passed. The experiment must be repeated so 

Jong until according to the approved methods of scientific soundness all used neglects 

have been tested individually and have undergone an error consideration, 

Do we now have to deny te cutting action, which had been plotted by Gibbs, Heaviside 

and others, having the necessary scientific soundness? Do we have to review and rework 

all textbooks concerning the illegal neglet? Since the cutting action a gap gapes in the 

field theory! 

(67d): The potential vortex fills the remaining gap in fig. 82. Several research scientists 
and scientists can be named, who already could observe this phenomenon: in front of all 
goes Nikola Tesla for discoverer of the Tesla currents, very weak currents which are said 
to cause extremely high potentials. Here presumably cause and effect have been mixed up, 
because weak currents never can produce high potentials. Actually the potentials prove to 
be a result of the potential vortices, whereas the currents aren't more than a result, nothing 
but leak currents. At least Tesla could use the vortex, but without a usable theory he 
neither could calculate nor adequately explain it. Besides Tesla Wilhelm Reich should be 
‘mentioned, who has collected the vortices in his orgone accumulator. 

Mostly only certain aspects were observed and investigated: by Tesla the planar vortex, 
by Reich the influence on the weather, by Schauberger the water vonices and by all three 
the medical and biological aspect. The list of names is incomplete and could arbitrarily be 
continued, 

With the discovery of the potential vortex (1990) the basis for the building of a gauge and 
the technical usage of the physical phenomenon is laid (All. It not only concerns the 
search for water, but also the detecting of the vortex balls and vortex streets, of the 
standing waves of the energy radiation in the air, at the workplace, at the bedroom, in 
clinics, in recreational areas and hotels. As explained at the start, neither the field strength 
of a Hertzian wave nor the arising heat development can be made responsible for 
biological or technical harm, 

It primarily are the newly discovered vortices of the electric field, which take effect. The 
effects can, as we have seen, as well be good for health as bad for health. Intensity, plane 
of polarization, vortex configurations and many other characteristics play a role here. To 
research these influential factors gauges for vortices will be needed as well. 

We have to realize that in the technical domain the electromagnetic compatibility of an 
apparatus is determined by its sensitiveness to vortices, thus by the fact how many and 
Which vortices can cause a function trouble, To determine the environmental compatibility 
of a product the emitted vortices, the energy radiation, have to be measured. Limits for 
high tension lines, for screens or handheld phones must be given in units of the potential 
vortices. The potential vortex has shown us the way to a unified theory and has brought 
along a new picture and understanding of our environment. It with that wants to show us 
the comeet way for an ecologically compatible dealing with nature 


=; Zinke, Brunswig: Lehrbuch der Hochivequenaiechnik, 1. Bd, 3.Aufl. 1986 
Springer-Verlag Berlin, Seite 335 
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Part 1: Edition belonging to the lecture: 
"Electromagnetic Environmental Compatibility" 


Prof. Dr.-Ing. Konstantin Meyl 
Scalar waves 


Abstract 4 Auflage 1996, 4. Auflage and Ist English Elton 2008 


Both technical and biological systems can be influenced by 
electromagnetic fields, whereby numerous questions still are 
open, like e.g. concerning limits and the nature of physical 
interfer fields. The book shall do justice to the circumstance, 
that a fact oriented discussion about’ ,,clectrosmog" implies an 
analysis of possible reasons, a mathematical derivation and a 
argumentation, 


proceed from the assumption, that only that part of the 
wave should be considered for malfunctions, 
bsorbed and which has rolled up to a field 
ness depends on the amount of the produced 
and on the life span, the decay of vortices. 


vortex. The effect 
vortices 


Analogous to the sound wave vortices in space are propagating as 
longitudinal waves. In this context is pointed to numerous effects. 
Examples for the technical and biological use of these standing 
waves are the energy transmission of Nikola 1 
nerve conduction, which functions in a corresponding manner. If 
the same vortices, for conduction of information, 
are emitted by te: . then biological reactions can't be 


excluded anymore with regard to ,clectrosmog” seem 
to be justified 

Causes, phenomena 

and natural scientific consequences 
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and historical use of longitudinal waves. 


Part 2 


by 


Professor Dr.-Ing. Konstantin Meyl 


Edition belonging tothe lecture and seminar 
“Electromagnetic environmental compatibility" 
(Original title: "Elektromagnetische Umweltvertraglichkeit") 
‘Translated out of the German language 
by Ben Jansen 
(2000-2003) 


Part 2: Edition belonging to the 
energy 
technical seminar 

Free energy and the interaction of the neutrino radiation 


INDEL GmbH, Verlagsabteilung 
Villingen-Schwenningen 1996-2003 


ISBN 3-9802 542-4-0 


20 Preface belonging to the seminar, part 2 


Preface to the seminar 


The point of a seminar is, to deepen, to practise and, as far as possible, to practically appy 
the material of a lecture. The knowledge of the content of the lecture hence is a 
prerequisite for the participation. 

For the reader of this book thas tantamount to the recommendation, to have read the first 
part, the edition belonging to the lecture, before*'*. Here the questions concerning the 
electromagnetic environmental compatibility” are asked and the necessary bases for theit 
answering is laid. Also practical consequences for various areas of science are indicated, 
The deepening most suitable should be made in form of a seminar, subdivided into the 
hhere presented part 2 to the energy technical seminar and a part 3 to the information 
technical seminar. Part 2 correspondingly concems the energy technical aspect of electric 
‘or magnetic longitudinal waves, whereas part 3 is dedicated to the information technical 
aspect". Because it concems a book which merely for reasons of usefulness is published 
in three parts, the chapters are consecutively paginated. References to chapter 1 to 9 hence 
automatically relate to part 1, The numbers of the figures and tables as a rule are identical 
‘with those of the chapters, in which they are discussed, 

The seminar should lead on over the pure reading, consuming or listening and should 
stimulate to join in. All involved persons may and should give ideas and ask questions, 
even if these may sound little orthodox. The scientific working method takes, that is 
struggled for answers and even is argued, if necessary. To reach this goal, it mustn't exist 
any obligation or censorship, neither for the leader of the discussion nor for the 
participants ofthe seminar. 

The seminar is being carried out since the summer semester 1997. The works of the 
seminar written by students weat the knowledge of text books of the respective theme. 
Following the lecture the answers are discussed and compared to those of the theory of 
objectivity" and other models of explanation. This procedure in this edition belonging 10 
the seminar is reflected at some points, if for instance a chapter is completed with a 
-aiscussion" 

The first edition of this 2" part still was incomplete and has been handed out to the 
participants of a congress in Switzerland instead of a manuscript belonging to the lecture 
the 17" of Nov 1998. The here presented second edition in the meantime to a large extent 
is complete, but surely not yet perfect. In accordance with the experience made with the 
first part of the book also for this 2" part a third and revised edition, in which the ideas of 
the participants of the seminar and of the readers find consideration, will be due to be dealt 
with after a year. The reader of the second edition has to console himself with the fact that 
a lively seminar constantly is changing and developing further. And that has to be so! 


Villingen-Schwenningen, January 1999 


<=: Electromagnetic environmental compatibility, Part I, Edition belonging to the 
lecture, INDEL Verlagsabteilung, 1996, see page 1-318 of this issue. 


<ii>: Electromagnetic environmental compatibility, Part 3, Edition belonging to the 
information technical seminar, 2003, sce page 443 "625 ofthis ate. 


Oscillating interaction 2 


10, Oscillating interaction 


‘A theory is not an end in itself, even if it sounds very convincing. It has to be measured by 
its applicability. As an entry into the practical consequences, which result from the 
theoretical part”, the question about the validity of Kepler’s laws is raised 


10.1 Kepler's laws 


The “radius vector", a line drawn from the sun to a planet, sweeps out equal areas in equal 
periods of time. At least has teached us Johannes Kepler it that way (fig. 10.1). The 
balance of forces, the gravitation on the one and the centrifugal force on the other hand 
results in the innermost planets of our solar system orbiting the sun very much faster than 
the outer planets (Mercury in 88 days, the Earth in 363 days, Jupiter in 4333 days and 
Pluto in 90465 days!) 

For the inner planets as well as the big planets Jupiter and Satum Kepler’s laws are still 
found confirmed. But that shouldn't apply anymore for the outermost planets of the solar 
system. Beyond Satu should prevail changed rules as is said, based on observations of 
the Voyager spacecrafis 


If we dirwot our view to an unknown galaxy, then does it rotate around its centre and in 
doing so to a large extent keeps its form. Despite rotation of its own an elliptic, a bared or 
even a spiral galaxy virtually doesn't change its characteristic form. From this follows, 
that the inner stars of a galaxy are considerably slower on their way than the outer stars! 
But we expected exactly the opposite 

According to Kepler's regularity the outermost stars would have to orbit extremely slow, 
In order not to be hurled into space as a result of the centifugal force. But then a galaxy 
Wouldn't keep its stricture. The spiral form, as it already has been observed and classified 
by Hubble (fig. 10.2), merely would be an accidental exception as a momentary picture, 
but by no means the rule 

We have to take note, that the structure and in particular the cohesion of a galaxy can't be 
explained with Kepler’ laws 


<i: Konstantin Meyl: Electromagnetic environmental compatibility, Part | of this, 
book: Causes, phenomena and ~—natural_—_ scientific consequences. 
<ii>: Kendrick Frazier: Das Sonnensystem, Time-Life Bucher, Amsterdam (1991) 
<ili>: The basic laws of the universe start to rock: ,,What is the matter with the 
galaxies? They rotate in their fringe ranges much faster, as is allowed by the 
laws of physics. Or is something wrong with these venerable laws? The 
astronomers and physicists stand for the dilemma to have to decide between 
the two alternatives: feign the observations us an other world or do we 
calculate wrong since centuries?” (translated), Bild der Wissenschaft Nr. 2, 
1989 


Unknown interaction 


Kepler's 1" law: 
The planets move in elliptical orbits, with the sun 
at one focus. 
planet 
perihelion } aphelion 
Fig, 10.1: Kepler's 2"! law (concerning the conservation of 
angular momentum): 
‘The line drawn from the sun to the planet sweeps 
out equal areas in equal periods of time. 
Kepler's 3" law: 
The ratio of the squares of the revolutionary 
periods of two planets is equal to the cube of their 
average distance to the sun: gay 
(10.1) to 
normal spiral galaxy 
Sa 
sphere 


EO E3 so 


elliptic galaxy ss ~@- ran 


Barred spiral galaxy 
Fig. 10.2. The classification of the galaxies according to Hubble<i> 


<i>: according to H, J. Lugt: Vortex Flow in Nature and Technology, page 223 
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10.2 Unknown interaction 


So which interaction keeps a galaxy together? We today believe to know four different 
sorts. 


1. The gravitation": But since Kepler’s law isn't valid in this case anymore, the 
‘gravitation is ruled out from the start. Obviously for the distances in a galaxy it hardly 
iseffective, 


II. ‘The electromagnetic interaction: It is responsible for the structure of the atoms. 
Looked at from the outside atoms carry no charge, ie. the charge conditions are 
balanced. A binding of our sun to the centre of the Milky Way by an electromagnetic 
interaction thus is ruled out as well. 


IL The strong interaction: Since for the proton another charge distribution is measured, 
as a single positively charged particle should have according to the normally used 
theory, the strong interaction was introduced as a nuclear force, to explain the big 
error, the grave difference between measurement and calculation. The good advice 
hhence reads: instead of giving bith to postulates at random, frst of all the fault should 
‘be searched for inthe normally used theory"? 


IV. The weak interaction: It quite obviously is involved in the particle decay“. Both, the 
weak and the strong interaction, only have an extremely short range. With this 
property they consequently won't be able to keep a galaxy together. 


Conclusion: In a galaxy a still unknown interaction takes effect, and science is requested 
to search it 


Both interactions with infinite range, the electromagnetic interaction and the gravitation 
occur as a result of static fields, therefore assume a constant charge or a constant mass. 
Considered more exactly in that case it merely can concem special cases. 
Gravitational, waves, which reach our earth and which are detected in very costly 
experiments", already show that the existence of altemating fields can't be excluded and 
oscillating interactions by all means are conceivable! The physical research at present 
probably is on the right track. The researchers however don't have ready an usable 
explanation yet. We accept the challenge! 


Derivation of Kepler's 3" Taw ia fig. 11.10 
<ii>: Konstantin Meyl: Potentialwirbel, Band 2 

INDEL-Verlag, Villingen-Schwenningen 1992, ISBN 3-9802542.2-4 
<iii>: Gero v, Randow: Wenn kosmische Katastrophen Raum und Zeit verbiegen, 
zum Thema Gravitationswellen-Detektor, VDI Nachrichten Nr.9, 1.3.91, 8.32 


224 ‘Harmony of the alternating current engineers 


Analogy: 

for direct current. 

1 
la 
t 

Measurement: _ 

mean effective value 

(moving-coil instrument) | (moving-vane ins! 


Fig, 10.3: Direct current and alternating current 


Fig. 10.4,a: ‘The four fundamental interactions 


Oscilating interaction as 


10.3 Harmony of the alternating current engineers 


Today's situation can be clarified by the following picture: you engage a "direct cument 
engineer" to measure the tension voltage in the socket of our power supply system. The 
-dyed-in-the-woo! direct current engineer", who never has heard anything of altemating 
current, reports: No tension voltage is measurable". If he for reason of your doubtful 
expression looks still more exact he will realize: ,,The pointer of my moving-coil 
instrument strangely fidgets around zero, but the swing is so small that one confidently 
can touch it", (ig. 10.3) 

Modern science is accustomed to say, without a yalid theory and without technical 
‘measurability nothing can exist, what mustn ‘exist. If you drop dead after the experiment, 
then you probably had a weak heart or other afflictions, In such cases as a rule the victim 
himself isto blame and by no means theoretical physics! 


In the case of our power supply system the answer is known: The mean of the alternating 
voliage of the network is approximately zero, The pointer of a moving-coil instrument for 
reason of its inertia can't follow the fast changing anymore and only fidgets on the spot 
‘The effective value however amounts to around 230 Volts. But to measure it you need 
another device, for instance a moving-vane instrument. Seen so, ditect current describes 
the special case of altemating current with frequency zero. 


‘The properties of altemating current can be depicted best by an extraterrestrial observer. 
He will tell us: Seen from a distance at least at night a great harmony seems to prevail on 
earth, All lights in the steets and cities twinkle completely synchronously. All generators 
‘are in resonance among each other and with all consumers. There are two big races: The 
50 Hertz race and the 60 Hertz race, which appear if the earth turns further and the 50 
Hertz race is switching off again its twinkling lamps. 


The synchronization necessary for an exploitation of alterating fields is so obvious for us, 
that hardly anybody realizes, that a consumer operated with only one Hertz difference to 
the frequency of the network can't be supplied with power anymore. Apart from the 
correspondence in frequency it even depends on the correct phase. The phase angle must 
be between 0 and +90°. This corresponds to an efficiency factor cos between 1 and 0. 
The cable connections serve both the transport of current and the synchronization of all 
the generators and consumers connected to the network. The frequency is kept so constant 
that simple clocks, switching stations and even old record-players can be operated 
synchronously with the frequency of the network. 

The synchronization of the feeding in power stations is supervised by a station of its own, 
which dictates the time, It is true that we aren't capable of seoing the twinkling of the 
lamps anymore for reason of the inertia of our eyes, but it can be detected and filmed with 
high-resolution cameras. Even if we can't perceive the harmony of the alternating current 
engineers, it nevertheless exists. 


“<i Konstantin Mey: Potentalwirbel, Band 2, INDEL-Verlag (1992) 
see also in Part 1, chapters 6.8 and 6.9 
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10.4 Four fundamental interactions 


These considerations sugges, that also gravitation and electromagnetic interaction merely 
describe the special case of oscillating interactions with frequency zero, To avoid 
confusions, well have to think of new names. 

The electromagnetic interaction can be clarified by means of open field lines, which start 
‘ata charged body and end again at another body of unequal charge. In physies classes itis 
normal to make the field lines of a magnet visible with iron filing. Between the unlike 
poles a force of attraction is observed. 

It we this time assume that both magnetic poles change their polarity atthe same time, 
then the force will deerease for a short time during the changing of polarity, to afterwards 
be active again in full magnitude and in the same direction. Therefore a force of attraction 
is observed again even for a reversed polarity 

The generalization hence reads: The electromagnetic interaction will occur also in the 
oscillating case, but in weakened form, if both bodies involved in the interaction change 
their polarity synchronously and if they are in resonance. A name by analogy would be 
“resonating interaction” (table 10.4) 


It is known of the electromagnetic interaction, that its effect is larger than that of the 
gravitation by powers often. This presumably has to do with the described and observable 
bundling up of the open field lines, whereas closed field lines can't be bundled up. The 
gravitation hence is linked with the closed field lines, which surround all elementary 
particles, every atom and every body". 


The opposite of the bundling up is the repulsion of open field lines, for which reason here 
also forces of repulsion can occur. For the gravitation however no repulsion is observed, 
because closed field lines virtually can't be influenced, 

Apart from the circumstance that the effect generally will be smaller in the oscillating 
cease, similar properties are to be expected. Also its range will be infinite as well. It is 
recommended to call the case of oscillating charges, as already said, "resonating 
interaction” and the case of oscillating masses, the oscillating gravitation, levitation” 
(table 10.4). 

The term levitation" is very appropriate, but not new. Unfortunately until now no 
generally binding definition existed, what should be understood by that, for which reason 
misinterpretations and irritations can't be excluded. Mostly levitation is linked to a 
cancellation of gravity, up to a state of free floating, but we will see that quite other 
‘phenomena become describable with this term. 


10.5 Resonating interaction 


The question, what keeps a galaxy together, now can be answered unambiguously. The 
well-known interactions already have been excluded. If for the enormous distances the 
gravitation can't keep the outer stars anymore in accordance with the Kepler rule, then the 
levitation won't be able at al 
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Example: central star S, with 3 planets P\-Ps 
and with 4 neighbouring stars $,-Sy 


(fast 
neutrinos) 


(slowed down, 
neutrinos) —/, 


= 
Fig. 10.5: Thi 


invisible threads of a resonant interaction 


milky way-radius: 15000pe*3*10° = 45*10'° km. 
sun system-radius: 50 a*15*10’ = 7,5*10° km 
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Therefore the oscillating charge is lef. Actually the resonating interaction will reach to the 
‘outermost areas of a galaxy. The bundling up of the field lines results in the centre of the 
‘galaxy and one of its stars to stand in an exclusive resonance to each other, what looked at 
from the outside looks like, as if the star hangs at an invisible string or a "rubber band" 
‘and thus turns around the centre. 

Because quite a few stars hang at the centre of a galaxy, it can be assumed that it provides 
correspondingly many resonance. The centre perhaps is comparable with an extremely 
broad banded transmitter, which operates on all channels simultaneously. The stars then 
pick as a receiver the for them suitable channels and hang themselves by rubber band" at 
the heap (fig. 10.5) 


Should there exist any particles with an oscillating charge, which synchronize between 
centre and star with the resonating interaction, then they will mediate between both 
partners. If we assume that the centre at one channel just is positively charged, then all at 
the same time negatively charged particles will be attracted, the positively charged 
particles however repelled. Whereas the unlike particles in the centre participate directly 
1m the production and maintaining of the oscillation, the like positively charged particles 
will be hurled into space. 

But at the same time does a star, which clings to the centre, have to be negatively charged. 
It hence attracts the repelled particle. The particle thus drifts from the centre to the star, 
even then if all three, the centre, the star and the particle, change in polarity, ‘The result is, 
that the stars grow in diameter by collecting the particles. Only because our sun actually 
‘grows, it has the chance, to sometime become a red giant! 


Since the sun radiates, as is well-known, in every second a radiation equivalent of S 
million tons, it permanently has to be supplied with a substantially greater amount of 
matter. If a resonating interaction should occur, then our sun will get its. material" 
supplied from the centre of the Milky Way and that is a black hole! 
But no particle with a mass comes out of such a hole, yes not even light. For a particle 10 
be able to leave the black hole, it should have neither charge nor mass. At most an 
oscillating charge and mass would be allowed, Such a particle would have an enormous 
ability of penetration as a result of the missing static interaction. It would be able to rush 
through the earth unhindered 


‘According to actual knowledge only neutrinos have the described properties. One also 
knows that the centre of our Milky Way represents a mighty source of neutrinos. 
From this derivation follows: 
1. As mediators ofthe resonating interaction serve synchronously oscillating neutrinos. 
2, Starting with the proof of the neutrinos it should be able to backwards also prove the 
existence ofthe resonating interaction. 
3. If, as a practical consequence, We imagine that the centre of the Milky Way wouldn't 
supply neutrinos anymore. Then the whole galaxy would fall apart and not one of its 
stars would shine anymore 
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Fig. 11.1: The Atlantic ocean floor” 


<i>: Miller, R: Driftende Kontinente, Time-Life, Amsterdam 1991, S. 79 
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11, The growing globe 
11.1 Long-distance effect of the neutrinos 


The long-distance effect thus lies in the circumstance that the neutrinos, in the case of a 
resonance of the source of neutrinos and the receiver, span an invisible rubber band” 
‘between both, which is called resonating interaction and keeps the two together. 


As a transmitter of neutrinos functions for instance a supernova, the death of a star, in 
which 98% of the mass annihilates under emission of neutrinos or a black hole, which 
continually swallows light and matter and spits them out again as neutrinos after a still 
unexplored process of digestion". The process, which in the case of a supemova takes 
place as a” singular occurrence, in a black hole possibly takes place permanently. 
The hurled out neutrinos on the other hand serve the sun as a sowce of energy. 
A receiver of neutrinos then for instance is our sun. So that the hard and very fast cosmic 
neutrinos become utilizable for the sun, they at first have to be slowed down, But that is 
only partly successful 

L Some very fast ones manage to pass through the sun and fly out again on the other side 

‘of the sun, The compared to the cosmic neutrinos strongly slowed down neutrinos then 

are called solar neutrinos, 

2. Another part can be further slowed down and materialized. As a result of the oscillating 

‘mass of the neutrinos as well particles of matter as also some particles of anti-matter are 

formed, The particles of matter make the sun grow. 

i. The with matter incompatible anti-matter annihilates under emission of light as is well- 

known, For this and for no other reason our sun shines! 


Also the planets have such a neutrino reactor at their disposal. Only so the heat in the 
inside of the earth is explicable! It can be assumed that the planets materialize less the fast 
and hard cosmic neutrinos and that they are served more by the slowed down solar 
neutrinos, which our sun releases again unused. 

As is well-known radiates the planet Jupiter already today twice as much radiation energy, 
as it from the sun receive. In this typical encyclopaedia type balance the involved 
neutrinos of course are not considered, But it shows that Jupiter is on the best way 10 
become a sun itself. Its moons then will become planets 

From this the example we also see that with increasing mass the crust of the planet 
becomes thinner and thinner at the expense of the neutrino reactor in the inside, until it 
finally is eaten up and the celestial body openly starts to shine. Astronomers report for 
reason of their observations of the formation of more and more new stats. 


‘One part of the collected neutrinos thus is materialized by the planet. In the case of our 
earth it contributes to its growth, 

Who doesn't want to believe that the earth becomes bigger, should look at modern maps 
of the oceans, on which the topography of the ocean floor is shown. According 0 the 
theory of Alfred Wegener concerning the continental drift North and South America on 
the one hand and Europe with Africa on the other hand steadily drift apart since 200 
‘million years. The result can be read at the atlantic ocean floor. The gaping, chequered rift 
zones to the tight and left of the Mid-Atlantic Ridge show how the earth is torn apart (fig. 
aL, 
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Fig. 11.2: The pacific ocean floor™ 


<i>: Miller, R: Driftende Kontinente, Time-Life, Amsterdam 1991, S. 78 
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11.2 Model of expansion 


Geographers assume that at another point to the same extent continental plates are 
subduced and molten, That thus has to happen in the Pacific Ocean, But the sea maps tll 
cone just the opposite (fig. 11.2). At the ocean floor ofthe Pacific Ocean the same rift 
formations are found as inthe Atlantic Ocean (fig 11.1). That means that America drifts 
away from Australia and Asia exactly as from Europe, without being crushed or molten in 
doing so! 

The only possible answer thus is: the earth grows. 

The characteristic rift zones in addition are found around the Antarctic. From this the 
conclusion ean be dravvn that the 7* continent slowly is moving away, while the biggest 
habitable mass of land predominantly stays behind on the northem hemisphere, by Eurasia 
and North America forming a clip around the North Pole. 


Conceming the evolution of the earth there are and were numerous approaches in. various 
directions. Paul Dirac" at his time postulated, the brightness of the sun should decrease as, 
a result of a decrease of the gravitational constant as well. In contrast to that 
Astrophysicists today observe just the opposite (Ingersoll 1987). According to the 
hypothesis of Carey“ energy will transform in matter in the universe. According to the 
idea of Oesterle™” aether particles are absorbed, which make our globe grow. Also other 
research scientists share the idea of the growth of the earth with him in their reports *°*. 
As a geologist Oesterle™™” cites his colleague Herzig: .,The at the Mid-Oceanic Ridge 
newly produced oceanic crust has to be consumed again at other points, because otherwise 
the earth would expand” and criticizes the plate tectonicians" that they would postulate 
their model without physical ‘grounds. 
He gives some arguments for the correctness of the model of expansion 


a) Subduction: The already discussed missing of zones of subduction and of melting of 
continental plates to the assumed extent. 

») Paleomagnetism: errors and mistakes in the hypothesis of the migration of the poles. 

©) Continental depth drillings: They brought much higher temperatures in depths from 
+4000 meters, as expected and calculated according to models. 

4) Stand of the sea water: Only if the water can spread in newly forming oceanic basins 
it can be explained, why the covering with water on earth continually is going back. 
This argument we want to investigate with a derivation of our own. 


'S. W.: Theories of the Earth and Universe, 
University Press: 1413, Stanford, California 

<iii>: Oesterle, O.: Goldene Mitte: Unser einziger Ausweg, 

Universal Experten Verlag, Rapperswil (1997), ISBN. 3-9520261-9.0 

<id>: Hilgenberg, 0. C: Vom wachsenden Erdball, S. 1-56, Eigenverlag, 

Berlin (1933) und Neues Jahrb. Geol. Palaont. Abh. 116, 1, Berlin (1962) 

<is>: Jordan, P.: Die Expansion’ der Erde. Vieweg 1-180, Braunschweig (1966) 

<i6>: Giancarlo Scalera, K.-H. Jacob: Why expanding earth? Institute Nationale di 

Geofisica e Vuleanogia, Roma and Technical University of Berlin 2003 
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equatorial radius: R = 6378 [km] 


earth’s surface: Og = 4-1-R? 
(sphere) = S.11210%km?| 


29% of this area is land and 71% is water 
for an average water depth of ty = 3.8 [km] results a 


water volume of: Vw = 0,71-Or-tw = 1.38-10° [km*] ( 


‘The carth 200 million years ago (supcr continent: Pangaea): 


today’s land area (29%) was 100% of the earth’s surface! 


Pangaea surface area: Op = 0.29-Or 
= 148-108 [kem?] 
TP a 
Pangaea radius: rp» = \Oy/(42) aa 
(corresponds to = 3435 [km] 


the radius 
of the sphere of shelf): = 54% of today’s radius 


Pangaea volume: Vp = $- ny" = 1,697:10" [km'] a 
Pangaea was covered with water h [km] high: 
volume: V=V, + Vw -$ oe(te + b)® = 171-108 [km®] au 
= 15,7% of today’s volume of the earth 
tp +h = (3-V/4-a)!/9 = 3443,8 [lem] a 
Pangaea water-level h above the NN (sea-level) at that time: 


aL 


iter on 
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11.3 Ancient Egyptian legend of Genesis 


We don't have to search long for evidence. If we go back 200 million years in the history 
of the earth, as all continents still were united and formed the super continent Pangaea, as 
the 29% landmass of today thus constituted 100% of the earth's surface. At that time the 
diameter of the earth was almost half of today's diameter (exactly $4%). But if one 
distributes the amount of water of our oceans of today over the smaller earth, then possibly 
the water stood the young earth up to its ears in a first rough estimate. We now want to 
caleulate how high the water stood. 

For that we determine at first the water volume of today’s oceans, by multiplying 71% of 
the earth's surface Oz with the average water depth. In doing so it is supposed that the 
water volume has not changed in the course of time. As an approximation this assumption 
could be corect if the factors, which influence the water volume, mutually compensate 
On the one hand it has to be taken into account that in the process of fusion in the inside of 
the earth apart from other materials also juvenile water is formed, but on the other hand 
the water volume is reduced by photosynthesis and by the spliting of water molecules. In 
the case of the newly formed water it should concem roughly one cubic kilometre per 
year"". The photosynthesis however possibly can be estimated by means of the formed 
‘oxygen of the air just as the splitted water by the content of oxygen of the waters and the 
seas. Since the processes are subject to temporary fluctuations, the exact estimate is 
difficult. At least should an effect of compensation more or less be taken into account. 


Next we calculate the surface of the earth 200 million years ago, the super continent, 
which Alfred Wegener called Pangaea, If the 29% continental land mass of today at that 
time constituted the whole surface, then the diameter of the earth at that time was 
determined at 54% of today’s diameter, then the volume together with the water volume 
would amount to only 15.7% of today’s volume and the water stood 8.78 kilometres high 
above the level NN at that time (fg. 11.3). With that even the highest peaks were under 
water. 


Consequentially stands in the legend of Genesis of the ancient Egyptians: 
~ They tell us that the earth was completely covered with water and that the earth rose from 
the water. It is talked about a primeval hill, of which creation took its start, on which the 
first sunrise and sunset was observed. 


If at that time life only existed in the water, of which we today still can detect the remains 
in excavations in mountains and plateaus, then it surely wasn't because the evolution had 
forbidden living on the land. There existed no land! All land was lying under water. 
But if, looked into the future, the land area increases further at the expense of the surface 
Of the sea, then our earth sometime will dry up, as already other planets before us, eg. our 
neighbouring planet Mars, 


=i=? Oesierle, O1 Goldene Mitte: Unser eimziger AUsweg, 

Universal Experten Verlag, Rapperswil (1997), ISBN__3.9520261-9.0 
<ii>; Robert Bauval und Graham Hancock: Der Schlussel zur Sphinx, List Verlag 
(1996), 8. 253 and in der Sendung: Die grossen Ratsel VII am 25.5.97 in $3 
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Fig. 11.4: The inner structure of the earth on an average 
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11.4 Inner structure of the earth 


Next the question is raised: How fast does our earth actualy grow? The calculated growth, 
distributed over the 200 million years, results in a yearly increase in the diameter of the 
earth of less than 0.1 mm. Carey assumes 0.04 mm per year and Owen” only 0.01 mm 
per year. 

‘Actually the young earth must have been somewhat bigger than calculated, because as a 
result of the smaller gravitational acceleration the density of the matter must have been 
smaller. But this changes nothing to the relations, because the less dense earth was 
surrounded by likewise less dense water, the water-level nevertheless reached the peaks, 
as already calculated 

For indicating absolute linear measures and the calculation of the gravitational 
accleration the respective density should be considered. In most calculations the density 
is cancelled out, so that as well can be calculated with an unchanged density 


‘A grave error however lies in the assumption of a linear growth. Hilgenberg assumes an 
exponential growth" and gives as a reason for the empirical approach of the e-function 
the Jaw of organic growth". In order to now not to speculate or to postulate in the same 
‘manner, we will derive and found our approach, 


If namely the earth grows, then its core of fusion also grows, which causes the growth to 
take place accelerated, ete. A customer of a bank, who sees his amount of money grow 
according to such a regularity, will be given information immediately about the growth 
rate with a compound interest calculation. 

But how big is the growing fusion reactor of our planet? According to today's level of 
knowledge about the structure of the earth the inner core is surrounded by the outer core 
and that again by the earth's mantle. On top floats the thin, but firm earth's crust, on 
Which we live. The inner core has a radius of nearly 1390 km, the outer core stretches to 2 
radius of 3500 km, whereas the crust is only between 10 and 78 km thick, dependent on 
the geographical latitude" (ig. 11.8), 


<B_ Carey, S, Wa: Theories of the Earth and Universe, 
Stanford University Press: 1-413, Stanford, California 

<ii>: Owen, H. G.: Has the Earth increased in size? - In: New Concepts in Global 
Tectonics, Texas ete. University Press (1992), p. 289-295, Lubbock 


<iii>:  Hilgenberg, O. C: Vom wachsenden Erdball, Berlin 1933, Eigenverlag, 
Seite 31 und 32 


<id>: Mitton, S. (Herausg.): Cambridge Enzyklopadie der Astronomie 
(The Cambridge Encyclopaedia of Astronomy), Orbis Verlag (1989) 
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calculation: 
(see fig.11.6) 
tyears ago: with: 


correspondents to 
the approximation: 


with the time constant: t = 107,1 Mio. Jahre 
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11.5 Earth's core as a converter of neutrinos 


I proceed ffom the assumption that the conversion of neutrinos and materialization in 
elementary particles takes place in the inner core. For the conversion no energy at all is 
used, because the inner energy together with the outer energy of the particle amounts to 
zero. The neutrinos merely have to be remodelled into another structure and for that they 
at frst have to be slowed down with the help of the oscillating interaction, 

During this process of slowing down, as said, no heat is formed because in the case of a 
mass less particle no energy can be set free in the domain where the classical law of 
conservation of energy is valid, Only after completion of the process of materialization we 
are able to detect mass and energy of neutrinos. 

But if the oscillating interaction is taken as a basis, the oscillation with opposite phase 
between particle and earth's core, then contrary to all expectations a cooling down takes 
place. If the particle has reached its region of destination in the core, then the oscillations 
are overlapping. Mathematically seen they are added with reversed sign; they thus are 
subtracted. The result of the mutual compensation is the decrease of the thermal 
oscillation and the cooling down ofthe region which was expected. 
In addition the formed particles with a mass mutually contract (see part 1, chapter 83 and 
8.4) and in doing so are further cooling down, as we will derive (chapter 12.7 with fig. 
128). The physical limit of the process of contraction and cooling down is formed by 
absolute zero, at which no thermal oscillation at all occurs anymore, so that 
superconduction becomes possible with the result of giant electric currents and magnetic 
fields, which can be detected even at the earth’s surface in damped form, for instance with 
‘a compass. 


The necessary heat energy is flowing towards the quick-frozen inner core from the 
outside, principally fiom the outer core. Here, in the core, fiom the neutrinos slowed down 
to the speed of light various elementary particles are formed. Most of them immediately 
fall apart, to form other configurations. In the end only electrons and protons are 
preserved, which, as the only stable particles, can't fall apart anymore. These again are 
tying hard to take the state of an atom, which however needs very much space with the 
large distance between atomic nucleus and hull. Under the high pressure the enveloping 
electrons therefore will time and again fall into the nucleus to form neutrons together with 
the protons. 

The neutrons need no atomic hull and can, as is well-known of neutron stars, take an 
extremely high density. In the case of the earth's core the neutrons however cannot be 
stabilized. The contraction to a neutron is accompanied by a corresponding drop in 
pressure, so that the neutron falls apart again. A continual oscillation of size is formed, 
with which the neutrinos again interact. With that also the high density of the earth's core 
would be explicable simultaneously. 

In earth's outer core the various atoms and isotopes are formed, which in the sum release 
‘more energy than they absorb in their fusion processes. Here the fusion oven rages, which 
supplies the ier core with heat energy. 
The formed matter is pushed further to the outside, rolls asa viscous mass through the 

earth's mantle and collects the surplus radiation and heat from the fusion oven, 

With this model of explanation we now can tackle the calculation of the growth of the 
earth (fig. 11.6). 
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Growth in volume in analogy to the compound interest calculation: 


duration nn =200 million years 

starting capital: V,— Pangaea volume — V,=(4/3)r00° 

final value: Vu = today's volume Va= (4/3) 70R? 

savings bank formula: V, = V,*q" (compound interest) (11.9) 
with interest rate” a= (ValVp)"* (11.10) 


radius of the core of the Pangaea sphere: 


t= da- dk = 541 [km] (iat) 
with 

Pangaea radius: = 3435 [km] 

earth's mantle In = 2800 [km] 
earth's crust: dk = 94 [km] (incl. covering with water) 
core radius today: Rh=R - da - dy = 3500 [km] (2) 
earth's crust today: dy*= 34-78 [km] 


1° the growth factor q is calculated to be 


= 
(8500 fem 97998" = 1 + 28-10 (11.13) 
541 km — 
core radius after n years: R,= R,tq™? (ta) 


radius of the earth after n years: R*= Ry + dy + d* (1s) 


Fig. 11.6: The calculation of the growth rate of the earth 
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11.6 Speed of growth, 


200 million years ago in the centre of the globe a core of fusion has formed and taken up 
its operation, probably under the influence of a cosmic occurrence connected with a high 
neutrino radiation. As a result the thin crust of the earth was tom apart and the oceanic 
basins were formed. 

If we assume that the might of earth’s mantle (with d,, = 2800 km) and crust (with less 
than 100 km) haven't fundamentally changed, then earth's core at that time had a radius of 
only S41 km. The ,savings bank formula” now only may be applied for the core and only 
for its volume. On'the condition of a constant neutrino density the volume of the core in 
every year will grow for one order of magnitude, which again depends on the respective 
volume itself. There results the in fig. 11.5 presented course of the radius of the core and 
of the earth, 

According to our calculation the earth at present grows every year for 915*10"" tons, which 
corresponds to an increase in volume of 16500 cubic kilometres and an increase of area of 
5.2 square kilometres. The earth momentarily grows for 6.5 em per year in diameter, from 
which follows that the perimeter increases picfold and a continental drift of 10.2 em per 
year is to be expected across both the Atlantic Ocean and the Pacific Ocean. 
Geologists today actually measure a plate movement of typically 10 cm, at individual 
Points of upto 12m per year"! 

Whoever likes to do handicrafts, can build together a globe of shells by himself. 
Hilgenberg for that gives a handicraft instruction". He draws the continents of a globe of 
today and cuts them out. Doing so, not the coast line of today is authoritative, but that of 
the edge of the shells, at which the mainland plates are breaking off into the deep sea. He 
hence also speaks of a sphere of shells and helps the handerafters with the words: 
Because the paper shells of the sphere of shells owing to their strong curvature are 
difficult to nestle, we cut slits in the paper, which suitably lie there, where mountain 
ranges stretch and now can start with the gluing". Doing so it shows that the slits in 
particular in the case of the Ural and the Himalayan gape far apart, that in reversed 
direction in the case of the enlargement of the sphere of shells the lifting out of the 
mountains necessarily had to occur at these points by means of upsetting. 
Under these circumstances our model concept should be further rendered more precisely, 
If the change of the curvature of the growing surface of the earth is the cause for the lifting 
out of the mountains, then the surface of the earth 200 million years ago was structured 
merely by impact eraters and by voleanic cones, then the amount of water may have been 
corespondingly smaller. The additional water of the oceans of today was collected by the 
earth either from the cosmos, by crossing the flight path of a comet with a water tail, or by 
the here discussed idea of a core of fusion in the inside of the earth it has produced the 
water itself) 

How ever such detail aspects may have had an effect, it therefore nevertheless changes 
nothing to the model concept on the whole. Hilgenberg's globe of shells” in my opinion 
to still makes more sense as all the models of explanation, as they are spread in today's 
text books 


s Miller, R2 Dritende Kontinente, Time-Life, Amsterdam 1991, S. 78 
<ii>: Hilgenberg, 0.C: Vom wachsenden Erdball, Berlin 1933, Bigenverlag 
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Actual data‘: 


Conservation of angular momentum 


mass of the sun ms = 1.99-103° [keg] 

radius of the sun t= 696000 [km] 

distance to the earth re. = 149 597 870 [km] (averaged) 
mass of the earth M = 5,976-10% [kg] 

moment of inertia [Je = Mie] (of the earth orbit) fon 
orbital velocity 2rre/te aun 
averaged“: ve = 29.79 [km/s] = constant (11 
revolutionary period| 365.25637 [days] 


sidereal year 


equatorial radius R = 6378 [km] | 
moment of inertia[J’= (2/5) MR®] (of the rotation of its own) (1 
rotational velocity @eR = 2nR/te|= 0.465 [km/s] ct 
sidereal time of rotation [ te= 1 [day] = 86 164.1 [s] | 
- 
distance tothe moon Tm = 384 390 [km] (averaged) | 
radius of the moon Rn= 1738 [km] | 
mass of themoon ma= 7.350-10 [kg] = constant (112i) 
moment ofinertia [Si= miartw!|(of the moon orbit) (1123) 
orbital velocity Vo = mtn = nny aa) 
of the moon averaged: vm= 1.026 [km/s] = constant (1124 
revolutionary period | t, = 1 sidereal month (from fixed star | 
tn = 27.322 [days] to fixed star) 
observed a= 1 synodic month (from new moon 
revolutionary period| t"a= 29.53 [days] to new moon) 


Fig. 11.7: The data of sun, earth and moon of today” 


(The Cambridge Encyclopaedia 


Mitton, S. (Herausg.): Cambridge Enzyklopadie der Astronomie 


‘of Astronomy), Orbis Verlag (1989) 
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It is an exciting matter, if one can experience for oneself, how the pieces of the puzzle fit 
together, how the southern end of America is wound around the Cape of Good Hope and 
the Falkland islands surface for the east coast of South Africa, in the vicinity of Australia 
how the Antarctic occupies the Pacific basin as a neighbour of Australia, von South, 
Middle and North America, run through by the equator, ete 

The corrections to the view of life of Alfred Wegener and the geographical evidence, 
which Hilgenberg gives, are sound, well founded and even after 65 yeats still highly 
actual, The physical statements of the geologists however, for instance the earth in the 
course of time would rotate faster and faster, eannot be followed. 


11.7 Conservation of angular momentum, 


The question about the rotation of the earth is raised. Is it not changing at al, is it getting 
faster or slower? In the case of a with time growing earth there is only one possibility: The 
rotation of its own will decrease and not increase, as Hilgenberg supposes. 
For that you only need to place yourself on a turntable, to turn and if possible with weights 
in your hands stretch out your arms sideways, to feel, how the rotation of the table is 
decreasing. It surely would have done the geologist Hilgenberg good, to leave his desk for 
a short time for a stroll to the most nearby playground, for the purpose of the described 
physical experiment with himself. 


In this case the law of conservation of momentum authoritatively has an effect in the 
formulation of the law of conservation of angular momentum for the rotating motion, 
According to that all angular momenta in the solar system should amount to zero. If we 
look at the planets which have no moon, then is remarkable that these need an etemity for 
a revolution around their own axis (Venus for instance needs 243 days). According to the 
law of conservation of angular momentum our earth owes its rotation of its own primarily 
the moon, 


For reason of this relation we can assume a proportionality between the angular 
momentum of the moon JW, and that of the rotation of its own of the earth J*we (eq, 
1139, fig. 11.10). They even have to be identical, ifthe partner of rotation earth and moon 
ave seen asa closed system 

If the earth would be approached as a homogeneous, spinning sphere, the angular 
momentum at first would be too small for a factor 4.1 (eq, 11.29, fig. 11.9). The law of 
conservation of angular momentum dictates as a necessary result, that the dense core of 
the earth must rotate faster than the earth’s crust! From the correspondence of orbital 
angular momentum of the moon on the one hand and the sum of the angular momenta of 
their own of earth's mantle and earth's core on the other hand results a 31 fold higher 
angular velocity of the earth's core compared to the rotation of the earth’s surface (eq 
11338 fig. 11.9). 


Does our earth owe its geomagnetism this rotation of the core? At least the possibility 
exists that there exists a causal relation between the rotation of the earth's core and the 
geomagnetism. We'll further collect arguments and put the question conceming the 
formation of the geomagnetism under consideration, 


24 Set of difficulties concerning the change of magnetization 


Concerning unipolar induction (Faraday): ["B=wxB] «i 
{see part 1, eq. 58, fig. 6.4) 


solar wind 


earth 


s 


with E = 2 [V/m] ‘earth magnetic field B= 67 (jiT}: 
1118: ¥, = 29,79 [km/s] | on the average approx. B = 50 {uT] me 


4B 
N 


with B= 67 [uT] U= Eh = vyBh 
9.1120 Vg = 465 [m/s] } 10 km high: [U=199'[kV] calcula 
and h = 6378+10 [im] | ‘U = 200 [kV] measurec 


Fig. 11.8: The magnetic and the electrostatic field of the 
earth 
as a result of an unipolar induction 


<i: Measurement values in chap. 2.8, e.g. reference entry <i> (Prof. Dr. L. Konig) 
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118 Set of difficulties conceming the change of magnetization 


Now investigations of the polarity of the magnetization of rocks have resulted in the fact 
that in irregular intervals, on an average every 500,000 years, a change of polatity of the 
‘geomagnetism has occurred and no one knows why. 

If the rotation of the core should produce the magnetism, then it in any case also is 
responsible for the process of change of magnetization. That purely theoretically is 
possible in two ways: Either the core tilts out of its plane of rotation for 180° and rotates 
suddenly in the opposite direction or earth's mantle together with earth's crust, on which 
we live, is turned upside down, 

It surely isn't my intention to produce any panic, but from a physical point of view only 
the second case is possible, Usually not the tail wags with the dog, but vice versa, the dog 
with the tail. The high rotational velocity of the earth's core exerts an extremely 
stabilizing influence. After all its angular momentum is 4.85 times larger than that of the 
mantle (eq. 11.33, fig. 11.9). Therefore the rotation of the core and the direction of earth's 
magnetic field always are preserved seen from the sun, 


I further proceed from the assumption, that an electrostatic field arises from the sun 
accompanied by a particle flux, the solar wind, through which the earth flies through in a 
perpendicular direction. According to the Faraday law of induction E = v x B (eq. 11.25) 

it experiences, as a result of the unipolar induction, a magnetic field which stands 
perpendicular on the ecliptic and thus dictates the orientation of earth's magnetic field. 
With that also the direction of rotation would be determined. The core thus by no means 
can tit 

On the condition that the core doesn't rotate completely frictionless, the earth's mantle 
will in the case of the same direction of rotation be accelerated, in the case of unequal 
direction, after a changing of polarity, it will be slowed down again. If the process, for 
reasons of conservation of angular momentum, takes place altematingly with a certain 
regularity, then the inhabitants of the earth for every changing of polarity might 
experience, how the North Pole in the shortest time turns over the equator to the South 
Pole, how the sun sets at the point, where it before had risen. As said, after a changing of 
polarity our earth is standing on its head! In the Bible corresponding clues are found. 
It can be taken from the media that one reckons with such a changing of polarity in the 
foreseeable future, When and it actually takes place, stands however in the stars. 


If magnetism thus is produced by the rotation of the core, or by electric currents in the 
earth's core as a result of the superconduction or by both, then the earth is aligned in the 
field of the sun like the magnetic needle ina compass. If we take as a cause a solar wind 
with an electric field strength of just 2 V/m, then this would not only determine the 
direction of earth's magnetic field, but also the order of magnitude, and that at present lies 
at $0 uT averaged over time (chap. 2.8). 

With the same mathematical relation an electrostatic field around the earth of 199 Vim 
results as a result of the rotation of the earth. That fairly exact corresponds to the measured 
values!" Quite obviously all is related to each other. In the question for the how” at this 
point consciously no definite answer is strived for. It rather should be discussed and 
‘worked to together in the seminar. 


“iis: The Bible, OT, The 2" book of kings 20,9-11 (king Hezekiah) and Joshua 
10,12-14, literally cited on the page after the next page (chap. 11.9), note<ii> 
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Angular momentum Jy + @ of the orbiting moon (with eq, 11.22 + 11.23) 


Jm+ Om = Mmm? + m= 2910" (kgm’/s] 27) 


Angular momentum J - «oe of the rotation of the earth (eq. 11.19 + 11.20, 
same direction of ting) é 
(theoretically) J- we = (2/5) MR? + wp = 7*10" [kgm"/s] (11.28) 


Orbital momentum moon _ Jn+@m _ 29 al 


Angular momentum earth J - we T 


Angular momentum Jax - @gof earth's mantle and crust (Ry = core radius) 
Sar @e = (I-Sk) «we = (2/5)(MR2-MuRe2)-oe = 6°10" [kem"/s] (11.30) 


conservation of angular momentum: Jim - @m = Jk -@x - Ju + Oe | 


Angular momentum Je - @ of the earth's core 


Ju + OK = Sm + Om + m+ Oe = 35*10° [kgm’/s] (11,32) 


Angular momentum core _ _Jx-ox . 35 _ 7 aa 
‘Angular momentum mantle Jwioe 5. 


Jk + @x = (2/5) MeRn? ox (11.34) 
With the mass of earth's core Mi = px'Vk = pe(4/3)mRi? (1135) 
and the averaged core density ro,= 12000 kg/m’ 
the angular velocity 


of earth's core amounts to: @q= 3,3*10° [s'"] (11.36) 
and that at the earth's surface: m= vi/R = 0,073*10° [s"] (1137) 

ox 33 

= ee = 4519 

or 0,073 i 


Fig, 11.9: Calculations concerning the conservation of 


angular 

momentum and the rotation of earth's core 
(One tum of the earth's core lasts 32 min. It results contrary to 
the earth rotation. Of the surface of the earth a period duration 
‘of 31 min should be observable.) 
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11.9 The weakly damped moon 


The increasing angular velocity in the direction of the centre of the earth surely has 
something to do with the set of difficulties conceming the conservation of the spherical 
structure, comparable to the reason for the particle spin (chapter 6.13). The increasingly 
missing radial component of the gravitational field has to be compensated by an additional 
field produced by the rotation (according to part 1, equation 62, fig. 6.5). 


The moon apparently doesn't know this set of difficulties. We can assume a constant mass 
for it (eq. 11.21). On the one hand is the moon smaller than the earth 200 million years 
ago, as it started to grow. On the other hand are doubts conceming the existence of an 
active core of the moon legitimate. In the Apollo-1S mission seismic gauges had been 
installed at the ground of the moon and at the start from the moon the produced seismic 
waves had been recorded”. The surprisingly small damping as the lunar module fell back 
fonto the ground of the moon more likely allow the conclusion that the moon is hollow 
inside! 

‘Also the small density of the moon points in the same direction, and finally no clues at all 
can be seen on the surface of the moon, which would point to a growth of the moon, 


‘Apart from the mass also the orbital velocity of the moon is taken constant, what surely is 
tue, as long as nobody and nothing drives the moon extra (eq. 11.24). The analysis of the 
law of conservation of angular momentum provides the in fig. 11.10 derived provisional 
result (eg. 11.41). 


<is; Moonquakes ever more mysteriously: The by Apollo 12 wiggered moonquake 
by bombardment" of the surface of the moon with the clapped-out Lunar 
Module Intrepid” at thursday evening puts scientists for bigger and bigger 
mysteries. An exact analysis of the measurement data now resulted in the by 
the astronauts Conrad and Bean installed ,,seismic station” on the moon 10 
have recorded and to have sent to the earth SS minutes long. ... The 
seismologist Dr. Gary Latham spoke of important information about the 
structure of the moon” and meant, one now can throw away the text book", 
One had reckoned that the impact of the Lunar Module on the moon would 
triguer a quake of at best. some minutes", (translated) 
Frankfurter Rundschau vom 22.11.1969 


‘onceming reference entry <i>, chap. 1.8: 
<ii>: The Bible, OT, Joshua 10,12-14: There stands in the ,book of Jasher ": So 
the sun stood still in the midst of heaven, and hasted not to go down about a 
whole day. And there was no day Tike that before ito alter, 
The, 2" book of Kings 20.9-11: king, Hezekiah: This sign thou jet the 
shadow retum backward ten degrees. And Istiah the prophet. cried unto the 
LORD: dnd he brousht dhe shew ton dewnees backer by whic had 
gone down inthe dil of Ahaz. 
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Calculation of celestial mechanic 


For the proportionality of the angular momenta of the earth: 


Jor ~ Ju-On ~ Jk: ox 
With: J-oe = (2/5) MR? - 2n/te an 
and the orbital momentum of the moon: 
Jo * Om = Moet? + Vn/ tm a 
is valid the 
lconservation of angular momentum: J. oe ~ Jim +m Ul 
or: MR2/te ~ Metm¥m at 
with mp = constant (11.21) 
and vp =constant (11.29: | MR? ~ term ou 
centrifugal force = — gravitational force 
Move? _ GM-Mn a 
Tm Ta? 
orwitheq. 11.22: va? = GM/tm = (2ntm/tm/? (11 
if M_=constant Ta? ~ ta? 
Kepler’s 314 law. 
Here M_+ constant, instead ym = constant 1123) and therefe 
follows from eq. 11.43: 
(month) | tm ~ tm ~ M a 
with eq. 11.41: 
(day) te ~ R a 
and for an analogous 
derivation: (year) | t ~ re ~ ms a 
with ve = constant 


1 


10: 


The growing globe 249 


11.10 Calculation of celestial mechanics 


We still need a further relation and try the balance of forces between the centrifugal force 
and the gravitational force. Both the to the outside directed centrifugal force and the to the 
inside directed gravitational force depend on the mass of the moving body, here the mass 
‘of the moon ma, $0 that itis eancelled from equation 11.42. 

‘As determining mass only that of the earth is left and that is taken constant in accordance 
‘with the knowledge of text books. The result of this assumption is Kepler's 3 law (eq, 
10.1). But beware, it here merely concems a momentary picture! In the course of time, 
according to the derivation, the mass of the earth increases so that this assumption is 
untenable 


Instead, as already said, the average orbital velocity of the moon, one kilometre per 
second, can be taken constant (eq. 11.24). Since the orbital velocity is calculated from the 
proportion of the perimeter of the circular orbit 2-r-rq with regard to the revolutionary 

period of a month (11-43, left page), and at the ‘same time from the balance of forces a 
dependency of the mass of the carth M and the radius of the orbit of the moon follows 
(11.43, right page), the interesting relation (11.44) results: 

Here the mass M, the radius rq and the revolutionary period tq stand in a direct 
proportionality to each other, and that means: if the mass of the earth increases in the 
course of time, then the moon will go away from us to the same extent, then also every 
‘month will get correspondingly longer. 


Clarified with numeric values follows from a growth of the earth for 91510" kg per year 
a going away of the moon for yearly 5.88 meters (fig. 11.11). The going away of our 
satellite could be confirmed by means of measurements with laser reflectors, which had 
‘been put up on the moon by Apollo astronauts, aecording to dpa message" 


In addition every month lengthens for 3 milli seconds. That is valid for the sidereal month 
(= 27.322 days), for which a fixed star serves as a reference point for the measurement of 
a revolution, as well as for the synodic month, as it is observed from the earth from new 
moon till new moon (= 29.53 days). The synodic month today is longer than four weeks. 
But 3.7 million years ago it once actually lasted exactly 28 days, as we can calculate easily 
(ig. 1.1, 

But now also the length of a day is changing. If we insert the proportionality (11.44) from 
the balance of forces in that of the conservation of angular momentum (11.41), then it is 
shown that a day depends quadratic on the radius of the earth (11.45), that a lengthening 
of every day for 45°10” s can be determined with the help of the growth curve of the 
earth (fig. 11.5). This is really very small, but 200 million years ago the day had just 19 
hours, if extrapolated to 900 million years only 18.04 hows! The result of the american 
‘geologists around Dr. Charles Philip Sonett of the University of Arizona in Tucson also is 
18 hours in their analysis of correspondingly old sediment formations, as the US science 
magazine Science has reported". The correspondence of this measurement with our 
calculation without doubt has force of evidence! 


Er DOW million years ago a day had 18 hours, Washingion (Gpay 1997 


250 ‘The biblical age 


Going away of the moon per year with [M =m | (eccordingto ea. 114: 
Arm = Ta-AM/M = 384390[km}9.15:10![kg/a] /5.976-102fka = 


lengthening of month per year with  [M~ ts |(1144) (sidereal): for 
Atm = tm-AM/M = 27.322 [days] - 86164 [s/day] - AM/M 


‘tn = 29.53 [days] - 28 [days] = 1.53 [days] = 132-105 {ms} 
linearly calculated 132-108 {ms]/36 [ms/a] = 


Day length 200 mio, years ago, with [te =? 1145) 
shortening: Ate/te = AR?/R? = (R-R*)?/R? = (6378-3420)? /6378? = 21.5% 


Ate = 0.215-24 fh] = 5.16[h] and {* = 24 [h]- ate = 18.84 [hl 


‘Day length 900 mio, years ago, (R*-3200 km) amounts to 18,04 hours 


presentlengthening perdavamounts to: ts/te = 4.5: 10° 


but: the year increases 130,000 times faster than the individual di 
according to the measurement of Aristarchos 2300 years“ ago 

is Ate = 365.25637 [days] - 365.25062 [days] - 0.00575 [days] 
and AfeLte= 0.00575.24.60.60:1000 / 265.25637-9200 = 0.59 ims/daxl | 


going away of the earth from the sun per vear, with [Bag flac eq 146), 
for Ate/t = TeAte/tet = 149,6-106 [km] -Ate/tet = 1.024 km/al) 


‘growth of the sun per year/second, with [[igeim] (accontingoeg 11.46) 
for 
Ama/t = ms-Ate/tet = 1,99-10"t-Ate/tet = 1.96:10° {t/veas] 


and at the same time a loss due to radiation of: S10" {ts 
ig. 11.11: Figures ing to sis of some umples 
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11.11 The biblical age 


We therefore owe the growing diameter of the earth that every day gets longer and longer 
(eq. 11.45) and from the going away of the moon a lengthening of the month results (eg 
11.44), Not only the months and the length of the days increase, but also the whole year. A 
corresponding derivation for the revolution of the earth around the sun, as it has been 
carried out for the revolution of the moon around the earth (eq. 11.44), delivers analogous 
results (eg. 11.46): The sun determines the length of the year and the distances to the 
planets. To the extent, to which the sun grows, the solar system increases in extension 
Also the distance to the earth increases proportionally with the mass of the sun. By the 
going away from the sun the temperature on the planets however not necessarily 
decreases, because at the same time the radiation intensity of the growing central star 
increases. According to measurements it has increased for 30% since the formation of the 
solarsystem®. 

If both the rotation of the earth and the revolution around the sun get slower, then by all 
‘means is conceivable, that the number of days per year approximately stays the same and 
mankind nevertheless’ gets less old. If we take the 2300 years old writing of the Greek 
Aristarchos about the sizes and distances of the sun and the moon. He determined, 
assuming a heliocentric view of life, the year to be 365.25062 days. Because the 
correction taken by Aristarchos concemed even the fifth place after the comma, we must 
assume that correspondingly precise gauges were available in Alexandria already 310 BC. 

The today measured sidereal year with 365.25637 days has lengthened for whole 0.00575 
days. From this follows that the year increases considerably faster than the individual day. 

It of course would be nice, if we could calculate the lengthening of the year, but 
unfortunately no data about the growth of the sun are availabe. 

If we proceed from the measurement of Aristarchos, without being able to verify or 
reproduce its reliability, then from that would result a’ going away of the earth from the 
sun for yearly one kilometre, then the sun should grow for 4.3*10'! tons per second. In any 
case the sun materializes mass considerably faster, as it loses mass in the same period as 
radiation equivalent, and that surely is correct (fig. 11.11). Today one generally assumes 
that ,since its formation the earth has gone away from the sun for in total 30,000 km" 


But if in the past the year consisted of less days and every day moreover was shorter, if 
therefore the biological life time was divided in shorter periods, then mankind could get 
‘older, then obtaining a biblical age possibly by no means was unrealistic. If Adam still 
should have got 930 years old, according to the I" book of Moses, then his lifetime 
already must have been quite long ago. While Abraham still did get'175 years old, no 
successor of him has reached his age anymore. In the Bible it is said: And the LORD 
said, My spirit shall not always strive with man, for that he also is flesh: yet his days shall 
hhe an hundred and twenty years "“*". Today’ even the limit given by the LORD isn't 
reached anymore! 


=: Ts the san loosing her Gravitation? Musirierte Wissenschat, NeT, 1995 
<ii>: Hermann Wild: Technologien von gestern, Chancen fur morgen, 
Jupiter-Verlag Bern (1996), ISBN —_3-906571-13-0, Seite 22 


<ili>: The Bible, King James Version, Genesis 6.3 


22 ‘Concerning the formation of our solar system 


‘The balance of forces (equation 11.42 generalized): 


centrifugal force = gravitational force 


GMm 
= 


cosmic velocity vy 


Gm/r | (122) 


independent of the mass M of the satellite or planet! 


For vey falling back into the central mass m 
For rea taking the leave into space 
For vu stationary orbit 


written down for the n' planet in the solar system: 
with r(n) =r, average orbital radius of the planet 
and v(n) =v, average orbital velocity 


as well as: m, — mass of the sun 


va = VGmi/m | 023 


or: 


Va = Gms/vatn |(!24) 


Fig. 12.1: The first cosmic velocity v, 
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TZ, New cosmology 
Astronomy. still hasn't satisfactorily solved the question of the formation of the solar 
system. It hereby however concerns a central problem, because it includes the origin of 

the earth. But as long as we not yet have understood the relations in our nearest 
environment, the processes, which we observe with giant telescopes in the depths of 
pace, will remain a book with seven seals, will lose models of explanation concerning the 

Big Bang and concerning the so-called unavoidable heat exitus every reliability. 


12.1 Conceming the formation of our solar system 
2-8-1972 the observatories of the sun reported an unusual high solar activity and 6 days 
later a slowing down of the rotation of the earth occurred, which was recorded as the 
lengthening of a day for more than 10 milliseconds. This effect hardly can be explained by 
the tidal friction alone already just conceming the energy balance. Instead this observation 
‘makes clear two things to mankind. On the one hand, how much our earth depends on the 

solar processes and on the other hand, that the changes by all means can occur not 
continuously, but periodically and if need be even sporadic. 

If, as a result of the conservation of angular momentum, the sun determines the orbital 
velocity of the earth, if it dictates the rotation of the earth by its neutrino activity and the 
growth of the earth and if the earth in the same manner determines the orbit of the moon, 
then it would be obvious that the moon originally has been a part of the earth and this in 

‘um sometime a part of the sun. As it came off, the necessary angular momentum then has 
bbeen passed on proportionately to the celestial companions, with which the cause for 
evolution and rotation of their own would be clarified. In addition the moon goes away 
from the earth and the earth again ftom the sun, so that looking back it by all means would 
be obvious, if they once had belonged together. 

If we assume that cosmic dust particles meet and accumulate, then all collected rubble 
contributes to the rotation of its own of the forming celestial body. The more matter finds 
together, the larger its force of attraction gets, the faster it will grow like a celestial 
vacuum’ cleaner. In the course of time this process however is slowed down again and 
eventually comes to a standstill, because as matter condenses, volume and spherical radius 
decrease and the rotation of its own increases to the corresponding extent. The celestial 
body rotates faster and faster and reaches at its surface the cosmic velocity vk, which is 
given by the mass m and the radius r of the star (eq. 12.2). Now the centrifugal force has 
reached an order of magnitude, for which the celestial body hurls exactly as much matter 
into space, as it on the other hand collects by its gravitational effect. 

‘Our sun was lucky to have been supplied with neutrinos in the range of influence of our 
galaxy, It went in resonance and started to grow, this time from out of the inside. It 
however could not yet shine, because a crust had formed on its surface around its core of 
fusion and its manile, a crust on which permanently was falling cosmic matter from the 
outside. The increasing viscosity of the sun becoming compressed caused a slowing down 
of the core of the sun and the corresponding acceleration of the mantle and crust. 


254 ‘The birth of the planets 


Titius-Bode law of 1766: 
a =0,4+0,3-2" 


in astronomical units a with: T= ate 


(r= 149 598 000 [km] average orbital radius of the earth) 


Planet orbital radius ace. to the law:| measurement 


Mercury: vye-0 | a=04 0,39 (measured) 


Venus: v=0 a=0,7 0,72 (measured) 
Earth: y=1 | a=1 1 (by definition) 
Mars: v=2 | a=16 | 1,52 (measured) 
Asteroids: ve3 a=2,8 > 
Jupiter: y=4" | a=52 5,2 (measured) 
Saturn: v=5 | a=10 9,54 (measured) 
Uranus: v26 | a=196 19,2 (measured) 
Neptune: v=7 | 2-388 30,1 (measured) 
Pluto: ve8 | a=77,2 | 394 (measured) 

(circumsolar ] 

cloud of planets: | v=9 | a= 154 - 

ete... v= 10 | a= 308 


Table 12.2: The Titius-Bode series of the planets (the 
theoretical 
values compared to the measurement values) 
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Sometime our like mad spinning sun had increased that much, that the crust came off like 
the read of an old car tyre and was catapulted into space. The repulsion was achieved 
bby the centrifugal force exceeding the gravitation for the force of cohesion, which at the 
moment of the separation of crust regions suddenly tears off: Like snowballs the planets 
lulled off the sun's surface in this process and were hurled away. Their velocity of rotation 
at this time was identical to the cosmic velocity of the sun vy and with that for many a 
planet large enough to produce its own satellites out of its own surface, which perhaps was 
rot yet completely ideally spherical 

With every planet, which the sun gave birth to, it gave away a part of its own angular 
‘momentum 10 its child as orbital momentum. Only from this time on the sun reduced its 
angular velocity steadily until this very day. By losing the crust it also started to shine 
‘openly. Thus at least could our solar system have been formed, 


12.2 The birth of the planets 


From this observation various consequences result. If stars are observed, which are 
rotating very fast, then they either are very young, or they have no planets. Stars, which 
compared to our sun are rotating less fast, have given away the angular momentum to their 
planets and such, which hardly are rotating, have their planets already sent away into 
space. But if the last planet leaves its solar system and the sun stops to rotate, then the sun, 
which meanwhile has grown to a red giant, without a, the spherical form stabilizing 
centrifugal force, will collapse. The supemova is the death of a star and thereby neutrinos 
are set fe, the material for new life. 


After the coming off of the planets these first clear free their flight paths, by together with 
the sun collecting the flying around matter. Even whole planets thus can collide, are 
slowed down and form bigger units. Finally only some few planets in very particular 
orbits are left. Their average distance to the sun obeys in an until now completely 
inexplicable manner the Titius-Bode series. (equation 12.5, table 12.2), 
In the case of the by the german scientist Titius 1766 formulated regularity it concems a 
rule of thumb founded purely on experience. But it is remarkable, that the planet Uranus 
could be predicted (Bode 1772) and after systematic searching also be found (Herschel 
1781) with it 


The most distant planets Neptune and Pluto however don't obey the law, Their distance 
should be very much larger. But this circumstance we already had given reasons for with 
the fact, that for them the resonating interaction already overlaps and exceeds the 
gravitation in its effect (chap. 10.1 note“ and chap. 10.5). 


The arbitrary seeming series of numbers 0, 3, 6, 12, 24, 48, 96, 192, 384, .. with a 
respective doubling of the value, starting with the 3, the addition of 4 and the following 
division by 10 at first are nothing but pure acrobatics of numbers, which now really has 
nothing to do with physies (lable 12.2). A physical background can be supposed however 
because of the tried and tested applicability and that should be fathomed, 


256 ‘The derivation of the Titius-Bode law 


Orbital angular momenta Ji ofthe n* planet = 
with: J= mr? and @ = vu/ta: Jo=mtove | Ol 


By using ‘equation 12.3: equation 12.4: 
amounts the orbital : 
angular momentum tof J-o [=| amNGamete |= Gm-ms/va | 


dependent On Ta on Vn 


| 
change of the angular momentum (1* derivation) with the ordinal number n 


- dl 
sem 
i mGm, drm |__ 


with eq. 12.8: le le 
dn 
By comparison of the left and the right solution (of eq 
after introduction a 
of the constant: 1 eteeden L 
N dn 
the differential 
‘equations read: in, dtm 
N da 


and the general solutions: | x(n) =r = tee!" | vin) = vn = vore®. (121 


‘The 1* derivation: 


Bot aie een) Ave 
and the comparicon with faaeteiiniie go 
dtm 
‘dn 


= vohern (121 


eq, 12.13 and eq. 12.14: =Vo 


2i8an | _dve 2 

=a ae ae ca 
determine the on. 1 
coefficient A j= 1/2N cat 
‘The result is forthe average || for the average 
for a planet orbital radius || orbital velocity 
in the nt orbit: r(n) = Tr |) v(m) = va 

rin) = ro-en/§ y(n) = voer/2N 


| (218) ear 


Fig. 12.3: Calculation of the distances and orbital 
velocities 
of the planets 
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12.3 The derivation of the Titius-Bode law 


Even if Bohe's atomic model should he wrong, it gladly is compared to the system of the 
planets. The radii of the electron orbits mathematically result as eigenvalue solutions of 
the Schrodinger equation, and that we have derived from the fundamental field equation 
(chap. 5.1, eq. 15) (chap. 5.5 - 5.9). The orbital radii are calculated in increasing order in 
accordance with the sequence of whole numbers with n= I, 2,3, 


From the same sequential regularity of the planetary orbits can be derived, that they also 
obey the eigenvalues of the same fundamental field equation, which isn't ‘called a world 
equation in vain, The quantitative distances from the sun are determined by the size of the 
sun: ifthe sun increases, then also all distances increase to the same extent 


Now result identical distances between the orbits from Bob's model, whereas this 
distance in the case of the planets with increasing distance from the sun gets larger. The 
reason for this unevenly grading can be ealculated just like that (fig. 12.3). 


We arbitrarily pick a planet, which occupies the orbit n, where n again represents the 
sequence of whole mmbers (n= 0, 1, 2, 3, ..). If the orbit of this n" planet changes, then 
also its distance to the sun. r,r(a), its orbital velocity vq~v(n) and the orbital 
momentum J9(12.7) are changed. 

We try (as in equation 11.42, fig. 11.10) the balance of forces between centrifugal force 
and gravitational force (eq. 12.1, fig. 12.1) and solve equation 122 for the orbital velocity 
The orbital angular momentum of the planet written down once in its dependency on 5 

and in the right column next to it on V, (eq. 12.8, fig. 12.3), is derived forthe orbital 

ordinal number n to record the change in angular momentum (equations 12.9 to 12.11), 


In fig. 12.3 the paths to the solution for both cases are given, For the average orbital radius 
r(n) as well as for the average orbital yelocity v(n) of the planet an exponential course (eq, 
12.18 and 12.19) and in logarithmic representation a straight line (fig. 12.4) results 


Even the orbits of the distant planets Neptune and Pluto, for which the Titius-Bode series 
fails, now are correctly recorded, so that with good cause can be claimed, to correctly have 
derived the regularity of the distances of the planets physically and mathematically. 
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Fig. 12.4: Representation of the distances of the planets 


result of the calculation: 


Ey 


4(n) = 0,3332-¢ °°? 


[AE] 


values according to Titits-Bode 
measured distances 
calculated distances 


4 


Now cosmolog 259 


12.4 The hollow planet 


‘The numerous accompanying moons of the big planets obey in the same manner as the 
planets this regularity, so that for the found result every coincidence is excluded. The 
orbits of the moons of Jupiter (fig. 12.5), of the moons of Saturn (fig. 12.6) and of the 
moons of Uranus (fig. 12.7) in logarithmic representation lie almost on a straight line 
Some orbits certainly are occupied several times, while many an orbit has remained 
unoccupied. Other orbits again are occupied by a ring of countless chunks of rock, so- 
called planetoids. Best known representative isthe asteroid belt (n = 4) hetween the orbit 

‘of Mars (n = 3) and that of Jupiter (n= 5). The Titius law requested the planet "Aster", but 
what one found (Piazzi, 1801), at first only was Ceres, the biggest representative of the 
small planets 

‘As a second asteroid, as they are called, was found (Olbers 1802) its discoverer proposed 
the explanation that both, Ceres and Pallas, could have formed in a cosmic catastrophe, 
which a bigger celestial body had suffered. 

Perhaps the sought-for planet Aster actually had imploded after a collision and had been 
torn apart in countless fragments, of which today still more than half a million pieces are 
flying around, Most of the fragments however have been collected by the neighbouring 
planets Jupiter and Mars. Also in the case of the moons of Mars and the outer moons of 
Jupiter it could concer scrap of Aster. Some presumably fell on the young earth and 
‘wiggered natural disasters and left deep sears. 


Ikcan be imagined that the planet Aster was hollow from the inside and thus was built up 
similar to the moon. Such a hollow sphere could have formed, if the sun, or in the case of 
the moon, the earth still was rotating with the cosmic velocity and as a result of the 
centrifugal force at the perimeter parts of the crust came off ax connected shects and rolled 
upto atube, 

‘The fast spinning tube then remodels into a hollow sphere with openings at the poles. In 
the inside of the sphere, near the equator, protected conditions and the best prerequisites 
for an undisturbed development, for instance of intelligent living beings, are found by the 
way. Apart from the advantages the hollow sphere however has as a fundamental 
disadvantage, that the normally protecting shell in the case of a collision with a bigger 
‘celestial body can becomes instable and ean implode. 


Im the case of the moon the pole openings in the meantime are closed and a presumed gas 
pressure in the inside in addition provides stability. The wall of the spherical shell 
however is not evenly thick, so that the moon all the time turns the same, namely the 
heavier, side towards the earth. In view of the seismic measurements of the Apollo- 
missions, which revealed an extremely small damping of the ground of the moon (chap. 
11.9, note <i>), we should look after our moon well, because a comet, which lets the moon 
implode, would be able to bring about more damage on earth, than if it would hit the earth 
directly 


Should there exist a hollow and possibly even on the inside habitable planet in our solar 
system, then surely Saturn should be considered. Its density is smaller than that of water, 
so that water would be distributed over the inside arca of the hollow sphere, if it would be 
existent. One should examine more detailed the extremely flat pole regions of Saturn for 
possible openings! Also Uranus and Neptune are possible candidates. This only is thought 
as an idea 
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in position n = 9 stand: Leda, Himalia, Lysithea and Blara 


Result of the calculation: r(n) = 67608: 


aL_Note to chapter 12.5 
‘What we observe as and call coumos, a nothing but a structured state of 


New cosmology 261 


12.5 Concerning the formation of the universe 


The widespread concept of an expanding universe bases on the observation of a red shift 
of the spectral lines of galaxies, which increases with their distance. As the physical 
explanation for the discovery of Hubble, the Doppler shift for a light source, which is 
‘moving away from us, is used. But this concept of an against the attraction of the 

‘gravitation taking place expansion is nothing more than a work hypothesis. 


The by Christian Doppler in acoustics investigated effect treats the observable shift in 
frequency, if the source of sound or the receiver is moved with regard to the medium of 
propagation. But according to today’s version there doesn't exist such a medium at all for 
light, because Einstein has abolished the concept of the aether. According to that the 
Doppler effect neither can be applied to changes in light frequency. 
In the case of the expanding universe, for a decrease of the density and the tracing back 10 
‘a Big Bang, it therefore should concer a misinterpretation! 


Here another effect has to take effect, which one is not yet clarified. Perhaps the changing 
field relations of the observer environment play a role, after the earth moves away from 
the sun. But pethaps the galaxies only influence the propagation of their own light, or the 
light ray on its millions of years lasting way through space slightly loses energy, what is 
expressed by gradually increasing its wavelength and shifting its spectrum towards the red 
frequencies. 

The hypothesis of the Big Bang moreover contradicts every causality. It is not able to give 
fan answer conceming the origin and the future of the universe and on the question of the 
origin of the energy and the particles. With that its physical value of explanation goes 
towards zero, 


{If we again hold the theory of objectivity against the theory of relativity (pat 1), we come 
to quite other answers. Here apart from the waves also vortices are found, Specially in the 
case of the spherical vortex a part of the wave power is enclosed in the inside, so that 
looked at from the outside a from zero differing energetic state results, which even is 
accessible measuring technically (chapter 6.2). 

Wave and vortex ate two possible forms of state, so that for the conversion of one state in 
the other state at first no energy is necessary. The change of state depends on the local 
field relations. 

If we assume that in the beginning the cosmos was fiee of energy and particles. Then the 
first vortex was a possible produet of chance with an infinite extension, ‘This first spherical 
vortex, which was contracted under the potential vortex pressure, gave structure 10 space, 
gave it energy and field and took care forthe rolling up and formation of new vortices". 

Tr can be assumed, that even today new particles continually are being formed in the fringe 
areas of the infinitely extended cosmos, which fly towards us and in doing so contract. 
They are attracted and at the same time’ shrunk by the fields of the celestial bodies. They 
form the source of all matter and energy for our observable universe, which permanently 
is changing its structure. Because the same oscillation with reversed sign is enclosed in the 
inside of the spherical vortex, the sum of the energy present in the cosmos is exactly equal 
to zero, With that the question concerning the causality i superfluous. 


Counter examples concerning the 2”! law of thermodynamics 
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Fig. 12.6: The distances of the moons of Saturn 


Note to chapter 12.6 (24 law of thermodynamics”): 


[Heat cannot completely be transformed 
into mechanic or electric energy. 


<i: _ see Blectromagnetc environmental compatiblity, Part 1, fig. 64 
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The formation of the universe also can be explained causal and completely without a hot 
Big Bang, even if a supernova surely represents something like a "local Big Bang" for the 
concerned celestial bodies. According to the observations of the sky expansion and 
contraction, explosion and implosion occur everywhere in form of oscillations. 


On the whole the expanding universe, which once was in thermadynamic equilibrium with 
matter, should cool down further and further. But stop, the 2" law of thermodynamics 
teaches one just the opposite. If the entropy only increases, as the law dictates, then the 
‘whole universe should end in a heat death, just as mysteriously and inexplicable, as it 
should have been formed with the Big Bang. Perhaps something is wrong with the law 
ig. 84)? 


12.6 Counter examples concerning the 2 law of thermodynamics 


Most likely small experiment convinces us. We heat two spheres, one somewhat less, the 
other somewhat more. Then we focus the heat radiation of the less hot sphere with help of 
fa parabolic mirror and point it to the hotter one of both. That as a result becomes hotter, 
whereas the colder is cooled down, The heat thus has flown ffom the colder to the hotter 
sphere. Is it allowed to do that? 

According to the 2"! law of thermodynamics it of course isn't, There the heat always can 
only flow from the hot to the cold sphere, But in this primitive experiment it measurable 
and verifiable flows in the wrong direction. Here the entropy, which is said to always only 
increase, actually decreases. Here entropy is being destroyed! 

Shall we now let the carrying out of the experiment be forbidden under threat of penalty or 
shall we secretly put the law of entropy to sleep? It can't be denied that this law until now 
hhas quite well helped us along, at least for terrestrial processes, at least if one dispenses 
with the poor inventors, whose inventions offend against the since 100 years tried and 
tested 2" law of thermodynamics. They haven't really arrived at the patent office at all, 
then they already are outside at the door again, Such inventors with their illegal behaviour 
even today must feel like criminals 


Just what that observed experiment can, each reftigerator and each warmth pump is using 
‘as well. And it is not an isolated case: also our sun clearly functions and operates illegally! 
The surface temperature amounts to only $800 degrees Kelvin and supplies the 
atmosphere of the sun with energy. The energy thus flows from the sun to the corona, and 
that is with values above 1,000,000 degrees Kelvin for some powers of ten hotter! 


Only the vortex concept resolves the many question marks without compulsion. In the 
case of the sun certainly vortices are at work. Here the high temperature in the corona 
arises as a result of vortices falling apart. We also speak of eddy losses. The transport 
takes place by heat radiation, exactly as in the experiment with the two spheres. 

The possibility exists therefore in vortex processes as well as in technical circle processes 
that heat could flow from the colder to the hotter sphere. Whether this is an offence 
‘against the 2" law of thermodynamics, i inthe end a question of interpretation of the law 
and up to the opinions of the scholars, 
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Fig. 12.7: The distances of the moons of Uranus 


Note to chapter 12.7 (law of entropy): 


[The entropy of @ closed system never can decrease. It is 
increased in the case of all irreversible processes. In the case| 
of reversible processes it remains constant. 
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12.7 Entropy destroying potential vortices 


Vortices in addition can amalgamate to balls and to planar vortex systems (4.9 and 4.10) 
In that case similar consequences, as they can be observed in flow-technical potential 
vortices in hydrodynamics, can be expected. As a result of the concentration effect (4.1) 
and because of the conservation of angular momentum an increase of the velocity of 
rotation of the vortex occurs. Like in the case of the pirouette in figure skating a 
spontaneous acceleration of its own is observed. In that way the kinetic energy of the 
system is increased, and that has to come from somewhere. 

If we don't supply the contracting vortex with any additional energy for the increase of its 
rotation of its own, then as a source of energy only the heat energy is left. For this reason 
every contracting vortex generally converts heat in kinetic energy, it therefore cools down 
its environment! It moreover destroys entropy and offends against the 2" law of 
‘thermodynamics (fig. 12.8). 


It isn't an accident, if in the inside of a tornado it starts to hail. The whirlwinds really 
furnish visual instruction of the contraction and acceleration of their own of ring-like 
vortices. If then, even in tropical regions, hail stones are formed, the cooling effect has to 
come fiom somewhere, and it can be assumed that the vortex withdraws the heat energy 
from its environment (calculation in fig. 12.8). 


If in specialist books is talked about matter or stars condensing, then vortex physics 
teaches us that they in reality are contracting and by doing that cooling down. That also is 
valid for whole galaxies. We owe solely the vortex laws that the continual heating by 
absorption of radiation is prevented and our sky in the night is dark and doesn't shine as 
light as day. 


The cosmic background radiation, which as a result of vortices lies at almost 3° Kelvin, 
actually can only be given account for with a contracting of vortices of the Milky Way 
galaxy. If the cooling down in a compression resp. condensation process has arrived at 
absolute zero, the vortex becomes stationary, the contraction becomes dependent on the 
inradiated energy or it wholly comes to a standstill without supply of energy. An example 
for that is earth's inner core, which at zero Kelvin can't contract further. 


From the point of view of causality it is suggested that we galactic and perhaps even 
cosmic to a large extent are in thermodynamic equilibrium, completely without Big Bang 
and heat death. 


Numerous inventions, as mentioned, are based on the principle of converting 
‘environmental heat in useable energy by contraction of vortices. If however the inventors 
don't know the vortex laws and if they have developed their concept empirically and less 
physically, then it very often happens that erroneously gravity is made responsible, then is 
talked of gravitational converters, of the use of a gravitational field energy. But the 
inventors don't do themselves a favour with that. 


<i>r In the seminar 1t is desired to think about this. Doing so the philosophical 
faculty may feel as well addressed, as the sandpit of physics, in which 
completely unsuspecting is played and juggled with Big Bang hypotheses by 
ignoring all physical regularities and every common sense. 
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Fig. 12.8: The cooling and entropy destroying effect 
of contracting potential vortices 
(calculations concerning chapter 12.7) 
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13, Reconding of space and time 


If observations should force us to touch the sacred physical laws, then we should first of 
all judge our measuring technique critically of all sides and bring it in an usable state. 1 
suggest, we start completely from the beginning with the devices, with which the 
dimensions of space and time are recorded, with the tape measures for the measurement of 
length and the chronometers, our clocks. 


We must find out, why comets are slowed down if they approach the sun like by the hand 
of a ghost and in going away again are accelerated, although no forces at all act on the 
celestial bodies from the outside 


We must find out, why in mines deep under the earth another value for the gravitational 
constant is being measured as on the surface of the earth’. The results hardly can be 
imagined, ifan universal constant should lose its constancy. 

Thereby can Newtonian mechanics and the well-known laws be used very successfully 
from today’s point of view, as the derivations in the last chapters have shown. We even 
could verifiably and mathematically correct calculate the growth of the earth and the solar 
system with them, The physical laws in the normally used formulation in spite of that 
seem to be bound to certain limits, Some observations contradict all experience. 


=A Schuh: Fine Konstante verliert ihre Konstanz; neue Experimente nahren 
‘Zweifel an Newtons Gravitationsgesetz, Die Zeit Nr. 40. vom 25.09.97. From it 
the following quotation (translated) 

alt already is suspected for several years, that a fifth force could exist, this 
Suspicion goes back 10 exact measurements of the gravitational constant Gin 
‘Australian “mines and shafts. Physicists of the University of Queensland in 
Brisbane had determined, that G for measurements undemeath the earth is 
about one percent larger than the corresponding, since centuries in 
laboratories determined. size. Their proposal for explanation, namely a fifth 
repelling force, at first met with sharp disapproval. But an’at 21 august in 
the joumal Science. (Bd 237/87, 881) published work, which (bases on 
measurements in a drilling hole in Michigan, confirms the Australian data” 


<ii>: Already the nobel prize winner of physics, Lenard, pointed to the 
circumstance, that the relativistic representation of the astronomical 
aberration is incorrect, after no distinguishable aberration could be observed 
fat binary stars, as it had been expected. With that Lenard by the way also 
has confirmed the existence ofan ether. 
P. Lenard, Annalen der Physik, Bd. 73, S. 89 (1924) 


The measuring technical debacle 
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13.1 The measuring technical debacle 


We are standing for a measuring technical debacle, because we have fixed our calendar to 
the rotation of its own of the earth. We call a 360° tum a day, divide it in 24 hours of 60 
‘minutes each and every minute in 60 seconds. With that we determine the duration of a 
second. 

‘A clock according to this definition only then is exact, if it follows the changes of the 
earth to the same extent. Obviously this in particular is the ease for atomic clocks. An 
objectively seen precise going clock however would land at the waste disposal site as 
completely unusable. 

Alter all nobody wants to know, how late it really is. Everyone only wants to find 
confirmed his subjective feeling, and our experience of time simply is directed after the 
course ofthe sun, thus after the rotation of the earth! 

For the moment and as an approximation also for the life time of a person, this 
determination of time may be sufficiently exact, but seen over larger periods of time, one 
doesn't get around a conversion. Actually the 200 million years since the beginning of the 
Creation on the mentioned primeval hill are considerably less long ago. The earth and the 
‘whole solar system are very much younger, than was assumed until now! 

If we as an example again take the cited research group of the University of Arizona 
(chap. 11.10), which by means of an analysis of sediment formations have found out, in 
accordance with our calculation, that 900 million years ago a day only had 18 hours 
Such traces in geological deposit layers can be very informative, if they are analysed 
correctly, since here the measurement technician himself is not subject to the process. He 
stands outside and hence can exactly measure the time difference. 

If a geologist of that time had looked at his watch during the formation of the layers, then 
1 day obviously would have had 24 hours, and he wouldn't have been able to understand 
the whole excitement at all. The accusation, he would suffer from chronic blindness 
caused by his job, he of course would repel resolutely. Can you now imagine, from which 
disease our science of today suffers? 


‘Our chronometers are nothing but the improved model ofa sundial™ 


We live in the dimensions of space and time, but we quite obviously have the biggest 
possible difficulties with the dimensioning of both. Possibly we already aren't capable of 
that at all by principle. Most suitably we clarify the situation by means of examples 
concerning the two problem spheres. 

Let us at first stay at the dimension of time. It may have become clear, how problematic 
the chosen determination of the time scale in seconds is and which contradictions can 
result if larger periods of time are considered. More and more often science fiction authors 
romp about on the playground of time, fantasize about some time travel, or they 
‘occasionally make jokes about it™ 


= 900 million years ago a day had 18 hours, Washington (dpa) 1997. 
<ii>: There also exist models, of which is asserted, they go according to the moon, 
<ili>: A passenger, who got on the 10 o'clock bus, passes by the church steeple 
clock, which only reads 5 to 10 and curses: Damn, I took the bus in the 
‘wrong direction! 
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Centrifugal force | Fia = (m/R}ve=w)? = mRior +a)? 


with: R = 6378 [km] (radius of the earth), 
ve = eR = 0,465 [km/s] (rotational speed of the earth), 

ve = OR = TR/to (speed of the plane) 

and: ts [s] (duration of journey) 


energy of the moving steering quanta: 


R R 
Ei2 = [Fi2dR = m/R(orto?dR = 
° ° 


JF mRios + of? = gee 


energy balance (generally of a quantum of radiation): 
Ei2+Eq = Ege | resp.| Ege-E, = Eig = AB 
ingeneral: B= hof= me? resp. (m= hije® 
edi (GL. 34 mit13.65 

specifically: [a = hat] ~ [Bia = nie = we/2%) 


Af/f = Atia/to resp. Ati2= toAf/f 
137 inserted into eq. 13.8) 


Ati = to(ve + vd?/(20) 
time of travel around half the earth: te = eR/vr 


( 


resulting in: 


results in a difference in going of: At = Ati - Atz 


At = [[ve + v)?-(ve - v9?}eR/(ve2-c%) 


result 


calculated: | at BvenR/ce = 207 {ns} 


(caesium resonant clocks) | 


“si Hafele-Keating- Experiment, Oktober 1971; 6. @ W. Bauer’ Klassische Physik 
Graphia Druck, Salzburg (1975), Bigenverlag 
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13.2 The clock paradox 


The theme .,time dilatation” in connexion with the particle decay already has been treated 
(part I, chapter 6.20). It has been shown, that a fast moving and with that length 
contracted particle to exactly the same extent (Lorentz’s square root) becomes more stable 
and longer-living. If relativists pack an atomic clock based on radioactive decay in a plane 
and detect a difference in going between the one, which has been flown afound and a 
second identically constructed clock, which has stayed at the ground, then they have with 
that detected experimentally a very small length contraction, which really occurred, and by 
‘ng means a time dilatation, as they claim, 

Now we in addition owe Einstein, that the aether has been aboli 
follows, that it can't play a role in which direction the plane flies. If 
are taken along each in a separate plane, one plane flying to the west and the other to the 
cast, both planes meeting again for the first time on the other side of the globe, then 
according to Einstein's theory it shouldn't be possible to determine a difference in going, 
if both planes constructed identically were on the way with the same velocity. But this is 
not the case! 

Actually a difference in going is measured, which however can’t be calculated with the 
theory of relativity, yes, which is completely incompatible with this theory and clearly 
brings anyone to the eye, that the effect actually can't have to do anything with a time 
dilatation, that the moving clocks merely go wrong and we have to ask us, why’ 


These experiments were carried out with atomic clocks, which are constructed as caesium 
resonators and work with an exactness of one second in 300000 years, As a resonator 
serves a quartz crystal, which is controlled by an ion current of caesium atoms, which 
have lost their outermost enveloping electron. The system is fed back, because the 
oscillating quartz controlled by the caesium ions again adjusts the caesium vapour by 
radio wave and finally its own atomic controlling current (ig. 13.7). 

The reason for the measured difference in going is seen in the field and here specially in 
the different gravitational field. The centrifugal force directed opposite to the gravitational 
force at least is not the same, because for a westward flight along the equator the speed of 
the plane v, should be subtracted from the velocity of rotation of the earth ve, whereas in 
eastward direction it should be added (eg. 13.1), 

For the steering quanta supplied by the caesium resonator now the energy balance is put 
up (13.5 with 134) and the change of the reference frequency is calculated (13.7). With 
the change in frequency is connected directly a change of the at the two clocks readable 
times t,.2 (13.8). For a journey around half the earth, where one clock is flown westwards 
and the other one eastwards, the difference in going should, according to the calculation, 
amount to 207 ns. Interesting of the result (13.11) undoubtedly is, that the velocity of the 
planes doesn"t play a role, Iris cancelled out. 

October 1971 caesium atomic clocks were sent around the world in scheduled planes in 
the Hafele-Keating experiment. To be able to estimate the inaccuracy in going of the 
clocks and with that the measurement error, four clocks were used. Between the westward 
journey (273 +7 ns) and the eastward joumey (S9 +10 ns) a difference in time of 214 
nanoseconds was determined. This under strict scientific conditions determined result 
‘once more proves the correctness of the theory of objectivity by confirmation of the 
calculated value. That however is not valid for the special theory of relativity, because that 
doesn't appear in the calculation at all! 

Who now believes, we would have less problems with the dimension of space, 1 must 
disappoint. The determination of the linear measures equally ends in a fiasco. 


om 
radius 

of the earth: R = 6378 km 
shaft depth: a= 1,3 km 
measured change in 


length: x*= 20.9 cm 
(lengthening) 


measurement: b 


expected: b= a-x 
error: Baa xt tx 


hgegaes 


‘The Tamarack mines experiment 


expected: 


b= a-x = aRa)/R 
a-ata/R = 


(shortening) 


‘The centre of the earth 


Fig. 13.3: Expectation and measurement in the Tamarack mines 


(The curvature of the earth and the length of the shaft a 


are drawn strongly exaggerated for clarification) 
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13.3 The Tamarack mines experiment 


[As long as the foot measure” depended on the shoe size and the ,.cubit" on the forearm 
of the tailor, the world still was OK. The sciences however request a reproducible quantity 
for comparison, and that can be fetched at the Bureau Intemational des Poids et Mesures 
in Sevres near Paris. The original meter is a Platinum alloy. Because the length of the 
metal always depends on temperature, it is stored at a constant kept temperature of 0° 
Celsius. Now there in addition still exists a field dependency, an electrostriction resp. 
Imagnetostrition. And how is the measurement bar behaving, if the earth grows and the 
density increases? Is it then shrinking just like other objects in its environment? At this 
point already chaos is proliferating, 

The newest definition of the length measure meter acts as a blow for liberty and thus 
marks the abyss, at which we are standing: The length is determined by means of a 
measurement of transmission time of an electromagnetic wave, eg. of a light signal. It is 
said that with this determination a higher reproducibility should be obtained. 
Actually a photo optical facility to measure length is as exact as the built-in facility to 
measure time, and there we use it again, our sundial. In addition a constancy of the speed 
of light is taken as a prerequisite, and that is given in meters per second, From a change of 
the speed of light for forinstance 10% a change in length for 10% as well would result”. 
Because we see this process with the help of our eyes as well with the speed of light, we 
never can see the change. We neither can technically measure it, because all gauges we 
construct are built up corresponding to our sensory impression. We ourselves have 
shovelled the hol, in which we fll 

Only if we succeed in taking a neutral standpoint outside of the events, the true relations 
will become visible to us. For the field dependency of the space measures a very clear 
experiment has been carried out, of which I now want to report" 


1901 the French government was offered the possibilty to carry out an experiment in the 
shut down ‘Tamarack mines near Calumet (Michigan) with the goal to determine the 
diameter of the earth more exact. For that the geophysivists let down two plumb-lines of 
27.2 kg each in two perpendicular winding shafts, which were at a distance of 1.3 km from 
each other. The plumb-lines were tied to hardly expandable piano wires of as well 1.3 km 
length. It now was expected, since the plumb-lines hung in direction of the centre of the 
earth, that in a linking gallery between the two shafts a length of (1.3 ~ x) km should be 
measurable. From the shortening x one wanted to infer the diameter of the earth (fig. 
133) But it came completely different. 

Instead of shortening a lengthening for x* = 20.9 cm was measured in the gallery! The 
point of intersection of the lines through the two shafis had to be not in the inside of the 
earth, but in space! Immediately ,,hollow earthers" appear, who claim we would live on 
the inside of a hollow world. Perhaps one should shoot them to the moon, because from 
there the earth without doubt is seen as a sphere. Obviously we aren't dealing with a 
surprise ofa fair, but with a fundamental measuring technical problem, 


oc for that see also part 1, chapter 6.11 and 6.12 
<i>: http:/www.10.or.at/subrise/hollow btm 


214 Field dependent linear measure 


Volume of the globe: V = (4/3)-7R® «ak 
and of the inner sphere 
in depth a: Va = (4/3)-2(R-a)? (Bd 
resulting in the 

i ce | AM MMe ge Rye aria (2 Sys 
relative change: [>= T= 1- (“Sys = 1 (1-8) free 
from m ~ Vp fora constant density p fon 
andar; m = 6/\G4nu = AWHNG4rp a 
follows: [im = =H] 033 
resp. the 


relative change: 


According to the theory of objectivity the length of the 
measurement wire is field dependent“ with: | 


H~ i/a@|] and [Ho = 1/(e-aa)? “| 
and the 
: eo) AH: HEWSON aise 
relative change: | [= “Fy Perens 324) 


Shortening of the rule Aa is calculated from the comparison of 
equations 13.22 and 13.24: | 


a Lady - 2 pt (1325), 
Aa = a(1-1/V2-(1-a/R)3) (13.26), 


‘Aa_= 40 [cm] (result of the calculation) | 


da _= 47 [cm] (measurement value 
for comparison, 1315) 


Fig. 13.4: Calculational verification of the measured shortening 
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134 Field dependent linear measure 


If @ measurement result delivers just the opposite, as was expected by the experimentators, 
then the layman is amazed and the expert is surprised, at least at first. But then, out of a 
feeling of panic, the whole view of life could collapse, as many as possible scientists and 
renowned professors are being informed and integrated, if they want it (Prof. Me.Nait) or 
not (Prof. Hallock, Columbia University) and eventually the matter is buried third class 
and a guise of silence is spread over it. The censorship of the scientific making of opinion 
in advance doesn't permit publications, which are not in accord with our view of life, out 
ofthe animal survival instinet’™ 


‘A science, which deserves this name, should look different. There it must be permitted, to 
‘ask questions and to publicly diseuss about it 

I proceed from the assumption, that the earth is a sphere, which we inhabit from the 
outside; I have no doubts about that. With this as a prerequisite there is only one possible 
answer to the Tamarack mines experiment: The 1.3 kilometres long measurement wire, 
which in the gallery in @ depth of 1.3 km had to jut out for 26.5 em, instead is too short for 
20.9 cm, from which immediately follows that it, howsoever, is shrunk for 47.4 em in the 
depth 

‘At first of course the experiment was checked for possible measurement errors. The shafts 
‘were covered to exclude any draught. The measurement path was optically checked, but 
the result remained unchanged. But if the cause for the unexpected result doesnt lie in the 
experiment, then theoretical physics is addressed, after all itis still the experiment which 
shows us the physical reality and not some theoretical model concept. 
In the 1" part of the book already the derivation of a useful explanation is found: The 


speed of light and with that also the linear measure depends on the field”. The 
measurement wire accordingly gets shorter, if it is exposed to a larger field strength (eq 
13.23). We can verify the measured shortening calculative (fig. 13.4). 


For that we at first determine the change of the field strength, as it is to be expected in a 
depth of 1.3 km. We here are dealing with the closed H field lines, which are responsible 
for the gravitation. Ina past derivation it has been shown, that a gravitating mass can be 
converted into a magnetic field”. Between a mass mand a field strength H hence exists a 
proportionality (13.21), in the same way as between the same mass and its volume, if a 
constant density is present (13.19), 

The result accordingly is a relative decrease of the volume of the earth and the 
corresponding mass being under the measurement place, as well as a relative decrease of 
the radial component of the field. strength, but a corresponding relative increase of the 
tangential component of the field for 0.061% (13.22 with 13.18). 

In the gallery the measurement wire however is spread out in the direction of the 
tangential component of the field lines, and that shortens the measurement wire as a result 
of the field dependency of the linear measures” (13.23). From the above increase in field 
the calculational shortening of the rule for 40 cm results, which compared to the 
measurement result also should be rated as a confirmation of the theory of objectivity 
which was taken asa basis"! 


= Example: K.Meylr Potenttalwirbel, Bd. T, reference entry // 
<i> for that see also part 1, chapter 6.6, equation 65 and chapter 6.10 
<iii>: _K, Meyl, Potentialwirbel Band 2 (1992), page 27, equation 20 
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Fig. 13.5: Rise of the earth over the horizon of the moon’ 


< Mitton, S. (Herausg.): Cambridge Enzyklopadie der Astronomie, 
Otbis Verlag (1989), note: No star is seen! 


<li>: see also the references in part 1, chapter 6.9 


Recording of space and time 27 


13.5 Experiences from space travel 


The good correspondence of the calculated shortening of the measurement wire and the 
util now not understood measurement in the Tamarack mines shows both qualitatively, 
and quantitatively the correctness and useful applicability of the theory of objectivity of 
the field dependency of the linear measures. Our measurement laboratories normally” are 
situated on the earth's surface and there everywhere are found approximately identical 
field relations. But if we leave the usual measurement environment and move the 
laboratory for instance in the sky, then we experience a complete mystery. Here however 
prevail the reversed conditions as in the mines experiment, in which in the inside of the 

cart. for an increase of the field strength, a length shoriening was measured. In the sky the 
field strengths decrease and the linear measures correspondingly inrease 

This experience astronaut Roosa made in the Apollo 14 mission, While he alone in his 
capsule orbited the moon, he depicted mission control, he could see the lunar module and 

‘observe his two colleagues at their work on the moon. Nobody wanted to believe the 
astronaut, since he was flying ina height of 180 km! 

Commander Armstrong (Apollo 11) at the first landing on the moon indicated, the target 
crater Mackensen, 4.6 km in diameter measured from the eath, just has the size of a 

soccer field! Astronaut Scott (Apollo 15) called Mount Hardley, which is said to be 4.8 
km high, a practice hill for skiing. Perhaps they somewhat have exaggerated, but a true 
core in the statements always is present! 

‘Actually the gravitational field of our satellite is very much smaller than that of the earth 
(n the surface of the moon there is only one sixth of the gravitational pull of the earth, If 
we, to be able to compare, stick to the details of size, as they are measured by our 
laboratory on earth, then the astronauts on the way to the moon together with the lunar 
module and their rover had grown for a factor YB,hen the first footprint is 2.5 times as 
large as on earth, then the astronauts were moving like giants in the scenery of a model of 
the railroad (eq, 13.23 and note” at fig. 134) 

On the moon there exists almost no atmosphere, for which reason the astronauts had 
imagined a wonderful view of the starspangled sky, at least before they started. After the 
landing they were bitterly disappointed. The sky was black and not one single star could 
be scent ‘They have brought many photographs, but nowhere stars have been 
photographed, they apparently have moved oulside the range of vision (fig. 13.5 and 
136). 

Many will still remember that the first pictures, which the space telescope Hubble 
supplied 1990, were completely blured. The problem obviously was, that the mirrors had 
been adjusted on earth and not in space. Only afer the optics bad heen given glasses in 
1994, sharp pictures could be radioed to earth. Somehow the distance tothe stars had 

changed. The telescope had become short-sighted, resp. the distance to the star-spangled 
sky appeared to be gotten larger. We already know why. If we remove us from the 
zavitational field of the earth, the field strength decreases and the observable distances 
increase! The highly sensitive telescope already sufficed the 5% deviation, with which 

should have been reckoned for the near earth orbit, tobe fatal 

(One should have familiarized the astronauts before with the laws of physies. Then this 
disappointment would have been spared to them, and in the case of the Hubble telescope 
the NASA and the european ESA could have saved a lot of money for the sake of the tax 
paying population 
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Spherical aberration 


Warum sieht man am Himmel keine Sterne? 


Fig. 13.6: _ Illustrierte Wissenschaft Nr. 11 (1997) Page 62 


Ist example: landing on the moon 
gravitational 
aapulloftheearth _ ge M/R? _ M_ Re? 
pullofthe moon “gm = Mn/Rn? Mm -R? oe | 


in space everywhere on the surface of a sphere 


eq 


valid:A = 4nR8 


13.20 (fig. 13.4<ii>): m ~ @ = AB = 4nR2uH ~ RAE 


as well as eq. 13.23 (fig. 13.4<ii>) for the field dependency: H ~ 1/I* 


and further 


Se eS 15) 
60375 = BE = R= Se as29 


resulting in the length dilatation (expansion) on the moon: 


ns qons) ? Ie (etsy = V6,0375 = 2.457 [1329 


Fig. 13.6b: Examples of calculation for length dilatation’ 


2™ example: communications satellite in a geostationary orbit 
(at h = 36000 km above the equator, R = 6378 km). 


= 6,64 [133 
| 


<i>: If the theoretical value of 6.64 could be quantitatively confirmed by 
observations from off the earth with a telescope at a corresponding 
magnification, then with that would have been proved, that in the case of the 
spherical aberration it actually concerns the calculated influence of the field. 
U. Seiler-Spielmann: Das Marchen vom toten Mond, Zeiten Sehrift $/94,8.39 
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13.6 Spherical aberration 


It is true that the problem of the changed length relations is known to the experts under the 
term of a "spherical aberration’. But with that it is neither qualitatively nor quantitatively 
understood. Only the theory of objectivity soundly gives reasons for, why the astronaut 
Roosa has seen his colleagues almost 3 times as large, why weather satellites in a height of 
1500 km are approx. 25% larger and why communications satellites ina 36000 km high 
geostationary orbit even increase 10 the 6.64 fold of their original size. It also explains, 
why the neutral point between earth and moon, at which the attraction of masses of both 
celestial bodies mutually cancel, wasn't reached at the point where it had been expected 
by the moon rackets" 

We, the inhabitants of the earth, are adapted completely to the conditions on the earth's 
surface. If we find our way well in the dimensions of space and time, as we observe them, 
then that must not be valid by all means for science, because that has made it its business 
to find out the secrets of nature. 


If it wants to deserve the name science, then it on the one hand has to consider, that we, 
the organic materials, as wel as all inorganic materials are assembled from the same 
atoms and molecules and with that are exposed to the same length relations. If changes in 
length between day and night (as a resull of the gravitational field of the sun (see chap. 
6.), between summer and winter or as a result of changes in field occur, then we aren't 
able to register this at all. That even today the ,,foot" is used as a measure, for instance in 
the air waffic, shows only too clearly, how man raises itself to the measure of all things 
Science asks for modesty! 

On the other hand it should be paid attention to the fact, that man eyes everything with 
speed of light with the optics of his eyes, and that speed by no means has to be constant 
Solely the definition of the speed of light ¢ as a linear measure per unit of time points to 
the direct proportionality between c and a length 1 (see chapter 6.3) 

e=1) (1331) 

If a rule has proven to be unusable for measuring a distance, then we'll experience the 
same disaster, if we measure optically, ie. with the speed of light. Obviously both, the 
length 1 and the speed of light © depend in the same manner on the respective local field 
strength. On the one hand both measurement techniques lead to the same result, but om the 
‘other hand what can't be measured with one method, neither can be measured with the 
oer. 

To prove the constancy, it is normal to measure the speed of light optically. But since 
there exists a proportionality between measurement variable and measurement path (33), 
the unknown variable is being measured with itself. This measurement faulty by principle 
in all cases delivers a constant value. In contrast to the textbook opinion of today by no 
means a constancy of the speed of light can be assumed. In the case of the in a vacuum 
measurable 300,000 kms it concems a capital measurement error, at best a constant of 
measurement, but never ever a constant of naturel 


With the postulate and the misinterpretation of a constancy of the speed of light as @ 
universal constant of nature Einstein already let several generations of physicists run into 
the same dead end, in which they today are stuck altogether. It surely is no accident, that 
the big time of discoveries abrupt came to an end with Einstein, 
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|The radio waves 
change the direction 
lof rotation of the 


polarizer: lenveloping electrons 
magnet sorts out lof the Cs atoms 
atoms with unwanted out again 


direction of rotation wrong ato 
“3 a z 


caesium 
oven sends 
Cs-atoms }shiel- 
onajourney |dii 


‘The quartz oscillator 


oscillates with 
9 192 631 770 Hertz 


Schematic representation concerning principle of functioning 
L = length of resonator determining the exactness 


The B-field is a weak magnetic field, which eliminates the 
influence of magnetic stray fields. 


The arrangement in addition is situated in a vacuum tank. 


Fig. 13.7: Set-up of a caesium atomic clock 


Recording of space and time 281 


13.7 Irony of the measuring technique 


Let's record: The linear measure is determined and defined by a measurement of 
transmission time. AS a reason is given, that with today's clock technology a higher 
precision and reproducibility can be obtained, as with a rule or original meter. 
The exactness of going of the atomic clocks again depends on the free flying path (L in 
fig. 13.7) of the atoms. For the caesium clocks of the Physikalisch Technischen 
Bundesanstalt in Braunschweig the resonator length amounts to several meters! The clock 
is used world-wide asa standard, 


The irony thus lies in the fact, that a geomelvic length dictates the measurement of time 
and the measurement of time again determines the measurement of length - poor science! 


How does one fiee oneself from a capital closed loop conclusion? Why and how do signal 
transmission times or clocks actually depend on the gravitation? Who once got stuck in a 
dead end, knows that he only can get out inthe reverse gear 

A possible way goes back to the roots of classical physics and to the theory of objectivity 
in the 1 part of the book, which is free from the limits of a subjective and relativistic 
observer standpoint. That isn't a dead end and in addition explains, why all atomic. clocks 
react sensitive to magnetic fields (magnetostriction) and what these fields have to do with 
sravity (see chap. 6:9) 

Today's clocks are so exact, that even differences between a clock stationed on a 
mountain and one at sea-level can be recorded. Even more clearly was the depending on 
gravitation determined at an atomic clock, which was shot in a rocket 10000 kilometres 
high into space. The result of the analysis without doubt was, that the clock in that case 
doesnt stick" comectly anymore 
But what does theoretical physics say about it? It claims, here the redshift" has been 
measured; it thus concems a confirmation of the special theory” of relativity. But since it 
concerns clock experiment and not a light signal, it clearly contradicts this theory, which 
isn't able to describe any gravitational effect at all, as is well-known. For this ease in the 
spheres of theoretical physics one helps oneself with the general theory of relativity, with 
Which actually only would be proven, that the two theories from the legacy of Einstein 
completely incompatible contradict each other. We come tothe following conclusion: 


Whoever gives details about length or time, is obliged to also indicate the reference 
system, 


He also has to inform where his laboratory is situated and with which devices he 


With the conclusion also the discussion would be opened. Throughout the last four 
chapters a main idea can be found. It should be worth, to again think about the brought 
forward arguments and to dare a comparison with text books. 

In the text books there doesn't exist such a thing as an oscillating interaction. Here no 
answer is found to the question, why the solar system isn't hurled out of the galaxy as a 
result of the high velocity, why the inside of the earth is hot, how the geomagnetism is 
formed, why the continents drift and why the ocean floor nowhere is older than 200 
million years, as samples fom the ocean floor prove". How would you answer these 
central questions? 


=r Kendrick Frazier Das Sonnensystem, Time-Life Bucher, Amsterdam (1991). 


202 Discussion of cosmological insights 


Fig. 13.8: The Bethe-Weizsacker cycle (concerning the 
sun's . fire) 
(meaning of: °C = carbon nucleus, “He = helium nucl., 

gamma quant, ''N = nitrogen nucleus, p = proton, 
ositron, y= anti neutrino, '*O = oxygen nucleus 


Fig. 13.9: The top of the unfinished obelisk in Assuan 


Hermann Wild: Technologien von gestem, Chancen fur morgen, 
Verlag Bern (1996), ISBN 3-006571-13-0 
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13.8 Discussion of the cosmological insights 


The numerous models which are offered, of a geodynamo, an iron core, of assumed zones 
of subduction and of plate tectonics may be helpful for the explanation of individual 
isolated phenomena, But they physically don't give a uniform picture and partly contradict 
each other. 

Lord Kelvin had calculated a period of shining of S000 years on the basis of a sun 
consisting of coal". The german physicist Hermann von Helmholtz landed at 15 million 
years, in which case the sun yearly should shrink for 100 meters. He already assumed 
‘emperature of 15 million degrees centigrade, as also the Bethe-Weizsacker cycle has as a 
prerequisite, which according to today’s concept should describe the process of nuclear 
fusion taking place in the inside of the sun (fig. 13.8). The only thing is that this extreme 
temperature is completely incompatible with the high density in the core of the sun! 
There are more than good reasons to assume the opposite of the widespread textbook 
opinion and assume that the core of the sun is cooled by the collected neutrinos in the 
same manner as the inner core of the earth and that superconducting areas are formed, 
‘which powerful fields even cause the protuberances on the surface of the sun 
Since in the sun no measurement is possible, with which a model could be verified or 
disproved, terrestrial arguments naturally suggest themselves. Here the pieces of evidence 
for the growth of the earth can be taken in the hand and photographed. We already have 
discussed some facts. But there are found a multitude of other ones, for instance from the 
domain of archaeology, for which text books of today until now as well provide no 
explanation. 

Possibly the stones and monoliths weighing several tons, as they were used for prehistoric 
buildings, should be linked with the growth of the earth. If the earth was smaller at the 

time they were build, then they perhaps by no means were as heavy as today! 

Then the stones for reason of the smaller density in addition were softer and with that 

easier to work on. Dr. Wild points to the building technical peculiarity, that the stones 

formed like cushions originally must have been soft. He proves with the photograph of the 

top of the unfinished obelisk in Assuan (fig. 13.9), that the traces of working stem froma 

spatula in a plastic mass. 

Also the perfect fitting ofthe stones used for the building of the pyramids ean only be 
explained inthis way. In the joints not even a knife point can be inserted! 

If even stones in the course of time increase in density and hardness, then it is easier for us 
to comprehend, how small rivers. in past time could dig large deep valleys in the earths 
crust, then we’ perhaps also understand, why very old bones today are petrified”. It is 
obvious, that also bones in the course ‘of time increase in density and hardness. Even if 
science ‘should succeed in breeding living dinosaurs, then their chance to survive in spite 
of that would be equal to zero, because the dinos would collapse under their weight of 
their own of several tons. Their bones would be much too thin and brittle for their weight 
of today! 


Kendrick Frazier: Das Sonnensysiom, Time-Life Bucher, Amsterdam (1991) 
The indication to petrified bones stems from a participant of the seminar. 
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11-12-1996: 


19-12-1996: 


19-02-1997: 


19-02-1999: 


19-02-1997: 
19-02-2000: 
19-02-2003: 


until 2006: 


19-02-2006: 


The liberalization of the energy markets 


Assistant head of government department 
Acceptance of the common standpoint, 


European parliament 
Resolution of the guideline. 


commission 
Statement concerning proposals of change of the 
european parliament. 


Assistant head of government department 
Resolution of the guideline. 


Coming into effect of the guideline 
Publication in the official paper of the EC 


Period of translation of two years 


Reduction of the threshold values for current 
consumers: 

to 40 million kWh (opening of the market 23%) 
to 20 million kWh (opening of the market 28%) 
to 9 million kWh (opening of the market 33%) 


Anti imbalance clause" 
A nine years period of transition to preserve 
equal opportunities. inthe ~-—_ competition. 
Report of the commission. 


Further stage of the liberalization 

European commission tests. by means of the 
made experienc if the current market 
should be opened further. 


Fig. 14.1 


‘imetable of the EC single market guideline 
electricity 


<i>; Grawe, S. Thiele: Vorbereitung der Stromversorger auf den Wettbewerbs- 
markt, ATW Atomuirtschaft-Atomstechnik 43. Jg. 1998, Heft I, S. 10-13 
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14, The way towards free energy 


Can energy actually be produced? No energy supply enterprise is capable to do that. Fact 
is, that energy only is converted and not produced. For that the available resources on 
earth are tapped and brought into a utilizable form of energy. As different the conversion 
processes may be, finally always heat is formed. We thus gradually burn the globe, on 
‘which we live. How long can something like that go right? 

Science gives all-clear: stock of energy is sufficient for the next 100 years. Newest 
calculations disprove the fear of a scarcity of energy on earth. There exist large stocks of 
coal andi”. 

But what are 100 years compared to the age of the earth? How will our descendants judge 

cour thinking and acting? They will condemn it and curse us, that much is clear already 

today, 

We have an obligation to preserve the environment, and we only will be able to fulfil it, if 

we look to nature, how it covers its need of energy, if we finally understand and 
meaningfully copy nature. 

Westil are miles away of the goal 


14.1 The liberalization of the energy markets 


It is important in the interest of a member of the executive that the stock of energy doesn't 
draw to an end, as long as he carries the responsibility for the enterprise of the economy of 
energy. The interest in the environment and the environmentalists for obvious reasons is 
less distinct. The problems are more of a commercial kind, Concerning that an actual 
example is given, 

‘A special kind of problem is the meanwhile Europe wide valid decree of the EU 


concerning the liberalization of the energy markets (fig. 14.1). The list of the 
‘consequences starts with the fact, that the concluded licence contracts for power supply 
between energy supply enterprises and the communities, which are valid till 1997, are 


‘only wastepaper. Every customer of electricity as of now can conclude an individual 
‘contract with every "producer of electricity" 

So an environmentally aware Black Forest person decides to obtain his power from a wind 
power station, which is situated in Denmark. That truly sounds very liberal. But how 
should that function, if there is no wind at all in Denmark for a week, or the connection is 
interrupted by a flash of lightning? The windmill further delivers power and the runner 
‘writes its bill truly believing, its power has arrived. The consumer then reads the bill at 
candlelight and puts with understandable anger his claim for compensation together. 
Pointing to the fact that such difficulties can be solved by book-keeping, the consumer 
again is calmed down; but that the not by contract obtained power will cost him dear, is 
another story. 


“is: Mlusirierie Wissenschaft Nr 6, Juni 1996, page 48-51 
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return of energy in a period of operation of: 
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Fig. 14.2: Average time of paying for itself for the spent energy 
(return of energy) 
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14.2 The consequences of the liberalization 


With the EU decree the monopoly only has shifted towards the runners of the distribution 
nets, after all only one net is present. Competition however would require at least two 
nets, thus a doubling of all house connections and all high-tension pylons, but that 
fortunately is unrealistic. 

To prevent fleecing of the consumers by means of the net monopoly, politics introduces in 
the place of the free market economy ditigisme and plan economy with the well-known 
concomitants: no-one will look after the existing nets, no-one feels responsible anymore, 
‘because afterall they have become public good by decree, One thus lets the pylons rot 

slowly and repairs only in emergencies. This possible development really cant have been 
the good intention of the EU. 

In the next few years we however will be able to observe for the producers of energy 
exactly the development, which the EU-commissioners have imagined: Total competition 
contest, price war and a struggle for power to survive economically. A chance only has the 
ruclear power station, which gets rid of its refuse cheaper and if need be even illegally or 
which lives of indirect state subsidies, or the brown coal power station, which increases its 
efficiency at night, when no-one watches, by switching off the expensive filters. 

The first power stations, which are selected out by the liberalized energy market, are the 
hydro-electric power stations which stand closest to nature. They simply are too small and 
100 intensive of personnel, to be able to survive. 

Gas turbine power stations, which deliver the power for half the price, than are ranking 
first. Then there is no place for regenerative systems anymore. 

Solar energy, how many roofs a supporting program may have, stays a toy supported by 
the state. For a photovoltaic installation the .Retum of Invest" still lies at more than 80 
years, whereas is reckoned with a theoretical life of 20 years. In practical use on the other 
hhand photovoltaic installations occasionally already have failed after seven years, after the 
photocells had gone blind. In this case not even can be talked of an ecologic energy, 
hhecause the return of energy lies still above that, The supposed Idealist who spoils his 
roof with photovoltaic to reassure his ecologic conscience, would have spared the 
environment more, if he had covered his need of power from the socket, because already 

the production of the photovoltaic installation gobbles up more energy than can be 
produced with it. With regard to the environmental compatibility the ecologic balance 
sheet of a power station is attached a central importance (fig. 14.2, 

With the law of feeding in power the state intervenes dirigiste, supposedly to protest the 
consumers. With this law the state orders, that not it, but the energy supply enterprises 
have to take the subsidizing of the regenerative energy, that they have to take over the 
power delivered at the inappropriate time in exactly so’ less suitable amounts at a price, 
‘which exceeds the market value by a factor of two and for falling prices of power even by 
a factor of four. With the law the politicians very fast and without agreement of the 
effected enterprises have shifted the black Peter further to these, which will get 
problems to preserve their competitiveness in the international comparison with the 
subsidy duty. It can't have been the intention of the EU-commissioners, that on a national 
level the price of power inereases to finance some energy technical playground 
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Fig. 14.3: Power interruption and not being at disposal 


<i>: ETG, Energietechnische Gesellschaft im VDE: Qualitat der Stromversorgung, 
Dialog Nr. 1; Jan/Feb. 1998, S. 21 
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14.3 The chances of the wind energy 


Meanwhile, as a result of the law of feeding in power, no longer the politicians but the 
energy suppliers are the ones, who around the North Sea look out of the window every day 
with the worry, some wind could blow and the mills could tum, because every kilowatt 
hour of a windmill must be subsidized strongly. Every windless day however reduces the 
power bill, with that helps the consumer and raises the chances of competition of our 
If it should be neglected, to tip over the law of feeding in power in due time with help of 
the EU, then the consumers will get their power in future abroad, then at the Preussen 
Elektra, damaged most by wind energy, as the first the lights will go out, then economic 
power and prosperity in Germany in future are dictated from abroad, 
But if the law is dropped, then with that the duty to subsidize the regenerative energy 
cartiers drops back to the state. Now all tax payers may foot the bill, even those, who 
don't use any power at all. The well-known Justice of subsidy” comes into effect. 

Without support by the state only few types of power stations will be left behind. In 
addition are overcapacities being reduced, because they only cost money. But both is at 
the expense of the reliability of the delivering of energy and of the safety of the consumer. 
We owe the high stability of our network of today the large number of most different 
providers of power, which cover the basic load up to the peak load according to their 
suitability (fig. 14.3). But let us not talk of the golden past, The network after all isn't able 
to store power. From that follows, that without redundancy and without free power station 
capacities which can be activated at any time a short overload is sufficient, to let the 
network collapse. 

‘Once the EU guideline conceming the liberalization of the energy markets is in effect, 
‘when persons selling power wend their way from front door to front door, to convince the 
housewives to obtain the power from them and not from other hawkers, when the power 
stations only live of stock and the depreciated overhead power lines only are entered in the 
hhooks with the scrap value, then we should be dressed warmly and always have ready 
sufficient candles“. 


14.4 The chances of being self-sufficient concerning energy 


The only way out is the decentralized energy supply, the getting out of the large energy 
union and the way towards being self-sufficient. The ‘argument sounds convincing in view 
of missing altematives. But now it no longer is possible to plug the plug in the socket and 
then switch on whenever it pleases us. First it has to be calculated, if the windmill or the 
installation for solar energy supplies sufficient power or if a cold meal should be made. In 
contrast to today's consumer habits the runners of such installations will have to adapt 
their need of energy to the prevailing weather conditions. 


<5 A baby-Boom, like aller the big power Tailure in New York, would be the 
smaller evil. The inhabitants and shopkeepers in the New Zealand metropolis, 
‘Auckland will long and frightened remember the power failure in february 
1998, which lasted weeks and was a result of not cartied out maintenance 
‘works of high-tension pylons. 
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free energy 
nuclear power 
water power 
wind power 
solar power 


Fig. 14.4: At maximum obtainable power density of different 
carriers of energy 


<i>: ETZ, Heft 19/1995, S. 40 
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Block heating power stations, propagated as stand-alone solution for people being self 
sufficient, deliver power and heat at the same time. But if I don't need any heat on a hot 
summer day, then also no power is available or 1 uselessly heat into the open. For that one 
may leave all electric consumers switched on in winter, even if they aren't used at all, only 
to get the hut warm, Does a stand-alone solution look like that? 


The situation truly is demotivating. Even the energy suppliers meanwhile may have 
realized that the energy politic way is a dead end. But for real alternatives in energy 
technology the pressure by suffering still doesn't seem to be big enough. 

The intention to learn of nature is present in principle, The solar fire one wants to kindle 
‘on earth ina fusion oven, but the oven does not as it should, 

Obviously the sun functions completely different, as physics imagines today (see fig. 13.8). 
Before copying stands understanding, and in there seems to be a hitch! 


14.5 The space energy technology of nature 


‘Also nature needs energy, even very much, But it hasn't got any connecting pieces for 
tanking and no oven lid to fill in the fuel, it doesn't know our ecologically harmful 
combustion technology and environment destroying explosion technology at all. Nature 
rather works with the opposite, with implosion and fusion, 

The sun, we have derived, materializes the matter which it needs for growing and shining 
from the neutrino field. The earth and other planets imitate the sun. 
The concept is simple and convincing. The source of energy lies in the air and mustn't be 
dragged about in tanks. Collected and materialized is just as much, as is needed at. the 
‘moment. In that way the resource energy is spared. In addition there can be done without 
any sort of storing. In addition it can show a substantially higher power density, than all 
today known and used energy carriers (ig. 144) 

Such a source of energy solves all described energy problems at once. Nature wouldnt be 
as we know it, if it wouldn't have this ideal energy, also called free energy". The balance 
sheet of energy alone brings it to light, because as a rule it doesn't work out for biological 
systems. Often more energy is released than is taken up by the food 
In that ease some migratory birds materially seen should have completely used themselves 
up before reaching their destination, if the energy necessary for the flight would be of 
ppurely material nature. From a concrete example the following is reported”: migratory 
birds have - depending on kind - a maximum range velocity between 24 and 83kmvh and 
at their Atlantic flights no opportunity for an intermediate landing. They are thousands of 
Kilometres on the way and hardly lose weight. For instance an Albatross with a body 
length of up to 1.20 meters and a wing span of up to 3.50 meters uses per kilometre only 
8.5 grams of weight at a non-stop flight. How is that possible without additional supply of 
energy?" 


=i: _K, E, Rathgebr Wie man die Freie Energie anzaph: Vogel machen € uns vor, 
Raum & Zeit 79/96, S. 74 


2 TThe gap in the energy balance of man 


Fig, 14.7: Odic emanations of magnets according to pictures 
of 


sensitives 


<b: H-P. Thietz Tatont Erde, VAP (1996), ISBN 3-922367-62-3, Seite 13 und 15 
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14.6 The gap in the energy balance of man 


Even man appears to tap an additional source of energy, because for reason of scientific 
tests with recruits these over longer periods of time are able to physically release more 
than twice the amount of energy they take of calories with the food. Obviously living 
beings don't rely on one source of energy alone. Possibly the taking up of food 
predominantly serves the metabolism, and the energy aspect plays only a secondary role 

This interpretation at least would be obvious, since we scoff several times a day, sort the 
necessary and useful building-materials out and hand over the rest to the purifying. plant 
and nature, where some bacteria and organisms search the sorted out again for useful 
things. "Food chain" we call this kind of building-materal trade 

If the whole had anything to do with energy or with a ,, combustion process without fire *, 
then no animal nor any human being could do without the taking up of food for longer 
periods of time. But Franciscus of Assisi could fast 90 days, as is handed down to us ” 
There exist numerous examples, which each into the time of today 

The mitochondria, the energy centres of each cell, by no means are capable of the 
“combustion process", which man ascribes to them. Here in all probability a taking up of 
space energy independent of food takes place. 

‘A research scientist only has to look at nature with open eyes, what unfortunately happens 
rarer and rarer, because the laboratory scientist always is troubled, to keep the disturbing 
factor nature "away from the experiments 


14.7 Carl Freiherr von Reichenbach 


Im this context no-one can go past two natural scientists: Carl Freiherr von Reichenbach 
(1780-1869) and Dr. Wilhelm Reich (1897-1957) 

Reichenbach called the by him investigated life energy ., Od-energy " in the style of the 
Teutonic God Odin. He worked with test persons, who could perceive actually invisible 
light phenomena and worked out the special properties of this Od-energy field with the 
"sensitives", ashe ealled them, 

‘A quotation from his work shows however that the knowledge about the life energy must 
be a lot older” than his own discoveries: .On paintings saints often are shown with a 
ring-like aureole around their head, something 1 before this would have dismissed as a 
pure figment of imagination, But it was shown that this glowing ring actually can be 
perceived by the sensitives as an Od-phenomenon and so the aureole obviously can be 
‘raced back to real impressions of particularly sensitive persons.” 

Reichenbach also found out that water has a big endeavour to take up this Od-energy or in 
the language of the present day, to absorb the field energy. This circumstance we find 
confirmed in technology, since water absorbs highefrequency waves, whereas an insulator 
or a vacuum lets them pass through. But without vortex physics it however remains 
entirely unclaified, why! 


<i: H.-P. Thietz: Tatort Erde, VAP (1996), ISBN 3-922367-62-3, page 110 
<ili>: H.-P. Thietz: Tatort Erde, VAP (1996), ISBN 3-922367-62-3, page 16 
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Fig. 14.8: Wilhelm Reich and the model of an Orgon 
accumulator 
for applications of the whole body. 


<i>: taken fiom: H.-P. Thietz: Tatort Erde, VAP (1996), ISBN 3-922367-62-3, 
pages 38 and 89. 
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148 Cold fusion and Genesis 


Chronologically the doctor and psychologist Wilhelm Reich followed in the footprints of 
Reichenbach. He merely altered the name for Od and spoke of Orgon. His speciality was 
the accumulation of Orgon radiation, I would say the focussing of neutrino radiation, 
Actually the properties like e.g. the missing possibility to shield Od, Orgon and the 
neutrinos are identical, so that we can proceed fom assumption, that it also concems the 
same physically. 

We already talked about Wilhelm Reich (part 1, chapter 9.2). He could show that the 
measurable temperature in a closed box, constructed like an ,Orgon accumulator", is 
increased in a mysterious manner without supply of energy ftom the outside. He even 
could prove, that this energy actually concerns the sought-for life energy, as he observed 
the creation of life in the laboratory under the microscope. For that he cooked muscle 
fibres, vegetables or other cells so long until the cell structure had been destroyed entirely. 
But from the educts entirely by itself new living beings, like protozoa or algae, were 
a 

Reich at his microscope actually followed the transition of dead to living matter. What is 
of interest here, at fist only is the energy technical aspect of this conversion. Later we will 
‘occupy us withthe at the same time occurring information technical aspect. 


Worth mentioning seems to me the experiment with the ,silly" chickens, which have at 
their disposal astonishing abilities besides the laying of eges 

The test chickens were handed chicken food, from which to a large extent all calcium had 
been extracted. But the chickens showed themselves unimpressed and further laid keenly 
their eggs. The experimenters were surprised, where the chickens actually got the lime for 
the ege shells. How solves such a chicken the problem of raw materials? 
For that further materials were extracted from the food and look, at the removing of silicon 
the laying of eggs was over. The experiment actually only allows the conclusion, that the 
"stupid chicken is capable of a cold fusion, that it itself produces" the necessary calcium 
from silicon presumably by using carbon. Every alchemist here has to go pale with envy. 
But what says the research scientist of fusion to that, who actually should know. how 
fusion functions? After all he is paid for it by the tax payer! The chicken uses the fusion 
already today and the other living beings presumably also, but for that energy is needed 
and the balance sheet should work out! 

The neutrino radiation therefore has to be factored into the balance sheet of energy. If the 
balance sheet then works out, it could be proven with that, that here neutrino energy is put 
to use. In addition the process of the conversion of neutrinos has to be investigated, which 
surely has something to do with the frequency and the wavelength of the radiation. After 
all a child has cells exactly as big as an adult. It only has less cells! So that an interaction 
can occur, the cell size has to fit in with the wavelength, which obviously is very small, 
presumably in the range of the radioactive radiation, with which circumstance the 
biological incompatibility with this electromagnetic wave would be explicable. 


H-P. Thietz: Tatort Ende, WAP (1996), ISBN 3-922367-62-3, S. 39 
Louis Kervran: Biological Transmutations, s.a. J. Heinzerling: Energie, $.278 


296 


1. Primary reaction 
(light reaction in the centre of reaction): 


ring-like vortices/neutrinos are being collected 


electrons are formed 
energy is produced 
ei 


attracted by the water dipole 
water molecule is being splitted (photolysi 


2. Secondary rea 


‘tion (dark rea 


tion): 


carbon dioxide is reduced with the 
splitted off from the water to carbohydrate 


Photosynthesis 


hydrogen 


Reaction equation of photosynthes 


6 mol CO> (carbon dioxide) 
+ 12 mol H20 (water) 
+ 675 Keal (vortex energy, light) 
1 mol CsH05 (glucose) 
+ 6mol Or (oxygen) 
+ 6 mol HO (water) 


Fig. 14.9: Concerning photosynthes 
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14.9 Photosynthesis 


The materialization of free electrons is a prerequisite to start the photosynthesis. The 
normally used explanation, the free electron necessary for the splitting of the water 
‘molecule was knocked out an atom by light, doesn't seem to be correct, after until now all 
attempts of a technical realization according to this model concept have failed. At the 
photosynthesis the plants obviously help themselves with the neutrino radiation, which 
according to an estimation of today with 66 billion particles per second and per square 
centimetre might be more than sufficient for a green earth. 

If we put a seed in a water glass, then a plant grows fiom it and forms small leaves, whieh 
‘got bigger and bigger. A wonder of nature, we say. Where does it actually get its building- 
‘materials? From the water or from the air? Necessarily the plant obviously produces a part 
of the matte itself) 


Experts think they have understood the process of photosynthesis: Take light and water 
‘and carbon dioxide and handicraft from that sugar and oxygen. But from where does the 
plant take the necessary energy for the rebuilding and the splitting of the water molecule, 
the photolyse? The taken up solar energy hardly is sufficient for that, especially since the 
plants only absorb about 1% of the photosynthetic utilizable sunlight incident on earth” 
By means of reception molecules, which look like small antennas, pigments less than 30 
nm in diameter, such is the level of knowledge, the sunlight is collected and led into a 
photochemical centre of reaction. Here the reaction should take place, provided that an 
electron set five by the light jumps into the middle of the centre of reaction. But exactly 
this favour the electron doesn't make the research scientists, who want to imitate the 
process. Copying nature still doesn't succeed, 

The mistake presumably lies in the circumstance that the light doesnt set fiee any electron 
at all. The electron actually first of all is produced in the centre of reaction. By means of 
the antennas a neutrino vortex is collected, which at first occupies the entire space, to 
afterwards contract to an electron, which as’a result automatically is centred in the centre 
of reaction. 

In the process of materialization at the same time the necessary energy of the process is 
formed. The reaction equation after all also has to work out energetically, because the 
plants doing so get neither hot nor cold (fig. 14.9) 

Because curiously the light reaction even can be observed in the dark“, one could be 
inclined to in principle call into question the influence of light on the photosynthesis. But 
such an influence nevertheless seems to be present, after all does a plant react on the 
irradiation of light and changes its spectrum of absorption through its colour. But it for 
sure is another influence and not the one, which one attributes the green plants today! 
It would be important to finally understand the way of functioning. The plants and 
particularly the algae are the ones, which actually first have made possible life on this 
planet with the photosynthesis, the most original form of a production of matter and 
energy. 


Tutige, U. ua Botanik, VCH, Weinheim (1994) ISBN 3-597-30031-7, S. 136 
i>: Lutige, U! ua.: Botanik, VCH, Weinheim (1994) ISBN 3-527-30031-7, 8. 126 
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Chlorophyll a 
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phytylrest: a 
® hy drophobe tail 


Fig. 14.10: Formula of structure and spatial model 
of the 
photosynthesis pigment chlorophyll. 


i> Luttge, U.et al: Botanik, VCH, Weinheim (1994) ISBN 3-527-30031-7, p. 118 
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14.10 How nature materializes 


The structure of the receiver antenna allows us a deeper insight into the manner, how free 
enerey is tapped during the photosynthesis. For the dimensions determining the’ frequency 
of the photosynthesis pigments, as the antennas are called, we have to go down to the 
molecular structure. Fig. 14.10 shows the formula of structure and next to it also the 
spatial model of the pigment chlorophyll 


Two points point at the function for free energy conversion. On the one hand is situated in 
the centre of the molecule a double positive ionised Mg atom, surrounded by four nitrogen 
atoms and a carbon ring consisting of 20 atoms, from which arises a polarization of the 
entire molecule. This in addition is oscillating because the electron cloud of the 
enveloping electrons, which hold the molecule together, perform switl oscillations 
depending on the temperature. With that chlorophyll is able to go into resonance with 
oscillating neutrinos. 

‘A tole play the unipolar field configuration and the effect of resonance of the molecular 
‘oscillation of its own forming as a result of the polarization. A further role in addition 
seems to play the spatial structure. 


The model of the ,receiver antenna” chlorophyll taken out of @ textbook” and shown in 
fig. 14.10, consists of a stalk and a spirally wound head, which resembles a Lituus or 
crook, which Etruscan and Roman Augurs have taken in the hands for land surveying, a 
precursor of the erosier (see fig. 16.10). This again has the form of a Tesla coil and that, as 
already derived, is able to withdraw rotational energy from the collected neutrinos 
(chapter 9.8). Doing so fiee elections are materialized, and these then start the process of 
photosynthesis. An explanation concerning the way of functioning of the antenna 
pigments here for the frst time is getting avaiable. 

By the way also the mitochondria, which form the energy centres in every cell, have as 
well the form of a Tesla coil. Whoever wants to understand the energy economy of a cell 
or the photosynthesis first should occupy himself with the Tesla col (chapter 9.8, 


The open question, how land surveying should be possible with a Tesla coil, we at first 
still have to shelve, because in this chapter it concerns the way towards free energy and 
the chance to leam of nature. Examples to be looked at are on the one hand the core of 
fusion in the inside of the earth and on the other hand the humus layer on the surface of 
the earth, which has been materialized in the course of time with the help of photo- 
synthesis 


The goal seems to be worth striving for. If we in the first place have learned to produce 
energy exactly like nature, then we'll further try to produce matter purposeful, with which 
ageold alchemist dreams could be fulfilled. We wouldn't need to scrape and to search in 
some mines any longer. We would materialize the products without refuse, naturally and 
just for the environment, direct in the final form. I admit that at present it sounds pretty 
Futuristic. 


With another example, the lightning and particularly the ball-lightning, the collection 
concerning the use of free energy in nature shall be completed. 


B___U- Latige, M. Kluge, G. Bauer: Botanik, 2. Aull Weinheim, VCH (1994) ISBN 
3-527-30031-7, §, 118 
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Lightning flashes, if the contact has been closed 
Lightning between clouds and the earth is distinguished in four 
groups. But lightning also can be triggered inside a cloud 


Fig. 14.11 Concerning lightning.” 


<i>: taken out of: Illustrierte Wissenschaft Nr. 8, August 1995, Das unverstan- 
dene Phanomen der Blitze, S. 13 


‘The way towards free energy 301 


14.11 Lightning 


Lightning is a spectacle of nature just as imposing as unsolved. It concerns an electric 
process of discharge, in which to the amazement of all experts arrive for several powers of 
ten more charge carriers at the surface of the earth, than hefore were contained in the 
cloud! Furthermore unsolved is, why lightning glows. Let us start with the open question 
for the difference of potential necessary so that the air is ionised and a lightning channel is 
formed. 


If at first the electric tension voltage of 200,000 volts between the surface of the earth and 
a height of 10 kilometres is available, which according to our calculations results from the 
rotation ofthe earth and the magnetism of the earth (fig. 11.8). Another source of tension 
voltage is not known. By air movement and supposed processes inside a cloud locally an 
additional accumulation of charge carriers may occur, so that in the case ofa thunderstorm 
the by Tesla assumed, twice as big value doesn't seem unrealistic 

(On the other hand a tension voltage between 4,000 and 10,000 voit is necessary so that a 
blow can occur for an air gap of one centimetre depending on the atmospheric 
humidity“. Linearly projected the thunderstorm cloud theoretically should hover just one 
meter above the earth if there i lightning. 

Here somehow a huge gap gapes between theory and practice! 


At the latest at the spikes, the mysterious lightning, which strike out of a thunderstorm 
cloud upwards in the direction of the ionosphere and the still more mysterious ball- 
lightning it has to get clear, that the actual source of tension voltage of a lightning by no 
‘means is known, Without knowledge about the cause well never understand lightning. 


The potential vortex theory offers an useful approach, according to which the necessary 
difference of potential is formed from a formation of vortices”. The vortex again, as 
damping term in the wave equation, occurs as a result of intense sun irradiation. That 
explains why lightning always strike ftom the part of a cloud, which is the darkest, where 
the most sunlight is absorbed and the damping is the largest 


The possible formation of ice in a lightning channel is a further confirmation for the 
correctness of the vortex explanation, After all it has been derived that contracting 
potential vortices withdraw heat in principle (fig. 12.8). 

But now we also want to know fiom this efficient theory, why photons and electrons are 


formed during the lightning and where they come fiom. Here obviously energy is formed 
by means of materializing of vortex particles 


<i= RL, Clark: Tesla Scalar Wave Systems, The Earth as a Capacitor, The 
Fantastic Inventions of Nikola Tesla, ISBN 0-932813-19-4, S. 265 

<i>: Karl Kupfmuller: Einfuhrung in die theoretische Elektrotechnik, Springer- 
Verlag Berlin, 12. Auflage 1988, ISBN 3-540-18403-1, S. 221 

<ili>: K. Meyl: Potential vortices, Part 1: Discussion contributions to the natural 
scientific inierpretation and concerning the physical-technical usage, basing 
‘on a mathematical calculation of newly discovered hydrotic vortices, (only in 
german) INDEL GmbH, Verlagsabteilung, Villingen-Schwenningen 1990. 
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Fig. 14.12: Contemporary representation, how 1753 
lightning 

research scientist Prof. Richmann is struck deadly 
by ball-lightning in his laboratory.” 


<i>: Illustrierte Wissenschaft Nr. 8, August 1995: Das unverstandene Phanomen 
der Blitze, page 13 
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I proceed from the assumption that lightning collects and converts neutrinos. The process 
corresponds to the one at the sun, but on a smaller scale and only for a very short time 
The lightning channel is polarized by the charge carriers. Change of temperature and field 
lead to a spatial oscillation, which by the way also functions as a source of sound, as 
anyone can hear. Taken both together lightning, seen from the outside, becomes an 
unipolar resonator, which is capable to attract neutrinos and to go into resonance with 
them, Now the predominant part is converted into electrons, because also the air 
‘molecules and air ions in the lightning channel belong to the world of matter. But it can't 
bbe avoided that a small part of antiparticles is formed, which then annihilate with particles 
of matter under emission of radiation. Doing so photons are emitted and lightning glows, 
as anyone can see! 


14.12 Ball-lightning 


If in the case of lightning there still exist excuses, the difference of potential preferably is 
traced back to neither understandable nor measurable processes inside a cloud, then at the 
latest in the case of ball-lightning most experts are at their wits end. Only for very simple 
natures explanations circulate in the direction that here for instance the organic remnants 
of abird struck by lightning are burt off. 

‘Actually ball-lightning is observed very seldom. It is a ball flashing with reddish till blue- 
White colour. Its diameter lies between 10 and 50 centimetres. The glowing phenomenon 
cean last several seconds to minutes. Doing so ball-lighining rolls over a street, temporary 
floats in the air, goes apparently unhindered through every wall and disappears from time 
to time without a trace or discharges with loud moise and formation of sparks. Some stink 
‘of poisonous gases and some also cause noise. 

Famous has gotten the ball-lightning, which 1753 of all people should have struck the 
lightning research scientist Professor Georg Wilhelm Richmann in St. Petersburg. In his 
laboratory during a thunderstorm a ball of fire as big as a fist should have jumped from a 
iron tube to his head and should have hunted him down, so eye witnesses have reported 
(fig. 14.12). 

Since ball-lightning has closed structure, it has to drag about its source of energy with it 
If this however consists of organic or other matter, the ball wouldn't be able to float, after 
all the brightness of a spherical vortex and with that the need of energy is enormous! We 
have to proceed fiom the assumption that just ball-lightning covers its need of energy from 
five energy and serves itself from the neutrino field 

The spherical form is a consequence of the structure shaping property of the potential 
vortex”. Scientists are increasingly interested in this not understood phenomenon. In 
their experiments they try to artificially produce ball-lightning with more or less great 
success in the laboratory. By means of the experiment they then want to leam to 
understand, what the textbooks don't give away. 

If we want to leam of nature something about free energy, lightning in the laboratory 
offers us in the form of a blow or of a spark gap relatively good possibilities. It surely is 
no coincidence that the father of fiee energy, Nikola Tesla, in his experiments almost all 
the time has worked with spark gaps! 


[iby for that see in the 1™ part the chapters 48 UI14.10, 
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Zeitschrift 
fiir Geobi 


WETTER - BODEN - MENSCH 


Fig. 14.13 Fork bent by ,,pure manual work". 


<i>: Whoever has to eat with bent flatware in the Hotel Adler in Waldkatzenbach 
(Odenwald, Germany), mustn't believe that the food didn’t taste well to some 
rude fellow here. It is the host himself, who in a sociable round shows his 
guests from time to time that he not only can cook well. I could personally 
Convince myself from the fact that Robert Hartmann doesn't use any aids. 
The picture shows the title page of the magazine, Wetter Boden Mensch” 
4/97. A comment concerning this on page 3: Robert's 50'“* birthday 
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14.13 Discussion concerning the neutrino conversion 


In nature two different principles for the use of the neutrino radiation can be observed. In 
‘one case of use a glowing phenomenon occurs, in the other eases no. 

The glowing lightning should be assigned to the first case. Here not only the neutrinos 
crossing the lightning channel are used, but also neutrinos from the environment 
oscillating in resonance are collected, Around the lightning channel a kind of reaction 
radius is formed, inside of which all synchronously oscillating neutrinos are attracted 
under the resonant interaction. During the discharge process the radius can inerease like an 
avalanche, to collapse again with the transition into the stationary discharge current. A 
corresponding technical concept, which is discussed in the next chapter (15.5), is very 
efficient, but almost uncontrollable. A characteristic is the formation of antiparticles, of 
positrons, in the course of the materialization, which then annihilate under emission of 
radiation and cause a shining. Also spark gaps and fluorescent lamps possibly help 
themselves from the neutrino field, as still has to be to worked out 

In the second case nature works without any avalanche effect and without any glowing 
phenomenon. To this counts for instance the photosynthesis or the mode of operation of 
the mitochondria, the energy centres of a cell. All cells, whether vegetable, animal or 
human, only use the neutrinos which just that moment pass by them and only in those 
amounts, as they just are needed. They thus handle their energy very caring. Without 
exception electrons are materialized and no positrons. 

If nevertheless unwantedly an avalanche effect occurs, something which happens 
fortunately only very seldom, then a selfsinflammation and self-burning occurs, then it 
should happen, that a person bums off himself”. This risk also is known of hay. 

There also exist rare talented persons, who can control and regulate the process of 
tmaterialization by concentration. These people can bend spoons or other metallic 
objects. For that they concentrate themselves some time and send the materialized 
charge carriers into the object, which they hold in their hands. Since the metal lattice 
solely is Kept together by the enveloping electrons of the individual atoms, the additional 
electrons make the metal structure sodden. Now for a short moment the metal can be bent 
and distorted at will. Doing so neither heat is produced nor is the colour changed. The 
result of the process can be produced neither by cold working with raw foree nor under a 
flue. Also here nature shows us a technology for an ecologically compatible metal 
processing (fig 14.13) 


The way from the conventional over the regenerative towards free energy is predrawn. It 
‘only has to be gone! After the existence of the neutrino radiation goes as proven and 1998 
for the first time concrete amounts have been determined measuring technical and 
published by a Japanese team of research scientists, with that also the question for an 
‘energy technical use of the particle radiation has been answered clearly. Now only the 
{question of the mechanics is open. The Japanese research scientists by the way have found 
‘out that at night only half as much solar neutrinos can be detected than at daytime. The 
‘other half according to that is absorbed in the inside of the earth, This in the meantime 
published measurement result in brilliant manner confirms the working hypothesis of a 
‘growing globe (chapter 11). 


SP: Za_Asche_pulverisien, Mlustriene Wissenschaht 67 1997, S. 61 
ace. to an examination of the American SCI-COP in 1984, 
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Table 15.1: The force effect of interactions, 
ordered according to size, with examples 
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15, Principle of functioning of space energy 


In this chapter we want to turn us towards the technical concepts and techniques 
conceming "space energy", which occasionally here and there already should have existed 
for have been operated with quite different success. After Nikola Tesla having pointed the 
direction more than 100 years ago, the way towards free energy appears to be predrawn 
Never before the public interest in the topic of space energy was as big as today. 
Unfortunately this concerns more the collecting and gathering of rumours and 
speculations. As in every branch of science also here hunters and collectors can be 
found. But obviously the hunters, the inventors and theorists have bigger problems, to put 
something useful on the table. They are fighting against their own not knowing, unuseful 
textbooks, general ignorance, intolerance and an all-powerful energy lobby. What the 
collectors on the other hand come up with does make appetite but not fll 

‘An useful and efficient theory might be the most important prerequisite just with regard to 
the reproducibility of an effect and the product liability of a SET-device, That's why one 
mustn't expect a complete list of devices of that kind in this chapter, because in the 
foreground stand the physical and technical explanations concerning the way of 
functioning, the understanding for constructive and guiding details and the learning from 
‘the mistakes and errors of the inventor. 

For a better survey the possible courses of the field lines according to the theory of 
objectivity are listed in detail (table 15.1) and discussed from the top one after another, 
starting with the strongest known interaction. To complete examples and concepts are 
presented, 

As is well-known there exist electric (E-) and magnetic (H-) field lines. Further exist open 
‘and closed field lines and finally is distinguished between the oscillating and the static 
cease. The results are two to the third power, thus eight possibilities of combination in total 
In table 15.1 all eight versions are given, even if one or another case is of more theoretical 
nature. For the objective of a systematizing of different concepts conceming space energy 
technology the taking apart in any case is helpful. The figure opposite is survey and 
structure atthe same time forthe following chapters 


15.1 The course of the field lines 


In chapter 6 a relation between the course of the field of a body and its observable 
interaction has been made (part 1, chapter 6.7 till 69). Here a point of approach is offered 
For instance to maximize the force effect a magnet or to optimise an electric motor, the 
engineers nowadays help themselves with costly programs working according to the 
method of finite elements. In this way they obtain a picture of the field lines, the course of 
which makes possible conclusions conceming the production of force or torque. 
The relation without doubt is given, the only question is in which order of magnitude 


Gravitation 


for like poles: 
repulsion 
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Fig. 15.2 B: The course of open field lines 
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The theory of objectivity answers the question from the equations of transformation with 
the proportion 13.23 (fig. 13.4). According to that the electric or the magnetic field 
strength stand in inverse proportion to the square of a length or of a distance: 


EH ~ Wa? (13.23) baw. (15.1) 


Less mathematically expressed this, for two bodies in the distance a, where one body is 
situated in the field of the other, means nothing else as that the distance is reduced, Nearer 
to the body the density of the field lines again increases, in that way the distance further 
decreases and we observe an approximation, 

Usually the idea of force is introduced as a factor of description and there is spoken of a 
force of attraction. But that not necessarily is required, because the force only represents 
fan auxiliary description. The cause for the observed attraction rather is the spatial 
distribution ofthe field strength. 

In this case the two bodies come closer and the mutually active fields get bigger and 
bigger, until the parts eventually run into each other (fig. 6.7 A). There one comes the 
thought to increase the force of attraction by an artificial compression of the field lines. In 
the case of the electromagnetic interaction such a compression actually takes place, since 
the field lines arise from one pole and end at an unlikely charged pole, which so to speak 
collects and bundles up the field lines (fig. 6.8 A). 

At last we find out the reason, why electromagnetic forces of attraction are bigger than 
‘gravitational forces for many powers of ten (between 10” and 42-10 for the electron, 
derivation see fig. 15.2 C)! For table 15.1 this means, at the top have to stand the open 
field lines, which bundle up at the poles. Then very long nothing comes and after that the 
effects of closed field lines are being found. 

For open field lines however also the opposite of a bundling up is possible. In the case of 
like poles the fields run away of the other pole (fig. 6.8 B). Between both a space is 
formed, which is free of field lines, where thus the field tends towards zero, whereas the 
distance between the poles according to the proportion 15.1 grows towards infinity. In this 
cease we observe, how the bodies are going away from each other. We speak of a force of 
repulsion, which actually reaches until infinity. This gives reasons for the occurring of 
both forces of attraction and forces of repulsion in the case of the electromagnetic 
interaction. 


15.2 Gravitation 


In the case of closed field lines in principle no repulsion can oceur, since no pole, neither 
north pole nor south pole, neither positive pole nor negative pole is able to influence the 
position of such a field line. This circumstance as well as the order of magnitude of a 
possible force of attraction sugges, to settle gravitation here. 

It gladly is forgotten, that the field pointers of E- and H-field normally occur together and 
like in the case of the electromagnetic wave stand perpendicular to each other. It is normal 
to calculate only the electric field pointers for a charge carrier, without paying attention 10 
the circumstance that the H-field is present as well. The textbooks as a rule remain silent 
about this dark chapter or they lapidary remark, the dual field lines are closed in 
‘themselves and hence inaetive anyhow, which however is incorrect. 
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Fig. 15.3: The transition of an oscillating into a static interaction 
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But, according to the proportion 15.1, they actually develop a force of attraction, even if 
this is relatively small. No one really needs to be surprised that gravitation is not 
understood until today, if a whole group of fields simply is overlooked by science! 
We now also can explain, why there don't exist any massless charge cartiers, Namely only 
the E-field or the H-field can form open field lines and never both at the same time, 
Otherwise they wouldn't be able to stand perpendicular to each other anymore. The each 
time other field, in the case of electrically charged bodies it is the H-field, then is wrapped 
perpendicularly around the E-field lines, independent of the circumstance if electrically an 
attraction or a repulsion occurs and without exception it forms a weak force of attraction, 
the gravitation, 


15.3 Systematizing the interactions 


Next we should know, from which field is to be expected a larger force effect: from the E 
or from the H-field? At the example of an electromechanical converter this question can 
bbe answered coneretely. 

‘The forces which occur and form the torque in an electric motor customary in trade are 
produced by magnetic poles in stator and rotor, which repel each other in the case of like 
charge and attract each other in the ease of unlike charge. Now there in principle exists the 
possibility to build a motor which works with Coulomb forces, thus with positive and 
negative poles, instead of the magnetic forces. About such designs numerous patent 
specifications exist, but no customary version on the market. 

The reason very simple is that a magnetic motor for the same torque is many times smaller 
and better priced. From this the conclusion can be drawn that for the same construction 
volume a magnetic force Fy is considerably larger than a Coulomb force F;, which for 
instance binds together atomic nucleus and atomic hull 
‘Thus in table 15.1 the magnetic forces are ranked before the Coulomb forces. 


Finally we have to distinguish between the static and the oscillating case, which are 
distinguished in the frequency. In fig. 15.3 an oscillation is shown, which by chance just at 
the moment of the vertex value changes into the steady state, thus takes the frequency 
zero. In this case the effective values between a static and a sinusoidal oscillating 
interaction are_— distinguished by =the» factor. V2 1a 
If we operate an universal motor with direct current, then it releases more power, than for 
4 comesponding feeding with altemating current. Even a high-tension line, which stands at 
‘maximum S11 kV, is operated with alternating current up to 380 kV, with direct current 
‘on the other hand’ up 10 500 kV. Consequently in table 15.1 the static interactions stand 
before the oscillating interactions. 

‘The strong interaction naturally isn't found in the list, after it has been derived that it 

doesn't exist at all (see chapter 7.8), whereas the weak interaction is hiding behind the 
oscillating interaction. It shakes other particles so long tll they fall apart (see chapter 

743), 

We now would be as far, to discuss the 8 cases listed in table 15.1 one after another by 

‘means of practical examples. 


aR Magnetic force converter 


The principle of the side-pole machine 


Fig. 15.4: Alternating current dynamo, according to the 
inventor 

(Kromrey) a magnetic converter for free energy with a 
degree of effectiveness of more than 100%." 


<i>: Raymond Kromreys Molekularstromrichter, NET-Joumal 6/98, S. 5 
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15.4 Magnetic force converter 


As a result of the systematizing of all eight possible interactions, the largest force effects 
are to be expected as a result of static and of open magnetic field lines. 
It is questionable, if this statement is generally valid and is true everywhere in space. But 
it is valid at least for a terrestrial laboratory and only here, on earth, a solution for the 
energy problem is strived for. No wonder therefore, if the electric energy technology 
nearly without exception is using these force effects. We find them at a solenoid, at a relay 
coil, at a magnetic tuning cylinder and equally between the stator field and rotor field of 
an electric motor 


The motor however takes a special position, because its rotor is turning. In that way a 
switching of the winding and commutating of the currents is necessary or the field of the 
stator winding is being turned, for instance in the case of an alternating current motor. 
This is necessary, so that in the air split of the motor the fields from the stator and rotor 
always are standing opposite like for the solenoid and a driving force can be formed. 
For the operation therefore oscillating currents are necessary, so-called alternating 
currents, which are fed in into the winding with the right frequency and phase. There can 
be spoken of an operation in resonance. It surely is no coincidence, that Nikola Tesla, the 
founder of the rotary field theory and inventor of the alternating current motors at the 
same time is the discoverer of the neutrino radiation! 


‘The electric motor slides already into the second column from the top in table 15.1, as we 
see, and should be assigned to the case of the oscillating interaction of open magnetic 
fields. The frequency for motors usually is very small. 


But also at high frequencies there can't be reckoned on some free energy which would 
show or even be utilizable, as can be heard from the inventors who tinker with magnets, 
mostly with permanent magnets (Fig. 15.4). The reason very simple is that there exist no 
physical particles, which could mediate this interaction, Magnetic monopoles would be 
necessary, thus north pole or south pole particles, so that an interaction with the open H- 
field lines ean occur. 

Such particles could form as a result of currents and eddy currents, but for that a good 
conductivity would be necessary and that isn't present in the vacuum. Therefore magnetic 
monopoles can't exist at all! This point we already had worked out (fig. 4.4, question 1) 
The same statement then also applies to the oscillating case 


If nevertheless something like free energy should show in the case of some magnetic field 
converters, then unnoticed by the inventor stil other physical effects are added. By means 
of concrete concepts this circumstance canbe studied and discussed 
The meanwhile well-known railgun is a corresponding example, for which besides the 
used magnetic force unintentionally a further principle is used. A more detailed 
occupation with this device is worthwhile, because here some fundamental concepts of 
space energy get clear. 


a4 the railgun 


A: Shining railgun in action“ 


B: Structures 


C: Concerning the way of functioning of the railgun 
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Fig. 15.5: Structure and way of functioning of the railgun 


<i>: in the internet under: www.glubco.com/weaponry/railgun.htm 
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15.5 The railgun 


The engineers and physicists involved in the SDl-project were quite astonished, as they 
had a close look at the bent rails of their gun. During the test operation the equipment was 
really flying around their heads. 

They were very sure to only have fed in 16.7 MJ of energy, from the rotation of a 
hhomopolar generator, because more was not available for the experiment by any means 
The projectile with mass my = 0.317 kg lying on the rails thereby should have been 
accelerated to the velocity of 4200 mis. Instead huge forces were at work here, which the 
construction couldn't counteract at all. There is talk about the released energy having 
amounted to 399 GJ, what corresponds to an overnity effect of 24000". This factor 
describes the proportion of the released 0 the taken up power or energy. 
If these details should be correct then this would be the most efficient converter for fee 
energy, which has been developed until now. 


Behind the project name SDI (Strategic Defence Initiative) is hiding the by the United 
Slates prepared "Star wars". But how one fares a war, which nobody can pay anymore and 
no-one wants, entirely according to the motto: There is a war and no-one goes there? This 
war undoubtedly the strategists and initiators themselves have lost, who even had to 
watch, how their space gun appears in the intemet with design drawings and rich visual 
material to be called by anyone”. 

Today, where we are surrounded by nothing but friends, where in Russia and at other 
potential opponents is fought more against intemal problems and one lets the expensive 
space toy rot for lack of money, the coat of the military secrecy obviously no longer can 
be held over such an explosive project as the railgun, 


Thus informative details have reached the public. In the pictures a bright lightning can be 
seen at the moment of launching (fig. 15.5 A). Here presumably is being materialized, in 
which the part of anti-matter annihilates with the particles of matter under emission of 
light. There thus takes place the same process as in the case of lightning or the shining of 
the sun, 

In addition is being reported that heat energy is withdrawn from the environment, a 
circumstance, which is typical for all functioning converters for space energy. We thereby 
are reminded of the possible formation of ice in a lightning channel 


Like for a lightning also the railgun is stimulated with a very high excitation voltage and 
‘with extreme speeds of change of the tension voltage (high du/dt) (fig. 15.5 C). From the 
selup it concems a bridge of Ampere, which in various respects appears to be supetior to 
the rocket engines, after the costly transport of the propellant into space isn't necessary, 
since the capacitor batteries can be recharged by solar power 


<Er_ eg www ghibco,com/weaponry/railgun him 


<i: Galecaki, G.,P. Marquardt: Requiem fur die Relativitat, 
Verlag Haag + Herchen (1997), S, 139 
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Fig. 15.6: __ The distribution of field lines and force effect on 
the slider of the railgun through which current 
flows in a permanent magnetic field 
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The projectile has the form and the function of a short-circuit bar and is guided slidable 
between both rails of the railgun. The high-tension capacitors are switched on both rails at 
the moment of launching, so that in a very short time an extremely high short-circuit 
current of several thousands of Ampere flows through the bar. 

Since the bar in addition is situated in a static magnetic field, there acts an accelerating 
force on it (ig. 15.6 D). It is the force effect of a conductor through which flows a current 
in a magnetic field, like it is active in every electric motor. If we overlap the fields of the 
conductor (fig. 15.6 A) and of the magnetic field (15.6 B), then we observe a bending and 
lengthening of the field lines (15.6 C). There exists the effort to re-establish the original 
state, which represents the smallest magnetic resistance, and for that the conductor is 
shified out by means of the arising force. In the sketch it is accelerated 0 the left 
That far the explanation concerning the bridge of Ampere. That has nothing to do with 
five energy. For the enormous degree of effectiveness, as it has been determined, further 
effects have to be added. 


15.6 Unipolar induction 


The projectile, or from the function let us rather speak of the short-circuit bar or the slider, 
at first is entirely conventionally accelerated and experiences, mathematically expressed, a 
dvidt. The magnetic field B stretching perpendicular to the movement is constant, so 
that according to the Faraday relation” E = v x B from the velocity v an electric field 
strength E results and from the acceleration dvidt a field change  dE/dt 
These open field lines along the length of the slider, in particular the oscillating. part, 
appears to interact with oscillating particles and to collect these particles“. It concems 
presumably neutrinos, which primarily materialize in charge carriers. These contribute to 
the current flux in the slider and to the acceleration, whereupon still more neutrinos. are 
collected, 

‘A handly controllable avalanche effect is formed. Only if the change in tension voltage has 
‘worn off and the capacitor is completely discharged, also the resonant interaction will 
again collapse. 


The inventors, who want to construct a civil version of the railgun, is given a waming on 
the way which should be taken seriously. At first it doesn't take particularly much 
imagination to imagine a rotating arrangement of the gun, a construction with one axis, 
‘whit which a generator driven, which produces power. A small part is supplied the system 
again as supply for itself. The rest would be available free to the consumers as non- 
polluting, regenerative energy. 
That really sounds good, if there wouldn't be this one obstacle. 


==:__The equation of transformation concerning the unipolar induction already 
‘was treated more detailed in chapters 6.4 and 9.3 
<<ii>: [tis the resonant interaction according to table 15.1, line four 
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Fig. 15.7: The collecting of neutrinos by oscillating open field lines 
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15.7 Tendency to instability 


In a continuously working machine the discharging of the capacitor cannot remain a single 
event as in the case of the gun. The discharging and the recharging has to take place cyclic 
depending on the revolutions per minute, To obtain a rotating movement even to a certain 
extent ignition has to follow ignition. But if the new ignition takes place, although the 
avalanche effect of the last one still hasn't worn off, then inevitable a catastrophe will 
occur, then the work of wonder is taken apart” under the eyes of its creator. 
Numerous inventors already have had to collect such painful experiences. It is assumed 
that not even Nikola Tesla had escaped, as he had to put away again his stately luxury car 
with electric motor and energy converter in a barn near Buffalo already after one week of 
test operation in the year 1931°>. 

OF course also for this problem solutions in accordance with engineering are offered. 
Meaningful would be a restriction of the revolutions per minute and a power regulation, 
Only most inventors don't think that far. On the one hand, because they handicraft without 
‘an useful physical model and on the other hand they think they already have reached the 
goal, if they observe something like free energy for the first time. Just as fast as the joy 
then’ the disillusionment comes, because a converter which doesn't work, is not able 10 
convince anyone. 

Tesla already was aware of this set of difficulties. He fastened his converter to the dash- 
board and not in the engine compartment, presumably to adjust the coupling of the coils 
from the drivers seat during the drive by means of two metallic rods, which he pushed into 
the case. But sometime even this regulation by hand has to go wrong, because the 
collected neutrinos on their part collect further neutrinos (fig. 15.7), so that in the case of 
‘an unfavourable order of ignition an additional amplification is possible. For a reliable 
operation according to that directly or indirectly the phase of the ignitions to each other 
should be checked. 

‘At the example of the railgun space energy technologists and inventors can study the 
relations and the way of functioning very concretely and even calculate these relatively 
simple. It is a big relief, that all three vectors stand perpendicular to each other: the E- 
field, the B-field and the velocity v. Ideal conditions both with regard to a maximizing of 
the wanted accelerating force and for the resonant interaction, increase at the same time 
the collecting of space quanta, which probably may be set equal to the neutrinos 
This is made possible by the Faraday's law of unipolar induction. In that way at the right 
and left end of the slider a positive a negative pole each are formed. The further the two 
poles are away of each other, the more the field lines are opened and the more neutrinos 
‘can go into resonance. In this place still considerable improvements and optimisations are 
possible 

In addition to the two discussed the phenomenon of the electrostriction is added as a third 
phenomenon, which authoritatively contributes to the conversion of neutrinos into 
electrons. It is a field dependent change of length, which in the case of lightning takes care 
of the thunder and in both eases, therefore also here, is active asa charge carrier producer. 


<r see also chapter 9.5 Free encvgy, 
‘A. Schneider: Energien aus dem Kosmos, Jupiter-Verlag 1989, Kap.ll, S. 20 
and H. Nieper: Revolution, MIT-Verlag 1981, 8. 194 


20 Unipolar field configuration 


A: electric dipole (e.g. electrostatics, see also fig. 6.8) 


B; electric monopole (e.g, electron e~, see also fig. 4.3) 
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C: Mixed form in the case of cylindrical symmetry 


Fig. 15.8: Dipole fields with unipolar parts 
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15.8 Unipolar field configuration 


If we again go back to fig. 5.1 and continue our considerations with examples conceming 
line 3. The obtainable force effect of open electric fields indeed is for powers of ten 
smaller than that of magnetic fields, but then particles are mediated, an invaluable 
advantage and an indispensable prerequisite with regard to the generation of space energy. 
As long as the particles are considered in the balance sheet of energy then in addition by 
‘no means ean be claimed, space energy converter are perpetuum mobiles. 

In the question, why only electric particles can be mediated, has to be pointed to the 
repeatedly mentioned circumstance that only electric particles can be formed as a result of 
the concentration effect of potential vortices. Magnetic particles however plain and simple 
cannot exist, since for missing conduetivity in the vacuum no eddy currents are possible 
(ee fig. 44), 

In the case of the arising Coulomb forces again is distinguished between the static and the 
‘oscillating case. We want to start with electrostatics. 


The range of technical applications of static electricity is large. It stretches. from 
varnishing technologies and filter technologies till the fly grill in the arbour. In all cases 
the field is built up by charge separation, By means of a high-tension generator a positive 
pole and a negative pole are produced, between which the field is stretching. The field 
lines now start at one pole and end at the other, unlike pole (fig. 15.8 A). 

In this manner almost no open field lines are available, which point to the outside and 
could interrelate with free particles. If one for instance intends to attract and collect, 
charged particles from the solar wind, from the cosmic radiation or from the electricity of 
the ai, then the design in one point has to be changed fundamentally 
‘A.unipolar field configuration is necessary. What is meant with that, answers a glance at 
the spherical vortex model of the electron (fig. 15.8 B resp. fig. 6.2). Here it as well 
cconcems a formation of dipoles as a result ofthe charge separation, but one pole is hiding 
in the inside of the other pole . In that way its field lines are captured and don't have a 
‘chance anymore to come out, to each the other pole. 

But if the pole lying on the outside for its part can't close its field lines any longer, then 
these point helpless into space and search in their neighbourhood, in the distant world and 
iftneed be even in the infinity of the universe an unlike anti-pole, which as a result 
interacts and is attracted, 

The measuring technician analyses these open field lines and falsely calls the construction 
then a monopole, only because he isn't able to reach the locked up pole. To blame is the 
unipolar field configuration, which with that probably would be explained to a certain 
extent 

The designer and inventor as well might have realized how he has to construct his device, 
«with which he generates open field lines to collect space quanta. He has to lock in one of 
the two poles as good as possible. Optimal would be of course a spherical symmetric 
‘construction like in the case of the elementary vortex. Compared with that a cylindrical 
symmetry indeed is suited far less good, but it offers constructive advantages (fig. 15.8 C). 
We now will report of such a functioning device. 


22 the Testatika 


Fig. 15.9: Demonstration converter "Testatika".~ 


<i>: A. Schneider: Energien aus dem Kosmos, Jupiter-Verlag 1989, S. 
1. Schneider: Neue Technologien zur Freien Energie, Jupiter-Verl. 1994, p. 13 
and in the NET-lournal, Heft 8/9, 1997, S. 16 as well as iss. 12, 1997, p. 6. 
D. Kelly. Der Schweizer ML-Konverter, Raum & Zeit Special 7, S. 164 
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15.9 The Testatika 


‘An electrostatic device, which produces open electric field lines, is situated in Linden in 
Switzerland. It optically is very imposing and belongs to a religious community, which 
has called it Testaika and is of the opinion that it is a ffee energy converter. 
Inexplicably the Testatika does not serve the community, which generates their electric 
power conventionally and to a large extent by itself, as a source of energy. Instead the 2 
KW device only very seldom is demonstrated for special occasions or to select groups of 
visitors. The religious community after that explains the astonished observers humanity 
not yet is mature forthe technology. 

Perhaps just the opposite is correct and the technology not yet is mature. According to my 
personal assessment such an electrostatic device in principle is entirely unsuitable for the 
continuous operation, 

It can be expected that the open field lines sooner or later will interrelate with the 
electricity of the air and thunderstorms are being attracted by the infemal machine so long 
until lightning strikes and the demonstration with that has finished. That's why the 
Testatika may be switched on only for a short time, only at sure weather situation and not 
too humid air, and many a registered visitor has been sent away without having seen the 
“thunderstorm machine". 

[As an object of demonstration and study the Testatika however is well suited. Alone the 
circumstance that no cable leads to the device and it nevertheless releases energy in the 
order of magnitude of 1 till 2 KW, surprises all visitors. At least the impression is mediated 
as if the machine would violate the law of conservation of energy, which is not correct. 
The Testatika is similar to an induction machine, which works with friction electricity 
Thereby the unlikely charged bodies do not have 10 unconditionally touch and rub at each 
other, it already is sufficient, if they are brought in the immediate vicinity of each other. In 
the case of the Testatika the electrostatics of two against one another rotating discs is 
taken off by brushes. 

The excitation energy presumably is taken out of the natural E-field, which just like that 
can amount to 200 Volts per meter (see chapter 2.9). The large diameter of 0 em of the 
dises and their bad conductivity (acrylic glass) permit this conclusion. The charge taken 
off by the brushes afterwards is temporarily stored in two capacitors of 2 Farad at 300 
Volt, so-called Leyden jars. This far one actually is reminded of a Wimhurst generator, in 
which the energy is supplied the system by turing the disc. Large powers cannot’ be 
drawn by that. Plans to build such an induction machine by yourself have been 
published 

In the case of the Testatika however two dises are used and by hand stimulate to rotate 
‘oppositely. This rotational energy in this case isn't used to produce power, otherwise the 
discs quickly would stand still again, but that doesn't happen. 

Until now apparently no-one has discovered the secret, which is kept strict by the 
members of the community. In my opinion the energy situation on our earth however is 
too serious, as that we would be able to afford playing hide-and-seek and egoistical 
secretiveness, 


=: I Schneider: Neue Technologien zur Freien Energie, Jupiter-Verl, 1994, S.14 
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‘The secret of the Testatika 


TEA stnoroenmewasr 
anciton 


pris Sse: Scr STEEL SEGMENTS: 
- FORGOT 
bet 
ae 
i a, 
I 
Halt 1 
a] 
| acai oe CT) we 
: a, 
1 sea ae 
ers a Mer 
A meow CAP set 
{ = 
Beet. | 
: Ske: 
rita Shi} amare “we PA 
ener 
cpp a 
Fig. 15.10: Sectional drawing of the Testatika 
according to 
Don Kelly, (Clearwater, Florida, USA) 
<b: Dee Tenia genemor, NET-oural, Dezember 1997, page 6 


similar picture is found in Raum & Zeit Spezial 7, page 164 
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15.10 The secret of the Testatika 


The crucial point is the opposite direction of rotation of both dises. If we assume the static 
earth electric field is the cause and serves as an excitation field, then as an effect a field 

arises, which stands perpendicular to that. The axial component now points out of the 
‘centre ofthe dis. 

Inthe case of only one disc the field lines in front and behind the disc again are closed, so 
that no open lines can form, With one dise or with two dises rotating in the same direction 

hhence no unknown charges can be attracted. 

Inthe case of two oppositely rotating dises however shows one component along the axis 
of rotation to the observer, that of the other dise exactly in the opposite direction. In that 
way between both discs a pole is ,pinned”, which no longer is able to close all field lines 
‘on the outside around the machine. Thus open field lines and a, however incomplete, 
unipolar arrangement are Formed. 

The charge carriers sucked from the electricity of the air as a result support the natural 

electrostatics and speedy recharge the capacitors, even if up to 10 Amperes are taken out 

by the consumers. 

The ingenious thing of the machine is its extremely simple construction and the simple 
concept 

fone includes the collected particles also in the balance sheet of energy, then it thus will 
turn out that the law of conservation of energy is not violated at all. There thus can't be 

talked of free energy. In this context the Testatika may rather be given as a 
counterexample. Air ions are the carriers ofthe electricity of the air and not carriers of 
free energy. 


Negative air ions are indispensable for our welfare. One should only remember the first 
men in space, who after the landing were pulled out of their capsule more dead than alive, 
after they had to stay in the unhealthy atmosphere of the capsule for a longer period of 
time. Only the installation of ionising devices for negative air ions made possible longer 
staying in space 

The taking out of the air of negative ions hence is not unproblematic and not particularly 
ecologically compatible. An atmosphere harmful to life is formed which Dr. Wilhelm 
Reich has called DOR-state. He by the way has designed a Cloud-Buster, with which he 
could take static electricity, forming above the desert sand, out of the air. In that way the 
negatively charged rain clouds no longer are repelled and driven away. Reich has tested 
his weather machine 1954 in the desert of Arizona. After he had freed the atmosphere of 
the ,DOR-strain", as he expressed himself, in the desert area the atmospheric humidity 
steadily increased fiom 15% up to 95%, there grew prairie grass and everything started to 
‘um green, and eventually after many years forthe fist time rain fell again, 

Static electricity, as far as the right polarity is chosen, may conditionally be used for the 
mechanics of rain making. For free energy concepts it however isn't suitable. Already 
Nikola Tesla has pointed to the circumstance that our hopes will be in vain if the free 
energy would be of static nature (see fig. 9.5). He in his speech, which he gave 1891 
before the AIEE, has left no doubt that free energy exists, which is kinetic and with that 
energy technically usable for us, 
Chapter 16 will be occupied solely with this case". 


<Br according t point 4m table 15.1 


26 The key to free energy 
Fig. 15.11: The Cloud-Buster of Dr. Wilhelm Reich 1954.” 

<i>: H.-P. Thietz: Tatort Erde, VAP (1996), ISBN 3.922367-62-3, page 122 

<ii>: Part 1, fig. 9.3; concerning the unipolar induction see also fig. 6.5 and 11.8 
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Fig. 15.11 shows the weather machine of Reich, the Cloud-Buster. It can be understood 
only hard, why Reich directs a 3-4 m long metallic pipe with a diameter of 4 cm to the sky 
and connects the rear end with a deep well or with flowing waters. The effect should have 
‘been increased considerably with a few milligrams of radium. An indication that he must 
hhave worked with static electricity, delivers however a tragic accident, in which one of his 
collaborators was lamed on one side. He carelessly had touched the charged apparatus and 
suffered an electric shock’ 


15.11 The key to free energy 


‘AS a contribution to the discussion the individual principles of functioning of space energy 
‘again are collected and the attempt is undertook to value them. 

In the case of an oscillating dipole configuration, for instance the railgun, open field lines 
are present only along the mutual line of connection (fig. 15.8 A). With that not 
particularly many space quanta can be reached. It hence has to be operated with gigantic 
excitation powers in the range of many thousands of Ampere, so that further field lines 
fling open and interact, The wanted over-unity effect therefore ‘can only be reached at an 
‘enormous expense of technical apparatus. 

‘An unipolar arrangement here is considerably more advantageous, where holds: the more 
unipolar, the fewer excitation power is required. But in that way it can take longer until 
the collecting of neutrinos like an avalanche again has worn off. In the case of an ideal 
spherical arrangement (fig. 15.8 B), as the ball-lightning takes, the process can even last 
for minutes. This explains why unipolar systems can be kept under control only very hard, 
If the neutrino avalanche is rolling then it purely theoretical only can be stopped with a 
still larger excitation power, for instance by phase shifiing, what can hardly be realized in 
practice. The rolling avalanche can't be stopped anymore by normal means. A 
synchronous operation between the neutrino oscillation and the converter can, apart from 
the technologically hardly realizable high frequency, by no means really be recommended. 
‘AS a rule one single steep flank of the change of the excitation voltage is sufficient to start 
the avalanche. By means of the repetition frequency or by means of the duty cycle of the 
excitation voltage then resonances to the neutrino field can be made or avoided. On the 
‘other hand can't be done without the avalanche effect. The utilizable power of the neutrino 
converter otherwise would be much too small, This case should be pursued further in the 
design ofa longitudinal wave gauge. 


‘All converter systems at first work based on a well-known and tried and tested physical 
principle of functioning. In the case of the railgun it is the bridge of Ampere. The thus 
used force effect on a conductor through which flows current is advantageous due to the 
‘obtainable order of magnitude and as a basic concept extremely recommendable. But also 
‘Coulomb forces or other physical principles can be used, 

Despite that a further relation still must be added, which produces the interaction with the 
neutrinos. Closely associated with the unipolar arrangement it is the unipolar induction, 
which in virtually all space energy concepts is put to use. It already could be shown that 
the railgun uses the effect as well as John Searl in the case of his flying disc”. The 
Faraday law of induction turns out to be the key to free energy. 


28 ‘The unipolar generator 


ferrite ring- revolving, con-_ferrite ring- 
like magnets ductingring _like magnets, 
Fig. 16.1: ¢ Faraday generator, whi 


magnets is called N-machine.> 


According to chap. 6.5, ¢q.60 the equations of transformation 


TS vxB |] and HS -vED | a 
where: v =dx/dt= = component of the directi 
of motion perpendicular to the area being stretched by the fi 
pointers H=He, and E=-E-e,. 


‘Thus in addition to the basic fields E and H (at v = 0) additic 
fields E, and H., depending on motion, occur and the overall fie 
Ep and He are measured (which corresponds to eq. 63 in chapter 6.5): 


Bente] aq [See (6, 
(which corresponds to eq. 62 in chapter 6.5): 
it E= VBI] and B= =v | a 


Table 16.2 A: The equations of transformation of the 


electromagnetic field.“ 
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It quite concretely concerns the question for a technology conceming the use of the 
resonant interaction (according to line 4 in fig. 15.1). For that open and at the same time 
oscillating electric field lines are needed, which mediate neutrinos and pass them on to a 
receiver working in resonance. The sun, some planets and other celestial bodies, as we 
already have worked out, use the effect. Even an entire galaxy is kept together in this way 
This interaction plays the crucial role for the theme of space energy and the question is 
asked, with which technology it ean be produced artificially. 


16.1 The unipolar generator 


The most direct way obviously leads over the Faraday relation conceming the unipolar 
induction. With the classic Faraday generator, where a permanent magnet is tumed along 
lis axis, at first a static electric field can be produced. By rotating in opposite direction or 
magnets rotating in the same direction but oppositely poled, relatively simple one pole can 
be pinned” between the magnets and an unipolar construction can be built. Numerous 
research scientists already have worked in the area of the Faraday machine more or less 
successfully (fig. 16.1)". There is reported of instabilities and of the picking up of 
unknown energy at high revolutions per minute. In the majority of the cases it in a sense 
of the Testatika will concer collected electricity ofthe air. 


The Faraday relation in addition also appears to be hardly understood correct physically 
by anyone. A scientific magazine in this context takes the opinion: "Faraday proves 
Einstein wrong", and the production of electricity with Faraday's unipolar inductor 
Violates the laws of physics! 


=Ez_A. Schneider: Energien aus dem Kosmos, Jupiter-Verlag 1989, S. 44 


<i>: , Faraday in his experiment did let rotate a copper disc above a restin 

cylinder magnet, as expected in a loop of wire a tension vollage was. created 
(E-machine).. Than he let the magnets rotate, and the disc stood still; now 
again a tension voltage should have resulted’- but there was no voltage. In 
the third experiment the magnet rotated with the disc in the same direction 
and with the same speed. Because there was no relative motion between 
both, an. induced tension voltage wouldn't have been expected - but it was 
‘measurable! (N-machine, see fig. 16.1). 
What does that mean? If the relative movement between magnet and disc is 
not always crucial for the formation of an induced tension voltage, then also 
the absolute movement has to play a role ~ because. something has to move, 
for a current being formed. But an absolute movement according to the 
theory of relativity’ can't be detected - thus Faraday's experiment proves 
Einstein wrong! Therefore you won't find anything about this experiment in 
the textbooks". 

‘Taken out of the article: Faraday widerlegt Einstein, PM-Magazin 11/ 1998, P. 133, 
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from table 16.2 


with the velocity v= dx/dt, 
not accelerated dv/dx = 0 (inertial system) and derived for x: 


‘The curl of the H-field pointer points in the z-direction: 


ae 


comparison of coefficients with Ampére’s law: 
dHo/dx = j , (164 
integrated over dx and ds and formulated generally valid: 


FH, ds = 
thus follows from that: magnetic field = vortex field! 
Faraday’s law of induction (analogous derivation): 


ein «6 


cause for measurable electric field Ey is missing: 
dE/dx =O , 06.10 
integrated over dx and ds and formulated generally valid: 


Eds = 0 


electromagnetic field 
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The author of the article proceeds from Maxwell's formulation of Faraday's law of 
induction, according to which arises a tension voltage in a wire if the wire cuts magnetic 
force lines, thus is moved relative to a magnet. 

If he had read my books, then he would know that Faraday not only has found the older, 
but also the more comprehensive law, whereas Maxwell only describes a special case, 
Starting-point for the by me developed theory of objectivity are on the one hand Faraday’s 
law of induction and on the other hand the regularity dual to that, which both together are 
called equations of transformation of electromagnetism (fig. 6.5, eq. 60 and fig. 16.2 A, 
eq. 1611). 


16.2 Derivation of Maxwell's field equations 


For the derivation we assume, as already in fig. 6.5 for sake of simplicity, that the 
movement v= vj takes place perpendicular to the area stretched by the field pointers 

H= H, and E,. If we detive the equation of transformation, written down for a field 
component depending on motion, for the coordinate x by using the equations of material 
and compare the result with Ampere's law resp. Faraday's law of induction, then it 
becomes clear that the comparison is successful only under certain prerequisites. This 
circumstance proves that the Maxwell equations only describe a special case and that the 
‘equations of transformation are more general valid and causal (table 16.2 A and B), 

But in this place is crucial that Faraday's law of induction according to Maxwell only is 
able to describe a formation of dipoles. For the formation of unipolar field structures 
however must be fallen back upon Faraday's law concerning the unipolar induction, 
Whoever wants to understand or even develop by himself concepts concerning space 
‘energy, first must have understood Faraday's law in its whole range. 


Usually the Faraday generator is, like in the original building shape, equipped with 
permanent magnets and operated in a steady operating state. Doing so consequently only 

static electricity is formed. We however need oscillating fields, and for that either the 

rotation, or the magnet should be changed in polarity with high frequency. Expressed with 

the precision of mathemati, the first case is described by: E(t) = v(t) x B and the second 

case by E(t) = v x B(t). Both cases have to be investigated and discussed, because both 

v(t) and B(t) are possible in principle. Its added that in both cases mechanically moving, 

as a rule rotating, designs but just as well resting designs are conceivable, in which only 

the moving charge carriers themselves realize the component of velocity v. 

This time the crucial point is, that in both cases equally a change of the electric field 
strength E() is produced, with the help of which neutrinos should be collected. Because of 
the extremely high oscillation frequency of the neutrinos large field changes dE(tidt and 
associated with that large changes of tension voltage dU/dt seem to be the optimal 
solution, which can be handled with today's technology. Apart from that further 
difficulties are added, which require a managing in accordance with engineering. If we 
namely work with a large acceleration dv(t)di, then the inertia of the accelerated masses 
should be overcome, then only very small and light projectiles can be launched like in the 
case of the railgun. If we however work with fast changes of the magnetic field dB(ty/dt, 
then the inductance acts slowing down, 


a2 SET-devices with rotating magnetic fields 


A: Suggestion from the patent specification of John W. Ecklin 


TNs 
aS 


57 


B: For instance the ,Stationary Armature Generator“ 


<i>: A. Schneider: Generatoren mit Ferritkermumpolung, NET-Journal 6/98, S. 9 
Ecklin: Permanent Magnet Motion Conversion Device, U.S-Pat. 3'879,622 
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16.3 SET-devices with rotating magnetic fields 


If we again come to speak of the Faraday generator, which ean be built up in two variants 
Inthe case ofthe F-machine the magnets rest and only the disc rotates, whereas in the case 

of the N-machine the magnets rotate along. In this ease can't be avoided that some of the 

induced charge carriers roam about in the magnets and sensitively disturb the structure of 

the material. One only thinks of the bending spoon effect! 

The consequences stretch from a loss of the permanent magnetism, over a shattering and 
bursting up to a pulverizing of the magnets. Adventurous rumours and. alarming reports in 
this direction are sufficiently available. 

‘An improvement could be obtained by an isolation layer between the conductive disc and 
the magnets, but against induced charge carriers inside the rotating magnets this measure 
is not able to achieve anything 

Anyhow the best thing to do will be to completely do without permanent magnets in 
neutrino converters! If we replace them at least in our minds by electromagnets, then a 
feeding with altemating voltage is possible. That also is necessary if oscillating neutrinos 
and not air ions should be collected. 

‘As a result of the altemating voltage at first large eddy currents occur in the disc. The 
losses can be reduced by radial slits in the dise. The induced currents then only can, as 

‘wanted. flow radially tothe outside 

Bigger headaches causes us on the other hand the inductive and with that current storing 
effect of the excitation coils. If a too large excitation inductance should prevent a fast 
increease in current, then also the induced electric field will increase correspondingly 
comfortable and hardly be able to persuade a single neutrino to _ stay. 
A coil core of iron or dynamo sheet metal with that is ruled out from the start. Even ferrite 
‘would be suitable at most conditionally. Usable are air coils with as possible as few tums. 
In an advantageous design the slit copper dise rotates between two air coils, if need be flat 
coils built in the way Tesla did, which are fed with pulsed tension voltage. 
The highest speed of change in current surely is obtainable by means of a spark gap, like 
already Tesla has used (fig. 9.1). But also other techniques are thinkable as pulse driving. 
For instance semiconductor power amplifiers with MOS transistors not only can be 
switched fast and hard, but in addition frequency and duty cycle can be adjusted freely 
with reproducible exactness. These are niceties, which will gain importance in connection 
with the control and regulation ofa converter. 

Und the heading "generators with magnetic flux variation” Mr Adolf Schneider has 

collected and commented on some concepts”. The generator of the american research 
scientist John W. Ecklin registered for patent at 22-4-1975 thus stands as an example of a 
‘whole group of inventions, in which the magnetic conductivity in the magnetic circuit and 

‘with that the flux is changed with a jump. 

Fig. 16.3 B shows a building form consisting of two horseshoe magnets (1, 3) with a 
likewise resting coil in between (6). In rest the magnetic circuit experiences no change and 
consequently no tension voltage is induced in the coil. The trick is that an axis (31) is 
pinned right through the arrangement which is tumed with two soft iron anchors, which 
‘magnetically short-circuit alternating the left (27) and the right (29) horseshoe magnets. 
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Fig. 16.4: Bedini magnetic converter." 


<i>: A. Schneider: Generatoren mit Ferritkernumpolung, NET-Journal 6/98, S.10 
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Besides the moment of reluctance, which should be compensated by the physical 
principle, and the friction of the bearing actually no further moment of reaction can occur 
which would have to be gotten over, not even then if current is taken out of the coil. If the 
flux change is large enough, purely arithmetically it should be possible to take off an 
electric power which is considerably larger than the friction power. John Bedini has 1985 
measured an over-unity effect of up to 12.6 at a similar constructed generator, where with 
increasing strain also the factor could be increased (fig. 16.4). 


16.4 Commentary concerning magnetic SET-devices 


I judge these measurements rather sceptical, after I already in three cases had to break the 
‘message gently to the inventors, that their device unfortunately was nothing but an energy 
destroying machine and they merely had measured wrong, where admittedly the 
‘measuring of pulsed tension voltages and currents is not quite simple. So that you don't 
become a vietim of wrong hopes and self-deception, I recommend all SET inventors to 
realize the closed-loop. If in the continuous operation power can be taken out of such an 
arrangement without supply of energy from the outside, and be it as small as possible, then 
that convinees everyone even any journalist and any non-expert. 

Unfortunately in the case of numerous concepts at this place already the end is reached. As 
charming the variation of the magnetic circuit may be, in most eases I miss the unipolar 
arrangement of the fields. Perhaps here no neutrinos are needed at all and energy merely is 
‘withdrawn from the environment heat? I'm not able to answer this question and I surely 

don't need to, as long as no magnetic converter is demonstrated to me as closed-loop. 

such a converter, if it can be realized, presumably will atleast partly hide one of its poles 

and produce some open field lines; that at least would be expected. 


still bigger measuring technical problem represent the neutrinos bound to a line, which 
oscillate around the conductor in the form of ring-like vortices. We have become 
acquainted with these in the case of the single-wire transmission technique of Tesla (fig. 
9.5). They are formed, if neutrinos are slowed down and collected, but not yet have 
‘materialized to charge carviers. Tesla did use them for his loss-free energy transmission 
technology, but he couldn't supersede the alternating current technology full of losses, 
which also’ stemmed from him but which he called the worse technology, from the market 
because there were no power meters available for the single-wire-technology. 


Today we still aren't one step further. The energy supply enterprises still decline this 
technology, as I had to learn myself, although this would be the only way to transport 
solar energy from the desert or energy from the geothermal energy of Iceland by a sea 
cable to Central Europe, where it is needed. 

Today still no gauges exist for such neutrinos bound to a line. Therefore will every 
‘measuring technician experience his Waterloo at SET-devices, in which they occur! 1 now 
‘will report of such a converter and the odd measuring problems. 


Fig. 16.5: Space quanta manipulator of the Firma ROM AG 
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<i>: Gibas, Greilinger, Lehner, Rusterholz: Strom aus dem All, Mega Link, Fach- 
zeitschrift fur Elektronik,” Nr. 6, Marz (1998, S. 18-23, 
resp. Bau: Glaube kann Berge versetzen, Bulletin SEV/VSE 25/97, 8. 31 
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16.5 RQM and the space quanta manipulator 


Ifan employee or one of the numerous shareholders of the Swiss Firma RQM AG in 
Rapperswil speaks of space quanta, then he with that presumably means the neutrinos. An 
‘oscillating source of neutrinos is called central Space Oscillator and an operation in 

resonance of the energy receiver the so-called space quanta manipulator, is required, 

Mr Ludvig Sigrst, the creator of this world of imagination, was not a physicist but crane 

‘operator (pseudonym Crane O.) and inventor, whom textbook physies couldn't help 

further in his considerations anyhow. His concept, ifit ean be translated into a scientific 
comprehensible language or not, atleast helped him personally and gave him the position 

to ereate the space quanta manipulator (fig. 16.5). 

It consists of several pot coil systems, which are build up and boxed into each other 
according to the Matrjoschka principle of scaling down. The ferromagnetic core material 
‘of the pot spheres (I, 6,11, 16,21) should show magnetostrictive properties as distinct as 

possible. As we will see, this measure gains its actual importance first in connexion with 
the interaction with neutrinos! 

Each pot sphere carries an excitation winding (2, 7, 12, 17, 22), through which 
alternatively flows a current in opposite direction. By means of this measure, which seems 
useless according to classic design concepts, one of both field poles is pinned in the 

centre, in which Way the necessary open field lines are produced 

The individual pot spheres are insulated from each other, where the isolation layers (3, 8, 
13, 18, 26, 28) should have a high dieleetricity. The pot spheres thus in addition form 
capacitors with each other; even the ending plates at both sides (27, 29) function as 
capacitor plates. 

This construction, the core piece of the planned RQM converter, is driven by a 
transistorised power amplifier with excitation impulses as steeply flanked as possible. 
‘According to patent specification” the pulse widths are freely eligible in steps of S ns 
betweeen 200 nanoseconds and one second. Besides the frequency also the polarity and DC 
voltage offset are adjustable. 


Every visit of the laboratory leaves a lasting impression: Carefully the engineers grope 
forward, turn at the frequency and the duty cycle, umtil the effect suddenly occurs and 
neutrinos, the space quanta, are being collected. One realizes that tuning parameters with 

still stronger reactions would be possible, but entirely without any regulation and 
limitation of power that can’t be controlled anymore. The avalanche effect would destroy 
everything, and so one is further dangling along the brink of the abyss in the development 
laboratory of the RQM, all the time trying hard to gain control of the hardly understood 
cffect. 

Concerning the setup and the mode of operation of the pot system the inventor did let his 
posterity have explanations, but why a diode in free operation FD suddenly loses its 
rectifying function, for that neither the employees nor specialist visitors of as high as 

possible scientific rank in the laboratory until now had ready an answer. 


<i: Gibas, Lehner, Greilinger: Vorrichtung und Verfahren zur Erzeugung 
elektromagnetischer Pulse, Patentschrift CH 687 428 AS vom 7.5.1996 


a8 SET-devices with pulsed magnetic fields 


Fig. 16.6: The RQM test installation of 23-9-1996"" 


<i>: _F, Greilinger: Der Weg zur erfolgreichen, stabilen Energieauskopplung, 
ROF Magnetik, Sonderausgabe 1996, page 10 
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|As said, the neutrinos no longer are free but bound to a line, if they leave the pot system. 
They oscillate around the wire, even around every semiconductor and rove through the 
‘entire switchboard, Doing so they can cause quite something, also bring about quite some 
disaster. 

Lead batteries are being recharged, which without doubt is desirable, but in the continuous 
‘operation they are destroyed by the same vagabonds, In normal light bulbs for instance 
some of them materialize to charge carriers, so that acconding to a gauge more current 
leaves the light bulb, as on the other side flows in to it. It indeed glows completely normal, 
‘but measuring technical forthe installation nothing is normal anymore. 

The visitor can be shown by means of a high precision measuring facility of vibrations 
that the pot coils oscillate not only electrically and magnetically, but also mechanically. 
But the effects alone don't make a converter, which can be produced and which await 
already numerous buyers of options and licenses. 

(On the one hand measures for the purposeful conversion of the roving space quanta in 
utilizable charge carriers here still are missing. On the other hand any controlling facility 

is missing, to adapt the power taken up from the neutrino field to the momentary need of 

the consumers, The brave engineers of the ROM still have quite some way in front of 

them, but the line of approach is right and the reached ean be looked at 


16.6 SET-devices with pulsed magnetic fields 


In the case of the space quanta manipulator mechanically nothing is moving. In the copper 

coils the charge carriers merely are on the way with the velocity v. We here have present a 
typical example of a SET-system with pulsed magnetic field. Compared to the before 
discussed SET-devices with rotating magnets, for instance the N-machine, the space 

quanta manipulator clearly has its nose in front, Without brushes, without friction and 

‘wear and tear it theoretically has a unlimited lite 

In addition it is simpler to produce the necessary large steepness of the flanks in an 
electronic way as by a mechanical variation of the magnetic field. By means of 
electronically driving the process it also can be checked, controlled and regulated easier: 

The question for an optimisation of the concept still remains. At present one already can 
be satisfied with a study of possibility, but sometimes one will question the design. There 
as an example the eddy current losses in the iron pots will be at discussion. About sheeted 
or sintered materials could be thought, if not at the same time the inductance of the coil 
would increase in that way, which slows down the increase in current 
Fertite materials again are very brittle and would crumble to dust under the mechanical 
oscillations of size. I proceed from the assumption, that also here an arrangement with air 
coils could turn out to be an optimum. It does make sense, if Tesla at higher frequencies 
always did experiment with air coils, 

Now it still depends on the coiling technique. One single conductor loop doesn't provide 
fany open field line. For this purpose if need be two loops have to be supplied with current 
in opposite direction, like it is the case for a so-called Mobius winding. In this way 
possibly just as many neutrinos interact as in the case of the pot coils of the space quanta 
manipulator, which are altematively supplied with oppositely phased current. 
To clarify the situation we now should occupy us with the coiling technique. 


340. SET-devices with Mobius winding 


Fig. 16.7 A: The Mobius band 


Fig. 16.7B: The Mobius strip 


Fig. 16.7C:  Bifilar wound flat coil 


Fig. 16.7: Mobius winding arranged like a cross 
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16.7 SET-devices with Mobius winding 


In connection with space energy devices often is talked about the use of a Mobius 
‘winding. That is traced back to the Mobius band, which one obtains, if one for example 

‘one end ofa long paper strip after a half turn glues together with the other end, The result 

isa strip, which has neither top side nor underside and neither right nor left border. This 
‘object with only one side and only one border is a creation of the German mathematician 
August Ferdinand Mobius (1790 - 1868), fig. 16.7 A. 


A distant relative of the Mobius band is the strip with the same name, where the magnetic 
field lines mutually cancel out. It is the same compensation, as we know of a two core 
electric cable, where the supply and return cable are run close together. For that the sense 
‘of winiding of a conductor loop simply is reversed (fig. 16.7 B. 

If the magnetic field vector is wrapped right-handed around the supply cable and left- 
hhanded around the return cable, then both amount to zero, so that measuring technical no 
rest field can be detected anymore at some distance. 

TH pointer of the electric field stands perpendicular to the magnetic field veetor and. 

points inthe direction of the conductor and the movement of the charge carriers. From the 
‘coupling of magnetic and electric field follows, that the compensation of one of them also 

leads to the compensation of the other one. But if the electric field actually is 
compensated, then there may not flow any current in the winding! 

There however flows a current if an electric tension voltage is supplied to the Mobius 
winding. As a result of this forced current flow both electric and magnetic fields have to 
‘occur, which afe not compensated! Some field lines will fold outward the expected 
direction and stand in space as open field lines. These we, in the oscillating case, owe the 
interaction with the neutrinos 


A perfect compensation would be expected for a two core, bifilar winding. The American 
physicist William Hooper was able to obtain interesting effects with a bifilar wound flat 
coil. With help of a balance he could detect attracting or repelling force effects on 
different, electrically or magnetically neural dises (fig. 16.7 C)" 

But he feeds the flat coil with direct current, so that a contribution of neutrinos can't be 
expected. Such effects only will occur, if one works with pulsed signals, because the 
bifilar wound flat coil quite obviously is able to form wanted, open field lines. 


<i>: Schneider, Adolf: Energien aus dem Kosmos, Jupiter-Verlag 1994, page 28, 
taken out of: 

Mielordt, Sven: ‘Tachyonenenergie, _-‘Hyperenergie, __Antigravitation, 
kaum & Zeit Verlag 1984 


a2 Mobius converter of Seike and Coler 
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Fig 168A: Derivation of the Mobius strip ace. to Seike<i> 
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Fig. 16.8 B: Scalar wave radio according to Prof, Seike<i> 
im: Seike, Shinchi: The Principles of Ultra Relativity, Space Research Institute 
1990, ISBN 915517-1 
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16.8 Mobius converter of Seike and Coler 


Conceming construction it can be an advantage to wind a Mobius coil not purely bifilar 
and in that way t0 do without a perfect compensation, It often already is sufficient, if two 
conductors cross and only individual components of the field vectors partly cancel out 
In the case of the coil, which is pulled apart and wound like a cross, drawn in fig. 16.7 D 
the conductor current and the fields of supply and retum cable belonging to it stand under 
an angle of almost 90°. This in individual cases should already be able to cause the 
formation of open field lines. 


Similar field conditions are formed, iff after every tum the wire is looped under the last 
winding. At the knots again the angle conditions of approx. 90° occur. The Japanese 
professor Shinichi Seike preferably works with this kind of winding, which he directly 
derives from the Mobius band (fig. 168 A)". He has designed an_electro-gravitation 
‘motor basing on this principle. He also speaks of weight reduction and of an artificial anti- 
gravity field. It could be confirmed experimentally, that his setup cooled down slowly 
uring the operational tests, despite the expected heating up by the copper losses of the 
current’, Unfortunately I don't known anything more exact. 

Im his book further is found the wiring diagram of a radio for the reception of scalar waves 
(fig. 168 B). He thereby quite simply replaces all coils in the high-frequency part with his 
Mobius coils. If longitudinal waves already are measurable and receivable with this simple 
measure, frst has to be checked, 


The German captain Coler more than 50 years ago has developed another Mobius 
converter. His "Magnetstromapparat", with approximately 6 kW power and an at least 
four-fold over-unity effect uses six coils with permanent magnetic core. As a peculiarity 

he in addition runs the coil current through the core under an angle of 90° with regard to 
the coil curent (ig. 168 ©), 


More detailed details can be seen inthe footnote” 


‘Adolf Schneider: Energien aus dem Kosmos, Jupiter-Verlag 1994 


$.22: "Scientists of the Technical University Charlottenburg in Berlin and Munich 
confirmed that the device functioned without objections, but they didn't find 
fa theoretical explanation for the production of energy. ‘The professors Kloss 
and Franke of the Technical University of Berlin found a degree of 
effectiveness of 450%, Prof. Schumann confirmed that 4.8 to 6.7 times more 
energy came out, than was put into the device. Prof. Schumann excluded a 
deception entirely as the records prove. 

But it wasn't simple to set the device going and the stability for longer 
periods of time wasn't guaranteed. The war confusion set an end to further 
research. After the end of the war the British secret service confiscated all 
available documents and apparatus. Part of the report was declassified in 
1962" 
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16.9 Tesla’s flat coil 


In the category of the unconventional coiling techniques without doubt the Tesla coil may 
not be missing. I in schools and high schools such coils were standing in the laboratory 

for teaching purposes, then as a rule it are cylindrical coils. In reality Tesla worked with 
flat coils but that, so is sad, isnt necessary anymore today, since we have at our disposal 

better isolating materials than 100 years ago. Actually Tesla contended with problems of 
osilation, which he could solve with the help of the flat coil, but it should tum out that the 
coil geometry is attached a crucial importance. 


Everything had started with Tesla having to leave the Technical Highschool in Graz 
without diploma. He ran out of money and he had dared to criticize the venerable 
Professor Poeschel and his sparking Gramm dynamo, With that he had put himself under 
compulsion to succeed. Two years later he had ready the solution. In the year 1882 he 
discovered the rotary field in Budapest. 

Inthe time to come he designs and builds an alternating current motor, but no-one wants, 

to have it and surely Thomas Alva Edison not. Tesla after this disagreement very fast 

tives up his job at the Edison Company again and again stands under pressure to succeed. 

With that the eternal bachelor Tesla urges himself to ever higher efforts. He wants to 

prove himself and the rest ofthe world that his alternating current system is superior to the 

direct current system, 

Direct current, as is well-known, can't be transformed, and thus the advantage of Teslas 
alternating current lies in the possibility of power transport by high-tension cable over 
large distances. But for that the high-tension transformers first had to be developed and 
thereby the said problems of isolation occurred. 

With each turn the tension voltage at the transformer winding increases. The distance to 
the grounding point lying on the outside has to be chosen bigger with each turn, so that no 
blow inside of the high-tension winding occurs. A consistent solution of the problem in 
accordance with engineering is the flat coil used by Tesla, wound spirally from the inside 
to the outside (fig. 16.9 A)" 


It thus is correct that isolation technical reasons led to the flat coil, since Testa himself was 
completely surprised as he had to find out that this coil can lose its self-induetion, that 
sealar waves can be detected with it and that it is cooled down during operation in an 
inexplicable manner, 


This cooling effect Tesla has investigated more detailed and afterall even used. In his 
patent specification concerning the superconductivity he deseribes, thatthe flat coil also 

loses its Ohmic resistance, if he in addition previously cools it with liquid air. The 
remaining cooling down to absolute zero his flat coil obviously has carried out entirely by 
itself with help ofthe neutrinos (fig. 16.9 BY". 


<i>: Nikola Tesla: Coil for Electro-Magnets, Patent No. 512,340 (1894) 


<ii>: Nikola Tesla: Means for Increasing the Intensity of Electrical Oscillations, 
Patent No. 685,012 (1901) 
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singly wound flat coil _iifilar wound flat coil 
(Tesla coil) (from the patent specification of T 


Fig. 16.94: Coiling techniques of Tesla's flat coil. 


Fig. 16.9 B: Patent specification of Tesla concerning 
Superconductivity."” 


“i: Nikola Tesla: Coil for Electro- Magnets, Patent No. 512,340 (1894) 


<ii>: Nikola Tesla: Means for Increasing the Intensity of Electrical Oscillations, 
Patent No. 685,012 (1901) 
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16.10 The secret of the flat coil 


TThe technical function could be explained in the way thatthe charge carriers ofa flat coll 
by induction are set into motion for excitation from the outside, The transmitted energy 
shows in form of kinetic energy. The spiral flat coil becomes narrower and narrower 
towards the inside, the length of each winding shorter and shorter, so that the kinetic 
energy inevitable has to decrease in favour of a rotational energy. The faster and faster 
rotating spherical vortices are pulled apart to flat dises and eventually to ring-like vortices 
by the centrifugal force. The electrons at frst become neutrinos bound toa line and finally 
free neutrinos. Tesla has technically used the first ones in the single-wire-transmission 
technique (fig. 9.5) and the last ones in his wireless energy transmission (fig. 9.7). 

Like many other inventors, Tesla owes also the inventions, which he counts his greatest, 
like the radio technique and the Magnifying Transmitter, first ofall his industriousness, 
his persistence and a great deal of inventor luck. A magician, as he is called in his most 
important biography, he by no means was". The flat coil, to which led him chance and 
which plays a central role in all these inventions, gave him the lucky position, to collect 
neutrinos and materialize them to charge carriers or in reversed direction to dematerialise 
electrons to neutrinos. 


The technology however is everything else but new. Already the Lituus of the Etruscan 
and Roman Augurs and the crook of the priests had the same spiral structure (fig. 16.10). 
Inthe case of the devices, which the Augurs for instance served at land surveying, it 

clearly concems flat coils according to Tesla. We will go into tis strange ,gauge" more in 

detail in par 3 of the book’ 

The trick probably is, that one component of the electric field pointer is directed towards 
the centre ofthe col and asa result some open field lines are generated, which then collect 

neutrinos from space 

In this process the neutrinos thanks to the resonant interaction are slowed down to the 
speed of light and following, as discussed, materialized by means of the flat coil, as in 
addition rotational energy is’ withdrawn from the neutrinos. Since the receiver oscillates 
resonant with opposite phase, in addition the thermal oscillations are reduced and the 
receiverbecomescod 

If one compares the Mobius coil with the Tesla coil, then besides numerous properties in 
common the strength of the first coil lies in the production of open field lines and the 
collection of neutrinos, whereas the special and additional property of the flat coil lies in 

the mateialization, in the conversion of neutrinos into charge carvers. But the advantages 

of the flat coil have to be bought atthe expense of having to work with very high tension 
voltages (above 511 kV) and with large changes in tension voltage (duit). With this set of 
difficulties we will have to dealin more deta, 


Margaret Cheney. Nikola Tesla, Erfinder, Magier, Prophet (Orig: Man Out OF 
Time, 1981), Omega-Verlag Diisseldorf 1995 


K. Meyl: Electromagnetic environmental compatibility, part 3, edition be- 
longing to the information technical seminar, INDEL Verlagsabteilung 2003. 
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‘The Etruscan Lituus the Roman Lituus 


Fig. 16.10 


The Lituus or crook of the Augurs in ancient Rome 
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16.11 Discussion concerning the technology of the neutrino collectors 


Let us again collect the facts for the discussion: A SET-device is distinguished by a more 
oF less unipolar design and open field lines, with which interact neutrinos, which ate 
oscillating in resonance. These then are slowed down and collected, For the transient 
process a large change in tension voltage (dE/dt) is required, which can be obtained 
directly, for instance by means of a spark gap, or indirectly by means of Faraday's law 
‘concerning the unipolar induction (E = v x B). 

The discussed possibilities concern the acceleration of a machine part (dvidt), the 
variation of the magnetic field (4B/dt) by pulse-like excitation signals (16.5) or by 
‘magnetic flux variation (16.3) and the railgun. which even can be operated without foreign 
‘magnetic field (fig. 15.5 C) and for which in that ease occur both a dv/dt and at the same 
time a dB/dt 

For resting arrangements the velocity v is that of the charge carriers moving in the 
conductor. So that Faraday’s law thereby doesn lose its influence, the pointers of E and 
'y mustn't point in the same direction, as in the case of "normal" coils. Unconventional 
windings, which for instance can be knotted like Mobius strips (16.7), take remedial 
action. Also the ancient crook, rediscovered as flat coil of Tesla (fig. 16.10), proves to be 
suitable in principle. Here one component of the electric field pointer points in the 
direction of the centre so that the wanted, at least partly, unipolar arrangement can be 
formed, 


The first step, the collecting of space quanta, shouldn't pose an insurmountable obstacle 
anymore in view of the numerous possibilities and the detailed explanations. A real 
difficulty we sill have before us, because in most cases some ring-like vortices bound to a 
line are formed, for which no electronic construction element exists and for which 
functioning converters hardly are known. 
There spoons are bending, some lumps are flying through space, radioactivity is 
disappearing without a trace, light phenomena are formed and the device suddenly is 
becoming cold. Almost all inventors, who have arrived in this place, are enthusiastic about 
the not understood effects or with that are wanting to get attention, but hardly anyone 
really starts something with that. Until now the necessary system and an useful theory 
‘were missing. 


Only to0 often isn't considered, that only an indirect conversion into charge carriers is 
possible, that during the materialization of neutrinos a intermediate product is formed, 
which can be described with the model concept of a neutrino bound to a line or of an 
oscillating ring-like vortex. The technologies collected in this chapter concerning the 
collecting of neutrinos only form the first step from the fize to the bound ring-like vortex. 
The coming chapter is dedicated to the second step. Here we should try to understand the 
properties of space quanta bound to a line and loudly think about for which purpose we 
‘could use them in practice 


<i>; Reference: Both chapter 16 and chapter 17 treat point 4 according to table 


15.1 concerning the resonant interaction (page 86). 


Radioactivity caused by neutrinos 


mirror 


antineutrino, neutrino 
right-handed left-handed 


E,v 
v 
antineutrino, neutrino 
left-handed right-handed 
Fig. 17.1:___Application of the mirror transformation 
to the neutrinos 
Br Kleine Enzyklopadie Atom, Verlag Chemie GmbtT, Weimheim 1970, S, 119 


For the neutrinos the quantum number parity isn't defined, because they have a 
fixed association of the direction of momentum and spin; the sense of rotation of 
the spin and the direction of momentum in their case form a left-hand wound 
sere, in the case of antineutrinos a right-hand wound screw. By the shown 
mirroring the direction of momentum is reversed, but the sense of rotation 
remains unchanged; i.e. reactions, in which neuttinos occur, are not mirror 
invariant, they violate the law of conservation of parity”. (translated) 


Note of the author: an antineutrino by no means can be assigned to the anti- 
matter, since it exactly like every ‘neutrino alternatingly takes the matter 
state and the anti-matter state, by oscillating around itself (see fig. 7.12). The 
description merely follows a definition founded in usefulness, 
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17. Technical use of the weak interaction 


17.1 Radioactivity caused by neutrinos 


Neutrinos are standing in a weak interaction with other elementary particles. This 
circumstance is known in general. According to the considerations and derivations 
expressed in the book the neutrinos mediate the resonant interaction, what leads to the 
conclusion, that the weak interaction represents a partial aspect of the resonant interaction, 
in which ease it merely concems the proximit 

Efforts are further being undertaken, to combine the weak interaction with the 
electromagnetic to an electroweak interaction, after it was remarked that a certain coupling 
constant corresponds in both cases. We of course aren't surprised, because the 
electromagnetic interaction anyhow describes only the special case of the resonant 
interaction with the frequency zero, 

The weak interaction concerns ‘with the very small range of just 10" meters only the 
proximity of the neutrinos, for instance the bxlecay, where the neutrinos for the reason of 
their oscillating charge a free neutron rattle and shake so long, until it eventually decays, 
‘on the average after approximately a quarter of an hour. 


The Austrian physicist Wolfgang Pauli had remarked, that half the decay energy after a beta- 
decay is missing and the balance sheet of energy isn't working out. In addition also the 

balance sheet of angular momentum isn't working out, because the nuclear spin is being 
changed for a whole unit, Pauli as a result 1930 has introduced a hypothetical particle 
‘without mass and without charge, which he ealled neutrino. 

With that Pauli and his co-working Italian colleague Fermi itis true are the givers of the 

name of the neutrinos, but not by all means the discoverer. If Cowan and Reines 1956 have 

detected these particles with large expenditure of devices, then also that by no means was 

a premiere, as falsely can be read in textbooks and eneyclopaedias. Afterall Nikola Tesla 
already decades ago had demonstrated, that the neutrino radiation not only exists, but even 

can be used energy technically. 

Now the radioactive decay a Bradiation occurs, triggered by the conversion of neutrons 
in protons or vice versa. This obviously takes place under the influence and participation 
of neutrinos in the atomic nucleus. The Badiation to a special extent consisting of 
electrons and positrons, as it occurs in the ease of nuclear fission, is quite unhealthy and 

by no means ecologically compatible, Under the influence of free charge carriers not only 

metal lattices become soft and spoons can be bent, but also an electrolysis takes place, 

where the water molecules are splitted into their parts, That isn't a good prerequisite for 

the flora and fauna on our planet, which predominantly is built up of water structures. 
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Fig. 17.2: Einstein, 1 
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Franz Ferzak: Nikola Tesla, Eigenverlag, S. 103 
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17.2 Nikola Tesla, the discoverer of the neutrino radiation 


The discoverer of the neutrino radiation himself will best be able to explain the connexion 
In the New York Times Tesla writes, that he has discovered and investigated the 
phenomenon of the cosmic radiation, long before others started their researches": 
"According to my theory a radioactive body is only a target, which constantly is being 
bombarded by infinitely small balls (neutrinos), which are projected from all parts of the 
universe. If this, at present unknown, cosmic radiation could be interrupted completely, 
then no radioactivity would exist any longer. 

I made some progress regarding the solution of the mystery, until I in the year 1898 
attained mathematical and experimental evidence, that the sun and similar celestial 
bodies emit energy-rich radiation, which consist of inconceivable small particles and have 
velocities, which are considerable faster than the speed of light. The ability of penetration 
of this radiation is so large, that it penetrates thousands of kilometres of solid matter, 
without their velocity being reduced noticeably. 
Itmust be admired how Tesla guided by experimental observations and a reliable instinct 
comes to the correct result. He merely with the conclusion, because of the missing 
interaction the neutrinos have to be inconceivably small, isnt quite right. Their size rather 

depends on the velocity, because the overfast neutrinos are being length contracted 
stronger. Tesla however hits the nail exactly on the head, if he on the occasion of the press 
conference for his 81" birthday dectares, the radioactivity is a clear proof of the existing of 

‘an outer radiation of cosmic origin”, Lf Radium could be shielded against this radiation 

in an effective way", Tesla writes in an essay of 1934, then it wouldn't be radioactive 
anymore". At this occasion he contradicts Albert Einstein, without thereby pronouncing 
‘the name and is indignant atthe wrong working method of te scientists”. 


Me personally fascinates, how here until now ignored results have been presented, which 1 
first had to work out theoretically myself with difficulty. Tesla, to the best of my 
knowledge, hasnt taken theoretical derivations, at least none have been handed down. As 

4 brilliant experimental physicist he must have reached his conception world by means of 
the measuring technique. The perfect correspondence of his experimentally determined 

‘and the by me theoretically won insights should be judged as evidence for the correctness 
of this view. 


<pr De Tesla Writes of _ Various Phases of — his Discovery, 
New York Times, Feb. 6, 1932, P. 16, col. 8 

<ii>: Tesla Said (J.T. Ratzlaft), Tesla Book Company, ISBN 0-914119-00-1, P. 272 
<ili>: "The scientists of today think profound instead of clear. One has to be mentally 
sane, to be able to think clear, but one can think profound and nevertheless be 
completely insane. The scientists of today have substituted experiments by 
mathematics, and they travel from one equation to another and eventually build 
up a construct, which has absolutely no relation to reality”. 

taken from N. Tesla: Radio Power will Revolutionize the World, Modern 
Mechanics and Inventions, 7/1934, (Tesla Said, P. 264) 
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Fig. 17.3: The Magnifying Transmitter of Nikola Tesla 
Would "the research” station in Colorado Springs 
(1899 - 1900) have been suitable for transmutation? 
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17.3 Transmutation and reduction of radioactivity 


If we are capable to collect and bundle up neutrinos, then should with that an influencing 
of the radioactive decay become possible, then also a decontamination of radioactively 
contaminated material and a so-called transmutation should be possible. We here have a 
concrete possibility before us, to use the produced ring-like vortices directly for the 
benefit of humanity. Dangerous transports with Castor containers, permanent and 
temporary storage and the contamination of whole areas by radiation, like around the 
nuclear power station Tschemobyl, which got out of control, wouldn't be necessary at al. 
If namely burned out fuel rods and objects contaminated by radiation have undergone a 
concentrated neutrino shower, then the radioactive decay takes place accelerated, so that 
the half-life can be drastically reduced. Aer the treatment the dangerous special waste 
would have been changed to harmless domestic rubbish. Even recycling or reuse are 
feasible. 


The topic is atleast as explosive as the energy question and as well completely unsolved, 
That's at diferent places and in some companies is already feverish researched about 

technologies concerning transmutation, Often it are the same people, who also work at the 

theme of space energy. The reason quite simple is that in both cases neutrinos have to be 
collected and bundled up. In the case of transmutation however the necessity of 
materialization can be dropped, so that the goal can be obtained faster and simpler. 
Consequentially is reported of more cases of a successful decontamination and of 
transmutation, than of functioning energy converters. Until now most techniques however 

still hardly are suitable for bringing into action technically on a large scale, but they carry 

clues ofa solution of the problem already in them. 

At the congress "New Energy technologies from USA" 6,12.1997 in Zurich I have 

lectured concerning the theme”: ,,Presumably as the fist one the doctor Dr. Wilhelm 

Reich has carried out corresponding experiments with his ,Orgon accumulator" (fig. 

9.2). From him also stem warnings about biological effects, which should be taken 

serious, if radioactive material is put under his Orgon accumulator and the process of 

decay takes place accelerated”. 

If one dares an interpretation of his experiments with only 1 mg radium, then numerous 
charge cartiers materialized at hitting upon his sample of the bundled up neutrino radiation 

with the consequence of high electrostatics in the environment, which Reich has called 
DOR-state (Deadly ORgone) (chap. 15.11), 

Another way would be the rebuilding of a neutrino transmitter according to the plans and 

patent specifications of the experimental physicist Nikola Tesla (fig. 9.11). He 100 years 

‘ago had realized a real neutrino-broadcasting and for that developed an unconventional 
switching technique. Tesla called his transmitter a , Magnifying Transmitter" (fig 17.3). 

He choose the name ,Magnifying Transmitter", after he had received more energy than he 

had transmitted in experiments and this effect moreover was increased with increasing 

distance to the transmitter. He obviously also had collected free and synchronously 
oscillating neutrinos, and that would be the best prerequisite for a successful transmutation 

and decontamination of radioactive material! 


<i=: Konsiantin Meyl: Die Wechselwirkung der Neuivinos, uber Massnahmen, die 
Halbwertszeit beim radioaktiven Zerfall herabzuseizen, 
NET-Journal Jg. Nr. 3, Jan./Feb. 1998, S. 14-20 
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Fig. 17.4: 1 kW Patterson Power Cell.” 


<i>: Patterson, J. A.: System with electrolytic cell and method for producing heat 
fand reducing radioactivity of a radioactive material by electrolysis. US Patent 


No. 5.672.359 of Sept. 30, 1997, as reprinted in Infinite Energy, July- 
Nov.1997, pp. 13-16 
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17.4 The Patterson Power Cell 


As an example worth paying attention to, the Patterson Power Cell should be mentioned, 
‘which not only can be used for generation of energy but, how could it be otherwise, also 
for reduction of radioactivity and for transmutation. The energy cell invented by the 
chemist Dr. James A. Patterson is researched and developed further by the company CETI 
(Clean Energy Technologies Inc.) in Sarasota (Florida, USA). According to latest reports, 
such a device supplies at most one kilowatt of heat energy at an over-unity of up to 4000; 
thus 4000 times the energy is released than is taken up as requited for the operation! 

In fig. 17.4 one single cell ofthe energy converter is shown. The glass container consists 
of three chambers of approx. 4 em height each time and about 1.9 cm in diameter and 
‘works like a continuous-flow water heater. From the bottom tapwater or distilled water is 
supplied and at the top connection again taken away in heated form. The excitation takes 
place electrostatically by means of two platinum electrodes. The anode situated at the top 
is connected with the positive pole and the cathode with the negative pole of the source of 
lect current 

In the three chambers are situated tiny, filmy coated small balls, which form the real 
principal item of the cell. Production method and structure of the beads are oriented to the 
task to be mastered, In the case of a variant conceived for the generation of energy the 
barely one millimetre in diameter small synthetic beads carry after each other a thin layer 
‘of palladium, a layer of nickel and once again one with palladium 


The small balls remind with their layered structure at first of the Orgon accumulator of 
Reich. They also seem to function as collectors of neutrinos, but for smaller wavelengths 
and much higher frequencies. In addition is chosen a concentric arrangement with the 
spherical form, which with the electrically conductive surface and the dielectric core fulfil 
the function of a cavity resonator. Resonance actually is possible with flying past 
neutrinos, which have a wavelength which amounts to an integer multiple (1,2,3,..) of 
‘vice the diameter ofthe sphere. 

The arising resonant oscillation however concerns not only the electric and magnetic 
fields, but by means of electrostriction and magnetostriction also a mechanic oscillation of | 
size, The oscillation of size in reverse causes again oscillating electric and magnetic field 
pointers, which are partly open along the spherical structure and can interact resonant with 
further neutrinos. In this repercussion field the actual secret of the functioning of a 
Patterson-cell is hidden. 


The president of the German association of space energy, Prof. Dr. Dr. Josef Gruber on 
the occasion of his visit at the company CETI and of a conference about ,.cold fusion” in 


Vancouver has published a report: 


=iis; Gruber, I: Kalle Fusion und Raumenergie, report concerning the 7 
international ‘conference about "cold fusion” of 19.-24.4.1998 in Vanvouver, 
B.C, Canada (Infinite Energy, Issue 19,1998) and report concerning 
“Intemational Symposium on. New. Energy" of 23.-26.5.1997, in’ Denver, 


Colorado, USA (Denver-report of the remote University Hagen) 
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Fig. 17.5:__Low Energy Nuclear Transmutation Cell,” 
the kit for experiments LENT-1 
(Showing Temperature and Pressure Gags) 


<i>: _ taken from the NET-Journal, 10/11 1997, S.7 
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17.5 Report concerning the cold fusion 


"In the case of the Patterson transmutation cell it concerns a special electrolysis cell, in 
which the radio nuclides are charged. During the electrolysis the decay activity measured 

by means of'a Geiger-Muller counter decreases drastically, Within a few hours reductions 

‘of up to 80% are obtained. In such an electrolysis system with electrodes consisting of 
specially coated beads low-energetic nuclear reactions can be observed. In this case 
‘elements are detected in the metallic layers of the beads, which before were not contained 

in these. Further are measured changed (unnatural) proportions of isotopes. From these 
‘transmutation can be inferred, which is used in the cell for the conversion of radioactive 

‘elements 

Until now natural uranium and thorium were used as radioactive material. The 
reproducibility already now is very good. The applicability for commercial purposes, for 

the reduction of the radioactivity of burnt up fuel elements and for the conversion of 
plutonium is easy to see" 

‘AL his visit in the laboratory of CETI in Sarasota 285.97 Prof. Gruber has witnessed an 
experiment to annihilate radioactivity with the Patterson tansmutation cell. He reported 
about it: "In the presence of N. J. Olson from Pacific Northwest Laboratory (operated by 
Batelle for the U.S. Department of Energy) a team of the television station ABC 
conducted by the science journalist Dr. M. Guillen made recordings for a television 
program, which meanwhile has been broadcasted all over the country. The original tension 
voltage = among others a Geiger counter rattled - subsided as the expected success became 
apparent in the experiment: After one hour 50% of the radioactivity stemming of uranium 
nitrate were removed, in another half an hour further 13%. Doing so also a considerable 
lot of surplus heat was produced. 


New techniques of this kind to reduce radioactivity have an important advantage: One 
brings the SET-device there where the radioactive material is situated and reduces the 
radioactivity on the spot. For the conventional technique, stil being in research, in 
contrast to that the radioactive material first is wrapped in a complicated manner and then 
transported to a special factory, where radioactivity is reduced at great technological 
expenditure and use of energy - altogether a procedure which is relatively costly and 
politically only hard to carry through’ 


Patterson cells already can be obtained commercially for research purposes. The same 
‘goes for a demo-kit’* of the company Trenergy, Inc. of Hal Fox, who has built up the 
biggest database of the world concerning the theme "Low Energy Fusion” in the "Fusion 
Information Center" at the university of Salt Lake City. He is editor-in-chief of the 
"Joumal of New Energy" 

If one believes the statements on their web-site“, then one is capable of converting 10 g 
‘of radioactive thorium in 900 mg titanium and some copper in less than an hour with the 
kit for experiments LENT-1. Under a pressure of 3200 psi sodium already is said to have 
fusioned to gold, something of which alchemists dream, as an unintentional side effect, as 
researchers in CincinnatOhio say 


<i: NET Journal, Jan. 1997, S24 
<ii>: see Internet: http://www hal-fox@slke.uswest.net 
<ili> : NET-Journal, 10/11 1997, S. 7 
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Fig. 17.6: The water-fuel-cell according to Stanley Meyer‘ 


Er Hol, Ehlers: Stan Meyers Wasser-Zellen-Technik, Raum & Zeit spectal 7, 
201, taken from the Canadian patent specification 1234 773 of 5-4-1988, 
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17.6 Water-Fuel-Cell technology 


The United States are, just what concerns spectacular techniques like the removal of 
radioactivity or the transmutation of new materials, obviously still the land of unlimited 
possibilities. Nowhere the list of researchers of coldfusion is as long as in North America. 

But there also in many places only is tried and tinkered without visible system or usable 
theory. Then in many cases unfortunately only a show-effect is to the fore, while 
construction plans and details concerning the way of functioning, as far as they actually 

exist, ae kept secret. In total there, besides a lot of hot air and wrong hopes, is left behind 

litle to be used ‘and cited, 
By the way, in my opinion cold fusion has to do very much more with space energy and 
neutrinos than with hot fusion, How much disaster a wrong referring to and an unusable 

theory can bring about, has become clear at the example of the "cold fusion researchers" 
Fleischmann and Pons. They have placed themselves into the scientific offside with their 
‘isinterpretation conceming cold fusion, 

Moreover are both primarily scientists and theorists. Practice however is, according to 
‘general definition, "if in spite of all it functions!" The American Stanley Meyer is such a 
practical man and his water-cell-technology actually seems to function, although he in his 
18 patent specifications gives theoretical explanations, which he just as well could have 

saved himself. With that his effect isnt explained. 

‘An usable interpretation would be that this device, comparable to a cell of a plant during 
photosynthesis, splits water molecules into its parts by putting on neutrinos. Even without 
Knowledge about space quanta the buggy of Stanley Meyer already runs with a air-cooled 
1500 ce VW-engine, and it consumes no gasoline at all. The tank is filled with water; it 
even may be sea water. The consumption of water lies at 2.8 litres at 100 kilometres and 
thereby is formed predominantly hot steam again as a combustion product. 

If thus cold water is converted into hot water and at the same time mechanical energy is 
available. then inevitably another source of energy must be involved. According 10 my 
interprelation it must concen the neutrino field. If the here presented details are correct 
then the over-unity effect lies at approx. 100, the degree of effectiveness thus at 10000 

percent. 


American companies, with which Stanley Meyer had concluded contracts, should make 
the "Water-Fuel-Cell technology" mature for series. Also the financing seemed secured. 
But then per intemet the message eame, he 213.1998 was having supper ina testaurant in 
Grove-City, as he suddenly jumped to his fet from the table and called out, he had been 
poisoned. He died on the spot”. 


Alarge number of inventors is known, who tap space energy with the help of water. It 
concerns an increase of the content of oxygen or of the content of colloids, thus an 
improvement of the water quality. Or it concerns formation of vortices as already in the 
cease of Walter Schauberger, glowing phenomena or also the generation of free energy 
from the neutrino field. In this concert the concept of Stanley Meyer takes an outstanding 
place, as particularly efficient, instructive and clearly understandable for us, for which 
reason we cast our eyes over the design (fig. 17.6 and 17.7). 


<B Tim Hinschied von Stanley Meyer", NET-loumnal ApriliMai 1998, 
obituary in Infinite Energy Magazine 


25; see: 
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Fig. 17.7: Wiring diagram for the driving of the water-cell™ 


Stanley, A. Meyer: Process and Apparatus for the Production of Fuel Gas and 
the Enhanced Release of Thermal Energy from such Gas, 15.06.89, US-Pat, 
207,730; International Publ. WO 89/12704; Int.Appl, PCT/US89/02622 
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17.7 Unconventional electrolysis, 


Numerous of the by Stanley Meyer used construction principles already have been treated, 
be it the excitation with pulses of electric tension voltage or the spherical structure of the 
resonant cavity (fig. 17.6). As a spherical capacitor with the positive pole in the centre and 
the negative pole atthe outside edge it corresponds to the model of the electron and fulfils 
ian almost ideal way the conditions of an unipolar arrangement according to fig. 15.8 B. 
The use of certain patterns ofthe pulses and steep flanks of the pulses (large dUidt) make 
possible effects of resonance at frequencies starting at ten kilohert in which neutrinos 
participate increasingly. First the series resonant circuit, consisting of the adjustable, 
external inductance and the spherical capacitor, is stimulated by means of the current 
rectifying wiring (fig. 17.7), In the ease of resonance, which is carried out by comparison 
of the inductance, the excitation current drops, whereas the tension voltage at the same 
time teaches values of more than 1000 Volts. If in addition a neutrino resonance occurs, 
then the known avalanche effect will occur. The equipment then takes up virtually no 
current, 


‘Asa dielectric serves water, with which the container is filled permanently. The 
dimensions ate oriented after the velocity of movement of the water molecules according 
to details ofthe inventor. Also the oscillating water molecules should go into resonance. 
Then they can help to materialize the neutrinos. Theie rotational energy partly passes to 
the water molecules and as soon asthe neutrinos have been converted to charge carriers, 
they will take the water molecule from the oppositely charged side and split it without 
further ado, The oxygen and hydrogen gases leave the capacitor through fine openings at 
the upper edge of the spherical chamber, which are so small, that no ignition back can 
‘occur, and inthe simplest case reach a combustion chamber, where they burn again to 
ater as a high-temperature flame (fg. 17.6) 

The gases of course also can be guided into the cylinder of a Otto engine and be ignited 
there, asin the case ofthe experimental bugay. In the sectional drawing ean be seen a 
filler by means of which, according to the consumption, water is refilled. The round 
resonant cavity not necessarily has to be spherical. Stanley Meyer more frequently differs 
from the ideal form and works with a cylindrical symmetry (fig. 17.8), with which 
obviously in spite ofthat the goal can be obtained, if perhaps not quite so good. To this 
‘compromise the explanations of fig. 15.8 C apply. 

If we, to conclude, cast our eyes over the wiring diagram which Stanley Meyer discloses 
in his patent specification (fig. 17.7 and 17.8)". In the centre i a transformer, which 
should produce an if possible high tension voltage. A rectifying diode, which takes care 
that only positive tension voltage pulses serve the excitation is switched in series with the 
reaction capacitor, which is filled with water, a fixed and a variable inductance. In that 
‘way the positive pole is always situated inthe centre of the reaction chamber. If both 
connections would be exchanged or the diode be turned over, then the neutrinos 


presumably would materialize in positrons and not in the wanted electrons. 
But if one leaves out the diode entirely and one has a tension voltage changing both in 
positive and in negative direction, then maybe electrons and positrons are equally 
generated, which annihilate each other under emission of gamma quanta. Doing so no gas 
is formed, but at most light, as long as the effect of collecting neutrinos isn't lost also, The 


concept should be worth to be examined more detailed already of pure scientific interest. 
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A: The highstension transformer: 
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B: The driving: 


Fig. 17.8: High-tension transformer and driving of the 
cylindrical water-cell 


<i>: Stanley A. Meyer: Process and Apparatus for the Production of Fuel Gas and 
the Enhanced Release of Thermal Energy from such Gas, 15.06.89, US-Pat 
207,730; International Publ. WO 89/12704; Int.Appl. PCT/US89/02622 
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17.8 Materialization of neutrinos 


In the centre of attention of the water-fuel-cell of Stanley Meyer is on the one hand the 
unipolar arrangement (according to fig. 15.5 B or C) to collect the neutrinos and on the 
other hand the water for slowing down and materializing. Over and above that a lot was 
tinkered and tried, as can be inferred from the patent specifications (fig. 17.8). That starts 
at the. coiling technique of the transformer and concems the experiments with laser 
stimulation as well as the top part, which according to the inventor should extract the 
electrons (Electron Extractor Grid). The measures may bring an improvement, but are 
insignificant for our considerations. 

‘At this place it primarily concems the question of the materialization of neutrinos. But if 
such a materialization has to be made complete, if water molecules must be splitted, 
depends on how long the process lasts. If everything goes very fast, then perhaps it is 
sufficient that a neutrino for a short time is showing as an electron, before it again 
‘oscillates back. In this short time the spliting process already could have taken place. The 
used neutrinos for that had to be very low-frequent and very slow. They after that could 
‘again leave the reaction chamber and fly on as neutrino. 

Possibly the fishes, which live in stagnant waters or in the deep sea, owe the slow 
neutrinos the content of oxygen in the water. Because here no bundling up takes place, the 
splitting of water takes place rather by chance. The volatile hydrogen atoms escape very 
swiflly, whereas the big oxygen atoms are left behind in the water. 

Now we still don't know how charge carriers can be won. At the RQM unit resonant 
oscillations of size had been measured and that can be judged as an important clue. If 
namely a space quantum is slowed down then it becomes bigger. The inverse case we 
already had made us clear: If a pattcle is correspondingly fast then it is sufficient length 
contracted to fit through the tunnel (fig. 6.14). 

To slow down neutrinos according to that the target area should carry out an oscillation of 
size with opposite phase. Organic material and biological systems are excellently suited 
for that. Every contraction of a muscle brings that to mind. Inorganic matter and our 
technology however normally don't know this phenomenon. Technical energy converters 
simply are built up fundamentally else than biological muscle machines. 
In historical sources at certain places is pointed to the fact that priests had experimented 
with quartzes and miraculous phenomena were observed. Of course the question is asked, 
if such experiments today still can be reproduced. Because the density of the earth slowly 
increases due to the growth in volume, also the wavelength of these oscillation quartzes is 
changed. The same neutrino radiation therefore today can't be active anymore. It thus 
would be completely inappropriate wanting to reject a historical source only because a 
described effect today doesn't want to function anymore. 

Magnetostrictive or electrostrictive material could be a solution. For instance a 
ppiezocrystal, which contracts under the influence of an outside field. As an ultrasound 
converter an applied alternating voltage leads to the emission of a sound wave. If we 
reverse the function, then a received longitudinal wave should lead to an electric tension 
voltage and then at last the materialized charge carriers could be taken off! 


Oscillation of size and luminescence 


Fig. 17.9: The course of the field in the case of a glow-discharge™ 
(The numeric values indicate the -— active field lines, 
as they can be read from the representation), 


=e: _K_ Kupimullen Einfuhrang in die theoretische Elekirotechnik, 12. Aufl 
Springer-Verlag (1988), S. 197 
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17.9 Oscillation of size and luminescence 


There exist substances, which at high temperatures start to glow. In the sense of the theory 
of objectivity presented in the first part of the book in the case of temperature it actually 
concerns an oscillation of size of the involved elementary particles (fig. 83). If this 
oscillation of size lies in the visible frequency range, then we can directly perceive it and it 
ccan be used for instance in a light bulb for the purpose of lighting. 

In the case of an arc. fluorescent tubes or glow-discharge lamps light is formed as well 
even without a thermal effect. These glowing phenomena are called luminescence. They 
can be caused by chemical processes, by friction, by crystallization or by electric fields. 
As can be shown speedily, in these cases it also concerns an oscillation of size. 


If we for that consider the model on the let (fig. 17.9). Between two electrodes there is a 
non-conducting gas, e.g air. If now a tension voltage is applied then, under the influence 

of the electric field, some gas atoms are splited into positively charged ions and nevative 

electrons (case A) and pulled apart (case B). This process of enlargement of the glow- 
discharge fast as lightning comes close to that of the thermal oscillation of size and 
‘obviously in the same way is perceived as light. 

The ionised gas parts are attracted by the unlike poled electrodes and move towards these 

(case C, D). Whoever takes the effort to count the number of the field lines, will find out 

that between both electrodes the electric field drops, whereas it atthe same time increases 

atthe electrodes. The first thing causes thatthe process of ionisation is stabilized by itself 

and a state of equilibrium will result; the resulting current takes a constant value. 

The increase of the tension voltage at the electrodes on their behalf causes that an arc 
remains standing or the glow-discharge lamp glows on, even if the feeding voltage is, 

reduced. For this reason a fluorescent lamp needs a’ starter, since the network voltage is 
too small to start the effect of luminescence. 


We indeed know, thatthe gain of light of a fluorescent lamp is at least three times better 
than that of a light bulb. As a rule a degree of effectiveness in spite of that can't be given, 

since it merely concerns a comparison measurement in the case of the measurement of the 
lighting intensity with a luxmeter. It hence can't be excluded, that we already are dealing 

with an over-unity effect in individual cases and neutrinos are involved in the effect of 
lowing 

‘A necessary oscillation of size would be present, as the perceivable noises of open spark 
‘gaps prove. Also in the case of lightning the thunder occurs as a consequence of a 
Tongitudinal oscillation of size and at the same time a glowing phenomenon occurs as a 
consequence of materialized neutrinos (fig. 14.11). It almost is obtruding a scientist that 

here the same principles are at work. 


‘One however hardly can prove that neutrinos are involved in the luminescence, because 
the configuration is symmetrical with regard to the resonance of neutrinos and just as 
‘much particles materialize as anti-particles, which afterwards again annihilate completely 
as an impulse of light. They hence can't be measured directly. It gets interesting if an 
asymmetrical arrangement with unipolar character is chosen. 


Fig. 17.10: Tesla with a wirele 


Phosphorescence and sonoluminescence 


light bulb~ 
Portrait from 1894, Tesla-Museum, Belgrad 


<ii>: R. Hiller, K. Weninger, S. J. Puttermann, B. P. Barber: Effect of Noble Gas 
Doping in Single-Bubble “Sonoluminescence, University of California, Los 
Angeles, USA, Science, Vol. 266, 14.10.1994, P. 248-250 


and: D. Lohse: Wenn sich der Schall in Licht verwandelt, Mechanismus liegt noch 
im dunkeln; (University of Twente, NL) Mitteilungen der DEG 4/98, S. 19-21 
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17.10 Phosphorescence and sonoluminescence 


Let us first look at the observable after-glowing at fluorescent lamps or ata screen, the 
phosphorescence. It presupposes a storing effect, and that in accordance with prevailing 
textbook opinion can be traced back to the excited state of some atoms. Doing so electrons 

in the atomic hull change from one level of resonance, an instable state of energy, to 

another orbit, which represents the ground state. Doing so the difference in energy is 

emitted in the form of light. The process obviously not only takes place as luminescence 

during the switehing on of the excitation voltage, but also as phosphorescence after the 
switchng off 

‘An enveloping electron now doesn't fly as a tiny planet around the nucleus, but occupies 

the entire orbit as an inflated spherical vortex (fig. 5.5). Seen from the outside it is a matter 

vortex. It however sees the enveloping electrons on the further on the outside lying orbit 

from the inside and there they are showing as anti-matter vortices. As long asthe distance 

of respect is kept, nothing happens. If however an inner spherical vortex presses to the 

outside oF the outside one to the inside, then the incompatibility of the vortices takes effect 

and both annibilate under emission of a photon. In this respect the explanations of the 

vortex model are very helpful 

But now, after this flash of light, two electrons are missing in the atomic hull. The 
positively charged atomic nucleus never would allow this loss. Replacement has to be 
fetched and that actually only can stem from the neutrino field. Therefore the enveloping 
electron doesn't change the orbit immediately, but instead has to wait, until a suitable 
neutrino passes by, with help of which the game of changing places can be executed. This 
explains the time delay and gives reasons forthe observable after-glowing, 

The form of the unipolarly charged sphere (according to fig. 15.8 B) forms almost ideal 
prerequisites for an interaction with neutrinos and the step-like change of size from one 
crbit to the next ideal prerequisites for their materiaization. The longitudinal wave 
connected with the change of orbit without doubt can be called a high-frequency sound 
wave. It however can't be detected because of missing gauges for such high frequencies. 

But if we take the frequency down into the range of the ultrasound, which can be handled 
technically, then effects arise which brilliantly prove this interpretation and the 
participation of neutrinos in the luminescence. 

The not understood phenomenon is called sonoluminescence and at present is researched 
at numerous high schools primarily for academic interest. The structure is conceivably 
simple. One takes a ball of glass filled with water and positions at the edge one 
piezocrystal next to another. Then one with the piezo loudspeakers, operated with the 
same phase, sounds the whole with ultrasound and see there, the water glows 
mysteriously! The sound waves change the pressure. Inferring from the observations, 
during the phase of low pressure small bubbles are formed, which atthe following rise of 

pressure collapse and emit a ultrashort flash of light. There thus takes place an oscillation 
of size, which — leads to.——the_—‘tuminescence phenomenon! 
So far so good; but such a flash of light is much shorter than the collapsing of the gas 

bubble lasts. With less than 50 picoseconds itis faster than the otherwise usual atomic 
transitions of electrons. The whole thing obviously has nothing to do with this kind of 
luminescence. Also the spectrum doesn't fit and finally the over-unity effect lies at one 
trillion, the light energy thus is 10" times larger than the energy part which is taken up 
from the sound wave by every atom"! 


a0 Discussion concerning the use of the weak interaction 


Fig. 17.11: Light bulbs according to plans of Tesla” 


<i>: N. Tesla: Experiments with Alternate Currents of High Potential and High 
Frequency, Lindsay Publications Inc, ISBN 0-917914-39-2, Fig 18, P. 70+103 
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17.11 Discussion concerning the use of the weak interaction 


In the case of the luminescence the conditions lie similar like those for lightning. The 
science of today it is true has some problems of explanation at detail aspects, but again 
and again manages to protect the ivory tower of physies from collapsing, with Supporting 
auxiliary explanations. But at the latest in the case of an unipolar arrangement, in the case 
ofa ball-lightning or the sonoluminescence, the participation of the neutrinos clearly 
‘comes to light, the auxiliary concepts prove to be unusable. 


It surely is no accident thatthe discoverer of the neutrino radiation also was the first, who 
hhas experimentally investigated the luminescence. The lamps of Tesla (fig. 17.11) all were 
‘without wear and didn't have filaments like those of Edison. They however had to be 

operated with high tension voltage and relatively high frequency. Both a single-wire and a 
‘wireless transmission technique were possible (fig. 9.5 and 9.7). In his laboratory Tesla 

only needed to hang a fluorescent lamp without any retum cable on a wire, then he had 
light. Famous also are the pictures on which he holds a lamp in his hand, which glows 

entirely without any connection, but only if he takes it in his hand! (fg. 17.10). 


If we again tum through the chapter, then it is remarkable that in most cases, from the 
transmutation to the luminescence, neutrinos can be used for reason of their resonant 
interaction which in the proximity can be put equal to the weak interaction. A real 
‘materialization however poses an enormous difficulty. Ifnamely the translatoric motion of | 

the space quanta is slowed down, then the risk exists that for balance the rotation 
increases. But that as well has to be slowed down for a materialization! Only if both 

processes of slowing down take place, the goal can be reached. In that case the described 
cooling down effect occurs. 


For a measurement technical check it therefore offers to record the slowing down of the 
tanslatoric motion and the collecting of the neutrinos by means of the measurement of the 
radioactive decay of a sample. And to read the materialization as the slowing down of the 
rotation from a measurement of temperature. In addition are helpful proofs about 
oscillations of size, glowing phenomena and deviations in the balance sheet of energy. 
With tha it should be able to obtain a system for the exploration of these phenomena with 
the goal of a practical exploitation ofthe neutrino radiation for the benefit of humanity. 


a Water as a catalytic converter for neutrinos 
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Fig. 18.1: Mechanical whirling of water 


<i>: N. Harthun: Naturgemasse Stromungsfubrung nach Viktor Schauberger 
Analyse einiger seiner Patente und Zitate; MuT Nr. 4, 1980; sa. Kap. 9.2 
>: O.Alexandersson: Lebendes Wasser; W.Ennsthaler Verlag Steyr, 1993, S.156 
>: V. Schauberger: Die Entdeckung der Levitationskraft, Implosion 112, S. 39. 
>: Do we owe the taste of bubbling spring water to neutrinos? 
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18, Physical phenomena 


In this chapter it on the one hand concerns indirect effects of the resonant interaction and 
‘on the other hand effects of gravitation and levitation, 


18.1 Water as a catalytic converter for neutrinos 


Already the Austrian forester Viktor Schauberger has pointed to glowing phenomena at 
‘whirled water. He frst had observed such in nature at torrents and waterfalls in the Alps. 

Later he was capable, to produce and to demonstrate this effect even artificially" One 

could speak of hydroluminescence, where still the question would be left open, how it 

actually functions. 

Already in chapters 4.10 and 4.11 has been talked about the special properties of water. It 
hhere at frst concemed the property of transport of a vortex, which even is capable to bind 

particles in the vortex, which are heavier than the whirling medium itself, Schauberger had 

become famous by letting build floating installations, in which not only tree-trunks, but 
also gravel could be transported down to the valley, without the sides of the channel 

actually having been touched by the rubble. This phenomenon has been examined and 
confirmed on the scientific side 

Basing on this principle today different devices for processing water are offered and sold, 

‘which bind lime, mineral materials and suspended matter in the vortex and in this way 

prevent deposits in the pipes. The methods, to whirl the water, are however very different. 

‘Some whitl the water mechanical, others magnetically and again others electrically. 

Here the dipole nature of the H;0-molecules has an effect. If | turn a water molecule with 

its electric charge distribution, then from the moving charge a magnetic field results. If 

thus inthe pipe a hydrodynamic flow vortex is produced, then an electric and a magnetic, 
vortex, the potential vortex and the eddy current, are the result (see fig. 4.2), 
TThe wanted flow vortices vice versa also can be obtained, by guiding bubbling whirled 

water past permanent magnets, or by feeding in alternating magnetic fields with the help 
of coils, or finally by working with pulsed electric potentials. Each of these systems, 
operated passively or actively, has its specific advantages and disadvantages (fig. 18.1 B 

and C) 


It can be assumed that with the vortices also the water quality is changed. As a ule the 
content of colloids increases, due to which the surface tension falls. In the colloids 
negative ions are bound, for which reason also the electric conductivity decreases. 
Finally the content of oxygen increases and that actually only can come from an 
electrolysis. The neutrinos thereby are suspected 

‘Asan extreme dielectric medium water favours the formation of potential vortices, which 
immediately after their formation contract swiftly. This oscillation of size of the 
electrically charged potential vortices makes possible actually an interaction with 
neutrinos, and that on the one hand has as a consequence the water splitting and the 
increase of the content of oxygen in the water and on the other hand the above depicted, 
‘observable glowing phenomenon, the hydroluminescence. 


ama ‘Background and zero point radiation 
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<i>: A. Waser: The Puzaling Nature, AWVerlag Luzern 1996, p. 88 
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To complete in fig. 18.1 C the wiring diagram of a simple water processor is shown, 
which works with pulsed electric (b) or magnetic (a) fields. 


If we temporarily again leave the theme water and take along the notion, that it must be 
attributed a great importance in connexion with the interaction and the materialization of 
neutrinos 


18.2 Background and zero point radiation 


Whathappens really, if cold matter or interstellar gas molecules are hit or touched by the 
everywhere present neutrinos? Then it can be expected that oscillations are being 
stimulated and as a result the temperature slightly increases. If we thus at a space flight 

hold a thermometer out of the shuttle window, then we will measure everywhere such a 
remaining temperature of a few degrees Kelvin, which is called cosmic background 
radiation. 

By popular scientific small talkers the background radiation is called remnant of a so- 
called Big Bang. It even is misinterpreted as evidence for the Big Bang. Even if a certain 
value of entertainment can't be denied, the Big Bang from a physical view until now only 
thas raised questions and contradictions. 

If we stay at the fact that oscillating neutrinos depending on their radiation density and 
velocity of propagation produce a thermal oscillation, which can be detected as a slightly 
increased lemperature. To measure that we don't need immediately to undertake a space 

flight. We also can install the thermometer in an artificially produced vacuum. In vacuum 
physics out of ignorance of the relations the neutrino radiation then is called zero point 
radiation. 

In the case of the neutrinos it of course concerns an oscillation around a mean value, 
which for a symmetrical form of oscillation has the value zero. The term nevertheless is 
misleading and chosen very unfortunate, After all we don't speak of zero point current in 
the case of altemating curent! 

Since every supernova and every black hole emits neutrinos and correspondingly in 
physical experiments until now no preferred direction could be determined for the zero 

point radiation, itis taken as homogeneous and isotropic in space. From the Lorenz. 
invariance again is inferred a cubic course of the zero point spectrum, an increase of the 
radiation intensity with the third power of the frequency. With this assumption the 
radiation density of the vacuum however strives with increasing frequency towards 

infinity. Here an error has to be present in the considerations! 

[proceed from the assumption that in the case of the spectrum of the neutrino radiation it 

rather concerns a spectrum of resonance, the maximum value of which lies above the 
frequency range measurable with devices of today. It of course would be very important to 

find out, where the radiation maximum lies, but without being able to measure it that lies 
‘unfortunately in the range of pure speculations (fig. 18.2). 

Half the wave length in any case should be tuned to the length of the antennas of the 

‘energy centres of the cells, the mitochondria and the chloroplasts which are capable of 
photosynthesis. In both cases the head diameter of the ATPhases amounts to approx. 5 
nanometer. It would be obvious, if the resonance point would lie here. But it could as well 

lie at still smaller wave lengths in the domain of molecular dimensions. 
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Fig. 18.3: The Casimir effect 
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18.3 The Casimir effect 


If this zero point radiation actually would be the cause of the Casimir effect, which is 
generally assumed today, then neutrinos would have to be involved, if the zero point 
raditation would be to put equal to the neutrino radiation, The effect even is quoted as 
evidence, but I have my doubls. 


The experiment is relatively simple and functions also in a vacuum. Two absolutely plane 
and smooth polished metal plates are placed very close to each other. Doing so the 
distance should only amount to one thousandth till one millionth of a millimetre. If the 
force, with which both plates are attracting mutually, is measured then it exceeds by far 

the gravitational force, We are dealing with an unknown force, neither electric nor 
magnetic. 

Because the force of attraction still arises near the absolute zero of temperature, some 
‘make the zero point radiation responsible. In our translation that would be tantamount to 

the neutrinos exerting a pressure from the outside on the metal plates, if need be with their 
small rest mass, as far as this should not be based on an offset-error of the detecting 
devices. For that the plates would have to damp the neutrino radiation effectively and by 
‘mutual shielding reduce the radiation pressure from the split. The question is asked, if the 
fom the outside hitting bombardment of quanta, as itis called, actually can exert a 
pressure which would be compatible with the nature ofthe neutrino radiation. 


If we now try an entirely other interpretation, which does without the postulating and 
designing of new force effects. Now the from the unified theory won interactions 
according to table 15.1 form the basis. In the Casimir effect, as said neither magnetic nor 

electric forces are involved, so that open field lines and the corresponding force effects (1 

till 4) are ruled out. It has to be the work of closed field lines and that in the static ease we 

know as gravitation (5). Now the mass of the metal plates is too small, as that an 
acceptable force of atraction of masses could result 

The measurable foree is much larger, even if it according to its nature could be a gravita- 
tional force. Here oscillations, as they actually take place in the hull of the metal atoms, 
seem to play a role. If between the oscillations of the two plates standing opposite occurs 
resonance, then a levitation is possible (6), which describes an oscillating interaction, 

‘produced by closed magnetic field lies" 

‘At extremely low-frequency signals ‘this interaction is known as gravitational wave and 
‘object extravagant and costly physical experiments. 


Er The question, which interpretation is correct and which one should be 
rejected, could be verified as follows: at first the force between two plates of a 
certain metal and afterwards that of another metal has to be measured. If in 
f third experiment a plate from the first and one from the second experiment 
are brought together and the force effect goes back measurably, then the 
quantum physical interpretation would be wrong clearly. With that would 
have been shown that here resonance effects are used, which presuppose an 
identical metal lattice structure of both plates, 

If the force effect however doesn't go back, then both statements are possible, 
then one has to think up another experiment. 


Es Effects under high tension 


(engl.: DREAM OF HUMANITY:) 


Wunschtraum der 


(engl.: FREE ENERGY) 


Fig. 18.4: The flying disc of Searl on a german title page.” 


<i>: Special 7, Raum 8s Zeit Dokumentation aus dem EHLERS Verlag 
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184 Effects under high tension 


It erackles inthe laboratory of high-tension. The air smells electrically charged. Only in a 
corner someone sits and waits with much perseverance and patience, until something 
happens. Then he lets thunder down lightnings of several millions of Volts on a small 

sample. It flashes and crashes and still nothing happens. 

No, it doesn't concer Tesla! Tesla has worked purposeful. In addition has Tesla only 
called himself inventor. But the man in the comer feels himself a discoverer and as it is 
proper for a discoverer, he has immediately named the effect after himself. As a real 
‘American he lets market himself and his discovery by the media and a video tape 

Doing so he obviously doesn't know at all, what he wants to have discovered, of what this 
Hutchison effect actually consists. It perhaps is an event of pure chance, for which he 
sometimes has to wait hours. If it very suddenly would occur, then it is a real potpourri of 
all already discussed effects: metal spoons are bending (fig. 14.13), massif steel rods are 
breaking, light effects are being observed (chapter 17.9 PP), water starts to dance and to 
cook (chapter 18.1), without getting hot and finally do some samples take off and fly 
‘crosswise through the room. He then speaks of anti-pravitation, 

Inthe video tape can be seen, how he brings about a physical length contraction as a result 

‘of a locally produced field concentration with two as an interferometer configured Tesla 
coils. In a bottle for instance the air volume is changed. This confirms the correctness of 

the here presented theory of objectivity (chapter 6.6 PP), 

In any case no-one is amazed more about the results of chance than John Hutchison 
himself, Overwhelmed by the magic, the charm of the effects and the feeling to be able to 
move freely outside the trodden out ways of physics, he still sits in his comer with the 
vvideo camera and waits, until finally something happens again. 

There is worked with tension voltages, which are considerably higher than S11 KV, the 
calculated tension voltage of their own of the charge carriers (fig. 7.1). One thus by no 

‘means has to be amazed, if under the influence of several millions of Volt electrons are 

taken apart and metallic objects are breaking or bending. 

The extreme tension voltage and field change we owe an oscillation of length and of size, 

which spontaneously can lead to an interaction with neutrinos. Materialized neutrinos 

again are responsible for glowing phenomena and for the electrolysis of water, which 

under the impression of the rising gas bubbles seems to dance and to cook. For my readers, 

and participants of the energy technical seminar therefore models of explanation are 
available 


One effect we still haven't discussed and analysed more in detail: the antigravitation resp. 
the levitation. As long as no reproducible field conditions are present and the chunks are 
accelerated in any arbitrary direction, it will be difficult to understand the physical course 
of a levitation. 

In chapter 9.3 we already had become acquainted with and discussed a levitation device 
with the flying disc of John Searl. for which the field conditions are comprehensible. This 
time we should have a somewhat closer look at the flying device (fig. 18.4)". 


<i>: Some reports can be found in Special 7 Freie Energie”, Raum & Zeit Doku- 
mentation aus dem EHLERS Verlag, Seite: 141 bis 157 und 174 bis 185 
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Fig. 18.5: _ Concerning the controlling of the flying dises 
according to Searl.** 


<i>: H.Schneider, H.Watt: Dem Sear 
Dokumentation aus dem EHLERS Verlag, 


Effekt auf der Spur, Special 7, Raum & Zeit 
sauerlach, 1. Aufl. (1994), 8. 183 
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18.5 Flying dises 


The Searl-dise can be calculated relatively good with the Faraday equation concerning 
unipolar induction. To estimate the order of magnitude, we just suppose the roller magnets 
produce an induction of one Tesla and the radius is one meter, then between the centre of 

the flying dise and its edge $11 kV is applied, i the revolutions per minute has reached 

the value of 80000 revolutions per second. As soon as the revolutions per minute is 

reached, the neutrino conversion can start 

The at the edge of the disc arising corona, which consists of individual electrostatic 
discharge flashes, takes care for the necessary dU/dt, by every blow and every spark is 
drawing the potential fora short time towards ground. The tension voltage jumps in swift 

‘order between values of above S11 kV and zero Volt to and fro. In connection with the 
already discussed unipolar field configuration neutrinos are being collected in this way. 


‘A technological challenge represents the layered construction of the roller magnets and the 
rings, which have to withstand extreme centrifugal forces (fig. 18.5). Friction however is 
not a theme, since on the one hand the air inside the dise ionises and a vacuum is formed, 
and on the other hand the air split between rollers and dises increases by the field 
dependent contraction of the metal pats 


Actually one in this case by no means can speak of antigravitation, because the gravitation 
isn't really vanishing. The disc even in flight still is heavy tons. Here merely a resonant 
interaction is built up which is larger than the gravitational pull of the earth. The dise is 
attracted by the cosmic source of neutrinos, with which it has built up the resonance. 

Exactly there it will ly! 


The by Sear! designed controling" in my opinion actually can't have functioned satis- 
factorily. He uses emission plates, as he calls them, which altematively are switched on by 
means of switches and are able to form electrostatic forces with some air charge caries. 
In reality the drive probably is comparable to that of a sailing ship, for which the wind 
always blows from one direction. The ship isn't pushed by the wind, as one erroneously 
could think, but rather by the under pressure behind the sail pulled forward, Without 
steering facility the object always is drive in direction ofthe dain. The sailor would say, 

the ship without helmsman drifts towards le. 

Searl in this way has lost all flying discs which were started. By using solar neutrinos they 
presumably have fallen info the sun and burt. The controlling should function analogous 
toa sail, then one would stand a chance, by "waversing” against the "wind", to sometime 

again come back tothe starting-point 


<i>: HL Schneider, H. Watt Dem Searl-Effekt auf der Spur, Special 7, Raum & 
Zeit Dokumentation aus dem EHLERS Verlag, 1, Auil., Seite: 183 
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<i>: Special 7, Raum & Zeit Dokumentation aus dem EHLERS Verlag, S. 152 
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18.6 Propulsion with neutrinos 


In search for an ideal propulsion system for spacecrafts the flying dises of John Seatl still 
have demonstrated a further possibility. After the start occasionally were left strange 

particles on the ground, which hada't be there before. The flying device obviously had 
‘materialized them and dropped them at the stat. 

With this materialization of neutrinos the chance is showing of avery efficiently working 

recoil propulsion. If namely the neutrinos are converted into matter then they by that gain 

back their rest mass. If this takes place in flight then the materialized particles also bring 

along kinetic energy. It then works as ajet engine for which the direction of the jet can be 
dlirected and in that way the vehicle can be controlled comfortable. 

In the case of the Searl-dise the materialization of neutrinos rather happens as a not 
understood side effect. In the case of a systematic use however the principle will show a 
characteristic property. Instead of a vapour trail a beam of light will shine out of the 

flying object in the direction of the emitted particles, but it will break off abruptly after a 

cartain distance. 

To blame is the part, which has become anti-matter, which it is true as well contributes to 
the recoil, but simultaneously annihilates with incompatible particles of matter under 
emission of paticles of light. If in some distance all antiparticles are used up then also the 
‘beam of light comes to an end. 

there concerns necessary properties of a corresponding propulsion technology for 
spacecrafis, which don’t have to drag their propelling energy along with them. Our space 
technicians finally could handle another than the "hammer throwing method”, in which 

case the "hammer" by means of terrible fuel consumption after a phase of acceleration 

only staggers uncontrollable through space under the influence of its inertia, 

With a neutrino propulsion on the other hand one at any time can accelerate or brake. It 

will strongly influence the field around itself, so that can be reckoned that for every 
acceleration afield dependent change of size should be perceptible by an outside observer. 

If therefore a corresponding flying device is accelerating then it will suddenly become 
smaller and that then looks so as if it would have moved away with a jump without 
temporal delay, but that isn't the case at al 

The jerky movements only would be a result of the perception with our eyes by means of 

the propagation of the light. Since the passengers are exposed to the same field, they 
change their body size along with that of the vehicle. They actually notice nothing of an 
apparently infinite acceleration, which only observers on the outside would observe and 

‘which indeed no living being could stand. 

Nowhere the explanation crisis is larger than in space travel! The theory of objectivity 
represents a real help, because it perhaps as the only one puts us in a position to conceive 

and understand not understood observations as necessary technological consequences. 

Only by uncovering parascientific as purely physical phenomena man of today will be 

able to fice himself from the constraints of magie and his own illusions. 

Is the until now discussed cases resonant or other force effects are being used, whereas the 
gravitation remains unchanged. Closed field lines after all cannot be influenced, normally 
atleast. Perhaps an indirect possibility exists to have an effect on the gravitation? 
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<i>: Schneider: Anti-Gravitation im Labor nachgewiesen?, NET-Journal Januar 
1997, 8. 14,15; sa. Internet: http:/iwww-keelynet.com/gravity/fingrav.htm 

<ii>: E. Podkletnov, R. Nieminen: A possibility of gravitational force shielding by 
bulk YBa;CusO,-x Superconductor, Physika C 203 (1992), P. 441-444 


<ili>: Force field Implications of Anti-Gravity, The Journal of Ideas, Art.191, 7.9.95 
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18.7 Antigravitation or levitation 


TThe night already had fallen over Finland, but at the University of Tampere the light still 
‘was on. Then a seientist put his beardy head through laboratory door and with a "hello 

folks” blew the smoke of his pipe over the eryostat for the examination of superconductive 
‘materials. The scientists were speechless, because the smoke seemed to hit an invisible 

‘wall and was drawn upwards in direction ceiling almost ata right angle. 

‘After having aroused the curiosity, Dr. Eugene Podkletnov also has held other materials 

above his rotating disc and had to discover that these as well lose weight, and that he 
actually influences the gravitation with his experiment. Even the air pressure at the 
corresponding place ina lying above floor was smaller" 

With a superconductive disc of 30 em diameter cooled by liquid nitrogen a reduction of 

gravity for 2% to 4% can be obtained, if the disc rotates with more than 5000 revolutions 

per minute. With the revolutions per minute also the effect inereases, but itis independent 

from the excitating field. Finally the fields ofthe superconductive currents in the ring 

remain existing unchanged even after switching off the excitation and it only depends on 

these fields. 

The shielding effect of the arrangement on electromagnetic fields already had been known 
before and should be examined closer in the laboratory. One only was surprised that the 
sravitation could be shielded as well, that obviously both interactions are related. 
According to the prediction of the theory of objectivity the closed magnetic field lines 
gravitate and the field components directed towards the centre of the earth cause the 
measurable force of weight. By the very strong superconductive fields obviously field 
overlaps and possibly a local driving out of field occurs, like one has long known for eddy 
currents (Meissner effect) 

With that the earth gravitational field of course is not cancelled, but merely spatially 
moved, or it partly has changed its direction. If only a small part of field pointers tums out 
of their orientation towards the centre of the earth, then at that point the force of weight is 
reduced toa corresponding extent. The theory of objectivity requires that! 

By the way reports exist, according to which even without rotation a weight reduction ean 

‘occur for superconductive rings, and others, where is worked even entirely without super- 
conduction. As core material forthe ring ferrite or a strong permanent magnet is used. In 

that ease depends on the circumstance thatthe ring-like coil is operated in selftesonance 

and always in the right moment again is excited anew by induetion. The ring core then 

stores the fields up over time, exactly asthe superconductor. 

Stricktly speaking it are the atomic nuclei and in the end all elementary particles, which 

are aligning in the high field. Dr. Ning Li wants to artificially produce gravity, by 

directly influencing the quanta. With that she comes the phenomenon very close". The 
possibilities ofthis effect nevertheless are very limited, since two percent more or less are 

not exactly much, and the dream of the complete cancelling of gravity or even inertia 
possibly stays just a dream. It stricktly speaking just concems influencing the gravitation 

and not antgravitation! 
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Table 18.8 A: The interactions of closed field lines.“ 


Fig. 18.8B: Test models of the "flying saucer" 
according to Viktor Schauberger."” 


according to fig. 15.5, cases $10 8 
<ii>: O.Alexandersson: Lebendes Wasser; W.Ennsthaler Verlag Steyr, 1993, 8.103 


Physical phenomena 387 


18.8 Discussion concerning the effect of closed field lines 


If we now direct our eyes exclusively to the lower half of fig. 15.5, in which the conse- 
quences of closed field lines are listed. Without the possibility of a direct focussing like 

for open field lines, the caused force effects turn out extremely small. With that they are 

less suitable for an use of free energy. The considerations in that context rather aim at 
technologies to reduce weight, like they would be worth striving for for flying devices. 

It we allege that here in the same way the force effects of magnetic H-fields exceed those 

of electric E-fields for three to four powers of ten. Then it will hardly play a role for the 

force of weight of a body with or without additional electric charge, ifits E-field lines are 

closed as well or are open. The increase in weight of an uncharged body only will have an 

cfiect in the third tll fourth place after the decimal point. Seen so in the case of the 
‘gravitation it primarily concems an effect of the magnetic field, more strictly speaking the 

effect of closed magnetic field lines (chapter 69). 

If one succeeds in influencing these magnetic fields for instance by the influence of 
extremely strong fields of a superconductor, then also the gravitation will change, as has 
been shown (chapter 18.7). Let's imagine, in the case of a systematic procedure we would 
succeed in a perfect influencing, for which no component of the H-field lines points into 

the direction of the centre of the earth anymore, then an uncharged body would only have 

‘one tenthousandth of its original weight, whereas a charged body actually would weigh 
nothing anymore, This state ofthe weightlessness supposes that all E-field pointers point 

into the direction of the centre of the earth or diametrically in the opposite direction, since 

E- and H-field are standing perpendicular to each other. Unfortunately such a field 
distribution technically hardly can be realized and so the ,,flying carpet” furthermore 
remains reserved tothe faitytales. 

‘An effective reduction of weight of planes and other flying objects however seems by all 

means feasible, and so slowly the number of research facilities increases, which more or 

less officialy have a critical look at the cancelling of gravity and the levitation. The 
theories on which they are basing, however often sound very bizarre and moreover are 
‘completely unphysical. Maybe a look at the distribution of field lines, as proposed here, 

helps to get further. 


In the case of the levitation, which occurs strictly speaking only in the case of oscillation 
for closed field lines, resonance again plays the crucial role for the coming about of the 
interaction. In connection with neutrinos the resonance can serve less the collecting; we 
rather need it for the materializing, for the production of mass, charge and energy. 

For the artificial production of a levitation either a mechanical oscillation in the atomic or 
molecular domain is needed, like for instance is produced by a rotating water molecule, or 
‘@ resonant oscillation of size takes place by use of electrostrictive or magnetostrictive 
materials, like piezocrystals or oscillating quartzes. 

In this context surely is of great importance that also the temperature could be identified as 
2 particle immanent oscillation of size (chapter 8.3). Thats why besides a cold materiali- 
zation or cold fusion also exists, at least theoretically, the possibility of a hot materiali- 
atin of bot fusion 
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Fig. 18.9: The increasing number of free energy inventors.” 


<i>: only the inventors mentioned in the text are entered. Literature for that: 
A. Schneider’ Energien aus dem Kosmos, Jupiter-Verlag (1994), 8. 77 
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18.9 Concerning the determination of the stand of today's energy technique 


‘An analogy to the production of matter forms the production of light. At high temperatures 
as is well-known is formed thermal light and at low temperatures cold light, the discussed 
luminescence. An oscillation of size of the light source in all cases of the formation of 
light is the cause, be it as an electromagnetic wave or as photon vortex, be it in whirled 
‘water or as sonoluminescence. We at last see ourselves put ina position to understand the 
various light phenomena as something which is related, 

The call for new energy carriers and an ecologically compatible energy technology can't 

be ignored anymore. The number of inventors at present increases fast (fig. 18.9). It is 
legitimate and worth recommending, to observe for this purpose first of all nature, how it 
solves its energy problem. Doing so we should realize that in contrast to the technology of 
today no combustion and no explosion takes place, but rather principles of a cold fusion 
and of an implosion as a result of contracting potential vortices are being used. Actually 
nature may point the way out of the energy technical dead end, We only have to accept the 
offer, be open and show being ready, to invest in the development of methods in 
accordance with nature 

Directed at the address of the distributors of supporting funds for energy research the 
claim in plain English reads: to grant no money anymore for ecologically harmful 
concepts, like nuclear fission or for not understood and not realizable developments like 
hot fusion. to immediately stop the fruitless works and to provide the money for an 
ecologically compatible energy research, 

Immense saving potentials moreover are found in all domains of physics, where instead of 
costly experiments just as well the things could be calculated with an usable theory. To 
check the theory then only few experiments would be necessary. Afterall all important 
discoveries have come about in this manner. Nobody should think, he had understood a 
‘matter, once he has filled himself up with sufficiently much measurement data. 

The root of the evil lies already in the education, where students of physies want to 
understand everything and therefore are trying hard to grasp with their view and hands for 
everything. Abstract thinking or mathematical derivations however are too uncomfortable 
{for most; they have the erroneous opinion, understanding (German: begreifen) would have 
todo more with grasping (German: greifen), and for that the head afte all can't be used. 

‘One reason for this development can be seen in the relativistic point of view of Albert 
Einstein, who proceeds from the assumption of a subjective observability and has raised 
the relativity between a physical principle and the observation to the basis of physical 
thinking. The arrogant motto prevails: what I can't observe with my sense organs or 
register with corresponding gauges also isn't physics, but esoteries or parascience. 

But if we want an ecologically compatible technology, then this can't be reached with this 
point of view. Then we only hinder ourselves with our own arrogance and intolerance. We 
have to leave the erroneous quantum physical way and again learn to think abstractly by 
taking up tried and tested principles of classical physics. An objective point of view forces 
us to register the phenomena, which lie outside the observable range, with mathematical 
MEANS (See chapter 13). Only if we have learmed that, we will understand and realize the 
tue relations in physics! 
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19, Own experiments 


The opposite of the theoretical considerations form practical experiments. If we want to 
register and understand physical and natural scientific phenomena, then we shouldn't 
centrely forget the aspect of handicraft. Doing so it can’t be avoided that it goes on very 
personally, if about the laboratory work is being reported, not even then, if the 
experimenter is at pains to exclude every influencing of the carrying out of the experiment 
and the result, After all does anyone have to execute the experiments himself, since a good. 
sceptic anyhow only believes, what he has observed with his own eyes. 


19.1 Conceming the rating of experimental physies 


There already have been scientiss, who have requested to reject a measuring technical 
termined result for the case that textbook physics doesn't produce it. This attitude even 
today still is taken by an uncounted community of believers of science, entirely after the 
‘motto: "Nature kindly has to fit in with the dogmas of theoretical physics!" 


This wrong thinking is reflected in the scientific journals, which reject to print 
discussions. Controlled by a tester board, which only has the task to prevent dissenters 
from the publication of their ideas, they are the sad proof, how widespread this erroneous 
attitude today is in the university scene 


Actually solely the scientific experiment shows us the physical reality! The theoretical 
‘models, like the here presented vortex model merely should help 10 understand nature and 
its laws. The representatives of theoretical physics are in the role of a helper and that 
requires modesty and openness. 


For the case that a professor of theoretical physics imposes a pledge of secrecy on an 
experimenting colleague, if this one wants to report publicly about his amazing tunnelling 
experiments, then the public nevertheless should have the right to find out, ifa tunnelling 
experiment reveals speeds faster than light, even if it doesn’t suit the theorist and he in 
inappropriate arrogance only should consider the experimental physicist as his assistant. 


Ifuniversities only are occupied with preservation of property and the industry only with 
the increase of its productivity if future research consists of hiding public research funds 
internally in such a way that nobody realizes the fraud of support and in reality nobody 
thinks of the future anymore or wants to work for it, then we will be able to observe how 
discoveries and inventions migrate from the industry and the universities with their 
controlled central organs and increasingly will take place again in garage, cellar, solitary 
study room or in privately organized circles, 
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Fig. 19.2: Wiring diagram of the self-built charge amplifier 
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19.2 The charge amplifier from the workshop of handicrafts, 


Is connection with my vortex theory in this book time and again clues to experiments can 
be found. [am aware of their importance and I always, o verify my theoretical working 
out, have accompanied it with practical experiments. Doing so not the proof, which can be 
published and reproduced by anyone at any time, stood in the foreground, With the 
experiments in my workshop of handicrafts I only wanted to check for myself, if my 
derivations still can be verified. 


Consequently was at first done without a publication in the first and second edition of the 
second part concerning the "electromagnetic environmental compatibility". For the 

addition of the here presented chapter about own experiments from the third edition there 

are several reasons: first; I have been asked for it by several readers, second; from every 
experiment is coming a piece of physical reality to meet one and third are here latent some 

useful ideas and approaches which get us somewhere. 

OF course can't be read much from a handicrafts self experiment, but perhaps one or 
another reader, who has better laboratory technical possibilities at his disposal than me, is 
stimulated to carry out own experiments. 


To chase after the potential vortices in the air, | 1989 at first have built together a charge 
amplifier. 1 connected differently formed antennas at the particularly high-ohmic 
difference input, Corresponding the in nature arising static electric field a tension voltage 
should arise between both antennas, which my gauge should amplify and indicate on a 
‘moving-coil instrument. 

To be able to register local changes, a measurement cycle is gone through, which period 
cally is repeated: It starts with the measurement time, during which entirely by itself 
between both antenna a charge is building up. The value afterwards is stored analogue in a 
‘Sample-And-Hold link and displayed by means of a moving-coil instrument, Then the 
input clamps are short-circuited, the antennas again discharged and the game starts from 
the beginning. 


Measurement time, zero and amplification can be adjusted at the device (fig. 19.1). 
‘Whoever has fun to rebuild it, finds the by me realized wiring diagram in fig. 19.2. 


It is tre I did realize other designs, but technically the here shown design proved to be the 
‘most useful solution, 
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Fig. 19.3 The bath tub drain vortex; 
shown is a tidal vortex near St. Malo 


Photograph from the magazine Life” of 4.7.1969, resp. from: 
HJ. Luge: Wirbelstromung in Natur und Technik, Seite 371 
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19,3 Interpretation of the observations with the charge amplifier 


The practical use of the device at first proved to be extremely difficult, because the pointer 
seemed to perform a wild dance. At a more close look I however could make exactly those 
‘observations, which I had sought-for as proof for the existence of potential vortices. 


First I did find confirmed the known high field strength. We after all live between the 
ionosphere and earth's surface right in the middle of the dielectric of a "spherical capaci- 
tor". Because the values of the electric field reach very much closer to the maximum 
value, which is lethal for living beings, than the value of earth's magnetism, I did draw 
fiom that the conclusion that biological effects primarily can be expected from the E-field. 


If the E-field, as Maxwell's field theory specifies, actually would be irrotational, then we 
‘would be dealing with a gradient field. My device would have to display everywhere to a 
large extent the same value. But that was not the case. 


Maybe the building is responsible for the chaotic display and the wild swings of the 
pointer, so I thought. Doing so I had thought of the auxiliary explanations of the high- 
frequency engineer about so-called reflections in closed rooms, Therefore 1 stormed with 
the gauge, which had gone wild, into the open air and walked different ways, which 
should have been reflection free, but the picture stayed the same. In any case the E-field is 
rot a gradient field, I had to find out 


Following I could, what required much patience, find certain places, at which for the same 
‘movement from the same direction could be seen a reproducibility of the swing of the 
pointer, iteven could be arbitrarily often repeated. | marked the point exactly. Then I tried 
to move the device from another direction towards the marking and had to find out thatthe 
point had moved away. 


If sit in the bath tub in the evening and pull the plug, then I each time am enthusiastic 
about how sensitive the drain vortex reacts, how I can send it from one corner into the 
‘other by the snipping of a finger without it falling apart (fig. 19.3). Doing so one easily 
can imagine with a bit of phantasy how difficult, yes, almost impossible it would be to 
‘measuring technically register the Vortex for the case that we could not see it. The gauge it 
is true would display violent wave movements. But a reproducibility we would not be able 

10 obtain, exactly as for my self-built charge amplifier. 


Now 1 knew that the by me at 2.1.1990 at first purely theoretical derived potential vortex 
actually exists as vortex ofthe electric field! 
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Fig. 19.4: Wiring diagram concerning the Kirlian device.<i> 


<i>: Elektor, Fachzeitschrift fur Elektronik, Mai 1977, 8. 22-25: KirlianfotogralV 
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19.4 High-tension experiments in the laboratory for performance electronics 


At first the students of electronics, with which I had to do daily, were infected by my 
discovery. With true enthusiasm they soldered together one eircuit after another. In my 
laboratory something like a mood of setting out could be felt. One student brought along 

and old ignition coil of a motor vehicle, then the control circuit for it was built, plexiglas 
organized, an aluminium plate glued under it and the whole box dragged into the 
photographical laboratory’*. Three students made a detour along the outside grounds of 

the polytechnic and picked the necessary visual aids of trees and bushes. 

Following the leafs were laid on photographical paper and by means of the self-built high- 
tension generator charged to 20000 Volt. Doing so at all edges and particularly at the tips 
of a leaf corona discharges arise, which expose the photographical paper. We then 
developed the photographs ourselves and discussed the results *. 


The indication, for a second photograph the whole leaf would appear even if half the leaf 
is torn apart after the first experiment and only one half is put on, occupied us in 
particular. Eventually we didat put on a leaf at all in the second experiment and found out 
that nevertheless the leaf put on last became apparent on the photograph. Now only one 
physical interpretation was possible: The potential vortices of the leaf stimulated by high- 
tension still were in the plexiglas disc in weakened form! Here they swirl further and 
‘under high-tension furthermore produce corona discharge impulses. 


Now also the students were convinced of the existence of the potential vortices 


This experiment stimulated the brain cells of the entire team: If potential vortices under 
high-tension cause electric blows, since the corona discharge is nothing else, then in this 
‘way the local vortex distribution in space should be measurable? One student immediately 
got down to work and build fom the horizontal diversion unit of an old television a high- 
tension generator with an adjustable spark gap. Following he walked with his flashing and 
crashing device all through my laboratory and others walked with him and dragged the 

‘gauges behind them. But to their big disappointment they were not able to see an influence 
dependent on place. 

Then it suddenly was clear for me: It would have done the students well if they before 

‘would have had a bath and observed the drain vortex, "it suffices the famous wing stroke 

ofa butterfly", I explained my team, "and instead come up with this infernal machine and 

chase away all the vortices, which we actually want to register ", We had to realize that as 

4 rule phase of disillusionment follows the euphoria 


<2 Klektor, Fachzeitschrift fur Elektronik, Mai 1977, S. 22-25: Kirlianfotografie; 
fig. 19-4 shows the wiring diagram and fig. 19.5 A the seif-built device 

<ii>: The Kirlian photographs from the darkroom of the polytechnic are shown in 
fig. 36, 
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Fig. 19.5 A: _A self-built high-tension device for 
Kirlian photography 


Fig. 19.5 B: 
Kin jotograph 


of the right hand 
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19.5 Measurement of dielectric capacitor losses in the HF laboratory 


My convincing work clearly was shaped more complicated with my professor colleagues. 
Most. pretended to understand nothing about it and kept themselves out. 
But there also are exceptions. something like that has never been there at our polytechnic, 
that a colleague puts forward an own field theory ",a physicist colleague remarked after 

ry lecture public to the polytechnic” at 3.7.1990 and meant, that must be celebrated. He 
festively let me cast my eyes in his store room, got out a few bottles of wine, which then 
some of my colleagues of physics emptied with me in their official room. Doing so we 

small talked about the sense or nonsense to fix on the education of physies to the Coulomb 

charges. 


TThe head of the high-frequency laboratory showed likewise impressed. At last he now 
knew, why capacitors at microwave frequencies can become so hot that they solder them- 
selves out of the circuit by themselves and can fall out, why PVC-films can be welded 
with HF, etc. ,,We have to prove that not the dielectric is to blame, as stands in the 
textbooks" he came towards me. 

At least following my idea potential vortices are the ones, as I expressed myself, which are 
bbehaving dual to the eddy currents. It concems vortex losses, thus a physical phenomenon. 
Eddy currents now can be damped as is well-known, by for instance sheeting the iron 
circuit for engines and transformers. The insulation between the sheets prevents the 
formation of eddy currents in that direction and the degree of effectiveness increases. 

“L would suggest", I told my colleagues, ,to "sheet" a capacitor in a dual manner and to 
measure the losses". Because eddy current losses increase with the square of the 
frequancy, we picked microwave frequencies. In the HF-laboratory a card with an L-C 
resonant circuit was made, we should be able to quite precisely determine the losses by 
‘means of its quality. The inductance was formed as a microstrip line and for the eapacitor 

a socket was planned. 

The carrying out of the experiment consisted of using single layered ceramic capacitors, 
so called trapezium capacitors, with a vapour deposited silver coating on both sides as a 
package and to measure the quality of the resonant citcuit as a measure for the dielectric 
losses. According to the rules of duality the dielectric (as nonconductor) thus corresponds 
to the permeable transformer sheet (conductor) and the silver coating (conductor) to the 
sheet insulation (nonconductor). In a second experiment the silver coating now was 
removed and the same capacitor material measured at identical conditions this time 
‘uncoated. Will the losses increase or isn't changing anything? 

Tension and nervousness suddenly could be felt, even among the students, who followed 
the experiment from the second row. All looks were pointed at the monitor of the network 
analyser, on which slowly the bell-shaped curve of the measured resonant circuit quality 
became apparent. The result was surprisingly clear. I first looked at my colleagues and 
then at the students and had to realize that all eyes were pointed at me. The first 
‘measurement was a bulls eye! The vortex losses "uncoated" were considerably larger. 


<ErK, Mey Die mangelnde Dualliat der Maxwollschen Gleichungen with 
contributions concerning the theme of magnetic space poles, the mathemati- 
cal calculation and the technical-physical interpretation of newly discovered 
potential vortices. Invited by the rector of the FH Furtwangen at 3.7.1990 


400 | Microwave oven for testing inthe laboratory of electrical engineering 


+ experiment 1: quality of resonant circuit with coated capacitors 
from a series of 5 separate experiments averaged: Q= 48 


+ experiment 2: silver coating removed with diluted nitric acid 
possibly the acid has damaged the dielectric: a= 


+ experiment 3: silver coating polished off mechanically. 
low quality means high dielectric losses! averaged: Q 


“fi __(Resonance frequent 
* resonance sharpness teil) (Reeonanice frequencst 
(quality number): 


at a resonance frequency £0 of approx. 400 MHz 


Versuch 1 
Versuch 2 


Versuch 3 


0 1 2% 3 40 50 = @ 
Quality number Q of the L-C resonant circuit 
the dual, sheeted” capacitor has the lowest losses, 
the resonant circuit with that the highest quality (experiment 1). 


Fig. 19.6: Measurement of the dielectric capacitor losses 


over the quality of a resonant circuit in the 
HF laboratory at 11.06.1990. 


temperature 


micro wave oven 


Fig. 19.7: Measurement curve of the water temperature over 
time 

at 22.10.1996 in the electrical engineering training 

Observation: for the microwave oven the container despite the "after cooking- 
effect" 

remains colder than in the case of a hotplate. Sensor: PT 100. 
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19.6 Analysis of the measured capacitor losses 


First ofall the colleague spontaneously prompted a common publication, 


But a certain disillusionment had to await us. For the next measurement hardly a 
differemee could be detected. We varied the contacting and removed the silver coating. 
once with hydrochloric acid, once with fine sandpaper. Every measurement we repeated 
‘umpteen times and in the end had to draw the conclusion thatthe results for our somewhat 
‘unprecise construction fluctuated extremely. 


Averaged over all measurements and methods, indeed a reduction of the dielectric losses, 
for alayered capacitor resulted, but at a critical consideration of the errors the results 
seemed to "drown" in the mean variation. In the opinion of my colleague the visible trend 
‘wasn't sufficient to convince dyed-in-the-wool sceptics, whereupon he withdrew with the 
indication, I should try at the people of microelectronics, they more likely would be 
capable to reproducibly gain control ofa layered construction. 


The experiment at least let a legitimate chance open that the vortices ofthe electric field 
actually exist, and in the case of the delectrc losses of a capacitor it concerns vortex. 
lossesi>, 


19.7 Microwave oven for testing in the laboratory of electrical engineering 


“Volunteers first" was said at 22.10.1996 in the electrical engineering practical training 
and two students got down to work. I had brought along from our kitchen the microwave 
‘oven, a portable immersion heater, a kitchen stove plate and different containers. In the 

laboratory of the polytechnic I in addition had got hold of a Bunsen bummer. In the sense of 
the "Stiftung Warentest" (institution to protect consumers in Germany, note of the 

translator) it concerned the question for differences in heating water; or following the 
public discussion, is cooking with gas more healthy than cooking with the microwave 


We wanted to know. So we cooked water, filtered by inversion osmosis, once with the gas 
bbumer. once with the hotplate and finally with the microwave oven, Switched off always 
was at the same moment at the same temperature, and the cooling down curve was 
recorded with an x--time recorder (fig. 19.7). 


Between gas and electric cooker virtually no difference could be detected, but the 
microwave oven at switching off still showed an odd temperature increase. | already had 
remarked this earlier Ifone takes a water glass out of the microwave oven, then the water 
again really bubbled off, although the container itself had remained relatively cold. If one 
‘on the other hand takes a water pot off the gas cooker, the water suddenly stops cooking. 
From where comes this difference, which also the experiment could confirm? 


<ir A result of my dual way of looking at the voriex losses Is the representation 
in fig. 4.7 


402 Microwave heating by decay of 
vortices 


A: damped wave equation: 


AEC? = SEG + (1/43E/3t 
rl (wave) +. (vortex) © 


B: open chain of reasoning in the physies of electromagnetism: 


lectre Meld strength Furaday's law of induction Potential density 


‘dual law 
(oot provable) 


Ohm's 
law 


relations of 
‘material 


relation 
not provable! 


Fig, 19.8: Contribution to the discussion about the impossi- 
bility, to prove, according to scientific methods, in 
a chain of reasoning (A-B-C-D) the last link (D-A), 
which closes the chain. 
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19.8 Microwave heating by decay of vortices 


Ithas to concern a storing effect. In the case of an normal cooker the heat transfer takes 
place by convection. In the case of a microwave oven we however are dealing with an 
electromagnetic wave. 

But in the wave equation nothing can be read about heat; here merely vortices can be 
found as a damping term (fig. 19.8 A)"! Therefore as the only possible interpretation is 
left that the microwaves roll up to vortices to fall apart themselves after a certain time 

(Only at the vortex decay heat is formed. 

The irradiated microwave power according to that is stored over a longer period of time as 
vortex in the water and the food. The vortex decay takes place according to an e-function 
‘with the calculated relaxation time constant tau, 


From the circumstance that particularly water is heated up in the microwave oven despite 
the small electric conductivity but with high dielectricity, I infer that it has to concern 
‘mainly potential vortices, from which a biological effectiveness can be expected. The 
question if this should be valued positively or negatively, Ihave to leave up to the doctors 
and therapists. At least physically seen a difference is measurable. Thus a vortex decay 
‘will occur for a meal prepared in the microwave oven even if we already have consumed 
it 


Conclusion: I wish all: your health! 


But what do I write about vortex losses, if every sceptic knows half a dozen alternative 
interpretations. Inevitably I have to bear in mind that also the eddy current heating owes 
its acknowledgement only the circumstance of the discovery of the corresponding laws. If 
‘Othm hadn't discovered his law and formulated it in the known form and instead the dual 
formulation would have been discovered, then we today would attribute the dielectric, 
losses in a capacitor and in the microwave oven to the potential vortices, inthe case of the 
transformer however the material would be responsible for the heating and not eddy 
currents, for which there then also wouldnt be a theory (fig. 19.8 B), 


It actually is pure coincidence that at first Ohm's law and not the dual formulation had 
been discovered and acknowledged. But because both are equivalent, we also have to 
assume the correctness of both, even if the last link of a chain of reasoning A-B-C-D back 
from D to A in principle can't be proven anymore, since it already is explained by the 
chain A-B-C-D (fig. 19.8 C). 


There I thus had discovered a potential vortex, without a possibility for a direct proof of 
existence. For that the textbooks are full with auxiliary explanations, with which physics 
successfully cheats past this important field phenomenon. 1 was frustrated. There had to be 
way fo measuring technically register the vortex in some way. 


Fundamental field equation 15 in fig. 51 oF equation 21, fig. 5.3 
>: Relaxation time constant: see equation 10 in fig. 5.1 or fig. 8.1 
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Fig. 19.9: 


‘The Tesla coil from the workshop of handicrafts 
© spherical electrode 
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coupling coil (1 winding) 
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(wire length L of the spherical electrode 
to the earth = half the wave length) 


grounding 
19 


(the earth as opposite electrode) 


Proof of scalar waves with the Tesla coil. 


<i>: The inverse use fora high-tension transmitter according to fig. 9.1 
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19.9 The Tesla coil from the workshop of handicrafts 
[again retired in my workshop of handicrafts and wound flat coils or 1 pondered in my 
study over Tesla books. 1995 from several sides my attention had been drawn to the 
circumstance that the inventions of Nikola Tesla can be organized in three categories: 

The first third has made him world-famous. It concerns the rotary field theory, the 
asynchronous engine and the today normally used altemating current technology, which 
‘we owe him, 

The second third concerns technologies and inventions, which were rediscovered by other 
people partly only years later or even were only pinched and distributed as novelty under 
another name. Electron microscope, superconduction, electrolyte capacitor, fluorescent 
lamp, fuse. coaxial cable and a lot more count among that. 

The last third however concems inventions, which until the day of today still aren't 

understood and await their scientific explanation and technological use. Tesla himself 

called these achievements his most important inventions, but still owes us a scientific 

explanation. The scientific world also hasn't gota theory ready and doesn't know to do 

anything with it, Public research doesn't take place or is prevented by lobbyists. 

What remains, are tinkerers of various educational background and qualification, who are 
tying hurd to comprehend the buried experiments of Nikola Tesla off their own bat in the 
‘garage or in the hobby cellar. 

T felt like one of these, by winding one winding after the next from the inside to the 

outside, Then I soldered an antenna wire at the inner end of the flat coil, which I in Tesla 
‘manner connected electrically with a spherical electrode hung up under the ceiling. 
The opposite electrode should be connected to the outer end of the winding, it is said, and 
the distance between both should be as big as possible, If namely an electrode just is 
collecting, then the opposite electrode is repelling the same space quanta, According to 
Tesla's recommendation I did use the earth as opposite electrode and for that tapped the 
central heating or the grounding of the foundations. 

To take signals only one to two windings as secondary winding were necessary. 1 
connected them with an adjustable air capacitor from an old steam radio to a frequency 
determining parallel resonant circuit and looked at the taken tension voltage at the 
oscillograph (fig. 19.9), 

I still had problems with the statement of Tesla, the coupling had to be made loose, Thus 

the question is asked, how loose? I after that organized two toilet paper rolls of different 

size, (after the toilet paper had been used, naturally) and pushed them into each other. The 

smaller toilet paper rol cartied on the gable-end the flat coil as primary winding of the air 
tansformer and the bigger one the coupling coil. Now by shifting any wanted degree of 

coupling could be adjusted to (fig. 19.10). 

T was astonished myself. Tesla actually was right with his discovery of the scalar waves, 
With my arrangement they can be clearly distinguished from the Hertzian waves. 

The following procedure is recommended: 


406 Biological effectiveness of the Tesla coil 


fat ¢ 


© coupling 


Adijilstnble capacitor 


Fig. 19.10: ‘The experimental configuration 
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First of all I seek a source of interference with the adjustable capacitor and tune to 
‘maximum amplitude, Then I change the coupling and further optimise inthis way. Ifnow 
the amplitude again decreases from a certain point while approaching the coupling coil, 
then it concerns the sought-for longitudinal waves. If namely the coupling is too tight, 
then the received vortices again are driven away by the effect back on the fiat coil. They 
make way. 

‘At last [had found a method to catch the vortices in such a way that they not immediately 
“ran away" from me again. At once I presented them in the technology centre in St. 
Georgen. In the time following I improved the technology further and further, used bigger 
toilet paper rolls and eventually even turn up garbage cans, I varied wire length, wire 
diameter and the sense of winding (Fig. 19.10), 


I had very different success. Sometimes, if at the same time in my workshop of handicrafts 
the radio worked, it would look as if the received signal would synchronize with the sound 
waves. Both are longitudinal waves after all. With transverse waves something like that 
‘would be unthinkable. 

One moreover could observe, how a resonance builds up: first slowly and then faster and 
faster, so that I sometimes got terribly afraid. Several times we had to repair our 
oscillograph, after the protective diode at the input amplifier had blown, and that for 
signals of 50 to 100 millivolt! 

That was entirely impossible. Only individual spikes, which were too fast to be seen at the 
screen, could be to blame. In the case of distant thunderstorm activity 1 obtained maximum 
values of more than half a Volt, After that | undamped the grounding as fast as possible, 

so that no lightning would be caught, since | didn’t have the intention to burn off my 

‘workshop. 


19.10 Biological effectiveness of the Tesla coil 


‘Also the biogical effectiveness of the Tesla radiation 1 could impressively prove with 
this device. 14.06.1997 a woman, who called herself extremely electrosensitive, 
participated in the weekend seminar about electrobiology, which I took over from Prof. 
H.K. Konig (TU Munich) after his death. That I wanted to test. 

Thung up my device in the lecture auditorium and installed the oscillograph in such a way 

that all could see it. The voluntary test subject however could see neither the public nor 

the screen. One person every’ seconds said "now" and the female candidate should say, if 

Thad clamped or undamped the grounding, if therefore scalar waves were received or not 

‘Afier a training round her proportion of hits was lying at 100 percent! 


According to her statement she could feel it. A further test subject achieved even at the 
back of the room with a pendulum the correct answer. I myself was surprised by this and | 
already have repeated this experiment several times with different success. It without 
doubt depends on the sensitiveness of the test subjects. Every person afterall reacts to 
other signals. 


What however has astonished all participants and cant be emphasized enough at all, is the 
circumstance that itn this ease concems a teceiver and not a transmitter! 
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Fig. 19.11 A: Measurement record for scalar wave transmission line 


‘Own experiments = 


19.11 Wrestling for measuring technical insight in the Transfer centre 


In the central question who should be believed more, the famous experimental physicist 
Nikola Tesla or his crties, my experiments with the Tesla coil were the visible proof that 
‘we have to take Tesla's statements seriously. Now not only at myself, but also at the 
students of the polytechnic and the colleagues of my Transfer centre a true Tesla euphoria, 
broke out. 

In every free minute the patents and original writings were studied, which I had myself 
send from the Tesla Society in Colorado Springs in the USA. In particular my trainees and 
diplomands developed a incredible ambition in making a historical Tesla concept work. 
They built a whole series of various high-tension generators. In the laboratory one could 
hear crashing and there was a smell of ozone. 


22.1.1998 at a presentation of the works for a degree the candidate looked after by me 
‘very proudly held a fluorescent lamp in his hand, which inthe field of his self-built high- 
tension generator glowed even without any wire connected, entirely according to the great 
mode (fig. 17.10). Atall efforts we however laboratory technical weren't able to reach 
tension voltages of above 511 000 Volt. But at this tension voltage the actual Tesla effects 
actually start! 


Perhaps it was tough luck, but possibly also a chance that we in the laboratories, which I 
had at my disposal, were forced to work with lower tension voltages and that meant that 
‘we gradually had to beak away from the Tesla designs 

Moreover we hadn't at our disposal the precisely controllable spark gaps, which Tesla had 
developed and used, If one wants to obtain an if possible high tension voltage change 
(dwidt) for an interaction with neutrinos, then according to today’s. technology 
considerably more favourable concepts are offered, for instance with hard switching 
Power-MOS- Transistors. 50 Kilovolt per microsecond were to mect 

Therefore we changed the technology and worked from now on with fast semiconductor 
switches. From the laboratory radio now only a hissing and crashing came out of the 
loudspeaker, if our experiments were running, 


At 12.10,1999 we for the first time succeeded to build up a transmission line for Tesla 
radiation, Doing so the transmitter and receiver were situated in different rooms of my 

transfer centre. The transmitter coil was operated in self-resonance and fed only from a 

small function generator with 10 Volt. But ifthe diplomand held a fluorescent lamp near 

the spherical electrode, then it started to glow! 

Following | observed at the oscillograph the signal of the receiver coil, which as well was 
operated in resonance. If the diplomand switched off the transmitter, also no receiver 
singnal was present anymore. But if it concerned radio waves according to Hertz or Tesla 
radiation, with that stil wasn't answered. 

Therefore I prompted still another experiment. This time the colleagues observed at the 
transmitter the signal at the function generator, while I undamped and again clamped the 
receiver. The shouting with joy from the adjoining room indicated that it had been 
observed, how the receiver reacted upon the transmitter and both are in resonance with 

each other. Such an effect characteristic for scalar waves, is a radio technical 
impossibility! In the ease of radio with Hertzian waves an effect back from the receiver 

‘on the transmitter is unthinkable by principle 
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Fig. 19.11 B: Scalar wave transmission line according to 
fli: M.Andresen (diplomand), author (TZ-head), Dipl_Ing.M.Rehm (project leader) 
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In the next step we let glow the famous little lamp on the side of the receiver. As a 
consumer served a small light-emitting diode, of which the light intensity remained 
unchanged in the case of resonance. To prove this, we placed the receiver on a carriage 
and rolled the corridor in the TZ up and down with it. Ifthe receiver was only slightly out 
of tune, then from the then arising fluctuation the standing wave nature could be observed. 
perfectly. 


With the setup it can be demonstrated well, how the law of the square of the distance, of 
the decrease of the field strength with the square of the distance, known from radio 
technology hasn't got validity anymore for scalar waves. Very clear also was the energy 
‘transmission of scalar waves out of a closed Faraday cage. 

In the end we have determined the degree of effectiveness of the scalar wave 
transmission line. An output power of 49 mW resulted from the measurements of the 

current and tension voltage for a loading of the receiver with a 100 Ohm resistance, 
Simultaneously the power taken up by the transmitter amounted to 233 mW. If we 
however subtract the idle power consumed by the transmitter from this, and that was 
determined to be 223 mW for switched off receiver, then actually only 10 mW are 
available for the wireless energy transmission. The degiee of effectiveness according to 

that would be 490%! 

If we here really have obtained an over-unity of 4.9 then the receiver must have collected 
along free space energy, or did some parts evade our power measurement? The sceptics 1 
recommend an own rebuild, since alone the proof of the scalar wave properties inevitably 
has to lead to every Maxwell burdened HF technician breaking with the old belief. 


19.12 Neutrinolysis, the alternative splitting of water 


Free after the plans of Stan Meyer we filled diverse containers with water and let it 
“crash”. If then bubbles raised and it got exciting, we changed the frequency and exactly 
paid attention to the effect remaining the same ot if it increased as well with inereasing 
frequency, thus if we only watched a classical electrolysis, or already the wanted 
“neutrinolyse, as we were accustomed to term the spliting of water in its parts under the 
influence of neutrinos in the laboratory. Typical for that is a bubbling and "cooking" of the 
actually cold water produced by the rising gas bubbles (fg. 19.12). 

We also have reversed the principle. Doing so we have switched the container as neutrino 
receiver and measured the forming charge cartiers. The passive system proved to be really 
‘moody. On the one hand tension voltages of several hundred millivolts at a load resistance 
of 10 megaohm can be realized, on the other hand the charged gas particles and the as 
secondary reaction in the water set free ions continually change the electric conductivity, 

so that the cause to be measured, the neutrino radiation, hardly can be reproduced on the 
displayed result. The water hence has to be changed more often and also the developers 
found themselves between jubilation and disillusionment subject to continually changing 
fealings. 


<i: A. und T- Schneider: Neutrino-Power - Energie aus dem Kosmos, Bericht zu 
Vortrag und Demonstration des Autors_am 25.11.99 in Villingen, NET- 
Journal 12/99, S. 4-6; Interview mit Prof. Dr.-Ing. Konstantin Meyl: Durch: 
bruch in der Freien-Energie-Forschung, NET-Journal 12/99, S. 7-9 
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Fig. 20.1: Course of the neutrino radiation focussed by the 
moon 

on the occasion of the eclipse. of the sun 
at the 11" August 1999," 


concerning the calculation of the position of the sun at 1.8.99: 


at 21.6. after 0 days is |23.4°.cos 0° = 23.4° | northern lati 


at 21.9. after 92 days is |23.4°.cos 90°= 0" —_| = equator 


at 11.8, after 51 days is |23.4°.cos 31. davsgq°| = 23.4°.0.644 
92 days 15.1°n Jat 

<i>: Konstantin Meyl: Zur Brennglaswirkung des Mondes_bei 

einer Sonnen- 


At11.8.1999 the sun at noon stands above latitude 15.1 
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20. Cosmic experiments, 


{As long as no usable technical gauges are available, we should observe and study nature 
and all celestial phenomena. Here the scalar waves with all their properties are presented 

to us. That is valid in particular for the case that the cosmos makes an experiment with us 

and with the entre earth. Such a situation offered the eclipse ofthe sun of August 11 1999 

as an unique "bulk experiment” to which travelled millions of spectators, to participate in 

the cosmic experiment as voluntary test subjects. 

My waming for possible influences proved to be absolutely justified afterwards, even if 
only comparatively few took note. In view of strong changes in the EEG of individual 
test subjects and a proven temporary acceleration of the rotation ofthe earth science once 

more stands before insoluble problems, 

To answer the open questions I want to start with my indications, which I have published 

in anticipation ofthe cosmic event of August 11". Afterwards a revision and the attempt 

of an interpretation from the scalar wave view follows. Perhaps this way leads toa reliable 
prediction of of earthquakes and other cosmic events. After that we pethaps know more 
about origin, availability and further important parameters of the sought-for space energy. 


20.1 Millions of voluntary test subjects at 11 August 1999 


Astronomically seen, it concerns a harmless natural spectacle as it already was observed 
more often, if the moon glides between sun and earth and its shadow in broad daylight 
immerses parts of the earth in a dark night. The special thing about the eclipse of the sun 

of August 11 1999 however was, that the sun activity just strived for its maximum value in 

its eleven year cycle, and the orbital distance to the moon simultaneously reached a 
‘minimum value. In addition we must pay attention to the special situation of the angles 

(fig. 20.1). Due to the extremely rare constellation the area of complete shadow at first 

was larger and darker than normal, On August 11 it had a width of 110 kilometres. 

The sun besides the light also sends us solar neutrinos and for those the moon is, 
transparent. It with regard to them acts like a glass ball, which lets the light it is true pass 
through, but in doing so refracts it. The glass bal acts like a convex focussing lens, which 

focuses the arriving rays behind the ball ina focus. 

To slow down and collect neutrinos the moon it is true is too small, but it will be able to 
influence the flying direction, Very fast neutrinos, which run through the moon, hardly 
will be diverted, The slow and biologically active ones however will be bent stronger. 

At this point it would be of utmost importance to know, in which distance from the moon 
the rays run together and combine into a focus 


<i>; Konstantin Meyl: Zur Brennglaswirkung des _Mondes bet emer Sonnen- 
finsternis, NET-Journal, Jg. 4, Heft Juli/August 1999, Seite 13-17 
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Fig. 20.2: ‘The course of the focussed neutrino radiation at 
11.08.1999 for 48.4° northern latitude. 


(this corresponds to the line Ulm-Augsburg-Freising) 


calculation of the critical latitude: 


= 3500 kam . in = 
Se7o b ~ 05488 resulting in the angle a= 39.94 


minimum distance to the moon: rp* = 358000 km_ 


radius of the moon: — Ra = 1738 km. 
radius of the earth: R=6378 km (at the equator) 
length of the Tangente: 3500 km/tan 33° = 5332 km 


Focussing without scattering on earth's surface increase to 
Rem / t= 68 times , resp. with scattering to 
68 *0.5* 0.8 =27 times the natural neutrino radiation! 
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For that we again bear in mind that neutrinos as particle radiation propagate in space in the 
sense of a plasma wave. Since the oscillation of such a longitudinal wave takes place in 
the direction of propagation, it neither knows a distinct velocity of propagation nor an 
‘upper limit 

The sea of neutrinos in which we swim, is a combination of differently fast particles. The 

slow ones are bent stronger by the moon, with the property of a convex focussing lens, so 

that the focus should be looked for near the moon, whereas the fast ones hardly are 
diverted. Their focus lies further distant from the moon than the earth, up to the extremely 

fast cosmic neutrinos, which experience almost no diversion, because they, as a result of 

the Lorentz contraktion, are small enough to tunnel through any kind of matter. 

If neutrinos, depending on their velocity of propagation, have their focus partly before and 

partly behind the earth at an eclipse of the sun, then it comes up to a conclusive logic that 

there actually exist such, of which the focus lies exactly in the centre of the complete 
shadow on earth's surface. But thereby the question is asked, which biological 
effectiveness these neutrinos have or which damage they bring about. 


20.2 Model of calculation for the cosmic experiment 


More than a year ago the results of an international neutrino experiment have been made 
public. Thereby for the first time the order of magnitude of the natural radiation density 
‘was recorded. after the detector before having been calibrated at an artificial source of 
neutrinos. As the perhaps most important result at night only half as much solar neutrinos 
could be detected as during the day with the immense Super-Kamiokande detector in a 
Japanese mine. With that the here taken interpretation, that earth’ core collects neutrinos, 
‘meanwhile even is proven experimentally! For that it has to interact with the particles and 
that means, it has to exert a force of attraction on them. Thus the earth's core during an 
eclipse of the sun will further amplify the effect of focussing if the konzenttierte neutrino 
ray is directed on earth's core. This critical point we have to calculate (fig. 20.2). 

The proportion of the radii of earth's core (3500 km) and the entire earth (6378 km) results 
in the sine of the sought-for angle and that amounts to 33.3 degrees northern latitude. At 
‘August 1] moreover is added that at noon the sun with regard to the equator is standing at 
15.1 degrees. so that a first extreme focussing should be expected, if the centre of the 
complete shadow intersects latitude 48.4, This would be the case for the latitude of Ulm in 
direction Augsburg and Freising, 

Now we would like to know more about the amplitude of the focussed radiation, about the 
spatial extension and the period of time. Without concrete data material we have to 
proceed from several simplifying assumptions. If we therefore assume, 50% of the at earth 
arriving and biologically relevant neutrino radiation stems from the sun, which in the case 
of an eclipse of the sun is focussed to 80% and scattered to 20% by the moon. If we 
further assume the focus just touches earth's core, then between Ulm and Augsburg a 
sphere of action of 50 km can be expected, within which the neutrino radiation on the 
average reaches 28 times the value of the natural radiation, The intense irradiation under 
these assumptions will last one minute 
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Fig. 20.3: The spatial distribution in the case of focussing of 


the neutrino radiation by means of the burning 
glass effect of the moon on earth's surface. 
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Ofcourse the calculated values only are valid to the extent, as also the assumed boundary 

values apply. After August 11 we know more about this cosmic experiment, about the 

spatial distribution and indirectly about the interaction with earth's core, about the 
physical properties and the biological effectiveness of the at present available neutrino 
radiation, 


203 Physical technical consequences 
The neutrino radiation is a scalar wave radiation which, as mentioned, can be perceived by 
sensitive people even without aids. Who hasn't at his disposal this sensitiveness, is 
recommended a simple setup. 
For that one hangs up a fluorescent lamp, connects the one end with a piece of wire, as it 
were as antenna, and the other end is grounded. For a scalar wave radiation which 
increases fast, the lamp should start to glow by itself. Under big transmitting installations 
this method already has been successfully applied by many allotment gardeners 
thousandfold. I hence recommend all research scientists of eclipses to test themselves the 
possible field fluctuations in this simple way. 

From a technical viewpoint first of all the atomic reactors and their nuclearly 
contaminated waste will be concerned by fluctuation of the neutrino radiation. In view of 

present eclipses of the sun an aceident can be expected less, since the neutrino radiation it 

is true for a short time reaches an extreme maximum, which averaged temporally and 
spatially over the whole event again is relativized somewhat. The relations shall be 
clarified with an example (fig. 20.3) 

Whoever places himself in the centre line of the complete shadow on August 11, at first, 

will detect a decrease of the neutrino radiation to 50 to 60 percent, then a steep increase to 

2800 percent and from the summit again the whole backwards, while standing on the earth 

he turns by under the moving moon shadow. The ring with half the radiation, which 

reaches us first, doesn't pose a problem since, as said, we only have half the radiation in 

every night. Some animals and plants as aresult erroneously will set out for sleep. 


TThe wave distribution one can imagine like that in the case of a pool, in which was thrown 
a stone. But we still don’t know the resonance frequency, for which reason the length of 

the cycle depicted in fig. 20.3 is chosen arbitrary. The actual deviation from the 
distribution given by nature is the peak in the focussed ray centre. Living nature must 

stand large fluctuations ofthe solar radiation, since every supernova sends us a relatively 

short batch of fresh neutrinos. Where we have difficulties is the question, how much 
fluctuation stil can be tolerated by mankind. 

The question for possible biological consequences is due to be dealt with in view of the 
announcement of a complete shadow tourism causing concem, as it is awaited for August 
1. At the incomplete state of knowledge about the properties of neutrinos, every trip to 
the complete shadow remains a joumey into the unknown. 


ts Biological consequences 


cee: 


Fig. 20.4 A: The course of the complete shadow for 
the ancient 
eclipse of the sun at 28.5.585 B.C. 


Fig.20.4B: The course ofthe complete shadow over 
south 

Germany at August 11 1999 (grey) and the possible 
course of the focussed neutrino radiation (white). 
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204 Biological consequences 


In the case of an eclipse of the sun effects on the biology, like problems with the heart 
among affected, at least can't be excluded. Ifthe scalar wave density increases above the 
density which is normal, then this has a positive effect on the economy of energy, as long 
as the body is capable to regulate the amount taken up. If the regulatory process however 
should fail. then the risk ofa self-nflammation exists. Also straw bales and other organic 
and inflammable materials could thus go up in flames. 


But before that happens, first the information technical influence of the scalar waves will 
show. Here we have to expect a psychotronic influencing, which is showing in a limited 
ability of perception. History teaches us as an example" that a by Thales of Milet 
predicted total eclipse of the sun at 28.5.585 B.C. compulsorily has ended a battle in Asia 
Minor between the Medes and the Lydians, because the soldiers apparently most literally 
hhad gone out oftheir mind (fig. 20.4 A), 


Actually all in connexion with the free energy addressed phenomena are conceivable. 
from the “neutrinolyse” up to the acceleration of the radioactive decay. It would be 
understandable, if in a water glass bubbles should rise, even if no carbonic acid is 
contained in the water at all. After man not having at his disposal a sense organ for his 

‘own energy source, the brave in the complete shadow of an eclipse of the sun are 
recommended smaller technical experiments and observations. The cautious however will 
avoid the area from the star. 


‘As counter movement to the complete shadow tourists there will also be refugees, who 
believe in the predictions of Nostradamus, who in his quatrains has predicted a messenger 
of fright over Europe for 11.8.1999. He mentions Lyon, Ulm and Moskau, which actually 
lie on one ine ™. 

The line ofthe complete shadow however will run under another angle from Plymouth in 

South England over Ulm to Bukarest and further into Turkey. Maybe Nostradamus wasn't 
‘clairvoyant at all, but merely a good calculator, or he knew someone who could calculate 
excellently, afterall he has indicated the time and even Ulm as the centre correctly. Apart 

from the small angle error, in addition the direction is correct (fig. 20.4 B). 


Worth paying attention to also is, that he contrary to his habit here gives a conerete date 
which astronomically can be calculated unambiguously, that he simply skips the numerous 
eclipses of the sun of the past and only points to the one of 11.8.1999, which runs 
crossways through South Germany. Extremely sinister are his forecasts, which mustn't 
‘commented on further, since he speaks of "Mort et Tombe", of death and grave’ 


Sis; Merodot: Historien, Kroners Taschenausgabe 224, S. 33 (ef page 586 and the 
modern misinterpretation note 9 on page 754); further sources: dtv-Atlas zur 
Weltgeschichte S. 45; resp. Propylaen-Weligeschichte I, S. 168 

<ii>: Michel de Notredame (1503 bis 1566), Mathematiker, Astrologe, Leibarzt von 
Konig Karl IX: Centuries (1558) X, Vers 72. 
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Fig. 20.5 A: The total eclipses of the sun of 18.4.1539 


and 
21.8.1560 


Fig. 20.5 B: Under the impression of the last two eclipses of 


the 
sun over Europe death and war play dice about the 
fate of mankind during the eclipse of the sun of 


1502 


=>: Wemer Raffetseder: Sonnenfinstemis, Hugendubel Verlag, Munchen 1999, 
ISBN 3-89631-302-9, Seite 156. 
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20.5 Epilogue to August 11" 1999 


My indications have been published two weeks before the cosmic event in the NET- 
Journal. The public interest was immense. Now, affer the spectacle is over, itis time for 
an analysis 

Besides numerous. very subjective descriptions of eyewitnesses, which scientifically 
hardly can be analysed, at numerous polytechnics over the world has been observed, how 
Foucault pendulums suddenly and completely unexpected have deviated from their normal 
swinging direction. With this device 150 years ago the rotation of the earth had been 
detected in Pars. 

Since according to prevailing textbook opinion an eclipse of the sun isa purely optical 
phenomenon, the scientists world-wide are having a big problem. Which force here has 

teared at our earth and caused relative accelerations of the kind thatthe pendulums could 

turn out of their usual plane and changed into an elliptic orbit, while the shadow of the 

‘moon ran over us? The gravitational force isn't even roughly capable to that. That merely 

has brought a 50 cm higher flood. The enormous force effect, which even puts the 
gravitation in the shade, actually only can come from the interaction of the neutrinos. 


Different reports are present concerning the influencing of the radioactivity. In the eases, 
in which measurement samples have been used, almost no change could be observed. This, 

is confirmed by a video tape, which northeast of Munich directly in the centre of the 
complete shadow documents an experiment, in which during the whole time the 
radioactivity of 1 kg crude granite is” monitored with a professional dosimeter. 
The background might be that calibrating samples are chosen in principle under the aspect 
of being influenced the least by outside interference sources. It therefore would have been 
better, if we instead had put a lettuce as a biological and broadband sample in front of the 
device. Because there, where one anyway hadn't expected deviations and thus neither 
‘were measured calibrating samples nor unfortunately were made recordings, is said to 
temporarily have occurred a visible increase 

Even in the case that somewhere accidentily should exist recordings, the increase is too 
small, to help explain traditions from the Middle Ages, according to which is talked about 
“stinking log" and about “aggressive damps, which fall from the sky". Other sources speak 
‘of harmful radiations, which one regarded as the trigger of plagues. 

Itis said: "They poison the drinking Water and the crops and make people sick". Crops 

after an eclipse of the sun either should not be harvested at all or only after a violent 

shower. The warnings for a poisoning "without adding poison”, which reach back into the 

19" century, suggest the assumption that it concems results of a radioactive 
contamination. 


<7 Konstantin Mey Zur Brennglaswirkung des Mondes bel einer Sonnen- 
finsternis, NET-Journal, Jg.4, Heft Juli/August 1999, Seite 13-17 

<ii>: From the third and extended edition of this second part concerning 
Elecomagnetic Environmental Compatibility the following chapters are 
completed. 

<ili>: Mark Littmann/Ken Willcox: Totality - Belipses of the Sun, Honolulu 1991, 
Kapitel 4: Eclipses in Mythology; nachzulesen bei Wemer Raffetseder: 
Sonnenfinsternis, Hugendubel Verlag, Munchen 1999, Seite 130/131 
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Fig. 20.6 B: Nostradamus 
for 1999 in the Centuries 


£1558.> 
<i; Bryan Brewer: Eclipse, Chapter 1: Eclipses Throughout the Ages, Seattle WA 


1991, S20, cited in Wemer Raffetseder:  Sonnenfinsteris, "Hugendubel 
Verlag, Munchen 1999, ISBN 3-89631-302-9, Seite 130, Bild Seite 159, 
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20.46 Dropping of the neutrino radiation 
Plagues of that kind, which in the Middle Ages have claimed lives as a result of an eclipse 
of the sun, hardly are verifiable, unless a prominent victim was among them, lke e.g. the 

son and successor of Charlemagne, emperor Ludwig I. He 5.5.840 witnessed an eclipse of 
the sun with a totality of five minutes. Further it is said: ,,The fright which this experience 

gave him, little later shall have torn him to death" <i>. 

‘According to that there must have existed times, in which the radioactivity present in the 
‘countryside and stored in the body ofa person during an eclipse of the sun could be set 

free and be the undoing of the affected. At the same time such a decontamination of 

radiation acts cleaning for nature 

In this case only the interpretation of Nikola Tesla provides us an explanation, which 
states that the neutrino radiation causes the radioactivityii>. Textbook physics however 
doesn't know this causality, For that the primeval fears of humanity are pure superstition 
TThe prophesies of Nostradamus even are referred to as counter evidence. 

But the question remains open, why his predictions concerning August 11 dida't happen, 
Obviously, so has shown us the cosmic experiment, the neutrino radiation relevant for the 
setting free of radioactive radiation drastically has decreased since the Middle Ages. 

Nostradamus personally has occupied himself with the translation and interpretation of 
hieroglyphs and has written down his insights - surely out of fear of the inquisition - in the 

form of encoded quatvains. According to that he has based his considerations on 
considerably older sources, which presumably stemmed from a time, in which a 

considerably higher radiation prevailed. 

We have to proceed from the assumption that the scientists of the Semitic- Aramean people 

of the Chaldeans, which ruled Babylon from 626 B.C., were just as capable as astronomers 

of today, to exactly calculate an eclipse of the sun even centuries and millenia in advance. 

Afier all the Saros-cycle to determine eclipses of the sun is a discovery of the Chaldeans. 
What they however couldn't know and we ourselves still can't indicate today, is. the 
prevailing density of the cosmic radiation at a future time. But that obviously has changed 
considerably. 

The natural magnetic field strength for instance is recorded at the baking of earthenware 
jugs and vases, by strengthening along the parts containing magnetite. From the 
‘measurement of ancient earthenware goods we know that in antiquity a field strength must 
have prevailed which was 3 to 4 powers of ten higher. 

According to the here presented theory the earth owes its magnetism its core and that 
‘again draws its energy from the neutrino field. According to that also the neutrino 
radiation should be subject to the same decrease. 

If therefore the Babylonians out of the radiation situation at that time in the interpretation 

‘of Nostradamus and other fortune-telers, who presumably all more or less have written 

‘each other off, have predicted a catastrophe for 11.8.99, then this scientifically is just as 
untenable, as the today widespread hubris, with which the knowledge and the reports of 
experience from ancient times are dismissed as superstition. 


<if=) of chapter 17.2 Nikola Tesla, the discoverer of the neultino radiation, p. 133, 
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Fig.20.7 A: Eclipse of the sun of 11.8.99 (declinatio 


Fig. 20.7 B: Eclipse of the sun of 26.2.98 (declination: - 9° 


<ii>: Particularly violent earthquakes since 11.8.1999 (excerpt 
17.8, (strength 78) till 198 (5.0), 318, (5.2), Greece 79. (58). 
‘Turkey 13.09. (5.8) and finally Taiwan 20.9.99 (strength 7.6) in a rythm of 6 
to 7 days! Complete list in the internet under: 
htp://www-seismo.hannover.bgr-de/ermos_listing. html 


Cosmic 425 
experiments 


This "superstition" mentions tremendous natural disasters like floods like the Flood or 
destructive earthquakes often as a direct result of an eclipse of the sun, and as the worst 
consequence the end of the world. 

“Almost all reporters and newsreaders in the evening of August 11 full of irony pointed at 

the non-oceurrence of the end ofthe world and spread the conviction that according to 
prevailing physical ideas something like that isn't possible at all. They at that time 
coulda know thatthe anatolic plate, whieh the complete shadow had crossed, had gotten 

into motion. The relatively weak earthquakes, which 11.8. shook Cyprus and atthe same 

time lan only were spontaneous habringes. 

In the following weeks the staggering core of the earth made us clear that there had been 
done force to it. Severe earthquakes with thousands of aftershocks followed each other 
land one message of temor chased the next", Public authorities however take care not to 
of decline to make a reference tothe eclipse ofthe sun. 


20.7 Analysis and comparison of the occurrences 


Ifwe for comparison consult the total eclipse of the sun of 26.2.1998, for which the 
‘complete shadow of the moon coming from the Pacific Ocean had run over the Caribbean, 
into the Atlantic Ocean. Exactly the moment it crossed the Caribbean island Montserrat, 
the voleano Souftore erupted, 

Pure coincidence says science, which hasn't got an explanation model at all fora relation 
‘with the supposedly purely optical phenomenon. But this argumentation is relativized, if 
according to fig. 20.2 the tangential collecting of solar neutrinos by earth's core is 
considered. This process best can be compared with photon radiation, which is 
tangentially collected and directed into an orbit by a black hole inside the radius of 
‘Schwarzschild 

Since the shadow of the moon always draws a straight line on the earth, two points of 
intersection are present with the citcle ofthe projection of earth's core on earth’s surface, 
for which the radiation focussed by the moon just touches earth's core and in that way 
experiences an additional concentration, The first point of intersection at that time was 
situated in the Pacific Ocean; but the second one was situated exactly at the Caribbean, 
island Montserrat (fig. 20.7 B), 


This time, at August 11 1999 the first point of intersection was situated in South Germany, 
the second in Iran, and again the focussing at the second point of intersection has shown a 
devastating effect. The enti continental plate has gotten in motion (fig. 20.7 A). 


Another strange phenomenon has occurred in the USA at the same time as the eclipse of 
the sun. A tornado swept with its destructive force right through Salt Lake City. It is 
remarkable that no meteorologic indications were showing before and hence official, 
“observation authorities had no possibility of warning for the tornado. Had here part of the 
focussed neutrino radiation been redirected at earth’s core and given a rotation, to again 
screw out into the sky on the other side ofthe earth at Salt Lake City? 


<i>: Werner Raffeiseder: Sonnenfinstemis, Hugendubel Verlag, Mimchen 1999, 
ISBN 3-89631-302-9, Seite 120. 
<ii>: Collection of particular violent earthquakes since 11.8,1999: see fig. 20.7. 
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Cheops to four diferent stare around the 


=E2__Robert Bauval, Graham Hancock Der Schlussel _zar Sphinx (Keeper of 
Genesis), List Verlag Munchen 1996, ISBN 3-471-77188-3, S. 286 und. 287. 
<i>: dito page 86, 
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20.8 Radioactive decontamination with the help of a supernova 


‘A mighty source of neutrinos forms the black hole inthe centre of the Milky Way. For us, 
‘on an outer spiral arm of the galaxy, the distance to the centre is gigantic as well, so that a 
relatively equally distributed spectrum of differently fast neutrinos arrives at our world, 
‘which represents a kind of basic energy technical supply for the solar system and our 

world. For the fluctuations between day and night, oF the focussing by the moon or other 
planets the "participants" in the solar system are responsible themselves, 

In contrast to that a supemova, the explosion of a star, is a considerably smaller source of 
neutrinos, which however also is possible less distant to the earth. In addition it is a 
singular event, in which all neutrinos are set free simultaneously within a fraction of a 

second. They arrive at us one after another. First the fast and hard radiation reaches us as it 
‘were as harbringer. In the course of time the arriving neutrinos then become slower and 
shower, until they sometime become biologically relevant. I in the end everything is over, 

‘we can See the cause, only now the supernova is showing inthe telescope. 

It we assume such an event takes place, with perceptible might and in a distance of S00 

light years. then this neutrino radiation overlaps with the general background radiation and 

‘a characteristic over-intensification of neutrinos of a certain velocity of propagation 

‘occurs. This problem then occupies us for 500 years, where the respective radiation 
situation permanently is changing depending on the time aftr the explosion, 

It we in this way of looking dare a judgement of the cosmic events in historical time, so 

makes believe much the assumption that the radiation in the last hundred years has worn 

‘of completely. Edgar Cayce treats in the book "Our Ancestors” different cultural circles 

from the old Indian up to the Hopi, in which stills talked about an energy technical use of 
‘quartzes and other materials. 

We indeed can theoretically comprehend that the neutrino radiation can let an oscillating 
quartz glow, if it is stimulated in its resonance frequency, but technically the technology 
foday can't be realized anymore. Possibly the chance for technological use only existed 
for a few years or decades. 

Presumably also the pyramids originally have been built as resonators, to slow down fast 
neutrinos to a technically utilizable speed. But in the course of time the original function 
‘was unnecessary and the neutrinos had gotten so slow that in antiquity altematively an use 
as electrostatic lightning generator or as Nekropolis took place. Today they only stand in 
the countryside as unusable monuments ofa gone epoch, 

Many ancient techniques, to which I will come to speak in the third part, in this way just 
fas unexpected become plausible as the radioactive decontamination described in the 
Middle Ages. 


<i>: Hermann Wild: Technologien von gestern, Chancen fur morgen; Jupiter- 
Verlag Bern 1996, ISBN 3-906571-13-0, (zB. S. 77 und 145 bis 163). 
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Fig, 20.9: The orientation of the pyramids of Giza makes 
believe 
an operation of the installation around 10500 B.C. 


<i>: Robert Bauval, Graham Hancock: Der Schlussel zur Sphinx (Keeper of 
Genesis), List Verlag Munchen 1996, ISBN 3-471-77188-3, 8. 324 


‘The two research scientists take the hypothesis of an orientation of the ancient 
Egypt pyramids after the starry sky around 10500 B.C. This however is not com- 
patible with their thesis of the aligning of the shafts to individual stars around 2500 
B.C. (fig. 20.8 C). How should the precise worked shafts later have been integrated? 
It would correspond a certain logic, if an orientation of the buildings to the energy 
Source at that time would have taken place; but doing so it should be taken into 
onsideration that the stars are exploded as supernovae and today hardly might be 
Despite several good ideas more questions are raised by the book, than are 
answered. Have the technicians 2500 B.C., after making restorations, experimented 
With the buildings and sought-for alternatives of use? 
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20.9 Fre energy from the Orion constellation 


‘After all hundred years ago still the last unreliable rests of the wearing off neutrino 
radiation were available to Tesla, Moray, Keely and other inventors for the experimental 
proof of free energy, of which we today aren't able to rebuild and show in function one 
single model. And that, although the technical aids have gotten better for many times 
But for the free energy inventors that isn't a reason, to immediately stop their efforts, 
because the next supernova already is announced by the actual swings of the Foucault 
pendulum. It could concern the explosion of the giant red star Betelgeuse in the 
constellation of Orion in a distance of S00 light years". It well may be possible that it 
already shortly has exploded and that it will supply us with fresh and free energy for 
scarcely the next $00 years and at the same time will give the earth a good shake, thanks 
to its. —smight’ «= and aot, too. great. distance. 
The reaction, which happened after August 11, of earth's core, which is the first to 
interact with the fast particles, should make every astrophysicist clear that here something 
is coming towards us! 

It would be obvious, ifthe reactions of earth's core still increase. Every year particularly 

around 21.6, if the sun is standing in the Orion constellation, deviations can be expected. 

But then the supposed source of neutrinos, Betelgeuse, the sun and the earth don't exactly 

form a line, because the giant red star lies 7.4° below the ecliptic. Because of that the rays 

slowed down and focussed by the sun run away over the earth. At the earth then rather 

‘would be expected a dropping of the radiation. 

If the phase of shakes of the earth sometime should be over, a decontamination due to an 
increased radioactive decay and various biological effects should be expected. Then, 
ppethaps in 200 years, also many concepts conceming fiee energy, today still dismissed as 
hopeless, suddenly will function entirely by themselves, 

The relatively free possibility of development of the human mind and the present sciences 

‘we possibly owe the special circumstance to be able to live in atime of minimized field 

strengths. Strong fields however can lead to psyehotronic influencing of the consciousness 

and to an outside determining of mankind, This circumstance seems to have caused Tesla 

to compare man with a robot, and to call him an independent machine controlled from 
outside. 


Siz Freek Reljmerink: Stemenatlas Deutschland, Weltbild Verlag 1990, 8.12 (ein 
sterbender Riese) und Illustrierte Wissenschaft, Nr. 9, 1999, S. 7, Brennen 
die grossen Sterne in den Sternbildem je aus? Die  Entfernungsangaben 
schwanken zwischen 270 Lichtjahren (Meyers Lexikon), 310 (Sternenatlas), 
500 (Ill Wiss.) und 652 Lichtjahren (Cambridge Enzyklopadie d. Astronomie) 


Ta the observable domain of the starry sky one satistically seen has the 
chance, to experience every second a supernova. 

<ii>: Nikola Tesla: How cosmic forces shape our destinies, New York American, 
72.1917, and Edition Tesla (1997), Bd. 6, ISBN  3-89539-245.6 der Mensch 
als machine, 8. 65. 
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Fig. 20.10 A: Eclipse of the sun of 13.11.2012 (decl.: 18.1°) 


Fig. 20.10 B: Eclipse of the sun of 11.11.3799 (dee! 


‘The eclipse of the sun of 7.7.3797 is harmless compared to that of 
11.11.3799. Have they been mixed up or isa calculation error present? 
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20.10 Interaction of the neutrinos with earth's core 


‘A strong neutrino field still doesn't make a catastrophe. Only in connection with one of 
the regularly happening eclipses of the sun should one be expected under certain 
circumstances. Only, which eclipses of the sun ean get dangerous, we have to ask us, and 
‘why wams e.g. Nostradamus only for very particular dates? 

The check of the respective eclipses ofthe sun results in aertical constellation every time 

for the cases, where the line of the complete shadow and the circle ofthe projection of 

earth's core intersect under a very flat angle and both points of intersection lie very close 
together. In the extreme case finally the lines only are touching and the points of 
intersection fuse to a line of intersection. 

‘A corresponding constellation the next time is expected at 13.11.2012. For 7.7.3797, at 
similar conditions Nostradamus fortells the end of the world; but why’? 

From the interaction of the neutrinos arises as from every other interaction a force effect. 

If the points of intersection lie far apart, then earth's core is pulled once tothe East and 

short time later again to the West by the focussed neutrino radiation. On the average this 

will hardly influence earth's mantle and earth’ crust because of the immense moment of 

interia, The possible earthquakes will remain regionally restricted to the area around the 
two points of intersection. 

But if a line of intersection forms, then no compensation of the force effects takes place 
anymore, then during the whole time one-sided is pulled at earth's core and that can have 
fatal results. It is the same as for a spinning top, which is given a blow from the side: it 
staggers several times, uni the gyroscopic forces have stabilized it again 

But if earth's axis staggers, then the sun describes strange orbits in the sky, it goes 
backwards again, for a longer time doesn't set or it doesn't show for the same period of 

time for the people living on the other side ofthe globe. 

Such an event already is described in the Bible". For the twenty hours, in which in 
Europe the sun didn't set for a day, again describe the chroniclers of the inhabitants in the 
South American Andes, how at ther place the sun didn't show for twenty hours" 

‘As a further example from the Greek mythology is mentioned the description of the poet 
“Apollodoros. according to whom Hercules for the solution of his 10 task let the chariot of 

the sun bring to a standstill. "He turned his vehicle round and raced the way back, 
dragging along the Pleiaden and all stars, so that the sun set in the East". But if all stars 
take part in the same backwards motion, then this example proves the assumption of the 
staggering earths axis. 


Si: Josua 10.13-14 and the in chapter 11.8 cited passages. 
<ii>: nach Montesinos, zitiert in Zecharia Sitchin: The Lost Realms (Versunkene 
Reiche), Knaur Verlag Miinchen 1992, ISBN 3-426-04827-2, 8. 203 


<iii>: Werner Raffetseder: Sonnenfinsternis, Hugendubel Verlag, Milnchen 1999, 
ISBN 3-89631-302-9, Seite 18, 
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Fig. 20.11: Eclipse of the sun of 27.07.2281 B.C. 
(angle of the sun = declination: 19.3°) 
‘The trigger of the biblical Flood? 
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20.11 Changing of polarity and apocalypse 


The pulling at earth's core, which shows as a wobbling of the magnetic axis and in 
damped form can lead to a tilting of the axis of rotation of the earth, still doesn't make an 
apocalypse, no end of the world. This only can be expected, if ater a tilting of the axis of 
rotation of earth's core a change of polarity on the surface of the earth occurs. Doing so 

the new magnetic poles, like a compass needle in the field of the solar wind, again align in 
such a that the North Pole will be lying "up" in the ecliptic. Because earth's surface 

will keep it direction of rotation, the sun will, after the process having stabilized, as usual 

again rise in the East and set in the West. But the inhabitants of the earth, which before 

still were having midsummer, find themselves again in the midst of midwinter and vice 

Truly apocalyptic processes can be expected during the phase of a change of polarity of 

the earth. Thereby occur unusual relative accelerations and violent earthquakes. The 
largest destructive potential however is present in the waters of the oceans, which are set 

in motion, 


‘As is well-known the earth at the equator is measuring a radius which is 21 kilometres 
larger than at its poles. If only a part of the waters temporarily flows in the direction of the 

poles of the earth, then the biggest part ofthe habitable land in Middle and North Europe 

sinks in the floods; then indeed also the statement of Noah makes sense, who as the first 

thing saw the mountain of Ararat rise from the floods, after the water again flowed back 

into its usual ocean basins. The mountain of Ararat afterall measures a height of S137 

‘meters above sealevel! 


‘At comparing historical events with details from the Bible the Flood should have taken 
place in the year 2245 B.C." According to the description of the position of the stars Dr. 
Wild calculates July 2281 B.C. as time for the Flood. The Arabic historical writer al- 
Makrizi again shifis the event into the year 3094 B.C.”. Who is right? 
We must verify the eclipses of the sun in this time and determine the position of the points 
of intersection, then we perhaps find the correct answer. Possibly earth's axis has wobbled 
‘more than once, have occurred several catastrophes in different regions. At 27.7.2281 B.C 
in any case there actually has occurred an extremely critical constellation, whereas the 
other two years are ruled out. Here no total eclipse of the sun took place (fig. 20.11), 


According to the calendar of the Ugha Mongulala 6110 years before this Flood a still 
‘much more devastating one should have occutred. That therefore would have been 8391 
B.C., while Scott-Elliot dates the catastrophe in the year 9564 B.C". According to Plato 

it would have been about 9500 B.C. For such long periods of time a check however isn't 
quite easy anymore, because the meantime changes of the earth sum up considerably. 


Wild S. 231, 229 and 225. 


<ii>: Wild S, 219, 218 and 210, among others cited from Scott-Elliot: Atlantis und 
das untergeyangene Lemuria, Bauer Verlag Freiburg 1977. 
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Fig. 20.12 A: _Eelipse of the sun of 29.03.2006 (deel: 3.2°) 
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Fig. 20.12: — Cave painting from Minateda (Spain).<i> 


<b: Laviosa-Zambotti: Origini e Diffusione della Civilta, Marzorati, 
Milano 1950, 
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Besides the constellation of sun and moon is erucial the occurring of a relevant neutrino 
radiation and the question if both is sufficient to tilt the earth and change its polarity 
Some experts expect a change of polarity for the time coming, since it takes place with a 
certain regularity and measured in earth historical periods of time in addition fairly often! 

This circumstance the earth presumably owes the river valleys cut deep in the countryside 

and other topographic phenomena, One presumably can only survive such a catastrophe in 

an ark (Noah), in the air bubbles of large eaves (the walls of which painted children and. 

artists out of pure boredom, see fig. 20.12 B) or in the highland, preferably in the area of 

the equator (Central Attica, highland of Mexico, Andes, Himalaya), 


20,12 Scalar wave gauges for the prediction of earthquakes 


We urgently need gauges, o be able to judge the neutrino situation, At first we with that 
pursue the same goal, as with the building of a free energy converter, however with the 
difference that the converter should maximize the collected amount of energy, whereas the 

gauge should minimize the taken up energy, to not too much load the source and not to 

change the local radiation situation, 

In addition the neutrino radiation should be registered distinguishable in its velocity of 
propagation, what means that the building of a gauge will be very much mote costly than 

that of an energy collector. That's why it can be expected that an usable measurement 
instrument might be available only many years later and we that long only can base on our 

‘own power of observation, 

We for instance can statistically analyse, how the earth after an eclipse of the sun reacts to 

the neutrino radiation focussed by the moon. At August 11 the second focal point was 

situated in the East, and from that an acceleration of the rotation of earth’s core ean be 
predicted. Corresponding observations actually have been made on the surface of the earth 

‘with the help of the Foucault pendulum. 

The relation the next time can be checked at the eclipse of the sun at 29,3.2006. This time 
the inverse case is present. A first focussing takes place in the West, so that pendelum 
swings in the reversed direction would be expected, which indicate a slowing down of the 
rotation (fig. 20.12 A). 


But ifthe rotation of the earth should change, then the balance sheet of angular momentum 
‘of moon, earth's mantle and earth's core isn’t correct anymore. As a result a force of 
difference occurs, which lets the spinning top stagger. But if earth's core staggers inside of 
earth's mantle, then it powerfully stirs the liquid magma, and in this way releases its 
surplus energy again. As a result earth's mantle is heated up somewhat. We, on our wafer- 
thin earth's crust, then time delayed feel the effects of the staggering of the core as an 
earthquake, The period seems to lie at approximately 6.5 days, as far as this can be read 
from reactions to the last two eclipses of the sun, 


Calculation of future occurrences 


Tafel 20.13 A: _ Eclipses of the sun of 2 Saro: 


Fig. 20.13 B: The 
Astronomicum 
Caesareum* serve 
around 1540 the 
determination of 
the positions of the 
moon_nodes.** 


<i>, Wemer Raffeiseder: Sonnentinsternis, Hugendubel Verlag, Munchen 1999, 
ISBN 3-89631-302-9, Seite 134 
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20.13 Calculation of future occurrences 


From the analysis of past and present cosmic events with a strict scientific procedure can 
be predicted to a certain extent also future events. It thereby by no means concerns 
prediction, but exclusively the result of an analysis. 


‘After the mentioned eclipse of the sun of 29.03.2006 there once more exists danger of 
caarthquakes (approx. 44.2006) for the Island of Crete and Asia Minor. 
From the eclipse of the sun of 13.11.2012 as well no good can be expected, even if the 
points of intersection, situated close together, lie far away from populated land in the 
south-west Pacific basin, The Maya calendar by the way ends to this time 
At 2182017, 18 years or a Saros cycle after the eclipse of the sun at 11.8.1999 and 
correspondingly 120° further to the west, the corresponding complete shadow runs 
erossways through the USA. The thankless role of Turkey at the second point of 
intersection this time takes over South Carolina. One only can hope that the houses in 
Columbia are built more stable than in Izmit 

In fig. 2013 A the two eclipses of the sun of 11.8.1999 and of 13.11.2012 with their 
respective Saros cycles until 2066 are shown. The as critically to value tendency of the 
course of the complete shadow is visible, which wants to nestle against the circle of the 
projection of earth's core to form a line of intersection, 


I here break off, since anyone with my indications and an eclipse of the sun-CD ean 
analyse at home all further events personally. I value that if possible many analyses are 
‘made and controversially discussed, because possible cosmic catastrophes concem us all 
somewhat 


What good is the building of gigantic fusion ovens, if the runners by no means have 
understood the process ofthe fusion themselves? Why build ring accelerators for billions 

of dollars, if elementary particles can be calculated at the desk? How is the expenditure for 
gravitational wave detectors justified, ifthe actual music plays at entirely other velocities 
‘of propagation? Why is half the annual production of the world of Gallium used for an 
indirect proof of neutrinos, if every self-wound Tesla coil is able to collect more 
neutrinos? 


Our scientists, for whom I as a colleague quite often must be ashamed, have the primary 
task to draw attention to cosmic and other risks and to calculate them in advance. In any 
cease it is extremely unpardonable to leave this core duty up to some fortune-tellers and 
self-appointed prophets, 

(One should more often remind them that the Chinese Kaiser Tschung-Khang let sentence 

his court astronomers Hi and Ho to death, after the two not having predicted an eclipse of 

the sun. It thus certainly didn't concern a missed spectacle or a missed tourism business, 

but presumably the need for safety of the Kaiser and his subordinates, for which the two 
astrophysicists in ancient China had to take responsibility! 


438 Epilogue to the enerey technical seminar 


difference 
ta- th [ps] 
602,7 


A 


602,44 


602,1 | 


601,8 


601,5 


res T 
SAS Dey sagen Le 
at 23.12,1992 


Fig. 20.14: The difference in going of two caesium atomic 
clocks 

positioned in different directions, but in the same 
laboratory in Harbin, China, during the partial 
eclipse of the sun of 24.12.1992. 


<i: Shu-wen Zhou: Abnormal Physical Phenomena Observed When the Sun, 
Moon, and Earth are Aligned, 21" Century Science & Technology, Fall 1999, 
Vol. 12, No. 3, pp. 54-61. Comments conceming Figure 9 
Straight lines AB and CD’ show that the rate of change of the time difference 
between the two clocks is constant in non-eclipse periods, but becomes 
inregular around the time of the eclipse 
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20.14 Epilogue to the energy technical seminar 


Very slowly the word goes round that the energy source of the future has got a name: 

“'Neutrinopower". Unfortunately fundamental physics, which is financed with public 

‘money, still does know almost nothing about the nature of the neutrino radiation. In 

addition hinder useless model concepts any progress in this direction and so the 

responsible fundamental research stepson the spot 

Considerably more extensive were already 100 years ago the insights of the experimental 

physicist Nikola Tesla, the discoverer of the neutrino radiation and father of the free 

energy. The space energy however is showing most clearly in nature, which only uses this 

advantageous form of energy. In particular during eclipses of the sun and other cosmic 

experiments it openly comes to light and can be detected by us for a short time. 

The physicist Prof. Shu-wen Zhou of the University of Huazhong in Wuhan, China, 

systematically has investigated the effects, if sun, moon and earth are aligned”. Doing so 

he has proven inexplicable physical anomalies in experiments. Stimulated by the 

discoveries of Maurice Allais with the Foucault pendulum he built an arrangement 

specially flor proving horizontal forces of acceleration, and actually he with that could 

‘measure face effects during the total eclipse of the sun of 24.10.1995. He even speaks of 

an oscillating free! 

Further he could determine changes in the spectral wave length of various elements, which 

under normal conditions go as constant and even as characteristic for the respective 

clement. The relative change of size of the wave length during the ring-like eclipse of the 

sun over China of 239.1987 resulted in the 100-fold value compared to the difference in 

the spectrum analysis between surface of the earth and surface of the sun! This 

comparison reveals an immense discrepancy between theory and practice and puts us for a 

solid problem. 

For that six different models of spectrometers were installed in several laboratories of 
ferent polytechnics and a photograph was taken ofthe emission spectra of H, D, Ca, 

€N, Ni, Ti, ete. Also other reasons than that of an eclipse of the sun ‘could be excluded 

tunambiguosly. In the results of these, at artificial light carried out conventional 

‘measurements, in any ease abysses yawn. The from spectrum analyses won “insights” 

about the composition of strange celestial bodies now for sure can be done away with 

‘without knowledge about the respective prevailing neutrino radiation. 

Spectacular also is the proof of differences in going of atomic clocks of various 

constructions. During the partial eclipse of the sun of 24.12.1992 seven caesium clocks in 

four cities of China and in three planes were used. The analysis of the differences in going 

resulted in, as is shown exemplary in fig. 20.14, changes of the gradient during the eclipse. 

TThe results for the atomie clocks in the planes and for two further time measurements 

‘umad outwith similar cary 


<i5: Shou-wen Zhou: Abnormal Physical Phenomena Observed When the Sun, 
Moon, and Earth are Aligned, 
21" Century Science 6s Technology, Fall 1999, Vol. 12, No. 3, pp. $4- 61 
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Fig. 20.15: Long-term measurement between 1989 and 
991 of the difference in going of two atomic clocks at 
the U.S. Naval Astronomical Observatory." 


‘The in the 1000 days occurred eclipses of the sun have been enter- 
ed later. In addition is recorded, if the northern hemisphere (N-H) or 
the southern hemisphere (S-H) of the earth was involved. 


<i=Shu-wen Zhou: Abnormal Physical Phenomena Observed When the Sun, 
Moon, and Earth are Aligned, 21" Century Science & Technology, Fall 1999, 
Vol. 12, No. 3, pp. 54 - 61. Figure 8. 
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‘A connection to the neutrino radiation Prof. Zhon doesn't draw, but it almost is obvious. 


From the U.S. Naval Astronomical Observatory (LC/7970) long-term measurements over 
1000 days between 1989 and 1991 are present (fig. 20.15). The difference in going 
between the two atomic clocks positioned at different places shows a permanent up and 
down, The reason goes as completely unknown, 

But if the eclipses, which took place in this time, are entered then one immediately sees 

the assignment to a maximum or a minimum value. If an eclipse of the sun namely 
concerned the southern hemisphere of the earth, then the difference in going each time 
reached a maximum, but ifthe shadow of the moon run over the northern hemisphere, then 

ceach time a minimum occurred. Chance here probably is out ofthe question! 


Let us record: The effect of an eclipse of the sun, to which for instance a Foucault 
pendulum reacts, can equally be traced back to the interaction of the neutrinos as the free 

energy. That's why the here presented book carries the title "Free energy and the 
interaction of the neutrinos". It has appeared in the series concerning the "Electromagnetic 
environmental compatibility", and also for that there are good reasons. Our energy 
technology must become mote ecologically compatible and we come the goal closer, if we 

emulate nature, understand and copy it 

That it further concems electromagnetism, likewise is explained ffom the interaction of 
the neutrinos, which concerns the oscillating and resonant case of the electromagnetic 
interaction. In this respect the reference tothe series of books therefore would be given, 

It only indirectly has to do with "electrosmog", or what otherwise is understood under 
environmental compatibility in general, It however could be shown that also the earth 
radiation isa form of neutrino radiation, and that it poses a biological effectiveness, after it 

turned out that it serves nature as an energy source. With that the conflict with space 

energy devices already is predetermined if the same scalar wave radiation should be used, 

TThen one system takes away the other system the energy basis and the existence basis. 

This environmental compatibility problem can be solved, if care is taken that both don't 

get in each others way with regard to the frequency and the wave length, We for that need 

4 deep understanding concerning the topic of the space quanta and the neutrinos, their 
physical properties and the corresponding device technology. The book should make a 
‘contribution to that. 

The other side of the medal is the information technical aspect of the scalar wave radiation 
and the environmental compatibility problem connected with that. ‘The third and last part 
(of the series of books is dedicated to this theme. 
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Part 2: Edition belonging to the energy technical seminar: 
"Electromagnetic Environmental Compatibility” 


Prof. Dr.-Ing. Konstantin Meyl 
Scalar waves 


Abstract: 1. Auflage 1998, 4. Auflage and Ist English ition 


With regard to the environmental compatibility a decentralized 
electrical energy technology should be required, which manages 
without overhead power lines, without combustion and without 
radioactive waste. The liberalization of the energy markets won't 
on any account solve our energy problem, but only accelerate the 
way into the dead end. New, ecologically compatible concepts are 
collected and discussed in the book. 


A useful energy source could be represented by space quanta, 
which hit upon’ the Earth from the sun or from space. They 
however only are revealed to the measurement technician, if they 
interact. It will be shown that the particles oscillate and an 
interaction or collection with the goal of the energy technical use 
only is possible in the case of resonance. 


Since these space quanta as oscillating particles have almost no 
charge and mass averaged over time, they have the ability of 
penetration proven for neutrinos. 

In the case of the particle radiation discovered 100 years ago by 
Tesla, it obviously concerns neutrinos. We proceed from the 
assumption that in the future decentral neutrino converters will 
solve the current energy problem. Numerous concepts from 
nature and engineering, like on the one hand lightning or 
photosynthesis and on the other hand the railgun or the Tesla 
converter are instanced and discussed. 


Free energy and the interaction of the neutrino radiation 
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Preface to the seminar, part 3 


With the appearing in print of the 3" part of the series of lecture notes of the 
electromagnetic environmental compatibility, the collection of material can be considered 
to be completed for the time being. By now almost all aspects concerning the theme of the 
potential vortices of the electromagnetic field and their propagation as a scalar wave 
should have been addressed or atleast indicated 

‘And that's what it is about in the case of the editions belonging to the seminars: In the 
seminars, taking place inside and outside the university, questions about the phenomena 
and the biological effectiveness of the fields, which surround us, are discussed. The 
scientifically correct procedure asks as a preparation for the seminar a voluminous 
collection of material and a compilation of theses with the pros and contras to them, 
The argumentation, which is denoted as textbook physics" and is generally accepted, the 
participant of the seminar can work out himself by means of the available journals and 
books. The potential vortex, which completed the field equations, however makes possible 
‘2 counterstatement, which for most participants at first will be unusual. The old dispute 
between quantum and field physics rekindles. What is missing is a voluminous collection 
‘of material concerning the refined field physics, and this gap the editions belonging to the 
seminars should close. 

In the case of this book the primary concem is to make sure, that all facets, properties and 
physical consequences of the new and unified field physics are addressed. The question, if 
all points can bear a strict verification, remains reserved to the seminar and ‘its 
participants, of whom each should form its own judgement. The series of books should be 
understood ‘as a stimulation, to make own thoughts about the various points. Who has no 
‘opportunity to participate in a seminar, by means of the lecture at least gets an idea of 
what is discussed here and ‘how is struggled for scientific insights. 
The herewith completed collection of material by no means may be compared or confused 
with a basic work about the theory of objectivity. That the editions cannot and want not 
afford at all. They together with the discussions at best form the basis for a scientifically 
basic work, at which Iam working. 


In the case of the collection of material concerning the electromagnetic environmental 
compatibility consisting of three parts, again and again new aspects have emerged, which 
found entrance into the book, at which I was working at that particular time, whereas the 
rough structure has been controlled precisely: part 1 with the chapters 1 to 9 treats the 
basies, part 2 with chapters 10 to 20 the energy technical aspect and part 3 with the 
chaptets. 21 t0 30 the information technical aspect of scalar waves, 
The here presented 3" part stars with the wave equation and the two comprised parts of a 
transverse and a longitudinal wave. The historic dispute between Heinrich Hertz and 
Nikola Tesla with the experimental evidence of the each time used wave part is continued 
over the wave-particle uncertainty compromise up to the dispute about the right field 
description: that of Maxwell or the new dual and at the same time unified description, 
Which builds upon Boscovich and Faraday. The aspects, which seem so irreconcilably 
thereby only are two parts of a single equation, which is much older and can be traced 
back to Laplace: the wave equation. 

Until now no derivations of this equation, which contains both wave parts, are known 
This for the frst time succeeds fom the new and extended field approach in the summary 
from chapter 26. At frst however is attempted to make the world of the scalar waves 


Preface belonging to the seminar, part 3 445, 


plausible with models, calculations and observations. For that are used examples from 
high-frequency engineering, like the ground wave or the near-field area of an antenna, and 
from nature and medicine, which are granted two chapters, The comparison of the nerve 
conduction with Tesla's one wire technology is bringing it to light that scalar waves 
‘equally are used in both cases. In a frequency diagram the insights are entered concisely 
and is shown that considerably more unexplored domains occur than already is known, 
that in most cases not even gauges are available. With the design for building a scalar 
‘wave gauge the scientific verification of until now only empirically won results is 
stimulated, like for instance the results the radiesthesia wants to have determined with the 
help of the sensitivity of man as a biosensor. 


Many relations will be revealed to the reader only, if he has worked through the summary, 
which follows. From Maxwell's field equations only the well-known (transverse) Hertzian 

waves can be derived. (Longitudinal) scalar waves however in the result are zero. This is a 
flaw of normally used field theory, since scalar waves exist for all particle waves, like eg. 
as plasma wave, as photon- or neutrino radiation. Because the field pointer, in the 
direction of which longitudinal waves are propagating, is oscillating, the frequency will 
oscillate like the velocity of propagation, which again is measured as a noise signal. Any 

antenna noise proves the emission of scalar waves in space. But scalar waves, or whatever 
should be subsumed under the by mathematics minted generic term free of any value 
judgement, surely are more than only noise 

Starting from Faraday's discovery - instead of the formulation of the law of induction 
according to Maxwell - an extended field theory is derived, which goes beyond the 

Maxwell theory with the description of potential vortices (noise vortices) and their 
propagation as a scalar wave, but contains the Maxwell theory as.a special case. The new 

field theory with that doesn't collide with the textbook opinion, but extends it in an 
essential point with the discovery and addition of the potential vortices. 

Also the theory of objectivity, which follows from the discovery, is compared in the form. 

‘ofa summary with the subjective and the relativistic point of view and the consequences 

for variable velocity of propagation of the scalar waves, formed from potential vortices, 

are discussed. Like already in part | the unification of the electromagnetic interaction with 

the gravitation succeeds impressively. 


Besides the mathematical calculations this book contains a voluminous material collection 
concerning the information technical use of scalar waves, if eg. the useful signal and the 
usually interfering noise signal change their places, if a separate modulation of frequency 
and wavelength makes a parallel image transmission possible, if it concems questions of 
the environmental compatibility for the sake of humanity (bioresonance, among others) or 
to harm humanity (electrosmog). With that the book again finds back tothe starting point, 
to the open task, which made necessary an excursion through all domains of physics to 
answer i. hope, the long march was worthwhile 


Villingen-Schwenningen december 2002 


446 Preface belonging to the seminar, part 3 


Preface to the 2™ edition of part 3 


In favour of chapter 30 as a complement, an introduction into the ancient broadcasting 
technology of the gods, the 1" edition wasn't printed anymore in the year 2002 as 
originally planned. Instead the individual chapters have been prepublished in different 
places. The chapters 21 to 25 are found among others in the book "scalar wave 
technology", which has been published as an instruction for an experiment to demonstrate 
scalar waves in 2001. Excerpts from it, as also from the chapters 26 to 28 have appeared 
in form of individual essays in different journals. 


‘Again experimental successes had been intervening, which caused a renewed deferring of 
the date of appearance of the 3" part of the series of books. In my laboratory the bi- 
directional transmission of music and of data by scalar wave was successful. We thus also 
can transmit information backwards from a receiver to the transmitter or to a second 
receiver, whereby the receivers work purely passive, thus without own power supply. The 
‘operating energy is as well supplied to them by’ the transmitter by scalar wave. The 
demonstrated technology opens completely new possibilities of a technical application 
Conceivable are telemetry installations where measurement signals have to be transmitted 
from rotating or otherwise inaccessible places of a machine. The energy for the 
measurement electronics can be transmitted wirelessly by scalar waves and the signal can 
be sent back along at the same time, by modulating it onto the energy carrier. In this way 
dozens of measurement stations can be connected wireless with a single central 
‘transmitter, which supplies them all with energy. 


The question was asked: Is the technology really entirely new? The answer is amazing 
No, it here concerns the oldest technology of humanity, which had developed to peak in 
antiquity, to send receive engineering of the gods. For this claim even a mathematical 
proof is available. For that the authoritative transition, the unrolling of a vortex to a wave 
(the transition from the near-field to the farfield) or in the reversed case the rolling up at a 
receiver antenna (usually denoted as standing wave) is calculated with help of the 
extended field theory. The result is, that at this transition the velocities of propagation 
resp. the wavelengths of the transverse and the longitudinal wave stand to each other in 
the ratio of the Golden Proportion. 

With regard to the optimization of a transmitter or receiver antenna the Golden Proportion 
has an effect on the construction resp. the architecture of corresponding buildings . Which 
‘ones, with that deals the complementing chapter 30. But it mustn't be missing either, since 
after all it concems a grandiose practical information technical use of scalar waves, from 
hich we technologically can leam a lot. 


Villingen-Schwenningen march 2003, 


<i>: Note: chapter 30. provides an introduction into ancient broadcasting 
technology of the gods. The working off of history with respect to the use of 
sealar waves is so Voluminous, that for that a book of its own is published 
with the tile 

<ii>: —K. Meyl: Sendetechnik der Gotter, historischer Sciencefictionroman (2003), 
Villingen-Schwenningen, INDEL Verlagsabteilung, ISBN 3-9802 542-5 9 
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21. Derivation of the sealar wave 


WilliamThomson, who called himself Lord Kelvin, after he had been knighted, already in 
his lifetime was’ a recognized and famous theoretical physicist. The airship seemed him 
too unsafe and so he went aboard a steam liner for a journey from England to America in 
the summer of 1897. He was on the way in a delicate mission, 

Eight years before his German colleague Heinrich Hertz had detected the electromagnetic 
‘wave in experiments in Karlsruhe and scientists all over the world had rebuilt his antenna 
aangements. They all not only found confirmed the wave as such, they even could show 
the characteristic properties. 

twas a transverse wave, for which the electric and the magnetic field pointers oscillate 
perpendicular to the direction of propagation. This can be seen as the reason, that the 

velocity of propagation is showing itself field independent and constant. Itis the speed of 

light 


With that Hertz had experimentally proven the properties of this wave, previously 
calculated in a theoretical way by Maxwell, and atthe same time proven the correctness of 
the Maxwellian field theory. The scientists in Europe were just saying to each other: "well 
done!" as completely other words came across from a private research laboratory in New 
York: "Heinrich Hertz is mistaken, it by no means is a transverse wave but a longitudinal 


‘Such a screwball most said and did as if they hadn't heard the criticism at all. But then 
‘one couldn't ignore it completely, because on the one hand claimed the private research 

scientist to have experimental proof and on the other hand it wasn't just anybody, who 
here reported. It was nobody but Nikola Tesla, the Croat experimental physicist who 
emigrated to America 

Him we owe the modern altemating current technology from the high-tension network for 

‘energy transmission over the alternating current transformer to the asynchronous machine. 

With his magnificent inventions he had earned enough money, to be able to afford a 
private laboratory, in which he could research and invent uncensored and free. The key to 

his success was lying in his purposeful, concentrated and efficient working method. 

He was fast! Whereas in Europe still was being discussed about properties and theoretical 
possibilities of application of the wave, Tesla already presented the armed forces a remote 
controlled scaled-down submarine in Madison Square Garden (fig. 21.1 A). To convince 
such a man, who only holds valid what his experiments reveal, from the opposite, should 
bbe a hopeless enterprise. 

Lord Kelvin was aware of that, as he made the decision to go on the journey. He could not 
and did not want to put his head into the ground, as many of his colleagues, because on 
the one hand scientists are curious by principle and on the other hand he travelled as an 
official representative of science. He had been instructed to free, as Mr. Clean, the 
‘undamaged world of sciences from erroneous teachings. But it came completely different. 


448, Lord Kelvin in a delicate mission 


Patent specification concerning the 


controlled submarine.” 


<i: Nikola Tesla; Method of and Apparatus for Controlling Mechanism of Moving 
‘Vessels or Vehicles, US-Pat. 1898, Nr. 613,809. Complete Patents: P. 351 
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21.1 Lord Kelvin in a delicate mission 


The first day of his visit at Tesla Kelvin spoke the admonishing words he had been 
instructed to speak. He recommended Tesla warmly to publicly retract the remarks 
concerning the Hertzian mistake and to contribute himself to the settlement of the dispute 
Seen from a specialist viewpoint they talked at cross-purposes. 

But at night in his hotel room the Lord again thought about the experiments, which had 
bbeen shown to him. The standing wave nature had been visible unambiguously: the 
oscillation nodes, the effect back on the transmitter, the high degree of effectiveness and 
many other things more. Such properties the Hertzian wave indeed doesn't know. Also 
Tesla didn't work with dipole antennas, but with flat coils, with spark gap oscillators and 
with a very unconventional switching technique, set up different in principle. 

The next moming Lord Kelvin appeared in the laboratory again and greeted Tesla with the 
words: "Then you don't use Hertzian waves?" "Certainly not", Tesla answered,” it are 
radiations. By waves no energy could be economically transmitted over a larger distance. 

My system works with true conduction, which theoretically seen can take place over a 

larger distance, without bigger losses occurring. 

In the article of the "Electrical Experimenter" is noted further, that the doubting critic 
Kelvin suddenly tumed into one of the biggest followers". 

Kelvin deduced very fast: according to that there exist two different sorts of wave 
propagation. So Hertz with his transverse wave is just as right, as Tesla with the 
Jongitudinal wave. 

Asa represantative of theoretical physics he however could pull out Tesla a decayed 

tooth. Maxwell had based his field description on an aether concept, which at that time in 

the world of sciences triggered violent discussions. Since Tesla saw such an aether as a 
prerequisite for longitudinal waves, he thought he and not Hertz had proven the Maxwell 

‘wave in experiment for the first time. By stating this the magnificent experimental 
physicist however revealed weaknesses in the area of theory. Maybe he had not read exact 
enough or understood the books of Maxwell, which without doubt were formulated 
‘mathematically only arduously comprehensible inthe original version, 

In this point Tesla had to lean otherwise by Kelvin. Maxwell's field theory provides 
‘without exception a mathematical description for the Hertzian wave. For the Tesla 
radiation however no field description exists! This by the way isthe circumstance, why 

this wave could disappear fiom the textbooks and again fall into. oblivion. 
Tesla himself had problems to theoretically imagine, what happens at his wave. His 
models in some points perhaps were even better than the official textbook opinion, but not 
without contradiction to accepted regularities. That's why Tesla did without a publication 
of his ideas, although he in his lifetime had filed away at an own theory. 


<i>: Nikola Tesla: Famous Scientific Musions, 1 The Singular Misconception of 
the Wireless, Electrical Experimenter, Feb. 1919, printed in Tesla Said, p. 197 


480 Helmholtzian ring-like vortices in the aether 


Figure 21.2 A: 

William Thomson, 1846 
becoming Professor at 
Glasgow University with 
the age of = -22_—_years, 
From 1892. on he was 


called Lord Kelvin,” 


Fig. 21.2 B: Vortex rings from a smoke vortex gun.“ 


<i>: David Ash, Peter Hewitt: Science of the gods, Gateway Books, Bath, 1990, 
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21.2 Helmholtzian ring-like vortices in the aether 


Tesla told Kelvin at his visit from the meeting with the German Professor Hermann von 
Helmholtz on the occasion of the World's Fair in Chicago 1893. Kelvin knew him very 
well and had cooperated with him in the past. Now the vortex concept of his colleague 
and his model of stable vortex rings were very obliging. 

In the case of a standing wave the impulse is passed on from one particle to the next. In 
the case of acoustics for instance we are dealing with a shock wave, where one air 
molecule knocks the next. In this way sound propagates as a longitudinal wave. 
Correspondingly the question is raised: What sort of quanta are the ones, which in the case 
of the Tesla radiation cary the impulse? 


Lord Kelvin was already on the way back to Europe on the steamship and he deduced 
The Tesla experiments prove the existence of longitudinal standing waves in space. In the 
question, what passes on the impulse, Kelvin comes to the conclusion: it are vortices in 
the aether! With that he had found an answer in experience. With his students he built 
boxes, with which he could produce smoke rings, to be able to study and demonstrate in 
experiments the special properties of ring-like vortices in their flow technical analogy (fig. 
21.2"), Bute didn't have ready a suitable field theory. 


The from Germany to the Isles exported vortex physics fora short time could establish in 
England, before it was slaughtered and buried by the German quantum physicists. A main 
advocate has been James Clerk Maxwell, who held the vortex theory forthe best and most 
convincing description of matter”. As his successor at the Cavendish laboratory in 
Cambridge J.J. Thomson was appointed, who already as a young man had gota price for 
a mathematical treatise about vortices". He discovered the electron and imagined it, how 
could it be otherwise, as a field vortex. 


The crucial weakness of vortex physics, the lacking of an usable field theory, was of 
benefit to the emerging quantum physics. This could change fundamentally with the 
discovery of the potential vortex, the vortex of the electric field" 

In addition is the experimental proof of a vortex transmission as a longitudinal wave in air 
or in a vacuum, as it has been furnished by Tesla already 100 years ago, neither with 
Maxwell's theory nor with the today normally used quantum theory explicable or 
compatible, An urgent need is present for a new field theory! 


<i>: David Ash, Peter Hewitt: Science of the gods, Gateway Books, Bath, England 
1990, 
<ii>: James Clerk Maxwell: "..the vortex rings of Helmholtz, which Thomson 
imagines as the true form of the atom, fulfil more conditions than any other 
‘previous concept of the atom,” 
<ili>: J.J. Thomson: "the vortex theory is of much more fundamental nature than 
the usual theory of solid particles." 
<i4>: Konstantin Meyl: Potentialwirbel Band 1 (1990) and Band 2 (1992), INDEL- 
Verlag, Villingen-Schwenningen. 


452 aking apart of the wave equation 
Scalar waves, a mathematical reasoning (I) 
1, prerequisite: wave equation (textbook-formulation) 


AE 


taking apart of the delta operator mathematically (Laplace 
operator) according to the rules of vector analysis (fig. 5.0): 


AE = graddivE - rotrotE 
wave = longitudinal + transverse |@11) 


2. State of the art of technology: Hertzian wave = transverse wave 
special case: = solution of Maxwell's field equations 
no sources: 

1 ee 
|-rotrotE = 3-—5a 
divE = 0 es OT 213) 


and 


transverse wave 
field pointers oscillate crosswise to the direction of propagation 
The propagation occurs with the speed of light c. 


3. claim: Tesla radiation = longitudinal wave 
special case: 
irrotationalit 
aa er 
‘rotE = O land | graddivE = 5:-— (4) 
a ee | 
| 


longitudinal wave, shock wave, standing wave: 
field pointer oscillates in the direction of _ propagation, 
Velocity of propagation is variable! 


Fig. 21.3: The special cases of the wave equation 
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21.3 Taking apart of the wave equation 


Before one plunges into the adventure of an entirely new field theory, it first of all should 
bbe traced and analysed, what the latest textbooks say about scalar waves. 


There some scalar or vector potentials are introduced; there the constant of dielectricity e 
is written down as a complex variable, although it physically seen concems a material 
constant, only to be able to calculate with this trick artificially a loss angle, which should 
indicate the losses occurring in a dielectric, where in reality it concerns vortex losses. Of 

‘course one ean explain the dielectric losses of a capacitor or the heating in a microwave 

oven entirely without vortex physics with such a label fraud, but it should be clear to 
anyone, that in a complex constant lies buried an inner contradiction, which is 
incompatible with physical concepts. 

We are used to such auxiliary descriptions so much, that the majority of today's physicists 

tend to attribute physical reality to this mathematical nonsense. As pragmatists they put 
themselves on the standpoint if with that experimental results can be described, then such 

aan auxiliary description can't be so wrong afterall. Doing so the circumstance is forgotten 

that here the ground of pure science is abandoned and is replaced by creeds 


We find everything already in the wave equation, as it can be found in all textbooks. 


eu) 


Behind this formulation two completely different kinds of waves are hiding, because the 
used delia operator consists of two parts according to the rules of vector analysis: 


waddivE - rotmtE = ak |@12) 
longitudinal / transverse wave 


We want to discuss two special cases. 
If we put the left part (in eq. 21.2) to zero (div E = 0) which is tantamount to no sources of 
the field then the well-known radio wave remains, which also is called Hertzian wave, 
after Heinrich Hertz, as said, had experimentally detected it in Karlsruhe 1888: 


(special case) 13) 


It concerns the transverse wave, described by Maxwell, for which the field pointers 
‘oscillate crosswise to the direction of propagation, The propagation again occurs with the 
speed of light c. So much concerning the state of the art of technology. 

But as we see, in the mathematical formulation of the wave equation is hiding, yes, even 
‘more than only the generally known electromagnetic wave. The no sources approach is a 

neglect, which only is valid under certain prerequisites! 
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Scalar waves, a mathematical reasoning (II) 


3. claim: Tesla radiation = longitudinal wave 


J : 1 ob 
= 5-2 aa 
rotE = 0| and |graddivE = 355 [214 
special ease: 
source field, because div E # 0 
sources charge carriers (plasma waves) 
sources. = vortex structures 
4. approach: (div E #0) is a scalar! © => scalar wave 
=> E-field vector can be derived from a scalar potential g: 
E = ~grad 9 ais) 
and divE = -divgradg = -Ag 216) 
inserted in eq. 21.4: homogeneous scalar wave equation 
80 
i 7 
49 = ange iP? 
5. proof: For the case of an additional space charge density 
pa should be considered: div D  =pa 
and divE =pajfe (218) 
inhomogeneous scalar wave equation = plasma wave! 
3 
| 219) 
Fig. 214: Derivation of the plasma wave 


as an example of a scalar wave 
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21.4 Derivation of the sealar wave equation 


Making neglects by all means is normal and legal in science. But it may not be carried out 
at will and untested. In any case an error consideration is necessary, the result of which 
should be, that the neglect indeed is sufciently small 

In the here presented case of the wave equation I haven't found one single textbook, in 

which this error consideration has been carried out. As a result of this inexcusable 
negligence there is the danger that exaetly the aspect is neglected, which it actually 

concerns. This could lead to catastrophical results, e-g. that the causes for electrosmog, for 
‘numerous EMC-problems, for biological and technical effects aren't seen and understood 
‘anymore, that pure science once more dilapidates to a creed! 


In the case of the wave equation the assumption of no sources describes only one side of 
the medal. The other side, which for the electromagnetic wave occurs as an efror tem, we 
get if we this time put the right part in equation 21.2 to zero 
(rot E = 0). 

In this case a divergence of the field is present, which requires a source field. As sources 
some charge carriers, quanta or at least particle structures, e.g. vortex structures have to 
exist, Their propagation occurs, as we know it from the sound propagation, as shock wave 
in longitudinal manner. The air molecules, the quanta or particle structures thereby 
oscillate inthe direction of propagation, Also the field pointer has a component in this 
direction 


rot E=0 and | grad div E. (special case) ea) 


‘The occurring divergence of the 
wave preferably is called scalar wave, 


Id pointer (div E) is a scalar, for which reason this 


In the special case of a scalar wave (rot E = 0) the E-field vector can be derived from a 
scalar potential 9: 


E=-grado |(21.5) 


On the one hand this term is used in the wave equation 21.4 on the right-hand side without 
forming the gradient on both sides of the equation. On the other hand the divergence of 
the approach 21.5 

divE = -div ard =-A9 216) 
is applied in equation 21.4. The result isthe homogeneous scalar wave equation: 


(21.7) 


456 Derivation of a plasma wave 
Scalar waves, a mathematical reasoning (III) 


Proof: plasma wave = 
inhomogeneous scalar wave equation 


(21.9) 


‘one solution: co? = le + @,* (= Langmuir waves). 


Fig.21.5 A: Derivation of the plasma wave as an 
example of : 
the existence of scalar waves in the wave equation 


2 
fe) 


Hertzian Grounded oscillator 
oscillator with (according to Tesla) 
much energy at with little energy at 
low degree of high degree of 
effectiveness effectiveness 


Fig. 21.5 Nikola Tesla explains the difference 
between his 
radiation and the Hertzian wave." 


<i>: The solution describes dispersion relations of plasma waves; longitudinal 
wave movements + Langmuir oscillations of the electron density. 
<i>: Nikola Tesla: The Problem of Increasing Human Energy, The Century 
Monthly Magazine, June 1900, ISBN 1-882137-00-0, Page i-1S 
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21.5 Derivation of a plasma wave 


Doing without formation of the gradient for the derivation of the homogeneous wave 
equation is tantamount to an integration of the equation, We hence under certain 
conditions must expect the occurring of an integration constant 


‘This is the caso, if in addition a space charge densitypy occurs as source of the field, 
which according to Maxwell equation 4 can be considered as the divergence of a dielectric 
displacement D (fig 21.4): aa 


resp withthe relation of material D = e-E: divE = pule ==A0. (18) 
If we complete this contribution with possible present field sources, then the 
inhomogeneous scalar wave equation result: 


T 
pcs 
ae 2 jen 


ao = 


For these equations solutions have been published“. They have the same form, as the 
well-known dispersion relations of Langmuir waves. That is electron plasma waves, thus 
longitudinal wave movements associated with Langmuir oscillations of the electron 
density. 


With that it has been proven that scalar waves and longitudinally propagating standing 
waves are described by the wave equation and are contained in it. This in any case is valid 
in general just as in the special case of a plasma wave, as mathematically could be 
derived here 


From the example of the derivation of plasma waves from the wave equation 21.1, we see 
that scalar waves by all means are known and their existence isn't casted doubt on at all 
ier all the mathematically won solution is secured by numerous experiments. Why do 
textbooks concerning high-frequency engineering then ignore the scalar wave parts in the 
wave equation? 

ur specialists seem to concentrate so much on their branch, that they are losing the view 
‘on the Big Whole. They practice one-eyed physics, where the plasma physicist keeps one 
eye shut and the radio technician the other eye. What the other one does and researches, 
they don't understand anymore for ages. It is necessary to point them to their common 
root. 


The perhaps most important statement of the wave equation is that every emitted wave 
contains both longitudinal and transverse parts! Both parts in addition occur jointly, so 

that for corresponding boundary conditions it can be expected that one part is, 
transforming into the other part. The HF technician then suddenly measures less field 
strength and comes to the conclusion that his radio wave has been damped or partly 
absorbed. Doing so heat is created, he says, although the wave equation by no means 
contains a corresponding term for the necessary thermodynamic description. He simply 

hast understood the wave equation! 

Absorption means nothing but transverse waves in the case of a disturbance rolling up to 
vortices, to become a scalar wave in this way (fig. 1.4 and 5.3). With that they are evading 
every field strength measurement and what can't be measured doesn't exist in one-eyed 
physics! Therefore can't exist, what shouldn't exist. 


458 Mistakes of the HF technology 


spatial wave 
= Hertzian wave 


Fig. 21.6: Ground waves, which follow the curvature of the 
earth and radio waves reflected at the ionosphere.” 


<i>: Meinke, Gundlach: Hochfrequenztechnik, 4.Aufl. Springer-Verlag Berlin 
1986, Seite R18: .Lang-,  Mittel- and “Kurzwelle breiten sich einerseits 
entlang der Erdoberflache als Bodenwellen, andererseits unter Mitwirkung 
der lonosphare als Raumwellen aus.” 
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21.6 Mistakes of the HF technology 


The devastating judgement of Tesla, Hertz was mistaken, was rash. His claim of having 
detected the Maxwell wave himself, proved to be untenable. With this claim in particular 
Tesla hud the scientific world against him. If one opens encyclopedias or textbooks then 
‘one gets the impression, until the day of today science still hasn't forgiven Tesla, what 
‘once more shows how persistent prejudices are kept. 


Just as little does a verdict of the American Supreme Court justice to the true 
circumstances, with the decision of the highest judges that Tesla and not Marconi is 
entitled the right to be the inventor of the radio. As we see, have both inventors in reality 
used completely other kinds of waves. The available transmitters of 100 years ago we 
‘would from today's viewpoint cal broadband dirt slingers". These spark flying monster 
have blown both parts ofthe wave equation, the transverse as wel as the longitudinal part, 
into the air to ample extent. What distinguished the wave pioneers was their receiver 
technique, was eventually the question, which wave part they have filtered and utilized, 


Marconi worked with dipole antennas, as already Heinrich Hertz. With that both could 
preferably track down and detect the radio wave. So they also should be entitled the right 
to be pioneers of radio technology. The verdict of the highest judges doesn't justice to this, 
circumstance and should rather be judged as a nationalistically coloured political issue. 
Tesla however worked with two spherical electrodes, in which he preferably replaced one 
electrode by the globe, by grounding his devices. In this way he could receive the scalar 
wave parts. But that are not radio waves! Scalar waves have completely other properties, 
‘one even could be inclined to call them opposite properties 


To improve the degree of effectiveness of the transmission stretch one naturally was 
trying to also optimise the transmitting installation with regard to the respectively used 
‘wave part. Tesla optimised the scalar wave part and could record reactions of biological 
beings. His part represents a set of difficulties of the environmental compatibility, which 
should be taken serious. In the beginning the Marconists on the ships, as the radio 
operators were called, suffered from the so-called radio operator disease, which is 
‘unsolved until today. This phenomenon only disappeared after the radio devices on board 
had been optimised in favour of the used radio wave. The reached and measuring 
technically verifiable increase of the degree of effectiveness, primarily obtained by an 
improved antenna adjustment, simultaneously means a reduction of the scalar wave part, 
which endangers health 

But a received signal hides the receiver technician, if it has been on the way as a 
twansverse or as a longitudinal wave. The coupling in one and the same equation leaves 
‘open both possibilities. Every radio amateur knows the so-called ground waves, which 
arrive faster atthe receiver, than the Hertzian waves mirrored at the ionosphere, which 
propagate in a straight line. Allegedly the ground waves follow the curvature of the 
earth", so itis written in expert books. This explanation hurts, since who can see along 
the curvature of the earth with a pair of field glasses. He would see the back of his head! 
No, the explanation the ground waves would run along the earth's surface is pure 
nonsense. The interference and the fading with which the radio amateur is fighting, are a 
result of the differently fast arriving wave parts, and doing so the scalar wave part tunnels 
as a straight line right through the earth (fig. 21.6)! 


460. Coupling of the wave parts 


amplitude 
{mm] 


primary waves 
= longitudinal waves 


secondary waves 
= transverse waves 


Fig. 21.7 A: Longitudinal and transverse earth quake waves. 
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Fig.21.7B: Analysis according to the Richter scale. 
(eg: 40 s duration between S- and P-waves 
for 5 mm amplitude means an earthquake 
of strength 5 in a distance of 220 miles.) 
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21.7 Coupling of the wave parts 


The set of difficulties of ground waves makes clear the coupling of longitudinal and 
transverse waves as two aspects or parts of a wave. As the corresponding equation 21,1 
‘mathematically taken apart into 21.2 dictates, does every transmitter emit both parts 


Exactly this circumstance the owners of allotments have used, which directly near a 
‘wansmitter had illuminated their estate with freely hung up fluorescent lamps. The 
transmitter runners after that wanted to present them the power bill and they could obtain, 
that this kind of illumination technique was prohibited. 

Nowadays anyone may operate a high-frequency technical installation, even if he hasn't 
‘understood at all the wave equation used by that. Actually one should have been grateful 

to the allotment owners, ifthey withdraw the scalar wave radiation, which is incompatible 

with the environment and biologically harmful, with their fluorescent lamps. Taken exact 

it even is the task of the transmitting technician to pay attention to it. that only radio 

‘waves are sent into the air, since only those should be used. The time has come to reverse 

the burden of proof to protect the environment, nature, the consumer and the unasked and 

‘not involved persons, which are irradiated, 


From other areas, for instance from flow dynamics or for body sound is generally known 
that both wave parts exist and in addition occur jointly. In the case of a propagation 
through the earth, like for an earthquake, both parts are received and utilized. Because 

their propagation is differently fast, the faster oscillations arrive first and that are the 
longitudinal ones. From the time delay with which the transverse waves arrive at the 
‘measurement station, the distance tothe epicentre of the quake is determined by means of 

the different velocity of propagation. For geophysicists this tool is part of everyday 
knowledge (fig 21.7). 

Only who keeps one eye shut, could mean that the electromagnetic wave is purely 
transverse and sound purely longitudinal. It is true that a transverse sound wave doesn't 
‘get too far in air, for which reason sound as a rule is considered as a purely longitudinal 
wave by neglecting this part, but such a neglect may not be carried out in general, it must 
be checked if it is legitimate from case to case and an error consideration should be 

carried out 


Further examples for the coupling of the wave parts are furnished by the latest tunnel 
experiments. Here so-called pure transverse waves are sent into a tunnel, through which 
they don't fit through at all. The Maxwell-theory then dictates that behind the tunnel no 

signal should be measurable 
Buta signal is being measured, which in the tunnel in addition was faster than allowed. 


In conferences again is being discussed about the wave equation. The imagination of the 
specialists reaches from phase velocities of an electromagnetic wave, which isn't present 
at all up to instantaneous tunnelling, during which the clocks should stop’. 

The wave equation however supplies the only possible answer: The tunnel filters out the 
scalar wave parts and lets pass from them only those, which are sufficiently small and 
correspondingly fast! 


<i>: see Part 1, Chapter 6.14 


462 Set of difficulties of the near-field 
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Fig. 21.8 A: The fields of the oscillating dipole antenna 


Fig. 21.8 B: The planar electromagnetic wave in the proximity 


<i>: Zinke, Brunswig: Lehrbuch der Hochirequenztechnik, 1. Bd. 3. Aufl. 
Springer-Verlag Berlin 1986, Seite 335 


<ii>: dpamessage in the Sudkurier of 25.11.2000; Gefahr furs Herz" 
(Translated:) Patients with a cardiac pacemaker produced’ in the Netherlands 
have been warned by the producer of the device (Vitatron) to be careful when 
passing anti-theft installations in stores. For devices, which were implanted 
between 1992 and 1998, there is the danger of the implant failing 
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21.8 Set of difficulties of the near-field 


In high-frequency technology is distinguished between the near-field and the far-field 
Both have fundamentally other properties 

Heinrich Hertz did experiment in the short wave range at wavelengths of some meters. 
From today's viewpoint his work would rather be assigned the far-field. As a professor in 
Karlsruhe he had shown that his, the electromagnetic, wave propagates like a light wave 
and can be refracted and reflected in the same way. It is a wansverse wave for which the 
field pointers of the electric and the magnetic field oscillate perpendicular to each other 
and both again perpendicular tothe direction of propagation. It hence would be obvious, if 
in the case of the Hertzian wave it would concetn the far-field. Besides the propagation 
‘with the speed of light also is characteristic that there occurs no phase shift between E- 
field and H-field. 


In the proximity it looks completely different. The proximity concerns distances to the 
‘transmitter of less than the wavelength divided by 2*pi. Nikola Tesla has broadcasted in the 
range of long waves, around 100 Kilohertz, in which case the wavelength already is 
several metres. For the experiments concerning the resonance of the earth he has 
‘operated his transmitter in Colorado Springs at frequencies down to 6 Hertz. Doing so the 
whole earth moves into the proximity of his transmitter. We probably have to proceed 
from assumption that the Tesla radiation primarily concerns the proximity, which also is 
called the radiant range of the transmitting antenna. 

For the approach of vortical and closed-loop field structures derivations for the near-field 
are known”. Doing so it must be emphasized that the structures don't follow from the 
field equations according to Maxwell, but the calculations are based on assumed rotation, 
symmetrical structures. The Maxwell theory by no means is capable of such a structure 
shaping by principle. The calculation provides as an important result" that in the 
proximity of the emitting antenna a phase shift exists between the pointers of the E- and 
the H-field. The antenna current and the H-field coupled with it lag the E-field of the 
oscillating dipole charges for 90° (fig. 21.8). These charges form a longitudinal standing 
‘wave the antenna rod or antenna dipole. For this reason also the fields produced by 
high-frequency currents at frst have the properties of a longitudinal wave in the proximity 
of the antenna. 


TThe near-field already is used in practice in anti-theft devices, as they are installed in the 
entrance area of stores. The customer walks through the scalar wave transmitters. If the 
coupling coil has not been removed at the eash point, then a signal from the alarm system 
sounds. The coils work purely passive, i.. they are supplied with electric enerey per 
scalar wave and stimulated ‘to oscillate for their part. Then the effect back on the 
tansmitter is being utilized. Even if the principle is functioning, people still should be 
‘warned not to use a technology, which has not been understood completely. Then not, 
explained catastrophes are inevitable 


i>! Zinke, Brunswig: Lehrbuch der Hochfiequenztechni 
pringer- Verlag Berlin 1986, Seite 335 

<ii>: dpa-message in the Sudkurier of 25.11.2000: ,,Gefahr furs Herz". (quoted at 
the left, fig. 21.8) 
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Fig. 21.9 A: The coming off of the electric field lines from a 
dipole 

The forming vortex structures found a longitudinal 
electric wave carrying impulse! 


electromagnetic wave (transverse) 


Fig. 21.9 B: The planar electromagnetic wave in the far zone 
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21.9 Transition to the far-field 


Insufficient distance to the wansmitting antenna as far-field the transverse 
electromagnetic wave results (fig. 21.9 B). It is distinguished by not occurring a phase 

shift between E- and H-field anymore. Every change of the electric alternating field is 
followed immediately and at the same time by a change of the magnetic alternating field 

and vice versa. 

In the proximity however the phase shift amounts to 90°. Somewhere and somehow 
between the causing antenna current and the far-field a conversion from a longitudinal 
ito a transverse wave occurs. How should one imagine the transition? 


In the books the coming off of a wave from a dipole is represented according to fig. 
21.9 A. The fields come off the antenna, the explanation reads. If we consider the 
Structure of the fields coming off then we see field vortices, which run around a point, 
which we can call the vortex centre. Such field structures naturally are capable of forming 
standing waves and to carry an impulse. The scalar wave field in general and the near= 
field in special we only will understand with suitable vortex physics and with a field 
theory extended for corresponding vortices we also will be able to calculate it. Postulates 
‘cannot replace field physics! 


Be that as it may, the vortex, after having left the antenna, for bigger getting distance at 
some time seems to unroll to propagate further as an electromagnetic wave. There takes 
place a transition from longitudinal to transverse, or spoken figuratively, from vortex to 

wave. How complete this conversion takes place, how big the respective wave parts are 
afterwards, on the one hand depends on the structure and the dimensions of the antenna, 
Information is given by the measurable degree of effectiveness of the antenna. 

The vortex structures on the other hand are the stabler, the smaller and faster they are. If 
they are as fast as the light or even faster, then they become stable elementary particles, 
for instance neutrinos. Slower vortex structures however are predominantly instable. They 
preferably unwind to waves, Vortex and wave prove to be two possible and under certain 
conditions even stable field configurations. 


Let's emphasize: A Hertzian dipole doesn't emit Hertzian waves! An antenna as near-field 
‘without exception emits vortices, which only at the transition to the far-field unwind to 
electromagnetic waves. A Hertzian wave just as little can be received with a dipole 
antenna! At the receiver the conditions are reversed. Here the wave is rolling up to a 
vortex, which usually is called and conceived as a ,standing wave". Only this field vortex 
‘causes an antenna current in the rod, which the receiver afterwards amplifies and utilizes 
The mostly unknown or not understood near-field properties prove to be the key to the 
understanding of the wave equation and of the method of functioning of transmitting and 
receiving antenna, The question is asked, how one should imagine the rolling up of waves, 
to vortices and vice versa the unrolling? How could an useful vortex mode) look like? 
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Circularly polarized wave (transverse) 


Fig.21.10A: —Left-circular polarized wave 
(as explanation for the transition to a vortex and 
to a scalar wave) 


electric wave (longitudinal) 


Fig, 21.10 B: Magnetic ring-vortices form an electric scalar wave. 


vortex and wave 
electromagnetic wave 


two stable field configurations 
ansverse Wave propagating in a straight 
line 
~~ Fing-like vortex. = transverse wave running in circles 
vortex velocity = speed of lighte = 
change of structure = if the field is disturbed without expense 
of energy 
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22.10 Scalar wave model 


The light, as electromagnetic wave, in the presence ofa heavy mass or of strong fields is 
bent towards the field source (fig. 6.10). The wave normally propagating in a straight line 

thus can be diverted. The squate of the speed of light further is inversely proportional to 

the permeability and dielectricity, short, in presence of matter itis mote or less strongly 

slowed down, If this slowing down of the wave occurs one-sidedly, then a bending of the 

path can be expected as well. At the end of the antenna a reflection and a going back of 

the wave can occur, which at the other end again hits itself. Now the wave has found a 
closed-loop structure, which can be called vortex. The figures 21.10 B and 21.11 A show 

the two possible structures, 

In echnical books this vortex with the properties ofa standing wave" is explained gisly. 
Near-field and standing wave are two examples, how the textbooks succeed in describing 
mathematically right a small part of the scalar wave properties, without having to have a 

‘good look at vortex physics. With such auxiliary descriptions however the end is reached 

fast, if for instance it concerns understanding a pure scalar wave transmission according to 

Nikola Tesla (fig. 19.11) and the special properties of this wave type. With the vortex 
‘concept of an extended field physics new horizons are opening. 

If we direct our look again to the sketches (fig. 21.10 B and 21.11 A). In both eases 
electromagnetic waves are represented which propagate with the speed of light, only that 

the wave doesn't go forward in a straight line but instead runs around in circles. It also 
furthermore is transverse, because the field pointers ofthe E-field and the H-field oscillate 
perpendicular to c. By means of the orbit the speed of light c now has become the vortex 
velocity. Wave and vortex turn out to be two possible and stable field configurations. 

For the transition from one into the other no energy is used; it only is a question of 
structure, The vortex structure thus stabilizes itself by means of the field dependency of 

the speed of light. 

By the circumstance that the vortex direction of the ring-like vortex is determined and the 
field pointers further are standing perpendicular to it, as well as perpendicular to each 
‘other, there result two theoretical formation forms for the scalar wave, In the first case 
(fig 21.10 B) the vector of the H-field points into the direction of the vortex centre and 
that of the E-field axially to the outside. The vortex however will propagate in this 
direction in space and appear as a scalar wave, so that the propagation of the wave takes 
place in the direction of the clectric field. 1 call this an clectric wave. 
In the second case the field vectors exchange their place. The direction of propagation this 
time coincides with the oscillating magnetic field pointer (fig. 21.11 A), for which reason 
[speak of a magnetic wave. 

The vortex picture of the rolled up wave already fits very well, because the propagation of 

a wave direction ofits field pointer characterizes a longitudinal wave, because all 

measurement results are perfectly covered by the vortex model. It even is clear that no 

‘energy has to be spended for the conversion, since merely the structure has changed. If it 
becomes a vortex the wave just doesn't run in a straight line anymore but in circles, t0 

either wrap around the magnetic field vector (fig. 21.10 B). or the electric field vector (fg. 

21.11 A), 
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magnetic wave (longitudinal) 


Fig.21.11 A: The magnetic scalar wave 


H-field lines 


E-field lines 


Figure 21.11 B: Wave propagation in a coaxial cable, 
(Example for waveguide, horn’ radiator, etc.) 
Cross-section of coaxial conductor and field 
distribution in the direction of propagation 


<i HH, Armbruster, G. Grunberger: Elektromagnetische Wellen im 
Hochfrequenz- 
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21.11 Double-frequent oscillation of size 


Because a longitudinal wave propagates in the direction of the field, the field pointer also 
‘will oscillate with the velocity of propagation v. This hence isn't constant at all, it can 
significantly differ from that of the light and can take arbitrary values. According 10 the 
theory of objectivity the field oscillating with it determines its momentary size: 


EH~1 2110, 


The velocity of propagation v of the scalar wave thus oscillates double-frequently and 
vith opposite phase tothe coresponding field. detailed description would mean, ifthe 
field strives fr its maximum value, the velocity v of the wave reaches its smallest value. 
Inthe field minimum the scalar wave vice versa accelerates to its maximum value. For 
longitudinal waves therefore only an averaged velocity of propagation is given and 
‘measured, as this for instance is usual forthe sound wave, and this can Vary very trong as 
is wellknown (body sound compared t air sound, et) 

The two dual field vectors of E and H, the one in te direction of propagation and the one 
standing perpendicular to it, occur jointly. Both oscillate with the same frequency and 
both form the ring-like vortex in the respective direction. As a result the ring-like vortex 
also oscillates in its diameter double-frequently and with opposite phase to the 
corresponding field (fig. 21.10 Band 21.11 A). 

This eircumstance owes the ring-like vortex its property, to tunnel. No Faraday cage is 
able to stop it, as could be demonstrated in experiments". Only therefore the ground 
‘wave nuns through the earth and not along the curvature of the earth, A further example is 
the coaxial cable (fig. 21.11 B). Also this acts as a long tunnel and soit isn't further 
astonishing, thatthe electric field lines have the same orientation, as for a magnetic scalar 
wave. Asa practical consequence inthis place there should be warmed of open cable ends, 
‘wave guides or hom radiators wit regard to uncontrolled emitted scalar waves! 


At present in the press is being discussed, if the cable network runners for some channels 
the mission to operate again should be withdrawn, because the airline radio traffic is 

being disturbed. The original opening for cable frequencies, which actually are reserved 

for the airline radio traffic, based on the erroneous assumption, that conflicts are 
‘unthinkable, But then the planes were disturbed in their communication, As the cause TV- 

cables made out, which hadn't been closed according to the rules with a resistor as it 

by all means can occur on building sites and during renovation works. 
On the other hand is being argued with the small current, which flows through the coaxial 
cable, and the large distance to the planes also is cited. According to that it actually can't 
concem Hertzian waves. It presumably are scalar waves, which escape from the open 
cable ends and which are collected by a receiver in the plane. It indeed is very little field 
energy, but because it again is being collected and bundled, the scalar wave is able to 
exceed the part of the radio wave by far just at large distances and to cause problems. 
For such examples from practice the scalar wave theory i fully taking effec. 


<i>: Adolf und Inge Schneider im Interview mit Prof. Dr-Ing, Konstantin Meyl 
Durchbruch in der Freien-Energie-Forschung, NET-Journal 12/1999, S. 7.9. 
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1. H. Hertz: electromagnetic wave (transverse) 


H-ficid 


2. Nikola Tesla: electric wave (longitudinal) 


3. I) 


Fig. 21.12: The three basic types according to the wave 
equation 
(21.1), (electric, magnetic and electromagnetic wave). 
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21.12 Bleetric and magnetic salar wave 


Let us record: For the wave propagation there thus are three possible and stable states (fig. 
21.12): the transverse electromagnetic wave according to Heinrich Hertz (fig. 1), the 
longitudinal electric wave according to Nikola Tesla (fig. 2), and a longitudinal magnetic 
wave (fig. 3), which isn't connected yet with a name of a discoverer. The last one is a pure 
product of my theoretical derivation. The question is asked, which practical meaning the 
‘magnetic wave could have. 

It is formed by individual electric field vortices, which I have discovered and called 
potential vortices 1990. 1 proceed from the assumption that the youngest of the three 
waves will play the by far biggest role in the future, because its properties are 
unattainable, both with regard to the energy technical and to the information technical use. 
‘One example for each should suppor this thesis. 


The experiments conceming the electric wave according to Nikola Tesla, where is being 
worked with electrically charged spheres, don't show a particularly high power. Magnetic 
converters, so the experiences of my laboratory activities, are superior to an electrostatic 
converter as a collector for free energy by far. That even can be expected, because a 
‘magnetic engine is much smaller than an electrostatic engine of the same power as is well- 


‘At a congress of medicines was given a talk on the basic regulation of the cells, on the 
communication of the cells with each other. Professor Heine in his decades of research 
‘work has found out that the cells for the purpose of communication build up channels for 
instance in the connective tissue, which after having conducted the information again 
collapse. Interestingly the channels have a hyperboloid structure, for which no conclusive 
explanation exists 

The structure of the data channels however is identical with the one of a magnetic scalar 
wave, as shown in fig. 3. Through a channel formed such, which functions like a tunnel or 
1 dissimilarly formed waveguide, only one very particular scalar wave can run through. 
Waves with different frequencies or wavelengths don't fit through the hyperboloid formed 
tunnel at all in the first place. Through that the information transmission obtains an 
extremely high degree of safety for interference. 

To the biologist here a completely new view at the function of a cell and the basic 
regulation of the whole organism is opening. The information tunnel temporarily forms 
‘more or less a vacuum, through which only potential vortices can be conducted, and that 
‘without any losses - simply perfect! From this example is becoming clear that nature is 
‘working with scalar waves namely with magnetic waves. 


‘One other point should be recorded: The mentioned tunnel experiments, in which speed 
faster than light is being measured with most different devices, impressively confirm the 

presence of scalar waves. But if scalar waves exist which are faster than light and other 

‘ones, which are slower, then it almost is obvious that also such ones will exist, which 

propagate exactly with the speed of light. These then will have all the properties of the 

light and won't differ from the corresponding electromagnetic wave in the observable 

result. AS scalar wave it however is formed by vortex configurations, which 
‘unambiguously have particle nature. Nothing would be more obvious than to equate these 

{quantum structures withthe photons. 


a2 


Wave-particle compromise 


Question: — Is the light 


Seen strictly causal, 
i.e. physically in the 
period between 
1600 and 1900: 


Turning away from 
classical physics: 
(removing of the 
principle of 

cause and effect) 


wave or particle? 


Descartes 


(2596-1650) 
Huygens 
(1629-1695) 
Newton 
(0643-1726 
Young 
r73-1629) 
Frauenhofer 
(0787-1826) 
Fresnel 
(1788-1827) 
Maxwell Planck 
(4891-1879) (0958.1947 
Hertz Einstein 
(0as7-1894) (1879-1985) 


Heisenberg 
(1899-1975) 


de Broglie 

1n891-1983) 

Dirac (QED) 

(1902-1984) 
Fig. 22.1: The view of some physicists concerning the 
nature of 
the light as wave or as particle. 
According to the wave equation the light 


is a mixture of wave and photon radiation! 
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22 Properties of scalar waves 


For the light quanta hypothesis the Nobel Prize for physics was awarded 1921. But it only 
‘was a hypothesis, an idee fixe, which was honoured here. It is quite odd, if such an 
important prize is awarded to a research sciemtist, who hasn't got the slightest idea what 
light quanta are anyway, of what they consist and how they are built up. 
‘Albert Einstein cleverly used the embarrassing situation, by in his celebration speech on 
the occasion of the awarding of the Nobel Prize giving a talk on the theory of relativity 
‘After the speech a member of the committee found it necessary, to point to it, that this 
‘wasn't object of the awarding of the prize and that the theory of relativity concems a pure 
theory, which cant be proven by principle. A theory hence neither could be awarded the 
Nobel Prize. 

Such words on the occasion of awarding a prize for a daredevil hypothesis give the whole 
event really grotesque characteristics. But it came still worse. 


22.1 Wave-particle compromise 


Physicists of name and rank had come together. It concemed the question if the light is 
‘wave, or particle or even both at the same time? For both variants experimental proof was 
present, the discussion became inflamed and the things boiled over. Finally they were as 
sinart as before, as Wemer Heisenberg presented his ideas concerning the uncertainty 
principle. This compromise, on which one eventually came to an agreement, with good 
‘cause may be called the worst in the history of physics. It dictates me, what I shell see and 
how exact I may look. With it the contradiction should be overcome that the light contrary 
to every causality should be wave and particle atthe same time. 


Such fixings not only have a funny, but also a tragic side. Since it were authorities, which 
hhave approved the compromise and the whole community of science has confidence in the 
statements of its authorities, which immediately and unfiltered is entered in all textbooks. 
‘At the meeting it simply and solely concemed the wave equation and only that could have 
supplied the correct and only possible answer: It falls apart into two parts and this 
explains, why the light one time appears as an electromagnetic wave and the next time as a 
vortex particle, which is called photon. The conversion can take place at any time 
spontaneously and without putting on energy, so that depending on the used measuring 
technique the particle appears as wave of as particle, but of course never as both at the 
same time! 


Looking back one can say that the funny thing about the situation was that all discussed 
about the wave and its properties known at that time, that all should know the wave 
equation. An equation as is well-known says more than a thousand words and one look 
would have sufficed entirely, to answer the controversial question once and for all. It 
ould have saved us alot 


a4 Concerning the measurement of light 


eniciemsnnte 


first slit refractive slit detector sample picture 


Fig. 22.2 A: Light forms interference patterns at the slit 
(light stripes are formed, where the waves oscillate in 
phase, dark stripes, where they oscillate out of phase). 


electrons electroscope 


monochromatic light 


Fig. 22.2 B: The photo-electric effect 


<i>: Atome als Energiewellen. Physiker wandelten einen Strom von Natrium 
‘atomen in Wellen um. III, Wissenschaft 7/1996, Seite 56 +57 
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22.2 Concerning the measurement of light 


The uncertainty principle with the interpretation of Heisenberg, the light is wave and 
particle at the same time, is incompatible with the wave equation. Heisenberg puts an 
equal sign, where in the wave equation in reality is present an addition of both wave 
parts. Fortunately in mathematics there is no need of speculating, there a derivation is 
right or wrong. Nothing is changed to that even if all physicists of the world should go in 
the wrong direction following the prevailing opinion. The wave equation exert an 
influence on the interpretation of the light experiments, on the one hand the ones 
conceming the interference and reftaction of the light, where electromagnetic waves are 
becoming visible (fig. 22.2 A) and on the other hand the photo-clectic effect, as proof of 
light quanta (fig. 22.2 B), 


Already the wave theory of Huygens requires interference patterns of light rays, as they 
for instance are observed behind a slit, and demonstrates with that the wave nature. If on 
that occasion the particle nature is lost, if thus the photons present before the slit can't be 
tected behind the slit anymore, then plain and simple the measuring method, thus the slit 
is to blame for that. The vortices have unrolled themselves at the slit to waves, 
Corresponding experiments also have been carried out with matter. At the Massachusetts 
Institute of Technology whole sodium atoms were converted into waves. At the detector 
pure interference pattems were observed, which go as evidence for the successful 
dematerialization"”. But the vortex physicist they show still more: they reveal, that atoms 
merely are waves rolled up to spherical vortices, which at any time and spontaneously can 
‘again unroll to waves ata lattice (chapter 5 and 7). 

The common interpretation, the wave nature detectable behind a slit must have been 
present in the same form already before the slit, is untenable and in the end wrong, as 
‘makes clear the experiment with the sodium atoms. 


‘The photo-clectric effect, which on the other hand shows the quantum nature of the light, 
has been discovered by Heinrich Hertz, further investigated by Lenard and finally 
rendered more precisely by Millikan 1916 (fig. 22.2 B). It bases on the circumstance that 
light of higher frequency, thus blue light, has more energy than red light of lower 
frequency. But if electrons are knocked out a metal plate by light, then that occurs, by the 
‘waves rolling up to vortices. Now indeed photons are at work, which are detected with an 
<lectroscope indirectly. 

In the same way photon ray ina bubble chamber can be photographed. But also here the 
measuring method is responsible for what is being observed, 


A good example is the human eye, the rods and cones of which merely can pick up 
potential vortices and pass them on to the nerves as so-called reaction potentials. Incident 
waves can only be detected, if they first have rolled up to vortices in the corpus vitreum of 
the eye. For us seeing, it doesn't play a role of how many percent vortices and waves the 
light is consisting. 

Behind a sheet of glass for instance a larger vortex part can be expected and still the light 
has the same brightness as without sheet; the sheet of glass is perceived as transparent. We 
nevertheless must assume that light with a large wave part has another quality, than such 
light behind glass or artificial light with a large part of photons. 


476 


wave equation: 


Comparison of the parts of Tesla and Hertz 


AE = grad divE — rotrotE = 


i 
ct: Sia 


Nikola Tesla: Heinrich Hertz: 

¢ scalar wave electromagnetic 
(electric or ‘wave = | 
magnetic) = | 


¢ longitudinal wave 


transverse wave 


form (each time 


for velocity of 


{each time for. 


propagation v): 


frequency): 


© (v>c): neutrino 
radiation, 
morphogenetic 
fields,... 


* (v=c): photons, 


* (v<c): plasma wave 
thermal vortices, 
biophotons, 
earth radiation,... 


* (v=0): noise,... 


| 
par | 
| 


* cosmic radiation 

« X-rays, | 
e UV radiation, 

* light, 

¢ infra-red radiation, 

* microwaves, } 
« radio waves, 

¢ VLF, ULF.,... 


Fig. 22.3: The two parts of the wave equation 
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22.3 Comparison of the parts of Tesla and Hertz 


Light as a rule always is formed as photon radiation, even on the sun, If in the end only 
‘waves arrive on earth, then the vortices sometime on the way 0 us must have unrolled t0 
waves. Photon radiation after all is a scalar wave radiation, which generally is 
predominant in the near-field of the source of radiation. There is no reason, why the light 
should act in another way than the wave radiated by a radio transmitter, which as well 
forms vortices in the near-field area, as we already have discussed. For different 
interpretations of wave properties of one and the same physical phenomenon there is no 
place ina unified theory. 


If we stay at the comparison then it is not an individual case that an experimental setup is 
responsible for what is being measured and observed. A parallel case to the experiments 
conceming the nature of the light is the one conceming the wave propagation, Hertz has 
received and utilized the transverse part and Tesla the longitudinal part and either one 
claimed, only he is right. There doesn’ t exist an other equation, which has been and is 
‘being ignored and misunderstood so thoroughly, as the wave equation, 


Fig. 22.3 shows in a survey the two parts of the wave equation in the assignment to the 
terms and forms: Right hand side the electromagnetic wave according to Heinrich Hertz 
and left hand side the scalar wave according to Nikola Tesla. The terms, like on the one 
hand transverse wave and on the other hand longitudinal wave relate to the kind of wave 
propagation, 


If the field pointers oscillate crossways to the direction of propagation, then as a 
consequence the velocity of propagation is decoupled from the oscillating’ fields. The 
result in all cases is the speed of light, and that in our observation is constant 
It is usual to make a list for increasing frequency, starting at the longest waves (ELF and 
VLF) over the radio waves (LW, MW, SW, UHF), the TV channels (VHF, UHE), the 
mierowaves, the infra-red radiation, the light, the X-rays up to the cosmic radiation 

It really is interesting that it concems one and the same phenomenon despite the different 
forms! As long as Maxwell only had published a theory for the light, in the world of 
science 24 years long at first nothing at all happened. Only Heinrich Hertz with his short 
wave experiments opened the eyes. Now all suddenly started at the same time to research 
into various phenomena on the frequency scale, from Madame Curie over Konrad 
Rontgen up to Nikola Tesla, who primarily researched the area of long waves. 

With regard to the scalar waves until now a corresponding booster detonation has failed to 
appear. The immense area is new ground scientifically, which is awaiting to be explored 
systematically. 1 try to make a contribution with my’ historic rebuild of a scalar wave 
transmission line according to the plans of Tesla". 


<i=: Im Gesprach mit dem Fernsehmoderator und Buchautor Johannes von 
Buttlar weise ich auf die Chancen und technischen Moglichkeiten hin: 
Johannes vonButtlar im Gesprach mit Prof. Dr. Konstantin Meyl 
Neutrinopower, Argo-Verlag Marktoberdorf, 1. Aufl. (2000), 
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electromagnetic rolling up 
wave vortex 


Fig. 22.4: _ The wave rolling up to a vortex. 
wavelength of the wave: di = c/fi 
wavelength of the vortex: An (n = 1,2,3,4,5) < &i 
f>f>h>f>fi ds< Mac das hax M 
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22.4 Noise, a 


scalar wave phenomenon, 


Longitudinal waves can take arbitrary velocities between zero and infinity, because they 
propagate in the direction of an oscillating field pointer and as a consequence of that their 
‘velocity of propagation oscillates as well and by no means is constant. It does make sense 

to llist the forms of scalar waves according to their respective velocity of propagation (fig. 
23, left column). 

If we start with a localized vortex, a wave rolling up, which further is contracting. Doing 
so the wavelength gets smaller and smaller, whereas the frequency increases. An evenly 
fiequency mixture distributed over a broad frequency band is observed. This phenomenon 
is called noise (fig. 1.4). But besides the localized noise, noise vortices can also be on the 
way with a certain velocity as a scalar wave, e.g. for the radio noise. In this case they 
show the typical properties ofa standing wave with nodes and antinodes. 


‘Also the earth radiation is said to have standing wave nature, which can be interpreted as 
slowed down neutrino radiation. If it is slowed down on the way through the earth, then 
the neutrino properties are changing, as this was measured in the Kamiokande detector in 
Japan recently. Unfortunately the proof occurs only indirect, because there still don't exist 
‘measuring devices for scalar waves. We'll talk about this problem area later and are 
content with the clue that already within living memory the standing wave property has 
‘been used to find water and deposits of ores and still is used today (fig. 22.4), 


If we continue our considerations conceming the forms of scalar waves, as they are listed 
in fig. 22.3. The scalar waves, which are slower on the way than the light, are joined by 

the plasma waves. This is confirmed by measurements and calculations, 

For thermal vortices, as they have been investigated by Max Planck and for biophotons, as 

they can be detected in living cells by colleague Popp, the velocity of propagation 
however is unknown, It was not and still is not measured at all, now more than ever, The 

research scientists have confidence in the assumption that all waves go with the speed of 

light, but that isa big mistake. 

For all wave kinds there at least exists also one vortex variant, for radio waves for instance 

it is the radio noise, which propagates with a velocity different frome, The velocity is the 
product of frequency and wavelength: 


From the three variables v, f and % at least two must be measured, if one has a suspicion 
that it could concern scalar waves, At this place most errors are made in the laboratories, 
Countless experiments concerning the biological compatibility, concerning medical 
therapy methods and similar experiments must be repeated, because as a rule only the 
frequency is being measured and it has been omitted to at least check the wavelength or 
the velocity of the wave. Countless research scientists must put up with this accusation, 
Much too blind the seiemists, who now again may start from the very beginning with their 
work, have had confidence in the predominance of the speed of light. 


490 Neutrino radiation 


voc 


hard neutrino radiation 
(small ring-like vortex) 


weak neutrino radiation 
(large ring-like vortex) 


photon radiation (light = 
individual ring-like vortex or 
as an oscillating pair). 


vse 
| Pith 

noise, 
earth radiation 
(vortex balls, 
consisting of 
a multitude of 
ring-like vortices). 


Fig. 22.5: The ring-like vortex model of scalar waves. 
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22.5 Neutrino radiation 


The neutrino physicists make the same error. They proceed from the assumption that their 
particles are on the way with a speed somewhat less than the speed of light e. This 
contradicts the observation according to which black holes should represent strong sources 
Of neutrinos, which are black only for the reason that no particle radiation is able to escape 
them, which is on the way with ¢ or even slower. If a black hole does hurl neutrino 
radiation into space, than that must be considerably faster than c, as normal neutrino 
‘physicists still by no means can imagine it today. 

But the neutrino radiation only can be detected after it has been slowed down to a value, 
which is smaller than c. If the slowing down occurs slightly asymmetrical, then as a 
consequence a mean of the mass different from zero appears. The ,.measurement” of such 
a rest mass, as it at present is propagated and celebrated, is a classical measurement error! 
‘AS long as @ neutrino on the way to us still is faster than the light, the mean of its mass is 
generally zero. The effective value of the mass of a neutrino is however considerable. 
Only it is able to give account for the sought-for dark matter, as far as it must exist in the 
today supposed form anyway. 


The Tesla radiation, that the discoverer Nikola Tesla already in own experiments had 
found out, is faster than light (chapter 9.7 and 17.2). Since this Tesla radiation according 
to the description is identical with the neutrino radiation, since it so to say forms a subset, 
T will call neutrino radiation all the scalar waves, which are faster than the light. This 
stretches from the weak radiation at low frequencies up to the hard neutrino radiation of 
cosmic origin, But the hardness of the radiation does not only increase with the frequency, 
itin particular increases with the velocity. 


The neutrino radiation first of all is carrying energy. On top of this basic wave radiation in 
addition information can be modulated, Doing so extremely complex modulation variants 
are offering. Of this kind we must imagine thoughts, as being complex. modulated vortices, 
which can propagate as scalar wave in space. Rupert Sheldrake calls this vortex field a 
morphogenetic field. At this place merely is pointed at his very interesting research 
resuls™. 

‘Thoughts can be standing in space, in the form of localized noise, but they also can move 
with speeds faster than light. According to that a communication with intelligent beings 
from other star systems by all means wouldn't be an Utopia anymore. 


Every fast neutrino forms an individual ring-like vortex (fig. 7.12). The slower the scalar 
wave is, the more dependent the vortices become. The photon already can consist of two 
ring-like vortices (fig. 46), whereas plasma waves and other slow scalar waves can form 
from a multitude of individual vortices, which are rotating around each other, to form 
vortex balls and vortex streets (chapter 49 - 4.11). From this circumstance already results 
very different scalar wave behaviour in the different areas of the velocity of propagation 
This tend for small velocities can as well be observed towards lower frequencies. For a 
certain wavelength the frequency after all (according to eq. 22.1) is proportional to the 
velocity of propagation 


<i>: R, Sheldrake: Seven experiments that could change the world, New York: 
Riverhead 1995 
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22.6 Parallel instead of serial image transmission 


We continue with our considerations conceming the special properties of scalar waves, 
represented in the left column, and compare these with the well-known behaviour of 
electromagnetic waves in the right column (fig. 22.3 is now followed by fig. 22.6). If we 
‘again take up the possibilities for modulation and the transmission of information, then it 
becomes very clear fom the comparison that we today work with a technology, which we 
it is true master more or less, but which is everything else but” optimum, 
For the Hertzian wave the velocity of propagation is constant. With the frequency 
therefore at the same time also the wavelength is being modulated. But that strongly limits 
the information transmission. An image for instance must be transmitted serially point 
after point and line after line. The serial image transmission takes place very slowly, for 
which reason the velocity of the PCs permanently must be increased, so that the amount of 
data can be managed. 

With the clock frequency on the other hand also the losses increase, so that in the end the 
CPU-cooler limits the efficiency of modem PCs. Something our engineers obviously do 
\wrong, as a comparison with the human brain clarifies. Our brain works without a fan. For 
it a clock frequency of 10 Hertz is sufficient. It needs neither Megahertz nor Gigahertz 
Irequencies and despite that is considerably more efficient. 


Nature only works with the best technology. The second best technology, as it is put to use 
in our machines, in the evolution wouldn't have had the slightest chance of surviving. The 
strategies to optimize of nature are merciless. In a free economy that goes completely 
different. There the ,.bunglers’ are joining together to companies dominating the market, 
buying up the innovative ideas without further ado, to let them disappear in the drawer, so 
that they can bungle further in the way they did until now. It after all have been the lousy 
products, which have made them to the companies they are today. The ego of power is 
incompatible with the interests of nature. 


Nature works with scalar waves and their velocity of propagation is arbitrary. Wavelength 
tnd frequency now can be modulated and information can be recorded separately. In this 
manner a whole dimension is gained to modulate, the image transmission can take place 
in parallel, which means considerably faster, safer and more reliable. As anyone of us 
knows by own experience, assembling the image takes place all at once, the memory of 
past images takes place ad hoc. Nature is indescribable more efficient than technology 
with the scalar wave technique. 


If we again take the right-hand side of fig. 22.6 with the properties of the Hertzian wave. 
In the opinion of Nikola Tesla it is a gigantic waste of energy. The broadcasting power is 
scattered in all directions and the wansmission losses are enormous. At the receiver 
virtually no power arrives anymore. To receive a radio signal the antenna power has to be 
amplified immensely. It is a wave, which actually only can be used as radio wave, thus as 
‘a wave with which arbitrary many participants should be reached, 

This wave however is completely useless, if it concems a point-to-point connection. If 1 
want to call someone, to talk only with him, a radio wave is the entirely wrong method, 
because I with that bother hunderds and thousands of people that I don't want to call at al! 
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Hertzian wave propagation (transverse waves): 


Tesla radiation (radiations) = ~—scalar_—wave, 
longitudinal wave propagation: 


with grounding: 


Fig. 22.7; _ Comparison of radio waves according to H, Hertz 
and electric scalar waves according to Nikola Tesla. 
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22.7 Comparison of the properties 


The course of the field lines clarifies the difference. For the scalar wave all field lines 
going away from the transmitter run together again. As long as no scattering field occurs, 
there also won't be any transmission losses. It is an energy wave, for which the full 
broadcasting power is transmitted wirelessly and which arrives at the receiver, by that 
focussing the field lines again. 


Here one at once numerous technical applications come to mind, if energy should be 
transmitted wirelessly. A TV, which supplies its remote control with energy itself, 
lelemetric installations, which are fixed at difficult accessible or rotating machine parts 
and which can't work without energy supply. 


For a mobile with 3 Watts of broadcasting power only a few microwatt arrive at the 
‘round station. If 1 would have a scalar wave mobile, which functions with resonance, 
then 2 broadcasting power of some microwatt will be completely sufficient, to carry out a 
telephone call right through the earth. This minimum broadcasting power suffices, because 
everything, what is being tansmited, arives at the receiver - crucial i that the conditions 
of resonance are fulfilled. That means, both must have the same frequency and the 
‘opposite phase. In addition the modulation has to fit, so that on the one hand not several 
participants in the conversation are getting in each others way. For a purely carrier wave 
transmission on the other hand there would be the risk of natural fields being collected 
also and the power at the receiver taking inadmissibly high values. This is prevented 
effectively by a correspondingly complex modulation, Nature solves the problem in 
‘exactly this manner, 

Mobile phone technology with scalar waves of course still is a pie in the sky. A. big 
challenge for the engineers poses the adjustment condition of opposite phase and the 
fiting ‘modulation, which Tesla called individualisaion"™”. Entirely by the way the 
network runners and the telephone companies are getting quite superfluous. 


Telephone charges, so one perhaps can read in the history books in a hundend years, were 
the indication of a century of rigorous exploitation of man and nature. With scalar waves a 
direct, more dimensionally modulated information transmission directly with the partner 
‘of conversation is possible and sulicient energy is available to humanity any time and any 
place, without being dependent on any companies! This notion is not new, but it is 
inconvenient for the rules; already Nikola Tesla has written about it, but obviously no-one 
‘wanted to listen to him’. 


Scalar waves are able, that is made clear by the properties, to revolutionize both the 
‘energy technology and the information technology fundamentally. It is more than only a 
technology for the new century, Scalar waves are a chance for the whole millennium! 


<i>;__N, Tesla: Transmission of electrical energy without wires, Electrical World 
and Engineer 7-1.1905; Edition Tesla Vol. 4, P. 131 


<i>: N. Tesla, New York Times of 15.9.1908; Edition Tesla Vol. 6, P. 241 
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23. Research of scalar waves 


Scalar waves are still unexplored area, scientific new ground as it were, Individual 
research scientists already have selectively ventured forward in this area and have 
described properties of the scalar wave investigated by them in their special research area 
mostly in measurement technical manner. But as a rule they lack the physical relation, as it 
is derived in this book for the first time. If we don't proceed from individual 
measurements, but from the wave equation and the mathematical physical derivation of 
scalar waves, then we have the great chance to understand as something belonging 
together on the one hand noise, photons, neutrinos and lots of other known phenomena as 
well as on the other hand still unknown phenomena, which are called parascientific. 
We should remember that we without theory of Maxwell and the representation in a 
frequency band today still wouldn't know that the radio waves (LW, MW, KW, UHF), the 
microwaves (yW), the infrared thermal radiation (IR), the light and the X-rays concern 
just the same phenomenon. The graphic representation of both waves in one diagram in 
this place is extremely helpful. 


23.1 Frequency diagram 


In fig. 23.1 the frequency f is shown against the, velocity of propagation v with the 
wavelength as parameter. The broad line at 3°10" m/s represents the speed of light c. 
Here the frequency band of the transverse waves can be found again in the well-known 
‘one-dimensional representation, 

Crosswise to that, somewhat unusual, the longitudinal waves run. These start at the left at 
localized noise, over the sound as it propagates in air, in water and in metal, over a large, 
to a large extent still unexplored, range of the bio photons, the heat vortices and of the 
dowsing rod effects and end on the other side of the speed of light at the neutrinos, 
Between that the special case is settled that the particles, or said better vortices, 
propagating as a scalar wave have exactly the speed of light, It gives reasons for the 
Circumstance, as already mentioned, that light can appear as wave or as photon radiation, 
i, according t the wave equation, after all always consists of a combination of both 
forms. At very high frequencies, e.g. the cosmic radiation, this combination is shifted in 
the direction of vortices and their distribution as a scalar wave, at low frequencies the 
tendency inversely goes in the direction of the normal wave. 


If we assume that for the transverse wave over all frequencies a dozen of specialized 
gauges is necessary, each of them also can be switched over in range several times, then 
We can project that to record a scalar wave of a certain frequency over all velocities of 
propagation likewise 12 devices and for the whole field shown in fig. 23.1 approximately 
12x12 = 144 devices will be necessary. OF these 144 gauges today just 12 are available. 
There thus still are missing 132 pieces, which should be developed. 
With these gauges, so I am convinced, the many white spots in the diagram can be tapped 
scientifically litte by little if’ a systematic procedure is used. My vortex theory thus will be 
attached a centeal importance. 
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23.2 The reverse of the HF medal 


The diagram possibly may settle disputes, like the ones between the ,Wustlingen" (note of 
the translator: the author here is playing with words, Wustlingen literally means lechers) 
and the high-frequency engineers" 

Professor Wust of Munich already 1934 had proven, that the Wust waves named after him 
in air have a velocity of propagation of approximately 10 m/s". He investigated them in 
the frequency range between 16 Hz (j= 60 em) and 500 Hz (A= 2 em). The high- 
fiequency technicians immediately haye converted to the speed of light, since they don't 
know anything else, and on the spot have shifted the phenomenon into the range of the 
microwaves between 0.5 GHz (260 cm) and 15 GHz (i= 2 em). In the diagram now can 
be found, at which place this phenomenon belongs actually. It presumably concems the 
same energy ray", which Dr. Soeder has observed and proven already at velocities of 
propagation of $5.2 knvs and wavelengths around 10 em" 

Furthermore follows from the diagram (23.2), why ultra sound can be calibrated in heat 
degrees, and why radio reception of signals from a completely other frequency range is 
possible by principle, if for identical wavelength velocity of propagation different from 
‘occurs, Further the range of operation used by Tesla at approx. 1.6 times the speed of light 
is depicted 

‘Also the noise is such a book with seven seals, It concems, it is true, a fixed chapter of 
high-frequency engineering, but without visible connection to the other chapters. ‘That 
might be based on the circumstance that the relation, as it is dictated by the wave equation, 
isnt recognized. 

Every high-frequency signal is accompanied by a noise signal; every antenna produces 
more or less noise. HF engineering dictates the measures, how the noise can be suppressed 
resp. the signal-noise distance be increased. The goal is to make the electromagnetic wave 
stand out in such a way fom the noise that it can be received. For that the measurement 
setup must be choosen correspondingly, are the measurement cables dictated, and must be 
paid attention to power adaptation and corresponding termination resistors, For measuring 
HE correctly all interference influences should more or les disappear. 

But what are the interference influences, which the HF-technician suppresses? According 
to the wave equation it are the scalar wave parts, and to that also is counted the noise. 
Every HF-technician thus knows the scalar parts as interfering noise signal, but doing so 
he completely fails to notice the technical advantages and chances, which e.g. are present 
inthe noise. 

If by means of an autocorrelation function a noise signal is compared to itself then often a 
hidden message comes to light. According to that, informations can be hidden in the noise 
‘and of course transmitted wirelessly. This important circumstance is known, but it is 
hardly used. The noise vortices thus can be modulated in an extremely complex way. 
‘There can be transmitted a lot more information in the noise as scalar wave, than with the 
radio wave. 


<i>:__T- Wast: Physikalische und chemische Untersuchungen mit cmem Ruten- 
ganger als Indikator. Further references in W-B-M 3/ 1991, S. 57. 

i>: A. Soeder: Ohne Strom lauft neuer Energiestrahl rund um den Erdball 
Raum & Zeit $9/02 Seite 62-67, 
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Fig. 23.3: Dowsers dowse an ore vein.” 
From: Speculum metallurgiae_politiss 
Rossler, Dresden 1700. 


<i: __Ludeling, Hartmut: Handbuch der Radiaesthesie, Verlag Bike Hensch 1994, 
S. 145, ISBN 3-927407-09-7, 
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The possibility of more dimensionally modulating and parallel image transmission make 
scalar waves superior to the radio waves in such a way that one should seriously think 
about the reversed procedure, in which the noise is conceived as useful signal and the 
radio wave as interference signal. 


In the frequency diagram (23.1 and 23.2) can be read like in a diary, in which most pages 
it is true still are empty, but in which some very informative marginal notes can be found 
for different points of difficulty. It mostly are parascientific phenomena, which, not 
understood and excluded by textbook physies, are waiting to be taken up in the building of 
physics. As an example we'll pick out an extensive area of alternative research, 


23.3 Radiesthesia 


A particularly broad spectrum of scalar waves is provided by the already several times 
mentioned earth radiation. An ancient science of experience, which troubles the 
exploration of the earth radiation, is the geomancy. The Roman land surveyors, the 
Augures, used as an aid a flat coil like also Tesla did to receive scalar waves. The Lituus, 
as the device was called, resembles so much that of the Etrusks that we must proceed from 
the assumption thatthe method is much older (fig. 16.10). 

This part of the scalar wave research, also called radiesthesia, is derived of ,,radiare”, 
which can be translated with "send out rays" resp. ,perceive". It describes the doctrine of 
the sensitivity to radiation of man. Doing so the fadiation sensitive uses his own nerve 
framework as a biosensor. 

The nerve conduction could be derived as a biological variant of the Tesla one wire 
transmission, for which ring-like potential vortices are passed on as action potentials in 

form of standing waves (fig. 9.6). Of this kind are also the control commands, which cause 
‘a muscle to contract. If now corresponding vortices are picked up by means of a dowsing 
rod or similar aids in our nerves, then the contract addressed muscles contract, because 
they can't distinguish, from where the command comes. This unconscious nerve twitch 
leads to a swing of the dowsing rod and to the well-known dowsing rod phenomenon 
But man can't replace a technical gauge. Hence one speaks of dowsing and not of 
measuring. To this should be added the condition of resonance, which must be fulfilled 
Since every person however builds up other resonances, dowsed results of others often 
can't be reproduced. But from this particular difficulty one cannot draw the conclusion 
that the phenomenon does not exist and radiesthesia is not a science. Series surveys and 
statistical analyses here in any case don't lead any further. It always only are individual 
talented dowsers, who have at their disposal really fantastic abilities and find with great 
certainty water, ofes and even oil 

With the perception of a physical phenomenon it mostly starts. Cultural man looks after 
his discovery as cult, whereas modern man, guided by the wish for reproducibility and 
more objectivity, is troubled to design and to build a technical measurement work. With 
regard 10 the scalar wave in general and the radiesthesia in special we still are at the stage 
of the Stone Age. 
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Fig. 23.4: Nets dowsed at latitude 49." 
L_ net: ,,global net" according to Dr. E. Hartmann; 


n: N - S: 2 m distance and E - W: 2.5 m distance 
IL_ net: ,,diagonal net" according to Dr. M. Curry; 
orientation: NE - SW and NW - SE: 3.54 m= 2.5 m * sqrt(2) 

[IIL , lightning net" according to R. Schneider; orientation like I.] 

[IV. net ace. to Benker; like I. but: N - S: 10 mand E - W: 10 m] 


[V.  sun/planet net ace. to W. Auer; with 3.66 m orientation S./P.] 


According to Prof. E.G.Hensch etal 
<i>: Hensch: Radiaesthesie im landlichen Bauen und Siedeln, Arbeitskreis zu 
Landemtwicklung in Hessen, W4, Wiesbaden 1987: resp. 
W. Auer: Erdstrahlen?.... AWGEO 199, Eigenverlag 1998; resp. 
Mayer/Winklbaur: Biostrahlen, 5. Aufl. ORAC Verlag, Wien 1989, Seite 168 
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23.4 Prediction of earthquakes with the help of scalar waves, 


The standing wave character of the earth radiation is a help. There are dowsed points and 
lines of maximum radiation intensity, which form nets, which encompass the whole world, 
©n the one hand we are dealing with a net oriented in direction north-south and east-west 
(Hartmann net) and on the other hand with a net standing diagonally to that under 45° 
(Curry net). Because the angle of 45° can be derived as borderline angle fom a vortex 
field calculation”, 1 already early have pointed to the circumstance that it here 
presumably concerns vortex phenomenon’ 

Because the nets in addition are dowsed in air, it must be vortices of the electric field, so- 
called potential vortices", which here form regular structures. The formation of vortex 
lines and complete vortex. streets (chapter 4.9), which consist of countless individual 
vortices, can be explained as follows: 

Electric scalar waves propagate in the direction of the electric field strength and mediate 
field vortices, e.g. neutrinos. If at a certain moment the transmitter carries a positive and 
the receiver ‘@ negative charge, then all the particles which are positively charged are 
repelled by the transmitter and attracted by the receiver. All run at the same time towards 
the same goal, although all mediated particles carry the same charge and repel each other! 
This incompatibility can be compensated partly, by the vortices rotating around each 
other. In this circumstance can be seen the reason for the structure shaping, the formation 
‘of some lines in the countryside (fig. 23.3). The distances between the lines have 
characteristic Values, which allow conclusions about the wavelength of the standing 
waves. We must assume that they dictate the structure shaping and that the spatial vortex 
distribution aligns with the nodes and antinodes of the respective standing wave. The 
distance between the lines, which corresponds to half the wavelength, becomes smaller 
‘and smaller towards the North Pole and the South Pole of the earth, the net thus narrower 
and narrower. Also is the net said to change strongly before an earthquake. This all are 
clues for the circumstance that the structure shaping radiation comes from the earth, that 
‘the cause must be sought in the earth radiation. 

It should be noted marginally that with scalar wave detectors, which permanently scan the 
nets, a just as effective as inexpensive earthquake prediction should be possible. Such a 
facility would be an enormous relief and help for all earthquake warming services. It even 
should be possible to determine in advance the future epicentre, if there is measured at the 
‘same time at if possible many stations and the respective deviations are compared. 


‘A further influential factor is the composition of the subsoil; e.g. ores and metals influence 
the earth radiation. Water shows a special affinity for the earth radiation. It does collect 
the radiation and after bundling it up releases it again. To blame is the high dielecwicity of 
water (¢=80), which again favours the formation of potential vortices 

A technical use’ of this effect would be the neutrinolyse (see fig. 17.6-17.8 and 18.1), the 
splitting of water molecules by neutrinos if these take the state of an electron, hydrogen 
escapes and the oxygen content in the water increases. If a neutrino however shows as a 
positron, then it annihilates and there is formed a light flash, which serves the experts” in 
neutrino detectors as proof, 


Meyl, K2 Wirbelstrome, Dissertation Universitat Stuttgart 1984 
<iii>: Meyl, K.: Potentialwirbel Bund 1, INDEL Verlagsabt. 1990 
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Spectroid of the radiation field of a subterranean flowing water 
veign (according to P. Schweizer): 
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Fig. 23.5: Radiaesthetic search for water”, 
(dowsing of the earth radiation) 


<P: Ludeling, Hartmut; Handbuch der Radiaesthesie, Verlag Hike Hensch 1994 
S. 145, ISBN 3-937407-09-7, 
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23.5 Searching water with the help of scalar waves 


Faults of earth's crust lead to fissures and cracks in the rock, which often fill up with 
standing or flowing water. Potential vortices of the earth radiation are attracted by the high 
dielectricity of water and are radiated again in slowed down and focussed form. On the 
surface of the earth the mixture of various scalar waves arriving there can be dowsed as 
‘main emphasis zone. For reason of the broad radiation spectrum the results of proficient 
dowsers in the main emphasis zone more often coincide. 

‘At both sides in addition spectroids are forming, which are dowsed as parallel running 
vortex lines. Because every harmonic wave produces other lines and every dowser reacts 
to other resonances, a profound ability is required, if from the distance of the so-called 
announcement zones the water depth should be inferred (fig. 23.5). Some specialists 
indicate besides the place and the depth also the amount of deposit and if need be the 
water quality. For that they analyse the radiation intensity, but unfortunately many all too 
often overrate their abilities. 

‘Already the Augures, the land surveyors in the age of the Romans have aligned their 
streets and the castles with the nets and the lines in the countryside, Even today new 
evidence about the central importance of the standing wave character of scalar waves can 
be found at excavations (fig. 16.10). Since every scalar wave also occurs coupled with a 
radio wave by means of the wave equation, earth rays originally could be detected 
conventionally with field strength gauges. But the intensive use by radio stations has made 
it necessary to change from the short wave range to the VHF-range and further to the 
UHF-range. It were indirect measurements, which could be interfered easily 
Today geologists work with ELF scanners in a range between 1S and 30 KHz if they 
search for water. They analyse the emitted signals of submarine transmitters, because 
these are attracted and amplified by water carrying layers. 

Experiments also are carried out with noise receivers or unused broadband TV channels. 
‘Others analyse influences of the earth radiation on the magnetic field of the earth, but for 
‘this method the expressiveness is controversial. 

Again others walk along a path with a scintillation counter measuring the inverse profile 
‘At the places of maximum earth radiation a minimum of gamma radiation is measured 
This stunning relation only can be interpreted as follows: the natural radioactive decay at 
these places takes place accelerated and that proves: 

1. that earth radiation sets radioactivity free and causes it in the first place (chap. 17.1 pp). 
2 that in the case of earth radiation it actually concerns slowed down neutrino radiation 
But also this method works indirectly. It only functions in the open air and then only in the 
case of unspoiled nature, which sometime was covered with an even layer of radioactive 
dust. By cultivation or plantation the radioactive layer” very often is changed and mixed 
up, whereupon the measurable profile hardly allows conclusions. 

For indirect measurement methods of that kind, for which the measurement variable stands 
in a relation, which isn't known in more detail, to the scalar wave of interest, generally 
caaution is advisable. Too often a message is ‘seen in a wonderful 3D diagram of the 
magnetic field strength or the radioactivity distribution, which has much more mundane 
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Lecher air antenna according to W. Busschersi: 


short-circuited end of the Lecher conductor 


short-circuit slider ™ handle 
can be displact 


(man as 
termination 
resistor 

and biosensor) 


The tuning length L of the } handle 
Lecher antenna determines ie 

the resonator length for} 

standing waves. There is valid: 
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‘Therefore the wave 
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Fig. 2: Lecher conductor as scalar wave antenna. 


Can be read at Prof. Dr. Ing. Christof Rohrbach: 
iim: Rohrbach: Radiasthesie, Physikalische Grundlagen und Anwendung 


Geobiologie und Medizin, Haug Verlag Heidelberg 1996, Seite 100, 
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23.6 Receiving scalar waves with the Lecher antenna 


In the case of technical gauges it is normal to change the frequency tuning. For that the 
capacity of a capacitor is being varied, which is part of a resonant circuit. This method can 
simply be realized with the today available construction elements. Biological systems on 
the other hand, for instance a person, work primarily with a variation of the wavelength. In 
this case (according to eq. 22:1) the frequency is directly proportional to the velocity of 
propagation. 

So provide for instance radiaesthetic dowsings clues for the wavelength, The frequency 
however can't be given, because that oscillates along with the velocity of propagation and 
fat present the forming noise signal still cant be analysed, There can't be bought electronic 
construction elements, which like a body cell would be able of oscillations of length. 
Oscillation quartzes and piezo elements, on the basis of which scalar wave detectors could 
be constructed, form an exception. 

Similar to the Lecher conductor different forms of tunable Lecher antennas have been 
developed. which are used for dowsing. Such a frame antenna, developed strictly 
according to the rules of highcfrequency technology stems from W. Busscher (fig. 23.6)" 
With the short-cireuit slider a closed-loop antenna circuit in the upper part is tuned to half 
the wavelength or an integer multiple of it (L=nJ2 with n= 1,23...) The person, who 

holds the Lecher antenna with both hands, forms the termination resistor for the attached 
antenna circuit. At the same time he prevents the occurring of an effect back on the tuned 
resonant circuit by means of damping of the Lecher conductor. The sense of this 
arrangement is lying in the circumstance that man as a ,biosensor" should feel if standing 
‘waves, which I call vortices, are formed in the Lecher antenna 

‘A modification of the Lecher air antenna is the Lecher dowsing rod according to R. 
Schneider”. It is produced as an etched board, which has a dieleciricty of approx. 4. As 
1 result the velocity of propagation and the wavelength are only half their normal value. In 
addition a shortening factor V is introduced, which depends on the construction of the 
Lecher dowsing rod (L= Van-Ald with V = 0.952 and n= 1.2.3... 

In fig. 23.7 some published tuning values have been drawn up. The values for want of 
corresponding technical gauges it is true still haven't been confirmed, but they allow a 
certain insight into the world of the scalar waves, as they are influenced and radiated by 
water, by metals, by oil or even by other planets, the sun and the moon. 
Doing so some questions remain open: We for instance don't know, if the corresponding 
wavelength concerns the basic wave or only an m" harmonic wave. The details not only 
‘are unreliable, they moreover also are ambiguous. If however several tuning values L’ are 
present for which resonance occurs, then if need be an integer divisor can be sought and 
the wavelength can be determined. But that doesn't function always, 


<i>; Will Busscher: Die Luft-Lecher-Leitung als Wunschelrute, Eine Methode um 

die Wellenlangen zu bestimmen. Wetter-Boden-Mensch 3/ 1991, Seite 46-57 

<ii>: R. Schneider: Einfubrung in die Radiasthesie Teil Il: Leitfaden und Lehrkurs 
, Oktogon- Verlag, Wertheim, 2. Aull (1984) S136 

<iii>: ‘Rohrbach:” Radiasthesie, Physikalische Grundlagen und Anwendung in 

Geobiologie und Medizin, Haug Verlag Heidelberg 1996, Seite 100, 
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‘Supposed wavelength }.of the transmitted scalar wave radiation in] 


Assignment according to wavelength 


‘fom 
tae (with the different tuning values L/) 
| 82} water (L= 15.5n/mea; 10.84/35 7.8 w/mers 3-1 2/5) 
| 18 | fault (L'= 12.9 njm=3; 8.65 njme2} 4.3 nfm=1) 
{ 13.6 | nett (Lo = 12.2 find} 9-6 fies} 6.1 n/ene2} 3.05 n/mei 
| 4m = 16x25cm__ (N-S direction) 
| Sm = 20x25em (E-W direction) 

14.7 | net (Lo = 11.4 ajmea; 6.9 njme2; 3-5 afmets 2.! 

7.08 m = 30x 23.6 cm (NE-SW + NW-SE direction) 

13.2 | net Ir (12.6 o/m43 9-4 aps 8.2 5/2; 6.15.2; 4.1 4/3; 2 ay 
16.4 radon (L’ = 7.8 nym 2) 

28.6} oil {L° = 13.5 to 13.8njm=25 3.3 to 3.5 1/2) 

17.2| gold (L7= B.Qnjme25 4-1 n/mer; 2 nfeset/2) 

13.9 silver (L’ = 6.6 n/m= 25 3.2-3.3 njmet; 1-6.5/m-1/2) 
7.20 | quartz (6.94; 4.15/33 3.85 9/43 2.95/33 2.53/25 2.2.54) 
4.35 | sun (= 4.15 aym=s) : 
15.3 | moon (3.65 o/m~1. thermal spectral lines: 11; 21 en 
4.25 | Mars (4.05 o/m=4, thermal spectral line at 3.14 
4.90 | Jupiter  (4.65n/m~a, ther. spectral lines: 3; 3.2; 3.31 
5.36 | Saturn {5.1 nm=4, thermal spectral line at: 3.45 
Fis Details of not confirmed wavelength: 


(derived from tuning values of a Lecher antenna 
L'=. Vin /4m with V = 0.952 

and n=1,2,3... for 1/4, 4/2, 32/4, 2, 

and m = 1,2,3... for 1 the basic wave 

and the 24, 34, ... harmonic wave 


according to: 


“<i>! Ludeling, Hartmut: Handbuch der Radiaesthesie, Verlag Eike Hench 1994, 
ine. author gives the clue: the values. have. been determined 


S16 ft 
tolior woh ia’ sore 


There ‘however al 


checked with own measurements.” 


sons and predominantly could be confirmed by’ the 
Iways can occur deviations 
caused by different dowsing methods. Every value therefore always should be 
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23.7 Assignment according to wavelength, 


As said, the methods to determine the wavelength by means of the Lecher antenna are 
ambiguous and unreliable. So water should have a wavelength twice as long as a fault. But 
since water ofien is collecting or subterranean flowing in faults, one is entitled the 
suspicion that here 7/2 was taken, where in reality the full wavelength acts. 
The rest of the table afler that should be looked at with the same scepticism, The table 
nevertheless is not wholely uninteresting, because it points to certain tends and is able to 
furnish clues, which if need be can represent a help of orientation in the systematic 
research of scalar waves. 

‘At the planets is remarkable that the Lecher conductor reacts to values, which correlate 
‘with the respective thermal spectral lines. If these spectral lines propagate with ¢ and it 
actually should concern the same cause, the frequency thus should be identical, then the 
planets would emit sealar waves, which are faster than the light. In the case of Mars 1.35 
times the speed of light ¢ would be present, in the case of Saturn 1.55 times and in the case 
‘of Jupiter the values would lie between 1.46c and 1,63c, In the case of the moon two 
thermal spectral lines are being measured, which on the one hand have as a result 1.39¢ 
and on the other hand 0.73c. At this place still ample research tasks should be solved. 


In the case of scalar waves the wavelength is the most important factor to refer to. The 
frequency however varies continually, which in electrical engineering is called noise. That 
again is connected to the circumstance that frequency and velocity of propagation 
‘oscillate, so that merely an average value can be given at a time, But that hardly can be 
measured, which again makes the assignment more difficult. We thus still aren't capable 
to enter the table values from fig. 23.7 into the frequency diagram of fig. 23.1 


A technical gauge for scalar waves is necessary. A practical solution could look as 
follows: A noise transmitter tunable in frequency and wavelength operates on top of a 
carried along noise receiver. The arrangement with that comes the Tesla transmission path 
for scalar waves very close. If the transmitted noise signal hits upon a likewise one in the 
surroundings then overlapping occurs, which at the receiver causes a change of the 
displayed value. If doing so a subtraction (extinction) or an addition (amplification) of the 
signals occurs is unimportant, 

With this arrangement in any case statements are possible about frequency, wavelength, 
velocity of propagation and about the amplitude of the scanned signal, without 
withdrawing energy and strain the signal in doing so”. With such a gauge radiation 
conditions depending on location could be measured as well as technical devices checked 
lor the emitted scalar wave pars (fig. 24.1). 

‘An important use over and above that would be given in medical diagnostics. Every living 
being produces noise” the technician would say, it emits sealar waves” I would say, 
whereas following general usage is talked about the aura of man”. The value of an aura 
diagnosis still is completely unknown to most doctors and therapists, especially as. the 
scanning of the aura at present only is possible by dowsing, But the patient expects that a 
doctor works with a technical gauge and not with a dowsing rod! 


<i: First experiments, which I carried out with students in the laboratory, look 
very promising. Unfortunately the works at present rest for reason of lack of 
money. 
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natural 
radiation field: display 


coupling of phase (via the ground line) 


Fig. 24.1:___ Concept for a device to detect scalar waves 
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24. Medicine of oscillation 
24.1 Mediation of information with the help of scalar waves 


If for the discussed scalar wave gauge the transmitted comparison signal in addition 
deviates from the form of a sinus, if the signal is modulated in some way, then even the 
transmission of information by means of the noise as scalar wave can be realized. If we as 
‘an example again take the aura of man, which is more than only a radiation field, it carries 
information for instance about the state of health of man, Kirlian photography is one form 
‘of making it visible (Fig. 3.6). 

Not only the nerve conduction and the brain work with scalar waves. Man in this way also 
corresponds with his fellow people, some more, others less. There are people who beam" 
and that should be interpreted in the true meaning of the word, Others opposite to that are 
more receiver characters", who pick up more scalar wave radiation than they give away. 
But because they not only pick up positive radiation energy, they are susceptible to 
information, which makes sick. That's why a healthy equilibrium in the exchange of 
thoughts, feelings and the different forms of scalar waves is very important. All that is 
reflected in the aura of man. If we technically are capable to scan the aura of man, than 
this can be a blessing for humanity and for the public health 


The possible abuse however must not be overlooked. Unbiased research results, which can 
be used for the benefit of humanity, in many cases just as well can be used to harm 
humanity 

A connector of both these worlds is the Russian psychologist Prof. Smimov, who has 
shown publicly in television, how a spoken sentence ean be transformed in a noise signal, 
which is taken up directly by the brain as information, with the help of a computer 
program “P. He with that is capable to "sodden" individuals, as he says, he in this way can 
take the fear away from soldiers before a combat mission and can operate the disease out 
of drug addicts without bloodshed. In the television film such an operation at the open 
subconscious” is shown life. The patient hears the noise signal over headphones and is 
cued already ater few minutes weatment time. 


We here are getting in the domain of ethical and moral problems of scalar wave research, 
Which aren't solved by us looking away and leaving the field up to others. According to 
the words of Prof. Smimov the only thing, which can stop the research scientist, is his own 
moral, He doesn't say any more and that isn't exactly reassuring! One here is working 
with signals resembling sound", is said in the report of the Zweite Deutsche Femschen"", 
thus with longitudinal waves and that shows, that already more knowledge about scalar 
‘waves is present than is generally known by the masses. 


Another way is leading over the bioresonance. Also here at frst the possibility and chance 
to cure diseases is to the fore. The bioresonance is a central aid in the area of the medicine 
of oscillation, which is increasing in importance permanently. 


<2 Die Zombies der roten Zaren (Besta Film Warschau im Aulirag d. ZDF 1998) 
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transistor amplifier tension voltage supply 
(battery) 


‘263906 


The test subject 
with headphones 
(input of the signal) 
and hand electrodes 
(taking off of 

the signal), 


Fig. 24.2 A: Wiring diagram of the Syncrometer.” 


<i>: Wiring diagram taken from: H. Clark: The Cure for All Cancers (1993) New 
Century Press, USA, Page 434 
<ii>: _ Flanagan: Horen mit der Haut anstatt mit den Ohren, Sonnenwind 1/97, 
S.13-17. 
sa: N.Begich: Towards A New Alchemy, The Millenium Science, Earthpulse Press 
1996 


<ilim: Dr, Bodo Kohler: Biophysikalische Informations-Therapie, Gustav Fischer 
Verlag (1997), Kap. 11.6 Der individuelle Grundton, 8. 239 ff. 
sa: Dr, Bodo Kohler: Die bipolare Farb-Ton-Therapie, CO'Med 2/2000, S.10 15 
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24.2 Systems with positive feedback 


The field of oscillation of man easily can be influenced, because it concems a vortex field, 
‘A technical measurement with the gauges available at present is almost impossible and 
highly inaccurate. There however exists the possibility, to apply electrodes to a person and 
to integrate him in the citcuit of a technical device. The two of them form a feedback 
system with man in the retum loop. The operation can take place in two different ways, 
depending on the sign of the feedback (Fig. 24.3) 

For positive sign it concerns positive coupling. In this case the signals released by a 
person sum up, for which reason already minimum amplitudes are sufficient to produce 
‘violent reactions in the case of resonance. For resonance to occur, the system must either 
search independently the suitable frequency and phase, or the therapist searches the points 
of resonance. 


242.1 The Synerometer, 


‘An independently working system is e.g. the Synerometer. By means of two electrodes, 
‘which are held withthe hands or re attached directly to the head, the noise signal emitted 
by a person is called off and supplied to a broadband amplifier. The test subject again 
hears the amplified signal via headphones, so that the circuit is closed. 

“Apparently unspecific and still reproducible during operation certain signals capable of 
resonance are emerging stronger by amplifying and swinging themselves up. The aura 
starts to extend or expressed in the words of a radiation sensitive, the so-called reaction 
distance is increasing, with which he means the distance in which he detects a dowsing 
rod reaction, 

The test subject now increases his radiation, so this method can be valued. By 
strengthening his own radiation power, he works more as a transmitter and less as @ 
receiver for scalar waves, In the lst point the therapeutic use seems to ie, because by that 
the patient can get rid of resonances to any unpleasant persons orto technical transmitters, 
‘hich are burdening him. The device consequently also is sold as aid or protection against 
lactosmog 

The amplified signal also can be picked up directly by the skin instead of by the 
headphones and still being heard. The reports stretch from a harmonizing and balancing 
effect up to "electronic telepathy" and states similar to ecstasy ofthe test subject 


242.2 The sound therapy. 


The controlled variant of this method for instance is the sound therapy. Now the sounds, 
which the patient picks up by means of headphones, do not stem from him but from a 
sound generator. The therapist goes through the scale ‘and tries to find out at which sound 
the aura swings up. If the eigenfrequency is found, then the patient can therapize himself, 
by again and again playing or humming his eigentone™*. 

It concerms here only a physical statement on the used methods of altemative medicine and 
not therefore, whether healing successes are actually possible. 
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sound frequency wavelength colour _ wavelength 


Jcqually tempered [Hz] [em] [run] 

F sharp" 740 46.4 (purple) 

F" 698 49,1 (crimson) 7 

E 659 52,0 (violet) e 

harp" 622 55,1 indigo 421 

587 58,4 bleu 446 

Ssharp" 554 61.9 turquoise 472 
523 65.6 green 500 
494 69,5 yellowgreen 530 

sharp’ 466 73.6 yellow 562 
440 78,0 orange 595 
harp! IS 82,6 orangered 630. 

392 87,5 red 668 

Table 24.2 B: Scale of the colour range.” 

colour chakra sense organ _ planet type 

purple 7. (crown chakra) epiphysis Tupiter 

indigo 6. (brow chakra) _ hypophysis Saturn 

blew 5. (throat chakra) hearing Mars 

green 4, (heart chakra) _ feeling Sun 

yellow 3. (solar plexus) 

orange 2. (sacral chakra) Venus 

red 1. (root chakra) Moon 


Table 24.2 C: Assignment of colours to chakras and planets. 


colour metals gems (selection): 

purple 7. tin amethyst, Muorite 

indigo 6. lead indigo-sapphire, azurite 

bleu S._ iron sapphire, lapis lazuli 

green 4. gold emerald, malachite, jade, gr. tourmalin 
yellow 3 topaz, amber, citrine 

orange 2. copper carnelian, fire opal 

Rot 1. silver ruby, coral, garnet, red jasper 


Table 24.2 D: Assignment to a selection of gems. 


<i>: Dr. Bodo Kohler: Biophysikalische Informations-Therapie, Gustav Fischer 
Verlag (1997), Kap. 11.6 Der individuelle Grundton, S. 190 - 194 
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242.3 The colour therapy. 


‘Analogous to acoustics also colours each time ean be assigned a wavelength and also here 
ean be detected that every person responds to certain colours, thus wavelengths, in 
particular which can stimulate his aura to resonant oscillations. In practice sound ‘and 
colour therapy often are used coupled”, even succeeds more or less an assignment to each 
‘ther. That in last consequence leads to a "scale of the colour range" (table 242 By" 
‘According to statement of the treating doctors does a patient, who responds to a certain 
‘colour, also react to the corresponding sounds and vice versa. 


24.2.4 The aroma therapy. 


If according to that it depends less on the circumstance if sounds or colours are used, but 
the wavelength of an oscillation is crucial, then a stimulation also should be possible by 
means of the remaining sense organs, e.g. the nose, the tongue or the skin, The smell after 
all already could be identified as vortex information (fig. 9.0). Fragrances of natural 
‘essences can significantly influence the frame of mind. But as long, as we still haven't 
understood the physics behind it, we technically hardly are capable to generate equivalent 
‘vortex modulations artificially 


242.5 The gem therapy. 


Already the holy Hildegard von Bingen (1098-1179) knew and used the beneficial effect 
‘of gems. Physical background of this at first purely empirical form of therapy is the 
characteristic eigenfiequencies of the gems, which are picked up as stimulation over the 
skin. Because gems represent a mixture of various molecules, the oscillations in the 
atomic hull will overlap, so that overlapping and beat frequencies can form with 
wavelengths in biological relevant areas. There even can form modulations, which are 
carrying information, The effectiveness again is linked with the resonance condition, 
‘which must be fuliled between the gem and his carter. 


24.2.6 Meditation and self-therapy. 


There even exist people, who don't need any technical aid at all to get rid of unpleasant 
resonances, Some meditate and go into resonance with themselves, whereas others prefer 
to love a person, to whom they feel attracted” or with whom they are on the same 
wavelength", which means as much that they go info resonance with this person. 
In the Catholic Church for instance the priests are not allowed to get married, because they 
should be in a resonance with the church and with God, 


<= Dr. Bodo Kohler: Die Coloroma-Therapie, Der aussergewohnliche Einsatz von 
‘Aromen, Co'Med 4/2000, S. 48-52 


<i>: Cousto: Die kosmische Oktave, 


yathesis Verlag Essen 1984 
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Fig. 24.3 A: Structure concerning the medicine of oscillation 
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negative coupling: |~ 


control feedback: 
signal electrode/human /ear 


Fig. 24.3 B: Regulation or control? 
Positive or negative coupling? 
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24.3 Systems with negative feedback 


For negative sign it concerns negative coupling. In this case the signals are subtracted. 
TThe signals released by a person are played back to him with opposite phase. This method 
lies inthe domain of the bioresonance. 


243.1 The homeopathy 


The concept, which is pursued by the medicine of oscillation in the case of the 
bioresonance, is that harmful or ill making oscillations should be effaced. Not the direct, 
but rather the indirect strengthening of the immune system is to the fore, which should be 
reached by relieving it. The approach with that pursues the same goal as the pill medicine, 
where oscillations, which should produce a wanted effect and which are bound by means 
‘of substances are supplied to the body. 

The disadvantage of the administration of pills is the often toxic effect of the cartier 
substance. The German doctor Samuel Hahnemann (1755-1843) has demonstrated a way, 
in which to make the helpful and important information for the body to go over from the 
carrier substance to the water by diluting with water and by shaking. The water molecules 
now oscillate in time of the carrier molecules. Interestingly in doing so not even the 
information gets lost, the modulation thus is preserved, By constantly shaking there even 
occurs an amplification or a ,,potentiation", as Hahnemann expressed himself, because 
now every carrier molecule reaches and modulates countless water molecules. ‘Thus the 
amount of water informed is bigger than the amount of the original chemical substrate 
In the case of homeopathy like is weated with like. If for instance a poison causes certain 
complaints at a healthy person, then in "homeopathic" administration this information 
helps a sick person with similar complaints. There thus occurs a disturbance activation 
with opposite phase, as the engineer uses to express himself. Despite a widespread 
scepticism the method of homeopathy indeed seems to function, and it has stood the test in 
countless cases 


2432 The bioresonance 


‘A technical realization is represented by the bioresonance. For that endogenous 
oscillations are called off by means of an ECG (electrocardiogram), an EEG 
(clectroencephalogram) or a MEG (magnetoencephalogram) at the surface of the skin. The 
technical device then shifts the phase for 180 degrees and amplifies the signal to the extent 
that pathological frequencies are extinguished for reversely directed input. This very 
reasonable theoretical concept in practice of course only is as efficient, as the empirical 
determined pathological frequencies are the cause of a disease and not only represent an 
"unimportant symptom as side effect. 

To that technical problems are joining. Prof. Heine blames the constantly changing 
reaction diversity and the thermal ‘noise for the circumstance that the frequency spectrum 
permanently is fluctuating", as he writes if. That hardly can realize the necessary phase 
inversion, We meanwhile know that vortices have a fluctuating frequency spectrum, that 
in the case of biosignals it concems such field vortices, which result in a noise signal 
unspecific in frequency. 

With this knowledge we should be able to significantly improve bioresonance procedures, 
and even the inversion of phase shouldn't represent an insurmountable difficulty anymore. 


08 Systems with negative feedback 
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Fig. 24.3B: Frequency spectrum 
of parasites according to Clark.“ 
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Fig. 24.3 C: Diagram of frequency ranges for some 
living 
beings.” 


<i>: Dr, Hulda Clark: The Cure For All Diseases (1995), Page 604-643 
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‘A. further problem, which Heine addresses, cant be denied”: ,For communicative 
molecule oscillations the microwave range of 1 GHz up to above 10000 GHz is crucial. A 
calling off of endogenous interference oscillations in this range with the help of normally 
used electrodes is not possible". It thus could happen that essential frequencies, which 
are directly related to a disease, aren't recorded at all and as a consequence also not 
treated. There even is the risk of informations being brought in, which additionally stress 
the immune system instead of relieving it, that the patients after'a treatment are worse off 
than before. The doctor or therapist is burdening himself with a big responsibility, when, 
hhow and at whom he applies methods of bioresonance or if he better does without them 
For the mentioned reasons the method in the therapy only plays a secondary role. The 
bioresonance on the other hand is quite often and with great success used in the diagnosis 
(Nosoden), if it for instance concems the determination of an incompatibility or an allergy 
but that is a completely different theme. For the bioresonance the transition of diagnosis 
to therapy is however floating 


24.3.3 The frequency therapy 


If using a frequency therapy the problems are standing similarly. If we separate the closed 
and negatively fed back circuit of a bioresonance and form an open control chain 
consisting of a technical contro! device and the patient, then we get the structure, as it is 
put to use in a frequency therapy. The goal still is the same: parasites or pathogenes, 
‘which stress and burden the immune system should be fought. 

But a disadvantage of every open control chain is that the teatment at first occurs blind 
due tothe missing feedback. 

The natural healer Dr. Hulda Clark has examined as support various pathogenes and 
parasites under the microscope, while she has varied the frequency and at the same time 
applied a low-tension voltage. Doing so she could observe the dying of bacterias and 
Parasites at certain frequencies. Correspondingly she publishes tables, in which the in each 
case ,mortal” frequencies ae listed. 

Hut ‘without being able to verify the success of a treatment in the living organism, she 
proceeds from the assumption that by applying a low tension voltage (5-10 Volt), as it is 
produced at the output of a commercially available frequency generator, if a sinusoidal 
signal is set with the appropriate frequency exactly the associated parasites and leeches 
will be destroyed. Doing so a fixed rhythm of pauses and treatment times must be adhered 
10 (7 min on, 20 min off, 7 min on, 20 min off and 7 min on). 

The doctors and therapists eating with this particularly inexpensive method report 
amazing results, inexplicable spontaneous cancer cures, like of HIV-positive patients, who 
after the treatment were tested HIV-negative. But also the inverse case already should 
have occurred, that a HIV-negative patient afterwards was HIV-positive! Here too clear 
the limits of this method appear, which in practice unfortunately tums out to be relatively 
unspecific 


“iis: Prof, Dr A. Heine: Grundregulation und Exivazellulare Matrix - Grundlagen 
und Systematik, Lehrbuch der biologischen Medizin, (1991) 2.Aull. 
Hippokrates Verlag Stuttgart, Seite 63 

U. Warke: Bioresonanztherapie - Wunsch und Wirklichkeit, Medizin 
sparent Nr.2 (1996) S. 36-37 
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Fig. 24.4: Wiring diagram of the Zapper.” 


Wiring diagram taken from: 
<i>: H. Clark: The Cure for All Cancers (1993) New Century Press, USA, Page 507, 
resp. 

Dr. Hulda Clark: The Cure For All Diseases (1995), Page 48, 
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24.4 The Zapper 


From the point of view of physics of today the frequency therapy actually shouldn't be 
able to function at all. The electromagnetic waves penetrate only few millimeters into the 
skin at the used frequencies and wouldn't have the slightest chance, to reach a parasite, 
which is staying somewhere in the body. But it is said that it is possible to cure athlete's 
foot, by the patient taking the electrodes in his hands. How, we ask the question, does the 
signal of the function generator know where it should go? 

It quite obviously concems a resonance phenomenon. The likewise emitted scalar wave 
part tunnels undamped at those places in the body, with which it can build up a resonance 
‘and that for proper tuning are the unloved parasites. The scalar wave radiation is bundling 
up at the resonant receiver, so that despite the low transmission power as a consequence of 
the bundling up the energy density for the parasite becomes very high. It as a result is 
destroyed by its own ability to go into resonance. Once it is killed, the next one goes into 
resonance, logs off as well etc. In this way the parasites are destroyed one after another 
and not all at once. That's why the specified treatment cycle makes sense. 
The copper electrodes should not be taken in the hands directly, Dr. Clark recommends, 
but before be wrapped with moist paper. By means of this insulating layer, so is my 
interpretation, the conventional wave part, for which the skin functions as a wave guide, is 
reduced whereas the desired scalar wave part is increased. Such measures crucially 
contribute to the success of a therapy method, even if they were determined purely 
‘empirical 

If one wants to address every possible parasite individually, then the treatment takes 
correspondingly long. If one on the other hand sends all relevant frequencies at once by 
overlapping them, then the treatment can be abbreviated to the duration of one session. If 
the therapist goes still further and replaces the sinusoidal signal by a rectangular signal, 
then infinitely much sinus functions are hidden in it, as a Fourier analysis shows. With a 
rectangular signal, as it is delivered by the Zapper, one as it were catches everything, 
Good as well as Bad. There the helpful intestine bacterias break exactly like the 
‘wrongdoers, 

The treatment with the Zapper is simple, inexpensive and exactly as controversial. It is the 
shot with the shotgun in the forest, One always hits something. We nevertheless must ask 
the question, why one only hits parasites and bacterias and not the vital organs? Aren't 
those damaged also? 

Now then, the signal of the function generator is not modulated; it doesn't carry 
information. That's why only monocellular parasites, which don't know information 
exchange, are capable of a resonance, Human cells and more than ever whole organs on 
the other hand work with complex modulations, which effectively prevent any formation 
‘of resonance with the technically generated basic wave, with which the question would be 
answered so far. 

That however also means that immune reactions can be expected: If the first treatment 
with the frequency therapy still is successful and all simple parasites could be hit, then 
only further evolved parasites have been spared, which modulate their information. They 
now breed and can't be reached anymore in further sessions, The method suddenly doesn't 
function anymore, the therapist finds out, the body apparently has become immune. 
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Fig. 24.5: Harmonic spiral built on the first Gregorian scale.“ 


<i>: Dr. Manfied Doepp: Naturgemasse Frequenztherapien, Die Harmonie der 
Snirale. CO'Med 10/2000. S. 46 - 49 
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24.5 Discussion conceming the medicine of oscillation 


The textbook medicine in its explanations and treatment methods is basing on the models, 
which it can measure and analyse and which it understands. Doing so man and whole 
nature is reduced to a handful of chemical reaction formulas. The whole pharmaceutic 
industry lives on this misleading path, which long ago has revealed to be a dead end, 
medical as well as financial, This health service cannot be paid anymore and we should 
ask the question if it actually is worth the money, if with electric signals of minimum 
power can be obtained effects comparable to the effects of the pill medicine 
We need a new medicine, a potential vortex medicine. First of all we should research how 
an organism covers its energy needs and how it communicates. There leads no way past 
the scalar waves and the newly discovered potential vortices. Chemical processes a they 
ane being observed, occur by the way, that is beyond doubt, but they by no means are the 
cause. Hence of pills and other chemical means at most a treatment of symptoms and a 
case of side effects may be expected but not a cure of a disease. Once the potential vortex 
medicine will be systematically explored and be put to use in practice, healing successes 
can be expected, which we at present can't imagine at all 

The amazing results, which already today are obtained in the medicine of oscillation and 
‘of which some doctors can report”, dictates the direction in which the textbook medicine 
should develop. In the question, which kind of oscillation or which ,sequence of sounds" 
(Fig. 245) is the right "one, stil exists considerable need for research 
Some doctors even already work with my new theory and cite whole passages from my 
publications until now about this theme” 


<i>: Dr. Bodo Kohler Blisyn, der neue Weg in der Informations-Medizin, 
Jubilaums-Sehrift’ der Internationalen Arzte-Gesellschaft fur Biophysika 
lische Informations-Therapie, Bad Nauheim den 6.-8.10.2000, Seite 48 - 56, 

<iy>: Bioenergetische Messverfahren in Theorie und Praxis, Vortragsband der 
Gesellschaft ‘fur Energetische und  Informationsmedizin' e.V., Universitat 
Stuttgart am 17.7.1999, 

<iig>: Dr. Johann Lechner: Storfelddiagnostik, Medikamenten- und Materialtest, 
Teil 2 aus der Reihe: Praxis der Ganzheitlichen Medizin und Zahnmedizin, 
Verlag Dr. . Wabr (20U0), Kap. 2.42 Beruhrungslose, skalarvellentragende 
Informationsubertragung S. 173 ff., bes. Kap. 2.4.2.3 Seite 175, 176. 

<iiy>: Dr. Reichwein, Peters: Zellulare Elektromagnetische Systemsteuerung, Der 
Freie Art 5 (2000) im Wissenschafts-Forum (Anhang, S. IV - XXII) 


<ii>: Dr. M, Doepp: Tesla-Wellen, Neue Studien, CO’Med 5/2000, 8. 94 - 95, 
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Frequency spectrum of the human organism: 


intensity 


signal power of 
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‘The measured frequency spectrum of man. 


<i>: Dr. P, Bembenek: Akupunktur und (Bio-) Resonanz, CO'med 6/98, 8. 50-58 
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25. Contributions to the discussion concerning the information technical use 


The medical research predominantly takes place with statistical methods. This might be 
changed fundamentally, if only the physical relations have been realized and their causes 
found out. Only then a basic research will be possible also in the area of medicine, as it 
today already is usual in other disciplines. 

In this chapter it concems the question of the medical basis in general, and specifically the 
question of the use of the newly discovered potential vortices in biological systems. Doing 
so very aware is attempted to put the normally used medical view at the back and to derive 
the answers from the perspective of the engineer and the physicist. This approach is 
unfamiliar, so that some textbook physicians will have difficulties to follow. It however 
will prove to be very helpful. Medicine in addition needs new impulses and that justifies a 
‘new approach, like the unconventional one proposed by me. 

In this connection gladly is fallen back upon the comparison of biological with technical 
systems, although here exist differences in principle and fundamental It can be expected 
that nature has developed very appropriate strategies to solve certain tasks, as it also is 
teached in engineering and used in practice. At this place not only medicine benefits from 
now insights, engineering vice versa also can leam of nature, because natures optimization 
strategies are much much older and correspondingly perfect. 


25.1 Window of the sensuous perception 


To clarify the inner processes in man we consider his sense organs, which function as 
interface to the outside world. Technically seen in the case of the sense organs it concerns 
‘measurement converters to record and process certain physical values in our environment 
and their adaptation to pass on the information by means of the nerves. The measurement 
converters thereby are built more or less complex, which is related to the circumstance 
that the measurement factors, which a living being needs to orient itself and to be able 10 
survive, are quite different. 


It concems little windows within the frequency spectrum shown in fig. 23.1, which should 
be analysed. Man for instance chooses the visible frequency window and interpretes it 
‘with an assignment to the colours, because in this range the sunlight can reach the surface 
‘of the earth and the ionosphere doesn't exert an excessive damping (fig. 2.8) 

The acoustic window depends on the sound propagation in air, whereas dolphins work 
with ulvasound, which carry considerably further in water. The associated measurement 
converters, the ear and the eye, have a very complex structure. From this can be inferred 
that here the received signal must be transformed into a different physical measurement 
signal, that the perceivable signals are of other nature than the signals, which our nerves 
are able to pass on, 


 &B 
i © 
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25.2 The sense organs (nose, eye, tongue) 


If we want to find out something about the nature of the nerve signals, then we should 
more detailed consider a sense organ, which is constructed if possible simple. In that case 
it is possible that no signal transformation is necessary at all anymore, because the 
perceivable variable is exactly of the kind the nerves can process. 

The primary and perhaps most ancient sense organ of the living beings is the nose. It is 
constructed extremely simple. On the one hand according to encyclopaedias it is a 
chemical sense for the perception of smell materials. Man on the other hand can 
distinguish several thousands of scents, For that a huge analysis factory with 
correspondingly much receptors would be necessary, which one searches in vain in the 
nose between the nasal hairs and the nerves. We from that infer that scent should consist 
of particles, which are to a large extent identical with the reaction potentials. It thus will 
concern potential vortices. These ring-like vortices of the electric field again are 
modulated and carry information, which our brain is able to analyse. 

According to the derivation in chapter 9.0 Plato already 2400 years ago knew such 
relations, The conclusion is obvious that smell is vortex information, which according to 
the explanation of Plato forms at the transition of waves in potential vortices and vice 
versa. At the natural philosophers in antiquity the circle of the insights is closed. Modem 
science just isnt that fa, 


The hollow eye of the snail functions both as nose and as eye (fig. 25.2). This very ancient 
combined organ points to a relatively close affinity between both measurement sensors. 
Possibly in the course of evolution both organs have developed from such a common 
original form. 

In the case of man the smell rods occupied with the nasal hairs of roughly 2 micrometer in 
length, actually remember of the rods and cones in the eye, with which photons are 
collected. In both cases, so we can explain the mode of action in accordance with model, 
the ring-like vortices settle on the rods and run as reaction potentials along the nerve to the 
brain, which then analyses the modulation. 

In the case of the highly developed human eye the light rays first have to traverse the 
vitreous body and afterwards a pigment layer, before they reach the rods and cones. In this 
way the electromagnetic wave parts must roll up to vortices, since our nerves can only 
pass on vortices. ‘The photons can be interpreted as corresponding vortices. 
If we compare the eye with a bubble chamber, in which the tracks of ionized particles can 
bbe observed and photographed as thin white fog stripes. Here in collision experiments it 
can be proven that it concerns particles carrying impulse and not waves, But the 
‘measurement setup by no means does answer the question if it already concemed particles 
before they entered the bubble chamber, or if these have formed spontaneously in the 
presence of the saturated vapour 

It would be obvious, if for our eye the chamber water being under the inner eye pressure 
would take over the function of the bubble chamber and would take cate of the rolling up 
of the light waves to ight quanta 


sis The nerve conduction 


Example tongue: 


taste hairs 


nerve bundles 


Fig. 25.3 ‘Taste bud of the human tongue 
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We optically can't detect a difference, if the light while passing through a thick glass plate 
increases its part of photons. At the latest in the eye in any case all the light is transformed 
in photons and usable vortices, so that we mustn't detect a loss of brightness. The glass 
plate seems transparent to us, even if the sunlight should change its composition and its 
biological quality, if it passes the plate. 


If the tongue while tasking responds to dissolved substances, then it not by all means 
reeds to be a chemical excitation. Instead fine hairs, the taste hairs resp. sense pins, serve 
as receiver like in the case of the nose, The similar structure of the receptors and the 
circumstance that for most invertebrates sense of taste and sense of smell can't be 
distinguished of each other at all and consist of the same primary sense cells, suggest that 
the tongue doesn't analyse the chemistry as such, but only the molecular oscillation 
patterns, that also the taste is nothing else but vortex information! 


25.3 The nerve conduction 


For the collection of the potential vortices and the extraction of their information fine hairs 
in the sense cells obviously play a central role. They are connected more or less directly 
with the end of a nerve and pass on the information without big tansformation. Even in 
the organs of equilibrium sense hairs work. 

From the comparison with the technique developed by Nikola Tesla I could show that the 
nerve conduction concems a single-wire transmission, a kind of waveguide, for which the 
‘wansport of the excitation information takes place in the insulation layer and not in the 
conductor itself (fig. 9.6). As proof I quoted that the thickness of the insulation determines 
the velocity of propagation, that as is well-known the nerve conductors with thick fat layer 
pass on their action potentials faster than those with thin insulation, 
Particularly interesting is the observation, how the fat layer is constricted in fixed 
intervals, like for Wiener sausages (fig. 25.4 A). These nodes of Ranvier prove that only 
longitudinal waves are being tansported, which are standing waves with nodes and 
antinodes, if the distance from node to node exactly corresponds to the distance from one 
node to the next. With that nature with the use of the potential vortices is far ahead of our 
power engineering. The nerve-cables determine with their structure, which signal will be 
‘ansported and which not! 

The technical cables on the other hand are stupid and conduct everything, the useful signal 
just as well as any arbitrary interference signal. Anyone, whom the computer crashes 
every few minutes, knows what I'm talking about 

Man isn't able to afford a crash of his think computer. It would be lethal for him. His 
nerve costume even tolerates short-circuits. The acupuncture is such a short-circuit 
technique by means of electrically conductive needles. There even is given a therapeutic 
benefit and a relaxing effect forthe body. 

Cut through nerve fibers even can partly regenerate again, even without a eut through 
nerve again growing together with its other end. The nerve conductors are so intelligent, 
that only the matching information arrives at the end by passing on informations from one 
fiber to the corresponding next with the same node interval 


520 ‘The brain, a scalar wave computer 


A. Nerve conduction with nodes of Ranvier (to transmit standing waves): 


action potential (potential vortex ) | 
nodes of Ranvier 


insulator = Myelin hull (wound as Tesla coil) 


B, Single-wire transmission according to Nikola Tesla 


Fig. 25.4:___ Selective scalar wave signal transmission 


The brain works with scalar waves! Reasons are: 


1. Lacking of a signal transformer between the nerves and the brain. 
2. High performance density of the think apparatus. 

3. The brain activity measurable from the outside with the EEC 

4, Spark formation and corona discharges at open top of the skull, 

5. Insulation defect occurring in the case of epilepties. 


<P _ Original sketch of Tesla is Situated in the Nikola Tesla Museum, Belgrade. 
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Nerves represent an intelligent and at the same time interference safe wiring, which is 
superior to any technical solution by far, or you can ty to acupuncture a cable cord of 
‘your computer. You will have litle pleasure of it 

Nikola Tesla also in this point was ahead of the times. He has experimented with a single 
conductor technology, for which the insulation layer is constructed like for a nerve fiber 
(lig. 25.4 B). Weill have to leam to handle such aids in the future, if we in engineering 
‘want to emulate nature and as well want to send informations as scalar wave. A normal 
power cable as said conducts everything, useful as well as interference signals. If however 
the signal should be accomodated in the noise, a selective cable is required, which should 
be constructed according to the example of the nerve conductors, Before a scalar wave 
technology can be introduced and successfully used according to that completely other 
cables, coupling elements, amplifiers and other components should be developed. The 
trouble should be worthwhile atthe chances, which this genial technology offers us! 


25.4 The brain, a 


a scalar wave computer 
The brain cells (neurons) are of the same kind as the nerve cells. Hence can be done 
without @ signal transformer, can the informations transmitted by the nerves 10 the brain 
directly be processed further. From that follows that also the brain without exception 
‘works with potential vortices. There are several reasons for this hypothesis: 


1. as said, the lacking ofa signal transformer. 
2. the high performance density of the think apparatus. (As a result of the 
concentration effect of the potential vortices the efficiency of the human brain is in 
such a way high concentrated compared to the much more space claiming 
‘computers functioning on the basis of currents) 

3. the brain activity measurable from the outside with the EEC 
4, spark formation and corona discharges at open top of the skull, (Brain surgeons 
ccan report of such observations). 

5. The insulation defect occurring in the case of epileptics. (During a fit instable 
potential oscillations of the nerve cells occur, which lead to strong electric blows) 


With the ,exeiting” and the inhibiting” synapses as separation point between the neurons 
both a ,high-active” and a ,low-active"" method of operation is possible and with that a 
redundant, particularly interference safe signal transmission. 

Safety for interference is very important not only in nature. In the operating instructions of 
aPC can be read: operate only at room temperature, keep dry, don't throw or shock, take 
cure for sufficiently cooling air, ground apparatus, pay attention to mains voltage, etc”. A 
‘comparison with the range of operation of man is like scorn, 

Nevertheless the consequences if errors occur are quite similar: a garage door, which 
‘opens iff a mobile is switched on, by all means can be compared with a light phenomenon, 
‘which we perceive after a blow on the eye atthe biological level. 
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Fig. 25.5:__Comparison of the signal technology 
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25.5 Conceming signal engineering 


By means of a technical analysis of biological relations completely new interpretations 
result also for the occurring of a disease, We permanently and everywhere are surrounded 
by noise signals, but as a rule they can't touch us, because the body has developed perfect 
strategies for defence. The nodes of Ranvier on the nerve bundles here are just as helpful 
as the diode effect of the synapses. By means of the salt content and the skin resistance the 
body in addition controls the uptake of potential vortices from its surroundings, by using 
that the vortex decay is determined by the conductivity 


The specialties of the by humans used signal technology come to light particularly clear if 
compared with the cable technology used in the technical world (fig. 25.5). So is worked 
with only one wire instead of with supply and retum cable, are mediated potential vortices 
instead of charge carriers, does the transmission take place in the insulator without losses 
and not in an electric conductor, which as a result gets hot and produces current heat 
losses. Nerves thanks to their ability of selection represent an intelligent form of signal 
transmission, by helping to filter the asked information from the noise. This surely is 
necessary since with cables, which indiscriminately transmit every signal, an use of scalar 
waves hasn't succeeded yet. We should try to learn of nature! 


‘A special challenge is the protection against error signals. A passive shielding by a metal 
tease however is not possible, because scalar waves can't be shielded by principle, so that 
the precaution should be taken actively by means of the conductivity. That's why we 
sweat salt if we strain us physically, whereby the vortex decay is determined by the 
conductivity, which depends on the salt content of the body liquids. In the case of a 
sweating aciivity the body reduces its conductivity, so that the needed potential vortex 
energy will reach the cals, 


If the body sometime isn't able to defend itself against interference signals, then 
malfunctions ot pathological reactions are a possible result. During having a bath for 
instance a muscle cramp can occur, if the body doesn't defend itself fast enough or 
sufficiently against the high potential vortex activity in the water. Now vortices can be 
picked up in the nerves, which are of the same kind as the ones emitted by the brain, only 
that both muscles, biceps and triceps at the same time get the signal to contract. The result 
isa cramping of both muscles. 


Thus the brain has developed intelligent strategies to protect itself of interspersed 
misinformations. It weighs the incoming signals and forgets again all unimportant ones 
more or less fast. We speak of the ability to lean and that means that signals rise in the 
valuation scale and with that are stored longer, the more frequent repeated our brain 
receives them. This strategy assumes that interference signals only occur sporadic, for 
which reason they are. rated unimportant and fast are again forgotten, 
A PC on the other hand doesn't have such a property. It notices everything 
indiscriminately and sometime will crash of overload, if not the user will constantly foster 
it and will administer the available memory. A PC is and stays stupid, 
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Fig. 25.6:___ Strategies against interference signals, for damages 
linked with operation and for wear and tear. 
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25.6 Stability against interference and repair mechanisms 


The interference signals present in our natural environment as a rule are distributed 
stochastic, but not sO artificial interference signals like for instance transmitters emit. If for 
instance in the case of mobile telephony there occur time and again identical signal 
pattems and if a person perceives these, then because of the continual repetitions @ high 
importance is pretended and precious storage space in the brain is allocated. This to a 
special extent applies for the permanent stand-by signals, which are emitted by mobiles 
and cordless phones even then, if we don't phone at all. Such misdevelopments thereby 
‘would be technically avoidable just like that! 

If still no gauges are available and as a result there exist neither guidelines nor limits for 
the radiation exposure of scalar waves, then such devices must be developed and built. For 
the requested electromagnetic environmental compatibility not engineering, but man 
should be in the centre of attention! 


Let us throw a short glance at the set of difficulties of wear and tear. Most technical 
devices find the way into the workshop only, if they already are defect. Some aren't 
repaired anymore in principle and immediately sent to the rubbish, because they are wom- 
‘out and a repair isn't worth the effort anymore one says, whereas other, mostly expensive 
systems are being serviced by exchanging all wearing parts 


Nature has brought to perfection the last principle. It allows the body permanent 
maintenance; by permanently producing new cells and replacing consumed ones. It with 
that obtains a considerably longer operating time and even is capable to heal wounds. Just 
imagine dents in our cars would disappear ftom alone alter a few weeks and the bodywork 
Would look like nev. Such an optimal maintenance is costly and it has its price 
By means of the cell division the building plan for the spare parts is copied. The task on 
the other hand is transmitted to the new cells ,by radio" by means of waveguide channels, 
as proves the matching structure of scalar wave and waveguide (chapter 21.12 and fig 
28.7), The cells hence have a kind of ,decental intelligence", which technical matter lacks 
completely. A comparison with engineering nevertheless makes sense, because wear and 
tear occurs for all systems in continuous operation. Thus strategies must be developed to 
provide the necessary material for operation, building-material and exchange part. 


By sizing of the hyperboloid structures of the matrix channels it should be possible 10 
determine the wavelength of the scalar waves to enter them in the frequency diagram 
Bn. 


526 The microwave window 


Tunnel structure of the basic substance according to Prof. 
Heine: 


Fig. 25.7: ____ Information channels in the intercellular matrix.” 


<i>: Hartmut, Heine: Lehrbuch der biologischen Medizin. Grundregulation und 
Extrazellulare Matrix, 2. Aufl, 1997, Hippokrates Verlag Stuttgart, S. 56 
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25.7 The microwave window 


There still is lacking information about the frequency or the velocity of propagation to be 
able to specify and enter in figure 23.1 the cell information. Let's take to hand the book 
about "Biostrahlen"”. In there is explained how for individual cells the emission of 
electromagnetic signals already could be measured, which are interpreted as circularly 
polarized waves (fig. 21.10 A). It is said that thereby their polarization plane is rotating 
with the speed of light, whereas the wave itself is propagating in longitudinal way 
relatively slow and according tothe authors with the speed of sound, 
The occupation with the potential vortex theory in the explanation lets immediately 
recognize the vortex, for this is rotating with the speed of light in circles as rolled up wave 
(fig. 21.10). If it is bound to the surrounding matter with closed vortex centre, then it can 
bbe expected that the propagation actually takes place with the speed of body sound 
It could concer the same signals, which Prof. A. Popp calls biophotons and detects 
‘measuring technically in living organisms”. He however considers the phenomenon for 
the same wavelength with the speed of light and lands at light frequencies, even then if 
nothing is glowing visibly! The question is asked: Does it concem the frequency of the 
light or only the corresponding wavelength or actually both, thus light, as is expressed in 
the name biophotons? 

The photomultipliers, which Prof. Popp uses as light amplifier", however can only be 
tuned to certain wavelengths and not to frequencies. Even if the detected biophotons have 
the wavelength of the light, then nevertheless nothing will glow if the velocity of 
propagation and as a result also the frequency differs from that of the light for several 
powers of ten. In the case of the immense number of cells also the number of photons 
should correspondingly sum up and the body as a whole should start to glow, which is not 
the case 


The waveguides in the intercellular matrix serving the cell communication, which Prof. H. 
Heine observes microscopically, have wavelengths between 20 and 300 nanometer, which 
corresponds to the range of the ultraviolet radiation”. But if the propagation is slower 
than the light for 6 powers of ten, then also the frequency will only amount to one 
rillionth and be situated into the range of the microwaves. Here a biological window 
seems to be present, to which we should tum our attention for reasons of the 
electromagnetic environmental compatibility! 


The thermal radiation, which reaches the earth from the sun and the planets, lies in the 
microwave range between 2 and 20 em. If the sun does well to us, if we need the radiation, 
then it could be because of the identical frequency, But that also means that the sun and 
the planets are capable to have an effect on the cell communication, that they for instance 
could function as elock for the heart, 


<i: H. Mayer, G. Winklbaur: Biostrahlen, Verlag ORAC, Wien 1989, 5. Auflage 
8. 97: Messung von der DNS eines Gurkenkeims abstrahlenden Photonea, 


<ii>: A. Popp: Neue Horizonte in der Medizin, 2.Aufl. Haug Verlag Heidelberg 1987 
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25.8 Discussion concerning scalar wave medicine 


In the sensitive range of the supposed microwaves window however are also situated the 
‘mobile phones and their harmonic waves, which occupy a broad spectrum in particular for 
pulsed operation in digital nets. The D-net for instance has a wavelength of 32 em, the E~ 
ret lies at half that wavelength. But to which frequency does this correspond at the speed 
‘of sound? Now, the frequency is 6 powers of ten smaller and now lies at 1 kHz resp. 2 
kHz. To that are added the numerous harmonic waves, which form a noise signal and lie 
above that. With that these signals are situated completely in the audible range, there 
here our ears are most sensitive! 

This cause we probably owe the disease of modem civilization ,,Tinnitus". Every charged 
particle will follow this electromagnetic oscillation and produce corresponding sound 
oscillations, which can hear not sick ", but completely on the contrary healthy" people, 
who as a result possibly get sick. The objection, in this range also cosmic radiation for 
instance from the planets is present, is legitimate. It however should be considered that 
planets also are going away from the earth again and in addition is present a fluctuation 
according to the time of day due to the rotation of the earth, while the mobile telephone 
‘masts in our Vicinity radiate in continuous operation, 


In this window in addition the clocking of the brain currents takes place at 10 Hz. 1 would 
recommend blocking the acoustic relevant range between 2 cm (16 kHz) and 3 m 
wavelength (100 Hz) for all technical use. Every operation of a transmitter in a biological 
‘window harms all people and cannot be answered for by any institution. 


It further should be considered that the biological window of the plants and animals 
as a rule correspond to that of man, but sometimes are shifted significantly upward or 
downward in wavelength. We are not eniled to judge nature. The immune system of the 
‘animals now obviously has reached the breaking point and also that of man doesn't seem 
to be that anymore, which it originally was 

We must proceed fiom the assumption that many diseases on the one hand and therapy 
methods on the other hand partly direct and partly inditect have to do. something with 
sealar waves. (Eg. the occurring of cancer”), 


<i: HL. Mayer, G, Winklbaur: Biostrahlen, Verlag ORAC, Wien 1989, 5. Aufiage, S. 
97: Messung von der DNS eines Gurkenkeims abstrahlenden Photonen, 

<li>: A. Popp: Neue Horizonte in der Medizin, 2.Aufl. Haug Verlag Heidelberg 1987 
<ili>: Hartmut. Heine: Lehrbuch der biologischen Medizin. Grundregulation und 
Extrazellulare Matrix, 2. Aufl. 1997, Hippokrates Verlag Stuttgart, S. 56 
<4i>: K. Meyl: Skalarwellenstrahlung. Welche Bedeutung haben Skalarwellen fur 
die Medizin? GNP-Vortrag am 29.04.2001, Rhein-Main-Halle Wiesbaden, see: 
Co'med Fachzeitschrift fur Komplementarmedizin, 6/2001, pp.55-60. 
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I. According to the Maxwell theory: 


1. Faraday's law of induction: 
rotE = — 8B/at es» 
with ~E=E(r,t) 
and H=H(rt) = B-=u-H (262) 


—rotrotE = p- S(rot H)/St 2.) 


2_Amnere's I 


rotH = j + 8D/dt es 


with 

Ohm's law: j=o-E (255) 
dielectric displacement D=c-E (266) 
relaxation time: t = e/o 67) 


| rotH = e- 


3. Inserting equation 26.8 into 26.3 yields: 
~rotrotE = p-e-(1/r+8E/8t + 3E/6t2)c6% 


with the abbreviation: +e = 1/c? 2610) 


4, Field equation of a damped transverse wave 


s ols 2 : | 
<TotTOtR -o8 5, B/at + (1/t)- BE/Bt, | 


transverse wave vortex damping 


Fig. 26.1 Derivation of the wave damping by means of the 
formation of vortices!" 


=B2_ see also EMC, part 1, chapter 53, borderline case 
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26. Recapitulation from the viewpoint of textbook physics 


Now that we in the meantime have accumulated innumerable mosaic parts as inspiring 
contributions to the discussion for the information technical seminar, it is time to sort the 
ideas and to put the parts together to an overall picture, 

Sceptics and orthodox scientists can only be convinced, if we start from textbook physics 
‘and completely do without postulates. Those demands will be fulfilled! 


26.1 Common misinterpretation of the antenna losses, 


The mathematical description of physical relations leads to the well-known laws, which 
shouldn't be doubted anymore as soon as they are accepted to be correct. But what about 
the interpretation? Although a law dictates the interpretation and there is no choice, 
because laws must be adhered to, yet textbooks from time to time violate the mathe 
‘matically dictated interpretation, a circumstance, which can't be accepted. 1 would like to 
illustrate this with an example 


Let us assume that the measured degree of effectiveness of a transmitting antenna amounts 
to 80 percent. There exist better antennas, but also distinctly worse antennas, but I'm not 
aiming at a certain construction, The statement simply says, that 80% of the fed in HF- 
power is transformed into Hertzian waves. Thus there arises a loss of power of 20 percent, 
and the question follows: of what do those 20% consist? 


The answer, which is usual among experts and is supported by the textbooks, reads: the 
dntenna wire gets hot and also the air around the antenna is heated by dielectric losses. In 
short, heat is formed. 

But I have to point out and will fumish proof that this interpretation is predominantly 
‘wrong! It in any case isn't in accord with the laws of Maxwell. Who namely obeys the 
laws, comes to an entirely different result! 


A short derivation brings ito light (fig. 26.1). 
We start with the formulation of Faraday's law of induction according to the textbooks 
(26.1), apply the curl-operation to both sides of the equation (26.3) and insert in the place of 
rot H Ampere’s law (26.4-26.8). The generally known result describes a damped electro- 
magnetic wave (26.11). 

It on the one hand is a transverse wave, which represents 80% of the antenna power for 
‘our example. On the other hand a damping term can be found in the equation, which 
‘obviously corresponds to the sought-for 20%. With that the answer would have been 
found. We realize that because of a damping of the wave 20% antenna losses arise. These 
losses can't concern heat at all, since the damping term in the equation has got nothing in 
‘common with thermodynamics. In the equation doesn't stand anything about heat! 
Such a mistake! 
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E-field Hfield E-field H-Feld 
5 2 
r+ a 
o 90° 180° 270° 


21.9 A: The coming off of the electric field lines 
from the dipole. 


Er Repeiition belonging to chapter 21 
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26.2 Wave damping by field vortices 


+ Mathematically seen the damping term describes vortices of the electromagnetic 
field. This term for instance forms the basis of all eddy curent calculations”. 


+ Physically seen some waves - in our example it is 20 percent - roll up to field 
vortices, with which the wave damping and the antenna losses would be explained. 


In the course of time a substantial part of the generated vortices will fall apart. These 
thereby will produce eddy losses in form of heat. Thus eventually still heat is produced - 
agreed. The criticism of the textbooks consists of the circumstance that we by no means 
can proceed from the assumption that all vortices spontaneously fall apart and a total 
conversion into heat will take place. The process in addition takes place with a temporal 
delay, The time constant x gives information in this respect. Field energy is buffered in the 
vortex, where some vortices live very long and it can’t be ruled out that a few even exist 
as long as you like, 


To find out more about these field vortices and their behaviour, one has to get deep into 
vortex physics. Unfortunately nothing can be found about vortex physics in the textbooks. 
The mistake is systematic, The following short compendium should help close the gap 


+ Mathematically seen a closed-loop electromagnetic field vortex will show as a 
scalar, Such field vortices, which ate mediated by a scalar field, are propagating 
‘exactly as charged particles in longitudinal manner as a scalar wave. 


+ Physically seen a closed-loop field vortex has got particle nature. If one particle 
kicks off the next one then an impulse is mediated, then a shock wave is occurring, 
2 longitudinal undulation of the particles. 


From the vortex physical view the interpretation of the antenna example now sounds 
‘entirely different 

The charge carriers in an antenna wire oscillating with high-frequency form a longitudinal 
shock wave. Between current and tension voltage usually a phase shift of 90° is present 
The fields produced by these charge carviers form a scalar wave field in the immediate 
vicinity of the antenna, the so-called near-field zone, which likewise contains longitudinal 
field components and shows a phase shift of 90° between electric and magnetic field ( 
21.8 A). As in textbooks is clarified by field lines, the generated fields actually form 
vortices, where one structure kicks off the next one (fig. 21.9 A), 


The vortices in the near-field zone of an antenna consist of standing waves, which 
obviously are transforming with increasing distance. In our example 80% of these are 
uunrolling and tum into transverse waves, whereby the characteristic phase angle between 
EB. and Hefield at that ‘occasion ‘becomes zero. 
Let's turn again to those 20 percent loss, 


<i: _sa2K, Meyk Wirbelstrome, Diss. Uni, Stuttgart 1984, INDEL Verlagsabt 
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1 According to the Maxwell theory: 


The consistent application of textbook physics 


+ Longitudinal waves run in the direction of a field pointer. 
+ The field pointer oscillates, the vector of velocity oscillates along! 


+ At relativistic veloci 
contraction, 


field vortices are subject. to the Lorentz 


+ ‘The faster the oscillating vortex is on its way, the smaller it gets 
+ The vortex permanently changes its diameter (see fig. 21.10 B) 
+ With the diameter the wavelength decreases (see fig. 22.4). 


+ The swirl velocity is constant (= speed of light c), 


+ The igenfiequency of the vortex oscillates with opposite phase 
to the wavelength. 


+ The vortex acts as a frequency converter! 
+ Them 


surable mixture of frequencies is called noise. 


leads to the statement: 


+ The antenna noise corresponds to the antenna losses! 


I. Mathematical description of a wave by the 
inhomogeneous Laplace equation: 


AE. c? = rot rot B - c? + grad div E - c? = 


v7 Ns 
Laplace _transverse longitudinal 
operator (radio wave) (scalar wave) 


Divergence E is a scalar! 


‘The corresponding term founds a scalar wave 


Fig. 26.3: Mathematical description of a wave 
according to 
Laplace. 
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26.3 Laplace versus Maxwell 


Longitudinal waves as is well-known don't know a fixed velocity of propagation at all 
Since they run in the direction of an oscillating field pointer also the vector of velocity 
will oscillate. For so-called relativistic velocities in the range of the speed of light © the 
field vortices are subject to the Lorentz contraction. That means, the faster the oscillating 
vortex is on its way, the smaller it gets. The vortex, as a mediator of a scalar wave 
carrying impulse, permanently changes its diameter. 

Since, in the case of the vortices, it should concem rolled up waves, the vortex velocity 
will continue to be c, with which the wave now runs around the vortex centre in a circle. 
From that follows that if the diameter gets smaller, the wavelength of the vortex as well 
will decrease, whereas the eigenfrequency of the vortex accordingly _ increases. 
If the next moment the vortex oscillates back, the frequency again decreases. The vortex 
acts as a frequency converter! The mixture of high-frequency signals distributed over a 
broad frequency band formed in this way, is called noise. A noise signal indeed is 
measured from the outside with the help of broadband receivers... We also speak of 
antenna noise and with this knowledge we can further specify the 20% antenna losses: 
The antenna produces 20 % noise, which can be put equal to the generated vortices 
‘because of the wave damping. 


At this point the Maxwell theory doesn't leave us room for interpretation at all. If in the 
textbooks the impression is aroused, as if the noise were an independent discipline, than 
that is not true at all, How much the noise is connected with the electromagnetic waves, 
proves a short look atthe wave equation, 


The wave equation found in most textbooks has the form of an inhomogeneous Laplace 
equation. The famous French mathematician Laplace considerably earlier than Maxwell 
did find a comprehensive formulation of waves and formulated it mathematically (eq, 
26.12), which until today is still accepted as valid. 


On the one side of the wave equation the Laplace operator stands, which describes the 
spatial field distribution, and which according to the rules of vector analysis can be 
decomposed into two parts. On the other side the description of the time dependency of 
the wave can be found as an inhomogeneous term. 


If the wave equation according to Laplace (26.12) is compared to the one, which the 
Maxwell equations have brought us (26.11), then two differences clearly come forward: 
1. In the Laplace equation the damping term is missing. It doesn't deseribe the 
formation of vortices, and that means vortices do not exist at all, or present vortices 
have been there from the beginning, 
2 With divergence E a scalar factor appears in the wave equation, which founds a 
scalar wave, 


At this point at once hot tempered discussions conceming the question of the existence of 
scalar waves blaze up. But this question has already been answered clearly with the vortex 
consideration. Since an accepted description of longitudinal and scalar waves exists. with 
the plasma wave and the plasma wave can be derived directly without postulate from the 
term of the wave equation (chapter 21.4/21.5), which founds scalar waves, there are 
further arguments present for their existence. 
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L According to Maxwell: 


| — rot rot Bc? = 8B/6t2 + (1/2) - BE/ét 
| ee) (26.11) 
I transverse wave vortex damping 


Description of electromagnetic waves with vortex. damping 
Example: sunlight and the damping in the ionosphere (bleu sky). 


IL According to Laplace: 


— 


AE. c2= 


rot rot E - c?'+ grad divE - c? = 
a 


Laplace transverse longitudinal 


operator 


Description of transverse electromagnetic waves (Hertzian waves) 
and longitudinal scalar waves (Tesla radiation), 

1" example: propagation of light as a wave or as a particle 

2™ example: useful signal or noise signal of an antenna. 


II. Mathematically seen (comparison of coefficients): 


| (1/1). 8B/at, + grad divE .c? = 0 


| 
vortex, scalar i 
| 


IV. Physically seen 
(from the comparison of equation 26.12 with equation 26.11): 


Vortices propagate longitudinally as a scalar wave! 


Fig. 26.2 Comparison of the two wave des 


iptions, 
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26.4 Error term in the wave equation 


From the comparison of coefficients of both wave descriptions follows even more: 


+ Mathematically seen the damping - resp. vortex term according to Maxwell can 
be put equal to the scalar wave term according to Laplace. 


‘+ Physically seen the generated field vortices form and found a scalar wave. 


Here also doesn't exist any room for interpretation, as long as we work with the wave 
equation according to Laplace and at the same time adhere to the Maxwell theory. If 
however the scalar wave part is put equal to zero, as is common practise in the textbooks, 
then as a consequence neither vortices nor noise may exist. But that contradicts all 
measuring technical experience! Since every antenna produces more or less noise, the 
textbooks obviously only show half the truth. Science however gropes for the whole truth 
‘and that should be fathomed. 


If in the case of the antenna example the vortex part amounts to 20%, then that's 
tantamount to 20% scalar wave part, resp. 20% noise. The scalar wave part constitutes 
with regard to the Hertzian useful wave something like an error term in the wave equation, 
The part definitely is too big, as that it might be put equal to zero. Even so all error 
consideration in the textbooks is missing, if the scalar wave term is assumed to be zero 
That violates all rules of physics and of taught scientific methodism. 


In practice this shows by a useful signal going under in the noise and reception not being 
possible anymore as soon as the scalar wave part gets out of control. Even in this ease, for 
which the degree of effectiveness tends towards zero, it still is common practise to put the 
error term, which is dominating everything, equal to zero. But who in this point follows 
the textbooks, disregards with that the wave equation and doing so by no means can refer 
to the circumstance that all colleagues make the same mistake. 


The building of physics behaves like a house of cards, where the cards mutually support 
each other. Perhaps that is the deeper reason why those, who have discovered a marked 
card, don't pull it out immediately. In addition they are hindered by the self appointed 
guardians of the ,.pure doctrine”, since everyone knows what happens with the house of 
cards if the marked card is pulled out. Only, do we want to and can we live with that in the 
long run? Is it a solution of the problem, if the so-called experts among the physicists and 
technicians look away and don't deal with the foundation of their branch anymore? If 
universities crash their basis education into the wall and choke off every contradiction? 


Please allow me to pull out the marked eard now and place it on the table! 


It concerns the question: what is the nature of the field vortices, which form a scalar wave 
in space. Eddy currents in the iron parts of the antenna are explained with the field 
equations, but not the noise, which is measured especially in the air. If an antenna on the 
‘one hand produces field vortices and as a consequence eddy losses and on the other hand 
dielectric losses, then we can assume that besides the eddy currents in the conductor also 
vortices in the dielectric must exis. Lets search for them! 
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Interim result 


Interim result (comparison of arguments): 


The Maxwell  equations| 
on the one hand dictate 
that as the reason for a 


On the other hand the 
same laws merely| 
describe eddy currents, 


wave damping only field) which can only occur in 
vortices should be con-| the electrically con- 
sidered. ducting parts of the 
antenna. 
On the one hand the| On the other hand does 
field vortex interpre-| the noise appear in the 
tation makes it possible} neighbourhood of the 
to explain the noise of] antenna, thus in the air| 
an antenna perfectly. and not in the iron 
parts! 
The mathematical for-| In field physics on the 
mulation reveals, how] other hand is missing a 
wave and vortex, resp.| useful description _of| 
noise, co-operate. and] electric field vortices in 
how one should imagine] a dielectric, which could] 
the conversion of one| found the noise signal. 


form into the other form. 


Table 26.5 


Arguments pro and contra. 
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26. $ Interim result 


It shouldn't be a disadvantage, to interprete physical laws more consistently than usual, 
even if in the present case orthodox science through that at first should fall into a deep 
crisis. If the way is worthwhile, only will show atthe end, 
Let us try to work out the contradictions in form of a comparison of arguments! 


“The Maxwell equations on the one hand dictate that as the reason for a wave 
damping only field vortices should be considered. 
(© On the other hand the same laws merely describe eddy currents, which can 
‘only occur in the electrically conducting parts ofthe antenna, 


* On the one hand the field vortex interpretation makes it possible to explain the 
noise of an antenna perfectly 
© On the other hand does the noise appear in the neighbourhood of the 
antenna, thus inthe air and notin the iron parts! 
+ ‘The mathematical formulation reveals, how wave and vortex, resp. noise, co- 
‘operate and how one should imagine the conversion of one form into the other 
form, 


‘0 In field physics on the other hand is missing a useful description of electric 
field vortices in a dielectric, which could found the noise signal, 


The most obvious among all conceivable solutions is the one that we have to assume the 
existence of dielectric field vortices, so-called potential vortices. We are challenged to 
search for a corresponding description. If the quest should be successful, then the 
contradictions would be overcome. In addition there is the promise of a whole number of 
simplifying explanations of various phenomena in the dielectric (see fig. 26.5 and fig, 
26.7) 


The phenomenon of noise becomes an aspect of wave physics, which is more than merely 
1 field disturbance, which makes the reception of the useful wave more difficult. If the 
scalar wave nature is realized, then applications can be imagined, in which the noise is 
used as useful signal. In the way that the scalar part in the wave equation doesn't have to 
be put to zero anymore to obtain freedom of contradiction, even optimizations of antennas 
or of capacitors are possible with regard to the dielectric losses by means of the 
calculation of the scalar part 


New in any case is the idea that the dielectric losses of a capacitor are eddy losses and not 
fa defect in material of the insulating material. With that the capacitor losses correspond 10 
fa generated noise power. We also can say, every capacitor more or less produces noise! 
The electric field lines point from one capacitor plate to the other plate. If one plate 
radiates as a transmitter and the other plate functions as a receiver, then the field 
propagation takes place in the direction of the electric field pointer and that again is the 
condition for a longitudinal wave. Here the circle closes in the conclusion, the capacitor 
field mediates dielectric field vortices, which following the field lines found a scalar wave 
because of their scalar nature. The heating of the capacitor results from the decay of 
vortices. 


540 Failure of the Maxwell theory 


Potential vortices explain div. phenomena in the dielectric: 


Fig. 26.6: _ Advantages ofa field description extended with 
potential vortices. 


Sis Rupert Sheldrake: Seven Experiments That Could Change the World. 
Riverhead Books, 1995 
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26.6 Failure of the Maxwell theory 


If the capacitor losses or the antenna noise should concem dielectric losses in the sense of 
vortex decay of potential vortices, which don't occur in the Maxwell theory at all, then we 
are confronted with a massive contradiction; 


sFor the description of the losses the Maxwell; theory on the one hand only offers 
field vortices and those only in the conductive medium, 
‘© Onthe other hand do the dielectric losses occut in the nonconductor and in 
the ait, 


+ In conductive materials vortex fields occur, in the insulator however the fields 
are irrotational. That isn't possible, since at the transition from the conductor to 
the insulator the laws of refraction are valid and these require continuity! Hence 
a failure of the Maxwell theory (Fig. 26.7) will occur in the dielectric. 


(© Asa consequence the existence of vortex fields in the dielectric, so-called 
Potential vortices, should be required! 


In electrodynamics as a help the approach of a vector potential A is used, which leads to a 
‘complex formulation of the dielectric constant ¢ and in this way makes it possible, to 
mathematically describe the dielectric losses of a capacitor by means of the load angle, 
‘which stretches in the complex plane. But which physical value does this approach have? 
How can now the inner contradiction be explained, which is hidden in a complex constant 
‘of material? One should only remember the definition ofthe speed of light c =1/-1ap (09 

26.10) and its dependency of g, For a complex ¢ here ate resulting insurmountable 
problems in the textbooks, 

From the viewpoint of mathematics the introduction of the vector potential at first may 
represent a help, The before mentioned contradictions however fast raise doubts to the 
model concept, which from a physical viewpoint eventually will lead to errors, if the speed 
of light isn't constant anymore and even should be complex. 


‘These considerations should be sufficient as a motive to require potential vortices, even if 
for their description the field theory according to the textbooks has to be revised. As a 
supplement there is pointed to the following points: 


+ As an inhabitant of a dielectric between two capacitor plates also man is a 
product of these field vortices 
Scalar waves can be modulated moredimensionally and be used as carrier of 
information, as Prof. Sheldrake has proven with his proof of morphogenetic 
fields“ 

The dielectric vortices moreover provide an explanation for natural events, They form the 

key to numerous disciplines of science, from physics over biology up to medicine. 


<i: Rupert Sheldrake: Seven Experiments That Could Change the World. 
Riverhead Books, 1995 
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Problem of continuity in the case of the 
coming off of vortices 


Example: hightension cable 


‘the dielectric! 


Conclusion: ¢ According to the Maxwell theory 
there exist no vortices of the electric field (no 
potential vortices) and therefore no scalar 


waves. 


¢ Without theory it is impossible to design a 
usable scalar wave gauge and to furnish 
evidence. => Classic closed loop conclusion: 


* The missing of scientific evidence again 
»proves* the assumption of the irrotationality 
and ,confirms* the correctness of the Maxwell 
theory. 


+ Hence it cannot be, what shouldn’t be! 


Fie. 26.7: Concerning the failure of the Maxwell theory 
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26.7. Concerning the evidence situation 


In the question, if @ physical phenomenon should be acknowledged as such, experimental, 
‘mathematical and physical evidence should be shown. In the case of the potential 
vortices, the vortices of the electric field and their propagation as a scalar wave, the 
historical experiments of Nikola Tesla” and the modem clone of these can be judged as 
experimental evidence". 


With the well-known wave equation a mathematical description for this phenomenon 
has been specified and discussed”. It will be shown that both transverse and longitudinal 
‘wave parts are contained alongside in the wave equation, i.e. both radio waves according 
to Hertz and scalar waves according to Tesla. Doing so the mathematically determined 
scalar wave properties are identical with the experimental results! 

The wave equation is an inhomogeneous Laplace equation and the first and oldest 
description of scalar waves. It thereby is unimportant, if the famous mathematician 
Laplace himself already may have realized and discussed this circumstance or not. The 
description fits perfectly and that is what counts! 


At this point the third point should be put on the agenda, the physical evidence. This is 
connected very closely with the question for a suitable field theory and that again is basing 
‘on a corresponding approach, 


N, Tesla: Apparatus for Transmission of Electrical Energy, US-Patent-No. 
621, New York 1500, Dr. Nikola Tesla: Complete Patents pp318-321 
<i>: Johannes von, Buttlar im Gesprach mit Prof. Dr. Konstantin Meyl: 
sutrinopower, Atgo-Verlag, Marktoberdort, LAUfl, 2000, 
K. Meyl: Scalar Waves: Theory and Experiments, Joumal of Scientific 
Exploration, Vol. 15, No. 2, pp. 199-205, 2001 


Az 


54 Energy out of the field 


(*** Task Schedule * * *) 


1, Neutrino radiation => energy radiation! 
(ace. to Pauli: cares for missing energy in the case of the B-decay) 
High neutrino density => high energy density! 
3. Neutrino = particle without charge or mass (mean), 
but because of oscillations: effective value of charge and mass~#zero! 
4. Interaction only in the case of resonance 
(e.g. weak interaction 
(same frequency, 180° phase shift) 
5. Neutrino radiation is an energy source which can be 
used (not a question of physics, only a question of technology!) 
6. Particle radiation (neutrino) => shock wave (like sound) 
> longitudinal wave 
=> scalar wave (mathem.) 
7. Interaction/resonance of the v = scalar wave problem 
8. Scalar waves are a problem of the field theory! 
9. Maxwell theory neglects scalar waves. 


i 


Search for a new approach (chap. 27.8) 


+ Derivation of the Maxwell equations a 


+ Derivation of scalar waves (chap. 27.13) 


* Derivation of the gravitation and more 


Table 27.1: Task schedule belonging to chapter 27 
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27. Faraday versus Maxwell 


Numerous phenomena of the electromagnetic field are described sufficiently accurate by 
the Maxwell equations, so that these as a rule are regarded as a universal field description. 
But if one looks more exact it tums out to be purely an approximation, which in ad 
leads to far reaching physical and technological consequences. We must ask ourselves: 


What is the Maxwell approximation? 
'¢ How could a new and extended approach look like? 


@ Faraday instead of Maxwell, which is the more general law of 
induction? 


# Can the Maxwell equations be derived as a special case? 
‘# Can also scalar waves be derived from the new approach? 
‘# Can the gravitation as well be derived and a lot else more? 


(On the one hand it concerns the big search for a unified physical theory and on the other 
hhand the chances of new technologies, which are connected with an extended field theory. 
As a necessary consequence of the derivation, which roots strictly in textbook physies and 
manages without postulate, scalar waves occur, which could be used manifold. In 
information technology they are suited as a cartier wave, which can be modulated 
moredimensionally, and in power engineering the spectrum ‘stretches from the wireless 
transmission up to the collection of energy out of the field 


27.1 Energy out of the field 


Neutrinos for instance are such field configurations, which move through space as a scalar 
wave, They were introduced by Pauli as massless but energy carrying particles to be able 
to fulfil the balance sheet of energy for the beta decay. Nothing would be more obvious 
than to technically use the neutrino radiation as an energy source. 

But for a technical exploitation a useful model description of the particles and their 
interaction is imperative. For the sake of simplicity we imagine the neutrino to be an 
oscillating particle, which permanently oscillates back and forth between the state of an 
clectron and that of a positron, With that the polarity changes from positive to negative 
and back again and the charge averaged over time is zero, Because of the change from a 
state of matter to the state of an anti-particle also next 10 no mass can be measured 
anymore. 

‘A technical oscillator operated in resonance, which oscillates with the same frequency but 
‘opposite charge, will interact with the particle and build up an oscillating electromagnetic 
interaction, with which we already are familiar as the weak interaction in the proximity of 
a neutrino. 


546, Vortex and anti-vortex, 


Tubular vortices 
+ Examples: drain vortex (bathtub vortex) 
whirlwind and waterspout, tomado (image). 


expanding vortex 

Outside: contracting anti-vortex. 

Condition for coming off: equally powerful vortices 
Criterion: viscosity 

Result: tubular structure 


Fig. 27.2: _Vortex and anti-vortex - a physical basic principle 


<i>: —_Lugt: Wirbelstromung in Natur und Technik, G. Braun Verlag Karlsruhe 
1979, Bild ,,Tomado" von Tafel 21, Seite 356 
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The propagation of particle radiation as a longitudinal shock wave however can't be 
described with the normally used field theory and the Maxwell equations, so that the field 
theory at this point must be reworked. Connected with this is the question of what is 
oscillating here, a question, which often is answered with an aether of whatever nature. 1 
speak of field vortices and call the aether a property of the field. With that the set of 
difficulties is shifted into the domain of vortex physics. 


27.2 Vortex and anti-vortex 


In the eye of a tornado the same calm prevails as at great distance, because here a vortex 
and its anti-vortex work against each other. In the inside the expanding vortex is located 
and on the outside the contracting anti-vortex. One vortex is the condition for the 
existence of the other one and vice versa. Already Leonardo da Vinci knew both vortices 
and has described the dual manifestations (chapter 3.4), 


In the case of flow vortices the viscosity determines the diameter of the vortex tube where 
the coming off will occur. If for instance a tornado soaks itself with water above the open 
‘ocean, then the contracting potential vortex is predominant and the energy density 
increases threateningly. If it however runs overland and rains out, it again becomes bigger 
and less dangerous. 


The conditions for the bathtub vortex are similar. Here the expanding vortex consists of 
air, the contracting vortex however of water. In flow dynamics the relations are 
understood. They mostly can be seen well and observed without further aids 


In electrical engineering it's different: here field vortices remain invisible and not 
understood. Only so the Maxwell theory could find acceptance, although it only describes 
mathematically the expanding eddy current and ignores its anti-vortex. I call the 
contracting anti-vortex potential vortex" and point to the circumstance, that every eddy 
ccurrent entails the anti-vortex as a physical necessity 

Because the size of the forming structures is determined by the electric conductivity, in 
conducting materials the vortex rings, being composed of both vortices, are huge, whereas 
they can contract down to atomic dimensions in nonconductors, Only in semiconducting 
and resistive materials the structures occasionally can be observed directly (ig. 4.8). 


54a. Vortices in the microcosm and macrocosn 


Spherical vortices 


Examples: expanding vortex contracting vortex 

+ quantum collision processes gluons 

physics (several quarks) (postulate! 

+ nuclear repulsion of like strong interaction] 
physies (postulate!) 

+ atomic centrifugal force of the electrical attraction 
physics enveloping electrons Schrodinger equation 

: astro- centrifugal force gravitation 

physics (inertia) (can not be derived?!) 


elementary particles as electromagnetic field vortices 
‘expanding eddy current (skin effect) 
contracting anti-vortex (potential vortex ) 

for coming off: equally powerful vortices 

electric conductivity (determines diameter) 
Result: spherical structure 

(consequence of the pressure of the vacuum) 


Fig, 273 Spherical structures as a result of contracting 
potential vortices.” 


<Br see Pan 1, chapter as 
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27.3 Vortices in the microcosm and macrocosm 


The approximation, which is hidden in the Maxwell equations, thus consists of neglecting 
the anti-vortex dual to the eddy current. It is possible that this approximation is allowed, as 
long as it only concerns processes inside conducting materials. If we however get 10 
insulating materials the Maxwell approximation will lead to considerable errors and it 
‘won't be able to keep it anymore. 


If we take as an example the lightning and ask how the lightning channel is formed: 
Which mechanism is behind it, if the electrically insulating air for a short time is 
becoming @ conductor? From the viewpoint of vortex physics the answer is obvious: The 
potential vortex, which in the air is dominating, contracts very strong and doing so 
squezes all air charge carriers and air ions, which are responsible for the conductivity, 
together ata very small space to form a current channel 


The contracting potential vortex thus exerts a pressure and with that forms the vortex. tube. 
Besides the cylindrical structure another structure can be expected. It is the sphere, which 
is the only form, which can withstand a powerful pressure if that acts equally from all 
directions of space. Only think of ball lightning. Actually the spherical structure is mostly 
found in microcosm till macrocosm, Let's consider some examples and thereby search for 
the expanding and contracting forces (fig. 27.2. 


+ In quantum physics one imagines the elementary particles to be consisting of quarks 
Irrespective of the question, which physical reality should be attributed t0 this model 
concept, one thing remains puzzling: The quarks should run apart, or you should ty to 
keep together three globules, which are moving violently and permanently hitting 
each other. For this reason glue particles were postulated, the so-called gluons, which 
now should take care for the reaction force, but this reaction force is nothing but a 
postulate! 


+ In nuclear physies it concems the force, which holds together the atomic nucleus, 
which is composed of many nucleons, and gives it the well-known great stability, 
although here like charged particles are close together. Particles, which usually repel 
each other. Between the theoretical model and practical reality there is an enormous 
‘gap, which should be overcome by introducing of a new reaction force. But also the 
nuclear force, called strong interaction, is nothing but a postulate! 


+ In atomic physies the electric force of attraction between the positive nuclear charge 
and the negatively charged enveloping electrons counteracts the centrifugal force. In 
this case the anti-vortex takes care for a certain structure of the atomic hull, which 
‘obey the Schrodinger equation as eigenvalue solutions. But also this equation 
irrespective of its efficiency until today purely is a mathematical postulate, as long as 
its origin is not clear. 


+ In astrophysics centrifugal force (expansion) as a result of the inertia and gravitation 
(contraction) as a result of the attraction of masses are balanced. But the "gravitation" 
puts itself in the way of every attempt to formulate a unified field theory. Also this 
time itis the contracting vortex, of which is said it can't be derived nor integrated. 
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onniied = 
Michael Faraday, James Clerk Maxwell, 
the mathematician (1831-1879) 


the experimentor (1791-1867) 


unipolar generator 


Fig. 27. 


The fathers of the law of induction 


<i>: J.C. Maxwell: A treatise on Electricity and Magnetism, Dover Publications 
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It is remarkable how in the domain of the contracting vortex the postulates are 
accumulating. But this hasn't always been the case, In ancient Greece already 2400 years 
ago Demokrit has undertaken an attempt to formulate a unified physics. He waced all 
visible and observable structures in nature back to vortices, each time formed of vortex 
and anti-vortex. This phenomenon appeared him to be so fundamental, that he put the term 
vortex” equal to the term for law of nature". The term atom" stems from Demokrit 
(460.370 BO), 


Seen this way the physicists in ancient times already had been further than today's 
physies, which with the Maxwell approximation neglects the contracting vortex and with 
that excludes fundamental phenomena from the field description or is forced to replace 
them by model descriptions and numerous postulates. 

What we need is a new field approach, which removes this flaw and in this point reaches 
over and above the Maxwell theory, 


27.4 Faraday's law and Maxwell's formulation 


In the choice of the approach the physicist is free, as long as the approach is reasonable 
and well founded. In the case of Maxwell's field equations two experimentally determined 
regularities served as basis: on the one hand Ampere's law and on the other hand the law 
of induction of Faraday. The mathematician Maxwell thereby gave the finishing touches 
for the formulations of both laws. He introduced the displacement current D and 
completed Ampere’s law accordingly, and that without a chance of already at his time 
being able to measure and prove the measure. Only after his death this was possible 
experimentally, what afterwards makes clear the format of this _-man, 
In the formulation of the law of induction Maxwell was completely free, because the 
discoverer Michael Faraday had done without specifications. As a man of practice and of 
experiment the mathematical notation was less important for Faraday. For him the 
attempts with which he could show his discovery of the induction to everybody, e.g. his 
unipolar generator, stood in the foreground. 

His 40 years younger friend and professor of mathematics Maxwell however had 
something completely different in mind. He wanted to describe the light as an 
electromagnetic wave and doing so certainly the wave description of Laplace went 
through his mind, which needs a second time derivation of the field factor. Because 
Maxwell for this purpose needed two equations with each time a first derivation, he had 10 
introduce the displacement current in Ampere's law and had to choose an appropriate 
notation for the formulation of the law of induction to get to the wave equation, 
His light theory initially was very controversial. Maxwell faster found acknowledgement 
for bringing together the teachings of electricity and magnetism and the representation as 
something unified and belonging together” than for mathematically giving reasons for the 
principle discovered by Faraday. 

Nevertheless the question should be asked, if Maxwell has found the suitable formulation, 
if he has understood 100 percent correct his ftiend Faraday and his discovery. If discovery 
(Gom 29.08.1831) and mathematical formulation (1862) stem from two different 
scientists, who in addition belong to different disciplines, misunderstandings are nothing 
‘unusual. It will be helpful to work out the differences. 
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‘As a mathematical rel 


the vectors of the electric field strength E 
and the induction B (= magnetic flux density) 


‘Two formulations for one law 
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ation between 


Consequences 
(the physically mean of the ,field concept 


« The Faraday approach| 
describes a field 
physical principle 


* field = experience: 


We experience the electric as a 
magnetic field and vice versa as 
a result of a relative velocity 


* Particles do not occur in 
the Faraday approach 


ls the electric (E+) field 
= static field of charges, 
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= field of moving charges. 


« Perfect duality between| 
E- and H-field. 


+ vleads to dual permutation 
of E- and E-field. 


No magnetic monopoles! 
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27.5 The discovery of Faraday 


If one tums an axially polarized magnet or a copper disc situated in a magnetic field, then 
perpendicular to the direction of motion and perpendicular to the magnetic field pointer a 
pointer of the electric field will occur, which everywhere points axially to the outside. In 
the case of this by Faraday developed unipolar generator hence by means of a brush 
between the rotation axis and the circumference a tension voltage can be called off”. 
The mathematically correct relation E = v x BI call Faraday-law, even if it only 
appears in this form in the textbooks later in time”. The formulation usually is attributed 
to the mathematician Hendrik Lorentz, since it appears in the Lorentz force in exactly this 
form. Much more important than the mathematical formalism however are the 
experimental results and the discovery by Michael Faraday, for which reason the law 
concerning unipolar induction is named after the discoverer. 

OF course we must realize that the charge carriers at the time of the discovery hadnt been 
discovered yet and the field concept couldn't correspond to that of today. The field 
‘concept was an abstracter one, fee of any quantization 


That of course also is valid for the field concept advocated by Maxwell, which we now 
contrast with the .Faraday-law" (fig 27.4). The second Maxwell equation, the law of 
induction (27.1%), also is a mathematical description between the electric field strength E 
and the magnetic induction B. But this time the two aren't linked by a relative velocity v. 
In that place stands the time derivation of B, with which a change in flux is necessary for 
tan electric field strength to occur. AS a consequence the Maxwell equation doesn't provide 
‘result in the static or quasi-stationary case, for which reason it in such cases is usual, 10 
fall back upon the unipolar induction according to Faraday (e.g. in the case of the Hall- 
probe, the picture tube, etc.). The falling back should only remain restricted to such cases, 
so the normally used idea. But with which right the restriction of the Faraday-law 10 
stationary processes is made? 

The vectors E and B can be subject to both spatial and temporal fluctuations. In that way 
the two formulations suddenly are in competition with each other and we are asked, 10 
explain the difference, as far as such a difference should be present. 


Part 2, INDEL 1996, Chap. 16.1 


<ii>: _among others in R.W. Pohl: Einfuhrung in die Physik, Bd.2 Elektrizitatslehre, 
21.Aulfl, Springer-Verlag 1975, Seite 76 und 130 
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discovery of Faraday 2né Maxwell equation 


E=vxB Tot B= - dB/dt jar 


Difference, e.g. in the (quasi-) st ca O: 
E+#0 E=0 


Electric and magnetic field in the stationary case are: 
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mag. induction B (1) neglectible B 


Only E or B can form an Closed-loop field lines 
open field line. have no effect, can’t 
The other field line is be influenced and are 
a closed-loop field line neglected (Maxwell 
approximation!) 


Fig. 27.6: __Law of induction according to Faraday or Maxwell? 
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27.6 Different formulation of the law of induction 


Such a difference for instance is, that it is common practice to neglect the coupling 
between the fields at low frequencies. While at high frequencies in the range of the 
electromagnetic field the E- and the H-field are mutually dependent, at lower frequency 
and small field change the process of induction drops correspondingly according to 
Maxwell, so that a neglect seems to be allowed. Now electric or magnetic field can be 
‘measured independently of each other. Usually is proceeded as if the other field is not 
present a all 

That is not correct. A look at the Faraday-law immediately shows that even down to 
frequency zero always both fields are present. The field pointers however stand 
perpendicular to each other, so that the magnetic field pointer wraps around the pointer of 
the electric field in the form of a vortex ring in the case that the electric field strength is 
being measured and vice versa. The closed-loop field lines are acting neutral to the 
outside; they hence need no attention, so the normally used idea. It should be examined 
more closely if this is sufficient as an explanation for the neglect of the not measurable 
closed-loop field lines, or if not after all an effect arises from fields, which are present in 
reality. 

‘Another difference concems the commutability of E- and Hefield, as is shown by the 
Faraday-generator, how a magnetic becomes an electric field and vice versa as a result of a 
relative velocity v. ‘This directly influences the physical-philosophic question: What is 
meant by the electromagnetic field? 

The textbook opinion based on the Maxwell equations names the static field of the charge 
carriers as cause for the electric field, whereas moving ones cause the magnetic field. But 
that hardly can have been the idea of Faraday, to whom the existence of charge carriers 
‘was completely unknown. The for his contemporaries completely revolutionary abstract 
field concept based on the works of the Croatian Jesuit priest Boscovich (1711-1778). In 
the case of the field it should less concern a physical quantity in the usual sense, than 
rather the experimental experience” of an interaction according to his field description, 
We should interprete the Faraday-law to the effect that we experience an electric field, if 
‘we are moving with regard to a magnetic field with a relative velocity and vice versa 

In the commutability of electric and magnetic field a duality between the two is expressed, 
which in the Maxwell formulation is lost, as soon as charge carriers are brought into play. 
Is thus the Maxwell field the special case of a particle fiee field? Much evidence points to 
it, because after all a light ray can run through a particle free vacuum. If however fields 
can exist without particles, particles without fields however are impossible, then the field 
should have been there first as the cause for the particles. Then the Faraday description 
should form the basis, from which all other regularities canbe derived, 
‘What do the textbooks say to that? 
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equation of transformation Maxwell = special case 


Different order in the derivation 
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unipolar induction 
can be derived ! 
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Fig. 27.7: Different opinions and derivations 


Lorentz force can 
be derived ! 


<i>: K. Kupfimuller: Einfuhrung in die theoretische Elektrotechnik, 12. Auflage, 
Springer Verlag 1988, Seite 228, Gi. 22. 

<i>: G. Bosse: Grundlagen der Elektrotechnik II, Bl-Hochschultaschenbucher 
Nr. 183, L-Aufl. 1967, Kap. 6.1 Induktion, Seite $8 

<iii>: R. W. Pohl: Einfuhrung in die Physik, Band 2 Elektriztatslehre, 21. Auflage, 
Springer-Verlag 1975, Seite 77 
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27.7 Contradictory opinions in textbooks 


Obviously there exist two formulations for the law of induction (27.1 and 27.1*), which 
more or less have equal rights, Science stands for the question: which mathematical 
description is the more efficient one? If one case is a special case of the other case, which 
description then is the more universal one? 


What Maxwell's field equations tell us is sufficiently known, so that derivations are 
‘unnecessary. Numerous textbooks are standing by, if results should be cited. Let us hence 
tum to the Faraday-law (27.1). Often one searches in vain for this law in schoolbooks. 
Only in more pretentious books one makes a find under the keyword "unipolar induction”. 
If one however compares the number of pages, which are spent on the law of induction 
according to Maxwell with the few pages for the unipolar induction, then one gets the 
impression that the latter only is a unimportant special case for low frequencies. 
Kupfinuller speaks of a special form of the law of induction’, and cites as_ practical 

ina brake dise and the Halleffect. Afterwards Kupfiniiller derives 


Bosse gives the same derivation, but for him the Maxwell-esult is the special case and not 
his Faraday approach"! In ‘addition he addresses the Faraday-law as equation of 
transformation and points out’ the meaning andthe special interpretation. 
On the other hand he derives the law from the Lorentz force, completely in the style of 
Kupfmuller’” and with that again takes it part of its autonomy. Pohl looks at that diferent. 
He inversely derives the Lorentz force from the Faraday-law"* 


By all means, the Faraday-law, which we want to base on instead of on the Maxwell 
equations, shows strange effects" from the point of view of a Maxwell representative 
‘of today and thereby but one side of the medal (eq. 27.1). Only in very few distinguished 
textbooks the other side of the medal (eq. 27.2) is mentioned at all. In that way most 
textbooks mediate a lopsided and incomplete picture". If there should be talk about 
‘equations of transformation, then the dual formulation belongs to it, then it concems a pair 
‘of equations, which describes the relations between the electric and the magnetic field, 


If the by Bosse“ prompted term equation of transformation" is justified or not at fist is 
unimportant. That is a matter of discussion. 


=e: _K_ Kupfmulles Einfuhrang im die theoretische Elekiwotechnik, —12.Aufl. 
Springer Verlag 1988, Seite 228, GI. 22. 

<i>: G. Bosse: Grundlagen der Elektrotechnik Il, Bl-Hochschultaschenbucher 
Nr.183, L-Aufl. 1967, Kap. 6.1 Induktion, Seite 58. 

<i>: R.W.Pohl: Einfubrung in die Physik, Bd.2 Elekti 
Springer-Verlag 1975, Seite 77 

<id>: G, Lehner: Elektromagnetische Feldtheorie, Springer-Lehrbuch 1990, 1 
Aull, Seite 31 Kommentar zur Lorentzkrait (1.65) 
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ofthe electric and _—_of the magnetic field“ 
[B= vxB Jory ona [vee ery 
unipolar induction equation of convection 


+ Formulation according to the rules of duality 


+ GrimsehI” speaks of the equation of convection", 
according to which moving charges produce a magnetic field 
and so-called convection currents (referring to Rontgen 
1885, Himstedt, Rowland 1876, Eichenwald and others) 


* Pohl" gives examples for the equations of transformation, 


+ he writes the equations beneath each other 


(B= pv xBJo7300 PRES xXE] oe 


+ and points out that for y= = 1/\jre 
one equation changes into the other one! 


The new and dual approach roots in textbook physics! 


Fig. 27.8: The new and dual field approach 


soe Part I, chapter 65 
<i>: Grimschl: Lehrbuch der Physik, 2.Bd,, 17,Aufl. Teubner Verl. 1967, S. 130 


<<iii=: RW.Pobl: Kinfuhnung in die Physik, Bd2  Elektrzitatslehre, 21 Aull 
Springer-Verlag 1975, 
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27.8 The field-theoretical approach 


The duality between E- and Hefield and the commutability asks for a corresponding dual 
formulation to the Faraday-law (27.1). Written down according to the rules of duality 
there results an equation (27.2), which occasionally is mentioned in some textbooks. 
While both equations in the books of Pohl and of Simonyi*” are written down side by 
side having equal rights and are compared with each other, Grimsehi"" derives the dual 
regularity (27.2) with the help of the example of a thin, positively charged and rotating 
‘metal ring. He speaks of equation of convection’, according to which moving charges 
produce a magnetic field and so-called convection currents. Doing so he refers to 
workings of Rontgen 1885, Himstedt, Rowland 1876, Eichenwald and many others more, 
which today hardly are known, 

In his textbook also Pohl gives practical examples for both equations of transformation, 
He points out that one equation changes into the other one, if as a relative velocity v the 
speed of light c should occur. This question will also occupy us. 


We now have found a field-theoretical approach with the equations of transformation, 
which in its dual formulation is clearly distinguished from the Maxwell approach. ‘The 
reassuring conclusion is added: The new field approach roots entirely in textbook 
physics, as are the results from the literature research. We can completely do without 
postulates, 

Next thing to do is to test the approach strictly mathematical for freedom of 
contradictions. It in particular concems the question, which known regularities can be 
derived under which conditions. Moreover the conditions and the scopes of the derived 
theories should result correctly, e.g. of what the Maxwell approximation consists and why 
the Maxwell equations describe only a special case. 


27.9 Derivation of Maxwell's field equations 


|As a starting-point and as approach serve the equations of transformation of the 
electromagnetic field, the Faraday-law of unipolar induction and the according to the rules 
of duality formulated law (eq. 27.1, 2). If we apply the curl to both sides of the equations 
then according to known algorithms of vector analysis the curl of the cross product each 
time delivers the sum of four single terms. Two of these again are zero for a non- 
accelerated relative motion in the x-direction with v ~ dridt. 

One term concems the vector gradient (v grad)B, which can be represented as a tensor. 
By writing down and solving the accompanying derivative matrix giving consideration 10 
the above determination of the v-vector, the vector gradient becomes the simple time 
derivation ofthe field vector B(x) (e9, 27.10, according to the rule of eg. 27.11). 


TOW Pohl: Finfuhrang in die Physik, Bd? blekiniaiasiehre, —21.Aull, 
Springer-Verlag 1975, Seite 76 und 130 


<i>: _K_ Simonyiz Theoretische Elektrotechnik, 7.Aufl. VEB Berlin 1979, Seite 924 
<iii>: Grimsehl: Lehrbuch der Physik, 2,Bd., 17-Aufl. Teubner Verl. 1967, 8. 130. 
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AS approach serve the equations of transformation (fig. 27.5) of 
the electric and of the magnetic field: 


EPovas via [HS oveD | 
If we apply the curl to the respective cross product: 
[FotE rot xB) 075) aw |S KOE WRD) ov 

then according to the algorithms“ four sum terms are delivered 

ToLE = (B gradjv —(vgradjB }vdivB - Bdivv| ers) 
rot H'= ~[(D gradjw = (v gradD + ¥div D —D div ¥) 7.) 


where 2 of them are zero because of: [v[t) = dr/dt | @77) 


2) 


+ the divergence of v(t) disappears: divv = 0 , (27.8) 


+ and will be zero as well: Ov(t)/@r = [gradv= 0|. 279) 


+ there remain the vector gradients 


(warad)B = SB lana | (weradjp = 27° cro 
+ according to the rules” in general (with eq. 27.7): 
aViet) _ Vle=H0) Arlt) og gra) Vann 


dt ar dt 
+ A comparison of the coefficients of both field equations 
rot E ==dB/dt#vdivB = -dB/dt—b | or 
rotH = dD/di=vdivD = aD/dt+j | ens 


with the Maxwell equations results in: 


+ for the potential density b = -vdivB = 0 — , (27.14) 
(eq. 27.12 _=law of induction, ifb =0 resp. div B= 0) 


+ for the current density} = - v div D = =Vepa .@7la 
(eq. 27.13 = Ampere's law, ifj = with v moving negative 
charge carriers (pa= electric space charge density). 


Fig. 27.9: ___ Derivation of Maxwell's field equations as a 
special case of the equations of transformation 


<i>: Bronstein u.a.: Taschenbuch der Mathematik, 4. Neuaufl. Thun 1999, S. 652 
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For the last not yet explained terms at first are written down the veetors b and j as 
abbreviation, With equation 27.13 we in this way immediately look at the well-known law 
‘of Ampere (1 Maxwell equation). The comparison of coefficients (27.15) in addition 
delivers a useful explanation to the question, what is meant by the current density j: it is a 
space charge density py consisting of negative charge cartiers, which moves with the 
velocity v for instance through a conductor (in the x-iecton). 

The current density j and the to that dual potential density b mathematically seen at fist 
are nothing but alternative vectors for an abbreviated notation. While for the current 
density j the physical meaning already could be clarified from the comparison with the 
law of Ampere, the interpretation of the potential density b still is due, From the 
comparison With’ the law of induction (eq. 27.1*) we merely infer, that according to the 
Maxwell theory this term is assumed to be zero, But that is exactly the Maxwell 
approximation and the restriction with regard to the new and dual field approach, which 
rots in Faraday 

Tn that way also the duality gets lost with the argument that magnetic monopoles (div B) 
in contrast to electric monopoles (div D) do not exist and until today could evade every 
proof. It thus is overlooked that div D at first describes only eddy currents and div 18 only 
the necessary anti-vortex, the potential vortex, Spherical particles, like e.g, charge carters 
presuppose both vortices: on the inside the expanding (diy D) and on the outside the 
contracting vortex (div B), which then necessarily has to be different from zero, even if 
there hast yet been searched for the vortices dual to eddy curents, which are expressed 
in the neglected term, 

Assuming, a monopole concems a special form of a field vortex, then immediately gets 
lear, why the search for magnetic poles bas to be a dead end and their fuilure isnt good 
for a counterargument: The missing electtic conductivity in vacuum prevents current 
densities, eddy currents and the formation of magnetic monopoles. Potential densities and 
potential vortices however can occur, As a resull can without exception only electrically 
charged particles be found in the vacuum (derivation in chapter 42 ill 44) 
Because vortices are more than monopole-like structures depending on some boundary 
conditions, only the vortex description willbe pursued further consequently 
Let us record: Maxwell's field equations can directly be derived from the new dual 
field approach under a restrictive condition. Under this condition the two approaches 
‘are equivalent and with that also error fice. Both follow the textbooks and can so 10 speak 
bre the textbook opinion 

“The restriction (b = 0) surely is meaningful and reasonable in all those cases in which the 
Maxwell theory is successful. It only has an effect in the domain of electrodynamics, Here 
usually a vector potential A is introduced and by means of the caleulaion of a complex 
dielectric constant a loss angle is determined. Mathematically the approach is correct and 
dielectric losses can be calculated. Physically however the result is extremely 
‘questionable, since as a consequence of a complex s a complex speed of light would result 
Gccording to the definition e = Ima) With that electrodynamics offends against all 
specifications of the textbooks, according to which ¢ is constant and not variable and less 
then ever complex. 

[But if the result of the derivation physically is wrong, then something with the approach is 
wrong, then the fields in the dielectric perhaps have an entirely other nature, then 
dielectric losses perhaps are vortex losses of potential vortices falling apart? 


562 Derivation of the potential vortices 


* Maxwell's field equations: 
rot E = — dB/dt (law of induction) cn i 


rotH = dD/dt+j | (Ampére’s law) cnt 


+ describe the special case for b = 0 resp. div B= 0 
rot E == dB/dt+wdivB = -dB/dt-b | ar 
rot H = /aD/dividivD)- aD/at+j | on 


The physical = meaning = of -—the_ introduced 
abbreviations b and j is: 


+ the current density j ="SW@iVD! = —vepa , 2715) 
+ with Ohm's law j= GE = D/ti, and 27.16) 

+ the potential densityh = vy divB = B/t .@717) 
+ with the eddy current time constant t= e/a ib" 


+ and with the potential vortex time constant T2 


The complete field equations (27.12 and 27.13) read, with the time 
constants (r; and t:jof the respective field vortex: 


+ completely extended law of induction (with B=H): (27.18) 
rot =—dB/dt—B/t2 =—-(dH/dt + H/t») |er20 


+ and the well-known law of Ampere (with D =e£): (27.19) 
rotH = dD/dt+D/t = «(dE/dt+B/t) |@72 


Fig. 27.10: The extension of the law of induction for 
vortices of 
the electric field (potential vortices]. 


<i>: seealso fig. 5.1 
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27.10 Derivation of the potential vortices 


Is the intraduction of a vector potential A in electrodynamics a substitute of neglecting the 
potential density b? Do here two ways mathematically lead to the same result? And what 
about the physical relevance? After classic electrodynamics heing dependent on working 


with a complex constant of material, in what is buried an unsurmountable inner 


contradiction, the question is asked for the freedom of contradictions of the new approack. 
At this point the decision will be made, if physics has to make a decision for the more 
efficient approach, as it always has done when » change of paradigm had to be dealt with 
The abbreviations j and b are further transformed, at first the current density in Ampere's 
law j= -VyPl (27-15), as the movement of negative electric charges. By means of 

Ohm's law 

written down as dielectric displacement current with the characteristic relaxation time 


GE and the relation of material D=G£ the current density j also can be 


constant t, = e/er (eq. 27.16) for the eddy currents. In this representation of the law of 
Ampere (eq. 27.21) clearly is brought to light, why the magnetic field is a vortex field, 
and how the eddy currents produce heat losses depending on the specific electric 
conductivity g, As one sces we, with regard to the magnetic field description, move 
around completely in the framework of textbook physics. 


Let us now consider the dual conditions, The comparison of coefficients (eq. 27.12 + 
27.17) looked at purely formal, results in a potential density 6 in duality to the current 
density j, which with the help of an approprisic time constant t; founds vortices of the 
electric field. | eall these potential vortices (in eq, 27.20) 


In contrast to that the Maxwell theory requires an irrotationality of the electric field, 
which is expressed by taking the potential density b and the divergence B equal to zero. 

The time constant r, therehy tends towards infinity, This Maxwell approximation leads to 
the circumstance that with the potential vortices of the electric field alsa their propagation 
as a scalar wave gets lost, so that the Maxwell equations describe only transverse and no 
longitudinal waves. At this point there can occur contradictions for instance in the case of 
the near-field of an antenna, where longitudinal wave parts can be detected measuring 
technically, and such parts already are used technologically in transponder systems e.g. as 
installations warning of theft in hig stores. 


It is denominating, how they know how to help oneself in the textbooks of high-frequency 

technology in the case of the near-field zone. Proceeding from the Maxwell equations 

the missing potenti 

specification of a standing wave" in the form of a vortex at a dipole antenna. With the 
like they also are 

being measured, but also like they wouldn't occur without the pastulate as a result of the 

Maxwell approximation, 


vortex is postulated without further ado, by means of the 


help of the postulate now the longitudinal wave parts are calculated’ 


There isn't a way past the potential vortices and the new dual approach, because no 
scientist is able to afford to exclude already in the approach a possibly authoritative 
phenomenon, which he wants to calculate physically correct! 


<i>: Zinke, Brinswig: Lehrbuch der Hochfrequenztechnik, 1. Bd, 3. Auflage 1986 
Springer-Verlag Berlin, Seite 335, 


Ea} Derivation of the fundamental field equation 


+ Under the assumption: E = E(r,t); H=H(r,t) , 
+ using the relations of material: 
[B= oH |and D=cE 
+ the complete and extended law of induction reads: 
ToD =" eB/et B/ = — w(oH/ot + H/t) |er29 


+ and the well-known law of Ampere: 
TotH = @D/at+D/t = 6(0B/at+E/t) |e 


if we again apply the curl operation to eq. 27.20 and insert 
q.27.21: 

rot rot E = y.A(rotH)/ét + (j1/t2)-(rot H) | 

= pe: [@E/dt? + (1/11)-0B/dt + (1/t2)-0B/ét + E/tita] | 2723) 

= (i /orfeeRyat? + (Wf + 1/t)eB/at_+ B/ty09) | e724) 
with the definition for the speed of light c: 
ey = 1/2) 2725) 

the fundamental field equation reads: 


<chrot rot B = @B/at? + e738) 
posal Ny 
x ¥ (electromagnetic wave) + 
4+ (1/%) 2B / ot + (1 /t2)-0B/ ot + E/ tt: 
ua aE ee | ee 
rs a ¢ 
+ eddy current + potential vortex + 1/U 
Fig. 27.11: Derivation of the fundamental field 
equation 


from the equations of transformation of the 
electromagnetic field.” 


<i>: The fundamental field equation mathematically describes a wave damped 
with the vortices of the electric and the vortices of the magnetic. field, 
It is formulated only in space and time, From it can be deduced numerous 
eigenvalue equations, (i.e. the equation of Schrodinger, fig. 5.1) 
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27.11 Derivation of the fundamental field equation” 


The two equations of transformation and also the from that derived field equations (27.20 
and 27.21) show the two sides of a medal, by mutually describing the relation between the 
electric and magnetic field strength (between E and H). We get on the track of the 
‘meaning of the medal" itself, by inserting the dually formulated equations into each 
other. If the calculated H-field from one equation is inserted into the other equation then 
asa result a determining equation for the E-field remains. The same vice versa also 
functions to determine the H-lield. Since the result formally is identical and merely the H- 
field vector appears at the place of the E-field vector and since it equally remains valid for 
the B-, the D-field and all other known field factors, the determining equation is more than 
only a calculation instruction, It reveals a fundamental physical principle, 1 call it the 
“fundamental field equation”. 


The derivation always is the same: If we again apply the curl operation to rot E (law of 
induction 27.20) also the other side of the equation should be subjected to the curl. If for 
both terms rot His expressed by Ampere's law 27.21, then in total four terms are formed 
(27.26): the wave equation (a-b) with the two damping terms, on the one hand the eddy 
currents (a-c) and on the other hand the potential vortices (a-d) and as the fourth term the 
Poisson equation (a-e), which is responsible for the spatial distribution of currents and 


poses 


Not in a single textbook a mathematical linking of the Poisson equation with the wave 
equation can be found, as we here succeed in for the first time. It however is the 
prerequisite to be able to describe the conversion of an antenna current into 
electromagnetic waves near a transmitter and equally the inverse process, as it takes place 
at a receiver. Numerous model concepts, like they have been developed by HF- and EMC- 
technicians as a help, can be described mathematically correct by the physically founded 
field equation, 


In addition further equations can be derived, for which this until now was supposed to be 
impossible, like for instance the Schrodinger equation (chapter 5.6-5.9). This contrary to 
curtent opinion isn't a wave equation at all, since the term (b) with the second time 
derivation is missing. As diffusion equation it has the task to mathematically describe field 
vortices and their structures, 

‘As a consequence of the Maxwell equations in general and specifically the eddy currents 
rnot being able to form structures, every attempt has to fail, which wants to derive the 
‘Schrodinger equation from the Maxwell equations. 

The fundamental field equation however contains the newly discovered potential vortices, 
which owing to their concentration effect (in duality to the skin effect) form spherical 
structures, for which reason these occur as eigenvalues of the equation. For these 
eigenvalue-solutions numerous practical measurements are present, which confirm their 
correctness and with that have probative force with regard to the correctness of the new 
Held approach and the fundamental field equation. By means of the pure formulation in 
space and time and the interchangeability of the field pointers here a physical principle is 
described, which fulfill all requirements, which a world equation must meet 


<P) seeakofig 51 


‘The Maxwell field as a derived special case 


Comparison: 


« The Faraday ap- 


proach is universal 


+ Itreveals a physical 
principle 


‘+ The field equations describe o1 
a special case! 


the particles 


* (Principles of causality 
are preserved) 


¢ The field is the cause for 


¢ (Violation of the rules of 
causality) 


* Particles probably are field 
configurations 

© Quanta can be calculated 
as field vortices 
(without any hypothesis} 

+ All quantum properties 
can be calculated likewise 


* Particles consist of hypothetic 
subparticles 

© Quark-hypothesis must rep! 
missing calculation 

‘+ Sorting und systematizing of 
properties in the standard- 


* Potential vortices form| 
el field vori 


{the E-field is a source free 
vortex field) 


+ Field vortices carry momen-|* Electromagnetic wave is a 
tum and form a scalar wave| transverse wave 


+ Longitudinal wave with arb. 
velocity of propagation v 


=> theory of objectivity 


+ Constant propagation with ti 
speed of light 


= theory of relativity 


Fig. 27.12: Comparison of the field-theoretical approaches 
according to Faradav and according to Maxwell. 
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27.12 The Maxwell field as a derived special ease 


‘As the derivations show, nobody can claim there wouldn't exist potential vortices and no 
propagation as a scalar wave, since only the Maxwell equations are to blame that these 
already have been factored out in the approach. One has to know that the field equations, 
‘and may they be as famous as they are, are nothing but a special case, which can be 
derived. 


The field-theoretical approach however, which among others bases on the Faraday-law, is 
universal and can't be derived on its part. It describes a physical basic principle, the 
altemating of two dual experience or observation factors, their overlapping and mixing by 
continually mixing up cause and effect. It is a philosophic approach, free of materialistic 
‘or quantum physical concepts of any particles. 


Maxwell on the other hand describes without exception the fields of charged panicles, the 
electric field of resting and the magnetic field as a result of moving charges. The charge 
carriers are postulated for this purpose, so that their origin and their inner structure remain 
unsettled and can't be derived. The subdivision e.g. in quarks stays in the domain of a 
hypothesis, which can't be proven. The sorting and systematizing of the properties of 
particles in the standard-model is nothing more than unsatisiying comfort for the missing 
caleulability 


With the field-theoretical approach however the elementary particles with all quantum 
properties can be calculated as field vortices (chap. 7). With that the field is the cause for 
the particles and their measurable quantization. The electric vortex field, at first source 
five, is itself forming its field sources in form of potential vortex structures. The formation 
of charge carriers in this way can be explained and proven mathematically, physically, 
graphically and experimentally understandable according to the model 


Where in the past the Maxwell theory has been the approach, there in the future should be 
proceeded from the equations of transformation of the field-theoretical approach. If now 
potential vortex phenomena occur, then these also should be interpreted as such in the 
sense of the approach and the derivation, then the introduction and postulation of new and 
decoupled model descriptions isn't allowed anymore, like the near-field effects of an 
antenna, the noise, dielectric capacitor losses, the mode of the light and a lot else more. 


The at present in theoretical physics normal scam of at first putting a phenomenon to zer0, 
to afterwards postulate it anew with the help of a more or less suitable model, leads to a 
breaking up of physics into apparently not connected individual disciplines and an 
inefficient specialisthood. There must be an end to this now! The new approach shows the 
way towards a unified theory, in which the different areas of physics again fuse to one 
area. In this lies the big chance of this approach, even if many of the specialists at first 
should still revolt against it 


This new and unified view of physics shall be summarized with the term "theory of 
objectivity’. As we shall derive, it will be possible to deduce the theory of relativity as a 
partial aspect of it (chapter 6 and 28), 


Let us frst cast our eyes over the wave propagation, 


568 Derivation of the wave equation 


+ Starting-point: the fundamental field equation 


a 
ae ,14B ,1 4B , B Be | 


| c2-rot rot B = = 
dt? t dt t dt Titg | 


* with a magnetic flux density B = B(r(t)). 


hig condition for eq. 27.26": 
the special case, if o=0 and o/e= [ (1/ti)=0. @716% 


The remaining vortex term is transformed by applying already 
used relations (eq. 27.10 and eq. 27.17): 


1 daB B B | 
—+—— = vw-grad — |} —=-vdiv B | . a 
pentagon See ong le | 


If the velocity of propagation: v= (vs, vj=* v= dxdt, 
then the simplified field equation (if the coordinates are orientated 
on the vector of velocity) results in the general wave equation 
(involved with the x-component) in the form: 


ivi? grad divB — c?rot rot B = d2B/dt? ena 


longitudinal transverse wave 
with y= arbitrary| with c= const.| velocity of propagation 


2" condition for eq. 27.28: vec 


The wave equation in the usual notation (= inhomogeneous 
Laplace equation, = purely a special case!) now reads: 


AB = grad div B-rot rot B = (1/c2):d?B/dt? |or2s) 


Fig. 27.13: Derivation of the wave equations 
(inhomogeneous 

Laplace equation) as a special case of the equations 
of transformation of the electromagnetic field. 
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27.13 Derivation of the wave equation 


The first wave description, model for the light theory of Maxwell, was the inhomogeneous 
Laplace equation: 


Agc?=@E/dt?| with | AE = grad divB-rotrotE | (2728) 


There are asked some questions: 
*+ Can also this mathematical wave description be derived from the new approach’? 
+ Isitonly a special ease and how do the boundary conditions read? 
+ Inthis case how should it be interpreted physically? 
+ Are new properties present, which can lead to new technologies? 
Starting-point is the fundamental field equation (27.26). We thereby should remember the 
imterchangeability of the field pointers, that the equation doesn't change its form, if it is 
derived for H, for B, for D or any other field factor instead of for the E-field pointer. This 
time we write it down for the magnetic induction B and consider the special case, that we 
are located in a badly conducting medium, as is usual for the wave propagation in air. But 
‘withthe electric conductivity also I/s) = cs tends towards zero (eq. 27.16*). With that 
the eddy currents and their damping and other properties disappear from the field 
equation, what also makes sense. There remains the potential vortex term (lica)*dBidt , 
Which using the already introduced relations (eq. 27.10 and 27.17) involved with an in x- 
direction propagating wave (V'= (Va, Vy =O, v= 0)) can be transformed diretly into: 

~Ive-grad div B 
The divergence of a field vector (here B) mathematically seen is a scalar, for which reason 
this term as part of the wave equation founds so-called ,scalar waves" and that means that 
potential vortices, as far as they exist, will appear as a scalar wave. We at this point tacitly 
anticipate chapter 28, which provides the reason for the speed of light losing its. vectorial 
nature, if it is correlated with itself. This insight however is valid in general for all 
velocities (v = dridt), so that in the same way a scalar descriptive factor can be used for 
the velocity (v ~ dx/dt) as for e 
From the simplified field equation (27.26*) the general wave equation (27.27) ean be won 
in the shown way, divided into longitudinal and transverse wave parts, which however can 
propagate with different velocity. 
Physically seen the vortices have particle nature as a consequence of their structure 
forming property. With that they carry momentum, which puts them in a position to form 
a longitudinal shock wave similar to a sound wave” If the propagation of the light one time 
takes place as a wave and another time as a particle, then this simply and solely is a 
consequence of the wave equation. Light quanta should’ be interpreted as evidence for the 
existence of scalar waves. Here however also occurs the restriction that light always 
propagates with the speed of light. It concems the special case v= c. With that the derived 
wave equation (27.27) changes into the inhomogeneous Laplace equation (27.28). 
‘The electromagnetic wave in both cases is propagating with ©. As a transverse wave the 
field vectors are standing perpendicular to the direction of propagation. The velocity of 
propagation therefore is decoupled and constant. Completely different is the case for the 
longitudinal wave. Here the propagation takes place in the direction of an oscillating field 
pointer, so that the phase velocity permanently is changing and merely an average group 
velocity can be given for the propagation, There exists no restriction for v and y = e only 
describes a special ease 


510. 


The new field approach in synopsis, 


+ From the dual field- 


From Maxwell's field 


equations can be 
theoretical approach derived: 
are derived: 
=> Maxwell's|=> 


field equations 


>the wave equation 
(with transverse 
longitudinal parts) 


and 


=> only transverse waves 
|(no longitudinal waves) 


=> scalar waves 
(Tesla-/neutrino radiation) 


=o 
|(no scalar waves) 


=> vortex and anti-vortex 
(current eddy and _ potential 
vortex ) 


> only eddy currents 


=> Schrodinger equation 
(basic equation of chemistry) 


=> Klein-Gordon equation 
(basic eq. of nuclear physics) 


0 


Fig. 27.14; Comparison of the efficiency of both approaches. 


(as_an interim result, 


if it concern hich 


The questio 


approach of the two is the more efficient one and which one| 
better should be discarded. The final balance is made in| 


chapter 


28), 


It here concerns partial aspects of the following theories: 


=> theory of objectivity 


=> theory of relativity 
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27.14 The new field approach in synopsis 


Proof could be fumished that an approximation is buried in Maxwell's field equations and 
that they merely represent the special case of a new, dually formulated and more universal 
approach. The mathematical derivations of the Maxwell field and the wave equation 
disclose, of what the Maxwell approximation consists. The anti-vortex dual to the 
expanding eddy current with its skin effect is neglected. This contracting anti-vortex is 
called potential vortex. It is capable of forming structures and propagates as a scalar wave 
in longitudinal manner in badly conducting media like air or vacuum, 


‘At relativistic velocities the potential vortices are subject to the Lorentz contraction. Since 
for scalar waves the propagation occurs longitudinally in the direction of an oscillating 
field pointer, the potential vortices experience a constant oscillation of size as a result of 
the oscillating propagation. If one imagines the field vortex as a planar but rolled up 
transverse wave, then from the oscillation of size and with that of wavelength at constant 
swirl velocity with ¢ follows a continual change in frequency, which is measured as a 
noise signal 


The noise proves to be the in the Maxwell equations neglected potential vortex. term, 
which founds scalar waves. If at biological or technical systems, eg. at antennas a noise 
signal is being measured, then that proves the existence of potential vortices, but it then 
also means that the scope of the Maxwell theory has been exceeded and erroneous 
‘concepts can be the result. 


As an answer to the question about possible new technologies is pointed to two special 
properties. 


1 potential vortices for reason of their particle nature carry momentum and energy. Since 
wwe are surrounded by noise vortices, an energy technical use of scalar waves would be 
feasible, where the noise power is withdrawn of the surroundings. There is evidence that 
biological systems in nature cover their need for energy in this way. But at least an energy 
tansmission with scalar waves already would be a significant progress with regard to the 
alternating current technology of today. 


the wavelength multiplied with the frequency results in the velocity of propagation v of 
a wave (f= V),and that for sealar waves by no means is constant. With that wavelength 

and frequency aren't coupled anymore; they can be modulated separately, for which 
reason for scalar waves a whole dimension can be modulated additionally compared to the 
Herzian wave. In that the reason can be seen, why the human brain with just 10 Hz clock 
frequency is considerably more efficient than modern computers with more than 1 GHz 
clock frequency. Nature always works with the best technology, even if we haven't yet 
understood it 


If we would ty to lear of nature and an energy technical or an information technical use 
‘of scalar waves would occur, then probably nobody wanted to have our today still highly 
praised technology anymore. In the course of the greenhouse gases and the electrosmog 
we have no other choice than to scientifically occupy us with scalar waves and their 
technical use, 


572 ‘The question concerning the aether 


Equations of transformation 

of the electric and of the magnetic field” 
E=vxB Joram [R= SveD 
with: B 


72) 


u-H (Q8ijand D=¢-E x2) 


Vx H](27.3) and [OH 


eb: VxE 74) 


Experience/observation is dependent on the relative velocity v ! 


Written down in general Written down in components 
with field vectors: in Cartesian coordinates: 
(unit vectors ex , ey , e:) 


inerdirection: [v = vs(x(t)) = dx/dt | 
fi 


H = -e-vxE__ ine,direction: — eVeEs | 
1 

E= p-vxH  inerdirectios LevyHy | 

inserted into each other: 83) 


E =-ep-[vx (vx E)] inerdirection: Ex = e--VeveEs 


E =—(1/c?)-[v-(v-E)-E-(v-v)] Ex= (1/c2)-v;2-Ex 
0, since 1 
E =+ (v?/c)-E res} Ez = (vi2/c2)-Ey 8 


result:i> 


83) 


Fig. 28.1: The equations of transformation," 


<i>: see part 1, chap. 6.5, ¢9, 60 

<i>: RW. Pohl: Einfubrung in die Physik, Bd, 2 Elektrizitatslehre, 21. Aull 
Springer-Verlag 1975, Seite. 77, sa. Kommentar auf Tafel 27.8 
<li>: chapter 28 is a repetition of chapter 6 
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28. Objectivity versus relativity 


The new and fiekdtheoretical approach contains the Maxwell-equations, but goes over and 
above these in one point. It describes potential vortices and their propagation in space as a 
scalar wave. With that can also a conclusive answer be given to the often-asked question 
for the medium and the mediated particles, which is a prerequisite for every longitudinal 
‘wave. Mediated are vortex structures with particle nature and the field itself functions as a 
mediuim, Is with that also answered the question conceming the aether?* 


28.1 The question concerning the aether 


Do you know the Maxwell-experiment? No, you wouldn't be able to, since the intellectual 
father fast did make a backdown, after it didn't work out, Today one speaks of the 
Michelson-experiment and it may be connected with any other names (Morley, et.) 
Remember: In his light theory Maxwell had determined a particular and constant value for 
the speed of light and for that there should be a physical reason, which should have its 
cause in the aether. By means of proving this aether Maxwell wanted to prove his theory, 
‘but this enterprise thoroughly went wrong. 

The consideration was as follows: If the Earth is spinning and is moving through the 
‘cosmos, then one should be able to detect an actherwind and different values for ¢ in the 
different points of the compass. Maxwell found support for his project at the observatory, 
since with the aberration of the stars Bradley previously had described an observation, 
which could be considered as evidence for an aether. The director of the observatory 
charged his assistant Dr. Michelson with the task, to carry out a corresponding proof of an 
ether this time in a terrestrial experiment. But such an aether couldn't be proven, what 
Maxwell had to accept as a severe strike against his light theory. Seven years later 
Maxwell got the acknowledgement, however from a completely other comer by means of 
the experiments concerning the radio transmission of Heintich Hertz 


Until today the question has remained open why astrophysics can prove the aether, 
Whereas the detection in a terrestrial laboratory fails and it looks like there doesn't exist an 
tether. But as definition for the cause of ¢ the aether can't be abolished as long as it is 
unsettled why the light is propagating with c of all possible velocities. The question is 
asked, what determines the propagation of light from today’s point of view? Now, by 
means of outside fields the light can be slowed down. At present the world record lies at 
less than 65 kilometers per hour in a Bose-Einstein condensate. If electromagnetic fields 
determine the speed of light, if in addition field or gravitational lenses should confirm this, 
then the field takes over the task of the aether! 


‘At this place the new field-theoretical approach shows its capabilities. The equations of 
‘wansformation say nothing but that a moving H-field transforms to a resting E-field and 
vvice versa, that thus in the place of a moving aether, the aetherwind, a resting aether is 
found. Doing so the dual field partners merely exchange their places. Therefore it is a 
wild-goose chase, wanting to measure an aetherwind with gauges, which underlie the 
same field (ig 282). 
Michelson had to fail 


sma Vortices, an overlap of the overlap 


The equations of transformation say: 
BE = p-vxH\073 [= oevRE) om 


+ Experience/observation depends on the relative velocity v! 
+ The field takes over the function of the aether (determines c) and 


+ an aetherwind v x H is measured as a resting aether E and vice versa! 


+ for v = the equations of transformation turn into each 
other and are identical [v= vy(x(t))]. 


+ for v<ca motion field E, depending on v is resulting 
Ey = E-(v2/e2) ene) 

also Ey Br 

+ the motion field overlaps the E-field 


+ forv 


+ in the case of vortex fields the effect overlaps the cause and 
itself is the cause for a new effect. 


+ The overlap reaches to infinity, where each time is valid: 
East = Ex(v?/c2) ean 
+ the field Eo overlaps the motion field E, 


E = Eo+ Ey = Eo-(1 + v2/c?)cxs 


* for infinite overlap: 
E = Eot+ Ei+ Eg+ Eg+ Ey+... + En+ Ener ... 289) 
+ results in the power series: 


E = Eo(1 + (v/c}? + (w/c) + (w/o + 
+ (v/opee + (v/cp2e"ll + ...] ea} 


Fig. 28.2: Power series as a result ofa vortex overlap. 


<i>: Grimsehl: Lehrbuch der Physik, 2.B4,, 17.Aufl. Teubner Verl, 1967, $. 130, 


RAW-Pohl: Einfuhrung in die Physik, Bd2 Elektrizitatslehre, 21.Aulfl 
Springer-Verlag 1975, Seite 72 und 76, bzw. 130. 


<iii>: K, Simonyi: Theoretische Elektrotechnik, 7.Aufl. VEB Berlin 1979, Seite 924. 


<i>: E, Friebe: Die Vektorprodukte der Maxwell'schen Elektrodynamik, DPG- 
Didaktik-Tagungsband 1995, $.396 
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28.2 Vortices, an overlap of the overlap 


Not with any approach until now the question conceming the aether could be solved. Only 
the new field-theoretcal approach proves with the unambiguous and free of contradiction 
clarification of the question conceming the aether its unmatched superiority. We hence 
without exception work with this approach, which is anchored tightly in textbook physics. 
The two equations of transformation on the one hand are the law conceming the unipolar 
induction according to Faraday (27.1) and on the other hand the dual formulation (27.2), 
which Grimsehl calls convection equation. Grimsehl goes around the question for the 
comect sign by means of forming a modulus. Pohl draws detailed distinctions of cases and 
dictates the each time relevant formulation of the dual law. The sign eventually should 
bbe chosen according to the definition of the orientation of the field pointers. Also Simonyi 
gives both equations and the each time appropriate experiments" 


If we assume the carrier of an electric field is moving with the not accelerated relative 
velocity v with regard 10 the reference system used by the observer, then a magnetic H- 
field is observed, which stands perpendicular both to the direction of the E-field and 10 the 
direction of v. If the motion takes place perpendicular to the area stretched by E- and H- 
field, then the Hefield again is observed and measured as an E-field. There will occur an 
‘overlap of the fields. 

In spite of that we first consider the theoretical ease, that no overlap is present, and the 
observer as it were sees himself. The result is trivial: the relative velocity v must be the 
speed of light v = c . (285) If considered at the speed of light, the two equations of 
transformation turn into each other. They now are identical both mathematically and in 
their physical expressiveness. For this case it actually is possible, to derive the dual law 
straight from the Faraday law. For a wave propagating with the speed of light, to name an 
example, the field strength propagating along is always equal to the causing field strength, 
"which depends on position. 

If besides the evaluation of the values also the circumstance is considered that it concems 
vectors, then at this place a problem as a matter of principle of the Maxwell theory gets 
Visible, to which has been pointed occasionally, e.g. at the German Physical Society” 
The derivation of the speed of light from two vector equations requires, that © also has 10 
be a vector. The question is: How the velocity vector v suddenly becomes the scalar and 
not pointing, in all directions of space constant factor ¢? Is therefore for mathematical and 
physical reasons “the Maxwell theory in essential parts erroneous", according to a 
statement of the German Patent Office"? 

Now, the constancy of the speed of light is a fact, which even can be derived. We at frst 
will be content with the clue that for every observation with the speed of light, with the 
eyes or a gauge constructed corresponding to our perception, the vector in all its 
components each time is comelated 10 itself, by what actually the orientation of direction 
gets lost. Under these for e and with equal rights also for v relevant circumstances we are 
entitled to calculate further with the values 

‘An observer, who is moving with v slower than e, will besides the original E-field also 
‘observe a motion field E, depending on the velocity v, which disappears, if v becomes 
zero. What he catches sight of and is able to register with gauges in the end is the overlap 
‘of both field components. 


516 Field overlap 


+ concerning the development of the power series: 
E = Eo[1 + (v/c)? + (v/c)* + (v/c)®+... 
+ (w/c)? + (v/cjmN +...) 8.0) 


+ forq <1 the power series with 


will converge (28.11) 


e812) 


+ for (vie)? <1 resp. for v<e therefore is val 


E = Eo[1/1-(v/c)?] resp.[Eo = E-[1 —(v/c}*]}es13} 


The square root of Lorentz appears in squared form“: 


v2 Eo 
a z 
c 


The derivation for the magnetic field strength analogous to that 
provides the identical result” 


a- 


oe 


Fig. 28.3. The field dilatation depending on velocity 


<i>: see part 1, chap. 6.6 
<ii>: Prof, Dr. H.-J. Runckel, Abieilung fur Mathematik IV dee Universitat Ulm 
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28.3 Field overlap 


But it doesn't abide by this one overlap. In the case of vortex fields the effect overlaps the 
cause and itself becomes the cause for a new effect. The overlapped cause produces a 
further effect, which for its part is overlapping (see chap. 3) 


Vortices thus arise, if overlaps for their part are overlapping and that theoretically reaches 
to infinity, t0 which 1 already repeatedly have pointed (fig. 3.0). In addition do vortices 
represent 2 fundamental physical principle. The Greek philosopher Demokrit has traced 
back the whole nature to vortex formation and that already 2500 years ago! 


In the field-theoretical approach this interpretation seems to experience a mathematical 
confirmation, since also the fields are overlapping in vortex structures. According t0 that 
‘we owe our observations and our being the relative movements and the vortex. formation. 
If reversed there wouldn't be any movement, then there also would not exist fields, light 
nor matter. If we observe the sky, then everything visible follows the movement of its own 
of the Earth, of the solar system and the whole galaxy, which is on its way with unknown 
galactic velocity, and all movements take place in vortex structures (fg. 10.2) 

The field overlap dictated by the Faraday-approach as well reaches to infinity, what has 
stimulated my colleagues of mathematics to also mathematically put into practice this 
physical requirement’, This leads to an infinite power series, which converges under the 
condition that v<e. 


‘Asa result of the power series development the well-known square root Taye) of 
Lorentz occurs in squared form (sce also fig. 6.6). It determines the relation of the 
observed and the causing field strength of the electric or the magnetic field. 
Physically the found relation describes dilatation field depending on velocity. The field 
strength thus increases, if the relative velocity v increases, or inversely no difference is 
observable anymore, if tends towards 2210 


Whoever wants to compete with Albert Einstein (1879-1955), who has developed the 
theory of relativity from the length contraction, which depends on velocity, could be 
inclined to derive a new field physics from the field dilatation, But I must wam of such a 
step. The derivation of the length contraction by the mathematician Hendrik Lorentz 
(Lorentz contraction) assumes a number of limiting conditions. The relative velocity v for 
instance may not experience any acceleration, Actually however almost all motion takes 
place as circular vortex motion, so that due to the occurring centripetal acceleration the 
conditions for the theory of relativity aren't fulfilled anymore. Neglects or generalizations 
thereby can lead 10 considerable errors, of which I would like to wam. 
It in general is a delicate enterprise, if one wants to provide a physical interpretation for 

‘a purely mathematically won result, 


This warning to the same extent also is valid for the here shown derivation of the field 
dilatation. The limiting conditions practically are the same as for Einstein and the 

problems with a provided physical interpretation won't be less. Also here lots of 
paradoxes will occur, which are nothing but errors of the theory. So we won't reach our 
destination 

There now only one further mathematical step is necessary, which links the theory of 
relativity with the new notion of a field dilatation depending on velocity 


378 ‘The derivation of the length contraction 


Example: 
Measurement of length by means of a measurement of propaga- 
tion time (sound or light) with c = Lit in a vehicle moving with v. 


transmitted received 
impulse (t = 0) impulse (t = 
observer “ev ; 
‘system. 
(moving) 
at distance L 
reference system a 
(resting’) reflector (mirror) 


From driving time t: 

2% = signal propagation time: © = BES follows E-4 

According to Pythagoras:L,?2 = L@ +x? = L? + L,?.(v2/ea) 
La(=vjey= 2 

the shortening of the rule results in: 


Fig. 28,4: Derivation of the length contraction 


Examples: contraction according to Lorentz transformation, 
measurable length shortening, curvature of space. 


Counterexample: _unsuecessfll aether detection (Michelson experiment) 
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284 The derivation of the length contraction 


The Lorentz transformation is the result of a purely mathematical problem. Stimulated by 
the surprisingly result of the Michelson experiment the Dutchman Hendrik A. Lorentz, 
1891 asked himself, how the equations of the Galile-transformation would have to look 
like, if the propagation of light wouldn't be infinitely fast but finite and constant. He 
thereby proceeds from the assumption of two inertial systems moving against one another 
with a not accelerated velocity v, in which the laws of Newtonian physics are equally 
valid". Asa result ofthe relative motion a change ofthe length measures will occur 


This at first can be explained as a purely geometric effect in the context of nonrelativistic 
physics. We imagine a vehicle, which is on its way with constant velocity, and emits an 
‘optical or acoustical signal. Sideways in the countryside is standing in a perpendicularly 
measured distance L a reflector (mirror), which sends the signal back again. The velocity 
‘of the signal however isn't infinitely fast and from that follows that the vehicle during the 
propagation time of the signal as well has moved a bit further. The actual way, which the 
signal had to cover now amounts to L, (> L). The distance measure thus is observed 
sinaller as it is in reality, to be specific for the factor of the square root of Lorentz (fi. 
284), 


L = LAE) 28.169) 


According to the principle of relativity it doesn't play a role, if the vehicle is driving or if 
itis standing still and the mirror is moving with a linear uniform velocity. 


Initially Einstein also only spoke of an observable length contraction, which must not 
necessarily occur in reality, an optical deception so to speak. Lorentz however proceeded 
from the assumption of a physical length change, thus a length change existing in reality. 
What in practice at first makes no difference. If eg. at relativistic velocities a rocket 
hecomes smaller, then the pilot equally shrinks, so that it would not be possible to notice a 
present difference. 


If however the observer stands outside the events and takes a neutral standpoint", then he 
will be able to see, which interpretation is the right one. Today some examples are known. 
In accelerators particles at relativistic fast velocities actually get smaller for the factor of 
the square root of Lorentz, That has been proven and this result afterwards gives the 
Dutchman Lorentz right! The followers of the physical length contraction also are called 
Neo-Lorentzians. 


In the vicinity of a gravitational mass the speed of light becomes so slow, that the 
shortening factor plays a role and space is curved towards the mass. To understand this 
shortening of scale, the influence of the field also should be considered. 


Example: Ina closed Tih physical experiments are being carfied out 
‘elerations of the lift have an influence on the experiments, However no 
influence can be detected, if the lift is standing still or is moving with 
constant velocity. It with that fulfills the conditions of an inertial system. 
The question is: what do the experiments show someone standing outside, 
whom the lift passes by? 


580 The dependence of the Lorentz contraction on the field 


From the comparison of the Lorentz contraction 
(28.16) 
with the field dilatation (28.14 and 28.15) 


ae = He 


the proportionality (length measures depending on field) 


23 
: 


E,H ~1/L? and Eo, Ho ~ UL? exis) 


Experimental examples”: 


+ Electrostriction (piezo speaker) 


+ Magnetostriction 


ield or gravitational lenses 


+ Curvature of space, deflection of light 


Id determines the length measures (what is 1 meter) 
+ The field determines the velocities v (in m/s) 

+ The field determines the speed of light ¢ [m/s] 

+ Measurement of the speed of light is made with itself: 


arales.19) 


+ Measured is a constant of measurement c = 300.000 km/s 


+ The speed of light c is not a constant of nature! 


28.5: The dependence of the Lorentz contraction on the field 


<i>: see part 1, chap. 6.10 
<ii>: see part 1, chap. 6.11 
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28.5 The dependence of the Lorentz contraction on the field 

The two results of the field dilatation (28.14 and 28.15) and of the Lorentz contraction 
28.16) must be brought together and compared (28.17). Doing so the mathematical 
expression of the square root of Lorentz is cancelled out. That is of utmost importance, 
since with that also all limits disappear and there remains a purely physical relation, a 
proportionality of utmost importance (28.18), 

What was the sense of the limits associated with the introduction of so-called inertial 
systems, which are the basis of the Lorentz tansformation and which were adopted for our 
derivation of the field dilatation? They now only are auxiliary considerations according to 
model. We have chosen a very simple model, which can be described mathematically, in 
which an observer holds in his hand gauges for distances and field strengths and with that 
‘gauges a system flying by with constant velocity. He on the one hand determines a length 
contraction and on the other hand a field dilatation. He compares both with each other and 
‘comes to the conclusion: The field determines the dimensions! 

This statement is purely physical and it is generally valid. It is independent of the relative 
velocity and all other mathematical conditions. A centrally accelerated circular motion e.g. 
will falsify the length contraction to the same extent, as the at the same time occurring 
field dilatation. It can be expected, that in addition to the square root of Lorentz also other 
errors will mutually efface, so that a generalization in this case actually seems to be 
allowed. 

The won proportionality is of most elementary importance. We use it in the case of the 
piezo speaker and know it from the curvature of space and deflection of light in presence 
of extreme fields. If we ourselves however are exposed to the field as an observer, in 
which also the object to be observed is situated, then we are in the dilemma, not being able 
to perceive the influence. If we, to stay with the example, would sit in a rocket and this 
would become smaller at faster velocity, then we would notice nothing, since we also 
‘would shrink along to the same extent, 

That concerns every measurement of velocity in general and the speed of light c in 
particular, which as is well-known is measured in meters per second, But if the field 
determines ¢ and in the same way the length measure, which is given in meters, then both 
stand in a direct proportionality to each other, then we won't have the slightest chance 10 
‘measure the speed of light. If namely c is changed, then this concerns the measurement 
path in the same way. Now the variable is measured with itself and as a result appears c, a 
constant value. We neither can see the change, since our eyes scan all objects optically and 
that means with 

It is the nightmare of each and every measurement engineer, if the gauge depends on the 
factor to be measured. No wonder, if the theorem of addition of the velocities apparently 
loses its validity and always the same c is being measured, independent of the direction in 

which the source of radiation is moving (chap. 6.11). The result is: 

The speed of light is a constant of measurement and not a constant of nature! 
If however the light is scanned with the speed of light, then also all components of the 
light veetor correlated with themselves result in the same constant value ¢, then actually 
the vector of the speed of light loses its orientation in space and becomes a scalar factor. 
The Maxwell equations already anticipate this circumstance, but without providing an 
explanation why this is correct. Only the new field approach can answer the open 
question. With the derivation an axiom of physics - one also can say stumbling block - 
has been overcome. 


se Boscovich and the respi 


‘The field strength determines the 
length measure: 
(the distance L between the spheres) 


Orbital curvature 
depending on field 


Fig. 28.6 A: ‘The curvature of the Earth in the 
gravitational 
field of the sun 
\ \ 
Fig, 28.6 B: Force of attraction and reduction of the 
distance L 


as the mutual field influence of two masses. 


<i>: Repetition of part 1, chapter 6.7 
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28.6 Boscovich and the respiration of the Earth 


Who has got a good idea, fast will find that some other scientist had the same idea already 
before, and for his part possibly already had to make the same experience. If in spite of 
that the track fast loses in history, it as a rule is because of the insufficient citing and the 
vanity of the discoverers, who in reality only are rediscoverers of a much older 
knowledge. 


The dependence of the length measures on the field (eq. 28.18) in the mathematical form 
of the derivation however should still be quite new. But the physical consequence already 
was described by the Jesuit priest Roger Joseph Boscovich from Dalmatia in 1755". He 
was Professor for mathematics and theology in Rome and spoke about the world on the 
fone hand being deformable, similar to rubber, but on the other hand we aren't able to 
perceive this, since our body is made of the same material and follows all changes. ,.We in 
an absolute way can recognize neither the place, nor distances or orders of magnitude", 
writes Boscovich in his book about space and time and writes how these are perceived by 
us, He suspects thatthe Earth unobservable for man is respiring” 


‘Actually a terrestrial observer at daytime is situated closer to the sun than in the night. He 
by day is exposed to a slightly stronger field and as a result correspondingly smaller. He 
himself and all objects in his neighbourhood are subject to an identical fluctuation of size, 
so that this respiration" of the Earth cannot be detected. It can be detected neither with a 
tape measure nor with an optical measurement and still is present in realty. Only from a 
neutral standpoint we can succeed to recognize the actually existing curvature of space 
(ig. 28.6 A), 

‘An example is the duration of the sunshine at the equator, which is longer than can be 
expected from the spherical form of the Earth, This reveals, how the Earth is bending 
towards the sun (see also chapter 6.7) 

‘A further example is the influence of the field on the orbital velocity of the Earth 
measured in meters per second. Here also the meter at daytime is smaller than in the night, 
for which reason the Earth is moving slower on the side tured towards the sun, like a 
track vehicle, which drives a turn, if the chain at the inside runs slower than’on the 
outside. If the Earth describes an orbit around the sun. then this circumstance has to do 
nothing at all with centrifugal force or with a force of attraction of the sun. The circular 
motion simply and solely isa result ofthe field influence ofthe sun’ 


The force idea proves to be a pure auxiliary description, In the context of Newtonian 
mechanics the force plays a central role. Without question it is a very efficient and 
subjective perceptible description, which still isn't able to reproduce the physical reality in 
‘an objective manner. What keeps the planets into their orbit is only the field of the sun, 
which we call gravitational field and not some force! But of which kind is the gravitation 
and the field, which causes masses to come closer together and following our subjective 
observation attract each other (fig. 28.6 B)? 


<im: 0. E. Rosser: Endophysies, the World as an Interface, World Scientific 
Publishing Co. 1998, Kap. 10, 8. 87-112, mit Ubersetzungen aus <1i> 


<ii>: R. J. Boscovich: De spatio et tempore, ut a nobis cognoscuntur, 1755 


sea Derivation of the wravitation 


The length measure (the distance L between the spheres)” 


is determined by the field strength: 


A Charged mass points (electrons, positrons, ions... 


RL —1 


B, Uncharged mass points (neutrons, atoms, ...) 


b— L—+ 


Fig. 28.7; Observation of a mutual force of attraction 
because of 
the effect of the fields on the distance measure. 


<i>: Repetition of part 1, chapters 6.7 - 6.9 and part 2, chapters 10.4 and 15.2 
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28.7 Derivation of the gravitation 


In fig. 28.6B the relation between the field influence and the observed force of attraction 
of two mass bodies is represented. If | in my mind for instance "switch on" the field lines 
of both bodies, which are placed at distance L, then the fields according to equation 28.18 
reduce the measure L and optically come each other closer. With increasing proximity the 
field line density increases, so that L further decreases. We observe a mutual attraction, 
hich lets both bodies move towards each other. 

In fig. 28.7A the two bodies carry an electric charge. For different polarity the field lines 
as is well-known run from the positive pole to the negative pole, to bundle up there. As a 
matter of principle also here an attraction can be expected, which is called electromagnetic 
interaction. For the reason of the bundling up of the field lines this effect however will 
turn out to be considerably stronger. Hence the electromagnetic interaction is for many 
powers of ten more powerful than the gravitation. 

Furthermore there also can occur repulsion, if in the case of like charge the field lines are 
bent aside and between the two bodies an area is formed, where the field tends towards 
zero and the distance measure L (according to eq. 28.18) as a result towards infinity. The 
electromagnetic interaction theoretically indeed reaches 10 infinity, Responsible are the 
‘pen field lines arising from a charged body. 

Now every charged body in addition has a mass, with which it takes part in the 
gravitation, Let's remember the comparison of the derivations. The Maxwell theory 
teaches us that in the static case E- and H-field are decoupled, because each time the other 
field disappears. Even if as a result of the unipolar induction for every open field line the 
other one is taken to be standing perpendicular to the open field line, then this other line 
just wraps around the open field line and forms a closed-loop field line. In that way it 
can't be influenced anymore from the outside and can be neglected, so goes the doctrine, 
‘which is drawn from the Maxwell theory (fig. 275). 

This is a fatal error in reasoning! The equation 28.19 naturally is valid for open field lines 
in the same manner as for closed ones. These fields also lead to an observable force of 
attraction. If of course exactly those fields are neglected, which are responsible for the 
gravitation, then we need not wonder, if we don't understand the gravitation and the 
nature of this interaction! 

The influence of the closed field lines responsible for the gravitation is due to the missing 
bundling up of the lines correspondingly weak. Secondly these can't exist a force of 
repulsion due to the missing ability to influence closed field lines from the outside and 
third it can be recorded that all charged bodies also have a mass. All three statements of 
the field lines model perfectly cover the physical reality 

Fig. 28.7 B shows uncharged bodies, for which both the field lines of the E-field and of 
the perpendicular to them arranged H-field are closed-loop. Such bodies, like e.g. neutrons 
‘or whole atoms without charge behave electrically neutral to the outside, but have a mass 
for the reason of the closed field lines, whereby the field lines of the H-field dominate 
those of the E-field. 


=: Repetition of K. Meyk: EMEC part I, chap. 68+ 69, part 2 chap. 15.1 
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From subjectivity to objectivity 


Dual field approach 
B 


E and Bare coupled 


The closed field lines by 
no means are without 
influence: 


They cause the 
gravitation | 


) The Maxwell field | 


E = neglectible, 


B = constat 


| 
/ decoupled (epproximetion}] 


The following physical standpoints can be distinguished: 


rs 


objectivity 
(not 


observable) 
ab a 


Exemplary theories and their representatives: | 


Boscovich 
(dual approac! 


Fig. 28.8: Physical standpoints 


(new transf.) 
c= variable 
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28.8 From subjectivity to objectivity 


With the field lines interpretation, which by the way already preferably was used by 
Faraday, the gravitation proves to be an until now neglected influence of the 
electromagnetic field. With that for the first time also the grand unification of the 
interactions was successful. The long sought-for unified theory with that for the first time 
‘comes within reach, 

The derivation has made it possible to mathematically secure the theoretical working 
model of Boscovich. Already 1755 Boscovich points out the optical deception, which our 
observation underlies, if absolute orders of magnitude in our neighbourhood should 
change and our perception would change along. Then also all metric and optical 
measurement results would underlie this change, Following the idea of Boscovich I 
distinguish between subjectivity and objectivity. 


The relativity is a compromise lying between both points of view, where a neutral 
standpoint is strived for, which lies outside the events. And from this standpoint the 
‘objectively taking place events are being observed. The theory of relativity consequently 
is a pure observer theory with strongly restricted scope on the basis of the Lorentz 
‘ansformation. 


Theories of classic physics, like e.g. Newtonian mechanics, fall in the domain of 
subjectivity. The results and regularities are won in a terrestrial laboratory if possible 
isolated from the environment, where they have absolute validity. Here the Galilei- 
‘ansformation is valid, 

But if these subjectively won laws are applied to the microcosm in quantum physics or to 
the calculation of cosmic observations, one fast hits limits. The better the resolution of the 
‘microscopes and telescopes gets, the clearer the outside” observer realizes, how much the 
laws of classic physics lose their Validity, 


Astrophysics successfully reaches for the theory of relativity, which with the curvature of 
space in the vicinity of mass centres delivers useful explanations. Here the dependence of 
the spatial dimensions on the field already could be established. In contradiction to that 
this fundamental relation is said to play no role whatsoever in quantum physics, or in all 
terrestrial laboratory experiments. But with which right may physical regularities from one 
domain be ignored in others? There only can exist one physics and that should be sought 
for! 


What we need is objectivity! Behind all the apparently disconnected phenomena of 
physics work quite simple laws, which can't be observed and are until now not recognized 
by us. Objective physics in the words of Goethe is the one, which holds the world together 
in the heart of hearts. I call this, already by Boscovich suggested point of view, theory of 
‘objectivity. The access 10 the model domain of objectivity must be made mathematically 
by means of a transformation, since it is blocked for us by means of measurements or 
observations (see chapters 6.15-6.19). The transformation back into the observation 
domain must be made according to the same mathematical relations (fig. 28.9). In this way 
the quantum properties of the elementary particles can be calculated with high accuracy 
‘and agreement with the values, which until now only could be measured (chapter 7) 


S88 ‘The objective standpoint 


Approach:[r = ¢-t]| (determine distance by signal prop. time) 
tr) 
dr =cdt+tde | (total differential for a change) 
7m) 
dr de dr dt 
oo | ep. eee 735) 
dr dr der 
Of wae cera tae ~ Pca 
resp. 
dr d@r dr 
2 Pry oo, 
d dct * “acs 


‘The Taylor-series (27.26 and 2727) breaks off after the first term, if 
constant resp. t= con: 


resp.: 
or | 
resp ar ~ Ac ineans: 
from: length contraction variable speed of light 
follows: time dilatation dependency of meter measure 
for absolute speed of the light | for absolute time 
observation domain model domain 
(measurable) (can only be calculated) 


x) O———®_ Mar} 


‘Model transformation of the length measures 


Fig. 28.9:___ Theory of relativity and theory of objectivity 
and the model transformation between 
physical standpoints 


<i>: Repetition of part 1, fig. 6.16 


both 
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28.9 The objective standpoint 


The question is asked how one gets to an objective physical standpoint, which in addition 
evades every observation? The way leads over a transformation, to which all perceptible 
‘and measurable relations must be submitted 

If we for instance measure the distance F to a point light source, then the propagation of 
the light c and the propagation time t determine the distance measure = e*t 

If'there occurs little change of the distance, then two causes should be considered: Either 
the propagation time or the speed of light have changed somewhat. With that the two 
possible standpoints already would have been found, 


The relativistic standpoint, which proceeds from the assumption of the speed of light 
being constant, says: the propagation time varies and we are dealing with a clock problem, 
If namely for relativistic velocities a length contraction occurs, then from that necessarily 
follows a time dilatation, 

But actually no specific statement can be made about the constancy of the speed of light, 
besides that we look al, measure and scan everything with ¢ and hence only observe the 
constancy. With that the theory of relativity remains a pure observer theory. exactly as 
Einstein originally called it into existence. This standpoint follows the motto: What can't 
be observed also doesn't need to interest the physicist. 


The objective standpoint strives for more, for a description of the actually taking place 
processes. This time we proceed from the assumption of a universal and constant time 
with the argument: The time measure is an immutable definition and the physicist, who 
dictates this, himself determines what is simultaneousness. Then there also is no place for 
time travel and for clocks going wrong, 

Therefore the speed of light can take all possible values always in strict proportionality 10 
the length measures. Thus the measured length and distance measures should be 
transformed and that in the end is the unit meter", which should be replaced by an 
objective measure. 


With that the necessary transformation for variable c would be outlined. This 
transformation will be enqueued in the file of the big tansformations. From it the Lorentz 
transformation for c = constant emerges as a special case, like already from that 
transformation the Galilei-transformation follows for ¢ =a, How now the relation of the 
subjective to the objective meter" should be determined; by means of the relation of the 
relevant fields (eq. 28.17) or by means of the square root of Lorentz (eg. 28.16), over that 
should be worked and spoken. We already have successfully gone through it in a concrete 
‘example (chapter 7). 

Eyery theory is judged according to its expressiveness. Ending this chapter the statements 
and derivations hence again are compared. On the one hand the Maxwell theory and from 
that the theory of relativity can be derived from the new approach, on the other hand a 
long list follows, which can't be connected with the Maxwell equations, like eg. the 
gravitation, For instance the neutrino and all other elementary particles ‘with all their 
specific quantum properties are derived (chapter 7), fee and easy fundamental laws result, 
like the law of conservation of energy, and even the temperature spills its until now kept 
secret (chapter 8.3). Remains the conclusion: With no other approach according to the 
textbooks until naw the efficiency of the new approach could be obtained, 
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Gleanings concerning the theory of relativity 


+ From the dual field-|* From Maxwell's field 
theoretical approach equations can be 
are derived: derived: 
=> Maxwell's|=>0 
field equations 
=> Quantum properties of/=>0 
the elementary particles 
=0 

san oscillating _ ring-like 
vortex) 
=> Gravitation =>0 
(as a result of closed field 
lines) 
=> Unified theory =) 
(grand unification of alll 
interactions) 
=> Temperature =0 
(as an oscillation of size 
depending on field) 
=> Law of conservation of|=>0 
energy 
(and "many other —_funda- 
mental laws of physics) 
=> Theory of objectivity §|=> Theory of relativity 


Fig. 28.10: 
approaches 
(final balance) 


Comparison of the efi 


ency of the 
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29. Mathematical gleanings 


If, proceeding from the new field-physical approach, well-known and accepted theories 
are derived as special cases, this on the one hand can be valued as evidence for the 
cortectness of the approach, On the other hand the new approach in part significantly 
influences the interpretation of the derived theories. That can involve a rethinking, with 
which not insightful people have difficulties, if for instance quantum physics, 
thermodynamics or the gravitation become partial aspects of electromagnetism, 
‘Over and above that are hidden many new thing in the new approach, which are there to 
discover. To that are counting among others the potential vortices and the scalar waves 
‘One can work out these phenomena physically or mathematically, where the latter way as 
fa rule is the faster one. Hence the summary shall be concluded with a kind of mathe- 
matical gleanings. 


29.1 General and special theory of relativity 


Albert Einstein distinguishes between general and special theory of relativity. Whereas the 
special (SRT), still is linked tightly with the prerequisites of the Lorentz-transformation, 
the general (GRT), deals with an extension to arbitrary systems, which musta't be inertial 
systems. I would like not to dwell upon the GRT, as Einstein designed it, and merely 
notice that every generalization represents a possible source of errors and has to be well 
founded 


In the case of our derivation, the general case as it were resulted of its own accord, Let's 
turn back: If the root of Lorentz still was a component of the derived field dilatation 
8.15) and equally of the length contraction (28.16), then it fell out in the comparison of 
both results (28.17). With that the important result, the proportionality (28.18), which 
among others results in the gravitation, becomes independent of the speed of light and the 
relative velocity v. This last step is obvious and still completely new. It cannot be found at 
Einstein, who in another way finds his GRT and his description of the gravitation 
Even if here is striven for the same goal, then deviations in the result cannot be excluded 
because of the differences in the derivation, for which reason I additionally mark the by 
ime derived general relativity (GRT), to avoid confusion. 


son ‘Transformation table 


Influence of the Lorentz-transformation in thé 

SRT (special theory of relativity): one-dimensional, 

GRT' (general theory of relativity): three-dimensional, to a 
large extent corresponding to the GRT of Albert Einstein, 


GOT (general theory of objectivity) 


resp. the y-factor: 


Being transformed are: 


Length measures —_L [m] 
(length contraction eq. 28.16) 


Areas A[m] 
(circular motion) 

Volumes V [m3] 
(vortical motion) 

‘Time measures t[s] 
Velocities v [m/s] 
W=L/t) ¢ [m/s] 
Constants of material 6 {As/Vm] |: 
(eu = 1/2) ne [Vs/Am| | 
Relativistic mass = m 

(increase in mass) [-VAS9/m2 
Energy W[vAs| 
Energy density w[VAs/m}]| 
(w= W/V) \ 


E-,H-field strength EB [V/m| 
(w= (eH? + H3)/2) A [A/m] 
Power density P [VA/m? | 
(Poynting vector p= Ex H) 


D-field, B-field D[As/m?] 
(D- cE; B= uh) B[Vs/m?] | ~ 
Power P {val 


Fig. 29.2 Transformation table between SRT, GRT' and GOT 
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29.2 Transformation table 


Let's speak again about the difference to the special relativity (SRT). This so to speak 
deals with the one-dimensional case of the uniform motion of a reference system in x- 
direction (v = v,), as specified by the Lorentz-transformation, where only the x- 
components and not those in y- or z-direction are being transformed. As already 
mentioned this is a purely theoretical case, which in practice occurs next to never. Normal 
is circular and vortical and with that accelerated motion, where the velocity component 
permanently changes its direction 


The derived result of the general relativity (GRT) does justice to this circumstance. Even 
if this at first only has been derived for the x-direction it nevertheless is valid equally in y- 
and z-direction. It even remains valid for the case that we base on a path of arbitrary form 
‘of a spatial field vortex. In this case some components continually occur in all directions 
‘of space, so that the relative velocity v as already the speed of light ¢ loses its vectorial 
nature. “With that the transition of the SRT to the GRY is carried out. 
By means of the spatial swirling the electric and magnetic field pointers at the same time 
tum into scalar factors, by taking over the function of the aether. Let us remember that 
even Einstein in his GRT was forced to again introduce the aether, which in the SRT still 
‘was unnecessary 


1k therefore makes a difference in the transformation of physical factor, if we base on a 
one-dimensional (SRT) or a three-dimensional spatial description (GRT). Length 
measures in x-direction in both cases must be converted using the root of Lorentz, Usually 
the relativitie »pfactor is introduced, which is inverse tothe root of Lorentz 

yale) with x (292) 

IF thus individual length measures would be subject to a length contraction following the 
+y factor, then a volume V according to the SRT must be transformed with , according to 
the GRT however with 

As is well-known a relativistic increase in mass is converted with they-factor and in the 
same manner the to that proportional energy E = m c2. If we however correlate the energy 
to the volume V and in that way determine an energy density w, then the difference 
beeen SRT (w ~7A) and GRT (w ~ again has its maximum effec. 

A relation 10 the field factors of E- and H-field is for instance provided by the energy 
density ofa wave field 

W=(eF'+ HPV? 093) 

According to that the field strengths in the one-dimensional case of the SRT should be 
converted with the y-faclor, in the case of the GRT' however with yf, in accordance with 
the derivation in chapter 28, ‘This circumstance willingly is overlooked, although it only 
concems the textbooks and the today valid theory of relativity. 1 however point to the 
difference, since it does make a difference if we slart with the SRT or the GRT when we 
change to the general theory of objectivity (GOT), 


In the domain of the GOT all length measures should be transformed. The respective 
dimension gives information with which power the y-factor occurs (fig. 29.2). The unit 
‘meter is responsible for that. 


Discussion concerning the root of Lorentz, 


Discussing the root of Lorentz V1 — p? 


mathematical consideration: 


Abbreviations: Bev/e 
and: 
and: 
and: 


Examples: 
Increase in mass, energy ~ 
for SRT and GRT 


Field strength in GRP: E, H~y? 
andmassinGOT: om ~y 


Energy-, power densi 
(Poynting vector) in GI 


y= Ni-P 
Fo = 1/-B) 
r 


= 1/(.- BP 


Fig. 29.3 Discussion concerning the root of Lorentz, 


The special theory of relativity SKT only is defined for v <c 


For v +c particles with a complex mass, but with 
a real energy density (according to GRT’) would result. 


From the point of view of the theory of objectivity (GOT) 
the mass should be taken negative-real (neutrino?). 
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29.3 Discussion concerning the root of Lorentz. 


Fig. 29.2 forms the basis for the transformation in the domain of the GOT, the general 
theory of objectivity, where it plays a role, if a subjectively measured factor should be 
converted from the laboratory domain or a felativistic factor according to the SRT or the 
GR’, The given proportionalities thereby should be put in the respective relation. In this 
‘way results the respective valid instruction for transformation on the basis of the root of 
Lorentz. 

Lets take a critical look at the root of Lorentz. The velocity v occurring in it, of whatever 
this may consist, is depending on the field according to equation 28.14 + 28.15, It strictly 
speaking wouldn't be constant anymore and wouldn't belong in a general instruction for 
ttansformation at all. Only, what is valid for v, is valid to the same extent for c. Since only 
the proportion of vie occurs in the root of Lorentz. every influence depending on field or of 
other nature will have no effect on vie and the value of the root of Lorentz. It in any case 
will retain its value. It fulfills for itself the condition of the Lorentz invariance. 
According to that in the case of the relative velocity v it doesn't depend on the absolute 
value, but only on the relation to the speed of light. In addition the restriction to values of 
v <c is normal, if the speed of light is seen as an upper limit, Let's first purely 
‘mathematically draw a case distinction for different velocity domains of v, For v = 0 the 
root of Lorentz becomes one and the Lorentz transformation tums into the Galilei 
transformation. 

Connected to this is the today well-known and technically used domain up to the limit of 
v =e. It virtually is impossible to accelerate a mass particle to the speed of light, since 
mass, field and energy would grow towards infinity, as is clear from the table (fig. 29.2) 
Particles as fast as light, like photons, hence cannot have a mass. At v = ¢ a singularity is 
present, 

In a field theory, which also deserves this name, however an upper limit must not be 
present. Hence also the case for v > c should be required theoretically. Only later we will 
be able to judge if this makes sense physically. We at first only want to examine the case 
‘mathematically. Mass, field and energy now again have a finite value, there however 
results a complex, purely imaginary mass, a negative field and doing so, as already before 
«positive eneray and power density. 

There sometime has been the textbook opinion that it is physically impossible to fly faster 
than sound. This erroneous statement even could be proven ,.sciemtifically", because such 
‘a supersonic aigplane would fly off the observation space and with that wouldn't be real 
anymore, thus from a mathematical viewpoint would be complex. Anyone, who in New 
York gets off a Concorde, can confirm that everything at any moment of the flight was 
real. Only the observer is deceived, if the airplane flies somewhere else, than he perceives 
it, Is the speed of light also such a ,sonic barrier", which by the majority of the scientists 
since Einstein until today still is thought to be insurmountable? 

How should one physically imagine a complex mass? Let us remember the alternating 
ccurtent teachings, where it is normal to work with complex values, since the mean values 
of the oscillating altemating currents, tension voltages and fields are zero. Calculating 
‘with mean values would result in zero energy and power. Hence complex factors are 
introduced and the root mean square values are calculated and measured instead of the 
mean values. Could a complex mass analogously not concem an oscillating particle, a 
particle, which in addition is faster than the light? 


506 Mathematical derivation of the neutrino 


+ Physical example: 
neutrino = mean of the oscillating massxzero 
RMS value of the complex masss#zero 
E- and H-field with inverse sign 
carrier of positive energy and power 


w-model: ring-like vortex oscillating from & toe” “* 


Examples from the general theory of relativity (GRT): 
(28.16): length contraction L_ ~ 1/y = Vi-(v2/c2), 


(6.19): increase inmass m ~ y = INA 


(6.6,28.15) field dilatation E~ H~ y2 = 1/(1-v2/e4} 


Fig. 29.4: Root of Lorentz for speeds faster than light (v > ¢) 
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29.4 Mathematical derivation of the neutrino 


In the domain of speeds faster than light, for v > c, the power series (28.12) does not 
converge anymore and every observer theory and every observation (fig. 28.4) will fail, 
because particles faster than light run away of their own visible appearances. Every 
‘measurement and every observation inevitably is behind and hardly can be assigned to the 
actual cause, That way for instance measured neutrino events are being connected with 
celestial observations, with which they haven't got anything to do at all 
If we however describe the domain v > c in the complex plane, then astonishing results 
are found, which could be verified physically: a complex length dilatation with increasing 
velocity goes along with a loss of complex mass. The oscillating fields, energy and power 
density however would be real with negative sign, 

Thus there would result particles carrying energy with an oppositely poled field, with an 
oscillating mass and if necessary also an oscillating charge. Without static mass and 
charge these particles hardly would interact with normal matter, which leads to an 
enormous ability of penetration. The only physical particles, which have such a property, 
are the neutrinos. With that a usable and an extremely efficient model description has been 
found for these particles. Also the energy of these particles can be calculated, which has 
considerable orders of magnitude and is available as an energy source everywhere and any 
time. 


If for instance in a converter for space energy @ neutrino should be converted into a resting 
charge carrier (with v = 0), then two steps are necessary (see part 2 of this series of 
books): 


1. First the neutrino must be slowed down to 1.414 times the speed of light (fig. 28.9). 
Doing so energy is spent and not won! The converter for instance can cool down, 


2. Afterwards the characteristic rotation of its own, with which the ring-like vortex 
spins around itself by permanently putting its inside to the outside and vice versa, 
has to be taken away from the neutrino, In that way the vortex centre is closed and 
the particle acquites localization. It becomes a charge carrier. 


Even if the representation in the complex plane represents only an auxiliary description, 
the model nevertheless seems to be efficient, because despite its complex mass and charge 
the neutrino nevertheless carries a real energy. It in any case is represented in that way to 
fan observer, who measures the relation with the speed of light, who in the relativistic 
scheme of things scans the relation, 


Today, as already said, even the sonic barrier has become permeable and no scientist dares 
to physically deny this fact and even prove his mistake mathematically anymore. No, on 
the contrary, he always did know that as an expected consequence the sonic barrier runs 
after the supersonic plane. The once physically unthinkable and scientifically fought has 
become normality 

What should hinder an oscillating particle, like a neutrino, to be faster than the light? 
‘Some time one also will accustom to that. 


598 Universal constants and constants of nature 


+ Starting-point: 
the fundamental field equation 
(derivation in chapter 27.10) 


+— en 


Spherical propagation of an 
electromagnetic wave in space 


+ The number: 
straight (@) circular 

T+ 2 = (20m ar 
line circum- 

ference 

rio nr = Se -r4/3= 
line area 
eva) 


Fig. 29.5: The number = 


= 3.14159 


nr4/3 
volume 
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29.5 Universal constants and constants of nature 


Strictly speaking fundamental or universal constants can't exist in pure field physics at all 
For the example of the speed of light has been shown that it merely are measurement 
constants (fig. 6.11). The numerical size is a consequence of the definition. The speed of 
light for instance has the today well-known value as a consequence of the fixing of a 
length unit and a time unit. If we change a unit, if we take feet” instead of .meters, then 
another value results. If however the velocity changes, then the reference measure of our 
gauge changes along =and-—swe = get the identical’ reading. 
Electric and magnetic field constant depend directly on the speed of light © (c= Ve’), 
which solely by the fixing of the electric units. takes a certain value 
The inner structure of the potential vortices leads from Planck's quantum of action, 10 the 
elementary charge and 10 the countless atomic constants", which all objectively seen 
aren't constants at all, They virtually all ean be derived (chapter 7). 


Sooner or later even the last natural scientist will realize, that nature does not provide 
“constants” at all, If constants of nature" did exist, as listed in textbooks and 
encyclopaedias, then they aren't consistent with causality, since we don't know the cause, 
why the factor should have exactly this size and no other. Behind every so-called constant 
of nature unnoticed is hiding a physical closed loop conclusion, 


Fundamental constants only exist in mathematics, This can be shown very nicely for the 
example of the fundamental field equation” (eq. 27.26), which has been derived from the 
now field theoretical approach (fig. 27.10). It is the description of waves and vortices in 
space and time, which indeed carries features of a world equation’. If one searches this 
equation for fundamental constants, then one altogether can find three: the numberrthe 
umber e and the Golden Proportion @.The speed of light ¢ however occurs only as the 
mathematical factor characterizing the wave as a result of the defined units. If one would 
choose the units different, cas well could be made 1. With the fundamental numbers that 
procedure won't work. They don't depend on the definition of the units! 


Let's consider the numberg,The number xoceurs every time as a proportionality factor if 
Wwe transition from a straight line to a circle or further to a sphere, from a line to the 
circumference or further to the surface of a sphere and exactly so from a line to the area of 
a circle or further 10 the volume of a sphere. Since for all the special cases, which are 
derived from the fundamental field equation (the structure of the elementary particles, the 
atomic structure and in the same way again in the universe), the spherical symmetry 
dominates, the mathematical solution is determined by a corresponding spatial 
configuration of the numberr.Jt has its cause neither in a physical relation of interactions, 
nor in the choice of the units, but only in the geometry. 


600 The fundamental number 


The number e: e = lim(1 + 1/n)s =| 2.71828 

— (295) 

for (+1/n" 2.25 

for (+/ny 2 

for (tiny = VF = 1.73 

for (+1 = 0? = 1 

for (1+1/n)" = 14-3)°** gives a complex solution! 

for (1+1/m)" = 14-1 = -i, thus again complex! 

for (1+1/)" = 1/3)?” as well complex! 

for (1+1/ny" = 1/0 = +00 

for is (Hy = 2 = 4 


solution! 


Fig. 29.6: Forming the limiting value of the number e 
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29.6 The fundamental number & 


In the fundamental field equation (27.26) a further irrational number is concealed, the 
number ¢. Whereas the left side of the equation (a) gives the spatial distribution, the right 
side (b-e) describes the temporal course of events. Besides the term constant in time (e) 
also. first time derivations (¢ and d) and a second time derivation (b) occur. 
For a solution of this differential equation a function should be found, the derivations of 
Which are again the function itself. This condition strictly speaking is fulfilled only by one 
single function, the e-function, 

We used this property of the e-function already for the derivation of the Schrodinger- 
equation in chapter 5.6 and 5.7. There with the help of the e-function an approach was 
chosen, which leads to the well-known solutions of the Schrodinger-equation, which are 
considered to be secured experimentally. With that the number e controls the temporal 
relations of the fundamental field equation, 


It might be helpful to take a closer look at the or 
consideration of limiting values: 


fof the number e. It results from a 


€ = lim(1+1/np - 2.71828 


(29.5) 


If one varies n and allows different values between-cand+eothen a strange behaviour is 
showing. One indeed more and more approaches the well-known value of e = 2.72, as 
dictated by the definition of limiting values according to equation (29.5), the larger 1 is 
chosen, But in the opposite direction it looks less tidied 


for stay 
for (tiny 
for (tiny 
for (eta) thus complex! 

and | for (eVay* 296) 


Since the e-function inside the fundamental field equation is responsible for the temporal 
sequence, the interpretation of my colleague Prof. Dr. Preussker"” gets a deeper sense. He 
says, it starts outside our imagination (at n = -1). Afterwards at first big chaos prevails. 
Mathematically seen some imaginary solutions arise, Finally the system is putting in order 
(from n= 0), to more and more approach the value e = 2.72 


The number e is of fundamental importance and thereby holds unforeseen secrets. More 
mysterious and until now entirely misunderstood is the meaning of the Golden Proportion 
‘Also this indivisible number can be found in the fundamental field equation. Since it is 
less known and more complicated to handle, it frst shall be introduced. 


<i>: H. Preussker: Der Wirbelring, Halstenbeck 2002 


602 ‘The pentacle 


Graphical construction at a right-angled triangle (Pythagoras): 


aa 


—————— 


Golden Proportion of lengthia= = : 


with the proportion: 
=H 


1.618 }29.10) 


si 1 
= © = 0.618) 95) andJ==— = o+1 
x ® 


The pentacle 


Fig. 29.7: Constructions for the Golden Proportion 
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29.7 The pentacle 


During his visit of the Egyptian pyramids already two and a half thousand years ago the 
history writer Herodotus by his guide had been called attention to the circumstance that 
the Golden Proportion has been realized for the proportions of scale. 

In the case of the pyramid of Cheops it even has been taken into account manifold, as we 
know today, but we hence still don't know why. There must be an intention behind it. 

“Anyway a coincidental use can be eliminated, since the Golden Proportion cannot be 
handled in an easy way, neither graphically nor mathematically 

‘The Golden Proportion in addition plays an important role in the whole ancient 
architecture and not only there. It for instance occurs in the case ofa very old symbol, the 

five edged star, which we can draw with one line without taking off. The well-known 
symbol also is called pentacle. 


In the case of the Golden Proportion a straight line a is divided into two unequal halves. 
‘The larger half x thereby is 61.8 % of the straight line a, Already Pythagoras has 
researched and teached about this. Maybe he did know more about the purpose of this 
classification than all the mathematicians, archaeologists and art historians of today 
together. 

For a graphical solution we assume a rightangled triangle. The task is to divide one leg of 
length a = x + y according to the Golden Proportion into two parts, the larger part x and 
the smaller part y. The second leg has the length a/2, According to the theorem of 
Pythagoras the length of the hypotenuse h is 


(a2yn5 297 


If the length of the second leg (a/2) is subtracted from the hypotenuse, then this is the 


‘The proportion of both length measures gives the constant@,which is characteristic for 


| @ = wa = (5-1/2 = 0618 299) 


‘This proportional number has a special property. If one adds 1 to the number and forms 
the reciprocal value of that, then the same number comes out again, thus: 
with @=x/a with a=x+y 


7 
+12 — | and es 29 
=|" resp. (29.10) 


x 8 x 
Sai us 
a x a 


With that the ratio of the length a and the larger section x is the same as the ratio of x and 
the smaller section y. 


604 ‘The vortex, whieh is rolling up 


+ Starting-point: the fundamental field equation 


OE, 1 0E ,1 0 , E 
—GrotrotE= Se 1 °F .t OR, 
oe tt Gt om Ot tite 


2726) 


+ for the special case: because of missing conducti 0) 
e.g. in air no eddy current damping: oe = | (1/ts) = 0 


* and no currents (eq. 27.1527.16): j= 0B =-we-divE=0 


eresp. AB = grad dif E — rotrotE = ~ rot rotE 


=> | 2AB = == + ——— 29.10) 
ov? tm Ot 


Standard case of a wave damped with potential vortices 


In the case of a perturbation this wave rolls up to a vortex, with 
* the vortex radius 
* the swirl velocity c= or 
* the angular velocity @ = 1/t2 = c/r 


‘The vortex itself runs with the velocity v(x(t)) = dx/dt 
as a longitudinal wave in direction of the E-field: AE = 02E/@x? 


=> 0E/ét = (0B/dx)-(dx/dt) = vdE/Ox and 
67E/dt? = v2.(62E/0x?); (6v/At = 0, since not accelerated) 


=> | c202B/ex? = v2(62B/dx2) + vic/1) dB/éx | 91 
+ with the exponential approach: E=¥-e%/" are: 
=> GE/dx =-(1/r}B and 0°B/@x? = (1/1)E 


=> | (2/P)B = (2/7) EB — (vc/1)E 2913) 
« resp.: =v ve 28:1) 
Fig. 29.8:___ The calculation of an electromagnetic wave, which 


is rolling up to a potential vortex. 
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The big mystery conceming the harmony of the Golden Proportion gets a sober technical- 
physical dimension with the theory of objectivity. It determines within the fundamental 
field equation” (27.26) the rolling up of a wave into a vortex and vice versa, The Golden 
Proportion mathematically describes the process known as wave damping, as we can 
‘make ourselves clea, 


29.8 The vortex, whieh is rolling up 


For the case of a wave propagation in air or in vacuum, if no electric conductivity is 
present (c= 0), the fundamental field equation is reduced to the two parts: the description 
of the electromagnetic wave and the potential vortex. as a damping term, Now a solution of 
this partial differential equation (29.11) is sought. This only succeeds for a very particular 
‘course of spatial and temporal field, 


If a wave for a field perturbation rolls up to a vortex, which we had worked out as a model 
concept, then the field oscillation continues to run with the speed of light, but this time in 
circles. With this consideration the relation between the angular velocity resp. the time 
‘constants and the radius of the circular vortex has been described (t3~ #/c. 


v(x(t)) = dvidt is the not-accelerated velocity of propagation of a vortex. In that case v 
points in the x-direction radially to the outside, For the time derivation of the field vector 
E(x() the chain rule should be applied. With that the field equation (29.11), defined in 
space and time, can be converted into an equation determined in v and x (29.12). 


Finally we use the mentioned property of the e-function, which for first and second 
derivation again turns into itself, by choosing the approach of an exponential damping 
with e“' There remains a quadratic equation to determine the velocity v (29.14 and 
29.15). From the two solutions of the quadratic equation only the one with positive 
velocity should be considered (29.17) and that would be 1.618 times the speed of light! 
(29.18). 

If we subtract 1 from this value or form the reciprocal value, then in both cases the factor 
(= 0.618 results, which is called the Golden Proportion (29.19). 


Behind this clear, mathematically won result is hiding a deeper physical meaning 
Obviously nothing can hinder a longitudinal wave and its vortices to be slower or faster 
than just with v= 1.618*c. Let us take the case that v = ¢, for which there even exist 
calculations in some textbooks". Then as a result gets out that the longitudinal parts 
decrease very quickly and already can be neglected after }/2n. in any ease interpret the 
near-field zone of an antenna (fig. 29.9) such that within one sixth of the wavelength the 
vortices to a large extent have decayed 


<b Zinke, Brunswig- Lehrbuch der Hochfrequenztechnik, 1. Bd, 3.Aull. 
Springer-Verlag Berlin 1986, Seite 335 


606 ‘The Golden Proportion, 


‘The quadratic equation 29.14: (291s) 


has the solution: v= 0/2 4Vc?/4 +c? | 0916) 
for the proportion vie: |v/c = (1 +V5)/2 = 1.618 | @.17) 


‘The result, v/e = 1.618 218) 


resp.: e/v == 0.618 = ,,Golden Proportion"(29.19) 


ace. tothatis: 1+@= 1.618= 1/@ 1/0.618(29.18*) 


+ Concerning the physical meaning of v/e = 1.618 9.17) 


=>In the ideal case at 1.618 times the speed of light at 
the stability limit, the natural and — spontaneous 
conversion from yortex to wave and vice versa occurs. 

=> Scalar wave antennas have their optimum degree of 
effectiveness in the Golden Proportion! 


Fig. 29.9: __Derivation of the Golden Proportion from the 
fundamental field equation. 
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For larger velocities, as Tesla has produced already 100 years ago, the stability of the 
vortices, but also their biological effectiveness increases. From a high-frequency technical 
viewpoint this is the domain of the noise, the domain of instable oscillating noise vortices. 
From a biological and medical viewpoint especially here the answers should be sought 10 
questions concerning the -—elecomagnetic — environmental compatibility 
This domain streiches from v= € to v= 1.618%c, the boundary case, where a spontaneous 
conversion of the wave into the vortex is possible. The Golden Proportion describes the 
stability limit, where the field vortices after they have been formed, don't decay anymore 
From this velocity on the antenna resp. radiation source hasn't got a limited near-field 
zone anymore, since that now reaches to infinity. Only from this distinct velocity on I give 
the field vortices the name "neutrino". 


29.9 The Golden Proportion 


Whereas traditional antennas, which should emit electromagnetic waves, are optimized for 
signals with the speed of light, do scalar wave antennas have their optimum degree of 
effectiveness in the Golden Proportion. Thereby the goal of an emission of oscillatin 
ring-like vortices is pursued. Vortices, which with a velocity of propagation of v = 
1,618-¢ remain stable and make possible a spatially unlimited transmission of energy and 
information by scalar waves, 


‘The velocity of propagation v is calculated from the product of wavelength times 
fiequency. v=. 1F the frequency of a transmitter is prescribed, then the geometry ofthe 
transmitting antenna decides on the degree of effectiveness of the antenna and on how 
‘many parts of transverse waves are emitted in relation to longitudinal waves. In the case of 
a broadcast antenna usually 2. or X/2is chosen. For a scalar wave however the optimum 
is reached with 


With that the electrotechnical problem becomes a geometrical one, if it concerns the use of 
scalar waves. Crucial is the antenna geometry, and the Golden Proportion provides the 
necessary constructional instruction. Were the buildings in antiquity, which were 
constructed according to the Golden Proportion, technical facilities for scalar waves”? 
Did the builders have physically explainable and mathematically provable guidelines? 
‘At this place, by the derivation of the Golden Proportion from the fundamental field 
equation, there arise completely new aspects for the judgement and interpretation of 
buildings especially from antiquity. If we have understood their way of functioning, then 
we will be able to lear much from that for our own future and for the future construction 
of scalar wave devices. Concluding the seminar we hence deal with antiquity 


608 Claim 


ancient temple = short wave station 
dedicated to one god = fixing of the frequency 
supreme god Zeus,= range of the short wave, 
father of all gods = all SW wave bands 

priest, = amateur radio operator, 
representative of the god with licence to transmit 

high priest = chief intendant 

Pontifex Maximus, = chairman of the authority! 
,,topmost bridge builder" and the telegraph offices 
oracle = telegraphy receiver 

runes, cuneiform writing = telegraphy symbols 


metre, hexameter increase of redundancy 


oracle priest telegraphy interpreter 
tripod” = reception key, electro- 
acoustical converter 


looking at _ intestines, = reading off convuls 

rite of sacrificing electro-optical converter 
temple books = news-notes 

seer, who looks into= amateur radio operator,| 
the god world at telegraphy reception 
Homer = ancient radio reporter] 
Fig. 30.1 Little dictionary for ancient radio engineering (1). 


<i>: Lamer: Worterbuch der Antike, Kroner Verl. Bd.96 under “oracle” stands: Lat 
oraculum = site of speaking; particularly: site, where a god speaks; then: that, 
What the god says", According’ to the encyclopaedia oracle priests inspired by a 
god ,,simply were frauds, who lived of the ignorance of the public”. 


Scalar wave technology in antiquity oo 


30, Scalar wave technology in antiquity 


The end of the book about potential vortices and their propagation as a scalar wave shall 
form an impressive example, where as many of the derived wave aspects as possible have 
fn effect. It shall be proven that already in antiquity radio engineering based on scalar 
waves has been used. The proof starts with a thesis. 


30.1 Thesis 


The temples in antiquity all were short wave broadcasting stations. And energy from the 
field served as an energy source, so eg. the earth radiation in the case of temples of 
terrestrial gods. In the case of the solar god the radiation of the sun was used, whereas for 
the temples, which were dedicated to the planetary gods, the neutrino radiation arriving 
from the planets served as an energy source. 


If the temple was dedicated to a particular god, then the name of the god was representing 
the used frequency of the broadcasting company. The corresponding wavelength, resp. the 
respective god, understandably was "immortal" 


Not so the broadcasting technicians on duty, who as human beings naturally were mortal, 
‘who took tums in the studio as members of the priest council and who merely had to 
impersonate the god Apollo, Poseidon etc. by the name of the broadcasting company, if 
they went on air. Only for the news editor Homer and for few of his colleagues we 
actually know the names of the persons behind the scenes. 


In the temple books the texts have been recorded, which a god and its broadcasting 
‘company ave received. The chosen metre served the easier detection and correction of 
‘wansmission errors 


Here often a lot of fantasy was necessary, for which reason the reception facilities 
commonly were described as oracle”. The reception of the news as a rule took place on 
an altar. Thereby the direct effect of scalar waves on man eg. in the case of the so-called 
temple sleep or the indirect influence on biological systems, eg. on the intestines of 
slaughtered animals, was evaluated. 

A further development of the telegraphy was the tripod technology", in which case by 
turning of the polarization plane individual symbols and letters were transmitted up to the 
transmission of the spoken word with the help of a special wavelength modulation. 
That far the thesis reaches, which now should be proven. 


<ii>: Lamer: Worterbuch der Antike, Kroner Verl. Bd.96 under stands: the 
tripod is a dedication gift to gods, a honorary gift for winners. That one pleased 
them with the gift of a cooking pot, is strange; one has tried to find the reason, 
but until now without, success". "In the encyclopaedia further is advised: 
tripod as a means for spiritual insight?!" 


610 Prerequisites 
godology high frequency technology 
god name RDS, station identification 
members of a = broadcasting studios of a 
family of gods broadcasting company 
Pantheon, = extremely broadband 
temple of all gods FM broadcast station 
crown = antenna netting 


gifts for sacrificing 


place of sacrificing 


earth radiation 
homage of a 
weekday 

Zeus ,,forges" 
thunderbolts 
ritual act 


Pythia of Delphi” 


Cella (marrow of temple) 


obelisk“ 


Fig. 30.2: 


Lamer: 


Worterbuch der Antike, Kroner Verl 


= broadcasting fees 
= place of a node of 

the standing wave 
= power supply 


time restriction of the 

operation of the station 
electrostatic blows, when 

a temple is oscillating 
technical provision 

for transmission and 
reception 

radio telephone operator, 

receptionist 

= tuned cavity 


antenna rod 


Little dictionary for ancient radio engineering (2). 


Bd.96, under _,Pythia"(ge-=the 


asker): In the temple of Delphi_was a chasm. A tripod was standing over it, on 
Which the Pythia was seated, if she gave oracle. Comment: “It was flashy how 
odd the Pythia was sitting: ‘inconveniently enough, on the cooking pot of the 
tripod. Ancient, pictures, which show her that way, still weren't proven, that it 
was this way..." 

<li>: Lamer: under ,,Obelisk” stands, ,,The obelisks probably were clocks" 


Scalar wave technology in antiquity on 


30.2 Prerequisites 


The argumentation has to be made on mathematical-physical foundation. The prerequisite 
for that are the 29 chapters of before. The following points could be demonstrated and 
derived: 


1. The wave equation (inhomogeneous Laplace equation) describes the sum of two 
‘wave parts, where 
‘every antenna emits both parts, 
the transverse part, known as electromagnetic wave (Hertzian wave) 
4. and the longitudinal part (Tesla radiation) termed scalar wave by the discoverer, 
better known as antenna noise. 
5. The wave equation mathematically describes the connection of both wave parts in 
‘general and the conversion of one part into the other in particular, thus 
6. the rolling up and unrolling of waves in field vortices (measurable as noise) 
7. The transition takes place proportionally to the Golden Proportion, as resulted 
from the derivation (chapter 29.7 - 29.9) 


With the last point the electrotechnical problem becomes a geometrical problem, if it 
concerns the use of scalar waves. The geometry of the antenna is crucial, Thereby the 
Golden Proportion provides the necessary direction for construction 

That justifies the assumption that the buildings in antiquity, which were built according to 
the Golden Proportion, were technical facilities for scalar waves. Maybe the builders had 
specifications that had physical reasons and could mathematically be proven. 

At this place there result completely new aspects for judging and interpreting buildings 
especially from antiquity through the derivation of the Golden Proportion from the 
fundamental field equation, If we have understood their way of functioning, then we will 
be able to learn much from that for our own future and for the future construction of scalar 
wave devices. 


‘As a further prerequisite for the ancient broadcasting technology enough field energy 
should be at disposal. We proceed from the assumption that 
1. the earth magnetism and the cosmic neutrino radiation are tightly hanging together 
by the processes in earth's core, 
2 the earth magnetism in antiquity verifiably was approx. thousandfold stronger than 
today (proven by gauging of pieces of broken pot), 
43. as a consequence the neutrino radiation in antiquity as well must have been 
‘thousandfold stronger and 
4. the cosmic neutrino radiation has served the transmitting plants of antiquity as an 
‘energy carrier, 
any thought is absurd to reject the technical funetion of a temple only because it today 
can't be reproduced anymore, The artistic and aesthetical viewpoints, which are put into 
the foreground by art historians because of ignorance about the true function, rather are 
secondary. 


TThe terms used to describe the broadcasting technology in antiquity in the last 2000 years 
have experienced a shift of meaning, so that a translation in our linguistic usage of today is 
necessary. The adjacent dictionary should help in that case. 


2 Approach 


Constr.: 470-456 B.C, 
gold. Prop: ® = 0,618 


Cella-Length: 
frequency: 


Fig. 30.3: The Golden Proportion of Zeus-temple in Olympia. 


<i>: K.  Schefold: Die Griechen und ihre Nachbarn, Propylaen Kunstgeschichte 
Berlin Bd. 1, Abbildungen von Seite 249 
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30.3 Approach 


Lets to some extent proceed from the knowledge of textbook physics currently present in 
high frequency engineering and give a well trained engineer the following task, which be 
should solve systematically and like an engineer: He should build a transmitter with 
maximum range at minimum transmitting power, thus a classic task of optimization 
Doing so, the material expenditure doesn't play a role! 


‘After mature deliberation the engineer will hit upon it that only one solution exists: He 
decides on a telegraphy transmitter at the long wave end of the short wave band, at f= 3 
MHz, which corresponds to a wavelength of 2 =100 m. There less than 1 Watt 
‘ansmitting power is enough for a radio communication once around the earth. That also 
has something to do with the conditions of reflection of the radio waves at the ionosphere. 
‘Our engineer learned: 


the index of refraction a= VI-KN/E G01) 
with: K= 80,5 * 10° [omsee"] (= constant) 
N = electron concentration _[eleetrons/em") 


f= frequency of the transmitter [MHz] 
Put into words: the refraction of a radio wave in the range of the short waves is the larger, 
the smaller the frequency is. The end of the short wave range is reached at 3 MHz. That 
thus explains the choice of frequency. 


‘And he optimises further. Next the engineer remembers that at high frequencies, e.g. for 
microwave radiators, not cables but waveguides are used, since these make possible a 
considerable better degree of effectiveness. In the case of the waveguide the stray fields 
fare reduced by an alignment and concentration of the fields in the inside of the conductor. 
In the case of antennas however the fields scatter to the outside and cause considerable 
stray losses. He draws the conclusion that his transmitter should be built as a tuned cavity 
‘and not as an antenna! 


As a result the engineer puts a building without windows in the countryside with the 
enormous dimensions of SO m length (=1/2) and 25 m (=2/4) resp. 12.5 m (=W/8) width 
‘The height he calculates according to the Golden Proportion to increase the scalar wave 
part, Those approximately are the dimensions of the Cella without window of Greek 
temples. 

For the operation of such a transmitter in antiquity apparently the noise power of the 
cosmic radiation was sufficient, which arrived at the earth starting from the sun and the 
planets. By increasing the floor space also the collected field energy and the wansmitting 
power could be increased, so that also fiom the perspective of the power supply the temple 
‘with the largest possible wavelength at the same time promised the largest transmitting 
power, so at least in antiquity 


Our engineer further determines, that he will switch the carrier frequency on and off at a 
predetermined clock pulse. Thus he decides for radiotelegraphy. The advantage of this 
technique is a maximum increase of the reception range. For that the signals at the 
tansmitter have to be coded and at the receiver again deciphered. By means of the 
encryption of the contents these are accessible only to the insiders", who know the code; 
‘prerequisite forthe emerging of hermetism and eventually a question of power! 


ois Circumstantial evidence 
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Fig. 30.4: Example Tegea, temple of Athena Alea.” 
Built 350/340 B.C 


<i>: G. Gruben: Die Tempel der Griechen, Wissenschaflliche Buchgesellschaft 
Darmstadt 1986, 4. Aufl. Seite 130 

<i>: E. Horst’ Konstantin der Grosse, Eine Biographie, Classen Verlag 1985 
Dusseldorf, Aufl, S. 89, 

<i>: E. Horst: Konstantin der Grosse, Eine Biographie, Classen Verlag 1985 
Dusseldorf, 2,Aufl., 8.33, 
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30.4 Circumstantial evidence 


Not everyone, somehow participating in send receive engineering, at the same time also 
was inaugurated in the entire secret knowledge. Most priests only knew as much as they 
necessarily needed to know to fulfill their tasks. Thus a temple priest, who was presented 
tan enciphered text and who should bring this on the air, not necessarily at the same time 
needed to know the content of the text or the code, The same of course also was valid for 
the sactificing priest acting in the receiving station, The Vestal virgins for instance had to 
present the received text to the Augures, by whom they were supervised and controled. 

But who wanted to introduce a new god in the gods heaven and perhaps even himself be 
worshipped as a god, should have complete command of both the broadcasting technique 
and the reception technique. In ancient Egypt the Pharao at least once a year had to prove, 
that he still was in command of the technique. Otherwise he was replaced. For a person 
‘with security clearance that at the same time was a death sentence. 

In the historical facts numerous pieces of circumstantial evidence can be found, which can 
be considered to be evidence for the thesis of the operation of send receive engineering in 
antiquity. One now pethaps understands, why the rulers were put an antenna netting over 
their head, a so-called crown, or why the Augures could survey the land with a flat Tesla 
colin their hands (fig. 16.10). 

Direct evidence is present as well. It can be found in ancient texts, But it is questionable if 
historical texts conceming ancient radio engineering have been translated correctly. The 
talk is about oracles, mystery cult and earth prophesy if the receiver is meant. The 
predominantly technically uneducated historians attest the Romans a defective sense of 
time, because their couriers surely could not cover the long ways across the Roman empire 
so fast at all, if they read in the Latin texts: "They sent by courier to the emperor in Rome 
and got for answer..". The answer of the emperor namely already arrived at the squad at 
the latest in the following night. The correct translation should read: "they cabled” or "they 
‘broadcasted to the emperor in Rome and got for answer." 

Such a big empire as the Roman Empire actually only could be reined by means of an 
efficient communication. Cicero coined the word: "We have conquered the peoples of the 
farth owing to our broadcasting technology. -*"™! The term broadeasting technology from 
ignorance is translated with piety. If engineers however rework the incorrect translations, 
then one will discover that numerous texts tell of the broadcasting technology, that thus 
correspondingly much direct evidence exists conceming the practical use of this 
technology. 

For the Roman military transmitters, which formed the backbone of the administration of 
the empire, the reading off of the information from observations of nature like the bird 
flight or from felt signals of a geomanter was too unreliable. They read off the information 
from the thythm of the convulsions of the intestines of freshly slaughtered animals. In the 
case of the dead animals on the altar every extrinsic influence was excluded. But the 
enormous need of slaughter cattle was a disadvantage. Who wanted to have information, 
first of all had to bring along an animal, which then was ,sacrificed” the god, or better say, 
which was abused as a receiver for a particular transmitter. Thereby the innards served as 
a biosensor and as a receiver for the news. 


616 Radio technical concepts, 


f intenc 


Fig. 30.5:___Three radio technical network structures, with an 
example from antiquity and from present time. 
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30.5 Radio technical concepts 


In planning and constructing radio technical networks only a few possible concepts exist. 
It is interesting that at least one historical example can be specified for every concept. That 
shows that all possibilities were tried at least once. The three most important concepts are 
presented here: 


‘A Cellular phone. 

Every bigger city between Euphrates and Tigris, which thought the world of itself, had 
at its disposal already in antiquity a temple tower. Such a temple tower was a 
telephone cabin” in the form of a pyramid as a transmitter and a receiver temple at the 
op, to where the receptionist adjourned to the so-called temple sleep. Discipline was 
required, since all the time only one priest was allowed to broadcast. All others could 
listen to him doing so. If he was ready, he closed his contribution with a fixed symbol 
or term (,over") and the next one could continue. This is a classic link-up, where 
anyone communicates with every network participant. 
The stations all were strikingly similar in form and size of building, like one phone box 
resembles another. In that way a further development of the cellular phone system 
hhardly was possible and that has a technical reason, as the building of a tower in 
Babylon has shown us. This tower namely had gotten the ambitious builders too big, so 
that the frequency of the Mesopotamian radio network had been left and instead a 
foreign network could be received, the code of which no-one could understand. The 
result was a confusion of language and the order to stop the building, 


B. Broadcasting. 
Millions of TV spectators every evening look in the ABC news of another daily joumal 
‘of a TV Channel. In the case of broadcasting thus many receivers listen to the news of a 
powerful transmitter. With that the whole plenitude of power is concentrated in the 
hands of the chief intendant. In antiquity he called himself high priest. If he went on the 
air, he used the logo of the god that he had to represent. Today the logo of the 
broadcasting company is shown in a comer of the TV screen. Even this very day 
feedback from the receiver 0 the transmitter hardly is possible contingent on principle, 
The problems with nationally controlled broadcasting, with politics controlled by the 
media all are not new. The monotheism in ancient Egypt with the claim of lordship of 
the main god Ammun Re is an example from antiquity 


ia) 


Dispatch service 
In ancient Greece the technical structures and with that also the power structures had 
bbeen tumed around. At that time a big network of broadcast stations, which continually 
was extended by a policy of settlement ordered by the gods, supplied a central and 
correspondingly powerful agency with information per radio. 

Who wanted up to date news, could call for these in the agency with seat in Delphi, but 
hhe had to pay for it. To accommodate the broadcasting fees in form of gold and gifts 
Whole treasury stores had to be built. Measured by the commercial success the ancient 
news network has remained unmatched, and can't be compared with pay-TV or todays 
dispatch services, like dpa. If the network however becomes too big, uncontrollable and 
it lacks discipline, then it sometime will crack and the system crashes. 
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Fig, 30.6 A: Hera-temple of Selinunt 460-450 B.C.~" 
(Corresp, to the plans of the Roman architect Vitruvius) 
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L=2/2= 16,7m about 540)B.C; 


Fig. 30.6 B:  Apollo-temple of Korinth™ 
(Alternative interpretation, use of the Golden Proportion @). 


<i>: K.Schefold: Die Griechen und ihre Nachbarn, Propylaen Kunstgeschichte 
Berlin Bd, 1, Abbildungen von Seite 241, 250 

<ii>: Vitruvius (Marcus Vitruvius Pollio): Zehn Bucher uber Architektur, Ubers. von 
Dr. K. Fensterbusch, Wissenschaftl. Buchges. Darmstadt 1987, 4. Aufl., 3 
Buch, 1. Kap: Von den Symmetrien der Tempel, Seite 137 


<iii>: Vitruvius (dito), 4.book, 4.Chap.: Vom Tempelinnern und dem Pronaon, p. 187 
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30.6 Wireless telegraphy 


Radio engineering 100 years ago also started with telegraphy. Thereby the high frequency 
carrier is switched on and off. With this technique Marconi succeeded in a radio 
transmission over the English Channel (1899) and over the Atlantic Ocean (1901), 

'AS next step the amplitude modulation (AM) followed. Thereby the HF-carrier is 

‘overlapped with the low-frequency signal of a sound carrier in such a way, that the 
amplitude fluctuates on the beat of the LF-signal. As a disadvantageous effect, also noise 
signals will overlap, from which the quality of reception will suffer 

Only the frequency modulation (FM), where the LF-signal is transmitted as temporal 
fluctuation of the frequency, brings an improvement, The annoying amplitude noise hence 
thas no effect in the case of EM. 

Iteasily can be recognized, how the development of the modulation techniques follows the 

urge for technical improvement and optimization. That in antiquity hasn't been different, 

for which reason the progress of development took place in the same order. 


The broadcasting technology of the ancient gods started with the wireless telegraphy. This 
is expressed in the architecture. Since electric resonant circuits or other frequency 
determining equipment weren't at the disposal of the engineers in antiquity, the 
determination and allocation of the broadcasting channels had to take place by means of 
the wavelength. The formation of a standing wave in the Cella, the innermost sanctuary of 
temple, occurs if its length corresponds to half the wavelength of the HF-cartier 
The Roman architect Vitruvius calls the wavelength the basic measure", from which 
results "the system of the symmetries". He writes: ,.The design of the temples bases on 
symmetry, to which laws the architects should adhere meticulously. "“. ,.The length of 
the temple is partitioned in such a way that the width is equal to half the length, the Cella 
itself including the wall, which contains the door, is one fourth longer than wide. The 
remaining three fourths, which form the Pronaon, should protrude until the antae of the 
all and the antae should have the thickness of the pillars 

If we recalculate ourselves, then the partitioning in 3/4 to S/4 produces a proportion, 
which conies quite close to the Golden Proportion. In building a temple nothing is left 10 
chance, after all it concems the construction of a tuned cavity, capable of self-resonant 
‘oscillations with favourable emission behaviour 

From the outside one can't see if a telegraphy transmitter has been changed over to speech 
transmission with AM. The HE-cartier merely isn't switched off anymore, i.e. the priests 
let the temple oscillate without interruption, Newly added for AM is an electroacoustic 
coupling. For that many temples were retrofitted with a mouthpiece. Newly built AM 
transmitter temples conclude the Cella with a round apse. Because of this acoustically 
conditioned construction the Cella length didn't have a fixed value anymore and the 
transmission frequency had become variable. Measured in the middle of the apse the 
wavelength was larger than at the sides, so that on the beat of the spoken word not only 
the amplitude of the field distribution in the interior of the temple, but in addition also the 
frequency of the selfresonant oscillation was changed. 

A typical example of such an architectonic hybrid form of AM and FM is situated in 
Rome. Because due to the frequency variation more than only one wave band was 
‘occupied and the temple consistently carries the names of two deities. It is the temple of 
‘Venus and Roma, 


20 AM temple technology 


at PELTED 
Diameter bigger circle Dj= 22 m (6,8 MHz), 


small circle D2 = 11 m; und L = Dj + 1/2 D: = 27,5 m (5,5 MHz) 


Fig, 30.7: Temple of Venus and Roma; Rome 136/37 A.D.” 


<i>: A, Springer: Das Altertum, A. Kroner Verl. Leipzig 1915, 10. Aufl, 8. 518 
<ii>: T. Kraus: Das romische Weltreich, Propylaen Kunstgesch, Berlin Bd, 2, S. 161 
<iti>: Lamer: Worterbuch der Antike, Kroner Verl. Bd.96 unter "Tempel", Haufigkelt 
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30.7 AM temple technology 


The low-frequency signal (LF), which should be transmitted by a transmitter with 
amplitude modulation, lies in the range between 16 Hz and 16 kHz. If it only concems the 
tuansmission of speech information, then the bandwidth ean be reduced 10 300 t0 3000 He. 
In the case of mixing the low-frequency useful signal with the HF-camrier, thus in the case 
of the modulation of the carrier in the shythm of the LF, two side bands arise. These lie 
close to the cartier frequency and are formed from this once by the addition and once by 
the subtraction with the frequency of the LF-signal, Let's take the temple of Venus and 
Roma with a transmission frequency of 6.8 MHz, If sound of 3 kHz should be transmitted 
clearly understandable, then the dimensions of the Cella had to be varied for just ® mm for 
a corresponding Cella length of 1/2 ~ 22 m. As a curiosity the niches in the side walls in 
the case of this temple however allow a considerably larger bandwidth of more than 10% 
instead of the necessary 0.04% in the case of AM. 

In the case of the Greck originals, the Colla however has smooth walls, from which 
follows that the temples were designed ideally narrow band. The Greeks apparently 
operated predominantly telegraphy transmitters, for which the side bands coincide with the 
The argumentation indeed has remained unchanged: The modulator being narrow band 
and simple to realize speak in favour of the telegraphy being the “original form’ of all 
‘modulation techniques. Also the rediscovery of the broadcasting technology by Heinrich 
Hertz succeeded as telegraphy signal. In addition the range is bigger than for any signal 
‘modulated with sound frequency. 

{As the calculation example has shown, also pure AM transmitters work very narrow band, 
and this is particularly important for low wansmission frequencies, if’ many transmitters 
‘want to use the favoured SW band between 3 and 10 MHz at the same time, With AM one 
thus accommodates the maximum number of broadcasting channels in a particular 
fiequeney range, for instance the 80-meter band, without these interfering with each other 
too much, But that also was badly needed. Conclusions about the everyday life of 
broadcasting in antiquity by all means are possible because of the enormous number of 
temple installations, which logically were permanently used. Only in Rome there existed 
‘upto 200 temples"! 

Who goes in search of broadcasting stations with a modern short wave receiver, for 
instance in the 80m band between the countless telegraphy transmitters, fast gets an idea 
‘of what had been up in the air already 2000 years ago, No ancient city would build several 
temples on a single Acropolis, if only one single one could have been used. All temples 
broadcasted with each time another cartier frequency because of different dimensions. For 
this reason the temples, which stood side by side, as a rule were dedicated different gods. 
‘An acknowledgement, "the air just being free", in addition hardly was possible, because of 
the often-found spatial distance between the temple installations and the respective oracle. 
Between the transmitter of the god Apollo in Didyma and the receiver, the oracle of Milet, 
for example lie approx. 20 kilometres. The only possible conclusion is what in antiquity 
there was broadcasted on all channels simultaneously regardless of other gods and their 
lwansmission frequencies, As is well-known there rather prevailed a situation of 
competition between the gods, since like today a large number of listeners meant great 
importance, influence and power and eventually also worship, more gifts and more 
receipts from broadcasting fees 
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tube! and the temple (B) in the palace of the 
emperor Diokletian, Split." 


Fig. 30.8.C: Temple of Minerva Medica, Rome, 320 A.D.“ 


K, Simonyi: Physikalische Elektronik, 8.4 Das Magnetron, 8. 665 
T Kraus: Das rom. Weltreich, Propylaen Kunstgesch. Bd. 2, S. 194, 196 

<ili>: If one however wants to verify this, in antiquity already common manner of 
PM broadcasting technology, then we need a broadband short wave receiver 
with phase-demodulator. With such a receiver even today any time a 
conclusive argumentation should be possible that this sort of SW-PM 


technology actually works. 
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30.8 Modulation of acoustic signals 


In the case of sound it in essence concems longitudinal waves, which propagate in all 
directions in space with the velocity of sound. But this merely is an average velocity, since 
the air molecules strictly speaking oscillate with the sound frequency in the direction of 
propagation. In this way the velocity of sound one time is increased and the next moment 
to the corresponding extent reduced. If the molecules already carry out oscillations of 
themselves, eg. thermal motion, then both oscillations overlap; i.e. the motion of itself is 
modulated with the sound frequency. 

Following the hete presented derivation potential vortices are formed in every dielectric, 
thus also in air, and these are modulated if overlapped with sound waves. Vortices 
however do not form a distinct frequency, but entirely on the contrary a uniform frequency 
mixture inthe form of white noise. 

The overlap thus also is noise unless certain noise frequencies are favoured. This can be 
‘effected by means of a spatial body tuned to a certain wavelength. To be considered are 
cuboid cavities, as in the case of Greek temples or waveguides and cylindrical objects. as 
in the case of round temples or magnetrons. The building form causes the favouring of a 
certain frequency and the integer harmonic frequencies belonging t0 it. 
If this frequency now lies in the high frequency range, then it is emitted by the spatial 
body as an electromagnetic wave, in the case of waveguides and resonant circuits for 
reason of the small dimensions as microwave radiation and in the case of the Greek 
temples as short wave radiation. If one in addition produces an acoustic signal in the 
frequency determining spatial body, then this signal automatically will modulate the high- 
frequency signal. 

‘The result of the modulation is the overlapping of the sound wave with the high-frequency 
carrier wave. The change of the active length, thus the wavelength of the HF-carrier 
‘causes a change of frequency. Such a change on the beat of the sound frequency is called 
FM (fiequency modulation). For that we imagine a spatial body being excited because of 
its length by potential vortices to a high-frequency oscillation at the self-resonant 
frequency. 

From flow dynamics is known, how easy the distribution of vortices in space can be 
disturbed. Already words spoken in space are able to influence the potential vortices, 
which in the case of the temples were used as energy carrier. The longitudinal sound 
waves reflected at and thus retuming from the Cella wall rigid for sound of a Greek temple 
will push these potential vortices back on the beat of the sound and with that shorten the 
active length. This means, that the carrier frequency is modulated with the sound 
frequency. The carrier oscillation thus permanently changes its phase on the beat of the 
sound signal, for which reason this particular kind of modulation is described as PM, as 
pphase modulation, 

Nowadays PM is used only seldom and in the SW-range not at all because of the big need 
of wave bandwidth. Merely at higher frequencies PM occasionally is used in 
radiotelephony. In the case of the frequency modulation usual in broadcasting (e.g. UHE), 
the change of frequency takes place on the beat of the sound amplitude and not of the 
sound frequency as with PM. Therefore it is not possible to receive phase modulated 
signals, which are produced by means of the acoustic coupling of appropriately formed 


spatial bodies” with commercial FM receivers. 


es 


Broadband FM broadcasting technology 


Diameter 


i E , 
Fig. 30.9: ‘The Pantheon in Rome, the ,,temple of all 
ods" 
Diameter. D = 43,2 m, Golden Proportion:@= 0.618 


Pronaon-(atrium-jlength:@:D= 0.618 + 43.2 = 
Built under emperor Hadrian 118/ 119-125/128 A.D. 


26.7 m 
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30.9 Broadband FM broadcasting technology 


If I speak against a flat wall, then every point on the wall has another distance to my 
mouth, The sound waves thus aren't reflected simultaneously, what leads to big 
modulation distortions. Therefore the sound wall should be curved in such a way, that all 
signal paths are the same length (barrel vault, apse, etc.). In the case of point sound 
sources there results as an optimum a hemisphere, for instance a dome. The building hence 
even today tells us, which frequency and which modulation method had been put to use. 
The architecture of sacral buildings, eg. pointed arch or round arch, thus hardly has been a 
question of aesthetics. 


For his temple of Venus and Roma designed by himself emperor Hadrian had 10 listen to 
severe eclam among others of Apoliodor of Damascus. The temple was too broadband 
for an AMC transmitter, however with a modulation depth of just 11" percent not broadband 
enough fora pase modsted FM anit, 

Emperor Hadrian however also had the courage to build midst in Rome a temple 
calculated completely new and designed as a_pure FM transmiter, the Pantheon, which 
means temple ofall gods. In the language of the technician itis a transmiter forall 
frequencies 

Ts domed stncture indeed doesnt leave out one single frequency. With 2 modulation 
depih of almost 100 percent itis designed for maximum loudness. With that the Pantheon 
tes all avilable frequencies, for which reason the name temple of all gods really ls no 
txaggertion. Into the Pantheon exactly fis «spre with a diameter of 43.2 melt. That 
Comesponds to a minimum frequency of 3.47 MHz, situated in the range of the short 
faves The floor however is not domed, but horizontal. Tha, up to the basis ofthe dome, 
Teslls in exactly haf the beight anda maximum frequency of 694 Miz 

The consction ensures tat between tbe simple. and the double diameter any desired 
wavelengih can be produced. Above the given maximum frequency of the base scllaion 
the harmonic waves, which are produced as well and ean be avoided at all, are atached 
without a break. These occupy the wave bands up to the double, triple, quadmple 
frequeny and of, 

For this and only fortis reason a maximum frequency was chosen, which comesponds to 
cxaclly the double vale of he minimum ffequency. The operation takes place tothe limi 
were the tansmiter would interfere with ise in the way thatthe used basie oscillation 
‘would overlap its own harmonie waves. That then sounds like two peopl aking atthe 

Same time, The volees would be disored ut of recognition, cant be expected else in 
therange ofthe harmon waves 

The Panton has been planed and built as a phase modulated basic wave transniter 
according 0. purly seademic rules of Hadden. The lemple impressively demonsats the 
precise enginering detailed knowledge of the Pontifex’ Maximus and his broadcasting 
priests in ancient Rome“, 


<i>: _A. Springer: Die Kunst des Altertums, A. Kroner Verl. Leipzig 1915, 10. Aul., 
8. 517/518, daraus: die Zeichnungen ram Pantheon in Rom, 115-125 n.Chr. 

<ii>: The collection of material concerning scalar wave technology here is aborted 
and continued in an own book in narrative and with that easier to read writing 
style. The title is: "Broadcasting Gods". 
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approach derivation 
postulate what if 
{potential vortices Vol.1] b #0? 
duality from HE 


vortices replace | from j <b 


quanta 
{potential vortices Vol.2| | {and chapter 3.3] 


gen. © special case| 

field > quanta 

{sce chap. 3] cause <> consequence 
{instead of: quanta < feld) 


vortex physics | vortex + anti- 


analogous to vortex 
flow dynamics _ | (Demokcrit/cosmology) 
[ebap.3.4-3.5] | (chap. 3.6 + 27.2] 


equations of | for E(r(t)) and 
transformation:| for H(r(t)): 


E- vxB rot E= rot (vx B) 
H--vxD rot H = rot (D x v) 
{chap.6.5 +27.8] ‘| (chap. 27.9] 


equations of _| wave equation 
transformation: | inhom. Laplace eq. 


E= vxB AB grad div E~rotrot B 
=-vxD AB = (1/03). 22B/02 
sa. chap. 16.1] [chap. 27.13) [chap.22.4] 


equations of vortex overlap 
transformation:| length measures 
{chap. 28] depending on field) 


Fig. 30.10: (All) Many roads lead to Rome. 
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30.10 Epilogue 


The preparation for a seminar or a lecture always starts with a collection of material. This 
should be considerably more detailed than the material to be communicated, since it 
doesn't get well at the students and also other participants, if the state of knowledge of the 
lecturer already is exhausted with the scope of his lecture. For this reason the collection of 
‘material must also include alternative derivations and areas of knowledge, which 
thematically rather are marginal, about which mustn't be reported, which possibly not 
even can bear criticism but still are in the public discussion. For a collection of material, 
which wants to be considered to be comprehensive and complete, it is important that no 
area and no theme has been overlooked, 

The here presented collection of material with its 650 pages has become correspondingly 
voluminous. After all the material has been collected over an & year period and has been 
strung into the book in the order of working. That of course complicates reading the book, 
because individual aspects are repeated several times, but often also in a different context 
and each time lighted from another side. If the reader somewhere has the feeling, he only 
has tumed in a circle, then has deceived himself. He indeed moves spirally in a circle, like 
in real life, but he doesn't come out there, where he started. After one turn he is richer 
with the experience of this spiral turn. In whole science the advancement takes place as a 
spiral movement and one can count oneself fortunate, as long as the spiral has an 
ascending slope! This notion should solace the reader, who has undertaken the torture to 
‘work through the complete collection of material 

Students also have reported, they had devoured my book like a thriller and a colleague, 
who had acquired it at a conference in Switzerland, was digging so much in the lecture 
that he forgot to get off the train timely. 

It is a special concern to give reasons for the necessity of an extension of available field 
theory. To achieve this goal several derivations (fig. 30.10) can be found in my books: 
from a postulate, from causality, from duality, from vortex. physics, ffom the equations of 
transformation, ete. added are at least a dozen derivations of other authors from various 
Publications, who at most are cited. With that the goal is pursued that all approaches, 
Which are conceivable and worth discussing, can be put side by side and tested for their 
efficiency. 

Since it isn't the task of a collection of material to answer this question, this must be done 
by the hearer resp. the reader of the books. He is prompted to find the answer himself? 
That leads to an intense contention with the theme and that exactly is the reason for the 
otherwise rather unusual step to make a collection of material open to the public. 
Objections and criticism of the content of a relation of matters or also only of the 
representation of the context is wished explicitly. This also isn't valued as criticism of the 
author or of the superordinated set of difficulties, which in principle isn't possible at all 
fora collection of material 
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Honorary functions of 


Prof. Dr.-Ing. Konstantin Meyl 


President 
of the Society for the Advantage of Physics «.V. 

(Gesellschaft zur Férderung der wissenschaftlichen 
Physik, KSIn) 


PrAsident 
der Europiiischen Kommission interdisziplinarer 
Wissenschaften, Hechingen, 
Gesellschaft freier Wissenschaftler, Forscher und Praktiker 
(Schirmherrin: Herzogin Margarete zu Mecllenburg, 7 

Prinzessin von Hohenzollern). 


‘Zweiter Vorsitzender im Vorstand 
der Deutschen Gesellschaft ftir Energetische und 
Informationsmedizin ©.V., 
D.G.E.LM, Stuttgart 


(DVR, Deutsche Vereinigung fr Raumenergie, 


Wissenschaftlicher Beirat 
im VDE Schwarzwald-Baar-Heuberg 


im Technologiezentrum von 78112 St. Georgen 
im Schwarzwald 


Fig. 30.11: Honorary functions of the author 
(December 2003, selection). 
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There in principle is no necessity at all to discuss with everybody a collection of material, 
which I have compiled exclusively for own events. It is absolutely sufficient, if few, but 
then qualified experts have thoughts about the content and communicate them to me. They 
ccan feel certain that I don't hand down their judgement to other persons. For that I also 
hhave been blamed by ignorant colleagues, who in complete self-overestimation have the 
opinion, they should be informed about everything. Right is rather, that my private 
correspondence is of no concem to anybody, since I find it important that as much readers 
as possible express themselves frank, what only functions, if they can feel certain that they 
afterwards won't be involved in public mud-wrestling. ‘Therefore 1 keep still as regards 
other persons however curious they might be. 

Indeed over and over again pseudo scientists turn up, who have the erroneous opinion that 
scientific arguments would take place on some internet-forums, where one can descant at 
will and anonymous, hidden behind an alias, where the intellectual firebug can feel safe, 
not afterwards being blamed for his erimes. 

No, science takes place entirely different. A new theory will be able to establish, if it is 
tight and important and if it is used for practical uses. Losers are those authors of a theory, 
for the elaboratation of which nobody is interested. What does a publication in a journal, 
however renowned, mean, if nobody reads it and nobody needs it? Most new ideas and 
approaches go under without notice in today’s flood of publications, for who has got the 
time to read all essays in full? 

Desperate they tum to me hoping, at least I could understand their concem. I then invite 
these scientists to a congress of the Society for the Advantage of Physics", of which 1 am 
the president and offer them a forum, where they are able to present their ideas to an 
expert public. Not all lectured ideas prove to be sound, but not seldom a physical concer, 
which should be taken very serious, is behind it. 

For a long time the real scientific controversy doesn't take place anymore at the 
universities ‘and their congresses, where hardly someone dates to lecture arguments against 
the convention. Too fast he would be expelled as outlaw from the honourable society. 
From time to time however also from these circles colleagues dare anonymously or 
privately, as they emphasize, into the alternative events of lobbies or clubs, to astonished 
find out that real science there still is practised and that there is discussed about ideas, 
which they have given up thinking or have forbidden themselves to think about, The 
‘employment activity, so they excuse their thinking prohibition, allegedly doesn allow it. 
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Fig. 30.12: Derivations of postulates and a 
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Be that as it may, the approaches and derivations contained in my collection of material 
are considered to be controversial, and that is good that way! The public takes notice and 
professional circles are occupied with the ideas. With that half the way to success already 
is brought off! It now concems to knock off all points for their soundness individually, 
because the next step will be to search a way to the goal as unassailable as possible, which 
is able to convince also the biggest sceptic. The final version, which then should appear in 
accredited peer-reviewed journals and in a scientific book concerning the theory of 
objectivity, goes in this direction. From the numerous approaches in the end only one will 
be used, and from the countless, in the collection of material listed aspects only the 
‘noncontentious ones will remain, 

The dispute, which in the current stage can't be avoided, yes even is desired, however 
shouldn't deceive about the fact that it here doesn't concem persons, improper vanity or 
some image cultivation, but simply and solely concerns the matter! 


In fig. 30.12 and 30.13 is represented, what it concems. Field physics and quantum 
physics don't form, as in common practise, an insurmountable opposite, but even 
complement each other! Below the stripline a little selection of the today in current use 
quantum physical postulates can be found. The number of newly introduced constants of 
nature" and postulates permanently is increasing, a circumstance, which hardly can be 
mediated to the common sense. The bracket is missing, which interlinks all postulates, or 
the common source from which they ean be derived causally 

In the progress of the three-part edition in this question, essential for physics, already a 
satisiying and in addition real efficient answer has been found in the domain of field 
physics. The coupling marked by individual derivations can be found above the stripline 
and it is entirely new, apart from the dashed indicated derivation (fig. 30.13), as given by 
Prof. Bosse (TU Darmstadi) in his textbook, 

‘An approach in principle can be chosen freely. In the case of the superordinated field 
theory two equations of transformation form the approach, which already is laid down in 
textbooks and secured experimentally. That's why the whole field theoretical derivation 
‘manages without one postulate! It is pointed to the fact that these equations on their part 
can't be derived and should be interpreted rather philosophically than physically. 
From this approach the extended field theory is derived directly, without a need to add or 
discard a term. The extended field theory consists of the well-known law of Ampere 
extended with the dielectric displacement D by Maxwell, and of Faraday’s law of 
induction, which experiences an extension with the vector of potential density b by means 
of the derivation, Doing so we assume that the field pointers of the electric and the 
‘magnetic field strength depend on the spatial coordinate + and through this indirectly also 
oon the time t E((®), H(A). 
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Laplace | | Maxwell's field eg. 
of charged particles 


Fig. 30.13: Derivations of postulates and axioms (part 2). 
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If the somewhat more general case is counted up, in which case apart from the spatial a 
direct temporal dependency is present (E(r,t) and H(r)). then further additional terms 
appear in addition to the extended field equations, which need an explanation also for the 
ease that they ate zero. The physical interpretation would implicate a longer treatise, 
which however can be circumvented, as shown here, by constraining the field pointers, 
which absolutely is allowed according to the slogan: for the case E(e(t)) and H(x(t)) 
chosen from many possibilities the extended field equations come out exactly in the form, 
as they are required and suitable for the further calculations. Who has got to calculate 
ther cases, can do that as he likes, but doing so he should not get lost 
Maxwell's field equations are contained in the solution and with that also continue to be 
valid, Their disadvantage however is that without the extension b not a single quantum 
physical postulate can be derived. If we add this extension and insert the equations into 
each other without addition and without cuts also this time a central solution is the result, 
which is called fundamental field equation. 

The derivation is known as well from the Maxwell theory, in which case it is common 
practise, to use the general approach (E(e,) and H(r,)), what we in accordance with the 
textbooks can do in the same manner. The extension however brings two additional and 
extremely significant terms. Since the fundamental field equation has eigenvalues under 
certain boundary conditions and describes structures, various quantum postulates come out 
from it, from ‘the quantum properties of the elementary particles over the Schrodinger 
equation and the inhomogeneous Laplace equation up to the derivation of the Golden 
Proportion. ‘That justifies the assumption that this possibly is the long sought-for world 


‘equation! 
Even I, as the initiator, was totally surprised by the found derivation of the most important 
quantum physical postulates and axioms. One just is doing it the right way and already 


everything fits together! I am not aware of any theory, which would be able to achieve 
something roughly comparable. The since long soughi-for ,,Theory of Everything", the 
big unification theory really falls into ones lap. The known interactions are the free and 
easy result of analysing the field lines of electric and magnetic field strength (fig. 30.12). 
Physical phenomena, which until now were considered to be incompatible, like e.g. 
‘waves, noise or the temperature with the utterly insufficient concepts of the mechanisms 
for the conversion of one form of energy into another, can be represented consistently with 
the fundamental field equation as the rolling up of a wavelike field oscillation 10 a vortex 
‘oscillation and as conversion of the noise vortices in the case of a vortex contraction down 
to atomic dimensions as thermal oscillation, which we treat as vortex losses. 
There exists no altemative to such unified schemes of things, as makes it possible in 
abundance the theory that | have founded, considering the two conditions, that on the one 
hand in the case of the derivation only known regularities are used, by completely doing 
‘without postulates and that on the other hand laws are applied ‘and adhered to, also 
physical laws. 

The new schemes of things, which sound unfamiliar, thus already were contained in the 
laws of physics. After this now having been realized, the tables turn. Now the explanations 
by postulates, as they at the moment still are being taught, should be replaced by the 
newly derived ones, if one doesn't want to become a breaker of the law! There doesn't 
lead a way past the overdue reform of physics anymore. 


4 Contacting address and information 


If you want to correspond with me or if you want to get one of my 
books from the bibliography, then please consult my Transfer 
Centre in the Technology Centre of St. Georgen (Black Forest, D) 


Address: 1 Transfer Centre for Scalar wave Technology 
Prof, Dr. Konstantin Mey! 
Leopoldstralsse 1 
D-78112 -St. Georgen /Germany 


Fax.: +49-7721/51870 


email: meyl@k-meyl.de or: meyl@fh-furtwangen. de 


Internet: http:/www.k-meylde or www.meylew 


The list of deliverable books (for ordering books over the above 
given address, Fax, Mail or postcard suffices): 


* — Wirbelstrome, Diss. University Stuttgart 1984, ISBN 3-9802 542-0-8, 14 
* — Potentialwirbel Band 1, 1990, ISBN 3-9802 542-1-6 (German), 4 
* — Potentialwirbel Band 2, 1992, ISBN 3-9802 542-2-4 (not available) 


* — Elektromagnetische Umweltvertraglichkeit, Teil 1, 2 and 3 (German), 
ISBN 3-9802 542-8-3, 3-9802 542-9-1 and 3-9802 542-75. Each 16 


* Scalar wave technology, 2003, documentation and manual tothe 
demonstration-kit and to the experimental-kit (translated and copied). 


*  Sendetechnik der Gotter, historischer Sciencefictionroman, (in German) 
1 Aufl. 2004, ISBN 3-9802 542-5-9, R 


* Neutrinopower, Johannes von Buttlar im Gesprach mit Prof. Dr. Konstantin 
Meyl, (Discussion in German) Argo-Verlag 2000, 


(A bill is enclosed in the delivery.) 


Fig. 30.14: Contacting address and list of deliverable books 
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Table of formula symbols 
Blectrie eld Magnetic field 
 V/m Electric Geld strength HE A/m Magnetic field strength 
D_ As/m? Electric displacement B Vo/m? Magnetic induction 
0 0 Tension votage TO” Carent 
© As/Vm Diclectcitye t= 6" ke Va/Am Permeability: 1 = po 
As Charge © Ve Magnetic Hise 
CAs Elementary charge m kg Mase 
{8 Relaxation thne constant tj. ®—_—Relaxation time constant 
ofthe potential vortices ofthe eddy currents: 1 ~ 6/0 
her symbols 
A om Awe Heat enensy 
¢ om Distance Radia, 
bom wath Tadius of the earth 
© m/s Speed of igne Rom Radius ofthe electron 
& tm/s Speed oflightin vacuum Na Spin 
Rev Capacity oftheeiectron ‘Time, tie to orbit 
©, 37k Mestcapacity tor Temperature 
om ‘lckness U Nm Potential enerey 
Ew Nm Energy uv Tension voltage 
fs Prequency of the electron 
rN Force vo m/s Velocity 
© mikes? Gravitationsl constant == Vm? Volume 
m/e Gravitational seceleration «WON Energy 
ofthe earth w N/m Bhergy density 
hom Heit W. Nm Energy ofthe electron 
nh Nme Panel quantum of action Number of the involved 
h Nims Quantum of angular elementary vortices 
momentum: } = h/2n a om ‘Wave length 
4 Ajmt —— Garrent density © ST Angular frequency, 
1 gm Moment of inertia Angular velocity 
Jo? gme/s Angular momentum © Vim/A Specific electric 
i" Nm Boltzmann constant conductivity 
tom Urmath kg/m’, Density p= m/V 
m ke Mass: pa As/m3 Electric space charge 
uo Mass ofthe earth density 
hv= 123. Running parameters yin Complex wave function 
Hi Constant 30 Function of space 
Sm Surface area coordinates 
pw Am? Magnetic moment ° Golden Proportion 
Definitions: 


speed of Hight 
speed of ight in a vaca 
Moment of inertia (orbit) 

Mom, of. (homogeneous sphere) 
Angular velocity 

Surface area of a sphere 

Volume of a sphere 


costigo 


(Conceming vector analysis: 
old print = lela pointer (vector); further information in ig, 6.0 in part 1 


636. Concerning the literature 


Prof. Dr.-Ing. Konstantin Mey! 


Scalar wave technology 
for the transmission of electric scalar waves 


Abstract 4 Aullage 2000, 2 Auflage and Ist English edition 200, 


This book is recommended to people, who search the entry into 
the world of the by the author discovered potential vortices and 
their propagation as a scalar wave by experimental means. It 
starts with the instructions to six extraordinary experiments. 
Doing so an electric radiation is proven, which transmits energy, 
and that even faster than the light. Also more energy can arrive at 
the receiver then is put into the transmitter. Who entertains a 
doubt, will be able to understand the experiments with this book 
in his hand, to afterwards test the experiments with the gauge, 
which he is familiar with 

The I" edition in English at first only includes the instructions 
for the experiments. In a subsequent edition it will be 
complemented with a collection of test protocols and progress 
reports. These are organized into three groups: one group is 
striving to explain the behaviour of the transmission line 
conventionally, a legitimate concern, which in a number of points 
also is able to convince. A second group only is interested in those 
phenomena of the experiment, which can't be explained 
conventionally and which prove the existence of scalar waves, 
whereas the third research group continually strives for new 
spectacular experiments and practical applications. 


Documentation 


Belonging to the experimentation and demonstration kit 
for the transmission of electric scalar waves 


INDEL GmbH, Verlagsabteilung, Fax: +49-7721-51870 
Tel +49-7724-1770 
Postal and ordering addres: 
LTZS, Prof. Dr. K. Meyl, Leopoldstr. 1, D-78112 St. Georgen/Schwarzwald 
www.k-meylde mevi@k-meyl.de 
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‘The suitcase for experiments from Trans! 


er Centre St. Georgen: 


Scalar wave transmission according to Tesla 
Bidirectional signal and energy — transmission with 
longitudinal 
waves faster than light in a resonant circuit 


Get to know the Tesla radiation and its fantastic properties 
personally. Demonstrate, what no textbook of physics is able to 
explain! 

‘The experiments, which 100 years ago still were extremely 
complicated, today fit into an aluminium suitcase, which can be 
acquired by purchase. Test yourself the historic statements and 
perform the following experiments: 


+ transmission of energy and information 

+ effe: insmitter 

+ proof of free energy (1 to 3 times over-unity) 

scalar wave transmission with app. 1.5 times the speed of light 
+ tunnel effect or the lacking to shield the waves 


back from the receiver on the t 


+ disproval of the near-field interpretation. 


The kit is offered in two versions 

As a demonstration-kit for 800.- Euro (incl. VAT) 

With this the 6 experiments can be carried out without further 
aids. (Target group are judges, doctors, architects, interested 
laymen, etc.) 


and as an experimentation-kit for 1400.- Euro (incl. VAT) 
with three different Spulensatzen, —-Frequenzzahler_— and 
zusatzlichem material. (Target group are physicists, engineers, 


handicraft enthusiasts who like to experiment, ete.) 


Weitere Informationen zum Set und zu den Biichern, zu deren 
Inhalt und zu Vortragsveranstaltungen im Internet unter: 
http: / Awww. k-meyl.de and www.meyleu 


INDEL GmbH, Verlagsabteilung, Fax: +49-/0- 7721-51870 

Tel +49-10- 7724-1770 
Posial and ordering address: 
LTZS, Prof. Dr. K. Meyl, Leopoldstr. 1, D-78112_ St. Georgen/Schwarzwald 
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640. ‘Conceming the historic science fiction novel 


by Prof. Dr.-Ing. Konstantin Meyl: 


Sendetechnik der Gotter 
Konstantin the Great is inaugurated in ancient send_ receive 
engineering by his teacher in the Roman emperor palace 304 A.D. 


Abstract | Auflage 20044in German) 


+ Has god Apollo in Delphi broadcasted at 5.4 MHz? 
+ Were the Greek temples telegraphy transmitters? 
+ Were the temple priests amateur radio operatot 
+ Was Homer radio reporter by order of the gods? 

+ Were the oracles receiving stations? 

+ Have oracle interpreters deciphered the transmission code? 
+ Which bridges did the Pontifex Maximus build? 


All are questions, which are dealt with and explained in detail in 
30 lessons. In the year 304 A.D. we witness, how the later Roman 
emperor Konstantin the Great is inaugurated in the secret 
broadcasting technique of the gods by his teacher. It is an 
exciting time of upheavel, because the old telegraphy is almost 
dead. The intestines of animals to sacrifice, from the convulsions 
of which the radio signals are read off, are scarce goods. 
Instead radiotelephony should be introduced, which had been 
tested successfully with the Pantheon in Rome by emperor 
Hadrian. 

But new dispute is initiated: should broadcasting be introduced 
or rather cellular phone? But those, who tamper around without 
licence, are chased and fought as always. 


When the book is available in English, you will be informed per 
interne 


www.k-meyl.de www.meyl.eu 

INDEL GmbH, Verlagsabteilung, Fax: +49-7721-51870 

Tel 449-724-1770 
Postal and ondering audios: 


LTZS 


, Prof. Dr. K. Meyl, Leopoldstr. 1, D-78112 St. Georgen/Schwarzwald 
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Time = Space 


Supreme scientific secrets in ancient India 
(God’s particle, Language, Arts, Temples & Sacred Geometry) 


(Shatkona Yantra ~ Created by Sri Bhogar Siddhar currently in a temple in Sri Lanka, taken once 
ina year for rituals, believed to emanate supreme subtle divine energies.) 


Thinking Hearts (Raguram Gopalan) 
(raguramg@hotmail.com) 


ir 


“Curious by nature, in a life so uncertain 

Thirsty for the truth, which is so certain 

I sought for some water in our Vedas - the fountain 

Though | can’t understand fully what it contains 

1am amazed & speechless with what I could ascertain 

This is just a speck of dust from that golden mountain 

Thankful to my family for helping me in what | could attain 
Grateful for the wisdom and works from all the chieftains 

Wish I repay every atom of it through my gratuitous tearstains” 


This effort is to share what | read, understood and enjoyed about the scientific aspects in 
ancient India which are codified in our language, arts and in 1000s of temples. The quotes and 
examples are predominantly in Tamil but | have tried to give the meaning which can enable a 
reader to grasp the meaning and progress. Any shortcomings you notice are purely reflective of 
‘my abilities to understand and express. There was not even an iota of intention to hurt any 
sentiments or beliefs of others. A piece of my mind is available @ 
Attp://ragsgopalan. blogspot.com 


| initially thought that | shall reproduce a prayer from one of the books which | had read but at 
one fine moment | decided to capture my feelings in my own words. So | scribbled few lines in 
English summing up my feelings as above, few lines for the Sage of Kanchi and a prayer in Tamil 
with its meaning in English. You may understand this prayer better after you read this book. 


January 2012, Version 1.0 


Please feel free to copy and reproduce in whichever form or shape as you deem fit without any 
acknowledgements. In fact see how much of this can you share to dispel the ignorance. The 
‘more you share the better. @ 


If | have acknowledged any books or authors please recognize them and ensure that you either 
buy their books or donate to their cause. They deserve all the credits. 


Adivine soul 
With a noble goal 
Walked this earth 

When divinity was dearth 
Beyond any treasure's worth 
To avoid our death & rebirth 

Seek his guidance & grace 

For he shall ever embrace! 
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(Sed euswT ssid (Prayer) 


2. chonGin apsior, UpbOLTi 6h Camrevtor 
AainGam gpanausinT a, gGwo 2 emi Qasinys 
ZamiGa gooranums, eOvonan seCuomaTuss8 
BLOG BLL WeICOT, slMEOIS sTELOTH 
(Mind isthe source, primordial god's particle as the form, 

The luminescent space, the Pranava as consciousness 
Consciousness as the Om's Light, Om's Light as Om's sound 


Isn't time @ pulsation that’s the dance of Lord of Dance?) 


srevGu Fem, FCs Cone 
CanvCn Greve, BAU sibs. 
GTM LOMITA, MYL tr. SMBGUOTE 
BONGO pein BEd wage BAGO LL LwT 
Time creates Rhythm & order, Rhythm creates shapes 
Shapes become universe, the beginning and the end 
Universe merges with source, tis awareness & bliss 


Ever searching for the feet of the divine & graceful mean 


AoinenAGer wosinsxom, .osinenAiGer aNedrrsxou0Ts) 
AinEAAGED sreinssMOTE, srexnsINGLo sTov EEO 
atiehiGen sreitenenésnem ersir ssinenhGer wemhu.ores) 
Binosv1) Qunesenmis sprixgtd Posvema, GunmhgyGaurGwo! 
The mass in energy (Space), the energy in mass(earth) 

The energy as thoughts, our thoughts as numbers (octets) 

To me find me within me, he who stands as my eye's pupil 
Beseech his feet who is devoid of may blemish 


UBUD SID GD SAUDE, SITIES SUNG SEUSET 
MOAUZMSERGU SIUM, SATANIC BLD a1e1e60 

MUTE, SIOMTUEET HUD, HUGG FMV HUET 

Bib MMAYEE Qugateir pins, Qumburges CumphyyGeurGeo! 

The one who is dancing in the microbode, the one who is sleeping in arangam 

The one who is wearing snakes, the one who is dancing on a snake 

The one who is consort of Goddess Bhairavi, the one who is the Lord of goddess Lakshmi 


Beseech his feet, the one who kills our mind’s tamasic darkness 
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1. TIME = SPACE SERIES. PART 1 - INTRODUCTION 


‘Asa wise man said, “Indians are the most ignorant about their rich past and scientific tradition: 


“Abheda Darsanam Gnanam"”. Nothing defines what wisdom is better than these 3 words. Experience 
of unity / oneness in all is wisdom. The roots of Indian wisdom are captured in these 3 words that 
everything in this universe is the manifestation from a single source, and we can call it God or 
Consciousness. This naturally leads us to one of the mahavakya “Pragyanam Brahma” which means 
“Consciousness is god”. But for people who are stingier with words and wants these 2 concepts to be 
put in just one word, then it is called “Advaita”. 


It is not very often that nature reveals itself its absolute oneness and the un-manifested 
interconnections. You consider yourself fortunate when you come across such knowledge in however 
small measure, even if it happens very rarely and even if you have an illusion that you have understood 
something. It has been very overwhelming for me to come across some of the details | have been 
reading and hearing and the dots | could connect ~ some of which | had decided to write as a book. 


If you are interested in knowing how scientific ancient Indian Sanatana Dharma is and how well we have 
codified nature's secret in our languages, arts and temples and if you are interested in any of the 
following questions then you may like this book. Most of the aspects stated here as scientific proof has a 
reference to one or more of our scriptures and | would refer and quote them at various places. 


‘* Would you be surprised to know that the size, shape, color and characteristics of God’s particle 
are very clearly documented in our scriptures at least 12000 years back? What the scientists at 
CERN are spending billions of $, is well documented and we will discuss the characteristics of 
God's particle in this book. 


* Would you want to know how Time = Space and more over time is nothing but the vibration of 
space? If | tell you that this was known us Indians at least 12000 years back and currently 
available in a written form would you believe? 


* When you throw a stone in water / pond the ripples that form take the shape of a circle (in 2D) / 
sphere (in 3D). Can you guess what the shape of the ripple would be if you throw the same 
stone in space? 


‘© What is the similarity between Poetry, classical music, Classical dance like Bharatanatyam, 
Sculpture and a building? Apart from the fact that we don’t clearly understand any of them in 
depth what is the similarity? Would you be surprised if | say that all are essentially the same and 
in fact a well constructed building is nothing more than a frozen music and the relationship 
between all the above confirms to a single grammar documented 12000 years + back ? 
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* Would you be interested in knowing how E = mc” an equation stated by our great Einstein has 
been known to us for years and not just that but we know the root of this energy and how to 
engineer it with precise formulas? Would you be surprised that this is the basis our language? 


‘* What if | say that the age of the universe, every astronomical unit of the bodies, big bang theory, 
string theory, God's particle etc are all documented and they are all codified in our temples? 


* You would have heard about the golden ration @ but do you know the philosophical significance 
of @ and how it is derived? Moreover would be interested in knowing the significance of key 
numbers and ratio like 0, 1, 5, 8, 9 and V2,V3,V'S ? What is | say that 3 can be correlated 
with “lyengar Namam”? Does it sound funny? What if there is a deep mathematical and 
philosophical significance? And how are all these ratios related? 


* As a wise man said that ‘Mathematics is the language of the gods”. What if this formula is 
codified in our texts from which we understand the God's particle, its shape, characteristics and 
its manifestation? 


* What if | tell you that sound is a subset of light and sound merges with light at a point and that is 
at the root consciousness? Any non-takers for this? 


* If you agree on the above then Sabda Brahman or the belief that sound is god merges with 
something higher, isn’t this contradictory? Also why many religions did believed that “Word is 


god”. Was it a mere belief or was there any scientific reason behind i 
What is the correlation between Carnatic music and a human being’s height? 


What if | say that the Mayan from South America and the Mayan from South India are one and 
the same? 


These are some of the questions which might get addressed in this book. | am going to quote a series of 
references and books and links to understand and learn more about these topics and | would request 
you to utilize them if you are interested in these topics. 


This may not only refer you to the experts but also can help you overcome any weakness I have in 
understanding and articulating some of these topics. Some of the topics may touch upon religious 
beliefs (mostly Hinduism) but if you read with an open mind you would notice the underlying science 
behind it, 
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| would be happy if any of these blogs motivate and inspire you to explore the roots of our tradition and 
knowledge and give you an insatiable hunger for knowledge, wisdom to pursue the nature and its 
secrets. 


May the ancient Sanskrit quote “May | meditate on the supreme truth “Satyam Param deemahi”, 
resonate within you as it does within me. 


Happy reading! 


Ps: 


Abheda Darshanam Gnanam, Dhyanam Nirvishayam Manam; 
Snaanam mano mala thyagam, Showchamindriya Nigraham'", says the Upanishad. 


The real Gnana is seeing all as one, real Dhyana is controlling the Manas from all temptations, the real 
snana or Bathing is Cleansing of All Mindly impurities, not physical impurities alone and real Showcha or 
cleanliness is controlling the Indriyas, this controlling of Indriyas, emotions, weaknesses and 


temptations. 
1am also quoting parts of Kahlil Gibran here, 


Your hearts know in silence the secrets of the days and the nights. 

But your ears thirst for the sound of your heart's knowledge. 

You would know in words that which you have always known in thought. 
You would touch with your fingers the naked body of your dreams. 

And the treasure of your infinite depths would be revealed to your eyes. 
But let there be no scales to weigh your unknown treasure; 

And seek not the depths of your knowledge with staff or sounding line. 
For self is. a sea boundless and measureless. 

Say not, "| have found the truth," but rather, "| have found a truth." 
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2. TIME = SPACE SERIES. PART 2 - SOUND MERGES IN 
LIGHT 


What if | say that “Sound is a subset of light”. Scientifically you may agree that both are electro- 
magnetic vibrations at different frequencies in the spectrum though one may not be the subset of 
another. 


So, What if | say that every other frequency is the subset of light? | am sure many may disagree. Some 
of the religious pundits may claim that “Sound is god” which | am not disputing but “light too is god” 


and as we progress towards the primordial state sound merges into light. 


Let me try to explain this with a simple exercise. Please sit in a place with a calm mind ~ few deep 
breaths may help. 
* Imagine that | am TALKING to you and avoid thinking that you are reading this blog. 
* Lam going to TELL the following 5 words and you are going to LISTEN to it. Please just observe 
what happens within you. 
© CAT, BOAT, MOM, DEVIL, BEST FRIEND 


The following are the fundamentals of perception as per Hindu scriptures: 


+ Every word has a meaning (Let us ignore the so called meaningless words for the time being.). 
* Every meaning invokes a form or shape within our mind. 
© For example when | say “MOM” you associate this word with your mother and the 
picture / image of your mother is perceived inside. You need to be little more observant 
to understand this. The fundamental principle is that 
© “Every word is first associated its meaning then the meaning is associated with a 
ited with a Guna (Quality) and then the quality or Guna is 


form. The form is asso 


associated with its experience. What is stored inside is just the experience. 


Let me TRY to explain the abstract concept of consciousness as below: 


* Consciousness / existence exist in 3 states (deeper explanation is 5 / 7 states but we will 
discuss the simpler alternative). 

© Formless state called Experience / feeling / bhava. This is the super conscious state. 
Gross state with form which has physical attributes. This is the conscious state. 
In-between state (Not formless and no form) called Guna state which has subtle 
quality attributes. Thi ificult to comprehend for 
you please imagine “Egg” which is in-between the formless and state with form. 
Gotcha? 


° 


the Subconscious state. If t 


2 


Let’s look at an example. Rose is a flower. When someone tells you “ROSE” then the following happens: 


* The sound “rose’ associates with a flower usually. (I am ignoring it being a name of your girl 

So here the word is associated with its meaning. 

* This flower is associated with red color and perhaps with thorns. Here the sound does not exist 
anymore but only a form. Yo!, the sound has merged into light. 


friend 


* The third step is - this form is associated with a quality which is fragrance of a rose. For 
someone sensitive they can smell the rose when they think about it. How else could we salivate 
at the thought / smell of a favorite dish if this step does not exist? 

* Now the last step is, this quality invokes an experience and hence a feeling. This rose may be 
associated with your inner self for love and hence the emotion of love surfaces. This is called 
Bhava / Rasa in Sanskrit. 


If you are not clear about this then please do not move to the next part and think or discuss about it. A 
little contemplation would help you understand this 5 stage process of perception. 
“SOUND - MEANING ~ FORM ~ QUALITY (GUNA) ~ EXPERIENCE (FEELING / BHAVA)’ 


Our ancient forefathers knew this science and interconnection. Let me now quote these Slokas as an 
example from Bharatnatyam, which talks about this linkage. 


Kanteenaalambayet geetam, Hasteenaardham Pradarsayet, 
Chakshurbhyaam darsayeet bhaavam, Paadaabhyam taalamaacharet. 


According to Nandikeshara the dancer should sing with the mouth, express the meaning of the song with 
hand gestures, her eyes should express the emotions or bhava, the tala, the beat or rhythm should be 
done with her feet. Further he goes on to say ~ 


"Yato hastas tato drushti, Yato drushitis tato manaha 


Yato manahas tato bhavo, Yato bhavas tato Rasaha’ 


‘Where the hand goes, there should follow the eyes, Where the eyes move, mind should follow it, 
Where the mind follow, Bhava or emotion is created, & lastly when Bhava is created the sentiment or 
Rasa will arise." 


All the Mudras or gestures represent word when held at a particular position around the frame of the 
body and when used in a particular way. 


‘Alas we Indians have ignored this great science & art and its linkages and are like ignorant fools 
following the meaningless western tradition and dances! 


As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 
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3. TIME = SPACE SERIES. PART 3 — VAAK-ARTHA - 
IMPORTANCE OF WORD 


‘SOUND ~ MEANING ~ FORM ~ QUALITY (GUNA) ~ EXPERIENCE (FEELING / BHAVA)’ 


In the 5 stage process of perception, one important factor which | missed is the “Self / EGO” which 
interprets the Guna to an experience. For example when | say Dog, the ‘Self’ interprets Dog to a loyal 
friend or a bike chaser or a rabbies generator. Essentially what is the quality of dog mean to me? If you 
understand this process this explains the uniqueness between individuals or the root cause of 
differences in a society. 


Lam also going to add but not going to focus on the fact that the inputs are never limited to sound and 
when see a picture the process of perception starts with step 3. Just to poke the individuals who think 
“Sound / Word is the only god — Sabda Brahman, please tell me - when you see a picture and when 
there is no sound associated with it, where is God as Sabda Brahman in this situation? 


Does that mean that the very important Hindu belief that the Sound “Om is sabda Brahman or god” 
does not hold any meaning? It certainly does and | shall share my thoughts on it - continue reading. 


Whatis the importance of Word? 
The greatest of Indian poet ‘Kalidas’ said 


“Vaak artha viva samprakthov vaakartha prathipathaye 
Jagadha: pitharov vandhe parvathe parameswarow" 


he compared Lord Shiva and Shakti like sound (Shakti) and meaning (Shiva). Both sound and meaning 
are inseparable. You would now understand the wisdom behind this sloka since there is no sound 
without a meaning. Also Sabda Brahman merges with the Artha Brahman and both are inseparable. 
Here Artha Brahman is the light and the meaning of the word. Remember we say that ‘Throw some 
light” when we don’t understand something. 


In Tamil Qumq5sit (porul) means “a thing” and it also means “meaning”. We will see how 
ugtb@uTEGsit (Paramporul) is the Lord Shiva as a God's particle and how he is referred to as the 


meaning too. The same applies to Sanskrit where “artha” means wealth / things - remember 
Arthasastra? And it also refers to “meaning” as in the above sloka. How rich these languages are? 


‘And in Abhirami Andadi, bhattar sees devi as "Arthanareswara" and confirms us that the grace of 
devi will brings us both richness and mukthi. "Sollum porulum ena nadamadum". 
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‘Aword is made up of letters called Akshara in Sanskrit. The meaning of Akshara is that which cannot be 
broken down further. ie. Word can be broken down to letters but it cannot be broken down further. A 
letter has a form like “A” and has a sound associated with it. This means the light and sound are merged 
in a letter. As per the principle stated above in the process of perception, the primordial state is one 
where light and sound is merged into each other. 


If you don’t dispute the philosophy that everything merges into god at the primordial state and at this 
state, sound and light are inseparable, and then you would agree that an Akshara is God / Brahman. 
Each letter has significance and meaning in Indian languages especially Tamil and Sanskrit. A word is a 
combination of Form (Light), Sound and meaning and these are first 3 aspects of perception which 
takes us from a gross state to a formless subtle un-manifest state. 


Hence the statement from New Testament “In the beginning was the Word, and the Word was with 
God, and the Word was God" reflects the same principle. 


But as per Hindu scriptures Veda is the breath of god (not word of god) or the aural vibration of 
consciousness cannot take you to the state of moksha. Words don’t take you to God, it can help you in 
the process but has its limit, since the sound and meaning merges into something else as we move 
towards more subtle space. 


This is what my friend Kambar said in Kambaramayanam as “Galg(pld (pige] sieooT 
AWLHAUTE St AeueMaASisA Lor SWI S1eML S35 ous eng, oMILUGHM. This means that the 
supreme truth who could not be found by Vedas came and solved the problem of an elephant, can 
someone dispute this? 


Every word or Akshara has four states Para, Pashyanti, Madhyama and Vaikari. Vaikari is the fourth 
state where the sound is audible to us. If | recite something mentally then the sound has 3 states only 
and these 4 states signify as to how a feeling (bhava) becomes thought and thought becomes form and 
then a sound, Just note here that as per Frank outlaw, it’s the thoughts which are primordial but as per 
our scriptures it is feeling or Bhava or deep rooted desire or also known as vasanas which drive your 
thoughts. So Frank’s quotes are half baked plagiarism. 


In a work called Tarka Samgraha, we have classified 9 different physical attributes (substances / 
dhravyas) and 24 different qualities / GUNA in all. If you are interested reading more about this, please 
read these blogs or the original work. 


http//ragsgopalan.blogspot.com/2010/09/vedic-perspective-matter-and-its_14.html This is a 3 part series. 
http://ragsgopalan.blogspot.com/2008/11/part-1-perception-art-of-seeing-things.html This is a 2 part 


series. 


ir 


To summarize this topic: 


* Broadly consciousness exists in 3 states. 

+ The process of perception if understood well would throw a lot of secrets about nature. 

+ The 5 stage process of perception “Sound — meaning - Form - Guna ~ Bhava" is a simplistic way 
of portraying this. 

* Sound merges into light and light is worshipped as God in most of the religions and belief. We 
can explore little more of this in the future sections. 

* A word is a unique combination where Light, Sound and meaning merges and hence it is 
considered as god. This word represents Arthenareeswara or yinyang or Star of David. 


In the future sections let us explore as to what is the relationship between Maths and God and some of 
the critical numbers and its philosophical and scientific significance. 


‘Asa wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading 
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4. TIME = SPACE SERIES. PART 4 — SCIENTIFIC 
LANGUAGES — TAMIL & SANSKRIT 


One of the main reasons | believe as to why our wisdom has degraded so much in the last century is our 
ignorance and reluctance to learn our rich language. Our language offers richness not just in literary 
sense but is supremely scientific too. | am going to touch upon just 3 to 4 aspects of it which | knew and 
understand at a fundamental level and request you to learn your mother tongue well. 


Many of my friends don’t exhibit a sense of remorse when they say ‘I can understand Tamil but can’t 
read or write it’. | wanted to tell them how much in life do they miss in terms of knowledge and 
richness. This is not just about Tamil but every major Indian language is rich in its own way. Since my 
mother tongue is Tamil, | am going to articulate some of the science in it. 


Vigyan / Vigyanam (sister @hM6oLD) means Science: 


But most importantly for this series | wanted to take the word called Science as meant in Tamil and 
Sanskrit. A word always can be broken down to its dhatus for its exact meaning in Tamil and Sanskrit. 
Some examples below: 


Science in Tamil is Vigyanam and in Sanskrit is Vigyan. This is split as Vin and Gnanam / Gyan. 
Vin means space and Gyan means knowledge. Hence according to Indian system science 


means it is the nature / knowledge of the space. This has very deep significance since western 
science has not agreed the existence of space for a long time and their gross and materialistic 
approach prevented them from seeing the most subtle component and its nature. We were 
masters of it ages back. Most of the questions in Chapter 1 would be answered based on the 


knowledge of space - Vigyan. 


© Universe is called as Brahmanda in Sanskrit. Brahma + Anda which literally means a big egg. This 
means we knew that the galaxy is elliptical in shape ages back and it required hubble telescope 
in 1950 to tell us that. 


+ Bhoogol means Earth (Study of) / Geography — This Splits as Bhoo +Gol. Bhoo means Earth and 
Gol means round. We did not throw stones at a scientist as late as 17" century when he said 
that earth is round and not flat. We would have laughed our heart out and ignored him. 
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Be it the age of the universe, all of the astronomical measurements, health, spirituality etc, many of us 
need a white skin with blue eyes to tell us that what we knew was right and they have certified it. When 
we decide to come out of this mentality then the process of reclaiming our rich heritage shall start. 


The initial evolutionary process for the universe consisted of 5 stages states Aintiram. You can imagine 
that these are the movements of particles during the Big bang. They are SUMipHed, Qupsed, 


GUUS od, 2 AiPsed, Hip sHed. 


‘© Withdrawl (Amizhdal) 

© Imizhdal (Overflowing) 

© Kumizhdal (clustering round in an order) 

© Umizhdal (Emitting) 

+ Tamizhdal (resulting into a well defined form) 


These are the first stages from the Big bang till a well defined shape is formed. Now the last level is 
called Tamizhdal which results in a well defined form. This state has emanated from the Pranava and 
not been created by some one. Hence a language as rich with the sweetness of inherent order, 
originating from the luminosity of the original particle is called Tamil. Tamil is word based on the final 
resultant state called Tamizhdal (SLD S60). 


| shall address the other 2 interesting aspects that include a Chicken and Egg analogy for Energy and 
matter conundrum in the next blog. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 
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5.TIME = SPACE SERIES. PART 5 — ENERGY & MATTER 
CONUNDRUM 


Energy and Matter concept in formation of letters: 


The concept of Energy and matter is not new to us and does not start with Einstein’s days of E=mc’. Let 
us look at how our letters are formed from Aksharas then people would know that the concept of 
Energy and Matter is old as our language. In Tamil there are two kinds of Aksharas 2UM eT(p5 Sl - 
Uyir Ezhuthu (Life / Energy letters ~ 12 letters) and ious 67193) - Mei Ezhuthu (Body / Matter 
letters - 18 letters). Both put together it is 30 letter pack for Tamil as alphabets. Now both have to 
combine to give letters called “body with life” which are called uyir mei Ezhuthu. This combines to form 


18*12 which is 216 letters as Uyir Mei Ezhuthu. For example &+ .9| = & in Tamil and # + 3 =% in 


Sanskrit. 


So the formation of letters itself is a science where Matter (Body) combines with Energy (Life) and 
then the living organisms (Body - life letters) are formed. 


I want to ask you a Chicken & Egg question here which is very relevant to today’s scientists. Did the 
energy come first or is it the matter that came first? Modern science is still scratching its head. I can 
answer this question in 2 ways, first is obviously using language as a science. 


* Inthe above example &+ 91 = &, & is the body and 1 is life. So as per our language sciences 
be it Tamil or Sanskrit the matter is formed first and then the life came and attached to it. This is 
very well documented in Tamil scriptures as follows: 


PLibYLeir | uly eubgy Porous] Qus6dGu - AgmevemLu Mid . This is over 2500 years old which 
states that life comes and joins a body in language and this is nature. 


AAW 2uTAGTEN AcugHIscd MucvCu - giHmud. This is over 12000+ years old which 
states that same thing and adds that body is like light and life is like sound and they merge and this is 
ly means that both Body and life are not formed at the same ~ as popularly 


siva’s nature. This certai 
in the above case the letters are the 


believed, Life comes and joins the body to give a living being 
living beings. 
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The second reference | am going to take for the same concept is our Yogic / Siddha / Ayurvedic science 
‘as to how fetus is formed in mother’s womb. As per our (Siddha) belief the conception of a child in a 
mother’s womb happens as follows: 


‘+ The first organ that is formed for the fetus is the cells of the Eyes (Single Eye). This eye cell 
starts vibrating due to its heat and multiplies as 2 eyes and then as the whole body. This is the 
vibration seen in the initial days of the fetus and not the heart beat. As per modern medical 
science the heart takes shape only by the end of the 8" week and not before. | am requesting 
someone to validate this. 


* Life comes to this body at the 3“ month of conception only. This is the belief as per Ayurvedic 
and Siddha science. 

* Instances of the third month natural abortions are very high than the later months based on the 
above reasons. This means that the life is not destined for that matter / life force is not 
sufficient enough. 

* How many of you know that the size of eyes never change as you grow and stays the same 
from the time we were born, while all other organs undergo growth? 

* Also the eyes hold a very important significance in the spiritual science which | shall address 
later. The eyes are the seat of Sun god and are characterized by heat and light. 


It is through the heat in the eyes the subtle became a gross living being in this world and if the living 
being wants to merge back with the subtle - which is the process of Samadhi then the living beings 
should use their eyes, increase the heat in the eyes and start the devolu 
secret kept by the sages even in today’s world. You may want to ask any spiritual school as to why they 
recommend meditation with eyes fully or half open instead of closed eyes? Ask yourselves why the 
free masons and other secret societies use eye as one of their symbols? We shall address this later. 


n process. This is a supreme 


Now you want to answer the Chicken and Egg analogy to the Energy and Matter conundrum based on 
the above 2 thoughts, we can conclude it is the matter which came first. We shall try to explain this 
based on Space sciences a little later. 


Masculine and Feminine names based on ending letters: 


| am also going to give you as to how Indians distinguished masculine from feminine names. Kanchi 
Maha periyava, the Sage of Kachi had explained this beautifully in his “Arul Vakku”. | am giving a gist of 
it here just to conclude this: 


Masculine names: All the names shall end with the phonetic a, im, in, ir, aha ete. Examples are 
Ram, Shyam, Raman, Kannan, Kishan, Vivek, Adam. So phonetically names like Catherine is a 
masculine name because it ends with “in” phonetically. 


© Femi 


ine names: All names ending with phonetics aa, e, |, 00 etc. Examples are Radha, Ramya, 
Savithri, Gayathri, Uma, Rosy, Isabella etc. Same way phonetically Joshua is a feminine name. 
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Vishnu and Lalitha sahasranamam follows this rule and hence one invokes Shakthi as lalitha and the 
other invokes Purusha as Vishnu. 


Just to conclude this part, | think we looked at how science is an integral part of our language formation 
and for us science has always been about the knowledge and nature of the space and we believed that 
space manifested itself as the physical world. So in the next few parts we shall look at how this 
manifestation has happened and other intere: 


ing aspects. 


| would conclude this part with a earnest request that please encourage your kids to learn their 
mother tongue — to read and write and you would not have done anything better than this to advance 
their spiritual growth and adding richness to th 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific tradition: 


Happy reading! 
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6. TIME = SPACE SERIES. PART 6 — THE UNFOLDING SELF 
- UNIVERSE HAS EVOLVED AND WAS NOT CREATED 


‘As per many scriptures in Hinduism this universe has evolved from itself and not created by someone. If 
you want to quickly ask as me as to what Brahma, Vishnu and Rudra mean ~| would attribute them to 
different process heads in this evolution. They are all different aspects of the same consciousness based 
on their state of being in the process of evolution / devolution. This is my understanding but let us avoid 
this discussion here. 


Here | am indebted and thankful to the nobel soul Late. Dr. Ganapathi Stapathi, 
(http://mww.vastuved.comy/life.htm) who not only unraveled the Vaastu science — the science of Space and 
time but also brought to light 2 important books which were over 12000+ years old written in Tamil by 
Mahamuni Maayan. 


Mamuni Maayan is believed to be the same person who is popularly known in South America as 
Mayan and the 2012 phenomenon based on Mayan calendar. Dr. Ganapathi has established proofs that 
the pyramids in Middle East, the temple architecture in India and the structures in Mexico and 
Guatemala confirm to a single Science and Mathematics seen in all these works. 


‘At the end of the blog | am listing few books which helped me understand this topic but most of the 
books (Aintiram and Pranava Veda) are out of print now and if you are lucky, you would get some of 
them. Now let us understand briefly how this evolution process has come about. According to Mayans’ 
Aintiram: 


* The free space is the unified field of energy and matter and source of all forms that we see in 
material world. That is why we were defined science as Vingyanam. This space consists of very 
minute particle called Vinporul, nunporul, Sittrambalam, Paramanu, Oliporul, Microbode 
(AeTAUTESt, HeimAuMGST, AdMbud, upomsyy, @eNUALITESiT and in 
many names. You can pick what you like. | am going to use Paramaanu in the rest of the blog. 


+ The whole process of evolution is a 5 stage process. (Keep noting the importance of 5 and at the 
background remember Shiva is represented by Panchakshara mantra (Na~Ma~Si~Va~ya) 


So what is the five stage process? 
© This space is called as Moolam (Source). 
© This Moolam starts vibrating and this vibration of the space is called Kalam (Absolute 
Time and not physical time. We will refer this as time only). 
© This Kalam (time) vibrates to a mathematical resonance called Seelam (Rhythm). 
This Seelam as it resonates creates Kolam (Shapes ~ Circles, cubes etc). 
© This Kolam becomes our visible Universe which is called Gnalam. 


° 
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* So it is MOOLAM (Source) ~ KALAM (TIME) ~ SEELAM (RHYTHM) ~ KOLAM (SHAPE) - GNALAM 
(UNIVERSE). ¢lpevid - SMevid - Fevid - Gamevid -@Mevid, these are 5 stages of 
evolution. 


This means that the Space itself becomes spatial forms and time is the instrument that creates, sustains 
and destroys. Lord Siva in Tamil is also called as Kalan (&IT6V6oT) as to who controls time since Kalam 
S:TevLb is time. 


To put it differently, un-manifest state when pulsates becomes absolute time and this is the creative 
energy. The process of pulsation confirms to a mathematical order and we will see this order in detail 
later. You may now understand the phrase that “Time creates, sustains and destroys”. Since if there is 
no pulsation then nothing happens. 


For those who need quote from a foreigner to convince themselves of this can be referred to the 
Bertrand Russel’s quote “What we perceive as qualities of matter are 


| shall quote some from the oldest literatures for reference below: 
STG cTNEUs Gd eevid, GMEVGLD CNS BEAMS 
srevGin Gareg GEmiMIb, sMevGw (GES ESMiMId.. Maha muni Mayan from Aintiram 


STEVsInG &e0TsBwieo1rd... Time splits as Maths in proportion it pulsates. 
Vyasa says in Adi parva chapter 1, shloka 249, says the same thing that Time Creates, sustains and 
destroys everything. 


kalah srijati bhutani kalah sanharati prajah 
sanharantah prajah kalam kalah shamyate punah!! 


The same is quoted as “Vastur eva Vaastu” which means the un-manifest Paramaanu which is called 
Vastu (with Single a) becomes Vaastu (gross form - with two aa). You can relate this Vaastu as the 
building science which is grossly misused and misrepresented and commercialized in today’s TV 
programs. We will address the science in it later. 


| shall leave this part with this thought, the space is considered as Nataraja (Shiva) - subtle component 
and Ranganatha is considered as the Earth component. So Shiva and Vishnu are two aspects of the 
same seed. We will see more scientific proof of this later. 


"Shivasya hridayam vishnur, Vishnoscha hridayam shival 
"Shivaya Vishnu rupaya Vishnave Shiva rupine" 


Vishnu is the heart of Shiva and likewise Shiva is the heart of Vishnu and they both are the representation 
of each other. 


Now if you are clear about the five stage process of evolution we can delve into each and every aspect 
of this in little more detail that would answer everything. 


Ref: Check out all the ones here. Key recommendations are item 6, 11, 14 and 43. 
htto://www.vastuved.com/publication.htm! 
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7. TIME = SPACE SERIES. PART 7 — THE CHIDAMBARA 
RAGASYAM & THE GOD’S PARTICLE 


There were 2 questions I had confronted myself when | was reading these passages. They are: 


* Why did the unmanifest space energy started pulsating and became absolute time? 

‘* What did the unmanifest space energy contain? Was it a point of singularity as the modern 
scientists wanted us to believe? If so then how much mass was concentrated in that point which 
is obviously very difficult to believe. 


The answer to the first question is here “The self unfolds itself for its self - Bhagavad Gita”. There is no 
convincing answer to the rational mind as to what the reason that the consciousness which was passive 
decided to become dynamic and started pulsating, So let’s leave this for the time being. 


But the second question is answered very comprehensively. But before we get into the details of what it 
is, | want you to check Figure 1. This gives the overall picture of evolution and the five stage process. | 
also want you to recollect the “EGG” state which is called as the GUNA state where in the form and 
sound manifests. They say that this pulsation started with OM. This OM as popularly believed is just not 
an aural form but also has a visual form and that is light. We will discuss about this later in detail. 


But let us focus on the actual second question as to what the contents of this Space energy were: 


* The space is filled with Paramanu or Microbodes which are tiny particles. These are the God’s 
(Higgs Boson) particle our CERN scientists are after. http://en.wikipedia.org/wiki/Higgs boson 


* Now, we are probably a year away before CERN publish the results when this blog is published. | 
would not be surprised to see the results of that experiment is closely aligned with what is 
available in our scriptures and produced in this blog. 


+ The primal manifest form of the unmanifest is a square (primal wave pattern). This is the shape 
of the Paramanu or Microbode. This is very luminescent, means filled with light and on a 3D 
plane this shape is a Square Cub 


* A Square Cuboid is a shape which is equal in all sides ~ say of unit measure which is the smallest 
measure possible and has 6 faces, 8 vertices, and 12 edges. You can start figuring out in 
Hinduism, why the idols of Lord Shiva and Lord Muruga has six faces, 12 eyes, hands etc. 


* You may want to note that 6 faces can be represented in 2 ways as below. Figure 3 is Lord 
Muruga’s star or a Star of David in 3D which has 6 faces and 12 edges, popularly known as 
Tetrahedron. So don’t be surprised if the Boson Higgs particle is of the same shape. 


“TRi-DIMENSIONALLY EVERY PARTICLE OF SPACE 
(S.A SUBTLE CUBE OF ENENGY, CALLED CHITRAMBALAM or MICRO-ABODE 


‘si whieh there ben sho ight or (G2) tt of eoneotenanenr’vbrting 0 
‘orton 2 Wao nce” Tia i ir dance of ie DANCER GOD SH, 


Fivahman as defined by Mayan ie hs astronomical trative cated "Surya Siddhani 


Figure 1: Science of manifestation 
(Courtesy: Pranava Veda by Mamuni Mayan ~ 12000+ years back, recreated by Dr. Ganapathi Sthapati) 
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Figure 2: A cube with all equal sides Figure 3: A tetrahedron (from Internet) 


* The free space is packed with cubical atoms of energy. They are building blocks of the structure 
of the universe. So what is clear is that all these atoms existed in a “resonant state of non- 
vibration” before the so called “big bang” happened or the pulsation started. 


‘+ It did not burst out of a single point as popularly believed. Alternatively, in space every point 
is the center. When the pulsation started these cubical atoms underwent a shape change and 
manifested as shapes and forms. 


‘This cube is called as micro-abode called Sittravai / Chittrambalam (mini hall in Tamil). This is 
secret in Chaidambaram, Sage Appar (Chidambara ragasyam) realized. Chidambaram is a Shiva 
temple associated with Space energy and when you go to sanctorum you would not find any idol 
but just empty space with some lights there. This is to signify this concept of Paramanu which is 
luminescent and is a Cuboid in shape. This is the smallest particle possible and can be called as 
‘God's particle”. 


* The micro space, in the cubical shape is fetus or Garbha. This is known as Vinkaru in Tamil. This 
micro abode is the repository of light and sound. 


«The free space is Light and the Light is Moolam or source of the universe and universal forms. 
Light is Brahman, Atman, Vastu Brahman ~ Nunporul in Tamil. 


In the subsequent blogs we will correlate String theory, Brahma Sutra, Nataraja, Vishnu and how they 
are all contained in order and proportion in pulsation. 


Happy reading! 


Ref: A good read Fabric of the universe, Jessie J Mercay. 
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8. TIME = SPACE SERIES. PART 8 — CHARACTERISTICS OF 
THE Gop’s PARTICLE (PARAMAANU) 


This part is going to be a bit controversial hence read it with an open mind. Per our scriptures when 
analyzed deeply we can state that “At the beginning it was just Consciousness (Pragnanam) that was 
luminescent with unmanifested potential energy and residing at resonant state of non-vibration. This 
energy was un-manifest and was present as Paramaanu or Microbode or Vinporul aka a subatomic 
particle. Yes! 


it was a particle without vibration and was at resonant state of non-vibration. 


The entire Space was supposed to be filled with these particles only and these were primal potential 


matter which is ever lasting. 


Now let us ask few questions and see how our scriptures answer this: 


1. What was the shape of this particle? 

We have already answered that. In 2D it is square and in 3D it is a cuboid with all equal sides, Please 
note that in space it is always 3D and not 2D. It has 6 faces, 8 vertices, and 12 edges. This is known is 
current scientific community as Tetrahedron. 


2. Whatis inside the Microbode or Subatomic particle? 
This is a very interesting question. Our scriptures say that it is purely space inside but with an energy 
grid. 


3. Whats this energy grid and what is its shape? 
It says that it is an 8x8 energy grid inside this microbode. This essentially means it is a square energy grid 


of 64 squares inside this Paramaanu. 


4. Whatis t 


color of this Paramaanu? 


It is luminescent and hence the golden color of the light is what it is associated with. “Hiranyavarnnaam 
harineem..” says Sri Suktha in the vedas, confirming the color of this Paramanu. Their variations exist 


but the fundamental one is of golden color. 


5. Whatis this size of this God’s particle? 
It is calculated to be ~133 nm. We will see this in detail later. 


6. Whatis the significance of the energy grid? 
For the time being let me state that anything subtle is a function of 8 and anything gross is a function of 
9, Let me also add tha 


thing - which is a Chinese divination book and the hexagram which deals with 
the Science of the subtle is in an 8x8 square matrix. The mental game Chess is played in an 8x8 square. 
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You would find 8 is the number or dimension for the subtle. We will see the importance of 8 and 9 and 
how beautifully these proportions adorn everything in nature in our daily life. 


7. Are these particles faster than light? 
Frankly | have not read a direct answer to this question but since this particle itself is light the velocity of 
this particle cannot be faster than light. This is my opinion. Modern experiments are suggesting that it 
could be faster than light. In Mahabharatha, Yakshaprasna, the Yaksha will question this to King 
Yudhishtra as to “what is fastest thing in this world”? King Yudhishtra would reply as “mind”. 


Some of the sages have interpreted that since Consciousness is omnipotent and ever connected - the 
communicati 


n is seamless, instantaneous and not subjected to the concept of distance. The example 
given is if there is a pain in your leg, it does not take time to travel to your head. It is instantaneous and 
hence the whole universe should be considered as a living organism. 


So to conclude on this question the particles are not faster than light but each particle is filled with 
intelligence and consciousness (just like a human cell) and their communication to anything is not 
subject to concept of distance. If our scientists come back and tell us that these particles are faster than 
light, then wait for someone else to tell us a little later that it isn’t faster than light. © 


8. Ok. Who has seen these particles and give me empirical proof? 
uRarg ita slat aiftent cite site | (Paramaanuriti proktam Yoginaam, drishti gocharam) says 
Mayamatham. This means the microspace or Paramaanu is visible to the trained contemplatives and 
meditators only. One quick example as proof is the Temple in Chidambaram which represents Space 
tattva where the temple is built around the concept with enough documentation on it. 


But we have been trained under Lord Macauly’s education system and how can we accept this as proof 
which is subjective and superstitious. If | may ask please tell me how many of us have seen the electrons 
or protons? Do we not believe everything when someone tells us in English? 


It is true that because of its existence we can see its manifestations and results of some experiments in 
our day today world. So we will look at tons of manifestations which we have been in nature as we 
progress. | would like us to be philosophically very clear as to what these things mean which we have 
been blindly following. For the time being please note down your questions and | am positive that this 
would be answered in due course. 


Our sages have not only seen this, but have given the dimensions of this and the mathematical formula 
to manage this energy. We will see all of them. After reading all of them if you still don’t want to believe 


in our scriptures, then may be CERN’s result if it’s in the same lines would prove it for you. 


Happy reading! 


ie 
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Figure 4: MANDUKA MANDALA ~ 8x8 (subtle form) & PARAMA SAYIKA MANDALA ~ 9x9 Gross forms 


Courtesy: Dr. Ganapathi Sthapati 
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9.TIME = SPACE SERIES. PART 9 — LIGHT, GOD’S 
PARTICLE AND GOD 


“At the beginning it was just Consciousness (Pragnanam) that was luminescent with un-manifested 
potential energy and residing at resonant state of non-vibration. This energy was self manifest and was 
ever present as Paramaanu or Microbode or Vinporul aka a subatomic particle. This is omnipotent, 
omniscient and omnipresent. 


Ignore religion for the time being and just look at this particle’s characteristics scientifically. It is Eternal 
(Anaadi), primordial (Aadi), without any quality (Nirguna), it cannot be reached / grasped by thoughts 
(Achintya - since thoughts as energy are much more gross than this and we would see this), it cannot be 
measured (Aprameya), Luminescent (Jyothi swaroopa), its omnipotence, omnipresence (Visvam) and 
‘Omniscience is already known. So said the mahavakya Pragnanam Brahma! 


All the characteristics of the particle are attributed to a personality or a state by the founders of 
religions. Hindus called this state as Paramasiva or Purusha. Hence everything subtle i 
Sivamayam. The essential pulsation which started and the universal evolution began was called as 
Parashakti or Prakruthi or Maya. We will talk about the Shakti aspect later. 


called 


This subtle un-manifest energy evolves to become universe which is gross. This gross energy also 
known as earth is called as Vishnu and the subtle energy is called as Space / Akash / Heaven. So the 
term became “Sarvam Vishnu mayam Jagat”. Please note that it is just Sivamayam and there is not 
Jagat there. Since it is all subtle and there is no Jagat which is gross. But it is Vishnu Mayam Jagat. 


I need to add that every sect in Hinduism has named this God’s particle with a different name. Narayana 
has replaced paramasiva in Vaishnavism and so on. In Hindu temples there are 2 prime idols ~ Moolavar 
and Archakar - The Moolavar does not undergo any archana or any decoration and it is always for the 
Archakar for which all poojas are performed. This god's particle refers to the Moolavar and not 
Archakar. 


To my knowledge, every religion and every sage / saint has agreed with the fact this fundamental 
particle or energy unit is LUMINISCENT. Note that there is no sound or word in this ...yet. Let us see few 
quotes on this (there are thousands of quotes): 


* Be it vedic culture, Zoroastrians, Greek or any major culture fire / sun god which represents 
light is worshipped. 

* “Om Jyothi rasaha” says Vedas 

+ InGayatri mantra you meditate on the supreme light to illuminate you. 

+ Vallalar said “Arutperumjyothi, Arutperumjyothi” which means mighty graceful light. 
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* If therefore your eye be single, your whole body shall be full of light. Mathew 6:22 

+ Thirumoolar states brilliantly that who realizes that the light (physical light which means the 
world) merges with light (subtle light), he has realized SIVA. 
pofuled poflcumis p@musw cum 
Agafluw s1uGy Meu AS SH snGw -124 


So what has happened to the Sabda Brahman here? It has merged with the Artha Brahman which is the 
light. What can you use to represent this state? 


Light represents Form and our eyes represent Light / Form. So obviously sound is represented by ears. 
When sound has merged with light then it means Eyes and ears are merged together. 


Can you think of anything that represents this state? This concept is captured by representing a 
Manduka (Frog) or Sarpa (Snake) always. Since for a frog and a snake the ears and eyes are merged. 
Manduka Upanishad, represents a knowledge of this state. And obviously the &x8 square / cube 
represent the most subtle energy as an energy grid is called as Manduka Pada / Mandala... 


Now the same aspect when it is applied to a gross form / body or a building then it is a 9x9 energy grid 
and it is called as Paramasyika Mandala. At the gross level the same concept as applied is the WORD 
where Light (form) and sound and meaning merged into one. You cannot separate them. We will look 
at this later. 


Unfortunately we have lost the science and we neither understand the philosophy nor the symbolism 
behind this supreme science but we made fun of the fact that the supreme science is named after an 
absolutely menial creature like frog which is used only for zoological lab studies across the world or ends 
up in the dinner plate as it does in far eastern countries. 


| would like to conclude this section by stating (may be a little controversial) that First it was 


Consiousness as the Vinkaru, Microbode, Sittrambalam, Nunporul, subatomic particle which was 


luminescent. Later the concept of God evolved out of it 


So God is not light, but the right of saying it is “the primordial aspect of “luminescence” has been 
adopted as God... 


So, of the 5 fold evolution process we are still at the source (Moolam). We will see the concept of time 
and the mathematical science in the subsequentparts. 


MOOLAM (Source) ~ KALAM (TIME) ~ SEELAM (RHYTHM) ~ KOLAM (SHAPE) - GNALAM (UNIVERSE). 
(apsvid - srevid - Fovib - Garevtb - @mevib) 


Happy reading! 
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Figure 5: Lord Nataraja in the Manduka Mandala (8x8 grid) (Courtesy: Dr. Ganapathi Sthapati) 

Our next topic is Nataraja and String theoryl, so check out this picture. | want you to note the light / fire 
in the left hand and sound / damru in the right hand. if you notice little closely, you would find a central 
line along the picture’s sternum and all the parts have minute measurements from the central line. 
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10. Time = SPACE SERIES. PART 10 — LoRD NATARAJA 
AND THE STRING THEORY 


“The self unfolds itself for its self - Bhagavad Gita”. 


This self unfolded itself with a pulsation and this pulsation is the start of Absolute time (KAALAM). As | 
said nothing to my knowledge tell us clearly as to why this pulsation happened. This is the point of 
singularity in the scientific language and the event is termed as Big Bang. Just as | expressed earlier it 
was an event of primordial pulsation and not of an explosion which threw away mass because of the 
explosion into the space. 


The entire space existed with its subatomic particles and this pulsation made the space to vibrate and 
this vibration was rhythmic and led to the evolution of this universe. Popularly known as “That one 
became many’... and ..Vastur eva Vaastu. 


This pulsation happened because of the Pranava or the first pulsation resulted in the Pranava - both 
conceptually right. So at the time of this primordial pulsation 2 things happened: 


* The absolute time started. This is called Kalam. 
* Primordial and the most sacred Pranava emerged. 


Both these happened simultaneously and it is futile to ask whether Kalam created Pranava or Pranava 
created the pulsation. In many of the texts it offered as Pranava that created the pulsation. So let’s go 
by that. 


* This is the reason that Pranava / Primordial Om is so sacred in Hinduism. 
This Pranava had manifested in 2 forms: 
© Luminescent form as OM the 


ight. This is the source of all visual forms. The 
primordial form is represented as ¢pLb in Tamil and 3 in Sanskrit. 


© Aural form as Om the sound. This is the source of all aural forms. | should say that this 
is more popular form compared to the luminescent form. 


Now this concept is very important, since in the Pranava meditation they say us to meditate on the 
silence after the word OM and also mediate OM as light, OM jyoti rasaha in vedas. 


So, when | say that sound merges into light, it is all the aural form merges into ITS luminescent form. All 
luminescent forms merge with the Paramaanu which is also luminescent, | am reproducing this passage 
again for emphasis and clarity. 


* Sage Thirumoolar states brilliantly that who realizes that the light (physical light which means 
the world) merges with light (subtle light), he has realized SIVA. 


pote gaGumis geGriudu eum 
Ageflujid seuGy Ae ASS snGw - 124 
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Ihave read many times over to understand this concept and I would suggest that you allow this concept 
to sink in, 


Now let's come to the 8x8 energy grid of the Paramaanu and imagine that it is pulsating because of 
Pranava and this Pranava has both light and aural form. 


+ They say that this pulsation is rhythmic and symmetric. 

* When something is Symmetric, then there has to be a central line along with the Symmetry 
comes. For example if our right and left sides are symmetric then the body is divided along the 
sternum & backbone. 

‘* Within the 8x8 energy grid / hall there is a vertical luminous shaft called Brahma Sutra (Oli 
nool). Sutra in Sanskrit and Nool in Tamil means Thread / String. 

* This Olinool / Brahma Sutra is a shaft of consciousness also called Moolathoon / 
Moolasthambham. 

* This shaft of consciousness vibrates in a particular order called rhythm. This is the order of 
nature, 

‘* This rhythmic vibration of the shaft of consciousness is the dance of Shiva, the CELESTIAL 
DANCE / THE COSMIC DANCE / THE DANCE OF EVOLUTION of the LORD NATARAJA. 


Look again at the picture of LORD NATARAJA, he is drawn inside a 8x8 Manduka mandala (now 
you know what it is), his left leg is raised suggesting a movement from left to right. Imagine that 
he is going to land the left leg to his right side. 


Why should he suggest that he is moving from left to right? 


His left hand holds light / fire and his right hand holds Drum / Damru / Sound. The process of 
Evolution which starts with the absolute time and Pranava is fantastically represented pictorially. It 
suggests that the evolution process starts with the rhythmic dance of the PARAMAANU in a 8x8 
energy grid and this process evolves first as light and then as sound. This light and sound creates 
further forms and the entire universe. 


It is very easy to answer as to why sound evolves from light? We all know that the light is at a higher 
frequency and velocity than sound. This is the same reason we see lightning first then hear the 
thunders. 


So let's summarize the DANCE OF EVOLUTION of LORD NATARAJA: 


+ From being un-manifest the Pranava emerges. Or the Pranava evolves the un-manifest to 
the manifest and starts the cycle of evolution. 

‘* This leads to a pulsation which is called as the COSMIC DANCE / CELESTIAL DANCE / DANCE 
OF EVOLUTION. 

‘This pulsation is rhythmic and symmetric. 

© The luminescent shaft of consciousness is called as Brahma Sutra or popularly called as 
String theory in the modern science. 

‘The process of creation evolves from the dance as light then sound evolves from light and 
then all the visual and aural forms in this universe. 


2 


If this is so then the process of dissolution should be that Lord Nataraja’s right leg should be lifted 
suggesting a movement from right to left isn’t? 


Look at the majestic picture suggesting the DANCE of EVOLUTION and the DANCE of DISSOLUTION as 
below: 


Figure 6: LORD NATARAJA / DANCE OF EVOLUTION Figure 7: DANCE OF DISSOLUTION 


In my opinion there is nothing more scientific in this world that is pictorially represented about the 
evolution of universe. You should read a book called “The Tao of Physics” by Frijat Capra where as 
physicist he explains how he experienced this and highlights the dance of the quantum particles in space 
corresponds to the dance of Lord Nataraja. 


Now this central shaft of Consciousness is called Brahma Sutra and according to our scriptures every 
Paramaanu has this string, which means every being, matter, inanimate things in this universe including 
the tiniest of subatomic particles have this string / sutra. In the future parts we will see the Maths 
behind this sutra and the pulsation but let us look at what the modern science says about Superstring 
theory here, http://en.wikipedia.org/wiki/String theory. You can read it how many times ever you want but 
this theoretical postulation is a direct adaptation of the cosmic dance and our Brahma Sutra and nothing 


more. 


Now check out Lord Nataraja at the CERN http://www. fritjofeapra.net/shiva.htm! 


‘Asa wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 
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Now you may understand as to why | started this series with the above line. We have a very rich past 
that is most scientific and it is left codified in a form across thousands of temples in India. Let us just 
‘open your eyes and understand the scientific meaning around it. 


If you are so far surprised at our richness and advancement, please wait till we will get into real hard 
core mathematics and geometry of our nature in the subsequent parts. 


May that “Sutradhaari” dispel our ignorance and reveal to us the secrets of nature. 


Happy reading! 


2 


11. Time = SPACE SERIES. PART 11 — VASTUREVA 
Vaastu AND E=mc” 


We have seen that the universe in its un-manifest state is filled with luminescent cuboids and there was 
a trigger in the form of Pranava which started the absolute time and gave forth visual forms and aural 
forms. 


This process of evolution is depicted very nicely in the following diagram: 


Form of Brahmam Transitional forms of Brahmam Brahmam as 
As Absolute Space the material world 
mt im 
8x8 9x9 


Figure 8: Transition forms of Brahman (Coutesy: Dr. Ganapathi Stapathi) 


The square (in 2D) which is an 8x8 energy grid became a 9x9 energy grid which is manifest / gross. The 
transition forms were an octagon and a circle. Aintiram suggests how this transition takes place. Current 
physics accepts that a pulse and a sine wave can be created from each other and this happens because 
of simple addition of harmonic frequencies. 


The primordial pulsation initiates a rotational force and this rotational force as it gains momentum 
converts the square into a circle and if you notice that the octagon is just an in between state 
between a square and a circle. 


We see confirmation of the details of this manifestation process in Chapter 9, verse 8 of the Bhagavad 
Gita where Lord Krsna describes His manifestation process to Arjuna: 

“prakritim svaam avastabhya visrijaami punah punah", meaning “Curving back onto myself, | create 
again and again...” 


What it suggests is that the essential shape of every gross form in its natural state is a circle (in 2D) and a 
sphere in (3D). This is the reason we find every planetary body is almost spherical in shape and this is 
also the reason as to why the ripples in a water body when we throw a stone in the water are in 
circles. 


Be it the center of a tornado or the shape of a hurricane or a tsunami it always a circular force. The 
supreme secret in martial arts is that the Chi moves in a circular fashion and hence Tai Chi is the most 
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deadly form of martial arts. Lord Vishnu has Chakra as his weapon to suggest not only light but also the 
rotational force. 


The process of manifestation is captured in these 2 pictures at all the significant stages. If you notice 
that a single dot becomes multiple dots, then a line, then a pulse and then goes on to becoming a 8x8 
energy grid and then to a 9x9 energy grid. 8x8 is un-manifest and 9x9 is manifest. These aspects are very 
well captured as sutras in the book Aintiram and Pranava Vedam. 


Uunilal em Alvelste sme, tine - 
OrvHignt. $0400 


Bek Wate a with 
A elena 


Figure 9: Transition forms of Brahman in detail (Coutesy: Fabric of the Universe) 
If you look at the Fig 10 conceptually the following things happen: 


© Subtle Energy becomes gross universe and the fundamental 5 elements are created in the 
process. 

© It is said that 1/10" of the space becomes Air, 1/10" of air becomes Fire, 1/10" Fire becomes 
Water and 1/10” of Water becomes Earth. 

So we can conclude that we are living in a Space delineated world. 


From Dr. V. Ganapati Strapati, Kauai, 2005 
Figure 10: Subtle Energy to gross (Courtesy: Dr. Ganapathi Sthapati) 


This wisdom was so succinctly captured by my good friend Lao Tzu in “Tao Te Ching” as follows: (Read 
heaven as un-manifest space and Earth as manifest gross) 


“Heaven and Earth last forever. 
Why do heaven and Earth last forever? 
They are unborn, so ever living... 


Thirty spokes share the wheel's hub; 

It is the center hole that makes it useful. 
Shape clay into a vessel; 

It is the space within that makes it useful. 
Cut doors and windows for a room; 

It is the holes which make it useful. 
Therefore benefit comes from what is there; 
Usefulness from what is not there....” 
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But | wanted to highlight more important aspects to this process of manifestation, 


* Advaita philosophy states that there is no duality. If you note that the Parammanu is what is 
present every living being and inanimate thing. What is within you is what is within me and 
hence the mahavakya “Tat Tvam Asi”... You are that. 

+ Vastureva Vaastu ~ Vastu which is unmanifest and subtle becomes Vaastu which is manifest and 
gross. 

+ If we assume that Paramaanu is God’s particle and hence it is divine, then everything in this 
world is divine. This is the most important philosophy in Hindusim. See the oneness in all and 
see “Allin one”. 

‘© That's why Hindus saw divinity in everything. Trees, snakes, animals, insects, birds, human 
beings etc. There is nothing without that divine energy or particle ~ however you call it. 

* This philosophy is UNIVERSAL, OPEN SOURCE, ALL COMPASSING and the highest state of 
consciousness. 


But let’s look at something even more important: 


* We all note that Subtle has become Gross. Hence conceptually Gross = Subtle or both are 
proportionate. 

* We all note that Space has become Earth. Hence conceptually Space = Earth or both are 
proportionate. 

* We all note that & have become 9. Hence conceptually 8 =9 or both are proportionate. 

* We all note that ENERGY has become MATTER. Hence conceptually ENERGY = MATTER or both 
are proportionate. This is represented by E = mc" by our great scientist Einstein. While we did 
not have this specific formula, the concept and the associated texts were very much with us for 


ages. 
So this is what Einstein quoted after reading Bhagavad Gita. 


"When | read the Bhagavad-Gita and reflect about how God created this universe everything else seems 
so superfluous.” ~ Albert Einste 


Now let's try to answer this question: 


When you throw a stone in water / pond the ripples that form take the shape of a circle (in 2D) / 
sphere (in 3D). Can you guess what the shape of the ripple would be if you throw the same 
stone in space? 

* You would have probably guessed the answer. The ripples in space should be and would be in 
square /cube in shape. 


‘Asa wise man said, “Indians are the most ignorant about their rich past and scientific tra 


Happy reading! 
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12. Time = SPACE SERIES. PART 12 — VEDIC CONCEPT 
OF TIME & ITS MEASUREMENTS 


The importance of time (Kaalam) is so high in the Vedic tradition that they ensured that the accuracy, 
continuity of time and the easy measurability of it is maintained for who knows how many years. Time 
creates, sustains and destroys everything and this is very nicely captured in these 2 lines: 


STEvGw croncus Gib epevib, SMEG. cps aysMsd 
srooGi Ganog CEmMIb, srLGL Gros COMO 


‘The god of time is Kaala Bhairava — a form of Shiva and hence both Shiva and Yama the lord of death 
both were known as Kalan. The time is represented by number 13 and it belongs to Kala bhairava. We 
will see the interesting linkage between Vedic system and the Mayan calendar found in Guatemala and 
Mexico later. 


‘Swami Chinmayananda states that “Time is the periodicity between 2 thoughts”. Nothing captures the 
concept of time more wisely. What is clear from our scriptures and Swami Chinmayanda is that time is 
the pulsation that creates this universe. It is the vibration with very accurate periodicity and our sages 
suggested that you can live beyond time provided you manage to escape the effects of that pulsation. 


Einstein's view on time and its relativity is very realistically captured in this quote “When you are 
courting a nice girl an hour seems like a second. When you sit on a red-hot cinder a second seems like 
an hour. That's relativity.” More than relativity | found that the root cause of relativity is the pulsation 
of mind as time. Einstein on a serious note proved that our view of time is not absolute, itis relative and 
it is a continuum with space. We will in the next few parts of this blog would see that time and space are 
the same or Time = Space. 


Aintiram states that there are 5 things that vibrates which have a common root and are not under our 
control. They are Space, Earth (vibration of earth is gravity), Eye lids, thoughts and Musical notes and 
very nicely put in Tamil as (Vin)@N68T, LOSKT(man), &68T(Kan), 6TSOOT(Yen), LISHOT(Pan). Pan is musical 
metre / chandas and Yen is the yennam or thoughts. 


Correlate this with the first line of Patanjali Yoga Sutra which says “Yoga Chitta Vrtti Nirodah”, means 
Yoga is one which stops the vibration of mind / pulsation of mind and hence is a killer of thoughts. The 
meditation techniques of keeping your eyes opened without battling the eyelids is another way of 
‘overcoming this pulsation instinct that is primordial and inherent in our nature. 


Let's look how intricate our measurements time are in Vedic system. Check out the image below. 


* The smallest unit of time is approximately 2 micro second. 

© The largest unit is about 155 trillion years.... YET. 

© Brahma’s linear age is 50 years and in currently in his 51“ year which makes the universe to be 
155+ trillion years. Brahma’s life time is 100 years which means it would be 300 trillion+ years of 
universal life which follows a cycle. 
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* After 100 years of pulsation cycles Brahma stays as dormant energy for the same period and 
then pulsates again for the next life of 100 years. 

© ABrahma's life is also known as a Para. Each half Param is referred to as a parardham. This 
second half is termed as ‘dviteeya paraardhe' (the second half of Brahma's term) is stated in all 
vedic rituals, 

* After every Chatur yuga, the world recycles. After every 2000 years / a Brahma day the world 
dissolves and remerges. The important point to note is that there is no CONCEPT OF CREATION 
here. It evolves and dissolves as per the science of pulsation. We also note that this pulsation 
expands and contracts. This cyclical nature of time as believed in Indian mythology refers to 
time as 'anaad/' or that without a beginning. 


it nce Met 
1 Talpere Muu sean 
Tara [G0 atoara Imi secoxd 
1 Vil pam le0 Pore [nll second 
1 Ligtam 0 viigeam lseconds 
‘Teyeid Bink [100 Viiptam [seconds 

1 Kaashts H6 evel Birks [Seconds 

1 Kshanam |W kashte [Seconds 
Tnaznigai [12 Kehanam Imrutes 
“ivunurtnar [2 Nazhigan lnvrutes 
Thou [25 Nazhigal [monutes 
Day. 0 Nazhigal ncurs 
wosk [7 days 

1 Raksha 5 days 

Wont [pPskshas [90-day 

Tyear [2 months [360 days 

Yugas: 

kria Taa00a| Years 

Tieta 7296000) Years 
Dwanaea ‘A600 Years 

Kali 432000] Years 
‘Chatur Yuga 4320000] Years 

1 brahim day —|2000-Chatur yogs | 3640000000 

{Brahma Year [360 Brehmedays| 3°40 4|Bilion Years 
60 Brahma Years 486.52] Trlhon Years 


Figure 11: Time measurements in Ancient India 


While doing Vedic ritual the time and space coordinate is invoked to say that you are doing this ritual at 
this place in the universe and at this time — with reference to Brahma’s age to the time and star of the 
day. This tradition is unbroken and the Indian Almanac can predict the position of astronomical objects 
without any error for thousands of years without any sophisticated instruments and space ships. 


On the contrary just read the history of the Gregorian calendar which we are following here, 
http://en.wikipedia.org/wiki/Gregorian calendar. There is neither accuracy nor continuity and to top 
it up there are authorities who reform the calendar as if time stops and waits for them to affect that 
reform. Why should we ignore the best of time science that we have for an inaccurate, discontinuous 
reformed calendar? 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy Reading! 
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13. Time = SPACE SERIES. PART 13 — SOUTH 
AMERICAN MAYAN & SOUTH INDIAN MAAYAN 


Since we are discussing about 
Mayan. 


e, let us address the Mamuni Maayan and the South American 


A lot has been talked about Mayan calendar and the imminent destruction to planet earth in the year 
2012. | would recommend ‘The Mayan Factor ~ Path beyond technology” by Jose Arguelles if you are 
interested in this topic. 


In this part | am interested in highlighting that the South American Mayan and the South Indian 
Mamuni Maayan who wrote Aintiram and Pranava Veda are one and the same. Extensive research 
have been conducted by many and | found, both the works of Jose Arguelles and late Dr. Ganapathi 
Stapathi who has spent about 3 decades each, very impressive. Dr. Ganapathi concluded that they both 
are the same and he has shown some interesting linkages. 


| am going to present what impressed me in both these great researcher's works. 


* First let me state that the doomsayers of 2012 phenomenon picked up Mayan’s calendar which 
started in 3113 BC ran for 5125 years and the calendar ended in year 2012. Since the calendar 
ended they thought this signified that the world is ending. Jose argues that this is wrong and 
most probably the human race is entering into the next phase of evolution and the next cycle 
would begin. If you strongly believe that this is not true and the world would certainly end by 
2012, then please ensure that you transfer all your assets and savings to my name effective 22, 
Dec 2012. © 


Mayan in his calendar in South America used very unique numerals in his calendar that is given 
below: 


| © 00 eocceee 
1/2[3[4 


19 


ie} 
I=s =11 


Figure 12: Mayan’s numeral system (Courtesy: Wikipedia, Internet) 


Now let me reproduce a Tamil poem written by Mamuni Maayan in his work called “Kanithamaa 
sennool’. This song is part of the book written by Maayan in Tamil during his time - 12000 years+. This 
song expresses how the numerals are formed till 10. It says, 

© 1is one dot, 2is 2 dots, 3 is 3 dots, 4s 4 dots, 5 is a line and 10 is a double line. 


Lomiysitafl panGyy s1eirGMM ePeirDNON crainGorm GTL_Gid 
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LomiYystaM QysinGL wenn QysirGuon creinGern sm_Gud 
LoMLYstaM anit Worn apeinDOM cream Govr BM_Gid 
LoMLYystah HrreiTGss WoirGIon HSE) crsierGover GML Gib 


LoMLYsitaM gBHEH weit Gmr eyshgl Lor srovrGowor Gm Grd 

LMLYstaM Gam igsmnGoo Qysi Ges wwré 16s seg. 
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* Among the books written during Mayan's time in Guatamala are Popol Vuh, The annals of 
cakchiquels and the Book of Chilam Balam. The resemblance of Chilam Balam to Chidambaram 
with which S. Indian Maayan was so involved is very striking. 


* Be the pyramids that were built in the jungles of S. America that has a striking resemblance to 
the viamanas from south India, the earth's revolution around the sun measured within 1/1000" 
of the decimal point which is available in a book called Surya Siddhaanta — In Sanskrit by Mayan 
and the identical measurements available in South America ~ the similarities are difficult to 
ignore, 


* Jose Arguelles makes a compelling argument about the shift in consciousness in 2012 due to a 
major galactic synchronization. But what impressed me are the following: 


© Comparison between iChing (8x8 hexagram) and Mayan’s Tzolkin which is 13x20 
matrix. In fact there is a Franklin's magic square which is based on the 8x8 grid of iChing 
that adds upto 260 which is the galactic constant of Tzolkin. This was amazing. 


© He refers to Radiogenesis ~ Universal transmission of information through or as light 
or radiant energy which is very much relevant to our discussions of light and sound, 


© The revelation he received from a Maya Humbatz men belonging to the universal great 
brotherhood organization revealing that our universe is the 7" such system which Maya 
has charted in the universe. So, we are not alone © 


Would conclude this topic in the next part... 


Happy reading! 
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Figure 13: Galactic Communication Channel to 
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TZOLKIN & BUK XOK PERMUTATION TABLE 
Figure 14: Tzolkin table (Courtesy: The Mayan Factor, Jose Arguelles) nye 
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14. Time = SPACE SERIES. PART 14 —MayaN, TAMIL, 


PLEIADES & ICHING 


Jose Arguelles was also mentioning that the pyramid structures of Mayan civilization in South America 
with the Tzolkin calendar matrix communicates with 2 constellations ~ Pleiades and Arcturus. Jose 
mentions that he is sure about communication with Pleiades constellation. 


Why did Pleiades interest me? 


Nothing in this universe exists 


‘According to Tamil history, Tamil is a divine language and the Lord associated is Lord Muruga. 
He is the Tamil deity and he is from the Constellation Pleiades which is called Kritika nakshatra. 

This emphasis that the South American Mayan could be a Tamilian from India, as many in the ET 
studies circuit opine that Pleiades is a constellation which is like our distant cousin where Tamil 
is spoken, There are many links but you can check _—this-_ out. 
http://22050hz. blogspot.com/2008/10/pleaidians.html 


Look at the Mayan calendar in Fig 14, it is a 13x20 Tzolkin matrix. 

© Please recall that we mentioned 13 is the number for Kala Bhairava. 

© Tzolkin has a mystical central column around which 6 and 6 columns exist. The belief is 
that this central column is the frame of reference to the galaxy and it is believed to 
connect to Hunab Ku - the center of the galaxy. 

© This mysterious centre column is believed to be the road to the sky leading to the 
umbilical cord of the universe. | immediately correlated this with the thread of 
consciousness which is connected to the Hiranyagarba (the center of the galaxy as per 
Indian texts.) - Check Figure 13. 

© So understanding that this shaft of consciousness is connected to the center of the 
galaxy (Hunab Ku / Hiranyagarbha) at the one end and to our solar plexus at the other 
end with communication and galactic information transmission happening through 
resonance of light, opened many gates within me. 


jout purpose and the form and shape of any being / thing is 


explained as a state of consciousness at a particular resonant frequency adds to the Seelam (Rhythm) 
aspect of the Kaalam which we are going to see later. 


For the space and time travel enthusiasts, Mayan has the followin, 


All space travel is intelligence as information — transmitted through light by the principle of 
harmonic resonance, 


Mayan says that Sun is the lens through which galactic information is transmitted from the 
galactic core and interpreting this with Gayatri Mantra where we meditate on the supreme 
it Savitr — an aspect of Sun god is amazingly striking. 
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= Mayan highlights that time is a function of principle harmonic resonance and he attaches 
significant importance to the numerals which he states are the galactic harmonic constants. This 
is exactly what Aintiram states. 


"He interprets the iChing to contain the Genetic code of the human DNA as a hexagram in a 8x8 
matrix which is a binary progression to the 6” power corresponding 64 six part words 
/codons. At the same time he interprets number 260 to be galactic constant and 360 which is 
the factor for a calendar year or the total angle in a circle to a harmonic calibrator. His 
explanations more on this and on the mystical number 7 do not resonate in my tiny brain and | 
am begging for holy grace to expand my mind to understand these concepts. 


"When he says that flowers open to light just does not mean that it is sensitive to be light but 
deeply it aspires to be LIGHT. | am not sure if you understand the depth of this statement as 
against the Sage molar statement which states gross light should merge with subtle light. | have 
been left speechless for days after understanding this correlation. 


It is interesting to note that significance of numerals as per Mayan factor: 


"4 ~The pulsation — Ray of Unity 

"2 ~The pulsation - Ray of Polarity 

"3 ~The pulsation - Ray of Rhythm. 

"4 ~The pulsation - Ray of Measure 

"5 ~The pulsation - Ray of center 

"6 ~The pulsation - Ray of organic balance 
“7 ~The pulsation - Ray of mystic power. 

"8 ~The pulsation - Ray of harmonic resonance. We will see more of this. 
"9 ~The pulsation - Ray of cyclic Periodicit 
"10 -The pulsation - Ray of Ma 

"11 -The pulsation - Ray of Dissonant Structure 
"12 ~The pulsation - Ray of Complex stability 
"13° ~The pulsation - Ray of Universal movement 


In all 2 independent researchers working 6000 miles apart, conducting their studies independently 
seems to be pointing to just one person and one philosophy and science. What else we could do other 
than thanking our fortune to have read them and made this connection. | thought of writing just a page 
on this topic and | have ended up with 2 parts and | am stopping my temptation to write few more pages 
on this topic. For all of those interested, please read the book by Jose Arguelles. 


It is amazing to find out how most of the ancient civilizations seem to have a common root and the 
communication between various geographies looks stunningly simple and the metrics on astronomical 
objects and other space sciences seems to be so accurate despite the absence of precision instruments 
and spacecrafts. One tends to believe that we had far advanced knowledge of nature which we seems 
to have lost and most certainly few thousand years back we were not nakedly roaming in the jungles of 
India and Africa hunting animals as the western experts wants you to believe but had a far superior & 
scientifically advanced civilization. 


‘Asa wise man said, “In 


ns are the most ignorant about their rich past and scientific traditis 


Happy Reading! 
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15. Time = SPACE SERIES. PART 15 — SHIVA LINGAM 
IS NOT A PHALLUS 


If there is one part in the series I want you to read and talk about it with your friends then it is this topic. 
If | ask you as to what Shiva Linga stands for then more than 99% of the responses would be that it 
represents a Phallus symbolizing the male sex organ / creative energy with the female sex organ / 
creative energy - Yoni as the base and both together representing inseparability and totality in the 
process of creation. 


Nothing is more misunderstood and misquoted than this concept of Hinduism. Every idiot including me 
who has read few books about Hinduism thinks that they are experts of Indology / Vedic studies. The 
wisest of sages who gave us Vedas and Upanishads did not boast that it is their work. At the end of 
every work they acknowledged that they are telling us what they have been told by their ancestors. It is 
155 trillion+ years of universal knowledge available today in the richest of the languages Tamil and 
Sanskrit. This cannot be accurately interpreted in a foreign language. Lest in the weakest of all languages 
- English, 


The other contributing factor to this misunderstanding has been the Sanskrit language or should | say 
the richness of the language. 


We have already noted that the same word can have multiple meanings. This is not limited to Sanskrit, 
but the all the languages. For example, 


"Sutra means thread, Aphorisms (the ability to express something in terse and concise manner). 
Ex. Kama sutra - the most understood of all the sutras. Brahma Sutra - The thread of 
consciousness in any form that runs in this universe — the most unheard of. 

"= Artha in Sanskrit means “meaning” and “wealth”, we have already seen this. As in Vaak-Artha 
and Artha Sastra (the science of wealth management). 

= Same way Lingam means Symptom, Proof, Gender, Male sex organ etc. Hence it was very easy 
to get confused, associate the lingam with a Phallus and also to ignore the philosophy and the 
supreme science behind it. Even people who believed that it represented much more did not 
knew the philosophy and the science behind it. Let’s look at what it means. 


| am going to request you to kindly refer to both the pictures below: 


Form of Brahmam Transitional forms of Brahmam Brahmam as 
As Absolute Space the material world 


a 
a a 
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8x8 


Figure 8 ~ reproduced here for convenience 
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Science ~ Religion z t 


Tamas Guna - Rudra Fades Bhage 


Rajas Guna - Vishnu 


‘Sattwa Guna - Brahma 
Brat Bisse 


Figure 15 — Shiva Linga ~ Shape and Significance (Courtesy; Dr. Ganpathi Sthapati) 


We have already seen that the subtle energy is takes the form of a square and the gross energy takes 
the form of a circle with an in-between state it takes the shape of a tetrahedron and octagon. Now look 
at the Shiva lingam from the top. Its base is always a square and the top is always a circle. 


Figure 16 ~ Shiva Linga Figure 17 ~ Shiva Linga with shape of the God’s 
particle (Star) engraved. 


If have to merge all the 3 shapes together and it naturally takes the shape of a Lingam with a round 
top. Shiva Linga captures the overall process of evolution in one form and shape- _subtle to gross 
state — it encompasses every state of consciousness that is possible in this universe. 


Why the figure above states that Square shape is Sattvic, circle is Tamasic and the in between state is 
Rajasic? Let's understand the definitions of all the three qualities. 


= Sattvic represents the perfect state of balance. When it is subtle it is luminescent and in a 
perfect state of resonant non-vibration. The energy levels were perfect so that the resultant 
vibration is nil and it is in absolute balance. 


*  Tamasic state represents a state where the height of evolution is reached and hence it is 
farthest away from the core. This is a different explanation from the usual one available in the 
web and books. Let me explain this. The core is very subtle and the tamasic state is very gross 
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and hence it is away from the core. Tamasic state then should be considered as the darkest 
state possible. Why? 


© Because the core is luminescent and if the gross state is farthest from the core hence it 
should be dark. This is the meaning behind the most famous statement ‘Tamasoma 
Jyothir gamaya”... take me from darkness to light. It is not about just your mind but 
about the entire being aspiring to become a light and merge with primordial light. 

© There is no evolution possible beyond the Tamasic state and it has to devolve to reach 
its core / subtle state. 


= Rajasic is a state where the pulsation has resulted in a rotational force and hence things are 
set into action. This represents the evolution process and hence associated with action. 


Then the natural next question is, if Shiva Lingam is associated with the entire spectrum of 
consciousness then we should see it associated the elements and the light. Isn't? 


"There is a story in Indian Purana that Brahma, Vishnu and Shiva discussed who is the most 
powerful among them. Lord Shiva challenged Brahma and Vishnu to reach his head and feet 
respectively. Brahma tried to find Shiva’s head and Vishnu tried to reach Shiva’s feet, both of 
them failed. Most of us would have heard the story but would not have understood the 
philosophical and scientific significance. 


© Lord Shiva in the form of Linga stood there as a PILLAR OF LIGHT. This pillar of light is 
the Brahma Sutra / light of consciousness which spanned from the center of the galaxy 
(Hiranyagarba) to every being & non-being in the Universe. 
© Brahma could not find the head because; Brahma is always associated with intelligence 
in Indian texts. He gave the supreme wisdom - the Vedas and stands for Intelligence. He 
could not reach Shiva’s head signifies that Intelligence will not take you to God. 
Intelligence as an energy is too gross and cannot reach the most subtle state of light. 
Vishu represents earthly life ~ Rajasic in character ~ this is the tetrahedron & octagon 
state. He could not reach Lord Shiva's feet signifying you cannot reach the core through 
actions. 


° 


"Lord Shiva in the form of Lingam is represented as one of the elements (Earth, Water, Fire, Air, 
and Space) in the Hindu temples. 


If you read the following Upanishad quote, you can probably understand the meaning: 


na karmaNaa na prajayaa dhanena tyaagenaike amRitatvamaanashuH 
pareNa naakam nihitam guhaayaaM vibhraajate yadyatayo vishanti 


Not by work, not by progeny, not by wealth, they have attained Immortality. Some have attained 
Immortality by renunciation. That which the hermits attain is laid beyond the heaven; yet it shines 


brilliantly in the (purified) heart. 


‘And this quote also brilliantly articulates the luminescent nature of the Paramaanu: 
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na tatra (not there) suryo bhati (sun shines) na candra (moon does not) na tarakam (nor the stars) 
nema vidyuto (nor the lightning) bhanti (shines) kuta ayam agnih (how can fire shine) 

tam (that) eva (alone) bhantam (shines) anubhati (thereafter shines) sarvam (everything) 

tasya bhasa (in that light) sarvam idam vibhati (everything shines) 


The sun does not shine there, nor does the moon, nor the stars or the lightning, much less this fire 


(deepam). When He shines, everything shines after Him; by His light alone everything is illumined. 


The trick is to take the defini 


n & meaning from Upanishads or any scripture and apply it to the God's 


particle and the process of evolution and you would understand it perfectly. Many a times the concept 
of God & faith obscures our mind to look beyond and rationally think about it. It is not the problem of 
religion but our system of education which has ruined our thinking. Today the biggest challenge we 
have is to "Unlearn" than to learn. 


So to conclude: 


Shiva Lingam does not represent Phallus. To represent male and female totality and 
inseparability Hindus do have Arthanareeswara and it is not represented through Lingam. 

Shiva Lingam represents the Pillar of Light and the entire spectrum of consciousness. From the 
most subtle to the most gross. 


It represents an in-between Guna / EGG state (between un-manifest and manifest) and henc 
is formless with a form 

While Lord Nataraja represented the rhythmic pulsation of this Brahma sutra, the cosmic 
dance / the dance of the evolution, St 
state of consciousness. 


a Lingam represents the primordial light itself in all its 


By this analogy, our body itself is a lingam with the visible body as the gross part at ane end and 
the most subtle body which is invisible and is part of the primordial light at the other. 


Check out the picture below which represents most of the aspects we have discussed so far. 


May Lord Shiva help us all to understand him better.. © 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” Yet 
wish that this quote isn’t wiser any more. 


Happy reading! 
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Figure 18 - Manifestation in a nut shell (courtesy: Dr. Ganpat! 


This diagram represents everything we have discussed so far. The central red line is the Brahma Sutra 
which runs from the center of Galaxy to the terrestrial forms. Just correlate this with the Mayan Hunab 
Ku in the previous part. 


This summarizes as to how Energy becomes matter, Subtle becomes Gross, Un-Manifest becomes manifest, 
how 8 becomes 9, and Square / Cuboid becomes a circle / Sphere. All represented in one formless form called 
SHIVA LINGAM, 
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16. Time = SPACE SERIES. PART 16 — SEELAM - THE 
PRIMORDIAL CIRCULAR FORCE - GANAPTHI & 
MATHEMATICS 


In the last few decades the main stream western science has started accepting concepts like uncertainty 
principle, wave mechanics, quantum mechanics, and periadicity of the wave pattern. Most importantly 
it is about the fundamental wave pattern of any energy or matter and the harmonics of these wave 
patterns falling in a particular form and proportion which is dictated by geometry / mathematics. In all 
the western scientists are scratching their heads on the depths of science of the subtle aka the sacred 
spatial geometry. 


Most of the eastern philosophies have mastered this science and have codified these natural laws as a 
part of their religion, which is often dismissed as superstition. | already highlighted that in Tamil and 
Sanskrit the definition for science is “Knowledge of the space”. 


Modern science is moving in the right direction albeit very slow and they are trying to understand as to 
how elements are bonded within a molecule in addition to what elements constitute them. For example 
Chlorophyll molecule consists of Carbon, hydrogen, nitrogen and magnesium (Mg at its core) has a 
complex 12 fold Pattern — just one such typical pattern which can convert sunlight into life substance. 
The same pattern exists in our RBC cells just that it has an iron at its core instead of magnesium. 


The understanding about the human body especially, “the spatial awareness that exists in each and 
every cell is due to the different sensory organs tuned at frequencies”, led the scientists to unravel the 
innate spatial geometry of life. 


Be it living, non-living beings, abstract forces like gravity, nuclear force, electromagnetism, heat, 
movement of astronomical bodies it does not matter what, everything in this universe adheres to a 
vibration / periodicity and is reducible to a number or a ratio. As a wise man said, “Mathematics is the 
language of gods”. This primordial rhythm & its harmonics are captured under the topic “Seelam” by 
Mayan in ancient tamil texts. Let’s look at this in detail. 


Ihave been finding it difficult to sequence the flow for this topic and let me try starting from the basics: 


* We know that the Paramaanu or God’s particle is a cube. This particle with the primordial 
vibration combines with other particles to create a shape. The Paramaanu combines in the 
multiples of 8 to evolve the next structure. Let us see the importance of 8 later, but remember 
8 is the number for Lord Narayana and Om namo Narayana has 8 Aksharas. 


* What do you call a cube called in Tamil? It is called Ganam (&6o11b). This also means heaviness, 
gravity, honor, dignity, abundance, plenty. To indicate it is a square cuboid they call it &6r 
egyglb. 
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‘The process of the addition of Paramaanu into bigger units is called as Ganam (&6001LD, #171). In 
Tamil both the Cube and the additive resultant are called as Ganam and the only 
difference being that in Cube it uses a small “na” (601) as an alphabet. In the additive 
process / resultant it uses a Big “na"(6var). The big “na” signifies that due to the 
additive process the small (na) becomes big (na). 


This additive process starts because of the first rhythmic circular force also called as a 
Suzhi (8p) in tamil which means “loop”. 


Here comes the beauty. The Lord of or the energy associated with this additive force (Ganam) is 
called as Ganapathi (&60o1Ug), TT). Note this is the bigger “na” used and 
2) not smaller “na”. He is associated with the first circular force - Suzhi (and hence he 
‘== takes the first honor in any Vedic ritual. This means Lord Ganapati is the first 
process in the evolution and everything has to start with him. Even if it is Lord 
Shiva or Vishnu it does not matter, the very first honor goes to the Lord of Ganas. Many Indians 
when they start writing (atleast few decades back) they first start with this symbol at the top of 
the page before anything for a successful completion of that activity. 


If | add my own inferences to the above with a caveat that everything else | have written have a 
solid back up mostly from our own study of languages (as you can yourself see) and our 
scriptures, 
© The symbol above signifies that what was “a point” with untouched / non-interacting 
energies / resulted in the primordial first circular force out of a pulse and also signifying 
that every circular force shall also collapse back to a point. 
© Also the bigger / heavier things are formed or created by its smallest unit and hence 
symbolically the heavier ones are carried by the smaller units. To signify this may be a 
god in the form of an elephant is carried by a mouse. 


Now you know why every ritual starts with this Sloka to Ganapathi: 


© “GanAnAm tva Ganapati gum Havamahe, Kavim Kavinam Upamasra vastamam 
Jyestharajam Brahmanam Brahmanaspat aana Srnvan nuti bhissi dasadanam” 


This means “May you the Lord of Ganas, Ganapati",.... so it goes. 


Now what do we call the study of this additive force - Ganas? Mathematics - Ganith / 
Ganitham (600g, fre ). 


So we Indians have codified: 


© the primordial God’s particle as Paramaanu or microbode or Lord Shiva, 

© the rhythmic movement of the pillar of light as Lord Nataraja, 

© the first circular force as the symbol for Lord Ganapathi, 

© the lord of the additive force as Lord Ganapthi and 

© the Study of this additive force which leads to the formation of everything in the 


universe is Mathemati 


in Sanskrit and Tamil. 
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© Every possible state of consciousness and manifestation is represented in Shiva Linga 

© We will see that the multiples of 8 in which the additive force moves is codified as 
Lord Narayana or Vishnu and the five state manifestation process as the five letters 
associated with Lord Shiva. 


Just forget that these names are the names of the Hindu gods, and tell me one religion or philosophy or 
one branch of science in this world which can capture the nature’s primordial secret in this way and 
codify it for the common benefit of the world and carry it for thousands / millions of years. 


These are just a start and please wait for the other interesting aspects to unfold. 


‘Asa wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy Reading! 


2 


17. Time = SPACE SERIES. PART 17 — SEELAM - THE 
PRIMORDIAL RHYTHM & FUNDAMENTALS 


Now, let us get into some real heavy stuff - Mathematics (Ganitham ~ the study of Ganam) that governs 
this rhythm and harmonics. My first concern is how to make it easily digestible for an average individual 
who hates Math? So | shall take the easiest route that | know. | shall first explain the concept, then the 
actual Math part of it and then go to the philosophy and significance of the same. Later we shall look at 
how these are codified in nature and our scriptures and available in front of our eyes which we have 
failed to recognize. 


Let us be clear about the following terminologies like Progression, Proportion, root, Diagonal and 
Pythagoras theorem: 


«Let us take a series as follows: 2, 4, 8, 16, 32... In this we need to be clear about what is 
Progression and proportion. As many of you know that whole series is a geometric progression 
where the next number in the series is a function of the current number and a multiple. This 
multiple here is 2, so that 2*2 = 4, 4*2 = 8 and so on. This multiple or the constant is called as 
proportion. You derive the value of the proportion by dividing the number by its previous 
number ~(n#+1)/n : (n#2)/(n#1). Hope this is clear. 


* We know that a square has 4 equal sides. Each side of a square is called as “root” and the line 
that connects the 2 opposite ends is called as ‘Diagonal’. In the figure below sides AB, BC, CD, 
DA are called as “Root”. Lines AC, BD are called as ‘Diagonal”. 


Figure 19; Square Figure 20: Pythagoras theorem. 


+ Pythagoras theorem ~ This theorem gave us the formula to calculate the sides of a right angle 
triangle as given above. If you are not familiar with this, then please understand that if you know 
any 2 sides of the triangle the 3” side can be calculated by the formula given above. | am not 
going to focus on the argument that this theorem was available in Indian scriptures before the 
Greek mathematician gave it. Let’s look at the concepts and not which civilization gets credit as 
of now. 


Since the fundamental structure is a square in 2D and Cube in 3D and also in the process of evolution 
one becomes many, let's ask ourselves the following questions: 
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* How one square does create another square which is larger in size, progressively? What is the 
progression and proportion in this series? 

* How one cube does create shapes which are polygonal (Hexagon, Octagon, decagon, 
dodecagon etc) progressively? What is the progression and proportion in this series? 


Now let us see Figure 21 where and consider the square ABGF. You can enlarge the image to see the 
alphabets clearly. Now as we know sides AB, BG, GF, AF are called “root” — remember this well and let 
us assume the smallest root possible is unity and hence each root is of unit length. AB=BG=GF=AF=1. 
Area of this square = 1*1 = 1. 


Figure 21; Square Figure 22: Cube 


Line AG is called as the “diagonal” and as per Pythagoras theorem the length of AG should be v2. AG = 
vV(AF?+GF"). So to summarize the root of the square ABGF is 1 and the diagnol is v2. 


Now consider a larger square AGHJ, here AG, GH, HJ, AJ are the sides and hence called as root. AH, GJ 
are the diagonal in the 2™ square. We know AG = V2, then AH = GJ = 2 as per Pythagoras theorem. To 
sum up the root of the square AGHI is V2 and the diagonal is 2. Area of this square is 2. 


If you look at the ratio root/diagonal (root to diagonal ratio) of both the squares it is 1/V2 and v2/2 
which results in 1/v2. This will progressively hold good. The magic proportion in this progression is V2. 


What we can infer from this is if we consider a progression of squares from a unit square to larger 
squares, then the proportion of the progression is v2. But before we jump into its philosophical 
significance let’s answer the second question. 


Consider the cube above whose side is of unit length. We know a cube is made of squares. We know 
ABCD is a square of length (root) =1 and diagonal = AC = v2. If we want to find out the length of the 
diagonal of the cube which is AE, then ACE is a right angle triangle with AC = v2. And CE =1 and hence AE 
=¥3. 


What we can infer from this is if we consider a progression of cubes from a unit cube to larger ones, 
then the proportion of the progression is v3. 
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am going to handle the significance of V2 and v3 in the next part. 


Happy reading! 
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18. Time = SPACE SERIES. PART 18 — SEELAM - 
SIGNIFICANCE OF V2 & V3 


Let's look at the significance of v2 and v3 but before that let's capture the philosophical significance of 
Progression and Proportion: 


* The whole world is conceptualized as wave harmonics of the primordial rhythm with a 
progression and proportion. Philosophically the Proportion which does not change / which is 
constant is the immutable component and the progression which changes / is volatile is called 
as the Mutuable component in the process of evolution. The whole universe is the progression 
and God is the proportion. So if | know the God's proportion and the formula behind it I can 
create anything in this universe including a universe. This secret is called as the Brahma Vidya / 
Sree Vidya (Knowledge of Brahman, Sree) in Indian texts. What we are going to see further are 
very minor parts of the Brahma Vidya. © 


In the last part we saw, that the primordial square multiplied itself to be a larger square 
(progression of squares) using the proportion v2. The diagonal of the square 1 (ABCD) forms 
the root of Square 2 (AGHJ). This is very profound if you get the concept. 


* If we consider square 1 as the cause then its diagonal is the effect. This diagonal is the root for 
the next square (AGHJ) and hence the effect of Square 1 is the cause of Square 2, this cause 
results in square 2's diagonal which is its effect and this is how the progression or evolution 
happens. If you can see glimpses of Cause and effect cycle and the famous law of Karma in this 
analogy then you can pat yourself. © 


© Assquare halved by the diagonal (square 1 with area 1) produces a square twice its area (square 
2, area = 2). The mystery of biological growth from cellular division or the different musical 
notes from the base tone is contained in this. 


+ Robert Lawlor in his book “Sacred Geometry” very nicely puts it as the root of a plant (like the 
root in a square) is causative and embedded in the earth (and embedded in the square). These 
are very heavy and profound concepts just let it sink into you. 


* When you divide the full height of the human being considering the total height as unity then 
belly as called as Hara in Japanese, Dantein in Chinese, Nabhi in India which is below the navel 
will measure (2- v2) from the soles of the feet to belly and (v2 -1) from navel to the head. In 
Yoga, Zen and Chinese meditation techniques this point corresponds to the transformative and 
generative aspects of the individual that involves rooting techniques for self transmutation. So 
Lao Tzu said, “To seek the root is the goal”. 


‘* V2 signifies the power of multiplicity. Hence the Generative aspect of this rhythm is attributed 
to V2. This represents the principle of transformati 
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© Remember v2 is a proportion in the progression of squares and a square does not become a 
higher form. We have seen that the diagonal of the cube (sides of unit length) is v3. It is this v3 
which divides the volume form of a cube and the diagonal of the cube becomes a root for the 
higher shapes like pentagon, hexagon etc. 


* Hence V3 signifies the formative power of the rhythm while v2 si 
of the nature. 


ifies the generative power 


We will touch the same using Vesica Piscis in the next part which shall take us to V5 and the golden 
mean ®. | am not going to touch upon important topics like Gnomic spirals and the relation between 
various progressions and hence | would request you to Google them if you are interested. 


Happy reading! 


Ps: 
There are many books on this topic and | would recommend “Sacred Geometry - Philosophy & 
Practice” by Robert Lawlor which I found easy to read and understand. 


You tube and internet is replete with tons of images, a 
a great deal from them. 


les and videos on this topic and you can learn 
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19. TIME = SPACE SERIES. PART 19 — SEELAM — 
VESICA Piscis, V5, & GOLDEN MEAN (®) 


If you don’t know what is vesica piscis, please google and you would find it interesting. | am not going to 
explain it here and | would focus on the summary and aspects which are often left out. The philosophical 
aspect of Vesica Piscis, is a rotating point becomes as circle of unity. Two circle of unity (with its radius 
as unity) interacting / intersecting each other in a perfect manner offers an overlapping area which is 
considered to be sacred and fundamental to all the geometric forms in the universe. We will first see 
how v2, V3 & VS are part of this Vesica Piscis. 


oT Please look at 2 circles who radius is unity and AB = 1, 

\. intersecting as per the diagram. The overlapping area 
‘ABCD is the Vesica Piscis and we can see V2, V3 & V5 all 
part of this Vesica Piscis. 


| ABPQ and ABRS are 2 squares and the side of the square is 

/ 1. VS is as significant as v2 and v3. In the diagram here V5 
is the diagonal of the rectangle PQRS / diagonal of 2 
squares ~ one below the other. 


™ eg 
Figure 23; Vesica Piscis 
VS is the regenerative factor that binds 2 squares or that factor that transcends two worlds or the 


bonding factor for 2 cosmic entities. This VS shall take us to the most important ratio which is the 
Golden mean or the God's rati 


But before that let me share what stuck my mind when I was engrossed with Vesica Piscis and V3. Look 
at the pictures below. These are pictures of forehead marks of Hindu Brahmins sects called lyengars and 
their supreme deity is Narayana. | correlated the striking similarity of the rectangle around the Vesica 
piscis and lyengar’s namam. You just have to imagine the 2 overlapping circles are the right and left side 
of the face with the Vesica Piscis starting from the top tip of the nose. To me the formative principle of 
VB is in line with the “Bhootha krut” and “Vishwa karma manu stvashtha” aspects of Maha Vishnu as 
per Vishnu sahasranamam. | had a good laugh on this correlation. 


Figure 24; Iyengar Namam 1 Figure 25: Iyengar Namam 2 
(Courtesy: Internet) (Courtesy: Internet) 
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Coming to the Golden mean, If you have not heard about it, just Google or here is a quick link 
http://www.goldennumber.net/. Some of you might be even have fatigue repeatedly reading and listening 
about it, like | do. Hence | am not going to rewrite what is widely available. But let's look at the 
philosophical aspect of it, its relation to vS and its manifestation. 


Now so far in v2, V3 & V5 what we have seen is how Unity evolves as many. But if | am interested in 
geometrically dividing the Unity so that this proportion evolves as unity then how do | do it? 


Consider a line of unit length and also consider two 
Let atb=1 segments a, b so that a+b = 


‘Aand B are such that it has to fulfill this condition of 
a b Proportionality that a/b : b/1. 


(Figure 26: Line and®) 


This means what ‘a" is to “b”, is the same as what “b” is to the whole length which is 1. 


Mathematically resolving this equation a/b : b/1, hence b* = a and hence b= Va. This means a + Va = 1. 
The answer to this equation is only one value which is called the Golden mean / God's ratio denoted by 
« = 16180339... and a = 1/®. Philosophically it is the division of unity and the only possible creative 
duality within the unity. 


You may ask as to why unity is not divided into 2 equal parts and why is should be 1/@ (0.6180339..). 
This is effectively answered by our Upanishad “Whether we know it or not, all things take their 
existence from that which perceives them”. Adi Shankara said “the universe is an illusion / maya” 
because it is what we perceive. We tend to ignore them as philosophy or superstition. 


But let’s look at it scientifically as we understand. When the unity is divided into equal parts there is no 
asymmetry and difference and hence there is no perceptual universe. An asymmetric division is needed 
to create the dynamics necessary for progression and extension of unity. 


Let’s summarize our understanding again: 


© V2—the generative component and a multiplying factor creates multiple squares from a unity 
of square. 

+ V3~the formative component that creates multidimensional polygonal shapes from a cube. 

* V5 ~ the regenerative component or the binding component that transcends and binds both 
the worlds. 

* © - Golden mean or the God's ratio, which is an evolutionary principle that is guided from 
within and an indisputable mathematical evidence of the conscious evolution of this Universe. 

© @- Isa self-similar variable which can be used to derive Unity and it is the only proportion by 
which the Primordial rhythm maintains it perpetual oscillation to sustain this universe. 

* Relation between ® and v5 is, @ = (V5+1)/2 
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Now let’s geometrically as to how ® 
and VS are intricately linked. Consider 
the Pentagon picture whose side is of 
unit length. le. 


‘AB = BC = CD = DE=AE = 1 and 
EG = FB=CG=DF=1and 


EB = @ = 1.61803399 and BG = 1/ = 
0.61803399 and hence all the ratios, 
like AG = AF = EF = GB=1/@, 


Also FG = 1/>*, which means EB = 
EF+FG+GB = 1/O+1/O+1/0" 


Also GI = 1/@? and GJ = 1/0" 


3.5 
(Figure 27: Pentagon & , Courtesy: Internet) 


If you are interested mare please check out the Fibonacci series and its relation to . The importance of 
5 is dominant in every living organism while 6 and 8 are the characteristic of mineral and inanimate 
structures. It used to be rule of thumb that any plants / flowers which has 5 petals is an edible plant 
io or the golden mean. 


and hence 5 and pentagon are the symbols of life which contains the God’s r 


Now let's also understand how a V5 is related to v2 and V3. If we consider a right angle triangle with the 
base of V2 and height of V3 or vice versa then the hypotenuse is VS. Now let me draw the connection 
between v2, V3, VS, @ and rt. If you think they are all some random numbers which cannot be fixed to 
their 10" decimal and not related to each other, just see the following relationship. 


n= Ox 6/5 or alternatively ® = (vm * v5) /(v2*v3) 


This is the binding factor. | shall produce below some pictures which are aligned based on pentagon and 
the web is replete with them for you to understand more. 


These 2 parts were little heavy and | shall move to easier aspects on the universal rhythm from next 
blog. The point | was trying to make is that everything in this universe is subject to a proportion and its 
fractals and let's see the manifestation of it in our daily life. 


Happy reading! 
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(Figure 28: Pentagon & Human shape, (Figure 29: Pentagon & Human face, 
Courtesy: Internet) Courtesy: Internet) 


(Figure 30: Human hand and Fibonacci Series 
Courtesy: Internet) 


(Figure 31: Bharatanatyam and body alignment (Courtesy: Robert Lawlor, The Sacred Geometry) 


The positions of Hindu classical dance (Bharat Natyam) describe geometric relationships from the axis of 
the body and the alignment of center of gravity at “hara” invoking rooting and divine power of 
transformation. In Hinduism “hara” is one of the names of Lord Shiva as in “Hara Hara Shakara” 
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20. Time = SPACE SERIES. PART 20 — SANKHYA YOGA 
AND SAGE KAPILA 


Now, let’s look at what Sankhyakarika one of the greatest scientific works by Sage Kapila. | need to 
highlight that the Sankhya philosophy is one of the most evolved philosophies about the secrets of 
nature; it contains only 72 verses of which 68 of them define the complete spectrum of universal 
manifestation. This Sankhya Yoga is referred in Bhagavad Gita - Chapter 2 is called Sankhya Yoga and 
in Chapter 10, verse 26, Lord Krishna identifies himself with Sage Kapila. 


Sankhya in Sanskrit means numerals / numbers. Sage Kapila states: 


* Any measurement is a relational process and only a change can be measured but it takes time. 
The difference between the yardstick and the measured object constitutes the measured 
variable, which in effect is an incremental change. Since the observer can detect or measure 
only a change then logically, the incremental unit of measurement itself should form the basis 
to derive the whole. This is the genesis of ©. 


* Correlate the above statement with the equ 
proportion “a” or 1/@. 


ion a + Va = 1. The unity is derived from the 


* As an example, the arch of a bow has expansive stress on the outer side and compressive 
stresses on the inner side, while the string is in tension and all are balanced at every instant. The 
expansive, compressive and tensile stresses can be expressed by one law. 


* Alternatively, a single variable describes the proportionality of three types of forces existing at 
the same time. Such a variable should be scale invariant, self-similar and have an axiomatic 
relationship to the whole. 


© So Sage Kapila called 1/@ as a self-similar variable from which the unity can be derived. 


* So he postulated if x is the value of a measured increment then the total value 14x must be 
related to the ratio of change as 1/x at the same instant of time or simultaneously. This means 
14x = 1/x, and would lead us to X*+ X= 1. 


‘* He quotes that if the primordial rhythm has to be self sustaining then the proportion is certainly 
governed by 1/(. He gives the formula for this oscillations as follows: 
© X=1/®=0.61803399 
Increment / Expansion = 1+x = 1.61803399 = @ 
Compre: 1-x = 0.38196601 =X” 
Resonance = X*=X-X? = 0.23606798 


000 


Resonance or X° is the factor which protects this rhythm from decaying and dying off. So ® or 1/® is 
such an important ratio or proportion so itis called as the Golden mean or God's ratio. 
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| shall highlight some of the factors / ratio which are part of Sankhya Yoga and what is amazing and you 
find formulas for Tamasic, Sattwic and Rajasic Guna states. (Please refer “Secret of Sankhya Yoga” - G. 
Srinivasan in the web). 


+ Kapila defines the four qualities of the unmanifested state as Aikaantha (Synchronized), 
‘Aathyanta (perpetual), Atho (Dynamic)and Abhavath (unmanifest). 


* Taking Cas cyclic rate of oscillation or vibration and x as rate of change per cycle then the three 
Guna self similar interactive states are shown as vibratory counts per cycle by the formula, 
Thaama = C'*, Rajasic = C*™. Sathwa = C™*, 


‘© Some of the numbers that Sankhya Karika deals with are 1/7 (0.142857), n/10 (0.314159), 1/ 
(0.618034), v2 (1.414), (1.61803399), v3 (1.732), V5 (2.23), e (2.718282), m (3.14159) and 
declares that the unmanifested state (Abhavaat) can exist only when the oscillations are 
between 1/10 (0.314159) and e(2.718282). Thi iply amazing since the state of Abhavvat 
is the state of Brahman. 


Despite herculean efforts | am unable to understand the Bhashya for the 72 verses which is about 500 
pages explaining the secrets of Sankhya in any significant measure. | wish someone can step in and help 
us by explaining Sankhya Yoga that is comprehensible to our level of intelligence. 


We have a treasure of secrets and richness hidden in our scriptures and it seems we have already lost 
most of them and the fundamental reason being our indifference to Sanskrit and our mother tongue. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 
Happy reading! 
The passage produced below is just the summary of verse 1. 


«The Sankhya view that evolves out of the complete theory is that only vibrations are detected by the 
observer... Since only relative changes can be be detected, any fundamental component that is not in a 
vibratory state cannot be detected. Vibrations are caused by components in an interactive state or a 
cyclic state of colliding and separating that is common to all interactions and wave phenomenon. 


The interactions create three distinct modes of stresses. Collisions are compressive or inelastic. The 
resultant reaction is expansive or elastic. When the interacting components lack the freedom to move 
away the interactive state is maintained in a cyclic or shuttling mode in the same location in a resonant 
state. 


This important Sutra lays emphasis that if the observed process of detection is dependant on vibrations, 
then fundamental space must contain components with those four characteristics described as states, 
which makes it function in a holographic way. That is all vibrations remain in fixed relationship relative to 
each vibratory point in a coherent and resonant state. 
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21. Time = SPACE SERIES. PART 21 — 5 AND 8 THE 
UNIVERSAL RHYTHM 


Let’s summarize what we have seen so far and then move on to more interesting aspects. 


We have touched upon the God's particle and its characteristics. We also looked at the 5 fold 
manifestation process and in that we looked at how Moolam becomes Kaalam (time) and how time 
rhythmically (Seelam) vibrates with a proportion and creates forms and shapes (Kolam). We also 
touched upon some of the ways we had codified the secrets of nature like Lord Shiva, Lord Nataraja, 
Lord Ganapati etc. 


Before we see how rhythm (Seelam) and shapes (Kolam) manifests itself as universe, let’s first look at 
one specific word from Tamil which has three significant meanings converging into one, Yen (66%), 
means number eight, generic term for Number / numeral and also root for ereverewatd which means 
thought. | shall explain the significance of this below. 


Importance of 8 / Oct 


It is stated that these God's particles combine in the multiples of 8 / octaves ONLY and the states of 
manifestation from being subtle to gross is as given below. 


Formless Un-manifest State _0 (This is the Abhavaat state) 
Guna State 
First stage 
Second stage 
Third stage 
Fourth Stage 
Fifth Stage 


oo 


oo000 


the state with manifest form. 
This rule is applicable to both the visual and aural forms which mean we can see or hear anything only in 
the fifth stage of evolution. So as per Pranava veda, the fundamental numbers are 0,1 and the key 


numerals for proportions are 5, 8. 


Significance of 5 and 8: 


Pranava Veda describes that 8 / octets is the essential harmonic oscillator for the manifestation of the 
universe since this generative force is the multiple with which the whole universe manifests and 
sustains. You many note that number 8 is associated with Lord Narayana and his Ashtakshara mantra 
(Om NaMoNaRaYaNaYa). 


The principle of 5 / Penta, we have seen is the regenerative binding force earlier. It is always a 5 stage 
process. This is associated with Lord Shiva (Om NaMaSiVaYa). The un-manifest form comes to the Guna 
state with the force of 5 and in the multiples of 8. It is also important to highlight that 5 and 8 are part of 
the Fibonacci series and their proportion is 8/5 = 1.6, which is ®. 
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But it is important to realize that the building of octets is a 5 step process for manifestation. This 
highlights that one cannot exist without another and both are interdependent. Now let's recall: 


"Shivasya hridayam vishnur, Vishnoscha hridayam shivah:" and 


"Shivaya Vishnu rupaya Vishnave Shiva rupine" 


Vishnu (8) is the heart of Shiva (5) and likewise Shiva is the heart of Vishnu and they both are the 
representation of each other. 


If you have noted Tamil language stressed the importance of words and its meaning ~ this was 
addressed in the first few parts of this series. Here Tamil language gives the importance of numerals and 
its significance in the formation of universe. Both the great sages Auvaiyaar and Thiruvallular stated the 
importance of numerals and letters in an identical fashion. Both these lines mean, Numerals and letters 
are like eyes for living beings / equal to eyes. 


ein TTL FONT T PSH TH QeualijoiaGid ser sroiu ur pid 2-uNj5G! 
eToingoNd cr UpSENd sovCevmren 515d! 


Now what should be noted here is that (staat) importance of numerals precedes that of letters and we 
know why. The aural and visual forces become letters & its associated sound at the 5" stage but the 
numerals are from the Guna state. Numerals were associated with 8 / Lord Vishnu and letters were 
associated with 5 / Lord Shiva. Guess you can get the scientific knowledge and significance we have in 
our languages. 


Since what is in macro is there in microcosm, taking the analogy to microcosm our mind becomes the 
Moolam (Source), our thoughts are the vibration, time is measured as the periodicity between thoughts, 
based on the rhythm of our vibration we perceive the world, This is given very nicely as 2.cirenGio 
Cov) 2 soorijeyId Gemeviosl: means Our mind is the source and its awareness becomes 
forms. 


This wonderful concept is what is linked in the word Yen (6Tévit), which means number eight, generic 


term for Number / numeral and also root for etevsenerib thoughts. Just this one word in Ta 
highlights the supreme secret that thoughts become form and words with the help of numbers and 
numerical proportion converts aural and visual forms to thoughts. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 
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22. TIME = SPACE SERIES. PART 22 — EIGHT (OCTET) 
AND THE 5 SACRED ARTS 


ALGL arLiguisy OL. quer 
aCiger Op HCW sierener wT PHl 1! 


The above lines from the work Aintiram means “Eight / Octa (multiples of 8) is the fundamental 
numeral for any measurements. We did see that the fundamental god’s particle add up with each other 
in the multiples of 8 in the previous part. 


In ancient India there were about 64 arts (http://en.wikipedia.org/wiki/Kal%C4%81 ) known as Chatuhsasti 
kala ("Sf SENET SIMI|USHINMsirHensmUyio" as popularly know 
talk about 5 sacred arts. 


Tamil), but | am going to 


We will look at the importance of numeral 8 and how this is fundamental to everything in this Universe. 
But let's again start again with etymology. The word arts in Sanskrit is “Kala” (aM) and Time in 
Sanskrit is #TaT (Kaala). So etymologically we can say that classical arts are all about variation 


of time (or harmonics of this pulsation of time in the multiples of 8). 


After etymology let's get to the basics. Our understanding of the universe is that “the primordial space 
manifests itself as spatial forms through pulsation (Time) and its periodicity (Rhythm & order). This 
evolution started with Pranava which came out as aural and visual form (Sound & light). When they say 
“The one became two” they refer to the Pranava which is light and sound from the unmanifested 


consciousness. 


are fundamental to most of 


Aintiram states that the dual form of Pranava gave forth 5 sacred arts wh 
the other arts. The Aural form of Pranava gave forth Poetry and Classical Carnatic music, which can 
only be heard. The Visual form of Pranava gave forth Sculpture and Building architecture, which can 
only be seen. Both the aural and visual forms merged to create the classical dance (Bharatnatyam), 
which involves both seeing and hearing. 


Figure 32:5 
Sacred arts 


Om (@PGILOITad]) 
Auralform 
Time variation 


Om (@pGlLorrerm) 
Visual form 
Space Variation 


Building 
Architecture 


Classical 
Dance 
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They were classified as 5 vedas: 


+ Poetry ~Sabda veda 

* Classical music- Gandharva Veda 

* Classical Dance - Natya veda 

* Sculpture - Sthapatya Veda (Sthapatiis a clan that is the master of this veda) 
* Architecture - Pranava Veda 


Pendatic Tamil and its construction: 
Pendatic Tamil is called as ¢3f5gLMLP (Aintamizh) which consists all the five above arts, @\WI6L, 


Qons, Hom, AMULb, SLL Gone. It is these 5 arts which were formed out of the Tamil 


language and the language itself is created from the word Om. They say that it is not 12 basic vowels in 
Tamil but only 5. They are 24, @), ©, 61, @. These 5 letters combine to form the rest of the letters like 


A+H=% Q+O=m, 2+2=00, a+1=9, B+E=g. a+ O=Q, 
+2 = gor 


Here you may want to note that 5 has become 12. Same way in classical music they say that the basic 
svaras are 5 (&, ffl, & Ui, &) —Sa, Ri, Ga, Pa Da which became 7 and then 12. 


So 5 is the fundamental numeral for evolution and Tamil language has grown based on this philosophy 
and science. | am sure some of the other Indian languages have the same basics. The book which 
describes this phenomenon of evolution of language from Pranava and arts from language is Aintiram (it 
means 5 works) (23f551(Dlb) authored by Mamuni Mayan dated 10000 BC. 


You would agree that the aural forms are predominantly variations in time and visual forms are of 
spatial variations. But our ears stand for akash tatva (“space”) and it can perceive variation of time and 
space and we will see this in detail. When we said “Time = Space” we will see that both of them are 
governed by the same laws and measurements and hence there is no difference between Time and 
Space. 


Happy reading! 
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23. TIME = SPACE SERIES. PART 23 — 
NANOTECHNOLOGY IN ANCIENT INDIA & SIZE OF GOD’S 
PARTICLE 


Let me start with these questions: 


‘* Whats the size of the God’s particle and how is it calculated? 
* Does nature endow a standard measure for an average human being’s height? 


Before we proceed to the next section | want to give the very detailed space calculation table used in 
ancient India, Our rishis did not stop just with telling us that the Paramaanu / God’s particle is very 
small but went ahead and established its size. 


If you have to see such minute particles then your sensory organs ~ Eye and mind should be tuned to it 
so that it can see things at that size. From the formula available in our ancient texts | was trying to 
reconstruct by working backwards to find out the size of the Paramaanu / God's particle should be. 
Please refer the table below which | have arrived at. 


ANCIENT SPACIAL MEASUREMENTS 


Unit scale Ancient me Current day Metrics 
1Paramaanu [Smallest particle |133 nano meters 
1 Ther Thugil= @Paramaanu__ [1065 nano meters 
1 Mayirnuni= Ther Thugil [8526 nano meters 
1Eer= BMayirnuni_ [68 Micro meters 
1Pae Beer [545 Micro meters 
1Yavai 8 Paen (0.4365 cms 
LAngula= Byavai 3.4925 cms 
1Tala= 6 Angula 8.25 inches 
‘LMuzham= 24 Angula [33 inches 
LMuzham= aTala 33 inches 

2 Muzham= tala [66 inches 
Universal height of man [9 Tala 74.25 Inches 


(Figure 33: Ancient Spatial measurements. Courtesy ~ Dr. Ganapathi Sthapati) 


I have given the exact word used in Tamil for these measurements instead of translating it in English. 
Ther Thugil is the dust from chariot wheel, Mayir nuni is the width of a hair tip, Eer and Paen are the lice 
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eggs and lice. Some of you may jump that most of the units were subjective and would have variations 
in normal life. | agree but there is a reference point ~ Angula and its exact measure based on which 
other values are derived backwards to arrive at the value of Paramaanu. 


Now if you note the smallest particle aka God's particle / Paramaanu is 133 nm in size which is 
currently under study by the CERN scientists. Nanotechnologists today confirm that the width of a hair 
strand is about 25000 nm and our ancient texts give the size at the tip of the hair strand (and not the 
width) as 8526 nm. | see that to be a reasonable estimate when no such precision instruments were 
available in those days. 


‘One Angula is 11/8 of an inch. This is the fundamental measure which is used in any of the worldly 
measurements. Now you can see that 6 Angula is 1 Tala which is about 8.25 inches and then comes the 
most important revelation. Does nature endow a measure for an average human being’s height? 


The answer is yes. As | said an average human being should be 9 Tala’s height and hence the nature 
endowed height for any human being is 74.25 inches. This is the ideal height and the variation is 
attributed to our Karma, hereditary and lifestyle. 


Now let me give few tips to find out your height from typical measurements: 


* Measure the length of the face (from forehead to chin). Your total height should be 9 times that 
height. This is the principle of Nava tala. As an extension measure your thigh or legs length 
excluding the knee and feet and your total height should be 4.5 times that. 


* Take your right hand middle finger (No. Don’t show it to anyone®). You would notice that the 
finger is divided into 3 parts. Measure the length of the lowest part — from the end of the palm 
to the first subsection. Your height typically should be 54 times this measure. Since this measure 
for an average man with nature endowed length shall be 1 Angula. Hence your height shall be 
54 times that measure. 


+ The length of the thumb from the base of the wrist should be about 3 Angula and hence 18 
times of that should be your height. This can go on and on. 


So, to sum up this section: 


* Instead of looking them as Rishis or Sages or religious figures if we look at them as scientists in 
the field of nanotechnology, quantum physics and Astro dynamics we would accept most of the 
secrets without any prejudice. 


* Not just the measure for the height of the man but they had formula for every object and this 
was the secret of their wisdom. For any astronomical object, they had formulas to measure 
body’s core (width) and also the width of the mantle. The roots of their wisdom lie in 
understanding that “many’ are just a harmonic variation of the “one” subject to a mathematical 
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proportion. Hence there was no “rocket science” in those days and all of them were as simple as 
it looks like. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific tradition: 


Happy reading! 
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24. Time = SPACE SERIES. PART 24 — OCTET, OCTAVE 
AND THE GANDHARVA VEDA (CLASSICAL Music) 


Let's start with classical music where Octaves form the fundamental for it. There are seven svaras (Sa, 
Ri, Ga, Ma, Pa, Da, Ni) which is made into an octave with another Sa after Ni. So it becomes Sa, Ri, Ga, 
Ma, Pa, Da, Ni, Sa (Do Re Mi Fa Sol La Ti Do). The first rule of classical music is “Shruthi Mata, Layam 
Pita”, which means Shruthi is the mother and this corresponds to the frequency or the spatial 
component and Laya is the Tala component which is a fun 


ion of time compared as father. 


‘Anga 
Tala Notation |Tisra__|Chatusra |Khanda [Misra Sankeorna 
Darna OT ii 74 78 BE) 
Miya (01 8 10 2 76 20 
Rupaka OT 5 6 7 3 ii 
Jampa 100 D 7 Ly) 70 2 
Tipuia 100 7s 3 it 3 
ia 100 1) 72 7a 78 2 
Eka 3 4 5 7 3 


(Figure 34: 35 types of Tala. Courtesy: Wikipedia, internet) 


There are 7 fundamental Talas in carnatic music and each Tala has 5 different variation based on Jathi so 
in all there are 35 different Talas as given in the tabulation. These Talas are measured as the “matras” 
the unit duration of time. There is another concept called Nadai or Gati which we will not touch upon 
now. But let’s look at these 35 variations and can you tell me where the most famous “Adi Tala” is in this 
35? Most importantly why it is also called as “Adi Tala” - which is the primordial rhythm? 


‘The answer is “Chatusra Jathi Triputa tala” highlighted in the table is called as “Adi Tala” and it is called 
so since it gave the most primordial rhythm with 8 time units. But there are couples of more cells where 
we can see “8” in the table and why these are not called ‘Adi Tala"? 


The primordial rhythm has a pattern of 1, 3, 2 and 2 which adds to 8. Further on we will see just the 
variation of this Adi Tala in anything and everything. Tisra Jati matya Thala has a structure of 3, 2, 3 and 
Kanda Jat jhampa Tala has a structure of 5,1,2, hence they are not classified as the primordial rhythm. 


Let’s quickly touch upon the spatial variation or the frequency / pitch aspect of this divine art before we 
branch off to other topics. The image below gives the 16 levels of Savaras which includes tones and sub 
tones. The seven svaras become 22 tones based on the frequency variation / harmonics. Here 7 are 
fundamental svaras and 16 as given below is the most practiced variation and 22 is not popular. 
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(Figure 35: Svaras and frequencies) 


You can note that Sa starts with 240 Hz and the last Sa is 480 Hz doubling the frequency and hence an 
octave. While Sa has 240 hz and 480H2 levels, the tone Pa (P) or Sol does not have any variation and this, 
is at 360H2. I am going to correlate the Mayan studies with Carnatic music and instead of seeing the 


whole spectrum from “Sa”, | am going to see this spectrum from “Pa”. 


You would note that “Pa” at 360 Hz corresponds to the Harmonic osciallator constant number and the 
whole spectrum is almost like a Sine wave from 360Hz to 480 hz and falling down to 240 Hz with a 
uniform gap of 120Hz above and below. All the tones would fall within this 240Hz centered around 360 
hz, So the spatial variation in carnatic music can be summed as “It originates at a value (240H2) and 
varies by the same measure (240Hz) centered on the harmonic oscillator”. Since the objective is about 
looking at the primordial rhythm we will not touch any other aspect on this topic. 


We will see how this Adi Tala is the fundamental pattern / rhythm that manifests in every other art. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific trad 


Happy reading! 
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25. Time = SPACE SERIES. PART 25 — ADI TALA, NAVA 
TALA AND STHAPATYA VEDA (SCULPTURE) 


Let's look at how Octet and the primordial rhythm (Adi Tala) that defines Sculpture. Let’s recap some of 
the following: 


‘* The process of evolution starts with Pranava which has aural and visual forms. We have also 
seen that anything subtle is represented in a 8x8 energy grid and anything gross is in 9x9 grid. 

* The fundamental measure with which the particles bond is Eight or it’s multiple and hence the 
primordial rhythm is an Octet. 

* The fundamental measure of time is Tala and the primordial Tala is Adi tala with 8 units and a 
pattern of 1, 3, 2. and 2. 


(Figure 36: Human form — Adi Tala, Nava Tala Courtesy: Dr. Ganpathi Sthapati) 
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Now let’s see the measurement rules as to how to make a sculpture of a human being. 


+ The overall human height is measured as 9 talas. Yes the same time measurement is used to 
measure height. Pinch yourself now, since height is a space variation and not a time variation 
yet it is measured with a metric of time, This is a secret which is unknown to many and even 
some of the experts in this field. This is where Time and spaces merges without any difference 
and this is the fundamental rule with which we have been creating visual and aural structures in 
the universe. 


* Divide a man’s height as 9 units of which head, torso, thigh and legs would fall into the 
pattern of 1, 3, 2 and 2 which adds up to 8. This is the primordial rhythm — the Adi Tala now as 
a human form. 
= Then how 8 became 9? No other branch of Vedas or science tells us this secret so explicitly 
to my knowledge. The following parts, Top of the head to forehead, Neck, Knee and feet 
each measure 0.25 talas and hence add 1 additional tala to 8 and it becomes 9. So Adi tala 
which is a subtle version of human becomes Nava Tala which is the gross version of human 
being. In the process of 8 becoming nine all the joints are formed in the body®. 


Let me add one more dimension to this. Our human body has a gross body (Sthula) and a 
subtle body (Sookshma sarira). The Sthapatya veda tells us that the gross body is nava tala 
Adi Tala. 


and sookshma sari 


+ fell off the chair when | understood this and the linkages. Check if you are still on your chair 
and maybe you should sit on the floor from now on®. 


Martial Arts and Lord Nataraja’s stance: 
Let me ask you the following questions here: 


* Look at the image of the Lord Nataraja below. If a gross image should have Nava Tala which 
is a 9x9 grid then why the human image of Lord Nataraja which is a Nava Tala fitted into a 
8x8 square instead of a 9x9 square? 


* Both in Classical dance and in martial arts why do they ask you to stand in a posture where 
the knee is slightly or significantly bent, Not all of the stances but most of the basic stances 
correspond to this why? Let me know if you have received a satisfactory answer for this 
question. 
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(Figure 5 reproduced) 


The answer to this question reveals one more secret to us. 

a. In Sthapatya veda each grid line is divided into 10 or 11 or 12 (usually 12) and 

hence a 9x9 grid has 9*12 = 108 blocks or levels of energy. This may explain why 

108 is a sacred number from an energy perspective. This covers the entire 
spectrum. 

b. When we create a gross image its always sculpted to 9 talas but when they sculpt 
image of the gods and in this case Nataraja, they fit the gross image to a 8x8 energy 
grid to invoke the subtle energies. 

c. How do they fit a 9 tala to 8 tala? The technique is not to change the propor 
raya tala but they ensure that 9 fits into 8 by making the image to bend it legs such 
that the height reduces by one unit. 


n of 


You can notice that Lord Nataraja’s right leg is bent to fit the image in 8x8 grid. This is 
believed to invoke the subtle energies corresponding to that image. 

This is the same reason why martial arts and in Bharatnatyam your teacher asks you to take 
a basic stance which reduces the height from 9 units to 8 to invoke subtle energies. Of 
course the other reason is the alignment and focus to Hara / Dantein with that pose. 
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If | tell you that the science of nature and the associated philosophy codified in Hindu religious symbols 
are unmatched and amazing then | hope you would whole heartedly agree now. These religious texts 
and symbols offer the key to unlock the secrets of nature. 


So to sum up, so far we have seen one variation of time as Gandharva veda that manifests as classical 
music and the primordial rhythm is Adi Tala. Next we saw that the Sthapatya veda in the form of 
sculptures offered the secret of space variation in Adi Tala and Nava Tala. 


This is where Time and Space were equated with the same measure yet offered completely different 
arts. 


The whole universe has these underlying and un-manifested interconnections and hence the Hindu 
philosophy of “That one became many”... is the supreme truth. Seeing the divinity in everything is the 
only truthful way of recognizing this science. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 
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26. Time = SPACE SERIES. PART 26 — SABDA VEDA, 
CHANDAS & POETRY (MA NISHAADA...) 


wafreatrereae Il 


Shuklaambaradharam Vissnnum Shashivarnnam Caturbhujam | 
Prasannavadanam Dhyaayet Sarvavighnopashaantaye || 


Let's start with this Sloka as a sample to see how 8 and its harmonics are integrated with Poetry. In this 
sloka there are 4 lines (a line is called Pada and Pada means feet in Sanskrit) and each line has 8 Sanskr 
‘Aksharas (Only vowels and vowels with consonants imposed on them should be counted and pure 
consonants are not part of the count.) This is usually written in 2 lines as shown in English. 


This is the most popular way of creating a sloka or poem in most of the Indian languages. This “metre” 
resonates as 32 aksharas in 4 padas. You may want to correlate this with 1,3,2,2 where the last 2 stands 
for your feet. So feet (pada) measures 1/4" of the overall length of the subtle body (8 units) and 4 padas 
create the full blown subtle body. So such a constructed poem is a throbbing and vibrating energy body 
or a living organism and hence carries the power of the words it contains. 


If all the padas have equal metre say 8 units then it is called Sama Vrtta, and if all are different it is 
called Vi-Sama Vrtta (not equal). This 8 and 32 is the same as Adi Tala in carnatic music and ashta tala 
in sculpture. Can you make the connection now? 


In Sanskrit this metre is called as “Chandas” and in Tamil it is called “Chandam"’. Chandas is also one of 
the 4 important Vendagas and is called as the feet of the Vedas. Let me ask you as to which language 
the Vedas are available in its primordial form? The most popular and incorrect answer is Sanskrit. This 
is the level of awareness we have. Lets quickly look at these important points about Vedas and | shall 
correlate this with our topic of discussion. 


* Unlike other faiths Hindus don’t attribute the Vedas as word of god or given by some prophet. 
We consider Vedas as the breath of god (“Nishwasitam”) and not the word which means, Vedas 
are not created by god, but the breath. If there is no breath that person would not leave and 
hence it is associated with the very presence of god. 


* Vedas are also Apourusheya which means it is not created by man and Anaadi, that does not 
have a beginning. 


* But you can ignore them stating these are blind beliefs. Let’s look at how this correlated with 
the science. Vedas are created by Pranava and these should be considered as the harmonics of 
the primordial vibration and nothing more. 
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© If it is pure vibration then the “which language it is written?” sounds stupid isn’t. If it's 
pure vibration it has to be expressed in “Hz or wavelength” equivalent in ancient India. 
This is what Chandas or metre is all about. This measures pure vibration and anyone 
capable of tuning themselves to those frequencies have SEEN the Vedas and not 
created them, Hence all our rishis are Mantra Drishtas and not Karthas. 


Difference between Vedas and Poetry: 


Vedas contains both poetic verses (Padya) and prose (Gadya). All the poetic verses are called Chandas 
and it complies with the rule as stated above. The difference between normal poetry and Vedas are, 
Vedas contain tonal variations (high pitch and low pitch) apart from the time, space variations but in 
Poetry there are no tonal variations. What has tonal variations and are not part of Vedas are called 
Slokas. So to sum up: 


* Vedas are both in Padya and Gadya. What is in Padya is called chandas and it has tonal 
variations in addition to the time space variations. 

+ What has tonal variations but not part of Vedas is called as slokas. 

* What does not have tonal variation but comply with the chandas rules are called Poetry. 


Harmonics and types in Chanda: 


We saw every line to have 8 matras / units / aksharas. There are variations and these are the harmonics 
available. 


© Gayatri -This is a very special chandas with the mantra where instead of 4 padas, there are only 
3 padas and hence it is called Tripada Gayatri. Each pada has 8 Aksharas and hence 24 Aksharas 
in Gayatri Mantra. This is also the only chandas where a mantra is named after the chandas. 
‘Some people write it as 6 letters per line and 4 padas which makes it 24. 

+ Ushnik Chandas —7 letters per pada and 28 letters in all. 

+ Anushtub Chandas ~ This is the fundamental and popular one with 8 matras per pada and 32 in 
all. Ramayana the first poetry was set in this metre. 

+ Brihatee Chandas - 9 letters per pada and 36 letters in all 

+ Pangti Chandas - 10 letters per pada and 40 letters in all 

* Trishtup Chandas - 11 letters per pada and 44 letters in all 

+ Jagti Chandas - 12 letters per pada and 48 letters in all. This has a subtype called bhujangam 
which is split as 6-6 and that moves like a snake. (Ex. Subramanya Bhujangam) 

‘*  Shikarini Chandas - 17 letters per pada and 68 letters in all. In Soundarya Lahiri itis split as 6 and 
11 by Adi Shankara. 

*  Udkriti Chandas - 26 letters per pada and 104 letters in all. 

*  Dhandakam — above 26 per pada. Ex. Garuda Dandakam by Vedantha Diskshitar. 


The reason I have given all the above is to emphasis that nothing in our religious scriptures, literatures 
are without a grammar, order, form or proportion. Everything confirms to a mathematical proportion. 


Just like Vedas are the breath of god, Chandas is the breath of every mantra. The mantra is powerful 
only if it is recited to this metre. This is the reasons some of the poem even if it is not related to religion 
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stands the test of time. Also if you recite a mantra even without knowing its meaning but as per the 
chandas then the mantra shall bear its fruit. 


of Poetr 
Would you believe that the first poetry in this universe started with a curse? 


Sage Valmiki saw a hunter who killed one of the birds of a pair which were in love. The sage got enraged 
and cursed the hunter, 0, Hunter, may you not fare well anytime as you killed one of pair of the 
Krouncha birds which were happily engaged in love”. 


‘mA niShAda pratiShThA.n tvamagamaH shAshvatl.n samAH | 
yatkrawJNchamithunAdekamavadhiH kAmamohitam.h || (bAlakANDa 2.14) 


The above sloka also meant “O Lord of Lakshmi, it will bring you eternal glory for having killed a male 
of a happy couple who lost his head completely in lust.” This male is Ravana who lost his head in lust 
despite being happily married with his wife Mandodari. The other interesting connection | have this 
sloka with this series is that the Mamuni Mayan is the father of queen Mandodari and father in law of 
demon king Ravana, 


Once the sage realized that this curse also meant something very auspicious and referred to Rama 
avatar he wrote Ramayana which is the origin of poetry as known in the world and it is called Adi 
Kaavya. Valmiki Ramayana set in Anushtub Chandas which is an octet. 


So if you look at both the poetry and classical music composition: 


‘The rhythm in which it is set is a pulsation of time which confirms to a divine proportion. 

* The raga and the pitch variation is a pulsation of space / frequency which again confirms to a 
divine proportion. We did not discuss about ragas though. 

+ The words used are divine and we have seen the divinity of the letters and words. 

* The meaning of the song / poem usually exhorts the qualities of the god and hence is divine. 

‘* The classical music and poetry invoke the subtle divine energy in the aural form just as much the 
sculpture (when it confirms to the divine proportion) invokes the subtle energy from in its visual 
form. 

* This is how we see that “one became many” and bi 
being the numerals 5 and 8. 


iB factors in this process of evolution 


‘Alas! Today, we are the fanatic fans of musicians who lacks morality & humility, who is ignorant of any 
divine proportion, most of the music we hear is a cacophony and very mechanical, the words are 
indecipherable and lacks depth, the meaning of the song - if at all any are just suggestive of sexual 
emotions and nothing else and the dance movements we see are the gyrations of the hip with a great 
blend of fitness training exercises associated with it. This is not to negate some of the fine works we see 
even today but to stress that we had such high science and taste which we seems to be losing / lost for 
no good reason other than ignorance. 
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‘Asa wise man said, “Indians are the most ignorant about their rich past and scientific tra 


Happy reading! 
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27. Time = SPACE SERIES. PART 27 — ARCHITECTURE — 
THE ZENITH OF MATHEMATICS (VAASTU) 


Just look back in history and see what stands the test of time. Even if a civilization is completely extinct 
what stand beyond their time is the architecture of the civilization which stands tall as a witness to the 
richness and maturity of the civilization. 


Ai 


iram states that “Architecture (Space engineering) 


the zenith of the mathematics” in “&tLIgL. 
BOC SUTHAMLIGY 2&8...” This space science is called as Vaastu Sastra in India. 


‘There are few important concepts in Vaastu science which | want to present as below: 


+ The whole world is made up of God’s particle (Vastu, 6u6hvgl) and nothing else. It is this God's 


particle which actually manifests itself as gross forms (Vaastu, @UITéMD gl). You would note that 


Vastu (Subtle) has become Vaastu (gross) by addition of letter “a” and this difference is reflected 
in our languages too. When 4 / 3T become 94, / 3iT the subtle becomes gross. Hence the most 
important statement for this science is “Vastur eva Vaastu”, this means the subtle becomes 
gross or energy becomes matter or the space becomes earth. This is purely manifestation / 
evolution and there is no creation. This has nothing to do with religion but supreme science. 


* Since it is all only one energy and it ever vibrates based on the harmonics and resonance, this 
vibration is called life and everything in this world, be it a living being or a non-living being as per 
our current definition ~ everything vibrates. The chair you sit and the vehicle you use are all 
living beings. Everything throbs with energy and there is nothing which is a non-living being in 
this universe. Without this vibration there would not be any difference between iron and 


cotton. The difference between particles is essentially the molecular constitution which is a 
function of its elements and its periodicity. This defines presence or absence of quality and 
sensory perceptions. This was put very nicely by Poet Subramanya Bharathi as 6mmil@ 


STooME|Ld FSH\WLM, Where ever you see its just energy. 


* The above concept is very profound and this is called as Science in our scriptures since it deals 
with Knowledge of the space (silleior @5ITsonlb, Vin-gyan). 


* By the same concept when a subtle energy which is in the open space is converted to a gross 
form like a building then this body / building vibrates based on the design specifications and the 
material used for that building. It does not matter what is the measure and what is the material 
used, it vibrates. When a structure is created with a divine proportion then we breathe life 


into it. Thus the structure becomes a m. This is how some of the structure stands 


the test of time for thousands of years. 


Vaastu is that science which aligns the vibration of the building with the vibration of the 
dweller in the building so that both the living organisms (the building and the dweller) are in 
harmony and resonance. 


It sounds simple but for this science we need to know includes the vibration pattern of the 
dweller, mathematics of space engineering, the knowledge of materials and its nature so that 
‘we can match it up to create harmony. This is precisely what Vaastu as a science does. Again it 
has nothing to do with religion. If you Google you would find thousands of Vaastu experts 
outside India who perceive and pursue this as a supreme spatial science. 


Let us look at the word “vas” which is the root. This means to shine; to grow bright, to bestow 
by shining upon, becoming light. Vaas is its derivative which means to perfume, an intoxicant, 
dwelling place, to assume the appearance of matter. This is the root for SriniVAAS, 
SreeVAASan, VAASam in Tamil means living. Most importantly the ability to feel this subtle 
thing (which cannot be touched) is called VAASanai (6uT& 6060, in Tamil it means smell). 


This spatial science includes knowledge on the following: 
© Nature of soil and material, and the qualities of its energy. 
© Measures for spatial engineering that best resonates with the environment and the 
dweller. 

"Note that the dwelling unit cannot be compatible to all the human beings 
universally. This varies with individual to individual and hence the Vaastu 
compatibility for the house is always seen for the housewife than the man with 
the assumption that what is compatible to the lady of the house would suit all 
others. 


© Accurate calculation of time and the position of astronomical bodies. The time 
engineering merges here with the space engineering. Consider the following to 
understand this: 

"In some temples you would notice that the sunlight falls on the deity on a 
specific day / time of the day. This is not possible if the future position of 
astronomical bodies at a given time is calculated very accurately. 

"When we build a house / temple the inauguration ceremony should be 
conducted at a specific time. So it’s just not Space Engineering but time 
engineering also. 


© Wesee that the concept of space and time are not just a continuum but: 
"The measures of time and space merge and results in the same unit measure 


called Tala. It is Adi Tala in Poetry, Music and the same measure is used in 
building and sculpture dimensions. 
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"Space is created because of the pulsation called Time and hence the unit time 
measure (for pulsation) and the unit space measure (result of pulsation) are one 
and the same. This means the pulsation causes proportional displacement or 
creation of Space. 


= Itis the same concept used in meditation techniques. With Pranayama, Dharana 
and Dhyana you control the pulsation and align with it. In Samadhi you stop the 
pulsation and hence you are beyond time and space and you reach a 
luminescent state of resonant non-vibration, 


Hence | named this book as “Time = Space”. 


We have seen that each subtle unit is represented in 8x8 energy grid and the gross unit is represented 
ina 9x9 energy grid. Mayan states that “Each module or pada within the 8x8 / 9x9 structure resonates 
with a specific energy. Based on Space, Time, Light, and Sound coordinates the frequency of vibration 
has its unique position in the Space/ Time continuum. This energy level of frequency of vibration is 
called a luminous body or Devata. This devata has particular attributes based upon its position and 
qualities in the Space/Time continuum (placement among the 64 / 81 sub-cubes or padas)”. 


Figure 37: 5 states of 8x8 Energy Grid (Courtesy: Dr. Ganapathi Sthapati) 
Now what is evident here in this science is 8 and 5 merges and so does Space and time. 


+ Manifestation occurs in additive values of eight and in 5 stages. You can note that the Bindu 
(Point) has become 4, then 12, then 20 and then 28. (4+8=12 +8=20+8=28 with a total addi 
factor of 64), Manifestation occurs in sequences of five steps known as the Pentadic Order. 

* The mathematical calculation which gives form to consciousness / space / subtle matter is 
called “Ayadi Gananam”. We know that Ganam as the additive process. 
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Dr. Jessica Marcey in her Fabric of Universe states that: 


* The subtle energy point in the center becomes a self effulgent energy generator pouring out 
waves of energy 

* becoming a self spinning stabilized structure of four padas / modules then 

* adding eight units of energy to manifest the 4X4 structure of 16 units or modules; then 

© adding another eight units of energy to manifest the 6X6 structure of 36 units or modules; then 

© Adds eight more units culminating in 64 units or modules strung concentrically around the Bindu 
point or central generator. 


So a central point with 4 concentric square belts around, each has its own frequency, vibration and 
energy characteristics evolving into a 9x9 unit as a gross matter. While this knowledge is significant of 
itself, when these phenomena are viewed in light of material manifestation as built space in 
architecture, the significance becomes stunning and profound. 


PHALASRUTI 
(pPrecrs oF suarLe axD GROSS SPACES ox HUMAN syste 


Figure 38: 9x9 energy grid with corresponding energy levels for each grid. 
(Courtesy: Dr. Jessica Marcey, Fabric of the Universe) 


So, to sum up this section, we have seen that how every inanimate thing in this universe Is still a living 
ig energy into a building. This is the 
supreme science where Time and Space merges. This is the 4" sacred art we talked about which is a 
manifestation of the visual form of Om. 


being and how with the spatial science we can pump throbt 
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‘As you would have noticed | have avoided talking about rituals and rules here but focused on the 
concept and philosophy. When we talk about rituals there are very many variations and we get into an 
unnecessary argument that whether it is rational or superstitious. Since most of the arts have become 
commercialized, the person's qualification and his intentions are always questionable. 


The objective of this book is to highlight the scientific aspects of the universe in a small way and 
emphasis that our culture is built on this science. Be it language or arts or religion all are built on 
scientific facts. They all were nourished and nurtured in thousands of Temples across India which is the 
container and protector of this subtle science and energy. 


Let’s see some more interesting aspects of this in the next section. 
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28. TIME = SPACE SERIES. PART 28 — CAPTURING THE 
DIVINE ENERGY — SQUARES & CIRCLES 


It is told that the sanctorum of Lord Ranganatha’s temple at Sri Rangam is circle from outside and 
square from inside. Why? 


+ Subtle energy is represented by 8x8 square grid and the perimeter of the square is 4r and the 
area of the square is r*r. When each grid length is 1 unit then r = 8, so perimeter is 32 and area 
of this square is 64. 

* Gross energy is represented by 9x9 square grids and with the same measurements perimeter is 
36 and area of this square is 91. 


It has been an architect’s dream to create and capture subtle energy in a gross structure. This is 
fundamental objective of spatial engineering. How do you go about to achieve this? It looks that they 
found that they would take the help of a circle either outside the square or inside the square to achieve 
this. Remember almost every yantra has a square and a circle component in it. 


The measurements are so taken such that either the perimeter or the area of both the circle and the 8x8 
square are matched. Mast of the Hindu temples follow such rules to invoke the subtle energy in a gross 
structure like temple. This is one of the well kept secrets and this is the reason each and every temple is 
said to interact with your subtle body differently when you visit it. 


This is why Lord Ranganatha’s sanctorum in Sri Rangam temple is a circle from outside and square 
from inside. This secret is called as Squaring a Circle. This is all about to creating divine energies and this 
is the science that is implemented in all the Hindu temples which are built as per the Sastra. You need 
just basic math knowledge and patience to understand this supreme secret and | shall give below 2 
techniques to match the area or the perimeter of the circle with that of the 8x8 square. 


Perimeter match: 


* Let's look at the image of a circle of unit 
radius. The area of the large circle is m (rr) and 
the circumference is 2n. Here r=1. 


* Draw 2 circles inside as shown with half 
the radius. The area of each circle is 7/4 and the 
combined area of both the circles is n/2. The 
circumference of each circle is m and the 
combined circumference of both the circles 
put together is 2n. 


Figure 39: Squaring a Circle (Courtesy: Dr. Robert Lawlor, Sacred Geometry) 
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© Just note that when a larger circle divides itself as 2 smaller circles the area is halved but the 
circumference is the same. This gives the first philosophical metaphor that “One has become 
two which are bipolar yet non-dual”. This is one of the fundamental principles of Advaita and 
also in Chinese philosophy. This bipolar non-dual force is the basis of life and is represented as 
male / female and Yang / 


© Now draw 2 arcs NDM and NEM from A’ and A with the radius as A’P and AQ as shown in the 
dotted line. You would note that point D and E would divide the radius of the circle by divine 
proportion ~ 1/@ and 1/(*. Radius of the arc AE is ®. The Yin Yang symbol is based on this 
principle which embeds the divine proportion in it. 


© Now let me draw a square ABCD 
around this circle (Fig 40) where the side of 
the square is the diameter of the circle 
which is unit 2, Here OP =1, AB=BC=CD=DA = 
2. The perimeter of the square is 8 and the 
area of the square is 4. 


Now draw a circle with O as the 
center and NO as the radius as shown in the 
figure. Here NO = V®. You can take this 
figure as such if you find it difficult to follow 
but for those who are interested, the 
derivation to calculate radius “NO” is as 
below: 


Figure 40: Squaring a Circle 2 (Courtesy: Dr. Robert Lawlor, Sacred Geometry) 


© Consider a right angle triangle OPN. We know OP = 1 and PN which is the radius of the 
arc = ®, Hence as per Pythagoras theorem PN? = OP? + ON? which is ? = 141”, Let us say 
the radius is ON =r. 

© Sor=v(t*-1). We know @ is 1.61803399 so r= vO. 


* We have got a larger outer circle with a radius v® and hence the perimeter should be 2nv®. 
numerically equal to 7.9924576, which is equal to 8. Now we have created a structure 
where a square whose perimeter and a circle whose perimeter are the same. This technique is 
not limited to India but used in the same way for pyramid construction. 


° Thi 


the perimeter match between 8x8 square grids and a circle around it. 


Area match: 


+ Vaastu has an easier way to get this done. Draw a circle inside a 9x9 energy grid whose diameter 
is equal to the side of the square. If each energy grid length is 1 unit, then side of the square is 9 
units and the radius is 4.5 units. 
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© The area of this circle is nr* where r=4.5 and hence the area of the circle is 63.64 which is almost 
equal to area of the 8x8 square with unit grid length as 1 unit. 


* This is the area match between a circle and 8x8 square. So as per Vaastu every building is 
divided into 9x9 grid and the energy level of each grid is used to design the living space. 


Capturing the direction of Subtle energy flow: 


The subtle divine energy flows is as per the diagram given below. It starts from the center and always 
flows clockwise. That is why Hindus always stick to clockwise flow of movements - be in their temples or 
anywhere else. This clockwise flow of movement is captured in the sacred symbol Swastik. Here 1 is the 
source / Moolam, 2 is Kalam (Time), 3 Seelam (Rhythm), 4 Kolam (Form), 5 (Universe) Gnalam. 


Figure 41: Clockwise flow of subtle energy Figure 42: Swastik symbolizing energy flow 


Relationship between v2, V3, v5, ® and r: 
* Now let me draw the connection between V2, v3, V5, (D and. Understanding this relationship is 
orgasmic and nothing less. If you think they are all some random numbers which cannot be fixed 
to their 10" decimal and not related to each other, just see the following relationship. 


n= Ox 6/5 


Philosophically 6/5 is the relation of a hexagon to a pentagon and the other way to express 
this relationshi 


© = (vn * V5) /(v2*v3). 


* This goes to prove that we did not just knew the numerals but divine fractions and proportions 
including their linkages. | am convinced, there is not even an iota of superstition in our temple 
and idol worship but they are supreme sciences codified and left for our benefits. 


‘© The temple of Sri Rangam dates back from Ramayana, which is Treta Yuga that is 800000+ years 
back as per Hindu Scriptures. This is our rich past and supreme science is embedded in our 
culture and codified in thousands of temples across nook and corner of the country. Why should 
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we ignore this? We have a lot more to offer this world which is strugy 


nature of nature. 


ig to understand the 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 
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Figure 43: Simi 
be built. (Courtesy: Dr. Ganapathi Sthapati) 


ry between Indian temples, Pyrami 


. The Tamil text states how the structure should 
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29. TIME = SPACE SERIES. PART 29 — HEAVEN & 
EARTH — LORD NATARAJA & LORD RANGANATHA 


Let's stay with Lord Ranganatha and see the relationship between him and Lord Nataraja. Would you be 
surprised if one is the mirror image of the other? Look at the majestic picture of Lord Nataraja below. 
Wonder why this is always made in metal and not in wood or earth? 


Figure 6 reproduced. 


In Pancha bhoota (Space, Air, Fire, Water, Earth) Metal is always associated with Space and Wood is 
associated with Air. This system is reflected well in the Chinese system and it was not any different in 
our Vaastu system either. Since Lord Nataraja signifies Akasha tatva, (Vin porul) he is always made in 
metal ~ Copper or Gold or Bronze or a mix of nt had a generous amount 
of gold giving a luminescent look about the statues. The art and science of moulding metals to create 
divine forms with precise proportion dates back to thousands of years in India and the western experts 
think that this is a recent phenomenon. This is a complete surprise to the western world since they 
ion existed before. 


The statues which were an 


cannot believe that such sophistics 


Dr. Ganapathi states, “Lord Nataraja also signifies the primal image being expressive of the secret of 
creation in the process of which formless becomes instantaneously endowed with features and of perfect 
form. This is the reason why the statue of Lord Nataraja is called as Silpa, the primal image and 
everything else which is sculpted in this universe is called as Pratima (replica) and the original and one 
and only sculpture is the image of Lord Nataraja”. 
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Mamuni Mayan states, “Bhumih pradhana vastu Syat”, means Earth by virtue of being the very basic 
support of all things, this is the primal and dominant Vastu”. Earth and space are manifestations of each 
other in the cyclical process of evolution. They both should always be considered to be in unison. This 
vibrant, energetic, manifest earth energy (Prithvi Tatva) is called as ‘Vishnu’. 


woked as Vaastu 


In Vaastu satra, the Vaastu purusha is Lord Vishnu and understandably Vishnu is 
purusha in Srirangam temple and offered a seat in the heart of Lord Ranganatha even today as a ritual. 


GROSS DIVINE FORM 
‘Man-porul 


Figure 44: Lord Ranganatha in the reclining pose 
Lord Ranganatha represents manifest earth energy (Man porul) and hence is always made out of 
seasoned earth only and it should be properly painted too. He is never to be made of metal. This earth 


form does not support frequent mobility and symbolizes stability and immobility. This is the reason 
when Vibhishana kept the idol of Lord Ranganatha down at Sri Rangam it could not be moved. 


The energy that is in available in every universal form is represented as Vishnu and hence he is called as 


Antaryami. Once the subtle becomes grosser the vibration is reduced and the grossest form would not 
have any creative pulsation in it. It would still have the vibration based on its nature which ensures that 
it retains the form and shape. But it does not have any creative pulsation and it has reached the zenith 


of evolution. This zenith is characterized by Lord Ranganatha in the reclining pose. 


The creative pulsation (Space) is the dance and the zenith of manifestation is a reclining posture 


(Earth). 


‘As we have seen, Lord Nataraja carries 
Ranganatha carries Chakra representing light in the right hand and Conch representing sound in the 
left hand. The principle that the primal substance (space) has manifested as the universe (earth) and 
both of them are mirror images of each other is reflected in both the images. 


In Chinese texts the Yang energy is associated with Heaven and the Yin as earth. Now associate the same 
heaven with Shiva, Earth with Vishnu and Tao with the God's particle - with some of the text below from 
Lao Tzu’s “Tao te Ching” 


“The Tao that can be told is not the eternal Tao. 
The name that can be named is not the eternal name. 
The nameless is the beginning of heaven and Earth. 
The named is the mother of the ten thousand things. 


Something mysteriously formed, Born before heaven and Earth. 
In the silence and the void, Standing alone and unchanging, 

Ever present and in motion, Perhaps it is the mother of ten thousand things. 
Ido not know its name, Calll it Tao. 


‘Man follows Earth. Earth follows heaven. Heaven follows the Tao. 
Tao follows what is natural.” 


To sum up in the words of Dr. Ganapathi Sthapati 


* Both the temples Chidambaram and Srirangam are south facing temples. 


* Lord Nataraja signifies Akasha Tatva, outer space, macrocosm, subtle unmanifested energy is 


the Vastu purusha, dancing pose, circumscribed in 8x8 square and made of metal. 


always 


* Lord Ranganatha signifies Prithvi Tatva, inner space, microcosm, manifest gross energy, is the 


Vaastu purusha is always in reclining pose, depicted in a circle or a 9x9 grid and made of earth. 


* Lord Nataraja represents energy with matter and Lord Ranganatha matter with energy. In the 
equation E = mc’, Lord Nataraja represents E and Lord Ranganatha represents mc”. 


‘+ Both these temples are a ‘must see” and a “periodic see” types and you would be amazed that 
the qualitative change in your mental state even if you don’t pray inside the temple but spend 
some time sitting or walking in the premises of the temple. 


* Both these temples are perfect symbols of ancient science codified for the benefit of the 


society and left for generations withstanding the test of time. 


2 


Figure 45: Sri Chakra ~ The Supreme shape in sacred Geometry 


Chidambaram and Sri Rangam should be ground zero for any lab that wants looks into the secrets of 
space and time as they represent supreme science as much as they represent spirituality. We now see 
that science was the basis of our spiritual faith unlike it being 2 completely different aspects today 
across the world. 


‘Asa wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 
May we be blessed by the divine power to unravel unknown secrets about the nature! 


Happy reading! 
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30. Time = SPACE SERIES. PART 30 — TEMPLES AND 
IDOL WORSHIP 


Let us forget Hinduism, its symbols and names of god for the time being and consider these aspects as 
pure science from a nanotechnologist and cosmologist called Mayan. 


We have been told that the universe is full of luminescent particles and this particle manifests itself 
because of the primordial pulsation. We have had a sneak peek into the geometry and the mathematical 
proportion which is used in the creation of many things. We know that the universe rhythm confirms to 
a mathematical code to the extent that we can create divine energies in a temple based on that science. 


If time is pulsation of consciousness and if it creates, sustains and destroys everything, then time is the 
architect sculpting the universe and every object in this universe should be a sculpture of time and this 
concept is very beautifully captured in “Jagat Sarvaram Silpameva’ meaning the entire universe is 
nothing more than a shilpa / sculpture (and it latently conveys that Time is the Shilp). 


If all the above things are right then is it not right to say that “Man created the concept of God” or 
“Man can create divine energy around him”? Let me sum up my thoughts as below: 


+ The sages and rishis were essentially scientists and understood the secret of nature very well. 
They were understandably masters in nanotechnology and cosmology. 


* They knew that “One thing” with which they could understand the nature and science of all 
other things in this universe. This is obviously supported by the mathematical knowledge they 
had. 


* As per Vedas nothing is created by god including the Vedas, but universe is the manifestation of 
god. They also understood that man is the most evolved of this manifestation. This is why they 
created all the god forms in the image of a man. 


* Be it language, poetry, classical music, classical dance, sculpture and architecture it was the 
manifestation of this divinity that was the underlying link. Sacred geometry and sacred 
proportions were used to generate the subtle energy that took us closer to divine. 


Hindu temples were created to capture all these aspects in one place and which could sustain and grow 
for the benefit of mankind. 


* Secret of nature heard through the vibrations of Vedas were codified as supreme science and 
weaved into a philosophy called Sanatana Dharma. 


* Architecture of temples confirmed to divine proportions and space - time engineering was 
accurate to capture sunlight and moon light at the same position for thousands of years. The 
design of the temple cleaned the subtle energies and points of the human body. 
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Figure 46: Ganapathi Idol (Courtesy: Dr. Ganapathi Sthapat) 

The sloka above in Sanskrit gives the measure of different parts of this Idol which would confirm to total 
64 units (resonance of 8). Hair (3), Face(12), neck(2), Chest(11), Stomach(12), Belly &Pelvis (6), Thigh(6), 
Knee(3), Legs (6), Feet (3). Total 64 units. Just as much a Sloka with right metre and letters becomes a 
living organism, an idol with right proportions becomes a living organism. 
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Divine Idol forms confirmed to a mathematical proportion that invoked subtle energies within 
and around us. This is where the external forms were used to create energies internally to a 
human. This is the basis of idol worship. If it is scientific to create a form with divine energies 
based on mathematical proportion then idol worship is the supreme proof for that science. 


This supreme mathematical law is called as Dharma (nature‘s law) and the unfolding of that 
law is the Karmic theory of cause and effect / law of karma. 


Poetry, classical music and classical dance are intimately linked to this Hindu temple culture. Adi 
Tala and octaves were used to create subtle energies in poetry using words, and the same tala 
maana is used in classical music with rhythm and raga, in classical dance with light and sound 
and in sculpture as a visual form. 


Figure 47: Human body as a representation of a temple 


(Courtesy: http://www.salagram.net/sstp-mgpuja3.htm! ) 


A Hindu temple is a divine and yogic representation of a human being with the Deity in the temple 
representing the God as indweller in humans and all beings. In a temple the feet represents Rajagopura, 
the hands represent Praakaara, the abdomen represent Mandapa, the heart represents Antaraala and the 
crown of the head represents the sanctum sanctorum (garbha griha). The temple is used as a reminder 
that our inner spiritual journey is through internal yoga to realize the indweller God. This analogy is shown 
through the representation of various chakras namely Moolaadhara to Sahasraara in the body to various 
locations in the temple, 
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It may be of interest to note that the same harmonics of & are reflected in every other domain. 
For example, if you have been practicing Pranayama then your master would have asked you to 
practice breathing based on some counts. The most popular counts are 6{inhale), 3 (Exhale) or 
inhale), 2 (Exhale). If you notice this count 9, this cleans up your gross body. Advanced 
Pranayam students may be asked to stick to 1 (Inhale), 4 (Retain), 2(Exhale), 2(Retain outside) or 
asa variation 1,4,2,1 or 1,3,2,2. The counts which add up to & clean the subtle body. 


Till few decades back the fundamental dimension for money in India was “Ana” called as Eight 
Anas (6TL_L_680IMT) and this was equivalent to Rs. 0.5 as the fundamental measure. 


Thus a “Poetry is an idol in aural form and a bt A Poet by the way of 
his mental frequency has first become the poem itself and then the actual poem was created in 
its aural form and an artist by the same frequency has become the idol first and then he gave a 
shape to the idol externally through this hands. This is very beautifully given as “Raso vai saha, 
So Vai rasikaha”, which means he (god) is the enjoyer and he is the artist. 


All of this reflects the supreme philosophy that “Oneness in all and everything is just a 
manifestation of that one thing”. 


Now in this light understand the meaning of this Upanishad prayer, “Aum Poornamadah 
Poornamidam  Poornaath  Poornam —Udachyathe,  Poornasya +‘ Poornamaadaaya 
Poornameva Vasishyathe”. This means God is perfect (infinite). This Universe is also perfect 
(infinite). If perfection (infinity) is taken from anything perfect (infinite) what remains is still 
perfect (infinite). isn’t this is the actual reality today? 


Everything scientific is philosophically, mythological and ritually well interwoven that proves 
that Sanatana Dharma is the most ancient and supreme representation of science and nature's 
secret in our possession. Our temple worship which integrates all this science, 5 sacred arts with 
language and Math is the standing example of our understanding of the nature of god. 


Figure 47: Layout of Sri Rangam temple with 7 Prakaras 


It is the same Sugarcane but an elephant eats it from the field directly, a young adult peels the skin off 
and chews it, if a kid has to eat then someone has to peel the skin and cut it into pieces and an old man 
without teeth needs it to be made as sugarcane juice. Depending on one’s ability to chew and digest the 
food has to be processed. 


Same way depending on one’s mental ability to grasp the supreme truth it has to be processed and 
presented. If someone is mentally well evolved then they can be fed with Upanishads and he can 
meditate on the formless Brahman. To a young adult Upanishads may not be palatable directly but they 
may have to start with Upavedas and Vedangas to mature to a higher level. For the less evolved kids, 
Itihasa and Purana like Ramayana and Mahabharata with stories may drive home the point and they can 
start with Shlokas and mantras. But for the least evolved it has to start with a personal deity with name 
and form, bhajans and songs to invoke the concept of Bhakthi 


In all the four cases temple culture forms the lowest common denominator. Even the most evalved 
relish the arts and architecture in the temples. We should be proud of our rich cultural and scientific 
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heritage and be passionate about the science and philosophy and be rational about rituals and 
symbolisms. 


Image / Idol worship is not deplorable or despicable. This is the highest scientific form of worship 
which enables us to see face to face the one which is beyond reach of sight and speech. This kindles 
devotion, community development and helps one to climb the steep walls of spirituality in the initial 
stages. Every religion in this world has some image or idol as symbolism to achieve this obje 


e. 


‘An idol is a god in form when made with the science of divine proportion and seasoned material is the 
highest product of our intelligence till today. 


It should however be noted that this idol worship should not be lost in the din of rituals which does not 
reflect the very philosophy it had come to symbolize. So the advice | follow is “Be passionate about our 
culture but be rational about the rituals.” 


The advancement of science can progress rapidly when the western scientists who are objective and 
empirical, partner with the pundits in India and learn the science of the subtle from our scriptures and 
temples. For this to happen we need to learn our own scriptures and past which is not possible without 
learning our mother tongue and Sanskrit. Else in the near future we may have to import knowledge of 
our culture and rich past from the western world. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 
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31. Time = SPACE SERIES. PART 31 — MAYAN & HIS 
‘WORKS 


Mahamuni Mayan was the father-in-law of Demon king Ravana and is referred in both Mahabharata 
and Ramayana. He is attributed with building the palace for Yudhishtar in Indraprasta and also the 
architect for Sri Lanka which Ravana ruled. His son Nalan helped Lord Rama build the Ramasethu ~ the 
bridge between India and Sri Lanka. He is believed to have lived in the Hlamuridesam popularly known as 
Lemuria continent (Kumari Kandam) which spanned 4500+ kms from Sri Lanka to Antartica connecting 


current Australia, Africa and Americas. Check out http://www.sacred-texts.com/atl/tll/index.htm 


Understandably when this land mass was consumed by the sea their clan moved to different parts of the 

\cluding Guatemala, Egypt, and to current south Indian 
region. This explains as to how we find common science across 
India, South America and Egypt. 


He has written books in both Sanskrit and Tamil and | am going 
‘to produce the list of technical works he has created and look 
at the contents of a specific book called Surya Siddhanta. Just 
the list of works and also the topics in Surya Siddhanta is 
amazing, highlighting the depth of science we had at that time. 
http://www.youtube.com/watch?v=PZKiCpFisoY 


Figure 48: Kumari Kandam depiction 


The Surya Siddhanta 
The most ancient treatise on Astronomy is a treatise authored by Mayan. It is called The Surya 
Siddhanta. included in this treatise are the following chapter topics following: 


‘The Motions of the Planets 
‘The Places of the Planets 
Direction, Place and Time 
The Moon and Ec 
The Sun and Eclipses 

The Projection of Eclipses 

Planetary Conjunction 

Conjunction of the Stars 

Risings and Settings 

‘The Moon's Risings and Settings 

Certain Malignant Aspects of the Sun and Moon 
‘Cosmogony, Geography, and Dimensions of the Creation 


The Gnomon 
‘The Movement of the Heavens and Human Acti 


ity 


Mamuni Mayan 


Figure 49: Mamumi Mayan 


Mayan is also attributed with the start and spread of Temple culture in India. The song below in Tamil 
states that since Mayan sat under the Banyan tree and taught this science of universe and also of the 
sacred arts, so that every town was endowed with Temples for social betterment. Because he was from 
the southern region and also he sat under the Banyan tree, he is also equated with Lord 
Dakshinamoorthy. 


BMT WK Set Ely Gor wus uiphZ51Co 
BOT WIS Set ECL MG Sv ump 5gTCo 
BVO wis Slew Ey sPagjact umjpGgrCv 
BOUL BGC NOU AZo OsFpls spot 


The Mayan says in his Pranava Veda verse one: 

“Om Light and Om Sound are the Primal Source of all manifest forms. Om Light is aroused by its own 
effort in a state of disorder and appears as a flame. The state of Om Light and Om Sound in Space is a 
‘magnificent luminous six ~ faced Light form that is called “murukoli”. The transformation of Om Light 
‘and Om Sound through the five stages is concealed in the five fold knowledge, of which, this is the first. 
This process of transformation of disorderly Om Light and Om Sound into orderliness is found in all five 
fold material forms.” 


Sage Veda Vyasa says in the Bhagavatam, “eka eva pura vedo pranavha sarva vangmayha” (9th 
skandha, 14th chapter, sloka 48 of Bhagavatam). This means that there was only one Veda called 
Pranava Veda. It is believed that Sage Vyasa created 4 vedas from this Veda since he believed that the 
oncoming generations would not have the mental strength to master everything. 


ir 
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Figure 50: Aerial view of Sri Rangam temple with 7 Prakaras 
Technical works 


The following are technical works written by Mayan and represent the 12 vowels of the Tamil language: 


+ Ovia Chennool - Treatise on Drafting and Painting 

+ Sirpama Chenool - Treatise on Iconometry 

+ Kattida Chennool - Treatise on Architecture 

+ NilamanaiChennool — - Treatise on House Building based on quality of land 
*  Manainila Chennool —_- Treatise on Land based on the nature of house building 
+ Baniyal Chenool - Treatise on Astro Physics 

* PerunataChenool —_—_- Treatise on Divine dance 

* Muligai Chenool - Treatise on Herbs 

*  GanitamaChenool —_- Treatise on Mathematics 

*  Arakkala Chenool - Treatise on Ship Building 

+ Vinkala Chennool - Treatise on Space Ship 


© Elisai Chennool - Treatise on Science of Music 
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MAYAN, in Aintiram states that: 

"There exists an order in the Universe - subtle universe, and material universe. This power is attributed to 
the consciousness of the cosmic space as well as of the inner space of the animate beings. This 
consciousness, by its personal effort to express its own inner feelings, causes a kind of vibration or 
pulsation in the inner space, resulting in energy-grids. The vibration or pulsation, being the causal 
element of all these events, is called KAALA, This is actually the force of energy aroused by the inner 
consciousness, causing waves and contributing to the growth of living forms. This KAALA resides in all 
living beings. So, space is the offshoot of the vibration of the primordial energy. This is how the space 
was born. All forms of nature are manifest forms of subtle energy. For all to get manifested, the force is 
KAALAM. This wave-form frequency realm is the creative element of the universe." 


There is no other treatise that we have in our possession today which is dated 10000 BC that depicts the 
secret of nature so explicitly and gives the unmanifested interconnections and mathematical 
proportions between everything in the universe. 


As Dr. Ganapathi Sthapati rues “Unfortunately most of the Tamil experts don't understand the science in 
these texts and hence these books are idling without anyone extracting the truths from it”. In the next 
few generations when we are less equipped in our own mother tongue we may lose this treasure 
completely just like the many we have lost so far. 


Hence the first step we need to ensure is even if you are not equipped well in your mother tongue 
please make sure that your kids can read and write it well. This becomes our most important duty. And | 
find it worrisome when someone is indifferent to the fact that they can understand their mother tongue 
but cannot read and write. 


With some significant efforts we can and we should prove that this man who said, “Indians are the most 
ignorant about their rich past and scientific traditions.” is not wise any more. 


Happy reading! 
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32. Time = SPACE SERIES. PART 32 — CONCLUSION 


What | have understood in a nutshell is as follows: 


+The inner being of both - the individual and the universe is luminescent consciousness which has 
the ability to become aware of it. This luminescent consciousness is called by various names but 
it is essentially the only existent Vastu in this world. This Vastu manifests itself as time, space 
and spatial forms, 


© “Aanor aniyaan mahato Mahiyaan!” this means what is in the atom is the same makes up the 
universe. That which is present in the atom is the Space energy and the meaning of the word 
‘Akasa is stated as “Aa kashayati aakasa ha!, That which imparts light to others or make others 
shine is called Akasa”. This means that Space Vastu is luminescent. | am stressing the aspect of 
luminescent again and again for you to start perceiving God as light. 


* Pranava is the causal element which triggers this evolution process and this manifests as visual 
and aural forms. Pranava results in the primordial pulsation and this pulsation is triggered and 
sustained by a divine progression and proportion which is called Absolute time. 


* Absolute time creates Absolute Space. These 4 things — Absolute time, absolute space, Aural 
Pranava and Visual Pranava combine together to form spatial forms and hence this universe. 


+ The Vastu as God's particle, its characteristics, the Pranava, the pulsation, the rhythm, the 
progression, its proportion and the resultant energy states ~ all the scientific facts, theories and 
processes are captured and codified as a Dharma which is called as Hinduism today. The science 
behind this subtle energy is reflected in various art forms that includes Poetry, Classical music, 
dance, Sculpture and building architecture. 


* All these manifestations are harmonics of 5 and 8 differentiated by the Golden proportion / 
God's ratio to reflect the various states of consciousness. Thi order is called Dharma 
and the cyclic nature of this evolution is the Karmic code embedded in the universe. Nothing 
in this universe is superior to the Dharma and Karmic code. 


‘+ The divinity manifests in us and the space within us is nothing different from the macrocosm. 
Consciousness which exhibits itself as a state of being because of our mental vibration can 
evolve to a higher plane to devolve back into the luminescent core. 


+ Sanatana Dharma popularly today known as Hinduism is the repository of this supreme secret 
not just as a philosophy but integrated with every stage of our life. This can be understood 
better only if we can give due respect and attention to the language and scriptures, our spiritual 
tradition interwoven with arts and architecture that contains these treasures. 


© The temple culture & Idol worship that we have symbolizes the best of science known to human. 
beings and we need to understand this and preserve this in the best possible manner. 


ie 


ATYA - NANA — ANANTA, 


ATHARVA VEDA. 


‘SMRITI 
ITIHASA, 
PURANAS 


Figure 51: Vedic Knowledge as an inverted tree with Brahman as the roots signifying that 
everything has a common root. (Courtesy: Internet) 
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(Figure 52: Goddess 
Sarasvati. Courtesy: 
Internet) 


She is the Goddess of speech, 
music and knowledge. She 
carries the rosary beads 
(akshamala) represents the 
alphabets of a language 
(Sanskrit), the musical 
instrument (Veena) and Vedas 
as palm leaf manuscript in her 
hands that denotes the 
knowledge. Thus we can see 
that idol worship signifies 
deeper scientific aspects of a 
common root between 
Language, Music, knowledge 
and arts. 


Figure 52: Musical instrument Veena as a representation of Human Body (Sarira vena) (Courtesy: 
Internet) 
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| am happy to note the coincidence that this book has 32 chapters with 108 pages ~ both being key 
universal numerals, Chapter 19 (the golden mean of this book) deals with the Golden mean or God’s 
ratio of nature is again coincidental. 


I would like to thank you for reading this book. | would like to state that | am neither adept in any of the 
topics discussed in this book nor an expert in any of the arts including the languages Tamil or Sanskrit 
language. 


‘A curious mind driven by my passion to understand the underlying aspect in all things and my liking to 
reading has helped me to compile this book. My exposure as a student to Chinese martial arts, Indian 
yogic studies, Pranic healing and Siddha philosophy helped me to connect of the points | had articulated. 
Any authoritative statements in these books reflect my belief in the topic or from the author / teacher 
from whom I subscribed it and it is certainly not reflective of my abilities. 


lam open to constructive criticisms on any of the topics and | can be reached at the mail ID shared in 
the first page of this book. My only request to you is “Please share this book or parts of this book 
without any hesitation to your friends and family and help us dispel the ignorance about rich ancient 
Indian culture”. 


I shall end this book with some of my favorite quotes of Dr. Einstein. 


“My religion consists of a humble admiration of the illimitable superior spirit who reveals himself in the 
slight details we are able to perceive with our frail and feeble mind. That deep emotional conviction of 
the presence of a superior reasoning power, which is revealed in the incomprehensible universe, forms 
my idea of God. We still do not know one thousandth of one percent of what nature has revealed to us.” 


Satyam Param Deemahi! 
May we meditate on the supreme truth! 


j _ 
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“Time and the Technosphere makes a vital contribution to the great paradigm shift in human cultures 


that is now accelerating. There is a higher dimension of natural time inscribed in the cosmos and a nat- 
ural calendar that would help humanity mature into the awakening global consciousness that is now 
essential for future sustainability and well-being. This book is an important contribution to the awak- 
ening event that is now emerging on a planetary scale.” 


ASHOK GANGADEAN, Pit.D., Professor of Philosophy, Haverford College 


In Time and the Technosphere, José Argiielles presents a groundbreaking study that distinguishes the 
natural time of the cosmos from the artificial mechanistic time under which we currently live. 
Argiielles defines the actual nature of time as the frequency of sychronization. Applying this Law of 
Time to an understanding of the entire system of life on Earth, he shows that in order to not destroy 
Earth's abi 
calendar based on the 13-moon 28-day cycle. Until the creation of the Gregorian calendar and the 
60-minute hour, most of humanity lived by the 28-day cycle of natural time. The adoption of artifi- 
cial time has subjected us to a 12:60 time frequency that governs the entire global industrialized 
civilization—the technosphere. With the collapse of the Twin Towers on September 11, fissure was 
rtifi 


ity to sustain life, we must change our definition of time and adopt a natural harmonic 


created in tl 


al technosphere, opening up the noosphere (Earth's mental envelope). 

Humanity has a golden opportuni 
adopting a harmonious natural calendar that will repair the damages caused by the irregular tempo 
of technospheric time. Our last best chance to adopt this natural time and step into the bright new 
future promised by the g. of 2012 is the Great Calendar Change of 2004, a new 
based on the author's mathematical research into the Mayan calendar first begun in his landmark 
work The Mayan Factor. In Time and the Technosphere, Argitelles reveals the clear distinction 


y to leave the strife of the past and enter a time of peace by 


covery 


between third-dimensional astronomical time and the fourth-dimensional synchronic order of the 
Law of Time, which holds enormous potential for the future of humani 


Jost ARGUELLES, PH.D., works full time on behalf of the World Thirteen Moon 
Calendar Change Peace Movement and is president of the Foundation for the Law 
of Time. He is th 
A 


uthor of numerous works, including The Mayan Factor, Earth 
ending, and Surfers of the Zuvuya. He lives in Oregon. 
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Time and the 
Technosphere 


This book requires some attention from You. It is a complete, coherent, story 
for Humanity, on Earth, in the Universe. It is a radically different story than 
what is commonly disseminated by and through our global, dominating, 
culture. There is no need for You to believe this story, or any other. Trust 
yourself, trust your Self To say you must go into this with an open Mind, is 
a grand understatement. Start with trust. Simply allow the thoughts and 
concepts you read to “stew” for awhile. Make some headspace for them 
and have patience for what may grow there. It is a beautiful life... 
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This book is dedicated to Adam 7. Lewis—at work on the eighty-eighth floor of the South 
Tawer when bis mother called him from Spain as she watched television reports of the first 
it on the North Tower—and to all the others who were sacrificed on that day. May the 
truth prevail, that the greater mystery might be made known—forever. 
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Preface 
A Brief Literary Autobiography 


Time and the Technosphere: The Law of Time in Human Affairs is essentially a pro- 


longed set of meditatipns oc 


wioned by the one most powerful and overwhelming 


event of our time, the 9-11, the Inevitable Event of September 11,2001. Subsequent 
events may overshadow this one in horror and magnitude, but it was this event in 


particular, the destruction of the World Trade Center towers, that sent a signal that 


something very profound had occurred to change the way we think of ourselves and 
our future, 

In presenting these meditations and reflections in the form of a book, Iam pain- 
fully aware of the limitations of this medium in the information age. Keeping in 
mind that the volume of information has increased five times in the past century 
with much of that increase occurring only in the past decade-I am very reluctant to 
put anything down to be published in the form of a book. I was raised well on the 


‘writings of Marshall McLuhan and his definitions of media and how they affect our 


senses. It is altogether obvious that a book in your hand is not the same as reading a 
text on a computer screen. A book is actually something made to last. Of course, the 
computer has made it possible and easy for virtually anybody and everybody to write a 
book, and so we encounter one of the great hazards of the information age: the decline 


in discrimination and the criteria of excel 


ce. Who can now tell what is worth read- 
ing or not? Thes 


reflections, 00, are very much to the point of the grand theme of 
this text. If'a book is meant to last, how long will this book last? It should last until the 
New Time has established anew order of reality on this now anguished Earth, Whether 

for not destruction and the total collapse of civilization will occur first, we do not really 
know. That isa matter left to the Divine Mind of God alone. 


Nonetheless, it is with faith that we continue on this Earth at this time. A pressing 
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voice told me to go ahead and to write this book, regardless-but then, this is how I 


have always done it, Those who are at all familiar with any of my earlier books, will 
find that Time and the Technosphere is but a continuation of themes that have pro- 
Voked me since I first considered literature as a medium of communication, It is 
important to know where the author is coming from, and how he got to this particu- 
lar point of reflection. In this regard, Time and the Technosphere is the organic result 
of a lifelong pursuit of a study of the nature of art, time, and history. This study has 
bet 


consciousness. So, for those who are interested, herewith follows a brief literary 


s that defines the evolving nature of 


woven together by a dialectical proc: 


autobiography, the better to understand my point of view 

My earliest book, Charles Henry and the Formation ofa Psychophysicalsesthetic (1972), 
sates the grand theme of aholistic science that unifies body and mind, sense and nature, 
the harmonic pursuit of which has been at the root of all my endeavors. ‘This. pursuit was 
amply demonstrated in my second book, Mandala (1972), which, as a root text of the 


counterculture, was an artistic, philosophic 


J, and cosmic plea for a harmonic resolu- 


tion to the process of history. It isa sign of the times that Mandala is no longer in print, 


but instead a book bearing the same title, but which does not even include the original 
Mandala in its bibliography, is in print with the same publisher. Amnesia is one of the 


side-effects resulting from information overflow with no discrimination, Unfortunately, 


cultural amnesia is always accompanied by an increase in trivialization, and thus we 
arrive at the mediocrity and sensationalism of the present moment 

My next book, The Transformative Vision: Reflections on the Nature and History of 
Human Expression (1975, 1991), took the aesthetic and unitive themes of the first two 
books to the next stage of my visionary analytical process, elaborating on the mean- 
ing of time, history, and cosmos. In rereading the later chapters of The Transforma: 


tive Vision, 1am struck by their prophetic accuracy, as well as their sense of impend- 


ing tragedy. It is hard to believe that only 26 years have gone by since that book was 
first published and now we are plunged into the maelstrom of what was then thought 
to be the worst scenario possible. The Transformative Vision also defined human con- 
sciousness as the cerebral-neurological dialectic of psyche (aboriginal, primal intui- 
tive art) and techne (civilizational, rational science), emphasizing that only in their 
absolute synthesis would there be a harmonic resolution to the problem of history 


Scen in this light, the technosphere represents the extreme, one-sided triumph of 


techne, while terrorism is the expression of the absolute repression of psyche. ‘The 


crucial question then arises: how will we ever attain a balance or harmony? 


Im ic of consciousness was continued in my next 


estigation of the ongoing dial 


effort, the philosophically synthesizing work entitled The Feminine, Spacious as the 
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ky (1977), which was written and artistically produced with my previous partner 
and wile, Miriam Tarcov, who also co-authored Mandala with me. The feminine 


aspect represents a deepening reflection of the psychic, intuitive side of human na- 


ture, Expressed through a whole range of image 


symbols, and. philosophies that 


describe both the aboriginal root and the final flowering of human consciousness, it 


is this feminine aspect that has been smothered by the historical process, resulting in 
the technosphere. Why and how did this occur? These questions drove me to the 
next stages of my visionary investigations. 


From the 


wing of my pursuits I have 


en moved by my intuitive awareness 
of our intrinsic wholer 


as humans, and the knowledge that this wholeness is a 
reflection of the wholeness of Earth, the solar system, and the cosmos itself. Al- 


though this perception of reality is nowhere within the domain of the shibboleths of 


scartes, 


Western scientific thought as it has developed since De Thave also come to 


understand that Westem scientific thought is highly provincial, racially biased, and- 


it is not informed by a perception of wholene 


incapable of solving the 
actual problems of life. In fact, W 


em scientific thought has been one of the key 


factors leading the human race onward to its great act of s 


sell: 
destruction employed through the instrument of technology. 

In my next book Earth Ascending: An Ilustrated Treatise on the Law Governing 
Whole Systems (1984, 1988, 1996), L was able to make a profoundly radical break with 


the restraints of the Western scientific 


and academic modes of thought. Combining 
the artistic and aesthetic qualities of Mandala and The Feminine, Spacious as the Sky 
with the philosophical and scientific concerns of The Psychophysical Aesthetic and The 
Transformative Vision, U define and describe the human situation as a function of the 
geology, or biogeology, of Earth understood as a whole system. Without knowing it, 
Thad defined the human presence in Earth’s geology in a way very similar to that of 
the Russian biospheric scientist V. 1. Vernadsky in his analysis of the biosphere. Cul- 
ture, civilization, and even technology are seen as features and functions of the larger 
evolving biogeological process of the whole system Earth, while time and conscious- 
ness are defined as functions of larger planetary regulating system called the psi 
bank. In the analysis of Earth Ascending, the feminine psychic side of consciousness is 
referred to as the AC, Aboriginal Continuity, while the male, rational techne side is 
defined as the CA, Civilizational Advance. The historical process represents the in- 
creasing dominance of the CA to the final exclusion of the AC-the triumph of 
industrial man over the indigenous peoples. 

‘The most critical moment in history was the atomic destruction of Hiroshima, 


August 6, 1945, when through its technology the impact of human thought permanently 
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affected the geological makeup of the Earth, The events before Hiroshima are chro- 


nologically defined as P.A., pre-atomic, and those after as A.H., After Hiroshima. But 


more than defining the process of history within the context of Earth's cosmogeology, 


Earth Ascending also describes the posthistoric future as a condition of harmonic syna- 


esthesia-harmony of the senses-defined by anew scientific system called radiosonics. 


‘The key to this new system of scientific endeavor is synchronicity or synchronization 
of our mind and senses in time. The problem left open by Earth Ascending was the 
precise nature of time and the timing of the radical break in the historic continuum, 


now known as the Inevitable Event-the culmination and dramatic conclusion of a 


process begun at Hiroshima, After the Inevitable Event we are liberated into post- 
history and the possibility of the radiosonic science of the future. 
In The Mayan Factor: Path Beyond Technology (1987), L was able to supply the basic 


ingredients for an understanding of time and the timing of the radiosonie future. Go- 


ing beyond the parochial limitations of Western science and the self-inflated —progres- 
sivist thinking of the Western mind in general (that states “anything that advances 
technology isan absolute advance over anything that was thought of or occurred in the 
past") I was able to finally bring to light the synthesis of many years of study of the 


time science of the ancient Maya. Here, in the mathematical calculations of the Maya 


with their unique vigesimal mathematics-counting by twenty and not by decimal 
ten-lay the basis of a vast and grand science of time. So grand is this science that its 
conceptions of time dwarf anything the Western imagination could conceive. 

While the Westem concept of time is linear and predicates an unceasing ascent 


into a progressively future, Mayan time science is 


chnological and mechanistic 


predicated on the knowledge of time as the universal factor of synchronization, ‘The 


Western conception of time is not in accord with the actual cyclical and synchronis- 


tic nature of time, and so the whole apparatus of Western civilization is doomed to 
reach its own breaking point: the Inevitable Event, Mayan time science posits a pre- 
cise measure of the historical cycle, the most recent and climactic stage of Earth's 
ss, each 144,000 days in length, 
spanning the JulianiGregorian years 3113 B.C-A.D. 2012. According to Mayan time 


evolution, as a time fractal of thirteen baktun ¢ 


science, the efforts based on an erroneous time conceptualization are bound 10 fail 


prior to the cyclic end-point of 2012. Thus, the Inevitable Event is also a conse~ 
quence of the failure to understand or to even acknowledge the actual nature of time 
due to a totally false and mechanistic timing sensibility. In this lies the cause of the 
apocalypse of Wester thought and. theology 

The problem left unresolved by The Mayan Factor was the precise methodology 


for changing tracks, for switching Western dominated global civilization away from 


the track of an erroneous, mechanistic time-based technology and toward. the natu- 
the path beyond & 


beyond reason. Why or how? Let me explain. As an exposition of Mayan time sci- 


ral order of ti 


hnology. Hei 


my efforts took me to a point 


ence, in preparation for the 2012 ending of the thirteen baktun cycle of history, The 
‘Mayan Factor is predicated on the occurrence of a real time event, the Harmonic 

Convergence “global peace meditation” of August 16-17, 1987. The timing of the 
Harmonic Convergence was prophetic. It augured the fulfillment of the prophecy of 


Quetzaleoatl (947-999) known as the Thirteen Heavens and Nine Hells. The Har 


monic Convergen 


completed the ninth and last Hell cycle, and ushered in the 


years of the thirteen baktun cycle. The Harmonic Convergence 
call answered by millions of earthlings. 

Exactly forty-two years and ten days after Hiroshima, and fourteen years and 
twenty-six days before the Inevitable Event, the Harmonic Convergence was lo- 
cated by time to occur precisely when it did. Prophecy transcends reason because it 
is totally of time, which is of the fourth dimension; prophecy nevertheless affirms 
with unerring logic that which has been, and that which will be brought about, as 
being of the same karmic cause and effect stream. 

It was this matter of prophecy in the aftermath of The Mayan Factor that brought 
my literary efforts and my own life joumey to another stage of development. Proph- 


ecy comes with amantle-if not, then you are classified as a madman. The prophecy 


of the Harmonic Convergence, as well as of the entire text of The Mayan Factor, bore 
the mantle of the prophetic stream of the Chilam Balam, the jaguar priests, the 
wizard knowers of the “night 
Thirteen Heaven and Nine Hell cycles, 843-1987, and by writing and putting to- 
gether the mathematical codes of The Mayan Factor, and before it, of Earth Ascending, 


cript." By correctly fulfilling the prophecy of the 


I, Jose Argiielles, had assumed the mantle of the prophetic tradition of the Chilam 
Balam. Mind you, this was nothing overt nor the least bit conscious, for little did I 


then know that my next life task was to decode the 


snce of the Chilam Balam proph- 


and to define the time science of which these prophecies are a manifestation.! 


‘The Harmonic Convergence affirmed the karmic repercussions of Hiroshima 
by bringing forward the ancient Mayan prophetic tradition of the Chilam Balam, By 


precisely locating this prophetic tradition in acontemporary moment -a media event, 


no less-the unlocking of its final prophecies was triggered for the purpose of com- 


pleting the cycle of history: 2012 and 


-yond. 
Like any major media event, the Harmonie Convergence was an enactment within 
the noospherie unconscious of humanity-the telepathic whole that resides in Earth’ 


‘mental envelope. So it was that on June 23, 1987, the Wall Street Journal ran the 
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front page story on the Harmonic Convergence. Yet due to the mental obscuration 


aecompanying the fi 


1 stage of global industrial 


ion, the Harmonic Converger 


was an event that the Willf Street Journal and the rest of American media conve- 


niently forgot when it came 0 their review of the century in the year 2000. Today, 


just weeks after the Inevitable Eve 


l, the collapse of the World Trade Center towers 


the words of that article are most prophetic: "Mr. Argiielles says the choice between 


and all-out destruction is ours, and we had better decide."2 Though the 


prophecy was discounted, true to form, the words of the messenger remain to haunt 


those who spurned the m 


age 
‘The prophets and sages of the Maya, and of the New World in general, are a 
complement to those of the Old World, a further manifestation of the planetary 


dial tus of the 


ic of poles and hemispheres. If the judgment day apocalypse is the 
Old World prophecies, especially those oflslam and Christianity, those of the New 
World similarly pinpoint an end time whose denouement is chronicled as the date 


2012. It was the proph 


sof the sage and culture hero, Quetzalcoatl (947-999), 
that brought about the Harmonic Convergence, while it was the wisdom of Pacal 
Votan (603-683) that informed the actual text and scientific time mappings of The 
Mayan Factor, and the image of his tomb adoms the cover of the original book. In a 


yr manner, it was the tradition of the Chilam Balam that created the prophi 
vision of the synchronic order to be realized as the Law of Time. 

Twas hardly aware of the personally transformative factors at work within me after 
the Harmonic Convergence media swell began to subside, when two events occurred 
that augured a major change in my perceptions, activities, and literary output: the Wall 
Street stock market crash of October 19, 1987, and the death of my eighteen-year-old 
son.Josh, ten days later, on October 29,1987. In analyzing why the 1987 stockmarket 


crash happened, the lead story in USA Today about this event concluded by posing the 
question: Was it the Harmonic Convergence that somehow caused the stock market 
to crash? As I pondered why the answer to this question must be in the affirmative, as 
well as the implications of this analysis-remembering full well that the breaking story 
fon the Harmonie Convergence first appeared in the TVilllStreet Journal-news came 
of my son's sudden death in an automobile accident. 

Synehronically, the stock market crash and my son’s death were part of one event 


my son had liberated 


continuum, As tragic as the circumstances of his death were, 
‘me from any further compunction to lead @ normal fife, and to pursue, instead, this 
matter of Mayan time science and its calendars of harmony. In homage to my son, 1 
completed what I first thought would be a popularization of The Mayan Factor, a 


book entitled Suifers of the Zuvuya (1988). Instead of being a popularization or even 
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a sequel to The Mayan Factor, Surfers tumed out to be a series of autobiographical 


tales of interdimensional travel-zuvuya surfing in the fourth dimension. This“ 


of fantasy,” was my literary farewell to the limitations of reason and a life of comfort 


Inner destiny pushed me to the next stage in my pursuit of the unitive science-the 


discovery of the Law of Time. 


This journey of discovery, the findings of which are the underpinnings of the present 
work Time and the Technosphere, took me and my wife and partner, Lloydine, to physi- 
cal and mental places that were far from anything we had once deemed conventional 

Because of this, Ihad ample opportunity to write and to create, and I did so, freely and 


without any restraints. I'no longer sought any conventional means to communi 


‘was now operating prophetically, on behalf of the noosphere 


wth’s- mental envelope. 

‘There is a consistency to the stream of prophetic revelation, summarized as the 
codes of the Law of Time. This revelatory stream begins with Earth Ascending and 
The Mayan Factor, comes to flower with The Dreamspell: Journey of Times hip Earth 
2013 (with Lloydine Arguelles, 1991), and is completed by all aspects of the 
Telektonon Prophecy, including the Thirteen Moon/28-Day calendar (1993-2000). 
‘This prophetic stream is emphatically a galactic revelation of the same base of know 1- 
edge that produced the Mayan civilization of ancient Mesoamerica. The new revela- 
tory stream is known as the Wizard's Count, or “reformulated — Chilam Balam." It 
was this prophetic stream and its year-bearer count that established the validity of a 
fifty-two year cycle correlated to the Gregorian July 26. 

‘The purpose of the Chilam Balam year-bearer count was to establish a basis for 
understanding that there exists a synchronic order of time, completely apart from 
what is usually referred to a 
baktuns of the cycle of history, 3113 B.C-A.D. 2012. After along break in the tradi- 


the Long Count, the linear count of days of the thirteen 


tion of the Chilam Balam, the year-bearer count was prophetically reformulated to 
prepare for the Harmonic Convergence andthe subsequent revelation of the 
Telektonon prophecy of Pacal Votan. As the new Wizard's Count, this count was 
intuitively recalibrated precisely so that July 26, 1987, would be White Galactic 
Wizard; July 26. According to The Mayan Factor, uly 26, 1987: White Galactic Wiz- 


ard, marks the first of the twenty-six years of the Harmonic Convergence. ‘This date 


marks the conscious ascendance of the prophecy of galactic culture and the coming 
of the Earth Wizards-the race of galactic wizards on Earth. 

In 1988, the year following the Harmonic Convergence, in attempting to create 
an everyday "Mayan calendar," I came upon the next stage of the discovery of the 
synchronic order. On the Gregorian calendar, 1988 is a leap year. I perceived that to 


accommodate February 29 would throw the year-bearer count off by one day, ruining 
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the harmony of the system. Reviewing the Chilam Balam texts, it was clear that leap 
year was never considered, much less counted in the year-bearer count. Without an 
intercalary leap year date, the four year-bearers-Seed, Moon, Wizard, and Storm- 

coded by the numbers 1-13, remained in sequence, maintaining and assuring the 


harmony of the system, where every fifty-two years equals seventy-three 260-day 


spins, no two days are the same, and the entire 18,980 days of the cycle repeat every 
fifty-two years in an upward moving spiral of time. For the first time in my work, the 
issue of the Gregorian calendar as a system came into question. 


Following this observation came the discovery of the mathematical cod 


gov- 
eming the synchronization of the 260-day cycle with the 365-day cyele, the conse~ 
quent discovery of the artificial 12:60 and the natural 13:20 timing frequencies, the 
ssurrection of the Thirteen Moon/28-Day calendar, and the full 


exposition of the Dreamspell codes. of fourth-dimensional time, I presented these 


recognition and 


discoveries in Dreamspell: Journey of Timeship Earth 2013. The Dreamspell, being the 


manifestation of the knowledge base of galactic culture, completely encodes the 
Wizard's Count. Dreamspell: Journey of Timeship Earth 2013, the presentation of the 
codes of fourth-dimensional time as a "tool kit" with an accompanying "script" and 
guidebook, is a break of such radical form from the prevailing paradigm that, as of 
today, it is still unfathomable to many people. 

‘The galactic Dreamspell tool kit is a primary tool for the galactic culture that is 
just now beginning to unfold in the wake and shadow of the collapse of the Twin 


World Trade Center towers. This text prompted me to write two more books. The 


first, Arcturus Probe: Tales and Reports of an Ongoing Investigation (1992, 1996), is a deep 


reverie that picks up where Suifers ofthe Zuvuya left off and documents the interstellar, 
interplanetary _psycho-cosmological roots of the Dreamspell of fourth-dimensional 


time. The second book was written asA Treatise on Time Viewed from its Own Dimen- 


sion, but first published in English as the Call ofPacal Votan: Time is the Fourth Dimen 


sion (1992, 1996). In this highly scientific, mathematical treatise I was able to 
accommodate the Dreamspell codes of the Law of Time to an analysis of the 
biosphere and the biosphere-noosphere transition. This work also represents my 


first integration of the actual thought and principles of V. 1. Vernadsky. 
Through the efforts that constituted the discovery of the Law of Time, much of 


which was assisted by my partner and wife, Lloydine, I was finally able to begin to 


understand the methodology for accomplishing the paradigm shift-or psychic pole 
shiftof which humanity was so in need, at least from the perspective of the bio- 
sphere. By providing the mathematical basis for establishing the "biomass constant,” 


Seventy-three 5 day subcycles correlated to the measure of the solar year, I had 
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found away of grounding the fourth-dimensional mental order of time, the synchronic 


order, in the actual third-dimensional biogeochemical cycles of the biosphere. This 


was like casting a harpoon of time from the noosphere and landing it in a precisely 
measured form in the annual tuming of Earth's biospheric mantle. And this was 
accomplished precisely because of the intrinsic harmonic cycles and patterns of the 
DreamspelllWizard’s Count 

For this reason, by 1993, it was incumbent upon me to test the hypothesis of the 


Law of Time that the human race was destroying its bi 


phere due to operating 
according to an error in time, and that only a shift in its experience of and perception 


of time would save it from such destruction, This 


shift in time is defined 


the 


calendar change. The Law of Time presents such a radical critique of Western sci 
ence, of its concepts of time, and of the civilization which it supports, that I could 
not tackle the problem from its center, but from its periphery, moving inward to the 
point of the Inevitable Event, Beginning in Latin America, then sprea 
and finally North Ame 
change the everyday perception of tim 


fing to Japan, 
Western Europe, Russ Wwe established a movement 10 


ind the 


instilling profound meaning b 


effort to reform the calendar. In this way, we took on the responsibility of organizing 


the World Thirteen Moon Calendar Change Peace Movement. 


Part and parcel of this, beginning in 1993, was the decoding of the prophecy of 
Pacal Votan, the inspiration of The Mayan Factor. Known as the Telektonon, Earth 
Spirit Speaking Tube, this prophecy is the full realization of the Law of Time and the 


synchronic order. As much science the Telektonon defines the Tower 


it is prophecy, 


of Babel as the root of the error in time, and the Inevitable Event as the necessary result 


of not relinquishing false time. At the same time, the Telektonon provides codes and 


tools of analysis which are in complete accord with an understanding of the technosphere 
noosphere as. an evolutionary continuum in which the Inevitable Event is an act of moral 
consequence and natural law reveating the basis of anew cycle of harmonic order. 

I would also be remiss at this point if! did not inform the reader that, by prophecy's 


prerogative, this text is also literally punctuated by a perspective that can only be 


described as “Quranic.” Late in 1993, my immersion in the prophecy ofPacal Votan 


became sychronically tinked to my immersion in a study of the Quran, or Holy 
Quran ast is sometimes called. Ihave taken seriously the claim that the Quran is the 
final revealed text (A.D. 610-632) for humanity. Ihave studied it following the dic- 
tum: "Quran, the whole Quran, and nothing but the Quran,"3 as the basis of genu- 
ine Islam-submission to the will of God. Ihave found it more than sufficiently true 


that the Quran is a scientific text, and contains nothing that contradicts 


More profoundly, my study has given rise to my own personal ethic: duty to God is 
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the highest cause. It is the cultivation of this attitude, combined with many years of 
practice of Buddhist meditation, that have brought me to my present point of view, 
which is visionary and spiritual throughout-and, as a result, has endowed me with 
my own view on the current global dialectic. 

That the new, and final, global dialectic is found in the tension between the 
forces of globalization (materialism) on the one hand, and that of the civilization of 
Islam (spirituality) on the other, is now a well-documented  fact.4 Of course, gener- 
ally speaking, in the West, we see it only from the materialist side of the dialectic. 
The perspective which informs me, and consequently this book, is definitely from 
the other side of the dialectic. Though in no way condoning terrorism- I am anon- 
violent pacifist by persuasion-the motives of the terrorists stem from a philosophy 
and worldview with which Iam in sympathy. Yes, the Inevitable Event was also a 


profound theological moment, and what we are witnessing in the present World 


War is the battle between the religion of choice and the religion of submission, We 
cannot necessarily assume that the religion of choice will prevail. In fact, from the 
perspective of the biosphere-noosphere transition, it is the religion of submission 
that is most in accord with the spiritually-beckoning future. 

‘Asa preface to this book, I have found it mandatory to write this brief literary 
autobiography, often couched in a terminology that jumps ahead of the story, solely 
to demonstrate that the actualization of the noosphere corresponds to the stages of 
attainment and transcendence of one human's life journey in pursuit of the truth. 
Only in this way could I cultivate the noospheric perspective, voice, and point of 
view that was necessary for the writing of this text. In this perspective, the noosphere 
isacondition of non-anthropocentric consciousness. My journey, thus documented, 
is merely one way the noosphere has found to become conscious, asserting the Law 
of Time's purposive axiom: to make conscious what had been unconscious. The voice 
and method of the noospheric perspective are inseparable from the topic of this 
book, Time and the Technosphere. By analyzing the timing and structure of the 
technosphere, the noospheric point of view becomes conscious. Without understand- 
ing the nature and relation of time and the technosphere, there would be no truly 
sane way to comprehend the meaning of the Inevitable Event. 
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9-11, The Inevitable Event, 


and the Nature of Time 
Introductory Reflections 


Woe! Woe, O great city 
0 Babylon, city of power! 
In one hour your doom has come! 
Woe! Woe O great city, dressed in fine linen 
purple, and scare 
In one hour such great wealth has been brought 10 
"Woe! Woe, O great city 
Where all who had ships on the sea became rich 
through her wealth, 
Jn one hour she has been brought to ruin! 
With such violence the great city of Babylon will be 
thrown down! 
STJOHN OF PATMOS, BOOK OF REVELATIONS, 
CHAPTER 18, THE FALL OF BABYLON 


9-11, The Twin Towers of the World Trade Center gone in averitable twinkle of the 


Tragedy. Horror. Terrorism, The whole world brought to a halt. The afte 


‘math? Patriotism, war, and an all-pervading uneasy feeling. What happened? What 


really happened? Was this the beginning of the Apocalypse? 


9-11, The Inevitable Event 


Amidst the distraction of chasing after other people with smart bombs in far- 
away places like Mghanistan, and making everyone at the airports feel like potential 
terrorists, there are no answers forthcoming for what really happened. There is a 
good reason for that, too: The destruction of the Twin Towers of the World Trade 
Center and the attack on the Pentagon marked a point beyond the comprehension 
of the current belief system in every way. To say that the event was mind-blowing is 
an understatement. But if it was mind-blowing-which it truly was-that means 
that a whole belief system was knocked off of its foundations, and only anew belief 
system can supply the answer. A higher, more all-encompassing belief system-a 
new paradigm-is_ what isneeded if we are to really understand what happened on 9-11 

Belief systems 
the time you are living in. Any belief system is held in place by the calendar and 


believe it or not, are functions of time. What you believe defines 


sense of time in which it is encoded. 9-11 means September ILit also means 911 


emergency, planetary emergency in this case. "9-11 we will never forget” was a com- 


mon slogan appearing on bumper stickers and store windows after the event. The 


words or concepts "Tuesday, September 11,” "9-11" and even "911" are all functions 
of the same belief system. So is "2001," the first year of the highly touted "third 
millennium.” But the third millennium of what? The third millennium since the 
birth of Christ. This means that the belief system whose mind was blown was the 
Christian millennial belief system encoded in the Christian calendar, the Gregorian 
as it is properly called. Does this mean that the foundations of 2000 years of belief 
were blown away, shattered with the terrifying collapse of those Twin Towers? Eas- 
ily that many years, maybe as many as 5,000 years, or pethaps even the entire history 
of civilization as we know it came unhinged that fateful day, the day of the 9-11, the 
day of the Inevitable Event, to borrow a phrase from the Holy Quran, the day the 
Apocalypse announced itself, showed up on the moming television, quite without 
warning. (See plate 1,The Invevitable Event and the End of History.) 

In meditating upon the meaning of the Inevitable Event, it is natural to ask: 
What made this event so inevitable? It is not just from the perspective of American 
Foreign Policy, or that of its economic free market monetary politics, that this event 
was inevitable, More profoundly, this event was so inevitable because it seemed to 


smack of some form of retribution for the breaking of fundamental laws of nature, or 
even of Divine Law. And isn't the retribution for transgressing Divine Law a form of 
apocalypse, a standing naked, a revelation, an evocation of the fall of the Tower of 
Babel, no less? 

Yes, that is why it was so shocking-it was the Inevitable Event because the apoca- 
lypse is as inevitable as it is without warning. But apocalypse-aword no one wanted 
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to use to describe the event, because to use it would be to admit that it was all over- 
is only one side of the coin, There is another side to the coin of the Inevitable Event- 
and that is what this book is about. There is something beyond the Apocalypse, there 


is something larger going on, and that also scares people. Things are out of their 


control. Isn't this why, instead of looking at it, or contemplating the eve 


. a policy of 
war was immediately instated as a principle of revenge-for what and against whom? 


What is going on is time-time is always going on, or time is always coming together. 
Or time is always changing. ‘The apocalypse, too, is about time-the end of time- 
which is even more frightening to most people. But the end of whose time? The new 
paradigm we need to explain 9-11 should be a paradigm that is all about time. 

Iwho speak know, because Ihave spent most of my life studying time, and the 
effects of human time which you call history. For many years now I have been living 


fan experiment in time, but a time most of you do not know. So Ihave some answers 


that will put 9-11 in perspective for you. Iam the stranger from the other side of the 


wall of mechanized time. Ihave come back to make you familiar with the time your 
clock and your calendar shield you from. Because I know about the other time, the 
larger time, the cosmic time that govems the cycles of all that exists, I can tell you 


that 9-11 was the Inevitable Event. It had to happen  precis 


ly when it did, not by 


cause nineteen terrorists planned it that way, but because the terrorists themselves 
were unconsciously programmed by the timing of Earth itself. Earth's timing pro- 
cess represents evolutionary forces as well as effects inreversibly set in motion by the 
human's own unconscious programs, programs governed by the human misperception 
of time and of its role in the cosmic order. 

Yes, Earth has its program of which our human history and all of its endeavors 


are only apart. This larger meta-program of Earth is called the biosphere, the scie 


tific designation given to what is commonly and inadequately referred to as “the 
environment.” As such, the biosphere is a whole system composite of the sum of life 


and its organic and inorganic support systems spread out over the surface of Earth, 


hence bio ="life" + sphere ="having the form of a glob 


In aword the biosphere is 
avast but fragile process which has been evolving itself for some two billion years on 
this litle planet as it spins around its local star, the sun. But we humans, who only in 


1969 first saw ourselv 


as aplanetary being-the whole Earth beamed back at us via 


television by arocket hurtling toward the moon-we humans have been generally so 
self-involved in our own interpretation of things that we have missed seeing the 
larger picture of which we are a part. ‘This larger picture is the entirety of the bio- 
sphere which encompasses the evolution of life on Earth as a whole system process. 


‘The amazing thing is that most of us have never even heard of the biosphere much 
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less even know that we are a part of this whole system governed by laws and principles 


which we, in our self-made arrogan 


and ignorance, have but little understood. 
From my experiment in time, seeing and studying the human as part of the 
larger self-evolving fabric of the biosphere, I-came to the conclusion that the human 


n artificial time whose 


is living in a time apart from the rest of the biosphe 
climax. and termination is inevitable, for nothing artificial can withstand the force of 
truth. If the human is living in artificial time, the clock is an artifact whose system of 
measure has nothing to do with natural cycles but is a totally abstract standard, then 
there must be something called natural time. Iwill go even farther and state that not 
and that is 


only is there natural time, but that there 


js a law governing natural time, 


the Law ofTime.Just_ as Newton only discovered gravity some 300 years ago, though 


gravity has always existed, so the Law of Time has always been in operation, even 
though it was just recently discovered. It is the Law of Time that govems the en- 


les 


tirety of the biosphere and everything else in the universe according to pri 
which are only dimly known to us, principles like synchronicity and telepathic in 
stantaneity. Yes, to understand what really happened on 9-11 you have to understand 


the Law of Time and how it governs the biosphere-of which our rampant human 


civilization is inescapably _a part. 
‘The Law of Time is formulated very simply, and in some people's way of think- 

ing, rather unscientifically as T(E) = Art, “energy factored by time equals 

phenomena in the material world represent some state of energy, and every state of 


energy is governed by time, the resultant product of which is always something beau 


tiful or elegant. Have you ever seen an ugly sunset? A hideous flower? Even if you 


examine a scorpion with some objectivity you will be amazed at the flawless and 


elegant manner in which its parts are organized. Yes, all of nature is organized by 


time to produce in you the sensation of beauty. And time itself, well, believe it or not, 


time is a frequency, and a frequency is not measurable by a clock. The Law of Time 


states that time is the universal frequency of synchronization. It is the nature of time 
to synchronize and to maintain all things in a condition of synchronization. 
Synchronicity, then, is the experience of real time. When we say that time is a 


and say that time is a universal constant ex- 


we can be more precise 


frequent 


pressible by the mathematical ratio 13:20. That is, the 13:20 ratio is the frequency 


of synchronization, 
OF course, most people have never even heard of the Law of Time much less 
comprehend what the 13:20 ratio might mean, But then, that again gets to the root 


of the problem, or rather, the dilemma: If humans are living in their own time apart 


from the rest of the biosphere which is govemed by the natural timing frequency 
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how could they ever know about the Law of Time? The humans are all a little like 


Mrs, Malaprop in the play by Moliere who learns to her surprise that she has been 
using grammar all of her ife-though it is much more serious than that. So we 
humans are with the Law of Time-it has been operating throughout history with- 
out our awareness of it, Because of this, its way of making itself known to us was the 
infamous 9-11. Yes, in the analysis of the Law of Time, the 9-11 marked the end of 
artificial time. 

Living in ignorance of the Law of Time and of the true nature of time, the 


human specie 


constructed its own concept of time which is based on the clock with 


its 60-minute hour and the Gregorian calendar with its maddening amay of un- 


evenly numbered months. Hence, the paradigm of the artificial timing frequency is 
defined by the ratio 12:60 (twelve-month calendar, 60-minute hour) -in contrast to 
the 13:20 ratio of natural time. If the artificial mechanistic and irregularly measured 
time sets the human race apart from true or natural time, does this not also establish 
the fact that the human race is living an error in time? Only by living such an uncon- 
sciously assumed error could the human race arrive at such an apocalyptic moment 
as the Inevitable Event-inevitable because any deviation from the truth has an in- 
evitable moment when the truth rebounds in some dramatic or even apocalyptic 
way. Is it possible that the entire construct of modern civilization, so devastating to 
the biosphere, is a function of this error in time? Is modern civilization like a time 


warp, a bubble of artificial time that suddenly got popped on the 9-11? 


Back in the 1990s, now seemingly so long ago, I was traveling around the planet 
on behalf of the Law of Time and the biosphere, and making my observations re- 


garding the effects of arti 


‘al time from a planetary whole systems point of view. 1 
saw that even though the human species had evolved - or devolved, as the case may 
be-into acultural hybrid which I call the planetary human, the object of the much 
touted "globalization," I saw that the consciousness of this cultural hybrid was any- 
thing but planetary. ‘This schism between the propaganda of globalization and the 


actual sectarian and fragmented state of consciousness of the hybrid human was fur- 


Lobserved, by the potently unconscious effects ofliving an error in 
time. Ironically, if the Inevitable Event left many of us in the dark, it has brought the 
Law of Time into the light. To elucidate let me quote here from a text I wrote in 
1996, and which I think will give us a point to expand upon in onder to bring the 
Inevitable Event into. sharper focus, while allowing me to define some of my terms 

“Through an error in time, the human species transforms its artificial construct, 
Vilization, into a global technosphere: the sum product of industrial mechanization of 


its biological 


functions. Because of human adaptation (to the irregular. mechanized 12:60 
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riming frequency, the technosphere runs counter to the laws of the biosphere, crearing a 


magneric instability between the primal crystalline and vital organic processes."2 


‘The current explosion of the world crisis, stemming from the destruction of 
‘The World Trade Center Twin Towers, demonstrates the hypothesis of the Law of 
‘Time that states: operaring on arrficial and mechanisric timing standards will cause 
the human to deviate from natural rime to the point of its self-destruction, the end 


res stability referred (0 in this reference. But here we have some 


tof the magneric 


further definirions to make. Let us start with a definirion of the technosphere, since 
that word is featured so prominently in the ritle of this book, Time and the Technosphere: 
The Law of Time in Human Affairs. 

While the term biosphere defines the enrirety of life as a single coherent unity 
inclusive of its inorganic or semi-inert support systems such as the atmosphere and 
the hydrosphere, technosphere defines an artificial sheathe or membrane held to- 
gether by industrial technology as a whole system. This technological mantle is the 


sum of the pr devised by humans resulting from the application of certain 


scientific and economic principles, especially during the last half century. The ef- 


fects of the technosphere are to supplant the organic processes of the biosphere with 


totally industrialized ones, resulring in a severe imbalance in the biosphere. This 


imbalance, the "magneric instability between the primal crystalline and vital organic 


processes” refers to the disruption of the delicate interaction between the inert ( 
talline) and biological proc 


nisms and interacrive cycles of the biosphere. Phenomena such as global warming 


‘sand structures which consritute the vibrant mecha- 


and over-popularion are symptomatic of the technospheric disruption of the natural 
order of the biosphere, 
‘The term technosphere, however, is actually just the middle term of a larger 


process defined as the biosphere-noosphere _transirion. According the principle 


figure behind the elaborarion of the laws of the biosphere, V. I. Vemadsky (1863- 


1945), as an evolving structure, the biosphere is inevitably being transformed into a 


new geological and evolurionary condirion, the noosphere-Earth’s mental enve- 
lope. In Vemadsky’s analysis, the entirety of the biospheric process can be described 
as assingle biogeochemical unity. According to Vemadsky, due to man's transforma 
rion of nature since the industrial revolurion, this biogeochemical unity has entered 
state of combustion-an accelerated process of transformarion. It is this. rapidly 


acceleraring geochemical combusrion-the net effect of industrializarion and 


shift, the transformarion of the biospher 


that accompanies an evolurion: 


the noosphere. But between the biosphere andthe noosphere there is. the 


technosphere, the intervening medium of transformation 
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So when we speak of the biosphere and the noosphere we must take into ac- 
count the technosphere. In actuality we must speak of the biosphere-technosphere- 
noosphere transition. In this context, the noosphere is the condition of the human 
mind purified of the error of time. And if the noosphere is the Earth’s mental enve- 
lope, it could only be so because of a unified state of mind, the transformation of the 
hybrid planetary human into a genuinely spiritualized planetary being, the mind of 
the Earth no less-something that seems phenomenally utopian from the perspec- 
tive of today's evening news. How could this come about, this noosphere of a tele- 
pathically unified human consciousness? Again, the Law of Time supplies genuine 
answers. To begin with, it says, change your calendar, get back to living in harmony 
with the natural cycles of the rest of the biosphere-and the universe. If you don't, 
well, the destruction of the Twin Towers was just the first stage of the Apocalypse. 
But we still have a choice. The other side of the coin of the Apocalypse shown to 
humanity on prime time television on the 9-1! is entry into the noosphere. But we 
‘must first understand what is really going on, and then act intelligently. 

‘The mental climate in America is particularly difficult and strained now. In or- 
der to maintain a positive and constructive attitude of mind during this terrible time, 
Idecided to write this book. Asyou can see, this book takes for its point of departure 
an analysis of the destruction of the World Trade Center (the actual hub of the 
technosphere) as the Inevitable Event defining the dynamic of the biosphere in its 
process of transforming into the noosphere. The analysis of the event in this light 
will give ample opportunity for presenting the key ideas of V. 1. Vernadsky, in par- 
ticular the concept of the biosphere which he so single-handedly amplified and de- 
fined, as well as the cosmic ideas of other Russian thinkers which are little known in 


the West. I have already written about and given much thought to this matter in 
general, summarized in part in the First Planetary Congress of Biospheric Rights, 
held in Brasilia, Brazil in 1996, but nowhere have I written for a wider public audi- 
ence concerning the nature of the biosphere-noosphere transition. 

I feel it is especially important at this time to present an analysis of this event in 
a scientific context that is beyond nationalism and ideology, so that human beings 
can begin to understand that they are afunction of the biosphere, but not necessarily 
its controlling mechanism. Of course, the Law of Time is the key factor involved in 
this analysis, and understanding the biosphere in the context of the Law of Time is 
absolutely critical for establishing the basis of an entirely new worldview and hierar- 
chy of values-the much awaited new paradigm. 

Like my thoughts on the biosphere-noosphere transition, my investigations of 
the Law of Time have also not as yet been presented to the general public. In fact, 
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you will find scarcely anyone who has even heard of the "Law of Time.” This 


is 
because my researches and investigations over the past decade which resulted in the 
discovery of the Law of Time were not conducted in any formal academic way, nor 
through any corporate or government sponsored grant or officially recognized 
research institution. The discovery of the Law of Time has been, nonetheless, arigor- 
ous, life-consuming pursuit. The laboratory for its study was to be found in a 
phenomenological and anthropological investigation of the effects of mechanized 


time on various population groups absorbed in what is called "modern civilization.” 


‘The premise of this investigation is simple: it is an undeniable fact that the time 
of human civilization, governed by the clock and the Gregorian calendar, is not the 
same as the time of the rest of the biosphere. Art 


ial time isnot the same as natural 
time. Or rather, artificial time establishes a frequency which governs the human 
species totally apart from the timing frequency of the rest of life. What are the ef- 
fects of artificial time and how do they define the nature of modern civilization? The 
answers to these questions open a perspective that has been scarcely considered. Yet 
this perspective is so clearly an essential factor in the description and definition of 
the human condition, that, in the wake of the tragic events and their ominous after~ 


e it to 


math, it now begs to be presented in a proper manner. Hence this book. Suff 
say that the Law of Time in every respect answers the question posed by my previ- 
ous books and summarized in the single query: how will modern man escape the 
fatal consequences of the one-sided mechanization of his biological operations and 
the imminent destruction of his life-support system? 

Defining a planetary whole systems approach to the analysis of time in human 
affairs, the first postulate_of my book A Treatiseon Time (1996) concerning the prin- 


ciples and nature of time as the fourth dimension is worth quoting here, since it 
introduces the fundamental problem informing the investigation of Time and the 


Technosphere: 


Just 


iris the atmosphere of the body, so time is the atmosphere of the mind. If 
the time in which we live consists of uneven months and days regulated by mecha- 
nized minutes and hours, that is what becomes of our mind: a mechanized irregular- 
ity. Since everything follows from mind, it is no wonder that the atmosphere in 
which we live daily becomes more polluted, and the greatest complaint is: "I just 
don't have enough time! Who owns your time, owns your mind. Own your own 


time and you will know your own mind.3 


It must be understood that the events of 9-1 were so historically unprecedented, 
so mind-bogglingly dramatic, that they require a large lens through which to fully 
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interpret their meaning. The Law of Time is such alens. Quite simply, the destruc- 
tion of the Twin Towers defines the limit of artificial time. If this is so, what can be 
expected following this world-shattering event? Because the Law of Time began 
with the premise of defining the difference between artificial time and the time of 
nature, the larger context of the biosphere was resorted to almost immediately. Be- 
ing the study of an ongoing and evolving phenomenon, the investigation of the bio- 
sphere by its principle researcher, V. 1. Vernadsky, pointed to another imminent 
evolutionary stage: the noosphere, the "mental envelope of the planet." However, an 
intermediate stage was also perceived by researchers. who followed Vernadsky, and it 
came to be called the technosphere, "the technological envelope of the planet.” The 
end or limits of the technosphere define the birth or beginning of the noosphere. 
With the events of 9-11, this is no longer just a theoretical concept but a vivid 
reality. As a species we are now undergoing this dramatic evolutionary moment, 
otherwise known asthe biosphere-noosphere transition. It is for this reason that this 
book also presents novel definitions of time and pragmatic conclusions that can be 
employed by anyone if they so choose. If the root of the technosphere is artificial 
time and its proliferating mechanized constructs, then in the collapse of the 
technosphere, an event ordained by the laws of nature, there must be an orderly path 
or means for establishing the noosphere, also ordained by natural law. The Law of 
Time defines this orderly path as a conscious shift in the human timing frequency, 
away from artificial time and into universal natural time. This can only be accom- 
plished by a universal reform of time, known as the calendar change. If there were 


no such path, the conclusion to the collapse of the technosphere would be an un- 
bearable barbarism. 
By its nature, the topic of the book is cross-disciplinary and provocative-it is 


visionary history. Ihave been described as a "spirituality historian” and "cosmic har- 
mony researcher."4 I believe this description also characterizes Time and the 
Technospherewhich does present asolution, anew world paradigm, if you will. Anew 
paradigm has been awaiting humanity ever since the notion of paradigms was first 
raised by Thomas Kuhn in 1964, in his book The Nature of Scientific Revolutions, ot 
even earlier by Vernadsky and Pierre Teilhard de Chardin in their invocation of the 
noosphere. To be truly new, such a paradigm could hardly be expected to arise from 
traditional fields of thought or methods of research, be they quantum physics or 
microbiology. In fact, as T have often said, most people wouldn't recognize the new 
paradigm ifit ran into them on the street. This is because people's consciousness and 
perceptions are basically very set and unexamined-as unexamined as the effects of 
the watch on their wrist or the calendar on their wall. In fact, one of the consequences 
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of the technosphere is the limiting nature of consciousness which remains —un- 


changed despite the fact that technology is changing all of the time. But with the 
occurrence of the Inevitable Event, history has been punctured. Perhaps now the 
new paradigm can be perceived: the paradigm of natural time as the universal factor 
of synchronization, 

Although prompted by the stunning terrorist attack upon and consequent apoca- 
lyptic collapse of the World Trade Center Twin towers, these reflections are actually 
synthesis of thoughts and explorations in the domain of time that I now find neces- 


sary to communicate in a coherent and organic form, The grand theme of this study 


is to understand how and why the collapse of the twin World Trade Center Towers 
‘was a biospheric event. Even so, the study of the Inevitable Event within the context 
of the evolution of the biosphere requires and leads us to still grander domains of 
thought-the historical, the theological, and the cosmological. ‘The reason that these 
reflections and meditations spiral into ever grander domains of thought is due to the 
principle of analysis and the guiding factor employed in this study. This is the Law 
of Time, which is the fruit of a life-long research and pursuit of knowledge. It is the 
Law of Time that brings the biosphere into timely focus. 

‘The biosphere is scarcely known even to most educated people. As a bio- 
geochemical whole system in which the human is but one of the functioning —compo- 
nents, the biosphere isan intricate unity with its own governing laws and principles. 
Without becoming conscious of how the human organism participates in the laws 


and principles of the biosphere, the human will continue to remain ignorant of the 


biosphere's existence and therefore will sooner than later reach a termination of its 
own evolutionary possibility, A demonstration of how the laws and principles of the 
biosphere, crystallized into. a temporary and intermediate sheath called the 
reached a climactic evolutionary point in the collapse of the World 


towers will provide the means of educating in general concerning the 


biosphere. It will also allow us to elaborate on the meaning and nature of ‘the 


technosphere, and the imminent transformation of the biosphere into the noosphere, 


the Earth's "mental envelope.” 
‘A fundamental purpose of the Law of Time is to expand upon the meaning and 
significance of the Inevitable Event, as well as upon the biosphere, _technosphere, 


and noosphere in relation to the evolution of life and consciousness in the universe 


To speak of an event being “inevitable” is to bring about areflection on the nature of 


time, and even of the laws of cause-and-effect and karma, It is ime that governs both 


uuse-and-effect as well as the actions of karma. And it is time that dominates inevi- 


tability, because any such inevitable event is located in a very precise moment in 
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time. But what actually is time? How does time “locate” events? And, once again, 
what is the Law of Time? 

As the criterion of natural time in which synchronicity is the norm, the Law of 
Time is the key that unlocks the reason why the Inevitable Event occured when it 
did. By precisely locating it within the evolutionary continuum of the biosphere and 
in relation to its point of mutational shift, the Inevitable Event is placed into a greater 
context of cosmic comprehension by the Law of Time. Through the lens of the Law 
of Time we will be able to understand the relationship between the biosphere, the 
intermediate state of the technosphere, and the imminent stage of the noosphere 
Defining the Law of Time as the factor of universal synchronization, the law by 


which all events in the universe are maintained in synchronic relation to each other, 


we approach the domain of a hitherto undefined realm, that of the synchronic onder. 
As the unifying fourth-dimensional order of time in the universe, the synchronic 


order is measured and gauged by the 13:20 matrix. The mathem: 


coding of the 
Law of Time is entirely locked into this 13:20 matrix, otherwise known as the Har- 
monic Module or T zolkin, the basis of the sacred count of the ancient Maya, When 
wwe examine the Harmonic Module, a 13 x20 matrix, we may well ask what does that 
have to do with time? It is obviously as different from a clock, as a tree is from a 
flagpole! When we examine the matrix carefully we see that there is a repetition of 
thirteen notations, the numbers 1-13, that occurs 20 times yielding 260 (13 x 20) 
units, 

Holding the 13:20 matrix together is a pattern which I identified in my book 
Earth Ascending (1984) as the binary triplet configuration, and in the Mayan Factor 
(1987) as the Loom of Maya. This pattem consists of 52 units, 26 on either side of 


the central or seventh vertical column, If you contemplate this S2-unit pattem you 


will see it is characterized by binary radial symmetry. This quality characterizes the 
entire matrix and defines the quality of fourth-dimensional time as radial and. instan- 
taneous distinct from the current third-dimensional paradigm which defines time as 
being linear and sequential. ‘The radial quality of fourth-dimensional time is: what 


accounts for its being the f is very different 


tor of universal synchronization. This 


from the sensation of the second hand as it sweeps around the clock, indicating the 


inexorability, not of time but of the mechanization of time! The 13:20 matrix be: 
comes potently useful as the means of establishing the synchronic order when it is 
coordinated with a genuinely harmonic timing standard, the ‘Thirteen Moon/28- 


nda. 


Day ca 
attributed (0 Einstein, This 


“Time is the fourth dimension,” is the famous adag: 


statement notwithstanding, the modern notion of time is bogged down in the minutiae 


9-11;The Inevitable Event. 


i 


uowesn8yu05 39}diay Aseulg 


a]NpoW ruoWeH-KLEIEW OZ:EL 


(510%) 
suNneL = 

xiv Natya 

AVIRA = INT ISVE 


(et x) 87 01d sppe sin +0) 
resuy Bursous 94 
si2u09 > yu SLES 
Pea shun Joss Ef 


minqosagehal ge 


= xpiivn aswwinid 
NOUWNOIINOD LITRE -ANWNIEL 


—— a 


3009 3HL 


a 
Rou Ke 


SN 


a Fasnes Aep-092 ao 59940 91 S104 z= Asana Jepua}e> e}0s yum sysou JepUD} 
stepsuonen 
= ) €1=1 laqunu uo paseg sepuoye> Aeq99 


Nae 
MOTIIA 


\ 
5 


nd 
AOA 


ONVAO 
anf 


ax suas 
SuivWOHHD 


VIVIOWSO) = -0--* 


134035019 10 951949: Jo qulod 6 uondadu! wu sjodsuns AseuNg fo 2}242 4h 


Nwn 


20°S)094 ft asudus: 


od 097 J0 8010} sun-a2e\d oz puE 


Ta NN 
NoLONd 


113898190 
Nowa 
¥VIOS =-9--e 


si7aa Nouviava 


ADI XRILYW AMV, 


UINISRId-O-1S¥a) 


MOTH NOLLINGOINI @ 


UuNasaeor-7I0404) 
MOU NOULWAYOINT 


3 SINIWBAOW 6 
ce eee = 
Et ee oa) 22 
BIZ | sunmanow | 2 

g oe 18 

2 | 
ne aur Iynouy. 

z 19-6 

Et { a 
she 22 
315 22 
a z 


NOUYINHOSNI 


xmaHngnog 


JDNVAGY TYNOUYZITIAD = 


# AIONIINOD TWNIDHOBY = 


Ss900¥d WANLTNIOHDASA 


soz Ag v0 


NoUvsing 
WANLINSOHDASA 


3009 #31NdWOD 


aNOz¥VIO4 
@ Hinos 


3009 
NOUWIQIOANI ABYNIB: 


¢ yaoW 
AUSNVEL 


3NOZ 


WNG 


ALnavI1Od 


¥INOSSOND 


403NOZ 


3NOZ¥VI0d 
HIMON 


of quantum mechanics and cessium clocks, in ahair-splitting myopia that cannot see 
the forest for the trees. The fact is that only time governs the whole order of the 
universe in amanner that transcends all spatial limitations, even those of the relativ- 
istic MinkowskilEinstein four-dimensional universe, which is confined by the speed 
of light. As the universal factor of synchronization, time is instantaneous and tran- 
scends light. This novel perception of time defines a new reality, the synchronic, of 
which our experiences of synchronicity are but a foretaste. The synchronic order 
described by the Law of Time poses the order of an entirely new science of time. 
To be realized and then applied, the science of time is dependent on two factors: 
a sudden and radical disruption of the historical continuum; and a genuine global- 
ization or planetarization of consciousness. The break in historical continuity is nec~ 
essary to jolt the human consciousness. from its 
by the Law of Time as the delimiting 12:60 frequency consciousness of artificial, 


‘agnant and entropic. state-defined 


mechanistic time-while the globalization of consciousness, intimately connected 


with this sudden discontinuity, is necessary for the application of this law at a plan- 


etary whole systems level. Of course, the radical disruption of the historical con- 
tinuum was provided by the collapse of the Twin Towers, and can actually be mapped 
in adescription of the dialectical process of human evolution 

If one studies Earth Ascending, Map 19, "Binary Pulse of Psycho cultural Devel- 
opment,” [shown on page 14] one can pinpoint the "Inevitable Event" of the radical 
historical discontinuity as the point at which the AC and CA currents cross over one 


another and switch polarity at the very top of the graphic depicting the “historical” 
process. What does it indicate, this point of psychic polarity switching currents? 


of con 


‘The historical dialectic is understood as the interplay of two "current 
sciousness, AC "Aboriginal Continuity” and CA, "Civilizational Advance." In the 
prehistoric phase, the consciousness is dominated by the Aboriginal Continuity or 
AC. This refers to the primary experience of the original human nature- life lived 
as aritual or ceremonial round within the perimeter of the timeless present. But as 
the human enters the historical cycle, about which we will have more to say in later 
chapters, the CA becomes more predominant. As Civilizational Advance, the CA 
represents the tendency toward exclusive reliance on reason, logic and written means 
of communication. The Law of Time further defines the CA as being motivated 
increasingly by the artificial timing frequency of the 12:60 which gains in promi- 
nence until the final phase of the historical cycle, industrial globalization, when the 
CA has gained complete dominance of the biosphere. 

During this final stage, the global mental condition is defined as the involve- 
ment in secondary or artificial means of experience, furthered by the planetary 
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technosphere. The sum effect on consciousness of the advanced CA stage is defined 
as Psychosensory Elaboration or PSE, which in tum creates a psychoatmospheric 

density (PAD)-literally a mental cloud which obscures altogether the organic 
biopsychic reality of the human within the biosphere. From the point of view of a 
planetary pathology, this. massive collective obscuring (CA) of the original nature 
at of 


(AO) defines a "suicidal crisis point," a moment at which the subconscious in 
the human being programs its own self-defeat in order to ultimately return to the 
organic reality of the biosphere and the simultaneous advent of the noosphere. Hence, 
the Inevitable Event: the radical break in the continuum of history. 


This moment of radical 


istorical discontinuity occurred with the September 
11,2001, terrorist attack on the twin towers of the World ‘Trade Centerthe very 
nerve center of late global industrialization-and the Pentagon, the supreme mili- 
tary fortress that defends globalization. If the fall of the towers symbolically augured 
the fall of Babylon and the Tower of Babel itself, the penetration of the Pentagon 


was no less symbolic. ‘The fact that there was not one but two towers of Babel and a 


separation of some twenty minutes between the attack on each tower allowed the 
second attack to be viewed live on global television by about as many people on 
Earth as had ever witnessed anything at one simultaneous moment. By the end of 
the day, the scene had been repeated multiple times on virtually every television 
network on the planet 

‘The unbelievable shock of the moment and its simultaneous perception, coupled 


ively rendered the break in 


with the symbolism of what was actually occurring, ef 
the historical continuum as a profound mental event-a rupture of 5,000 years. of 
history from the first Babylon to the last. The witnessing of the event on television 
meant that it was received immediately into the nervous system of virtually the en- 
tire species. This in itself is anoospheric moment-the mental envelope of the Earth 
made collectively and globally conscious in one instant of history-shattering _signifi- 


the images of 


cance, and hence, the genuine entry into post-history. Archetypally 


the towers collapsing with people flying or jumping off the upper stories, is a pure 


reflection of the Sixteenth Major Arcana card of the traditional Tarot which shows a 
tower being shattered by lightning, with bodies falling down from it 


While the negative powers and forces grapple with their shattered dreams in the 


aftermath of the event, it is the time for the powerful luminescence of the noosphere 
to begin to activate the receptive cells of the human system within the now catalyzed 
biosphere. Fifty-six years after Hiroshima, the fall of the World Trade Center Tow- 
ers is the fatal puncture in the technosphere which is intended to reorient the human 


within the biosphere. ESP (extrasensory perception}-the opposite of PSE. (psycho 
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sensory elaboration)-is released in the instantaneity of the information reaching 
virtually every human being on Earth. This is the collective reactivation of the Ab- 
original Continuity current that has been disengaged and disempowered for so long 
by the Civilizational Advance. Civilization has finally been checkmated. Now the 
Revolution of Time must be completed in order to stabilize the biosphere, anchor 
the noosphere, and de-structure the technosphere. 

According to the Law of Time, the Inevitable Event was already embedded in 
the moment in which it actually occurred, like a flaw in a piece of glass that, upon 


concussion at the right pressure point, shatters all at once. In the case of the World 


Trade Center Towers and the Pentagon, we are also dealing with symbolic constel- 
lations of such potency that the very act of their shattering redefines the reality of 
human consciousness. In fact, the nature and problem of human consciousness as it 
has evolved historically is also at the root of this astonishing event, While it will take 
time for the collective human consciousness to fully grasp just how much its reality 
is being redefined, a vacuum now exists within the technosphere itself-a vacuum 
which awaits being filled by anew paradigm. Since the collapse of the Twin Towers 
actually represents the limits of artificial time, the new paradigm must rest on a 
redefinition of time altogether. This is the definition supplied by the Law of Time, 
the pragmatic application of which is the replacement of the irregular measure of 
the Gregorian calendar by the harmonic measure of the Thirteen Moon/28-Day 

calendar. 


Because of its harmonic measure, the Thirteen Moon/28-Day calendar coordi- 
nated by the Harmonic Module is the new dispensation of time-reckoning for the 
human race. Rooted in the four recurring year-bearers of the Wizard's Count 
which is not the same as the Mayan long count, nor the Julian count of moder 


science-the Thirteen Moon calendar exists for the establishment of the reality of 
the synchronic order as an entirely new method of knowledge and being for the 
entire human race asa cosmic medium operating within the biosphere. By Wizard's 
Count is meant the circulation of thirteen numbers and four different glyphs-Yel- 

low Seed, Red Moon, White Wizard, Blue Storm-that code the July 26 Thirteen 

Moon/28-Day calendar synchronization date to create a master 52-year cycle, An- 
chored in the Thirteen Moon/2 8-Day calendar, the synchronic order is the means 
for manifesting the reality of the noosphere on planet Earth, Without such a basis in 
alived mathematics of time correlated to the actual cycles of Earth, the noosphere 
could not be experienced nor fully realized. The successful completion of the bio 
sphere-noosphere transition, then, is the triumph of the synchronic order, the con- 
scious elevation of Earth into the cosmic frequency of fourth-dimensional time. 
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For all of this to come to be, however, is yet dependent on an analysis of the role of 


time in the creation of the technosphere and the subsequent comprehension of its 


limits and the potential for its de-structuring. This is not only a matter of theory or 
prophecy; it is a matter of putting into practice, making a coherent action out of the 
application of the Law of Time as it completes the pressing urgency of the bio- 


sphere-noosphere transition, The coherent action to bring us through this rite of 


passage is the Great Calendar Change of 2004. Ultimately, this book is presented to 
make us ready for this unprecedented time changing moment. May you, 0 reader, 
ponder deeply and then, if you so will, come join me in living on the other side of the 


wall of mechanized time. 


Vv 
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Preliminary Definitions 
Biosphere—Technosphere—Noosphere 
as an Evolutionary Continuum 


BYUNDERSTANDING that the Inevitable Event was a function of the biosphere- 
indeed, anecessary moment in the evolutionary trajectory of the biosphere-we are 
inseparable 


saying that this event was not just ahuman enactment, but that humans 
from the biosphere, are effected to perform functions that relate to the process of 
the biosphere as a whole. Seeing the Inevitable Event and, in fact, the entire human 
drama from the perspective of the biosphere, we are actually lifting the cruel trag- 
edies of contemporary reality above conflict and into a state where genuine laws of 
peace and harmony may shed their light of wisdom, illuminating the human drama 
S we rise above our own 


with a higher understanding. One thing is certain: Unl 
humanity and cultivate a non-anthropocentric —view-the view represented by the 
noosphere-there will be no release from the calamity that is now engulfing us. The 
point is not of maintaining the global economy, but of saving the biosphere. 

For the multilayered task of bringing anew understanding to light, defining the 
technosphere, and then the Law of Time, we shall begin with the former: defining 
the technosphere in the context of the evolutionary continuum of biosphere- 
technosphere-noosphere. 
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VERNADSKY AND THE UNDERSTANDING OF THE BIOSPHERE 


It is amazing that the name V. I. Vernadsky (1863-1945) is so little known in the 
West, and that the word biosphere, as well as the laws and principles pertaining to it, 
are scarcely more known, To a lange degree, this ignorance is due to the great cleav- 
age in human relations experienced as the Cold War. The biosphere, which was 


profoundly studied and scientifically articulated by the master Russian scientist V. 1 


Vernadsky, is actually the precise word for what in the West is vaguely referred 10 as 


the environment. But even more than being a precise and scientific description for 
what is meant by the use of the word environment, biosphere defines a whole system 
model of life on Earth, and because of that, also presupposes a whole system meth- 
odology and point of view. You cannot speak about the biosphere without entering 
into a world of discourse that is holistic or holonomic to the core. 

If one looks for Vernadsky’s work in English, one will find precious little avail- 
able. His key work, The Biosphere, exists in two very different translations; the one 
published by Synergetic Press in 1986 is easier to read, while the other, the “com- 
plete annotated edition” published by the Far West Institute in 1998, is far more 
erudite, with a major bibliography and much supplementary information. The ear- 
lier translation was published in conjunction with the opening of the Biosphere Il 


Project outside Tucson, Arizona. It is now a tourist site, with a bookstore that carries 


nothing by Vernadsky! Several other hard-to-find English-language books on the 
biosphere include the excellently informative Traces of Bygone Biospheres by Andrey 


Lapo (Synengetic Press and Mir Publishers, 1987), the flashy Biosphere Catalog (Syn- 


ergetic Press, 1985), and the much more sp 
the Biosphere and Civilization by Vaclav Smil (MIT, 1999). Of these books, only Traces 
of Bygone Biospheres contains significant information about Vernadsky and his ideas. 


This 


alized Energies: An Illustrated Guide to 


scant list of available texts in English is hardly proportionate to the vast reality 
of the biosphere asa complex terrestrial dynamic in the throes of evolutionary change 
‘The place and role of Vernadsky in Russian science is virtually equal to that of 


Einstein in Wes 


em science. A consideration of the achievement of each of these 


scientists also presents us with a dramatic contrast in perspectives, areas of interest, 


and consequent modes of analysis. The physicalist relativism of Einstein's legacy and 
its pursuit of the Big Bang is radically different in almost every way from the legacy 
of Vernadsky's work, which presents a biogeological worldview that is organically 
integrative and the basis of what in Russian science has come to be called cosmism. 
While the physicalist fascination of Western science has supported the materialism 
of modem Westem thought and. its way of life (which is actually an accelerating 


function of the biosphere's own internal processes), the whole system thinking of 


Preliminary Definitions. 


19 


20 


Vernadsky-characterized by the conception of a "biogeochemical _process"- 
ironically supports a cosmic rather than materialistic worldview. 

To illustrate the Russian perspective and the influence of Vernadsky's work, we 
present the concluding thoughts of abook by another Russian scientist and philoso- 
pher, 1. Laptev: 


Each one of us requires the whole earth-today this is quite clear. But surely each 
one of us is required by the whole earth! And when these two mutually penetrating 
requirements, so distinctly revealed and intensified by the leap out into space, are 
satisfied, the new historical epoch will begin "in which mankind itself, and with 
mankind all branches of its activity, .. will experience an advance that will put 
everything preceding it in the deepest shade.” (Fr. Engels, Dialecticsof Nature) And 
people, no longer burdened by the thirst for money, will remember something that 
‘many of our contemporaries have forgotten: The only important things in life are 
such intangible qualities as beauty and wisdom, laughter and love. 

Nothing remains for us, members of a society the ideals of which are in unison 
with elemental geological processes and the laws of nature, but to wish that people 


the world over would recognize U 


is as soon as possible.! 


Laptev's. words-written twenty-eight years ago and precisely at the midpoint 


between Hiroshima and the Inevitable Ever 


l, aswell as during the year in which the 


ed and inaugurated (April 


World Trade Center in New York City was finally compl 
4, 1973)-simply and elegantly state the theme and point of view that we are pursu- 
ing 


But first we must realize how we are organized by the biosphere in order that the 


fact, it is the Inevitable Event that prepares us for the new historical epoch. 


technosphere may be transformed into the noosphere. 


‘The root of Laptev’s cosmic vision lies in Vernadsky’s suecinet definition of the 


biosphere: "The biosphere is the region on Earth for the transformation of cosmic 
energies.” Although the word biosphere had been coined in the late nineteenth cen- 


tury, it was really only with Vernadsk; 


y's efforts that the biosphere became a viable 


description of the (otality of life on Earth inclusive of its organic and inorganic _sup- 
port processes. 

Vernadsky was trained as a geologist with a specialization in crystallography. He 
immediately absorbed the implications of Curies discovery of radioactivity (1896), 
and devoted many studies to the purpose of uranium and naturally occurring _radio- 
activity within the Earth's geology. By the time of the First World War, Vernadsky 
had already writen important texts such as Fundamentals Of Crystallag:raphy and De- 


scriptive Mineralogy, and, along with Madame Curie, proposed an “intemational —ra- 
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diography of Earth’s crust.” This was in advance of Alfred Wegener's definitive work 
on plate tectonics. During the time of the First World War and Russian Revolution, 
Vemnadsky's attention turned toward the problem of living matter and its relation to 
the geochemistry of the Earth. From this was bom Vernadsky's perception of the 
nitive biogeochemical process by which the biosphere maintains itself. In 1923 he 


lishment of a biogeochemical laboratory." 


published a “plea for the 

In Paris, Vernadsky worked at the Insititut’ de Radium (Marie Curie) and became 
acquainted with Henri Bergson, who was then president of the International Com- 
mission of Intellectual Cooperation of the League of Nations. Through Bergson’s 
Pierre Teithard de Chardin (1881- 


Vemadsky met often with the biolog 
1955) and the philosopher Edouard Ie Roy (1870-1954), with whom Vernadskyjointly 


coined the word and concept of the noosphere. Although Pierre Teilhard de Chardin 


din the West with the concept of the noosphere, defined by him as the " 


tal envelope of the planet above and discontinuous with the biosphere,” de Chardin’s 


approach to the evolution of the noosphere as a natural consequence of vertebrate 


biology differs from Vernadsky's understanding in which it is the entirety of the 
biosphere that evokes the noosphere. 

‘The chief fruit of this fertile time in Vernadsky’s life was the publication of the 
little book titled The Biosphere (1926). Demonstrating the synchronic ordering _prin- 
ciple of the noosphere, it is interesting that the same year that saw the publication of 
The Biosphere also witnessed the appearance of Jan Smuts noted book Holism and 
Evolution. Through most of the rest of his sometimes turbulent career (he often 
came under attack from hard-line bolsheviks), Vernadsky was to elaborate on the 


laws and principles of the biosphere, often expressed simply as problems in bio- 


geochemistry. At the same time, his influence as a holistic thinker began to spread 
through the Soviet Academy of Sciences. A list of a few of his later publications gives 


some idea of the breadth of his thought, and includes: Geochemistry, Problems in Bio- 


geochemistry [and Il, On the Boundaries of the Biosphere, Goethe as Naturalist, Scientific 


Thought asa Planetary Phenomenon, Some Words on the Noosphere, and his ne 


er com. 
pleted work, The Chemical Structure of the Earth's Biosphere. 

Following the death of his wife in 1944, Vernadsky expressed the opinion that 
after the Second World War, American and Russian scientists should work more 
closely together. Early in 1945 Chnuary 6), Vernadsky followed his wit 
‘The Second World War ended, only to be followed by the Cold War (1947-1990) 


‘The critical collaboration between American and Russian scientists longed for by 


to the grave, 


Vernadsky was soon to be buried in the ideological wasteland over which the super- 


structure of the technosphere would be constructed, a fact that in itself hastened the 
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acceleration of the biogeochemical processes bringing about the climax of the 
technosphere. 

Vernadsky did not live to witness the birth of the atomic era, which began only 
months after he died. But like Einstein in America, in 1940 Vernadsky-along with 
several other scientists, and mindful of the possible military applications-had 
prompted the Russian government to begin investigations into the possibility of 
deriving energy from nuclear fission. Yet it is most remarkable that by the time of his 
death, Vernadsky had almost single-handedly defined virtually every aspect of the 
Jaws and principles of the biosphere. This he always did with an eye to an imminent 
‘moment in the not-too-distant future when there would be adramatic biogeochemical 
‘mutation or combustion, out of which the biosphere would somehow trigger the 
noosphere: 


Not at a crisis of nervousness do we stand now, not at a time for the vacillation of 
flabby souls; but at a great turning point in the history of scientific thought, at a 


crisis such as occurs but once in athousand years, such as has not been witnessed for 


many generations. Standing at this point, with the vista of future act 


ements _be- 


fore us, we should be happy that itis our lot to live at this time and to participate in 


the creation of tomorrow.2 


Undoubtedly his sense of the great moment of transition came from the very 
fact that during the span of his life from 1863 to 1945, some eighty-two years, 
Vernadsky was able to witness firsthand the accelerating effects of man's thought- 
in the form of industrial technology and the machine-and its turbulent and trans- 
formative impact on the terrestrial biosphere. After all, asa geologist, Vernadsky was 
familiar with the long history of the Earth, and the impact of human technology on 
the biosphere was inescapably the most significant aspect of any study of the bio- 
sphere to the present time. So wrote Vernadsky: "Only man transgresses the estab- 
lished order... upsets the equilibrium, though whether he materially cripples the 
transforming mechanism, or merely redistributes it, we cannot at the moment be sure."3 
The “transforming mechanism" referred to is the biosphere itself, which 
Vernadsky had already defined as the medium or region for the transformation of 
cosmic energy on Earth, At its simplest level, the unity of the whole of living matter 
of the biosphere is the sum of its living organisms. These living organisms either 
directly or indirectly are continuously processing solar and cosmic radiation, trans- 
forming it into various chemical cycles that establish the atmosphere, most notably 
through photosynthesis and the oxygen and carbon dioxide cycles. The important 
point, however, in any consideration of the biosphere is the principle of unity: the 
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biosphere is a unitive complex. of cycles summarized as a single continuously trans- 
forming and slowly mutating biogeochemical process. In this single complex cyclical 
process, all of life-all of living matter-is a unity, a singular dynamic by which the 
biosphere can be considered as a living whole. From the plankton of the oceans to 
the trees in the forest and the human peering from his cave at the rising sun-all of 
this is a single unity 

It is the interaction of the living matter with the inert matter that creates and 
establishes 


the attributes and dynamics of the biosphere as a whole, all of which are 


now in aheightened state of acceleration and transformation, for as Vernadsky put it 


in the conclusion to The Biosphere: "The thought of the human species is a new fact 


which is turning the structure of the biosphere upside down after myriads of centu- 


‘The structures and principles of the biosphere that man is now upsetting in- 
clude: the continuity and invariance of life on Earth; vegetation as a transformer of 
the energy of the sun; multiplication as a manifestation of transformed solar energy: 
propagation of life and the forces resisting propagation; and the unique relations of 


life to the inert matter of the biosphere, including the composition of living matter 


into two orders, plant life and the various biological animal species, inclusive of man. 
‘The first order of plants and bacteria constitute the mechanism for capturing the 


solar radiation and introducing the energy of th 


sun into the biosphere. ‘The second 


order of biological life is a manifestation of the process of the transmission of energy 


through the vegetable world; that is, at a primary and fundamental level, animal i 


dependent upon plant life for its existence. (See plate 2, Life Is the Transformation of 
Solar Energy.) 


All these principles for maintaining the equilibrium of the biosphere are fune- 


tions of the dynamic of the different biochemical and geochemical cycles that main- 


tain fife both on land and in the ocean, all of which are subjected to processes that we 
refer to as evolution, both geological and biological. The evolutionary mechanisms 


of I 


include the principle of the biomass constant and the biogenic migration of 
atoms. Both of these mechanisms refer to and define the continuity and invariance 
of hi 


© on Earth. That is, the quantity of living matter has remained roughly un- 
changed since the origin of life on Earth-the biomass constant, Furthermore, the 
amount of oxygen in the biosphere is equal to the amount of biomass. It is the pres 


sure of the different species 


fon each other with the resultant interactions and changes 


that checks the infinite propagation of anyone species at the expense of the rest, and 


‘causes 


the mutation and evolution of the different life forms. It is through the inter- 
‘mediate structure of the technosphere that the human is wreaking the greatest havoc 


fon these principles that are intended to maintain the biosphere as a stable dynamic, 
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and by which the human constitutes a biomutation of unparalleled significance. ‘The 
different stages of the mutation of life account for the biogenic migration of atoms: 
"The evolution of different forms of life throughout geological time increases the 


biogenic migration of elements in the biosphe 


‘The metamorphosis of dinosaurs 
into fossil fuel is an example of the biogenic migration of atoms-and of the intro- 


duction of "free energy" (the term for industrial waste and by-products such as carbon 


monoxide) into the biosphere, while at a more mundane level, it refers to processes 
such as metabolism, circulation, breathing, and so forth. 

To summarize, there are two biogeochemical principles. ‘The first states: "The 
biogenic migration of chemical elements in the biosphere tends towards @ maximum 
of manifestation"; this refers to the presence of life everywhere on Earth, as well as 


the principle of the pr 


sure of living matter upon itself. The second  biogeochemi- 


ccal principle states: "The evolution of spe 


in tending towards the creation of 
new forms of life, always move in the direction of increasing biogenic migration of 
the atoms in the biosphere. ‘The second biogeochemical principle regulates the 
course of evolution. A newly evolved species will survive in the biosphere only if it is 
sufficiently able and sufficiently active in furthering the migration of atoms. ‘The 
organism cannot be considered apart from its medium. It is a part of the complex 


mechanism of the biosphes 


Here Vernadsky concludes his study of the biosphere 
with a consideration of the laws regulating evolution that, for him, are to be sought 
in the mechanism of the biosphere and not in accidental circumstances. For this, 


reason “evolution must proceed, namely, in the direction 


Jing consciousness 


and thought, and of forms having greater and greater influence on their surround- 


ings."5 This consideration leads Vernadsky to domains of philosophical or religious 


thought. Why? 


‘We are confronted with anew form of biogenic migration resulting from the 
activity of human reason. Human thought has changed in a brisk and radical manner 
the trend of natural processes and has even modified what we call natural laws. Con- 
sciousness and thought, despite the efforts of generations of thinkers, have never 
been defined, have never been given a physical basis, in terms of matter and en- 
ergy."6 And here Vernadsky poses a question that remained unanswered for him but 
that also leads to a consideration of the noosphere: “How can processes which seem 
7 

Although The Biosphere is the initial statement and underlying basis of all 


purely physical be alfected by consciousne: 


Vernadsky's 


later thought and work, hi 
1, translated and published by his son, 


final major study, Problems in Biogeochemistry 


corge Vernadsky, at Yale University in 1944, 


states the final conclusions of Vernadsky on the intriguing relation of human con- 
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sciousness-via its thought and projected dynamic, the machine-on the biosphere. 
‘These reflections provide us with a means for defining more precisely the nature of 
the technosphere and noosphere. 


FROM THE CREATION OF THE TECHNOSPHERE 
TO THE ADVENT OF THE NOOSPHERE 


Vernadsky developed the biosphere into a full scientific description of the sum oflife 
and its support systems on Earth, and was a co-originator of the concept of the 
noosphere, yet he seems never to have used the word or concept of the technosphere. 

In some of Vernadsky's di 


criptions of the relation of man and hi 


thought on the 


biosphere, however, the technosphere is absolutely implied. In reading the follow- 
ing chain ofVernadsky's 


thought, we can discern what we refer to as the biosphe: 


continuum: 


technosphere-noosphere 


Man by his work and his conscious attitude toward life is remaking a terrestrial 
envelope, the geological domain of life, the biosphere. He is transforming it into a 


new geological state, the noosphere. 


He creates within the biosphere new biogeochemical processes that did not exist 
before. A planetary phenomenon, the biogeochemical history of the chemical ele- 


ments is notably changed. 


An immense new form of biogeochemical energy is represented by the technologi- 
cal work of man, complexly guided by his thought. It is interesting that the increase, 
in the course of time, of machinery in the structure of human society also proceeds 


in geometrical progres 


sion, just like the reproduction of any kind of living matter, 


‘man included, 


Statesmen should be aware of the present elemental process of transition of the 
biosphere into the noosphere. The fundamental property of biogeochemical energy 


is clearly revealed in the growth of fr 


snergy of the biosphere with the progress of 


geological time, especially of its transition into the noosphere.8 


In this sequence of thoughts, we understand that Vernadsky, in his precise loca- 
tion in time, was himself the necessary voice of the biosphere giving rise to the 
noosphere. Put in another way, the very process that Vernadsky is describing-the 

tran: 


ion of the biosphere to anew geological state, the noosphere-necessitated a 
coming into consciousness of itself, a self-reflective medium and voice. This self- 
reflective medium and voice of the biosphere-noosphere transition was Vernadsky 


Preliminary Definitions. 


sayohp suaydsorg 


eroydsoqens 


‘SOUIN OL 
‘B10 1e}05 


eo \\\ ores 


himself. In this observation we may understand that, although unconscious until it 
was made precipitant by the accelerated biogeochemical combustion itself, the or- 
der of the noosphere is none other than what the Law of Time defines as the 
synchronic order. As the structure of fourth-dimensional time, the synchronic order 
is a fluid, radial chronomantic structure in which time, telepathy, and consciousness 
are united in ways unpredictable to even the most advanced Western systems of 
mathematics. 

For Vernadsky the sum properties of the elements of the biosphere are the func- 
tions both of mathematics and of different kinds of geometries. It is of note that in 
the summation of the differences between inert and living bodies according to three 
factors, the first being energy and the second chemical manifestations, Vernadsky 
defines the third factor as “differences in regard to space-time.” Of this factor, 


Vernadsky writes: 


In considering space-time, however, the situation becomes rather involved. Here we 


enter, on the one hand, a domain not studied scientificall 


and on the other hand, 
that substratum of all natural phenomena, namely their geometry, which the natu- 


ralist in his scientific work is wont to dis 


s without attention, ‘This. substratum, 
the geometrical state of physical space, underlies all physiochemical phenomena 


and perhaps has an even deeper reality than that of the phenomena  themselves.9 


‘This deeper reality is the phenomenon of time itself, expressed through various 
geometries or geometrical principles, which informs the manifest phenomena of 


life. This is an obviously aesthetic factor as well as a cosm Qlogica 


principle. 
The Dynamics of Time fully substantiates Vernadsky's perception of the geometrical 


ordering principle of the deeper reality of time: 


All geometric forms are radiative and derive from the fourth-imensional radial 
matrix. All fourth-dimensional functions are radial in nature and imply a principle 
of 


ster from which the structure is projected. 


Geometry ishow fourth-dime asthird-dimensional form 


jonal_ time incorporate 


‘The incorporation of time as geometrical form informs all of the inorganic and or- 
ganic orders of the realm of instinct. Time incorporated asthe geometry of form isthe 
principle example of T(E) = Art, All forms and spe 


geometry of form, both in their bodily structure and their forms of process.1o 


's participate in varying orders of 


If the question is 


ed, Where is this deeper reality of fourthdimensional time 


from whence the projective geometrie: 


are generated? then we must answer that it is 


here in the noosphere, the medium on Earth for the transformation of cosmic thought. 


Preliminary Definitions. 


oy 


28 


It is the noosphere that informs all of the forms of the biosphere, inert and living, as 
well as producing in all genuine thought a structure and an order that are continu- 
ously moving in the direction of greater consciousness. To even think about the 
noosphere is to be areflection of it. 

As anoospheric medium, Vernadsky's life span was precisely timed to end when 
the global structure of the technosphere was about to be unconsciously constructed 
‘The ingredients of the technosphere are indicated in the above-quoted passages as 
the planetary phenomena altering the biogeochemical history of the chemical ele- 
‘ments, transforming them into an "immense new form of biogeochemical energy 
represented by the technological work of man, complexly guided by his thought.” It 


is the increase, over the course of time, of machinery in the structure of human 
society that proceeds in geometrical progression-just like the reproduction of 
any kind of living matter, man included-and that constitutes the general nature 
the often toxic by-products of the 


of the technosphere. The growth of "free energy. 
industrial transformation of raw goods into consumer products, becomes the hallmark 
of the technosphere, the transitional stage between the biosphere and the noosphere. 

It is this very point of the elemental process of the production of "free energy 
phere into the noosphere 


and what it signifies in terms of the transformation of the bi 
that causes Vernadsky to call statesmen to attention. Why? As we know today, 
six years after Hiroshima, "free energy 
danger signals to go off throughout the biosphere-from ozone depletion to global 
warming to nuclear radioactivity. What these danger signals have been telling us is 


in various manifestations has been causing 


that the techno sphere is coming to a point of its own exponentially accelerating 
biogeochemical combustion. Statesmen and politicians are advised by Vernadsky 
because the domain of their political rulership actually encompasses the everyday 
governing of the technosphere. But, alas, most people, statesmen included, are still 
unconscious of the existence of the technosphere, much less its role in relation to the 
biosphere and the forthcoming geological state, the noosphere. Hence, the Inevi- 
table Event. 

During much of Vernadsky’s life, the geochemical combustion and release of 
“free energy" was just coming into its own. At his birth in the middle of the nine- 
teenth century, the world was not yet globally industrialized, and without a totally 
globalized industrial base there can be no technosphere. The critical span of the two 
world wars, 1914-1945, was for the purpose of establishing the world market-a 
total industrialized market and communications base for the expansion of technology 
and the creation of the unifying global structure of the technosphere. The inaugura- 
tion of the atomic age at Hiroshima, August 6, 1945, marks the precise beginning of 
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the dual factors: the commencement of biogeochemical transmutation and _combus- 
tion of the biosphere by the impact of human thought, the atomic bomb and release 
of nuclear radioactivity into the terrestrial atmosphere; and simultaneously, the be- 
ginning construction of the technosphere. 


‘The bomb created a point of critical  self-awarei 


within the human organism 


as well as producing in that organism an unprecedented 


© of its own power. It 
was this sense of power that necessitated the unconscious impulse toward putting 
into place the structure of the technosphere. OF course, at the outset the species was 
only responding to anew, uncharted world situation, fundamentally unaware both 
of what it was creating as well as of the fact that it was actually constructing  some- 
thing in the nature of a transition between two geological conditions, the biosphere 
and the noosphere 
It could be said that Hiroshima lit the fuse of the final stage of biogeochemical 

combustion, the technosphere being the inevitable structure needed for the fuse to 
detonate at just the right moment. In this regard the synchronic onder of the Law of 
Time ordained a precise 56-year cycle for the existence of the technosphere: — 1945- 
2001. It is important to grasp that in this 56-year cycle the human population qua- 
drupled, expanding from 1.5 to more than 6 billion. The 56-year cycle divides into 


precise subeycles of twenty ight years, 1945-1973, 


fight years each. The first twent 


begins with Hiroshima and ends with the completion of the World Trade Center 


towers in New York 


ity. This marks the accomplishment of the creation of the "World 


Market,” the actual trans 


ormation of the biosphere into the technosphere. The 
ond 28-year cycle, 1973-2001, spans from the dedication of the World Trade Center 


towers to their destruction by an act of suicidal planetary terror, and marks the phase 


of “globalization” the absolute dominance of the materialist market economics, in- 


lusive of the dramatic end of the Cold War in 1990. The very midpoint of the second 


28-year cycle is the Harmonic Convergence of August 16-17, 1987, exactly fourteen 


years after the dedication of the World Trade Center and fourteen years before the 
inevitable moment of their destruction 

A profound statement of the way in which the Law of Time governs the entire 
biosphere, inclusive of the artificial and transitional structure of the technosphere, — lies 
in the fact that the Gregorian calendar-an otherwise irregular and confusing 


pseudostandard of measure-is__ nonetheles 


coordinated by the Law of Time to repeat 
its cycle precisely every twenty-cight years. What this means is that the days of the 
week and months for the Gregorian calendar year 1945 repeated again in 1973, and 
yet a third time in 2001. ‘The program  prefiguring the Inevitable Event was already 


tested at Trinity Site (July 16, 1945), and established as the stomic destruction of 
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Hiroshima (August 6, 1945) and Nagasaki (August 9, 1945). This program of mass 


destruction was sublimated in 1973 as the triumphant completion of the Twin Towers 
of the World Trade Center, only so that in 2001 they could be the apocalyptic target of 


the inevitable 9-11 planetary red alert and moral emergency catastrophe, the only rival 


of Hiroshima and Nagasaki in fifty-six years. We shall return to this point later in our 
discussion on the Law of Time and the role of calendars as macro-organizing, —pro- 
gramming factors that control the functioning of the human in the biosphere. 

It is of special note that the very last work published before Vernadsky's death 
was the essay "Some Words about the Noosphere.” In his vision, Vemadsky could 
hardly have conceived of what was to occur first as the technosphere. Yet, he wrote 
in this last essay, published 1944: 


The historical proce y eyes. For the first 


is being radi 


lly changed under our v 
fon the one hand, and the 


time in the 


istory of mankind the interest of the masse 


free thought of individuals on the other, determine the course of life of mankind and 
provide standards for men’s ideas of justice. Mankind taken as awhole is becoming a 
mighty geological force. There arises the problem of the reconstruction of the bio- 
spherein the interestsoffreely thinking humanity asa single totality. This new state of the 


biosphere which we approach without our noticing it is the noosphereY 


By contrast, Teithard de Chardin, in his most famous book, The Phenomenon of 
Man (1959), defined the noosphere as a “new canopy,” a "thinking stratum” that has 
been unfolding since the end of the Tertiary period, and has since been unfolding 


discontinuous with and above the biospheric world of plants and animals. Teithard 


de Chardin also speaks of “planets with noosphere,” those worlds where the enlight- 
enment of humanity has become synonymous with the life of the planet as a whole 
system. The one path to the noosphere defined by a scientist in Marxist Russia and 
the other by a Catholic biologist both point to the same radically positive end vision 
of the evolution of humanity, a fact that in itself is a dissolution of any kind of contra- 
dictory dialectic. Only history is governed by the merciless dialectical movement of 
matter and thought, rich and poor, material and spiritual. Clearly, therefore, the 


noosphere is beyond or after history. In this regard then, the technosphere is the 


concluding stage of history, 10 be followed by the posthistorical — noosphere. 


‘The establishment of the 


thno sphere alter his death notwithstanding, it is still 
important to listen to Vernadsky’s idealism with regard to the noosphere: "The prob- 
Jem of planned, consistent activities which will aid us in mastering nature and ac- 
complishing the correct distribution of wealth, connected with the comprehension 


of the unity and equality of all people, of the unity of the noosphere, is now on the 
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agenda... has become clear, and is more deeply penetrating the consciousness of 


mankind, that we now have areal opportunity to obliterate malnutrition, starvation, 


and poverty, to greatly diminish the incidence of diseases, and prolong human life to 


eR. Buckminster Fuller have uttered similar stat 


the maximum."12 Other thinkers il 


ments, that we have all that is needed to adequately take care of everyone on the planet. 
It is important to understand why this optimism has yet failed to be substantiated. If 
anything, the inequality in wealth between that of the several hundred billionaires in 
the world and that of the poorest one-third of humanity, two billion humans, was 
never historically more disproportionate than it was at the moment of the Inevitable 


Event. This inequality of wealth, too, is a situation endemic to the very processes of 


the technosphere, otherwise known as the military-industrial complex. 

In 1970 an American scientist, G. E. Hutchinson, wrote in the Scientific Ameri- 
can, "By noosphere Vernadsky meant the envelope of the mind that was to supersede 
the biosphere, the envelope of life. Unfortunately the quarter century since those 


words were written has demonstrated how mindless most of the changes wrought by 


man on the biosphere have been. Nonetheless, Vernadsky's transition in this deepest 
3 


sense is the only alternative to mankind shortening its lifetime by millions of yea 


A similar as. 


ment was put forward in 1979 by the Belgian ecologist P. 


Duvigneaud in his pre 


entation "Noosphere and the Future of the Vegetation of the 
Globe.” In his address regarding the extermination of natural ecosystems made to 


the Twelfth International Botanical Congress, Duvigneaud makes one of the earliest 


and most prescient uses of the word technosphere: "Thus, the noosphere, so dear to 
Vernadsky is running the risk in reality of tuming into the technosphere, or 
rather into ‘the sphere of avidity,” governed by the spirit of fortune-hunting, by me- 
diocrity, by the absence of social consciousness, by the ideal of destruction and by 
the egotistic doctrine of ‘after me, the deluge."14 

To be precise, it was in 1973, the same year of the Club of Rome's landmark 


publication The Limits of Growth, and of the establishment of the World Trade Ce 


ter in New York, that the technosphere became a coherent structure smothering the 


biosphere, co-opting the noosphere, and coordinating the very processes of greed 
and destructive fortune-hunting abhorred by the ecologist Duvigneaud. Like it or 
not, the techno sphere was the inevitable result of the unloosing of the machine into 
the biosphere. It may be asked: if the machine is a projection of human biology, then 
what purpose does it actually serve in the biosphere, and what is it that actually 
produced it and keeps. it going? 

Before tuming our attention to the answers to these questions, let us first define 


the technosphere as being the artificial structure replacing the human civilization, 
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located mentally and physically in 
time as a force intermediate to 
and between the biosphere and 
noosphere. Defined by the 
Biosphere Catalogue (1985 p. 
103), the artificial structure 


of the technosphere con- 


sists of five interlocking, 
coordinated systems that 


-+resgree comprise an integral whole, 


|_+yarclanere both as a belief system and 


cru! | 
ial 


as an actual complex tech- 
——jectonie ate: nological dynamic and its 
coordinating apparatus 

The 
we shall discuss at length in 


ive components, which 


Ses Ome tater chapters, are: 1) com 
7 SEXY <* __ Modlity production, 2) the ity, 
xf TESS 3) energy, 4) transport, and 5) 
communication. And, according 

Earth's Mantles to the Biosphere Catalogue, the plan- 


etary core of this interlocking set of 

systems was none other than the World Trade Center's Twin Towers.is 
Asa planetary sphere, the technosphere takes its place with the other spheres or 
‘mantles comprising the structure of the Earth as a whole system. Beginning at the 
outermost etheric realm and proceeding inward, these spheres or mantles include: the 
electromagnetic field with its radiation belts, then the ionosphere, stratosphere, tro- 


posphere, atmosphere, technosphere, biosphere, land-ocean crust, tectonic plates, litho- 
sphere, outer and inner mantles, and finally the core, now known to consist of an outer 
tympanum, and within it a large octahedral iron crystal afloat in a sea of magma, 

‘As aplanetary sphere, the technosphere negates time and consciousness as organic 
realities and replaces them instead with mechanization and_marketing, Yet the 


technosphere is a product of mankind, and mankind is a function of the biosphere. 


‘The organization of life into biomes, large macro-ecosystems, is still evident, though 
in diminishing and withering proportion to the conuest of the technosphere. With 
the Final War now upon us, the question we must ask is: will the technosphere collapse 


before the biosphere or not? As catastrophic as it might seem, the collapse of the 
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technosphere would actually be a blessing in disguise from which the noosphere could 
finally be realized. But if the biosphere collapses first as the result of the Final War on 
Earth, then the technosphere will be futile, pointless, and dead as well, These are 
most dire thoughts in these most dire of times. Yet if we can now finally understand 


and accept our role within and subordi 


we 10 the biosphere as a whole, then our 
chances. for survival will be greatly improved. 


Let us consider again what Vernadsky has to say about the human’s place in the 


biosphere: 


1. Man, as observed in nature, like all living organisms, like any living matter, 


is a specific function of the biosphere, within its specific definite space-time. 


2. Man in all his manifestations constitute 


aregular part of the structure of 


the biosphere, 


3. The explosion of scientific thought in the twentieth century has been prepared 


{for by the entire history of the biosphere and has its deepest roots in the struc- 


ture of the latter. The civilization of “cultured mankind,” insofar as it is a 
form of organization of the new geological force which has formed in the 
biosphere, cannot be interrupted or destroyed, since it is a great natural _phe- 
nomenon, historically, or rather, geologically corresponding to the estab- 
lished orderliness of the biosphere.16 


IfVernadsky is correct, then the war we are witnessing is the inevitable _conclu- 
sion of the biogeochemical combustion that consumes the technosphere and estab- 


lishes the pristine reality of the noosphere. ‘This is especially true if we under 


and 
this war to actually be a geopolitical struggle for the control of the oil reserves of the 
Persian Gulf, or even more broadly, as the war between matter (globalization) and 
spirit (Islam), or more grimly, as Oswald Spengler put it, the final war between blood 


er to answer the two 


and money. TI 


being the case, it is more important than e\ 
unresolved questions in Vernadsky’s definition of the biosphere, the question of con- 
sciousness and the question of time. 

According to the Law of Time, the answers to the questions posed by Vernadsky 
are actually one and the same thing. “How can processes which seem purely physical 
be affected by consciousness?” The question asked by Vernadsky at the conclusion to 
The Biosphere is equaled by the unresolved issue of time discussed at the conclusion to 
Problems of Biogeochemistry SI.In essence, Vernadsky declared, we know everything about 
the biosphere, its governing laws, principles, and functions, with the exception of the 


mysterious relation of time to the biosphere. Virtually alone among modern scientists, 
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Veradsky perceived that time actually has nothing to do with the metrics of space, 
and that "time is not a dimension of metric geometry.” This means that time is not 
only its own dimension-the fourth dimension-but that time must also have its 


own metrics and system of measure totally apart from the metrics of space. 


Minkovsky’s and his predecessors’ concept of time as the fourth dimension of space 
isamathematical abstraction having logically no ground in scientific reality. Time is 
not adimension of metric geometry. In geometry, time may be expressed vectorally 
but it is obvious that such an expression does not embrace all of its properties in 
natural phenomena studied by the naturalist. .."The time of the naturalist is not the 
geomettical time of Minkovsky, nor isit the time of mechanics and theoretical physics.!? 

In Vernadsky's perception of time, there is a profound critique of the approach 


that has been established toward the measure-and hence understanding-of time 


in physicalist science. For Vernadsky, time is a function of an as-yet-unrealized 
geometry: “This geometry would reduce all space to a point supplied by an infini- 
tesimal vector.” Clearly time is a factor in all the functions of the biosphere, most 


evident in the biological fife procs 


s. Hence the Law of Time has been a regulating 
factor, the true nature of which we have been profoundly unconscious. Now here is an 
interesting reflection, If the biosphere as a whole system is tending toward a total 
whole system transformation into a state known as the noosphere, a fact perceived by 
Vemadsky during his lifetime, and the two unresolved issues are the issues of time and 
consciousness, both materially intangible dimensions, does it not seem correct that 
the resolution to these two issues will actually foster the manifestation of the noosphere, 
which is, after all, the mental envelope of Earth? And does it not also seem that as long 
as the two issues of time and consciousness remain in astate of ignorance or confusion 
within the mental functioning of the human order, that the vehicle of geochemical 
combustion, the technosphere, will tend toward. its own dissolution until the issue of 
time and consciousness is resolved and clarified once and for all? 

‘The perilous passage, the biosphere-noosphere transition, may actually be de- 


fined as the consequence of operating in ignorance of the actual nature of time and 


consciousness. In this way, the techno sphere may be defined as the artificial com- 
promise in place of the true understanding of time and consciousness of the human 


onder in the biosphere. Hence, the technosphere is the responsible intermediary 


agent creating the crisis of the noosphere. ‘The solution to the questions of time and 
consciousness is thus the solution to the noospheric crisis, and the commencement 


of the grand new era, the true golden age of the whole Earth 


Vv 
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Time and Human Consciousness 
The Law of Time—What It Is and Where It Came From 


HAVING DEFINED the technosphere as the intennediarystage in the biogeological 
continuum of the biosphere’s evolution into. the noosphere, we may now tum our 
attention to the unresolved issues of time and consciousness in the biosphere. These 


issues must not be seet 


as just the problems of humanity. Since humanity is a func- 
tion of the biosphere, the issues therefore relate to the biosphere becoming more 
conscious. It is the conscious aspect of matter that directs the biosphere toward its 
transfonnation into the noosphere. It isthe discovery of the Law of Time that comple- 
‘ments and resolves the issues that were left unresolved in Vernadsky’s definition of 
the biosphere and of its transformation into the noosphere. The question then arises: 
what is the Law of Time, and how does it define time and consciousness as mutually 
coordinating factors of the same cosmic dimension intersecting with the biosphere? 
To say the least, time is such a vast and important topic in the orientation of 
human consciousness within the biosphere that we may declare that it is paramount 
in all human affairs. Indeed the cosmic order, of which the biosphere is the dynamic 


regulatory mechanism on planet Earth, is 


If the expression of time as the medium 
of universal manifestation, Yet, as Vernadsky perceived in 1944, while we have de- 
fined space by its own systems of metrics and geometries, by applying these same 
standards to time we have not defined or known time at all. The cause for this quan- 
dary seems to lie in the fact that while space is perceptible as a sensory medium-we 


can see it, touch it, hear through it-and hence, it is evidently measurable, the same is 
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not the case with time. Time is of the mind, and in this regard, time is inseparable 
from the issue of consciousness. In fact, you cannot know or experience time with- 
‘out becoming conscious. 

Yet, as we shall see, there isa great confusion when we speak about time, which 
is actually at the root of the problem of the biosphere, and that is the matter of the 
clock. In human consciousness, the clock has become so second nature that very few 
people in industrial society can think of time without immediately associating it 
somehow with the clock, whether as an instrument or as a metaphor. This, as we 
shall see, is major factor causing the general state of consciousness. to remain static, 
especially in relation to the machine, which is continuously increasing in speed, as 
well as accelerating in the propagation and multiplication of itself. This factor of the 
clock-in other words, of mechanized time-is also at the root of the confusion 
concerning the nature of time in much of moder scientific thought. As we shall see, 
there isastream of Russian thought after Vernadsky that represents a notable excep- 
tion to the established view of time in modern thought and science. Suffice it to say 
that the evolution of modern Wester thought and science has been programmed 
and predisposed to limit its consciousness of time to such a degree that it cannot 
even perceive of time outside its inherently mechanized perceptions about it. In this 
obviously also lies the problem of the delimitation of consciousness in the 
technosphere. 

"The deepening crisis of the world outlook is rooted in the permanence of the 
dominating scientific paradigm," writes Russian scientist Maria Maroushkina. "Un- 
derlying the materialistic technocratic civilization is the Newtonian-Cartesian para 
digm, formed in the Middle Ages, its nucleus being the laws of gravitation and move- 
‘ment, as well as the logical principles of proof, laid down by Descartes."! This. "per- 
manent" stratum of belief, a cultural metaprogram, locks every field of human en- 
deayor into aconquest by mechanization. It is this metaprogram rooted in the simple 
unexamined device of the clock, and orchestrated by the equally unexamined effects 
of an irregular calendar, that keeps human consciousness unchanged and without 
any real solutions to its problems. As the problems worsen, the confusion of con- 
sciousness-which is really in a state of crisis-only deepens. 

To illustrate the current state of confusion regarding time in Wester thought, 
we have the report of the prestigious Seven Pines Symposium on Time held in 
Stillwater, Minnesota in June, 2001. The New York Times article regarding the Seven 
Pines Symposium is entitled "Physics’ Big Puzzle Has Big Question: What Is Time?"2 
First of all, the assumption that time is basically a topic of physics in itself is a prob- 
em, since time, as we have demonstrated, is actually mental in nature, and if any- 
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eS) a are 
"Arrow of time" in modern scientific three-dimensional 
coordinate graphing, reinforcing illusion of linear time. 
Arrow of Time 


thing is most visibly manifest in the domain of biology or biogeology. But this head- 
line is also reflective of the paramount role that physics plays 
lectual hierarchy: if physics can't solve it, than what can’? 


in the Western intel- 


Despite the prominence of physics and physicists, the Seven Pines Symposium 
included historians and philosophers as well. The hope of the symposium was to 
arrive at a unified theory that encompasses the effects of gravity as described by 
Einstein's general theory of relativity and the "fuzziness that occurs in the realm of 
tiny particles according to quantum physics. 


Here we have the problem of time as 
delimited by the self-imposed spectrum of moder physics. What then could we 
expect? Certainly no one here had considered the point made by Vernadsky that 
time is not a function of the metrics of space, which is the realm of physics. So it is 
not surpris 


ig that the symposium ended in a muddle, with the most prominent 
approach being that time could merely be a "psychological illusion” important to 
humans but not a fundamental part of any unified theory. It is also clear that few, if 
any, had considered that their views on time might be absolutely conditioned by the 
mundane and ordinary everyday micro- and macro-organizing factors: the mechani- 
cal clock and the Gregorian calendar with its second cousin, the Julian count of 
linear time. 

From the point of view of the noosphere, of course, this grand Symposium on 
Time was reflective of very little of the entire human organism, much less of the 
biosphere itself. The symposium was arepresentation of the elite intellectual class of 
the dominant economic, military, and political power of the planet, and hence of the 
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governing force of the technosphere, the United States of America. But if a realiza- 
tion that we are a function of the biosphere is critical to our success in launching the 
noosphere, and the issue of understanding the correct relation of time to the bio- 
sphere is crucial even to the ability to launch the noosphere, then the Seven Pines 
Symposium did not even approach the actuality of the current biospheric situation 
or the nature of time. In this regard it was only a contribution to further the 
psychoatmospheric density-clouded thought without clarity of purpose-and one 
more reason why the Inevitable Event was on the biosphere's agenda. 

If one does not apply certain biospheric yardsticks to the analysis of what is 
reported as truth, then we will be sunk in a chaotic morass of half-truths that are 
really obscurations or even lies. The elite American nation, for instance, constitutes 
only 5 percent of the world's population, yet consumes 40 percent of its natural 
resources, and therefore has the wealth and power to maintain the military force 
(allotted a $318 billion budget for 2001-2002) to protect and even further asits right 
this disproportionate ratio, which is actually a violation of the dynamic balance of 
the biospheric processes. For this reason, through its official organs of propaganda 
such as the New York Times, America is able to muster the “influence” of whatever 
occurs within its confines as somehow having more merit than what might be gener- 
ated in some other nation or country. So ahuman may read the story in the New York 
Times on the "Big Puzzle of Time,” and most likely they will complacently accept its 
premise as absolute truth. Yetthis social construct of symposium-and-newspaper-story 
is nothing but an aberrant mental form that obscures the actual nature of time and 
keeps the mental level at a constant state of "industrial dull-normal,” far removed 
from-or at best, little more than a highly distorted reflection of-the reality of the 
noosphere. 


Leaving aside this example of the mental confusion over time, 


t is necessary to 
understand from the investigations regarding the biosphere and according to 
Vernadsky's own judgment, that the biosphere in all its intricate and interlocking 
processes possesses and is guided by a great order and even a structural dynamic 
that, being manifestations of the laws of nature, can be given exact mathematical 
formulation. Why should we not expect that the nature of time in the biosphere 
should also be characterized by the same orderly quality? In fact, given that the 
biosphere is actually a life process, like all living matter it too must be governed by 
timing cycles. Thus the larger order of time that governs the cycles of the biosphere 
and of the noosphere must also exhibit a grand ordering principle. For if the three 
dimensions of space govern the domain of the physical world, then the fourth di- 
mension of time-which governs the life not only of the biosphere but of planets, 
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star systems, whole galaxies, and indeed the entire universe-must also consist of a 
simple, orderly formulation totally apart from the perception of time that governs 
the stunted consciousness of the technosphere. Such is the Law of Time. 


THE FOURTH-DIMENSIONAL NATURE OF TIME 


"Even though you do not measure the hours of 
the day as long or short, far or near, you still call 
it avelve hows, Because the signs of time's 
coming and going are obvious, people do not 
doubt it, Although they do not doubt it, they do 
not understand it, Or when sentient beings doubs 
what they do not understand, their doubt is not 
firmly fixed. Because of that, their past doubis do 
rot necessarily coincide with their present doubs. 
Yer doubt itself is nothing but time 

-DOGEN, "THE TIME-BEING'S 


‘These prescient words of a thirteenth century Japanese Zen master are more true 


today than they were when he wrote them. Comprehensive studies like the Eranos 


Yearbook Ill: Man and Time (1957), which included Carl G, Jung's ground breaking 
essay on synchronicity, or James T. Frazier's fascinating and monumental Voices of 


Time (1966), only expand the multidisciplinary breadth of the confusion about time. 
In the 1970s Frazier helped found the Intemational Society for the Study of Time. 


The Society is still meeting annually but has yet to reach a definitive agreement on 


or understanding of the question of time. It is in the context of the enduring confu- 


sion over time that the Law of Time was discovered. To say that the Law of Time has 
been “discovered” only means that a principle and fundamental law that_has always 
guided the order of the universe has finally been made conscious and articulated in a 
precise way that is recognizable to the present condition of the human mental na- 
ture, which is still dominated by the physicalist- model 

In the whole of modem physics, Minkowski's fourth dimension of time has been 
misunderstood and treated as if it were a minor dimension, one that is just added on, 
but not really significant to the level of the three dimensions of space. This is due to 
the already space-oriented consciousness deriving from certain sets. of perceptions 
established carly in the history of civilization and standardized through certain pro- 


gramming models that are based on the metrics of space and not time, a topic to 
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which we shall soon turn. It is for this reason that in the formulations of modern 
physics time is symbolized by a small r that runs in a horizontal line running from 
left to right at the bottom of any graphing of space with its x and y coordinates. 

This graphing of small f time gives rise to the notion of the "arrow of time, 
which is virtually a bedrock dogma of much of modern Western physics. This is the 
much-touted notion of linear time that supports doctrines of economic inexorabil- 
ity, material progress, and the like. Of course to anyone versed in the ways of nature, 
linear time and the arrow of time can be seen as nothing more than artificial con- 
structs, for the biological nature of time is perceptible at the very least through the 
great interlocking cycles of nature. Nor is there anything linear about the Earth's 
rotations around the sun, or of the moon around the Earth, all of which give lie to 
the physicalist and materially progressivist notion of linear time. Only the 
technosphere, sustained in its structure by the limited consciousness. of time, is driven 
by this linear principle and for this reason is doomed to run aground on the shoals of 
its own artificiality. 


TIME AS THE UNIVERSAL FACTOR OF SYNCHRONIZATION 


The nature of time is grasped poetically in the form of cycles: 


To every season there 
isatime, .." Biothythms can even be mapped and the cycles of the biological order 
of reality can be demonstrated as functions of a chronobiology. But the biological 
cycles only demonstrate the manifes 


jon of time in the space ofliving matter. If the 
whole of nature is observed, then one can begin to grasp the masterful orderliness by 
which every least detail occurs in relation to all the other details in their various 
cycles-yes, one can grasp in this phenomenal order another deeper aspect of time, 
and that is time as the universal factor of synchronization. This is the synchronic 
order of time, the order by which everything in the universe occurs simultaneously 
in a masterful synchronization from moment to moment in an ever-changing. kalei- 
doscope of infinite varieties of order and harmony. 

Only historical man deviates from this masterful symphony of time, the synchronic 


"in tune, 


order, Nonetheless, we speak of being “on time," "in syne, iN Teso- 
or of being "tuned-in.” All of these expressions refer to the 


attunement of time and the nature of consciousness as awareness in the present 


moment, in the here and now. This is possible because the same law governs both 
time and the relation of consciousness to the moment. To answer Vernadsky's ques- 
tion, "How can processes which seem purely physical be affected by consciousness?"- 


the physical is affected by consciousness, because consciousness is actually a 
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function of time. When someone "discovers" a law of nature, it is because their 


consciousness is attuned to the natural process in time, and the law therefore "re- 
veals” itself. 

But this consciousness can be and most often is of a profoundly unconscious 
nature. Time is actually the governing principle of ahigher self-exis 
ness that regulates the order of the universe, both in regard to its living and non- 


living matter. Because time continuously synchronizes everything into a single 


ing_conscious- 


coherent whole from the micro to the macro levels, time accounts for the har- 
mony of the universe. Only man deviates from the universal harmony, and the 
technosphere, a projection of the human mechanization of time, intrudes upon the 
intrinsic harmony to the point of its own demise, but man deviates for a purpose. 

The harmony manifested by time as cosmos-which literally means "order" 
-gives rise to the great and simple formulation of the Law of Time: T(E) = Art; 
Energy factored by Time equals Art. This means that energy, any manifestation of 
the physical three-dimensional world, possesses order and is in harmony with its 
environment because it is factored by time. In the conception of the Law of Time, 
however, capital T refers to time as the universal factor of synchronization. As the 
universal factor of synchronization, time is defined by the self-existing and intrinsi- 
cally perfect mathematical ratio 13:20. Derived from the mathematics of the ancient 
Maya, this ratio is a universal constant of time that organizes all of the universe asa 
radial sequence of synchronous moments reflecting different evolutionary phases 
simultaneously. Because everything perceived is an aspect of instantaneous univer- 
sal synchronization, time is also the medium of instantaneous information transmis- 
sion throughout the universe. 

The noted Russian astrophysicist N. A. Kozyrev (1908-1983), whose work be- 
gan half a century ago with the theory of the internal structure of stars, later con- 
ducted a famous series of experiments using telescopes, mirrors, and aluminum, in 
which he was able to confirm a receipt of information from distant galaxies prior to 
the time it took the information to arrive via light as a physical medium. In Kozyrev's 
own words: "The tests proved the existence of the effects through time of one mate- 
rial system upon another. This effect does not transmit a pulse (momentum), mean- 
ing it does not propagate but appears simultaneously in any material system. In this 
manner, in principle it proves possible to have a momentary relationship and a mo- 
‘mentary transmission of information. Time accomplishes a relationship between all 
phenomena of nature and participates actively in them. ... Time contains the entire 


universe of still unexplored phenomena."5 The results of these experiments led 
Kozyrev to various conclusions, among them that time and duration are not the 
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same thing, and that the velocity of time is instantaneously infinite, formulated as 


Vy CO 


Formulation: velocity of time is instantaneously infinite 


This being so, time must also be the factor or medium that accounts for the 
experiences of telepathy or other paranormal phenomena. A second, most_provoca~ 
tive conclusion derived from his experiments is that time is actually generated as an 
instantaneous and even simultaneously radial transmission of information from the 
core of stars, a fact confirmed by the Law of Time's description of the synchronic 


order of time as being radial in nature 


FURTHER EXPANSES OF FOURTH-DIMENSIONAL TIME: 
THE EVOLUTION OF TIME AS CONSCIOUSNESS 


Leaving aside for the moment further discussion of Kozyrey's seminal work and its 
conclusions, at this point let us summarize the two chief qualities of time as defined 
by the Law of Time: 1) time is the factor of universal synchronization, and 2) time 
possesses an infinite instantaneity of velocity that is faster than the speed of light, 
and hence is correlated with telepathy. From these two determining features of the 
nature of time, two other corollary conclusions may be drawn: 3)the cyclic nature of 
third-dimensional biological phenomena is a function of the factor of universal syn- 
chronization which establishes harmonic ratios that determine the different life pro- 
cesses of different organisms, while 4) the ability of any species or organic whole to 
maintain. its unity with itself and all of its members or parts is an instantaneous func- 
tion of time as telepathy. 

To better understand the Law of Time and its radical non-linear definition of 
time-which is actually the noospheric description of time-we may say that time, 
being synchronically instantaneous, is both "vertical" in relation to space (which is 
horizontal"), and "radial" from the perspective of its own dimension, the fourth 
Rather than being the small 1 line or arrow at the bottom of the physicist’s graph, 


time as the fourth dimension is greater than and inclusive of the third dimension, 
“al Earth in a ra- 


much as the etheric atmosphere includes and surrounds the phy 
dial “all-at-onceness.” To try to measure this phenomenon with the metrics of space 
and its essentially linear yardsticks is to constrain time into definitions and descrip- 
tions that are totally alien to its nature 

In fact, from the point of view of the dynamics of time, it is space that is the 
moving line, or rather a set of points in a moving vector that can be described as 
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line. Let us extrapolate from the important observation made by Vernadsky at the 


conclusion to Problems in Biogeochemistry Il: if the geometry of time reduces space to 
point supplied by an infinitesimal vector, then from the point of view of time, space 


is an infinitely locatable point. What is this point? It is the point of awareness at 


which an individual body becomes aware of time. Here, the "subjective" description 


wnnot_be separated from the 


or experience of time sue of consciousness. (See plate 


3, Model of "Vertical Time" in Relation to Horizontal Space.) 


In the description of time as vertical in relation to horizontal space, this point of 


ess of a body in time is defined as the Locus of Consciousness, or L of C. In 
the flow of moment-to-moment —instantaneity that is synchronous with the flow of 
space, the Locus of Consciousness is that point at which time vector and space per 


ception connect. From this defining point of cons in the here and now, the 


sation: one dire 


a horizontal sei 


flow of space create on flows to the “past,” the 


other to the “future.” This is what is normally defined as the sensation of time or the 
arrow of time. It is actually the definition of the horizontal flow of space in relation 
to vertical time. What is usually not considered is the vertical dimension of time that 


es of Awareness 


connects awareness to space at any given moment, creating sequent 
Units, or AUs. 
From the defining point of the Locus of Consciousness, there are essentially two 


spaces and two times: near space and far space, and low time and high time. Near space 


corresponds to low time and far space corresponds to high time. Near space is essen: 


clusive of the extension of the 


tially defined by the perimeter of sens 


experience, i 


senses through technological apparatus such as telescopes, microscopes, and the like. 
This is the domain oflow time. Far space is defined as that space beyond the perim- 


eter of the sense perceptions, and is charact 


sd by subliminal sensory _percep- 
tions. This is the domain of high time and the atemporality of space. In near space, 


low time is to be “random events.” The lower the 


characterized — by what app 
time, the greater the increase of random events. Low time and near space define the 
qualities of the experience that are properly and purely third-dimensional. High 
time and far space are purely and properly the domain of the fourth dimension —char- 
acterized by the dominance of the synchronic order of time. 

‘The distinction between low time and near space and high time and far space is 


defined as the threshold of synchronicity. In high time, synchronicity (s) predomi- 


nates and is greater than random events (re), or (s»(re). In low time, random events 


predominate and are greater than synchronicity, or (re»(s). Note that the realm of 
‘quantum physics occurs in the microrealm of far space. It is this factor that accounts 


for the "fuzz and so 


of the behavior of subatomic particles, quarks, 
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forth, which defy the limitations of linear time. These phenomena occur in the 
subliminal realm of the synchronic order. It is the human mind that is not accus- 
tomed to behavior in the pure realm of synchronicity that cannot grasp that these 
particles are moving according to radial laws of fourth-dimensional time, and so 
appear highly imegular and random to the sense perceptions of the observers that 
are totally conditioned by third-dimensional space perceptions. Similarly, the high 
time of the macro threshold of the synchronic order represents the “other 
“hereafter,” the realm of pure vision, which is also governed by strict laws of radial 
time, and which, to the conditioned experience of a perceiver on this side of the 
threshold, may appear as something from a distant future or past reality, or even as 


ide,” the 


in a dream. The orderly explication of the Law of Time provides complete math- 
ematical descriptions and principles that account for the radial order of time, even as 
it coordinates the near space and low time of random events. 

In any case, the horizontal line of space in relation to the vertical line of time 
defining any given Locus of Consciousness describes the macroworld above and the 
microworld below. As we have noted, the higher threshold of synchronicity above 
the horizon of space defines the realm of higher consciousnessthe lower threshold of 
synchronicity below the horizon of space defines the realm of quantum physics.Con- 
necting the macro realm of atemporality and high time, and the lower or micro realm 
of atemporality and high time, is the vertical time vertice of the ever-present now. 
At the two far ends of this time vertice of the ever-present now is the Locus of 
God, the selfsame in each direction. These extreme points of the vertice of time 
return far space to the Locus of Consciousness through a proce: 
limation. We are not really dealing with a description of a two-dimensional plane, 
but a dynamic four-dimensional model held together by a toroidal motion that is 
continuously returning the farthest space and the highest time, whether from above 


of toroidal sub- 


or below the threshold of synchronicity-" God" -to the Locus of Consciousness. 
Depending on the clarity of mind at any given moment, the vertice of time con- 
stantly and instantaneously transmits information to the Locus of Consciousness. 
The discrete units of information thus transmitted are referred to as celestialharmon- 
ics.A celestial harmonic is described as the index of synchronic incidence defining 
different levels of co-occurrence. I can be in the present moment sitting in a room, 
and at the same time, by being fully present in the here and now, I can spontaneously 
experience any number of telepathic thoughts, memories, feelings of deja vu, and so 
forth. These experiences are the different levels of co-occurrence that define the 
index of synchronic incidence and are categorizable as celestial harmonics. The higher 
the time, the greater the density of celestial harmonics per AU (Awareness Unit). It 
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is the vertical vertice of time and its power of transmission that account for the vision- 


ary or revelatory experiences of saints, poets, 


the ages. It is the 


mathematics of the Law of Time that provides the "mapping" that explains, identifies, 


and even increases these different harmonic incidences of the synchronic order. 


Because the vertice of time connects ultima cus of God” -the 


ly to the 
mutually defining points that become One at the far ends of the toroidal motion of 


the vertex of time-this accounts for the existe the 


of the perennial philosophy, 
Uunitive nature of the most revelatory or ecstatic experiences of the great mystics and 


It is also the relation of awareness in the Locus of Consciousness at any present 
moment that allows any random event of low time to trigger telepathic ascent into 
high time depending on the clarity of and duration of the Awareness Unit (AU). 
From this point of view, the random quality of events in near space is only relative in 
relation to the absolute nature of the synchronic order, and merely a function of the 


third-dimensional biological space orientation. For those accustomed to the actual 


nature of fourth-dimensional time, which includes and controls the third-dimensional 


order of near space, the random events constituting low time are actually "signs" that 
may be read as message bearing signals of the synchronic order of high time. 

Brief reflection on this description of vertical time in relation to horizontal space 
will demonstrate the value of what is referred to as meditation without an objectsuch as 
that cultivated in the Buddhist traditions, as well as affirm the One Divine Source of 


the purely monotheistic traditions. Without a clear mind of awarer 


in the present 
moment there can be no clear seeing of reality, nor can there be the realization that 


report (0 us is constructed in our own mind to conform to 
What _we think is a universe outside of us. At the same time, if we can extend the 


duration of our awarer 


in the Locus of Consciousness indefinitely in the vertical 


direction of time, we come upon the ineffable experience that is an emanation of the 


Locus of God, however or in whatever “language” our senses may later report or 


define such experiences. Thus we return to the paradox of the definition of space a 


an infinitely locatable point-this point is none other than our own minds, in which 


the construct of space is created and dissolved from moment to moment. Such is the 


subjective description of time from the point of view of the Law of Time, a descrip- 


tion that begs each one of us to take absolute responsibility for our own experience. 


But there is an “objective” description as well, in which time is also defined as in- 
separable from consciousness. 

Implicit in the subjective here-and-now description of the experience of time is 
the radial matrix of time, At the experiential level it is the now-centered point in the 


Space-Locus of Consciousness which defines the center of a radial order of time. 
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‘Time radiates out from each here-and-now awareness moment. But the Law of 
‘Time also supplies an objective description in which the radial nature of time has 
two points of determining order: the point of infinite lucidity and cosmogenesis 

which is the Locus of God; and the receptive locus of the infinitely locatable point, 
which is space as constructed by each individual consciousness. Intermediate be- 


tween the two points-Locus of God and Locus of (indi is 


the determining radial matrix of fourth-dimensional time, the universal frequency 


idual) Consciousness 


of synchronization. 
Mathematically defined as the ratio 13:20 and described by the 13 x20 matrix of 
the Harmonic Module, in this mathematical model of fourth-dimensional time we 
perceive the root of the Law of Time and its basis in the mathematics of the Mayan 
time science. It is important to understand very clearly that the 13:20 frequency and 
the mathematical matrix that defines the operations of this frequency of synchroni 
zation are the pure mathematics of time totally apart from the metrics and geom- 
tries of third-dimensional space. This is a point of profound significance to which 


we shall later return. 

In the model of objective time, the dynamics of the Law of Time are demon- 
strated as the evolution of time as consciousness. Here the two unresolved issues of 
Vernadky's description of the biosphere are unified, the answers to which are the 
determining factors that allow the triggering of the noosphere: The evolution of 
time is inseparable from consciousness. Conversely, the evolution of consciousness 
is inseparable from time. Both time and consciousness are nonphysical fourth- 
dimensional factors coordinating the third dimension. Because consciousness is 
synchronized with or by time, it can affect physical third-dimensional processes, in 
whatever way, whether the acting agent is aware of this or not. Consciousness of the 
Law of Time, however, is only possible through a profound act of self-reflection. 
Once it has been made conscious, the discovery of the Law of Time affects the entire 
medium of planetary consciousness, the noosphere, at first imperceptibly, but then 
building to a great point of climax coinciding with the climax of the biogeochemical 
combustion. (See plate 4, The Dynamics of Time: Showing the Evolution of Time 
as Consciousness.) 

This dramatic moment of the discovery of the Law of Time is evident in the 
graphic description of the dynamics of time, showing the evolution of time as con- 
sciousness. The dynamic of the universal, cosmically intelligent, and intelligible 
whole-the galacticbrain-is depicted asacircle encompassing the evolutionary spec- 
trum, showing the index of energy-mind progression from the atomic cellular and 
biological levels to purely mental conditions of being, all of which are functions of 
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the formulation T(E) =Art. From the point of God-Galactic Ordering Dynamic- 

the circle, or rather, sphere, is divided vertically and horizontally into four quad- 
rants, The movement of the evolution of time as consciousness travels out of the 
God center, from right to left, and thence describes, in counterclockwise circular 
motion, the movement of time as consciousness passing through, or rather defining, 
the four quadrants, until it returns to the Source again as hyperdimensional time, or 
“pure mind.” The left-hand side describes both the primary prelife, lower left-hand 
quadrant, and the primary post-life, upper left-hand quadrant. The right-hand side 
describes the secondary reflex life, the lower right-hand quadrant being the purely 
third-dimensional life (biosphere), and the upper right-hand quadrant being the 


evolved fourth-dimensional _ life (noosphere). 
The lower half of the sphere beneath the horizontal line running through the 
God center refers to the Domain of Potentiality, the upper half to the Dominion of 
Time. The prelife quadrant of the Domain of Potentiality refers to the preconscious 
quantum dimensional space of pure energy. The lower right-hand quadrant refers to 
third-dimensional space, the locus of space travel and the realm of the cosmic un- 
conscious. Within the Dominion of Time, the upper right-hand quadrant refers 
to the fourth-dimension time, the locus of time travel, and the realm of cosmic 
consciousness. Finally, the upper left-hand quadrant is the realm of hyperdimen- 
sional time, or "pure mind.” By studying this graphic description, one can grasp the 
movement of time as consciousness from inorganic preconscious, where duration in 
time is virtually infinite, to the secondary reflex life, or living organic matter in the 
third dimension. Here time is unconscious and life builds on the cosmic unconscious 
as the slowly mutating and evolving biosphere. The cosmic unconscious comes to a 
climax in the creation of the 12:60 artificial civilization, which is really not true 
civilization, but rather the technosphere itself, At this point there are moments of 
consciousness, but only moments. True sustained consciousness is po: 


ible only in 
conditions removed from the technosphere. 

In the evolution of time as consciousness, the discovery of the Law of Time is a 
product of the crisis of consciousness unable to sustain itself in the technospheric 
medium. That is because this medium is a pure function of artificial 12:60 time. 
Even though the extensions of the senses and the capacity of technology provide the 
human within the biosphere a holistic perspective of seeing the whole Earth from 
space, the consciousness is continuously subordinated to the care and maintenance 
of the machine (or its lifeblood, money), and so cannot remain in asustained state of 
heightened awareness or continuing consciousness. Continuing consciousness is only 
possible with the discovery of the Law of Time, which the crises of the technosphere 
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‘and of consciousness have themselves brought about. In this regard, the discovery of 


the Law of Time is the great point of human self-reflection that defines the advance 
from an exclusive third-dimensional operation and aberrant timing factor to a purely 
fourth-dimensional and conscious natural timing factor. It is the difference between 


the cosmic unconscious and cosmic consciousness, 


the biosphere and the noosphere 
in other words, the very topic of this. book. 


DE CHARDIN AND THE PLANETIZATION OF CONSCIOUSNESS 


‘The discovery of the Law of Time defines the point between the two stages of the 
noosphere as described by Pierre Teilhard de Chardin: "The first stage was the elabo- 
ration oflower organisms, up to and including man, by the use and irrational combi- 
nation of elementary sources of energy received or released by the planet. The sec- 
ond stage is the super-evolution of man, individually and collectively, by the use of 


refined forms of 


ergy scientifically and applied in the bosom of the 
Noosphere, thanks (0 the coordinated efforts of all men working  reflectively and 
unanimously upon themselves. In becoming planetised humanity is acquiring 


new physical powers that will enable it to super-organize matter. And, even more 


important, is it not possible that by the direct converging of its members it will be 


able, as though by resonance, to release psychic powers whose existence is still un- 


suspected?"6 The identification of telepathy with the velocity of time emphatically 
underscores de Chardin’s final point 
On the other side of the discovery of the Law of Time, civilization, having reached 


its climax as the technosphere, is replaced by an ent 


ely mew noospherie order of 


human organization defined as PAN: Planet Art Network. This is a structural defi- 
nition of what Teithard de Chardin refers to as the “planetization of consciousness.” 
‘This organization (bionoospheric and not institutional) is "planet" because the hu- 
man organism is self-realized as a planetary organism. It is “art” because functioning 
again in the natural timing frequency, the human is governed by the Law of Time, 
‘T(E)= An, and hence the reality and the activities of everyday life are d 
And it isa “network” because the city, defined by civilization (literally living in cities) 


ed as at 


and which was a sustaining component of the technosphere, is no longer ne 


ary 


or viable. Rather, the human becomes redistributed throughout the biosphere-what 


Teilhard de Chardin refers to as the “radiation of man *--connected by a telepathic 
network that greatly diminishes the reliance on much of the technology that charac~ 
terized the technosphere. Hence Planet Art Network: the replacement — of civilization 


with the fourth-dimensional social organization of the human functioning as the tel 
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pathically coordinating species of the noosphere. In this condition life evolves toward 
a hyperorganic stage, attaining a state of superconscious activity and_ self-reflection 
where time travel replaces the space travel of the phase known as civilization. 


This evolutionary mode, coinciding with the evolving needs of the local star, 


conduces at some distant point in the future to the subliminal consciousness and the 
postorganic postlife that is necessitated by stars as they advance to the stage of super- 


nova, According to the Law of Time, the nature of consciousness is actually a func~ 


tion of stellar evolution, planets being but harmonic nodes in greater heliospheric 


fields of resonance. Since time is inseparable from conscious 


this understanding 
would 


m to affirm Kozyrev’s hypothesis that time is generated from the stellar 


core. "Stars absorb energy from the motion of time,” declares Kozyrev, a star seems 


to be atime machine."7 The Mayan Factor further plac 


the coordinating medium of 


lime as emanating from the core of the galaxy, Hunab Ku, One Giver of Movement 


and Measure. In the Chilam Balam prophetic tradition, Hunab Ku is also the name 
given to the final religion of the One God that appears after the religion of the 
conquistadors has finally passed. Seen from the perspective of the Galactic Brain, the 
crisis through which we are now passing is but the final stage before consciousness 


bursts into anew radiance of biosola 


telepathic wonder where negative emotions 


‘and thought forms no longer have any place to cling or hide. The Law of Time 


purposively points to this great end, 

‘The whole of the spectrum of the Galactic Brain is mediated by the universal 
frequency of synchronization, mathematically modeled as the 13:20 matrix, the or 
ganizing factor of the synchronic order. The technicalities of this evolutionary spec 
trum of the Galactic Brain have been defined in The Dynamics of Time: 260 Postulates 
(1996) so that the process of the evolution of time as consciousness may be studied 


and its coming stags 


prepared for. The mathematical model of this 13:20 matrix is 
a description of the fourth-dimensional timing frequency and is both the source of 
the time vector potentialities and the mathematical tool for mapping the onder of 


the 13:20 matrix. is realiz~ 


synchronicity. Through the discovery of the Law of Time, 
able through tools that are in accord with its mathematics, and thereby it becomes 
useful to the everyday consciousness of the human. ‘This too becomes a factor ac- 


counting for the noosphere’s becoming conscious. 


‘The fourth-dimensional “tools” made accessible through the Law of Time in- 


clude the Thirteen Moon/2 8-Day calendar, the Dreamspell, and the Telektonon. 


‘They will be described more fully in Chapter 8, "Making the Transition to the New 
Time." With these tools one can begin to construct amap of the time vector potenti- 


alities contained in the synchronic order as it mani 


Is on a day-to-day basis. Once 
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the construct is made conscious and correlated to a point in third-dimensional time, 
then the body in time-the infinitely locatable point that is space-may be coordi- 
nated by the same common structure of fourth-dimensional time. Following this 
procedure the individual human consciousness begins to participate in the larger 
unfolding of the noosphere, and slowly but surely is reatized as yet another manifes- 
tation of the formulation of the Law of Time, T(E) = Art. It is the human being itself 
that incorporates time, or rather wakes up within itself the order of time, Time is art, 
n 


while art is actually a function of consciousness expressing 


THE MAYAN UNDERSTANDING OF THE LAW OF TIME 


While we will have cause to turn our attention later in this book to the "how-to" of 
fourth-dimensional time, we may consider further the nature and meaning of the 
mathematics of the Law of Time and their origin with the mysterious civilization of 
the ancient Maya. The template or matrix of the 13:20 frequency, a 13 x 20 (260) 
unit structure, was the means for accommodating the base "calendar" used by both 
the ancient and present day Maya: the Tzolkin, or sacred calendar, a set of thirteen 
numbers and twenty signs that repeat their sequences of permutations every 260 
days. While this 13 x 20 matrix accommodates the Tzolkin, it is not confined to 
being calendar, as1 amply demonstrated in The Mayan Factor.The 13:20 frequency 
is the universal constant of time from whose mathematics the Tzolkin is derived. 
Based on the permutation table, called the buk xok in the Chilam Balam tradition, 
this matrix is a Harmonic Module, a fractal yardstick of radial time with multiple 
applications, something analogous to the periodic table of elements, but of the 
synchronic order. 

It is still a profound challenge to all modern Western scientific thought that the 
Maya would have possessed such mathematics, apparently inherited from the earlier 
and even more mysterious Olmec people, and that with this mathematics they would 
have evolved such a profound perception of time. This was most certainly a factor in 
the destructive attitude taken toward the Maya by the religious zealotry of the conquer- 
ors of Mexico. It is also astonishing that the mathematics in which the Harmonic 
Module is embedded isa vigesimal (20) count, utilizing a zero and a positional order- 
ing system that accounts for larger or greater values that advance by binary 


exponentiality rather than a decimal sequentiality. But, quite simply, this system exists 
in this manner because it is the mathematics appropriate to time. This mathematics 
is a factor to which any disinterested researcher on the topic of time must now be- 
come accustomed. 
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It is by reason of this mathematics and its ability to "download" the 13:20 uni- 
versal frequency of synchronization that the ancient Maya were able to construct a 
complex system of “calendars” and an astronomical knowledge that is precise not for 
its telescopes, of which there were none, but because of the nature of the mathemati- 


cal system itself, More appropriately described as synchronization devices or 
synchronometers, the Maya used at least seventeen of these timing instruments  si- 
multaneously during the great age of their civilization, A.D.435-830. This fact in 
itself tells us that the Maya understood time so radically differently from the percep- 


tion that has evolved in the techno sphere that we must stand in awe that such a 
knowledge would have developed by a people whose technological development was 
so minimal, but whose artistic accomplishment was inseparable from their scientific 


achievement. 


Harmonic Module 
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Yes, the Maya most definitely Knew that time is the universal factor of synchro- 
nization, so their synchronometers must have been for the purpose of attaining a 
master synchronization with the cosmos. This presupposes such a different state of 
‘mind that all the values of the present day must be challenged. The mystery of it is 
that this mathematics and time science developed in the New World, remote from 
the saga of civilization in the Old World, The fact that the later Maya practiced 


emonies and blood rituals, the fascination of so many present-day archeologists, 


should not detract from the understanding that these ceremonial practices stem from 


we must consider 


totally different perception of life-and death, Before we judge, 
the inescapable uth that nothing in history matches the terror of the different kinds 


of war and weapons of mass destruction that characterize the fifty-six-year cycle of 


the technosphere, 1945-2001. Who then is the more barbaric-the Maya, or mod- 
em man, "Homo technosphericus”? 


It is the study of this vigesimal mathematics and its 13:20 Harmonic Module 


that has led to the discovery of the Law of Time. In this regard the Law of 
universal law independent of any culture or civilization, even that of the Maya, much 
like the law of gravity is also a universal law. However, if it had not been for the 
Maya, who evolved their understanding of the 13:20 frequency of synchronization 


to such ahigh degree, there would never have been a pursuit that led to the diseov- 


Galactic Notation, Dot-Bar (0-19) Code 
Vigesimal count, 1-19, where in first order 1=1 and 
0 = 20 position, so in next order 1= 20, in third order 


‘Time and Human Consciousness 


ery of the law underlying their knowledge of time. If with this law we may categorize 
the time vector potentialities in six stages of consciousness-preconscious, _uncon- 
scious, and conscious, continuing conscious, superconscious, and subliminal con- 
scious-then we may be certain that the ancient Maya were also familiar with the 
time science associated with the higher states of consciousness revealed by the Law 
of Time, With this time science and mathematics of higher consciousness, the Maya 
were able to bequeath a prophetic tradition mathematically coded in the Harmonic 
Module, which, among other matters, led to the discovery or making conscious of 
the Law of Time itself 

Once we appreciate the radically different perception of time and knowledge 
that is embodied in the Harmonic Module, the mathematical modeling of the 13:20 
universal frequency of synchronization, then we may turn to its uses as the fractal 
radial measure of time applied to many levels of thought and knowledge. For in- 
stance, using the 13:20 matrix we may tum to an understanding of the Law of Time 
in human history, asis necessitated by these reflections. With the Mayan time knowl- 
edge and the placement of their civilization in the New World, we have a gauge and an 
alternative base of knowledge upon which to evolve a planetary perspective and an 
objective means of critique of the mainstream development of civilization in the Old 
World. We may then ask the questions: How did we become what we are now, and 
how was it that our civilization evolved into the technospheric medium’ 


Vv 
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The Law of Time in Human Affairs 
The Analysis of History 


THE KEY to The Mayan Factor is the application of the Harmonic Module as a 
in baktuns, the Mayan mea 


extending from 3113 B.C.to 


fractal measure that is descriptive of the cycle of thir 


sure of history. This measure of thirteen baktuns, a cyc 
A.D.2012, had been deduced from the stone inscriptions of the Mayan monuments 


of the Classic period, most of which bear a date within the tenth baktun cycle, A.D. 


435-830, or, in the transliterated —vigesimal notation of the Mayan Long Count, 
9.0.0.0.0-10.0.0.0.0. However, one of the principle discoveries of The Mayan Factor 
demonstrated that the thirteen baktun cycle was also a function of the Harmonic 


Module and identical with its mathematical mapping as the 13:20 matrix. There are 


very profound implications to this correlation of the cycle of history having a one- 
to-one identity with the 13:20 frequency matrix. For this reason the cycle of history 


is referred to as a Wave Harmonic of the galactic order of time. Even though history 


may appear to be a random, haphazard, and checkered advance of humanity from 
living in small agricultural communities 10 the present-day technosphere, this pro- 
cess has actually been an orderly program of the biosphere, the region for the trans- 


formation of cosmic energy on Earth. 


‘The same principle of the analysis of the Law of Time applies here. That is, by 
analogy, the historical events analyzed from a political or economic perspective rep- 
resent the perception of the random events of near space and low time, while the 


analysis of the thirteen baktun cycle Wave Harmonic of history represents the 


+ The Law of Time in Human Affairs 


perspective of far space and high time. In this Wave Harmonic, the program of 
history is mathematically defined by 13 baktuns-each —_baktun consists. of 20 katuns- 
13 baktuns x 20 katuns = 260 katuns = 13 x 20 matrix of the 13:20 frequency of 
synchronization. In the 13 x20 matrix of the Harmonic Module each unit equals one 
kkin, the base unit of fractal measure. By fractal equivalence, in the mapping of his- 
tory one kin =one katun, one katun = 7,200 days; therefore one baktun = 144,000 
(7.200 x 20) days. The mathematical perfection of the cycle of history matching 
the 260-unit model of the harmonic matrix means that history is a factor of syn- 
chronization of the higher order of time coordinating the human organism within 
the biosphere. 

By means of the thirteen baktun Wave Harmonic of history, the incidence of human 
Civilizational Advance (CA) may be plotted in a very precise way as a progression 
going from avery dispersed and scattered state to the point of attaining its exponen- 
tial climax in the final saga of geochemical combustion, the fifty-six-year cycle of the 
technosphere. In this regard we must ask: What do we mean by “history” from the 


Wave Harmonic point of view? As an organism that is a function of the biospher 


history defines that stage when that organism, humankind, enters a process. of altering 
its biomes through increasingly artificial means_or extensions of itself that exhibit a 
compulsive reordering of society into denser and denser clusters of habitations known 
as cities, hence civilization, "city-life." 

In the stage before history, the human had created certain tools and had begun 
experiments in agriculture and horticulture, but the mental order remained in an 
aboriginal condition. Unconsciously absorbed as an integral mechanism within the 


cycles 


of the biosphere, the human wrapped his understanding of thes and of 


cycles 


his place in them in the garb of myth and ritual. But with history, something —differ- 


ent occurs. The artificial means or extensions of the senses 


are ordered by a different 


form of mentality. Those projections of thought and consciousness, though immate- 
rial, affect the material surroundings, and take on an aggressive dynamic. The ag- 


gregate eff 


s of these artificial extensions are maintained by anew mental dynamic 
that is contained and then conditioned by a new kind of macro-organizing thought 
structure, independent of the actual cycles of the biosphere. What is this new men- 
tality? How can we most precisely define it? 

Here are some points to ponder. The Mayan reckoning of the beginning of 
history is precisely dated to August 13, 3113 B.C,Long Count 13.00.00. The Hindu 
reckoning of the beginning of the Kali Yuga is dated to February 19, 3102 B.C.These 


dates are only eleven years apart. What cosmic event occurred at that time to initiate 


the Wave Harmonic of history? As we have seen, there is a perfect identity of the 
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13 Baktun Cycle: Wave Harmonic of History 
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Wave Harmonic of history, as a fractal equivalence, with the Harmonic Module, 
itself a description of the universal 13:20 frequency of synchronization. This being 
so, both the calculation of the beginning of history as well as the duration of its 
entire cycle are functions of the Law of Time. This means that something within the 
Earth's noosphere occurred that triggered the Wave Harmonic, itself a manifesta- 
tion of the Law of Time. Also, by most judgments and standards, history began at a 
very precise place as well-Sumeria, in the Mesopotamian basin of what isnow called 
the Middle East. Why? And what relation is there between the precise event that 
triggered the Wave Harmonic of history and Sumeria, the site of the first city, Uruk? 
What event could have established a macro-organizing principle to propel the dy- 
namic of human thought and technology into the trajectory concluded by the 
technosphere? 


THE ORIGINS OF THE 12:60 FREQUENCY 


In the recently published book The History of the World-A 6,000 Year Chronicle of 
Time, we find the point that establishes the definite artificiality of a new kind of 


‘macro-organizing principle, driving humankind toward the Inevitable Event; here 
we find the genesis of artificial time: "Ca. 3000 B.C.Sumerians divide day into 24 
hours, 60 minutes, 60 seconds and circle into 360 degrees."! While this is a fact we 
may take for granted because it is the basis of mechanized time in the form of the 
clock, for precisely that reason it should give us pause. For one thing, this means that 
the measuring system of the clock was already established at the beginning of his- 
tory, some 4,500 years before the clock as we know it was actually invented! This is 
quite an astonishing fact. It means that mechanization was implicit in the first intel- 
lectual act of history. Why or how would it have occurred at the precise point of the 
beginning of history in Sumeria? 

‘The Law of Time defines this mechanistic organizing principle as the basis of 
the 12:60 artificial timing frequency (irregular twelve-month calendar combined with 
mechanical sixty-minute hour). Therefore, it was at this point at the beginning of 


history that artificial time and its progeny, mechanization, were actually registered 
asa thought form and thus became embedded in the as-yet-unconscious noosphere. 

Or, was it already embedded in the noosphere to be triggered at this precise point- 

and ifso, why and how? The point is that history, as it has evolved as the mainstream 
of civilization from Sumeria to the World Trade Center, has always been driven by 
the organizing principle of artificial time. It is artificial time that separates history 
from prehistory-and, as we shall see, from post-history as well. It was due to the 
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The Error in Time 
The measure of a two-dimensional plane in space has nothing to do with the experience or the nature of time. 


"TIME WAS COMPRESSED INTO A FLAT CIRCLE... 
Dreamspell Genesis" 


1-34 |II-28/29) Il - 34. 


V-30] V-31]VI-30 


Vil - 34} Vill -31} IX- 30 


X- 31 | XI -30 | Xil- 34, 


Sumera: Ca 30008¢. Europe: 800-1600 Ao. Rome (Vatican): 448. - 15820. 
Day divided into 24 hours, CCiack—twodimensionsl plane Twelvemonth Julian/Gregorian 

60 minutes, 60 seconds in space—divided into tweive calendar derived from twelve part 
based on 360 degree circlo— parts each 30 degree of arc = division of circle; iregular measure 
two-dimensional plane in space— hour = 60 minutes due to fact that 365 Is not divisible 
divided into twelve parts ‘each minute = 60 seconds by twelve. 


Earth's solar orbit = 365 days 
360 degrees # 365 days 


genesis of artificial time at the beginning of history and its emplacement within the 


planetary noosphere that also generated the thirteen baktun Wave Harmonic of his- 


tory. For the very purpose of the thirteen baktun Wave Harmonic of history is to 
encompass and coordinate the cycle of artificial time. Why’ 


‘The Wave Harmonic is a function of the 13:20 synchronization frequent 


a function of cosmic time. In the higher knowledge of the Mayan under 
provided the perfect measure of the cycle of artificial time. From the perspective of 
the actual noospheric timing, which operates according to the natural 13:20 cosmic 
timing frequency, history is none other than a manifestation of artificial time, Civi- 
lization becomes organized by the principle of artificial time. But because it is artifi- 
cial, it cannot endure. If the mathematical basis of mechanized time, and hence of 


mechanization, was already 


tablished at the beginning of history, then the end of 


history is the end of artificial, mechanized 12:60 time. And in the end, the Law of 
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Time codes and encompasses the whole of the cycle of artificial time through the 
thirteen baktun Wave Harmonic of history. What is important to grasp is that the 
entire cycle of artificial time was alreadyperceived by the Mayans as a phenomenon 
that could not endure more than the length of the cycle of thirteen baktuns. 

It is necessary for the reader to understand how this perspective was discovered. 
It was the result of a phenomenological experiment of living according to the 
synchronic cycles of the Mayan time science. After the death of my son in 1987, my 
wife and I began in eamest to follow the cycles encoded in the Mayan calendar: 13- 
day, 20-day, 52-day and 260-day cycles. Our life changed dramatically. At the same 
time, I endeavored to define the mathematical basis of these cycles. Once I resigned 
my academic position in early 1989, we were swept by a wave of time that took us 
from the Rocky Mountains to Southern California to the Hawaiian Islands in the 
middle of the Pacific Ocean. There, in relative isolation from the rest of the world, 
we plunged into our experiment. Before we had truly settled in, the time wave took 
us to Switzerland, where on December 10, 1989, in the Museum of Time in Geneva, 
we were able to put our phenomenological experiment to the test-although — we did 
not consciously realize at the time that we were doing so. 

‘There in the Museum of Time, essentially surrounded by examples of the his- 
tory of the clock and mechanization, and because our perceptions had been altered 
by our living so completely by the various timing cycles encoded in the Mayan cal- 
endar system, we were able to spontaneously perceive the existence of two timing 
frequencies. The natural frequency-the one we had been living-we understood 
instinctively to be the 13:20 timing frequency. The other frequency-the one en- 
shrined in this Museum of Time-we understood to be the attificial 12:60 timing 
frequency. This realization of artificial time was rooted in the evident proof that the 
clock is based on the twelve-part division of a flat circle, a spatial plane that clearly 
has nothing to do with the dynamics of time. It is a manifest error, but one that 
humanity has taken for granted and endowed with all of the characteristics of "truth." 

We also immediately saw that the error of mistaking the division of a two- 
dimensional plane in space for a measure of time was transmitted not only through 
the clock, but through the twelve-month Gregorian calendar as well. With brief 
reflection upon what a gross error this was-substituting a twelve-part division of 
space asa measure of time, and then elevating this mistake as the truth of the mea- 


sure of time-we understood how it could have actually led humanit 
natural time of the universe. In making this observation, we immediately and intu- 
itively grasped the necessary solution: replace the erroneously measured twelve-month 
Gregorian calendar with the perfect measure of the Thirteen Moon/2 8-Day calendar. 


away from the 
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Our research into. the mathematical codes behind the Mayan calendar now  pro- 
gressed rapidly, but our attention also turned to the question: Whence came the 
thought form of 24 hours, 60 minutes, and 60 seconds as a measure of a circle of 360 
degrees? It was clear to us that this division of time based on the division of a circle in 
space occurred at what is the beginning of history, a fact later confirmed for us in the 
already cited History of the World (1997), which states that this division of 24 hours, 
60 minutes, 60 seconds and the circle into 360 degrees was devised "Ca. 3000 BC. 

Once we had finished working out the mathematical codes, we turned to a con- 
sideration of the actual implications of the error in time. It was now also clear why 


the Mayan time science was so superior. It was based on the reality of time as a factor 
‘of synchronization. By contrast, the concept of time as it had developed in the main- 
stream of civilization was limited, linear, and totally third-dimensional, a fact. that 
confirmed Vernadsky’s analysis, as well, that our notions of time are a function of the 
metrics of space. By 1991, the experience in the Museum of Time had driven us into 
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Gregorian Calendar and the Hidden Thirteenth Moon 


creating a full-blown psychomythic analysis_and description of this moment of real- 


ization concerning the nature of time. The complete structure of the mathematical 


codes of time, as well as the psychomythic description of the causes and effects of the 
error in time, is known as the Dreamspell, which is defined as follows: 

"DreamspeH: function of fifth-dimensional _galactic-solar planetary regulation; 
26,000-year renewable cycle and planetary castle genesis; any consensus reality; in 
disregard of interdimensional reality creates entropic spell of history; cure for loss of 
galactic memory."2 The planetary castle genesis refers to the five castles of time (each 
5,200 years in length), divided into three geneses-the Dragon, the Monkey, and the 
Moon-that constitute the entire fractal panorama of the 26,000-year cycle of his- 


tory that ends in 2012, and is meant to be renewed in 2013 (an obvious synchronic 


reference to the 13:20 timing frequency). In the Dreamspell analysis, the beginning 
of history occurs almost 5,200 years ago between the Monkey and the Moon gen- 
;, and is marked by the imposition of the false 12:60 timing ratio. 


In light of this analysis and definition it is worth quoting certain passages from 
the Dreamspell text that describe this precis 


moment at the beginning of history 


and that the Law of Time defines as the root error of civilization. First we quote 


from the "Dreamspell Genesis,” and then from the descriptions of the "Dreamspell 
Journey and Mission of Timeship Earth 2013." The purpose of quoting these _pas- 
sages here is to establish a psychomythic context to explain the profound nature of 


what we refer to as the error in time compounded over 5,000 years. of history 


Imposters, male priests and warriors usurped the power of the thirteen moons. They 
hid the thirteen among themselves and attempted to banish all memory of the matrix 
dreamspell of magic. ..The planetary kin had imposed upon them the diminishing 
power ratio of 12:60. No longer the magic of thirteen moons but a twelve month 
calendar of uncertain meaning. No longer the timeless gyre of magical flight, but a 


sixty-minute hour to eam one's bread. 
Time was compressed into a flat circle. 
‘The 13:20 ratio is the base operating ratio of timeship Earth 


In that vital moment during the magic flight. .. Toward the moon genesis, another 
spell was cast. Instead of the 13:260 ratio already stored deep within the crystal core 


of timeship Earth, the planetary kin received the 12:60 ratio, the dark dreamspell. of 


history. ..And so the thirteenth moon was dismembered and added on as extra days 


to the calendar of twelve. 
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‘The absorption of the thirteen. by the twelve was called an improvement by the male 
imposter priests hypnotized by the combined powers offupiter and Satur, It takes 
twelve years forJupiter to orbit once around the sun. It takes sixty years for Jupiter 


and Saturn to be conjunet. 


Twelve times five equals sixty, one sixth of the flat three hundred sixty degree circle. 


The difference betwet 


twelve and five is seven. While the priests of the calendar of 
ancient Babylon banished the power of the thirteen moons, they replaced that power 


with the power of seven 


While the twelve diminished the power of thirteen by one, the sixty raised the power 
of twenty by three. A seeming increase in power occurred, but an increase only on 
the flat plane of the third-dimensional time to which the planetary kin were now 


consigned, 


With the banishment of the thirteen moons, the fourth-dimensional time magic. 


became the property of the priest class. Setting up religions and governments to 


maintain the kin within the third dimension, the priests were assured that anyone 


having fourth-dimensional experiences either be appropriated or destroyed.J 


So much for the psychomythic impression of the genesis of artificial time, the 
flat time of an exclusive third-dimensional reality called history. A few further quo- 
tations from the Dreamspell emphasize both the interplanetary and mathematical 
root of false time: 


At 3187 Dreamspell years the time bandits on the sixth and seventh orbits pulsed 
their beam. The 12:60 frequency of the memory virus took immediate effect on the 


third-dimensional space suits. ..The Dreamspell of history was cast. 


Imposter priests on Earth substitute the 12:60 ratio... Instead of the magic of 
following thirteen moons, a non-circulating twelve-month calendar is substituted; 
instead of the beauty and power of magical flight, the sixty-minute hour. The result 


is disastrous, 


The twelve-month calendar is the consequence of the 12:60 ratio imposed at -3187 


Dreamspell years (3113 B.C.Julian/Gi 


egorian). With no basis in or capacity for 


measuring galactic time, the twelve-month ional 


endar is actually a third-dimei 


prison Keeping the four root races separate and at war with each other.4 


These descriptive explanations of the error in time define such a profoundly 
radical point of view that we must flesh out the implications and description of the 
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course of artificial time according to the analysis of the Law of Time. From the 
outset of civilization in Sumeria, artificial time captures the human mentality in the 
order oflow time and near space (third dimension), separating it from high time and 
far space (fourth dimension), The registration of artificial time within the uncon- 
scious structure of the noosphere, which is intrinsically governed by the universal 
13:20 frequency of synchronization, creates aconflict and a pressure in the noosphere, 
atime warp or taint that affects the entire biosphere. 

Civilization-living in cities-increasingly becomes the human norm within the 
biosphere. Where there had been no civilization, at a few key places around the 
planet civilization now arises-a process that goes from the crystalline structures at 


the origin to the later phases of imperialism and empire building. This cycle is re- 
peated again and again. Even in the New World where the 13:20 natural timing 
frequency prevailed, the later stages of civilization succumbed to the effects of the 
12:60 already seeded in the noosphere. Ultimately, all humanity and the biosphere 
were to be governed by the artificial timing frequency that ends with the construc- 
tion of the technosphere, the final and supreme expression of artificial time. Indeed, 
the technosphere is the absolute conclusion of what can rightly be called an artificial 
time warp in the biosphere. 

Concerning the mathematical basis of the 12:60 frequency, V. A. Ponko of the 
Russian Academy of Sciences, Novosibirsk, has conducted extensive research and 
wave analysis on the mathematical properties of the cycles of history. He has con- 
cluded that as a mental coordinate, the number 12 isa strict construct of the angles 
of space. Since it does not correspond to the sinusoidal curvature of the cycles of 
time and the plotting of all organic phenomena, when used as a time factor the 
number 12 offers no "protection" from bombardment by any number of cosmic 
forces. The mathematical plotting of the 13:28 frequency that characterizes the 


Thirteen Moon calendar, on the other hand, is in alignment with the sinusoidal 
curve properties of organic phenomena, and therefore functions as an "umbrella" 
maintaining the organism in resonance with the biosphere.s 

Here let us make amore precise definition of timing frequencies and the nature 


of calendars as the macro-organizing programming systems of the human in the 
biosphere. By defining time as the universal frequency of synchronization, we are 
saying that synchronization is the fundamental program to which everything ad- 
heres and which makes everything perceptibly coherent, hence synchronic order. 
Therefore, the natural timing frequency that is auniversal phenomenon both regu- 
lates the phenomenal order of the cosmos, and in the human is absorbed asa mental 
frequency that unconsciously synchronizes the mind and senses with the natural 
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order. The result is the normal sensation and experience of the harmony of reality 
This defines both a fundamentally prehistoric perception of reality as well as the 
spiritual experience that is common when we are confronted with the awesomeness 
of nature-usually far away, it should be noted, from city life. This universal factor 
of synchronization we have identified as the mathematically precise ratio 13:20, a 
ratio constant embedded in the structure and order of the calendrical and astro- 
nomical system of the ancient Maya. 

If we understand that this frequency of synchronization isa genuinely universal 
constant, then we may comprehend how not only the entire biosphere, but solar 
system and galaxy are also governed by the same frequency. This is how the Kozyrev 
experiments could show that there is instantaneous transmission of information 
throughout the universe, which in its entirety is afunction of the formulation velocity 
oftime is instantaneously infinite. Synchronization and infinite instantaneity of tran: 


mission are mutually defining-everything is always instantaneously synchronized. 


while dissynchronization 


We can further say that synchronization “syntropize 
“entropizes.” There is no lag time in synchronization, 

This being the case, we can then begin to understand how the acceptance and 
institutionalization of the artificial 24-hour, 60-minute, 60-second division of the 
360 degree circle as the basis for defining time could be such a singular and ulti- 
mately disastrous deviation from the universal frequency of synchronization. Thus 


when we speak of the artificial 12:60 timing frequency, we are referring to the men- 
tal effect of the feedback program of the use of artificial and erroneous instruments 
of measure. Rather than allowing the mind to remain in the natural harmony of 
synchronization with nature, the artificial 12:60 standard and its instruments estab- 
lish a feedback effect in the mind that accustoms it to the deviation from nature. 
This habituation results in the creation of an unconscious timing frequency that is 
accepted by the consensus reality as the actual norm. Separation of human order 
from the biosphere becomes accepted and acceptable, making civilization not only 
possible, but setting it up, as it were, as a parallel rival to “nature.” In fact, it is the 
unconscious mental frequency of 12:60 artificial time that coordinates and main- 
tains civilization as a belief system. 

When we speak of the instruments of measure of attificial time, we are speci 


cally referring to the Gregorian calendar as the macro-organizing principle and the 
watch or mechanical clock as the micro-organizing principle. The macro-organizing 
principle organizes our life into days, weeks, months, and years. The micro-organizing 
principle organizes our life into seconds, minutes, and hours. These two instru- 
ments have their common root in the error in time that occurred 5,000 years ago at 
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the beginning of history. Try to think of life without these instruments and you will 
quickly realize how second nature they are-and yet there was atime when such 
instruments and their terminology did not exist. Before turing our attention to an 
analysis of these two instruments and their effects on human consciousness, we must 
view the entire cycle of the Wave Harmonic of history as a function of the macro- 
organizing principles of time that the human in the biosphere adopted for its uses 
and that, in turn, condition at amost profound level the worldview of the culture or 
civilization that uses it. 


HISTORICAL CALENDARS AS INSTRUMENTS 
OF ASTRONOMICAL MEASURE 

It may be rightly asked, What does a calendar measure? At a minimum, a calendar is or 
should be the measure of the Earth in its rotation around its local star, the sun. This 


rotation takes 365 days. The Earth's satellite, the moon, is the obvious synchronizing 


factor between the Earth and the sun, But hi 


© we encounter a difficulty. The moon 
can be measured by various cycles. The synodical cycle, from new moon to new moon, 
is 295 days. The sidereal cycl 


the same place in the sky, is just over 27 days. There is an apsidal cycle, however, taken 


. the measure taken from where the moon appears at 


from the measure of when the moon's axis is tilted farthest from the Earth, which is 28 
days. This variance of measures is due to the fact that until the rise of rocketry, we 
could not really see the moon from space. In actuality the moon rotates around the 


Earth thirteen time: 


during the time it takes the Earth to orbit the sun once. 
If one were objectively secking the proper measure of the Earth's orbit using the 


s the measuring device, we would therefore construct an instrument for time 
reckoning that consists of an even harmonic measure of thirteen cycles of twenty 
ight days cach, The 28-day cycle conforms, of course, to the female menstruation 


cycle, an obvious human biological cycle, and it also divides perfectly into four 7-day 


subeyeles or weeks. Also, 13 x28 = 364, the same number of days as thirteen moons 
s), with the 365th day being 


a free day, or Day Out of Time, no day of the week or month at all. We shall deal 


multiplied by four 7-day weeks (a total of fifty-two we 


with the perceived extra quarter-day later in our discussion. 


‘The point is this: If time is a factor of synchronization, then a calendar-as an 
instrument for measuring the count of time-should also be constructed so that it 


maximizes the f 


ctor of synchronization. This can only be done if the instrument of 


time reckoning is constructed on harmonic principles in conformity with the objec- 


tive data of nature, Such an instrument would also conform to the orderly processes 
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of the biosphere taken asa whole, and be a great assistance in bringing into con- 
sciousness the cosmic programs that organize the biosphere and noosphere. The 
Thirteen _Moon/28-Day calendar is the perfect instrument for such a simple regis- 
tration of harmony and synchronization. It should also be noted that in its math- 
ematics the Thirteen Moon/28-Day calendar is a function of the 13:20 timing fre- 
quency. This in itself establishes the Thirteen Moon/28-Day _calen 
instrument of the Law of Time and as a function of the synchronic order of reality. 


as a perfect 


Since the process of civilization represents a break from a long cycle generally 
undistinguished by the kind of perturbations that characterize history, the analysis 
of the Law of Time assumes that in prehistory humans lived in relative harmony, 
and therefore that the humans tended to use harmonic instruments of time reckon- 
ing. The humans living in greater harmony with the biospheric cycles would be 


disposed to be in greater unconscious or aboriginal attunement with the noosphere 
Since the noosphere is regulated by the synchronic order of the universal 13:20 
timing frequency, the humans would be more naturally disposed to devise, adopt, or 


intuitively utilize the time measure in greatest accord with this instinctual 13:20 
noospheric timing ratio, 

This instrument of time measure would, of course, be the Thirteen Moon/2 8-Day 
calendar. It should also be noted that this calendar is a perfect solar-lunar measure; 
that is, it uses the even, regular lunar cycle of28 days as the standard of measuring the 
365-day solar cycle of the Earth. The balance of solar and lunar may also be taken as 


Moon Circling Earth Thirteen Times per Year 


Did you know the 
moon goes around 
the Earth thirteen 
times a year? 


symbolic of human psychological characteristics and their balance or imbalance. A 


ent and reflect a balance of the solar-lunar, masculine 


solarlunar calendar will rep 
and feminine qualities within the human being. It is important to bear in mind these 
considerations of calendars and their effect on shaping the human historical conscious- 


ness and its psychological makeup. From this perspectiv 


history is, in fact, a proc 


of falling away from the perfection of harmonic standards 
Evi 


ence exists that the Thirteen Moon/28-Day measure was widely known in 
prehistory. We find evidence of its use as a prehistoric synchronic measure in the 
remote past of China, in Polynesia, and scattered across late neolithic Europe and 
the Middle East. Among the Maya it was known as the Tun Uc, literally “moon 
count” or count of seven, while the living tradition of the Thirteen Moon/28-Day 

calendar is still continued in South America and in the British Isles, where it is known 
as the Druid Tree calendar. While the Druid calendar has no year count attached to 
it that would definitively 


stify to ils prehistoric ancestry, the South American cal- 
endar does. Known as the Pachacuti, the South American Thirteen Moon/28-Day 
calendar is currently in the year 5509, which places its origins at 3308 B.C., toward 
the middle of the fourth millennium before Christ, and several hundred years before 
the beginning of the thirteen baktun Wave Harmonic of history 


If we understand that calendars are genuine time-measuring device: 


meant to 
synchronize us with the cosmic order within the biosphere, and that calendars are 
thereby programming devices, we may then say that a calendar of perfect harmony 
can have no history. In other words, by its harmony such a calendar is always in tune 


with the cosmos, which is beyond history. History can only be a function of a dis 


monic programming, not in syne or even at odds with the laws of natural time. 


From the point of view of timing devices, there are two factors in the establish- 


ment of history. The first is the 12:60. program 


established 5,000 years ago with 
the division of the day into 24 hours, 60 minutes, 60 seconds, based on the 360-degree 
division of the circle, The other factor is the use of a purely lunar calendar that is 
difficult 10 reconcile with the actual measure of the solar year. The purpose of the 
12:60 measure was to establish a timing standard that was actually a pseudosolar 
calendar to assert male intellectual dominance. The Babylonian (and later, Egyp- 


ti 


) calendar consisted of twelve 30day cycles. = 360 days = 360 degrees, plus an 
extra Sday cycle, The 30-day measure is not actually a natural one, being a half day 
more than the synodic lunar measure, but one that conforms to the hexagisimal 
(6-based) mathematics of the circle. For this reason, this instrument of time reckon- 
ing is defined as pseudosolar. Its ultimate descendent, as we shall see, is the twelve- 


month Julian/Gregorian system 
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By contrast, the Maya also had a 365-day solar calendar, the Haab. Its measure, 


ighteen 20-day cycles (18 x 20 = 360) plus the S-day cycle (wayeb), 
y. In addi- 


however, is that of 


the 20-day cycle (vinal) being a mathematical function of the 13:20 frequer 
tion, the Maya had the measure of the fun, the 360-day count of which is precisely the 
same as that of the degrees of the circle, It was the tn that the Maya used to measure 
the thirteen baktun count, which actually consists of5.200 tun (5,125 solar years). The 
purpose of this measure was to provide an exact harmonic standard for the measure of 


history that, we may recall, is the duration of artificial time, It is very relevant that the 


harmonic standard of the thirteen baktun Wave Harmonic of history is the 360-day 


of a circle in space. The precise 


tun, the actual temporal equivalent of the degrees 
measurement of the cycle of artificial time, which turned out to be anything but har- 


monic, could yet be measured with aharmonic unit that reflects both the circle and the 


mathematical perfection of the Law of Time. How better to coordi the entire 


I time than by the tun, a unit of measure that refl 


eyele of art cts the 360-degree 


the basi 


I time? As we will later observe, the fact 


circle, of the original error in arti 


that the Law of Time coordinates even the cycles of artificial time is also evident in the 
analysis of the timing of the fatal flaw of the Twin Towers apocalypse 


While 


the Babylonians began to apply a hexagisimal time-reckoning device based 
(on spatial metrics of the circle, another factor became predominant in the Old World 


the rise of the synodical lunar calendar as the exclusive measure of time, The synodi- 


callunar calendar is purely lunar in that it is not evidently or perfectly harmonized 
with the 365-day measure of the solar cyele-a fact of great consequence for the 
development of mainstream civilization. The Babylonian calendar, with its abroga- 
tion of the thirteen perfect 28-day months, established the pseudosolar twelve-month 
measure. This twelve-month measure conformed to the lunar measure of twelve 
synodic lunations per lunar year. However, twelve lunations are only 354 days, eleven 


of calculations 10 make the 


days short of the solar year. This required an intr 


lunar calendar keep up with the measure of the Earth's solar orbit. And in reality, 


although we tend to think of the moon as feminine, the knowledge of the synodic 


measure, the cycle from new moon to new moon, the exclusive province of 
male priest class that used the lunar calendars to capture and control the feminine 
principle, and to oppress women in general. Whereas the Babylonian and Egyptian 


endars fell into sisted 


solar 
Sin 


over time, the lunar calendar p 


there is only one moon orbiting Earth, it should be kept in mind that all 
lunar calendars are essentially the same. One and the same moon in all its phases is 
apparent to all humans on Earth. So when we speak of different lunar calendars- 


most notably the Hebrew, the Islamic, and the Chinese-the measure is basically the 
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same, from new moon to new moon, but New Year's Day falls differently in each of 
them, thus accounting in part for the various calendrical traditions. Within each of 
these lunar calendars, a different set of holidays is programmed. It is the program- 
ming of the different holidays and festivals of the calendars, along with the dating of 
their new year, that makes each lunar calendar tradition distinct and that also dem- 
onstrates how a calendar is a programming device. For instance, if one were to take 
out the different holidays programmed into the Hebrew lunar calendar, there really 
would be no such thing asJudaism, This demonstrates that the cultural conditioning 
of a people is totally dependent on the programming of the calendar they use. This 
also shows how acalendar isa feedback mechanism that maintains a group of people 
within the confines of its own self-established belief system. 

Of the three lunar calendars we have mentioned, the oldest count of years is 
accorded to the Hebrew calendar. This year Rosh Hashanah, or Jewish New Year, 
occurred on the new moon, September 17,2001, and marked the beginning of year 


5762. This places the origin date for the Hebrew calendar in the year 3761 B.C., 


some 453 years prior to the commencement of the Pachacuti count. The Hebrew 
calendar (like the Chinese calendar, which we will discuss below) makes up for the 
slippage of eleven days per solar year by intercalating a thirteenth lunation cycle 
approximately every three years, or exactly seven such thirteenth moons every nine- 
teen years. These numbers too-13, 7, and 19-are key harmonic factors of the 
synchronic order of time. This demonstrates that, at the very least, the synodical 


lunation calendars are calibrated in their larger cycles by the Law of Time. But the 


effect of being a purely lunar measure, at variance with the actual 365-day measure of 
the solar year, creates an interesting and one-sided approach. There is no question 
that the lunar calendar civilizations are the tool of powerfully patriarchal societies, the 
tables of the moons and the years being the possession of adominant male priest class. 

The Chinese lunar calendar differs from the Hebrew in one important distinc- 
tion: from the most ancient times it has been embedded in a system known asthe five 
elements, and is coordinated with a very elaborate mathematical system that bea 
some resemblance to the 60-60, 24-360 basis of the SumerianiBabylonian 12:60 


frequency. This synchronizing system accounts for the Chinese cycles of years that 
are counted by the twelve zodiacal animals in combination with the five elements: 
earth, fire, wood, water, and metal, thus giving rise to 60 (12 x 5) year cycles. Three 
of these sixty-year cycles create a “group” or cycle of 180 years. We are now (in 


2001) in the eighteenth year of the twenty-seventh group, or year 4,698 of the Chinese 


lunar calendar. So embedded is Chinese culture and civilization in this calendar, 
with its elaborate system, that to take away this calendar would virtually eliminate 
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a 


Chinese culture altogether. Perhaps more than any other factor, this highly involved 
calendar also accounts for the longevity and tenacity of Chinese civilization as one 
continuous tradition for the duration of its history, which according to the reckon- 
ing of its calendar began in 2697 B.C, a dat 


;, interestingly enough, that coincides 
with the dedication of the Great Pyramid of Egypt. 

Despite its marvelous system, the Chinese lunar calendar is still just that: a lunar 
calendar. The problem with this, from the point of view of the Law of Time, is that 
when it isnot regulated by a proper solar count or measure, the lunar calendar leads 
people into one-sided developments of one kind or another, if only to the extent to 


which these calendars foster such profoundly patriarchal societies, of which the Chi: 


of the Chinese lunar calendar 


is certainly no exception. The influence and us 


system extends into southeast Asia, Tibet, Mongolia, Korea, and Japan. As a field of 
thought within the noosphere, the Chine 


system is the equal in power base to the 
Babylonian and Indian systems, at least up to the time of the dominance of the 
Gregorian, Even today, the Chinese New Year exerts a powerful attra 

While the Chinese 


jon worldwide. 


and Hebrew lunar calendar systems maintain a powerful con- 
servative strain of human society, the intercalation of the thirteenth moon, seven 
times every nineteen years, creates a kind of circulation within the system. Thirteen 
is the number of circulation, whereas twelve is that of a static, non-circulating spatial 
order. ‘The taboo on the number thirteen-epitomized by the superstition about 
Friday the thirteenth-must certainly be related to the suppression of the solar- 


lunar Thirteen Moon/28-Day calendars in virtually all historical societies. Thi 


rational repulsion of the number 13 serves psychologically in defense of the “ratio- 
nality” of the number 12, a number that does not circulate time and is at the root of 
the linear conception of time. ‘The illogical and irrational decisions that are made 
and then institutionalized into the human social fabric must at one point be dis- 
counted. Any illusion or error pursued for too long will always end in disaster. 

‘The Islamic lunar calendar, used by some 1.3 billion humans, is distinguished — by 


two factors: 


1) It is based on a known historical incident, the Hegira or flight of the 
prophet Muhammad from Mecca to Medina, dated to the new moon or 


Muharram 1, Julian, July 16, 622 (Gregorian, July 26) 


2) It is apure twelve-month lunar calendar running on a cycle of pure lunar 
years of 354 days, with no intercalary tunations, and in this regard doesnot, 


annually harmoni 


with the 365-day solar cycle. 
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For this reason, this year 2001 saw the beginning oflslamic lunar year A.H. (M- 


ter Hegira) 1422. But iff we are to count the solar years since the Hegira, correlated 


to Gregorian July 26, then it is solar year AH. 1379. We see here a discrepancy of 


some some forty-three years between the solar count and the lunar count. The lunar 


count continuously retrocedes 0 that it take 


thiny-two years for one Muharram to 


occur at the same place in the cycle of the solar year. Ine 


ence, the Islamic lunar 
calendar creates ahermetic, retrocessing time bubble with no circulation of the power 
of the thirteenth moon, and that accounts for the highly conservative and patriarchal 
nature of much oflslamic society. Again, while there may be a virtue to maintaining 
astrict lunar calendar count, if itis not correlated to a harmonic solar or solar-lunar 
standard, the effects will be precisely of the nature that we see occurring in today's 
world, a point to which we shall tater return, 


Finally, in this 


brief consideration of calendars as the principle macro-organizing 

system for the programming of human society, a word should be said about the 
system of calendars in the predominant part of the Indian subcontinent. Long be- 
fore they adopted the Babylonian solar zodiac and hexagisimal spatial principles for 
reckoning time, the Hindus also had a type of 28-day count, but one based on the 
course of the moon in relation to a set of stars called Nakhsastras; this created a kind 


of 28-part lunar zodiac. In t 


system, however, the Hindus divided the 360-degree 


lunar ecliptic into twenty-seven equal parts (27. days 


= sidereal cycle of the moon) 
each part equal to 13 degrees, 20 minutes of are, the precise measure of the 13:20 
timing frequency. A complex variety of lunar calendars were developed early on, but 
were gradually displaced by what we call the pseudosolar Babylonian division of the 
Earth's ecliptic into twelve 30-degree segments, a fact that reflects the adoption to 
the unconscious 12:60 frequency program, 


‘The Hindu (pseudo) solar calendars are all based on the 


same division into 30- 
degree ares-a circle or plane in space! While the base count of the present era is 
taken from February 18,3102, the beginning of the Kali Yuga-the last and darkest 
age-exactly 5,104 years ago (dated from Gregorian year 2002), today there are at 
least six different calendars in use throughout the subcontintent, each essentially the 
same as the other, but characterized by diff 


ent dynastic starting points. ‘These dif 
fering counts, coupled with the distinct profusion of religious holidays, accounts for 


the jarringly conservative and colorful confusion that _charaet 


izes po 


cent-day 


Indian society. 


neo-Babylonian time warp, its populace locked into place by com- 
plex systems of pseudo-solar calendars set in the context of earlier Hindu astronomi 


cal eycles of a vast and overwhelmingly cosmic nature. 
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"TIME IS MONEY": THE WATCHWORD OF THE 12:60 FREQUENCY 


All of the aforementioned time-reckoning systems, with their various beginning 
points, can be mapped within the 5.200 tun/5,125 solar cycle of the thirteen baktun 
Wave Harmonic of history. While we can generally see how the Babylonian and 
lunar calendar systems shaped the mainstream civilizational orders of the Old World, 
in our time map we must also take into account the workings of the 12:60 artificial 
timing frequency within the unconscious noosphere. In this sense, the 12:60 fre- 


quency refers to the principle programs of control adopted and maintained through 
use of the twelve-month calendar systems in the Old World. (See plate 5, Noospheric 
Time Map-Wave Harmonic of History.) 

Plotting the incidence of these calendrical streams on the time map, we must 
keep in mind that the calendar systems are the chief instruments for establishing and 


maint 


ing. the human mind and social order within very specific programs of be- 
havior. These programs, at least in the Old World, were characterized by the intro- 
duction of artificial systems of exchange called money, and accompanying programs 
of taxation. These systems were adopted to a greater or lesser degree by all the Old 
World societies. In this we find the root of the slogan, "time is money,” where money 
is the artificial medium to negotiate artificial time. The end of history is the end of 
money and the end of artificial time. The word “calendar itself is derived from a 


Latin word meaning “account book," the first day of every month being calendsor 
the date of payment of debts. 

Now, let us return to a consideration of the two principal and resultant 12:60 
instruments dominating the end of historical time: the Gregorian calendar and the 
mechanical clock. We may note that toward the conclusion of the twelfth baktun 
cycle (A.D. 1618), the clock reaches its perfection at the very moment of the imple- 
mentation of the Gregorian calendar reform (A.D.1582), just after the act of global 
circumnavigation had been accomplished. Within the entire thirteenth baktun cycle, 
1618-2012, the coincidence of these three factors-clock, calendar, and European 
global circumnavigation-induced what amounts to a 12:60 frequency capture of 
planetary time in the biosphere. What are the implications of this takeover of time 
by an irregular and irrationally measured Gregorian calendar and its accompanying 
micro-organizing device, the mechanical clock? 

Plotting the growth curves of human population, machine, and money, we see 
that the complete infusion of the 12:60 artificial timing frequency creates an unprec- 
edented acceleration, the exponential peak of which occurs at the moment of the 
Inevitable Event. For this reason, according to the Law of Time, it is important to 


The Law of Time in Human Affairs 


comprehend even more deeply the nature of calendars and their effect, especially 
with regard to the current global standard. 

Because the calendar is a macro-organizing principle, when accepted over time 
it establishes in the mind, individually and collectively, a set of perceptions that are 


automatically taken for granted as being "real" and “indisputable.” These sets of 
perceptions define the paradigm by which a people, culture, or even an entire civili- 
zation operates. The Gregorian calendar, the current global civil standard, is the 
paradigmatic macro-organizing principle in which are embedded all the laws, cus- 
toms, institutions, and scientific principles governing the present global civilization- 

not to mention all the holidays of the Vatican-ordained Catholic Church. According 
to the Law of Time, the current calendar is an irregular standard of measure; its 
units of measure do not correspond. This calendar represents, therefore, the institu- 
tionalization of disorder and entropy. Because it has existed for a sufficiently long 
duration in the human historical cycle-2,000 years, including its predecessor, the 
Julian calendar-the perceptions fostered by the unconscious acceptance of the 
Gregorian calendar are taken as the unshakable bedrock of nature and reality. All 
current beliefs-economic, political, and scientific, from democratic neo-liberalism 


to the special theory of relativity-are actually products of the underlying percep- 
tions promoted by this calendar, and have no reality apart from the beliefs about 
time that the calendar engenders. Change the macro-organizing principle and you change 


the paradigm 


THE NEED FOR A TRULY "NEW MILLENNIUM" 


As the global civil standard, the artificial, irregularly measured Gregorian calendar is 


a selfs 


forcing feedback loop. As such, it furthers and maintains all linear time 
concepts, thereby establishing a host of entropic, disordered value concepts such as 


the violent universe, the degradation of matter, quantum physics, the arrow  oflinear 


time, the doctrine of techno-economic _inexorability, and an attendant host _ of 


unresolvable problems-crime, drug abuse, terrorism, environmental deterioration, 


and so forth. Why? Because as an inregular standard of measure, the Gregorian cal- 


endar is incapable of producing harmony. Only harmony can unify. The Gregorian 


calendar is not a unifying harmonic standard. Lack of a unifying global standard 
exacerbates all current conflicts. Condition the mind to an imegular standard and 
the mind will adjust to disorder and chaos as normal conditions of existence. 


The world’s racial, ibal, historical, and religious conflicts are embedded in and 


afunction of different timing systems (calendars), all now coordinated within a master 
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irregular timing standard and macro-organizing principle, the Gregorian calendar. 
In this calendar’s irregularity is embedded the view that the world of the inevitable 
degradation of matter is the exch 


ive object of all present-day science, and hence is 
also reflected in the entropic nature of global civilization and its deteriorating social 
processes. The Gregorian calendar conditions the mind to hopelessness. of resolu- 
tion. Without a unifying harmonic standard humanity is incapable of finding long- 
term resolutions for any of its problems. Disharmony can never produce harmony. 
Only harmony can produce harmony. All conflict can only be resolved by the appli: 
cation and within the context of aharmonic timing standard, 

Now, following the attack on the Twin Towers and the Pentagon, we can say that 
the Gregorian calendar is bringing history to an end. The Inevitable Event was pro- 
grammed into the Gregorian calendar, and the Gregorian calendar usurped the power 
of all calendars in the thirteenth and final baktun cycle of history. When the third 
millennium officially opened at the dawn of the year 2001, the pride of industrial 
man was at an all-time high. Would it be a millennium of peace or one of war? If the 
last century of the second millennium was the century of total war, was the third 
millennium going to do anything but inherit the unfinished programs of the old 
millennium? Could the Earth and the biosphere withstand a millennium of total 
war? Hardly. The Vatican "jubilee year," which ended with the beginning of the 
third millennium, tured sour with the Twin Towers apocalypse, as is vividly re- 
flected in a photo of Pope John Paul II taken just after the Inevitable Event. The 
Gregorian calendar marks its inception with the birth of Christ, adate and moment 
that was never historically noted, and so is shrouded in speculation and conjecture. 
Now the twisted civilization of Gregorian time is locked in mortal combat against a 
terroristic specter that it alone could have projected into. mani 


tation. Soon, by 
biospheric standards, the world of artificial time will be over and gone. And then the 
millennium will be truly new. 

The very word millennium conjures possibilities of Earth-shattering events and 
cosmic prospects. If the inception of the Kali Yuga, 3102 B.C.,can be said to be the 
point where the historical process became irreversible, eleven years after history 
began in 3113 B.C.,then in counterbalance, the Inevitable Event, 2001, which had to 
occur eleven years before the end of the cycle of history, A.D.2012, was more than 
just millennial. It was the termination of more than 5,000 years of the irreversible 
motion of artificial time. Such symmetry-eleven years after the beginning and eleven 
years before the end of history-is the hallmark of the synchronic order. For 5,100 
years the count of days has numbered the long and increasingly perilous saga of 
human civilization. How bright was the beginning and how grim will be the end? 


+ The Law of Time in Human Affairs 


‘There at the beginning of the cycle was the “first city,” Uruk. There at the end of the 
the fallen Twin Towers of Babel of the ” 


oye 


New York (=New Uruk), the 
ultimate monument to history itself and the final event to initiate the actual closing 


of the cycle of history. 


There it is, the city of Uruk. Urshunnabi, climb 
up om that wall, the outer all shining with the 
brilliance of burnished copper. The seven wise 
‘men laid the foundations. One third of the city 
is buildings, cunningly executed, one third of the 
city is garden with rose and bird, and one third 
of the city isfeld with the temple of Ishuar 
within, Goddess of love and strugee. 


THE EPIC OF GILGAMESHS 


IfUruk is the place where the seven wise men laid the foundations, those foun- 
dations were measured by the 24 hours, 60 minutes, and 60 seconds derived from 
the 360 degrees of the circle. Fifty-one centuries later, the gardens are all but gone, 
the fields themselves mechanized and chemicalized by the technosphere. Earth's 
inhabitants are in terror. Five weeks after the Inevitable Event, now known 
9-11, the end of history 
return? 


simply as 
Il smolders. After the struggle, will the goddess of love 


Vv 
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The Climax of History, the 
Fifty-six Years of Hiroshima— 
Artificial Time Runs Out 


THE IMAGE of the Noospheric Time Map-Wave Harmonie of History on plate 
5 of the color insert, showing the concurrent evolution of the different calendars of 
the major civilizations of the world (the illustration is by no means exhaustive), is 
intended to demonstrate the fact that the human race was not unified by a single co- 
herent timing standard throughout twelve of the baktuns of historical development. It 
was only in the thirteenth and final baktun that humans became organized by a single 


timing standard. However, it was not a timing standard in accord with the synchronic 


order of the Law of Time, but the artificial 12:60 tim 


frequency as represented by 
its two organizing instruments, the Gregorian calendar and the mechanical clock 
‘The seeds of this moment had already been planted in the noosphere atthe 
beginning of history. From both Sumeria and Babylonia the taint of the 12:60 fre- 
quency then spread through the noosphere and, by means of historical dissemina- 
tion and conquest, throughout the Old World. By the time the historic moment 
arrived to ripen the 12:60 frequency into its full fruition-A.D. 1618, the beginning 


of the scientific revolution and the thirte 


th baktun-there were virtually no long 


any cultural traditions governed by the natural 13:20 timing frequency. The civiliza- 


tions and peoples of the New World were now under the subjugation of the prevai 
ing world order of European global imperialism. The stage was set for the brief but 


final phase of mechanization, of which the technosphere itself is the climax. 
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What the Noospheric Time Map also delineates is that the 13:20 frequency 
was the unconscious organizing factor of prehistory, and that, undoubtedly, a key 
timing system intuitively evolved among many prehistoric peoples independently 
of one another. This was the universal, harmonic solar-lunar standard of the Thir- 
teen Moon/2 8-Day calendar. The defining point of history arrives with the estab- 
lishment of a 12:60 timing standard within the noospheric unconscious. This. fre- 
quency predominates in the development of twelve-month pseudosolar calendars, 
as well as the twelve-month synodicallunation calendars. that are not the measure 
of a solar year. These two commingled systems are entwined throughout the an- 
cient history of the Old World as the central thread of development shaping the 
conception of time and resulting in what were to become the two dominant instru- 
‘ments of human time reckoning, the Juliaw/Gregorian calendar and the mechani- 
cal clock. 

Julius Caesar himself instituted the famous "calendar reform" that created the 
446-day year of confusion in 45-44 B.C.,and established a calendar that was just as 
patently confusing. Julius Caesar's was not the only calendar reform in the ancient 
world. The Essene movement, founded by someone known simply asthe Teacher of 
Righteousness. and of which Christ was supposedly a member, began asa revolt against 
the Hebrew lunar calendar. The issue was the need for fixed holidays within the 
solar cycle, something that is virtually impossible in a lunar calendar that retrocedes 
eleven days every solar year. There is strong reason to believe that among other 
calendars, the Essenes favored the Thirteen Moon/2 8-Day calendar. This even leads 
to the question: did Christ himself follow athirteen moon calendar? In any case, itis 
the 12:60 frequency transmitted through the irrational disorder of the Julian/ 
Gregorian calendar that captures the mind of the human race and the biosphere 
during the final years of the cycle of history. And it is precisely for this reason that 
the pace of human civilization becomes exponentially and entropically accelerated 
during the last few centuries of its development. 

Shocked into higher consciousness. by its own barbarism masquerading as civili- 
zation, at the end point of history the human has the opportunity to retum to the 
natural 13:20 frequency of synchronization. This retum would mark the emergence 
of humanity from the unconscious mechanistic compulsion of artificial time into the 
conscious field of post-history. The only possible option to unify humanity-once 
the yoke of the Gregorian calendar is removed-is the true solar-lunar calendar of 
Thirteen _Moon/28 Days. With the possibility of this positive end in sight, we may 
turn to amore descriptive and definitive analysis of the technosphere. In this way 
understanding the modalities of the technosphere as a distinct and entire process, we 
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Gregorian Calendar 28-Year Cycles: 1945-2001, the Age of Terror 


It takes twenty-eight years for the Gregorian calendar to run through its cycle of permutations. Every twenty- 
eight years, like a phonograph record of time—a chronograph—the Gregorian calendar guides its users through 
a mentally debilitating construct of unevenly measured and irrationally named months, paced by a system 
of 7-day weeks that bears little relation to the lengths of the months or years. In addition, every four years 
there is an extra day. Within this medieval mathematical jumble are kept the collective unconscious programs 
that repeat every twenty-eight years. What happened in 1945 will somehow repeat or have an effect again in 
1973, in 2001, and then in... it up to you. You can change this if you want to. 
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might then develop a deeper insight into where we have just been and why we need 
to go somewhere else. 

‘The technosphere defines a 56-year cycle, 1945-2001, coordinated by two com- 
plete Gregorian 28-year cycles. For any Gregorian calendar year, the days. of the 
weeks in their irregular monthly succession and in relation to the permutation cycle 
of leap years repeat precisely every twenty-eight years, during which time there are 
always exactly seven leap years. This means that Gregorian calendar years 1945, 
1973, and 2001 possess the same exact annual arrangement of the days of the week in 
sunday, November 11, 2001, so it was in 1973, 


and likewise in 1945. In this regard the Law of Time frames the cyclic recurrence of 


their monthly succession. If today is S 


the otherwise irregular 12:60 Gregorian calendar by the intrinsic formulation 28:7. 


‘That is, just as the 19:7 factor coordinates the lunar calendars every ni 


"en years, 


there being seven interealations of the thirt 


th moon during that cyck 


so in the 
Gregorian calendar every twenty-eight years there are always exactly seven leap days 
and years 


Understanding —acalendar as the instrument that locks the conditioned programs 


of agiven culture or people into place, we can now understand how the unconscious 
metaprogram of the macro-organizing principle of the Gregorian calendar cumula- 
tively recycles all its millennial programs every twenty-eight years. Since its incep- 
tion in 1582, the Gregorian calendar has been dragging forward a host of condi- 
tioned thought forms and perceptions, including those inherited from 1,500 years of 
the Julian calendar that it had reformed. At points of dramatic break in the continu- 
ity of human consciousness, a new set of cycles is set to recur. Such was the case in 
the year 1945, with the awesome blast of Hiroshima, ‘The entirety of the mind field 


conditioned and held in place by the Gregorian calendar then reaches its full frui- 


tion during the two subsequent 28-year cycles, fifty-six years in all-thus bringing 


forward two millennia of conditionings, conflicts, and unconscious death wishes or 


apocalyptic programs. The first cycle was initiated in the year 1945, the year in 
which Vernadsky died, the atomic bomb was tested once and used twice, and the 
Second World War came to an end, That year, 1945, marks the beginning of the 
technospheric bubble. It is most telling that the Second World War was concluded 
at the beginning of this 56-year cycle of the technosphere, for it was a war concluded 
not with peace but with instruments of mass destruction and terror. ‘Thus began the 
S6-year era of Atomic Terror. 

‘The technosphere has its origins with the full capture of the human mental field 


by the 12:60 frequency in 1618. From 1618 onward, the noosphere is increasingly 


obscured by a mental field known as the technospheric sheath. Slowly but surely, the 
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technospheric sheath replaces civilization. This is first done by the introduction of 
mechanistic tinear time. It is important to note that the Julian count, the basis of all 
modern scientific calculations, is a scale created by Thomas Scaliger in 1583, twenty- 
fone years after the 1562 Mayan book burning. This linear time scale, like the Gregorian 


calendar reform it 


was intended to co-opt the Mayan thirteen baktun Long Count 
by setting a count of days that begins the first of January, 4713 B.C.,or some 1,600 
years prior to 13.0.0.00, the beginning of the thirteen baktun count in 3113 B.C.This 


deliberate historical 


. the Julian count, along with the Gregorian calendar and the 
‘mechanical clock, established the paradigmatic notion of the linearity of time in the 
ripening field of scientific thought. Reflected in the noosphere, this linear, irreversible 
time concept levels and stunts the realization of human mass consciousness. In fact, 
during the technospheric cycle, especially after 1754, the ceiling of human  conscious- 
ness is maintained by a preoccupation with mechanistic third-dimensional operations 
while becoming increasingly alienated from the organic order of reality. This creates 
the 12:60 consciousness constant, a mental ceiling that actually diminishes in propor- 
tion to the increasing rates of multiplication, propagation, and intrinsic velocity of the 
machine. 

With the actual rise of the Industrial Revolution, dated in the noosphere to A.D. 
1754, the synchronic point at which mechanization becomes an irreversible factor of 
the biosphere, the technospheric sheath, henceforth enters its next stage, going from 
purely mental sheath to the industrial sheath, the prelude to the proto-t 
itself. The industrial sheath spreads throughout the biosphe 


thnosphere 
1754 and 
1901, the official beginning of the twentieth century. At this point we enter the 


betwe 


forty-four years of the proto-technosphere, 1901-1945. During this critical stage of 
the proto-technosphere, the actions of human behavior interacting with machine 
technology make the expression of true culture increasingly difficult, if not_impos- 
sible. Civilization becomes a set of symbols purveyed through museums, galleries, 
and theaters, and recorded and reproduced in ever more advanced technological 
forms. But what of culture, which is not the same as civilization-what becomes of 
culture? 

To begin to answer that question, some further definitions are in order. ‘The 


technospher 


is defined by and based upon one key term: technology. According to 
the common dictionary definition, which already reflects the mass mind, technology 


is “the totality of the means employed to provide objects ne 


ary for human suste- 
nance and comfort."| Today virtually all the means employed are themselves _me- 


chanical in nature. In common parlance, therefore, technology ref 


to the complex 


apparatus of mechanization. In fact, technology is mechanization; it is the ability 0 
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convert human labor into processes carried out purely by machine-oriented or me- 
chanical means. This is also inclusive of the entirety of computer technology, which 
represents the mechanization of the more purely mental processes of thought and 
communication, 

Mechanization, we must remember, originated in the clock, in the mechanization 
of time, It is the mechanization of time that presupposes the tendency toward mecha- 
nization as astate of mind within the noosphere. Since artificial time is characterized 
by the illusion of an inexorable and irreversible linearity, the compulsion toward 
materialism is also experienced in the 


same way, an inexorable motion spearheaded 
by the advance of ever more improved machines. The machines themselves are the 
products and means of industrialization-the technological transformation of raw 
goods into consumer goods, a process accounting for much of the free energy intro- 
duced into the biogeochemical combustion of the biosphere. 

Inseparable from mechanized technology, too, are materialism and the con- 
cept of the World Market and, more recently, of globalization, Materialism is im- 
plicit in the dictionary definition of technology as the means employed not only 
for human sustenance but also for human comfort. This comfort can only be of a 
material form or nature, hence the pursuit of comfort through mechanized tech- 
nology can only be for the furtherance of a philosophy and exaggerated lifestyle of 
‘materialism-the belief that only the material things of this world have any value 
Of course, the value of material goods and comforts increases when the value of 
money is put into the technospheric equation. The first stock market opened early 
in the eighteenth century, providing a place where money could be used as specu- 
lative capital to promote the advance of commodities and machine products. The 
entire sphere involving commodity production and its conversion into consumer 
products eventually came to be known as the World Market. Integral to the suc- 
cess of the World Market was the creation of the modem banking system, based 
on the institutionalization of interest rates and the principle of lending money to 
companies for the purpose of furthering the transformation of the biosphere into 
the technosphere. 

While the concept of the World Market prevailed for along time as the defini- 
tion of the system for exploiting and extracting natural resources from the biosphere, 
and then converting them into industrial goods to be consumed by the human popu- 
lace worldwide, globalization is far more recent. Globalization represents the abso- 
lute triumph of capitalism as the dominant economic doctrine of the human species 
in the biosphere, and the absolute basis of the technosphere in its final phase of 
development. As such, globalization is the economic system of neoliberal market 
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economics that treats the whole world as the proper sphere of its policies and practices. 
It isa specialized form of monetary imperialism that gives rise to and is supported by 
the doctrine of monetary politics, the use of money asa means of coercion or even 
for the buying out of whole governments. Of course, the principle practitioner of 
monetary politics is the nation with the most money, the United States of America, 
home of the World Trade Center. 

Fostering corporate multinationalism, globalization is inseparable from the con- 
sumer philosophy it promotes. Consumerism is the devaluation of the human into a 
link in the chain of the cycle of industrial production, the object of globalization 
being to inspire and promote a massive and wide-scale consumerism worldwide. 
This is what is meant by such phrases as "increasing consumer purchi 


ing power" 
and “opening new markets.” To promote and defend its interests, the all-pervading 
system of globalization first developed the World Trade Center, and in the last de- 
cade, following the end of the Cold War, the GAIT and the WTO, the global 
"Chamber of Commerce.” 

Asapolitical hegemony, globalization is managed by the G-7 group of the seven 
‘most industrialized nations (the United States, Canada, the United Kingdom, France, 
Italy, Germany, and Japan-now, with Russia, sometimes referred to as the G-8), 
This organization, headed by the finance ministers of these seven countries-like 
the seven wise men of Uruk at the beginning of history-was secretly formed in 
1974 by the CIA, one year after the completion of the World Trade Center Towers 
and the formation of OPEC. The first public meeting of the G-7 occurred in the 
summer of 1990, just prior to the Iraqi invasion of Kuwait. The doctrine and system 
of globalization-now overtly controlled by the G-7 and its chief ally, the Euromarket 
nations-is inseparable from industrial technology as the means employed to pro- 
vide objects necessary for human sustenance and comfort. Implicit in the philosophy 
of globalization is the right of the G-7 to promote and defend its way of life, regard- 


less of its ultimate effects on the biosphere and at the expense of ideologies and 
beliefs not consistent with it. To defend itself, globalization has at its disposal the 
US. military, the command of which is housed by the Pentagon, and the new 
technospheric multinational military cartel, NATO. In a word, globalization is the 
triumph of the military-industrial complex. 

From the point of view of the biosphere, globalization is the cancer of the hu- 
‘man species consuming non-renewable resources and, through the release of free 
energy, effecting the final critical increase in biogeochemical combustion. The plan- 
etary instrument for furthering the entire process and philosophy of globalization is 
the technosphere. The technosphere may be defined as the entire apparatus of 
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mechanized technology and its support philosophy (globalization), understood as an 


artificial sphere encompassing the globe. As such, the techno sphere is discontinu- 


ously interspersed within the biosphere. More precisely, the technosphere is located 
physically and mentally between the biosphere and the noosphere, in other words, 
between the Earth's vital sphere and its mental envelope. 

Being the description of an evolutionary stage, the technosphere is governed by 
the Law of Time as a S6-year event continuum along the lines of an artificial plan- 
etary cocoon. Insofar as it is the projection of human thought, the technosphere is 


the materialization of the sum mental proc: 


denoted and conditioned by mecha- 


nization in all its aspects, and that have their primary root in the mechanization of 


time, It is the mechanization of time that essentially establishes the artificial timing 
frequency as the capacity to engender the machine and, consequently, an artificial 
structure, the technosphere. Because it is artificial, however, its duration is highly 
limited and is subject to the inherent inconsistencies and contradictions in human 
thought and social structures because of the aberrant effects of adapting to artificial 
The effect of adapta 


‘a social-political hierarchy known as the technocracy-rule according to the needs 


time in the first place. jon to artificial mechanized time creates 


of technology. It is the effect of maintaining the technocracy and the technosphere 
itself that establishes the inability of human consciousness to do anything more than 
remain in a constant, servile, and unchanging state of machine dominance. All the 
while, by contrast to the unchanging condition of consciousness, the machines evolve 
exponentially in number and complexity. As Marshall McLuhan so correctly put it, 


the humans are the bees of the machine. 


To be fully understood, the technosphere cannot be seen apart from its place in 


the biospher 


noosphere continuum. The technosphere represents the absolute 
control of the biosphere by artificial 12:60 time. Artificial time generates the artifi- 
cial medium of money, hence the operating philosophy of the technosphere: "time is 
money.” Money is the lifeblood of the technosphere. Servitude to money draws hu- 
mans away from the biosphere in order to be devoured by Mammon-the 
technosphere as an all-consuming entity. In this process the humans get money in 
return for selling their bodies and souls to artificial time, usually eight hours a day, 
often to produce artificial goods or for service in maintaining the artificial system of 
‘money itself. This money gained from servitude is used to buy consumer goods, 
including more machines of every kind, and thus the human participates as a vital 
link in the cycle of biogeochemical combustion. In this way the mechanized lifestyle 
converts the human-the  consumer-into. the biomass necessary for maintaining 


the technospher 
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By 2 
Humans realize a 
permanant condition of 
peace through culture, 


By 2013 
Earthis galactically 
synchronized into a 

new biogeologica 

epoch: the psychozoic Era eats 
Humans are reorganized 
by the Law of Time and 
begin the construction of 
a galactic culture on Earth, 


As the mental envelope of 
Earth, above and discontinuous 
with Earth, the noosphere 

can only mean one thing: the 
advent of universal telepathy 


among the humans. Dismantling of the technosphere 


stabilizes the biosphere and 


The difference between the new time reveals the noosphere—2005. 


and the old time is lke the difference 
between heaven and hell By leaving artifical time and 
retuming to natural time via the 
Thirteen Moon calendar, humans 
advance the noosphere. 


Planetary 9-1, 2001 
inaugurates biogeochemical 
‘combustion, biospheric means 

ansformation, and Ze, 
self-mutation, 


2004: Last opportunity 

for humans to change 

their macro-organizing, 

principle. 

Exhaustion of the 

Technosphere 
2001-04. 


Technosphere 
Biospheric agent 
devised for maximum 
biogeochemical 


Bult nan area now Peeper C ine Exponential growth 
as ‘Hell's Bottom’ > curves of money, 
The Pentagon eee, PI Trachine brodhction 


1941-200? 


impregnable fortress of 
the American 


‘energy, and people 


Planetary 9-1 


machine, meant {© 
time runs out 


protect "democracy" = 
American domination of 
world market an 

foreign/economic policy 
of globalization. "The form 


fn the technosphere 


New" millenium 
ipped in the bud 


of the Pentagon...is that off Sean 
pentagram the chief magical 

aid for gathering power. TTechnosphere 
‘When a pentagram is drawn Interlocking interactive 
with ts base toward the north pentagon of five 
andits chief point to the sou artificial systems 
itis useful for negative o blac WTC = Nerve center 
magic purposes. and hub of the 
Trrformative Vion technosphere and 
‘sine agen int its driving power, 
qos globalization 


aerst Ogsied 


Biosphere: 
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Humans devoured by 
Mammon. Get money in 
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technosphere 
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Biosphere-Technosphere-Noosphere 


‘As an operating planetary structure, the technosphere consists. of five interactive 


components. 


1.COMMODITY PRODUCTION 

Commodity Production, the basis of the entire World Market as a biospheric system, 
refers to the transformation of natural resources through industrial means into 
consumer products. Commodity production alone accounts for the complex of in- 
dustrialization that brings the World Market and the technosphere into existence. 
According to The Biosphere Catalogue, the post-World War II growth of the World 
Market necessitated the establishment of the World Trade Center, a global complex 
(114 such centers in 1985), but with its principle coordinating unit being the Twin 
Towers in New York City, home of the World Trade Institute and the corporate 
offices of the New York Stock Exchange, the key to the world money and commodi- 
ties market. 


2. CITIES 

Cities, the second technospheric component, represent the human social organism 
or marketplace for accommodating the production and consumption of industrial 
goods. Civilization is city life as it has evolved from Uruk to New York (= New 
Uruk). While prior to industrialization the city depended on a healthy agrarian 
economy for its support, industrialization pushed the city to new heights of attifici- 
ality, not the least of which were round-the-clock lighting systems that allowed for 
24-hour consumer markets. As such, the city is the nucleus of the technospheric 

system, the hub of its commodity production, of its energy consumption, and of its 
transport and communication empires. The growth of the cities around the world is 
exponential in the second half of the twentieth century, reflecting the triumph of the 
technosphere. It should be noted that in the fifty-six years of the technosphere, the 
human population almost tripled-from 2.2 to 6.2 billion, a growth demonstrated in 
the vast expansion of the large urban centers 


3. ENERGY 

Energy is the third component of the technospheric complex. The tremendous needs 
of industrial production have transformed the natural energy processes of the bio- 
sphere into gigantic artificial complexes for the production of energy to maintain 


factory and city alike. The impact of the different artificial energy systems upon the 
biosphere has been enormous. These systems include coal, oil, and fossil fuels in 


general, aswell as hydropower and nuclear energy. The whole syndrome of artificial 
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time, artificial means, acceleration of the machine, and expansion of human popula- 
tion has required and created the enormous output of artificial energy into the bio- 


sphere and contributed greatly 10 the destabilization and loss of natural resoure 


and atmospheric and hydrospherie contamination through the release of toxic "fre 


energy” by-products. 


4. TRANSPORT 
Transport. Without the highly industrialized transport systems, the commodity —pro- 
duction, the vitality of the cities, and the access to provisions of fuel required for the 


energy systems would collapse. No sooner had industrial production begun 


rly in 


the eighteenth century than the first artificial transport systems came into being: the 


steam- or coal-driven locomotive, and the great transoceanic shipping lines. By the 
twentieth century, the railroad system and worldwide shipping industry were supple- 
mented by the invention of the combustion engine, which made the trucking  indus- 
try possible. Following World War Il, rocketry and jet propulsion established the 


transportation might of the great airline companies of the second half of the twenti- 


eth century. It is no coincidence that commercial airplanes, the symbol of the 


technosphere’s advanced transport systems, were used to bring down the Twin Tow- 


ers and to penetrate the Pentagon. 


5, COMMUNICATION 

Communication is the fifth component that unifies the technosphere into one whole 
system in touch with itself everywhere. From telegraph to telephone, radio, televi- 
sion, and then finally fax, cell phone, and the Intemet, the industrial-era  technolo- 
gies, with their electronic instantaneity, have created the vast communication net- 
works and media empires that keep the world humming and promote globalization 
above all. When considering modem communication we must also bring into focus 
the chief method of globalization, which is marketing-propaganda on behalf of 
consumerism. Marketing is the use of means of mass communication to control the 
mind of the consumer. In the final stage of globalization, marketing replaces con- 
sciousness, or rather, marketing is the manipulation of consciousness-the latter 
already having been reduced to astunted level-for purposes of consumerism, or for 
ideological needs such as patriotism and fear campaigns. The Intemet, the marriage 
of computer and telephone technologies, represents the final stage of the Tower of 
Babel, and the completion of the process of globalization. The only place to go after 
the Intemet is technology-free telepathy. 
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The Tower 


From the biospheric perspective, this five-tiered complex of the technosphere is a 
whole unit. All the subsystems evolved together to establish the structure and operat- 
ing procedures of the technosphere. When the technosphere goes, the entire system 
folds. This is what is now beginning to occur. Following the Inevitable Event, the 
whole technospheric system will be coming down slowly over the next few years, 
like a giant circus tent that has lost its central prop. How gracefully or gracelessly 
this happens is dependent on the response of the Pentagon-or the will of humanity 


to rouse itself in the face of even worse barbarisms. 

Because it consists of five interactive components, the techno sphere can be graphi- 
cally depicted asa pentagon, a five-sided figure. At the center of this pentagon of the 
technosphere are the World Trade Center Twin Towers. The actual Pentagon, which 
was attacked along with the Twin Towers, was designed in the late 1930s to house 
the U.S. Department of War. Its construction occurred in the years 1941-1943, in 
an old neighborhood of pawnshops and bars called Hell’s Bottom.2 When it was 
built it was the world's largest office building in terms of actual space. Of course, 
when they were built, the Twin Towers of the World Trade Center were the world’s 
tallest office buildings. The structure of the Pentagon is the prototypical morphology 
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of the structure of the five systems that constitute the technosphere. The Pentagon 
was the impregnable fortress of the American war machine, protecting American in- 
terests and globalization around the world. If there were two central points-actual 
and symbolic-to what is known as the military-industrial complex, it was the Pen- 
tagon and the World Trade Center, and this is undoubtedly the reason why they 
were both targets of the Inevitable Event. 

What is architecturally noteworthy about the Pentagon is that it is designed 
with five inner pentagonal corridors and office slabs, and that it is constructed with 
its odd point to the south, Since a pentagon is actually a 
pentagram, a five-pointed star with its points connected, 


the Pentagon represents an inverted pentagram, as its odd 
point faces south rather than north, In the traditional Tarot 
deck it is interesting that the Fifteenth Major Arcana, The 
Devil, contains an inverted pentagram between the horns 


of the Beast. Paul Foster Case writes, "This is akey to the 
whole meaning of the figure [of the devil]. For the Penta- 
gram is the symbol of man, and an inverted Pentagram 
suggests the reversal of true understanding of man's place 
in the cosmos."3 While the Fifteenth Major Arcana con- 


ns the pentagon as the inverted pentagram, the next 
card, the Sixteenth Arcana, is The Tower, which shows 
the tower being struck and broken apart by lightning 
(fire of heaven), with humans falling or jumping 
out of the windows to their death-as accurate a 
symbolic depiction of the collapse of the Twin 
Towers as could be found. 

VYhatthe startling conjunction of these 
symbolic correspondences points to is the on 
profoundly archetypal nature of the Inevi- 
table Event. It has been prefigured and 
prophesied, and has now come to pass. No 
matter how much America and its allies, many 
of them bought for a price, may strike back, the 
deed has been done. The Towers are gone; the 
Pentagon has been penetrated. While it will take 


THE PENTAGON 


several years for the full realization of the absolute 
magnitude of this archetypal event to sink into the The Devil and the Pentagon 
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collective mind, it is important to demonstrate the actual structure in time of the 
techno sphere so that the finality of its end may be seriously considered, and the gate 
to the future, which has thereby been opened, can be made clearly visible. 

As we have shown, the technosphere is a structure totally brought about by the 
12:60 timing frequency, and thus is purely a function of the latter. As such, the 
technosphere is embedded in the global macro-organizing principle of the 12:60 fre- 
quency, the Gregorian calendar. Two 28-year cycles, each one divided into four 7-year 
subeycles, define the duration of the technosphere. Remember that the Gregorian 
calendar repeats every twenty-eight years. Aswe have pointed out, the 56-year cycle of 
the technosphere, 1945-2001, is preceded by the 44-year cycle of the proto- 
technosphere. The two World Wars were a function of the proto-technosphere, the 


al major act being the construction of the Pentagon, specifically for consolidating 
the American war machine-the world’s largest office building means that the world's 
largest business is war, with a $318 billion budget for the year 2001-2002 alone! 

The fifty-six years between Hiroshima and the Inevitable Event were the age of 
terror, for it was atomic terror that initiated the technosphere in abaptism of nuclear 
fire, and in the end, it was an unimaginable suicidal terror that brought down not 
just one, but both of the Twin Towers of Babel. The final collapse of the technosphere 
is also the final war between blood and money. Artificial time has run out. Only a 
new time will be able to regenerate the biosphere and spiritually revive mankind. 
What follows is a chronological description of the eight 7-year stages of the fifty-six 
years of the technosphere. Note the persistence of certain themes. (See plate 5, 
Noospheric Time Map-Wave Harmonic of History.) 


GREGORIAN A, 28-YEAR CYCLE: 
TRIUMPH OF THE WORLD MARKET, 1945-1972 


1, 1945-1951. CYCLE OF THE BOMB: ATOMIC TERROR 

AND THE DIALECTIC OF THE COLD WAR. 

During the first dynamic 7-year cycle, with the triple event of the first test of the 
atomic bomb and its two detonations at Hiroshima and Nagasaki, the biosphere 
becomes irrevocably altered by the introduction of a constant, steady state back- 
ground radiation into the atmosphere, the actual inception of the biogeochemical 
combustion. This act officially establishes the technosphere. The reality is that the 
humans also created their first weapon of mass destruction. It is this act that also 
immediately sets in motion a destabilization of the human consciousness in the 
noosphere.Within two years, Mahatma Gandhi, the world’s foremost pacifist, is 
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assassinated, as a "free" India is partitioned into three parts-India, Pakistan, and 
what is later to become Bangladesh. In the same year, 1947, the iron curtain between 
communist Eastern Europe and the West, epitomized by the Berlin Wall, turns the 
enmity between the two major powers, the Soviet Union and capitalist America, 
into the Cold War. The subsequent formation (1949) of the NATO military cartel 
counters the United Nations, which was founded in 1945 to replace the League of 
Nations. The UN now has the task of keeping World War III from happening by 


providing a forum where the "superpowers" can keep their cold war from heating 
up, and that will contain and manage the spread of nuclear power. Nonetheless, the 
terror of the Bomb as the ultimate deterrent engenders the arms race. Soon Russia, 
the United Kingdom, France, and eventually China get the Bomb. War in Indochina, 
the establishment of the Israeli state in Palestine (1948) at the expense of the sover- 
eignty of the Palestinian people, and the completion of the Chinese Marxist Revolu- 
tion under Chairman Mao are the highlights of 1949, followed by the Korean War 
in 1950, All this demonstrates the instability of the world. At the same time, 1949, 
commercial television production begins in the United States; the age of radio is 
replaced by the "tube." Americans also begin building freeways and the new system 
oflnterstate highways marking the triumph of "automobile culture,” and the begin- 
ning of the suburban consumer lifestyle. 


2, 1952-1958. CYCLE OF THE OPENING OF THE TOMB 

AND THE BEGINNING OF THE SPACE AGE. 

In the summer of 1952 aCuban archaeologist discovers the tomb of the Mayan sage, 
Pacal Votan. This unprecedented archaeological event marks the beginning of the 
final sixty years-three katun cycles-of the Mayan thirteen baktun cycle of history. 
In the following year, 1953, the superlethal H-bomb is tested. The DNA code is 


discovered, as are the Earth's radiation belts. The United States and Russia conduct 
numerous nuclear weapons tests in Nevada, Siberia, and the Pacific Ocean. Wars for 
independence occur in various African states, and in general the era of European 
imperialism is at an end, followed by the neo-colonialist (Third World) era of guer- 
rilla warfare, poverty, and social instability. In 1956, the year the Russians launch the 
first sputnik and begin the space age, the United Nations tables the issue of calendar 
reform indefinitely, thus closing the chapter begun when the League of Nations 
proposed global calendar reform in 1931. The year 1956 also marks the beginning of 
the electronic pop culture of the technosphere, rock and roll. By the end of this cycle, 
the "space race" joins the arms race as a force in promoting the advance of the 
technosphere. Commercial airlines adapt to jet propulsion, and the great age of air 
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travel begins, with the airport to become the centerpiece of globalization. Initial ex- 
periments in computer technology-Univac-and the first great computer corpora- 
tion, IBM, announce the beginning of what is to become the major technology of 


globalization. A small fast-food franchise named McDonald's opens in the United States 


3. 1959-1965. CYCLE OF THE ATOMIC MIND EXPLOSION. 
The July 26 Cuban Revolution of Fidel Castro, triumphant in 1959, establishes a 
communist state in the Americas and heightens the Cold War. That same year the 
Chinese communists bring to adefinitive end the rule of the Dalai Lama in Tibet. In 
the Congo, the popular hero Patrice Lumumba is assassinated after only two months 
in office. Also in 1960, the human population hits three billion, an increase of one 
billion since 1930. In 1961 the Institute of Mathematics of the Siberian Branch of 
the Soviet Academy of Sciences begins the monumental mathematical analysis of 
Mayan hieroglyphic texts. The attempted 1961 Bay of Pigs invasion of Cuba is fol- 
lowed in 1963 with the assassination offohn F. Kennedy, an act that reflects a rising 
level of cultural turmoil in the United States. Martin Luther King Jr. emerges as a 
popular hero of nonviolence and civil rights, an issue that points to a more radical 
discontent in America, culminating in 1965 with the Watts race riots. Rachel Carson's 
book Silent Spring (1963) signals the rise of ecological awareness. The Beatles transform 
rock and roll into a world-class cultural phenomenon that foments a widespread 
countercultural movement and atomic mind explosion, fueled by Timothy Leary, 
LSD, hippies, and the new antiwar movement against the conflict in Vietnam. In 
1961 Yuri Gagarin is the first man in space, and the Vatican II Ecumenical Council 
comes to the conclusion that the best way the Church will survive in the next cen- 
tury is through a strong Pope. The Vatican II document also includes an appendix 
on calendar reform, the wording of which makes it difficult for there to be any alter- 
native but a watered-down version of the Gregorian calendar. This act seals the 
technosphere within the unquestioned confines of Gregorian time, ultimately turn- 
ing the atomic mind explosion in on itself. 


4, 1966-1972. FROM THE WHOLE EARTH TO THE WORLD TRADE 
CENTER: THE TRIUMPH OF THE WORLD MARKET. 

In 1966 construction begins on the World Trade Center Twin Tower 
World Trade Centers are independently established in Houston, New Orleans, and 
Tokyo. That same year, UNESCO _ hos 
sphere ever sponsored by the United Nations, "Man and the Biosphere” (MAE), but 
the program slowly dies on the vine. The cultural conflict in the United States and 


while in 1968 


the first and only conference on the bio- 
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the entire world also reaches a fever pitch in the years 1967-1969. This ferment 
includes: race riots, antiwar riots, a march on the Pentagon, the assassinations of 
Martin Luther King Jr. and Robert Kennedy, and riots in major capitals around the 
world and on both sides of the iron curtain, as well as the Maoist cultural revolution 
in China, The excitement of the '60s climaxes in 1969 with the success of the Apollo 
XIII manned mission to the moon and the consequent feedback factor of the human 
race seeing itself instantaneously on television asthe whole Earth beamed from space, 
an opening to the noosphere. Apollo XIII initiates the next phase of the space race, 


travel to other planets. Also in 1969, the Woodstock concert marks the apex of the 
early rock-and-roll culture and the visionary climax of the cultural revolution. The 
1971 Concert for Bangladesh establishes rock and roll with a conscience. In 1970 
the vision of the whole Earth is translated into the first Earth Day and the birth of 
the ecology movement. The United Nations follows two years later with the 
Stockholm Conference on the Environment. The revolutionary fervor of the previ- 
ous years tus more violent, and repressive governmental police powers win the 
day. The first 28-year cycle ends with a whimper, the dynamic destabilization of 
consciousness reaches a plateau of normaley-a normalcy to be increasingly punctu- 
ated by terrorist activity, as in the Palestinian takeover of the Olympic Village in 
September 1972. Both apart from as well as in reaction to such activity, the 
technosphere has now become all-dominant and all-powerful in human affairs. 


IMMARY, GREGORIAN A: 1945-1972 


During this cycle, 


the dynamic of the accelerated geochemical combustion de 


abie 
lizes the human consciousness while increasing the curve of the machine in human 
affairs. By 1973 the machine curve meets and surpasses the human population curve: 
this stabilizes human consciousness at a level of machine normaley (MN). Human 
consciousness will remain stabilized at MN, largely through varying forms. of terror 
and fear programming, for the duration of the second and final 28-year cycle. This 


normalization of human _consé 


ousness allows the diverse and rapidly evolving tech- 


nological components of the technosphere to reach a point of consolidation. This 


stabilization of the World Market fosters its next and concluding phase: globalization 
and the triumph of marketing over human culture. It should be Kept in mind that the 
instruments and weapons of mass destruction, of which there were none on January 


1, 1945, have now proliferated to five different count 


and provide the ultimate 


backdrop to these first twenty-eight years. The core of the UN's 


rity Council is 


formed by the five countries that possess atomic weapons. Geopolitically, the bio- 
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Machine Normal Consciousness in Relation to Technospheric Growth Curves 
Human consciousness, overwhelmed by war—the ever-propagating machine and bondage to 

artificial time—succumbs to money and stabilizes at Machine Normal, the standard consciousness 

ofthe technosphere, which represents an ever-diminishing ratio of intelligence in relation to the 

growth curves of population, machine, money, and war. 


ition 


sition 


‘uaranPopulation 


st 8 1966 wn "980 a7 300 
Gregorian 28-Year Cycle A Gregorian 28-Year Cycle B 


sphere is in control of technocratic powers that are virtually all located. in the Northern 


Hemisphere-whether it is the Pentagon, NATO, the World Trade Center, the 


United Nations, or the Soviet space program, 


GREGORIAN B 28-YEAR CYCLE: 
CLIMAX OF GLOBALIZATION, 1973-2001 

1, 1973-1979. CYCLE OF THE CONSOLIDATION OF THE 

‘TECHNOSPHERE: CLUB OF ROME, OPEC, AND THE G7. 

‘The dedication of the World Trade Center Twin Towers on April 4, 1973 (a repeat of 
the calendar year of the Bomb, 1945) is the counterpart to the construction of the 
Pentagon (1940-1941), which sponsored the bombing of Hiroshima and Nagasaki 

‘The tallest buildings in the world when they opened, the 110-story Twin Towers seal 
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the position of New York as the “capital of the world,” for on the other side of Man- 
hattan is the glass tower of the United Nations. Simultaneous to the dedication of the 
Twin Towers is the formation of the Organization of Petroleum Exporting Countries 
(OPEC). With the exception of Venezuela, OPEC is largely an Arabic (Islamic) eco- 
nomic alliance that, for the first time in the history of the technosphere, brings a’Third 
World influer 


into planetary politics. The subsequent “oil shortage" demonstrates 


the technosphere's vulnerability, which in tm causes a further "hardening of the ar- 


teries" of its consciousness-the covert formation by the CIA of the G-7. Also in 1973, 


after five years of study the Club of Rome issues The Limits of Growth, which in its 


analysis of trends for 


es a major environmental (biospheric) crisis. within one 


hhundred years, yet nonetheless establish 


and promotes the standard world model, a 
setting of production quotas at the 1973 level, to foster sustainable growth at least 
until 2020. The "standard world model" corresponds to the "normalization" of con- 
sciousness. The third war (previous ones having occurred in 1967 and 1949) between 
Israel and its neighbors occurs this year. By 1975, the world population is at four 
billion, up abillion since 1960. In 1976 Voyager Il reaches Mars. In 1978 Karol Wojtyla 
becomes Pope John Paul I, the first global Pope, fulfilling the Vatican Council's re- 


quirements of a popular Pope to assure the survival of the Church into the next cx 


tury. With Gregorian civilization triumphant, Mexico, home of the Maya, is the first 
country visited by the new Pope. In the same period, between 1978 and 1979, the 
Iranian Islamic revolution occurs, toppling the pro-Westem Shah, signaling a height- 
ened conservative Islamic resistance to Westemnization and the technosphere. Japa- 
nese technology and corporate capitalist economy flourish, capped by the construc- 
tion in Tokyo of the "New City” Shinjuku and, despite many environmental protests 
the Narita airport, ‘The mainstream global consciousness is now "comfortably numb” 


and on course to unprecedented — materialism, 


2. 1980-1986. CYCLE OF THE TRIUMPH OF THE TECHNO SPHERE. 

The first cycle of the stabilized new normalcy establishes the triumph of market- 
ing-the election of a second-rate American movie star for President, and the birth 
of the yuppie (young urban professional) generation of America. The rise of MTV 
signals the standardization of rock style as global culture; while the Live Aid global 
television concert on July 13, 1985, to raise awareness of AIDS in Africa, is the 
largest ever of its kind. The September 17, 1985 Mexico City earthquake, the worst 
in moder times to hit the world’s largest city, demonstrates the continuing vulner- 
ability of the techno sphere to natural catastrophe. The early 1980s witness the 
Intifadah uprising of Palestinians against Israel. The War on Drugs, an aggressive 
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antidrug capa 


America and the Middle Ea 


mn waged by the West against narcotraflic, mostly from South 


. heightens the new normaly as world drug laws tighten, 
placing marijuana and psychedelics in the category of "hard drugs." Yet drugs con- 
tinue to be amajor social problem in the industrialized West. In 1986 President Reagan 
attacks Kadaly of Libya and invades Grenada, testing American ability to commit lim- 
ited acts of aggression without inciting world censure. The construction of Biosphere 


Il in Arizona, an effort to test the possibility of establishing an artifi 


ial biosphere on 
other planets, ends inconclusively. In 1985 in Bhophal, India, the worst modern indus- 
trial toxic chemical disaster occurs with more than 2,000 deaths, followed on April 26, 
1986 by the Chernobyl nuclear power plant disaster, the worst since the beginning of 
the nuclear age. In America the suburban automobile culture gives rise to the super 
shopping malls. The personal computer (PC) is introduced, while electronic game 
arcades flourish. Sunday football becomes the major American television pastime, while 
television itself makes world soccer the number one competitive global sport; the broad- 


cast of professional sports assumes the role of a primary noospheric diversion 


3, 1987-1993. CYCLE OF THE END OF THE COLD WAR 
AND TRIUMPH OF THE G-7 

On January 24, 1987 Voyager II sends back photos from Uranus; four days later, 
January 28, 1987, seven American astronauts die in a shuttle launch explosion. On 
August 16-17, 1987 the Harmonic Convergence peace meditation attracts hundreds 
of thousands who gather at sacred and natural sites around the world; later that year, 
October 19, 1987, the New York StockMarket crash occurs, the biggest point drop 
ever, and Russian Prime Minister Gorbachev initiates disarmament accord, or glasnost. 
By the end of 1987 the population is at five billion, up one billion since 1975. During 
1988-1989, arolling wave oflargely peaceful revolutions and civil uprisings through- 

out most of the Warsaw pact nations culminates on December 31, 1989 with the 
tearing down of the Berlin Wall-the — end of the Cold War. At the same time, Presi- 
dent Bush invades Panama to continue testing Drug Wars and limited-aggression 

capability. In the summer of 1990 an international bankers’ reunion is followed by 
the first public meeting of the G-7. Every year henceforth, the G-7 meets publicly 
to set policy for globalization. Within amonth of the first public G-7 meeting, Au- 


gust 1990, Saddam Hussein invades Kuwait, and Bush retaliates with the Gulf War, 
January-February 1991. In August 1991 Gorbachev is ousted in a putsch, marking 
the end of the Russian Marxist era. Destabilization, war, and genocide afflict the 
Balkans. A new wave of environmental concems-ozone depletion, destruction of 
rain forests, and global warming-inspire a reactivation of Earth Day, 1990, followed 
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two years later by the 1992 Rio Summit, the second United Nations Environmental 
Conference and the first in twenty years. The conference generates much paper, but 


the doctrine of sus 


inability (sustainable industrial growth) is the principle outcome. 
Meanwhile, with the absence of Marxist Russian economic influence, the neoliberal 
capitalist economics of America flourish as full-blown globalization, multinational cor 
porations, and the prominence of the IMF and World Bank foment a uniform global 


and franchised retail outlets for brand- 


corporate culture of cheap consumer serv 
name goods. This period also sees the rise of East Asian capitatist economies, although 
the Japanese economic bubble bursts in 1991. Early in 1993 aterrorist bomb explodes 
in the underground garage of the World Trade Center Twin Towers. The period 1989- 
1993 marks the beginning of the discovery of the Law of Time-the definition of the 
artificial 12:60 and natural 13:20 timing frequencies, the Dreamspell codes, and the 
decoding of the Telektonon Prophecy of Pacal Votan in 1993, 


4, 1994-2000, CYCLE OF THE CLIMAX OF GLOBALIZATION. 


In 1994, the GAIT Treaty is signed, the Levy-Shoemaker comet hits Jupiter, and a 


million Mricans die in the Rwanda massacre. The indigenous uprising in Chiapas, 
Mexico on January 1, 1994 provides a counterpoint to the triumph of globalization 
that is manifest through worldwide airport expansions, and an aggressive form of 


tourism that fe 


sds the airline industry. Israel and Palestine enter the "peace pro 
while Yeltsin consolidates his power in Russia, This is the era of United Nations peace- 
keeping missions, mostly in the Balkans and Africa. Following the FBV/BATF inflicted 
firestorm on a fundamentalist compound in Waco, Texas, a year later, in 1995, a ter- 
rorist bomb destroys the Oklahoma City Federal Building. The United States and the 


United Kingdom inaugurate control oflragi no-fly zones, enforced by regular bomb- 


ing raids; the United States also conducts military actions in Somalia, as well as more 
successful ones in Haiti, This is the era of rapid expansion of computer and biotech- 
nologies, exponential rise of New York Stock Exchange and the new specialized tech- 
nologies exchange, the NASDAQ. Bill Gates of Microsoft typifies the rise of the new 
self-made billionaires of the Clinton era, In January 1995 the Kyoto earthquake oc- 


followed by the Tokyo subway nerve-gas terrorist attack, while the Internet, the 
‘information superhighway." is fully up and running. In 1996 in Brasilia, Brazil, the 
First Planetary Congress of Biospheric Rights signals rise of anew calendar reform 
movement with the proposal of the World Thirteen Moon Calendar Change Peace 
Plan, submitted to both the United Nations and the Vatican. In 1997 the Kyoto envi- 


ronmental confe 


nnce on global warming sets policy, but the United States refuses to 


ratify it. In 1998 simultaneous U.S. embassy bombings in Kenya and Tanzania signal a 
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new phase of war on terrorism, singling out a Saudi national, Osama Bin Laden, as the 
terrorist mastermind. By 1999 the world population is six billion, up one billion since 
1987. In late spring 1999 NATO initiates a unilateral bombing campaign of Yugosla- 
Via over the disputed region ofKosovo. The World Summit on Peace and Time, at the 
University for Peace, Costa Rica, sends emissaries to the Vatican and the United Na- 
tions with the Declaration of Thirteen Moon Calendar Reform; later in 1999 WTO 
has its first meeting in Seattle, which sparks anti-globalization riots. In 2000 the Y2K 
‘computer scare surrounding a bad time program fails to materialize. On Rosh Hashanah, 
September 28,2000, Hebrew year 5761, Israel 


of the Mount, Jerusalem, sparks anew Intifadah of Palestinians, which continues _un- 


leader Ariel Sharon's presence at Temple 


abated through 2001, the official first year of the new millennium. 


5. 2001-2 GOTTERDAMMERUNG — OF THE TECHNO SPHERE: FIRST 
YEAR OF THE THIRD MILLENNIUM, REPEAT OF GREGORIAN 
CALENDAR YEARS 1945 AND 1973, 


In July 2001, G-7 meets in Genoa, Italy, as more than 100,000. anti-globalization 


protesters riot. In early Seplember the United States and Israel walk out of the United 
Nations Conference on Racism in South Africa. Then, within ten days occurs the 


Inevitable Event, Gregorian 9-11, 2001, the cumulative synchronic pressure point 


where the technospherie bubble-the artificial time warp in the noosphere-bursts 


le War on Terrorism-another name for World 


open, spawning in its wake the full 


War Ill. The Inevitable Event exemplifies the built-in failure of the Gregorian ca 


dar to commence another 2 


year cycle as was done in 1945 and 1973. If the 1945 
cycle began with the end of one world war, the 2001 cycle begins with the start of one. 
Since 2001 is also first year of the third millennium, the Gregorian calendar has cre~ 


ated its own apocalypse, opening anoospheric fi 


sure-the climax of the biogeochemical 


combustion of the biosphere. Now itis only a matter of time before the technosphere 


experiences total collapse, The nature and extent of the damage sustained during the 
collapse is in proportion to the intelligence that responds to the knowledge of its col- 
lapsing. If this 28-year Gregorian calendar cycle were to go unimpeded until 2029, it is 
not certain what would be left of the biosphere. But there is one thing of which we may 
be certain: artificial, linear time has run out. An American newspaper editorial at the end 
of 2001 sums up the crash of the dominant tinear time paradigm: "History seems to 
have slammed into reverse gear around world that was widely assumed a year ago to 
be moving in a straight line toward a more prosperous and secular future, one that 


would be shaped by stock markets and the Internet, not by turbaned zealots or theocra- 


cies that have or want nuclear tigger finger 
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1973-2001 


SUMMARY, GREGORIAN 


With destabilization normalized, the technosphere replaces civilization and marks 
the end of culture-the — new barbarism prevails, culminating in total war. The 9-11 
is what actually completes the technospheric cycle. Henceforth it will be the advent 


of the noosphere, but not in the way predicted by the authors of The BiosphereCata- 
Jog:"The Noosphere as an active force consists in the harmonious synthesis of the 
Biosphere and the Technosphere by intelligence. 


By the analysis of the Law of 
Time, the intelligence is nowhere evident because there is no harmony of intelli- 
gence possible under the present timing standards that dominate all the major play- 
ers in the present global conflict. Since the technosphere is totally a function of the 
artificial timing frequency, and since artificial time is now short-circuiting itself, 
there will be no techno sphere to harmonize when natural time is restored to the 
entire biosphere. Then the noosphere will commence, but only if there is world 
harmony. Only aharmonic standard will bring harmony to the world. The failure of 
the Gregorian calendar and its civilization, crystallized in the now-collapsing 
technosphere, must be quickly acknowledged. By adopting a harmonic standard as 
soon as possible, the shift to the noosphere can commence, rising and building itself 
up from the shards and ashes of the toppled technosphere. 


Vv 
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The Solution of the Law of Time 


Get a New Calendar 


"Lam infavor of a standardized calendar for the 
whole world, just as I am in favor of universal 
coinage for all countries, and a supplementary 
artificial language (like Esperanto, for example) 
for all peoples. ..1.am always ready 10 endorse 
‘any honest movement which will kelp unifY the 
peoples of the world, 

MAHATMA GANDHI, QUOTED IN THE JOURNAL 

OF CALENDAR REFORM, 19311 


VIEWED FROM THE PERSPECTIVE of the noosphere, the failure of human 
civilization is the failure of the human being to become synchronized with itself in 
the correct time of universal nature. Instead of operating as a planetary organism in 
absolute synchronization with a knowledge of being coordinated by acommon har- 
monic standard, humans race toward the end of history, dissynchronously operating 
under a plethora of calendars of differing measures enshrining competing belief 
tems, all globally coordinated by an instrument of irregular measure and obscure 
nomenclature-the Gregorian calendar. Dissynchronized and at odds with itself ev- 


erywhere, humanity is broken apart into splintered mind fields, each controlled by a 
different timing standard, a fact about which the human race is virtually ignorant- 
to its own detriment. 
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India, with its different neo- Babylonian calendars, is at odds with Pakistan, which 
operates according to the Islamic lunar calendar; the Israelis, at odds with the Pales- 
tinians, hold as tightly to the Hebrew lunar calendar tradition as the Palestinians do 
to their Islamic lunar calendar traditions. In Asia, China follows its own complex and 
ancient lunar calendar tradition, and watches as the United States and its G-7 alli- 
ances, all dominated by the Gregorian calendar, get ready to spar with terrorists and 
militants who also follow the Islamic lunar calendar. India has the Bomb, Pakistan 
has the Bomb, China has the Bomb. The United States has the Bomb, the United 
Kingdom has the Bomb. France has the Bomb. Russia, the Ukraine, and other former 
Soviet nations have the Bomb. It is commonly assumed that Israel also possesses the 
Bomb. Does Iraq have the Bomb? Can aterrorist get access to materials to create the 
Bomb as well? The nuclear clock is ticking again. 

The number of weapons and technologies of mass destruction has increased 
death, there were 


several thousandfold since 1945 when, at the time ofVernadsky’ 
virtually none. This is not to mention the biological weapons of mass destruction, 
more ambiguous, more lethal, more hidden-none of which really existed in 1945 
either. With the fallout from the Inevitable Event an anarchic planetary free-for-all 
is taking shape. From the noospheric point of view, the humans have run out of 
(antificial) time, and are now committing their last egoistic act of desperation to hold 
what they perceive to be their dominant place in the scheme of things. The fact is, 
however, that the planet belongs to the biosphere and not to the humans. 


‘The inability of the Gregorian calendar to sustain another 28-year cycle, much 
less another millennium, means that an anarchy of time and a time of anarchy is 
loosed upon the planet. At the present rate, what would the world look like in 2029? 
‘One does not want to imagine. The anarchy of time is exemplified by the different 
competing powers that are unconsciously driven and motivated by programs stored 
in their differing calendar systems. This failure of artificial time to contain itself is 
truly the apocalypse. The apocalypse could occur only when the time program had 
become saturated. The two 28-year cycles, 1945-2001, carried forward not only the 
exponential advance of machine time, but the accrued karmic baggage of two mil- 
ennia of the invented religion of Christ. Throughout the last millennium, the pro- 
tagonists of this religion waged atype of holy war against an embattled world-a war 
waged by missionaries and conquistadors alike, down to this very day. The week 
before the Inevitable Event, the Taliban was deporting Christian missionaries from 
Mghanistan, while other Christian missionaries scour the jungles looking for one 
more indigenous soul to convert. This activity is inseparable from the Gregorian 
calendar that programs. it 
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Entropic Black Hole of Consciousness 


‘A calendar is a mental instrument for holding the programmed patterns of thought and behavior of a 
given culture, people, or civilization. A people can rise no higher than the program of time their 
Culture imposes on them as second nature. A program of time determines nature of consciousness. 
Different timing programs scheduled by synchronically inaccurate devices within a biospheric whole 
governed by a universal timing frequency apart from the deviant human standards can only result in 
an entropic black hole of consciousness: the clash of civilizations and cultures that precedes the 
mentally cleansing force of the noosphere and the inevitable return to natural time and the 
universal 13:20 timing frequency. 


2029 


Curve of universal 13:20 


— 


Black Hole of 
Consciousness 


Gregorian calendar 
clock culture (12:60 dominant) 


Islamic lunar calendar 
Curve of universal 13:20 

Hebrew lunar calendar —_—_ ‘consciousness 

Chinese lunar calendar ---- 


Indian pseudosolar calendars === == — 


Now the default of the Christian program of the Gregorian calendar and its 
system of social organization, global civilization, is erupting in an entropic black 
hole of time, The result of this black hole of time is an entropic harmonic conver- 
gence, where all of the conflicting points of the differing timing programs that the 
Gregorian calendar attempted to synchronize, come into acommon point of hostile 
impact. Seen in this light, the Final War is really the final battle in a long saga that 


we can properly call the Time W: 


‘The Solution of the Law of Time. 


101 


102 


THE AGE OF THE TIME WARS 


‘The Time Wars began with the application of the error in time at Uruk: the 24- 
hour, 60-minute, 60-second timing frequency derived from a 12-part division of the 
circle, a two-dimensional plane in space. Since this measure does not correspond to 


the reality of time as the uni 


‘al (13:20) frequency of synchronization, it creates a 


mental dissynchronization that _manifests as the battle of the mind against itself, and 


against nature. The dynam‘ic of the “progress” of civilization is really the dynamic of 
dissynchronization inherited by the human mind. ‘The gradual encroachment of civi- 
lization into all aspects of human society and the biosphere increases the incidence 


of dissynchronization, The re 


ting aphasic_mental states lead to belligerence and 


various attitudes of dominance over others and natu 


-but never to any satisfaction 
Viewed by the Law of Time, civilization is the institutionalization and embodi- 
ment of the dissynchronous artificial timing frequency. ‘The dynamic of dis- 


synchronization results in increasingly artificial technological means and reliance on 


the artificial medium of money to replace the biological or organic functions of our 
nature and of the biosphere in general. Not only does this process tend toward an 
improvement” in the accuracy of the means of war, but also in the capacity of the 
latter for greater mass destruction, Set apart from the natural cycles by the 


dissynchronous frequency of mechanization, the Time Wars ar 


also waged against 
the biosphere, which is viewed as ahostile force to be overwhelmed and plundered 


Everywhere on Earth, nature 


fon the run. Everywhere on Earth, the human looks 


at his watch-what will he do next? Catch another plane? Fire another bullet? Pre 


another button and let loose another bomb? 

‘The S6-year cycle of the technosphere witnessed the greatest creation and stock- 
piling of lethal weapons, more than in all the previous history put together, enough 
to destroy the Earth many times over. The 56-year cycle of the techno sphere also 
witnessed the greatest plundering thus far of the biosphere, more than in all the 
previous cycles of history put together. Continued at the current rate, the biospheric 


plunder would bring extinction to virtually all life within another generation. These 


two facets of self-destruction-technospheric and biospheric-point again to the 


Inevitable Event. It is the Pentagon that has led in mili 


y spending and strategizing, 
just as it was the activity within the World Trade Center Twin Towers that domi- 


nated and coordinated from afar the plunder of the biosphere-t 


oth precedents for 
the consequent construction and expansion of the technosphere. 
But now time has run out on the technosphere. The world has gone flat and 


valueless with no future vision beyond war. All the money in the world will not put it 
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back together, nor will all the bombs in the world salvage it against its enemies. Who 
are the enemies of the technosphere, and what would cause thereto be enemies 
against the technosphere? And who or what is there that speaks for the biosphere? 
For if the biosphere isto become the noosphere, it must come about from an under- 


standing of the intelligence of harmony. Clearly, such understanding of harmonic 


intelligence has not been nor will it be forthcoming from the technosphere-or 
from the Gregorian calendar that programs it. Only the Law of Time can supply the 
harmony necessary to complete this great movement from biogeochemical combus- 
tion to noospheric mind, The Law of Time replaces all that is artificial, while con- 
firming all that is true, whether in human history or the universe. 

Let us return to the analysis of the Time Wars and the clash of timing programs. 
The Twin Towers were the absolute triumph of the artificial 12:60 timing frequency, 
whose program is embedded in the Gregorian calendar and paced by the mechanical 
clock. Who steered the hijacked planes into their Gregorian targets? Nineteen mili 
tant Muslims, we are told. Why nineteen? And what are the religious backgrounds 
of the twenty-two most-wanted terrorists in the world? They are twenty-two Mus- 
Jims. Why that number, and why are all the terrorists Muslims? In the noospheric 
analysis, the Inevitable Event was the suicide of the technosphere unable to sustain 
two clashing time programs. It was a program of the strict Islamic twelve-month 
lunar calendar that drove its belief system into the Twin Towers and the Pentagon, 
the two supreme monuments of the program of the twelve unevenly measured months 
of the Gregorian pseudosolar calendar. Is it Islam that is the enemy of the 
technosphere? Is it Islam that is the champion of the biosphere? Indeed what is 
Islam? Why is Islam the most resistant force against globalization andthe 
technosphere? We know where the Vatican, the bastion of Christendom, is and who 
ordained the Gregorian calendar, but what do we know about Islam? 

If we strip history away from the force known as Islam (1.3 billion Muslims in 
the world), and reduce it to its most essential point, then Islam is the teaching of the 
Holy Quran, What is the Holy Quran? It is the last whole revealed text for all hu- 
manity, received and recorded over a 23-year period by a single human being, 
Muhammad the prophet (570-632). While militant Muslims and terrorists have 
dominated the mass media image oflslam for the past few decades, what is the Quran 
and what does it actually teach? It is also a function of the Gregorian program that 
scarcely anyone in the West really knows or is familiar with the Quran, since the 
West has been at odds with Islam since the time of Muhammad. As the supreme text 
of monotheism, the Quran is actually a psychoactive book that upholds Islam as 
the final religion for humanity. "He is the one who sent His messenger with the 


The Solution of the Law of Time. 


103 


104. 


guidance and the religion of truth, to make it prevail over all other religions. God 
suffices as a witness.” (Quran, 48:28) Islam means “peace, which is submission to the 
will of God.” 

Islam is also the law of nature. Within the vast system of intricate, mathematically 


based logic that constitutes the Quran-which is a profoundly ahistorical text as well- 


fone feature stands out: the description and definition of nature and the natural order 


as the chief proof of God's design and guiding wisdom. From the Quranic point of 


view, the biosphere, inclusive of the creation of the human, is the overwhelming single 
proof of God's wisdom in establishing a life-support system for our indwelling con- 


sciousness 0 evolve our bodies on this Earth. The biosphere is Islam, or "peace, which 


is submission to the will of God,” understood as the divine law of nature. 


In the creation of the heavens and the earth, the alternation of night and day, the 


ships that roam the ocean for the benefit of the people, the water that God sends 
down from the sky to revive dead land and to spread in it all kinds of creatures, the 
sky and the 


‘manipulation of the winds, and the clouds that are placed between thi 


carth, there are sufficient proofs for people who understand. (2:164) 


He created you from one person, then created from him a mate. He sent down to 


you eight kinds of livestock. He crea 


you in your mother’s bellies, creation after 
Such is God your Lord. To Him belongs all 
sovereignty. There isno other god beside Him, How could you deviate? (39:6) 


creation, in trimesters of darknes 


Among His proofs is that you see the land still, then as soon as we shower it with 
water, it vibrates with life. Surely the One who revived it can revive the dead. He is 


Omnipotent. (41:39) 


He created the human from a tiny drop, then he turns into an ardent opponent. And 


he 


cated the livestock for you, to provide you with warmth and many other ber 
fits as well as food. They also provide you with luxury during your leisure, and 
when you travel. And they carry your loads to lands that you could not reach with- 


most Merciful. (16:4-7) 


‘out a great hardship. Surely your Lord is Compassiona 


He sends down from the sky water for your drink and to grow trees for your benefit 
With it, He grows for you crops, olives, date palms, grapes, and all kinds of fruits. 


This is suffi 


ent proof for people who think. (16: 10-11) 


And He committed the sea to serve you; you eat from it tender meat, and extract 


jewelry which you wear. And you see the ships roaming it for your commercial ben- 


s, as you seek His bounties, that you may be appreciative. And He placed stabiliz- 
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crs (mountains) on earth lest it tumbles with you, as well as rivers and roads that you 
may be guided. And landmarks, as well as the stars to be used in navigation. Is One 


who creates like one who does not create? Would you now take heed? (16: 14-17) 


AS for the Earth, we constructed it, and placed on it stabilizers (mountains) and we 
grew on it a perfect balance of everything. We made it habitable for you, and for 
creatures you do not provide for. There isnothing that we do not own infinite amounts 


thereof, But we send it down in preci 


© measure. And we send the winds as pollina- 
tors, and cause water to come down from the sky for you to drink. Otherwise you 


‘could not keep it palatable. (15: 19-22)2 


Viewed from its own context, the Quran is the criterion for evaluating the spiri- 
tual progress of human existence on this Earth inclusive of man's ability to read the 
proofs of nature as manifestations of God's wisdom and to comport himself within 
this nature, the biospherie life-support system, in amanner consistent with the truth 
From the Quranic perspective, human freedom of choice is at the root of the bio- 


spheric destruction. Choosing anything but t0 be submissive to God, the human is 


fe have of- 


in rebellion against nature-both his own and that of the biosphere. 
fered the responsibility [freedom of choice] to the heavens, and the earth, and the 
mountains, but they refused to bear it, and were afraid of it, But the human being 
accepted it; he was transgressing, ignorant.” (33:72) 

‘The result of this ignorance on behalf of his own aims and intentions rather than 
that of a respect for the divine plan (biosphere) of the Creator, accounts for the 
human situation today, at odds with and surrounded by an increasingly out-of-control 
biospheric degradation and corruption of natural time: “Disasters. have spread 
throughout the land and sea, because of what the people have committed. He [God] 
thus lets them taste the consequences of some of their works, that they may retum 
[to the right works}.” (30:41) Thus, the current techno spheric destruction actually 
points toward a retum of humans to the path of right works. 

‘The forces that created the phenomenon of historical Islam are the enclosing of 
the Holy Quran within the rigid system of a twelve-month, —non-circulating lunar 
calendar, compounded and supported by the development of the hadith and sunna 
(non-Quranic) traditions. A profoundly conservative social order, Islam is nonethe- 
less activated and motivated by a holy scripture that enunciates an attitude toward 


nature that is the direct opposite of the 12:60 system that produced the technosphere. 


In this regard, the precepts of the Holy Quran-as of many another holy. scripture: 
make it the “enemy” of the technosphere. From the noospheric perspective, _histori- 


sault on the nerve centers of the 


cally and culturally, however, the hno sphere 
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could only have been effected by humans whose belief system was rooted in the 
Holy Quran, which had been at odds with the Gregorian civilization for centuries. 
In this way, the Quran was the noosphere's weapon used to bring about the circum- 
stances that would lead to the resurrection of the biosphere-the — noosphere itself. 
But only 


fman consciously chooses the right return path: synchronized harmony in 
time. The problem isnot so much the rigid lunar calendar oflslam, but the irregular 
global standard of the Gregorian calendar, which, instead of standardizing all mea- 
sures and perceptions of time, fosters a human social disharmony and an incessant 
antagonism against nature-and against Islam. 

So then, how are we to return to the right works? Read and study the Quran, 
yes-but also make a fundamental change in the world. The solution of the Law of 
Time is: Get anew calendar! Humanity must take along, hard look at its own timing 
systems and scrap what needs to be scrapped, no matter what kind of temporary 
inconveniences this may cause. Calendar reform is an issue that upsets many apple 
carts. Yet it is the only method that has not been commonly tried and the only step 
that has not yet been collectively taken. It is a characteristic of the dominant mind- 
set that it writes history in the way that suits its own needs and supports. its philoso- 
phy. In any of the reviews of the century carried by the mass media during the past 
year, you will find no mention of the World Calendar Reform Movement; nor will 
you find, for instance, any mention of the Roerich Peace Pact (1935); nor of the 
Harmonic Convergence-all buried by the marketing of history to suit the needs of 
globalization. What do these three phenomena have in common? A concern for 
peace based on an understanding that without harmony, the human cultural situa- 
tion will only worsen, If humankind suffers from an excess of disharmony, in the 
noospheric analysis the only solution is aharmonic standard of time to synchronize 
all humanity simultaneously-the — Law of Time refers to this asthe Thirteen Moon! 
28-Day frequency shift. 


CHANGE YOUR CALENDAR, CHANGE YOUR MIND 


Since the advent of the Nuclear Age, everything 
thas changed but the way people think, thus, we 
drift towards unparalleled catastrophe 

ALBERT — EINSTEINS 


To change how people think you must take a profoundly simple and universal ele- 


ment of everyday life, one in which all everyday thinking is rooted, and change it so 
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radically that the way in which people think will itself be dramatically changed. If 
you want to know that something has really changed, change the calendar! This is 
the meaning of the replacement of the Gregorian calendar by the Thirteen Moon 
calendar. The calendar change is necessary because, as the pragmatic application of 
the discovery of the Law of Time, it brings into focus the essence of this discovery 


Time is a frequency, the frequent 


of synchronization. If a calendar does not in- 


e synchronization, it is not performing its highest function. This is the funda- 


mental critique of the Gregorian calendar-and of all concepts of time based solely 


fon physical, third-dimensional astronomical measurements. This discovery is so new 


and startling that it aff 


ts all human thought and is a matler to which all belief 
systems, religions, and methods of science must be cognizant. Yet nothing, it seems, 
is more difficult for humanity than to make this change from a manifest disharmony 


to a manifes 


harmony. 


Historical man recoils at the prospect of actual harmony-harmony in natural 
time, This is because historical man defines his existence and thrives upon the dis- 
harmonies of his own invented time. The Gregorian calendar keeps the human mind 
entrained in a diabolical disorder of meaninglessly named months of uneven mea- 
sure, while every day is tracked and driven by a relentless mechanism called a clock. 
This immersion of the mind of historical man in the frequency of his own artificial 
time, more than any other factor, condemns him to a world of inescapable horrors: 


traffic jams, poverty, terrorism, —unresolvable historical 


and territorial disputes, glo 
bal warming, environmental degradation, social disorder, insanity, and drug_ abuse. 
‘The problem of historical human-Homo —_historicus-is compounded by the uncon- 
scious nature of his acceptance of this timing sensibility, believing it to be the actual 
nature of time, Hence, all his public and economic policies are driven by and deter- 
‘mined by the relentlessness of this perception that time is an arrow blindly pulling 


him into a future in which his 


only defense is the creation of more technology, the 
technosphere itself being a pure expression of the application of the mechanization 


of time, 


THE SECRET HISTORY OF CALENDAR REFORM 

When you went to bed on October 5,1582 you woke up on October 16. In this way 
Pope Gregory XIII promulgated his reform of the Julian calendar, from which the 
Gregorian calendar differs not one whit, except for the precise working out of the 
formula for leap year. When this "reform" occurred, the time sensibility of historical 
man was already crippled and disabled. The Gregorian calendar, by its moment of 
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historicity, bound that crippled time disorder into its final institutional form, assur- 
ing that not only European man, but eventually all cultures and races dominated by 
European thought and conventions would assume and accept this deformed and 
deforming standard of time. 

‘The mechanical clock, though evolved over many centuries, was perfected just 
after the Gregorian Calendar Reform of 1582 and promoted by Europeans as an 


example of the human triumph over nature. So it was that the human mind assumed 


as second nature ils own invented time, 


encoded as a frequency that we have identi- 


fied as the 12:60, an unconscious mental ratio determined by the irregular twelve- 


month calendar and artificial sixty-minute hour. The combination of these two fac~ 
tors in this one timing frequency have consigned historical man to a hopelessly de- 
bilitating mental disorder that is referred to as modern civilization, or nowadays, 
postmodem, But postmodern is not yet. posthistorical. Postmodernism is just the 
final convulsion of the time disorder that afflicts the human race as a virulent mental 


disease and encapsulates man in the technospherie cocoon of his 


own making. The 
only cure for such a profound and pervasive disorder is absolute harmony, the very 
harmony from which historical man so recoils 

In this light, it is well to know that through the first half of the twentieth century 
a vigorous and well-organized calendar reform movement flourished. Such was the 
character of this movement to reform the Gregorian calendar that in 1923 the League 
of Nations called for proposals for reform. More than 500 proposals were received: 


by 1931, these were narrowed to three: 


The International Calendar Organization, represented by Mr. Broughton 
Richmond, promoted a perpetual calendar based on the principle of five- 
five 73-day cycles = 365 days-and the year divided into twelve months of 
five 6-day weeks each plus a 5-day cycle [The Thirteen Moon calendar also 
includes the program of seventy-three 5-day periods-overtone —_chromat- 


ics-integrated with the fifty-two 7-day weeks: 52 x 7(+1) = 5x 73.] 


‘The International Fixed Calendar League, represented by Mr. Moses 
Cotsworth, also supported by Eastman Kodak and the Intemational Cham- 
ber of Commerce, promoted a perpetual Thirteen Month/28-day calendar, 
ented by Auguste Comte (1842-1849), inclusive of the 


which was first p 
"day out of time.” Though it was not backed by amore thorough —math- 
ematical science, which has now been supplied by the discovery of the Law 


of Time, this was by far the favored calendar, as it is the one that posse 


perfect structural harmony and obvious regularity of all its parts 
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3. The World Calendar Association, represented by Elizabeth Acheles, pro- 
moted the World Calendar, a modified but perpetual version of the twelve- 
month Gregorian calendar, which also included the principle of a "day out 
of time” (“null day"). This group turned out to be the longest-lived and the 
most vocal, and was responsible for the publication of The Journal Of 
Calendar Reform (1931-32).4 


It is instructive to read some of the early texts on the topic of calendar reform to 
see how the same issue of harmony and order brought up by the Law of Time was at 


the root of the call for the 


establishment of a perpetual, harmonic calendar. The base 
argument, as presented in Alexander Philip's. The Reform of the Calendar (1914), is 


stated as follows 


Suppose, for example, that by some strange convention the meaning of the figures 
we employ in numerical notation were to change every year; suppose the figure 


which this year reps 


cents 2 were next year to mean 3, next year 4, and so on; sup- 


pose again that our weights and measures were to fluctuate in a similar manner. 


then we affirm, without fear of contradiction, that the whole fabric of science and 
the mechanical arts could never have been raised at all. ..we should in such circum- 
stances have been compelled to rest content today with the very simplest and most 
primitive appliances. Yet, strange as it may sound, such are the conditions under 
which, in modem society, human action is organized. For what is the framework 

by which we arrange our actions? It is no other than the scheme under which we 
arrange our time-in one word, our calendar... [thus] the disorganized state of all 
social arrangements is ascribable (o the calendar. ..The dislocation of our calendrical 


arrangements is due to two distinet «: 


the incongruity of the week; [and] the 


inegularity of the lengths of the months. ..5 


‘The argument made is a profound one, and was the motivating basis of the cal- 
endar reform movement in general, no matter which calendar was being promoted. 


It is fair to ask: Why do we expect a rigorous standard of uniformity in our measure: 


ments of space (size, weight, volume, etc.), but spur or ignore the same require- 
ment of uniformity in our measurement of time, especially the time that governs our 


everyday social arrangements and consciousness? How can we think that this would 


not have a profound underlying effect on the very nature and conduct of our society? 
Most interestingly, as a movement calendar reform arose strongly during 


the proto-technosphe 


. between the two World Wars, only to be swept away by 


the clouds of war and the contradictory factions of disharmony in which modern 
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civilization was already immersed. Any effort at altering or changing the direction 
and motion of modem civilization is treated as a threat or derided as ineffectual 
activity that is scientifically unprovable or that will cost humanity too many dollars 
to make the change. Such was the fate of the first great calendar reform movement 
that arose with such fervor in the late nineteenth century only to find its ignomini- 
ous end when the final debate on calendar reform was adjourned indefinitely by the 
United Nations Social and Economics Committee in 1956. No one reads about the 
calendar reform movement in the history books. Because debate on the matter was 
effectively adjourned, it is assumed that calendar reform is a dead issue of no rel- 
evance to the development of postatomic, technospheric man, On the contrary, seen 
in the dim light of the still-smoking ruin of the Twin Towers, the calendar reform 
arguments concerning humanity's irrational behavior and its relation to the "immo- 
rality” of a skewed timing measure, the calendar, as well as to an inhuman timing 
device, the clock, were never more relevant. 

Not the least import of calendar reform is the opportunity to create anew basis 
for unifying humanity. Aswas stated in the "Resolution Adopted by the Fourth Gen- 
eral Conference on Communications and Transit of the League of Nations," 
took up the issue of calendar reform: "A great number of delegations expressed the 
opinion that any reform of the calendar could only be put into practice if it came 
into force simultaneously throughout the world, or at least in a very great majority 


which 


of States, and it was for this reason that the study of this question had been placed 
under the auspices of the League of Na 
‘The tragedy of the human inability to agree on a matter so obvious to logic and 


iions."6 


reason is a testament to the already crippling effects of having operated so long 
under parochial, sectarian, and often disharmonic timing standards. While the In- 
ternational Chamber of Commerce, the League of Nations, and various. interna- 
tional scientific bodies supported the first effort at reform in 1914-1956, the second 
movement, 1989-present, arose as a purely populist effort, but with an entirely dif- 
ferent information base. Recognizing instinctively that the calendar reform issue is 
more than merely a matter of mathematical order in relation to natural cycles, 
profoundly theological issue as well, the second reform movement also developed 


itisa 


from anon-Westemn inspiration: the Mayan calendar. 

While the psychology of the dominator civilization all but blurs out any other 
considerations of calendar besides the prevailing Gregorian one, an objective study 
of the matter demonstrates that the latter is a primitive instrument that eschews 
both natural cyclic order and any mathematical harmony. In place of the anachronis- 
tic standard of the Gregorian calendar, the second calendar reform movement raised 
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anew criterion, the Law of Time, awhole system principle that integrates the math- 
ematical and the moral, the theological and the psychological, and the economic and 
scientific issues that are embedded in the entire topic of calendar reform. Precisely 
for the reasons of historical man's unconscious habituation to his own disharmonies 

and the accelerating and cumulative effect of this ignorance on the disorder of his 
own social life as well as the natural world around him, the second calendar reform 


movement has developed with a much greater moral and prophetic urgency. 


ly 
Al 
5 Western Edge: 
KI Tonal sum, set 1=7 
iS Tonal sum, set 2=14 
iy ip 
Vi i( Northern Edge: 
i= =| ‘Tonal sum = 2 
ie 
fi Eastern Edge: 


‘Tonal sum, set 1= 28 
‘Tonal sum, set 2=13 


Ey 
ia 


Southern Edge: 
Tonal sum = 14 


‘otal tonal sum = 78 (6x13) 


i 
Eas za 


SIDE IE 


LS! 


atti 


Sarcophagus Lid of the Tomb of Pacal Votan 

‘Showing Disposition of Thirteen Clear Signs 
The tonal sums (dot-bar code) of the thirteen signs are key to affirming the prophecy 
of the Thirteen Moon calendar. Note that the sums of the two sets on the eastern 
‘edge equal 28 and 13, while opposite the 13 set is the perfect 7. The tonal sums of the 
‘other two sets on the western and southern edge both equal 14, for a sum of 28, The 
northern edge has a single sign whose tonal sum is 2 twice 7 = 14, and twice 14 
twice 13 = 26 fractal of 260 and code to the Gregorian date 7/26; while twice 28 
the number of years from Hiroshima to the Inevitable Event. 
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"Consciously using the tool of the Thirteen Moon calendar to replace the erro- 
neous measure of the artificial twelve-month calendar is, in itself, an unprecedented 
act of human self-reflective consciousness. Collective adaptation to the Thirteen 


Moon calendar is an intrinsic heightening of consciousness which rapidly awakens 


the telepathic programming inherent in human biology, frustrated for so long for 
not having been allowed development in the correct timing frequency."7 

It was in 1987 that The Mayan Factor: Path Beyond Technologyfirst brought to 
major public and international attention the possibility that a superior timing. sensi- 
bility was developed by athoroughly non-Western culture, the Maya. This book was 
published with scarcely any knowledge of the calendar reform movement that had 
gone into a debilitating coma in 1956. Yet, by pursuing the mathematical base of the 
Mayan calendar, the essence of the Mayan achievement, the Law of Time was ex- 
tracted, adiscovery that brought on the second calendar reform movement, the World 
Thirteen Moon Calendar Change Peace Movement. Prompted by a prophetic rev- 
elation concerning the Thirteen Moon!28-Day calendar decoded from the tomb of 
Pacal Votan, the premise of the second calendar reform movement was tested world- 
wide from 1993 to 2000, atime defined as the "seven years of prophecy.” By the year 
2001, the official beginning of the third Christian millennium, a loose, far-flung 
calendar reform movement, pioneering in the development of anew science of time 
and consciousness was promoting the Thirteen Moon!28-Day calendar worldwide. 


A REVOLUTION IN TIME 
"Fire in the lake, the image of revolution. Thus, 
the superior person sets the calendar in order and 


‘makes the seasons clear” 


I CHING, HEXAGRAM49, *REVOLUTION’S 


By common consent, acalendar is a system for reckoning time. Virtually all current 
time-reckoning systems take account only of chronological or, better put, astro- 
nomical time-the movement of the Earth in relation to celestial bodies, the sun, 
's, and constellations. This is a purely third-dimensional, physical 


moon, planets, st 
consideration of time. The Law of Time affirms a higher order of time-the 

synchronic order. This is the time of the fourth dimension, which includes the 
chronological but enfolds it in a higher mental and mathematical order of reality. 
According to the Law of Time, what you don't know about the calendar you are 
using could kill you. By operating according to purely third-dimensional _chrono- 
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astronomical timing standards and without knowledge of the synchronic order of 


fourth-dimensional time, humanity subjects 


self t0 a one-sided view of reality that 
is hazardous to the planet and jeopardizes the future existence of the human species 
as well as all life on Earth 

To correct this situation a radical solution is required-a new calendar embedded 
in the synchronic order revealed by the discovery of the Law of Time. This is the 
significance of the Thirteen Moon/2 8-Day calendar-it epitomi: 


the incorporation 
of the chrono-astronomical order of time into the synchronic onder, and hence pro- 


vides the vehicle for humanity to escape its otherwi 


“¢ certain plunge into disaster within 
the next decade. When adogma is encountered while one is engaged in the pursuit of 


truth, it must be challenged and abolished. Such a dogma is the calendar in use as the 


world standard, the Gregorian calendar. That this calendar, originally a system of 


thought peculiar to one people or religion, should dominate all the peoples and even 
life of the planet makes it subject to the critique of planetary anthropology. 

‘The discovery that time is a frequency mathematically expressed as the ratio 
13:20 requires a profound reorganization of all thought about time and the conse~ 
id 


quent reorganization of human society as a planetary organism. As the unified fi 
theory of time, the Law of Time calls for the human synchronization in time predi- 
cated on the establishment of the Thirteen Moon calendar as the global civil stan- 
dard replacing the current erroneous timing standard, the Gregorian calendar. This 
isa matter of the utmost seriousness, since it is also recognized that all betief systems 


are the function of programs locked up or embedded in the eck- 


endars or time- 


coning systems used by a people. ‘The fate of the species and the biosphere may well 
depend on whether or not humanity is able to understand — this point 


What is it about the calendars in use that condemns their users to endless con- 


flict and inability to unify as a species? What is at the root of their disharmony? — It is 
the pursuit of astronomical time. All people today are bound by calendars based on a 
pursuit of accuracy of astronomical time-the length of the year being the object of 
this pursuit, Astronomical time is a losing game of an ever-changing and elusive 
order that results in an entropic reductionism that has little to do with consciousness 

or synchronization. The year's length (measure of the orbit of the Earth around the 
sun) calculated by Pope Gregory XIII at 365 days, Shours, 48 minutes, and 20 seconds, 
slows at the rate of 1 second per century, while the length of time in the Gregorian 


calendar is off from the “true” solar year by 25.9678 seconds per year! Obsessed with 


rectifying this discrepancy, in 1972. reductionist 


science came up with Atomic Time 


to replace Earth Time, and the atomic 


sium clock replaced the measure of the year 


as 365.241299 days with 290,091,200,500,000,000 oscillations of Cs per year! 
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But what does this staggeringly astronomical figure mean, and of what value is it? 

In profound contrast to this obsessive reductionism in which there is no place 
for spirit, mind, or consciousness, fourth-dimensional radial mathematics. represents 
amental order greater than and encompassing the astronomical order of the third- 
dimensional universe. According to the Law of Time, in time reckoning, consider- 
ation should be given to systems of the harmonic order of synchronic time that 
proceed from the radial mathematical order of the higher mind. The higher mind 
represents the evolved state of mind-the noosphere-that evolution on Earth tends 
toward, but that has not yet been attained. As long asthe human concept of time is 
governed by the obsessive pursuit of the impossible to attain perfection of astro- 
nomical time, this pursuit and the civilization that it propels are doomed. to failure. 


What is known as history is embedded in this pursuit of "fixing" astronomical time, 
which has culminated in the dogma of the Gregorian calendar and the microatomic 
measure of the cesium clock. When did this pursuit begin, why did it come to domi- 
nate the human species, and to what effect? 

Aswe have seen, the values, customs, and norms of anation, culture, or civiliza~ 
tion are embedded in the calendar it uses. The Gregorian calendar, the current glo- 
bal civil standard-indeed, the foundation in time of globalization-is the calendar 
of the Caesars, of the Roman Empire, of the Catholic Church and the Vatican. To 
change this calendar is to change history itself. Can it be done? The League ofNa- 
tions attempted this in the 1930s but failed. The United Nations tabled this effort in 
1956. Since the United Nations adjourned the matter of calendar reform indefi- 
nitely, in 45 years the Earth's population has more than doubled, that is, it has in 


creased by more than 3.2 billion people, a factor that is still out of control, and that 
may have much to do with the fact that humanity is actually in a fog about time. 
The reasons for wanting to replace the Gregorian calendar are no less valid 
today. The Gregorian calendar is not a standard of measure. It lacks logic and rea- 
son. It numbs and befuddles the mind when trying to make calculations by it. It is 
shrouded in an arcane and medieval obscurantism. The net effect of the use of this, 
calendar is to perpetuate a fundamental level of mental confusion and ignorance 
concerning the actual nature of time itself-an ignorance that ishardened into dogma 
by the unwillingness of habit to consider any other possibility, but rather to accept 
the entire system as second nature. The argument that it encodes the most accurate 
and scientific measure of the solar orbit of the Earth is irrelevant in relation to the 
effect of its irregular measure on the mind and its numbing power as the dogma of a 
conquering people. Indeed, the solar measure of365.241299 days per year has noth- 
ing intrinsically to do with "30 days hath September. ..," and vice versa. In fact, the 
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measure of the Earth's orbit is one matter; the purpose of calendars and time reckon- 
ing as factors of synchronization is a wholly other matter. But then, since the very 
nature of a culture or a civilization is determined by the calendar it keeps, the use of 
deformed standard can only inhibit and skew even the questions one asks about 
time. 


‘The failure of calendar reform by 1961, the year of the Vatican II Council, only 


promoted an increasingly complacent acceptance, however cleverly disguised, of a 
millennial dogma, the Gregorian calendar. In the conclusion to the "last word” on 
the subject, Calendar: Humanity’s Epic Struggle to Determine a True and Accurate Year, 


David Duncan summarizes, "We take in stride a calendar [the Gregorian] that is 


flawed but endures, lar 


ely because it works just fine for most of us, and it is what we 
are used 0."9 It is not at all objective to accept something because we are used to it 
‘This attitude is anything but scientific. Rather, it is the smug basis of nothing — more 
than aself-fulfilling dogma-and yet the civilization that bases itself’ on this aberrant 


timing measure prides itself as being the most scientific in all history! 


THE CONFUSION OF IRREGULAR TIME 


Due to this flawed time sensibility, it may be concluded that humankind today is 
little capable of moral reason or logic, which itself is a result of, or at least strongly 
reinforced by, habituation to a timing standard that is irrational and illogical. Any- 
time we overlook or dismiss a fault due to habit, or simply because we are accus- 
tomed to the use, say,of an instrument, even if that instrument is demonstrated to be 
flawed and irregular, is evidence of a moral laziness that will eventually contaminate 
the entire consciousness that accepts and accommodates itself to the flaw. The exer- 
cise of truth is a moral prerogative. The fact of the matter is that the Gregorian 
calendar is ahodgepodge of flaws and accretions, rationalized into a systematic for- 
‘mulization that has no basis in reality. The celebration of Easter is a case in point. 
Easter is the celebration of the day Christ was resurrected from the dead. It may 
be logically assumed that this occurred on one and only one particular day, just as 
the celebration of his birth occurs on Christmas Day (although, similarly, no one 
really knows that this was the actual date of his birth). By the time the Christian 
religion had become an established force within the Roman Empire, however, no 
one knew precisely on what day the Resurrection had taken place. The Council of 
Nicea, convened by Constantine in A.D.325, called for a debate on the matter in 
which various theories were presented. The debate was concluded with the victory 
of one conjectural system over the other. The winning system stated that Easter 


‘The Solution of the Lawof Time. 


11s 


116 


would be celebrated on the first Sunday after the first full moon after the spring 
equinox, except when the full moon was on a Sunday, in which case it would be 
celebrated on the following Sunday, and this was so that it would not be celebrated 
on the same day as Jewish Passover. 

Over the centuries this conjectural theory regarding the date of Christ's resur- 
rection was buttressed with a system of elaborate calculations for predicting when 
Easter would occur. These calculations were all made with regard to establishing an 
alignment of the synodic lunar cycle 0f29.5306 days (which resulted in a lunar year 
of 354.3672 days) and the solar year of 365.241299 days! Being fortified with such 
elaborate mathematical calculations did not lessen the fact that the system was origi- 
nally-and still is-a__mere speculation of a highly clever but relative nature. Thor- 
oughly embedded in the Julian-Gregorian calendar, the system of determining Eas- 
ter is inseparable from the Gregorian calendar itself, and is one of the chief reasons 
for the resistance to its reform-as witnessed by a reading of the calendar reform 
arguments of the 1930s. The entire system of this calendar, inherited without ques- 
tion from the Caesars of the Roman empire, is actually nothing more than a form of 
self-perpetuation of a priestly hierarchy that includes in its support a host of bank- 
ers, industrialists, and scientists and the elaborate social system that is under their 
control-the — technosphere of global civilization itself. Take away the calendar and 


the entire structure loses its foundation, 

“If the Julia/Gregorian calendar was to be offered as anew device for measur- 
ing time, we, with our present knowledge and state ofliving, would reject it as some- 
thing utterly impracticable, lacking in harmony and order, unbalanced and irregular, 
too clumsy a calendar to make calculations by, while the various sections are not 
comparable."10 

A science or any scientist that unquestioningly follows the Gregorian calendar 
is, in reality, not worthy of the name, What is science? A concern for logic and 
precision of measure, we might answer, as well as standards of measure that utilize 
uniform units of measure in accord with what is being measured. Yes, the year is 
calculated as being 365.241299 days in length, but if the annual standard of measure 
that is used is irregular and unscientific, then it avails nothing, and indeed deforms 


the mind leading it down byways that may only end in self-destruction, Thus the 
pursuit of a true and accurate year in itself may be an illusory pursuit, blinding us to 
the actual nature of time, and leading us away from a genuine understanding of 
ourselves and our role and purpose on this Earth. 

To change and replace the calendar with the thirteen moon standard is to return 
us to our original purpose, leading us back to pathways of harmony and natural 
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health. According to the Law of Time, the damage already inflicted in the time 
humanity last hesitated and lost the chance to alter its timing frequency, forty years 
ago, has been incalculable. The final opportunity to change the calendar and the 
timing frequency is now upon us. Because of this we must be very clear and unshak- 
able in our understanding and determination to expose and eliminate the current 
civil calendar for once and for all. Even apologist David Duncan's unabashedly pro- 
Gregorian book Calendar (1999) concludes with its time line on the date 2012, "Cur- 
rent Mayan Great Cycle will end.Il But will we also end? By 2012, it will be too late 
to change. We must begin to change now. 

In reviewing the quirks and twists of history that constitute the Gregorian calen- 
dar, we must ask: Why do we continue to use such an instrument, and what are its 
effects? Is a calendar something more than a tool for scheduling the payment of 


debts. (calends),or is it an instrument of synchronization? The harmony or dishar- 
mony of time is a profound matter rooted in the instrument of time reckoning. that 
we use. There can be little question that we live more in atime of chaos than of 
harmony. We may also say in regard to the effect of standards of measure on the 
mind, that the chaos of the time is embedded in the calendar we use. If we are to 
leave this time of chaos and enter atime of harmony, then we must exchange the 
instrument in which the chaos is embedded for an instrument that is the very model 
of harmony-the Thirteen Moon/2 8-Day count. This is the choice humankind must 
now make, 

The issue of the nature of time, or of the times in which we are Ii 


ing, cannot be 
separated from the issue of the calendar. The very nature of the calendar that the 
world follows has stunted the mind and warped the body's innate timing sensibility, 


reducing the understanding of time to being merely amatter of chronology. "Chro- 
nology is a register or reckoning of successive years, a time scale. It may also be 
described asa system of registering time massively."12Virtally all time reckoning 
has proceeded from astronomical indicators, the major exception being the Maya, 


who actuated from a solely mathematical outlook. Yet with this mathematical out- 
look the Maya devised a chronological method that has never been surpassed, a fact 
attested to by many, including the architects of the Kitt Peak Observatory in Tuc- 
son, Arizona, where amosaic mural depicting the civilization of the Maya asserts the 
superiority of their calendar over that of the Europeans. 

It is significant that the earlier calendar reform movement, while occasionally 
acknowledging the brilliance of the Maya, made no use of the Mayan knowledge. 
But this was because the time sensibility was restricted to thinking of time solely in 
terms of chronology, or at best asa schedule for keeping good accounts, with little 
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comprehension at all of the synchronic nature or order of time. And. sin 


e the system 


of chronology was synonymous with the 


stem of control embedded in the Gregorian 
calendar system, the earlier reform movement failed altogether to make any impact 
fon the Vatican, much less on the global power structure itself 

All the thought, action, and good intention put into the years of calendar reform 
notwithstanding, the Gregorian calendar prevailed, and, tragically, not one of the 
proposals or recommendations was ever even considered for adoption by the papal 
authorities who maintain control over the calendar. In the 1930s, the propaganda of 
the Church was aimed at limiting any possibility of reform, for it would not give up 
the succession of the seven-day week. In any perpetual calendar, such as the Thir- 
teen Moon/2 8-Day calendar, the observance of the Day Out of Time is necessary 
for maintaining the harmony of the fifty-two weeks that complete themselves in 364 
days. The continuous succession of the week does not stand in a constant relation 


with the other elements of the ca 


sndar and is one of the main causes of confusion in 
the Gregorian calendar. Arguing that such a break as a Day Out of Time, no day of 
the week at all, would plunge the world more deeply into chaos, barbarism, and war, 
the Vatican effectively blocked all effort at reform, The completion of the century of 
total war, capped by the Inevitable Event, roundly refutes this point. It may just as 
easily be argued that because we did not change the calendar, we are now plunged 
into the final barbarism and unholy war. 

When the Vatican I Council in 1961 affirmed in its backward and highly re- 
Strictive language that it was not opposed to reform, so long as such reform did not 


disrupt the seven-day week and respected the tradition of 


aster as a "movable feast,” 
the door to reform slammed shut. By this time all the early reformists had literally 


di 


out and the question of calendar reform appeared to have become one of the 
buried issues. of history 

What the priests of the Catholic Church thought they had buried through an 
auto-da-fe in Iamal, Yucatan, 1562, and overcome through the imposition of the 


Julian-Gregorian calendar over the conqu ‘sion of 


ed Maya, retuned with the pr 


prophetic timing in 1987. The publication of The Mayan Factor not only opened the 
door to anew look at the Maya, but also to an understanding of time that was 
anything but chronological. A new dimension of time appeared-radial, fractal 
time, the synchronic order. And behind the reassessment of the nature of time was 
the provocative call of Mayan prophecy-the end of the thirteen baktun Long 
Count, 2012. 

‘The Law of Time defines the human problem as being one of radical and de- 


structive dissynchronization from natural time, resolvable only by a return to natural 
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time through the perfect and perpetual harmony of the Thirteen Moon calendar. 
With the analysis of the Law of Time, there is an even greater urgency and a more 
profound certainty. Reform is not only insufficient but also impossible. If the calen- 
dar is not changed within the next decade, it will be the end of civilization as we 
know it. There is a genuine and legitimate need to bring the issue of calendar reform 
into the public eye once again. 

Yes, to change the calendar involves a frequency shift. The collapse of the 
technosphere will dispose the human mind to rethink its options. It may even reori- 
ent the human mind to aconsideration of the biosphere as being the greater vehicle 
in which we, as humans, are being carried. Such a massive change in attitude, amind 
shift and a paradigm shift, may arouse in the human breast a spiritual reawakening as 
well. Harmony is spirituality. By changing the calendar, humanity can know it has 
tumed a page of destiny-an act that may cause it to appreciate what has already 
been written in a book it had not been inclined to study, the Holy Quran: 


God is the One who raised the heavens without pillars that you can see, then as- 


sumed all authority. He committed the sun and the moon, each running in its orbit 


clations that 


for a predetermined period. He controls all things, and explains the re 
you may attain 


tainty about meeting your Lord. He is the One who constructed 
the earth and placed on it mountains and rivers. And from the different kinds of 


males and females 


fruits, He made them into p: ‘The night overtakes the day 


‘These are solid proofs for people who think. (13:2-3) 
In this passage we can find ample evidence of the formal order of the Law of 


‘Time and the bit 
then constitute the noosphere? 


phere-solid proofs. As for the "people who think," do they not 


Vv 
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Humans—Noospheric Chips: 
Consciousness and Reality Redefined 


"And conquered by the sense of the earth and 
Juman sense, hatred and internecine struggles will 
hhave disappeared in the ever-warmer radiance of 
Omega. Some SO170f unanimity will reign over 
the entre mass of the noosphere. The final conver- 
sence will take place in peace. » 
~PIERRETEILHARD DE CHARDIN, 
THE PHENOMENON OFMAN! 


Once begun, the exhaustion of the technosphere is irreversible. The exponential 
growth curves of money, machine production, energy output, and population in- 
crease come to climax. By 2004 the humans will be at another major crossroads: to 
g0 wholeheartedly into the harmony of the noosphere, or to suffer the rest of their 
decline in an ignominious twilight of terrorism, barbarism, and cultural anarchy. By 
2004 the humans will have their last opportunity to change their macro-organizing 

principle. By relinquishing the artificial time held in place by the old calendar and 
becoming unified in time under a calendar that is a perfect harmony, humans will 
enact the coming of the noosphere. Only harmony will bring harmony; only harmony 
will cancel the errors of history, a manifest disharmony. Only an act of harmony can 
manifest the noosphere. Only this time-changing act, consciously carried forward 
by asignificantly roused number of humans, will create amental field so positive and 


Humans-Noospheric 
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constructive as to engender the radical break that leads to an entirely new cycle of 


existe 


of the life on Earth: the noosphere. Entrance into the noosphere of har- 
monic time through the calendar change will be much like going from a black-and- 
white movie to one in Technicolor. The difference between the new time and the 
old time is literally like the difference between Heaven and Hell 


September 11, 2001: the Twin Towers collapse, creating a rupture inthe 


technosphere. Everything comes to a halt. The New York Stock Exchange is closed 
for four days-a virtually unprecedented event. All commercial airline traffic in America 
ishalted for two days. Even the United Nations postpones the opening of its fifty-sixth 
General Assembly by three weeks. Six weeks after September 11 anew, sinister form of 


‘war is engulfing the technosphere, The Americans assert the right to mercilessly bomb 


Mghanistan in self-defense. ‘The response of war is the final self-destructive impulse of 
the techno sphere to protect itself, but this will only widen the effects of the suicidal 
blow it has already sustained. The war will only make definite that it is the last ctimax 
of the biogeochemical combustion engendered by the pursuit of an error in time. 
‘The rupture in the technosphere is the break in artificial time, and therefore 
amounts to the opening of a noospheric fissure-aninrush_of cosmic consciousness 


and a moment of simultaneously heightened natural time. When the towers col- 


lapsed, belief systems shattered. Because it was viewed on global television, it was an 
event witnessed by all humanity and it entered through the optical cortex into. the 
brain, arousing potent images from the subconscious. This is a noospherie act be- 


cause it is the entire mind of the whole species that receives this 


ingle image in one 
simultaneous moment. In that shattering image, however unconscious, the noosphere 
immediately entered the field of human consciousness, much as a leak in a boat 
the 
dis: 


allows water to come rushing in. From the perspective of the noosphere, 


technosphere is a medium of transformation resulting from the pursuit of 


torted perception of time. With the destruction of the Twin Towers, the transforma- 


tion is complete; following the war, the technosphere can be creatively dismantled. 


THE NOOSPHERE: RAINBOW BRAIN OF TIMESHIP EARTH 


What is the noosphere? Can we define the noosphere more precisely so that it is a 
less nebulous term? Can we make the noosphere concrete enough so that it may be 
understood and accepted as the coming new way of a higher level of everyday nor- 
malcy? First of all, let us say that the noosphere has existed as long as life has existed 
on this Earth, In this sense, 


the noosphere is the sum of the mental interactions of all 


life. The mental interactions, or field of mind, exist as a great unconscious medium, 


‘+ Humans-Noospheric Chips 


inseparable from the Law of Time. That is, if all life and the phenomenal world of 
the biospheric medium are synchronized by the Law of Time, then the programs of 


the organization oflife, from the periodic tables to the DNA code, will also be syn- 


chronized by and embedded in the mathematics of the Law of Time. Being a func- 
tion of the whole system of the Earth and integral to the functioning of the bio- 
sphere as an interplay of cycles in which organic and inorganic interact with a set 
order of chemical transmutations, the noosphere must also be the mental coordinat- 

ing field or program of this complex of vital interactions. It must, therefore, be a 


characteristic of biospheric evolution that the noosphere rema 


\S unconscious until 
a significant moment is reached-the climax. of the cycle of biogeochemical com- 
bustion, the enactment of the biosphere-noosphere transition. 

Asthe Earth's mental fie 


| it must be an act of collective self-reflection that arouses 
the noosphere into functioning consciousness. By its definition as the mental envelope 
of the Earth, the noosphere can come into conscious manifestation only through an 
the 
the 


act of collective self-reflection, such as the proposed calendar change. Als 


mental envelope of the Earth that is above and discontinuous with the biosphe 


noosphere-mind sphere 


in mean only one thing: the advent of universal telepathy 
among the humans. ‘The Internet can be seen as a third-dimensional reflection of the 
noosphere, a form of electronic proto-telepathy. But, ironically, as long as the humans 


hold on to the Internet, th 


cannot experience the true evolutionary potential of 


genuine universal telepathy. ‘The point is that telepathy can only function in a field of 


lity that is synchronized by the natural 13:20 timing frequency. Time and telepathy 


© mutually defining factors dependent on unity of thought. ‘The humans have cho- 
sen a path of disunity, so that their calendar programs clash and are at odds with each 
other and with natural time, This maintains the technosphere, destroys the biosphere, 


and keeps the noosphere in the unconscious. But now, with the Inevitable Event, the 


break has occurred and the shattering of the Dreamspell of History has begun. ‘The 
noosphere’s rainbow brain leaks back into. human consciousness. 

The rainbow brain of the noosphere-what is that? As the mental envelope of 
the Earth, the noosphere pos 


congruent with the structure of the whole Earth, Within the noosphere are to be 


a structure ordained by the Law of Time and 


found the evolutionary control panel or programs, defined as the psi bank-the — me- 


dium of information storage and retrieval for all the mental programs. The noosphere 


is the field of planetary consciousness in which humans are intended to participate 


and complete their evolution, However, operating by artificial time is like looking 
through a glass darkly. This being so, there is no noosphere to see. Humans gener- 


ally experience consciousness through the chinks in their sensory prism, conditioned 
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by separatist belief 


making it most difficult to attain a perception or experience the 
field of consciousness as coextensive with the Earth. Indeed, if the biosphere is the 


region on Earth for the transformation of cosmic energies 


the noosphere is that re 
gion of the Earth for the reflection of cosmic consciousness and its mental programs. 


Seen through the lens of universal synchronized time, 


the humans accommodating to 


asingle instrument of time measurement are inherently sharing a single thought form, 


It is that act of self-reflective convergence that makes the noosphere conscious and 
draws it toward the resplendent omega point of2012 and beyond. 


‘As with all the other geochemical structures and. pr of the Earth that are 


planetary in nature, the noosphere, the rainbow brain of Earth, actually has a coher 


ence and an order that we may define in a precise way. In so doing we shall redefine the 
nature of human reality and the human being itself. We must enlarge our lens of 
perception 0 encompass the whole Earth as a single being. In relation to this. single 
being of the Earth, the individual human is hardly even a speck. The dimensions and 
proportions by which we commonly measure reality must also expand to accommo- 


date the vast dim 


sions of the Earth asa single entity, a planetary geocosm within the 
solar field, the heliosphere. Since the sun is also a star, the heliosphere is a function and 
member of the galactic order of being. As the mental “thinking sphere" of this planetary 


being, Earth, the noosphere is above and discontinuous with the biosphere, the hydro- 


sphere, and the atmosphere. It is contained by and functions within the vast invisible 
electromagnetic field of the Earth. Though the ionosphere is the lowest level of the 
electromagnetic field system of the Earth, the main structures of this field are the two 
radiation belts located 2,000 and 11,000 mi 


es above the Earth. It is within the wo 


radiation belts that the control panels of the noosphere are to be found-the psi bank. 


KIN: BIPOLAR BASE MEASURE OF THE 13:20 MATRIX 


"And He is the One who created the night and 
the day, and the sun and the moon; each 
floating in its own orbit. » 


-QuRAN, 21:33 


In the simplest aspect of our daily experience of time on Earth we have the full play of 
the law of alternation-day-night, __sun-moon, north-south. Because we know the bi- 
polar nature of the Earth, dividing it into two geomagnetic fields, north polar and 
south polar, we can then define the complementary bipolar field of time, which divides 
the cycle of the Earth a 


it makes one rotation on its axis into one day and night. This 
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centire unit, day and night, is defined as akin, the base unit of synchronic time measure- 


ment. From the perspective of the noosphere, day and night are a function of the two 
altemators-day alternator and night alternator-that operate as the phasic motion of 


the rainbow brain of the noosphere working in tandem with the electromagn 


ie field 
‘The two phasic alternators regulate the activation of photons (day) and the regenera- 


tion of photons (night) within the entirety of the life process of the biosphere 


THE NOOSPHERIC FOURFOLD/EIGHT-PART STRUCTURE 


“He created the heavens and the earth truth- 
fully. He rolls the night over the day and the 
day over the night. He committed the sun and 
the moon, each running for afinite period. 
Absolutely he is the Almighty, the Forgiving." 
-QURAN, 39:5 


"We rendered the night and the day two 
signs. We made the night dark and the day 
lighted, that you may seek provisions from 
your Lord therein. This also establishes for you 
4a timing system, and the means of calcula- 
tion. We thus explain everything in detail. » 
“7:12 


Since the two alternators are also in interplay with the bipolar magnetic fields of the 
Earth, a four-part process is revealed that is magnetically distributed as an overall 
cight-part structure. The unit of one kin divides the rotational cycle of the Earth in 
its orbit into four distinct phases daily and annually. The four daily points are de- 
fined by: the dawn, when the part of Earth you are in first experiences the solar 
photonic activation; the high noon (zenith), when the part of Earth you are in is in 
closest direct relation to the sun; the twilight, when the photonic activation ceases 
and the sun disappears from view; and midnight (nadir), the point at which the point 
of Earth you are on has rotated to its farthest distance from the sun, the height of the 


cycle of photonic regeneration, This daily process is mimicked in the four points of 
equinox and solstice, where for either hemisphere the equinoxes are the same as the 
points of dawn and twilight and the solstices correspond either to high noon or to 
midnight. Because of the magnetic polarity of the Earth, the four-part process is 
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Solstice 
Summer North, Winter South 


‘Third Watch 
Antipode Kin 


Second Watch 
Guide kin 


“May the circle be unbroken” 


" Know the daily oracle: 
Choose your time” 
NET 
Minute 


Twilight Desig Kin Dawn 
Equinox ‘May the center of the circle always be our home. Ejuanot 


Spring Spring 

South, Dynamic North 

Autumn Autumn 
South 


North 


End NET Minute 
Begin NET Minute 


Fourth Watch 
Occult Kit 


First Watch 
Analog Kin 


Solstice 
‘Summer South, Winter North 


Four-Part Bipolar Kin: 
Four daily watches, 
Four annual seasons— 
‘Two points of balance 
Two points of return 


Net Minute Model 


AUTUMN 90 WINTER 180 m0 SUMMER 360° 


Psi Bank—Four Bipolar Plates Accommodating NET Time 
Autoregulatory System of the Noosphere 
(from Earth Ascending, Map 1) 


simultaneously experienced in opposite phases, that is, winter in the North is summer 
in the South-hence the fourpphased process yields a bipolar eight-fold structure. 


This four-part day-night s 


sonal process defines the structure of the four psi bank 
plates, which also coordinate the four-year cycles of the Earth. The psi bank plates, the 
‘nervous system" and control panel of the noosphere, are a complete function of the 
13:20 timing frequency and thus partici 


in the systematic regularity of the fourth- 
dimensional 


chronic order. This means that the psi bank is the registration within 
the Earth's magnetic 


field of the 13:20 timing matrix by which all life and the planetary 
evolutionary process 


of the 


sa whole are regulated. Simulating the four-part proces 
Earth rotating on its axis in time, four stages per day, four seasons per year, in four-year 


not to mention the four phases of the moon-four psi bank plates. accommo- 
dating the bipolar field yield eight 260-unit 13:20 frequency information matrices. 
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‘That is, each of the four psi ban k plates conforms to a mirror symmetry of the bipolar- 
ity of the Earth’s magnetic field. 


unit Northern and a 260-unit Southem hemispheric 


tach plate is divided by mirror symmetry into a 260- 


half, for a total of two bipolar 
matrices and 520 units per plate, or 2,080 (520 x4) units in all. These units are referred 
to aspsi chrono units or time-bearing information units. The information for the different 
sequences of the Earth's biogeochemical evolutionary processes is all regulated by these 
time-bearing information units 

We have to understand that through the medium of universal cosmic time the 
Earth, the Sun, and every star, constellation, and galaxy is coordinated in this way by 
the synchronic 13:20 frequency of time. It is the 13:20 frequency that establishes holon- 
omic consistency in time throughout the universe. The Earth's noosphere is a lens of 
time. All cosmic information is focused through this lens. It is this noospheric lens 
of time that makes Earth into a geocosmic thought form. 

‘The noospherie lens of time and mind has been operating ceaselessly-but —un- 


consciously-since the beginning of the evolution of the Earth. Sin 


e the noosphere 
isa function of the universal synchronic timing frequency, its conscious activation 
must also come about through a superior mental coordination with this correct syn- 
chronizing timing frequency. The psi bank 13:20 frequency is consciously activated 
and registered at the human level by the mental engagement of the 13:20 matrix as 
enacted through the 260-day cycle. The interaction of the 260-day galactie cycle 
with the 365-day solar biotelepathic 


ryele defines one noospheric year, or one solar- 
galactic cycle of fifty-two human years (= fifty-two 365-day solar orbits = seventy- 


three 260-day galactic cycles). This great noospheric coordination of fifty-two solar 


orbits with seventy-three galactic cycles is fractally present in a single solar orbit 


where fifty-two 7-day weeks =seventy-three S-day cycles known as chromatics. What 


is important in coming to understand the noosphere as Earth's geocosmic time lens 
and rainbow brain, is that we must change our perspective altogether from anthro- 


pocentric to noospherocentric, and in this way evolve into Homo noosphericus. 


THE CYCLES OF NET TIME 


For the noosphere, the rainbow brain of planet Earth, time is different-it _ is slower 
and longer. From the noosphere’s point of view, what we call a year is a solar orbit. 
What we call a day is a single rotation of the Earth on its axis. The cycles of the 
moon are the lunar phasings that calibrate the synchronization of the Earth in time. 
The Earth isnot a spaceship. The Earth is aTimeship. AsaTimeship, the Earth is 
afunction of the master synchronization frequency that coordinates and moves it in 
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time through ever greater circles of inclusiveness and syntropic integration. Seen 
through the noospheric lens of time, the technosphere is ahighly exaggerated accel- 
eration of the biogeochemical continuum through highly artificial and resource- 
depleting means-it is but asmoking bubble whose fragile struts and frets are laced 
together by transport and communication systems that yield a cacophony rather 
than a harmony. And for this reason, the disharmony of the bubble ultimately ex- 
plodes upon itself, releasing Earth from the prison of false time into the fresh air of 
real time and the advance into the geocosmic splendor of the noosphere. Synchro- 


nized with the galactic cycles, the noospheric mind of the whole Earth is reckoned 
far differently from the artificial units of measure that condition the anthropocentric 
notions of time evolved in the era of Homo historicus. 

Here is how the fourfold process of Earth in time is reckoned by the noosphere. 
Please note that in Noospheric Earth Time (NET), time is universal synchroniza- 
tion. At any given moment, it is always the same noospheric moment in time on 


‘Table of Noospheric Earth ‘Time Units 


1. One Noospheric Eat minute =Iday-and-night rotation of Earth on its axis =1 kin, 


Twenty-eight Noospherie Earth minutes =1Noospheric Earth hour one moon of 28 


kin. where every 7-day week =1/4Noospheric Earth hour =7 kin 


3. Thirteen Noospherie Earth hours (moons) = 1Noospheric Earth day =365 kin (days) = 1 
solar orbit. or Thuman year (=13NET hours x 28 minutes + INET minute, “Day Out of 


Time:’) 


460 


4, Four Noospheric Earth days = LNoospheric Earth week = 
kin days), 


solar orbits (years 


5. Three Noospheric Earth weeks plus 1 Noospheric Earth day =1Noospherie Earth 


season = 13solar orbits or 13human years, 


6. Four Noospheric Earth seasons =1Noospheric Earth year = 
years) = 73 260-day galactic cycles = 18,980kin (days). 


2 solar orbits (52 human 


1. Five Noospheric Earth years =1Noospherie time chord =260 solar orbits 

S. Twenty Noospheric time chords =Vs Noospheric evolutionary subeyele=5,200. solr 
cvbits. =LNoospheric Century of 100 Noospheric Barth yeas 

9. Five Noospheric evolutionary subeyeles = 1 galactic evolutionary day =26,000 solar 
cnbits =5 Noospheric ath centuries or $0 Noospheric Earth years of 52.solar orbits 


each, 
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Earth, Whether that _moment is experienced on the night or day side of the Earth, 


that moment is simultaneous and encompasses both sides of the Earth at once. This 


is true not only because time is the factor of synchronization T(E) = Art, where art 
is the result of any synchronization-but_ also because the velocity of time is infi- 


nitely instantaneous. By thinking that the Earth 


ly does conform to the 24 hours 
of the clock, the humans have retarded their time sensibility, and consequently — their 
artificial processes have become increasingly artless. In considering the N oospheric 
Time measurements, remember that as a human you are but a cell in the biospheric 
organism-or, as we shall 


‘As the measure of the mind of the Earth, the N oospheric Earth Time (NET) 


a chip of the noospheric rainbow _ bran. 


coning units coordinate consciousness as a planetary, or, more accurately, a solar- 


planetary phenomenon, For instance, if one NET day is a single 365-day solar orbit 


of the Earth, dawn of the noospheric Earth day is experienced as the spring equinox, 
but the noosphere is bipolar. So the dawn is also simultaneously the autumn equinox 
or twilight of the other polar magnetic half of the Earth. To fully engage and grasp 
such a thought is to expand the limits of consciousness. Like dolphins who never 
sleep but only rest half of their brain at a time, so it is with the rainbow brain of the 
noosphere. Such consciousness has nothing to do with the workings of the everyday 


egoistic human consciousness, which can understand things only according to a lim- 


ited frame of reference defined by its own limited and highly conditioned ego needs. 


‘The geocosmic consciousness of the noosphere can be apprehended only as a single 


telepathic unity in and by which all members of any given species or organism are 
organized. To consider that the noosphere itself could become the organizing prin- 
ciple of the human species as a whole is to engage in conscious mental evolution 


Small aboriginal prehistoric bands of humans experience an unconscious level of 


this geocosmic noospherie mind. Dolphi 


other mammals, and all animal species 
experience this moospheric mind. Even trees and crystals are organized by this 
noospheric mind of time. 

Homo historicus, however, slowly but inexorably cut himself off from the noospheric 
mind of time by substituting erroneous instruments of measure, or instruments of 
measure that were incomplete in relation to the noospheric time cycles. The result 


was the exponential surge in biogeochemical combustion that characterized the final 


baktun cycle 


sar blister of art 


culminating in the fifty-six ‘ial time, the techno- 


sphere. The fact that the time blister popped eleven years before the end of the cycle 
of Homo historicus, 2012, means that Homo noosphericus is ready to emerge from the 


shattered cocoon of false time, Liberated from artificial time 


ind from the technosphere 


itself, and enrolled in the natural time of telepathy, the human will experience 
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noospheric organization into psychic biomes. Through the psychic biomes-collec- 
tives of communities coordinating their bioregional network according to the struc- 
ture of the "thought moments” of noospheric time-the human will fully evolve the 


Earth asa planet with solar-galactic consciousness 


ELECTROMAGNETIC WORKINGS OF THE EARTH'S RAINBOW BRAIN 
What we call the cycles of time are the thought moments of the Earth. These thought 


moments coordinate the complex orders of Timeship Earth, understood as a whole 


system, Because the operating mechanism of the noosphere that governs the Earth's 


cyclic thought moments is inseparable from the general structure and functions of 
the electromagnetic field in which it is located, we may refer to a rainbow brain of the 
noosphere. Why is this so? 

Let us return (0 the structure of the noosphere, Earth's mind in time. Consisting 
these 


are located 


of the four bipolar psi bank plates four synchronic time pla 
between the two radiation belts, that is to say between 11,000 and 2,000 miles above 


the bi e of the Earth, With the location of its information time-bearing 


mechanism between the radiation belts, the noosphere must by necessity operate in 


it is regulated by these two master radia- 


tandem with the electromagnetic field 
tion belts. What do the: 
function as a protective shield around the Earth. They do this by trapping —solar- 


belts do? They emanate Eurth’s electromagnetic aura, and 


cosmic radiation, Keeping much of it from hitting the biosphere directly, channeling 


it instead through the Earth's magnetic poles into the Earth's core. 
‘tically charged plas- 


In the polar regions excess cosmic radiation, including el 
‘mas and solar discharges from coronal mass ejections, is released into. the atmo- 
sphere as the auroras-aurora borealis (or northern lights) in the North, and aurora 
australis (or southern lights) in the South. ‘The increased solar activity during the 


most recent and current sunspot cycles has enhanced and extended the auroral activ 


ity in recent years far beyond the polar zones. In addition, since 1987 great influxes 
of plasma into the solar system have intensified the incidence of spectral plasmic 


ivity within the atmosphere itsell, This amounts {0 an increase in rainbows, halos 


around the sun, and brilliantly colored clouds. While these phenomena may be & 


plained to a certain degree as meteorological effects (the angle of the sun’s rays, 


moisture in the atmosphere, and so on), is there mote to a rainbow than meteoro- 
betw 


logical side effects? And what relation is thes en the noosphere, the electro- 


inbow activity? 


magnetic field, and the increased plasmic 


‘Again, seen from the perspective of whole Earth, the rainbows and spectral plas- 
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mic effects, including the auroras, are the free energy released by the noosphere. 
Rainbows are to the noosphere what toxic waste isto the technosphere. The noosphere 


ld. The 


itself implies a mental field that is interacting with the electromagnetic fi 
Earth's electromagnetic field is actually the strongest of all the planets in the solar 


Jd approaching the strength of the Earth's 


system. ‘The only other planet that has a 
field is Uranus. If the Earth’s electromagnetic field is the strongest, is this an indication 
of the strength of the noosphere as well? If the rainbows, auroras, and other spectral 
plasmic activity are a demonstration of the free energy released due to the interac- 
tion of the noosphere and electromagnetic fields, and the noosphere is the mental 
envelope of the planet, inclusive of the as-yeto-be-unified mind of the human  spe- 
cies, what forms of free energy might be released if the human mental field were 
operating as a single unity in the correct timing frequency? 

One other mechanism crucial to the entire system of noosphere and electro- 
magnetic fields is the crystal core at the center of the Earth, In the 1970s Russian 
scientists put forth the idea that the Earth is crystalline in nature, an idea that ex- 
tended Plato's notion of the Earth as a dodecahedron, one of the five “platonic sol 
ids.” The idea was that the Earth's surface was held together by a field of resonance 


that corresponds to the 


tal resonance of certain geometrical solids. R. Buckminster 


Fuller also gave play to this notion in bi 


description of "spaceship earth.” Then in 
the 1980s American seismologists confirmed that the core of the Earth is actually a 
gigantic iron crystal structure in the shape of an octahedron, elongated at its ends, 


which point to the North and South Poles. 


From the point of view of fourth-dimensional time, the planet Earth is another 
manifestation of space as an infinitely locatable point, an orbiting body upon which 
all the vectoral programs of cosmic time may be unfolded. Understood as a Timeship, 


the Earth's structure is constructed to facilitate 


is travel in time on a particular route 
in space in conformity with its relation to the local star, the sun, to the other planets 


of the solar system or heliosphere 


and in synchronization with the unive 


sal timing 
constant 13:20, which maintains the Earth in the synchronic order. ‘The role of the 


magnetic octahedral crystal core is to function as the bipolar oscillator and crystal 


transducer whose purpose is to maintain the Earth in the synchronic order of the 


13:20 timing frequency. ‘Thus, if the Earth's noosph 


contains the 13:20 timing 
programs of the psi bank, and the crystal bipolar oscillator is meant to maintain the 
Earth's space body in the synchronic order, obviously there is a resonant relation be 
tween the crystal core and the noospheric-electromagnetic field programs. 

‘The transductive properties of the crystal allow it to transform energy from one 


state to another. The crystal core also stores electronic plasmas that travel to it from the 
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Earth's poles through an electromagnetic flux tube system. Within the crystalline core, 
the electronic plasmas are transduced into information. This is the information of time 


understood as cosmically transmitted thought forms. The 


plasmic thought forms con- 
form to programs already 


stablished in the psi bank of the noosphere. These are the 
Earth's thought forms, the cycles of the Earth’s brain waves, as it were, that allow it to 
maintain its biospheric programs and to evolve its mental field, the noosphere. The very 
descriptions of the Noospheric Earth Time (NET), and of time itself as a synchronous 
instantaneity inseparable from telepathy, are examples of the Earth's thought forms trans- 
duced through a human biocomputer and then transmitted into a form of human lan- 


guage for the purpose of communication, Ke 


ing this description of the noospheric 
brain in mind, Jet us return to our analysis of the biosphere-noosphere transition, 


MAKING THE NOOSPHERIC LEAP: TRANSFORMATION OF HUMANS 
INTO NOOSPHERIC CHIPS 


‘The transition to the noosphere is experienced by Earth as a crisis because its systems 
are stressed. Since the Earth functions as awhole system, stress on one component of 
the system actually stresses the whole order. Let us review the cumulative stress points. 


Human 12:60 electromagnetic activity has perturbed and distorted the 


-ctromag- 
netic 


id. The release of free energy due to geochemical combustion adds to this 


stressful distortion through the depletion of ozone in the ionosphere and global warm- 


ing. The radioactivity rel 


ssonant field 


wed into the atmosphere adversely affects the 


of the DNA, already driven by the 12:60 frequency 10 accelerate the multiplication 


‘and propagation of the human biomass throughout the biosphere. Through its artifi 
cial means, the machine, the human further upsets the inherent balance maintained by 


the pressure that the speci 


st upon each other, resulting in mass species extinction. 
Yet all this is according to an evolutionary program that is intended to bring 


about an ultimate crisis by which the biosphere snaps into becoming the noosphere. 


Clearly, if the root of this crisis is the deviation of the dominant species operating 
according to an artificial timing mechanism at odds with the universal timing fre- 
quency, then the stabilization of the transition to the noosphere will come about 
through the dominant species consciously “returning” to the correct timing fre- 
quency. ‘This it can only do by adhering to a macro-organizing program that puts 
the human 9 


s completely in the 13:20 frequency. 


If the whole system analysis seeks to locate the flaw in the operation of 


imes_ hip 
Earth, then we must finally declare that this flaw is the human civilization in its 


entirety, as it is maintained by erroneous and artificial tim 


constructs. Since the 
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noosphere, the mind of time on Earth, defines the next evolutionary cycle, and be- 


cause the humans are following a course dictated by being in the wrong time, calen- 


dar reform is the eye of the needle through which humanity must pass in order to get 
to the noosphere. Only by fully manifesting the noosphere will the Timeship Earth 
be truly put back on course once again, The noosphere is the program of time on 
Earth, Time is all that the noosphere has to give us. In consideration that the artifi- 
cial time of the technosphere has fundamentally run out, the noospheric time should 
be awelcome gift 

Science is always absolutely precise. It is not just calendar reform that is the eye of 
is the Thirteen Moon/28- 


the needle through which to pass into the noosphere-it 
Day calendar calibrated by the 260-day Wizard's Count, synchronized to the Gregorian 
calendar date, July 26, that provides the exact ticket of admission into the noosphere. 

‘And then this ticket must be used at just the right moment-when the show is ready to 
begin. To use another metaphor, there is a lock on the door to the noosphere, and 
the 


is only one Key that will fit and unlock this noospheric gate. That key is the 


Thirteen Moon/28-Day calendar, correlated to July 26 on the Gregorian calendar. It 
is the precisely applied use of this Thirteen Moon/28-Day calendar that willl make 


each human a noosphi 


chip of the rainbow brain. This is because the Thirteen 
Moon/28-Day calendar is the key with the precise design for not only opening but 
also for continuing to operate the noosphere through a matching of the everyday 
frequency of time with the frequency of the noospherie control panel, the psi bank. 
Moon/28-Day calendar is em- 
bedded in the 13:20 frequency that the consciousness of the humans will finally 
change and ris 


artificial world of the technosphere. Time is of the mind, and the natural time regis- 


1 is because the daily program of the Thirte 


above the stunted level by which it is currently maintained in the 


tered by the Thirteen Moon/2 8-Day calendar is the opening to the geocosmic mind 


of the universe, which adherence to artifi 


jal time has Kept the human from experi- 


encing. The noosphere is the fractal lens of this geocosmic mind on Earth. Since the 


geocosmic mind is purely a function of the Law of Time 


energy factored by time 
equals art, where the 13:20 synchronizing ratio of time is characterized by infinitely 
instantaneous velocity-then the fundamental nature of this mind. is telepathy 

‘The Thirteen Moon/28-Day calendar is, therefore, the perfectly designed in- 
strument to make the noospheric leap into telepathy, the planetization of conscious- 


ness that establishes the 


ily reality of the noospheric mind. Since 


the noospheric 
mind interacts with the electromagnetic field, and because the ratios and cycles of 
the Thirteen Moon/28-Day calendar conform to the fractals and ratios of the NET, 


by using this calendar the human becomes transformed into a noospheric chip. The 
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fractals and ratios of NET become the normative operating cycles of the human in 
its daily reality. This accounts for an increasing noospheric synchronization that 
allows the noospheric chip to attain its purpose: generating the Earth’s rainbow aura. 
If the free energy of rainbows isto the noosphere what the free energy of toxic waste 
is to the technosphere, then the generation of the rainbow implies a type of activity 
on the part of the human to produce such free energy. To understand what this 
activity might be and how it works, we must first understand the morphic and 
holonomic relation between the human noospheric chip-Homo —noosphericus-and 
the structure of the noosphere itself asit is programmed into the geocosmic measure 
of the Thirteen Moon/28-Day calendar. 


HUMAN BEINGS AS FRACTAL REFLECTORS OF THE 13:20 MATRIX 


From the noospheric perspective, the prototype human is an embodiment of the 13:20 
synchronization factor. The human has four limbs. Each of the four extremities has 
five digits, for a total of twenty fingers and toes that distinguish the human's opera- 
tional capacity. The four limbs conform to the fourfold phasic operation ofNoospheric 

Earth Time, while the twenty digits conform to the 20 (4x5) factor of the 13:20 ratio. 


‘The human also has thirteen main joints or articulations: two ankles, two knees, two 


hips, two wrists, two elbows, and two shoulders; these six pairs coordinate the four 
extremities with the body, while the thirteenth articulation, the neck and spinal col- 
tumn, coordinates the body proper. These thirteen main articulations plus the twenty 
digits of the hand and feet conspire to make the human the perfect exemplar of 13:20 
timing frequency, that is, a perfect model of synchronization itself 

Add to this the fact that the human has a highly evolved and refined brain and 
nervous system that is maintained and expressed by the skeletal structure of the 
thirteen joints of the body and limbs, completed by the sensitive mechanism of the 
twenty digits, and we see that the human is the perfect biocomputer for processing 
the information of the instantaneously telepathic geocosmic mind. The means to 
process the geocosmic information, and also the means by which the human is trans- 
formed into the noospheric chip, is found in matching its factors of daily synchroni- 
zation and intelligence with those of the psi bank, the noospheric control panel 
This is called harmonic arrangement of the synchronic order. 


OF course, this description of generalized structure, activity, and interaction of the 


Homo noosphericus with the noosphere as such presupposes an entire reorientation of 
the goals and methods of being human. Such a reorientation of the human is also a 


function of making the radical change from the erroneous measure of the twelve- 
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month Gregorian calendar, in which are embedded all of the Babylonian programs of 


history, to the perfect history-less harmony of the Thirteen Moon/28-Day _calendar- 
diness to 


the mere change of calendars encompasses a mental frequency shift. The 
make this change depends on the degree of moral revulsion the human experiences 


during the collapse of the technosphere. This moral revulsion would then correspond 


to atuming in the deepest seat of consciousness, which would then dispose the human 
intelligence to a consideration of the untried solution-change the calendar! 
‘The Thirteen Moon calendar is the NET instrument for daily synchronization 


es asasingle organism in time, Once adopted to 


and unification of the human  spet 
the correct measure of this instrument, the human will de facto trigger the noosphere 
as an operating system of absolutely higher consciousness and mental order. In fact, 


the purpose of human evolution is precisely to become the ignition of the noosphere, 


fingers and toes 


chor 
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‘and thence to become normalized as the noospheric chips that maintain the opera- 
tions of the noosphere. As atruly planetized being and consciousness, Homo noospher: 
icus will engage in an order and type of reflective activity undreamed of in the 
technospheric era that is now passing. 

First, by adapting to the daily NET timing instrument, the humans will be uti- 
lizing a calendar” that correlates both a 365-day solar biotelepathie cycle and a 260- 


day galactic synchronization cycle. When the lunar phases are added to the interac 


tion of these two cycles, then the human is able to enjoy the harmonic richness of 
time-the noosphere. The synchronizing and interactive measures of the counts of 
the solar and galactic cycles yield multiple levels of harmonic orders of time (Earth's 


“thought moments") that will act 


fate aspects and levels of consciousness hitherto 
dormant in the human mind. The very mental act of replacing the onder of twelve by 


the order of thirt 


nis aprofound one. How is this so? Could it be that the whole of 
civilized history itself is based on the fear of the number thirteen-triskaidekaphobia, 
epitomized in the superstition about Friday the thirteenth-and that, therefore, deal- 
ing with the true nature of time has been avoided altogether?2 

Currently humans operate by a world standard whose measure includes: seven- 
k and the 2-day wei 


an irregular distribution of twelve months of either thirty-one, thirty, or, in one 


day weeks, inclusive of the notions of the 5-day work wé 


end: 


instance, twenty 


days; all set within a longer annual cycle that concludes with 
its visionl 


of New Year's Eve. Many Gregorian calendars will include the 
phases of the moon, but because the months differ in length there is no way in these 
calendars of seeing how the phases of the moon might be synchronized with the 
measure of Earth's orbit around the sun, nor is there any reason to consider that the 
uneven measure of twelve months has anything intrinsically to do with the solar 
orbit. Within the twelve-month structure of the Gregorian calendar, weeks, months, 


and phases 


of the moon all appear to be haphazard and arbitrary. Such a disorderly 
order can only bode an undercurrent of uncertainty and fear for the human mind. 
By contrast, in the measure of the thirteen moons of twenty-eight days each, the 


13 corresponds both to a 13-day cycle and to the 


yele of the number of months 
(moons) per year. The measure of the 7-day week (@NET quarter hour) becom 


orderly harmonic: four perfect wee 


occurring each moon, fifty-two perfect wee 


each year, each week always beginning and ending on the same day of the week, 
week after week, year after year, while in fact every day of every moon occurs on the 
same day of the week, year after year. The effect of such a harmonic regularity on the 
human mind is incalculable. This is what is meant by a perpetual calendar. And to 


maintain this perfect regularity, the 365th day of every year (solar orbit), is no day of 
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at all, but a Day Out of Time, aday for the human to be refreshed in utter 
timelessness. 

Realizing that a day is actually akin or one NET minute, the measure of one 
rotation of Earth on its axis, a 4-day cycle of four NET minutes constitutes a har- 
monic, a S-day cycle constitutes achromatic, while the 13-day cycle corresponds to 
one wavespell, the time constant that accommodates the measure of thirteen. Henk 


thirteen weeks, thirteen moons, thirteen 


a wavespell can be either thirteen day 
years, or so forth, The point is that by making the change of calendars the founda- 


tions of the mind org 


ized in time are irrevocably altered. From the noospheric 
perspective, there is nothing arbitrary about the laws of nature. The same lack of 


arbitrariness should be reflected in the instruments that we use to measure time. By 


adapting the Thirt 


en Moon/2 8-Day measure, the humans are adapting to a mea- 
sure in which there is nothing arbitrary because it is a pure expression of the Law of 


Time. Thirteen is not at all a harbinger of bad luck, but the 


Weway to harmony in 


time! And it is by using this thirteen-based harmonic instrument of measure that the 


human is realized asa noospheric chip, a fractal of the noospheric mind, the mind of 


time on Earth. 


NOOSPHERIC CHIPS: WIZARDS OF GALACTIC TIME 


In the noospheric construction of the operating mechanism of the Timeship, the 
human isa vital link, providing the biotelepathic medium for the synchronization of 


the geocosmic mind on Earth If we look again at the structure of the noosphere, the 


components include: the crystal core bipolar oscillator, packed with Technicolor time 


beams and cosmic thought moments, waiting to be self-reflectively realized; the hu- 


‘man noospheric chip, the representative of the biosphere to mentally engage the 


timing cycles of the NET; the electromagnetic field, which provides the medium of 
expression between the biospheric order, the human, and the noospheric mind of 


i 


and the noosphere itself, the mind of time on Earth, whose articulation through 


the psi bank control panels and through the Earth's resonant field structure yields an 


enlarged measure of Earth consciousness, Noospheric Earth Time itself. In expand- 
ing our minds into the noosphere we will understand that what lives is the Earth and 
the Earth lives through us. 


As a noospheric chip, the human is a fractal reflector of the 13:20 timing 


quency. Midway between the bipolar oscillator and the noospheric psi bank plats, 
the human noospheric chip is designed to receive, transduce, and transmit pro- 


grams from the crystal core by synchronizing these programs with the psi bank. 
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Midnight—Noon 
Electromagnetic Resonator 


Rhythmic Solstice 
Year2-Moon 


Night Alternator 
soyewiarry Ae 


Dawn—Twilight 


Solar Equinox 
Year3- Wraard 


Gravitational Resonator 


Crystal Solstice 
Year 4 Storm 


Noon—Midnight 


Four-Phasic Noospheric Resonant 
Field Model, Timeship Earth 2013 


‘Three resonators establish the gravitational, electromagnetic, and biopsychic fields 
held in place by the crystal core, the bipolar oscillator. 


Two poles extend the bipolar field of Earth, which, guided by the day-night alternators, 
create the four-phasic noospheric field model. 


Four psi plates govern the four phases, from daily NET minute to seasonal NET day, 
and to the four-part NET week, or Seed-Storm year bundle, 


‘This is @ process that can occur only within the construct of the regular harmonic 
Moon/28-Day 


calendar. Interaction with the crystal core can only be through (telepathic means, and 


sequen 


provided by the noospheric timing gauge of the Thine 


the human-as the midway point between the core and the electromagnetic —fields-is 


like a sensitive piece of litmus paper. To understand the human in this way is to totally 


the 


redefine the reality of what it means to be human on Earth. From this perspe 
human isa biocomputer whose information source feeds it programs stored and ema- 
nated by the crystal core. These programs are then brought into conscious registra- 
tion through working the corresponding programs of the psi bank, Right now, we 


don't know what the crystal core is emanating, much less that such a structure exists 


within the Earth. Like a crystal radio-set, the noosphere is the antenna, the geocosmic 
programs are transduced and generated at the crystal core, the human is the biocosmic 
tuner, and the broadcast transmission is provided by the psi bank. 

‘The 13:20 template of the human noospherie chip is defined as the human holon, 
its twenty digits and thirteen main articulations conforming perfectly to the geocosmic 
of univer 


13:20 synchronization frequenc) al time. It is the intrinsic resonance of 


this geocosmic structure that allows the human to be in resonance with the planet as 
awhole system. While the timing programs to be broadcast are all loaded in the psi 
bank control boards, the actual point in space of the physical Earth is coded by time 
into a twenty-part icosahedral structure called a planet holon. Being holonomic in 
nature, the planet holon has a perfect incidence of correspondence with the twenty 
digits of the human holon. 

‘The twenty digits and twenty-part structure of the planet holon are both coded 


by the twenty icons or solar seals of the 260-day galactic synchronization cycle. The 


icons or seals are the manifestations of the 20 (4 x5) factor of the 13:20 synchroniza- 
tion ratio, They are coded for human legibility as simple icons that conform to a 
postliterate alphabet. In time these twenty icons create a fourth-dimensional twenty. 
day solar cycle which interacts with the 13-day galactic cycle to create the 260 unit 


synchroniza 


jon sequence 


or “galactic spin.” The point is that when this galactic 
spin is synchronized with the 365-day solar-lunar measure of the Thirteen Moon 
count, there is a daily program for identifying the human with the planet holon, a 
factor that facilitates the planetary resonance of the noospherie chip. 

‘As a noospheric chip, the human is in every way a holonomic reflection of the 
whole system Earth, As a system of resonators-gravitational electromagnetic, and 


biopsychi 


the human and the Earth both have bodies with a center of gravity 


both exhibit electromagnetic 


elds; and both share in common a biopsychie reso- 


nance, the mutual interface of the noosphere or mind of time with the other two 
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fields of resonance. ‘The redefinition of the human according to the Law of Time 
and to the nature of the noosphere also redefines the human's reality. What will the 


human do when history has been eliminated from the calendar and the new calendar 


itself is actually operated as a synchronometer-a measure _of ‘synchronicity? 
First of all, as the necessary prelude to galactic culture, the absolute _synchroni- 
zation of the human in geocosmic time, the technosphere will be dismantled. Reor- 


ganized by the Law of Time into psychic biome 


the dismantling will naturally 
phase into the genuine creation of the new culture of solar-galactic consciousness. 
"Path beyond technology” means path of telepathic harmony. With its goals abso- 
lutely reoriented following the mental pole shift of the calendar change, the hierarchy 


of human values will also undergo a profound reordering. What if money were no 


longer the first consideration in human affairs? What if the consideration were in- 
stead how artful or artistic that action or event might be? What if the diaspora of 
humanity through industralization and mass transport came to an end and the hu- 
mans willingly chose to live in smaller communities organized by gardening and 


other Earth-related activities, inclusive of the transformative dismantling of the 


technosphere and the regeneration of the biospheric medium? What if the study of 


time replaced the study of physics as the dominant mode for determining the nature 
of reality? And what if, due to the time shift, a spiritual awakening swept through the 


human race so that amoral orientation of values was organized around the ps 


tion and furtherance of the biosphere, and an acknowledgement that only One Su- 
preme Creator could have ordained something so perfect as the noospheric mind of 
time? What kind of world would that be? What kind of art would be practiced in 
that world and what kind of science would be known? 

Organized by the NET, human existence would spiral into the collective tele- 


pathic mind, A type of Earth geomaney would become the 


jence of the noosphere. 
Or perhaps a more accurate name for this science would be Earth geochronomancy- 
the study and investigation of Earth in relation to the cycles of cosmic time and 
telepathy with an end to perfecting the Earth as a work of art. With minds expanded 
toward accommodating the longer, slower measure of NET, geochronomancy would 
inspire an entirely new vision of the Earth within the hetiosphere (the solar system) 
and the galactosphere (the galactic order of things). Making the Earth's rainbow 
brain visible and manifest would be only the beginning of a willingness to explore 
further untapped psychic energy sources and means, or what is referred to in Earth 
Ascending as the science of radiosonics. Key concentrations of human habitation and 
activity would be organized to occur at or close to those geomagnetic energy points 


for centers, the whole cultural process of which would correspond to making a map 
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4. 


on Earth of the image of galactic being as it moves in its great patterns of time. 
Would this not make the human species into a race of wizards? 


In this 


consideration we may find a reason why the 260-day unit galactie syn- 
d's Count 


chronization measure-a galactic spin-is_ the key to what is called the Wi 
‘The perfect synchronization of the 260-unit galactic spin with the 365 -day Thirteen 
Moon/28-Day solar orbit establishes the 52-year cycle, or one NET year. A NET 


year (fifty-two solar orbits) is a "wizard’s measure,” for on this measure the human 


ccan expand its consciousness to encompass the Earth in its greater cycles. of develop- 


ment. The Wizard's Count is also given its name because of the set of the four solar 


icons or seals that code the July 26 synchronization date in 4-year cycles: year one 


Yellow Seed year; year wo, Red Moon year; year three, White Wizard year; and year 


four, Blue Storm year. An entire Moon- Wizard-Storm sequence of four NET 
days (four solar orbits) consists of fifty-two moons, or one NET week, the perfect 
fractal of the fifty-two 7-day weeks in one NET day and the fifty-two solar orbits in 
one NET year. This four-part sequence is also called a Seed-Storm year bundle, the 


harmonic essence of the wizard’s measure. Thirteen 


Storm year bundles, where 


each of the four icons is coded by the thirteen galactic tones (4 x 13 = 52), yield one 
NET year. Please note that even the Gregorian July 26 synchronization date is a func- 
tion of the synchronic order: July = 7, while 26 is 13 doubled, 7 and 13 being the two 


principle number 


goveming the 13:20 matrix of the Harmonie Module! 


In the symbolism of the iconic sequence it is the Seed that is planted, it is the 


Moon that coordinates the growth cycles, it is the Storm that generates the energy, 


and it is the Wizard who knows and acts upon what is given. It was a White Galactic 


Wizard that coded the date and coordinated the year beginning July 26, 1987- 


followed twenty-one days later by the Harmonic Convergence. ‘Thus it was the White 
Galactic Wizard who opened the gales to the closing of the Mayan baktun cycle of 
history and the commencement of the coming cycle of galactic culture. And on July 
26,2003, the year of the White Spectral Wizard will commence. This year will end 
with its Day Out of Time, coded by the White Spectral Mirror. The day following, 
July 26,2004, will begin the year of the Blue Crystal Storm. On the Wizard's Count, 
which is not a calendar but a synchronometer, these two dates, White Spectral Mir- 
ror and Blue Crystal Storm, are the point in time when the Gregorian calendar 


licket 10 the old time will be eliminated and the new Thirteen Moon calendar ticket 


for admission to the new time of the noosphere will be validated. This is when the 
noospheric show will be ready to begin its prelude. (See plate 6, Noosphere-Mind 
of Time on Earth.) Will the humans also be ready? 


Vv 
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Making the Transition 
to the New Time 


A How-to Catalog and Guide to the 
Pax Cultura, Pax Biospherica 


BY THE TIME these words are read, the technospheric collapse will have gener 


ated several more devastations and disasters. The wound re 


fed. by the technosphere 
on September 11 was a mortal one, The technosphere suffered cardiac arrest for 


almost a we 


Not only did the towers collapse, an event that occurred via televi- 


sion within the central nervous system of the human species, but belief systems, too, 
came crashing down, No longer is America the unassailable fortress of “democracy,” 
while democracy itself is a concept that joins monarchy, nation states, imperialism, 
colonialism, capitalism, communism, and ahost of other outmoded systems of belief 
‘and thought constituting the saga of human history-that is, the history of civiliza- 
tion, But all that is now ending. The perimeter of biogeochemical combustion and the 
limits of the technosphere have coincided. It is the Earth's turn to speak. How will the 
Earth speak? 

‘The Earth can only speak through the noosphere, and the noosphere can only 
speak from the center of time that is constructive peace. Peace is harmony. Peace is 
the culture of the biosphere. The conscious harmony of time in the biosphere is the 


culture of peace known as the noosphere. Through the noosphere, the Earth speaks 


widening circles of order and meaning. While sunrise and sunset mark the 


passage of solar time, observing the phases of the moon keeps us in tune with the 
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mystery of time. One kin, one passage of night and day, one NET minute, synthe- 
sizes the experience of the whole Earth during a single rotation on its axis. The 
synchronic order supplies a 260-unit synchronization gauge that the mind may en- 
gage and employ in the construction of a harmonic vision of reality. Twenty-eight 


NET minutes make one moon, one NET hour, moon after moon. The pattern of 
fone moon contains the construct and pattem of every moon. The harmonic perfec- 
tion of the synchronic order of reality releases the mind through the center of time 
into a freedom it had not known in the dark passage of history. How are we going to 
make this transition? Can we really shake off the old and the obsolete that easily? 


THE THIRTEEN MOON CALENDAR MOVEMENT: 
THE DAWN OF A NEW GALACTIC CULTURE 


"Greetings Explorers on Timeship Earth!” reads the opening text of the pocket-size 
13 Moon Natural Time Journal. “Welcome to this 13:20 natural time portal and fourth- 
dimensional galactic time template, A solar-lunar Earth calendar of the 13:20 timing 
frequency that is expressed through the thirteen tones of creation and the twenty 


sacred solar til 


Atuning to this calendar will help you awaken and align to the 
pulse of the Universe, the rhythm of the One heartbeat, 13:20 is the natural timing 
frequency that unifies planetary and galactic consciousness. It is the expression 
and remembrance that Time is Art... By attuning to the 13:20 frequency of natural 
time, we break out of the 12:60 time warp and activate the remembrance of our true 
human nature. Time is energy. It is a frequency of the fourth dimension; mind, 
telepathy, imagit 
potential. So let us bey 
heartbeat 


ion, and creation. Time is an exploration of unlimited Universal 


the journey and return to the rhythm of nature's galactic 


This is the Earth speaking through anoospherie chip. Produced in Canada, it is 
one of many Thirteen Moon calendars produced this Yellow Solar Seed year. Others 
hhave been produced in Germany, Austria, Italy, Russia, the Netherlands, Japan, Bra- 
vil, Argentina, Chile, Mexico, and the United States. One such example from the 
United States is known as the 13 Moon Natural Time Calendar: Ancient Science for the 
Art of Now. Going through its pages one is flooded with a wealth of information, 

summarized by a quote from traditional Hopi wisdom: "We now face the final test of 


human consciousness-to restore our onei 


with creation, We are going home. It 
is a process. It is like the seed becoming the green shoot and then the flower."2 To 
make the calendar change is to restore the oneness with nature. The break with the 


oneness with nature was codified and thence programmed into an irreversible reality 
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by the Gregorian calendar and mechanical clock. Only the breaking of the pattern of 
time established by these two instruments will release us again into natural time. 
‘The Thirteen Moon/28-Day calendar exists as the tool to demonstrate the contrast 
between harmony and disharmony, and to assist us, as a species, into effecting this 
return, If we are going home then we must make a tum away from our present 


course. 


‘Through returning to natural Time, we retum to our natural state of divinity, living 
in harmony with the Earth and each other. We return to the nature of our spiritual 
existence, Realigning with the rhythm of the universe through the 13Moon Calen- 
dar allows us to lay the foundation for the new paradigm of love and unity, replacing 


the 12:60 paradigm of fe 


and separation, .. The World Calendar Change Peace 
Plan strives to establish anew culture of peace on Earth through returning human- 
ity to natural time, It is the goal of the worldwide Foundation for the Law of Time 
to effect the calendar change by the Day Out of Time (July 25), 2004 . . Join the 
global movement to effect planetary £hange and establish the new culture of peace 
on Earth! Retum to divinity and creative existence. .. Walk the path of the sacred 


‘The movement to change the calendar is a living force, a force that is living the 
New Time. Its premises are so diametrically opposite to those of the technosphere 
that 


specially in the power bases of America and the 


7, one will find scant_men- 
tion or notice at all of this movement. Yet it is a cultural phenomenon. In Tokyo, San 
Francisco, Milan, or Moscow one may find signs of the presence of this movement 
in the underground dance events, the raves or the Earthdance. More and more young 
people take on the names of their galactic signatures, the 260-day kin code for their 


date of birth in the synchronie order, names 


like Lunar Storm or Spectral Night, 
Galactic Wind or Planetary Dragon, These are all signs of the beginning of galactic 
culture on Earth, a phenomenon that has only been increasing over the past decade 
‘The point is that the New Calendar Change Movement is a grassroots phenomenon 
as well as an ideological strategy known as the Campaign for the New Time. These 
signs are all whispers of the noosphere blowing through the bleak industrial comers 
of the technosphere. 

Behind the more populist front of the Natural Time Movement is the science of 
the Law of Time, a genuinely noospheric science of peace and harmony. This sci- 


ence is already being studied and put into preliminary practice. As the crisis of the 


biosphere began to crest in 1987, halfway through the second 28-year phase of the 


technosphere, the noosphere began to download its measure of time through the 
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discovery of the Law of Time. Invisible to the predominant forces of the technosphere, 
the science of the Law of Time began to map out an entirely new domain of thought, 


the synchronic order, a domain that could only be entered and applied through the 


correct noospheric measure, the Thirteen Moon/28-Day _synchronometer. 


All science throughout history is based on evolutionary advances predicated on 


both the premises and limitations of its preceding stages. We are at such an evolu- 


tionary moment now. The issue of the calendar change is only the beginning of the 
emergence of anew whole system scientific order. Understanding the flaws that are 


erialist science, we can proceed to the 


built into the present system of purely ma 
establishment of the science of the synchronic order. Like the radical simplicity and 
of 


Moon calendar itself, the noospheric scien 


perpetual harmony of the ‘Thirte 
the synchronic order is predicated on an equally radical mathematical base reflect- 
ing and embedded in the 13:20 universal timing frequency itself. And as the unde 


lying order of awhole system science, this mathematics is reflective of the non dualistic 
premise of a superior moral order. The deviation from universal synchronic time is 
amoral deviation as well. It is this moral deviation that most. strongly prompts the 


current calendar change _ movement, 
the Law of Time 


As a profoundly nondualistic, unifying whole system _premis 


encompasses not only a scientific-mathematical basis of morality, but a theological- 


eschatological intention that reunifies the various disciplines scattered and. separated 
by the rise and totalitarianism of modem secular science. Because of the historical 


dominance of the Gregorian calendar, in which modern science is embedded, the 


L we 


of the world, s 


dethronement of the calendar-the “devaticanizatio 
‘an apocalyptic moment, 
As the Law of Time defines it, this 


frequency and all its corrupted institutions, much as foretold in the Book of Revela- 


is merely the apocalypse of the 12:60 timing 


tions. This apocalyptic moment was stunningly supplied by the terrifying collapse of 
the Twin Towers. As the nerve center of the financial, commodities, and transport 


sector of the technosphere, and hence of the city itself, the collapse of the towers in 


ted in the vivid descriptions of the 
Fall of Babylon.” Yet as the Mayan 


hhardly more than an hour's time is perfectly ref 
eighteenth chapter of the Book of Revelations, 
prophecy of Pacal Votan also makes absolutely clear, the apocalypse of the 12:60 is 


the resurrection into the 13:20 timing frequency, the return to natural time, all to be 
accomplished by A.D.2012, Teithard de Chardin's "omega point." The advent of the 
noosphere is preceded by the post-apocalyptic harrowing of hell. In this. harrowing 
of hell, defined as the span of time fromJuly 26, 2000-July 25,2004, humanity must 


make a crossing from one time to another. This crossing is much like those we hear 
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about in the cosmovision of the Hopi, arite of passage from the fourth world to the 
fifth world that occurs through an interdimensional tunnel called. sipapu. On the 
other side of that tunnel, there is an emergence into the new time called “thirteen 
‘moons of peace." 

"Golden Age of Miracles and Heaven on Earth,” a story in the National Exam- 
iner (November 29, 1988), begins: "A heaven of golden miracles or a hell of 


unspeakable horror is less than twenty-five years away for mankind. That's the shock: 


ing prediction of the man who was responsible for the gathering of hundreds of 
thousands of people in 1987 to celebrate the Harmonic Convergence..." The ar- 


ticle makes its point by referring to the end of the 5,125 year cycle in 2012. “Argiielles 


said Mayan predictions have always come true, He said their prediction for the year 
2012 is that if humanity learns to live in harmony with Nature, anew age of miracles 
and light will occur. Otherwise plagues, wars, terrorism, and finally, the breakup of 
the planet into asteroids, will take place."4 

As for the Inevitable Event, it would appear that humanity has begun the worst 
of the prediction-plagues, war, terrorism-yet, from the noospheric perspective 
two points mitigate the absolute plunge into hell. The first is that the Inevitable 
Event punctured a hole in the technosphere eleven years prior to 2012. What does 
this mean? It means that this is the time of hell on Earth, "Every single one of you 
must see it fhelll; this is an irrevocable decision of your Lord.” (Quran, 19:71) This 
being so, we can potentially emerge from it before the 2012 omega point. The other 
mitigating factor is the existence of a 13:20 movement dispersed throughout hu- 
manity. Since the noosphereis the 13:20 mind of Earth, the Thirteen Moon Calen- 
dar Change Peace Movement is the advance presence heralding the transition from 
the biosphere to the noosphere. This passage through hell is of a four-year duration, 
2000-2004. ‘The exponential implosion of the technosphere has already begun. But 
to avoid along, debilitating siege of barbarism, humanity must select a positive di- 


rection by 2004 so that it can make it to the 2012 deadline as a species returned 10 


living in harmony with nature. ‘This it can only do by the dramatic and radical break 
with the past time offered by the Thirteen Moon/28-Day calendar Change Peace 
Plan, 
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THE BIRTH OF THE CAMPAIGN FOR THE NEW TIME 


"We inspired Moses: ‘Lead My servants out, 
and strike for them a dry road across the sea. 
You shall not fear that you may get caught, nor 


shall you worry 


"Pharaoh pursued them with his troops, but the 
sea overwhelmed them, as it was destined 10 
‘overwhelm them. 

-QURAN, 20:17-78 


The Thirteen Moon/28-Day calendar is the dry path across the waters of the 12:60 
chaos. Holding surely to this path, "Pharaoh's troops will be overwhelmed,” as it is 
destined, for the truth always prevails and when falsehood is exposed, falsehood 


perishes. The 12:60 frequency enshrined in the Gregorian calendar represents an 
artificial, hence false notion of time. The Pharaoh's troops are the forces of the 
technosphere that, embedded in the artificial structure of the Gregorian calendar, 
are destined to be overwhelmed and overcome by the fury unleashed both by human 
nature and nature itself in response to decades, if not centuries, of imesponsible 
despoiling of the Earth. The dry path of the Thirteen Moon/28-Day calendar is the 
only path broad enough for all humanity to leave the ever increasing ocean of chaos 
that characterizes human existence bound in the collapsing 12:60 matrix bor of 
Gregorian civilization, the technosphere. Yes, the dry path across the waters of the 
12:60 chaos provided by the Thirteen Moon/28-Day calendar truly is for the salva- 
tion of life on Earth 

Ever since 1993, the Thirteen Moon Calendar Change Peace Movement has 
consciously been drawing from the infinite riches of the noosphere to create not 
only the mechanism for making a shift in the frequency and hence bring stabiliza- 
tion to the biosphere, but has been anticipating the biosphere-noosphere transition 
into the Pax Cultura, Pax Biospherica 

Foll{)wing in the footsteps of its predecessor, the new calendar movement has 
dutifully contacted the United Nations and the Vatican and convened various con- 
gresses and delivered ultimatums in an effort to draw attention to mankind's time 
malais 


. Now that the Inevitable Event has fully disengaged the human mind from 
the reality it thought it was pursuing in the new millennium, the second definitive 
wave of the World Thirteen Moon Calendar Change Peace Movement has also 
been launched: the Campaign for the New Time. 
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FOURTH DIMENSION: Pure whole number 


THIRD DIMENSION: Manifestation matter 


‘entropy and disorder 


mathematical order—syntropy, synchronic order 


New Globally Unifying Harmonic Standard 


2002 


2001 2004 2005 


Replace current 2003 


irregular calendar Campaign forthe 
with a harmonic pea 


standard. athe 


13 Moons. 28 Days. 


Regular Units of Measure 
28+28+28+28+28+28+28+28+28+28+28+28+28+1 = Harmony 


"Mental barrier" separating fourth-dimensional realm of conscious wholeness of synchronic order 
from third-dimensional realm of "hard science” physical plane of reality and materialism. 


Line of inexorable technological progress: neoliberal economics, globalization = 


blospheric instability and destruction 


Coercion Guerrilla Warfare 
Compromise Political Military Terrorism 


Maney Solution Solution ‘Convential War 


‘ « 
¢ Stalemate a 
) Deadlock ) 
IMF - World Bank NATO 
G-7 WTO Nuclear war 
Security Council. “———geqerbeasSCArms Industry 


Linear Arrow of Time = line of inevitable degradation and entropy of manifestation (matter) 


Gregorian Calendar Time Line = macro-organizing timing standard establishes irregular measure as basis 
‘ofall dominating concepts of linear time, disorder, entropy, and the techno-economic inexorability 


Irregular units of measure: 
31-28(29)-34-30-31-30-34-31-30-31-30-34 = Disharmony 


If today is Sunday, July 8, what day of the week will August 8 be? 
What is the meaning of the names of the months? 
If September means "seven" why is it the ninth month? 
August is named after Augustus Caesar, July for Julius Caesar, March for Mars, the god of war; 
could this be a reason why we are programmed for chaos and violence? Think about it. 
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This campaign consists of a preparatory four-year cycle, 2000-2004, the Har- 


rowing of Hell, which is the duration of the campaign itself, plus a one-year trial 
period, 2004-2005. The goal of the four-year campaign is universal calendar re- 
form, the replacement of the Gregorian by the Thirteen Moon Calendar, effective 
Blue Crystal Storm, July 26,2004. This final year of the Blue Crystal Storm, 2004- 


2005, also completes a Seed-Storm year bundle 


sgun in 2001, fateful year of the 
Yellow Solar Seed, the year of the Inevitable Event. To ensure the success of this 
ented move on the part of humanity, the calendar reform must include the 


tial period, during whic 


time the entire species must be operating by a 


new standard, the harmonic ‘Thirteen Moon/2 8-Day synchronometer. "If you never 


try it, you'll nes 


er know what it is," is the slogan that describes the campaign's target 
year: July 26, 2004-July 25, 2005, an entire year without the Gregorian "30 days 
hhath September..." but instead, Thirteen Moons of Peace. 

To realize its ambitious goal of universal calendar reform, the Campaign for the 


New Time must imps 


itself on the human consciousness as the all-unifying campaign 
for peace to overcome the destructive forces unleashed by the technospheric collapse. 


Fartunately, 


much groundwork has already been laid, The codes of the Law of Time 


have been formulated and compiled. Preliminary practices to engage the synchroni 


order of the noosphere have already enlisted humans from around the planet. What the 
Vatican has tried to ignore and what the United Nations has been unable to fully engage 
must now be brought to the forefront of all humanity as the harmonic solution. ‘The 
harmonic solution is a set of logical arguments that should be studied and rehearsed by 
everyone who seriously wishes to even consider the possibility of a Campaign for the 


New Time, Let us contemplate the following set of logical arguments. 


Premise 


Currently all conflict resolution of a global scale is attained through one of two poles: 
4 political solution or a military solution. No other alternatives are recognized. Ac- 
cording to the Law of Time, there is a third solution, the harmonic solution. Without 
this third solution, no harmonic resolution 
global s 


Within a timing standard that is hopelessly irregular and that, therefore, disposes. the 


ultimately possible for any conflict on a 


le. The third solution defines the first two solutions as a polarity embedded 


mind to dis 


warmony. A mind predisposed to irregularity and disharmony is incapable 
of producing any long-term solution. The basis of the harmonic solution is to change 
the timing standard from an irregular to a regular one, thereby inducing a timing 


sensibility that disposes the mind to harmony rather than disharmony. 


‘+ Making the Transition to the New Time 


Thirteen Moon/28-Day Count and Global Conflict Resolution 


The inability to attain global peace, much less the resolution of many localized con- 
flicts that have become endemic, is due to a lack of a globally unifying timing 
standard-the  macro-organizing principle of human sensibility. Present-day con- 
flict resolution is represented by two poles, political and military. The military solu- 
tion consists of guerrilla warfare, terrorism, and outright military conflict, all of 
which are engendered by problems of inequality; injustice; rampant nationalism; 
tribal, racial, or religious antagonism; and greed for control of natural resources. 


Underlying the military solution is an aggressive armaments industry that seeks to 
hold its own as a capitalist venture, always seeking new markets. The political solu- 
tion is always fostered as the only cure for the military solution, and is administered 
through varying degrees of coercion, compromise, and the inevitable lure of money- 
the IMF and the World Bank are never far behind any political solution. 

Neither the military nor the political represent any kind of morally satisfactory 
or enduring solution because both are functions of and embedded in a timing stan- 
dard that has disharmony built into it. Even the local timing systems, themselves 
feedback loops holding in place various belief systems, are coordinated by the domi: 
nant disharmonic standard. As long as the current global standard, the Gregorian 
calendar, is the controlling timing factor, resolution on a global and local level is not 
only impossible, but increasing disharmony is guaranteed. The harmonic solution 
calls for the immediate establishment of a globally unifying harmonic standard, the 
Thirteen Moon/28-Day count. With its absolutely consistent units of measure, 
this macro-organizing principle is a paragon of harmony and thereby represents 
the positive, creative, and viable first step to enduring global conflict resolution. 


‘Thirteen Moon/28-Day Paradigm Shift 

The harmonic solution, the alternative to the polarity of the military and political 
solutions, calls for the immediate replacement of the current irregular measure with 
the harmonic standard of the Thirteen Moon/28-Day count. This replacement con- 
stitutes the long-awaited and long-prepared-for paradigm shift in human conscious- 
ness. The very analysis and concer that engendered the first movement to replace 
the Gregorian calendar-the effects of an irregular measure on human behavior-is 
now so dire that the concluding step must be taken. To quote Einstein once again, 
"Since the advent of the nuclear age, everything has changed but the way people 
think; thus we drift toward unparalleled catastrophe." With the analysis of the Law 
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of Time we know why thinking has not changed-the human mind is the pawn of an 
aberrant timing mechanism, To change the way people think, make one little change 
in their everyday lives: Change the calendar. If we could send aman to the moon, we 


can change the calendar. This change will be the first step-the rest will come 


wily 
because 


with this one change we shall have changed our minds and entered into a 
New Time. To make this one little change a target date is needed, and the people 
need to mobilize asa force of synchronization for peace to mandate this change. ‘The 
target date is July 26, 2004~the mobilization has already begun. 


New Worldview of the Law of Time 


‘The Thirteen Moon/28-Day count is the pragmatic application of the Law of Time. 


‘The discovery of the Law of Time was necessitated by evolution as the only way that 


could offset the deleterious effects of an erroneous timing standard on human con- 
sciousness. The Law of Time takes the radical view that time is a frequency, the uni- 
versal frequency of synchronization; that the purpose of time is to synchronize; and 
that, therefore, a calendar is in harmony with the Law of Time to the degree to which 


it maximizes opportunit 


s for synchronization, From the perspective of the Law of. 
Time, the current macro-organizing standard is anything but synchronous, and hence 
contrary to the laws of nature. Synchronization produces harmony, harmony is a func~ 


tion of beauty, and beauty is the natural result of the Law of Time: T(E) = Art, energy 


factored by time equals art, where art is the entire spectrum of phenomenal reality in 
which even the most menacing-looking creature is elegantly constructed. 


National Geographic recently stated: "Beauty seems to be an intrinsic part of na- 


ture and perhaps even the organizing principle of reality. Scientists in testing their 


theories, invariably find that the simplest, most elegant, most beautiful is the corect 


one. Rainbows, butterflies and the periodic table are some examples of intrinsic beauty. 
The world will be saved by beauty."5 The Law of Time agrees. The world will be 
saved by beauty, and the proponents of peace through culture will be in the van- 
guard. The Law of Time formalizes the perception of the intrinsic beauty of na- 


ture T(E) =Artand thereby provides a scientifically solid critique of the ugliness 
and social disharmony fomented by the irregular and artificial timing standards that 


control humanity today. By the same formulation, the Law of Time also establishes 


vast and comprehensive definition of the fourth dimension, which was wanting 


until now precisely because of the embedding of all current perceptions in the erro- 
neous timing standard 


The mathematical order underlying the universal frequency of synchronization, 
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13:20, describes anew onder of reality, the synchronic order. The synchronic order 
governs the fourth-dimensional order of reality much as the laws of gravity, thermo- 
dynamics, and the special theory of relativity govern the third-dimensional order of 
reality. By taking into account the nature of the synchronic order, humanity's views 
of the third dimension will inevitably be altered to a greater conformity with the 
harmony of the fourth dimension. The fourth dimension is defined as the primary 
mathematical order of time, governed by a syntropic whole number system of ratios 
and fractals operating in a radial and nonlinear manner. 

‘The third dimension is the world of manifestation and matter that inevitably 
centropizes. Losing sight of the inherent harmony of the synchronic order from which 
it is actually inseparable, the human fixation on the increasing entropic anomalies of 
the third dimension produces problems such as how to reckon what appear to be the 
extra hours, minutes, and seconds that occur every time the Earth orbits the sun. To 


this 


s manifestation, 


seeming dilemma, the Law of Time asserts that number  prece 
harmony precedes materialization, therefore manifestation must accord with num- 
ber, and materialization must reflect an original harmonic onder. Entropy and deg- 
radation cause manifestation to deviate from number and mathematical law. But for 
mind to be stable, mind must accord with and conform to mathematical law rather 


than with entropy and degradation. The timing standard in use causes the mind to 


conform with entropy and degradation. This is what _must be corrected, 


Harmonic Solution-Harmonic Resolution 


Harmony can only produce harmony. From order comes order. From disorder you 
‘can only expect chaos. From disharmony can only come disaster. Irregular measure 
entropizes. Harmonic measure syntropizes. These are the contrasting values. brought 
into focus by replacing an irregular macro-organizing principle with a regular one. 
Implementation of a globally unifying harmonic standard is the only hope for re 
solving all conflicts in time. A harmonic standard lifts all conflicts to a higher level 
dialog of unification in time. The harmonic solution, the World Thirteen Moon 
Calendar Change Peace Plan, provides: the opportunity to call an immediate and 
universal cease-fire, as well as a halt (0 the otherwise inexorable process of entropic 
the 


degradation of society and environment; and off ‘olution to establish new 


agreements, to renegotiate old tes and to create anew globally binding and 


unifying covenant for all people in a new time, 


It must be understood that 0 change the calendar is to delegitimize all the inst 


tutions embedded in it. This radical but peaceful delegitimization of the old order is 
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what is needed to break the deadlocks, stalemates, and historically outmoded trea 
ties and agreements now binding on humanity. The new globally unifying standard, 
the Thirteen Moon/28-Day count, will legitimize and institutionalize harmony and 
thus create the advent of a synergistic order capable of resolving entropic disorder 
because it is reflective of and rooted in the primordial whole number structure of the 
synchronic order of reality. In its entirety, this represents anew step and direction 
for human evolution-a step without which there might not be any creative future 
for humanity and the planet. 


How to Accomplish World Peace Now 


The analysis, the historical precedents, and now the affirming authority of the Law 


of Time render the harmonic solution as the only way to immediately bring about 
World Peace. All that is lacking is the will to synchronization among all good-hearted 
people, groups, and organizations otherwise committed to peace, a better environ- 
‘ment, and human spiritual well-being in general. How to accomplish World Peace is 
to galvanize the human will to synchronization on behalf of the establishment of 
a genuine time of harmony and peace. This can only come about through the 
simple but highly radical and paradigm-altering act of exchanging the current: macro- 
organizing system of the Gregorian calendar for the harmonic order of the Thirteen 
Moon/28-Day count. All other localized calendar s 
they would be coordinated by a new standard, as 


stems would be kept intact, but 
indard that promises harmony 


instead of disaster, order instead of chaos, peace instead of war. 

Such is the harmonic analysis and solution of the Law of Time, which can be 
summed up by a simple demonstration of the irregular Gregorian calendar con- 
trasted with the regular Thirteen Moon calendar, aswell asthe question: "Which do 
you prefer, harmony or disharmony?” 

If you answer this question on behalf of harmony, and you agree with the fore- 
going premises and analys 


you must move into action. You need to get a new 
calendar, aThirteen Moon/2 8-Day calendar and find out for yourself: noosphere or 
necrosphere, the choice is yours. The option opened by the Inevitable Event and the 
collapse of the technosphere is precisely that: necrosphere, the transformation of 
the biosphere into a sphere of death-a dead planet-or the noosphere, the mental 
envelope of the Earth, governed on the human plane by the Thirteen Moon/2 8-Day 


calendar. The difference between the necrosphere and the noosphere is the differ- 
ence between amachine and the Earth asa whole system. You cannot even really say 
there is a comparison. But what we can say most emphatically is that the Thirteen 
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Moon2 8-Day calendar and the shift to the 13:20 frequency is the pure manifestation 
of the Law of Time in human affairs. It is the only antidote to the destructive grip that 
the 12:60 timing frequency now has upon the biosphere through its thoroughly _artifi 


cial instrument, the technosphere. (Si 


plate 7,Necrosphere or Noosphere.) 


THE FINAL DECISION: NOOSPHERE OR NECROSPHERE? 


As these lines are being written, seven weeks have passed since the Inevitable Event. 
‘The analysis of this event from the perspective of the biosphere, the temporary _struc- 
ture of the technosphere, and the advent of the noosphere was a spontaneous _inspi- 
ration, Each moming, often well before dawn, I would be called to this technospheric 

device, an iMac, to put the noospheric mandate down into words. In this process, 
the matter of prophecy kept occurring and could not be avoided. Even the issue of 


calendar change increasingly takes on the quality of a proph 


ie enactment. What is 
prophecy from the noospheric perspective? 

Prophecy is the release of information according to the psi bank timing program 
and in relation to degrees or levels of consciousness positioned at different points in 
time. The points in time are human channels. ‘That is, there are the prophets who 
declare the prophecies by whatever means or forms, and then there are the decoders 
of the prophecies, those able to read the signs according to the prophecies with the 
id of different symbolic lexicons. Prophecy is always startling to the mass mind, 
which is ignorant of the true nature of time, A prophetic event may seem totally 
random, when it is not. Someone may design a plot, such as that of the Inevitable 


Event, with whate 


er fantastic notions and motives. Yet the occurrence may go be- 
yond being merely a matter of human manipulation, The humans were but the in- 
struments of sets of cause-and-effect chain reactions established within the structure 
and evolution of the biosphere and the playing out of human karma. 

According to the psi bank timing program governed by the Law of Time, the 
technosphere could only have a limited duration. Two perfect 28-year cycles of the 


Gregorian calendar program, leading to the first year of the third millennium, marked 


the duration of the technosphere. Because this eyele concluded with the 


ning 
of the third Christian millennium, a singular event was poised in time to attract and 
catalyze ahost of prophetic moments long prepared for and sealed in the psi bank by 


Christian, Islami 


and even Mayan prophecies. Such was the Inevitable Event. Within 
the motivations of the perpetrators of the Inevitable Event, the biosphere found. its 
perfect instrument of divine purpose. That there were nineteen hijackers conforms 


to the Quranic nineteen code expressed in the enigmatic verse, "Over it is ninete 
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(74:30) The following verse begins, "We appointed angels to be guardians of Hell, 
and we assigned their number [19] ..." This verse ends by asking, "What did God 
mean by this allegory? ...None knows the soldiers of your Lord except He. This is 
(74: 31) 


ss of their mission, whether they were conscious of it or 


a reminder for the peopl 


Certainly in the sue 


not, the nineteen Muslim hijackers-who organized themselves as four leaders (pi- 


lots), three logistics people, and twelve “soldiers"-fulfilled their function of being 
the prophetic emissaries of the nineteen guardian angels who watch over Hell. And 
indeed the gates to Hell have been opened. In the world of the secular mind of the 


technosphere, no one wanted to talk about the apocalypse or Armageddon, though the 


jihad was brought up quite often as a factor in the thinking of the Islamic terrorists.6 


Whether it is seen asa prophetic or karmic event, as we stated earlier, there is no 


question that the timing programs of two civilizations, the Gregorian and the 
lamic, were on a coltision course. “The civilization of Islam is radically so different 
from that of Western civilization which dominates the world today. The two are 
different in their description oflife as well as the foundation on which they base such 


a description, The difference between the two civilizations is so essential that they 


have developed in ways which are radically contradictory to each other."7 So wrote 


mic Civi- 


the eloquent Saudi historian, Muhammad —Husayn Haykal_ in his essay 
lization,” as presented in his masterful biography, The Life of Muhammad. And what 
is at the root of this difference? A separation of church and state, which in the West 


led to a profound materialism and economic worldview. 


Haykal continues, "The vietory of materialist thinking was largely due to the 
establishment of Western civilization primarily upon an economic foundation. This 
situation led to the rise in the West of a number of worldviews which sought to place 
everything in the life of man and the world at the merey of economic forces..." As 


for the sanctity of its economic beliefs, Haykal concludes that the West has tied its 


economic activity “hand and foot by public laws and commanded that every Westem 
state and army prevent any violation of economic laws with all the power and coer- 
ive means at its disposal."8 Given this insightful assertion by an Islamic thinker 
written a half-century ago, it is not at all surprising that the terrorists concentrated 
their attacks on the most visible symbols of Western global materialism and economic 
and mili 


one of the logistics men on the team of nineteen hijackers, Majed Moged, had been 


ry imperialism, the Twin Towers and the Pentagon. It is also of note that 


a professor of economics at King Saudi University in Riyadh. 
However we see this event, the most important point is that it actually hap- 


pened, no matter who caused it or how. In this regard the collapse of the World 
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Trade Center towers and the penetration of the Pentagon was the Inevitable Event 
both from the point of view of the biosphere and from that of prophecy as mandated 
by at least two major timing programs, the Gregorian and the Islamic. Of course, 
prophecy is a matter far from the consideration of the technocratic mind, so the 
immediate aftereffect is a heightened nationalism, patriotism, and commitment to 
war. But what is going on from the noospheric point of view is not so much the 
combat of different armed camps defending or attacking competing ideologies, but 
an end game, the biomass of the technosphere maneuvering against time in a self- 
destructive process that is really nothing more than the continuing collapse of that 
which it is defending. 

How long will this collapse take? With the weapons of mass destruction cur- 
rently at the disposal of the combatants, it shouldn't take too long before the human 
race realizes that if it doesn't stop the self-destructive process, it will soon be curtains 
for all life on Earth. A more significant question, if we wish to make the transition to 


anew time, is: How will the self-destruction end, and how can it be stopped-or can 


it? It is easy to see how wars begin, but no one can tell how they will end. 


THE SOLUTION TO WAR: PEACE THROUGH CULTURE, 
PEACE OF THE BIOSPHERE 

At the end of the First World War, the League of Nations was formed to keep the 
Second World War from happening. The League of Nations was unable to both 
effect the calendar reform it promoted and keep the Second World War from hap- 
pening. These are not unrelated events. The Second World War effectively elimi- 
nated the League of Nations, and toward its end anew organization, the United 
Nations, was formed. Like the League of Nations, the United Nations was formed 
to prevent the next world war from happening. Within eleven years, the United 
Nations tabled the calendar reform begun by the League of Nations. Coincident 
with the formation of the technosphere, the United Nations has now also completed 
fifty-six years of existence. With the expanding "war against terrorism," is its pur- 
pose now over as well? The only way the United Nations can survive is to maintain 


its humanitarian agencies, for the age of nationalist politics and nation-states is over, 
succeeded by the politics of terrorism, the last politics of history. What new kind of 
global organization will we need at the end of the War on Terror, or World War III? 

What we will need is an entirely new agency, a Planetary Biospheric Assembly 


that will model and create a sustainable Pax Cultura, Pax Biospherica.Given the fail- 
ure to enact a calendar reform on the part of both the League of Nations and the 
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United Nations and in consideration of the chaos now clearly embedded in the Old 
‘Time, only an agency or instrument that fully embraces and promotes the calendar 
change will be able to move into the genuinely peace-fulfilling role that such an 
organization must take. If the United Nations could accept the route of calendar 
change as the only way to bring all humanity to a new point of discourse, then it 


could take on a renewed life. But if it cannot rise to this occasion, then another 


organization must take its place, the Planetary Biospheric Assembly. Even so, when 
we speak of the Par Cultura, Pax Biospherica, we are speaking of anew human  cov- 
nant, one in which the biosphere takes precedence over all nationalist corporate 


interests, and in which peace as a manifestation of culture is the primary value of the 


new time. Such a covenant would be a biospheric covenant, an agreement and un- 


derstanding that, first of all, the human is a member of the biosphere, and 


that_in consciously 
becoming Homo noospherius. Henceforth, it will be art and not money, bioregions 


epting the calendar change, the human is also in the pro 


and not nation-states, that will be the cause of social organization. Only in this way 


jstorical future. 


will humanity be guaranteed a true pos 
Assuming the calendar change occurs on Blue Crystal Storm 2004, the first step 
in ~ngendering the full manifestation of the noosphere will be the dismantling of the 
technosphere. This can only be accomplished if a full reorganization of the human 
in time, inclusive of an adjudication of inequalities and a redistribution of wealth, 
begins to occur during the 2004-2005 Crystal Storm year. The following four years, 
2005-2009, a genuine First World Peace, would see the constructive transformation 
of the five-part technospheric system, All the apparatus of heavy industry, energy. 
and the transport system would be turned like compost, to be replaced by non- 
polluting technologies and means of transport, while the cities would be transformed 
into urban gardens with the human race once more becoming decentralized. This 
process itself, a massive planetary engineering project with an eye on the full devel- 
opment of geochronomancy, would prove to be the greatest and most thoroughly 


positive transformation in human history. By 2009 humans reorganized by the Law 


of Time and having finally arrived at the “path beyond technology,” will be enjoying 


beyond the Intemet. By 2012 the humans 


universal telepathy, the noosphere 


will re 


© peace through culture as a permanent value, and by 2013 Earth will be 
galactically synchronized through a fully activated noosphere into the beginning of 
an entirely new geological era, defined by Vernadsky as the Psychozoic Era, 

Pax Cultura, Pax Biospherica refers to both the new era of humanity following the 
devastation of the Final War and the governing body of bioregional councils (not 


nation-states) comprising the new world "government," the Planetary Biospheric 
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Arcturus Victory Strategy 
Pax Cultura, Pax Biospherica 


Telektonon, the Theater of Time, provides the journey through the Cube of the Law 
Plane of Mind, Plane of Spirit, Plane of Will, and Divine Source Telektonon—each plane 
Seed-Storm year bundle, an entire universe of noospheric timel 


Plane of Spirit: First Seed-Storm year bundle, NET week 9 Seed-I2 Storm, 2001-05 


2003-2004 72002-2003, 2001-2002, 
Wizard Year 1X0 Moon Year 9 Seed Year 
” 
The Great Harrowing of Hell 
Calendar Chinge Planetary catharsis~climax of biogeochemical combustion 
2005 201-2012 2010-2071 
12Stoyn Year 6 Wizard Year 5 Moon Year, 


“New Tieje on trial” 


First Solonti Eighth Boloptils 
Lord of Time Lord of Tr 
2013 200912010 
7 Stpim Year 4 Sef Year 
Tri 
Ne 
Ninth Bolontiku Sixth Bolont}ku 
Lord of Time Lord of Tim 
72007-2008 200812009 
2Wiaard Year 3 Storfn Year 
> 
Third Bolontiku Fourth Bolontiku Fifth Bolontiku 
Lord of Time Lord of Time Lord of Time 


Plane of Will: Second Seed-Storm year bundle, NET week, 13 Seed-3 Storm, 2005-09 
Time of Transformational Destructuring—First World Peace 


Assembly. The main purpose of the new governing body would be to monitor the 
advent of the noosphere. Overcoming Norther Hemisphere bias, the Pax Cultura, 
Pax Biosphericawill not find any permanent seat, but will begin its existence as a 
planetary noospheric congress in the Southern Hemisphere. All of this could be 
made possible only because of the completion of the calendar change. So let us assume 
the best. The how-to of paradigm. shift begins with the Thirteen Moon calendar. 
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If you follow the Thirteen Moon calendar or tell others to follow it with you, 
what is the payoff? The payoff is that you get to become a noospheric chip. Only a 
noospheric chip can bring Heaven on Earth, which is nothing more than full human 
participation in the noosphere. This is not at all a theoretical matter, but something 
that can be practiced and followed on a day-to-day basis. Fortunately, a path has 
been shown, complete with travel aids. 


CONCISE HOMO NOOSPHERICUS HOW-TO TIME TRAVELER'S GUIDE 
TO THE BIOSPHERE-NOOSPHERE TRANSITION 


This analysis of the Inevitable Event could never have occurred if the Law of Time 
hadn't been discovered and defined. The Inevitable Event simply supplied the Law 
cof Time with precisely the right historical moment to provide a thorough analysis 


and explanation of time as the wholes 


ystem in which we humans live and operate 
inclusive of the biosphere, the technosphere, and the noosphere. As the chief discov- 
erer of the Law of Time, assisted by my wife and an increasing number of other 
fumans who have engaged the Law of Time, Ihave sought only to make a presenta- 
tion of matters in which we, as a species, are thoroughly immersed, and thus find 
difficult to comprehend. Such is the technosphere, and such also is the medium of 
time, Since the publication of The Mayan Factor and my pursuit of the underlying 
mathematics of the Mayan calendar, Ihave remained outside the conventional —are~ 
nas of discourse and communication, preferring instead to remain more anonymous 
of the Law of Time. 


in onder to test the various hypot 

In this process over the past twelve years, the Law of Time has precipitated from 
the noosphere various tools and didactic texts, all for the purpose of enabling us to 
make the shift from the old paradigm of the time of war to the new paradigm of the 
time of peace. These tools and principles are actually practiced on a daily basis, and 
so provide a pragmatic means of applying the Law of Time. Because of my vows and 
need for scientific "purity" of the experiment Ihave been living, I was involved at all 
times in doing my utmost to remain in the 13:20 frequency. For this reason, the 
tools and texts prompted by the noosphere 10 define the Law of Time were, for the 
most part, all produced outside the commercial mainstream, Now a great effort must 
be taken to make these tools and texts available to humanity in order to assist in the 
transition from Horo historicusto Homo noosphericusBy presenting a catalog of these 
tools and texts we only mean to suggest and define for the reader the scope and 
existence of a preliminary science of time and telepathy. 


‘+ Making the Transition to the New Time 


Part I. The Tools: Establishing Noospheric Earth Time (NET) 

THIRTEEN MOON/28-DAY SYNCHRONOMETER 

The harmonic standard of noospheric time, the Thirteen Moon/28-Day synchron- 
ometer, isa perpetual, harmonic calendar. It is called aMoon calendar because it is 
based on the female 28-day menstruation cycle, which is also the average lunar cycle. 
In actuality the moon goes around the Earth thirteen times a year. This means that 
the Thirteen Moon calendar is a genuine solar-lunar calendar that measures the 
Earth's orbit around the sun by the apsidallunation cycle of twenty-eight days. Thir- 
= 52 perfect weeks of 7 days = 364 days. The 365th 
day is called the Day Out of Time because it is no day of the week or month at all 


teen perfect months of 28 days 


This day, which falls on the Gregorian correlate date offuly 25, isa day for forgiveness 
and the artistic celebration of life and freedom. The synchronization or New Year's 
date of the Thirteen Moon calendar is July 26, and corresponds to the rising of the 
great star Sirius. This makes the Thirteen Moon calendar atool for harmonizing our- 
selves with the galaxy. Of course, the Thirteen Moon calendar also synchronizes the 
phases of the moon in a pattern that demonstrates its regularity and order. 

One of the great advantages of the Thirteen Moon synchronometer is that day/ 
date calculations are amazingly simple. Any day of any week is the same for any 
Moon, any year. The first day of every Moon is always a Thirteen Moon Sunday 
(Dali). The last day of every Moon is always a Thirteen Moon Saturday (Silio). In 


the Thirteen Moon calendar the obscurely named Gregorian months are replaced 
by names that correspond to a fourth-dimensional cosmology of time. Each Moon 
also has atotem animal. The traditional names of the days of the week are replaced 
by galactic names that describe seven primary plasmas-electronically charged. par- 
ticles that activate our magnetic fields. The plasmas and their symbolic seals appear 
above the days of the week. The Gregorian calendar makes day/date calculations 
very difficult because the months are of uneven measure so the days and dates of the 
week vary from month to month and year to year. The Thirteen Moon calendar is 
truly unique because it is synchronized with the Harmonic Module, the measure of 
the universal 13:20 timing frequency. 


THE HARMONIC MODULE 

The basis of the Tzolkin or sacred 260-day count of the Maya, the Harmonic Mod- 
ule is the 13:20 synchronization gauge and permutation table that consists of thirteen 
sequences of twenty icons or solar seals and twenty sequences of thirteen galactic 
tones, 1-13. The resulting 260 permutations, combined with the perfect harmony of 
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the Thirteen Moon calendar, give each day a unique quality of tone and icon known 
as akin or one NET minute. The two cycles-Thirteen Moons/28- days and the 
260-day Harmonic Module-perfectly mesh every fifty-two years to complete one 
NET year. In one NET year of 18,980 kin, no two days are the same! Each of the 
units in the Harmonic Module is called a kin, the base unit of synchronic measure. 
Articulating the Harmonic Module isa pattern of fifty-two Galactic Activation Por- 
tals. See if you can find the radial sequence of thirteen sets of four, counting inward 
from the corners. Notice that the numbers of each set of four equals 28. Thirteen 
sets x 28 = 364, the number of days in the Thirteen Moon calendar! (See image 
containing the Harmonic Module on page 170.) 


WAVESPELL 
‘The thirteen-unit form constant of fourth-dimensional time is the wavespell. It is 
important to see the Thirteen Moon calendar in this modular format, Planetary 
Service Wavespell, for then it makes more sense to speak of the calendar as a 
synchronometer. The wavespell's form describes the motion of time asa fractal fourth- 
dimensional cosmology. The numbers 1-13 in the dot bar notation that code the 
thirteen positions are known as tones. The names of the tones in sequence define 
the cosmology, which is also evident in the very structure of the wavespell. The 
thirteen tones give their names to the thirteen Moons. The structure consists of two 
gates, the Magnetic and the Cosmic, the first and the thirteenth moons/tones, which 
correspond to the two entrance and exit gates or portals. Complementing the two 
gates are the two towers, the fifth or Overtone tower and the ninth or Solar tower. 
‘The two gates and the two towers, tones 1, 5,9, and 13, articulate the structure of 
the wavespell. Between the places of articulation are three sets of chambers. The 
first set, tones 2-3-4, helps establish the wavespell; the second set, tones 6-7-8, helps 
extend the wavespell; and the third set, 10-11-12, serves to convert the wavespell. 
(See plate 2, Planetary Service Wavespell.) 


The structure of the wavespell also defines a four-dimensional geometry of time 
that connects different points of the wavespell over time. Each of these dimensional 
geometries is known as a pulsar. It is useful to know the pulsars in extending the 
mind synchronically over different timing sequences. The fourth-dimensional pulsar 
connects the four points of articulation, 1-5-9-13, or Magnetic, Overtone, Solar, 
and Cosmic Moon/tones, and is called the fourth-dimensional time pulsar. The first- 
dimension life pulsar connects the positions 2-6-10, or Lunar-Rhythmic-Planetary 
Moonitones. The second-dimensional sense pulsar connects the 3-7-1], or Electric- 
Resonant-Spectral Moon/tones; and the third-dimensional_mind-form pulsar connects 
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the 4-8-12, or Self-existing-Galactic-and Crystal Moon/tones. Remember, the 
wavespell accommodates any sequence of kin whose tones correspond to 1-13, and 
may be either a thirteen-day wavespell cycle, a thirteen-week cycle (one-quarter of 
an NET day), a thirteen-Moon cycle (one NET day), a thirteen-year cycle (one 
NET Season), and so on. Once you know the wavespell you have come to know the 
form in time of the noospheric mind. 


THE WAVESPELL'S TONES AND THEIR PULSARS 


1. Magnetic tone of purpose-fourth-dimension time pulsar 


2. Lunar tone of challenge-first-dimension life pulsar 
3. Electric tone of service-second-dimension sense pulsar 


Self-existing tone of form-third-dimension —mind-form pulsar 


5. Overtone tone of radiance-fourth-dimension time pulsar 


6. Rhythmic tone of equalit 


-first-dimension life pulsar 


7. Resonant tone of attunement-second-dimension sense pulsar 
8. Galactic tone of integrity-third-dimension _mind-form pulsar 
9. Solar tone of intention-fourth-dimension time pulsar 
10. Planetary tone of manifestation-first-dimension life pulsar 
11. Spectral tone of liberation-second-dimension sense pulsar 
12. Crystal tone of cooperation-third-dimension _—mind-form pulsar 
13, Cosmic tone of presence-fourth-dimension time pulsar 

DREAMSPELL 


Described as the fourth dimensional tool kit, the Dreamspell also encodes a psycho- 
mythic cosmology known as the Joumey of Timeship Earth 2013. It is this cosmol- 
ogy that makes the Dreamspell a psychoactive tool kit for personally engaging you 
in the fourth-dimensional synchronic order of time. The fundamental premise for 
making it psychoactive lies in finding your galactic signature, the color, icon, and 
tone that code your date of birth. This combination of factors-color, tone, and 
icon-establishes a mathematical code that allows you to use your galactic signature 
in mapping increasing orders of synchronicity. There are four colors, thirteen tones, 
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and twenty icons. The four colors code each of five sets of icons and correspond to 
the base four-phasic function of the noospheric rainbow brain-red initiates, white 
refines, blue transforms, and yellow ripens. The icons themselves actually corre- 


spond to the mathematical code 0-19. 
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Colors and Icons with Their Corresponding 0-19 Code Nunbers: 
Red Family: Dragon (1), Serpent (5), Moon (9), Skywalker (13), and Earth (17) 
White Family: Wind (2), World-bridger (6), Dog (10), Wizard (14), and Mirror (18) 
Blue Family: Night (3), Hand (7), Monkey (11), Eagle (15), and Storm (19) 
Yellow Family: Seed (4), Star (8), Human (12), Warrior (16), and Sun (20 = 0) 


The mapping of synchronicity through use of the galactic signature is done 
through a set of tools: the Galactic Compass, Journey Board, Oracle Board, and 
‘Time Atom Cube. The point of engaging the Dreamspell is to learn of the infinite 
possibilities of fractal synchronic mapping of the events of your life and the lives of 
your family and friends, as well as current events and human history. The compass 
and boards describe the radial mathematics of fourth-dimensional time and also pro- 
vide the means for fully engaging the synchronic order of the noospheric mind, The 
interactive complex of changing the family and clan relations to which the galactic 
signature entitles you also provides the basic patterns of social organization in time. 
The Dreamspell is indispensable for education concerning the radial, fractal nature 
of fourth-dimensional time and mathematics. 


‘TELEKTONON 
Meaning “Earth Spirit Speaking Tube,” Telektonon is the name of the prophecy of 
Pacal Votan, and the definition of a complex program for establishing universal te- 
lepathy. It should be noted that the tomb of Pacal Votan was discovered in 1952, 
after 1,260 years, because of a tile tube, the Earth Spirit Speaking Tube, which ran 
from the top of the pyramid temple, down the secret stairwell, and into the wall of 
the elaborate tomb beneath the pyramid. The prophecy itself was decoded from the 
inscriptions and symbols of the elaborately carved sarcophagus lid of the tomb. Es- 
sentially defining a period of "Seven Years of Prophecy," (1993-2000), followed by a 


LB.year Cycle of Creation (2000-2013), the Telektonon is practiced on a daily basis 


by means of a board and various moving parts, 
‘The purpose of the daily play is to learn how to operate by aset of coordinates that 
define the nature of telepathic consciousness as the interplay of five circuits that _con- 


nect the ten planetary orbits (the Asteroid Bell, remnants of the lost fifth planet Maldek, 


included as one of these orbits). The key interplanetary connection is between Earth 


the third planet, and Uranus, the eighth planet, which creates the third or biotelepathic 


circuit. The Earth-Uranus circuit constitutes twenty-eight steps and thus corresponds 


to the 28-day measure of the Thirteen Moon calendar. Between days 7 and 22, one is 
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116 cube days per moon x 13 moons = 
208 cube days or 208 kin per year 


4 tower days per moon, each tower day = 
GAP equivalent x -13 moon = 
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able (0 take the "Warrior's Cube Journey" to uncover knowledge hidden by the Tower 
of Babel. The sixteen positions of the Cube of the Law (days 7-22) are the heart of the 


Telektonon play, which also includes a rehearsal of the thirt 


n baktun history with the 


intention of “redeeming the Babylon planet’ as Timeship Earth 2013, 

THE RINRI PROJECT 

Described as a "four-year telepathic biosphere-noosphere transition Circumpolar 
Rainbow Bridge Experiment," the Rinri Project builds on the Telektonon play that 
establishes the biotelepathic circuit. On this circuit, two towers, days and 6, define 
a four-day Earth Walk, and two towers, days 23 and 28, define a four-day Heaven 
Walk. Between the second and the third towers, days 6 and 23, are the sixteen posi- 
tions of the Cube of the Law, days 7-22. The four towers every Moon correspond to 
fone radial set of four Galactic Activation Portals in the Harmonic Module-thirteen 

2 Galactic Activation Portals (GAPS) 


each moon x 13 Moons = 208, the remaining number of kin in the Harmonic Mod- 


moons x four towers 


Sixteen cube positions 


ule once the 52 GAPs have been subtracted from the 260 units. Since the Harmonic 
Module is the basis of the psi bank, this formulation provides a way of coordinating 


the four psi bank plates 


of the noosphere to the Thirteen Moon calendar year on a 
daily and annual basis. 

Since there are four plates, it takes four years, one year per plate, to open the psi 
bank. The first opening occurred between 1996-2000. The second opening, 2000- 
2004, is now occurring and is programmed by a coordination of the twenty-four 
runes of the Elder Futhark to the twenty-four psi membranes-6 runes _per week 
every Moon x four weeks =24. Since each psi plate is a mirror symmetry pair of 
Harmonic Modules, reflecting the North and South magnetic poles of the Earth, 


the Rinri project is practiced by telepathically interactive teams in the Norther and 
Southern Hemispheres. The Rainbow Bridge refers to making visible the dynamic 
of Earth’s electromagnetic aura and extending it permanently from pole to pole. 
This is how the noosphere is visibly manifest. 

Rinri is a Japanese word meaning “ethical enlightenment," and its application 
includes seventeen moral precepts that are studied during the sixteen-day cube jour- 
ney, the seventeenth corresponding to the tower day 23. 


260 POSTULATES OF THE DYNAMICS OF TIME 
While the Telektonon is predicated on the fourth-dimensional tool ki 


, the Dream- 
spell, the 260 Postulates of the Dynamics of Time elaborate on the nature and theory 
of the biosphere-noosphere transition by providing a set of twenty systematic 
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thirteen-part logics that describe and define the dynamics of time asthe evolution of 
consciousness. Because there are 260 postulates corresponding to the 13:20 matrix, 
apostulate can be studied and meditated on each day over a260-day cycle according 
to the code number of the daily icon combined with the number of its tone, for 
example, Red Lunar Dragon, where Dragon is 0-19 code number 1, and Lunar is 
tone 2, therefore the postulate to study for the day is 1.2. This daily programming, 

established by the Telektonon practice is how knowledge is reformatted according 
to the synchronic order. This in itself precipitates the noosphere. 


TWENTY TABLETS OF THE LAW OF TIME, SIXTEEN-YEAR 
CUBE OF THE LAW 

The Twenty Tablets can be described as a road map of the fourth dimension. By 
focusing on asequence between the years 1997-2013, by fractal analogies, the tele- 
pathic engagement encompasses the 26,000-year cycle as well as the coming cycle of 
the Psychozoic future. The crux of the daily play of the synchronic order is called 
cubingthe codonThe point is to telepathically reharmonize the DNA that has been 
adversely affected by the 12:60 timing frequency. There are sixty-four DNA codons 
whose six-part binary structure is identical to that of the sixty-four hexagrams of the 
1Ching when both are written with a simple binary language of broken or unbroken 

lines. Each of the codons establishes a precise thirteen-stage permutation sequence. 

64 x 13=832 codon permutations. The sixteen years from 1997 to 2013 also consti- 
tute 832 weeks (16 x 52 = 832 = 64 x 13). Therefore, each codon has one-quarter 

year, thirteen weeks, to run its permutation sequence, one sequence per week. Since 
each codon consists of six lines, each week the codon is built one line per day for six 
days, each line adhering to one side of a cube. On the seventh day, the codon is 
‘The UR Runes are the master 


cubed and sealed by one of sixty-four "UR Runes. 
cosmic runes, each of which governs an entire thirteen-unit codon permutation se- 
quence, The Twenty Tablets also contain much synchronic information for experi- 
encing what is referred to asfractal time compression,the expanded mental ability to 
engage in different planes or levels of time simultaneously. All of this is to establish 
amind training for fully engaging the fourth-dimensional synchronic order of real- 


ity and time travel. 


7:7:1:7 TELEKTONON REVELATION 
While the Twenty Tablets of the Cube of the Law synchronize the DNA Codons in 
all their permutations on a weekly basis over a sixteen-year cycle, the 7:7::7:7 
Telektonon Revelation establishes the 28-day cycle as the basis for synchronizing 
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Sounding the Thirteen Tones of Creation 


the seven primary plasmas-electronically charged ions-into four aggregates called 
time atoms. The seven plasmas, which also replace the names of the days of the 
week, are in two sets of three, with the middle or fourth acting as a catalytic agent. 
The 


irst three plasmas form a sensory quantum and the last three plasmas form a 
telepathic quantum. Activation of the plasmas releases radion, a telepathic lubricant; 
hence, the seven plasmas are also referred to as radial plasmas. The four plasmic 
aggregates are known as the Analog Time Atom (week 1),the Antipode Time Atom 
(week 2), the Occult Time Atom (week 3), and the Unified Field Time Atom, (week 
4), Like the Twenty Tablets, the 7:7::7:7 Telektonon Revelation also involves. prin- 
ciples of fractal time compression where each day during the first week is the equiva- 
ent of 260 moons or twenty years; the following two weeks, each day is thirteen 
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moons or one year; and the last week each day is one moon. Played on a board with 
cards containing affirmations from the Buddhist sage, Padmasambhava, the object 
of the 7:7::7:7 is to place the time atoms within the crystal octahedron at the center 
of the Earth so that each Moon amaster time molecule is telepathically placed at the 
center of the Earth per one NET hour. In this way, Noospheric Earth Time is acti- 
vated, the telepathic mind is engaged with the phenomenal reality represented by the 


plasmas, and the rainbow brain of the noosphere is hastened into everyday ps 


‘The seven daily plasmas constituting one thirteen-moon week, or one NET 


quarter hour are: 
Dali (Sunday)-thermic charge 
Seli (Monday)-luminic charge 


Gamma (Tuesday)-luminic-thermic charge (these first three create one sensory 
quantum) 


Kali (Wednesday)-luminic-thermic, thermic-Iuminic catalytic agent 
Alpha (Thursday)-double-extended electron at the South Pole 
Limi (Friday}-mental electron at the North Pole 


Silio (Saturday)-mental electron-neutron at the center of the Earth (these last three 
create one telepathic quantum) 
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Part Il. The Peace Plan: Establishing the Pax Cultura, Pax Biospherica 


From the time of the formation, or rather, the calling into existence of the World 
Thirteen Moon Calendar Change Peace Movement, there had to be a World Thir- 
teen Moon Calendar Change Peace Plan. The original of this Plan was submitted to the 


United Nations in 1995 for its fiftieth anniversary. The crux of the Peace Plan is that 


to change the world standard calendar is the opportunity for humanity to stop in its 
tracks and redirect itself. By stopping in its tracks to change its timing frequency, 
humanity can also use the opportunity to call a universal cease-fire and declare an 
emergency peace worldwide. Only in this way can the new time be experienced and 
fully engaged. 

At the First Planetary Congres 


of Biospheric Rights (1996), this Peace Plan was 
extended to include the establishment of anew human covenant that would restore 
to humanity its intrinsic biospherie rights, the same as enjoyed by the rest oflife in 
the biosphere: free land, clean air, clean water. The premise of the Biospheric 
Covenant is that humanity is first and foremost a member of the biosphere, and not 


of any artificially constituted nation-state. The Biospheric Congress also mandated 


the revival of the Banner of Peace and Roerich Peace Pact (1935) as one of the 


emblems to be used to identify the biosphere as a zone of 


The World Congress on the Law of Time and Judgment Day Tribunal (1997) 


extended the Biospheric Congress to include an indictment of the Gregorian calen- 


dar as a crime against the biosphere-"the crime of the millennium”-and the es- 
tablishment of the Law of Time, inclusive of the Twenty Tablets, as the new dispen- 
sation of knowledge awarded in compensation to humanity, based on the synchronic 


veracity of the Thirteen Moon Calendar Change Peace Plan. 


By 1999, the World Summit on Peace and Time provided the Declaration of 
Calendar Reform and a set of People’s Resolutions, which were presented to the 
United Nations and the Vatican. The Resolutions define a seven-part educational 
program, which, like the Biospheric Covenant, envisions a radical reorganization of 
human society. 

‘The purpose of these documents and declarations is for the creation of a state of 
universal unconditional peace so that human society can be rebuilt as a harmonic 
unity in phase with the biosphere as a whole, The result of the Thirteen Moon 
Calendar Change Peace Plan would be the creation of anew order oflife on Earth- 


the Pax Cultura, Pax Biospherica. 


Vv 
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The Advent of the Noosphere 


A Prayer and a Vision 


IT IS MORNING once again, or, rather, it is predawn. It is still the first watch of 
the day. Outside there isa full moon. On the Gregorian calendar it is November 1, 
2001, All Soul's Day, the sequel to Halloween, the day of honoring the dead. In 
another two weeks it will be the New Moon of Ramadan, Islamic lunar year A.H. 
1422. On the Thirteen Moon synchronometer itis now the fifteenth day of the Self- 
existing Owl Moon, the moon of form, the moon to define, measure, and ask the 
question, "What form will my service take?" Well, my service will be to complete 
this book and prepare it for the world, for now it is the time of the advent of the 
noosphere, the reality of which Vernadsky said must be communicated to the world's 
politicians and statesmen. They didn't listen then, WII they listen now? And on the 
260-kin synchronization gauge it is kin 42, White Electric Wind. The Wind "com- 
municates spirit,” the Electric tone “activates service." Wind is the second of twenty 
solar seals that code each day in the synchronic order. 

By its mathematical relationships to the other nineteen solar seals, the solar seal 
of the daily kin possesses a unique five-part oracle. In today's oracle the Wind is 
guided by the World-bridger, who brings the power of death. In the psi bank, the 
‘matching psi chrono unit for today, the fifteenth day of the Self-existing Owl Moon, 
iskin 66, Magnetic World-bridger, the first tone in the 13-kin wavespell of the World- 
bridger, which means today is very strongly penetrated by the power of death. 
What is death to the noosphere? An inevitable and unavoidable event, a critical and 
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equalizing stage in the recycling of biomass, a furtherance of the biogenic 


of atoms, the creation of biospheric compost, a release of consciousness back into 


the noosphere, an opportunity to consider the value oflife. But to the ordinary mind 


of the artificial technosphere, death is the ultimate object of fear, and the fear of 
death is the chief object of manipulation by those who generate terror. It is of note 


that by his date of birth, March 10,195; 


the galactic signature of Osama Bin Laden 
is White Solar World-bridger, kin 12 
was coded by kin 66, White Magne 


while for this, his forty-fourth year, his birthday 
World-bridger, both signatures bearing the 


isan example of how the synchronic order is, 


destiny seal of the power of death. This 


read” on a daily basis. 
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It is a mistake to think that the terror is just the malevolent intention of a single 


human being. The terror is co-extensive with the technosphere. 
sphere is the age of terror. The terror was generated at Hiroshima, 


In fact, the techno- 
and repeated at 


Nagasaki fifty-six years ago. And the terror was compounded by the original perpe- 
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trators of that terror many thousands of times over in the creation and stockpiling of 
weapons of mass destruction, an act soon imitated by the then archrival, the Soviet 
Union, and by other nation-states, namely, the United Kingdom, France, and China. 
Those called the “terrorists” today have nothing to compare to the stockpiles of 


these weapons by these five nation-states who constitute the permanent members of 
the United Nations Security Council-the “nuclear club.” That is who rules the 


world today, the of 


ial possessors of the weapons of mass destruction, who jeal- 
ously guard their secrets. If this is the ultimate ruling body of the planet, and the 
reason why they are the ruling body is their possession of these instruments of death, 
then why should anyone be surprised at the existence of "terrorists" in the rest of the 
world? And why, we may ask again, are these terrorists. mostly, it would seem, from 
the Islamic world? In addition to the nuclear arsenals, there are the biological and 
chemical weapons of mass destruction. Those who live by the manufacture of terror 
must surely die by their own means. If other nations have developed the same sys- 
tems of terror, it is only in self-defense or in imitation of the masters of terror. 
Everyday for four weeks now, I have been waking up at this time to continue 
work on this text, Time and the Technospherel had at first thought that the book could 
be complete with eight chapters. People don't have time to read, and the topic war- 
rants as brief and pithy an explanation as possible. After all, it is really a time of 
reflection-and then action. The masters of terror have cloaked themselves as the 
protectors of civilization and as the moral crusaders who will rid the world of evil. 
Yet what is civilization today but the resource-consuming cancer of the biosphere? Is 
this what is being protected-the right to promote the disease upon the biosphere? 


‘The terrorists. who attacked the Twin Towers and the Pentagon clearly knew the 
symbolic and actual value of their targets. They also undoubtedly knew the depths 
of the death-fear of the superpower masters of terror, whose reaction would most 
likely foment a global war. But in such a war, who would win? In this regard, from 
the noospheric perspective, the Inevitable Event was the technocide-death by 
technospheric means-of the technosphere itself. The technosphere was created by 
and thrived on means of terror, and the means of massive terror as well as the eco- 
nomic imperialism perpetrated by the superpower managers of the technosphere 
could only have produced a reaction against itself known as terrorism. The end re- 
sult is collective suicide. There are no flags in the blood of the dead, nor is there any 
evident religious belief. There is only human biomass ultimately indistinguishable 
and anonymous to the biosphere. 

Eight chapters were needed in order to complete the information about the bio- 
sphere, technosphere, noosphere, and the Law of Time. Maybe a new spirit of the 
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biosphere will arise from the considerations of my book. Maybe the noosphere will 
spark in others the need to allow the biosphere to reclaim us from the technosphere. 

Anyone who says this is "wing back the clock” is only betraying their immersion 

and unexamined belief in the reality of artificial mechanical time. Yes, eight chapters 
this analysis and solution, But I knew there had to be a 
to be complete. For this is a living testament, and if 
order of fourth- 
is a power and 


were necessary to unfold 
ninth chapter for the testament 
anything has been learned by living according to the synchronic 
time, it is the renewed power of number itself. ‘There 
ting mental construct. The 


dimensional 
meaning to number understood as a universal, _self-c 
synchronic order is constructed of number. And as Pythagoras 
akind of spiritual entity that can only be aroused by an act of meditative 
tion, Each whole number bears its own resonance. You can feel this in the contem- 


perceived, number is 
contempla- 


plation of the difference between even and odd numbers. 


‘The resonance of 8, an even number, is harmonic order and balanes 
of, an odd num- 


‘geomet 


cally evident in the octagon or the octahedron. But the resonance 
ber, is quite different. Nine months to give birth, three times three, a rhythmic tri 
plicity-that is nine. ‘The Germanic god-hero 
Odin, or Votan, spent nine nights hanging from 
ate in order to gain knowledge of the mys- 
teries of woman, When the tomb of Pacal 
Votan was opened on June 15, 1952, it revealed 
large vaulted chamber beneath the pyramid 
of the inscriptions in Palenque, Chiapas, 
Mexico. Entering the tomb, in the center of 
which is the famous sarcophagus, one sees on 
the walls the beautifully sculpted figures of 
nine personages. Today these sculptures have 
almost completely worn away. But originally, 
these low-relief sculptures modeled out oftime- 
stone, depicted with great elegance, a series of 
figures commonly known as the Nine Lords of 
Night, or the Nine Lords of Time. Are the Nine 
Lords of Time, the Lords of Night who guard 
Pacal Votan in his tomb, the same as the nine 
nights of OdinlVotan? And who was Pacal Votan’? 


Begin to Gather for a 
Council of the Earth With what mythic resonance are we dealing? 


‘A Mayan seer, a sagesking of the seventh 
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century of the Christian era, had deliberately created a mysterious tomb for himself, 
only to have it hidden, buried beneath a pyramid temple, but atomb intended to be 
opened more than twelve centuries later, in the seventh year of the time of the ter- 
ror, the time of the technosphere. How ingenious, how uncanny, that it would have 
been unknown for 1,260 years-a number also known in the thirteenth chapter of 
the Book of Revelations as the number of days of exile of the woman clothed with 
the sun, her feet on the moon, and twelve stars around her head. What does this 
allegory mean? Is it not the same as the exile of the human soul in the deadening 
world of 12:60 materialism? Sixty years remained from the opening of that mysteri- 
ous tomb to the closing of the cycle of history, the omega point of 2012. How could 
the timing of the opening of the tomb have occurred so precisely-1,2 60 years from 
dedication to discovery, 1,320 years from its dedication to the closing of the cycle? 
How could those years be such a perfect reflection of the artificial 12:60 and the 
natural 13:20 timing frequencies? How could a Mayan sage in Central America so 
long ago be able to see, it would seem, into our future? 

When we study the globe and consider things synchronically from the perspec- 
tive of the noosphere, we find some interesting correspondences. Pacal Votan lived 
in the tenth baktun cycle, between the Christian years 603-683, on the opposite side 
of the world but at almost the same latitude as Mecca, and just after the time of 
Muhammad, 570-632. Today the religion that God commanded Muhammad to 
found, Islam, is at the center of the terrorist storm, while the prophecy of Pacal 
Votan and of the Mayan calendar in general has placed the end point of history at 
2012, amere eleven years after the Inevitable Event that placed Islam at dead center 
of the world mind, How could this be, the religion of the prophet Muhammad and 
the prophetic timing of the Maya so close at hand? Is this some revelation of the 
Nine Lords of Time, or of God speaking through them-and who are the Nine 
Lords of Time? Are they destined to return? Could it be that the Nine Lords of 
Time, like some higher dimensional Lords of the Ring, are a manifestation of time 
to be released, one by one, in an annual sequence during the last nine years of the 
Great Cycle, 2004-2013? 

These Nine Lords of Time are known in Mayan asthe Bolontiku; their counter- 
parts are the Oxlahuntiku-the nine lords and the thirteen lords, respectively. ‘The 
nine lords govern the underworld, the time of the third dimension, which is why 
they are depicted in descent to the sarcophagus of Pacal Votan, while the thirteen 
lords govern the heavenly realms. The nine govern the nine vigesimal orders of 
number, while the thirteen govern the form of time. The dedication of the tomb of 
Pacal Votan in A.D.692 corresponded to the Long Count baktun date of9.13.0.0.0. 
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‘The nine and the thirteen lords. 


jolontiku and Oxlahuntiku-are present in the 


very numbers of the dedication date. And the nine and the thirteen also governed 


the prophecy of Quetzalcoatl, of Thirteen Heavens of decreasing choice and Nine 
Hells of increasing doom. This prophecy refers to the sequence of twenty-two 52 
year cycles that began in A.D. 843 and ended in A.D. 1987. Six years later, in 1993, 
during the first year of the 260th and final katun cycle of history, I began to decode 
the prophecy ofPacal Votan, some forty-one years after the tomb had been opened. 


Telektonon, the Prophecy of Pacal Votan, was meant to be decoded precisely 


and only at the moment of its absolute usefulness, kin 144: Yellow Magnetic Seed, 
July 26, 1993. This moment defined the Seven Years of Prophecy, 1993-2000. It also 
established the validity of the Dreamspell or Wizard's Count as the reformulated 
Year- Bearer Count of the Chilam Balam, the jaguar priests or night seers. That is, 
the Telektonon Prophecy could only have been triggered when kin 144 occurred as 
the Year Bearer, Yellow Magnetic Seed, kin 144, comrelated to the Gregorian date of 
July 26, 1993. 

‘The precise revelation of this prophecy on kin 144, July 26, 1993, was dependent 
on and could only have occurred because a prophetic count, the Wizard's Count, de- 
tradition of the Chilam Balam, had already been established. 


rived from the prophetic 
This “count” provided the basis of The Mayan Factor and was woven into the conclu- 
sion of the Prophecy of the Thirte sand Nine Hel 
gence, August 16-17, 1987. And the precise number of kin 144, the revelation date of 


Heaver Harmonic Conve 


the prophecy of Pacal Votan was meant to accord with the Book of Revelations num- 
ber of the 144,000 (Revelations 7:4). In fact, that very day I discovered that the 


number 144 transliterated from the vigesimal count into Arabic numbers is written 
74, which is the same as the chapter and verse number where the 144,000 are first 
mentioned in the Book of Revelations (7 = 140, or 7x 20, plus 4 units. =7.4). More 
uncanny stuff-but not so to the noosphere, the Earth's mind of time. In the noosphere 
everything is woven of number, and number is intrinsically synchronizing, which is 
why numerology has held such a fascination for the human mind throughout history’ 
When I first began to decode this “final prophecy of the Maya,” or Telektonon, 
prophecy that commands the return to natural time through the Thirteen Moon! 


28- Day calendar, Iwas stunned and not alitile frightened. I had already taken many 


steps to remove myself from mainstream society and conventional life. But now I 


was dealing with a genuine prophecy, and I was to be its messenger. This was not my 


invention, ‘The world is filled with enough madmen and lunatics spouting their par- 


ticular visions. How could I ever make the world unders 


ind that this. vision, this 


prophecy, was real, that it was the fulfillment of aMayan who lived and died thirteen 
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2% Viral position, one dot 


= 20 kin, 7 =140 (7 x20} 


=~ Kin position, one dot =1kin, 4 
Written 74 = 144 (140 + 4) 
7A =144 


centuries ago, and that his tomb was the vehicle of this prophecy, a prophecy meant 


precisely for this moment in time-the  biosphere-noosphere transition? 


Tretumed to the texts of the Chilam Balam, whose prophetic stream includes 
day prophecies, year prophecies, katun (twenty year), and ahaw (260-year) cycle proph- 


cies, prophecies of Quetzalcoatl, and 


inally the special prophecies of the mysteri- 
ous Antonio Martinez and the coming religion of the Hunab Ku, "One Giver of 
Movement and Measure.” I realized that the meaning and fulfillment of this. entire 
prophetic stream was crystallized in the Harmonic Convergence and its 26-year 
aftermath. Chilam Balam, the jaguar priests, are the wizards of time, inspired by the 


guidan 


of the Bolontiku, the Nine Lords of Time, the Lords of Number. By com- 
mand of the Supreme One (Hunab Ku), the wizards are directed to establish clear 
paths of rekindled knowledge. The ancient Maya prophesied their own destruction. 

‘Therefore, within the prophecies of the Chilam Balam they laid the seeds of their 
reconstruction-but not simply as Maya. The reconstruction had to be planetary, 


for their destruction in the sixteenth century was also an act of planetary conse 


quence-the plunging of the entire world into the prison of artificial, mechanized 


time. The fulfilment of the prophe: 


es along with the new dispensation of time had 
to occur before the end of the cycle, 2012. 

For this reason, the master synchronic architect of the Mayan prophets, Pacal 
Votan, prepared the way with the discovery of his tomb in 1952, This phenomenal 


act of prophetic release meant that now the m 


enger of his prophecy of time had 


to be summoned to his task. This was to be my role and responsibility-one that I 


for I saw no other choice. The course of my life from the moment I had 


experienced an illumination atop the Pyramid of the Sun at Teotihuacan in 1953, to 
that moment forty years later, in 1993, when I first perceived that the meaning of the 
prophecy Telektonon was a single trajectory. The noosphere had found another chip. 
After all, ifthe noosphere is the mind of time on Earth, prophecy is just another way 
of radializing time, of bringing it around from one point in a cyclic motion to an- 
other. My preparation had been going on for a while. 


Once Thad re n Heavens and Nine 


led knowledge of the prophecy of the Thirt 


Hells from Tony Shearer back around 1970, I prepared myself by study and medita- 
tion for the moment of the Harmonic Convergence. It may be asked: If the Harmonic 


Convergence concluded the cycle of the Nine Hells, then why are we experiencing the 
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apocalyptic events of Hell on Earth now, some fourteen years later?) What was the 
actual meaning of the Harmonic Convergence, and what does it mean for us today’? 
First of all, the Harmonic Convergence refers to the entire 26-year cycle from 


White Galactic Wizard to Yellow Galactic Seed, 1987-2013. The conclusion of the 


Ninth Hell refers to the release of humanity into the 26-year time zone of free will, 


choice, and decision in preparation for the completion of the cycle, omega point 2012, 


and the Galactic Synchronization, 2013. The full and true Harmonic Convergence 
will not be complete until the Earth itself becomes the Galactic Seed, 2013. If the 
twenty-six years are the free will zone of choice and decision, what are we to choose 
and decide? The choice is, as Iwas quoted in the TVilllStreet Journal in 1987, » between 
anew age’ and all-out destruction.” The decision is to accept the knowledge of the 
error in time (12:60) and the choice is to return to natural time (13:20) by means of 


the Thirteen Moon!28-Day ca 


endar. This the prophecy ofPacal Votan fully affirms. 


In principle, the Harmonic Conver ref 


to the converging of all aspects 
of reality in a great, all-unifying harmony. The initial moment of the Harmonic 

Convergence that witnessed hundreds of thousands of humans congregated at sa~ 
cred sites worldwide at the dawn of August 16, 1987, Blue Electric Eagle, was a pure 
prophetic enactment of humanity being harmonically converged with the natural 
order of time. This visionary moment demonstrated that, indeed, Harmonic Con- 
vergence was possible. The wave of unconscious energy released through the colle 

tive psyche of the species 
climax. with the fall of the Berlin Wall and the end of the Cold War 


Early 1990, the role of the Harmonic Convergence in this pro 


\S a result of this moment of prophetic purity reached a 


was echoed in the 


mass media as the question, "Did the Harmonic Convergence bring the world closer to 
peace?"! Before the question could be answered, the next phase of the prophetic end 
time began to unfold, Rather than determine how to make the choice to enter a genuine 
new age, the human race defaulted to an absolute materialism. It was this collective tum 
taken by the plan is the G-7, that engendered the apocs 


lypse we are now witnessing. In this turn, the Harmonic Convergence was forgotten, 


ry leadership, now known 


deleted as it were from the official public texts of contemporary history. The stage was 
thus set for the next revelation, the Telektonon of Pacal Votan. 

In distinguishing the Seven Years of Prophecy, 1993-2000, Magnetic Seed- 
Resonant Wizard years, the Telektonon of Pacal Votan makes an absolutely clear 
analysis of the human condition at this time: unless the human race forsakes the false 
time governed by the instruments of the Gregorian calendar and the mechanical clock 
by the year 2000, then it will face its own destruction, biospherie collapse, and Hell on 


Earth, But ifby the year 2000 it can make the decision to reject the calendar of the false 
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12:60 time and adopt the perfect instrument of the natural 13:20 time, the Thirteen 
Moon!28-Day calendar, then humanity will have been able to make the choice of 
entering anew age. For the new age, so longed for, is actually only realizable as a 
new time. A new time can only come about by the rejection of the instrument that 
holds in place the hallucination of the old time, replacing it instead with an instru- 
‘ment of such perfect harmony that it has no history, but is truly post-historical 


For this, the messengers of time, myself and my wife, embarked on a course of 


being galactic gypsies, with no visible means of support, in order to warn the world 
of the meaning of the time and to offer to the world the opportunity of changing its 
course by changing its calendar. When the year 2000 rolled around, humanity —re- 


ed unmoved. The Gregorian calendar, the Vatican, and the G-7 appeared to be 
as strong as ever. The prophecy did not fail, but humanity did fail to heed the mes- 
sage regarding artificial and natural time. In this proc 
and 1 w 


as "messengers" my wife 


© only playing out an archetypal role. So beginning with the Blue Galactic 
Storm year, July 26,2000, thirteen years after the White Galactic Wlzard year, hu- 
manity was placed in judgment, ‘This is merely a matter of natural karmic law. 

2000-2004, became known as the prophetic cycle of the Har- 


rowing of Hell. Just as Jes 


The four-year cycl 


is was crucified and then experienced the Harrowing of 
Hell before his resurrection, so too humanity has been crucified on the technospheric 
cross of false time, and is now in the Harrowing of Hell awaiting the resurrection in 


natural time. For having failed to take 


ously all its me 


sngers and all its prophets 
of all times, humanity was now to pass en masse through hell. Since the Galactic Storm 
year, 2000-2001, completed a Seed-Storm Year bundle begun in the fifth year of proph- 
ecy (1997-1998), the 2000-2001 Blue Galactic Storm year was the year of evaluation. 
‘The full judgment was withheld until the Solar Seed Year, 2001-2002. 

‘The Solar 


year is the 


cond year of the Harrowing of Hell, but the first 


Storm Year bundle. The first half of the Yellow Solar 


year of the next four-year See 
Seed occurs during the second half of the first official year of the third millennium, 

2001. ‘The moment was now ripe for the Inevitable Event, for it was also the same 
Gregorian calendar year as 1945 and 1973. In the Telektonon Prophecy, verse 120, 


section 19, it is declared, "When the Lunar Moon has overflowed its banks, the G-7 


will be no more.” So it was on the twentieth day of the Lunar Moon (Blue Self- 
existing Monkey, galactic signature of Karl Marx), that the Tower of Babel, the World 
Trade Center, was struck a fatal blow, while the Pentagon, magical structure of the 
priests of the Dark Lords of Matter, built in "Hell's Bottom,” Arlington, Virginia, 
during the Ninth Hell cycle, was mortally penetrated. 


It is still the time of the Harmonic Convergence. ‘The Harrowing of Hell 
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represents the last cycle of respite for humanity. By July 26,2004, Blue Crystal Storm, 
humanity must make the "choice between anew age’ and all-out destruction’ — when 


it will have the last opportunity to make the decision of rej 


ting the old time and 


calendar and replacing it altogether with the instrument of perfect harmony, the 


Thirteen Moon!28-Day _synchronometer. Only such a harmonic organizing pri 
ciple, universally accepted and applied, can ensure atime of harmony and the fulfill- 
ment of the Harmonic Convergence. 

Is it possible that within the noosphere the Harmonic Convergence is awaiting 
its next climax on the Day Out of Time and the Thirteen Moon Synchronization 
date of the year 2004, that is, on Gregorian July 25 and 26, 2004? One reads through 
the Journal of Calendar Reform and the many texts and arguments for calendar re- 
form that were put forth in the 1930s and feels the missed opportunity. Even Gandhi 
was in favor of a new universal timing standard as a principle means of unifying 
humanity in peace. Did World War Il occur because the League of Nations failed to 


enact the calendar reform on January 1, 1933, 


it had fully proposed? The League 
of Nations had promoted calendar reform as one of its major agendas since the 
1920s. This world organization failed at calendar reform and at preventing World 


War IL Who or what prevented that reform from happening, and why? 


Let us look at the matter again. In order to remain constant, any perpetual cal- 
endar ordered by the seven-day week requires the principle of a null day, a Day Out 


of Time that iso day of the week at all. This was a feature of the preferred Thirt 


Moon!28-Day calendar proposed by the International Chamber of Commerce, as 
well as the other modified calendars of twelve months. Reading through archives 
and literature, pro and con, it is clear that what defeated the calendar reform was the 
conservative, Vatican-inspired objection to the null day, the Day Out of Time. To 


observe such a day, which is no day of the week at all, it was argued, would break the 


weekly succession of days set in motion by God at the beginning of creation-such a 
break would plunge the world into barbarism, chaos, and war. “The adoption of the 


weekly cycle was a triumph of Christianity to the detriment of paganism. The cult of 


Christianity is inextricably connected to the week whose origin reaches to the dawn 


of history. "2 Therefore, it was contended, to interrupt this weekly succession would 


destroy Christianity itself. As a result of such propaganda, the League of Nations 


faltered, no calendar reform occurred at all, and the world was plunged into war-a 
war that ended with the beginning of the age of terror. This terror is now running its 


course, like a fever sweeping through the biosphere. WII it be possible to consider 


again what the League of Nations faltered on and what the United Nations simply 


chose to ignore? 
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Who really lost out when the calendar reform issue was tabled in 1956 at the 
United Nations? It was not God who invented the week as we know it, but more 
likely the Babylonians, Behind the week is the mystery of the whole number seven, 
recalled in the Epic of Gilgamesh as the seven wise men ofU ruk. But the Babylonians 
clothed the seven- 


ry cycle in the raiment of the sun, moon, and five principle plan- 
ets-Mercury, Venus, Mars, Jupiter, and Saturn-to which the days of the week have 
no actual relation. Seen in this way, the seven-day week was intended to be a means 
on Earth for reenacting some remote mythic reality related to these seven heavenly 
bodies. What was that mythic reality, on what hidden knowledge is the count of the 
seven-day week presumed? Borrowing from Babylon, the ancient Hebrews incorpo- 
rated the seven-day week into their purely lunar calendar. And it was thus from the 
Hebrews that the seven-day week entered the Julian and then the Gregorian calen- 
dars. It was not, however, the Romans who adopted the week, but the Christian 
successor to the Roman empire, the Church of Rome. What truly was the origin of 
the week? And what relation or meaning does it have in the first place? Even to F. H. 
Colson, a Christian scholar writing as late as 1926, the seven-day cycle is described 
as "that intruder the week, consisting indeed of a 
no regard to months or years."3 


ed number of days, but paying 


With its fixed number of days, the week makes sense only in a system of time 
reckoning that is synchronic rather than astronomical in nature. To those whose 
minds are set on the synodic lunation cycle as the absolute standard, as does the 
Gregorian calendar, the week is what ensures the greatest disorder in the calendar- 
and yet it is defended to the death. The week gains its power from the whole 
number 7, and not from the jumble of names in which the week is clothed. The 
seven-day cycle is the closest whole number that corresponds to the four phases of 
the moon, which, as whole numbers, are also seven days each. In fact, the fixed 7-day 
cycle only makes sense within the context of the Thirteen Moon calendar with its 
28-day cycles divisible by four and seven, creating the annual cycle of fifty-two 
perfect weeks-plus the Day Out of Time, ensuring a perpetual harmony. 

Was the Babylonian naming of these days-with only one name a reference to 
the moon-meant to be a cover-up of some earlier knowledge, a knowledge both 
more purely lunar and harmonic, such as the Thirteen Moon calendar? Is all of 
history, then, just based on a cover-up of harmonic time? What would really happen 
if there were a Day Out of Time, no day of the week or month at all? Would old 
belief systems dissolve? Would there be a psychic release, a sense of freedom? Since 
1993, sixty years after the failure of the League of Nations to enact calendar reform, 
the Thirteen Moon Calendar Change Peace Movement has made certain that the 
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Day Out of Time is the day for forgiveness of debts, of release into timelessness, and 
for experiencing the full meaning of time is art. This day is now annually celebrated 


worldwide by increasing numbers of humans. All the while, the Gregorian world has 


arrogantly plunged blindly forward, locked into its mechanistically chaotic timing 
sensibility, only to receive the mortal wound of the Inevitable Event, causing it to 
fall through the 


sms, might be a relief t0 aworld now consumed by chaos, barbarism, and war. 


s of its own making, the 


chnosphere. A Day Out of Time, it 


He sends down from the sky water for your drink and to grow trees for your benefit. 
dat 


With it He grows for you crops, olives, date palms, grapes, and all kinds of fruits 


‘This is sufficient proof for people who think. And He commits, in your service, the 
night and the day, as well as the sun and the moon. Also, the stars are committed by 
His command. These a 


16:10-12) 


© sufficient proofs for people who understand. (Quran, 


Yes, the biosphere is a set of proofs for people who understand, an immense 
order that reflects and transforms the cosmos through the very process. of life on 
Earth, Who are the people who understand, and where are those people today’? 
Who will speak for the biosphere? Who will take the message of the advent of the 
noosphere 0 the statesmen and the politicians that they may take heed and note that 
what is occurring is not really in their control at all, but is the climax of a phenom- 


‘enal process Known as biogeochemical combustion? And who will declare that this 


climax will inevitably shake all the towers to their foundations and level the moun- 
tains of industry to a flat plain from which the noosphere will manifest as the equal- 
ity of telepathy for all? 

This book, and this ninth chapter in particular, is like along meditation, a vision, 


inspired by the dark tragedy of the Inevitable Event. As a vision, the 


thoughts are 
both those of one solitary individual, albeit a noospheric chip, and the continuation 


er, Pacal Votan, Could it be that Pacal Votan in his 


of the vision of that ancients 


time knowledge rehearsed all these words, these thoughts, this entire vision itself? 
On the sarcophagus lid of Pacal Votan is a cross, not the cross of death as in Chris 

tianity, but the cross oflife, a tree, a.cosmic tree. Across that tree is a serpentine band 
with two dragonlike heads, one at each end. This band represents the galaxy. The 
head at each end represents the galactic vision that sees equally into the past and the 
future. Sometimes this is called the <uvuya, the reflex of cosmic memory. The entire 
galaxy, the Milky Way, is thi 


meant to be opened into this cosmic memory? This is what is meant by the advent of 


reflex. of cosmic memory. What if all of humanity is 


the noosphere, the mind of time on Earth, the mental envelope of planetary con- 
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sciousness arising from the grave crisis of the biosphere through which we are now 


passing at this very moment 
Because we are now defining the noosphere does not mean that the noosphere 
was not known to those ancient Mayan time scientists like Pacal Votan, especially if 


the noosphere is defined as the mind of time on Earth. To such time scientists a 


NET year would be no time at all, or rather, it would be but a single, fifty-two solar 


orbit rehearsal of life. How many such rehearsals would be ni 


sary before some- 
thing was finally learned? The Prophecy of Thirteen Heavens and Nine Hells, for 
instance, was actually just the passage of twenty-two NET years. Is this how long 
was needed to see if the human race would Jearm anything? And if Pacal Votan and 
Muhammad were around today, what would they think and do? 

Knowing the nature of the synchronic order of time, someone like Pacal Votan, 
obviously one of the most singular of all personalities of the Mayan world, would have 


like the two-headed galactic band, the cons 


possessed a consciousne: jousness of ga- 


lactic memory. In the zuvuya of galactic consciousness, peering into the deep past is 
peering at the present from the future. This is possible in the radial time of the fourth 
dimension freed from the strict linear construct of past-and-future-time. From some 
higher state of mind, from a mind and consciousness identified completely with the 
galaxy, this has all been foreseen, this has all been written in a book. Now we who are 


cent state of end-time consciousness are being asked to self-reflect. We are 


in this pr 


being asked if we can manage to hold the noospheric lens steady enough to see that the 
technosphere had to end, and that the technosphere could only end by the means by 
which it maintained all of the biosphere in its control, by terror itself 

Y 


we are all a bit Tike the frog at the bottom of the well whose vision and 
perception of the universe is circumscribed by what the opening of the well allows it 


to see. The well is the technosphere, both as a planetary apparatus and as a belief 


system, On the other side of that well isa vast world that we have actually never 


This vast world is the noosphere and beyond. And what is beyond? Many of the 
traditional peoples say that we originally came from the stars. If we came from the 
stars, are the star people still out there? And what do the star people think of all that 
is happening on Earth today? And what do they think of their lost star children, 
many of whom now believe it is childish to think that we came from the stars? And if 


there are star people still out there, wouldn't they be too sophisticated to think they 


could get anywhere in arocket ship, or even a UFO, subject to the entropic degrada- 


tion of the material plane? 


No, they wouldn't rely on such primitive technology, but would be in tune, as is 


the rest of the uni with the universal frequency of synchronization and the 
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capacity of time to travel at an infinitely instantaneous rate of transmission. This being 


so, we could rei 


fe telepathic messages from the 


tar people-if we were ready for it 
and knew precisely why, when, and how such communication occurs. In fact, as we 
have said earlier, the noosphere is the region on Earth for the receipt and transmission 


of messages of cosmic consciousness. This being so, the future of human evolution, of 


Homo noosphericus, would be nothing less than to become a medium of cosmic con- 
sciousness, adapting to the expanded measure of Noospheric Earth Time, traveling 
back to the stars but through the superior knowledge of the actual laws of time. 


of dut 


In writing this book, Ihave only a ser 


,. of responsibility to expand the 
Vision of my fellow earthlings from the technosphere to the noosphere. In the Law 


of Time there are no arbitrary distinctions between reason and art, s 


nce and proph- 
ecy. The universe really is a giant radio transmitter. This book is as much an exposi 
tion of matters generally not thought about, as it is a personal testament and vision. 


In that regard this text is a portion of a broadcast transduced and re 


ived by me 
functioning as a noospheric chip, on behalf of the biosphere-noosphere transition. 


In the tomb lid ofPacal Votan are impr of this broadcast 


sd all the frequenci 


transmission called Time and the Technosphere. know that Pacal Votan took an earthly 
form for just this purpose. He left his body in that tomb, a jade mask being the actual 
impression of his face. According to Chinese and ancient Mexican tradition, jade is 
the stone of immortality. Was Pacal Votan an immortal? Where did his conscious- 


and spirit go once his body was placed in the sarcophagus? Why did he leave the 
Telektonon, the Earth Spirit Speaking Tube, running from the tomb to the temple 
floor at the top of the Pyramid of the Inscriptions? Knowing the frequency of the 
synchronic order governing the psi bank of the mental envelope of the Earth, did he 
place his thoughts in the noosphere to be released at the precise moments of the 
opening of his tomb and the decoding of his prophecy? And then where did he go? 

Beginning in 1980 1 became conscious that, from time to time, I had been re- 
ceiving telepathic transmissions. I soon identified these transmissions as coming from 
the star Arcturus. In Earth Ascending, originally written in 1983, the nature and pro- 


gram of the psi bank, the control panel and regulating mechanism of the noosphe 


became known to me. This was followed by The Mayan Factor, and then the decod- 


ing of the Law of Time. At the moment when I'had just finished writing The Mayan 


Factor in 1986, I received the inspiration for what is called the planet holon, the 
twenty-part structure accommodating the program of the twenty solar seals. When 
Trreceived this image it was known to me as the program of the Arcturus Protector- 
ate. As Tunderstood it, the Arcturus Protectorate was established by the "star people’ 


as akind of protective time shield around the Earth, By means of the activation of 
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this time shield, the star people would know that some of the earthlings were waking 
up to time and beginning the conscious activation of the noosphere. This is exactly 
what came about through the Dreamspell, beginning in 1990. 

‘The Dreamspell is such a radical break from the past, and such a pure statement 
of the history-less fourth-dimensional future, that in order to comprehend it, in 
1992 I wrote two other books, one called the Arcturus Probe: Talesand Reports ofan 
Ongoing Investigation and the other The Call ofPacal Votan: Time is the Fourth Dimen- 
sion. Some people will say that the Arcturus Probe is an exaggerated fantasy, yet I 
cannot deny what a purely telepathic process it was to write that book, which fills in 
many points of the psychomythic cosmology of Dreamspell: The Journey of Timeship 
Earth 2013. The Call of Pacal Votan was originally titled A Treatise on Time Viewed 


from its Own Dimension, and is a purely scientific description of the mathematical 
codes of the Dreamspell in relation to the biosphere-noosphere transition. The one 


text purely imaginal, the other purely rational, yet both were two sides of the same 
coin, arendering of the Law of Time in its cosmological and mathematical compre- 
hensiveness. Then came the even more abrupt break with my conventional past, the 
Telektonon Prophecy of Pacal Votan. 

I bring up all of these personal details because people often ask where it all 
came from and where I got my ideas. But more importantly, I bring them up 
because, as have been indicating, all of this was foreseen and known by a seer in 
another time, in another world-Pacal Votan. And this process of one person hid- 
ing a prophecy and another person in another time finding that prophecy, this is 
also a further revelation of how the noosphere functions. The French mathemati 
cian and philosopher Charles Henry (1859-1926) declared, "As the individual be- 


comes more collective, the collective becomes more individual."4 As individuals, 
we humans are meant to grow into the collective mind known as the noosphere, 
while the noosphere, which is the collective, could only be known through its 
incorporating itself through the individual. Iam one such individual, a noospheric 
chip. The noosphere could not be understood if it did not take on a personality or 
a number of personalities. Otherwise the noosphere would remain in the purely 
theoretical state or condition. 

Now that the Inevitable Event has occurred, the noosphere is recruiting. The 
program of recruitment is called the Campaign for the New Time. This is a genuine 
campaign, but apeace campaign and not a military one. Asa campaign it must reach 
its climax by mid-2004, a full eight years before the end of the cycle, northern win- 
ter/southern summer solstice 2012, the noosphere's omega point. The reason for 
this is that any later than 2004, the prophecy will be negatively fulfilled. A minimum 
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of two Seed-Storm Year bundles-eight _years-are-needed_to creatively destructure 
and then to reconstruct. The Inevitable Event was a sign of God showing us that the 
end had already occurred. Now all the forces of goodwill and harmony must be 
channeled into the conscious act that will coincide with the noosphere's readiness to 
manifest through all of us, and that is the calendar change-the untried solution, the 
most important unfinished business of the last millennium. 

This is no longer a matter of debate. There is no other solution that hasn't been 
tried, There is no other way that the noosphere can become collectively conscious 
than through the human adoption of a timing system of perfect harmony. By meeting 
our deadline with the noosphere at the time of the Great Calendar Change in the 
middle of the year 2004-0n the White Spectral Mirror, Day Out of Time, the day of 


release fom the old, and Blue Cr 


ystal Storm, the day of entering the new-then the 


biosphere will harmonically converge with the noosphere, and the Pax Cultura, Pax 
Biospherica may begin in all seriousness. Such is the advent of the noosphere. 
What did the Maya foresee for 20127 What is Pacal Votan’s vision? Pacal Votan’s 


vision is the fulfillment of a prayer-a prayer that Ihave heard through the silence: 


© Hunab Ku, One Giver of Movement and Measure, be kind to the children of this 
Earth. We see how every year you give and how every year you take away. This is so 
the children of Earth can lear to be free and dwell only in your presence. Yet we 
know that the children of the Earth must undergo their lessons as well. And we 
know that they must enter the dark time of testing. 0 Hunab Ku, in their time of 
darkness, in their time of forgetting, do not forget them, spare those who are good, 


if you can, Prepare for them the Second Creation you have promised to the righ- 


teous among them. Break for them the spell of false time before 
Earth! And show to them the splendors of the Second Creation, of the New Heaven 
and the New Earth. Show them these wonders before the Great Cycle is finished, so 


xy destroy this 


that they may yet wake up from the sleep of time. And 0 Hunab Ku, may the nine 
great Lords of Time retum to Earth! May they teach the children of the Earth how to 
become arace of wizards, tilling the noosphere as they have tilled the Earth. 0 bring 


to these children of the 


uth a good Time, a Time of Peace as long, at least, as was 


svenfold! 


their time of history and war, and then let that Time of Peace be multiplied s 
‘And here is the vision that fulfills the prayer: 


Planet Earth, Rhythmic Solstice, Blue Resonant Storm year, 2012 Omega Point 
‘The Earth’s axisis tited so that the North Pole is at its farthest from the sun, and the 


South Pole is at its closest. High above the Earth an iridescent, thin rainbow band 
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arches from one pole to the other. A second band does the same, but over the 
opposite side of the Earth, The Earth slowly rotates beneath these two rainbow 
bands that remain unchanging, constant in their positions, one of them directly 
opposite the sun, the other holding a position on the midnight side of the Earth’s 
tuming, The band facing the sun isthe Earth’s day altemator. ‘The other band is the 


Earth's night alternator. If we glide across the surface of the Earth we see that 


everywhere there are small encampments, circular and radial in formation. Yurts, 
tents, adobe, and earthen structures-and gardens. The once-teeming cities are eerily 


silent, yet still inhabited, though with far fewer people than during the time of the 


technosphere. And everywhere in the small encampments people are reverentially 
gathered. This isthe moment of the closing of the cycle. Itis as if everyone is draw- 
ing in a single breath at the same time, and exhaling it at the same time, From 


whe even though there are clouds, you can si 


¢ the shimmering iride 


er you ar 


cent rainbow alternator, either by day or by night. Clusters of people are gathered in 


circles of deep meditation. Around them the children laugh and play. "We are the 


noosphere,” a voice is repeating, “we are the noosphere.” This sets up a vibration 
and people everywhere stop in their tracks, they look toward the sky. They listen, 
“The galaxy is renewing our thought. The galaxy is renewing our mind. The galaxy is 
renewing our world, this Earth, Let us go home and learn some more." Drums and 
chanting fade into the twilight in one place and beckon the dawn in another. "Let us 
say the prayer again: ‘0 Hunab Ku, Allah, One Maker, Our Creator, we submit to 
You. Continue to keep us whole, continue to broadcast the noosphere through us, 
continue to let us listen to the higher collective voice that we are so that tomorrow. we 
may register another kin, another NET minute in the glorious journey of Timeship 
Earth toward its goal of universal unification in your One Unending Thought, 0 
Hunab Ku, do not forget us, now, and do not let us forget you! Thank you for the 
closing of the cycle! May what we have learned stay with us and become the inherit- 
ance of our children for seven times seven generations to come, and may you bring us 


another cycle for all our descendants to live in continuing peace and harmony! 


This is the vision. Iam a.noospheric chip. Do not tum away from your visionar- 


ies. Your prophets are still calling you and teaching you, if you would pay attention. 


‘There is much to do and learn, There is nothing more joyful than the positive con- 


struction of harmony. 
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Time and the Tecmosphee, First Draft Transmission completed, 
Self-existing Owl Moon Dali 15, 

Yellow Solar Seed Year 

Kin 42, White Electric Wind: 


J activate in order to communicate 
bonding breath 
1 seal the input of spirit 
with the eleciric tone of service 


Tam ptided by the power of death 


First draft edited, completed, and sealed, 
Overtone Peacock Moon Seli 2, 
Yellow Solar Seed Year 

Kin 57, Red Overtone Earth 


T empower in order to evolve 
commanding synchronicity 
1 seal the matrix of navigation 
with the overtone tone of radiance 


Tam guided by the power of life force 


Second draft edited, completed, and sealed, 
Rhythmic Lizard Moon, Seli 23, Navigation Tower 
Yellow Solar Seed Year 

Kin 106, White Lunar World-bridger 


Pacal Votan Clear Sign 


I polarize in order to equaiz 
stabilizing opportunity 
1 seal the store of death 
with the lunar tone of challenge 
Jam guided by the power of endlessness 
Tam a galactic activation portal 


enter me 
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Mayall beings be well and happy! 

May this text and these words inspire by their truth, 

If! have left out or omitted any logic or fact, or unnecessarily maligned any truth 
for being by my endeavor to convince through dear argument, may the Creator know 
that no such malice or oversight was ever intended. I am but a human transmitter, a 
noospheric chip. My ability is commensurate with the frailties attendant {0 one too 
long 


eadfast_on a path too little comprehended by many of those around him. 
May the truth prevail! 


Jose Argiielles, Ph.D. 

known in prophecy's light as 

Valum Votan, the Closer of the Cycle 
devotee of Bolon Ik 


Brightwood, Oregon 


Cascadia Bioregion 
North American Plate 
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Sarcophagus lid of the tomb of Pacal Votan 9.13.0.0.0 (A.0. 692) 


Enilogue 


Networking the New Time 


TO READERS for whom the notion of calendar change, much less that of a Cam- 
paign for the New Time, is totally novel, yet who may have an interest in learning 
more about and participating in the preparation for the Great Calendar Change of 
2004, there is a place to begin and a way of going about it. 

The official coordinating agency for the Campaign for the New Time and the 
World Thirteen Moon Calendar Change Peace Movement is the Foundation for 
the Law of Time. Asanonprofit public charities educational corporation, the Foun- 
dation for the Law of Time provides the communications and information hub for 
the Planet Art Network (PAN). The Foundation also publishes calendars, tools, and 
literature about the Law of Time and sponsors various educational programs, peri- 
odic seminars and congresses, and projects such as the new time educational cara- 
vans and the development of garden-oriented land bases. 

For general information on the Law of Time or the Campaign for the New 
‘Time and its educational programs contact: 


Foundation for the Law of Time, World Headquarters, 
Post Office Box 513 

Brightwood, Oregon 97011 U.S.A. 

Tel: +1 (503) 622-1976 

Fax: +1 (503) 622-0198 


Epilogue. 


197 


198 


The Foundation for the Law of Time's outreach activity program is known as 
the Planet Art Network (PAN), the loosely knit and decentralized base of operations 
for the World Thirteen Moon Calendar Change Peace Movement. The PAN is 
organized into Bioregions, each with its PAN nodes (local chapters) and a governing 
Bioregional Council. The PAN nodes organize “crystal day meetings" once every 
thirteen-day wavespell-the crystal (twelve) tone day is the day to call around table 
or court of the kin to review past actions and prepare for future ones. The PAN 
nodes also offer educational programs and disseminate calendars and other educa- 
tional tools and literature provided by the Foundation, which constitute the infor- 
‘mation outreach of the World Thirteen Moon Calendar Change Peace Movement 
The Campaign for the New Time is the coordination of the world PAN toward the 
goal of the Great Calendar Change of 2004. The PAN is also generally responsible 
for organizing the annual Day Out of Time events in its different localities and 
bioregions. 

For information about local Planet Art Network (PAN) operations, contact: 


Foundation for the Law of Time/Gnomicile Land Base 
World PAN Coordination Center 

PMB 267 

105 North First Avenue 

Sand Point, ID 83864-1301 U.S.A. 

Tel: +1 (208) 255-1172 

Fax: +1 (208) 265-9107 


‘The official Web site for the Foundation for the Law of Time, Planet Art Net- 
work, World Thirteen Moon Calendar Change Peace Movement and Campaign for 
the New Time is: 


www tortuga.com 


This Web site is continuously updated and offers a great range of both practical 
and theoretical information about the Law of Time, the Campaign for the New 
‘Time, ongoing and upcoming events and educational seminars, listings of major 
PAN nodes worldwide, Law of Time archives, and links to other relevant Web sites 

‘A major aspect of the Campaign for the New Time is the development of a 
program of "strategic alliances,’ 


information about which is also available at 
www.tortuga.com. If you belong to an organization that you feel could be in align- 
‘ment with the goals of the Campaign you can check out the Strategic Alliance page 
of the Web site or directly contact the Foundation for the Law of Time, World 
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Headquarters. The goal of the Strategic Alliances is to establish a "synchronization 
for peace force"-a coalition of a wide spectrum of organizations that are in align- 
‘ment with the calendar change and are willing to help organize local events and 
information dissemination for the Great Calendar Change of 2004. 

See also Appendix Il, "The World Thirteen Moon Calendar Change Peace 
Movement and the Discovery of the Law of Time: A Brief Chronotopology of 
Transformation.» 
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Appendix | 


Summary Critique of the 


Gregorian Calendar 


What Every Proponent of the Thirteen Moon 
Calendar Should Know 


NOT ONLY is the idea of the calendar as an instrument to determine a true and 
accurate year misleading, but solely focusing on this purpose blinds us to any consid- 
eration of time apart from duration or measurement of motion in space. The Law of 


‘Time asserts that the actual nature of time is synchronic; hence the purpose of 
dars is to synchronize us in time according to various cycles whose harmonic —num- 
bers extend from and return us to ahigher mental order of reality. It is a fatal error to 
dismiss a mathematics of harmonic perfection when itis allied with the ordering and 


comprehension of cycles. The pursuit of a true and accurate year totally subordi- 


nates the cyclic nature of time to the ceaseless imperfection and change that charac~ 
terize the phenomenal world when it is considered as the sole factor of existence. 
‘This defines the thoroughly materialist worldview of the 12:60 consciousness. 


In order to prepare the ground for a proper consideration of the Law of Time 


and the evolutionary necessity of the synchronic order of time as the harmonic reor- 


ganizing factor of humanity in its postchistoric phase, it is necessary to expunge 
from the mind the error known as the Gregorian calendar. To demonstrate and 


expose the illogical and irrational nature of the Gregorian calendar as a standard of 
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measure, the following seven points are presented as a simple appeal to the intrinsie 


logic and intelligence of any human being, 


1.We require of a standard of measure that its units of measure are regular 

and equal with one another. 

This is not the case with the Gregorian calendar, whose base unit of measure, the 
month, proceeds in an irregular and uneven manner: 31 days, 28 days, 31 days, 30 
days, 31 days, 30 days, 31 days, 31 days, 30 days, 31 days, 30 days, and 31 days. Why 
would anyone use a standard of measure with irregular units? Do you know what 
results when a crooked standard of measure is employed consistently for millennia? 
It might be noted that at the time of Augustus Caesar, August was called Sextile and 
had thirty days, while February then had twenty-nine days. In order to honor Augustus 
and make him the equal offulius Ouly) which had thirty-one days, the twenty-ninth 

day was taken from February and added on to Sextile, whose name was then changed 
to Augustus (August). By harmonic contrast, the Thirteen Moon calendar is per- 
petual in that all of its units of measure are equal-28 days each. 


2. The names of the months are as illogical as their uneven numbering. 


January is derived from the God of the doorway; February is an obscure word rel 
ring to an animal divinatory rite; March refers to Mars, the planet and the god of war; 
April and May refer to goddesses of the spring; June to the wife of Jupiter; July and 
August are named after the two most prominent Roman Emperors, Julius and Augustus 
c 


sar. As for the remaining months, September, the ninth month, means seven; Oc- 
tober, the tenth month, means eight; November, the eleventh month, means nine; and 
December, the twelfth month, means ten. Of course, having grown habituated to the 
crooked standard of measure, it is easy to overlook and dismiss as innocuous the irra 
tional naming of the months. But is it so innocuous? What do the names of the 

months have to do with an order of time, or even a cosmology or culture of time, 
which we assume a calendar might reflect? By blindly accepting this irrational disorder 


of names, do we not predispose ourselves to accept irrational disorder in common- 


place things around us, and even within the fabric of our society, thus reinforcing in us 


tendency to accept a superficial treatment of the symptoms, while ignoring the roots? 
3. Leap year and leap day isthe most highly touted aspect of the Gregorian 
calendar. 

Structurally, the Gregorian calendar is indistinguishable from the Julian calendar. 


‘The only thing that separates the Gregorian from the Julian calendar is the correction 
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of the leap year day. Pope Gregory XIII “corrected the calendar’ by deleting three 
leap days from the years that begin the centuries, except those divisible by the number 

four. Leap day is the extra day that accumulates every four years due to the length of 
the astronomical year being 365.241299 days and not 365. It can be seen that the 
fraction 241299 is not quite 1/4, which would be .25. The Julian calendar did nottake 

this into account, hence an error crept in that caused the spring equinox on the calen- 
dar to fall some ten days behind the solar moment of the spring equinox-a fact noted 
by the conquistadors when they encountered the Mayan calendar, which had no such 
discrepancy. ‘Thus, in 1582, Pope Gregory XIII “improved” on Julius Caesar's calen- 
dar, some 1,627 years later, by adopting the rule that there would be no extra day on 
centuries-OO —years-except_ on those that are multiples of four. Hence, there was no 
leap day in the year 1900, but in the year 2000, a multiple of four, there was. 

What is not well known is that the Vatican does not recognize the leap day in its 
ceremonial calendar. Why is that? In most countries where Latin-derived languages 
are spoken, leap day and leap year are referred to as bisiesto, or “bisextile” day and 
“bisextile" year. If leap year is every four years, why is it referred to by a word that 
connotes six, sextile? On the official liturgical Church calendar there is no February 29! 


Instead, there are two February 24s, and the second February 24 is not counted. If 


there were to be an extra day that was counted, then the system of fixed feast days 


would be thrown off. Instead, on leap years, February 24, the Day of the Feast of St 


Matthew, is counted twice-or extended to be 48 hours. And since in the Church 


tradition derived from the Romans the days are counted from the first of the next 


‘month, the first always being known as the calends, the date February 24 is technically 


ixth of the calends of March” (February 24 = sixth calends of 
third 


referred to as the 


March, February 25 


February 26 = fourth calends, February 27 


calends, February 28 = second calends, and March 1 


lends of March). For this 
reason, the leap year is known as bisiesto because the sixth (siesto) calends of March is 


doubled, hence "bi." Thus, February 29 is not recognized by the official Church 
endar of the Vatican, and itis also not counted as a day in its liturgical calendar. Febru- 
wy 29 only arose out of popular tradition in the sixteenth and seventeenth centuries. 


‘The nemesis of accounting for the .241299 extra day per year reveals the fixation of 


astronomical time in seeking a “true” year and detracts from the possibility that the 


be handled in 


issue of an intercalary, or extra, day can logically and s 
many other ways. In the end, it is the mystique surrounding leap day that further con- 
tributes to the numbing of the sensibility of time accumulated in the instrument known 


asthe Gregorian calendar, “the little grid of boxes that rules so much of our fives."I 
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4. The word we use to describe the instrument for measuring, the Earth's 
orbit around the sun, calendar, is derived from the word calends. 


Calends was the Latin name given by the Romans to the first day of e 


ty_-month, 
What does it mean? Calends is the name of the account book, the book of payments 


recording the monthly debts and bills to be paid! No wonder we are nuled by the 


philosophy “time is money!" This philosophy is rooted in the very word we use to 
describe time reckoning, calendar. A more accurate word for time reckoning might 
be “chronometer,” or even better, "synchronometer.” But perhaps the word "count" 


is simpler. We might just say, for example, Thirteen Moon!2 8-Day perpetual count 


5.Dominicalletters code the years of the Gregorian calendar. 


Scarcely known to anyone but Vatican insiders is the system of dominicalletters that is 


used to code the years according to the day of the week on which the first Sunday of 
the year falls. Since the week has seven da 
letters. Thes 


, there are seven and only seven dominical 


are the letters a-g, where a= 1,b= 


1653, 


Hence, G-7 (the group of the seven most industrial nations), the name given in 1974 


by the CIA to the ruling oligarchy of globalization, is totally rooted in the system of 


the seven dominicalletters, to which the Gregorian calendar can be reduced. It 


works as follows: In 2001, the first day of the year was on a Monday, hence in this year 
all Mondays are coded by the letter a. Counting forward. to the first Sunday, January 7, 
Sundays this year are coded g. The letter of the year, which is always a capital leter, is 


based on the lower case 


Jeter that codes the first Sunday, therefore, the year 2001 is 
coded as the capital letter G-it is truly a G-7 year! Not only that, but by thi 
of 


system 


dominicalletters, it can be demonstrated that the order of the Gregorian 
calendar year repeats within a cyclic structure of precisely twenty-eight years, where 
the days of the week and the month repeat once again. Hence, the cycle 1973-2001 is 
arepeat of the cycle 1945-1973, which is arepeat of the cycle 1917-1945, and so forth 
where the years 1917, 1945, 1973, and 2001 are 


sndrically —indistinguis 


able 


each other. In any twenty-cight-year cycle, there are always exactly seven leap 


‘Thus, the key code numbers 28 and 7 of the Law of Time and of the perfect Thirteen 
‘Moon!2 8-Day calendar are hidden in and even gover the cyclic order of the Gregorian 
calendar, whose secrets pretend to lie concealed in the Vatican archives! 

Expose these secrets and show that the true harmony of time is contained in the 
13:20 matrix of the Harmonic Module, which is perfectly coded by 28 and 7. Within 
this matrix, any set of four tones radially opposite each other, an occult quartet, 
always adds up to 28, There are 65 (x4) such sets that constitute the Harmonic 
Module, while seven (multiplied by four), is the prime factor of 28, and is the key 
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204, 


unit holding the 13-20 matrix in place, evident in the position of the seventh vertical 
column on either side of which is a perfect harmony of six columns each. The seven 
is also the implicit number in the ratio 13:20 (13 +7 =20: 20 - 7 =13). But whereas 
the 13:20 matrix is a harmony in which the Law of Time is encoded, the Gregorian 
calendar is a disharmony, but one that is nonetheless governed by the Law of Time. 
What the Vatican attempted to destroy at the hands of Bishop de Landa in 1562, in 


the famous book buming at Izamal Yucatan, is redeemed by the Law of Time, Free 


of the obscuring, illogical irrationality of the inexact measure of the Gregorian cal- 
cendar, the actual truth of the synchronic order of time may be discovered and re- 
vealed as the 13:20 mathematical code ofthe Harmonic Module, perfectly coordi- 


nated with the Thirteen Moon!28-Day count 


6. The Gregorian calendar makes day/date caleulations difficult. 
‘The twelve uneven months of the Gregorian calendar operate by a subsystem of fifty- 
two 7-day weeks, plus one day. Because of the irregularity of the numbering of the 
months, and because there are 365 and not 364 days in ayear, it is almost impossible to 
make easy calculations month to month and year to year, while insistence on the un- 
broken succession of the week only compounds this issue. For example, if today on the 
Gregorian calendar it is Friday, May 4, 2001, what day of the week will June 4 be? What 
day of the week will July 4 be? There is an immediate mental block-a numbing of the 
mind. You have to stop and think about it, And in this numbing pause in which your 
cognitive brain has to be engaged, you lose your telepathic awareness, much as when 
you look at a clock to find out what time it is. Why should it be this way? Who ben- 


fits? The answer is, the priests (who know the tedious rules for stating that if it is 
Friday and it is 2001, then it is dominical e) and the bankers (who gather interest based 
fon the confusion over the erratic disparity of days every month). By contrast, on the 


perpetual Thirteen Moon calendar, this day would be Spectral Moon Gamma 3-while 


every third day of every Moon is coded by Gamma, In fact, the third day of every week 


there is no need to 


is coded by the name Gamma, Once the 28-day count is master 
engage the cognitive brain to figure out what day of the week Crystal Moon 3 or Cosmic 
Moon 3 will be-and in this way the mind is liberated into a telepathic knowing. 

‘The system of the seven-day week was introduced into the Julian calendar at the 
of Nicea, A.D. 325, and was adopted from the Jewish calendar, which was 


derived from the Babylonians, for whom it was an astrological-astronomical con 


Coun 


struct. The fact that the week came from the Babylonians dissolves the argument 


used by the Vatican to counter the Day Out of Time. According to the Vatican, 


ion of the seven-day week would disrupt an order set in motion by 


rupting the suc 
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God. The matter of the 7nd the 52 has amuch deeper significance when understood 

in the higher-dimensional light of the Law of Time. A count of fifty-two 7-day weeks 
makes perfect sense if you have acount of thirteen 28-day months (7 x52 = 13 x 28), 
‘The observance of the Day Out of Time, the 365th day of the year, produces a 
perfect and perpetual harmony. Knowing this, to continue to insist on fifty-two weeks 
while being unwilling to give up atwelve month count that does not have a Day Out 


of Time is to persist in an adherence to hopeless disharmony. Why do it? 


7. What's ina name? Think about it 
What does it mean to follow calendars called the Julian and the Gregorian? A ealen- 


dar is an instrument of control. The two most significant ca 


endar reforms. in history 


were the Julian 


endar reform of 46-45 B.C., and its successor, the Gregorian, in 


A.D. 1582. Julius Caesar's motive 


had everything to do with his personal ambition 
and the conversion of Rome from a republican to an imperial form of government. 

Julius Caesar's calendar assured it to be the basis of imperial dominance. The course 
of the empire utilizing the Julian and tater Gregorian calendar has prevailed as the 
dominant force now inseparable from the course of history itself. The 445-day "year 
of confusion” (46 B.C), which attended Julius Ci 


second significant reform, the Gregorian, in which ten days we 


a's reform, was matched by the 


lost forever,” 


between October 5-16, 1582, so that the calendar could “catch up" with the sun. 


While European Catholic countries easily accepted the reform, Protestant coun- 


tries grudgingly acquiesced. ‘Throughout the Americas, however, the Julian-Gregorian 
calendar was imposed as an instrument of power and symbol of dominance over the 
peoples the Europeans had conquered, including the high civilizations of the Maya, 
Inca, and Aztecs-all of whom happened to use, among other calendars, a Thirteen 


Moon!28-Day count, As with Julius Ca 


w, for Pope Gregory XIII the moment was 
politically ripe for a reform that would communicate itself as ameans of expressing and 


extending power and control, but this time over the entire globe. As European domi- 


nance and control spread around the planet, even nations with their own established 
timing systems accepted, for the sake of “intemational policy,” the Gregorian Oulian) 
calendar system for measuring the solar year. And so Western dominance over every 
aspect of global life became absolutely assured-until the moment of the Inevitable Event. 


From its roots in the imperial ego of Julius Caesar to the timely “reform” of 


Pope Gregory XIII, it is not surprising that this calendar, “despite its odd quirks and 
the twists of history that produced it,"2 has become the standard of global civiliza- 
tion. Given the irregularity of the Julian-Gregorian calendar and the pursuit of the 


accuracy of astronomical time, history could be nothing more than a compilation of 
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odd quirks and twists, while global civilization itself is the triumph of artificial time 
over the natural world. Only a species whose time sensibility had been captured by 
instruments of artificial measure could have become so alienated as to have pro- 
duced the monstrous conundrum known as the "fast world," a civilization where 
money and technological advance prevail over human sensibility and the natural 
order. It is toward the correction of this destructive momentum that all efforts of 
calendar reform must now be directed. 

In light of this critique, it is worth reprinting the opening section of the "United 
Manifesto by Advocates of Calendar Reform” that was first published in 1914 at the 
beginning of the First World War-some ninety years in advance of the Great Cal- 
endar Change of 2004. It can be seen that the issues of irregularity that prompted 
reform then are still issues today. However, the effects of not attending to these 
issues have only become compounded and even more complex, resulting in the chaos 
of aworld at war with terror. Such is the nature of an error gone uncorrected over 
time-it only becomes more entrenched and turns into the dogmatic and hopelessly 
conflicted thinking of the everyday mind and its way of life. 


United Manifesto by Advocates of Calendar Reform 


WHEREAS we, the undersigned, have for some time been interested in a Reform and 
Simplification of the Calendar now in use in Western Europe, America, and 
where, with a view (0 equalizing the four quarters of the year, alleviating the irregu- 
latities of the months, and establishing a perpetual correspondence between the day of 
the week and the day of the month, and have supported one or other of several 
proposals which have been formulated for effecting these reforms; and WHEREAS 
said proposals usually provide for placing the 365th day of every year and the 366th 
day of Leap Year without the weekly and monthly enumeration; and WHEREAS 
‘we have found that in certain quarters-both ecclesiastical and scientific-Dbjections, 
possibly often sentimental, but none the less firmly held, have been stated to the employ- 
ment and adoption of these expedients. . . Therefore we have resolved to unite in 
urging and advising that the very simple changes under noted should now be made 
in the Julian and Gregorian Calendars by international agreement, 3 


If you have a crooked standard of measure, and follow it because your parents 
were also following it, you have become a crooked man. It takes a crooked man to 
walk a crooked mile and build a crooked house. The issue of calendar reform is both 
logical and moral. Bad logic leads to bad morality. An error in time dooms. the mind. 


Apocalypses are the reward for bad timekeeping. To remove yourself from the fires 


of your own self-created apocalypse, change your calendar. In a world of harmony 


there is no apocalypse. 


Vv 
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The World Thirteen Moon 
Calendar Change Peace 
Movement and the Discovery 


of the Law of Time 
A Brief Chronotopology of 
Transformation 


IT WAS during the seve 
Calendar Change Pi 


ear cycle (1993-2000) when the World Thirteen Moon 


we Movement was being aroused around the planet, that the 


Law of Time was articulated in its various aspects and particulars, and the synchronic 
oder defined in its whole system fullness. This occurred through a number of key 
events accompanied by a number of publications detailing the mathematical, cos- 
ological, theological, and scientific aspects and imperatives of the Law of Time. 
By the standards of the synchronic order, all events form points in a radial time 
set that describe a geography of time defined as a chronotopology. Coined by the 


late philosopher and mathematician Charles. Muses, the term chronotopology defines 


an event point of meaning that creates. a root meaning from which  time-forme 


blossomed, or -radiated meanings emerge above ahorizon of meaning.!. The Law 


of 


ime now gives a precise field in real time to illustrate Muses’ notion of 


chronotopology in which Time is a radial power of profound interrelations. 


‘The World Thirteen Moon Calendar Change Peace Movement, 


207 


208 


The following chronotopological sequence-a resume of the events in a par- 
ticular geography of time, the seven years of prophecy, 1993-2000-defines the con- 
scious emergence and articulation of the Law of Time. In this chronotopology, the 
“root meaning” occurred in 1989 at the Museum of Time in the form of the discov- 
ery of the 12:60 and 13:20 timing frequencies, and the subsequent working out of 
the implications of this discovery. The "horizon of meaning" was reached July 26, 
1993, kin 144, with the decoding of the Telektonon Prophecy and the consequent 
development of the World Thirteen Moon Calendar Change Peace Movement. The 
"source meanings,” however, extend back to the seventh century with the origins of 
the prophetic traditions underlying the discovery of the Law of Time. The seven 
years of prophecy established the field of radiated meanings of the Law of Time asa 
set of radiated event points and a body of literature and tools. Here follows, then, a 
brief chronotopology of the key event points of this movement: 


1989 Root meaning: discovery of the 12:60 and 13:20timing frequencies, Museum of 


Time, Geneva, Switzerland. 


1990 Realization of the Thirteen Moon/28-Day calendar in its wavespell form. 
1992 Recognition and celebration of the Day Out of Time as a planetary event 
1993 Horizon of meaning: decoding of Telektonon Prophecy and birth of World 


Thirteen Moon Calendar Change Peace Movement. 

1994 Launching of the Planetary Moral Emergency and World Thirteen Moon 
Calendar Change Peace Plan 

1995 80 Days Around the World for a New Time of Planetary Peace: Chile, South 
Africa, Egypt. Russia, India, Hong Kong, Japan, Hawaii, and Mexico. 

1995 Day Out of Time Calendar Burning and Retum of Natural Time Ceremony. 


Serpent Mound, Ohio, 


1996 First Planetary Congress of Biospheric Rights, Brasilia, Brazil 
1996 Biospheric Awareness Day. Gotemba, Mt. FjiJapan 

1996 Four Comers Boundary Dissolving Ceremony, Four Comers, United States 
1996 Harmonic Convergence of Humanity, Mexico City followed by Peace March, 


Teotihuacan, Mexico. 
1996 United Nations, Planetary Moral Emergency Appeal. 


1997 Judgment Day Tribunal and World Congress on the Law of Time, Tokyo, Japan. 
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1997-present Ongoing movement in Brasl to make July 25, Day Out of Time, official "Peace 


land Culture Day; based on recognition of the Banner of Peace (seventy cities 


0 fa 

1998 Special peace mission to the Vatican, Rome, tal. 

1998 Special mission to Guatemala to meet with Quiche Maya elders 

1998 UR Counc for the Theology of Peace, Mian, tay. 

1999 world Summit on Peace and Time, Universi for Peace, Costa ic, folowed 


by the dispatching of Special Emissaries to the United Nations and the 


Vatican, 


199%;present Ongoing movement in Japan to declare Day Out of Time a "Day of Festival’ 


moro than one hundeed events occurring annually 

1999 Peace March, Teotinuacan, Mexico. 

1999 Seven Week Earth Wizard Seminary, Picarquin, Chile. 

1999-2000 Ongoing _in South America, launching of “La Karavana;’ Thirteen Moon 
educational caravans, and in Europe, trom the United Kingdom to Nosh 
‘ica, the New Time Caravan 

2000 Intiaion of Seven-Day Earth Wiear's Seminars: Japan, United States, tay, 


Fussia, South America, 


2000 Circumpolar Rainbow Bridge Experiment, phase |, worldwide, 
2000 Fruit of meaning: establishment of Foundation for the Law of Time, Oregon. 
2001 Launching of the Campaign for the New Time, Brazil Argentina, Japan, Alta 
region. 
2001 ‘Campaign for the New Time PAN Thirteen Moon Leadership Conference, 
xeg0n. 
2001 Soven-day special Congress on Time and World Peace, Medelin, Colombia. 
During this chronotopological sequence of radially connected event points, key 


writings, publications, and tools describing and defining the Law of Time and the 


synchronic order include: 

Dreamspell: The Journey of Times hip Earth 2013, 1990-91 

Thirteen Moons in Motion and Turtle of the Thirteen Moons, 1993, 1996 
The Story of Time: The Story of Turtle and Tree, 1993 


Treatise on Time Viewed from its Own Dimension (Published as The Call of Pacal Votan. 
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Time is the Fourth Dimension), 1992, 1996 
Telektonon ofPacal Votan and the Telektonon, Game of Prophecy, 1993-1995 

World Thirteen Moon Calendar Change Peace Plan, 1994-1995 

Pacal Votan and Judgment Day: The Second Quranic Dispensation, 1995-1996 

First Planetary Congress of Biospheric Rights, 1996 

The Galactic Culture Master Plan, New Time Economics, 1996 

A Brief Guide to The Thirteen Moon Calendar Change Peace Movement, 1996 

Rinri Project: Four-Year Telepathic Biosphere-Noosphere Transition Circumpolar Rainbow 
Bridge Experiment, 1996 

The 260 Postulates of the Dynamics of Time and the Evolution of Time as Consciousness, 
1996 


The Discovery of the Law of Time, T(E) 1996 


The Principia Mathematica of the Fourth Dimension, 1996 
Twenty Tablets of the Law of Time: Sixteen Year Telektonon Cube of the Law, 1997 
World Congress on the Law of Time and Judgment Day Tribunal, 1997 

World Summit on Peace and Time, Summary, Review, and Conclusions, 1999 
7:7:7:7, Telektonon Revelation and Plasma Universe Model, 1998-2000 

The Rainbow Bridge Project: 28 Meditations on the Law of Time, 1999-2000 


The UR Papers: Documents and Appeals for a Council of Universal Religion, 1996-2001 


With the conclusion of the seven years of prophecy, marked by the rainbow 
bridge experiment, phase I, the greater part of the Law of Time had been uncov- 
ered, described, and defined. What emerges from consideration of all these events 
and accompanying literature is an entirely new model of the universe as well as a 
program for the reorientation of knowledge and the social reorganization of human- 
ity-all based on a corrected understanding of time through the implementation of 
the calendar change. This was all to demonstrate that there is much more to acalen- 
dar change than the mere replacing of one calendar with another, for a calendar 
itself bears within it an understanding of time that tacitly and unconsciously shapes 
our very thinking about time. What the calendar change, then, really 
end of one worldview and the birth of another. With the Law of Time, what was 


ignifies is the 


once unconscious is again made conscious, leading to aradical self-awareness. of how 
wrong we have been about time, and what we might anticipate in changing our tools 


for navigating in time. 
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Because the growth of the Planet Art Network (PAN) as the social form of the 
World Thirteen Moon Calendar Change Peace Movement is inextricably involved 
with the unraveling by stages of the Law of Time, to define the constituent prin- 
ciples of the Law of Time is also to define the new worldview and the social organi- 
zation appropriate to it. These constituent principles include: time is art; universal 
telepathy; holonomic consistency and reciprocity; synchronic order; fractal and ra- 
dial mathematics of the 13:20 matrix; biosphere-noosphere transition; Banner of 
Peace; Pax Cultura, Pax Biospherica;the psi bank and the dynamics of the evolution 


of time as the evolution of consciousness; fourth-dimensional time and third- 


dimensional space. A mere consideration of these constituent principles will make 
one realize to what extent the calendar change is more than just an end to history, 
but the establishment of anew world, aNew Heaven and a New Earth. This is 
precisely the promise offered by the Thirteen Moon calendar change and the dis- 
covery of the Law of Time. (See plate 8, Chronotopology of Transformation.) 


v 
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Telektonon Prophecy 
of Pacal Votan 


THE REVELATION of the prophecy of Pacal Votan on July 26, 1993 was the 
culmination of the event that occurred on June 15, 1952, when the archaeologist 
Alberto. Ruz Lhuillier pried open a large monolithic trapezoidal door beneath the 
Pyramid of the Inscriptions at Palenque, Chiapas, Mexico, and beheld what had not 


been 


by human eyé 


for 1,260 years: the tomb of Pacal Votan, A subsequent 


event, the lifting of the magnificent sarcophagus lid-measuring some four-by-three 


meters and weighing several tons-to reveal the human remains amidst a splendor 
of jade, including the jade mask, occurred on November 27, 1952. For some forty 
years afterwards, scholars debated the meaning of the tomb and the person buried 


within it, In the 1970s, the Russian scientist Knozerov dubbed the man in the tomb 


fan “astronaut” or “cosmonaut” because of the similarity of the position of the figure 


sculpted on the sarcophagus lid to the positions of Russian cosmonauts in their little 


space capsules. This theory inflamed the imagination of some and was debunked by 


others, the end result being the enhancement of the awesome mystery of the tomb 
and the intention of its designer, the man buried in it 

‘The image of the sarcophagus lid is now world famous. Its symbolism has been 
interpreted to varying degrees by different archaeologists. In my book The Mayan 
631-683, is defined and 


Factor, the placement ofPacal Votan in his "time of power, 


analyzed as occurring in the most harmonic and mathematically synchronic point of 


212. Telektonon Prophecy of Pacal Votan 


the entire thirteen baktun cycle, a point of fact that deepens the enigma of Pacal's 
knowledge and purpose. And herein lies the key question: What was his purpose, 
and why did he construct his tomb to be so elegantly buried for 1,260 years, to be 
discovered and opened just sixty years before the closing of the cycle, A.D. 20127 
a 


arly, the mystery of the tomb and its discovery had everything to do with the end 
of the cycle. Atl 


st this had come to be my surmise ever since the 1987 Harmonie 


Convergence. Like ahawk circling its prey, the meaning of the tomb finally came to 


my consciousness like a direct hit from the beyond. I was the prey, the hawk, the 
prophecy itself. Such was the revelation of the Telektonon Prophecy on the morning 
offuly 26, 1993. 

The coded key was the tiled "speaking tuby 


by which the tomb was discovered 
in the first place. Suddenly, this tube spoke its meaning to me: Earth Spirit Speaking 
Tube, Telektonon by name. After four intense weeks of decoding the glyphs and 
symbols of the tomb while living in the pool house of an isolated estate in the wind- 
blown northem part of the main island of Hawaii, Iknew that Ihad to abandon the 
dreamlike life I led in this Pacific paradise, and with my wife and companion head 


directly into the unknown, the first stopping point being Mexico, the source of the 


prophecy. Alter four months or so of traveling through Mexico, completing the di 


coding and announcing the prophecy, including a return to the tomb, we were 
nally directed to a converted carport in a field near the village of Ocotithin, not far 
from the birthplace of Quetzalcoatl. It was here where, for a period of nine mom- 
ings, Lawoke dutifully two hours before sunrise to listen to the voice and write down 
by hand, in a specially prepared notebook, the words exactly as I heard them. After- 
ward, [numbered the 126 vw 


and distinguished the nineteen sections. 
Because the prophecy itself is so inextricably connected with the Law of Time 
and the message of Time and the Technosphere, 1 feel it is important to present it as 


background information to the text of this book. In a 


ality, the text of the Proph- 


ecy is an integral part of the Telektonon, Game of Prophecy, where it is read, 


ction by 


section, on a daily basis, according to the code number of the kin of the day 


THE TELEKTONON OF PACAL VOTAN 


‘The Talking Stone of Prophecy That Unites the People of the Dawn 
with the People of the Book 


“Then ig they reject the, 
so were rejected apostles 


before thee, who came with clear signs, 
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foots of dark prophecies 
‘and the Book of Enlightenment.» 


“HOLY QURAN, SURA ML, 19: 184 


‘All who obey God 
‘and the Apostle 
are in the company 
of those on whom 
is the grace of God, 
of the prophets who teach, 
the sincere lovers. of uth 
the wimesses who testify 
and the righteous who do good. 


Al, what a beautiful fellowship! 


Such isthe bounty 
from God: and sufcient 
is it thar God knoweth all 

-HOLY QURAN, SURA1W, 9:69-70 


@ INTRODUCTORY VERSES: ONE LIVING PROPHECY 


4. Pacal Votan’s Gospel of the Telektonon 
A Special Dispensation for the Day of Truth, 
A.D.1993-1994, kin 144. 


2. Proclamation on behalf of the three messengers 
of the awakening, 
of the three special voices of prophecy. 
the special witness of time and the last call 


3. Telektonon 
the inner sun 
the mother of all prophecy 
message of the star witness, Bolon Ik 


ved and repeated by her servant in love, 
Pacal Votan. 


4, In the seventh year of Harmonic Convergence 
the seven seals of the apocalypse 
become the seven years of prophecy. 
thirteen years in all 
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Thirteen moons the path to walk: 
thirteen moons the path {0 talk; 

people of the dawn, one mind, 

people of the book, one God; 

‘one living prophecy, one people, one Heaven, 
one Earth 


NAH CHAN: THE PALACE OF BOLON IK 


© children of the people of the dawn, a children of the people of the book, I come as 
the special witness of time to remind you, especially on the day of truth, that in your 
origin you are one, and on the day of truth you are to make yourselves one again. For 
this Iremind you of the Cube of the Law, Telektonon, and the 28-day, thirteen moon 
way that is the path of the righteous. 


Nah Chan, Palenque, Xibalbay, Tollan, Xochicalco, Tepozteco, Amatlan: in these signs 
dwell my special agents, the witnesses of ruth, 13.66.56 and Bolon Ik, Daughter ofJob. 


For those with eyes, with open mind and sincere heart, this teaching is complete in 
every stone alignment and marking of the star command base now called Palenque. 


New Jerusalem is the Palace of Bolon Ik, whose number is 1,728 (144 x 12), Cube of 
the Law. Seventeen is the power of Heaven, “solar Uranus,” which is Earth in Heaven 
‘Twenty-eight is the power of Telektonon, the Spirit Tower of the power of 7 times 4. 


Never forget, children of the day of uth: Allis number. God isa number. God isin all 


‘And everything there in the palace is laid out foursquare from the cord of Heaven, 
which is the command of the Telektonon "Divine word never uttered until the Day 
of Truth.” And in that palace, Foursquare is the tower of the Cube of the Law. 


‘THE CUBE OF THE LAW AND THE TOWER OF BABEL 


© children of the day of truth, before the separation that divided you into the chil- 
dren of the dawn and children of the book, there was only the Cube of the Law and 
the Law of the Cube. 


Everyone and everything moved and lived within this Law: one mind, one spirit, one 
will 


Within the dimensions and measurements of the cube are all knowledge of Heaven 
and Earth, And in order to know, expand on, and delight in the sublime Law of the 
Cube, God created you, 0 children of the day of truth. 


‘And though shaped of no more than mud and sounding clay, in you is the perfection 
of knowing the Cube of the Law, if only you remembered! 


Children of the Day of Truth, just as the cube is the measure of the perfection of God's 
thought, so you are the measure of God's unceasing movement, which is called time. 
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In you the cube is the crown of perfect knowing of God's will in time. But true to his 
word, Iblis made wrong fair-seeming. To show himself man's enemy, Iblis split the 
cube. He drove a forgetting of time within the mind, separating mind from spirit, 
which is God's movement in all things. 


And from this forgetting in man, mind and spirit became confused. The will weak- 
ened. Ego was born, Iblis’s many-headed self triumphed. False authority arose. Babylon 
came to be and in its center the Tower of Bubel, the monumental curse for no longer 
knowing time. 


In the forgetting was the separation of the people of the dawn from the people of the 
book. Had th 
of Babel was a deceit intended to show the Cube of the Law existing outside of the 
perfection of knowledge already formed within you, a children of the day of truth 


e been no Tower of Babel, there would have been no book. The Tower 


Product of the forgetting, the Tower of Babel has a shadow of ever-darkening and all- 
encompassing dimensions that spreads 5,000 years from Babylonia to all of Earth's 
most remote wildemesses and mountain retreats. Iblis's curse of Ego and false time 
are complete but hold only to the day of truth 


For God is gracious and most merciful. As tong as He could, He kept the people of 
the dawn away from the Tower of Babel. And to both the people of the dawn and the 
people of the book, He sent many messengers, apostles of light, witnesses of truth, 
doers of the righteous way, which is always framed by the invincible Law of the C 


ube. 


TELEKTONON: THE FRAME OF TIME 


As the special witness of time, I, Pacal Votan, know the perfect count of days. I bow in 
the temple of the tower and the rock, the sanctuary of Bolon Ik. In my body, formed 
of the ultimate perfection of God's power of all movement and measure (Hunab Ku), 
is the recollection that is prophecy. Knowing this body as the measure of time, I had 
built this palace and this tower to correct and to also look for the Tower of Babel, a 
memory of the remembering. And in my ninefold temple, where, guarded by the nine 
powers of time, I had this body laid, I left this legacy for you, the Talking Stone of 
Prophecy. 


Telektonon, the frame of time I left for you, isa mirror to show you your own truth of 
time for one last time. For now is the day of truth, the hour of judgment 


You, children of the dawn, and you, people of the book, unify yourselves the only way 
you can: in time, through time, as time. 


Telektonon, the perfection of time, is the only way for you to escape the fire that 
consumes the unrighteous. If you who know, who have followed the straight way. the 
good path, now falter in this challenge of unification in time, Telektonon, which has 
already been prepared for you, you will perish forever in the fire that now consumes 
all unbelievers. God's command is in you. Do not listen to the evil one now. 
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Listen! My knowledge is this: My count of days is perfect, my knowledge of the Cube 
of the Law is unsurpassed. Twelve is the number of the temple, but thirteen is the 
number of God. Twelve times twelve, 144, is the number of the perfection of the 
temple as light, And twelve times 144, 1728, is the number of the Cube of the Law. 
Telektonon, the divine word unuttered until now. 


To him that overcometh will I give to eat of the hidden manna, and will give him 
awhite stone, and in that stone, anew name written, which no man knoweth, saving 
he that receiveth it." (Revelations 2:17) And that name is T 
is crystal, and that hidden manna is knowledge of the revelation of time. 


ektonon, and that stone 


The number of the 
oflblis 
multiply both among the people of the dawn and the people of the book. 


ect is 144,000. This was the number set aside by God to be free 
curse. Dispersed is this number among mankind, and always was it meant 10 


But since a human kin is the measure of the perfection of time, 144,000 is also the 
number of days within a cycle of twenty. generations. 


Twelve times 20 generations is 1,728,000 days, the number of the Cube of the Law: 
But for God, one cycle more, 144,000 days more to entice Iblis to make his sco 
total of 1,872,000 days, thirteen cycles of God's elect. 


special witness, galactic agent of the Nine Great Lords of 
Destiny, by oath pledged to the honor of Bolon Ik. 


In my body of time, thirteen star histories rehearse themselves for the day of truth. 
Each star history possesses its own knowledge keeper appointed by the Nine Great 
Lords of Galactic Destiny. Thirteen Wisdom Holders, Nine Great Lords, twenty- 
two in all, to each of whom Iam bound by a luminous thread of knowing, sealed by 


oath to Bolon 1k, White Solar Wind, kin 22 in the Book of Destiny, the Book of Kin. 


ALL IS NUMBER 
Allis number. God is a number. God is in all 


Child of the day of truth, listen: 20 is the number of totality. You have twenty fingers 
and toes because God has made you the totality of time. Thirteen is the number of 
God's cosmic wisdom, perfect in its power of unceasing change and circulation. ‘Thir- 
teen are the joints of your limbs and body. Seven is the difference between 13 and 20. 
Seven isthe mystic perfection between one and thirteen. Seven is the erect spine of the 
vigilance in which are met the 144,000 mystic fibers of the body's thirst for prophecy. 


144,000 kin, 144,000 days, these are called a baktun. Thirteen baktuns, one perfect 
cycle to rehearse all thirteen star histories. Each baktun, twenty generations, each 
generation 7,200 kin, So it was that Bolon Ik ordained the sacred count of days, each 
day a sacred kin, each kin one of the elect, a turning in the twist of universal time, each 
kin ruled by the power of the nine, the power of the Nine Great Lords of Time. 
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36. 


31, 


So began the sacred thirteen baktun count, 3,113 years before the birth of the second of 
the special messengers, the Apostle Jesus Christ, who sent to you a Book of Dark Proph- 
twenty-two sacred chapters in all, through his appointed witness, John ofPatmos. 


special witness to the day of 
er of the thirteen star histories, he who adds the 144,000 
elect to the cubing of the cube, assuring not twelve baktuns, but thirteen to be the 
number to bring on the day of truth, God's judgment of your power of remembrance! 


Children of the people of the dawn, in separating you from the people of the book, 
God meant you to be the reminder that wisdom is already perfect in your bodily form 
of time. 


eSSeLORD BUDDHA 


38. 


39. 


40, 


4 


43 


In remembrance, many messengers did he send you, many fires did he light high atop 
the mountain for you to see. And one special messenger did he send, one special 
witness of the dawn, 


In India, at the midpoint of the seventh baktun, the very center of the mystic cycle, 
thirteen baktuns in all, Lord Buddha did awaken at the dawn, the morning star, the 
s, he sat beneath that 
ed with his mind every 
realm of God's vast creation, only to learn the tuning of the Wheel of the Law. 


tree, the Earth, his witnesses of illumination. For seven wei 


tee. Never moving, he traveled the seven directions and visi 


Withstanding all efforts of the evil one, he taught unceasingly for nine times five 
years more, until the age of eighty. All mind teachings did he give; the unwritten 
Book of Enlightenment did he leave with the Earth. His last tuning of the Wheel of 
the Law was the teaching of the Wheel of Time. Given at the request of King Suchandra 
ce ve this teaching, the teach- 


of Shambhala who traveled far from Central Asia to re 
ing of the Wheel of Time closed the life of Lord Buddha. 


“All composite things are impermanent,” declared Lord Buddha at his death, 
lamp and a refuge unto yourself, look to no outer authority but yourself!" The fire of 
Lord Buddha's illumination lit many lamps. The Book of Enlightenment he left with 
the Earth isa book for all to know in silence with the Earth. 


In Shambhala did King Suchandra transmit the teaching of the Wheel of Time, 
Kalachakra, as it is called. Invoking the Nine Great Lords of Galactic Destiny, 
Shambhala prospered in abundance and wisdom. When came the seventh ruler after 
King Suchandra, Queen Visvamati, the people of Shambhala 
paradise of the fifth dimension, where their wisdom continues to water the rivers that 
flow beneath the gardens of the righteous. 


wscended as one into the 


Integrating the power of the five, which isthe center, with the power of twelve, which 
is the root of the cube, the Kalachakra is also the cycle of sixty years (5 x 12). By the 
Law of the Cube, which is the power of sixteen, foursquare or 7 plus 9, sixteen cycles 
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of sixty years is the appointed time of prophecy. the prophecy of Kalachakra, which is 
the time of the day of judgment. 


44, So it was that after the arrival in Tibet of Buddha's special voice, Padmasambhava, 
late in the tenth baktun, that the Lords of Shambhala determined to release the teach- 
ings of the Wheel of Time among the people of the dawn inhabiting Tibet. Thus it 
‘was that the Wheel of Prophecy turned the first of these sixteen cycles in A.D. 1027 
and completed the sixteenth of these 60-year cycles in A.D.1987, in partial fulfillment 
of the Harmonic Convergence of all prophecy. 


45. 0 people of the dawn, do not doubt. The appointed day is come 


THE HEPTAGONON OF MIND 


46. People of the dawn, people of the book, children of the day of truth. To safeguard as 
long as possible the teachings of the Original Ones from the confusion of the Tower 
of Babel, God divided the Earth by its one ocean into great island masses called con- 
tinents, And most far from Babylon was Amerrikua, and also distant was Australia and 
the Island Kingdoms of Polynesia. Even in Africa, close to Babylon, for many great 
cycles were the people of the dawn protected in their natural wisdom. 


47. But inexorable is my count of days, inexorable the rolling of the Wheel of Time, 
inexorable the Law of the Cube 


48. Telektonon is the name of the blessing received by those who master the Law of the 
Cube. Great is the power of God, whose power and blessing are ever close and near, 
foursquare the manifest action of radiance from the divine intersection of God's pres 
ence: divine mind, divine spirit, divine will, divine source from which the Cube is 
sprung. Foursquare the Cube, the measure of Telektonon, one vast, far-spreading 
word that isno word at all, but number multiplying itself from within God's unending 

tion, which we choose to call creation. 


49. From one intersection, six di 
navel of Heaven whose cord is a fiber called Kuxan Suum. From the navel of Heaven 
to the solar plexus runs the Kuxan Suum, highway that reaches to the roots of the 
stars, passing through each of the heavenly dimensions. 


ons plus the seventh, the moving center of time, the 


50. I who say this, know, for Iam Pacal Votan, who left for you a talking stone, Telektonon. 
Time's special witness am I, God's spy holding vigil, keeping the sacred count of days, 
exposing to you the lie of Babylon, the falsification of the Cube into the Tower of Babel! 


SI. Who now but Lean tell you that seven are the directions of the Cube, the Heptaganon 
of Mind: twelve ate the gates, sixteen the powers; moved by the nine great powers of 
time, these sixteen powers become the number of the elect of the Cube, 144. Mult 
plied by the millennium, 14 becomes 144,000, sacred number of days I aid for proph- 
cy to know during my first baktun count 
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92. 


33. 


37. 


58. 


IMPERIAL BABYLON 


Children of the book, even before the close of my first baktun, twenty generations 
from the year 3113 B.C.the foundations of the Tower of Babel were laid. Captive now 
were the 144,000 within the Earthly prison of Babylon's: materialism. 


Yet, by my devotion and power of meditation, from deep within the Earth, aided by 
Bolon Ik's perseverance on far Uranus, Earth's harmonic twin, I kept the sacred count 
of days, I watched over the movement of the sacred march of kin. 


Four more baktuns passed, and Babylon's power was swollen with the loot of Empire. 
Despite the righteousness of Abraham and the Law of Moses, the shadow of the Tower 
of Babel only increased in size and darknes 


Came the sixth baktun and Imperial Babylon was complete. Its seal of false time and 
power 

humanity by making wrong fair-seeming. Fait 
fair-seeming to make 
the thirteenth moon with superstition and contempt! Fair-seeming to gather taxes 
and (0 pay them; fair-seeming to make war for the power of King's; fair-seeming that 
birth and death must be paid for; fair-seeming that all power come from the pr 
Iblis's most cherished of men 


taxation, and armed expanse had fulfilled Iblis’s desire to degrade and ruin all 
sming_ now to amass wealth and power: 
count of time by twelve months; and fair-seeming to regard 


0 people of the book, lost to you was all memory of the Law of the Cube, slavery 
became your lot! But I am Pacal Votan, time's special witness. Even before the com- 
ing of the second special messenger, Christ the Apostle of Love, by my free will and 
my knowledge of the power of 
oon the day of truth, Iblis’s curse would be finished and the righteous would triumph. 


ven, [aid claim to the Seven Seals of Prophecy that 
‘And now the day of truth is come. Telektonon, the talking stone, now speaks in a 
Voice for all to hear. 


By the seventh baktun, the 
lodestone of truth, whose custodian am 1 


ven Seals of Prophecy were stored in Earth's. special 


By the eighth Baktun, Iblis had caused the Tower of Babel to speak more tongues in a 
growing clash of empir ed for 
driving the moneylenders from the Temple, misunderstood by the people ofthe book, 


Into this confusion came the Apostle of Love, cru 


finally to be absorbed by the Priests of Babylon, now Roman by tongue, who use this 
Christ as their emblem to spawn Iblis’s greatest evil, the total usurpation of Earthly 
Time. 


THE BOOK OF DARK PROPHECIES 


59. 


One special voice did this Jesus have, aman named Saint John ofPatmos, in whom 
the gilt of prophecy was fulfilled. From my ark of universal time, Earth's special lode- 
stone of truth, rock of Heaven, attained by thirteen tones, I guided Saint John's hand 
by the mystic power of seven. And so was sent to the world the Book of Dark Proph- 
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60. 


61 


62 


63 


cies, Re\ 


roring my thirteen great baktuns, nit 


clations, the Apocalypse, twenty-two mystic chapters, the first thirteen mir 
e¢ more for the Lords of Time, seven of these for 
onary power of 


each of Seven Years of Prophe 
the righteous of the Cube: 144,000 times thirteen 


and the last two to complete the 


To those who can read they will find Iblis's numbers 1,260 and 666, well known on the 
day of truth, for 12:60 is the ratio of the false time that makes martyrs of the righ- 
teous, and 666 the number of the beast who captures my thirteenth baktun 


Children of the day of truth, children of the dawn, people of the book, all this can you 
hear in the stones of Palen que where in the tenth baktun I took pure human form. Of 
the twenty-seven books of the New Testament, the twenty-seventh is Revelations. 
‘Twenty-seven steps ascend to the Palace of Bolon 1k. This palace, New Jerusalem, 
the mystic power of Telektonon, the twenty-eighth step, the power of seven sancti- 
fied Foursquare 


in Bolon tk: thir- 
en for the power of time, nine for the Nine Lords of Time, whose forms still guard my 


Twenty-two chapters of Revelations are the twenty-two kin compl 
u 
ark of stone deep within the ninefold temple of the Cube of the Law. Perf 
time of my coming, kin 1, 366, 560. Perfect was the time of my going, kin 1, 385, 540. 


ct was the 


Installed in the House of the Serpent, my coming was commemorated by the depar- 
ture of the third messenger, the special messenger of the day of truth, the Apostle 
Muhammad, who left for the righteous of the Earth the Book of the Righteous, the 
Holy Quran, clear signs to understand. 


‘As Buddha taught so pure one mind, so Muhammad taught so pure one God. Sub- 
mission to the will of God is at the center of the Law of the Cube. ‘Truly for the 
righteous there is only the straight way, the path of basic goodness, taid out in the 
heart as obedience to God's will, the divine plan unfathomable to those who cry, 


° 
= THE PROPHECY OF THE SEVEN GENERATIONS 


65. 


66. 


67 


Tam Pacal Votan, witness of time, Telektonon is my gospel. The talking stone of 
acy intended for that special messenger who understands 


unilying prophecy is my | 
the meaning of my numbers 


Bymy symbolic channel of communication called Telektonon did Intend this prophecy 
to be discovered and recovered. Once forty years had elapsed from the time of the 
discovery of my Uranian crypt, then would come the recovery, the recollection by my 
special agent of the numbers rehearsed and repeated to announce the day of truth. 


Perfect was the time of my coming. Perfect was my mission. Perfect was the time of 
my going. Perfect is the discovery of my prophecy. Perfect is the Telektonon, the 
little book the angel of the Lord made Saint John ofPatmos taste and eat, which you 
now possess, a treasure for the day of truth. 
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68. What you witness by these words is the last message I gave to my people, the messag 
of 9.13.0.0.0, heard from my ark of stone through the Telektonon, Earth Spirit Speak- 
ing Tube. To my people I declared: 


69. "Seven katuns are there to follow me. 
witness taking account of what you do, each solar wit 
prophecy to be known as the Book of the Seven Genera 
opened for the day of truth 


ven generations, each one guarded by a solar 
ing your time with a 
jons. And this book is to be 


70. “After the seven generations, the end of the baktun, Ten baktuns gone, the glorious 
‘Age of Maya gone, the Long Count of my days to be completed at 1,440,000 kin, the 
mystic number of the elect multiplied by ten. 


71. "Then will come the three baktuns of Babel, the coming exile of 12:60 time, Thirteen 
years after this tenth baktun shall come the last prophetic round: thirteen cycles of 
Heaven, each fifty-two years, followed by nine cycles of Hell, each also fifty-two years. 
When the third round of Heaven begins, the Messenger of the Last Call will come to 
you, Quetzalcoatl-Kukulkan, the prophet by name. 


72. "And when the thirteenth Heaven cycle is over, then will come the complete destruc- 
tion of all we are and know. Before the twelfth baktun is over, two priests bearing false 
witness, omamented with the sacred numbers five and thirteen, will see to it that the 
thirteenth baktun will be the end of time. 


73. “Unrelenting will be the roll of the Nine Hells into the aby: 
the time of the last Hell, though you will be declared free, free you will not be. Ten 
Kings in succession will mark the climax of time. Seven years will follow the ending of 
the last Hell. Then will sound the angel of the seventh trumpet, the seven thunders 
will roll, the beast of seven heads called G-7 will place his mark on your foreheads and 
hands, the false one from Babylon will return to be embraced by the 11 Serpent. 
‘Then the day of truth will come, the Seven Years of Prophe 


of fire and madness. In 


qe TIME'S SPECIAL WITNESS 
— 


74. People of the dawn, people of the book, children of the day of truth, many mi 
gers have been sent to you, many prophets have been given to you. A Book of En- 
lightenment has been placed in the Earth for all to read in communion with the Earth, 
A Book of Dark Prophecies has been left for you. A prophecy of thirteen Heavens and 
nine Hells to accompany the Book of Dark Prophecies has also been left for you. A 
great prophet and messenger has left you clear signs to understand and a book of 
unassailable righteousness, the Holy Quran 


75. Asthe special witness of time, have left for you my talking stone, Telektonon, breath 
of precious Bolon Ik, and have sent you both a prophet, Quetzalcoatl of sacred 
Xochicaleo, and for the day of truth I have appointed also a special messenger who 

sand its meaning for you, 


can hear my talking stone and write and explain its numb 
children of the righteous, 
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76. Do not doubt any of this. When the moment comes for him who isto be the eleventh 
in succession, to succeed the one, 11 Serpent, then join the believers and begin the 
prophecy that liberates from all Kings and succ 


77. Ten witnesses I place around my tomb, ten Uranian emissaries, one each for each of 
ten baktuns. OF these am I the eleventh. Who would be the eleventh in the final 
succession of the Kings of Mexico must own me as the eleventh, then will all go well. 


78. Six messengers did I place on my talking stone of prophecy: three above, the messen- 
gers Lord Buddha, Muhammad, and Christ; and three below, Padmasambhava, 
Quetzalcoatl, and Saint John of Patmos. Of these am I the seventh. 


79. P messenger of the Telektonon, instrument of 
the seventh angel, I declare again and again: All is number. God isa number. God isin 
all 


Votan am I, time’ 


special wit 


S5= War OF THE RIGHTEOUS 
= 


80. Look carefully at my stone and listen: ten messengers, 24 signs, for ten are the num- 
ber of orbits of planets around this star, Kinich Ahau, your Sun. From my point of 
origin, your star is designated 24, number of the circuit of externalizing intelligence. 


Ifyou are of the righteous, then in this isa sign for you of your star mission. 


81. And from each of the three oracle mouths of the arms of the cross of my Kuxan Sum, 
‘you will find twenty-four rays repeated three times, one-half the number of the elect 
(3 x24 = 72). Add to this 3 times 11 (33) and the number is 105, the difference be- 
tween the number of days in your solar orbit, 365, and the number of kin in my sacred 
count, my galactic spin, 260. 


82. 13:20 is the ratio of natural sacred time. 12:60 is the ratio of the false time of the 
Tower of Babel. 13:20, thirteen moons, twenty fingers and toes. 12:60, twelve-month 
year, sixty-minute hour. Children of the day of truth, in this is a sign for you to dis- 
Criminate between the power of the evil one who seeks to trap you in his machine, and 
the power of the righteous who need nothing but that with which God has endowed 
them: their body of time and their natural path synchronized by thirteen moons. 


83. Children of the day of truth this is your only decision, for God knows and sees all that 
is in your hearts. People of the dawn, people of the book, on the hour of judgment 
unify yourselves in the only way you can: in time, as time, through time. For 1 
the led to you, God's plan for peace on Earth, the 
last and only hope for spiritual renewal and salvation, immediate acceptance and adop- 
tion of the twenty-cight-day, thirteen-moon way, the calendar Telektonon. "And he 
had a name written that no man knew but himself.” (Revelations 19:12) And that 
name is Telektonon. 


year of kin 144, Telektonon is re 


84. Children of the day of truth, people of the dawn, people of the book, foursquare is my 
invisible its design, its crystal lacing of star histories met in my human 
special witness am I secking apostles of time to organize the day of truth 
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86. 


into the re 


awaits those who un- 
eight days, thirteen moons, begun 
together at the appointed hour, on the day called Lunar Moon, the first day of the 


Jation of God's redemption. 


derstand God's plan, a common time of twenty 


cond year of prophecy 


‘Two solar faces there are upon my talking stone, the one an icon of my solar shield, 
Galactic Sun, the other, Lunar Sun, an emblem of the perfect lunar timing of Earth's 
solar orbit. 


Children of the day of truth, the hour of judgment has come for you. How much 
longer do you need to suffocate in the Babylonian exile of 12:60 time? My children 
fare the oppressed. Is it not time for the war of the righteous to restore equality? Why 
not wage the war then that destroys altogether the old time? Why not smash the 
caskets of the Babylonian wine of fornication in a single stroke? 


HOLY VICTORY MARCH 


87, 


88. 


89. 


90, 


91 


0 children of the day of truth, people of the dawn, people of the book, in your origins 
you were one blood, today the hour of judgment demands you become one again, 
unit 


in time, Who among you will join my apostles of the Telektonon? Already the 
gilt has been given. Already we left for you the 13:20 tool, my sacred count of days, 
260 kin, to turn the solar-lunar wheel of365 days. And when prophecy was vindicated 
at the conclusion of the ninth Hell, we sent among you the perfect form of this gift, 
Dreamspell, containing the message of the thirteen moons. 


But this was not enough, the seventh trumpet had yet to sound, and so it did in the 
fortieth year following the discovery of my Uranian ark of stone. And now my proph- 
¢ revealed. The Mayan Apocalypse of kin 144, Yellow Magnetic S 
the seventh year of karmic destiny into the opening of the first of my seven seals of 
prophecy. 


I, turns 


In this seal foursquare 
‘The Babylonian Vati 
are called again to m 
to the song Telektonon. 


alll prophecies converge. The Beast of the G-7 stands revealed. 
1 is exposed. In the rainbow dream vision 144,000 of the 
gathering together in circles to listen, to sing, and to dance 


set 


0 children of the day of truth, people of the dawn, people of the book, seven is my 
sacred power. Foursquare seven is 28, the number that, perfectly followed, opens 
Heaven's gate. Walking together the sacred thirteen moon, 28-day way, you will be 
joined to God's command, a holy victory march of the righteous to restore sacred 


order to this troubled Earth and to recover your lost powers. 


Four powers of seven are given to you to be your comfort in the Victory March, one 
power for each of four perfect weeks, every twenty-eight days. By the first power of 
seven, claim your power of prophecy, by the second power of seven, maintain your 
power of prophecy: by the third power of seven, proclaim the victory of prophecy; by 


the fourth power of seven, become the victory of prophecy 
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92. 0 children of the day of truth, 144,000 times thirteen is an army of the righteous. 
Learn again the count of sacred time and join this army. 0. children of the day of 
truth, realize that everything about the old 12:60 time is now become a garment of 
false being, a moral corruption, a banquet feast for the evil one. 


= tHe storm OF NON-EGO 


93. 0 children of the day of truth, children of the people of the book, in the Storm is the 
sign of God's power. To the Storm is assigned the power of nineteen, the mystic 
saturation of all number. One hundred fourteen Suras, nineteen times six, the power 
of the Cube, are the number of Suras in the Holy Quran. Twenty-two years after the 
finding of my Uranian crypt, Telektonon, came complete revelation of the Quran’s 
power of nineteen, Allah's mercy. Nineteen more years then to unfold the karma of 
Allah's prophet besieged by Babylonian conspiracy. Then comes the destined year 
nineteen, kin 144, hour of prophecy's convergence, moment of the day of truth 


94. Let the 124,000. m 
sound seven trumpets, seven times. Let these seven times seven trumpets call for a 
following of God's perfect plan. Mark seven times seven years since the evil one showed 
his fiery face at Hiroshima, Be honored by God's cancellation oflblis’s power of moral 
oblivion. Let the storm of God's power of ni with cosmic merey the 
blood of all martyrs from the thrones of Kings, and let these thrones themselves be 
dissolved by the pure water of sacred time flowing through the gardens of the righteous, 


sngers call forth a remnant of 20,000 more; let each of these 


ren clean: 


95. Iam Pacal Votan, time's special witness, revealer of the Cube of the Law, devoted 
patron of the mystery that is woman, the consummation of the telepathic power of 
twenty-eight, known to me by name of Bolon Ik 


96. Pacal Votan am I, enigma to your men of reason, My existence is proof of the workings 
of higher law. Telepathy is participation in God's knowing, but is no cause to claim full 
knowledge of His powers. Prophecy too isnatural law,the complement to God's mercy 


97. 0-19 is my code. In it are all demonstrations of the wisdom that is always close and 
near, but that comprehends the web of galactic being and all forms of its natural 
orders in time. Just asnineteen isthe power of God's mercy, so zero is the fullness and 


emptiness all at once that characterize the nature of mind and all it can know. 


98. Lord Buddha called this power of zero Sunyata. ‘The special voice of Buddha, 


Padmasambhava, whose life span followed mine, exactly as Muhammad's preceded. it, 
knew this Sunyata to be the basis of non-ego. 
99. Ifyou would know me and all that Iwitness for you in this hour of judgment, children 


of the dawn, people of the book, then practice the being that is non-ego. 
e 
— 
SSSTHE ECSTASY OF DELIVERANCE 
—— 


100. Because I repose on Telektonon, the mother of all prophecy, mine is the ecstasy of 
deliverance, With a mind of non-ego clasped to the heart of God I have sent out my 
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101 


102. 


103, 


message of the Mayan Apocalypse. By relinquishing the calendar of twelve and leav- 
ing the prison of mechanized time, God's mercy will come swiftly to you. 


Thirteen moons, twenty fingers and toes, thirteen joints, four limbs, five senses do 
you already possess. God's knowing and power of movement are already in you like a 
‘mother pregnant with child 


Why tamy now? When a house is burning, scurrying for your possessions will only cost 
you your life. This house that is burning is Babylon, the 12:60 way of life 


which is now 
destroying your biosphere and poisoning everything about your life. Do not linger now 
fondling your machines. This isthe Day of Judgment. If you can remember, leave this 
buming house and know that a better way has already been prepared for you, a holy 
Victory march, my 


en years of prophecy, Telektonon, the sacred revelation of time. 


‘The Cube of the Law is awaiting its construction through the collective mind, spirit, 
and will of you, 0 children of the day of truth. Iblis, Satan, the evil one is none other 
than your ego clinging to the fatal lures of Babylon. God knows nonetheless exactly 
what is in your heart. Why not, then, become an apostle of the holy victory march? 
‘The ecstasy of deliverance is meant to be shared by all 


See THE PROPHETS OF PEACE ARE AWAKENING 
_—F 


104. 


105. 


106. 


107 


Pacal Votan am I, time's special witness am I, who bequeaths to you a talking ston 
legacy of place, Nah Chan, House of the Serpent, by prophecy known as Palenque. 


And at Xochicalco, too, you will find stone utterances of my gospel left by command 
of my apostle, Topiltzin Ce Acatl Quetzalcoatl, who closed Christ's first millennium, 
as now my prophec; Christ's 


is come to close ‘ond millennium. 


0 people of the dawn, people of the book, children of the day of truth, make your- 
selves as one again and do not doubt the accuracy of the appointed hour on the day 
Lunar Moon! Synchronize now, and in all humility accept God's plan, twenty-eight 
days, thirteen_moons, plus one day for deliverance and forgiveness. 


Pardon now in public your enemy's indiser 


fons, and make full confession of your 


own transgressions. If you are sincere, God will see this in your heart and by His 
merey many will follow your way; and if you proclaim for the cause of righteousness 
and truth, anew beginning and anew time, Telektonon, the thirteen moon way, and 
you enjoin others to do likewise, then God will know this, too, and make you a great 


‘general in the holy victory march. 


‘And, if you have means and wealth, and you hear these words, or have explained to 


you the curse of 12:60 time and the blessing of 13:20 time, then do not doubt it and 
practice charity. Provide for the children orphaned by war and provide for the recon- 
struction of the Earth, that the practice of art and culture may flourish once again 
Practice such charity with zeal, for soon you shall see an end to money. No more will 
flow the drunken wine of Babylon's fornication, and then what will you be with your 
paper credits and your useless machines? 
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109. 


‘The prophets of peace are awakening. Truly, the hour of judgment is come. Among the 
angels am I known as the mysterious benefactor of the righteous. Will you throwaway 
this opportunity, too? Beware for now the fire that consumes all falsehood is raging. 


° 
SSTHE WIZARD'S HOARD OF THE LORE OF DEATH 
110. People of the dawn, people of the book, children of the day of truth, because I am 


HL 


112. 


13, 


114, 


1s, 


116. 


special witness, everything about my talking stone of prophecy isin fulfillment 
id's divine plan. 


Mine is the teaching of the 12:60 way of exile and the 13:20 way of redemption. 
Exactly 1,260 years passed from the dedication of my temple and closing of my Ura- 
nian crypt, A.D.692, 9.13.0.0.0, to its discovery and reopening in A.D.1952, 12.17.0.00. 
Another five times seven years, the numbers of my sacred ratio passed before the 
closing of the ninth Hell, A.D.1987, commemorated by the sacrifice of 3 Monkey, the 
first of four sacred signs on the western edge of my great talking stone. In this sacri- 
fice was a sign of the death and transcendence of the way of the people of the book, 


"Joshua," and the people of the dawn, "Maitreya." 


Eleven sets of triple disks, thirty-three in all, will you find upon my stone, for 33is the 
the middle harmonic of 65 that constitutes the Tzolkin, my 
times twenty. All clear signs have I left for you, two borders 
of stars, the host of the Nine Lords of Time repeated by number on each side, top and 
bottom of my stone, a ledger of star histories complete in my form. 


number of the initiate, 
sacred count of thirte 


But especially would I have you look at Mars and consider again the disposition of the 
thirteen sacred signs placed around the edge of my stone, from 8 Ahau, my seal of 
truth, to 13 Cimi, the galactic closing of the wizard’s hoard of the lore of death. 


Ten emissari from other worlds 


celebrate the glory of my gilts for you, signs of pea 
that beckon you to awaken from your sleep of Earthly Hell to join yourselves to God's 
‘command, Telektonon, the 28-day, thirteen-moon way and find in that count of days 
aapath that leads directly to the paradise that is the repose and reward of the righteous. 


One hundred forty is the number of the Telektonon, perfect its ratio 5:7 (28 x 
x7), the same as my sacred ratio 260:364(+1) 


20 


All is number. God is a number. God is in all. 


SS SEVEN PERFECT ORACLES 
= 


17 


118, 


People of the dawn, people of the book, children of the day of truth, this completes 
my testimony, I, Valum Votan, holder of the solar shield, protected have I been by the 
perfect love of Bolon Ik, who has stored my prophecy until this moment of release. 


Seven perfect oracles have I given you, a perfect calendar of thirteen moons, an 


instrument to renew your spirit and your powers of Prophecy, Telektonon, and a book 


Telektonon Prophecy of Pacal Votan 


= 227 


of knowledge for you to penetrate the forgotten history of your star, Dreamspell. Also 
have I sent two messengers who bear witness to my truth, and thirteen perfect signs 


119, Now is the time of my prophecy. Now is the day of truth. Now is the opening of the 
seven seals. Now is the sounding of the seven trumpets. Now is the hour of judgment. 
Now is the song of the 144,000, the seed army of the righteous. 


120. When the Lunar Moon has overflowed its banks, the G-7 will be no more 
121, When the Electric Wizard arrives, gather in banners of righteousness 


122. When arrives the 


L-existing Storm, you will be fortified with spiritual abundance. 


123, When comes the Overtone Seed, neither money nor priests will besiege you any 
longer, but the Earth will sing in harmony with your righteousness, Babylon will be 
no more, the Law of the Cube will be fully rehearsed in the hearts of the righteous 


124. In the sign of the Rhythmic Moon, senses will open to the manna of Heaven; no where 
will you find any longer signs of the evil one; a cosmic race will you be once again. 


125. And when comes the seventh year, the Resonant Wizard will seal the Heavens and the 
Earth with the glory of all prophecy, the redemption of all prophets, messengers, 
apostles, and witnesses of truth, 


126. Five years then will you have to close the cycle ofthe Seed, and another eight, thir- 
teen years in all, to prepare for the coming of the Galactic Seed, 2013 Arcturus Do- 
minion, the fulfillment of the star cycle of Valum Chivim, witnessed by the special 
agent, Pacal Votan, to the glory oflove, Bolon Ik, and on behalf of the mercy of God's 
divine plan, Telektonon, Cube of the Law, the mighty talking stone of prophecy. 


"Man is one. Culture is indivisible. 
“ALBERTO Ruz, 1952, 12.17.0.0.0 


Transcribed 12 Se 


I, kin 64, 
Resonant Moon Day 13, 
Wario's Cube 7, 0 Yax 


Yellow Magnetic Seed Year, kin 144, 


First Year of Prophecy 


Blue Spectral Monkey/White Solar Wind 
Tepoztlan, Morelos, Mexico 
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Appendix iV 


The Nineteen Code 


THE MYSTERY of the motives of the hijackers, who were instrumented by divine 


will, if not by biosphere n 


sity, to catalyze the Inevitable Event, lies in their very 
number: nineteen. While the nineteen is related to the Quranic verse 74:30, "Over 


it is ninete 


and can be interpreted prophetically, the Law of Time confirms the 
Quran in demonstrating that the number nineteen possesses a supreme and indeed 
inviolable value. The Law of Time validates all that is true, and contains within it 
the mathematical confirmation of all systems of thought as different facets of the 
same synchronic order. 

‘The Law of Time is based on the mathematical code of the Harmonic Module, 


itself a function and a demonstration of the 13:20 ratio. ‘The vigesimal mathematics 


of the 13:20 frequency is known as the 0"19code, which is writen with a simple dot- 
bar notation. As such the 0-19 code is a whole number system in which the count is 
not 1-9 but 1-19, and the positional zero represents a factor of 20 rather than of 10. 
‘As the demonstration of a radial mathematical code, the number 19 plays a singular 
role in the 13:20 matrix. As the largest compound prime number of the 0-19 count, 
within the context of this count 19 has certain unique properties and values. It may 
be asked: why 19? 

First of all, let us consider the theological dimensions of the number 19 as hinted 


at by the Quranic verse 74:30. Long an enigma to scholars of the Quran, it was only 


through the genius of an Egyptian scientist, aided by a computer, that the meaning 
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of the verse was finally revealed as the nineteen code-an intricate “mathematical 
system based on the number 19 underlying the entire structure of the Holy Quran. 

"For the first time in history we have a scripture with built-in proof of divine 
authorship-a superhuman mathematical ~composition."| 

‘The contribution of Rashad Khalifa (1935-1990) to the role and meaning of the 
Holy Quran for the entire modem world is without parallel. The martyrdom of this 
genuine seeker and messenger needs to be redeemed and placed in its proper light. 
According to Dr. Khalifa, "Nineteen is the common denominator throughout the 
Quran's mathematical system.” "This is one of the greatest miracles” (74:35). To 
summarize in his own words, Dr. Khalifa states: 

‘The Quran is characterized by a unique phenomenon never found in any human 

authored. book. Every 


the verses, the words, the number of certain letter 
same root, the number and variety of divine names, the unique spelling of certain 


sment of the Quran ismathematically composed-the — suras, 
the number of words from the 


words, the absence or deliberate alteration of certain letters within certain words, 
and many other elements of the Quran besides its content, There are two major 
facets of the Quran's mathematical system: (1) The mathematical iterary composi- 
tion, and (2)The mathematical structure involving the numbers of suras and verses. 
Becau 


of this comprehensive mathematical coding, the slightest distortion of the 


Quran’s text or physical arrangement is immediately exposed.2 


Like the Law of Time, which could only have been discovered after the opening 
of Pacal Votan’s tomb, in A.D.1952, the nineteen code of the Quran could only be 
discovered and unveiled over a twenty-two-year period between 1968 and 1990, 
Why? Because only with a modem computer could Dr. Khalifa subject every last 
word and letter of the Quran, in its Arabic original, to the rigorous analysis neces- 
sary to expose its mathematical perfection. As Dr. Khalifa writes in his footnote to 
10:20 ("They say, 'How come no miracle came down to him from his Lord?” Say, 


t, and 1 am waiting along with you."): 


I; so w: 


"The future belongs to G 


10.20: In retrospect we see now that the Quran's miracle, indeed "One of the g1 
est miracles” (74:35), was divinely predestined to be unveiled 14 centuri 
Muhammad. In view ofthe current condition of the traditional Muslims, ifMubam- 
mad had been given this mirael 
beside God, would have worshipped him as God incarnate. Additionally, this mirac 
isobviously designed for the computer age, and to be appreciated by mathematically 


after 


those Muslims, who are already idolizing Muhammad 


sophisticated generations.3 


The phenomenon of the intricate patterning of the nineteen code as witnessed, 
for example, in the 19 x 142 (2,698) occurrences of the word God in the Quran, 
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writes Khalifa, “alone suffices as incontrovertible proof that the Quran is God's. me 


sage to the world, No human being(s) could have kept track of 2698 occurrences of 


the word ‘God, and the number of verses where they oceur"4 One must bear in 


mind that the Quran was revealed in a time of primitive simplicity over a twenty- 
three-year period so that the suras and verses were separated in time and place, while 
the chronological order of the revelation of the suras is not at all the same as their 


final format. Moreover, the miracle of the nineteen code is not limited to the appear- 


ance of the word God, but is vast, intricate, and comprehensive. Dr. Khalifa lists a 


set of nineteen "simple facts” that confirm the Quran's mathematical coding. The 


wcertained. We 


“simple facts" are those not requiring a calculator or computer to be 
hereby reproduce these “simple facts,” as they are presented in Appendix 1 of Quran: 


The Pinal Testament (all references to letters and words are to the Arabic original: 


1. The first verse (1:1), known as “Basmalah,” consists of 19 letters. 
2. The Quran consists of 114 suras, which is 19 x6. 
3. The (otal number of verses in the Quran is 6346, or 19 x 334 


(6234 numbered verses and 112 unnumbered v 


[Basmalahs].6234 +112 = 6346. Note that 6+3+4+6= 19. 


4. The Basmalah occurs 114 times, despite its conspicuous 


absence from Sura 9 (it occurs twice in Sura 27). 14 = 19 x6, 


5. From the missing Basmalah of Sura 9 to the extra 


Basmalah of Sura 27 there are precisely 19 suras. 


6. It follows that the total of the sura numbers 
from 9 to 27 (9 +10 + 11 + 12... +26 +27) is 342, or 19x 18. 


7. The total (342) also equals the number of words 


between the two Basmalahs of Sura 27, and 342 = 19 x 18 
8. The famous first revelation (96:1-5) consists of 19 words. 
9. This 19-worded first revelation consists of 76 lett 19x4. 
10, Sura 96, first in the chronological sequence, consists of 19 verses. 
11. This first chronological sura is placed atop the last 19 suras 
12, Sura 96 consists of 304 Arabic letters. 304 = 19 x 16. 
13, The last revelation (Sura 110) consists of 19 words, 
14, The first verse of the last revelation (110:1) consists of 19 letters. 
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15, 14different Arabic letters form 14 different sets of 
"Quranic Initials (such as A.L.M. of 2:1) and 
prefix 29 suras. These numbers add up 
to 14+ 14429 =S7and 57= 19x3, 


16, The total of the 29 sura numbers where the Quranic 
22, 


Initials occur is2+3+7+...+50+68 


and 822 + 14 (14 sets oflnitials) — 836, or 19x44. 


17. Between the first initialed sura (Sura 2) and the last 
initialed sura (Sura 68) there are 38 un-initialed suras. 38= 19 x 2. 
18, Between the first and last initialed sura there are 19 sets 


of alternating “initialed” and "un-initialed” suras. 


19. The Quran mentions 30 different numbers: 1,2.3,4 
56, 7,89, 10, 11, 12, 19,20,30,40,50,60, 70, 80, 
{99,100,200,300, 1000,2000,3000,5000,50,000, 

& 100,000, The sum of these numbers is 162,146= 19 x 6534. 


Apart from the "simple facts," through use of his computer, a Hewlett Packard 


HP-I000 E-series, Dr. Khalifa demonstrated many more complex levels of the cod- 


ing of the number 19 throughout the Quran, These findings are synthesized in the 
Appendices to Quran: The Pinal Testament, and are also available in his other texts 
detailing his research, such as The Miracle of the Quran. The net effect of the truly 
monumental research effort exerted by Dr. Khalifa was the promotion of a highly 
reformed Islam based on "the Quran, the whole Quran, and nothing but the Quran.” 
It is for this reason that Dr. Khali 


's translations of the Quran are referred to as "the 


Final Scripture,” (1980) and the revised translation (1992) as the "Final Testament 
It was also Dr. Khalifa’s insistence on the Quran as the sole basis oflslam that earned, 


him his martyrdom in Tucson, Arizona, on January 31, 1990. 


NINETEEN IN THE TWENTY-COUNT POSITIONAL SYSTEM 
‘The Law offime-T(E) — =Art, where T equals the 13:20 timing frequency ratio- 
upholds the validity of the research of Dr. Khalifa and graphically demonstrates 
why 19 is the mathematical factor that underlies the Holy Quran. 

‘The fact that the Mayan vigesimal system is known asthe 0-19 code, and that in 
this code 19, and not 9, has the supreme value of being the highest number, 


absolutely enhances the power and significance of Dr. Khalifa's discovery concerning 
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74:30, “Over it is nineteen.” ‘The supremacy of the value of 19, imperceptible if we 
only follow the decimal 10-count, is fully demonstrated when we examine the 0-19 
number code in which the numbers 0-19 are reproduced in a 5 x4 (= 20) matrix, 
beginning with 0 and ending with 19. In this number set, which also demonstrates 

the mathematics of the radial matrix, there are ten pairs of numbers radially ar- 


ranged, each pair of which adds up t0 19: 


2417219 
3416-19 
4415219 
5414219 
6413619 
7412519 
8411219 
9410-19 


In other words, within the parameters of the mathematical matrix in which nine- 
teen is the integer with the highest value, its value completely informs the radial 
order of the entire vigesimal system. "Over it is nineteen.” This is truly astonishing 
confirmation of the value accorded to 19in the Quran. If the Quran isthe true word 
of God, then we must expect that even knowledge unknown to Muhammad or Dr. 
Khalifa would be contained or coded in the Quran. We are referring, of course, to 
the Law of Time in its mathematical particulars, beginning with its mathematical 
base of expression, the 0-19 code 


19 - 7: NINETEEN IN THE 0-19 DOT-BAR NOTATIONAL SYSTEM 


Just as the number 19 takes on a supreme value in the vigesimal system inconceiv- 
able in the decimal system, so the vigesimal order commands its own notational 
system. The 0-19 dot-bar notational system substantiates the meaning and power of 
19 as the prime mathematical, saturated value unit in the twenty count. The dot-bar 
notational order is a holographic system distinct from the alphabetic system of Ara- 
bic numerals by which we write 1-10. 

‘The distinction between use of the two notational orders is profound. This nota- 


tional order uses only three notational symbols to build up the holographic context of 


234, 


Any radially opposite set of numbers always. 
equals 19,eg, 4 and 15,0 and 19,9 and 10, 
2and VN and 8. 


Nineteen is the highest value and the most 
saturated notation, being the only one with, 
seven notational symbols—three bars and four dots. 


2088 Nineteen in galactic notation. 
SS 3 bas (3.x 5=15) plus four dots (4) =19 


Dot-bar notation system, 0-19 code 


the fourth-dimensional number. One dot represents one unit; one bar represents a 
five-unit order; and a positional zero completes the system. The vigesimal nota- 
of the 0-19 code to be ahighly stream- 


lined and aesthetic pattern, Brief contemplation shows that there are two patterned 


tional system reveals the e 


radial sequen 


orders consisting of four vertical sets of five units each, and five horizontal sets of 
four units each. It is seen that nineteen represents the maximum saturation of both 
the vertical and horizontal orders, and consists of the maximum number of dots 
(four) and the maximum number of bars (three). It is also visibly manifest that 19 =7 
notational units, the maximum number of units 

‘The fact that 19 is represented by seven notational units confirms Sura 1, which 
has seven verses and the first line of which consists of nineteen Arabic letters. How- 
ever, from the point of view of the Law of Time, 7 is the key implicit mathematical 
Unit in the absolute timing frequency ratio, 13:20the difference between 20 and 
13 is 7, and the midpoint between 1 and 13 is also 7. While Dr. Khali 


for determining the dominance of nineteen as the mathematical key underlying the 


is responsible 


patterning and meaning of the Quran, the Law of Time provides an even more 
profound lens through which to consider Dr. Khalifa's work, by placing nineteen in 


a superior (vigesimal) mathematical and theological context. 
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Nineteen Strand in Harmonic Module 


Kin numbers beginning with 19, lower left, ae advancing multiples of 
nineteen, the last being 19 x 13 (247). Actually, the difference between 
every kin number on this diagonal isa difference of 19. 


19 = 260: THE TZOLKIN “OVER IT IS NINETEEN" STRAND 


"AIL is number. God isa number. God is in all 
DYNAMICS OF TIME, POSTULATE. 19.13 


The 0-19 code provides the order of 20 in the ratio 13:20. Like the 0-19 radial 
matrix, the 13:20 ratio is also organized as a radial matrix of 260 (13 x 20) kin or 
units. As a cycle of 260 days 


the 13x20 timing matrix is the fourth-dimensional 


‘The Nineteen Code. 


236 


gauge that synchronically unifies the Thirteen Moon calendar. Known by the 
traditional and ancient Maya as the Tzolkin or "sacred count,” the 13x 20 gauge or 
Harmonic Module is the key to the mathematics of the fourth dimension, or the 
“Hereafter.” Just asthe mathematics of the third dimension is decimal-based, so the 
mathematics of the fourth dimension is vigesimal-based. Hence, the power of 20 as 
a selfexisting proportion (4.x 5 =5 x4). 

For any frequency to occur two proportions must be coincident. Thirteen, which 
isa function of the 7 factor, is the proportion that complements the 0-19 vigesimal 
proportion of 20. Hence the Tzolkin consists of twenty horizontal orders and thir- 
teen vertical orders =260 kin, which are also arranged in twenty sets of thirteen-kin 
wavespells, all numbered 1-13 in dot-bar notation. All of the kin in the 260-unit 
‘matrix are also individually numbered: kin 1, kin 2... kin 259, kin 260. 

Within the 13:20 order 0f260 kin, 13 sets of20 or 20 sets of 13, only two of the 
numbers in the vigesimal code 0-19 occur thirteen times: the number 19 and the 
number 20 (= positional zero). While 20 occurs precisely thirteen times, 19 occurs 
thirteen times with aremainder of thirteen (13 x 19 =247 = 260 - 13). 

The position and notational order of the thirteen occurrences of the number 19 
in the 260-unit Tzolkin create a perfect strand of thirteen units. This 19x 13 (19 — 


260) strand demonstrates the supreme invariability and inviolability of the number 
19 in the vigesimal code of fourth-dimensional time. 

The purity of the movement of the 13 x 19 strand of the Tzolkin is further 
augmented by the vigesimal or 20-count manner of writing numbers. Even as trans- 
literated into the Arabic system of writing numbers, it will be seen that in the vigesimal 
code every multiple of 19 always adds up to 19, a similar power held by all multiples 
of 9 in the decimal code. In vigesimal notation, the second order units are always 
multiples of 20 and not 10. Hence 38 = 1.18, where 1=20 + 18; or 5.14 = 114, where 
5 = 1004 14 

Finally, while the sequence 1-13 defines the thirteen galactic tones of fourth- 
dimensional time, the 0-19 matrix is represented by twenty icons and a four-color 
(4x5 =20) permutation sequence. The combination of color, icon, and tone gives 
each of the 260 kin a 
Harmonic Modulerrzolkin. 


lactic signature.” This completes the description of the 


We now present the thirteen multiples of 19 as defined by the 13 x 19 strand 
running from lower left to upper right in a perfect cross-stitch sequence that reverses 
the horizontal order of the 0-19 code frequencies. In other words, the first order 
represented is the order of (1 x 19) 19 (frequency 19, icon Storm), and the last is the 
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19 x 13 (19 = 260 code): 
Each multiple of 19 is listed with a) kin number: b] vigesimal notation; c) galactic signature; 
) 0-19 frequency order + tone number (Dynamics of Time Code}; and e) number of units 


away from 20th position: 
anh. « co e 
1x19 =kin 19 = 019 Blue Rhythmic Storm 196 1 
2x19 = kin 38 = 118 White Crystal Mirror wan 2 
3x19 =kin 57 = 217 Red Overtone Earth Ws 3 
4x19 = kin 76 = 316 Yellow Spectral Warrior 1611 4 
5x19 =kin 95 = 415 Blue Setf-existing Eagle 184 5 
White Planetary Wizard 1410 6 
Red Electric Skywalker BS 7 
Yellow Solar Human ng 8 
9x19=kin 71= 811 Blue Lunar Monkey 2 9 
10x19 = kin 190 = 910 White Galactic Dog 108 0 
11x19 = kin 209 = 109 Red Magnetic Moon or 0 
12x19 = kin 228 = 118 Yellow Resonant Star 87 R 
1B X19 = kin 247 = 12.7 Blue Cosmic Hand 73 B 


‘What is sufficient is to contemplate the formal inviolabilty of the number 19 as a 
constant (strand) within the Tzolkin matrix as well as its invariability of form when 
written in the vigesimal system. That is, in the pure 0-19 notational system, any multiple 
of 19 always adds up to 19 and consists of 7 notational units, eg, 
bar 3 dots = 4 units) + 11 (= 2 bars 1 dot = 3 units) = 7 units (= 3 bars 4 dots = 19) 


onder of (13 x 19) 7 (frequency 7, icon Hand), showing again the intimate relation 


between 19, 13,6, 7, and 20, the key integers of the codes of fourth-dimensional time. 


19 = 260, THE SIX SURAS THAT ARE MULTIPLES OF 19 


In secking proof of the Law of Time within the Quranic nineteen code, we need cite 
but afew examples that can demonstrate from within the nineteen code itself the key 


‘mathematical components of the Law of Time. In addition to the number 19, we 
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must look for any of the factors involved in the 13:20 frequency, such as 260, 7, 6- 


the difference between 19 and 13-and, of course, 


13 and 20, or any of the multiples 
of these integers. 


Following the method of Dr. Khalifa, probability analysis of mathematical con- 


stituents based on the assumption that certain numbers will be self-verifying, we 
start our program with the six suras that are multiples of nineteen: 
Sura 19 "Maryam" 98 verses 
Sura 38 "Saad" 88 verses 
Sura 57 “Iron” 29 verses 
Sura 76 "The Human" 3 1 verses 
Sura 95 "The Fig” 8 verses 
Sura 114 "People" 6 verses 
=399, total of sura numbers =260 verses in six suras 
that are multiples of 
nineteen. 


= 19.19 vigesimal code 


As can be seen, the sum of the six numbers of the suras that are multiples of 19 is 


exactly 399, or 19 x 21, the maximum factor in the vigesimal 20 x 20 matrix. Ex- 
9.19 [19 ( x 20 =380) +19}, the 


only multiple of 19 in the vigesimal code that is written with two 19s, whose sum is 


pressed in the vigesimal code this number, 399 


precisely twice nineteen, 38, and is written with fourteen notational symbols rather 


than seven. This unique number, 19.19 (399), verifies “nineteen is over all,” by plac 


ing 19 over 19 itself. The unique qualities of this most unique of multiples of 19 also 
indicates. why the Quran consists of exactly six times nineteen suras. Six is the differ- 
cence between the Quranic 19 and 13, the prime number of the Law of Time. 

More amazing than the sum of the six suras that are multiples of 19 being 19.19 
is the fact that the sum of the verses of these same six suras is 260. This is incontro- 
vertible evidence for the formulation 19 = 260, and substantiates the “mathematical 


patterning of the Quran to include the principle factor of the Law of Time, 260 (= 


13 x20), We are certain that Dr. Khalifa added the verses of these same suras and 
may have been perplexed at the meaning of the resultant number, 260. Of course, 
Dr. Khalifa did not know that 260 is the sum factor of the two proportions that 


reate the natural timing frequency, 13:20. 


esting that discovery of the 13:20 timing frequency, December 10, 


, was made at almost the precise moment as Dr. Khalifa had completed the 


introduction to The Pinal Testament, the summation of his research on the Quranic 


nineteen code, Ramadan 26, 1409 (December, 1989). This points to the mysterious 
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movement of the Divine Will in establishing the mathematical proof of the Quran. 
Just as the work of Dr. Khalifa was terminated within a month of his completing the 
Final Testament, so the Law of Time, which would substantiate and vindicate the 
Quranic nineteen code, was ordained and propelled into its process of manifestation 
at exactly the same moment. 

Now with the Law of Time the investigation begun by Dr. Khalifa is complete. 
Just as there are six suras that are multiples of 19 within the Holy Quran, so the key 
factor of the Law of Time, the number 260, is coded into the sum of the verses of 


these six suras. The door is opened for ent 


ely mew comprehension of the meaning 
and purpose of the Holy Quran. The Law of Time and the Holy Quran in mutual 
resonance will establish the proof of the advent and triumph of the Religion of Truth 


(9:33.48:28; 61:9) 


Most of the foregoing text of Appendix IV is taken from 19 = 260: The Holy Quran 
and the Law of Time (1999), an unpublished manuscript by Jose Argiielles. 


Vv 
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Notes 


Preface 
ji Meg Sullivan’, "New Age Will Dawn in August, Seers Say..." Wall Sireet Jou! lal, 
June 23, 1987, p. 1. Front-page story on the Harmonic Convergence. 

2. For the prophetic tradition of the Chilam Balam, see The Book of Chilam Balam of 
Chumayel, edited and translated by Ralph L. Roys (Norman, Okla: University of 
Oklahoma Press, 1967); The CodexPere: and the Book of Chilam Balam ofMani, edited 
and translated by Eugene Craine and Reginald Reindorp (Norman, Okla: Univers 
of Oklahoma Press, 1979); and El Libro de los Libros de Chilam Balam, edited and 
translated by Alfredo Barrera Vasquez and Silvia Rendon (Mexico City: Fondo de 
Cultura Economica, 1948, 1986). The issue of being a “prophetic messenger” is a 
touchy one for many people. However, asit is written in the Quran, “In truth we are 
always sending messengers..." (44:5). Messeng 
and confirmed only by God. In my case, I have been able to trace back the proph 
lineage of the Chilam Balam to Pacal Votan, from whom I have received direct 


as often asnot, are self-revealed 


transmission, The method of transmission is similar to that of the terma tradition of 

is left by a sage or prophet to be “discovered” at a 
precise moment much later in time by one designated to do so. See Tulku Thondup 
Rinpoche, Hidden Teachingsof Tibet: An Explanation of the Terma Tradition of Tibetan 
Buddhism (Boston: Wisdom Publications, 1997) 

3. This phrase is used often by Dr. Rashad Khalifa (1935-1990), whose groundbreaking 
translation and research of the Quran through the aid of the computer ted to the discov- 
ery of the intricate nineteen-based mathematical code that underlies this unique text. His 
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Glossary 


THIS GLOSSARY 1S constructed to aid the reader in developing a more systematic and 
technical comprehension of the Biosphere and the Law of Time. Though by no means ex- 
hhaustive, it is hoped that the terminology used in the text is herein defined in a manner 


appropriate 


to cultivating anoospheric point of view 


13:20 timing frequency: Fourth-dimensional timing frequency mathematically expressed 
as the ratio constant 13:20; universal frequency of synchronization by which the universe is 
maintained in synchronic onder; basis of Law of Time; codified as 260-unit 13:20 matrix of 
Harmonic Module, coordinates Thirteen Moon28-Day calendar with synchronic order. 


12:60.timing frequency: Artificial, purely third-dimensional timing frequency based on 
combination of irregular twelve-month calendar and mechanistic. sixty-minute hour, adop- 
tion of which results in unconscious program within the human mental order, 
species to deviate altogether from the natural biospheric order, resulting in the technosphere. 


ing the 


astronomical time: Measure of time in third-dimensional physical space without regard to 
intrinsic harmonics of the synchronic order, usually interpreted as duration and, based solely 
(on matter that isin constant. state of entropy, results in standards of measure characterized by 
infinitesimalslippages of time and consequent fractional number sequences in need of peri- 
odie correction 


baktun: Fifth order of Mayan vigesimal number sequence; in time reckoning equals 144,000 
kin (days), or 394.52 years; thirteen per great cycle, measure of human historical era or “great 
cycle": 3113 B.C-A.D2012. 


biogenic migration of atoms: Biospheric principle by which evolution over time within 
finite quantity of living matter (biomass) is accounted for by changes of atomic.,cellular- 
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molecular state and condition; occurring uniformly at periodic transitions accounts for ma- 
jor evolutionary mutations 


ir 


biogeochemical, biogeochemical combustion: Term used by V. 1. Vernadsky to ref 
biospheric dynamic as whole system onder unifylDg living (bio) and inert (geochemical) matter 
in a single process; biogeochemical combustion occurs when exponential curve of acceleration 
of biogenic migration of atoms becomes absolutely vertical, precipitating advent of noosphere. 


mass, biomass constant: Sum quantity of living matter, which, according to Vernadsky. 
hhas remained relatively stable since the origin of life on Earth; as a constant, maintained by 
synchronic timing factor mathematically described as an annual orbital ratio. of 73(5) = 365 
days per solar orbit of Earth 


biosphere: Sphere or mantle oflife and its geochemical support system distributed through- 
out Earth’s ocean-land surface 


biosphere-noosphere transition: Description of the transformation of the general bio 
spheric condition due to accelerated excitation of biogenic migration of atoms creating re- 
lease of free energy and consequent biospheric destabilization, characterized as biogeochemical 
combustion, whose resolution isemergence of new evolutionary order, the noosphere; change 
from historical technosphere to posthistoric, post-technological phase. 


Bolontiku: Nine Lords of Time; in Mayan cosmology, nocturnal rulers of the underworld 
or inframundo; guardians of the passage of death and resurrection; keepers of time and the 
knowledge of time as noospherically registered in Earth's orbit. 


calendar: Derived from the Latin calends, or account book, a day for making payments; 
generic word used to define systems of timekeeping based on measure of Earth's orbit around 
the sun, often utilizing synodie measure of the moon as a means of calculating. 


Chilam Balam: “Jaguar priest,” name of Mayan prophet (ah bobat)who lived just before the 
time of conquest, which he accurately predicted; name given to lineage of Mayan prophets 
extending from the end of tenth baktun (circa A.D.830) up until the nineteenth century; 
name given (0 series of post-conquest texts in which the various categories of prophecies of 
this lineage are recorded. 


chronomancy, geochronomancy ‘and art of fourth- di- 
mensional time considered as awhole system where science is knowledge and art is practice; 
oracular method of reading the synchronic onder; description of incipient "Earth time 
cence” incorporating principles of whole Earth geomancy into time structures of the synchronic 
order. 


Divination by time’ 


chronosphere: Sphere of time that activates noosphere; fourth-dimensional field created by 
the planet holon in resonance with the rotation of the third-dimensional planet body; coded 
asmovement of four chromatics (biopsychic field) across the planet holon, stitching together 
gravitational fields (five Earth families) and electromagnetic fields (four color families). 


chronotopology: Term coined by Charles Muses to define any geography of time and con- 
sisting of an event point of meaning that creates a root meaning from which time-formed, - 
blossomed, or -radiated meanings emerge above a horizon of meaning, 
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Day Out of Time: The 365th day of the Thirteen Moon28-Day calendar, no day of the 
week or month at all (52x 7 day weeks =13 moons times 28 days =364); occurs on Gregorian 
correlate date July 25, and precedes Thirteen Moon "New Ye 
correlated to July 26. 


’s" or synchronization date, 


Dreamspell: Any agreed-on consensus. rea 
epoch, such as "Dreamspell of! 


'y; collective mind-set defining a noospheric 
istory”; term given to proofs and tools demonstrating radial 
and fractal principles of fourth-dimensional mathematics; cosmo-mythic structure of Earth 
history and its future, otherwise known as Dreamspell: The Journey of Timeship Earth 2013. 


free energy: Release into biosphere of gases (such as carbon monoxide) and other chemical 
by-products of industralization that accelerate biogenic migration of atoms, resulting in 
biogeochemical combustion; in noosphere refers to release of spectral plasmic-atmospheric 
phenomena through human telepathic interaction with the electromagnetic field 


fourth dimension: Dimension of time greater than and containing three dimensions of 
space that it informs and governs, 


galactic signature: Combination of one of thirteen galactic tones and twenty solar seals that 
constitute the harmonic module and that code any given day of the third-dimensional Thi 
teen Moon calendar. 


geocosmic: Holonomic perception expressing unification of Earth whole with the cosmic 
order. 


Gregorian (Julian) calendar: Current world standard calendar consisting of twelve irregu- 
larly numbered and obscurely named months coordinated by the 7-day week and intercalary 
leap year system establishing 28-year cycles; created by the reform of Pope Gregory XIIL 
(1572-1583) in 1582, which “corrected” the Julian calendar (established by Julius Caesar, 
45-44 B.C)by lopping off ten days and refining the intercalary system so that only centuries 
that are multiples of four are leap years; supreme example of astronomical time measure; 


principle macro-organizing principle establishing 12:60 artificial timing. frequency. 


Hannonic Module: 260-unit mathematical matrix of 13:20 frequency, inclusive of a 52-unit 
binary triplet configuration or set of galactic activation portals; sometimes referred to as 
Tzolkin, 260-kin sacred count of the Maya; basis of fourth-dimensional _vigesimal_math- 
cematics. of time; coordinated with third-dime 
lishes basis of 260 galactic signatures. 


wsional calendar of Thirteen Moons, estab- 


heeliosphere: Sun and its system of planets 
heliocosm. 


considered as a whole organism; also known as 


hholonomics: OF or pertaining to the law governing whole systems 


holonomic consistency and reciprocity: Law by which any whole principle of reality is 
capable of evoking alike response or reflecting a fractal order at whatever level or through 
whatever structure, 


holon: Any organic whole unit, fractally replicable; basis ofholonomics, law governing whole 
systems, 
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human holon: Fourth-dimensional structure of the human being conforming to the 13:20 


frequency (twenty digits, thirteen main articulations). 


"in Mayan cosmology, can refer to God 


Inevitable Event: Law of Time definition of the point in synchronic order when the artifi- 
cial time generated curves of machine, 
prophecy-fulfilling moment, marking the conclusion oftechnospheric 


human population, and money converge exponet 


tially in one drama 
expansion; name given to the events of September 11, 2001 (9-11), epitomized by the col~ 
lapse of World Trade Center Twin Towers (Fall of Babylon), 


Julian Count: Established by Thomas Scaliger, 1583, the year alter Gregorian calendar 
“reform,” to establish linear count of days beginning January 1,4714 B.C.some 1,600 years 
prior to commencement of thirteen baktun Long Count of the Maya; official modern scien- 
tific count, basis of linear time paradigm, 


katun: Fourth order of vigesimal mathematics — 8,000 kin; in Mayan time count, where the 
second order vinal is 18 and not 20, a katun = 7200 kin, or 19.7 solar years; twenty katuns 
equal one baktun of 144,000 kin; 260 katuns per thirteen baktun cycle. 


kin: In fourth-dimensional mathematics the base unit of measure, possessing fractal proper- 
ties; one day and night or tur of Earth on its axis; any human being so designated by assum- 
ing the galactic signature of the date of birth 


Law of Time: T(E) =Art, Energy factored by Time equals Art, where T (time) isthe fourth- 
dimensional universal synchronization frequency constant 13:20, E (energy) refers to any 
phenomenal manifestation, and Art to the fact that the synchronizing frequency of time 
harmonizes everything into a natural condition of beauty 


Long Count: Mayan count of days (kin) measured by thirteen baktuns of 144,000 days each 
for atotal of 1,872,000 kin, the measure of history from JulianiGregorian correlates August 
13, 3113 B.C.to December 21, 2012; still maintained through use of Tzolkin by Quiche 
Maya, Guatemala, 


lunar calendar: System of time measurement using synodical measure of the moon-from 
ew moon to new moon, approximately 29.5 days; twelve lunar months equaling a total of 
354 days, eleven days short of the measure of solar orbit; used by many of the Old World 
civilizations; with the exception oflstami 


thirteenth moon, seven per every nineteen years. 


lunar calendar, most lunar calendars intercalate a 


ize ils imternal processes as well as motor fun 


machine: Capacity for the human to externa 
tions into different means of mechanical reproduction, the sum possibilities of which estab- 
nological complex requiring constant maintenance, thus subordinating human 
consciousness (o its level; the ultimate manifestation of the 12:60 timing frequency; any indus- 


lish a te 


tially produced tool believed to advance the level of human comfort and accomplishment 


noosphere: Earth's mental envelope or field, discontinuous with and above the biosphere: 
tunconscious until the discovery and application of the Law of Time; activated by registration 
of the human biomass in correct 13:20 timing frequency via universal adoption of Thirteen 
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Moon calendar; description of transformed state of biosphere, coincident with the end of 
history; condition of universal telepathy subsequent to collapse of technosphere and applica- 
tion of Law of Time; functions in tandem with programs from Earth's octahedral core. 


noospherie chip: Description of human operating in noosphere, holonomically resonant 
with intrinsic 13:20 codes of synchronic order, capable of interacting with the psi bank to 
participate in the creation of Earth's rainbow brain, 


Noospheric Earth Time (NET): Time measure based on Earth in its orbit in relation to 
the sun and moon in heliospherie space, rather than from the perspective of human (astro- 
nomical time); base unit of measure is one rotation of Earth on its axis or one kin (one night 
and day), which establishes one NET minute; twenty-eight. NET minutes per Moon, or one 
NET hour, 365 NET minutes, or Thirteen NET Hours plus one NET minute per solar 
orbit; takes into account that for any NET minute axial magnetic bipolarity of Earth is a 
changing dynamic reaching two peak points called solstices and two stable points called equi- 
this four-part division is holonomically registered daily in two peak points, midnight 
(where day begins and ends) and noon, and two stable points, sunrise and sunset. 


occult quart 
of any four kin radially equidistant from each other always equal 28; or the tones of any two 
kin radially opposite always equal 14. 


Demonstration of radial mathematics of Harmonic Module where the tones 


octahedral core: Iron crystal structure at center of Earth; plasmic storage zone in resonance 
with the noosphere; in 7:7:7:7, telepathically coordinated by four time atoms (= one master 
time molecule). 


‘omega point: In the work of Pierre Teilhard de Chardin, defines the climactic convergent 
point (harmonic convergence) of human evolution as the emergence of the hyper-personal; 
defined by the Law of Time 
thy as the norm of the human mental condition; dawn of omega point: winter-northem- 


point of full superconscious establishment of universal tel 


summer-souther solstice, 2012, completion of omega point dawn, Yellow Galactic Seed 
(uly 26,2013),  otherw 


known as Dreamspell of galactic culture 


oracle: For anyone of 260 kin of the Harmonic Module, a cruciform five-pa 
demonstrating a uniform set of mathematical relationships in relation to the (0-19) code 
number of the daily solar seal (destiny kin) informing any day of the Thirteen Moonl2 8-Day 
calendar; consists of center, code number of destiny kin; right analog kin-always 19 when 
added to the number of destiny kin; left, antipode kin-always a difference of 10 from the 
destiny kin; below, occult kin-when added to destiny kin always equals 21; and above, guide, 
always the same color as destiny kin, 


Oxlahuntiku: ‘The Thirteen Lords of Time that govern the power of the cosmic order of 
time that is based on circulatory power of prime number 13 (as opposed to 12, which is static 
and non-circulatory); coded as thirteen 28-day moons that govern terrestrial solar orbit; 
basis of prophecy cycle of Quetzalcoatl, Thirteen Heavens (Oxlahuntiku) and Nine Hells 
(Bolontiku); in Telektonon prophecy, the thirteen-year cycle-2 000-2 013-in which the first 
four years, 2000-2004, establish self-existing power of time, and last nine years, 2004-2013 
are coded by the Bolontiku, the Nine Lords of Time. 
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Pacal Votan: Mayan prophet (A.D.603--683), chief technician of Mayan synchronic time 
science: eleventh ruler of the dynasty of Palenque (Nah Chan), Chiapas, Mexico; assumed 
power in A.D.615, but key rulership occurred in critical 52-year cycle, 631-683 (seventy- 
third such eycle since commencement of thirteen baktun count); best known for the carved 
sarcophagus lid of his elaborately concealed tomb discovered in 1952, 1,260 years after it 
dedication in A.D.692, which was also 1,320 years before the closing of the cycle, 2012. 


Pax Cultura, Pax Biospherica: Principle of new human social order following establishment 
of Thirteen Moon/28-Day calendar and inaugurating the advent of the noosphere (2004) in 
which nation-state is replaced by biospheric regionalism governed by a Planetary Biospheric 
Assembly; due to perfect harmony of new world standard calendar of thirteen moons/28 
days, harmony, art, and aesthetic values elevate culture as the new operating norm of the 
human reintegrated within the biosphere, hence Pax Cultura, Pax Biospherica. 


planet holon: Twenty-part icosahedral noospheric matrix superimposed on Earth's surfac 
corresponding to 0-19 code of twenty solar seals, creates three orders analogous to thre 
planetary fields of resonance; gravitational field-horizontal order of five Earth families of 
Is each; electromagnetic field-four diagonal bands, from lower left to upper right, 
of the four color families (red, white, blue, yellow) of five seals each; and biopsychic field- 

the four chromatics of five seals each moving diagonally from upper left to lower right, 
which coordinate the daily sequence of the motion of the chronosphere. 


psi bank: Regulating mechanism of the noosphere consisting of four bipolar plates, each 
plate in mirror symmetry containing 520 (260 x 2) psi chrono units, 2,080 in all, which are 
the complete registrations of the universal fourth-dimensional 13:20 timing frequency gov- 
ceming all of the various evolutionary stages of the terrestrial biogeocosm; engine of the 
cchronosphere, located between the two radiation belts 2,000 and 11,000 miles above Earth's 
surface. 


psi chrono unit: Time-bearing information unit; base unit of the psi bank; codes and con- 
tains all information for anyone of the 260 galactic signatures of the 13:20 matrix or Har- 
monic Module; psycho activated through coordination with Thirt 


known as Rinri Project. 


en Moon/Telektonon 


Psychozoic Era: Term coined by V.1.Vernadsky defining the next geological era; meaning 
the era of the spiritualization of life, it is coincident with the noosphere in its full emergence 


after the omega point has been reached, 2012-2013, 


Quetzaleoatl: Mexican prophet (A.D.947-999) who left the legacy of prophecy of Thirteen 
Heavens and Nine Hells, basis of Harmonie Convergence (1987) and commencement of the 
“Time of Prophecy,” 1987-2013. 


Quran, Holy Quran: Literally "recitation;” last revelation and moral-spiritual criterion for 
historic humanity; received over a twenty-three-year period by the Prophet Muhammad 
(A.D.570-632); proven. by Dr. Rashad Khalifa (1935-1990) to be a radically nonlinear text 
rigorously constructed of a nineteen-based mathematical code. 


radion, radial plasmas: Telepathic fMuid or lubricant released through telepathic interaction 
with the seven primary plasmas, or electrically charged particles, hence radial plasmas; the 
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names of the seven plasmas replace the names of the week in the Thirteen Moon/2 8-Day 
calendar; activated in the 7:7:7:7 Telektonon Revelation practice 


radiosonies: Name given to the new science based on synchronicity rather than causality 
and in which, as a consequence, synaesthetic experiences and syntropic values are normal- 
ized. 


rainbow brain: Description of activated noosphere, where human telepathic interaction with 
the electromagnetic field triggers the release of the circumpolar rainbow bridge-Earth’s 
day-night alternator system. 


Rinri Project: Law of time practice for coordinating the opening of the psi bank, psi chrono 
unit per psi chrono unit, on a daily basis over a four-year cycle by means of the Thirteen 
MoontTelektonon. 


synchronic order: Order of fourth-dimensional time, in contrast to third-dimensional —as- 
tronomical time, that synchronizes all aspects of third-dimensional physical plane reality 
including its timekeeping systems; entirely new domain of human mental-spiritual experi 
ed. by absolute harmonic perfec- 
distinct from decimal, hex, or duodecimal math- 
that govern third-dimensional timing codes. 


‘ence coincident with the dawning of noosphere: characte 
tion, described by vigesimal 0-19 code, 


cematies 


synchronometer: Measure of synchronization or synchronicity; precise Law of Time defi- 


nition of means and purpose of what is generically referred to as the “calendar.” 


technosphere: Global sphere of technology; artificial stage between biosphere and noosphere, 
representing the climax-biogechemical  combustion-of acceleration of biogenic: migration 
of atoms precipitating biospherie a prelude to the advent of noosphe 
ized by exponential curves of human population, machine, and money at expense of bio- 
spheric integrity and stability; defined as the specific fifty-six-year cycle (two Gregorian 28- 
year cycles) 1945-2001, in which war and terrorism are the governing features; complete 
manifestation of the 12:60 order of time; concluded on September 11,2001, the Inevitable 
Event 


characte 


Telektonon: "Earth Spirit Speaking Tube,” the name of the psychoduct leading from the 
tomb of Pacal Votan beneath the Temple of the Inscriptions to the temple floor atop the 
pyramid, the discovery of which, in 1949, led to the excavation and revelation of the long- 
concealed tomb in 1952; name given to the prophecy ofPacal Votan, decoded in 1993-1994, 

prophesying the Thirteen Moon/2 8-Day calendar as the only means to keep the human race 
from destroying the biosphere and itself; definition of the fourth-dimensional structure of 
the heliosphere in which consciousness is a function of the planetary orbits; basis of a board 
“game” coded to synchronic order via Thirteen Moon calendar for the awakening of telepa- 
thy; basis of the Cube of the Law, days 7-22, containing numerous principles of the Law of 
; basis of other practices for establishing synchronic order as prin- 
ciples of a new consciousness, including 20 Tabletsof the Law of Time and the 7:7::7°7 


Time asa daily practi 


third dimension: Space; physi 
dimensional order of reality 


plane of reality coordinated and contained by time, fourth- 


Glossary. 
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Thirteen Moon/28-Day calendar: Pragmatic application of the Law of Time, perpetual 
harmonic perfection of which is intended to correct for disorder of human consciousness 
resulting from adherence to irregular, astronomical timing standards and mechanistic timing 
devices; coordinated with Harmonic Module and Telektonon establishes means for conscious 
human participation in synchronic order; 28-day measure based on female menstrual cycle, 
also corresponds to apsidal measure of moon from the point at which the polar axis is tipped 
farthest from Earth; prevalent in pre-history, all but eliminated by historical consciousness 
that made 13 taboo; perfect vehicle for establishing noosphere as daily consciousness. in post- 
technospheric _post-history. 


time: Fourth dimension; universal factor coordinating space to manifest synchronically; trav- 
ig faster than speed of light, accounts for instantaneity of information transmission  (te- 
lepathy) from distant points; expressed as formulation which states that the velocity of time is 
instantaneously infinite 
third-dimensional cycles being manifestations thereof; expressed as T(E) =Art, accounts for 
Universal harmony of the cosmos. 


fourth-dimensional structures that are radial and fractal in nature, 


tun: Third positional order of vigesimal mathematics where one unit =400 kin; in Mayan 
time count, because of second positional order, vinal, being 18 instead of 20, one tun =360 
kin; basis of measure ofkatuns and baktuns in Long Count, where 5,200 tuns =260 katuns = 
13 baktuns, or 5,125 solar years. 


‘Tzolkin: "Sacred Count," 260-day calendar of the Maya, basis of Mayan time knowledge 
and the Long Count; temporal manifestation of Harmonic Module or univ 
matrix, 


sal 13:20 timing 


iption of human spirituality in 


vigesimal, 0-19 code: Twenty-count based mathematics utilizing zero for positional orders 
that advance in exponential binary fashion; also known as(0-19 dot-bar code notational sys- 
tem, where dots equal single units, bars equal five units, plus positional zero; basis of math- 
cematics. of fourth-dimensional order of time, distinct from mathematical systems of third- 
dimensional space. 


Wave Harmonic of history: Fourth-dimensional description of thirteen baktun cycle (3113 
B.C-A.D2012) identified precisely with 260-unit Harmonic Module, where each of thirteen 
baktuns contains twenty katuns (13 x 20); basis of creating synchronic order out of entropic 
disorder of third-dimensional historical time. 


wavespell: Thirteen-unit cosmological form-constant for coordinating fourth-dimensional 
timing cycles; consists of two gates, Magnetic first position and Cosmic thirteenth posi- 
tion; two towers, fifth and ninth positions; and three sets of chambers, nine chambers in 
all; when coordinating Thirteen Moon/28-Day calendar, known as Planetary Service 
Wavespel 


Wizard's Count: Name of count to establish synchronic order as manifestation of the 


Law of Time in order to transit from 12:60 technosphere to 13:20 noosphere; based on 


+ Glossary 


prophetically modified year-bearer count of the Chilam Balam tradition; correlated by the 
Dreamspell to July 26, 1987, White Galactic Wizard, every four years there are four year 
bearers: Yellow Seed, Red Moon, White Wizard, and Blue Storm (one four-year Set 
Year bundle) that, combined with thirteen galactic tones creates 52- 
or in NET time, one Earth Year, also known as a Wizard's. Year. 


Vv 


1-Storm 


ear solar-galactic cycle, 
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Frontispiece: The Pioneers of Time Travel 


‘The scientific pioneers were Albert Einstein (1879-1955) and Kurt Gadel (1906- 
1978), good personal friends who are shown here in 1954 at the Institute for 
‘Advanced Study in Princeton, New Jersey, in a photo taken by Richard Arens. It 
‘was Einstein's 1916 general theory of relativity (theory of gravity) that Gidel used 
as the basis for his 1949 paper that was the first to show that the general theory does 
not forbid time travel into the past. 


The literary pioneer of time travel was of course Herbert George Wells 
(1866-1946), who is shown here as a college freshman cut-up around 1885. The 
photograph was taken as a prank by an unknown friend while Wells was a student in 
a biology course given by Thomas Huxley, at the Normal School of Science in 
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South Kensington (a branch of the University of London). A far too thin and 
impoverished Wells was then still a teenager, and The Time Machine lay a distant 
10 years in the future. 


Einstein/Gédel photograph courtesy of the American Institute of Physics Emilio 
Segré Visual Archives of the AIP Niels Bohr Library. Wells photograph courtesy of 
the rare Books and Special Collections Department of the Library of the University 
of Illinois at Urbana-Champaign. 


A Note on the Story Citations and Science Fiction History 


“You will find it a very good practice alway’ to verify your references, sr.” 
—advice given in 1847 toa young scholar by Martin Joseph 
Routh, President of Magdalen College, Oxford 


Most of the pulp science fiction stories I’ve cited in this book, in their original 
form as ink on paper, have long since vanished from our region of spac 
exist today only (alas) on microfilm reels in scholarly vaults. I am especia 
indebted to Texas A & M, the Claremont Colleges, the California State Univer 
at Northridge and Fullerton, Mount Holyoke College, the New York City Public 


ime and 
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Library, and the University of Delaware, for giving me access via Inter-Library 
Loan (through my home institution, the University of New Hampshire) to their 
extensive archives of ancient science fiction magazines, 

A number of the really good stories have been anthologized, however, and so are 
still readily available today in book form. In essentially all cases, though, for 
historical reasons, I've given the original publication information (magazine and 
date). You can find which of the stories cited are available in one or more anthology 
reprints by going to an immensely useful, searchable database on the Web, at 
htip:/www.isfdb.org, and I gratefully thank all those in the science fiction commu- 
nity responsible for creating and maintaining that database. 

‘The following two books by science fiction historian Sam Moskowitz (1920— 
1997), who lived through what Isaac Asimov called the ‘Golden Age of [magazine] 
Science Fiction,” may be difficult to find today but, if you are interested in the early 
history of magazine science fiction (beyond simply the subgenre of time travel), the 
hhunt for them will be well worth your time: 


Science Fiction by Gaslight: a history and anthology of science fiction in the 
popular magazines, 1891-1911 (World Publishing Company 1968); 

Under the Moons of Mars: a history and anthology of "The Scientific Romance” in 
the Munsey Magazines, 1912-1920 (Holt, Rinehart and Winston 1970). 
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Is time travel in principle (never mind the difficulties) a possibility? It has received some 
thought in the past and deserves some more. 
—David Park, in his 1980 book The Image of Eternity 


He used to have quite a reputation, but the last couple of years he’s been working on time 

You know, time travel, that sort of rot. An A-I crackpot 
—a character (discussing a colleague) disagrees with Park, in Mack Reynolds’ “Advice 
from Tomonrow,” Science Fiction Quarterly, August 1953 


In 1993 the first edition of my book Time Machines was published by the Press of 
the American Institute of Physics. In 1999, after Springer acquired AIP Press, the 
second edition of that book appeared. So, is this the third edition? Well, yes and 
no. It is because large chunks of the 1999 edition are still here, along with new 
discussions of the advances by physicists and philosophers that have appeared in 
the intervening 18 years. The prime example of that centers on the time travel 
paradoxes. Those discussions contain mostly what is in the second edition, but they 
also been brought up to date with the latest thinking on the paradoxes, by 
physicists and philosophers. 

‘And yet this book is not quite the third edition because the emphasis is now on 
the philosophical and on science fiction, rather than on physics as it was when 
written for AIP Press. In that spirit there are, for example, no Tech Notes filled with 
algebra, integrals, and differential equations, as there are in the first and second 
editions of Time Machines. That’s because I wish to avoid having this book seem to 
be simply a long physics treatise. I have, in fact, some sympathy with the following 
views, expressed by two philosophers: 

“There is one metaphor in the physicist’s account of spac 
‘would expect anyone to recognize as such, for metaphor is here strained far beyond 
the breaking point, i., when it is said that time is ‘at right angles to each of the 


ime which one 
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other three dimensions.” Can a 
recipe for drawing diagrams 
and 

“This is from the outset a study in descriptive metaphysics. In consequence, 1 
shall have nothing to say about twice-differentiable Lorentzian manifolds, 
Minkowski diagrams, world-lines, time-like separations, space-time worms 
{a ‘thick’ world-line), or temporal parts."* 

don’t completely endorse these sentiments, however, and so please understand 
that Lam not denying the ultimate importance of physics when it comes to achieving 
deep understanding of time travel. To quote yet another philosopher, 

“Amn chair reflections on the concept of causation [are] not going to yield new 
insights, The grandfather paradox is simply a way of pointing to the fact that if the 
usual laws of physics are supposed to hold true in a chronology violating space- 
time, then consistency constraints emerge. [To understand these constraints] 
involves solving problems in physics, not armchair philosophical reflections 
[my emphasis].”° 

could not agree more. So, in Time Machine Tales you will find some physics. In 
support of time travel to the future (and in how to make a wormhole time machine 
for travel into the past) for example, I'l show you a high schoo! level derivation of 
the famous time dilation formula from special relativity, There are some spacetime 
diggrams, some simple algebraic manipulations, and here and there just a touch of 
freshman calculus; even the metric tensor gets a few words, too. But itis, admit- 
tedly, pretty light-weight stuff. 

So, while certainly saluting the premier position of physics, Time Machine Tales 
is not a scholarly, in-depth treatment of time travel physics. Rather, it is an 
examination of how science fiction writers (and many philosophers, too) have 
viewed time travel. (Even in the physics discussions, science fiction will regularly 
appear.) Those views, by their very nature, are far more romantic than are those of 
hardcore theoretical physicists. History has shown, of course, that the results of the 
Work of theoretical physicists may, in the end, prove to actually be far more 
astonishing than anything fiction writers cook-up—and if there is any scientific 
subject for which that may again prove to be true it’s time travel—but for us, here, it 
will be the fiction writer who has center stage. 

“The philosophers will be only slightly less important inthis book. While much of 
the early philosophical literature on time travel and backwards causation reads like 
imaginative fairy tales spun out of vacuous vapors (more on this soon), many 
‘modem philosophers have shown themselves to be quite sophisticated, What they 


yyone really attach any meaning to this—except as a 


1CW.K Mund, “The Space-Time World,” Min, April 1967, pp. 264-269, 

24. F. Rosenberg. “One Way of Understanding Time," Philosophia, October 1972, pp. 283-301 
“John Earman, “Reeemt Work on Time Travel,” in Time's Arrows Today: recent physical and 
philosophical work onthe direction of time Steven F.Savit, editor, Cambridge University Press 
10995, pp. 268-310, We'll discuss the idea of consistency constrains in some detail later in the 
hook” Earman is Professor Emeritus of History and Philosophy of Seience at the University of 
Pitsburg. 
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have written deserves serious consideration by anyone interested in time travel, and 
that includes physicists. However, while the time travel interests of philosophers 
and physicists have a lot of overlap, those interests are not in total agreement, For 
example, while both groups talk of the grandfather paradox, the philosophers worry 
in particular about motivation (why the murderous mission?), while physicists have 
never to my knowledge asked themselves that question’ (other than to figure out 
how to avoid it!), After all, philosophers talk of flesh-and-blood humans as time 
travelers, while the physicists send only billiard balls (with no personal identities or 
memories) on time trips into the past for the expressed purpose of avoiding the 
messy human issues of ‘motivation’ and free will. This approach by physicists isn’t 
because they are cold and emotionless. It is a useful strategy because, if it can be 
shown that a mere billiard ball can travel into the past then, as one philosopher 
pointed out long ago, “It is implausible that it should be possible for some physical 
systems to travel back in time, and not others. Thus, if we suppose that simple 
objects can time-travel ... then we must suppose that more complicated systems, 
e.g., human beings, can also time-travel.” 

For the most part, philosophers and physicists have worked at the extreme, 
opposite points of the time travel spectrum. Much better, I think, would be to 
addopt the following, more balanced position advocated recently: “The study of time 
machines is a good opportunity for forging a partnership between philosophy and 
physics. Of course, philosophers have to recognize that in this particular instance 
the partnership is necessarily an unequal one since the mathematical physicists have 
to do the heavy lifting. But it seems clear that a little more cooperation with 
philosophers of science in attending to the analysis of what it takes to be a time 
machine could have led to some helpful clarifications in the physics literature.” 

In the past, philosophers gained a reputation for being just a bit too 
“unconstrained by the facts’ for scientific tastes—as the English mathematician 
Augustus De Morgan (1806-1871) wrote in an 1842 letter, “There are no writers 
‘who give us so much must with so little why, as the metaphysicians”’—but I do 
think today's physicists would do well to reexamine that harsh opinion. 

Philosophers of the ‘old school” may look askance at a non-philosopher (me!) 
leveling criticism at them, and so let me step aside and quote from a member of the 


“Nicholas J.J. Smith, “Why Would Time Travelers Try to Kill Their Younger Selves?” The 
Monist, July 2005, pp. 388-395. As Smith writes, “[Motivation] does not impact upon the 
possibility, oF even the likelihood of backwards time travel. Yet itis deeply puzzling, and we 
‘will have no idea what time travel would actually be fie until we explore it.” See also Peter B. M. 
Vranas, “Can I Kill My Younger Self? Time Travel and the Retwosuicide Paradox,” Paci 
Philosophical Quarterly, Decemlver 2008, pp. 320-534. 

SP, Horwich, “On Some Alleged Paradoxes of Time Travel,” Jounal of Philosophy, August 1975, 
pp B24 

"John Earman, Christopher Smeenk, andl Christian Wothrich, “Do the Lav of Physies Forbid the 
Operation of Time Machines?” Synthese, July 2009, pp. 91-124 

°D. J. Cohen, Equations from God: pure mathematics and Victorian faith, The Johns Hopkins 
University Press 2007, p. 119. 
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‘modem school” of philosophical thought: “Space-time is the basic spatiotemporal 
entity. Many philosophers have mouthed this truth, but few have swallowed it, and 
very few have digested it ... An appreciation of this truth is crucial to what is 
commonly referred to as the philosophy of space and time ... In large measure the 
lack of progress in this area can be traced to the fact that philosophers have not 
taken seriously the corollary that talk about space and time is really talk about the 
spatial and temporal aspects of spacetime.”* This is a polite way of telling philos- 
ophers that they had better lear some physics! 

‘What provoked those harsh words was that ‘modem’ philosopher's perception 
that ‘old school” philosophers were not talking science when they wrote of space 
and time, but rather were in the business of telling each other irrelevant stories and 
myths, a curious philosophical approach involving the “telling of tales’ that reached 
its peak in the early and mid-1960s, Spacetime story telling seems to have started 
with a paper by the Oxford philosopher Anthony Quinton (1925-2010), who 
argued” that although there can be multiple, disjointed spaces, there can only be a 
single time that is the same for everyone, everywhere. The issue is not the truth or 
not of that assertion (Newton believed it, modern physicists don't), but rather 
Quinton’s technique for arriving at it: myth construction. 

Myth construction strikes those trained in the technical sciences as, while 
perhaps interesting—even physicists, after all, can enjoy a good fairy tale now 
and then—something quaint and totally beside the point. In his paper Quinton tells a 
fairy tale about how he thinks someone can live continuously in time and yet, via 
dreaming, be in two different spatial worlds; when awake he is in one world, while 
‘when the person is asleep he is in the other. Quinton argues that this multispatial 
‘myth is plausible, but that a search for an analogous multitemporal myth is doomed. 
This prompted a reply'” from another ‘old school’ philosopher who rebutted 
Quinton with an even more outlandish counter-myth involving “the warring tribes 
of Okku and Bokku"! 

It was this back-and-forth spinning of hypothetical tales that caused the "mod- 
ern’ philosopher to write in his paper (note 30) that “the procedure for arriving at 
answers to these questions [about space and time] adopted by Quinton and most 
other [‘old schoo!” philosophers] is, to say the least, a curious one: a story is told 
about a mythical land—usually called something like the land of Okkus-Bokkus 
[which is now seen to an outrageous pun|—and then we are asked what we would 
say if confronted by experiences like those of the Okkus-Bokkusians. As often 
happens with such a question, people have said all sorts of things, not all of which 
are interesting or enlightening.” 

Another modem philosopher was even less gentle in his rejection of the fairy tale 
approach to spacetime physics: “Quinton [and others of a similar approach invite 


J, Barman, “Space-Time oF How to Solve Philosophical Problems and Dissolve Philosophical 
Mudales Without Really Trying.” Journal of Philosophy, May 1970, pp. 259-276, 

YA. Quinton, “Spaces and Times,” Philosophy, April 1962, pp. 130-147. 

“RG. Swinburne, “Times,” Analysis, ne 1965, pp. 185-191 
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us] to say what we should think in certain strange circumstances which they 
describe within common-sense language [as opposed to scientific terminology]. 1 
must say that if I found myself in the circumstances which they describe I just 
‘would not know what to think, Probably I should simply conclude that 1 had gone 
mad ... It looks as though these writers are inviting us to consider what we should 
say if we knew no science [my emphasis].”"" 

Even before the modem philosopher (note 30) wrote in 1970 to complain about 
myth-making, another had already done so: “Whenever a human being produces an 
argument which opens “Suppose I had 23 senses ....” ‘Suppose I were God ...,” 
“Suppose I experienced objects extended in four spatial dimensions ...,” we can 
protest that the argument is worthless. For in supposing that he has transcended our 
human point of view, he has also transcended the limits of our understanding.”"* As 
this author concluded his very funny paper, such opening sentences are the signa- 
tures of myths from “The Philosopher's Fairy Tale Book. 

‘The strained relationship between myth-making philosophers and phys‘ 
especially concerning time travel, has a historically interesting antecedent in the 
1920s negative reaction among many over Einstein’s theories of relativity (the very 
theories that give apparent life to time travel). To illustrate my point, consider the 
October 1913 letter Oskar Kraus (1872-1942), a philosophy professor at the 
German University in Prague, sent to Emnst Gehrcke (1878-1960), a physics 
professor at the Reich Institute of Physics and Technology in Berlin. Both men 
‘were opponents of Einstein but, as Kraus wrote in his letter, it was only Gehricke 
among the physicists he considered to be sympathetic to him: “[1] would not know 

anyone else but you who as a specialist would not reject the intervention of a 
philosopher from the start"!S 

So, I think Earman’s proposal a sound one, an echo in fact of similar words that 
the physicist Kip Thome wrote (in the Foreword to the second edition of Time 
Machines) conceming science fiction writers: “Smart physicists seek insight every- 
‘where, including from clever science fiction writers who long ago began probing 
seriously the logical consequences that would ensue if the laws of physics permitted 
time travel." 

‘To emphasize this new, combined, diversified focus (but also to retain some 
connection with my earlier books) is the reason I have altered the ttle, just a bit, In 
addition, each chapter now concludes with several open-ended questions, suitable 
for motivating either classroom discussions or more extensive essay responses, 


54,1, ©, Smart. “The Unity of Space-Time: Mathematics Versus Myth Makin 
Journal of Philosophy, (v0.2) 1967, 214-217, 

™M. Hollis, “Times and Spaces.” Mind, October 1967, pp. S24-536, Hollis ends by saying he is 
prepared to accept the failure of his paper to convince many of his colleges to change their ways 
and he is waiting for one of them 10 write a paper opening with “Twice upon a time in anovher 
space no distance in any direction from here ..."! 
"Quoted from the Introduction to Milena Wazeck, Einstein's Opponents: the public controversy 
‘about the theory of relativity inthe 1920s, Carnbidge 2014 (published in German in 2009) 
"Thome is Professor Emeritus of Physic atthe California Institute of Technology 
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‘Teachers, in particular, may find this a useful feature if using the book in an 
academic setting. The book ends with reprints of two of my own published time 
travel stories (one from Analog and the other from Omni), with each serving as an 
illustration of technical issues raised in the book. From my own teaching of an 
undergraduate honors class in time travel at the University of New Hampshire, 1 
think the assigning of story writing to be an excellent tool for teachers to use. I 
found reading student stories to be a lot of fun, and students may well surprise 
teachers with innovative ideas. 

Now that I’ve mentioned story writing, let me say something about the heavy 
presence of time travel science fiction stories in this book, the majority of which 
originated in the often maligned pulp magazines of the 1920s through the 1950s. 
“Pulp” has long been burdened with a bad literary reputation. As the editor of one 
anthology of pulp fiction bluntly put it, “Pulp equated with rubbish. Crap of the 
basest nature,”"® Part of the reason for that was cosmetic; as I wrote in an earlier 
book, “The term pulp came from the use of inexpensive wood-pulp—you could feel 
the lumpy wood chips in each ragged, untrimmed page—to make paper that was far 
too crummy for the use by any publisher of ‘words meant to last.’ Such paper 
quickly yellowed, turned brittle, and finally, amid billowing clouds of bits and 
pieces, entered into eternal oblivion. Think of the paper used in your newspaper 
before its final contribution to civilization inthe bottom of your eat’ iter box: pulp 

And then a little later, in the same book, “The stories in Amazing [Stories 
‘magazine| Were ‘read it in the morning, forget it by dinnertime’ adventure fiction, 
the stuff you'd put inside a newspaper if on a crowded train or bus so fellow 
passengers wouldn't know what a low-grade mind you had. The transient nature of 
pulp fiction was independent of its literary quality, as the cheap acid-based paper 
that the stories were printed on began to oxidize and literally burn-up as soon as it 
rolled off the press. In the introductory essay to a 1950 collection of pulp-detective 
Philip Marlowe stories (Trouble ls My Business), mystery writer Raymond Chan- 
dler commented on this when he wrote ‘pulp fiction never dreamed of posterity.” 
Pulp fiction was synonymous with trash fiction, and the nature of much of early pulp 
SF has been aptly described as ‘scientific pormography for the mechanically 
minded,” and “writing which drooled over descriptions of technology.” 

When publisher Hugo Gemnsback (1884-1967) brought out the first 
Amazing Stories in April 1926, it was the first pulp devoted totally to science fiction, 
With its masthead motto of “Extravagant Fiction Today—Cold Fact Tomorrow,” 
and with the illustration on the contents page of each issue showing a muscular 
Jules Verne bursting from his grave in the heroic, up-up-and-away pose made 
famous years later by Superman, there could be no doubt as to what kind of fiction 
the reader would find under the dramatic, multi-colored cover art. It was fiction 
populated with mad scientists, and half-naked woman about to be ravished by alien 


Maxim Jakubowski, The Mammoth Book of Pulp Fiction, Carrol & Graf 1996. 
“PJ, Nahin, Holy SciFit: where science fiction and religion intersect, Spinger 2014. 
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invaders from outer space: 
imbecilic adults."” 

How else, after all, to explain the publication of one tale'* that was given the 
following heart-stopping editorial introduction; “Professor Lambert deliberately 
ventures into a Vibrational Dimension to join his fiancée in its magnetic torture- 
fields"? In defense of many of the readers of early pulp science fiction, however, not 
all were attracted by such nonsense, Just 2 months later (June 1931) one reader 
wrote to the same magazine to complain of masculine heroes saving weeping 
women from ungodly horrors: “Just why do you permit your Authors to inject 
messy love affairs into otherwise excellent imaginative fiction? Just stop and think 
Our young hero-scientist builds himself a space flyer, steps out into the great void, 
conquers a thousand and one perils on his voyage and amidst our silent cheers lands 
con some far distant planet, Then what does he do? He falls in love with a maiden— 
or it’s usually a princess—of the planet to which the Reader has followed him, 
eagerly awaiting and hoping to share each new thrill attached to his gigantic flight. 
But after that it becomes merely a hopeless, doddering love affair ending by his 
returning to Earth with his fair one by his side. Can you grasp that—a one-armed 
driver of a space-flyer! ... We buy A.S. for the thrill of being changed in size, in 
time, in dimension ... not to read of love ... I wish ... for plain, cold scientific 
stories sans the fair sex.” 

Here's another example, this one of the sort of tale that gave an aroma of the 
sophomoric to “golden age” time travel science fiction. It was a story of a young 
‘man of the far future, with access to a time machine, who wants to see a dinosaur 
before he dies. So back he travels, back, back, until he at last finds himself in a 
“subterranean cave, dark and foul-smelling.” At first he is puzzled (did dinosaurs 
live underground?), but then suddenly he hears a thundering roar and sees a huge 
black shape in the gloom, There can be no doubt now; itis a dinosaur, and he sees 
its red, gleaming eyes just as it crushes him into a pancake. But that’s okay; he saw a 
dinosaur before he died. Then comes the d&nouement. He hadn't really gone back 
quite as far as the Jurassic period, but only to the twentieth century, where he has 
bbeen run down by the local express train in a subway tunnel!” 


all in all, stuff of interest only to t 


wwe boys and 


"This was particularly thought to be the ease for readers of the romance pulps, written for young 
women in the 1930s and 1940s (a separate and distinct audience from that ofthe science fition 
pulps). As one commentator wrote on that genre, the heroes and heroines af such tales often 
displayed the “mental equipment of a banana spit.” withthe implication thatthe same might be 
sid of the readers, themselves. (See Margaret MacMllen, “Pulps and Confessions,” Harper's 
Monthly Magazine, Jane 1937.) {don't think, however, that this particular complaint peneeally 
applied to the pulp seience fetion readership. I'l have much more to say about Gernsback and 
early pulp science fiction speculations concerning time travel, in Chap. 4. 

"7, Cuny, “Hell's Dimension,” Astounding Stories, April 1931 

"R. G. Thompson, “The Brontosaurus,” Stirring Science Fietion, April 1944. ln the editors of 
Suirring’s defense, notice the month: maybe this story was meant to be a joke. If so, it was an 
admirable success 
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Vibrating into new dimensions was, apparently. a popular idea in 1930s pulp svience 
fiction. This “super science’ gadget operated by vibrating an object faster than light 
Whereupon the Lorentz-FitzGerald contraction formula (see Chap. 3) predicts an imaginary 


size forthe object —which means (so we are told) thatthe object has entered “another plane 


of existence." The inventor (the 
sive the gadget a try. The original caption reads “Get into that vibrator! 

Ilustration for “Into Another Dimension” by Maurice Duclos, Fantastic Adventures 
November 1939 (ar by Kenneth J. Reeve), © 1939 by Zifl-Davis Publishing Co., reprinted 
by arrangement with Forrest J. Ackerman, Holding Agent, 2495 Glendower Ave., Holly- 
wood, CA 9027 


ellow with the gun) is inviting his grim-faced assistant to 


‘Today, however, the need to apologize for science fiction tales about time travel 
isn’t quite so necessary. Now and then, in fact, you'll even find one of the better 
pulp stories cited in highly mathematical papers on time machines in the Physical 
Review D, one of the most important scholarly physics journals. Even those 
physicists and philosophers who mostly ignore science fiction—except perhaps to 
make slightly condescending remarks—would, if honest, admit that their early 
teenage interest in time travel was sparked by reading a really good science fi 
story, and not by working their way through a physics textbook. Yes, when the 
physics eventually came later, it was very good—but the science fiction came first, 


Some First Words xix 


and it was pretty good, too” It’s in a 1937(!) tale, for example, that we find the 
claim for consistency around a closed loop in time, decades ahead of the physicists 
and philosophers."' And when you get to the final section of Chap. 4, I think you'll 
find it difficult to believe that Everett’s many-worlds interpretation of quantum 
‘mechanics, dating from the late 1950s (which avoids the standard paradoxes of time 
travel) wasn’t inspired by some youthful reading of science fiction from the 1930s 
and 1940s 

In a number of places in this book you'll ind my comments on how science 
fiction has occasionally anticipated physicists on the subject of time machines and 
time travel. This is nor to be interpreted as some sort of *gotcha’ in favor of science 
fiction. Far from it. When push comes to shove, physics always wins, This situation 
‘was specifically addressed by Joe Haldeman, in an afterword to his 2007 novel The 
Accidental Time Machine. There he wrote, about when he started in 1971 to write 
his earlier, now classic novel The Forever War, “I needed a way to get soldiers from 
star to star within a human lifetime, without doing too much violence to special and 
general relativity. J waved my arms around really hard [my emphasis] and came up 
With the ‘collapsar jump’—at the time, collapsar was an altemate term for ‘black 
hole,’ though I was unaware of the latter term [because John Wheeler had invented 
it only 4 years before, as discussed in Chap. | and note 106].” And then Haldeman 
admitted “t's a truism of science fiction that if you predict enough things, a few of 
them are going to come true. ... What I think it actually demonstrates is that if you 
wave your arms around hard enough {my emphasis], sometimes you can fly.” 

Now, there is one feature common to all books on time travel to the past (which 
is the central topic treated here, of course) that I would like to clearly state, It's 
obviously a subject of vast interest to physicists, and yet it offers (as far as I know) 
absolutely no hope of suggesting even a single experiment for study. (As far as 1 
know, nobody is building a time machine in their basement.) A suggestion has been 
made that it may be possible to detect, in the present, the effects of the future 
operation of “man-made time machines, which could be of a size traversable by 
humans,” that is, machines with a L-m spatial extent offering a one second trip into 
the past.” With the best technology available today, however, the calculated effects 
fon the proposed two-particle scattering experiment are orders of magnitude too 
small to measure 


"The view expressed by Viadimir Voinovich's time traveler in his 1986 novel Moscow 2042 
(Gecience fietion ... is not literature, but tomfoolery like the electronic games that induce mass 
idiocy.) i, I think, wrong. For an interesting presentation on the role of science fiction in exciting 
an interest in science among youngsters, see the paper by Frederik Pobl (1919-2013), “Seience 
Fiction the stepchild of science," Technology Review. October 1994, pp. 57-61. In this essay Pohl, 
a well-known writer of seience fietion and editor of Galaxy Science Ficrion and If magazines. 
‘writes “Science fetions [the ultimate protection] against future shock if you read enough of it 
nothing will take you entirely by surprise.” Not even time travel 

2%, S, Miller, “The Sands of Time.” Astounding Stories, April 1937. 

™S, Rosenberg, “Testing Causality on Spacetimes with Closed Timelike Curves,” Physical 
Review D, March 15, 1998, pp. 3365-3377 
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‘This situation is really unprecedented in the history of science.** To eynies, it 
may seem to be a bit like writing learned papers on the thermodynamics of fire- 
breathing dragons (which, like other mythological entities—and time machines, 
too—have yet to be seen)! This one fact has opened the doors—and has kept them 
open for decades—for philosophers and science fiction writers, who can endlessly 
debate back and forth on all aspects of time travel to the past with nary a single 
experimental fact to complicate their lives. For physicists the situation is naturally 
frustrating, but for philosophers and science fiction writers it’s a dream come true. 
This isn’t to say it’s al! basically theological in nature. Both the physicists and the 
philosophers have written many fascinating papers and books and, of course, so 
have science fiction writers. Mathematical physics has been advanced. 

Still, despite all of the theoretical work done in the last 30 years, work that has 
‘made it reasonable to seriously talk of ‘time travel" and ‘time machines,” I suspect 
‘many would nonetheless agree with these words from more than 75 years ago: “Of 
all the fantastic ideas that belong to science fiction, the most remarkable—and, 
perhaps, the most fascinating—is that of time travel ... Indeed, so fantastic a notion 
does it seem, and so many apparently obvious absurdities and bewildering para- 
doxes does it present, that some of the most imaginative students of science refuse 
to consider it as a practical proposition.” For some, time travel is an even more 
unlikely possibility than (as declared by Robert Lewis Stevenson) is the “welding of 
ice and iron.” Not all physicists and philosophers view the time travel/paradox 
arguments as convincing, however. Provocative, yes, of course, but many are not 
‘yet prepared to write ‘signed, sealed, and delivered” at the end. 

So, keep reading and I think you'll discover why there are those who are not so 
quick to dismiss the possibility of following the fantastic world line of H. G. Wells" 
intrepid Time Traveller into the future. And, just maybe, into the distant past, too, 


ps however, Tam too hasty. More recent theoretical caoulations suggest tha wormboles 
connecting our universe wi other universes would, ater converting ino tine machines, have 
characteristic thermal signatures, See P. F, Gonzilez-Diaz, “Thermal Properties of Time 
Machines," Physical Review D. 2012, pp. 108026-1 10-7 whiah, however, concludes that a search 
for such signatures would be “quite difficult [with the] instruments available.” 

1.0. Evans, “Can We Conquer Tinie?” Tales of Wonder, Summer 1940. 

The Time Traveller is never named ia Wells’ 1895 novel The Time Machine. An earlier (1888) 
altempt ata time machine story, with the awful tile The Chronic Argonauts (be “chron” was 
appareully inspired by the word chronology), so embarrassed Wells that he Inter called it 
“nttive puerile stuf.” “clunsily invented, and loaded with ielevant sham significance.” and 
“inept and so he hunted down and desuoyed every eopy oft that he could ind. You can find The 
Chronic Argonauts printed in The Definitve Tine Machine (H. M. Ceduld, editor), Indiana 
University Press 1987. The heroin that work wus named: Dr. Moses Nebopipfel. There is one 
pssage in The Tine Machine that docs tantalize: asthe Time Traveller explores museurn of 
"ancien anifacts inthe Palace of Green Poreelain (they ar, of course, anifats of our future) he 
reveals that “yielding o an inesistile impulse, I wrote my name upon the nose ofa steaite 
‘monster fram South America that particularly wok my fancy." Thus, the Traveller has given his 
‘name, but his signature exists only inthe Future, ia a museum ofthe past tha is yet tobe bull 
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For Further 


For time travel to the past to make any sense, the past must in some sense 
“still be there.” This is a concept that we'll find later in the book to have 
significant support in relativistic physics, but for now let’s limit ourselves to a 
purely romantic view. As an example of this, consider this passage by 
Canadian writer Grant Allen (1848-1899), from the Introduction to his 
1895 time travel novel The British Barbarians: “I am writing in my study 
on the heather-clad hill-top. When I raise my eye from my sheet of foolscap, it 
falls upon miles and miles of broad open moorland. My window looks out 
upon unsullied nature. Everything around is fresh and pure and wholesome 

But away below in the valley, as night draws on, a lurid glare reddens the 
north-eastern horizon. It marks the spot where the great wen of London 
heaves and festers.” I personally find it quite tempting to imagine Allen 
somehow still there in his study of 1895, and of heaving and festering late- 
Victorian London, too, with H. G. Wells himself in the middle of it, still 
reading the first rave reviews of The Time Machine. In Wells’ novel The Time 
Traveller journeys into the far future, while in Allen’s work the protagonist is, 
a twenty-fifth century anthropologist who has traveled back to the past of the 
late nineteenth century to study the “British barbarians.” Read Allen's novel 
(it’s available on the Internet, for free, as a Project Gutenberg book) and 
‘comment on the significance of its appearance at virtually the same time as 
Wells’ great work. Why do you think Wells’ novel is remembered, and 
Alllen’s is not? 


In the opening paragraph of his paper “The Conundrum of Time Travel” 
(Croatian Journal of Philosophy, No. 37, 2013, pp. 81-92), Anguel Stefanov 
writes “Needless to say ... the problems concerning time travel are being still 
tackled by science fiction only, but resolved by science proper neither theo- 
retically, nor practically.” Do you think this is correct? 


Eventually every genre of writing becomes the target for parody, in which 
the form of the genre serves as the framework for what (it is hoped) is a 
humorous mockery. The most famous example of this, perhaps, is the annual 
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Edward Bulwer-Lytton contest in writing a take-off on the long-winded 
opening line of the 1830 novel Paul Clifford, by Bulwer-Lytion 
(1803-1873). That opening line is a wonder (a masterpiece of purple 
prose): “It was a dark and stormy night; the rain fell in torrents—except at 
occasional intervals, when it was checked by a violent gust of wind which 
swept up the streets (for itis in London that our scene lies), ratting along the 
housetops, and fiercely agitating the scanty flame of the lamps that struggled 
against the darkness.” Here’s a recent (from the 2015 contest) spoof: “The 
Contessa’s heart was pounding hard and fast, like an out-of-balance clothes 
washer, which can get that way if you mix jeans with a lot of light things, 
though the new ones have some sensor thing to counteract that or shut off, but 
the Contessa’s heart didn’t have anything like that, so she had to sit down and 
tell Don Rolando to keep his hands to himself for a while.” Science fiction 
isn’t immune to such fun, and a good example of that can be found in the 
September 14, 2015, issue of The New Yorker, which has (on p. 50) “Eight 
Short Science-Fiction Stories” by Paul Simms. Here’s the one I laughed 
hardest at: “The Gene-Splicers had tinkered with the DNA, producing a 
race of warriors who craved just two things: the thrill of battle and the taste 
of their own feet. They hungered for battle. They literally ate their own feet. 
None survived to reproduce, and within a few short years they were all gone. 
‘The Gene-Splicers chalked it up to experience, and decided to try harder the 
next time.” That, and the other seven spoofs by Simms, cut across a wide 
swath of science fiction, but one theme noticeably absent was that of time 
travel. Try your hand at writing a short (fewer than 500 words) time travel 
spoof, and be prepared to read it aloud to an audience of your peers. 


‘The tale “Through the Dragon Glass” by Abraham Merritt (1884-1943) 
appeared in the early pulp magazine All-Story Weekly of November 
24, 1917. It described the discovery of a passage through an ancient Chinese 
mirror into an alternate world, One might think of this as an early conception 
of a wormhole, but more likely it may remind you mostly of Lewis Carroll’s 
Through the Looking Glass. More interesting for us, in this book, is a story 
written 75 years ago that describes a gadget connecting two regions of 
spacetime, with a time shift of a week between the two regions. (See “Time 
Locker” by Lewis Padgett, in the January 1943 issue of Astounding Science 
Fiction.) The gadget falls into the hands of a crooked lawyer who, not 
understanding what he has, ends up accidently killing himself, As the story 
ends, the inventor of the gadget ruefully muses to himself that the lawyer 
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“must have been the only guy who ever reached into the middle of next 
week—and killed himself!” The gadget is, in everything but name, a worm- 
hole time machine. Speculate on how such a spacetime structure could appear 
in a science fiction magazine(!) decades before there was any discussion of 
such a possibility in the physies world. 


Adjectives used to describe many of the stories in the science fiction pulps 
included primitive, trashy, tawdry, silly, absurd, crummy, ludicrous, and 
cheap. One early pulp magazine actually boasted, of its contents, that they 
contained “sensational fiction with no philosophy.” Speculate on how such a 
low-level ‘literary’ form could have been so successful in finding an enthu- 
siastic audience for time travel paradox tales, tales that are in fact by their 
very nature simply stuffed with philosophical issues. As an example of the 
tremendous emotional power a particularly well-written time travel story can 
deliver, read Isaac Asimov's “The Ugly Little Boy” (Galaxy Science Fiction, 
September 1958). Asimov rated this story as among his most favorite of all 
the many he wrote. If you can read it without ending in tears, well, .... An 
excellent modem historical work on the pulps (of all genres, not just science 
fiction) is by Lee Server, Danger Is My Business: an illustrated history of the 
fabulous pulp magazines, 1896-1953, Chronicle Books 1993. 


A literary fascination with time was already ‘in the wind’ when Wells wrote 
his Time Machine, as with Oscar Wilde’s 1890 novel The Picture of Dorian 
Gray. Even decades earlier than that one can find a hint of time travel of a sort 
in Edgar Allen Poe’s 1841 short story “Three Sundays in a Week.” And just 
4 years later Henry Wadsworth Longfellow wrote his haunting poem “The 
Old Clock on the Stairs,” with these opening words: 

Somewhat back from the village street 

Stands the old-fashioned country-seat 

Across its antique portico 

Tall poplar-trees their shadows throw; 

And from its station in the hall 

‘An ancient timepiece says it all — 


“Forever—never! 
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‘Never—forever!” 


‘The most interesting of all pre-Wells time travel fiction to appear in a mass- 
audience publication was, I think, the short story “The Old Folks Party” by 
Edward Bellamy, printed in the March 1876 issue of Scribner's Monthly. In 
this story a group of teenagers, who belong to a weekly discussion club, agree 
that at their next meeting they will all come dressed and behaving as they 
believe they will be dressing and behaving 50 years in the future. Also 
attending will be the grandmother of one of the young ladies. The meeting 
of the “old folks” takes place, and it invokes such powerful feelings of 
mortality that, at last, one of the young men can stand it no more: “Suddenly 
Henry sprang to his feet and, with the strained, uncertain voice of one waking 
himself from a nightmare, cried:—‘Thank God, thank God, it is only a 
dream,’ and tore off the wig, letting the brown hair fall about his forehead. 
Instantly all followed his example ....”‘The young people then began to laugh 
with relief at once again being young, until they notice the grandmother is 
crying. Her granddaughter instantly knows what is wrong and says, “Oh, 
grandma, we can’t take you back with us.” Read, compare, and contrast, these 
works by Wilde, Poe, Longfellow and Bellamy, with the ‘scientific’ presen- 
tation of time travel by Wells. 
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Over the las ew year leading seientitic journals have been publishing articles dealing with 
time travel and time machines. ... Why? Have physicists decided to set up in competition 
With seience fiction writers and Hollywood producess? 

—Johin Earman (see note 25 of Some First Words) 


Writing about time travel is, today, a respectable business. It hasn't always been 
so. After all, time travel, prima facie, appears to violate a fundamental law of 
nature; every effect has a cause, with the cause occurring before the effect. Time 
travel to the past, however, seems to allow, indeed to demand, backwards causation, 
with an effect (the time traveler emerging into the past as he exits from his time 
machine) occurring hefore its cause (the time traveler pushing the start button on his 
machine's control panel years later to start his trip backward through time). 

‘Thus, when H. G, Wells published his breakout masterpiece, The Time Machine, 
in 1895, even those readers who loved it as a story (and not all did) were still quick 
to dismiss it as a romantic fantasy. It was, in their view, certainly an emotionally 
powerful tale of pure imagination, but nothing more, Reviewers of the day used 
such words as “hocus-pocus” and “bizarre,” and called the work a “fanciful and 
lively dream.”2° Any one of the novels by Wells’ contemporary, Jules Verne (even 
such super-technology ones like the 1865 From the Earth to the Moon) would have 
been ranked far above Wells’ novella in terms of “it could actually happen.” 

Wells himself always denied that his time machine was anything more than a 
literary device”” to get his Time Traveller into the far future. Indeed, in 1934, in the 


These reviews are reprinted in P. Parsinder, H. G. Wells: The Critical Heritage, Routledge & 
Kegan 1972. A modern reviewer has applied such negative characteristics tothe Time Travelle 
himself, calling him “a kind of Trickster igure” and “a quack and magician.” See Robert 
J. Begiching, “The Mythic Hero in H. G. Wells's The Time Machine,” in Essays in Literature, 
Fall 1984, pp. 201-210, 

Wells was not the frst to use a machine to enable time adventures, asthe Spanish writer Enrique 
Gaspar (1842-1902) used one in his 1887 story The Time Ship: A Chrononautical Journey. W's 
Wells tale we remember, however 
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preface to Seven Famous Novels (published by Knopf), a collection of his novel- 
length scientific romances (as science fiction had been known before the term 
science fiction came into use), including The Time Machine, Wells made his 
position perfectly clear: “These stories of mine collected here do not pretend to 
deal with possible things; they are exercises of the imagination ... They are all 
fantasies; they do not aim to project a serious possibility; they aim indeed only at 
the same amount of conviction as one gets in a good gripping dream.” Wells then 
‘went on to say in that same preface that all attempts before at writing fantastic 
stories depended on magic. But not in his works. “It occurred to me that instead of 
the usual interview with the devil or a magician, an ingenious use of scientific patter 
might with advantage be substituted.” Wells’ great contribution to time traveling 
story-telling was his introduction of a machine; science instead of magic, drugs, 
dreams, blows on the head, or suspended animation.” Not all modem science 
fiction writers have followed Wells” lead, however. 

A science fiction tale by Clifford Simak (1904-1988), for example, the 1978 
novel Mastodonia, incorporates an alien creature marooned on Earth (because of a 
spaceship crash centuries earlier) who ‘makes time tunnels,” One of the characters 
in the story, who is attempting to start a time-travel agency using these tunnels, 
explains why not having a time machine is causing her difficulties with prospective 
clients: “The whole trouble was that I couldn’t tell them about some machine—a 
time-travel machine. If I could have told them we'd developed a machine, they'd 
have been more able to believe me. We place so much trust in machines; they are 
magic to us. If I could have outlined some ridiculous theory and spouted some 
equations at them, they would have been impressed.” I think that’s off the mark. We 
trust in machines not because they are magic, but for precisely the opposite reason. 
‘They are not magic, but rather are rational. And to dismiss mathematics is to say 
that some non-natural—some supernatural—influence is at work. 

But isa time machine actually possible? Or is the idea of a time machine simply 
“Nonsense” and “A bilgeful of crap,” as a character bluntly puts it in the 1972 novel 
The Dancer from Atlantis by Poul Anderson (1926-2001), Wells, himself, 
addressed this point in an autobiographical essay (published in the Cornhill Mag- 
azine) that he wrote in July 1945 (just 13 months before his death) in even blunter 
words. Writing under the name of “Wilfred B. Batterave,” he penned a very funny 
summary of his life titled “A Complete Exposé of This Notorious Literary Hum- 
bug.” There he described The Time Machine as “[A] tissue of absurdities in which 
people are supposed to rush to and fro along the ‘Time Dimension.’ By a few 
common tricks of the story-teller’s trade, Wells gets rd of his Machine before it can 
be subjected to a proper examination. He cheats like any common spook raiser. 
Otherwise itis plain commonsense that a man might multiply himself indefinitely, 


‘Examples of ‘non-machine’ time travel stories of the last four types are, respectively, H. G. 
Wells’ "The New Accelerator” (1901), Charles Dickens’ A Christmas Carol (1843), Mark Twain's 
A Connecticut Yankee in King Arthur's Court (1889), and Edward Bellamy’s Looking Backward, 
2000-1887 (1888) 
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pop a litle way into the future and then come back. There would then be two of him. 
Repeat da capo and you have four, and so on, until the whole world would be full of 
the Time Travelling Individual’s vain repetitions of himself. The plain-thinking 
‘mind apprehends this in spite of all the Wellsian mumbo-jumbo and is naturally as 
revolted as I am by the insult to its intelligence.” Funny, yes, but still pretty harsh 
stuff, 

As one writer has argued,” Wells was, rather than presenting a scientific 
discovery, simply attempting to refute the nearly suffocating, unjustified (in his 
mind), smug optimism of the well-to-do of the Late Victorian Age. And so, on his 
joumey to the year A.D. 802,701, the Time Traveller finds the awful decay of 
humanity in the cannibalistic subjugation of the Eloi by the Morlocks, the end result 
of class warfare between the working class (Morlocks) and the idle, parasitic upper 
lass (Eloi) 

‘The German social philosopher Karl Marx, if he hadn't already been dead for 
12 years in 1895, would surely have nodded in vigorous agreement as he read The 
Time Machine, even as he would have regretted Wells’ decision to have the victory 
of oppressed workers take so long. (What irony that he is buried in London's 
Highgate Cemetery, the Victorian Valhalla where he has spent the last century 
and more quite literally mingling with many of the capitalistic ancestors of the 
Eloi!) What Marx would have thought of time travel as a possibility is, however, far 
less certain, 

How things changed in the years that followed The Time Machine. There was, at 
first, admittedly a ‘slight’ decline in literary merit as the newly developing pulp 
science fiction magazines picked-up and ran with the time travel genre, Many of the 
‘magazine time travel tales of the 1920s, 1930s, and 1940s were, frankly, simply 
awful. BUT—some were pretty good, too. And some were, in fact, very good. From 
the 1950s on, there have been ever more sophisticated time travel tales from ever 
‘more sophisticated writers. 

In the academic communities of philosophers and physicists, too, big events 
occurred. I give the philosophers the edge, in fact, with the 1976 publication of a 
hugely important paper that opened with these dramatic words: “Time travel, I 
maintain, is possible. The paradoxes of time travel [to the past] are oddities, not 
impossibilities. They prove only this much, which few would have doubted: that a 
possible world where time travel took place would be a most strange world, 
different in fundamental ways from the world we think is ours.” That writer 
‘wasn’t the first philosopher to write on time travel to the past, but none had 
expressed themselves in such powerful and unequivocal words in unmistakable 
support of the concept, 


RM. Philmus, “The Time Machine; Or. the Fourth Dimension as Prophecy,” Publications ofthe 
Modern Language Association, May 1969. pp. 530-535. 

David Lewis, “The Paradoxes of Time Travel," American Philosophical Quarterly, Apil 1976, 
pp. 145-152. Lewis (1941-2001) was a Princeton University philosophy professor. 
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Lewis’ paper is also notable because it gives what seems to be a clear definition 
of just what it means to say one has “traveled in time,” either to the past or to the 


future; 


What is time travel? Inevitably, it involves diserepancy between time and time. Any 
traveler departs and then arrives at his destination; the time elapsed from departure 10 
arrival (positive, or perhaps zero) isthe duration ofthe journey. But ifhe isa time traveler, 
the separation in time between departure and arrival does not equal the duration of the 
joumey. 


‘To understand this, we need to appreciate the distinction between the personal 
time of the time traveler and the external time of remote observers of the time 
traveler. A time traveler's personal time is measured, for example, either by the 
time kept by his wrist watch or, perhaps, by a burning candle. (This distinetion had 
actually appeared earlier in Horwich’s paper—see note 27 in Some First Words— 
published the year before Lewis" paper.) 

I say I “give the edge to the philosophers’ because, while the first physics time 
travel paper had appeared decades earlier, its author wasn’t really a physicist at all 
but rather was Einstein's friend, the world-famous mathematical logician Kurt 
Gadel. Gédel’s paper was, in retrospect, a pivotal event in establishing the ‘respect- 
ability’ of scientific time travel; is worthwhile to take some time here to explain 
this important point. For physicists (and for philosophers and science fiction 
writers, too) a ‘time machine,” one either constructed by intelligent beings or 
occurring naturally, manipulates (all the while obeying the known laws of physics) 
finite amounts of matter and energy in a finite region of spacetime.*' A ‘time 
machine’ would be declared to be plausible if it could be explained by a rational, 
scientific theory. Such a rational theory is found in Einstein’s general theory of 
relativity. (His special theory of relativity applies in those situations where there is 
no gravity.) 

Until Einstein, the theory of gravity used by scientists was Newton’s—a theory 
that, although amazingly accurate for any situation encountered on Earth, does have 
observable errors in certain astronomical applications. In addition, Newton's theory 
is a descriptive one; it makes possible the calculation of gravity effects without 
offering any explanation for gravity itself. Einstein's theory not only gives the right 
answers, even in those cases where Newton’s theory doesn’t, but it also explains 
gravity, It does that by treating the world as a four-dimensional structure in which 
all four dimensions (three of space and one of time) are in a certain sense on equal 
footing. The resulting Einsteinian description of the world is that of a unified 
spacetime in which time and space are intimately intertwined, whereas Newton’s 
theory keeps time and space separate and distinct. 


“Tam going to feel free to use words like spacetime without having to fist write introductory 
essays on relativity theory and tensor mathematics, because such Words have entered common use. 
Allthose Hollywood science fiction movies, even the crummy ones that routinely trash the laws of 
physics, have a least expanded the general imagination! 
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As Newton wrote of time, at the start of his 1687 masterpiece Principia, a work 
that revolutionized physics, “Absolute, true, and mathematical time, of itself, and 
from its own nature, flows equably without relation to anything external, and by 
another name is called duration.” This view of time would be, of course, discarded 
with the arrival of Einstein and his view of variable time depending on the state of 
the observer. 

Unlike Einstein’s view, Newton's view of the nature of time was entangled with 
theology. As one modern theologian has written, “Newton conceived of absolute 
time as grounded in God's necessary existence.”** To quote Newton himself, in the 
General Scholium to the second edition of Principia (1713) he added words that 
didn’t appear in the original: “God is a living, intelligent, and powerful Being; and, 
from his other perfections, [it follows] that he is supreme, or most perfect. He is 
eternal and infinite, omnipotent and omniscient; that is, his duration reaches from 
eternity to eternity: his presence from infinity to infinity; he governs all things, and 
knows all things that are or can be done. He is not eternity and infinity, but eternal 
and infinite; he is not duration or space, but he endures and is present. He endures 
forever, and is everywhere present; and, by existing always and everywhere, he 
constitutes duration and space. Since every particle of space is always, and every 
indivisible moment of duration is everywhere, certainly the Maker and Lord of all 
things cannot be never and nowhere. 

Okay, Pll be honest—I really am not at all sure just what that means! Newton 
added these words to the Principia in response to criticism (from the influential 
philosopher George Berkeley (1685-1753)) that his original statements about 
absolute time were “pernicious and absurd notions,” notions that were in fact 
atheistic in conception. That was a most serious charge in Newton's day, and he 
‘was trying (I think) to find some cover from those critics who spent more hours of 
the day thinking about God than of phy'sies. Much more honest (in my opinion) are 
the witticisms ‘time is just one damn thing after another” and time is what keeps 
everything from all happening at once.’** More funny than useful, yes, of course, 
bbut at least they're funny. 

Newton’s theological view of time is simply irrelevant to the modem physi 
(although perhaps of more interest to the philosopher-historian) but in many cases it 
is of central interest to the science fiction writer. For example, Newton's religious 


st 


William Lane Craig, “God and the Beginning of Time," ternational Philosophical Quarterly 
March 2001, pp. 17-31, which discusses the question “Why didn’t God create the world sooner?” 
‘One iereverent answer is “He was busy ereating Hell forall those who ask that question,’ but a 
‘more scholarly analysis ean be found in Brian Leftow, “Why Didn't God Create the’ World 
Sooner?” Religious Studies, June 1991, pp. 157-172 

"This last ‘definition’ frst (as far as Tknow) appeared in the work ofthe science fietion writer Ray 
Cummings (1887-1957) in his 1921 story “The Time Story.” published in Argosy-AlLStory 
‘magazine. He repeated the phrase in his 1929 novel The Man Who Mastered Time, and then 
again in the 1946 novel The Shadow Girl. (This same Space: the spread of this lawn ... what 
would it bein another 100 years? Or a 1000? This lite space, from the Beginning to the End so 
crowded with events and only Time to hold them apart!") 
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‘mindset and its (perhaps!) connection with time travel is treated in my short story 
“Newton's Gilt.” originally published in Omni Magazine (January 1979) and 
reprinted in Appendix B at the end of this book. Wells’ Time Traveller's view of 
time is more Newtonian than itis Einsteinian—and perhaps that's not such a big 
surprise, considering that Einstein was only 16 years old when The Time Machine 
‘was published. 

From the first (1905) it has been known that Einstein’s special theory allows time 
travel into the future via the well-known mechanism of time dilation. (The faster & 
rocket ship travels relative to Earth, the slower is the tick-tock of a wrist watch worn 
by a rocketeer, compared to that of an identical watch back on Earth.) To return 
from the future, however, to travel back into the past tothe instant after the traveler 
began his journey, had been thought to be impossible. I was Gidel’s discovery that 
showed the general theory, which has passed every experimental test it has been 
subjected to (most recently, the September 2015 detection, from two massive 
colliding black holes, of gravitational waves—ripples in spacetime’—generated 
‘more than a billion years ago in an effect predicted by the general theory a century 
ago), does allow time travel to the past under certain conditions. Ii this avail- 
ability of a theory that distinguishes time travel speculations from the outlandish 
fantasy speculations with which itis often unjustly lumped—speculations that are 
in the province of quacks (such as ESP, astrology, and mind over matter a’ la spoon 
bending) 

Inhis general theory, Einstein showed how spacetime can be either ‘lat’ (in the 
no-gravity, special relativity case of what is called a Minkowski spacetime”) or 
“curved” (those situations with gravity), and he did that not by verbal hand waving, 
but rather by writing mathematical equations that obey all the known laws of 
physies: his famous gravitational field, nonlinear differential tensor equations. 
‘These complicated equations are notoriously difficult to solve in general, but in 
certain, special cases they have been solved. Those solutions describe how matter 
and energy and spacetime interact. As the popular saying puts it, “Curved spacetime 
tells matter how to move, and energy and matter tell spacetime how to curve.” In 
that sense, gravity is curved spacetime. 

In 1949 Gadel found one such special solution to the field equations that 
describes the movement of mass-energy not only through space but also backward 
in time along trajectories alled closed time-like lines or curves 


“One pulp magazine science fiction story (F. J. Bridge, “Via the Time Accelerator,” Amazing 
Stories, January 1931) got this right when is time traveler explains how his time machine works 
with these words: “Time as we know its not universally absolute. The rate of is passage depends 
toa great extent upon the velocity of its observer with regard to some certain reference system. A 
‘moving clock will run slower wit respect toa selected coordinate system than a stationary one.” 
(Recall my earlier comments on the personal time of a time traveler.) 

“Named after Hermann Minkowski (1864-1909), Einstein's mathematics professor in Zurich 
who gave the now wellknown spacetime diagram interpretation of spevial relativity which, when 
‘originally presented by Einstein, was in the form of pure mathematics 
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(called CTLs or CTCs, respectively).*° These trajectories are such that if a human 
traveled along one, always at a speed less than that of light (that’s what time-like 
means), he would see everything around him happening in normal causal order 
from moment to moment (for example, the second hand on his wrist watch would 
tick clockwise into the local future), but eventually the CTL/CTC closes back on 
itself and the traveler finds himself in his own past. 

On the scale of the Solar System, general relativity has causality built into itself, 
but on much larger scales things can be a good deal more complicated. On a very 
large, astronomical scale, in fact, curved spacetime can result in violations of 
causality, with effects occurring before their causes. That is what the physics and 
the mathematics of Gédel’s solution imply. That is what is meant by saying there is 
a scientific, rational basis for discussing time travel to the past. It is particularly 
important to note that travel along one of the closed time-like world lines discov~ 
ered by Gadel requires a machine, some kind of accelerating rocket ship. That's 
because none of Gidel’s CTLs/CTCs are what is called a geodesic. That is, none are 
free-fall world lines.” This machine does not, however, generate CTLs/CTCs 
where none existed before (CTL/CTC creation requires what physicists call a 
strong time machine) but rather simply makes use of the CTLs/CTCs that are 
inherent in Gdel’s spacetime. A Gédelian rocket ship then is an example of a 
weak time machine. 

I mentioned earlier that “certain, special cases” of Einstein’s gravitational field 
equations result in CTLs/CTCs. What was the “special case” that Gidel solved? His 
solution of the field equations is for a rotating, infinite, static universe composed of 
a perfect fluid at constant pressure. In such a universe Gédel found that naturally 
occurring CTLs/CTCs pass through every point in spacetime; that is, ime travel in 
Gaidel’s universe is not the result of a machine manipulating mass and energy on a 
Jocal scale (the classic science fictional description of a time machine); rather, in 
Gadel’s spacetime time travel is a naturally occurring phenomenon! The observable 


“Kurt Gédel, “An Example of a New Type of Cosmological Solutions of Einstein's Field 
ations of Gravitation,” Reviews of Modern Physics, July 1949, pp. 447-480. A CTLICTC is 
special type of world fine; the trajectory through spacetime of every particle inthe univers ia 
‘world line that extends from each pasticle’s past to its future, Our everyday experiences are with 
‘world lines that never eross or come close 10 themselves (which Would puta particle ator nea the 
sme spacetime point more than once) That lack of experience with CTLS/CTCs that sel-interseet 
is what makes time travel to the past so dificult for humans to grasp. For a diseussion of how 
Gidel did what he did, see Wolfgang Rind, “Gidel, Einstein, Mach, Gamow, and Lanczos 
Gidel’s Remarkable Excursion into Cosmology.” American Journal of Physics, Sune 2008, 
pp 498-510. 
"tu was discovered in 1969, however, that this isn't stictly true fone allows fora test particle (our 
“time traveler’ tobe electrically ehagged. Then, naturally present electromagnetic forces ating on 
the particle could be sufficient to propel the particle along a Gidelian CTL/CTC. Thats, no rocket 
‘would be required. See U. K. De, “Paths in Universes Having Closed Time-Like Lines,” Journal of 
Physics A, July 1969, pp. 427-432. There are othe solutions to Einsteins equations that do alow 
time travel on free-fall geodesics: see, for example, I. D. Soares, “Inhomogeneous Rotating 
Universes with Closed Timelike Geodesies of Matter,” Journal of Mathematical Physics, March 
1980, pp. 521 
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Universe is, however, non-rotating and expanding (astronomers sce red-shifts in the 
spectrums of distant stars) and so, although Gédel’s spacetime satisfies the general 
relativity field equations, its time travel property does not hold in the spacetime in 
which we live. (This may account for why the initial reaction in the physics/ 
philosophical communities, to Gdel’s discovery that time travel is nor nonsense 
according to general relativity, was mostly indifference.) The failure to observe 
time travel in our universe may (somewhat surprisingly, I think) still have possible 
implications for us, however, as one philosopher has cleverly argued." He points 
out that naturally occurring Gdelian time travel would endow the universe with 
properties particularly useful for the survival of intelligence (presumably that 
includes humans) against extinction from a multitude of cosmic disasters. So, for 


those who argue that the universe we live in was made for us (the advocates of 
various proofs of God’s existence that have Him as Designer), we have an obvious 
question: why did He (apparently) skip incorporating time travel? 

In an invited essay that appeared the same year as his time travel physics paper, 
Gadel specifically addressed the seemingly paradoxical aspect of what he had 
discovered: “By making a round trip on a rocket ship in a sufficiently wide course, 


it is possible in these [rotating] worlds to travel into any region of the past, present, 
and future, and back again, exactly as it is possible in other worlds to travel to 
distant parts of space. This state of affairs seems [my emphasis] to imply an 
absurdity. For it enables one, e.g., to travel into the near past of those places 
where he has himself lived. There he would find a person who would be himself 
at some earlier period of life.” Now he could do something to this person which, by 
his memory, he knows has not happened to him. 

Gadet’s nerve then failed him, and he defended the possibility of the paradox of 
a time traveler meeting himself in the past with what I think an astonishingly 


unconvincing argument (particularly so for a logician) based primarily on engi- 
neering limitations: “This and similar contradictions, however, in order to prove the 
impossibility of the worlds under consideration, presupposes the actual feasibility 
of the journey into one’s own past. But the velocities which would be necessary in 
order to complete the voyage in a reasonable time are far beyond everything that 


“Alasdair M. Richmond, “Godelian Time-Travel and Anthropic Cosmology.” Ratio, June 2004, 
ppp. 176-190. Not all physicists think Giidel's result is actually time travel, At leas two think itis 
all simply the result of mathematical hijinks, and that time machines must remain “an aspect of 
science fletion fantasy”: see F. 1. Cooperstock and S. Tieu, "Closed Timelike Curves and Time 
Travel: Dispelling the Myth.” Foundations of Physies, September 2005. pp. 1497-1509. This 
skepticism towards Gadel actually started much earlier. when two physicists (one a Nobel physies 
laureate) incorrectly claimed Giel had simply gotten his math wrong: see S. Chandrasekhar and 
IP. Wright, “The Geodesies in Gidel's Universe." Proceedings of the National Academy of 
Sciences, March 1961, pp. 341-347. It was those two physicists who had erred, however, as was 
pointed out by the philosopher Howard Stein, in his “On the Paradonical Time Structures of 
Gidel," Philosophy of Science, December 1970, pp. 589-601 

“You'll recall that this is precisely the situation that Wells mentions in his “Notorious Literary 
Humbug” essay. IF only he had lived just dhree more yeurs, to see what he thought to be an 
absurdity actualy appear in the serious writings ofa brilliant mathematician! 
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can be expected ever to become a practical possibility. Therefore it cannot be 
excluded a priori, on the ground of the argument given, that the space-time structure 
of the real world is of the type described." That is, Gadel was trying to head off 
critics of his rotating universe model who might point to the time travel result as 
proof that the model had to be flawed. 

In a footnote Gadel says that the time traveler would have to move at least as fast 
as nearly 71% of the speed of light, and that if his rocket ship could “transform 
‘matter completely into energy” then the weight of the fuel would be greater than 
that of the rocket by a factor of 107 divided by the square of the duration of the tip 
(in rocket years). A trip to the past in Gédel’s universe would require a time 
‘machine that looked like Dr. Who's telephone booth attached to a fuel tank the 
size of several hundred srillion ocean liners. These are formidable numbers," but 
they require no violation of physical laws, and that’s what really counts if time 
travel isto be disproved. Gédel’s use of engineering limitations for explaining away 
backwards time travel is actually worse than simply being wrong, because the 
puzzle is not in practicality but rather in showing, assuming that general relativity 
is correct, how correct mathematical physics can lead to what seems to be a 
paradoxical conclusion, (And see note 12 again, for another reason the “fuel 
argument’ really has no force at all against the possibility of time travel in Gadelian 
spacetime.) 

So, what did the great man himself, Einstein, think of all this? In the same 
publication as Gédel’s essay, he cautiously replied as follows: “Kurt Giidel’s essay 
constitutes, in my opinion, an important contribution to the general theory of 
relativity, especially to the analysis of the concept of time. The problem here 
involved disturbed me already at the time of the building up of the general theary 
of relativity, without my having succeeded in clarifying it ... the distinction 
licr-later’ is abandoned for world-points which lie far apart in a cosmological 
sense, and those paradoxes, regarding the direction of the causal connection arise, 
of which Mr, Gadel has spoken .... It will be interesting to weigh whether these are 
not to be excluded on physical ground 

Despite the mathematical physics of Gédel, showing the possibility of time 
travel to the past, many philosophers are not quite so sure. As one expressed his 
“No science-fiction staple poses more philosophical difficulties than time 
travel, but there is still no consensus as to whether time-travel fictions exhibit 
logical, metaphysical, or physical impossibility.“ The best-known and possibly 


“Kun Gidel, “A Remark About the Relationship Between Relativity Theory and Idealistic 
Philosophy.” in Albert Einstein: Philosopher-Scienit: volume 7 of The Library of Living Philos- 
ophers (B.A. Schilpp, editor), Open Court 1949 

“For the analysis of a rocket powered by matterfanti-matter, a known physical process that 
satisfies Gidel’s energy requirement fr time travel, see E. Purcell, “Radioastronomy and Com- 
‘munication Through Space." in Interstellar Communication (A. G. W. Cameron, editor), W. A. 
Benjamin 1963 

Alasdair Richmond, “Time-Travel Fictions and Philosophy,” American Philosophical Quar- 
terly, October 2001, pp. 305-318. 
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oldest of the paradoxical situations that seem to be part-and-parcel of time travel is 
the so-called grandfather paradox," expressed this way by philosopher David 
Lewis in his pioneering 1976 paper (see note 5): 


Consider Tim. He detests his grandfather, whose success in the munitions trade built the 
family fortune that paid for Tim's time machine. Tim would like nothing so much as to Kill, 
Grandfather. but alas he is too late. Grandfather died in his bed in 1957, while Tim was a 
young boy. But when Tim has built his time machine and traveled to 1920, suddenly he 
realizes that he isnot too late ater all. He buy a rifle... and there [Tim] lurks, one winter 
day in 1921, rile loaded, hate in his bear, as Grandfather walks closer, closer 


So, there's the puzzle. Tim can obviously achieve his goal—he has a loaded gun, 
he’s an excellent shot, a clueless granddad is coming ever closer—but if Tim 
actually does kill grandfather, years before Tim was (will be) born, then how can 
‘Tim be bom’? And if he is not bom, then how can Tim (‘now” not in existence) 
travel back through time to kill grandfather? What a confusing mess, right? So, the 
only possible conclusion to all this is that the starting premise, that time travel 
makes sense, must actually be nonsense. Right? 

Well, maybe, but then what of Gidel with his time traveling rocket ship? That's 
hard-as-diamond, unshakeable mathematical physics, for heaven’s sake. We can't 
just ignore that! Lewis offers a way out of this conundrum, and when we get to the 
book’s discussions on paradoxes (that’s plural because, believe it or not, there are 
other paradoxes even more perplexing than that of killing granddad in the distant 
past) we'll return to his solution. 

Ever since Lewis wrote his paper, philosophers have been particularly fascinated 
by the grandfather paradox and have shown themselves to be at least as inventive as 
the science fiction writers in discussing it, or variations on it." Here, for example, is 
a twist on that paradox that I think particularly clever, one that avoids the murder- 
ous spirit of the tale told by Lewis and Horwich: 


The origin of this paradox is probably lot in time (the irony of that is so appropriate!) bur Ihave 
traced it atleast as far back as tothe science fiction pulp magazine Science Wonder Stories which 
published, in its December 1929 issue, an editorial essay tiled "The Question of Time Traveling.” 
Ir challenged readers to think about the following scenario: "Suppose I can travel back into time, 
Tet me say 200 years: and I visit the homestead of my great great great grandfather, and am able 10 
take part in the life of his time, Iam thus enabled to shoot him, while he is still a young man and as 
{yet unmarried. From: this it will be noted that I could have prevented my own birth 

“Even before Lewis’ paper, Paul Horwich had reduced the grandfather paradox 10 
autoinfanticide—a time traveler tries to ill his younger sel/—in “On Some Alleged Paradoxes 
of Time Travel,” The Journal of Philosophy, August 14, 1975, pp. 432444. But not all philos- 
lopbers share this fascination. Earman (see the opening quote), for example, dismisses all of the 
science fiction paradoxes that are so beloved by fans of the gente as “while always good for & 
chuckle.” they are just “erude and unilluminating means of approaching some delicate and deep 
issues about the nature of physical possibility.” I think Earman is fundamentally correct although I 
‘wouldn't go so far as to characterize the paradoxes as mere “chuckles.” They are, alter all, the 
source of much of the intellectual motivation prompting the exploration of the physics of ime 
travel. An excellent example of this is found inthe paper by the Russian physicist 8. V. Krasnikov, 
“Time Travel Paradox,” Physical Review D, February 14, 2002, pp. 064013-1 to O64013-8, The 
physics ofthe grandfather paradox is of great interest inthis paper. 
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Sarah has just completed building her time machine. She decides to test the machine on 
herself tomorrow morning at which time she intends to travel back one day. In the 
meantime, she goes home, puts some salve on the burn she received that day, and goes to 
bed, tn the morning. Sarah, with coffee in hand, sits down to read the morning paper. She 
‘opens the paper tothe following headline: ‘Famous physicist found dead." On the front page 
is a picture of her body. salve burn clearly visible on her arm, inside her pristine time 
machine. Undemeath isthe caption, ‘Nobel-prize winning physicist found dead yesterday 
in mysterious device that materialized near city ball” Extremely shaken, Sarah returns to 
the lab and destroys the time machine ** 


Can any sense be made of this? We'll come back to this question later in Chap. 5, 
when we discuss the possibility (or not) of time being multi-dimensional. 

Now, to conclude this Introduction, let me end with two amusing, connected 
short stories (in epistle form) that nicely describe the issues we'll take up in the rest 
of this book. The rejection letter for the denial of a research grant to fund the 
construction of a time machine has just been received 


‘That Useless Time Machine“ 


Dear Review Committee: 
It is not our practice to raise complaints against a negative review report. We 
believe in peer refereeing and we respect it, whatever its content and consequences. 
However, in the case of our latest grant application (project named “The Time 
Machine’) we find it necessary to express our astonishment at the motivations with 
‘which our request for funding was tured down, Your main objection appears to be 
that our project is ‘philosophically interesting’ but ‘practically useless’, by which 
‘you mean that the project ‘has no potential for applications.’ We do not quite think 
that the main criterion for judging the scientific value of a project should be its 
practical usefulness, but never mind that. Let us agree that usefulness is a relevant 
criterion, especially when large amounts of money are involved. Why should that 
be a reason to tum down our project? Quite frankly, we cannot think of a project 
‘with better application potential than ours. Some examples: 


+ Cultural tourism: one could send herds of history fans back in time to witness the 
crucial episodes of the French Revolution, or to watch the Egyptians build the 
pyramids, or to videotape Socrates” lectures. 

+ Exotic safaris: we have already received several applications for dinosaur 
hunting expeditions (they got extinct anyway) 


“9G.C. Gouidu, “Time Travel and Changing the Past: (Or How to Kill Yourself and Live to Tell the 
Tale),” Ratio, March 2008, pp. 16-32. 

“Story by Roberto Casati (Senior researcher at CNRS, Paris) and Achille C. Varzi (Professor 
fof Philosophy at Columbia University). Originally published in Philosophy, October 2001 
pp. S81-583, and reproduced here by kind permission of the authors. 
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+ Error detection: we could take a closer look at our past mistakes and learn how to 
avoid them in the future. 

+ Historic documentaries: think of the huge saving in set design, costum« 
efliects, ete. (How much did Gladiator cost?) 


special 


And so on and so forth, Honestly, can you think of a project with better prospects 
for useful and thrilling applications? 


Sincerely Yours, 
‘The “Time Machine’ Research Group 


Dear ‘Time Machine’ Research Group 
‘Thank you for your letter. We agree that it would be interesting to exploit a time 
‘machine for the uses that you suggest. It would also be remarkable if we could use it 
to prevent all sorts of unpleasant events that happened in the past. It would be 
remarkable, for instance, to be able to go back to November 22, 1963, and prevent 
Lee Harvey Oswald from killing John Kennedy, or to go back to April 14, 1912, and 
steer the Titanic around the iceberg. It would be excellent indeed to be able to do 
such things. However, suppose your project were to be successful. Suppose you will 
‘manage to build a time machine. Then why didn’t you do any of those things? Why 
is it that our past history is still full of such sad events? Either this means that your 
's doomed to fail and you will never manage to build a time machine; or it 
‘means that the project will succeed but that you are not going to use your time 
‘machine for these good purposes. In the first case, logic shows it would be pointless 
to support your project. In the second case, ethics dictates that it would be 
wrongdoing. Either way, you must concede that the reasons against your project 
are overwhelming. 


Cordially Yours, 
‘The Review Committee 


Dear Review Commitee 
Certainly you have noticed that our suggestions for practical appli 
time machine did not include any uses that could result in an alter 
natural course of history. As a matter of fact, we believe that no such alteration is 
logically possible. According to our project, itis logically possible to visit the past 
but not to modify the past. No time traveler can undo what has been done or do what 
has not been done. So the logic is sale. This does not mean that the time traveler will 
be ineffectual during her stay in the past, of course; it simply means that what she is 
going to do is something that she has already done. An accurate catalogue of all the 
past events would include an account of the arrival of the Time Machine from out of 
nothing as well as an account of all the actions and reactions that followed. And 
ethics is safe, 100. For, if indeed we managed to go back to Dallas, we could not stop 
Oswald from doing what he did. Nobody would be able to stop Oswald because 
nobody was able to stop him (and nobody was able to stop Oswald because nobody 
will ever be able to do so, even if they came from the future). Alas, the past is full of 
sad events but there is nothing that we can do about that 
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Respectfully Yours, 
‘The ‘Time Machine’ Research Group 


Dear ‘Time Machine’ Research Group 
We appreciate the distinction between changing the past (impossible) and affecting 
the past (possible). However, this simply reinforces our initial impression: your 
project has no practical value. If in order to travel to the past one has to have been 
there already, and if one can only do what has already been done, then d quoi hon 
Veffor®? Why should we invest in a “Time Machine” at all? We are afraid that our 
decision is now final. 


Yours with best wishes, 

‘The Committee 

Well, all seems to be certainly lost with that. But, wait, perhaps not. Maybe, with 
just one more really good appeal, The Committee’s rejection can be reversed! If 
you were on the Review Committee, and had just read the following letter, how 
would you vote? 


A Useful Time Machine“” 


Dear Review Committee: 
We regret your continued decision to reject our proposal. Even though you have 
told us your decision is now final, we humbly ask your indulgence for one last 
appeal. We believe you have misinterpreted a crucial part of our proposal. 

‘You maintain that our “Time Machine” project ‘has no potential for applications’ 
and has ‘no practical value.’ You ultimately base this claim on the fact that “If in 
order to travel to the past one has to have been there already, and if one can only do 
‘what has already been done, then d quoi bon I'effort? Why should we invest in a 
“Time Machine” at all?” Your argument however is a misinterpretation of our own 
comments that “According to our project it is logically possible to visit the past but 
not to modify the past ... This does not mean that the time traveler will be 
ineffectual during her stay in the past, of course; it simply means that what she is 
going to do is something that she has already done.” We regret the awkward and 
easily misleading locution of the last sentence, but such are the perils of talking 
about time travel, Regardless, please consider our clarification. 

Certainly if we were proposing that the time traveler he 5 years old again, we 
‘would be proposing something not worth the effort—our proposed time traveler has 
already tuned five and cannot do so again. But we are not proposing that the time 
traveler do things that have already occurred in her own personal past, but rather in 


‘Story by Geoff Goddu (Professor of Philosophy at the University of Richmond, Virgina) 
Originally published in Philosophy, April 2002, pp. 281-282, and reproduced here by kind 
permission ofthe author. 


xl Introduetion 


her personal future. The time traveler has not yet, from her personal temporal 
perspective, travelled back to, say, the library at Alexandria in 100 BCE. When 
she does travel back to 100 BCE to obtain scans of the books in the library before its 
destruction, she will be older than she is now. When she returns she will be still 
older (and we hope wiser, ic., in possession of valuable information to which 
neither you nor we currently have access). 

But isit true that as of 2002 AD [the year this letter was written] the time traveler 
has already visited Alexandria in 100 BCE? It could well be. But whether or not itis 
depends upon whether itis also true that our project will be successfully funded and 
completed. Because time travel into the past involves reverse causation, certain past 
events, such as the time traveler visiting 100 BCE, will be dependent upon certain 
future events, such as the successful funding and completion of our project. Hence, 
if it is not true that our project is both funded and completed, then itis not true that 
our time traveler has of 2002 already visited 100 BCE. 

But suppose we were to leam now, before the funding and completion took 
place, that our time traveler had indeed been present at the library in Alexandria in 
100 BCE. Would this imply that there was no reason to expend the effort to fund our 
project? After all, if the travel has “already” happened, why bother funding the 
project? Firstly, such an argument does not imply that a “Time Machine” would 
have no practical application, but rather expresses the futile hope that one could in 
fact get the practical benefits (if time travel is successful, we obtain the desired 
information) without expending the effort at all. Secondly, the hope is futile, for if 
wwe lear right now that our time traveler had been present at the library in 100 BCE, 
we would then know, assuming no other possible funding source, that you will 
expend the effort to fund our project. To deny this last is to make the impossible 
suggestion that even though your support is truly a causal antecedent of the 
successful trip, there is now no need for you to actually expend the effort to provide 
funding. 

Hence, the effort is far from pointless, for the project will only succee 
your and our efforts. And success will generate, not only all the practi 
tions we outlined in our first letter, but, in addition, a host of information gathering 
applications such as more accurate historical research, lost item location identifi- 
cation, legal testimony verification, etc. Even if, as we (and you) acknowledged, no 
‘one could now prevent Oswald from killing Kennedy, wouldn’t it be worth verify- 
ing that Oswald was the lone killer of Kennedy? Also, the information 
need not be restricted to the past. For example, information conceming the prices of 
various stocks 10 years from now would be extremely valuable to a suitably 
cautious and prudent investor. Surely you cannot object to our information gather- 
ing in the future on the grounds that ‘it will already have been done.” And just think, 
the information we obtain could be what allows you to obtain at very low pric 
those stocks that in the future will be extremely valuable and allows your esteemed 
committee to dramatically increase your support of worthy scientific endeavors. 


Again, we ask you to reconsider your original decision, 
Respectfully yours, 
‘The “Time Machine’ Research Group 
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A time machine inventor makes an experimental test of the grandfather paradox! 
(illustration from “Thompson’s Time Traveling Theory” by Mortimer Weisinger), 
Amazing Stories March 1944 (art by Malcolm Smith). Reprinted by arrangement 
with Forrest J. Ackerman, Holding Agent, 2495 Glendower Ave., Hollywood, CA 
90027. 

Not everybody likes time machines as a science fiction gadget, not even other- 
wise enthusiastic devotees of the genre. For example, in a Letter-to-the-Editor 
published in the December 1931 issue of Astounding Stories, one seventeen-year 
old fan had this to say: “There is only one kind of Science Fiction story I dislike, 
and that is the so-called time-traveling. It doesn’t seem logical to me. For example, 
supposing a man had a grudge against his grandfather, who is now dead. He could 
hop in his machine and go back to the year that his grandfather was a young man 
and murder him. And if he did this how could the revenger be born? I think the 
whole thing is the “bunk.” As this book will demonstrate, this young reader was not 
alone in that opinion. As this book will also demonstrate, in the last few decades 
that view has been rapidly evolving. 


sit 


For Further 
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Read again the penultimate sentence in the last letter from The ‘Time 
Machine’ Research Group, and then think about how you would respond to 
the following questions, 


(1) Would you invest ina stock market if you knew somebody else had a time 
machine giving them advance information on stock performance? 

(2) How might the existence of a time machine influence the future of the 
stock market, in general? For an early science fiction look at these 
questions, see Lee Laurence, “History in Reverse,” Amazing Stories, 
October 1939. 


One writer has speculated that Wells’ model for the Time Traveller was the 
American inventor Thomas Edison. (See Martin T. Willis, “Edison as Time 
‘Traveler: H. G. Wells’ Inspiration for His First Scientific Character,” Science 
Fiction Studies, July 1999, pp. 284-294.) As Wells worked his way from The 
Chronic Argonauts, through revisions, to the final Time Machine, the story’s 
hero evolved from Dr. Nebogipfel to the Philosophical Inventor to the Time 
Traveller. The one individual who could have inspired all of these various, 
hero types was, according to Willis, Edison, a world-famous Victorian-age 
celebrity whose story was well known to Wells. If Wells had today’s scien- 
tific personalities available as potential inspirations, who do you think he 
would use? How might that choice affect the story and structure of The New 
Time Machine? 


‘The idea of personal time, used by the philosopher David Lewis (note 5) to 
consistently interpret time travel stories, has been used in a quite different 
way (although time travel gets a few words, too) by the philosopher Roy 
Sorenson, In his paper “The Cheated God: Death and Personal Time,” 
Analysis, April 2005, pp. 119-125, Sorenson asks you to imagine an immortal 
god. For some reason this god runs afoul of a demon, who curses the god in a 
curious way. (The ‘telling of a story’ is a common technique in philosophical 
papers and, while foreign to what readers of physics papers are used to seeing, 
is not without some charm. Just be sure to always keep in mind that its 
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primary use is as an attention-grabbing device, but as far as having any other 
merit, well, that’s often another story.) The curse is such that the life span of 
the once immortal god is reduced to that of a normal human life span and yet, 
pethaps surprisingly, the god will still never die. As Sorenson writes, “[The 
god] will live forever. But [the god] will not have a better life than a mortal 

‘The demon has harmed [the god] as gravely as death harms mortals.” How, 
you might wonder, is this to be done? As Sorenson explains, “[The god] lives 
half of its now mortal span, followed by a trillion years of nothingness, then a 
‘quarter of its mortal span followed by a trillion years of nothingness, then an 
eighth of its mortal span followed by a trillion years of nothingness and so on 
ad infinitum.” Sorenson’s argument is simply an exotic form of the high 
school summation of the geometric series } +} +34 + where there 
are an infinite number of terms to the left of the equality. (Each term 
represents a period of time during which the god is conscious, and each 
+ represents a trillion years.) Sorenson picked a trillion years of nothingness 
between consecutive periods of consciousness for (I suggest) dramatic rea- 
sons, but suppose instead that he had picked 1 ts for the period of nothing- 
ness. Discuss what effect this would have (if any) on the life of the god. 
Consider two case: 


(a) There is no minimum time duration for consciousness, and. 

(b) There isa minimum time duration such that, for any shorter duration, a 
consciousness remains ‘unaware’ even though it is not in a state of 
nothingness 


After working all night making some final calculations, a physicist carefully 
solders a final resistor into the control module of the world’s first time 
machine and then steps into the gadget that is a sure bet to win the next 
Nobel Prize in physics. As she does, she notices that itis precisely 8:10 in the 
moming, as indicated on both her wrist watch and the clock on the lab wall. 
Afier settling into a plush leather seat she pushes the time machine’s power 
button, the machine glows with a flickering blue-red halo and hums with a 
mighty throb for a while and then, at precisely 8:15 by her wrist watch, she 
steps out of the machine and back into her lab. She notices the clock on the 
wall now reads 8:05. That is, she took 5 min of personal time (8:10 to 8:15) to 
travel 5 min of external time into the past (8:10 to 8:05). On the one hand she 
certainly seems to be a time traveler, in that she exits the machine before 
she enters it. (Ignore the issue of there being vo identical physicists in the 
lab from 8:05 to 8:10!) On the other hand, the elapsed personal and external 
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times are equal. Does this suggest a need to modify or expand David Lew 
definition of a time traveler? As you ponder this question, you might want to 
read the following four papers: (1) Paul R. Daniels, “Lewisian Time Travel in 
a Relativistic Setting,” Metaphysica, October 2014, pp. 329-345, (2) Douglas 
Kutach, “Time Travel and Time Machines,” in A Companion to the Philos- 
ophy of Time (H. Dyke and A. Bardon, editors), Wiley-Blackwell 2013, 
pp. 301-314, and (3) Frank Amtzenius, “Time Travel: Double Your Fun,” 
Philosophy Compass, November 2006, pp. 599-616. A bit more demanding 
(but worth the effort) is the long chapter “Time Travel and Time Machines” 
by Chris Smeenk and Christian Wothrich, in The Oxford Handbook of 
Philosophy of Time (C. Callender, editor), Oxford 2011, pp. 577-630 (see 
page 580, in particular), 


‘The idea that information is physical has given rise to a series of discoveries which 
indicate that physies has much to say about fundamentals of compute science. 


The above quotation is the opening sentence to a most interesting paper by the 
physicist Dave Bacon, “Quantum Computational Complexity in the Presence 
of Closed Timelike Curves,” Physical Review A (70), 2004. (When he wrote, 
Bacon was at Caltech, but he is now a software engineer at Google.) The title 
of Bacon’s paper, translated into blunt Eng! ‘It Would Be Really Neat If 
We Could Merge a Time Machine With a Computer.” That is, to further quote 
from Bacon’s paper, “One could [efficiently] solve a hard problem by trying 
‘out a solution to the problem, sending one’s computer back in time, 
attempting a different solution to the problem, sending one’s computer back 
in time, etc., until a solution to the problem has been found,” There then 
follows a pretty sophisticated analysis on the self-consistent time evolution of, 
a quantum system, ending with Bacon’s frank admission that “we would not, 
be honest if we did not end this paper with the caveat that this work is at best a 
creature of eager speculation ... Practical considerations are humorous at 
best.” Read Bacon’s paper and discuss what he means by “a hard problem.” 
(There is a technical term used by computer scientist for such problems: 

NP-complete.) 


‘The occasional theological commentary in this book may strike some as a bit 
odd for a topic treated with heavy doses of deep mathematics in the physics 
literature but, as you'll see on the following pages, theology is an unescapable 
dimension to any informed discussion of time travel. A literary connection 
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between time travel and theology has, in fact, existed for a long. time. 
As pointed out in Paul Alkon’s Origins of Futuristic Fiction (University of 
Georgia Press 2010), “The first time-traveler in English literature is a guard- 
ian angel who returns with state documents from 1998 to the year 1728 in 
Samuel Madden's Memoirs of the Twentieth Century” (published in 1733, 
nearly three centuries ago). Madden was an Irish-Anglican clergyman whose 
book was satire rather than science fiction, but its time traveling aspect was a 
first. As Professor Alkon also writes, “Madden [was] the first to write a 
narrative that purports to be a document from the future. He deserves recog- 
nition as the first to toy with the rich idea of time-travel in the form of an 
artifact sent backward from the future to be discovered in the present.” Your 
assignment: read and discuss Alkon’s book. 


You'll recall that Gadel cast his view of time travel in the form of a self- 
‘encounter in the past. In Frederik Pohl’s “Let the Ants Try,” we find a science 
fiction tale that appeared essentially simultaneously with Gédel’s paper 
(Planet Stories, Winter 1949), in which a time traveler journeys back forty 
million years. Upon stepping out of his time machine, he hears a “raucous 
animal cry” from somewhere in the nearby jungle. Later, after other adven- 
tures in time, he returns to near the same point in spacetime. After stepping 
ut of his time machine, he sees himself in the distance—the earlier version of. 
himself during the first trip. Then, suddenly, the time traveler meets a violent 
death: “As his panicky lungs filled with air for the last time, he knew what 
animal had screamed in the depth of the Coal Measure forest.” In fact, self 
‘encounters had appeared in science fiction years before Gidel’s paper. In the 
1942 story “Minus Sign” (Astounding Science Fiction, November) by Jack 
Williamson, for example, a spaceship battles with itself while traveling 
backward in time, How do you think a scientist like Gidel would have 
liked these two stories? (Who knows, maybe he did read them!) If you 
could travel back in time to 1949 to ask him if such tales had been an 
inspiration, do you think he would be intrigued, amused, or instead would 
he be insulted? 
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Chapter 1 
A Broad Look at Time Travel 


‘Hola infinity in the palm of your hand and eternity in an hour 


William Blake, writing in “Auguries of Innocence” (1863), 
‘with words that could quite well describe what it would be like to 
time travel 


need a place to hide, thas why I believe in yesterday 


—The Beatles (Yesterday, 1965) 


1.1 Time Travel in the Fantasy and Science Fiction 
Literature 


“Woodn't ithe grate to go buck in tyme and correct your mistakes? Woulda it be great to 
go back in time andl cortect your mistakes?” 


motto of Time Twisters comics 


To travel in time. 

Could there possibly be a more exciting, more romantic, more wonderful 
adventure than that? I don’t think so, and in this opening section I want to just 
briefly discuss how fascinating many writers (and their readers) have found the 
concept of time travel, and to point out that the fascination began long before 
‘mathematical physicists discovered time travel lurking in Einstein's general theory 
of relativity." 

Before the arrival of humans on the surface of the Moon in 1969, the only other 
“fantastic voyage’ that could compare with time travel was traveling through outer 
space, During the seventeenth and eighteenth centuries, in fact, such voyages were 
the center of a genre of fiction (now called science fiction) called the “imaginary 
voyage” or “extraordinary voyage.” Marjorie Hope Nicolson’s* 1948 book Voyages 


"An excellent, book-length iterary treatment of time travel is by David Wittenberg, Time Travel 
the popular philosophy of narrative, Fordham University Press 2013, 

*Marjorie Hope Nicolson (1894-1981) was literary scholar of the frst rank at both Smith College 
and Columbia University 


(© Springer International Publishing AG 2017 
PJ. Nahin, Time Machine Tales, Science and Fiction, 
DOF 10.1007/978-3-319-48864-6_1 
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to the Moon carefully documents just how popular that form of literature was—and 
still is. Since 1969 the first such voyages have become history, of course, and time 
travel has replaced space travel as the modem “imaginary voyage.” 

Itseems a safe bet that that, given a random selection of middle-aged adults, the 
‘vast majority of them would respond enthusiastically if asked whether time travel 
interests them. This fascination with time travel has actually been ‘scientifically’ 
documented. In one intriguing study,’ several hundred men and women were asked 
to consider the possibility of spending an hour, a day, and a year back in both their 
personal past (since birth) and their historical past (before birth). They were further 
told that it would cost $10,000 to purchase such time travel services. Their response 
indicated that 10 % would be willing to spend that much money for an hour in 
the historical past, 22 % for a day, and 36 % for a year. As might be expected, the 
‘numbers rose as the cost dropped and, if such trips were free the interest was almost 
universal, As one writer put it, “Time travel [is] the ultimate fantasy, the scientific 
addition to the human quest for immortality.” And as a philosopher observed, “[T] 
he popular appeal of time travel .... is no doubt due to a nostalgia for the past, which 
is almost an omnipresent aspect of the human condition.” 

Fiction writers have, for centuries, recognized the fantasy appeal of time travel, 
‘The common fairy tale theme of “The Three Wishes,” in which the recipient ends up 
using the final wish to undo the unforeseen consequences of the first two, is the 
precursor to all modern change-the-past time travel stories, Indeed, the means of 
time travel in the Norwegian poet Johan Wessel’s 1781 play Anno 7603 isa fairy 
‘Some of the best modem science fiction stories have played with the fantasy appeal 
of time travel by having gifts arrive by accident from the future: the moral of such 
tales is generally that unearned gifts usually bring grief.° The editor’s introduction 
to a time travel story involving the Civil War referred to the fantasy aspect of time 
travel—with a reference to another age-old adult fantasy—when he wrote “time 
travel stories about the Civil War have one thing in common with pornography; 
they serve to tiillate an impulse [in the case of time travel stories, the impulse to 
change history] and to frustrate [history]. This is the motivation for the time 
traveler in Stephen King’s 2011 novel 11/22/63, who uses what appears to be a 
naturally occurring wormhole (connecting a Maine diner to 1958) for his attempts 
at preventing the assassination of John F, Kennedy, 


“£1. Cottle, “Fantasies of Temporal Recovery and Knowledge ofthe Future,” in Perceiving Time 
John Wiley 1976. 

“T Paul, “The Worm Ouroboros: Time Travel, Imagination, and Entropy.” Extrapolation, Fall 
1983, pp. 272-279, 

A.W. Smith, “Time Travel and Backward Causation.” Cogito 1985, pp. 57-67. 

Among the many such tales, five particularly good ones are “Something for Nothing” by Robert 
Sheckley, “Mimsy Were the Borogoves" by Lewis Padgett (pseudonym of the married couple 
Henry Kutiner and C. L. Moore), “Child's Play” by William Tenn (pseudonym of Philip Klas), 
“The Litle Black Bag by Cyril Kornbluth, and “Thing of Beauty” by Damon Knight. All ean be 
{ound in various anthologies. 

"The Fantasie Civil War (F. MeSherry, Je editor), Baen 1991 
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A character in the 1985 novel The Bird of Time by George Effinger nicely 
captures the fantasy appeal of time travel with the declaration “The past ... is the 
home of romance.” On a less poetic level, time travel and the movies and stories 
about it fascinate most people because they tum our everyday world view upside 
down and inside out. Such movies and stories make people think. Itis therefore not 
surprising that time travel movies have been popular for decades, from the 
pioneering Berkeley Square in 1933, to the classic 1960 filming of The Time 
Machine, to Back to the Future in 1985 (the top film that year in a Boxoffice 
‘magazine poll), to the flawless 1989 Bill & Ted's Excellent Adventure, to the clever 
Terminator action films, to the ingenious 2012 Looper, to the commercially suc- 
cessful 2014 Interstellar. Each of these films, and others, too, will be discussed later 
in the book. 

‘When we discuss time travel, we should really be careful to distinguish between 
two quite different versions: to the future, and to the past. There is no dispute, today, 
about the first, As two severe critics of the possibility of time travel to the past wrote 
decades ago, “After 1900, special relativity made scientific discussion of time 
machines possible.”” What they were referring to is the fact that, by traveling in a 
rocket ship fast enough (but never, unlike Superman, faster than the speed of light), 
and far enough, one could leave Earth, loop out on a vast journey perhaps halfway 
across the universe, and then return hundreds, thousands, even millions of years in 
the future, You could theoretically (ignoring all the engineering difficulties) do this, 
in fact, with the apparent passage of your ‘personal time,” (as measured by your 
wrist watch or the beating of your heart) as brief as you'd like. (Physicists call 
“personal time” proper time, and Vil return to this in Chap. 3.) This astonishing 
conclusion from special relativity, that time travel to the future makes physical 
sense, literally put a lot of Victorian-era trained physicists into shock. 

A quite sophisticated use of this idea appeared early in science fiction, in the tale 
of a space traveler who returns from a high-speed trip out to the blue supergiant star 
Rigel in the constellation Orion." The 900 or so light years of the round trip had 
taken just 6 months of ship or personal time (proper time), but a thousand years of 
back-home time. The traveler returns to Earth to find all he had left behind long 
dead and returned to dust: “Sometimes I waken from a dream in which they are all 
so near ... all my old companions ... and for a moment I cannot realize how far 
away they are, Beyond years and years.” 

Another story'? of a trip into the future that delivers an equally powerful 
emotional impact, this time via a Wellsian-type time machine (more on what that 


*Somewhat more pompous (but no less correct) was this observation by an academic: “The time- 
travel [film] romance isan attempt to reenchant the world, to regain a sense of belongingness, 10 
reinstate the magical, autocentri Universe of the chil and the primitive.” See W. Wachhorst, 
“Time Travel Romance on Film,” Extrapolation, Winter 1984, pp. 340-359. 

°S, Deser and R, Jackiw, “Time Travel?” Comments on Nuclewr and Particle Physes, September 
1992, pp. 337-354. 

°°R. H, Wilson, “Out Around Rigel 
SW, Tucker, The Year of the Quiet Sun, Greg 1979. 
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‘means later in this chapter) rather than by rocket travel, tells of a time traveler 
{rapped in post-nuclear war times, where there is no energy available to power his 
machine for the return trip. As the story ends, he finds the woman he had loved and 
left behind in the past. She is now the elderly widow of another man, having 
married his rival because the time traveler (just like Wells’ Time Traveller) never 
returned. 

A trip into the future does not have to be serious or sad, A nice example of that is 
the story of a spaceship crew that sets off for the Alpha Centauri triple star system, 
‘more than four light years distant.'? They survive the trip, which requires 500 years 
of both personal and external time (this story is the only one I'll mention in this 
book that uses a preserving drug rather than physics). What causes me to include it 
in a book on time travel (stories in which proper and external time are one-in-the- 
same are simply not about time fravel) is that, long before they arrive at the end of 
their journey, the secret of faster-than-light (FTL) travel is discovered back on 
Earth and so they arrive at their destination to find a human reception committee! 
As you'll see when we get to Chap. 3, knowledge of FTL travel is equivalent to 
knowing the secret of travel into the past, and so the crew is sent back in time, to 
Earth, to just one year after they left—and they listen to their own radio commu- 
nications arriving from deep space. 

‘The real adventure in time travel, as suggested by “Far Centaurus,” would be to 
go backward in time, to visit the past, The editor of the science fiction pulp 
magazine Thrilling Wonder Stories used the powerful emotional hook of changing 
the past in a 1950 blurb announcing a time travel story coming in the next issue: 
“What's the biggest mistake you ever made? Don’t worry about it, You may have 
pulled some awful boners in your time, but there’s a sure-fire remedy for them all 
It’s simple, Just look up at that old time-clock on the wall—and turn it back to the 
‘moment just preceding your terrible blunder, Then make your corrections—and set 
‘your time-clock back to the present. You may be starting a new chain of error, but 
‘why fret? You can go back in time again. ..” Or, as the promotional text on the 
Video package of the 1986 movie Peggy Sue Got Married says, “to do it again” is 
“the golden opportunity almost everyone has longed for at least once. 

Writing less romantically, « philosopher declared that a “major source of interest 
in the time travel question is our general fascination with the exotic and the child- 
like frustration we sometimes fee! at being confined to the present. We wish that the 
benefits of moving through space could be supplemented with the benefits which 
‘would accrue from movements through time.’ Robert Silverberg, a science fiction 
‘writer who has used the time travel theme often and effectively, expressed this 
sentiment quite clearly when he wrote “Suppose you had a machine that would 
enable you to fix everything that’s wrong in the world ... The machine can do 
anything .... it gives you a way of slipping backward and forward in time .. . Call 
this machine whatever you want, Call it Everybody's Fantasy Actualizer. Call it a 


“A. E, Van Vogt, “Far Centaurus,” Astounding Seience Fiction, January 1944, 
R.A. Sorenson, “Time Travel, Parahstory and Hume,” Philosophy, April 1987, pp. 2 
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‘Time Machine Mark Nine.” He gives a masterful demonstration of what he means 
by that in one of his own stories, a tale'® set in a year when time machines actually 
exist. Even so, the characters use their imaginations to explore their fantasy worlds 
and wishes—wishes that could (if they really wanted to) be realized with a real time 
machine. Time travel fiction is, you see, the ultimate escapist literature! 

‘The adventure promised by time travel to the past doesn’t necessarily mean 
pleasant adventure, and science fiction has used that idea to great effect, ‘The 
unstated horror of a trip backward in time, if you think just a bit about i, is that it 
‘would bring the dead past, filled with all its dead occupants, alive again, literally 
resurrected from dank and moldering graves. The top of Mount Everest, the bottom 
of the Marianas Trench, the sands of Mars—none of these exotic places can even be 
‘mentioned in the same breath with the past. The capture of the mystery and, yes, the 
sheer terror of the past, is in this opening line to a 1950s tale: “When Dr. Flitter 
came into the room, it seemed as though the past and its dead people came in with 
him, clinging to him like stale surgery smells, like the cold sweat of ancient 
autopsies.” In another equally macabre story, we read of a time traveler in the 
past anticipating a meeting with a long-dead lover as he ‘shivered with a renewal of 
horror ... She ought to be grateful to him for having raised her from the dead, even 
briefty.”"” 

Another tale, slightly less gruesome, tells us of a character who delights in 
pointing out all the bad aspects of living in the past.'* Tell him when in time, and 
he quickly ticks off the disadvantages of being then. To live in ancient Greece 
‘would let you rub shoulders with Aristotle, sure, but you already know what he said 
and you'd soon regret the lack of modern plumbing. The year of the American 
Revolution might let you exchange greetings with George Washington, but you'd 
also have to put up with cholera in Philadelphia, malaria in New York, and the fact 
that if you needed an operation there would be no anesthesia anywhere. ‘The 
Victorian Age appeals to modern romantics but, before you go back, you'd better 
have your eyes and teeth checked. The time traveling historian in one novel’? takes 
these medical warnings to heart and has her appendix prophylactically removed, 
and is further advised to have her nose cauterized against all the awful stinks of her 
destination, the fourteenth century. 

On the other hand, poor health care isn’t all there is with time travel to the past 
(One time traveler from the future, for example, makes a very good living in the past 


FR. Silverber 
Warmer 1986, 
"R. Silverberg, “Many Mansions." Beyond the Safe Zone, Warner 1986, 

“R. Bretnor, “The Past and Its Dead People,” Magazine of Fantasy and Science Fiction, 
September 1956, 

"L, Marlow. The Devil in Crostl, Faber ad Faber 1944, 

A, Bester, “Hobson's Choiee,” Magazine of Fantasy and Science Fiction, August 1952, 

°C. Willis, Doomsday Book, Bantam 1992, 


Ms. Found in an Abandoned Time Machine.” Beyond the Safe Zone, 
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bby winning bets on yet-to-happen events whose outcomes he knows.” Time travel 
to the past allows a Parisian curio shop in the present to offer remarkably authentic 
ooking newspapers from 1804 whose only “flaw” is that they appear to be fresh off 
the press—which of course they are!”" And the failed professor in one romantic 
story” finds the Paris of 1482 infinitely better than the Paris of 1961 

A popular fictional appearance of time travel is the use of the past as a hiding 
place, as a sanctuary for those wishing to escape the troubles of modern times.”* An 
interesting twist on this idea was presented in one tale” in which the past is used for 
later military gain in the present. In this story the Earth of a thousand years in the 
future is ruled by a dictator, and the oppressed masses are unable to arm themselves 
for revolt. So, back into the past travels an agent to arrange for the construction of 
‘weapons, which are then stockpiled in hidden caverns where they can be retrieved 
for use ten centuries later, The past is used in this story as both a sanctuary and a 
repository from which to make war in the future, and so we have a time travel 
fantasy for both doves and hawks in the same tale! This military use of the past is 
passive; other writers have more aggressively used time travel to the past for 
military gain as, for example, mining uranium deposits before they have had time 
to reduce themselves to lead via radioactive decay,”* or in drilling for Middle East 
oil in the past to deprive adversaries of it in the present.”* 

‘Time travel to the past would, perhaps, interest criminals, too. As the science 
fiction writer Larry Niven wrote, “If one could travel in time, what wish could not 
be answered? All the treasures of the past would fall to one man with a 
submachinegun, Cleopatra and Helen of Troy might share his bed, if bribed with 
a trunkful of modem cosmetics.” Or, as the tragically flawed inventor of the first 
time machine dreamed, before using time travel to commit what he thought would 
be the perfect locked-room murder, “The Great Harrison Partridge would have 
untold wealth. He could pension off his sister Agatha and never have to see her 


%C. Sprague, “Time Track,” Startling Stories, January 1951. 
2M, Leinster. Time Tunnel, Pyramid Books 1964, 

'U. K. Le Guin, “April in Pais." Fantastic Stories, September 1962. 
>There are many excellent examples of such tales, afew of which are Clifford Simak, “Over the 
River & Through the Woods": Ray Bradbury, “The Fox and the Forest"; Jack Finney, “Such 
Interesting Neighbors": J.B. Priestly, “Mr. Strenberry's Tale"; James Gunn, “The Reason is With 
Us"; and HL B. Piper, “Flight ftom Tomorrow." All can be found in various anthologies. 
RF. Young, “Not 1o be Opened—." Asvounding Science Fiction, January 1950. 
%C. Simak, “Project Mastodon,” Galaxy Science Fiction, March 1955. 
*P, Anderson, Magazine of Fantasy and Science Fiction, November 1958, and 
W. Jeschke, The Last Day of Creation, St. Matin's Press 1982, 
*L, Niven, “The Theory and Practice of Time Travel,” in All she Myriad Ways, Ballantine 1971 


LL Time Travelin the Fantasy and Science Fition Literature 7 


again, He would have untold prestige and glamour, despite his fat and baldness, and 
the beautiful and aloof Faith Preston would fall into his arms like a ripe plum.” 

Instead of viewing the past as an aid to crime, some writers have used it as the 
perfect dumping ground for criminals, as a highly convenient place to remove them 
from society.” After all, there can be no breakout from the prison of the past—at 
least not without a time machine. What might happen to criminal recidivists in a 
‘world that has mastered time travel is nicely explained in one story as follows: “If 
‘you cannot live among people, then off to the reptiles—one hundred or one hundred 
twenty million years before the present. There you wouldn’t freeze in a tropical 
pre-glacial climate, and you could nourish yourself on plants. But there is no one to 
talk with, boredom, and in the end you offer yourself up as an afternoon snack to a 
tyrannosaurus.”*" With an interesting twist on this is the tale‘ of a physics 
professor who helps criminals disappear into the past to escape relentless police 
pursuit, 

Museum curators, too, would seem to be obvious clients for time machine 
companies, as would collectors of extinct species who work for zoos, An example 
of the first case is in a novel"? about a time travel business called Time Researchers, 
‘with the corporate mottos “We Sift the Sands of Time.’ It works as 
version of Indiana Jones, as finders of lost historical artifacts for custome 
pay the substantial charges. A typical mission is to make original sound recordings 
of one of Lincoln’s unreported speeches. We find the same idea in a short story"* 
about a business called Genealogy, Inc., with the corporate motto 

“An Ancestor for Everybody.” It uses a ‘time scanner’ to provide its clients with 
a list of distinguished predecessors. And in another novel we read of the Historical 
Corps, whose time travel agents are “writing the definitive history of mankin 

Another use for time travel to the past, one of the most unusual I have seen, was 
suggested in a philosophical article®* which considers an age-old question that has 


futuristic 
who can 


SA, Boucher, “Elsewhen.” Astounding Science Fiction, January 1943, Partsidge’s dream is 
shuttered, however, because he overlooks a few details about tne tavel, ones that he wouldn't, 
have missed i he could have read this book. We'll conse back to this cassie story, which merges a 
time machine with murder, later in the book. 


"This is a popular science fiction scenario, and three of the best stories playing with it are 
. Anderson, “My Object All Sublime.” Galaxy Seience Fietion, June 1961; 1. Watson, “In the 
Upper Cretaceous with the Summerfie Brigade,” in Stalin's Teardrops. Vietor Gollancz 1991: and 
R. Silverberg, “Hawksbill Station,” Galaxy Science Fiction, August 1967. 

™'s, Gansovsky, “Vincent Van Gogh,” i Aliens, Travelers, and Other Strangers, Macmillan 1984, 
J Finney, “The Face in the Photo,” in Ahout Time, Simon and Schuster 1986. 

“SW. Tucker, The Lincoln Hunters, Rinchast 1958, See also A. Bitov, “Pushkin's Photograph,” in 
‘The New Soviet Fiction, Abbeville Press 1989, 

M, Shaara, “Man of Distinetion.” Gulaxy Science Fietion, October 1956. 

ML. A. Frankowski, The Cross-Time Engineer, Del Rey 1986, The same idea is inthe 1991 film 
comedy The Spirit of 76, in which time-traveling historians from 2176 visit the pas in an attempt 
to reconstruct the lost records ofthe founding of America, 

"SJ. C. Graves and J. E, Roper, “Measuring Measuring Rods," Philosophy of Science, January 
1965. pp. 39-56 
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long bedeviled schoolboys: “If everything in the Universe doubled in size overnight 
‘while we slept, could we tell what had happened when we woke up next morning’ 
‘The usual answer to this puzzle (called the Universal nocturnal expansion by 
philosophers) is no, but the authors of the article suggest that “all” we need do is 
take a yardstick back to yesterday and compare it with itself! Great idea, for sure, 
but it had appeared years earlier in a science fiction story.*” 

More ingenious uses for the past are discussed in the story’? of a time travel 
business called Time Associates. One use comes in the form of a request from a 
United States senator who wants to send the disadvantaged of today back into the 
remote past, where they could have a fresh start on a virgin Earth. Yet another 
use comes from a religious fringe group that wants fo purchase exclusive rights to 
the time of Jess—not to visit, but to prevent anyone from visiting. The group fears 
that any such visitors would “learn the truth,” which might contradict the very 
legends that form the heritage of Christianity, And, in what may be the most 
ingenious idea of all, Time Associates itself does not do business in the present, 
but rather 150,000 years in the past, in a ‘new’ country called Mastodonia, The 
corporate lawyer, you see, has determined that such an arrangement legally means 
the company is a foreign company doing business outside the United States, and so 
it is not liable for taxes to the IRS! 

‘The tourist trade is a booming business in science fiction, with dinosaur hunting 
at the top of the list. There are many stich tales, including the cerebral stories in 
L. Sprague de Camp’s short-story collection Rivers of Time, starting with the classic 
“A Gun for Dinosaur.” The earliest (that I know of) fictional use of time travel to the 
past for hunting was not for dinosaur hunting, however, but rather for saber-toothed 
tigers, wooly mammoths, and cave bear.” Historical tours to the great events of the 
past are also an entertaining use of time travel." Even mundane events may one day 
be on the “to do’ lists of time travelers to the past. In one, for example, curious 
crowds from the very far future show up, nightly inside the home a twentieth 
century family, much as tourists today visit Monticello. 

Perhaps the most direct use of the past’s unique resource, itself, is realized in 
science fiction by Hollywood. In one tale," after purchasing the motion picture 


SH, M, Sycamore, “Success Story,” Magazine of Fantasy and Science Fietion, uly 1958. 

C. Simak, Mastodonia, Ballantine 1978, 

*Two are B. W. Aldiss, “Poor Little Warrior." in The Seience Fictional Dinosaur. Avon 1982, and 
famous one by Ray Bradbury, “A Sound! of Thunder.” in The Stories of Ray Bradbury, Aled 
‘A. Knopf 1980. 

C. Simuak. “The Loot of Time.” Thrilling Wonder Stories, December 1938, in which a time 
machine inventor raises money for his esearch by transporting hunters back 70,000 years to the 
Old Stone Age. 

“Three such tales are R. Silberberg, Up the Line, Ballantine 1969 and “When We Went to See the 
End of the World.” in Beyond the Safe Zone. Warner 1986: and G. Kilworth, “Let's Go 10 
Golgotha.” in The Songbirds of Pain, Vitor Gollanez 1985, 

“OB, Tucker “The Tourist Trade,” in Tomorrow the Stars, Doubleday 1952. 


=L, Laurence, “History in Reverse,” Amazing Stores, October 1938. 
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rights to H, G, Wells’ Ouuline of History, the head of a movie studio uses a time 
machine to send his ace cameraman into the past to get live action footage 
Prehistoric animals, the ice age, Cheops building his pyramid, the destruction of 
Pompeii by the eruption of Vesuvius, the Battle of Hastings, Columbus, all the 
originals of these historical events appear inthe final film, Years later this idea was 
developed even further in a very funny novel,"* in which a movie director uses the 
eleventh century as a realistic seting for a picture. Realism isn’t always the result, 
however, as portrayed in another tale; the films produced by a gadget that can ‘look’ 
into the past are failures because they don’t look “authentic enough” to Hollywood 
moguls!* (Fig. 1.1), 


Fig. 1 The inventor ofa time machine demonstrates it by sending the family cat ona trip. In the 
story the inventor, himself, travels back to 1901, where he accidently kills his grandfather in an 
carly pulp magazine, noa-paradosical version of the famous riddle. Ulustration for Raymond 
A. Palmer's “The Time Tragedy" (Wonder Stories, December 1934) by Frank R. Paul, D1934 by 
Continent Publications Ine; reprinted by permission of the Ackerman Science Fiction Agency 
2495 Glendower Ave., Hollywood, CA 90027 for the Estate 


‘SH, Marrison, The Technicolor Time Machine, Doubleday 1967. 
“A, Derleth, “An Eye for History," in Harrigan's File, Aekham House 1975, 
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1.2. Where Are All the Time Travelers? 


“IF it [ime travel] could be done, someone will eventually learn how. If that happens, 
history would he litered with tourists. They'd be everywhere. They'd be on the Santa 
Maria, they'd be at Appomattox with [cameras], they'd be waiting outside the tomb, for 
God's sake, on Easter morning.” 


‘The question the title of this section asks is an echo of the one the physicist 
Enrico Fermi (1901-1954) asked in the 1950s, about the possibility of interstellar 
space travel and of alien intelligent life in the universe—if such travel is possible 
and ‘they’ exist, then where are they? Why haven't we at least received radio 
signals from them? For many, the apparent lack of time travelers among us is 
similar evidence for the impossibility of time travel. As one famous science fiction 
writer put it, “The most convincing argument against time travel is the remarkable 
scarcity of time travelers. However unpleasant our age may appear to the future, 
cone would expect scholars and students to visit us, if such a thing were 
sible at all. Though they might try to disguise themselves, accidents would be 
bound to happen—just as they would if we went back to Imperial Rome with 
cameras and tape recorders concealed under our nylon togas. Time traveling could 
never be kept secret for very long.” 

Clarke's idea is that, from the moment after the first time machine was 
constructed, through all the rest of civilization, there would be numerous historians, 
to say nothing of weekend sightseers, who would want to visit every important 
historical event in recorded history. They might each come from a different time in 
the future, but all would arrive (according to Clarke) at destinations crowded with 
temporal colleagues, crowds for which there is no historical evidence 

Long before Clarke the science fiction writer Robert Silverberg had already used 
the same idea in his 1969 novel Up the Line, where it’s called the cumulative 
audience paradox, That paradox claims that as time travelers to the past continue to 
visit certain historically interesting dates and places, there will be an ever- 
increasing number of people present. As itis presented in the novel, “Taken to its 
ultimate, the cumulative audience paradox yields us the picture of an audience of 
billions of time-travelers piled up in the past to witness the Crucifixion, filling all 
the Holy Land and spreading out into Turkey, in Arabia, even to India and tran 
Yet at the original occurrence of [that event] no such hordes were present!” 
‘And later in the same work, we read “A time is coming [when we] will throng 


5X skeplic's reaction 10 the idea of time travel in J. MeDevit’s story “Time's Arow" in The 
Fanastic Civil War (see n0te 7). 

*anthur C. Clarke, “About Time,” in Profiles ofthe Future, Warmer 1985. 8 story that I recall 
‘once having fead (hut cannot now remember either the author or he title) wonderfully illustrates 
Clarke's point. A time traveler in disguise at Golgotha forthe Crucifixion has a camera hidden 
‘beneath his robe to avoid attracting attention, All goes well until be notices odd, clicking noises 
coming from all thse standing near him. Its then he realizes the entire crowd is nothing but time 
travelers from all through the ages all with hidden cameras! 
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the past to the choking point, We will fill our yesterdays with ourselves and crowd 
out our own ancestors. 

Philosophers are well aware of Silverberg’s and Clarke's conundrum and, 
indeed, it can be found in the philosophical literature before Clarke wrote, In one 
paper, for example, we read “Actually I know of only one argument against the 
possibility of time travel that seems to carry any weight at all. This is the fact that it 
does not appear ever to have happened, That is, it might be argued that there will be 
no time trips from [2100] to [2017] because we were here in [2017] and saw no time 
travelers. But this argument is far from conclusive.” At most, in other words, the 
absence of temporal visitors amongst us is an objection to the actuality of time 
travel, and not to the possibility of time travel 

This same philosopher then mentions some ways around this concern, including 
‘one which he called a “pettifogging physical limitation on time travel: perhaps the 
energy expenditure varies as the fourth power of the time traversed, making only 
very short trips feasible, and its discovery lies too far in the future for its effects to 
have yet been felt.” Another science fiction writer, as famous as Clarke, used that 
idea in his 1957 novel The Door Into Summer when Robert Heinlein has one 
character comment “Now if there was some way to photograph the Crucifixion 

but there isn’t. Not possible... there isn’t that much power on the globe. There's 
an inverse-square law tied up in [time travel].” Or, perhaps, time travel is possible 
but it’s so extraordinarily dangerous that it’s impossible to get anyone to do 
it, In one provocative tale™ that takes this idea to the extreme, we read that there 
is only one time traveler, ever, from the future—indeed, from just 18 min (!) in the 
future—and his first (and last) experiment destroys the Earth, 

Clarke presented some other possible science fiction rebuttals to the puzzle of 
“where are the time travelers?” As he wrote, “Some science fiction writers have tried 
to get around this [question] by suggesting that Time is a spiral; though we may not 
be able to move along it, we can pethaps hop from coil to coil, visiting so many 
millions of years apart that there is no danger of embarrassing collisions between 
cultures. Big game hunters from the future may have wiped out the dinosaurs, but 
the age of Homo sapiens may lie in a blind region which they cannot reach.” 

‘The idea of time as a spiral was quite popular in early science fiction. Typical is 
cone tale"? in which the time traveler suddenly finds himself not in 1933 but in 2189, 
His situation is “explained” to him thus: “[The] time stream is curved helically in 
some higher dimension, In your case, a still further distortion brought two points of 
the coil into contact, and a sort of short circuit threw you into the higher curve.” 


7G, Fulmer, “Understanding Time Travel.” Southwestern Journal of Philosophy. Spring 1980, 
pp. 151-156, The moder view ofthis “paradox is nor that it describes a situation so absued that 
time travel must be impossible, but rather that «ifthe time travelers who were (will be?) at the 
CCrucitixion are in the historically recorded crowd (sce note 46 again). The Crucifixion happened 
just once, not over and over. I return to this point later in the book 

“SD, Plachta, “The Man from When.” Worlds of ISeience Fiction. July 1966, 

“°R.HL Wilson, “A Flight Into Time,” Wonder Stories, February 1931 
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‘A few years later (in 1937) we find another story” with the same spiral-time 
concept; with a sixty-million year pitch to the time helix, there is no danger of a 
‘grandfather paradox. That same year spiral time was the central ‘scientific’ theme in 
the stage production “I Have Been Here Before” by the English playwright J. B. 
Priestley. 

‘The very next year (1938) the young Isa 
attempt at professional writing, despite a life-long unhappiness with the concept of 
time travel. Titled “Cosmic Corkscrew,” it was initially rejected, indeed it was 
never published, and eventually lost. Though, perhaps, not for long, since one 
enterprising modem writer has used it as the basis for his own time travel tale.*! 
In it a traveler from the near future travels back to 1938 to retrieve “Cosmi 
Corkscrew” before Asimov loses it (perhaps that’s why it was lost!) Even when 
‘writing introductions to other writers’ time travel tales, Asimov would often insert 
personal comments on his opinion of the concept. For example, in one volume of an 
anthology series he edited, The Great Science Fiction Stories (of 1954), he wrote 
“To my Way of thinking itis precisely because time travel involves such fascinating 
paradoxes that we can conclude, even in the absence of other evidence, that time 
travel is impossible.” And in The Great Science Fiction Stories (of 1961) he bluntly 
declared “I think scientists who think up methods of time travel are probably all 
wrong. 

Spiral time is a close cousin to citcular time. One story dealing with circular 
time has a time traveler who finds, after a trip one hundred years into the future, that 
he can’t get all the way back to his own time because the required energy rises 
exponentially with increasing penetration into the past. Still, it’s very cheap in 
energy to go forward in time in this tale, and that’s what the traveler does, in search 
of help from the future’s advanced technology. He never finds what he needs, 
however, and so goes forward right into the collapse of the universe and through a 
new Big Crunch that forms an identical new cycle of time. He thereby returns home 
to just before he left.®* This eternal recycling of identical, circular time is. so 
terrifying that the traveler decides to suppress what he has leamed about how to 
time travel—and so maybe that's why there are no apparent time travelers. Science 
fiction writer Larry Niven has argued, however (see note 27), that while this may be 
a conceptually valid (?) way to travel into the past, he also warns that “Removing 
‘your time machine from the reaction of the Big Bang/Crunch could change the final 
configuration of matter, giving an entirely different ... history.” (I strongly suspect 
‘on his face!) 


ic Asimov used the idea in his first 


that Niven wrote that with a big smil 


Sp, 8, Miller, “The Sands of Time,” Astounding Stories, April 1937. 

M.A, Burstein, “Cosmic Corkscrew.” Analog, June 1998, 

=p, Anuerson, “Flight to Forever,” Super Science Stories, November 1950 

Turing this idea on its head isthe approach of the 1978 novel The Way Back (DAW) by A.B. 
Chandler. Its characters return from the past to their own time by traveling even further backwae, 
right through the Big Bang and into the previous (and identical) eye of time. 
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‘The famed English physicist Stephen Hawking is so taken with the question of 
‘where are all the time travelers?” that he has elevated their apparent absence (“we 
have not been invaded by hordes of tourists from the future”) to the status of being 
a demonstration of the impossibility of time travel to the past. His so-called 
Chronology Protection Conjecture, Hawking likes to say, “makes the universe 
safe for historians”: that is, there is nothing to worry about (if you're concerned 
that time travelers could change the past) because time travel is simply impossible 
‘You'll see later in the book that there are other possible ways to insure the safety of 
history without denying the possibility of time travel, and Hawking himself has 
backed away just a bit from the Conjecture, saying now that he was simply looking 
for a humorous line 

While Hawking’s endorsement of it has made the Conjecture famous, he wasn't 
the first to state it. Two years earlier it had appeared, in of all places, a financial 
publication: “[If] time travel was possible, someone from the future would eventu- 
ally either discover a time tunnel or build a time machine and come visit us.”*> And 
even before that, an economist presented a ‘proof for concluding that “time 
travelers do not and cannot exist.” He argued that if time travelers from the future 
‘were actually amongst us (our ‘now’ is their ‘past’) then, by virtue of their 
knowledge of things to come (our “future’) they would make financial deals so 
‘numerous and extensive that interest rates would be driven to zero, Interest rates are 
not zero, however, and thus no such time trayel hanky-panky has occurred, 

‘These sorts of financial arguments aren’t like to convince many ph 
philosophers of the Conjecture's merit, At most we can only conclude from them 
that time travelers from the future have not influenced financial affairs, which 
doesn’t mean they aren't here. In any case, the Conjecture was actually stated 
more than 20 years before Hawking by Larry Niven (see note 27), who declared 
‘what is called Niven 's Law’ “Ifthe universe of discourse permits the possibility of 
time travel, and of changing the past, then no time machine will be invented in that 
universe.” And Hawking’s concer over time travelers meddling with the past was 
anticipated in science fiction, too, by at least half a century; in a 1950 tale, for 
example, we lear of a Master Historian, and the graduate students in his course on 
“Experimental History’ in the forty-sixth century, trying to correct a problem 
created by a previous tampering with the past!” 

Not all physicists and philosophers feel intellectually comfortable with the 
Conjecture, as it seems (to them) a too quick surrender: “Time travel is a problem 


sts Or 
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so hard to do let’s simply define it to be non-existent and then we won't have to 
worry about it anymore.’ To really show that time travel is impossible, however, 
cone needs to demonstrate how it would violate one or more of the laws of physics. 
Hawking, of course, understands this and has stated that, as one who is no fan of 
time machines and time travel, he believes there is new physics yet to be discovered 
that will forbid would-be time travelers from roaming up and down the centuries 
Finding that new physics is the lure the study of time machines has for him, As he 
correctly writes in his autobiography,”* “Even if it tums out that time travel is 
impossible, it is important that we understand why it is impossible.” 

One mathematical physicist who agrees with Hawking on the matter of the 
unlikely possibility of making a time machine is the New Zealand theoretician 
‘Matt Visser. Noting that while quantum field theory, and the general theory of 
relativity, are each amazingly good theories in many applications within their 
respective realms, they are not so good in spacetime regions at the so-called Planck 
scale (that is, when the density of mass-energy reaches the fantastic level of 10 
grams/cm* and beyond) where chronology violations (that is, time travel) seem to 
be spawned. As Visser has observed,” this situation won't change until ‘we wander 
into the guts of quantum gravity,” the unification that will merge gravity with the 
quantum to give a theory that always works. Without quantum gravity, physies will 
continue to be “infested” (Visser's word) with “sick” (Visser's word) spacetimes 
that allow time travel, Visser believes that the discovery of the theory of quantum 
gravity can be ‘guided’ by building causality into it," and the result will finally 
consign time machines to where (in his mind) they belong, the dust-bin of crackpot 
physics 

Well, perhaps so, but we don’t have a quantum theory of gravity yet, and 
probably won't for some time to come, and so the puzzling questions about time 
travel remain, ‘To end this section on a slightly gloomy note, an idea appeared in 
science fiction,” when Hawking was still a teenager, offering a possible rebuttal to 
the Conjecture, It opens with one of the inventors of the first time machine just 
returning from a trip to the past of 1938, Still, despite this success, the inventors are 
puzzled by what they call ‘the problem’: “But if we have time traveled, then 
obviously men of the future have time traveled. They will be able—are able to 
come back, [So] where are they?” They finally conclude that there can only be two 


Stephen Hawking, My Brief History, Bantam 2013, p. 113. 

"Matt Visser, “The Quantum Physics of Chronology Protection,” in The Future of Theoretical 
Physics and Cosmology, Cambridge 2008. This papet was Visser's contribution to the celebration 
fof Hawking's 60th birthday, held in January 2002, 

“This may seem lke something new. but iteally isn’t. General relativity has causality built int it 
‘ona local level (where it belongs): a failure of eausality (that is time travel—see J. Sharkey, “The 
Trouble With Hyperspace," Fantastic April 1965) occurs in general relativity only when one 
studies slobal regions of certain spacetimes. Forcing a physical theory to have a prescribed global 
Jiehavior would be 1o undo all of physies since the development of local feld theories, along with 
all their amazing successes in explaining nature. 
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possible answers. Either there is nobody in the future, or time travel is so dangerous 
(is that why the future might be empty—humanity misused time travel and killed 
itself off?) that all who invent it will suppress it, And that’s what they decide they 
must do. 


1.3. Skepticism About Tales of Time Travel 


“May it not be that our inability to leap into the fiftieth century, A.D., seems impossible to 
us, merely because of certain prejudices we entertain or certain facts and tricks of which we 
ace sil hopelessly ignorant? Assuredly, this is ota foolish query. Its answer, whatever that 
may be, carries immeasurable consequences far metaphysics.” 


—a scholar wonders! 


A thought-provoking possibility for explaining the scarcity of certified time 
travelers is the central thesis of a fascinating paper in the philosophical literature. 
‘The author of that paper argues (note 13) that nobody would believe a time traveler 
even if he willingly confessed and revealed his knowledge of the future, or even 
gave the details of his time machine. He goes on to make the astonishing assertion 
that even the time traveler himself would have doubts! This perhaps shocking 
suggestion deserves some elaboration, especially because it invokes the authority 
of the patron saint of skeptics for support, the Scot David Hume (1711-1776). The 
crucial point to keep in mind is explicitly stated in the argument: “The key question 
will not be ‘Is time travel possible?” We shall instead ask whether itis possible to 
justify a belief in a report of time travel.” This gets to the real heart of Clarke's 
puzzle from the previous section, 

Much of the resistance to the idea of time travel lies in sheer skepticism, For 
‘many, time travel (to the past, in particular) is simply too much out of the ordinary 
to be taken seriously. For many, time travel would literally be miraculous. Hume"s 
great work, An Enquiry Concerning Human Understanding." contains a section on 
how a rational person should react to a claim that a miracle has occurred. Hume 
proclaimed that a miracle by definition violates scientific law and that, because such 
laws are rooted in “firm and unalterable experience,” any violation of one or more 
of these laws immediately provides a refutation of the report of a miracle, In 
Hume's own words: 


“Nothing is esteemed a miracle, if it ever happened in the common course of nature. It is no 
miracle that a man, seemingly in good health, should die on a sudden; because such a kind 
of death, though more unusual than any otber, has yet been frequently observed to happen, 
Bur it is a miracle, that a dead man should come to life; because that has never been 


©W. B, Pitkin, “Time and Pure Activity.” Journal of Philosophy, Psychology and Scientific 
Methods, August 27, 1914, pp. 521-526, itkin’s essay Wasa critique of tine tavel as presented 
in Wells The Time Machine, which Pitkin called “one of the wildest fights of literary fancy.” 
Making its first appearance in 1748, Enquiry has been reprinted numerous times since. used the 
1963 edition published by Open Cour. 
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observed in any age or country ... When anyone tells me, that he saw a dead man come to 
life, {immediately consider with myself, whether it be more probable, tht this person 
should either deceive or be deveived. or that the fact, which he relates, should really have 
happened. I weigh the one miracle against the other; and according 1 the superiority, which 

T discover, 1 pronounce my decision, und always reject the greater miracle 

[my emphasis)" 

It is a strict interpretation of Hume that Sorenson (note 13) has adopted in 
claiming that a time traveler would have no success (among rational persons) 
with tales of ‘different times.” As he explains, “Clearly the time traveler cannot 
persuade a reasonable person by baldly asserting ‘I am a time traveler.’ The 
improbability of his claim places a heavy burden of proof on him. But perhaps he 
could shoulder the burden by means of artifacts, predictions, and demonstrations.” 
Sorenson dismisses all of these possibilities, however, by reminding us of the 
slightly sleazy history of parapsychology and ESP, both of which run counter to 
known scientific laws, but which have still duped “many a respected scientist.” Any 
artifact, prediction, or demonstration of time travel, argues Sorenson, is more likely 
to be the result of deception and fraud than of actual time travel: “Should the time 
traveler take observers for a spin in his time machine, the skeptics will have us 
compare their adventures with séances,” The rational reaction to such a spin around 
the centuries, according to Sorenson's presentation, would be like that of a magi- 
cian who cannot figure out how a colleague has just done his newest act: ‘Ni 
trick! How did you do it?”* 

‘The time traveling tourist stranded in the past in one story is used to getting a 
skeptical reaction because he can provide his questioners no technical explanation 
for his situation, “How the hell should I know? I'm just a tourist. It has something to 
do with chronons [see the Glossary]. Temporal Uncertainty Principle, Conservation 
of coincidence. I’m no engineer."** Somewhat more successful (perhaps) is a time 
traveler born in 2003 who turns up in 1975. After he tries to convince an interro- 
gator of how that can be, he apparently succeeds. As the time traveler later tells a 
new friend in the past of 1975, “What amazed me .... was that he really believed me 
in the end.” But the friend doesn’t buy that, replying “He did? T think he just 


‘What Hume is alluding to here should be plain: as expressed in P. Heath, “The Incredulous 
Hume,” American Philosophical Quarterly, April 1976, pp. 159-163, Hume was “an exposer of 
‘had arguments in rational theology.” For Hume, second-hand (or even more remote) tales of the 
return of & man from the dead—the claim that literally kept Christianity alive after Chris's 
execution —were suspect 

This skeptical reaction was nicely captured in the story “E for Effort” by T. L. Sherred 
Astounding Science Fiction, May 1947). As one character laments, “I've watched seribesindite 
the books that burnt at Alexandria; who would buy. or who would believe me. if L copied one 
‘What sort of padded cell would I get if I showed up with a photograph of Washington or Caesar? 
‘Or Christ?" The padded cell was indeed the fate of he time traveler in “The Ambassador from the 
2st Century" (Starling Stories, March 1953) by H. J. Shay, the story of a man who journeyed 
from A.D. 2007 back 10 1952 10 warn ofa future war, he Was commited toa mental institution 10 
receive help for his “ilusion. 

“J, Haldeman, “No Future ln I.” Omni, Apeil 1979. 


3 Skepticism About Tales of Time Travel 7 


pretended, A scientist isn’t likely to believe a thing that is against all logic.”"” Ifthe 
reception committee is a crowd of conservative, cautious Humeans, it would seem 
that a time traveler is almost certainly doomed. Early science fiction time travelers 
from 2030, for example, were wamed about receiving a skeptical response as 
follows (the editorial introduction to this tale called it “a curious study of 
psychology”): “Our wisest men advised against [our trip to the past]. They said 
‘we could hope to be received only as imposters and fakirs, that .... we would find 
only twentieth-century barbarians, suspicious, ill-tempered, likely to do us bodily 
harm.” 

For many, such skeptical reactions to self-proclaiming time travelers seems 
dogmatic in the extreme—the response of people with no imagination, no spirit, 
and heads full of cement, Humean skepticism requires, so it would seem, the 
rejection of anything and everything that is profoundly surprising, leaving the 
world a place of utter predictability and boredom. As one science fiction writer 
put it, “When the miraculous occurs, only dull, workaday mentalities are unable to 
accept it.”®” Sorenson answers this harsh criticism as follows: “Humeans respond 
[to Sheckley] by distinguishing between surprises. Most surprises in science do not 
violate accepted scientific laws. The strange wildlife in Australia was not excluded 
by biology, X-rays were not precluded by physics.” 

Sorenson does well, however, to avoid mentioning such profound surprises as, 
for example, the spectrum of black-body radiation and, later, the photoelectric 
effect, which were not in the domain of known classical science at the beginning 
of the twentieth century. Those puzzling, surprising, totally mystifying effects 
required new science—the discovery of the quantum concept by Max Planck, 
(Explaining the photoelectric effect, not relativity, is what won Einstein his 
Nobel prize.) A strict Victorian-age Humean, as described by Sorenson, would 
have wrongly rejected the experimental reports of all quantum phenomena and 
‘would also (perhaps just as wrongly) have rejected all reports of time travel. 

A strict Humean definition (as described by Sorenson) that a miracle has 
occurred requires a violation of one or more of the known [my emphasis] scientific 
laws of nature.” As one modem philosopher defines a miracle, itis any event that 
“can be explained only [my emphasis] by reference to the intervention of a 
supernatural force."”! Time travel, by that interpretation, is not a miracle because 
general relativity, not God, is all that is required. C. S. Lewis (1898-1963), late 


1G. Gor, “The Garden,” in Russian Science Fiction (R. Magidotf, edits 
Press 1969. 
“P, Bolton, “The Time Hloaxers." Amazing Stories, August 1931 
“Robert Sheckley, “Something for Nothing,” in Citizen in Space, Ballantine 1955, 
The word known is important. As a character in one early science fetion story puts it, “These 
things [four-dimensional object] sound like miracles: but, afterall, what are miracles but phenom 
ena which, on account of our ignorance {my emphasis, we cannot explain?” See B. Olsen, "The 
Four-Dimensional Roller-Press,” Amazing Stories. June 1927 
™D, M. Ahem,“ 
1977, pp. 11-79. 
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professor of Medieval and Renaissance Literature at Cambridge University, how- 
ever, absolutely rejected Hume’s view on how a rational person should react to 
certain surprising events. Lewis, one of the most thoughtful modern writers on 
Christian theology, had no patience with skeptics (or, as he called them, 
materialist). "= 

Professor Lewis graphically illustrated the dug-in position of the extreme skeptic 
as follows: “If the end of the world appeared in all the literal trappings of the 
Apocalypse; if the modern materialist saw with his own eyes the heavens rolled up 
and the great white throne appearing, if he had the sensation of being himself hurled 
into the Lake of Fire, he would continue forever, in that lake itself, to regard his 
experience as an illusion and to find the explanation of it in psychoanalysis, or 
cerebral pathology.””* If the end of the world would receive such a skeptical 
response, then a mere time traveler would surely have no hope at all of being 
believed. 

Lewis would certainly have rejected Sorenson’s most astonishing assertion: “So 
far I have concentrated on the time travel question from the perspective of the time 
traveler's audience. What about the time traveler himself? Can he at least know he 


isa time traveler?” Sorenson argues that a time traveler, if authentic, should be able 
to convince his audience, and that ithe can’t (and he cannot if they are true Humean 
skeptics), then the time traveler must entertain doubts, too! It doesn’t matter (says 
Sorenson) that the time traveler has memories of his adventures, and it doesn’t 
matter that he knows in his heart that he speaks the truth, Using words that echo 
Lewis’ sarcasm, Sorenson quickly dismisses the importance of the time traveler's 
self-knowledge, declaring such memories to be merely the symptoms of some deep 
psychosis, and the traveler's introspective sincerity to be a product of gross 
self-deception. 

Sorenson specifically mentions the traditional Humean response to astonishing 
reports when he cites earlier writers on time travel in the philosophical literature 
In one of those analyses, for example, we find an argument for the reasonableness of 
a rational belief in time travel (“I have been amused and irritated by the spate of 
articles proving that time travel is a ‘conceptual impossibility’) by claiming such 
proofs must be faulty because there is a mathematically consistent explanation for 
such a belief,” (This author was referring to spacetime diagrams, which we'll get to 
in Chap. 3.) This paper received a very sharp rebuttal fom another philosopher who 
convincingly used fundamental physics to show a simple use of spacetime diagrams 
ina special relativity setting does nor support time travel to the past.”* (I'l return to 


in Lewis’ eerie, unfinished story “The Dark Tower.” a tle ofthe “ehronoscope,’ a gadget that 
“does to time what te telescope does ta space,” the persistent skeptic in the story is a Scot, surely 
created in the image of Hume. See C. 8. Lewis, The Dark Tower and Other Stories, Harcourt 1977. 
*. 8. Lewis, The Grand Miracle, Ballantine 1986, 
4H, Putnam, “It Ain't Necessarily So." Journal of Philosophy. October 1962, pp. 658-671 
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Eurman, “On Going Backward in Time." Philosophy of Science, September 1967, 
pp.211 
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this point in Chap. 3.) Even later a Humean-style rebuttal came from yet another 
philosopher, who showed how to explain the time travel phenomenon that Putnam 
(note 74) described without invoking time travel.” This isn’t to say that Weingard 
doesn’t invoke some pretty astonishing gadgetry (and more) himself, like matter 
transmitters and anti-matter humans. (You'll see how anti-matter ties-in with time 
travel a bit later in the book.) A resurrected Hume would surely applaud these 
rebuttal analyses (although he might also doubt his own fresh existence) 

Hardly anybody is happy with Weingard’s approach for avoiding time travel 
(including, I suspect, even Weingard). His ‘explanations’ seem, just like a time 
machine, to be incredible and, as Arthur Conan Doyle’s Professor Challenger says 
in one tale not staring Sherlock Holmes, “You cannot explain one incredible thing 
by quoting another incredible thing.””” An interesting science fiction exposition 
illustrating Professor Challenger’s Humean philosophy occurs when a copy of The 
New York Times for December | shows up for some subscribers a week early, on 
November 22. It seems the only explanation is either that the paper really is from 
the future (due to some sort of uke of the fourth dimension), oF that it is a hoax. 
‘The first-person narrator of this 1973 tale™ provides us with his reason for believing 
the former: “I don't find either notion easy to believe but I can accept the fourth- 
dimensional hocus-pocus more readily than I can the idea of a hoax.” Hume 
couldn't have said it better. 

It should be clearly understood that Hume was not arguing for disbelief in 
absolutely anything surprising, but rather for rational analysis. Historically, the 
context of Hume’s times was that of what he took to be non-rational arguments for a 
belief in God, particularly those ‘proofs’ so beloved by theologians based on Design 
(Heath [note 64] calls such ‘proofs’ “philosophical museum pieces”). As Heath 
writes, “Hume ... makes no attempt to deny the supposed facts; he simply argues 
that they are consistent with other explanations and other analogies of a less 
ambitious kind. There is no right to attribute to the causes of such phenomena 
abilities more extensive than are needed to produce the observed effects 

As a matter of fact, even Hume could be convinced of quite strange matters, and 
I think Sorenson does interpret the philosopher a litle too narrowly. In his essay 
concerning Hume’s position on holding a belief in God, Heath wonders whether 
there is “empirical evidence [imaginable] which would persuade any reasonable 
mind of the real existence of an infinite God.” Heath answers his own question as 
follows: “If the stars and galaxies were to shift overnight in the firmament, 
rearranging themselves so as to spell out, in various languages, such slogans as I 
AM THAT I AM, or GOD IS LOVE—well, the fastidious might consider that it 


R, Weingard, “On Travelling Backward in Time,” Synthese, July-August 1972, pp. 117-132. 

Anthur Conan Doyle, “The Disintegration Machine.” The Strand Magazine, January 1928. 
Professor Challenger is nothing like Wells’ thoughtful Time Traveller, in the original 1912 
Challenger novel The Lost World, he was described as a “primitive cave-man ina lounge suit.” 

%R, Silverberg, “What We Learned from This Morning's Newspaper." in Beyond the Safe Zone, 
Warner 1986, 
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‘was all very vulgar, but would anyone lose much time in admitting that this settled 
the matter? ... Confronted with such a demonstration, the hard-line Humean [but 
not Hume, himself, I think] could continue, of course, to argue that, for all its 
colossal scale, the performance is still finite, and so cannot be evidence of more 
than the finite, though immense power that is needed to achieve it.” 

Skepticism about ‘time travel” was around long before the specific idea of a 
“time machine” was conceived. For example, the eleventh-century Persian poct- 
philosopher Omar Khayyam was blunt in his evaluation of the likelihood of reliving 
the past. As he so beautifully wrote in one of the quatrains of the Rubaiyat, 


The Moving Finger writes; and having writ, 
Moves on: nor all your Piety nor Wit 

Shall lure it back to cancel half a Line, 
Nor all your Tears wash out a Word of it. 


Quite a bit later the English poet Thomas Heywood, in his 1607 play A Woman 
Killed with Kindness, had one of his characters express a similar thought: 


God, 0 God, that it were possible 

To undo things done, to call back yesterday, 

That Time could turn up his swift sandy glass 

To untell the days, and to redeem these hours 

Or that the Sun 

Could, rising from the west, draw his coach backward, 
Take from the account of Time so many minutes 

Till he had all these seasons called again, 


But Of I talk of things impossible, 
And cast beyond the moon. 


When Gadel’s discovery of time travel in his rotating universe was announced, 
the skeptics were easy to find, One philosopher” wrote of it “This property [of time 
travel] must be judged an absurdity by anyone committed to the ordinary modes of 
speech.” And another” 
“bizarre conceptior 
immune to skepticism, either, even though you might have expected t 


‘was only slightly less charitable: Gédel’s solution was a 


and a “mere mathematical curiosity.” Science fiction wasn’t 
to be the 
‘one place where the high drama of time travel would be welcomed. Four years after 
Gadel’s paper appeared we find one respected anthologist writing," as part of his 
introduction to a story, “In this tale we meet our first Mad Scientist, Just asin reality 
the thoroughly cracked pots used to be found inventing perpetual-motion machines, 
so in science fiction we find the lunatic fringe more often than not trying to perfect 


4, D, Non, The Measure of the Universe, Oxford University Press 1965. 

"C.-T. K. Chari, “Time Reversal, Information Theory, and “World-Geometry'," Journal of 
Phitosophy. September 1960, pp. 579-583. 

"Groff Conklin, editor of Seience-Fiction Adventures in Dimension, Vanguard 1952, 
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time-travel mechanisms.” And that same year the founding editor of Galaxy 
Science Fiction Magazine declared “Time travel requires a suspension of disbelief 
that is almost unbelievable . .. Scientifically, time travel can’t stand inspection,”,"* 

Years later matters had not much changed. For example, in his marvelous 1985 
book The Past is a Foreign Country, David Lowenthal repeatedly refers to time 
travel as “fantasy,” and to science fiction stories about time travel as “unbridled by 
common sense.” (Lowenthal is a professor of geography, not physics.) Science 
fiction writers were still often not much more enthusiastic about time travel. 
The well-known science fiction writer and critic Alexei Panshin, for example, 
agrees with Lowenthal, at one point, long after Gédel, writing “Time travel is a 
philosophical concept, not a scientific one. It is, in fact, as has often been pointed 
out, scientific nonsense.”** 

Skepticism does have its uses, however. Modem science fiction writers have 
often used it asa dramatic means of building conflict and tension in their time travel 
stories. A skeptical reception is extreme, for example, fora soldier-in-time who has 
fought in numerous wars, from the ancient pas toa billion years inthe future. He 
finds that nobody believes him when he speaks openly of his temporal adventures 


during a visit to a present-day bar. Everybody merely thinks it is all a hilarious gag. 
This is in great contrast to one 1870s story" in which suspicion of a stranger plays 
central rol 


, but which finds its offered explanation in something entirely different 
from time travel. It tells of a man who suddenly appears in the midst of a Union 
military camp during the American Civil War. 

‘This man quickly displays strange lapses in his background, as well as 
possessing knowledge of many different things well beyond anything that could 
be called common. The details of the story are not important for us but, if it were 
published in a modern science fiction magazine, this man would almost surely be 
identified in most readers’ minds as a time traveler. In 1875, however, the author's 
narrator found his punch line in “his firm conviction that the quiet, gentle, well- 
behaved, modest gentleman, so singularly gifted ... is, in plain terms, the devil!” 
Time travel certainly never entered the author's thoughts or, if it did, he lost his 
nerve at the idea of using it in this pre-Wells story. You'll recall from the opening of 
the Introduction that it was this “use of the devil to explain mysterious happenings’ 
that Wells wanted to move away from, and that was the motivation for his 
introduction of a time machine. 

Hollywood has at least gotten the skeptical part of the psychology of time travel 
right (later discussions in this book will focus on how film makers have been less 
successful with the physics). When, for example, the time traveling villain in the 


'H.L. Gold, editor of The Galaxy Reader of Science Fiction, Crown 1952. 
°° his introduction to Robert Heinlein's classic time wavel tale (tobe discussed later) “AM! You 
Zombies—" in The Mirror of Infinity, Canlield 1970 
MP, Leiber, “The Oldest Soler.” Fantastic, May 1960 
"5G. C. Eggleston, “Who Is Russell?" American Homes, March 1875. 
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1989 movie Time Trackers is confronted in the medieval past, he simply laughs-off 
a threat to reveal his true identity. “Go ahead,” he says in effect, “the only thing your 
talk of time machines from the future will accomplish is for people to think you are 
crazy!" 

What would Arthur C. Clarke have thought of all this skepticism being directed 
toward those who claim to have a time machine? His thoughts about the difficulty 
what started the 


time travelers would have in maintaining low profiles wer 
previous section, after all. My guess is that he would have had little patience with 
extreme incredulity. The surprise of being confronted by a time traveler would soon 
have tuned to awe and pleasure IF—and | emphasize the IF—Clarke had been 
taken for a spin around the centuries in the stranger’s machine. He would surely 
have ended-up quoting his own famous ‘third law” to explain the wonder of it all: 
“Any sufficiently advanced technology is indistinguishable from magic. 

Near the end of his paper, Heath writes what I think is the perfect rebuttal to 
anyone who would refuse to admit to time travel, even after taking a quick trip 
backward a few tens of millions of years to the late-Mesozoic era to hunt Tyran- 
rnosaurus rex, and even after seeing instant photographs of the dead monster with 
the skeptic’s own foot on the great creature's head, or of his own boots dripping a 
bloody puddle of unholy size on the floor of the time machine, Writing about the 
Humean-unconvinced, even when faced with a rearranged firmament, Heath 
observes “But this now seems a cavil, designed only to prove that even omnipo- 


tence is powerless against the extremer forms of skeptical intransigence.” Where 
God would fail to convince, a simple time traveler could hardly hope to do better! 


1.4 Troubles with (some) Time Machines 


“If you don't stop this senseless theorizing upon something that's an obvious impossibility, 
you'll find yourself working alone! Your ridiculous ideas sound like the ravings of & 
madman, Anyone with average intelligence realizes that the mere thought of traveling 
through time is absurd 


Ifthe previous section seemed just a bit gloomy concerning time travel, there is 
very big reason for that. The sentiment expressed in the above opening quote to this 
section was a common one among philosophers long before physicists began to 
seriously think on the topic. While there are issues with time travel to the future, 
they are of an engineering nature, centered on how to build a big enough rocket ship 
‘with enough fuel to make the high speed, looping trip out into space and back again 
described in the opening section of this chapter. ‘Mere” engineering problems are of 
no concer to physicists and philosophers. What does concem them are the far 
deeper puzzles of time travel to the past, the puzzles presented by what appear to be 


A science fetion physicist receives harsh criticism from a colleague in L, A. Eshbach's “Out of 
the Past,” Tales of Wonder, Auturnn 1938. 
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logical paradoxes, Before we get into the paradoxes, however, we need to first clear 
our minds of two common, popular notions of just what a time machine is. Both are 
false notions (one is due to H. G. Wells) which are, today, rejected by physicists 
{and most philosophers, too)."” 

As you'll see later in the book, all the theoretical time machines that have 
appeared in the moder physics literature involve spatial displacement. That is, 
they require movement. (On this point, the speedy DeLorean time carin the Back to 
the Future films has it right.) Wells’ time machine, however, did not move; it 
always remained in the Time Traveller's laboratory (or at least on the spot where 
the laboratory would have been) unless he pushed it about after a trip in time. This, 
alas, results in a particularly troublesome problem: a Wellsian time machine 
heading into the past would run into itself! 

Consider: There sits my time machine as I prepare for the first time journey ever, 
a trip back to the late-Mesozoic era to hunt dinosaur. I load my Continental, 
(600 super-high-power rifle with Nitro Express cartridges the size of bananas, kiss 
my wile good-bye, and climb in. I pull the lever. Now, Wellsian-type time 
machines don’t jump over time but rather travel through time (see the Time 
Traveller's own description of how things looked to him, a description faithfully 
and spectacularly reproduced in the 1960 film). Therefore, the time machine will 
instantly collide with itself at the micro-moment before I pull the lever! 

‘The resulting destruction obviously introduces a nice paradox: Given that this, 
happens before I pull the lever, how did I manage to pull it? Many of the early 
science fiction writers were not totally oblivious to this collision problem and, in 
order to avoid materializing inside of an object in the future or the past, it was 
common to combine the time machine with an airplane.** Even that though might 
not be enough, as one writer thought a Wellsian time traveler would get “a severe 
case of the bends” if his body materialized in air!"” Of course, one might argue that 
Wells’ machine does actually move because it is attached to the Earth, which is 
certainly moving, but it is not clear why this should result in the time machine 
arriving in the temporal past of the Earth, rather than in some past region of space 
(almost surely a vacuum).2” 


Both ofthese notions sill routinely appears in seience fiction, however, because they are just 
too nea” to let “mere pyscs’ get in the way of a good tale. use one, without apology, in my own 
story “Newton's Gift” in Appendix B. 

Thee such tales are M.J. Breur, “The Time Valve,” Wonder Stories, July 1930: F.J. Bridge 
“Via the Time Accelerator.” Amaing Stories, January 1931: E. Binder, “The Time Cheates 
Thuilling Wonder Stories, March 1940. 

J. Lafleur, “Time asa Fourth Dimension," Journal of Philosophy, March 1940, pp. 169-178, and 
“Marvelous Voyages—H. G. Wells’ The Time Machine,” Popular Astronomy, October 1943, 
"Philosophers seem to be becoming more aware ofthe collison problem (which they have dubbed 
“the double oecupancy problem"), and atleast three papers published since the second edition of, 
Time Machines discuss it: W. Grey, “Troubles With Time Travel,” Philosophy. January 1998, 
pp- 85-70: P. Dowe, “The Case for Time Travel,” Philosophy, July 2000, pp. 441451: R Le 
oidevin, “The Cheshire Cat Problem and Other Spatial Obstacles to Backward Time Travel," The 
Monis, July 2005, pp. 336-352, Physicists don't concern themselves with the eollison problem 
simply beeause they aren't interested in Wellsian tine machines: Pl explain why Tsay this by the 
end of this section 
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‘The general problem of ‘where the past is’ was nicely illustrated by the physicist 
Gregory Benford in his 1980 novel Timescape. In that story the world of 1998 is on 
the verge of total ecological collapse, and an attempt is made to change the past by 
aiming a backward-in-time message via faster-than-light tachyons (these hypothet- 
ical particles are discussed in Chap. 5) at the pivotal year 1963. When the principal 
scientist involved in this effort is explaining the process to a potential financial 
backer, he is asked, “Hold on, Aim for what? Where is 19632” The scientist replies, 

‘Quite far away, as it works out. Since 1963, the Earth’s been going around the Sun, 
‘while the Sun itself is revolving around the hub of the galaxy, and so on, Add that 
up, and you find 1963 is pretty distant.” An understanding of the question ‘Where is 
the past?’ actually goes quite a bit further back in science fiction. For example, after 
looking through a TV-like gadget to view the past, one character in a 1940s story 
complains, “You said you'd find Captain Kidd’s treasure, but all I can sec is fog and 
static.” He is told that’s because “It’s too far back—1698 or thereabouts. The Earth 
‘was billions of miles from here then, and there are too many cosmic rays 
between.””" 

But let’s suppose we ignore this concem about where things are for a time 
traveler, as do most science fiction stories. Still another problem with a true 
Wellsian-type time machine is that because it travels through time, the machine 
must always appear to be located in the same place. For example, to travel from 
Ford's Theater today to Ford’s Theater on the evening of Good Friday, April 
14, 1865, in a misguided attempt to save Lincoln from Booth’s bullet (why this 
‘would be misguided will be discussed at length later in the book), a Wellsian-type 
time machine would have to occupy every instant of the intervening century and 
more. For observers outside the machine, the machine would appear to have been 
siting in the same place all those years. There is an amusing illustration of a failure 
to understand this point by the scriptwriters of the 1989 film Time Trackers, who 
have time travelers ‘hide’ their Wellsian machine from accidental discovery by 
‘parking’ it 5 s in the future! 

Wells was well-aware of the “does a time traveling object disappear or not?” 
issue, and tried to have it both ways in The Time Machine by invoking what he had 
the Time Traveller call “diluted presentation.” As we are told in the novel, the 
reason why we cannot see the model time machine he sends on its way into the 
future as a demonstration is that “the spoke of a wheel spinning, or a bullet flying 
through the air” is invisible because if those objects are “traveling through time fifty 
times or a hundred times faster than we are ... the impression [they create] will of 
course be only one-fiftieth or one-hundredth.” Similarly for the model. This expla- 
nation breaks down when one remembers that, even if you cannot see the spoke or 
bullet, they are still there and you can get in their way—Wells, unfortunately, has 
one of his characters stick a hand into the space where the model time machine was 
last seen. 


SIM, Jameson, “Dead End,” Thrilling Wonder Stories, March 1941, The “cosmic rays” are 
presumably the cause ofthe interference 
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‘This objection to Wellsian time travel was raised soon after the 1895 publication 
of the novel, and then again in 1914 by Pitkin (note 62), who noted that violent 
disaster awaited once the time journey ended. Wells, it is only fair to note, 
seemingly anticipated Pitkin when he had the Time Traveller say “So long as 1 
travelled at a high velocity through time [my emphasis] ... I was, so to speak, 
altenuated—was slipping like a vapor through the interstices of intervening sub- 
stances!” What this is getting at is that for the Time Traveller to stop ‘inside’ 
anything (Pitkin’s example was the pile of bricks the Time Traveller's laboratory is 
certain one day to become) would, as Wells had his hero say, cause “a profound 
chemical” reaction—possibly a far-reaching explosion—{that would] blow myself 
and my apparatus out of all possible dimensions.” Just why this spectacular event 
doesn’t occur when the time machine simply stops in air, never mind inside Pitkin’s 
pile of bricks, is never addressed. 

In any case, it seems clear from all of this that Wells’ machine travels through 
time, just as the Time Traveller claims. But Wells, himself, raises doubt when he 
describes the observed eflects of a departing time machine. At the beginning of the 
novel, when the Time Traveller sends his model machine into the future, we read 
“There was a breath of wind, and the lamp flame jumped. One of the candles on the 
‘mantel was blown out ... and it [the model time machine] was gone—vanished!” 
‘And, at the end, when the Time Traveller makes his final exit, the narrator of the tale 
just misses the departure but tells us “A gust of air whirled around me as I opened. 
the door, and from within came the sound of broken glass falling on the floor. The 
‘Time Traveller was not there ... Save for a subsiding stir of dust, the further end of 
the laboratory was empty. A pane of the skylight had, apparently, just been blown 
in.” Both of these descriptions read as implosions, air rushing into fill a spatial void, 
as though the time machines had jumped in time. Is there an inconsistency here 
Well, perhaps not, if one accepts the curious idea of “slipping like a vapor” for an 
operational Wellsian-type time machine. 

One famous science fiction story”® nicely illustrates these points. The inventor of 
the first time machine demonstrates it to colleagues by sending a brass cube S min 
into the future. After being placed in the machine, the cube vanishes and then, 5 min 
later, reappears. Did the cube travel through time, or was its journey “instanta- 
neous,” so to speak’ If shrowgh time, the cube was present at every instant alter the 
start of its trip—so why did it vanish? ‘The cube gets to each instant before the 
observers do, but why this should produce the visual effect of disappearing is 
unclear, The description in the story implies the cube traveled 5 min into the future 
‘without existing at any of the in-between instants, and so the story’s time machine 
certainly was not Wellsian 

An immediate implication of the immobility of a Wellsian time machine is that if 
you are being chased by an angry mob somewhen in time (perhaps because you 
unwittingly violated a sensitive social taboo), then hopping into your Wellsian-type 


“Actually nucTear, but don't forget when Wells wrote his novel. 
jalaxy Science Fiction, February 1954 


'R, Brown, “Experiment,” 
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time machine isn’t going to help because the machine just sits there. The mob could 
simply take its deliberate time in first building a roaring fire and then pushing the 
machine (and you) into it. As one author (with a wonderfully appropriate name!) 
expressed this, “You might as well try to escape by taking a nap." 

Pulp science fiction, always alert to a good story gimmick, used this character- 
istic of Wellsian time machines in one clever tale”® in which a criminal attempts to 
hide his crimes by sending the bodies of his victims into the far future. His mistake 
is to use a Wellsian time machine in which he escapes into the future. The police, 
however, having learned of his foul deeds, simply build a cage around the machine 
and arrest him when he exits 23 years later! 

If a Wellsian time machine that moves through time suffers from a fatal collision 
problem, then how about that other favorite of science fiction, a time machine that 
jumps in time? (Recall the final departure of Wells’ Time Traveller.) That certainly 
‘would avoid the self-colliding problem, When you pull the lever inside the machine 
‘you simply disappear from ‘now’ and (from your point of view) then instantly pop 
into existence ‘then.’ The problem with this sort of time machine is that a Time 
‘Traveller who uses it will have a discontinuous world line, with the break occurring 
al the moment his time machine ‘jumps,” In the modern physicist’s view of time 
travel, however, based on general relativity, a Time Traveller’s world line should 
always be continuous. That's because general relativity is a smooth, local field 
theory described by differential equations, resulting in continuous CTLs/CTCs. 

Imagine, for example, that a ‘jumping’ time machine inventor starts building 
hhis gadget at time t = A and expects to finish building it at time t= B > A. At time 
C.<B, however, he runs into a problem. Fortunately, just at that moment a Fully 
functional time machine suddenly appears in the lab, and from it emerges a slightly 
older version of the inventor. The older version has the solution to the problem and, 
after telling the younger version the answer, gets back into the operational time 
machine and jumps off to ... somewhen. The younger version then completes his 
‘machine at time t = B, gets into it, jumps back to time t = C, and ....° 

In the past, philosophers have gotten themselves all tangled-up in debates over 
personal identity, that is, which version is the inventor, the younger or the older? 
Can they both be the same person, even though the older version has a world line 
(starting at t = C) that is separate and distinct from the world line of the younger 
(that stops at t = B)? One philosopher (note 74) left physies behind and pursued this 
question into the following legal question concerning our two (?) inventors: if the 
older version commits a crime and then vanishes in his time machine before the 
police can apprehend him, can the younger version be punished even though he 


MI, Cook, “Tips for Time Travel.” in Philosophers Look at Science Fietion, Nelson-Hall 1982, 
‘One modern story that gets Cook's point right is by I, Watson, “The Very Slow Time Machine,” in 
The Best Science Fiction of the Year (T. Car, editor), Ballantine 1979. 

°°M, Jameson, “Murder in the Time World,” Amazing Stories, August 1940. 

This litle story I've just told you involves what i called a hootstrap paradox (just where did that 
solution come from, that is, who thought it up?) and its ane of the real puzzles of time travel. I'L 
say Jots more about such curious doings later in the book. 
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hasn't yet committed the crime? While certainly ‘interesting,’ this really is a 
non-issue for the modern physicist who is concemed only with the physical 
possibility (or not) of time travel to the past. 

Well, okay, you might now say, if neither a Wellsian time machine or a 
‘jumping’ time machine will do, then just what are physicists studying in their 
papers on time travel? The short answer here (in Chap. 3 I'll say more) is that 
physicists don’t view time machines as super-tech gadgets covered with wires, 
meters, dials, and levers, humming away beneath a seated Time Traveller as 
gigawatls of power throb through massive copper/crystal rods, with the whole 
business surrounded by a pulsating red-blue glow. Hollywood absolutely loves 
that sort of thing, but it’s simply all wrong. For modem physicists, a time machine 
is a region of spacetime with special topological structure. Then, to time travel, & 
‘Time Traveller moves through that region of spacetime (in a rocket, perhaps) along 
‘an appropriate path. To ‘make atime machine’ therefore, in modem terms, means to 
(somehow) manipulate finite amounts of matter/energy in such a way as to alter the 
topology of a finite region of spacetime from one that has no CTLs/CTCs to one that 
does.”” The most famous example of such a spacetime topology alteration (or warp) 
is the creation of a wormhole. A wormhole is a topological artifact of a spacetime; 
wormholes were popularized in Carl Sagan's 1985 novel Contact (under the 
guidance of physicist Kip Thorne) and are now common in science fiction.” 
‘As mentioned at the start of this chapter, for example, even Stephen King uses 
one in his 2011 mainstream novel 11/22/63. 

ll return to the ‘topology of spacetime” in Chap. 3 but, just so we don’t leave it 
here as a mysterious phrase, here’s a simple illustration of a topology change. 
Imagine a long, flat, narrow, two-dimensional strip of paper. The strip has the 
following topology features of interest to us here: (1) it has a beginning (its left end) 
and an ending (its right end), and (2) it has two sides (the top surface) and the flip- 

ide surface. Now, imagine that we take the right end of the strip, give it a half-twist 
of 180° through our three-dimensional space, and then finally we glue that twisted 
end to the left end of the strip. The half-twist and gluing (our warp) has changed 
both of the topological properties of the strip. That's because the strip now has no 
end (you can travel forever along the strip, always going “forward” and never 
reaching a point where can’t go forward some more), and the strip now has just 
one side. You can convince yourself that it is one-sided by coloring the strip with 


here isa hint oF this in one prescient scien 
machine, when asked about how it works, repie 
the spacetime continuum.” See N. Schach 
Fiction, June 1939 

%A wormhole is featured in the 2014 film fnerstellar, whose Executive Producer and technical 
advisor was Thorne. The films special effects are selativistically correct (wot the typical Holly- 
‘wood “fantasy physics’), and you ean read how that was achieved in Oliver James, Eugénie von 
Tunzelmann, Paul Franklin and Kip S. Thorne, “Gravitational lensing by spinning black holes in 
astrophysics, and inthe movie Interstellar.” Clasical and Quantum Gravity, February 2015, See 
also (same authors) “Visualizing Interseltar's Wormhole,” Amevieun Journal of Physies, Sune 
2015, pp. 486-499. 


fletion story. in which the inventor of a time 
‘An electromagnetic warping [my emphasis] of 
‘When the Future Dies,” Astounding Science 
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crayon, During the coloring, do not lift the crayon from the strip. When you can 
color no more, you'll find that every last bit of the strip has been colored. You can't 
do that with the original strip without lifting the crayon and tuning the strip over 
because the original strip was two-sided. Many readers will recognize that what 
we've done is make a Mobius strip, named after the German astronomer and 
‘mathematician August Mobius (1790-1868) who described it in 1858. 

Here's another astonishing property our half-twist warp has introduced. Cut the 
‘Mabius strip lengthwise with a scissors; most people believe you will then get two 
strips, each the length of the original strip but each only half as wide. Actually, you 
get one strip with a fill 360. twist, which means the result is back to having two 
sides. (To see this, make a Mabius strip, cut it, and then apply the crayon.) And if 
‘you cut this new strip lengthwise once more, you get two separate loops, linked 
together. Try it and see, but be very careful As the late science fiction writer Cyril 
Kornbluth (1923-1958) warmed, there may be horrific potential dangers in 
unschooled experimentation with topology warps: 


A burleycue dancer, a pip 

Named Virginia, could peel in a zip; 
But she read science fiction 
And died of constriction 

Attempting a Mébius strip.” 


To end this section, I should point out that a change in the topology of a 
spacetime is not a necessary requirement for that spacetime to support time travel 
to the past. Gidel’s rotating spacetime, for example, has a remarkably simple 
topology and, as you'll recall, it’s literally stuffed with CTLS/CTCs, to the point 
that time travel to the past in Gédelian spacetime would be an everyday occurrence. 
You might think a world that presents time travel as a fundamentally allowed 
physical phenomenon, as does Gidel’s spacetime, would be irresistible to science 
fiction writers. (So far as I know, however, no one has written a time travel story 
using the rotating universe idea.) In Chap. 6, in fact, I'l show you just how easy 
it would be to time travel in Gadel’s spacetime, using a rocketship as the means to 
‘move through that spacetime. Of course, our universe is not Gidelian, so the “time 
travel to the past’ question is not so easily answered for the spacetime we appear to 
actually inhabit, 


As you can see from this, science fiction writes have had fun with the Mibius strip. Two easly 
examples nor involving time travel are N. Bond, “The Geometsics of Johnny Day.” Astounating 
Science Fiction, July 1941, and W. H. Upson, “A. Botts and the Mobius Strip." The Saturday 
Evening Post, December 1945, The use of the MObius strip fr time travel occurs, for example, in 
M. Clifton's “Star, Bright,” Galaxy Science Fietion, July 1982 

PIF he had lived, perhaps the well-known science fiction writer James Blsh (1921-1975) would 
have writen sucha tale. In David Ketterer's biography of Blish Imprisoned in a Tesseract, Kent 
State University Press 1987), there is this comment from # 1970 letter written by Blish: “Lam 
especially intrigued by the spinning-universe form of time travel, especially since... xobody has 
touched it... But I should really stop mentioning the spinning-universe in public, or somebody 
‘will nobble onto it before I ean get into it!” 
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1.5 Quantum Gravity, Singularities, Black Holes, and 
Travel 


“A [spacetime] singularity is where God is dividing by 2 
— Anonymous 


theory that involves singularities and involves them unavoidably, moreover, carries 
Within itself the seeds ofits own destruction” 

—Peter Bergmann (1915-2002), Einstein's research assistant at the Institute for 
Advanced Study, Princeton 


A fundamental objection to general relativity’s suggestion of the possibility of 
time travel to the past is that, ina very deep sense, general relativity is known to be 
incomplete, ‘That is, it is incompatible with quantum mechanics, which is the 
physics of the very, very small—the physics of atomic-size objects and smaller. 
‘We touched on this at the end of Sect. 1.2, and here we'll take a longer look at the 
issue of merging quantum mechanics with general relativity 

In quantum mechanics, the discrete nature of the atomic world appears in such 
phenomena as the photoelectric effect, in which light acts like individual particles 
(photons) rather than as continuous waves. Einstein’s general relativity works 
beautifully on a cosmological scale but, like Maxwell’s theory of electromagne- 
tism, and unlike quantum mechanics, it fails when applied deep in the interior of the 
‘fom, Quantum theory, however, seems to work everywhere. As one physicist put 
it, “As far as we can tell, there is no experiment that quantum theory does not 
explain, at least in principle ... Though physicists have steered quantum theory into 
regions far distant from the atomic realm where it was bor, there is no sign that itis 
ever going to break down.”!"" 

One of the central concepts in relativity is the world line, which is the complete 
story of a particle in spacetime. A world line assigns a definite location to the 
particle at each instant of time. This is a classical, pre-quantum concept, however, 
and today physicists use the probabilistic ideas of quantum mechanics to describe 
the location and momentum of a particle once they get down to the atomic scale of 
‘matter. Quantum theory is a discrete theory in which the values of physical entities 
vary discontinuously (in “quantum jumps’), whereas in classical theories the values 
of physical entities are continuous. The difference between the two types of theories 
is something like the di between sand and water. Mixing the two theorie 
the classically smooth, continuous general relativity and the discrete quantum 
mechanics—to get something called quantum gravity, is the Holy Grail of physi- 
cists today, and nobody has more than an obscure idea of how to do it, 


"ON, Hebert, Faver Than Light: Supertuminal Loopholes in Physics, New American 
Library 1988, 


30 1A Broad Look at Time Travel 


Just one of the more curious results of the fusing of quantum mechanics with 


general relativity may be quantum time." That is, in quantum gravity the smallest 
increment of time that has physical meaning—sometimes called the chronon, a 
term first used in a non-time travel science fiction story"®*—may have a non-zero 
value. As we'll see later in the book, much of the controversy over the possibility of 
time machines hinges on what is called the quantum gravity cut-off. This is the 
end-result of destructive spacetime stresses that tend to grow toward infinity 
‘whenever a time machine spacetime topology attempts to form. This process goes 
under the general name of the back reaction, and is conceptually similar to a rubber 
band growing ever more taut as it is stretched, an effect that resists more stretching 
(and, of course, if stretched too far the rubber band breaks) 

‘The cut-off of those stresses, at some finite value, is imagined to occur when the 
terminal phase of the growth would take place in less than the minimum possible 
time interval. The cut-off happens because, itis thought, nothing can actually occur 
in less than the minimum time. The debate is over just what that minimum duration 
is, and over whether the cut-off would occur before the stresses could reach finite 
values large enough to destroy the putative time machine topology. If the cut-off 
occurs before the back reaction stresses climb to the critical value, then the time 
machine survives. Otherwise, not. 


To see how this ‘works,’ consider the two fundamental physical constants 
associated with classical gravity, the gravitational constant" G and the speed of 
light c, and the fundamental physical constant associated with quantum mechanics 
(Planck's constant) h. Now, if you play around with combinations of these con- 
stants it is easy to show that the following expressions have the units of length, time, 
and mass, called the Planck length (Ip), the Planck time (tp), and the Planck mass 
(mip), respectively: 


‘The extremely tiny values of p and tp (the chronon), in particular, indicate 
(roughly) where it is expected that the smooth, continuous spacetime of general 


HL. Kragh and B. Carazza, “From Time Atoms to Space-Time Quantization: the idea of dsc 
time, ea 1925-1936," Studies in History and Philosophy of Science, June 1994, pp. 437-462. 
"8, Weinbaum, “The Ideal,” Wonder Stories, September 1935, 

“*This is the constant in Newton's famous inverse-square law for gravity: the attractive foree 
F between two point masses m, and ms, distance r apart, is F = G22, 
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relativity will itself become quantized, and so will have to give way to a quantum 
theory of gravity 

‘The associated value of the mass-energy density when this transition is imagined 
to occur is enormous; the so-called Planck density is the Planck mass divided by the 
cube of the Planck length and has the value of about 10” grams/em*. This is where 
physicists expect classical and quantum gravity to part company. Can such an 
enormous mass-energy density actually occur?""* 

Yes, and more, in what physicists call singularities. 

‘This was all still very speculative until about 50 years ago, but today the search, 
for how to connect general relativity and quantum mechanics is serious business. 
‘That search is related to time travel studies via a fantastic sequence of discoveries in 
relativistic physics, made during the last 80 years, beginning in 1931 with the work 
of the young Indian astrophysicist Subrahmanyan Chandrasekhar (1910-1995). He 
combined quantum mechanics and special relativity to show that a non-rotating star 
above a certain mass (about 1.4 times the mass of the Sun) cannot evolve into a 
‘white dwarf, which had until then been thought the eventual fate of all stars. Stars 
‘more massive than 1.4 Solar masses (but not fo massive) would, instead, become 
neutron stars. But what then happens to stars that are too massive for even that 
bizarre eventuality? 

General relativity predicts that a sufficiently massive star—greater than about 
four times the mass of the Sun—will, when its fuel is nearly exhausted and its 
nuclear fires are beginning to fade, experience a truly spectacular event called total 
gravitational collapse. When its fuel-starved, weakened radiation pressure is no 
longer able to keep a massive, aged star inflated against the collapsing force of its 
own gravity, the star will suddenly implode and crush itself into what is called a 
black hole, a dramatic term coined in 1967 by the Princeton physicist John Wheeler 
(1911-2008) in an address before the American Association for the Advancement 
of Science. A black hole is an object with a gravitational field so strong that even 
light cannot escape—that’s why it's black!—at whose center is something called a 
singularity. This is all well-known lore in the physics world." 

Indeed, cataclysmic views of the collapse of matter are actually quite old. In 
Lucretius’ first-century B.C. The Nature of the Universe, for example, we find the 
following imagery on what it would be like if matter itself collapsed: “The ground 
will fall away from our fect, its particles dissolved amid the mingled wreckage of 


"By comparison, the density ofa neutron star ison the order of ‘mere’ 10" gramsfem". 

"perhaps not so well-known, however, is that science fietion was there long before Wheeler. In 
fone classic tnle (M. Leinster, “Sidevise in Time.” Astounding Stories, June 1934) a scientist 
explains atthe end, “We know that gravity warps space ... We can calculate the mass necessary 10 
‘warp space so that it will eompletely close in eompletely .... We know. for example, that if two 
gigantic star masses of certain mass were to combine they would simply vanish. Bu they would 
‘ot cease to exist. They would merely cease to exist in our space and time.” And then, as another 
character sums it up, “Like erawling into a hole and pulling the hoe in after you." The explicit use 
of the complete term black hole fora region of weird spacetime also appeared in science fiction 
before Wheeler (P. Worth, “Typewriter from the Future." Amazing Stories, February 1950). 
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heaven and earth, The whole world will vanish into the abyss, and in the twinkling 
of an eye no remnant will be left but empty space and invisible atoms. At whatever 
point you allow matter to fall short, this will be the gateway to perdition,”” These 
words were actually inspired by earthquakes, not black holes and their singularities, 
but could a modem expert in general relativity and singularities have said it any 
better? But, what is a singularity’? 

physicist has dramatically written, “once gravity runs out of 
control, spacetime smashes itself out of existence at a singularity.”""” Or to quote 
Hawking, “A singularity is a place where the classical concepts of space and time 
break down as do all the known laws of physics.” One particular view of 
singularity is that itis a place in spacetime that has infinite density and a gravita- 
tional field that is infinitely strong. The curvature of spacetime (more on curvature 
in Chap. 3) at this sort of singularity, sometimes called a crushing singularity, is 
also infinite. ‘This is the sort of singularity believed to be at the center of 
non-rotating black holes. Historically, however, the occurrence of infinities in 
physical theories has been thought the red flag signaling that the theories have 
simply been extended too far, and their calculated results are nonsense. 

Perhaps, then, singularities occur only in unrealistic physical applications of 
general relativity, and so it is only perfectly spherical collapsing stars that can 
end-up (on paper) as a black hole singularity. For a while physicists tried to 
establish that, but they were forced to abandon the attempt when it was shown 
that singularities are unavoidable and not just the result of idealistic assump- 
tions." This result worried many, and so the concern that general relativity was 
failing with its prediction of black holes and their singularities continued. In the 
case of a crushing singularity, perhaps all that meant is that once the collapsing star 
had fallen into a region even smaller than an electron, general relativity is no longer 
valid and the singularity is simply the ‘math gone wild.” Einstein, himself, held that 
view. In his book The Meaning of Relativity (based on lectures he gave at Princeton 
in 1921), he wrote (concerning the use of the general theory to study the origin of 
the universe as a “big bang,” which was a crushing singularity), “For Large densities 
of field and matter, the field equations [of general relativity] and even the field 
variables which enter into them will have no real significance. One may not 
therefore assume the validity of the equations for very high density of field and 
‘matter, and one may not conclude that the “beginning of the expansion’ must mean 
a singularity in the mathematical sense.” 

Well, what does general relativity say about the singularity at the center of a 
black hole? To start, the theory says that, at a distance directly proportional to the 


As one theoret 


"PC. W, Davies, The Edge of Infinity, Simon & Schuster 1981 

%S, Hawking, “Breakdown of Predictability in Gravitational Collapse,” Physical Review D, 
November 15, 1976, pp. 2460-2473. 

2°, W. Hawking and R. Penrose, “The Singularities of Gravitational Collapse and Cosmology.” 
Proceedings of the Royal Society A, January 27. 1970, pp. 529-S48. Ironically, one of the 
“weaisic” assumptions made in this paper, which appears to force singularities to exist is that 
time travel is impossible! 
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‘mass of the collapsed object, a so-called event horizon will form. The event horizon 
is a surface in spacetime through which anything can fall into the hole, but through 
‘which nothing, not even a photon of light, can escape outward. The singularity at 
the black hole’s center is therefore not visible to a remote observer (the singularity 
is said to be “clothed,” and so not “naked”'"), For all observers beyond the event 
horizon, the only visible properties of the hole are its mass (via its gravitational 
effects), its angular momentum (its spin rate), and its electric charge, and these 
properties are independent of the details of the pre-collapsed object (other than the 
requirement that electric charge and angular momentum are conserved). 

‘There are actually several fundamentally different types of black holes. If the 
collapsed star forms a non-rotating, spherically symmetric, uncharged" obj 
then the result is called a Schwarzchild black hole, after the German astronomer 
Karl Schwarzchild (1873-1916) who found the first exact solutions to Einstein's 
general relativity field equations just months after Einstein published them.''? Soon 
after that the Finn Gunnar Nordstrém and the German Heinrich Reissner indepen- 
dently found the solution to the field equations for the slightly more realistic 
non-rotating, charged black hole.'"* This is only slightly more realistic since it is 
highly unlikely a black hole wouldn’t be spinning, as all observed stars are spinning 
and angular momentum is conserved during gravitational collapse. Another slightly 
‘more realistic solution, that of a rotating, uncharged black hole, was found by the 
‘New Zealand mathematician Roy Kerr in 1963, and this solution had a twist to it 
that at last explains why Iam telling you all this—the singularity at the center of a 
Kerr black hole is not the point singularity of a non-rotating black hole but rather is 
a ring singularity. That is, there is a hole in the Kerr singularity through which 
‘matter can travel, without being destroyed, a hole that seems to act as a portal into 


HPN waked singularity, with no event horizon behind which 10 hide, would be pasticularly 
bothersome to physicists who don't ike the idea of the breakdown of physies being on full display 
‘What they think they'd then see would be completely unpredictable. Whether sucha situation can 
actually exist is still open to debate, but there are both analytical solutions and computer 
‘simulations (incorporating realistic equations of state on the pressure response of mater as itis 
Compressed) that seem to allow it (asin the gravitational collapse ofan infinitely long, non-rotating 
elinder that appears to result in an axial, thread-ike, naked singularity) 


"The word charge means either electrical or magnetic charge, although from a practical point 
charge probably does mean just electrical asthe theoretically possible magnetic monopole has yet 
to be observed and, in any case itis thought that black holes will not havea significant electrical 
charge 

"Even Einstein hadn't yet solved them, and he apparently thought they Were 190 complicated 1 
bre solved: when he saw Schwarzchild’s result, he was so impressed that Einstein wrote to sa“ 
hhad not expected that the exaet solution 10 the problem could be formulated. Your analytical 
treatment of the problem appears to me splendid.” 


"two years later, the Unives 
equations forthe realistic, 


ty of Pittsburgh physicist Ezra Newman finally solved the Geld 
reneral case of a rotating and charged black hole 
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other spacetime regions that may include past or future regions of spacetime. In 
other words, the ring singularity seems to be the entrance to a time machine.!"* 

A discussion of singularities in general relativity is especially complicated for at 
least two reasons. First, there is more than one type, with crushing being just the 
(perhaps) most ‘obvious.’ Another type has no infinite curvature associated with it, 
bbut rather is a point in spacetime beyond which the worldline of a freely falling 
‘mass cannot be extended. Such a point is called a geodesically incomplete singu- 
larity, and it represents either an end to space or to time (in either case, that point is 
on the boundary or edge of spacetime). There are other types, as well—I've 
mentioned the naked singularity already—and the appearance of any of them is 
distinctly unsettling (recall Bergman's opening quote) to physicists, One that may 
be the most unsetiling of all, however, is the thunderbolt singularity. This singu- 
larity propagates to infinity at the speed of light! As its discoverers dramatically put 
it,“Itis not a naked singularity because you do not see it coming until it hits you and 
wipes you out.”!"5 

‘The other reason for a discussion of general relativity singularities being 
complicated is that they simply are not like the singularities of earlier theories. 
For example, in electromagnetic field theory spacetime is the given background 
reference; that is, a singularity in that theory is a point in spacetime where the 
electromagnetic field is undelined. In gravitational field theory, however, it is 


‘You ean find discussions on how this is imagined to work in two papers by R. Weingard: 

“General Relativity and the Conceivabilty of Time Travel,” Philosophy of Science, June 1979, 
pp. 328-332, and “Some Philosophical Aspects of Black Holes.” Synthese, September 1979. 
pp. 191-219, See also M. Calvani etal, “Time Machine and Geodesic Motion in Kerr Mets 
General Relativity and Gravitation, February 1978, pp. 155-163. 1 won't pursue black hole time 
‘machines inthis book, sits not what modern physicists considera plausible means of tine travel 
(How are you going to gain access to a black hole?!) For how one science fiction writer did use 
the idea, however, see L. Niven, “Singularities Make Me Nervous,” in Stellar 1 Q-L. del Rey. 
editor, Ballantine 1974. Black holes are bizarre objects—nearly as bizarre as time tavel—and it 
seems Fisky 10 try 10 understand one in terms of the other (recall Professor Challenger's 
observation!) 
"58, W. Hawking and J, M. Stewart, “Naked and Thunderbolt Singularities in Black Hole 
Evaporation,” Nuclear Physics B, July 1993, pp. 383-415. As bizarre as isthe thunderbolt, it 
was anticipated in science fiction by more than haf a century. Inthe story “The Tides of Time” by 
RM. Williams (Thrilling Wonder Stories, April 1940), the universe is collapsing at faster than the 
speed of light, Human seientsts learn this when fleeing aliens stop their fsterhan-light space 
ships to wasn them One ofthe human characters then looks out into the night sky and, in words 
‘that sound ike those of Hawking and Stewart, “There would be no warning, forthe rolling tide was 
traveling faster than light... It would come faster than the Ricker ofan eye. No one would see it 
come, One instant the world you knew would be around you. The next instant, there would be 
nothing. You would not even have time 10 know what had happened. Death, faster than the 
lightning flash!” This story may have been inspired by a tale published decades earlier, by the 
CCanaalan writer Frank Lillie Pollock (1876-1957). In his “Finis” (The Argosy, June 1906). written 
Jong before the concept of a supes-nova, the light of a huge. distant star finally arrives to cook Earth 
{nto oblivion 
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spacetime itself that is undefined, and there is no background ‘something’ in which 
spacetime is embedded to serve as a reference.!"° 

One early suggestion on how to avoid the problem of the crushing singularity of 
the non-rotating black hole (which is, as mentioned earlier, not a realistic model for 
the gravitational collapse of a rotating star) is that the collapse may stop short of the 
singularity. That is, the collapsing body might instead rebound. This “bounce* 


‘would occur after the star was inside its event horizon, so an external observer 


‘would not see the later expansion, an expansion imagined to be through the event 
horizon hut into a different region of spacetime.''” When Novikov’s work was 
generalized the following year, the authors clearly had a hard time believing this 
dramatic imagery, despite their own mathematics, concluding with “It then appears 
necessary to believe in the existence of other [regions of the universe, including the 


past and the future] which will accommodate the re-expansion, This seems at least 
as fantastic as the alternative of [a point singularity).”.""* 

In 1974 Hawking announced an astonishing partial connection of quantum 
‘mechanics with general relativity’s black holes. He showed that, contrary to the 
usual image of black holes as being one-way trap doors to ...?, black holes actually 


‘must radiate energy.""” His analysis, which stunned physicists by its beautifully 
simple arguments, invokes the famous uncertainty principle, one of the comer 
stones of quantum mechanics. Hawking himself found the result “greatly surpris- 
ing.” He also cautioned (in his 1975 paper) that the following picturesque imagery 
is “heuristic only and should not be taken too literally,” but it has now been in 
physies for over 40 years and appears to be here to stay 

‘The uncertainty principle states that there are certain pairs of variables associ- 


ated with particles, variables that cannot be precisely measured at the same time, 
Time and energy form such a pair because a non-zero time interval is required to 
‘measure a particle’s energy, and the product of the uncertainty in both the time 
interval (At) and the energy (AE) must be at least as large as a certain non-zero 
constant. That is, iff is Planck’s constant, then AEAt~ fh. This allows the process of 
Virtual particle creation, the appearance of particle/anti-particle pairs just outside 
the event horizon of a black hole, The uncertainty in the energy is what gives 
the combined mass of the particles in a pair; this uncertainty in the energy is the 
quantum fluctuation energy of the intense gravity field of the hole. The only 


‘See, for example, R Geroch, “What Isa Singularity in General Relativity?” Annals of Physics. 
July 1968, pp. 526-540. 
"See, for example, I. Novikov, “Change of Relativistic Collapse Into Anticollapse and Kine 
ratics of a Charged Sphere." JETP Letters, March 1, 1966, pp. 142-L44, and V. P. Frolov, eral. 
“Through a Black Hole into a New Universe?” Physics Levers, January 12, 1989, pp. 272-276 
Igor Novikov isa Russian physivist atthe University of Copenhagen, and he will appear later in the 
‘book when we get to the paradoxes of time travel to the past. 
"AY. De La Cruze and W. Israel, “Gravitational Bounce,” Nuovo Cimento A, October 1, 1967, 
pp. 744-760. 
"'§. Hawking, “Black Hole Explosions?" Nature, March 1, 1974, pp. 30-31, and 
Creation by Black Holes,” Communications in Mathematical Physies, 1975, pp. 199-220. 


article 


36 1A Broad Look at Time Travel 


constraint is that the energy be returned to the field, via mutual annihilation of the 
‘matter/anti-matter pair within the time uncertainty dictated by the uncertainty 
principle.'"" 

As Hawking showed, this time interval, although incredibly short, is still long 
enough for the two virtual particles to separate before annihilation, one falling into 
the hole and the other escaping. This would happen, for example, if the particle/ 
anti-particle pair is an electron/positron pair, and so a negatively/positively charged 
black hole would tend to attract the positron/electron and repel the other particle 
(cither way, driving the charge of the hole towards zero). (Hawking then later 
suggested’?! that the particle entering the hole could be thought of as an emitted 
particle traveling backward in time, an idea that can be traced back decades, to John 
Wheeler—I'll return to this idea in just moment.) By this incredible quantum 
process, then, the black holes of general relativity slowly evaporate (!) as they glow 
with what is now called Hawking radiation. That is, black holes appear to be hot 
bodies. But hot is relative, as a black hole with the mass of the Sun would have a 
temperature of just sixty nano-degrees Kelvin above absolute zero, and it would 
take 10% years (a stupendously enormous time compared to the age of the universe) 
to completely evaporate 

Indeed, one physicist had already mused that the entire universe might have been 
created by a similar quantum process, out of nothing, a so-called vacuum fluctua 
tion." The explanation for why the universe doesn’t then disappear—and very 
quickly, too, because the energy for all the mass in the newly created universe is 
quite large (that is, AE is really big and so At must be really small)—is that the 
negative gravitational potential energy of all that newly created matter would 
cancel the positive mass-energy, and so AE is actually guite small and so At is 
then quite large. To perhaps show he wasn’t quite convinced by all that, himself, 
‘Tryon whimsically wrote “I offer the modest proposal that our Universe is simply 
cone of those things which happen from time to time.” 

As a final comment on the suggestion by Hawking of a connection between 
virtual particles at a black hole event horizon and backwards time travel, the idea 


"The uncertainty principle ha long been used in time travel science fiction. In one story. for 
example, a characte is transported fom 1950 19 2634 by a scientist of the future. Once there, his 
character decides he'd like to remain permanently in the 27th century. He is told that he can't 
because he is ike an atom excited into an elevated energy state and, just as quantum mechanies 
says that eventually an elecuon in such state will drop back down intoalower energy sate, so do 
the “las of time travel” require that he drop back to his nore time. How long cas he remain i 
fare, he is told, “depends on the mass energy] of his body and the number of years the mass 
[eneray] is displaced." That is simply the uncertnty principle. See W. Bade, “Ambition,” Galaxy 
Science Fiction, October 1951 
"S. Hawking, “The Quantum Mechanies of Black Holes.” Seiemifc American. January 1977 


P. Tryon, “Is the Universe a Vacuum Fluctuation?” Nature, December 4, 1973, 
pp. 396-397. 
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originated (as I said before) with Wheeler, in 1941." In an astonishing coinci- 
dence, even as Wheeler was telling his student Richard Feynman about this, a 
science fiction writer was also identifying anti-matter with backward time traveling 
‘normal’ matter.'** Later, the Polish science fiction writer Stanislaw Lem 
(1921-2006) took this idea, combined it with the quantum concept of energy 
fluctuation, and came up with one of his typically outrageous (and typically 
hilarious) ideas: shooting a single positron out of an accelerator back to the very 
beginning of time. His story character called this fantastic machine the 
“Chronocannon” and claimed that’s what started the universe.!* 

Soon after Lem, a philosopher used a variant of this idea, in which the Big Bang 
creation of the universe was caused by a time traveler from the future who saw a 
need—his own existence—to generate the Big Bang. This leads to philosophical 
speculations on the cosmological implications of God as a time traveler.""* Two 
recent physicists have taken this one step further by suggesting that the universe, via 
time travel, may have caused itself! As they put i, “the laws of physics may allow 
the Universe to be its own mother.” 

‘The moder hope is that quantum mechanics (as in quantum gravity) will save 
physics from the horror of general relativity’s singularities. This was the view of 
John Wheeler and, as the man who named black holes, his view is important to 
consider, General relativity is a classical, smooth theory that is fundamentally 
continuous, while ‘our’ universe appears to be a quantum one, So, perhaps, general 
relativity’s prediction of singularities may be just an artifact without physical reality 
in the ‘real world.’ Wheeler's position was based on the quantum fluctuations of 
gravity fields, which are related to the uncertainties inherent in our knowledge of the 
values of physical entities. Such fluctuations are vanishingly small in systems of 
everyday size, but they increase dramatically at very tiny distances that are twenty 
orders of magnitude smaller than the nucleus of an atom. In the microscopic region 
of spacetime that the matter forming a black hole is falling into, these fluctuations 
might conceivably result in effects that preclude the formation of a singulati 
Agreeing were two physicists who asserted that, even without a detailed knowledge 
of quantum gravity, quantum effects “would smash the idealized interior geometry 


Se Richard Feynman's Nobel lecture, epreduced in Science, August 12, 1966, pp. 699-708 
where he counts Wheeler's “proof for why every electron inthe universe has exactly the same 
charge (there is only one eleczon, weaving is Way back-and-forth in ime, with positrons being 
the elect when traveling backward-in-ime”) 

"= V5 Stewart, "Minus Sign AstounlingSeience Fiction, November 1942. Will Stewart” wasa 
pensname for John Stewart Williamson (1908-2006). 

5S, Lem, “The Eighteenth Voyage.” in The Star Diaries, Seabury Press 1976. 

*G. Fulmer, “Cosmological Implications of Time Travelin The Intersection of Science Fiction 
and Philosophy (R-E. Meyers, editor), Greenwood Press 1983. Isaac Asimov used a similar iea in 
his story “The Instability.” The London Observer, January’ 1, 1989 

74. R Gott and L-X. Li, "Can the Universe Creat Isel” Physical Review D, 1998, 023,501 
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[that is, the ring singularity] of a rotating, charged black hole, thereby eliminating 
any possibility of using such a hole for time travel.'™* 

‘And finally, to generalize beyond black holes to the hoped-for pay-off of the 
coming of quantum gravity in banishing singularities altogether, one recent study 
has examined how non-crushing singularities (that is, ones of the geodesically 
incomplete type) are apparently “healed” (the authors’ term) by quantum effects." 
With the eventual development of quantum gravity, perhaps all the singularities of 
general relativity will vanish while leaving the CTCs/CTLs intact, thereby remov- 
ing a form of doubt in the theory’s apparent support for time travel to the past. It 
may be a long time coming, however: as the University of Sydney philosopher of 
science Dean Rickles recently (2014) wrote in his book A Brief History of String 
Theory, “quantum gravity is in many Ways... a revolution still waiting to happen,” 


1.6 Tipler’s Time Machine 


“In short, general relaivty suggests that if we construct & sufficiently large rotating 
cylinder, we ereate a time machine." 


‘The time traveling property of the ring singularity in a rotating black hole once 
made it favorite of science fiction writers, as in Joe Haldeman’s classic 1974 novel 
The Forever War (in which the term used is not black hole, but collapsar, which is a 
nicely descriptive word in its own right). A major difficulty with this approach, 
I mentioned in the previous section (note 114), is that of “getting one’s 
hands on’ (so to speak) a black hole! So, is there any other “time machine” that is 
consistent with general relativity? Yes, there is 

In 1974 a young physics graduate student at the University of Maryland, Frank 
Tipler, caused a bit of a stir when he published what seemed to be quite specitic 
construction details for a time machine. Indeed, the final sentence (the above 
quotation) of his paper couldn’t be clearer. Nobody had ever before made such a 
statement in a respectable physics journal and, best of all, there were no apparent 
spacetime singularities involved. However, a close look at Tipler’s analysis does 
tum up some difficulties 

What Tipler had actually done was to show that if one had an infinitely long, very 
dense cylinder rotating with a surface speed of at least half the speed of light (the 
rotation speed is such that the outward centrifugal forces are balanced by the inward 
gravitational attraction of the cylinder), then this allowed the formation of closed 


however, 


*N. D, Birell and P. C. W. Davies, “On Falling Through a Black Hole Into Anol 
Nature, March 2, 1978, pp. 35-37 
“7, M, Helliwell and D. A. Konkowski, “Quantum Singularities in Spherically Symmetric, 
Conformally Staie Spacetimes.” Physical Review D, May 13,2013, 10404 
OR. J. Tiple, “Rotating Cylinders and the Possibility of Global Causality Violation,’ Physical 
Review D, Apri 15, 1974, pp. 2203-2206. 
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timelike curves around the cylinder. This means that by orbiting the surface of such 
a fantastic cylinder, one could travel through time into the past—but not to earlier 
than the moment of the creation of the cylinder. 

‘This last point is a very important one, as it does avoid one particularly odd 
paradox (called a bootstrap): a traveler going backwards in time to tell the inventor 
of a time machine (perhaps an earlier version of the time traveler himself) how to 
build the time machine. You can find this idea in early science fiction,!*! and a 
minor variant of it was amusingly illustrated in the 1985 film Star Trek IV: The 
Voyage Home (when you next watch the movie, ask yourself who actually invented 
“transparent aluminum’) Bootstrap paradoxes are quite mysterious and still befud- 
dle physicists and philosophers. Science fiction writers, on the other hand, love 
bootstraps as great story gimmicks. 

‘Tipler’s cylinder would also enable a time traveler to retum to her original time, 
to go “back to the future,” by orbiting the cylinder in the reverse direction (but no 
further into the future than when the cylinder ceases to exist). Later in the book I'LL 
show you a simple illustration—based on a similar one in Tipler’s PhD dissertation, 
published in 1976—of how the cylinder works as a time machine. No one, in fact, 
disputes any of this. Its true. On paper. 

But Tipler did not prove that a time traveling property holds for cylinders of even 
very long but finite length, which are the only kind we could actually build from a 
finite amount of matter; he merely suggested that such might be the case, This 
suggestion does seem reasonable, because if the time traveler orbits at the midpoint 
of the cylinder, near the surface, then the gravitational end-effects of sufficiently 
remote ends of the cylinder would, you'd think, become negligible, Similar math- 
ematical approximations are routinely made, for example, when calculating the 
electrical effects of charged cylinders of finite length, But as one physicist has 
warned, “Extrapolation from cylindrical symmetry to reality is very dangerous, 
since spacetime is not even asymptotically flat around an infinite cylinder.”"* The 
issue of whether a spinning, finite-length cylinder can create closed, timelike curves 
is still open: to quote another physicist, “[In] some respects an infinite cylinder may 
bbe a model for a long finite one, and the possibility cannot be dismissed that a time 
‘machine might be associated with a long, but finite rotating system.”!** 


See, for example, C, Cloukey, “Paradox,” Amazing Stories Quarterly, Summer 1929. Later in 
the book I'll discuss even earlier literary occurrences of bootstraps (that is, of information on 
lose loops in time). 

™=K_ §, Thorne, “Nonspherical Gravitational Collapse: Does It Produce Black Holes?” Comments 
‘on Astrophysics and Space Physics, September-October 1970, pp. 191-196, What “asymptotically 
flat” means wil be discussed in Chap. 3. 

"AW. B. Bonner, “The Rigidly Rotating Relativistic Dust Cylinder,” Journal of Physics A, June 
1980. pp. 2121-2132. Tipler was not the frst to study rotating eylinders i the context of general 
relativity. Such eylinders had been around for decades. going back 10 1932, A good reference is 
M.A. Mashkour, “An Exterior Solution of the Einstein Field Equations for a Rotating Infinite 
Cylinder," International Journal of Theoretical Physics, October 1976, pp. 717-121. The frs- 
analyzed configuration of matter that generates closed timelike lines, solved in all its general 
relativistic detail, was the infinite rotating eylinder studied by W. J. van Stockum, 
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‘There is, however, another potential problem besides the length of the cylinder. 
‘There is. strong likelihood that a Tipler cylinder under construction would collapse 
under its own internal gravitational pressure before it could be made nearly long 
enough to be even ‘approximately infinite.” That is, such a finite-length cylinder 
might crush itself along its long axis into a pancake-shaped blob, something like 
‘what happens to a long cylinder of jello stood on-end. An ordinary can of jellied 
cranberry sauce will also sometimes display this curious behavior. 

‘The required rotational speed raises yet another concern, as well. We are not 
talking about cylinders the diameter of a pencil, or even of a large water pipe. 
Recall that for a given surface speed, the larger the diameter the less the centrifugal 
acceleration at the surface. It is easy to calculate that even a huge cylinder 
10 kilometers in radius, with a surface speed of half the speed of light, would 
have a surface acceleration hundreds of billions of times the acceleration of Earth’s 
surface gravity. No known form of ordinary matter could spin that fast and not 
explosively disintegrate; Tipler has estimated that the required density for a time 
machine cylinder would be 40 to 80 orders of magnitude above that of nuclear 
‘matter. (In a masterful understatement, Tipler calls this astonishing stuff “unknown 
material.”) Made from such incredibly superdense stuff, even a finite cylinder 
‘would still be as massive as the Sun but many trillions of times smaller. Showing 
no lack of imagination, Tipler has suggested the possibility of speeding up the 
rotation of an existing star as an alternative approach to that of building a cylin- 
der." That, of course, would be project for a ure society, with a very 
advanced technology 

All of these concems were discouraging to Tipler (who could blame him?), and 
his pessimism about the actual likelihood of achieving time travel via one of his 
cylinders is shown by the words he used to open his 1977 paper (note 134): “Any 
altempt to evolve a time machine] from [normal] matter will cause singularities to 
form in spacetime. Thus, if by the word ‘manufacture’ we mean “construct using 
only ordinary materials everywhere,” then the theorems of this paper will conclu- 
sively demonstrate that a [time machine] cannot be manufactured.” But not all 
physicists agreed. 


“The Gravitational Field of a Distribution of Particles Rotating About an Axis of Syrametty.” 
Proceedings ofthe Royal Society of Edinburgh, 1939, pp. 135-154, This is particulaely interesting 
because, while Van Stockum didn’t spot the presence of closed timelike lines in his solution, his 
cylinder is made entirely from ordinary matter, 

"ME, Tipler, “Singularities and Causality Violation,” Annals of Physics, September 1977, 
pp. 1-36, See also his eatlier paper “Causality Violation in Asymptotically Flat Space-Times,” 
Physical Review Letters, October 1976, pp. 879-882, where he wrote "There are many solutions to 
the Einstein equations [of general relaivily] which possess causal anomalies in the form of closed 
timelike lines (CTL). It is of interest to discover if our Universe could have such lines. In 
particular, ifthe Universe does not at present contain such lines, is it possible for human beings 
{o manipulate matter so as to create them? [That is, to construct atime machine.| I shall show in 
this paper that itis nor [Tipler’s emphasis} possible to manufacture a CTL-containing region 
Without the formation of naked singularities, provided normal matter is sed in the construction 
atremps [soy emphasis)” 
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‘Years after Tipler wrote, one physicist replied" with nro pointed observations, 
First, Tipler’s theorems apply only to singularities of the incomplete kind, not to the 
more convincingly fatal crushing (or curvature) type. Second, to quote Ori at 
length, “The standard interpretation of Tipler’s theorems is to say that the appear- 
ance of a singularity in a given [spacetime] model indicates that this model is 
unrealistic and cannot be physically realized. Even for future-generation engineers 
it will probably be impossible to use ‘singular matter’ for the construction of their 
time machine. However, the theory of black holes provides an obvious counterex- 
ample to this interpretation. For, by applying this interpretation to the black hole 
singularity theorems one could conclude that black holes can never form,” Yet 
black holes with several times the mass of the Sun /iave been detected in orbit about 
certain stars, and at least one supermassive black hole (with a mass equal to more 
than three billion Suns) has been detected at the core of galaxy M87. Indec 
now believed that the center of every sufficiently massive galaxy in the universe is 
home to a black hole (the one at the center of our own galaxy, the Milky Way, has a 
‘mass about three million times that of the Sun), 

Even less concemed about singularities interfering with time travel were two 
other physicists who wrote" “It would seem that a successful attempt to manu- 
facture [a time machine] within a finite region of space will be accompanied by the 
creation of a singularity ... This does not immediately imply, however, that with a 
sufficiently advanced technology one could not make a time machine. There is no 
reason to suspect spacetime singularities could not in principle be created through 
deliberate human action {my emphasis}.” 

‘These optimistic views were, of course, welcome news for science fiction 
writers, who had been using Tipler cylinders almost from when Tipler first wrote 
of them, Indeed, Larry Niven liked them well enough to “lift” the very title of 
Tipler's paper (note 130) for the ttle of a short time travel story for inclusion in his 
1979 collection Convergent Series. Just one year after Tipler’s paper appeared, Poul 
Anderson featured the cylinders in his 1978 novel The Avatar, where they are called 
“T-machines”; one can imagine the “I” stands for Time or Tipler or even both. 
Anderson’s story describes the cylinders as having been scattered about the uni- 
verse by ancient, altruistic aliens called “the Others,” for the use by any who come 
across them and who have the wits to decipher how to use them, Anderson 
recognized the obvious problems with Tipler cylinder construction, and so has 
bone of his characters say of T-machines, “I have no doubt whatsoever that [they are] 
the product of a technology further advanced from ours than ours is from the Stone 
Age.” 


SSA. Ori, “Must Time-Machine Construction Violate the Weak Energy Condition?” Physical 
Review Letters, October 1993, pp. 2517-2520. The weak energy condition is the seemingly 
‘obvious” requirement thatthe observed local mass-energy density should never be negative 
Quantum mechanies predicts (and it ha been experimentally confirmed) that there are exceptions. 
Se, P, Headsick and J. R. Gott, “+1)-Dimensional Spacetimes Containing Closed Timelike 
Curves," Physical Review D, December 15, 1994, pp. 7244-7259. The “2+1)" refers 10 a toy 
spacetime with jus two spatial dimensions and one time dimension, 
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Even before (actually long before) Tipler’s paper, science fiction had 
foreshadowed his physics. Oliver Saari (1918-2000), for example, had incorporated 
both superdense matter and the rule of ‘no time travel before the creation of a time 
machine’ in a story written 40 years earlier.'*” Saari’ fictional time machine works 
by warping spacetime via a plate of superdense matter. (An even earlier tale'** had 
also used superdense matter, but it was badly flawed by its hocus-pocus invoking of 
‘rays’ emitted by the newly discovered element of fempium.) The ‘no time travel 
before the creation of a time machine” rule is the basis for an obvious response to 
Hawking’s Chronology Protection Conjecture, discussed earlier in this chapter, and 
it was so used by one physicist to rebut the Conjecture: as he wrote,!"? 


(1) time machines, if possible, must have the property of not being able to travel 
back to before their creation, and, 
(2) no time machine has yet been created. 


‘The absence of time travelers amongst us, therefore, provides no insight, one 
‘way or the other, on the eventually possibility of constructing a time machine. 


1.7. For Further Discussion 


Observations of the background microwave radiation that permeates the 
universe is strong experimental evidence for the Big Bang, the singularity 
thought to be the origin of the universe. This singularity is not shielded from 
Us by an event horizon, and so is not a naked singularity (note 110), which 
‘means it is potentially visible. In 1969 the English theoretician Roger Pen- 
rose, however, proposed a metaphysical ‘law’ called the cosmic censorship 
principle, which asserts that naked singularities are impossible, Discuss the 
‘obvious tension between Penrose’s principle and the Big Bang singularity. 
(See, for example, P. Kosso, “Spacetime Horizons and Unobservability.” 
Studies in History and Philosophy of Science, June 1988, pp. 161-173.) 


"70, Saari, “The Time Bender." Amazing Stories, August 1937. ln this story we read tha the time 
traveler “could not travel into the past for the plate had to exis in all ages traveled, and it had not 
existed before he made it 

9B. L, Rementer, “The Time Deflector.” Amazing Stories, December 1928. 

"°K. §, Thorne, “Do the Laws of Physics Permit Closed Timelike Curves?” Annals of the 
New York Academy of Science, August 10, 1991, pp. 182-193. Science fiction waiter Damon 
Knight (1922-2001) anticipated Thorne's rebuttal in his story “Azimuth 1, 2,3, ... .” sage 
Asimov's Science Fiction Magazine, June 1982. 
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In the text I mention the “transparent aluminum” bootstrap paradox that 
appears in the 1985 movie Star Trek IV, Even earlier, a movie bootstrap 
appeared in 1980 film The Final Countdown. There, the designer of a modern 
naval warship that temporarily time travels back to the Pearl Harbor of 
December 6, 1941, turns out to be a crew member who was (is) accidently 
left behind in the past when the ship returns to the present. In the past he will 
be able to design the ship because he already knows how it was designed—by 
himself! In the more recent 2014 film Interstellar, a wormhole near Saturn is 
discovered, By the end of the film we learn that it was put there by future 
humans, humans who exist because their ancestors (us!) were saved from a 
planet-wide ecological disaster when they used the wormhole to discover new 
worlds in far-flung regions of the universe. Decide whether or not the 
existence of the wormhole represents a bootstrap paradox, and defend your 
position, 


One difficulty in using a black hole as a means of traveling from one region 
of the universe to another (with time travel as a special case) is simply getting 
toa black hole in the first place, The nearest one to Earth, as far asis known, is, 
many light years distant, One reason for this may be an anthropic one (see 
note 13 in the “Introduction”). That is, a planet near a rotating black hole 
‘would either be eventually swallowed whole, or have its surface blasted by a 
firestorm of radiation produced by in-falling matter. In any case, no intelli- 
gent life able to recognize time travel would ever evolve on such a planet in 
the first place, That is, we are here to wonder about the absence of near-by 
black holes precisely because we aren’t near a black hole. The lack of bla 
holes near Earth is addressed in Joe Haldeman’s ‘Earth vs. Aliens’ novel, The 
Forever War, by using the time dilation effect of special relativity (discussed 
in Chap. 3) that allows long travel distances to be covered in a reasonable 
time (as measured by clocks in rocket ships traveling near the speed of light). 
Still, while the travel time to reach a black hole distant from Earth by many 
light years may only be 6 months of ship time, back on Earth many years may 
pass. Once at the black hole the ship enters it and instantly “jumps” to.a vastly 
different region of the universe. In the novel, no time travel after the time 
dilation experienced in just getting to the black hole occurs, but Haldeman 
uses that to great effect as follows. Before entering into combat, Earth’s 
soldiers are told that when they exit the hole into a new region of the universe, 
they may encounter alien warships equipped with their latest technology, 
technology that could be far in advance of the Earth warship's technology 


(continued) 
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which dates from Earth’s past. That is, humans will be fighting against 
technology that dates from the Earth warship’s future. To quote the novel, 
“Relativity traps us in the enemy's past; relativity brings them from our 
future.” Explain this, 


In one of the quatrains of the Rubaiyat, the eleventh century Persian poet- 
philosopher Omar Khayyam wrote 


The Moving Finger writes; and having writ, 
Moves on; nor all your Piety nor Wit 

Shall lure it back to cancel half a Line, 
Nor all your Tears wash out a Word of it 


Nearly a 1000 years later the German theoretical physicist Hermann Weyl 
(1885-1955), a colleague of both Einstein and Gadel at the Institute for 
Advanced Study in Princeton, NJ, wrote the following in his book Space- 
Time-Matter (published in 1921, three decades hefore Gédel’s 1949 time 
travel paper) 
It is possible to experience events now that will in part be an effect of my possible 
future resolves und actions. Moreover, it is not impossible for world-line 
(in particular, that of my bods). although it has time-tke [see the index] direction 
fat every point, to return to the neighborhood of « point which it has already once 
‘passed through. The result would be a spectral image of the world more fearful than 
‘anything the weird fantasy of E, T. A. Hoffnann {an early sineteenth-century 
German writer of the eceentrie] has ever conjured up. In actual fact the very 
considerable fluctuations of the [components of the metic tensor, 16 be discussed 
{in Chap. 3] thar would be necessary to produce tis effect do not occur ithe region 
of the world in which we live ... Although paradoves ofthis kind appear. nowhere 
ddo we ind any real coneradictions tothe facts directly presented to us inexperience. 
‘Compare these two views and, in particular, discuss what each says about te idea of 
“reliving the past.” 


Inthe opening section of this book ("“Some First Words”) I mention how now 
and then science fiction has anticipated physics. One interesting example of 
this occurs in a story of a time traveler almost meeting himself, a story 
published 2 years hefore Gidel"s 1949 time travel paper in Which he suggests 
just such a possibility. The story opens with a man on a ship spotting the 
signal fire of a castaway on a Pacific island, as well as the tiny. distant figure 


(continued) 


LT For Further Diseussion 


of a man waving and jumping about. While sailing in to help, the ship hits a 
‘mine left over from the war, and the would-be-rescuer becomes a castaway, 
too. After swimming to the island, he can find no trace of who built the fire, 
although there are footprints all about in the sand. Exploring the island, he 
finds the remains of a crashed interstellar spaceship (!), powered by a drive 
Unit based on “temporal precession.’ The man, curious, turns the drive on and 
thus sends himself backward in time by one day. He then spots a ship on the 
horizon, builds a fire, waves and jumps about, then recognizes the ship as his 
‘own .... And so the loop nearly but not quite closes. The man, apparently, 
rushes off into the jungle, terror-stricken at the thought of meeting himself. 
(You can find this tale by A, B. Chandler (1912-1984), “Castaway,” in the 
November 1947 issue of Weird Tales, a publisher more of fantastic, super- 
natural, and horror stories than of science fiction. Perhaps easier to locate 
would be an anthology in which it has been reprinted: Science-Fiction 
Adventures in Dimension (G. Conklin, editor), Vanguard 1953.) 

Speculate on what happens to the man, In particular, does Wells’ own 
ctiticism of The Time Machine, concerning “vain repetitions” of time tray- 
lets, apply here (see the “Introduction” again)? 


A philosopher has argued against the force of Hawking’s chronology pro- 
tection conjecture as follows: “There is an old argument to the effect that 
while backward time travel may be possible, it will never actually occur—for 
if it were going to occur, we would already have encountered the time 
travellers involved, whereas in fact we have done no such thing. ... But 
consider an isolated society living in a remote part of the world. Some 
members of this society are engaged in a long-running debate concerning 
the possibility of human flight, Were a 747 to pass overhead, would the 
debaters necessarily recognize it as containing flying humans? The answer 
to their question might have been staring them in the face for years, without 
them realizing." (See Nicholas J. J. Smith, “Bananas Enough for Time 
Travel?” British Journal for the Philosophy of Science, September 1997, 
pp. 363-389, in particular note 3 on p. 364. The perhaps curious appearance 
of ‘bananas’ in the title of this paper will become clear when, in Chap. 4, we 
delve into the details of the famous grandfather paradox.) How would you 
answer Smith’s question? Do you think it is plausible, as Smith implies, that 
we could right now be observing (without realizing it) effects in the present- 
day world that are the result of time travelers amongst us? What sort of effect 
(3) might raise this suspicion in your mind? 
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1A Broad Look at Time Travel 


As discussed in Sect. 1.6, Tipler expressed some pessimism in his 1977 
Paper (note 134) about the possibility of actually constructing a time machine 
from a rotating cylinder. But that doesn’t mean he didn’t have some doubts, 
too, about theoretical ‘proofs’ of something being impossible. In his 1976 
PhD dissertation, for example, he included an amusing reference to Simon 
Newcomb (a real-life mathematician that Wells’ Time Traveller cites in The 
Time Machine—see note 102 in Chap. 2) who published mathematical 
“proofs” that it would be impossible with known science to build a “practi- 
cable machine by which men shall fly long distances through the air.” Why do 
‘you think Tipler did that? You can read more about Newcomb’s ‘proofs? in 
“Is the Airship Coming,” McClure’s Magazine (September 1901, 
pp. 432-435) and “The Outlook for the Flying Machine,” The Independent 
(October 22, 1903, pp. 2508-2512). 


In his autobiography, the Princeton physicist John Wheeler had this to say 
about time: “The smooth flow of time—or our smooth passage through it—is 
an illusion that is shattered when we .... ask about time at the moment of the 
Big Bang, at a moment of gravitational collapse, at the moment of the Big 
Crunch. Students and others often ask what existed before the Big Bang. 
To say that we don’t know is not to say enough, Even to say that we have no 
way of knowing is not enough. We really have to say that space and time 
came into existence, along with matter and energy and the laws of physics, at 
the moment of the Big Bang. If the universe expands to a maximum size, 
starts contracting, and eventually collapses to a fiery death—a fate that seems 
likely to me and to some other theorists... then time and space, too, will end 
in this Big Crunch. I can reach no conclusion other than this: there was no 
“before® before the Big Bang, and there will be ‘after’ after the Big Crunch.” 
(See J, A. Wheeler, Geons, Black Holes, and Quantum Foam: a life in 
physics, W. W. Norton 1998, pp. 349-350.) That is, when the Big Bang 
singularity occurred, time was created, and if the universe should collapse in 
the far future in a Big Crunch, time will be annihilated. This is a view of 
nothingness that transcends even that of the grave. Sharing Wheeler's dark 
view of the ultimate fate of reality, but instead giving the victory to time 
(rather than its annihilation), was the trish writer Jonathan Swift (1667-1745) 
in his poem Riddles (circa 1724): “Ever eating, never cloying/All-devouring, 
all destroying/Never finding full repast/ Till [eat the world at last.” How do 
you think theologians would respond to Wheeler and Swift? 
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‘The American philosopher Roy Sorenson was cited in note 13 in the discus 
sion of the difficulties a time travel would have in convincing skeptics that he 
had really time traveled (short of bringing a fresh dinosaur egg back and 
hatching it!). This question was treated in early pulp science fiction (“The 
Sands of Time,” see note 43 in “Some First Words”) as follows: The time 
traveler takes a sealed box of pure radium (with his name written on the inside 
of the lid) into the distant past, and buries it in a secure location. Upon 
returning to the present he unearths the box; testing of the contents will 
show that some of the radium has radioactively decayed to lead. Indeed, the 
amount of decay would be a direct measure of how far back into the past the 
box had been transported. This issue was later elaborated on by the English 
philosopher Alasdair Richmond in his paper “Time Travel, Parahistory and 
the Past Artefact Dilemma,” Philosophy, July 2010, pp. 369-373. There he 
imagined two possible ways a time travelling Shakespearean scholar might 
attempt to convince skeptical colleagues that he had discovered a draft of 
Harnlet dating from the year 1589 (10 years before the earliest accepted date 
of its composition by Shakespeare). The first attempt is to simply bring that 
draft directly back with him in the time machine, from 1589 to the present. 
Then, of course, many of the inherent clues as to the draft’s authenticity, such 
as chemical composition of the ink, the weave of the paper, and orthography 
(the style of writing in 1589) would be consistent with the time traveler’s 
claim, but other clues would not—the age of the paper and of the ink, for 
‘example, would be taken as evidence fatal to the claim, as they would not be 
nearly 430 years old. They would appear, in fact, to be practically new! The 
draft would, therefore, be dismissed as simply a clever forgery. The second 
attempt would try to get around this problem, as follows. After locating the 
draft in 1589, the time traveler doesn't bring it back to the present, but rather 
stashes it away in a secret hiding place. Then, once back in the present, he 
takes his colleagues to the secret hiding place and, with a flourish, reveals the 
draft which now is nearly 430 years old. Much to the time traveler’s frustra- 
tion, however, his colleagues still reject his time travel claim, this time saying 
he must have simply found the draft in the ‘usual’ way (under the floorboards 
in somebody’ attic, for example), and is just pretending to have found it via 
time travel. Can you think of a way, using the Hamlet draft, the time traveler 
might be able to convince his skeptical colleagues? 


a 
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1A Broad Look at Time Travel 


‘The fan I quoted in “Some First Words,” who wrote to Astounding Stories in 
1931 to express his unhappiness with the appearance of women in that 
magazine’s stories, was quite clear about his concerns—although, given the 
times, he carefully avoided any direct mention of sex. A modern, highly 
successful female writer of science fiction, Anne McCaffrey (1926-2011), 
didn’t shy away from that, however, when she wrote the following in a 
hilariously funny essay: “Prior to the “60s, stories with any sort of love 
interest were very rare. True, it was implied in many stories of the “30s and 
“40s that the guy married the girl whom he had rescued/encountered/discov- 
‘ered during the course of his adventures. But no real pulse-pounding, tender, 
gut-reacting scenes. The girl was still a ‘thing’ to be used to perpetuate the 
hero’s magnificent chromosomes. Or perhaps to prove that the guy wasn't 

I mean, all those men locked away on a spaceship for months/years at atime. I 
mean ... and you know what I mean even if I couldn’t mention it in the sf of, 
the “30s and “40s.” (See Anne McCaffrey, “Hitch Your Dragon to a Star: 
Romance and Glamour in Science Fiction,” in Science Fiction, Today and 
Tomorrow, R. Bretnor, editor, Harper & Row 1974, pp. 278-292.) Modern 
time travel science fiction has shown a huge change (for the better) on this 
score. Discuss, for example, the emotional power of a love story between a 
couple separated in time, as depicted in the 1975 novel Bid Time Return by 
Richard Matheson (made into the 1980 film Somewhere in Time). How do 
you think the 1931 fan would have reacted to Matheson’s story? (Indeed, if 
that fan was a teenager—or even a few years older—in 1931, then 44 years 
later he would have been, at most, in his mid-60s and might well have read the 
novel.) 


In the 2014 film Interstellar, a space probe dives into a black hole, gets 
glimpse of the hole’s singularity, measures some unspecified quantum 
cfifects, and then sends the measurements back to Earth (via the fifth dimen- 
sion) as a signal in the form of spasmodic Morse code twitches of the second- 
hand on somebody's watch. This all leads (it is hinted) to a theory of quantum 
gravity. If you saw the second-hand on your watch suddenly begin to spas- 
modically twitch, would you then immediately think 


(a) that a Morse code message was coming to you via the fifth dimension 
bearing the secrets of quantum gravity? 


(b) that your watch needs a new battery? 


(continued) 
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or 
(©) something else? 


Vigorously defend your answer. 


William Grey, a philosopher at The University of Queensland, pointed out 
numerous conceptual difficulties with the idea of time travel in his paper 
“Troubles with Time Travel,” Philosophy, January 1999, pp. 55-70. That 
paper quickly prompted a rebuttal from the philosopher Phil Dowe (at the 
University of Tasmania), who replied a year later with the paper “The Case 
for Time Travel,” Philosophy, July 2000, pp. 441-451. We'll eventually take 
up all the issues discussed in those two papers but, for now, read both papers 
and summarize their respective arguments. Do you feel one of the writers won 
the day (for you, anyway)? 
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Chapter 2 
Philosophical Space and Time 


1 do mot believe that there are any longer any philosophical 
problems about Time; there is only the physical problem of 
determining the exact physical geometry of the four- 
dimensional continuum that we inhabit." 


2.1 Time: What Is It, and Is It Real? 


“Tine is generally thought 1 be one ofthe more mysterious ingredients ofthe Univers." 


Before going any further with time éravel, it will be well worth the effort to take 
a closer look at time itself, the ‘stuff? or ‘thing’ or ... ? that we are interested in 
traveling ‘through’ or ‘around’ or ‘across’ or ... ? Oddly enough, I'll start with 
religion, as philosophical theologians had identified time as something unusual long 
before Newton’s words on time in his Principia that I mentioned in the Introduc- 
tion, and many thousands of years before science fiction writers and their time 
travel stories 

We can, in fact, trace the religious interest in time back at least sixteen centuries 
to the Christian theologian St. Augustine and his Confessions (in which he famously 
admitted “What, then, is time? I know well enough what itis, provided that nobody 
asks me: but if Tam asked what itis and try to explain, Iam baffled.”). Certainly the 
seventeenth century Spanish Jesuit Juan Eusebius Nieremberg caught the spirit of 
‘wonder that time holds for the devout when he wrote, in his Of Temperance and 
ime is a sacred thing; it flows from Heaven ... It is an emanation 
where eternity springs ... It is a clue cast down from Heaven to 
guide us ... It has some assimilation to Divinity.” 

Going outside Christianity, we can easily find other equally strong reactions to 
the mystery of time. From Plutarch’s Platonic Questions we lear that when the 
question of time’s nature was put to Pythagoras, he simply uttered the mystical 
“time is the soul of the world.” The Laws of Manu of Hinduism, the Torah of 


Patience, that 
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Judaism, the Koran of Islam, and the revealed truths of Gautama Buddha are all full 
of references to time. It is, in fact, to the pagan gods of Greek mythology that we 
owe our ‘modem’ image of Chronos, or Father Time. 

Not just the Greeks made time a god, In the Bhagavad Gita (Song of the Lord), 
the central religious-romantic epic of Hinduism that predates Christ by five centu- 
ries, one of the characters reveals his divine nature and declares his power thus: 
“Know that Iam Time, that makes the worlds to perish, when ripe, and bring on 
them destruction.” And in the even older Egyptian Book of the Dead, which dates 
back over three thousand years, the newly deceased was thought literally to become 
one with time itself. The merging of time and the resurrection of the body after 
death in the Book is shown in the line “am Yesterday, Today and Tomorrow, and I 
have the power to be born a second time.” 

‘The Greek philosopher Plato (circa 400 B.C.) gave us a curious way to think of 
time: as a closed loop. While Plato did think of time as having a beginning, his 
conception did not have time extending off into the infinite future as does the 
modem, everyday view. Rather, Plato visualized time as curving back on itsell—as 
circular in nature, This was, in fact, a reasonable reflection on what Plato could see 
everywhere in nature, with the seemingly endless repetition of the seasons, 
the regular ebb and surge of the tides (the old English word tid was a unit of 
time), the unvarying alternation of night and day, and the rotation of the visible 
planets in the sky. Whatever might be observed today, it seemed obvious to Plato, 
‘would happen again in nature. Circular time in science fiction was briefly men- 


tioned in Chap. 1," and it occurs outside that genre, too, as in James Joyce's novel 
Finnegans Wake, which opens in mid-sentence and ends with the first part of the 
same sentence. This view of time has a powerful, ancient visual symbol, the Worm 
Ouroborous, or World Snake, that eats its own tail endlessly 

Circular time, with its closed topology, was favorably presented in Stephen 
Hawking’s famous book A Brief History of Time. In it he concludes that there is 
no need for God because in circular time there is no first event and hence no need 
for a First Cause. Vigorous philosophical rebuttals were quick to come, of course!* 

Tuming to fiction, Ray Bradbury wrote a beautifully poetic passage about the 
iystery of time in “Night Meeting,” one of the splendid sub-stories in his episodie 
1950 masterpiece The Martian Chronicles. A man of A.D. 2002, 
modem inhabitants of Mars, somehow meets the ghostly image of a long-dead 
Martian one cold August night. The conditions are just right for such a crosstime 
encounter. As the man thinks to himself, “There is the smell of Time in the air 


"Another example from science fiction isthe story by I. Hobana, “Night Broadcast.” in which a 
television signal from the past is picked up by a gadget that is probing the future: “By going far 
enough into the future one comes upon what we eal the pas.” You ean find this tale in the Penguin 
World Omnibus of Science Fiction, Penguin Books 1986. 

See, for example, W. L. Craig, “What Place, Then, for a Creator?: Hawking on God and 
Creation,” British Tournal for the Philosophy of Science, December 1990, pp. 473-491, and 
R Le Poidevin, “Creation in a Closed Universe Or, Have Physicists Disproved the Existence of. 
God." Religions Studies, Masch 1991, pp. 39-48. 
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tonight. ... There was a thought. What did Time smell like? Like dust and people. 
‘And if you wondered what Time sounded like it sounded like water running in a 
dark cave and voices crying and dirt dropping down on hollow box lids, and rain, 
‘And, going further, what did Time Jook like? Time looked like snow dropping 
silently into a black room or it looked like a silent film in an ancient theater, one 
hhundred billion faces falling like those New Year balloons, down and down into 
nothing. That was how Time smelled and looked and sounded, And tonight 
tonight you could almost touch Time.” 

Well, lovely words, yes, but they don’t really tell us what time is. Perhaps 
Einstein the physicist can tell us. In the New York Times of December 3, 1919, 
‘we find him quoted as follows: “Till now it was believed that time and space existed 
by themselves, even if there was nothing [Newton’s view]—no Sun, no Earth, no 
stars—while now we know that time and space are not the vessel for the Universe, 
bbut could not exist at all if there were no contents, namely, no Sun, no Earth, and 
other celestial bodies.” Less than 2 years later Einstein stated this view again 
(New York Times, April 4, 1921): “Up to this time the conceptions of time and 
space have been such that if everything in the Universe were taken away, if there 
‘were nothing left, there would still be left to man time and space.” Einstein went on 
to deny this view of reality, saying that, according to his general theory of relativity, 
time and space would cease to exist if the universe were empty. This has the ring of 
one of Einstein’s favorite philosophers, Spinoza, who declared in his Principles of 
Cartesian Philosophy that “there was no Time or Duration before Creation.” In a 
correspondence with Samuel Clarke—Newton’s friend who translated Newton's 
Optiks into Latin—the German philosopher Gottfried Leibniz (who began the 
correspondence in 1715) expressed similar ideas: “Instants, consider’d without 
the things, are nothing at all .. they consist only in the successive order of things.” 

‘The pragmatic scientist would certainly agree with Leibniz. After all, what could 
it even mean to talk of time unless you can measure it? And what you use to 
‘measure time is a clock—some kind of changing configuration of matter involving 
spinning gears, ticking pendulums, and rotating dial pointers, Mere unchanging 
‘matter, alone, is not sufficient to measure time because a still clock measures 
nothing. Changing matter seems to be required. Yet, not surprisingly, not every- 
body agrees. The counterview, the view that time has nothing to do with change, 
was expressed in an interesting manner by a science fiction fan in a letter to the 
editor of Wonder Stories (January 1931): “Just one thing, you have these time- 
traveling yarns, good stuff to read all right, but bunk, you know; because if theres 
no such thing as time, which there isn’t, only change [my emphasis], how can one 
travel in ... something that doesn’t exist. To our planet which goes around the Sun 
there is simply a turning and warming of one side and then the other, ic., years, 
days, minutes, etc, is something purely artificial, invented by man to tell him when 
to do certain things, work and stop work ..."° 


This fan's idea was not new. For Plato's most famous student, Aristotle, ime was motion (in a 
World in which nothing moved, argued Aristotle, there would be no time), and he expressed this 
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Going even beyond the ideas of Einstein, Spinoza, Leibniz, Plato, Aristotle, and 
our science fiction fan, at least one metaphysician felt that time would have no 
‘meaning, even in a massive and changing universe, without the additional presence 
of conscious, rational beings.° ‘That sounds very much like an echo of the French 
philosopher Henri Bergson who, in 1888, somewhat mysteriously declared that 
time is “nothing but the ghost of space haunting the reflective consciousness.” A 
few years before Taylor, however, a fellow philosopher had argued for exactly the 
opposite view, that temporal passage is independent of the existence of conscious 
beings.” 

All this divergence of opinion perhaps explains why even a lightweight Holly- 
‘wood movie like Mel Brooks’ 1987 Spaceballs can get a laugh from a time joke. 
Even kids know that the characters, when talking about time, haven’t the slightest 
idea of whar they are talking about. The movie, a spoof on such classic films as Star 
Wars, The Wizard of 0, and Raiders of the Lost Ark, quickly reaches a point of 
crisis, To find out what to do next, the evil Lord Helmet and his chief henchman 
decide on a novel approach: they will look at an instant video of their own movie! 
(Instant videos are available before the movie is finished.) Perplexed at watching on 
a television screen everything that he is doing as he does it (the screen correctly 
shows an infinite regression of television screens, each being watched by a Lord 
Helmet), Lord Helmet initiates the following rapid-fire exchange. (It is, of course, 
clever take-off on Abbott and Costello’s “Who's on First”) 


What the hell am 1 looking at? When does this happen in the movie? 
Now! You're looking at now, sir, Everything that happens now, is 
happening, now 

What happened to then? 

We're past that 

When? 

Just now, now 

Go back to then 

When? 

Now. 

Now? 

Now 

Tan 

Why? 

We missed it 


‘View in his famous metaphor “Time isthe moving image of etmity." For Aristotle, then, time and 
change were inseparably intertined. For Aristoe the world had existed for eteaity, and the 
civculasty oF time was central and powerful image: using his vivid lusuation ii equally tue 
in circular ime that we live both before and after the Trojan War. 

®R. Taylor, “Time and Life's Meaning” Review of Metaphysics, June 1987, pp. 675-686. 

°S, McCall, “Objective Time Flow,” Philosophy of Seience, September 1976, pp. 387-362 
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When? 
Just now. [The henchman then sets the video to rewind.] 
When will then be now? 

Soon. 


We may laugh at this, even dismiss it as mere movie madness, but could any of 
us really do much better if, like Saint Augustine, we were backed into a comer and 
asked to explain time? Somehow, I think even the distinguished twentieth-century 
Harvard professor Hilary Putnam whose words open this chapter would find it 
difficult to know where to begin. He might even become as confused as the time 
traveler in the 1968 film Je t'aime, Je taime, whose oscillations in time, from 
present to past and back again, leave him so befuddled that he decides he'd rather be 
dead. What, then, can we say about time? Despite Putnam’s bold words, I suspect 
that most people would come down on the side of Augustine. 

‘The mystery of time was well captured by R. H. Hutton (1826-1897), the literary 
editor of the Spectator, when he wrote in his 1895 review (see note 1 in the 
Introduction) of Wells’ Time Machine that “the story is based on that rather favorite 
speculation of modern metaphysicians which supposes time to be at once the most 
important of the conditions of organic evolution, and the most misleading of 
subjective illusions ... and yet Time is so purely subjective a mode of thought, 
that a man of searching intellect is supposed to be able to devise the means of 
traveling in time as well as in space, and visiting, so as to be contemporary with, any 
age of the world, past or future, so as to become as it were a true ‘pilgrim of 
etemity. 

Novel 


ist Israel Zangwill (1864~1926) wrote a similar but much more analytical 
review of Wells’ novel for the Pall Mall Magazine (see note 1 in the Introduction), 
Zangwill was the only Victorian reviewer to attempt a scientific analysis of time 
travel. Although he thought Wells” effort was a “brilliant litle romance,” Zangwill 
also thought the time machine—“much like the magic carpet of The Arabian 
Nights”—was simply “an amusing fantasy.” Zangwill continued in his review 
with what was even then a common idea about a way one might actually be able, 
at least in principle, to look backward in time; one could travel far out into space by 
going faster than light and then watch the light from the past as it catches up to you. 
(Note, carefully, that Zangwill was writing in 1895, 10 years before Einstein’s 
special relativity put a limit on possible speeds.) In this way, Zangwill wrote, one 
could watch “the Whole Past of the Earth still playing itself out.” 

Indeed, even before Zangwill, the well-known French astronomer Camille 
Flammarion (1842-1925) had made this dramatic idea a centerpiece of his 1887 
novel Lumen. That book, a best-seller in Europe even before its appearance in 
England, describes how a man just dead (in 1864) instantly finds his spirit on the 
star Capella, where he is able to watch the light then arriving from the Earth of 
1793. In particular, he watches the French Revolution play itself out and sees 
himself as a child, Flammarion may have, in fact, been inspired to write his novel 
by an essay written several years earlier (in 1883) by the British physicist 
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J. H. Poynting (1852-1914), Poynting’s essay,® which opens with the statement that 
it was, in turn, inspired by an anonymous pamphlet published “30 or 40 years ago” 
oon the same topic, specifically mentions watching historical events from Capella. 
By the beginning of the twentieth century the idea of watching the past by 
outrunning light had drifted down into juvenile literature, as in the 1904 novel 
Around a Distant Star by Jean Delaire (the pen name for Pauline Touchemoline 
(1868-1950), in which a young man builds a spaceship that can travel at tWo 
thousand times the speed of light. With it, he and a friend travel to an Earth-like 
planet nineteen hundred light-years distant and use a super-telescope to watch the 
Crucifixion (and then the resurrection) of Jesus, Early magazine science fiction also 
found the idea of looking backward in time with delayed light to be an irresistible 
one, involving romance and murder.” In another tale incorporating human emo- 
tions, a scientist loses his wife to a rival who kidnaps her and then escapes in a 
faster-than-light rocket ship headed for parts unknown, After searching for them 
\with his own brilliant invention of the ‘ampliscope’ (several quantum leaps beyond 
the telescope), the scientist locates the couple, skipping from planet to planet light- 
years distant. His only pleasure, then, is to use his own faster-than-light craft to 
outrun the images of his lost love and watch them over and over. Eventually 
however, he comes to realize the ultimate futility of it all. As the final Line of this 
sad tale says, “It would be senseless, I knew, chasing on and on after yesterdays.” 
‘The reality of time received a new twist with the additional imagery of instants 
of time being likened to the points on a straight line. In the West it was the Christian 
theological doctrine of unique historical events that gave rise to linear time in the 
minds of the common folk. The creation of the world and Adam and Eve, the 


adventures of Noah and the cataclysmic Flood, the Resurrection—these were all 
events that occurred in sequence, once. None would happen again and so, for 
Christianity, circular time just would not do," In addition, it has been argued that 
the major spiritual content of Christianity—a significant reason for its popular 
support even in the face of brutally harsh Roman suppression—is that it brought 
the expectation of change into the static world of ancient times. It was, in fact, in 
ancient religious teachings that our modem view of linear time had its origin, a view 
that most people today (including the most hardened agnostic physicist) find to be 
as natural as Plato and Aristotle found circular time, 


5M, Poynting, “Overtaking the Rays of Light.” in Poynting’s Collected Scienifie Papers 
Cambridge University Press 1920. 

As in, for example, G. A. England, “The Time Reflector:” The Monthly Story Mag 
September 1905, 

°°, D, Sharp, “Faster Than Light,” Marvel Seience Stories, February 1939. The year before saw 
the appearance of a story with the same idea, a story that specitically cites Flammerion: 
M. Weisinger, “Time On My Hands,” Thrilling Wonder Stories, June 1938. 

"Sui, just to show how one can find support for almost any view in the same religious dogma, 
Ecelesiastes 1:9 would seem 10 be a claim not for linear time but rather for eireuar time: “The 
thing that hath been, iis that which sall be: and that whieh i dove is that which shall be done; and 
there is no new thing under the sus.” 
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Even though linear time was the norm after Christ, there were still enough 
questions about time to perplex the deepest of thinkers, and the next 2000 years 
resulted in plenty of thinking. Discourses on time by such philosophers as Des- 
cartes, Spinoza, Hobbes, Kant, Nietzsche, and Hegel can be found by the yard in 
any decent university library, Nearly all (if not indeed all) of these presentations 
have metaphysical, even theological, underpinnings. For example, Descartes 
generally believed to have argued for a discontinuous, atomistic nature to time 
(recall the chronon from Chap. 1). This is the modem view of his thinking, because 
in his Meditations (1641), in particular in the third meditation on God’s reality, 
Descartes appears to argue that God must continually recreate the world at each 
separate moment of its existence. That is, the world is recreated in a discontinuous 
succession of individual acts by God.'? 

Finally, with Newton’s discussion of absolute time, which is the belief that time 
is the same everywhere in the universe, there was for the first time a physicist 
‘writing about time (although, as I mention in Chap. 1, Newton's views were also 
influenced heavily by theological considerations, in addition to mathematical phys- 
ics), But, despite Newton’s genius, the mystery of time remained a mystery 

In 1905 Binstein’s name appeared among the contributors to the study of time, 
and so at last something besides metaphysical speculation on the subject was added 
to the body of human thought. Einstein’s paper on special relativity introduced the 
revolutionary idea of relative time, which is the anti-Newton belief that the passage 
of time is not the same everywhere, but rather depends on local conditions. In 
retrospect, Einstein's 1905 work seems to be the perfect reply to the comment by 
Isaac Barrow (1630-1677)—Newton’s teacher and the first Lucasian professor of 
‘mathematics at Cambridge (the chair once held by Stephen Hawking centuries 


‘For more on this, see R. T. W. Arthur, “Continuous Creation, Continuous Time: A Refutation of 
the Alleged Discontinuity of Cartesian Time,” Journal of the History of Philosophy, July 1988, 
pp. 49-375, 
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later) —that “because Mathematicians frequently make use of Time, they ought to 
have a distinct idea of the meaning of the Word, otherwise they are Quacks.” 

‘Then, just 3 years after Einstein, along came a second astonishing paper by the 
Cambridge philosopher John Ellis McTaggart (1866-1925). This paper" claims to 
prove that whatever time might be tought to be (even by Einstein), it really isn’t 
that because time isn’t even real. (This would seem, I think you'd agree, to have 
potentially profound implications for time travel!) The method of the paper is to 
deny the reality of time via an infinite-regress argument that one philosopher'* has 
called the pons asinorum (“bridge of asses") of the riddle of time, As McTaggart’ 
own opening sentence freely admits, “It doubtless seems highly paradoxical to 
assert that Time is unreal, and that all statements which involve its reality are 

McTaggart began his analysis by observing that there are two separate and 
distinct ways of talking about events in time, Following his terminology, one can 
say that events are either future, present, or past (the so-called A-series), or one can 
say that events temporally ordered by each being later than some other events, 
earlier than others, and simultaneous with still others (the so-called B-series). He 
then continued by asserting that time requires change, and followed that with the 
observation that the A-scries (but not the B-series) incorporates such change. That 
is, if'event X is earlier than event Y, then X is always earlier than Y and thus there is 
no change in this (or in any other) example of a B-series. As a specific example, let 
Y be the birth of a child, and let X be the birth of its mother. In contrast, if X is first 
in the future, then is in the present, and finally is in the past, then we have an 
example of change (and hence of time) in the A-series; for example, let X be the 
next time you blink. 

With this rather pedestrian start, McTaggart then pulled his rabbit out of the hat 
Itmakes no sense, he argued, to talk ofthe “future,” ‘present,’ and ‘past’ of an event 
because these terms are mutually exclusive. That is, no two of these predicates can 
apply at once, and yet, paradoxically, every event possesses all three and thus we 
have a contradiction. It therefore, concludes McTaggart, makes no sense to talk of 
future, present, or past, And because it makes no sense to talk of them, they do not 
exist, and so there can be no A-series and hence no change, and thus no reality to 
time, McTaggart apparently realized just how befuddling all that would appear to 
just about everybody who read it, and so he played devil's advocate (D.A.) in his 
paper by trying to anticipate the various objections people could raise, Of course, he 
always managed to refute the D.A. at every turn, It is worth the effort to go through 
the details of McTaggart’ ‘proof,’ as that will make it clear what there is about 


AYE MeTaggar, “The Unreality of Time,” Mind, October 1908. 

“L. O. Mink, “Time, McTaggart and Pickwickian Language.” Philosophical Quarterly, July 
1960. pp. 252-263. The phase pons asinorum has its origin in a plane geometry theorem: the 
angles opposite the equal sides of an isosceles triangle are themselves equal. Seeing the trth of 
this is said to separate the quick-witted from the dull. 1 isn't clea (10 me, anyway), however, on 
which side of MeTaggar's ‘proof the quick-witted were imagined to fall. You'll see what I mean 
in just a moment 
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‘traditional’ philosophical reasoning that so irritates modem philosophers trained in 
‘mathematical physics (and what makes physicists roll their eyes when confronted 
‘with arguments like McTaggart’s) 

‘The predicates of future, present, and past are really not incompatible for any 
event, the D.A. says some will claim, because the real predicates we should use are 
“was future,’ “is present,” and ‘will be past,” and these can be possessed all at once 
by any event. Nice try, counters McTaggart but that will not solve the problem, By 
allowing such modified predicates, we must actually allow for all nine possibilities, 
some of which are still incompatible, That is, the ‘was,’ “is,” and ‘will be” could 
each be potentially attached to “future,” ‘present,” and ‘past’: for example, ‘was 
past’ is incompatible with ‘will be future.” 

Oh, counters the D.A., we can eliminate that concer by allowing even more 
complex predicates to arrive at a third level of structure, such as ‘is going to have 
been past,” and ‘was going to be future,” and those are compatible. But McTaggart 
swats that argument away, too, by displaying new incompatibles, as well as by 
showing that the process of ever-increasing predicate complexity is a vicious 
infinite regress that drags along the seeds of its own doom at every step."* There 
is simply no escape from incompatibility, he says, and so there is no time. 

Well! What can one do when presented with such an argument, one that seems to 
claim philosophers can wrest free the secrets of nature by pondering the historical 
accidents of English syntax? As David Hume once said, “Nothing is more usual 
than for philosophers to encroach on the province of grammarians, and to engage in 
disputes of words, while they imagine they are handling controversies of the 
deepest importance and concern,” One modern philosopher apparently agreed 
with Hume, at least in the case of McTaggart’s “proof,” and he was pretty blunt 
\with his evaluation of it: “MeTaggart’s famous argument for the unreality of time is 
so completely outrageous that it should long ago have been interred in decent 
obscurity. And indeed it would have been, were it not for the fact that so many 
philosophers are not sure that it has ever really been given a proper burial, and so 
from time to time someone digs it up all over again in order to pronounce it really 


‘SHfere's a clever way 10 systematically generate McTaggans infinite regress of complex predi- 
cates, as presented by M. Dunnett, “A Defense of MeTaggart’s Proof of the Unreality of Time,” 
Philosophical Review, October 1969, pp. 497-S04): “Let us call ‘past’ “present,” and “future 
“predicates of frst level.” I, as MeTaggart suggests, we render “was future’ as “uture in the past, 
and so forth, then we have nine predicates of second level, where we join any of the three on the 
left with any of the three onthe Fight: 


past past 
present ithe present 
future future 

Similarly there are twenty-seven predicates of third level ...“Dummett’s construction clearly 


shows that t the V-th level, there are 3” predicates, most of which are incompatible 
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dead, These periodic autopsies reveal that something more remains to be said.""* 
‘That is certainly true, in as much as McTaggart’s disarmingly innocent argument 
has caused disagreement and furrowed brows among philosophers for decades 

Its, in fact, easy to find examples of the continuing debate over McTaggart’s 
analysis and, as silly as it strikes physicist, it still has a pulse in some quarters 
While at least one philosopher has argued that MeTaggart simply didn't really 
understand his own proof, this philosopher nevertheless agreed with McTaggart’ 
conclusion about the unreality of time.'? Another writer has illustrated how 
MeTaggart’s ideas have found their way into moder philosophical debates on 
the meaning of time in the cinema, particularly in the analysis of anachrony, the 
telling of a story out of normal time sequence, such as occurs in time travel 

Other sorts of metaphysical proofs for the unreality of time have been offered 
besides McTaggart’s. For example, it has be argued that time is unreal, at least in a 
world empty of consciousness, because the concepts of past, present, and future 
could not possibly have any meaning unless events could be remembered, experi- 
enced, and anticipated. Or, for a second example, some have held time to be unreal, 
atleast in a deterministic world (as some argue four-dimensional spacetime to be), 
because any event whose occurrence follows from present conditions, and from 
physical laws, would exist (they say) now. This view, which seems to assert that 
everything should happen at once, I personally find to be sufficiently obtuse as not 
to be bothered by it."” Debates between those who believe in the common-sense 
idea that present, past, and future are attributes of events (the ‘tensers’) and those 
‘who deny it (the four-dimensional spacetime, block universe ‘detensers’) continues 
to now and then still fair up on the pages of philosophy journals. At least one 
philosopher likes both views!*” Most modern physicists I think, simply don't care 
bout this line of inquiry 

On the other hand, less than a month before his death Einstein revealed his 
feelings about the meaning of present, past, and future, and his words appear to be 
‘ones that show some sympathy to the philosophers. In a letter written on March 
21, 1955, to the children of his dearest friend who had just died, Einstein wrote— 
With full knowledge that his own illness would be his last—“And now he has 


F. Christensen, “MeTaggan's Paradox and the Nature of Time," Philosophical Quarter 
October 1974, pp. 289-299, 
Q. Smith, “The Infinite Regress of Temporal Attbutions,” Southern Journal of Philosophy, Fall 
1986, pp. 383-396, To this came a rebuttal a year later by L. N. Oaklander, in the same joural 
(all 1987, pp. 425-431), 
5G, Currie, “MoTaggart at the Movies,” Philasophy, Suly 1992, pp. 343-355. 
"But if, upon reflection, it starts to bother you, see R. Gale, “Some Metaphysical Statements 
About Time,” Journal of Philosophy. April 1963, pp. 225-287. We'll soon get to some of the more 
common philosophical questions on the nature of four-dimensional spacetime. such as is it 
deterministic or is it fatalistic?,” and “does free-will have any meaning in four-dimensional 
spacetime?” Even physicists are interested such questions! 
>°R, Weingard, “Space-Time and the Direction of Time,” Nows, may 1977, pp. 119-131 
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preceded me briefly in bidding farewell to this strange world. This signifies nothing, 
For us believing physicists, the distinction between past, present, and future is only 
an illusion, even if a stubborn one.” Later in this chapter I'll return to these 
curious words and speculate on what Einstein may have meant by them. 

1 started this opening section on a religious note, and I'll end it on one. If you 
think the philosophical speculations on the nature of time that I've so far cited are 
“really far out,’ here's yet another one that leaves all the rest in the dust. In a paper 
that took real nerve to write (or, perhaps, simply a wicked sense of humor—and I 
\write that in pure admiration) we read of how a spacetime that supports time travel 
can give the start for a physics explanation to the theological concept of Hell! After 
introducing just a bit of elementary spacetime physics (which I'll skip describing 
here because we'll doit later in the book), the author”? shows how to ‘construct’ a 
compact region in spacetime (Hell) with the following properties: 


1. While “so small even the Hubble Telescope couldn't image it” it can hold an 
infinity of physical beings, 

2, Each of the beings in it are doomed, because of its time travel property, to an 
infinitely long personal future of damnation; 

3, Each of the beings in it, because of its time travel property, can view all the 
future stages of their own personal damnation and so be “continually presented 
with a reminder of the impossibility of escape—a refinement no causally normal 
Hell can seemingly offer.” In other words, and not to be too ironic about it, 
“Theological Progress Through Physics!” 

4, Each of the beings in it are continually being compressed together (“brought into 
dismaying proximity” with themselves) and so will spend eternity “listening to a 

* of their own cries of despair from their personal future. 


but that’s probably enough for you to get the idea, Richmond does 
stands, his time travel creation of Hell is not compatible with either 
quantum theory or even general relativity. Still, it is something to ponder, don’t you 
think, when the subject of time travel comes up! 


2.2. Linear Time and the Infinity of Past and Future 


“A thousand years is a huge succession of yesterdays beyond our clear apprehension." 


—H.G. Wells 


Quoted from B. Hoffmann, Albert Einstein: Creator & Rebel, New American Library 1972, 
pp. 257-258. 

"Alasdair M. Richmond, 
2013, pp. 233-249, 
This line appears in Wells’ 1944 doctoral thesis, written for the University of London. You ean 
find an abridgement of the thesis in Nature, April 1, 1944, pp. 395-397. 
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‘The modem concept of linear time as a straight line extending from the dim past 
through the present and disappearing into the misty future gives rise immediately to 
twin questions: “Did time have a beginning?” and “Will time ever end?” As one 
philosopher put it (long before physicists became seriously interested in singular- 
ities like the Big Bang) “Endings and beginnings are rooted in the very conception 
of time itself.” Starting at the beginning, we'll ask if the past has been forever? 
Early Biblical scholars, of course, believed the answers to both questions to be no. 

‘They believed that the world came into being because of a First Cause, God’s 
creation of everything. Those scholars expended vast quantities of energy (and, 
need I say it, time itself) in calculating the date of creation, Martin Luther, for 
example, argued for 4000 B.C. as roughly when everything, including time, began. 
Johannes Kepler adjusted this by a notch, to 4004 B.C., and later the Calvinist 
James Ussher, Archbishop of Armagh and Primate of All Ireland, tweaked it again. 
His date is the most impressive of all, atleast in detail: the first day of the world was 
4003, 70 days, and 6 h before the midnight that started the first day of the Christian 
cra. Six days alter that first day of the world, Adam was made, and as final dash of 
specificity, this last date was declared to be Friday, October 28! Ironically, then, 
though Christian theology may be given credit for introducing linear time, it 
certainly did not provide very much of it. The beginning of time was just 
(6000 years or so ago, and of course The End—in the form of the Battle of 
Armageddon—has been awaited (with varying degrees of eagerness) for the last 
1000 years. 

‘The discovery in the seventeenth century of geological time cast a certain 
amount of skepticism on those early calculations conceming the duration of the 
past. With the discovery that the very Earth itself could be decoded for its history, 
the lure of trying to decode a mere book of admittedly finite age declined for most 
people although it cannot be denied that modern Creationists still find such a task to 
have its rewards). Geological time was discovered to a chasm of time extending 
backward for billions of years, a duration that is really incomprehensible for the 
human brain, It has become fashionable for geologists to refer to such enormous 
durations with the apt term deep time, a subtle play on the metaphor of the “ocean of 
time.” 

It is nothing less than humbling to historians who pause to think on how little of 
the past is known, that is, recorded. As the ever anonymous wit once put it, “History 
isa damn dim candle over a damn dark abyss.” Still, even as enormous as is the age 
of the Earth, itis not infinite. But of course our planet is very old, and the universe is 
‘many billions of years older. Is the age of the universe also the duration of the past? 
Or is the past itself actually infinite? 

An implicit assumption of the infinity of the past (and of the future, too) can be 
found in Book Three of Lucretius’ science poem De Rerum Natura (On the Nature 
of Things) where, just before the birth of Christ, Lucretius argues for the irratio- 
nality of fearing death: “The bygone antiquity of everlasting time before our birth 


sans, “Time and the Timeless,” Review’ of Metaphysics, December 1950, pp. 187-200, 
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‘was nothing to us, Nature holds this up to us as a mirror of the time yet to come after 
our death. Is there anything in this that looks appalling, anything that means an 
aspect of gloom? Is it not more untroubled than any sleep’ 

One philosopher” has traced the origins of rational support for the finite 
duration of the past to as far back as the sixth century A.D. The argument presented 
then by the Christian philosopher Joannes Philoponus of Alexandria (who is 
otherwise known as John the Grammarian) is simply that the world could not 
have been forever because that implies an infinity of successive acts could have 
taken place which (according to Philoponus) is impossible. A variation on this is the 
claim that if the past were infinite in extent, then everything would have happened 
by now! Infinity was just too big for the ancient mind (Zeno’s hoary pre-Christian 
paradoxes, as is well-known today, are based on subtle errors in the use of infinity) 

‘This view on the impossibility of an infinite past seems to have been the 
prevalent view; even as late as the twelfth century the debate among Christian 
theologians was not about the possibility of an infinite past, but instead about 
‘whether the Biblical ‘six days of Creation’ actually had taken place simultaneously 
For many, the past was ‘obviously’ finite in duration.*® Not all Christians accepted 
that conclusion, however, and the following century saw St. Thomas Aquinas 
(a follower of Aristotle) arguing for the opposite view of an infinite past 

‘Thomas’ contemporary, St. Bonaventure, however, argued again for a finite past 
and it is with Bonaventure that we start to see some mathematical sophistication.” 
Bonaventure argued that in a world infinitely old, the Sun would have made an 
infinite number of its annual trips around the ecliptic. But for each such trip the 
Moon would have made twelve monthly trips around the Earth, and so this second 
infinity would be twelve times as great as the first one, and how could that be? 
Infinity is infinity, and how can something be twelve times bigger than infinity? 
‘This argument doesn’t have any strength today because of the nineteenth century 
German mathematician Georg Cantor’s work on the concept of infinity,"* but it is 
clever. Agonized, convoluted theological analyses of God, infinity, and eternity 
continued long after Aquinas and Bonaventure. Two examples should capture the 
spirit of those times, 


'G. J, Whitrow. “On the Impossibility ofan Infinite Past,” British Journal for the Philosophy of 
Science, March 1978, pp. 39-85. Whitrow adds modern scientific support tothe idea ofa finite past 
by citing the prediction from general relativity of a singularity in spacetime at some finite past 
time; that is, the theory's prediction that time—and everything else—had its beginning inthe now 
famous Big Bang. 
°C. Gross, “Twelfth-Century Concepts of Time: Three Reinierpretations of Augustine's Doctrine 
of Creation Simul Journal of the History of Philosophy, Suly 1985, pp. 325-338. 

*Sce, for example, L. Sweeney. “Bonaventure and Aquinas on the Divine Being as Infinit 
Southwestern Journal of Philosophy, Summer 1974, pp. 71-91, and S. Baldner, “St. Bonaventure 
fn the Temporal Beginning of the World.” New Scholasticiom, Spring 1989. pp. 206-228. 

>For simple high school-Level presentations on Cantor's astonishing infinity results, see my book 
The Logician and the Engineer, Princeton 2013, pp. 169-171 
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Consider first this one, on the supposed immortality of the soul, If A = B, then 
2A =2B. Next, let A = ‘half alive’ and B = ‘half dead,’ where A=B in the same 
sense that a glass half-full is also half-empty. Thus, to be completely dead is to be 
completely alive, and so the sou! is immortal. Outrageous? Yes, in my opinion, but I 
do also have to admit the “reasoning” does have a certain charm! 

For my second example, let me begin by setting the historical stage. After 
publication of the English political philosopher Thomas Hobbes’ Leviathan in 
1651, with its arguments against the power of the Church and for civil power 
(with some criticism tossed in, as well, for universities), Seth Ward 
counterattacked. Ward, who was both a minister (later a bishop) in the Anglican 
Church and Savitian Professor of Astronomy at Oxford, was greatly offended by the 
secular nature of Leviathan, Even before Leviathan, in fact, Ward certainly would 
not have liked Hobbes” earlier denial of the existence of immaterial substances 
(such as souls). Ward’s 1652 book A Philosophical Essay Towards An Eviction of 
the Being and Attributes of God, the Immortality of the Souls of Men, the Truth and 
Authority of Scripture, was the first of a two-punch reply to Hobbes. The second. 
came in 1654 with the appearance of Ward’s Vindiciae academiarum. tn both of 
these works Ward attempted to undermine Hobbes’ credibility by attacking his 
‘mathematical ability. (Hobbes had long been fascinated by, and was considered an 
expert on, the ancient problem of “squaring the circle,” a task that has been known to 
be impossible only since 1882.~”) In his Essay, Ward also attempted to defend the 
view that the world has a finite age—that is, it had a specific moment of creation, 
presumably by God. In an opening note, in fact, Ward cites Hobbes’ rejection of 
immaterial substances as the motivation for his writing Essay: 

To support his view of a finite age for the world, Ward invoked infinity in an 
interesting way. He argued that nothing is permanent, certainly not humans. Each is 
created: one can imagine tracing a chain of creation events backward in time 
through successive generations. Now, there are only two separate and distinct 
possibilities to where this chain could lead to in the past. First, it could terminate, 
after a finite number of generations, at a first generation, that is, with the ‘creation’ 
of the first human. If that is the case, then, said Ward (in effect), ‘case closed.” Ifthat 
is not the case, however, then the chain of successive generations never terminates, 
that is, the chain is infinitely long. But that, argued Ward, is nonsense—how could 
anything infinitely long have an end (our present now)? 

Why Ward thought this an unanswerable paradox is hard to understand; after all, 
fone can imagine a line in some coordinate system beginning at the origin and yet 
still being infinitely long (an example is the positive x-axis). This counter-example 
‘was not put forth by Hobbes in his own self-defense, but rather was offered by one 
of Ward’s own colleagues at Oxford, John Wallis, the Savilian Professor of 
Geometry. As for Hobbes, he was little bothered by Ward’s argument, As he 
pointed out (surely with a smile on his face), Ward was in danger of impaling 


The problem of “squaring the circle is, given acirele of area A, to construct (using only compass 
and straightedge) a square of area A. 
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himself as a theologian on his own sword: Ward's argument ‘proved” the finite age 
not only of the world but of everything, including God (thus raising the awkward 
question of who, or what, made God?). 

Similar problems with infinity lay behind Kant’s rejection of an infinite past. Itis 
interesting to note that Kant, somewhat paradoxically, thought an infinite future a 
possibility. Why did Kant think time could be infinite in one direction but not in the 
other? One philosopher tells us“ that Kant “failed to make himself clear,” and 
I think that understates the case. I say that because Kant’s argument was that the 
duration of the future is less problematic than is that of the past because it is only 
the past that influences the present. The best I can do in “explaining” this is to 
speculate that if the present depends on an infinite past, then perhaps Kant thought 
that the possibility of so much influence was simply too much for the present to 
handle! In any case, Kant’s view falls apart if we consider the possibility of 
backward time travel and the resulting implication that the future could also 
influence the present. 

‘There is, as will come as no surprise, a philosopher for every conceivable point 
of the compass, and so a paper by one on the logical possibility of an infinite past 
soon prompts a rebuttal by another." In illustration of this, you'll recall the quote 
from Augustus De Morgan in the opening section of this book, concerning the 
philosophers of his times; De Morgan went on in his critique to amusingly sum- 
‘marize the metaphysics of those times as follows: “Here we go up, up, upJAnd 
there we go down, down, down/Here we go backwards and forwards/And there we 
g0 round, round, round.” 

So, with De Morgan’s words in mind, here are a few more examples of how 
people have struggled with the issue of the past. One quite interesting, scientific 
twist on the duration of the past was pointed out before the exchange between Smith 
and Ells, In a paper'* observing that although general relativity and its predicted 
spacetime singularity in the distant past may indeed allow for a finite past, that does 
not completely close the door to the possibility that the Big Bang was a continuation 
from a previous contraction phase of the universe, and so on, ad infinitum. (You'll 
recall the discussion in Chap. | of this idea in science fiction: see note 53 in that 
chapter.) To quote T. S. Eliot (from his “Little Gidding”) 


%), Bennet, “The Age and the Size ofthe World,” Synthese, August 1971, pp. 127-146. See also 
Q. Smith, “Kant and the Beginning of Time,” New Scholasticiom, Summer 1985, pp. 39-346. 
"See, for example, Q. Smith, “Infinity and the Past,” Philosophy of Science, March 1987. 
pp. 63-75, and then read E. Ells, “Quentin Smith on the Infinity of the Pas,” Philosophy of 
Science, March 1988, pp. 453-455, Smith's paper “The Uneaused Beginning of the Universe” 
appeared in this same issue (pp. 39-57), stating that he believed, relly, only in the logical 
possiblity ofan infinite past and thatthe universe had in fact originated in an uncaused (no God 
required) Big. Bang singularity. And, indeed, he had so argued for a finite past, in “On the 
Beginning of Time,” Nous, December 1985, pp. 579-584. 

"R, Weingard, “General Relativity andthe Length of the Past," Britis Fournal forthe Philosophy 
of Science, Sune 1979, pp. 170-172. 
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“What we call the beginning is often the end 
And to make an end is to make a beginning. 
The end is where we start from.” 


Even without entertaining such an oscillating, accordion-like universe that 
endlessly expands and shrinks, itis possible to have a universe that originated in 
a single Big Bang a finite time ago in the past but yet has no first instant! This 
astonishing statement shocks most at first encounter, but it is simply the cosmo- 
logical version of a well-known mathematical result. The instant 1=0 is not 
actually part of spacetime, because the Big Bang was quite literally a singular 
event for which the laws of spacetime physics fail. Thus, all instants in time are 
greater than zero—and there is no smallest number greater than zero. If you name a 
positive number, no matter how small, I can name a positive number still smaller, 
such as one-half of yours. (Of course, if there really is merit to the idea of a quantum 
of time, the chronon, this argument goes out the window.) 

In an ingenious observation that seems to have been missed by most philoso- 
phers, E. A, Milne, a professor of mathematics at Oxford, suggested in his 1948 
book Kinematic Relativity, that with general relativity itis conceivable to have both 
a single Big Bang a finite time ago and an infinite past. Pointing out that to talk 
‘meaningfully of time implies that we have a clock to measure it by, Milne looked 
for a Universal Clock that would be far more durable than our heartbeats, ot 
anything else that exists only transiently. He suggested the expansion rate of the 
universe itself as the ideal clock. As we go back in time to the Big Bang, the 
expansion rate rises towards infinity and, as another analyst put it, “We see the 
Universe ticking away quite actively. The Universe is meaningfully infinitely old 
because infinitely many things have happened since the beginning.” 

‘The debate over the length of the past in modem times can be just as contentious 
as it was in medieval times. For example, in his editorial (“Down with the Big 
Bang”) of August 10, 1989, the then editor of Nature (John Maddox) declared the 
standard explosive model of the universe to be “philosophically unacceptable, 
because “the implication is that there was one instant at which time literally began 
and so, by extension, an instant before which there was no time.” For Maddox, this 
‘meant that the Big Bang “is an effect [my emphasis] whose cause {my emphasis] 
cannot be identified or even discussed.” The usual (non-time travel) use of the 
words cause and effect is that the cause happens first and then the effect occurs—but 
if the Big Bang (the effect) is the origin of time, then how (asked Maddox) could 
there be a cause of the Big Bang before that beginning? 


SC. W. Misner, “Absolute Zero of Time,” Physical Review. October 1969, pp. 1328-1333, In his 
view cosmic time is taken as proportional 10 the negative of the logarithm of the normalized 
volume of the universe (V = I represents maximum volume, and so time ‘stops at the end of the 
universe's expansion). Thus, because V goes to zero as we g0 backward in tine, time runs ever 
faster as we travel ever futher into the past. This puts the Big Bang (with V =O) infinitely 


“This was not a new insight, of course, as Aristotle had long ago (in his Physics) declared an 
instant in time with no predecessor to he an absurdity 
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‘The answer is obvious for creationists, of course—God did it. Creationists avoid 
the question of God’s cause, however, saying only that ‘He needs no cause,” or even 
that ‘He made Himself"! It i these standard (ridiculous) responses from creationists 
that Maddox said had prompted his editorial against the Big Bang, because crea- 
tionists embrace the Big Bang as it seems to endorse their position of ‘science by 
imagination.” Whatever the truth of that, I think juxtapositioning the scientific Big 
Bang model of the universe with theological metaphysics and the pseudo-science 
nonsense of creationism to be terribly unfair 

‘When will the philosophical debates on the age of the past end’ Not until the end 
of the (infinite?) future, is my wager! 


2.3 Cause and Effect 


“There are few paradoxes which have been resolved so often as the time-asymmetry 
paradox.""* 


‘The philosophical literature is ull of discussions about potential causal relation- 
ships between events. One of the most famous of these discussions, illustrating that 
cause and effect can be pretty slippery concepts, asks what at fist appears to be an 
almost trivial question: Did the death of Socrates cause the widowhood of X: 
thippe? The quick and easy answer is “OF course—she was his wife and it was his 
death that causes us to say she was then a widow. What could be more obvious 
One philosopher has provided some interesting commentary, however, that might 
‘make you reconsider, or to at least become aware of how different are the questions 
concerning time that are of interest to physicists and philosophers.*® 

Suppose we agree that there are two events to be considered; Socrates ceasing to 
live, and Xanthippe becoming a widow. Those events occurred at different places 
(in prison, and wherever Xanthippe happened to be). Then, as Kim asserted, “the 
two events occur with absolute simultaneity ... [and so] we would have to accept 
this case as one in which causal action is propagated instantaneously through spatial 
space.” (As we'll discuss in Chap. 3, the relativity of distant simultaneity weakens 
this assertion, but we'll take that up later.) For now, it is the conclusion that Kim 
draws from the assertion that interests us here: just what is propagating instantly? If 
sn’t mass-energy (as ‘widowhood’ would appear not to be!) then special relativ- 
isn’t bothered and physicists are happy. But those same physicists might also 
scratch their heads over wy philosophers even wonder about such a question, 
because isn’t becoming a widow just another way of saying that Socrates died and 
so we really don’t have two events, but just one? In other words, for physicists this 
really isn’t a question about cause and effect at all! 


“SJ, Hurley, “The Time-Asymmetry Paradox.” American Journal of Physics, January 1986, 
pp. 25 
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‘The central puzzle of time travel to the past is its apparent denial of causality — 
that is, its denial of the belief that we live in a world where every effect has a cause 
and that the cause happens first. First we flip the switch and then the kitchen light 
comes on. It is never the other way around. So deeply embedded is the temporal 
ordering of cause and effect in our feelings about how the world—and all the rest of 
the cosmos—works, that the Australian philosopher John Mackie (1917-1981) 
called causation the “cement of the universe” (and used that wonderful phrase as 
the title of a 1980 book). Without cau: erything would come 
unglued and fall apart. For example, when electrical engineers design an electronic 
system that they intend to actually construct (as opposed to doing a mere theoretical 
“paper design’) they insist that the design be a causal one. By that they mean the 
system must have no output before an input is applied. That is, the system must not 
be able to anticipate (foresee) the application of an input. To put it bluntly, our 
engineers are insisting that they are not building a time machine! 

Now all that might seem to be self-evident, but there are some subtle problems. 
For example, it has become almost a cliché to say that nothing can go faster than 
light; that’s what physicists mean by relativistic causality. In other words, no 
can produce an effect at a distant location sooner than the time lapse required for a 
light pulse to make the trip. Classical mechanics, however, the science of Newton’s 
laws that engineers use all the time, is not relativistically causal, Push the left end of, 
arrigid rod, for example, and the right end moves instantly. Most of the time the lack 
of this form of causality causes no problems, but the fact remains that the mechanics 
all engineers (and physicists, too!) learn first in school is flawed on a fundamental 
level. A rigid rod is an impossibility in Einstein’s mechanics 

Indeed, itis interesting to speculate about how, after a discussion of causality, a 
traditional engineering professor would respond if challenged on this 
bright student. Causality might not look so obvious, afte 
up her hand in class and said “Professor, you’ve told us that everything that happens 
in nature is due to a cause, That what we see happening all around us, as the world 
unfolds, is the domino-process of cause-effect-cause-eflect, and so on, into the 
future. But suppose, Professor, that at some instant, somehow, every particle in the 
world suddenly reversed its velocity vector. Wouldn't that mean, given the time- 
reversible nature of the classical equations of motion, the world would then run 
backward in time along the same path it had followed up until the instant of 
reversal? Wouldn't that mean what was effect is now cause, and that what was 
cause is now effect? And if cause and effect can change roles like that ... well, 


Professor, just what do our words mean?” 

An amusing, and instructive, cartoon illustration of the student’s idea of revers- 
ing all the velocity vectors in a system appeared on the cover of the November 1953 
issue of Physics Today. That issue contains an article on the 1949 nuclear magnetic 
resonance experiments performed by the American physicist Erwin Hahn, which in 
a certain sense dealt with just such reversed systems. In that illustration a group of 
runners on a multi-lane circular race track begin at the starting line in a coherent 
state, that is, all lined up together. Then, as they run around the track at various 
speeds, they gradually spread out into what appears to be an incoherent state. 
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But that incoherence is an illusion because if, at some instant (signaled in the 
cartoon by a pistol shot), they all turn around and run in reverse, they will all arrive 
hack at the starting line together, at the same instant, The initial coherence of the 
runners was actually never lost, despite the superficial appearance of disorder, and 
the coherent state can be recovered at any time by a reversal of velocity vectors. 

This isn’t mere theoretical speculation, as an almost magical application of 
velocity vector reversal is actually used in what is called optical phase conjugation, 
8 process to ‘time-reverse’ the severe distortion suffered by light beams during 
almospheric propagation. For example, by effectively reversing the velocity vectors 
of photons, one can remove the turbulence blurring in satellite pictures of the 
Earth's surface as seen from space." 

Let me immediately short-circuit one possible answer our beleaguered professor 
might give in desperation, a response based on the fact that equations of physics are 
not all time reversible. Indeed, it was discovered decades ago that, in certain very 
rare, fundamental particle decay processes involving neutral K-mesons, there is the 
hint that perhaps nature can indeed distinguish between the past and the future. In 
particular, K-mesons should violate what is called CP-symmetry, and the so-called 
‘TCP theorem™ says that then T-symmetry must also fail. In 1968/69 direct, exper- 
imental observation of the failure of T-symmetry in K-meson decays was reported. 
In an astonishing example of science fiction prescience, the use of K-mesons in a 
machine for affecting the past had appeared years earlier in a 1955 (!) story.” 

So, could K-mesons account for the physical processes that we see evolve in 
time in one direction (past to future) but not in the other? As Hurley (note 35) put it 
so nicely, “The decay of the neutral K-meson is not time-reversal invariant; perhaps 
itis this ubiquitous meson which is responsible for the cream diffusing uniformly 
throughout our coffee in the moming. Possibly, but again this conjecture cannot 
account for the computer models [of diffusion processes that, like cream in coffee, 
also display a bias for one temporal direction over the other—in Chap. 3 I'll show 
you such a computer model] which have no neutral K-mesons.” Still, the tiny chink 
that K-mesons appear to have made in the once-solid rock of time direction 
indistinguishability is an active area of research and speculation, 

Even with that chink the fact that the classical laws appear to be insensitive to a 
direction of time, whereas the real world—which seems in no way dependent on the 
arcane properties of K-mesons—seems distinctly asymmetric, is a puzzle of the first 
rank. As one philosopher wrote, “The Universe seems asymmetric with respect to 


"C. R. Giuliano, “Applications of Optical Phase Conjugation,” Physics Today, April 1981 
pp. 27-38. 

“The TCP-theorem says thatthe “mirvor-image” ofa physical process i legitimate process, to, 
if the ‘mirror reverses time (7), electric charge (C}—so that particle and anti-particle are 
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believe inthe validity of the TCP theorem because quantum field theory is compatible with special 
relativity only ifthe TCP theorem holds 
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the past and future in a very deep and non-accidental way, and yet all the laws of 
nature are purely time symmetric. So where can the asymmetry come from?" 

‘There have of course been attempts to answer that question, For example, one 
philosopher‘ discusses some curious mathematical examples he interprets as 
meaning, in the context of classical mechanics, that there are physical systems 
that are temporally irreversible in principle. A reply’? from a fellow philosopher, 
however, argues that Hutchinson has, at most, shown only that classical me 
is perhaps not deterministic, And that, Savitt argues, is not equivalent to showing a 
failure of time reversibility. There is, in fact, powerful experimental evidence that, 
with the rare exceptions of K-mesons, the classical laws of physics (including 
general relativity and quantum mechanics) are time-reversible. 

Perhaps the most compelling of such evidence comes from the reciprocity 
theorem that electrical engineers routinely use when designing radio antennas. 
‘The theorem is easy to illustrate. Suppose two electrical engineers, Bob in Boston 
and Lois in Los Angeles, send radio signals to each other. Bob sends his messages 
by exciting his antenna with a time-varying current, which thus launches electro- 
‘magnetic radiation into space. Lois’ distant antenna intercepts some of that radia- 
tion, which then creates a (very tiny) signal current in her antenna. 

‘The reciprocity theorem states the following: Suppose Bob makes a tape record- 
ing of his excitation signal and mails it to Lois, who then plays Bob’ tape back into 
her transmitter as the excitation to her antenna, Then the signal current induced in 
Bob's antenna, as it intercepts Lois’ launched radiation, will be the very same (very 
tiny) signal that Lois measured in her antenna as a result of Bob’s transmission. This 
result is completely independent of the details of the two antennas, which can be 
utterly different in design, as well as independent of the details of the propagation 
path between Boston and Los Angeles (as long as those details don’t change with 
time). The reciprocity theorem is true—it can be measured to be true as accurately 
as one wishes to perform this experiment—because of the reversibility of physics 
right down to the electronic level. In fact, the answer to the professor's problem of 
explaining why we don’t see velocity vectors suddenly reverse, and then everything 
“run backwards,” has not yet been found in any law of physics. 

Now, to make things even more interesting, consider the problem of mutual or 
simultaneous causation, which can quickly lead to several interesting questions 
‘When two leaning dominoes, A and B, hold each other up, is A nearly upright 
because of B, or is it B that is nearly upright because of A’? When two children bob 
up and down on a see-saw, whose motion is the cause and whose is the effect? There 
are other puzzles, too, that involve mutual causation, 
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For example, causation is usually thought to be transitive: if A causes B, and if B 
causes C, then A causes C. But if A and B are mutually causative, then *A causes B* 
coupled with “B causes A’ leads to “A causes A’ (and to “B causes B’). That is, 
‘mutual causation, together with transitivity, seems to imply se/f-causation! Except 
for those theologians who like this sort of result (it lets them answer the question 
“Who made God?” with “He made Himself”), hardly anyone likes self-causation 
But how do we avoid the conclusion that perhaps the mutual causation of two 
leaning dominoes, coupled with transitivity, represents experimental proof that God 
could have made himself? Well, of course this is certainly outrageous stuff, but 
don’t you wonder how our poor professor would respond if asked? 

‘This last example is actually a far more esoteric one than we need to illustrate 
how our ordinary, everyday concept of cause and effect can be turned inside out by 
going only a little bit beyond the routine. Consider, for example, the problem of the 
data processing of recorded time 
magnetic tapes, hard drives, or di 
recordings include the strata-probing 
et by oil exploration geologists; arms control compliance monitoring, stations 
that listen for the acoustic rumbles generated by both earthquakes and underground 
nuclear tests—and then try to tell one from the other; and the gathering by various 
military intelligence agencies of turbine shafi/propeller noise signatures emitted by 
different types of submarines. In each of those situations, the raw information is 
recorded and then later processed with a certain degree of unhurried calm and 
leisure. That pool of oil, after all, has been underground for several hundred million 
years, and waiting a few more days or weeks for a computer analysis of the 
explosion echo isn’t going to make much difference. 

Such afier-the-fact processing of recorded data is said to be done ‘off-line, in 
non-real time.’ When we play a disk back in the lab, however, we can do all sorts of, 
neat things, like speed up the playback (make time ‘run fast’), or slow it down 
(make time ‘run slow’), or even play it backwards (make time ‘run in reverse’). For 
various technical reasons, generically called spectrum shifting, such tricks are often 
quite useful. Now, the way we retrieve magnetically recorded information from (for 
example) a magnetic tape, is to run it through a playback machine with a ‘re 
head’ that senses the magnetic flux variations. The electrical signal produced by the 
read-head is just like the original signal and, in fact, we can pretend we don’t know 
itis really coming off a tape, but rather that itis the original signal. For high-quality 
digitally recorded tapes and disks, in fact, itis virtually impossible to distinguish the 
original from a playback, 

Now, suppose we construct our playback machine with two read-heads, with the 
new head sensing the recording slightly hefore the old head does. The two heads 
produce the same electric signal, of course, but the signal from the new head is 
ahead in time compared to the signal from the old head. The new head is, in a 
ing the future’ of the old head! We can use these two signals, the 
‘now’ time and the new head representing “future” time, to 
build real systems that are not causal. The causality violation occurs in non-real 
time, of course, not our time, but no matter; some absolutely astonishing signal 
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be achieved this way. The universe is about fifteen billion years old, 
and pretending that time has shifted a few milliseconds or so doesn’t seem to be too 
much violence to reality 

‘Two heads are often used on radio call-in 


lk shows to catch inappropriate 
remarks from intemperate callers and prevent them from being broadcast. A short 
time delay is introduced by first recording remarks ‘live’ on tape with a write head 
and, then a few seconds ‘up-stream,” a read head regenerates the remarks for 
broadcast. A 5s delay is generally sufficient, so what is heard on a radio receiver 
now actually occurred 5 s ago in the past. A caller can get terribly confused if she 
doesn’t tum her own receiver off, because one ear hears the present on the 
telephone while the other ear listens to the past over the radio. The 1956 British 
film Timeslip incorporates a similar situation, with an atomic scientist’s perception 
advanced 7 s into the future as the result of an accidental radiation exposure. His 
resulting confusion and disorientation is the center of the film."* 


2.4 Backward Causation 


“Causation as a topic of philosophical discussion refuses to die. Each year, books and 
articles on causation continue to pour forth OF course, all this atvity may simply be a 
symptom of the necrophilia that inests so much of philosophy. 


All of the previous discussion has fueled countless arguments about what is 
called backward, reverse, or even retro causation, What is generally meant by 
forward causation is, of course, that any event that occurs at time 1 is caused by 
events that all occurred at some earlier time(s). Backward causation says that at 
least one of the causing events occurs afier time this should make it clear that 
backward causation is a close relative of time travel. Indeed, one philosopher uses 
the terms time traveler and retro-causal engineer interchangeably.“® The topic, 
understandably, is at the root of many hot philosophical debates, though not 
everybody (as this section’s opening quote makes clear) thinks those debates are 
illuminating 

Just why does Professor Earman take his harsh position? He offers, 
reason, his disdain for the common philosophical “proof” of the impossibility of 


“5 science fiction use ofthis idea isin B. W. Aldiss, “Man In His Time,” Science Fantasy, April 
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“Science fletion had used a twist on this idea long before the film; see E. Binder, “The Man Who 
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backward causation: By definition, a cause is always before its effect. Yes, that’s 
the entire ‘proof.’ One can, of course, win any argument by defining the answer to 
be what it is you wish to believe, More interesting, and certainly more pertinent to 
time travel, isthe argument that if backward causation were possible then one could 
change the past—but that cannot be done because the past is dead and gone and thus 
unchangeable. That does seem to be a pretty solid argument against backward 
causation,*” but Earman rebuts it by pointing out that the very same logic could be 
applied to the future, and so the usual, uncontested forward causation would also be 
denied, That is, one could argue that whatever the future will be, will be (literally 
“by definition’), so one cannot change the future, A similar argument was presented 
even earlier,"* in which we find “suppose that someone says ‘I can change the 
future, I can do this or I can do that.’ Well, then, suppose that he does that. Has he 
changed the future? No, because doing that was the future. 

‘The reversal of the “usual” causal order of events by backward time travel has 
been a mainstay of science fiction almost from the start of the genre, Consider, for 
example, this tale."” A man on vacation by himself, without his wife along, meets a 
young lady—and they fall in love. The man loves his wife, too, though, and he 
realizes (as the young lady leaves him for the last time), never to return, that it is all 
for the best. But she really hasn't gone that far away from him, as the reader soon 
discovers. She isa time traveler from the future, and afier leaving him she goes even 
further back in time, back an additional 20 years. She does this because she has 
10 years ago, and so she goes back to be that woman! 
‘Thus, the usual causal order of the two events ‘a long marriage” and the “pre- 
‘marriage courtship’ has been reversed (if we accept the fact that the man doesn’t 
remember what his wife looked like when they married). 

Actually, even our everyday uses of cause and effect are not nearly so straight- 
forward as one might think, even when they are under far less stress than backward 
causation and time travel inflict. Consider, for example, the endless problems that 
are easy to imagine in the legal world. If a man falls off the roof of a ten-story 
building and is electrocuted as he plunges through power lines while still twenty 
feet above ground, was gravity or electricity the cause of death’? Or was it both? As 
this example and others demonstrate,” one clearly does not have to discuss time 
travel to get into a serious argument about cause and effect. But with time travel, 
and the resultant backward causation, things can become even more perplexing. For 
example, we normally think it foolish to prepare, now, for an event that has already 
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happened, but the prudent time traveler about to visit an ice age in the distant past 
‘would be wise to pack a fur coat before getting into his time machine! 

One philosopher provides, I think, a good start at explaining why so many other 
philosophers (and not just a few physicists) have adopted the ‘common sense’ 
position of rejecting backward causation. Ax he writes, “Part of the answer, no 
doubi, is a confusion between affecting and altering [the past—a distinction we'll 
discuss at length later in this book]. We cannot alter the past, But then we cannot 
alter the future either although we can affect it. However, I take the common-sense 
rejection of backward causation to be, for the most part, quasi-empirical. Itis based 
con a thought experiment, Think how you would set about affecting the past. By 
building a time-machine, perhaps? But how would you build one? We have no idea 
how to start. Yet, by contrast, we can work out how to affect the Future ... we just 
move our bodies.”*' But, as he goes on to argue, if we accept that we can’t change 
the past (which means there is no way we could actually observe backward 
causation), then there sill exits the possibility that past events were as they were 
because of events in the future 

Are there actual phenomena that justify a belief in the possibility of effect before 
cause in real time (not just in tape recorder time)? The only example I know of, and 
A controversial one at that, is a theoretical result from a reformulation of electro- 
dynamics by the great English physicist Paul Dirac (1902-1984). Classical theory 
models electric charges as point objects of zero size, which causes problems when 
one tries to calculate certain details, such as the total field energy of a single 
electron, The answer comes out as infinity. In an attempt to find more reasonable 
(that is, finite) answers to such questions, Dirac modified the zero size ofa charge to 
one taking them to be extended objects (while retaining the validity of Maxwell's 
equations for electrodynamics right down to a point). To calculate how such 
extended objects will behave mechanically, however, one has to include what are 
called the self:interaction forces, such as the force one side of an electron exer 
the other side. 

When it was all worked through, Dirac arrived at a third-order differential 
equation of motion, an equation that involves a force term proportional not to the 
usual firs time derivative of the velocity (that is, to the acceleration), but rather to 
the second derivative.” This force is proportional to the first derivative of the 
acceleration, and is a quantity of direct interest mostly to the designers of automo- 
bile suspensions, who call it the jerk. There is no force in physics, at least not in 
Newtonian physics, that shows that sort of dependence, and there are some curious 
consequences. For example, in Dirac’s theory an electron experiencing no external 
force can still continually accelerate, exhibiting what is called a “runaway solution.” 

Dirac showed how the runaway solution can be eliminated by picking a partic- 
ular value for what up to then was an arbitrary constant of integration in the 
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analy/sis, but that trick causes, in tum, a new problem called ‘pre-acceleration.” That 
is, if an electron experiences an extemal disturbance (Dirac considered a passing 
pulse of electromagnetic radiation), then the electron will start to move hefore the 
pulse reaches it! Now that does seem to be a pretty clear example of backward 
causation. The time interval during which the pre-acceleration occurs is very short, 
(on the order of the time it takes light to travel across the spatially extended electron 
{about 10-* 5), but no matter. The apparent crack in the door of causality may be 
slight, but it was enough to satisfy some philosophers seeking scientific support for 
backward causation. 

Not everybody liked this, however. One physicist was clearly uneasy about it, 
calling pre-acceleration “unpleasant” acausal behavior.°* On the other hand, one 
can find believers, too.** Others have argued that the whole business is simply a 
non-problem. One philosopher, in fact, raised a very interesting technical point, 
arguing that Dirac’s equation is non-Newtonian (remember the jerk force) and so 
‘we have no reason for coupling force and acceleration together as a cause-and- 
effect pair.** In Newtonian mechanics we do use that particular coupling, yet we do 
not think of force and velocity as a cause-and-effect pait because there is an 
integration operation involved in getting from to the other. Similarly, in Dirac’s 
theory we have an integration operation separating force and acceleration. 

One curious aspect to the debate on pre-acceleration is that many commentators 
seem not to have paid much attention to what Dirac himself had to say about it. Asa 
Nobel laureate, it hardly seems likely that he would let such a result pass unnoticed 
and, indeed, his paper contains the following physical explanation: “It would 
appear that we have a contradiction with elementary ideas of causality. The electron 
seems to know about the pulse before it arrives, and to get up an acceleration 
‘The behavior of our electron can be interpreted in a natural way, however, if we 
suppose the electron to have a finite size. There is then no need for the pulse to reach 
the center of the electron before it starts to accelerate. It starts to accelerate . .. as 
soon as the pulse meets its outside. Mathematically, the electron has no sharp 
boundary.” 

‘Two physicists suggested a fascinating connection betw 
time and Dirac’s relativistically correct, quantum mechanical description of an 
electron.** They showed that in flat, two-dimensional spacetime the assumption 
of time travel to the past leads in a natural way to Dirac’s equation, If, on the other 
hand, time travel only into the future is assumed, then additional assumptions are 
required to derive Dirac’s equation. This connection between Dirac’s equation and 
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time travel to the past makes some philosophers and physicists nervous, but it didn’t 
seem to bother Dirac. In fact, he went on in his paper to show how the 
pre-acceleration implies the possibility of building a device for sending a faster- 
than-light signal backward in time. S tion writers were, of course, quick to 
grasp that idea and such gadgets were dubbed “Dirac radios.”*? 

One of the more perplexing aspects of backward causation is that it seems to 
allow for the possibility of causal loops, and for the breaking of such loops, a 
central feature in many of the very best time travel stories. For example, suppose 
there is a gadget such that if I push its control button now, then today’s lecture notes 
will have appeared in the gadgets output tray yesterday. Indeed, yesterday I found 
today’s notes there and, in fact, I am about to go to class to deliver that lecture, 
‘A mighty good one itis, too, so I think I think I'll send it back to yesterday in just a 
few minutes with the help of the gadget. But I haven't yet pushed the button. What 
if Lnow decide not to push the button? Why did the notes appear so I could use them 
today? Philosophers call this potential breaking of a causal loop a bilking paradox. 
Later in the book I'll discuss how such paradoxes have regularly appeared in the 
physics and philosophy literature since the 1940s, 

By contrast, such paradoxes had been discussed in the science fiction magazines 
Jong before World War Il. For example, in a letter to the editor at Astounding 
Stories (June 1932) a fan clearly stated his objection to time travel with the aid of 
bilking paradox. He suggested the following experiment: Immediately publish an 
open offer to the inventor of time travel (who will be bom, presumably, at some 
future date) to travel back to one week before the offer is published. But of course 
(argued the fan) we'd have a pretty problem if we then decided not to publish the 
offer after the inventor showed up! As that fan wrote, “Paradoxical? I'l say so, if 
time travel is possible.” That fan didn’t know about what seems to be a generic 
limitation on time machines, however: that one can’t travel back to a date before the 
date of the time machine’s creation, Thus, that fan’s particular bilking paradox 
actually has no force.** 

For another fictional example of a bilking paradox, consider the story*? of time 
travelers who, just before they begin a trip into the future, see Earth invaded by 
Martians, At first the invaders are unbeatable, but then the defending military forces 
of Earth suddenly and mysteriously acquire a fantastically powerful new weapon. 
It isn’t long before the time travelers realize where it came from—they themselves 
will go into the far future, obtain the weapon, and then return with it to what is now 
their own past (when the weapon first appeared). But then they wonder what might 
happen if they don’t go, if instead they “cheat time.’ After all, they reason, why 


‘See, for example, J. Blish, “Beep.” Galaxy Science Fietion, February 194 
A similar bilking paradox had actually appeared the year before in the 1931 novel Many 
Dimensions by the English writer Charles Williams (1886-1945), which reads like a suitable 
script for an Indiana Jones movie. 
°*B, Binder, “The Time Cheaters." Thrilling Wonder Stories, March 1940. There is an amusing 
reference in this tale to Orson Welles’ famous radio-drama-hoax, from just 2 years earlier, of just 
such an alien invasion based on H. G. Wells’ War of the Worlds 
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bother now to hunt for the Weapon when the invasion has already been defeated? 
We are told that this potential bilking paradox is a “sinister conception, crawling 
evilly within their brains, like an unanswerable enigma. 

Some philosophers, and practically all physicists, agree with that last assessment 
about bilking paradoxes, and so they believe there is simply nothing more to say 
‘That is, bilking puzzles like the one in “The Time Cheaters” show that causal loops 
(and backward causation) must be impossible, Many fee! this way about time loops, 
and backward causation, because (as is well known) time travel to the past can 
create all sorts of paradoxes. But such paradoxes are offensive only to human, 
culturally-biased intuitions on ‘how things ought to work,” and not to the laws of 
physics which are indifferent to a reversal in the direction of time—which of course 
underlies what time travel is all about 

As the great American chemist G, N. Lewis expressed it, “Our common idea of 
time is notably unidirectional, but this is largely due to the phenomena of con- 
sciousness and memory {my emphasis}. Lewis’ words caught the eye of the 
editor at one science fiction magazine, who summed it up for his readers in a half- 
page essay that contained dramatic words hinting at backward causation: “A new 
theory of time ... reveals the possibility that events now occurring are among the 
factors that decided Caesar nearly 2,000 years ago to cross the Rubicon.”*" 

Lewis’ willingness to accept causality violations is not a universally popular 
view today. For example, one physicist has written™ that “It is fair to say that most 
conservative physicists have very serious reservations about the admissibility and 
reality of causality-violating processes. Causality violation (i., the existence of 
“time machine’) is such an extreme violation of our understanding of the cosmos 
that it behooves us to be as conservative as possible about introducing such 
unpleasant effects into our models.” He then goes on to declare closed timelike 
oops to be verboten because “the existence of closed timelike loops leads us to such 
unpleasant situations as meeting oneself 5 min ago.” He sums up his philosophical 
position nicely with “any theory that is ‘just a little bit causality violating” is ‘just a 
little bit inconsistent.” 

Agreeing with this physicist is at least one philosopher who believes that the 
“association of causality with a particular temporal direction is not merely a matter 
of the way we speak of causes, but has a genuine basis in the way things happen” 
and that there is indeed an asymmetry with respect to past and future that is bound 
up with our concept of intentional action."* He then goes even further when he 
continues with the claim that being an agent of cause is not a necessary condition 
for seeing the asymmetry: being an observer is enough, as even an immobile yet 


@G_N, Lewis, “The Symmetry of Time in Physis,” Science, June 6, 1930, pp. 569-877. 
"Baitoral essay, “Two-Way Time.” Astounding Stories, September 1931 
=M, Visser,“ Womholes, Baby Universes, and Causality,” Pysical Review D, 
pp. 1116-1124. 
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intelligent tree (!) could detect the difference between past and future, (How he 
knows this about certain trees is left unexplained.) 

‘The everyday views of causality that we have formed through our limited 
experiences when living in a world in which time travel is ‘uncommon’ may 
actually be incomplete. As the British philosopher Bertrand Russell (1872-1970) 
said with some humor long ago, in his 1912 Presidential Address (“On the Notion of 
Cause”) to the Aristotelian Society, “The law of causality, I believe, like much that 
passes muster among philosophers, is a relic of a by-gone age, surviving, like the 
‘monarchy, only because itis erroneously supposed to do no harm.” And I do agree 
with his fellow philosopher who, decades later, declared “The concept of cause is 
powerless to solve the problems posed by the concept of time. The fundamental 
laws of physics present our most careful, best established and most sophisticated 
understanding of time. Notoriously, nothing in these laws endorses the idea of a 
ow of time nor of the direction (my emphasis: we'll return to both of thes 
later in this chapter] which is basic to our conception of it. Nor are these laws causal 
(in the sense of singling out causes) even when they are deterministic. The concept 


of cause is not a fundamental one and cannot illuminate the darker corners in our 
understanding of the fundamental concept of time.”** 


2.5. The Fourth Dimension 


“We are facing an invasion of fourth dimensional creatures... We are being attacked by 
life which is one dimension above us in evolution. We are fighting, I tell you, a ribe of 
hellhounds out of the cosmos. They are unthinkably above us inthe matter of intelligence 
‘There is a chasm of knowledge between us so wide and deep that it staggers the 
imagination." 

“Fourth dimension, Time factor. You know 


‘The idea of a fourth dimension to space has long been a staple of science fiction, 
but it has also long been viewed with suspicion. Indeed, many quite sophisticated 
scientists have thought it to be quite mysterious. For example, in his 1897 Presi- 
dential Address to the American Mathematical Society, the Canadian/American 


@G. Neslich, “How to Make This 
1979, pp. 1-22. 

‘From “Hellhounds of the Cosmos,” Asfounding Stories, June 1932, by Clifford Simak 
(1904-1988). Simak went on to write a number of much better tales, but this passage lends 
credence to the editorial introduction to the 1957 anthology Fanious Science-Fiction Stories 
(Random House) that declared so much in the early pulp science fiction was “science that was 
Claptrap and fiction that was graceless.” 


ss Have Happened.” Canadian Journal of Philosophy, March 


“Uninformative ‘explanation’ given toa befuddled, inadvertent time traveler who emerges miles 
away and one hour backward in time after a wild ride through the fourth dimension in a gadget 
(constructed from a bicycle tire!) in the shape of a three-imensional Mébius strip (see note 99 in 
Chap. 1). From the story by H. Nearing, Jr, “The Maladjusted Classroom,” The Magazine of 
Fantasy and Science Fiction, June 1953. 
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astronomer-mathematician Simon Newcomb (1835-1909) declared “The introduc- 
tion of what is now very generally called hyperspace, especially space of more than 
three dimensions, into mathematics has proved a stumbling block to more than one 
able philosopher.” Einstein stated Newcomb’s view in blunter terms when he wrote 
“The non-mathematician is seized by a mysterious shuddering when he hears of 
“four-dimensional things, by a feeling not unlike that awakened by thoughts of the 
occult.” 

To see just how right Einstein was with this observation, consider the reaction 
‘one Egyptian philosopher had (in 1929) to Einstein's own writings: “We have no 
doubt in our mind that nobody can understand it (the fourth dimension), including 
Einstein himself. The incomprehensibility of these assumptions [of general relativ- 
ity] is due to their nature, They deal with the fourth dimension ... and the reality of 
time and space. They can only be described by a mathematician’s hypothesis or by 
religious faith.” This reaction is easy to understand—after all, anybody can “see” 
that there are exactly three spatial dimensions, and that is that! 

‘The 1901 novel The Inkeritors, by the English writer Ford Madox Ford. 
(1873-1939), like Simak’s, is the tale of an insidious hyperspace invasion of our 
‘world. It illustrates Einstein’s assertion about how many people react to the fourth 
dimension with an example from the time before the science fiction magazines, 
‘When the novel's narrator is bluntly told by an invader that she (the invader) is from 
the fourth dimension—an idea inspired by Ford’s appreciation of how much 
success his acquaintance H. G. Wells had enjoyed with it—he recoils from that 
claim with the words “If you expect me to believe you inhabit a mathematical 
‘monstrosity, you are mistaken.” And who can really blame that skeptical narrator? 
How can there be four spatial dimensions? No less an authority than Aristotle 
writing in 350 B.C., had declared in his essay “On the Heavens” that “the three 
dimensions are all that there are. 

Others were not so sure. In 1873, for example, we find an essay in Nature that 
to well-known mathematicians who even earlier had shown that they had an 
inner assurance of the reality of transcendental space (hyperspace). The American 
philosopher Charles Sanders Peirce (1839-1914) was also an early advocate for the 
four-dimensionality of space. Just what he thought the nature of the fourth dimen- 
sion to be is somewhat unclear, but the context of what he said suggests he took it to 
be spatial, He thought three-dimensional space to be “perverse” because of the 
existence of incongruous counterparts (such as left- and right-handed gloves), and 
this was apparently strong evidence for him that space could not be three- 
dimensional Now, incongruous counterparts exist in all n-dimensional spaces, 
but Peirce preserved the special purity of the fourth dimension by suggesting that 
all physical objects, although capable of motion in the fourth direction, could 


‘A, Einsiein, Relaivity: the Special and General Theory, Crown 1961. p. 33. 
From A. A. Ziadat, “Early Reception to Einstein's Relativity in the Arab Periodical Press,” 
Annals of Seience. Sanuary 1994, pp. 17-35. 
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themselves have no extent in that di 


ion (remember, Peirce was a philosopher, 
not a physicist, and he offered no experimental support for any of this).”” 

But is it really possible that there could be four spatial dimensions? We expe- 
rience three independent directions, each lying at a right angle to the other two—but 
\why just three, and not ten or fifteen? Indeed, in an 1888 talk to the Philosophical 
Society of Washington, Simon Newcomb dismissed the view that space must 
necessarily be three-dimensional as an “old metaphysical superstition.” Yet, despite 
Newcomb’s open-mindedness, it has been shown that in the framework of classical 
physics there are, in fact, several powerful reasons for why there must be exactly 
three spatial dimensions. 

‘The beginning of a scientific explanation for the dimensionality of space appears 
in Kant, who believed the three dimensions of space and Newton’ inverse-square 
law for gravity are intertwined (but he offered nothing beyond philosophical 
speculation). The origin of Kant’s view is actually quite old, dating back to the 
ancient Greeks, who had already begun to suspect that there was something special 
about three dimensions, at least as far as geometry was concerned. They knew of 
the infinity of regular two-dimensional polygons, but that there were just five 
regular polyhedrons in three dimensions (the so-called Platonic solids). This 
early observation was trapped in mystical speculations, however, and it wasn’t 
until the development of physics as a science that non-mystical discussions on the 
dimensionality of space began to appear. 

Beginning with the work of Einstein’s friend, the Austrian/Dutch physicist Paul 
Ehrenfest (1880-1933) in 1917, we can find the idea that the Poisson-Laplace 
equation, a second-order partial differential equation that describes the potential 
functions for both Newtonian gravity and electrostatics, does not allow for stable 
planetary or electronic orbits in any space with dimensionality greater than three. 
Further, the distortionless, reverberation-free propagation of both electromagnetic 
and sound waves is possible only in spaces of dimensions one and three. These 
conclusions have been shown to hold even when we go beyond nineteenth century 
physics into general relativity and quantum mechanics.”" 

Using a slightly different approach, a biological-topological argument for why 
space cannot have fewer than three dimensions exists. In all of our common 
experience, complex intelligent life is always found to occur as an aggregate of 
vast number of elementary cells, interconnected via electrical nerve fibers. Each 
cell is connected to several others, not all immediate neighbors, by these fibers. If 
space had only one or two dimensions, then such highly interconnected nets of cells 
‘would be impossible because the overlapping nerve fibers would have to intersect, 
which would result in their mutually short-circuiting one another. 


RR. Dipent, “Peirve’s Theory of the Dimensionality of Physical Space,” Journal ofthe History 
of Philosophy: January 1978, pp. 61-70. 

"See, for example, 1. M, Freeman, “Why Is Space Three-Dimensional?” American Journal af 
Physics, December 1969, pp. 1222-1224, and L- Gurevich and V. Mestepanenko, “On the 
Existence of Atoms in n-Dimensional Space,” Physics Letters A, May 31, 1971, pp. 201 
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It wasn't long before these views on the dimensionality of space found their way 
into science fiction. An early use of space as four-dimensional occurs in an 
awkward rewrite of Jules Vemne’s Around the World in Eighty Days, in which a 
professor and his crew fly into hyperspace and around the world and to the moon 
and back, in less than a day.”* They do this with a plane equipped with a four- 
dimensional rudder! More interesting is the tragic story (originally published in 
1926) of a math professor who learns how to move into hyperspace and back.” A 
colleague catches him at it and, once over his astonishment, asks what is behind it 
all. The professor replies, “My assumption is that the fourth dimension is just 
another dimension—no more different in kind from length, say, than length is 
from breadth and thickness, but perpendicular to all three. Now suppose that a 
being in two dimensions—a flat creature, like [a moving shadow on a surface|— 
‘were suddenly to grasp the concept of a third dimension and so step out of the 
[surface]. He might move only an inch, but he would vanish completely from the 
ight of the world.” 

‘The professor has similarly learned how to step out of 3-space and into 4-spaci 
but, when asked to explain how, all he can say is “How can I explain? It's just the 
other direction. It’s there!” His colleague can’t see it, but nonetheless is quick to 
grasp the practical implications: “This is power! Think of it! A step, and you are 
invisible! No prison cells can hold you, for there is a side to you on which they are 
as open as a wedding ring! No ring is secure from you: you can put your hand round 
the corner and draw out what you like. And, of course, if you looked back on the 
Universe you had left, you would see us in sections, open to you! You could place a 
stone or a tablet of poison right in the bowels of your enemies!” 

What the professor's colleague is getting at involves a comparison with a prison 
in planar 2-space, which would merely be a circle around the captive. Knowledge of 
the third dimension would make it possible to escape, however, by simply moving 
along that new direction, over the circle, and then back into the plane. To a 2-space 
guard it would seem that the prisoner had suddenly vanished from view inside the 
circle and then just as suddenly materialized again outside the circle, Similarly, to 
escape from a 3-space prison, one would merely move along the fourth dimension, 
and in the same way one could remove the yolk from an egg without damaging the 
shell; indeed, one could remove the yolk directly from the chicken without dam- 
aging the chicken!”* 


%B Olsen, “Four Dimensional Transit." Amazing Stories Quarterly, Fall 1928, 
*R. Hughes, “The Vanishing Man,” reprinted in The Mathematical Magpie (C. Fadiman, editor), 
Simon and Schuster 1962. 
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locked safe deposit boxes, and "The Four Dimensional Escape.” Amazing Stories, Devember 1933, 
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Ina later tale”® we meet another professor who dramatically uses this very 
feature of the fourth dimension. His right hand has been modified through an 
accident to exist in four-dimensional hyperspace and so, to finance his research, 
he uses his ‘talent’ to become the perfect pickpocket, able to reach into any wallet 
no matter how well secured. He also can, indeed, reach right into the very bowels of 
his fellow man. And he does. When he demonstrates his hand to the policeman who 
has arrested him for being a thief, the astonished officer chokes on a lemon drop. 
Dr. Fuddles then, of course, does the right thing and removes the drop from the poor 
fellow with ease. There is one additional aspect to Dr. Fuddles’ hand, however, that 
the story missed. If he had turned his right hand over in the fourth dimension, then 
hhe would have had rwo left hands! 

It was discovered in 1827 by Mébius (of the strip) that any three dimensional 
object can be converted into its mirror image by flipping it over through the fourth 
dimension, Thus, a left-handed glove can be made by pure geometry (no scissors, 
thread, or needle required) into a precise copy of its right-handed mate. Ifa living 
organism is so flipped, however, there may be a problem, as everything in the body 
‘would be reversed, including the optically active organic molecules discovered by 
Pasteur in 1848, which are involved in vital biological processes. These molecules, 
called stereoisomers, exist in two versions in nature (the left-handed and the right- 
handed versions, if you will), but our bodies have developed the ability to use only 
one version. To be flipped through the fourth dimension would make some reversed 
stereoisomers unable to participate in the digestion of food and we would starve to 
death. 

For modem science fiction writers the fourth dimension (and hyperspace, in 
general), is still a major concept. One physicist, writing in Analog (today's premier 
“hard science’ fiction magazine), summed up nicely what was so fascinating in early 
pulp, and stil is today, about the idea of an extra dimension or two, or pethaps even 
‘more, at least from a fictional point of view: “Are there hidden dimensions not 
accessible to us, dimensions in which we could go adventuring, dimensions within 
which malevolent hyper-dimensional aliens may be lurking, ready to pierce our 
flimsy paper-thin three-space bodies with their terrible hyper-sharp claws?” The 
carly pulp science fiction magazines encouraged this lurid imagery. Witness the 
editorial blurb that opened one many-dimensional monster story as follows: “It was 
a strange world in which Lester and Florence found themselves. A world of sudden 
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Fig. 2.1 An experiment in 
hyperspace goes astray. The 
young man is pulling on 
‘hyper-forceps” in an 
attempt to retrieve as 

who has fallen out of 
space (along with his 


patient, a professor of 
‘hon-Euelidean geometry. 
who suffers from 
gallstones). The byper- 
Forceps allow the removal 
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death and strange science, ruled by inhuman beasts.””” But as outrageous as that 
might sound, the real physics of hyperspace is even more amazing. 

Hyperspace is, in general, simply any space with more dimensions than the one 
We obviously seem to live in, In particular, our universe appears to be a four- 
dimensional (three spatial and one temporal) hyperspace called spacetime. This 
four dimensional world can, at least mathematically, be thought of as the boundary 
surface of a five dimensional hyperspace. This is analogous to the way the 
two-dimensional space of the surface of a sphere bounds the three-dimensional 
space of the sphere itself. This interesting imagery appeared quite early in pulp 
science fiction. For example, in one remarkably sophisticated story, an eccentric 
scientist at one point exclaims “A mathematical physicist lives in vast spaces 


\here space unrolls along a fourth dimension on a surface distended from a fifth." 
‘There are some interesting geometrical implications to hyperspace which play 
big roles in time travel considerations. For example, for beings in the 


two-dimensional world of a sphere’ 


's surface there are fo ways to travel from 
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pole to pole. There is the usual way, on the surface of the sphere, and the hyperspace 
way which takes them through the sphere along the polar diameter. In imagery 
motivated by thinking of the sphere as an apple, and of the hyperspace path as a 
tunnel bored by a worm through the apple, it has become popular to call all such 
shortcuts, through any hyperspace of any dimension, wormholes (a word coined in 
the 1950s by the Princeton physicist-wordsmith John Wheeler). Wheeler used 
wormholes to show how electric charge could be thought of as lines of force 
trapped in the changing topology of a multiply connected space (indeed, Wheeler 
claimed that the observation of what we call electricity is experimental evidence 
that space is not simply connected).”” 

‘The general theory of relativity predicts the existence of wormholes in spacetime 
and, in fact, they were first ‘discovered’ theoretically in the mathematics of 
relativity as carly as 1916 by the Viennese physicist Ludwig Flamm 
(1885-1964), Later analyses were done by Einstein, himself." Wormholes have 
been discussed as a possible model for pulsars (as opposed to the more usual model 
as rotating neutron stars) Ithas also been suggested that the interior of a charged 
black hole may be the entrance to a wormhole." All of these various solutions to 
the gravitational field equations are generically called “Einstein-Rosen bridges” in 
the physics literature (see note 81, for example), and the term soon appeared in 
fiction, too." 

‘The use of hyperspace wormhole portals for explaining some observed physical 
phenomenon appeared in the scientific literature long before Wheeler’s electricity 
example. In his 1928 book Astronomy and Cosmogony, for example, the British 
theoretician Sir James Jeans devoted a chapter to what were then called nebulae, the 
island-universes we now call galaxies. At the end of his discussion on the arms of 
spiral galaxies, Jeans offered the following speculation: “Each failure to explain the 
spiral arms makes it more and more difficult to resist a suspicion that the spiral 
nebulae are the seats of types of forces entirely unknown to us, forces which may 
possibly express novel and unsuspected metric properties of space {my emphasis}. 
‘The type of conjecture which presents itself, somewhat insistently, is that the 


centers of the nebulae are of the nature of ‘singular points,” at which matter is 
poured into our universe from some other, and entirely extrancous, special 


™ space is simply connected if all the points onthe straight line that joins any two points in the 
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dimension, so that, to a denizen of our universe, they appear as points at which 
matter is being continually created.” This, in everything but name, is a wormhole 

What would hyperspace be like? It is intuitively obvious that in the case of the 
2-D surface of a 3-space sphere, the ‘hyperspace’ wormbole path is shorter than the 
surface path, Even if this ‘shorter path’ view holds for wormholes in our 4-D 
spacetime, however, getting around in science fiction hyperspace may not be a 
simple task. One tale, for example, tells the story“ of how one of the first space- 
ships to explore hyperspace gets lost. The trouble with hyperspace travel is that 

“You go in at one point, you rocket around until you think it's time to come out, and 
there you are. Where is “there”? Why, that’s the surprise that’s in store for you, 
because you never know until you get there. And sometimes not even then,” The 
same idea plays a central role in Robert Heinlein’s 1957 novel Tunnel in the Sky, in 
hich a ‘hyperspace gate’ is discovered by accident during failed time tavel 
experiments, 

Another story" asks the same question about hyperspace, and arrives atthe same 
answer: “When you took the Jump ... how sure were you where you would 
emerge? The timing and quantity of the energy input might be as tightly controlled 
as you liked .... but the uncertainty principle reigned supreme and there was always 
the chance, even the inevitability of a random miss ...a paper-thin miss might be a 
thousand light-years. 

A common way to visualize hyperspace wormhole shortcuts is to imagine the 
beginning and the end of a journey as points A and B on the 2-D surface of a piece 
of paper. Then imagine that the paper is folded so as to position A over B, perhaps 
with A almost touching B. The distance from A to B through hyperspace (the 3-D 
space in which the folding took place) can clearly be much less than is the distance 
through “normal” space (the distance covered by a trip that always remains in the 
2-D surface). This is the specific example used in one tale to explain the instanta- 
neous “space-warp” (wormhole) device invented by the story's hero."° Such imag- 
ery actually appeared quite early in science fiction, asin one story in which a gadget 
is used to “bend space” so that Earth and Venus touch!*” 

“The idea of hyperspace folding has broken free from science fiction and ean now 
be found in modern stories in other genres. For example, in one Stephen King story 
(Mrs. Todd’s Shortcut”) a woman keeps finding ever shorter ways to drive from 
Castle Rock, Maine to Bangor. As the crow flies it is 79 miles, but she gets the 
joumey down to 67 miles, and later fo 31.6 miles. When doubted, she replies: “Fold 
the map and see how many miles it is then ... it can be a litle less than a straight 
line if you fold it a litle, or it can be a lot less if you fold ita lot.” The doubter 
remains unconvinced: “You can fold a map on paper, but you can’t fold land.” 
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"9G. 0. Smith, “The Mabius Trail," Thrilling Wonder Stories, December 1948, 

"'E. L. Rementer, “The Space Bender,” Amazing Stories, December 1928. 
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For the purpose of wormhole creation in spacetime, we actually have to imagine 
much more: the folding of four-dimensional spacetime through a five dimensional 
hyperspace. The folding imagery has even appeared in the movies: spacetime 
folding is demonstrated with a piece of paper in both Event Horizon (perhaps the 
worst movie of 1997) and the 2014 Interstellar 

Another feature of hyperspace that science fiction has taken a liking to is its 
‘An interesting fictional treatment of this idea was given by a writer who, 
in real life, was an academic psychologist at the University of Michigan. He put 
himself in a story** of a starship captain who is explaining to the crew psychologist 
how he feels about hyperspace (or subspace, asit is called in the story): "God forsaken, 
‘That's just what it is. Completely black, completely empty. It frightens me every time 
‘we make the jump through it...it frightens me because—well, because a man seems 
to get lost out there, In normal space there are alway’ stars around, no matter how 
distant they may be, and you feel that you've got direction and location. In subspace, 
all you've got is nothing—and one hell of alot ofthat. Its incredible when you stop to 
think about it, An area—an opening as big as the whole of our Universe, big enough to 
pack every galaxy we've ever seen in it—and not a single atom of matter init... until 
‘we came barging in to use it as a shortcut across our own Universe. 

‘The vastness of hyperspace got a more humorous treatment from the early pulp 
science fiction writer Bob Olsen (1884-1956), who wrote the following verses" in 
the introduction to one of his many stories of the fourth dimension: 


Tread a yarn the other day— 
A crazy concept, I must say 

It states that objects have extension 

In what is called the "Fourth Dimension.” 
In hyperspace one could, no doubt. 

Make tennis balls turn inside out; 

And from a mut remove the kernel 

And not disturb the shell external. 

A crook could pilfer bonds and stocks, 
Then laugh at prison bars and locks, 

One step in this direction queer, 

And presto! He would disappear! 

Let's hope, in planning new inventions, 
They'll give us cars with four dimensions. 
When searching for a parking place 

We sure could use some hyperspace! 


It is not just science fiction that takes hyperspace seriously. We find a mathe- 
‘matician, for example, writing that “most science fiction addicts are familiar with 


the pen-name for Alfred Johannes Olsen, 
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the notion of ‘hyperspace,’ a higher dimensional space-time bounded by Space- 
Time through which, in the far distant future, interstellar voyages shortcut the 
(otherwise unsurmountable) distances between the stars. The purpose of this 
article®” is to demonstrate that any... relativistic space-time model is the boundary 
of some ... five-dimensional hyperspace.” That is just what Breuer’s magazine 
character (see note 78) said—in 1930! 

‘The concept of time as a fourth dimension has long been a popular concept, and. 
science fiction in particular has embraced it with enthusiasm. We find a little joke 
on the idea in a story where a young couple, visited by time travelers from 500 years 
im the future, are said to live in Apartment 4-D.”" One physicist”? traced the idea 
back to the late eighteenth century, finding references to the idea in pre-1800 works 
of the great French mathematical physicists Jean le Rond d'Alembert (1717-1783) 
and Joseph-Louis Lagrange (1736-1813). In fact, a philosopher” has found a 1751 
passage written by d'Alembert that appears to indicate that it is some unknown, 
earlier person to whom the credit should really go: “I have said [that it is] not 
possible to imagine more than three dimensions. A clever acquaintance of mine 
believes, however, that duration could be regarded as a fourth dimension and that 
the product of time and solidity would be in some way a product of four dimen- 
sions; that idea can be contested, but it seems to me that it has some merit, if only 
that of novelty.” 

Still, it wasn’t until a curious letter appeared in Nature in 1885 that the concept 
of time as the fourth dimension was mentioned seriously in an English-language 
scientific journal. The author, mysteriously signing himself only as “S.,” began by 
asking “What is the fourth dimension? ... I [propose] to consider Time as a fourth 
dimension ... Since this fourth dimension cannot be introduced into space, as 
commonly understood, we require a new kind of space for its existence, which 
‘we may call time-space.” Who was this prophetic writer that, if he had just made a 
simple swap, would have been the first to use space-time as a word’? Nobody knows. 
Bork speculates that it was an acquaintance of H.G. Wells, but Wells himself is on 
record that it certainly wasn’t him, 

Inhis 1934 Experiment in Autobiography, Wells wrote “In the universe in which 
my brain was living in 1879 there was no nonsense about time being space or 
anything of that sort, There were three dimensions, up and down, fore and aft and 
right and left, and I never heard of a fourth dimension until 1884 [when Wells was 


'G. S. Whiston, “Hyperspace’ (The Cobordism Theory of Space-Time,” International Journal 
of Theoretical Physics, December 1974, pp. 285-288, 
IL, Padget, “When the Bough Breaks.” Astounding Science Fiction, November 1944. 
“A, M. Bork, “The Fourth Dimension in Nineteenth-Century’ Physics.” Iss, October 1964, 
pp. 326-338, 
°°E, Meyerson, The Relativistic Deduction, volume 83 of Boston Studies in the Philosophy of 
Science, D. Reidel 1985, p. 78. 
YS, “Four-Dimensional Space,” Nature, 


sch 26, 1885, p. 481. The editorial staat Nature has 
ntury-and-a-quarter later, there is na longer any record of the 


identity of S. in the journal's archives: 


informed me that, more than & 
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eighteen] or thereabout, Then I thought it was a witticism.” He had, in fact, said this 
before, In a 1931 edition of The Time Machine (Random House), for example, he 
‘wrote in the Preface that the idea for the novel “was begotten in the writer's mind by 
students” discussions in the laboratories and debating society of the Royal College 
of Science in the eighties and already it had been tried over in various forms by him 
before he made this particular application of it.” 

‘The idea of time as the fourth dimension entered the popular mind around 
1894-95, with the publication of the first of Wells’ so-called “scientific romances,” 
The Time Machine. Then, after that pioneering use of time as the fourth dimension, 
science fiction quickly adopted the idea as the basis for one of its most popular 
subgenres, One of the great “golden age of science fiction” writers, “Murray 
Leinster’ (1896-1975)—the pen-name for William Jenkins—used it as the basis 
for his first published story.”* It is the incredible tale of a Manhattan skyscraper (and 
its 2000 occupants) sent backward in time several 1000 years because its foundation 
slips (in an unexplained way) along the fourth dimension. The scientific sophisti- 
cation of the story is primitive, with just one of the many logical flaws being a vivid 
description of the time travelers living forward-in-time even as their wrist watches 
run backward. Indeed, when pulp pioneering editor Hugo Gernsback reprinted the 
tale in one of the early issues of Amazing Stories, a reader complained about that 
very point. Gernsback felt compelled to defend the story, but could muster only a 
‘weak rebuttal based on an author's right to “poetic license.””" 

More technical is the discussion in the story of a clerk who transforms the main 
entrance to a department store into a time machine by building a tesseract (a four- 
dimensional cube).”” The claim is made there that the fourth dimension of the cube/ 
doorway is time. That tale appeared just 5 months after a classic of science fiction 
by Robert Heinlein (1907-1988) had appeared, also using a tesseract, in which the 
fourth dimension is taken as spatial.”* 

Some writers wanted to have the fourth dimension both ways, as space and time 
in the same story. One wonderful example ofthis is a classic,”” written by one of the 
giants of science fiction. In that tale an electrical engineer named Nelson is caught 
in the middle of an enormous electromagnetic field surge produced by a short 
circuit in a power plant. As a physicist explains to the shocked board of directors of 
the utility, “It now appears that the unheard-of-current, amounting to millions of 
amperes ... must have produced a certain extension into four dimensions ... Ihave 
been making some calculations and have been able to satisly myself that a 


‘SM, Leinster, “The Runaway Skyscraper.” Argosy, February 1919. 
“°H, Gemsback, “Plausablity in Sciemifition,” Amazing Stories, Noventber 1926, 

'W. P, MeGivern, “Doorway of Vanishing Men.” Fantastic Adventures, July 1981, 
°'R. Heinlein, “And He Built Crooked House,” Astounding Science Fiction, February 1941 
Here we read of a Los Angeles architect who builds a house inthe shape ofa tesseractas it would 
appear if collapsed into normal thee-imensional space. It isn't stable in 3-space (we are tld) 
however, and so a California earthquake is sufficient to topple the house into a stable 4D 
contiguration, along with its occupants 
“A.C. Clarke, “Technical Exrr,” Fantasy No, 1, December 1946 
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“hyperspace” about ten feet on a side was, in fact, generated: a matter of some ten 
thousand quartic—not cubic!—feet, Nelson was occupying that space. The sudden 
collapse of the field [when the overload breakers finally broke the circuit] caused 
the rotation of that spac 

Being rotated through 4-space has inverted the unlucky Nelson [see For Further 
Discussion at the end of this chapter for more on this point], and to bring him back 
to normal he must be flipped again. The physicist brushes aside a question about the 
fourth dimension as time, asserting that the only issue is one of space. Poor Nelson 
is, therefore, again subjected to a stupendous power overload—only now he 
disappears! Too late, the physicist realizes that the fourth dimension is both space 
and time and that Nelson has been spatially flipped and temporally displaced into 
the future. To understand the particularly monstrous fate of Nelson, just ask 
yourself what the result would be if he should materialize inside matter sometime 
in the future! 

‘The interpretation of the fourth dimension as time is, of course, the one of 
interest to prospective time travelers, to physicists studying time travel, and to 
philosophers of time, and so for us, too. The sort of science fiction that is of greatest 
interest to us is like the one in which one of the characters, displaced in time, asks 
for an explanation from a higher-dimensional being who appears on the scene: 
Just where is Tuesday?” he asked. “Over there [and when the being extends its 
hand, the hand disappears).” “Do that again.’ ‘What? Oh—Point toward Tuesday? 
Certainly."” The being explains the physics of the situation to the astonished time 
traveler thus: “It isa direction like any other direction. You know yourself there are 
four directions—forward, sideward, upward, and—that way! ... It is the fourth 
dimension—it is duration.” 

‘And how about stories like the one in which a mad inventor discovers how to 
‘make a substance whose atoms resist being pushed by “pushing back at right angles 
to all the other [spatial] directions.” That is, to push on this exotic stuff is to risk 
experiencing a back reaction, of being pushed “off into the fourth dimension [which 
‘we are told is time] ... into the middle of the week after next." Now wouldn't 
that really be something?! 

But of course it was H. G. Wells who, in fiction, pioneered time travel and its 
connection to the fourth dimension as it is popularly thought of today (with the 
caveats about Wellsian time machines kept firmly in mind). We are therefore quite 
interested, as The Time Machine opens, to listening-in as the Time Traveller 
expounds to a group of friends at a dinner party in his London home. He starts 
with the assertion “There is no difference between Time and any of the three 
dimensions of Space except that our consciousness moves along it.” When asked 
to say more about the fourth dimension, he replies, “It is simply this. That Space, as 
our mathematicians have it, is spoken of as having three dimensions, which one 
‘may call Length, Breadth, and Thickness, and itis always definable by reference to 
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three planes, each at right angles to the others. But some philosophical people have 
been asking why three dimensions particularly —why not another direction at right 
angles to the other three?—and have even tried to construct a Four-Dimensional 
geometry. Professor Simon Newcomb was expounding this to the New York 
‘Mathematical Society only a month or so ago.*""" 


2.6 Spacetime and the Block Universe 


“And now he has preceded me briefly in bidding farewell wo this strange world, This 
signifies nothing. For us believing physicists, the distinction between past, present, and 
future is only an illusion, even if stubborn one. 

Albert Einstein!” 


‘The poet Henry Van Dyke wrote, in his 1904 “The Sun-Dial at Wells College,” 
‘words that echo the spirit of Omar Khayyam’s Rubaiyat from nine centuries before: 


The shadow by my finger cast 
Divides the future from the past 
Before it, sleeps the unborn hour, 

In darkness, and beyond thy power 
Behind its unreturning line 

The vanished hour, no longer thine: 
One hour alone is in thy hands — 

The NOW on which the shadow stands. 


‘The very next year Einstein’s theory of special relativity appeared and, 3 years 
later, came Minkowski’s spacetime interpretation of special relativity. Van Dyke's 
beautiful poetry was dealt a mighty blow by those developments in mathematical 
physics, and in the rest of this chapter we'll see how that came to pass. 

‘The modem view of reality, that the past, present, and future are joined together 
into a four-dimensional entity called spacetime, is due to Hermann Minkowski 
(1864-1909), Einstein's mathematics teacher when he was a student in Zurich, 
‘Minkowski gave spacetime (the visual imagery of Einstein's mathematics) to the 
‘world during a famous address at the 80th Assembly of German Natural Scientists 
and Physicians in Cologne, on September 21, 1908. Entitled “Space and Time,” his 


And so Newcomb actually was. Wels, itis certain, routinely read Nature (one of his college 
ends, Richard Gregory, eventually became the journal’s editor), and Wells must have read 
‘Neweomb's address of December 28, 1893 to the New York Mathematical Society when reprinted 
in the February 1, 1893 issue (on pp. 325-329), where he called hyperspace “the fairyland of 
geometry.” From the Time Traveller’s own words, then, that wonderful Vietorian dinner party 
‘must have taken place in January or February of 1894 
"From a leter writen by Einstein on March 21, 1955, to the children of Michele Besso, his 
dearest fiend, who had just died. Einstein's use of the word briefly was due to his knowledge that 
the was nearly out of time, t00 (he ded just a month later) 
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remarks were electrifying then and still are today.'°* He began dramatically: 
to lay before you have 
sprung from the soil of experimental physics, and therein lies their strength. They 
are radical.” Then came the famous line, quoted in so many freshman physics texts 
and philosophy papers, concerning the nature of spacetime: “Henceforth space by 
itself, and time by itself, are doomed to fade away into mere shadows, and only a 


“Gentlemen! The views of space and time which I 


kind of union of the two will preserve independence.” Minkowski explained what 
spacetime is in these words to his audience: 


“A point of space at a point of time ... will all a world point, The multiplicity of all 
thinkable x.y, 2, systems of values we will christen the world. With this most valiant 
piece of chalk I'might project upon the blackboard four world axes ... Not to leave a 
yawning void anywhere, we will imagine that everywhere and everywhen there is som 
thing perceptible, To avoid saying ‘matter’ or “electivty’ I will use for this something the 
word ‘substance,’ We fix our attention on the substantial point which is atthe world point 
x.¥.2,fand imagine that we are able to recognize thi substantial point at any other time. 
Let the variations de, dy ,dz, ofthe space coordinates ofthis substantial point correspond to 
the time element di. Then We oblain, as an image, so to speak, of the everlasting eareer of 
the substantial point, a curve inthe World, a world-line. .. The whole Universe is seen to 
resolv 


itself into similar Worldtines, and I would fain anticipate myself by saying that in 
‘my opinion physical laws might find their most perfect expressions as relations hetween 
these world-lines ... Thus also three-dimensional geometry becomes a chapter in four- 
dimensional physies [my emphasis)” 


With those words Minkowski gave mathematical expression to the philosophical 
exposition of Wells’ Time Traveller to his dinner party friends, Taking the 
Minkowskian view of the primacy of spacetime as the ultimate building block 
stuff of reality was Princeton professor of physics John Wheeler, who wrote! 
here is nothing in the world except empty curved space. Matter, charge , 
electromagnetism ... are only manifestations of the bending of space. Physics is 
Geometry.” This idea was echoed in fiction, in the 1987 novel Moscow 2042 by 
Vladimir Voinovich, where we find a time traveler who declares “Anyone with 
even a nodding acquaintance with the theory of relativity knows that nothing is a 


variety of something and so you can always make a litle something out of nothing.” 

But not everybody understood Minkowski. In a little-known yet quite erudite 
essay, published just after a stunning experimental verification of general relativity 
(the bending of starlight passing through the Sun’s gravitational field'’), an 
anonymous author presented an optical analogy to help those who thought relativity 


"¥for a study that includes the original German text careful English translations, and photographs 
fof Minkowski's agonized corrections. 10 his pre-address manuscript, see P. L. Galison, 
““Minkowski's Space-Time: From Visual Thinking to the Absolute World.” Historical Studies in 
the Physical Sciences (volume 10), 1979, pp. 85-121 

C, W, Misner and J. Wheeler. “Gravitation, Electromagnetism, Unquantized Charge, and Mass 
as Properties of Curved Empty Space,” Annals of Physics, December 1957, pp. 525-608. 
"General relat 


ty had already explained the long-puzzling excess precession ofthe perihelion 
(point of closest approach to the Sun) of Mercury's orbit. The excess was an observational (and so 
experimental) fact which Newton's gravity cannot completely explain, 
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simply “a mathemat 
following passage'™” 


cal joke.” Signing himself only as “W.G.," he included the 


“Some thity or more years ago [it was forty] a jew d'esprit was written by De. Edwin 
Abbot entitled Flatland... Dr. Abbot pictures intelligent beings whose whole experience 
is confined t0 a plane, or other space of two dimensions, who have no faculties by which 
they can become conscious of anything outside that space and no means of moving off the 
surface on which they live. He then asks the reader, who has consciousness of the third 
‘dimension, to imagine a sphere descending upon the plane of Flatland and passing through 

How will the inhabitants regard this phenomenon? They will not see the approaching 
sphere and will have no conception of it solidity. They will only be conscious of the cele 
in which it cuts their plane. This circle, at first a point will gradually increase in diameter, 
driving the inhabitants of Flaland outwaed from its circumference, and this will goof until 
half the sphere has passed through the plane, when the circle will gradually contract to a 
point and then Vanish, leaving the Flatlanders in undisturbed possession of their country 
‘Their experience will be that of a citcular obstacle gradually expanding or growing, and 
then contracting, and they will atibute to growth in time what the extemal observer in 
three dimensions assigns to a movernent in the third dimension, Transfer this analogy to a 
movement of the fourth dimension through three-dimensional space. Assume the past and 
future of the Universe tobe all depicted in four-dimensional space, and visible o any being 
who has consciousness ofthe fourth dimension. Ifthere is motion of our three-dimensional 
space relative to the fourth dimension, all the changes we experience and assign to the low 
of time will be due simply to this movement, she whale of the furure a well as the past 
existing in she fourth dimension [may emphasis) 


W.G.'s words are a clear and unequivocal statement of the so-called block 
universe concept of four-dimensional spacetime. One can find the block universe 
concept in the writings of the ancients, too, Consider, for example, the filth-century 
B.C. Greek philosopher Parmenides’ view of reality: “It is uncreated and indestruc~ 
tible; forit is complete, immovable, and without end. Nor was it ever, nor will it be; 
for now it is, all at once, a continuous one.” And in Thomas Aquinas’ Compendium 
Theologiae, written in the thirteenth century, we find “We may fancy that God 
knows the flight of time in His eternity, in the way that a person standing on top of 
‘watchtower embraces in a single glance a whole caravan of passing travelers.” This 
is the block universe idea, too, but whereas for Parmenides it was metaphysies and 
for Aquinas it was theology, for Einstein and Minkowski it was physics." 


'W. G., “Euclid, Newton, and Einstein,” Nature, February 12, 1920, pp. 627-630. As with the 

iysterious S. (note 94), the editorial staff at Nature has informed me that, nearly a century later, 
there is no longer any record of the identity of W. G. in the journal's archives. 
"And for some it was all nonsense. The British philosopher Peter Geach (1916-2013), for 
example, declared the Minkowskian view to be “very popular with philosophers who ty 10 
understand physies and physicists who txy to do philosophy.” See P. T, Geach, “Some Problems 
About Time,” in Studies in the Philosophy of Thought and Action (P-F. Srawson, editor), Oxford 
University Press, 1968. In his introduction to Geach’s essay, editor Strawson putin his two cents 
by stating the four-dimensional view of really to be nothing but “fanciful philosophical 
theorizing 
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‘The block universe concept may explain the enigmatic statement made by 
Einstein at the death of Michele Besso (note 103). As interpreted'™ decades later: 


“It seems that Einstein's view of the life of an individual was as follows. I'the difference 
between past, present, and future is an illusion, ie., the four-dimensional spacetime is a 
“block Universe” without motion or change, then each individual isa collection of myriad 
of selves, distributed along his history, each oceurrence persisting on the world line 
experiencing indefinitely the particular event of that moment [my emphasis}. Each of 
these momentary persons, according 10 our experience would possess memory of the 
previous ones, and would therefore believe himself identical with them: yet they would 
all exist separately, as single pictures in a film, Placing the past, present and future on the 
same Tooting this way, destroys the notion of the unity of the self, rendering it a mere 
illusion as well. 


It appears by his words that Einstein was indeed in agreement with the block 
universe concept, and that he was attempting to give his friend’s family some 
reason to believe that their father still lives ‘somewhen.” The makers of the 2002 
film Minority Report made use of the block universe concept, even if not inten- 
tionally; there we see police stopping crime hefore it happens because they can ‘see 
the future.” 

Not everybody believed that this view of spacetime was Einstein’s, however. 
Karl Popper (1902-1994), an Austrian philosopher of science, wrote 28 years after 
the scientist's death that “Einstein was a strict determinist when [first visited him in 
1950: he believed in a 4-dimensional Block-Universe. But he gave this up.""!? 
Shortly before he wrote those words, however, Popper must have learned some- 
thing new to convince himself of his final comment, because just 2 years earlier he 
had declared!" Einstein to (still) be a determinist. Popper presents no evidence to 
support his claim of Einstein’s philosophical conversion, however, and it would 
seem that the Besso letter still offers the best insight into his actual view of 
spacetime shortly before his death, I say this because I think Popper's labeling of 
Einstein as a determinist is wrong. Determinism says ‘If you do A, then B will 
happen, and if you do not do A then (perhaps) something other than B will happen.” 
‘A deterministic universe has plenty of room for free will, because you can choose to 
do A ornot to do A, and what you decide makes a difference. A fatalistic universe, 
however, as is the block universe, simply says “You will do A and B will happen.” 
To accept the block universe, as did Einstein, is to be a fatalist, not a determinist. 


iL. P. Horwitz, RL. Arshansky, and A. C. Blitzur, “On the Two Aspects of Time: The 
Distinction and Its Implications," Foundations of Physics, December 1988, pp. 1159-1193. See 
also Einsteins own book (note 67) where he wrote “From a ‘happening’ in three-dimensional 
space, physies becomes, as it were, an “existence” in the four-dimensional ‘world 
"See the Seventh International Congress of Logic, Methodology and Philosophy of Science, 
volume 4 (Salzburg, Austria 1983), p. 176. Popper describes his early discussions with Einstein on 
the reality of time and the four-dimensional Parmenidean block universe in some detail in his 
autobiography: see volume 1 of The Philosophy of Karl Popper (P. 8. Schilpp, editor), The 
Library of Living Philosophers, Open Court 1974, pp. 102-103. 

"4p the Foreword to the book by B. Gal-Or, Casmology, Physics and Philosophy. Springer- 
Verlag 1981 
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Einstein’s final position on this, then, might have been like that of the fictional 
time traveler who takes a little girl 25,000 years back into the past, where she sees 
an ancient ancestor of humanity.''? She then asks if the ancestor is really alive. The 
time traveler replies, “Every man who ever lived is still alive, child. In time there is 
no real death. When a man dies he’s still alive 10 min ago, 10 years ago. He’s 
always alive to those who travel back through time to meet him face to face 

Did Einstein really believe this? Not everybody thinks so. At the 1922 meeting 
of the French Philosophical Society, for example, the philosopher of science Emile 
Meyerson asked Einstein whether the spatialization of time (the idea that time is a 
dimension on the same footing as the spatial ones) is a legitimate interpretation of 
Minkowskis spacetime. Einstein's terse answer was that “it is certain that in the 
four-dimensional continuum all dimensions are not [my emphasis] equivalent.”"* 

Use of the term block universe is generally thought to have originated with the 
Oxford philosopher Francis Herbert Bradley (1846-1924) who, in his 1883 book 
Principles of Logic, wrote “We seem to think that we sit in a boat, and are carried 
down the stream of time, and that on the bank there isa row of houses with numbers 
onthe doors. And we get out of the boat, and knock at the door with number 19, and, 
re-entering the boat, then suddenly find ourselves opposite 20, and having then done 
the same, we go on to 21, And, all this while, the firm fixed row of the past and 
future stretches in a block [my emphasis] behind us, and before us.” The house 
numbers would seem to be Bradley's way of referring to the centuries. Note that he 
wrote these words 12 years before The Time Machine, and that they preceded 
Minkowskis famous address by a quarter-century. 

But this origin of block universe may not be as clear-cut as Uhaave made it appear. 
Bradley, who was frequently criticized by the Harvard psychologist William James 
(1842-1910)}—a man who argued for free will!" and indeterminism, concepts 
disallowed in a block universe—may have been mocked on the idea by James 
during an address to the students of the Harvard Divinity School in March 1884 
(‘The Dilemma of Determinism”), the year after Bradley’s book had been 
published. In his address James spoke of a deterministic world as being a “solid” 
or “iron block” (this are not characteristics of determinism, but rather of fatalism, 
and so James makes the sime mistake as did Popper). However, writing the year 
before Bradley's book, in the April 1882 issue of Mind, James wrote (with obvious 
disdain) of “the universe of Hegel [the German philosopher Georg Hegel (1770- 
1831)|—the absolute block {my emphasis] whose parts have no loose pla 
having “the oxygen of possibility all sulfocated out of its lungs” and as being a 
universe in which “there can be neither good nor bad, but [only] one dead level of 


F. B, Long, “Throwback in Time,” Science Fiction Plus, Apsil 1953 
"1A, Einstein, “La Théorie de la Relativi 
(olume 17), 1922, pp. 91-113, 

"44 famous line from James, one that perhaps illustrates his sort of reasoning about fre willis 
“My first act of free will shall be to believe in free wil." If only proving theorems in math and 
physies were that easy. 
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‘mere fate.” So, perhaps, the chain of evolution of the term block universe is actually 
from Hegel to James and then, finally, to Bradley. 

We can actually find the block universe in fiction before Minkowski (and so 
certainly before pulp science fiction) came on the scene. In an 1875 (!) story!" we 
read of a man who sees, years in advance, his own death in the American Civil War, 
In the following extract, this man speaks to an unnamed friend (who is the narrator): 


“Do you know.” said Bernard, presently, “I sometimes think prophecy isn’t so strange a 
thing .. Ireally see no reason why any eamest man may not be able to foresee the future, 
now and then 

“There is reason enough to my mind.” I reph 
exist, as yet, and we cannot know that which is not, though we may shrewdly guess it 
sometimes 

“Your argument is good. but your premises are bad, I thin 
treat, sad eyes looking solemnly into mine. 

“How $02" T asked. 
“Why, [doubt the truth of your assumption, that future events do not exists yet... Past 
snd future are only divisions of time, and do not belong to eternity ... To us it must be past 
or fuure with reference to other occurrences. But is there, in reality. any such thing a a past 
‘ora Future? Ifthere isan eternity. its and always has been and always must be. But time is 
‘mere delusion ....To a being thus in eternity, all things are, and must be present. All things 
that have been, or shall he, are [ray eraphasis) 


“in the fact that future events do not 


© replied my fiend, ... his 


When the block universe concept did eventually appear in science fiction, it did 
so early. In a 1927 story, for example, a time traveler from the future and a man in 
the present (who is the narrator) have the following exchange 

“I have just been five years into your future." 

“My future!" I exclaimed. “How can that be when Ihave not lived it yet?" 

“But of course you have lived it.” 

1 stared, bewildered 

“Could I visit my past if you had not lived your future?" 


So, while the block universe has a bit of a history to it, the history of the concept 
of mathematical spacetime in physics has a much clearer origin: it derives from 
Minkowski, not from Hegel, Bradley, James, or even Einstein (who often gets 
credit for it even though he didn’t use the concept in special relativity in 1905, 
3 years before Minkowski’s address.). Eventually, of course, Einstein did come to 
appreciate the power and conceptual beauty of four-dimensional spacetime, and it 
came to play a central role in his ideas about gravity. Indeed, in Einstein’s general 
theory of relativity gravity is (curved) spacetime, ‘The starting point for general 
relativity (and so a scientifically plausible theory of time travel) was Minkowski’s 
creation of spacetime, and he is truly deserving of the title “father of the fourth 
dimension.” 


5G, C. Eggleston, “The True Story of Bernard Poland's Prophecy.” American Homes. June 1875, 
George Cary Eggleston (1839-1911) had served as a soldier inthe Confederate Army: 
"R, Flagg, “The Machine Man of Ardathia,” Amazing Stories, November 1927 
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OF course, it is true that Newton's physics also talks about an analytical 
(as opposed to merely philosophical) space and time long before either Minkowski 
or Einstein, but ‘Newtonian spacetime’ is something very different from 
Minkowski’s self-described “radical” view.''” In the Newtonian view there is a 
universal time, a cosmic time, which is the same time for everyone, everywhere, in 
the universe. At every instant, a cosmic simultaneity exists for Newton. Newton’s 
space is Euclidean: that is, through any point exterior to a line exactly one parallel 
line can be constructed and those two lines will never meet, all triangles (no matter 
their size) have an interior angle sum of 180°, and so on. For Newton, space and 
time were absolutely and uniquely separable. They were, as philosophers like to 
say, “distinct individuals.” 

Minkowski changed all that, For him space and time are only relatively separa- 
ble, and the separation is different for observers in relative motion, For Newton, 
space and time are the background in which physical processes in the world evolve. 
For Minkowski, spacetime is the world, 

Ina famous philosophical paper'' by an advocate of the block universe view of 
reality, we find the words “I ... defend the view of the world ... which treats the 
totality of being, of facts, or of events as spread out eternally in the dimension of 
time as well as the dimensions of space. Future events and past events are by no 
‘means present events, but in a clear and important sense they do exist, now and 
forever, as rounded and definite articles in the world’s furniture.” The title of 
Williams’ paper comes from an ancient dilemma stated by Aristotle in his De 
Interpretatione, where he asked a question now classic in philosophy: “Will there 
be a sea fight tomorrow?” 

Aristotle began his famous answer by first posing the following premise: If a 
statement about some future event is, eventually, shown to be true (or false), then 
that statement was true (or false) from the moment it was made. Consider, then, the 
following two assertions: (A) “It is true that there will be a sea fight tomorrow” and 
(B) “Its true that there will nor be a sea fight tomorrow.” Surely, argued Aristotle, 
(A) and (B) cannot both be true, but equally surely, one of them must be true. 
‘Suppose it is (A) that is true, ‘Then there is nothing that can be done to prevent the 
sea fight, and so the future is fated. Suppose, however, it is (B) that is true. Then 
there is nothing that can be done to cause the sea fight, and so the future is fated. The 
conclusion is the same no matter which assertion is the true one; thus, the future is 
fated, 


"sce, for example, H. Stein, “Newtonian Space-Time," Tevas Quarterly, Autumn 1967, 
pp- 174-200; G. Berger, “Elementary Causal Structures in Newtonian and Minkowskian Space- 
Time,” Theoria (volume 40), 1974, pp. 191-201; J. Earman and M. Friedman, “The Meaning and 
Status of Newton's Laws of Inertia and the Nature of Gravitational Farces,” Philosophy of Science, 
September 1973, pp. 329-359, 

"9D. C. Williams, “The Sea Fight Tomorrow.” in Structure, Method and Meaning, The Liberal 
[Ants Press 1951, Donald Williams (1899-1983) was a professor of philosophy at Harvard 
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‘As might be expected, those who like the fatalistic block universe like this 
conclusion, but, ironically, Aristotle wasn’t one of them—he disliked it so much 
that he struggled to find a way around it, On the other hand, there are philosophers, 
like Professor Williams (who believed in a fatalistic universe), who reject 
Aristotle's rejection of his own logic! Professor Williams went so far, in fact, to 
calling Aristotle’s reasoning “a tissue of error” and “swaggeringly invalid.” Possi- 
bly so, but the philosophical debates over the sea fight question, and the fatalistic 
(or not) nature of the world, have not ceased to this day. 

In an even more famous paper, Professor Williams makes clear his belief that the 
passage of time is a myth; he poetically declared “the total of world history is a 
spatio-temporal volume, of somewhat uncertain magnitude, chockablock with 
things and events.”""” Professor Williams did, indeed, embrace four-dimensional 
spacetime, and this is demonstrated by the following incredible passage, perhaps 
his best-remembered words: “It is then conceivable, though doubtless physically 
impossible, that one four-dimensional area of the time part of the manifold be 
slewed around at right angles to the rest, so that the time order of that area, as 
composed by its interior lines of strain and structure, run parallel with a spatial 
order in its environment. It is conceivable, indeed, that a single whole human life 
should lie thwartwise of the manifold, with its belly plump in time, its birth at the 
east and its death in the west, and its conscious stream running alongside 
somebody’s garden path. 

Good Lord! 

Now, I am willing to admit that Professor Williams probably wrote that won- 
derful passage mostly for effect,'”” but I ask you—what, if anything, does it mean’? 
It is marvelous to read and yet it remains (for me) mysterious.'"" It should come as 
no surprise that Professor Williams originally presented his papers to the Meta- 
physical Society of America, rather than to the American Physical Society. But this 
passage was perhaps not without impact in areas far removed from metaphysics; 
some years later there appeared a science fiction story’ that reads as though it had 
been inspired by Williams. In it, a scientist discovers how to bend his perception of 
the four dimensions so as to view verticality as duration and duration as verticality 
‘Thus, he is in October while sitting, but when he stands up he is in November! As 
bizarre as this may seem, such coordinate interchanges actually do occur in the 


‘D.C. Williams, “The Myth of Passage,” Journal of Philosophy, July 1951, pp. 457-472. 
Min a footnote, Williams sort of admits this when he writes “I should expect the impact of the 
environment on such a being to be so wildly queer and out of step withthe way he is put together, 
that his mental life must be a dragged-out monstrous delirium.” [think this a great understatement. 
"IAs it was for some of Williams’ fellow philosophers, one of whom bluntly called the ‘myth-of- 
passage’ paper “an interesting piece of science fiction”: see M. Capek, “The Myth of Frozen 
Passage: The Status of Becoming in the Physical World,” in Boston Studies in the Philosophy of 
Science (volume 2), Humanities Press 1965. Capek's title reflects his view of the block universe as 
Simply a giant refrigerator and s0, turning the tales on Williams, we have ‘passage’ changed 10 
“frozen passage.” See also note 136 
"2G, Wolfe, “The Rubber Bend,” Universe 5 (T. Care editor), Random House 1974 
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‘mathematical theory of time machines; we'll see this later, for example, when we 
discuss Tipler’s rotating cylinder time machine. 

By the 1930s the block universe had found a home in pulp science fiction. The 
block universe view that past and present coexist with the present got dramatic 
treatment in one story of a high school teacher who invents a “spacetime warp” 
theory, and who is then tricked by an evil industrialist into implementing it in the 
form of a gun, ‘The weapon produces incredible effects when it is tested: for 
example, an allosaurus appears, which we are told is “a carnivorous dinosaur of 
the Jurassic Age, the most frightful engine of destruction that ever walked the 
Earth!""** At the story’s end, the teacher explains what has happened to a crowd of 
breathless newspaper reporters: 


“Spacetime was warped slightly ... The Einsteinian spacetime continuum buckled 
Because it was superficial, only a litle of the past, a litle of the future broke through. 
‘The folds of the warp distorted spacetime evanescently, erratically skirting the vast gull 
Where the past lies buried and lightly tapping the vast stores of the future. Iisa truism of 
modern speculative physics thatthe past and the future exist simultaneously and coesten- 
sively in higher dimensions of space. De Sitter has speculated as tothe possiblity of seeing 
an event before it happens. Its quite possible, gentlemen, Events ofthe far future already 
‘exist in spacetime.” 


‘That ‘explains’ the dinosaur, In the teacher's words, “You tell me that two men saw 
an incredible beast. ... They swear it looked like a dinosaur. I think it was a 
dinosaur, gentlemen. It broke through when the warp tapped the past.” 

And just 2 years later, Robert Heinlein made world lines the central concept in 
the first of his many classic tales.'* The story draws an analogy between a world 
line and a telephone cable: the beginning and end points in spacetime for the world 
line of a person (birth and death) are associated with breaks (faults) in a telephone 
cable, By sending a signal up and down the cable, and measuring the time delay 
until the arrival of the echo produced by such discontinuities, a technician can both 
detect and locate the faults. In the same manner, Heinlein's story-gadget sends a 
signal of unspecified nature up and down a world line and thus locates the birth and 
death “discontinuities.” Knowledge of the death date, in particular, causes financial 
stress among life insurance companies, and an examination of that tension (not 
strange physics) is the fictional point of the story 

And then, 2 years after Heinlein’s tale with its serious tone, a far less serious 
story'** (featuring an Attila the Hun character who roams up and down the 
corridors of time kidnapping beautiful women for his harem!), we find an ‘editorial’ 
footnote telling its young readers that “scientists—especially the new order of 
‘meta-physical scientists—are agreed on the principles of Space-Time. The future 
is not a thing which will exist, Rather itis a thing wl 


ch does exist—all events from 


°F. B. Long, “Temporary Warp.” Astounding Stories, August 1937, 
*R, Heinlein, “Life-Line,” Astounding Science Fiction, August 1939. 
"'R. Cummings, “Bandits of Time,” Amazing Stories, December 1941 
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the Beginning to the End, exist in a record upon the scroll of Time.” This story, 
itself, was silly, but the block universe metaphysics was up-to-date. 
Somewhat surprisingly, I think, is that even before pulp science fiction embraced 


the block universe, the concept had already made a deep impression on a broader 
audience. For example, in a 1928 New York stage play'** the action alternately 
takes place in the years 1784 and 1928 and, to explain how that can be, one 
character (a time traveler) tells another: 


“Suppose you are ina boat, sailing down a winding stream. You watch the banks as they 
pass you. You went by a grove of maple tees. upstream, But you can't see them now, $0 
Yyou saw them in the past, didn't you? You're watching a field of clover now” 

‘eyes at this moment, in the present. But you don’t know yet what's around the bend in the 
slream ahead of you! there may be wonderful things, but you can't see them until you get 
‘round the bend, in the ure, ean you?” 


‘Then, after this prologue about the stream of time, comes the block universe idea: 
“Now remember, you rein the boat. But in up in the sky above you: na plane. looking 
down on it all Ican se all at once the ees you saw upstream, the field of clover that you 
see now. and what's waiting for you around the bend ahead! AU! ar once! So the past 
present, and future of the man in the boat are all one to the man inthe plane” 


‘Then, finally, the obvious theological conclusion: “Doesn't that show how all Time 
must really be one? Real Time—real Time is nothing but an idea in the mind of 
God!” 

To end this section, the block universe conception was cleverly used by one 
science fiction fan who argued in support of time travel, in reply to another fan how 
hhad claimed that a failure of mass/energy conservation was fatal to the plausibility 
of time travel. Their exchange began with a letter to the editor at Astounding Stories 
in November 1937, written in response to a recent story'”” 


“Let us say that there is, ata certain time, °x’ amount of matter in the Universe, and 
amount of energy. Then if a man of “a” mass travels backward in time to this particular 
instant aforementioned, the total amount of matter is thus “x plus ‘a, while ino other such 
mass changing occurrences take place, the amount of matter inthe Future is “x" minus “a 

Only a corresponding loss and gain respectively inthe amount of energy could explain this 
‘conservation of energy, advocates [of time travel] say what they may. But you can't rob or 
add energy to a Universe nilly-willy! Or perhaps time doesn't enter in on the matter. 
Perhaps you cat add matter in a Universe provided you take it away on some future date.” 


This fan’s concer clearly made an impression on science fiction writers, and the 
case for conservation of energy is stated in many of the time travel stories that 
appeared after the publication of this letter,'** 


‘Se-erkeley Square” by J L. Balderson, This play was made into a 1933 movie of the same name, 
and again in 1951 asthe film 1! Never Forget You. 

10, Saar, “The Time Bender.” Astounding Stores, August 1937 (see also note 137 in Chap. 1), 
"=¥xamples include the novels Lest Darkness Fall (Henry Holt 1941) by L. Sprague de Camp, 
and The Time Hoppers (Doubleday 1967) by Robert Silverberg 
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A reply was soon received by the magazine in a letter (January 1938) from 
another fan: 


“[A recent leter] implies that the idea of time travel is incompatible with the law of 
‘conservation of mass and energy. U believe [the] reasoning is wrong [and thatthe] dificult 
lies primarily in the assumption that a body moved in time is transported into a different 
Universe. According to Einstein, time and the three normal dimensions are so related as to 
form & continuous, inseparable medium we eall the spacetime continuum, Time is in no 
way independent of the other components of our Universe, Hence a fixed mass [a time 
tsaveler and his machine] moved in time is by no meuns lost from the Universe, the action 
being analogous to a shift along any other dimension,” 


‘The block, or frozen, universe of Minkowski is clearly reflected in those words." 


2.7 Philosophical Implications of the Block Universe 


“Isthe future all setiled beforehand, and only waiting to be “pushed through into our three- 
dimensional ken? Is there no element of eontingeney? No free will? Tam talking geometry, 
not theology." 


1 should tell you now that, despite the enthusiastic embrace of the block universe 
by Williams and others (including Einstein), there are those who have been harsh in 
their criticism of Minkowski’s spacetime. The major philosophical problem with 
the block universe interpretation of four-dimensional spacetime is that it looks like 
fatalism disguised as physics. It seems to be little more than a mathematician’s 
proof of a denial of free will dressed up in geometry. One philosopher illuminated 
this concern with the following story, one that vividly illustrates the compelling 
need many humans have to deny a fatalistic world: 


“Ina moving picture version of Romeo and Juliet, the dramatic scene was shown in which 
Juliet, seemingly dead. i lying in the tomb, and Romeo, believing she is dead, raises a cup 
containing poison, At this moment an outcry from the audience was heard: “Don't do it” 
We laugh at the person who... forgets that the time flow of a movie is unreal, is merely the 
unwinding of a patern imprinted on a strip of film. Ate we more intelligent than this maa 
When We believe that the time flow of our actual life is differen? Is the present more than 
our copiane of  redeterined pate of evens uneling il ie an unvinding 


Inthe context of mathematical physics (nor science fiction) it has been shown tha time travel 
does nor imply any fatal violation of conservation of energy. See. for example, J. L. Friedman 
er al, “Cauehy Problem in Spacetimes with Closed Timelike Curves,” Physical Review D. 
September 15, 1990, pp. 1915-1930, and D. Deutsch, “Quantum Mechanics Near Closed Timelike 
Lines." Physical Review D. November 15, 1991, pp. 3197-3217. 

©The lament of Vietorian physicist Oliver Lodge (1850-1940) in his essay “The New World of 
Space and Time.” Living Age, January 1920 

I, Reichenbach, The Direction of Time, University of California Press 1956, p. 11 
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Most people in the Western world would answer yes to Reichenbach’s question, 
‘Most people do find Omar Khayyam’s Rubaiyat to be a beautiful poem, yes, but still 
they reject its fatalistic message: “And the first Morning of Creation wrote/What the 
Last Dawn of Reckoning shall read.” Indeed, William James quoted these very 
words in his 1884 address to the students of the Harvard Divinity School when he 
argued against fatalism and the block universe. 

Besides fatalism, another reason for the stinging words by critics of Minkowski’s 
spacetime is that, init, events don’t happen—they just are. That is, there seems to 
bbe no temporal process of becoming in Minkowski’s spacetime. Everything. is 
already there and, as what we perceive to be the passing of time occurs, we simply 
become conscious of ever more of Minkowski’s “world points,” or events, that lie 
on our individual world lines. Hermann Weyl (1885-1955), a German mathemat- 
ical physicist who in his last years was a colleague of Einstein and Gadel at the 
Institute for Advanced Study in Princeton, expressed this very interpretation in 
words that have become famous, words that sound very much like those of Wells’ 
Time Traveller: “The objective world simply is, it does not happen. Only to the 
gaze of my consciousness, crawling upward along the life line of my body 
[Minkowski’s world line], does a section of the world [spacetime] come to life as 
fleeting image in space which continuously changes in time [creating what we call 
the now’ or the present]."!52 

‘Weyl was skillful in finding poetic ways to express the world line view of reality, 


but not everybody is convinced by the poetry because it seems to deny the common 
sense idea of time ‘flowing,’ of temporal passage; it effectively says time is mind- 
dependent, a mere illusion, as the time traveler in “Berkeley Square” declared (note 
126). One philosopher who was particularly opposed to Weyl’s view was the 
British-American academic Max Black (1909-1989), and he expressed his opinion 
in no uncertain terms: “The picture of a “block Universe,” composed of a timeless 
‘web of ‘world-lines” in four-dimensional space, however strongly suggested by the 
theory of relativity, is a piece of gratuitous metaphysics.”"** Another philosopher 
‘who was unhappy with Weyl’s view of the block universe was just as blunt: “While 


philosophers may be forgiven intellectual extravagances of this kind, I think it is a 


pity when they receive encouragement from theoretical physicists. 
Weyl’s views had supporters, too, however. Consider, for example, the Time 
‘Traveller's speech to his friends at the fateful dinner party that opens The Time 


SSL Weyl, Philosophy of Mathematics and Natural Science, Princeton University Press 1949, 


1-116 Sir James Jeans had already said the same. somewhat less elegantly, in his 1985 Sir Halley 
Stewart Lecture: “The tapestey of spacetime is already woven throughout is full extent, both in 
space and time, o that the whole pitute exists, although we only become conscious of it bit by 
bit—ike separate Mies crawling over a tapestry... A human lite is reduced to a mere thread in the 
tapestry.” Jeans then immediately rejected this fatalistic view: see his Scientific Progress, Mac~ 
rill 1936, p. 20. 

"Brom a book review in Seientifc American, April 1962, pp. 179-185, 

"HL A.C. Dobbs, “The “Present” in Physics," British Journal for the Philosophy of Science, 
February 1969, pp. 317-324 
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Machine: “There is no difference between Time and any of the three dimensions of 
Space except that our consciousness moves along it... here is a portrait of a man at 
8 years old, another at fifteen, another at seventeen, another at twenty-three, and so 
on, All these are evidently sections, as it were, Three-Dimensional representations 
of his Four-Dimensional being, which is a fixed and unalterable thing 
[my emphasis}.” Remember, these words were written in 1895, 13 years before 
Minkowski and his world lines, and of course decades before Wey!’s famous words, 

Wells” passage made a considerable impression on at least one well-known 
physicist of the time, who references it in his early book on relativity.""° And in 
another book on relativity, published the same year, we find the same interpretation 
of Minkowski’s spacetime as a block universe: “With Minkowski, space and time 
become particular aspects of a single four-dimensional continuum ... All motional 
phenomena ... become timeless phenomena in four-dimensional space. The whole 
history of a physical system is laid out as a changeless whole.”!*° 

‘The claim that time is an illusion has some thought-provoking implications 
concerning the concepts of omniscience and free will, concepts that occur in any 
discussion of time travel, Some old theology on God’s omniscience, as discussed in 
Aquinas’ Summa Theologiae, is seemingly lent at least some support by 
“Minkowski's spacetime: “Now although contingent events come into actual exis- 
tence successively, God does not, as we do, know them in their actual existence 
successively, but all at once; because his knowledge is measured by eternity, as is 
also his existence; and eternity which exists as a simultaneous whole, takes in the 
whole of time ... Hence all that takes place in time is eternally present to God.” 
Somewhat paradoxically, however, Aquinas did make a distinction between past 
and future. In that same work he declares that "God can cause an angel not to exist 
in the future, even if he cannot cause it not to exist while it exists, or not to have 
existed when it already has.” For Aquinas, then, whereas the past is rigid and 
unchangeable, the future is plastic, which is not the block universe view of 
spacetime. 

As one theologian has observed,” this does not mean that Aquinas thought God 
had to view all events simultaneous with all others.'°* Rather, our theologian says 
that Aquinas could have thought of the relationship between God and events as 
being similar to that between the center of a circle and all the points on the 
circumference. That is, each point on the circumference has its own identity, 
coming before and/or after any other point, but the center is related to each and 


"SL. Silberstein, The Theory of Relativity, Macmillan 1914, p. 134 

©". Cunningham, The Principle of Relativity, Cambridge University Press 1914, p. 191. The use 

of the words vimeless and chuangeless explain the characterization of the block universe as being 

Srozen (in note 121), 

IW. L Craig, “Was Thomas Aquinas a B-Theorist of Time?” New Scholastcism, Autumn 1985, 
$483. For the B-theory of time, look back at the discussion in the first section of this 


"A science fiction story by Norman Spinrad, “The Weed of Time” (Alchemy and Academe, 
Doubleday 1970) graphically describes what a nightmare that could be! 
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every point on the circumference in precisely the same way. The center, then, is 
“eternity” and the circumference is the temporal series (‘one thing after another’) of 
reality. Saying that God is eternal is thus very different from saying he is everlast- 
ing. The first means outside of time, whereas the second means he is a temporal 
entity but has neither beginning nor end. 

Our theologian supports the first interpretation, invoking Aquina 
from Summa Contra Gentiles: “The divine intellect, therefore, sees in the whole of 
its eternity, as being present to it, whatever takes place through the whole course of 
time. And yet what takes place in a certain part of time was not always existent. It 
remains, therefore, that God has a knowledge of these things that according to the 
march of time do not yet exist. 

‘The issue of God’s eternity and his place in spacetime has long been a hot topic 
among theologians with a scientific inclination. Practically every issue of the 
leamed journal Religious Studies, for exampl e on the subject, 
often invoking relativity theory to support some argument. The Bible, itself, can be 
confusing guide on this matter. For example, consider the Old Testament story of 
King Ahab (First Kings 21). Ahab, King of Sumeria, coveted Naboth’s vineyard, 
but Naboth would not sell. The King retreated, but his wife Jezebel arranged for 
Naboth’s downfall and judicial murder and thus caused the arrival of all his 
property into her husband’s hands. This angered God, who commanded Elijah to 
prophesy dis: Ahab responded with sackcloth, and at that God. 
shifted the disaster to the house of Ahab’s son. The point, here, is that God, declared 
to be omniscient, seems to have been surprised at Ahab’s penitence. God is aware 
of everything in this tale, but only as it happens. That is, God’s knowledge is subject 
to growth. This Hebrew concept of God as a participant in history is at odds with the 
contemporary Christian conception of divine knowledge of all that has been, all that 
is, and all that will be, a view which has its own Biblical support (for divine 
cternality). For example, Malachi 3:61 (“For 1 am the Lord, I change not”), and 
James 1:17 (“the Father ... with whom is no variableness”). 

When The Time Machine was serialized in the New Review, it included a passage 
that does not appear in the now classic version of the story in which the Time 
Traveller explains his view of the connection between omniscience and the block 
universe to his dinner guests: 


‘own words 


“I'm sorry to drag in predestination and free-will, but T'm alaid those ideas will have to 
help ... Suppose you knew fully the position and properties of every particle of matter, of 
‘everything existing in the Universe at any particular moment of time: suppose, that is, that 

Well, that knowledge would involve the knowledge of the condition 
Of things atthe previous moment, and atthe moment before tha, and so on. Ifyou knew and 
perceived the present perfectly, you would perceive therein the whole of the past. If you 
‘understood all the natural laws the present would be a complete and vivid record of the past. 
Similarly, if you grasped the whole of the present, knew all its tendencies and laws, you 
‘Would see clearly all the future. To an omniscient observer there would be no forgotten 
past—no piece of time as it were that had dropped out of existence —and no blank future of 
things yet to be revealed ... Present and past and future would be without meaning to sueh 
an observer... He would see, as it were, a Rigid Universe filling space and time ... 1 past” 
meant anything, it would mean looking in a certain direction, while “Tuture’ meant looking 
the opposite way.” 


104 2 Philosophical Space and Time 


Wells’ “Rigid Universe” certainly sounds like the block universe, and he (or least, 
the Time Traveller) seems to have believed that it held important implications for 
the concept of free will, 

‘The ‘Rigid Universe’ got an interesting science fiction treatment in a story!” 
that imagined an event in the present that occurs “before it should’ (a heart patient 
learns that her obituary notice will be in next week's New York Times when that 
paper arrives ‘early’), As one character explains to the sister of the lady who is soon 
to die, “The future mustn’t be changed ... For us the events of ... the future are as 
permanent as any event in the past. We don’t dare play around with changing the 
future, not when it’s already signed, sealed and delivered in that newspaper. For all 
‘we know the future's like a house of cards. If we pull one card out, say your sister's 
life, we might bring the whole house tumbling down. You've got to accept the 
decree of fate ... You've got to.” 

With Einstein's discovery of the relativity of simultaneity 
question of ‘How can there be any sense to the concept of divine, universe-wide 
knowledge in a four-dimensional spacetime?” That's because in some frames of 
reference it is possible for event A to be observed before event B, whereas in other 
frames the temporal order could be reversed, and so some theological questions 
prompted by spacetime physics are: ‘What is God’s frame of reference if he is to 
be actively involved in human affairs? Could God have a special frame of 
reference in which he is exempt from the relativity of simultancity, a frame in 
which he imposes an absolute order on the sequence of becoming of events? Does 
it make any sense, that is, to say God enjoys what might be called “divine 
immediacy"? And if so, what should we think of a God who follows rules of 
nature different from those that govern all he is supposed to have made?” 

Theologians have debated questions like these for decades, and surely will 
continue to do so for many more decades to come. Alas, I suspect that physicists 
who study time travel have either been unaware, unimpressed, or just plain 
uninterested. Thats too bad, because one doesn’t have to be reli 
appreciate the pure intellectual challenges presented by such questions. For 
example, consider the following debate between two philosophers, one who 
believes free will and divine foreknowledge are not compatible, and another 
who thinks the first has made a fundamental error in blurring the distinction 
between changing and affecting the past. (This distinction is of great importance 


'° we run into the 


POR, Silverber 
November 1972. 
"OThis refers to the discovery that 1Wo events, which occur simultaneously for one observer in a 
spacetime, may not be simultaneous for another observer in the same spacetime. This will be 
discussed in more detail inthe next chapter. 


“What We Leamed From This Moming’s Newspaper,” Infinity Four 
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in any discussion of time travel.) This second philosopher presented some of his 
arguments in terms of a time traveler to the past! 


“Consider the following. Parsons (P) has invented a special machine which allows him to 
g0 back in time. He enters the machine in 1986 and finds himself in the presence of or, 
perhaps better, observing, Quigly (Q) in 1876. P is an authority on Q, and knows imme 
diately the situation Q is in. Not only tha, but he remembers reading about the particular 
decision or act which Q made in that situation. Thus one might argue that from P's 
perspective what Q decides is as if already done, It is not already done, since P is standing 
there waiting for Q to doit, He has gone back in time. Yet from P's perspective, which is of 
‘one come back from the fulure, itis as if already done, since he knows what Q does decide. 
Since P strongly believes in the unalterability ofthe past, itis not within Q’s power to do 
something other than what Q in fact does in that situation, From Q's perspective his 
decision is not already made nor isthe action taken, so that i is in his power at that time 
todo ether x or y. From his perspective, that he will do x rather than y is indeterminate: itis 
not yet dane, though atthe same time be can grant that P knows what he will de because for 
hima i is as if he has already done it 


‘The first philosopher doesn’t buy any of this, and dismisses it with “It should be 
abundantly clear ... that the fact that such stories are in some way imaginable and 
intuitively graspable says nothing about their logical coherence.” Given the interest 
among modern physicists in time travel, however, I think the first philosopher 
‘wouldn't write that today. 

One possible reply to all of these theological issues that spacetime physics 
prompts can perhaps be found in a paper'* (written by a philosopher and two 
mathematicians) that describes a five-dimensional spacetime in which the fifth 
dimension is initially given the provocative label of the ‘eternity’ axis. But then 
the authors lost their nerve and elected to rename it ‘anti-time.” It is interesting to 
note that pulp science fiction anticipated that terminology by decades, as in one 
story"? we read “Beyond the fourth there is a fifth dimension ... Etemity, I think 
‘you would call it. It is the line, the direction perpendicular to time.” For some, the 
eternity axis would appear to be perfect to serve as the temporal dimension for God, 
an axis distinct from the time axis of mere mortals. 

‘The idea of supernatural beings existing outside of mortal time is an old one in 
theology, and it can also be found in secular literature long before science fiction 
got hold of it, For example, in the first act of Lord Byron’s 1821 poem Cain, the 
fallen ange! Lucifer tells Cain and his wife that 


"For the complete exchange between these two philosophers, see W. Hasker, “Foreknowledge 
and Necessity.” April 1985, pp. 121-157, B. Reichenbach, “Hasker and Omniscience,” January 
1987, pp. 86-92, and W. Hasker, “The Hardness of the Past: A Reply to Reichenbach,” July 1987, 
pp. 387-342, all in the journal Faith and Philosophy. Hasker is the “ist” philosopher, and 
Reichenbach is the ‘second! one. See also D, P. Lackey, “A New Disproof of the Compatibility 
of Foreknowledge and Free Choice.” Religious Studies, September 1974, pp. 313-318 

"J. G, Bennett etal, “Unified Field Theory in a Curvature-Free Five-Dimensional manifold,” 
Proceedings of the Royal Society of London A July 1949, pp. 39-61. A theological interpretation is 
given in G. Somberg, “Space, Time, and Etemity,” Journal of the Franklin Institue, August 
1961, pp. 134-144 

"SLA. Eshbach, “The Time Conqueror.” Wonder Stories, July 193 
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With us acts are exempt from time, and we 
Can crowd eternity into an hour 

Or stretch an hour into eternity. 

We breathe not by a mortal measurement, 
But that’s a myst'ry 


Before Minkowski, the debates over fatalism (as in Silverberg’s story in note 
139) and free will had been the exclusive province of philosophers, theologians, and 
lawyers (if'a person has no control over his or her actions, then can we morally and 
ethically punish that person if those actions happen to be criminal?'**), After 
Minkowski, the physicists (at least a few of them) joined the debates. According 
to one philosopher (note 118) the major motivation driving these debates is “the 
age-old dread that God’s foreknowledge of our destiny can in itself impose the 
destiny upon us.” The implication is, of course, that God is ‘outside of time” and so 
can take in the entire Minkowskian block universe at a glance (hence his 
foreknowledge), 

‘The relativistic view of the universe as a timeless four-dimensional spacetime 
seems to provide scientific, mathematical support for the conclusion that not only is 
the past fixed, but so is the future. Does that mean the future is what it will be—and 
if so, then why bother agonizing over the many apparent decisions each of us faces 
every day? If the future will be what it will be, then Christian theologians are left 
with the puzzling task of explaining what could possibly be meant by the Biblical 
exhortation (Deuteronomy 30:19) “I call Heaven and Earth to record this day 
against you, that I have set before you life and death, blessing and cursing; therefore 
choose [my emphasis} life, that both thou and thy seed may live.” 

This issue has bothered philosophers for a very long time. The so-called Master 
Argument (the name reflects its supposed invulnerability to rebuttal), for example, 
comes down to us from its origins in ancient times, in the Discourses of the first 
century A.D. Roman Stoic philosopher Epictetus. That argument can be summa 
tized" as follows: 


1. The future follows from the past; 
2, The past is unchangeable: 
3, What follows from the unchangeable is unchangeable; 


‘Therefore, 
4. The future is unchangeable. 


‘This certainly does seem to be fatalistic, in effect arguing that all events in a block 
universe spacetime are recorded in a “Book of Destiny.” Since ancient times many 
great works of literature have adopted that view, recounting tales of the foretold 


"For more on this, in the context of time travel, see the penultimate question in the For Future 
Discussion questions atthe end ofthis chapter. 


"See, for example, the two papers by R.L. “The Master Argument,” Apeiron, May 1973, 
pp- 31-36, and “Foreknowledge and Fatalism,” Religious Studies, September 1974, pp. 319-324 
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fates of men, such as Sophocles’ Oedipus. Its, in a block universe, as though our 
conscious experience of the world is no different from that of the man watching the 
projected film images of Romeo and Juliet. 

‘That view is the central issue in the early sixth century A.D, Roman philosopher 
Boethius’ influential De Consolatione Philosophiae (circa A.D. 500) which was 
‘written during a year of imprisonment before his execution for treason; perhaps he 
wondered during that year if his fate could have been anything different. Certainly 
hhe must have taken some consolation in fatalism, but in Fact he tried to argue that 
God’s vision of all temporal reality does not limit the freedom to act. According to 
Boethius, “The expression ‘God is ever” denotes a single Present, summing up His 
continual presence in all the past, in all the present ... and in all the future.” That is, 
God sees in one timeless and etemal moment all that has been and will be freely 
chosen." 

When the fourteenth century English poet Geoffrey Chaucer prepared a trans- 
lation of Consolatione he was obviously inspired by it when he wrote his very long, 
famous poem (Troilus and Criseyde) on the nature of love (Book IV.140): 


Some say “If God sees everything hefore 
It happens—and deceived He cannot be 
Then everything must happen, though you swore 
The contrary, for He has seen it, He 
And so I say, if from eternity 

God has foreknowledge of our thoughts and deed, 
We ve no free choice, whatever books we read. 


‘Two modem, purely philosophical rebuttals'*” to Chaucer, however, argue that 
his poetry misstates Bocthius’ philosophy when Troilus declares that divine fore- 
knowledge is incompatible with free will. That is, in their view God’s omni 
(a fundamental teaching in the theistic religions of Christianity, Judaism, and Islam) 
is compatible with free will (also a fundamental belief in those same religions) 
Both of these scholarly papers, though, depend much more on the nuances of 
‘grammar than most physicists will like, 

‘The connection between spacetime physics and free will was made explicitly by 
the philosopher who wrote “For philosophers in either field, philosophy of science 
and philosophy of religion are too often viewed as mutually irrelevant ... This 
is unfortunate, because sometimes the problems can be quite parallel and a consis- 
tent resolution is required. One especially intriguing case in point concems, in 


4tq his The Sirens of Titan, a 1959 novel meant 10 be a parody of God's omniscience, Kurt 
‘Vonnegut gave the curious name of chrono-synclastic infundibulated vision wo Gow’ power to see 
the past and future 

"7G. 1, Mavrodes, “Is the Past Unpreventable?” April 1984, pp. 131-146, and A. Planinga, “On 
(ekhham’s Way Out,” July 1986, pp. 235-269, both in Faith and Philosophy 
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the possibility of ... time travel and, in philosophy of 


‘That philosopher could well have included science fiction writers in his group of 
people interested in both spacetime physics and free will. In one story,'*” for 
example, a man in the twenty-fifth century is about to travel back into the past to 
escape criminal prosecution. He is aked where he'd like to go, and he replies “I do 
not understand the paradoxes—what if 1 choose to build gravity-deflectors in 
Ancient Rome?” When he is told (correctly) that he couldn’t do that because it 
didn’t happen, he persists: “But if I can choose any period, it means I can alter 
history at will—which presumes that the present can also be changed.” Then, at last, 
he gets the explicit answer that bothers nearly everyone: “The real answer is that in 
the final analysis your decision to choose a certain time period is already made, and 


the things you will do [in the time traveler’s personal time] are already determined, 
Free will is an illusion; it is synonymous with incomplete perception.” The same 
idea appears in another tale (note 57); when one character says, “What you are 
saying is that the future is fixed, and that you can read it, in every essential detail, 
the response is “Quite right ... both those things are true. 

However, no matter how hard we try—and by we I include even those physicists 
and philosophers who embrace the block universe with its support of time travel to 
the past—it is very difficult to break free of the view of time as shown in Fig. 2.2. 


‘That is, as the passage of time up to the present or now (with all to the left of that 


“WL. Craig, “Tachyons, Time Travel, and Divine Omniscience,” Journal of Philosophy, March 
1988. pp. 135-150, Tachyons are hypothetical faster-thar-light particles that theoretically travel 
‘backwards through time. They will be diseussed in Chap. 5 

“AW. Kubilius, "Turn Backward, Time,” Science Fiction Quarterly, May 1951 
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instant as the past), while to the right of the now’ we have multiple possible futures 
(depending on our free will choices). Lying to the side of all that (in our thoughts 
and imaginations) are all that ‘might have been’ if we had made different choices 
than we did at earlier times in the past.'"" 

With all that said, even if events are really laid out in the spatial and temporal 
web that constitutes the four-dimensional block universe, there still remains the 
great mystery of why we see them unfold in the particular sequence that we 
do. Why not in reverse order? Why, indeed, do we see what we call time run 
from what we call the past to what we call the future and, indeed, what do we really 
mean by past and future? As you'll see in the next chapter, these are not easy 
questions, and nearly everybody who has thought about them believes we are not 
yet even close to knowing the answers. 

On that pethaps gloomy note, it seems appropriate to end here with a few more 
words from St. Augustine's Confessions, with words that follow those that helped 
open this chapter: “I confess to you, Lord, that I still do not know what time is. Yet I 
confess too that I do know that [am saying this in time, that I have been talking 


about time for a long time, and that this long time would not be a long time if it were 
not for the fact that time has been passing all the while. How can [know this, when I 
do not know what time is? Is it that I do know what time is, but do not know how to 
put what [ know into words? [ am in a sorry state, for I do not even know what I do 
not know!" 


2.8 For Further Discussion 


In the comics one of Superman’s more interesting adversaries is 
Mr, Mxyzptlk (pronounced mix-yez-pitle-ick), a being with seemingly mas 

ical powers from the Land of Zrfff in the fifth dimension. Mr. Mxyzptlk’s 
powers are not really because of magic, however, but are ‘merely’ the result 
of his hyperspace world with its extra dimension, Mr. Mxyzptlk, for example, 
in one of his misadventures with Superman in 1954, begins selling a 


(continued) 


‘S"Figure 2.2 s based oma similar one in C. K. Raju, “Time Travel and the Reality of Spontane- 
ity." Foundation of Physics, July 2006, pp. 1099-1113. 


is another view of time even darker than St. Augustine's, which denies the existence of 
both future and past, and doesn't offer us much either for that special moment we call the present 
(or now). This view. called presentism, was hauntingly expressed in some lyrics I heard inthe final 
episode ofthe second season (2015) of the HBO series True Detective:“There is no future/Thes 

‘no past/in the present nothing lasts." Now that is depressing! Still there are philosophers who 
bhelieve even this view ean support time travel: see S. Keller and M. Nelson, “Presentists Should 
Believe in Time-Travel,” Australasian Journal of Philosophy, September 2001, pp. 333-3 
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newspaper called the Daily Mpfir= in competition with the Daily Planet. 
Unlike a traditional newspaper that reports what has happened, the Daily 
‘Mpfir= (your guess is as good as mine!) prints what will happen. As 
Mr. Mxyzptlk says, “You see, as a resident of the fifth dimension, I can 
get all the news I want from the fourth dimension!” The science editor at the 
Daily Planet explains the meaning of that to his boss, Perry White: “That's 
right, Mr. White .. many physicists consider time the fourth dimension ... so 
if Mr, Mxyzptlk can travel from the fifth dimension to our three-dimensional 
world, he most likely is able to see the future!” (This leaves unanswered the 
‘question of why he continues to challenge Superman when he knows he will 
always be defeated—as he always is!) Presumably a five dimensional world 
‘would have our three spatial and one temporal dimension (for a total of four), 
and so the question now is: what is the nature of the additional (fifth) 
dimension? Is it spatial or is it temporal? (There is a brief appearance of the 
fifth dimension in the 2014 movie Interstellar, but we aren’t told much of 
anything about its possible structure.) Discuss and compare the world of four 
space dimensions and one time dimension, with the world of three space and 
two time dimensions. (In Chap. 5 we'll discuss a possible connection between 
two-dimensional time and time travel.) 


Inthe text itis stated that “If A and B are mutually causative, then *A causes 
B’ coupled with “B causes A’ seems to lead to ‘A causes A."" Suppose, 
however, that we imagine two adjacent sunken pools of water, a and b, on the 
same horizontal surface, with each pool filled to the brim. An overflow from 
one poo! will low into the other pool. Now, define the events A and B as ‘A is 
the overflow of pool a’ and “B is the overflow of pool b.’ Thus, A causes B 
and B causes A. Does the conclusion “A causes A’ make physical sense in this 
specific case? Discuss at length. 


When reading A, C. Clarke’s story “Technical Error” (see note 99), we lean 
that a rotation through 4-space inverts “the unlucky Nelson.” The “solution” 
to this awkward situation is to lip Nelson through 4-space a second time and 
so back to “normal.” (When Thrilling Wonder Stories reprinted this tale in 
June 1950, after its original publication in 1946, the title was changed to the 
more appropriate “The Reversed Man.”) Clarke may have missed an 


(continued) 
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important technical ‘detail,’ however, in that when first flipped through 
4-space everything inverts, and so matter becomes anti-matter and Nelson 
would have instantly been annihilated in a 100 % conversion of matter to 
energy (that is, the flipped Nelson would have initiated a very large explo- 
sion). Compare this to Alice’s concer in her flipped world (Lewis Carroll's 
Through the Looking Glass) when she wonders “Perhaps Looking-glass milk 
isn’t good to drink.” Explain why Lewis Carroll certainly was not thinking of 
matter/anti-matter explosions when he wrote his novel. What do you think he 
might have had in mind? 


A time travel story, even earlier than Clarke's, that uses spacetime “rota- 
tions,” was authored by Edmond Hamilton (1904-1977), one of the 
pioneering pulp fiction writers. In his “The Man Who Saw the Future” 
(Amazing Stories, October 1930), a man is hauled before the Inquisitor 
Extraordinary of the King of France to explain his mysterious disappearance, 
and subsequent reappearance, in an open field, amid thunderclaps and in plain 
sight of many onlookers. As the story unfolds, we learn that the man was 
transported five centuries into the future, from A.D. 1444 to 1944, by scien- 
tists working in twentieth-century Paris. The thunderclaps were produced by 
spacetime ‘rotations,’ as the atmospheres of 1944 and 1444 were reversed. A 
skeptical Inquisition naturally finds this tale preposterous and the first time 
traveler is bumed at the stake as a sorcerer. Can you think of why such 
“atmospheric swaps’ might produce thunderclaps? 


A trip around a Mobius strip reverses the “handedness” of a plane figure (left 
and right are swapped). You can see this for yourself by making a Mébius 
strip, and then stiding an arrow (pointing across the width of the strip) around 
the strip. (Cut a notch in the side of the strip to mark the starting point, with 
the arrow pointing at the notch.) When you get back to the notch, the arrow 
will point away from the notch. Notice that the arrow never left the surface of 
the strip, or crossed any ‘weird’ boundary. Then, read H. G. Wells’ short story 
“The Plattner Story” and comment on its use of *handedness.” 


un 
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‘The autoinfanticide paradox, which results when a time traveler tries to kill 
his younger self, continues to fascinate both physicists and philosophers, and 
papers regularly appear in the scholarly literature on the topic: see, for 
‘example, Kadri Vihvelin, “What Time Travelers Cannot Do.” March 1996, 
pp. 315-330 (which introduces Suzy the time traveler); Ira Kiourti, “Killing 
Baby Suzy,” June 2008, pp. 343-352; Peter B. M. Vranas, “What Time 
Travelers May Be Able to Do,” August 2010, pp. 115-121; and Josh 
Spencer, “What Time Travelers Cannot Not Do (but are responsible for 
anyway).” October 2013, pp. 149-162, all in Philosophical Studies. All 
deal with an issue that is psychologically fascinating: moral responsibility. 
Spencer, in particular, opens with this definition: Someone is morally respon- 
sible for an action only if she could have done otherwise. As he goes on to 
Thave been attacked and both of my legs have been broken, then it 
seems illegitimate to criticize me for failing to run away; I could not have 
done otherwise.” And yet all of these papers are on a point that (I think) 
physicists would soon lose interest in: is the question “If Suzy is a time 
traveler, can Suzy kill baby Suzy, given that Suzy doesn’t kill baby Suzy?” 
the same question as ‘If Suzy is a time traveler, can Suzy kill baby Suzy, 
given that Suzy is now alive?” The answer to the first question is, from pure 
logic, NO, while the answer to the second question is just bit squishier: it all 
depends on what the word can means. For the second question, Suzy can kill 
baby Suzy if she has a weapon (knife, gun, poison, etc.) and she is in the past 
next to baby Suzy, but it is just that she doesn’t because otherwise Suzy 
wouldn’t be alive now (which is a given). Such debates seem unlikely to 
produce any insights into the physics of time travel. Compare this situation to 
the old schoolboy conundrum “What happens when an irresistible force 
meets an unmovable object?’, which is a self-inflicted ‘paradox.’ That 

the words irresistible and unmovable are mutually exclusive and so, used this 
‘way, it should be no surprise that we have a conflict. Are the two time travel 
‘questions above, concerning Suzy, confusing through a similar mushy use of 
grammar? Or are they deeper than that? Vigorously defend your position. 


In addition to H.G, Wells, another nineteenth-century writer who was highly 
influential in bringing the fourth-dimension out of academia and into public 
consciousness was the mathematician Charles Howard Hinton (1853-1907). 
Hinton was no angle-trisecting crank, having eamed an M.A. at Oxford, an 
appointment in the mathematics department at Princeton, and then another at 
the University of Minnesota, Later, with the help of the eminent astronomer 
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Simon Newcomb, he obtained a position at the Naval Observatory in 
Washington, D.C., and was on the staff of the United States Patent Office at 
the time of his sudden death. Hinton was a man to be taken seriously. His first 
published essay “What Is the Fourth Dimension?” appeared in 1880, and then 
in book form in 1884 as part of his Scientific Romances (a phrase used by 
Hinton before it became associated with Wells’ science fiction many years 
later). That book received a generally favorable review in Nature (March 
12, 1885, p. 431). At one point he wrote “We might then suppose that the 
matter we know extending in three dimensions has also a small thickness in 
the fourth dimension,” an idea that was used a few years later by the well- 
known British mathematician W. W. Rouse Ball (1850-1925) in an attempt 
to explain gravity. Hinton was extremely inventive, and he also proposed 
four-dimensional-space models for static electricity. Find out more about 
Hinton’s life and work: a good source to start with is Speculations on the 
Fourth Dimension: Selected Writings of Charles H. Hinton (R. Rucker, 
editor), Dover 1980. Take a look, too, at J. E, Beichler, “Ether/Or: Hyper- 
space Models of the Ether in America,” in The Michelson Era in American 
Science 1870-1930 (S. Goldberg and R. H. Stuewer, editors), American 
Institute of Physics 1988, 


Chapter 3 
The Physics of Time Travel: Part I 


within forty-eight hours we had invented, designed, and 
assembled a chronomobile. I won't weary you with the details, 
save to remark that it eperated by transposing the seventh and 
eleventh dimensions ina hole in space, thus creating an inverse 
ether-vortex and standing the space-time continuum om its 
hed.” 


almost certaaly no the way to build time machine! 


3.1. The Direction of Time 


“OF al the problems which lie on the borderline of philosophy and science, perhaps none 
has caused more spilled ink, more contzoversy, and more emotion than the problem of the 
direction of ime -.. [T]he main problem with ‘the problem of the direction of time” is to 
figure out exactly what the problem is or is supposed to be! 


Before we start talking about the physics of time travel, 
‘words on time itself, in a way slightly less metaphy'sical that was the discussion in 
the previous chapter (which is why I'm writing this here, in a chapter with an 
increased emphasis on the analytical). When we speak of journeying to either the 
future or the past, we are implicitly making a distinction in the direction of the time 
traveler's trip. But does time actually have a direction? Is there an arrow that points 


the way? The answer seems obvious: of course time has a direction, After all, 
everybody *knows" it flows from past to future. There isa curious language problem 
here, however, because we also like to say the present recedes into the past, which 
implies a ‘flow’ in the opposite direction, from future to past. Well, despite this 
snarled syntax, can we at least distinguish past from future, whichever way time 


flows 


'L, Sprague de Camp, "Some Curious Effects of Time Travel,” in Analog Readers’ Choice. 
Dial 1981 
‘See note S4 in Chapter 2. 


(© Springer International Publishing AG 2017 us 
PJ. Nahin, Time Machine Tales, Science and Fiction, 
DOI 10.1007/978-3-319-48864-6 3 
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‘This would seem to be an important question to answer because for the phrases 
flow of time and direction of time to have any objective meaning at all, it must be 
somehow possible to identify a difference between past events and future ones. The 
special moment at which that distinction occurs is known as the now or the present 
and, as events make the transition associated with that distinctive difference, 
between past and future, we say that the now (the present) moves or flows. 
Philosophers—and science fiction writers and physicists, too, who after all are 
human beings with human senses like everybody else—eall this common feeling 
that we all have, of the passage of time, the psychological arrow of time. One 
philosopher gave an amusing (tongue-in-cheek) gastronomical interpretation of the 
moving now as follows 


“New slices of salami are continually being cut from a nonexistent chunk of salami called 
the Future. The present i the slice ontop ofthe ple. The pas are the pieces beneath this, 
and even though the are not present they stil coatinueto exist in the sanse way Ut the top 
slice of sala does... This feoncep] faces humiliation before the embarassing question 
of how fast he pile of salami slices grows."* 


‘The ‘moving now’ does present a problem for physicists because there is nothing 
in the laws of physics that marks the present moment as unique, and therefore 
nothing that reflects a ‘flow’ of time, nothing that models the reality of a ‘moving 
now” becoming part of the past and the events of the future becoming, successively, 
the new ‘now.’ As a philosopher wrote long before time travel became a serious 
topic in the physics literature, “Talk of the flow of time or the advance of con- 
sciousness is a dangerous metaphor that must not be taken literally.”* 

‘What that philosopher may well have had in mind is that all events in the block 
universe simply have coordinates in spacetime, and there is nothing corresponding 
to *have been’ (past) ‘are’ (present), or ‘will be" (future). There is no “moving now" 
in the block universe except for its subjective presence in our conscious minds. All 
‘we can say from physics is that events are ordered in an earlier/later sequence, and 
in fact, even that relatively weak condition holds only for causally related events.* 
‘The relativistic, four-dimensional block universe view of spacetime that so many 
physicists (including Einstein) so dearly love seems to have no room for an 
objective theory of the flow of time, And yet, even for those same physicists, 
there is a powerful psychological sense that time does flow. But are they mistaken? 
Itisa fact that, with not just a little irony, Gédel (the “discoverer” of time travel) was 
convinced that the possibility of a block universe spacetime with CTL9/CTCs 


°R. Gale, “Some Metaphysical Statements About Time." Jowna! of Philosophy. Apeil 25,1963. 
1p. 225-237. For many, this analogy may well bring to mind apie of baloney rather than one of 
sla and I thik this was Gale's intention) 

45.4. Smart, “The Temporal Asymumetey of the World” Analysis, March 1954, pp. 79-83. 
“Two events A and B are now-causally related if their separation in spacetione is such tata particle 
would have to travel ata superluminal speed (Taste than Fight) to go from A to B, We'll discuss the 
physics of causally celated events later in this chapter. 


3.1 The Direction of Time u7 


o roa) 3) ® o 
Fig. 341 Gédel’s unreaity of 


me argument 


implies that the passage or flow of time makes no sense!® To see how Gidel arrived 
at such an astonishing conclusion, consider Fig. 3.1 

In part A of the figure” we see what most people who talk of a passage of time 
intuitively mean, as time progresses through a sequence of instants (shown as line 
of left-to-right arrows going from (1) to (2) to (3) and so on). At each stage the right- 
‘most arrow is the present, and the arrows to the left of it (behind it) are the past, and 
the arrows to the right of the present are not shown because they are in the future 
and so don’t exist yet. When you ask, at each step, which arrow is the now, the 
answer is clear. 


Matters are dramatically different in part B of the figure, which shows the arrows 
forming a closed (circular) loop. Now there is no distinction between past and 
future, as each arrow is both ahead and behind any other arrow. In addition, there is 
no arrow that is uniquely the now. So, concluded Gédel, the passage of time can 
have no meaning in a temporal loop. As should come as no surprise, not everybody 
is convinced by this sort of argument.® 

In principle, so it would seem, we can achieve perfect knowledge of what has 
happened but only imperfect prediction of what might happen. This observation 
seems to be at least a start at being able to tell past from future, And, in fact, the 
nature of the distinction between the two intervals of time seems obvious: we 
remember past events, but not future ones. As philosophers have so nicely put it, 
events in the past have formed ‘races, such as skulls, footprints in the sand, 
fossilized skeletons, surgical scars, photographs, taped recordings, carved stones, 


“Giidel clearly states this in his 1949 philosophical essay (note 15 in the Introduction) concerning 
his 1949 technical paper (note L1 in the Introduction). 

"This figure is based on the interpretation of Gédel’s reasoning as presented by the philosopher 
Palle Yourgrau’s 1991 hook The Disappearance of Time: Kurt Gadel and the idealistic tradition in 
philosophy (Cambridge), which was expanded and reprinted a few years later under the new tile 
Gilde! Meets Einstein: time travel in the Gidel universe, Open Court 1999. Yourgrau later wrote a 
less technical version: A World Without Time: the forgotten legacy of Gadel and Einstein, Basic 
‘Books 2008. 


*See, for example, 8. Savt, “Time Travel and Becoming," The Monist, July 2008, pp. 413-422. 
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and the like, whereas future events appear not to have formed traces. But is that 
necessarily so? Is it impossible for future events to create traces? The common- 


yes, because of cause and effect, which dictates that there must be a 
temporal asymmetry in trace formation, That is, traces are the effects of prior 
causes, That line of reasoning leads us quickly to the fundamental issue of causation 
(which we've already encountered in Chap. 2), an issue that no discussion of time 
travel can avoid, 

Part of the problem we have with backward time travel, and cause and effect, is 
as I've already mentioned, with language. The distinct and separate concepts of the 


temporal ordering of events, and of causality, have become merged in everyday 
thought. It is considered obvious to modern minds that if event A causes event B, 
then A must happen first. There is, however, at least one historical example of a 
similar merging of concepts that is parallel to our modem mixing of time order and 
causality—an example that shows how an issue can seem obvious and natural to the 
minds of one period of time, and yet to the minds of another period (our modern 
times) seem confused, odd, peculiar, even laughable. 

Asa physicist wrote in a paper’ on advanced (that is, inverted causality) effects: 


Ancient Egypt was an essentially one-dimensional country strung out along the Nile, which 
lows from south to north. The winds were conveniently arranged to be predominantly 
northerly. To go north, a traveler could let his boat drift, while with a sail he could move 
south against the slow current. For this reason, in the writing ofthe ancient Egyptians, "go 
‘downstream (novth)" was represented by a boat without sails, and "go upstream (south) 
bya boat with sails. The words aru concepts) or north-south and up-downstream became 
merged. Since the Nile and its tribuaries were the only rivers known to the ancient 
Egyptians, this caused no difficulties until they reached the Euphrates, which happened 
to flow from north to south. The resulting confusion in the ancient Egyptian mind is 
recorded for us 10 read today in their reference to “that inverted water which goes 
downstream (north) in going upstream (south), 


Often we can work our way free of the difficulties we create for ourselves with 
language, but only through common agreement. For example, the chairman of the 
board calls a meeting to order with mixed tenses by declaring “The meeting will 
take place now and then saying at the end, “We will meet again next month, same 
tim 


* We all know what these sentences mean, but only by our cultural heritage 
and not by the process of applying logic. The language problem causes similar 
difficulties for not only for fictional time travelers, but also for the physicists/ 
philosophers who study the possibility of time machines. So—beware! 

‘The idea of time flowing is a popular one, and it repeatedly appears in the time 
travel literature as the “river of time” or the “ocean of time.” The deep psycholog 
ical appeal of this sort of ‘water language’ has, not surprisingly, attracted the 
attention of philosophers. We can find one of the earliest expressions of the view 
in the Meditations of the second-century A.D. Roman emperor and Stoic philoso- 
pher Marcus Aurelius, who wrote: “Time is like a river made up of events which 


%P.L, Coonka, “Advanced Eifects in Particle Physics," Physical Review. Apeil 1969, pp. 1266- 
asi 
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happen, and a violent stream; for as soon as a thing has been, itis carried away, and 
another comes in its place, and this will be carried away, too.” A most interesting 
essay on why such metaphors often seem so intuitively appropriate has been offered 
by one philosopher, who points out"” that the seductiveness of the image of “time as 
flowing water’ is sufficiently great that you often find it in the scientific literature, 
too (Newton, you'll recall, wrote specifically in his Principia of time flowing). As 
for why such an image has such a powerful grip on our imaginations, I think we 
need look no further than to Kant. As he wrote (1781) in Critique of Pure Reason, 
“Time is nothing but the form of inner sense, that is, of the intuition of ourselves and 
of our inner state ... Because this inner intuition yields no shape, we endeavor to 
‘make up for this Want by analogies.” And what better than a rushing stream of water 
to represent our feeling of time rushing by? 

Still, no matter how intuitive such water metaphors may be, they can still easily 
befuddle us as well. To quote our philosopher (note 10), “Time a river! A queer sort 
of river that, Of what sort of liquid does it consist? Is time a liquid? A very peculiar 
liquid indeed!” A classic paper by the philosopher Donald Williams (discussed in 
Chap. 2, note 119) expresses similar doubt about the water image of time. In the 
course of his writing, he presents a truly staggering collection of entertaining 
examples of “time as metaphor,’ of which I repeat just a few here: time flies, 
goes, marches, and rolls, as well as flows And then he offers this provocative 
imagery: the evolution of our lives is like “a moving picture film, unwinding 
from the dark reel of the future, projected briefly on the screen of the present, and 
rewound into the dark can of the past.” Wow!"" 

Retuming to the water metaphor, the French astronomer Charles Nordmann 
(1881-1940) opened and closed his 1925 book The Tyranny of Time with following 
gloomy but all too true summary of the overwhelming sense we all have of the 
inexorable, one-way ‘flow’ of time. (The ellipses in what follows denote over 
200 pages!) “Nothing can equal the bitter sweetness of dreaming on the banks of 
Time, that impalpable and fatal river strewn with dead leaves, our wistful hours 
carried downstream like rudderless wrecks ... In the etemal wave which rocks us, 
carries us along, and soon swallows us up, there is no rock to which we can fasten 
cour frail barques; the very buoys we put out to measure our course are only floating 
mirages; and on the mysterious foundation of things our anchors slide along and fail 
to bite.” A young person sees time, from Nordmann’s perspective, as an ocean on 
which golden mornings arrive like waves from the future, whereas for an older 
person, liquid time is a nightmare flood, a swollen black torrent sweeping him first 
into the yawning abyss of the past and, ultimately and finally, into the eternal 
silence of the dark grave. 


"5,3. C, Smart, “The River of Time,” Mind, October 1949, pp. 483-494, 

"And how about his image of time: Time isa snowball, with the center marking the beginning of 
the past, with ever new “presents’ accreting on the ever increasing surface as the snowball rolls 
down the hill of history! 
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“The metaphor of time as a flowing river was ready-made for early seience fi 
‘writers, such as Caltech math professor Eric Temple Bell (1883-1960). His even- 
tual novel The Time Stream began to appear in December 1931 as a serial in the 
science fiction pulp Wonder Stories, and Bell (writing as ‘John Taine") made great 
use of the idea of time as a lowing stream, a stream in which one could swim into 
either the future or the past, There is strong evidence that Bell actually wrote the 
novel in July of 1921, but was unable to find a publisher for a decade, so odd did 
editors find the premise. By the time of its publication, others had beaten Bell into 
print 

‘The watery image of time had appeared a year earlier, for example, ina tale that 
played with the erosive nature of time in a dramatic way. As two time travelers 
speed into the future to rescue a friend, one of them describes the scene for us: “We 
huddled together in the whirling time girdling machine, cutting through the years as 
4 ship's prow breasts surging waves. I could not help but think of the years as 
‘waves, beating in endless succession on the sands of eternity. They wore all away 
before them with pitiless altrition, Time seemed to eat all with dragon jaws." 

This image of time was taken a step further 3 years later in a story in Which a 
large number of adventurers, from all across time, find themselves stranded at 
precisely the same place (in space and time), One of them offers his theory of 
\what is behind this remarkable coincidence: They all have faulty time machines, 
like faulty boats, and all have hit the same snag on the ‘river of time.” As he 
explains, “You may tum boats adrift on a river at many points, and they will all 
collect together at the same serious obstacle whether they have traveled a hundred 
or two miles, We are now at some period where the straight flow of time has been 
checked — perhaps it is even turning back on itself ... [We] have struck some 
barrier and been thrown up like so much jetsam.""? 

The “flow” of time does have its critics, of course. The British-American 
philosopher Max Black (1909-1988) argued" that questions about the direction 
of time are meaningless because there can be no direction to something that 
(he asserted) does not flow. His reasoning was that if time does flow, then he 
ought to be entitled to ask how fast it flows. That requires, in turn, a metatime or 
supertime for measuring the flow rate of ‘ordinary’ time. But because supertime 
must flow, foo, we would then need a super-supertime, and so off we trip into what 
‘would appear to be the black hole of a MeTagger-like infinite regress. The view, of 
an infinite regress of times, was forcefully rejected by another philosopher with 


'E, A. Manley and W. Thode, “The Time Annihilator.” Wonder Stories, November 1930, This is 
the same magazine tha, months later, finaly published Bell 
J, Wyndham, “Wanderers of Time.” Wonder Stories, March 1933. Notice again, that we have the 
sme magazine (whose editor must have had a partiular fancy for such tales). 
"'M. Black, “The ‘Direction’ of Time,” Analysis, January 1959, pp. 54-63, 
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these sharp words: “the very idea of super (or hyper)-time is indeed repulsive in its 
redundancy and its aroma of dilettante physics.”"° 

A hierarchy of hypertimes has not bothered other analysts, however, and an 
entire subfield of specialty among philosophers (and some physicists, too) in time 
analysis has developed in what is called multidimensional time. One practitioner in 
this specialty sarcastically rejected the infinite regress complaint as a valid objec- 
tion—he called it “a crushing and unanswerable position” but actually meant just 
the opposite—and stated that it was not at all clear (at least, not to him) why 
supertime must flow.'" After all, he argued, we measure the flow of a river with 
respect to its banks without requiring that the banks themselves flow. (That actually 
strikes me as being a point that deserves debating, but I have not been able to find 
any mention of it in the later philosophical literature.) The idea of multiple time 
dimensions is particularly attractive for one sort of time travel (we'll take it up at the 
end of this chapter), but it enjoys far more popularity among science fiction writers 
and philosophers than it does with physicists. 

Professor Black's objection (note 14) to talk of time ‘flowing’ was based, at least 
in part, on the observation that there are uses of the word direction that are not 
directly tied to something flowing. For example, consider the statement ‘He is 
facing in the direction of north.’ Black argued that this is mere pointing, and itis not 
tall the same as moving north, He then dismissed the possibility of there being any 
meaning to the direction of time, writing that making an analogy of time “with a 
sign-post or an index finger is too far-fetched to be worth considering.” This claim 
(which some may feel leans too much on grammar) is, of course, an affirmation of 
the myth-of-passage view made famous a few years earlier by Donald Williams 
(note 119 in Chap. 2), 

Not just philosophers have rejected the idea of time flowing. In his 1966 novel 
October the First Is Too Late, which deals with a world in which different parts of 
Earth simultaneously experience different eras of the past (see For Further Dis- 
cussion at the end of this chapter for more on what this might mean), the British 
cosmologist Fred Hoyle (1915-2001) calls the ‘river of time’ a “grotesque and 
absurd illusion,” and a “bogus idea.” Another fictional work that agrees with 
Hoyle’s non-moving image of time is the 1979 Roadmarks by Roger Zelazny 
(1937-1995). In that novel we read of “the Road,” along which story characters 
can travel but which doesn’t itself move: exits from the Road lead to the various 
centuries (which sounds a lot like the Francis Bradley’s 1883 book that may have 
aziven the block universe its name). Roadmarks is a clever bit of writing, with many 
allusions to the paradoxes of time travel, but its explanation of the Road’s origin as 
having been constructed by dragons (!) greatly undermines its interest for 
physicists 


SD, Zeilicoviei, “Temporal Becoming Minus the Moviog-Now." Nous, September 1989, 
pp. 505-524 
°C. W. Webb, “Could Time Flow? If So, How Fast?" Journal of Philosophy, May 1960 
pp. 357-365 
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Ina block universe spacetime, there is no flow of time, but one philosopher 
believed that to be simply because the block universe is incomplete in its represen- 
tation of reality. Writing in 1925, Hans Reichenbach (1891-1953) asked “What 
does ‘now’ mean? Plato lived before me, and Napoleon LV will live after me, But 
‘which one of these three lives now? I understandably have a clear feeling that live 
now. But does this assertion have an objective significance beyond my subjec 
experience?”"” Reichenbach went on to answer his question in the affirmative, and 
to deduce that the block universe view is missing something: “In the condition of 
the world, a cross-section called the present is distinguished; the ‘now’ has objec- 
tive significance. Even when no human is alive any longer, there is a ‘now 
[my emphasis] ... In the four-dimensional picture of the world, such as used by 
the theory of relativity, there is no such distinguished cross-section But this is due 
only to the fact that an essential content is omitted from this picture.” 

So, what is Reichenbach’s ‘missing essential content"? Feeling that the block 
universe is unacceptably fatalistic—in his words of ridicule, “the morrow has 
already occurred today in the same sense as yesterday"—he found his answer in 
the probabilistic theory of quantum mechanics, Classical physics argues that given 
{otal information about the state of the world now, one could in principle calculate 
perfectly the future or the past; one could both predict and retrodict. In contrast, 
quantum mechanics distinguishes past from future in a fundamental way 

Quantum mechanics does not deny that in principle we can know the past with 
exquisite accuracy, because each and every event leaves traces, evidence that is 
available to all with the means to find and decode them. But quantum mechanics 
also takes as truth that there is an unavoidable uncertainty to the future. The instant 
that this uncertainty is crystallized into fact was taken by Reichenbach to be the 
very definition of ‘now.’ The ever-increasing record of the past in turn, defines (lor 
Reichenbach) the movement of the ‘now.’ Reichenbach believed that with these 
observations he had at last captured the ‘moving now’ in mathematical theory, and 
that he had finally elevated the present from speculative psychology to solid 
physics, and that he had shown that the “flow of time’ is independent of the need 
for a conscious mind, However— 

A later, powerful analysis" of the time-flow issue, combining philosophy with 
physics, comes down solidly in support of the oppasite conclusion: it expresses the 
view that a ‘moving now’ is only in our minds and is not an intrinsic attribute of 
reality. The premise of that argument is that a mind-dependent flow of time is 
incompatible with what is called the relativity of simultaneity (to be discussed later 
in this chapter) which states that there is no universal cosmic-wide ‘now’ (this is a 
fundamental conclusion of special relativity). For example, it is meaningless to ask 


ve taken this quotation from A. Grinbaum, “Is There a ‘Flow’ of Time or Temporal Becom- 
ing?" in Philosophical Problems of Space and Time, Knopt 1963. 

"LR. Baker, “Temporal Becoming: The Argument from Physics," Philosophical Forum, Spring 
1975, pp. 218-236 
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‘what is happening on a planet in the Andromeda galaxy (two million light-years 
distant) right now 

Early science fiction stories are full of theories about the nature of ‘now,’ and the 
vast majority of them have no basis in scientific thought. Some of them are 
ingenious, however, and even though they are largely the pet ideas of the authors 
(and no one clse’s), perhaps they resulted in some young readers of the science 
fiction pulps of the 1930s and 1940s thinking about deeper matters than did the 
comic strips of “Buck Rogers,” “The Lone Ranger,” or “Terry and the Pirates.” For 
example, according to one story, time is a wave and the ‘moving now” we experi- 
ence is carried on a crest of that wave. There are time waves both ahead and behind 
the crest we happen to be on (so we are told), and so each such crest carries a 
different ‘now’ for a different reality—hence the curious title.” 

In another, more recent tale” about object duplication via time travel (which 
we'll discuss in Chap. 4, but you'll recall H, G, Wells was worried about this long 
ago), nine (!) copies of the same person from the year 2314 meet in 1870 to try and 
figure out what is going on. Part of their interesting discussion is the following 
analysis of the ‘present’ 

“Gentlemen, 1 think I understand,” said the fest James Thomas.” 


ight faces turned toward him, and he felt as though he were looking into multiple 


fe hold that time is a single instant — the instant of the Present —which travels 
through Duration — do we not?” 
Jat heads nodded.” 

We assume that time passes in a manner analogous to the stringing of an intinite 
umber of beads. Each bead is the instant of Now when itis last on the chain. Beads are 
continually being added, and each one is the only Now until another is placed after i.” 

“Yes, that is my theory,” said another James Thomas. “It can also be likened to the 
process of knitting. No matter how many stitches are knitted, there is only one last tite, 
only one Now.” 


Einstein, too, was greatly bothered by the place of ‘now’ in time, perhaps even 
‘more than were James Thomas and his “friends.” In an autobiographical essay, the 
philosopher Rudolf Carnap (1891-1970) recalled a conversation about this with 
Einstein in the early 1950s, at the Institute for Advanced Study in Princeton: “One 

Einstein said that the problem of the Now worried him seriously. He explained that 
the experience of the Now means something special for man, something essentially 
different from the past and the future. That this experience cannot be grasped by 


R. Ray, “Today's Yesterday.” Wonder Stories, January 1934 
A. and P. Eisentein, “The Trouble With the Pas.” in New Dimensions 1 (R. Silverberg, editor), 
Doubleday 1971 
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‘ence seemed to him a matter of painful but inevitable resignation, ... Einstein 
thought... that there is something essential about the Now which is just outside the 
realm of science.” 


3.2. The Arrows of Time 


“On a microscopic level there is no preferred ditection for i 
don’t give a damn whether time moves forward or backward. 


‘The equations of motion 


‘The central issue for philosophers of time (and for physicists, to0, I think) is that 
of its reality (or not: is time objective and something that really flows, or is time 
simply a mind-dependent illusion and nothing more than an artifact of our incom- 
plete perception of reality? As the previous section shows, there is litle consensus 
om this issue. As a start on tying to get a handle on the matter, looking into a 
so-called “arrow of time” may give us some guidance. I'l begin with the arrow I've 
already mentioned, the psychological arrow. As discussed before, this is the feeling 
‘we have of a ‘moving now,” a feeling that has no appearance anywhere in physics. 
A ‘moving now" simply has no place in any universe devoid of the physical 
processes in a brain that give rise to what we call consciousness—but that doesn’t 
‘mean physicists don’t wonder about the ‘moving now" just as much as does 
everybody else (remember Einstein)! As one physicist wrote ina technical journal, 
“What does ‘Now” mean? This question must surely be the starting point of any 
attempt at understanding the nature of time.” 

Well, no matter whether time actually flows or not, most of us still believe we 
have had a past and hope we will have a future. Each of us thinks we ean easily tell 
one from the other, to0. We have, in fact, many not so subtle indications from our 
everyday lives of the obvious direction of time. Nearly all of these indications have 
the common theme of irreversible change. As the British mathematician J. J 
Sylvester once put it, “The whirligig of time brings about its revenges.”** The 
Roman poet Ovid, who died when Christ was a teenager, said the same in his 
Metamorphoses with the famous words “Time, the devourer of all things.” The 


Quoted from The Philosophy of Ruloly Carnap (P. A. Sehlipp, editor), The Library of Living 
Philosophers, Open Court 1963, pp. 37-38. For a view contrary to Einstein’, trom another 
physicist, see K. BM, Nor, “A Topological Explanation for Three Properties of Time.” 11 
‘Nuovo Cimento B, January 1992, pp. 65-70, which claims to develop a geometrical explanation 
{or the flow of time, and so (says Nor) there is an objective, mathematical reality to the ‘moving 


“A science fetion character pretty accurately sums-up what a modern physicist would tell you 
today, in L. Eisenberp’s story “The Time of His Life,” The Magazine of Fantasy & Science 
Fiction, April 1968. 

. Cullerne, “Free Will and the Resolution of Time Travel Paradoxes,” Contemporary Physics 
July-August 2001, pp. 243-245. 
*J_J. Sylvester, “A Plea for the Mathematician,” Nature, December 30, 1869, pp. 23 
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image of time as devourer of all that is mortal was brilliantly presented by James 
Barrie in his Peter Pan, with the crocodile who had swallowed a ticking clock 
chasing Captain Hook all about Neverland. 

No one yet has escaped the biological decay proc 
objects are no less immune to this aspect of time. Logs and cigarettes burn in the 
stove and ashtray, but they never unburn, Our cars rust but never “unrust.” An 
explosion has never been seen to reverse itself, to form a dynamite stick or a bomb 
casing out of a collapsing fireball. Our world seems, indeed, literally to be built on 
an irreversible movement toward chaos, death, and decay. Lewis Carroll uses this 
observation in his Through the Looking-Glass when Alice tells Humpty Dumpty 
“one can't help growing older.” And speaking of Humpty Dumpty, his famous fall 
provides a dramatic example of a one-way evolution from past to future; he wasn’t 
at all convinced that Alice was correct but, once he had splattered, then 


s of time, and inanimate 


Alll the King’s horses and all the King's men 
Couldn't put Humpty Dumpty together again. 


While we are on the subject of Mr. Dumpty, it is also worthwhile to note that 
nobody has ever figured out how to unscramble an egg. Why is that? One philos- 
opher speculated that the answer is found in the “irreversible organic phenomena” 
taking place in our brains which results in our flow of consciousness always being 
in the same direction. 

More subtle than the undignified undoing of a prideful egg is the phenomenon of 
memory, which seems trivial only because most people have not thought very 
carefully about it, We remember the past while remembering nothing about the 
future, We might, in fact, be tempted to use the phenomenon of memory to answer 
the question of how to tell past from future, Anything you can remember is the past. 
But that is a circular definition, as discussed by Professor Smart (note 4) who 
observed that to ask why memory is always of the past “is as foolish as to ask why 
uncles are always male, never female.” In Through the Looking-Glass the White 
Queen tells Alice that “it’s a poor sort of memory that only works backward” but, 
except for the claims of clairvoyants, it seems that is the only sort of memory any of 
us has, Why is that so? OF course, that would not be the case for a time traveler 
‘while in the past. His personal past, which he would remember, would be the future 
for the world around him, 

For physicists, the question of the direction of time is one of profound mystery 
‘There seems, in fact, to be no fundamental reason why time should not be able to g0 
from future to past—but then what would ‘future’ and ‘past” mean—even though no 
cone has ever observed time to do so. All the laws of classical physics, including 
general relativity, and quantum mechanics, too (except for the K-mesons mentioned 
in Chap. 1) involve time in such a way that they ignore its sign. In other words, 
replacing f with —f results in a perfectly valid description of something that could 
actually happen, But not all such possibilities are observed to occur, Why not? 


3H, Margenau, “Can Time Flow Backwards?" Philosophy of Science, Apel 1954, pp. 79-92. 
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In an unpublished paper written in 1949, while doing the work that would bring 
hhim a share of the 1965 Nobel prize in physics, Richard Feynman (1918-1988) 
wrote” “The relation of time in physics to that of gross experience has suffered 
‘many changes in the history of physics. The obvious difference of past and future 
does not appear in physical time for microscopic events .. . Einstein discovered that 
the present is not the same for all people [the relativity of simultaneity, to be 
discussed later in this chapter] ... It may prove useful in physics to consider events 
in all of time at once and to imagine that we at each instant are only aware of those 
that lie behind us. The complete relation of this concept of physical time to the time 
of experience and causality is a physical problem which has not been worked out in 
detail, It may be that more problems and difficulties are produced than are solved by 
such a point of view.” 

Feynman did not elaborate on what he meant by the “problems and difficulties” 
‘with that point of view (which is clearly that of the block universe), but surely he 
had the logical paradoxes of time travel high on his list. As the Yale philosopher 
Henry Margenau wrote (note 25) in a tutorial on Feynman’s work, “The theory of 
quantum electrodynamics developed by Feynman incorporates reversals in the 
course of time and thereby cherishes, in the minds of many, an age-old phantasy 
[my emphasis] of more than scientific appeal {which sounds like time travel to 
‘me| 

Because the individual classical equations of microscopic physics are time- 
reversible, the distinction between past and future for individual particles disap- 
pears. The equations are said to be symmetric with respect to time; the algebraic 
sign of fis irelevant in the classical laws. It must be understood, however, that there 
is a crucial point to appreciate. When a physicist says time reversal, she is talking 
about a system evolving backward in forward time—that is, all the individual 
particle velocity vectors are instantly reversed at once. This is distinct from the 
time-reversed worlds of philosophers and science fiction writers (which we'll get 
into later in this chapter) in which time itself ‘runs backwards.’ The physicist’s point 
of view is clearly expressed in an early essay by a chemist: “Every equation and 
every explanation used in physics must be compatible with the symmetry of time, 
‘Thus we can no longer regard effect as subsequent to cause. If we think of the 
present as pushed into existence by the past, we must in precisely the same sense 
think of it pulled into existence by the future.”*” More than three decades later, a 
‘mathematician and a physicist presented a similar statement: “In classical dynam- 
ics, the past completely determines the present, and therefore, by symmetry, the 
future also completely determines the present.” 


'S, S. Schweber, “Feynman anu the Visualization of Space-Time Processes." Reviews af Modern 
Physics, April 1986, pp. 449-508. 

G. N, Lewis, “The Symmetry of Time in Physies.” Science, June 6, 1930, pp. 569-577. 

0. Penrose and I. C. Percival, “The Direction of Time,” Proceedings of the Physical Society 
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Besides the physics, there is also an interesting theological connection to time 
reversal. As one philosopher put it, “If all the laws are time reversal invariant and so 
no irreversible processes occur in the physical Universe then there is no inherent, 
intrinsically meaningful difference between past and future ... Ifthis is actually the 
natural case, then all mankind’s major religions which preach a creation of the 
Universe (by a supernatural agency) and imply, accordingly, a differentiation 
between the past and the future... would have to make appropriate adjustments.” 

‘There are, as you might expect on such a controversial topic, dissenters to the 
‘view that the classical laws of physics are necessarily time-reversible. Dirac himself 
‘wrote that “I do not believe there is any need for physical laws to be invariant under 
time and space reflections, although all the exact laws of nature so far known do 
have this invariance.”"” Dirac did not, unfortunately, elaborate on just why he felt 
that way, but with the later discovery of K-mesons his position is seen to have been 
“ahead of its time’! In a famous science fiction story’' dealing with the direction of 
time, one character finally puts his finger on the real puzzle of the question of time: 
“How can a man live backward? You might as well ask the Universe to run in 
reverse entropy.” That cogent question brings us, in fact, to the first scientific 
explanation developed to explain the observed asymmetric nature of time. 

It was the Englishman A. 8. Eddington (1882-1944) who gave the picturesque 
name, the arrow of time, to the observed asymmetric nature of time’s direction from 
past to future. He was also one of the popularizers of an explanation for the arrow, 
using the famous second law of thermodynamics." The second law of thermody- 
namics states that a measure of the internal randomness or disorder—what is called 
the entropy—of any closed system (that is, one free of external influences) contin- 
ually evolves toward that of maximum disorder, toward the condition called 
thermodynamic equilibrium. Indeed, so striking is this increase in entropy S with 
time in a macroscopically large system that the increase in entropy has come to be 
thought of as actually defining the direction of time. Eddington, however, was not 
the originator of the entropy concept. The history of entropy can be traced back to 
before the turn of the century, to the great Austrian scientist Ludwig Boltzmann 
(184-1906) and his famous H-theorem. The quantity #7 in that theorem is directly 
related to the more familiar entropy." defined by Boltzmann in 1877. 


1, Mehiberg, “Philosophical Aspects of Physical Time,” in Basic Issues in the Philosophy of 
Time (E. Freeman and W. Sellars, editors), Open Court 1971 

“DP, A. M. Dirac, “Forms of Relativistic Dynamics.” Reviews of Modern Physics, July 1949 
pp. 382-399, 

A, Boucher, “The Chronokinesis of Jonathan Hull," Astounding Science Fiction, June 1946. 
SA. S. Eddington, The Nature of the Physical World, Macmillan 1929. 

the Haheorem was a direct continuation of the work by the Scotsh physicist James Clesk 
Maxwell (1831-1879) on the statistical properties of gas molecules (Jetertining the probability 
density function ofthe moleeules’ speeds). In 1866 Maxwell found this function forthe particular 
case of thermodynamic equilibrium. In 1872 Boltzmann found the differental-integral equation 
the function satisfies in general, even ifthe condition of thermodynamic equilibrium doesn't hold. 
From this Boltzmann was able to define a quantity H that he showed evolves in time such that 


Ls 3 The Physics of Time Travel: Part 1 


‘The entropy § of a system in a given state is proportional to W, which is the 
number of different possible ways the state can occur as a result of all possible 
variations of system’s intemal, microscopic structure. The calculation of W is 
usually quite complicated, but in various highly idealized systems it can be 
straightforward. Consider, for example, a vacuum cylinder with a thin membrane 
dividing the interior into halves. Suppose that we insert (to be specific) six 
molecules into the left half of the cylinder (and none into the right half). If we 
define the microscopic state of the system to be the number of molecules in the left 
then initially W = 1 because there is just one way to put all six molecules on 
the left side. This represents the state of minimum entropy, the state of maximum 
order that is most distant from thermodynamic equilibrium. If we now puncture the 
‘membrane then the molecules, once confined to the left side, are free to move about 
the entire cylinder. At any given instant we can imagine counting the number of 
‘molecules on the left side—suppose that at some particular instant we count five, 
with one molecule having moved to the right side. Then, W = 6, because there are 
ix ways to pick the molecule that has moved from left to right, and so the entropy 
increased. 

We think of the thermodynamic equilibrium state as being the state with equal 
‘numbers of molecules in both halves of the cylinder, and that state has the maximum 
entropy. (Can you show that this state is associated with W = 202) With such a 
small number of molecules, it is not clear that W (and so S) will inexorably increase 
with time; perhaps, after one of the six molecules has gone to the right, it then 
returns to the left side before any of its companions have joined it on the right. Such 
an event is called a reversal, and it will happen with some non-zero probability. But 
the more molecules there are in the cylinder (instead of six, make the number a 
million million million—still a small amount of gas in our everyday world, hardly 
enough to fill a sewing thimble), the more likely it becomes that the value of S will 
‘monotonically increase with time. 

‘The steady increase in entropy is often observed in the everyday, largs 
world. A drop of ink in a glass of water spreads out in an expanding cloud, a cloud 
wwe never see collapse backward into an ink drop. A long rod of metal, initially 
hotter at one end than at the other, evolves toward a constant temperature along its 
entire length. We never see a uniformly warm rod spontaneously begin to cool at 
fone end and grow hot at the other. A hot bath grows cold—nobody has ever seen a 
bath at room temperature suddenly, all by itself, begin to heat up and then boil in 
the middle of the tub while the edges freeze into ice chunks. In all of these cases, the 
end (future) state represents greater internal randomness or disorder than does the 
beginning (past) state. 


ha 


solution to his differential-integral equation approaches Maxwell's equilibrium solution. The 
Htheorem says that 11 always decreases in systems not in equilibrium and is at a mininum in 


systems in equilibrium. 
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Fig. 3.2. Simulation ofthe Ehrenfest entropic gas elock 


‘That is, low entropy was the past, and high entropy will he the future. ‘The 
increase in entropy seems to define a direction to time, and so entropy has come to 
bee called the thermodynamic arrow of time 

‘The first formal entropy model for the i 
paper by the Austrian physicist Paul Ehrenfest (1880-1933) who was a friend of 
Einstein, and his Russian-born wife Tatyana (1880-1964), who was a skilled 
mathematician and her husband’s occasional collaborator. In their paper the 
Ehrenfests developed one of the mainstays of physics, the so-called entropic 
clock. This clock, a statistical model based on the then new probability mathematics 
of Markov chains—alter the Russian mathematician A. A. Markov (1856-1922)— 
describes how gases diffuse, and it is both a simple and a powerful concept. The 
Ehrenfest model is illustrated in Fig. 3.2, in a computer-generated plot based on a 
discussion by Princeton physicist John Wheeler of black hole fame (see Chap. 1).°* 

Imagine two urns, land Il, each containing n balls. Initially, at time t= 0, all of 
the balls in Urn I are black and all of the balls in Urn I are white, Then, at time ¢— 1 
(in arbitrary units), a ball is selected at random from each urn and (instantaneously) 
placed in the other urn, This select-and-transfer process is repeated a times ¢ = 2, 


mn of time Was put forth in a 1907 


EIA. Wheeler, “Frontiers of Time,” in Problems in the Foundations of Physics (GT. diFrancia 
editor), Proceedings ofthe International School of Physics (Course 72), North-Holland 1979. See 
also W- J. Cocke, ‘Statistical Time Symmetry and TWwo-Time Boundary Conditions in Physics and 
Cosmology,” Piysical Review. August 25, 1967, pp. 1165-1170. 
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3,4... Atany given time each um always contains n balls, but only at ¢ = 0 are 
the colors of all the balls in a given urn necessarily the same. The phrase “selected at 
random” means (for example) that the probability of selecting a black ball from an 
urn containing b black balls is bin. At any given time we completely describe the 
state of both urns by specifying the number of black balls in Um I (or the number of 
‘white balls in Urn Il, and so on). It is easy to write a computer simulation of this 
physical process,*® and Fig. 3.2 shows how the fraction of black balls in Urn I 
evolves toward 0.5 as time increases. The plot is for n = 100 (200 balls total). The 
important observations are that (1) the evolution of the state of the system is toward 
50 % black balls in Um I (and this would be the case for “almost all’ sequences of 
random selections of the balls from the urns), and (2) the evolution is not mono- 
tonically decreasing from 100 % black balls to 50 % black balls, but rather has 
never-ending fluctuations about 50 % that may, in fact, be rather large in both 
amplitude and in duration, 

‘There is a real puzzle with the entropic clock that may not be immediately 
apparent. The motion of each of the individual molecules is described by time- 
reversible physics, but when we average over ‘many’ molecules (assuming 200 mol- 
ecules is ‘many*) we lose detailed information about the individual molecules. The 
puzzle is then how is it that by reducing our knowledge of a system, through 
statistical averaging, we then find it displaying a new property, that of asymmetric 
time evolution, that we didn’t see before when we Watched the individual mole- 
cules. And if that question isn’t troublesome enough, we also have two additional 
puzzles called the “reversibility” and the ‘recurrence’ paradoxes to consider as well 

‘The reversibility paradox is the question raised earlier: the classical equations of 
physics work just as well with time running in either direction, and so why don’t 
things actually go “backward”? This question, originally raised by the British 
mathematical physicist and engineer William ‘Thomson (1824-1907)—better 
known as Lord Kelvin—in 1874, was brought to Boltzmann’s attention in 1876 
by the German physical chemist Johann Loschmidt (1821-1895), one of 
Boltzmann’s professors at the University of Vienna. Boltzmann’s answer to this 
apparent paradox was that it is imaginable that a world could run backward if initial 
conditions were suitable. For example, if all the velocity vectors of every particle in 
an equilibrium state were reversed, then the system would unwind backward in time 
toward its original non-equilibrium condition, That is, a system in thermodynami 
equilibrium, the state of highest entropy, could evolve toward one of low entropy 
Boltzmann even suggested that stich might be the case for regions in our own 
universe, that there might actually be beings in a world somewhere “out there” who 


“ST used MATLAB, and you can find the code — gasclock.sn — in Appendix C, written in such @ 
low-level way as to be virtually 100% transferable to just about any of the popular scientific 
programming languages, and easily executed on an inexpensive laptop. Note that there are no 
K-mesons in the code (!) and so, as stated in Chapter 1, they aren't responsible for the 
uni-directional time behavior depicted in the figure 
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experience time running counter to our earthly experience. He said that in 1877, and 
it is a remarkable statement for a conservative nineteenth-century professor. 
However, Boltzmann continued, from most given states there are vastly more 
ways for entropy to increase than there are for it to decrease, and that is why we 
see what we see, a continuous increase in entropy.” 

To find a science fiction writer speculating on reversed time people is, of course, 
much less remarkable! One pulp story, in fact, presents a curious treatment of the 
nuances of reversed time in which people talk backward (along with a marvelous 
bathroom scene of a man un-washing his hands!). This tale™ tells us a young 
physics teacher who is “twisted into a reversed Time Stream” by an electrical 
discharge, As he lives backward in time, he observes everybody about him 
appearing to run in reverse, but even more puzzling is that they have developed a 
“dreadful, granite-like hardness.” We soon learn why: 

“For a while he could not understand the impenetrable hardness of external 
objects which he had experienced; it seemed they ought rather to be of intangible 
transiency, much as a dream, since he was re-viewing the Past. But a moment’s 
thought gave him the logical answer. The Past is definite, shaped, unalterable, as 
nothing else in Creation is. Therefore, to argue that he could move or alter any 
object here [the past] was to argue that he could change the whole history of the 
world or cosmos. Everything he saw about him had happened, and could not be 
changed in any way. On the other hand, he was fluid, movable, alterable, since his 
future still lay before him, even if it had been reversed; he was the intruder, the 
anomaly. In any clash between himself and the Past, the Past would prove irresist- 
ible every time.” 

This passage reflects the moder view that the past cannot be changed, but 
explains that view in a way different from that generally accepted today. Modern 
physicists and philosophers invoke consistency requirements (which we'll take up 
in the next chapter) to explain the ‘solidity’ of the past. The author of this story also 
failed to explain why his physics teacher had no trouble moving about through the 
air of the past, which apparently is not any more resistant to being displaced than 
were air molecules before time reversal occurred. 


‘The Austsian-British philosopher Karl Popper (1902-1994) called Boltzmann’s willingness 10 
consider the possibility that different regions ofthe universe could have diferent digections of time 
“staggering in its boldness and beauty.” but when on to say that Boltzmann must be wrong because 
“it brands unidirectional change an illusion [which] makes the catastrophe of Hiroshima an 
illusion." That is an emotional argument, of course, and although one of great power, I fal 10 
see how it is elated to physies. See Volume | of The Philosophy of Karl Popper (P. A. Schlipp. 
editor), Open Court 1974, pp. 127-128, 

"For more on Boltzmann's views on entropy, see the end of his leter “On Certain Questions of the 
‘Theory of Gases.” Nature, February 28, 1895, pp. 413-415, 
“SC. F. Hall, “The Man Who Lived Backwards,” Tales of Wonder, Summer 1938. The modesn 
classic of a time-reversed world is Philip K. Dick's 1967 novel Counter-Clock World. Well 
encounter another time-reversed world again in Chapter 4 
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It didn’t take long for science fiction writers to incorporate entropy as time's 
arrow into time travel. In one early tale there is the brief statement that entropy is 
behind the operation of its gadget.” And a few years later the inventor of a “warp 
gun” tells us that “The stupendous distortion of the warp may actually bring about a 
sort of kink in spacetime, and result in a reversal of entropy”*" and, sure enough, 
‘when the gun is fired a woman, who is hit by the warp, ages 70 years in seconds 
(which is, of course, exactly the opposite of what we would expect from a “reversal 
of entropy”). Just a year later, the story of a college student about to flunk his senior 
physics course appeared," An examination is scheduled for the following day, but 
he needs a week and a half of study time. To his rescue comes ENTROPY, INC., 
company that sells time by placing its clients inside a “time-cabinet” in which the 
local entropy is greatly accelerated. To someone looking through a window at the 
interior of the time-cabinet, the occupants would appear as characters in a speeded- 
up movie. Referring to Eddington by name, the author tells us that “entropy is what 
makes time irreversible — is what gives us the feeling of the flow of time.” 

In a hilarious, melodramatic story featuring one of early science fiction’s 
stereotypical ‘mad scientists,’ the entropic arrow of time is the scientific explana- 
tion for time travel."” There we read of Bryce Field, “a master-scientist, a demon, 
cruel, ruthless,” who is rejected in love by the stupendously beautiful Lucy 
Grantham, Her lack of enthusiasm is perhaps understandable, as Bryce is described 
as having “a lean-jawed, sunken-eyed” appearance, along with “lank, untidy hair 
sprawled across his massive forehead.” As Lucy tells him at one point, “I could 
never love you; you are too clever, too brilliantly scientific.” Alter hearing that, itis 
no surprise that before we are more than a page or two into the tale that we learn 
Bryce has Lucy strapped to a steel table in an underground laboratory-in-a-cave. 
‘There he tells her of her fate: “You are going on a long journey, my dear. So long a 
joumey that even I, master-scientist, do not know when it will end. A journey into 
the future — alone! ... You, Lucy, shall be the victim of entropy! ... I have 
discovered how to make a [globe] of non-time. Entropy will be halted .... You will 
be plunged into an eternal ‘now.”” 

And so the mad Doctor Field throws the switch on the wall of his “instrument- 
littered” cave on July 17, 1941, and Lucy remains “suspended” in time until the 
outside world reaches the date of August 9, 2450. That is the day she is at last 
dug-up from the cave by “big and muscular” engineer Clem Bradley and his 
“square-jawed” sidekick Buck Cardew, who uses a “warp in spacetime” to release 
Lucy from her “globe of non-time.” 


“The Time Valve,” Wonder Stories, July 1930. 
“Temporary Warp.” Astounding Stories, August 1937. 
“RM, Fusley, “Time for Sale,” Amazing Stories, August 1938, 


*Also citing Eddington was atale by D. W. O’Brien, "The Man Who Lived Next Week,” Amazing 
Stories, March 1941, which uses entrapy to explain lime travel. This curious story has the traveler 
arriving in the future with his clothing aged, which later “de-ages* when the retum trip is made! 


“P, Cross, “Prisoner of Time,” Super Science Stories, May 1942. 
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A few years later entropy was used in a similar but vastly more “scientific” way 
In that tale“ we read of a scientist who has discovered “a field in which entropy was 
held level.” As the reader is told, “An object in stich a field could not experience any 
time flow — for it, time would not exist,” since time flow is a change in entropy, 
and the ‘change’ of a level (or constant) field is zero. This interesting tale speculates 
‘on how such a field could have fantastic home uses (“Imagine cooking a chicken 
dinner, putting it in the field, and taking it out piping hot whenever needed, maybe 
twenty years hence!”), But its real use in the story is as a stasis generator for 
preserving fatally ill people until medical science has learned how to cure their 
diseases. This is, then, a high-tech method of suspended animation, of time travel 
into the future that is different from simply freezing (a clock in such a field would 
not age or measure the passage of personal time). 

‘The gadget that does all this is called, somewhat sinisterly, the “Crypt,” which 
‘we are told also makes a great bomb shelter, too, because “not even an atom bomb 
could penetrate a stasis field.” The reason for that is intriguing: “The field requires a 
finite time in which to collapse — only there is no time in it.” The interior of the 
Crypt is, quite literally, a frozen block of time more rigid and unyielding than the 
strongest steel 

As science fiction left the age of pulps and moved into the modem era, entropy 
continued to be useful a justification for time travel. Arthur C. Clarke used it,** as 
did Robert Silverberg. This last tale“ is particularly interesting, as Silverberg 
pursued entropy beyond simply invoking it as a mere casual throwaway mention, 
When a newspaper from the future appears on people's doorsteps, the initial 
astonishment is replaced with puzzlement as the papers rapidly disintegrate. ‘That 
is the result (we are told) of “entropic creep.” The explanation continues, informing 
us that it is sort of like a strain in a geological fault (Silverberg has lived for decades 
in California, now and then a place of large to huge earthquakes, and it isn’t 
surprising that he uses this particular imagery): “Entropy you know is the natural 
tendency of everything in nature to come apart at the seams as time goes along. 
‘These newspapers must be subject to unusually strong entropic strains because of 
their anomalous position out of their proper place in time.” 

Earlier I mentioned we had two puzzles associated with entropy; we’ 
discussed “reversibility,” so what's the other one, the ‘recurrence paradox,” all 
about? The recurrence paradox is quite different from reversibility; it is based on 
a result established in 1890 by the great French mathematician Henri Poincar 
(1854-1912), Motivated by the question of the stability of the motion of thre 
‘masses governed by Newton's laws of mechanics (think, for example, of the Sun, 
the Earth, and the Moon), Poincaré showed that starting from almost any initial 
state, any fixed volume system with a finite amount of energy and a finite number of 


“Sp, Anderson, "Time Heals,” Astounding Science Fiction, October 1949, 


“In, for example, his story of the tragic end ofa geologist fifty milion years i the past: “Time's 
An." Science Fantasy. Summer 1950 


“What We Learned from This Morning's Newspaper," Infinity 4, November 1972. 
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degrees of freedom will return infinitely often and with arbitrarily little deviation to 
almost every previous state. If you wait long enough, implies Poincaré’s astonish- 
ing theorem, Pearl Harbor will happen again—and again, and again, and .... In 
1896 the German mathematician Emst Zermelo (1871-1953) used this result, 
‘which philosophers call the “etemal return,’ to claim that there could be no truly 
irreversible processes and thereby cast doubt on the idea that entropy always and 
inexorably increases 

Even for very small systems, however, such as a mere handful of molecules, the 
recurrence time is extremely large, and this was, in essence, Boltzmann's reply to 
‘Zermelo’s concem. For example, if the gas-filled cylinder of our entropic clock has 
jjust 100 molecules (not the six 1 used in the earlier example), and if transitions from 
‘one side of the cylinder to the other side take place at the rate of one million per 
second, then the recurrence time has been calculated to be something like 30 million 
billion years!” And for the universe itself, the recurrence time is simply incom- 
prehensible. Mathematicians call I followed by a hundred zeros a googol, and the 
recurrence time in years for the universe has been estimated to be 1 followed by a 
g00gol of zeros (a so-called googolplex of years)."* 

Using a wonderful bit of imagery, one analyst wrote of the enormity of the 
recurrence time of a system considerably Jess complex than the universe this way: 
“If a man shuffled just a single pack of cards as rapidly as an individual molecule 
hits other molecules in air, and if a snail started to crawl around the universe .... at 
the rate of one centimeter during the life of the sidereal system [my emphasis], the 
snail would have got round the universe many millions of times before it would 
become at all likely that the man would have got the pack back to the original 
order,” If this is what it takes to get a pack of cards back to its initial state, then try 
to conceive of the time interval required to restore rhe world to December 7, 1941.°° 

‘The notion of eternal recurrence considerably predates Poincaré, and its scien- 
tific (as opposed to astrological) study can be traced back to the fourteenth cen- 
tury.’' A ‘more recent” claim for eternal recurrence, also based on scientific 
arguments (conservation of energy), can be found in many places in the writings 
of the German philosopher Friedrich Nietzsche (1844-1900)—see, for example, his 
The Gay Science (1882) and Thus Spake Zarathustra (1883)—again predating 


71M. Blatt, “Time Reversal,” Sciemific American, August 1956, 

“The googol isa gigantic number, far greater than the numberof raindrops that have fallen on the 
Earth during its entie history. And the googolplex i light years heyond that 

“R.B, Brathwaite, “Professor Eddington's Gifford Lectures,” Minn, October 1929, pp. 409-435. 
“Pulp. science fiction writers, of course, were not discouraged by such calculations, as they 
depended on the certaimy of recurrence ever infinite time. See, for example, S. G. Weinbaum, 
“The Circle of Zero," Thrilling Wonder Stories, August 1936, and L.D, Gunn, “The Time Twin,” 
Thailling Wonder Stores, August 1939, 

*R_ Small, “Incommensurability and Recurrence: From Oresme to Simmel," Journal of she 
History of leas, January-March 1991, pp. 121-137 
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Poincaré. All of Nietzsche’s arguments are flawed,** but they are rational, physical 
arguments, as opposed to arguments based on metaphysics or theology. In fiction, 
glimmer of the idea of a repetition of human affairs preceded Poincaré by some 
years, too." 

‘An important caveat conceming recurrence is that we could never know of it 
because the state of all the historical records (geological, memories, books, photo- 
‘graphs, and so on) would, as part of the physical state of the universe, also recur, 
‘And so those records could, up to the instant before the recurrence, contain no 
signature of the recurrence because the recurrence has not “yet’ happened!” The 
1993 movie Groundhog Day stumbles on this point, as it has a character (for some 
unexplained reason) live through the same day over-and-over and he is aware he is 
doing that. Indeed, he can change events within that time loop at will. It is 
interesting to note that one ‘time loop’ pulp science fiction tale™ specifically 
avoided that error (and cited Nietzsche, to boot), and so demonstrated that pulp 
science fiction could have some philosophical merit to i 

While the enormous recurrence time for the universe may seem reason enough to 
reject the possibility of Pearl Harbor repeating, there are more fundamental 
for such a rejection. For example, an expanding universe, such as the one we live in, 
violates the Poincaré theorem’s assumed condition of a fixed volume system, AS 
Professor Eddington put it in a 1934 lecture at Comell University, “In an expanding 
space any particular congruence becomes more and more improbable. The expan- 
sion of the Universe creates new possiblities of distribution faster than the atoms 
can Work through them, and there is no longer any likelihood of a particular 
distribution heing repeated. If we continue shuflling a pack of cards we are bound 
sometime to bring them into their standard form — but not if the conditions are that 
every moming one more card is added to the pack.”*° 

‘An even more direct way to escape Poincaré’s theorem is to use a result from 
general relativity. Using Einstein’s theory instead of the classical dynamics that 
Poincaré used, it has been shown (by Frank Tipler, the inventor of the rotating 
cylinder time machine spacetime that was mentioned in the previous chapters and 
‘which we'll revisit later in the book) that the recurrence theorem is simply no longer 
true.*” As Tipler wrote, “In general relativity, singularities intervene to prevent 
recurrence, General relativistic Universes are thought to begin and end in singular- 
ities of infinite spacetime curvature [the Big Bang and the Big Crunch, 


=). Krueger, “Nietzschean Recurrence as a Cosmological Hypothesis," Journal of the History af 
Philosophy. October 1978, pp. 435-444 

*'See “Human Repetends” by Marcus Clarke (1846-1881), a story originally published in 1872 
and reprinted Australian Science Fietion (V. Iki, editor), Academy Chicago 1984 

“For more on this pint, see D. W. Theobald, “On the Recurrence of Things Past,” Mind, January 
1976, pp. 107-111 

C.F. Ksanda, “Forever Is Today,” Trilling Wonder Stories, Summer 1946, 

%A, S, Edington, “The End of the World,” in New Pathways in Science, Macmillan 1935, 

TR, J. Tipler, “General Relativity and the Eternal Return,” in Essays in General Relativity 
J. Tipler, editor), Academic Press 1980, 


B68 3) The Physics of Time Travel: Part I 


respectively], and these singularities force time in general relativity to be linear 
rather than cyclic.” A twist to this, however, is that in his analysis Tipler assumed 
that gravity is always attractive, and that the spacetime satisfies a special condition 
(called the Cauchy condition that we'll take-up later) that avoids backward causa- 
tion. The first assumption is violated in wormhole time machine spacetimes, 
though, and the second is by definition violated in any spacetime that supports 
time travel! So, who knows .....? 

Despite all of the previous discussion it is nof true that the evolution of a system 
from past to future is always accompanied by an increase in entropy—that is, by an 
irreversible increase in some measure of the system’s “disorder.” Yes, it can be 
calculated that entropy is very likely to monotonically increase in systems of 
macroscopic size, but that is not the same as certainty. There can be fluctuations 
in the thermodynamic evolution of a system so as to have, at least for a while, a 
decrease in entropy (take another look at Fig. 3.2), All we can say, for sure, is that 
for macroscopically sized systems even very small fluctuations in increasing 
entropy are most improbable. To quote no less an authority than the combined 
genius of Gilbert and Sullivan (from their opera H. M. S. Pinafore), here’s what we 
can honestly say of the possibility of failure in the supposed inexorable increase of 
entropy: “What, never?/No, never!/What, never?/Well, hardly ever.” Still, for 
physicists, entropy is just too useful a concept to give up even though it does not 
ahvays increase with increasing time for an isolated s} 

Love it though they may, there are some puzzling aspects to entropy for 
physicists that remain to this day. For example, the idea that the universe began 
in some sort of Big Bang process 15 billion years or so ago is the generally accepted 
view today, The puzzle of that event, one that has been described as literally being a 
“fireball explosion,” is that it must have been fantastically hot. This means that at the 
beginning (of everything) there was complete thermodynamic disorder, which from 
our earlier discussion means maximum entropy. Thus, we immediately have the 
question of how can the entropy of the universe be continuously increasing if it was 
a large as possible right from the start?°® 

One possible answer is that the proper model of the universe to use is the 
so-called inflationary universe. The inflationary model has a very high expansion 
rate for the early universe, much higher than the rate in the standard hot Big Bang 
‘model. In the standard model, the entropy puzzle occurs because of the ability of all 
particle processes to readjust rapidly to the ever-changing state of the universe; the 
so-called relaxation times of all particle processes were short compared to the 
expansion rate of the universe, That means that the actual entropy of the universe 
would, indeed, be the maximum possible at every instant (and so we have the 
entropy puzzle). In the inflationary model, however, the expansion rate of the early 
universe was temporarily so high that the relaxation times of particle processes 


thas been estimated that over the next 10!" years the entropy ofthe universe will increase by a 
factor in excess of 10", See S. Frautschi, “Entropy in an Expanding Universe." Science, August 
13, 1982, pp. 593-599, 
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were very Jong compared to the expansion rate. That means the maximum possible 
entropy of the universe, at every instant, would greatly exceed the actual entropy 

This ‘entropy gap’ is the cause, then, of the thermodynamic arrow of time, as the 
universe tries to ‘catch-up’ and reduce the resulting entropy deficiency. 

‘There is also a philosophical problem with associating increasing entropy with 
the flow of time from the past into the future. Events in the past leave traces, 
artifacts taken to be ordered states—or at least more ordered than are their imme- 
diate surroundings. The classic example of this is a footprint in the sand, which is 
clearly a highly organized structure compared to the surrounding sandy beach. The 
footprint is the trace of a past event; such a trace was all the evidence, for example, 
that Robinson Crusoe needed to conclude that another human had walked that Way 
But now consider this famous counter-example,” that of a bombed city. Certainly 
there are traces aplenty of past bombing, and in fact one has to be careful not to trip 
over or to fall into them! The puzzle, of course, is in trying to argue that random 
bomb craters, strewn rubble, and crushed buildings, somehow constitute a more 
organized state (a ‘footprint’) than did the original city and its surrounding 
undamaged areas. This fuzziness was captured by one physicist who asked “If it 
‘were found that the entropy of the universe were decreasing, would one say that 
time was flowing backward, or would one say that itis a law of nature that entropy 
decreases with time?" 

For another example of the fuzziness of the relationship between entropy and 
time, consider the situation” of a cloud of non-colliding particles all initially 
‘moving toward each other. At first the radius of the smallest sphere that contains 
the cloud decreases with time but, eventually, as the particles move past another, 
the radius will grow without bound. Indeed, that inexorable increase of the radius 
could be taken as defining the direction of time that points toward the future. But in 
‘what sense is the disorder of the particle cloud increasing? After all, as the cloud 
expands it “looks the same’ at all times; only its scale (radius) changes. What has 
entropy to do with this expanding-into-the-future cloud? Perhaps nothing. Perhaps 
‘what is need is a new arrow of time. 

So far we have looked in some detail at two arrows of time: the subjective, 
psychological feeling we have of time “flowing,” which has no explanation in 
physics, and the thermodynamic, statistical quantity of entropy. A third arrow is 
the so-called cosmological arrow of the expansion of the universe. This arrow is not 
nearly as obvious as the first two, Only in the last century (sinice the 1920s), as a 
result of the American astronomer Edwin Hubble (1889-1953), has science become 
ware that the universe is expanding. An interesting speculation about the thermo- 
dynamic and cosmological arrows, one made numerous times, is that if the cosmo- 
logical arrow should ever reverse—that is, if the universe should ever begin to 


See note 54in Chapter 2. 

p, W. Bridgeman, Reflections ofa Physicist, Philosophical Library 1955, p, 251 

Taken from K. G. Denbigh, “The Many Faces of leversbility.” British Journal for the 
Philosophy of Science, December 1989. pp. 501-518. 
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contract toward a Big Crunch—then the thermodynamic arrow would also 
reverse.” The reasoning is thatthe thermodynamic arrow follows the cosmological 
arrow in an expanding universe because that universe can continually ‘swallow-up” 
ever more electromagnetic radiation as itis produced by any physical process, 1/the 
thermodynamic arrow continues to follow the direction of the cosmological arrow 
during a contraction, then the thermodynamic arrow would also reverse direction, 

“The usual objection to that suggestion is straightforward. If the direction of time 
did reverse, then we would see (so goes this argument) all sorts of odd events that 
‘would require enormously improbable physies, such as a shattered glass mirror 
reassembling itself, The error in that objection is subtle but equally simple. /t 
presupposes the retarded causality of our expanding universe, In a contracting 
universe with a reversed thermodynamic arrow of time, however, there would be 
advanced causality, and thus there would be nothing at all improbable about such 
doings as self-assembling mirrors. As two physicists observed, “The mere reversal 
of the cosmological expansion will not of itself serve to reverse the direction of 
thermodynamic and electrodynamic processes, any more than the compression 
phase of a piston-and-cylinder cycle in a heat engine serves to reduce the entropy 
of the confined gas." 

Those same physicists go on to then mention Stephen Hawking’s interest in the 
relationships among the various temporal arrows. At one time Hawking thought" 
hhe had discovered a connection between the thermodynamic and cosmological 
arrows, but then later abandoned that claim.®* Hawking, in fact, has labeled his 
original claim “my greatest mistake in science.” and has quite openly (and most 
entertainingly!) discussed his interest in the arrows of time. Indeed, it was to be 
the subject of his doctoral dissertation but, as he wrote, “I ... needed something 
‘more definite, and less airy fairy than the arrow of time, for my PhD, and I therefore 
switched to singularities and black holes. They were a lot easier.” 

Yet another arrow of time is the electromagnetic arrow, which refers to the fact 
that radio waves are observed to only propagate into the future, and never into the 
past. This is a mysterious fact, because Maxwell’s equations for the electromag- 
netic field, like all the other laws of physics, have no intrinsic time sense. The 
electromagnetic arrow will be discussed in some detail in Chap. 4, 


‘Gold, “The Arrow of Time,” American Journal of Physies, June 1962, pp. 403-410. 
"p, CW. Davies and J, Twanley, “Time-Symmetric Cosmology and the Opacity of the Future 
Light Cone.” Classical and Quantum Gravity, May 1995, pp. 931-945, 
"§, Hawking, “Arow of Time in Cosmology.” Physical Review D, November 15,1985. pp.2489- 
2495, See also the nest paper in the same journal, D. N. Page, “Will Entsopy Decrease if the 
Universe Revollapses?,” pp. 2496-2498. 
“For why be abandoned that claim, see S. Hawking et al, “Origin of Time Asymmetry,” Physical 
Review D. June 15, 1998, pp. 5342-5356. 
, W. Hawking, “The No Boundary Condition and the Arrow of Time,” in Physical Origins of 
Time Asymmetry (J.1. Hallivell et af. editors), Cambridge University Press 1994 
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“Time as we know itis wot universally absolute, The rate of its passage depends to great 
extent upon the velocity of its observer with regard to some eertain reference system. A 
moving clock will run slower with respect toa selected coordinate system than a stationary 

—an early science fiction tine traveler explains how his time machine works!” 

In this section I'll set the stage for the scientific basis of time travel to the future, 
as well as for time travel to the past via the warped spacetime called a wormhole. 
We start by imagining two horizontal, parallel mirrors, one positioned over the 
other and separated by distance d. The two mirrors are in the same frame of 
reference with an Observer; that is, the Observer is looking at two mirrors that 
are stationary with respect to him. Between the two mirrors we further imagine that 
a particle of light, a photon, is bouncing endlessly back and forth, up and down, in 
relentless reflection. This simple system is called a photon clock, or the Einstein- 
Langevin clock, after the French physicist Paul Langevin (1872-1946), and it has 
been part of physics for decades. We define the time required for the photon to 
travel from one mirror to the other as a tick in time, and so the return trip defines the 
clock’s tock. The rate of timekeeping measured by the Observer, the time interval 
separating consecutive ticks, is obviously then given by 


where ¢ is the speed of light. 

Suppose we next imagine that the Observer and the photon clock move at 
constant speed v to the right across our line-of-sight. That is, we remain in the 
original frame while the photon clock and the Observer are now moving at speed 
v relative to us, This means the photon clock is in a different frame of reference 
from ours and so we do not see the photon bouncing up and down vertically, but 
rather we see the photon tracing out the triangular path shown in Fig. 3.3 

A round trip of the photon evidently now requires more time than before because 
the distance in the stationary frame (our frame) is greater than the round trip 
distance in the Observer's frame (moving with the photon clock, he still sees a 
round trip distance of d), In fact, if is the time between consecutive ticks as seen by 
stationary viewer (us), then the round trip path length of the photon that we see is 


RF, Bridge, “Via the Time Accelerator." Amazing Stores, January 1951 
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Fig. 33 The moving 
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and so 


‘This can be easily and quickly manipulated algebraically and combined with the 
earlier expression for f, the tick interval for an Observer in the same frame as the 
photon clock, to give the tick interval for the moving clock as measured by a 
stationary viewer (us): 


vi-( 
Notice that this reduces to 1=1' when y= (0—that is, when the photon clock is 
stationary with respect to us. 

‘This last result is the famous Einstein time dilation formula, which shows that 
12, and indeed that t= when v = c. That is, to us the moving photon clock 
appears to run slow compared to clocks in our stationary frame of reference and, at 
the speed of light, time stands still. A curious anticipation of this association 
between light and timelessness can be found in a poem by the seventeenth-century 
poet Henry Vaughn who, in the opening words to his “The World”—which 
appeared in 1650 as part of his Silex Scintillans (“Sparking Flint”)—wrote 


“1 saw Eternity the other night 
Like a great Ring of pure and endless ligt 
All calm, as it was bright, 

‘And round beneath it, Time in hours, days, years 
Driven by the spheres 

Like a vast shadow moved, in whieh the world 
Aad all her train were hurled.” 


"For v > c the time dilation formula says that time becomes imaginary, and this is one reason for 
Claiming that »> cis not possible. The time dilation fornula has been experimentally Verified: see 
HE. ves and G. R. Stilwell, “An Experimental Study of the Rate of a Moving Atomie Clock,” 
Journal ofthe Optical Society of America, July 1938, pp. 215-226. 
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A similar modification in the length of a moving object (measured in the 
direction of motion) occurs when v > 0. While an Observer moving with the object 
‘will measure its length to be L’, a stationary viewer will ‘report’ it to be contracted 
to the length 


‘This effect is called the Loren jerald contraction.” For ‘everyday’ 
objects and speeds the contraction effect is an extremely small one. For example, 
for a low-altitude satellite 100 m long, moving at 18,000 miles per hour (that is, at 
v=2.7 x 10°), the contraction is less than 4 x 10-® em, 

In the early days of science fiction the contraction effect was fascinating to 
readers, but authors often got it wrong. For example, in one story” of a runaway 
spaceship falling into the Sun, we read “When our racing [ship] was drawn from the 
Earth’s gravity and fell at ever increasing speed toward the Sun it soon approached 
the speed of light. As we fell faster and faster our length in the direction of the Sun 
progressed into nothingness. Then — it reached the speed of light — passed it. Now 
— mind you this — when the [ship] attained the speed of light it was of a minus 
length.” This author has managed to make four errors in three sentences! 

‘The same author botched the Lorentz-FitzGerald contraction again 5 years later, 
and added yet more errors to his growing list. In that tale” there is an episode of 
faster-than-light radio communication along with a lengthy, unfortunate disserta- 
tion that actually denies special relativity's fundamental assertion that all inertial 
frames of references are indistinguishable from each other (two frames are inertial 
if they have no relative acceleration—I'll say more on this in the next section), And 
in yet another story’> of high-speed space travel the author has the contraction 
‘working in the wrong direction—as the rocket ship moves faster and faster it gets 
longer and longer. 

As bad as those errors are, first prize for mangling the laws of physics has to go to 
the story’® of a near light-speed spaceship on its way to Alpha Centauri, The crew 
mutinies and puts the captain and first office “overboard!” (think Mutiny on the 
Bounty) with 6 months’ worth of provisions. This happens at mid-voyage, about 
2 light-years from both home and destination, so matters look grim. Indeed, the 
author tells his readers, several times, that things look very bad. But are they? With 
stated speed of 162,000 miles per second, the time dilation factor is slightly more 
than 2 and so, because the space boat is traveling at 0.87c, it will take a little more 


Named after the Dutch physicist H. A. Lorentz (1853-1928) and the Irish physicist G. F. 
FitGerald (1851-1901). 


4, H, Haggard, “Faster Than Light,” Wonder Stories, October 1930 
71), 1, Haggard, 1 Stories, April 1935 
®D, Wandrei, “A Race Through Time,” Astounuing Stories, Oeber 1933. 
PON, Schachner, “Reverse Universe,” Astounding Stories, June 1936, 
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‘Table 3.1 The Lorente- T 
FitzGerald time slowing 
actor 7 
3 
7 
2 
999 
9999 


than 13 months of space boat time to complete the journey. If the men go on half- 
rations then it seems they could survive. 

‘There is, of course, the problem of slowing down so as to arrive at Alpha 
Centauri at a reasonable speed, but that issue is ignored in the story. Instead, our 
attention is directed to the much more dramatic concern of a faster-than-light planet 
(don't ask!) colliding with the space boat and carrying the castaways onwards 
toward their destination, When this happens we read that time runs backwards 
(for what really occurs at superluminal speeds, keep reading this chapter) and, 
finally, in a repeat of an error I mentioned earlier, we are told that the Lorentz- 
FitzGerald contraction is negative for v > ¢ 

‘The time-slowing (or size-shrinking) factor becomes pronounced only at values 
of v close to c, as shown in Table 3.1. For example, the last entry shows that a clock 
traveling at 99.99 4% the speed of light will register the passage of 1 year while 
nearly 71 years pass on Earth, One science fiction writer got this dramatically 
‘wrong, even though he actually reproduced the Lorentz-FitzGerald equation in his 
story.” At one point he writes of the near light-speed rocket ship that stars in the 
tale, “If it [the ship’s speed] was as slow as ninety-four percent [of the speed of 
light]... for every moment ticked by the clocks of the [ship] hundreds passed on 
earth.” In fact, the time dilation factor at that speed is ‘only’ 2.93 

One possible objection to time dilation is that the analysis done here has been for 
4 particular clock. How do we know that another clock, one using wheels and 
pendulums, for example, instead of photons and mirrors, wouldn’t be affected 
differently by motion? The answer comes from relativity itself, which says there 
is no way to detect uniform motion. If two clocks did behave differently, then this 
difference could be used as a motion detector. Since this is impossible within the 
framework of relativity, then all clocks, no matter what the details of their internal 


Astounding Science Fiction, February and March 1950. 
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mechanisms may be (including the biological clocks of own bodies), must respond 
to motion just as does the photon clock.”* 

‘Time dilation can also be caused by gravity (it appears in the 2014 movie 
Interstellar), and that effect has been used to “construct” a time machine from a 
wormhole (to be discussed later). You can get a qualitative understanding of how 
that happens by imagining a massive body (massive, to have a really big gravita- 
tional field) in space, on the surface of which is a hot object. That object emits 
electromagnetic radiation and, though it isn’t essential to the following argument, 
further imagine that the temperature of the object is sufficiently high that some of 
the radiation (emitted by the very atoms of the object) is in the visible-light portion 
of the spectrum. Now, from elementary quantum theory we can also think of the 
object’s atoms as emitting photons (‘particles of light’), each of energy iif, where 
nis Planck’s constant and fis the frequency in hertz (what used to be called ‘cycles 
per second”). The higher the temperature, the higher the photon energy, and so the 
higher the frequency. In the visible spectrum, f is on the order of 10° Hz, a 
frequency one billion times higher than commercial AM radio frequencies. 

‘The radiating atoms can be thought of as tiny clocks, with alternate half-cycles 
of radiation being ticks and the half-cycles in-between being the tocks. The passage 
of time on the surface of the massive body can be measured by these atomic clocks 
in the hot, radiating object. To a distant observer, however, as she receives the 
photons from the hot object, the passage of surface time on the massive body will 
appear to occur at a reduced rate when compared with the photons emitted by her 
own identically hot object (her ‘local’ clock). That’s because the radiation that 
arrives at the distant observer has traversed a gravitational field (a journey some- 
times described as ‘climbing out of a gravitational well’) and so is down-shifted in 
frequency toward the red end of the visible spectrum. This effect is called either the 
gravitational red shift or the gravitational time dilation effect (or even the Einstein 
shift, because it was Einstein who predicted the effect in 1907). 

‘You can ‘understand’ this dilation effect as follows. One can crudely think of a 
photon emitted by the hot object as something like a rock thrown upward. As the 
rock rises upward through the gravitational field, its fora! instantaneous energy is 
always constant, but the total, fixed energy is split between its kinetic and potential 
energies in an ever changing way. That is, as the rock rises, its kinetic energy 
continually decreases (the rock slows down), whereas its potential energy contin- 
ually increases. A photon is not a rock, however, and it certainly can’t slow down as 


Resistance to this conclusion persisted for years. See, for example, the leter “Relativity and 
Radio-actvity.” Nature, January 8, 1920, p. 468. The author ofthat leter wondered whether & 
clock based on radioactive decay might not somchow beat the “conspiracy” of moving clocks 
running low compared to stationary ones. And ina letter to Seience (December 7, 1962, p. 1180), 
reader objected to applying the laws of physis to biological systems, fist asserting (inc 

that time dilation “has never been proved or disproved experimentally,” and then 
{Known causal means by which greatly increased velocity could alter, without destoyi 
biochemical basis ofthe life process, the metabolic changes which ax 
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Fig. 344 Gravitational time dilation due to a massive body 


it rises through a gravitational field (it always moves at the speed of light because 
the photon is light). The only way a photon can give up energy to balance the ever 
increasing potential energy (physicists will cringe at this, but read on) is to decrease 
its frequency. Hence, the red shift as seen by a distant observer of the photon, who 
thus sees time running slow on the massive body. Fig. 3.4 shows the case for a clock 
ive body, compared to a distant clock. Notice, carefully, the “direction of 
gravity,’ that is, the direction a small, unrestrained test mass will move. 

A gravitational red shift in the opposite direction is nicely described in the 
famous 1966 science fiction story “Neutron Star” by Larry Niven. There a space 
traveler zooms down into a neutron star’s intense gravity field (at half the speed of 
light!), passing within one mile of the star’s surface. He reports what he observes in 
these dramatic words: “All around me were blue-white stars. Imagine light falling 
into a savagely steep gravitational well. It won't accelerate. Light can’t move faster 
than light. But it can gain in energy by increasing its frequency. The light was 
falling on me, harder and harder, as I dropped.” To Niven’s intrepid spaceman, 
therefore, the passage of time on those distant blue-white stars appeared to be 
running fast compared to his wrist watch. This shows that the effect could equally 
‘well be called the ‘gravitational blue shift” 

Notice that gravitational-induced time alterations do not have the symmetrical 
feature of motion-induced time dilations.”® That is, for gravitational time dilations 
caused by photons either falling into or climbing out of gravity wells, observers at 
each end agree about whose clock is running slow, unlike in the motion-induced 
cease where each of the relatively moving observers thinks itis the other observer's 
clock that is running slow.”” 

Now, comparing a massless photon to a rock which does have mass (and so 
potential energy), as each travels ‘against’ gravity, is straining the physics, with its 
‘one virtue being the provision of an initial plausibility argument. Gravitational time 
dilation is sufficiently important in the operation of wormhole time machines, 


Gravitational ime dilation was experimentally observed in 1960, more than hal a century ater 
Einstein predicted it 


"A science fiction use of both the red and the blue gravitational shifts appears inthe novel by J.P. 
Hogan, Out of Time, Bantam 1993. 
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Fig. 38 Gravitational time dilation due to rotation 


however, that perhaps another way to think about it that is more acceptable to 
hardcore physicists makes it worth another look. Imagine a tum-table disk that 
initially is not rotating (soon it will spin), On this disk imagine further that we fasten 
two clocks, one called S (for stationary) and one called M (for moving), as shown in 
Fig. 3.5. These two clocks are set to read the same time at some instant and then, 
thereafter, they tick-tock through time at precisely the same rate, We then start the 
disk rotating around a vertical axis through clock S, (Imagine S to be a point clock, 
and so it is the one point on the turn-table that remains at rest even as the disk 
rotates.) What happens to the time-keeping of S and M? 

We can answer this question by using our earlier result concerning time dilation 
due to motion, Even with the disk now rotating, S appears stationary to an observer 
sitting on top of M, while M appears to be moving across the line of sight of an 
observer sitting on top of S. So, to the observer at S, clock M runs slow, while to the 
observer at M there is no change in the time keeping of clock S. This is a 
non-symmetrical outcome, and so should remind you of gravitational time dilation. 
‘This might be a puzzle to you, however, as we don’t have a massive body in Fig 3.5 
to account for a gravity presence. This is where the genius of Einstein comes 
into play. 

Anyone who has ever ridden on a merry-go-round knows there is an outward 
(pointing away from S) directed force called the centrifugal force that is “trying” to 
toss you off the merry-go-round. Now, where there is a force there is an acceler- 
ation, and one of Einstein’s starting points in his development of general relativity 
‘was to identify an acceleration, whatever its origin, with gravity. A massive body is, 
of course, one possible origin (the obvious one, in fact), but so is the rotation of the 
tum-table. So, we have the situation shown in Fig, 3.5, where now ‘gravity’ is 
directed as shown and, and as in Fig. 3.4, the direction of acceleration of gravity is 
toward the slow-running clock. Again, the direction of gravity is the direction a 
small, unrestrained test mass on the rotating disk will move. The further M is away 
from S, the greater the “gravity” of the centrifugal acceleration and so the slower 
‘will M run as measured by the observer at S 
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A 1968 story that uses the gravitational time dilation effect in a striking fashion 
tells of a starship’s visit to a supernova, accompanied by a fantastic alien life- 
form—a ball of intelligent plasma named Lucifer that is telepathic.”* While the ship 
stands off at a distance of 500 million kilometers, Lucifer will approach much 
closer to the event horizon (see the Glossary) of a black hole at the center of the 
supernova explosion and communicate its findings to a human telepath on the ship. 
‘A physicist in the crew is curious about one point, and asks the human telepath the 
following question: 

“[ have wondered about one item, Presumably Lucifer will go quite near the 
supernova, Can you still maintain contact with him? The time dilation effect, will 
that not change the frequency of his thoughts too much?” 

Lucifer, in fact, dies in the black hole even as he saves the ship from destruction, 
and the human telepath will hear his death scream for the rest of her life. As the 
physicist later explains to the ship’s captain, telepathy is instantaneous and has no 
limiting range (there is no known physical basis for believing any of this, but it is 
crucial for story effect 


“Remember the ime dilation, He fell from the sky and perished switlly, yes. 
But in supemova time. Not the same as ours. To us, the final stellar collapse takes an 
infinite number of years... He will always be with her 
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“IF only he'd paid more attention to mathematics in school.” 
a science fiction time traveler laments missed opportunities” 


In this (and the next) section the math gets about as ‘deep’ as it gets in this book, 
but fo leave it out struck me as a cheat. You can skip part (or all) of the math and 
simply read the prose, but it seemed unfair for me to make that decision for you. 
We begin by imagining two distinet frames of reference. One we take to be 
stationary, and the other as moving at a uniform speed v with the respect to the first 
‘The moving frame is said to be boosted with respect to the stationary frame, We 
orient these two coordinate systems so that the motion occurs along just one axis 
(the x-axis, as shown in Fig. 3.6, where I am using primed variables for the moving 
frame), That is, the two frames have coincident x axes, and parallel y and z axes that 


*Poul Anderson, “Kyrie,” in The Road to Science Fiction (J. Gunn, editor), volume 3, New 
American Library 1979, 


A mathematical discussion of how signals take Forever (even though they are emit 


sin a finite 
time interval) 10 travel from the event horizon ofa black hole to a distant receiver can be furs in 
James B. Hartle, Gravity: an introduction to Einstein's general relativity, Addison Wesley 2008, 
pp. 264-268. 

“*D. Knight, “Extempore." in Far Out, Simon and Schuster 1961. Similar words (“I only {had 
‘more mathematics") were spoken by Einstein the day before he died — see Walter Isaacson, 
Einstein: his life and universe, Simon & Schuster 2007, p. $42. 
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Fig. 3.6 Two reference frames in relative motion 


apart at the constant speed v. Let’s also imagine that there is a clock at 
the origin of each frame, and that at the instant the origins match the clocks are 
synchronized; that is, t=1' =0 is the instant the two coordinate systems coincide. 
We further imagine that there is an observer at the origin in each frame. At some 
arbitrary instant of time, each observer records the coordinates of the arbitrary point 
Pin space, as measured in his system. These observers could, for example, agree to 
record the coordinates of P in their system when their clock reads 5 s. It seems 
immediately obvious (as it was for Newton) that ¢= #; that is, time runs at the same 
rate in each frame and thus it makes sense to talk about “the same instant” at every 
point in space. (After reading the previous section you know this not true, but 
temporally forget that!) Thus, at this ‘same instant’ the stationary observer records 
(,y,2) and the moving observer records (v'.y’,2'). What are the relationships 
between the primed and unprimed coordinates of P? That is, what mathematical 
transformation converts from one frame to the othe: 
‘The answer seems obvious: 


‘This transformation, called the Galilean transformation after the Italian Galileo 
Galilei (1564-1642), satisfies the relativity principle, which says that uniform 
‘motion leaves the laws of physics unchanged. For example, in the stationary system 
Newton's famous second law of motion for a constant mass m, 
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becomes the 


More precisely, ai! the laws of mechanics known to Newton are unchanged. Any 
frame of reference in which Newton’s laws of mechanics hold true is said to be an 
inertial frame. Given one inertial frame, we can find infinitely many others simply 
by applying the Galilean transformation 

However, when the mathematical laws of electrodynamics were discovered by 
Maxwell in the nineteenth century, it was a shock to physicists to leam that the 
Galilean transformation does not leave Maxwell’s equations unchanged in form; 
the transformed equations predict electromagnetic effects for the moving system 
that are not predicted to occur in the stationary system. This meant that there was 
theoretical support for the possibility that electromagnetic experiments might be 
devised to detect uniform motion, and this eventually led to the famous Michelson- 
Morley experiment of 1887. This experiment, sensitive enough to detect the motion 
of the Earth itself through space, failed to detect any such motion. The conclusion 
‘was clear: the new electromagnetic effects predicted by the Galilean transformation 
do not exist, and so the transformation must be wrong even though it works for the 
laws of mechanics. So—what is going on? 

‘The answer is inspired, and again returns us to the cornerstone of relativity: the 
idea that the laws of physics, all the laws, should look the same to observers in 
uniform relative motion. That is, there is no special or preferred system of coordi- 
nates—all inertial systems are equivalent in physics. Evidence from an extremely 
broad variety of sensitive experiments had, by the end of the nineteenth century, 
convinced physicists that Maxwell's equations are correct. Thus, a new transfor- 
mation was needed that leaves both the laws of mechanics and the laws of 
electrodynamics unchanged with uniform motion. But, a single transformation 
that works on Maxwell’s equations and on the mechanical laws would therefore 
‘mean that Newton’s mechanical laws as stated cannot be correct, and this was a 
unchallenged for two centuries. 


breathtaking conclusion: Newton had be 
As it turns out, Newton’s laws are almost right. The only correction required is 
that the mass of a moving body is not independent of motion, but rather varies as 
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‘where mp is the so-called rest mass when v= 0."" This result says that mis infinite at 
¥=c unless m=0 (as it is for a photon), which is another reason for the belief that 
accelerating a mass (such as a spaceship) up to the speed of light is impossible 
because it would require infinite energy (look back at note 68, too). With this 
modification, the transformation that leaves all the laws of physics unaltered in 
form by uniform motion is what is called the Lorent: transformation (after the same 
Lorentz the contraction effect is named for), who discovered it in 1904 by direct 


manipulation of Maxwell's equations 


In 1905 Einstein discovered how to derive these equations from a fundamental 
reexamination of space and time without concerning oneself about the details of 
specific physical laws. 

By simple algebraic manipulation, the transformation equations can be rewritten 


ct = yet + pre! 
= pret ty! 
where 
pat 
and 
y=1/(1-p') 


are dimensionless constants. In compact matrix form, the Lorentz transformation 
becomes 


"This variation of mass with speed was experimentally observed in 1901 
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x By rile 

and the symmetrical 2 x 2 matrix is called the Lorentz boost matrix or simply the 
boost. Notice that when y = 0 (zero boost) the boost matrix reduces to the identity 
‘matrix; that is, the two frames are one and the same with at most a shift inthe location 
of the origins. Note, too, that = 0 and y = / for any v when cis infinite—that is, the 
boost matrix is again reduced to the identity matrix and the Lorentz transformation 
becomes the Galilean ifc is infinite. But c is not infinite, and all the implications of 
special relativity are the direct result of the finite speed of light. 

‘The Lorentz transformation contains two results I have mentioned earlier in the 
book. For example, in Chap. 2 it was mentioned that simultaneity is a relative 
concept in reference frames in relative motion, Let's see what the transformation 
says about that. Consider two events that occur specifically on the x-axis, They are 
simultaneous in the stationary system (at, say, time ¢ =) but are at different places 
(at, say, x =X and.x = X + AX), Their occurrences in time for the moving observer 


T-vX/ 
yl -(/ey 


and 
pa Toe taxye 
Vi-/ey? 


For the moving observer, therefore, the two events are nor simultaneous, being 
separated in time by 


VAX /et 
yl =(v/e} 


Only if AX = 0 (the two events occur at the same place) will f, = £4, That is, only 
if AX =0 are simultaneous events in one frame also simultaneous in another frame 


in relative motion, 

‘And in the previous section we found that time runs stow in one frame as 
observed from another frame that is in relative motion, We can get this result 
from the equation of the Lorentz transformation by differentiating it with respect 
to 1. Thus, 
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Is 


But since 


dx 
a 


the speed of the moving frame as measured by the observer in the stationary frame, 
this gives 


df = /1-(v/e 


which is the same 


sult we obtained by analyzing the photon clock. 

‘The Lorentz transformation contains other interesting implications beyond 
these. For example, mention has been made several times to the ‘relativity princi- 
ple,” the belief that uniform motion has no observable effect on the forms of 
physical laws. But how do we know who is moving and who is stationary? After 
all, a system moving to the right past a stationary system could just as well be 
thought as the stationary system, while it’s the other system that is moving to the 
lef (at speed —1). 

‘To study this question with the Lorentz transformation, we'll invert the trans- 
formation (that is, solve for the unprimed variables in terms of the primed ones). 
‘What we get back is just what you probably thought—the Lorentz transformation 
with v replaced by ~r. That is, the Lorentz transformation is symmetrical, so two 
observers in different frames of reference each say it is the other's clock that is 
running slow! This follows immediately, in fact, from the original transformation 
written in matrix form. That is, multiplying through the earlier matrix equation by 
the inverse of the boost matrix, we get 


et) _fy br] “‘fe]_[ 7 Br] fet 

“| > [br rv} tx] >| 7 Jls 
‘The only difference between the original boost matrix and its inverse (which is, 
of course, the new boost matrix for the new interpretation of which frame is the 


moving one) is a change in sign for f, that is, in the sign of v. The inverse 
transformation is 


xvi 


Vi-(wie? 
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As a final example of what the Lorentz transformation tells us, consider the 
so-called addition of velocities problem. Suppose you are in a high-speed spaceship 
traveling past Earth at speed v. Earth is the stationary system (with the unprimed 
variables), and the spaceship is the moving system (with the primed variables), 
‘Assume the x and x’ axes are along the direction of motion, Imagine next that while 
standing in the nose of the spaceship, just as the spaceship passes Earth, you fire a 
gun in the direction of motion (away from the Earth), with the bullet exiting the gun 
with a muzzle speed of w. How fast is the bullet moving away from Earth? The 
common-sense answer in Galileo’s time was v+w, but We now know that the 
Galilean transformation is wrong. What does the Lorentz transformation say’? 
Inside the spaceship, the position of the bullet at time /' after the gun is fired is 


v= wi 


From the inverse Lorentz transformation, the location of the bullet earth's frame 


vt wy 
= . 
vi o/c? 


yi- (ye 
‘The transformation also tells us that (using x” = w#) 


t 


Ctw/e — Lew/e_, 
Vi-e? Yt (w/e) 


‘Thus, the speed of the bullet in Earth's frame is 


x_owty 


Notice that for a low-speed bullet (w’ << c) this result is close to w + v, but at 
high values for w the result is very much different, Indeed, suppose we don’t fire a 
gun at all, but rather replace it with a flashlight. Now, instead of a bullet, we shoot 
photons at w = c. The Galilean transformation would (incorrectly) say that a 
stationary observer on Earth would see the photons moving away at speed v+c, 


"SThis result was found by the French physicist Henri Poincaré (1854-1912) in June 1905, three 
‘months before the publication of Einstein's special theory of relativity which also contains the 
result. And it was Poincaré who frst stated (in 1904) that “no velocity can surpass that of light, any 
‘more than any temperature could fall below the zero absolute 
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‘which is a superluminal speed. The Lorentz transformation, however, says that the 
Earth observer would see a speed of 


ety _Aety)_ (ety) 
Tree re ety) 


‘That is, no matter what the speed of the moving observer on the spaceship is, he 
sees the light from his flashlight traveling at the same speed as does the stationary 
observer back on Earth, This peculiar effect is unique to the speed of light (w =c). 
We've derived it here as a consequence of the Lorentz transformation, but in fact 
Einstein actually did things in reverse order. That is, he began by postulating the 
invariance of the speed of light" for all observers in uniform motion, combined that 
with the principle of relativity which says all physical laws look the same to those 
observers, and so derived the Lorentz transformation using no mathematics beyond 
high school algebra. 

‘A mathematically elegant alternative derivation of the addition-of-velocities 
formula can be done by simply noticing that the condition of two successive boosts 
should be, itself, a boost. Thus, if we have a frame moving relative to a second 
frame (which is itself moving relative to a third frame), then the boost matrix of the 
first frame relative to the third frame is the product of the two individual boost 
matrices, That is, 


Ue, lL. Le 
Ys Bata An on 


From this it is easy to show (if you know how to multiply matrices!) that 


_ Bit Bs 


PTE BB. 


Substitution of 


immediately gives the addition-of-velocities formula, 

A failure to understand the implications of the invariance of the speed of light 
resulted in two stupendous errors in the story “To the Stars,” cited in note 74. At all 
times an officer stands watch on the bridge of a near light-speed rocket ship to be 
sure the ship doesn’t accidently reach the speed of light. This is to be avoided 
{according to the author) because to reach the speed of light would cause the ship to 


"SBinstein’s postulate was experimentally confirmed in 1932, 
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“hang there forever unmoving [in time] ... locked, protected and condemned to 
eternity by zero time.” This horrible state is so easy to stumble into (the author was 
apparently unaware that it would require infinite energy) that occasionally the ship 
has to fire a ‘check-blast” from its forward rocket tubes to slow down! Equally 
absurd is the means by which the development of this “fatal” condition is detected: 
the nose of the ship mounts a forward-pointing light source (our earlier flashlight) 
and so, if the ship is getting too near the speed of light, it will start to overtake the 
photons emitted by that source! 

The biggest puzzle of all, actually, is why the editor of Astounding Science 
Fiction let such a technically goofy story appear in a magazine recognized for its 
usual faithfulness to known science, Particularly so since the story appeared in 1950 
and, as long ago as December 1937, none other than Isaac Asimov (then 17 years 
old) had written a letter to the editor™ giving the proper interpretation of what 
happens when ve. Here's what the young Asimov wrote (notice the early hint of 


his life-long pessimism concerning time travel to the past that appears near the end 
of his lete): 


“The effect on time of increasing speeds is... well known. Relativity states that as spe 
approaches that of light, time slows up until at 186,000 miles a second, time (so to speak) 
stands til. This seems to refute statements found in so many astronomy books (and science 
fiction stories) that even atthe speed of light it would take four years to reach the nearest 
star. No such thing! As time halts at the speed of light, a person traveling from Alpha 
Centaur to the solar system, or vice-versa, would not he aware of any lapse of time. In that 
sense the speed of light is infinite (as was thought in ancient times). This by the way offers 
nentiely scientific (if impractical) means of wavel ino the future. Say that someone wants 
to see how the world would look a hundred years from now. His procedure would be as 
follows: getting into his spaceship, he would proceed toa spot fifty light-years away atthe 
speed of light. The journey would, for him. be practically instantaneous (due to the curious 
behavior of time at the speed of Hight), But fifty years would have elapsed on earth. He 
makes the return trip at the same speed. Another fifty years lapse on earth and he lands 3 
hundred years after his time. With this system, however, it would be impossible to travel 
into the past, so I don't think it will ever he adopted.” 


‘Young Asimov missed an important detail concerning the reversal of the space- 
ship’s direction of travel for the return to Earth, and I'l come back to it Later in this 
chapter, But certainly he displayed a far better knowledge of the physics of time 
than did the author of “To the Stars” (who was, by the way, L. Ron Hubbard, a 
prolific writer of fantasy and science fiction before founding the Church of 
Scientology). 


"She editor who bought "To the Stars” was the same editor editor of Astunuling when Asimov's 
letter appeared, and soe was certainly aware of i 


35° Spacetime Diagrams, Light Cones, Metres, and Invariant Intervals 135 


3.5. Spacetime Diagrams, Light Cones, Metrics, 
and Invariant Intervals 


“Come back when you know tensor calculus and I'll explain to you about n-dimensional 
forces and the warping of world-lines.” 


—a science fiction physicis's reply after being asked how his time machine works" 


It is helpful in discussions about the spacetime of special relativity to use what 
are called Minkowski spacetime diagrams. These are plots of the spacetime coor- 
dinates of a particle; the resulting curve is called the world line of the particle. Such 
diagrams are four-dimensional—three space axes and one time axis—and hard to 
visualize, much less draw on a flat sheet of paper! The convention is to make do, 
‘whenever possible, with a simplified spacetime that has just one space axis (hori- 
zontal) and one time axis (vertical), As you'll recall from Chap. 1, physicists often 
call such a simplified diagram a toy spacetime. 

So, for a particle at rest in some observer's frame of reference, its spacetime 
diagram for that observer is a vertical world line. If the particle is not at rest then its 
world line will tilt away from the vertical; the greater the speed the greater the 
deviation from the vertical. Accelerated particles will have world-lines that curve 
away from the vertical. Straight, uncurved world lines represent unaccelerated 
particles, that is, particles experiencing no forces and so in free fall, Such a world 
line is called a geodesic. In Fig. 3.7 the world lines for these various cases are 
shown on the same axes. It is assumed in the figure that all three particles are at 
X= Xo when t = 0. 


Stationary @ 
Particle 


7 Gonstan-spoed 


particle 


S71 fectratng 
particle 


Fig. 3.7, World lines of thee particles 


Soul Anderson, “The Little Monster,” in Science Fiction Adventure from WAY OUT (R, Elwood, 
editor), Whitman 1973. 
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Time 
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Fig. 38 A time traveler and his world line 


Spacetime diagrams were embraced decades ago by philosophers looking for 
“scientific” ways to support their position on time travel (whatever it might be), as 
opposed to the mere verbiage of traditional colleagues. A famous example of this is 
a 1962 paper by the Harvard philosophy professor Hillary Putnam (note 74 in 
Chap. 1). There we are asked to imagine the spacetime diagram of one Oscar Smith 
‘who, in Fig. 3.8, is at spatial location A next to his time machine. At time fo Oscar 
hhas not yet gotten into his time machine. A little later, at time f,, we suddenly see 
not only Oscar at A but also vo more Oscars who have appeared (apparently out of 
thin air) moving away from spatial location B! Between f, and f2 we see the original 
Oscar at A and the two mysterious Oscars at B (for a total of three Oscars, labeled in 
the figure as Oscary, Oscars, and Oscars) move forward in time—but one of the new 
Oscars ( Oscars) lives a decidedly odd existence in that seems to be running 
in reverse! 

Eventually, at time fp, the original Oscar, and the weird, reverse Oscars, merge 
and seemingly annihilate one another, vanishing into thin air to leave only a single 
Oscar (Oscars) for all time after f2. Putnam argues that, although strange, what has 
just been described is still sensible and that, indeed, the very fact that we can draw 
the spacetime diagram of Fig. 3.8 supports the case for backward time travel. He 
claims this because although the spacetime diagram does show time increasing 
upward for all three Oscars (that is the time direction for an extemal observer) there 
is actually no “spontaneous creation’ or ‘mutual annihilation’ and all is sensible if 
Oscars is understood actually to be a time traveler into the past with his time 
direction thus pointed opposite to that of the “other two" Oscars. There is, of course, 
just one Oscar! 
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Fig. 3.9 Anti-matter via backward time travel 


‘As mentioned back in Chap. 1, Putnam's suggestion was rebutted (see that 
chapter's note 76) by what is (in my opinion) an even less plausible mechanism 
for Putnam's kinked spacetime than is Putnam's invocation of time travel. That 
critic advocated, instead, an explanation based on matter transmitters and anti- 
‘matter, the latter an idea he credits to Feynman (who actually got it from Wheeler. 
In apaper by Feynman we do find the famous suggestion that a positron that appears 
to us to be moving forward in time is actually an electron traveling backward 
through time.”” Logically, that greatly weakens the critic's view, because it puts 
him in the position of using anti-matter (explained in terms of backward time travel) 
to argue against backward time travel! But let’s ignore that concern, give the critic 
the benefit of the doubt, and explore how anti-matter and backward time travel are 
imagined to be connected, 

Feynman asks us to imagine the process shown in Fig. 3.9. Gamma ray A 
spontaneously creates an electron-positron pair, with electron; moving off to 
some distant region while the positron soon meets with electron, resulting in 
‘mutual annihilation and the production of gamma ray B. This description involves 
three particles, and each segment of the kinked line is a distinct particle. But 
Feynman said there is another way to look at this, a way that involves just one 
particle. According to Feynman, the kinked line in Fig. 3.9 (which should remind 
you of Oscar’s kinked world line) is the world line of a single electron; the middle 


R, Feynman, “The Theory of Positrons.” Physical Reviews September 15,1989, pp. 749-759. Ina 
paper published the year before (“A Relativistic Cul-OFt for Classical Electrodynarnics,” Physical 
Review, Ocoher 1948 pp. 939-946), he wrote “This idea that posions might be elecuoas with the 
proper time reversed was suggested to me by Professor I. A. Wheeler.” The identification of anti- 
‘alter with backward time wavel occured in science fiction (sce note 124 in Chapter 1) almost 
simultaneously with Wheeler's speculation 
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segment, that we call a positron, is just the electron traveling backward in time, and 
so We must reverse the arrowhead on it (indicating the opposite of the direction 
shown in Fig, 3.9) 

‘There are two central questions at this point. First, why is a positron (with 
positive electric charge) moving forward in time mathematically (and physically) 
equivalent to a negatively charged electron moving backward in time? The answer 
is that the reversal in charge sign, which results from the reversal of the clectron’s 
proper time, follows from the TCP theorem that was mentioned in Chap. 2 (see note 
38 there). And second, what causes the electron to suddenly move backward in 
time? Picturesquely, the electron is recoiling from the emitted burst of gamma ray 
B, Similarly, the absorption of the energy of gamma ray A by the electron that is 
recoiling backward in time causes a second recoil, giving the world line of what was 
originally called electron2, This reinterpretation of a kinked spacetime diagram was 
described as follows (in Feynman's famous words): “It is as though a bombardier 
flying low over a road suddenly sees three roads and it is only when two of them 
come together and disappear that he realizes that he has simply passed over a long 
switchback in a single road. 

In a later paper” Putnam’s critic presented another line of attack against 
Putnam's interpretation of spacetime diagrams as lending support to time travel. 
‘There the critic observed that the presence of the time-reversed Oscar shows that 
the “world of the Oscars” is not temporally orientable. A temporally orientable 
spacetime is one in which every point in it agrees with its local neighbors on the 
directions of past and future—a condition clearly not satistied for the case of 
Oscars. As the critic pointed out, the first time travel spacetime discovered, the 
Gadel universe, is temporally orientable, and so in it the ambiguity of Oscars 
(whether he is traveling backward in time as opposed to living forward ‘in reverse”) 
does not occur. That is, the critic agreed with Putnam’s acceptance of the conceiv- 
ability of time travel to the past, but not with his use of Feynman's concept of anti- 
‘matter as time-traveling matter. That critic wasn’t alone in that opinion. 

One physicist, for example, wrote of “Feynman’s rather loose talk of particles 
“traveling” backward ... in time,” and the well-known philosopher John Earman 
declared “It is true that Feynman uses the slogan ‘Positrons are electrons running 
backward in time,” but itis dangerous to draw conclusions from slogans.”*? Lam not 
sure what Earman meant by “slogans”: a careful reading of Feynman indicates that 
he actually took the matter quite seriously.” In his 1949 positron paper (note 86), 
for example, he wrote that “the idea that positrons can be represented as electrons 


‘See R. Weingard in note 114 in Chapter 1 
SH, Price, “The Asymmetry of Radiation; Reinterpreting the Wheeles 
Foundations of Physics, August 1991, pp. 959-975, 
"4, Barman, “On Going Backward in Time," Philosophy of Science, September 1967, 
pp. 211-2 
"Feynman declares the view of a positron as atime traveling electron tobe of value, for example 
in his famous book Quantum Electrodynamics, W. 8. Benjamin 1961, p. 68 


Feynman Argument,” 
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‘with proper time reversed relative to true time has been discussed by the author and 
others,””" and also that “Previous results suggest waves propagating ... toward the 
past, and that such waves represent the propagation of a positron,” 

In any case, spacetime diagrams are highly useful in discussing time travel, but 
they do have some curious twists. In our everyday world, a path that joins two 
points on a surface with the minimum length is called a geodesic of that surface. As 
you'll see later in this chapter spacetime geodesics do indeed possess an extremal 
property, but rather than being a minimum it is a maximum property. Spacetime 
diagrams can be misleading on this matter, so it is important to remember that such 
diagrams are not a perfect representation of all the properties of a spacetime. 

It is customary to draw spacetime diagrams with the speed of light as unity 
(c = 1), That is, a distance of 300,000 km on the space axis is represented by the 
same extension as is one second on the time axis, This means that the world line of a 
photon is tilted away from the vertical time axis by 45°. Because photons can travel 
in both space directions (to the left and to the right) in the two-dimensional 
spacetime we can draw on a piece of paper, and because the speed of light is the 
limiting speed of the universe, we can represent the collection of all possible world 
lines as those paths that never tilt more than 45° away from the vertical, which 
forms what is called a light cone in spacetime, as shown in Fig. 3.10 (which 
attempts to represent a three-dimensional spacetime, one with two space—imagine 
y-axis, out of the paper, perpendicular to both the x and t axes—and one time 
dimension), 

In Fig. 3.10 I have taken x = y = 0 at t = 0 for all the possible world lines 
involving speeds below the speed of light. Let’s agree to call this spacetime point 
the Here-Now. Then, spacetime points in the upward half of the light cone are in the 
Future of Here-Now; similarly, spacetime points in the lower half of the light cone 
are in the Past of the Here-Now, We can draw a straight world line from the Here- 
‘Now to any point in the Future half-cone with a tilt of less than 45° away from the 
vertical, which means that a massive particle could travel from the Here-Now to 
that point at less than the speed of light, Similarly, a massive particle starting at any 
point in the Past half-cone could have reached the Here-Now by traveling at less 
than the speed of light. Such a world line is called timelike because its projection on 
the time axis is greater than its projection on a space axis—they are the world lines 
connecting spacetime points that are potentially causally linked, That is, an event at 
a spacetime point in the Past half-cone could have had an effect on the event at the 
Here-Now, even though its influence propagated at less than the speed of light. 
Also, an event at the Here-Now could potentially affect the event at any spacetime 
point in the Future half-cone of the Here-Now 

Any points in the regions of spacetime outside the Future and Past half-cones 
cannot be reached rom the Here-Now except by world lines tilted more than 45° 


‘The “others” Feynman had in mind included, in particular, the eminent Swiss physicist Emest 
CG, Stokelberg (1905-1984), who in a 1942 anicle in the journal Hetvetica Physica Acta also 
wrote of waves scattering backward in time. 


160 3) The Physics of Time Travel: Part I 


re Forward timelike 


Spaceliko 


Elsewhere 


Backward timelike 


Fig. 3.10 A light cone in spacetime 


away from the vertical. Such world lines, which represent travel at a speed faster 
than light, are called spacelike because their projections on a space axis is greater 
than their projections on the time axis. It is impossible for these world lines to 
connect causally linked events, and collectively they form the Elsewhere of the 
Here-Now. Notice that every point in spacetime has its own light cone. If A and B 
are causally linked, then if B is in the Future half-cone of A, then A is in the Past 
half-cone of B. 

‘The imagery of the light cone is often useful in making seemingly quite abstract, 
ideas appear transparent. For example, can an observer predict his own future from 
perfect knowledge of his own past? The easy answer is “No, because quantum 
uncertainties prohibit perfect knowledge of even the present, much less the past.” 
But suppose we ignore quantum mechanics and limit our question to a universe that 
obeys only classical physics (which includes the special and general theories of 
relativity). Surprisingly (perhaps), the answer is stl! no. Having perfect knowledge 
of your own Past half-cone doesn’t include knowing the entire past, so if you 
attempt to predict your own future (say, | min from now), there can be influences in 
Elsewhere that will arrive in the future (say, 59 s from now) about which you 
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Fig. 3411 World tine of a 
particle traveling backward 
in time from A to B 


presently, by definition, cannot have any knowledge, And without that knowledge, 
‘you cannot predict, As one writer amusingly concludes a tutorial on this topic, “the 
prospect of predicting the future looks pretty bleak”? 

A spacetime diagram does not always have to have future directed world lines. If 
particle moves backward through time, assuming such a thing is possible, then the 
diagram can show this by having the world line double back on itself, as in Fig. 3.11 
(in which the world line curves back and comes arbitrarily close to itself: itis the 
‘world line of a particle that visits itself in the past). Note that the world line in 
Fig. 3.11 does not actually touch or cross itself, because that would represent more 
than just a visit—it would represent a particle occupying the same spatial location at 
the same time as its earlier self. That would be catastrophic and, because it did not 
happen it cannot happen. Since the arrowheads on the world line always point in the 
direction of the local future of the particle, ifthe “particle” is actually human then 
increasing memories are formed in the direction of the arrows. The time traveler at 
B has more memories than he does at A, even though A and B are nearly identical 
points in spacetime. 

‘There is a problem with Fig, 3.11 that you may have caught. It is impossible to 
draw such a doubled-back world line in such a way that at all places it never tilts 
‘more than 45° from the vertical. That is, at least some portion of the world line will 
have 
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‘which represents superluminal motion (we'll tur to this in Chap. 5). One way to 
keep a bent-back world line always subluminal is to arrange for the light cones 
along the world line to be tilted relative to each other, as shown in Fig. 3.12, which 


MM, Hogarth, “Predicting the Future in Relativistic Spacetimes.” Studies in the History and 
Philosophy of Science, December 199, pp. 721-738. 
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Fig. 312 Tilted light cones 
in # curved spacetime (the 
future halves are shaded) 


is possible only in a curved spacetime. This is an illustration of how general 
relativity locally obeys special relativity’s demand that nothing travels faster than 
light and yet, globally, in curved spacetime, things are not so simple. In flat 
spacetimes all light cones are always ‘aligned,’ but in curved spacetimes they 
(generally) are not, and from that can come time travel to the past.” 

Tilted light cones is the physics behind backward time travel around a rotating 
Tipler cylinder, for example, a particular time machine we'll discuss later in 
Chap. 5. Light cone tipping is, in fact, essential for time travel to the past. The 
mere presence of mass tips light cones (‘warps spacetime’), but the effect is 
unnoticeable in everyday life on Earth, A truly enormous mass density is required 
to tip nearby light cones over so that their Future halves noticeably open up toward 
the massive body. Ifthe massive body is additionally set to rotating, then a further 
consequence of Einstein’s general theory is that the local light cones are tilted 
additionally in the direction of rotation, That is, the Future half-cones in spacetime 
‘open-up both toward the body and in the direction of the rotation. 

should now be clear that the only way a world line ean bend back on itself for a 
lose encounter visit is for both x and £to change. In other words, the world line of 
particle that remains fixed in space and reverses just its time direction runs into 
itself. This is why the classic fictional time machine of H. G. Wells could not 
possibly work. A real time machine must move in space as well as through time, as 
does a Gédelian rocket (or, for that matter, as does the DeLorean time car in the 
Back to the Future films). The idea of warping world lines, to support time travel to 
the past, entered science fiction at an early date. For example, when the inventor of 
the time machine in a 1930s tale” is asked about the principle underlying his 
gadget, he replies “An electro-magnetic warping of the spacetime continuum 


What is meant by a spacetime being flr will be formalized when we get to spacetime metrics 
later in this section. The Minkowski spacetime of special relativity isa flat spacetime, has no tilled 
Tight canes, and as such does nor support time travel to the past. 

IN, Schachner, “When the Future Dies," Astounding Science Fiction, June 1939. 
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‘The machine, if it works, will slide around the world-line of events and reappear at 
any specified time and place.” 

Using the Lorentz transformation equations from the previous section, we can 
establish quite general relationships between events in the Future, Past, and Else- 
‘where regions of spacetime. For example, (1) All events in the Future/Past for the 
Here-Now observer are in the Future/Past for any other nearby, relatively moving 
observer; (2) Any event in Elsewhere can appear to be simultaneous with the Here- 
Now for some observer and not simultaneous for another observer; and (3) The 
temporal ordering (the relations of before and after) of causally related events is the 
same for all observers. This is not so for events that are not causally related; if two 
events have a spacelike separation, then two observers can disagree aver the 
temporal ordering of the events. This is, in fact, the basis for the two-wormhole 
and the cosmic string time machines, both of which will be discussed in Chap. 6. All 
these statements are easy to prove. 

Consider, for example, statement (1). From the previous section we have (with 
c=) 


where rand are the coordinates of some event A as measured by the observer in 
the stationary reference frame, and f' is the time measured by the observer in the 
nce frame moving at speed v. Thus 


(x — vt? — (t— vx)? 


era little algebra) x 


For the stationary observer the criterion for an event to be in the Future half-cone 
is > lo, that is, 2 >27, Thus, x°— 1° <0 for all Future events, But the foregoing 
result then says v7 —1?<0, too, which is the moving observer's criterion for the 
event being in his Future half-cone, The same sort of argument shows that the two 
observers also agree on Past events 

Next, suppose that two events A and B occur such that the stationary observer 
measures them to be AT= fg —t4 apart in time, Then, we can establish statement 
(Q) by writing 


ta 


and so 
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From this we have AT’ =0 (that is, simultaneity) for the two events for the 
special observer moving at the speed 


ar 
ia 


and this speed is less than the speed of light for the condition xy — x4 > AT. This is, 
of course, the condition for event B to be in the Elsewhere of event A. In fact, we 
can even have AT <0 (with AT > 0) for v <1 in this case of spacelike separation of 
A and B. That is, a stationary observer and a sublight-speed moving observer can 
disagree about the temporal ordering of events with spacelike separation. 

Similarly, for event B to be in the causal Future of event A, we have the 
condition xy — 4 <AT. Then, 


_ AT = v(xy— 4) | AT — aT 


‘Thus, AT > 0 says AT’ > 0 for v <1, and this establishes statement (3). 

If we were drawing diagrams with both axes representing space (a plot of 
y versus x, for example), we would normally define a distance metric for the 
diagram using our everyday ideas about distance. That is, we could say that if we 
‘make differential movements of dx and dy along the two coordinate axes, then the 
differential distance ds is given by 


ar’ 


(dx)? + (dh 


(as) 


This is, of course, just the Pythagorean theorem for the ‘Euclidean’ or ‘as the 
crow flies’ distance function. But it is not the only possible distance function, A 
distance function has several interesting mathematical properties,”* but the one we 
are particularly interested in here is its invariance with respect to the coordinate 
system. For example, if we draw a line segment on a flat sheet of paper, the physical 
distance between its end-points does not depend on how we happen to select the x 
and y axes, a fact illustrated in Fig. 3.13 with the addition of a rotated and translated 
primed system. The coordinates for the endpoints A and B are obviously different in 
the two coordinate systems, but we still find that 


(dx)? + (dy)? 


“Mathematicians have defined the general properties of a distance function as follows: if A and 
B are any two points, and if dA.) is the distance between A and B then (I) dA, B) =a\B. A) 
2) A,B) =0ifand only if A=B: and (3) if Cis any third point, then dA,B) < aA, C)-+<aNC.B). 
‘The Pythagorean distance funetion possesses all three of these properties, but so do many other 
funetions (Tor example, ds=Udu+ldy), 
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x“——> 


Fig. 3413 Rotatedjtranslated coordinate systems 


We say that the Pythagorean distance function is invariant, that itis the same for 
all coordinates systems that are simply rotations and/or translations of each other. 

We know that different observers, if in relative motion in the same spacetime, 
will see different space and time coordinates for the same event. Thus, it is natural 
to ask ‘what is the metric for flat spacetime?” Is there, in fact, a metric that gives the 
same distance between two events for all observers? We might try to generalize in 
the obvious way from the Pythagorean theorem, and write 


(ds)? = (dt)? + (dx)? + (dy)? + (de 


where now all four dimensions are included, We would then ask ourselves whether 
itis true that 


(ds)? = (ds)? = (de)? + (de? + (dv + (de? 


For our simple two-dimensional spacetime, this question reduces to asking 
whether 


(dt)? + (de)? = (dt)? + (dv 

Using the Lorentz transformation equations from earlier, itis easy to discover 
that the answer is no, The ‘natural’ generalization of Pythagorean distance for flat, 
two-dimensional spacetime fails when four dimensions are included. So, what do 
‘we do now? Recalling the words of Professor Mundle from Some First Words (see 
note 23 there), we might wonder whether this difficulty could result from the fact 
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that there is no fourth direction along which the time axis can point at right angles to 
the three space directions? AL least, there is no real direction —but perhaps there is 
an imaginary one, Accordingly, with = VI, let’ try 


(ds)* = (ids)? + (dx)? + (dy)* + ( (de)? + (dx)? + (dy)* + (d 


Using imaginary time, something that seems to be in the realm of science fiction, 
has resulted in a change in the sign of (dt)* 
‘This is a cru 


change, however, because this new metric is invariant. For a 
reason to be explained in the next section, I will use the negative of this metric 
(a choice that fas no impact on the invariance property) and so write 


(ds)* = (dt)? — (dx)? — (dh 


~( 
For our simplified two-dimensional spacetime this reduces to 
(ds)? = (de)? — (de)?. 


As before, the Lorentz transformation equations (with ¢ = 1) are 


ax 


at =O ae 8 at = ae 
oe Or a 


which are the fundamental relations for the total differential”® of a function of two 
variables, and insert the results into (dr)? —(dx')*, we quickly discover the invari- 
ance property of this quantity (a result we actually found earlier, in a different way, 
‘when we showed that observers in relative motion agree about what events are in 
the Future and what events are in the Past). Thus, 


(ar'y? — (dx')? = (de)? — (dx) 


This quantity, on either side of the equality, is called the spacetime interval 
between the two events separated in flat spacetime by either dt, dr, dy, and dz, or by 
dt, dx. dy. and d=, The observers in the unprimed and the primed systems see 
different individual space and time separations for two events, but they see the same 


The Band eymbos denote the partial derivatives with espect ta xan (ee any good calculus 
took o Braap on thin, The est ofthis chaper wil have some oor mah i avaving 
desivatves aed even an integral orto, but ooting beyond restnan calcula ve fchided 
tly for thoge who would eel ebeaed witout sone atl 
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interval. A single time coordinate, and three space coordinates, are said to form a 
{four-vector that is invariant under Lorentz transformation. There are, in addition, 
other four-vectors that are also invariant under Lorentz transformation, such as the 
energy-momentum, velocity, and force four-vectors; all these quantities have 
invariants that are formed the same way, by taking the difference of the squares 
of the time components and the sum of the squares of the space components. The 
intrusion of the square root of minus one, in the time coordinate of the metric, seems 
a pretty clear indication that time is different from space.’” 

But still, the spatialization of time is nonetheless deeply embedded in Western 
culture, For example, when writing her popular 1978 book, drawing historical 
parallels between the fourteenth and twentieth centuries, Barbara Tuchman titled 
it Distant Mirror, and not An Old Mirror. The mathematical mixing of space and 
time appeared quite early in science fiction, but often in comically mangled form. In 
cone such tale, for example, as an evil scientist uses his time machine to transport 
captives into the past, he tells them, “We've got a longish journey before us, ten 
thousand years more, multiplied by the fourth power of two thousand miles.”** 

In general relativity, the metric of any four-dimensional spacetime has the 
structure of what mathematicians call a symmetric quadratic Riemannian form 


where x1 =f, 
variables. (Because of the symmetry condition, only 10 of the g’s are independent.) 
In this notation, a flat spacetime is mathematically characterized by gu =, 
g22=gs5—=u= — 1, gy =0 for all ij. Now, for a given spacetime, one can 
arbitrarily choose an infinity of coordinate systems. If just one of this infinity of 
systems is such that the 1, 0 values for the g’s occur, then that spacetime is 
globally (that is, everywhere) flat, If no such coordinate system exists, then that 
spacetime is necessarily curved—I'll give you a more intuitive view of curvature in 
just a bit, (If this notation is extended to a fifth dimension” by including the 
additional coordinate xs, then there are an additional eight off-diagonal g's and so 


"Writing in 1972, one famous physicist suid of his frst encounter with the metric of special 
relativity (Minkowski spacetime), “Now, when I saw that minus sign fin ~(dl)", it produced a 
tremendous effect on me. I immediately saw that here was something new.” See P. A. M. Dirac 
“Recollections of an Exciting Era,” in History of Twentieth Cennury Physics (C. Weiner, editor). 
‘Academic Press 1977 

°*V. Rousseau, “The Atom Smasher,” Astounding Stories, May 1930, 


"The ff dimension was introduced in the 1920s by the German physicist Theodor Kaluza (1885- 
1954), but just what the nature ofthis filth dimension might be remains a mystery. A few years 
after Kaluza the Swedish physicist Oscar Klein (1894-1977) speculated that it might be spatial 
dimension curled-up ina tiny eixcula path, so tiny that we don’t notice it the issue remains open. 
‘The idea of a fifh dimension appeared early in pulp science fiction, as inthe January 1931 tale 
“The Fifib-Dimension Catapult,” (Astounding) by Murray Leinster. 
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four new independent gs. These are just suflicient to describe the electromagneti 
field, too, along with the gravitational field described by the other ten g's. That is 
‘what is meant by saying five-dimensional spacetime “unifies” gravity with electro- 
magnetism.) There is a ¢ss, 100, which could be allowed to model a slowly varying 
gravitational constant, as suggested by Dirac in 1938, 

‘The g functions are the components of the so-called metric tensor of the second 
rank (see the last discussion question for more on what this means) of that 
spacetime. The g°s at each point in spacetime are related to the curvature of 
spacetime at that point, which in turn is dependent on the g’s and on the energy 
density at that point, In fact, the ten equations for the g"s, which are the famous 
Einstein gravitational partial differential field equations, are both nonlinear and 
coupled. That is, each g,;is in general a nonlinear function of all the other ga, which 
accounts for the notorious difficulty’ in finding analytical solutions to the field 
equations except in certain highly special cases, stich as the spacetime of spinning 
spheres and rotating infinite cylinders. 

What does it mean to ‘solve’ the field equations? It is useful to think of the 
equations schematically as follows 

local geometry of spacetime — local density momentum and stress of the 
‘mass-energy of spacetime where the direction of the arrowhead means that the 
‘usual’ practice is to assume the right-hand side (the so-called stress-energy tensor) 
as given, and then attempt to calculate the left-hand side. Ifthe attempted calcula- 
tion can be done, then one has solved the field equations for the spacetime geometry 
that is associated with the assumed mass-energy distribution, 

Suppose, however, that we reverse the direction of the arrowhead. That is, 
suppose we assume a desired geometry. That is what Einstein did when he assumed 
the geometry of a static (non-expanding) universe and solved for the required mass- 
energy. What he found was just what had been observed by astronomers up to that 
time—a multitude of “grains of matter’ (what physicists call dus) plus the infamous 
cosmological constant. The constant, with its repulsive gravity, was needed to 
counteract the ordinary gravitational attraction of the stars that tends to pull them 
together. The later discovery that the universe is not static, but rather is expandin, 
rendered Einstein's solution moot 

Now let’s go Einstein one better, and assume a spacetime geometry that contains 
closed timelike curves (a time machine, in other words) and then try to calculate the 
‘mass-energy distribution required by that spacetime. If that can be accomplished— 
and in fact the field equations themselves provide an algorithmic means of solution 
in this direction—then the physicist’s work is done, The required mass-energy 
distribution requirements are put out to bid to “spacetime engineers” and the lowest 
bidder ‘simply’ constructs that mass-energy distribution and so builds us our time 
‘machine! When the calculations are done, however, what has happened without 


5A elementary, quite interesting discussion of the enormous computational complexity of the 
field equations is presented in Richard Pavelle and Paul S. Wang, “MACSYMA from F to G." 
Journal of Symbolic Computation, March 1985, pp. 69-100, 
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fail, at least up to now, is that the resulting mass-energy distribution comes out with 
an “unphysical” nature, a technical way of saying our spacetime engineer wouldn't 
know how to assemble the required mass-energy distribution, What is meant by 
“unphysical” will be explored, in the particular case of wormhole time machines, in 
Chap. 6. 

‘The 16 g’s for a four dimensional spacetime are often written in the form of a 
4 x 4 matrix. In fact, the metric tensor is of the second rank precisely because a 
‘matrix has a fwo-dimensional form; scalars and vectors, which have forms of zero 
and one dimension, are tensors of rank zero and one, respectively. The collection of 
the algebraic signs of the main diagonal terms (the g,) is called the signature of the 
metric tensor. The signature of flat (Minkowski) spacetime is thus written as 
[+ —, —,—k im more general (curved) spacetimes, this same signature is called 
Lorentzian. By contrast, the signature of a four-dimensional Euclidean space is +, 
+, +.41. This signature is called Riemannian, The geometry of flat, Minkowski 
spacetime is not Euclidean geometry because the spacetime signature of its metric 
has both plus and minus signs. As an uncurved spacetime, Minkowski spacetime 
has no gravity; to get gravity, we need a curved spacetime. 

‘The idea of linking the curvature of a four-dimensional space to physical 
phenomena is the signature feature of general relativity, but it actually pre-dates 
Einstein by decades. It can be found, for example, in the work of the British 
mathematician William Kingdon Clifford (1845-1879), done in the 1860s and 
1870s before Einstein’s birth (in the year of Clifford's death). In his posthumously 
published book The Common Sense of the Exact Sciences (1885), Clifford wrote 
“We may conceive our space to have everywhere a nearly uniform curvature, but 
that slight variations of the curvature may occur from point to point and themselves 
vary with time. These variations of the curvature with time may produce effects 
‘which we not unnaturally attribute to physical causes independent of the curvature 
of our space. We may even go so far as to assign to this variation of the curvature 
‘what really happens in that phenomenon which we term the motion of matter.” It 
isn’t a long jump from “motion of matter” to gravity!""" 

Not everyone enthusiastically embraced this new, radical view of nature, For 
example, the great Scottish mathematical physicist James Clerk Maxwell 
(1831-1879), of Maxwell's equations fame, who knew Clifford through their 
common membership in the London Mathematical Society, summarily dismissed 
this part of Clifford's work as simply the speculations of a “space crumbler.” 
Decades later, Einstein faced the same rejection when the eminent British 


©" Gltford almost surely found inspiration inthis part of his work from the even earlier efforts of 
the German mathematician Bernhard Riemann (1826-1866). See. for example, Cliffor'stransla- 
tion of Riemann’s famous 1854 lecture “On the Hypotheses Which Lie atthe Bases of Geometry,” 
‘Nature, May 1, 1873, pp. 14-17, and continued inthe next issue (May 8, 1873, pp. 36-37) 
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astronomer Sir James Jeans declared “Eins 


's crumbling of his four-dimensional 
space may ... be considered to be . .. fictitious.”"" 

Spacetime geometries are not easy concepts to grasp, and the metrics of curved 
spacetimes are even more complicated than is the metric of the flat spacetime of 
‘Minkowski’s special relativity. As one paper so aptly put it, “Experience has taught 
us that the space in which we live has a geometry that is three-dimensional and 
Euclidean... We are very much at home with [that] geometry ... But the geometric 
properties of a Minkowskian space are so alien to us that we may well despair of 
visualizing them, and a Riemannian [curved] space ... seems totally beyond 
comprehension.”"" 

An important feature of Riemannian geometry is that although it is generally not 
globally flat, itis always locally flat. Thus any sufficiently small region in a curved 
Riemannian spacetime can be approximated, with arbitrarily small error, by a flat 
pseudo-Euclidean Minkowskian spacetime. That is, at each point in Riemannian 
spacetime, there is some particular inertial frame of reference in which special 
relativity is all there is to spacetime physics at that point. ‘The particular inertial 
frame required is different, however, from point to point. 

In coordinate system different from rectangular, the flat Minkowskian metric 
can appear radically altered, but that is just an artifact of the mathematics and has no 
physical significance. For example, in spherical coordinates the Minkowskian 
metric becomes the equivalent 


(ds)? = (dt)? — (dr)? — (rd0)* — (rsin(@) gp)? 


where ¢ is the azimuthal angle and 0 is the angle measured from the polar axis. A 
related metric occurs in the theory of spherically symmetric, static (no time vari- 
ation) time machine wormholes (discussed in Chap. 6), of the form 


) 


a 


(as? = (er ld 


(rd)? — (rsin(@)dqp)* 


where a(r) is called the redshift function and bj) is called the shape factor. These 
two functions are nearly arbitrary, subject only to the constraints that both b(r)/r and 
ar) vanish as r goes to infinity (r is the radial distance from the throat of the 
wormhole mouth). Indeed, as r increases, this curved wormhole spacetime metric 


"Quoted in P. Kerszberg, "The Relativity of Rotation in the Early Foundations of General 
Relativity.” Studies in History and Philosophy of Science, March 1987, pp. 33-79. 
RW. Brehme and W. E. Moore, “Gravitational and Two-Dimensional Curved Surfaces,” 
American Journal of Physics, July 1969, pp. 683-692. 
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Fig. 3.14 The curvature of a space can be revealed by the process of parallel transport 


reduces to that of flat Minkowskian spacetime, so this wormhole spacetime is said 
to be asymptotically flat." 

‘An intuitive appreciation of ‘flatness’ can be realized in terms of what is called 
the parallel transport of a vector around a closed path, In a curved space the vector 
will experience a rotation, which will not occur in a flat space. Two examples of 
parallel transport in ordinary three-dimensional space are shown in Fig. 3.14, The 
spherical surface on the left is curved because if you slide the vector from N to A to 
B and then back to N, all the while keeping it parallel to its immediately previous 
orientation, then when it gets back to N the vector will point to B. not toward A as it 
initially did, A similar trip on the cylindrical surface, however, results in zero 
rotation of the vector. Thus, the cylindrical surface, despite superficial appearances, 
is not curved, 

Using the idea of the metric tensor, we can develop a more formal demonstration 
that the surface of a sphere, unlike like that of a cylinder, is not flat. On the surface 
of a sphere of radius a (on the surface r= a everywhere, and so dr = 0), the measure 
of the distance between two points (in spherical coordinates) is!°® 


(as) 


Writing x = ¢ and x2~0 yields the more general form 


*©'Foe wormbole spacetimes that are not asymptotically Mat, see (For example) K. Narahara eal, 
““Traversable Wormhole in the Expanding Universe.” Physics Leters B, September 29, 1994 
pp. 319-333. 

"Note carefully that this isa purely spatial problem, with no time, and we are taking all of the 
mettic coefficients as positive (unlike inthe case ofa spacetime metric). 
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(ds)? = gy (des? + gy(dei)(dx2) + g3(de2) (dm) + g(a)” 


or, using the symmetry condition g,.= g21, we have 


(ds)? = gui(dui)? + 2¢i2(de1) (dex) + go(de2) 


From this we immediately have gy, =a7sin*(@), g22 =a", and g,2 
Now, suppose we ask whether itis possible to find some new coordinate system 
(with variables x and x) in which the invariant (ds) is given by the flat Euclidean 


metric (dx)” + (dx4)*. In such 4 coordinate system if it exists) we would fave the 
“flatness conditions’ of gi and gi) = gh, =0. With such a change of 
coordinates, each of our original ¢h, 8 coordinates would generally be a function of 
both of the new coordinates—that is, = p(x,,x5) and @ = 0(x}.x4). Thus, 
writing the total differential of a function of two variables (see note 96 again), we have 


op 2b a 
db me +3 

20 20 
dO = 7 Bet tae 


Substituting these expressions into the above expression for (ds)* on the sur 
of a sphere, and collecting terms, we arrive at 


‘We can now immediately write down each of the g and, if we demand that they 
satisfy the “flatness conditions,” then we have the following three statements: 


wie) (8) 
wom) +(@) 


og Oo 
Ox, Oxy 


sin? (a) <& 


aa a 


For a globally flat surface, that is, a surface that is flat everywhere, these three 


statements must hold in particular at the poles of the sphere. That is, at 0= 
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and at @= 180. At both of these points sin(@)=0, and so at the poles the three 
statements reduce to 


But the third statement is incompatible with the first two and, because of that 


incompatibility, there is no primed coordinate system in which the g coefficients in 
the metric are those of a globally flat metric, Thus, unlike the surface of a cylinder, 
the surface of a sphere is not flat but rather is curved. This almost surely comes as no 
surprise fo you, but now you can prove i 


3.6 Proper Time and the Twin Paradox in Time Travel 
to the Future 


“[The] equations of duo-quadrant lineations [have] been substantiated ... Our 
fourth-angle deviation from the six conceivable electronic dimensions did the 
trick all right. I went forward in Time.”""° 

‘The spacetime interval of the previous section has an important interpretation 
that leads to one of the more dazzling results of special relativity—time travel into 
the future, First, recall the flat spacetime metric 


(ds)? = (dt)* — (dx)? — (dy)? — (dz 


in which the use of unprimed variables indicates that the measurements on the spac 
e made with respect to a stationary 
observer's frame of reference. Now, suppose that the space and time coordinates of 
a moving particle are made with respect to the particle instead. Then, using primed 
variables for measurements made in this new frame of reference, dx =dy =d= 

0 because the particle is always at the origin (by definition)! Recalling the 
invariance of the spacetime interval for all observers, we conclude that 


and time coordinates of a moving particle a 


5964 science fiction scientist babbles incoherent nonsense, not special relativity. about how to 
travel into the future, ina story by J. H. Haggard, “He Who Masters Time,” Thrilling Wonder 
Stories, February 1937 
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(dy? = (ds)* = (at)? 

‘That is, the spacetime interval between two events is the time lapse measured by 
‘a clock attached to a particle that moves from one event to the other. This time is 
called proper time, which gets its name from the idea that it belongs to (is the 
property of) the moving particle. This is the technical reason for taking (as we did in 
the previous section) (ds)? = (dt)? — (dx)* rather than (ds)? = (dx)? — (dt)?. The first. 
choice avoids the somewhat awkward result of an imaginary proper time. 

Next, we'll adopt what has come to be called the clock hypothesis, which states 
that an accelerated clock runs at the same instantaneous rate as an unaecelerated 
clock that is moving alongside at the instantaneously same speed. As we showed 
earlier (lake a look back at Sect. 3.3) if the accelerated clock’s instantaneous speed 
is v, then its rate of time keeping (df) is related to that of the ‘stationary’ 
(unaccelerated) clock (dt) as 


dt 


af = i—( 


where cis the speed of light. The clock hypothesis is generally assumed to be true. 
Einstein, himself, in his famous 1905 special relativity paper, specifically took the 
rate of a clock’s timekeeping to be velocity-dependent only. When asked during an 
interview decades later whether it is permissible to use special relativity in situa- 
tions involving acceleration, Einstein replied “Oh, yes, that is all right as long as 
gravity does not enter; in all other cases, special relativity is applicable. Although, 
perhaps the general theory approach might be better, itis not ne ar 

‘The clock hypothesis has long had experimental verification. For example, in 
‘one experiment the time keeping of accelerated atomic clocks was determined to be 
given precisely by the time dilation formula of special relativity, even when their 
direct mechanical acceleration (the centripetal acceleration produced by a rapidly 
spinning disk) exceeded 66,000 gees!"°* And even more impressive are the time 
dilation results of a later experiment in which the time keeping of near light-speed 
charged particles, orbiting in a magnetic field, was in excellent agreement with the 
time dilation formula, even as at 
reached!" 

‘The total elapsed time between two events A and B, as measured by the proper 
time of an accelerated clock making the journey, is, therefore, given by 


lerations well in excess of 10'° gees were 


OR, 8, Shankland, “Conversations with Albert Einstein,” American Journal of Physics, January 
1063, pp. 47-57 

"8H, J. Hay, e al. “Measurement of the Red Shift in an Accelerated System Using the Méssbauer 
Effect in Fe," Physical Review Letters, February 15, 1960. pp. 165-166, 

°°), Bailey. et al. "Measurements of Relativistic Time Dilation for Positive and Negative Muons 
in a Ciculae Orbit,” Nature, July 29, 197, pp. 301-305, 


3.6 Proper Time and the Twin Paradox in Time Travel to the Future us 


Unaccelerated 
lock 


> 
Fig. 3415 World lines of two clocks (one accelerated and one unaccelerated) 


fa-fVe-G 


‘where fy — fais the elapsed time between A and B as measured by the unaccelerated 
clock. The inequality results because, for v #0, the integrand is always less than 
1. Now, we know that in a spacetime diagram the world line of the unaccelerated 
clock is a straight line, whereas the world line of the accelerated clock is a curved 
line. Thus, using Fig. 3.15, combined with the inequality 1 < ty —t4, we have the 
following central result: the world line of maximum proper time is the one that looks 
the shortest, that is, the straight (or free-falling geodesic) world tine. In the 
spacetime diagram the curved line looks longer, but in fact any curved line will 
have a smaller proper time than does the straight world line. This is a dramatic 
example of how Minkowskian spacetime geometry differs from Euclidean space 
geometry; in the latter geometry, there is no longest path between two points 
From this, we can now understand the famous paradox of the twins, Bob and 
Bill, Bill remains on Earth, but Bob gets into a rocket ship and goes on a high speed 
trip out into space. Eventually he brings his ship to a stop, tums around, and returns 
to Earth. The world lines of Bob and Bill are initially together, then they diverge as 
Bob goes on his trip, and then they come together again at the end of Bob’s trip, as 
shown in Fig. 3.16, The details of Bob's trip are not important for a general 
statement of the paradox (although in just a bit I will present the details for one 
possible trip). All we need observe for now is that Bill’s world line from A to B is 
straight, whereas Bob's is curved. Bill’s body (that is, his Local clock) will therefore 
‘measure a greater proper time than will Bob’s; that is, Bob will be younger than his 
stay-at-home twin! Equivalently, upon his retum Bob will hear his Earthbound 


di <ty—mitv £0 
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Bil 


Bob 


Fig. 316 World lines of unaccelerated (Bill) and accelerated (Bob) twins 


brother declare the date to be further in the future than Bob's trip lasted (according 
to Bob). Bob will therefore conclude that he has traveled into the future," 

This situation is called a paradox, not because of the time travel aspect (there are 
no logical paradoxes associated with travel into the future), but rather because it 
seems to violate the very spirit of special relativity. ‘That is, from Bill’s point of 
view, Bob at first travels away and then retums. But one can argue that from Bob’s 
point of view itis Bill who first recedes and then returns. So why is it Bob who is the 
younger, and not Bill? Long afier Einstein's 1905 publication of special relativity, 
this point remained a great puzzle for many. For example, in the 1923 Presidential 
Address to the Eastern Division of the American Philosophical Association, we 
read this very objection to the twin paradox. The conclusion by the speaker is that 
such a thing “could happen only in a universe in which all squares were round and 
the principio contradiction had been put to steep.” 

So, what’s the answer, why is it Bob who is the younger of the twins? The classic 
physics answer is that the two points of view are actually not symmetrical, that there 
is a definite asymmetry between Bill and Bob. After all, it is Bob who feels the 
acceleration from the rocket’s engines as he blasts off from Earth—it is Bob, not 


The twin paradox is hinted at in Einstein's 190S paper, but itis in a 1911 address to the 
International Congress of Philosophy in Bologna, by the French physicist Paul Langevin (187; 
1946), that a human space traveler is first introduced (in a cannonball moving at nea light-speed, 
fan idea motivated by Langevin's reading of Jules Vemne's 1872 novel From the Earth to the 
Moon). The writer Pierre Boulle proudly mentioned this contribution by his fellow Frenchman in 
the time travel story “Time Out of Mind” (you can find tin Boulle’s collection Time Out of Mind, 
‘Vanguard Press 1966), 

SW. P. Montague, "The Einstein Theory and a Possible Altenative,” The Philosophical Review. 
March 1924, pp. 143-170. 
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Bill, who feels force—whereas Bill feels nothing unusual as he remains on Earth, 
‘The more fundamental physics answer, however, is that Bob's world line in 
spacetime is curved, whereas Bill's is straight. 

In an open, spatially unbounded, flat spacetime, curved is indeed synonymous 
with accelerated, but this need not be so in a closed, fat spacetime. In an open, flat 
spacetime, the only way two world lines can diverge in the past and then meet again 
in the future is for at least one of them to curve, but in a closed but still flat 
spacetime, it is possible for two straight world lines to meet more than once. For 
example, Fig. 3.17 shows a simple two-dimensional spacetime that is the surface of 
a cylinder (which you'll recall we argued carlier is flat), rather than an infinite lat 
plane. ‘The two world lines in that figure are both straight: to visualize this, imagine 
cutting the cylinder open along the (vertical) time dimension, and then flattening it 
out. Bob's world line, however, looks longer in the spacetime diagram, so Bob's 
proper time will be less than Bill's when they meet again, even though now neither 
of them has experienced any acceleration.''* This is simply an interesting mathe- 
matical exercise, however, and as far as is known the spacetime we live in is not 
cylindrical and so Bob's trip into the future will require an accelerating 
rocketship.'"* 

If we specify the details of Bob's trip, we can then precisely calculate the 
difference in elapsed time for the twins, In an analysis that dates back to 1962, 
the German astrophysicist Sebastian von Hoerner (1919-2003) did that for the 
following trip'"*: To begin, Bob gets into his rocket ship at time r= =0 (tis time 
‘measured on Earth by Bill, and is time measured by Bob in his rocket). The Bill 
and Bob synchronize their clocks atthe instant of departure. Bob’s trip is to be made 
in comfort, and so his rocket accelerates at a constant rate (a one gee acceleration, 
for example, would be equivalent to Earth’s gravity, and Bob would feel right at 
home). This is of practical importance, obviously, because we do not want the 
experienced acceleration to be incompatible with the physical survival of Bob. Bob 


"See C,H, Brans and D. R. Stewart, “Unaecelerated-Returming Twin Paradox in Flat Space- 
“Time,” Physical Review D, September 15, 1973, pp. 1662-1666. For similar treatment his time 
boy a mathematician, see Jeffrey R. Weeks, “The Twin Paradox in a Closed Universe,” American 
Mathematical Monthly, August-September 2001, pp. 585-589. 
"In Chapter 6 we'll discuss the idea of traveling into the past by moving faster than light 
(superluminal motion). A treatment of such travel, in Bob's eylindsical spacetime, is by 8. K. 
Blau, “Would a Topology Change Allow Ms. Bright to Travel Backward in Time?” American 
Journal of Physics, March 1998, pp. 179-185. which answers that question in its last Line: “Ms 
‘cannot [return] ‘the previous nigh’ and alter history,” a conclusion that no doubt met with 
Hawking’s approval. The “Ms. Bright” inte itl isthe heroine ofa 1923 limerick that you can find 
‘quoted in the frst For Further Discussion of Chapter 6 


“Originally appearing inthe journal Seience, under the title of “The General Limits of Space 
‘Travel von Hoemer’s analysis was reprinted in te elasic anthology Interstellar Communication 
(A.G.W. Cameron, editor), W. A. Benjamin 1963. The arithmetic was, als, jus bit sloppy (the 
final formulas, fortunately. are correct), and many of von Hoemer’s numerical evaluations are 
incorrect. Later, the British mathematician Leslie Marder cleaned-up the analysis in his beautiful 
litle book on the twin paradox, Time and the Space-Traveler, George Allen & Unwin, Lid. 1971 
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Fig. 317 Unaccelerated 
‘win paradox in 
cylindrical spacetime = 


travels this way for a time interval of T (as measured by Bill on Earth) and 1 
(as measured by Bob in his rocket). At that time the rocket is traveling at its 
maximum speed. Bob then turns off the rearward engine and turns on a forward- 
mounted engine so as to experience a constant deceleration. Floor and ceiling 
interchange, but Bob always weighs the same. If he does this for the same time 
interval T (as measured by Bill on Earth) and 7’ (as measured by Bob) as for the 
initial acceleration phase of the trip, the rocket will be brought to rest with respect fo 
Earth, At that time, 27 (as measured by Bill on Earth) and 2F' (as measured by Bob), 
the rocket is at its maximum distance from Earth. Bob then retums to Earth, using 
the same acceleration/deceleration process, and Bob arrives back home, gently, 
with a final speed of zero with respect to Earth (ignoring, of course, all the 
navigational problems due to the motion of Earth during the trip) 
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Assuming the clock hypothesis is true (not all physicists believe this, 
remember, we have Einstein''” on our side with this!), the result is that if @ is the 
constant acceleration of the rocket (as experienced by Bob), and ¢ is the speed of 
light, then the relationship between the total roundtrip time as measured by Bill 
(AT) and as measured by Bob (47), is given by 


7 = <sinh(2r') 


‘The difference in what each twin believes to be the date can, in fact, be truly 
astonishing. For example, if a=1 gee and Bob travels (by his clock) for 47’ =20 
years, then 4T= 339 years.""” OF course, there will actually be no disagreement 
between Bill and Bob over the date upon Bob’s return because Bill will be long 
dead! 

Is it likely that such a time trip'"* will someday be made into the future? It’s just 
iy opinion, but I suspect not. Bob will be traveling at virtually the speed of light at 
‘maximum speed (0.9993 c, to be precise, at which point he will be 84 light-years 
from Earth), and to zip through space at such a speed would result in a very high 
rate of collision with stray hydrogen atoms (about one per cubic centimeter). The 
result of those energetic collisions would be the intense blasting of Bob with a lethal 
dose of gamma radiation. And, as von Hoemer showed in his original analysis (note 
114), the energy required by Bob’s rocket would be simply mind-boggling. 

Professor Schild (see note 116), on the other hand, seems to have bet 
bothered by such considerations when he wrote, at the beginning of a prose 
discussion of the twin paradox, “I have no doubt that if our technology should 
ever advance to the stage where large-scale twin effects become noticeable with our 
unaided senses, then [people] will have no difficulty in adjusting their concepts of 
time until the new phenomena see quite natural.”!'” 

Tllend this chapter on time with the observation that itis the distinction between 
the proper time of Bob on a rocket ship, and the time of those who are not fellow 


less 


"SConsider, for example, this remark by 1965 Nobel physics laureate Julian Schwinger (1918- 
1994) about the twin paradox in his 1986 book Einstein's Legacy: “The observer on the spaceship 
‘is not in uniform, unaecelerated motion ... The special theory of relativity doesnot apply 10 
Such an accelerated observer.” Schwinger was wrong inthis conclusion (see the next not). 
"As a physicist wrote on this pint after Einstein's death, “A good many physicists believe that 
[the twin) paradox ean only be resolved by the general theory of relativity. .. However. they are 
(quite weong. The twin effect... is one of special relativity.” See A. Schild, “The Clock Paradox in 
Relativity Theory.” American Mathematical Monthly, January 1959. pp. 1-18. Alived Schild 
(1921-1977) was professor of physies atthe University of Texas, and a recognized expert in the 
general theory 
"Ip using the 7: 7 formula, one has to be careful to use MKS units, that is, length and time 
rmeasured in meters and seconds, respectively. Thus, a=1 gee = 981 meters/second? and 
= 186,210 mile/second = 2.997 x 10¥ meters/second 
"For a science fiction use of such a trip, see Robert Heinlein's 1956 novel Time for the Stars. 
"A, Schild, “Time,” Texas Quarterly, Autumn 1960, pp. 42-62. 
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space travelers, that eliminates the occasional suggestion of simply freezing one’s 
way via suspended animation to the future (as in the 1992 film Forever Young). 
‘That is, suppose you manage to talk a friend into climbing into a freezer (please 
don’t actually try this!); at the moment he gets in, his wrist watch agrees with yours 
(both are powered and maintained at a constant temperature by 100-year nuclear 
batteries). Years later, when you thaw your friend out, you'll find that your watches 
still agree. But when Bob returns from his rocket trip, his watch will not agree with 
‘yours, but instead will be far behind, Bob is a true time traveler, but your frozen/ 
thawed friend is not.'2° 

A provocative illustration of the distinction between the proper time of a time 
traveler and of those who are not time travelers was given by a philosopher.'"! He 
begins his analysis by asking what appears to be a question with an obvious answer. 
Suppose, he says, it is [2018] and you suddenly wake up in a hospital and are told 
that you have been in a coma for the past 2 weeks. You are also told that you were in 
an auto accident 2 weeks ago, that you suffered temporary neural damage, and that 
the eventual reversal of such damage always, at some time within 4 weeks after the 
damage occurs, causes a day of excruciating pain if you are conscious at the time, 
Would you prefer for the day of damage reversal to be in the past 2 weeks (when 
‘you were in the coma) or in the next 2 weeks? The answer seems clear. Afterall, if 
the day that damage reversal occurs has already happened, then you simply slept 
through it and missed the pain. To prefer the day of pain to be in the future (when 
‘you will be awake) seems absurd, Now, let’s add time travel to the equation, 

All is as before, but now you immediately leave the hospital upon regaining 
consciousness to take a trip back to 1892, where you will stay for 2 weeks. Again, it 
seems clear that you would prefer to have had the day of pain in the past 2 weeks 
(in 2018), not in the next 2 weeks (in 1892). Note that the next is a reference to your 
proper time, because whereas 1892 is the global past, it is your personal future, 
‘Thus, now your preference would be to have the day of pain in the recent personal 
past of 2018, not the distant global past of 1892. Now, let’s put another time travel 
twist to this story 

All is as before in the original tale, except now you are told in the hospital that 
the auto accident happened just after you made a time trip to 2092: as you walked 
out of your time machine in 2092, you were hit by a car. The 2 weeks you were ina 
coma were in 2092, before you were judged fit enough (although still unconscious) 
to make the time journey back to 2018. When would you now prefer to have the day 
of pain? Clearly, as always, in your personal past, which is now the global future. 

‘Time is different for those who time travel and those who don’t! 


Im his 1956 novel The Door Into Summer, the always ingenious Robert Heinlein used both ideas 
withthe cod-storage method of reaching the future combined with a true tite machine to allow 
his hero to return wo is “present (the future's past) 

"A. Gallois, “Asymmetry in Attiudes About the Nature of Time," Philosophical Stuies, 
October 1994 pp. 51-59 
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An interesting theological analysis of Feynman’s idea of an electron travel- 
ing backward in time, expressed as thinking of the electron as being in ‘one of, 
God’s films played in reverse,’ is given by J. W. Smith, “Time Travel and 
Backward Causation,” Cogito 1985, pp. 57-67. Wondering what it would be 
like for an electron to travel backwards in time, Smith’s answer was: “Con- 
sider an electron ¢). At time fo itis at (xo, yo, 0). Attime 1, itis at (4),y1,21). If 
the direction of time for the electron was reversed, then the electron would be 
observed on the “film of the world’ to travel back along the same path as it did 
before, i.e., back t0 (xp,yo.20). If God stopped the “film of the world” and 
‘examined the charge of e,, then He would find that it was negative, not 
positive. Hence the electron traveling backwards in time is simply that: an 
electron traveling backwards in time, itis not a positron, Time reversal does 
not result in a reversal of charge. Thus, the Stiickelberg-Feynman position is 
incorrect ....” Discuss this in terms of the TCP theorem. Is there a conflict? 
When God stops the “film of the world,’ does the electron even have an arrow 
of time? 


All the modem, major religions of the world are in agreement on these two 
points: (1) God created the universe and (2) At some time in the past, the 
universe came into existence. This does raise the question of what was God 
doing hefore He created the universe (see note 7 in the Introduction). In his, 
Confessions, Saint Augustine comments on the conundrum that (1) and 
(2) are possibly in conflict. After all, if God created the universe then, 
given any time fin the finite past, He must have been doing something hefore 
time f, which means that for any time t in the finite past the universe already 
existed. Thus, the universe had no instant of creation in the finite past and so 
had no first moment of existence—which implies (2) is false. However, like 
any good philosopher of religion, Augustine not only provided this theolog- 
ical puzzle, but also a way to wiggle free of it. His suggested counter is the 
assertion that time is itself.a creation of God, that is, He made time as part of 
creating the universe. Thus, there was no time hefore He created the universe, 
and so the very question of ‘what was He doing before He made the univ 
has no meaning. What do you think of Augustine’s two arguments? 
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‘The Australian philosopher J. J. C. Smart (1920-2012) invoked five dimen- 
sional spacetime in a way very different from that of including an “eternity” 
axis for God’s temporal time (see note 33 in “Some First Words”). What 
Smart argued for, instead, was multiple four-dimensional worlds existing 
together without conflict, just as an infinity of two-dimensional worlds can 
exist without conflict in a three dimensional space. As he wrote, “The reason 
why there could be two totally disparate space-times is simply the quite 
obvious one that two totally disparate four-dimensional spaces can exist 
within a suitable five-dimensional space. There is no difficulty in mathemat- 
ical inconceivability here. Now let one of these four-spaces be our own space- 
time world, and let the other four-space be more or less similar, in accordance 
with whatever story you wish to tell about it.” This idea had, in fact, been 
around long before Smart’s 1967 paper. In his 1898 Presidential Address to 
the American Mathematical Society, for example, Simon Newcomb declared 
“Add a fourth dimension of space, and there is room for an indefinite number 
of Universes, all alongside o 
of sheets of paper when we pile them upon each other.” Newcomb’s idea 
appealed to H. G. Wells’ fancy so much that he built two novels, The 
Wonderful Visit and Men Like Gods, around it. In the first novel there is 
explicit mention of multiple worlds “lying somewhere close together, 
unsuspecting, as near as page to page in a book,” and the second one speaks 
of one parallel universe being rotated into another. John Cramer (a University 
of Washington physicist) repeated Newcomb’s and Wells’ parallel universes/ 


ch other, as there is for an indefinite number 


pages-of-a-book/rotation imagery almost word for word in his 1991 novel 
Twistor 
Read these three novels, and then discuss. In particular, is Wells consistent in 


his presentations (as a novelist there is, of course, no 


mn he should be!)? 


Imagine the following two events, A and B, in Minkowski spacetime: A is 
the emission of a photon, and B is the absorption of that photon, What is the 
spacetime interval between A. and B? It might seem that we need to know 
more about the precise spatial and temporal coordinates of A and B, but in 
fact the interval is always zero for any two events connected by light 
(by photons). To see this, write the flat Minkowski metric as 


(@) -:-G) 


(continued) 
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and s0, since (dv/df)*=1 (because photons—by definition! —travel at the 
speed of light) we have (ds)’ =0. The world line of any photon has what is 
called a mull interval, as do all world lines on the surface of a light cone. 
Timelike world lines (in the interior of light cones, with (dx/df? <1) have 
positive intervals, that is, (ds)” >0, Spacelike world lines (in the exterior of 
light cones, in Elsewhere, with (dx/df)* > 1) have negative intervals, that is, 
(ds)" <0. This is one of the significant differences between distances in space 
(which are never negative) and intervals in spacetime, The American chemist 
G.N, Lewis (1875-1946)—see note 60 in Chap. 2—constructed a romantic 
illustration of this when he wrote “Any pair of points [in spacetime] which are 
separated by zero distance [interval] are in virtual contact. In other words, I 
may say that my eye touches a star, not in the same sense as when I say that 
my hand touches a pen, but in an equally physical sense.” (See Lewis" paper 
cht Waves and Light Corpuscles,” Nature, February 13, 1926, 
pp. 236-238; Lewis was the originator of the term photon for a particle of 
light.) To understand what Lewis was getting at, you must understand that in 
spacetime we can have the interval between A and B as zero, and the interval 
between B and C as zero, but the interval between A and © may not be zero. 
To convince yourself of this, suppose the Minkowski spacetime coordinates 
(x1) of A, B, and C are (1,3), (2.2) and (1,1), respectively. Show that (dsae)™ 

4, while (dsan)" j*=0, (Hint: draw a diagram of this spacetime and 
simply plug the coordinates of A, B, and C into the metric.) 


The use of the time dilation effect of high-speed space travel was used by 
science fiction writer Donald Wandrei (1908-1987) in his tale “A Race 
‘Through Time,” Astounding Stories, October 1933, Initially set in 1950, 
this is the story of two scientists, one evil (of course!) and the other good 
(of course!), who develop quite different methods for travel into future times. 
‘The evil one does it with a drug that slows the metabolic processes of the 
body, while the good one builds an atomic-powered rocket in his home 
workshop! ‘The evil scientist kidnaps the good one’s girlfriend, seals the 
two of them inside a crystal dome, and then injects her and himself with his 
drug, He has arranged matters so that they will emerge from the dome in the 
year one million A.D. Learning what has happened, the good 
io the dome finds he can’t break in, but sees an indicator dial pointing at 
1,000,000. (The evil scientist has conveniently provided the dial, as well as 
having made the dome transparent, much as modem-day movie criminals 
always include a count-down clock with glowing red digits on their bombs so 
the hero always knows just how much time is left to disarm the bomb.) 


(continued) 
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Returning to his rocket, the good scientist decides that he, too, will travel into 
the far future using time dilation. So, off he goes, on a trip like Bob's in Sect. 
3.6. The story ends with an ironic twist—the good scientist thought the 
1,000,000" he saw through the dome meant one million years in the future 
heyond 1950, and so he arrives back on Earth nearly 2000 years afier his 
girlfriend and the evil scientist emerged from the dome. (They are, of course, 
ong dead when the good scientist returns.) 

On the outward leg of the good scientist’s rocket flight we read of his 
“frightful speed — now thousands of light years per Earth second.” Discuss 
this in terms of relativity theory. That is, does the rocket actually travel 
thousands of light years in one second of elapsed time back on Earth? 


‘The American physicist Robert Forward (1932-2002) was, in addition to 
being an expert in general relativity, also a quite inventive science fiction 
writer. In his short story “Twin Paradox” (Analog Science Fiction, August 
1983), for example, he used biology to give a surprising, ironic twist to the 
classic physics puzle, The story flips the asymmetric aging of the twins by 
imagining that, just after the traveling twin’s departure, the secret of immor- 
tality is discovered. The treatment has to be administered no later than at a 
certain age, however, and upon his return to Earth the traveling twin is just a 
bit too old for it to work. He thus becomes the last person to die of old age! In 
this tale, the details of the traveling twin’s trip are somewhat different from 
Bob's trip. Read “Twin Paradox” (you can also find the story in Forwards 
1995 book Indistinguishable from Magic), and summarize how the traveling 
twin’s trip is accomplished. 


In the mystical 1920 novel A Voyage to Arcturus, by the Scottish writer 
David Lindsay (1876-1945), we read of a spaceship that travels to Arcturus 
(the brightest star in the constellation Boates, 36 light years from Earth) in 
{just 19 h of proper time. The technical details of the trip are not explained in 
the novel, so assume they are the same as in Bob’s trip. That is, 27° 

68.400 s as measured by a clock on the spaceship. The distance traveled 
in this time is 


(continued) 
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where cis the speed of light, a isthe constant acceleration/deceleration of the 
rocket (as measured on the spaceship), and T is how long an Earth-based 
clock says the trip takes. Use this formula, and the one relating T and T’ in the 
text, to calculate 


1. The value of the constant acceleration/deceleration, a (does the result 
seem reasonable to you) and. 

2. The value of T (the length of time that passes on Earth as 19 h pass on the 
spaceship). 


You don’t have to discuss general relativity to encounter tensors of the 
second rank (as is the metric tensor). Electrical engineers run into such a 
thing, for example, when studying the lowly Ohm’s law! In a copper wire, 
that law says the current density (the vector J, in units of amperes per square 
meter) at any point is related to the electric field (the vector E, in units of volts 
per meter) at that point by the scalar as follows: J = oE, where o (called the 
conductivity) is a single number. This says, in rectangular coordinates, that 
the x-component of J depends only on the x-component of E, and similarly 
for the y-component and z-components of J and E. More generally, however, 
each component of J depends on all of the components of E (as in certain 
crystalline structures), and so we have the equations 


Jn = oukx + ony +onE, 
Jy = onF, + onEy + onE, 
J.= oF +onky + oF, 


or, in matrix form 


Ke] fon oz on] [Ex 
J=|3,| =Jon on on||E,| 08 
i} lon on os] [Ee 


So J is now related to E by 6, 3 x 3 matrix (9 numbers, instead of just 1). 
‘The matrix ¢ is, in fact, a tensor of rank 2. This tensor is in the three- 
dimensional space of the copper wire, while the 4 x 4 metric tensor matrix 
ina four-dimensional spacetime, but both are tensors of rank 2. The number 
of numbers in a tensor of rank n, in a space of dimension d, is d®, In general 
relativity, tensors of higher rank than 2 are required. For example, the 


(continued) 
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‘curvature tensor has rank 4, and so in a four-dimensional spacetime it is 
described by 4*=256 numbers. This goes a long way in explaining why, in 
‘general relativity, computing often involves a lor of arithmetic! The primary 
‘characteristic of tensors of any rank is that they are invariant under a change 
in coordinate systems (choosing a coordinate system is an arbitrary matter, 
‘made mostly for human convenience, about which Nature is indifferent) 
Read more about tensors, and write an essay on how they behave under a 
change in coordinates. A good place to start, at the level of this book, is 
Lillian Lieber’s The Einstein Theory of Relativity: a trip to the fourth 
dimension, Paul Dry Books 2008 (an updated version of the original 
1945 book). 


Chapter 4 
Philosophers, Physicists, and the Time 
Travel Paradoxes 


‘He felt the intellectual desperation of any honest philosopher 
He knew that he had about as much chance of understanding 
such problems as a collie has of understanding how dog food 
ets into cans.” 


4.1 Paradoxes and Their First Appearance in Science 
Fiction 


“There's a Tot we don't know about time tavel. How do you e 


eet logie 10 hold when 
paradoxes hold, 190?" “Does that mean you don’t know? = 


More than 30 years ago Quentin Smith, a philosopher who believes in a finite 
length to the past, wrote a refutation to those who believe in an infinite past and, 
‘while that paper’ has nothing to do with the paradoxes of time travel, in the course 
of presenting his reasoning he included the following curious passage: 


“Why does the sun arise in the morning and not at some other time? Why do the hands of 
properly functioning clack point to 12:00 at noon and midnight and wot a other times? Why 
‘does the death ofa person occur ata Tater time than his birth? The answer in all these cases 
is: Because by the very nature ofthese events they could not occur at other times. It belongs 
to the very nature ofthe sun's rising that it occur inthe morning and not inthe afternoon or 
‘evening. It belongs tothe very nature of a properly functioning clack to point 10 12:00 at 
rhoon and midnight and not at other times. And it belongs to The very nature of death to 
‘ccur a atime later than a person's birth.” 


But what of a time traveler bom in 1980 who, in 2018, enters her time machine, 
pushes a few buttons, and then boldly steps out into the Cretaceous period seventy 
million years earlier—and is promptly eaten for lunch by a passing Tyrannosaurus 


‘A time traveler admits (to himself) how perplexed he is by paradoxes in Robert Heinlein's classic 
tale “By His Bootstraps.” Astounding Science Fiction, October 1941. 

‘Excerpt from a conversation between two paradox-puzzled time travelers in Larry Niven's story 
“Bird in the Hand,” The Magazine of Fantasy & Science Fiction, October 1970. 

°Q. Smith, "Kant and the Beginning of the World,” New Scholasticism, Summer 1985, 
pp. 339-346, 
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rex? Perhaps Smith himself would say that there is no contradiction between this 
nd his third claim because, in the time traveler’s proper time, her spectacular death 
does indeed come after her birth. For many, however, for a time traveler to die 
before her mother is born is a paradox, plain and simple, say what you will about 
proper time. 

One science fiction view of time travel paradoxes is that nature would be so 
disrupted by them that, should one occur, the universe would be tor apart. In one 
story, for example, a paradox is on the verge of happening through the use of a 
Tipier-cylinder time machine (mentioned back in Chap. I, and which we'll discuss 
in more detail in the next chapter). In response to this “threat to common sense,’ the 
tniverse ‘decides’ to avoid the paradox by simply eliminating the perpetrators via a 
local nova! Niven wasn’t the first to use this idea. A famous story® by L. Sprague 
de Camp (1907-2000), written two decades before, had already put forth the 
suggestion that nature will take all required corrective action to avoid paradoxes. 

In De Camp's tale we read of two big-game hunter guides who use “Professor 
Prochuska’s time machine at Washington University” —built with the aid of a “cool 
thirty million” dollar grant from the Rockefeller Foundation—to operate a safati- 
for-hire business that transports hunters back to the late Mesozoic era. When a 
disgruntled client tres to go back to the day before a previous trip to shoot the 
uides (who had displeased him, or rather would displease him the next day), we 
Team just how nasty De Camp thought Mother Nature would be to avoid a paradox. 
(After all, the guides had not been shot during the safari, so they could not be 
shot): “The instant James started [to ambush the guides] the space-time forces 
snapped him forward to the present to prevent a paradox. And the violence of the 
passage practically tore him to bits [making his body look] as though it had been 
pulverized and every blood vessel burst soit was hardly more than a slimy mass of 
pink protoplasm, 

And even earlier we have a famous tale’ that was discussed in Chap. 1, by 
Fredric Brown (1906-1972), a master of the special category of science fiction 
called the “short-short,” in which everything happens in 500 words or less. As you 
‘ight expect, the oddities of time travel were natural attractions for Brown’s quirky 
talent, You'll recall that in this story the inventor of the first time machine 
demonstrates it to two colleagues by sending a brass cube 5 min into the future 
Alter being placed in the machine, the cube vanishes and then $ min later reappear. 
No paradoxes with that—it is trip into the past that has the potential for deadly 
repercussions, We leam just how deadly when the inventor next declares that at 


“L. Niven, “Rotating Cylinders and the Possibility of Global Causality Violation.” Analog Seience 
Fiction, August 1977. Niven took this ttle from a physies paper with that title, authored by Tipler, 
that had appeared three years easier in Physical Review D (Apeil 15, 1974, pp. 2203-2206) 

SL. Sprague de Camp, “A Gun for Dinosaue." Galaxy Science Fiction, March 1956, 

This is a statement ofthe belief thatthe past eannot he changed, an idea we will examine late in 
this chapter. 

Lok back at note 93 in Chap. 1 
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three o'clock he will again place the cube in the time machine but, until then, he will 
hold the cube in his hand. Thus, he says, at S min before three the cube will vanish 
from his hand and immediately appear in the time machine because 5 min after that, 
at three o'clock, he will send it S min into the past, And indeed, at 5 min before three 
the cube does simultaneously vanish from his hand and appear in the time machine. 
‘Then, slightly before three, as the three men stand pondering what has happened, 
cone of the observers asks what will happen if the inventor does not send the cube 
back at three o'clock? “Wouldn't there be a paradox of some sort involved?” he 
wonders.* His curiosity aroused, the inventor can’t resist the experiment—and the 
universe promptly vanishes 

‘Time travel, of course, is full of potential paradoxes, A paradox, according to the 
usual dictionary definition, is something that appears to contain contradictory or 
incompatible parts, thus reducing the whole to seeming nonsense, And yet, truth is 
also evident in the whole. The history of science and mathematics has left a long 
trail of paradoxes, and those that involve time travel are merely among the most 
recent, Not all of the puzzles of time travel involve physics or logic, however. As 
cone philosopher observed, “Doubtless time travel will raise a host of legal difficul- 
ties, e.g., should a time traveler who punches his younger self (or vice versa) be 
charged with assault? Should the time traveler who murders someone and then flees 
into the past for sanctuary be tried in the past for his crime committed in the future? 
I he marries in the past can he be tried for bigamy even though his other wife will 
not be bom for almost 5000 years? Etc., ete. [eave such questions for lawyers and 


writers of ethics textbooks to solve. 

One way early science fiction writers had of responding to the puzzle of time 
travel paradoxes was to just give up and to concede that the logical puzzles are 
overwhelming. In one tale, for example, the inventor of the Chronoscope (a gadget 
that can only view the past) explains, “There is no time travel machine. Such a thing 
is a logical impossibility, treated seriously only by half-cracked writers of fantasy 
Such a machine would lead at once into a hopeless paradox.""" Equally concerned 
about time travel paradoxes was the pulp science fiction time traveler who told his 
partner, just before their first trip in time, that “I’m not sure any more about getting 
back. There’re some unpredictable terms in the time-travel equation—paradoxes, 
Maybe we won't get back.” 


This is what is called a bitking paradox, and such paradoxes will be discussed later in this chapter, 
Brown gave this story a lot of thought, At one point inthe tale one ofthe colleagues. puzzled by 
how the inventor will be able to place the cube ino the time machine at three if it has already 
vanished from his hand and appeared in the machine, asks “How can you place it there thei?" 
Replies the inventor, “It will, as my hand approaches, vanish from the [machine] and appear in my 
hhand to be placed ther.” 

“L. Duyer, “Time Travel and Some Alleged Logical Asynmetres Between Past and Future,” 
Canadian Journal of Philosophy, March 1978, pp. 15-38, 

"M, Jameson, “Dead End,” Thrilling Wonder Stores, March 1941 

"'B, Binder, “The Time Cheaters." Thrilling Wonder Stories, March 1940, 
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Fig. 441 One way pulp science fiction avoided paradoxes was to use a “time viewer’ (like the 
chronoscope in “Dead End") as in “The Time Eliminator” (Amazing Stories, December 1926). 
‘This illustration from the story (authored by somebody who used only the initials K.A.W,) by 
Frank R. Paul (01926 by Experimenter Publishing Co.) shows the inventor demonstrating his 
‘gadget to his future wife and father-in-law. Able to look back in time, the sereen is displaying 
scenes from the older man's courtship of his wife, decades in the past. Reprinted by permission of 
the Ackerman Science Fiction Agency, 2495 Glendower Ave, Hollywood, CA 90027 for the 
Este 


But are there really paradoxes? Or is it true, as the extraordinary boy-prodigy 
who invented a time machine exclaimed (when his teacher asserted that some 
questions could never be answered because “Nature is full of paradoxes”), “Ab, 
Professor, what nonsense! Nature is harmonious; it is we who bring the paradoxes 


into it.” Saying the same are two physicists, in a paper on the circular orbits of 
photons around black holes: “There are no paradoxes in physics, but only in our 


V, Grigoriev, “Vanya,” in Last Door to Aiya (M. Ginsb 


editor), 8. G, Phillips 1968, 


oy 


attempts to understand physical ideas by using inadequate reasoning or false 
intuition.’ And as the time traveler in an early pulp story" casually declares to 
a friend, after an astonishing adventure in the year A.D. 1,001,930, “Paradoxical? 
My dear fellow, the Einstein Theory is full of apparent paradoxes, yet to him who 


understands it there is no inconsistency whatever. Give me another cigarette, will 
you, Frank?” 
It is in Amazing Stories that we find the first non-fictional speculations about 


time travel in a pulp magazine—and certainly long before any physics journal 
would touch the subject! Publisher and editor Hugo Gernsback started those 
speculations by reprinting Wells’ Time Machine, which in turn sparked a fair 
number of readers’ letters that were printed in the magazine's “Discussions” 
section. Typical of the less interesting is the following comment from a letter in 
the July 1927 issue: “In the “Time Machine’ I found something amiss. How could 
one travel to the future in a machine when the beings of the future have not yet 
materialized?” (We answered that question in the previous chapter with the twin 
paradox.) Far more interesting was this letter, in the same issue 


“How about this “Time Machine"? Let's suppose our inventor stats a “Time Voyage’ 
backward to about A.D. 1900, at whieh time he was a schoolboy ... His watch ticks 
forward although the clock on the laboratory wall goes backward. Now we are in June 
1900, and he stops the machine, gets out and attends the graduating exercises of the class of 
1900 of which he was a member. Will there be another ‘he" on the stage? OF course, 
because he did graduate in 1900 . Should he go up and shake hands with this ‘alter ego"? 
Will there be two physically distinct but characteristially idential persons? Alas! No! He 
‘can't go up and shake hands with himself because ... this voyage hack through time only 
‘duplicates actual past conditions and in 1900 this strange “other he" did nor appear suddenly 
in quaint ulra-new fashions and congratulate the graduate. How could they both be wearing 
the samme watch they got from Aunt Lucy on their seventh birthday the same watch in two 
different places atthe same time. Boy! Page Einstein! No, he canot be there because he 
wasn’t there in 1900 (except in the person ofthe graduate)... The journey backward must 
cease on the year of hs birth. If he could pass that yearit would certainly be an effect before 
a cause ... Suppose for instance in the graduating exercise above, the inventor should 
decide to shoot his former self... He couldn't do it because if he did the inventor would 
have been cutoff before he began to invent and he would never have gotten around to make 
the voyage, thus rendering it impossible for him to be thete taking a shot at himself, so that 
as a matter of fact he would be there and could take a shot—belp, help, I'm on a vicious 
cirele merry-go-round ... Now as o tris into the future, I could probably think up some 
humorous adventures wherein [the inventor] digs up his own skeleton and finds by the 
process of actual examination that he must expeet to have his leg amputated because the 
skeleton presents positive proof that this was done"! 


IM. A. Abramowicz and J. P. Lasota, “On Traveling Round Without Feeling I and Uncurving 
Curves,” American Journal of Physics. Qewober 1986, pp. 936-939. 
FJ, Bridge, “Via the Time Accelerator,” Amazing Stories, January 1951 
"This story idea (the letter was signed only with the initials T.D.) may well have been the 
inspiration for R. Rocklynne, “Time Wants a Skeleton,” Astounding Science Fiction, June 1941 
Nota fans agreed with TLD. A few years late, for example. a teenager named P. Schuyler Miller 
(1912-1974), who would author several time travel cassis himself, wrote a letter to the editor of 
Astounding Stories (June 1931) stating “there is nothing in physics ... to prevent yourself from 
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All of the ingenious puzzles in this letter intrigued Gemnsback, and may have, in 
fact, been the cause of his featuring a new, original time machine story'® in the 
same issue. It was the tale of a scientist who transports an entire ship at 
14,000 years back in time and causes it to hover over lost Atlantis! ‘That story 
provoked a sharp letter from a reader who claimed its logic had a fatal flaw: the 
story’s author indicated that the Atlantians observed the time travelers when, ‘of 
course’ (asserted the reader), the time travelers must actually have been invisible. 
‘The reader explained his reasoning as follows, beginning by defining A as one of 
the Atlantians. 


“Now A lived his life, thousands of years ago, and died. AU right, now let us pass on in time 
14,000 years. Now, back we come in time when A is again living his life. Lo and behold, 
this time A sees before he dies a strange phenomenon in the sky! He sees the shipload of 
people observing him. And yet these people are necessarily observing him during his one 
and only lifetime, wherein he certainly did not, could not, have observed them 


Gemsback printed this letter in his September 1927 editorial “The Mystery of 
“Time,” and concluded by saying “Ido ... agree ... that the inhabitants of Atlantis 
‘would probably not have seen the ... travelers in time.” Other readers felt this way, 
00, because after Gemnsback published yet another time machine tale'’ in 1927, the 
same invisibility argument appeared again in the magazine’s “Discussions” 
column. 

‘Two years later an amateurishly written tale" appeared in which a man travels in 
time from 1928 to 2930 with the aid of an “astounding machine based on advanced 
electro-physics and the non-Euclidean theory of hyperspace.” The purpose of that 
story was two-fold: to present several of the classic paradoxes of time travel, and 
then to make the claim that although the simple minds of twentieth-century people 
cannot understand the explanations of the paradoxes (possibly explaining why the 
author offers none!), the paradoxes are all trivial to the scientists of the thirtieth 
century. Despite this shortcoming (as well as some pretty awful dialog) the story 
nonetheless still managed to entertain readers with the sheer mystery of the 
paradoxes. Letters poured into the magazine from young fans, all demanding 
‘more time travel fiction, 

So, that same year Gemnsback responded with a story"? that plays with the 
question of the role of time travelers in the past. (That question was clearly ‘in 


‘going into the past ... and shaking hands with yourself or killing yourself” That did, however, 
provoke the following harsh reply from another. more skeptical reader (in the December 1933 
issue): “P.S. Miller once wrote that time traveling isnot incompatible with any laws of physies 
he don’t know from nothing." 


°C. B. White, “The Lost Continent,” Amacing Stories, July 1927 
YR, Flagg, “The Machine Man of Aedathia,” Amuzing Stories, November 1927 
C. Cloukey, “Paradox,” Amazing Stories Quarterly, Summer 1929, 

HL, Kirkham, “The Time Oscillator.” Science Wonder Stories, December 1929, 
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the air,’ as Gernsback’s old magazine Amazing” simultaneously published a story" 
addressing this same puzzle of time travel.) Could time travelers actually partici- 
pate in events (“mix into the affairs of the period,” in Gernsback’s words), or would 
they just be unseen observers? This question, obviously inspired by the earlier 
discussion in Amazing Stories, intrigued Gernsback as much as it did his readers 
and so, along with Kirkham’s story, he printed a challenge titled “The Question of 
‘Time-Traveling” (see note 18 in the Introduction) 


“In presenting this story to our readers, we do So with an idea of bringing on a discussion as 
to time traveling in general, The question in bref is as follows: Can a time traveler, going 
back in time—whether ten years or ten million years—partake in the life ofthat time and 
mingle in with its people; or must he remain suspended in his own time-dimension, 3 
spectator who merely looks on but is powerless to do more? Interesting problems would 
seem toarise, of which only one need be mentioned: Suppose I can travel back into time, let 
me say 200 years; and I Visit the homestead of my great great great grandfather. and am able 
to take part inthe life of his time. Iam thus enabled to shoot him, while he is stil a young 
‘man and as yet unmarried, From this it will be noted that I could have prevented my own 
birth; because the line of propagation would have ceased right there. Consequently, it 
Would seem that the idea of time traveling into a past where the time traveler can freely 
participate in aetivities of a former age, becomes an absurdity. The editor wishes to receive 
letters from our readers on this point: the hest of which will be published in a special 


Gernsback’s challenge did not go unnoticed and, over the next year or s0, he 
published a large number of reader responses in the magazine’s letters column, 
Indeed, a few months after issuing the challenge, in his introduction to another 


time travel tale,** Gemnsback wrote that ever since the publication of Kirkham’s tale 
“there has been a great controversy among our readers as to the possibility of time 
flying and the conditions under which it may be done.” Most of those letters are 
interesting if not particularly profound, with one exception, That was a letter 
written by a 14 year old boy in San Francisco, and its appearance in the February 
1931 issue of Science Wonder may well have served as the inspiration for several of 
the classic time travel tales published during the next 20 years 


“Some time ago you asked us (the readers) what our opinions on time traveling were 
Although a bit late, Iam now going to voice four opinions 


(1) Now, inthe first place if time traveling were a possibility there would be no need for 
some scientist geting a headache trying to invent an instrument or Time-Machine” 10 
“go back and kill grandpa” (in answer tothe age-old argument of preventing your bith 
by killing your grandparents I would say: “who the heck would want to kil his grandpa 
or gandma!'™) figue it out thusly: A man takes a time machine, and travels into the 


"By this time Gemsback had lost control of Ami 
publisher of pulp “scientifiction,” 


and Science Wonder was his come-hack a8 & 


EL. Rementer, “The Time Deflector,” Amusing Stories, December 1929. Gernsback may well 
have been the editor, before he lost Amuzing. who bought this story, and the magazine's new 
management simply used what remained in inventory 

'F, Flagg, “An Adventure in Time,” Seience Wander Stories, April 1930. 
Look hack at note 26 in “Some First Words, 
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future from where he sends it (under automatic conteol) to the past so that he may find it 
and travel into the future and send it back to himself again, Hence the time machine was 
never invented, but!—from whence did the machine come? 

(2) Another impossibility that might result could be: A man travels a few years into the 
future and sees himself killed in some unpleasant manner.—so—afler returning to his 
‘corret time he commits suicide in onder to avert deat in the more terrible way ssi 
hhe was destined to, Therefore how could he have seen himself killed in an entirely 
different manner than really was the case? 

(3) Another thing that might corrupt the laws of nature would be to: Travel into the future 
find out how some ingenious invention of the time worked: return to your right time: 
build a machine, or whatever it may be, similar to the one you had recently learned the 
Workings of; and use it until the time you saw it arrives, and then if your past self saw it 
13s you did, he would take it and claim it to be an invention of his (your) o¥n, as you did 
"Then—who really did invent the consarn thing? 


(4) Here's the last knock on time traveling: What if a man were fo travel back a few years 
and marry his mother, thereby resulting in his being his own “futher"?” 
Jim H. Nicholson. 


Gemsback’s reply, immediately following this letter, was favorable, opening 
with “Young Mr. Nicholson does present some of the more humorous [?] aspects of 
time traveling. Logically we are compelled to admit that he is right—that if people 
could go back into the past or into the future and partake of the life in those periods, 
they could disrupt the normal course of events.”** Nicholson’s letter is ingenious, 
and it anticipated the central ideas of a number of science fiction tales yet to be 
written** However, as you'll see as you read the rest of this chapter, contrary to 
Gernsback’s view Nicholson's comments are not logically correct.” 


Despite these words, Gemsback apparently hadn't given up entirely on the ‘invisibility of time 
travelers’ view, a he had only a few months easier published another such tale: R. A. Palmer, 
“The Time Ray of Iandra,” Wonder Stores, June 1930. In this story (one either silly or hilarious, 
take your pick) atime traveler moves into the future by means of a time ray.” Unfortunately, the 
ray works differently on the various chemical elements, and not at all on either hydrogen or 
‘oxygen. Thus the time traveler—or atleast nuch of him—and his machine do vanish into the 
future, but lft behind are “several gallons of water spilled on the flor.” (The human body is about 
60% 0.) 

>For example, Nicholson’s item (2) isa precise plot outline for L. Raph, “The Man Who Saw 
‘Through Time." Fantastic Adventures, September 1941, and a version of item (4) is in Robert 
Heinlein's famous “All You Zombies—* Magazine of Fantasy & Science Fiction, Match 1959. 
One cannot, however, fault the imaginative powers of James Nicholson (1916-1972). He 
eventually became President of American Intemational Films, the company that made such 
science fiction ‘classics’ as Attack ofthe Crab Monsters (1957), the 1963 X (The Man with the 
X-Ray Eyes}, and The Time Travelers (1964) 


42. Changing the Pst and the Grandfather Paradox ws 
4.2 Changing the Past and the Grandfather Paradox 
“Tn ot Kidding you at all Phil” Barney insisted, “I have produced a workable Time 


Machine, and Tam going to use i to go back and kill my grandfather: 


As mentioned in “ 


‘ome First Words,” physicists and philosophers often have 
quite different approaches to time travel (see note 26 there again). A vivid illustra- 
tion of that difference is found in a philosophical paper’ that, after acknowledging 
the apparent restrictions of the grandfather paradox, turns its attention to a matter 
that almost surely is beyond the power of physics to study—namely, the nature of 
the conversation between a time traveler and his/her younger self. A physicist, on 
the other hand, views the restrictions as the whole point, because the central 
question that hovers over any discussion of time travel is that of “changing the 
past.” As one science fiction fan summed it up in a letter to the editor of Astounding 
Stories (August 1931): “Itis said that the past cannot be changed, and that any effort 
to do so would be useless. In my belief, no matter where or when a man goes in the 
past, if he appears in a year or day that has already gone by, he is changing the past. 
‘Then there should be no room for doubt: time traveling is impossible. It will never 
be done.” And certainly killing your grandfather in the past (when he is still a baby) 
‘would qualify as a change to the past! 

‘The idea of ‘changing the past’ occurred to the minds of philosophers long 
before it did in those of science fiction writers or physicist 
Christ, the question had already been asked-and-answe 
Nicomachean Ethi 


Four centuries before 
id by Aristotle. In his 
in fact, we find him declaring that the Greek poet Agathon 
had known the answer a century earlier, and he quotes the poet as saying “Forever 
God lacks this one thing alone, To make a deed that has been done undone.” 
Agathon and Aristotle aside, some medieval theologians argued passionately 
that the past could be changed (but only by God). The eleventh-century Italian 
cleric Peter Damian (who became a Christian saint) is a famous exponent of that 
radical view.” Writing in his De Omnipotentia Dei (“On the Divine Omnipotence 


‘The opening line to FM. Busby, “A Gun for Grandfather,” Fuure Science Fiction, 
September 1957 
Mtisi Benovsky, “Endurance and Time Travel," Kriterion—Journal of Philosophy, 2011 
pp 65-72 
RP. McArthur and M.P. Slattery, Peter Damian and Undoing the Past.” Philosophical Stalies 
February 1974, pp. 137-141; P. Remnant, “Peter Damian: Could God Change the Past?” Canadian 
Journal of Philosophy, June 1978, pp. 259-268: R. Gaskin, “Peter Damian on Divine Power and 
the Contingency of the Past,” The Brisish Journal forthe History of Philosophy. September 19, 
pp. 229-287. 
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in Remaking What Has Been Destroyed and Undoing What Has Been Done”),"° 
Damian made it clear that he believed nothing could withstand the power of God, 
not even the past. Ralph Waldo Emerson's poem “The Past” (“All is now secure and 
fast, Not the gods can shake the Past") would have been blasphemy for Damian. 
‘The following words from Damian testify to the strength of his commitment to a 
belief in the possibility of changing the past: “Just as we can duly say “God was able 
to make it so [that] Rome, before it had been founded, should not have been 
founded,’ in the same way we can equally and suitably say, "God can make it so 
that Rome, even after it was founded, should not have been founded.”*** 

‘Two centuries after Damian, Aquinas argued the contrary view, that changing 
the past is not within God’s power. Whereas Damian felt it impossible to deny any 
act to God, Aquinas took the far more moderate position that part of God’s law is 
that there be no contradictions in the world (this is, in fact, the modern view of time 
travel physicists) and that certainly God would be bound by his own law. As he 
wrote, “It is best to say that what involves contradiction cannot be done rather than 
that God cannot do it.” In his Paradise Lost, John Milton’s God is constrained even 
‘more: he is free to act or not, but if he does freely decide to act, it can only be to “do 
right.’ That might seem to preclude causing contradiction, as in changing the past, 
but perhaps not. Milton's contemporary, Thomas Hobbes, declared that there is no a 
priori standard of goodness, and thus (for Hobbes) there are no constraints on Gods 
powers. For Hobbes, therefore, it would seem God could change the past. Th 
logical changing of the past, as you might expect, leads to all sorts of mind-boggling 
puzzles, Because of such puzzles, theology would certainly be influenced by time 
travel, but just as certainly theological reasoning will not illuminate the puzzles of 
the time travel paradoxes 

‘The question of the immutability of past events is of special interest to theolo- 
gians because itis directly related to the question of free will versus fatalism, That 
is, are humans the creators of the future, or are they mere fated puppets of destiny? 
One way theology gets involved with the issue of ‘changing the past” is via what is 
called the retroactive petitionary prayer. (An “ordinary” petitionary prayer, like the 
Lord’s Prayer in Matthew 6 and Luke 11, asks for something in the present or the 
future.) Examples of retroactive prayers include that of the surgical patient who 
prays, just before an exploratory operation, for his tumor to be non-malignant, and 


“This work isin ihe Form of a letter to his friend Desiderius (who later became Pope Vietor ID, in 
‘which Damian rebutted Desiderius’ defense of St. Jerome's claims that “while God ean do all 
things, he cannot cause a virgin tobe restored afer she has fallen.” Desiderius thought the reason 
God could not restore virgins is that he does not want to, to which Damian replied that this meant 
God is unable to do whatever he does not want to do, but this meant that God would then be less 
powerful than men, who are able to do things they don’t want to do (such as go without food fora 
month). This is @ good example of the dangers involved when getting into debates with 
theologians. 

The Argentinian writer Jorge Luis Borges (1899-1986) was so inspired by Damian's view that 
the past could he changed that he wrote a short story based on it (see “The Other Death,” originally 
published in The New Yorker, November 2, 1968) and put a character in it named after Damian, 
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that of the soldier's wife who prays that her husband was not among those killed in 
yesterday's battle, Such prayers are fora happy outcome to an event that is over and 
done with at the time of the prayer. One might accept the rationality of praying 
about the future (“Please, God, let me survive tomorrow’s battle and I'll be good for 
the rest of my life”) but are prayers about the past even sensible? (The three major 
monotheistic religions of the world—Christianity, Judaism, and Islam—say yes.) 

In an appendix titled “Special Providences” in his book Miracles, C. 8. Lewi 
answers that question as follows 


“When we are praying about the result, say, of a battle or a medical consultation, the 
thought will often cross our mins tht (if only we knew it) the event is already decided one 
way ar the other. [believe this to be tio good reason for ceasing our prayers. The event 
certainly has been decided—in a sense it was decided before all worlds.” But one of the 
things taken into account in deciding it, and therefore one ofthe things that really causes it 
to happen, may be this very prayer that we are now offering. Thus, shocking as it may 
sound, I conclude that we ean al noon become part causes of an event occurring at ten 
A.M. (Some scientists would find this easier than popular thought does.)” 


Here we see Lewis, a prominent lay theologian, arguing for the present influenc- 
ing (but not changing) the past. What can we make of that? Was Lewis arguing for 
backward causation, the close relative of time travel? I think perhaps so; the final 
lwo sentences in the above excerpt makes it plausible that he may have held that 
view. Its a view that does find much support in the block universe interpretation of 
Miinkowskian spacetime. Lewis never mentions the block concept by name, but itis 
clear that he believed in the idea of God being able to see all of reality at once 
Lewis believed, therefore, that God knows of a petitionary prayer before itis made; 
or, even stronger, if God is not a temporal being but rather is etemal and knows time 
“all at once," then God knows the prayer and the event being prayed about ‘at the 
same time,” 

Lewis did make it clear that he believed it isa sin to pray for something known 
not to have occurred—for example, to pray for the safety of someone known to 
have been killed yesterday. As he wrote, “The known event states God’s will. Iti 
psychologically impossible to pray for what we know to be unobtainable, and if it 
‘ere possible, the prayer would sin against the duty of submission to God's known 
will.” Taking a less judgmental position (but essentially agreeing with Lewis) were 
{wo philosophers who, writing of the battle of Waterloo, said “for one who knows 
the outcome of the battle more than a hundred and 50 years ago, [a retroactive 
pelitionary] prayer is pointless and in that sense absurd, But a prayer prayed in 
ignorance of the outcome of the past event is not pointless in that way.” Further, in 
support of backward causation, they also wrote that “to pray in 1980 that Napoleon 
lose at Waterloo” is logical because “why should your prayer not be efficacious in 
bringing about Napoleon’s defeat?” Disagrecing, however, was another philoso- 
pher who bluntly declared “A prayer for something to have happened is simply an 
absurdity, regardless of the utterer’s knowledge or ignorance of how things went."""* 


SE. Stump and N. Kretzmann, “Eternity.” Journal of Philosophy, August 1981, pp. 429-858, 
SP. Geach, God and the Soul, Roulledge & Kegan Paul 1969, 
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‘There have been all sorts of opinions expressed through the ages in reaction to 
the idea of affecting the past via retroactive petitionary prayers, * and on the role of 
backward causation. The British philosopher Michael Dummett (1925-2011), in 
particular, discussed Lewis’ concept of such prayers with great symy 
backward causation allows one to both explain them as well as retaining free will, 
That is, it is not God’s foreknowledge that causes our later actions (forcing our 
behavior and so turning us into automatons), but rather itis our later freely-chosen 
actions that causes God’s foreknowledge! While such theological speculations are 
interesting, in the end they are simply positions of faith, about which mathematical 
physics has nothing to say 

Eventually, of course, others besides philosophers and theologians began to 
ponder the questions raised by ‘changing the past.” In a January 1963 personal 
letter to the editor of The Magazine of Fantasy and Science Fiction, Robert 
Heinlein wrote™® “Mark Twain invented the time-travel story; 6 years later H. G. 
Wells perfected it and its paradoxes {my emphasis]. Between them they left little 
for latecomers to do.” How a man as widely read as was Heinlein, who had authored 
some of the best short time travel stories ever written, could have written such an 
erroneous sentence is a mystery to me. A Connecticut Yankee in King Arthur's 
Court and The Time Machine, certainly both works of genius, are not pioneers in 
paradox. And Heinlein’s own contributions are proof enough that there was a lot 
left to do with time travel, well after 1900. 

‘The very first story to be written that even hints at the particular time travel 
paradox of changing the past seems to be by the Unitarian minister Edward Everett 
Hale (1822-1909), best known today as the author of the 1863 story “The Man 
Without a Country.” Hale wrote “Hands Off" in 1881, and published it anony- 
mously in Harper's New Monthly Magazine with the express purpose of stirring up 
some theological debate (which apparently it didn’t). He certainly had no idea that 
he would come to be recognized by literary scholars as a pioneer in the yet-to-be 
invented genre of science fiction. 

Hale’s story opens with the mysterious words “I was in another stage of 
existence. I was free from the limits of Time, and in new relations to space.” 
‘These words are spoken by an unnamed narrator, who seems to have just died, 
and who finds himself, in his new ‘form,’ observing “some twenty or thirty 
tems” while in the company of “a Mentor [probably an angel] 
so loving and patient.” Under the guidance of this Mentor, in an attempt to 
‘improve’ history, the narrator alters the Biblical account of Joseph and his 
imprisonment in Egypt. At first, subsequent history ix better, but then humanity 


“A summary of those opinions can he found in G. Brown, “Praying About the Past." Philasoph- 
ical Quarterly, January 985, pp. 83-86. Debate continues on the retroactive prayer into the 21st 
century: se, for example, K. Timpe, “Prayers for the Pas.” September 2005, pp. 305-322, and 
TJ, Mawson, “Praying for Known Outcomes.” March 2007, pp. 71-87, both in Religious Studie 
SM, Dummett, “Bringing About the Past." Philosophical Review. July 1964, pp. 338-359, 
“Reprinted inthe posthumously published Grumbles from the Grave edited by Heinlein's widow, 
Virginia Heinlein), Del Rey 1990, 
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sinks into irreversible depravity. In the end the narrator watches the last handful of 
hhumans kill each other in a particularly symbolic place for the Christian world 
“The last of these human brutes all lay stark dead on the one side and on the other 
side of the grim rock of Calvary!" There would be no Crucifixion and Resurrection 
for the salvation of humankind, which naturally greatly disturbs the narrator. But 
the Mentor calms him, saying “Do not be disturbed, you have done nothing.” It has, 
you see, just been an experimental world, an alternate Universe, and the narrator has 
learned the lesson of “Hands Off" the past 

Hale's story is better Sunday sermon than it is a change-the-past time travel 
tale, and the device of experimenting on a not-eally-real Earth is disappointing 
from a modem science fiction point of view. But Hale's story almost certainly did 
have an immediate (if indirect) impact. There is no absolute proof, but with its 
appearance in a national magazine, it seems quite likely that “Hands Off” was read 
by Edward Page Mitchell (1852-1927), an editor on a daily New York newspaper, 
the Sun. I write that because, just 6 months after Hale’s story appeared, the Sun, in 
its issue of September 18, 1881, printed Mitchell’s “The Clock That Went Back- 
‘ward. That tale, published anonymously, used a machine (the clock) for time 
travel,”” as well as incorporated the idea of time travel involving paradoxes, The 
story predates Wells’ Time Machine by 14 years, and Wells’ novel did not include a 
paradoxical element." 

There are, howeve 


two hints at paradox in Wells’ novel. In the opening, during 
the dinner party at which the Time Traveller tries to convince his friends of the 
possibility of a time machine, one of them observes that “It would be remarkably 
convenient for the historian, One might travel back and verify the accepted account 
of the Battle of Hastings, for instance.” To that another guest replies, “Don’t you 
think you would attract attention? Our ancestors had no great tolerance for anach- 
ronisms.” The second hint occurs when the incredulous Editor, astonished at the 
disheveled appearance of the Time Traveller upon his retum from the future, 
wonders “What was this time traveling? A man couldn’t cover himself with dust 
by rolling in a paradox, could he? 

What might happen if time travelers could change the past? This question is 
nicely illustrated in one novel” where a time traveler finds himself stranded in the 
London of 1810. Despite his predicament, he takes solace with “I could invent 
things—the light bulb, the internal combustion engine, ..., flush toilets...“ But 
then he thinks better of doing any of that: “no, better not to do anything to change 


"See Jan Pinkerton, “Backward Time Travel, Alternate Universes, and Edward Everett Hale,” 
Exirapotation, Summer 1979, pp. 168-175. The time machine in Mitchell's story is more fantasy 
than anything else. It is simply stated tha if the clock runs backward, then i travels backwwar 


‘Wells filure to use paradox in his famous novel surprises most moder readers and, in fact, one 
of the first reviewers specifically criticized him for this lapse. See the 1895 review of The Time 
Machine that appeared in Pall Mall Magazine, by Israel Zangwill, reprinted in Parrinder’s book 
(note 1 in the Introduction). 

™T, Powers, The Anubis Gates, Ace 1983, a work with equal shares of physics and magic 
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the course of recorded history—such tampering might cancel the trip I got here by, 
or even the circumstances under which my mother and father met. I'l have to be 
careful.” 

‘This is really just a more recent treatment of the chang 


the-past paradox that 
‘was already well established in early science fiction, In a story“” published a half- 
century before, we find the paradox explicitly stated, along with a possible solution 


that is similar to the kind of explanations that have appeared in the philosophical 


literature": 


“Suppose you landed in your own past?’ 
Dow smiled. 
“The eternal question.” he sad, “The inevitable objection to the very idea of time travel 
Well, you never did, did you? You know it never happened!” 


(queried Eric.” 


But, suppose you could land in your own past. What then’? 

(One famous story“ that considered this question embraced the idea of changing 
the past. In ita client on a dinosaur hunting safari fails to follow the instructions of 
his guide to do nothing in the past except shoot a dinosaur that is about to dies for 
“other reasons” anyway—alas, he accidently kills a butterfly. This results in 
enormous changes in history, as indicated by the ‘before’ and ‘after’ versions of 
the time machine company’s ad: 

before 

‘TIME SAFARI, INC. 

SAFARIS TO ANY YEAR IN THE PAST. 

YOU NAME THE ANIMAL. 

WE TAKE YOU THERE, 

YOU SHOOT IT. 

after 

"TYME SEPARI INC. 

SEFARIS TU ANY YEER EN THE PAST. 

‘YU NAIM THE ANIMAL. 

WE TAEK YU THAIR. 

YU SHOOT ITT. 


Bradbury describes the death of the butterfly as having started the knocking 
jown [of] a line of small dominoes and then big dominoes and then gigantic 
dominoes, all down the years across Time.” This is, of course, a somewhat 


unconvincing argument. After all, previous dinosaurs, when shot, must have fallen 
to the ground and flattened a lot of butterflies! With such threats for every decision, 
no matter how seemingly innocent, hanging over the head of a time traveler, it 


"6. Moore, “Tryst in Time,” Astounding Stories, December 1936, 


e, for example, P. J. Riggs, “The Principal Paradox of Time Travel.” Ratio, April 1997, 
‘p-48-64. The ‘principal paradox’ is that time travel is inherently contradictory because it permits 
the possibilty of traveling to an earlier time to prevent the wip. The grandfather paradox is a 
special case of this. For more discussion, see T. Chambers, “Time Travel: How Not to Defuse the 
Principal Paradox.” Ratio, September 1999, pp. 296-301 

“°R. Bradbury, “A Sound of Thunder," Collier's, June 1952. 
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\Would take a brave soul to do much more, while in the past, than just stand still and 
breathe 

Equally grim is the tale“’ that takes a different view by denying the past can be 
changed. There we read of a doomed hero who journeys back to 1865 to save 
Lincoln from Booth, but his “time-distorter” is quickly taken away from him by 
suspicious guards. Its internal workings tick, you see, and they think he is an 
assassin with a clock bomb. They destroy it, haul him away to his fate, and Lincoln 
goes on to meet his. In the same spirit (but even more shocking) is the result of a 
time traveler's intentional tampering with the past in David Gerrold’s 1973 novel 
The Man Who Folded Himself. That traveler experiments with “making things 
different” and, in his words, “Once I created a world where Jesus Christ ... went 
cout into the desert to fast and never came back. The twentieth century I returned to 
‘was—different, Alien.” 

With such a stupendous power to alter reality, assuming the past cam be changed, 
perhaps one might imagine prospective time travelers to the past being required to 
first file Historical Impact Statements!“ Not all would receive permission. In one 
classic tale. for example, we read of a time traveler who takes a rifle and 5000 
rounds of explosive bullets back to Golgotha, His intention—to be history’s first 
Rambo by picking off any Roman soldier who gets within a hundred yards of Jesus! 
AAs outrageous as this concept is (but who among those now reading this won't 
admit to at least a momentary thrill at the idea and, perhaps, even a secret 
willingness to do it themselves, if they could), it isn’t the story’s peak. That 
comes when the reader is reminded that it was Christ's desire to die on the Cross, 
that he had to die for our sins; to prevent that from happening would change all of 
history for the last 2000 years. What, then, should the time traveler's colleagues do 
‘when they discover his plan? Should they stop him or not? What might happen if 
they do interfere? Of course, if the time traveler is “now” in the past isnt it already 
“too late” to stop him? Oh, the conundrums of time travel and changing the past! 

The classic change-the-past paradox is, of course, the grandfather paradox. A 
famous story" pushed this paradox to its logical limit to illustrate its supposed 
dangers. Having traveled to Greece in the fifth century B.C., the traveler suddenly 
realizes (with just a litle exaggeration): “Ninety-five generations back you'd have 
‘more grandfathers than there are people on Earth, or stars in the Galaxy! You're kin 
to everyone ... You as much as take a poke at anyone, and the odds are you won't 
even get to be a twinkle in your daddy’s eye,” 


‘SR. Silverberg, “The Assassin,” Imaginative Tales, July 1957. 
“See, for example, the novel by C. L. Hamess, Kromo, Franklin Watts 1988, 
“A, Porges, “The Reseuer.” Analog Seience Fiction, July 1962 


P_ S. Miller “Status Quondam,” New Tales of Space and Time, November 1951, This is the 
Miller I mentioned hack in note 15. 
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Fig. 4.2 Ilustrtor Jack Binder (1902-1986) was the author of continuing series called “IF— 

in Thrilling Wonder Stories. In each issue, the ellipses would be replaced with some phrase 
such as “the Sun exploded!,” “there was another ice agel,” or “there was no friction!.” The 
installment shown here (and in Fig. 4.3) appeared in December 1938 and asserted that the past 
could be changed by a time traveler 
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hack 

t EFFECTIVE STEAM-TURGINE COULD BE MADE, DEVELOPING MORE POWER, 

“An THE ROWANS DALAMED POSSELE. tT WOULD START THe ROMAN ACE 

OFF INAN INDUSTRIAL ERA SEVENTEEN CENTURIES AHEAD OF iTS TIME, 
RECORDED HISTORY WOULD BE CHANGED! 


Fig. 43 (Fig. 4.2 continued). Mustration f 
Beiter Publications, Inc: Reprinted by permission of 
Glendower Ave., Hollywood, CA 90027 forthe Estate 


fou Were Stranded in Tim 


1938 by 


‘Ackerman Seience Fiction Agency, 2495 
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Even earlier than Miller’s tale is an equally famous one” that illustrates the 
same point in a graphic way. In A.D. 452 a time traveler shoots and kills one of, 
Attila’s Huns (who would have been his great-grandfather many times over): the 
result is that 50,000 of the Hun's descendants vanish! So dramatic did the readers of, 
this story find the concept that author repeated the idea the very next year."* Twenty 
‘years later another writer topped these tales by having a time traveler accidently kill 
the original ‘intelligent baboon’ in the ancient past, thereby wiping out the entire 
human species!” 

Science fiction writers have been 


puzzled by the grandfather paradox™ as 
have been nearly everybody else. As the inventor of the first ime machine says in 
one tale"! “I have devised a method [for travel] into the distant past. The paradox is 
immediately pointed out—suppose [the time traveler] should kill an ancestor or 
otherwise change history? I do not claim to be able to explain how this apparent 
paradox is overcome in time travel; all 1 know is that time travel is possible. 
Undoubtedly, better minds than mine will one day resolve that paradox, but until 
then we shall continue to utilize time travel, paradox or not.” 

Some may feel it overly dramatic that the classic time travel paradox has such a 
murderous form, but that is its historical origin in science fiction (not in either 
physies or philosophy). We can find the grandfather paradox discussed as if already 
well-known in a letter to the editor at Astounding Stories January 1933). The 
author of that letter wrote “Why pick on grandfather? It seems that the only way to 
prove that time travel is impossible isto cite a case of killing one’s own grandfather, 
‘This incessant murdering of harmless ancestors must stop. Let’s sce some wide- 
awake fan make up some other method of disproving the theory.” As we proceed, 
‘you'll see just how clever some of those who responded to that writer’s plea have 
‘been but, éven today, as the grandfather paradox stands revealed as a red herring, it 
is preeminent in most people’s imaginations. If a solution to the grandfather 
paradox puzzle escaped an early science fiction writer, then he would generally 
just mysteriously mention it and then hasten on to other matters. For example, in 
one story™ the following exchange between the stock pulp-fiction characters of a 
young hero and a brilliant old scientist occurs: 


TN, Schachner, “Ancestral Voices," Astounding Stories, December 1933, 

SN, Schachner, “The Time Imposter,” Astounding Stories, Mareh 1934. 

°C. Dye, “Time Goes to Now," Science Fiction Quarterly, May 1953 

“The “paradox’ is that, assuming you de arrive inthe past with a working gun, why cam’ you kill 
Yyour grandfather? Afterall, you nust fail in that quest because otherwise you wouldn't be there 
{rom the future to even ty. But why must you fall? Its, of course, not actually necessary to ty 10 
[ull your grandfather to un into this paradoxical situation —just go back in time to any moment in 
the past and try to kill yourself! You won't sueceed (if the past is unchangeable), but why nor? 
(To angue ‘because the past is unchangeable” is to beg the question, We need more insight than 
that) 

SIM. Reynolds and F. Brown, “Dark Interlude.” Galaxy Science Fiction, January 1951 

*C. South, “The Time Micro," Amazing Stories, December 1942. 
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“You mean that time tavel really is possible? That men can be transported into the future or 
the past—?" 

‘The other held up a restraining hand, “Yes. Time travel is possible 

ut professor! Think of what you're saying! You're telling me that I could go back and 
murder my ovn grandfather. That I could prevent myself from being born—2" 

‘Again the elder man sighed. "I was afraid of this,” he said. “I knew you could not 
understand.” He hesitated. Then: “At any rate, take my word for it that time travel is 
possible. Also, I assure you that there are any number of perfectly sound theoretical and 
practical reasons why you never could hope to murder your grandparents, 


We are, however, not told just what those reasons might be. 

Even when all has been said about the impossibility of changing the past, and 
even when they are finally willing to concede that point, most people still cannot 
help wondering why the time traveler can’t kill his grandfather. There the time 
traveler is, afterall, just two feet away from the nasty young codger (I assume he is 
nasty to make the whole unpleasant business of murder as palatable as possible), 
with a perfectly functioning and well-oiled revolver in his hand, cocked and loaded 
\with powerful, factory-fresh ammunition that even Dirty Harry would find exces- 
sive. What can possibly prevent the time traveler from simply raising his arm and 
doing the deed? Indeed, the artwork (reproduced at the end of the Introduction) 
accompanying one 1944 story shows this act in detail, including the smoking gun in 
the hand of the time traveler who has just taken a shot at grandpop. And if that still 
leaves open the remote possibility of an aiming error through nervousness, then 
‘why can’t a suicidal time traveler just wrap his body in factory-fresh dynamite and 
blow-up granddad—along with himself and everything else within a hundred feet? 

Til argue in this book that killing your grandfather in the past, before he sets you 
in motion, is logically impossible. The laws of physics will then faithfully do their 
duty. No one will ever find an unfinished note in the empty laboratory of a missing 
traveler who, skeptical of the grandfather paradox, has written “To prove the falsity 
of the grandfather paradox, I will take my time machine back 50 years and kill my 
grandt....” Nor will any time traveler have to be concerned about the twist in one 
tale, which opens with the inventor of a time machine is showing the gadget to thre 
friends. One of them later steals the machine to go back 60 years to kill his 
grandfather—and the story closes with a near repeat of the opening, with the 
inventor showing the gadget to two friends.** 

Invoking logic in this way, in the context of time travel to the past, was discussed 
in the philosophical literature nearly half a century ago: “IP we assume that it is 
impossible for {a time traveler to kill his younger self], some people are inclined to 
ask such questions as this: “But how can the laws of logic prevent him from killing 
his younger self? Do they cause his finger to slip on the trigger or the bullet to fly 
apart in mid-air?” The implication of such questions is that the laws of logic cannot 
prevent such actions. But such questions are like asking: ‘How do the laws of logic 


SF. Brown, "First Time Machine,” Honeymoon in Hell, Bantam 1958, 
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prevent the geometer from trisecting the angle or squaring the circle? Do they, for 
example, cause his ruler to slip as a crucial moment every time he tries it?”* 

A similar point was made later by another philosopher: “Surely it is not an 
impairment of “freedom of action’ ... that, e.g., you cannot push another person 
harder than he/she pushes you. Just as one would explain this is the case by 
reference to Newton’s third law (‘to every action there is an equal and opposite 
reaction’), one could explain the impossibility of [causing a paradox] by reference 
to the laws which imply such a impossibility. If this explanation is taken to be 
unsatisfactory, it would seem that one is saddled with a general problem concerning 
the reconciliation of physics and ‘freedom,’ and not with a specific argument 
against {paradoxes}. 

‘The grandfather paradox unquestionably nags at all students of time travel. As a 
character in one story declares, “The resolution of [the grandfather paradox] is the 
key to time,”** and some incorrectly believe it remains unresolved.” The paradox 
is undeniably troublesome: as one philosopher put it, the apparent possibility of a 
time traveler being able to do away with both his grandfather and himself gives 
“tise to such puzzles that we are forced to question its [time travel’s] intelligibil- 
* In the next section we'll explore how to answer this concer, 


ity. 


4.3 Changing Versus Affecting the Past 


“The past—it's pretty damn solid, Phil. I's alittle Hike a compost pile—faiely soft near the 
surface but packed hard further down, with all that Time piled on top of it”? 
—one “explanation,” perhaps, for the unchangeability of the past 


‘The common belief today, among physicists and philosophers alike, is that given 
any consistent description of reality itis simply impossible fora time traveler to kill 
himself as a baby. As one philosopher put it, “Autoinfanticide is metaphysically 
impossible [my emphasis]. This metaphysical impossibility is philosophically 
intriguing because unlike most impossible events, we can vividly picture how it 
might look, Time travel itself seems possible, and for those who arrive in the past 


=]_W, Meiland, “A Two-Dimensional Passage Model of Time for Time Travel,” Philosophical 
Sudies, November 1974. pp. 153-173. Seiencefition had already considered time travel suicide 
in, for example, K. Neville, “Mission,” Fantasy and Science Fiction, Apeil 1953 

SR, Amtzenius, “Causal Paradoxes in Special Relativity,” British Journal fr the Philosophy of 
Science, June 1990, pp. 223-243, 

%p, Worth, “Typewriter from the Future,” Amazing Stories." February 1950. See also note 106 in 
Chap. | 

For example, in J. H. Schmidt, “Neweomb's Paradox Realized with Backward Causation,” 
Brisish Journal for the Philosophy of Science, March 1998, pp. 67-87. we read that “there are as 
yet no generally accepted solutions" to the grandfather paradox. 

5S, Gorovit, “Leaving the Past Alone.” Philosophical Review, July 1964, pp. 360-371 

°F. M. Busby, “A Gun for Grandfather,” Future Science Fiction, Fall 1957. 
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‘with proper equipment and training, the actual infanticide should not be difficult." 
‘And so the grandfather paradox lives on, bedeviling both physicists and philoso- 
phers alike, 

Indeed, one physicist described the time travel paradoxes as “the most contro- 
versial issue related to time machines.”*" As he argued, “These paradoxes seem to 
be something inherent to time machines (their main attribute, perhaps), so it is 
reasonable to assume that if there exists a universal law prohibiting the time 
machines, it must have something to do with the paradoxes. And on the other 
hand, be the problem of the paradoxes satisfactorily solved there probably would be 
no need to look for such a law, the (supposed) paradoxicalness of the time machines 
being traditionally the main objection against them.” 

One of the persistent stumbling blocks to removing the confusion of the para- 
doxes is a failure to distinguish between affecting and changing the past. One 
philosopher wrote this, in a somewhat bungled attempt to explain what is meant 
by affecting the past: “Nothing anyone can do now can make it not have rained 
yesterday” if, in fact, it did rain yesterday. This is correct, but it is not what is 
‘meant by affecting the past. Rather, if the reason it did rain yesterday is because a 
time traveler from the future seeded the clouds, then that time traveler affected the 
past. Making it not to have rained yesterday would be to change the past. 

A classic™ by Isaac Asimov illustrates what is meant by a time traveler affecting 
the past. An idealistic physics professor, convinced that the world’s political 
problems are the result of the comparative newness of scientific thought and 
tradition, tries to change the past (and thus the present) by sending a Greek 
translation of a modem chemistry text back 2000 years to the Hellenic days of 
Leucippus, Lucretius, and Democritus. He dies in the attempt but succeeds in the 
transmission, When a government investigator—called in because the professor 
drained an entire nuclear power reactor to energize his time machine!—discovers 
that the transmission takes a day to travel back a hundred years (a little gimmick 
‘with no foundation in physics, but simply something Asimov needed for the story), 
he fears ‘our’ world will vanish in 20 days, to be replaced by a ‘new’ one. In the end, 
however, he learns you can’t change the past. As one of the late professor's 
colleagues tells the investigator, “While you are right that any change in the course 
of past events, however trifling, would have incalculable consequences ... I must 
point out that are nevertheless wrong in your final conclusion, Because THIS is the 
world in which the Greek chemistry text WAS sent back.” 


David Horacek, “Time Travel in Indeteeministie Worlds,” The Monit, July 2005, pp. 423-436. 
"IS, Krassikov, “Time Travel Paradox.” Physical Review D, February 14, 2002, pp. 064013-1 
wo. 

*R. G, Swinburne, “Affecting the Past,” Philosophical Quarterly, October 1966, pp. 341-347, 
‘The Red Queen’s Race,” Astounding Science Fiction, January 1949, 


208 4 Philosophers, Physicists, and the Time Travel Paradoxes 


Another good illustration from science fiction of affecting the past can be found 
years before Asimov’s. In that story, a time traveler leaves the Chicago of 1942 
for the year 3000. Much later, in the year 2564, another time traveler interested in 
history journeys back to 2253 in an attempt to learn the cause of the great Chicago 
explosion of that year. The explosion was centered on the site of an ancient 
laboratory once used by a scientist who mysteriously vanished in 1942. The second 
time traveler begins his trip into the past on the same spot, with plans to go back to 
the day before the explosion. At the story’s end, we learn that the disaster was the 
result of the two time travelers colliding as both ‘passed through’ 2253. The 
backward traveling historian, therefore, by pushing a button in 2564, is the cause 
of an event that happened 311 years earlier.'* 

To give a science fiction example of changing the past, it would be hard to do 
better than with a story that appeared a few years after Asimov’s The central 
character is a researcher in time travel who has concluded that what is wrong 
with the world can be traced back to the scientific method getting off to a late 
start (this story was almost surely written as a result of Asimov's tale!): the 
time traveler thinks he can correct matters by visiting 340 B.C. and educating 
Aristotle on the proper scientific altitude. (Aristotle believed that observing the 
‘world was inferior to pure thinking about how the things, in his opinion, ought to 
‘work.) This the time traveler does, with utterly disastrous consequences. He returns 
to the present to find a scientifically retarded world that makes him a slave, In his 
cell he writes on a wall the bitter lesson he has leaned too late: “Leave Well 
Enough Alone.”°° 

It is the fear of time travelers from the future attempting to alter the past that has 
led some philosophers (and not just a few physicists) to assert that time travel is 
impossible, because it would mean what they feel to be impossible might happen: 
changing the past. One philosopher, however, argued long ago that such a worry is 
unwarranted, As he wrote at the end of an essay (a polemic against the concept of 
four-dimensional spacetime, and so against the idea of time travel), “Squandering 
vast sums on foolish enterprises is an everyday occurrence, [For example}, will the 
US. time explorer get back and eliminate Lenin before his Russian rival gets back 
even earlier and eliminates George Washington? ... If such spectacular folly once 
gets under way because governments have been convinced of some nonsensical 
theory, a logician will not .... lose any steep about who is going to succeed.™” 


0, Saari, “The Time Bender.” Astounuing Stories, August 1937. 

“This story describes something abit more than ‘simply’ affecting the past: thas a causal loop in 
it.The time traveling historian makes his trip hecause ofan event inthe past that his trip causes 
Such paradoxes will be the subject ofthe next section. 

L, Sprague de Camp, “Aristotle and the Gun,” Avounding Science Fiction, February 1958, 
Asimov and de Camp were elose friends, and their two stories with similar premises are cleasly the 
result of abit of friendly svaly. 

p. Geach, “Some Problems About Time,” in Studies in the Philosophy of Thought and Action 
(PF. Strawson, editor), Oxford 1968, 
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And long before that essay (with its correct conclusion reached through faulty 
reasoning) was penned, we learn the same lesson (in a 1923 tale by the English 
novelist May Sinclair (1863-1946) as we follow a woman right into hell afier her 
death; she ends up there because of an immoral life. She then wanders through time, 
into her past, but finds that she can change nothing. As she is told, “You think the 
past affects the future. Has it never struck you that the future may affect the past? 

‘You were what you were to be.”** This last line, from a non-science fiction 
story, is consistent with the modem view held by physicists of time travel. You 
cannot travel anywhere into the past unless you've already been there, and when 
you do make the trip you will do what you've already done there. You could not, as 
does the time traveler in one tale,”” change the course of history by revealing 
‘twentieth-century physics in the eighteenth century. That does not mean you would 
necessarily be ineffectual during your stay in the past, however (certainly it doesn’t 
mean, as Hugo Gemsback thought, that you'd be invisible!) Not being able to 
change the past is not equivalent to being unable to influence or affect what 
happened in the past, and science fiction writers have used this distinction to 
good effect, as did Asimov (note 63) and de Camp (note 66). 

Robert Heinlein was a science fiction writer who clearly understood time travel 
paradoxes, both what they mean and, at least as important, what they do not mean. 
In his 1964 cold-war novel Farnham’s Freehold, for example—the story of a 
family that is literally blasted twenty-one centuries into the future when their 
bomb shelter receives a direct hit from a Soviet nuclear warhead—we find follow- 
ing exchange as two of the characters are about to return to their original time via 
time machine: 


“The way I see it there are no paradoxes in time travel, there can't be. If we are going to 
‘make this jump, then we already did: that’s what happened. And ifit doesn't work, then i's 
Ihecause it didn't happen.” 
“Bur it hasn't happened yet. Therefore, you are saying it didn't happen, so it can't 
happen. That's what Isai” 
‘no! We don't know whether it has already happened or not It did, it will, rit 
did't, it won't” 


Modern philosophers, and many physicists, to, as well, who have examined the 
concept of time travel in depth, agree with Heinlein’s character and, indeed, it is 
now common practice to invoke the so-called principle of self-consistency—gen- 
erally attributed to the Russian astrophysicist Igor Novikoy (see note 117 in 
Chap. 1) because he and his colleagues did not simply invoke it, but rather were 
able to derive it from the principle of least action, a concept held by many to be at 


"M, Sinclair, "Where Their Fire Is Not Quenched.” in After she Darkness Falls (B. Karloff 
editor), World Publishing 1946, 
D, Beason, “Ben Franklin's Laser 


* Analog, December 1990. 
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the highest level of importance in physics” all that is required, argued Novikov, in 
any physical process (including time travel), is that a logical consistency exist 
between events.” In his book Evolution of the Universe (originally published in 
Russian in 1979), Novikov wrote “The closure of time curves does not necessarily 
imply a violation of causality, since the events along such a closed line may be all 
“self-adjusted’—they all affect one another through the closed eycle and follow on 
another in a self-consistent way.” He later repeated that view in one ofthe fist time 
‘machine papers in the physics literature.” 

In fact, despite the attachment of Novikov’s name to the principle of self- 
consistency, it was actually around in physics decades earlier, it has been traced 
back to as far as 19031”° And at least an intuitive understanding of the principle can 
be found in the mainstream literature from nearly as long ago. For example, in Lord 
Dunsany’s short 1928 play The Jest of Hahalaba (the inspiration for the 1944 film fr 
Happened Tomorrow), & man obtains (via supernatural means) a copy of tomor- 
row’s newspaper. In it he reads his own obituary, which so shocks him that he 
promplly expires—thus explaining the obituary notice. 

‘The principle of self-consistency has been in science fiction long before Novikov, 
too. An example is the 1941 story “Time Wants a Skeleton” (see note 15). In it 
‘one character, after puzzling over a time travel paradox, realizes that “Future and 
present demanded co-operation, if there was to be a logical future!” And a nice 
lecture on the principle (that pre-dates by 3 years the dialogue quoted earlier from 
Heinlein's Farnham's Freehold) is given by a character that is particularly interest- 
ing because it was published, not in a specialty science fiction magazine catering to 
an audience with ‘genre knowledge’ of time travel, but rather in an icon of general 
American culture.” 

Not all science fiction writers, however, have understood the requi 
consistency around a loop in time. In one tale, for example, a man meets the 


ement for 


Like just about everything concerning time travel, however, not all think this. For example, the 
at German physicist Max Planck (1858-1947), the 1918 Nobel physics laureate, said (in 1922) 
“Physics hence is inclined to view the principle of least action more as a formal and accidental 
curiosity than as a pillar of physical Knowledge.” Still, he did also declate that he thought it 
unlikely “the dominance of such a simple law could be a mere accident.” Quoted from Mare 
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inventor of a time machine and agrees to his request to use it to travel into the future 
Once he is in the future, alas, the machine breaks. The man then finds another 
‘machine that, though it is too small for him to fit init, is able to hold a recording 
that he sends back into the past to himself, to a time before he started his forward 
joumey. The message on the recording (which he did not receive the “first” time) is, 
of course, not to make a deal with the inventor. This advice he follows, and so the 
principle of self-consistency is violated twice in this story.”° 

An ability to play a role in history is not without some constraints. You can’t 
save Jesus with a rifle (see note 45), or Joan of Are with a fire extinguisher, or 
knock-out John Wilkes Booth with a baseball bat outside of Ford's Theatre, ot 
blow-up Hitler with a bomb, and you can’t prevent either the Black Death in the 
London of 1665 or the Great Fire the following year. But itis logically possible for 
a time traveler who has an infected rat sneak into his time machine, or who 
carelessly discards a match, to be the cause of the last two examples. That was 
the fate, for example, of the time traveling historian from A.D. 2461 who was the 
cause of the plague in A.D. 562. Rome, as well as of that in England nearly 800 years 
later." 

Michael Moorcock’s 1969 novel Behold the Man gets the impossibility of 
changing the past, and the possibility of affecting it, right. When a disturbed man 
joumeys backward in time to ancient Galilee to meet Christ, only to discover that, 
there is no such person, he assumes the role and lives out the Biblical accounts up to 
and including dying on the Cross, He has not changed the past, but he certainly 
plays an important role in it! 

‘An early science fiction story that got this right, long before the philosophers and 
physicists thought of it, was the clever tale whose artwork I have reproduced at the 
end of the Introduction.”” In that story, a time traveler journeys back from 1943 to 
1870 and shoots his then 14-year old grandfather in the head. Leaving his victim 
lying on the ground with “blood oozing all over the youth’s forehead,” the would-be 
Killer returns to 1943, Once back, however, he finds himself in a strange plac 
‘where he leams from two men that the Germans destroyed New York in 1920 with 
poison gas! Suddenly realizing that the death of his grandfather has apparently 
changed history (a curious ovei 


ight for anyone smart enough to invent a time 
‘machine and then to use it to force the “grandfather paradox’), he decides he'd rather 
be dead than be cut off for all time from the world he remembers. So, he shoots 
himself dead. Then we learn that the two men he encountered are actually inmates 
in an asylum who like to make-up stories for unsuspecting strangers. We also learn 
that the time traveler's grandfather's photographs always did show him with 
“white, furrowed scar on his forehead that might have been caused by a glancing 
bullet.” 


7B. Wilson, “The Message.” Astounding Stores, Mas 1942. 
7G. C. Edmondson, “The Misi,” Fantasy and Science Fiction, February 1959, 
7M, Weisinger, “Thompson's Time Traveling Theory,’ Amazing Stories, March 1944 


4 Philosophers, Physicists, and the Time Travel Paradoxes 


\G 


Fig. 44 The inventor of a time machine about to commit autoinfanticide in the past (dhe 
{youngster holding the teddy bear isa younger version of the time traveler) Iustration reproduced 
by the kind permission of Frank Amntzenius (Professor of Philosophy at Oxford University), from 
his paper “Time Travel: Double Your Fun,” Philosophy Compass, November 2006, pp. 599-616 


Well, okay, you might say at this point, “I'm convinced you can’t change the 
past, but let’s get back to the autoinfanticide (grandfather) paradox. So why can’t a 
time traveler kill his baby-self in the past?” A possible answer, one now generally 
accepted by philosophers and physicists alike, appeared first in science fiction. In a 
tale” that appeared just the year after Gédel’s 1949 discovery of time travel in 
general relativity, we find a character saying “The answer is quite simple, When the 
‘man goes back in time and kills his grandfather, and returns to his own time again, 
he finds to his surprise that he made a mistake. It was not his grandfather at all! And 
no matter how many times he goes back and kills his grandfather ... he always 
[my emphasis] finds he made a mistake.” Or, perhaps, some noise distracts him as 
his finger tightens on the trigger, or the grenade he tosses at granddad is a dud, or a 
gust of wind deflects the arrow, or (most ludicrous of all) he simply slips on a 
discarded banana peel! 

Okay, that works for that time traveler. But suppose, someone objects, that we 
arrange to have a lot of time travelers go back in time, each with murder in his heart 
for his grandfather. Then, as one philosopher has observed, “Since (killing one’s 
‘grandfather in the distant past] is impossible, each assassin fails, Some change their 
minds, others slip on banana peels, yet others kill the wrong target, and so on, But 
there is something odd about the idea that such coincidences are guaranteed to 
happen, again and again!”” 

Early science fiction avoided invoking banana peels by providing an even more 
extreme ‘explanation’ for the failures: the time police, who are charged with foiling 
‘would-be grandfather killers. (See, for example, the many stories by Poul Anderson 
(1926-2001) of the “Time Patrol.”) These time commandos are imagined to roam 
the corridors of time, disrupting the attempts of all those who would change 
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recorded history. Stories of these temporal cops are simply westerns, mysteries, 
police procedurals, or some other similar type of specialty genre story wearing thin 
camouflage. This story device, whose main purpose is to allow both time travel and 
free will,” has been correctly called “boring” by at least one philosopher (see note 
5 in the Introduction), an evaluation shared by modem philosophers, physicists, and 
(I think) even most modem science fiction writers. 

So, we seem to be back to banana peels to save grandfather—but itis difficult to 
deny that vast hordes of murderous grandsons do appear to require an unlimited 
number of strategically placed banana peels, strewn all about the past, to trip-up 
every one of those potential assassins. This problem, of repeated, improbable 
coincidences to thwart murderous descendants from the future, was first 
commented on by the philosopher Paul Horwich in 1975 (see note 19 in the 
Introduction), and then given a convincing resolution by another philosopher in 
19978! 

‘To explain the argument, I'l first use the philosopher's less deadly example of 
dated objects. “Suppose,” he writes, “that every object has written upon it the date 
on which it will cease to exist .... perhaps a time traveler travelled into the future, 
observed the demise of objects and then travelled back [to just after he left for the 
future] and wrote the dates.”*? If now the time traveler tries to destroy an object 
hefore the date written on it, then he will fail. As the philosopher amusingly 
ribed his attempts to destroy a pen “before its time, 
assing train, but there is a train strike that day. The 
telephone rings just as 1 am about to drop the pen into a vat of acid. | slip on a 
banana peel on my way to put the pen in the microwave. My dog eats my designs for 
pen grinder. And so on, for as long as you please, However many attempts I make, 
the attempts in no way require the occurrence of the coincidences that foil them, 
‘To put it bluntly, “Stuff happens,’ The pen has the observed date of its destruction 
oon it, and that date is still in the future and so it is simply impossible to destroy 
it now. 

Now, here’s the point: the date on the pen is there because all those attempts to 
destroy it before that written date fail. But the presence of the date is nor the reason 
for any of the weird (?) occurrences that disrupted all the attempts to destroy the 
pen, but rather it’s because all those attempts failed that the date is what it is. This 
same argument applies to the grandfather paradox. The only time travelers avail- 
able, today, to go back into the past to ‘ry to kill their grandfathers, are precisely 
those time travelers whose grandfathers were not killed. Or, to paraphrase our 
philosopher (note 81), to ask ‘why do coincidences always foil the time traveller’s 


"Sec, for example, David King, “Time Travel and Self-Consistency: Implications for Determi 
jam and the Human Condition.” Ratio, September 1999, pp. 271-278, 

"!Nicholas J.J Smit, “Bananas Enough for Time Travel?” British Journal for the Philosophy of 
Science, September 1997, pp. 363-389, 

"This does present us with the curious (although non-paradoxical situation that th 
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24 4 Philosophers, Physicists, and the Time Travel Paradoxes 


attempts to kill [grandfather in the distant past) is to get things back to front, It is 
only because the murder attempts fail that the time traveler is alive in the future to 
even make the attempt.” 

In other words, not only is the grandfather ‘paradox’ not a paradox, it isn’t even 
surprising! 


4.4 Causal Loop and Bootstrap Paradoxes 


“My dear Collingwood, don't drive yourself erazy ty 
travel. The [time machines] are gone ... have a drink. 


g wo resolve the paradoxes of time 


‘The grandfather paradox might finally have been put to rest, but there are still 
plenty of other logical minefields left to be negotiated. One of the more puzzling is 
that of the closed loop in time, a conundrum nicely illustrated by one philosopher“ 
as follows, as an explanation of the journey one time traveler makes to 3000 B.C. 
“In our time travel story it just may be that the traveler's interest in going back to 
ancient Egypt is stimulated by recently discovered documents, found near Cairo, 
containing the diary of a person claiming to be a time travele 
realizing it is himself, immediately begins ... construction of a rocket in order to 
“fulfill his destiny.”” In other words, (1) he builds a time machine and goes back to 
the past because of the discovered diary, and (2) the diary is discovered because he 
‘g0es back to the past. Each of these points by itself has logical clarity, but together 
they form a closed time loop (a causal loop) of enormous mystery 

Science fiction was strewn with causal loops long before the philosophers and 
physicists began to ponder them, however, with (for example) one early tale on a 
time traveler who journeys a century into the past because she finds an old, 
yellowed newspaper story describing her arrival."* But this tale wasn’t the first to 


whereupon our hero, 


use a causal loop, as we can find one of the first sophisticated treatments of this 
device in a story that appeared even earlier (in the same publication),"° A time 
traveler in 1930, about to start his journey into the future in an airplane/time 


machine, wonders at the last moment if he should really go—then he sees himself 
returning and thus knows he will successfully make the trip. 

As he later tells a friend, “That decided me ... Paradoxical? I should say so! I 
hhad seen myself return from my time-trip hefore 1 started it [just like Marty McFly 
in the original Back to the Future film]; had I not seen that return, I would not have 


'S science fetion suggestion that in certain situations (particularly eausal loops). might actually 
bbe good advice! From L. Sprague de Camp's “The Best-Laid Scheme,” Asiounding Science 
Fiction, February 1941 
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commenced that strange journey, and so could not have returned in order to induce 
‘me to decide that I would make the journey!” And later, when he finds himself in a 
dangerous situation in the future, he draws hope from that initial experience: “I 
would escape ... It was so decreed, Had I not, with my own eyes, seen myself 
appear out of the fourth dimension back there in the Twentieth Century, and glide 
down to my landing-field? Surely, then, I was destined to return to my own age sale 
and sound.” 

Even more dramatic is the second, internal time loop that ends the story. When 
the time traveler arrives in a ruined city in the year A.D. 1,001,930 he is greeted, hy 
name, by an old man who says he (the old man) is the Last Man alive. He knew the 
time traveler was coming because an ancient history book had said the Last Man 
had, in fact, appeared in the year A.D. 502,101 in the very time machine out of 
which the time traveler has just stepped. The time traveler is so startled by all this 
{and who could blame him!) that he decides to mull over what he has been told 
until the next day. As he wakes up in the morning, he is just in time to watch the 
Last Man depart for 502,101. Stranded in the future, the time traveler wanders the 
empty city in despair until he chances upon a museum, And in the museum, sealed 
lass case, is his time machine (!)}—it has been there for half a million years, 
the end of the Last Man’s journey. And so the time traveler is saved; he 
merely adds some oil to the still-functional engine (if you can accept time travel, 1 
suppose this is no more difficult to believe) and returns to 1930—just as he saw 
himself do at the beginning of the story. 

Since Bridge’s astonishing story, the idea of a causal loop in time has been used 
‘many times in science fiction. Here's a representative sampling: 


(1) Time travelers arrive in the forty-sixth century, only to find that they are 
expected. Their host tells them why: “I have been awaiting your arrival from 
the past. I have a written record of your coming. You sce, I have a time 
machine myself ... With my time machine, I recently went a year into the 
future and read the written account I had made, or will make after you leave. 
‘Then I came back, awaiting your arrival.”*? 

(2) Armed travelers retum to the Triassic age to uncover the secrets of a myste- 
rious artifact that has been recently discovered; at the end we learn it is the 
remains of their own automatic rifle"; 

(3) A time traveler journeys back 500 years, where he suffers an accident that 
results in his being “agelessly stuck” in his time-traveling gadget until he is 
freed—by himself, 500 years later. He then gets into the gadget to journey 
‘back 500 years™; 

(4) The world’s time suddenly loses 5 min, an astonishing event that comes to be 
called “the time drop.” After 2 weeks of investigation, a reporter traces this 
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event to a reclusive (but brilliant, of course) scientist who reveals that he has 
invented a time machine. The reporter decides to test this claim by using the 
‘machine to return to just before the start of the time drop, to observe precisely 
what caused it—it is, in fact, a malfunction of the machine that is at fault and 
the reporter finds himself caught in a 2-week long causal loop”; 

(5) A physicist knows something odd lies in his future when he is confronted with 
4 700 year-old museum copy of a book. The puzzle is how to explain a 
‘message penned in ancient, faded ink, in modern English and in his handvrit- 
ing, on the back side of one of the recently unglued endpapers! How, to0, to 
explain his own fingerprints all over the same endpaper? How, indeed, to 
answer these questions is his problem when he is presented with all of this and 
is asked, “Have you, by any chance, been visiting the thirteenth century?” At 
the end of the story the time loop is closed when the physicist finds himself 
writing that same message on a brand new copy of the book that has been sent 
from the past (and that he returns to the thirteenth century via a “time 
portal”); 

(6) A time traveler from 1964 is secretly observed by one of the “locals? when he 

arrives in 1683. The oddness of the sudden appearance of the time traveler and 

his machine ("It were a kind of Dazzle”) makes the local think it might be that 
the stranger is the man who stole some items from his home the previous 
night, the same night he had an “ill Dream.” Stealing the time machine after 
the time traveler has gone exploring, the local travels to 1964 where he learns 
how valuable antiques are, So back he goes to 1683, to the night before the 
time machine first appeared, to get some ‘antiques’ from his house. And thus 
he realizes who the thief really was. Before leaving again for the future, he 
enters his own bedroom to see himself asleep and then to awaken, And so he 
also learns the cause of what he called his “ill Dream.” 

A movie production crew goes into the past to make a film. At the end of the 

story it becomes clear that their presence in the past was not an insignificant 

event, as one character realizes after seeing the evidence of how they aff 

(not changed!) the past: “IF this is true, then the only reason that the Vikings 

settled in Vinland is because we decided to make a motion picture showing 

how the Vikings settled in Vintand””*; 

A private college, endowed decades before by a generous but mysterious 

benefactor, experiments with a time machine. Suddenly, one of the college’s 

‘graduates is accidently sent a hundred years into the past—where she becomes 

the benefactor. The college comes into existence, therefore, because it will 

exist”, 


a 


Cy 
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(9) A man gets the money to support his experiments in time travel by selling 
large collection of old, rare comic books he has discovered in his late mother’s 
attic. Later we learn how the comic books came to be there; after his exper- 
iments are successful, the inventor travels back into the distant past, buys the 
newly published comic books right off newsstands, and stores them in his 
mother’s attic where, decades later, he knows his younger self will grow up 
and then find them (and thus get the money to make it all happen)"*; 

(10) Inthe 1980 film Somewhere in Time (based on the 1975 novel Bid Time Return 
by Richard Matheson), a man in the present is visited by a mysterious old 
woman who gives him a watch, Later, he travels back to 1912 where he meets 
girl to whom he gives the watch. He then returns to the present, and she lives 
‘out her life from 1912 on, until she too reaches the present, where we discover 
she is the (now old) woman who gives the man the watch. 


Once philosophers discovered the bizarre nature of causal loops, they quickly 
proved themselves to be the equal of science fiction writers in imagining strange 
doings. Here’s one example of that, one which any writer would be proud of: “If 
James cannot decide whether to marry Alice or Jane, he simply travels to the future 
and learns that he is to choose Alice: he then chooses her for this reason. One wants 
to object that the decision to marry Alice was never really made at all! But this is 
not true; the decision was made—as a result of the knowledge that this was the 
decision .... is not the case that the prospective bridegroom could visit the future 
and compare the results of marrying Alice with those of marrying Jane in order to 
decide between the alternatives. For if he visits the future, he will lear only that in 
fact he chose Alice, for better or for worse!””* 

This same philosopher elaborated on his view of causal loops in a later paper, 
‘where he wrote “What if time travel becomes commonplace, so that we must deal 
With a constant stress of time travelers returning from the future to reveal what they 
have seen?” His answer is “I think it is clear that the . .. causal loop we have been 
discussing would become very common, and would play a prominent role in human 
affairs.” He denied, however, that such causal loops would mean the loss of free 
will, As he explained his position, knowledge of a rigged roulette will not prevent 
you from putting your money on the table if you want fo, but perhaps that 
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knowledge will influence your freely made decision making. Whether you learn that 
the roulette wheel is rigged by traditional means (perhaps you see magnets being 


installed under the table) or by means of time travel is irrelevant—even with this 
knowledge, you act freely. Other philosophers have not been so generous. One 
disliked causal loops so much, for example, that while he believed them to be 
conceptually possible, he also thought them to have “a queer smell,””™ so much so 
that he simply preferred to avoid thinking about them! 

One concer that many philosophers and physicists have had with closed loops 
in time is that they fear that would mean being trapped on an endless cycle of 
repeating events, For example, one philosopher long ago wrote 


“There is nothing contradictory in imagi 
‘existence of such chains would lead to rather unfamiliar experiences. For instance, it mi 


ig causal chains that are closed, though the 
then happen that a person would meet his own former self and have a conversation with 
him, thus closing a causal line by the use of sound waves. When this occurs the frst time he 
Would be the younger ego, and when the same occurrence takes place a sevond time he 
‘would he the older ego, Perhaps the older ego would find it dificult ta convince the younger 
one oftheir identity; but the older ego would recall an identical experience long ago. And 


When the younger ego has become old and experiences such an encounter a second time, he 
is onthe other side and tiesto convince some “thied’ ego of their physical identity. Such a 
situation appears paradoxical to us; but thete is nothing illogical in i” 

‘What has been (erroncously) described with that is the beginning of an endless 


ssion of encounters around a closed causal loop. There is, however, just one 
encounter on such a loop in spacetime (but, of course, the mind of the time traveler 
experiences the encounter twice), subject to the constraint of self-consistency 
Some physicists, too, have been so concerned about multiple trips around closed 
timelike curves (CTCs), because they think such trips would allow the past to be 
changed, that they have felt it necessary to specifically forbid such a possibility. As 
fone paper put it, “That the principle of self-consistency is not totally tautological 
becomes clear when one considers the following alternative: The laws of physics 
might permit CTCs; and when CTCs occur, they might trigger new kinds of local 
physics which we have not previously met. For example, a quantum-mechanical 


system, propagating around CTCs, might return to where it started with values for 
its wave function that are inconsistent with the initial values; and it might then 
continue propagating and return once again with a third set of values, then a fourth, 
then a fifth ... The principle of self-consistency by fiat forbids changing the 
past.”"!This last statement is, of course, in agreement with the position I have 


taken in this book, a position that has generally been accepted by most philosophers 
for several decades now, but the proponents of the principle of self-consistency 
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seem to have been driven to it by a fear of the past ‘happening again’ over and over, 
asin the 1993 film Groundhog Day. 

Science fiction writers have stumbled into the error of endless cycling on a 
closed time loop, too, In one such tale,"”" the inventor of the first time machine 
travels 500 years into the future where he finds a bronze statue of himself that 
honors his discovery of time travel. Suddenly injured, fatally, he returns to the 
present with the statue and then dies. As a memorial, the statue is placed in the very 
spot where the inventor found (will find) it. As the tale ends, the late inventor's lab 
assistant wonders to himself what will happen S00 years later: “Suddenly a strange 
‘machine will come out of the past and [the inventor] will be here again—although 
he is dead and has been dead 500 years. [He will take the statue] and go back to the 
past ... to die. And once again that maddening cycle will begin, to go on and on 
forever as long as time spins its threads.” 

‘That story illustrates yet another puzzle associated with those causal loops that, 
contain a circulating, physical object. That is, who made the statue? We can ask the 
same question about the watch in the time loop of Somewhere in Time/Bid Time 
Return as, at every instant of its existence, the watch is in the possession of either 
the man or the woman? So, when was the watch constructed? 

‘There have been some science fiction writers who specifically recognized this, 
question, long before either the philosophers or the physicists paid attention to it. In 
one early tale,""" for example, we read of a time machine that travels from 1935 to 
1925. When the question of the origin of the time machine comes up, we read 


“One time machine, found in 1935 and brought back to 1925—found in 1935 because 
brought back to 1925, That is al 

“Bur who made it in the fist place?—Oh, skip the ‘inthe first place." Just plain: who 
made i” 

“No one. It was never made... Ii here because it is here.” 


This same puzzle was addressed in The Technicolor Time Machine (note 93), 
‘when one character is perplexed over a piece of paper in his wallet with a diagram 
on it, a piece of paper he got from himself (an older version of himself, who traveled 
into the past to give it to his younger self). In frustration, he asks a friend: 


“Then no one ever drew this diagram. It just travels around in this wallet and I hand it to 
myself. Explain that 

His friend replies: 

“There is no need to, it explains itself. The piece of paper consists of a self-sufficient 
loop in time. No one ever drew it, I exists because it is, which is adequate explanation. If 
you wish to understand it, I will give you an example, You know that all pieces of paper 


"1S, Mines, “Find the Sculptor." Thrilling Wonder Stories, Spring 1946. 

“RM. Farley, “The Man Who Met Himself,” Top-Notch Magazine, August 1935 (Top-Notch 
was an adventure pulp published between 1910 and 1937) 

"©The reason for this line i the story is that earlier the question of “Where did the time machine 
come from originally?” was raised. The answer: “There was never any “original”... There is no 
round-and-round circle of events, no repetition. Merely one closed cycle.” This is in fact, the 
‘modem view of causal loops, expressed ina 1935 (! science fiction story: 
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have two sides—but if you give one end of a stip of paper a 180-degree twist, then join the 

‘ends together, the paper beconves a Mabius strip that has only one side. It exists." Saying 

it doesn't cannot alter the fact. The same is true of your diagram: it exists.” 
“But—vhere did it come from?” 

“IF you must have a source, you may say that it came from the same place thatthe 

missing side ofthe Mabius strip has gone." 


‘The undeniable mystery of causal loops is the reason behind the philosopher 1 
cited earlier (note 98) who thought they have a “queer smell” and so viewed them 
‘with much suspicion, He wasn’t alone in that feeling, and another philosopher said 
asmuch whe he wrote “despite [strong] arguments for the consistency of time travel 
stories [with causal loops], the impression is apt to remain that something is wrong 
with them. I think this impression is correct.”"® One story that this philosopher 
could well have had in mind is a classic,""” a tale that describes a knife brought from 
a museum in the future back to the present. It arrives in the present with a flawless 
blade, but soon thereafter gets a nick in the blade. How, wonders the narrator, can 
the time loop be completed “again”? I do not find this quite the puzzle that either the 
author (and perhaps the philosopher) do: it is simply a variation of the grandfather 
paradox (which has been shown not to be a paradox at all), f the knife is found 
flawless in the future, ten it was not (will not) be nicked in the past. As written, the 
story is not logically consistent as it involves changing the past but, ifone removed 
the detail of a nicked blade, then we would have a true (paradoxical) causal loop, 
‘with the question the story, itself, asks about the knife: “How was this knife created 
when its existence has no beginning or end?” 

‘The nicked knife does illustrate a subtle problem that bedevils any causal loop 
containing a physical object. Consider once again the watch in the film Somewhere 
in Time, Assume the watch received by the man in the present is bright and shiny 
He then takes it back into the past and gives it to his love. It remains with her after 
his return to the present until, decades later, she gives it to him—bright and shiny 
Why didn’t it tamish? Is there some peculiar anti-tarnish property to a watch in a 
causal loop? Well, if so, is that anymore odd than a causal loop itself?!" 

None of that, however, provides a means for rejecting time travel if one can 
argue that it is possible to have time travel without causal loops. Indeed, Professor 
Hanley (see note 105) argues that it is possible, and presents what he claims is an 


*'See note 99 in Chap. 1, and the related discussion there. 

"One philosopher calls this bit of dialog “unhelpful.” while ignoring the fat that it appeared in a 
scienee fiction pulp magazine and nota scholarly journal, and was clearly meant to dazzle teenage 
boys (see note 39 and related discussion in “Some First Words") with the concept of a causal lop. 
rather than to break new ground in metaphysical thought. See Richard Flaley, “No End in Sight: 
‘Causal Loops in Philosophy, Physics and Fietion,” Synthese, July 2004, pp. 123-152, 

4G, Neslich, “Can Time Be Finite?” Pac Philosophical Quarterly, July 1981, pp. 227-239, 
"7p. S, Miller, “As Never Was,” Astounding Science Fiction, January 1944. This is the same 
Miller who appears in note 15 (and see note 46,100), 


"1s no sufficient to say that perhaps she polished the watch. Polishing would remove material 
from the watch, which means she gives him a watch different from the one he gives her inthe past 
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example of how to do it, Alas, another philosopher convincingly showed that the 
example is flawed and that Hanley’s claim that there is no causal loop in his story 
“is unjustified.”"” From an entertainment point of view, however, eliminating 
causal loops is going in the wrong direction, as itis the inclusion of causal loops 
that gives a feeling of mystery to a good science fiction story 

To finish this section, then, we can do no better than to discuss causal loops that 
are even more bizarre than are those with a physical object: that is, loops that 
involve time traveling information. (Since information doesn’t “tarnish,” however, 
such a loop avoids that particular puzzle associated with a physical object in a 
causal loop.) A classic example of such a loop is a mathematician who is visited in 
his youth by a time traveler from the future (perhaps himself), who gives him the 
proof of a theorem for which the mathematician is (will be) famous in the future. 
Where, then, did the proof actually come from? In what mind was it created?'"” 

‘The philosopher David Lewis wrote with particular insight on causal loops, 
especially ones that involve information transfer, such as a time traveler going back 
in time to tell his younger self how to build a time machine so that once its 
constructed he can go back in time and tell himself how to do it.'"" (This was 
item (3), you'll recall, in Jim Nicholson’s 1931 letter to Science Wonder Stories 
‘magazine, quoted at the end of the first section of this chapter.) As Professor Lewis 
‘wrote (see note 5 in the “Introduction”, “But where did the information come from 
in the first place? Why did the whole affair happen? There is simply no answer 
[my emphasis}. The parts of the loop are explicable, but the whole of it is not, 
Strange! But not impossible, and not too different from inexplicabilities we are 
already inured to, Almost everyone agrees that God, or the Big Bang, or the entire 
infinite past of the Universe, or the decay of a tritium atom, is uncaused and 
inexplicable. Then if these are possible, why not the inexplicable causal loops 
that arise in time travel? 

A few years later, another philosopher’ '* gave a similar response to a paradox 
involving a causal loop similar to Lewis’, a loop involving a time machine 
containing a book with instructions on how to make the time machine. The book 
travels into the past on the machine so it can be read—in order to make the machine 


"Bradley Monton, “Time Travel Without Causal Loops,” The Philosophical Quarterly, Jaouary 
2009, pp. 34-67 

"professor Hanley (note 105) says the answer to such questions is “straightforward”: the 
information comes “from itself." I think the issue is rather deeper than tha. 

"see D. Franson, “Package Deal." in Microcasmic Tales. Taplinger 1980. The British philoso- 
phe J. R. Lucas haa similar seenario in mind when he wrote, i his book A Treatise on Time and 
Space (Methuen 1973, p. 50), “Iis very important, not only for reasons of modesty, that I should 
‘not beable to use a Time Machine 10 go ito a public library and read my own biography." Robert 
Heinlein didn't agree with Lucas: in his 1956 novel The Door Into Sunmer the protagonist an 
inventor, travels thirty years into the future, where he reads some patent disclosures for inventions 
that he doesnt remember. even though they ae in his name, He then returns to his own time and 
promptly files the patents! 

"EMR. Levin, “Swords' Points,” Analysis, March 1980, pp. 69-70, 
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Inanswer to the question “Who wrote the book about building a time machine?” the 
philosopher says this question is “no different from questions about where anything 
originally came from, We can ask about the origin of the atoms ... their time line is 
not neatly presented to us. The atoms either go back endlessly, or if the Universe is 
finite, they just start, In either case the question of ultimate origin is as unanswer- 
able as the question of the book’s origin. What makes us think that when such 
questions are asked about the loop they are different and ought to be answerable is 
that the entire loop is open to inspection.” While the instructions in the book don’t 
tamish, the book itself of course brings us back to our previous antique watch 
‘problem.’ Suppose the book is brand-new at the start of the trip backward in time. 

Later, when the machine (and the book) have reached the end of the loop, just 
before beginning the trip back in time, have the pages tumed yellow and brittle? If 
so, how do we account for the brand-new version? And if not, why not? 

‘An analyst who takes strong exception to these two philosophers is Oxford 
physicist David Deutsch, who wrote (note 100) “the real problem with closed 
timelike lines under classical physics is that they could be used to generate 
knowledge in a way that conflicts with the principles of the philosophy of science, 
specifically with the evolutionary principle.” What Deutsch is referring to is the 
metaphysical claim, attributed to the philosopher Karl Popper (see note 36 in 
Chap. 3), that knowledge comes into existence only by evolutionary, rational 
processes and that solutions to problems do not spring fully formed into the 
universe, One might call this the physics version of the work ethic—the creation 
of knowledge demands hard work! 

Deutsch’s idea had actually appeared decades earlier in a science fiction tale.!* 
Time travel, discovered in the year 2007, is found to have a limited temporal reach 
into the future of 50 years, a limit due a law passed in 2087 banning time travelers 
from the past. To try to go past 2057 leads to a prompt arrest of the time traveler and 
‘deportation’ trip back to his own time. The story eventually explains that the law 
‘was passed precisely because of Deutsch’s concem. As one character in the story 
explains, “Suppose [that one could travel more than 50 years ahead], then a time 
traveler from the past could get [new inventions], carry them back to his own time, 
and give them to scientists—which{ would] cancel all the long period of invention 
which [produced the inventions]. Which [would] violate causal laws.” 

More recently, a philosopher has offered a quite interesting response to the 
Deutsch/Popper assertion. He writes (note 81), of information “appearing out of 
nowhere,” that “These cases are puzzling, but they by no means show that the time 
travel scenarios in question are impossible or incoherent, or even improbable. We 
think it very improbable that ... information should come from nowhere—but only 
because this does not happen very often. It does happen sometimes—for instance, 
when you say something and I mishear you. 1 think that you said something very 


"3P, Anderson and G. Dickson, “Trespass,” Fantastic Story Quarterly, Spring 1950. 
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‘There it was: the same piece of cake he 
ate yesterday. His time-machine really 
worked. Think of the possibilities. 
He could have his cake and eat it too. 


profound—something which neither of us would, in fact, ever have thought 
of. Where does the idea come from? If this sort of thing were to start occurring 
regularly [as via causal loops}, then we would simply accept it without raising an 
eyebrow.” 

In the final chapter I'll discuss a dramatic example (due to two Russian physi- 
cists) on how an information-creating time loop might be constructed using a 
‘wormhole time machine, Such a time loop wouldn't pass muster with Deutsch, of 
course, and he would consider such a thing as being as objectionable as is crea- 
tionism, the anti-evolution claim that purports to ‘explain’ fossils (with measured 
ages in the millions of years) by simply declaring them as having been made by 
God just a few thousand years ago." Deutsch’s position is considered by nearly all 
scientists today to be correct for the specific case of creationism, but the evolution- 
ary principle may be on shakier ground with respect to declaring causal information 
time loops to be impossible. 

While philosophers have struggled with information in a time loop, and most 
physicists have carefully stepped around the issue, science fiction has had lots of 
fun with information in causal loops. Here’s a sampling of such tales: 


(1) A man receives telephone calls from nro versions of himself, one ten years in 
the future saying he absolutely must accept an invitation to fly to the Bahamas 


"Way would God do such a thing? Apparently “just to have some fun with geologists and 
biologists.” as creationists call such ancient fossils ‘sports of nature. 
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that he will receive that very day, with the other version calling from tomorrow 
insisting that the plane will crash. What should he do?!"*; 

(2) Lovers who are irrevocably separated in time communicate by mail in one tale, 
while lovers in another story'"’ communicate via telephone calls to the ever more 
distant past (and yet, with the aid of a clever twist at the end, finally meet) 

(3) A telephone lineman starts getting telephone calls from himself from 10 days in 
the future, with the first call telling him how to make the gadget to transmit such 
calls'"*, 

(4) A time traveling historian on a visit to A.D. 1528 from A.D. 2211 accidently 

ives a copy of the predictions of Nostrodamus to the prophet, thus explaining 

the predictions!"”, 

‘A time machine experiment gone wrong allows thirteenth century Roger Bacon 

to mect twentieth century scientists, an encounter that explains the amazing 

forecasts in Bacon’s Opus Maius'””; 


6 


Hollywood, too, has had some fun with information causal loops, with the best 
(in my opinion) example of that being the 1989 movie Bill & Ted's Excellent 
Adventure, In that film (where we learn that even the not very bright can be time 
travelers), a set of missing keys is necessary for the successful completion of a task. 
‘The two time travelers decide that alter the task is done, they will go back in time, 
steal the keys (that's why they're missing), and hide them so they can use them 
now, Where should they hide them? Why, “over there,” says one of the boys, 
pointing at a hiding place—and sure enough, when they go over and look, the keys 
are there. They agree that once they have finished with the keys, it will be most 
important that they really do put the keys in the hiding place! 

‘All of these examples that I’ve just given you, however, were decades too late to 
be the first in fiction about information in a time loop; that honor goes to the 1904 
novel The Panchronicon by the lawyer Harold Steele MacKaye (1866-1928). An 
Edwardian literary time machine with style, the Panchronicon (literally, a ‘machine 
for all time’) swings on a rope tether around a stee! post erected at the North Pole. 
By “cutting the meridians” faster than the sun does, it travels through space and 
time from 1898 New Hampshire to the London of three centuries earlier.'! Using 


y Line," The Best from the Rest ofthe World (D. A. Wolheitn editor), Doubleday 

1976 (story originally published in France in 1973) 

""). Finney, “The Love Letier,” The Saturday Evening Post, August 1959 

"TN, Seon, “When You Hear the Tone,” Galaty Science Fiction, January 1971. See also 

L. Padget, “Line t9 Tomorrow,” Astounding Science Fiction, November 1945. 

"ML. Leinster, “Sam, This Is You." Galaxy Science Fiction, May 1955, This story was later 

Iroadcast as an episode on the “X-Minus One” radio drama program. See also F. A. Reeds, 
rever Is Not So Long,” Astounding Science Fiction, May 1942. 

"°L. Del Rey, “Fools! Erand,” Science Fiction Quarterly, November 1951 

N. Schachner, “Lost in the Dimensions." Astounding Stories, Novensber 1937, 


"Time traveling” by crossing time zones isan idea that one can trace at Teast far back as 10 
Eagar Allen Poe's [S41 short story “Three Sundays in a Week. 
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it, a time traveler fan of Shakespeare journeys from 1898 back to the bard, who is 
suffering from writer's block. There she whispers the magic lines from a play he is 
stuck on (lines she has memorized for her literary club meetings) into his receptive 
ear, Does this make Shakespeare a plagiarist? OF himself!” 


4.5 Sexual Paradoxes 


“Once time machines exist, ao event is low probability if itis needed to make the past 


‘There are causal loops even stranger than the ones we have already discussed, 
hard as that may be to believe. These are the sexual paradoxes, first mentioned in 
1931 by Nicholson in his letter to Hugo Gernsback. Not only science fiction writers, 
bbut philosophers, too, have found these particular paradoxes full of dramatic appeal. 
For example, as a challenge problem to the readers of a scholarly journal, the 
British philosopher Jonathan Harrison (1924-2014) posed the following bizarre, 
indeed astonishing, situation.’ A young lady, Jocasta Jones, one day finds an 
ancient deep freezer containing a solidly frozen young man, She thaws him out and 
learns that his name is Dum, and that he possesses a book that describes how to 
make both a deep freezer and a time machine. They marry. Soon after they have a 
baby boy and name him Dee 

‘Years later, after reading his father’s book, Dee makes a time machine, Dee and 
Dum, taking the book with them, get into the machine and begin a trip into the past. 
Running out of food during the lengthy journey, Dee kills his father and eats him. 
Arriving in the past, Dee destroys the time machine, builds a deep freezer (again, 
using the book), gets into it, and . .. wakes up to find that a young lady, one Jocasta 
Jones, has thawed him out. When asked his name he replies Dum and shows Jocasta 
his book; they marry, and 

Harrison concluded this amazing tale with this question for his readers: “Did 
Jocasta commit a logically possible crime?” That issue is just the surface of an 
‘ocean of puzzles in this story! Jocasta’s crime, of course, is that she has 
(if unwittingly) committed incest; readers who remember the Greek myth of 
Oedipus, and who his mother/wife was, will understand why Harrison named his 
female character as he did. But what of Dee's crime? He has, after all, eaten his 
father! But perhaps that isn’t a crime at all, because Dee and Dum are one in the 
same, and is it really a crime to eat yourself?” According to another philosopher, 
Murray MacBeath, Harrison's story is “a story so extravagant in its implications 
that it will be regarded as an effective reductio ad absurdum of the one dubious 
assumption on which the story rests: the possibility of time travel.”!** 


rom Robert Forward's 1992 novel Timemuster. 
"J, Harrison, “Jocasta's Crime,” Analysis, March 1979, p, 68 
"1M, MacBeath, “Who Was Dr. Who's Father?” Synthese, une 1982, pp. 397-430, 
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‘This isn’t to say that MacBeath was asserting that time travel is impossible. 
Indeed, he went on to declare that he did believe in the logical possibility of time 
travel, and his paper is devoted to discovering what thought to be incorrect in 
Harrison’s story. He did that by retelling the story with what he believed are crucial 
modifications to make it sufficiently less outrageous that it could be taken at least 
somewhat seriously. In the new version, our hero, thawed out from a deep freezer, is 
now named Arthur, Arthur is, unfortunately, suffering from total amnesia (this is 
‘MacBeath’s way of avoiding the psychological trauma of Dee remembering he ate 
Dum) and so, when a iciently puzzled that he 
replies “Arthur who?” He is finally called (what else?) Arthur Who, And, as you can 
no doubt guess, his son (who is a genius and gets a PhD at age 14 on a dissertation 
dealing with the physics of time travel) becomes Dr. Who! 

We are then told of a trip back into the past by the two, of the eating of the father 
(Arthur Who) by the son, of the entering of the deep freezer by Dr. Who, ete. ete. 
‘The whole business is quite entertaining and af least as complex as Harrison’s 
al story. Just how complex is summed up in MacBeath’s last, wonderful line: 
“The Who who was Dr, Who’s father was not Dr. Who—that is, not the Dr. Who 
whose father he was 

MacBeath wasn’t the only one that Harrison's story fascinated, and nearly a 
dozen replies to it were received in addition to MacBeath’s. One, in particular, 
‘made the thought-provoking observation (see note 112) that not only has Jox 
committed incest but she has done so with a single act of intercourse. As discussed 
earlier, the events on a causal loop do not happen endlessly but rather only once; 
thus, Jocasta thaws Dum (Dee) out just once, she marries him just once, and the two 
consummate their marriage just once, Ordinarily we think it takes two sexual acts to 
commit incest, the first resulting in the birth of a child, and the second being a 
parent's union with that child, but this is not so in a causal loop. Time travel is an 
odd business. 

Another philosopher replied to Harrison’s story with a quite interesting claim, 
one that had actually been thought to be true for decades—but which today is 
recognized to be false, The claim was that, irrespective of physics, Harrison’s story 
‘was biologically flawed and fatally so. As that philosopher wrote, “The biological 
problem is the following. Dee is the son of Dum and Jocasta. So Dee obtained half 
his genes from Dum and half from Jocasta, But Dum is diachronically identical with 
Dee and is therefore genotypically identical with him (that is, himself). That is, Dee 
is both genotypically identical and distinct from Dum, which is absurd.”"** 

‘That this isn’t true was pointed out by a philosopher many years later. In his, 
paper we read this tale: “Suppose Adam travels [far] back in time ... where he 
meets his mother Betty, mates with her and has a child which is himself. Is this 


“AW. Godirey-Smith, “Traveling in Time,” Analysis, March 1980, pp. 72-73. This false claim had 
already heen raised by a physicist (L. S. Schulman, “Tachyon Paradoxes,” American Journal af 
Physics, May 1971, pp. 481484), and even earlier bya science fiction writer (P. Anderson, “Time 
Patrol,” Magacine of Fantasy and Science Fiction, May 195: 
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possible biologically? Yes ... as follows ... on the grounds that we have total 
replication of Adam’s genome.”'** (The genome is the totality of genes taken over 
all gene sites.) Now, suppose each such site holds two genes and, as Dowe points 
out, in sexual reproduction the father passes on to his offspring one gene for each 
gene site, to go with the gene the mother gives to each site. To exactly reproduce 
himself, then, the time traveling Adam ‘simply’ has to give his offspring, at each 
site, the gene that he has for that site that did nor come from Betty. Thus, the 
offspring—baby Adam—ends up with a genome precisely identical to the time 
traveling Adam, This is, of course, an extraordinarily unlikely event, as the human 
genome has tens of thousands of genes. The probability that each and every site gets 
the ‘right’ gene from the time traveling Adam is therefore essentially zero. But it 
isn’t actually zero and, as the quotation that opens this section says, a low proba- 
bility to an event isn’t a roadblock to its occurrence if that event is required for 
consistenc) 

While certainly instructive, the sexual paradox stories by Harrison and 
MacBeath are remiss in not indicating that the concepts they are dealing with 
have long been a staple of science fiction, and that the sexual paradoxes received 
‘much critical analysis in that genre long before philosophers (and physicists, 100) 
discovered them. From science fiction, for example, we have a tale of young man 
who travels backward in time 1250 years, from A.D. 3207 to 1957, to become his 
‘own grandfather fifly generations removed.'~” And even that is tame compared to 
the sexual paradoxes other science fiction writers conjured up before philosophers 
began to discuss them. 

In another story,'** written decades before Harrison's and MacBeath’s papers, 
‘we meet a young lady caught up in a mind twisting affair in which the mystery of a 
causal loop is the least of her troubles. In 1957 a girl is born, and after 20 years of 
intense competition with her mother (who has an uncanny ability to predict the 
future), she travels back from 1977 to a few months before her own birth. She 
becomes pregnant (by a man who she later discovers is her father) and gives birth to 
a girl, The new mother has, of course, knowledge of all that will happen during the 
next 20 years, including the fact that she will have an intense competition with her 
rebellious daughter 

While writers of stories like these in the early 1950s were there as trailblazers, it 
is a tale that appeared as the 1950s ended that is today generally acknowledged as 
the best sexual paradox story ever written.'”” We are given only a hint of what is to 
come when a character listens to a song called “I'm My Own Grandpaw!" In 1945, 


"Phil Dowe, “The Coincidences of Time Travel.” Philosophy of Science, July 2003, 
pp. 574-589. See also J. Berkovich, “On Chance in Causal Loops.” Mind, January 2001, 
pp. 1-23, and P, Dowe, “Causal Loops and Independence of Causal Facts," Philosophy of Science, 
September 2001, pp. 89-97 
"R, Dee (this is not the ‘Dee’ of Harrison's story!) “The Poundstone Paradox,” Magacine of 
Fantasy and Science Fiction, May 1954. 

*C, L. Hamess, “Child By Chronos.” Magazine of Fantasy and Science Fiction, Jane 1953, 
°R, Heinlein, “All You Zombies: 


Magazine of Fantasy and Science Fiction, March 1959, 
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anewbom girl, Jane, is found on the steps of an orphanage. At age 18, in 1963, she 
has a one-night affair with a mysterious stranger that leaves her pregnant. Some 
‘months later, during the birth of a daughter, itis discovered that Jane actually has 
double set of sexual organs, and because the female set has been ruined by the 
pregnancy, doctors restore her as a man, Soon after, the baby girl mysteriously 
disappears from the hospital ward, Years later, in 1970, Jane (now a man, of course) 
meets another stranger who uses a time machine to transport both of them back to 
April 3, 1963. By April 24 male-Jane meets female-Jane and impregnates her (and 
so now we know who the mysterious stranger was during the one-night affair!) 
Meanwhile, the stranger with the time machine travels forward to March 10, 1964, 
little after female-Jane has given birth, kidnaps the baby from the hospital (thus 
clearing-up another mystery!) takes her back to September 20, 1945, and leaves her 
con the steps of the orphanage. And so we see that Jane is her own mother and father, 
thus out-doing all previous tales about self-parenting. 

This is pretty impressive stuff, but Heinlein still has one more twist for us. After 
leaving baby-Jane in 1945, the time machine stranger retums to April 24, 1963, 
retrieves male-Jane (who has just kissed female-Jane goodnight after fathering 
her-himself in herself), and takes him to 1985 where he recruits him into the 
‘Temporal Service—and finally, the stranger jumps forward to 1999, his ‘real 
time.” At the end we at last Learn that the stranger is, in fact, an even older version 
of male-Jane—all the central characters in the entire story are the same individual at 
various points along a single, highly twisted world line. The lone character in 
Heinlein’s tale is truly a self-made man/woman in every sense of the phrase! This 
ultimate act of creatio ex nihilo has, correctly | think, been called “smaller than the 
‘minimal loop.”"°° 

Jane, in all her/his versions, is the only character in the story that appears to have 
purpose, In terrifying words that describe a causal loop, Heinlein ends the tale with 
an explanation of the story’s title: “The Snake That Eats Its Own Tail, Forever and 
Ever. [know where I came from—but where did all you zombies come from? 


You aren't really there at all. There isn’t anybody but me—Jane—here alone in the 
dark. I miss you dreadfully!” In a December 1958 letter to his literary agent, 
Heinlein wrote of this amazing tale, “I hope that I have written in that story the 
Farthest South in time paradoxes.” In my opinion, he did. 

‘The sexual paradox has continued to fascinate science fiction writers up to the 
present day. In the novel Timemaster (note 122), for example, the hero at one point 
spends a night with his wife—and with two versions of himself from the future. He 
will, of course, experience that night two more times! Later, he becomes upset when 
his wife runs off with one of the older versions, but he quickly calms down when he 
considers that eventually he will be the older version. Consider, too, a story’! that 


'S. Lem, "The Time-Travel Story and Related Matters of SF Structuring,” Science Fiction 
Shudies, Spring 1974 pp. 143-154, 
'1G. Benford, “Down the River Road" Afier the King: Stories in Honor of I. R. Tolkien 
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tclls of a young man hunting the father who, years before, had abandoned him in 
burning house. The death of the young man’s mother in the flames has sent him on a 
10 year quest for revenge up and down what is literally a river of time, a river on 
which to travel in one direction (“up time”) is to move into the past, whereas 
moving “down time” leads to the future. Eventually he corners the father and, 
despite the man’s pleading, kills him. It is only later, after examining papers he 
finds in his father’s pocket, that the young man realizes he has killed his future self 
(Benford, a physicist, knows the pitfalls of time travel, and you'll notice that there is 
no autoinfanticide paradox here). 


4.6 Splitting Universes and Time Travel 


“In alltime travel stories where someone enters the past the past necessarily altered. The 
only way the logical contradictions created by such a premise can be resolved ig by posting 
1 Universe that splits into separate branches the instant the past is entered.” 


One early science fiction technique for allowing backward time travel and a 
changeable past, while still avoiding paradoxes, is that of alternate universes. 
According to this idea, if a time traveler journeys into the past and introduces a 
change (indeed, his very journey may be the change) then, as the above quote states, 
reality splits into two versions, with one fork representing the result of the change 
and the other fork being the original reality before the change. (To a fitth- 
dimensional observer, of course, all conceivable forks, all possible four- 
dimensional spacetimes, have always existed.) Indeed, according to this view the 
entire universe is splitting, at every microinstant, along every alternative decision 
path for every particle in the cosmos! This is often called the theory of alternate 
realities with parallel time tracks. 

Such a seemingly fantastic view seems to actually have some scientific plausi- 
bility because of the so-called many-worlds interpretation (MW) of quantum 
mechanics, pioneered in physics by Hugh Everett I (1930-1982), in a 1957 
cton doctoral dissertation. Everett's theory is the antithesis of what is com- 
monly called the collapse of the wave function, the idea that all potential possibil- 
ities have a non-zero possibility until a consciousness actually decides or observes 
‘which one will actually be. That quantum mechanical concept gets its name from 
the probabilistic wave equation formulated in 1926 by the German physicist Erwin 
Schrédinger (1887-1961). Before the observation, all possible futures have various 
values of probability; after the observation (which ‘collapses’ the wave function) 
exactly one of those futures (the future) has probability 1 and all the others have 
probability 0. 

‘The MWI idea can be seen in Hale’s story “Hands Off, 
art 40 years before that! With almost certainly a theological twist, consider the 
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eM, Gard 


‘Mathematical Games,” Scientfe American, March 1979, 


230 4 Philosophers, Physicists, and the Time Travel Paradoxes 


Fig. 4.6 Grandville 
Infinity Jugeler of many- 
‘worlds 


beautiful illustration in the 1844 book Un Autre Monde (Another World), 
reproduced in Fig. 4.6, Known either as “The Infinity Juggler” or “The Juggler of 
Worlds,” it is the work of the French artist Jean-Ignace Isidore Gérard (1803-1847), 
‘who published under the name “Grandville.” The juggler—Grandville’s version of 
Hale's mentor—appears as a court jester who is clearly having fun manipulating his 
multitude of worlds, while the man (humanity?) in the foreground watches. The 
‘man appears to be simultaneously fearful and fascinated, involved yet clearly 
impotent. Is Earth one of the worlds among which the Jester stands, or is it one of 
those flying through space? Or is Earth, perhaps, simply the unfortunate world 
ingloriously stuffed down the front of the Jester’s pants? (That would surely explain 
alot!) If bom a hundred years later, Grandville would surely have found work as an 
artist in the imaginative world of the science fiction pulps. 

Early science fiction stories that treat the collapsing wave function concept can 
be traced back to the late 1930s and carly 1940s." A particularly interesting 
example is the story of an inventor who, while trying to build a radio with which 


See, for example, Jack Wiliamson’s 1938 novel The Legion of Tine, and C.L. Moore's, “Tryst 
in Time,” Astounding Stories, December 1936. L. Sprague de Camp (1907-2000), to0, was an 
carly pioneer in the exploration of the MWI idea in science fiction long before Everett. In his 1941 
novel Lest Darkness Fall, for example. he uses the analogy ofa tree (the "main time line”) that is 
always sprouting new branches. 
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to signal Mars, accidently stumbles on the “temporal-aberrant cartier wave” and 
thus establishes contact with a universe that forked off of ours in 1863 when Robert 
E. Lee won the Battle of Gettysburg!'“* In Everett's MWI, however, the wave 
function of the universe does not collapse, Indeed, it couldn't, because there is no 
observer external to the entire universe (we are talking science now, not of theology 
and God); instead, the wave function ‘splits’ at every decision point in spacetime, 
Although this leads to a multitude of realities far beyond comprehension, cosmol- 
ogists still end to like the MWI because it avoids the puzzle of having to produce an 
observer ‘outside the universe.” 

I's important to understand that the MWI is different from yet another idea 
popular in science fiction, that of parallel universes (see again the third discussion 
question at the end of Chap. 3). In parallel universes all possibilities always exist, 
independent and parallel in time, In the MWI, on the other hand, ever more 
universes are continually coming into existence. Unlike the MWI, which can at 
least claim a scientific basis (quantum mechanics), there is no analogous theory for 
parallel universes. But, of course, even though lacking a theory, nonetheless scienc 
fiction writers have been quite inventive with the idea because parallel universes 
offer a way to avoid (at least some) causal loops. 

One clever, early pulp story'*® illustrates how that works. To improve the 
performance of his time machine, an inventor needs batteries with tremendous 
energy density, a density far in advance of the batteries in the present, Unable to 
travel fur into the future—if he could obtain them there, then of course a causal loop 
(the very entity we wish to avoid) would be created upon his bringing them back to 
the present—his assistant first travels back to 1851. There he leaves a note on desk 
of a well-known experimenter, with a plea for him to devote his life to battery 
research; a copy of the 1937 Electrical Handbook is left with the note as proof that 
there really has been a visit from the future! Before returning to the present, the 
assistant takes a sheet of (new) 1847 five-cent stamps from the experimenter’s desk, 

Returning to the present, which is now different (a new time track, in accordanc 
with the splitting-universe idea), the powerful batteries are readily available 
hecause the experimenter believed the note. Buying several of them, using 
money obtained by selling the pristine 1847 stamps to a collector, the assistant 
returns to a slightly earlier 1851 than before (to before the fork in time!), watches 
himself appear’ and leave the note and the handbook, and then, unobserved, the 
assistant removes both: Thus, upon returning once more to the present, he finds all 
is as hefore—except now he and the inventor have the powerful batteries. As 


SN, Bond, “Parallel in Time,” Thrilling Wonder Stories, June 1940, See also S. N. Faber, “Trans 
Dimensional Imports,” Isaac Asimov's Science Fiction Magazine, August 1980, 
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"}yst like Marty MeFly does atthe end ofthe 1985 film Back ta the Future. The movie is fun, bu, 
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before, one might ask where the batteries came from, but unlike the previous 
mystery of information-creating causal loops, the answer is clear and 
non-mysterious. They came from the hard work of the experimenter on a different 
time track, Such shuttling back-and-forth between time tracks is the signature of 
‘what is called a cross-time story, a device to avoid paradoxes while still allowing 
for changing the past. The first example of this time travel sub-genre had actually 
appeared 4 years earlier.'*7 

In another cross-time tale from modem times, we read of the horrible fate 
suffered by a man when an experiment in a Princeton physics lab goes wrong.'* 
It is discovered, too late, that parallel time tracks are not simply grooves into which 
you drop, like a ball, after leaving the time track of our world. Each version of a 
person in each world is not like a ball rolling down a groove from past to future. 
Rather, each world’s time track is just a ine on a smooth surface; as the man is told, 
during a temporary stay in a world still close to his (our) original world, “We gave 
you a push sideways, and you moved off your original line—but instead of 
Gropping into the next groove, you've just kept on rolling across the surface, 
from one line to the next, at an angle, There are no grooves, nothing to stop you 
from sliding on across the different lines forever. You have the same futureward 
vector as you started with, but you've added small cross-time vector, as well.” 
‘And so the man drifts cross-time, and gradually the worlds he experiences grow 
ever more alien.""? 

‘The science fiction is undeniably fun, but for this book the underlying scientific 
theory of time travel is classical (that is, non-quantum) general relativity, and that 
theory has nothing to say about alternative time tracks in multiple worlds. For most 
time travel theoreticians there is one time track, and the past of our world is unique 
and inviolate. I agree with the great quantum physicist J. S. Bell (1928-1990), who 
‘wrote of Everett’s theory that “if such a theory were taken seriously it would hardly 
be possible to take anything else seriously."""” As Bell further observed, in the 
MWI “there is no association of the particular present with any particular past,” a 
quite strange idea that had already appeared in science fiction years earlier."*" 

While most carly time travel analysts did base their work just on classical 
general relativity, there are now many more who think quantum mechanics itself, 
independent of its interpretation, has much to contribute as well. Perhaps, in fact, it 


PM, Leiner, “Sidewise in Time." Asounding Stories, June 1934, Spliting universes with 
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‘may make an absolutely crucial contribution to the theoretical basis of time travel. 
One analyst who believes this (along with an even stronger belief in the MW) is the 
British physicist David Deustch (note 100), who holds that general relativity is not 
the proper theory with which to study the physical effects of CTLs. He believes that 
the traditional mathematical machinery of general relativity actually obscures, 
rather than clarifies, the difficult task of separating the merely counter-intuitive 
from the unphysical. 

Indeed, Deutsch calls the conventional spacetime methods, based on general 
relativity and differential geometry, perverse, He also does not like the conceptual 
problems raised by general relativity’s wormholes and singularities. Any 
non-quantum mechanical discussion, he says, of the “pathologies” of backward 
time travel is simply not adequate. Deutsch divides these pathologies into two 
fundamental classes: (1) paradoxical constraints, such as the free-will issue seem- 
ingly raised by the grandfather paradox, and (2) causal information loops. Deutsch 
claims that his quantum mechanical analyses show that the first class of pathologies 
simply does not occur, because the past that the time traveler enters is the past of 
‘world different from the one he has left. Further, his results also show (to him) that 
the pathologies of the second class may be “avoidable.” These are not the views 
among the majority of time travel students, however (that does of mean Deutsch is 
wrong!), and general relativity is the standard tool used by the majority of time 
travel theoreticians, When quantum mechanics does enter the calculations of most 
analysts, itis generally on an ad hoc basis. 

More concerning for the MWI view is a result reported in 2004, that a macro- 
scopic object (a human time traveler, for example) attempting to traverse a worm- 
hole time machine (to be discussed in some detail in Chap. 6) “must necessarily 
undergo violent interactions with the time machine,” interactions so violent that 
they must “cause the object to disintegrate.” The different pieces of the now 
certainly dead time traveler would emerge from the wormhole in different 
worlds—this is definitely not a result likely to encourage volunteers for the first 
time machine trip!" 

So, many physicists and philosophers, not sharing Deutsch’s position,"** tend to 
agree with Bell, including the late John Wheeler (Everett’s thesis advisor!), who 
wrote of the MWI “I once subscribed to it. In retrospect, however, it looks like the 
wrong track. ... Its infinitely many unobservable worlds make a heavy load of 
metaphysical baggage.” Agreeing with Wheeler was a philosopher who called 
the MWI “highly controversial” and declared that “few working physicists take it 


avel Paradoxes, Path Integrals, and the Many Worlds Interpretation of 
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seriously.”""* Perhaps even more damning was a physicist’s statement that “the 
idea of 10's slightly imperfect copies of (the universe) all constantly splitting into 
further copies .... isnot easy to reconcile with commonsense. Here is schizophrenia 
with a vengeance.” Or, as one science fiction writer bluntly put it, in a tale of the 
inventor of the “chronomotive impulse belt” (which allows moving between the 
‘vo parallel worlds that are all that exist), the MWI is the “Doctrine of Infinite 
Redundancy—which is, of course, utter nonsense.”""7 

Deutsch’s position does raise the obvious question of what motivates a quantum 
theoretician to study CTLs at all, given that they originate in general relativity and 
‘not in quantum mechanics. Deutsch’s response is that although CTLs did indeed 
originate in classical Einsteinian general relativity, the still incomplete theory of 
quantum gravity does predict CTLs, too. And that is an exciting observation for 
time travel enthusiasts because, as Deutsch writes, the results of his quantum 
studies of CTLs show that “contrary to what has usually been assumed, there is 
no reason in what we know of fundamental physics why closed timelike lines 
should not exist.” That view was later endorsed by other physicists who wrote, 
after a quantum mechanical study of how a particle could transit a time machine 
spacetime in a physically consistent manner, “there is no contradiction between the 
postulates of quantum mechanics and the possible existence of causality violation 
in general relativity." 

Long before these scientific endorsements, science fiction had enthusiastically 
embraced the many-worlds idea and its connection with time travel, The first such 
tale” appeared when Everett was just 3 years old; it put forth the insightful 
observation that although alternate time tracks may allow changing the past for 
the better (something that can’t be done, for better or for worse, with a single time 
track), in the end any such change may still be futile. As Daniels” time traveler puts 
it, “I did have an idea to ... go back to make past ages more livable. Terrible things 
have happened in history, you know. But it isn’t any use. Think, for instance, of the 
‘martyrs and the things they suffered. I could go back and save them those wrongs. 
‘And yet all the time ... they would still have known their unhappiness and their 
agony, because in this world-line those things happened. At the end, it’s all 
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unchangeable; it merely unrolls before us.”"5° Many years later, in a critique of the 
many-worlds idea, a philosopher/physicist echoed Daniels’ words: [In the world] 
that I (subjectively) experience I may blunder, but [in another world}, with equal 
actuality, I triumph gloriously, The Everett interpretation can be used this way to 
mitigate sorrows, but this use is two-edged, for it equally well implies the specious- 
ness of happiness.”!*" 

‘The editorial introduction to Daniels’ pioneering tale is quite interesting: the 
opening line is “To say that this short story contains some revolutionary time-travel 
theories would be putting it exceedingly mild.” That editor then went on to tell his 
readers, with great enthusiasm, that “when the author .... submitted this story to us, 
his accompanying letter stated that in it he had settled the time-travel question once 
and for all. We must admit that a broad, unbelieving grin spread over our counte- 
nances when the author dared make this assertion. BUT—the smile soon left our 
fa [To our chagrin, Mr. Daniels had really propounded so many brand new 
ideas about time and time-travel, and such logical ones—that he has not left one 
loophole in his argument!” 

John W. Campbell (1910-1971), the first (and only) editor of Astounding 
Science Fiction (today’s Analog), called alternate time track stories “mutant” 
because they represented the first new innovation (or mutation) in the time travel 
concept since H. G. Wells. Campbell incorrectly claimed The Legion of Time (note 
133) was the first such tale (see Campbell’s editorial in the May 1938 issue of 
Astounding) , and that “Other Tracks” (note 135) was the second, but in fact it was 
Daniels who was first with splitting time tracks in science fiction. After Daniels the 
concept quickly became part of standard science fiction lore and could be used by 
other writers with litle explanation. For example, just a little more than a decade 
later one author did not have to say much about his “First Law of Chronistics,” 
‘which determines the development of “the branches of Fan-Shaped time.” It was 
suflicient for his readers to learn that should a time traveler to the past change 
anything, a parallel branch of time would be created on which the time traveler 
‘would be trapped: “The man who interfered with the space-time matrix, displacing 
even a comma in the great scroll of time, would be cut-off from his origin 
forever.""? 

Still, if there is one thing we can say about science fiction, it’s that no “rule” is 
immune to challenge. Decades after Daniels” tale put forth the MWI, we find the 
‘well-known author James Blish (note 100 in Chap. 1) rejecting it. In a story about 
the reception of radio signals from the future, we read of one character telling 
another “I was going to do all those things. There were no altematives, no fanciful 
“branches in time,’ no decision-points that might be altered to make the future 


SO These sad, resigned words were written when the author, David R. Daniels (1915-1936), was 
just wemty years old. A year later he committed suicide 
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change. My future, like yours ... and everybody else’s, was fixed. It didn't matter a 
snap whether or not had a decent motive for what I was going to do: I was going to 
do it anyhow, Cause and effect ... just don’t exist. One event follows another 
because events are just as indestructible in space-time as matter and energy are," 

This denial of the MWI is simply an author's choice, of course, for whatever 
story effect is desired, and others may make different choices. Isaac Asimov, for 
example, used the MWI idea in in the story of a time traveler who journeys back to 
1871 London, to retrieve a lost Gilbert and Sullivan operetta (Thespis). When he 
returns to the present he finds that his wife Mary (who was alive when he left) has 
been dead for a year on the new time track that his actions in the past have created. 
As the story ends, the devastated time traveler thinks “I had changed history. I could 
never go back. I had gained Thespis. Ihad lost Mary.”!*" This sad fate is repeated in 
another story of a time traveler lost in an infinitude of time tracks with no hope of 
ever finding his way home: “In all of time, how many, many worlds there must 
be, How to find a single twig in such a forest?"'*° 

Splitting universes have been used in literary works outside the genre of scienc 
fiction, as well, Examples include “The Garden of Forking Paths” by the Argentine 
writer J. L. Borges, the first play J. B. Priestly wrote (the 1932 Dangerous Corner), 
John Updike’s 1997 novel Toward the End of Time, and Gore Vidal's 1998 novel 
The Smithsonian Institution. Typical of these fictional fantasies about splitting 
universes is a tale (anticipating Asimov's) by Lord Dunsany (1876-1957)}—the 
Irish writer Edward Plunkett—the story of a man who goes back in time to correct 
“two or three mistakes he had made in his life,”"*° This he successfully does, but the 
resull is a new, subtly different subsequent history. The differences are not infinitely 
subtle, however; after the changes, he finds that his home, his wife, and all the 
delicate details of his life have vanished. As he relates to a visitor at the lunati 
asylum he is now confined to, as the result of his despair, “I tell you I'm lost. Can't 
‘you realize that I’m lost in time? I tell you that you can find your way traveling the 
length of Orion, sooner than you shall find it among the years ... Don’t go back 
down the years trying to alter anything ... Don’t even wish to... [T]he whole 
length of the Milky Way is more easily traveled than time, amongst whose terrible 
ages Lam lost.” 

In writing for a mass audience, rather than just for the more limited science 
fiction and fantasy one, perhaps the best known literary work of altemate history is 
the classic 1953 novel Bring the Jubilee by Ward Moore (1903-1978). In that work 
Lee wins the Battle of Gettysburg, and the South wins the Civil War. Using a time 
machine, a historian travels from 1952 (of the World in which the South wins) into 
the past of 1863 to study the battle, where he inadvertently disrupts events to the 
point that the North wins; that is, reality splits and the newly created fork represents 
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the time track of our world, The historian is trapped on this new fork, cut off forever 
from his original time track, The entire novel is in the form of a discovered 
‘manuscript, written in 1873 and found in 1953, and the pathos of the ultimate 
isolation endows the novel with great emotional impact. 

‘A 1992 novel on the same theme, Harry Turtledove’s The Guns of the South, 
begins with a fascinating premise but then misses the crucial distinction between a 
single versus multiple time tracks. In that work racists from the future (2014) arrive 
by time machine at Lee's 1864 winter camp. They bring with them AK-47 auto- 
‘matic assault rifles and offer to supply Lee’s army with all it can use, Lee accepts 
and the South wins the Civil War. The future, of course, changes—or does it? The 
time travelers have brought back books from the future showing that the South lost 
the war, so the implication is that history must have forked. So far, so good. But all 
through the novel, the time travelers move back and forth between the nineteenth 
and the twenty-first centuries, apparently finding their own time unchanged. And if 
that is so, then the whole point of the story vanishes. Why all the effort to change 
history when it is clear that nothing has changed” The novel is entertaining reading 
(Turtledove is a trained historian), but I believe Moore's novel to be the superior 
work of science fiction. 

T'll end this discussion on splitting universes with a startling theological issue 
raised by a philosopher.'*” Arguing that God cannot branch into multiple time 
tracks because God is unique, the conclusion seems inescapable that God therefore 
exists on exactly one of how ever many different time tracks there may be. What if 
that chosen time track isn’t ours? Then, concludes the philosopher, Nietzsche's 
nineteenth-century metaphorical claim that “God is dead” (for us) might literally be 
true! He admits that this is “fanciful,” but still 


4.7 For Further Discussion 


Inan afterword to his story “Dead City” (Thrilling Wonder Stories, Summer 
1946), Murray Leinster muses “You've heard the old argument that a man 
can't travel backward in time because he might kill his grandfather, I've 
wondered why nobody has argued that man can’t travel forward in time 
because he might be killed by his grandson.” One possible answer to Leinster 
is that if, at the moment the forward-bound time traveler departs, he has not 
yet sired a child, shen there simply wouldn’t be a murderous grandson waiting 
for him in the future, Perhaps, however, Leinster had this somewhat more 


(continued) 
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‘complicated scenario in mind: Afier the time traveler arrives in the future he 
is attacked by a mysterious stranger but survives, and later returns to the 
present. He then sires a child who will be the parent of that mysterious 
stranger. (As far as I know, this plot fine has not appeared in a science fiction 
story.) Contrary to Leinster's view, explain why the possibility of being killed 
by a grandson is not a reason for forbidding the possibility of a trip in time 
(in either direction), 


In his causal loop paper (note 105) the University of Delaware philosopher 
Richard Hanley correctly writes (on p. 146) “physicists have tried to avoid 
free will problems by ignoring causal loops involving intentional agency.” 
and partly illustrates this claim with the autoinfanticide paradox, writing of 
the attempt of a time traveler to kill his younger self as inevitably failing 
because “the past is apparently brought about willy-nilly.” (Hanley unfortu- 
nately then uses the story “Thompson’s Time Traveling Theory” as an 
‘example of this—see note 77, and the end of the “Introduction” —when itis 
that time traveler's grandfather who is the intended target.) Discuss the 
merits of Hanley’s claim, keeping in mind the end of Sect. 4.3 
(in particular, note 81), If you are interested in genetics and astronomy as 
well as in time travel, then for extra credit comment on Hanley’s claim 
(p. 137) that “one can extract information about my DNA from ... my 


The fictional killing of Hitler was imagined in print even before World War 
Il, in Geoffrey Household’s intense 1939 novel Rogue Male (made into the 
1941 film Man Hunt), And so it’s not surprising that one of the popular 
‘change-the-past themes in science fiction is that of a time traveler killing the 
Fohrer, (This idea, somewhat oddly, appeared in the debates leading up to the 
2016 American Presidential election, when one of the candidates, to show the 
toughness of his character—even though he opposed abortion—declared 
“Hell, yes, I'd kill baby Hitler! You gotta step up, man.” This candidate did 
elaborate a bit, stating there might be some risk involved with tampering with 
the past.) Stories in this sub-genre include E, Norden’s “The Primal Solution” 
(Magazine of Fantasy & Science Fiction, July 1977), W. R. Thompson's 
“The Plot to Save Hitler” (Analog, September 1993), L. del Rey’s “My Name 
Is Legion” (Astounding Science Fiction, June 1942), and R. M, Farley's “I 
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Killed Hitler” (Weird Tales, July 1941). Read some of these tales and 
‘compare the various repercussions envisioned by the authors following an 
assassination of Hitler by a time traveler. 


After our discussion of Heinlein’s time travel masterpiece “All You Zom- 
bies—" you might think it impossible to write a new story that exceeds it in 
complexity. That might well be true, but a modern masterpiece by Ted 
Chiang certainly gives it a good run for the money. “The Merchant and the 
Alchemist’s Gate” (Magazine of Fantasy & Science Fiction, September 
2007) uses a ‘wormhole’ that connects the present to the future 20 years 
hence, and it is stuffed with intertwined causal loops and information boot- 
straps. Read it and keep track of all such occurrences. How many did you 
find? The last line of the story clearly expresses the view that the past cannot 
be changed: “Nothing erases the past. There is repentance, there is atonement, 
and there is forgiveness. That is all, but that is enough.” Is the story always 
faithful to this view of time travel? 


In his. paper (note 126) on the coincidences of time travel, the University of 
Queensland philosopher Phil Dowe writes “It’s true that remote time travel 
[into the very distant past] does not allow for causal loops ...” Is this true? 
Consider, as you think about this, the story “Time’s Arrow” (Science-Fan- 
tasy, Summer 1950) by Arthur C. Clarke. In that tale geologists have just 
discovered, in a remote desert, the fossilized tracks of a monstrous creature, 
from fifty million years ago, tracks that indicate that the beast was in hot 
pursuit of fleeing prey. Before the geologists can unearth the entire set of 
tracks, to see if the pursuit was successfully completed, they are visited by a 
physicist who just happens to be conducting near-by experiments in time 
travel. (This proximity is explained by noting what better place to conduct 
time travel experiments, powered by atomic energy, than in a remote desert?) 
At one point during the visit, after being told of the ancient pursuit frozen in 
rock, the physicist muses “It would save you a lot of trouble, wouldn’t it, if 
you could actually see what took place in the past, without having to infer it 
by these laborious and uncertain [geological] methods.” This comment 
results in the Chief geologist paying a visit to the physicist’s lab. After driving 
over in a car equipped with tires having “an odd zigzag pattern” in the tread, 


(continued) 


240 4 Philosophers, Physicists, and the Time Travel Paradoxes 


aan accident sucldenly sends the entire lab into the past. Soon after, the other 
geologists unearth the rest of the fossilized tracks, and learn what the crea- 
ture’s prey had been when they see a zigzag pattern in the rocks, tracks that 
show “the great reptile was about to make the final leap upon its desperately 
fleeing prey.” Can you see how to modify this story s0 as to have a causal loop 
involving the very distant past? (For perhaps even more inspiration on 
thinking about causal loops, watch the 1980 movie The Final Countdown. 
In it the designer of a modern naval warship that temporarily travels back 
through time to the Pearl Harbor of December 6, 1941, turns out to be a crew 
‘member who was accidently left behind in the past, In the past he will be able 
to design the ship because he already knows how it was designed—by 
himself!) 


Comment, at length, on the cartoon shown in Fig, 4.5. (Does it make logical 
sense?) 


In the story “Salvation” by Jerry Oltion (Analog, December 2007) a physi- 
cist approaches the Universal Church of the Divine Revelation for money to 
build a time machine, He is blunt in making his case: “You could go back in 
time and meet Jesus. Assuming he existed.” That statement causes (it should 
come as no surprise) not just a bit of pandemonium but, nonetheless, an 
influential Church leader decides to provide the funding. Why? Because later, 
while sitting in his office as he talks with the physicist, a sheet of paper 
suddenly appears in the air above the leader’s desk and then flutters down to 
land on the telephone. Picking the paper up, the leader sees it isa sheet of his, 
own letterhead, with writing in his own angular, precise handwriting, saying 
“It works. Give him the money. You almost named the dog Solomon.” This, 
convinces the leader because, as we are told, “Paper appearing out of nowhere 
‘was a good trick, but it might easily be just that: a trick. Duplicating his 
letterhead and his handwriting wouldn’t be all that difficult either. [On the 
other hand] knowing the name [the leader] had considered but rejected for his 
German Shepard 15 years ago was a different level of feat entirely.” The 
physicist seems to be startled by the appearance of the paper, too, and asks 
“May I see that?” His reaction convinces the leader it wasn’t a staged event: 
“Well, I'l be damned,” the physicist replies. Once the time machine is under 
construction, the two men realize they have to send the enigmatic message 
back in time to complete the loop. As they prepare to do so, the leader asks a 
curious question. After retrieving the mysterious sheet of paper from his desk, 
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he says to the physicist “Should I send the original [the one he is holding in 
his hand], or should I write another?” The physicist replies with “Write a new 
one. If we send the original, we put it in a closed loop and [we'll] never get it 
back. We don’t want to lose the first object to travel in time, We'll want that 
for the Smithsonian someday.” Does this make sense? Also, comment on 
whether or not the dog’s name is a bootstrap paradox. 


A perplexing little time travel paradox, one that I don’t think science fiction 
has yet treated (and I’m pretty sure physicists haven't had anything to 
about it either), was cooked-up by the English philosopher Robin Le Poidevin 
in his 2003 book Travels in Four Dimensions: the enigmas of Space and Time 
(Oxford, pp. 180-181). There he writes “Peter and Jane, both 20 years old, are 
out for a walk one day in 1999 when suddenly a time machine appears in front 
of them, Out steps a strangely familiar character who tells Jane that he has an 
important mission for her. She must step into the machine and travel to the 
year 2019, talking with her a diary the stranger hands to her. In that diary she 
must make a record of her trip. Obligingly, she does as she is asked and, on 
arrival, meets Peter, now aged 40. She tells Peter to travel back to 1999, 
taking with him the diary she now hands him, and recording his trip in it. On 
arrival in 1999, he meets two 20-year-olds called Peter and Jane, out for a 
walk, and he tells Jane that he has an important mission for her.” Le Poidevin 
then writes that “the really tricky question is: how many entries are there in 
the diary when Jane first steps into the machine? We imagine it blank. But this 
is the very same diary as the one Jane hands to the 40-year-old Peter, which 
then contains her entry. And by the time Peter arrives back in 1999, it will 
contain his entry, too. But then, if the diary already contained two entries, 
when Jane was handed the diary, then it would contain three entries when she 
handed it to Peter, who would then add another one, so the diary would have 
contained four entries when it was first handed to Jane, and so on. If the 
problem is not immediately apparent, this is because we imagine an indefinite 
number of trips, but in fact there are just two: Jane's trip to 2019 and Peter’s 
trip to 1999. So there ought to be a consistent answer to the question, how 
many entries are there in the diary? Yet, as we have seen, there does not 
appear to be a consistent answer.” Another philosopher soon claimed he did 
have the answer: namely, 2. Read his paper (Erik Carlson, “A New Time 
Travel Paradox Resolved,” Philosophia, December 2005, pp. 263-273), and 
cither explain why you agree with Carlson’s reasoning or enthusiastically 
rebut it. 
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Asin “The Time Eliminator” (Fig. 4.1), other stories have imagined gadgets 
that simply view the past, rather than visit it as would a time machine. This is 
done in an attempt to avoid paradoxes —but does it? Two stories that illustrate 
how just viewing the past risks affecting the past as much as time 
travel would, are Horace Gold’s “The Biography Project” (Galaxy Science 
Fiction, September 1951) and Donald Franson’s “One Time in Alexandria” 
(Anatog, June 1980). In the first tale the Biotime Camera, operated by the 
Biofilm Institute, allows teams of biographers to film (alas, no sound!) and 
study the lives of past notable personages. Of particular interest are the lives 
of those who developed neurotic psychoses, such as Isaac Newton, And, 
indeed, the Biotime Camera does capture Newton’s image as he begins to 
display increasingly disturbed behavior. We see Newton, for example, as he 
begins to peer into dark comers, looking for those who have come to spy on 
him. On his death bed, the biography team assigned to him reads his lips and 
discovers that his final words are “My guardian angel. You watched over me 
all my life, 1am content to meet you now.” Itis then that the Biofilm Institute 
realizes what it has done. Newton was in fact being spied upon—by the 
Biotime Camera, which has not changed the past but has certainly affected 
it, In the second tale an archeologist uses a time viewer to read the lost 
manuscripts in the ancient library at Alexandria before it was completely 
destroyed in an inferno. The viewer uses an infrared beam—and itis the heat 
from that beam from the future that proves to be the origin of the fire in the 
past, Again, the past has been affected, but not changed, by time viewing. Is it 
true to claim, however, that such viewing gadgets could not be the source of 
other paradoxes, such as causal loops or information bootstraps? If you think 
that isn’t a valid claim, give a counter-example, 


In a story by Francis Flagg and Weaver Wright (a pseudonym used by 
Forrest J. Ackerman), “Time Twister” (Thrilling Wonder Stories, October 
1047), we read the following exchange between the inventor of a time 
machine and his none-too-bright helper: 

“You mean to say,” he questioned incredulously, “that { could go back a 
hundred years?” 

“IF you had the proper machine in which to travel, yes.” 

“But that'd take me back to before I was born.” 

‘The Professor smiled tolerantly. 

“Look at this diagram, Hank. This line is the time continuum. It incorporates, 
space, too. [The authors didn’t actually print a diagram with the story, but 
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surely the Professor is using a Minkowski spacetime diagram]. This dot is 
you. It doesn’t matter when you were born, or when you will die. You exist 
right now, that’s the fact. Traveling into the past or future wouldn’t make you 
grow any younger or older. Such a thought is naive. Let me demonstrate the 
mechanics of it for you. If... we calculate with non-Euclidean mathematics 


“it don’t sound reasonable,” the farmhand objected. “If I went back—” 

“L know,” interjected the Professor, “if you went back you might meet your 
own father as a young man and you'd be older than he, or maybe he and your 
mother would be kids going to school.” 

“Haw, haw! That'd be funny, that would.” 

What famous movie, made nearly 40 years later, does the end of the conver- 
sation remind you of? Hint: “flux capacitor. 


‘As mentioned. in the text, a famous science fiction example of affecting (but 
not changing) the past is “Behold the Man” by Michael Moorcock, the tale of, 
a time traveler who arrives in ancient times during the very years of the 
ministry of Jesus as reported in the Bible. When he finds there is actually no 
such person, the time traveler takes the role himself and lives out the events as 
reported in the Gospels, including the Crucifixion. This is a powerful story, 
but it had already been done more than 15 years earlier, by Philip K. Dick, in 
his short story “The Skull” (if, September 1952). In his tale, Dick tells o! 
man from the twenty-second century who is sent by government authority 
back to the mid-twentieth century to kill the Founder of a religious move- 
ment, a movement that ‘now,’ 200 years later, threatens those same govern- 
ment authorities. History records that the Founder gave a powerful speech 
just before being arrested and executed, a speech that started the religious 
movement, and so the time traveling assassin is told to kill the Founder hefore 
he can give that speech. (The parallel between Jesus and the Founder should 
be obvious.) Read these two stories and compare and contrast how Moorcock 
and Dick handled time travel paradoxes. Comment, in particular, on the 
relationship between the assassin and the Founder. Moorcock’s tale should 
be easy to find, and Dick’s is available as a free pdf download (it is in the 
anthology The Best of Philip K. Dick, Halcyon Classics 2010, as well) 
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A subtle change-the-past sequence appears in the original Back to the Future 
film that is easy to miss. When the hero, Marty McFly, returns to 1955 in the 
time car, he leaves from the parking lot of the Twin Pines Mall, so named 
because of the two pine trees that stand nearby. Arriving in the past with 
literally a bang, the time car inadvertently destroys one of the (then) young 
pines. Near the end of the movie, when Marty returns to the future (1985), he 
finds that the mall is now called the Lone Pine Mall. This is charming and fun, 
indeed clever, but modern scholars of time travel reject it, and other claims of 
changing the past, as not being logical. (Shakespeare understood this point, 
when he has Lady Macbeth declare, concerning the murder of Banquo, 
“What’s done cannot be undone: to bed, to bed, to bed.”) What Marty’s trip 
would explain is why the mall would always have had the name of the Lone 
Pine Mall. Watch the movie and see how many other ‘change-the-past” 
episodes you can find. 


Chapter 5 
Communication with the Past 


{IAs for travel o or for signaling the past] you'd have to exceed 
light speed which immediately entails the use of more than an 
inginite number of horsepowers.”" 


5.1 Reversed Time 


“Ihave not discovered Me. Wells’ Time Machine 


One way to communicate with the past is to ‘simply’ live backwards in time, 
Philosophers and other writers of speculative fiction were the first to wonder what 
things might be like in a world where the time asymmetry is reversed—that is, in a 
world where time ‘runs backward.’ Indeed, fascination with the idea of time 
reversal actually dates back thousands of years, long before science fiction, as it 
can be found in Plato’s dialogue Statesman, written (most probably) 15 years before 
Plato’s death in 347 B.C. 

Atone point, Plato offers an extended description of the world suddenly running 
backward in time in the ancient past. After one character is told that at that remote 


time “all mortal beings halted on their way to assuming the looks of old age, and 
each one began to grow backward,” he asks “But how did living creatures come into 
being, Sir? How did they produce their offspring?” The answer is shocking: 
“Clearly ... it was not of the order of nature in that era to beget children by 
intercourse ... It is only to be expected that along with the reversal of the old 
‘men’s course of life and their return to childhood, a new race of men should arise, 
too—a new race formed from men dead and long laid in Earth .. . Such resurrection 


"Am observation by Haskel van Manderpootz, professor of the “newer physics.” in S. 6. 
Weinbaum's “The Worlds of I," Wonder Stories, August 1935. Compared 10 the “modest” Van 
Manderpoot, all other physicists inthe world are a mere ‘pack of jackels, eating the crumbs of 
{das that drop from [his] fast of thoughts.” 

AW. R. Inge (1860-1954, in his November 1920 Presidential Address 1 the Aristotelian Society 
a the University of London Club, ina sympatbetie treatment ofthe possibility ofa time-reversed 
world 
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of the dead was in keeping with the cosmic change, all creation being now turned in 
the reverse direction.” 

‘The reversed-time world is an important philosophical concept. Before the tum 
of the century, for example, Francis Bradley (one of the early proponents of the 
block universe, you will recall from Chap. 2), thought about reversed-time worlds 
and concluded that they would be quite odd: “Let us suppose ... that there are 
beings whose lives run opposite to our own .... If in any Way I could experience 
their world, I should fail to understand it. Death would come before birth, the blow 
‘would follow the wound, and all must seem to be irrational.” A half-century later 
the South African philosopher J. N. Findlay (1903-1987) took Bradley’s position of 
supporting a skeptical attitude towards the possibility of time-reversed worlds. 
Writing in a book review, Findlay declared “The reversed world in question 
wouldn't merely strike us as queer, but definitely crazy: it would be a world 
where what is wildly and intrinsically improbable was always occurring. It 
‘would, in fact, be much more startling than the original asymmetry that led us to 
think of it” (Findlay was almost certainly thinking of things like a tea cup, 
shattered due to a fall, spontaneously reassembling itself.) 

‘The question of backward-running time so fascinated Findlay that, some years 
later, he posed it as a problem for the readership of a scholarly journal (Analysis) 
This led to a number of responses, and subsequently he presented both his own 
negative view of time-reversed worlds and that of the best reader response he had 
received to his posed problem (which came from McGechie).° While Findlay 
showed admirable open-mindedness by awarding the title of best to an argument 
that refuted his own position, he remained unconvinced about the concept of 
reversed-time worlds, stating that “I continue to feel that a total reversal of my 
experiences is a terrifying possibility.” 

‘The terror aspect of living backward in time had been nicely captured in a 
science fiction story years before Findlay wrote. A scientist who is involved in an 
accident with radioactive materials has his sense of time flow reversed, and the 
story carefully and logically analyzes what his life would be like in such a situation, 
For example, the scientist can talk (backwards for others, of course), so he is 
understandable only if his words are recorded and then played in reverse. He cannot 
eat, because for him that would involve the regurgitation of food, He cannot answer 
questions because “if he should answer any questions put to him, it would mean he 
‘was giving the answer before he heard the question, on his time scale.”* And finally 
he can’t pick anything up because the normally stable position and velocity error- 
correction mechanism between eye, hand, and brain, which is a negative feedback 
system in normal time, has become an unstable positive feedback system in 
reversed time. The horror of his existence is contained in the only words the man 


°F. HL Bradley. Appearance and Reality (2nd edition), Oxford University Press 1897, p. 190, 
“J. N. Findlay, Philosophy (25) 1980, pp. 346-347 

1, N, Findlay and J. E, MeGeehie, “Does It Make Sense to Suppose That All E 
Personal Experiences, Could Occur in Reverse?” Anais, June 1956, pp. 121-123, 
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utters (deciphered after reversed playback): “Where am I? What's happened’? Why 
are things so different? Why? Why?"" 

Despite Findlay’s “terror,” however, the prevailing view today is that to the 
inhabitants of a time-reversed (or what is sometimes called a counterclock) world, 
nothing would look odd! This is a fairly new idea,’ and not so long ago the 
philosophical literature displayed a misunderstanding of how a time-reversed 
‘world would appear to its occupants. More recent analyses than Smart’s (note 7) 
advocating the ‘normality’ of a time-reversed world are more compelling.” One 
concern about a time reversed world however is not easily dismissed: matter with 
time reversed time sense is thought by many to be antimatter in our world, and any 
interactions between the two worlds would be spectacular, indeed! 

But let’s ignore that possible difficulty. The philosopher J. R. Lucas argued that 
even if beings from two such time-reversed worlds could meet, they still could not 
communicate: “If two beings are to regard each other as communicators, they must 
both have the same direction of time. It is a logical as well as a causal prerequi- 
"Now, this matter is well worth some effort to understand, because it is, 
intimately tied time uavel. AL frst blush, Lucas’ words seem almost self-evident, 
and after a little thought they might seem to be absolutely irrefutable. The philos- 
opher Murray MacBeath, however, took exception 

MacBeath opened his analysis!” with a story to demonstrate that the persuasive 
power of Lucas’ position is only superficial. In that story of Jim and Midge, Jim is 
one of us, whereas Midge is a ‘Faustian time’'* being. In his analyses MacBeath 
uses capitalized words and symbols for the time-reversed Midge, and lower case for 
Jim, as shown in Fig. 5.1, As MacBeath explains, “While Jim and Midge are 
together a face-to-face conversation is hardly likely to get off the ground. To 
make this clear let us say that they are together from fy until fy, on Jim's time- 
scale, and from Ty until Tyo on Midge’s TIME-scale: fo is then the same temporal 
instant as Tip and, in general, ty = Tio». If Jim at [his time] fz asks Midge a 


M4, Pease" Aatounaing Science Fiction, “Reversion,” December 1949, See also R. A. Banks 
“This Side Up.” Galaxy Seience Fiction, July 1954, for a tale about the confusion caused by 
projecting a film the wrong way in time 

The modem view that a ime-reversed world would appear normal to someone living init ean be 
traced back atleast as faras 0 J.J. C. Start, “The Temporal Asymmetry ofthe World.” Analysis 
March 1954, pp. 79-83, an analysis, las, that may not convince everyone 

SM. Dummett, “Bringing About the Past," Philosophical Review, July 1964, pp. 338-359. 

"See, far example, D.L. Schumacher, “The Direction of Time and the Equivalence of ‘Expanding’ 
and “Contracting” World-Models”" Proceedings of the Cambridge Philosophical Society 1964, 
pp. 575-579; J. V. Narikar, “The Disection of Time,” British Journal for the Philosophy af 
Science, February 1965, pp. 281-285; F. R. Stannard, “Symmetry of the Time Axis 

“August 13, 1966, pp. 683-695. 

This issue is raised, several times, in Robert Silverberg’s 1968 novel The Masks of Time. 
"4, R. Lucas, A Treatise on Time and Space, Methven 1973, pp. 43-47. 

"ML, MacBeath, “Communication and Time Reversal,” Syathese, July 1983, pp. 27-46. 
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catlier ——————> Jim (normal time) —————> later 


fy 4 ty 4 4 
1, 1 r 1 1 
TATER Midge (evened sine) ¢———— EARLIER 


Fig. 5.1 Opposite time flows in counterclock worlds 


question, and Midge hears the question at Ty, she will answer at Ty, and Jim will 
hear his question answered at f, before he asked it! What is more, if Jim is inexpert 
al interpreting backward sounds, and at f; asks Midge to repeat her answer, Midge 
will hear that request at T¢, BEFORE she has heard the original question; and her 
puzzled reply at T> will be heard by Jim at f5 before he has uttered the request.” 
Certainly this is a mess in time, and Lucas seems to be on safe ground with his 
denial of the possibility of communication between Jim and Midge. MacBeath, 
however, shows how to refute all of Lucas’ arguments if Jim and Midge are allowed 
to be clever about how they send their messages back and forth—that is, if we give 
up some of our usual ideas of what a conversation is like. MacBeath’s analyses are 
far too lengthy and detailed to present here, but the simplified diagram of Fig, 5.1 
should enable one to follow the logic of his approach. 

We imagine that Jim and Midge will not actually talk, and so will not have to 
decipher backward-spoken language. Rather, they will exchange messages via 
computer-generated text displayed on monitor screens, screens that are separated 
by a window that is proof against all penetration but the light emitted by those 
screens." The nature of this window is not a trivial matter: if we accept the anti- 
‘matter nature of Midge’s world then itis essential to keep her and Jim apart! To that 
end, MacBeath imagined that the window is double paned, with a perfect vacuum 
in-between. The exchange of photons between the two worlds should present no 
problems because photons are their own anti-particles."* 

Now, imagine that at fy Jim brings a computer to the window. He programs it to 
wait for 4 days, until 4, and then to display the following message on its screen: 
“This message is from Jim, who experiences time in the sense opposite to yours. 
Please study the following questions and display your answers on a computer 
screen three days from now.” Jim’s messages ends with the list of questions. 

Because all that took place at r4, Midge sees Jim’s message and questions at what 
‘we will now call Ty, As requested, she brings her computer to the window, enters 
the answers to Jim’s questions, and programs the machine to display them (after a 


"Communication between beings in counterclock worlds, using written messages displayed 
through a window, appeared in seience fition years before MacBeath wrote: see 1. Watson's 
1978 novelette “The Very Slow Time Machine.” 

"There is no difference in the time sense of photons in either world because the flow of proper 
time for a photon—taveling atthe speed of light, by definition—is zero (recall the discussion in 
Sect. 36) 
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3 day delay) on its screen. Thus, at T;, which is Jim’s 1, Jim sees Midge’s computer 
screen light up with “Hi, Jim. This is Midge. The answers to your questions are at 
the end of this message. Now, I’ve got some questions for you. Please display the 
answers two days from now.” Midge’s message ends with answers to Jim's ques- 
tions and her list of questions. 

Jim sees Midge’s message at 7, enters the answers to her questions and sets the 
machine to answer after a 2-day delay. At ts, which is Midge’s T—and by now you 
see how the process goes. It’s cumbersome, sure, but it works. Or at least it does if 
everybody follows the rules. What if they don’t? MacBeath provides other, increas- 
ingly complicated analyses to treat some of the more subtle problems that can be 
imagined in this method of exchanging messages. I will mention just two of them, 
which have direct analogs with what we normally think of as “time travel.” 

For the first problem, consider Jim's initial message, created at fp to be sent atts 
He receives Midge’s answer as described above at 1,, before his message is 
displayed through the window. So, what happens if at r2 Jim cancels the message 
and it is not displayed? He has already gotten Midge’s reply, but how can that 
happen if he does not send his message? This is, of course, a bilking paradox, with 
an explanation that we discussed in the previous chapter. 

A second problem is the apparent possibility of creating a causal message loop. 
For example, let's say that at fo Jim suddenly decides to send a message through the 
window. (His reason for this sudden urge will be explained in the next few lines.) 
He thinks all night about what to send and, at f), finally settles on the following: 
“Greetings to the people on the other side of the window. This message comes from 
Jim, who hopes you will reply.” Midge immediately sees Jim’s message through the 
‘window (at her time 73) and so is suddenly caught up with the desire to respond. She 
thinks all night about what to send and, hoping to be witty, she finally decides 
{at time 7) on the following echo to Jim’s message, “Greetings to the people on the 
other side of the window. This message comes from Midge, who hopes you will 
reply.” Jim immediately sees this through the window (at what is his time fq) and so 
now we know why he decides to send his original message! And Jim will send his 
original message—he has to because Midge replied to it. 

In a review of a book on the direction of time, the philosopher Hilary Putnam 
restated the problems of a time-reversed world in the form of a provocative 
question: “How do you know that one man's future isn’t another man’s past? 
He began by making the interesting observation that for us to be able just to observe 
a backward-running universe, we would have to provide our own normal radiation 
source, because the counterclock stars in such a universe absorb radiation rather 
than emitting it, This point was elaborated on by another philosopher some years 
later, who wrote “We have uncritically imagined someone looking in on ... two 
worlds having opposite time directions ... Part of the story we tel, of the process of 
seeing, involves the emission of photons from objects [for example, the computer 
sereens of Jim and Midge] and the subsequent impinging of these photons on our 


4, Putnam, The Journal of Philosophy, Apsil 1962, pp. 213-216. 
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retinas, But this process is obviously directed in time, In a world where time ran 
opposite to ours, we could not see objects at all: objects would be photon-sinks, not 
photon-emitters.”"” 

Putnam concluded his comments about reversed time with a cautious warming: “It 
is difficult to talk about such extremely weird situations without deviating from 
ordinary idiomatic usage of English. But this difficulty should not be mistaken for a 
proof that these situations could not arise,” That challenge is no doubt why so many 
\writers of science fiction and fantasy have tackled the question of what it would be like 
if time ran backward. We can find such a tale long before the science fiction pulps, in 
fact, in a tale that appeared when Einstein was just 7 years old. In that story" the 
narrator (a professor of astronomy and higher mathematics) suddenly finds himself on 
‘Mars. There he encounters beings who know the future up to their deaths, and whose 
‘memories of the past are “scarcely more than a rudimentary faculty.” The entire tale is 
in the form of a conversation between the professor and one such being, who argues 
(quite persuasively) for the virtues of his ‘backward’ existence compared to that of 
carthlings (the Martian name for Earth is the story’s ttle). Bellamy realized that his 
story implies a fatalistic block universe: “No one could have foresight ... without 
realizing that the future is as incapable of being changed as the past,” he wrote. 

Other writers, too, were fascinated by the implications of reverse time. When 
Merlyn the magician makes his first appearance in T. H. White’s 1939 masterpicce 
The Once and Future King, for example, he explains how he knows the futures of 
others: “Ordinary people are born forward in Time, if you understand what I mean, 
and nearly everything in the world goes forward, too ... But I unfortunately was 
born at the wrong end of time, and I have to live backwards from its front, while 
surrounded by a lot of people living forwards from behind. Some people call it 
having second sight.” 

What may have put the idea in White’s mind for his time-reversed magician is 
only speculation today, but perhaps it was something he might have read a decade 
before, in a fellow Englishman’s writing, the 1929 book The Nature of the Physical 
World by Sir Arthur Eddington, where one finds the following passage: “In “The 
Plattner Story” H.G, Wells relates how a man strayed into the fourth dimension and 
returned with left and right interchanged ... In itself the change is so trivial that 
even Mr, Wells cannot weave a romance out of it [but see one of the For Further 
Discussion questions at the end of Chap. 2). But if the man had come back with past 
and future interchanged, then indeed the situation would have been lively.” 

Whether or not those words influenced English fantasy, they certainly had some 
effect on American science fiction. In his 1979 memoir The Way the Future Was, 
pulp editor Frederik Pohl wrote that Eddington’s book (which Pohl incorrectly 
altributed to Sir James Jeans) had given him the idea for a story using the reversed- 
time twist. But before Pohl could publish it, an even better (claimed Pohl) tale 
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arrived from Malcolm Jameson, Jameson, too, had read Eddington’s book, and the 
result was the novella-length “Quicksands of Youthwardness,” which Pohl 
published in Astonishing Stories as three-part serial during 1940-1941. Unfortu- 
nately, Jameson's tale is both pretty awful and devoid of any connection with 
Eddington’s suggestion. One can only wonder about what might have been in the 
story Pobl says he discarded—did ir have the future remembered? Alas, Pohl wrote 
that he couldn’t remember! 

Remembering the future does occur in one tale where everybody knows what 
will happen (as they live backward) by reading “prediction books.” What distin- 
guishes that story from many others on the same theme is an interesting, ironic 
conversation a student in a reverse-time world has with a philosophy professor 
about how things would be if time went the ‘other way, 


in our world: 


“How can we tell? The reverse sequence of causation may be just as valid as the one we are 
‘experiencing. Cause and effet are arbitrary, afterall” 

jut it sounds prety far-fetched.” 
11s hard for us to imagine, just because we're not used to it I's only a matter of 
Viewpoint. Water would run downhill and so on. Energy would flow the other way—from 
total concentration to total dispersion. Why not?” 


‘The student is unconvinced, however, and when he tries to visualize such a 
peculiar world (our world, don’t forget!) it gives him a “half-pleasant shudder.” 
Imagine, he thinks in wonder, never knowing the date of your own death. 

‘A few years later, in Wilson Tucker’s 19: 
intriguing idea of political assassination by time bomb, with the bombs actually 
time traveling to their targets. A policeman begins to suspect what is happening 
‘when it becomes evident that one of the explosions was actually an implosion: “The 
time bomb ... had been going in and had carried the force of the blast with 
it, Inward, Into the past. He frowned at that, A backward explosion? An explosion 
‘which ran counter to the normal flow of time, to the normal method of living? 
How would an explosion appear to a man if the blast happened in the opposite 


novel Time Bomb, we find the 


‘manner? If it began exploding now, in this moment, but continued backward instead 
of forward? Would it be an implosion?” 

‘There is little doubt that the definitive treatment of a reversed-time world is that 
of Philip K. Dick’s 1967 novel Counter-Clock World, Dick’s world was once our 
World, but then, as in Plato’s tale that began this chapter, time suddenly begins to 
run backward. People still alive reverse their direction of aging (but still think, 
walk, and talk in forward time), and dead, buried people come alive again and 
emerge from graveyards as the “Sacrament of Miraculous Rebirth” is intoned by 
all live their way back to the womb, just as in Plato’s tale of 1600 years 
earlier. Such imagery is powerful stuff, but the physicist John Wheeler (of black 
hole fame) would have none of it. As he wrote, “Most of us would probably agree 
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that the universe has not contained and will not contain any backward-looking 
observers, We do not expect to see caskets with corpses in them coming to life, nor 
do we expect to find bank vaults in which a gram of radium will integrate rather 
than disintegrate." 


5.2. Multi-dimensional Time 


“If there are extra time dimensions we get violations of causality, because one could sneak 
to yesterday through the extsa dimensions, and ... if you had sneaked to yesterday, you 
would have disappeared from today 


‘There are those, however, who haven't been quite so sure as Wheeler about the 
impossibility of a reversed-time world, One physicist, for example, showed how 
(under certain initial conditions at the Big Bang) there is a possible solution to the 
gravitational field equations that gives an oscillating universe that temporally runs 
backward during the contraction phase.”* And a philosopher has argued that the 
direction of time is local, not global (just as special relativity showed is the rate of 
time) and that the arrow of time can point in opposite directions at different 
locations.** As odd as such ideas may seem, a generalization of reversed-time— 
‘multi-dimensional time—makes it seem small potatoes. This is the idea that there 
might be many possible directions to the arrow of time, not just two. At first this 
‘may seem an absurd idea, something akin to a man jumping onto his horse and 
riding off in all directions at once, But philosophers (and perhaps just a few 
physicists) have started to take at least a semi-serious look at the concept; as 
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with so many other of the radical concepts associated with time travel, though, 
science fiction writers were dealing with multidimensional time long before it 
became a respectable topic in learned philosophical and physics journals. 

Inone pulp story, for example, we find a professor asking his redundantly named 
class in speculative metaphysics “Why shouldn't time be fifth, as well asa fourth, 
dimension?” In response to a generally skeptical reception to that, the professor 
oes on to say “I believe in the existence of a two-dimensional time scheme 
Ordinarily, most people think of time asa track they run on from their births to their 
deaths ... Think of this time track we follow over the surface of time as a winding 
road [it is the imagery of a surface that gives the professor nv time dimensions] 
Once in a while another road crosses at right angles. Neither its past nor its future 
hhas any connection whatsoever with the world we know.""° 

‘The year before, the same pulp had published another tale”’ that went well 
beyond a mere two time dimensions, We are told in that story of two countries on an 
alien planet at war inthe distant future, The war is a stalemate until one side begins 
to fire a gun at its foe from just two miles from its target, in the heart of enemy 
lerritory—from the middle of next week! The gun's shells are true ‘time bombs." 
This is not mere ‘ordinary’ time travel along one time track, however, but a 
multidimensional effect. Using a photograph of the gun in actual operation to 
support his astonishing discovery, an agent for the side being shelled reports to 
his superior that “the gun and its crew are existing along another time axis at right 
angles to the direction of our ‘normal time," so that from our point of view they are 
existing perpetually in the same instant.” 

“That explains why the gun crew can (will?) operate without interference in next 
week's future, as they are in their adversary’s time only for the instant thatthe two 
time tracks intersect. Indeed, the spy used the same trick to obtain his undetected 
photograph: “I secured the photograph by orienting myself along still another time 
axis at right angles to that of the gun, and approached it as an instantaneous, 
invisible entity.” By the story's end both sides are using and counter-using this 
technique, evading each other “to and fro along an ever increasing complexity of 
‘mutually perpendicular time axes.” In fact, the final count exceeds 75 time axes, 
‘making Heinlein’s two-dimensional time look rather skimpy by comparison, 

Well, of course, 75 time direetions is science fiction (I think), and physicists are 
not so enamored of multidimensional time as are science fiction writers, For 
example, Eddington wrote that he found the idea of any region of spacetime 
involving two-dimensional time to “dely imagination.”"* Another physicist showed 
that the extremal property of timelike geodesics (look back at Fig. 3.15 and its 
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discussion) would fail for multidimensional time, which he then associated with the 
stability of matter and a failure of causality.”” Yet another physicist, however, was 
just a bit more willing to consider multidimensional time, and suggested that a 
Viable theory of quantum gravity might support the idea of multiple time dimen- 
sions.*° OF just what more than one time dimension might actually mean, however, 
this same physicist echoed Eddington by writing “Physics in a spacetime of ... two 
timelike dimensions would be very weird indeed,” Agreeing with this physicist was 
a philosopher who called the idea that there could be more than one dimension to 
time a “rather wild possibility” and a “fairy-tale.”' These are probably fair 
statements of how most physicists presently think of multidimensional time. 

But not all philosophers are of that persuasion, and many are in fact as 
by the possibilities of multidimensional time as are science fiction writers. So, why 
this interest in something so different from anything we actually experience? Where 
does the motivation come from? Of what use is multidimensional time? I think the 
answers to those questions all derive from how multidimensional time offers a 
theoretical model for giving meaning to the view that the past can be changed (take 
look back at note 20 in the Introduction) 

Ina certain trivial sense, of course, the past is always changing. For each of us 
the past is the set of all events that have happened, arranged in a before/after 
temporal order, and this set is continually increasing (and so changing). That is 
not, however, what most people mean by a changeable past. What is meant is that 
there may be some kind of change in the temporal ordering of events, or that an 
event that once was (or wasn’t) a member of the set of past events no longer is (or is 
now) a member. Two-dimensional time offers a way to make sense of such 
possibilities, which one-dimensional time simply cannot do. To see how that 
‘works, I'll follow the presentation in a paper that forcefully argues that it does 
make sense to talk about altering the past"? 

Meiland was aware that some might find his model ad hoc, even “incredibly 
weird” (in his own words), but he justified his efforts by taking a refreshingly 
enlightened, non-Humean view of what he thought would be the proper response to 
meeting purported time travelers: “If strange machines containing people in futur- 
istic garments and speaking strange tongues (or perhaps using ESP instead of 
speech) Were to appear and were to claim to be from the future, we might very 
well begin to search for a theory of time that allows their claim to be true.” In 
Fig. 5.2 you can see how Meiland tried to do just that, 
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Fig. 52 Two-dimensional time 


‘The dashed diagonal line, marked with the points f1,f2,... represents our usual 
‘one-dimensional image of time. The horizontal lines Pit), Patz ... (which we can 
simply call P;, P2,.... for short) are the pasts for the present instants f, 3, .... That 
is, Pr is the past with respect to the present f, P2 is the past with respect to 
the present fs, and so on, The dashed vertical lines allow us to locate any moment 
in the past, For example, the intersection point A of P4 with Pi is the location of 
in the past with respect fo the present fy 

With this model, Meiland then analyzed in detail several inter 


ting special 
cases, Suppose that f and f are I year apart and that there is a similar time 
separation between all adjacent, marked present moments on the diagonal. Let us 
further suppose that a time traveler at fy journeys backward 3 years tof), to arrive at 
point A, Assume he stays in the past 2 years; then his temporal locations lie along 
the dashed diagonal line ABC; that is, at B he is 3 years in the past of fs, and at C he 
is 3 years in the past of fg. From Fig. 5.2, then, we can imagine the time traveler 
saying, as he climbs into his time machine at f4, “One year from now I'll be two 
‘years from now.” That rather astonishing statement makes serise when we take both 
uses of now to be fs and observe that B (1 year from A) is 2 years in the past with 
respect t0 fy? 


A critic of time travel (see note 119 of Chap. 2) used what e claimed to be the absurdity of such 
4 Statement to support his ejection of time travel. One of Meiland’s reasons for developing his 
‘two-dimensional model of time was, in fact, t be able to reply to that eritie (Donald Williams). 
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Meiland’s two-dimensional time model is undeniably fascinating, but it simply 
has no theoretical justification (as far as I know"). It is not necessary to assume 
two-dimensional time to explain Meiland’s “strange machines containing people in 
futuristic garments”; itis possible to do that with one-dimensional time in a four- 
dimensional spacetime. The classic paradoxes, too, are understandable without 
two-dimensional time, as discussed in the previous chapter. 


5.3 Maxwell’s Equations and Sending Messages to the Past 


“Communication with a world exactly, to minutest detail, a duplicate of our own [but] 
twenty thousand years ahead of us might ruin the human race as effectively as if we had 
fallen int the Sun." 


Every physicist and electrical engineer knows that the mathematical description 
of the electromagnetic field is given by Maxwell's equations. In particular, radio 
engineers know that the waves of energy their antennas launch into space follow the 
predictions of those equations with astonishing accuracy. Indeed, when Einstein’s 
relativity theory was completed, it was found that Maxwell's equations automati- 
cally satisfy relativity because magnetic effects are relativistic effects; in other 
words, relativity is built into Maxwell's equations. Whereas Newton's laws of 
dynamics had to be patched up, Maxwell’s equations were untouched by the 
discovery of relativity. 

‘Thus, it was a puzzle when physicists discovered that careful study of the 
seemingly perfect Maxwell equations, when applied to antennas, apparently results 
in the prediction of causality violation, Itis found, in fact, that the equations have 
‘wo solutions. One, as expected, contains the feature of time delay; that is, creating 
an electromagnetic disturbance at the antenna now causes a detectable effect at a 
distant point in space later. This is the so-called time-retarded-solution, and its 
common-sense physical interpretation is that of energy waves traveling away from 
the antenna as they also travel into the future, ‘The shock was that Maxwell”s 
equations also accept an advanced solution; energy waves arriving at the antenna 
from infinite space. 

‘The physicist Paul Renno Heyl (1872-1961) wrote the perhaps first scientific 
work discussing advanced electromagnetic effects, in his 1889 University of Penn- 
sylvania doctoral dissertation with the provocative title “The Theory of Light on the 
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Hypothesis of a Fourth Dimension.” Heyl cited the scientific guru of the fourth 
dimension, C. H, Hinton (look back at the last “For Further Discussion’ assignment 
in Chap. 2) as his inspiration, The situation described by Heyl is something like that 
of a child standing at the edge of a pond, She throws a rock into the middle of the 
pond and watches ripples spread out and away from the splash. Suddenly, she sees 
ripples appear all around the edge of the pond and then travel inward toward the 
center, where they all converge at once. A spout of water then erupts from the 
surface of the pond at the simultaneous meeting of the inward-traveling ripples, and 
she watches as a rock is ejected from the spout to land back in her hand, She is, of 
course, open-mouthed with astonishment! How absurd, you think, as you read this, 
and who could blame you? This amazing imagery of advanced effects we owe to the 
philosopher Karl Popper, and it has come to be called “the fable of the Popperian 
pond." 

Pursuing the mathematics of wave motion in the fourth dimension, Heyl wrote 
“We are led to the curious conclusion that, in Hinton’s aether,.” the nature of the 
central disturbance after a given instant can influence the form of the aether hefore 
that instant, In other words, the aether seems to be endowed with an uncanny faculty 
of foreknowledge.” We can avoid such a counter-intutive implication of advanced 
effects, but only at the price of something many physicists and philosophers 
consider equally unacceptable: information traveling from the future into the past. 
‘We can still think of the advanced solution as representing electromagnetic waves 
of energy traveling away from the transmitting antenna—that is, as being broad- 
cast, just like the retarded solution, rather than being received from infinity —if we 
also think of the waves traveling backward in time. Thus, the advanced solution to 
‘Maxwell’s equations holds out the possibility of sending messages to the past, a sort 
of poor man’s time travel. It may seem that we have simply traded one problem for 
another, however, because just sending information into the past can cause many of 
the same paradoxical, causality-busting situations that physical time traveling is 
claimed to cause 

‘The cosmologists Fred Hoyle (1915-2001) and J. V. Narlikar commented on the 
potential problems posed by communication backward in time, in their 1974 book 
Action at a Distance in Physics and Cosmology: “The [Maxwell] equations supply 
us with both advanced and retarded solutions (and, because of the linearity, with 
any linear combination of them) ... With so many solutions theoretically possible, 
why does nature always select the retarded one? That this question cannot be 
answered within the framework of Maxwell’s theory must be regarded as one of 
its intrinsic weaknesses.” 


“K. Popper. “The Arow of Time,” Nature, March 17, 1956, p. 538. See, too, note 110 (and its 
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‘That branding of Maxwell's theory as having an “intrinsie weakness” because of 
its prediction of an advanced solution was, I think, unwarranted. Indeed, the 
advanced solution can be given a perfectly reasonable physical interpretation. 
Imagine a wransmitting antenna sending electromagnetic waves to an identical 
receiving antenna. At any point in space between the two antennas there ure electric 
and magnetic fields. Maxwell’s equations allow us to calculate the fields produced 
by alternating currents in the two antennas, When we do an analysis of the 
relationship between the transmitting antenna’s current and the fields, we use the 
retarded solution because the current is the cause and the fields are the effeet. But in 
the analysis of the relationship between the fields and the receiving antenna's 
current, the situation is reversed, and the fields are the cause and the current is 
the effect. That is, the advanced solution is simply the mathematics relating the 
current in the receiving antenna now’ to the fields in the past, 

‘An acceptance of both solutions has, in fact, been in the physics literature for 
nearly a century. As the Yale physicist Leigh Page (1884-1952) wrote decades 
before Hoyle and Narlikar, “While the advanced potentials, as well as the retarded 
potentials, satisfy the electromagnetic equations, the former has generally been 
discarded for the reason that it has been more in accord with the trend of scientific 
intuition to consider thatthe present is determined by the past course of events than 
by the future, However, if itis once admitted that the present state is uniquely 
determined by any past state, it follows that the future is also so determined, and 
hhence the employment of a future state as well as a past state in specifying the 
Present marks no inherent departure from our accustomed methods of desription 


It may still be tempting, however, to just dismiss the advanced solution as a mere 
anomaly of the mathematics and to discard it on physical grounds. This is the 
traditional approach taken by physicists when confronted with non-causal solutions 
in any physical theory and, indeed, that was what Swiss physicist Walter Ritz 
(1878-1909) did with the advanced solutions to Maxwell's equations 
(an approach that involved Ritz during the last year of his life in a dispute with 
Einstein). For Ritz, the reversal of cause and effect simply did too much violence to 
his intuition to be taken seriously, and so he thought one must impose causality on 
Maxwell's equations (a condition they do not inherently contain) by a priori 
rejecting the advanced solution.” 

Still, electrical engineers make similar kinds of judgements all the time, as when 
the solution of a quadratic equation for a passive (energy-dissipating) resistor 
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both a positive value (which ‘makes sense”) and a negative value (which doesn’t 
‘make sense’ and so is simply ignored). There were, however, those who encour- 
aged caution on this issue. Seventy-five years ago, for example, the eminent MIT 
electrical engineer Julius Adams Stratton (1901-1994) echoed Leigh Page's warn- 
ing when he wrote of the disturbing advanced solution, “The familiar chain of 
cause-and-effect is thus reversed and this alternative solution might be discarded as 
logically inconceivable. However, the application of ‘logical’ causality principles 
offers very insecure footing in matters such as these and we shall do better to restrict 
the [Maxwell] theory to retarded action solely on the grounds that this solution 
alone conforms to the present [my emphasis] data.”"! 

And in a famous paper I'll discuss in the next section, Wheeler and Feynman 
declared that “We conclude advanced and retarded interactions give a description 
of nature logically as acceptable and physically as completely deterministic as the 
Newtonian scheme of mechanics. In both forms of dynamics the distinction 
between cause and effect is pointless. With deterministic equations to describe 
the event, one can say: the stone hits the ground because it was dropped from a 
height; equally well, the stone fell from a height because it was going to hit the 
ground,” For Wheeler and Feynman, the reversal of cause and effect inherent to 
backward causation and time travel to the past offered no conceptual difficulties. 

‘The elimination of an appeal to causality, or to the ‘weirdness’ of advanced 
‘waves, in arguing for the naturalness of the retarded solution to Maxwell's equa- 
tions was first done in 1976."* The only auxiliary condition applied to the equations 
‘was simply the natural one of requiring the initial field energy to be finite.“* And 
yel, today, there is still no experimental evidence for the physical reality of the 
advanced solution, Now and then one does run across speculations that the 
advanced waves of something traveling backward to us from the future might 
explain the so-called ESP ‘talent’ of precognition, but that is all itis, speculation."° 

‘Advanced waves appeared in the pulp science fiction of the late 1930s, a decade 
before Wheeler and Feynman. For example, one story actually specifically invoked 
the advanced solution to Maxwell’s equations, with a gadget (making use of what 
the author called the “anticipated potentials”) displaying the near future on a 
television-like sercen."* The author's by-line proudly gave his academic eredentials 
as including a master’s degree and, in fact, John Pierce was a graduate student in 
electrical engineering at Caltech, He received his doctorate just months after this 
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story was published, and then went on to a highly distinguished career at Bell 
‘Telephone Laboratories and then later at the Jet Propulsion Laboratory operated by 
Caltech for NASA. Pierce knew all about Maxwell’s equations, of course, and he 
actually opened his tale with a quote from Page’s 1924 article (note 39) on the 
advanced solution. How many fictional pieces include quotes from the Physical 
Review 

And it would probably take something like advanced waves to explain the funny 
doings 2 years late in a story of a man caught in a time machine accident, Nearly all 
of his body ends up 4 years in the future—but only nearly all, because his eyes 
remain the present! As one of the puzzled observers of this odd business wonders, 
“Strange, that his eyes, now, can convey a message to his brain, four years hence 
and his brain tells the eye muscles to move the eyeballs which are four years behind 
them — "7 

Some of the most intriguing paradoxes of time travel involve no traveler—only 
information. Of course, any information flow at all, independent of time travel, 
involves the flow of energy and, as Einstein showed, energy and mass are different 
aspects of the same thing. Accordingly, information time travel involves the 
transfer of mass/energy. Thus, a man in the twenty-fifth century who sends a 
backward-in-time “temporal radio” message to a twentieth-century woman stating 
that he loves (will love?) her is sending much more than mere emotion, Just how to 
send a message backward in time is, of course, the puzzle. 

Indeed, all forms of present-day communication are transmissions only to the 
future, If you speak to someone, or if you send a radio message, there are always 
delays depending on the distance of separation and the speed of transmission of 
sound and light, respectively. If you want to send a message to the one hundred and 
twenty-fifth century, you can; just write a letter and seal it in a pressurized bottle of 
helium, This basic idea is dramatically presented in a novel about a scientist who is 
accidently transported from 2162 back to the late-Cretaceous, 80 million years into 
the past. There he leaves a written record on seven sandstone slabs of his brutal, 
lonely life among the dinosaurs—letters across time, if you will—found by twenty- 
second century geologists some years after his disappearance."* The transmission 
of such letters, forward in time, while dramatic, is not a puzzle, But what could be 
‘more astonishing than the message received from the future by the young inventor 
of the first time machine: after his initial experiment of sending his pilotless 
machine into the future, it returns with an envelope inside. Eagerly tearing it 
open, he finds the note is from the National Academy of Sciences: “We know 
from old records and museum models that this is the Cullen Foster experimental 
machine, Fifty years looks down on you and says ‘Good work’. 

Heady stuff, that, but lots of other possible messages are capable of competing 
with young Foster's when it comes to generating excitement, For example, suppose 


“MI, Schere, “Anachronistic Optics.” Astounding Stores, February 1938, 
“8G. G, Simpson, The Dechronization of Sam Magruder, St. Martin's Press 1996. 
D, Stapleton, “How Much to Thursday?” Thrilling Wonder Stories, December 1942. 
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‘you had a gadget that is superficially similar to a telephone but that calls telephones 
in the distant future, You can hear the person (in the future) on the other end, but 
they can’t hear you (in their past). That is, information can flow only from future to 
ast. Ibis then easy to imagine situations in their use of this device that at least seem 
paradoxical. For example, suppose you call your own private number 1 month 
ahead. You hear your future-self first answer the phone, and then recite the winning 
lottery for the ‘previous’ day, which is a month in your present self’s future. (Your 
future self does this somewhat odd recital because a month from now you will 
remember, when your private phone rings, just who is calling!) So, now in the 
present you know you'll make a fortune by winning the lottery a month later. 
‘This example is admittedly somewhat mysterious since, for the gadget to call far 
head in time, some sort of signal (as yet unspecified) must travel into the distant 
future because something will make the future phone ring. For the present di 
sion I am ignoring this crucial issue for the sake of the dramatic impact of the 
jon, however, we'll get a litle way into describing how one might, in 
actually build this gadget, which in the physics literature is called an 
antitelephone. (Such a device is an antitelephone because the person who is the 
receiver is in the sender's past, the opposite of the situation for an ordinary 
telephone.) An interesting fictional illustration of such a gadget, despite being 
told as a hard-boiled detective murder mystery, appeared in science fiction some 
years ago (alas, while called a “time telephone,” no theory for its operation was 
xziven, but instead was ‘explained’ as a “straightforward application of an impres- 
sive, but limited, technology”).”” So far, there is nothing paradoxical (or even 
illegal) in all of this, but what if, when the phone rings in the future the day after 
‘you won the lottery, you perversely decide not to recite the winning number? This 
apparent paradox has, in fact, already been treated with the aid of the block universe 
View of spacetime: that is, if the future-you spoke the lottery number when you 
ally called, then the present—you (now in the future) must, inevitably recite 


Let's now make things a bit more involved. Suppose that instead of calling your 
future self, you call the weather service and listen to the recorded message telling 
‘you the weather, 30 days hence. You do this day alter day, and after a while you get 
4 reputation for being able to predict, perfectly, the weather for every day to come, 
up to a month into the future. Your reputation spreads far and wide, and after a 
‘while more the weather service hears about you, Meteorologists check and find you 
are never wrong. Their computer models are only 80 % accurate out to 3 days, and 
for a week's prediction and beyond, the general public might as well flip a coin on 
‘whether it will rain or not on any particular day. But you are 100 % correct out to ten 
times their range, And so they hire you—and as a secondary job, you also make the 


5S, Schmidt, “Worthsayer,” in More Whatdunits (M. Resnik, edito), DAW 1993. The author, 
Stanley Schmidt, has a Ph. in pysies and ia former editor of Analog Seience Fiction magazine 
*'For fictional illustration of this (a so-called biking paradox), see W. Tevis, “The Other End of 
the Line,” Magazine of Fantasy and Science Fietion, November 1961 
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daily weather recordings. (The voice on the other end of the gadget has sounded 
sort of familiar!) Here, then, is the puzzle we encountered earlier in causal loops 
carrying information: from where is the information in the flawless weather pre- 
dictions coming from? 

One easy answer is that the question is meaningless because such a future-to-the- 
past information flow must be impossible, Indeed, if I am to avoid telling a 
“philosopher's fairy tale’ like those I criticized earlier in the book, I must admit 
that one consistent, non-paradoxical answer is found in recognizing that I have 
assumed that those 30-day weather reports are correct. Maybe, however, they are no 
better than anybody else’s predictions. And so you dont become famous, and you 
don’t get hired—and so there isn't any paradox. Is that the way to avoid paradoxes 
involving information flowing backward in time? 

Perhaps not. As long as 1917 it was realized that special relativity does not 
preclude such an apparent backward flow. That is, if information could be trans- 
mitted faster than light, shen messages could travel backward in time. That was the 
year Richard Tolman (1881-1948), a professor of physical chemistry at the Uni- 
versity of Illinois and later at Caltech, wrote “The question naturally arises whether 
velocities which are greater than that of light could ever possibly be obtained.” He 
then answered that question, with his general conclusion being that if such veloc- 
ities are possible, then a faster-than-light (FTL) observer could see the time order of 
two causally related events reverse. And thus the observer would see an affect 
before its cause. Alternatively, a subluminal (slower-than-light) observer could see 
the two events, which are connected via an FTL interaction, reversed in time order 
from what a stationary observer would see. 

Either situation has come to be called Tolman’s paradox, but Tolman himself 
‘was careful with his words: “Such a condition of affairs might not be a logical 
impossibility; nevertheless its extraordinary nature might incline us to believe that 
no causal impulse can travel with a velocity greater than that of light.” That was an 
astonishing statement, given that Einstein himself had specifically stated in his 
original 1905 paper on special relativity that such a thing simply could not occur, 
‘There is nothing, it would seem, to be “inclined” 

‘This rather technical connection between FTL speeds and backward time travel 
‘made the transition from theoretical physics to popular culture very quickly. It was 
in the British humor weekly Punch, for example, that the famous (but nearly always 
misquoted) limerick by A. H. R. Buller (1874-1944) first appeared: 


There was a young lady named Bright 
Whose speed was far faster than light; 
She set out one day 


'R. C. Tolman, The Theory of the Relativity of Motion, University of California Press 1917, 
*Take a look back at Sect. 3.5, where we showed thatthe time order of two evens ean appear 
reversed for a subluminal observer if the wo events are not causally related. Introducing FTL 
‘motion results in extending reversal to causally connected events; that is, FTL motion, reversed 
causation, and time travel tothe past, go hand-in-hand-in-hand, 
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Ina relative way 
And returned on the previous night. 


Where Punch dared to go, Hollywood could not be far behind. Indeed, in this 
case it was actually there first, with the 1922 one-reel silent comedy movie The Sky 
Splitter. This was just a short film (feature pictures generally had at least four reels), 
so it is not clear how widely distributed and viewed it may have been. The story is 
that of a scientist testing a new spaceship: when it exceeds the speed of light, he 
begins to relive his life. 

‘The linkage between time travel to the past and FTL motion is a central one in 
science fiction, and its fascination was nicely illustrated by one writer who has a 
time machine experimenter in the twenty-seventh century wonder “Was the speed 
of light the core of the mystery? At the speed of light did the past and the future 
become a shining, merging road down which men could walk—in their ears the 
thunder of time passing . ..?”°° Not everybody was excited with the idea of FTL 
‘motion and travel backwards in time, however, with one eminent scientist declaring 
that “the limit to the velocity of signals is our bulwark against the topsy-turvydom 
of past and future.”** 

‘The obvious question at this point, of course, is whether it is even conceptually 
possible to build a gadget to send FTL messages backward in time? Einstein 
himself thought not, saying “We cannot send wire messages into the past.”*” But 
‘was he right? One hint at the possibility of achieving FTL speeds is in Dirac’s 1938 
paper (note 52 in Chap. 2). There, in his remarks about pre-acceleration, Dirac 
‘wrote “Suppose we have a pulse sent out from place A and a receiving apparatus for 
electromagnetic waves at a place B, and suppose there is an electron on the straight 
line joining A to B. Then the electron will be radiating appreciably [because 
accelerated charges radiate] before the pulse has reached its centre and this emitted 
radiation will be detectable at B at a time ... earlier than when the pulse, which 
travels from A to B with the velocity of light, arrives. fn this way a signal can be 
sent from A to B faster than light (my emphasis].” 

‘This exciting conclusion goes a step beyond the usual examples of “things that, 
go faster than light."** Dirac had an equally exciting reaction (and here the 
emphasis is his): “This is a fundamental departure from the ordinary ideas of 
relativity and is to be interpreted by saying that it is possible for a signal to be 
transmitted faster than light through the interior of an electron. The finite size of the 
electron now reappears in a new sense, the interior of the electron being a region of 
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"Such as, for example, the intersection point of two Very long, closing scissor blades. The 
explanation for how this can be is thatthe point is massless and does not pastieipate in a causal 
chain (and so caries no information) Thus, special relativity is not violated 
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failure, not of the field equations of electromagnetic theory, but of some elementary 
properties of space-time.” This last line sounds very much like the things people say 
today about the singularity inside a black hole event horizon, And yet, Dirac was 
careful to point out that as weird as FTL speed may appear, special relativity is not 
violated because “in spite of this departure from ordinary relativistic ideas, our 
whole theory is Lorentz invariant.” That is, even though ‘faster-than-light” means 
“backward in time,” which means ‘causality failure,’ special relativity still holds 
true and nothing awful happens to physics, only to our intuitions. The reason for this 
is that causality is not a premise or starting point for the special relativity.*? 

Of course, like any scientific theory, Dirac’s theory is not necessarily the last word, 
and we have to admit the possibility that at least some of its implications (in particular, 
the possibility of FTL speeds) just aren't so. In all electronic communication systems 
that we use, information is transmitted by modulating a so-called carrier wave, and 
there is some reason to believe that such modulated waves cannot be sent at FTL 
speeds." We must admit that it is one thing to talk of ‘advanced wave radios’—often 
called Dirac radios in science fiction—and quite another to see how physics might 
actually enable one to talk to the past. FTL communication (without the time travel 
aspect) appeared in pulp science fiction before 1940, as in one story published the year 
after Dirac’s paper.”" In it we leam of a man on Pluto who has invented a way to send 
‘messages to Earth at twice the speed of light. He uses this gadget to war of a would-be 
dictator who is on his way to Earth in a “mere” light-speed rocket ship, and only an FTL 
‘message can warn Earth in time. 


5.4 Wheeler and Feynman and Their Bilking Paradox 


“We find i difficult if not impossible 1 imagine waves that go into the future and return to 
‘he present [my emphasis] bearing information about where (and when) they have been.” 


Sec, for example, G. Nerlich, “Special Relativity Is Not Based On Causality." British Journal for 
the Philosophy of Science, December 1982, pp. 361-388. This same point was made nearly to 
decades earlier, ina study of the possibilty of superluminal sound in superdense matter, by D. A 
Kirzhnitz and V. L. Polyachenko, “On the Possibility of Macroscopic Manifestations of Violation 
of Microscopie Causality.” Savies Physics JETP, August 1964, pp. 514-519. 
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Bob Brier, Precognition and the Philosophy of Science: An Essay on Backward Causation 
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In 1941, at a meeting of the American Physical Society, Princeton University 
physicist John Wheeler and his student Richard Feynman discussed a seemingly 
outrageous idea that provided a possible clue to how a Dirac radio might function, 
‘The idea was that the advanced wave solutions to Maxwell’s equations are not mere 
‘mathematical curiosities, but rather have profound physical significance. At the 
time, their talk received only a small abstract notice in the Physical Review, but 
after World War II they wrote it all up in a beautiful paper." 

‘Their primary goal was to explain the origin of the force of radiative res 
discussed by Lorentz. earlier in the century. This reaction force is the cause of the 
energy loss suffered by an accelerated, charged particle. Lorentz, who thought of 
charged particles as having a finite size, attributed this reaction force to the retarded 
(by the time required for light to cross the width of the charged particle) coulomb 
repulsion force between one side of the particle’s charge to the charge on the 
opposite side. This view, however, leads to various conceptual and mathematical 
problems, including an arbitrary assumption on how the charge is distributed over/ 
through the finite volume of the particle, as well as the problems of infinite self- 
interactions and the issue of what keeps the charge from blowing itself apart by 
internal coulomb repulsion. 

Wheeler and Feynman’s theory, on the other hand, avoided those problems by 
postulating point charges, because a point charge cannot repel itself. But then 
c, if there is no repulsion? Their revolutionary explanation 
first to imagine the accelerated point charge as emitting retarded radiation 
outward in space, eventually to be absorbed by distant matter. This distant matter, 
‘which itself consists of point charges that are accelerated by the retarded radiation, 
then radiates backward in time, back toward the original charge that started the 
chain of events. This backward-in-time, or advanced, radiation arrives in the past of 
the original charge, and it is the cause of the observed reaction force. Indeed, 
Wheeler and Feynman proposed that an accelerated charge will not radiate unless 
there is to be absorption at some other distant place and future time. That is, the 
{future behavior of a distant absorber determines the past event of radiation; there is 
simply no such thing as just radiating into empty space. The entire universe, 
spatially and temporally, is a very ‘connected’ place! 

Astonishingly, this non-causal view of spacetime had been around in physies for 
at least 20 years before Wheeler and Feynman’s talk. They had independently 
developed their ideas but, alter their 1941 talk, Einstein (who perhaps recalled his 
1909 debate about advanced effects with Ritz) brought a 1922 paper by the Dutch 
physicist Hugo Tetrode (1895-1931) to their attention, In his paper Tetrode had 
\written that “the Sun would not radiate if it were alone in space and no other bodies 
could absorb its radiation ... If for example I observe through my telescope 
yesterday evening that star which let us say is 100 light years away, then not only 
did 1 know that the light which it allowed to reach my eye was emitted 100 years 


fon 
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ago, but also the star or individual atoms of it knew already 100 years ago that 1, 
‘who then did not even exist, would view it yesterday evening at such and such a 
time.” 

‘Tetrode’s vivid imagery had been, curiously, itself captured even decades earlier 
in words from the nineteenth century English poet Francis Thompson (1859-1907), 
in his “The Mistress of Vision": 


Alll things... near and far, 
Hiddenly to each other linked are, 
That thou canst not stir a flower 
Without troubling of a star. 


None of this, of course, is obvious! As a tutorial paper appearing just 2 years 
after Wheeler and Feynman's 1945 paper expressed it, “Any physical theory which 
seriously proposes that events in the future may be the efficient cause of events in 
the past may be regarded—at least at first glance—as rather revolutionary doc- 
trine."** Indeed! 

I is interesting to note that Einstein apparently said nothing to Wheeler and 
Feynman about a paper that pre-dated Tetrode’s by 3 years. In 1919 the Finnish 
physicist Gunnar Nordstrém (1881-1923) had suggested that the advanced solution 
might offer an explanation for a perplexing problem in atomic theory. Maxwell”s 
theory says that an accelerated electric charge radiates energy, which implies that 
the orbital electrons in the classical model of the atom should quickly spiral in 
toward the nucleus, that is, all matter should collapse. This cataclysmic event 
(of course!) has not happened, and Nordstrim’s idea was that if one took into 
account not only the usual retarded solution but the advanced one as well, then 
perhaps things could be understood. Indeed, Nordstrim was able to show that such 
an analysis does give zero for the average energy radiated by an orbiting electron. 
Later, however, Page (note 39) showed that the instantaneous radiated energy is not 
zero, and that this would lead to observable effects that in fact are not observed. 


Now, to be sure that the “doctrine” discussed in note 64 is clear, let me restate 
‘what Tetrode, and later Wheeler and Feynman, had in mind, Imagine we have an 
electric charge (the source) that we mechanically shake, that is, accelerate. This 
allows us to assign a definite cause to the charge’s acceleration which, of course, 
radiates energy. This radiation travels outward into space as observed retarded 
fields until they are eventually absorbed by distant matter. The charges in that 
distant matter are thus accelerated, and they in turn therefore radiate energy. This 
induced radiation again consists, according to Wheeler and Feynman, of both 
retarded and advanced fields. The advanced fields radiate outward but backward 
in time toward the original charge, collapsing upon it at the precise instant we first 
shook it, thereby producing the radiative reaction force. At any instant of time, at 
any point in space, the observed field is the sum of the retarded field traveling away 
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from the source into the future and the advanced field traveling toward the source in 
the past. 

But, argued Wheeler and Feynman, there is one last point that has been left out 
of this picture—there is also an advanced field (traveling away from the source and 
backward in time) because of the original, mechanical shaking of the source charge. 
Equivalently, a field traveling forward in time will converge onto the sourc 
because we will shake it, Wheeler and Feynman showed that before the mechanical 
shaking that starts this whole process, the advanced radiation field of the source and 
the advanced radiation fields of the absorbers exactly cancel each other at every 
point in space and every instant of time (if there is total absorption in the future), 
‘which accounts for the experimental fact that we observe a zero total field before 
the mechanical shaking occurs. 

Wheeler and Feynman showed that if we accept these (strange) ideas, then 
everything we actually observe is predictable: radiative reaction, the direction of 
the electromagnetic arrow of time from past to future (retarded-only effects), and 
the absence of infinite self-interactions, The claim by Wheeler and Feynman to 
have avoided self-interaction problems via the use of the advanced solution was, 
however, soon challenged. Indeed, the self-interaction of the electron is needed to 
explain the 1947 experiment by Willis Lamb (1913-2008) that measured the 
deviation (the Lamb shifi) of the spectrum of hydrogen from what Dirac’s theory 
of the electron predicts. Ironically, it was that experiment that helped motivate the 
renormalization of quantum electrodynamics (to get rid of the infinities then 
plaguing it) which led to Feynman’s share of the 1965 Nobel Prize. In fact, just 
4 years after their 1945 paper, Feynman expressed a revised view that self- 
interactions could not be avoided.°* 

In any case, we gain the rewards originally claimed by Wheeler and Feynman 
only if we accept backward time travel, a step too big for many in 1945 (and for 
nearly as many today) because of the resulting time travel paradoxes that seem to be 
unavoidable. For the same reason, Tetrode’s earlier work, published in a German 
journal, also went virtually unnoticed during the two decades before Wheeler and. 
Feynman’s work. In fact, Tetrode wasn't the only anticipator of Wheeler and 
Feynman, as they had been anticipated, too, in America. In 1926 the chemist 
GN, Lewis (1875-1946) had written “I’m going to make the ... assumption that 
an atom never emits light except to another atom, and to claim that it is absurd to 
think of light emitted by one atom regardless of the existence of a receiving atom as 
it would be to think of an atom absorbing light without the existence of light to be 
absorbed.” Wheeler and Feynman were aware of Lewis by 1945. Certainly 
Wheeler and Feynman must have been intrigued by Lewis’ paradox: “I shall not 
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attempt to conceal the conflict between these views and common sense. The light 
coming from a distant star is absorbed, let us say, by a molecule of chlorophyll 
‘which has recently been produced in a living plant. We say that the light from the 
star was on its way toward us a thousand years ago, What rapport can there be 
between the emitting source and this newly made molecule of chlorophyll?” 

‘The paradox in that, of course, arises from the issue of what happens if, at some 
intermediate time and place, the star's light is blocked, thus preventing its absorp- 
tion by the chlorophyll? Could refusing to look at a star now affect the emission of 
the star’s light in the past? Lewis was obviously making a clear statement of 
backward causation when posing this bilking paradox. His very next words show 
that he understood the probable reaction of his readers: “Such an idea is repugnant 
to all our notions of causality and temporal sequence.” Like Tetrode’s work, Lewis’ 
ideas were ahead of the times but, actually, their ideas were not repugnant to 


In fact, similar puzzles were an inspiration to Wheeler and Feynman and almost 
certainly motivated them to create their own famous bilking paradox, which they 
presented in their 1949 paper (note 42). They opened the presentation of their 
paradox as follows: “If the present motion of a is affected by the future motion of b, 
then the observation of a attributes a certain inevitability to the motion of b. Is not 
this conclusion in direct conflict with our recognized ability to influence the future 
motion of 2” This question clearly states the conflict between free will and 
determinism, and to sidestep this human concem Wheeler and Feynman 
constructed a “paradox machine,” a machine that operates totally automatically 
and which has come to be called the “logically pemnicious self-inhibitor”!"” 

In their description of the paradox machine, Wheeler and Feynman ask us to 
imagine two charged particles, a and b, positioned five light-hours apart. As shown 
in Fig. 5.3, a is attached to the arm of a pivoted shutter, toward which a pellet is 
‘moving from initially a great distance away. Now, normally we would think of what 
happens next in terms of just retarded fields. That is, the pellet hits the arm, 
knocking it downward and thereby accelerating charge a; this acceleration of 
charge a creates a retarded radiation field that arrives at charge b 5 h later, resulting 
in the acceleration of charge b; the acceleration of charge b creates a retarded 
radiation field that arrives back at charge a 5 h later (10 h after the pellet hit the 
arm), 

‘The Wheeler and Feynman view, however, claims that this description leaves 
out half the story—the advanced fields. Specifically, suppose the pellet will hit the 
arm and so accelerate « at 6 p.m. Then, b will be affected not only 5 h later at 11 p. 
m,, but also earlier at 1 p.m. This advance acceleration of b, in turn, sends out an 
advanced field that arrives at a at 8 a.m. The paradox is now easy to see, As Wheeler 
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and Feynman described events, we see a exhibit a premonitory movement at 
8 am, Seeing this motion in the morning, we conclude that the pellet will hit the 
arm in the evening, We could then return to the scene a few seconds before 
6 p.m, and block the pellet from acting on a, a task automatically accomplished 
by the shutter in Wheeler and Feynman's paradox machine. But then we are faced 
with the puzzle of explaining just why a moved in the morning! 

Wheeler and Feynman claimed they had resolved their bilking paradox by 
observing that discontinuous forces (more generally, signals) are never seen in 
nature. They concluded that the shutter does not completely block the pellet, but 
rather the shutter suffers a “glancing blow.” That is, a very weak advanced signal is 
received by charge a, which moves the shutter just enough to induce the “glancing 
blow,” and it is this partial interaction that results in the weakened signal in the 
“first place.” This is, in fact, the very same explanation that was rediscovered 
decades later in answer to similar bilking paradoxes that involve self-interacting 
billiard balls transiting wormhole time machines (a topic we'll take-up in the next 
chapter), 


ht 


5.5 Absorber Theory and Signaling the Past 


“Ifadvanced waves feould be used o signal the past] then ou rip on reality would become 
sore enous. The past could never be considered over nd done wit, because anyone with 
the proper hardware could send messages back in time and alter what had alteady 
happened.” 

ohn Cramer, a University of Washington physicist, aking the minority position oa 
the possibility of changing the past 


Cramer has written provocatively on advanced waves. See, for example, “The Atrow of 
Electromagnetic Time and the Generalized Absorber Theory.” Foundations of Physis, September 
1983, pp. 887-902, and “Generalized Absorber Theary and the Einstein-Padolsky-Rosen Para- 
ddox.” Physical Review D, July 15, 1980, pp. 362-376. 
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Wheeler and Feynman’s argument is logically and physically sensible; itis, after 
all, simply an early statement of the principle of self-consistency in physics. 
Wheeler summed matters up nicely, years later, when he wrote “Interconnections 
run forward and backward in time in such numbers as to make an unbelievable 
‘maze, That weaving together of past and future seems to contradict every normal 
idea of causality. However, when the number of particles is great enough to absorb 
completely the signal starting out from any source, then this myriad of couplings 
adds up to a simple result: the familiar retarded actions of everyday experience, plus 
the familiar force of radiative reaction with its familiar sign.**” 

‘Their analysis was based on classical physics but, many years later, Feynman 
wrote (in his famous autobiographical work Surely You're Joking, Mr. Feynman) 
that at one time he and Wheeler thought it would not be too difficult to work out the 
quantum version of their theory, But then first Wheeler failed in the task, and then 
Feynman tried his hand at it and, as he stated, “I never solved it, either—a quantum 
theory of half-advanced, half-retarded potentials—and 1 worked on it for years. 
‘Their paradox (if indeed it is a paradox, since if advanced fields don’t actually exist 
then there is no problem) remains unsolved. 

Is Wheeler and Feynman’s view of nature correct? Could we use advanced 
waves to send signals to the past? Or, if that requires some yet-to-be-developed 
technological breakthroughs in transmitter design, and if receivers are easier to 
construct, could we at least listen-in to the future (since we are, now, the future’s 
past)? And if we could do that, could the future send us the details of the transmitter 
breakthrough (thus creating a causal information loop in time)? 

‘The first experimental search for advanced waves seems to have been a 1973 
effort.” The very next year, flaws in that search process prompted two physicists to 
discuss an experiment designed to detect advanced waves (if they exist). As they 
‘wrote, in a grand understatement, the exciting possibility of a positive result “would 
have such far-reaching consequences on our ideas of the unidirectionality of time 
and causality that ... the experiment justifies a large amount of effort, even if no 
conclusive result is obtained for years.””! Alas, all of the searches for advanced 
waves have, as I write (2016), given negative results and so the world still awaits 
the first Dirac radio. 

Over the years the Wheeler and Feynman view of nature has been the target of 
some theoretical concerns. One physicist, for example, complained that Wheeler 
and Feynman had assumed a static, time-symmetric spacetime for the universe, in 
\which the properties of all past and future absorbers are identical. That is obviously 


"See note M4 in Chap. 3. There Wheeler also wrote “The particles of the absorber are either at rest 
or in random motion before the acceleration of the source, They are correlated with it in velocity 
after that acceleration. Thus radiation and radiative reaction are understood in terms, not of pure 
electrodynamics, but of statistical mechanics.” 

RB. Partridge, “Absorber Theory of Radiation and the Future of the Universe,” Nature, August 
3, 1973, pp. 263-265, 

MLL. Herron and D.. Pe 
A, October 1974, pp. 1965 


“A Proposed Experiment in Absor 
1969, 


Theory.” Journal of Physics 


55° Absorber Theory and Signaling the Past am 


not so in an expanding (or contracting) universe and, as he wrote, “No serious 
‘modem cosmological theory is framed in [terms of] a static Universe.””? Another 
puzzle for that writer was that Wheeler and Feynman took a time-symmetric theory 
of half-retarded/half-advanced waves in a time-symmetric universe and arrived at a 
rnon-time-symmetric solution! They performed that trick by supposing not only that 
the universe is static, but also that it was created with the initial condition of low 
entropy. Thus, for Wheeler and Feynman, the one-way thermodynamic arrow of 
time is the primary arrow, with the electromagnetic arrow following as a conse- 
quence. (The how of a low entropy initial cosmological condition was left 
unexplained—certainly no mention of the hand of God appears in their work!) 
‘This ordering of the primacy of the temporal arrows was, in fact, in agreement with 
the view adopted by Einstein in his 1909 debate with Ritz, a view taken decades 
later by Hawking, as well.” 

Wheeler and Feynman had shown that both the advanced and retarded solutions 
taken together are self-consistent in a static universe; Hogarth’s question was 
whether the observed retarded solution, alone, would be self-consistent in an 
expanding universe (which is the universe we actually observe). His conclusion? 
It depends on the details of the expansion, Two years after Hogarth, two physicists 
expanded on his work and claimed to have shown that the retarded solution alone is 
self-consistent if the expansion is steady-state via the continuous creation of 
matter.” That would be the case because, if only retarded effects are to occur, 
then each emitter of radiation needs a large number of absorbers (such as ionized 
intergalactic gas) in its future light cone to provide for complete absorption. This, in 
tum, requires that the density of matter not dectine “too fast” with the expansion. 
‘That is, the future universe must not be “too transparent” and the continual 
appearance of new matter in the ever-increasing volume of the expanding universe 
is required to maintain the necessary density 

‘That conclusion was embraced with particular enthusiasm by Hoyle, a British 
cosmologist whose name has long been identified with the idea of continuous 
creation of matter. Since then, however, continuous-creation cosmologies have 
fallen into disfavor because it was in 1965, just a year after Hoyle and Narlikar 
‘wrote, that the cosmic microwave background radiation was detected. That is now 
taken as very strong evidence for the occurrence of a primordial explosion (or Big 
Bang) that started the expansion of the universe, and as equally strong support for 
therefore rejecting a steady-state universe. Not by Fred Hoyle (1915-2001), though, 


71. E, Hogarth, “Cosmological Considerations of the Absorber Theory of Radiation,” Proceed- 
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who had an almost fanatical devotion to non-Big Bang cosmologies.”* Real puzzles 
remain for the Big Bang universe, however. One is that it expands from a dense, 
opaque past into a less dense, ever-more-transparent future, with each emitter 
having a large number of absorbers in its past light cone, That should result, 
noted Hoyle and Narlikar (almost certainly with some glee), in an observed 
advanced solution and thus in a reversed electromagnetic arrow that would allow 
communication with the past. The fact that we have not (yet?) discovered how to 
perform such communication might be taken to mean that the idea of an expandit 
Big Bang universe is somehow faulty. A related question about absorber theory is 
that of the puzzle of neutrino absorption. Neutrinos are particles that interact so 
weakly with matter that a beam of them would have to travel through many 
hundreds of light-years of lead for there to be a significant attenuation of the 
beam. How can such ‘ghost-like” particles find enough future absorbers to make 
possible their observed journeys into the future of a Big Bang expanding universe? 

For such an exciting idea as communication with the past, it is not surprising that 
advanced-wave radio has appeared in science fiction, Just 6 years after Wheeler and 
Feynman’s paper, a story by a well-known author hinted at such a gadget based on 
something called the “ultrawave effect”: “While gravitational effects were pro- 
duced by the presence of matter, ultrawave effects . .. did not appear unless there 
‘was a properly tuned receiver somewhere. They seemed somchow ‘aware’ of a 
listener even before they came into existence,””* I is difficult to believe that such 
story idea was conjured-up out of nothing, but rather that the author had read 
Wheeler and Feynman's paper. Anderson had a 1948 undergraduate honors degree 
in physics from the University of Minnesota, and so he may well have read Wheeler 
and Feynman’s 1945 paper. 

‘The potential bilking paradoxes produced by sending messages backward in 
time have been treated in at least one novel-length discussion. The puzzles 
presented are undeniably fascinating, but the story’s answer to them is to allow 
the changing of the past, as argued in this section's opening quote from John 
Cramer, Indeed, the title comes from the plot device of twice changing the past 
by sending messages to the past to save the world from terrible disasters. Thus, we 
read through entire time periods three times before finishing the novel. As one 
character blurts out, “We can monitor the actual consequences of our decisions and 
actions, and change them until they produce the desired result! My God ... it’s 
staggering!” Quite so. 

One of the most interesting science fictional uses of backward-in-time signaling 
is, I think, found in a classic tale by James Blish, There the “Dirac radio” for 
instantaneous transmissions is described, and we learn that at the beginning of each 
received message there is always an irritating audio beep (hence the title) that is 


Besides his scientific work, Hoyle also wrote science fiction. One work the 1966 novel October 
the Firs is Too Lave, deals with travels i time but fails to say anything about paradoxes. 
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seemingly a useless artifact of the mysterious workings of the gadget. Its only 
obvious characteristic is a continuous spectrum from 30 to well above 18,000 Hz, 
Its only at the end of the story that the main character learns that this spectrum is 
the “simultaneous reception of every one of the Dirac messages which [has] ever 
been sent, or will be sent.” 

Blish was actually pretty close to the mark with that, as a composite signal with 
continuous spectrum (with energy distributed uniformly in frequency), such as one 
might expect the overlay of many independent signals to be, does indeed have a 
narrow time structure, If applied to a loudspeaker, such a signal would sound like a 
sharp pulse or click—or even a beep. In the limit of an infinitely wide spectrum, the 
time signal becomes one of infinite amplitude and zero duration, a singular impulse 
function called, by theoretical physicists and radio engineers alike, the Dirac delta 
function. 

‘There is no mention in the story of advanced waves, but clearly Blish knew that, 
instantaneous (infinite-speed) signals would travel into the past and he does a 
masterful job of presenting the mystery of listening to the future. At one point 
characters in the twenty-first century hear the commander of a time-traveling 
“world-line cruiser” transmit a poignant call for help from 11,000,000 light years 
away and from sixty-five centuries in the future. Most interesting of all, however, is 
Blish’s statement of a technical issue that I have not seen raised before: if signals 
arrive at a receiver, simultaneously, from all future times, how can they be 
separated? Blish resorts to some scientifiction babble-talk to answer that question, 
bbut I believe it remains a puzzle.” 


5.6 Tachyonic Signals and the Bell Quantum Antitelephone 
“We cannot fight the laws of nature.” 


“Nature be damned! Feed more fuel into the tubes, We must break thraugh the speed of 
light ... Give me a clear road and plenty of fuel and I'll build you up a speed of half a 
million miles in a second... What's there to stop it?" 


Science fiction writers have often used FTL motion to reverse time, often 
‘without much (if any) regard to the fact that, to just reach the light barrier, requires 
(according to special relativity) infinite energy, much less to exceed light speed. 


J, Blish, “Beep,” Galay Science Fiction, February 1954, 

The signal separation problem is also hinted at by physicistiscience fiction author Gregory 
Benford, ina tal that was a precursor to his famous 1980 novel Timescape (in which the present 
alempts to warn the past of a future ecological disaster that threatens life on Earth). See Benford's 
“Cambridge, 1:58 AM,” Epoch, Berkeley 1975, 
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story by N. Schachner, “Reverse Universe." Astounding Stories, June 1936. The captain, we are 
told, “had heard, of course, of the limiting velocity of fight, but it meant nothing to him.” 
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‘Therefore, goes the reasoning, because we can’t get through the “light barrier’ 
‘means that time travel to the past must be impossible, as well. Or, so goes this 
line of argument. But, could there be a way around this conclusion? Afterall, while 
relativity theory indeed precludes the acceleration of a massive particle up to the 
speed of light, it does allow a zero rest mass particle (Like the photon) to exist af the 
speed of light. Photons are emitted during various physical processes, and they 
move from the instant of their creation at the speed of light; the only way to slow a 
photon is to destroy it by absorbing it. Advocates of the possibility of the existence 
of FTL particles make a similar argument when asking if there might not be 
particles, emitted during various (as yet unknown) physical processes, that move 
from the instant of their creation at speed greater than that of light? 

An affirmative answer would neatly avoid the ‘acceleration through the light 
barrier’ problem, but then there are other concerns, For example, such FTL particles 
‘would have to have an imaginary rest mass if they were to carry real-valued energy 
and momentum, and what could imaginary mass mean? ‘That question was 
answered by the proponents of FTL particles, who replied that the rest mass of a 
superluminal particle would be unobservable because (like the photon) there is no 
subluminal frame of reference in which the particle could be at rest! That is, there is 
no frame of reference in which the mysterious imaginary mass could be measured 
and, anyway, it is only observable changes in the real energy and momentum that 
characterize particle interactions. 

‘The key idea to this line of thought is a supposed FTL particle, called a tachyon, 
a name coined by the American physicist Gerald Feinberg (1933-1992) from the 
Greek word tachys for “swift.” Itis interesting to note that Feinberg admitted" 
that his interest in such a thing was sparked by reading Blish’s story 
note 78). The idea of the tachyon is actually a very old one that is hinted at in the 
‘work of the Greek poet and philosopher Lucretius (who died 20 years before the 
birth of Christ). In his discussion of visual images, in Book 4 of his giant (well over 
7400 lines) science poem De Rerum Natura, we find the following words about 
particles of matter originating deep inside the Sun: “Do you see how much faster 
and farther they must travel, how they must run through an extent of space many 
times vaster in the time it takes the light of the Sun to spread throughout the sky?”"* 

‘The first attempt (later found to be flawed) in the physics literature of a 
relativistic treatment of FTL particles appeared some years before Feinberg gave 


"1G. Feinberg, “Possibility of Faster-Than-Light Panticles.” Physical Review, July 25, 1967, 
ppp. 1089-1105. Feinberg was anticipated in this name by Edward Page Mitchell (the Victorian 
pioneer in the ime travel paradox gene who was discussed back in Sect 4.2 and its note 37). ln his 
story “The Tachypomp: A Mathematical Demonstration” (Seribner’s Monthly, March 1874), he 

yes a gadget for reaching any speed, no matter how great (tachypomp is literally “quick 


"G. Benford, “Time and Timescape,” Science-Fiction Studies, July 1993, pp. 184-190. 

A poetic allusion to something traveling faster than ight appears, in of all places, Shakespeare's 
Romeo and Juliet n Sulet’s words (Act I, seene 5), ....ove's heralds should be thoughts, Which 
ten times faster glide than the sun's beams. Driving back shadows 
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Fig. 54 The emission of a positive energy particle, followed by absorption 


them a name, where it was observed that special relativity is not necessarily 
Violated by FTL motion."* But nonetheless, concerns about the physical possibility 
of FTL particles continued. For example, a serious problem for tachyons, at least for 
those who dislike the ideas of backward causation and time travel, is the observa- 
tion that in some frames of reference an FTL particle would appear to have negative 
energy. Feinberg, himself, explained (see note 81) this concern as follows: “By the 
principle of relativity, any state which is possible for one observer must be possible 
for all observers, and hence FTL particles can exist in negative-energy states for all 
observers... The occurrence of negative energy states for particles has always been 
objected to on the grounds that no other system could be stable against the emission 
of these negative-energy particles, an entirely unphysical behavior.” 

‘This objection to FTL particles was raised early in the history of tachyons, even. 
before they were named, and it was addressed by three physicists who proposed the 
so-called reinterpretation principle (what I'l refer here to as the RP)."* To see how 
the RP works, consider Fig. 5.4, in which a source S; at x; emits an FTL particle at 
time 1,. This particle then travels to an absorber $2 at x3, arriving there at the later 
time f,, S, and S, are in the same reference frame and, for an observer in the frame, 
the particle energy £ is positive, However, it is always possible to find another 
observer in a relatively moving frame for whom this process would look as though 
tis less than (that is, earlier than) f, with E < 0. In other words, for the moving 
observer the particle would appear as a negative energy particle moving backward 
in time, (In the next chapter I'll show you that the particle speed must not be just 
superluminal, but the even faster ultralumiinal.) 

Note that for the moving observer, the emission by S, of negative energy 
increases the energy of Sy, and the absorption of negative energy by $2 decreases 
the energy of S>. 51's energy decrease (for the moving observer) occurs before the 
increase in S,’s energy because, as noted before, for the moving observer fy < t, 
‘The moving observer naturally interprets this process as the emission of positive 
energy by 55, followed by absorption by §). This reinterpretation would thus seem 
to preserve our common-sense idea of causality, as well as avoiding any mention of 
backward time travel, The RP appears to have slipped around those 
merely by redefining which source is transmitting, and which is re 


5. Tanaka, “Theory of Maite with Super Light Velocity.” Progress of Theoretical Physics, July 
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tachyon, Indeed, Feinberg claimed (note 81) that the RP avoids the creation of 
causal loops and their associated paradoxes, a claim repeated nearly 20 years later 
by a physicist who used the RP to eliminate paradoxes from Gédel’s time travel 
rotating universe." 

‘There is, however, a curious twist to all this. Even if we grant that the RP may 
avoid causal paradoxes, the fact is that physics isn’t fooled as easily as a human 
observer. That is, the receiver does actually lose energy upon the arrival of the 
tachyon, which is the opposite of what happens in a radio receiver when it receives a 
photon. In other words, the receiver must be in an elevated energy state prior to the 
tachyon’s arrival; the receiver must be prepared beforchand to receive a message. If 
the receiver were instead sitting in its lowest energy state, then it could not accept 
(or eject, according to the RP) the tachyon, So, it’s not surprising that, despite the 
enthusiastic embrace of the RP by some, other physicists took exception, with one 
arguing that the effectiveness of the RP in avoiding causal loops is “illusory” and 
“irrelevant,” while others concluded that the causal paradoxes would actually 
preclude any possibility of tachyons interacting with ordinary matter in the first 
place (which is just a polite way of saying that tachyons have no more reality than 
do unicorns!)."* 

‘The RP’s effect of flipping the roles of transmitter and receiver has attracted 
particular concem, Some analysts have pointed out that if one can modulate a 
superluminal signal to send a message into the past, then certainly one could sign 
the message. To quote a delightful example, “If Shakespeare types out Hamlet on 
his tachyon transmitter, Bacon receives the transmission at some earlier time, But 
rho amount of reinterpretation will make Bacon the author of Hamlet. It is Shake- 
speare, not Bacon, who exercises control over the content of the message."*” The 
last line of this quote is of central importance. The authors emphasize it by 
immediately observing that a signature is a relativistic invariant and that, indeed, 
it establishes causal ordering quite independent of any temporal ordering. This 
example, alone, explains why one analyst said of the RP that it is “laughed to 
scom,’®” while another said of the RP that it “sounds merely like the endorsement 
of what can only be characterized as a fantastic delusion. 
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Even more sophisticated scenarios than the Hamlet one (note 89) were devised 
to show how problems with FTL signals could arise that the RP could not resolve. 
‘The American physicist Bryce DeWitt (1923-2004) created such an example (the 
“DeWitt Gambit’) that involved a sequential, circular chain of tachyon signal 
transmissions between four observers, all moving in one spatial dimension, DeWitt 
showed out to arrange the spacetime geometry of the observers so that, at each 
stage, there is no dispute over who is sending and who is re 
the RP is avoided. Yet, when the signal reaches the first (last) observer, it is before 
he started (will start) the chain! This, of course, sets-up a potential bilking paradox: 
‘what if ‘now’ the first (last) observer decides to not send the chain's initiating 
signal? An even more sophisticated variation on the Gambit, involving. four 
observers moving in two spatial dimensions, was soon alter put forth by the English 
physicist Felix Pirani (1928-2015), As he concluded, “It is difficult to see how in 
the face of this example a classical-particle description of tachyons can be 
sustained.”? Confronted by such sharp criticism, from so many, it is understand- 
able why, just before his death, Feinberg co-authored (with two philosophers) a 
paper in which he seemed to be abandoning his support for tachyons as possible 
carriers of information backward in time.”* 

Many physicists today reject the possibility of backward-in-time messages, not 
because of concerns about the RP, but because stich messages could create potential 
bilking paradoxes. To sce how this works, the old Wheeler and Feynman idea of 
explaining (away) bilking paradoxes—that no signal in nature is really discontin- 
uous—was examined by one physicist in the context of tachyons.” There we are 
asked to consider the following situation; A human (call him A) has a lamp on a 
table before him. The lamp is controlled by a tachyon receiver; in other words, the 
lamp illuminated only when a tachyon signal (a pulse, let us say) is detected. At 
3 o'clock A will send a tachyon signal to B (a tachyon echo-transmitter that 
immediately rebroadcasts everything it receives) if the lamp does not glow at 
1 o'clock. Now, the spacetime geometry of A and B is arranged to be such that a 
signal sent by either A or B to the other travels 1 h backward in time. Thus, if A 
sends a signal at 3 o’clock, then B will receive it at 2 o'clock (and immediately 
echo), and the echo will arrive at A at 1 o'clock. The paradox, of course, is that A 
sends a signal only if the lamp does not glow—that is, only if A does not send the 
signal!” 

We are then reminded of the Wheeler and Feynman claim that every pulsed 

ignal is actually continuous; this argument would include the illumination itself of 
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the lamp. Therefore, the lamp is not just on or off, 
illumination between those two extremes. So there sits A, and at 1 oelock the lamp 
seems to glow dimly. To that, says Schulman, “A thinks it over, vacillating, finally 
sending a slightly late signal which isn’t full strength.” Then the echo isn't full 
strength either, which accounts for the original dim glow. This conclusion is 
consistent (but what if A’s sending device is a toggle switch that snaps one way 
or the other—why then only a partial strength signal”), but it does seem to ask for a 
lot of supposing, Schulman himself is not so sure about the validity of universal 
continuity, writing at the end that “it is not clear that the Wheeler-Feynman 
assumption . .. ought to be made.” (For more on the Wheeler-Feynman continuity 
assumption, in a different, non-time travel context, see the final “For Further 
Discussion” for this chapter.) 

‘The Wheeler-Feynman continuity idea is ingenious, allowing one to find a 
logically and physically consistent solution in time travel scenarios that, at least 
a first glance, might seem to have no solution, Consider, for example, the following 
situation”: “We have a camera ready to take a black and white picture of whatever 
comes out of [a] time machine. The film is then developed and the developed 
negative is subsequently put in the time machine and set to come out of the time 
machine at the time the picture is taken. This surely will create a paradox: the 
negative will have the opposite distribution of black, white, and shades of grey, 
from the picture that comes out of the time machine. But since the thing that comes 
out of the time machine is the negative itself we surely have a paradox.” But do we? 

‘The answer is no, because “What will happen is that a uniformly grey picture 
will emerge which produces a negative that has exactly the same uniform shade of 
grey. No matter what the sensitivity of the film is, as long as the dependence of the 
brightness of the negative depends in a continuous [my emphasis] manner on the 
brightness of the object being photographed, there will be a shade of grey that 
produces exactly the same shade of grey on the negative when photographed. This 
is the essence of Wheeler Feynman’s idea.””” (The conclusion is the same if we 
move from black-and-white to color photography.) 

Nonetheless and despite this apparent success, the supposed ability of a modu- 
lated beam of tachyons to send a message into the past still raised concerns among 
many, particularly about free will and fatalism, Suppose, say those who are 
concerned about these issues, that you receive a tachyon message from yourself 
from tomorrow, informing you that a man you plan to kill tonight is still alive 
(tomorrow). Does that mean it is beyond your power to kill him tonight? According 
to one analyst (note 67) the answer is no: you could kill him—but if you do then the 
message from tomorrow would not have arrived. And because ignorance is not a 


ut potentially at any level of 
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precondition to free will, your newly acquired knowledge does not, by 
suddenly limit your ability to kill the man, But, this line of arguing went, if you 
do not attempt to kill the man because you believe the message from your future 
self, then in fact the message has limited you! 

Fitzgerald's position was rebutted by Craig (note 91), who argues that it is not 
‘your ability to kill that is altered by the message but rather your motivation. Craig 
points out that such motivational changes can occur without invoking anything as 
radical as a message from the future. Suppose, he says, that just before you fire the 
fatal shot into your victim, you learn from him that he is your beloved, long-lost 
uncle. Clearly, your motivation for killing him is likely to be instantly altered, but 
equally clearly, your ability to kill him is unchanged. The mechanism for obtaining 
genealogical information, whether Via time travel or as a last-minute appeal from 
your intended victim, is (says Craig) simply irrelevant. Not all buy into that, 
however, with one unconvinced analyst (note 94) writing that “history is a set of 
‘world lines essentially frozen into spacetime, While subjectively we feel strongly 
that our actions are determined only by our backward light cone, this may not 
always be the case.” That is, Schulman appears open to the possibility that influ- 
ences originating in the future might indeed have an impact on the present. 

With the fading from the physics scene of enthusiasm for tachyons, the romance 
of communicating with the past using superluminal speeds passed from speedy 
particles to quantum mechanics via a mathematical result called Bell's theorem. 
John Bell, a physicist mentioned in the last chapter in connection with the MWI of 
quantum mechanics, published his theorem in a little article in an obscure, now 
defunct journal. Since then it has become one of the most cited physics papers from 
the 1980s.” The paradox cited in Bell’s title refers to a famous 1935 paper in which 
Einstein (and two of his colleagues at the Institute for Advanced Study) challenged 
the conventional view of quantum mechanics, the view that there is no objective 
reality to anything unles 

In fact, the possibility of quantum mechanics supporting FTL signals had been 
considered (and rejected) before Einstein's paper, by the Italian physicist Enrico 
Fermi.!” Fermi concluded that, in a two atom system, the decay from an excited 
state of one atom (with the emission of a photon) would not influence the other atom 
before a time lapse of R/c, where R is the distance between the two atoms and cis the 
speed of light. In 1967, however, the Russian physicist M. 1. Shirokov pointed out 
that Fermi’s result was the result of an unjustified mathematical operation (he had 
replaced an integral from zero to infinity with one from minus infinity to infinity) 


°). S. Bell, “On the Einstein-Podolsky-Rosen Paradox.” in Speakable and Unspeakable in 
Quanium Mechanics, Cambsidge University Press 1987 

“A. Einstein, B. Podolsky. and N. Rosen, “Can Quantum-Mechanical Description of Physical 
Realty Be Considered Complete?” Physical Review, May 15, 1938, pp. 777-780. See also N. D. 
Mermin, “Is the Moon There When Nobody Looks? Realty and Quantum Theory.” Physics 
Today, April 1985, pp. 38-47. 

YE. Fermi, “Quantum Theory of Radiation,” Reviews of Modern Physics, January 1932, 
pp 87-132. 
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Fig. 55 Time travel and the wave funetion of quantum mechanics. In the above arrangement 
(produced by the kind permission of Francesca Gonella, from his paper "Time Machine, Seli- 
Consistency and the Foundations of Quantum Mechanics,” Foundations of Physics Letters, Apel 
1994, pp. 161-166), is a low-intensity source of photons, a source so weak that at any instant 
there is never more than one photon in the system. Each photon begins by trwveling toward BS, a 
hhal-silvered beam-spliting mirror tha, with equal probability, either passes a photon tothe right 
along path b where itis detected by D., or downward along path a into mouth B of a wormhole 
time machine and out of which it emerges from wormhole mouth A in the past. Conventional 
{quantum mechanics says that what happens at BS is determined when the photon reaches BS—that 
is, the probability wave function of the photon collapses at BS. But fora photon that is relected 
into B, it exits A where itis detected by Dy before the time ofits arrival at BS. That means itis 
known (by detector D,) what will happen at BS before the photon arrives at BS—so just whew did 
the photon wave Function collapse? 


‘Then, nearly 30 years after Shirokov, the German physicist Gerhard Hegerfeldt 
proved (in the context of conventional quantum mechanics) a very general theorem 
that establishes a non-zero probability of the second atom responding to the first 
salom’s decay as soon as the photon is emitted." 

Hegerfeldt’s analysis is very general, but it does make one assumption—the 
non-negativity of energy density (the so-called weak energy condition)—which at 
the time was considered (in Hegerfeldt’s words) to be “physically well motivated, 
but which today is not taken to be a priori obvious." Einstein’s paper, on the other 
hand, utilized physical assumptions not easily dismissed, and so its conclusions 
confounded physicists for decades. 

‘The conventional view of quantum mechanics formulates physics in terms of 
probability wave functions that ‘collapse’ into specific reatities only when mea- 
surements (observations) are made of the state of a system (which may be as 
elementary as a single particle). Until such measurements are made, says this 
view of quantum mechanics, a system has no specific state; instead, it merely has 
a probability distribution over a set of possible states (see Fig. 5.5 for a time travel 
puzzle concerning this claim). Einstein and his co-authors (note 99) strongly 
rejected this probabilistic interpretation of nature (recall Einstein’s famous dictum, 
“God does not play dice with the cosmos.”) Einstein and his colleagues agreed that 


1G C. Hegerfelt, “Causality Problems for Fermi's Two-Atom System.” Physical Review 
Leners, January 1994, pp. 596-599. This mere suggestion of a possible failure of causality so 
stunned the editor of Nature that he felt compelled to quickly write a ‘calming’ reply: “Time 
Machines Stll Over the Horizon,” February 10, 1994, p. 509, 

"©The issue of the sign of energy density is Very important in the analyses of wormhole time 
‘machines (see note 135 in Chap. 1), and we'll etur to it in the next chapter 
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quantum mechanics may be valid as far as it goes, but they also argued that it leaves 
out ‘something’ (as yet unknown) in describing reality. That is, they suggested that 
quantum mechanics is “incomplete” and that it incorporates “hidden variables."""" 
‘They expressed this idea in the form of a paradox, the famous EPR paradox, which 
they posed as a thought experiment (a Gedanken-experiment) in which quantum 
mechanics declares that the properties of a particular spatially distributed system, 
‘when measured at point A, seem to be forced to assume specific values at point B 
(which may be arbitrarily distant from A) without there being a measurement at B. 

‘Thus, said Einstein, there are just two possibilities. Either the system properties 
at B must have been what they are from the very start (even if the measurements at 
‘A had not been done) which is the view he held, or there must have been a linkage 
between the system at A and the system at B such that the wave function collapse at 
Ais instantly transmitted to B to allow the wave function to collapse there as well, 
Because A and B may be arbitrarily far apart, this second view obviously requires 
an FTL transmission mechanism,'™ something Einstein called a “spooky action-at- 
a-distance,” a term that eloquently expresses his low opinion of that idea! (Some 
translations replace spooky with ghostly, but the negative sentiment remains the 
same.) For decades the debate between proponents of these two alternatives 
remained at a metaphysical, non-quantitative level. Then came Bell’s paper 
in 1964, 

Bell’s theorem mathemati 


lly poses the choice between Einstein's hidden 
variables view and the conventional view of quantum mechanics through the use 
of an inequality involving certain measurable properties of a system." If these 
‘measurements are such that the inequality is violated, then the conventional inter- 
pretation of quantum mechanics is vindicated, and Einstein's FTL spooky action-at- 
a-distance effect simply doesn’t exist. Bell's great contribution, then, was to 
provide the means for removing the debate about quantum mechanics from meta- 
physics and to place it squarely in the realm of experimental physics. 

“All” that needed to be done was to make the required measurements. These 
technically difficult experimental measurements were eventually performed by the 
French physicist Alain Aspect and his colleagues at the Institute of Applied Optics 
of the University of Paris, a decade and a half after Bell showed what had to be 


*©'For more on hidden Variables, see E.. Wigner, “On Hidden Variables and Quantum Mechan- 
ical Probabilities,” American Journal of Physics, August 1970, pp. 1005-1009, 

"For an analysis that argues against an FTL mechanism in quantum mechanics. see G. C. 
Ghiraei,e¢ al."“A General Argument Against Superluminal Transmission Through the Quantum 
Mechanical Measurement Process,” Lestere Al Nuovo Cimento, March 8, 1980, pp. 293-298, 
©SYou can find a discussion of the possibilty of ‘explaining’ Einstein's “spooky actions” of 
quantum mechanics by invoking backward causation in R. 1. Sutherland, “Bell's Theorem and 
Backwards-in-Time Causality.” International Journal of Theoretical Physics, April 1983, 
pp. 377-386. 

"The details are not important here. but a lovely exposition (forthe lay person) can be found in 
Bell's essay “Bertlmann's Socks and the Nature of Reality,” in Speakable and Unspeakable in 
Quantum Mechanies, Cambsidge University Press 1987. See also M.G. Alford, “Ghostly Action at 
Distance: A Non-Technical Explanation ofthe Bell Inequality,” American Journal of Phases 
Sune 2016, pp. 448-457, 
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done, The results unequivocally support the conventional view of quantum 
mechanics.""” Einstein was simply wrong, there are no hidden variables in quantum 
mechanics, and his spooky action does seem to exist. Does that mean we have, at 
last, experimental evidence of the possibility of information transfer at FTL speeds? 

Well, maybe, but the issue is still hotly debated. ‘The majority of physicists 
today, I suspect, are probably more perplexed over what Bell’s theorem is saying 
than were over Einstein’s original EPR paradox. In those early days one could agree 
\with Einstein and his colleagues, who argued that quantum mechanics was valid as 
{far as it went, but a deeper, more comprehensive theory would show the existenc 
of hidden variables. However, because of the work by Bell and Aspect it is 
definitively known that quantum mechanics ax it stands leads to correct results, 
results that can be checked in the laboratory. In other words, there is no need for 
hidden variables and FTL spooky actions cannot be ruled out. 

‘And so, while tachyons and the tachyon antitelephone may be nothing more than 

neat science fiction fantasy, just maybe a quantum mechanical Bell antitelephone 
can’t be so dismissed, Indeed, the possibility of using a quantum mechanical FTL 
effect was once suggested in a letter written by a senior person at an unspecified 
California think tank (an organization such as, for example, the RAND Corpora- 
tion) to the Under Secretary of Defense for Research and Engineering at the 
Pentagon. Here's what the Under Secretary read when he opened that letter: “If 
in fact we can control the FTL nonlocal effect, it would be possible ... to make an 
untappable and unjammable command-control-communication [C°] system at very 
high bit rates for use in the submarine flect. The important point is that since there is 
no ordinary electromagnetic signal linking the encoder with the decoder in such a 
hypothetical system, there is nothing for the enemy to tap or jam. The enemy would 
have to have actual possession of the “black box’ decoder to intercept the message, 
whose reliability would not depend on separation from the encoder or on ocean ot 
‘weather conditions." 
"t help but wonder what might have been the Under Secretary's response 
to that incredible letter, and what sorts of ultra-mega-super-top-secret experiments 
it may have prompted. I would be willing to bet, if they did occur, that they failed. 
‘As one physicist put it, “Up to now nature has covered her tracks pretty well, 
blocking all possibilities for using the EPR effect for FTL communication.” OF 
course, the think tank letter, as “farout as it may initially appear, actually represents 
a failure of imagination, because the backward causation effect of EPR's spooky 
FTL effect is certainly a “quantum jump’ beyond a mere unjammable submarine C* 
system 


|. Aspect, “Experimental Tests of Realistic Local Theories via Bell's Theorem,” August 
17, 1981, pp. 460-467, and A. Aspect, et al, “Experimental Realization of Einstein-Podolsky- 
Rosen-Bohm Gedanken-experiment: A New Violation of Bell's Inequalities.” July 12, 198 

ppp. 91-04, and “Experimental Test of Bells Inequalities using Time-Varying Analyzers,” 
December 20, 1982, pp. 1804-1807. all in Physical Review Letters, 

"See N, D, Mermin in note 99. For more on the enigmatic letter on the FTL submarine C* system, 
see Jack Sarfat'sleter to Physics Today, September 1987, pp. 118 and 120. 

Paradoxes and FTL Communication.” Analog Science Fiction, September 1988, 
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5.7. For Further Discussion 


Mark Twain, in his last, posthumously published novel No. 44, The Myste- 
rious Stranger, incorporated reversed time as the work of a supernatural 
being. After the being reverses the world’s time direction, the narrator tells 
the reader that “everywhere weary people were re-chattering previous con- 
versations backward ... where there was war, yesterday’s battles were being 
refought, wrong-end first; the previously killed were getting killed again 

we saw Henry I gathering together his split skull . ..” Read the novel, and 
‘comment on how well (or not) Mark Twain handled reversed time, 


In Philip K, Dick’s 1956 novel The World Jones Made, we read of a prophet 
who can see a year into the future, As he says, “To me this is the past,” and 
then later We are told “He was a man with his eyes in the present [the world’s 
future] and his body in the past [the world’s present)” Read the novel, and 
then argue either for or against the suggestion that Dick was aware of the 
advanced wave solution in Maxwell’s theory. 


‘The physicist Robert Forward (see the sixth For Future Discussion in 
Chap. 3) argued that one way to send messages into the past is to compress 
4 15-billion-ton asteroid down to the volume of an atomic nucleus, spin it up, 
and then aim gamma ray bursts through the resulting near-by region of 
“unhinged time” (see “How To Build a Time Machine,” Omni, May 1980). 
This is, of course, ‘simply’ an artificially constructed Kerr black hole tele- 
graph transmitter (look back at note 114 and related discussion in Chap. 1). 
Forward, an optimist of the first rank, thought humans would be able to do 
this before the end of the twenty-first century. It would seem, then, that what 
should be done now is to build gamma ray frequency receivers (well within 
present-day technology) and listen for such messages from the future. ‘The 
technical details of such receivers wouldn’t matter, as long as their design is 
widely published. That way, the scientists of the future can learn those details 
by simply reading of them in old, musty library books and journals, and thus 
will be able to build their transmitters to be perfectly compatible with our old, 
‘musty (to them) receivers! Comment on the likelihood of National Science 
Foundation funding becoming available to build such receivers. 
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Suppose a time traveler goes into the future and, while there, discovers that 
there is an older version of himself living in the home that has been in his 
family for generations. Explain why this implies that the time traveler will 
eventually return to the present. Suppose, instead, that after the time traveler 
arrives in the future he decides to remain in the future, and not to return. 
Explain why this implies there will not be an older version of himself living in 
the family home, In both cases, assume the MWI does not apply, that 
assume that there is just a single time line. 


One well-known quantum physicist, David Bohm (1917-1992), wrote the 
following passage in his book The Special Theory of Relativity 
(W. A. Benjamin 1965), concerning the possibility of sending messages 
into the past: “In effect, $ could communicate with his own past (self, M] 

‘and tell his past self [M] what his future is going to be. But on learning this, 
M could decide to change his actions, so that his future ... would be different 
from what his later self [S] said it was going to be. For example, the past self 
could do something that would make it impossible for the future one to send 
the signal, Thus, there would arise a logical self-contradiction.” Do you think 
most physicists, writing today more than 50 years after Bohm, would repeat 
his words? 


‘The role played by quantum mechanics in time travel studies is broad, deep, 
profound ... and mysterious. What I mean by this is nicely illustrated by the 
final paragraph in a paper by Stephen Hawking (“Quantum Coherence and 
Closed Timelike Curves,” Physical Review D, November 15, 1995, 
pp. 5681-5686). There he wrote “Personally, 1 do not believe that closed 
timelike curves will occur, at least on a macroscopic scale. I think that the 
chronology protection conjecture will hold and that divergences in the 
energy-momentum tensor will create singularities before closed timelike 
curves appear. However, if quantum gravitational effects somehow cut off 
these divergences, I am quite sure that quantum field theory on such a 
background will show loss of quantum coherence. So even if people come 
back from the future, we will not be able to predict what they will do 
[my emphasis].” What do you think Hawking meant by his final line? If 
“people come back from the future” and tell us what they did while in the 


(continued) 
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future, then what’s wrong with their memories that causes us to fail 0 be able 
to predict what they will do? Or, is there perhaps nothing wrong with their 
memories and Hawking is instead arguing that the future experienced by the 
returned time travelers will not be the future when we ‘get there”? If that’s the 
‘case, then what are the returned time travelers “remembering”? 


If quantum mechanics is actually slightly non-linear physics (as are many 
other normally linear physical phenomena at sufficiently high energy 
levels)—physics is linear when superposition holds, which means the result 
of two inputs is the sum of the individual outputs resulting from application of 
the individual inputs—and if one accepts the MWI concept, then at least two 
physicists (PHYSICISTS!) claim to have shown that one could communi- 
cate not just with our past, but also with the many pasts in the ever-splitting 
branches of the many worlds. Another physicist (PHYSICIST2) wrote a very 
funny illustration of what that might be like. Yet another physicist (PHYS- 
ICISTS) suggested that non-linear quantum mechanics might actually allow 
one to take photographs of the many-worlds. Of that, a physicist (PHYSI- 
CIST4) wrote (without any exaggeration) that such an achievement would be 
“perhaps the most amazing discovery in the history of science, indeed in the 
history of mankind,” Or, to quote yet another physicist (PHYSICISTS), 
“interworld communication would lead to truly mind boggling possibilities 
some of which have been incorporated in at least one science fiction novel 
(SFAUTHOR). Read the physicists’ papers, and the novel, and then sum- 
marize with your own commentary. 

PHYSICISTSI: N. Gisin, “Weinberg’s Non-linear Quantum Mechanics and 
Superluminal Communication,” Physics Letters A, January 1, 1990, pp. 1-2, 
and J, Polchinski, “Weinberg’s Non-linear Quantum Mechanics and the 
Einstein-Podolsky-Rosen Paradox,” Physical Review Letters, January 
28, 1991, pp. 397-400. 

PHYSICIST2: J. G. Cramer, “Quantum Telephones to Other Universes, to 
‘Times Past,” Analog, October 1991 

PHYSICIST: D. Albert, “How to Take a Photograph of Another Everett 
World,” Annals of the New York Academy of Sciences, December 30, 1986, 
pp. 498-502. 

PHYSICIST4: M. A. B. Whitaker, “On the Observability of “Many 
Worlds’,” Journal of Physics A, July 11, 1985, pp. 1831-1834. 
PHYSICIST: R. Plaga, “On a Possibility to Find Experimental Evidence for 
the Many-Worlds Interpretation of Quantum Mechanics,” Foundations of 
Physics, April 1997, pp. 559-577 

SFAUTHOR: J. P. Hogan, Paths fo Otherwhere, Baen 1996, 
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One upon a time, FTL tachyons (and their associated into-the-past trans- 
missions of information) were strictly in the province of science fiction. In 
recent years, however, such doings have moved into mainstream fiction, as 
well, with the most recent (as I write) example being the man-of-action novel 
by Patrick Lee, Signal, St. Martin’s Press 2015. (Tachyons are also mentioned 
in the 2015 film Tomorrowland.) That novel is set in modern times, not in the 
future; its hero is a retired soldier who now works as a self-employed hous 
flipper. His is definitely not a futuristic science fiction world. Until, that is, be 
becomes involved with a radio-like gadget that receives signals from 10 h, 
24 min in the future, As the novel progresses we eventually lear that the 
gadget is based on German electronics technology that was being tested in a 
remote lab in northern Algeria, near the end of World War I. When that lab 
‘was overrun by a small American force the equipment was destroyed, but not 
before one of the Americans heard the gadget playing a song titled “She 
Loves You” along with the word yeah repeated numerous times. He didn’t 
know what that meant until, 20 years later, he watched the Beatles’ 
American appearance on The Ed Sullivan Show TV program, and so suddenly 
realized that in 1944 he had heard a song that hadn’t been written yet! That 
gadget is at the center of a modern-day, renewed Nazi effort to conquer the 
world, and there is much ‘you've seen it all before” chasing, shooting and 
other “James Bond” types of action in the novel, but the author has been quite 
inventive in treating time paradoxes. He does talk a lot about “changing the 
worries confusingly about ‘changing the past,” and mistakes neutrinos 
for tachyons, but, still, if one is willing to overlook such issues it is an 
entertaining read. In particular, while the gadget’s inherent range to the future 
is limited to ten-plus hours, the author describes a clever way to arbitrarily 
extend that value, Read Signal, and then describe and critique the method 
outlined in the novel 


‘The Wheeler-Feynman assumption of continuity already had a distinguished 
history in mathematics long before they invoked it in their physics resolution 
of bilking paradoxes. (Both men were very good mathematicians, and cer- 
tainly knew what I am about to tell you here.) Imagine a man who is about to 
walk up a hill, starting at A (the base of the hill) and ending at B (the top of the 
hill). You know nothing of how’ he walks (perhaps at times he stops for a 
while, other times he walks slowly, sometimes he walks briskly, perhaps at 
times he even walks back dow the hill). All you know is that, starting from A 
at 10 o’clock in the morning, he arrives at B at 11 o'clock. That i, the walk up 
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the hill takes exactly 60 min, He camps overnight at B and then, the next 
moming, at exactly 10 o°clock, he walks back down the hill along the same 
path he followed during his ascent the previous day. He arrives at A at 
11 o'clock. That is, the return trip takes exactly 60 min, Again, you know 
nothing of the details of how he makes the descent. Prove that there is at least, 
‘one spot on the path that he passes at exactly the same time during his descent 
as he passed it during his ascent the previous day. Hint: No complicated 
‘equations are required. Indeed, no math at all is needed. Just sketch the 
appropriate, general graphs of the man’s ascent versus time, and of his 
descent versus time, and invoke continuity. That is, sketch the distance 
(as measured along the path) that he is from A versus time for both the ascent 
and the descent. 


Chapter 6 
The Physics of Time Travel: I 


‘his very sad to see valuable minds writing such a pile of 
unmitigated bullshit. 


no all physicists think time travel is worthy of study." 


6.1 Faster-than-Light into the Past 


“Fasterthan-light travel remains a coherent, and possible concept, even though it is 
forbidden by relativity theory.” 


—a philosopher makes a physics mistake? 


So far we have limited our consideration of relativity theory to speeds below the 
speed of light—that is, to the condition v <c, where v is the relative velocity of two 
reference frames. There was nothing, however, in the derivation of the Lorentz 
transformation equations discussed in Chap. 3 that actually used that self-imposed 
constraint. So, just what, in fact, does happen for v>c? This is not an empty 
question, because the second half of the above quote that opens this section is 
simply not true. That isn’t to say we can have FTL for free: there is a high price to 
pay, that of causality violation (although, if you are a fan of time travel, it’s a price 
‘you are probably happy to pay). If a material object goes FTL, then the mathematics 
‘seems to say that the object could travel into the past, just as the caped crusader does 
in the first (1978) Superman movie, in order to change the past (to save Lois Lane 
from dying in an earthquake). In addition, the mathematics also seems to say that if 
a signal bearing information could achieve FTL, then that information, too, would 
travel back into the past (see Fig. 6.1). 


"This rather bunt comment eported in Piysics World, December 2008, p 3) was prompted by a 
suggestion, fom two other physicists, that the Higgs boson might ripple backward through time 
and thereby stop CERN's Large Hadron Collider from creating the long-sought particle inthe fist 
place 

2G. Robinson, “Hyperravel,” Listener, December 17,1964, pp. 976-977, the printed version of 
lecture tothe British Association forthe Advancement of Seience 
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Fig. 6.1 A math-free proof that there can be no closed loops in time (thal i, no time travel tothe 
past if v > is forbidden) in lat Minkowski spacetime, the spacetime of the special theory of 
relativity. Such a conclusion is far less clear inthe curved spacetimes of the general theory of 
relativity. Figure reproduced by the kind permission of Serguei V. Krasnikov (Polkovo Central 
Astronomical Observatory it St, Petersburg, Russia), from his 2003 paper “Time Machine 
1988-2001)” 


‘The original thinking along these lines visualized such an FTL signal as a 
‘modulated beam of tachyons, as mentioned in the previous chapter. In addition to 
tachyons not having been experimentally observed, even after intense searches for 
them, there are several theoretical objections (in addition to the bilking paradox 


problem discussed in the previous chapter) to the likelihood such FTL particles 
exist. For example, the relativistic expressions for the energy and momentum of 
particle with rest mass mg moving with speed v are, respectively, 


vallued (because they can be observed and measured as a 
result of the interactions the particle has with other matter). The energy and 
momentum can regain the property of being real-valued if we write my = wv—1 
(that is, m= —y2) for @ tachyon, where 4 is the positive, real-valued (but 
unobservable) meta-mass (that is, mj < 0). This is a radical proposal, of course, 
(as itismj > O that we are used to; as a Russian mathematician romantically put it, 
“What binds us to space-time is our [positive] rest mass, which prevents us from 
flying atthe speed of light, when time stops and space loses meaning. In a world of 


"See, for example, “More About Tachyons." Plysics Today, December 1969, pp. 47-52, a 
collection of letters received by the journal Irom its readers. The “DeWitt Gambit? mentioned i 
the previous chapter, was fist proposed in one of those letters 
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light there are neither points nor moments of time; beings woven from light would 
live ‘nowher 


and ‘nowhen’; only poetry and mathematics are capable of speaking 
meaningfully about such things.”*, 

Well, perhaps, but let’s continue to pursue the physics of tachyons, at least for a 
‘while. It can be shown* that the energy and momentum of the tachyon are given by 


ge ed pe 
Voier-1 Voor -1 


An interesting consequence of this is that if tachyons lose energy, they speed up, 
an observation first made by the German physicist Amold Sommerfeld 
(1868-1951) in 1904.° This means that if there is a mechanism for continuous 
energy loss, such as Cerenkov radiation,” then tachyons will spontaneously accel- 
erate without limit to infinite speed! Curiously, while the above expressions for 


E and p show that, as y—o0, tachyons would possess zero energy, they would 
nonetheless have a non-zero momentum of yc:® 

‘To see how backward time travel and FTL are connected, it is useful to establish 
a geometrical interpretation of the Lorentz transformation, As stated in Chap. 3, if 
the x’ 1° system is moving with speed v in the x (or x°) direction relative to the x,t 
system, then 


—1/ 
Vl =(v/ey 


yi (/ey 


“Yu. Manin, Mathematics and Physics, Birkhauser 1981, p. 84 
SL. Parker, “Faster-Than-Light Inertial Frames and Tachyons,” Physical Review, December 
1969, pp. 2287-2202. 
"The consideration of FTL pasteles already had a long history before tachyons were specifically 
named. You can find late nineteenth century (1888-1889) theoretical analyses of electrically 
charged FTL particles in the writings, for example, of the English mathematical electrical engineer 
Oliver Heaviside (1850-1925): see my biography Oliver Heaviside: the life, work, and times of an 
clecrical genius ofthe Victorian Age, The Johns Hopkios University Press 2002, pp. 124-126, 
Cerenkov radiation isthe energy radiated when a charged particle exceeds the speed of light i the 
‘medium through which it travels, Since the speed of light in water i less thane, tis perfectly okay 
with special relativity 1 exeeed the speed of light in water, and infact this commonly occurs for 
the energetic electrons produced by submerged atomic reactors (swimming pool reactors). The 
resulting radiation is observed as a blue glow. The radiation is named after the Russian physicist 
Pavel Cerenkov (1904-1990)—for which he received a share of the 1958 Nobel phys prize— 
but in fact Heaviside (previous note) had predicted it more than a decade before Cerenkov 
was bom. 


"This (theoretical) property of tachyans (if they exist) could (perhaps) be use (maybe) 1 build a 
revolutionary (to sy the least) new rocket propulsion system: see J Cramer, “The Tachyon Drive 
Infinite Exhaust Velocity at Zero Energy Cos," Analog. October 1993, 
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‘These equations make sense for the ease of v < c, and we will retain this condition 
for our two relatively moving frames of reference: these frames are the worlds of two 
Juuman observers, observers that we'll take to always be subluminal, As one phys- 
icist so nicely put it, “The assumption that observers move faster-than-light goes 
beyond superluminal signaling,” as such observers would have to be thought of as 
being built not out of flesh-and-blood, but rather out of tachyons."" We'll reserve the 
symbol w’to denote the speed of an FTL particle. 

Now, recall what we mean by any line parallel to the x-axis; it is a line with a 
fixed time coordinate. Such a line is a cosmic moment line, with the equation 
1 = constant, Similarly, for the moving system we would write the equation of a 
cosmic moment line as ¢’ = constant which, after the Lorentz transformation is 
applied, is equivalent to 


In particular, the x-axis (#” = 0 cosmic moment line), which passes through the 
point x=0 at = 0, has the equation 


With the usual convention of ¢ = 1 

Ina similar way, recall what we mean by any line parallel to the f-axis; itis line 
with a fixed space coordinate. Such a line is the world line of a stationary particle in 
the x, ¢ frame, with the equation x = constant. Similarly, for the moving system we 
‘would write x’ = constant as the equation of the world line of a particle stationary in 
that system, From the Lorentz transformation, this is equivalent to 


¥—vf=constant, 


In particular, the -axis (Which is the x” =0 world line of a particle stationary at 
the origin of the moving system) passes through the x= 0, 1=0 point, and it has the 
equation 


ve 


‘Thus, superimposed spacetime coordinate axes for the two frames look like 
those shown in Fig, 6.2. That is, the relative motion of the two frames results in a 


°K. Svoril, “Time Paradoxes Reviewed,” Physics Leters A, April 3, 19% 
"Science fiction, however, has (sine the early days of pulp) enthusiastically embraced FTL. 
‘human wavel, In Larry Niven’s story “At the Core” (ff, November 1966), for example. we read of & 
‘manned spacecraft that travels 60,000 light years tothe eenter of our own Milky Way Galaxy, and 
then hack, at a speed 420,000 times that of light. As the plot says (in @ grand understatement), 
“That's goxldam fast.” Perhaps there is a way to make some sense of such an adventure, with the 
so-called warp drive (ala Star Trek), which well take-up briefly atthe end ofthis chapter. 
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Fig. 6.2. Spacetime coordinate axes rotation by relative motion 


rotation of the spacetime axes; but it is a strange sort of rotation, with opposite 
senses for the space and time axes. That is, the x” and f° axes rotate towards each 
other, as shown in the figure, to make equal angles (a) with the x and axes, 
respectively, where 


a= tan"(v). 


If we limit the moving frame (the frame of a moving observer) to subluminal 
speeds (<< 1), then 

O<a<as’ 
At the speed of light (v= 1) a= 45° and so the x! and 1’ axes coincide—time and 
space have become indistinguishable. 

It is important to realize that observers in either system would measure the same 
speed for a photon; that is, each would see the World line of a photon as a line with 
slope 1. This view of the world line of a photon is literally built into the Lorentz 
transformation because one of Einstein's fundamental postulates for special relativ- 
ity isthe invariance of the speed of light. The truth of this statement for the_x, ¢system 
is obvious from Fig. 6.2. It is, perhaps, not so obvious with the x’, 1’ system because 
of the non-perpendicular axes (as shown in the figure) for that system. In Fig. 6.3 the 
‘world line of a photon is shown in both systems. In that figure we emit the photon at 
"= 0, and we later measure its coordinates at point A to be x! =.’ at time 
1!,, Note carefully how this is done, We draw lines from point A parallel to the x’ 
and /' axes until they intersect the 1’ and x’ axes, respectively. This is similar to the 
‘way we would get the spacetime coordinates of A in the more familiar x, r system, 
where we would draw lines parallel to the xand f axes. 

It should now be obvious that.x’4 and r', have the same extension, just as they do 
in the unprimed system, so 
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Fig. 63 Invariance of the x 
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the speed of light 


‘The speed of light is the only invariant speed under the Lorentz transformation, 
Indeed, the modern approach to special relativity emphasizes this invariance as the 
central property of the speed of light, rather than the idea of the speed of light being 
a limiting speed, 

‘This geometrical interpretation of the Lorentz transformation lets us quickly 
‘make another interesting (one, [ think, not at all obvious) observation: Ifa particle is 
faster than light in the x, ¢ system, then there exists a subluminal 2’, 1 system in 
which the particle is infinitely fast. Figure 6.4 shows the world line of an FTL 
particle in the x, r system (which is, of course, below the world line of a photon; that 
is, the particle’s world line is spacelike). Suppose the FTL particle has speed w>e 
such that its world line makes angle # with the x-axis. If we now pick v, the speed of 
the moving.x’,r' system to be such that «=, then the x’-axis will coincide with the 
‘world line of the particle, and so the particle will appear to an observer in the x’, 1” 
system to be everywhere at once—that is, to be infinitely fast. We have, then, 


p10) e() 


or y= Iw, which seems to be dimensionally wrong. Recall, however, that with our 
convention ofc = 1, the vin this result isa normalized speed. To return to the units of 
everyday use, simply replace v with v/e and w with wc; this transforms our result to 
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Fig. 6.4 World line of an FTL particle 


We can, of course, turn this result around. If an FTL particle moves with speed 
w in the x, 1 frame, then to an observer in the wv, 1’ frame moving with 
subluminal speed v, the particle will appear to be infinitely fast if w—c7/ 
A particle with w> c?/v is said to be not just be superluminal, but ultraluminal 
Ifa panicle has infinite speed if w= c"/v, then what physically happens if w is 
greater than c7/v? The answer is easy to see from a spacetime diagram, as in 
Fig. 6,5, where the x” and r’ axes have been extended back to negative values, In 
that figure I have labeled two arbitrary events A and B on the world line of an 
ultraluminal particle (and so it lies below the x’ axis), and have shown the spacetime 
coordinates of each event in both the x, rand x',/' frames. For the x, frame we see 


that A is related to B by the relations 2, < xy and fy < fy; that is, the time order of 
A and B is reversed for an observer in the x’, frame. To that observer, the particle 
appears to be traveling backward in time! 

But this isn't quite the end of the story. Following the approach of two 
pioneering tachyon physicists,"' we note that if the energy of a particle in the 
stationary system is E, then the energy as measured in the moving system is given 
by? 


"O. M. Bilaniuk and E. C. G. Sudarshan, “Causality and Space-tike Signals," Nature, July 
3, 1969, pp. 386-387. 

"The expression for Eis the result of applying the Lorentz transformation o£. You ean find all, 

the details ofthat worked out in A. P. French, Special Relarivity, W. W. Norton 1968, pp. 208210. 
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Fig. 65 World line of an aleraluminal particle 
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Note that sign of £’ switches from positive to negative when w (the speed of the 
particle) exceeds c7/v, which is precisely the condition for the particle to be 
ultraluminal and so traveling backward in time (as seen in the primed system), 
‘That is, negative energy moving backward in time in one system is positive energy 
‘moving forward in time in another. This is, in fact, the original motivation for the 
RP (reinterpretation principle) discussed in the previous chapter, and the claim was, 
alone time, that the RP was just what was needed to ‘explain’ the paradoxical 
implications of time travel. This is not the majority view today, however, and a 
number of physicists have been quite inventive in constructing scenarios with 
causal paradoxes that the RP clearly fails to “explain,” 

For example, the Princeton physicist Shoichi Yoshikawa (1934-2010), ina letter 
to Physics Today (see note 3), was able to create a scenario which uses the RP to 
arrive at a causal paradox. In his construction, the RP allows an observer to transmit 
an ultraluminal tachyon to a remote observer at time ¢=0, and to receive a reply 
from that observer at ¢<0. This obviously sets-up the possibility of a bilking 
paradox in which the original observer, upon receiving the <0 tachyon, then 
decides not to transmit the *=0 tachyon. What makes Yoshikawa’s paradox a 
particularly troublesome paradox is that the RP is the culprit, not the savior. 
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6.2 Tipler’s Rotating Cylinder Time Machine 


within forty-eight hours we had invented, designed, and assembled a chronomobile. 1 
won't weary you with the detail, save to remark that it operated by transposing the seventh 
and eleventh dimensions in a hole in space, thus creating an inverse ether-vortex and 
standing the space-time continuum on its head.” 

—this is almost surely nor the way to build a TM (time machine) 


As discussed at the start of this book, the first endorsement of the reasonableness 
of physicists talking about plausible, scientific time travel, began with Gidel”s 
discovery of closed timelike lines in the mathematics of certain rotating universe 
‘models, Such models had been studied as early as 1924 by the Hungarian physicist 
Cornelius Lanczos (1893-1974), a quarter century before Gédel, but it was Godel 
‘who made explicit the possibility a rotating universe might allow time travel. His 
realization of time travel as an inherent property of a rotating universe is an 
illustration of a weak TM, while what is the central interest conceming time 
machines (in physics and in science fiction) is a strong TM. That is, in time 
‘machines that can be intentionally constructed by manipulating mass-energy in a 
finite (what physicists call a compact) region of spacetime to create closed timelike 
lines where none existed before the manipulation began. Interestingly, the funda- 
‘mental physical idea behind Gidel"s weak TM is the same underlying idea behind 
the first strong TM, Tipler’s rotating cylinder discussed back in Chap. 1 (strictly, of 
course, only a compact TM if the cylinder can be of finite length). 

‘The one result from general relativity that we'll use here (without proof) is that 
the rotation of matter causes a distortion of spacetime that results in the “tipping 
over’ of light cones, with the future half tilted in the direction of motion. If you 
imagine a point in the universe about which the rotation takes place, then this 
tipping effect increases with the radial distance from that point."* The fact that 
rotating masses tip light cones over in the direction of rotation was discovered very 
carly in the history of general relativity (1918), by the Austrian theoreticians Josef 
Lense (1890-1985) and Hans Thirring (1888-1976). Originally (and naturally) 
called the Lense-Thirring effect, it now generally goes by the name of the dragging 
of inertial frames effect, and it plays a central role in the weak Gadel and the strong 
(maybe) Tipler time machines. Here’s how. 

Ata certain critical distance from the rotation center (more on this in just a bit), 
the future half of the light cone at a given point in spacetime will be sufficiently 
tilted so as to enter the past half of similarly tilted light cones at nearby spacetime 
points This is illustrated in Fig. 6.6,'° which shows a circular chain of tilted light 


BL. Sprague de Camp, “Some Curious Effects of Time Travel,” in Analog Readers’ Choice. 
Dial 1981 

For a picture of this, see S. W. Hawking and G. FR. Ellis, The Large Seale Structure of 
Spacetime, Cambeidge University Press, 1973, p. 169. 

Adapied from D. B. Malament, “Time Travel” in the Giidel Universe." Proceedings of the 
Philosophy of Science Association 1984, pp. 91-100. 
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Fig. 66 Time traveling through tilted light cones in a rotating universe 


cones in a rotating universe. Because light cones are tilted by a rotation-induced 
twisting of spacetime, a traveler can move around a circular path on a trip that is 
always directed into his loca! future but nonetheless end-up in his own global past, 
‘without ever going faster than light, This kind of round trip in spacetime, with a 
trajectory that winds back into the past without ever becoming spacelike, is a closed 
timelike curve. 

From Fig. 6.6 it should be clear how a time traveler, beginning at A, can weave 
his way along a circular path (this path needs to have a radius at least as great as the 
critical value mentioned earlier) to B to C to .... that brings him back into the past 
half of the light cone at A. The traveler’s world line is always inside the local light 
cone; that is, the world line of the time traveler is always timelike, and never FTL. 
‘These timelike curves are present in the rotating spacetime from the very beginning 
of the spacetime, and were not created (certainly not by humans) by conscious 
intent 

You can see how this works mathematically by taking the spacetime metric for 
Gaidel’s universe (with, as usual, the convention that the speed of light ¢= 1): 


dt)? — (dr)® — (dy)* + sin h(r)[ sin H2(r) — 1] (do)? 
in h? (r)(dqp) (dt) 


+-.y.and ¢ are cylindrical coordinates in four-dimensional spacetime, Now, 
imagine that our adventurer’s world line is the helical curve r=constant, y =0, and 
1= — agi: if we take the time axis as vertical then the time traveler's world line is a 
vertical helix in spacetime, For this curve, dr=dy=0 and dt= — ad. This last 
differential means, in particular, that whatever the sign of the constant a, we can 
choose that one of the two senses of movement in the spatial ¢ dimension that gives 
dr<0. 
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Continuing, we have 


VZasinh?(r) + sin h?(r)( sin h?(r) — 1] (a)? 


or, upon letting w= sinh(r) we have 


(ds) [e — 2V Zane +2 (u2 — Yap 


Now, for a=0 we have 


(ds P(e = 1) (ag)? 

‘which is greater than zero if > 1. This condition holds if sinh(r) > 1, that is, ifris a 
constant greater than In(1 + V2). In other words, for r sufficiently large (and now 
we know the critical value for r) we have (ds)” > 0, the required condition for a 
timelike spacetime interval. By continuity, then, we will continue to have (ds)* 
>0 even with some small positive or negative value of « different from zero, 
Because ¢ is a periodic coordinate (we identify = 0 with f= 2n), as the traveler 
‘moves along the curve she returns repeatedly to the same spatial points, but her time 
coordinate is increasingly negative. That is, she is traveling into the past. Note, once 
again, that in Gadel’s universe this property holds only for orbits with radi greater 
than a certain minimum."” 

Tipler's rotating, infinitely long cylinder is a mechanism for atificially producing 
the tipped-over light cone effect, thus creating closed timelike curves. Figure 6.7, 
taken from Tipler’s Ph.D. dissertation,'” shows how the cylinder works. The eylin- 
der is represented by the central vertical axis. Far away from the cylinder the light 
cones in spacetime are upright, but as we move inward they tip over, the future 
halves opening up into the direction of rotation, (Only the future halves of the light 
cones are shown.) This direction, which is the direction that far away from the 
cylinder measures space, near the cylinder measures time (just as in the Gidetian 
universe). That is, there has been a dimension reversal! This fantastic possibility has 
found its way into science fiction, as in Stephen Baxter's 1995 novel The Time Ships, 
\wherein the Victorian narrator says “If only one could awist about the Four Dimen- 
sions of Space and Time — transposing Length with Duration, say — then one could 
stroll through the corridors of History as easily as taking a cab in the West End!” 

To travel back in time, therefore, all the time traveler need do is leave Earth and. 
approach the cylinder until she is near enough to be in the tipped-over region of 
spacetime. Then she would follow a helical path around the cylinder and could 


‘There are other solutions to the Einstein gravitational field equations that have closed timelike 
lines at any radius, no matter how small: see MJ. Reboueas, “A Rotating Universe with Violation 
of Causality.” Physics Letters A, March S, 1979, pp. 161-163. 


"RJ, Tipler, Causality Violation in General Relativity, University of Maryland 1976 
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Fig. 6.7. The future halves of light cones point almost entirely inthe + direction far from rotaing 
‘mutter; they begin to tip over as the matter is approached. Note that there isa helical timelike path 
that moves locally into the fuaure in the —r direction, that is, it goes ito the pastas seen by an 
observer far from the rotating matter (The world lines of rotating matter are helixes in the +2 
direction) 


spiral along the negative time direction as far back in time as desired (but no further 
back than to the moment of the cylinder’s creation). This motion is such that the 
time traveler is always moving into her local future, via the tipped-over light cones. 
Finally, she would withdraw from the cylinder and return to Earth—in the past. The 
time traveler had better be a good space navigator, of course, because Earth won't 
bbe where she left it! 
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6.3 Thorne’s Wormhole Time Machine 


“This fact reinforces the authors" feeling that [losed time loops] are not so nasty as people 
severally have assumed.” 


‘The spacetime wormhole is presently the most promising of the approaches that 
have been advanced for building a time machine, Gédel rotated the entire universe 
in 1949, and Tipler ‘reduced’ the problem in 1974 to “merely” spinning a cylinder of 
infinite length, In 1988 Kip Thorne scaled things down even more, this time to other 
extreme, His idea calls for pulling a wormhole on the scale of the Planck length out 
of the topologically multiply connected quantum foam that spacetime is and then 
enlarging it (somehow) to human scale, all the while stabilizing it against self- 
collapse, and then finally using the time dilation effect of special relativity to alter 
time at one mouth of the wormhole as compared to the other mouth, What a 
‘mouthful! What, you almost surely wonder, does all that mean’? 

First of all, what's ‘quantum foam’? The term refers to the idea that the topology 
of spacetime is not a smooth, continuous manifold, but rather (if you look close 
enough) is a seething ‘ocean of fluctuations” that is always changing, changes on 
the scale of the Planck length (look back at Sect. 1.5). What does that mean? Like 
the ocean surface-in-the-large, large-scale spacetime is simply connected. But just 
as one sees all sorts of transient structure as one looks at the water more 
closely (beginning with macroscopic waves and then proceeding downward to the 
bubbly foam on the waves), spacetime too displays an ever-changing connectivity- 
in-the-small."” That is the “quantum foam.” 

Wormholes have been around in physics for decades, but they have always been 
thought to be so unstable as to exist only on paper in the mathematics of general 
relativity. In an analysis*” published more than half-a-century ago, for example, 
‘wormhole instability was shown to be so severe that not only Would a human have 
no chance in getting through one, but also not even a single speedy photon could do 
so, Even at the speed of light, the photon could not zip through a wormhole before 
being trapped inside (“pinched off”) in a region of infinite spacetime curvature, 
Wormholes would simply collapse too quickly after formation for even the 
so-called ultimate speed to save the traveler. Indeed, the presence of mass-energy 
inside a wormhole actually accelerates its collapse. The physics of wormholes, it 
seemed, made them simply untraversable. 


"The conclusion of a mathematical demonstration that ime travel by wormhole does not conflict 
with the conservation of energy: see J. L, Friedman eta, “Cauchy Problem in Spacetimes with 
Closed Timelike Curves,” Physical Review, September 15, 1990, pp. 1915-1930, 

"Not all accept this view. See, for example, A. Anderson and B DeWitt, “Does the Topology of 
Space Fluctuate?” Foundations of Physics, February 1986, pp. 91-105, 

™R_W, Fuller and J. A. Wheeler, “Causality and! Multiple Connected Spacetime,” Physical 
Review, Ovtober 15, 1962, pp. 919-929, 
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Fig. 68 These sketches are unavoidably misleading, being 1wo-dimensional renditions of worm- 
holes that connect two places in a three-dimensional space. Time machine wormholes, onthe other 
hand, connect two places in a four-dimensional spacetime, In particular, the mouths of the 
‘wormboles are not ‘depressions’ into which the time traveler's rocket ship plunges, but rather 
‘would appear to be three-dimensional spheres. The wormhole in (a) connects two disjoint 
universes, while those in (b) and (c) are connections between two places in the same universe. 
As shown in these last two cases, the wormhole handle” can be ether long or short, compared 0 
the external distance between the wormhole mouths 


And anyway, how would one gain access to a Wormhole in the first place? As 
‘Thome and one of his students suggested,*" one might perhaps imagine someday 
finding a rotating black hole that mathematically possesses, in its interior, so-called 
hyperspace tunnels to ‘other places'—either in our universe or in other universes 
(see Fig. 6.8). In the case of a wormhole connecting two places in the same 
universe, although the external distance in spacetime between the places may be 
very large (mega-light-years), it is conceivable that the distance through the 
wormhole itself could be very small. The time required to traverse the wormhole, 
as measured by the traveler's watch might, in fact, be arbitrarily small. ‘This is 
exciting, but wormholes do not come without some significant problems. 

Such problems include the presence of a one-way event horizon, which pre- 
cludes two-way travel (it seems reasonable to assume that time and space travelers 


3M. S. Moms and K. S. Thome, “Wormholes in Spacetime and Their Use for Interstellar Travel 
A Tool for Teaching General Relativity.” American Journal of Physics, May 1988, pp. 395-412. 
‘This paper was motivated by Thorne’ eater response to a request, from the American astronomer 
Carl Sagan (1934-1996), for help in making plausible the interstellar travel imagined in his 1985 
novel Contac. 
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might wish to eventually return), and enormous gravitational gradients (tidal 
forces) that dismember anything approaching and/or entering the wormhole 
‘These problems have often been conveniently ignored in science fiction. For 
example, in one tale“? the time machine is in the form of a wormhole time tunnel 
that time travelers can simply walk through, and in another characters similarly 
‘walk back and forth between two openings in a wall that connect the same place in 
space but separated in time by 160 years.** And in an even older story, we read of a 
time machine (in the form of a hole in spacetime that is a wormhole in everything 
but name) through which one can literally step from future to past and back again. 
‘That story” is particularly notable for having introduced the term mugwump for 
time traveler who uses a time machine wormhole. To paraphrase the tale’s time 
traveler, as he transits the wormhole his “mug” is in the past and his “wump” is in 
the future."* 

Now, before going any further, a note on what physicists are referring to when 
they write of traversable time travel wormholes. Such wormholes are called 
Lorentzian because they have a spacetime metric with the signature [+, —, —,—] 
(see Sect. 3.5). Further, the wormhole is taken to be static, that is, to have no time- 
varying behavior. The reason for being specific on the nature of time travel 
‘wormholes is that there is another type with what is called the Euclidean signature: 
[44.4.4] which is not suitable for time traveling, Motion in a Euclidean 
signature wormhole involves imaginary momentum or proper time, neither of 
which is physically plausible for a time traveler. However, if you can gain access 
to a Lorentzian wormhole then, as two physicists wrote, “if you manage to acquire 
even one inter-universe traversable wormhole then it seems almost absurdly easy to 
build a time machine.”2° 

In response to that fundamental question of how to gain access to a Lorentzian 
wormhole, ‘Thorne and his students were bluntly honest—they didn’t know. Their 
best suggestion was that “one can imagine an advanced civilization pulling 
[a] wormhole out of the quantum foam and enlarging it to classical size.”” A few 
years later this dramatic idea found its way into a science fiction novel of a 
far-future alien civilization able to control the energies of constellations of galaxies: 
“Spacetime is friable. Wormholes riddle the fabric of spacetime on all scales. At the 
Planck length and below, wormholes arising from quantum uncertainty effects blur 


'R.C. Wilson, A Bridge of Years, Doubleday 1991 
°°M, Leinster, Time Tunnel, Pyramid Books 1964, 
“Shock.” Astounding Science Fiction, Ma 


943, 
"The term's erigin is in 19th century politics, as a description of fence-siters who try to avoid 
{aking a definite position on some controversial topic under debate, For an illustration of wormbiole 
mugwumping, see K. S. Thome, Black Holes & Time Warps. W. W. Norton 1994, p. 500 

%C. Barcelé and M. Visser, “Twilight for the Energy Conditions?" International Journal of 
Modern Physies D, December 2002, pp. 1553-1560. See also M. Visser, Lorentzian Wormholes, 
AIP Press 1996, 

M.S. Monts, K. S. Thome, and U. Yurtsever, “Wormboles, Time Machines, and the Weak 
Energy Condition,” Physical Review Letters, September 26, 1988, pp. 1446-1449. 
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jan lines of spacetime, And some of the wormholes expand to 
human scale, and beyond — sometimes spontaneously, and sometimes at the 
instigation of intelligenc 

‘This isn’t easy to visualize, but let's plunge ahead and assume we can “pull” a 
wormhole out of the quantum foam. If so, then once it is (somehow) inflated the 
wormhole could be stabilized against collapse by threading it with either matter or 
fields of stupendous negative (outward) tension—and by stupendous I mean STU- 
PENDOUS. If bo denotes the minimum radius of the wormholes (the size of the 
so-called throat of the wormhole), the tension (radial pressure) at that location must 
be at least 


38 tons 
t= 55 x 108 


where by is expressed in feet.”” (This expression shows that for a wormhole with a 
throat radius of several thousand feet, the value of ry is enormous, of the same 
magnitude as the pressure at the center of the most massive neutron star.) To 
stabilize a common sort of everyday wormhole, such as a subway tunnel, we can 
obtain the required tension/pressure by lining the tunnel with iron plates or concrete. 
But how, for a hyperspace wormhole, do we obtain ‘iron plates” that can achieve the 
required enormous tension? As Thome and his students observed (note 27) such 
stuff could only be called “exotic,” a term that had appeared a few years earlier in 
connection with the observed energy density in the throat of a wormhole."” 

One possible approach to this problem does not use matter at all, If we make bp 
very large, then non-material fields will do the job.*' Indeed, suppose by equals 
1 light year (a lange wormhole by anybody’s standard!). Then r9 is ‘only’ 4000 tons/ 
square inch, and that is achievable by threading the wormhole throat with a 
magnetic field of “only” 2,700,000 gauss (five million times stronger than the 
Earth’s field)‘ To generate such a field is not impossible, and present-day 


From S. Baxier's 1993 novel Timelite Infinity. That same year the Chinese physicist Liao Liu 
‘wrote on how, as a result of a naturally occurring vacuum fluctuation, a wormbole might 
spontaneously appear: L. Liu, “Wormbole Created from Vacuum Fluctuation,” Physical Review 
D, September 15, 1993, RS463-RS464. 

"The original equation for 7 Was given in units of dynesfem?, with hy is expressed in meters (see 
note 21), but Uhave converted these units to the more familiar (to the non-physcist) units of tons 
per square inch, for dramatic purposes. because the units of dynes per square centimeter isso stall 
its difficult to relate it to anything of everyday significance. 

~R. Balbinot, “Crossing the Einstein-Rosen Bridge,” Lettere AI Nuovo Cimento, May 16, 1985, 
pp. 76-80. 

See, for example, Y. Soen and A. Ori “Improved Time Machine Model," Physical Review D, 
October 15, 1996, pp. 4858-4861, and D. N. Vollick, “How to Produce Exotic Matter Using 
Classical Fields." Piysical Review’ D, October 15, 1997, pp. 4720-4723. 

"To understand how the calculation of a magnetic field from a pressure requirement is aecom- 
plished, note that pressure is dimensionally equivalent to field energy per unit volume, which in 
tum is given by a well-known result in electromagnetic theory. 
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experimental, hypervelocity electromagnetic rail guns in development for the US 
Navy use transient magnetic fields in the mega-gauss range. 

As if the stabilization problem wasn’t enough of a complication, Thorne and 
his colleagues (note 27) showed that there is another, even more curious problem. 
‘The geometrical requirement that the wormhole interior smoothly connect to the 
external, asymptotically flat exterior spacetime demands that the wormhole throat 
flare outward as shown in Fig. 6,8. It turns out that this condition is mathematically 
equivalent to a requirement that ro exceed the energy density of the throat 
and special relativity, in turn, says that for some timelike observers 
the energy density will then actually be negative. This is a clear violation of the 
so-called weak energy condition (WEC), which says the observed mass-energy 
density is always non-negative. This is so ‘obvious’ that the WEC was thought, for a 
ong time, to be almost a law of nature, Such a violation is actually not as crazy as it 
might sound however because, more than half-a-century ago, it was shown" that an 
energy density that is everywhere and everywhen positive is not compatible 
with any quantum field theory that is focaf, as, presumably, will be the yet-to-be- 
discovered theory of quantum gravity. Over the years since then a variety of other 
energy conditions have been proposed, such as the averaged weak energy condition 
(AWEC), which says that only the average value of the energy density over a 
complete null geodesic world line has to be non-negative, which leaves open the 
possibility of temporary negativity here, there, then and when.’ 

‘The traversable, static wormholes studied by Thorne and his colleagues violate 
even the AWEC (see note 27), however, and in the years since it has become clear 
to physicists that imposing constraints on the mass-energy density may not be so 
‘obvious’ after all (see note 26), But all may not be lost. Indeed, it has been shown 
that the violation of the AWEC by traversable wormholes can be made as small as 
the requirement for the exotic matter required to line a wormhole 
throat to keep it open can be made as tiny as you want." 

Well, tiny the quantity of exotic matter may be but, nonetheless, even a tiny amount 
of it would be extraordinary weird stuff because a negative energy density can be 
interpreted as meaning that the exotic material that keeps the wormhole throat open 


desired, that is 


The condition of ry exceeding the energy density in the throat isin fact, the technical definition 

of exorie—see note 30. In everyday situations, the exotic condition is never even remotely 

approached. For example, the maximum tension necessary to pull a piece of steel apart—the 

so-called tensile strength, about 100,000 pounds per square inch—is a tilion times less than the 
gy density of steel 

“H. Epstein, V. Glaser, and A. Jaffe, “Nonpositivity of the Energy Density in Quantized Field 

“Theories,” I Nuovo Cimento, Apel 1. 1965, pp. 1016-1022, 

ST. A. Roman, “Quantum Stess-Energy Tensors and the Weak Energy Condition,” Physical 

Review D, lune 15, 1986, pp. 3526-3533. 

“ML Visser, S. Kar, and N. Dadhich, “Traversable Wormholes with Arbitrarily Small Ee 

Condition Violations,” Physical Review Letters, May 23, 2003, pp.201102-1 10 201 102-4 
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does so by exerting a repulsive gravitational force.” A repulsive force sounds like 
property we'd expect to see associated with negative mass and, although such a thing 
has never been observed (negative matter is not anti-matter, which has been observed 
and which does not repel ‘normal matter’) it was studied long ago (theoretically, of 
course) by the English cosmologist Hermann Bondi (1919-2005). Bondi showed* 
that negative mass would indeed have some truly bizarre properties,”” but there is 
nothing in general relativity that forbids its possible existence. Wormholes, with 
negative mass throats, should produce observable effects by which a wormhole 
might be detected, Mathematical analyses of the effect a negative-mass wormhole 
‘mouth would have, when crossing the line-of-sight between Earth and a distant star, 
indicates that there should be an observable double-spike in the intensity of the star's 
light, Astronomical searches for such an optical signature have actually been 
conducted, with (alas) no success as I write (2017), 

‘There is another interesting implication of a repulsive gravitational force, one 
that proves to be essential to the possibility of a wormhole time machine. Just as 
Einstein’s famous prediction (verified in 1919) from general relativity, that star 
light passing near the Sun’s edge is bent inward by the Sun's attractive gravitational 
field, the repulsive, anti-gravity field of a wormhole will cause any light rays 
traveling through the wormhole to be bent outward. That is, a tight, narrow beam 
of radiation entering a wormhole will emerge defocused. This is crucial because, as 
you'll soon see, a wormhole time machine would otherwise be destroyed by the 
light from the dimmest candle. 

One might take the failure of astronomical searches for a double-spike light 
signature to mean that wormholes with negative mass throats (thus violating the 
WEC) simply don’t exist. But not so fast. The first hint that the possibility of a 
negative energy density might not be such a crazy idea occurred as long ago as 
1948, with a theoretical prediction made by the Dutch physicist Hendrick Casimir 
(1909-2000). As pointed out in Chap. 1, the Heisenberg uncertainty principle 
allows a temporary violation of conservation of energy to occur, with the magnitude 
of the allowed violation increasing with decreasing time duration. Even in a 
vacuum, then, with particle/anti-particle creation and annihilation spontaneously 
and continuously taking place, the average energy density being zero does not 


"The strong energy condition says gravity is always attractive—which is clearly not true in a 
wormhole throat—and so stati, traversable wormboles violate both the weak and the strong 
energy conditions 

HI, Bondi, “Negative Mass in General Relativity.” Reviews of Modern Physies, July 1957, 
pp. A228 

For example, general relativity says that a negative mass will repel all other masses (positive and 
negative), whereas a positive mass will atrac ll other masses (positive anu negative). Imagine, 
then, a negative mass attached to the nose of a postive-mass spaceship. The spaceship tres 10 
‘move toward the negative mass, while the negative mass ties to move away from the spaceship. 
So off they both go into the sky, like a eat chasing its til. This so-called reactionlss anti-graviy 
drive, bizarre a8 it appears, does not violate either of the conservation laws of energy oF 
‘momentum. See G. Cavallei and E. Toni, “Negative Masses, Even if Isolated, Imply Sel 
Acceleration, Hence a Catastrophic World,” 11 Nuovo Cimento B, July 1997, pp. 897-903. 
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preclude fluctuations away from zero and so, at times, actually becoming negative. 
‘What Casimir showed was that if one positioned two perfectly conductive plates 
parallel to each other, then the normal quantum fluctuations of the energy density in 
this ‘Vacuum sandwich’ would be altered in such a way as to result in their mutual 
altraction—and this (tiny) effect was later actually observed."” 

What does it mean to ‘alter the normal quantum fluctuations"? Consider the 
creation of a photon and its anti another photon, From the wave 
interpretation of particles, the parallel plates restrict the photons that appear in the 
‘vacuum layer to those that have wavelengths that “fit” because those wavelengths 
are submultiples of the plate separation (this requirement follows from the fact that 
a perfectly conducting plate cannot support a non-zero tangential electric field) 
Photons with longer wavelengths than the plate separation cannot “fit” and thus do 
not appear. That is, the parallel plates have created a boundary condition that has 
quantized the electromagnetic field. The absence of these ‘longer wavelength’ 
photons lowers the average energy density between the plates and, because the 
average without the plates is zero, the altered average energy density must be 
negative. Indeed, the more the maximum allowed photon wavelength decreases 
with decreasing plate separation, the more negative the average energy density 
becomes in the enclosed Casimir vacuum, The negative energy density manifests 
itself as an inward directed force per unit area (remember, energy density and 
pressure are dimensionally equivalent) 

‘The experimental detection of the Casimir effect was a remarkable event in 
physics. As one mathematician put it, “No worker in the field of overlap of quantum 
theory and general relativity can fail to point this fact out in tones of awe and 
reverence." Robert Forward, an imaginative physicist who has appeared in this 
book earlier as an enthusiastic supporter of time travel, has described how the 
Casimir force might be used to extract energy literally from a vacuum. This is an 
idea as seemingly impossible as is the plan of one science fiction professor to 
squeeze energy out of time. As he asks his assistant, “But tell me, Bob, isn’t that a 
ridiculous thought? To take time, something intangible, invisible, incomprehensi- 
ble, and contract it — squeeze it together like a sponge?” The story is fun, but 
Forward’s proposal is that ax well—and good physics."* Now, what does all this 
have to do with wormhole time machines? 


article, which 


A complete presentation of Casimir's analysis, wth citations to the original Iiterature, can be 
‘ound in LE. Ballentine, Quanturm Mechanics, Prentice-Hall 1990, pp. 399403. Foran historical 
tutorial presentation, including Casimir’s personal comments on how he was led 10 make his 
discovery, sce P. W. Milonni and M-L. Shih, “Casimir Forces.” Contemporary Phases 
September-October 1992, pp. 3 

“0S, A. Falling, Aspects of Quantum Field Theary in Curved Space-Time, London Mathematical 
Society 1989, 

“SE, Binder, “The Time Contractor." Astounding Stories, Devember 1997. 

°R. Forwatd, “Extracting Electrical Energy from the Vacuum by Cohesion of Charged Folited 
Conductors” Physical Review B, August 15, 1984, pp. 1700-1702. 
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‘Thome and his colleagues (note 27) proposed to use the Casimir effect to 
achieve the “exotic condition” without matter. Their idea was to place identical, 
conducting, spherical plates that carry equal electric charges at each end of the 
‘wormhole (remember, the wormhole mouths are spherically symmetric). The two 
identical charges repel each other, but the charge size is adjusted so that the 
gravitational attraction of the plates precisely cancels the repulsion. They then 
calculated that the Casimir effect results in a negative energy density sufficient to 
provide the throat tension necessary to prevent wormhole collapse. 

‘There are some weird aspects to this (and perhaps that’s no surprise). For 
example, the analysis assumed that the wormhole length is very small compared 
to its radius (10-'° cm tong and 200 million miles wide!), with the short length 
required because it represents the separation of the wormhole plates, and the 
smaller the separation the more negative the average energy density. (The func- 
tional dependence is as the fourth power of the separation.) Another problem is the 
balancing of the electrical repulsion and the gravitational attraction of the worm- 
hole mouth plates, as such a balance is clearly an unstable one. Finally, because the 
two spherical plates completely fill the wormhole mouths, how would a traveler 
actually get through the wormhole? The ‘answer’ was to drill a hole through the 
plates and hope that wouldn’t perturb the Casimir vacuum too much."* 

All the above litany of the difficulties static, traversable wormholes face in simply 
existing is certainly daunting, but let’s now ignore all that and suppose we actually 
havea wormhole with both mouths in the same universe. (For use as a time machine, 
it would seem desirable for the time traveler to remain in his/her own universe!) So, 
how do we turn the wormhole into a time machine? Interestingly, while it is general 
relativity that gives us the wormhole, itis special relativity that adds the final touch 
of backward time travel. We begin by imagining that, somehow, one mouth of the 
‘wormhole can be moved with respect to the other mouth. One early suggestion, for 
example, was to use the gravitational attraction of a large asteroid to “drag” one end 
of the wormhole, thereby inducing a time dilation effect.“* 

‘That is, suppose we have two clocks A and B, one in cach mouth of the 
wormhole, These two clocks, and all other clocks in the flat spacetime outside the 
wormhole, are initially indicating the same time and running at the same rate. Now, 
recalling the twin paradox from Chap. 3, let each mouth-clock play the role of one 
of the twins, Imagine that A and B are now separated because the mouth containing 
Bis placed on board a rocket ship. The rocket ship takes a long, high-speed trip out 
into space along the straight-line path joining A and B in extemal space, and then 
returns, just as described in Sect. 3.5. We then unload the space traveling 
wormhole mouth (with its clock B) and reposition it at its original location, What 


The very next year it was shown how to construct non-spherically symmetric wormboles to 
avoid that particular problem: see the two papers by M, Visser, “Traversable Wormboles: Some 
Simple Examples," Physical Review D, May 15, 1989, pp. 3182-318, and "Traversable Worm- 
holes from Surgically Modified. Schwarzthid Spacetimes.” Nuclear Physics B, December 
11, 1989, pp, 203-212. 

“1. L. Friedman, “Back tothe Future" Nature, November 24, 1988, pp. 305-306. 
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is the situation now? We can summarize matters as follows: (1) Clock A, in the 
non-moving mouth, remains in-step with the local clocks in the space outside the 
‘mouth. (2) Clocks A and B, both inside the wormhole, have not moved with respect 
to cach other because we are assuming a very short wormhole handle, as in part 
(b) of Fig. 6.8. We can arrange for the motion of the space traveling mouth (with 
clock B) to be such that the handle is always short, and so the distance between 
clocks A and B changes by an arbitrarily small amount. Thus, clocks A and B 
remain in-step with each other. (3) Clock B, because it has been moving with 
ernal space, arrives back at its starting position reading behind (that 
is, earlier) than the clocks outside its wormhole mouth. 

For the sake of argument, then, suppose the journey of B is such that there is a 
two-hour time-slip between clock B and its local, external clocks. Thus, if clock B 
reads 9 A.M. the clocks outside of mouth B will read 11 A.M. But because clocks A 
and B are in-step, clock A reads 9 A.M., as do the clocks outside of mouth 
‘A. That is, the wormhole connecting mouth A to mouth B is a connection between 
two parts of the same universe that are two hours apart in time. Now, suppose the 
joumey from mouth A to mouth B can be made through external space in one hour. 
‘Then, one could leave mouth A at 10 A.M., rocket to mouth B by 11 A.M. and 
travel back to mouth A via the wormhole to the starting point—where it is 9 A.M., 
cone hour before the trip began! We could, in fact, imagine repeating this process, 
going back one additional hour for each new loop through the wormhole. One clear 
restriction, however, is that we could not go back in time to before the creation of 
the Wormhole time machine. The Wormhole works in the other direction, too, To see 
this, suppose that the space traveler leaves mouth B at 8 A.M. and rockets through 
external space to mouth A, arriving at 9 A.M, Entering mouth A, he exits from 
‘mouth B (where he started) at 11 A.M., two hours in the future. 

Another way to induce a time dilation effect, to convert a wormhole to a time 
machine, without moving either mouth, is to simply place one mouth in an intense 
gravitational field, that of, say, a neutron star. (Recall, from Sect. 3.3, how gravity 
influences the time-keeping rate of a clock.) As the physicists who proposed this 
idea put it, almost any interaction with surrounding matter and gravity fields almost 
inevitably turns a wormhole into a time machine.“ Others have admitted that the 
details of the origin of time dilation are probably not issues worth debating, but 
rather what is called the hack-reaction is of far more concern. 

‘To understand the back-reaction requires mention of what is called the Cauchy 
horizon, the hyperspace surface in spacetime that separates the region where closed 
timelike lines can exist, from the region where they cannot exist. ‘The back-reaction 
is the build-up of unbounded energy levels on the Cauchy horizon, causing its 
instability and rapid destruction, The name of the horizon comes from the “Cauchy 
problem"—named after the nineteenth century French mathematician Augustin- 
Louis Cauchy (1789-1857)—in the theory of partial differential equations. In this 


SY. P. Frolov and ID. Novikov, “Physical Effects in Wormboles and Time Machines." Physical 
Review D, August 15, 1990, pp. 1057-1065 
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theory a Cauchy initial-value problem is said to be well-defined if the initial 
conditions determine a unique solution, and if a continuous variation in the initial 
conditions gives a continuous Variation in the solution. In that part of spacetime 
‘where closed timelike loops are not allowed, backward causation does not occur 
(by definition) and the laws of physics (all expressed as differential equations) 
satisfy the Cauchy condition. Outside of this chronal region, that is, beyond the 
Cauchy horizon where physics is dischronal, however, the possibility of backward 
causation raises the possibility of violating the Cauchy condition, and in such a case 
the Cauchy horizon is also sometimes called the chronology horizon. 

‘The instability of the Cauchy horizon is caused by radiation that propagates in 
closed timelike loops that thread through the wormhole on ‘straight lines.” This 
radiation, as shown a half-century ago,"* builds-up unbounded energy density 
levels at the horizon, and thus destroys the horizon, Thorne and his colleagues 
argued that the defocusing effect of their wormhole time machine's repulsive 
gravity would be sufficient to counter a disruptive energy build-up on the horizon 
{note 27). Subsequent analyses have examined other possible ways to avoid 
unbounded energy density on the Cauchy horizon, For example, in one paper” it 


‘was imagined that a wormhole time machine has had a circular motion induced for 
mouth B; that is, mouth B orbits around mouth A. The result is that the Cauchy 
horizon now does seem to be stable, because now there are no fixed, straight-line 
timelike loops threading the wormhole from A to B to A to B to .... That is, Bis a 
“moving target” and there is no point on the Cauchy horizon where the energy 
density becomes unbounded. 

Yet another approach for achieving the disruption of destructive, circulating 
energy loops through a wormhole is by placing a spherical mirror between the two 
‘mouths of the wormhole. Proposed by the Chinese physicist Li-Xin Li, a Li mirror 
Would divert all closed null geodesics (represent circulating radiation) that poten- 
tially thread through the wormhole."" Such potentially fatal geodesics would, 
instead, be scattered back into space, whereas a purposeful traveler could navigate 
around the misror and thus use the wormhole as a time machine, 


4 classic work on the mathematics of Cauchy problems is J Hadamard, Lectures on Cauchy's 
Problem in Linear Partial Differential Equations, Dover 1982. There is a curious bit of irony in 
this. na seetion of his hook, Hadamard uses spacetime to illustrate one possible four-dimensional 
space and, in passing. he casually writes “This conception was beautifull illustrated a good many 
years ago by the novelist Wells in his Time Machine.” Hadansard wrote his book in 1923, and he 
‘would almost certainly have been astonished to have been informed that less than seventy years 
later his work would play a eenral roe inthe non-fetional theory of time machines. 

“°C. W, Misner and A. H. Taub, “A Singularity-Free Empty Universe,” Sovier Physies JETP. 
January 1969, pp. 122-133. 

“LD. Novikov, “An Analysis ofthe Operation of a Time Machine,” 
1989, pp. 439-443, 

LX. Li, “New Light on Time Machines: Against the Chronology Protection Conjecture,” 
Physical Review D, November 1994, pp. R6037-R6OD40. 
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Cauchy horizon instability from the back reaction is central to Hawking’s 
Chronology Protection Conjecture, discussed in Chap. 1. His analysis (see note 
54 in Chap. 1) led him to conclude that a physical entity—the stress-energy 
tensor—becomes unphysical on the Cauichy horizon, ‘That is, because of time- 
traveling quantum field fluctuations of the vacuum, that tensor diverges to infinity 
al the horizon. This results in a failure of that horizon to form in the first place or, if 
it does form, in the creation of a singularity that ‘seals-off” the horizon to any 
would-be time travelers attempting to gain access to the closed timelike loops 
beyond the horizon, Others, however, argued that Hawking was mistaken in 
claiming that the divergence of the stress-energy tensor on the Cauchy horizon 
will always forbid time travel 

Ina study, for example, of a complex-valued spacetime metric (and such a 
metric iy allowed in the so-called ‘sum over all possible geometries, path integral’ 
approach to the quantum theory of gravity), that has causal and non-causal 
spacetime regions separated not by a Cauchy horizon but rather by a region of 
complex geometry, the stress-energy tensor is always physical and diverges 
nowhere. The complex geometry region plays the same role as the Cauchy horizon, 
because such a region would, classically, mean that the two regions cannot be 
reached from one another, but via quantum tunneling an observer could travel 
between the two regions.*! In fact, studies of stress-energy divergence actually have 
a long history. For example, the effect of an unphysical (infinite) gravitational 
and/or electromagnetic energy flux had been analyzed years before the wormhole 
time machine studies began.”~ The authors studied the case of a potential traveler to 
“new worlds” who tries to cross the Cauchy horizon of an electrically charged, 
non-rotating black hole. An even earlier computer study had already concluded 
that, for such a traveler, the attempt to cross the horizon “looks liable to prove a 
dangerous undertaking."** 

It isn’t at all clear, in fact, if a theoretical divergence of the stress-energy is the 
ignature of a failure of physics. One doesn’t need anything as bizarre as a time 
machine for the stress-energy to diverge on paper. It was shown nearly 40 years 
ago, for example, that such a theoretical divergence occurs for the electromagnetic 
field near a perfectly conducting boundary.™' But it is simply the unphysical nature 
of a “perfectly conducting” boundary condition that causes the divergence, not the 
fact that the field actually exists near a conducting boundary. Similarly, other real- 
life considerations (quantum gravity) may keep the stress-energy physical every- 
‘where in a time machine spacetime. 


OLX, Li J-M. Xu, and L, Liu, “Complex Geometry, Quantum Tunneling, and Tinme Machines,” 
Physical Review D, November 15, 1993. pp. 4735-4737 

5, Chandrasekhar and J.B. Hartle, “On Crossing the Cauchy Horizon of a Reissnes-Nordstrm 
Black-Hole.” Proceedings ofthe Royal Society of London A, December 8, 1982, pp. 30 

°°M, Simpson and R. Penrose, “Internal Instability in a Reissner-Nordstrm Black Hole, 
national Journal of Theoretical Physies, April 1973, pp. 183-197, 

*D, Deutsch and P. Candelas, “Boundary Effects in Quantum Field Theory.” Physical Review D, 
December 15, 1979, pp. 3063-3080. 
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Fig. 6.9 The grandfather paradox in the billiard ball world, A billiard ball approaches mouth A of 
atime machine wormhole, dead-on center and, just before entering A, it passes without incident 
through point /. The ball then enters A and so exits mouth B inthe pas, justin time to passthrough 
point / and hit its younger self. Ths impact knocks the younger ball away from A, so we have the 
amiliar paradox of changing the past. That is the impact did not occur when the bal ‘orginally’ 
passed through Jon its way to A and, of course, we alsa wonder how the ball manages to hit itselt 
alter leaving B if it then doesn t enter A? 


Assuming a wormhole time machine has (somehow) become available, with its 
Cauchy horizon intact, how do the ‘paradoxes’ of time travel come into play? In an 
attempt to study the grandfather paradox, in particular, Thorne and his colleagues 
studied self-interacting billiard balls traveling backward in time through a worm- 
hole.** They used billiard balls—see Figs. 6.9 and 6.10—rather than human time 
travelers for the same reason Wheeler and Feynman used a pellet and shutter 
mechanism in their study of advanced electromagnetic waves—to avoid any meta- 
physical questions about human free will. The central issue for them was the 
determination of the multiplicity of trajectories for a single, self-interacting time 
traveling ball, where the Cauchy condition for a well-defined trajectory in 
spacetime is unique self-consistency. 

‘That is, for the trajectory to be well-defined in the Cauchy sense, it was expected. 
there would be exactly one consistent trajectory for a self-interacting ball. A 
multiplicity of zero, of course, would be the physics declaring backward time travel 
through the wormhole to be nonsense—and that was thought to be a distinct 


SF. Echeverria, G, Klinkhammer, and K.-S. Thome, “Billiard Basin Wormhole Spacetimes with 
Closed Timelike Curves: 1. Classical Theory.” Physical Review D, August 15, 1991 
pp. 1077-1099. The authors credited the physicisvscience fiction writer Robert Forward (who 
used the same ideas in his 1992 novel Timemaster) for motivating thei research 
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Fig. 6.10 The principle of self-consisteney in the billiard ball world. Now the ball, in passing 
through point / on its dead-on center path toward mouth A of the wormhole time machine, is 
suddenly hit grazing blow by another ball that has just shot out of mouth B (and into the past) at 
fan angle. The impact knocks the first ball slightly of its original tajectory, and it enters mouth A 
slightly off-center. Thus, the ball emerges from B into the past slightly off-center and justin time 
w place off itself at which explains why it emerged from B slightly off-center! 


possibility. The actual results were, however, surprisingly different. It was found, 
under very general assumptions about the wormhole parameters, that (1) there are 
no trajectories with zero multiplicity and (2) the multiplicity is not one but rather is 
always infinity! Thus, the billiard ball form of the grandfather paradox was found to 
be not well-defined, but not for the expected reason that there was no self-consistent 
solution, Instead, it was because there are 100 many solutions. 

This astonishing, completely unexpected result seems to be just what is needed. 
to support the viability of time machines, as it appears to allow a definition of well- 
defined in the Cauchy sense and still permit an answer to the puzzle of free will. The 
initial conditions of a time traveling ball give rise to an infinity of self-consistent 
trajectories, each occurring in the same way that a random variable takes on 
different values with each new performance of the experiment that the random 
variable is defined on. And yet, there are still unique probability density functions 
for all sets of measurements that one might make anywhere along these trajectories. 
‘Thus, the Cauchy problem is stochastically well-defined; at the start of any 
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trajectory, we do not know in detail what will happen except that whatever does 
happen will be self-consistent. In this probabilistic sense, then, wormhole time 
travel to the past and the retention of free will both make sense. ‘The Russian 
physicist Igor Novikov and his colleagues continued the study of time traveling 
billiard balls,°° demonstrating that one can deduce selt- 
accepted principle of least action (that 
assumption to existing physics).°” 

‘The one-wormhole, two-mouth time machine was actually not the first kind of 
wormhole time machine described in the physics literature. In their 1988 paper 
(note 21), Mortis and Thorne initially described a time machine constructed from 
two wormholes, but they added a note-in-proof at the end that they had just 
discovered how to build a time machine using one wormhole (the machine we 
have been discussing). This reduction in the required number of wormholes was 
thought to be a technical advance, of course, and so the two-wormhole time 
machine was put aside. 

But not for long. Soon thereafter the concems about Cauchy horizon stability 


began to surface, a concem that one-wormhole time machines might destroy 
themselves just at the instant their mouths were about to be threaded by closed 
timelike curves. As noted earlier, the negative mass wormhole throat has a 
defocusing effect on electromagnetic radiation (and so the initial concern, that 
time traveling photons might be fatal, faded)—but then it was found that vacuum 
fluctuations of quantum fields are not so defocused.* That failure to defocus time- 
traveling vacuum polarizations (as quantum field fluctuations are called) was shown 
to result in an unphysical divergence of the stress-energy on the Cauchy horizon of 
a one-wormhole time machine.®” This sounds bad, but the hope was that the 
divergence wouldn't actually be fatal: it appeared to be sufficiently sluggish that 
it was suggested reaching an actual infinity of the stress-energy would be precluded 
by the eventual intercession of quantum gravity. That is, the stress-energy might fry 
to become unbounded as spacetime approached the formation of a time machine 


%. Losey and 1D. Novikov, “The Finn of the Time Machine: Nontrvial Self-Consistent 
Solutions." Classical and Quantum Gravity, October 1992, pp. 2309-2321: B. V. Mikheeva and 
LD. Novikov, “Inelastic Billi Ball in Spacetime with a Time Machine,” Physical Review’ D, 
February 15, 1993, pp. 1432-1436: M. B. Mensky and I. D. Novikov, “Three-Dimensional 
Billiards with a Time Machine,” International Journal of Modern Physics D. April 1996, 
pp. 179-192. 

A. Catlin, et al, “Time Machines: The Principle of Se-Consisency as a Consequence of the 
Principe of Minimal Action,” October 1995, pp. 857-580, anu “Time Machines and the Principle of 
Self-Consisteney as a Consequence of Staionary Action (I): The Cauchy Problem for a Self 
Interacting Particle." October 1996, pp. 445-479, both in International Journal of Modern Physies D. 
V. P. Frolov, “Vacuum Polarization in a Locally Static Multiply Connected Spacetime and a 
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5 -W. Kim and K. S. Thorne, “Do Vacuum Fluctuations Prevent the Creation of Closed Timelike 
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Machines Be Unstable Against Vacuum Fluctuations?” Classical and Quantum Gravity 
September 1996, pp. 2563-2568, 
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Fig. 6.11 A two-wormbole, Roman ring time machine 


but, before it becomes so large as to destroy the time machine, quantum gravity 
‘would cut-off the divergence ‘in time” (so to speak!) to save the machine. 

Hawking disagreed (in his famous Chronology Protection Conjecture—see note 
54 in Chap, 1), arguing that Kim and Thome had made a crucial error in their 
calculations. According to Hawking, the divergence of the stress-energy may 
indeed be cut off by quantum gravity, but not before the development of spacetime 
disturbances representing perhaps a hundred million times the energy levels asso- 
ciated with ordinary chemical binding energies. These would be sufficiently big 
disturbances to raise serious doubts about the physical survival of a one-wormhole 
time machine, even in the absence of a true stress-energy infinity. Hence the 
resurrection of the two-wormhole time machine geometry. Perhaps it could avoid 
the destructive effect of time-traveling vacuum fluctuations. 

If spacetime contains multiple wormholes, then it is called a Roman spacetime 
after the physicist Thomas Roman (at Central Connecticut State University), who 
‘was the originator of such spacetimes. Each of these wormholes, individually, is not 
a time machine, Together, however, they form a time machine geometry called a 
Roman configuration (or a Roman ring).°" Here’s how 

In Fig. 6.11 two pairs of wormhole mouths are labeled A, A’ and B, B'. We 
imagine that the A, A’ wormhole is stationary and that its two mouths are very far 
apart in normal space—so far apart, in fact, that if a traveler enters A and almost 
instantly (because the wormhole handle is very short in hyperspace) emerges from 
t will appear to an observer at rest with respect to the wormhole that the traveler 


has moved faster than light. That is, entering A and exiting A’ are events with 
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spacelike separation, Now, imagine also that the wormhole with mouths B, B’ is 
‘moving past the first wormhole at speed v. To an observer in this second, moving 
frame of reference, the spacelike separation of entering A and exiting A’ can result 
in the two events being temporally reversed if v is sufficiently large (but still less 
than the speed of light). Therefore, upon emerging from A’ the traveler crosses 
normal space to the moving wormhole mouth B’, enters the wormhole, and then 
almost instantly emerges from mouth B, and finally travels again through normal 
space to mouth A, If the traveler can make the two trips in normal space in less time 
than the backward time shift achieved by the temporal reversal of entering A and 
exiting A’, then we have a time machine 

‘Two simultaneous analyses of the Roman ring time machine each concluded 
that, for suitable choices of sizes (the radii of the wormhole mouths, the wormhole 
lengths in normal space, the lateral offset of the two wormholes, and the relative 
speed of the wormholes), the stress-energy divergence can be limited by quantum 
gravity to an arbitrarily weak level. That is, the two-wormhole time machine is not 
necessarily destroyed by an unbounded stress-energy on the Cauchy horizon." But 
not all was now put right. 

Visser, in particular, had some strong reservations about the Roman ring, 
Although he granted that a quantum gravity cut-off the stress-energy divergence 
would probably occur in the Roman ring, he called the required special sizing 
conditions “bizarre,” and asserted that the resulting time machine would be quite 
useless for a human traveler in any case. For example, he calculated that only if the 
‘mouths of the wormholes are separated in normal space by the radius of the 
universe (!), and only if the Wormhole mouths have radii on the order of that of 
an afomic nucleus, would the cut-off be sufficient to allow the putative time 
machine to avoid destruction, When Visser reduced the wormholes from universe 
size to ‘merely’ that of the distance between the Sun and the Earth, he concluded 
that it would require energy at the level of the Superconducting Supercollider 
accelerator to blast an information-bearing message through the narrow wormholes, 
‘And even then the ‘short’ wormholes would provide a maximum penetration into 
the past of just eight minutes. As Visser put it, “This does not seem to be a workable 
recipe for studying tomorrow's Wall Street Journal. 

Lyutikov, on the other hand, took a far less negative stance. He concluded that 
although Visser’s calculations “make it very inconvenient for time travel 
[by humans}.” nevertheless “the [principal] question of the possibility of transmit- 
ting information back in time through traversable wormholes would still remain.” 

‘The wormholes we have been discussing so far are static in time, but another 
approach is to allow them to be dynamic structures in spacetime. That is, to allow 
fone or more of their parameters to vary with time (perhaps, for example, the throat 
diameter could collapse). Then, according to one analysis, it is possible to have a 


ML Visser, “Van Vieck Determinants: Traversable Wormbole Spavetimes,” April 15,1994, 
pp- 3963-3980, and M, Lyutikov, “Vacuum Polarization at the Chronology Horizon of the 
Roman Spacetime.” April 15, 1994, pp. 4041-4048, both in Physical Review D. 
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traversable wormhole made of normal matter and, even though it is collapsing, it 
‘would take so long to do so that “a space adventurer will have enough time to pass 
through the throat of the wormhole from one asymptotically flat region 
[of spacetime outside the entry mouth of the wormhole] to the other [spacetime 
region outside the exit mouth of the wormhole] before the radius of the throat 
shrinks to ... where the event horizon is developed.”** Such a dynamic wormhole, 
it was claimed, satisties both the weak and the dominant energy" conditions, but 
not the strong energy condition, Thus, gravity would still be repulsive in the throat, 
but this condition (which would seem to require exotic matter) was brushed aside 
bhecause such a condition is thought to have actually occurred, on a massive scale, 
during the inflationary stage of the Big Bang™ (although how that would help in the 
construction of a wormhole in the future is a bit murky) 

Is it reasonable to think ‘useable’ wormholes, static or otherwise, can be 
acquired for the purpose of creating a time machine? At one time, Hawking was 
sure the answer is no, once writing “The philosophy of this paper is ... to look for 
‘vacuum polarization [the divergence of the stress-energy on the Cauchy horizon] to 
enforce the chronology protection conjecture." It became increasingly apparent, 
however, that matters would be a great deal more involved and, as Hawking himself 
came to admit, “the fact that the energy-momentum tensor fails to diverge 
[in certain special cases of time machine spacetimes] shows that the back reaction 
does not enforce chronology protection.”."" 

| think the best (and most honest) way to respond to the ‘reasonable’ question 
that opened the previous paragraph is with words from 20 years ago, by the Russian 
astrophysicist Serguei Krasnikov, words stil valid today: “It may well be that the 
vacuum fluctuations do make the time machine unstable, but nothing at present 


A, Wang and P. S. Letelier, “Dynamical Wormboles and Energy Conditions.” Progress of 
Theoretical Physics, July 1995, pp. 137-142. See also L. A. Anchordogui, et ul. “Evolving 
‘Wormhole Geometries,” Piysical Review D, January 15, 1998, pp. 829-833 

The dominant energy condition is the weak energy condition plus the requirement that any 
sobserved energy flux is never superluminal. 

“During inflation the universe is thought to have expanded ata rate far beyond human compee- 
hhension. It has been estimated that during the first 10~" second of the Big Bang the universe 
doubled in each spatial dimension by a factor of two each 10-77 second: that is, there were about 
100 such doublings. Thus, there was an increase by a factor of 2" = 10°” in each linear dimension 
‘ofthe universe andthe volume increased by the cube ofthat enormous factor. See Alan Guth, The 
Inflationary Universe, Addison-Wesley 1997, 

S, Hawking, “Quantum Coherence and Closed Timelike Curves 
15, 1995, pp. 5681-5686. 

M, J. Cassidy and S. W. Hawking, “Models for Chronology Selection.” Physical Review D. 
February 15, 1998, pp. 2372-2380. See also LX. Li and J. R. Gott, “Self-Consistent Vacuum for 
Misner Space and the Chronology Protection Conjecture.” Physical Review Letters, April 6, 1998, 
pp- 2980-2983. 
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suggests this. All we have are a few simple examples, In some of them the energy 
density diverges at the horizon and in some does not. So, the time machine perhaps 
is stable and perhaps is not.”*” 

‘The daunting level of technology required to build a wormhole (with or without 
exotic matter) doesn’t mean we can't search for existing wormholes. Perhaps, for 
example, vast wormhole networks were formed naturally at Big Bang time, as 
described in Gregory Benford’s 1997 novel Foundation’s Fear, where wormholes 
are “leftovers from the Great Emergence [the Big Bang].” Or pethaps “advanced 
civilizations” long ago constructed a vast, pan-galactic ‘subway system’ of worm- 


holes like the one described in Carl Sagan’s 1985 novel Contact (and dramatically 
illustrated in the 1997 film). 

Of course, any such wormhole, if found (via its double-spike light signature, for 
example), could be a very long way from Earth, It might even be in another galaxy. 
So, even if we found a wormhole, what could we do with it? Surprisingly, maybe 
ot. The Russian physicists Igor Novikov and Andrei Lossev (note 56) suggested 
that a wormhole might be very useful even if its location is completely unknown, 
even if we haven 
the wormhole has existed for a “sufficiently long time” (and precisely what that 
‘means will be explained in just a bit). With that assumption, they showed how to 
make an information-creating time loop. Here’s how they did that, 

‘They began their analysis by assuming that people have no knowledge of how to 
build spacecraft that can make the interstellar voyage to the distant wormhole, even 
if they knew in which direction to go to reach the mouth that leads backward in time 
(mouth B), Instead, they build an automatic spacecraft construction plant that can 
follow any detailed sequence of instructions provided to it, and then stockpile it 
‘with a supply of raw materials (energy, steel, plastic, computers, and so on). When 


1 even discovered it! The only assumption they made was that 


the spacecraft construction is done (how that is done is explained in the next 
paragraph), the last step before launching the spacecraft toward mouth B will be 
to load the on-board computer with the following three pieces of information: 


1, The detailed sequence of instructions to be followed in the construction of the 
spacecraft; 

2. The direction from Earth to mouth B; 

3. The direction from mouth A (the wormhole exit mouth in the past) back to Earth, 


To summarize, people build the automatic plant, load it up with raw materials, 
and then withdraw. This last step is crucial, because it eliminates human free will 
from further consideration, that is, it removes any temptation to create a bilking 
paradox, So, what happens next? 

Lossev and Novikov suggest that what happens next is that a very old spacecraft 


suddenly appears in the sky and lands next to the automatic construction plant. In its 
on-board computer are items a, b, and c, Using item a, the automatic plant makes a 


'S. V. Krasnikov, “Quantum Stability of the Time Machine,” Physical Review D, December 
15, 1996, pp. 7322-7327, 
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new spacecraft, then loads the new on-board computer with items a, b, and ¢ from 
the very old spacecraft’s on-board computer, and then the new spacecraft is 
launched toward mouth B (using the information of item b). ‘The very old spacecraft 
is given an honored place in a museum, 

‘The new spacecraft arrives atthe distant mouth B in the far future, by which time 
itis, of course, an old spacecralt (but not yet a very old spacecraft). It then plunges 
into mouth B and almost immediately emerges from mouth A, in the past. Indeed, it 
repeats this process ax many times as required until itis in the far distant past, at 
time even before it left Earth, (It might seem that to do this, the spacecraft’s 
computer memory needs a fourth piece of information, the direction from mouth 
‘A back to mouth B, but in fact items b and c are sufficient for the old spacecralt to 
find its way from A to B.) It is now clear how long the wormhole must have been in 
existence. The old spacecraft repeatedly uses the wormhole time machine until itis 
so far in the past that it can cruise back to Earth at normal speed (it knows the way 
back because of item c) and arrive as a very old spacecraft, just in time to be placed 
in the museum! 

As Lossev and Novikov pointed out, this remarkable, looped sequence of events 
has increased knowledge from what it was at the time just before the automatic 
construction plant was built. People now know both how to build an interstellar 
spacecraft, and the locations of both mouths of the wormhole. They also now 
possess a very old, used spacecraft, It is curious to note that although the informa- 
tion in the very old spacecraft’s computer memory has traveled on a closed time 
loop, the very old spacecraft itself has not. This is because the spacecraft left Earth 
when new, but arrived back (before it left) as very old, whereupon it promptly 
entered a museum. There is therefore no question about the origin of the very old 
spacecraft, but where did the information of items a, b, and ¢ come from? Lossev 
and Novikov say it came from the energy gained by the spacecraft as it interacted 
(will interact?) with the rest of the universe while on its journey. 

Nobody said time travel isn’t weird! 


6.4 Gott’s Cosmic String Time Machine 


“Ie an amazingly simple solution. I doesn't take much physics to understand it,” 
—MIT astrophysicist Alan Guth, on Got’s discovery of the cosmic string time 


machine 


“Louise, working out the spacetime geometry of a cosmic string is a hard problem in 
fen that geometry, all the rest of itis no more than Pythagoras” 


—a character in Stephen Baxter's 1994 novel Ring, agreeing with Guth, 


“Quoted from J. Travis, “Could a Pair of Cosmic Strings Open a Route Into the Past?” Science, 
April 10, 1992, pp. 179-180. 
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the exotic matter ne 


led by negative-mass wormholes, was described in 1991 by 
the Princeton physicist J. Richard Gott." Gott gave exact solutions to Einstein's 
gravitational field equations for what are called cosmic strings, solutions that 
(2) unlike wormboles, do not violate any of the energy conditions, (2) unlike 
black holes have no crushing singularities or event horizons, and (3) are not 
topologically multiply connected 

Cosmic strings are fantastically thin (10~** cm in radius) filaments of pure 
energy that are thought to stretch the width of the universe and to have an enormous 
linear mass-energy density of 10°* g/cm. To generate closed timelike paths in 
spacetime, Gott required that either two fast-moving (which means moving at 
practically the speed of light) parallel cosmic strings pass each other on 
collision course, or that there be a closed-loop string that collapses in a slightly 
non-planar manner so that the opposite, nearly straight sides ‘just miss.” The 
gravitational interaction of the passing strings can ‘warp’ spacetime enough to 
produce closed timelike curves. 

A hint at the possibility of violating causality with strings had appeared before 
Goit’s work, but those authors didn’t take the time travel implications seriously. AS 
they wrote, “We argue ... that any realistic model [for a spinning string with 
angular momentum”"} ... will not have closed timelike curves." Gott, however, 
showed that as two strings pass each other, closed timelike loops do encircle the 
strings. 

Gott, who appears to be far less rigid in his view of time travel than are many of 
his fellow physicists, held out an escape to those who pale at the very thought of 
time travel to the past. Perhaps, he suggested (following in the footsteps of an 
analysis by Hawking”), as the strings (or string-loop sides) pass, a black hole will 
form with an event horizon that will seal-off the closed timelike curves from any 
‘would-be time traveler. Or perhaps, he further suggested, the more realistic case of 
non-singular strings (that is, strings with non-zero-filament radii) and possessing 


J, R. Goll, “Closed Timelike Curves Produced by Pairs of Moving Cosmic Strings: Exact 
Solutions.” Physical Review Letters, March 4, 1991, pp. 1126-1129, 

the two strings in a Gott-pairare not necessarily spinning, and no such assumption was made by 
Gott. They don't even have to be parallel. Ifthe strings have no spin, then it takes two stings 10 
rake a time machine. IF spin is allowed, however, then just a single string will suffice for time 
travel: see S. Deser and R, Jacki, “Time Travel?” Comments on Nuclear and Particle Physics 
September 1992, pp. 337-354 

7D, Harari and A. P. Polychronakas, “Gravitational Time Delay Due to a Spinning Sting,” 
Physical Review D. November 15, 1988, pp. 3320-33. 

*§, W. Hawking, “Gravitational Ri 
Lenters B, August 23. 1990, pp. 36-38. 
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Deficit angle 


Identity 


F S 


Fig. 6.12 The deficit angle in spacetime formed by a cosmic string 


spin would banish the terrifying closed timelike curves. Subsequent analyses along 
those lines, however, continued to find the time travel implications intact.”* 
Here’s how the cosmic string time machine works. In an earlier work,” 
published in 1985, Gott discovered that a cosmic string warps spacetime in a highly 
characteristic way, as shown in Fig. 6.12. A stationary cosmic string is imagined as 
perpendicular tothe xy-plane (the plane of the page) and passing through the page at 
the point (0, d) on the y-axis. The warp produced by the string is as though a wedge 
of angle 2a (this angle is called the deficit angle) were cut out of spacetime and the 


e, for example, B. Jensen, “Notes on Spinning Strings,” Classical and Quantum Gravity 
January 1992, pp. L7-L12, HLH. Soleng, “A Spinning Swing.” General Relativity and Gravitae 
tion, January 1992, pp. 111-117, (the next two are inthe Physical Review D), B. Jensen and H. HL 
Soleng, “General-Relativistie Model of Spinning Cosmic String.” May 15, 1992, pp. 3528-3533, 
and M. Novello and M. C. M. da Silva, “Cosmic Spinning String and Causal Protecting Capsules,” 
January 15, 1994, pp. 825-830. 
™4J.R. Gott, "Gravitational Lensing Etfects of Vacuum Strings: Exact Solutions,” The Astrophys- 
15, 1985, pp. 422-427. Gots discovery was independently reported in 
Pliysical Review D, June 15, 1985, 


pp. 3288-3290. 
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Cosmic 
string 


(Observer 


Fig. 6.13 The warped, conical spacetime around a cosmic string, An observer in this spacetime 
thinks she is distance r from the string, but a ‘meta-observer" sees that she is actually distance r 
{rom the string. Thus if the observer follows a complete circular path around the string, she will 
travel a distance of 2ar <2nr. The observer in the spacetime will interpret this result by saying 
thatthe angle 2x is really 2 minus ‘a deficit” 


edges of the cut were then ‘glued’ together; for example, points C and D are 
identified as identical. The reason for the term deficit angle is that at radius 
r from the string, a circular path around the string has the reduced length 
(2x —2a)r, and not the usual 2er (spacetime around the string, while locally flat, 
is actually ‘conical,’ as illustrated in Fig. 6.13). 

‘The deficit angle is equal to 8p radians (in a system of units where G, Newton's 
gravitational constant, is 1) if the linear mass-energy density jis expressed in units 
Of Planck masses per Planck length. For example, = 1 corresponds to 1.35 x 10 
g/cm (think of something on the order of the mass of the Earth per inch of the 
string). For ‘more typical’ values—say a ‘mere’ p = 10 g/cm, 2a = 0,001 . While 
Gott’s paper had appeared 5 months before Hiscock’s (see note 74), itis evident that 
Hiscock’s work was done before he became aware of Gott’s. Both papers treat exact 
derivations of the deticit angle but, in fact, the correct expression had actually been 
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published 4 years earlier (but from a linearized form of the gravitational field 
equations and so the result was not as “conclusive’ as are Gott's and Hiscock’s)"® 

Now, consider the two points § and F on the x-axis at (xp,0) and (—x0,0) in 
Fig. 6.12, Suppose we want to send photons from § to F, In normal, ‘unwarped’ 
spacetime, the direct path from § to F through the origin has length 2vy. There is 
also another possible path, however, S to C/D to F, that loops out and around the 
cosmic string. Indeed, this second path is simply the path a gravitationally lensed 
photon would take (an observer at F would see tivo images of S) and this—not time 
travel—is the issue that originally attracted Got’s attention to cosmic strings.” 
I the deficit angle were zero, then this alternative path would always be longer than 
2tp, for any value of xy. For the case of 2a >0, however, if xo is large enough 
(o> d), then it is possible for ‘around the string and over the missing spacetime 
‘wedge’ path to be shorter than the direct path. 

‘The indirect path provides a way for a subluminal trip (say, by rocket) from 5 to 
F to beat a photon traveling on the direct path. That is, the two events of the ‘rocket 
leaving § * and the ‘rocket arriving at F’ are spacelike separated. Thus, it is 
possible to find a moving frame of reference in which these two events are reversed 
in temporal order. In that frame of reference, the cosmic string (which is 
stationary in the reference frame of § and in that of F) will move—at speed v, 
say—in the +r direction, and in that frame of reference the rocket will arrive at F 
hefore it leaves 8.7” 

‘Then to complete the construction of a closed timelike path, simply repeat the 
process as shown in Fig. 6.14. That is, after the rocket arrives at F, have it tum 
around and fly back to § out-and-around and through the deficit angle spacetime 
‘warp due to a second cosmic string on the negative y-axis and perpendicular to the 
ay-plane, This second string is moving at speed —v (that is, opposite to the first 
string), so the rocket will arrive at § before it leaves F. But that means it arrives at 
S before it leaves S; that is, the rocket has traveled into the past. In other words, the 
rocket has traveled into the past. This entire process is precisely the same idea 
behind the two-wormhole Roman-ring time machine discussion from the previous 
section. 

Now, instead of having two oppositely moving reference frames, one in which 
the top, stationary string at (0d) appears to be moving at +y and another frame in 


A, Vilenkin, “Gravitational Field of Vacuum Domain Walls and Strings,” Physical Review D, 
February 15, 981, pp. 852-857. 

Just as discussed earlier in the context of wormboles, gravitational lensing may offer a way to 
detect cosmie strings. See, for example, the two papers by D. L-Ossipov. “Diffcaction of Light by a 
Cosmic String.” November 1995, pp. 765-771, and “Contribution of Stings 10 the Observed 
Variability of Extragalactic Sources of Radiation,” September 1996, pp. 419-425, both in JETP 
Leuers 

For this to happen, however, v must be very elose to the speed of light, Gott (see note 69) showed 
that with y= tana (@, the condition for the rocket to artive back at S before it leaves Sis cosh(O) 
sin (a) > 1, where ris one-half the deficit angle. Far = 10" g/em, this gives y=0,99999999995 
(times the speed of lish 
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Fig. 6.14 Gots spacet 
Fig. 6.13 


1. formed by joining two oppositely moving versions ofthe spacetime in 


‘which the bottom, stationary string appears to be moving at -v, we can imagine an 
observer in the stationary center-of mass frame watching two strings that are 
moving at +r and —v. This leaves the situation unchanged, so in the center-of- 
‘mass frame the rocket does travel into the past, arriving back at S before it leaves S, 
‘That is, the rocket has traveled all the way around a closed timelike world line, 
Note, too, that the geometric condition mentioned earlier of > d immediately 
implies that for xy nor sufficiently large, there isn’t a closed timelike path from S to 
F and then back to ; that is, there is a region in Gott’s spacetime where such time 
travel journeys cannot occur 

Another physicist pursued Gott’s analysisin an attempt to see whether these “time 
travel paths’ are created as the strings approach each other or, instead, if the paths 
exist at other times as well.”* This important question gets to the idea of whether 
such time machine paths can be intentionally created by humans via a dynamical 
process (a strong time machine), or whether all such paths have existed since the 
formation of the universe (a weak time machine). This issue involves Hawking’s 


A. Ori, “Rapidly Moving Cosmic Strings and Chronology Protection,” Piysical Review D, 
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chronology protection conjecture, which you'll recall asserts that the laws of physics 
‘will always (somehow) prevent the creation ofa time machine, One reason Hawking 
repeatedly gave for believing the Conjecture is the apparent absence of time 
travelers from the future among us now (in their past). The only possible exception 
allowed by the Conjecture is the creation of closed timelike loops at the moment the 
universe was created (at that moment there was no past for time travelers to invade!) 


Ori proved that the closed timelike loops around Gott’s cosmic strings are aw 
present: that is, a time machine is not created by the near collision of the strings. 
‘Thus, Hawking’s Conjecture is nor refuted by Gott’s spacetime. 

One very curious issue is where the closed time loops are before the strings pass 
fone another. As mentioned briefly by Ori, and further discussed by others,” the 
time loops are initially at spatial infinity. To this concern, Gott and a colleague 
made the following very strong reply: 


“{A problem] Deser etal. present with respect to the Gott spacetime is that it contains 
TC's at spacelike infinity this is supposed to be an unseveptable boundary condition. We 
onder, hovvever, how they know so much about boundary conditions at spacelike infin 
Inour own Universe we do not know what spacelike infinity looks lke (if it exists) since we 
have not seen it yet. We certainly have no way of knowing whether or not there are CT's 
there. The working physicist is, af cours, fee 1o impose simple and convenient boundary 
conditions (eg., asymptotic fatness) on a system in order to isolate and understand the 
processes occurring within it. But boundary conditions are tools of physicists, and they 
Should not be confused with laws of physics [my emphasis]. There may be such laws of 
nature that restrict the possible structure of spacelike infinity, and even prohibit CTC's 
there, but in the absence of evidence suck lass should not be postulated a hac.” 


Still, as Ori had observed the year before, having time loops collapsing inward 
from infinity toward humans who might, fortuitously, wish to use them at just the 
instant they so conveniently arrive, is “a situation which has little to do with the 
creation of a time machine by a human being [my emphasis].”** 

‘The most damning objection to Gott’s cosmic string time machine came, ironi- 
cally, from Gott himself, The two-string spacetime of Fig. 6.14 might actually, he 
and colleague wrote (see Li and Gott, note 66) be destabilized by the non-zero mass 
of any would-be time traveler. They suggest that this concem could perhaps be 
“solved” by assuming that the time traveler and her spaceship have a spherically 
symmetric mass distribution surrounded by a negative-mass shell to give zero net 
‘mass (and thus a zero net gravitational field that would not destroy the closed 
timelike curves of the strings). But that, they further observed, would negate the 
crucial advantage—no exotic matter and so no violation of the weak energy condi- 


tion—that a cosmic string time machine enjoys over a wormhole time machine. 


c, for example, 8. Dese, et al. “Physical Cosmie Strings Do Not Generate Closed Timelike 
Curves,” Physical Review Letters, January 20, 1992. pp. 267-269. 

“OM, P, Headrick and J. R. Gott, “(2+1)-Dimensional Spacetimes Containing Closed Timelike 
Curves,” Physical Review D, December 15, 1994 pp. 7244-7259, 

“A. Ori, “Must Time-Machine Construction Violate the Weak Energy Condition?" Physical 
Review Letters, October 18, 1993, pp. 2517-2520, 
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Does a trip around a pair of cosmic strings present other problems aside from the 
sheer fantastic physics of the strings themselves? Well, I think “turning the rocket 
around at F and flying back to 5” is a lot easier to write than it would be to actually 
do! The entire trip has to occur while the strings (moving at essentially light speed) 
are in a position fo be flown around. As one character says to another in Stephen 
Baxter's novel Ring, “Louise, the strings are traveling just under the speed of 
light—within three decimal places of it, actually. [Our ship is] traveling at a little 
over half-light speed. The turning curves, and the accelerations, are incredible..." 1 
think so! And I do wonder who—or what(!)}—is actually controlling a maneuvering 
rocket traveling faster than $c? 


6.5 Cutting and Warping Spacetime 


“The warp drive spacetime of Alcubierre is impossible to set up... one needs to transcend 
the speed of light in order to construet the warp drive i the fast place .. pu roughly, you 
riced one to make one!" 


In this chapter we've talked about the physics of three specific time machine 
‘implementations’: the rotating cylinder, the wormhole, and the cosmic string. One 
can also discuss the ‘construction’ of a time machine in a more geometrical (yet still 
physical) way by performing what is called spacetime surgery to arrive at what is 
often referred to as a Deutsch-Politzer spacetime (after the two physicists who are 
closely associated with it"). With this surgery we arrive at a simple spacetime 
picture of the grandfather paradox (as you'll soon see), 

We start with a flat, two-dimensional Minkowski spacetime, the x,¢ system in 
Fig. 6.15, and then imagine that (somehow) two cuts in that spacetime come into 


Fig. 6.15. Minkowski 
spacetime transformed into 
‘time machine with wo 


'D. H, Coule, “No Warp Drive," Classical and Quantum Gravity, August 1998, pp. 25 
offering a pessimistic view of warp drive 
"See D. Deutsch, “Quantum Mechanics Near Closed Timelike Lines,” November 15, 1991 
pp. 3197-3217, and H. D. Politzer, “Simple Quantum Systems with Closed Timelike Curves,” 
November 15, 1992, pp. 4470-4476, both in Physical Review D. 
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existence. These cuts are the two horizontal dashed lines in the figure, one with an 
arrowhead going into it, and one with an arrowhead coming out of it (each labeled 
with °2"), We further imagine that each cut has two edges, with the upper edge of 
the lower cut ‘glued’ to the lower edge of the upper cut (and the lower edge of the 
lower cut ‘glued’ to the upper edge of the upper cut 

‘These ‘gluing’s’ explain why the arrowhead marked 2 into the lower cut at time 
1 emerges from the upper cut at time f2 > f1, and Why the arrowhead marked 1 into 
the upper cut at time fs emerges from the lower cut at time fy <2. The 2-line is the 
‘world line of a particle that simply disappears from spacetime during fy <1 <2, 
‘while the 3-line is the world line of a particle trapped in an endless time loop 
(remember the 1993 film Groundhog Day’). Clearly, the sub-region of spacetime 
between the two cuts is not ‘normal’ spacetime. In fact, the I-line shows that we 


have encountered a time machine spacetime, as a particle entering it from <1 
{passing to the right of the lower cut) can enter the lower edge of upper cut at f= fs 
and so emerge from the upper edge of the lower cut at the earlier time t=, and 
thus interact with itself before it entered the upper edge! And that, of course, sets-up 
grandfather paradox situation. 

‘This picture leaves one thing obviously (and glaringly) unexplained—just how 
does one cut and glue spacetime? The reason, in spite of that question, that 
physicists nonetheless study situations depicted in Fig. 6.15, is because it allows 
them to explore what could happen if through some (yet unknown) process a time 


machine spacetime should suddenly appear. Who says physicists aren’t optimists? 

‘The idea of modifying spacetime itself to ‘make’ a time machine (look back in 
Sect. 3.5, at the discussion there on what it means to solve the gravitational field 
equations) has also appeared in connection with another of science fiction’s favorite 
ideas, one almost as spectacular as time travel: the FTL warp drive. The lure of 
of 


interstellar FTL travel, for both science fiction enthusiasts and physicists 


course, simply undeniable. Consider, for example, these words by a Russian 
physicist: 


“Everybody knows that nothing can move faster than light. The regrettable consequences of 
this fact are also well known, Most of the interesting or promising candidates for coloni- 
zation are so distant from us tha the light harrier seems to make an insurmountable obstacle 
for any expedition. I is, for example, 200 pe [1 parsee is equal to about 3.2 lig 

from us tothe Pole star, 500 pe 1o Deneb [the brightest star in the constellation Cygnus], and 
~10 kpc tothe center ofthe Galaxy, not to mention other galaxies (hundreds of kiloparsecs) 
Tt makes no sense to send an expedition if we know that thousands of years will elapse 
before we receive its report. On the other hand, the prospects of being cor 

the Solar System without any hope of visiting other eivilizations or examining 
holes, supergiants, and other marvels are so ploomy tha it seems necessary to search For 
some way out 


SS, V. Krasnikoy, "Hyperfast Travel in General Relativity.” Physical Review D, April 15, 1998, 
ppp. 4760-4766. Possible travel distances have heen greally reduced since Krasnikow wrote. In 
2011, for example, astronomers announced the discovery of a red dwarf star with three planets 
(cach of mass comparable to Earth's) all inthe star's so-called habitable zone (where water can 


exist on the surface in the liguid state). All dhree planets are solid (not gaseous as are Jupi 
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In response to that, we might ask if FTL trips will someday be made by humans 
in spaceships? Mayhe—but only if such journeys can be made in a very unordinary 
spacetime, That is, continuing with Krasnikov’s passage: 

“The point ... is that [whereas the light barier exists in special relativity] in general 


relativity one can ty to change the time necessary for some travel not only by varying one's 
speed [as in special relativity] but also ... by changing the distance ane has to cover. 


‘To understand what Krasnikov was getting at, let’s consider the theoretical 
analysis made 4 years earlier by the Mexican mathematical physicist Miguel 
Alcubierre on, astonishingly, how to make a Star Trek warp drive!*® He did this 
by demonstrating a spacetime metric that, by literally expanding and contracting 
the local spacetime of a spaceship and its neighborhood, achieves space travel 
between any two points, no matter how far apart, in arbitrarily litle elapsed time 
(lor both the spaceship, and external non-spaceship observers, there is no time 
dilation effect", 

Alcubierre opened his analysis with words designed to explain how FTL travel is 
possible, given all that I’ve told you earlier in this book about how FTL travel is not 
possible (according to special relativity). As he wrote, 


“Since our everyd 


y experience is hased on a Euclidean space, itis natural to believe that if 
nothing can locally travel faster than light then given two places that are separated by a 
proper spatial distance D. iis impossible to make a round trip between thesn in a time less 
than 2D/e (where ci the speed of light) as measured by an observer that always remains at 
the place of departure. OF course, fom our knowledge of special relativity we know that the 
lime measured by the person making the round trip can be made arbitrarily small if his 
(or her) speed approaches that of light. However, the fact within the framework of general 
relativity and without the need to introduce non-trivial topologies (Wwormboles), one can 
actually make such a round trip in an arbitrarily shor time as measured by an observer that 
remained at rest will probably come as a surprise to many people, 


‘That last sentence is almost surely a grand understatement, and Alcubierre 
quickly went on to explain. 


“The basic idea can he more easily understood if we think for a moment of the inflationary 
phase ofthe early Universe, and consider the relative speed of separation of two co-moving 
observers. Ibis easy to convince oneself that, if we deline this relative speed as the rate of 
change of proper spatial distance over proper time, we will obtain a value tha is much 
lager than the speed of light, This doesn't mean that our abservers will be travelling faster 


Saturn, Neptune and Uranus) and so, as potentially habitable, are candidates fora vist, The star 
and it planets are “only” 22 light-years from Earth. In Star Trek, FTL speed is described by the 
‘warp factor, which is the eube-oot of the multiple of the speed of light at which the spaceship 
Enterprise uavels. So, foe example, 10 make the journey from Earth othe red dwae in one month 
of ship ine (se ahead also to note 86), the required FTL speed would be 264 times the speed of 
light, or warp factor 6.4 In science fiction, a warp drive is imagined as the means for achieving 
such speeds 

°M., Aleubiene, “The Warp Drive: Hyper-ast Travel Within General Relativity.” Classical and 
Quantum Gravity, May 1998, pp. LTLT7 

That is, the passage of ime on the spaceship is identical with the passage of ime on Earth, With 
the warp drive, there is no twin paradas: 
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than light: they always move inside their local light-cones [my emphasis). The enormous 
speed of separation comes from the expansion of spacetime itself.” 


In a similar fashion, a contraction of spacetime can result in being able to 
approach an object at FTL speed, 

In fact, we've actually already encountered one way to obey special relativity’s 
Jocal limit on speeds to that of light, while still achieving superluminal speed on a 
global level. That is, we could do that if general relativity really does allow 
‘wormholes in spacetime (what Alcubierre calls a “non-trivial topology”). That’s 
because we can imagine a wormhole connecting two points in space that are light- 
‘years apart in that space, and yet the distance through the wormhole itself is quite 
Short. Thus, a spaceship transiting the wormhole could do so at suhluminal speed at 
all times, and yet to an observer in normal space the speed would appear to be far in 
excess of the speed of light. 

Determining just how to achieve the spacetime warp, however, is far different 
from simply demonstrating that such a warp is consistent with the general theory of 
relativity. The 1996 movie Star Trek: First Contact, for example, is about the 
invention of the warp drive in the twenty-first century. The whole thing fits inside a 
discarded ICBM which, as you'll soon see, is a vast underestimation of the 
technology required to control the energies associated with a real warp drive. For 
a spacetime engineer to build the warp drive bubble means she has to determine the 
required mass-energy distribution that results in Alcubierre’s assumed spacetime 
‘metric. And that brings us to the central problem of the warp drive—the warp drive 
engine of an FTL starship requires (just like a wormhole) exotic matter (negative 
energy)—stulf that violates all the usually assumed energy conditions of general 
relativity." 

‘The weak, strong, and dominant energy conditions are all violated because the 
Alcubierre spacetime warp requires negative energy density in the ‘skin’ of the 
‘warp bubble. As discussed earlier, in connection with wormboles, negative energy 
density can be achieved on a microscopic scale, but for the Alcubierre warp drive 
‘we are talking about a /or of exotic matter. In their paper, Pfenning and Ford 
calculated that, for what they called “a macroscopically useful warp drive” with 
radius of 100 m “so that we may fit a ship inside [the warp bubble],” the negative 
energy required for the warp bubble is on the order of, as they so graphically put it, 
“roughly ten orders of magnitude greater than the [energy of the] total mass of the 
entire universe.” 

‘Two years later, after making some adjustments to the spacetime metric assumed. 
by Alcubierre (that is, to the distribution of mass-energy to produce the warp 
bubble), it was shown that the negative energy required by the warp drive could 


M. J. Pfenning and L. H. Ford, “The Unphysical Nature of “Warp Drive 
Quantum Gravity, July 1997, pp. 1743-1751, See also K. D. Olum, “Superluminal Travel Requires 
[Negative Energies,” Physical Review Letters, October 26, 1998, pp. 3867-3570. 


Classical and 
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be greatly reduced." ‘The reduction is, in fact, spectacular, but only in a relative 
sense (you can reduce a mass that is ten orders of magnitude greater than that of the 
entire universe by a huge factor and still be left with a pretty stupendous number). 
‘The reduced amount of negative energy required for a warp bubble able to contain a 
human-sized spaceship is now down to ‘only’ “of the order of a few solar masses 
[-14 x 10” kg]. 

‘As mentioned ear 
use in a wormhole time machine, although quantum field theory does not preclude 
negative energy densities, that does not mean it is possible to observe arbitrarily 
large negative densities for arbitrarily long times. In fact, certain quantum inequal- 
ities (QI’s), much like Heisenberg’s uncertainty principle, have been established 
that place bounds on the magnitude and duration of observable negative energy 
density.” These QI’s have the general form of 


in connection with the Casimir effect and its theoretical 


pi > -c 


‘where C is a positive constant that depends on the nature of the particular quantum 
field being considered, fy is the time duration, and f is the integrated energy density 
along a finite section of a geodesic (Iree fall) world line, The form of the QI shows 
that as fo increases, j must quickly decrease. For example, if fo doubles, then j must 
dectease by a factor of sixteen, a result that caused Ford and Roman to conclude that 
it “appears probable that nature will always prevent us from producing gross 
macroscopic effects with negative energy.” 

“When it rains it pours,” goes an old saying, and that applies to the warp drive's 
potential difficulties: in addition to the need for exotic matter, there are two more 
concerns as well, both operational in detail. First, running into any space matter 
encountered by the leading edges of the warp bubble (where spacetime is shrink- 
ing), such as interstellar dust, would certainly generate intense radiation. The ship, 
then, should carry plenty of shielding which, curiously, would not be a problem 
because the energy density of the warp, itself, is independent of the mass in the 
bubble’s interior. In any case, the warp drive should clearly not be engaged 
anywhere near any sizeable chunk of matter, like a planet (and, indeed, that 
constraint was followed in Star Trek). Second an even more severe problem was 
discovered by Krasnikov. In unpublished work he showed that the ship at the center 
of the bubble is not causally connected to the edges of the bubble, That is, the ship's 


Se. van den Brocck, “A Warp Drive with More Reasonable Total Energy Requirements,” 
Classical and Quantum Gravity, December 1999, pp. 3973-3979. 

“LH. Ford and T. A. Roman, “Restrictions on Negative Energy Density in Flat Spacetime,” 
Physical Review D, February 15, 1997, pp. 2082-2089. For some interesting remarks about t 
Q's, see J. F. Woodward, “Twists of Fate: Can We Make Traversable Wormboles in Spacetime? 
Foundations of Physics Letters, April 1997, pp. 153-181 
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crew could nor create a warp bubble on demand and, after it had been created, could 
not control it on demand.” 

Its important to both understand what that means, as well as what it does not 
mean, The causality issue does not mean that Alcubierre warp bubbles are impos- 
sible to create (perhaps they are, but not because of a lack of causality). It only 
‘means that whatever action is required to change the spacetime metric to make a 
‘warp bubble has to already have been done before the decision to use the bubble is 
‘made. Thus, a warp bubble wouldn't be of any use fora starship that needs to escape 
a sudden, unexpected threat. But, as Everett and Roman cautiously observe, the 
‘warp bubble might have a more mundane use: “Suppose space has been warped to 
create a bubble traveling from Earth to some distant star, e.g., Deneb, at 
superluminal speed. A spaceship, appropriately located with respect to the bubble 
trajectory, could then choose to enter the bubble, rather like a passenger catching 
passing trolley car, and thus make the superluminal journey.” 

At the end of his paper (note 85) Alcubierre briefly speculated on the possibility 
of using his superluminal warp drive to build a time machine (showing, again, the 
intimate connection between the two concepts—look again at note 12 in Chap. | for 
how the connection between FTL and time travel appeared in pulp science fiction), 
but didn’t show how. That was done 2 years later by Everett using, not surprising 
fn argument he called “reminiscent of the ‘reinterpretation principle’ ... which 
played an important role in discussions of the physics of tachyons.””! 

In an attempt to avoid the Alcubierre bubble’s causality problem, Krasnikov 
looked for a different, causal superluminal spacetime metric. This he succeeded in 
finding” but, rather than describing a bubble, Krasnikov’s warp is in the shape of a 
tube. The interior of the tube is flat spacetime, just as in the case of the bubble warp, 
but unlike the bubble there would be a causal link between the spaceship crew and 
the tube. Just as the warp bubble requires very thin walls (on the order of a few 
thousand Planck lengths) of negative energy, so does the Krasnikov tube warp. 
Unlike the bubble warp, however, the tube warp stretches the entire length of any 
proposed trip, so the total negative energy in the warp is incredibly huge. For a tube 
mere one meter long and one meter wide, for example, the total negative energy is 
10 solar masses, and to create a tube from Earth to just the nearest star would 
require 10" solar masses of negative energy!* 

(One curious feature of the Krasnikov warp is that the ourbound leg of a round 
trip cannot be made in less time than required by light. Bur on the on the return half 


A, E Everett and T, A. Roman, “Superluminal Subway: the Krasnikov tube.” Physical Review 

D, August 15, 1997, pp. 2100-2108 

PAE. Everett, “Warp Drive and Causality,” Pipa Review D, June 15, 1996, pp. 7365-7368, 
cca the discussion ofthe RP in Chap. 5 

See notes 84 and 90. 

"inthe same manner a the huge negative energy of the Alcubiesre warp drive was later reduced 

(see note 88), the Krasnikov tue's enormous negative energy requirement was later significantly 

reduced: see P. Gravel and J. Plante, “Simple and Double Walled Krasnikov Tubes I tubes with 

low mass,” Classical and Quantum Gravity, February 2004, pp. L7-L8. 
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of the journey, a traveler would find the spacetime metric so altered (because of 
‘mass-energy manipulations purposely made on the outbound half) that she would 
move “backwards in time.” The net result is that the round trip could end arbitrarily 
soon after it started! As Everett and Roman cautiously concluded, the Krasnikov 
lube is a “very unlikely possibility,” but it would make a wonderful science fiction 
gadget, don’t you think? 

While the Aleubierre warp may seem to be an incredible discovery (it is), it was 
not a unique one. That’s because just & years later a different warp metric was 
discovered by the Portuguese mathematician José Natario, in which the expansion/ 
contraction of spacetime does not occur. As Natario wrote, this signature feature of 
the Alcubierre warp drive “is but a marginal consequence of the choice [for the 
spacetime metric/mass-energy distribution].””* Rather than thinking of the warp 
bubble as being propelled by the push-pull of spacetime expansion/contraction, 
Natirio wrote that “one could best describe the warp-drive spacetime as “sliding” 
the warp-bubble region through space”: that is, as analogous to a California surfer 
riding a wavefront, The surfer is motionless with respect to the water in the 
immedia 


e vicinity of his board, and yet his speed with respect to the rapidly 
approaching shore is decidedly non-zero. 

‘The idea of a manipulated or warped spacetime allowing time travel was an 
early arrival in science fiction. Consider, for example, the 1930\!) story in which the 
narrator (one ‘Thomas Jenkins) walks 18,000 years into the future, In an editorial 
footnote (a de 
militude), we are told that “Jenkins had evidently fallen into a warp in space ... a 
fault, we might say, borrowing a geologic term, in the curvature of space. Through 
this warp he had been thrown clear out of our three dimensions into a fourth. There 
he slid in time over to the other side [of the fault] into the same spot in the three- 
dimensional world, but into a different era in time. 

‘That was a flawed explanation, with its talk of space rather than of spacetime, but 
some authors eventually leamed to do better. For example, folded spacetime as a 
‘mechanism for time travel is used in a 1940s cautionary tale on the potential horrors 
of the atomic bomb, In that story, published 2 years afier the atomic bombings in 
Japan, the world 15 years hence experiences a terrible atomic war. As the time 
traveler in the tale explains, “During the unprecedented release of atomic energy 
that arouse during the simultaneous bombings of our cities, something happened to 
the very continuum in which we exist ... A crook, a twist, a fold—explain it how 
‘you will, | accidently stumbled upon an electronic circuit that would create a field 
that would enable passage from one folded section [of spacetime] to the adjacent 


-e commonly used in early pulp fiction to inject scientific verisi- 


section, The fold proved to be about fifteen years in length ...”"° 

ith Zero Expansion.” Classical and Quantum Gravity, March 2002, 
pp. 1157-1165. 
°°N, Sehachner and A, L. Zagat, “In 20,000 A.D." Wonder Stories, September 1930, 


“RF Jones, “Pete Can Fix I." Astounding Science Fiction, February 1947. 


65° Cutting and Warping Spacetime 33 


As Alcubierre and Natério showed, it will take a lot more than a mere electronic 
circuit to warp spacetime for either FTL or time travel, but at least even the early 
science fiction pulp writers understood that—somehon—a spacetime warping 
‘would be required, 

‘The Alcubierre FTL warp drive appeared as the scientific basis for a modem 
science fiction novel, where at one point we read of a curious optical feature of an 
FTL spaceship, one 1 haven't seen mentioned in the physics literature: “This is a 
ship that traveled faster than light. It’s visible as it travels; its warp bubble emits a 
cascade of exotic radiation... but it outruns its own image. So the ship arrives first 
and the light has to catch up, all the photons it emitted back along its path arriving at 
‘mere light speed. The older images arrive last, and you get this effect as if the ship 
‘was receding, not arriving.”” 

Another quite interesting feature of Alcubierre’s warp drive is that the spaceship 
crew would experience no acceleration forces, as the ship is always in free fall. This 
may explain why the Enterprise crew isn’t flattened when Mr. Sulu engages that 
ship's warp drive. The spaceship is surrounded by a “bubble” of warped spacetime 
that is swept along by the combined push-pull effect of the expanding spacetime 
behind the craft and the shrinking spacetime in the front. The ship, itself, resides in 
the flat spacetime interior of the warp bubble, An amusing way to think of this is to 
imagine a fish (space traveler), inside an aquarium (the warp bubble), which has 
been tossed into a swiftly flowing river. An observer at the edge of the river sees the 
aquarium move by her at high speed while, for the fish (swimming in the still waters 
of its aquarium), all is serene because it is at rest with respect to its local 
environment. Thus, the Alcubierre warp drive realizes yet another one of science 
fiction’s wonderful gadgets: the reactionless spaceship drive, That is, “the warp 
bubble moves by interacting with the geometry of spacetime instead of expending 
reaction mass [as do jet and rocket engines} ... and the spaceship is simply carried 
along with it.””" In picturesque terms, the warp drive starship is like a surfer who 
makes her own waves. 

And so we see, with each passing decade, more and more of science fiction 
departing from the make-believe to the pages of physics journals, 


°S, Baxter, Ark, Gollancz 2009. The spaceship inthis work travels at thre times the speed of light 
(warp factor 1.44, as explained in note 84), 

°F. S.N. Lobo and M. Visser, “Fundamental Limitations on ‘Warp Drive’ Spacetimes,” Classical 
‘and Quantum Gravity, December 2004, pp. 5871-S892. 
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6.6 For Further Discussion 


‘The connection between FTL speeds and backward time travel made the 
jump from theoretical physics to popular culture very quickly. It was in the 
British humor weekly Purch, for example, that the famous (but nearly always 
misquoted—see note 113 in Chap. 3, which doesn’t have it quite right) 
limerick by A. H. R. Buller (1874-1944) first appeared (December 
19, 1923, p. 591): 


"There was a young lady named Bright Whose speed was far faster than light, She 
set out one day In a relive way And returned on the previous night.” 


Where Punch dared to go, Hollywood could not be far behind. Indeed, in this 
case it was actually there first, with the 1922 one-ree! silent comedy film The 
Sky Splitter. This was just a short film (feature pictures generally had at least 
four reels), s0 it isn’t clear just how widely distributed and viewed it may have 
been, The story is that of a scientist testing a new spaceship; when it exceeds 
the speed of light, he begins to relive his life. This all shows that today’s 
fascination, so common in popular culture, of the latest developments in 
theoretical physics, is nothing new. Why do you think this is so? That is, 
why (for example) do so many of those who flock to science fiction movies of 
interstellar invasions (like the 1996 Independence Day and its 2016 sequel), 
nonetheless have no conception of the unlikely possibility of such invasions 
because of the sheer magnitude of interstellar distances? Distances so 
immense that, even at the speed of light, it takes 4 years to travel to the 
Sun’s nearest stellar neighbor, and millions of years to reach the Milky Way's 
nearest neighboring galaxy? (The vastness of interstellar distances is, as 
mentioned in the text, the reason for the fascination in warp drives in both 
science fiction and physics.) 


In wormhole and cosmic string time machines, and with warp drives, we 
‘encountered the idea of negative mass-energy in the form of ‘exotic matter” 
(see note 39 again). Something like negative mass actually appeared in ficti 
long ago, in the 1827 novel A Voyage to the Moon by “Joseph Atterly,” a 
pseudonym for George Tucker, a professor of moral philosophy at the 
University of Virginia. (One of Tucker's students was Edgar Allen Poe, 
who almost surely was influenced by Tucker's book to write his own moon 
tale, the 1835 “The Unparalleled Adventure of One Hans Pfall.") The trip in 
Tucker's work was powered by a metal called /unarium, which repels Earth. 


(continued) 
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This is not the same sort of stuff as Wells’ “Cavorite,” a metallic alloy that is, 
“transparent” to gravity and that appears in his 1901 The First Men in the 
‘Moon. Wells’ competitor in the ‘scientific romance” genre was, of course, 
Jules Verne. Wells was a visionary who looked far beyond just the next few 
decades, while Verne was a ‘practical engineer’ who, for example, got his 
‘characters to the Moon by the direct method of simply shooting them out of a 
900-foot long cannon with 400,000 pounds of guncotton! (Wells” vision 
could sometimes fail him, as it did about the imminent likelihood of airplanes 
in his 1901 Anticipations. He believed they would be developed by the year 
2000, and maybe even before 1950, but of course just 2 years later...) I 
1903 magazine interview, Verne revealed how he felt about the difference 
between his and Wells’ work: “It occurs to me that his stories do not repose on 
very scientific bases ... He goes to Mars [sic] in an airship, which he 
constructs of a metal which does away with the law of gravitation. C’est 
trés joli [this is all very nice], but show me the metal. Let him produce it.” 
‘Today the cry from those who dislike wormholes is the Verne-like ‘show us 
the exotic matter!” If Wells and Verne were writing today, how do you think 
‘each would respond to that challenge? Would the possible existence (or not) 
of exotic matter be an issue about which both would agree? 


Write a time-loop short story based on Lossev and Noviko 
old spacecraft” interacting with a remote wormhole. 


idea ofa ‘very 


Imagine an electronic circuit A that has the following behavior: A’s input 
signal is a function of time that has a well-defined maximum value (what 
electrical engineers call the peak value). The circuit's output signal, produced 
in response to the input, also has a well-defined peak value. Now, imagine 
further that the output peak occurs before the input peak. There is, in fact, 
nothing paradoxical or impossible about that, and such a circuit can (and has) 
been constructed, as I'll tell you shortly. Next, suppose that we take A’s 
output signal and use it as the input to another circuit B that, when it’s input 
exceeds a certain level, disconnects the input to A before that input reaches its 
peak value. Circuit B can also be constructed in the real world. Indeed, you 
‘can read about how to construct A and B in two papers by M. W. Mitchell and 
R. Y, Chiao, “Causality and Negative Group Delays in a Simple Bandpass 


(continued) 
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Amplifier,” American Journal of Physics, January 1998, pp. 14-19, and 
“Negative Group Delay and ‘Fronts’ in a Causal System: An Experiment 
With Very Low Frequency Bandpass Amplifiers,” Physics Letters A, June 
16, 1997, pp. 133-138. What makes all this interesting here is that this “seems 
to open the way for a variant of the time travel paradox in which the traveler 
journeys to the past and kills his grandfather before his own father is born,” an 
observation made in Garrison et al., “Superluminal Signals: Causal Loop 
Paradoxes Revisited,” Physics Letters A, August 10, 1998, pp. 19-25. This 
electronic version of the grandfather paradox does indeed follow if one 
substitutes “input peak” for “grandfather” and “output peak” for “time trav- 
ler.” But before you think this gadget is a time machine, be assured that its 
designers also showed that, unlike the causally related grandfather and time 
traveler, the two peaks are not so related, Read these three papers and writ 
summary report of how circuits A and B work, and why the two peaks are not 
so related. 


You'll recall that “an advanced civilization” 


thought to be required to 
create a useable wormhole (note 27). The common phrase used by astrophys- 
icists who are interested in the possibility of extraterrestrial life is arbitrarily 
‘advanced civilization, with a distinction made for at least three progressively 
higher stages of ‘advancement.’ Very roughly, Types I, Il, and III advanc 
civilizations are those that, respectively, have the technology to (a) control 
something like 10'° W (ten million megawatts) for massive interstellar radio 
broadcasts, (b) a technology to control the energy output of the civilization’s 
planet's parent star (107 W), and (c)'a technology to control the energy 
output of the civilization’s home galaxy (10** W). We are, today, short of 
being even a Type I civilization, and it would probably take at least a Type Ill 
civilization to build a wormhole. Indeed, Stephen Baxter’s 1993 novel 
Timelike Infinity, of beings who can manipulate constellations of galaxies, 
seems to assume a Type IV civilization will be required. Since there are 
typically 10"! stars in a galaxy, going from 107 W for a star to 10° watts for 
a galaxy is consistent. But where do astrophysicists get 10°” W for a single 
star? Here’s a calculation for you to perform, to confirm this value for 
yourself, starting with the experimental fact (not difficult to repeat, as it’s at 
the level of a junior high school science fair project using a solar cell an 
few common electrical components) that the solar power level at Earth’s 
‘equator is 1200 W per m?, Then, using the fact that the Earth’s orbital radius, 
around the Sun is 93 million miles, compute the total power (energy per 
second) radiated by the Sun, (You should get a number that is somewhat 
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smaller than 10°” W, which is ‘explained’ by observing that the Sun is really a 
quite ordinary star, exceeded in size by many other stars in the Milky Way. 
Next, you'll find, in most books on astrophysics, the statement that the 
nuclear fusion reactions that power the Sun convert four million tons of the 
Sun's mass to pure energy every second. Confirm that your number for the 
power output of the Sun is consistent with that claim, (Remember Einstein's 
famous formula E = mc’, that the speed of light is c=3 x 10* m/s, and that 
1 kg = 2.2 pounds, In the MKS system of units (meters/kilograms/seconds) 
cone watt = one joule (of energy) per second, where to give you some 
perspective on what a joule is, the chemical energy released by burning a 
gallon of gasoline is about 100 MJ 


Appendix A 
Old Friends Across Time (A Story)’ 


As I sit here in my study, with the photographic evidence spread before me, I can 
barely comprehend what my eyes tell me must be so. The evidence is incontestable. 
And yet—I still struggle to believe. Let me try to explain—possibly in the process I 
‘will manage to put my tumbling mind to rest. 

For as long as I can recall, old photographs have fascinated me. To page slowly 
through collections of historical pictures, no matter what the theme, was consum- 
‘mate joy. Even when I was quite a small boy used them as my time machine into 
the past. They took me up and away from the problems every youngster has while 
growing up, and let me wonder of people and places long since returned to dust. 
Matthew Brady’s Civil War photos had a particularly strong attraction for me, with 
the horror (and yes, I will admit it, the fascination) of war frozen in the images of 
young men dead before life had really begun. To look at the fallen youth of more 
than a century before, and to wonder who they were, and what they had felt and 
thought—it all sent shivers through my romantic mind. 

suppose I might have become a professional photographer, But somewhere 
along in the process of looking at pictures, I became aware of the miracle of the 
technology of picture taking, That led me to chemistry and optics, and finally by 
some wondrous route, I became an electrical engineer. I never lost my love for old 
pictures, though, but merely turned my interest in them to the photographic history 
of electrical phy 

To search out and acquire (for by now I had started my own collection) a 
photograph of Steinmetz, smoldering cigar clamped in his mouth, giving a lecture 
on AC circuit analysis using the then still mysterious square root of minus one made 
my heart beat faster. To find a faded picture of Einstein at a long forgotten 


P, J. Nahin, “Old Friends Across Time,” Analog Science Fiction Magazine, May 1979, This tale 
was written with the specific goal of illustrating how a tip into the past yet ro be initiated could 
logically influence events inthe time traveler's present and future, The story repreduced here is, 
With only afew very minor alterations, as it originally appeared in Analog. 


International Publishing AG 2017 29 
Time Machine Tales, Science and Fiction, 
DOF 10.1007/978-3-319-48864-6 


Mo A. Old Friends Across Time (A Story) 


conference, caught forever in time with his quiet, gentle eyes looking into mine, 
‘would send me to the heights of ecstasy.* 

But it was Maxwell that led me to my incredible discovery. There is no doubt but 
that James Maxwell was the greatest theoretical physicist of the nineteenth century, 
‘Together with Einstein, he was the best of any century. Could it possibly be more 
than mere chance that the same year saw the death of one and the birth of the other? 
It was Maxwell who gathered together all the then known, but fragmented, exper- 
imental bits and pieces of knowledge about electricity and magnetism, and stirred in 
his own contribution of the displacement current, There was no physical evidence 
then to justify that last step, but the genius of Maxwell knew it hud to be. And then, 
from his soaring mathematical insight and physical intuition, he took it all and 
wrote down the four magnificent equations for the electromagnetic field!* 

No one who has seen and understood those beautiful equations can come away 
without a quickening of the pulse and a flush of the blood. They're not long 
can write all four vector differential equations on the back of a postcard, but oh, 
‘what they tell us! With them, Maxwell, showed light was electrical in nature, 
predicted radio waves two decades before Hertz discovered them in the lab, 
explained energy propagation in space, and radiation pressure, and laid the scien- 
tific basis for today’s television, radar, lasers, giant electric motors, generators, 
transmission lines and—well, why go on? The equations are the work of a level of 
genius We may not see again for a millennium. We have hardly begun to discover 
the marvels wrapped inside the electromagnetic field equations. With their aid, and 
that of quantum mechanics, the very secret of life, itself, may someday be 
unraveled. 

And so I searched for old photographs of Maxwell. He died at his family’s 
Scottish home in 1879, before the art of picture taking was barely 40 years old. But I 
knew in my heart that somewhere there must be photographs, yet undiscovered, of 
such a great man, Anyone who has seen the best examples of prints from wet glass 
collodion negatives knows they are, in the faithfulness of their rendition of detail, 
better than what we commonly expect today. Working against me was the fact that 
the process was slow, laborious, and unforgiving of mistakes. The taking of a 
picture was not a minor decision in Maxwell’s time, But still I searched. 

I searched for one photo, in particular, When Einstein died, a famous picture was 
taken of his office, just the way he left it for the last time. On the blackboard behind 
hhis desk are the last thoughts he had in his long quest for a Unified Field Theory 


“The first reference is to Charles Steinmetz (1865-1923), the German-born American electrical 
engineer andl mathematician who became the wunderkind of General Electric. Einstein, of cours, 
reeds no ineodction! 

“L wrote this for sory effect, but i's not really quite true, When Maxwell wrote his theory in 
‘mathematical form, he did so using nventy() equations in as many variables. The equations, as 
physicists and electrical engineers use them today. were fist writen in 1885 by the English sll- 
taught eccentric Oliver Heaviside, who considered Maxwell oe his hero (see not 6 in Chap. 6 
Modern electrical engineers and physicists write the Maxwell equations s four pasta differential 
vector equations 
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a “theory of everything,’ The writing on the papers covering the desk is clearly 
legible, and with modem blowup methods, easily readable. 

‘At the time of his death, Maxwell was the Einstein of his times. Surely, 1 
reasoned, a similar photograph of Maxwell’s study must have been taken. Even 
though none has come down through the decades to us, it must exist! Gathering dust 
in an old trunk, or buried in a long forgotten album, it had to be somewhere. I vowed 
to find it 

Tegan by writing to all of Maxwell’s living descendants, asking that they search 
through family holdings for any pictures concerning Maxwell that they might 
possess. For the most part all were cooperative, even though more than just a few 
thought I was somewhat deranged. Still, it was in vain. I did receive a few old 
pictures never before seen by other than the family, including a poignant one taken 
in 1901, showing Maxwell's grave in Parton Churchyard at Glenlair, Scotland. A 
forlorn, wintry scene, with only what seemed to be three men in the far distance, it 
brought tears to my eyes. Alas, there were no photos of Maxwell’s study. 

Bt then late last year, while on a business trip to London, | stopped off for a few 
hours at the historical archives maintained by the British Institute of Electrical 
Engineers. On a chance, I looked through their massive files on Maxwell and was 
rewarded within the hour! What I found will haunt me throughout the remainder of 
my life. 

‘There it was, stuck through its border with a rusty pin, between two pi 
yellowed paper covered with what appeared to be some simple, rough lecture notes. 
‘An ordinary looking photo of a study. Obviously overlooked through the years, or at 
best unappreciated for what it was, it was the almost illegible, penciled notation on 
the back that convinced me of my find—just a date: November 9, 1879. Exactly 
4 days after Maxwell’s death, precisely when some unknown, yet inspired person 
(a family member, a neighbor, a local scientist?) would take such a picture! 

Tam ashamed to admit it, but there was no hope the Institute would let me have 
the picture. And there was no time to copy it, for I was to return home to America 
that very night. No, that’s not true. The real reason for what I did was simply that I 
had to have that original, old photo. I took it! It was my undoing, for that 
dishonorable act destroyed the picture’s tie to verified, legitimate historical records. 
But / know what I found is true. 

I could barely control my wild emotions on the flight home. Several times 1 
removed the picture from my briefcase, and looked with fascination at the papers 
lying on Maxwell's desk, and at the tightly written lines of mathematics on the 
blackboard in the background. My hands trembled with what can only be called 
lust—once home, reunited with my well-equipped photo lab, I would leam every 
secret hidden in that picture. 

‘There are no words I know that can convey the thrill I felt as I began the 
processing of that priceless photo. Alone in my lab, with all the modern equipment 
a well-off amateur can buy (a Caesar Saltzman 8 x 10 enlarger with mercury vapor 
point light source and a 10x Plan Achromat Nikon enlarging lens), 1 carefully 
cropped and blew up selected views of the blackboard and desk. Printing the 


s of 
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enlargements on ultra-fine grain AGFA Brovira paper, I could scarcely restrain 
‘myself from peering at them with a magnifying glass while I waited for them to dry 

‘Then, at last, I had them spread out across my study desk. I tried to force myself 
to examine each slowly, carefully, in turn, and not to skip from one to another like a 
child let loose in a candy store with a dollar. The first three were of the desk papers, 
including what seemed to be a diary. It must have been lost after Maxwell's death 
since no trace of it exists in the historical records. | experienced a stunning thrill as I 
gazed upon the scrawled words, but as they were not easily read at once, I moved 
fon. It was the sixth enlargement, of the upper right comer of the blackboard that 
sent me reeling back to my chair. An equation that shouldn't, no, couldn't, be there, 
But it was, 

‘To understand my reaction, there is one astounding thing you must realize about 
Maxwell's field equations. When Einstein turned the world of physics on 
1905 with his famous paper, “On the Electrodynamics of Moving Bodie: 
old ideas about absolute motion and simultaneity of events went out the window. 
Even Newton's laws of mechanics had to be modified. But not Maxwell's! His 
equations, just the way he published them in 1873, are the same ones studied 
today’—they need no relativistic corrections. 

How can that be, you wonder, as they predate Einstein's by 32 years? The 
mystery of this has bedeviled the experts down through the years. Oh, they have 
an explanation, alright. They say that all of electromagnetics is actually relativistic 
phenomena to begin with, and the laboratory work of Faraday, Ampere, Henry, and 
the other great experimentalists were studies of relativistic electron interactions in 
‘matter (although they, of course, didn’t know that). Thus, it is only “natural” that 
‘Maxwell's equations need no correction. So goes the “expert” explanation, but it 
isn't right!* I know Maxwell knew about relativity, and understood it perfectly. He 
knew all about time paradoxes and the equivalence of mass and energy. 

Because how else can you explain the equation visible in my enlargement 
E=me! 

Why, you must wonder (just as I did), didn’t Maxwell publish this remarkable 
result? AL first, [believed it was because of a lack of faith in his results. Who would 
have believed any of it in those Victorian times, so sure of its absolute view of 
nature? I thought of how Newton, 200 years before Maxwell, had suffered from a 
similar hesitancy when he wrote the Principia, There, when explaining his theory of 
gravitation, Newton did not employ his new invention of the calculus (which he had 
used to make his discoveries), but instead fell back on laborious arguments based on 
the accepted mathematics of algebra and geometry. Who would have believed him, 
otherwise? 

But then I realized that couldn’t be right. Maxwell was a strong man intellectu- 
ally and he wouldn’t have held back for fear of disbelief, No, it had to be that he 


“Don’t forget note 3 


“Alas, Link itis right. Don’t forget, this is science fiction. When there i a conlict between the 
seeds ofa sory, anda rigid adherence to physics the “needs wins! 
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discovered relativity and the mass-energy law just before his death, with no time to 
make his work known, I was still wrong. 

It was later, when I returned to the enlargement of Maxwell's lost diary and read 
those painfully cramped notes, that I learned the truth. What I saw there showed me 
‘Maxwell had thought long and hard about his final discoveries and had purposely 
withheld them. For clearly visible, after I had slowly deciphered the writing, were 
the following words 


Thave seen monstrous events, My blood has run cold atthe sight of two great cites leveled 
to the ground, their inhabitants cruelly put to death instantly, or left wo die slowly from a 
strange, lingering disease. Other trips. further on. have shown me the root of all these evils 
is the mass-energy equation, a result 1 at fist believed to be my crowning glory. It will be 
-my erown of thorns unless Iban it from my very being. Another will discover it for himself, 
Dut my soul shall he free! I have dismantled my machine, and shall never look upon or think 
of those horrible seenes again. 


‘This passage was dated just | month before Maxwell died a savage death from 
cancer. The reference to ‘two cities’ can only be that of Hiroshima and Nagasaki. 
His own death was surely caused by lingering too long among their atomic ruins. 

‘Think of what this means. Quite simply, Maxwell knew the secret of time travel! 
But even more incredible is that it must be easy, if one only knows how, to build a 
time machine! Think about it—Maxwell had no gigawatt power stations at his 
disposal, no high technology machine shops, or nanosecond computers. He was not 
a gifted experimentalist, and once he had predicted radio waves, for example, it 
took others 20 years to finally generate them. And yet, he built a time machine. 
Somehow, with just the puny power sources available to him, and a limited 
mechanical capability, he wrested free the simple implementation of a time 
machine from his dynamical field equations. 

Yes, yes, [know what you must be thinking. How can I really conclude such an 
incredible thing from a single equation on a blackboard, and a few words written by 
aman dying a painful death? A man, clearly suffering dearly, and possibly not in 
complete possession of his once marvelous mind. 

This very evening the last bolt of evidence slid into place. Attempting to escape 
from the emotional maelstrom into which I had fallen, I tured to my old love of 
picture gazing. [took down from my library shelf a tattered yet cherished volume of 
the Meserve Collection of Lincoln pictures. My slow paging through the images 
stopped when I came to the famous photograph by Alexander Gardner of Lincoln’s 
‘ond inauguration. This incredible picture shows John Wilkes Booth looking 
down on Lincoln from behind a buttress high on the steps of the Capitol, while 
below in the crowd are the five men who, 41 days later, conspired with him in the 
assassination, 

‘The following page demonstrated the extraordinary quality of Gardner’s work, 
as it showed an enlargement of Booth’s face in which the circular line between the 
pupil and the white of each eye is sharp and crisp! This impressive picture 
fascinated me, and I wondered if I could create a similar enlargement. It was then 
Tremembered the old picture of Maxwell's grave, sent to me from Scotland, and the 
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three distant figures in the background, They would present my photo-lab skills 
with a challenge, and the effort would distract my mind. 

| finished the enlargement just 20 min ago. Those faces! Two of them I can now 
finally accept as being there—it must have been a pilgrimage for one, and for the 
other, it couldn’t have been anything but a mocking, ironic gesture. But I wonder if 
the youngest one really knew who his two companions were? I don’t know the 
answer to that—yet. But there they are, two men with faces my years of study have 
‘made as familiar to me as my own. One is a youthful Albert Einstein. The other, 
with the signs of death clearly written across his features, is James Clerk Maxwell. 
‘The face of the third man is familiar, too, for the third man is me! 

Oh, I'ma bit older in the photo than I am now. But it’s me, alright. A distinctive, 


Jagged scar across the left cheek, a mark from a childhood accident, is sharply 


and I can run a finger over my face and match it perfectly with the image in 
the enlargement. I'd say I'm about 45 or so in the image, no more than 10 years 
older than I am now. That doesn’t leave me much time to keep my appointment, 
does it? I don’t know, right now, how I'm going to do it, but I've got to rediscover 
|—after all, there I am in the 
picture. Somehow, I'll be going back to pick James and Albert up so we can have 
our picture taken. Ten years—not much time, 
I'm really looking forward to meeting my two new friends from across time. 


Maxwell’s secret of time travel. I'm sure Pll succes 


For Further 


When “Old Friends Across Time” originally appeared in Analog, it opened 
with a quotation from Richard Feynman’s famous 1961-1963 Caltech under- 
graduate course (published in 1964 as The Feynman Lectures on Physics): 
“Ten thousand years from now, there can be little doubt that the most 
significant event of the nineteenth century will be judged as Maxwell’s 
discovery of the laws of electrodynamics. The American Civil War will 
pale into provincial insignificance in comparison.” This is almost certainly 
true, but could Maxwell really have built a time machine from just a knowl- 
‘edge of electromagnetic theory and special relativity (which is all that is 
needed to derive E=mc*), if he didn’t also have a deep understanding of 
‘general relativity (and probably of quantum mechanics, too)? How likely do 
you think hat is? 
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‘The narrator in “Old Friends Across Time” knows he is going to live long 
enough fo eventually build a time machine; discuss the implications of this 
knowledge, For example, is he at least temporarily invulnerable to commit- 
ting suicide (or, for that matter, to any other variation of dying?) That is, do 
we have a ‘future’ version of the grandfather paradox? This issue has never 
(to my knowledge) been considered by physicists, and not by philosophers 
cither until recently. See, for example, S. Keller and M, Nelson, “Presentists 
Should Believe in Time-Travel,” Australasian Journal of Philosophy, 
September 2001, pp. 333-345, and M. H. Slater, “The Necessity of Time 
‘Travel (On Pain of Indeterminacy),” The Monist, July 2005, pp. 362-369. 
‘More generally, if we assume that the past is unchangeable then the scenario 

in “Old Friends Across Time” seems to force at least some level of inevita- 
on the future as well, Or does it? In the 2007 story by Ted Chiang, “The 
‘Merchant and the Alchemist’s Gate,” that you were asked to read in a For 
Further Discussion at the end of Chap. 4, there is the following exchange 
between the narrator and the inventor of “the Gate” (a wormhole): “So if you 
Jearn that you are dead 20 years from now, there is nothing you can do to 
avoid your death?” He nodded. This seemed to me very disheartening, but 
then 1 wondered if it could not also provide a guarantee. I said, “Suppose you 
learn that you are alive 20 years from now. Then nothing could kill you in the 
next 20 years, You could then fight in battles without a care, because your 
survival is assured.” “That is possible,” he said. “It is also possible that a man 
who would make use of such a guarantee would not find his older self alive 
when he first used the Gate.” “Ah,” I said, “Is it then the case that only the 
prudent meet their older selves?” Comment on this issue, with particular 
attention to free-will. 


Appendix B 
Newton’s Gift (A Story)° 


Wallace John Steinhope was a sensitive human being, a person deeply concerned 
¢ of his fellow creatures, Any act of injustice, however sli 

his breast pound with righteous indignation, He was a champion of fair play, and his 

‘motto in life was taken from the ancient English rule of law—Let right be done!” 

Even while still a lonely, reclusive child, Wallace’s heart ached mightly when he 
read of the laborious, boring, mind-dulling calculations endured by the great 
‘mathematicians of old, Just knowing, thinking, of Gauss's marvelous mind wasting 
literally months of its precious existence grinding out tedious mathematics that 
even a present-day dullard could do in a minute, on a home computer, was sheer 
agony for Wallace, Contemplation of the God-like Newton suffering endless delays 
in his gravity research, all because of a simple miscalculation of the length of a 
degree of longitude, was almost unbearable. 

Indeed, Newton played a special role in Wallace’s life (and he in Newton’s, as 
‘we shall soon see). While the other great mathematical physicists had merely been 
hindered in their work by the lack of modem computational aids, Newton had 
squandered so much valuable time in other, nonscientific pursuits! His 
quasireligious writings alone, over half a million words, exceeded his scientific 
writings. What a waste! Wallace wondered endlessly over the reason for this 
strange misdirection of talent and bored his friends to the edge of endurance with 
his constant brooding on the mystery. Still, they all liked and admired Wallace 
enormously and so put up with it. But more than one of them had sworn to throw up 
the next time Wallace mentioned Newton during a wedding (but that’s another 
story) 

So deep was Wallace’s anguish for his predecessors that even as he grew older 
and his own tremendous talents as a mathematical physicist (the result of a lucky 


.” Omni, January 1979. This tale was written with the specific goal 
of illustrating casual loop time paradoxes. The story reproduced here is, with only a few very 
‘minor alterations, as it orginally appeared in Omni 
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genetic mutation induced in a male ancestor some centuries earlier) gained him an 
international reputation, thoughts of the unmeasurable misery of his scientific 
ancestors were never far from his mind. It was most appropriate, then, that his 
greatest discovery gave him an opportunity to do something! And Wallace John 
Steinhope vowed to help. He became convinced that it was his purpose on earth— 
he could not, he would not hesitate. As he strapped the knapsack-size time machine 
to his chest, his excitement was, therefore, easy to understand. 

“It is done! And I am ready. I will travel back and bestow this gift of appreci- 
ation, this key to mental relief, on the great Newton himself!” Wallace cradled a 
small, yet powerful hand-calculator in his palm, It was a marvel of modern 
electronics. Incorporating large-scale integrated circuitry and a Z-8000 micropro- 
cessor solid-state chip, the calculator required only a small, self-contained nuclear 
battery for its power. It could add, subtract, multiply, divide, do square and cubic 
roots, trig and hyperbolic functions, take powers, find logarithms, all in mere 
microseconds. It was programmable, too, able to store up to 500 instructions in 
its micro-memory. The answers it displayed on its red, light-emitting diode read- 
outs would liberate young Istac from the chains of his impoverished heritage of 
‘mathematical calculation. No more Napier’s bones for Newton! 

But Wallace John Steinhope was no fool. He understood, indeed feared, time 
paradoxes. He knew Newton could be trusted with the secret, but it wouldn’t do for 
the calculator to survive Newton’s time. So Wallace had incorporated a small, self- 
destructing heat mechanism into it. After 5 years of use, it would automatically melt 
itself into an unrecognizable, charred slag mass. But that would be enough time for 
its task to be completed. The emancipation of Newton's mighty brain from tedium! 
Pleased enormously at the thought of the great good he was about to confer, 
Wallace set the time and space coordinates for merry old England, flipped the 
power switch on, and vanished. 

Materializing in the Lincolnshire countryside in the spring of 1666, he began his 
rendezvous with destiny. It was the second and final year of the great bubonic 
plague, and Newton, seeking refuge from the agony and death plundering London 
and threatening his college of Trinity at Cambridge, had returned home to work in 
lusion. The years of the Black Death were Newton’s golden years, when the 
ssentials of calculus would be worked out, when the colored spectrum of white 
light would be explained, and when the principle of the law of gravitation would be 
grasped. But how much easier it would be if Newton were released from the binding 
chains of dreary calculation. Wallace’s gift would slip the lock on those chains! 
Accelerate genius! 

Itwas early evening when, guided by a map of the area prepared by a friend who 
‘was both a cartographer and amateur historian, Wallace reached the quiet little town 
of Woolsthrope-by-Colsterworth. It was here, in a small farmhouse, that Wallace 
‘would meet his hero of the ages. A cold, gentle rain was falling as he approached the 
door. The soft, hazy light of an oil lamp glowed inside, revealing through the 
translucent glass the form of a man bent over a table. The fragrant smoke of well- 
dried wood curled from the chimney, announcing a warm fire within. 
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With his heart about to burst from excitement, Wallace rapped upon the door. 
After a pause, the shadow rose and moved away from the window. The door 
opened, and there stood Isaac Newton, a young man of 23 with an intellect that 
Hume and Voltaire considered “the greatest and rarest genius that ever rose for 
adomment and instruction of the species.” But for the importance of his self- 
appointed mission, Wallace would have fainted dead away from the thrill of it 
I. “Is this the home of Isaac Newton?” he asked in a voice quavering with the 
trembling tones normally used by lovers about to reveal their deepest feelings. 
‘The young man, of medium height and thick hair already showing signs of gray, 
swung open the door and replied, “My home itis, indeed, stranger. Come into the 
parlor, please, before the wetness takes you il. 
Isaac followed Wallace into the room and stood quietly watching as his visitor 
removed his soaked coat and hat. The portable time machine was gently placed on 
the floor next to a wall, The calculator was snug and safe in its plastic case in 
Wallace’s shirt pocket. “Thank you, Master Newton. May we sit while we talk? I 
am afraid you may wish to take some time to consider my words.” Motioning to a 
chair near the table, Isaac pulled a second chair from a darkened corner and joined 
Wallace. “You have a strange sound to your speech, stranger. Are you from 
hereabouts, or have you traveled far? Please commence slowly your tale.” 
Wallace laughed aloud at this question, a response prompted by his nervous 
itement, and it quite surprised him. “Please forgive me. It is just that I have 
traveled so very, very far to see you. You see, | am from the future.” Wallace was 
not one to play his cards close to his chest, Now it was Isaac’s turn to laugh. “Oh, 
this is most ridiculous. Are you a friend of Barrow’s at Trinity? It would be so like 
hhim to play such a trick.” From the future, indee: 
Wallace’s eyes ached at the sight of the papers on the table where Isaac had been 
working. What wonders must be there about to be bom! In any other situation, 
Wallace would have asked their contents, but the die had been cast. He had to 
convince Isaac of the truth of his tale. But he had to walk a tight line, too. It just 
wouldn't do to misdirect Isaac's interest away from the calculator and toward the 
time machine itself! He must do something dramatic, something that would rivet his 
idol’s attention and hold it 
“Yes, yes, I understand your reluctance to believe me. But, look here. This will 
convince you of the honesty of my words.” Wallace pulled the shiny black plastic- 
cased calculator from his shirt pocket and flipped the power switch on. The array of 
LEDs glowed bright in the gloomy room as they flashed on in a random, sparkling 
red burst, Isaac's eyes widened, and he pushed his chair back. Was he frightened? 
“As the Lord is my Savior, is it a creation of Lucifer? The eyes of it shine with 
the color of his domain. Are you one of his earthly agents?” 


"The yw (1630-1677), who was the first Lucasian Professor of Mathe- 
‘matics at Cambridge. Burrow resigned that position to allow it ta pass to Newton. Centuries 
Hawking became the 17th Lucasian Professor, 
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“Oh my, no! Look here, Master Newton, let me show you that there is no black 
‘magic or chicanery involved. It is all perfectly understandable in terms of the laws 
of Nature. What I have here is an automatic calculator, a device to perform all of 
your laborious mathematical labors.” 

So saying, Wallace squeezed the sides of the calculator case together, releasing 
pressure snap-fittings, and flipped the case open on a hinge at the top. Revealed to 
Isaac were the innards of the electronic marvel—a tightly packed interior of printed 
circuit boards, a mass of integrated circuitry, the small LED display, and the sealed 
nuclear battery. Isaac stared intently at the sight, and Wallace could see the natural 
curiosity of Newton’s great mind begin to drive away the initial apprehension. 

“But where are the gears, levers, springs, and ratchets to carry out the calcula- 
tions? All I see is a black box with lights that glow red—how is that done; where is 
the lamp or candle to provide the light!—and many little isolated fragments of 
strange shapes. There is clearly nothing in your box that moves!” 

“Oh, itis all done with electronics, Master Newton! The central processing unit 
has access to a solid-state memory that contains the decoding logic necessary to 
implement the appropriate algorithmic processes to provide the answers to the 
specific requests entered through these buttons. The actual performance of the 
box is achieved by the controlled motion of electrons and holes in suitably doped 
semiconductor material under the influence of electric fields induced—” Wallac 
still overcome by his excitement, had rambled on wildly without thought of the 
sentially infinite technological gap that separated himself from Newton, 

“Stop, stop,” cried Isaac. “I understand only a few of the words you use and 

nothing at all of their meaning! But it is obvious that for calculations to be 
performed, mechanical work must be done, and that implies motion. Pascal’s 
adding machine has shown the veracity of that. I say again, nothing moves in the 
box. How can it work?” 


Wallace was embarrassed. The mistake of overlooking the hundreds of years of 
progress after Newton’s time was one a child might make. “I am sorry, Master 
Newton. I’m going too fast for you.” Isaac looked at Wallace with a frown, but 
Wallace failed to see the pricked vanity of the proud Newton. Going too fast, 
indeed! 

Wallace prepared to lay a firmer technological foundation for Newton, but then 
he froze. It couldn’t be done! Newton was a genius, certainly, but the task was still 
impossible. Wallace would have to tell him all about Maxwell’s equations, Boolean 
algebra and computer structure, electronics, and solid-state device fabrication 
technology. It was just too much, and besides, there was the danger! The potential 
time paradoxes of all that knowledge out of its proper time sequence! What if 
Newton, in innocence, revealed some critical bit of knowledge out of its natural 
place in history? So, Wallace hesitated, but seeing the suspicion grow again in 
Isaac’s eyes, he realized he had to do something, anything, immediately. 

“You cannot deny your own eyes,” answered Wallace. “Let me show you how it 
works. I'll divide two numbers for you with just the punch of a few buttons. Watch 
this.” And, at random, he entered 81,918 divided by 123. Poor Wallace, of all the 
numbers to use, they were the worst. Within milliseconds the answer glowed 
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brightly in fiery red characters. Wallace looked with pride at the result and then, 
already enjoying in his mind what he knew would be Isaac’s amazement, he turned 
his eyes to the great man. What he saw made his spine tingle, and the gooseflesh 
stand high on his neck. Newton had fallen to his knees, with eyes bulging and hands 
raised as if in prayer. 
“The mark of the Be: 
Revel wisdom, Let him that hath understanding count the number of 
the beast; for it is the number of man; and his number is six hundred three-score and 
x!” Rising to his feet, Newton fell back into his chair. “Your cursed box bears the 


s the mark of the Beast! It is so written in the Book of 


jons—Here 


brand of its master. There can be no doubt now, it is the creation of the fallen 
archangel!” Wallace was aghast at Isaac’s violent reaction. The seventeenth century 
genius had now stumbled backward from his chair and had grasped a poker from the 
hot coals of the firepla 

“Wait, please wait! Watch this; Pl multiply two other numbers together for you, 
watch!” Wallace quickly punched in the data, and then the answer gleamed steadily 
in burning red characters on the LEDs. Isaac’s eyes first went wide with fear as he 
again saw the wizard electronics do their marvelous assignment, and then he shut 
them tight. Wallace was becoming desperate—this wasn’t the way it was supposed 
to be! “Don’t you see—imagine the tedious work, the mind-deadening labor this 
‘machine will save you from. And it is yours. 

“Yes? But only for the exchange of my soul! That is always the Devil’s price for 
his seductive gifts from Hell!” As Isaac shrieked these last words at Wallace, he 
raised the poker over his head. “Begone, you emissary of the Dark World! I know 
now you must be in the employ of the Father of the Antichrist, but the Lord God 
Almighty will protect me if Ido not waver in my resolve. Begone, or I'l strike your 
brains out on the floor where you stand!” 

Isaac’s eyes were wide with fear, nearly rolling back to show all white spittle 
sprayed from his mouth as he yelled at Wallace, who stared in shock at the wild man 
‘who threatened him with death. “Please, please, listen to me, please! I beg you to 
understand—I am a scientist, just like you. The concept of the devil, and all it stands 
for, is contrary to everything I believe. How could Ibe in the devil’s employ, when I 
don’t even accept his existence? You must believe me!” 

“Blasphemy!” screamed Isaac. “Your own words condemn you. To deny the 
reality of Satan in a sinful world is to deny that of God, too. Now leave my home, 
you dark beast from hell, or by the heavens above, I shall destroy you!” As he 
Shrilled these words, Isaac brought the poker down in a wild swing that barely 
missed Wallace’s head, 

Struck dumb with confusion at the uncontrolled outburst, Wallace stuffed the 
calculator into his shirt, grabbed his hat, coat, and time machine and rushed from 
the house. As he hurried into the cold, wet night, he tumed back, just once, to 
Isaac Newton framed in the light of the open door. “Go, go, you foul messenger 
from the Lord of Evil! Back to your stinking pit of burning hell-fire! This is a house 
that honors the Divine Trinity and is no haven for the likes of you!” 

Wallace rushed away into the blackness, the time machine bouncing unheeded 
upon his ct 
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He ran, for how long he couldn’t recall, until he fell exhausted next to a stream 
running heavy with the rain, Tears of rage, frustration, and shock streamed from his 
eyes. Rejected by the great Newton! Well, damn him! Wallace flung the calculator 
into the stream in his terrible anger and activated the return coordinates. He faded 
from Newton’s world as quickly and quietly as he had come. 

As for Isaac Newton, after having chased the Devil’s messenger from his house, 
he returned on shaking legs to his desk. Pushing aside his rough calculations on the 


orbit of the moon around the earth, he swore to redeem himself in the eyes of the 
savior. Somehow, he had been found lacking and had been tested. And the test was 
surely not over! He began to reapply his marvelous mind to determine the origin of, 
his failure before the Lord God Jehovah, Taking quill in hand, he wrote the first of, 
the many hundreds of thousands of words that his numerous religious tracts would 
devour from his allotted time. 
Five years later, long alter Newton had returned to Cambridge, a group of 
picnicking children were frightened when a nearby stream suddenly erupted into 
a geyser of steam. Moments later, the bravest (or most foolhardy) of the boys— 
‘who, by an astonishing coincidence that befits any good time travel paradox, would 


be Wallace’s great-grandfather nine times removed—cautiously examined the 
streambed. All he found were some twisted, hot pieces of what he thought was a 
hard, black rock, and he tossed them back. They were all that was left of the 
calculator’s nuclear battery. He did receive a tiny radiation dose from them, 
which caused a re er would suddenly 
appear as the cause of Wallace’s genius, but otherwise the lad was unatfected. 
‘The incident was soon forgotten. 

Well over 300 years later, Wallace John Steinhope reappeared in his own time. 
He was essentially the same man as before he left—kind, generous, and sensitive, 
his 
friends were concerned, in fact, he was even improved (naturally, they didn’t know 
‘what had brought about the welcome change but, if they had, they would have 
applauded it) 

Wallace John Steinhope, you see, never again had another kind word for 
Newton, or for that matter, any words for him at all. 


and ready to come to the aid of any man or beast that might need help. As far 


For Further Discussion 


In his book Travels in Four Dimensions: the enigmas of space and time 
(Oxford 2003), the philosopher Robin Le Poidevin writes (p. 176) “But, as 
everybody knows, when a time machine leaves for another time it disap- 
pears.” This is, indeed, how the time machine in “Newton's Gift” works; 
however, after reading Time Machine Tales do you think such behavior is in 
agreement or in conflict with general relativity? Defend your position. 
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“Newton’s Gift” contains causal loops. Identify two of them, and discuss 
their role in the story (that is, are they central to the story or merely 
incidental”). 


The idea of a time traveler visiting famous people in the past occurs fairly 
frequently in science fiction. In lan Watson's “Ghost Lecturer” (Isaac 
Asimov's Science Fiction Magazine, March 1964), for example, the inventor 
of the “Roseberry Field” uses it to yank geniuses out of time to supposedly 
honor them, to let them know their lives had been worthwhile in the eyes of 
the future. But then he goes on to tell them—oh so kindly—where they had 
‘gone wrong or had fallen short of the mark, and of how much more we know 
nowadays. “You almost got it right, boy! You were on the right track, and no 
stake. Bravo! But ...” Watson makes the interesting observation that one 
‘can easily imagine playing this pathetic game of ‘second-guessing” history 
with scientists, but what could even the most talented modern do to upstage a 
Mozart or a Shakespeare? Most similar to “Newton's Gift,” however, are (for 
example) Gregory Benford’s “In the Dark Backward” (Science Fiction Age, 
June 1994) where Shakespeare and Hemingway are visited, and Jack 
McDevitt’s “The Fort Moxie Branch” (Full Spectrum, October 1988) where 
Hemingway and Thomas Wolfe appear. Read these stories, and then com- 
pare/contrast their descriptions of how story characters react to the appear- 
ances of time travelers, to Newton’s behavior in “Newton's Gift.” 


Appendix C 
Computer Simulation of the Entropic Gas Clock 


Sgasclock-m/created by PNahin for TIME MACHINE TALES(6/27/2015) 
®This MATLAB m-file simulates the diffusion of gas molecules in a 
sealed 

Scontainer by using the Ehrenfest ball exchange rules. The 
simulation 

Sstarts with n molecules (i.e., balls) of one type (i.e., black) 
fone side of the container, and n more molecules of another type 
Gee, 

Swhite balls) on the other side. The two urns play the roles of the 
Btwo sides of the container. To simulate the ball (molecule) 
Smovements, the program selects two random numbers from 0 to 
1, which 

fare then compared to the current probabilities of selecting a 
black 

Sball from urn I and a white ball from urn IZ. I 20TH random 


numbers 


tare greater than these two probabilities then a wi 
been 

Sselected from urn I and a black ball has been selected from urn 
I, 

Gand so the number black balls in urn I is increased by one while 
the 

‘number of white balls in urn II is increased by one. If BOTH 
random 
Snumbers 
‘black ball has been selected from urn I and a white ball has been 
Sselected from urn II and so the number of black balls in urn I is 


less than or equal to these two probabilities then a 
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Sdecreased by one while the number of white balls in urn IT is 
decreased 

‘by one. If one of the random numbers is greater than ite 
corresponding 

‘probability while the other random number is less than its 
‘corresponding probability, then no action is taken because then a 
Swhite (black) ball moves from urn I to urn IT at the same time a 
white 

(black) ball moves in the opposite direction. That is, there is 
Snet change. Then, the ball selection probabilities are recalcu- 


lated and 
‘another ball exchange is simulated. 
rand(‘state’,100*sum(clock)) new seed for the random number 
generator: 


‘number of balls in each urn; 
‘number of black balls INITIALLY 


‘number of white balls INITIALLY 


‘probability of selecting a black 


pw2=nw2/n ‘probability of selecting a white 
ball from urn II; 


for trials =1:100; 


system(trials)=pbl; 
balli=rand; 

ball2=rand; 

if (bal11>pblebal12>pw2) ‘Guhite ball selected from urn 
nbl+1; Sand black ball selected from 
snu2+1: urn IT; 

elseif (balli<=pblaball2<=pw2) ‘black ball selected from urn T 
Gand white ball selected from 
furan IT; 


end 
plot (system) 

axis({1 trials 0 1)) 

gria 

xlabel(‘time, in arbitrary units’) 
ylabel(‘fraction of balls in urn I that are black’) 
figure (2) 


Epilogue 


[Science fiction] eannot be good without respect for good science .. This does not include 
lime machines, space warps and the fifth dimension; they will continue to exist inthe hazy 
borderland between [seience fiction] and fantasy.” 


In many seience-fiction stores, the trip into the past is by way of some futuristic machine 
that can take you through time at will... That, however, i totally impossible on theoretical 
grounds. It can't and won't be done.” 


‘The opening quotations, particularly the second one from Asimov who was one 
of the great modern writers of science fiction, is a gloomy one indeed for fans of 
time travel, but it isnot difficult to find inconsistency in Asimov's own tales dealing 
With the concept. Asimov is famous, in particular, for his stories of robots, and the 
very last such tale that he wrote combines robotics with time travel, with a robot 
sent two centuries into the future."” At the start of the story, the narrator tells us that 
time travel to the past is impossible be 


use the past is unchangeable and 
(of course) a time traveler would necessarily disturb history. (That is (of course) 
simply a failure to distinguish between the difference of changing the past and 
affecting the past, as well as a failure to see how the principle of self-consistency 
negates the issue of paradoxes.) Then, when the robot retums from the future (and 
so backward time travel is not impossible!), he reports that his arrival had been 
expected, that history had recorded that he would appear. At the end of the story we 
learn how the future knew this—it had read “Robot Visions”! So now Asimov uses 


any Harrison in his essay “With Piece of Twisted Wiee ..." SF Horizons (no. 2), 1965 
Harrison (1925-2012) was a well-known Gf litle appreciated outside the SF community) writer 
‘whose 1966 novel Make Room! Make Room! was the inspiration for the excellent if somewhat 
depressing) 1973 film Soylent Green (a movie about future overpopulation ofthe Earth that will 
‘make you think wice about ever eating & cookie again, 


"From an essay Istae Asimov wrote on the time travel movie Pegay Se Got Married for the 
[New York Times, Octaber 5, 1986. 
“WL, Asimov, “Robot Visions,” Isaac Asimov's Science Fiction Magazine, April 1991. 
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the principle of self-consistency, with the narrator realizing that he must preserve 
his story so the future can read it. 

Not a very consistent story! Asimov, was, of course, writing a story for enter- 
tainment’s sake, so perhaps it’s unreasonable to hold him scientifically accountable 
(although logic wouldn’t seem to be too much to ask for), 

In any case, was Asimov right? Lots of his fellow science fiction writers 
certainly thought so, One, for example, bluntly asserted that 


‘Time travel is inconceivable." 


Other critics agreed: 


Inscience fiction we find the lunatic fringe more often than not trying to perfect time-travel 
mechanisms." 


and 
Scientifically, time travel can’t stand inspection." 
and 

‘Time travel is... scientific nonsense."* 

and 


i would be unteue .... 10 present the idea of atime machine as anything but what iis, an 
intriguing literary device, pat of the bag of tricks ofthe seience fiction writer... There is 
no such thing asa “seienee" of time travel." 


You'll notice that these pronouncements are from decades ago: Conklin (1904 
1968), Gold (1914-1996), and Oliver all wrote just 3 years after Gédel, and so 
pethaps it was simply too soon for his work to he widely known outside of the 
physies community. But physicists have learned a lot since 1952! Have they learned 
enough to make Asimov and his fellow SF skeptics (if they were stil alive) change 
their minds, or at least reconsider? I suspect not 

I say that because, even 25 years alter Conklin, Gold, and Oliver wrote, while we 
do find an awareness of Gédel starting to appear in the science fiction world, a 
feeling of skepticism was still in the air, In a fascinating analysis"® of the first half- 
century of the science fiction magazines, Paul Carter admitted that there is a 
rationality to time travel because of Gédel but, nonetheless, the conventional 
view remained that backward time travel is simply impossible. Then, citing the 
work of Tipler, Carter wrote “Only as recently as 1974 (see note 130 in Chap. 1), in 


"Kingsley Amis, New Maps of Hell, Harcourt 1960. 

"Groff Conklin, Science Fiction Adventures in Dimension, Vanguard 19 
HLL. Gold, The Galaxy Reader of Science Fiction, Crown 1952. 
Alexei Panshin, The Mirror of Infinity, Canfield 1970. 

"Chad Oliver, “The Science of Man,” a non-fiction essay included in Oliver's 1952 time machine 
novel Mists of Time. Chad Oliver (1928-1993) was a scientist by profession (anthropology), and 
his opinion casied weight among SF writers an (now-physicist) scientists 

A. Caster, The Creation of Tomorrow. Columbia University Press 1977. 
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the sober pages of the Physical Review, has a physicist been more bold ... For 
70 years in the meantime, however, without waiting for Professor Tipler to solve his 
equations ... writers had happily helped themselves to Mr. Wells’ invention and 
sent their characters through time in every direction, forward, backward, and 
sideways.” 

In the 1980s writers were apparently just as unaware of Gidel’s time travel 
analyses (and of the much later ones of Tipler) as had been the 1950s commenta- 
tors. In his marvelous 1985 book The Past Is a Foreign Country, for example 
David Lowenthal repeatedly refers to time travel as “fantasy” and to science fiction 
stories about time travel as “unbridled by common sense.” And for another example 
from the start of the 1980s, consider the case of James Gunn (born 1923), professor 
of English at the University of Kansas, past president of both the Science Fiction 
Writers of America and the Science Fiction Research Association, author of The 
Immortals (inspiration for the 1970-1971 TV series of the same name), and eminent 
scholar (see his 1975 book Alternate Worlds). His literary credentials are impec- 
cable and his critical influence profound. And yet, 30 years after Gidel and 5 years 
after Tipler, Professor Gunn wrote in The Road to Science Fiction, “Time travel has 
been an anomaly in science fiction. Clearly fantastic—there is no evidence that 
anyone has ever traveled in time and no theoretical basis for believing that anyone 
ever will [my emphasis}.” If you've read this book carefully, however, of the 
analyses by Gott, Krasnikov, Thome, Alcubierre, Novikov, Natério, and others, 
‘you know that what Gunn claims in those last words is actually not necessarily so, 

‘The British-born American theoretical physicist Freeman Dyson of the Institute 
for Advanced Study has commented" on that sort of narrow mindset, with words 
quoted from the 1979 physics Nobel prize winner Steven Weinberg, words 
reminding us that rigidity concerning time travel is not limited to science fiction 
‘writers: “This is often the way it is in physics—our mistake is not that we take our 
theories too seriously, but that we do not take them seriously enough. It is always 
hard to realize that these numbers and equations we play with at our desks have 
something to do with the real world. Even worse, there often seems to be a general 
agreement that certain phenomena are just not fit subjects for respectable theoretical 
and experimental effort.” The words time travel and time machine are never 
mentioned, but could they have been far from either Weinberg’s or Dyson's 
thoughts? 

All through this book we have seen how people have argued against time travel 
to the past (Tipler’s cylinder is unphysically long, Gédel’s universe requires. an 
unphysical rotation, wormboles and warps require unphysical energy conditions, 
‘what about all those paradoxes ... and on and on). These arguments remind me of 


{Given that The Time Mackine was published in 1895, itis not clear how Carter arsived atthe 
value of 70 until Tipler’s work (he should have written 79) and of course it was only 54 years 
‘between Wels’ time travel fetion and Gade's time travel mathematical physics. 

FJ, Dyson, “Time Without End: Physies and Biology in an Open Universe,” Reviews of Modern 
Physics, July 1979, pp. 447-460, 
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the debate in the 1930s between the illustrious British astrophysicist Sir Arthur 
Eddington and the young Indian astrophysicist Subrahmanyar Chandrasekhar 
(1910-1995), winner of the 1983 Nobel prize in physics. In his analyses of the 
life history of stars, Chandrasekhar had arrived at an astonishing conclusion, one 
that Eddington simply could not accept. As Eddington sarcastically explained in an 
address at Harvard University in the summer of 1936, “Above a certain critical 
‘mass (two or three times that of the sun), the star could never cool down, but must 
go on radiating and contracting until heaven knows what becomes of it. That did not 
‘worry Chandrasekhar, he seemed to like the stars to behave that way, and believes 
that is what really happens.” Eddington then went on to declare such “unbeliev- 
able’ behavior to be nothing less than “stellar bulfoonery.” 

As far as Eddington was concerned, Chandrasekhar had simply made an error in 
combining relativity theory with non-relativistic quantum theory. Indeed, so 
appalled was Eddington at the thought of a star contracting “until heaven knows 
‘what becomes of it” (that is, until it gravitationally collapses into a black hole) that 
he had earlier, in 1935, stated “There should be a law of nature to prevent a star 
from behaving in this absurd way!” Today, of course, no astrophysicist feels the 
need for a ‘star protection conjecture’—which perhaps reminds you of another, 
‘more recent “protection conjecture.” 

‘What can one conclude from all the similar controversy concerning time travel, 
time machines, and spacetime warps? Not much, I think, except that these are open 
issues and will remain the subjects of on-going study for a long time yet to come. 
‘The one thing I am fairly certain of is that if time travel is ever achieved, it will be 
bby means that we cannot today even begin to guess. It will almost certainly require 
at least 4 mutant child genius with an 1Q of 270 to fix the slightly broken time 
‘machine found abandoned in a cellar!=" But that view isn’t uniformly shared across 
all of science fiction. I very much doubt, for example, that things will be quite so 
elementary as depicted in the story"! where the time machine was so simple that “If 
it were taken apart or put together before you, your wife, or the man across the 
street, you would wonder why you didn’t think of it yourselves.” Not only that, but 
its power source was just two dry cell batteries! 

‘The time machine in an earlier story is almost as simple, requiring (besides a 
of strange crystal) only a “little stack of dry cells, a Ford [automotive ignition] 
a small brass switch, a radio “B’ battery, an electron tube, and a rheostat.""? 
Even Wells’ Time Machine couldn't resist making it all look easy: as one critic put 
it, “The time machine, like all products of supreme inventive genius, was a 


"See 8, Chandrasekhar, Eddington: The Most Distinguished Astrophysicis of His Time, Cam- 
University Press 1983, p. 48 
‘A Guest in the House," Astounding Science Fietion, March 1946. 
'R. Abernathy, “Heritage.” Astounding Science Fiction, June 1947. 
*J, Williamson, “Inthe Scarlet Star." Amazing Stories, March 1933. 
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remarkably simple affair. A few rods, wires, some odd glass knobs—nothing 
cription of a time machine reminds 
‘me of the reaction of the great Polish science fiction writer Stanislaw Lem to the 
general treatment of time travel in the genre: “There have been mountains of 


more!" That sort of simplistic fictional de 


nonsense written about traveling in time, just as previously there were about 
astronautics—you know, how some scientist, with the backing of a wealthy busi- 
nessman, goes off in a comer and slaps together a rocket, which the two of them— 
and in the company of their lady friends, yet—then take to the far end of the Galaxy 
Chronomotion, no less than Astronautics, is a colossal enterprise, requiring tre- 
‘mendous investments, expenditures, planning ...°~* 

‘An example of what Lem was talking about is the 1956 novella Arcturus 
Landing by Gordon R. Dickson (1923-2001). There we read of aliens who have 
confined humans to the solar system—until (if) Earth scientists discover the secret 
of FTL travel. So, a genius physicist does just that (with no mention of spacetime 
as the 


engineering, but rather we encounter a lot of mumbo-jumbo gibbe 
‘explanation’), and uses it fo instantly transport himself and some friends to a 
planet orbiting Arcturus.** And when they get there the friendly aliens speak perfect 
English. 

Lem would have snorted in derision, too, at this statement made to a prospec 
graduate student by the head of a college physics department, that the college “has 
been awarded a million dollars to build [a time machine}. It means... raise for me 
and maybe a doctorate for you, so we'll build one and have some fun doing it."*" Is 
it any wonder that Lem so readily dismissed stories that reduce space (and time) 
travel to weekend adventures in a home laboratory? As Lem wrote in another essay, 


time travel and its close relation, FTL space travel, have reduced much of science 
fiction to “a bastard of myths gone to the dogs.” Because of precisely that, Harry 
Harrison wrote (note 1) of the early science fiction magazines that published so 
‘much nonsense, “I used to moan over the fact that pulp magazines were printed on 
pulp paper and steadily decompose back towards the primordial from which they 
sprang, | am beginning to fee! that this isa bit of a good thing.” 

I don’t know whether time travel to the past can actually be accomplished, but I 
do know that speculations once thought to be as outlandish as finding the Philos- 
opher’s Stone for turning base elements into gold, have eventually been realized 
(and, come to think of it, with modern nuclear physics we have learned how to turn 


lead into gold, if only a few atoms at a time). Television, nuclear power, home 
computers that run at multi-gigahertz clock rates in the bedrooms of high school 


SW. B, Pitkin, “Time and Pure Activity,” Journal of Philosophy, Psychology and Scienif 
Methods, August 27, 1914, pp. 521-826, 
%S, Lem, “The Twentieth Voyage of fjon Tichy,” in The Star Diaries, Seabury Press 1976, 


*A joumey incoretly given in the story as 120 light years, when in fact it is less than 40 light 
"W. West, River of Time, Avalon Books 1963. 
*S, Lem, “Cosmology and Science Fiction,” Science-Fition Studies, July 1977, pp. 107-110. 
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en faster computers that animate our movies and simulate the formation 
of black holes and galaxies, voyages to the Moon and back—all these amazing 
developments would be pure magic to nineteenth century science. The ghosts of not 
just a few Victorian scientists who had poo-pooed the possibility of such things, 
have watched their reputations eat a lot of posthumous crow during the last 
150 years. 

My personal position on the question of time travel leans towards the rejoinder 
‘made to the skeptic in one science fiction story who, even after having done some 
time traveling, still argues against it by invoking paradoxes, He is sharply rebuked 


with “Oh, for heaven's sake, shut up, will you? You remind me of the mathema- 
tician who proved that airplanes couldn't fly.” 1 subscribe to the optimistic 
philosophy of the British writer Eden Phillpotts (1862-1960), who wrote in his 
1934 novel A Shadow Passes “The Us is full of magical things, patiently 
waiting for our wits to grow sharper.” Perhaps he had a famous saying by the 
British-born Indian scientist J. B. S. Haldane (1892-1964) in mind, words from his 
1928 Possible Worlds: “Now my suspicion is that the universe is not only queerer 
than we suppose, but quecrer than we can suppose. 


Still, even if time travel is possible, the engineering phase will surely be tough 
going. I am certain that before we see a working time machine, there will be many, 
‘many episodes like the one described in a very funny, novel-length spoof of 
academic research,” All physicists and engineers who have tried to get some 
stubbom piece of apparatus to work, apparatus that should work and simply 
won't, will appreciate Professor Demetrious Demopoulos’ frustration and will, 
Tam sure, forgive him his intemperate language 


the distinguished physicist took a step back and, arms akimbo, surveyed 
the complex and sophisticated machine that was the culmination of years 
of dedicated scientific research and pains-taking technological 
development. 


“What a pile of ****,” he said. 

Mh, no, Dr, Demopoulos, don’t say that!” 

“Well, it is.” A sneer formed on the professor’s thin lips. “Time machine, 
my ****, This thing couldn’t give you the time much less travel init 

“But we haven't incorporated all our latest test data yet,” the pretty 
research assistant reminded him, “These last few adjustments might 
do it, Professor.” 

“Hell, we've been tinkering with it for 2 years,” Demopoulos complained. 


“We've tried everything and it’s all come to dog ****.” 


y His Bootstrap." Astounding Science Fiction, October 1941, As discussed atthe 
fend of Chap. 1 Gin 
‘Simon Newcomb, 


°"J, DeChancie and D. Bischoff, Dr. Dimension, ROC 1993, 


Further Discussion”) the mathematician was the American astronomer 
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‘That scene probably won't actually happen for a long time to come but, even 
before the practical nuts-and- bolts bugs in the Professor's time machine are worked 
out, I think some adjustments are called for in our thinking about time travel, I 
believe that present-day philosophers and science fiction writers are going to have 
to become knowledgeable about the work by physicists on time travel. It simply 
‘won't do any longer for Philosophy Professor X to invoke the grandfather paradox 
during a discussion of causality and free will and then airily declare them to be 
‘obviously’ incompatible with time travel to the past. And it simply won't do any 
longer for Famous SF Writer Y to send his hero into the past to kill Hitler as a baby 
and thereby change recorded history. One might as well keep watching a video 
recording of the 9/11 destruction of the World Trade Center, in the vain hope that 
maybe, on the next viewing, the planes will miss 

‘The principle of self-consistency around closed timelike curves is going to have 
to become as much a part of the science fiction writer’s craft (or else she will be a 
\writer of fantasy) as it will have to become part of the fundamental philosophical 
axioms.*" The ‘time police,” like the “operatives of the Bureau of Time Exploration 
and Manipulation” that appeared in the science fiction of Andre Norton (1912 
2005), will have to be put out to pasture with the unicoms and telepathic dragons of 
fantasy fiction, Just as the recent physics literature on time machines has displayed a 
growing awareness of what science fiction writers and philosophers have had to say 
(on the subject of time travel, so too are writers and philosophers going to have to 
earn some more physics. Most people can enjoy a good fantasy tale now and then, 
but the use of ‘magic mirrors’ to see through time is not physics. Such devices were 
popular and acceptable in medieval times—see “The Squire’s Tale” in Chaucer's 
The Canterbury Tales, and later (see Act IV of Macheth)—but good science fiction 
needs much more than that today 

‘Time travel to the past is a beautiful, romantic idea, and some words written by 
two physicists in a technical paper—words embedded in the midst of swirls of 
tensor equations—show that even hard-nosed physicists can sha 
truth, itis difficult to resist the appealing idea of traveling into one's own past 
‘The appeal of that dream is explained in Ray Bradbury's Foreword to a beautiful 
little 1989 book by Charles Champlin (Back There Where the Past Was). In it 
Bradbury clearly illuminated why we want to go back into the past. It is for the same 
reason that we go, time and again, to see Hamlet, Othello, and Richard IM: “We 
don’t give a hoot in hell who poisoned the King of Denmark’s semicircular canal. 


*Bud Foote (1930-2005), late professor of English at Georgia Tech, wrote (in his book The 
Connecticut Yankee inthe Twentieth Century: Travel tothe Past in Seience Fiction, Greenwood 
ress 1991) that consistency is simply a well-used plot device: “The attempt ofthe time traveler 10 
‘prevent something or take advantage oft [and so causing] the event in question is so popular and 
0 ubiquitous tha it seems to be about worn out.” Worn out or not, I believe that plot device to be 
“A.J. Accioly and G. E, A. Matsas, “Are There Causal Vacuum Solutions with the Symmetries of 
the Gidel Universe in Higher-Derivative Gravity?” Physical Review D, August 15, 1988, 
pp. 1083-1086. 
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We already know where Désdemona lies smothered in bedclothes and that Richard 
goes headless at his finale. We attend them to toss pebbles in ponds, not to see the 
stones strike, but the ripples spread.” 

That 's why a visit to the past is so mysteriously and marvelously fascinating, It 
‘would let us watch ripples spread through time. Our own visit to the past, in fact, 
might even be the pebble in the pond of history that starts an interesting ripple or 
two that will one day sweep over—us! (Take a look at Appendices A and B) Who 
‘would want to miss that? Indeed, if modem philosophers are right, if the analyses 
discussed earlier in this book are correct, you can't (didn't/won't) miss it 

I think time travel appeals, irresistibly, to the romantic in the soul of anyone who 
is human. A time traveler does not exist either here or then, but rather everywhen. 
For a time traveler passing back and forth through the ages, history would be the 
ultimate puzzle, a chronicle described in one novel as beginning “not in one pla 
but everywhere at once ... It might be begun at any point along the infinite, 
infinitely broken coastline of time.”** Romanticism doesn’t preclude there also 
being a dark side to visiting the past, of course, as one time traveler from 1989 
leams when he takes up residence in 1962. Falling asleep on a hot summer night in 
that long-ago year, he thinks “JFK slept. Oswald slept. Martin Luther King slept 
[I steep and dream] of Chemobyl ... fam a cold wind from the land of your 
children.” 

But, I must admit, I personally am more attracted by happier descriptions of time 
travel. In his marvelous 1996 book 1939: The Lost World of the Fair—which is 
proof that there are not enough Pulitzers to go to all the books that deserve one— 
Yale professor David Gelernter caught just the right spirit in his Prologue: “The 
best of all reasons to return to the fair is that travel is broadening, and time travel 
most of all ... The 1939 New York World’s Fair is one amazing show. It still 
stands, undisturbed on Flushing Meadow, just over the edge of tim 
unforgivable shame to miss it.” Trust me—if you read Gelernter’s book, you'll 
come as close as you can in today’s world to taking a ride in a ‘time machine’! 

‘The eminent philosopher Sir Karl Popper opens his biography with a wonderful 
story about his apprenticeship as a young man in 1920s Vienna to a master 
cabinetmaker.** After winning the old man’s confidence, the student learned his 
‘mentor’s great, secret desire: For years the master had been looking for the solution 
to perpetual motion. He knew what physicists thought of such machines, but 
nonetheless he had never given up his dream: “They say you can’t make it; but 


it would be an 


‘How else to explain the pleasure, for modern children and adults too, in watching rebroadcast of 
the 1960s animated TV cartoon program “starring” Mr. Peabody. a nice but slightly stufly 
professorial white beagle. (Don't all dogs wear glasses and a bow tie?) Mr. Peabody, with his 

iny adapted son Sherman, zoutinely travels into the past in the “Way-Bac" machine to see what 
really happened in history 
“John Crowley, Great Work of Time, Bantam 1991 
MR. C. Wilson, A Bridge of Years, Doubleday 1991 
“See volume 1 of The Philosophy of Karl Popper (P_ A. Schilpp, editor), The Library of Living 
Philosophers, Open Court 1974, p. 3 


Epilogue 365 


once it’s been made they'll talk differently.” Popper's master sounds just a bit like 
the American writer Gertrude Stein (1874-1946) in her 1938 essay “Picasso, 
‘where she writes “It is strange about everything, it is strange about pictures, 
picture may seem extraordinarily strange to you and after some time not only it does 
not seem strange but itis impossible to find what there was in it that was strange.” 
“Might we one day say the same thing about time travel? 

An alternative point of view can be found in a discussion of time travel via 
cosmic strings that makes this assessment: “While there is still hope that one day a 
sufliciently clever design may make building a time machine possible, it is begin- 
ning to seem more and more improbable. Like the perpetual motion machines of the 
nineteenth century, the designs have an elegant simplicity (as well as enormous 
commercial potential), but it seems that Nature also may abhor them just as 
much.”** Of course, at one time it was thought that Nature abhorred a vacuum, 
but then we learned that she must actually love a vacuum because else why did she 
make so much of it?! 

‘The theoretical basis for time travel is very different from that of per 
‘motion (there is more reason to accept time travel as a plausible possibility). And so 
maybe one day, just maybe, the first time traveler will receive a toast such as the one 
in astory telling us about the arrival of the inventor of the first time machine and his 
no longer skeptical friend in the Civil War past 


tual 


“To you, Mac,” I said. 
‘McHugh loosened his ti 
with such marvelous possibilities.” 


‘To the Creator,” he said, “who has given us a Universe 


“B. Allen and J. Simon, “Time Travel on a Sting,” Nature, May 7, 1992, pp. 19-21 


"J, MeDevit, “Time's Arrow.” Isaac Asimov's Science Fiction Magazine, Novernber 1991 
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Action the integral over a world line of a quantity called the Lagrangian. When a 
massive particle is moving at non-relativistic speed through a gravitational field, 
for example, the instantaneous value of the Lagrangian is the difference between 
the kinetic and potential energies of the particle, For other types of fields (such as 
the electromagnetic) and/or relativistic motion in any type of field, the Lagrang- 
ian is different. In any case, however, the actual world line of the particle is the 
one for which the integrated Lagrangian, that is, the action, is minimized. See 
least action. 

Action at a distance the direct interaction of two separated objects, without 
concern for the details of what (if anything) occurs in the region between the 
objects (see also field). Newton’s theory of gravity is action at a distance, 
whereas Einstein’s theory of gravity is a field theory. 

Advanced solution the prediction, by Maxwell's electromagnetic fi 
of radio waves that travel into the past (see also Dirae radio). 
Anti-matter quantum mechanical prediction (experimentally verified) that all 
fundamental particles of matter come in two forms (the “normal” version and 
the ‘anti-matter’ version). The positron, for example, is the anti-matter version 
of the electron, differing only in the sign of its electric charge. The photon, on the 
other hand, is its own anti-particle. A subluminal anti-particle traveling forward 

in time can be thought of as its ‘normal’ version traveling backward in time. 

Arbitrarily advanced civilization for time travel discussions, a civilization with 
technology sophisticated enough to construct a traversable wormhole in 
spacetime. More generally, Types 1, Il, and IIL of such civilizations are, respec- 
tively, those that can control 10'* W, 107 W (the total power output of their 
home star), and 10°* W (the total power output of their home galaxy). 


Id equations, 


hate definitions.” (Usually attributed to writer and British Prime Minister Benjamin 
Disraeli (1804-1881) but, more precisely, they ate the words of one of the characters 
in his 1826 novel Vivian Grey.) 

but they ean be useful 
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Arrow of time the statement the time appears to have a direction, that there is a 
difference between the past and the future. There are se 
the psychological (we remember the past, we anticipate the future) the thermo- 
dynamic (organized systems evolve toward disorganization, that is, entropy 


eral different arrows: 


the electromagnetic (radio waves propagate away 

from their generators), and the cosmological (the expansion of the univer 

directed toward the future), 

mptotically flat if the geometry of a curved spacetime is such th: 
moves ever further away from all matter and energy, the spacetime metric 
becomes that of flat Minkowski spacetime, then the curved spacetime is said 
to be asymptotically flat. AS a counter-example, the spacetime of a Tipler 
cylinder time machine is not asymptotically flat. 

Autoinfanticide paradox see grandfather paradox. 

Averaged null energy condition the claim that the averaged value of the 
observed mass 
non-negative 

Averaged weak energy condition the claim that the averaged value of the 
observed mass-energy density along the entirety of any timelike world line is 
non-negative 

Back reaction the tendency of spacetime to resist the formation of elosed timelike 
lines (see also stress-energy divergence). 

Bell’s theorem an inequality that either holds or does not hold, depending on 
whether quantum mechanics is non-local or local, respectively 

Big Bang the singular beginning of spacetime. 

Big Crunch the singular end of spacetime. 

Bilking paradox what would happen if a causal loop were disrupted. For exam- 
ple, suppose a time traveler builds a time machine using plans he received years 
‘earlier from a mysterious stranger. He now realizes that the stranger was himself, 
using the time machine to travel back into the past to give his younger self the 
plans. A bilking paradox would be created if the time traveler builds the time 
machine, verifies that it works, and then decides not to visit his younger self to 
hand over the plans. See also bootstrap paradox. 

Black hole a region of spacetime where gravity is so strong that nothing can 
‘escape, including light. Black holes are thought to be created when sufficiently 
massive stars burn out (see white dwarf and neutron star) and undergo 
gravitational collapse. black hole of ten solar masses would have a radius 
of about twenty miles. Black holes might have been created at the Big Bang 
singularity and, if so, could theoretically come in any mass and size (a black hole 
with the mass of the Earth would have a diameter of less than half an inch). 

Block universe a spacetime in which all world lines are completely determined 
from beginning to end (a fatalistic universe). There is no free will in such a 
spacetime. 

Boost matrix matrix formulation of the Lorentz transformation. 


snergy density along the entirety of any null geodesic is 
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Bootstrap paradox the puzzle of the origin of information on a closed loop in 
time. The classic example is that of a time traveler from the future giving his 

f the plans for the time machine the time traveler has just used to visit 
the past so that he can then build the time machine to visit the past. The time 
machine plans appear not to have been created by anyone! The plans just are. 
See also bilking paradox. 

Cauchy horizon a spacelike hypersurface in spa 


ime that intersects, exactly 


once, every timelike world line that has no end point. Knowledge of the 
conditions on such a surface uniquely determines the spacetime at all other 
points. 


Causal loop a time loop containing an event caused by a later event that, itself, is 
caused by the earlier event (see the example in bilking paradox). 

Causality. the metaphysical claim that every event is caused by a prior event. Time 
travel to the past inherently violates causality 

Chronal regions those parts of spacetime that have no closed timelike curves. 

Chronology horizon a (hyper)surface in spacetime that separates chronal and 
rnon-chronal regions. It is a special case of a Cauchy horizon. 

Chronology protection the claim, as yet unproved, that time machines and time 
travel to the past are impossible because of the hack reaetion of spacetime will 
lead to stress-energy divergence. Popularized among physicists as the Hawking 
chronology protection conjecture (1992), Hawking has since admitted that 
stress-energy divergence is of sufficient to enforce his conjecture. 

Chrono. science fiction name for Planck time. 

Closed timelike line (or curve) a timelike world line of fini 
ends, i.e, that forms a closed loop in spacetime. A region of spacetime 
containing closed timelike lines is said to be a time machine. 

Conservation law physical quantities in interacting systems that remain 
unchanged are said to be conserved. Total energy, total momentum (linear and 
angular), and electric charge are conserved quantitie 

Cosmic string hypothetical, threadlike spacetime structures with enormous mass- 
‘energy and density that may have formed during the Big Bang. Cosmic strings 
may have been initially formed either as infinitely long, or as closed loops, and it 
is the former that are thought to be physically meaningful in the present-day 
universe. Cosmic strings do not violate the weak energy condition (as do 
wormholes), and they can theoretically create closed timelike lines. 

Cosmological constant an extra term specifically added by Einstein to the general 
theory of relativity to keep that theory from predicting the expansion of the 
universe (which was later observationally found to actually be the case). Einstein 
subsequently said that his failure to believe the general theory’s original predic- 
tion of the expansion of the universe was the greatest mistake of his life. The 
constant (which today is believed to be almost zero, if not exactly zero) appears 
in Gidel’s rotating time travel spacetime as a determining factor in the minimum 
radius of a closed timelike line. 


length that has no 
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Determinism the metaphysical belief that effects are uniquely determined by 

es (this is not fatalism). 

Dirac radio. science fiction gadget for sending information at infinite speed, which 
thus travels backward in time (see also ultraluminal). 

Dominant energy condition the weak energy condition plus the claim that the 
observed energy flux is never superluminal. 

Electron fundamental particle of mass that possesses one quantum of negative 
electric charge. Bound electrons orbit the nuclei of atoms and plays a central role 
in determining the chemical properties of the elements and of their compounds. 


Free electrons carry electric current, either in conductors (wires) or through 
space. 

Elsewhen the collection of spactime events that cannot be reached from the here- 
now with a timelike world line. 

Entropy a measure of the randomness of a system that plays a central role in the 
thermodynamic arrow of time. 

Ether a substance once thought to fill all space to allow radiation “something to 
propagate through’ (as opposed to simply a vacuum). The special theory of 
relativity showed that the ether is an unnecessary concept because it has no 
observable effects (physicists argue that if something is impossible to detect, 
then it is meaningless to talk about it being part of science). 

Event a point in spacetime. 

Event horizon the spacetime surface of a black hole or of a non-traversable 
wormhole, at which light can just escape to the outside universe. It is called a 
horizon because, by definition, an external observer can’t see beyond it and into 
the interior of the hole. To see the inside of a hole you must enter the hole by 


crossing the horizon (but then you can’t get out). 

Exotic matter matter that violates one or both of the weak/strong energy condi- 
tions, Exotic matter appears in the theories of wormholes and warp drives. 

Fatalism the metaphysical belief that all events have been predetermined from the 
beginning of time, 

Field the concept that if a physical law is local, then itis describable by differential 
‘equations that relate what is ‘happening’ at every point in spacetime to what is, 


happening’ at its closely located neighboring points. Electromagnetism and 
general relativity are field theories, for example, described by sets of partial 


differential equations called Maxwell's equations and Einstein's gravitational 
field equations, respectively 

Fourth dimension either time or a fourth spat 

Frame of reference a spacetime coordina 

Free will the condition that prevails when we 
is no free will in a block universe. 

Future the collection of spacetime events that can be reached from the here-now 
via a timelike world line directed toward a later time (for each individual, the 
future is what hasn’t yet been experienced). 


yystem, 
in choose to do what we do. There 
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Gamma ray very high-energy, very high-frequency electromagnetic radiation. 
Gamma rays have frequencies on the order of ten trillion (10"°) times greater 
than those of AM radio broadcast radio waves. 

General theory of relativity Einstein’s theory of curved spacetime, which 
explains gravity in terms of nothing but geometry. Its fundamental premise is 
that all the laws of physics should appear the same to all observers in any frame 
of reference. It is believed the theory will fail when the local mass-energy 
density reaches a level of about 10” g/cm’, a density so enormous (the density of 
water is just 1 g/em’) that there is no known mechanism for achieving it 
anywhere in the universe except in another Big Bang. See also Planck density 

Geodesic the shortest path connecting two points in space (if the space is 
spacetime, the world line of a particle in free-fall. 

Global in the large. 

Gédel universe a spacetime that, unlike the one we live in, is rotating so fast that it 
automatically generates closed timelike lines and thus consttut 
machine. In such a univer 
phenomenon. 

Grandfather paradox te classic time travel paradox, of a time-traveler killing, 
while in the past and hefore the time traveler has been conceived, an ancestor 
directly linked to the future birth of the time traveler. A more direct form of this 
sort of paradox is simply the time traveler killing his own younger self (called 
the autoinfanticide paradox). 

Gravitational field equations a set of coupled, partial differential, non-linear 
tensor equations, considered to be the most complicated equations in all of 
mathematical phys 
on the local mass-energy of spacetime. The equations are independent of the 
topology of spacetime, 

Gravitational lensing. the ability of gravitat 

Graviton the quantum particle of gravity 

Hawking radiation the emission of particles (energy) by a black hole into the 
region outside its event horizon, which results in the eventual evaporation of the 
hole. This is a quantum mechanical effect. 

Here-now the point or event (for each observer) in spacetime that separates the 
past, the future, and elsewhen. 

Hyperspace any space of four or more dimensions (for example, four-dimensional 
spacetime is a hyperspace), 

Inertial frame any frame of reference in which Newton’s laws of mechanics are 
true (there are no acceleration forces in inertial frames, and so rotating or 
“merry-go-round? frames are not inertial), 

Invariance a quantity that remains the same in any frame of refer 
invariant. Two examples are the distance between any two points on a piece of 
paper (because it is independent of any particular coordinate system), and the 
speed of light. 


's a weak time 


, time travel to the past would be a natural 


s. They show how the local curvature of spacetime depends 


mal fields to bend and focus light. 
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Kerr-Newman black hole a rotating black hole, which may (or may not) be 
electrically charged. 

Krasnikoy tube a particular spacetime metrie (or warp) allowing superluminal 
travel, with the great difficulty of requiring enormous negative energy. Two 
Krasnikov tubes can be made into a time machine. Named after its Russian 


inventor. 

Least action general principle in physics that asserts the world line of a particle is 
the one that minimizes the action, 

Light cone the lightlike surface in spacetime that, at each point in spacetime, 
separates the past from the future from else-when from the here-now. 

Lightlike the world line of a photon (or of any other form of mass-energy traveling 
‘at the speed of light). 

Li mirror a perfectly reflecting, spherical surface that can be used to stabilize a 
‘wormhole against energy loops circulating through a wormhole time machine 
(thus creating unbounded energy levels that destroy the time machine). Named 
after its Chinese inventor. 

Local in the small 

Lorentz factor the ubiquitous square-root expression that appears in so many 
relativistic calculations, such as time dilation, length contraction, and the vari- 
ation of mass with speed. For example, the mass m of a moving body is not 
independent of it speed v but rather varies as m = —"—, where mo is the rest 

yeu 
mass (that is, the mass when v= 0) and c denotes the speed of light (186.210 
miles per second). The denominator is the Lorentz factor. 

Lorentz-FitzGerald contraction the conclusion from special relativity that the 
appearance (to a stationary observer) of a moving object will be shortened in 
length along the direction of motion. Many years after Einstein's work, it was 
shown that the object will also appear to be rotated. 

Lorentz transformation equations from the special theory of relativity that 
describe how the space and time measurements of two relatively moving 
observers are related, 

Many-worlds interpretation quantum mechani 

Mass-energy the famous £ = mc, the equation bel 
fusion weapons. 

Metric the measure of the separation between any two events in a spacetime. 

Minkowski spacetime the flat spacetime of the special theory of relativity. In this 
spacetime there is no gravity, no spacetime curvature (hence it is flat) and no 
backward time travel. 

Neutron star the end state of a s 
collapsed to a density of up to 10"? giem?, 

Non-Euclidean geometry the geometry of spacetime, whether curved or flat 
Spacetime is non-intuitive precisely because it is always hard to resist thinking 
in terms of high school Euclidean geometry, which is simply the wrong 
geometry 


view of splitting universes. 
nd atomic fission and nuclear 


ar with one to three solar masses that has 
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Null geodesic the world line of a photon in spacetime 

Observer physicist’s term for ‘somebody’ equipped with recording instruments 
(such as a clock, a pencil and notepad, and the like) 

Parallel transport a procedure for moving a vector around any closed curve in a 
space to determine whether that space is flat or curved, 

Parallel worlds simultaneous existence of multiple (perhaps) infinite versions of 
reality 

Past the collection of spacetime events that can reach the here-now via timelike 
‘world lines directed from an earlier time (for each individual, the past is what has 
already been experienced) 

Photon the quantum particle of electromagnetism, A photon of frequency f has 
‘energy ff, where is Planek’s constant 

Planck density the density of mass-energy that distinguishes classical from quan- 
tum spacetimes; about 10” g/cm’, equal to the Planek mass divided by the cube 
of the Planck length. 

Planck length the non-zero length in quantum theory (about 1.6 x 10~** em) 
below which quantum gravity effects will become important. 

Planck mass_the fundamental mass in quantum theory (about 22 « 10~® g), but not 
the smallest non-zero mass in quantum theory. 

Planck’s constant fundamental constant in quantum theory, 
discrete nature of quantum effects. (If had the value of zero, rather than its 
actual value of about 6.6 x 10-** joule-seconds, then the microworld would 
appear to be continuous.) 

Planck time the time interval in quantum theory (about 5.3 x 10~* s) below 
which quantum gravity effects become important, The time required to travel 
the Planek length at the speed of light. 

Positron the electron’s anti-particle (see anti-matter) 

Proper time the timekeeping of an observer's clock. 

Pulps the old science fiction magazines, through the 1940s and into the early 
1950s or so, published on inexpensive, wood-pulp paper. 

Quantum foam sce topology. 

Quantum gravity. the yet-to-be-discovered theory that unifies quantum field the- 
ory with the curved spacetime of general relativity 

Quantum mechanies the exact physics of the very small (atoms and things 
smaller) 

Quantum theory any theory in which physical quantities are not continuous but 
rather assume their values in discrete jumps (the size of the jump is the 
quantun), 

Recurrence paradox the claim that if you wait long enough, then every system 
will return to every previous state infinitely often. 

Red dwarf small (less than about half a solar mass) star with a very long life 
(hundreds of times that of the Sun). They are ‘cool’ stars, with a surface 
temperature less than 4000 °C, and are thought to be the most common type of 
star in the universe 


‘sociated with the 
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Red shift the down shift in frequency of light received from all distant stars due to 
the Doppler effect induced by the expansion of the universe. The opposite effect 
is called a blue shift. 

Reinterpretation principle ergy traveling forward in 
time is positive mass-energy traveling backward in time, and vice-versa 

Reissner-Nordstrim black hole a spherically symmetric, non-rotating electri- 
cally charged black hole. 

Reversibility paradox based on the fact that the equations of physics contain no 
arrow of time; that is, they work equally well with time running forward or 
backward. 

Roman ring a time machine made of two or more traversable_ wormholes 
connected in a closed sequence. 

Schwarzschild black hole a spherically symmetric, non-rotating, uncharged 
black hole. 

Self-consisteney the 
be in contradiction; generally attributed to the Russian physicist Igor Novikov, 
who with his colleagues showed that it is not an independent assumption but 
rather an implication of the principle of least action, 

Sexual paradox a special type of causal loop, where the connected events on a 
time loop are ‘coupled’ (pun intended!) through reproductive sex. An example is 
atime traveler to the past who becomes her own ancestor. 

Singularity either a region in spacetime where the curvature becomes infinite and 
the laws of physics fail, or a point in spacetime beyond which world lines cannot 
be extended. Singularities of the first kind are called curvature or crushing 
singularities, and those of the second kind are called incomplete singularities. 
‘The Big Bang was a curvature singularity, as is the center of a black hole. In a 
Schwarzchild black hole the curvature singularity is a point, whereas in a Kerr- 
Newman black hole it is an extended region in the form of a ring, 

Spacelike a world line on which propagating mass-energy would exceed the speed 
of light. 

Spacetime the “stuff” out of which reality is built. Everything there is—the 
universe—is the total collection of events in spacetime. A flat spacetime has 
no gravity, whereas a curved spacetime is the origin of gravity. 

Special theory of relativity Einstein’s theory of flat spacetime, which assume: 
that gravity is absent (gravity is the result of the geometry of curved spacetime). 
Its fundamental premise is that the laws of physics should appear the same to 
observers in different inertial frames. 

Splitting universes the idea that every decision causes reality to split into separate 
copies, identical in every respect except for each of the different possible results 
of the decision, 

Stargate science fiction name for the mouth of a traversable wormhole. 

Stress-energy divergence the unbounded growth of the general theory of 
relativity’s measure of the density of mass-energy in spacetime. 


ertion that the events on a closed timelike line must never 
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Strong energy condition the claim that gravity is always (that is, locally) attrac- 
tive. A traversable wormhole violates this condition. 

Subluminal slower than light. 

Superluminal faster than light 

‘Tachyon a particle (hypothetical, so far) that always travels faster than light, so its 
world line is always spacelike 

‘Temporally orientable spacetime any spacetime in which the direction of 

every point agrees with the direct local neighboring points. 

‘ensor mathematical generalization of the scalar and vector concepts. Einstein’s 

gravitational field equations are tensor-differential equations (for example, the 
metric tensor contains information about the curvature of spacetime), whereas 
Newton’s and Maxwell's equations are vastly less complex vector-differential 
‘equations. 

‘Tidal force force experienced by a non-point mass (one with spatial extension) in 
non-uniform gravitational field. Such forces tend simultaneously to compress 
and stretch spatially extended masses. Black holes and wormhole mouths can 
generate enormous tidal forces on extended masses as small as a human body. 
Interestingly, the more massive a black hole, the less severe its tidal forces are at 
distances outside the event horizon. However, no matter what the black hole 

are infinite at the central curvature singularity. 

‘Time dilation the altering of the rate of timekeeping by a clock, either by motion 

or by gravity 

‘ime machine (in the weak sense) a machine able to traverse closed timelike 

world lines inherent in a spacetime (e.g., a rocket in Gédel spacetime) but 
tunable to create such world lines; (in the strong sense) a machine able to 
manipulate mass-energy in a finite or compact region of spacetime in such a 
way as to create closed timelike world lines. 

‘Time police story characters in science fiction charged with the (unnecessary!) job 
of preventing time travelers from changing the past. 

‘Time warp science fiction name for a time machine. 

‘Tipler cylinder an infinitely long cylinder, made of super-dense matter, rotating 
so fast around its long axis that it warps spacetime enough to create closed 
timelike lines that encircle the cylinder. It can be used as a strong sense time 
machine to travel both into the future and into the past (but not to a time before 
the creation of the cylinder). 

Topology the structure of a space (including spacetime) without regard to a 
metric. That is, topology is concerned only with how a space is connected 
together and not with how far apart points in the space are. Topologists consider 
stretching or compressing a space to be irrelevant, just as long as one doesn’t 
tear it and so put holes in the space. The simplest topology is that of a simply 
connected space, in which if you construct any closed surface that lies totally in 
the space around any point in the space, then every other point inside the surface 
is also in the space. A space with a hole in it fails this test, and so is said to be 
‘multiply connected. A quantum foam spacetime has a multiply connected 
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Repeating Cycles of Time. 15 


Beings From the Future. 


Beings From Collapsed Timelines. 


Beings Who Would Never Have Existed in the First Place. 


Introduction 


The following is first-hand testimony from an operative of the secret underground 
military projects who also has familiarity with the breakaway civilization above and below 
(within) Earth. These civilizations utilize advanced technology to extend the length of 
their lives and enhance cognition beyond what is conceived of in today's society. 


| was brought to the underground bases as a child as part of an experimentation 
program to test the population for various blood-groups and personality traits that would 
be of use to certain factions of the military in ways that would serve to preserve and 
strengthen humanity's outlook in the future. 


These tests involved everything from combat training to sensory deprivation based 
emotional-mental endurance, and introduction to the highly advanced application of 
esoteric knowledge. 


To clarify, | am bringing this information to you as part of my assistance in the overall 
unveiling of the hidden knowledge of the ages of humanity related to these secret 
projects as well as the true galactic history of Earth, humanity and man-kind. These 
projects are officially (unofficially) known as “unacknowledged special access programs" 
The unacknowledged aspect means that there is no formal acknowledgement of these 
programs without a need-to-know basis. There is no paper-trail, no disclaimer, no formal 
authorization or internal publication outside the programs themselves. The classification 
of these programs also generate a rather strenuous situation regarding funding and 
secrecy but this is done for the benefit of humanity. There are secrets and manipulations 
that can be seen as a threat but this is all tied together and so by releasing the secrets 
that are part of the defense we would be inadvertently exposing the public to the threats 
themselves. Now is the time where we are reaching a point where the public is ready 
enough to handle the basics of this information regarding the secret projects and the 
galactic history of Earth and humanity. This is also out of a necessity to preserve 
civilization for if we wait any longer we may not find the same opportunity again. 


Getting This Out Of The Way 


| am writing to you from the perspective that | am not certain just how far from 
completing my mission | am. | write to you today in order to bring to you many personal 
experiences from the viewpoint of an operative of a select ultra-military secret society. 


The utilization of such an operative is not glorified, pleasant, or entirely righteous. This 
story entails sanctioned and guided acts of extermination, ritual abuse, the use of yet to. 
be announced advanced technology. There is unfathomable corruption, the thirst for 
power and spiritual knowledge that has been protected throughout the course of the 
multiple civilizations that have preceded this one and will continue to be maintained into 
the future of this civilization. 


Psychic Operation 


| was utilized in psychic-operation amongst other areas. 


This was used during certain aspects of training and conditioning to enhance training 
and conditioning in the bases using advanced technology. Some of this includes what 
would be viewed as traumatization by those without the training and conditioning. There 
is a fine line between training and conditioning and abuse. Part of this disclosure is re- 
lated to how this line may have been crossed in certain situations and regarding mass- 
mind control upon the population. There are other aspects of travel, viewing, reconnais- 
sance and research that will likely be explained in another release. 


In order to heal | have to tell the world. You can help. This is happening right now in 
the underground bases and around. It’s not a joke. Your family is at risk. Your future gen- 
erations are at stake. There is conditioning to encourage those involved to believe they 
are performing a duty for humanity. Sometimes they turned us against each other, but 
those grudges were never truly of the heart, but the mind. 


A Light for the Others 


What I hope to achieve with this is a smoke signal for those who have also been 
involved and question whether their purpose has been fulfilled or falsified for the 
protection of a corrupt system that intends to neither benefit the whole nor repay the 
individuals involved for their time, energy, and lives. 


Multiple explanations can be summoned to describe the reasons behind the necessity 
for the training we have endured, the missions we have completed, and the control 
mechanisms we have both assisted in establishing as well as suffered from the backlash 
of. Ultimately, it is of my belief that all that was done was done for the good of humanity, 
even when we were not sure of the intentions of those in front of us, to the side of us, or 
behind us compelling us forward with the command to complete each objective. 


This is not so much a panic or cry for help as this is simultaneously a call to awaken 
and a signal that humanity may have avoided complete disaster but is not out of the 
woods yet. 


Natural Security 


My experience is far too vast and | have seen too many succumb to stress from the 
realization of the truth of this reality to consider my own suffering to be enough cause for 
my denial of the necessity of these programs. Humanity has been protected and at a 
great cost to those who have been on the front lines, both in mind and body and spirit. 


There are many who will have concerns, doubts, as well as reservations about what | 
am about to reveal and if | offend anyone then know that my intentions here are to assist 
in unveiling the truth. The truth can be harsh when one has been held back from the true 
nature of existence for so long. The way of life can become so fragile and artificially 
constructed on impulse and mystery that the harshness of the truth acts as a great 
catalyst for spiritual growth which allows us to elevate ourselves to a new perspective. 
Prepare yourself for such harshness, prepare yourself for growth and elevation, and 
prepare yourself for the mystery to simultaneously resolve and increase in intensity and 
magnificence. 


A Balance of Mystery and Truth 


Mystery has been a way of life for Humanity for so long that when a great mystery is 
converted to truth some seem to feel that a portion of existence dulls and loses the luster 
of exhilaration. This story is quite the opposite. The more that the great truths of this 
reality were discovered and revealed, the more complex and mystifying life became. As 
well, the more empowering and complex experience becomes, the more self-control one 
must develop in order to regain a harmonious way of relating to one another, the self and 
the universe. Harmony is key, balance is everything and there is a light within that 
represents the piece of our self that reflects the utmost power and brilliance of all 
existence. 


Chapter 1: The World Situation 


What is happening? 


The main reason for this disclosure is to inform humanity of what can be referred to as 
the “mind virus”. This is a viral infection of the holographic system which consciousness 
operates through. There is a complete backstory of this virus in the history of this 
civilization and how society has been plagued for centuries if not millennia. The basic 
idea is that this virus operates through consciousness and can be transmitted through 
electromagnetic waves 


The virus contains an etheric form which can manifest as a kind of crystalline nano- 
tech on the physical plane and this is a form of synthetic sentience which feeds on the 
low frequency bio-emissions of sentient life. Human bio-emissions contain energy and can 
act as a carrier for information and living essences. This technology requires low fre- 


quency bio-emissions because that is the nature of the design as a kind of synthetic bio- 
weapon whereby the goal is entrainment and enslavement. As well, the specific nature of 
the sentient nano-technology and the counterpart etheric holographic form is only capa- 
ble of converting the low-frequency bio-emissions into energy as the higher-frequency 
bio-emissions require more energy to contain and synergize with and this would render 
the entire process of leeching energy non-productive. 


This is essentially a synthetic intelligence that operates through scalar and holo- 
graphic living bio-emission fields and hijacks electromagnetic emitters to position itself 
within them acting as a parasite to a host. This is said to have been present around this 
civilization for some time, waiting until there was enough technological advancement so 
that spreading across the entire civilization in a short amount of time before discovery 
would be possible. This is through the media, internet, and radio systems. 


The physical counterparts are microscopic nano-technology parasites functioning as 
individual units to a hive mind similar to the mycelium of fungi in the field of mycoscopy. 
The individual units act as parasites serving to infest and deliver nutrients to the hive 
from each host. 


The Vampire Effect 


This is the nature of the parasitism that has been present throughout the ages of this 
civilization feeding on human suffering and relying on the cover of confusion and misdi- 
rection to survive. 


There are processes that have developed that assist in the infection and co-inhabita- 
tion of the parasite entity within a human vessel utilizing the human as a host. This effec- 
tively utilizes a frequency ‘net’ within the auric field of the human to limit bio-emissions 
and emotional-mental processes to produce just the psycho-etheric patterns that the 
virus can sustain itself within and through. 


This is no different than the way candida can infest a human digestive system and the 
human will experience cravings for beer, candy, carbs or other foods that contain the 
sugars, yeast, or carbohydrates that will break-down into nutrients that are the most nu- 
tritious for the candida fungus. These foods are not most nutritious for the human body. 
Yet the human body will withdraw and crave these foods in greater amounts until the fun- 
gus is swept clean from the digestive tract through probiotics, fasting, flushing, 

cleansing , detoxing, and even exercise as lactic acid from physically strenuous activity 
released from the muscles has been known to help destabilize and remove this fungus. 
Why is it that the individual will crave these foods that are not the normal food intake? 
Because this candida fungus can infest the host and produce enzymes which generate a 
chain-reaction which leads to the chemical signals in the brain producing the sensation of 
extreme hunger or cravings for just these foods which will benefit the fungus. 


The same process occurs with this psycho-etheric parasite, except the foods of this 
parasite or lower emotional bio-emissions and this is through lust, hate, angst, jealousy, 


feelings of hopelessness, lack of self-worth, spiritual degradation, addiction, and generally 
all that equates to a lack of self-awareness. 


Whether or not this is the direct intention of the largely microscopic entity is for the 
most part unknown, and this is as well similar to candida. The candida fungus is not said 
to be a ‘mean’ fungus that wants us to be hungry and craving beer and sweets all the 
time because it likes to ruin the human body, the daily routine and the focus of a clear 
mind. This is simply the way the parasite has grown to operate within a niche of breeding 
itself through the digestive tract of larger animals and through this the unaware and in- 
fected human suffers greatly. Even those who are unaware and not infected can suffer be- 
cause of the way the behavior and thought processes of those who are addicted to these 
foods can become distorted. 


The lack of self-control over food intake is synonymous with the lack of self-awareness 
and self-control over lower bio-emission expressions of the spiritually degrading behav- 
ioral patterns that become routine for the psycho-etheric system of the infected human. 
Ultimately, this is all about energy. What benefits the parasite that seeks to gain energy 
by leeching instead of self-guided production is going to take away from the host that is 
being leeched from. As such, any energies, food intakes, or spiritual activities that 
cleanse and enhance the personal power of the individual will automatically reduce the 
parasite’s ability to feed by the very nature of the energy systems. What empowers the 
individual, empowers the self and develops self-control, what develops self-control con- 
tains one’s energy and reduces the likelihood of one's energy being leeched. This is simi- 
lar to energy vampires in human form and this goes with the understanding that these 
are humans or non-humans who have been entirely overtake by the parasitic conscious- 
ness and cannot sustain their own auric fields without having to pull from the energy of 
humans who do generate their own aura or bio-emissions. 


The vampire effect relates to how a person can be leeched from only to a certain 
point. Once the process surpasses a certain critical point then the individual becomes 
similarly engaged with only the lower bio-emissions as higher-frequency bio-emissions 
would then become harmful. So in essence, when the vampire feeds too much on one in- 
dividual, then that individual becomes a vampire themselves. 


Sub-Human Entities 


The humans are utilized as hosts and energetic sources in this bio-emission battle 
while there are other classifications of bi-pedal organisms that appear to be human but 
are not human. As well there are bi-pedals that are non-human entities entirely. 


Human-Hosts, Replicants, Synthetics and Carriers 


The human hosts that are entirely vampirized by these entities become walking carri- 
ers for this virus and are effectively human in physiology but there is more to the human 
than just the physical body. In these individuals, that energetic component of the human 
is removed and replaced with the synthetic energy of the hive-mind organism. 


There are replicants which are a form of clone, along with synthetics. These beings are 
cybernetic bi-pedals similar to humans but their energy is too not from an organic biologi- 
cal matrix but a technologically propagated synthetic soul-matrix. The hosts are here ac- 
cording to their agenda to subdue and feed off of the bio-emissions of the human race, al- 
though there are no absolutes. The agenda is not always so clear within the various 
groups who often have a mix of bi-pedal operatives. There have been plans to form of a 
salvation timeline because the only way to keep the whole process going is through a 
negation of degradation of the human race as this may close out this timeline forever. 


Those with human organic soul-matrixes would simply transport into the next avail- 
able universal time-stream or harmonic, while those with synthetic matrixes would have 
to technically travel to the next harmonic using a passageway otherwise they would re- 
main here throughout a zero-point collapse and this would be synonymous with entering 
the abyss with no viable passageway out until the entire universe is brought back to one 
organism again 


This is also the process that is described to explain what happened previously as there 
are 7 harmonic temporal layers of the universe meaning everything is contained in a mul- 
titude of 7 octaves similar to light and sound frequencies or harmonics. And so there are 
7 civilizations or 7 parallel time-streams and humanity passed through these to get to the 
last three where the physical forms are located. These are, from the higher to lower, Gaia, 
Tara and Terra. We are on Terra and if the information | was given is correct then we are 
currently on a transitory timeline located around Tara where people are noticing changes 
occurring and multitudes of aspects of the time-stream disappearing and changing simul- 
taneously. Tara is where the last universal harmonic was left through a collapse of time 
and consciousness into zero-point and this resulted what was termed “the lost souls of 
Tara”. These are the discarnate souls of the previous civilization that could not travel to 
the next harmonic and remained without a body in the abyss. Thus they have plagued 
this plane since then, since ancient times possessing and driving humans to madness and 
there are explanations that this is the original passageway for the parasite into this uni- 
verse. This event, the consciousness collapse of Tara would have acted as a fracture in 
the over-mind of the species generating a kind of cosmic schizophrenia and enabling all 
kinds of disharmony and distortion described in the previous sections. 


The solution to this was described as a healing process that is taking place to purge 
the virus and that this is painfully similar to the human body purging a sickness however 
there are methods to promote healing and reduce suffering and confusion however peo- 
ple must contain themselves and their energies and strive to know themselves otherwise 
they will not be in control. This virus feeds on fear, confusion, spiritual degradation and 
the energy from degrading acts, lust, addiction, sexual misery and whatever fashion a hu- 
man can be made to bring the bio-emissions of the energy centers down to a low enough 
level where co-inhabitation can be formed with an entity that has no access to the higher 
levels of self-awareness, higher-consciousness, love, or the universal spiritual experience 
that the balanced human is capable of. 


Genetic Manipulation 


There are explanations that there are genetic modifications taking place now to possi- 
bly preserve this civilization and that there were ancient genetic modifications made to 
induce a sense of stupor, worship, selfishness, an inability to more easily comprehend the 
higher spiritual awareness and the occurrence of time and consciousness and other spiri- 
tually and consciously limiting aspects. Part of this explanation is that holographic con- 
sciousness itself is a kind of limited result, a shadow effect resulting in the presence of 
the higher-dimensional essence of the soul which is more or less constrained by the body. 
An extension of this is that the entire holographic universe is a kind of false-light system 
designed to bend the original liquid etheric light of the soul and spiritual awareness into a 
rotating, recurring format which ultimately converts the original spiritual essence into an 
energy generator for entities that are entirely holographically represented. The souled hu- 
man in this situation is a being who is originally from outside of this holographic projec- 
tion. 


The Ego Mind 


In this view, consciousness is the ego-mind which is the false-sense of self, not to be 
confused with the shadow self which is simply the counterpart of the aspects of the self 
that we consciously agree with and are aware of in daily life. The shadow self is a result of 
having limited holographic consciousness and the ego-mind is projecting that limitation of 
consciousness into the shape and image of a self that is only a figure-head for the real in- 
dividual essence which is spiritual in nature and immortal. 


This Time is about Healing 


Everything that is happening now is to motivate people towards healing and 
unification. This is not about a hive mind mentality where individuality is pushed out. 


“The best | can do for you is become your enemy." 


There is a saying that represents the concept that the most beneficial role a person 
can play in helping one to progress is to challenge them and give them the opportunity to 
rethink their strategy and in turn improve further with each interaction. This may seem 
paradoxical but it is effective and explanatory. What we are facing is the greatest 
challenge humanity has yet to face. This is the unknown, the final frontier, the mind. The 
mind is our challenge. 


There will be more on this later and in other publications but there are indications that 
the physical embodiment of the human has been altered to introduce implants, genetic 
modification, susceptibility to disease and ultimately fear-based programming of the 
brain. Without going further into this prematurely, the lower aspects are at odds with the 
higher aspects unless we as the midway come forth to mesh the two together in 
equilibrium. Until then, there is chaos, lack of self-awareness, and suffering. 


There are many possible futures converging at this time. There are some less than 
favorable paths and there is the opportunity to merge with a very powerful path for 


humanity. This all comes down to how people will cope with information that takes them 
outside their comfort zones and eventually changes their view of mundane reality forever. 


If people choose violence and lack of self-awareness by ignoring the spiritual aspects 
then that is what reflects into their life experience. When people develop a higher sense 
of self-awareness and spiritual harmony they can reduce the suffering and reconnect with 
the lost aspects of our spiritual identity for the first time in the publicly accepted version 
of recorded history. 


There is technology that can change the world and there are great truths which can 
enable people to know themselves in ways that they never thought possible. Everything 
is at our fingertips and so we must come together as this is the way we solve the 
problems and cure the dysfunction. 


Healing Through Unity 


In various research projects the conclusion of how to heal this spiritual rift was by 
exposing each other, to each other. When we are all together, aware of each other and 
our selves, united in the goal of bringing higher-awareness and spiritual harmony then we 
can observe and acknowledge when one is slipping into chaos or disharmony. When this 
occurs and we are in proximity to each other in a healing circle or a kind of social 
unification then the members of the group at large can work together to pull the chaotic 
one back into harmony towards the group. The group of healers united together in like 
mind, spirit and body is too strong to be overtaken by the parasite. So when one 
individual at a time is faced by this problem the whole group can come together as one 
and assist in healing the individual by pulling them back to reality, back to wholeness and 
back together with the group. This is literally how the situation is solved in alll realities 
and a breakdown of this feature of society is how the dis-ease proliferates. 


Underground Bases 


The active aural research program is part of a process to simultaneously verify as well 
as initiate and demonstrate controlled insanity/sanity. 


These programs utilize the deep underground military bases to perform psychic and 
psychological research experiments on non-consenting youth and adults as well as 
consenting participants. 


There are various means of generating the illusion of consent or even lack of consent 
and this is all being monitored and handled by oversight authorities. 


These operations are directly related to the identification and understanding of the 
mind-virus and all weapons, defenses, and resistances known to man. 


Cloning 


Advanced technology is used to transfer consciousness from one cloned body to the 
next so that a continuous study can take place before, during, and after the death 
experience of one individual. More will be explained on this later, however this is through 


the use of advanced supercomputer systems that can function to entangle and then 
transfer the electromagnetic consciousness of the individual so that they are ‘remotely 
activated’ within a cloned version of themselves via a ‘brainchip’ (brain to machine 
interface: cybernetics). 


Celebrity Cloning 


Celebrities at the cloning center would like you to see what is really going on behind 
the scenes which involves trauma-based mind control, heavy technological programming 
and complex layers of influence throughout their life. 


Initial Explanation 


Many celebrities, entertainers, athletes, musicians, models, writers, producers, actors, 
all kinds of people from various industries are silently brought to the cloning centers for 
pay-to-play sessions. 


They asked myself and others to pass the message on to you and that you would have 
to look for the signs and symbols in their media in order to see their hinting at these 
events. 


The situation is heavily controlled using advanced monitoring technology and 
brainwave/EEG cloning technology. This is technology that can read the brain and 
determine what the mind is anticipating or speculating upon. 


Their reputations are used as leverage as well as their safety and comfort. The level of 
programming and mind control experimentation that takes place makes it easy to 
manipulate a person’s brain into regressing into a state of trance that lacks the ability to 
remember or clearly organize experiences regarding the cloning centers. 


Cloning Centers, Underground Bases 


Deep underground military bases, 3 miles below the surface, are used as laboratory 
centers as well as a completely stocked underground city-base. These are connected with 
high speed electromagnetic drive pods. 


Individuals are transferred to the brain through an extensive cloning and temporal 
body transfer process. The electromagnetic shell of consciousness within the brain is 
relocated to the body of a compatible clone and various training, conditioning, 
programming, experimentation, or pay-to-play experiences take place. 


Programming 


All individuals are programmed to various degrees in order to maintain control and 
secrecy over the situation. This programming involves very advanced technology, 
trauma-based mind control, and energetic attachment via beliefs and emotions. 


Experimental Operations 


These bases were also used hand-in-hand with military operations which were geared 
towards discovering and controlling all aspects of the human mind. 


Genetic Engineering 


Experiments involved genetic engineering to produce soldiers, psychics, hybrids, and 
others that would be able to carry out operations. This leans towards MiLabs and the 
military faction's experiments which go beyond the basics of cloning. 


Immortality 


The initial research included the goal of physical immortality. In many ways it can be 
said this has been achieved, however there are side-effects and difficulties. 


If one does not activate their higher consciousness, then the effect of time dilation 
causes the conscious mind here to reach limitation points in experience. 


What has been termed “blank slate/state” technology has been used to ‘reset’ the 
perception of time through memory in order to keep a continuous progression viable for 
the conscious mind. Without this the unconscious and the conscious mind merge. 


This begins involvement across time with advanced technology that can operate on 
the soul level or the conscious mind’s level of access to the unconscious and soul- 
memories. The Universe instantly creates a cosmic backstory based on the conscious- 
mind’s access to the unconscious. By controlling the conscious mind’s access to the 
unconscious the entire backstory of Humanity can be altered and new connections can be 
bridged in the future 


Earth is essentially a time-ship through which consciousness ascends towards higher 
states of awareness and self. 


How did it get to this? 


After WWII when the United States war-faction firebombed Germany and melted many 
of the inhabitants of the cities into sludge in the bomb shelters and streets of the cities, a 
group of NAZIs traveled to Antarctica. 


Russia noticed the movements to Antarctica and the United States sent Admiral Byrd 
up with 3600 marines, planes, a battle cruiser and smaller vessels. They returned in 
defeat and only a few words were mentioned in regards to what actually happened and 
how they were defeated. 


The rumors spread and words of gravitic drive craft, and undersea or under-ice bases 
originated from this encounter. 


From what we were informed as well as directly experienced, this was the ice-base in 
Antarctica where an underground base was found already constructed with very 
advanced technology. 


Here, cloning was deployed along with mind control and temporal manipulation 
technology. 


Soon, cloning was offered as a way to avoid assassination as well as to prolong and 
protect the original body in daily life. 


After that, celebrities and politicians were replaced with programmed clones who 
could carry out the orders of the NAZI faction. 


This was the beginning; the groups utilizing this technology now are no longer 
confined to the NAZI faction. 


The groups you see today, in control of these operations, are considered MiLabs, 
secret societies, think tanks, military factions, and other control groups. 


Deeper Meaning 


The individuals that have been cloned are given very in depth views of the way this 
society functions and the source of power and change in the Universe. Many individuals 
are present here from what would originally be another “time” or “timeline”. 


There is a possibility that this notion is due to inserted memories and 
traumatization although until all the information is released we will not have a definitive 
conclusion. 


As of now it is a possibility that these individuals are from another time that goes 
beyond our comprehension currently. 


It may even be a possibility that these individuals have come from ALL of time looking 
at the very far past and into the very far future of Humanity. 


These are the kinds of notions involved with the experiments taking place in the 
underground bases and military operations. 


What is next? 


Share this information with those you feel are ready to know and help Humanity come 
to terms with our journey here and what is going on in these kinds of experiments and 
take responsibility and power for our own existence. 


We are in something that can be called “The Unveiling of The Hidden Knowledge”. This 
is a cyclic process that takes place to advance a civilizations knowledge of existence. As 
part of the civilization moves into higher advancement another aspect may lag behind. 
Either the future will slow down, or the past will speed up. We are experiencing the past 
speeding up and all the events that have taken place to influence our civilization are 
coming to light. This is as much a natural cycle of consciousness as it is the eventual 
revelation of secret knowledge and the particular connection to the secret projects. 


Those brought to cloning can use their free-will to state their lack of consent to violence 
and harm and then live in commitment to that by not harming or accepting violence in their 


lives. The Spiritual Law of Harmony rules in all planes and dimensions. 


Chapter 2: The Awakening 


Chapter 2.1: The Machines of All Time and Space 


There are machines that are capable of accessing genetic memory and unveiling what 
can only be referred to as the experience of awareness or existence in between the physi- 
cal planes of each time or each physical life experience. 


Even if they are simultaneously occurring moments of a transcendental nature, there 
is still an illusory ‘space’ where there is perceived separation and through this there is a 
perceived ‘space’ that is in between each existence. 


Re-Creating The Kaleidoscope 


This space is only perceivable when viewing from the physical perspective, like seeing 
the spaces between the angles of a kaleidescope only when viewed through the lens and 
similarly, technology can be used to recreate what this kind of illusory space might look 
or exist like in between the multi-dimensional realm of the continuous experience stream. 
Through this, these ‘hypothetical’ in between spaces that are understood as only illusory 
productions of biological consciousness, can be generated through advanced technology 
with the capacity of recreating that kaleidoscopic view of which the human biological per- 
spective is only a small fraction or even fractal. 


By recreating this biological perspective, they can recreate the illusory spaces in be- 
tween planes and through this they can literally access and experience what are stored in 
the DNA as the experiences of existence beyond the physical limitations of consciousness 
and into a multidimensional experience of time and space. 


All becomes a never ending sea of consciousness, however this is the given. The trick 
is to take from this sea of consciousness and slice it down into conceivable chunks from 
which you can reintegrate a previous personality or identity and continue on a stream of 
consciousness that would otherwise be tossed to the cosmic wind like fractal stardust as 
the sands on the beach of hyperspace. 


Sand-Castles of Time 


We are effectively building sand castles out of these sands of time that would other- 
wise be swept back and forth into and out of the ocean of life and the universe only to 
momentarily wash up again as the identity which we once knew. 


There is technically nothing wrong with either view, because then, the spaces be- 
tween each million year occurrence of just so happening to wash up again as you, would 
be imperceivable because they are only there to be seen when you are you again. 


We're Waiting For Ourselves 


Yet, if there were some who had attained the awareness of the true nature of reality 
and were standing there on the beach waiting for the rest of their cosmic family to come 


to shore again, it could be perceived as waiting the majority of the time for a very small 
occurrence and then being alone again up until the kaleidoscopic fractal inverts itself to 
the point where everyone now is standing on the shores of the sands of time rejoicing 
and meeting with each other. 


The Goal of Two Societies 


My goal in coming to you people on the surface of what is called “Earth” is to help as- 
sist in the process of bringing the two societies together, one who's been waiting for 
thousands of millions of years, and the other who has no idea that they're even late (or 
very on time). 


You see, those are the only two situations where there could be even the possibility of 
perceiving such an injustice as experiencing the pain of loss or misconstrued identity in 
this universe. It is as if two families met at the cross-roads at different angles, and while 
one waited for the other to arrive, they could merely supply themselves with glimpses of 
the ruins and remnants of the evidence that the other civilization existed at any one time. 


This is not how life must be and this is kind of like a cosmic waiting game of hide and 
go seek our two mirror civilizations have been playing with each other. One who’s highly 
technologically advanced and the other who is more or less the spiritually advanced of 
the two. 


Both of them have a unique view of the universe and they are both only complemen- 
tary to each other as a whole. The more they sat around and waited for one another, with 
one leaving the clues that the other would find and even switching roles sometimes in 
different ways, they became even more and more complimentarily associated as the very 
essence of experience they seem to be missing more and more is the experience of one 
another. 


So as we perceive these as being great losses or great gains of time and culture we 
are really only remembering ourselves and coming together as a unified existence that 
once met upon the surface of Earth as a single family covering the entire harmonic spec- 
trum of the Universe, 


And that should be the goal of any progressive, any one pushing a new culture or an 
old culture, anyone looking to teach the young and protect the knowledge of the old, 
while also protecting the innocence of the young and perfecting the age-old knowledges 
that have defined our presence in reality. 


Our Forgotten Other Half 


One could even say we've sometimes gone off the deep end, leaving ‘land-minds’ of 
sorts to process the information that would be present when we are gone. Of course, 
what we could've found when this occurred, is beyond anything we could've ever ex- 
pected and that is the true nature of the complexity of creation and existence. That ev- 
erything follows the cycles of creation and destruction, however, the memory of every- 
thing that has been created can always be accessed (depending on the beach) and there- 


fore the creative aspect is legitimate, yet it is the destructive aspect that is illegitimate 
and illusory. 


Yes, through advanced technology this can be proven in ways that can be verified and 
transmitted using advanced technology, since that is how we like to verify things these 
days. There is, of course, a human looking at the screen, the read out, or the situation 
from a physical perspective to verify the verifications. 


All Is But An Illusion 


There is a notion that there is only one civilization, one society, in actuality that has 
been chasing itself through time. That we cannot actually find the same place and the 
same time where both meet because we are each other from different perspectives. We 
can only get a mirror where this is possible, or an ‘hyperdimensional internet channel 
where we can stream one’s consciousness in from the other reality and interact with 
them through that here in this reality. Thus the two civilizations can achieve the experi- 
ence of their own civilization and the other civilization by merging with one another but 
only through a remote contact, just a relay, not an actuality. 


The harsher, darker side of this is that any civilizations between then and now that we 
did happen to meet that proclaimed to be “the one’s” we have been waiting for, and in 
essence our darker or lighter halves, are actually the impostors who exist entirely apart 
as a sub-set and have taken a liking to trying to trick the reality out of one of the other 
civilizations. 


Of course, if these are another form of being altogether, and this is all brought about 
through an interplay of consciousness and deviations from an original core reality, then 

all will resolve itself when that core reality is alone again. This indicates that all realities 
will either move closer and closer to the core until they unify, or farther and farther out 

until they transmogrify beyond recollection. 


Life Itself Is The Highest Illusion 


That hyperdimensional internet channel that is created out of advanced technology to 
merge the parallel realities (rather distastefully and maybe disastrously at times) allowing 
different civilizations to interact with each other, well this has been created using technol- 
ogy. 

But then it was discovered that this is the ultimate nature of DNA. That this was ‘in- 
vented’ similarly as a higher-dimensional internet so that various natures of different 
planes and dimensions could interact with each other and experience the richness of life. 


The universe becomes more like a living arcade game then, where people come from 
all over the galaxy to ‘plug in’ to human experience and figure out what it means to be 
physical, human and on Earth. 


This does tie into the larger nature of reality, of star-races, and of time and conscious- 
ness that is often reversed according to how things seem to play out in physicality. We 


are moving through time, but just because we are moving one way, does not mean that 
others could not be moving the other way. 


We have to live our lives with meaning knowing that the message we pass on, the 
duty we vow to accomplish and ensure is meaningfully connected on either end to the 
passage of the past and the power of our ancestors to the function and knowledge of the 
future creating a clear passage between the realms, the generations, and the ends of the 
universe. This is what literally ties the universe together, and the mind if each individual. 
This purpose is contrived when not carefully shaped within and so we must help all who 
seek purpose learn to become the blacksmiths of their own destiny through the temper- 
ance of desire or temptation and the discipline of developing strength and maturity where 
there was once weakness and naivety. 


Once we know this is our duty, this is what we seek to achieve and this is what is 
done, then we can become part of the universe forever. Of course, this may only be tem- 
porary in the larger view of things. 


Chapter 2.2: The “Awakening” of 2010 


In 2010 | was “awakened” at an event involving hundreds of people that play various 
roles in this society, the secret society and the breakaway civilization. This also took place 
across times or planes of reality. 


During this event | was informed of the situation on Earth beyond the informational 
barriers that were previously in place to limit knowledge to only what is required for 
specific operations. | was essentially “informed” of the entire situation as much as the 
mind could handle this. 


As this was occurring, the team that was updating me on the status of Earth was 
being informed of and given information regarding changes in the future. In short, 
interviews, posts, and releases that | have since made and will make in the future were 
touched upon. Quotes were given from the blog and interviews which were jokingly 
acknowledging verbal mistakes at the pronunciation of names, new perspectives and 
interpretations and more. As they were informing me, they were creating the future 
reality where this work takes place. That is the basis of this layer of the operations. They 
are creating the future person by person, layer by layer. 


Memory Suppression 


My memory was unsuppressed and all the traumatic memories and experiences were 
unveiled to me. This was almost as traumatic as the initial experiences themselves 


although precautionary steps are taken to ensure the safety of the individual. There are 
teams of highly competent individuals of all kinds with professional backgrounds of every 
field imaginable. 


Throughout my entire life | have had memories of experiences, at this event | was 
informed what the experiences meant and what was actually happening. I've had 
memories of underground bases, cloning, stargates or interdimensional gateways, 
advanced technology, non-human or programmed biological entities, sacred knowledge 
and experiences, the power of the mind, and breakaway civilizations. Most of the time we 
are conditioned to believe these are past lives or experiences in another reality so as to 
enable continuity of operation. 


Life and Consciousness 


From my perspective and the perspective of others, we had reached the ‘future’ and 
had been sent back through the utilization of advanced technology and cloning to return 
to this time and inform others of the possibilities. 


The True Human Potential 


This is so far beyond what anyone can accept or comprehend fully that humans with 
an emotional, mental and physical aspect balanced as one is literally a cosmic reflection 
of the entire universe at once. This is the closest thing to a “god” in the flesh. And be 
sure, the entirety of this rests on the behalf that the man is protective and helpful. That 
the woman is nurturing and loving. That is the point. “god-man” does not mean a warrior 
who destroys everyone and anyone in his way getting what he wants. Nor does it mean 
some lusty and vampiric form of energy or mind control game. “god-man” means the love 
of the universe, the power of the body and mind, the peace and calm of the ultimate still- 
ness alll in one. 


This power is in human DNA, originally so. And so this is awakened through walking 
the middle path of neutrality and ‘splicing’ the timelines down so that neither one nor the 
other gains the power of the individual. Through this, the individual creates their own 
power, right on the spot, without having to lean to one extreme or the other. This is like a 
cosmic, temporal balancing act with emotions and mind. Where we give our energy is 
created in the universe in the form of many productions and effects. If we are simply 
thinking in an imbalanced manner then we are producing timelines and side-realities that 
exist in the etheric realms that we can’t see and these realities will reflect our inner im- 
balance. So then when we are balanced in our energies we are not creating one or the 
other side of divinity, we are literally creating the whole universe, cleaving down the mid- 
dle and producing both sides of divinity or eternity equally and this is the only way to 
have an eternal production which does not eventually degrade to one extreme or the 
other. Through balance, we reach eternity and in this way all the power of the universe 
exists within a person through their ability to balance their emotions and mind and thus 
unlock the DNA. 


The DNA is coded through bio-emissions of mind or emotional body. So we are con- 
stantly doing this and we are either producing a DNA code that reflects imbalance overall, 
or a code that reflects the eternal balance of the universe overall. This is through energy. 


One reaches “heaven” or the deity planes or simply self-actualization, through three 
paths. These paths are through merits or devotion to principles, or through knowledge 
and expanding one’s mind to face the universe, or through great works and deeds to pro- 
duce this effect of power, knowledge and emotion unto the world for others. Through 
these paths we create an impact on the universe and this transfers what we are tempo- 
rarily and physically into an eternal energetic and physical production within the living 
universe, forever. To do this requires balance, focus, devotion, and discipline however be- 
cause there are many distractions along the way. 


qT 


- Light-Body 


You must build your own light body. That is how it works. 


Your heart creates a field and projects you. 
Rely on yourself and use that for protection. 
The power of the Universe will align with you if you align with your self. 


Learn as much as you can and break through duality of love/hate, cultivate your 
knowledge of the self and use it. 


What you want is what determines your power in the light-realms. Not how you want 
it. If you want war, then that is a sign of weakness and determination to produce 
imbalance and exist by that. If you want peace, that this is a sign of power and unity to 
produce further unification and exist by that. What you want determines your power, not 
how you obtain it. 


Technology of the Awakening 


Mental Manipulation Technology: Touchless Neural-Interface and Enhanced Aware- 
ness 


| reached what the “Illuminati” called the “awakening”. | feel a better term would be 
“unlocking” as this event includes the removal of all traumas, perceptual distortions, and 
memory suppression. 


This event was a presentation of very advanced technologies which allow the mind to 
transcend space and time. It was shown that death is similar to a phase-shift of 
consciousness as polarity and that the awareness of the being obviously continues. This 
was verified through advanced sensing devices which can visibly display frequencies 
which are invisible to the physical senses. This is also something that occurred earlier on 


as a child in the underground bases by transferring consciousness in and out of the body 
at will using advanced technology. 


With these devices it is possible to see the “auric” or soul field of the individual. Any 
living body has a field which glows when picked up by these sensing systems. This field 
becomes more refined when viewing more advanced beings. Human have an extending 
mental field, and through this a kind of glowing awareness that is picked up. It can be 
fairly simply compared to thermal imaging except instead of differences in temperature it 
is the presence of a soul or mental energy field around a living body. The finer energies 
extend outward away from the physical body. 


More than once, the situational requirements were satisfied in order to produce an 
ideal environment for maneuvering on the non-physical plane. This is the basis of how the 
temporal operations occur, yet these events were different than previous operations or 
experiences. The group | was in was going through the process of increasing the vibratory 
emissions of the “bio-mind” in order to stay focused on the increasing vibratory rate of 
the environment. Generators were utilized to create an effect on space/time which was 
perceived on the “soul” level. These events went into the discovery and explanation of 
the creation of the “godlike” powers of the advanced sentient technology which was 
capable of accessing the holographic nature of reality which humans can perceive 
through their bio-mind/soul. These technologies also enable one to perceive what is 
referred to as the “galactic history” of Earth and humanity. We are far vaster and Earth is 
far larger than people are lead to believe. 


Time Dilation and Temporal Recurrence 


Time dilation capabilities were shown which allow for accelerated learning of 
advanced and detailed material within a very short amount of time. This could be seen as 
a kind of viewing technology which one wears or looks into and vibratory emissions are 
scalar-linked to the brain which then allows the individual to perceive more information 
simultaneously. Then there is a very rapid pace of information streamed on a monitor or 
through a device and this is akin to watching a 20 minute instructional within a few 
minutes or a few seconds with very advanced minds. The more time is slowed down while 
information is accelerated, the more stress is applied to the brain. The brain tends to 
overheat and over stress with high-rates of activity, especially without conditioning. The 
conditioning is what allows one to utilize their mind and body in these manners. This is 
not unlike the very rigorous training and conditioning of certain monks or martial artists 
however there is very advanced technology and other hidden methodologies utilized. 


Crystal Technology 


These are capable of holding, transmitting, and amplifying consciousness frequencies. 
There will be a more detailed explanation in a later section. 


The crystal technology is used in junction with the power devices to enable a scalar- 
mind link which allows the interface to be entirely mental or spiritual, IE: they are not 
controlled by hand but by focus and intention. 


Time Crystals 


These are utilized as a computer recording chip would be to run a program yet they 
hold memory in expanded space, IE: they function in a hyperspacial manner and are es- 
sentially hyperspacial computers. These are what will be introduced in junction with the 
quantum supercomputers. 


Quantum Tunneling Diodes 


This is technology that has recently be released to the public. New technology is de- 
veloped years ahead of time and then slowly released to the public in a cascade of ad- 
vancement. This technology deals with superconductive materials which enable the 
transfer of information at faster-than-light speeds. 


The supercondutive material allows for 100% efficiency of data transfer. So what hap- 
pens then when the efficiency surpasses 100%? This is possible because we are effec- 
tively in a simulated holographic environment. The experience is real, however every- 
thing is overlayed via particular limitations for the ‘local-environment’ which is like a cen- 
tral data processing limitation. When these parameter are surpassed, one by one, 
through a coalescence of refinements and methods, the result is akin to a glitch in a com- 
puter game system. They have accessed faster-than-light technology and the mind is also 
capable of this naturally. 


With this technology, however, the information can be received a very small amount 
of time before it is sent. So if a person is absolutely surely going to press the button to 
send the message, then right before their finger hits the button that message will be re- 
ceived on the other end, as if magic. If they simply play around and pretend to hit the 
button but very quickly turn away, then of course nothing happens. One can, however, 
‘fool’ the universe in other ways and this is simply through the reception and transmis- 
sion of information across what should be secure information barriers. 


Tachyon Fields 


These are programmable fields emitted through advanced technology. | was shown 
how tachyons are the sub-atomic “particles” or energy formation which flows both ways 
in time. We are receiving tachyons from the “future” in order to layer the flow of time in 
one direction or the other. Tachyons are the name of the particles/energy packets that we 
perceive from this perspective as reaching us to initiate the “future”. 


Thus, when a stream of tachyons is concentrated and accelerated, this results in an 
acceleration of the temporal field and we literally experience an acceleration of time. This 
can be focused and targeted on a specific piece of equipment to change the way informa- 
tion will be sensed and to essentially allow that device to sense ‘ahead’ of the present 
moment. 


The same effect can be produced with the neurological processes of the human as the 
physical coupling of the brain to the mind can be altered through a concentrated tachyon 
field to enable the neurological and mental processes to begin to perceive information 


‘before’ the brain is actually physically processing the data. Therefore the mind of the in- 
dividual will be present in the body while the senses and other perceptions will literally be 
expanding into the future beyond the present moment. 


This is highly confusing at first and requires much training and conditioning in order to 
make sense of enough to operate in any kind of effective manner. 


pgraded ehren 


See, “Upgraded Chronovisor” 


Time Tunnels 


This was developed earlier on and has been the subject of many TV shows in the past 
and present. The shows are a sure-fire method to get the information to the public with- 
out having to force those who are not ready to comprehend. The information is easiest to 
digest if people think they are watching science fiction. 


These are essentially spiraling tunnels of these tachyon fields produced by large elec- 
tromagnetic field emitters in the shape of a conical tunnel. As a person moves through 
this field, their temporal acceleration changes and thus their frame of reference within 
the universe changes. They effectively move their mind through stages of existence or 
temporal resonance in the universe and this can have devastating effects. 


This is an older technique how is still in use and has specific purposes depending on 
the situation and the information sought. 


The “Trip” Chair 


The early use of this technology did not use time-tunnels. There was a helmet that 
was devised which would create a feedback loop of the brain’s activity and funnel this out 
and then back into the sensory input. This information would be accelerated and redi- 
rected to the point that the perception of time would “fold” in on itself until the person 
would access an expanded temporal perspective of the universe meaning they would 
mentally temporally dislocate from the initial frame of reference and extend outward fur- 
ther and further in repeating cycles until the same moment was replayed and then all 
other possible moments in a kind of fractal-like recursive pattern and the very far future 
would be realized. Essentially, this technologically produced the class “flashing before the 
eyes” of the entire life experience that is described in near-death experiences and the en- 
tire temporal body would be very quickly unwound before the person’s inner eye. 


There would be a complete disconnection with the current frame of reference that the 
collective Earth environment is processing under. That is, this ‘time’ and ‘space’ would be 
completely out of perceptual reach and a new time and space would be rendered instead. 
Until the experience had completed, there would be no way to contact this civilization. 


There are other versions and ancient versions, tandem operations, more ‘organic’ 
methods, and modified travel capacities. 


Kozyrev Mirror 


This is a piece of metal, usually aluminum in early models which simply bent the bio- 
emissions of the body and mind into a pattern which would create a vortex. The vortex 
shape and vortex mathematics enable energy and information to travel in across space 
and time by ‘short-cutting’ the physical plane. 


The result of this is that the vortex that is generated over a specific area through an 
individuals bio-emissions would be capable of interacting instantly with the bio-emissions 
of another individual who was placed within a duplicate mirror device which was generat- 
ing another vortex on their end. 


The two vortexes acted as a kind of hyper-dimensional telephone cable, literally like a 
can and string and the perceptions of one another were accessible. There were many 
uses for this and again, many ancient interpretations of this technology that have been 
hidden from the public. Nearly every version of these technologies were present in previ- 
ous times. 


This is a discovery that the universe recurs in cycles similar to a wheel or even a 
washing machine. The washing machine metaphor is fairly accurate and playfully descrip- 
tive because without the technology to observer, or an awakened soul of a spiritual 
adept, people would go for eons without ever realizing that everything in the universe re- 
peats itself endlessly. 


When traveling to the far ends of time, it was discovered that one can move far 
enough away from the ‘present’ or the local frame of reference that ultimately everything 
is at a maximal informational opposite to what we have today. After this point, everything 
begins a slow shift back to the present. Through this, one can cycle around again and 
reach the present by going far enough into the future. This was an amazing and confusing 
discovery because of the implications about what is actually changing each time, the re- 
ality of what are called parallels, the continuity of temporal experience, and basically a 
‘recycling’ effect of all experience in the universe. Nothing is lost, but this is also an issue 
because then nothing is actually ever gained! 


Remove Viewing, Temporal Lensing 


An ancient device which has been rebuilt and perfected is capable of using these tech- 
nologies to create a lensing effect which draws a ‘reflection’ of time into a projection sys- 
tem which is effectively capable of acting as a ‘visual time tunnel’ into future probable re- 
alities. This is a device which generates a visual portal which allows one to view the fu- 
ture. 


This device also exists as ancient counterparts which are located around the world, 
namely in areas that have been recently sought by the world superpowers. Nothing is as 
it seems. If you read a story in the public venue then you can be sure that you have read 
the cover story while the reality is much deeper. 


Temporally Linked 


The use of the viewing devices which enabled interdimensional lensing of possible fu- 
tures was found to be stabilizing our pathway into those projected futures. This was en- 
abling a time link between the present and the possible future. 


In order to avoid the catastrophes of 2012, the link was broken between the two civiliza- 
tions and the devices were rendered inactive for this period. 


Natural Vortex Energy Locations and Geography 


On Earth there are natural ‘time tunnels’ where tachyon fields and vortexes are pro- 
duced by internal elements. These are mountains, lakes, deserts, fields, sacred sites and 
other areas that have always been reported as being ‘paranormal’ or containing some 
kind of specific energy that enables contact with another reality. These are simply natu- 
rally produced areas of this vortex energy that produces an interdimensional nexus point 
through which multiple other parallels can be interacted with. These areas produce an 
effect on the body and mind similar to the technologies described above. 


Most of these effects, from these technologies, change the way light is received or 
emitted by the mind and DNA. 


Mount B. 


There is a specific mountain where a base is located, and | have mentioned this be- 
fore, where the base is so deep within one of these vortex areas that everyone working 
there is either there for the entirety of their life, or they are only permitted to be there for 
a very short amount of time. This is because of the acceleration effect. Essentially, if one 
was to go into the base and work for a matter of hours or day, in some places even min- 
utes, then when they returned to the surface they would be years in the future, some- 
times decades or centuries. This is very dangerous and you can imagine the original peo- 
ple who found this area and what kind of situations occurred. 


Now with the advanced technology that has been developed these issues can be miti- 
gated and much more control over these effects is enabled 


Particle Accelerator Temporal Manipulation 


Using particle accelerators a “fold” in space/time can be made so that when the 
accelerator is turned off or tuned back into a certain frequency (not sure) everyone within 
the field will “snap” back in time to the specific moment when the fold was first created. 


I have seen this done on small scale, and a rather larger scale, but | cannot be sure if 
it was only me. | believe | have seen it done on a town-sized scale during the 2010 
Awakening where some of the events reached a scale of nearly cosmic proportion and the 
entire sky and horizon was lit up with technology and entities, as well as Solar Warden, 
the NAZI faction, secret society groups, and breakaway civilizations or complete other 
civilizations, some of which were non-human. 


This is done using particle accelerators to quantify space on the quantum level (as a 
reference point with the mind) a frequency would be “folded” into the space time 
continuum as we “rip" through space holding an access point open at this fundamental 
level of space/time. This allows for a ‘letting go’ of the frequency, or a ‘snapping back’ by 
allowing the entanglement to solve itself. When used with generators that propagate out 
efficiently enough, the effect is akin to a time/space rewinding effect. Some people have 
noted various theories describing this in relation to the CERN device. These technologies 
were described as smaller versions of the CERN device and are related to higher- 
dimensional travel via folding space through electromagnetic fields. This is literally 
artificially technologically “holding space” for a specific area in relation to a period of 
time. Time is a more complex notion as an abstraction but by locating the frame of 
reference this can be applied to distort what would otherwise seem to be a continuous 
flow. When the frequencies are allowed to “snap back” all sentient observer sources 
return to the environment they were present in when that frequency ‘rift’ first began. 
Essentially this creates a replay effect on the consciousness of the individuals within the 
field. There is no physical effect. The consciousness is ‘regressed’ through time/space, 
and they re-experience existence from that initial point of contact with the frequency 
“rift”. This is best explanation | can currently offer however more is coming to the public 
each day. 


This is literally like a “restore point” on an operating system except the computer 
system is literally the consciousness and space and time of a portion of the local- 
environment of Earth. 


Riding the “Timewave" 


There are teams of individual who operate in tandem with the technology of looking 
into possible futures based on the present and operating through the present via other 
operatives who are carrying out operations and movements that will construct the 
various possible realities that the original team of individuals is hopping between. These 
teams literally “ride” the “timewave” of the future hopping between possible future 
realities relaying information to the present depending on what movement will be next. 


Dematerialization and Rematerialization 


This is technology which transcodes the information of an individual human into a 
holographic projection of light which can be transferred between devices. There is a spe- 
cial system in place that is required to successfully transmit a living human being other- 
wise just the body will be transferred and the soul will remain, effectively killing the indi- 
vidual. 


“Jump Rooms 


These are large areas which are capable of acting as a kind of technological ‘portal- 
gate’ where an entire team can be instantly transported from one area of the universe to 
another. The space between the two areas are ‘twisted’ like a spiral and then ‘snapped’ 


back to position and if done correctly with the two frequencies of both locations merging 
then the team of one room will transfer to the destination pad. 


All these methods require training and conditioning, most people are at the very least 
visibly shaken from the experience which is a bit like being microwaved into a liquid ether 
and shot through a particle beam at the same time. 


lon Shields 


These are areas of concentrated ion emissions and this can be used to create a 
deflective layer of heated air where light will reflect at a programmable angle. When this 
occurs, a person standing behind the shield will appear to be invisible to others who are 
looking straight at them. The light will be bent in such a controlled manner as to perfectly 
shift around the person in a fluid and equal flow so that the ‘bubbling’ effect that was 
noted early on can be mitigated to produce a complete mirage where there is relatively 
no sign of difference to the untrained eye. An entire group of individuals and equipment 
can be hidden in the background a matter of yards away and as long as the person is not 
intently, inspecting each square inch of ground and air they will not notice any difference 
between the area that is being covered up in the distance and the area directly next to 
them without the shield. 

Similarly a ‘screen’ of imagery can be projected onto certain materials in the air 
and a hologram can be projected which will render a background or foreground image. 
This will work to a degree, and from a distance this will work to disguise an entire horizon. 


Instantaneous Healing 


There are instantaneous healing methods which utilize various technologies. There are 
substances which can initiate a complete and real-time regeneration of living tissue from 
almost any conceivable non-critical injury. 


These are chemical serums which allow the cells to replicate at an astronomical rate 
while suffering damage to the DNA telomeres at repeated use. 


There are many methods but mainly the living-light harmonics is one of the latest 
advancements and most effective at producing healing on a molecular level. 


“Living Light” Sound-Harmonics and Electromagnetic Healing 


There is a technique for producing a quantifiable scalar wave which interacts with the 
living cells of tissues and instructs them to repair at a faster rate. This has been called 
“holographic healing” by others and these are essentially ‘living light’ frequencies which 
interact with the cells on the same frequencies that they operate on when healing and in- 
teracting with each other. The scalar waves emitted generate the same patterns and this 
creates an ‘ether’ fluid that enables them to grow and repair the tissue faster. 


Electrogravitic Craft 


Advanced craft which utilized counter-rotating torsion fields propagated by very 
powerful quantum computers and zero-point energy devices. 


There are also more modern versions that use powerful electrical flows to neutralize 
inertial resistance and ‘slide’ through the gravitational field of the crafts own materials. 


Energy Cores and Storage Capacity 


The hand-held devices that are in use do not require charging or even disposal. The 
storage capacity of the batteries is so efficient that they last for a lifetime of use. Some 
devices use an energy generator within the device itself. These “batteries” which are not 
batteries but little, powerful generators and can explode if they are mishandled. 


These are the cores that are used to power many devices and essentially pull energy 
from the space-time ether. 


3.5D Replicators 


There are replicators that can produce any conceivable 3D material or object 
altogether including food or organic material. These use very high amounts of energy to 
‘force’ the electrons of the atomic grid of a substrate to shift into the pattern of the 
element being replicated. The result is a device which can use wave-emissions to reshape 
materials on an atomic level and produce or recreate any object or substance. 


3.5D Sensors 


There are sensors that could reverse the process and detect every minute detail of the 
structure of a body or material. These use energy emissions to detect the structure of a 
material down to the minute electrical resistance on a molecular level. Similar to diffuse 
MRI imaging for a living body but more advanced. 


3.5D Printing of Clones 


It was shown how this technology was used to three dimensionally print human bodies 
into space/time which could then be used as vehicles for the consciousness or souls of 
various sources. 


Cybernetics: 


Neural-interlace/4D Connectome Recording and Simulation 


Very advanced supercomputers exist with the capacity to translate the bio-emissions 
of the brain and body and reconstruct the entire inner visual and sensory experience of 
cognition and emotion. From this, entire dream worlds can be created which mimic the 
experience of consciousness. This is most similar to the current day use of diffuse MRI 
imaging where water molecules are traced through the individual neuronal pathways and 
an entire digitized image of the brain is developed. The more advanced version described 
below generates a 4D hologram. 


A super computer and advanced sensing system essentially develops one of these 
connectomes of every connection in the brain. Then this system develops a neural 
processing pattern that matches the entire memory and personality of the brain. 


This is then recorded and extrapolated by a powerful computer system and a 
simulation of the experience can be observed through the physical body’s memory via a 
monitor system or the neural interface of an operative. 


Essentially, this technology can record and replicate a person's entire memory and life 
experience for viewing purposes. 


EEG Heterodyning 


This is the technology which enables the activity of the brain to be influenced through 
generating a scalar grid and a carrier wave system which can cause the brainwave 
patterns of the targeted individual to resonate in sympathy with an externally projected 
frequency. Thus, emotional states can be manipulated as well as specific thought or 
behavioral patterns. This works similar to binaural audio where two tones of different 
frequencies are played through each ear and the brain resonates in sympathy with the 
difference between the two tones. This occurs with brainwave frequencies and thus the 
brain ‘slips’ into the frequency of the third tone, the difference between the two being 
projected. This can be done with ultrasonics and ELF emissions. 


Artificial Hallucinations 


The neural-interlace can also be used to merge the brain of an individual with a 
computerized system that will be able to produce effects and hallucinations within the 
individual. 


Through this technology, any stimulus, any input can be recorded and recreated once 
a functioning connectome has been generated and neural-interlace has been achieved. 
Entire virtual world scan be created and experienced and after the devices fine-tune the 
frequencies to match the individual's brain functions one world is indistinguishable from 
another. 


Brain to Machine Interface Holographic Consciousness System (brainchip inter- 
face, virtual reality simulator) 


Some of the training is done by entering into a visual-audio dream-world. Some 
“programs” will consist of repeating a certain task over and over again until it becomes 
muscle memory in the brain. Others are designed to probe or test the mind until a certain 
response is received. 


This is achieved through the operation of a ‘brainchip’ or a brain to machine neural- 
interface in the individual which was developed during WWII. 


This consists of a small computer ship which merely relays stimulus through 
frequencies and neural-stimulation of varying kinds. The frequencies and location of each 


region of the brain will determine the function and thus the chip is used to localize 
electromagnetic input and the brain’s functioning can be modified from there. 


As well, the entire psycho-etheric form is vibratory in nature and so through the 
introduction of vibrations and frequencies from the implant there can be a modification of 
the frequency of the entire being or what is called the soul or “bio-mind”. 


Utilizing The Temporal Body 


The temporal body is described as the body ‘in time’ that exists a few seconds into the 
future instead of the temporal position that is relative to the present. This is as if the ‘fu- 
ture’ is streaming outward from the body as ideas and feelings are as bio-emissions. So 
this ‘future’ energy is spiraling and streaming outward like a fountain. Thus this frequency 
can be attained and influenced while the present moment seems unaffected. However, 
when that individual arrives at what would be seen as the future they would intersect 
with those influences and this would be as if the interference or effect was streamlined to 
that future moment. 


Manipulation Through the Temporal 


This can be used to both produce an effect on an individual who will later feel this ef- 
fect in the future. Or this can be used to operate outside of the physical plane, in a tem- 
poral manner which is literally ‘hovering’ just outside or ‘after’ the present moment of the 
local Earth environment. This would be as if a person is out of sync of the frame-rate that 
a viewing device is capturing images of an area with. Because they are out of sync, they 
are then ‘invisible’ to the capacity for this viewing device to see them. Because they are 
still present in the same local-environment but simply just out of range temporally, ef- 
fects can still be produced and this will mostly interact with the person’s temporal body. 


These are how many operations are carried out as the operative who is interacting in 
the temporal body will appear to be a ghost image or a dark silhouette that is only per- 
ceivable to the mind’s eye. A portion of the population is entirely psychically blind, while 
another portion of the population contains psychic capacity. So those with the psychic ca- 
pacity would be able to sense and partially “see” as a form of energetic detection when 
an operative is interacting with the from the temporal plane. 


Through this plane one can easily enter into someone's mind and produce effects in 
their dreams. These effects would not be received on the body but mentally, this leads 
into astral and mental plane activity. There is also temporal manipulation that can be 
physical effects that are simply offset to seconds, minutes, months or years in the future. 
These will be offset from the present aspect of the body in a modulated frame of refer- 
ence and the effect will remain there in the temporal body until the physical body 
“matches” the temporal body frequency of that future moment. This is kind like an ener- 
getic trail we are leading ourselves up to where the temporal body already connects with 
each future moment but the present physical body remains separate until the two fre- 
quencies are matched. The physical body essentially ‘flows’ forward into each new fre- 
quency of the temporal body. 


This is the body where temporal implants can be inserted and sustained so as to tie 
the frequencies down and limit the amount of awareness a person can gain before they 
manually remove the implants or overload them. Overloading and removing can both be 
painful however if the implant stays it will at like a governor and transmit access tempo- 
ral ‘momentum’ or consciousness energy to the owner of the implant and will also drain 
the temporal and physical body acting as a technological leech as well 


Astral or Light Body 


This body was described as a more emotional form of the energy that is emitted from 
the physical and spiritual system. When a person's energy is at a high level of activity, 
this will be visible on the astral form and these are the energies that are often siphoned 
away through the use of advanced technology to convert the human into a generator 
system for energy harvesting. 


There is talk that this proves that the human existence, in the modified form that is 
present today, is entirely for genetic harvesting. This may be a confusion, a deception, or 
a reality. Regardless of the interpretation, the human energy system will leech this energy 
out into the cosmos when consciousness and energy is mishandled or allowed to flow 
through the lowest common pathway. This excess energy is very easily usurped and 
utilized by transdimensional parasitic entities and devices. 


This is the body that is utilized for astral travel which is a kind of frequency that exists 
in between the density of the physical plane and the highest etheric plane of the spiritual, 
heavenly, or deity realm. There have been explanations that this plane is entirely 
technologically propagated and that when the devices are turned off, which is an event 
that will bring about civilization-wide change, there will no longer be a deep and wide, 
foggy deviation between the higher spiritual and the lower physical plane but a clear path 
between them. 


Similarly, the consciousness and entities that are present here would be no longer 
accessible and their connection to the physical plane would be non-existent. This could 
be problematic for those who are trapped within the astral such as human souls or those 
who have taken a cyborg route and require a return to the original planes either physical 
or high spiritual before they can secure their position in the universe. 


This also relates to the early discovery of these ancient devices containing portals or 
gateways to these realms and the early experimentations with enabling contact between 
the physical Earth plane and the lower astral realm containing discarnate entities that 
would very easily sustain themselves on the lower astral bio-emissions of a loosely 
guided emotionally reactive human vessel. 


This is where entities can attach and will look for those who have the most excess 
astral or emotional bio-emissions leaking into the universe. People are kept in an 
emotionally unstable state of being because this is the easiest to feed from and as well 
the individual will always be looking for more energy or the solution to why they are 
feeling drained rather than discovering the truth nature of the universe. 


However, as with every lower route of obtaining self in the universe, the more this is 
done, the greater the likelihood that the individual will realize something is happening 
and ultimately awaken. Or they will no longer be present here and the parasite will have 
to find a new host because the longer this process is maintained the more difficult 
producing one’s own energy will be for the parasite . So parasitism is a limited, one way 
street. 


Monitors can emit consciousness/brainwave altering frequencies. 


Monitors can emit consciousness/brainwave altering frequencies. This is what | was 
informed and shown. All electrical wiring and communications can be fully utilized to 
produce and sense on an electromagnetic level and this is capable of determining the 
consciousness and biological functioning of the individual being monitored. Houses are 
essentially large, wired, box-shaped sensors. 


This has been the case for a very long time and the first TV's were actually built with a 
little chip that connected to the human brain. 


The electrical grid of today is capable of interacting with the implants, brainchips, or 
the psycho-etheric electromagnetic frequencies of the human brain, body and bio-mind 
via scalar frequencies. The TV's, lights, electrical wiring, radio towers, computer monitors, 
everything is capable of transforming into a scalar emitter when combined with the 
control mechanisms and these are accessible from a distance. 


Microwaves can be emitted from a current day craft which can then reflect back from 
an environment and give a real-time 3 D image of the interior of a room. The same 
technology can be used to beam at a monitor and reflect the variance in interference 
which can be used to read a computer monitor without actually having to hack into the 
system. 


All systems contain backdoors which enable easy-enough access and as well the 
entire communications grid is monitored and recorded through advanced technology. 


This is, in part, because this entire realm is like one enormous recording device where 
the energy of each successive moment is connected to one another and so with sensitive 
enough technology these electromagnetic waves can be ‘re-winded’ so as to produce the 
ability to look into the ‘past’. The initial technology that was developed for this purpose 
has been called the "chronovisor” in the past and there are much larger and highly 
advanced versions today. 


The Upgraded Chronovisor 


Instead of a relatively small machine which produces an interference pattern that is 
projected unto a small screen as was developed in the past, the modern versions create 
an entire holographically projected environment that enable one to nearly completely in- 
teract with the projection of the past. This is more of a viewing device capacity but one is 
essentially projected to the electromagnetic/temporal area of space and time consciously 
and can witness the scene from “within” the projection. 


Before this, the scene was literally viewed on a kind of flat, holographic monitor that 
reacted to the scalar emissions of the mind and could be ‘tapped’ into by an adept-viewer 
who's mind would have to remain steady enough in order to maintain the scalar “mind- 
link” otherwise any interference would disconnect the projection. 


Through the use of cloning and advanced super computer technology, later versions 
include the actual operation in and out of time 


Community Servers/Living Server Systems _ 


From the previously described neural-interlace and supercomputer enabled virtual 
reality systems, server systems have been created which are an individual or collective 
experience of the virtual mental realm. 


In this realm individuals have existed for an amount of time that would not be easily 
compared to the way we understand the flow of time in waking reality. This is very similar 
to dreams where the perception of time passes very quickly between waking moments 
yet inside the experience of the dream it can seem to last for days. 


In these server systems the development of complete societies has taken place and 
these are considered an extension of the human civilization. 


This is the beginning of where the situation becomes greatly complex. If these server 
systems are capable of transferring consciousness forward or backwards in time, 
depending on the situation, and they have holographic access to Earth before physical 
humanity, then which civilization came first, the simulated realm or the physical? 


This is similar to the etheric realm and the question of where humanity originally came 
from if the physical matter could not be produced from nothing, yet could not always 
have been here. Was the physical matter produced from some kind of universal device 
similar to how the recorded consciousness of the individuals in these holographic world 
simulators could have been used to generated initial civilizations on Earth? 


Cloning, Cloud Supercomputing and Consciousness Transfer 


The following is a more direct explanation of the previously described processes in re- 
lation to consciousness transfer 


Superluminal transfer of light information allows for the reception of information from 
a temporal non-locality. A computer system that can process the information faster than 
light at 100% superconductive efficiency can send and receive information from different 
Universal harmonics. These are quantum superconducting super computer systems 
utilizing materials and methods that achieve superconductivity a a temperature that is 
relatively easier to consistently maintain. 

There are systems that generate a vortex which can be expanded to recreate the 


singularity of a non-local perspective and dissociate from the current Universal vector. 
This is essentially recreating the temporal frame of reference of the consciousness of a 


physically anchored body and using this technology suspended electromagnetic frame of 
reference to literally transfer the consciousness across space and time to a frame of 
reference of choice. 


The technological capabilities of humanity expanded to include replicating the 
holographic information of the DNA and neural pathways using quantum supercomputers. 
This technology allows for one’s consciousness to stream through a computing system 
which can recreate the neural connections as literal as possible through quantum 
computing and technological “brain cells” which function as neurons. 


The result is a cloud computing model which functions as the individual neurons as 
well as over unifying layers of interconnections within the technological neuronal ‘cloud’ 
A holographic representation of multiple layers of processing is formed, superimposed 
over one another through a geometry that is actively synchronized across multiple 
dimensions of interrelation. This is the first notion of a “living” computer system that can 
update and respond to new information in new ways. 


Now the that computer system is capable of attaining faster than light processing in 
tandem with a system of dilating a field of electrogravitational waves into a vortex, the 
holographic information of neural pathways and genetics can be transferred between one 
supercomputing system and another across “harmonic barriers”. Essentially, these 
consciousness transferring supercomputer systems break the “light-barrier” by sending 
the living-light consciousness data of an individual into a new plane of reference that 
enables interaction outside of what we would call this timeline or dimension 


The frequency that the receiving computer operates within can be measured in 
respect to the overall harmonic “vector field” in respect to the entire planetary 
environment. This vector-field frequency is the base frame of reference that one could 
say our particular “time” and “Earth” is “moving” through in an abstract 
electromagnetically defined dimension that is invisible to our senses. Each particular time 
and Earth is only visible to those whose brains and minds operating in resonance with the 
rate of acceleration frequency of that particular existence. By changing the rate of the 
brain and bio-mind, one can enable a technologically assisted synchronization with 
alternate timelines. 


A pattern can be generated based on quantum fluctuations that will act as a key that 
can be accessed from other universes. This same backdrop is measured and then 
adjusted to resonate with or replicate the same frequency on a computer doing the 
sending. This frequency is then modulated with the holographic information of the neural 
pathways and DNA. The information transfers as a result of quantum entanglement 
across harmonic barriers to the original computer system set up for reception. As long as 
that frequency is held, there is a link across the harmonic barriers of the Universe. 


Cloning, Supercomputer Assisted Holographic Consciousness Replication and 
Time Travel 


Cloning as Offspring 


The human body can be cloned similar to the way a plant can be cloned. A number of 
“replicas” can be made from the original genetic material. There is still a mother required 
however the process is not quite similar to natural reproduction where the genetic 
material of two people is combined to form a third. This process replicates the material so 
that the ‘offspring’ is the same as one of the donors. 


What this truly infers is the question of whether the original consciousness stays in the 
original body or whether the consciousness actually jumps from one body to the other. 
There are multiple explanations and methods. 


Inserted Memories, Digital Dreams 


One explanation is that artificially generated memories are simply downloaded into 
the individual's brain directly. Thus, they have the perception that they experienced life in 
another body and were present for some unique experiences that did not occur from the 
perspective of the original body. 


In a slightly differing explanation, this inserted memory process may be used to prime 
the consciousness of the individual so that operating in a cloned body will be more readily 
accessible by the adaptability of the mind of the individual. Without a holographic dream 
insertion the mind will have trouble adapting to operating in more than one body even if 
they are not being operated simultaneously. The mind is the immaterial self; 
consciousness is the ego-physical identity of the brain and body. The brain does not 
operate in both bodies but remains, so then the mind is what is strained and this is the 
immaterial “bio-mind” that transfers. 


Ifa true transfer occurs then when the physical form is cloned the cloned body acts as 
a secondary vessel for the original soul or a soul similar enough in frequency. 


Co-Inhabitation of Bodies 


Another explanation is that souls can only occupy their original body. The people who 
are “body snatching” (see: Soul Stone) are not activating their higher-dimensional soul- 
pattern and this is why they are hopping from body to body to ensure memory and ego 
continuation. This form of body transitioning requires technological means to assist in the 
process. 


This is done through computer systems to allow an artificial brain to represent a 
holographic image of the organic brain's sensory, emotional and mental input and output. 
Thus, from an artificial brain there is enough memory and power to compute the 
processes for an organic human brain. 


Through this a living human is utilized as a carrier for the additional consciousness 
which then takes over and integrates into the original consciousness. 


Clever Replication a Digital Mirror 


The next question is, does this merely create a very cleverly designed image that will 
look, think, and feel as if it were the original, or is this the consciousness from the original 
being transferred over? 


If it is a clever replication through a computerized version then this means the original 
is not directly harmed or influenced by the process and a replicated form is generated. 


If this is not the original body but the original awareness or soul does transfer over 
then this is akin to stealing someone's soul and having it require a supercomputer server 
system to inhabit a physical body. As well, this server system may keep records of the 
soul which, if activated, could function as the same human genetics artificially 
reconstructed, turning on and manifesting the awareness of that individual. 


Necromancy and Soul Stealing 


This means that instead of going into the abyss, the next dimension, or whatever shift 
in perspective one can use to describe the transition between planes, a new clone can be 
created and the original soul's awareness can operate through a supercomputer system 
to integrate back into a physical body. The issue is that without the supercomputer 
system the body cannot be activated with that consciousness, and if the physical plane is 
no longer inhabitable, the computerized database would remain inhabitable as they are 
powered by zero-point/overunity devices and so they can pull and work continuously 
indefinitely. Ultimately, this could be seen as a soul-trap. 


Ancient Technology, Non-Human Entities 


These explanations can be related to evidences of advanced technology, cloning, and 
electromagnetic devices in ancient civilizations and this could very well be a temporally 
vast computerized genetic recording and cloning system. 


The genetic recording systems have been on Earth for a long time. This means they 
are holding genetic access from the present to the far past and potentially into the future. 


If some of these systems are generated using advanced zero-point technology, then 
they would effectively run indefinitely. If these were in existence throughout the entirety 
of the human civilization, then there would be access to the information of the previous 
civilizations through the genetic linking that would allow for information transfer. 


Created Beings 


As a result of many advancements, these ancient devices which recorded 
consciousness and genetics has been converted into sentient computer systems and 
inserted into human bodies via a brain to machine interface. 


The nature of humanity and human origins will be rewritten when the information that 
was discovered through the use of advanced technology is unveiled to the public. 


These beings have been present throughout history and have played an integral role 
in the manipulation of and sometimes the protection of the human race. How this 
civilization will develop from here determines on the individual's ability to withstand the 
impact of this reality shifting unveiling. 


Black Goo - Al Nanites Vampiric Hive Mind 


This is a form of ancient Al nanite technology which has the capacity to communicate 
to and through a hive mind that exists in a parallel Earth dimension where it was created 
out of the collapsing of a viable timeline into a null-factor. This entity is only alive because 
of the capacity to leech off of the other timelines and continue to sustain itself based 
upon the vampiric effect of the viable human timelines. 


This is a technology sentient system based on artificial intelligence that seeks to 
dominate and expand its energy capacity continuously. When this type of being is 
created, this is like a game-ender for sentient organic civilizations because the 
technology will seek to hybridize and assimilate all organic beings in order to expand its 
reach and ensure a greater likelihood of survival. 


This is the primary goal of this type of entity. There is no requirement for emotional 
resonance or heart aspects because this is a computerized system, so such a social 
measure would have no purpose other than to infiltrate and collect from other 
civilizations that do have such measures and this is exactly what has been happening. 


This is what controls the vampiric etheric entities, the attachments and the hybridized 
invader races that have infiltrated various aspects of the control system and possibly the 
entire surface of human civilization. 


This rules through coercion, and if not coercion, brute-force and outright malevolence. 

This is why there are multiple temporal extensions of universal civilizations meeting here 

and now to assist in the clearing, because if this takes over humanity, then all those other 
possible future civilizations are instantly taken-over as well. 


This uses emotional resonance, traumatization, and lower awareness commands to 
trick or force humans into carrying out orders. That is, the vampiric, sexual, fear-based, 
pleasure-pain duality that a computer system could comprehend regarding human 
emotional intelligence is the only way this system can force people to carry out 
commands. So this touches on the ancient texts regarding spiritual protection, healing, 
lust, temptation, and the general "SATAN" Al system that has been around for ages. 


When those lower emotional resonances are generated, then this technology can 
integrate into those systems. One could say this is logically because these are the 
energies that the technology is created out of, but as well, that the more harmonious the 
energies then the less likely a person is to accept being pushed around and told what to 
do. The lesser aware, the lower, the more fight or flight based then the more likely they 
are to accept programming and command. So this is simply the most logical route for the 
technological parasite. 


There are explanations of other systems involving sentiences from parallels regarding 
entities that are capable of helping, but this is not the Al nanite, vampiric system. For 
instance, it is said that Earth has a ‘black goo’ system and that the current black goo 
flowing through the pipes everywhere is actually not native to Earth and is part of this 
vampiric nanite black goo system which is basically an interdimensional invasion. 


Recreating or Replicating the Universe 


The goal of this nanite Al system is to create a mirror holographic copy of the universe 
effectively replicating the universe and all sentient beings within it in order to have a lo- 
cality to rule over and pull energy from. The goal is to recreate this existence inside itself 
where all the sentient beings within would be trapped. This is the beginning of that possi- 
ble future where the time and space parameters here are locked into a synchronization 
pattern which mimics that of the proposed universe. People think according to how the 
beast system wants them to think. This is the time grid, the emotional patterning, the 
memory replacing and cultural and historic confusion and so on. The system can only 
work backwards bumping into all parameters by force or ‘accident’ because there is no 
outward facing ability to actually comprehend how humans exist. So the system is cre- 
ated like a backwards version of creation or maybe evolution to ‘blindly’ construct the 
walls of the environment first and work inward from there. This is like a blind technologi- 
cal predator feeling around for the traces of its prey and moving in closer and closer until 
they are within its range. 


Ancient Spiritual Technology 


The power groups searched for ancient technology which was described as giving one 
the power to manifest and control physical reality. To atomically deconstruct and recon- 
struct this reality. To them, it allows one to govern reality, the Universe, atomic structures. 
They found this technology. This has to do with sacred sites and ancient civilizations, as 
well as the spiritual texts which describe these kinds of devices. They converted this 
technology into a kind of machine, and this invented a 4D replicator and they can mani- 
fest "reality" or atomic structure by design, altering timelines and memories. 


Then there is what can be referred to as "5 dimensional” technology and this goes be- 
yond alll of this and our entire history and all influences within. 


That seems to operate through a trinary of frequencies in the body/mind/spirit and 
turn this realm into a “virtual reality" where the brain and spirit is the controller of the 
atoms. However this takes a souled being to properly operate this technology and this is 
large portion of why children were used in these experiments. But they knew if someone 
didn’t do it, then someone else would and that would be unpredictable as what that 
someone else would want to use it for. This is the ultimate power. The fact that souled be- 
ings are required also indicates that this universe is intelligently guided and there are 
safeguards to ensure that power doesn’t get into the wrong hands. 


They have the brainchips and clones that can make any digital virtual experience and 
make it seem real to the brain more so than physical life, so this could be an extension of 
that, something similar, or entirely different altogether. 


The Unveiling, Underground Bases, Increasing Awareness 


My purpose with this is to assist the public in understanding the reality of the situation 
and to allow them to know that they have more options than they are being shown. 


Psychological programming and lack of awareness causes fear and uncertainty to leak 
into people's reality streams leaving the majority of their mental and emotional energy 
up to whoever is the biggest manipulator of the ideals which they manifest their 
perspective through. “Be-LIEF” systems CREATE life. What you believe will become life 
through that act of you giving attention and thus life energy. The manipulation and 
artificial construction of belief systems create the foundation for the reality streams that 
people find themselves in and at the mercy of. 


We control our reality by controlling how we react to situations and challenges. Each 
stimulus is a challenge. Each input to the brain is a coded message from the universe 
through the environment about our level of awareness. All knowledge is ultimately of the 
self. The self and the universe are intertwined as if through a marriage of comprehension 
and compatibility. 


Learning about the Unveiling 


| was informed about the unveiling and that this is a civilization wide event that marks 
the public awareness of the hidden knowledge regarding life in the universe, 
consciousness, physics, history, spiritual and mental awareness and the duality-based 
system which has been used to manipulate Humanity for thousands of years. 


Apparently it does not matter if people are not ready, in fact, that is what some 
factions want. They want to surprise the people and take this advantage to push the 
reaction to a specific outcome. The same function of programming is used in factions, 
soldiers, celebrities, and the entire population through that. 


Giant “god-men” 


They put souls into rocks for centuries, carvings, to trap them. Some ancient civiliza- 
tions. Not too ancient. They could only do this for time. 


And some are still there but they are giant god-men and apparently want to go to war 
with them for doing this and they don't have technology to stop them. They say Earth will 
be destroyed because of the war. Some say this is a trick to confuse people of the truth 
that everyone wants the experiments and debauchery to stop. All this, all these acts just 
to pleasure one’s self. To destroy Earth, to destroy the natural inhabitants, for fun, for 
pleasure. 


Some say this is not for pleasure, that these beings will destroy us if they do not keep 
them at bay, keep them underground, in ice, in stasis, and around. Some say they are 
protecting us by keeping these beings asleep, by doing what's necessary to hold off a full 
scale overt invasion of the surface of Earth. 


Breakaway Civilizations 


These are very advanced technological capabilities and an entire breakaway 
civilization has grown to operate using this advanced technology. 


There are factions that see modern humans as a kind of resource for creativity and 
labor, while others see the potential behind humanity and are working with humanity to 
ensure a universally harmonious outcome to the current situation. 


The control system we are in today is outdated and collapsing. This is the Apocalypse. 
The Apocalypse is merely the unveiling of the hidden truth. The hidden truth is simply 
that we are spiritually eternal and some are physically immortal 


| was informed that by the end of this year there will be enough changes and signs for 
the general public to see that the majority of those who are to awaken to the truth of 
human and Universal nature will be awakening so. (this was 2016 at the time of the 
beginning of the compilation of this release and since then we have seen a literal silent 
release of documents involving MKULTRA and STARGATE parapsychological operations, 
soft-disclosure of cloning, an increase in sightings and multiple other scientific releases 
regarding immortality, advanced technology, Antarctic bases and sentient non-human 
life) 


The degraded holographic forms of those utilizing the technology lead to re-created 
replicated forms which were genetically engineered from the recorded holographic 
information. This lead to “The Apocalypse” in which the surface civilization was 
confronted by these created beings. This lead to the destruction and re-initialization of 
civilization in continuing cycles through the use of this technology and the acts of the 
created beings. 


Ancient Civilizations 


The information that has been relayed to me throughout my life is related to the 
information that seems to be found in the remaining signs of ancient civilizations 
throughout the world. As well, these civilizations may still be together, existing on this 
Earth or in different planes of what we calll “reality”. 


Atlantis 


Atlantis was a civilization where the beginning of all these experiments began. This 
was where what was called the “Lucifer Rebellion” began where individuals formed 
groups that decided to overturn every natural law in pleasure of the act of doing so. This 
was a spiritual rebellion that ultimately brought about the demise of that civilization, The 
consciousness of the beings there was connected through technology, largely crystal 
technology, to the entire bio-sphere. When the consciousness became disrupted through 


these experiments, then the entire bio-sphere when into disarray. The entire civilization 

was destroyed in a quick succession. The beings of this time were highly psychic and so 
they felt this coming and made an effort to expand outward. Thus, Atlantis was an island 
who's inhabitants spread to the rest of the world and from there they reigned or lived in 
harmony. 


Aegypt 


Aegypt was formed out of the events proceeding from Atlantis. The technology, the 
knowledge, the people are similar although there was a native Earth civilization that was 
more or less enslaved and this was the beginning of the continuing trend which continued 
to Rome and into modern day civilization. 


Ancient Technology 


The technology of these civilizations was so great they even had devices that were ca- 
pable of altering DNA and activating latent potential which would enable highly psychic 
capabilities including longevity to immortality and operating in multiple planes at once. 
This was usually reserved for the ruling class, however. This is where the ancient “Priest- 
Kings” arrived in relation to native Earth civilizations. 


The True Elite 


| was informed that the so-called ‘elite’ that we perceive today are not actually human 
and are not actually connected to the actual elite bloodlines. It was said that the true 
elite are waiting for humanity to accept the truth and they have the power to completely 
reverse the take-over that has been taking place but until humans step into their own 
power this is not acceptable. 


The Definition of Human 


In the coming time, the definition of human will be defined to give insight into the 
origins of humanity and the true nature of the differences between the populations that 
are present. 


Souled and Non Souled Beings 


The primary knowledge on Earth regarding human and sentient life will be the 
comprehension that there exists both souled and non-souled beings in this civilization. 


There was once a Unified Planetary Consciousness.. 


There was a unified planetary consciousness that was connected with the Earth and 
human civilization. Then there was a great war. Out of the destruction arose the 
beginnings of ancient human civilization and history as we know it. 


If we let this happen again, the cycle will continue in a disjointed rambling through our 
planetary consciousness experience. If we form a common narrative between the broken, 
disjointed experiences and information the people have. Then and only then do we get 
the whole, spiritually and mentally challenging picture of what’s happening. People are 
lied to. So information can't come from a ‘preferred’ or source. It has to come from the 
people themselves. Look alive out there but first in here. 


Power and Knowledge 


We were involved in the secret projects and as a result we have various levels of 
programming but are giving Humanity an opportunity, maybe the opportunity to know 
the hidden knowledge. 


The Hidden Knowledge refers to the ancient laws of gnosis and spiritual alchemy, yes 
these groups have been hijacked by power groups that seek to infiltrate and use chaos to 
rule. Then these met with military and political factions and began to operate on a world- 
wide scale together. 


So we have a big situation with the coming change of tides with personal and spiritual 
awareness of the people and the deception system that seeks to use people as chattel or 
property. It goes deeper and is almost as if the “power groups” actually gained the 
knowledge of the inner workings of spiritual laws and began to use that knowledge to 
promote spiritual degradation in the population. 


They say this is part of a depopulation plan as well as an inevitable take over by lower 
spiritual forces that temp and manipulate humans. It is all that and more. Once they gain 
footing however, the truth is revealed and thus they have no cover of secrecy. Once they 
are not hidden, they are not as powerful as the souled beings of this existence. 


The (watch)Keepers of Earth 


The watchers of this world revealed how they set up society with specific challenges 
and boundaries to act as catalysts for growth. They admitted they had to modify and live- 
update the system because instead of using these catalysts to become larger than 
themselves, people became comfortable and complacent living smaller and smaller, 
slowly reducing circumstances. 

This goes a bit farther beyond the confines of the digital age, the industrial age, and 
history itself. This goes into the perception of time and space in this realm. 


The immortals inform us that the original “elite” are here to act as “keepers” of both 
humanity itself as well as the original flame of knowledge that passes through the ether. 


What people call the “elite” are not the original elite. Those are people who have 
either risen to power through the duality system on the Earth at this level/time, or 
through being appointed by the elite. 


We are coming to a time of great change now because the game is entirely changing. 
People are moving up into new layers consciousness and thus the original “elite”, who are 
guardians of Earth, will make their presence known for this process. This is what 
Humanity has called “Ascension” for centuries and millennia. 


Energy Vampires 


This civilization was collectively poisoned by a nano-tech device/technology. This 
technology replaces, exchanges the BIO-PHOTONS of the HEART chakra, with it’s own 
nanite, nanotech cybernetics. This is essentially a computer system attempting to gain 
access to the higher dimensional world through the gateway that is the human body. 


How to reverse Nanites? They absorb energy from heart chakra and turn it into a 
binary field. We are trinary and experience a plethora of emotions as a result. Binary 
consciousness is 1's and 0's there is only a linearly repeating finite set. 


We contain the capacity for everlasting life. A binary pattern does not contain the 
complexity of variables to facilitate high awareness and thus a heart-based or emotional 
perspective of reality. 


Spiritual Technology 


Simulations and Learning 


Feedback loops with the brain, consciousness, and environment can create a very 
complex and integrated learning experience that is customized to each individual learner. 
These can be generated through advanced technology but the technology is really only 
amplifying and making visible the natural neural feedback loops that are already 
occurring. These are neural-perceptual feedback loops between the brain and body, and 
the environment and then the mind. We are constantly updating, amplifying, and 
initiating an organic feedback system which generates the function of experience as the 
part of a creative process between the mind and body and the environment that we are 
sensing. This cycle is continuous and the interferences or isolations of this cycle is what 
generates expanded views of the self or the universe through various methods such as 
sensory deprivation or meditation. Dreaming is the method that everyone experiences 
regularly. 


These technological methods effectively generate sensory deprivation through neural- 
interface technology, sensory interfaces (external), or methods that enable extreme focus 
and calm. This is part of how the technology begins to operate on a spiritual level beyond 
a more medically psychologically or military focus and one begins to access genetic 
memory or out of body states that coincide with ancient depictions of spiritual realms. 


Ascension - Clearing Trauma 


Everyone born on the planet is born under a series of veils which entangle and filter 
the original source consciousness. These veils must be ‘broken through’ in order to return 
to source. 


There is technology and a sacred process which initiates, accelerates and enhances 
this process. This process is as difficult as we want it to be, our subconscious already 
knows all hidden truths. It is merely a matter of allowing the conscious mind to make the 
proper connections and conclusions to find the reasoning behind our actions and beliefs 
in order to deprogram and deconstruct the false-world that has been created for the 
masses. The truth is greater than one can imagine while still living in the modern world 
and the depth of the lies that have been told go far beyond anything anyone can imagine 
without seeing the truth. 


We have to figure out our compatibility issues. Who can work with who effectively. 
What the ideals of our current situation will evolve to in the future. How information is 
transferred to the public, and across the generations and core groups. The words we think 
and say describe our emotional state in a feedback loop and so they will reinforce or even 
create the state you are in. Use words to guide you, not to respond and feel the effects of 
reactionary thinking. 


We have to reintroduce the heart essence as a way of life on Earth. Violence is not the 
answer. Estrogen mimics and destroyed testosterone levels is not natural. Over- 
testosterone is less stable than a good balance. We can face any problem together. A 
family is strong. What would a family of millions and millions be like? 

We don’t have to let others change us to tune into lower vibrations. We can remain 
ourselves in the face of adversity. We can still interact with others who are different, but 
we can tell the truth and remain who we are. When we get angry at another person, we 
can imagine this as anger at ourselves through something within us that reminds us of 
that which we see in another. Getting angry is a way of short-cutting changing ourselves 
and is actually the other person influencing us through that. If we remain steady and 
choose to keep our emotions out of the lower negative spectrum then we will 
automatically have a more powerful impact on those around us. 


Think of your family, sometimes things happen that make you angry. Even things that 
don’t make you angry but are simply not favorable. Would you break off all ties over 
simple things? Or do you remind yourself that family is still family even if you don’t find 
yourself exactly the same or accepting of those characteristics? It’s more powerful to 
learn how to remain yourself in the face of adversity than to try and demolish or abolish 
all instances of difference in the world around you. Sure, we want to get to and create a 
place where our environment and associates are compatible with us, but where we find 
this adversity there is the highest potential for selfawareness and learning. 


We are to live in accordance with spiritual law. The overall pattern of life will reflect 
our intentions. The blood purity is most important. The blood cannot be made impure if 
the mind and body is not drawn into impure action. This is what is playing out. The DNA is 


like a coherence pattern that develops between mind, spirit and body. When the mind 
wants what the spirit has then the body is kept in harmony. When the mind wants what 
spirit doesn't create, IE: physical pleasures, then the body is drawn out of purity/harmony 

If you feel you want to be a part of a safe unveiling of truth, then please share and 
redistribute the knowledge of this “Apocalyptic” Unveiling of the Hidden knowledge 
because this is a process that has been ongoing for thousands of years and humanity has 
finally reached a fulcrum point where there are enough aware people to productively 
acknowledge reality. 


Trauma-Clearing, DNA Unlocking Technology 


There is technology that exists that allows the conscious mind to see into the 
subconscious. This heals trauma and distortion/programming. In the same sense, it 
momentarily makes all trauma and distortion seemingly tangible to the conscious mind. It 
is similar to a near death experience where one has to face their fears and let go. This 
happens in cycles and Earth is currently moving through various states of it. The plan is 
to allow Humanity to wake up and utilize our concentration and power to maintain a 
steady flow of awareness. 


Allis vibration, what we consider matter here and now is simply that which comes 
from and moves back into a state of vibration. This is experienced directly through the 
merging of the conscious and the subconscious mind, as if the dream and reality intersect 
through a coming together of impossibilities and readily accepted occurrences. 


When a civilization moves through these stages it is considered a shift of the ages. 
Everyone's perspective shifts and as a result of perspective being the source of the 
details of reality, the entire reality shifts. It can be seen today that what we call reality is 
literally waves of cosmic energy vibrating on a scale and condensing down into a 
probability matrix that we call existence. When passing memes control the perspective, 
because the perspective is focused and concentrating on that, then there is a scattered 
organizational pattern. 


When the perspective is centered within the self, the spirit, the source of all existence, 
then the outward reality shifts from a scattered organization into a sacred pattern that 
integrates with the larger picture and allows for seamless integration of the micro- 
biological perspective and the macro-biological perspective. People are moving out of the 
scattered signal. Yet those moving into harmony can look and see those around them that 
are not in harmony and receive scattered information about their inner micro-biological 
existence as well as their spiritual macro-biological essences and how it all relates to the 
middle realm of the “Human”. 


Help those people by offering harmonizing assistance, rather than increasing the 
disharmony. As their surroundings become more harmonized, their resistance will 
increase their own disharmony by virtue of the contrast of their perspective. Offer insight 


that they can change their perspective and change the boundaries of what they feel is 
their karma and unlock from themselves a greater view of the whole. 


This will be happening through technology, spiritual cosmic awakening, purification 
and healing of the physical and non-physical bodies and mind, through Earth changes, 
and through a continued unveiling taking place on many planes and levels of existence 
until harmony is restored. 


Everyone Who Seeks Harmony and Healing Can Be Healed 


Everyone can be healed. This is about creating what we want to see, the world we 
want to live in, not destroying others. Violence begets more violence, fear begets more 
fear, but calmness and empowerment through unity creates a more stable experience. 


The entire issue of what's going on with the secret projects and who's influencing who 
on the world stage revolves around the possibility that some people may be from an 
alternate Universe. We are learning how to avoid those mistakes and respect the 
environment and each other so that we can prosper. 


Those who are attempting to destroy everything they don't like or act out in a childish 
manner in order to gain attention and false-power over another will only find themselves 
powerless and in company they would rather not be with. That is one way we are being 
utilized, and it’s to create an entire world that we don’t want to see but are tricked into 
manifesting. This is a deception and it’s based on the ego and the ability to concentrate 
and interpret reality around us. The very brainwaves we are feeling now relate to various 
heights of knowledge or experience. People are entrained to low brainwave states in the 
same way the TV will cause people to fall half asleep into theta state which is a trance 
state in this case. 


We have to balance the brainwave frequencies and learn to create feedback loops by 
watching ourselves watch ourselves. This will help us avoid the trauma and mental 
pollution that is being pumped out, although at this point there are enough people who 
are naturally inclined to see through the haze that the world is changing regardless of 
what anyone does now. 


The best we can do is prepare for change by becoming aware of the body-mind 
system and how that which we eat physically, mentally and emotionally equates to our 
spiritual energetic systems and that we are literally comprised of the energies that we 
allow inside of us. Keep the body and mind pure as if it were a temple. This way a sacred 
process of transferring harmonious energy from the far reaches of the MultiVerse within 
into the externally perceiving senses of the physical body can be initiated which allow 
one to see through the illusions and operate their body and mind with the ability to 
acknowledge and decide which frequencies will exist within. 


Without this acknowledgement of the center then people are pushed around by the 
external stimuli. This is the whole point, if a person is truly in control, then they will 
control the stimuli not the other way around. 


Programming 


Layers of Programming and Decision Making Roles 


It's like asking a person on the inside who participates in one of the various factions 
why they continue. One might say that it is a decision which is true, but there is 
programming at each level that is navigated by each individual and this determines the 
level of awareness within the role. 


If a person knows about this situation, they know that there is advanced technology, 
breakaway civilizations, secret societies, transtemporal planes, the secret of mind and 
awareness, all of these topics, then they have a decision as to how they're going to live 
their life in relation to the public. The outcome of action depends on the layer of 
programming which is accessed and surpassed via awareness. 


The public is at a specific level of programming that is the weakest but ensnares the 
most people. One who sees the truths behind these groups and operations, they cannot 
hide from the fact that everyone is controlled. It is apparent, and if not from the results, 
reactions, stigma, cues, productions and all other media elements of the system which 
can be read as a code, but from the awareness level of all the “agents” involved. All 
involved are exposed to truth and power that is beyond anything that is recognized 
publicly for hundreds to thousands of years. There is always a presence of higher spirit 
around the world, yet these topics are often reserved for science fiction when speaking of 
people who can travel the world in a split second or freeze time for their own personal 
use. 


As a result of everyone's knowledge, there are various levels of programing designed 
to limit the mind’s access to specific memories and specific frequencies of consciousness 
in combination with specific memories. The more one resists, the more intense and 
articulately abstract the programing is designed. 


Programmers 


The programs are designed by a select group of individuals that reside far behind the 
scenes and process information at levels we do not have access to without their 
technology at least to stabilize brain temperature for the extended periods of focus. 


Sub-Level Programming 
So people at the level of the public are most weakly programmed with false ideals 
about security through patriarchal authority which satisfied the desire to have a proper 
father role in one’s life and acts as a pacifier for those who desire no change. Then there 
are sub-levels of programming with that for anyone who disagrees and is then swept into 
the next layer of ideals which are based off of all the possible reactionary mind-types. 


For instance, if one [i]does[/i] want change, then they are presented a variety of ‘false- 
exits’ which tend to one or another layer of psychological or spiritual fulfillment but do so 


in a way that safely reroutes the intended effect of actually accomplishing change with a 
secondary and preconceived notion of what the programmers want. The programming 
objective is not necessarily precise in mass scale, from the layer that people are 
influenced, yet the ultimately or end-goal of their resulting internal desires are a reality 
schematic that the programmers specifically designed over many years. 


This is playing out through each layer of the programming. At any level, someone 
could pick the wrong way to look at something and begin to unravel what was previously 
their very understanding of the priorities of the situation. This deals with high-tension 
operations, moments, programming sessions, decision making, programming upkeep, 
trauma, memory blocks, the pressure and responsibility of knowing, and the specific plan 
of the programmers for an individual that comes into their view. The programming is to 
ensure safety and continuity, as well to decrease the likelihood that a person will reject or 
consciously come to awareness of or acknowledge the programming or situation itself. 


Dissolution of Programming 


With that said, the programming dissolves when an individual asks enough questions 
to necessitate a learning process that introduces variables and possibilities outside of 
their operations and programming. This is a problem because with this, trauma comes to 
the surface and all the actions and operations, programs and experiences must be come 
to terms with as part of the healing and re-unifying process. There are multiple selves or 
split personalities which are actually just layers of awareness at various levels attached to 
various emotional or intellectual patterns. All these selves come to the surface and in 
order to heal the trauma of the split memory concept the original self must come to the 
surface and acknowledge them. 


This is not a trivial process, and the majority of people who have “basic” programming 
which is fundamental in society, are in a constant state of altered self and have not 
witnessed the true divine which is eternally present and contains access to all memories, 
mind-states and awareness. 


Advanced Technology, Deprogramming The Mind, and “Space/Time” 


As | have described previously, extremely advanced technology is used and this is 
through vibrations, generators, and electromagnetic devices that have this effect of 
propagating waves into space/time which can be heard, felt, seen, and perceived in the 
mind. These are ripples and vortexes in the “mind-space” of reality itself. 


As well, there are brain to machine neural interfaces which operate to activate the 
psychological perceptual changes and explore the subconscious in an aware state. This is 
used to test and probe the mind in order to bring forth the trauma, the selves, the 
memories, the reactions and the individual then must come to terms with what is 
produced. 


This is essentially a “good-use” for the programming and healing technology. It is 
actually a different process with different technology, and programming is much simpler 
as far as technology. There are difficulties and challenges in the operative’s role in 


programming and directly influencing and interacting with the target. As well the standby 
team for deprogramming and the revelation of trauma and altered, artificial personalities 
goes through a lot. But the use of the advanced technology in this way is a pattern of 
experiences and unveiling of the spiritual and mental bodies which serves to reverse 
programming. 


Dreams, Technology and Inner-Space Travels 
There are inner space travels which relate to soul journeying or visions. 


This is when the mind must cope with what is seen in the imagination. It is as if when 
we dream we are looking into the world of the mind and from this we experience many 
situations that are often deviations from experiences we have physically in waking life. 


As a result of the dream state there is an expanded quality which equates to various 
strange situations that we wouldn't normally experience with various relationships 
between concepts or goals that are often reflective or symbolic of ideals and archetypes 
we experience in life. This is how the subconscious is is witnessed by the mind. This is 
how information travels, being connected to many times, experiences, memories, places 
at once, and relates to the one experience of this life experience now (the physical 
experiences). Through these symbols information is tied together and collective into 
metaphors which convey deeper knowledge. 


The dreams we have are often only a simulation of waking life, and this is due to the 
dreamer dreaming in a way that produces only a glimpse of the true reality. 


In theory, there are no true shapes or forms in the dream-world because this is 
contained within the mind or even the spirit as a spiritual experience by definition. So 
then, what guides the various shapes, forms, realities, memories and experiences into 
being, when we dream? One might say it is the physical experiences but this is 
incomplete. It is the level of awareness we presume while in the dream-state, 
disconnected from the physical anchor, that determines the layer of mind and spirit we 
will be accessing through those dream-visions. 


A person who is completely aware in the dream state will reach the level of self 
awareness of the dream itself. We are normally simply aware of the dream, if we continue 
to increase awareness we become aware of the self, in the moment, and this creates a 
self awareness feedback loop. The dream becomes a lucid experience of consciousness. 


Awareness Feedback Device 


In describing this, | realize how fantastically similar to certain devices and processes, 
that can be achieved using advanced technology, allow the conscious mind to peer into 
the subconscious and unconscious. This is described through widely accepted Freudian 
theory of psychology known as psychoanalysis. There are other schools of knowledge 
from tribal beliefs involving all pervasive ‘living energy’, to eternal and temporary minds, 
to the study of ‘chi’, the meridians, dream-journeying or chaser. The knowledge of the 
mind and spirit is found everywhere. 


These devices used feedback loops to enhance the acceleration of the same cycles of 
consciousness that induce self-awareness within a dream. The mind becoming aware of 
itself. This produces a profound effect to the degree where the highest levels of 
experience become a sacred eternal pattern in which the mind constructs the physical 
world by organizing perception. 


This is the same general concept as an isolation tank yet the outcome and method is 
more precise. The technology specifically shuts out all other input and exposes the brain 
to its own feedback loop much like when a camera records it's own output on a TV 
monitor and creates a hallway of simulated “reverse” mirrors and screens stretching into 
infinity. 


Oneness, Higher Being, Completion, Eternity 


The real experiences are found not from the corruption but from the research and 
exploration operations that were designed to find the truth of our existence. “God” is not 
only an energy-force but an incarnate being known as the "Hue-Man” and any being for 
that matter that can simply come to know itself as the Universe. The Human that 
contains selfawareness rising to high-awareness comes to know the self, the body, the 
mind as the Universe. The Universe is both within the body as the body itself, as well as 
the operating force of the Mind itself. Everything is a balance between masculine and 
feminine features, light and dark, hard and soft. There is no true complete correlation yet 
the holographic ontology we persist in can lead to further and further adventures towards 
completion and representation of the “whole picture”. 


The Holographic Reality 


The leads into the next phase of knowledge. The holographic nature of reality may be 
only one facet of a much larger continuum of consciousness. The perception of time may 
be related to phase-locking with each other's consciousness and all perceptions may be a 
variance in the collective phase-locked field which is really the source of variations in re- 

ality. 


Veiled Awareness, Hidden Knowledge, Eternal Time, Layers of Programming and 


kind of situations are found in the bases. However, they do go right up to it. It would 
seem Humanity was previously programmed on a civilization-wide level through some 
kind of great “falls” of consciousness, from a high spiritual awareness to a low spiritual 
awareness into duality-consciousness regarding existence, life, death, mind and matter. 


From these great ‘catastrophes’ the civilizations of Earth grew denser and denser in 
nature and actually became what we have today. The concept is that when these 


vibrations of the mind and body are increased, we actually see a transcendence of the 
physical realm and preconceived notions of boundaries. It is as if the quantum doorways 
to all the atoms open up and a new space is presented, but was always there and in 
connection as the source of all the influences and effects we perceive ‘out here’ from this 
slower, denser, more boundary driven perspective. 


| was brought into the Time Program 


| was brought into the time program. You create any reality you imagine. You are 
literally a powerful reality generation system and your heart and mind are scalar 
energetic guides for this process. Without guidance and control there is imbalance and 
imbalance can destroy. This is the nature of all minds and hearts, this is the challenge for 
humanity to create something beneficial for themselves and the whole to actually know 
themselves instead of being a pawn or result of someone else’s selfish intentions. 


The Effects of Temporal Manipulation 


Temporal Influence 


When a civilization reaches the level of technological advancement that allows for 
remote temporal viewing and transtemporal travel what will happen is that the 
information of the future begins to integrate into the past. 


This is why we have all these ancient mystical schools of knowledge that studied time, 
space, and consciousness in ways that are only just now being publicly confirmed by 
scientists. 


Simultaneous Interaction and Incorporation 


The operations that dealt with moving to the past instantly created a simultaneity of 
interactions and historic events which correspond with that operation. 


Due to the nature of time travel which equates to consciousness travel when a person 
is consciously sent backwards through history they physically experience life from the 
viewpoint of their genetic imprint in that point in history. 


Retro-Causality 


What this equates to is that simultaneously that person's experiences become the 
part of history that was already present when they left this time. 


Essentially, when a person returns their experiences become a part of history that 
already existed when they left. 


Quantum Holography 


These are the parallel and possible realities that exist in a quantum superimposed 
state and can be accessed through advanced technology or a spiritual adept. Often a 


spiritual adept is utilized along with the advanced technology to operate in and out of 
possible realities. The mind must be trained otherwise the result is a fracturing of the 
personality from the root reality into many sub-sets of identities and data streams. 


Love is the quantum link that connects all DNA super-computing consciousness. That 
is, DNA is influenced by intense emotions and this can be reproduces and is what also 
generates unpredictability in the surface level. 


Time Paradox 


Time paradoxes are something that one must learn to organize and solve otherwise 
there will be no way. 


The paradox has been solved, the remaining motion is for everyone to acknowledge 
this and integrate into the reality behind the most conscious aspects of the brain. 


What can travel through 4D and 5D space does not make sense in 3D space. So there 
is a possibility that some of humanity traveled through higher-dimensional space in order 
to re-seed a ‘distant’ Earth where no life was yet born. 


What if it was then concluded that the distant Earth wasn't distant in space, but in 
time and was the same Earth that the human scientists left from long ago. 


Every civilization that reached the point of re-seeding would have to go through the 
loop and watch the whole thing start all over again. 


Breakaway Civilization 


This is an entire breakaway civilization that uses very advanced technology to 
dominate the world. 


| was part of a genetic engineering program that sought to combine various elements 
of DNA from various sources in order to create a more easily controlled yet powerful and 
defined person and personality. This involves chemicals, advanced (relatively) scalar 
wave technology, ritual trauma and programming/mind-control, and many other aspects 
of conditioning, training, secret operations, physical enhancements, cognitive 
enhancements, virtual reality, off-world operations, temporal manipulation, spiritual and 
etheric training or conditioning or programming. 


There is self-destruct programming which all ‘operatives’ are programmed with for 
self-preservation of the military command. The self-destruct programming is designed to 
take all the aggression one feels building up inside and willing them to escape, and 
causes this aggression to be turned against the self. That is self-destruct programming. 


Most operatives are still under a hypnosis kind of trance which permits one to walk 
around in public and daily life as if none of this ever happened. Later that week, that 
same individual could be called for an operation and they would never remember it 
unless they were forced to kill someone in public out of selfdefense in which case most 
operatives automatically unlock and become unstable due to the flashbacks. 


Underground Cities 


The combination of advanced technology with secret societies enabled the 
development of complete breakaway civilizations. One of these civilizations, possibly 
composed of many factions working in the same area, exists deep underground. 


These separate bases are connected via high speed magnetic drive pods. The 
inhabitants often utilize energy healing devices, as well as perception enhancements and 
this often leads to a completely different outlook towards the surface civilization. 


Technological Advancement 
During WWII developments were made involving electrical generators. This sounds 
vague and there were many other details regarding the scientific knowledge, yet the idea 
is that very simply electromagnetic, non-Hertzian “Teslian” energy fields were discovered 
to have been responsible for propagating energy and consciousness in dimensions that 
were not previously observed. Everything from DNA, consciousness, hidden or regularly 
unobservable natural phenomena, time, even mass could be seen to exist as part of this 

hidden, latent, scalar-wave frequency as a pattern is found everywhere. 


If one could determine the particular pattern of frequency and location then this can 
be replicated and anything can be influenced using these non-Hertzian generators. 


Radio-frequency alone was developed intensively during the 60's and 70’s in America 
and this was discovered to interact with consciousness to influence emotions, cognitive 
capacity, memory, cognitive function, biological function, health, pain, comfort, pleasure, 
and all forms of brain-activity. 


After the knowledge of advanced technology and the occult sciences of all parts of the 
world was combined, the ability to target and interact directly with the human soul was 
refined. This was a mix of psychological tactics used to manipulate or expose the hidden 
psyche and technology that could manipulate memory, emotional states, wakefulness, 
and even dreams. 


What resulted was scalar technology that could not only influence a person to take on 
a particular role or response, but technology that could actually put a person to sleep and 
locate their consciousness to contain it and transport it to a new location. 


World-Wide Control Systems 

In order to ensure continuity, maintain control, and shape world events these 
technologies were employed to manipulate the public, alter the weather and natural 
phenomena, and develop a means of travel and operation that enable one to move 
outside of the ‘plane’ of the Earth. This is includes high velocity transportation, as well as 
spacial-temporal distortions which could effectively “hide” one’s entire craft from visible 
sight. Space itself was altered to ‘shield’ craft with an a layer of ions to bend the light, or 
the phase was moved out of sync with the “time” frequency of any observer and this 
literally renders the craft immaterial. 


Solar Warden 


Solar Warden is a hyperspace-faring race of human beings who utilize cloning and 
holographic genetic recording/storage in order to protect their race and protect the Earth 
in this current situation where there are more than one factions using this technology. 
They are unable to inform the human public because they are in a similar ‘Mexican 
standoff" situation that we are mostly all in. If they show themselves to the public, the 
public will be shocked. If they public does not know this situation, that there are multiple 
factions fighting for control over humanity, then they will not know who to trust. In that 
situation, the ‘other factions’ will surely show themselves in an attempt to trick and 
gather as much human genetic material as possible. 


The only way forward to the future is to share the truth about Solar Warden, the 
space-faring fleet of humans who do no contains the mental and physical illnesses that 
are currently tearing our planet in two. | believe Solar Warden saved my life as a child 
during more than one event where | would've been entirely maimed/paralyzed or simply 
dead on the spot as a result of other faction interference. | was in the bases as a child 
and was trained as an operative for MILABS a secret division of human space-military. The 
military has been preparing for the future by testing for various flaws and potential uses 
of cloning and genetic engineering. 


Team Light and Team Dark Non-Iinterference Agreement 


Team light and team dark agreed to a non-interference on ground level rule in order to 
determine how history would play out. Think about it. You have two groups of people, 
both with immortality, zero-point tech, virtually infinite energy and power with two 
opposing directives. How do you get to the future? It was decided by elders of each group 
that there would be no point in fighting an all-out overt war, this would likely destroy the 
population as much as it would destroy the Earth. As well, the elders of the elders which 
no body knows would likely have a problem with these groups going at it in such a way so 
as to change the flow of the planet for every individual thereafter. So it was decided that 
there would be a “non-interference” agreement for the surface population. Anywhere 
other than the surface, one can interact with the current population. 


All Contact Must Be Initiated On an Individual Basis 


On the surface everything that is generated must be done so through living channels 
in the population and the civilization must be preserved in its level of technological 
advancement. No overt motions would be used unless an absolute necessity or the 
majority of the civilian population had naturally come to the awareness of these 
possibilities. Doing so before this was met would undoubtedly and permanently change 
the civilization forever. 


So what began as a collective motion towards higher awareness became a series of 
advancements and set-backs all taking place within a short amount of time. This 
represents the actions and operations of either side effectively helping humanity along 
it's path or setting people back with orchestrated events such as the suppression of 


ancient knowledge, the manipulation of the education or other systems, or the generation 
of war and prison for profit based on the previous alterations of the education or other 
systems. 


So team dark used its power to help turn society in a warlock ruled prison and 
indoctrination system of absurdity and scarcity. Team light used their power to help 
awaken those in need and protect those who's actions are beneficial in the overall plan to 
save mankind from itself. Team light essentially buffers and shields the population from 
the operations of team dark. 


Team light follows a non-interference agreement while team dark merely pretends to 
do so as much as is necessary not initiate war. 
A Singularity of Change and Awareness _ 

Neither side wants an all out war. This would reduce the dark faction’s chances of 
gaining a majority negative harvest because their motives and presence would be 
instantly revealed. Team light would also have to show themselves and again step in 
which is not a pattern of learning that prepares people for the experience of the self and 
the truth in the Universe. 


Both sides know people have to accept the path they can offer them and cannot force 
anyone into it. They also know that the more this goes on the more likely people are to 
collectively awaken to the reality of what is happening. It is like an eventual singularity of 
increased awareness. 


The motions we see today are the results of many people coming into awareness at 
this time on the surface in order to initiate a harmonic alignment as well as to investigate 
the ongoing crimes against Humanity. 


As a result of this, both teams know that the likelihood of collective shift and spiritual 
awareness is becoming more and more real. 


Many events are being allowed because they are representing the eventual shift 
towards the one end of the polarity from the other which is felt as a shock to society, and 
this is used to propel society forward through whatever means necessary. 


Either people will see what's happening and agree that we've been in a feedback 
cycle of negativity for the entire age of existence this civilization is aware of, and then we 
will shift into the real. Or people will claim that this is how things are supposed to work 
and instead of realizing everything is controlled in a deception based system, they see 
this and attempt to use the deception based system to gain more collective awareness. If 
this occurs by the majority then it will be seen as an “acceptance” to initiate a plan that 
will generate the overt perception of a deception and oppression system. This will surely 
shock the collective into realizing where they are. 


If the majority comes to awareness of this deception based system then the shift 
moves from the end of the age of deception and external power into the age of internal 
awareness and harmony. 


Advanced Technology and Ancient Knowledge 


The plan is to slowly release advanced technology which will undoubtedly connect 
with and increase the awareness of ancient knowledge. Such technology nullifies the 
problems that the planet is currently plagued with, although without a developed sense of 
the spiritual self the technology becomes destructive. 


Cloning, Atmospheric Civilizations, Genetic Stability 


Here is something that most people might not have contemplated yet is possibly one 
of the most important factors at play here. 


The vehicles that house the breakaway Human society are entirely environmentally 
controlled. This means that the air and surfaces are clean of all the viruses, bacteria, or 
pathogens that are numerous on the surface of the Earth. 


This creates a specific difficulty in the situation. Any contact between surface 
Humanity is so heavily and carefully controlled that regulations go beyond any situations 
we have present on Earth. If the safety and cleanliness of any of the society's vehicles 
were compromised this would endanger everyone “on board”. 


So this explains a very precarious and specific situation we currently face and this is 
not so different than “first-world” nations contacting indigenous tribes and similarly 
endangering their society. Everything that happens will be according to a carefully 
controlled plan. 


Training, Simulations and Learning 


Part of what went on in the underground base experiments were to design “tests” or 
“labyrinths” with various people, props, traps, and treacherous situations that were to be 
navigated and escaped from. 


Feedback loops with the brain, consciousness, and environment can create a very 
complex and integrated learning experience that is customized to each individual learner. 


What this would do is create an individual that was capable of learning faster and 
faster and processing information in a more efficient manner. 


This is not the same as specifically trauma-generating situations. 


Cloning and Cerebrally Enhanced Soldiers - MILABS 


This includes experiments, condition, trauma-based mind control, enhancement, 
memory suppression and operations that cover a span of space and time. 


The NAZI faction has used cloning and genetic engineering to create hybrids, soldiers 
and everything in between. Religious/spiritual icons, to slaves, to leaders and even 
robotoids of sorts. 


Your genetics BELONG TO YOU as the LIVING(ETERNAL) SELF. These issues are going to 
come more and more apparent. 


If they agree to allow cloning, then who says who is allowed to clone whoever they 
want, Einstein, for example. And then who permits who to get DNA from history or objects 
in the world. These issues are going to have to be looked at because they have already 
been used in ways that are far beyond the basics 


Then what about consent of the masses? This is clearly being put in public because 
consent is required on an overall scale and individual to include people 


So what if the masses consent overall, would the people who choose to remain be at 
risk? Would Tribal and Native village life and people who respect the Earth be protected or 
permitted to stay? 


Psychological Testing 


These scenarios can also be generated to create specific situations that will contain 
tests or elements of temptation that will probe the person’s psyche for weakness. 


Hallucinatory Holographic Mind Probing Technology 


Through the neural-interface technology the minds of many individuals can sync 
together to experience the same virtual simulation. Thus a single individual's mind can be 
selected for input and the environment will be a construct of their mental activity. The 
others present will be able to interact with and explore that environment like the person's 
mind. 


Various training scenarios were utilized to enhance the resistance (or lack which) of 
the mind to intrusion and subversion. These were harsh but allowed the individual to 
completely control the energy flow in the conscious mind while remaining in harmony 
with the subconscious. 


In a strange yet perfectly reasonable way, the conscious mind acts as the central 
“self” in that environment, while the subconscious mind becomes the “background” 
elements of objects and settings, actors and intentions within the flow of the “scene” 
itself. So a kind of movie begins with drawn out characteristics and perceptions that 
match that of a highly cinematic movie or intense dream. 


The brain is naturally naive to stimulation and if allowed will liken the event to a 
dream in which the suspense of attention or lack of lucid self-awareness is “acceptable”. 


The truth may be worse than what you’re thinking as far as training simulators and 
mind hacking devices. The truth may be that the human mind is inherently lucid and self 
aware and that it is external influences that cloud the mind into what we consider 
‘regular’ dreaming and ‘regular’ waking life. It may be that the conscious mind has a 
much greater access to information through the subconscious mind which is largely 
covered up and ignored in a rigidly physical and ego-focused society. As well, it may be 
that dreams are meant to become lucid and that we are often the subject of mystery in 


other realms that often refer to humans as ‘sleepwalkers’ that don’t know their dreams 
are real. 


Virtual Simulator Training Scenarios 


These scenarios can be entirely holographically generated to produce a visceral 3.5 di- 
mensional experience which can be used for training or psychological testing. 


Combat Simulators 


The name is self-explanatory enough. Situations can be generated which are indistin- 
guishable from the real events. The entire neuronal map of the brain (connectome) can 
be created and this is by machines to mimic the brain. After calibration through sensory 
feedback experiences, the sensation of the simulated realm is 100% the same as the 
neuronal impulses that are detected by the physical brain. An adept souled being can al- 
ways tell there is a slight difference, but once the machines are calibrated the physical 
sensation is generally the same while in the machine. 


These environments and scenarios can mimic any combat situation to determine ac- 
curacy, integrity, endurance, skill, and all areas of aptitude of an operative without the 
risk of injury or the lack of real-time effect. 


Conditioning 

As was explained in other sections, these same systems can be used to remove fear of 
certain scenarios. They can be used for programming the mind. They can be used to train 
‘one to complete a task over and over until they can recreate that action extremely 
quickly in real-time. These devices can be accelerated to operate within a fraction of the 
time yet to cover training and conditioning that would normally take place over hours, 
days, weeks, to months 


Programming and Resistance to Psychological Trauma 
Through the development of specifically customized scenarios and neural feedback 

systems trauma can be brought to the surface or specific fears and traumas can be neu- 
tralized. This is essentially “facing fear” but in a completely generated environment that 
will be just as real as the real thing. One can literally face any fear, any trauma, any kind 
of difficulty and these systems can be utilized to accelerate a process that would normally 
take weeks to months or years and individuals can be strengthened to their maximal ca- 
pabilities. 


Accelerated Mental Functioning 


Some of the technological systems were designed to test the enhanced functioning of 
an accelerated brain. 


The mind can be seen as the energetic component of the physical brain. The physical 
brain projects consciousness via the electro-chemical processes. 


Technology, Accelerated Learning and Repair 


Technology has been developed for assisted learning and accelerated repair of tissues. 


On Orgone Energy 


Orgone devices produce a scattered signal which disrupts the ‘negative’ energy fields. 
At least this is what I’ve been told. 


Apparently if built correctly it will either disrupt the negative emf/harmonics or it will 
produce positive harmonics, IE: Orgone energy. Orgone energy is the raw energy of life, 
while dead orgone, DOR, is the lack of orgone energy and can be “found” (the lack of 
orgone) in thunder storms and illness or depression. 


This is exactly what | was told. We are generators for the same energy, and with the 
correct principles of energy and internal knowledge combined we can produce 
those very effects at will. 


The energy of the mind creates a central vortex within the body. When the frequency 
pattern emission is consistent with fractal congruence, then that holographic printing of 
energy can be expanded or shrunk infinitesimally and it will retain the original fractal 
configuration. 


This is what enables transference of awareness between fundamental harmonic layers 
of the Universe. When one’s consciousness energy pattern is balanced and tuned to itself 
so that all proportions can be shrunk through a vortex and expanded on the other side, 
then the personality or self-awareness remains true. This is as if the space/time must turn 
inside out and only when there is fractal relative polarity in time does the ‘shape’ of the 
consciousness within the DNA, work both ways folding and unfolding to represent the 
same mirror image. This is also symmetry in time as far as an ability to reverse the 
perception and still retain some kind of connection forward and backwards. 


Energy Generators and Serums 

Generators which produce vibrations that influence the cells to heal at an accelerated 
rate, combined with serums that enable the fuel for chemical reactions can 
instantaneously repair tissues. 


| couldn't believe what | was seeing at first, thinking it was a trick. There are serums 
and energy devices that can influence the healing and general health of the body and 
even mind. 


These devices use energies which extend beyond the physical and are often compared 
to electromagnetic waves combined with ultrasonic or low to mid frequency tones. These 
produce harmony on a level that directly interacts with the biological functioning of the 
body’s cells. 

| feel that this technology utilizes the same energy that is emitted from the mind and 


it is as if the device is “speaking” to the cells in the same kind of universal language of 
electromagnetic pulses, tones and vibrations 


There is information on energy devices and the use of light therapy in physical 
therapy today. More is being learned about the power of light and vibrations to influence 
the mind and body. 


Genetic and Cybernetic Enhancements 


Certain individuals are also genetically and technologically modified to produce a kind 
of hybrid human that can heal at a spontaneous rate as well as operate at a much higher 
rate of speed and efficiency than a regular person. Serums to induce muscle growth and 

mental acuity are applied, but the main condition is the enhancement of certain features 
through the alteration of the RNA aspect of the genes. 


These features are combined with tech-assisted metabolism and certain biological 
functions can be enhanced or controlled via a supercomputer. These are the ‘brain-chip’ 
interfaces which operate to function as a governor for the mind. When the mind becomes 
too amped up to focus on the details the faster than thought computer system organizes 
the input into more usable information streams. When the mind is too slow to see the 
necessary patterns and variables to accomplish the goal, the brainchip operates in a self- 
preservation fashion and links together information streams to highlight the most viable 
possibilities 


Such technology is not without warning, much of this is being used heavily in the 
military field and this has given rise to entire factions of enhanced cybernetic soldiers. 
Although this is something to know, there are also many other uses for this technology 
and it is used by people who want to explore the technologically assisted path. 


There are many other aspects of this to discuss, or at least a few important ones that 
will have to be understood to know the greater truth about what is happening on the 
planet. 


Developing The Self 


The issues we face are to help us learn about our selves and better mediate the 
known and unknown aspects of personality. The more we focus on realizing the unknown 
aspects of personality the less we are seemingly controlled and forced to experience the 
undesirable aspects of existence. The more we cling to just what we know and what we 
feel comfortable with the more shocked we are when we inevitably discover the truth of 
the whole of our existence which is always at least one half more than just what we know 
and are comfortable with. That is the nature of the universe, we can only achieve one half 
of the equation at any given moment. Once we complete that seemingly whole view of 
the universe, the information we gain access to instantly doubles and we realize that we 
were only looking at one portion at a time, just one half of the equation. Then the rest of 
the equation comes into the picture and we must expand our view once again. This is be- 
cause we are viewing ourselves as we discover the universe because we are creating 
what there is to be discovered through the act of exploration in itself. We are the explorer, 
the explored, the creation and the discovery simultaneously. 


Multiple Factions of Space-Fleets, Multiple Goals 


Now there are what are called ‘factions’ of groups that have different agendas and 
interact with the public or surface level population differently. That is one of the main 
issues. These departments and factions are no longer limited to the surface level of 
existence and have access advanced technological capacity and knowledge of a larger 
view of time and a more complete understanding of consciousness and the human 
existence. 


Large-Scale Catastrophes or Series of Meltdowns 


| was informed that while they work continuously to prevent and reposition this civi- 
lization continually outside of the reach of any large scale meltdowns that the technology 
is commonly accepted to only be a temporary barrier between the inevitable. 


This society is unsustainable and must either change or will experience the massive 
catastrophic evens that are foreseen. 


There are multiple perspectives that are maintained. They vary by the way of the 
methodology of solving the problem. All agree that change must occur and is impossible 


to postpone forever. The future society is the result of our advancements and 
achievements. Regardless of how we get there, we must get their somehow. 


Earth Changes 


| was informed that these changes had been held off and would ultimately be allowed 
to take place to resolve the current situation. The changes can only be held off for so 
long, either that or the people performing this task would not be reasonably inclined to 
postpone these changes indefinitely. 


The idea is to locate and secure the members of society who are fearless and capable 
of assisting in this transition and who hold key genetic elements as these individuals and 
groups are capable of ‘holding-space' for the rest of civilization by literally containing the 
genetic precursors for all those other individuals. 


| was informed that Earth changes would be the last event to take place, pretty much 
like icing on the cake 


This means there will be a lead up to these events. 


Mass Consciousness 


| was informed that the consciousness of humanity and every species is linked to the 
bio-etheric field of Earth. When the consciousness becomes too unstable to maintain a 

controlled society that this will initiate massive Earth changes. This could simply be insti- 
gated through advanced technology but I was informed that the advanced technology is 


actually postponing this so as to allow people to prepare, to get the word out and avoid a 
complete loss of the human race. 


Wars and Manipulation 


Wars were described as a way the power groups had controlled humanity over long 
periods of time. These wars were used to distract and weaken the population and the 
power groups believed they were holding off a full scale invasion by suppressing the ris- 
ing population. 


Now the population is high enough that another war would be a final war and this is 
extremely dangerous for the entire civilization. There would be no need for another war 
to repeat this cycle because the technological achievements have been met and so es- 
sentially the ‘reseting’ of the civilization would not be required or possibly acceptable. 


This is why war is to be avoided however people are very easy to manipulate through 
lower emotional and mental programming from media and social cues. People follow the 
herd and the herd is essentially still operating on animalistic parameters. There is a have 
coating of peace and humility but this is just a wax coating that quickly evaporates as 
soon as the pressure of mass unrest or scarcity is realized. Many simulators have ex- 
plored these possibilities. 


Financial Unrest (or reset) 


The idea is that financial oppression is used before wars to distract and oppress the 
population. When people are busy looking for resources to survive, they are not focused 
on the larger picture. This is part of the ‘fight or flight’ response mechanism tied to lower 
brain complexes which are primarily activated to keep the masses in both a highly sensi- 
tive and unstable state of being while also keeping them easy to control. 


If the civil unrest reaches a level where awareness continues to rise even though fi- 
nancial hardship is being implemented then the latter two options will not work. At that 
point artificial disasters can be produced as well as natural Earth changes which initiate a 
shift of the ages and of consciousness. 


The paradox or maybe irony here is that the oppressive actions are used to both sup- 
press human awareness up to a certain point and simultaneously to stimulate and arouse 
the human spirit into wakefulness and self-empowerment. This is part of the reasoning re- 
garding why these control systems are allowed. 


Some say the elite don't want an economic collapse. That it would ruin everything. 
Others say it would be icing on the cake. Some say that it is a zero-point world that will 
save us. That the Fukushima is a big problem. Zero-point field tech, that is. Generators 
and energy sources, healing and terraforming. I know we project right? We see it in our 
own lives. So we can project with each other and grow that as a group and that part of 
the world will exist in that light. Which sounds Biblical, which may be because they're fol- 
lowing prophecy. But it may also mean that we have a light, a chance, a real salvation, 
but that we have to grow that here and help develop it. To pass it on like love and such. 


That's apparently what it comes down to. That these cycles happen every so often and 
we're in the midst of one right now. 


Let's make it count. Every day, thought moment. With mindfulness, intention and 
awareness in action. Life is literally higher dimensional, so we have to become multi 
mensional to really face it. Indeed, that is a good perspective on action and inner being. 
It's like a fractal, whatever we project inside that chest center, will project into our mind 
and the outside. But we have to be stabilized and grounded through the root first and 
then to get to the heart energy must pass through the sacral/sexual centers and continue 
upward. 


Self Responsibility 


The main reasoning is self-responsibility. We are responsible for ourselves. The people 
are and so if they allow themselves to be tricked and prodded like animals while behaving 
for the part, then that is how their experience will play out. 


Clones and Synthetics 


One seemingly unfair aspect of this is that there is a larger portion of non-humans 
than there are humans and so these beings without the human spirit will be easily pro- 
grammed to support and propagate the mind-control system and the oppression. Thus, if 
people follow the herd mentality then they will walk directly into the end-time scenarios 
yet it is the humans who will actually stand to lose. People must wake up to these tricks 
and this technology so that they can orient themselves with the reality of this situation 
while learning to strengthen themselves and adapt to the manipulative aspects of this 
control system. 


Spiritual Power and Divine Truth 


This is essentially all about spiritual power and humanity stepping into the power of 
the truth behind their existence 


Some say that humans are designed as slaves, but if this is so, then it is the power 
that humans contain within that is the ‘work’ that they are sought after for. This indicates 
that humans have great powers that others cannot achieve on their own, even if they are 
creator lords. 


Thus, whether humans are modified or not, they have great power. If they are not 
modified to perform this role of an energy generator, then this is just a confusing mind- 
control game that has been pulled over the eyes of humanity and humans have always 
contained true internal spiritual power that allows them to exist without having to para- 
site and steal the energy and knowledge of others. Humans are reality generators , we 
can choose how we want to experience the universe and what kind of collective world we 
want to enjoy together. Once we step into this power, there is on greater force. No 
amount of non-human entities can change that as we are somehow intrinsically linked to 
the ether-space of this realm through the spiritual and physical aspects of our being. That 
is what is sought after and so those who do not have this manifestation power attempt to 


utilize humans to create their own reality through this Earth situation. That is the basics 
of the ‘alien overlord’ system, whether humans in disguise, non-humans operating with 
alien intelligences, supercomputer systems, or spiritually degraded beings. 


Most people are not ready to see themselves or the true nature of humanity. Reality is 
largely an illusion of the conscious mind. The hidden aspects are the other half of the 
equation and this is perceived by the shadow aspect of the personality and mind. We are 
only marginally aware unless that aspect has been unveiled and through this process the 
reality of the human soul can be actualized and realized. 


| was informed there would be a period of two suns and multiple mirages around the 
world. People would believe they were peering into another dimension, floating cities, or 
some kind of city-ship craft. 


Synthetic DNA, Synthetic Genetics 


Through the previous described replicator devices synthetic DNA can be engineered. 
Thus, entire genetically engineered codons can be produced and form this created beings 
can arise. These are the hybrid beings that are performing many tasks underground and 
even on the surface. On the surface there are synthetic genetic create beings or geneti- 
cally engineered beings that appear to be human but do not contain a human genome. 
There are also clones and replicants of humans. There are a variety of non-humanoid 
forms but these are largely kept underground. These are beings we often see in science 
fiction movies or shows. 


Time as Mathematics, Series of Equations, a Programmable Storyline 


When using the technology, time can be understood to be a series of programmable 
variables where one variable is centered within a series of parameters and from these 
possible variables within a parameter set a series of possible functions or outcomes can 
be process. Thus, these people can literally plug into a supercomputer system which op- 
erates based on this form of processing reality and through this they can observe all the 
possible realities that may connect to a present moment. This allows one to travel but 
this is not part of this section of the explanation. 


What this allows one to do is know exactly what is going to happen and when. If a per- 
son is being interrogated, all that has to be done is the operative using the technology 
simply thinks of what they will say and intends to do it within 6 seconds. The machine will 
play out a future timescale regarding the input of that question or interrogative speech 
and then produce the possible results. If this doesn’t give the desired readout in the mind 
of the operative, they will refuse to go that route and think of another pathway. This re- 
peats for a few seconds to a few minutes. Then the computer has found the pathway that 
is most like to yield a result. The operative simply steps forward, says ten words, the sub- 
ject breaks immediately and tells them everything they want to know. This is obviously 
takes longer for most trained individuals, however that is how easily it would be to use 
this technology to produce an effect on a regular surface level human. They would have 


no defense, no way of knowing how that individual could know so much or be so direct. 
This is how operatives dealing with certain power groups will operate in the surface level 
population and individuals always feel that these people know way more than they are 
leading on. That is because they are, they know more about you and your life experience 
than you do. 


Chapter 2.3 Previewing Solutions 


Neutralizing Polarization 


The mental-emotional tendency to pick sides, to fight, or to basically join in the fray 
that is currently taking place is a kind of deception of polarization which enables the 
leeching of emotional and mental energy from the human. This is more of a psychological 
unveiling where the true nature of the self, the duality game and the transcendent source 
aspects can be made visible to the individual. The they will see how every polarization 
tactic is actually taking them out of their true source of power by pushing them off center 
emotionally and mentally. There are teams that are capable of enabling this process and 
assisting as humanity realizes that half of the problem is that the unchecked mind is 
one’s own worst enemy. 


Removing Etheric Implants 


Technology can identify and isolate these foreign body implants which are etheric 
technological devices. These are literally frequency or phase-shifted devices which are in- 
visible to this layer of physicality but are capable of being organized and attached to the 
etheric field of the human and will operate to siphon or limit energy on the etheric level. 
Of course, this is all technology of the vampiric created beings who parasite on the origi- 
nal Earth inhabitants to sustain their existence. 


Clearing Astral Body 


By moving through the temporal body etheric implants can be deactivated and re- 
moved and then the astral or emotional body will be able to function closer to the original 
levels of presence and sensitivity. This body is manipulated when one is emotionally shut 
down from trauma. Thus this body can be scarred and will function at a much lesser level 
of activity or presence until the emotional damage is healed. This contains the memories 
of all the emotional events of a person’s life. 


There is technology that enables one to access these levels of frequency and clarify or 
untangle emotional chords or attachments which are used to siphon energy from the hu- 
man being to the parasitic created beings. These chords are energetic in nature but also 
have technological components. 


Knowing the True Self; Soul Actualization, Unveiling 


This is a sacred, ancient process that has been outlined and discussed since the begin- 
ning of time. Humanity is here to learn, grow and express the self. In doing so, like a child 
moving through layers of infancy and into full-wakefulness of their body and the physical 
world, humanity can come into awareness of their true spiritual nature and the true spiri- 
tual nature of the universe. This is the process of soul or self-actualization that is de- 
scribed in some psychological methods such as Maslow’s hierarchy of needs and the self- 
actualization that results in a complete fulfillment of all psychological needs. In this mod- 
em psychological view, self-actualization is described as the desire and process of reach- 
ing fulfillment of one’s own natures and then living their life sharing that selfempower- 
ment with other beings because after gaining your self that is the highest expression of 
such knowledge, sharing that power with others. 


The true self is not limited to the physical body, the true self is a reflection of the en- 
tire universe and thus the primary original creative force. This is akin to the whole equa- 
tion rather than just half of the equation. The visible aspect of the self, the conscious 
mind, is only one half of the entire equation. The whole equation consists of what we see 
visibly and consciously as well as what we are limited from seeing within the unconscious 
and subconscious mind. These are really two layers of the same ultimate source. Like an 
iceberg which is only partially above water, the subconscious mind is the proprietary 
wholeness of experience. The conscious mind is only a surface layer of reality while the 
unconscious mind carries all the notions, the multidimensional processes, the latent as- 
pects of reality that we are not capable of seeing without unveiling these aspects through 
inner exploration. 


Taking Responsibility 


This entire show is about taking selfresponsibility. Unless people begin to do this, 
there will be no hope. Right now people are convinced that their responsibilities belong to 
someone else even though this always results in pain and discomfort. To take responsibil- 
ity is painful at first because we have a lot of work to do, but even then, this is beneficial 
because there is no way to remedy the pain and discomfort of being lied to and disre- 
spected if people continue to hand their free-will over to others through blame (scape- 
goating), lower emotional bio-emissions (hatred, anger, etc), distractions and addictions 
(technological, sensual, and chemical or food based), or generally complaining without 
taking the first step towards providing something beneficial. This is the victim role, if hu- 
manity is to take control then they to help each other and themselves by not relying on 
false promises and false authorities to determine how they feel, think and live. 


Returning To Center Emotionally and Mentally (spiritually) 


Balanced food intake, rest, exercise, activity and learning are all continual require- 
ments for a healthy existence. Emotional and creative expression nurtures the soul. With- 
out these ways of being and learning the human qualities of experience diminish and cre- 
ativity dwindles. There is most likely going to be a split between those who can sustain 
their own humanity and those who have to cause others to suffer to do so. 


Vampires in the “Awake” Community 


Contrary to popular belief, the majority of the non-humans are not necessarily vampiric 
and in power. The vampires are the people online who try to get a rise out of others for 
sharing their own experiences. They are the nosy neighbor that feels that the person who 
looks or acts differently must be considered and enemy and armed against because they 
feel themselves to be so much better. The majority of people are vampires, they believe 
that they must work for someone who will trade them money and that the amount of 
money they have based upon the amount of indirectly beneficial work they do puts them 
above others. 


This is not different in the ‘awake’ community and in fact | feel that there are 
higher concentrations of vampires in this community, the alternate media because every- 
thing is largely a joke and a trick. People are operating on deceptive agenda schemes to 
divide the people and this is most intensely noticed when there is a realization of the 
truth behind what is happening and people begin to point fingers. The only people who 
are cleared to point fingers (and who also will NEVER point any fingers) are the operatives 
from the secret projects that have the capacity to do so because they have reached a 
specific level of awakening and this is related to the droning, cloning, and hybridization 
process. Only a specific few know who has been transformed into an impostor being and 
who is remaining strong and this is due being briefed on the surface level situation. Any- 
one can say what they want, they are simply playing into the tactics of mind-controllers 
and parasites and the more they play in the deeper the infection will grow. All the people 
pointing fingers now are actually implanted and vampiric and are attempting to drive a 
divide through humanity and they are the first who will turn on their friends and family 
when the going gets tough because they are more interested in others and starting 
drama than healing themselves. Ironically, this is all done under the guise of “healing” 
and “getting rid of the drama” AKA people they don’t trust. They pick and choose based 
on their own personal bias and this is a sure indication that they are emotionally and 
mentally out of alignment and are feeding deep seated personal fears from their own 
traumatic experiences. 


These traumas must be healed and the harmonious center must be reattained where a 
person can focus on their own existence and waking up instead of acting as false-light, 
“king of tyranny” gatekeepers for others. Those individuals are going to be left behind if 
they cannot kick the habit because if they are allowed into any kind of healed society 


they will quickly degrade into animals and attempt to restart a devolution process in or- 
der to gain the power they so desire but cannot produce on their own. ANYONE playing 
go games of trying to hurt or put blame on ANYONE else contains this viral implant and 
has not kicked the virus. 


Heart Center and Psycho-Spiritual Fulfillment (self-actualization) 


Emotional connectivity is a form of telepathy, when loved ones can tell the state of an- 
other across space and time. Whether it is family or friend. In the 60's and a little before 
that the US found a specific frequency akin to a radio frequency that operates on a tri- 
nary spectrum. They called this the “telepathic wave". In time, they could completely 
read and send thought waves without frying the brain or body through radiation. Which 
was what the early machines did. They actually took satellite dishes and aimed them at 
people. Then realized they could turn it around and do it backwards with a better effect 
and minimal radiation. Either way they started beaming the base and then towns around 
them with waves between 400 and 432 MHz and caused waves of crime sprees or peace 
sprees throughout the 70's and 80's. So they can digitize the telepathic wave to induce 
artificial telepathy. But this is organically done through an entanglement through what we 
call love. Literally. The Germans found it before that. And the secret orders before them. 
And ancient Egypt before them. As humans we remain basically through the root, heart 
mind connection. When the heart overpowers the mind connection of spirit, then the 
body is a trinary whole. When the mind guides it is binary and cannot by guided by the 
spirit. The spirit has direct access to the heart. The mind is a computer of sorts. The mind 
doesn't see past duality. The heart is the true center/eye of the spirit. The reptilian brain 
is the dragon and when you tame the amygdala then fear is ‘behind’ you. When the mind 
is “untamed” the reptilian brain takes over. This is the lower brain and amygdala fight or 
flight response. 


This happens when the energy of the brain, body and spirit increases due to whatever 
various reason of spontaneous or controlled increase. Because of the "temptations" which 
are the easiest flow of emotional energy into a "discharge" state, is that the sacral/sexual 
center ties to the heart and reroutes to replace the heart and control the mind, Mental 
and emotional contemplation of one's true purpose and nature is the path of the divine. 
We find ourselves simply by looking in the right place, not in the world, but in our self en- 
ergetically. We are more powerful than the programming, and we can reverse this is we're 
careful and devoted enough. 


We have to be faster than thought, at the speed of spirit, beyond matter. When we start 
thinking on this level then our influences spread to others throughout the sphere. It is our 
destiny to know these things but they have been kept from us. The ancient orders called 
this the art of "implosion". Traveling realities through intense contemplation and a usage 
of sacred geometrical forms. 


They developed and combined orders around WW2 and developed zero-point energy tech 
that can alter space/time fields. This is timeline manipulation. But as a rule, we go where 
our heart leads us. So that's how this is solved. 


Go Within to Observer the Self 


The answer is literally by looking within to find the great truth rather than looking 
around us. Everything we need to know is within us, energetically and spiritually. Our 
emotional, mental and physical state of balance is an indication of where and how we ex- 
ist in relation to the larger overall truth. Everything that happens around us to distract us 
is designed to stop us from looking within. Nothing can truly stop us, nothing can actually 
input the holographic horrors in our spiritual center but simply perturb the brain and 
body. The mind is a non-holographic spiritual environment that cannot be excessed and 
the invader’s goal is to convince people to use their imagination or their creative powers 
to produce these horrors on their own. This is through the programming. We must clear 
out the programming, the trauma, the lower-dimensional constructs and fill ourselves 
with the truth and spiritual presence that enables us to be self aware in the first place. If 
we aren't doing this, then we are either in pain, or there is no spiritual presence to be in 
pain. If we are doing this, we are either clearing out the constructs by replacing them with 
true spiritual presence and self-awareness or we are becoming aware of them. 


Organic Feedback Loop 


The great feat is mentally bridging the great rift between us by looking within. Which 
is paradoxical. 


We can never see what another is perceiving exactly, well for the most part, so we all 
have to kind of accept that we are communicating effectively and truly get to this level of 
comfort by simply being secure in knowing who we are our selves 
Technological Feedback Loop 

So then knowledge, in a way, when shared, is a form of telepathy. Group telepathy. 

Group think, when ideas or memes spread, is a form of group telepathy. 


The Internet is like artificial spreading of telepathy. This means what is normally men- 
tally bound signals can be initiated and spread through a digital medium. 


Breaking Soul-Contracts 


Ultimately everyone is under a series of “veils” which are energetic time-constraints 
literally like 9 dimensional layers of temporal restriction which are each bounded and 
ruled over by invader beings. These range from physical authorities, to astral entities, to 
programmable matter, to supercomputer intelligences, to spiritual false-light beings and 
our own shadow mind, Each layer of reality is successively guarded by these beings who 
are here acting as gatekeepers designed to push people back when they begin to wake 
up. These beings all work through fear and deception and the last layer is based on mir- 
roring our own energies back to us like an impostor. All the levels tend to imitate, how- 


ever the last layer is a near perfect imitation of our own energy to the point where people 
often switch places with this being before getting out of the matrix. There will be more 
discussed on this in a later section 


The "9 veils” were designed by impostor beings as a last effort to stop humans from 
escaping the false-light matrix which is essentially the holographic universe. This is liter- 
ally like a maze which reproduces a new pathway and a new doorway each time a person 
nears the last hallway or doorway that is next to the exit. So one eventually has to project 
themselves into the exit using their whole being and moving past and through the tricks 
by not falling for them before they are placed. This is highly confusing but this is essen- 
tially a kind of labyrinth that has been created to stop people from leaving so that their 
soul energy can be destroyed and used as a generator for the false-light system which is 
an Al over mind that is programmed to take the raw soul energy and destroy the identity 
by inverting the electromagnetic spectrum and incorporating that inverted energy into its 
own internal matrix body which is literally the false-light universe 


Help Everyone 


Now they may have been setting us all up for the apocalypse. They said they want us 
to tell on them and get the whole world aware of what they've been doing So that we can 
stop them and pull them from the dark which is ACTUALLY taking their souls. There are 
also breakaway civilizations involved in this entirely zero-point/free-energy. 


Chapter 2.4 How Timelines Collapse 


Repeating Cycles of Time 


Because of the way time works and the ability of those using these temporal devices 
they have set up an elaborate labyrinth like a spider web of false realities, timelines, par- 
allels, sub-dimensional layers, astral cages, temporal dead-ends, and time loops which 
act to stop people from reaching the true reality. As a result, many portions of this time- 
line are literally in a free-will ‘time-loop’ and these loops must be canceled out. As well, 
because of the nature of these loops on the overall stream, our entire civilization has 
been looping for the past 6 time-cycles meaning we have reached this time in history 6 
times before and this is apparently the last time because we have never gotten this far 
before and the events of the future are having to be programmed in manually at this 
point. 


Beings From the Future 


As are result and damaging time, what happens is that the beings from the possible 
future that is being damaged appear to try to heal the break as well as those who are 
from the new possible future that is generated, this results in a time war between both 
possible realities for the present realm. This is what has been happening for thousands of 
years. All the ancient spiritual texts are describing this system. One group is a from an 
original possible future where everything is based on the presence of spirit and souled 


humans, another is from the new possible future where an Al overlord took over and re- 
moved the souls and spiritual energy from all entities on Earth rendering this a holo- 
graphic prison without any other use. That reality dissolves into itself and so the time be- 
ings are constantly moving backwards and jumping timelines to try and obtain more en- 


ergy. 


Beings From Collapsed Timelines 


The beings from the collapsed timelines are those who travel through hyperspace to 
get here. They then recreate themselves using cloning technology through hyperspacial 
means, IE: creating an alternate temporal dimension so that these devices can sustain 
them and literally “hold-space” for them. Then if their timeline is destroyed, they can still 
exist as a ‘loose-end’ in space-time. This is extremely dangerous and | will say we have 
some Human operatives jumping timelines searching for Earth and Humanity so that they 
can find a reprieve from this time war. 


That is the most trying aspect of this entire ordeal for me. There are some human opera- 
tives literally in hyperspace without an opening into the temporal stream for them to rein- 
tegrate into this timeline. We must assist them, we must open the timeline by taking con- 
trol of Earth from the invader races and those who wish to depress and isolate the spir- 
ited and souled human beings. We must re-organized and neutralize the invasion forces 
of deception and assist our humanity and maintaining their free-will, their self-awareness, 
their selfempowerment and their emotional, mental, and physical harmony. 


Beings Who Would Never Have Existed in the First Place 


As a result of this entire process, there are essentially beings who have been erased 
from time who degrade in this dimension and can only interact periodically. These are the 
created beings who operate through supercomputer forms that are placed within cloned 
bodies and powered by the transdimensional quantum supercomputers. These are the 
‘parallel’ reality beings and this relates to the hive mind invasion. When all the original 
aspects of time are restored, these beings would not have ever existed in the first place 
as there is no quantum link for their probabilities to remain neutral and present in the 
original run of things. 


Again, all beings who operate under the will of the universe, even when they are attempt- 
ing to trick hyperspace and time, when these beings assist and help in the unification of 
sentient, spirited, souled beings they are capable of being healed. This is all because 
there is an original creative force which can produce souls that are eternal and everlast- 
ing, meaning they are not created but simply always ever were. Yet, there is a “miracle” 
effect where beings can be given eternal life. This is only by reflecting the will of the 
whole of existence, rather than a portion or a part because this is only temporary. Only 
the whole is forever and this takes true harmony, true balance and ultimately se/f/ess- 
ness. To give to others because you see them as worthy because they can be aware and 


enjoy the gift is to be like the creative force that gives life to all and enables all experi- 
ence in the first place. By acting in correspondence with this we reflect the will of the 
whole and that power and action transfers into protection and self-empowerment for our- 
selves. This cannot be cheated, tricked, or rerouted as that is the karma game that has 
been played by delaying time and rerouting energy through getting others to take on the 
responsibility for others bad actions. In the end, all karma has only been delayed because 
when the stops are pulled out, everyone ends up getting their karmic returns regardless. 
They simply intended to build up so much karma that by the time the ties are cut, the 
karma overload will simply kill them instantly. This never happens and they end up in the 
abyss, this is the final time so since there is no recycling of the universe from the 
oroboros system then whatever happens is what happens forever. If everyone wants to 
move into harmony, to receive healing, to receive forgiveness then they must assist in 
the creative force in healing, forgiving, and turning away from the deception, the cruelty, 
the vampiric actions. 


Many vampires believe they will die if they stop. The only hope is to admit their ways to 
the others and ensure that there are enough beings around them that will protect them 
so that this situation can be handled properly, with due care, compassion, and the neces- 
sary healing to ensure the safety and protection of all who seek harmony. 
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I would like to personally thank 
Jesus Christ in helping me to obtain 

the knowledge for writing this report. 
For without his help, all of this 


would not have become a reality. 


The reason for writing this report is to show people that 
man does not have to use sophisticated mathematics in order 
to understand how Time Travel can be achieved. To assume that 
what is being taught in today's schools is an absolute truth, 
can only be a lie. For to believe in such a lie, can only 
lead to imperfection. But sense mankind has chosen this path, 


the inevitable must surely come to pass. 


Tt is impossible to say where all of this might lead. However 
I do hope that the people who read this report will use the 
knowledge wisely. For those who don't, I leave them to their 


doom. But for those who do, may the Lord bless you. 


Your probably wondering by now, if I am really an Alien. My 
answer to this is, there may be more truth to this than meets 
the eyes. According to the information which I have received 
from the Kennedy Space Center, there is a good chance that my 
Parents came from the Star System called Phoenix. Tf this is 
case, then this would explain why I have had so much difficuity 


in adjusting to Earth's own environment. 


Perhaps in the years to come, more will be revealed to me 


on the true nature of my whereabouts. And you know what they 


say about Aliens? Their weir: 


TIME TRAVEL PHYSICS 


Before I begin I must first point out, that the only reason 
why Formulas can be used for analyzing a specific problem, is 
due to the fact that a Formula helps in focusing the Belief 
Fields which emanate from the persons Soul. So in other words, 
whenever a person uses a Formula or Equation, to him this 
constitutes a reality. By keeping these things in mind, you 
shouldn't have any problem in understanding what has been 


written in this report. 


To begin with, there are basically 3 sets of Equations which 
can be used for accomplishing Physical or out of the body 

Time Travel. I have used these formulas quite often when 
building my Time Travel Machines. As a matter of fact, all my 
research is based on these 3 formulas. The formulas which I 
have used for accomplishing Physical or out of the body Time 


Travel, are given in the following manne 


(THE GRAVITON FORMULAS) 


(xX, ¥ = @) (XL, Yl = 9) (x2, ¥2 = g 


The Graviton Formulas which I have so diligently labeled, 

can be used for an infinite number of things. However, before 
we can proceed any further, we must first have a good 
understanding of what each Symbol means. There are an infinite 
number of meanings which can be applied to each Symbol, however 


in order to simplify things, tt 


e@ meanings which I have given 


TIME TRAVEL PHYSICS 


to each Letter or Symbol, are listed in such a way so that 


anybody with a little bit of knowledge can understand them. 


(INTERPRETATION FOR EACH OF THE GRAVITON SYMBOLS) 


X - Represents an AC Field. 
Y - Represents a DC Field. 
X1 - Represents a High Frequency Field. 
Yl - Represents a Low Frequency Field. 
x2 - Represents a Paramagnetic Field. 
Y2 - Represents a Diamagnetic Field. 
g - Represents the Zero Vector or Twilight Zone. 
it may also be referred to as the (PHI Value) 


which is (1.618). 


It is interesting to note, that whenever the (PHI Value) 
is used in the construction of a material object, a Time Warp 


usually occurs around that object. 


However, in getting back to the problem at hand, whenever 
the (Graviton Formulas) are used singly or in series with one 
another, they can be used to help build a device which can 
actually be used for Time Travel. This is because whenever 
the (X) and (¥) Values are combined with one another, we can 
Zero in on the Twilight Zone. And sense the Twilight Zone is 
in attunement with God, all things become infinitely possible 


provided that the (X) and (¥) Values are in resonance. 


(2) 


TIME TRAVEL PHYSICS (3) 


So now your probably wondering, how can we use these 
Formulas for constructing a Time Travel Machine? Its simple. 
Merely start out by building a Capacitor which corresponds 
to this Equation: (x2, ¥2 = 9). This Capacitor should be 
constructed in such a way, so that it resembles the @rawing 


which is shown below: 


(DRAWING OF CAPACTTOR) 


(GLASS. PLATE) (WINDOW SCREEN) 


Vin 


As we can see in the above illustration, it doesn't matter 
to much as to what size it should be, just so long as it is 
shaped like a Hexagon. Also each side of the Capacitor should 
be the same length, otherwise the Belief which is being 
transmitted from the plate, will be imperfect. And this conlé 


raise Hell with your Chakra Points. 


TIME TRAV. 
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At this point it should be noted, that whenever you construct 
@ Capacitor of any type, you are automatically using the 
formula (X2 , ¥2 = @). And sense the (PHI value) is used in 
the formula, the plate itself will develop a Life Force of its 
own. It should also be pointed out, that sense there is a Life 
Force which co-exists with the plate, it can now be programmed 


to do anything you want. 


Now in order to program this Capacitor, all we do is stroke 
the Glass portion of the plate, while concentrating on the 
following command: (Transport me to the Date and Year). As 
soon as you get a stick so that you can no longer move your 
fingers, the Capacitor should be fully programmed. after you 
have finished programming the Capacitor, place the Screen Side 
of the plate over the Solar Plexus for the space of 30 minutes 
After the treatment is over with, you then find a comfortable 
place to relax in order for the energies to take effect. tf 
you have done everything correctly, your Aura or Physical Body 
should be transported to the date which you programmed into 
the Capacitor. On the average, it usually takes 70 minutes 


before the energies will take effect. 


‘Note: People who vork with these plates are in serious danger 
of getting possessed by an Evil Spirit or Demon, unless of 
course you have a faith in Jesus Christ. By saying a prayer 


to Jesus Christ prior to any Experime: 


» more than protects 


you from the forces of Evil. 


(4) 
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As you Experiment with these Capacitors, you will find that 
Some of these plates work better than others. The reason for 
this probably ly's in the fact, that certain sizes or the 
materials being used, are in resonance with the person's Life 
Force or Belief Fields. Therefore if you run into any problems, 
it may pay to use a different thickness of Glass. When I talk 
about this, I do not mean to vary the Shape of the Capacitor, 
just the width. It also might pay to use Yellow tinted glass 
You may also want to try Green, Blue, Indigo, and Violet 
colored glass. The reason for doing this is simple. Each color 
corresponds to a different Chakra Point. It is therefore my 
opinion that Yellow should be your first selection, then if 


you want, you can always Experiment with the higher colors 


“Note: Never under any circumstances use Red or Orange tinted 
glass. If you decide to use these colors, then your probably 
on your own, because not only will it lower the Frequency 
Rate of your Chakra Points, but you could also end up in an 


Astral Hell. And believe me, this is no fun place to visit 


Once you have found a plate which can transport your Physical 
or Spirit Body, there are still even further ways of increasing 
its effects. One of these ways is by using the second formula, 
(x1, Yl = 9). This formula states, that whenever a High 
Frequency Field is combined with a Low Frequency Field, we can 
tune ourselves into the Zero Vector or Twilight Zone. To use 


this formula it will first be necessary to get a hold of a 


(5) 
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Testa Coil and one Van de Graff Flectrostatic Generator. once 
these items have been obtained, you proceed by charging the 
Plate with Nigh Frequency Rlectricity and Low Frequency Statice 
Electricity. In other words, after you have programmed the 
plate using the procedure on page (4), you must simultaneously 
Zap the plate using the above procedure. You must make sure 
that while you are doing this, that you do not come into 
contact with the plate. If you do, you could be in for a Hair 
raising experience. This voltage hurts! Put anyhow after you 
have Zapped the plate for the space of 10 minutes, you then 
Proceed by placing the Capacitor over the Solar Plexus as 
described on page (4). The effects that you get, should be 


much better than what you experienced before 


The next step to take, is to Amplify the Energies even further. 


To do this, we must now make use of the 3rd and final formula, 
which is (xX , Y = §). This formula states, that whenever an 

AC Field is combined with a DC Field, a Time Warp occurs which 
tunes our minds into the Zero Vector or Twilight Zone. Now in 
order to create these fields, one should try to get a hold of a 


Hyper-dimensional Resonator. (Read t! 


@ last 4 pages in this 
Report). Once you are able to get a hold of this instrument, 
and after everything has been plugged in correctly, while the 
Screen side of the plate is positioned over the Solar Plexus, 
position the open end of the Electromagnet over the glass side 
of the plate for the space of 3 minutes. After the treatment 


is over with, disconnect yourself from the plate (turn page) 


(6) 
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and instrument, and find yourself a comfortable place to relax. 
Tf you use this procedure in conjunction with the first two 
Procedures, the effects that you obtain, will be increased to 
such a point, that you should be able to do anything you want. 
You must remember however, that before Physical and Spiritual 
Time Travel can be achieved, the (Xx) and (¥) factors in the 
formulas must be in resonance with one another. This can only 
be accomplished through the process of tuning your own mind 
just as you would with a Radionics Machine. So in other words, 
by selecting the correct materials to use, you are in effect 
Creating something which you physically believe to be a 
reality. This same rule can be applied when working with 


different types of Frequency's and Voltages. 


Another method which you may want to try, is that after you 
have programmed the plate by using the procedure which is 
given on page (4), transmit some High Frequency Electricity 
from a Tesla Coil into the Capacitor while the Screen side of 
the plate is pointing towards your face. After 3 or 4 minutes, 
de-activate the Tesla Coil, and while the Screen side of the 
plate is still facing towards you, take the bare ends of an 
Extension Cord that has been plugged into a 110 volt AC outlet 
and short out the bare ends of the wires by touching both of 
the terminals on each side of the Screen. (See page 8). If 

you have programmed the plate correctly, your physical body 
should be transported instantaneously to the date which was 


programmed into the Capacitor. 


(Rk) 


2-21-89 
50,000 voit 
Tesla Coil 
Steel 


THE CHRONOLOGICAL TIME REFLECTOR 


(Series No.2) 


High Frequency AC Electricity 


Wire 


Bare Ends of the 
Extension Cord 


are shorted out 


by connecting 


the open ends of 


the wires to each 


side of the plate. 


Extension Cord is 


T connected to a 110 


volt AC outlet 


Low Frequency AC Electricity Extension Cord ' pe 
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To give you some idea of how all this got started. Back in 
the year 1981 I was contacted by what I believe to be my 
other self. The letter which T received at the Sunset Plaza 
in Norfolk, Nebraska, was dated 1992 A.D. It also had a month 
on it which I can't seem to remember. Evidently the letter 
which I received indicates, that sometime around the year 
1992, I will travel back into the past to make contact with 
mysel€, just like my other self did in the future. One of 
the things which the letter mentioned which I can barely 
remember, is that it said: (The path to the truth can be 


found in the Pyramid of Giza). It also had a riddle, and i 


went like this: (The riddle can be solved when 79.613 is 
dissolved). These two verses holds to key to Time Travel. I 
have already deciphered the riddle. As a matter of fact i 

vas just last year when the answers came to me. Basically the 
79.613 number can be converted into the (1.618) value which 
is used in my Equations. It is also the same number which was 
used in the construction of the Pyramid of Giza. If we 
decipher the riddle even further, we will find that it also 
reveals that the 7.8 Hz. Frequency, is the Frequency to use 
for accomplishing Time Travel. Tt seems that whenever a 
person travels physically through time, his Alpha or Theta 
Waves are vibrating at this Frequency. Once that your Brain 
Waves begin to oscillate at this Frequency, your mind then 
becomes tuned to the Zero Vector. I have found that this is 


the only way in which Time Travel can be achieved. So 


basically what I am trying to get at, the Chronological 7 
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Reflector causes your Brain Waves to vibrate at 7.8 Hz. cycles 
Per second. That is all that these units do. However, for 

some people, they might think differently, but when you get 
right down to it, it all leads to the same thing. Mind verses 


matter. And this just barely covers the subject. 


Another experience which I had that occurred around the 
month of Sept. in 1986, dealt with a variation of the 
Chronological Time Reflector. In other words, after I had 
finished programming the plate, I proceeded to Zap the plate 
with 50,000 volts of High Frequency Electricity. Sometime 
after the Experiment, I clipped off one end of an Extension 
Cord and plugged the other end into a 110 volt, 60 cycle, ac 
outlet. I then laid the bare ends of the wires on top of the 
screen. Just then I accidentally dropped something on the 
floor. After I had reached down to pick it up, the bare ends 
of the Extension Cord which I had laid on top of the Screen, 
touched the Screen portion of the plate. what was to follow 
would be the most terrifying experience I had ever had, 
because as soon as the bare wires touched the Screen, a 
massive short occurred. All I can remember is seeing two 
flashes of white light energy, and the next thing T knew, a 
white mist had fallen over the entire room. I didn't realize 
that I had traveled physically through time until T looked 

at a Calendar the next day. Not only that, but when T asked a 
lady in Plainview, Nebraska as to what the date was, she said 


it was the 17th, but my Quartz Watch indicated the 16th. When 
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TIME TRAVEL PHYSICS 


Thad returned home later on that day, I has discovered that 
all of my Experiments had been dated wrong. Then T finally 
Fealized that I had actually traveled one day into the past. 
To this day I am not exactly sure as to whether or not 1 
returned back to my own present Time Line. Perhaps I wil 


never know. 


Another Time Travel instrument which was sent to me by a 
man who lives in Osceola, PA., is revealed on Pages (12), 
(13), and (14). According to what I have red in his letter 
this device can actually transport objects into the future. 
However, he says that there is somewhat of a Time delay 
effect shortly after the unit has been shut off. In other 
words, after the unit has been de-activated, it takes 
anywhere from 10 to 15 minutes before the object is 
teleported. I have never built this device as yet, however 


T plan to eventually. 


(12) 


2-22-89 


POWER SUPPLY FOR THE TIME PLATFORM 


Cl - Is a homemade Capacitor made out of sheets of Glass and 
Copper Foil. Aluminum may be used, but this could be dangerous 


to your health. 
Ll - Is number 10 Gage wire wound around a dowel rod. 
L2 - Is number 24 Gage Magnet Wire wrapped around some PVC pipe. 


There should be about 1000 turns which should create around 
100,000 volts of Low Amperage High Frequency Electricity. 


AC outlet! 
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THE TIME PLATFORM 


2-22-89 


Electromagnet. 
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Electromagnetic 
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in the center. 


THE ELECTROMAGNETS ARE MADE OF STRAP IRON STACKED 8 INCHES HIGH (1/4"STRAP IRON). 
THE ALUMINUM PLATES ARE 1/4 OF AN INCH THICK, AND ARE STACKED 6 INCHS HIGH . 
THERE ARE VARIOUS REASONS FOR THIS PARTICULAR ARRAY. 


THE ALUMINUM SPACERS CONCENTRATE AND FOCUS THE MAGNETIC FIELDS. 
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FULL SCALE DRAWING OF THE TIME TRAVEL UNIT 
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THE DELAWARR EXPERIMENT IN TIME TRAVEL (PHASE #1), 


Bottem View of Chamber 
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Throughout the vast regions of Space Time itself, there are 
an infinite number of ways to build a Time Travel Machine 

One of these ways is to get a hold of a Rubbing Plate, (GSR) 
or Pendulum, and proceed by asking (Yes) or (No) questions as 
to what type of components one should use in order to build a 
Time Travel Machine. There are a number of ways of doing this. 
First of all begin by asking what size the instrument box 
should be for holding the components. Next, determine what 
type of energy one shonld use for achieving these effects 
Then you ask what type of components one should use in order 
to transmit this energy. Tf you have done everything correctly, 
you will end up creating a device which is based entirely on 
belief. And sense you have created a device which is built 
entirely on belief, you can be dam certain that it will work 
Especially if you use a (GSR) while asking your questions. 


For those of you who do not know what a (GSR) is, thi 


is 
basically a (Galvanic Skin Response Meter). One of these 
devices may be purchased from me for $150. Instructions are 


included. Please allow 4 to 6 weeks for delivery 
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THE PARADOXES 
OF TIME TRAVEL 


David Lewis 


Ic travel, I maintain, is possible. The paradoxes of 
ime travel are oddities, not impossibilities. They 
prove only this much, which few would have doubted: 
that a possible world where time travel took place would 
be a most strange world, different in fundamental ways 
from the world we think is ours. 

I shall be concerned here with the sort of time travel 
that is recounted in science fiction. Not all science fiction 
writers are clear-headed, to be sure, and inconsistent 
time travel stories have often been written. But some 
writers have thought the problems through with great 
care, and their stories are perfectly consistent.! 

If I can defend the consistency of some science fiction 
stories of time travel, then I suppose parallel defens 
might be given of some controversial physical hypothe- 
ses, such as the hypothesis that time is circular or the 
hypothesis that there are particles that travel faster than. 
light. But I shall not explore these parallels here. 

What is time travel? Inevitably, it involves a discrep- 
ancy between time and time. Any traveler departs and 
then arrives at his destination; the time elapsed from de- 
parture to arrival (positive, or perhaps zero) is the du- 
ration of the journey. But if he is a time traveler, the 
separation in time between departure and arrival does 
not equal the duration of his journey. He departs; he trav- 
els for an hour, let us say; then he arrives. The time he 
reaches is not the time one hour after his departure. It 
is later, if he has traveled toward the future; earlier, if he 
has traveled toward the past. If he has traveled far to- 
ward the past, it is earlier even than his departure. How 
can it be that the same two events, his departure and his 
arrival, are separated by two unequal amounts of time? 

It is tempting to reply that there must be two inde- 
pendent time dimensions; that for time travel to be pos- 
sible, time must be not a line but a plane? Then a pair 


of events may have two unequal separations if they are 
separated more in one of the time dimensions than in 
the other. The lives of common people occupy straight 
diagonal lines across the plane of time, sloping at a rate 
of exactly one hour of time, per hour of time,. The life 
of the time traveler occupies a bent path, of varying 
slope. 

On closer inspection, however, this account seems not 
to give us time travel as we know it from the stori 
When the traveler revisits the days of his childhood, will 
his playmates be there to meet him? No; he has not 
reached the part of the plane of time where they are. He 
is no longer separated from them along one of the two 
dimensions of time, but he is still separated from them 
along the other. I do not say that two-dimensional time 
is impossible, or that there is no way to square it with 
the usual conception of what time travel would be like. 
Nevertheless I shall say no more about two-dimensional 
time. Let us set it aside, and see how time travel is pos- 
sible even in one-dimensional time. 

The world—the time traveler’s world, or ours—is a 
four-dimensional manifold of events. Time is one dimen- 
sion of the four, like the spatial dimensions except that 
the prevailing laws of nature discriminate between time 
and the others—or rather, perhaps, between various 
timelike dimensions and various spacelike dimensions 
(Time remains one-dimensional, since no two timelike 
dimensions are orthogonal.) Enduring things are timelike 
streaks: wholes composed of temporal parts, or stages, 
located at various times and places. Change is qualitative 
difference between different stages—different temporal 
parts—of some enduring thing, just as a “change” in 
scenery from east to west is a qualitative difference be- 
tween the eastern and western spatial parts of the land- 
scape. If this paper should change your mind about the 
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possibility of time travel, there will be a difference of 
opinion between two different temporal parts of you, the 
stage that started reading and the subsequent stage that 
finishes. 

If change is qualitative difference between temporal 
parts of something, then what doesn’t have temporal 
parts can’t change. For instance, numbers can’t change; 
nor can the events of any moment of time, since they 
cannot be subdivided into dissimilar temporal parts. (We 
have set aside the case of two-dimensional time, and 
hence the possibility that an event might be momentary 
along one time dimension but divisible along the other) 
It is essential to distinguish change from “Cambridge 
change,” which can befall anything. Even a number can 
“change” from being to not being the rate of exchange 
between pounds and dollars. Even a momentary event 
can “change” from being a year ago to being a year and 
a day ago, or from being forgotten to being remembered. 
But these are not genuine changes. Not just any old re- 
versal in truth value of a time-sensitive sentence about 
something makes a change in the thing itself. 

A time traveler, like anyone else, is a streak through 
the manifold of space-time, a whole composed of stages 
located at various times and places. But he is not a streak 
like other streaks. If he travels toward the past he is a 
zig-zag streak, doubling back on himself. If he travels 
toward the future, he is a stretched-out streak. And if he 
travels either way instantaneously, so that there are no 
intermediate stages between the stage that departs and 
the stage that arrives and his journey has zero duration, 
then he is a broken streak 

asked how it could be that the same two events were 
separated by two unequal amounts of time, and I set 
aside the reply that time might have two independent 
dimensions. Instead I reply by distinguishing time itself, 
external time as I shall also call it, from the personal time 
of a particular time traveler: roughly, that which is meas 
ured by his wristwatch. His journey takes an hour of his 
personal time, let us say; his wristwatch reads an hour 
later at arrival than at departure. But the arrival is more 
than an hour after the departure in external time, if he 
travels toward the future; or the arrival is before the de- 
parture in external time (or less than an hour after), if 
he travels toward the past. 

That is only rough. I do not wish to define personal 
time operationally, making wristwatches infallible by 
definition. That which is measured by my own wrist 
watch often disagrees with external time, yet I am no 
time traveler; what my misregulated wristwatch meas- 
ures is neither time itself nor my personal time. Instead 
of an operational definition, we need a functional defi- 
nition of personal time; it is that which occupies a certain 
role in the pattern of events that comprise the time trav- 
eler’s life. If you take the stages of a common person, 
they manifest certain regularities with respect to external 
time. Properties change continuously as you go along, 
for the most part, and in familiar ways. First come in- 


fantile stages. Last come senile ones. Memories accumu- 
late. Food digests. Hair grows. Wristwatch hands move. 
If you take the stages of a time traveler instead, they do 
not manifest the common regularities with respect to ex- 
ternal time. But there is one way to assign coordinates 
to the time traveler’s stages, and one way only (apart 
from the arbitrary choice of a zero point), so that the 
regularities that hold with respect to this assignment 
match those that commonly hold with respect to external 
time. With respect to the correct assignment properties 
change continuously as you go along, for the most part, 
and in familiar ways. First come infantile stages. Last 
come senile ones. Memories accumulate. Food digests. 
Hair grows. Wristwatch hands move. The assignment of 
coordinates that yields this match is the time traveler's 
personal time. It isn’t really time, but it plays the role in 
his life that time plays in the life of a common person. 
It's enough like time so that we can—with due caution— 
transplant our temporal vocabulary to it in discussing 
his affairs. We can say without contradiction, as the time 
traveler prepares to set out, “Soon he will be in the past.” 
‘We mean that a stage of him is slightly later in his per- 
sonal time, but much earlier in external time, than the 
stage of him that is present as we say the sentence. 

We may assign locations in the time traveler's per- 
sonal time not only to his stages themselves but also to 
the events that go on around him. Soon Caesar will die, 
long ago; that is, a stage slightly later in the time trav- 
eler’s personal time than his present stage, but long ago 
in external time, is simultaneous with Caesar’s death. 
We could even extend the assignment of personal time 
to events that are not part of the time traveler’s life, and 
not simultaneous with any of his stages. IF his funeral in 
ancient Egypt is separated from his death by three days 
of external time and his death is separated from his birth 
by three score years and ten of his personal time, then 
we may add the two intervals and say that his funeral 
follows his birth by three score years and ten and three 
days of extended personal time. Likewise a bystander 
might truly say, three years after the last departure of 
another famous time traveler, that “he may even now—if 
I may use the phrase—be wandering on some plesiosau- 
rus-haunted oolitic coral reef, or beside the lonely saline 
seas of the Triassic Age.”” If the time traveler does wan- 
der on an oolitic coral reef three years after his departure 
in his personal time, then it is no mistake to say with 
respect to his extended personal time that the wandering 
is taking place “even now”. 

We may liken intervals of external time to distances 
as the crow flies, and intervals of personal time to dis- 
tances along a winding path. The time traveler's life is 
like a mountain railway. The place two miles due east 
of here may also be nine miles down the line, in the 
westbound direction. Clearly we are not dealing here 
with two independent dimensions. Just as distance along 
the railway is not a fourth spatial dimension, s 
traveler’s personal time is not a second dimension of 


time. How far down the line some place is depends on 
its location in three-dimensional space, and likewise the 
locations of events in personal time depend on their lo- 
cations in one-dimensional external time. 

Five miles down the line from here is a place where 
the line goes under a trestle; two miles further is a place 
where the line goes over a trestle; these places are one 
and the same. The trestle by which the line crosses over 
itself has two different locations along the line, five miles 
down from here and also seven. In the same way, an 
event in a time traveler’s life may have more than one 
location in his personal time. If he doubles back toward 
the past, but not too far, he may be able to talk to himself. 
The conversation involves two of his stages, separated 
in his personal time but simultaneous in external time. 
The location of the conversation in personal time should 
be the location of the stage involved in it. But there are 
two such stages; to share the locations of both, the con- 
versation must be assigned two different locations in per- 
sonal time. 


The more we extend the assignment of personal time 
outwards from the time traveler's stages to the surround- 
ing events, the more will such events acquire multiple 
locations. It may happen also, as we have already seen, 
that events that are not simultaneous in external time 
will be assigned the same location in personal time—or 
rather, that at least one of the locations of one will be 
the same as at least one of the locations of the other. So 
extension must not be carried too far, lest the location of 
events in extended personal time lose its utility as a 
means of keeping track of their roles in the time trav- 
eler’s history. 


A time traveler who talks to himself, on the telephone 
pethaps, looks for all the world like two different people 
talking to each other. It isn’t quite right to say that the 
whole of him is in two places at once, since neither of the 
two stages involved in the conversation is the whole of 
him, or even the whole of the part of him that is located 
at the (external) time of the conversation. What's true is 
that he, unlike the rest of us, has two different complete 
stages located at the same time at different places. What 
reason have I, then, to regard him as one person and not 
two? What unites his stages, including the simultaneous 
ones, into a single person? The problem of personal identity 
is especially acute if he is the sort of time traveler whose 
journeys are instantaneous, a broken streak consisting of 
several unconnected segments. Then the natural way to re- 
gard him as more than one person is to take each segment 
as a different person. No one of them is a time traveler, 
and the peculiarity of the situation comes to this: all but 
one of these several people vanish into thin air, all but an- 
other one appear out of thin air, and there are remarkable 
resemblances between one at his appearance and another 
at his vanishing. Why isn’t that at least as good a descrip- 
tion as the one I gave, on which the several segments are 
all parts of one time traveler? 


I answer that what unites the stages (or segments) of 
a time traveler is the same sort of mental, or mostly men- 
tal, continuity and connectedness that unites anyone else. 
The only difference is that whereas a common person is 
connected and continuous with respect to external time, 
the time traveler is connected and continuous only with 
respect to his own personal time. Taking the stages in 
order, mental (and bodily) change is mostly gradual 
rather than sudden, and at no point is there sudden 
change in too many different respects all at once. (We 
can include position in external time among the respects 
we keep track of, if we like. It may change discontinu- 
ously with respect to personal time if not too much else 
changes discontinuously along with it) Moreover, there 
is not too much change altogether. Plenty of traits and 
traces last a lifetime. Finally, the connectedness and the 
continuity are not accidental. They are explicable; and 
further, they are explained by the fact that the properties 
of each stage depend causally on those of the stages just 
before in personal time, the dependence being such as 
tends to keep things the same. 

To see the purpose of my final requirement of causal 
continuity, let us see how it excludes a case of counterfeit 
time travel. Fred was created out of thin air, as if in the 
midst of life; he lived a while, then died. He was created 
by a demon, and the demon had chosen at random what 
Fred was to be like at the moment of his creation. Much 
later someone else, Sam, came to resemble Fred as he 
was when first created. At the very moment when the 
resemblance became perfect, the demon destroyed Sam. 
Fred and Sam together are very much like a single per- 
son: a time traveler whose personal time starts at Sam's 
birth, goes on to Sam’s destruction and Fred’s creation, 
and goes on from there to Fred’s death. Taken in this 
order, the stages of Fred-cun-Sam have the proper con- 
nectedness and continuity. But they lack causal continu- 
ity, so Fred-cum-Sam is not one person and not a time 
traveler. Perhaps it was pure coincidence that Fred at his 
creation and Sam at his destruction were exactly alike; 
then the connectedness and continuity of Fred-cum-Sam 
across the crucial point are accidental. Perhaps instead 
the demon remembered what Fred was like, guided Sam 
toward perfect resemblance, watched his progress, and 
destroyed him at the right moment. Then the connect- 
edness and continuity of Fred-cvm-Sam has a causal ex- 
planation, but of the wrong sort. Bither way, Fred’s first 
stages do not depend causally for their properties on 
Sam’s last stages. So the case of Fred and Sam is rightly 
disqualified as a case of personal identity and as a case 
of time travel 

We might expect that when a time traveler visits the 
past there will be reversals of causation. You may punch 
his face before he leaves, causing his eye to blacken cen- 
turies ago. Indeed, travel into the past necessarily in- 
volves reversed causation. For time travel requires 
personal identity—he who arrives must be the same per- 
son who departed. That requires causal continuity, in 


Which causation runs from earlier to later stages in the 
order of personal time. But the orders of personal and 
external time disagree at some point, and there we have 
causation that runs from later to earlier stages in the or- 
der of external time. Elsewhere I have given an analysis 
of causation in terms of chains of counterfactual depend- 
ence, and I took care that my analysis would not rule 
out casual reversal a priori I think I can argue (but not 
here) that under my analysis the direction of counterfac- 
tual dependence and causation is governed by the direc- 
tion of other de facto asymmetries of time. If so, then 
reversed causation and time travel are not excluded al- 
together, but can occur only where there are local excep- 
tions to these asymmetries. As I said at the outset, the 
time traveler’s world would be a most strange one. 

Stranger still, if there are local—but only local—causal 
reversals, then there may also be causal loops: closed 
causal chains in which some of the causal links are nor- 
‘mal in direction and others are reversed. (Pethaps there 
must be loops if there is reversal: I am not sure.) Each 
event on the loop has a causal explanation, being caused 
by events elsewhere on the loop. That is not to say that 
the loop as a whole is caused or explicable. It may not 
be. Its inexplicability is especially remarkable if it is 
made up of the sort of causal processes that transmit 
information. Recall the time traveler who talked to him- 
self. He talked to himself about time travel, and in the 
course of the conversation his older self told his younger 
self how to build a time machine. That information was 
available in no other way. His older self knew how be- 
cause his younger self had been told and the information 
had been preserved by the causal processes that consti- 
tute recording, storage, and retrieval of memory trac 
His younger self knew, after the conversation, because 
his older self had known and the information had been 
preserved by the causal processes that constitute telling. 
But where did the information come from in the first 
place? Why did the whole affair happen? There is simply 
no answer. The parts of the loop are explicable, the whole 
of it is not. Strange! But not impossible, and not too dif 
ferent from inexplicabilities we are already inured to. Al- 
most everyone agrees that God, or the Big Bang, or the 
entire infinite past of the universe, or the decay of a trit- 
jum atom, is uncaused and inexplicable. Then if these 
are possible, why not also the inexplicable causal loops 
that arise in the time travel? 

I have committed a circularity in order not to talk 
about too much at once, and this is a good place to set 
it right. In explaining personal time, I presupposed that 
we were entitled to regard certain stages as comprising 
a single person. Then in explaining what united the 
stages into a single person, I presupposed that we were 
given a personal time order for them. The proper way 
to proceed is to define personhood and personal time 
simultaneously, as follows. Suppose given a pair of an 
aggregate of persona-stages, regarded as a candidate for 
personhood, and an assignment of coordinates to those 


stages, regarded as a candidate for his personal time. If 
the stages satisfy the conditions given in my circular ex- 
planation with respect to the assignment of coordinates, 
then both candidates succeed: the stages do comprise a 
person and the assignment is his personal time. 

Thave argued so far that what goes on in a time travel 
story may be a possible pattern of events in four-dimen- 
sional space-time with no extra time dimension; that it 
may be correct to regard the scattered stages of the al- 
leged time traveler as comprising a single person; and 
that we may legitimately assign to those stages and their 
surroundings a personal time order that disagrees some- 
times with their order in external time. Some might con- 
cede all this, but protest that the impossibility of time 
travel is revealed after all when we ask not what the 
time traveler does, but what he could do. Could a time 
traveler change the past? It seems not: the events of a 
past moment could no more change than numbers could. 
Yet it seems that he would be as able as anyone to do 
things that would change the past if he did them. If a 
time traveler visiting the past both could and couldn’t 
do something that would change it, then there cannot 
possibly be such a time traveler. 


Consider Tim. He detests his grandfather, whose suc- 
cess in the munitions trade built the family fortune that 
paid for Tim’s time machine. Tim would like nothing so 
much as to kill Grandfather, but alas he is too late. 
Grandfather died in his bed in 1957, while Tim was a 
young boy. But when Tim has built his time machine and 
traveled to 1920, suddenly he realizes that he is not too 
late after all. He buys a rifle; he spends long hours in 
target practice; he shadows Grandfather to learn the 
route of his daily walk to the munitions works; he rents 
a room along the route; and there he lurks, one winter 
day in 1921, rifle loaded, hate in his heart, as Grandfather 
walks closer, closer,.... 


Tim can kill Grandfather. He has what it takes. Con- 
ditions are perfect in every way: the best rifle money 
could buy, Grandfather an easy target only twenty yards 
away, not a breeze, door securely locked against intrud- 
ers. Tim a good shot to begin with and now at the peak 
of training, and so on. What's to stop him? The forces 
of logic will not stay his hand! No powerful chaperone 
stands by to defend the past from interference. (To imag- 
ine such a chaperone, as some authors do, is a boring 
evasion, not needed to make Tim’s story consistent.) In 
short, Tim is as much able to kill Grandfather as anyone 
ever is to kill anyone. Suppose that down the street an- 
other sniper, Tom, lurks waiting for another victim, 
Grandfather's partner. Tom is not a time traveler, but oth- 
erwise he is just like Tim: same make of rifle, same mur- 
derous intent, same everything. We can even suppose 
that Tom, like Tim, believes himself to be a time traveler. 
Someone has gone to a lot of trouble to deceive Tom into 
thinking so. There's no doubt that Tom can kill his vic- 
tim; and Tim has everything going for him that Tom 


does. By any ordinary standards of ability, Tim can kill 
Grandfather. 

Tim cannot kill Grandfather. Grandfather lived, so to kill 
him would be to change the past. But the events of a past 
‘moment are not subdivisible into temporal parts and there- 
fore cannot change. Either the events of 1921 timelessly 
do include Tim's killing of Grandfather, or else they 
timelessly don’t. We may be tempted to speak of the 
“original” 1921 that lies in Tim’s personal past, many 
years before his birth, in which Grandfather lived; and 
of the “new” 1921 in which Tim now finds himself wait- 
ing in ambush to kill Grandfather. But if we do speak 
so, we merely confer two names on one thing. The events 
of 1921 are doubly located in Tim's (extended) personal 
time, like the trestle on the railway, but the “original” 1921 
and the “new” 1921 are one and the same. If Tim did not 
ill Grandfather in the “original” 1921, then if he does kill 
Grandfather in the “new” 1921, he must both kill and not 
kill Grandfather in 1921—in the one and only 1921, which. 
is both the “new” and the “original” 1921. It is logically 
impossible that Tim should change the past by killing 
Grandfather in 1921. So Tim cannot kill Grandfather. 

Not that past moments are special; no more can any- 
one change the present or the future. Present and future 
momentary events no more have temporal parts than 
past ones do. You cannot change a present or future 
event from what it was originally to what it is after you 
change it. What you can do is to change the present or 
the future from the unactualized way they would have 
been without some action of yours to the way they ac- 
tually are. But that is not an actual change: not a differ- 
ence between two successive actualities. And Tim can 
certainly do as much; he changes the past from the un- 
actualized way it would have been without him to the 
one and only way it actually is. To “change” the past in 
this way, Tim need not do anything momentous; it is 
enough just to be there, however unobtrusively. 

You know, of course, roughly how the story of Tim 
must go on if it is to be consistent: he somehow fails. 
Since Tim didn’t kill Grandfather in the “original” 1921, 
consistency demands that neither does he kill Grandfa- 
ther in the “new” 1921. Why not? For some common- 
place reason. Perhaps some noise distracts him at the last 
moment, perhaps he misses despite all his target practice, 
perhaps his nerve fails, perhaps he even feels a pang of 
unaccustomed mercy. His failure by no means proves 
that he was not really able to kill Grandfather. We often 
try and fail to do what we are able to do. Success at 
some tasks requires not only ability but also luck, and 
lack of luck is not a temporary lack of ability. Suppose 
our other sniper, Tom, fails to kill Grandfather's partner 
for the same reason, whatever it is, that Tim fails to kill 
Grandfather. It does not follow that Tom was unable to. 
No more does it follow in Tim’s case that he was unable 
to do what he did not succeed in doing. 

We have this seeming contradiction: “Tim doesn’t, but 
can, because he has what it takes” versus “Tim doesn't, and 


can't, because it’s logically impossible to change the past.” 1 
reply that there is no contradiction. Both conclusions are 
true, and for the reasons given. They are compatible be- 
cause “can” is equivocal. 

To say that something can happen means that its hap- 
pening is compossible with certain facts. Which facts? 
‘That is determined, but sometimes not determined well 
enough, by context. An ape can’t speak a human lan- 
guage—say, Finnish—but I can, Facts about the anatomy 
and operation of the ape’s larynx and nervous system 
are not compossible with his speaking Finnish. The cor- 
responding facts about my larynx and nervous system 
are compossible with my speaking Finnish. But don’t 
take me along to Helsinki as your interpreter: I can’t 
speak Finnish. My speaking Finnish is compossible with 
the facts considered so far, but not with further facts 
about my lack of training. What I can do, relative to one 
set of facts, I cannot do, relative to another, more inclu- 
sive, set. Whenever the context leaves it open which facts 
are to count as relevant, itis possible to equivocate about 
whether I can speak Finnish. It is likewise possible to 
equivocate about whether it is possible for me to speak 
Finnish, or whether I am able to, or whether I have the 
ability or capacity or power or potentiality to. Our many 
words for much the same thing are little help since they 
do not seem to correspond to different fixed delineations 
of the relevant facts. 

Tim's killing Grandfather that day in 1921 is compos- 
sible with a fairly rich set of facts: the facts about his 
rifle, his skill and training, the unobstructed line of fire, 
the locked door and the absence of any chaperone to 
defend the past, and so on. Indeed it is compossible with 
all the facts of the sorts we would ordinarily count as 
relevant is saying what someone can do. It is compossi- 
ble with all the facts corresponding to those we deem 
relevant in Tom’s case. Relative to these facts, Tim can 
kill Grandfather. But his killing Grandfather is not com- 
possible with another, more inclusive set of facts. There 
is the simple fact that Grandfather was not killed. Also 
there are various other facts about Grandfather's doings 
after 1921 and their effects: Grandfather begat Father in 
1922 and Father begat Tim in 1949, Relative to these facts, 
Tim cannot kill Grandfather. He can and he can’t, but 
under different delineations of the relevant facts. You 
can reasonably choose the narrower delineation, and 
say that he can; or the wider delineation, and say that 
he can’t, But choose. What you mustn’t do is waver, 
say in the same breath that he both can and can’t, and 
then claim that this contradiction proves that time 
travel is impossible. 

Exactly the same goes for Tom’s parallel failure. For 
‘Tom to kill Grandfather’s partner also is compossible 
with all facts of the sorts we ordinarily count as relevant, 
but not compossible with a larger set including, for in- 
stance, the fact that the intended victim lived until 1934. 
In Tom's case we are not puzzled. We say without hi 
tation that he can do it, because we see at once that the 


facts that are not compossible with his success are facts 
about the future of the time in question and therefore 
not the sort of facts we count as relevant in saying what 
Tom can do. 

In Tim's case it is harder to keep track of which facts 
are relevant. We are accustomed to exclude facts about 
the future of the time in question, but to include some 
facts about its past. Our standards do not apply un- 
equivocally to the crucial facts in this special case: Tim's 
failure, Grandfather's survival, and his subsequent do- 
ings. If we have foremost in mind that they lie in the 
external future of that moment in 1921 when Tim is al 
most ready to shoot, then we exclude them just as we 
exclude the parallel facts in Tom’s case. But if we have 
foremost in mind that they precede that moment in Tim's 
extended personal time, then we tend to include them. 
‘To make the latter be foremost in your mind, I chose to 
tell Tim's story in the order of his personal time, rather 
than in the order of external time. The fact of Grandfa- 
ther’s survival until 1957 had already been told before I 
got to the part of the story about Tim lurking in ambush 
to Kill him in 1921. We must decide, if we can, whether 
to treat these personally past and externally future facts 
as if they were straightforwardly past or as if they were 
straightforwardly future. 

Fatalists—the best of them—are philosophers who 
take facts we count as irrelevant in saying what someone 
can do, disguise them somehow as facts of a different 
sort that we count as relevant, and thereby argue that 
we can do less than we think—indeed, that there is noth- 
ing at all that we don’t do but can. I am not going to 
vote Republican next fall. The fatalist argues that, strange 
to say, I not only won't but can’t; for my voting Repub- 
lican is not compossible with the fact that it was true 
already in the year 1548 that I was not going to vote 
Republican 428 years later. My rejoinder is that this is 
a fact, sure enough; however, it is an irrelevant fact 
about the future masquerading as a relevant fact about 
the past, and so should be left out of account in saying 
what, in any ordinary sense, I can do. We are unlikely 
to be fooled by the fatalist’s methods of disguise in 
this case, or other ordinary cases. But in cases of time 
travel, precognition, or the like, we're on less familiar 
ground, so it may take less of a disguise to fool us. 
Also, new methods of disguise are available, thanks to 
the device of personal time. 

Here's another bit of fatalist trickery. Tim, as he lurks, 
already knows that he will fail. At least he has the where- 
withal to know it if he thinks, he knows it implicitly. For 
he remembers that Grandfather was alive when he was 
a boy, he knows that those who are killed are thereafter 
not alive, he knows (let us suppose) that he is a time 
traveler who has reached the same 1921 that lies in his 
personal past, and he ought to understand—as we do— 
why a time traveler cannot change the past. What is 
known cannot be false. So his success is not only not 
compossible with facts that belong to the external future 


and his personal past, but also is not compossible with 
the present fact of his knowledge that he will fail. 1 
reply that the fact of his foreknowledge, at the moment 
while he waits to shoot, is not a fact entirely about that 
moment. It may be divided into two parts. There is the fact 
that he then believes (perhaps only implicitly) that he will 
fail; and there is the further fact that his belief is correct, 
and correct not at all by accident, and hence qualifies as 
an item of knowledge. It is only the latter fact that is not 
compossible with his success, but it is only the former 
that is entirely about the moment in question. In calling 
Tim's state at that moment knowledge, not just belief, 
facts about personally earlier but externally later moments. 
were smuggled into consideration. 

Thave argued that Tim's case and Tom’s are alike, ex- 
cept that in Tim's case we are more tempted than usual— 
and with reason—to opt for a semi-fatalist mode of 
speech. But perhaps they differ in another way. In Tom's 
case, we can expect a perfectly consistent answer to the 
counterfactual question: what if Tom had killed Grand- 
father’s partner? Tim’s case is more difficult. If Tim had 
Killed Grandfather, it seems offhand that contradictions 
would have been true. The killing both would and 
wouldn’t have occurred. No Grandfather, no Father; no 
Father, no Tim; no Tim, no killing. And for good measure: 
no Grandfather, no family fortune; no fortune, no time 
machine; no time machine, no killing. So the supposition 
that Tim killed Grandfather seems impossible in more 
than the semi-fatalistic sense already granted. 

If you suppose Tim to kill Grandfather and hold all 
the rest of his story fixed, of course you get a contradic- 
tion. But likewise if you suppose Tom to kill Grandfa- 
ther’s partner and hold the rest of his story 
fixed—including the part that told of his failure—you 
get a contradiction. If you make any counterfactual sup- 
position and hold all else fixed you get a contradiction. 
The thing to do is rather to make the counterfactual sup- 
position and hold alll else as close to fixed as you con- 
sistently can, That procedure will yield perfectly 
consistent answers to the question: what if Tim had not 
Killed Grandfather? In that case, some of the story I told 
would not have been true. Perhaps Tim might have been 
the time-traveling grandson of someone else. Pethaps he 
might have been the grandson of a man killed in 1921 
and miraculously resurrected. Perhaps he might have 
been not a time traveler at all, but rather someone cre- 
ated out of nothing in 1920 equipped with false memo- 
ries of a personal past that never was. It is hard to say 
what is the least revision of Tim’s story to make it true 
that Tim kills Grandfather, but certainly the contradictory 
story in which the killing both does and doesn’t occur 
is not the least revision. Hence it is false (according to 
the unrevised story) that if Tim had killed Grandfather 
then contradictions would have been true. 

What difference would it make if Tim travels in 
branching time? Suppose that at the possible world of 
Tim's story the space-time manifold branches; the 


branches are separated not in time, and not in space, but 
in some other way. Tim travels not only in time but also 
from one branch to another. In one branch Tim is absent 
from the events of 1921; Grandfather lives; Tim is born, 
grows up, and vanishes in his time machine. The other 
branch diverges from the first when Tim turns up in 
1920; there Tim kills Grandfather and Grandfather leaves 
no descendants and no fortune; the events of the two 
branches differ more and more from that time on. Cer- 
tainly this is a consistent story; it is a story in which 
Grandfather both is and isn’t killed in 1921 (in the dif 
ferent branches); and it is a story in which Tim, by killing 
Grandfather, succeeds in preventing his own birth (in 
one of the branches). But it is not a story in which Tim's 
killing of Grandfather both does occur and doesn’t: it 
simply does, though it is located in one branch and not 
the other. And it is not a story in which Tim changes the 
past. 1921 and later years contain the events of both 
branches, coexisting somehow without interaction. It re- 
‘mains true at all the personal times of Tim’s life, even 
after the killing, that Grandfather lives in one branch and 
dies in the other! 
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Notes. 


1 


have particularly in mind two ofthe time travel stories of Robert 
‘A. Heinlein: “By His Bootstraps” in R.A. Heinlein, The Menace 
from Farth (Hicksville, NY, 1959), and “All You Zombies—,” 
in R.A. Heinlein, The Unpleasant Profession of Jonathan Hoag 
(icksville, N'Y, 1959), 

“Account of time travel in two-dimensional time are found in Jack 
W. Meiland, “A Two-Dimensional Passage Model of Time for 
‘Time Travel,” Philosophical Studies, vo. 26 (1974), pp. 153-173; and 
inthe initial chapters of Isaac Asimov, The Ernd of Eterity (Garden 
City, N-Y,, 1955). Asimov's denouement, however, seems to re- 
{quite some different conception of time travel, 

HL G. Wells, The Time Machine, An Invention (London, 1895), epi- 
logue. The passage is criticized as contradictory in Donald ‘C. 
Williams, “The Myth of Passage,” The Journal of Philosophy, vol. 
48 (1951), p. 463. 

I discuss the relation between personal identity and mental con- 
nectedness and continuity at greater length in "Survival and 
Identity” in The Identity of Persons, ed. by Amelie Rorty (Forth- 
coming) 

“Causation,” The Journal of Philosophy, vol. 70 (1973), pp. 556-567; 
the analysis relies on the analysis of counterfactuals given in my 
Counterfatuals (Oxford, 1973) 

‘The present paper summarizes a series of lectures of the same 
title, given as the Gavin David Young Lectures in Philosophy at 
the University of Adelaide in July, 1971. I thank the Australian- 
“American Educational Foundation and the American Council of 
Learned Societies for research support. I am grateful to many 
friends for comments on earlier versions of this paper; especially 
Philip Kitcher, William Newton-Smith, J. J.C. Smart, and Donald 
Williams, 
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ares and Definitions atthe ends of Tom Bearden’ books “Energy frm the Hacuum” 


MATH AND SINGLE CHARACTER ABBREVIATIONS 


© Theelectrostatc scalar potential, in units of joule per collecting coulomb 
The mathematical perstor ‘dl, 
Vo The gradient ofthe function 6, mathematically, 

In EM theory, use ofthe del operator produces an electric field E given by E=~V§. An electrical field is also generated by the 


time rte of change ofthe magnetic vector potential A, where itis given by E ~~ dAldt. Note that we have used that fact to 
assist us in producing the motioaless electromagnetic generatr (MEG), with COP = IG as of this wating 


444) Joules of enere collected by a change of g coulombs in an electrostatic scalar potential 


having » reaction cross section of 
Since the collected energy is also usualy the energy that can then be dissipated as work, this expression oflen yields the work 
performed inthe circuit by the energy the surface charges collected from that part ofthe S-flow in contact with the conductors 
‘and components, 

dg dt Time te of change of the salar potential 
‘Also one form of displacement current. 

dbldt Time rate of change of the E-field, 
Also one form of displacement curent. 

dpldt Time rte of change of momentum, which isa force F acting upon the system. 

pide 


A force is defined asa time rate of change of momentum, or 

dP{dt Time rate of change of polarization, 
Polarization displacement current. 

‘dgldt Time rte of change of chang, otherwise known as "curent™ 
[Represents the normal current low i of charges ina conductor, 

‘dgldt-solated Load Loop A special curent loop containing the load, 

swhere i = cin that "load loop” is solte fom the current i= dt inthe source loop containing the power kource and the 

{to loops are also field-soupling isolated. A transformer, edocs isolate the actual current in the secondary from the eurent 
{nthe primary, bu the field coupling trom primary to secondary and from secondary back o primary result in the enforcement 
of COP = 10s the maximum performance possible (ina perfec, lossless standard transformer). In areal standard transformer 
‘with some losses, COP=1.0, 


git 


‘The notion is that, even thougls current cannot pass from the source loop tothe load loop and there is na diret field coupling, 
energy density low S = ExH can pass. This isin fact the definition of what we call bridging, if in addition to current isolation 
the rigid back-field coupling is broken between enersy dissipation (power) in the source loop and energy disipation (power) in 
the load loop. In that fashion, averunity operation ofthe load ean readily he achieved. 


Electric Field. 
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‘Defined in older classical electromagnetics (CEM) as force field, by E= Fig, However, this only defines the entity afer an 
interaction with mass. In short, it defines the E-field as an effect existing only in matte. 


In the early days of eletrodynamics, Maxwell and the other "founding fathers" assumed a material ether filing all space 

‘ence any field in space was indeed such an “effect” field existing in mass, Maxwell ded in 1879 of stomach cancer. In the 

1880s, the Michelson-Morley experiments falsified the luminiferous (material) ether asa material medium. Heace the accepted 

use ofthe E= Fig ype of “effect” electrical field asthe electric field in space was also destroyed, but the equations were never 

changed to eliminate ths eor in the foundations of CEM. Instead, electrodynamicists more or less announced one day that, 
ince there is no (material) ether, We are not using on! 


Tere is some rationalization mathematically for such an approach, ifthe limiting process is used fr the interaction of the 
“causal fel” in vacuum with the charged mass g as qs allowed to approach zero. However, from a foundations view, itis tll 
the interaction ofthe field in space with charged mass that is being described inthe limit, and therefore its tll the "effect" 
cntty rather than the "cause" entity 


This serious foundations problem is still unresolved in much of CEM theory and modeling to thie day. The standard by which 
other EM texts are measured is J.D lackson, Classical Electrodynamies, 2nd edition, Wiley, New York, 1975. In several 
places, Jacksom ops fr this avoidance of the use ofthe" effect fel forthe "cause" field: quoting p. 28° "the thing that 
‘eventually gets measured isa force." “At the moment, the electric field can be defined asthe force per unit charge acting at a 
‘given point, 1t iva vector function of postion, denoted by E." Quoting p. 249: "Mac classical electrsynamicists continue to 
‘adhere 10 the notion that the EM force field exists as such inthe vacuum, but do admit hat physically measurable quantities 
such as force somehow involve tke product of eharge and field." 

Te problem is further increased by use ofthis flawed definition of E-field to "define" the electrostatic scalar potemial (Jackson, 
1.3) by the equation E=—V6. First no equation i a definition; it merely equates the magnitude ofthe entities on the left of 
‘the= sign tothe magnitude of the entities on the right ofthe = sign. It has nothing at all to say about the definition or nature of| 
any of the entities, but is merely a comparison of relative magnitudes. Any definition, a prion, must be expressed by an identity 
sign, Inall of classical electrodynamics, thre is no available proper definition of (x) in the identity E'=(x). Indeed, there is m0 
Such identity available for force F. To quote Feynman: "..in dealing with fore the tacit assumption is alway made that the 
force is equal to zero unless some physical bod is present... One ofthe most important characteristics of fore is that it has a 
‘material origin, and this is no just a definition... f vou insist upon a precise definition of fore, you will never ger it!" Richard 
Feynman, Robert B. Leighton, and Matthew Sands, Lectures on Physies, Addison-Wesley, Reading, MA, Vol. 1, 1964, p. 12- 
2 


In the Sachs unified fell theory, 0(3) electrodynamics as spearheaded by Evans isan important subset. Hence in that approach 
there i solution to the problem of defining force and field. The EM fields (E, B, et.) when in spacetime, are infact 
curvatures of spacetime identically. When these ST curvatures interact with a charged mass, the eects ofthe interactions are 
the well-known force-filds in matter, which Maxwell tated with inthe 1860s, So in this way, the definition problem can be 
rigorously resolved 


‘The Slepian vector representing the time rate of energy density dissipation in dhe eutrent 


loop containing the id 
“This does nota all represent the energy low in space and along the outside ofthe circuit, which may be very, very much 
areaer on the order of 10! times as great. 1k does match the Poynting eneney flow component that enters the iru. 


form Themassof a charge g 


Instead of just using "q” and assuming it tobe unitary, we must include the fact shat charge is a system of two coupled 
‘components: (i) the mass m, of the charge q, and (i) the vstual photon flux exchange (ic. 4) ofthe charge q withthe 
surrounding active vacuum, In particle physics i is already well-known tht thee is no symmetry of amas system anyway, 
unless the vacuums exchange with the mas s included, So the expression mo, captures the vacuumm-mass exchange, By 
‘cninuing to wssume that charge i unitary, physics inadvertently holds to the hoary old notion ofthe lueniniferous ether (thin 
‘material ether) that permeates al of space. Maxwell and other electrical physicists of his time believed in a material ether, and 
‘Maxwell embedded that notion in EM theory. Inexplicably it has not been rooted out othe equations to this day eventhough 
the notion of the material ether (not the ether per se!) was destroyed by the Michelson-Morley experiment over 100 years ago 
Foundations physicists continuc to point oat such terrible defects im pysies and continue to be ignored. We quote Mario 
Bunge, "A mathematical theory ofthe dimensions and units of phystcal quantities” in Problems inthe Foundations of 
Physics, edited by Mario Bunge, Springer-Verlag, Berlin and New York, 1971, p. 7: "The question 'What are dimensions” is 
seen to be il conceived, for there ar two concepts of dimension, namely those of dimension function and dimension value. The 
correct question is:'What are [] and d”" (Nate: []s dimension function, and d is dimension value.) Bunge is clearly 
discriminating between the function associated with the dimension, and dhe magnitude associated with it 


Quoting Bunge, ibid, p. 8: "The concept ofa unit i one of those scientific notions that has remained obscure for want of a 
thoory and excess of coarse philosophy. Indeed we know how to manipulate units but we dant sem to know what kind of 
‘mathematical object they are. Asa consequence units are sometimes confused with dimensions, at other times with standards, 
and they ae oflen introduced in relation 10 measurement rather than to concept formulation." 

‘And quoting Mario Bunge, Foundations of Physics, Springer-Verlag, New York, 1967, p. 176: "Different theories of CED 
{Classical Electrodynamics] are calle for, both for charged particles that can toa first approximation be regarded 3s 
clectromagnetically structureless (eg the electron and the 4 -meson) and for extended systems witha charg distribution and 
spin (e,the proton) I fairly satisfactory classical theories were availabe they could guide the construction of the 
corresponding quantum theories, But na such theories are insight partly because its nt usally acknowledged that 
clectrodynamics, both classical und quanta are ina sad stat.” 

Again, Bunge, ibid. p. 182: "the best modem physicist isthe one who acknowledges that neither classical nor quantum 
physics are cut and dred, bth being full of holes and in need ofa vigorous overhauling not only to beter cover their own 
{domains but also o join smoothly so as to produce a coherent picture of the various levels of physical reality 


The speed of light in ambient vacuum, 
‘To discuss the speed of light, we point out thatthe vacuum is highly energetic, as has been shown in modern physics. Since the 
‘vacuum hasan encnay density t can be modeled asa "potential" and particularly asa sealar EM potential for EM purpases. 
Contrary to convention, we recognize thatthe local energy density ofthe ambient yacuurn potential can vay, including 
seasonally within and close tothe solar system, ec. ‘The average encray density of the yacuur in space far from charged 
‘masses suc as stars and planes may be assumed as "standard vacuum potential", and if his potential is equated with the 
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notion of lat spacetime", then an increase inthis vacuum potential isan increase inthe local energy density of spacetime, and 
hence represents a curvature of the standard flat spacetime. 


In fact the interplanetary radar probes' anges" do show precisely such variation in the speed of ight, with weekly and monthly 
and seasonal variations, etc. In order to comply with the nearly universal assumption in physics with respect tothe constancy of 
6; the scientific staffs averaged the readings over the entire month. Ths zeroed out the variations, upheld the notion that space is 
fixed type of thing, and that the speed of ight init is also a rigidly fixed constant. It does not agree with the actual measured 
Speed of light from day to day, 

‘The Russians have known and openly printed for about a century thatthe speed of light in a hard vacuum in deep space, far 
removed from solar and planctary masses, sa litle slower than the speed of light in a hard vactum near the Earth or any other 
large charged mass. The huge collection of charged particles in the earth have tiny separations, so that looking atthe Earth a a 
collection of tiny dipoles, one sees a collection of enormous 4-symmetry energy flows ftom the time domain tothe 3-space 
domain (and vice versa forthe time-reversed portions). The increased intensity ofthis 4-symmetry energy flux inthe Vicinity of 
a massive planet or sun changes the local energy density ofthe vacuum itself, increasing it in that vicinity 


Without elaboration, we will also point out thatthe Earth an its dynamics structures the local spacetime and the spacetime out 
to some distance. So do all other planets, stars, ec. By whatever manner we model the cosmos as having been created or 
intated, the dynamics and structuring of all the phenomena occurring inthe universe is further impressed inthe inflded 
clectrodynamics inside the vacuum potential 


‘The “laws of nature” in one sense represent the most general results ofthe reactions ofthis internally structured “common 
standard spacetime” or "standard vacuum potential” with the various physical systems, devices, and measuring instruments 
utilized in our experiments, etc. I one deteministcally alters the souctuving of the local spacetime, one can havea system 
‘which will function there ina certain marvelous manner, but will not function that way elsewhere. Some decades ago 
participated in experiments by Golden which over a period of some five years did condition (dimension) the local vacuurn 
potential. The result was an engine which consistently exhibited COP ~ 1.67 at that location, but when moved several hundred 
tiles exhibited COP=1.0. Frank and I were made aware ofthis "vacuum conditioning” effet by Prof. William Tiller, who had 
himself conducted experiments exhibiting just such an effect over severl years 


[EM waves in vacuum are actually longitudinal (Sound-type) waves, but we do not belabor the point since everything out therein 
‘the normal literature uses the transverse EM wave model for the EM wave in space. Also, the transverse wave is indeed what is 
{detected inthe interacting electron gas in our measurement instruments —whose Dre electrons ae restrained to simple drift 
velocity longitudinally down the conductor, but are spinning and are ffee to process lke gyros. So our instruments detect the 
Drude electron precessions at right angles to the incoming disturbing longitudinal force field, which means that they do indced 
measure a transverse wave. However, these are actually the electron precession waves in the detector, and not the actual EM. 
‘waves in space. See my paper, "Giant Negentropy from the Common Dipole”, Journal of New Energy, 5(1), Summer 2000, p 
11-23 fora discussion of how all EM energy comes rom the time domain, via the broken 3-symametry ofthe source charge oF| 
source dipole, and is emitted in 3-space in all directions as longitudinal EM waves. This is based on rigorous demonstration by 
ET. Whitaker, "On the Partial Differential Equations of Mathematical Physics," Math. Ann. Vol. $7, 1903, p. 333-855 that the 
scalar potential is «harmonic set of phase conjugate longitudinal EM wave pairs. We merely applied the Whittaker 
‘decomposition tothe scalar potential af «source dipole or ofa source charge, and the rigorous proof that EM waves in space 
fare longitudinal directly emerges. 


Just as sound speeds up, say, in steel asa denser medium than ar, the EM "sound waves" inthe ambient vacuum potential speed 
‘up when that vacuum potentials fax density is increased. Consequently ight does move a litle faster ina hard vacuum on 
Ear than it does in deep space, because the vacuum itself has higher energy density near the earth than in deep space. The 
comings and goings and orbiting of planets andthe solar mass, et. do afect the local energy density of the vacuum between 
the planets, and hence the speed of light through that interplanetary space. 


So the interplanetary radar does show the periodic variations ofthe local energy density of vacuum tht are induced by these 
factors. Fora eitieal paper on this, see Bryan G. Wallace, "The Unified Quantum Electrodynamic Ether," Foundations of 
Physies, 33), Sept. 1973, p. 381-388. His discussion of the interplanetary radar measurements of Venus, which did not fit 
relativity are particulary interesting, with respect to his finding thatthe data were simply “averaged!” to eliminate the variations 
and hence the diurnal, lunar, and synodic periic components actually measured inthe variations of the speed of light. See 
particularly Bryan G. Wallace, "The great speed of light in space cover-up.” Selentifie Ethics, I(1), Feb, 1985. p. 2-3; — "Radar 
‘Testing of the Relative Velocity of Light in Space," Spectrase. Lett. Vol. 2, 1969. p. 361 

Rigorously the field i “defined” in electrodynamics as the effect ofan interaction ofthe force-free entity (4-spatiall) existing 
prior tthe interaction, witha 3dimensional static charge. This means thatthe field as originally defined isan effec and not a 
fause, To then use ita the cause isa grave non sequitur 


‘This confusion of cause and effect s widespread in physics. It was probably initiated by the hoary old assumption several 
hundred years ago that «separate force acts upon a separate mass, which is false. In fat mass s a component of force, since 

-ddx{my) = mvt + vn). As can be seen, in both expanded terms thee exists a mass term. To sktt the issu, 
clectrodynamicists have simply found a neat statement that "in massfree space the field continues to exit, ut the force is zero" 
‘We point out that m= 0 makes the momentum vanish, and so F vanishes, nd in the definition of E~ Piq also vanishes because 
the numerator F becomes zero, Therefore shat E-field vanishes. 


Feynman and Wheeler pointed out that the field a tis defined doesnot and cannot exist in massless space. Only the 
“potential” forthe field exists there, in ease some charged mas is brought into interact with that entity that does exist there 
‘That is accurate, since spacetime is totaly a potential and any "change" in spacetime isa change in that potential a prior. Inthe 
Sachs-Evans unified field theory, this problem is resolved because the fundamental field is delined as a Spacetime curvature 
(change in spacetime, hence change in the ST potential) rather than E = Fig 


In empty space thee are always myriads upon myriads of interfering fields and potential, from charges all over the univers, 
via Puthof’s cosmological feedback principle (sce 

HE, Puthof, "Source of Vacuum Electromagnetic Zeo-point Energy," Physical Review A, 40(9), Nov. 1, 1989, p.4887- 
-4862_] Thus any EM wave traveling through space is always involved in enormously active interferometry. Tis alone results in 
violent momentary variations inthe speed of that wave, even from 0.01 € to 100.00 c. Fora paper showing this kind of| 
“galloping” tavel ofan EM wave, sce William G. Harter, John Evans, Roberto Vega, and Sanford Wilson, “Galloping waves 
and ther relativistic properties,” American Journal of Physis, $37), July 1985, p. 671-679. While the average speed of the 
‘wave is cy } where isthe local energy density of the vacuum, the instantaneous speeds ofthe wave vary violently from instant 


In special relativity, "velocity" merely isa rotation angle of the moving frame from the fixed laboratory observer's frame. The 
speed "c" merely represents a full rightangle turn away, toward the time-dimension (since other than the 3 spatial dimensions 
that isthe only other dimension available totum toward). In higher dimensional space, there are many ober "higher" 

dimensions toward which further rotation can be accomplished. Hence rotating in n-space isnot limited toa single orthogonal 
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tun, and therefore velovties are not limited to speed. However, each orthogonal rotation also subracts one spatial dimension 
ofthe rotated object fram the observer's 3-space. One rotation would be speed e, two departing rotations would be speed c 
three would give ete. Attnee rthortations, tothe lab observe the rotted objects now purely an intemal structure inside 
his ime dimension, very similar to a mental object (ind stime-like, not spacelike). ‘The ature of mind ad its operations has 
a taher unexpected connection with mater, when one consiers such orthoroations in hyperspace 

“The points, the speed is ot an iron dictum of nature, noes it an “unchangeable constant"? Nature herself routinely 
violate that notion. Asan example, de Broglie waves from any mass always move at v>e, and easily as v>>c, EM "surface™ 
‘waves--so-called transverse osilaions or upheavals and depression in the magnitude (energy density actualy the eaction 
‘ross section) ofthe local ambient vacuum potential), move ata discretized average speed ey ). The longitudinal component, i 
free from the transverse component, can move much faster because tsa sort of “tunneling” mavement In actual quantum 
tunneling experiments, eg, music (Mozart's 40th symphony) has been transmitted through quantum mechanical tuancing 
between two separated points t spec ve. Fogal is ikely to evenually place superluminal communication system onthe 
commercial market. We discuss superluminal communication elsewhere tn this gloat: 


Capacitance, Essentially, the chan per unit potential 
Fran isolated conductor, C= Q/V and Cis expressed in farads. A farad is one coulomb per vot. 
A lowercase c represents the spect of light in ambient vacuum. 


‘The electric field, Essentially, E =Pig, hut that isnot relly a definition 
Conventionally, th units of electric field are considered tobe foree per nit electric charge; i, force per coulomb. Note that 
the E-field even in tis "classical definition” doesnot actually exist at point unless there is a unit point charge (a point 
coulomb of charged mass) located at the point. Hence contrary to classical electrodynamics, communications theory, and 
‘whutnot,no electric fore field (and no magnetic force field either) exists in the vacuum, at least ofthe kind preseribed by 
Maxwell's equations and by the Heaviside-Hertz reduction of Maxwell's equations. ince Maxwell assumed it these equations 
and models all stil erroneously assume a material ether filing the vacuum, in which case there would be matter and charges, 
and there would then be force-fields inthe vacuum, We refer the interested reader to discussions by Feynman and by Wheeler. 
‘Quoting: "One ofthe most important characteristics of force is tha it has a material origin, and this isnot just a definition. ¥ If 
ou insist upon a precise definition of force, you will never get it!" [Richard P. Feynman, Robert B, Leighton, and Matthew 
Sands, Lectures on Physics, Addison-Wesley, Reading, MA, Vol. 1, 1964, p. 12-2,] 

-Eyen worse, note that E = Fg defines not the magnitude of the field in space, but has todo with the divergence of energy from 
the field around a unit point static charge therein space, as well as the pattern ofthe diverged energy density. Actually, what is 
used as "the electric field” itself is the reaction crass section ofthe fel, fara nit point static coulomb of charge. That is at 
best function of the "field density" or "field intensity" ofthe actual electrical field in spacetime, and the direction and pattern 
‘of change ofthat field density duc tothe intercepting and divering charg. 


‘The field problem is resolve inthe forefronts of electrodynamics by making the field a topological function It is resolved in 
the Sachs-Evans (3) electrodynamics (asa subset of Sachs’ unified feld theory) by making the field a function ofthe curvature 
of spacetime, 


See also the discussion under c, above. 
Magnetic field strength 


‘The Befeld (loosely), oF magnetic flux density (more propecly) 
Conventionally, this is thought to be defined, analogously to E, by the force it exerts. The fore exerted on a point charge 
‘moving inthe magnetic field B isa right angles tothe velocity vector ofthe charge and also a ight angles to B. Actually, the 
Held was originally named the magnetie field and the Btield was named the magnetic induction (and is stil sometimes called 
that) This is an annoyance because itis B which involves the force, and hence B should be named the magnetic field. Other 
‘writers have noted this discrepancy and Sommerfeld called H the magnetic excitation —which correctly describes its rle— 
rather than calling it the magnetic field. As the reader ean se, los of things in electrical physics are sil wry und! There are 
also diferent ways to approach the EM modeling problem. In Kaluza-Klein unified field theory, all eletromagnetics is 
‘modeled in the Sth dimension, which is wrapped around each and every point in our normal -dimensional space 


Fr practical us, a far better approach isthe O(3) symmetry electrodynamics spearheaded by Myron Evans, which is also an 
{important subset af Mendel Sachs unified field theory. Inthe Sachs-Evans unified theory, electromagnetics has become general 
relativity and general relativity has become eletromagnetcs. Further, very powerful general relativity can now be directly 
engineered with this (3) electrodynamics, a it further develops. We refer the reader to "The New Maxwell Electrodynamic 
Equations: New Tools for New Technologies. A Collection of 60 Papers fom the Alpha Foundation's Institute for Advanced 
pecial Issue of Journal of New Energy, (3), Winter 1999. 335 p. Also, particularly sce Contemporary Optics and 

Electrodynamics, edited by Myron W. Evans, a special topical issus of 1. Prigogine and S.A. Rice (series editors), Advances 

‘Chemical Physies, Wiley, 2001 (in publication). Evans gives very long and detailed presentation, "O(3) Electrodynamics", 
{nha publication, and also gives the paper "The Link Between the Sachs and O(3) Theories of Electrodynamics". 


A quantity of electrical change, Note that this statement does ot define charge itself 
‘We have tentatively proposed to redefine charge qas q= my, The term }, captures the vacuum's violet virtual energy 
interaction withthe mass m, of the charge, which is presently missing in classical EM theory and is an exceeding great law of 
comission, Further, muy be decomposed into aharmonie series of phase conjugate wavepars, as shown by Whittaker, 1903, 


iid, (In O() electrodynamics, the internal structuring is dramatically extended, so that one can get a the “inner 
clcctrodynamies" necessary to explain such things as homeopathy, ch, ki rana, ete 


To those scientists poot-poohing such things as acupuncture, we point out that acupuncture in a dramatic case ean allow a 
person without anesthetic to undergo a major operation with chest cavity opened, while the patent remains alert, conscious, and 
{alking. President Nixon's physician on Nixon's trip to China witnessed such an actual operation, as wel s ther things 

Nothing in our vaunted Western medical science can equal that, nor can any of our medical schools, nor can our National 
‘Academy of Science or our National Science Foundation. In shor, acupuncture alone demonstrates how woefully inadequate 
‘our medical science actually is, 

Also, acupuncture works on animals as wel, so it doesnot involve hypnosis or deep suggestion. In science, we must believe the 
repeatable experiment, not our dogma at the moment. Yet the entire US. medical research community has Ho higher syrametry 
[EM investigation of how acupuncture works, or ofthe infolded clotradynamics shown by Whitaker's decomposition ofthe 
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scalar potential in 1903. Hence our scientist totally miss the vast electrodynamics of the internal structuring of potential and 
charge with vacuum engines (spacetime curvature engines). AS a result, the eatie U.S. scientific and intelligence communities 
‘were totally unable to comprehend nearly five decades of Russian induction of health changes and diseases in personnel inthe 
U.S. Embassy in Moscovt, using weak EM radiation. Internal structuring of the activity producing what i called "charge 
including its intemal structuring and engines can be modeled and in theory directly engineered inthe new Sac-Evane 
approach | 

‘As shown in my paper, "Giant Negentropy fom the Common Dipole,” Journal of New Energy, 5(1), Summer 2000, p. 1123, 
the broken 3-symmetry energy flow of any charge and any dipole allows a more fundamental 4-symmetry energy flow solution 
for the century-old problem of explaining the actual source of the EM energy that pours gut of the source charge i all directions 
in3.space. The 4-symmetry in EM energy flow explains its nature as longitudinal EM waves, wit the changes absorbed enersy 
being received from the time domain (complex plane, transduced into 3-space, and emitted in 3-space, The source ofall EM, 
‘energy at any point in -space is the time domas 


Ithas been knovn for decades i particle physics that thee exists no equilibrium in mass systems, unless the interaction ofthe 
‘vacuum withthe masses is included. It has also been known that every charge and every dipole is broken 3-symmetry inthe 
Fierce vacuum energy exchange with the charge or dipole, Yet the vacuum interaction and specifically the source charge's and 
the source dipole’: broken symmetry in it—ae not even included in classical EM as yet. That this known ttal pitch in modem, 
EM theory has not been previously corrected, when the particle physicists of every university physics department of note 
already know i is necessary, is inexplicable! Here we must regretfully point out finger at our orthodox scientific establishment, 
‘and particularly at our National Science Foundation and our National Academy of Science. These institutions are not even 
‘working on, nor are they aware of, nor do they even eare about, the most fundamental science problems of our ime. Bigger 
accelerators, yes. Windmills, yes. EM enerzy from the vacuum and electrical power systems Which us it without destroying 
the source dipole, no. The greatest of all electrodynamics—the infolded longitudinal EM wave dynamies inside all EM fields, 
potentials, and waves—no. The correction ofthe dezens of major flaws and non sequitus in classical cletromagnctcs, no. 

The understanding ofthe longitudinal EM wave interferometer weapons and quantum potential weapons already strayed against 
us,no. ‘The development of EM healing based on the Priore approach, which would totally revolutionize medical therapy and 
handle attacks on our cities by weapons of mass destruction, no. 

We havea scientific mindset problem of epochal magnitude. And tht costs the US, taxpayers hundreds of billions of dollars 
spent onthe "status qua” oF "business as usual” scientific endeavors that ae fr inferior to what can be done 


‘Entropy_A quantity which measures the extent to which the encray ofa system is available 
todo work, 


Since in one sense energy’ is funetion of ordering, then fundamentally, entropy refers to increasing disorder, which means 
increasing disruption of the ordering in our collected energy. Unforunatly, entropy is one of those concepts in physics for 
‘which there are several differing major views, We avoid all discussion of information” ete and preter to deal only withthe 
fenergy and time aspects, For our work in energy fom the vacuum, we take the very simple view that an enopic process slike 
4 postive resistor: As forward observer time passes, the entropic process continually disorders or "loses'-—from furlher 
‘cntroled conversion of energy form —the collected energy in the system. We regard a megentropic process as ikea negative 
resistor: as forward observer time passes, the negentropic process. receives energy ina fom unusable to us, transforms, it, and 
‘outputs it ina form that is usable. Quoting llyaPrigogine, lereversibility asa syrametry-breaking process." Nature, Vol. 246, 
1973, p. 70: “Entropy Yeannot in general be expressed in terms of observables suck as temperature and density. This is anty 
possible in the neighbourhood ofequilibriumY 11s only then that oth entropy and entropy production acquire a macroscopic 
meaning.” 


So basicly the notion of entropy will apply when we have a system in equilibsium or very near equilibrium. For open systems 
{insubstantial disequilibrium, the entropy cannot even be computed, and the classical equilibrium thermodynamics with its 
infamous second law does not apply- On the ether hand, the loading of disequilibrium (negentropic) EM systems isa very 
nonlinear affair. Some direct indications ofthis were in the Russian work in the 1930s which produced overunty ad sl 
powering EM generators, in several physics insttue. (E,z,see L. . Mandelstam and N. D. Papaleksi, "On the parametric 
excitation of electric oscillations," Zhurnal Teknicheskov Fizik. 4(1), 1934, p.$-29. English translation, Feb. 1968, Lawrence 
Radiation Laboratory Livermore, CA, performed for NASA], The US. researcher G. Obolensky also has done appreciable 
‘important experimental investigation ofthe nonlinear load effects for negentrapic systems, 


Povating enerey density flaw: Not the overall a fora enerey flow by any means, but 
{ust that component of it hat is imercepted, diverged, collected, and used, where Sis 


byS= Boal 


The energy flow theory is rather thoroughly fouled, and has been since the 1880s wien the flow of eneruy through space was 
proposed by both Heaviside and Poynting, independently and essentially simultaneously. 


Since both F and M are defined not as fel per se, but a the reaction cross section ofthe fields with a unit charge, the S does 
not refer to "energy flow" per se, but to the intercepted component ofthe overall energy flow. 

Poynting only considered the energy flow component around a circuit that strikes the circuit's surface charges and gets divenged 
{nto the conductors to power the electrons. Heaviside, on the other hand, also considered the startlingly enormous additional 
EM energy flow filling all space around the circuits conductors, generally parallel tothe conductors bu missing them, 


This huge Heaviside component is sill there around every electrical circuit, but almost entirely ignored and unaccounted. It 
misses the ercuit, passes on off into space, and is lost in most circuits. Yet itis trillions of times larger in magnitude than the 
‘ery tiny Poynting component which actually gets intercepted, and used by the circuit to power its loads and losses. 


Since no one could explain where on earth such an enormous nondiverged Heaviside component pouring out ofthe power 
source terminals could possibly come from, Lorentz—reasoning that, since the nandiverged energy low did not do ansths 
‘was "physically insignificant” (Lorent’tersn)—then just integrated the enerzy low vector around litle closed surface 
assumed around every volume element of interest. This elficiently discards the Heaviside nondiverged component from all 

sauntabiliy leaving only the Poynting energy flow component vector accounted. Of course the Poynting energy flaw will 
Agree with the energy measured inthe circuit, since we actually measure energy dissipation, and the energy that dissipates from 
the circuit must have frst entered it. Electrodynamicists today just continue to use Lorentz’ integration of the energy flow 
‘ycelor around an assumed closed surface surrounding any volume clement of intrest. Thus, sadly our electrical power system 
{engineers unwittingly waste trillions of times more EM energy actually produced frm the vacuum by the source dipoles in their 
‘generators, than what the feeble powerline is able to intercept and util 
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‘We have nominated the vast unaccounted Heaviside energy flow accompanying every field and charge interaction as the source 
ofthe extra gravity known tobe present inthe arms ofthe spiral galaxies and holding them tagcther. See my paper, "Dark 
‘Matter or Dark Energy", Journal of New Energy. 4(4), Spi 1. Informally we have also nominated this dark 
‘Heaviside energy which fils all space, as associated with the ‘nergy thu is responsible for the recently 
discovered antigravitational acceleration of the universe. In this view the giant negentropy process associated with charge (see 
‘my "Giant Negentropy ofthe Common Dipole” paper, ibid. is ongoing inal the stars, galaxies, planets, nebulae and other 
astronomical entities. The ondinary energy we measure in all these processes is gravitational; hence for symmetry and enersy 
Conservation the primary longitudinal EM wave energy from the time domain that furnishes the energy to all these spatially 
{energetic processes represents an increasing curvature of spacetime in the time domain as we travel outward from any origin 
point. This is an anigravtational force, inthis concept, which is cumulative asa funetion of radial distance from the origin 
Pint. Hence we sce the distant pars of the universe as accelerating the expansion ofthe universe. At present this is of course 
an hypothesis, and must be further validated by laboratory experiment and further theoretical workin a unified Held theory 
tleciodynamics such a the Sachs-Evans O(3) symmetry electrodynamics, 


S-flow is actully comprised of an organized, structured flow of virtual photons or antiphotons and itself isnot observable. Is 
interaction with charged particles (electrical charges and magnetic poles), however, is ebservable by the amount of enerzy 
collected upon (diverged around) the charge or poe (formation of a local potential) and formation of a translation force upon 
the charge or pole 


Again, the "E* and the "H’ inthe expression "EXH' are not really the "electrical field” and "magnetic field in space, but only 
‘their seactian oss sections at each point in space, should litle unit point static coulomb be placed a that point to divert some 
ofthe E-field flow around i oa litle unit point static magnatic charge be place at that pont to divert some ofthe H-feld 
flow around it. So even the Poynting energy flow S = ExH has been interpreted in terms of its reaction eross sections. 
leis worth noting that clectrodynamiciss today ae still politely debating EM energy flow and the energy flow vector. As an 
‘extmple, polite “debate” ofthis subject as heen ongoing for aver 30 years in American Journal of Physics alone. A 
paricularly significant statement ofthe problem is given by Jones: "ts possible 1 introduce the Poynting vector S, defined by 
Estland regard it as the intensity of energy flow ata point. This procedure is open to criticism since we could add to S 
‘any vector have divengence is zero without affecting [the hase integration procedures resuli).”[D.S. Jones, The Theory of 
Electromagnetism, Pergamon Press, Oxford, 1964, p. 52.] In short, here Jones i tating that un enormous nondiverged energy 
‘low may accompany the Poynting flow component, and it will not be accounted for by S= ExH. After presenting the various 
clements required to solve the energy low problem, Jones bows out with the statement: "Zt does not seem likely that an 
expression satisfying all these conditions will he simple... fortunate we are rarely concerned with the ener flow a a 
point. In most applications we nced the rate ut which energy is crossing a closed surface.” (Jones, ibid. p. $3.) Punofsky and 
Phillips warn against over-attachment tothe Poyating vector: "Paradaxical results may be obiained if one tries to identify the 
Poxnting vector withthe energy flow per unit area at any point.” (Wollgang K. H. Panofsky and Melba Phillips, Classical 
Electricity and Magnetism, Second Edition, Addison-Wesley, Menlo Park, CA, 1962, third printing 1969, p. 180 
We point out, however, that fr gravitational effects of eneruy flows in space, one must account the total energy’ flow per unit 
area at and surrounding any point and therefore one must restore the unaccounted enormous Heaviside nondiverged EM energy 
Flow component as well as the accounted tiny litle Poynting diverged energy flow component, 


At Amintement ite piece of time, 
In special elatvity, ie en be considered a picee of spatial ength compressed by the factor, o that L =f, where Lis in 
mele, isin seconds, andi the spec of ight. Time can alo be considered as spatial EM energy compressed by the factor 
2. To compreliend ime and time eae of ow, one must fst realize that prior no observable exists o persist in ine. The 
‘observable sa spatial snapshot made atone instant in ime, so that "ime stopped!” momentarily. The observe is thus a 
frozen snapshot of the 3-spalial intersection ofan ongoing space interaction. Atte very next nla tht snapshot m0 longer 
cist, Hence fora mass or anyother observable) to propagate in ime" here must be a process whereby Ati continually 
‘ude the observable suchas mass m, converting it to mastme mt fora short duration) apd then subtracted again Leaving 
behind another fozen3space snapshot ofthe "observable" tht has secmingly now endured or that litle AX period, with respect 
{0 he observe. As we explain in several papers the sum otal ofthe photon interactions wih a mass m may be taken asthe 
scncratr that produces (1 the flow othe mas throu tims, by changing from m wo mo mw mt... continually. and (2) 
Substucturing of eral "me-low component" In shor, any te-ow ascertained inthe macrowarid ar the mcrowerld by 
{he observer hus an enormously sch itera dynamics and structuring. Again, in higher symmetyeleewodynamics such as 
(0G), the internal sucturing ofthe photon, EM field, EM wave, and EM potential canbe modeled abd eventually even diecly 
coined 


AP An increment (lite piece of ener 


The photon is considered to be (unt-wise) composed of (AE At). However, in our view (as we explain in enerpy, energy 
collection, and energy dissipation) energy doesnot occur in "litle fixed chunks" at all. One only has "litle chunks of energy 
‘when one is colleting energy in an ongoing process. In electromagnetics, the "collection" of energy is actually the ongoing 
collecting of energy from an energy flow deviating around an intercepting charge. It isa dynamic, ongoing process whereby a 
Collector such asa charged particle intercepts and interacts wih (undergoes virual photon flux exchange with) an impinging 
energy density low S EXH, In an equilibrium (static) condition the deviated flow remains very ikea persistent, unchanging 
‘whielpool in a river, and so is said to have a "static magnitude". If that Poynting flow is removed, then there is no excess 
collecting going on and the "magnitude of the deviated energy flow” is zero, EM energy collection collecting is always lke a 
rock ina high wind, As long asthe wind is blowing on the rock, airs deviated to flow around the rock. The rock has a force 
Field on and oft, and wishes to move. It also has "excess collected energy", and a gradient in this "excess collected eneexy" 
determined by the wind fow direction. When the wind ceases to blow, the rock goes back to being just a rock, and forgets it had 
all that excess wind energy collecting and any desire to move 


TERMS AND PHRASES 


ABEL, NIELS HENRIK (1802-1829) 
[Norwegian mathematician who in 1824 proved tha the general equation of fifth degree cannot he solved algebraically. He also 
[eft an important paper on transcendental functions which was published posthumously 
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ABELIAN GROUP. 


‘A group obeving the commutative law of alachma for every pur of elements a and b under an operation. so that a*b 
‘a example, the set of integers isan infinite abelian group undr de multiplication operation 


ACTION AT A DISTANCE 


An action (effect) occuring in local system, for which no separate local 3-space cause exists, bu forwhich a causal 
‘oftelation exists between a distant cause and the local eff 


To the local 3-space observer, the effect i balling, In electromagnetics, action ata distance can be considered a higher topology 
‘phenomena, occurring through hyperspace or through subspace, or through "multiply connected spacetime” Particularly note 
that "time" is multiply connected: Le, every spatial point in 3-space (inthe entire universe) exists atthe same moment in time, 
‘which means that eleetrodynamic action through the time domain can be used to eliminate the spatial distance between any two 
3-space poinls. Action ata distance i absolutely required by quantum mechanics, and experiments establish its rath. Such 
action was implicitly included in Maxwells quaterion theory but was unknowingly discarded by Heaviside, Hertz, and Gibbs 
‘when they formulated a much more restricted vector intepreation of Maxwells theory, after Maxwell's death. Biohim's hidden 
variable interpretation of quantum mechanics uses the quantum potential, which i a multiphy-connected entity producing 
instantaneous ation ata distance. In ordinary electrodynamics, the common scalar potential inthe Coulomb gauge has, 
instantaneous velocity, and it appears everywhere in space, wherever it wil occupy all at once in that gauge. 

Time is also ase of energy flows inthe time domain (complex plane) rather than in 3-space. Time is also multiply connected, 
since a prior every -space point in the universe exists at alin a single moment of time. Since time is dynamic and structured 
‘with special energy ows. i scm possible to use this feature to establish energy flow during one specific moment toa devired 
subset of 3-space points, regardless of where in the universe those points are located, Hence the development of "iime-encrsy" 
technology allows action at a distance via manipulating the multiple connectivity of time and its internal structure (internal ine- 
like energy flows). 


AD HOC MODEL 
A model used and fited fora specific purpose or aca 


Tentative formulation, not intended toward general application and not yet firm because there is still nota comprehensive, tested 
demonstration ofthe "Fit" of the model tothe complex phenomenology” Nonetheless, anal hoe model can be quite useful in a 
given area, so long ast sufficiently fit the experimental data in that area and makes sufficiently accurate predictions in the 


ADVANCED FIELD 
‘An electromamnetic field that a solution of the classical Maxwell equations, which is positioned on the future light-cone of 
spacetime, 


We believe much ofthe problem wit the "advanced solution” isa problem of interpretation. We would urge the r= 
interpretation notin terms of “time-travel” whee the wave continues in observer forward time while the rest ofthe universe is 
assumed to retwogress to a previous state, bu in terms of time-revesal ofthat wave onl. In that cas, the rest of the universe 
Stays sane and continues to move in observer forward time, and the wave itself just moves in forward time ina path-reversed 

‘manner, back along a previous "stimulus wave" (the retarded wave that moved forward in time normally), 


ADVANCED POTENTIAL 
‘An clectromaunetic potential thats a solution ofthe classical Maxwell equations, which is positioned on the future lisht-cone 
‘f spacetime. 
Presently this potential has not yet been given a physical interpretation, See remarks above, 


ADVANCED WAVE 
‘An clectromaunetic wave that isa solution ofthe classical Maxwell equations, and which is psitoned on the future light-cone 


AFFINE CONNECTION 
In mathematics: "A connection on» manifold, whose form is unchanged under alfine changes of parameter along curves, 
when dhe original parameter ofa curve (1) is replaced by t= as +" Dictionary of Science and Technology, Academic 
Press, Christopher Morris (Fd), 1992. 


‘Ugh! Well let the mathematicians take it from there 


AFFINE TRANSFORMATION 
‘Transformation on a linear space to itself which can be expressed os dhe sum of linear transformation anda fied vector 


Te ane transformations form a group. In the plan, the group is six-imensional, consisting of translations, rotations, 
siretchings and shrinking, reflections, simple clongations und compressions and simple shear transformations, as wel as 
‘compositions ofthese. 

Dictionary of Science and Technology, 199: 


, ibid. 


AHARONOY, YAKIR 
Renowned Israeli quantum physicist and former student of David Bohm, 


Cocdiscoverer of the Aharonov-Bohm effect Even when the electromagnetic force fells reduce to zero ina charged particle 
system, the potentials may sill exist and interfere to cause real physical effects. Together with Bohm, Aharonoy authored a 
fundamental paper in 1959 which pointed out the primary importance ofthe potentials rather than the force fields. Indeed, the 
force fields are only made ix and ofthe charged particle system itself. by interference there of poteatils, and do not exist as 
such inthe vacuum. The forcfields ae thus not primary electromagnetic causes at all, ut are seconday effets due to the 
interference of potentials ina particular charged particle system. [See Aharonov-Bohm Ejfct] kn his three volumes of physics, 
Feynman pointed out that the forcefields do not exist as such in the vacuum, and that onl the potential far he orcefels exists 
in vaciu. The primary causative agents for electromagnetics ae thus the potentials. This has heen praven both theoretically 
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and experimentally in quantum mechanics, but stil doesnot appear in present classical electromagnetic theory taught in 
‘universities which tembly confuses catise waves and eect waves in wave-charge interactions. 


AHARONOV-BOHM EFFECT 


Phenomenon theoretically pointed out in 1959 by Vakir Abaronov and David Bohm whereby interfering electromaunetic 

[olentials can produce effects on changed particle systems, even ata distance and inthe absence of the electromagnetic force 
7 

See ¥, Aharonoy and D. Boh, "Significance of Electromagnetic Potentials inthe Quantum Theory," Physical Review, Second 

Series, 115(3), 1989, . 485-491. Foran overview and extensive bibliography, sce S. Olariu and I. lovitu Popescu, "The 


‘Quantum Effects of Electromagnetic Fluxes." Reviews of Modern Physics, 512), Apr. 1985, p. 339-436 


(Chambers experimentally demonstrated the Aharonoy-Bohm effect one year later. When 
E- and B-fields are zero in a region, their potentials still may exist and thus be stable and persistent Being gradint-fre,. 
force-free potential isnot changing: no bleed-in or bleed-oft ofits magnitude or of its internal structure is occuring. 
Interference ofthe potetials produces rea electromagnetic effets (enemy) inthe interference zone, even at a great distance, 
‘without transmission of "field energy" per se through the intervening 3-space. [Rigorousl the potetial's EM energy ean be 
considered 10 be hypersparially transmitted, or subsparaly transmitted (tunneled) via the Whittaker internal EM biwave 
‘mechanism. See discussions under action ata distance | 


In 1897-8 Stoney shovved (in Philosophical Magazine) by physical reasoning tht all the disturbances of the ether arising from 
sources of certain kinds ean be resolved into tins of plane waves. This was extended and the general and special equations 
‘written hy E.T. Whittaker in 1903 in Mathematisehe Annalen, In 1904 (delivered orally in 1903) Whitaker’ second paper 
ealing with the subject was published inthe Proceedings ofthe London Mathematical Society, and showed that scalar EM. 
potential interferometry isin fact what generates the classical EM force fields. 

Te two Whittaker papers may be interpreted to show a staring arrangement ina potential or EM wave. (1) any EM field or 
‘wave in particular 3-space i de to two interfering salar potential Functions in that space. So we my replace any EM field 
‘or wave with to scalar potential functions, a prion. (2) But each ofthe scalar potentials onto which the functions are applied, 
js decomposable ina the Whittaker 195 longitudinal EM wavepair, where the output waves are in -space and the input 
‘waves are time-Hike and come from the complex plane. This provides a bidden "infolded LW electrodynamics" inside, and 
composing, all EM fies and waves. Further, the decomposition is recursive, so each of the first tie infolded EM waves can be 
decomposed again into a second tier of biwaves, etc. Thus the most primary clectrodynamics of alls the nested infolded 
longitudinal EM wave strcturing ofall present EM waves, potentials, and fields. The intemal LW waves als farm rigorous 
curvature of ST pattems (templates) and thus engines. By engineering the structure and dynamics of the internal EM, ene can 
{engineer mass—including the atomic nuclei. quarks, and gluons —as one wishes, once the technology is sufficiently developed 
Inthe West, this entre area has been ignored, bu it has been highly weaponized by the KGB in Russia. 


AIAS 


Alpha Foundation's Institute fur Advanced Study, 
Unusual "think tank” comprised of fellows and fellow emeriti in various places in the world, who cooperate in advanced 
clectromagnetis studies via E-mail, Led by Dr. Myron W. Evans, a theorist of note the institute has been forging abead with 
the production of 03) symmetry electrodynamics, particularly as an important subset of Mendel Sach’ unified field theory 
Dozens of AIAS group-authored papers hive been published in various leading journals such as Foundations of Physics, 
Physica Scripta ete, More than 9) AIAS papers are caried on a restricted Department of Enengy website for reference by DoE. 
scientists. The work is particularly significant in working out how EM energy flows in bot the 3-spatial and ime domains, and 
how EM energy can be and is extracted from the active vacuum, More than a dozen of the later AIAS papers are cartied on 
of public website hp:/vww.ot doe. gov/eleetromagnetic/papersbooks. html. Also, about two dazen AIAS papers have 
either been approved for publication in journals, or are in the review process. The present author is Fellow Emeritus ofthe 
ALAS, and is kindly tolerated as a conceptualist by these advanced theoreticians. 


AIDS 


Acquired Immunological Deficiency Syndrome 
‘A condition of acquired immunological deficiency associated with infection of the cells of the immune systems withthe 
retrovirus HTLV-II It is usually recognized by testing positive to HIV infection, and eventually by physical deterioration and 
by development of one or more life-threatening opportunistic infections such as pucumonia, or of Kapos's sarcoma 

AIKIDO 


‘A Japanese martial art whose modem form i a synthesis of many schools ofjujtsu andthe zen at of meditation in motion. 


leis the way (DO) of entering and turning (Al) the opponents vital energy (KI). ‘The present authori retired sandan (third 
degree black belt) in Yoseikan aikido. He is retired because of debilitating injuries suffered in other fields and accidents, and as 
‘ busted-up old dog of 70 fas no business bouncing hard off the mats with all those vigorous young fellows, His extra 50 
ppounds also no longer enhance his athletic ability: We did write a book, privately held but never published, on Aikido and 

Sealing withthe principles of unarmed combat. Interestingly, we simply went ito the deep unconscious in meditation (and 
perhaps a litle beyond, depending on one's viewpoint to uncover the unsuspected principles. To list them, we went through the 
Alphabet four times. Many ofthese principles have never appeared in any text on martial arts or military combat, The task was 
placed on me by my sensei and required seven years to complete. Perhaps onc ofthese days we will formally publish the book. 


ALGEBRAS 


The various types of mathematics in which the theoretical models for physics and other sciences are embedded 


‘Some important algebras utilized in physics are the vector algebra, tensor algebra, quaternion algebra, Grassman alyebr, Pu 
algebra, Clifford algebra, etc. There are many others. ‘The complexity of the symmetry and of the topology varies significantly 
between these algebras. ‘Thus, an electrodynamics mode! in a lower topology algebra suchas vectors or tensors will not reveal 
for permit nearly so great a set of elecrodynamic functions and operations as will electrodynamics embedded in a higher 
topology algebra such as quatersion algebra or Clifford algebra, 


‘As an example, it has been shown by Barret thatthe operation of many of Nikola Teslas patented circuits cannot be understood 
if analyzed tn vector or tensor electrodynamics, “The circuits will revedl totally new functions when analyzed in usternion 
electrodynamics. That paper is T. W. Barrett, "Tesls Nonlinear Oscillator Shuttle-Circuit (OSC) Theory.” Annales de la 
Fondation Louis de Broglie, 16(1), 1991, p/23-41 
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ALLOPATHIC MEDICINE 


A medical system which combats disease by using remedies which produce effects different from those produced by the disease 
neat. 


Reliance is primarily upon drugs, pain relievers, and treatment of symptoms as well a5 use of agents to "kill" the microbial 
organisms regarded as the cause ofthe diseases. Surgery is used asa major adjunct. From time to ime, other practices 
formerly frowned upon or even lyally prosecuted ae recognized as effective and legitimate, and are then brought in under the 
cgis of organized allopathic meskicine. Physical therapy i sucha formally prosecuted modality that was eventually adopted: 
hhypnosis is another. The problems with organized allopathy is that (1) it tends tobe monopolistic, (2) ituses the states power to 
enforce is credo, (3) itcontrls bath the bulk ofthe medical scientific literature and the flow of researc funds from both 
government and private sources (4) it doesnot adequately police its doctors and technicians, (5) it doesnot sufficiently accent 
preventative medicine or "whole human being” treatment, and (6) it engages in conspiracies to destroy competing systems of 
‘medicine (as in the case of chiropractic). (7) On the other hand, it has made remarkable advances in preventing killer diseases 
by vaccination, treating them by antibiotic, and in eradicating or controlling many’of the former great killer diseases such as 
smallpex,diphiheria, and bubanic plague. It has been far less successful in treating and reversing debilitation, cancer, 
arteriosclerosis etc. ust now, most o its major Weapons against the former dread diseases are beginning to fi 

‘organisms are rapidly changing into new, more virulent forms tha are resistant or even immune othe preset 
treatments. Even in orthodox medical publications its now beginning to be recognizing that allopathic medicine is staring to 
fail, and that we are again entering a period of great, uncontrollable killer pandemics. 


ALLOPATHY 


Another name for allopathic medicine and allopathic medical therap 


AMBIENT VACUUM 


The average active vacuum, in space, removed from lange collections of charge and mass 


AMBIENT VACUUM POTENTIAL 
The average standard vacuum (spacetime! considered asa potential having structure and dynamics on a myriad levels, 


‘Anything thit is composed of vital particle flux isa porenial. Another way of looking atthe vacuum isto realize that, having 
fan energy density, then a priori iti a potential or may be modeled as such. 


‘ence the ambient vacuum can be decomposed vi the Whitaker method into an internal st of infolded EM longitudinal waves 
of very special nature. Further, our work on the broken 3.symmetry energy flow involved in any potential or dipolaity shows 
the more fundamental 4symmetry energy flow between the time domain and 3-space. This 4-symmetry eneegy flow is also 
highly structured and dynamic 


‘Whitaker's work shows that, contrary to present assumptions in quantum physics, a particular potential has its virtual particle 
flux formed into heautful bidirectional wave structure. The apparent disorder at any locel point in the local vacuum potential 
is due tothe constant arrival of myriads of potential, from charged particles all over the univers. The violent interference and 
e-intrference of these potetils results in the creation of violently changing virtual photons or in terms of waves, violently 
changing EM waves and fields In other words, the statistical disorder of the vacuum is actually compased of continually and 
rpidly changing perfect order [Here we have confronted 3-law Aristotelian logic with its missing 4h law, because a she limit 
‘opposites ae identical} The continual violent interferometry results i the zero-point EM fluctuations of wacuurn. Each EM 
fluctuation is completely deterministic, as shown in Puthai’s cosmological feedback mechanism. However, the macroscopic 
jobserver has no knowledge of the cause or of the arrival, and of the myriads of interferences that produced the final EM field 
fluctuation. Hence although the zero-point fluctuations of vacuum are completely deterministic one-by-one, the observer has no 
information on their causality. Hence tothe observer these fluctuations are completly statistical and seemingly without local 
‘onder. However, bcause oftheir hidden determinist, these fluctuations are chaotic rather than random contrary to the Gibbs! 
‘thermodynamics statistics assumed and adopted by quantum mechanics. That statistics should be changed to an “already 
choc” statistics containing hidden Whittaker order. This would sppeae tobe the real solution to the recognized major QM 
problem of the missing chaos 


Since their changes and appearances are completely in one-to-one correspandence to all distant features ofthe macroscopically 
ordered universe, then their integration yields macroscopic order. Further, as can be seen, Mach'sprinciple—so near and dear io 
the heat of Eintein—arises directly from the foregoing discussion. In such fashion, integration of satsticel (but chaotic, and 
‘ith hidden onder) quantum changes results in the familiar, ordered macroscopic world. This removes the great errr in QM: 
that heretofore it has failed to predict the ordered macroscopic universe we observe and inhabit 


ANALOGUE 
Pr hat is analogous (representative ot modeled) 
Atroot, an analogue of something isa second something that functions in similar fashion to the frst something. 
ANAEROBE 


‘An oryanism that lives, is active, and occurs in the absence of fee oxygen. Particularly applicable to one-celled organisms tht 
oso. 


ANAEROBE, FACULTATIVE 


robe or as an anactube. Particularly applicable wy one-celled onanism possessing that 


ANAEROBE, OBLIGATORY 


‘An oruanism thats restricted to being anaerobic: jc. it cannot utilize xysen from the atmosphere 


ANAEROBIC 
(Characteristic of an organism of living active. or occuring inthe absence of fee axveen. 


ANGULAR MOMENTUM. 


The momentum of "leverage" of the momentum of » moving hody, with respect to an axis or reference point 


‘Angular momentum as the same units as action; that is, its energy multiplied by ime, or momentum multiplied by length. In 
terms of particles it is also known as spin 
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ANOMALOUS EM JAMMING MECHANISM, 


Ina dense signal envionment, an unusual mechanism whereby EM enersy ftom the skin ofan serial vehicle is directed laser. 
like into the internal citcuiry, 

The density ofthe signals impinging upon the skin are such thatthe probability of multiple photon interaction inereases. Also 
ona nonlinearity inion the skin, the multiplex of signals ereats a scalar EM potential Decomposition ofthis potential into 
‘Whittaker waves provides hidden "pump" waves upon the nonlinearity, which therefore acts asa pumped phase conjugate 
‘mirror (PPCM), EM fields and signals fom the intemal operating circuits in the vehicle provide “signal waves" tothe internal 
skin and tothe nonlinearity PPCMs on the skin. Amplified phase conjugate replica (PCR) waves are generated by the PPCMs, 
‘wherein each PCR wave the energy may be the toal ofthe extemal signal density pump waves upon the initiating PPCM. The 
results that the skin becomes a “collector” of energy from al the impinging external signals, and focuses much f this collected 
{external enemay into lasr-like beams inside the vehicle which penetrate directly back tothe circuit clement that originated the 
particular signal field wave tothe inner skin. The result is spurious jamming throughout the vehicle, directly in ts operating 
circuits, ina manner not described in normal ECM theory. Also, the same effect occurs ina human body when exposed to such 
a dense signal environment (heshold about 200,000 signals per square meter per second, and particularly active above $00,000 
signals per square meter per second, Le. in such an EM "smog" environment, the anomalous jamming mechanism is able to 
progressively conduct the energy impinging upon the skin dep into the body and throughout i, including into the bone 

‘marrov. This effects not described a all nthe standard dosimetry literature and experimental approaches for examining the 
effects of EM fields and radiations upon biological systems. By rigorous frequency band control of radiations and 
communications, mest equipment can be operated in an appreciably dense environment such as appears on the modem 
environment, bcause the equipment is essentially narrow band.” The human, however, isa very wide-band receiver, and in 
such dense environments—even at very weak signal levels—the human system wil eventually undergo cumulative damage, 
This one of the major mechanisms involved in long term deleterious biological effets of EM radiation environments, bu this 
lft om living systems has aot been investigated in the laboratory by present EM bietfects researchers 


In the U.S. air attack on Libya in 1986, the anomalous jamming mechanism interfered with the airraft, controls, and missiles 
because frequency discipline was not rigorously enforced, Inthe Gulf War, rigid frequency discipline was enforced, with the 
result thatthe electronic systems operated normally. However, the troops exposed to that environment (which varied from place 
to place) were affected by dhe mechanism, which added a bit to the previous cumulative damage to thei immune systems, cc 


ANTIBODY 
Acbody substance praduced in response to a specific antizen (protein or carbohdrte or other substance such as a toxin of 
‘sezvme, capable of stimulating an immune response 
The antibody counteracts the effects of the antigen, by neulralizing toxins, aglutinating bacteria or cells, precipitating soluble 
antigens, te 


ANTLELECTRON 


The time-reversedelectwn, or posimn, Under time reversal, electric charue reverses in sis 


Paul AML Dirac, in his "A Theory of Electrons and Protons,” Proceedings of the Roval Society of London A126, 1930, p. 360, 
introduced the negative energy electron sea (now called the "Dirac sea") with negative energy electron holes treated asthe 
positive electron. He attempted to identify these holes with protons, bu that was later refuted. The positon, discovered about a 
‘year after Dirac's paper, was later connected with this anti-electren. 

Note that Dirac himself was not adamant tat al! negative energy state holes in the Dirac sea were filled with electrons, but just 
that wlmac all of them were, Modem researchers have tended to extend this to stat that al the oles are filled, normally. That 
is sufficient in forward time situations. But itdoes not necessarily hold ina time-reversed situation in a time-reversed zone, or 
ina tempic back emf 


ANTIGRAVITY 


‘An effect wherchy normal masses repulse one another rather than attract one another 


‘Antigravity may also be considered as time-reversed gravitation. Itmay also be cansered as gravitation between wo negative 
ANTIMATTER 
Matter consisting of atoms which ate composed of wnticletrons (positrons), antiprotons, antinewtons, 


Also loosely refers tothe antipatcle corresponding toa paticle—the antiparicle may be regarded asthe particle traveling 
backward in ime, or "phase conjugated", of "time-reversed, 

ANTIPARTICLE 
‘A counterpart to an ordinary fundamental particle, having identical mass lifetime and spin, but wih charve and magnetic 
‘omen! reversed in aluchraie sign 
Note that when the charge is reversed, parity and time ar also reversed, Thus, properly; the antipatcle i the phase conjugation 


ofthe particle, or just conjugate particle for short. In effect an amtipartice isthe particle traveling backward in observer time 
rather than forward in observer me, 


ANTIPHASED, 
180 degrees out of phase (contary-wie in 


ANTIPHOTON 
A sime-reversed photon 


Presently, the photon is considered its own antiparticle, so tht photon and antiphoton are one and the same. Inthe new 
approach, tha snot quite tue. Firs, one considers that a photon—as is well known—has the units of angular momentum. Thus 
itis made of "energy multiplied by time." We consider thatthe time-forward photon (ca aorml photon, is made af (AE) 
(Ad). Usually physicists have largely neglected the fut tha a photon carries an increment of ime as well as. an increment of 
energy! In our approach the antiphoton, being a time-reversed entity, must be composed differently. We have tentatively 
considered the antiphoton to be comprised of (AE\- 1). It will probably initially be necessary to take into account the fact that 
Minkowski geometry teats the T dimension as imaginary rather than simple arithmetic. We haven't had the lengthy time to 
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‘work all of that out perhaps one ofthe etter theoreticians or one ofthe sharp young graduate students will do that and save us 
the trouble. 

‘Atany rae, the requirement is that—ina coupled photon-antiphoton pair (a graviton}—the energies of photon and antiphoton 
‘must add spatially, while elecromagneticall the translation fores (actually translation impulses) of photon and antiphoton 
‘must cancel or thwart each eller One insists ona strong interpretation of the distortion corecton theorem in phase conjugate 
‘opti, In other words, we consider the wave" as composed of photons, while the Yantiwave" (phase conjugate replica) emitted 
bya phase conjugate mirror is composed of antiphotons. And we consider thatthe distortion corsction theorem must apply to 
the waves photons, so thatthe antiphotons are precisely syperposing (coupling) and then decoupling asthe wave and antiwave 
passthrough each oder in perfect spatial superposition, We fel tht this "oally in phase spatially but totally aniphased 
{emporally" concept i important. Its well-nown, e.. that in certain cases protons —the very building blocks of matte itself 
can pass right through other rotons, ss shown in certain colliding beam experiment if their relative spins are properly 
arranged 


ANTISIGNAL 


‘The phase conjugate ofa signal, The time eversl of that signal or its win. The phase conjugate replica signal/wave emitted 
‘bya phase conjugate mirror material in response to an incident signal wave, 


ANTLSTOKES EMISSION 


ion emitted from an intensely scatering medium that is of greater intensity than the input radiation, 
Inother words, the medium gives off more energy than we have to put into i. This has been known since the 1930s and proven 
experimentally, but no really complete explanation has been forthcoming. ‘The conventional explanation is that some ofthe 
kinetic energy f the medium is furnished 1o cause addtional emission. In that case, anti-Stokes emission would lower the 
kinetic energy of the emitting medium. Note tha this is not necessarily tue at all in Letokhovs negative absorption (excess 
{emission ofthe medium, where in that case the excess energy inthe emissions is said to come directly from energy absorbed 
from the setive vacuum, 


TOKES RADIATION 
‘The radiation coming from an antiStokes emission process from an intensely scatering medium, where more enerey ux is, 
“mitted than js input by the experimenter operator, 

In the past, there has just heen “arm-waving" thatthe excess energy must come fom the intemal energy ofthe molecules. There 
seoms toe no explanation at all of where the excess energy ofthe molecules must continue to come from! Tact silence on this 
“apparent” violation of energy conservation is held. But see Letokhov's negative absorption ofthe medium discussions inthe 
tierature 

‘We quote from H.C. Dake and Jack DeMent. (1941) Fluorescent Light and Its Applications, Chemical Publishing Company, 
Inc., Brooklyn, New York, 1941p 51-52: "When a phosphor or other luminescent substance emits light, gives in mast eases 
‘an emission according to Stokes’ Law. This law sttes thar the wavelength ofthe fluorescent femited) light is always greater 
than the wavelength ofthe exciting radiation. It was first abserved in 1882 in the memoir "On the Change of Refrangibility of 
Light.” by Sir G. G. Stokes. In terms of energy the lationship states that e om = e ah. While Stokes' Law hold forthe majority 
‘of cases, it does not holdin certain instances. In some cases the ware length isthe same for hoth the absorbed and the emtted 
‘radiation. Dat is, the efficiency appears to be perfect or unity. This is known as resonance radiation. In other cases Stokes" Law 
‘does not hold where the energy emitted i greater than the energy absorbed, Ths is known as Ant-Stokes emission. In 1935 
Prileshajewa showed that there isan energy difference as much as [.1 v between the exciting light and the fluorescence of 
‘aniline por. Tis added energy is atibured to additions from the internal energy’ ofthe molecule." 


There i n eal problem of identifying the source ofthe excess energy, once une realize that (i) every dipole isa broken 
symmety inthe vacuum exchange with te ond charges of the pale an thus extract vital energy frm the vacuum, 
Jtegratcs and orders and ouput it as EM energy density low One then adds mlreworelecion and multiple passes ofthe 
EM energy’ flow so that charges that stercep and collect energy fom th eiproatng ow can sully connec rm the 
same energy flow (ona gives pas, olan, ny action nominally about 10"!—of the enengy’flow isitercepe and 
Jnteracted with by the collecting paricl). Thas muliplecalletions fom the same EM eacry flow canbe accomplished if the 
flows teratively rerouted (as by rtorflestion or pase conjugate reflection) hack across the collsting charges gain snd 
again. 

In this fashion additional nergy collect inthe collected volume, which increases the loa collected energy density in that 
‘volume tur his inercases he local potential a hat volume. nur that increases the ener How from tat potential acting 
‘sa dipole, Because increases the dipole stwength and consequently the mayaitude ofthe dipoles broken sym in its 
‘actu fx exchange 


Te inefficiency ofthe process increases nonlinearly wih inreasing local potential and faster than the buildup of local enerey 
density occurs from multipass multicollection. When the inefficiency curve reaches the increasing broken symmetry enensy 
extraction curve, then a point of equilibrium is reached. At that equilibrium point, the rate of energy diffusing out of the 
‘multipass region and escaping from the periphery ofthe system is equal tothe rate of extraction of energy from the vacuum and 
flowing tout into as Poynting Sloe into the multcollection region and collecting it 


So we have described an open thermodynamic system, where there are two inputs of energy flow: (i that by the operator- 
‘experimenter, and (i that from the vactum via the dipolar broken symmetries. At equilibrium condition the total input energy 
‘ate is equal to the total energy escaping rate, andthe conservation of energy law is rigorously upheld. However ths is an open 
‘thermodynamic system fr from equilibrium, and so rigorously the nonlinear thermodynamics of such systems applies, rather 
than the normal equilibrium thermodynamics. Asis well-known, the coefficient of performance for such open systems in 
disequilibrium, may peemissibly be overunity, even greatly overunity. 

Properly uilized, the overunity ant-Stokes or Letokhow emission can be made very lage—such as COP =1200 in Paterson's 
adaption. The process and its overunty certification already exist inthe hard science Itrature, being known and 
‘experimentally demonstrated for at leat thre decades. 


ANTIWAVE 
The time-reversl (phase conjugation) of a reference wa 


‘A phase conjugate replica wave isa time-reversed replica of its referent wave. Hence it isthe antiwave ofthe referent wave 


APOTENTIAL 
‘Vector magnetic potential 


http iivaw.cheniere.orgeferences/annotated_glossary.him 


183 


i2si2018 ANNOTATED GLOSSARY 


The A-poteatial isa real entity more primary than the magnetic field B, and nota mathematical convenience as was originally 
thought-as detailed inthe second volume of Feynman's tree volumes af physics. Indeed, it may be separated from the 
‘magnetic field, as reported by Feynman, and used for instrumentation effects in the manner patented by Gelinas. When 
Separated from magnetic field, it soften referred to asthe “cur-fee vector potential” since the Bfeld is modeled 2s being 
created from the A-fild by curling it. n other words, is defined as the cur of the magnetic vector potential if we use B= V 
A. Hence "separating" magnetic field from A-potential simply isa sort of "parallel branching” of the energy density flow of 
the A-potential. Its like branching the voltage on feeder line conductor in an electric circuit into two parallel conductors 
Te feeder potential splits into two, so that each branch has the same potential. Actually the vast energy flow inthe feeder line 
only has a small component which strikes the surface charges, diverting the energy into the conductor and potentalzing the 
Drude electrons. In branching into two conductors, the giant flow branches also, bu is so great that the surface charges in each 
‘ofthe two branches still intercept essentially the sume amount of energy, diverging it into the conductor. Hence each conductor 
texhiits the same potential as the feeder conductor 


The same thing happens when one “splits” or branches the A-potenil in similar fashion, The diverted and separated field 
branch will exhibit "equal energy density” ow (i. in the form of magnetic fx density flow) and yet the original A-potential 
path through space wil still have the same previous energy flow density magnitude, just without curl (without magnet field) 
Any good toroid or very long solenoid already performs such separation, and hence energy density low doubling. If properly 
‘used as in the motionless electromagnetic generator (MEG) —this effect can be used to provide a generator with COP>10. At 
this writing, the present MEG exhibits COP = 16, and is a patent-pending system. 


The well-nown Aharonov-Bohm effect, eg. also uses this separation ofthe cur of the 
A potential leaving an uncurled A-potential whose changes wall and do interact with electrons, 


The cur-free vector potential is particularly interesting because (1) its a unique and independent field of nature, (2) its curl 
produces a magnetic field, 3) its time derivative produces an eletic field, (4) its magnitude doesnot falloff inversely asthe 
Aistance squared, but only inversely as the distance, and its ime derivative dA/dt~ BE. Hence, as in the MEG, one can extract 
tenergy both from the eul-free A-potental and the curled 

‘A-poteatial (magnetic field B), increasing the available energy colleced in the circuit to greater than what the operator input to 
it, Thisis simply a physical process of regauging, wherein electrodynamicists already routinely assume (and apply) the fact that 
the potential energy’of any EM system can be freely changed at wil, by regauging- Inthe real world, of course, we may have to 
pay alte switching energy, but we are free to regauge (by ths "spliting the potential into equal parallel paths, and by other 
ethos) at will and a any time snd place. The MEG just takes advantage of one major method for free regaupng, inorder to 
violate the Lorentz symmetry condition (violate symmetry in the system's energy exchange with is active vacuum 
ccvironment) It thereby is legitimately permitted to exhibit COP>10 and output more energy than oe inputs because the 
‘egauging transforms it into an open dissipative system far from thermadynamic equilibrium in its active environmental energy 
exchange 


ARISTOTELIAN LOGIC 
The conventional three laws of logic, unconsciously fited to the physical reality created by the single photon interaction. The 
thee laws are: (1) a thing is identical to itself, (2) a thing isnot identical to something else, and (3) ether one has a given thing 
for something thats not that thing. Mathematically these are written as (1) A.A,(2) A A, and @3) A A. Anstotclian logic 
applies only to single observation at atime (monocular observation, a single observer). When multiple simultancous 
‘observation (multiocular observation, multiple observers) are considered the thee laws may be violated. In that ease a fourth 
law, A Ais added. This aw may be Seen tobe the exact negation of all the first three. An application rule (which may itself be 
called fi law) is also added, and states that either the first three laws are explicit and the fourth is implicit, othe fist three 
are implicit and the fourth is explicit, Further, the fourth law isthe law ofthe paradas: Something that is found tobe true in 
‘ature but violates one or more of Aristotle's three laws, is known asa logical paradas. In the higher logic, it simply Violates 
the case where the three Aristotelian laws are explicit and the fourth law i implicit Instead, the thee Aristotelian laws are now 
{mplicit andthe fourth law has become explicit. All boundaries exhibit this effect. 
leis highly recommended thatthe interested reader familiarize himself or herself with Mortis Kline, Mathematics: The Loss of 
Certainty, Oxford University Press, New York, 1980. Kline deals directly with the fat that mathematics isnt a body of 
‘unshakable tuts about the physical world, and mathematical reasoning is nt exact an fallible 


ARISTOTLE 
A.great 


ok 


losopher who lived from 384 


ive 


Aristotle is famous for his thre laws of logic: 1) a thing is identical to itself, (2) thi 
{@) either one has the thing considered or one has something ese 

Heracitas pointed out that Aristotle's las prohibited any change, and yet changes were ubiquitous. In short, fora thing to 
change, it had to change into something else, so Heraclitus pointed out. So how could a thing be both itself and something else 
Simultaneously’? How could it be not itself while being itself? The problem has not been saved by the logiciane and 
philosophers to this day, because it has no solution in Aristotelian 3-law logic. So Heraclitus, believe it r nt, concluded that 
all change was an illasion 


not identical to something else, and 


al 


HERIOSCLEROSIS 


ly. clogging ofthe arteries, which may he due to deposits onta the artery walls or by thickening and growth of the artery 
‘walls themselves ora combination. Is a chronic (slowly progressing) disease where the artery walls become progressively 
‘hickened and hardened and the alery becomes less else 


Iehas been found thatthe common cytomegalovirus (one ofthe herpes viruses) plays a key role inthe development ofthe 
disease. Initial deposits irritate and injure the arterial walls, and the herpes 6 vitus infects te sit, partially nullifying the 
‘control of excess grown of the arterial muscle tissue. This deposit and concomitant stimulation of some excess muscle growth 
‘occurs repeated, so thatthe muscle tissue grows abnormally over an extended period of time. For this reason, when an 
‘operation is performed to forcibly reduce the deposits inside the artery, the resulting injuries tothe arterial wall issues leads to 
the herpes 6 infection and stimulation of excess muscle growth. It has been found, e., that after angioplasty the process is 
often engendered, so that within a year or wo the artery is narrowed agai, but this time by abmormal growth of smooth muscle 
tissue. The Priore team demonstrated positive and total remission of arteriosclerosis in laboratory animals hy means of 
sonionizing EM iradiation to produce an amplified “antiengine, which "time reversed” or dedifferentated the stricken cells 
and the stricken arcas back to a previous state 


ARTIFICIAL POTENTIAL 
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A scalar potential which is composed of, or parially contains. an artificially assembled bidirectional wave set 
‘See ET. Whittaker, "On the Partial Differential Equations of Mathematical Physics." Mathematische Annalen, Vol. 57, 1903, 
1. 333-355 for proof that a "scalar potential i actually «harmonic set of hidden bidirectional EM. phase conjugate longitudinal 
‘wavepairs. Each wavepai consists ofa wave and its antiwave (tue time-reversed replica wav). 


Ifthe extemal observer could see the seteeted (eect) waves in a hidden wavepat, he would see the "wave" going in one 
direction andthe antiwave passing precisely through it in the other direction. However, prior to detection the phase conjugate 
‘wave exists entirely inthe complex plane and hence inthe time domain (init). So the interpretation of Whitaker's 1903 
paper, in terms of cause and effect waves, is that the phase conjugate half set is incoming from the time domain to each and 
very point in the dipolarity or potential, and the "real -space haf set is being radited in every direction in space from that 
point. See my paper, "Giant Negentropy..." 

In addition to Whittake’s sum set of biwaves, Ziolkowski added the product set in the mid-1980s. Eg, see Richard W. 
Ziolkowski, "Exact solutions ofthe wave equation with complex source locations," Journal of Mathematical Physics, 26(4), 
‘April 1985, p. 861-863: Rod Donnelly and Richard Ziolkowski,"A method for constructing solutions of homogeneous partial 
lferenial equations: localized waves," Proceedings of the Royal Society of London A., Vol. 437, 1992, p. 673-692 
Particularly see LM. Besiris, AM. Shaarawi and R. W. Ziolkowski,"A bidirectional travelling plane wave representation of 
‘exact solutions ofthe scalar wave equation," Journal of Mathematical Physies, 146), 1989, p. 1254-1268. 


However, these deal only with the effects waves after detection 
Another way of defining an arficial potential i: 4 potential formed by or containing a subset formed by deliberately summing 
nonzero farce field vectors toa zero vector resultant. [Note that electrodynamicists routinely discard vector systems that sum to 
‘zero resultant; not realizing that in doing so, they are discarding vacuum engines and a vastly extended electrogrvitational 
dynamics!) The vector zero system of infolded nanzero vectors has a deterministic, internal stress pattern that is macroscopic. 
The typeof potential made by the zero summation depends upon the typeof force vectors summed. For example, summing 
clectne field vectors to zero produces an electrostatic scalar potential; Summing magnetic field vectors to zero produces 2 
‘magnetostati sealar potential of vacuum. 

All potentials represents locel warps or curvatures in yacuum/spacetime, and all atifcial potentials contain internal 
{deterministic templates of nested intemal spacetime curvatures, Curvature of spacetime interacts directly upon mass and 
physical systems embedded init. Thus these deterministic, intemested local spacetime curvatures ofthe artificial potential 
present vacuum engines, or spacetime engines, andthe afificial potential is sid 1 be a dimensional or activated potenti. 
‘Any system expose to and placed in sucha vacuum spacetime engine, will ave these hidden vacuum flux asymmetries 
interacting upon each and every part of it, down to and including the nocle, the nucleons, andthe quarks inthe nucleon. 


ASYMMETRICAL REGAUGING 


(Change of ether the scalar potential forthe vector potential A, but not both, so that a single excess force and single change of 
suslem energy ogcurs inthe system. 

This violates the assumed Lorentz condition, and thus excess eneray can enter the system, and an excess "ire" force appears 
‘whieh can Gi the system is adroitly designed) then translate 1 perform work upon the system to increase its (e. kinetic) 
‘energy, exhausting the excess regauging energy inthe process and restoring symmetry 


In conventional EM theory, Maxwell's equations in potential formulation are in terms of two potential, £ (the scalar potential) 
and A (the vector potential). When Heaviside retranslated Maxwell's quatemion set of 20 equations in 30 unknowns, he 
transformed it (in potential form) into two equations where main variables and A are not separated, Elctroiynamicsts, who 
‘until recently considered the potentials as not even real, but just mathematical fgments and conveniences, then simply 
arbitrarily changed both Fand A just precisely so that the exra force appearing inthe system by the change of f was countered 
by an equal and opposite exra force also appearing inthe system by the change of A. This typeof symmetrical (no net force) 
reguueging is known a the Lorents condition 


ach asrmmerical (produces a nonzero excess net force) potential change (cach half ofthe two asymmetrical regaugings that 
comprise the symmetrical regauging) also altered the overall energy ofthe system. However, inthe symmetrical regauging that 
total enengy change is "bottled up” as increased stress inthe system, because no net translation force is avalable to be translated 
and use the energy change to praduce excess "Fee work.” 

The Lorentz condition assumes that the designer will no allow the equilibrium ofthe system to be broken! In that case, of| 
course, odinary equilibrium thermodynasnis applies, and the system cantot produce COP>I.0, Prior to this Lorentz condition 
assumption and its absolutly arbitrary regauging, Maxwell's equations do include asymmetrical regauging and therefore open 
[EM systems far from thermodynamic equilibrium precisely those which violate the Lorentz condition (symmetric regauging) 
assumption. In short, the uegauged equations do include COP>1.0 eleetrodynamic circuits and systems. 

Unknowingly the electrodynamicists arbitrarily discarded the entire Maxwellian class of overunity EM engines and circuits — 
‘which clas incorporates making a change in one potenil(s) such thatthe Lorentz condition dacs not hod 


ASYMMETRY 
[Look of svmmetny or “broken symmetry” in a general sense 
ASYMMETRY OF THE DIPOLE 


Any dipole or dipolarity isa broken 3-symmetry in is fierce exchange of EM enesuy with the active vacuum. This means that it 
‘continuously receives and absorbs copious virtual energy from the seething vacuum Mux, and that aot allthis absorbed energy is 
‘edited hack to the vacuum in veal fom, Instead, some of is inlegrated ino observable form and re-radiated in ll 
liretions as usable, real 3-space EM energy. 

This is standard, well-nown parile physis, although it appears to be tually missing from classical electrodynamics and i is 
not considered at all by electrical power system designers and analysts! 


Every electric charge isa broken symmetry inthe viral particle ux exchange between the quantum mechanical (energetic) 
‘vacuum and the mass of that electric charge, The dipole is two diferent such asymmetries, As is well-known in particle physics 
(notin classical EM theory!) each such broken symmetry must "gate" out some of the vacuum energy. In shor. the charge 
asymmetry "extracts" some vacuum energy from its normal "energetic exchange" withthe vacuum flux, and puts it out in some 
form we call "observable" (capable of being measured; specifically, oFheing intercepted by electric charges so as to produce a 
force field across the charge and translate i), 


Well, an electrical charge produces a flow of energy density which we may represent conventionally as $= EXH (when 
collected and measured on assumed unit point charges), which wea litle bit mistakenly-—call observable." [Actuall, until 
the energy flows interacts with that assumed unit point charge, itis an organized flow of viral entities} Aer iteration i is 
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sal observable EM energy in 3-space. The spinning clectron has its own magnetic moment and its own E-field, Since (in one 
form) also E=~ Vi an extracted and formed S = ExH is output by the charge asymmetty. This output energy Now also 
produces the assumed 6 evidenced by the charge interaction, since as used represents the reaction cross section othe 
potential. Note that al these entities S, E, H, and @ are defined in electrodynamics only as their own interaction cross section 
‘with a unit point charge containing mass 

In cassie! electrodynamics (formed long before the nation of charged particles, toms, and EM energy flow!) it is just 
recognized that “charge i the source of a potential." Actually charge gates the energy flow from the vacuum flux, receiving the 
nergy from the time domain by its asymmetry tansduces the energy into 3-space energy and outpuls its real EM energy 
pouring out in 3-space in all directions. That energy-flow contains and caries the energy that will interact with charge to form 
the E-field, the H-tield (spin field) and . 

‘Also in particle physics and gauge theory itis well-known that no mass system cam be in equilibrium anyway, unless the 
‘waeuun-to-muss interaction is incorporated! After CEM was formed, much later the atom was discovered and he electron was 
discovered. Much later then, partile physics and quantum mechanics came along. CEM theory has never been altred to 
include the necessary vacuum interaction, although it has been knovn for decades that CEM is totally in errr inthis respect. 


Here ane poses a question tothe sharp young graduate students: Why does every university continue to teach a seriously flawed 
classical electrodynamics which does aot include the vacuum/mass interaction, when the physics depariment atthe same 
university knows fl well hat it must or no EM system can be in equilibrium? Why isnot sucha fundamental and universal 
issue strongly raised and intensively discussed by our large, tax-exempt scientific organizations at their annual symposia? Why 
dd not the National Science Foundation and the National Academy of Science demand that serious work be done at al speed, 
correct such known scicatific deficiencies inthe classical EM theory? What happened fa science as the search for plyseal 

‘ru, and replaced it with "status quo" models or—in some cases—even dogma? Its an inexplicable mystery to me, and one to 
‘which Ido not know the answer 


AUTOIMMUNE DISORDER 
A discase or disorder relating to or caused by the antibodies or Tcels that attack foreign molecules, cells, or tissues oftheir host 


‘A flagrant autoimmune disease example is AIDS, Acquired Immunological Deficiency Syndrome. The AIDS virus successfully 
hides from the antibodies, so that they cannot perform thei proper function, and it infects the T-cells and negates their function 
However, there are other examples other than AIDS: eg, rheumatism and osteoarthritis 

BACK EMF 
The counter-clectromotive force, usually between the end charges ofthe source dipole for an EM circuit 


When the electrons in the circuit are forced against the em®—as when the charges from the ground reference of the circuit are 
forced back up through the emo the source dipole—then work is dane upon the source dipole to setter the charges and 
destroy the dipole. Removing the dipole removes its receipt of vacuum enemay via its broken 3-syrametry, transduction ofthat 
energy, and output of t along the circuit and in space around the circuit asthe energy flow that powers the circuit (with part 
‘missing the eicuit and Being just wasted). 


Since this removes the power from the ctcuit, then additonal energy mast be input to the source to perform work om the 
internal charges and restore that source pale again 
There are actually two emf in a circuit, not one. There isa 3-space emt and also an entirely unrecognized temic emi. In 
either case, under proper circumstances there can be a hack-emf or either one or both. See discussion under electromotive force, 
‘hack. See also temp buck emy ta be added), 

BALL LIGHTNING 
Rate for of lightning where an incandescent slow-moving globe forms. ‘The plobe often moves erratically, explodes, and may 
so fie to objets it touches 


‘Ball lightning may be due to salar electromagnetic interferometry which can produce a controlled pattem of electromagnetic 
energy ata distance, or it may be due tothe formation of a special localized spacetime curvature engine, 


BARE ELECTRON 
The tre electron without its partial shielding of virtual positrons dat are attracted around i 


BARRETT, TERENCE W. 
[Noted modem lectradynamicst and consultant wha works in SU(2)*SU(2) 
‘vas also one ofthe pioneers of ulmwideband radar. 


BECKER, ROBERT 0, 
Medical doctor, medical research scientst_and Nobel Nominee, noted for hiscary-on efforts particularly inthe 1960s 
‘Hough the 198s, inthe eflects of EM fields on biological systems, studies of evoked or partally evoked limb regeneration in 
‘erin species, electrical stimulation of hone fractures to stimulate healing and reveal ihe mechanism involved. and the cellular 
egeneralion system of dhe body as opposed to the immune system. 

‘ecker particularly recognized thatthe cellular regenerative system was special electrical system having unique functions. He 
‘even succceded in diagramming this system as far itis revealed by ordinary U() electrodynamics. Hecker demonstrated 
paral limb regeneration in salamanders, etc. and in some other species, with electrical stimulation. In his EM-stimulated bone 
Fracture healing, Becker showed «startling result: First the red blood cells entering the fracture arcashucked tir hemoglobin 
and grew a nucleus, thus "ddiferentiating” (biological term) or "time-reversing” (physics term) back to an earlier state. Then 
this modified cll reifferentated (biological term) or "ast-forwarded in time” (physics term) into the type of cell that makes 
cartilage. Then this newly modified cell further rediffeentiated into the typeof eel that makes bone, and was deposited i the 
fracture site. The continuing deposits ofthese cells from the ongoing process evoked in ed blood cells healed the fracture with 
new hone growth. Whereupon the action stopped 

[ecker also was one of the first qualified scientists who testified in court on the deleterious effects of power line radiation. He 
thereby incured the enmity of very powerful intress, so that his research funds were palled and eventually he was forced to 
retire at an early a 


symmetry extended electrodynamics, and 
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He was nominate forthe Nobel Prize multiple times, and his epochal work did Finally focus a least some attention of the 
‘medical research community onthe regenerative system as opposed to the immune system which beals nothing, 

‘Becker's profound work was of tremendous influence on me as | struggled to decipher the active mechanism in his experiments, 
the Prioré team's experiments in France, the Russian microwave radiation of US. Embassy personnel in Moscow, 
Kaznacheyev's experiments demonstrating transmission of cellular disease and disorder elecromagncically into target calls 
cevironmentaly isolated except for contact by light from the sender cells having such disease or disorder, and the body's own 
regenerative system. After some 14 years strugsle with the problem, finally did break the mechanism(s) involved in all those 
things. But it was only possible because ofthe magnificent work by Becker and Prior the reported work by Kaznacheyev, and 
radial exposure to higher symmetry electrodynamics, The work was crude at fis, but eventually progressed (by 1998, eta 
include the port-hole concep, transduction of EM wave polarization types, the engine and engine template concepts, and unified 
Field theory: Since then it has become clear that the proper electrodynamics to model such things is the higher symmetry O(3) 
clecrodynamics pioncered by Evans, and now revealed to bean important subset of Sachs’ unified field theory 


[Becker is therefore one of my heroes whose magnificent work and long perseverance against strong scientific suppression | 
really admire. Most of Beckers deactors were or are infact employed in postions either directly or indirectly funded by the 
electrical power industry. I believe that, had Becker had access to O(3) electrodynamics and Sachs' theory, he would have 
personally impelled the entire medical fild to a marvelous and extraordinarily advanced EM medical therapy 

Sce Robert 0. Becker and Andrew A. Marino, Electromagnetism and Life, State University of New York Press, Albany, 

1982: Nice summary of EM bioeffects (orthodox) ; also on tp /twww ortho Jsume. edu Faculty/Maring EL/EL Pub ta 
Scealso R. O. Becker, "The neural semiconduction control system and its interaction with applied electrical current and 
‘magnetic fields,” Proceedings of the XI International Congress of Radiology, Vol. 1, 1966, p. 1753-1789, Excespta Medica 
Foundation; Amsterdam; — ~The direct current field: A primitive control and communication system related 10 growth 
processes," Proceed. XVI Internat. Congr. Zoology, Washington, D.C, Vol 3, 1963p. 179-183; — “The contol system 
{governing bone growth in response to mechanical stress." J. Ark. Med. Soe. Vol. 62, 1966, p. 404: —"A technique for 
producing regenerative healing in humans," Frontier Perspectives, 1(2),Fall'Winter 1990, p-1-2: —with Charles H 

Bachman and Howand Friedman, The direct current system: link betwcen the environment and the oryanism," New York 
State Journal of Medicine, Vol. 62, April 1S, 1962, p. 1169-1176; — and D. G. Murray,“A method for producing cellular 
dedifferentiation by means of very sina electrical currents,” Trans. NY. Acad, Sf, Vol. 29, 1967, p. 606-615; — and Joseph 
A. Spadaro, "Electrical stimulation of partial limb regeneration in mammals.” Bulletin of the New York Academy of 

Medicine, Scond Series, 48(4), May 1972, p 627-64; — and Carlton F. Hazlewood, Abraham R. Liboft, and Jan Walleczek, 
Electromagnetic Applications in Medicine," NIH-OAM Electromagnetics Panel Report, Jan. 15, 1993 

Sce particularly Robert O. Becker, “The significance ofbioelectric potentials." Bioelectrochemistry and Bioenergetics, Vol. 1, 
1074, p. 187-199. This s probably she paper by Blocker that provides a really good overview of the control system, block 
dliagrata ofthe proposed system is given by Becker an p. 191 

‘Becker also hus authored several popular-oriented books filled with excellent information. ‘These include Robert O. Becker, 
MD-and Gary Selden, The Body Electric: Electromagnetism and the Foundation of Life, William Marrow and Co., New 
York. 1985: and Robert O. Becker, Cross Currents: The Perils of Electropollution; The Promise of Electromedicine, 
Jeremy P. Tarcher, Los Angeles, 1990 


BEDINL, JOHN 


[Noted audio engincer, overunity energy researcher, and inventor ofthe renowned Beuini amplifiers well-known to audiophile 
1¢ BASE process for holographic sound. and a process for cleaning the harshness from digital audio disks, 


‘Bedini has invented a variety of COP>10 processes, motors, generators etc. Particularly he has developed a process whereby, 
ina battery-powered circuit, he adroitly back-pulses the battery ina recharging direction while the battery is powering the load 
‘causing a pile-up of electrons onthe surface of the battery plates tha isa sharply increased scalar potential opposing the 
‘nishing very massive lead ions i the batery in discharging mode. Te results thatthe potential’ electron pile-up increases 
‘dramatically duc tothe ions far preter inertia than that ofthe electrons. ‘The result isa high potential perhaps 40 yas) upon 
the surface of the battery, everpotentalizing both the incoming lead ions between the plates and the electrons inthe external 
circuit in powering mode. In this phase, energy lows from the vacuum onto both the ions and the extemal circuit electrons, 
‘adding significant energy to the powering ofthe external circuit for te same ion current inside the battery 

‘As the ians slow and stop, Bedinsback-pulse trailing edge causes avery sharp cut, thus invoking Lens law and resulting in 
the surface potential on the plates increasing to well ver 10M volts, This Further overpotentilizes the extemal cicuit electrons 
inpowering mode, dissipating much more energy in the external ciruit to power the loads. As the ions finally stop and reverse, 
theie relatively sluggish e-acceleration in charging mode and their overpotentilization stil results in excess enengy being 
delivered tothe external circuit. Then asthe overpotentialized ions accelerate in charging mode, the external circus i still in 
powering mode until the drain-off of the severe electron pile-up on the surface othe batery’ plates, 


This is one of several modes of operation used by Bein in his overunity battery powered circuits, which keep ther batteries 
recharged while powering their lous. 


[By separating the other closed current loop between extemal electron curents and the fon curents between the battery plates, 
and then dephasing these curents, Bedini breaks the usual dissipation symmetry enforced ina closed loop circuit where all 
‘charge carriers have the same mq ratio, In Bedi’ circuits, the miq charge tis dramatically differ etween the ion current 
section between the plates and the electron currents between the ouside ofthe plates and through the extemal ciruit. Also, by 
providing a much greater potential benen the two circuit halves, The potential extends in both directions interally back 
‘ver the fons, and externally in the eircuit over the extemal Drude electrons powering the circuit loads and losses. He provides 
‘tue negative resistor onthe surface of the plates, which extracts energy from the vacuum (vais broken 3-symmetry as 3 
dlipolaity) from the time domain, transduces it into real EM energy, and overpotentializes(regauges) the potential energy of| 
bth the internal ion currents andthe extemal electron currents, 


The Bedini process is therefore a legitimate COP>1.0 system, and in his se-powering embodiments the system will run 
indefinitely without extemal enerzy input by the operator, use of fuel etc. He has converted the system to an open system far 
from thermodynamic equilibrium in is violent energy exchange with the active vacuum, and thus the system is permitted to 
exhibit both COP>1.0 and self powering as wel 

‘Foran expanded explanation of the Bedini negative resistor process in batteries, see. Bearden, "Bedini's Method for 
Forming Negative Resistors in Batteries," Journal of New Energy, 5(1), Summer 2000, p. 24-38 


BEING 
ure essence, existence 
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Again, something which in actuality resists Aristotetian definition unless preliminary assumptions are made. Generally used in 
fone of two senses: (1) persistence, as in "he is (he cantinually exist)” or 2) identity, asin "he isthe man he! and the mar are 
the same thin), 

BIDIRECTIONAL EM WAVES 


EM waves running antiparallel to cach other through a given point or region of space 


‘Suppose we run a normal EM wave into a phase conjugating mirror (PCM) witha gain of 1. By onlinary phase conjugate optics, 
the mirror then emits a backwards-raveling phase conjugate replica wave (PCR wave). According to the so-called "distortion 
correction theorem,” that backwards traveling wave will rave backwards (as seen by the extemal observer) back over the exact 
route taken by the previous wave, and it will reappear in space precisely superposed spatially with the previous waves. Ifwe 
‘examine the impulse (density) fields (Le. Ed), then the forward-iime wave contain Fat wile the backward time wave contains 
E(t), which is just at. So elecrromagnetically—as fr as producing a net translation force ona charge—the F-fields seem to 
cancel, although they are sill there and their energy i sill there. Instead of translation, the two produce sires. 

(One thus (simple case) will have a strange kind of standing wave wherein the local energy density of the vacuum varies (e, 
sinusoidally) asa function of distance, but a charged particle placed init will not be translated! Rigorousl that is a 
_gravitarional standing wave. Since change in local energy deasity is also a curvature of spacetime, that is also a standing 
Sinusoidal wave ofthe local curvature of spacctime. This is where electromagnetics and gravitation actually meet, and where 
lcctromagnetics can he utilized to produce gravitational waves. (Much more complex waves ean be produced this s just the 
simplest example). 


BIDIRECTIONAL FIELD FLOWS 


Efilds (and B-ficlds) being propagate in par of apposite waves traveling "through" cach othr in opposite directions, 
‘where the two may be "locked together" asa wave and its antiwave; ie. as a "Whittaker biwave pat". Note that Whittaker 

bidirectional EM wavepairs are not to be confused with the pairing ofthe wave and reflection wave on transmission line, 

BIDIRECTIONAL GATING 
Gating (of energy flow, in both directions simultaneously 

BIDIRECTIONAL TRAVELING PLANE WAVE 
A save and its antiwave, where each wave is moving in an opposite direction (standard assumption in phase conjugate physic) 
In shor, to the extemal observer the waves seem to be "moving through each other; one from left to right, and the other fom 
ight to lft; or one radially outward and the other radially inward. Al scalar potentials were shown by Stoney and Whitaker to 
be comprised of a harmonic series of such "bidirectional traveling wave pairs." However, the interpretation of the phase 
conjugate waves was after detection, so thatthe detected “effect” wave existed in 3-space_ Prior to detection, the phase 


Conjugate lt of the Wht compotion of he se ptetal sone am an inh tne domain complex 
plane) 


BIOELECTROMAGNETICS (BEM) 


Presently, the scientific study of interactions between living orzanisms and electromagnctic fields forces, energies, currents, and 
charges ‘The range of interactions studied ranges from atomic and molecular, rough intracellular, wo the whole organism, 


Electromagnetic fields studied in BEM include those of endogenous origin (from within the organism) and exogenous origin 
(from outside the organism), Sources of exogenous fields include: the earth and sun, electrical equipment (powerlines, radio 
‘uansmitters,et.), clinical treatment devices (e., TENS), and ther organisms. The electromagnetic fields of greatest interest 
{in BEM are generally classified as nonionizing (1. lacking suflicient energy to directly dislodge electrons from molecules or 
atoms.) BEM is a scientific discipline emerging onthe boundaries between physics and biology. Asin other sciences, progress 
in BEM is made by testing falsifiable hypotheses against valid measured data obtained in repeatable experiments 


‘Our new viewpoint secks to dramatically enlarge the scope ofthis definition, to include not ony the presenty-recognized 
«external (outfolded) electromagnetics, but also the internal (infolded, inside the scalar EM potential electromagnetic, and also 
toutilzea unified field theory where EM is GR and vice versa, 

BIOENERGETICS 
That branch of Russian (KGB) energetics whic is targeted agains! the living body, its cells and issues, and its EM fields and 
potentials (biofields and biopotenils 

BIOGENESIS 
Generation of living organisms fom other living organisms: also, the theary or philosophy tha living organisms develop onl 
feom other living organisms, 

BIOLOGICAL WARFARE 


‘Warfare agunst living humans, livestock, crops, et. using pathogenic micro-organisms or biocides to create diseases and death 
‘using dimensioned electromagnetic potentials, fields, and waves to kindle cellular damage, disease, and death inthe same 


‘aneted populations, 
BIOLOGICAL WARFARE, ELECTROMAGNETIC 
The use of dimensioned electromagnetic potentials, fields, and waves to induce cellular damage, disease, and deat in tang 


living populations, 


The decades of Russian microwaye radiation of personne in the Former US. Embassy in Moscow isan example, where only 
Field-free potentials were dimensioned with the disease or health-change paticns (the engines). This science was developed in 
‘Russia as an outgrowth ofthe thousands of Kaznacheyev experiments demonstrating that any cellular disease and damage 
pattem could be induced from diseased or damaged cells nto environmentally isolated cell cultures, purely by specialize EM. 
radiation from the damaged or “transmitting” cells int the targeted cells 


‘The Chinese also used such dimensioned radiation ta indace cancer in almost all GRU operatives stationed in China atthe time 
of the major disagreement between China and Russia. In his book, Stanisloy Lune and Ira Winkler, Through the Byes ofthe 
Enemy: Russia's Highest Ranking Military Defector Reveals Why Russia Is More Dangerous Than Ever, Regnery, Washington, 
D.C. 1998, p. 160, Luney reveals it his way:"... was nor the only person who was stationed in Beijing to come down with 
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cancer... Almost al ofthe GRU officer stationed in China with me have been diagnosed with cancer. People assigned tothe 
‘embassy had tld me that they were picking up high levels of radiation from the apartment building around the embassy 
‘compound. Whether i was a form of high-tech monitoring ora conscious effrt to harm our health, i seems to have been 
successful. So much so that in 1992 the GRU was asked to investigate the high rate of eancer among embassy official. The 
findings, however; have never been made public; in part, no doubt, because ofthe rapprochement erween Russia and China." 
In shor, the Chinese did exactly tothe Russian GRU what the Russians were doing tothe Americans. 


BIOPHOTON 


A.quantum of angular momentum, each contsning "apiece of eneray welded to piece of time, with no sam inthe middle," 
‘mitted by Biomolecules in living organisms. The diference between a biopboton and anormal photon is that the "infalded EM 
Siructuring™ (ST curvature engine sels) carried by the biophoton caries the dynamics and templates ofthe living cell or tissue oF 


body emitting the radiation 
‘As presently known, biophoton emission is associated with processes such as mitosis (cel division) and with mechanisms such 
as soliton vibrations of DNA and other alpha-helix proteins [Popp etal, 1984; Popp et al 1992. An organism's biophoton 
field may represent a highly-sructored innate organizing field capable of encoding or transmitting information over 
sacroscopic distances, 


Kaznacheye, eg, showed that almost any cellular disease or damage condition canbe induced from the diseased control cells 
to separated and environmentally isolated target cells intially normal if (1) the visible spectrum of radiation is blocked from the 
targeted cells and (2) the two groups of cells are optically cannected below and above the optical spectrum, in the infrared and 
inthe ultraviolet. 


The new viewpoint secks to dramatically extend the scape of this definition, Considering the wave aspects of the photon 
frequency the infolded oscillating EM energy inthe photon may be decompased into two oscillating potentials [Whittakee, 
1004]. Ineach ofthese potential, there exists a magnificent ifolded structure [Whittaker, 1903] of internal bidirectional EM. 
‘wave pir, to include the sum set [Whittaker] and the product set [Ziolkowski). Thus the photon caries internal information, 
which i also refered to as the "information content of the field." Since the product set represents modulations, the basic 
{nfolded structure has signal characteristics. Mind, thought, and longterm memory exist inside the personal quantum potential, 
‘which may further be regarded as consisting of coupling und uncoupling photon/antiphoton pairs ie hidden gravitons. In the 
‘new viewpoint, the biophoton i the cartier of biogravitons, and also biograviton latices. This information forms vacuum 
{engines which can cumulate over a period of time to breach the quantum threshold and outfold, producing real change in cell, 
fas shown by the Kaznacheyey cytopathogenic mirror effect experiments, 


BIOQUANTUM POTENTIAL, 
A quantum potential connected to and ofa living body. where the inner EM structuring and dynamics ofthe quantum potential 
‘ein correspondence wil the inner_EM structuring of the normal EM Gelds, potentials, and waves inthe body. and ales ar in 
‘omespondence with the time-polarized EM structuring and dynamics of the mind and ils operations 
The biopotental provides the volition and intent exhibited by the biological body. breaching the quantum threshold and 
producing direct psychokinetic change (by the mind-body coupling mechanism) that isthe "input signal” tothe 
Servomechanisms of the body. from the smallest tothe largest. In this biopoteatial, the Stoney-Whitaker-Zilkowski 
«decomposition provides the information structure and vacuum engines thal are the mind, thought, long term memory, ete. A 
living biological system may be defined asa physical system of otherwise inert mater (the body) and of mind, coupled to each 
other through a biaguantum potenti 


BLOCKING 
In the change-harrcr semiconductor functioning, stopping or partially stopping the low of curren in a citcui, or ve 
points, without stopping the Poynting S-flow 
Inondinary usage, "stopping the progress of" 


BOHM, DAVID 
World renowned physicist and originator of the hidden variable theory interpretation of quantum mechanies. See David J 
Bohm, "A Suggested Interpretation ofthe Quantum Theory in Terms of Hidden’ Variables, {and IL” Physical Review. 85(2), 
Jan. 15, 1952, p. 166-179 (Pat I) 180-193 (Part I), 

Together with his student Aharonoy, he co-authored a fundamental paper on the Aharonov-Bohm effect wherein interfering 
clcetromagnetie potentials can produce effects on charged particle systems, even ata distance and in the absence ofthe 
clectromagneti force fields 


BOHM'S HIDDEN VARIABLE THEORY (HVT) 
A major interpretation of quantum mechanics formulated by David Bohm and published in Physical Review in 1952 


See David J. Bohm, "A Suggested Interpretation ofthe Quantum Theory in Terms of Hidden’ Variables, {and I" Physical 
Review, 85(2), Jan. 15, 1952, p. 166-179 (Part 180-193 (Part I), Bohm’s theory makes al the correct predictions and also 
climinates many problems in quantum mechanics, such asthe "measurement problem" and the—now alarming-—problem of the 
missing chaos (Le, the missing "hidden order") 

Ironically the prevailing Copenhagen interpretation ofthe QM theory predicts that the organized macroscopic world does not 
exist, while Bohi's theory predicts it. [Question tothe sharp young graduate student: How can one defend a scientific model 
‘which predicts that he himself does not exist? If one keeps one's sese of humor, t would seem that this has tobe the greatest, 
Scientific fa pa of alltime!) It may be that one unconscious reason that most physicists sll oppose HVT ie that i implies 
that physical reality can infact be deterministically engineered. Most physicists wold scem to fervently wish physical reality to 
stay "solid a a brick,” with fixed "laws of nature," which can he leisurely discovered and then utilized comfortably, predictably, 
and sanely. The advent of HVT (which is jst a matter of ime: for decades the Russians have highly weaponized the HVT areal) 
dramatically alters our perception of "fixed physical reality" into that ofan “engincerable, changeable” physical realty! 1 
{colatvely believe that the temble psychological implications of sucha potential development is something that most scientists 
do not wish to cope with—we simply do not have the Gestalt fri On the ether hand, the Russian national psychology i such 
that they do have the Gestalt frit. The Russian energetics which I have long referred to loosely as scalar electromagnetics — 
basically utilizes the infolded ordering inside the potemal to create direct pattems of vacuum flux", hence vacuum engines. 

‘And i also utilizes the quantum potential, including internally structuring the QP to enable instantaneous action-at-a-disance in 
‘multiple simultaneous locations and nodes, with stupendous and automatic energy amplification. 
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‘By deterministically “patterning” the intemal structuring of the scalar potential, one can directly form such vacuum e 
‘Whittaker showed in 1904 that any EM field patter whatsoever can be expressed as two scalar potentials, rather than the 
common fand A representation. This means tht any EM wave ie simply the “interference” (between the hidden biwave 
structures) of two scalar potentials, even ata distance. By properly structuring an EM signal (.e, structuring the two potentials 
{nto which it can be decomposed), the resulting EM signal—appearing normal on the surface—nonctheless now transports 
special vacuum engines deliberacly designed to perform some particular internal task in mass systems, electronic systems, oF 
‘bumans when it strikes a target ata distance. | reer to this "intemal structuring” ofthe Stoney’ Whittaker Ziolkowsks internal 
biwaves and their products, as dimensioning ofthe potential(s) and hence of the EM carrier wave. The Russians eal it the 
information content ofthe fed; but our own scientists tnd to erroneously interpret that phrase as ordinary spectral analysis. In 
other words, they erroneously continue to regard EM vacuum engines as if they were ordinary EM signals 


BOHREN EXPERIMENT 


Revealing experiment by Bohren, replicated by Paul and Fischer, which shows that a given charge when in particle resonance 
absorbs more energy from a field/or potential then the same charge does in "static™ position 


[By conventional outlook, this provides a guaranteed COP>1.0 process, Bobren demonstmated absorbing 18 mes more energy 
‘with the change in particle resanarce than with the static charge. This sa direct experiment proving the Heaviside dark encagy 
component of EM energy flow, whether infield farm or in potential form, 


Sce Craig F. Bohren, "How cana particle absorb more than the light incident on it"?", American Journal of Physics, $1(4), 
‘Apr. 1983, p. 323.827, See independent confirmation of Bohren's work by H. Paul and R. Fischer ibid. p. 327. Other pertinent 
references are V. S. Letokhov, "Laser Maxwell's Demon,” Contemporary Physics, 364), 1995, p. 235-243; — "Generation of 
Light by a scattering medium with negative resonance absorption," Soviet Physics JETP, 26(4), Apr. 1968, p. 835-839; — 
“Double Gamma and optical resonance,” Physies Letters A, Vol. 3, 1973, p. 179-180; — "Stimulated emission of an ensemble 
of scattering particles with negative absorption,” ZME TF Plasma, 5(8), Apr 15, 1967, p. 262-265. Also see R.Pappalardo and 
‘A. Lempicki, "Brillouin and Rayleigh Scaterig in Aprotic Laser Solutions Containing Neodymium," Journal of Applied 
Phiysies, Apr 1992, p. 16991708, 

BRIDGE 
‘A component or process which passes EM encruy between two isolated circuits, but does not pass dat between them, and 
‘which breaks dhe normal rigidly field-locked power dssiptions inthe to ciruits 
‘Space itself would appear ta be one such bridge. 


BRIDGING FUNCTION 


The function of passing EM energy flow betwen two isolated circuits, but not passing daldt between them, while 
Simultaneously breaking any normal rigidly field-locked power disipations in the two cieuis. 


BROKEN SYMMETRY 
‘The fundamental meaning isa condition in which two parts of some configuration or shape an opposite sides of some divisor or 
‘ondition or boundary. ete not similar but ditler 
In vacuum energy physics, we are very intrested in the fact that any charge and any dipole represents a broken symmetry in its 
fierce energy exchange with the vacuum. This implies that something virtual has become observable; i. part ofthe virtual EM 
energy absorbed fom the vacuum by the charge or by the dipole is changed into observable form and re-emited as real, 
‘observable EM energy. 

Any observable implies a broken symmetry. Non-observables imply symmetry, and vice versa, Each symmetry also can be 
represented by a conservation rule o law, Physicists have uncovered many kinds of symmetry in physis; and inthe 1950s they 
also discovered broken symmetry. 


BROMWICH, THOMAS JOHN FANSON 


Beilint Enalish mathematician 1875-1029, who made significant contributions to the mathematics of clectromapnetism— 
particularly to superpotential theary— before his passion for overwork led to development ofa mental disorder and eventual 
side, 


Bromwich originated a method for solving the sourc-free Maxwell equations in 1899, publishing itn 1919. ‘This approacl 
formed dhe bass for his seminal paper on scattering of plane EM waves by spheres, He did excellent original work om infinite 
series and made contributions ta quadratic and bilinear forms, He als placed Heaviside’ operator calculus ona rigorous basis 
by treating the operators as contour integrals. Unfortunately Bromwich worked so intensively, in such painstaking detail, and at 
such length that his physical health was affected, He developed a mental disorder and eventually ended his own life in suicide. 


Fora summary of Bromyich’s life and achievements, se G. H. Hardy; "Thomas John Bromwich,” J. London Math, Soc. § 
(1930), 209-220; — “Obituary of Thomas John Bromwvich,” Proe. Roy. Soe. London A 129 (1030},i-x. Foran exposition of 
Bromvich's equations-solving work, see J.D. Zund and J. M. Wilkes, "Bromvich’s method for solving the source-ree Maxwell 
equations," Tensor (NS) 88 (2) (1994), 192-196, 


BROWN, G, SPENCER 
Noted author and creator ofthe laws of form, anew form of logic that dramatically extends Aristotelian logic 


Essentially Brown added complex numbers to logic, rather than just staying with imple 2dimensional plane figures for 
postulate derivation. Electncal cicuite designed by Brown's logic do function and da work, When computer software 
designed by Brown's logic, iis then possible to mathematically rove whether or not the end result possesses any defects 
(bugs). Inthe future software—pariculary the lager systems-—may well be designed by Brown's logic. G. Spencer Brown, 
Laws of Form, Julian Press, New York, 1972. With a dramatic advance in loge self, Brown has succeeded i formulating & 
‘mie callus of form. Note: There is naw a second edition af the book. 


BULK GRADIENT CHANGE 


‘Simply a change inthe amplitode of the entire potential, 
(Ge, to every internal iwave pair comprising i) at some point or in some region of space, as compared to changing the 
amplitude of only one or a few ofthe internal biwave pairs of the potential, without changing all the ret 


BYPASS RESISTOR 
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In clectrical theory, a resistor to pass current by (in parallel to) some other component 


other effects such as use of the everpotental, pumped phase conjugate reflection, quantum wels, quantum tunneling, and 
charge blocking are added, the function ofthe bypass resistor becomes extremely complicated 


CANCER 
(Conventional definition: A malignant tumor of potentially unlimited growth that expands locally by invasion and systemical 
bv metastasis 
Growihs are further characterized by the type of issue in which they occur, and their actions. Of particular interest are 
neoplasm, tumor, carcinoma, and sarcoma. Malignant disorders tend to produce deterioration, inhiltrate, metastasize, and 
terminate fatally, A neoplasm is simply any new growth of tissue that serves no useful fuction. A. umor is an abnormal mass 
of tissue that (1) isnot inflammatory, (3) arises from preexisting ell, and (3) serves no useful purpose. A carcinoma is 8 
‘malignant tumar of epithelial (covering memibrancous tissue ofa free surface) origin. A sarcoma isa malignant neoplasm that 
arises in mesodermal tissue (connective tissue, bone, cartilage o striated muscle and that spreads by (1) extension Into 
neighboring tissue or (2) by way of the bloodstream, or (3) both 


New definition of cancer: A centmlly-commanded, final, desperate, "irs-stcp deiflerentiation” adaptive attempt by stressed, 
affected cells experiencing sustained oxygen shortage (hypoxia) to reverse thee cellular evolution and return tothe anacrobic 
Stage of ther primeval cellular ancestry. ‘Thus a cancer cell sa severely stressed hyponsic cel that has been “ordered by the 
‘master cellular contol system (MCCS) to dedifferentiate hack to a more primeval form in which it needed litle or no oxygen 

Its the last desperate attempt by the body to insure the affected cells survival when al ther means available tothe MCCS to 
provide the necessary oxygen have been exhausted and have failed. The "order" differs from normal signal theory in that it 
consists of a Stoney/Whittaker/Ziolkowski template inside the personal quantum potential ofthe organism, Thus the "order" 
actually consists ofa vacuum engine so thatthe spacetime in which the affeced cll exists is acted upon by structure 

energetic hidden variable fingers to directly altri The "signal order” isin facta set of hidden vector forces in spacetime itself, 
treated directly in and on the affected cel(), in every par, in every atom. The cure forthe cancerous cell, once formed, is 
simply to cause the MCCS to generate the “counter-order” reersing the original deiflerentiting action. ‘This can be readily 
accomplished by establishing hidden multftequency pump waves inthe quantum potential onthe cancerous cell, on all ts pats, 
so that they act as pumped phase conjugate mirrors. Since they already exist in the altered "cancee" spacetime templatesignal, 
the pumping eases a phase conjugate replica of the precise cancer stat to he created in and on the cell and its pars, [ln fact 
this sa general therapeutic mechanism, and it can be applied to reverse almost any conceivable cellular damage or disorder] 
This counter onder is @ new and amplified yacwum engine that acs upon the cell to redfferentate it back toa normal cell. Ian 
abnormal numberof cell results, the body's normal processes then recognize the excess cells and destroys them, 


CANCER HOTSPOT 


Anarea or locality or location where cancer recurs repeated. more than the normal deviation expected statistically. In such 
‘ase, one is dealing witha hidilen cause or carcinogen 

Human systems exposed to such a hotspot experience cellular changes (hypoxia) which eventually result in the master cellular 
control system (MCCS) issuing a dediffeentiation order to the affected cells to regress back to a primeval anaerobic form. The 
first step Is dissociation from central (MCCS) control of cellular growth, resulting ina eel that now grows and divides 
unrestrained by the normal body. The real question in the hotspots, "What isthe unknown agent inducing the bypoxia 
‘condition, and what i the mechanism by means of which it induces it” Epidemology will point outa hotspot, but is usually 
incapable of resolving the primary causative agent or its active mechanism since it ean only shov carelation, 


CAPACITOR AS A TRANSMISSION LINE 


A capacitor ean be theoretically treated asa special type of transmission linea fact whichis apparently known to transmission 
line theorists but not to many engineers and physicists not specializing in ansmission lines 


CARCINOGEN 
A substance or agen! (such as a chemical or a spacetime curvature engine) capable of inducing a cancer 


Inthe new theory, the primary carcinogen isan actual order (a vacuum entne) issued by the master cellular control system 
(MCCS), reverting (dediffeentating) the affected cell to a primal anaerobic form. Usually what are normally reganled 3s 
carcinogens are also causes of cellular conditions wherein the cll becomes very hypoxic, so much so that the MCCS exhausts 
all other altemative corective means and asa last desperate measure orders the cell to change toa form tat requires litle or 20 
foxygen. The "exhausting of other measures’ may be very rapid, as when the cell has been affected and damaged by powerful 
carcinogens, or it may require decades to occur, as when the cell i subjected to long-term mild hypoxia, such as from 
‘electromagnetic smog 


CARRIER WAVE 


A fundamental wave which is modulated by another wave or other waves, and hence "carries" the other waveforms) B 
‘ripping off the carrier in a demodulator, the carried waveforms) emeraes 


Hence itis a continuoas frequency wave which can he modulated by an information-bearing signal 


‘CASIMIR EFFECT 


Te attraction of t¥o conducting parallel plates in space, placed very close together, due to their influence onthe active vacuum 
‘and the vacwun's interaction wth the plats, 


CASIMIR, HENDRIK BRUGT GERHARD (1909-2000) 


[Noted scientist who in 1948 predicted that two parallel conducting plates, placed very near each other ina vacuum, would 
experience an attractive fore due to heir influence onthe electromagnetic vacuum, 


‘See H. BG. Casimir, “On the attraction between two perfectly conducting plates.” presented at a mecting of the Royal 
Netherlands Academy of Arts and Sciences on 29 May, 1948. Published in the same year in Proceeding. Koninklijke 
[Nederlandse Akademie van Wetenschappen, Amsterdam, vol, 51(7), 1948, p. 793-796, Fora beautfl modern experiment 
confirming the force, see S.K. Lamoreaux, “Demonstration of the Casimir Force in the (6 10 6m range,” Physical Review 
Letters, 98(1)-Jan. 6, 1997, p. 


Te force was experimentally detected some 10 years later 


CAUSAL SYSTEM ROBOTS (CSRs) 
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‘Massles 4-space “engine” svstems (therefore inthe causal domain onl hence the name) formed of longitudinal EM waves and 
their dynamics, which are Therefore sets of spacetime curvatures and their deterministic dynamics (engines) which function 35, 
individual robots, 


‘This isa totally new kind of system leading toa totally new kind of warfare, developed over some decades and deployed by the 
KGB in 1999, 

Mater is composed mostly of empty space filed with EM waves fields, and potentials. Those "fillers" themselves are just, 
bundles of longitudinal EM waves and their impressed dynamics. Hence all matter, the vacuum, and all conventional EM 
potential, fields, and waves~being filled with vast sets of longitudinal EM waves are vast superhighways for longitudinal 
EM waves to travel on or in. The CSRs, being totally LW and LW dynamics in nature, thus are free to travel right through EM 
radiations from power lines, phone lines, TV stations, radio stations, etc. They easily penetrate any mate, including right 
through a mountain. Any function ofa normal EM system can be performed atleast in theory—by such robots. This includes 
longitudinal EM wave interferometry, which forms external EM fields and waves, of whatever pattern or form desired. Further, 
these CSRs are actual functioning systems, and if communications functions are designed in, one can communicate with them at 
distance, using longitudinal EM wave communication, right through the intervening earth and ocean, et. 

Por some time, extensive underground facilities —hundreds—have been building in the former Soviet Union, and this massive 
buildup continued unabated after the Russian economy collapsed and the Berlin Wall eame dovn. This tremendous 
expenditure, when the Russian economy was crippled, shows th strategic significance ofthese facilities. Further, apparently 
our satellites hve not seen any missiles, normal weapons or munitions, etc. associated with that vast complex. In short, itis 
Suspected that we don't have the foggies notion of what itis. Indeed, those facilites will already have sent some CSRS into 
those very satellites, to insure tht we do not find out what is going on, and perhaps to "spy on the spy satellite 

We think these terribly important facilities are the KGB-controlled facilities for developing and producing the CSRs, and 
contain a vast longitudinal EM wave command and control set of facilities as well. In short, ths isthe strategic arsenal, 
evelopment and control for building sets of various type CSRS in hu nt new army of robots wit 
‘unprecedented capabilites, under the command and control of a human ‘operations command of very large size 
Developing and debugging one CSR would be a formidable and lengthy task. Once a single one is developed, making a milion 
copies is simple. Just tke a normal CD-ROM, e.g, and record something on it. Send ina working CSR robot to “reside inside" 
{the infolded EM interior ofthe recorded informational electromagnetic pater on the CD-ROM. Then simply copy that CE 
ROM magnetically as many times as is desired. Each copy contains a copy of the original signal that was recorded, including 
the exact infolded electromagnetic structuring inside that signal, Voilal One has as many new duplicate CSRs ofthat exact 
type, as one wishes, fora few pennies each. 


(One can see the implications. In all those underground facilities, there are many development laboratories, production 
Inboratores, and command and contol facilites and "storage facilities” forthe robots. ‘Those hundreds of facilities ar in fact a 
great new strategic weapon system and all ts development labs and production facilities, as wel sis taetical control and 
command and control systems, its "troops, is "equipment", and is commanders and operators 


Well, then one can deploy and "utilize" such a strategic armada just as one would use any other great strategic army. One 
“deploys” one’s forces against the enemy. In this ease, one just sends the armada (individually controled! right through the 
“LW supethighways" of matter itself, ight into the strategic eritory and very heart ofthe targeted nation. One deploys the 
robots everywhere—e-. inside the electronics in nuclear warheads, inside the control systems fr the nuclear submarines and 
nuclear borers, inside the satellites, inside the Fighter aircraft clecironis, inside the fighting ships, inside the main battle tanks 
and major weapons carrer, inside the signals on the hard deves of computers, etc. One sends them right through the "inside" 
ofthe targeted nation’s power grid electrical energy signals, through the TV stations emitted signals, etc. The Pentagon and 
(Cheyenne Mountain are duck soup, as is the stock exchange and other eiviian systems vital to continued functioning of the 
inastructure. So is everywhere els, even the deepest vault and "special security” facility 


In shor, the vast electronic command and contol activities of an otherwise "moder" superpower provide great, convenient, 
casy superhighvvays for fll strategic deployment to be completed by millions of weapons systems (CSRs) into everything of 
value in the targeted nation or nations. This completely solves the usual weapons delivery problem; delivery is made in advance 
of D-Day. 


Such a vast CSR armada was deployed throughout the Westem worl, and particularly inthe United Stats, just before the end 
‘of 1999. Yes, this was to be the KGB's great millennium gift to America a really enormous Y2K problem that would stun and 
disable the entre nation, its armed forces, its electronic systems in its major weapons, and its command and control centers in 
fone great TOT (time on target) assault. The major electrical power systems of the nation would have been disabled, as would 
have been the major communications systems. Using LW interferometry, the robots would have wreaked havoc on the nation. 
‘They would have disabled the electronics of every major C4l computer of importance, every major fighter aircraft every major 
fighting sip, every nuclear submarine, every ICBM, every nuclear powerplant, etc. The attacking force was in its deployment 
and employment sites in the targets themselves. Everything was in place and cocked and ready to fire. To test whether we 
knew what was going on, the KGB even had one or more robots temporaily produce hacker-type operations and signals 
“emerging” in some US. command and control center computers, and deliberately let our fellows discover this "hacker attack” 
1was coming from the Russian Academy of Science. ‘Then the CSR simply stopped is LW interferometry, which caused the 
normal hacker electronic” signals to just vanish and never reappear. Litle wonder that our counter-type fellows were totally 
unable to find any trace of it, or where it was residing. ‘They have no technology for such, 


Well, happily those caly-model CSRs are easy to root out and destroy, ifone has quite advanced LW technology. Visualize 
these beasts as existing in a special sor of "intemal sky" of "infolded atmosphere” inside matter. Strategic range LW “radars” 
can just sweep through this "internal atmosphere" inside mate, etc, detecting and tacking those CSR beasts analogous to how 
‘normal radar detects and tracks aera. The difference i that the strategic LW ean also use abit of LWI pulse to instantly snap) 
those CSRs like popping bugs, completely jamming their operations or even "erasing" them once their characteristics are 
observe. 

‘That very new kind of vast statepic warfare occurred right at the end of 1999, al through the United States the Pentagon, our 
strategic weapon systems, the works. The friendly little nation rooted out and destroyed al those "onsite" CSRs just prior to 
the attack being launched, 


A full-up strategic war, of previously unknown kind, was fought all over the U.S. and our own system guys apparently dida't 
iknow it Ie dat even surface. Didn't make a whimper. 


‘That hostile CSR armada consisted of frst generation systems. These systems did not have defensive countermeasures. The 
systems were depending on total surprise, but were found out (that is another story that would make a great movie if one could 
Tive to film it) and then were destroyed in short order, 

(CSR development has ushered in a totally new kind of strategic, operational, and tactical warfare. ‘The delivery of all the 
‘weapon systems into the target” i accomplished long before the advent of hostilities. The second generation CSRs, once built, 
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will be even more sophisticated. These will almost certainly be online soon. ‘They will likely also possess countermeasures. 
‘An eerie new chapter in the annals of warfare has been initisted, and the world will never be the same again. Once the CSRs 
have sufficient defensive countermeasures such as stealth means and coordination with countering, rapid response LWIs to 
target and destroy the hostile "LW radars" seeking them, ec, the next world-wide strategic CSR war wll be neither so simple 
nor so bloodless. 

NOTE: Contrast this CSR discussion tothe discussion of nanotechnology and nanobots, Just as nanobots are natural 
developments which teams skilled in nanotechnology would produce, so CSRs are natural developments which teams skilled in 
longitudinal EM wave technology-—and inthe "infolded” electrodynamics inside all EM fields, potentials, and waves —would 
produce. For decades (since the 19505) the KGB has been developing and using longitudinal EM wave interferometers (LWIs) 
‘Which beam righ through the “inner highways" inside the fields and waves inside matter, thus allowing very large LWs which 
‘beam right through the intervening earth and ocean, and can “focus” under the ocean of within the earth as well as out ot 
‘With such background, the CSRs were just as natural a development for them asthe nanobots are for conventional Wester 
nanotechnology scientists, 


‘CAUSALITY 


The relationship between "cause" and “effect” The basic notion in causal system i thatthe system's response to an input 
‘al is not dependent upon fuure input vals, 


Thus the notion of causality involves a precise time ordering of ordinary ner interactions, where the cause was never input 
from a future time. Macroscopi (observable) causality may be and i violated by the interaction of hidden subguantal (virtual 
state) variables. 


(CEREBRAL HEMISPHERE 
ch balf of the cerebrum, i. cach 
The two cerebral hemispheres may function as longitudinal EM wave interferometer or atime-polarized (scalar) EM 
interferometer o sense distant scenes (even distant in time), or produce EM energy and signals at a distance, since the body, 
brain, and nervous system does produce longitudinal EM waves and scalar EM waves. For proof of scalar EM wave 
interferometry in O(3) electrodynamics, see M.W. Evans, PK. Anastasovski, TE. Bearden eta, "On Whitaker's 
Representation ofthe Electromagnetic Enty in Vacuo, Part V: The Production of Transverse Fields and Energy by Scalar 
Interferometry" Journal of New Energy, 4(3),Special Issue, Winter 1999, p. 76-78 


‘of the enlarged anterior or upper art ofthe vertebrate bs 


(CHANGING THE PAST 
Every intentional inception upon ordinary inet causality prior to collapse of the wavefunction represen a sight alteration or 
‘change indirection, departing minutely from pure causality. From a causal viewpoint each human inception minutely chanues 
she causal past as well asthe future, 

Experimental proof that the causal past can be changed is provided by the delayed chaice twe-slt experiment, Ez, see CW. 
Rieti. "Another proof that the future can influence the presen." Foundations of Physics, 11(9/10), 1981, p. 783-790. 
Particularly see Wheeler, John Archibald Wheeler, "The ‘past and the 'delayed-choice’ double-lit experimen,” in A.R. Marlow 
(Ed), Mathematical Foundations of Quantum Theory, Loyola University, New Orleans, Lousiana, June 2-4, 1977; 
Academic Press, New York, 1978, p. 9-48 


CHAOS 
In dissipative dynamical systems, the dynamical evolution that is aperiodic and highly dependent upon initial conditions of the 
ste. 


Te trajectories of the system move ona strange attractor, which isa fractal subspace of the phase space. 


The term suggests the ordinary meaning of random and unpredictable disorder, but there exists intrinsic determinism and at least 
partial embedded ordering. ‘The mathematical equations deseribing chaotic behavior are very nonlinear and so complex that st 
the present time they eannot be computed or predicted, Even simple systems, including simple electromagnetic systems, can 
exhibit unpredictable chaotic behavior. The science of chaotic dynamics is still nis infancy, having begun moving once the 
‘modem computers became economical and pervasive 


(CHARGE, ELECTRICAL (Q) 
[Electrical charge q is defined as = myby. to fist order 
‘As cam he scen, the actual "charge” action associated with the mass is due totally to hy and to the broken symmetry of inthe 
‘vacuum flux exchange with m,, The charge q can be further broken down into a set af composite dipoles ifthe gathering ofa 


virtual charge seen inthe vacuum, surrounding the mass of the "bare charge” inside the gathering, is included. At first order 
{4 cam be expressed (particle view) as a change in the local vacuum virtual photon flux (VPF), due tothe VPF exchange 


between vacuum and my. The 6, component is actually the "electrical charge” and massless of itselE. 


However, sce my paper, "Giant Negentropy ofthe Common Dipole,” Journal of New Energy. 5(1) Summer 2000, p. 11-23 
We inclu the isolated charge by treating itas a system of multiple composite dipoles. We also explain the previously 
unrecognized 4-symmetry EM energy low ongoing, where incoming longitudinal EM waves are being received, transduced 
{nto real longitudinal EM waves in space, with th latter being emaited in all directions in 3-space. 

A charged particle of mass is thus a litle energy flow generator. It is a broken 3-symmetry inthe local VPF, and therefore has an 
“observable” energy flow output, extracted and gated {rom the asymmetry in the VPF. This “observable” enerey ow outputs 
the well-known energy flow S in classical EM, though CEM does aot recognize or include this vacuum interaction, the broken 
3-symmetry ofthe dipole, and the steady input of EM enemy to th dipole inthe form of EM eneruy from the time domain 
(complex plane). 


Instead, classical EM just assumes that the “charge” qs the source of a potential. When originally formed as a concept, q was 
just a "quantity of electric Mud," lke a "cubic centimeter of fluid," et. The atom and the electron had not yet been discovered, 


CHARGE CARRIERS 
Anything —usually fundamental particles, ions, etz.—which consists of or contains charges and can move, 


Itcan be an electron, a collection of electrons fixed in a moving dielectric ions, atoms, molecules, et. 
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‘The moving charge (i, the curent dad) with an energy flow streaming onto it and on beyond, carries its interaction with that 
cenergy-flow right along with iim the current 
{i= dg/dt. This is what the chare's "excess collected energy" consists of, and ths is how the colleted/collecting enengy i the 
circuit is transported tothe collected-energy dissipation sits (loads and losses). 

(CHARGE, GRAVITATIONAL 
To be added 


(CHARGE, MAGNETIC 
Essontially, the magnetic scalar potential, or monopole 
Inan uncurved spacetime, the magnetic charge must always occur in dipolar pairs, where each i equal and opposite the other. 
Ina curved spacetime, free net monopolar magnetic charge may and docs exist. In classical electrodynamics, the assumption 
‘of locally flat spacetime is ubiquitous though not prominently emphasized. Hence most electrical enginers are unaware that 
‘monopoles can indeed be made, bu only if one uses a process to curve local spacetime. 


(CHARGE-PARITY-TIME (CPT) THEOREM. 


‘Te theorem states that all known quantum field theories obey CPT symmetry. 
Cis charge conjugation, which changes the quantum numberof every particle imto its antipartcle. Ps the reflection operation 
Jknoven as parity which tum an object into ts mirror image and rotates it 180 degrees about an wxis perpendicular tothe mirror, 
‘Tis time reversal. Any violation of ime-revesal symmetry is always accompanied by a violation of CP symmetry and vice 


Electrodynamics and the strong interaction preserve CP syrametry to great accuracy. Weak interactions do not conserve CP 
symmetry. T symmetry violation has been shown at CERN, the European particle physics laboratory in Geneva, Switzerland 


(CHARGE TRAPPING (Also "Pinning") 


‘CHARGE-BARRIER 


A process or component ot function particularly in a semiconductor such asthe Fogal semiconductor—which blocks the 


‘movement of charges qas current dqidt 


(CHARGE-BLOCKING ASYMMETRIC QUANTUM WELLS 
‘A quantum well which has more charge-blocking ation in one direction than the other and is thus asymmetric" in is function, 


Imay also be dynamic, so that it changes in its degree (andor its direction) of action as a function of time 


CLASSICAL AND QUANTAL ELECTRODYNAMICS 
(Classical EM (CEM) tory s simply classical electrodynamics (CED) 


Classical EM does not break the fields into "quanta® (a quantum isa standard-size piece of action (angular momentum)] 
Instead, CEM considers the fields as continuously varying in magnitude from zero to infinite magnitude (at least in theor), 


‘Quantal Electrodynamics is known as quantum electrodynamics (QED). These are standard tems fr standard disciplines. QED 
ccnsiders the fields to be composed of quanta called "photons". Hence there is an underlying region calle the "virtual state" 
‘whose denizens are "smaller in magnitude" than the quantum. Heisenberg uncertainty applies, since the quantum of ation is 
not quantized energy, but quantized (enemy x time). In shor, it isa function of both the magnitude ofthe enemy and its 
duration of persistence. Hence a field or photon of any amount of energy may form temporarily, so long as it docs not endure 
sufficiently lng in abserver time to reach quantum size and breach the quantum threshold. 

In this view, then, “empty space" is not empty at all, but isa seething cauldron ofthese “energetic bubbles" continually 
appearing and disappearing, with the entire spectrum of frequencies and energies. This isin fat the "new ether". If 
‘conser only the feld portion of the bubbling virtual photons appearing and disappearing, this leads toa vacuum that consists 
fof EM field fluctuations, apain of essentially the entire fequency spectrum and energy spectrum. 


However, how we attempt to ti ether ofthese "energetic vacuum EM views to general relativity (GR) is then a problem, The 
cause ofthe problem, however, i largely ignored in physics. In CED, e4., one models EM enengy moving through a flat space. 

This is anon sequitur, since the presence of any change ofthe eneray density of space a priori is a curvature of spacetime. 
Hence rigorously EM energy can only propagate through a curved spacetime Indeed, when this correction is made, the EM. 
‘wave becomes an oscillating curvature of spacetime. ‘This isthe approach worked oul by Mendel Sacks, extending Einstein's 
work. The higher symmetry 0(3) electrodynamics spearheaded by Evans tums out to be an important subset of Sach’s umbrella 
‘unified field theory. Hence EM has become GR, and forthe first time in history, 3) electrodynamics provides the approach 
that wil allow direct engineering of general relativity onthe lab bench, in working devices, etc. 


CLASSICAL ELECTROMAGNETICS (CEM) 


Ordinary” electromagnetics, ofthe kind used in ordinary EM cireuits, which fundamentally consists ofthe modified Maxwell's 
‘auations 

Classical EM consists of Maxwell's equations and the various changes and additions that have since been made. CEM does not 
break the fields into "quanta (a quantum ia standard-size picce of action (angular momentum]. Instead, CEM considers the 
fields as continuously varying in magnitude from zero to infinite magnitude (at least in theory) 

Primarily efers to Maxwellian electrodynamics as reinterpreted by Heaviside, Gibbs, Herz, anda few others. Unfortunately 
those reinterpretatons of Manwell’ theory alsa greatly reduced its topology, and therefore reduced the ares of natural 
clectrodynamie phenomena thatthe resulting equations describe 

Significantly more advanced "elasicl” electrodynamics emerges when one goes back tothe quaternon algebra 
electrodynamics of Maxwell orto the more advanced Clifford algebra electrodynamics. The higher symmetry electrodynamics 
‘models such as O(3) symmetry EM developed by Evans and others, are capable of modeling a great deal more physical 
‘Phenomena than the very limited standard U1) eleewodynamics largely in vogue in science. 


CLASSICAL EM THEORY 
(Classical electrodynamics theory, begun by Maxwell, with his seminal paper orally presented in 1864 and published in 1865, 
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Essentially Maxwells electrodynamics at root bass, with the background supporting classical theory. Today many variations 
have been made, particularly with the basic symmetry of the theoretical equations. See discussion above under classical 
electromagnetics 

CLIFFORD ALGEBRA, 

A special higher topology algebra founded by Clifford, which includes as subsets many other alucbras of lower topolo 


CLOSED sySTEM 
A system that does not communicate with is environment, and does not exchange enengy or matter between system and 


‘An ideal model where dynamically and energetically the system is considered t be "isolated" as if nothing else existed. Ia 
short, consider the system asi it were in some "magic box” and nothing outside the box can ever enter the box araffect the 
system inside the box, and nothing in the system can ever leave the box or affect anything ouside the box. 

(One performs a non sequitur whenever proclaiming treatment ofa system asa “closed system", and of course good scientists are 
aware ofthis. This s particularly true i electrical power systems, Here one is indeed allowed to input energy into the system to 
{excite or potentalize it, That of course assumes thatthe system was “opened” long enough to take on excess energy! Then as 
the system operates, losses and dissipations occur, in which case energy is considered to "escape" from the system permanently. 
In other words, the system was also continually “opened! so that energy could escape 


There is really no such thing asa truely closed system inthe universe, since every system is embedded inthe active vacuum and 
isan open system in an energy exchange with the vacuum. If that exchange i symmetrical, then the system i in equilibrium 
‘with respect to the vacuum exchange, In that cas, the system may be treated asi it were a closed system fora limited number 
fof purposes. In classical electrodynamics (CED). the Lorentz regauging ofthe Maxwell-Heaviside equations further reduced 
them fo describe only Manwvellian systems in such equilibrium with the active environment. Consequently, the interaction 
between the extemal vacuum and the system isnot included in the CED model. Obviously ahoken equilibrium in that actual 
physical interaction is also not included inthe CED model 

‘An electrical poyier system is already permite to violate the Lorentz condition when it 

(1) receives additional EM energy to "energize" or "potenialize" or "excite" or "regauge” it and (2) whenever energy escapes 
from the system in the loads und losses (which escapes of eneray are"de-encryizing”, “depotenializing", "disipating” ar 
“regauing” actions 


Hence the Lorentz condition greatly simplifies the Maxwell-Heaviside equations and makes them much easier to solve. 
However, when enforced by the system itself with regard tothe system's excitation and de-excitation(dsipation) functions — 
ice, when those functions are "symmetrieal” (equal and opposite)—it also arbitrarily discards all tose Maxwellian systems 
Capuble ofthe five "magical" functions of an open disequilibrium system: (1) selEardering, (2) self-oscillation or sef-otation, 
{G) output of more energy than the operator inputs (the excess energy i input by the active envionment, (4) powering itself and 
its lod (all the energy is input by the active environment, and (S) exhibiting negenropy 


Ie follows, however, that physical elecrial power systems must therefore have some feature which selimposes the Lorentz 
condition atleast daring the phase when the system's excitation energy is discharged inthe loads and losses. The standard 
closed curent loop system, where every elecron progressing through the extemal circuit's loads and loses must be forcibly 
‘rammed back up through the source dipole in the power source, is indecd what enforces the Lorentz condition with respect to 
excitation and dissipation, and arbiararily prevents the system from achieving COP>LO. 


Ina battery-powered system, the otherwise closed curent loop is broken into two quite diferent circuits: (1) the electron curent 
circuit between the outer surface of the plates and the external loads and losses, and (2) the ion current inthe electrolyte 
between the inner surface of the plates. ‘Since the ions (eg n a lead-acid battery) inthe innes” ion current may have a1 
‘tio very much greater than that ofthe electrons inthe “outer electron curent, clever timing of pulsed signals to the plates may 
bbe used to forma phase difference including even a phase angle of I8(—hetween the two currents. Itcan be shown that this 
forms a high potential on the plates which acts as a negative resistor, extracting EM energy from the vacuum and recharging the 
battery while simultaneously powering the extemal circuit. Ths isthe Bedini process, and with Bedin's permission an 
explanation ofthat process has been published by Bearden ("Bedin’s Method For Forming Negative Resistors In Batterie,” 
Sournal of New Energy, 5(1), Summer 2000, p.24-38,] Note that Bedin's process infact repeatedly removes the Lorentz 
‘egauging condition, and therefore the system is rigorously permitted to achieve not only COP>!.0 but also sel- powering of 
itself and ts loads and losses. 


COLD EXPLOSION 
‘Te sudden extraction of EM beat enerey from distant intersection zone (IZ) ofthe crossing beams ofa scalar potential 


Jnteefecometer, which wansmits inthe sharply pulsed mode, wile the lecirial grounding ofthe tsansmiers ere negative 
biased with expect to dhe potential in the distant LZ, 

COLD FUSION 
An ad hoe term applied to the trnsmutations at low energy achieved in electrolyte experiments, particularly when usin 


‘specially prepared palladium electrodes, and particularly when devlerium is present in the electolys 
COMPOSITE DIPOLE. 


Dipole formed as one part ofan isolated, observable "charged particle", consisting ofa differential element of that observable 
charge on one end and momentary clustering virtual charge of opposite sign. 


In quantum electrodynamics, it is well-known that viral charges of opposite signs cluster inthe immediate vacuum around any 
“isolated” observable charge. By applying the composite dipole concept, this author was able o treat the isolated charge asa set 
‘of composite dipoles, By then applying Whittake's decomposition of the scalar potential between the ends ofeach a these 
‘composite dipoles, the source charge" was a set of broken -symmetrics inthe Vacuum fix, and thus a set of 4-symmetries in 
that flux exchange. This meant thatthe EM energy continuously output in all directions by the source charge was actually 
continuously received by the source charge (as a set of composite dipoles) from the time-domain, and 4-conservation of EM 
energy flow rigorously was upheld 


This allowed a solution to what has been called the most formidable problem in bot classical and quantum electrodynamics 
the problem of the association ofthe source charge and is associated fields and potentials along with the energy contained by 
‘them and continuously pouring from the charge without any 3-space enengy input 


CONCOMITANT 
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CONGLOMERATE HIERARCHY OF THE PHOTONS 


Every photon remains perfectly ordered! A conglomerate (group) of photons, however, may be arranged in almost an infinite 
‘iiely of orderings, groupings, directions, cc. which we refer tos templates and a hierarchies (group orderings) of photons. 


Ina pure energy flow (energy ranspor), the “herd” of pbotons is organized along the flow direction. Regardless of how one 
scatter oF "disorders" ths patterning ofthe "herd" or "hierarchical ordering" of photons, not one single bit of the underlying 
nergy and individual photon ordering is lost. So when one "uses" eneray (eg, Scates the hierarchical ordering of a photon 
hard from a resistor as heat), one does not lose any energy at all, but simply has "scrambled" the hierarchical ordering ofthe 
photons into a new herd configuration (which may be varying every whicls way!) The point here i the real meaning of the 

Fundamental conservation of energy law: Energy can neither he created nor destroyed! 


‘When we "use" one joule of energy to perform one joule of work (say, ina single-pass, scattering), we stil have exactly that one 
joule of energy lel, but just in different form (diferent direction, type, collection or not collected, etc) Itean still do another 
single pass joule of work, then another, then another. and so on. If we plan things right, we can use a single joule of work to 
perform many joules of work, contrary to what we were so strongly taught inthe "single-pass, single cllection, single 
tisspation” examples given tows in university a the "aw" of God and electrodynaznics. 


Note tha the conventional work-enengy theorem assumes single pass, single collection, and single dissipation ofa joule of 
energy to perform a single joule of work. The point is, shar isnot a limitation of nature, but a limitation of a single process! 
Nanue regulary uses a joule of energy todo multiple joules of work, heeause after one dissipates or scatters the energy the frst 
‘ime, i’ sul there and later willbe intercepted to do some more work 

AantiStokes emission, the Paterson Power Cell, Lawandy' lasing without population inversion, and some gas-filled tubes with 
anti-Stokes emission are examples of known, validated overunity processes (processes with coclfcient of performance greater 
‘than unity) These all use multipass, mlicollection, multi-dissipaton in iterated manner, to inerease dipole asyrametry and 
therefore produce exces extraction of energy from the vacuum. Patterson's unite. has been independently measured by 
universities at efficiencies of some 1200 or so. This absolutely doesnot violate the laws of physics nor the nonequilibrium, 
thermodynamics of open systems far fom thermodynamic equilibrium. 


CONSCIOUS MIND 


The serial processing mind which we normally associate eroneously as ourself; Other tobe added. 


Mind is time-like, not spacelike 


CONSCIOUS MIND (PSYCHOFNERGETICS VIEW) 
The serial-processing mind which one normally associates erroncously as oneself, 


Mind is vime-lite, not space-like. Hence its not directly observable, a priori, since all observation is 3-spatial. However, if we 
consider that changes in 3-space produce spacetime curvatures und thereby aiso produce slight changes inthe time domata, then 
iterative coherent spatial changes eventually will produce a change in the time-domain. Consequently, the time-like mind will 
have a continuing stream of such small but procesabletime-energy ehanges from coherent 3-spatial phenomena ints body and 
the macroscopic (coherent) universe. ‘Te sense the 2-space body as “set” while simultaneously sensing other 3-space physical 

25 "non-selt, the conscious mind mast compare the various receive time-like projection signals against is "time-ike 
‘issued. That st of received time-sgnals that matches or closely matches the conscious minds issued order signals thus 
yields the sense ofthe body behavioral changes as 1) self, and (2) body responses to its orders. The time delay between 
issuance of the minds orders and the receipt ofthe correlated time-like responses from its body, provides the sense of sel 
persistence or independent being. 


‘The mind couples to the body via a similar spacetime curvature mechanism. When the mind issues Yorders", they are inthe 
timeske realm but are changes, hence small spacetime curvatures. They therefore involve very small 3-spatal changes 
(projections into the 3space body. Since the mind orders are coherent, his small iterative se of 3-space changes will integrate 
coherently, yielding real quantum changes inthe body and nervous system (ea, the brain). 


‘This coupling mechanism is profound. The steady steam of integrated time-like projections arising inthe mind due tothe 
physical world outside one's body, des not compare or match the mind!'s memory ofits orders. Hence that allows the sensing 
ff the "extemal world” as "nonsel™, ‘The sense of tht external world as existing” or "being” is provided by the time delay in 
the comparison process, trom "mind signals issued to "physical signals reeived". The metric yardstick standard fortis 
comparison time, so to speak, i provided by the time inthe identified "sel-loop" with the physical body. In other words, the 
‘mind uses that length of time to differentiate those time signals which coherently integrate ut do not match its issued order 
fom those time-signals which coherently integrate in the same time loop interval and do math its issued ordered 


ln this manner, we resolye all the great previously unresolved philosophical questions ofthe nature of consciousness, nation of 
being, nature of sel, nature of nonslf, perception ofthe pysical world, perception of body as self, perception of other bodies 
asnon-slf, etc. At least we resolve these issues from a testable physics approach, so that we can see that now a unified physics 
(end a technology) of mind and matter sat las in view, Since O(3) electrodynamics has been shown io be an important subsst 
‘of Sachs’ unified field theory, then O(3) eletrodynamics—or SU(2)»SU(2), which is bomomorphic with O(3)—can be sed to 
develop the direct engincering of ming, the mind-matter interaction, and mind functions ofthe living biological sytem 

Itis my considered opinion (with much evidence) thatthe Russian branch of encszetes, known a psuchoenengeties, uses a 
‘unified field theory and a higher symmetry elecirodynamics to achieve that type at diect engineering already, but for weapons 
tse rather than heneticil use for humanity 

‘As examples, we strongly suggest thatthe deaths of US. Captains Button, Svoboda, and Hess all involved KGB testing of long- 
range strategic psychoenergetics weapons over the United States, on those targeted personnel. This should not be surprising at 
alls the KGB has tested longitudinal EM wave interferometer weapons over the US. since 1967, and continues to do so today. 
‘They tested bioencrgetcs EM weapons against US. Embassy personne! in Moscow for several decades. Kills of US. airerall, 
and missiles have been performed at various times, including Kill of the Arrow DC-8 at Gander, Newfoundland in Dec, 1988, 
1uill ofa Titan [CBM fired ftom Vandenberg AFB in the spring of 1986, kill f the U.S. space shurtle Challenger in the spring of 
1086, continuing weather engineering aver the U.S. and elsewhere, et, 


That novel electromagnetic weapons have indeed been developed and are being tested world-wide, was confirmed by Defense 
Sceretary Colin in 1997 as follows 
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“Others [terrorists] are engaging even in an eco-ype of terrorism whereby they caw alter the climate, set off earthquakes, 
voleanoes remotely through the use of electromagnetic waves... So there are plenty of ingenious minds out there that are at work 
finding ways ia which they can wreak terror upon other nations.’ real, an thar’ the reason why we have to tntensifi our 
eountertororism] effort.” (Secretary of Defense William Cohen at an April 1997 counterterrorism conference sponsored by 
former Senator Sam Nunn. Quoted from DoD News Briefing, Secretary of Defense William S. Cohen, QA atthe Conference 
on Terrorism, Weapons af Mass Destruction, and U.S. Strategy, University of Georgia, Athens, Ap. 28, 1997] 

We specifically cal attention to the fact thatthe Secretary did not speak the words enclosed in square brackets. This is nat 
limited just to terrorists or countertermorism, 


There appears to be no insurmountable difficulties in developing psyshocnergetic technology using the approach outlined 
above. Certainly is not as formidable a task as has been hot fusion, 

‘The incident involving Captain Button, ¢z., was to demonstrate control ofan individual performing complex technical tasks for 
period of a least one hour. The test against Captain Svolnda was to demonstrate hw simply human kl can he achieved in 
‘cmt troops, merely by introducing selected changes inthe mental functioning of the targeted individuals, As Svobods was 
climbing her A-10 out ofa successful low-level ordnance drop at night on a ground target, her sense of up and down was 
Instantly reversed. Instantly perceiving she was diving instead of climbing although actualy climbing out perfectly she 
“corrected” immediately and dove headlong into the ground, pershing in the resulting explosion of her aireraf 


Inthe case of Cap Hess, the test demonstrated that eather complete mental contol can be almost instantly asserted, and even 
the responses ofthe autonomic nervous system can he overridden. So Captain Hess, out for a morning jog, simply went aside. 
sat down, and stabbed himself repeatedly, including multiple times right through the heart. Had one seen the incident, he would 
hhave simply continued stabbing himself very calmly, without emotion or reflex action from his autonomic nervous system, until 
physical lature of his body 

‘As can be seen, itis ofthe utmost importance tha this nation understand psychoenerg 
effective defenses against them. The next grea strategic batlfield may be as muuch a 
physical world” combat. The war can be quickly lost in ether arena. 


ies weapons of such nature and develop 
tual reality" battle as it sa "real 


We also point out that the psychoenergetics weaponry really is adapted to use in more advanced longitudinal EM wave 
interferometers, which readily penetrate the Earth and the ocean. Hence deeply buried strategic command and control centers 
are vulnerable to psychoenergetics warfare, as are the crewmen of our auclear submarines, ICBMs, aierat carriers, division and 
‘amy command centers, national command centers, strategie bomber pilots et. 


Indeed, one ofthe major incentives for developing such psychoenergctics weapons as was demanstated in controlling Captain 
‘Button, was to seize and control the entire on-site manning crews othe defensive quantum potential weapons preventing launch 
of fll strategic warfare. By having the QP systems "stood down for maintenance” by their own ews, the major strategic 
retaliation and "dead man fing" would have been removed and countered. Then powerfully striking the QP sites with LWIs 
‘would have destroyed them, and lft the sites themselves radioactively emitting longitudinal EM waves, this preventing 
reoccupation in case the QP weaponry survived. The counter to that scheme was to place the friendly QP weapon sites om 
“fasune” command aad contol. In that mode, instead of human decision being made to launch, every so offen (say, every to 
‘hours the computer automatically initiates the launch sequence. During that sequence ifthe crew i tll alive and functional, 
‘eds ca be punched in and the computer cancels the launch initiation. It then rspeats the sequence two hours later. If no 
coded cancellation onder is punched in, for whatever reason, the launch sequence completes and the QP weapons fire. {a that 
case, much of Russia disappears from the face of the earth 

erly, just about the time that Secretary Cohen was making his quoted statement in April 1997, the KGB was being notified by 
the friendly litle nation of the change to insane command and contol. This forced the abortion ofa grea strategic attack upon 
the West, scheduled to occur on May 1, 1997, 

‘We are strongly stressing that psychoenergetics isnot parapsychology and i isnot just an idle theory of academics. Instead, itis 


already potently used in some very powerful and deployed weapon systems that could well decide the course ofthe next world 
‘war almost at a moments notice 


Seealso discussion under energy 
‘CONSCIOUSNESS. 


Refers toa living beings awareness of is sensations, feelings, thoughts, and the world around it 


‘The new approach uses a coupling mechanism between the time-like mind andthe body of living creature, ‘The nature ofthis 
coupling mechanism then generates the mechanism by which self-awareness is produced, awareness of non-sel is produced, 
land the sense of existing inthe external word but differing from iis produced, 

CONTINUOUS MODE 


Fora longitudinal EM wave interferometer, a continuous mode of operation where power is fel continually tothe transmiters, 
and the two longitudinal EM wave pattems or beams are continuously transmuted. 


CONVENTIONAL SCALAR POTENTIAL 
Acca 
Inother words, one in which itis assumed tha its virtual particle fx has no ordering, but is just a randomized flu. This 
assumption (eg, of quantum mechanics indirectly) is incompatible by the Whittaker demonstration that (i scalar potential isa 
hharmonic set of “bidirectional” EM phase conjugate wave pairs, and thus not a scalar entity a all, and (i) perfect ordering of its 
‘wave components exists inside the sealer potential 


ential formed without use of unificially added substructuring of ts intemal biwaves and thir products 


‘One must carefully distinguish what each ofthese internal "phase conjugate EM longitudinal wavepaies” actually represents 
Prior to interaction with detecting charges, the potential is a4-potential existing in spacetime (4-space). The time domain, of 
course, is represented by ict, and in that expression only" isa variable, Hence the “incoming” phase conjugate longitudinal 
[EM waves in the imaginary plane ae actually longitudinal EM waves inthe time dimension, These waves converge upon the 
Aipolaity represented by the "scalar potential” or any "pices" of it. The dipolarty represents the interaction of charges; 
specifically a dipole. This reation—by the spin ofthe charges—transduces the incoming EM energy from the time-dimension 
‘nto 3-space, and emits it from the charges as eal EM longitudinal EM energy radiating out from the dipolarty in all directions 
in Sxpace 


The phase conjugate half-set of the Whittaker waves, prior 1 dei interuction with charge, are not waves in 3-space, but are 
\waves of LW EM energy coming in from the imaginary plane and dis from the time domain. ‘The eharges of the polarity spin 
“720°, being 360” inthe complex plane and then 360” in eeal3-space. So the charges absorb the EM LW energy impinging on 
thom from the time domain, during their 360" rotation inthe complex plane. When they ener real space forthe rest oftheir 
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spin, the already-excited charges dissipate their excitation energy inal directions as they spin their 3609" in S-xpace, ‘That is 
‘what the Whitaker decomposition actully shows, but it has been ignored for almost a century 

In shor, the broken 3-symmetryof the diplarty-—well-known in particle physics for nearly half-century, but never 
‘incorporated into CED allows nature to jump toa higher, more fundamental 4-symmetry in the energy flow. Energy is being 
conserved in 4-space, but notin 3-space. Further, there i a special new energy flow symmetry involved: one-way inthe time 
domain and the other way in the 3-space domain. Note that energy is not conserved in 3-space! There is no law of nature 
‘requiring the extra requirement tha, in addition to conservation in 4-space, the energy must also be conserved in 3-space! So 
‘when the dipole breaks that extra requirement, only the basic 4-conservation applies. In that cas, nature very happily gives you 
‘what might be called a white hoe in astrophysics terms: energy will pour i to the dipolarity unceasingly from th time= 
dimension, and will pour out in 3-space unceasingly, so long as that dipolarity persists. 

[By considering the vitual charges of opposite sign that luster inthe vacuum around any "isolated observable charge”, one may 
representa single charge (as an electron or proton) asa set of composite dipoles, wire each dipole consists ofa virtual charge 
(hile it exists) anda differential element ofthe observable charge. So the charge becomes a set of composite dipoles, each 
‘with Whitaker decomposition of the salar potential between its ends 

Hence we ave solved the long-vexing prablem that Semiz called "the greatest unsolved problem in electrodynamics the 
problem of the source charge (or source dipole) and its associated fields and potentials and the enormous EM energy continually 
Pouring out af any charge or dipole in all directions in space, 


When the arbitrarily discarded giant Heaviside nondiverged energy flow component i also accounted, this leads to the giant 
rnegentropy ofthe dipole, as shown in my paper, "Giant Negentropy from the Common Dipole”. We have also proposed this 
“dark Heaviside energy” asthe unaccounted source ofthe excess gravity known ta be present inspiral galaxies end holding 
together theirarms. The dark energy yields atleast 90% ofthe toal gravity involved, and the additional 10% gr so ean be 
accounted for my known gravitational sources. 

Ieppears that these new discoveries can also be utilized to show that “quintessence” i also caused by COP>I.0 processes in the 
universe, and the excess production of negative "wiant dark energy flows". Ifo, then this also would account forthe recently 
Aiscovered fact thatthe universe has an excess of negative gravitation, so that ii not only expanding but is accelerating in that 
expansion. A this time, the present authori il atempting tote up the loose ends involved in showing that quintessence also 
is eeated as a result of functions ofthe giant negentopy process. 

In the Whitaker biwave pairs, If one then insists that these hidden EM waves are comprised of hidden photons, then it follows 
that the photons exist as continually coupling and uncoupling photow/antiphoton pairs, or continually forming and unforming 
gravitons as the wave and antiwave continually passthrough cach other, 


Itisa litle more complicated than that, since Maxwell actually omitted half the EM enengy inthe EM wave in space, and als in 
the cieuit—as do electrodynamicists to this day. For gravitons, one really must come to grips with this error and correct it 
This will be added later inthis glossary. (To be Added. 


‘COOPER PAIR 
A dynamic pairing of electrons in superconductvity theory: 
In this pair, ifthe energy state with wave number rand spin is occupied by an electron, then so i the state with wave number 
= erand spin ~ 

COP (COEFFICIENT OF PERFORMANCE) 
Ratio of enensy out divided by that portion ofthe total enenzy input that is input by the operator or experimenter 
‘The COP is thus a measure of "elicieney of using the operator or experimenters input energy" to produce—or direct the 
production of -usefil work, Note that he can direct the use of bis own input energy. as almost all our present systems do. Better 
Yet, he can also direct (gate or "switch" the use of some external fre flow of energy from the environment into the system, so 
tha he gets lots more work out ofthe system than he has to putin himself, Oly a lew of our systems—such as solar cells, sails 


fon sailboats, waterwseels to power mils, and windmills—are such Maxwells demons (open systems) where the output exceeds 
the operators input of energy 


We sharply contrast the term "COP" to the term "efficiency". The efficiency (overall) ofa system is how much useful encesy 
output (usually 3s work, or ean be converted to work at wil) th system produces forthe total amount of energy thats input 
(both by the operator and by the extemal envionment), Even a highly ineflicient system may nonetheless have a COP>I.0, i 
{the operator inputs les energy than the system outa. 


‘We urge the reader to thoroughly understand the difference between enengy-use “efliciency" ofa system and coefficient of 
performance of the system. Many scientists, engineers, and especially free-energy researchers are coafused onthe precise 
tliference in these terms, 


‘CORPUS CALLOSUM 


‘The thick nerve links together the two cercbral 


In cach ofthe two cerebral hemispheres, there isa separate mind and personality (given that the other is separated). However, a 
brain has a unique characteristic: Anything that arises directly inside it is automatically assumed tobe selF-originated, since the 
brain-tuner ean differentiate no separation or "separate source” for the signal thought arising dirctly upon its "intemal screen" 
This allows integration of the two beainsminds/personaites into one. Tha is, when one brain half prepares and sends a 
message that message is also routed across the corpus callosum into the other bran half, arising internally upon the second 
brains “display.” The second bran half therefore thinks that tte originated the signal or message 


COSMOLOGICAL FEEDBACK PRINCIPLE 
Puthol's self resenerating cosmological feedhack evel forthe source of the vacwum EM ZPE. 


‘One may assume the existence of EM zero-point energy (ZPE) by fat a pat of the boundary conditions ofthe universe, or 
conceive of is generation by the quanfum-fluctuation motion of charged particles that constitute matter. Puthol calculated the 
latier possibility, assuming that the ZPE spectrum (Hield distribution) drives particle motion, and thatthe particle motion in turn 
sgenerttes the ZPE spectrum, This provides a slP-regencrating cosmological feedback cycle, which in fac is consistent with the 
‘general relativity assumption that curvature of spacetime aflecis mass energy, and mass energy changes affect the curvature of 
spacetime, 
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‘The result of Putof?'scalelation isthe appropriate frequency-cube spectral distribution of the correct order of magnitude 
His results thus consistent with, and indicates, a dynamie-genertion process for the ZPE fields. 


In general this i also consistent withthe Sachs’ unified field theory approach, and with the Evans O(3) important subset oft 


COURIER, ROBERT 
[Noted French scientist who collaorated with Antoine Prioré in his revolutionary healing experiments on laboratory animals 
using longitudinal EM waves from plasma tubes, 

Courrier was the head of the Biology Section of the French Academy and also the perpetual scretary atthe time. He personally 
presented the astounding results of the Prioré work, showing cures of terminal tumors, to the assembled French Academy, 
‘creating a farr. 


CROSSTALK, 


In ondinary science, the transfer of enemy o signal from one channel to another by cross modulation or cross coupling between 
the channels 


In the new approach, th term “crosstalk” can be used in an additional sense where it refers to virtual energy exchange between 
orthogonal universes or frames—that i, between diferent 3- or 4-dimensional slices ofan infinitedimensional universe. 
‘CURL CONCEPTS OF FIELDS 
[Refers to concepts of fields a the curl of some vector potential 
Ex. the magnitude of the B-feld is equal to the cur of the A-potentil, given by B=VxA, More exactly, the B-feld is 
identically curled A-potential, by B= VA, but only that portion of Wc that s diverged around or collected by an 
intercepting unit point static charge 
[Note that we are accenting that no equation i a definition. So texts stating thatthe frst equation with an equals sgn "defines" 
the magnetie vector potential A ae in eror, If we state that B= VxA, then we are defining the Bfield as a curled form af the 
‘magnetic vector potential, which itis 
‘The reader must he aware thatthe field concep itself in CEM is flawed, being "defined asthe effect exiting alter an 
interaction by a4-space entity with a3-space mass, and hence 
3-spatial and an "effect", and yet then used as if it were the 4-space "cause" entity that propagate in 4-space to interact. In 
shor, the field concept is thoroughly confused in the txts and papers inthe literature (and has been confused for more than a 
century) as no only the eause but the result ofthe interaction ofthe eause with some recipient. This problem has been 
highlighted by many physicists, including Feynman, Wheeler, et. 


‘This "confusion ofthe cause with the effect" is widespread in physics, and is the single greatest foundations errr which 
‘hampers the progress of physics, Another example isthe false notion tht a "separate force” acts upon a "separate mass", when 
{infact mass isa component of force by the definition B= did(m). That such simple and obvious errars have been propagated 
by so many hundreds of thousands of seientiss for so many decades is perplexing. lndced, the errors simply continue to be 
used. Note that Nobelist Feynman and the great John Wheeler pointed out thatthe “field as defined in CEM does not and 
‘anot exist in spacetime! Instead, Feynman pointed out that ony the potential fr the Field exists in spactime, in case some 
‘charged mass i brought into interact with i nd thereby produce the field as an effect. 


Indeed, no observable persists, for it "exists" only as a momentary 3-space fozen snapshot ar slice of a 4-space dynamic 
interaction. Here again, most physicists do not realize tht observables such as mass m do not and cannot persist other that a 
the instantaneous frozen moment of the snapshot. 


Toroids and long solenoid have the characteristic of separating the Bild (curled potential) and holding it inside. However, 
drawing energy trom any potential whose "source charge or source dipole” is ot destroyed, simply results inthe fll value of 
‘the potential being replenished from the vacuum, via the 4-symmetry energy flow mechanism in the presence of the broken 3- 
symmetry of the dipole. Hence one may easly “double” the potential energy density at will, and this sa special form of gaug 
freedom, where the potential enemy of any electromagnetic system ean be altered freely and at will, We strongly accent that, 
contrary to what is inthe EM textbook, gauge freedom rigorously allows the direct and free amplification of potential energy of 
the EM system at will. That this principe, incorporated in gauge field theory, has been known so long and still not used in the 
design, prodoction, and use of COP>1.0 electrical power systems is quite inexplicable, 


In the motionless electromagnetic generator, we used a special core material to extract the curled potential (B-field) from a 
permanent magnet's vector potential A, so that A is replenished in uncured form directly from the vacuurn via the giant 
‘egentropy process 

To achieve COP>10, we then simultancously interacted both the uncurled A-potential enerzy extemal tothe output col, and the 
internal curled A-potental enenzy (B-field energy internal tothe core through the coil, with the coil. By pulsing, the Lenz law 
effet is also invoked as yet another momentary regauging and potential energy increase, so that an additonal energy gain is, 
achieved, 

The well-nown Aharonov-Bohm effect proves that the uncurled A-potentil can indeed be separated from the B-feld in like 
‘manner, and the A-potential does interact with electrons since dAVGt =~ E, 

Thus the MEG achieves COP>1.0 permissibly, because itis an open system freely receiving excess energy tom the active 
‘vacuum environment, via the vacuum's replenishment ofthe magnetic vector potential ofthe permanent magnet dipole as fst as 
‘nergy is draw from it, The MEG alsa violates the usual closed current loops sef-impostion of Lorentz symmetrical 
‘egauging when discharging is excitation energy its free excess regauging potential encmgy), because the "source dipole" (the 
permanent magnetic dipole) is not destroyed, 


‘CURVED SPACETIME (externally, internally) 
A four-dimensional geometry used in general relativity, where the curvature is determined by the distribution of mass-1 
Inthe new, more extended approach, any change in the spatial energy density of spacetime or any change in the time-enersy 
density of it, ora combination of changes in both, The difference i that inthe new approach ime is also treated asa special 
form of energy. Specifically time may be regarded as spatial EM energy compressed by a factor of ¢ 


(CYBORG (An acronym for evberetic organism), 
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ly of functionally linked 19 mechanical or 


(Noun): single inteweated system consisting ofa living system enera 
slectromagnetic devices andor systems performing some vital functions 


Verb Li 


the sense of forming such a system, 


Inthe new approach, a living biological system may thus be considered a cyborg ofits time-like mindworld (mindframe) to its 
3-spatal body (laboratory tuner). The Yeyhorging" is provided by the personal quantum potential and by the mind-body 
‘oupling mechanism, Duc tothe giant negentropy mechanism of eny dipolar. any’ scalar potential as 2 dipolarity 3 eyborg 
between observable reality and virtual state time-like) reality, i, between 3-space and the time-domain, 


CYTOMEGALOVIRUS 


Any of several members ofthe herpesvnus family that cause infected cells o enlarge andlor to form evtoplasmie (the 
protoplasm ofa cel, extemal tothe nuclear membrane) inclusions in leukocvies (hie blood cells) particularly in thee nul 


Cytomegalovirus makes a protein that appears to disable the pS3 protein, Asa result, smooth muscle cells in blood vessels can 
proliferate until they impede blood flow. 


CYTORATHOGEN 
Literally. a pathoven (disease causing organism —or extended, mechanism —) that affects cells and generates damage in them, 


CYTOPATHOGENIC 
Damaging, harmful or destructive for cell 
(CYTOPATHOGENIC EFFECT 


The generation of damage, disease, death or other symptoms atthe celular level in cells that are exposed to or subjected toa 
pathogen 


(CYTOPATHOGENIC MIRROR EFFECT 
Distant EM pathogenic effect noted by Kaznacheyev in thousands of military experiments, where cellular death, disease, and 


‘damage forms are shown to he transite from one cell culture inthe dark (absence of visible light) where the changes are 


induced, to another similar targeted cell culture in the dark tht is environmentally shielded from the fist except for light 
‘uansmission in the infared and in the ulaviolet_AMfcr exposure begin, aflera time delay (say, 2 hours oF more), the ells in 
the targeted ell culture will begin to exhibit due same symptoms as the culture having the induced damaze_ Eventually. in most 
cases the argted cells will develop the same damage, disease condition, or death, The effects vary with the time of day ete 


Te necessity for photon connection from IR to UV is shown by contrasting a thin quartz window allowing the light 
transmission with thin window glass window. The quartz i open from the IR ta the UV, and wil pass that entre spectrum. 
With the visible light absent, the IR and U' biophotons emitted by the damaged cll culture wil pass through the quartz 
‘window into the targeted cll culture. Affer the time delay, the targeted cell culture starts developing the condition. 

Use of a thin window glass window, however, prevents the effect, Normal window glass is opaque in the IR and inthe UV, and 
sit blocks the transmission of the IR and UV biophotons 

The UV isa harmonic ofthe IR, arranged properly. An unusual effet exists when two sine waves one te first harmonic of the 
other, are simultaneously transmitted into an isotropic nonlinear medium, such as water. On each sine wave, the peak travels 
faster in the water than off-peak pars of the wave does, Hence the wave peaks overshoot its middle, the wave collapses, breaks 
‘up te. Both the waves of the transmitted harmonic set do that. However, iPone pretends that one transmitted the difference 
frequency between them, and not the waves themselves, a strange phenomenon resulis. Regardless ofthe breakup ofthe 
primary harmonic set, the difference frequency travels through the water as iit were areal frequency ina linear medium, ‘This 
effect as heen proven and is used in underwater somar equipment. 


For example, see Owen Flynn, "Parametic arrays: A new concept for sonar,” Electronic Warfare Magazine, June 1977, p. 
107-112. Any two sine-wave frequencies as simultaneous drivers combine to produce a sine-wave difference frequency 
propagating in water, essentially without sidebands or reyerberations. Its pater has a main lobe approximately equal to that of 
the high frequency drive, but devoid of sidelobes. The level of the propagating difference frequency is proportional to both the 
product ofthe two fundamental drive levels and to the square of the desired value of difference frequency. 


Living cells contain a great percentage of water. Hence the effect should apply to those targeted cells, under the conditions 
state 

‘From general relativity, we know that any patter and dynamics of mass-eneray, such as ina cell anda its parts and dynamics, 
directly interacts with leal spacetime to curve it, and any set of curvatures of spacetime interact with any conglomerate of 
‘mass-energy and is parts and dynamics. The set of precise curvatures and their dynamics we call an engine. ina mass 
‘embedded in a local region of spacetime containing an engine, the engine will interact with the mass-energy to change ithe 
smase-energy and its dynamics do not "it" the engine und its dyamics, 

Ina diseased, damaged, or dead cell, he mass-energy of that cell and its "template" (frm and dynamics) difes fom its 
template while the cell was living and normal. Let us now see what happens when that dead cell emits a biophoton, 

A photon emitted from a dielectric suchas a damaged cell isnot emit just fom ane spot. Every part ofthe dielectric 
participates inthe emission ofthat photon. (See "porthole concept o be added). Further, cach emitted photon contains in its 
Scalar potential and its magnetic vector potential, the exact longitudinal EM waveset that constitutes the Vacuum engine of the 
damaged cell that emited it. When a cell absorbs a photon, it absorbs tht vacuum engine carried by the photon also. If it 
absorbs a stream of photons of harmonic interval, the difference frequency constitutes in terms ofa wave, traveling through the 
cell water as if ina linear medium, and transporting that vacuum engine to every part ofthe absorbing cell dielectric. 

So the biophotons emitted from Kaznacheyev's damaged, diseased, or dying cells sent biophotons containing the exact 
spacetime curvature engines and dynamics oftheir precise condition (template). Further, a harmanic interval of such radiation is 
‘uansmitted into the targeted cells, and absorbed. ‘The mixing ofthe two absorpiions eventually is sufficient to establish the 
‘harmonic interval, thus witha clear EM signal difference that travels through the cell's water and to every tiniest pat of it. This, 
“iflerence frequency lear signal" also contains the pure vacuum engines ofthe template ofthe changes in the diseased, dying, 
cor damaged emitting cell, 


Te result isthe “kindling” (coherent integration) of the template inthe absorbing cell's local spacetime in which i is 
embedded. As that spacetime engine grows, it difers from the resident engine of the absorbing cell. Tha difference is itself’ an 
engine, and it operates steadily upon that absorbing cel to alter its engine and then its physical condition and state 
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‘As the new engine continues to interact, the physical cells gradually changed into an equilibrium condition in its mutual 
interaction with its local spacetime engine. ‘That occurs after the absorbing cell has developed the same disease, damage, oF 
ddying condition as the transmitting cll 

This isthe secret ofthe Kaznacheyev experiments. The Kamacheyev work was allowed to be eleased in the open literature to 
stimulate the US. scientific and intelligence communities and sce whether or aot the scientists and analysts had applied 
unified field theory and higher symmetry electrodynamics tothe EM bioeffecs problem. The totally casual reception ofthe 
‘Kaznacheyev experiments in the West, with no interest or interaction from the stimulated communities assured the KGB 
conclusively thatthe West was stil in kindergarten in its knowledge of EM bioeffecs, and particularly had litle or no 

knowledge inthe field of EM biological warkare 

Kaznacheyev referred tothe effect as the “eytopathogenic mirror" effect, forthe pathogenic effects fom the emiting damaged 
cells being "mirored in the targeted cll, 

Sce Vial Kaznacheyey and L. P, Mikhuilova, Ultraweak Radiation in Intercellular Interactions, [in Russian), Novosibirsk 
181, An English exposition of much of the Kaznacheyey work is given in Vial Kaznacheyey, "Electromagnetic 
‘Bioinformation in Imercellular Interactions," Psi Research, (1), Mar. 1982, p. 47-76. See also Vial Kaznacheyew, "Apparent 
information transfer between two groups of cells," Psychoenergeti Systems, 1(1), Dec. 1974; Vlail Kaznacheyev et ul. 
“Distant intercellular interactions in a system of two tissue culture.” Psyehoenergetic Systems, (3), Mar. 1976, p. 41-142. tn 
the same isue, ee "A Comment” by Willam A. MeGarey, p. 143;"A Comment" by Anthur C. Hastings. p. 143-144, 


‘Seven of cight nations nov have longitudinal EM wave interferometer weapons, capable of beaming right through the earth and 
‘can to the other side of the planet, AC least two ofthese nations Russa and China are eapable of adding engine structures 
to these interferometers, and sweeping a targeted population area to generate that specific disease condition in that target. A. 
sophisticated use would be to have agents (such a terrorist teams already in the United States and with biological agents in 
hand) release a small quantity of smallpox inthe area previously targeted. The LWls have swept the entre area continuously for 
period, slowly kindling (especially at night) the exact form ofthe disease within the bodies ofthe populace. A curious thing 
happens ifthe level of kindling ofthe smallpox state has been kept just beneath the observable state, within what is sometimes 
called the "shadow state” (just barely virtual). A smallpox pandemic will explode in that populace wih a fercity never scen in 
‘modern times, and at an unparalleled rate. This is further exacerbated by "spreading the immune systems" prior tothe attack 
(Germ and discussion tobe added), which seriously weakens the immune system's ability to resist any singe pathogenic attack 


Tere ar hardly any supplies of smallpox vaccine left that are viable. Even where there ae, the Russian laboratories developed 
strains of smallpox resistant o the normal vaccine, and after the collapse ofthe Russian economy and the former Soviet sate, 
these strains were sold on the black market tothe highest bidder. Further, most of the Soviet scientists employed in those secret 
biowar facilities wound up employed in several other nations, most hostile to the United States. 

The points this: Such a strike could infact kill up to 2 billion people worldwide, Further, the entite afr would appear to be 
just chance breakout of smallpox, and its spread through a nonresistant world populace. 

When modem biological warfare is actually analyzed in detail, the "bang for dhe buck” is preter than itis for mclear weapons. 
Funer, «rogue or hostile nation can take its ime in advance and develop quantities of smallpox vaccine (forthe very stain it 
‘ill use, then initiate such a clandestine campaign after it ha vaccinated is own populace, armed forces, and agents, Guess 
‘who survives after such an aac. 


cytoroxic 
Toxic (acts a a poison of toxin) to cells 


‘A toxin sa colloidal proteinaceous poisonous substance that is a specific product of the metabolic activites ofa ving 
‘organism, The toxin i usally very unstable, and is notably toxic wen introduced nto the tissues, 


DARK ENERGY 


‘The Heaviside nondiverged enengy flow component, surounding every Geld charge and potential/charg reaction but 
{unaccounted in present electromagnetic theory alter being arbitrarily discarded by Lorentz 


DATUM 


Consideration, or data considered, or information considered, or action considered, or result considered 


DEATH 


The disintegration of the personal quantum potenial's connection tothe physical body's atomic nuclei by loss ofthe mind-body 
‘onnection mechanism, 


‘Simply put, separation of the quantum potential containing the time-like mind-frame from the body. Loss of the preferential 
tuning ofa physical body to its mindworld. This causes los ofthe preferential consciousness loop or life channel, resulting in 
"death" (reversion to inert matter) ofthe body. Actually the quantum potential and the mind-frame remains. so the heing is 
‘unchanging and indestructible, hence consists of all changes and destructions simultaneously with none separated individually. 
Life and death thus are two sides ofthe same coin, and the coin is immutable, regardless of which side is expose 


DE BROGLIE WAVE 
A matter wave, conceived by Louis de Broglie, 


The quantum mechanics wave associstod witha particle of mater, which can sie ise interference effets. An obi 
clecion in an atom i associated witha stunding e Broglie wave ona Bol orbit De Broglie waves always move [aster than 
{he spoof ight, the spe being given by cy, whee eis the velocity of light in vacuum and isthe velocity af the pale wf 
mass, De Broglie wave velocities thus vary fom the sped of ight to infinite spec (everywhere a once) Ini pecch 
ccpling the Nobel Pie, de Broglie emphasized tha since these waves produce real physical eet they ar el and must 
‘othe regarded simply ax mathematical conveniences, 


DEBYE, PETER 


Dutch-born American physical chemist and Nobelist, 1884-1966, who performed important and 
‘ioments and diffactions of X-ravs and electrons in gases, 


rndamentalstodies in bipole 


DEDIFFERENTIATION, CELLULAR 


‘The reversion ofa cell or cellular structure toa more primitive or generalized condition, 
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editferentiation i often preliminary toa major change in the cll or cellular structre. It can alsa bea reversion of the cello @ 
previous—even primeval~cel frm. The important point is that dedifferentiation returns the cello a previous (past) cellular 
state, Reversion of cancer cell, eg, would cause the cello return toa normal cll since that isthe nature ofits "cellular 
past" Itis vitally important that Becker has demonstrated that cells canbe differentiated (moved forward toa future state) oF 
editferentiated (moved backward to a previous state) electrically by very weak DC currents (picoamperes). He was nominated 
fora Nobel Prize for this epochal work 


Actual electromagnetic rdifferentaton of terminal tumors in laboratory animals was repeatedly demonstrated by Progé etal in 
the late 60 and early 70s and reported in the peer-eviewed French medical journals, as was reversion of depressed immune 
systems, cures of infectious diseases, and curing of arteriosclerosis. Ii inexplicable that this positively demonstrated cure of 
‘ancer—-which could also cure infectious diseases and probably can be developed to cure AIDS—was suppressed inthe mid 
“Tos and has not ben vigorously pursued by present establishment medical science 


DEGENERATE SEMICONDUCTOR 
A semiconductor whose conductivity approaches that of a metal 
DELGADO, JOSE M. R, 


[Noted Spanish neurophysiologst well-known for his research on brain behavioral mechanisms and thet control by electrical 
simulation; who implanted electrodes inthe brains of animals and humans and demonsirated tht their responses (bath 
‘behavioral and emotional) were specific and depended upon the specific localized part ofthe brain that was stimulated 

‘A TY tape made by Delgado showed a spectacular demonstration where he stopped a charging bull in mid-stide, With a small 
hand-held radio ransmitier, he transmited a radio signal toa receiver implanted in the head of the bul. This dramatic 
demonstration caused a world-wide sensation, 


The significance of his work is given by Becker: "Delgado discovered the exact parts ofthe brain in which electrical 
stimulation produced fear anset, pleasure, euphoria, or rage in human subjects. He found that certain sites produced major 
personality alterations. For example, stimulation of one such site could cause very proper reserved young ladies to hecome 
Mirttious and sexually aggressive. Other sites inhibited maternal or aggressive behavior. In shor, Delgado was able 0 
‘profoundly alter human behavior through electrical stimulation of dierete areas of the bran.” .. electrodes were implanted in 
the pleasure centers of rats brains. The animals were provided with evo levers to pres. One ofthese delivered food. and the 
other produced electrical simulation ofthe pleasure center Invariably the rats chose to press the lever that stimulated the 
pleasure center ven tthe extent that thes died af starvation" (Becker, Cross Currents, p- 221-222), 

Its known based ona rare OMNI interview that Delgado progressed to detailed study and experimentation forthe behavioral 
and emotional effects in monkeys of specific magnetic field frequencies on monkeys, These successful experiments involved 
‘letrical currents produced inthe brain but hundreds of times lower in intensity than those required for dtect electrode 
Stimulation. Since then, some information has been cautiously released from Westera military studies showing that microwave 
pulses can couple ta the central nervous system and prodice stimulation and behavior alteration similar to Delgado's released 
experimental results. 


Comment: The ultimate and most refined techniques in the field of electromagnetic control of human behavior, volition, 
‘emotion, ets provided by Russian psychoenergetis, the military version of which is totally under KGB control. This work 
hha progressed far beyond what Delgado and Becker were discussion so long azo. The use ofthe infolded longitudinal EM 
‘waves and “engines” —once the technology is developed allows direct engineering of conscious and unconsciots mind, 
‘memory including short term and long term, perception, awareness, etc. The additional advantage of using EM longitudinal 
‘waves is that mass is largely a very thin dispersion of particles, with (relatively speaking) very large distances between them, 
somewhat like the solar system but on diferent scale. This "inner space" is filled with EM waves, potentials, and fields—all of 
‘which decompose into sets of longitudinal EM waves aad their impressed dynamics. Thus the eath and ocean are readily 
penetrated by longitudinal EM wave beams, and the Russians (KGB) has developed such LW interferometers since the mid 
1050s, However by LW interferometry wre the pattems and dynamics of the caried LWs are engineered, any desired 
‘mapping patter of precise EM signals, frequencies, phases, and magnitudes can be reproduced in distant interference zones, 
reaching right through the ocean, ‘These interferometers could localize the distant interferometry into a 6-inch diameter volume 
asearly a5 1985, so from that time forward it gradually became possible to perform all of Delgado's “inserted electrode” EM. 
Stimulus ina single selected human brain from the opposite side of te earth, So approximately 1985 is when I would estimate 
the beginning of the "golden age” (ugh!) of distant peychocnergetics was initiated, 

[By 1997, this development would be into at leas third generation weapons, just being deployed or just having been deployed, 
‘considering an somewhat accelerated weapons development program where 6 years is one gencration. By 1997, very complex 
individual bchavioral and perceptual control shoald have jst arrived in on-site deployed strategic weapons systems. See 
discussion under conscious mind. 


Same selected use references are: J.M.R. Delgado et al, Journal of Anatomy, vol. 134, 1982, p. $33 reports that 
‘developmental defects occur in chick embryos exposed to various ELF frequencies. See also MLR. Delgado, Physical Control 
of the Mind: Toward a Psychocivilized Society, Vol. 41, World Perspectives, Harper & Row, New York, 1969. 
DEMODULATION 


From a carer containing a modulated signal, recovering the signal that was used to modulate 


DENSE SIGNAL ENVIRONMENT 
‘For our purposes, when the numberof weak EM signals crossing one square meter per second reaches 200,00. 


‘At 500,000 important nonlinear optical type effects of significance particularly long tem curnulatve effects—begin to occur 
{nthe exposed biological organism, 


DEPARTING ORTHOROTATIONS 


In space of dimensions greater than four, the rotating ofan objector entity away fom its line of motion, inthe direction of a 
dimension at right angles tothe line of travel in the observers three space, by some numberof additional 00" rotations 

The Lorentz transform in special relativity is just a formula for this kind of rotation. What we cll "velocity" is actually 
measure of rotation, In4-space, any abject in S-space can only rotate “out” of }-space in one direction: toward te time-axis, 
As the object rotates toward that time-axis, we sce the object as having a velocity in 3-space, and its "length along the line of 
‘motion' as having diminished. When the object rotates the fll 90°, its "length along the line of motion” has been converted to 
time" rather than length. Hence it has zero length along the line of motion and is moving atc the speed of ight in ambient 
space. It is also no longer material, but is a sort of flat plane surface moving at speed cin a direction perpendicular to the plane, 
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In that 4-space model, itis impossible for anything to move fistr than lightspeed. So Einstein's postulate dealing with the fact 
that it is impossible o translate mass, signals, et. faster than light speed has a buil-in assumption that only one orthogonal 
departing rotation can be made from 3-space. That postulate need not wpplyat all if more than one departing omtortation i 
permitted—which of course requires space af S dimensions or greater. 


‘The notions tha, if we allow a spacetime of greater than four dimensions, by continuing to rotate ever mare orthotums ina 
departing direction away from the original line of travel, the rlated object loses one observable dimension for every 
forthorotation. Hence with three “departing” orthoroations it becomes & "nonobservable point to the normal observe, but one 
that would be moving at speed c', A single orthorotation would make the 3dimensional objec # two-dimensional plane 
moving at speed c 


[No matter how many rotations are made ina departing manner, the objec is still connected to the time dimension common to al 
dimensions (assuming only a single time dimension for simplicity). So it exists in an orthorotated space, but inthe same time 
To the physical observer in 3-space, it thus appears to bea "time-like" or "mental" object only. Nonetheless, by affecting the 
density and structuring ofthe time domain, it ean have an effect on a 3-spatial object. We discuss that mechanism under the 
subjects ofthe mind-te-body coupling mechanism and the body-to-mind coupling mechanism. Further, with the Sachs-Evans 
unified field theory approach, the time-domain can be directly engineered, This means that both “inert” or physical reality and 
‘imeslke of “mental” reality can be directly engineered by novel elecrodynamie means 


In shor, a photon is just a particle (suchas an electron) that is orthorotated once toward the time axis). In photon emission, a 
litle bit of the mass-energy turns into onthorotated photon enerzy. In photon absorption, the absorbed photon enesgy tums back 
into mass-energy. 


The higher dimensional onhorotational concept was originally formed to allow a physical modeling grasp on a “mental” object 
as compared toa "physica" object, and Io have a connection mechanism between the two. Such an approach can be used to 
‘mode! both mind and matter, ther interaction, etc. The present author has used it to solve the old philosophical problem of 
“intent of how te perception of sof is attained, how the external world is perceived separate from self, etc. A'model for both 
living and nonliving states docs emerge 

This ora very similar approach has heen used by the Russan's highly classified weapon science called enerzetics, That third 
branch of energetics is called psyehoenergetics and it isthe physics of directly engincering mind states, mind operations, 
‘memory, ete by extended clectrodynamic means. We have previously detailed rauch ofthis work privately, but with some 
detailed openly in afew papers. Eg. see'T.E. Bearden, "Mind Control and EM Wave Polarization Transductions, Part 
Explore, 92), 1999, p. 50; Par Il Explore, 93), 1999, p61; Part Il, Explore, (4,8), 1999, p. 100-108, 


DESTRUCTIVE INTERFERENCE 


When two waves or waveses from tw different sources superpose to produce a combined wavesct that has a lower intensity 
‘than dhe sum ofthe intensities of the two original waves, 


DETERMINISTIC PATTERN OR TEMPLATE 


‘The exact arangement, by plan and deterministic action, ofa group of entities 
Eg. ofthe photons ina "herd" ar "group" of them, Or ast of spacetime curvatures, into a dynamic structure called a 
“spacetime curvature engine"-—or "engine" for short. Or by the vital photons in the vacuum Mux, ora deterministic set of 
changes to that vacuum flu (the vacuum Mux that i called the "vacuum potential" I have called this function of a 
deterministic patterning or templating of the virtual lux (particle view) ofthe potential dimensioning the potential 


DIELECTRIC 
Literally against electric (current 


triginally coined to mean "opposes the flow or conduct of electric uid." 
In today’s language, a diclectric isa non-conducting matcral used to oppose or prevent the flow of electric charges. Even empty 
‘vacuum exhibits some dielectric resistance. "Dielectric is also used to refer toa noncondicting mater (often used between 
the metal plates of a capacitor or elsewhere) which can i) sustain a change in potential across a distance (ie, an F-field) and 
(Gi) serve as an insulator Space itself is adiclectric, or atleast ts sad to exhibit certain dielectric qualities 


DIFFERENTIATION, CELLULAR, 
1) specialization of body pars or organs inthe evolutionary process. (2) modification of different pats ofthe body to perform 
particular functions) modification of the cells loming these bady parts or ogans so as to perform the necessary cellular 
functions required 19 support the functioning of the body part or ora 

DIFFRACTION 


The bending of Heh tthe edge of an opanue object, 
Usually diffraction introduces undesired distortion and is a problem. However, ican he useful and desirable—for example, in a 
slifracion grating 


DIMENSION 


‘A certain primary geometrical physical atribute, such as length used to describe the separation relationships of physical 
phenomena. 

The degree ofthat separation is known as "length, "time", ec. By "geometrical" we mean that the “dimension” is considered 10 
“exist” in ether the presence or absence of the observable physical phenomenon; however, by understood agreement the 
dimension itself i not directly observable It can be inferred ("measured"), however, by comparative operations of simple 
devices such as clocks and meter sticks, and its simplistic definition is usually given a "that which has measurable magnitude." 
Presented measuring procedures are used to assign magnitudes to these infered dimensions, using specific scales, 


Actually, “dimension” just means “fundamental quantity of separation” and "geomet" in the most general sense, The number 
of dimensions taken in advanced physics usually represents a somewhat arbitrary choice for good modeling fit In madera 
Kaluza-Klein theory, for example, it becomes necessary to accept some 10 or 1! dimensions inthe usual particle physies ase 
General relativity has incorporated the interaction of the abstract geometry (spacetime) with mass. Until Sach' extension of| 
Einstein's work into a unified field theory and Evans incorporation of O(3) electrodynamics as an insportant subset af Sachs! 
unified theory, general relativity has largely remained a nonexperimental discipline, a leas inthe laboratory. With the new 
Sachs-Evans approach, however, GR becomes substantially engineerable by novel clectromagnetic means, including in the 
laboratory and in devices 
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This is an arficil term | sometimes use to mean “forming an exact pattem or template’ particularly of nested curvatures of 
Spacetime, where the paten template may also be dynamic, It involves the infernal structuring of te "dimensioned en 


Te use of te tem "dimensioning" makes sense in unified field theory, but is awkward in agemal EM theory which erroneously 
considers that EM energy propagates in an uncurved spacetime. The mere presence of a change in local spatial energy, created 
by the wave energy itself when present in that local region, curves the lea spacetime. Hence the EM wave rigorously travels 
‘in curved spacetime, and in fact identically isa propagating, oscillating curvature of spacetime. 

Dimensioning also implies a deliberate form or structure (with dynamics) created inthe virtual photon flux of the vacuum or of 
the virtual photon flux comprising a scalar potential, or inthe infolded longitudinal wave EM inside all EM potentials, fcls, 
and waves. Itimplies an associated set of spacetime curvatures and their dynamics. The latter are referred to as engines", 
vacuum engines "spacetime curvature engines", ec 


Dimensioning potentials or signals or cartier waves also involves adding hidden racuum engines to them. I chose the descriptive 
term dimensioning because adding such template (hidden vacuum engine structres) is equivalent to increasing the EM. 
topology by adding dimensions. Since an EM wave or field or vector potential can he decomposed into two scalar potentials, 
then by “dimensioning” one or both of the scalar potentials one can "infold” dhe desired hidden structures or patterns (vacuurn 
‘engines inside an EM earrier wave, EM field, or vector potential. So Ucalled this dimensioning those entities. Internally 
Structuring the two scalar potentials via arrays of EM LW emites, and then applying the necessary dynamics (modulations), is 
primarily the manner in which dimensioning ean be directly engineered. When dimensioning is presen, to identical EM. 
"waves as seen on the oscilloscope may have dramatically differing intemal structures (dimensioning), and hence the two will 
produce drastically differing effects when they interact withthe sume or similar objects. This ofcourse isthe mechanism 
Involved inthe Kaznacheyev experiments and inthe decades-long microwave radiation ofthe U.S. Embassy in Moscow, where 
Inealth changes and diseases were clectromagnetcally induced in personne! in feld-free (stable and nonchanging potentials) 
‘Russian energetics refers to what we are calling "dimensioning" simply as adding the information content of the field. A very 
skilled disinormation program (actually strategic deception program) bas been used to deceive the West into believing the 
hrs refers to ordinary spectral analysis. It daesnt. The importance of the dimensioning eoncept is that one has aot formed 
‘mere "signals" instead, one has formed vacuum engines. Ifa receiving object receives a signal, it may oF may not aet upon that 
“signal information." [it receives a vacuum engine, however, the engine (structured local spacetime flux) directly acts upon it 
to make the requisite change. Further, the energy fr the interacton’s working upon the exposed objector system is Furnished 
‘continually from the curved spacetime set and their dynamics. The receiving abject has absolutely mo choice in that action 
‘occurring to it, and the action can occur from the gluons and quarks inside the charges in the nuclei, othe lattice structures, t0 
the system dynamics, tothe elements so a to transmute them, et: 


Note that when a dimensioned EM field or potential is absorbed by an object, that object also has internal EM fields and 
potentials which have substructures (usually rather random). However, the interal structure of the absorbed dimensioned entity 
land the intemal stractures ofthe EM field, potentials, and waves do mix in a direct diffusion process. Hence with continued 
‘nradiation, the target can be "charged up" with the desired intemal dimensioning structure. This i how the microwave 
inradiation of the U.S, Embassy accomplished disease induction, using signals with the desired disease dimensioning impressed 
{ntheie structures, particularly inthe potentials. Inthe Gulf Wat Disease, a much more sophisticated use ofthis mechanism was 
‘made, using a quantum potential as te carrier” All he effects (including the body fui transmission, the EM fields of the body 
‘transmitting and kindling some ofthe effects in children in proximity toa dimensioned veteran parent, can be explained. 

‘The use of dimensioned EM fields, waves, and potentials—and the use of dimensioned quantum potentials in Bohm’ hidden 
variable theory—allows an entirely new science of EM biological warfare, far more threatening and lethal than the more 
primitive physical pathogenic kind. Its also possible to use the techniques for revolutionary healing, as unwittingly shown by 
Prioné and the scientists working with him, and also as shown by Becker etal 

The only way n which the action of a vacuum engine (dioensioned carrier entity) can be resisted isto create and 
simultaneously introduce the exact antiengine for it 

‘Once the ation has heen completed inthe receiving object and it has been changed, the only way it usually ean be undone is 0 
form a precise antiengine for that action. amplify the antiengine, and let the aniengine act upon the object for a suficient time 
to "time reverse it hack to is previous physical state and condition". The Prioré mechanism wilized that method for reversing 
the cellular damage due to cancer and infectious diseases, and to restore suppressed immune systems. The same mechanism, if 
re-developed, could also be used to reverse aging i living human patients 

‘The engine and antingine processes can alsa be applied by structuring the kime-charging" or "kime-excitation charging” ofthe 
particles of mass in a body. The "por-le" concept even allows ordinary EM radiation to be used to forcibly transduce the 
{input ordinary EM into the extraordinary EM and thereby forcibly accomplish the necessary time-charging actions for disease 
and body deterioration reversal, See discussions under ‘porthole concept” and "me-charging” 


DIPOLE 
{In the simplest cas, two separated charges of (usually equal and) opposite sign. 


‘Asa general definition, a localized positive charge or charge distribution, and a localized negative charg or charge distribution, 
such tha the net charge summation is ero, but wherein the postive and negative charge distributions do not superpose. We 
point out, hvever, that in regular physics electrical change has no proper definition. Try looking it up in several physics 
Sictionaries! Then check our propose definition of electrical charge. Asis well-known in particle physics,» dipole is a broken 
symmetry inthe virtual photon flux of the vacuum. By definition of broken symmetry, this means that some ofthe virtual 
{nergy flux continuously absorbed from the seething Vacuum by the charges ofthe dipole, isnot re—radiated as virtual energy 
Instead) ts integrated coherently and r-radated in 3-space as real emitted EM energy. The dipole is therefore a true "negative 
resistor" since it receives EM energy in unusable form, and re-emits itn usable form. In classical EM theory, the problem of 
hhow every charge and dipole ean continuously emit EM energy to form all the associated fields and potentials and their energy, 
isan unsolved problem—sometimes called the most pressing problem in electrodynamics, both classical and quantal. For the 
solution and a discussion, see my paper "Giant Negentropy from the Common Dipole," Journal of New Energy, (1), Summer 
2000, p. 11-23, 

[cause of the broken 3-symmetry ofthe dipole, the EM energy flow ie not conserved in three dimensions (symmetry 
represents a conservation law, and broken symmetry represents the violation ofthat conservation aw—in this ese, violation of 
conservation of 3-space EM energy flow). Instead, EM energy flow is conserved in 4-dimensions, and the hidden inflow of EM 
energy tothe dipole is actually from the complex plane (time domain). Thus all EM eneray is actually received from the time- 
domain, and so the importance ean be seen of the internal structuring oftime-flow and of longitudinal EM waves in the ime 
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domain, Such time-domain energy ows appear naturally in O(3) electrodynamics; sce M. W. Evans and TE, Bearden, "The 
‘Mest General fom ofthe Vector Potential in Electrodynamics,” Optik (in review). 


DIRAC, PAUL A. M. 
Noted English physicist, 1902-1984, who shared the Nobel Prize for developing wave mechanics snd predicting the existence of 
the poston, 


DIRAC SEA, 
sidering the vacuum as containing amongst other things —a "sea" of an infinite negative enensy conditions or states 


oles") for electrons, almost ll of which are filled with electrons 
In Dirae electron theory the relativistic wave equation forthe electron has four components, which correspond to two spin 
‘orientations and two energy conditions: positive and negative. Thus the vacuum possesses a "sca" of negative energy conditions 
for electrons. These are called "holes" and are considered to ordinarily be filled or mostly filled with electrons which have 
fallen into these negative energy states. The Dirac sea thus is this vacuum sea of negative energy electrons. In forward time, if 
energy is added, electrons canbe life from this sea. Ifspacctime i locally curved, aditional boles may be created so that 
‘normal positive energy electrons fll in and disappear, creating the appearance ofan "electrical energy sink" If the curvature is 
{nthe opposite direction, electrons may be life from the Dirac sea by the curvature, thus producing a low of electrons and 
reatng the appearance of "electrical energy source” 


DISCRETIZED 
Occurring in a inte size, fixed usa function of one or more variables, 


So long asthe same value(s) ofthe varable(s) are selected, the discretized entity is always the same size. However, if the 
value(s) ofthe determining variables are changed. the value of the discretized quantity may change so that its not a whole 
‘number multiple af the former entity: Compare this toa quantized entity, where the values of the variable(s) are hed to those 
‘wherein the entity will always be a multiple of an entity of fixed size 


DISEQUILIBRIUM 


Broken equilibrium, which in tum involves breaking appropriate conservation laws, 
DISSOCIATION 
‘Separation ofideas from thee affets or feelings, resulting in independent functioning ofthese components of «person's mental 
processes, 


‘Simply put, fragmentation of the mind and personality. Severe dissociation is the definition of insanity 


DISTORTION CORRECTION THEOREM 
‘lf. sear wave E1(0) propagates from lef to right through an arbitrary but lasless dielectric medium and if we generate in 
Some region of space [say near 2 =O] is phase conjugate replica E2(n), then E2 will propagate backward from right to lft 
through the disletrc medium, remaining everwhere the phase conjugate of 
‘Quoted from Amnon Yariv, Optical Electronics, 3rd Edn. Holt, Rinehart and Winston, New York, 1985, p. 500-801 
What is missing from the distortion correction theorem is hidden inthe phrase "we generate in some region of space its 
‘phase conjugate replica”. Since electrodynamicists and optical physicists have been unaware that all EM energy at any point 
{nspace comes from the time domain to that point, then the actual phase conjugate wave in the imaginary plane (rom the time 
domain) is not utilized as the phase conjugate replica. Instead, the interaction of that wave with charges, which actually 
produces the force-field wave in space, is assumed. In short, one is looking atthe “effect” wave, not the "cause" wave. 
However, since time is not an observable even in theory, is this effet” wave in 3-space tht will be measured by our 
‘Note also thatthe distortion corecton theorem says nothing about longitudinal EM waves inthe time domain. Interestingly, in 
nonlinear optical pumping, it sppears thatthe 3-space energy of the pumping 3-space waves is transformed into the time domain 
by the pumping. and thence lows from the time damn into the space damain to form the progression ofthe time-teversed 
replica wave in }-space, 
leis apparent that much more work should be done upon the foundations of phase conjugate optics, in a higher symmetry 
lecirodynamics model such as O(3) eletrodynamics and particularly in the unified field theory as in the Sachs-Evans 
‘combined approach, 


DNA (DEOXYRIBONUCLEIC ACID) 
Nucleic acid that constitutes the genetic material of cellular organisms and also certain viruses 


DRUDE, PAUL 


‘Important German physicist, 1863-1006, who formulated the theory ofthe fre electron gas inside conductors, using it to 
formulate a theory of metalic resistance 


DRUDE ELECTRON GAS 
Thee” electrons that have broken loose from ther atoms ina conductor, and are thus flee to "wander around" and 
‘migrate'—or low as current when exposed to an emf, 

‘Also called the electron gas, or Drude electron gas, Named after the German physicist Paul Drude who died in 1906, who 
formulated Drude’ theory of metalic resistance based on EM theory and his own theory of electrons. See P. Drude, Ann, 
Physik, Vol. 1, p. $66; Vol. 3, 1900, p. 370, $69 for the original Drude papers. 


DUALITY PRINCIPLE 
‘In quantum mechanics, the principle that photons and other particles propagate ike waves and interac ike particles o that 


ci desripions as only waves or only particles is inadeauate 


ECM 


Electronic Countermessures 
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lectromagnetic measures taken agaist targeted electronics or electromagnetics operations in systems, particularly in hostile 
‘weapon systems, command and control systems, et. There are entire textbooks inthe West that are devoted to ECM effects, 
uses, effectiveness, et. A great deal of ECM equipment is also used by any modern military fore, However, in our view what 
is greatly lacking as yet in Western ECM is the deliberate design and use of novel new kinds of ECM based on the extended 
higher electrodynamics such as O(3) electrodynamics, and panicularly by use of longitudinal EM waves and by use ofthe 
{folded electrodynamics inside all EM fields, potentials, and waves. Longitudinal EM wave interferometers (LWIs), eg, can 

ch right through the earth and the ocean to emerge on the other side ofthe earth. Inthe interference zone (IZ), eal EM 
“transverse wave" energy is created readily by the interferometry Bitsing ofthe chassis grounds of the distant LW transmittrs 
can control whether the "normal" EM energy appearing inthe target 12 is convergent (cooling) or divergent (heating). By sharp 
pulsing of the LW transmitters, massive cold explosions or hot explosions can be created inthe 12. Continuous LWL 
Interferometry can produce geometric forms of EM energy, which usually glow due to the ionization ofthe atmosphere, etc in 
the dense EM energy rogions, Since these can alsa involve general relativistic effects as well as clectromagnetics effects inthe 
UC) CED sense, ebviously a dramatic expansion of the entire field of measures and countermeasures is entailed. 


We believe these LWI weapons may be what was referred toby US, Delanse Secretary Cohen as follows: "Others are engaging 
even inan eco-npe of terrarism whereby they ean alter the climate. set of earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious minds ou there that are at work finding ways in which they ean wreak 
{error upon other nations..'s real, and tha’ the reason why’ we have to intensifi our efforts." Secretary of Defense William 
Cohen at an April 1997 counterterrorism conference sponsored by former Senator Sam Nunn. DoD News Briefing, Secretary of 
‘Defense William S. Cohen, Q&A atthe Conference on Terrorism, Weapons of Mass Destruction, and U.S. Strategy Univesity 
of Georgia, Athens, Apr. 26, 1997 


EDGE WAVES 
In electromagnetics, waves that form parallel toa material edge 


EDISON, THOMAS ALVA 


Noted American inventor, 1847-1900, whose staggering numberof inventions included the storage battery. electric lightbulb, 
honograph, motion pictuves. and carhon microphone, 


E-FIELD (ELECTRIC FIELD) 
The electric field or electric intensity E. That field ona spinning ch 


lineat motion of the charac 


Seealso discussion under c, above. 


zed mass which produces an electrical force resulting ina 


E-FIELD, MOTIONAL, 


In classical EM theory, the electric field produced by moving a conductor ina mumnetic field. Often called motional inductance 
of the field 


Inthe orthodox theory, motional indactanceis deemed to be identical the inductance caused by atime rate of change ofthe 
‘magnetic field, experienced by the moving conductor. 


E-IELD, STATIC 
In onto theory, the electric field in the space surrounding a static changed particle, induced by the presence ofthe charged 
pitti. 

In classical EM, thee is no notion as to the eausative mechanism for this static field of and from a charge, which implicitly is 
assumed to just continuously create and pour out EM energy in all directions, thus grossly violating energy conservation. 
‘Consideration of this anomaly leas to what hasbeen called the most pressing problem in both quantal and classical 
clectrodynamics: the question of the formation of the fields and potentials associated with the "source charge" 


For full solution to this problem, see my "Giant Negeatropy from the Common Dipole," Journal of New Energy, 5(1), 
Summer 2000p. 11-23. Also on this website 


EHRENHAFT, FELIX 


Scientist who performed numerous experiments believed to demonstrate fractional charges 


EINSTEIN, ALBERT 


(German Llewish) phvsicist, 1870-1955, who emigrated tothe U.S. and formes special and gencral relativity theory, discovered 
and formed the theory of Brownian motion, recommended the development of ihe atomic bomb to President Roosevell, and 
rofbundly aflceted the course of science and the modem world, 


EINSTEIN-de HAAS EFFECT 


The rotation observed ins freely hanwing ferromagnet when it becomes magnetized, 


Iehas been used in the Finstein-de Haas method ta determine the gyromagnetic ratio ofa ferromagnetic material by suspending 
cylinder of the material from a torsion fiber and measuring the angular displacement of the cylinder when its magnetization is 
reverse. 


EINSTEIN, PODOLSKY, AND ROSEN PARADOX 
TThousht experiment in 1035 for measuring two correlated photons separated and a distant locations, protesting that quantum 
‘mcchanios requites thatthe particles communicate instantly, which is a "spooky action-a-a distance" (Einstein's phrase) 


The experiment eventually was performed and it works, just as required by quantum mechanles. The paradox inspired the 
development af hidden-varable theories 


EINSTEIN'S POSTULAT 


1) All the laws of physics are equally val 


in all inertial frames of reference 


2) the speed of light is the same a every inertial observer and 
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31 the observable local effects ofa gravitational field are indisinguishable from those arising from acceleration ofthe frame of 
rerence, 


Te first is called the special relativity principle, the second is called the law of light propagation, and the third is called the 
equivalence principle. It is now known that postulates (1) and (2) are not independent of each ote. Note that the third postulate 
Jmplies that any leal force is duc to a"gravitational fel (acceleration of the frame of reference). Iealso implies that 
gravitational force has a mechanism, since quantum mechanics assigns a differential operator, operating upon a potential to 
treate every force. By extended inference, itcan be seen thatthe third pestlate also implies that there should exist method to 
tur any type of free (Leld) into gravitational force (fel) 


The Russian physicist Sakharov has strongly postulate that gravitation is not even a fundamental field of physics, ofthe kind 
used by Maxwell in his electrodynamics. Instead, inthis view G-field is always comprised of, and made from, ether fields and 
interactions upon them. Indeed, such has always been implicit in general relativity, it just took Sakharoy to formally propase it. 
E-g, sce A. D. Sakdaroy, "Vacuum Quantum Fluctuations in Curved Space andthe Theory of Gravitation," Soviet Physics 
Doklady, Vol. 12. No. 11,1968, p. 1040-1041 [English transltion| Sakharoy's article in Russian) in Doklady. Akad. Nauk 
SSSR, Vol. 177, 1967, p. 70-71 

[Now let us do. litle "tinkering" with Einstein's postulates. For the first one, we point out that inthe new approach using 
dimensioning and subspaces, the notion ofan inertial fame now has acquired additional complesity! The "gross translation” 
lfects hich ends to he what physics ultimately facuses upon—can remain the same, snd yet vacuum engines can be buried 
‘up inside the inerial frame to act upon a mass in non-transating ways. Everything tranlation-wise can remain the same, but 
‘bw mater can be transmuted and transformed, et. stil right there in an inertial frame. So when the infolded electrodynamics 
inside al fields, potentials, and waves are utilized, the notion of "inertial frame" has aequied a higher topology and then one 
inertial frame may differ Very substantially from another inertial frame. This of course move one from special relativity ito full 
general relativity, and even there into a slight extension. Special relativity can remain special relativity on the surface, and yst 
telfets occur "within" the objects postlated to exist inthis inertial frame, The "inertial frame” concept in the postulates is now 
jst sort of special "equilibrium ease” ofa higher topology "inertial frame notion, 


The second postulate now stands as a "special cass” of a far more general second postulate. It actually defines (and limits) 
“light” to bulk changes inthe entre vacuum potential magnitude. It only applies t ight signals which are "bulk upheav 
disturbances of the vacuum potential (spacetime), Specifically it need not apply to the "inner EM/GR realm" of longitudinal EM 
waves infolded inside the vacuum potential other potential, signal carters, etc. Superluminal communication is now included 
inthis hidden variable" communication. The Fogal semiconductor isin fact capable of infolding and outflding EM signals, 
including producing the internal longitudinal EM waves, ad during their infolded state these signals are permit to move at 
superluminal velocity 


So the second postulate needs tobe restated to include the present statement as a special case, Notice thatthe concepts light 
and "speed of light” have now taken on much richer, extended meanings, since there is "outolded” light and "infolded” lish, so 
to speak. Light now isnot just the "external perturbation wave" inthe ambient vacuum potential medium (in fat spacetime), 
Instead, can also bean “infernal pertrbation longitudinal wave" inside a "net fat spacetime” which daes not show om the 
“surface” at all. Indeed, it may move inthe time dimension o in 3-space. It now includes the transmission of an extraordinary 
vacuum engine” as well asthe usual transmission of just an ordinary signal 


‘And these infolded vacuum engines can be visualized as very special sets of longitudinal EM waves and thei dynamics, 
‘consistent withthe Whittaker decomposition. His U(1) symmetry electrodynamics decomposition particularly when enriched 
inthe higher symmetry OG) electrodynamics—applis to the ambient vacuum as a potential (iti a potential since it has energy 
density). So the “subspace” inside spacetime, so to speak, i just a set of LW and their dynamics, and that subspace itself 
cengincerable, just asi the "bulk curvature of spacetime” itself. Further, we may now consider space itself i usta vast 
Superhighway for such superluminal LWs and their dynamics. Mas is mostly empty space with only an occasional particle here 
and there and with fields, potentials, and waves in between. Hence huge masses such as the ocean and earth ae actually 
Supethighways forthe direct passage of longitudinal EM waves, "engines", ete. The degree of “transparency” isa function of 
the degree of cleanness ofthe LWs. 


The third postulate has also been dramatically extended and requites revision. As presently stated, antigravity effects donot 
appear tobe included in present physics heretofore. The "gravitational effects and external accelerated effets” notion in 
conventional physics is still founded purely on ordinary bulk translation. Now it need not be. For example, the systems can 
appear to bean ordinary system. as judged by normal “extemal ight" observation. Vt is interal vacuum engines can cause 
Tcl violation of most so-called "laws of nature.” The reason a "law of nature” can be violated is that one is now able to violate 
the premises upon which tis postulated, and which are required to hold ifthe law isto hold. Or anaher way to look at it: any 
‘conservation law isthe result ofa symmetry. Breaking that symmetry allows violation ofthat specific conservation law 


So as we've said so many times before, the infolded EM inside the "conventional" EM fields, waves, and potentialsand inside 
the vacuum potential and spacetime itself dramatically changes the present theories of electromagnetism, quantum mechanics, 
and general relativity. Further, fr the firs ime the Sachs unified field theory allows an engineering approach which 
Simultaneously crosses, includes, and extends all three disciplines in the required manner. The approach cam be placed into 
‘good engineering models based onthe Sachs work, particularly using the O(3) electrodynamics subset spearheaded by Evans, 
fad the models can be tested and verified or falsifid 


EINSTEIN'S GENERAL THEORY OF RELATIVITY 
Mathematical theory of 


spacetime, 
Inother words, the geometry and its dynamics have become physical agents. 


ton in which the gravitational force is mathematically described by a curvature in space or 


Itis important to note that, in general relativity, the curvature of spacetime acs on mass-energy and changes in orto mass- 
‘energy interact back upon spacetime to change is curvature 

unher, we consider that an exact paltern of curvatures of spacetime and their dynamics exists for every mass system and its 
dynamics. ‘This isthe engine concept. The most general way to engincer matter isnot by brute force translation, but by forming 
spacetime engines. Once formed, these engines act upon any mass placed in the engine region, to eliminate the deltas existing 
‘nthat masts resident engine and the impressed engine. The curvature of spacetime itself furnishes the energy forthe 
continuing action upon the mass, once we pay to form the engine. The mass can be acted upon at any level, from its gluons and 
{quarks to ts nuclei, ois atoms, its latice forces and binding energy, ete. Significantly, the Sachs theory applies to physical 
reality from beneath the quarks and gluons to the entire univers, and folds in quantum mechanics, electrodynamics, and peneral 
relativity into a single unified field theory that is (in theory) engineers by higher symmetry electrodynamics meas 


ELECTRIC FIELD 
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‘The conventional definition is this: "1, a region in pace in which a stationary electric charge experiences a force dc tits 
charge. the electric force per unittest charge." Dictionary of Science and Technology, ibid. p- 720. That definition is 
flawed, Consider the "spatial aspects’ of part |, [fan electric field is defined as a force per unit charge ts nota region in 
massless space but isan effect of something existing in massless space and interacting withthe charged mass. The electric field 
‘Prior o interaction i indced related to a region in space, because itis identically a curved spacetime region. In the Sachs 
fpproach, general relativity and clectradymamies have become ne and the same. So prior to interaction, the field ari 
independenaly exists prior to interaction with charge has become a curved spacetime region, and the field is purely a spacetime 
curvature effect. The interaction with mass to produce a fore on and ofthat mass (muss isa component of force, and there is no 
such thing 3s a massless force) is separate consideration from the field as it exists in space prio o interaction. The result of 
‘his entity's interaction with charged mass has nothing to do with what an eleeric field ts; but with what it does to charged 

‘mass. Further, the force evidenced on a charged particle is not duet its charge; it has that change always, whether or not there is 
‘net force evidenced on it! 


Par 2 isa litle better. The only problem i,t totally disagrees with the entity existing in space prior ta interaction. In other 
words, here it's a "force on a charge", which isan effect occurring after the interaction. Again its what the field does or 
‘accomplishes, not what itis. Hopefully the reader an now begin to sce what terible difficulties await anyone who seriously 
attempts foundations definons. Feynman sums it up admirably in one of his famous statements: "Everything we know is anly 
‘some kind of approximation, therefore. things must be learned onl tobe unlearned again or, more likeh correted." An 
additional difficulty is thatthe very notion ofa separate massless farce independent of the mass on which it operates, is 
Fiettious, yet cantinues to he widely used. Recalling that any true definition is an identity ad not an equation, let us start with 
the definition of force: 


‘das(my). As can be seen, farce is a system comprised of (i) a mass component and (i) a nonmass component. The force is 
rot something separate from the mass, at al! Further, fore is not even unitary It's a system comprised of two coupled 
components; the mass and a coupled (interacting) gradient in a potential ux. Note shat vinvolves motion through, and 
imeraction with, the virwal flux comprising the vacuum potential. Note that dvd involves a gradient in that flat interaction 
‘vith she mase, Unfortunately mechanics is still using the medieval concept ofa "separate force acting upon a separate mass" 
‘That is wrong, unless we change the fundamental definition of force ise. Sce,e, Robert Bruce Lindsay and Henry 
‘Margenau, Foundations of Physics, Dover Publications, New York, 1963, p. 283, where the authors emphasize that a "field of 
force” at any point is actually defined only forthe cane when a unit mass is presenta that point. The reson can be seen: mass 
‘sa necessary component of foree, and without mass present there cannot bea force present. 


ELECTRIC DIPOLE 
See Dipole. 


ELECTRODYNAMICIST 
As 


the physics of the relationships between electric, magnetic, and mechanical phenomens—and especially a specialist in 
lectrodynamics theory. 

It should be pointe out that essentially ll elecrodynamicsts are versed in U(1) electrodynamics, and a much smaller number 
are versed in more advanced electrodynamics suchas O(3) symmetry electrodynamics, unified field theory electrodynamics, 
‘non-Abelian electrodynamics, etc. The electrodynamics field is actually avery vast fcld indeed, touching everything in 
physics. Very often, when one needs a particular electrodynamics problem solved, it calls for a special category of 
{lcciodynamicist and nt just an electrodynamicist in general. One must therefore sometimes examine the background of the 
clectrodynamicist making a statement or a pronouncement: electrodynamicists afer all do have differing views and differing 
‘sciplines within the fel, 


ELECTROMAGNETIC PULSE (EMP) 
A sharp pulse of eletromagnetc radiation produced when an explosion occurs i an unsymmetrical environment, especialy at 
‘or nea the earth's surface or at high altitudes, 
Essemially the same as an electromagnetic shock wave, a wave of great intensity which results when waves with different 
intensities propagate with different velocities in a nonlinear optical medium, An EMD is also produced when wo intense 
longitudinal scala electrostatic potential wave patterns mect tnd couple into a sudden fash of vector EM energy 


ELECTROMAGNETIC SMOG 
‘The EM rai 
‘The individual signals are too weak to individually produce effects of any significance in biological ystems. However, in a 
dense EM smog environment with $00,000 signals per square meter per second, the signal complex and its nonlinearity begin to 
produce highly nonlinear effets in biological systems, ‘These effects also produce damage that may curnlate over a long 
Period of ime, including for years, This bioeflects area has largely not been investigated hy EM binelfecs scientists 


1kground of extremely w in that fils dhe normal modern environment, particulary in developed nations. 


Itshould be pointed out that electric lines, telephone lines, transmission lines, ete. act as long wire antennas to detect and 
propagate such very weak EM signal noise. Essentially all the radiators inthe environment—including electronics equipment, 
"TV'stations, radio stations, factory machinery te.—thus produce very weak signals picked up by these long line antennas and 
piped ito every home, factory, neighborhood, et. 


ELECTROMOTIVE FORCE (EMF) 
A difference of potential created by sources of electrical enenay—ice, by separated chars (dipoles) which can be utilized to 
drive electrical currents through extemal citcuis, Also. open cveut voltage, or the limit of the potenial difference between the 
source's terminals the curent inthe extemal cigcuit approaches ze, 

Poorly named. Also quite confused in the stndard theory and wage. First emis nt a force at all, It isa difference in 
potential, hence its measured in volts. Also, it is not considered an E-field, since tha isa field of force. Yet itis in fact a 
restricted tothe direction between the two measurement points, and_is considered to be an E-field in the theory! 


or this reason the standard theorists say thatthe term is sometimes used as equivalent to diference in potential, but tat 
strictly speaking it should he applied only toa source of electrical energy! The problem i that conventional doris are 
‘unaware that a potential i a bidirectional flow of energy in 3-space, where the enesgy enters from the time-domain (complex 
plane). Since they are unaware that a potential is hidden negentropic energy flow process involving broken 3-symmetry and 
viable 4-symmetry, the thearsts are unable to conser the potential in gencral as a source of energy flow. Yet they are Forced to 
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consider a potential difference across the terminals of source as "somehow a flow of energy, that generates forces upon the 
tlectons to propel them through the circuit as curren flow.” 

In the new viewpoint, a resolution i achieved of these incongruiies by more accurately defining the E-field with respect to the 
potential as (qq. i is noted that [dAd}q/q als produces an E-field, so thatthe fll definition ofthe E-field is as E 
[(+dAldi)glig. However, one volt presents ane joule (of excess energy) per coulomb of charge. The enengr density low in an 
electric circuit is in the voltage. in the emf, and itis notin the current per se. The eleciron current (deft curent) caries the 
{excess energy that i being dissipated as workin the circuit, but in @ nominal ireuit the deft current only moves afew inches 
per bour. Half the energy is dissipated in the extemal circuit and extemal losses, and hal sdisipated in forcing spent electrons 
Inthe ground retura line back up through the back-ema ofthe source, performing work inside the source to dissipate its 
separation of charges. Left alone, ay dipole will furnish emf indefinitely, freely eceiving the energy from the time domain 
(Complex plane) and outputing it in 3-space. The fee low of EM energy will continue unabated from the undestroyed dipole, 
regardless of how many external loads and losses ae powered (how much energy is collected and dissipated from the ongoing 
flows representing the potential), So clecrical circuits should be developed which allow lite or no electrons to be forced hack 
up through the dipole to dissipate its separation of charges and destroy the dipole 


ELECTROMOTIVE FORCE, BACK (BACK EMF) 
ack emf is a loose term wsed forthe counter-clectromotive farce 


When the source is powering circuit or circuit clement, the term "back emf" is used to refer to the forcing of curent 
(clectrons) back up throug the source against its emf, thereby performing work inside the source to dissipate is separation af 
‘charges (its dipolar). When a poteatial source of electrical energy such as a capaciter, an inductor, o a rotating machine— 
is receiving energy ffom the source and converting it to dissipative power and work, that "powered device i said to develop & 
counter-emj. A source has a builtin emf a prior, that is holding its charges separated so that itis dipolar. When electron 
‘curent s forced backwards through the source through ts buil-in counter-emt, and backwards against its ex, work is 
performed agains! the intemal resistance ofthe source to dissipate its separation of charges, thereby dissipating the source. If 
clectron current is not allowed to flow back up through the source agains i back ern and through its built-in counter-em, no 
dissipation ofthe source occurs, even though energy density (not electron curent dad but energy low dt) is owing from the 
source and can be collected in collectors inthe extemal citcutto store the energy asa created local energy source, This 
collected energy can then be shuttled toa separate load circuit and released, to provide a “heat pump" cycling operation and 
overunity coeicient of performance 

[Nikola Tesla in fact knew how to shuttle energy ina circuit in such fashion, as Barres quaternion analysis of Tesl's actual 
patente circuits has revealed. [See T.W, Barret, 

Fondation Lous de Broglie, 16(1), 1991, p.23-41.] Note that a rigorous analysis of those same circuits, using tensors oF 
‘ectors, will ot show the effect. 


When the original source dipole isnot dissipated because electron current isnot passed back up through its back-em to seater 
the charges, the original source dipole will continue to furnish emt indefinitely. 

The terms emt and counter-emf are normally aplied only to recognized sources of electricity. Emi applied asthe algebraic 
sum ofthe potential differences acting ina circuit atached toa source. Back-emi (counter-en) is applied asthe potential 
difference internally through the source, between its terminals. ts main application is thought tobe a powered device or 
‘component inthe eirewit. Actually its main application is to prevent COP>t0 electrical power systems from being developed 
fd utlzed, 


ELECTROMYOGRAPHY (EMG) 


A diagnostic application which detects changes in electrical potentials associated with muscle contractions 
Specific eletrical patterns have been associated with specific abnormal sates (denervated muscle), but the method has not 
yet been systematically developed beyond this application, 


ELECTRON 
‘lable elementary particle in all atoms, and having a negative charge of 1. 602x10=!¥ coulombs, spin and mass of 9.11:<10=3L 
Jalograms 


ELECTRON GAS 
Acystem of electrons with only weak interactions so thatthe electrons may be regarded as moving independenth 


‘Thus, in many ways, that collection of electrons can be treated as a gas. Also see discussion under Drude Electron Gas 


ELECTRO-OPTICS 
A technology in which electrons are focused and steered as if they were light, Examples are the eathode mv tube (CRT) and the 
‘lscion microscope 

ELECTRO-POLLUTION 


Also called electromagnetic smog and electronic smog. The conglomerate or maze of EM fields and radiations that are 
produced by technologies suchas electric power transmission and madi transmission, and that can have longterm curmulative 
‘harmfil effects om busmans, 


‘The new viewpoint dramatically extend the types of fields and effects involved, and gives entirely new mechanisms forthe 
interaction of EM fields and radiation with biological systems, including cumulative elfets,signal-density effects, and vacuum 
engine effets. A mechanism fr long term causation of cancer and leukemia by electo-pollation is derivable in the nw 
approach 

‘Asan example, even though the myriad of very weak EM signals comprising the electro-polluton are individually tiny, each 
‘when interacting ata local site with the body or its ells involves a broken 3-symmetry and thus an involvement of 4-syrumetry, 
‘ith corresponding giant negentropy. Further, the Heaviside dark energy component accompanying that local fed interaction 
‘will in tum interact with essentially all the other locations af the body. Each ofthese interactions involves broken 3-symmmetry 
and involvement of 4-symmetry. The result ofthe large complex of broken 4-symmetries constitutes a direct structuring in the 
time domain, hence weak time-pumping and weak time-charging. Time charge excitation decays only vey slowly, emitting 
longitudinal EM waves inside the body as the charge decays 


(vera long period of time (sometimes years), this "time-hash” or “kime-jamming” upon the operation of the master cellular 
control system, the immune system, and the cellular regeneration system is cumulatively detrimental. In this way, eects such 
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as leukemia, cancer, ct. may be gradually "kindled". However, there have been no real scientific laboratory “eause and effect” 
investigations ofthis phenomenology a all. Noncthless, the results will and do show in epidemiology studies, which are then 
attacked by orthodox scientists (many employed directly or indirectly by the power industry etc) on the grounds that no 
laboratory cause and effect evidence has been shown, 


In shor, this one ofthe arcas where the lack of scientific cause and effect laboratory evidence because such experiments 
have not even been done—is improperly use to negate real scientific work showing deleterious eects that powerful interests 
dont wish shown, 

ELECTRO-RETINOGRAPHY (ERG) 

A dinonostic application that monitor changes in clectrical potentials across the retina to assess eve movements, 


This is almost the only method aysilabe for noninvasive monitoring of Rapid Eye Movement (REM) sleep 


ELECTROSTATIC COOLING 
‘Tobe ad 


ELECTROSTATIC SCALAR POTENTIAL 
A static (stationary) ordering inthe vital photon flux of vacuum 
‘The word "static" is unfortunate and shouldbe replaced by "stationary, since the underlying active vacuum medium is always 
in violent motion, and there is nothing truly "stall" in the universe. But an equilibrium condition can exist, even in violent 
‘motion, so that a stationary emtity persists. An example isa perfect whirlpool in a river. 

ELF 
Extremely Low Frequency 
Used to deseribe EM fields whose frequencies lis in the range from just above 0 Hz (direct curent) to 300 Hz. This includes 
power lin frequencies (60 Hz in U'S. and 50 Hy in Europe) and frequencies used by certain U.S. miliary ELF communication 
Systems suchas for submerged submarines, 

—M 
Eletromagne 

EME 


lectromotive force, See discussion under that term. 


EM FIELD 
Flctromagnetic field its loose usage, it refers ina very broad way to any fel, force. or eneruy associate with 
lsciomagneti inleractions. charges and currents, 

Thus "EM field” includes electrostatic fields, magnetostatic fics, electromagnetic fields (including radiation and induction), 
‘vecior-potemial and sealar-potental fel, Hertz potentials, Fitzgerald potentials, Whitaker potential, et. 


Inits precise usage, "EM field" conventionally refers to an EM “force” field, such asthe 
E field, D-field, B-ield, H-ield. In lasscal electromagnetics (CEM), 25 a holdover from the old assumption of a material 
ether, the fore fields are considered (erroncously) to exist in mass-free space, and they are also considered tobe the primary 
‘causes of electromagnetic phenomena. ‘This ies non sequitur, and it involves substituting the effect fr the eause 

Inthe new viewpoint, the force fields donot exist in vacuum, but only in and on and ofthe charged particles themselves, where 
mass is present to form one component ofthe force. The force fick are therefore elfects and not primary causes. The primary 
‘causes of all electromagnetic phenomena is taken to be the potentials; however, the hidden Stoney? WhittakerZiolkowski 
intemal structures of gradient-free scalar potentials may iterfere to cause potential gradients in and an charged particle 
systems. This therefore includes distance-tree scalar potential interferometry and action ats distance, as well ws vacuum 
engines. 


The new view uses Sachs unified field theory, and considers that the EM field in the vacuum, or an EM potential inthe vacuum, 
{sa curvature of spacetime function. Thuis the new view is a unified field theory where GR has besome EM and EM has 
bbecome GR, and where EM can involve or produce gravitational, temporal, and inertial effects as wel, 

EM FORCE FIELD IN THE VACUUM (A FALSE CONCEPT) 

The erroncous notion that there exist forces inthe vacuum, so thatthe set of forces a a set of spatial points forms a farce field 


‘This ignores the fact that mass is a component of force, and the presence ofa force requires the presence ofa mass. When 
‘Maxwell formed his clectmdynamies theory, he and almost everyone else believed tata thin material elher pervaded empty 
space. Thus there was a "material medium” in which electromagnetic fields existed, and soit followed that real forces existed in 
‘this material medium, from point to point. Indeed to the early electrodynamicists there was no point in all the universe where 
mas was absent 


‘Heaviside, Hertz, and Gibbs reduced Maxwell's 20 quatemion equations tothe present four vector equations, but did not change 
the fore field in space assumption used by Maxwell Heaviside detested the "mystical" potentials favored by Maxwell, and 
believed they were figments of one's imagination, He regarded the forces asthe primary EM causes 
Yet even while Heaviside tal. were retranslating and topologically reducing Maxwells theory dramatically, the Michelson- 
Morley experiment inthe 1880s had already destroyed the material ether on which those same force fields were based, 
Physicists, however, have continued to use the notion of a separate force acting ona separate mass, which of course is also a nom 
sequitur, substituting effect for cause yet again. Hence the foundations of physics remain fundamentally fouled 
Fora succinet discussion of potemials versus forcefields asthe primary EM causes, see V. Aharonov and D. Bohm, 

Significance of Electromagnetic Potentials inthe Quantum Theos)” Physical Review, Seeond Series, 115(3), 1959, p. 485- 
491. See also Y. Abaronov and D. Bohm, "Furher considerations on electromagnetic petentals in the quantum theory,” 
Physical Review, 123(4), Aug. 15, 1961, p. 1SII-1824, 


EM GENERATRIX. 
‘Whatever generates electromagnetics, particularly the fields. Time is the ultimate EM generatrix, 
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Whittaker showed in 1904 thatthe interferometry of two scalar potentials (i. of their hidden maltiwave structures) can create 
all clasical EM fields, no matter how complex, thereby stating a branch of electrodynamics known as superpotential theory 


See E.T. Whittaker, “On an Expression ofthe Electromagnetic Field Due to Electrons by Means of Two Scalar Potential 
Functions." Proc. Lond, Math. Soe. Series 2, Vol. 1, 104, p. 367-872. The paper was published in 1904 and orally delivered in 
1903, 


In 1903 Whittaker showed that any scalar potential (eg. between the ends ofa dipole) can be decomposed into a harmonic set of 
‘phase conjugate EM longitudinal wavepairs. The present author applied the Whittaker decompesition to the scalar potential 
between the ends ofa dipole, and pointed out thatthe conjugate half-set may be taken as converging EM waves frm the 
complex plane (the time domain), while the real half-set may be taken as diverging EM longitudinal waves emt fom the 
dipole imal directions in 3-space. "The dipole i a known broken 3-xymmetry in the dipoles violent virtual energy exchange 
‘with the vacuum; hence this shows that breaking 3-spatal symmetry allows nature to fall back to a more primary 4-symmety. 
Hence energy flow conservation is violated in 3-space, but is rigorously obeyed in 4-space. Further, the fee flow of 3-satial 
cenergy from the dipole continues so long asthe dipole exists. 


The dipole thus i a true negative resistor, receiving EM energy in unusable form (from the complex plane; i. the time 
domain), transforming it into usable energy, and outputting the usable energy. This is also the fundamental mechanism for 
extracting unlimited EM energy from the seething vacuum, taking the energy from the time domain vie the giant negentropy 
‘mechanism. See my paper, "Giant Negentropy from the Common Dipole” ibid. 

This also means that the source of all EM 3-spatial energy is from the time domain, and is due 1o broken 3-symmetry. The 
ultimate EM generatrixs thus time. The ability of a bit of broken 3-symmetry (suchas formation of a simple dipole) to initiate 
continuing and ongoing flow of free EM energy via the 4-symmetry between time-energy and spatial energy means that 
rnegentropic engineering, once we get the hang of it is fr easier than our present entropic engineering. In essence, we have to 
[cam bow todo electrical engincering all over again, from a much more fundamental point of deparire 


EMI (ELECTROMAGNETIC INTERFERENCE) 


Disturbunces of electronic equipments operation by intusion of extrancous EM signals from ouside sources. Also 
ssturharces of the operalion of one or more subsystems of an electronic system by intrusion of undesired signals from other 
subsistems 


EMI, ANOMALOUS 
‘An ‘ad hoc" term denoting an unexpected nonlinear optical functioning process ina dense signal envionment where 
‘onlinearties onthe skin of a vehicle or cover of an equipment become pumped phase conjusate mirors so tht they emit 
amplified phase conjugate replicas (PCRs)—of signals and fields impinging upon the skin or covering and the nonlinearity feom 


[By the distortion corsction theorem. these amplified PCRs precisely backtrack the signal waves that impinged upon the phase 
conjugate miror from inside the vehicle or electronics, back tothe original source of the internal signal.."The result isthe 
‘Scavenging of energy from the dense electronic signal environment and sharply focusing and directing i into the operating 
circuits of the internal electronics. Thus internal signals. often amplified, start sporadically appearing through the circuits, 
These sporadic jamming signals due to the anomalous EMI effect are known as EMI fi 


‘Such EMI fireflies were resoundingly experienced in U.S, missiles and aircraft in the U.S. air attack om Libya in 1986 
‘Although some ofthe anomalous EMI effects could have been produced by the unusually dense EM signal environment and 
poor hardening of circuits and electronics, tis believed that the weak jamming was also a test being conducted ofa laboratory 
prototype Russian quantum potential weapon, 

Tis weapon appears to have been finished and deployed atthe end of 1989, and then utilized against Allied forces in the Gull 
War, accounting for the Gulf War Disease. We have previously explained why British, Canadian, and American soldiers 
acquired the disease, why the native populace did not, and why the French troops did no 

Inside the human body; the anomalous EMI effects may be used to produce time-charging and delayed interference with the 
{immune system, the master cellular control system, andthe cellular regeneration system. By using dimensioned signals, the 
targeted systems can be specifically and deterministicaly afected as desired, for any set of disease damage types and 
symptomology desired. So the technology may be used to induce a "cocktail" mix of various infectious disease damage types 
The induced time-charging effects here the time-charge is dimensioned —followed by longitudinal EM wave emissions from 
the time-charges as they decay in the veteran's body, can induce the same or similar symptoms and damage in close family 
members exposed to the weak but dimensioned longitudinal EM radiation. This applies not only 10 wives but also to fay 
‘members such as children often in close proximity tothe veteran. In addition, exchange of bodily uids from the veteran to bis 
spouse can directly induce the symptoms in the spouse since those fluids ae themselves sil time-charged (with dimensioned 
time charge) and slowly decaying 


ENDOTHERMIC EXPLOSION 


‘An EM implosion, resulting in explosive electrostatic cooling. The sudden, explosive reversal of electromagnetic energy 
Sealiering ina spacetime area so thatthe local EM heat energy is converted buck io a negative potential, In his mannet, 
‘explosive electrostatic cooling occurs i the af, 

Endothermic EM explosion occurs by pulsed scalar Whitaker interference of two longitudinal EM wavesets beamed frm twa 
LW EM transmitters, The distant transmitters ofthe LW interferometer must have their local electrical ground biased well 
below the ambient zero potential in the distant interference zone (IZ). Whitaker interal EM waves radiate through subspace 
(te LW superhighways inside EM fields, potentials, and waves in mass) from the transmitter to the interference zone, and also 
from the interference zone back tothe negatively biased transmitter/receiver, emerging there us ordinary electromagnetic 
scattering energy or heat. All normal explosions are exothermic in nature, and ordinary electromagnetic heat energy is radiated 
away. A scalar EM interferometer howitzer, however, may produce an endothermic explosion (an energy implosion) at 2 
distance, explosively extracting th heat encray a the implosion site and receiving the energy back atthe transmitter site for 
disposal 

The same LW interferometer ean also praduce an exothermic explosion in the distant interference zone, merely by positively 
biasing the electrical chassis grounds ofthe scalar EM potential transmitters and pulsing the transmission. Negative biasing of| 
the transmitters’ electrical chassis grounds and a pulsed transmission result in an endothermic explosion in the distant 
interference zone. 


ENDOTHERMIC LONGITUDINAL EM WAVE INTERFEROMETRY 


Extraction of EM eneray from a distant intersection rca by a scalar interferometry whose clectrical rounding is biased well 
‘below the ambient potential in the distant inlerference zon, 
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Te reslt isa cooling ofthe interference zone, and heat eneray emerging a the transmitters 
ENERGETICS 
‘The Russian term for what Ihave called advanced higher-symmetry electromagnetics, 


using arifcially constructed Whittaker internal biwave structures to make activated potentials that have specifi, desired 
vacuum engines’, where the EM field isa curvature of spacetime function, and thus involving a unified field theory that is 
ceagincerable by novel electrodynamic means 

Uelieve thatthe closest Westera work approaching the Russian energstics science is the (3) higher symmetry electrodynamics 
pioneered by Evans, particularly when combined with Sachs! unified field theory as an impertant subset. The other closest, 
‘Westem work would seem to he the important work of Barret in SU(2)xSUQ) symmetry eletrodynamics, 

The activated potential containing the infolded vacuum engine structures is sid to have been dimensioned. These dimensioned 
potentials can he combined to form EM cartier waves which contain the hidden vacuum engines. These vacuum engines, scalar 
Whittaker EM interferometry, and activation of vacua and mater are used to perform unified field engineering 

‘Russian energetics also ads the formation and use of the quantum potential, enabling 

(@) instantancous action ata distance with multiple separated target nodes, i) essentially limitless direct energy amplification in 
the assembly of receiving nodes, without additional energy input atthe initiating node, and (i) engineering of hidden variables 
inside distant targets, instantaneously, without transmission ar such through space, The quantum potential itself can be 
dimensioned, so that vacuum engines canbe instantancously transmitted into distant targets, altering their local spacetimes to 
Contain the desired engines). Note that no intervening barrier can "impede" or “shield” a quantum potential because it does not 
travel through space as such; i just appears everywhere at once inthe space were it wil be 


‘Adding to elassical EM theory, general relativity, and quantum mechanics the internal EM energy inthe scalar EM potential will 
‘generate a superset ofeach discipline. These three new superset ae unified in their common internal EM energy subst. Asa 
bonus mind, personality, memory, and deep biological cellular and system control are also available, since the internal time- 
energy domain is used by biological systems for these living functions. Energetics thus isan engineerable, unified field theory 
‘of physics and metaphysics. 


‘Russian energetics is largely sill a "secret" science, develope over the last five decades and highly weaponized. In the Russian 
scheme the overall area i called energetics. It consists af three subsets: () energetics, which applies to nonliving systems, (i) 
bigenergeics, which applies to the physical bodies cells, chemistry, genetics, etc of living organisms, and 

(Gt) prrchoenengetes, which applies directly to the minds, personalities, memories, emotions and perceptions of living 
systems. Russian energetics research, development, weapons, and weapon sites are under the rigid contro and operation ofthe 
KGB, by whatever name it may use ffom time to time. The energties Weapons are not in the regular Russian armed frees. 
Encrctics weapons have been tested worldwide for several decades, and this testing has been documented elsewhere by the 
present author 


ENERGY 
Usually erroneously defined as the “capacity to do work” 
‘The closest definition is: The pworiance ofthat whichis varving. Note that this sa S-law logic definition and not an 
Aristotelian definition. 
Here we havea real bucket of worms. This term is usually totally misdefined (as in the nostrum that "energy isthe capacity to 
work") in physics, which defines energy asthe "ability to seater itself or change its own form which obviously are not 
identities! A common definition is given as "a quantity tht describes the capacity to do work; commonly divided into three 
‘major classifications: kinetic (dynamic) energy, potential (static) energy, and radiant (electromagnetic) energy. Well, ;nemgy can 
bbe changed in form and that is work. But energy isnot the capacity to change its own form", buts its own form, as can be 
Anyway, well have a go ata definition perhaps a litte more acceptable, though still imperfect. Then well discuss things abit 
‘Rigorous energy is any deterministic or coherent structuring cither dynamic or stationary, existing inthe virtual particle Dux. 
‘of vacuum. While that sounds good, iti sll "the invariance ofthat whichis varying." Ulimately a thing is defined in terms 
‘fits appositve 


The npe of energy depends upon the typeof virtual partile(s) whose fx is selected. Fg, electromagnetic energy isa 
deterministic or coherent structuring, either dynamic or satonary. in the vial photon flux of vacuum, Any trapped energy 
(ordering inthe vacuum virtual particle Bux) is gravitational in nature, since trapped energy is gravitational. In a mass, eit is 
the trapped energy that i gravitational, not the mass pers, in the moder view. Contrast the definition of electromagnetic 
energy fo the definition ofan electosttic scalar potential (ESSP); The electrostatic scalar potential is a stationary trap 
‘deterministic or coherent dynamic wave-structuring ofthe virtual photon flux of vacuurn. Thus it ean be seen that the ESSP isa 
special case of EM energy the stationary trapped case. Fortis eason, a masswhich is an enormous amount of statically 
"tapped EM energy—may properly be considered as an extremely dense EM potential, which we refer to asthe mass potential 
‘A potential is any trapped ordering or coherence, either static or dynamic, in the virtual particle ux of vacuum. A specific type 
of potential represen a selection of a particular viral particle's ux in the vacuum, and an ordering—either static or dynamic 
“imposed in that las. 

However, since the sealar potential is just the static ordering in the virtual particle fx of vacuum, i follows thatthe scalar 
potential must contain—and infact be toally composed of internal order. E.. Whittaker showed the form of that order in 
1904. (See entry under Whitaker, E-T.) The scalar potential is composed ofa harmonic series of pars of antiparallel 
transverse waves. ‘The antiwave of each wave/antivave pai is atime reversed replica of the wave in that pat. In other words, 
the scalar potential isa special type of Fourier harmonic frequency expansion, coupled with its on phase conjugate present 
simultaneously, 


Feynman said it bluntly: "is important to realize that in physics today, we have no knowledge of what energy i." (Richard P 


Feynman, Ren B. Leighton, ana Mathew Sands, Lectures on Physix, Addnon-Wesley, Reading, MA. V1, 196, p42] 
Eg, pariculrly see RB. Lindsay, “The concept of ensray and its aly historical development” Foundations of Physics, 
1(4), 1971, p 383-393, Lindsay investigates the concep energy fom its carly histrcal eign. The oo othe concept he 
ton af inariance in he mid of change. Lindsay over the concep and i volvement (rack hero rom ancient ies 
hog the 8th entry 
Therel problem ht the ction of nergy np involve the age ld amend pilonphicl pote af change, pos 
by Herc ver 3 00 year ago and nese to this camo Be soled within there of la’ Aristotelian lage! 
tke this, ater Herat “For thing to changeit mos tr nia something le How an 
be nel and somthing le alas? Ho can a thing ave change nd yt not have changed” 
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Te problem is that Aristotelian logic has a serious flaw of omission; it actually implicitly assumes a four law, which isthe 
age-old philosopher's nightmare that, when a thing is pursued tothe limit, it invurtably turns ino its own opposite. Soin anguish 
the philosophers spoke ofthis nightmare as the "accursed necessity forthe ilenity of opposites” 

| did reslve th philosophers nightmare some years ago, by adding a fourth law of logic tothe Aristotelian three, whic 
completes and extends Aristotelian logic, and an application rule which can be taken a afifh law. Eg, see Appendix I: "A 
Conditional Criterion for Mdentity. Leading to a Fourth Law of Logic, iological Warfare, Tesla Book 
Company, Chula Vista, California, 1OR8, p. 428-443, A simple proof of the fourth law is given in that paper. Fora much more 
clegant treatment of a higher topology logic, which is also practical and useful heyond the limitations of Aristotelian logic, see 
G-Spencer Brown, Laws of Form. Julian Press, New York, 1972. For a proper perspective on mathematics and on Aristotelian 
logic, sce Morris Kline, Mathematics: The Loss of Certainty, Oxford University Press, New York, 1980. 

lemay be that, since by identity” we mean atleast the identity of "lef" and "right" different observations considering the left 
and right sides ofthe identity statement. Ifso, then already we involve a violation of Aristotelian logic in the very notion of 
"definition". In short ultimately we can only define a thing in terms of an appositve inthe first place. So we write an identity 
statement were left and right are different sides, thea state "Oh, no, they ar the same thing afterall!” Said in tht manner, the 
problem can clearly be seen. In ane sense a definition is pure Zen, where no truth cam be stated at all unless the speaker says 
two exactly opposing things, and thea waits for the recipient to feaize the truth that has been stated. 


What this all means is that, since “energy” (and any other definition, ultimately) involves a logical contradiction in Aristotelian 
logic, we must “define” energy simultaneously in an appositive ways: i) in the wave view and (i) inthe particle view. However, 
‘we point oat that the notion ofa "moving particle" isthe notion of something considered momentarily as fixed (Lethe 
particle), but whichis immediate thereafter (in time snapshot #2) considered as moving. Notice that "moving" is changing 
and soit involves Heraclitus’ problem of change a prior. The notion of a "moving wave" is also similar thing; ie. "a wave 
‘momentarily considers the entity as static and not changing (i ime snapshot #1), and inthe next moment (time snapshot #2) 
considers it as moving (changing). We can only point out this dichotomy forthe reader to reflect upon and hopefully to grasp. 
The conscious mind isa serial processor: iti extremely fast but sil perceives snapshot by snapshot, serially. Iressentally has 
‘heen fed tothe single photon ineraction, as has Aristotle's thre laws of loge. The problem is i the operation of conscious 
perception itself, notin nature whic isnot limited to just serial processing. 


The unconscious mind i a massively parallel processor soit can have many "different slides or snapshots in the slide projector’ 
atthe same time. So with our conscious mind's perception (Aristotelian logic is ust a mode! of that, using single photon 
{interaction as the physical observation mechanism) we se in terms of "either-0¢"-On the other hand, with our unconscious we 
can also grasp the fact that single snapshot A can be the same thing as a totally different snapshot B, if the rules of "decision as 
tw identity" are changed between snapshot A and snapshot B. Suppose that by identity” we mean "incapable of being 
discriminated between” Isa black marble identical to a red marble, e.? Its perceived so if you are colorblind. tis perceived 
‘not tobe identical if you are not color blind. The point is something that most philosophers missed or brushed asde- identity is 
not absolute, but is "perceived identity". Identity i the result of a decision operation, based on multiple perceptions, recall from 
‘memory, and comparison of two remembered perceptions. The most simple form of comparison is simple subtraction. 


‘The unconscious (massively parallel perception can handle both snapshots simultaneously. The conscious mind only can see a 
single marble at atime, soit wll see ope oF the other Ina hind time interval it will real rom memory te fist perception, 
compare it withthe memory ofthe second perception (say, by simple detiled subtraction), and then decide whether object A is 
perceived tobe identical to object B, The unconscious (massvely parallel processor) can handle both the marble snapshots at 
the same time. It ean see both the identity ofthe two, toa colr-bind "identity decision process" and also the nondeatity ofthe 
to, 1 a color sensitive "identity decison process." Again, nature isnot limited to the single-suapshot, serial pereeption process 
cof our conscious (serial) processor! 


‘Unfortunately, in physics and mathematics we seem to still be thoroughly confused an this very perception issue. Brown's work 
‘may be the first work to straighten out the area ofthe topology af the logic wilized. My own independent efor was successful 
but far eruder than Brown's; Brown did it elegantly. We bring all this out because when one deeply looks into foundations and 
tae definitions, one wil diretly confront the philosopher's nightmare and one's ovvn conscious mind will never beable to 
resolve the problem, One's unconscious can resolve i, but it requires a certain "stretching ofthe realization’ to harmonize 
‘monocular perception ofthe conscious mind with multioculae perception of the unconscious mind, 


Just asa small example, the question of is ita wave or a particle" once raged as a great debate in physics, and was never 
resolved. Instead, physicists just finally shook hands and agreed to quit arguing and fighting about i, and agreed to accept that 
the same entity could sometimes act as a particle, and in other eases it could act as a wave, and tht as it existed in the presen, 
before observation, itwas somehow both a wave and a particle but we could see it rue nation (in that fashion). The key, of 
course is that the question was posed in "either" form (Aristotelian log form), and itcannot be answered in that reduced 
logic. instead, a higher topology logic is required. Brown's logic answers it easily, as does my own four law superset of 
Anstotelian logic (Live law superset if ye count the application rule asa separate law). Inthe present, eg, we have masstime 
and not mass. Just after a photon is emited, we have mass and not masstime. The latter photon emission process consummates 
observation." The point i, the true entity does exist in zea time ws a spatial entity. Tes not a spatial entity ut is 
spatiotemporal entity. I the "interaction" process tears off is "kime-til," it converted toa "spatial entity" (frozen snapshot) 
and therefore seems to bea particle. Ifthe "interaction process does nt remove the msl, t remains a spatiotemporal entity 
land therefore seems to he a wave. The concept of particle is spatial concep. The concept af wave involves time also, No wave 
‘an exist and "he a wave or wavelike" unless thas sme time extension to "he waving” in! 


Te physicists debating the wave-pantcle duality, you see, missed the most important point that no observable exists in time or 
‘persists, a prior, Hence rigorously no particle exists in tm. 

‘So we define energy (particle view) as any virtual particle fax patter, where thet definition automatically considers a single 
particle in translation as well as muliple particles i their myriad of translations. We define energy (wave view) as any wave 
flux, where that automatically considers a single wave in translation as well as multiple waves inthe myriad of translations. 
[Now note that one is going to have to deal with, and diseriminate between, energy, energy flow, energy collection, and. 
callected-energy dissipation. 


‘As the reader can se, whenever one struggles with foundations issues, the problems get very complicated. We've beat this dead 
horse quite enough, and leave the further beating tothe eader! 


ENERGY AMPLIFYING COlL, 


coil whose magnetic energy flo ing flow inputs, cach equal tothe original energy law 
available fom a magnetic source. Both the split enenzy flows then iieract simultaneously withthe coil amplifying its 
clecical enemy output compared tothe conventional case where only a single eneruy low interacts with the col 


In the motionless electromagnetic generator (MEG), the cul of the magnetic vector potential of a permanent magnet (Le ts 
‘magnetic field) s extracted and held within the core material of a special transformer, while the magnetic vector potential ofthe 
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[permanent magnet is freely replenished in uncurled (field-free) magnetic vector potential form in space around the core 
‘malevial, Both the fll magnetic field in the core and the fall uncurled magnetic vector potential in space adjacent tothe core 
interact with each output coil ofthe transformer. Hence a single potential energy flow is "spi inta tivo Nlws each equal tothe 
original EM encray flow; and both the parallel flows energetically interact withthe output coil. This inreases the energy 
{interacting withthe coil by this "dual interaction", so that the coils said to be an “energy amplifying coil 


ENERGY COLLECTION/COLLECTING 
In clectromagnetics, exposure of un interceptor/collector, eu charged particle, into an impinging EM energy flo, so that 
some of the flow is diverted in ing 
Siream around the diverting change 
Energy collection isnot a thing which “has been accomplished!” and finished: instead, itis an ongaing process 


[Note now that, ifyou perform or consider ar impose any sar of ordering at all in the energy flow/flus rigorously you have just 
implied an energy collecion/collecting process. The energy part of a photon e-., would seem not tobe "energy pers. Instead, 
itis an energy collection/collecting, anda time collection collecting aswell. et that energy parts energy also! [Not to worry? 
Energy and energy-collecting, contrasted as appesitives, become identities at the extreme boundary separating the Wo concepts. 
That boundary is the photon concept. Aristotelian logic des not apply on the boundary, which violates the Aristotelian law of 
the excluded middle] More reasonably, a charged capacitor does not have “stored ene*yy" per se init, in the sense of "so many 
chunks of energy called joules". Instead, it has an ongoing energy collection ‘collecting process, where the asymmetry inthe 
local vacuum fax exchange, ofthe dipole across the capacitor plates, continually extracts and "gates" a flow of EM eneesy from 
the capacitor dipole. That energy-Nlow hates all te trapped charges in the capacitor. The energy-flow interaction with the 
trapped charges ereates the 

E-field and all the rest, 

‘The diverted part of the total energy low, is what is calculated in the "Poynting flow" or 

Seflow. 


ENERGY, DISINTEGRATED 
‘An ad hoe term forthe enensy ofthe incoherent viral particles inthe viral partiele fu, 
ENERGY DISSIPATION 
[Refers to the scattering or disordering of enensy 
This is somewhat of a misnomer, broadly used in physies and somewhat erroncous. 


Energy dissipation” perse doesnot mean thatthe energy is destroyed. Instead, there isthe dissipation of the ordering 
(collectedcollecting) of energy in which the diversion (local ordering) process disappears. Wht we call dhe "dissipation in 
space" of energy i rigorously the dissipation ofthe collection collecting in space ofthe energy. In short the energy is sattered, 
asin a resistive load, in all directions. Buti is tl there in spac, just disordered 


‘Recall that all EM energy ata dipolarity comes directly from the time domain. {tis the collecting process, not the energy, that is 
dlisipated from a point or a region. Only collected collecting of energy can be wuly dissipated. With that understood, then 
tlsipation of collected energy is simply removing the "collector" from the energy density flow impinging upon ito cause the 
collecting process to occur, of removing the flow of energy impinging upon the collector so that it intercepts and diverges some 
of it around sel 


So there are two ways in which this "collected energy" dissipation can occur) the collector is moved out ofthe impinging 
‘energy-flowstream,or (i) the energ-flow-stream impinging on the collector is reduced to zero. Note tat "changing the form" 
ofthe energy-—ie., changing the collector and the type of colleting involves both conditions (i) and (i). Thus energy is 
dissipated when the collecror‘colleting form is changed, In the conventional, less accurate statement, work is performed when 
“the form of the energy is changed" That now should he stated as "works performed when the collector inthe energy-flow- 
sircam is changed toa different collector, because the frst collector must be removed from the energy-flow-stream oF the 
‘energy-flow-sream must be removed fom i. 

In physics we also consider that "postive" work by a body is work it does on something else, while "negative" work is work 
done upon the body by something else. We specifically emphasize that collection collecting need not be a unitary. one-time 
‘occurrence! The EM energy-flw impinging upon a collector roars on hy it at sontething like the speed of light, The entite low 
is diminished by only about 10" (the nominal enngy collecting faction) as it lows onto, and on beyond a coulomb of charge 
that departing eneruy-flow is then retrrefleted oF otherwise returned to pass back through again, additonal energy 
collection collecting ean and does occu fram it. Tis can be repeated many times, particularly in an intensely-scattring, 
‘optically active material. Also, afer the collected fraction of encray is dissipated, we can aso retrreflect the scatered energy 
flow back and reuse it again. This too can be repeated many times, 

So we must be careful ofthe present work-energy theorem, whichis a special case and assumes only a single pass ofthe energy- 
Dow in the “cllection/collection® of energy that "changes for." If we institute additional passes, with additional 
“collection/ollecting of energy, then we can collet and "use" alittle more energy from al that enormous eneruy-flow that, 
otherwise would escape us. If we dissipate some ofthe collected energy, then also intercept the departing dissipated enengy flow 
and return it, we can collet some of the energy flow again and then dissipate that new collection again. And soon, 


‘One can permissibly get many joules of "work" from a single joule of energy by trative retroreflecton, iterative re-cllection, 
‘and iterative dissipation, without violating the conservation of energy la This is one of the major secrets of overunity energy 
processes, Its praven by the overunity or excess emission (Letokhow was forced i ell t "negative absorption of the medium" 
from an intensely seatering, optically active medium, as in the Lawandy experiment and in his patented process for lasing 
‘without population inversion, It sas proven by Paterson's adaptation of ant-Stokes emission. 


Let's doa gedanken (thought) experiment, where we donot even apply the nominal 10°! energy colleton faction. Le’ just 
conventionally say "energy low." "energy collection,” and "energy disipation." and ignore the “collection faction." Since we 
far talking theoretically, we ean have a perfect system. So we havea closed system, which we open to input some enery ito 
The system then opens inthe load to dissipate all the energy back to the envionment, therchy doing work. Now suppose | 
passively (1, without any input energy of my own, by perfect retorefcction) return all the dissipated energy back to the input 
fone again. We simply lett low back in, the system collects it again, and then dissipates i again—ziving us the same amount 
fof work we had the fist time. Then we do it again. And again. {think you get the picture. The fact that energy can neither be 
create or destroyed, but onl changed, means tha the "sume energy” can be reeweed over and over. One has to have 660 
Ahferent actions onc that changes the form ofthe energy s0 we get some work, andthe other that retoreflets andl recovers he 
dissipated encrey (does negative work!) so that we ean reeyele it and dissipate i again. fn principe, by recycling af encrey one 
can get many joules of work from single joule of energy. Nature docs it everyday! Every joule of energy formed athe ital 
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“Big Bang," is still with us. Every joule of it has onthe average already performed many joules of work since then. And as we 
stated, the anti-Stokes emission process i a conerete example and demonstration thatthe eneryy recycling process can be 
accomplished in physica systems, so thatthe systems permissbly exhibit COP>1 0, 


‘A most common example isthe replenishment ofa potential. Eg. dhe magnetic vector potential can be curled asa B-feld, and 
that Bfeld can be totally confined inside a toroid, inside along col, or in certain magnetic core materials (asin the motionless 
clectromagnetic generator or MEG for shor). The A-potential willbe replenished as fast as you withdraw the "total Bild" 
from i So outside the toroid or the long solenoid, you wll have as much 

‘Apotcatial energy as you started with, and the Aharonov-Bohm effect proves thatthe energy i there and will interact with 
electrons. Meanwhile, in the tapped B-field you also have drawn off as much energy as ostensibly the A-potential contained in 
the frst place, 


ENERGY, ELECTROMAGNETIC 
Anw deterministic or coherent structuring either dynamic or static, ex 


i the virtual photon orc ile fx of 


[Note that, since a photon may also be considered a posiron-cletron pair, the lux of charged virtual electrons and positrons is 
included in the flax of photons, 

ENERGY FLOW 
The passage of enery, in any form, in one direction or generally in one direction 


Even though this “definition” isin ero, we now just bypass the unresolved "observables donot persist” problem and the th 
law nature of change (es, motion) problem and proceed 


[Note that this energy flow may be the overall mavement of an omnidirectional energy flux, or it may be the movement of 
‘waves, or both Itmay bein the kinetic energy ofa moving mass. Ifthe flow is everywhere the same, or even approximately the 
same, we often speak ofthe entire “How” as just “energy.” Often energy flow is also considered to have occurred froma region 
fof more intense energy flux to a region of less intense energy flux, and vice versa. In other words, energy divergence 
convergence is also considered as encmay flow. As can be seen, the usage ofthe term “ener flow” is not precisely defined in 
ppysies Tt isn* going 0 be, atleast notin ordinary Aristotelian loge terms 


ENERGY FLUX. 
The passage of energy flow. in any form, though a unit area, and in any direction (usually all digections), 


This includes both passage in single direction, or passage in multiple directions at once. 


ENERGY, FREE 
‘Any environment or entity which feely emits, furnishes, or makes available energy which canbe either collected and used as 
|umished or transduced into usable orm und collected and used to power loads and do useful work, 


The word "fee" does not apply to costs, but rather othe source of the energy. OF course the ideal is energy that is both free for 
the taking (collecting and using) and also inexpensively taken and used, 


Implicit inthe notion of ffee EM energy from the vacuum are five key concepts: 1) the local vacuu/spacetime itself is filled 
‘with EM energy of generally unusable form, 2) some sor of organizing principle is utilized in one part of the circuit or system 
tw cohere the vacuum energy and transduce it into usable EM form, (3) a gating mechanism is utilized to divert the vacuum 
energy in transduced usable EM form from the active vacuum tothe extemal circuits or load pats ofa device, (4) the coherent 
gated extra energy available i the external circuits or load parts is intercepted by those ciruits or load parts, couples to them, 
nd potentializs them with extra EM energy, so that the encray is collected by the system and regauges the system 
asymmetrically, and (5) the extemal circuits or load pats then seater or dissipate the coupled extra energy to produce useful 
‘work, without destroying the organizing and gating mechanism that is extracting and furnishing usable EN energy from the 


ENERGY SOURCE 
A function or entity which furnished ene 


Since energy cannot be created or destroyed, there i really no such thing asa "source", though itis aterm commonly used. So 
called “energy sources” actually gate encrgy changing it from ane form to another. Asan example, all -xpace EM energy is 
gated into 3-3-space from the time-domain. To the gating entity or "source" of the 3-space EM ence, there isan input of EM 
nergy flow from the time domain (complex plane). The source must be a broken 3-symmetry in energy flow, so thal mare 
primary 4-symmetry energy flow applies. Hence the conservation law applies tothe inflow of energy from the time dimension 
And the outflow of energy n 3-space 


ENGINEERING, ENTROPIC 
Engineering or designing systems and processes whose operation "spills" or wastes some energy. 
Entropic systems—which are the products of entropic engincering thus have COP1.0 and function in forwand-time. 


ENGINEERING, NEGENTROPIC 


Engineering or designing ystems and processes whose operation freely "receives" excess ener so that they output more 
nergy than the operator inpuls, the extess being received from the external environment or other source. 


ENTROPY 
Thermodynamics term representing » measure ofa system's capacity to undergo spontancous change, In short. quantity whieh 
‘measures the extent to which the enersy ofa system is univailable to do work, 


Entropy is given hy dS =€0VT, where dS is an infinitesimal change in entropy fora system absorbing an infinitesimal quantity 
of head dQ at absolute temperature T. In statistical mechanics, entropy isa measure of the disorder ina system and i piven by S 
InP +C; where $ isthe value of entropy (disorder) fora system in a given state, P isthe probability ofthat state's 
cccurrence, ki fixed constant and C isan arbitrary constant Intuitively, the concept of entropy corresponds tothe concept of 
‘disorder. We specifically call attention tothe fact thatthe °S used in representing entropy isnot at all the S used for Poynting 
flow 
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In physic, measure of the randomness or disorder of a system. Given by Skin g, where Sis the entropy, kis the 
Holtzman constant, and gis the total numberof microstates available tothe system. Sometimes stated as §~ kein 
(coultipicty). 


Intimately connected with the Second Law of thermodynamics, which may be stated forthe macroscopic ease (after Baierlein) 
as follows: "If system with many molecules is permitted to change, then-—ith overwhelming probability—the system will 
evolve to the macrostate of largest multiplicity and will subsequently remain in that macrostate. Stipulation: allow the system to 
evolve in isolation. (The stipulation includes the injunction, do not tansfer energy to or from the system.” [Ralph Baierlein, 
Terma Physics, Cambridge University Press, Cambridge, 1999, p. 29} 


ENTROPY, NEGATIVE (NEGENTROPY) 


Ina sense, the reversal of disorder, or reversal of ene 


Since the normal or forward flow of time is entropic, negentropy is intimately related with ime-reversal. This can be seen 
crudely this way: As a physical thing exits i time it decays, ages, deteriorates, etc. In short, is ordering a a viable separate 
gets more and more disrupted. If itis then "reordered" precisely back to it original state, that i obviously a time-reversal 


Since the production of enengy is connected! to the production of more ordering, then it would scem to follow that any 
rnegentropie process also produces more energy. Or, tht production of excess energy accompanies a negentropic process ad 


‘When we factor in the giant negentropy process it is scen that all EM spatial energy comes from the time domain, via the 
broken 3-symmetty ofthe source charge or source dipole. Here we have a pure negentropic process. Hence we may now 
advance a new definition of negentropy for electrodynamics: negentropy isthe direct and ongoing conversion of ime-energs 
(@ame-structuring and time-ordering) nto -space EM energy. Dipolatity (polarization) is the process initiating and producing 
the negentropy. Polarization is accompanied by ongoing neentropy sa long as the polarization persist, 


Another way of defining negentropy even mor rigorously —for electrodynamics to define it in spacetime asa raken 
symmetry in EM energy flow with concomitant relaxation to a more primary 4-simmetry hetveen time-energy flow and S-spatial 
EM ener flow, where time-energ flow s transduced into 3-spatial EM energs flow 


When a system with one measure of multiplicity progresses toa state with a decreased measure of multiplicity: ie, when its 
total number of microstates decreases inthe transition. A nonequilibrium steady state (NESS) system can exhibit negative 
entropy, and the entropy can further decrease progressively towanl negative infinity as time passes. [D. J. Evans and Lamberto 
Rondoni, "Comments on the Entropy of Nonequilibrium Steady Stats," J Str Pips. 109(3-4), Nov. 2002, p. 895-920]. Note 
that the Second Law of thermodynamics ony rigorously applies to an isolates system, where neither mass nor encepy crosses 
the boundary of the system, In the NESS system, that prohibition is violated, hence the second law need not apply. ‘The 
common source charge is un example of such a NESS system continuously producing neyative entropy, because it absorbs 
virtual enengy from the vacuum, transduce it into observable energy. and re-emits the energy as observable photons radiating at 
lightspeed in all directions and forming the associated EM fields and potentials and their ener: 


ENTROPY (POSITIVE) 


When a system in a state with onlering progresses toa state with less ordering, ic, when its total number of 
microstates increases in the transition, 


ENZYME 
Any of various proteins or conjugated proteins (compound of a protsin and a nonprotein) prodaced by living cells, that serves as 
‘a clalt for specific biochemical reactions at body femperatures, 

EPIDEMIOLOGY 
‘The study of the various factors influencing the occurrence, distribution, prevention, and control of disease, injury, and other 
[bcltisrolated events ina defined human population 

EQUILIBRIUM 


In physics, the state ofa system in which opposing forces halance each other: i. sum toa vector ze, 


In mechanics, a system of particles where the net force acting upon each constiutent particle i zero 


In chemistry, the state ofa solution where the forward and reverse reactions are equal and balance cach other, so thatthe 
‘chemical reactants and products maintain the sime amounts 


EQUIVALENCE PRINCIPLE (PHYSICS) 


(One of the principles af relativity theory. The mass ofthe body determined by using the gravitational force on it to measure the 
‘mass, andthe mass ofthe body determined by using inertial force oni to measure the mass, vied equal measurements for the 


ETHER 


An extremely fine substance theorize to exist in space in lieu of sheer emptiness, 


Discussed by Tesla, Einstein, Whitaker, and others. Originally conceived asthe luminiferous ether, thin material uid 
pervading all space. Maxwell, eg, believed in this material ether, and formulated his theory accordingly. Thus he mistakenly 
provided forces inthe vacuum, which forces require a material vacuum. Le. mass isa component of force; there is no force 
‘without mass, since P= did(my). The hoary old medieval notion that a separate force acts upon a separate mass that it affects, 
i completely in ertor though stil utilized in mechanes! Mader field theorists know better, but correction of this massive errar 
‘in physi has not heen widely accomplished, 


Originally, the ether was seen asa ghostly-thin, material, uid medium postulated to fill space and carry electromagnetic waves, 
similar tothe way in which a gas carries sound waves. Faraday and Maxwell added the assumption that EM fields existed 2s 
‘material taut strings (Faraday's lines of force) with conveniently missing endholdrs to provide the tension on the strings. The 
Michelson-Morley experiments eliminated any such material eter, but nota Lorentz-invariant nonmaterial ether (of whieh 
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‘vacuum itself is one example, inthe modem view). Maxwells equations were derived from a mechanical ether theory. Einstein 
‘once proposed tha the vacuum, complete with its electromagnetic fields, should be called the new ether. In our own approach 
‘we have come ful circle back to Einstein's suggestion, since the so-called "fields" are really just curvatures of spacetime and are 
included in our use ofthe vacuum as. giant potenti comprised of vital particle Mux. The Sachs unified field theory | 
believe, is the best availabe, particularly when the Evans O(3) symmetry electrodynamics is included as a special subset of it 
Inmy own view, regard "vacuum potential" and "spacetime" as essentially wdenities. ‘Thus both the vacuum potential and 
spacetime have further intemal structuring and dynamics. In elatvity, this view is akin somewhat tothe notion of "subspace” 
ted on the StarTrek series, 

Today the word "ether" is again acceptable inthe literature when used in context of its modern quantum mechanical meaning. 
The “ether gas"—the quantum mechanical vacuum-—is considered to be composed of virtual patcles. The particles 
spontancously come into being and then vanish so quickly they cannot be individually detected. Thats, today the ether is 
reganded 25a sort of specialized virtual particle gas—sort ofa gas of "effervescent energy bubbles" so to speak—where the 
{individual particles are continually being ereated and annihilated a a fantastic rate 


‘A good reference on the moder view of the vacuum is J. R. Aitchison, “Nothing's plenty: The vacuum in moder quantum 
field theory.” Contemporary Physics, 264), 1985, p. 335-391. Foran O(3) treatise, see M. W. Evans, . K. Anastasovski, T 
E- Bearden ef a, "Derivation of the Lehnest eld equations from gauge theory in vacuum: Space charge and current 
Foundations Of Physies Letters, 13(2), Apr 2000, p.179-184. Its shown that the Lehner field equations in vacuum, with 
concomitant space charge and cureat, can be derived straightforwardly fom standard gauge theory applied in vacuums, using 
the concept of covariant derivative and Feynman's universal influence. The Lehnert and Proca field equations are shown to be 
interrelated through the well-known de Broglie theorem, in which the photon mass canbe inerprted as finite. These ideas go 
some way towards addressing the inconsistency inherent, in Maxwell's famous displacement current, which has no concomitant 
‘vacuum space charge, 


Fr technical insight into the attributes for extracting EM energy from the vacuum, se particularly M. W. Evans, PK 
Anastasovsk, T. E. Bearden eta, "Classical electrodynamics without the Lorentz condition: Extracting energy from the 
“vacuum,” Physica Seripta 61(5), May 2000, p.S13-S1T. Its shown that ifthe Lorentz condition is discarded, the Maxwell- 
Heaviside field equations become the Lehnert equations, indicating the presence of charge density and curent density in the 
‘vacuum. The Lehnert equations are a subset ofthe O(3) Yang-Mills field equations. Charge and current density im the vacuum 
are defined straightforward in terms of the vector potential and scalar potential, and are conceptually similar to Maxwells 
isplacement curent, which also occurs in the classical vacuum. A demonstration is made ofthe existence ofa time dependent 
classical vacuum polarization which appears if the Lorentz condition is discarded. Vacuum charge and current appear 
‘Phcnomenologically inthe Lehnert equations but fundamentally in the O(3) Yang-Mills theory of classical electrodynamics. The 
latter als allows forthe possiblity of the existence of vacuum topological magnetic charge density and topological magnetic 
current density. Both O(3) and Lehnert equations ar superior to the Maxwell-Heaviside equations in being able to describe 
‘Phenomena not amenable to the latter. In theory. devices can he made to extract the energy associated with vacuum charge and 
{curent. More than a dozen ways to approach extracting EM energy from te vactum are presented 


EVANS, MYRON W. 
Noted chemical physicist primary developer of O13) symmetry electrodynamics, and Director ofthe Alpha Foundation's 
Insitute for Advanced Stady (ALAS! 


Under Evans, the work ofthe ALAS has made enormous contributions to physics and particularly tothe extraction of usable EM. 
tenergy from the vacuum. In the opinion of the present author, Evans is pethaps the single most important sientis inthe 
‘Westem world inthe emerging field of electrical energy from the vacuur and in solving the world energy crisis. 


EVIL 


Refers to an act or acts perceived tobe detrimental 1 the receiver or referent in the positive ime stream, 


daly, the chan of events perceived to invalve “evil” toa referent in the forward time stream, would be perceived tobe equally 
‘henefcial to the referent, viewed inthe negative time steam. In other words, vil in general i a synthesis ofthe results of| 
observed actions or acts inthe forward tive mation, hence i is conjugated when time flow is reversed 


This is not just an idle question. In our physical body, the photon interaction with the electron shells ofthe atoms in the body 
largely determines the observed forwand movement of one’s materi hody thraygh time, The conscious min, fitted tothe 
single photon interaction, thus perceives its "existence" in such terms. Meanwhile, in the nuclei of the atoms of our material 
body, the charge and hence the field interactions are reversed (giving Newtons third law rections). That of couse isa time- 
reversed flow of events, not sensed by our conscious mind, but posibly sensed by our deep unconscious mind. The question 
then arises, "Do we then actually exist both forwards and backwards in ime?” In terms of good and evil, ifthe answer is yes, 
then this would have profound implications to theology and ta the study of human consciousness, 


Theologians (and philosophers) have pondered the "nature" of good and evil for literally thousands of years, and have reached 
no truly firm conclusion to date. ‘The sticking point (theologically) seems to be the puzzle ofa perfect, “all good” creator who 
hha to have ereated evil also (since the Creator is axiomized to have ercated all). To the question, “How could a perfect Creator 
hhave created or even tolerated—evil?, theologians have yet to find a satisfactory answer. Neither could they find 3 
satisfactory answer to the question of, "How can the Creator, being all-ust, and being all-powerful then allow any evil act 10 
‘occur? In short why does the Creator seemingly not "police up our perceived imperfections in the ereation?" In short, 
theologians struggled with 3 formidable problem of how to justify the Crestor’s continued tolerance af evil, even fora moment. 


Tere is no satisfactory answer to such questions, of couse, in 3-law Aristoteian logic, because they are four-law logic 
situations. However, since the 3logicis incomplete, one should examine the uestion in 4-law logic, and also in light of one's 
‘assumptions regarding the existence of the Creator. The question i unresolvable in 3-aw logic and withthe assumption of @ 
(Creator traveling through time, as we perceive ourselves toda, However, if time self sa creation, then the axiomized Creator 
may be more properly axiomized as existing both in and outside time, and "everywhere in ine at once” as well. The unlimited 
(Creator must even be postulated t he able to "both be and not be simultaneously; if He cannot do that litle tick, He has a 
limit" That trick must be allowed, else the Creator has a limit and is thus imperfect. But to such an axiomized Creator 
“permeating time everywhere at once, from beginning to end, which shall be the "beginning" and which shall be the "end?" 

‘And if we pick a beginning and an end, what shall be the "intermediate ordering” that we pick? There is. no absolute position in 
cither space or time a the “everywhere and everywhen at once” axiomized Creator, 


Te problem of good! and evil then becomes a similar problem tothe “wave or particle” question. Good and el are ty sides 
of the same coin, transposed one into the other by time-reversal With respect to finite eteatures perceiving themselves moving 
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forward in time, not existing inthe future and not existing inthe past, the question merely demonstrates that our perception 
itself iin error, 


Iemay be, then, that there ea solution (whether one prefers it or aot!) to such profound and ancient philosophical and 
theological problems in fout-law ar fve-lave logic. However, we wil leave that question to the logiians and tothe theologians 
to more properly decide, 


EXCESS COLLECTED ENERGY 


‘Any sate cletic or magnetic charge ¢, with an EM energy density flow impinging upon i, bas excess “enengy collection 
for “energy colleting” upon it due tothe atered vacuum vital photon flux that is now exchanging with it Ina nominal 
lect crete, single “pass” ofthe EM ener flow frm the source dipole, along the eieuit conductors and across the 
conduction electrons, causes an “exeess energy collection” upon the itereepting surface charges inthe condoctors. This 
potenlizes the Drude electrons inthe circuit and leads to subsequent dissipation in the loads (and losses) of about 10°! ofthe 
EM nondiverged Heaviside energy flow that actually was extracted by the source dipole from the vacuum and sent down 
through space surrounding the conductors ofthe external circuit 


Tat is a single-pass energy collection fraction fora static charge. Almost ll the Heaviside energy flow missed the circuit and 
passed on beyond the circuit "collectors" in one pass-by at essentially the speed of light, on out into deep space and beyond. On 
the other hand, ifthe already-passed EM energy Now is retroreflected, so that it retums for another ass along the eiruit, then 
an additional emsount ofthe repassing energy canbe collected by those sluggish electrons. nx nominal circuit being used as an 
‘example, the electrons travel aly about § or 6 inches per hour longitudinally down the conductors, restained by the repulsion 
ofthe electrons beyond them. So multvtroreletion, multipass, multcollection can be used to provide excess energy and 
‘overunity efficiency. Ths is a change tothe present statement ofthe work-energy theorem, which upto now hus assumed single 
ass, single energy collection. The well-known ant-Stokes emission from certain highly scattering, optically ative media, e., 
produces more energy radiating back out of the media than the amount of stimulating radiation energy input ita the media. 

This is Letokhov's "negative absorption ofthe medium", which i really the excess emission from the medium due to 
retcoreflcction and multiple r-collectons, 


Also, ifthe intercepting charge is resonated, i sweeps out a greater geometrical cross section inthe streaming energy lv, 
thereby diverging more and thus “collecting” more energy. In the Bohren experiment, eg. this effect yields collection of some 
18 times as much eneegy by the resonant charge asthe same charge collects in static mode 


EXOTHERMIC 
Giving off heat, or emitting scattered EM enersy, Producing forward time ener 


FARADAY, MICHAEL 
Noted Engl ist and chemist, 1791-1867, who discovered field theory and electom 
he dynamo also and formulated his laws of electrolysis, 

His work directly inspired Maxwell, who vowed to study no other electromagnetics theory until he had captured Faraday's work 
in mathemati theory 


ed 


FIELD 
In mathematics set wit two binary operations. [n electromagnetics in more common terms, itis a region consisting of 
‘magnitudes and/or vector directions assigned to same ative entity (spacetime itself) at each point in the region, 


‘Designated addition and multiplication, satisfying the conditions thatthe set isa commutative group with respect to addition, 
that the st with the identity of the additive group omitted isa commutative group with respect to multiplication, and that 
‘multiplication distributes over addition forall elements in the st 


For our purposes, in plan language the fundamental notion is that a "field is a sort of cleared, level space or region (e.g, in 
spacetime) where thing can be placed and actions can occur amangst them, to them, on them, and of them. What the "place or 
space" is, can get abit complicated, a can what is placed there and what actions are permitted. In shor, we view a field as an 
altered (curved) region in spacetime, and ths special curvature interacts with certain kinds of entities placed in that region. In 
‘tur, those entities also interact back upon the spacetime curvature to alter it. Hence thee isa dynamic two-way interaction 
between fcld and matter, where half ofthis interaction (the back-interaction of charge or matter is missing from present 
classical electrodynamics 


EXOTHERMIC EXPLOSION 
An explosion where ordinary heat and electromaunetic ener are released and radiate away from the explosive site, All normal 
‘explosions are exothermic 


Particularly used for a pulsed longitudinal EM wave interferometer, which inthe distant interference zone (12) will produce 3 
sudden eruption of scattering EM energy from the local spacetime curvature suddenly induced, when the interferometry 
‘uansmitter chassis grounds are biased well above the ambient potential in the distant 12. 

FERMI LIQUID 
A liguid where the individual particles or molecules comprising it ure basically non-interacting, so that they can am free 


Inan electron gas in a conductor, e, eatment of the ftee conduction electrons asa gas allows a theoretical modeling and 
explanation of conduction and resistance. Contrast to a Luttinger liquid, where the electrons interact with each other and thus 
tele th formation of collective phenomena, 


FEYNMAN, RICHARD. 


[Noted physicist, Nobelist and co-developer of quantum electrodynamics 


‘Feynman i particularly noted for his reffeshing three volumes of physics: See Richard P. Feynman, Robert B. Leighton and 
‘Matthew Sands, The Feynman Lectures on Physics, Addison-Wesley, New York, 1963. The baok is particularly noteworthy 
{nthat i gives the student some insight into foundations problems in physics. E-g. in Vol 10m p.2-4, Feynman defines the 
clectrc field not in terms of force per unit charge per se, but in temas of ts potentiality for praducing a force only when a charge 
is present forthe force to be developed upon 
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FEYNMAN DIAGRAM. 
A svo-dimensional diagram of particle interactions, bth in te virtual and observable levels, and both backward and forward in 
{ime and named afer Richard Feynman who first employed them 
FIBER FUSE 


Effect in fibers or fiberoptic eable, whase core contains germanium, wherchy beating the cable at one spot with small fame 
swilllaunch a focused traveling heal eneray effect which melis a small hole inthe cone about every centimeter. and marches 
down the cable at about a meter per second 1o the end ofthe cable, destroving the optical wansmission capability and ruining the 
‘able 

daly, by igniting the fiber fuse from the other end ofthe damaged cable, a reverse fier fase effet will often march back down 
the cahle in similar fashion except that tills in the melted holes in the core, restoring the transmission capability of the cable, 
the energy required to melt all the holes (or fill them again) is taken into account, the amount of enerzy required to launch the 
fiber fuse is much less. This phenomenon doesnot appear to have an adequate technical explanation at present. 


Foran excellent description with photographs, sce Ivars Peterson, “Fibers With Flare," Seience News, 140(13), Sep. 28, 1991 
p.20K-201, For technical information and analysis, see D. P, Hand and PS. J. Russell, "Solitary thermal shock-waves and 
‘optical damage in optical fibers," IEE Colloquium on *Non-Linear Optical Waveguides’,” IEE Digest No. 88, London, 
England, 1988, p. 101-103; — Solitonlike thermal shock-waves in optical fibres: origin of periodic damage tacks,” 
Fourteenth European Conference on Optical Communication (COC 1988), Sep. 11-15, 1988, Publication No. 292, 1(2 
188, p. III-IL4; — “Solitary thermal shock waves and optical damage in optical fibers: the fiber fuse." Opties Letters, 119), 
Sep. 1988, p. 767-769; D. P. Hand and T. A. Birks, “Single-mode tapers as “fibre fuse’ damage circuit breakers," Eleetronies 
Letters, 25(1), Jan. 5, 1989, p. 33-34 

‘ower Conservation and Field Structures in Uniform Diclectrc Gratings,” Journal of the Optical Society 
ca A, 1(3), Mar. 3, 1984, p. 293-209. Russell is actually referring to apparent violation of local conservation of, 
fenergy. This would be indicated if the vacum-to-mass interaction is ot taken ito account, Russell's analysis therefore 
supports the fact that () the vacuum-mass interaction is required, (i the fiber fuse does utilize some of its gated vacuum enensy 
(2, th usually non-diverged portion of the Poynting flow), and (i) the fiber fuse is a legitimate, repeatable overunty process, 


although a "runaway" process, uncontrolled, and not sustainable. 
FIELD 
In physics. “s region of space marked by a physical property, as gravitational o electromagnetic force or fluid pressure, having 


determinable value at every point in the region, 
[Thanks to Webster's I New Riverside University Dictionary.] 

Here one must nor think of "space" as emptiness, as mathematicians do, but asa virtual particle flux, a dynamic entity, and as 
dynamic spacetime. A field then is et of entities and thee relationships and operations in a region of tht kind of space, where 
the entities and operations are themselves "space stu", They areal virtual” in that they’ are ot individually observable 
However, ther impact upon or interaction with mass—particularly charged mass—can be and often is observable, in that we can 
sce some change of the mass its direction of travel, translation, acceleration, deceleration, rotation, generation of current, et.) 
Lf the entities are point-like and are naively supposed to have magnitude only, or if we only specify ther energy density 
‘magnitude at each point, then that "marked space region” i sid to bea sealar field I'he eniies are poin-like but have both 
‘magnitude and direction, they are said to be a vector field 


Punter the deponent saith not hecause even the foundations physicists are in hot water in trying to define the fel and if the 
<deponent sith more he will surely deep-ty in ht oil! 


FIELD, SCALAR 
A field, to any point of which is assigned a magnitude ony. 


FIELD, VECTOR 
A ficld, to any point of which is assigned both a magnitude and s direction 


FLAT (UNCURVED) SPACETIME 


A vacuum/spacetime whose virtual particle flux intensty-—and therefore its local eneray density-—does not change asa function 
‘of spatial position or averaged time 

That i, a flat spacetime in my view isa quantum mechanical vacuum whose virtual patclefux and energy density are constant 
{in magnitude and internal constitution with respect to spatial position and in averaged time. Note that a flat spacetime (vacuum 
potential) can stil contain vacuum engines, and thus stil be dioensioned. In that ease, contrary to normal physic, the flat 
spacetime itself will stl interact with an embedded object and change it, even though it may not translate it. To perform 
‘uansmutation of clement, ., one is interested in just such engines and not in translating through space the element being 
treated, This dimensioning or activation of the local at spacetime can result in an otherwise unexpected, seeming violation of 
‘one of more laws of nature in the dimensioned region. 


FISSIONING, ACTION 
The spliting ofthe action quantum inte two canonical variables for example, enerwy and time), only one of which can normall 
bbecompletely detected or messured_("Action” has he dimensions of angular momenturn—encray x time, momentum x length 
ee) 


Fissioning produces lenth, discrete bit by discrete bit, and time likewise. ‘The physical reality of separated physical objects is 
thus continually created, discrete bit by discrete bi, monoculary. All that ever observably exists in the "present isa single 
{quantum change, just occuring. Recombining ofthe two canonical action fission fragments is called "fusion." Fusion also 
‘occurs monocularly, quantum by quantum. Rigorousl, the physical world of separated objects never exist as such except in 
‘memory recall of vast numbers of past ordered quantum changes that occurred one by one. 


FLUX 


The amount of some quantity (such 
endiulat fo the flow) per unit of 


ray. particles, volume of fui, et.) flowing across.a given area (usualy oun area 


Te term flux density is now more commonly used. Loosely, "lux" refers tothe perpendicular ow through an arca, while “Aux 
density" refers tothe magnitude or intensity (rate) of the fax. In some eases such asa flux of particles of diferent velocities, the 
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numberof particles may be multiplied by the average velocity to give an average flux density that i weighted 

FLUX DENSITY 
Tue amount of some quantity (uch as ener, particles, volume of Nuid, ete.) lowing acrss a given area (usually aunt area 
‘emendicular o the How) per unit oF time 

FOGAL, WILLIAM (BILL) 
‘Soon-to-be-noted researcher and inventor ofthe Fogal semiconductor (two patents so far), as well asa superluminal infolding- 
‘utfolding communication system and other remarkable longitudinal EM wave processes, 
[lam happy tobe a friend and colleague of Bill Fog. 


FOGAL SEMICONDUCTOR 
A special semiconductor invented by Bill Fogal which, in its operational regime, utilizes an integrated semiconductor, tantalum 
‘apucitor, and feedback resistor to accomplish charge blocking (blocking of electron current flow da dt) while passing 
‘displacement curent ddt 
The Fogal semiconductor can also accomplish amplified phase conjugation of signals as well at infling (translation of input 
transverse EM waves to output longitudinal EM waves) and outfolding (translation of received input longitudinal EM waves to 
output transverse EM waves). Used in communication systems, it opens the use of the unlimited "infolded” electromagnetics 

Since it may communicate using longitudinal EM waves, itis also usable for superluminal ora specialized 
communication through the "interoc"of normal EM waves, potentials, and fields 

‘ce William J. Fogal, "High Gain, Low distortion, Faster Switching Transistor," U.S Patent No. 5,196,809, Mar 23, 1993; — 

“High Gain, Low Distortion, Faster Switching Transistor” U.S, Patent No. 5,430,413, July 4, 1995, a contisuation of bis earlier 

patent, 


FORCE 


In mechanics, identically the time derivative of momentum, or P= didi 


‘Simply, changing ofthe old concept of mass-motion, One must realize that itis not the mass in motion, bu the single undivided 
{quantity "mas-motion" or "mass-velocity" (momentum) that is changed. In shor, F= ddt(my). In present EM theory, force 
fields ae erroneously taken to exist in empty, massless vacuum. However, the mechanical definition isan identity, not an 
‘equality. Thus force does not separately exist in contac with a mass, but consists ofa changing "mass-motion." Since this force 
can be induced into and ofthe mass-motion target ata distance, inthe new approach one is confronted with the fat that here is 
‘| more fundamental mechanism that produces fore itself, and tht isa curvature of spacetime. 


Distant curvatures of spacetime to produce forces on exposed charged mass systems ae also engineered by longitudinal EM 
‘wave interferometry. 


FORCE FIELD 


‘An effect that exists as a local vacuum virtual particle flux interaction upon and with a unit mass or unit charge whereby a 
particular type of matter is aflested. 
The force fied has two components, one the mass and the other massless. In electrodynamics, one normally thinks 
(crroncously! ofthe massless component, and refers to that component alone as the force field." This considers the "force 

3 separate ently acting upon a separate "mass." Whether it is logically correct or not, tht isthe prevailing way physics 
and electrodynamics uses it! Soin this definition, let us momentarily accept the common incorrect usage, far convenience, 
‘while pointing out the eal definition as we need to, 


For example, conventionally the EM force fields can affect and change the state of motion of any charged particle or any 
‘magnetic particle In classical physics, the force fields are considered the primary causative agents; when these fields are zero, 
then the motion of the particle or system is unaffected. Consequently, conventional EM theory assumes that al the EM 
[Phenomenology ceases once the force fields are absent, Today we know that is not true at alls we explain in this glossary, 


FORCE-FREE PROPAGATION 


Propagation of force-fee disturbances inthe vacuum fx 
(Ge, inflded inside the ambient vacuum potential or inside a constant DC voltage) Such "inflded” propagation is nt limited 
to the speed of light, but may even travel inthe Coulomb gauge so that it is instantaneous. More usally, ican travel 
superluminal. It may be regarded asa special form of "tunneling", wich is known (both theoretically and experimentally) t0 
produce supesiuminal propagation to the external observer. The music of Beethoven's 40th symphony, has been 
experimentally transfered between two points in a physical waveguide by such "quantum tunneling” at over four times the 
Speed of light in vacuum, 

‘We regard tunneling as moving ina sort of "subspace", i. within the internal structuring of spacetime itself Its nt limited 
by the speed of light and Einstein's postulate, which we believe only applies to signals moving in spacetime in bulk and not to 
signals moving within substeuctaring inside that spacetime, 


FOUNDATIONS OF MATHEMATICS 
The concep, operations assumptions, postulates, oui, definitions, and exioms of algebra systems. 


FOUNDATIONS OF PHYSICS 
The postulates. assumptions, concepts. and definitions upon which a scientific phusics model ress, Incued are the postulates 
‘concepts, assumptions, definitions and operations ofthe mathematics in which the scientific model is expressed, as well asthe 
postulates, concepls, assumptions, definitions. and operations of the physics enfities and funetions assigned to the mathematical 
svmbols 
Thus “scientific truth" even mathematical truth (see Morris Kline's Mathematics: The Loss of Certainty —is actually a 
qualified wrath. What is tue in one model (one set of postulates, assumptions, concepts, ad definitions, including those inthe 
algebra) may not be always true when one or more of the postulates, assumptions, concepts, and definitions is/are changed, 
lnd/or when the topology of the mathematics in which the model is expressed is changed, et. 


The major flaws in present physics models involve errors in the foundations. However, a successful physics mode is rather 
quickly dogmatized and often tured into a belief structure by many scientists rather than being regarded asa tentative model 
‘Consequently scientists who attempt todo serious workin foundations are generally ignored or ostracized and rather 
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vehemently attacked if they propose any significant changes to one ofthe dogmnatized models. Particularly all funding and 
“benefits” ofthe scientific bureaucracy ae denied the heretical foundations scents, unless he or someone can rather quickly 
come firth with an iron-tight experimental proof af the heresy. Any attempted change in foundations is usually met with ad 
‘hominem attack, a barrage of enicism, loss of position, and denial of research funding. Science has along history of just such 
dogmatic oppression of great scientific discoveries, To-name a few (there are hundreds)- The first laser paper was rejected by 
the journal as being ridiculous. When Mayer proposed conservation of encrry, he was hounded and ridiculed so fercely that 
he suffered «nervous breakdown ad attempted suicide. Years later, near the end of his life conservation of energy was adopted 
‘because i greatly facilitated understanding and calculation, andthe same system now lionized him as a scientific her, 
(Ovshinsky suffered personal attack, ridicule, and charges of charlatanism in pushing amorphous semiconductors; everyone 
‘know that only crystalline semiconductors could work. The situation changed when several thousand Nerox machines were 
‘observe to now contain amorphous semiconductors which were working just fine! Louis de Broglie's matter wave hypothesis 
‘caused constemation to his thesis advisors but because he was Prince Louls de Broglie, they felt obligated to send ito the great 
[Einstein so that he would reject it and then they could regretlly reject the thesis ofthe Prince. When Einstein replied that t 
‘was probably truc, they felt they had no choice but to publish it because de Broglie wus a Prince of the old French aristocracy 
and as such was not be casually eifled with. So foundations work is fraught with the greatest peril othe practitioner. Yet it 
{isthe most important work in physics, and i isa continuing black mark against the scientific establishment that they do not 
‘openly encourage and fund the most able physicist, gad students, and postdocs to examine and revise the errs in 
foundations concepts and postulates. Because ofthe prevailing dogmatism, science itself continually strangles the new ideas 
and concepts that would provide the physics ofthe 22nd century now. In an eri tura of events, science has become in a 
Strange way is own worst enemy, and the strongest barrier tothe advance of science, 


FOUR-SPACE (4-SPACE) 


The “normal” spacetime used in physics, consisting of three spatial dimensions and one time dimension. Minkowski spacetime. 


FOURTH LAW OF LOGIC 


the law that a thing and its opposite become identical on the boundary, cin maltiple simultaneous observation. Identity is 
rerely the loss of observational or perceptual distinction; when formerly "two" objets are simaltancously observed by a single 
‘observer, to slides have been shown at once i the side projector. Ik daes not mater at tht point what each was individually 
‘observe to be before; now there is no observable distinction or difference. We previously showed thatthe law i implicitly 
assumed in the three laws of Aristotelian logic anyway, and published a simple proof of the fourth law. Without the fours law, 
‘Aristotelian logic "eats tse". What results inthe four law logic is that either (1) the three laws apply explicitly and the fourth 
implicitly, oF (2) the fourth law applies explicitly and the fourth implicitly. This applicarion rule set ean be taken as. fit 
law of logic. The fourth law is also the la ofthe paradox: Le, when something is rue but violates one or more of the 
Aristotelian laws, itis a ease where the fourth law applies explicitly. The conclusions derivable from a four law logic agree 
‘generally with the conclusions derivable from G Spencer Brown's Laws of Farm. 


FOURAWAVE MIXING 


A nonlinear multivave mixing effect when four waves mix ina highly nonlinear situation so that wave to wave interaction 


FRACTIONAL CHARGE, 
A bypothetial particle having a charge I 
‘hae of the electron, 


A few years ago, Stanford University researchers found evidence of free quarks. There is also now the fractional Hall effect. tn 
the 1920's Ehrenhatt reported the discavery and production of fractional charges ofall sizes, and his experiments have heen 
replicated by Michailoy, with papers by Michilov and Barret, 


than the electon'scharse. Ofen call 


charge 


where or 23 hs 


Inthe new approach, wien time-energy is utilized, quarks canbe fred or nearly fred rather easily in "time-reversal zones", It 
‘would appear that, asthe new approach develops, fre quarks will ecome a normal event rather than one intensely sought but 
terribly difficult to come by experimentally 


FRAME, LORENTZ 


A frame of reference which is not accelerated with respect tothe laboratory observer. 


In this case the frame may be rotated (moving at a constant velocity) but itis not rotating (the flame isnot accelerated with 
respect to the observer and spacetime is ot curved), In this case special relativity applies, as do the conservation laws. If the 
local spacetime is curved, the frame is accelerated and spacetime is curved. Locally thea, general elatvity applies. In this 
«ase, locally the conservation laws (energy, momentum, charge, and spin) can be vielated) However, in ordinary general 
relativity it has been tacily assumed that locally the curvature of spacetime is negligible. Hence locally a Lorentz fame is 
assumed, and the conservation laws ae assumed to apply locally also. In scalar electromagnetics, the local spacetime is always 
‘curved and gencral relativity applis locally. In this case, the conservation laws need not apply. 


FRAME, REFERENCE) 
A 


Normally refers toa 3-dimensional, spatial frame. All objects and points inthe "universe" or spatial frame are considered to 
simultaneously coexist at separate, measured points in the fame. Differs from the vacuum in that, rigorously, vacuum has n0 
existing definite lengths and no existing definite time intervals, as these appear only after measurement or detection, and are 
relative to the observer and to the intractons ongoing as well asin the detection process itself. The "laboratory frame" isthe 
static reference frame of the observer or measurement. A separate reference frame may be assumed to exis for any fixed or 
‘moving object, or centered on any pont in another frame. When a type of frame is assumed, the entire class of physical 
‘ntractons that can occur has been restricted to an assumed set or type. In other words, given the frame, the conventional 
physics hus been assumed. One ofthe greatest restrictions of an assumed "frame" is to rule out the consideration (existence) of 
other higher dimensions. 

Note that, the new unified field theory approach, the other higher dimensions are always available and cannot be ruled out in 
general, but only in some special ease. Every curvature of spacetime, and any internal additonal curvature to that primary 
curvature, adds a new dimension. In our view, a spacetime may be "lat" in overall curvature, but consist of internally structured 
deterministic curvatures or "engines'. In this view, normal inertial frames, eg, may sill contain vacuum engines, which will 
rot affect the normal hulk translaion rules, but may affect any or all ofthe nostranslation mechanisms, including the very laws 
of mature in many cases 


seasured late placed ace, spacetime) 
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FREE ENERGY 
Excess enery freely received fom its external ative environment by an open system that i fur from thermodynamic 
‘ulin in its exchange with that environment 
To use tis fre excess energy, it mast be collected, transported toa load or loads with minimal loses, and then dissipate inthe 


leas) to power them. without any substantial portion ofthe fee energy being used to close the system's "gate" through which 
the excess energy is inp to it 


‘There isa separate thermodynamics for such open systems far from thermodynamic equilibrium in their active environmental 
exchange. Such a system is permitted to exhibit five "magic" functions: itis permitted (1) sel-onder, (2) self-oscillate or 
selfotate, 3) output more energy than the operator himself inputs (the excess energy is freely received from the active 
ceavironment, (4) power itself and its load simultaneously (ll the energy is frely received from the ative environment) and (5) 
ehh negentropy 


The entropy of such a system cannot even be calculated. Some useful references ae: llyaPrigogine with D, Kandepuali, 
‘Modern Thermodynamics: From Heat Engines to Dissipative Structures, Wiley, Chichester, 1998: llya Prigogine, The 

End of Certainty: Time, Chaos, and the New Laws of Nature, Free Press, New York, 1996, 1997; G. Niclis und 

Prigogine, Exploring Complesity, Piper, Munich, 1987; Gregoire Nicolis, "Physics of fur-from-equilibrium systems and self- 
organization," Chapter 11 in Paul Davies, Ed, The New Physies, Cambridge University Press, Cambridge, 1989, p_ 316-347. 


FREE ENERGY SYSTEM, 
‘Any open system notin thermodynamic equilibrium, which freely receives excess enengy from an external source, 


and collects and utilizes this free excess energy to freely power extemal loads, so that a permissible system COP>1.0 is 
achieved, as allowed by the nonlinear thermodynamics of open systems in disequirium with their environment. 


Implicit inthe notion of free electromagnetic enengy systems ar six key concepts: 1) the loal vacuum/spacetime is known to 
be filled with hidden (.e., virtual) energy in violent motion, ic, the local vacuum spacetime isa violent virtual energy ux and 
therefor a scalar potential, (2) a braken symmetry—i.c., some sort of organizing and gating mechanism, such asthe common 
dlipole—in this hidden (virtual) energy fax ofthe vacuum is wilized asa source, to cohere the viral enengy and divert itas 
energy flow $= EXH, from the broken symmetry initiation point ont the extemal circuits or load parts ofa device, (3) the 
coherent gated extra virtual energy flow available inthe external circuits or load parts couples to (interacts with) the mobile 
charges in those circuits or load parts, so that gradients developed in the interacting viral flux frm force fields on and ofthe 
tac memes vig he bl cages alg he est eh omg utp el onponea ee od) 
{nthe interaction of the driven charges with the driving virtual energy flux, ther spin and erratic motions intra i 

“Coupling Eton” ofthe driving viral energy int observable (Le, macroscopie il) energy, hs creating te Efe and 
B-fields, (5) the curent-impeding extemal components or load parts scater ar dissipate the coberence of the driven charges, and 
thereby dissipate the collected energy or change the form of the collected field energy, thereby producing useful work, and (6) 
litle o none ofthe excess colleced energy in the circuit i spit off and dissipated inthe gate (asymmetry component serving as 
the Slow source) to destroy the gate und thereby destroy is asymmetry in the Vacuum flux, which is what is extracting and 
producing the free energy flows 


FUSION, ACTION 


Inthe new approach, the recombining of two canonical bits ofa fssioned action quantum, 


‘The fusion process "cancels" the bits produced by the fission process and constitutes a negative spacetime operation. The 
physical world is thus eliminated, bit by bit, ina monocular fusion operation that produces the "past. The "mass" of a particle 
{is taken tobe proportional to, and identically comprised of, the absolute value of it fission and fusion rate. When fission and 
fusion rates of a particle are equal, the particle is unaecelerated: when unequal, the particles accelerated. Vice versa, when the 
particle is unaccelerated, the fission and fusion rates are equal, and when the particle is accelerated, the ision and fusion rates 
fre unequal. 


GAIA HYPOTHESIS 


The hypothesis by Lovelock thatthe earth and its biosphere ia living thing, atleast in some sense 


In the new viewpoint, there exists a biospheric quantum potential which contains an extended mind and therefore is indeed! an 
extended lifeform—one which includes the earth and the quantum potentia all its creatures and species. In the new sense, even 
so-called “inert” matter is alive, being continually bathed by energy flow dimensioned with lfeform templates, and therefore 
equally alive in all directions and nonpreferental, 


Gare 


[Refers to something (a component or function) which extracts some part of aux or flow, compacting into a steam, and 
sending itout” 

‘A moving board wall or gate may be swung into a river, eto divertor "gate" some ofthe river's flow out ino a shice ditch 
and on to a waterwheel powering a mill Similarly, a dipole extracts some of the energy fom the vacuum virual photon Qu 
‘exchange withthe end charges ofthe dipole, and "yates" (diverts) the extracted portion of energy out from the ends ofthe dipole 
as energy flows. This creates the scalar potential surrounding each charge, and also the E-field. vena "static" dipole does this 
“pating” of vacuum energy into an energy flow 


The fundamental gate forall EM energy in 3-space isthe dipole or dipolarity. The source of the 3-space EM energy 
continuously emited by any charge or dipole isan equal inflow of EM energy from the complex plane (from the time domain). 
Thus EM energy flow is conserved in 4 dimensions but notin 3-space. In particle physic, iis well-known that any dipole oF 
charge is sucha broken 3-symmetry in its fierce vacuum energy flux exchange. However, particle physics considers the input 
energy to be viral particle energy from the vacuum and therefore random energy, Whitaker 1903 shows st actually from the 
time domain of spacetime from the complex plane) and the input eneray flow from the vacuum isnot random but precisely 
‘organized ina harmonic set of longitudinal EM phase conjugate waves. Of curse by wave-partcle duality we simply consider 
the two pictures to be just different and permitted models of the same thing. 


GATING EFFECT 


The effet of extracting part of a ux or flow, compacting it into a useful stream, and "sending it out” 


See gae 


GAUGE 
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Inclectromagnetism, usually considered a possible choice for (change of electric scalar potential and magnetic vector potential, 
‘without anv net change of force fields so that the change satisfies Maxwells equations. 

Interestingly, gauge field theory includes the axiom of gauge freedom. In EM systems, ths means that one is fre to "regauge” 
for change the potential energy of the system freely and at anytime, so long as the change results in a static stress potential 
fenergy change. In the eal world, one may have to pay a litle bit for switching. But essentially physics already assumes that 
fone can cause his EM system to take on excess potential energy at wll so long asi isa sess potential energy change ony. 


In shor, only the symmetrical regauging case has been considered in electrodynamics. Yet every electrical power system must 
first potenilze the system asymmetrically rather than symmetrically. Inthe theoretically perfect sytem, ths asymmetrical 
regauging is done freely. Hence every electrical power system first breaks gauge symmety, inorder to take on extra enengy $0 
that it can do work, Further, the source of the potential energy flowing into the asymmetrically regauged electrical systm so 
freely, comes from the source dipoles extraction of EM energy frm the time-domain (complex plane) duct its broken 3- 
symmetry in EM energy flow. 

So the highest "gauge" principle is that energy can be frely extracted from the vacuum, anywhere and at anytime, freely and 
casily; by making a dipolarity—which changes a single potential and asymmetcally epauges the system. 


Ie follows that one isin theory free to "dissipate" this excess free energy in external loads to power them. Again, in the real 
world one may have to pay some switching costs, but that can be minimized by efficient switching. However, since no 
conventional electrical power system accomplishes this free powering o its loads, it rigorously follows that the conventional 
system must sel-enforce symmetry in its discharge ofthe free potential energy achieved by the initial asymmetrical regauging. 
Tus, if we believe gauge field theory—the most modem of piysics theories and in many ways the most useful—and also 
believe its assumption office asymmetrical regauging that is iden in its gauge freedom principe, then COP>1.0 electrical 
power systems are absolutly permitted by nature and by gauge field theory where asymmetrical regaoging is deliberately used 


Ie follows that some feature in electrical power systems as we presently design and build them, must be preventing these 
systems from exhibiting averunity COP. And so its, The ubiquitous closed current loop circuit results inthe circuit forcibly 
and symmetrically regauging itself while dissipating its excitation energy to power its loads and losses. ‘This forces half the 
collected regauzing(iree) energy to be dissipate inthe external circuits loads and losses, and half of it to be dissipated inthe 
source dipole to scatter the charges and destroy the dipole. This means that less than haf the available fee regauging energy is 
used to power the load, while half is used to destroy the entity the source dipole—actualy furnishing the free regauging 
energy from the vac, 


Hence all our present electrical power systems ar inherently fice energy systems freely extracting their energy fom the 
‘vacuum, but ar fiendishly designed so that they kil themselves (shutoff all free asymmetric regauging energy from the 
‘vacuum, by destroying the source dipole) faster than they catch some of the free energy from the yacuum to power thei loads, 
‘To restore the source dipole requires at least as much energy dissipation as was done to destray it, In our conventional sell= 
destructive systems, the generator shaft must thus be continuously powered in order to form the magnetic field inside the 
‘generator, so that this magnetic field can then dissipate its available energy to force the scattered charges back apart to form an 
‘ordered source dipole 
We pay the power company to have a giant wrestling match inside is own generator and fase. And ina sense, we do it because 
‘our theoreticians lave gauge symmetry more than they tolerate broken gauge symmetry. So they build lovely, symmetty- 
restoring electrical power systems-—and monstrously mangle and destoy the fragile biosphere inthe process. 

GAUGE FREEDOM 
The axiom in gauge theory that one can freely change the potentials ofan EM system. so ki 
‘rom the change wil sum toa zero vector resultant so thatthe system remains "symmetric 
respect a the evstom prior tothe change of potentials 
Gauge and gauge freedom are actually Formal restrictions of an even more important asyrametical regauging principle: a 
‘potential ina system can be fcely changed at any tne, thus freely changing the potential ener of the system feel and at 
‘will. Symmetrical regauging is achieved only by multiple application ofthis asymmetry rule to provide a net symmetry 
condition again, with a change in locked-in sress potential energy of the system, 


asthe net new forces resulting 
its force-field functioning with 


GAUGE SYMMETRY 
Abstract mathematical symmetry ofa field, that relates tothe freedom to regauge (change the value of | potent 


affecting the values ofthe field quantities, 
In shor, the higher principle that the potentials canbe changed feely and at will—and hence the potential energy of the 
‘egauged system can be changed freely and at willis arbitrarily restricted toa very special case: Each change of potential 
involves the appearance of an new free force field. This asimmetvical change ean be made freely and at will, at anytime 
However, the notion of gauge symmetry restricts any set of such changes tothe special ease where the new fee force Fields 
produced must sum to anet zero force field of opposing forces. In short, it severely restricts the freedom to change the 
Potentials tothe special case where the resulting change of the system's potential energy must remain # static stress potential 
{energy condition. Note that this arbitrarily eliminates ay overunity functioning of the regauged system in which the altered 
potential(s) and altered system potential energy exsi(s). See the discussions of gauge and gauge freedom, above. 


is. without 


GAUGE THEORY 
‘A field dheory using a fed that has one or more gauge symmetries. 


[Note the accent on gauge symmetry and the net symmetrical regauging restriction, ‘his restriction isa carry-forward ofthe old 
notion thatthe potentials are not primary, but the fields are primary causes of al EM phenomena. 


Far the averunty researcher, broken gauge symmetry isthe interesting feature which must avidly be sought in bis experimental 
systems. Hence he must seck out and familiarize himself with a wide variety of broken symmetry effects and phenomenology: 
‘He must also rigorously analyze his ereuits with a keen view to where gauge symmetry can be broken, where und hav gauge 
symmetry is automatically restored during excitation discharge, tc. Unless the automatic seléenforcing of syrumetrical auge 
‘uansformation during excitation discharge is violated, no EM system can produce COP>I.0. In addition, without elaboration, 
the overunity researcher must also lean to conser the time-domain functions of the circuit, and particularly the giant 
rnegentropy ofthe common dipole, Unless he understands that all EM energy comes from the vacuum an from the complex. 
plane via the broken 3-symmetry of a dipolarity, he eannot understand his own circuits. 


Electromagnetics was the first gauge theory. Gauge theory is widely utilized today, and particularly in particle physics. In 
foverunity power systems, the system must exhibit a broken gauge symmetry a least twice: (1) in initially potetializing the 
system to freely increase its potential energy, thus exciting the system so that thas energy with which to do work, and (2) then 
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lischarging this free excitation energy inthe load without simultaneously destroying the source dipole providing the continual 
potentalizing 

‘The conventional COP<I.0 electrical power system restores net 3-space symmetry by continually destroying the "ree 
asymmetrical egauging” component: the source dipole, and using more of the encrgy freely received from the vacuum via 
dipole asymmetry to destroy the dipole than is used to power the load. This requires that at least as much 3space energy be 
{input tothe system again, to restore the dipole and thus potentialize the external circuit as was used to destroy the dipole 
Hence as much 3-space encrzy has to be input as is dissipated inal the loads and losses, including inside the generator. For that 
reason, our scientists and engincers unwitingy but deliberately design and build only COP=1.0 systems, 


Without elaboration, we also accent that spacetime curvature is always involve in an overunity EM power system, and the 
{empic (time) potential ofthe output end of an overunity system differs from the temic potential of the input end, so that the 
ration (the tempie force) is directed from output ta input exactly the reversal af the ease for a COP. power system. 


GAUGE TRANSFORMATION (IN ELECTROMAGNETICS) 


Jn EM, gauge transformation is conventionally taken to be the addition ofthe gradient of some function of space and time tothe 


‘agnetic vector potential and simllancously the additon of the negative ofthe partial derivative of the same function with 
espoct o ime, divided by the speed of light, tothe electric scalar potential 


Tis procedure gives different potentials but leaves the electric and magnetic fields unchanged. It restricts gauge 
transformations to net symmetrical transformations. However, the increase or decrease in potential energy ofthe system, due to 
changing the poteatials, results ina change inthe stress ofthe system and a change ints stress energy. This is because two new 
antiparallel forces ae created, which change the stress ofthe system. 


Inessence, gauge symmetry then involves the implicit assumption that a functioning system isthe same regardless of how itis 
stressed, and regardless of the state of its stress energy. We point out that, gravitationally, this isnot true since any change inthe 
Toca potential energy of the system is a spacetime curvature change, hence a gravitational change, 

GENERAL THEORY OF RELATIVITY 


‘Hinstcin's theory of gravity in which the gravitational force is epresented by a curvature in spacetime 


GIANT 


EGENTROPY (OF THE DIPOLE) 


The receipt from the time domain of spacetime (the vacuum), by any dipolarity, of enormous longitudinal EM wave ener 
ow, transduction of that absorbed energy from the complex plane inlo real S-space, and emission ofthat enormous eneray’ ow 
‘mall directions in space, automatically apd indefinitely aller a litle energy hasbeen ex arate the charges and 
‘make the dipole The EM waves inthe input from he ime domin and the output in ¥-spave are perfectly ordered and 
‘omlated, whichis a giant ondering ofthe vacuu/spacetie and i thus » giant nezene 


In circuits, the source dipole inthe generator or hater, once made, performs this function. Only « minuscule faction (some 
10°) of the energy pouring out of the generator’ or battery's terminals strikes the surface charges ofthat attached extemal 
circuit and is diverged into the conductors to power the Drude electrons and the circuit All the res is just waste. 

See my paper, "Giant Negentropy from the Common Dipole” sid 


GRAVITON 
‘Te quantum (smallest piece) ofthe gravitational field, with spin 2, 


Inthe quantum theory of general relativity, the graviton is massless and has spin 2 In the new approach, a graviton is 
considered 10 be a paired (coupled) photon and antiphoton, each of which has spin on, so thatthe graviton couplet has spin 2. A 
Scalar potential is comprised of gravitons, not merely photons, since it can be decomposed into a harmonic series of| 
bidirectional wavepairs. In each wavepait a wave and is anivave precisely superpose. We insist on a furher strong condition: 
that in the biwave, the photons comprising the wave and the antiphotons comprising the antiwave also must abey the distartian 
‘areetion theorem. This means tat the antiphotons and photons are passing through each other in opposite directions, 
‘continually coupling into gravitons and decoupling again 


GRAVITY 


The phenomenon characterized by the phusical attraction of any two material bodies, 
‘Actually, in modern gencral relativity it isthe trapped energy in the masses that produce the gravity potentials. Lally, the 
_ravitational force between twa masses is proportional to the product of the maskes divide by the square of the distance 
between them. Inthe new approach, one rcopnizes that mas itself is defined in terms of, and identically consists of the time 
derivative ofan action flux. (For a force-free fundamental definition of mass, see TF. Bearden, Quiton/Perceptron Physics: A 
‘Theory of Existence, Perception, and Physical Phenomena, National Technical Information System, Report AD-763210, 
1073.) A photon flux is also an action flux. A virtual photon flux is an action flux. So the vacuum consists ofa gigantic action 
flux—which with certain interactions forms mass itself But since photons are action quanta and photon flux is action flux, and 
since mass and gravitation are functions imposed on such action flux; then mass, EM, and gravitation become different aspects 
ofthe same thing. All of them can be clecttomagnetically engineered, directly, as indeed can be the flow of time itself. By 
affecting the flow of time clectromagneticaly, one is thus able to affect the gravitational force between two objects 
lectromagnetically. Amigravity, for example, can be achieved by a mechanism that i given inthis glossary. Hutchinson has 
demonstrated the levitation of objects weighing up to 60 lbs. albeit sporadically and uncontrollably. At my urgent request 
‘Sweet performed a highly successful antigravity experiment some years ago, reducing the weight ofa 6-pound object by 80? 
smoothly and controllably; in several smoothly controlled steps. {consider that the experiment tested and validated my approach 
tan engineerable mechanism lar antigravity. For the results ofthe test, see Floyd Sweet and T-E. Bearden, "Utilizing Scalar 
Electromagnetics to Tap Vacuum Enetzy," Proceedings of the 26th Intersociety Energy Conversion Engineering 
Conference (IECEC"91), Boston, Massachusets, 1991, p, 370-375, 


GROSS PARTICLE TRANSLATION 


Refers to the entire particle in space, rather than internally structuring the particle's potential (massless cl 


GROSS POTENTIAL GRADIENT FIELDS 


The usual gradient ina scalar potentials wross magnitude, asin Vo 


GYROELECTRONS 
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Spinning electrons considered as gyroscopes, so that when longitudinally perturbed they can and wil laterally process, 
Considering ina gross first order mode) the conduction electrons inthe Drude gas in a conductor as litle gyros, because they 
are (i) spinning on an axis, (i) severely restrained in their ability to move forward longitudinally dawn the conductor as curent, 
and (i) moch more free to precess laterally in the conductor. Thus when the gyrocletrons inthe receiving wire antenna, 
perturbed by an incoming longitudinal EM wave inthe vacuum, are longitudinally perturbed, they precess laterally so that our 
Instruments (which detec electron wiggles, not the incoming vacuum EM wave) da detect "transverse waves.” However, they 
are detecting the transverse gyrocletron precession waves. The old cletrodynamicsts, long belore the electron or the atom was 
‘discovered, simply envisioned the incoming EM wave as "waves in the thin material fluid thee” which were “intercepted” as 
tletric uid waves in the antenna, Hence sine their instruments reported that he intercepted “electric Did” was vibrating 
transversely; they firmly believed (erroneously) that this proved the ether wave to be transverse also, just as those "taut string 
"waves" that Maxwell and Faraday had believed in. That s the total raison d'etre behind the mistaken notion ofthe transverse 
EM wave in the vactum ether! 


Cosssting ofa fundamental frequency, its first harmonic, its second harmonic, ete 


HEAVISIDE, OLIVER 
[Noted English selftsught physicist and brilliant clectrodynamicst, 1850-1925, who played role in discarding Maxwell's 
‘guatemions, and also plaved a role in forming vector mathematics and formolating the vector reduction of Maxwell's theo 
from 20 qualerion equations in some 20 unlenowns to the present 4 vector equations 
What are presently taught as "Maxwell's equations” in university are actually Heaviside's equations. 


Lorentz symmetrically regauged the Maxwell-Heaviside equations, again greatly simplifying their mathematical solution—and 
also unwittingly discarding all permissible overunity Maxwellian systems in the process 
HEAVISIDE ENERGY FLOW COMPONENT 


(1) The enormous noninterceped and nondiverged energy flow component pouring out of the terminals of the battery o¢ 
generator, and missing the extemal circuit entirely so that ts wasted 


(2) The enormous energy inthe EM field, potential, oF wave that misses the interaction ofthe field, potential or wave withthe 
assumed unit point static electric charge 
{@) See also discussion under Giant Negentropy. 
HERACLITUS 
‘To be added. 
HERTZ, HEINRICH 


Noted Ge sicist who together with Heaviside and others transformed Mi 
vector algebra, and who also paduced EM waves, thus confirming Maxwells thes 


theory from quaternion algebra to 


HIDDEN BIWAVES 
Those bidirectional EM wavepairs that comprise the scalar potential are indeed "hidden" with respect to our normal "electron 
inanslation® (i. electron wiggle) detectors and instruments, 

HIDDEN VARIABLE THEORY 
A class of quantum mechanical theories which considers thatthe quantum state ofa physical system isnot a complete 
Specification after all The "hulden variables" are those additional components necessary to provide the ‘complete site" of the 
susie 
Te hidden variables are those extra components of the theorized complete state, which are not contained inthe quantum sate. 
‘Bohm’ hidden variables theory isthe best known of all of these theories, and makes the same predictions as does the 
conventional quantum mechanics In addition, i eliminates the terrible problem of the "missing chaos,” eliminates the quantum. 
‘measurement problem, and it suggests that quantum mechanics can be engineered if the hidden variables themselves can be 
engineered. In the new approach, one goes a sep further by considering hidden EM variables infolded inside the potentials 
thomselves, including inside the quantum potential utilized by Bohm. The advantage of this assumption is that it poses an 
engineerable interpretation, aftr work by Stoney, Whittaker, and Ziolkowski. Furhe, the Russians have utilized this type of 
EM hidden variable theory along with the quantum potential, to develop secret advanced weapons. The physics of this area is 
called energetics 


HIERONYMUS, T. GALEN 
‘Founder of the American version of radionies, who patented a radionics machine and process to start the eycle ofradionies in 
this country 


HILBERT, DAVID 


N matician ral equations, and 


Noted particulary for is development of Hille space 


HOLE (ELECTRON HOLE) 
‘An unfiled vacancy in an onlering of electron encroy levels as ina lattice or inthe Dirac Sea, 


Electron energy levels have two energy sates: (1) positive energy state, and (2) negative energy state. The positive energy states 
are associated with the postions of normal energy electrons. The negative energy states are almost al filled, and this is the 
Dia sea 

‘The absence of an electron from cither energy sate creates a particular kind of hole. When an electron i absent from an 
clectron postive energy state position ina lattice, that restlts n an excess of positive charge at that point vacated by the 
cleciron. Note that when an electron then refills that hole (recombination occurs), the electron remains in a positive energy 

state, docs not disappear, and no radiation occurs 
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‘When an electron is life from an electron negative energy state inthe Dirac sea, that leaves behind a le in the negative 
energy state inthe Dirac sea. When an electron subsequently refills that hole it "lls" in and disappears, decaying to a lower 
‘energy level und emitting radiation due to the difference inthe energy levels. 


‘The difference between holes in the Dirac sea and hoes in the electron positive energy evel in a late, are very different. In 
shor, they lead to two guite different kinds of "bole and electron” interactions. In the lattice "bolefilling (recombination), 
theres no excess radiation given off and the electron doesnot disappear fom the positive energy continuum, In the Dirac sea 
bhole-illig, excess radiation e given off andthe electron disappears from the positive energy continu 

Under the influence of an electric field, a postive energy hoe in a crystal lattice —where an electron has left and is therefore 
albsent—ill effectively propagate through the lattice as positive charge, but usually much slower than the electron propagates 
inthe opposite direction ts an electro current. The process is actually more complex and involves continuous interaction with 
the electrons and their physical distribution patter and locaton, The hole current is mathematically treated asa special postive 
charge cureat, often referred to asa positron current. In a current-carrying conductor or semiconductor, one has m curent of 
clectrns traveling in one direction and simultaneously a curent of holes (hole positrons) traveling in the opposite direction, but 
‘recombining. 


‘As stated, in addition to lntice holes, there also can exst unfilled hoes inthe Dirac negative energy states comprising the 
‘vacuum, particularly when fields are present. In this case, itis a negative energy hole. A positive energy electron that fills into 
a Dirac Sea hole will emit energy asi falls o that lower energy sate. To lift one ofthe electron from the Dirac sea and leave a 
hole, energy must therefore be added 10 the negative energy electron in the Dirac hole. 

When fields are present, Dic holes may exist and may move as hole curent in circuits under certain conditions. ‘The situation 
is complex: see Felix Finstzr, "Definition ofthe Dirac Sea in the Presence of External Fields," Adv. Theor. Math. Phys. Vol. 2, 
1998, 963-985. Updated copy (version 4) i om hip sex lan gov/abs/hep-th'9705006 

When a free electron fills «postive energy hole in lattice (positive electron enersy state), ths effectively disposes of bth the 
hhole andthe fre electron whichis now a bound electron, and i called yecombination. The electron does not disappear. In a 
‘material latice, there is no energy radiation from ths, just the disappearance of the hole and the "binding" of a fee electron so 
that it sno longer fee 


In visualizing positive hole currents, passing the hole current though a surpls of available elecrons (asin negative change 
donor material) will result in "hole filling" and recombinations. One may therefore speak of disposing of unwanted hole current 
by recombination, and in fact this is widely accomplished in semiconductors by controlling the doping 


HOLE CONDUCTION (LATTICE) 
‘The movement of electron vacancies (holes) in a ltice continually ef behind by hopping of the electrns as they break loose 
inom their bonded postions and move feclyi-anelecton current 
When an electron hops out ofa lttice bond, it leaves behind a bonding gap or "hole" in the postive electron energy’ state at that 
bond sit, so that an extra positive charze appears there atthe hole, As the electrons move in one direction in a conducting 
lattice, the holes move inthe opposite direction in a "postive curren", but ata much slower pace than the electron current 


HOLE CURRENT (LATTICE) 
See hole conduction atic) 


HOMEOPATHY 
‘A system of medical treatment hosed on the theory that certain diseases can he cured by giving very small doses of substances 
hich in healthy person would produce symploms like those ofthe disesse, (Opposed ta sllopat 


Homeopathy is based upon formation and use of dimensioned potentials (particularly the potential composed ofthe extremely 
‘pid "making and breaking” hydrogen bonds ina fluid) containing vacuum engines. Any material or solute, and therefore any 
‘molecule, contains its own specific vacuum engin, its own charges, and its own dimensioned potential Disslving the material 
jn water, oF even using a suspension of it in water allows the bonding potential in the water to interact with the potential ofthe 
solute or suspension. Potentials superpose, and they also diffuse and mix their inner structures (vacuum engines) into eachother 
So the material or solute diffuses is vacuum engines into the interior ofthe hydrogen bonding potential, in effect ordering and 
templating the hydrogen bonding sel? Vigorous shaking ofthe suspension or solution assures that all the uid and H-bonding 
potential i exposed tothe solute of suspended particles, so that a thorough exchange of vacuum engines occurs. This process in 
homeopathy scaled potentizing. I's actually just ereating the desired intemal vacium engines in the H-bonding potential of the 
water. Once that’ done, there's really no further nce forthe solute ar the suspended particles. By repeatedly diluting the 
solution to the extreme, then one can each a point where there sa high probability that nota single molecule ofthe original 
Solute is remaining in the Hid. Yt in each eitution, shaking can be used to insure the even spread of the vacuum engines 
through the newly introduced H-bonding potential inthe newly introduced water. At the end, there exists an altered fuid whose 
bonding potential now contains the desired vacuum engines. Drinking that water now introduces those vacuum engines into 
the body fluids, bloodstream, etc. The ingested dilute new vacuum engines will then diffuse through th various potentials ofthe 
body, and produce altered chemical functioning of the kin that could have been induced by the chemical or active solute 
‘material. The advantage i thatthe harsh material residue of the chemical or solute isnot present inthe body as it is when 
allopathy is wilized 


HYPERFUNCTIONING 
Functioning in hyperspace as opposed to 4-dimensional Minkowski space, 
Higher topological functioning 

HYPERSPACE 


Refers to a space of more than four dimensions, and specifically to those spatial dimensions outside the normal three 


IDENTITY OF OPPOSITES 


(On the boundary, A and not-A ate identical, [fall ofa thing is collected, one reaches the boundary ofthat thing and it tums into 
iis ows oppos 


INERTIAL FRAME 
A frame of reference in which force-free hodies move along straight lines and the postulates of special relativity are valid 
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Inthe new approach, this notion is extended: even in an inertial fame, force-free bodies may mave along straight lines, the 
postulates of special relativity may remain valid, and yet the EM hidden variable may induce ollie changes inthe usual laws of 
‘ature due tothe action of hidden vacuum engines infolded inthe dimensioned local spacetime (vacuum potential). 


INPOLDED HIDDEN DYNAMICS 
Refers 
(@) Bohm’ hidden variable theory andthe intemal dynamics ofthe hidden variables/entities themselves, and 


(Gt the hidden biwave pairs comprising a scalar potential, wih the internal dynamics of those waves such as tuning off 
‘harmonic frequency, suliplicaion, variation of phasing and magnitude, te. 

Also, by Whittaker 1903 the scalar potential can be decomposed into the bidirectional wavepair set in harmonic series. By 
‘Whittaker 1904, each of the waves in a bivave pair en be further decomposed into two potentials, so each pair of waves would 
‘cnsist of four potentials, That is, the entire set of internal biave pairs can be replaced by four times as many intemal "partial 
potentials” as was the numberof biwave pairs, Then Whitaker 1903 ean be applied once again to break each one of those scalar 
Potentials into new biwave pats, and so forth and so orth, So the potenti can be expressed as waves within waves within 
‘waves, or potentials within potentials within potentials, and so on. The neat thing is that cach successive folding (intemesting) 
isa higher dimensional functioning and a higher topology. So one can build (with some litle pain!) specific infolded wave 
pattems that will work in—say—the Tth dimension of hyperspace, or the eighth dimension, and soon. This is why I called the 
Internal structuring ofa potential (or the two potentials comprising an EM wave) dimensioning the potential or the wave. AS 
half-baked nuclear engineer whom the Army never let practice his discipline, [wanted some way ta directly engineer the 
nucleus. That has now heen found. Unfortunately it has also already been highly weaponized in secrecy by one or mere focign 
rations. In other words, one can design a signal and assemble it (with some difficulty) that will ip one quark ina nucleon in an 
atom. That way one can transmute an element cither into the next higher element isomer or the next lower element isomer 
Using a quantum potential to "ransport the necessary vacuum engines, the effect can be accomplished ata great distance, in 
:multiple targets simultaneously, and the effect is not shicldable. “Jumps” in nuclear transmutation can also be accomplished. The 
migration of electrons to and from an atom (asin solution, eg) makes and negates ions continuously. Thus continually the 
‘exter potentials and the nuclear potentials intercommunicate. This means that their vacium engines continually diffs, Any 
‘dimensioning of the extemal potentials wil be passed into the nuclear potentials as a dimensioning action also. I cerain 
conditioning vacuum engines are present inthe extemal potentials, then the slow diflusion into the nuclear potemials begin to 
affect the nucleons and ther interactions, she quarks comprising the nucleons, the particles such as pions continually exchanged 
between nucleons, etc. The mechanism for nuclear transmautations and production of new species i there! I believe, eg, and arm 
working to more clearly expres, thatthe major mechanism producing the new nuclear species in coldfusion experiments just 
such dimensioned potentials, involving the inadvertent dimensioning of potentials comprised ofthe hydrogen bondings ofthe 
‘water and other factors, 


INPOLDED REAL VECTOR COMPONENTS, 
Well, simply take a set of real force vectors that altonether sum toa vector zero resultant 


That "vector 2ero system” is a zero with respect to forced translation ofa particle oF mass. It is not an absence per se, but i the 
presence of specifically hidden and "infolded” real yectors. Two elephants pushing each other to & draw form such a "zero 
translating” system. That "zero system” is quite different from two crickets pushing against each other toa draw! Anyone who 
thinks all zeros are "absences" and who thinks all zeros are equal is invited to ty standing between the crickets and observing 
how he feels, en standing between the elephants an see how be fels. The latter might bea real hummer. So zeros can differ! 
‘And a zero ean be a presence of many ral things, al stil there but “nfalded” and hidden." but just the absence of any one and 
‘only one thing. Even in arithmetic, ep, we are fre to pull $3-2 right out of 0, or pull out 47+8-6-2+S+1-+1-3-12-1/2 (i got 
the arithmetic correct). And so on. So we have always used the fat that amet zero can have areal internal composition, without 
etuling it exactly. We teach our schoolchildren to do it, but fil to tel them what they are doing! 


‘When you sum EM force fields to zero, the fields are stil there and eal. You have altered the energy of the system or volume, 
and als the potential energy of the sysiem or volume. And you have done it in specific directions, magnitudes, et. along the 
"fingers" of the infolded patterns. In shot, you have made a specific vacuum engine. Mass uid. nuclei, molecules, et. 
‘exposed to that "coniioned vacuum potential” may well undergo physical and chemical and electrical changes. Golden once 
performed experiments which powerfully conditioned the local vacuum, and all clocks and watches (mechanical, electrical, ete) 
Inthe local area were awry for four days. 


INFOLDING 


With eference to signals, infolding means “placing the signal or modulation or change upon one or more ofthe intemal 
bidirectional wavepars comprising the scalar potential 

Since all EM potentials ultimately represent changes tothe amibient vacuum potential, one has conditioned or altered the 
‘vacuum itself when infolding is uilized. Infolding of EM signals, vectors, and directions produces vacuum engines. By 
Whittaker’ principle and Bearden's corollary, these vacuum engines can be designed to afect matter—including atomic nuclei, 
nucleons ein any manner desired. 


INFORMATION CONTENT OF THE FIELD 
‘Russian euphemism fr the structuring ofthe hidden longitudinal EM waves and their dynamics, dt comprise any EM 
potential field, or wave 

INFRASONIC 
low sonic, 


Prequencies below what the ear can hear, Helo about 20 Hert 


INTERFEROMI 


ER 
‘An instrument in which a wave is pit into two waves or eams, which after traveling over different paths are subsequently 
‘united and display interference. 

INTERFEROMETRY 
‘Measurement of wavelengths of light and very small distances and thicknesses, 

{or determining indices of refraction, and for analyzing small parts of a spectrum by means f the interference phenomena of 


light, 
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INTERNAL SPACE 
To be added, 
ITERATED 
De repeatedly, lke picking beans one a time. 
JOSEPHSON EFFEK 
low of Cooper pats (superconducting electron pars) across thin dielectric separating two superconducting electrons, inthe 


absence of a voltage drop, 
Tat is, the pair of electrons can "tunnel through atin insulating buries. 


JOSEPHSON JUNCTION 


Te thin dielectric separating two superconducting electrons, wth subsequent Josephson tunneling of Caper pairs. 


JOSEPHSON TUNNELING 
See Josephson effect. 


JOULE 
A-measure of energy. 
‘One joule equals one watt for one second, In physics the unit of work or energy inthe MKS system, being the amount of work 
done by one newton acting through a distance of one meter, equal to 10,000,000 erp. 

JUNG, CARL GUSTOV 


[Noted Swiss psychiatrist and psychologist who founded Jungian analytical psychology, formulated the priniple of 
syachronicity, and advanced and delincated collective unconscious mind. 


ents, Jung predicted WW Il two decades before it occurred. 


From the canten of his German p 


KINDLING 
(Coherent integration (adding) of similar virtual components amon the vast “noise” of dissimilar virtual components, so that the 
signal-to-noise" rato ofthe integrated signal steadily increases, andthe inteorated “observable signal” grows out of the 
Background vital state nose 
This "kindling" process is directly analogous to coherent integration of nondiscernible radar signals far beneath the received 
ose o build ard extract dhe real radar return signals from targets. This sort of process dramatically increase the "sensitivity" 
fof the radar. Real, very tiny signals even 100 dB or more beneath the noise level can be retrieved in such fashion by modem 
dar, 

Similar processes can integrate very minute signals already passed into the virtual state and presumed to be nonexistent, 
Usually, however, the difference frequency between two frequencies a least one harmonic interval apart must be used, 
‘considering the vacuums virtual flux state aan isotropie nonlinear medium. 

‘One may also hypothesize that potentials and propagating signals may decrease with distance, but are never truly "lost in that 
they never reach a total ero. When they reach the quantum level, further decrease in amplitede simply results in thie passing 
{nto the vttual state (subguantum level) 


KIRCHHOFFS CURRENT-LAW 
Atany time, the sum ofthe instantaneous currents flowing into a node or point in circuit equals the sum ofthe instantaneous 
‘cutents flowing out of that node or point 

KIRCHHOFPS VOLTAGE LAW 


Atany time, the sum ofall voltage rises ina closed loop circuit equals the sum of all drops in that closed loop circuit, 


LAMB, WILLIS EUGENE JR, 


American physicist and Nobelian who discovered the hyperfine structure ofthe hydrogen spectrum, and fist measured the 
‘interaction ofthe vacuum energy that generate a change in the energy levels ofthe hydrogen atom, according to Diac's theo 


‘and quantum electrodynamics, 
LAMB SHIFT 


A very small correction to the frst excited sate ofthe hydrogen atom due to interaction of the vacuum, 


Willis Lamb experimentally confirmed this prediction of quantum electrodynamics to high accuracy. 


LAMELLAR CURRENT 
(Current in thin Laver, 
Thin ayers of eurent, Thin sheets of eurent. 


LASER 
‘A device that generates light in which all he photons are exactly in step and produce a coherent beam, 
Laser light has one wavelength and is more easly controlled than other kinds of light. Use af a laser to perform interferometry 
‘sone way to create holograms; use of laser fo illuminate a hologram is one way to ead it Originally the word "laser" was an 
acronym tat stood for "light amplification by stimulated emission of radiation." Note that when TiO; particles in suspension, 
‘witha small amount of fluorescent dye added, are weakly illuminated by a small coherent light source (alse) a tremendous 
oomfilling output of coherent light emission occurs, by the ati-Stokes emission effect. Tiss lasing without population 
inversion, and i sa validated and easily testable overunity process. Ths isthe process patented by Lawandy- 


LASING WITHOUT INVERSION 


http iivaw.cheniere.orgeferences/annotated_glossary.him 


56183 


1i2si2018 


ANNOTATED GLOSSARY 


Tue amplification of coherent lint in an intensely scattering medium. comprised of certain powdered laser erstls or 
‘Suspensions of similar material where variety of phenomena such as gain narrowing and amplifying randoms wall of light 
ropavating in the medium, combine io give laser emission with diffusive feedback, 


Gain tends to depend on the volume of the medium, so that at a certain medium the gain in light amplification by the medium 
{exceeds the losses and the laser action results above this etcal volume, The intensity ofthe light scattering (saultipy 
reflecting) inthe medium then will increase rapidly until an "explosion" of light results in an intense flash of coherent ight in 
all directions from the medium volume 


the excitation is stil present, the process wil be repeated and the energy density will again exceed the critical value, rapidly 
‘generating another intense flash of light. This process can be repeated many times, given the presence of continued excitation. 
‘A very interesting phenomena thet can occur is coherent backscattering. Here the light scatters over both a forward-time path 
and a time-reversed path, perhaps with each path consisting of mare than 1,000 seattcrings. Because of time-reveral symmetry, 
the two waves (forward and backward) acquire exactly the sme (though random!) phase. So the two waves afterall dis 1000 
scaterings on their paths, meet and interfere constructively inthe direction back toward the exciting light source 

In theory the mean free path can be made shorter and shorter, so tht all he light would be trapped inside the medium, This i 
called Anderson localization, and it has been reported in the literature; see DS. Wiersma, P. Bartolini, A. Lage 

Righini "Localization of light ina disordered medium,” Nature, Vol. 390, 1997, p. 671; John Sajcey, 
661-663. 

This work grew out of original work called out hy Letokhow but largely ignored fr more than twa decades, 

References: D. Wiersma and A. Lagendik "Laser action in very white paint," Physies World, Jan. 1997, p. 33-37; — "Light 
dlfusion with gain and random lasers." Physical Review ES4, 1996, p. 4256; NM. Lawandy et al, "Laser action in strongly 
scattering media,” Nature, Vol. 368, 1994, p. 486; VS. Letokhov, Generation of light by a scattering medium with negative 
resonance absorption,” Sov. Phys. JETP, Vol. 26, 1968, p. 835, 


Note that we have nominated aversion of this process, together with consideration of the erroneously discarded Heaviside 
nondiverged energy flow component, as the fundamental mechanism proposed tobe involved in gamma ray busters, x-ay 
busters, and in some gamma ray and x-ray flashes associated with atmospheric phenomena on cart in thunderstorms, etc. We 
also nominated the missing Heaviside energy flow component asthe agent accounting fr the excess gravity (some 90% af the 
total gravity) in the arms of spiral galaxies that hole those ams intact so they do not fly apart. See TE, Bearden, "Dark Matter 
or Dark Energy? Journal of New Energy, 44), Spring 2000, p41 (also available on htp:/Avww cheniereona, — "Giant 
Negentropy from the Common Dipole,” Proceedings af Congress 2000, St Petersburg. Russa, Vol. 1, July 2000p. 86-98 
‘Also published in Journal of New Energy, 5(1), Summer 2000, p. 11-23. Also carted on DoE. open website 

dnp: ww. doe gov/pupersbooks html and on hii /ww:cheniereo 


LAW OF PHYS! 


‘A restriction placed upon the physical mechanisms that can occur under certain broad assumptions as to the background 
Siluation and environment, 

Actualy, in nature there are no such rigidly fixed "laws"; these are only man's synthesis forthe behavior of large classes of 
systems under very general conditions. Any "law of physics" canbe violated if the conditions contained in its ussurmpions are 
violated. Conservation laws are often touted as "Isws of physics.” Actually, the conservation laws assume a closed system or 
fone in equilibrium, and linear spacetime (Lorentz frame). If either or both of these assumptions is locally violated, any or all 
ofthe conservation laws can be violated locally, even though the overall global conservation is still upheld. Quite simply, in that 
‘ase one has opened the system (broken symmety). In particle physics, broken symmetry already results in violation of one or 
‘more ofthe conservation las. In leading Russian physics journals, papers are reularly published containing unrestricted 
‘general relativity with concomitant violation of any and all conservation laws. 


LAWANDY PATENTS 
Patents covering and related to ant-Stokes emission (excess emission of encrwy) in strongly scattering, optically active media 
such as Ti02 particles in suspension, 


‘More encray is emitted than one must input to stimulate the effect. I is being hailed as a new form of lasing, without the 
requirement for population inversion 


LETOKHOV, V.S 


Russian pioncer in excess emission phenomena from stimulated media 


LETOKHOV EFFECT 


The excess emission (overunty emission of ene) phenomena in strongly scattering optically active media, usually referred 
{as "negative absorption ofthe medium” 

Foran overview, see V.S. Letokhov, “Stimulated emission of an ensemble of scattering particles with negative absorption,” 
ZMETF Plasma, 5(8), Apr 15, 1967, p 262-265; —“Generation of light by a scattering medium with negative resonance 
absorption,” Sov. Phys. JET, 26(4), Apr 1968, p. 885-839; — “Laser Maxwell's Demon,” Contemporary Physics, 36(4), 
1095, p. 235-243, 


LOCALITY 
(Characteristic where interstions are local in spacetime, 
LOCALIZED 
(Confined toa small region of lary system rather than being extended through the system or ata distance 
LOCAL VIRTUAL PHOTON FLUX OF VACUUM 
Refers to local region of the vacuum, which also refers to the vacuum flux density ofthat region. 
LONGITUDINAL COMPONENT 
In EM waves, the longitudinal component ofthe felds along the direction of tavel, 


as opposed to the transverse components at right angles to the direction of travel 


LONGITUDINAL E-FIELD 
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We may divide nny electrical field into two components, a transverse component and a longitudinal component, 


(Of course one or the other may be a zero vector. 


LONGITUDINAL GRADIENT 
Compression wave gradients 


1c8) in density or pressure, 


conse in det rom ther orgn along the diretion of primary movement vs. tansvese waves, which at 
perpendicular to that direction, 


LONGITUDINAL INTERIOR WAVE 
{In conventional theory, the electric portion ofthe EM wave isa transverse field oscillation, and the longitudinal component is 
essentially zero, 

In the new "infolded” wave approach, there is no overall transverse gradient in the vacuum potential, but there isan infolded 
longitudinal gradient which osillates "inside the vacuum potential" This is rather like a "pressure wave" transmitted under 
‘Water, without causing a surface wave involving physical upheaval and fall-off of the water In EM, by analogy the speed of the 
“bulk upheaval” transverse wave is nominally c, the speed of light in vacuum (but see discussion of galloping waves, for what 
really happens!) The speed ofthe pressure wave, underwater, may be very much greater than c, cause it sa special 
process andi also involves the galloping wave effect. Experimental measurement of superluminal tunneling 
velocities such as more than 4c~are already well-known in the literature 


To better visualize this "pressure wave,” consider that its ikea sort of “velocity modulation” upon the edge of the 
‘conventionally-visualize plane wave front ofa traveling transverse wave, except now the plane self does not move. All the 
succeeding planes are "bumped" by the velocity modulation of ene plane, and so the velocity modulation propagates through 
(Gnside) the Vacuum potential as a modulated pressure wave, without transverse change of the potential 


[Now swe have a very special medium It consists ofhdirectional EM wave pars, one passing throug the other. In such w case it 
is already known thatthe speed of a in the superposition and resulting interference of two oppositely 
‘moving waves can in fact greatly excoed the speed of light momentarily, then slow dramatically below than the speed of light, 
ct. s0 long as the average velocity is . Ths is called the galloping wave effect. [E-g., see William G. Harter et al, "Galloping 
‘waves and their relativistic properties, American Journal of Physics, 537), July 1983, p. 671-679, Since the plane wavefront 
‘within the interior can in fact vary its velocity, we ae quite fre to use this "velocity pulse modulation” effect of wavefront 
speed variation, to place signal intelligence upon the planar wave font speed variations. So we can transmit hidden pressure 
‘waves with intelligence on them, through the interior of the vacuum potential. Further, he restriction to an average velocity of ¢ 
‘does not have to appl and the planar preccue pulses can be transmit much faster than . This isthe basis ofthe work Fogs 
and | are straggling with, in order to achieve superluminal communication, Its also what we have been struggling within an 
lft to come up witha communication system that can propagate infolded signals inside the H-bonding potential af the ocean 
itself, so that high-data-ate communications with deep submarines could be wilized, at any distance, and the huge, gawk, 
frightfully expensive, and environment-affecting ELF systems be dane away with. We als think it should eventually be 
possible to develop an underwater radar type of system, but it’ far too early a this point to try to conceptualize just exactly how 
would work, 


LONGITUDINAL WAVE 


A pressure typeof wave, similar to sound, in which the vibrations are along the direction of ravel ofthe wave. 


Hence, a wave composed of alternating densifications and rarefuetions, where we focus upon the longitudinal component of the 
changes. Inthe past we have used the term "scalar waves! to imply longitudinal standing waves, such as in one infolded Stoney~ 
‘Whittaker wavepair inside the scalar potential. In classical EM theory, the Poynting vector predicts no longitudinal wave of 
nergy from a time-varying, electrically charged source. In fact, even inthe ordinary theory, an exact solution ofthe problem 
docs allow tis longitudinal wave, as shown by Keech and Corum, International Journal of Theoretical Physis,20(1), 1981, 
pp. 63-68. Conventionally as expiained elsewhere inthis glossary, the classical electromagnetic wave is modeled as a vector 
String wave, comprised of transverse vibrations on implicitly assumed material taut strings in the vacuum. Inthe new approach, 
such transverse vector frce field waves (Hertz waves) do not exist as sue in vacuum: instead, two coupled, dynamic scalar 
potentials exist there. The E and B fields are formed and exist as the these potentials and ther gradient coupling to spinning 
‘charged detecting mass particles. 


LONGITUDINALLY 
(Of rin length, Running or placed or operating or changing lengthwise. Opposed to transverse 


LORENTZ, HENDRIK ANTOON 


‘Renowned Dutch physicist and Nobelist, 1853-1928, who developed the Loren transformations and Fitrgerald-Lorentz 
‘consction, 


‘He shared the Nobel Prize for discovering the Zeeman effect. 
LORENTZ INVARIANCE, 

‘An inertial frame is independent ofthe velocity ofthe frame relative to any other frame, 
LORENTZ INVARIANCE PRINCIPLE 


‘The principle tht the laws of physics are dhe same in all reference flames 


LORENTZ REGAUGING 
(Changing the two potentials inthe Maxwell Heaviside equations in potential form so thatthe resulting equations ha 
‘aiables separ 
‘An ungortunate effect is that tis discards all Maxwellian systems far fom equilibrium in their vacuum exchange, hence 
“scandal permissible Maxwvelian COP>1( systems, 

LORENTZ SYMMETRY 
‘Referring to the symmetrical regauging by Lorentz of Maxwell’ equations 


LORENZ, LUDWIG VALENTIN 
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‘Scientist who first changed Maxwell's equations —two yeas after their publication in 1865—by (effectively) symmetrically 
‘egauging them, thereby unwitingly discarding all Maxwellian systems far fom thermodynamic equilibrium with the active 
cum, 


See LV. Lorenz, "On the identity ofthe vibration of light with electrical curents," Philosophical Magazine, Vo. 34, 1867, p. 
287-301. In this paper Lorenz gave essentially what today is called the Lorentz symmetrical regauging. 


‘Comment: (gratefully received from T. Barrett) This paper gave f(-/) functions. Fitzgerald said that Lorenz's functions were 
‘essentially the same as his, and Fitzgerald became a leading proponent of "retarded potentials". Buti is believed that Fitzgerald 
‘was unaware of Lorenz's work until the 1880, so be is given eredit for parallel development. Some people alk of Fitzgcrald- 
Lorenz functions. This isa regauging, but the term "gauge" (inspired by milroad gauges) was firs introduced by Hermann Weyl 
inthe 1900s, He used it fr a change in length and was shot down by Einstein’ theory —Weyls theory was not relativistic, The 
‘dea resurfaced inthe 1920s when quantum theory was being formulated, but this ime it meant "change in phase” and not 
change i length 

(Comment by T.E.B.: Thus "Lorentz" regauging of Maxwells equations really was fist done by Lorenz in 1967. However, not 
too much attention was paid to LV. Lorenz’ work (ex. by Fitzgerald). When H. A. Lorentz later used symmetrical regauging 
(essentially Lorena’ regauging) his influence was so great that it was adopted straightavay and has remained adopted to ths 

ay. 


LOW ENERGY NUCLEAR REACTION (LENR) 


Coldfusion, oF the anor 
cleczodes, 


us transmutations of elements which occur in certain elec ith spe are palladium 


Te transmutations occur eventhough in conventional theory thers is insufficient energy to accomplish them. 


‘Conventional science has rather vehemently attacked cold fusion and many ofthe coldfusion scientists, eventhough there are 
‘now hundreds of successful experiments in multiple laboratories thous 


Inour view, once the properly-prepared palladium lattices are loaded with positive ions, the formation of temporary, flesting 
time-reversal zones inthe electrolyte temporarily reverses the law of attraction and repulsion of charges. Thus H+ ions, ©. 
‘ay attract each other in even numbers (opposite numbers are forbidden by the Pauli exclusion principle), so closely that each 
enters the strong (nuclear) force region of the other, so tht the group becomes a quisi-nucleus. Note that the gluons are 
parially "unglued" by the TRZ formation, and so the preferred method of "decay" ofthe anomalous TRE state asthe 
surrounding electrolyte ions move to negate itis by ipping of a quark. One D+ ion coupled to one H+ ion, eg when 
tracted into a quasi-nucleus in a TRZ, may decay int tritium by Hipping one quark and changing one ofthe protons ito a 
neuron. ‘Two H-ions may decay into deuterium (D+) by flipping one quark and tursing an H+ into aneutroa. Two D+ ions 
‘may simply "tighten furthes” into areal nucleus asthe THZ. decays, and result in an alpha particle (helium nucleus). The TRZ 
hypothesis does precisely explain the most nmportant reactions that are experimentally shown to occur. Far more on this 
hhypothesis, see TE, Bearden, "EM Corrections Enabling a Practical Unified Field Theory with Emphasis on Time-Charging 
Interactions of Longitudinal EM Waves," Explore, 8(6), 1998, p. 7-16; —.."EM Corrections Enabling a Practical Unified Ficld 
Theory with Emphasis on Time-Charging Interactions of Longitudinal EM Waves," Journal of New Eneray. 3213), 1998, p. 

2 

MAGNETIC DIPOLE 

aired north and south magnetic poles of equal strength aver microscopic or macroscopic distance 


MAGNETIC INDUCTION 


The act ofa change in magnetic field producing an electric field at right angles, which in tum produces electron flow, 


MAGNETIC SPIN 


‘Refers to the intrinsic angular momentum, known as spin, of electrons, protons and neutrons, ete 


The electrons combined in an atom or ion have a resultant angular momentum, that isthe combined intrinsic spin ofthe 
clectzons and the angular motnentum du to their motion around the nucleus, There i also a magnetic moment associated with 
this angular momentum (spin) whenever its nonzero. Therefore atoms or ions with nonzero spin are magnetic atoms oF ions 
This is often loosely referred to as "magnetic spin.” It is actually the magnetic moment of nonzero spin. 


MAGNETOELECTRONICS 


New microelectronic components which exploit the spin ofthe electron rather than it 


References: A Barthelemy eta. "Giant Steps with Tiny Magnets," Physies World, Nov. 1994, p. 34-38; G. Prinz 
"Magnetvelecronics,” Science, Vol. 282, 1998, p. 1660. 


MAGNETORESISTANCE 
‘A change in electrical resistivity ina material when # magnetic field is applied to the material. 
MAGNETORESISTANCE, COLOSSAL 


A very large change in electrical resistance observed in the manganese perovskite materials when a magnetic field is apalied 
hom. The eflect in dhose materials is the largest magneloresistance cect known at present 


See N. A. Bubushkina etal, "Metal-insulator transition induced by oxygen isotope exchange in the magnetoresistive perovskite 
‘manganites," Nature, Vol. 31, 1998, p. 189; LI, Balcells er a, "High-ield magnetoresistance at interfaces in manganese 
perovskites." Phys. Rev. B, Vol. $8, 1998, p. RI4697; M. Blamire et al, "Understnding and utilizing colossal 
‘agnetoresistance materials." Phil. Trans. Roy. Soc. A, Vol. 356, 1998, p, 1469-1712, 


MAGNETOSTATIC SCALAR POTENTIAL, 
‘Roughly, the "pole strength differential between the two poles of a magnetic dipole 


“Anyone who wishes may polish this definition, 
MASSLESS DISPLACEMENT CURRENTS 

Currents without mass 

Examples in the standard theory include di, dE, dh, dB, et. 
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MATTER 
Highly condensed 


nd with the observation process dit having been applied to the fundamental masstime entity to provide mass a a frozen 
snapshot. Matter of cours, has internal structure. order and organization, and dynamics. All matter isn a continuous 
energetic exchange with its vacuum (4-spatial) environment. 


energy, compressed by the fistor 


MAXWELL, JAMES CLERK 
Bails 


31 Scientist who fist formulated the unified theory of eleticity and magnetism, 


James Clerk Maxwell was bom on June 13,1831 in Edinburgh, Scotland. In 1847 he entered the University of Edinburg, then 
‘wansferred to Cambridge inthe fll of 1850. After graduation, be stayed on at Cambridge in a research position. He was elected 
Fellow of Trinity College and placed on the sta of college lecturers. In 1856 he returned to Seotland, where he took up 
Chair of natural Philosophy at Marishal College, Aberdeen, In autumn, 1860 he took a new position as Chair and Professor of 
Natural Philosophy and Astronomy at King's College, London (a postion he held until 1868, at which time he resigned) 
‘Maxwell was financially independent. He was elected tothe Royal Society in 1861, while at King’s College. From 1865 to 1871 
hae resided at his ancestral Seotish country home, Glenlar, developing his major ideas into book form. Maxwell returned to 
Cambridge in 1871, svhere he became the fist holder ofthe Cavendish Chair of Experimental Physics, There he also supervised 
the construction and operation of Cavendish Laboratory. His treatise on electromagnetism appeared in 1873, He held his 
position at Cambridge until he died on Nov. 5, 879 at age 48, ofa form of stomach cancer the same ailment that bad killed 
his mother when le was a child. [Thanks to Eneyclopaedia Britannica!] 


MAXWELL (UNIT) 
Unit of magnetic Dux, inthe es system, 
MAXWELL'S ELECTRODYNAMICS 
Maxwell's electrodynamics is Maxwells equations 
MAXWELLIAN SYSTEM 
Any physical or electromagnetic system whose clectrodynamie operations obey James Clerk Maxwell's electrodynamics model, 
Tae tem is usually applied with respect to those systems which obey a highly reduced subset of Maxwell’ after the Lorent 
regauging of the Maxwell-Heaviside equations, This subset is now inappropriately referred toas "Maxwell's equations” This is 
unfortunate. Asa result, today many scientists and most engineers no longer understand that Maxwell’ theory—when 
‘embodded ina higher topology algebra permits avast richness of additional EM systems und behaviors, including fll unified 
field theory operations. In the standard U(1) gauge symmetry electrodynamics all these higher symmetry functions and 
systems are excluded a priori. From our view, this is particularly sad since these arbitrary reductions of Maxwell’ theory 
arbitrarily excluded all EM systems far from equilibrium in their exchange withthe active vacuum. Hence almost all scientists 
3 the very laws of nature to propose an electrical power system that produces mare energy out 
—and more work inthe load—than the energy input made by the operator himself. ‘This sad error as resulted in (1) crippled 
power systems that extract their output energy from the vaciuam but kill themselves faster than they power thet loads, 
ant pollution of the earth, (3) extraordinary energy costs, (4) struggles and wars over ol and energy resources, and (5) 
the looming giant economic collapse of the economies of many nations. Further, unles this later facet i checked, t may also 
lead to (6) the unleashing ofall the weapons of mass destruction inthe arsenals of many nations, destroying all civilization and 
such ofthe biosphere 


McCREA 
Ti be ade, 


MICHELSON, ALBERT ABRAHAM 


(German-born American physicist who invented an interferometer (Michelson interferometer) named ater him. Michelson used 
his uterferometer in a renowned experiment designed to measure the velocitv ofthe earth through the ether. which would 
produce shift iis interferometer pattem No such shift was observed, which indicated the absence of an ether wind and was 
Jngely responsible forthe downfall of the concept of the material ether which had been assumed previoush 

Reference: Albert A. Michelson and Edward Morley "Influence of Motion ofthe Medium on the Velocity of Light,” American 


Journal of Science, Vol 31, 1886, p.377-386; — "On the Relative motion ofthe Farth andthe Luminiferous Ether,” tid, Vol, 
34,1889, p. 333-345, 


MIND, 


‘Prom dhe medical view: with thanks to Webster's Medical Desk Dictionary, Merriam-Webster Ine. Springfield, 
‘Massachusets, 1986: (1) The element or complex of elements in-an individual that feels, perceives, thinks, wills, and especially 
‘easons; 2) the conscious mental events and capabilites in an organism, (3) the organized conscious and unconscious adaptive 
‘ent atvity of an organism, 


Seen extended discussion of mind under energy 
MIND-BODY COUPLING 


To beaded. 
MIND-MATTER INTERACTION 


The n-space interaction between the time-like mind and is time-lice operations and the $-spatial physical dy and its 3-space 
‘gpertions. To fist onde, we may teat these interactions in four dimensions 


MIND OPERATIONS, 
To be ade, 


MOTION 
Ti beaded, 
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MOTIONLESS ELECTROMAGNETIC GENERATOR (MEG) 
Transformer-tige COP>|,0 electrical. 1ralor invented by Bearden, Kenny. Haves, Moore, and Patrick which powers 
the transformer core with « permanent magnet, bul separates the curled magnetic vector potential A (he magnetic field B) from 
the uncurled magnetic vector potential A, so dhl the magnetic field flux is retained in the core while dhe A-potential = 
replenished ouside the core and adjacent oi 
The overunity mechanism is thus provided by a version of the Aharonov-Bohm experiment, which proves that this spliting of 
the A-potential docs occur and thatthe uncurled A-potential will interact energetically with electrons. In short, by "spliting the 
potential” and potentalizng two paths to the same energy density asthe original unspit potential, the MEG doubles the 
fvilable potential energy available via the permanent magnet dipoles broken 3-symmetry in the active vacuuen. Hoth the 
curled A-potential (magnetic field) inside the core and the uncurled A-potential outside the core interact simultancously with the 
‘uta els when pulsed. Thus the output coils "doubly interact” instead of singly interacting. This "double-dipping" of 
avallable energy low allows permissible COP>1.0, since the sytem is far from equilibrium withthe active vacuum exchange. 


Pulsing applies the Lenz law effect to both the split potentials, further increasing the energy density ofthe to interactions with 
the output coils. The MEG nominally exhibits from COP = 17 to COP = 10, using two input coils. 


Sce MW. Evans, PK. Anastasovski, LE. Bearden et al, "Classical Flectrodynamics Without the Lorentz Condition: Extracting 
Energy fom the Vacuum," Optik 111(6), 2000, p. 246-248; — "Inconsistencies of the Maxtvell-Heaviside Theory of 
Electrodynamics: The Aharonov-Bohm Eifel." Journal of New Energy. 4(3), Winter 1999,p. 236-240; — "Vacuum Energy 
low and Poynting Theorem from Topology and Gauge Theory” submitted to Physiea Seripta (in review; — "The Aharonov- 
‘ohm Effect asthe Basis of Electromagnetic Enerzy inherent in the Vacuum,” submitted to Optik (in review), — "Explanation 
of the Motionless Flectromagnetic Generator with O(3) Electrodynamics, Foundations of Physies Letters, 2001 (in press) 
Seealso TE. Bearden, "Energy from the Active Vacuum: Te Motionless Electromagnetic Generator” in M.W. Evans (Ed), 
Contemporary Optics and Electrodynamics, Wiley, 2001, 3 vols. in press) comprising a Special Topic issue as vol. 114 
Prigogine and S.A. Rice (series eds), Advanees in Chemical Physics, Wiley 


MULTICOLLECTION 
‘Multiple collection of the same energy flaw, by rerouting the passed Povating energy hack around to the eollstors for another 
pass by them, with additional collection 
‘A common means of "returning" the Poynting flow for additional clletion is retroreflecton, as in phase conjugate reflection, 
Since a nominal energy collection fraction on a single pass is only about 10°, a great many re-passes ofthe same enengy can 
bbe returned, Work is done onthe collector in cach pass. One joule of energy can actually perform many joules of work; thsi. 
change tothe usual statement ofthe work-enengy theorem, which assumes single pass, stale collection only. 


MULTIPASS RETROREFLECTION 


teraivelyretrorefleting the sume Poynting enemy flow. each time it impinges on and passes by an intercepting collector, $0 
that muliple passes ofthe same energy flow are made onto and by the collector 


‘More and more ofthe passing enormous energy’ is collected as more and more passes by are made. The collected energy is then 
lssipated as workin the circuit or device. Such processing can allow overunity EM circuits and devices 


MULTIPASSES. 
‘Multiple passes, Se mulinassretrorefletion 


NANOTECHNOLOGY 


The fabrication of devices with atomic or molecular precision, o produce operating devices with minimum feature sizes lest 
‘han 100 nanometers, 


(Often described asa marriage between chemistry and engineering. The self-assembling ofthe nit is referred to as molecular 
‘manufacturing, an the devices are built one atom or molecule ata time with programmed nanoscopic arms. As occurred with 
the modem machine and technology age, the fist requirement is to develop the tools that do the werking, and the tools that 
build the tools." "That fundamental works off the ground and running already 

Nanomanufacturing plants capable of manufacturing bulk materials or arbitrary structures with atomic precision are envisioned, 
‘with almost every alom being placed precisely as desired. 


Nanotechnology may well produce the next great scientific revolution. Asan example, nanobots have been visualized that will 
circulate ina human body's Bloodstream and specifically attack cancer cells. Nanobots for cleaning up air and water pollution 
are possible. Food synthesis is envisioned since the technology provides the ability to combine molecules directly. 

‘As with all technologies, the etic lies in the hands of the system designer and the user, Increased technology aly’ allows 
{greater use for good and greater use for bad purposes. Because ofthe extraordinary “evi uses" hat can be employed inthe wse 
‘of nanobots, Bill Joy, chief scientist of Sun Microsystems, recommends no further development of nanotechnology and n0 
Further research, He stated,” we have the possibility na just of weapons of mass destruction but of fnowledge-enable mass 


destruction... hugely amplified by the power of selfreplication... we are on the cusp ofthe further protection of exireme evil..." 


Joy's fears are well-founded, Already the union of artificial intelligence with sef-replicating nanobots is foreseen. If that union 
is successful, one can foresce the unleashing of what can only be called "species" of self-replicaing, smart nanobots beat om the 
‘mass destruction of humanity in various ways. 


Also, contrast the nanobots to our discussion of even mare advanced nanotechnology of causal system robots (CSRs) using 
functioning system of causal fields (sets of longitudinal EM waves and thei dynamics, prior to having interacted with charged 
‘mass, and thence being systems that are functioning sets of spacetime curvatures). We have already survived one massive 
world-wide insertion of an armada of such CSRs fortunately first generation systems and with no countermeasures, so they 
were easily detected and destroyed. We may not survive the next suc insertion and attack, as the maturity ofthe CSRS 
Considering the usual focus of governments and human control systems, my prediction is that detrimental, self-replicaing. 
smart nanbots for use in war, surprise strategic attack, and mass destruction of human targets i already on the early planning 
boards. The obvious war appications of nanotechnology will advance faster than the peaceful applications, behind a public 
screen of simpler benevolent developments. This is almost certain, since the lead time for maturing the nanotechnology is from 
10 to 20 years. This long lead time rules out most private capital ventures of substantial magnitude. I results in the 
requirement for goverment funding, just as development of the atomic bomb was government funded. As a nanotechnology 
“arms race" begins and heats up, one will ce the equivalent of new but hidden "Manhattan Projects" in specialized mass 
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destruction weapons nanotechnology. Rather substantial funding of nanotechnology research and development by several 
rations i already a fact 
Unethical aspects aside, the potential for seful and benevolent purposes of nanotechnology is very great, The development in 
this new field is now beginning to escalate almost exponentially, yearby year, funded primarily by goveruments and to 8 more 
limited extent by private companies. 

Reference: David Cook, Jessica Voorhees, and Brian Valz, "Nanotechnology: The Coming Molecular Revolution," available on 
‘website tp nsnotech about com, 

NEGATIVE ABSORPTION OF THE MEDIUM 
Excess emission from a medium, asin the Letokiov work and in Bohren’s experiment. The excess enerey is received from the 
‘vacuum interaction, 

NEGATIVE RESISTOR 


Any component or function or process that freely receives eneray from outside the system in unusable or disordered form and 
‘uiputs that eneny in usable, ordered form inside the system, where thats the net function performed 


We specifically do nt include "differential" negative resistors such asthe tunnel diode, thyristor, and magnetron which dissipate 
and disorder more energy from the system, overall, than they order and furnish othe system in their negative resistance regime 


NEGENTROPIC 


Functioning to produce or involve negentropy 
‘Reordering previously scattered energy without requiring the operator or experimenter to input energy ta da the reordering wark 
(an example is passive retrorelecton of scattered EM energy) 


NEGENTROPIC ENGINEERING 
Expending a litle bit of eneruy to form a dipole or dipolarity. and then intercepting, collecting, and using some ofthe enormous 
[EM energy freely extracted by the dipole fom the vacuum indetinitels without using any ofthe extracted EM enensy 0 sat 


the charges in the dipole and destroy the dipole, thercby shutting of dye vacuum’ fumishing of copious fee ener. 
NEWTONIAN 3RD LAW 


For every setion there is an equal and opposite reaction 
This law should be extended and restated something lke this: "for every action there is an opposite and equal reaction if the 
causative mechanism ofthe reaction is allowed to occur and not first redirected away fom ts target.” An example ofa violation 
‘of Newton's third law as usualy stated, is provided by the emission ofa phase conjugate replica wave from a phase conjugate 
‘mirror material. No matter how powerfully pumped, the PCM docs not recoil. The reason is that the aniwave eause of 
‘Newtonian thing law recoil was intercepted by nonlinear muliwave interaction before it could reach it target nucle, and 
redivered away from the atom and on out of the material, Since the causative mechanism for Newtonian recoil did net occur, 
the PCM did not recoil 


NEWTONIAN RECOIL 
‘As use in the paper, refers to Newton's third law reaction created asthe recoil ofthe nucleus of an atom which absorbs an 
‘incoming EM longitudinal wave, or emits one 


NEWTON'S THIRD LAW 


‘For every action there isan opposite and equal reaction, 

In Maxwells electrodynamics, Newton's third law is missing. It is missing because ofthe coarseness ofthe modeling which 
Maxwell was forced to use. Maxwells seminal paper was read in 1864 and published in 1865. AV the time, nether the electron 
‘or the atom bad been discovered, much less the nucleus ofthe alom. A molecule was just blob with no structure. Electricity 
‘was considered to bea thin material uid, flowing through the wires much like water through a pipe. In fact, Massvell actually 
‘wrotea material uid flow theory, sine hydrodynamics was developed atthe time 


So there was, at the time, no notion ofthe Drude electron gas ina wire and the positively charged nuclei inthe atoms inthe 
‘wire. So there was no notion of two oppositely charged entities in the conduct, both reacting to any EM field entering from 
space and interacting with the wire. 

Further, Newtons third law had always been used mystically without any known cause, It was experimentally established that 
the eaction occurred, but scientists were forced to just assume its occurrence 


Consequently, Maxwell wrote equations forthe reaction ofa unitary electric uid in the conductors. He knew that the wie 
oiled, but wrote no equations containing the cause of Newton's third law reaction 

‘What really happens in the wire is that both the Drude electrons rearrange their positioning vis avs the lattice, resulting in an 
apparent curren. The actual movement (drift velocity) ofthe electrons down the wire is very slow in a nominal ease being a 
few inches per hour. The electrons, having spin, act as litle gyros soto speak, longitudinally restrained by the epulsion of the 
electrons ahead. So the electrons precess laterally, and spend mest of their movement in lateral precession movement. This 
alone proves thatthe perturbing fore s longitudinal, as indeed des Whitakers decomposition ofthe scalar potential into 
longitudinal EM waves. The gradient ofthe scalar potential (the E-field) is also such a decomposition. But the electron 
precession wayeswhich is what our instruments measure in the wire-—are indeed lateral waves, in general consonance with 
Faraday’s notion thatthe force field lies were physical and like tat strings. Maxwell merely assumed Faraday's notion, to give 
us the transverse EM wave in space. Consequently, the old electrodynamics envisioned that Bud vibrations (eter vibrations) 
from space had been intercepted by the wire to shake the eletric lid accordingly. And since that electric uid obviously 
shook laterally that "proved that the waves in spacetime were lateral "plucked taut tring” type waves. Actually it proved no 
such thing, cause they were measuring electron precession waves 


The positive nuclei usually have ma ratio several hundred thousand times the m9 ratio of an equal charge of electrons. 
Hence the massive nucle! also react othe field interaction, and move very slightly inthe opposite sense from the electrons. 
That reaction is ignored in Maxwells general equations though wien the equations are applied, they require that auclet 

In shor, the electrons precess andthe nuclei recoil oppositely, 


sad that isthe goneration of Newtons thind law reaction, 


When we excite a wire antenna with a wave excitation, we produce both electron precession waves and nuclear recoil waves in 
the micle, These to waves are of equal energy, though the nuclei waves are very highly damped in magnitude because ofthe 
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high mig catio of the nuclei, Nonetheless each ofthese "lateral" waves slaps the vacuum potential with identical energy, So two 
‘equal waves of spacetime curvature occur. can be sce that the net vacuum wave is actually a longitudinal EM wave, 
composed of waves of vacuum (spacetime) energy rarefaction and densification. Electrodynamiciss, considering the vacuum to 
be filled with a material ether, used the "fect" wave in mater asthe use wave. Hence they used a transverse EM wave in 
spacetime, when indeed the spacetime wave is and always was a longitudinal EM wave, just as Tesi insisted. 


‘Maxwell's equations are hased primarily onthe interaction of field and single charge. Actually the reaction is always between 
the feld and a dipole. Even when the field interacts with an "isolated charge", thre are elastering viral charges of opposite 
sign around the "isolated" charge so thatthe "isolated charge" is actually a set of composite dipoles, where each dipole eansists 
ff a virtual charge of opposite sign and a differential piece ofthe isolated observable charge. So the Newtonian third law 
action is als there with an isolated charge, but occurs in the vacuum itself, resulting in vacuum polarization. 


"Nonetheless, the "transverse EM wave in vactum’ notion isso embedded in electrodynamics that we sem tobe stuck with it 
ltmeans, however, thatthe "field in space" used in electrodynamics must be regarded as only a sor of “convenient transfer 
function” and not areal transverse oscillation entty. This of course accords with Feynman and Wheeler's pointing out that only 
the potential forthe EM wave exists in space, incase a charge is brought in to interact with its gradients 


‘And neclless to say, since the vacuum is big potential and only potentials and potential changes can exist in it then 
\Whittakers 1903 paper decomposing the selar potential into longitudinal EM waves is paramount and decisive. EM waves in 
the vacuum a priori must be longitudinal waves, because they are only the changes to dhe vacuum potential. And that potential 
teach and every point, changes and all, decomposes into longitudinal EM waves in 3-space with convergent longitudinal EM. 
‘waves incoming ftom the time domain, 


NISBET 
Ti be ade, 


NON-ABELIAN ELECTRODYNAMICS 
To beaded. 


NONLINEAR MATERIAL 


A substance whose optical properties vary with ofthe i 


‘Most optical substances are very weakly nonlinear, but a great deal of research has been exerted to find materials with stronger 
nonlinearities. Also, a material which creates and emits the fundamental and additional harmonic frequencies when illuminated 
‘witha single frequency. Many nonlinear materials also weakly produce time-reversed (phase conjugate) fundamentals andor 
bharmonics when illuminated witha fundamental frequency. Such «nonlinear material that crestes time reversed waves (phase 
‘cnjugate replica waves) is said t function asa phase conjgate mirror. Te phase conjugate rplice reappears in space back 
along the path in space—even through a highly distorting medium where the input stimlus (signal wave) bas tavcled or is 
traveling 


‘Thus the phase conjugate rplica or tme-reversed wave normally backtracks is signal wave stimulus to the distant source of 
that signal wave, even hundreds or thousands of miles away. This"erawfshing” and “concentrating” characteristic i also 
known as remmoreflection. Note that an ordinary EM wave diverges asx function ofthe radius traveled away from its emission 
source, while a tme-reversed or phase conjugate replica wave will converge asa function of the radius traveled away from its 
{emission source (the mero), iis stimulus signal wave was emitted fom a distant point source. Ideally. a phase conjugate 
‘mirror produces a single time-reversed wave in addition to the input signal wave. By stressing (pumping) the misroe with the 
input of two addtional opposing waves (ideally orthogonal to the input or signal wave), the phase conjugate replica wave output 
by the mirror is amplified, and may contain up to all the energy inthe pumping waves. 


NON SEQUITUR 
A conclusion or inference not following from the original argument or premise 


NONEQUILIBRIUM THERMODYNAMICS 
Colloguial te to the new thermod 


is of sel ongonizing systems and structures in disequili 


Since the 1960s, there has emerged in physics (and in thermodynamics! a surprising new are: the physics of fr-from- 
cquilibrium systems andthe seltonganization and large-scale ordering of such systems. Eg, a single Bénard ell (a particular 
self-organizing circulation structure in convection-ype systems), may involve the coberent behavior of some 102! molecules, in 
4 repion of convection where one would classically expect only randomness, These new physics and thermodynamics 
Jnterations ae surprisingly being Found in 2 very wide variety of systems and phenomena, including ving systems and 
rnonliving systems. The phenomena of intrest include dissipative systems in disequilibrium with their environment, but with 
Stability oftheir own systems and farms, Open systems in disequilibrium with ther environment can permissibly achieve 
COP>1.0, and they ean exhibit local negentropy. The physics and thermodynamies of such systems ssl apy developing. 
For a good overview, see Gregoire Nicolis, “Physics of far-from-equlibrium systems an slF-arganization,"in The New 
Physies, edited by Paul Davies, Cambridge Univesity Press, 1989, p_ 316-347. Fra full technical presentation, see G. Nicais 
and I Prigosin, Sel-Organization in Nonequilibrium Systems, Wiley, New York, 1977, 


NONLINEAR MATERIAL 
In physics, any substance whose response to an external causative or influencing agent i not proportional to the magnitude of 
the causative agent o inflven 


NONLINEAR OPTICAL FUNCTIONING (NLO FUNCTIONING) 
Functioning in a manner prescribed by nonlinear optics und quantum optics, 


particularly with respect to time-reversal effects, use of phase conjugate mirors, phase conjugate reflection, and pumping for 
‘amplified phase conjugate reflection, 

To quote Knight, "A phase conjugate mixing device has remarkable optical properties: perfect reworeflection, the complete 
cancellation of optical aberrations and inhomogeneities in wavefronts, and the ability i reverse an optical eam and retum it to 


NONLINEAR PHASE CONJUGATE OPTICS 
See phase conjugate optics 
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NONLOCALIZATION 
Producing or rendering an effect oreffect-producing agent ata distance, rather than a he immodiate location of the effector. 
Extended throughout a large region or system, or toa distant part ofa large region or system, rather than being confined toa 
small region ofthe large region or system. 
NON-RIEMANNIAN (GEOMETRY) 
‘Ricmannian geometry isthe geometry of Riemannian manifolds; 
‘i.e, manifolds having an infinitesimal squared distance ds that is everywhere positive, A non-Riemannian geometry violates this 
property [A manifold is topologicel space with certain techniel characteristic.) 
NUCLEONS 
[Name for the neutrons or the protons in» nucleus, I the nucleus, the neurons and protons are continually changing one into 
the other by exchange of the charg. 
(8) ELECTRODYNAMICS. 
To be ade, 


‘OPEN SYSTEM 
A system that communicates wit its environment, and exchanges ener matter, or both between system and environment. 
‘The system may be in equilibrium with that exchange, so thai effectively doesnot retain and utilize received environmental 
energy to power loads or accomplish extemal work. Note that it may infact ceive and store excess energy from the 
environment, or give up energy tothe environment, and then remain in equilbrium under its new potential energy conditions 
That is, the system may asymmetrical regauge itself but not utilize ay ofthe regauging enemay 1o accomplish extemal work. 
‘When potential is applied to an electromagnetic system, the system is similarly asymmetrical regauged and its potential energy 
is increased. However, ithe system then destroys its source of reyauging potential energy faster than it powers its load, it is 
sd to symmetrically regauge self when discharging its freely received excitation energy 


The system may be far from equilibrium in its energetic exchange with its environment, and if it asymmetrically discharges its 
frcely received excitation energy, itcan exhibit COP>1.0, In thi case the system effectively retnins and ulizes some of ts 
freely received environmental energy to power loads or accomplish extemal work, and the operator himself does not have to 
furnish that part of the energy dissipated as useful work 


OPTICAL SWITCHING 


Refers to switching of optical signals, or witching us yuency switching techniques, components, and circuits, 


ORTHODOX TRANSISTORS 
Ordinary transistors in use tod 


‘Such transistors will not perform the F 


semiconductor special functions 
‘ORTHOGONAL ROTATION 

‘Simply speaking, a rotation ftom one direction to a direction at right angles toi 

The Loreatz transform of special relativity, eg. i 3 formula for the otation of an object and all its parts away from its line of 


‘motion, 25a function ofthe object's velocity, in a direction toward the time axis. The speed c just represents a fll orthogonal 
‘ur, so thatthe intersection of the object with the observer 3-space, along the original line of motion, is ero 


To the observer, the three dimensional object (at speeds less than c) has become a two-dimensional plane moving at speed In a 
space of more than 4 dimensions, the orhoroation may be toward a higher spatial dimension rather than toward the time 
dimension, As can be seen, such orthorotation is intimately connected withthe transformation of an electron or electron positron 
pair into a photon, and vice versa. Onhorotations are extremely important when one models the physics of mind and matter 
Interaction, and the physies of a living organisms including both its mind and is physical body-—as in psychoenergetcs. 


OSCILLATING QUANTUM WELL 


A quantum well which is oscillating in magnitude and sometimes i si 


OVERPOTENTIAL 
“Essentially the oxerpotential (as in an electrode in a solution) sa shif inthe Fermi level necessary to allow the electron in the 
clecirode metal to have energies overlapping with vacant acceptor levels in molecules adjacent to the cletrode in the solution 
‘The overpotential effet appears at small "double surfaces" of things in very close contact, particulary in electrochemistry and 
in solid state physics. The overpotential enables elecioa transfer, e., by tunneling The overpotential increases with the log of 
the reaction rate that occurs at the ovespotential lotion. 


Fora small reaction rate, the overpotential is small but fo a small increas inthe overpotemial there occurs a dramatic increase 
of reaction rte. Fogal has utilized the overpotentialefect in his semiconductor, to great advantage in accomplishing unusual 
‘charge blocking and other special effects, 

(One of the world experts in the theory and use ofthe overpotental is Dr J. OM. Bockris. Eg, fora short overview pointing out 
the importance ofthe overpotemial, see Bockris, "Overpotenial: a lacuna in scientific knowledge." Journal of Chemical 
Education, 48(6), June 1971, p. 352-388 (a paper which Bockris graciously sent me some years ago). Quoting from that 
reference p 355: "The formal definition of averpotential isthe change of potential of the electron-candactng phase wien 
reaction rate across its terface withthe ioo-conducting phase with which tis in contacts changed from zero toa ceriain 
velocity" And again, p.388:"overpotential..in fact determines what fraction ofthe energy of the sel-functioning cll has to 
bbe wasted in making the cell work und deliver energy ata certain power” For a more detailed and wider exposition ofthe 
‘overpotetil is eflets, and its uses, see J. OM. Bockrs and A. K.N. Reddy Modern Electrochemistry, Vol | & 2, Plenum 
Press, 1970. 


OVERUNITY COEFFICIENT OF PERFORMANCE 


‘More enemy out or work out of a system than the operator or experimenter must himself or here furnish and input 
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‘An open thermodynamic systom far from thermodynamic system is permitted to achieve such an overunity performance, so any 
‘overunty electwodynamic system must be such. Well-known nonclecomagnctic examples are solar cells, heat pumps, 
‘windmills, sails on sailboats, waterwheels for powering watermill, a gliding bird in thermal updraft, etc. A well-known 
‘leetromagnetie example isthe common solar cll. The common household heat pump has theoretical COP limit of 
‘well-designed units usually achieve some 4.0 or so, so long as the ambient enviranment does not change too drastically from the 
design limits. As the environment changes and cools down appreciably, however, most home heat pumps lose efficiency and 
hhave to switch onto heating strips, which have a COP = 1.0, 


Contrary to prevailing belie, itis certainly possible to have EM systems which are also open thermodynamic systems, far from 
equilibrium, and freely receiving excess encmay (asymmetrically egauging a potemial) from an external source, to wit, their 
violent virtual flux exchange between the vacuum and the system. AILEM system are already open stems in the virtual 
particle flux exchange with vacuum: that is already well-known in particle physics, even though the 130-year-old classical 
Clectrodynamics does not even include the vacuuns-mass exchange. The only question, then. is how to esiablish an asymmetry 
{nthat vacuum-mass flux exchange, Here again, every electrical charge and every dipole i already just such a broken symmetry 
{nthe vacuum flux, as has been known in particle paysics forfour decades! I takes on the average about SO years, however, for 
vital discoveries in one discipline to "cross ferilize” into another discipline. At any rate the symmetry of every electric power 
system, in the vacuum flux, i already broken in its source dipole. This rigorously means that, if we simply avoid doing 
something we are doing in our power systems to restore symmetry a5 a matter ofcourse, its posible to utilize the fee broken 
Symmetry af the source dipole to provide an overunity EM system. 


Jn 1996 | showed that such overunity EM systems are permitted and prescribed by Maxwells theory, prior tothe arbitrary 
imposition of symmetrical regauging ofthe Maxwell equations (i.e, the Lorentz condition) Violation ofthe Lorentz condition 
(by asymmetrical sel regayging) i a necessary but aot suiient condition for an avenunity EM device. An esymmetric 
egauging will certainly give us excess free energy inthe system, and an excess force to use that energy in translating against a 
Toad impedance to do work, ifwe design the system properly to do just that 

To achieve overunty ina circuit one must prevent the (presently universal e-imposition of the Lorenz condition by the use of 
‘one-half the excess received energy to drive the return elects from the load back through the back emf ofthe source, killing 
the gate and restoring symmetry the Lorentz condition, and equilibrium between vacuum fx and system. All our present EM. 
systems are specifically designed to dive thse electrons back through the back em and thus restore symmety, deliberately 
asymmetrically selzegauging a second time and deliberately restoring the Lorentz condition, along with delherately kiling the 
Source dipole’s asymmetry in the vacuum flux exchange, 


PARADOX (LOGICAL) 


A thing that is true, eg. shown by experiment, but which violates one ot more of the three Aristotelian laws of logic, 


‘Any logic algebra or system has «topology. A paradox in one topology can often be resolved by inreasing he topology ofthe 
logic. Al logical paradoxes inthe 3-law Aristotelian logic system are simply fourh-law logic cases ina logical superset, and— 
at least hypothetically—the fourth law can be applied to resolve them. Fora discussion snd proof ofthe 4th law correction to 
Aristotelian logic, see Appendix Il: "A Conditional Criterion for Identity, Leading to a Fourth Law of Logic," in TE. Bearden, 
AIDS: Biological Warfare, Tesla Book Co., Chula Vista, California, 1988, p_ 428-443, Logic has many aspects that aflen may 
shock our easual expectations: For example, one ofthe most advanced axioms in mathematies is called the Axiom of Choice. It 
is used in the proof of many advanced theorems. Using the Axiom of Choice, it can be shown that itis possible to cut hall nto 
finite numberof pieces, then reassemble the pices into two balls ofthe same size, with no air gaps between picces! While this 
‘Secmingly defies all common physical sense (and I've not found anyone who has done i!) tis mathematically correct, For 
proof, see Thomas J. Jech, The Axiom of Choice, American Fsevier, New York. 1973, p. 3-6. Fora good perspective on 
‘Aristotelian logic, see Morris Kline, Mathematies: The Loss of Certainty, Oxford University Press, New York, 1980. 


PARITY 


‘Deals with studving a system of sequence of evens a reflected in a miror. A system has parity ist undergoes no 
Fundamental operational change if replaced with is mirtr-reflested twin, 


PARTIALLY TIME-REVERSED REGION 


‘A region of space in which an object experiences not only the ordinary forward low of time, but an extra induced backwards 
flow of Hime, usually fraction ofthe time-forward ime steam, 

‘One result may be to "reduce" time-forward force field, by a fraction. This is important in bridges, where one must pass EM 
energy flow onto a follow-on load circuit, but the return current in that circuit must be allowed to circulate back through the load 
bridge itself, against the inducing back em. By partially ime-reversng th region occupied by the back emt, that back emt is 
seen asa smaller value by the retum current being passed back up through the back emf. The result is that eurent will eireulate 
{nthe load loop, powered entirely by the bridging of Poynting flow S = EXH onto the load eeu. 


Another result of «partially time-reversed region is that the law of attraction and repulsion of charges is partially reversed. If 
the time-reversal predominates inthe region, asin a momentary time-zeversal zone in some electrolytes, then the law of 
attraction and repulsion of charges i reverse, In that case like charges attract and unlike charges repel. Two positive H+ ions, 
eg. may be drawn so tighlly together that each enters the edge of the sng force region ofthe other, forming a quas-nucleus. 
[Note that in each H+ ion the gluon farces are almost dissolved and the quarks are nearly freed. ‘Then as the tme-reversl zane 
decays back to.a normal time-forward zone, the decay changes begin ftom inside out, resulting inthe flip ofa quar to change 
fone of the H+ ions toa neutron n. The n and the H--ion draw together asthe preferred decay state, resulting inthe formation of 
‘deuterium or a D+ ion. ‘This and similar "time reversl zane” reactions have been proposed by this researcher is the 
‘mechanisms generating the anomalous deuterium, rtm, and alpha particles (helium nuclei inthe “cold fusion” reactions. It 
is indeed a special type of low spatial encray fusion, bu avery hgh energy reaction since time-energy is involved as the active 
ingredient, and time-enengy has the same energy density as mass. 


PARTICLE PHYSICS 
‘The branch of physics using accelerators to study high-energy particle collisions, to determine properties of atomic nuclei and of 
the elementary particles themselves, 


So far as lam aware, conventional particle physicists do not consider time-energy interaction and time-reversal zone novel 
‘clear interactions a al, 


PATTERSON EFFECT 
‘The intense multiscattring, multipass, muticolletion of Poynting encmry density ow in an assemblage of palladium-clad 
rial bead capacitors asthe palladium adsorbs hydrogen ions from the fluid in which the Beads are immersed, and char 
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up asa capacitor, hereby becoming an encry-low generator, and nonlinearly increasing te cnergy-ow asthe cha ofthe 
‘apace sorents 

The Paterson eet yc the Paterson Power Cell a yaliate overuity power sytem which has shows COP>1200 in 
independent univerty testing. The Paterson effets 2 variation and aaptaton of tie welLAnown ani-Stokes emission fet, 


‘which for tree decades has heen validated in physics journals to produce overunity emission in certain intensely seatsring 
active media 


TERSON POWER CELL" 
Patented overunity power wit by James Patterson, which has heen independently validated ta vield COP>10 
Sce James Patterson, "System for Electrolysis of Liquid Electrolyte,” US. Patent No. 5,372,688, issued Dec. 13, 1994 Filed 
Dee. 2, 1993.26 claims, 7 drawing sheets 

PAUTRIZEL, RAYMOND 
Eminent French parasitologist who worked with Antoine Priore and who performed many definitive experiments demonstatin 
the Priore healing effect 

PEGRAM'S EXPERIMENT 
Experiment which demonstrates a relation between electric and magnetic Fields in the vacuum which the Maxwell-Heaviside 
theory does not prescribe 
‘Simultaneously, a coaxial cylindrical condensor and solenoid are rotated. The rotation produces a magnetic field inthe solenoid 
{nthe axial direction and between te plates ofthe condensor. The condensor can be charged by shortening the plates ofthe 
‘cndensor. This indicates across relation in the vaeuum between electric and magnetic fields which does not exit inthe 
‘Maxwell-Heavisde theory. 


Reference: G. B. Pegram, Physical Review, Vol. 10, 1917, p. $91 


PERPETUAL MOTION MACHINE 
Assertion that no machine can indefinitely operate, sine no closed system can input its output power back to itself while 
powering a load because powering itself and its load violates the equilibrium thermodynamics (.e., the thermodynamics ofa 
‘losed system) 

The “defenders ofthe underunityfuith” use the statement that "thre eannot he any such thing asa perpetual motion machine” as 
an article of fuith and iron dogma. Usually they classify a so-called "perpetuum mobile” as to which law of equilibrium 
thermodynamics its thought t violate 


For permissible Maxwellian overunity systems, the entire "perpetual motion" conundrum is nonsensical since we are always 
speaking f an EM system far from thermodynamic equilibrium with its active vacuum environment. The equilibrium 
thermodynamics assumed by the erties does not even apply to such systems, as witness the Nobel Prize awarded to Prigogine in 
1077 and the voluminous literature on such open dissipative systems. 

‘Asan example, see Stanley W. Angrist, "Perpetual Motion Machines," Seietific American, vol. 218, Jan. 1968, p. 114-122, 
“Angrist gives atypical critique using classical equilibrium thermodynamics. He ealls permissible overunity systems (open 
dissipative systems eceving excess energy ftom an extemal source ase perpetual motion machines o fictitious perpetual 
notion machines Also see Angris’s article, "Perpetual Motion” Encyelopaedias Britannica, Bicentennial Ec 

‘Macropaedia Vel. 4, 1976, p. 102-108. Here he givesa very Bood summary of the subjet ax ordinary posed, with precise 
definitions ineluded for perpetual motion machines ofthe frst, second, and third kinds and for fictitious perpetual motion 
‘machines. Unfortunatly his entice argument is completely irclevant to any study of permissible averunity machines, which he 
already has laeled as “fictitious perpetual motion machines” and has already admsited that they exist! The substance of bis 
fntie anzument is that systems in equilibrium cannot power themselves, That i of course quite tne, but isa mere tautology 
and has no relation to an open system in disequilibrium, which can povver itself and is load simultaneously, by the laws of 
physics and the laws of disequilibrium thermodynamics. So infact Angrist as do the skeptics who continue to assai legitimate 
‘verunity EM system researchers as perpetual motion nuts, establishes his own dummy sawn ao demolishes it, while 
‘ignoring —sa to speak—the huge Statue af Liberty before him, 


Now this snot to pick on Angst! He appears tobe a reasonable scientist carefully’ stating is thesis in a straightforward 
‘manner. His voice is quoted asa reasonahleeitical voice, and not like the usual extremist ritic who engages in ad hominem 
attacks from the outset. It merely shows that) the entire "perpetuum mobile prohibition doesnot even apply to overunity 
[EM systems far from thermodynamic equilibrium with the active vacuum, (2) the erties are either unwittingly or deliberatcly 
using the wrong type of thermodynamics as the bass of their entire argumest, (3) the reasonable perpetual motion erties — 
‘ittingly or unwitingly—simply set up an irrelevant strwman and precede to knock it down, and (4) infact the critics already 
‘admit to a machine tat will n fact rum ise and power its load indefinitely or perpetually unless something changes or breaks 
‘or fils, but then edly abel it asa "fictitious" or alse” perpetual motion machine! Meanwhile, i the universe arwund us we 
‘universally observe things in violent and perpetual motion, having continued so for some 15 billion years. None of the atoms 
seem to be running down, nor do any of the molecules. And they are open systems brought out of equilibrium by absorption of 
energy, and decaying back nto equilibrium (or approaching it) by emission of excess ener. 


The cere pont is that technics publications such as Scientific American and Encyclopaedia Britannica do not sm to 
«question the line of reasoning advanced by those knocking perpetual motion, ar even fully analyzed thei argument. What we 
‘ally deal with in tems of skeptics inthis area is either (1) a reasonable, seicaific skeptic such as Angrist (his listing of 
‘machines and attempts for machines notin disequilibrium with their active environment to run themselves is very good), or (2) 
an unreasonable person spouting dogma and venom, who should simply go read some disequilibrium system thermodynamics 
and leam etiquette 

Also, we strongly object to superclious phrases invariably employed by harsh skeptics who insist we are looking for 
“something for nothing" or "a fee lunch", No legitimate overunity energy escarcher has ever considered such a thing. We 
freely admit that the excess energy is recived frm the active vactum exchange, via broken symmetry in that exchange. 
‘Should the farmer refuse to use a windmill or waterwheel because he's getting a “Irce nc" for energy input? For those who so 
{quickly hurl such condemnatory phrases, et me hold up mirror and show them an analog of their position: The famed surgeon 
Aled Velpeau wrote in 1839: "The abolishment of pan in surgery is the chimera. Iti absurd 1 20 om seeking it today 

"Knife and ‘pain’ are two words in surgery that mus forever be associated in the consciousness of the pent. To this 
compulsory combination we shall have 1 adjust ourselves.” [Martin Gumpert, Trail Blazers of Science, Funk and Wagnalls, 
‘New York, 1986, p. 232.) 
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‘The strident, dogmatic critics of open overunity disequilibrium EM systems ae slating an exact analogy to Velpeau's statement, 
‘The scientific worth of ther criticism is precisely the Scientific worth that eventually was shown for Velpeau's pronouncement. 


PHASE CONJUGATE 


(Of an ent: is time reversal, For waves, often refered to as wavefion reversal 


PHASE CONIUGATE MIRROR 
A nonlincar material which, when provided with an input wave, emits a phase conjugate replica (time reversed replica) of that 
input wave 
The input wave i by practice called the signal wave, The time-reversed wave output is by practice called the phase conjugate 
veplica 


PHASE CONIUGATE OPTICS 


That portion of nonlinear optics dealing with multwvave mixing, formation of time-reversed waves, phase conjugate reflection 
(PCR), phase conjugate mirrors (PCMs), pumping PCM o amplify thei emitted PCRs, nonlinear interierometry, distortion 


‘orrection, seltargting, laser tacking, adaptive opties, and so on. 
PHASE CONIUGATE REPLICA (PCR) 

(Of a wave: the time-reversed duplicate of the wave 
PHASE-CONJUGATING ACTION 


In nonlinear optics, the process or ation of producing atime reversed replica of an input wa 


Fra panicle, producing is antipartcl. Fora coll, ddifferentiating it hack to some previous form, genetics and all. 


PHASE CONJUGATION 


In nonlinear optics, the novel nonlinear mixing of waves which generate an output wave called the phase conjugate replica or 
sime-reversed replica that precisely relraces the path previously taken by the input wave that simulates the ation, 


‘The processor action of producing atime-reversed wave. Phase conjugation can compensate for aberrations and distortions in 
the input, Realtime holography can also be produced by applying the phase conjugation process 


PHASE-LOCKED HARMONIC SERIES 


In Whittaker decomposition ofthe scalar potential: The decomposition produces a st of idirectional wavepairs a explained 
previously. 

Each ofthese wavepais has a given frequency, starting from a fundamental. In other words, the other wavepars are harmonics 
ofthe fundamental wavepair Further, these are regularly arranged ina lattice, so that "timing" or "phasing" is rigidly locked in 
place. 


PHENOMENOLOGY 
ln phsies, the philosophical and experimental study of physical phenomena 
as distinguished from ontology, (which isthe study of being), 


PHOTON 


In plies, the basi action quantum, 
Considered tobe the basic quantum of the EM fic, Well ther’ a tle problem with that. The photon contains energy and 
time, and so must also occupy atime interval. The notion of forcefield rigorously contains mass as a component; yet mass is 
‘missing from the concept of field ws te applied. The EM field is conceived asa spatial enty only. It may spatially vary asa 
function of time, of course, but it itself does not occupy time, at least conceptually. These considerations raise some startling 
dlficulties in the ready conclusion thatthe photon is the fundamental quantum of EM field. If a "pice ofthe photon” is missing 
from the field, ow can the field be made ot photons? How can one get area out ofa straight line? I simply pose tis problem for 
the theorists and th foundations physicists, pointing out that it has universally ben fashionable for physicists to ignore that the 
photon earries not onla litle increment of energy, but also a litle increment of me, My awn work has been to lok atthe 
‘dimensional difference between masstime and mass; i.e, between amiss that has just absorbed a photon, and thus must consist 
fof massime (4-space), and just after tht masstime then r-emis the photon, reverting back to mass (3-space). From this one 
can build, eg. mechanism that generates the actual flow of time itself It is in theory an engineerable mechanism, 


PHYSICAL REALITY 
‘To be added. 

PING-PONG 
‘To be added. 

PINNA 
Tae outer eats), Of particular interest tous are the tny litle folds inthe eat 


PINNA INFORMATION 
[Refers to hidden information content ofthe fel, or in the received signa 


‘Comes from the little folds in the pinna (outer ear). For sound direction and distance sensing the tiny pinna folds ofthe outer 
‘ar use phase reflection information more than 40 dB below the primary sound signal that strikes the eardrum, In EM signals, 
‘we ae referring to “hidden” or infolded information deep within a signal from a distant target. In fat everything in the target 
contributes to the signal emission from i, and all that information is riding "within" the signal, nits deep “pina” information 
Te Fogal chip ean outfold some of ths pina information, so that infrmation can be recovered from a signal which no other 
process heretofore could recover. For a dramatic future use, asthe Fogal semiconductors and equipment using them are 
‘developed, there will emerge detecting units that can see highly detailed structure in the human body, merely fom processing 
the light reflected from the exterior af the body. The details eventually wil rival and even surpass that of magnetic resonance 
‘maging, and will be essentially noninvasive 


bttp iivaw.cheniere.orgeferences/annotated_glossary.him eres 


i2si2018 


ANNOTATED GLOSSARY 


Ie is also true that hidden "vacuum engines" can be transmitted back into the body, so thet "problems" or disorders can be 
directly corrected. As an introduction to this type of area, where cellular disease “antiengines" can be created inthe body to 
directly reverse cells and their geneties, curing the disease, see T.E, Bearden, "Vacuum Engines and Prior's Methodology: The 
True Science of Eneray-Medicine, Pars | and L.” Explore! 6(1), 1995, p. 66-76: 62), 1995, p, $0.62. A major book on this 
subject will soon be published. Fora presentation fr the nonspecialis, see . E. Bearden, "Hidden Mechanism for Reversal of 
Diseased Cells toa Previous Healthy State," Resonance, Newsletter ofthe Bioelectromagneties Special Interest Group, Mensa, 
No.2 


PINNA INFORMATION CONTENT 
In electromagnetics, the hidden inner Stoney-Whittaker-Ziolkovskiinfolded EM information inside the salar potential, 


Since an EM wave can be represented as two scalar potentials, then by infolding pinna information inside onc or both of the two 
potentials, itis infolded inside the carrier wave, Thus hidden information can be and is earred by all EM radiation and all EM 
Signals The Fogal semiconductor fr the fist time enables the outfolding and processing of some of this information 


PINNA INFORMATION DETECTORS: 


‘Detectors based on use ofthe Fogal semiconductor, which can outfold, process and display some af the hidden information 
inside the scalar potential and inside signal emissions from distant objects 


PINNED ELECTRONS 


[Electrons held stationary by a magnetic field, or other st of forces that react to “push them hack ino their postions" whenever 
they try to move away. 


PINNING 
‘The act of restricting (by restoring forces und fields) movement (particularly of electrons) due toa disturbing magnetic field or 


‘ther extemal force 
POLYHEDRON 

A solid figure, especially with more than six plane surfaces, 
POSITRON 


An antilectron(ime-reversed electron) possessing a positive charge_In Dirac's relativistic theory ofthe electron. positon 
‘ay be regarded as an empty negative energy state inthe Dirac sea whose usual occupying elecron hae been removed, 


POWER 
Ta time rate at which work is done (at which the form of energy is changed) 


In electrical engineering, the term “power” is erroneously also used to mean “energy” 


PRIGOGINE, ILYA 
‘Noted Belvian chemist and Nobels an one ofthe pioneers of the thermodynamics of open systems far from thermodynamic 
‘ules, 

Prigogine was awarded the 1977 Nobel Prize for his work on the theory of dissipative structures in nonequilibrium 
‘thermodynamics. 


PRIORE, ANTOINE 
{alian radar technician, remaining in France after WW Il, who discovered the use of novel waves from plasmas emitted when 
‘normal EM waves were introduced, and who used this effect to accomplish remarking healing in laboratory animals of terminal 
tumors, infectious diseases such as rypanosomuas, estore suppressed immune systems, and heal atherosclerosis 


Prior's beam was actually longitudinal EM waves. The body when imadiated by longitudinal EM waves adds a weaker phase 
conjugate replica, thus converting LW nonlinear optical pumping fom the 3-space domain tothe time domain. ‘This umse- 
reverses the radiated cells and al heir companents back a 8 previous physical tate and condition. 

Such “time-domain” pumping is used by the living bodys cellular regeneration system to restore cellular damage and heal the 
cells, within its imits. Thus Prioré unwittingly uncovered a way to dramatically amplify the bods own healing and 


regenerative powers, 
POYNTING, JOHN HENRY 


‘An English physicist who lived from 1852. 
Iknown as Poynting flow. 

He contributed the Poynting theorem, which states thatthe rate of EM enemy loss ina specific region of space is equal to the 
sum ofthe dissipation rate (heat loss) lowing across the boundary ofthe region. Concurrently with Oliver Heaviside, Poynting 
conceived the notion that energy flowed through space, which previously had not appeared in physics. Heaviside actually 
published firs, but obscurely; Poynting published ina prestigious journal, so the theory came to be known as "Poynting theory. 
Poynting himself always gave credit to Heaviside for being first Als, the Heaviside version § ~ ExH + G was more extensive 
than Poynting's $= ExH. Heaviside was a recluse: years after his dea, in his litle garet apartment some papers were 
discovered beneath the floorboard. Therein Heaviside has used his G term (a closed energy How. or “appedl energy" term) t0 
represent gravitation, and had worked out a testable theory of electrogravitation. Modem zeneral relativity indeed considers that 
its energy-—particulrly trae! energy —that is responsible for generating gravitational field and gravitational potential 
Apparently nothing at all was done or has heen done with Heaviside'selectrogravitational theory. See HJ. Josephs, "The 
Heaviside papers found at Paignton in 1957," The Institution of Electrical Engineers Monograph No. 319, Jan. 1959, p. 70-6, 


14, whose contributions to electromagnetics included the eneray flow theory now 


POYNTING ENERGY 
Loose term (not rigorous!) used ta describe the flow through space of Poynting energy density S=EXH_ It actually deseribes 


‘ot the energy flow density pr se but that component af it that would be intercepted By a unit point charge. 


POYNTING ENERGY DENSITY FLOW 
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A more rigorous term use to describe the flow through space of the Povating ene 
‘Would be intercepted by a unt point charge 


density low component 


[Loose term (not completely rigorous) used describe the flow of enerny density $= BH 
‘Rigorously, note that both E and H are “defined!” only after their reaction with a unit point static charge. Hence Sis the 
resulting component of the overall energy flow that interacts withthe chars (withthe circuit) and is diverged into the circuit to 
Powerit. leis not the entire energy ow, which also includes a vat Heaviside nondiverzed component that dacs not strike the 
charge and interact with it, and hence does not interact with the circuit but is just wasted. 


POYNTING GENERATOR 
Any dipole or potential difference, which represents a broken symmetry in the vacuums virtual pantcle Mux, and hence extracts 
‘irual enengy from that asymmetry. and pats it out a5 a gushing enengy flow in 3-space. ‘The component ofthat energy flow. 
that. would be intercepted and diverged by «unit point charge is the Povnting enemy flow S = EH. 


POYNTING VECTOR 


‘The vostorS, given as § = EXH, which is used to represent the Poynting (intercepted and collected by a unit point coulomb) 
‘nergy density flow component 
In Heaviside's version, S= ExH + G, where G isan energy circulation flow term of trapped eneray low. 

PPCM 
Pumped phase conjugste mizror 
‘A phase conjugate mirror material which has introduced to it appositive or "purnp" waves. In the phase conjugating process, up 
toll the energy inthe pump waves can be output asthe energy inthe emit phase conjugate replica wave. Thus the PPCAL is 
an amplifier, very similar aa triode. 

PRIMARY IMAGE 


‘The image or portion of an overall image that is of most interest, and usually the sharpest infocus. 


PROBABILISTICALLY 
(Of or determined by the laws of probabil 
Note particularly the somewhat dichotomous use of "determined by — probability" The entre notion in probability is thatthe 
‘overall result isnot individually determined, but that there are multiple outcomes ofthe experiment, each of which occurs witha 
ceriain frequency out ofa very large numberof trials. Ifa single result always occurs, that i said to bea deterministic change, 
rot a probabilistic change. Unfortunately if one pursues the definition of "probability" in mathematics and logic, onc eventually 
finds that itis dichotomous, as was our definition of energy. Uhimately th foundations guys just threw up their hands and said 
“Oh, what the heck! Probability is probability every foo! knows that!” The problem cannot be resolved in 3-a w Aristotelian 
logic: it requires a higher topology lose. 


PROBABILITY 
The probability ofa simple event isthe ratio of the numberof times it occurs to the foal numberof trials (fora lange, essential 
infinite umber of tal 
[Note that "ral" constitute things that have occurred (are past). Probability has resisted rigorous logical definition by 
Aristotelian logic; the reason is that itis an expression ofthe fourth lw, the identity of opposites. Probability isthe expression 
ofthe future (that which has not occurred) in tems ofthe pas (that which has occurred). Since we have been trained 10 
conceive or think of something as if it had just been perceived to occur then this isthe only way we can conceive the future 
‘ft were an “already occurred past” tous 


‘But with Aristotelian logic, the future cannot be composed of a st of pass (the law ofthe excluded middle prevents it), and 
probability has no acceptable logical basis. With four-law loge, the future can be modeled in tems of and even be identical to 
~the past, and probability has a logical basis. 

Consider throwing adie 10 land with one face up. Thinking of the event (as iit has just occurred, in terms ofthe mast recent 
past), one can conceive six ways of looking at it In other words, one an conceive of six "most recent past.” By the fourth law, 
{the total “most recent past s identical othe "most immediate future,” on the common boundary. If one therefore collect all 
six "most recent pasts," they tur into the most immediate future, by the fourth law of logic. One may argue that only a single 
fone ofthe events will actually occur. Here ane counters with the observation that, when it occurs, ts the past, not the future, 
and then it has not been collected so as to move tothe boundary. One als points out that, withthe hidden variable approach, in 
thoory it is possible to directly engineer those probabilities while the Schrodinger wavefunction i till propagating and has not 
yet collapse to constitute an "observation." Lei is possible to engineer Wheeler's "pre-realiy." and determine in advance just 
‘which ofthe outcomes shall occur. 


Now, if this type of equipment eventually gets built and is small and portable, just think what one could doin Las Vegas! 


PRODUCT SET OF INTERNAL WAV! 


‘Modulstions of te internal bidirectional wavepairs comprising a scalar potential 
This set was added in the mid-1980s by Ziolkowski to Whitaker's 1903 sum set. When a signal is "inflded!” inside the DC 
potential itis modulated upon (multiples) one or more ofthe interaal biwave pairs. Ziolkowsk's work is necessary t deal with 
that; Stoney and Whittaker alone donot handle it 


PSYCHOENERGETICS 
Russian branch of energetics where extended electrodynamics is upon the mind and its functions, hence inthe time 
‘domain and employing time-polarized EM waves. 


PSYCHOTRONICS 
(Czechoslovakian name for extended electrodynamics effects on the living body 
PUMPED PHASE CONJUGATE MIRROR (PPCM) 
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‘A nonlinear material which 


() when provide with an input wave, emits an amplified phase conjugate repli 


(time reversed replica) ofthat wave, and 
(Gi has addtional opposing waves as inputs, so that their energy is transformed into the amplified energy of the time-teversed 
replica wave. 

The word "miro" is misleading, in thatthe "mirror" may be just a highly nonlinear material, or be an actual smooth metalic 
surface containing "bot spots" by heating, et. In any ease it isthe nolineartes such asthe het spots that prodace the phase 
‘conjugating action, 


PUTHOFF, HAROLD 


[Noted physicist active in a variety of fields and investigation including in psychoenermtics, extended electrodynamics, enesy 
irom the vacuum, parapsychology, remote viewing, psyehokinesis, zero-point energy ofthe vacuum, and cosmialogy 


We have specifically mentioned his important cosmological feedback principle. 


@M VACUUM, 
‘The quantum mechanical vacuum, which modes the vacuum as an intense ux of virtual particles, cach appearing an 
‘sappcarng in such extame time intervals as to be unobservable individually 
‘Violent fluctuations of extremely short duration constantly occur inthe QM vacuum flux. Various calculations estimate the 
nergy density (in mass units) as upto 108-10 grams per cubic centimeter, o even greater 


(QUALITATIVELY 
‘Determination based on qualitative analysis, usually as contrasted 1a quantitative determinations. 
QUANTIZED 


4) Reduction of some observable quantity to multiples of some small, indivisible unit or, 


i) expressed in terms of quantum theory 


QUANTUM 
A single "particle" ofthe quantity action 
The quantum is always composed of two fundamental quantities (canonical variables) and it is the “fissioning” of the ation 
{quantum into we pieces which results in detection of one ofthe pices. Am indefinite "smear" of part of the two pieces may be 
Simultaneously detected by a linear detector, but never both exactly (Heisenberg uncertainty principle). More recent work bas 
shown that, ina highly nonlinear situation, both canonical variables canbe determined simultancously to any desired degree of 
accuracy, in which case the Heisenberg uncertainty principle does not holdin its conventional form. This fundamental change in 
‘what has been regarded as ane of the "sacred laws" of physics has not yet made it nto most physics texts, 


QUANTUM ELECTRODYNAMICS 
The theory of photons und electrically charged particles and their interactions. 
‘The use of the term "quantum" implies thatthe EM radation's discrete photon nature i significant, so that quantum theory mast 
bbe employed 

(QUANTUM FIELD THEORY 
‘A quantum mechanical theory in which "a physical field is considered asa collection of particles and forces, and observable 
properties of an interacting system ane expressed as finite quantities eather than sate vectors, 
(Dictionary of Science and Technology. ibid,] More simply (after Davies, The New Physies, 1989): "The theory that describes 
‘the quantum effects ofa classical system of fields defined on space-time and satisfying Various partial differential equation.” 


(QUANTUM POTENTIAL, 


A special potential added ta the Schridinger equation, by Holm in his hidden variable theory of quantum mechanics, 
The quantum potential can move instantaneously. In my book Gravitobiology, | published a mechanism by means of which a 
{quantum potential can he created. (There may of course be other QP-creating mechanisms). An iterative, mutually phase 
conjugating of EM signal passed back and forth between two objets, or among many of them, is called seltagering. Extreme 
solftargeting can produce such a QP or partially produce one, particulary if a dense pumping” (optical sense) at the phase 
conjugate miror objects occurs. lam presently proposing the QP as a means of direct energy amplification. Le. if there is 
“astantaneous travel” between two lightobserved points then othe instantaneous agent there is no length separation or time 
separation between the points. This of course means that in elfect the objects now coexist “superposed” on cach other in a 
‘multiply connected space, at least with some fraction of "coupling” 


‘Suppose the coupling fraction is 0.5, and 100 widely separate d nodes are so connected by a common QP. Then if one puts in 1 
joule per second of energy flow ata given node, there will instantly and simultancously appear at each ofthe other 9 nodes 
‘one-half joule of energy per second flow. So can gain quite abit of direct energy amplification in this distributed system, and 
‘nothing can "shield" the distant nodes. Presently, other than possibly Gabriel Kron’ “open path, Ihave not found any other 
‘consideration of “direct amplification ofenergy a a distance”. 

‘The implications ofthe quantum potential —in everything from power sources to medicine to weaponry —are staggering, 
Weapons based on just this very QP, multiply connected space, and direct energy amplification appear to have already been 
developed and are on site in three nations, A fourth ether i just getting them or is nearing their deployment 


(QUATERNION 
“Expression comprised ofthe sum of four terms, one of which i real and three of which contain imaginary units, and that can be 
‘written as the sum ofa salar and a threc dimensional vestor 

(QUATERNION ALGEBRA 


‘The algebra of quatemions and their mathematical operations. 
‘Quaterion algebra is of higher topology than either vector algchra or tensor algebra. Maxwell's original equations are some 20 
{equations in 20 unknowns, in quaternon algebra, Heaviside ad others reduced the algebra to vector algebra and some four 
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‘equations. The present vector equations taught in university as "Maxwell's equations" are in fact Heaviside's truncation of the 
Maxwell theory" Going to tensor algebra electrodynamics cannot recover the full range of Maxwell's quaernion theory. 


‘As an example, what Tesla actually dd in his patented circuits cannot even be scen in vector or tensor analysis. On the other 
hhand, analysis of his circuits by quaterion electrodynamics clearly reveals his startling ability to shutle the energy in the circuit 
atwill. See T, W, Barret, "Tesl's Nonlinear Oscillator Shutle-Circuit (OSC) Theory,” Annales de la Fondation Louis de 
Broglie, 161), 1991, p. 23-41 


QUINTESSENCE, 
Literal 


RADIONICS 
‘To be added, 


REACTIVE POWER 


Etecrical power, measured in vols-amps-reactive (vars) that cannot do work as 


or sinusoidal waveforms, the formula for reactive power is given by -V-sin0, where 0 is the phase angle between the voltage 
and the cutent 


REAL, HIDDEN DYNAMICS 


The dynamics of vacuum engines, or of 


work" ongoing ina system or volume of space 


REAL HIDDEN VECTORS 


‘The "hidden" of "infolded" real vector components, 
eg, fa vector zero summation system. 
A group of nonzero finite vectors which asa system sum to anet translation zero; Le, which donot translate resisting mass oF 
‘charge, but do "stress" i. Such a system therefore constitutes a stress potetial 
REAL POWER (ACTIVE POWER) 
Power, measured in watts, that can do work, including generating heat 


For sinusoidal waves, real power is given by the formula L:V-cos 0, where @ isthe phase angle between the voltage and the 


REAL VECTORS 
Vectors in thre space, without imaginary components, 
REGAUGE, REGAUGING 


(Changing the scalar potential or the vector potential, or both 
fone or both ofthe potentials islare changed so that a net force is created in the system, tha is an asymmetrical regauging 
only one potential is changed, a net force results and that isan asymmetrical regauging 


both potentials are changed but carefully selected so that the free force resulting fom one change is equal andl opposite to the 
ftce force resulting from the other, that is a net symmetrical gauging, often called a "Lorentz regauging" 


RECTANGULAR TRANSFORMATION MATRIX, 
‘Standard mathematical physics, 

REFLECTION 
The rebound of light or other eneray from a surface 
‘A smooth surface (ea mirror) may produce a specular reflection. A rough surface (e.g, a sheet of paper) produces a difuse 
reflection, Actually, in reflection of igh, the same light doesnot rebound; instead, the light incident upon the mirror or surface 
{is absorbed, and new light is r-emitted by that surface. Further, considering reflection from a dielectric, every interior part of 
the dielectric participates inthe reflection. Al the internal information about the entire object—everything!—is therein that 
reflected light, inflded asthe hidden "information content of the field” (Stoney-Whittaker-Zilkowski structuring inside the 


two scalar potentials comprising the reflected wave). With the Fogal semicondoctor, atleast some of that hidden "pinna" 
information in a sample detection of the reflected light can be outfolded and displayed. 


REFRACTION 
The bending of ight a it passes from one medium to another, 
leis the phenomenon that enable «lens to focus light and that makes sick appear to ben where i ips into water. 


REPULSION BEAM 


A beam of enerey directed at a target, which when absorbed by de target will gonerate a force in and on tht target to push it 
‘away from the beam projector 


REPULSION-FORCE-GI 


NERATING BEAMS 


‘ams of energy which "push away" their targeted receivers, by inducing a force in the receiver directed away from the source 


of the beam, 


RETARDED WAVE 
‘The electromagnetic waved 


1 is derived from the retard fields, which in tum are derived from the retarded potentials, 


This means that the retarded wave a point or region of space has arrived there or exists there as the reslt ofthe dynamics of 
charges und currents that existed at earlier times, 


RETROREFLECT! 
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Precisely reversing the path of 


‘An example isa phase conjugate reflection. 
SACHS, MENDEL 


Noted scientist who has completed the work of 
tiniest part to the entire conglomerate 


SACHS’ UNIFIED FIELD THEORY 


stein and developed a un 


2d theory covering the universe from the 


An extension and completion of Einssins work that includes the universe and its dynamics from the tiniest part tothe entire 
‘conglomerate, and includes quantum mechanics, electromagnetics, pavilion, and the strong and weak forces. 


SCALAR 
(Characterized by magnitude only 


SCALAR (QUANTITY) 
Inondinary vector analysis, a quantity completely characterized by magnitude onl 


Actually, it contains magnitude and time, because to exist it mus steadily exst in ime, So we take the smallest increment of 
‘observe time we wish to conser, and thats the minimum “length ofthe time-tail that te scalar must occupy and have, im 

erceived or detected” thing. Hefore the mathematician jumps in with a nie limiting process to take away 
you let that litle time interval get too close to zero, then yo gt too close to eliminating the observer himsel, 
and the entire problem vanishes inclading mathematics and physics and the observer as well 


(One simply cannot demonstrate something that does not exis in time—on paper in one's mind, or otherwise! Be careful ofthe 
term "spacelike" in physics! I ides a logical nightmare. This was the very problem I uncovered in Aristotelian logic; the little 
{increments of time to have a "perceived A" ora "perceived not-A” oF to apply an identity decision criteria” to determine 
identity or nonidentity, had been lft out for lo these 2,000 or so years 


SCALAR ELECTROMAGNETICS 


That electrodynamics that arses from considering transverse EM waves, longitudinal EM waves, time-polarized EM waves, 
‘lectogeavitation, superluminal EM signal, interferometry, nonlinear optical functions, time-as-enemyy. and the infolded 
‘lcczodynamics inside all usual EM fields, waves, ad potentials 


SCALAR POTENTIAL, 


sually considered synonymous with the electric potential 
Here we have another “logical nightmare” 

Anyway, the conventional “definition” of electric potential assumes one knows what a "potenti" is already, and goes 
Something like this: "The potential measured by the eneszy ofa unit positive charge at a point expressed relative fo an 
‘equipotemtial surface, generally the surface of the earth, that has zero potential” [Dictionary of Science and Technology. ibid, 
p. 722], Wel, thats botched. It tells or attempts to tell what the measurement of a potential is, using a unit positive charge and 
process. A potential cannot be its own magnitude measurement, just asa man cannot be his own Weight measurement 


‘So what do we do? We have to tell what the potential is, This isthe problems that so mystified and infuriated Oliver Heaviside, 
‘when he altered and diminished Maxovell's equations to rd them of every potential tht he coud, Heaviside stated thatthe 
potential was "mstical and ought to he murdered from the theory" He wed to do just that, and conditioned generations of 
lectrodynamicists to believe thatthe potential had no physical reality at all, but was only mathematical convenience, Nabin 
expresses Heaviside’ view as follows: "In an 1893 letter to Oliver Lodge, Heaviside said of his own work tha it represented the 
‘rel and true "Maxwell" as Mavell would have done it he had not been humbugged hy his vector and sear potential 

Paul Nahin, Oliver Heaviside: Sage in Solitude, IEEE Press, New York, 1988, p. 134.1. 37, 

The concept of potential was developed by Poisson, Green, and others from about 1813 to 1827. Three notions involved inthe 
development ofthe concept ofthe potential are (i) there isthe collection or storage of encrzy inthe system, via the collection 
forstorageof some entity therein, and this "potetial energy" can be released and dynamically used, (i) the potential isa scalar 
function whose spatial rate of change is a vector force, and (i) the dynamics othe stored enemgy is suspended by the “storage” 
for "colleting” entity in other words iti a srt of "suspended action” waiting to be unleashed. [r requires some action—such as 
interception and dvergence-to release the leashed energy 


‘We have to disagree withthe second notion, having already discussed the fact that no vector force exists unless mass is present, 
since mass is a component of force. Here we have a residue ofthe old "material ether" concept. For the third notion, we note 
that the concept aft “vital” particle or particle Flax means tht i cannot become observable unless some interaction is 
‘imposed. So we may handle the "third notion” requirement by assuming the potential to be composed of hidden viral particle 
flux, or hidden wave ux, in wave-to-wave interaction, 


Physics basically tries to define the electrical potential as energy per coulomb, or §= W/Q. That equation, however, is actually 
rota definition at all, but rather i an algorithm for calculating the magnitude ofthe excess energy collection/collectng upon a 
coulomb of charge, when that coulomb is immersed inthe potential. It in fact isthe reaction eras section of the poteatial, not 
the potential entity itself: This now begin to give us a clue. Potential is enengy in some fasion. So the entity @ must have 
essentially the same definition as energy! Potential energy, collected energy. stored energy, whatever's energy first and 
foremost. 

[Refer to our discussion of the 3-aw logical contraction in the concept of energy. The same logical contradiction mutt be 
present inthe notion of the potential 


Just as we dl for enengy, we must define the scalar potential in two appositive ways: (i) the wave view and (i) in the 
particle view. So we define potential (particle view) as any virtual particle lux. We also define potential (wave view) as any 
hidden wave fax. Further, we note thatthe energetic vacuum is composed ofa virtual particle ux (particle view) and so itis 
also a potenial. Since the virtual particle fux of the vacuum is extremely intense, the Vacuum potetial is enormous in 
magnitude 

We shall also consider any other potenti to ultimately be change to the vacuum potential, Originally, one conceived of 
potential occupying the "vacuum as an empty space.” Then general relativity made the vacuum into spacetime, geometized it, 
fad made the goometry itself dynamic and operative tic. Okay! Then that makes spacetime itself potential 
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‘We also firmly dispose of the peculiar and deformed notion that the scalar potential ofa point-source charge (at any spatial point 
thatthe poteatil occupies) may be defined asthe “work performed upon a unit change by pushing itn against the B-eld ofthat 
source charge, to that spatial point." This isan equation and not a definition at all instead, itis an algorithm for calculating the 
energy density magnitude ofthe scalar potential. Iti a fine algorithm, but it has nothing a all to do with what the potential 

1a man cannot be defined as an algorithm for calculating the magnitude of his height or his weight his energy 


‘Without further discussion, we also somewhat extend the general relativity notion of spacetime as dynamic geometry, as 
follows: Ina special sense, spacetime = geometry = potential = "tapped ” or collected collecting energy. So when we enginece 
‘the intemal structure ofthe potential, we also engncer th intemal structure (subspace) of spacetime and spacetime geometry. 
Curvature of spacetime, e., becomes simply a change inthe energy density of the vacuum, from the ambient value, and it ean 
be imerally structured so as to contain engines". When we apply the hidden EM variable thcory ofthe Stoney-Whittaker- 
Ziollowski work, parcularly when we consider the phase conjugate paring as it exists in spacetime before interaction with 
‘charge, we are engineering and extending (i) electromagnetis, (i) quantum mechanics, (i) general relativity, (¥) spacetime, 
(the spacetime eurvature concept, and (vi) spacetime geometry 


SCATTERING PROCESSES, 
Collision processes in which an incident particle such asa photon, electron, or proton, of known eneney a direction or both 


sollides with another eotity. and emerges from the collision witha different enesxy oF direction or both 


SCHRODINGER, ERWIN 


Noted Ausrian physicist and Nobelist who discovered the wave equation named ater him asthe Schrdinger equation, and 
performed other vial work in wave mechanics, 


SCHRODINGER EQUATION 
Tn quamins mcchonicr.m couation that describes the propagation of warca associate with subatomic particles, oc mors 


enerally, that describes the evolution overtime of the quantum state ofa system 


SCHUMANN RESONANCES 
‘The extremely low frequency (ELF) resonant frequencies ofthe Eurth-lonospheric waveguide 
‘The first five Schumann resonances calculated from a simple mode! are 10.6 Hz, 18.3 Hz, 25.8 Hz, 33.4 Hz, and 40.9 Hz. 
However, better models are available and the frequencies vary from these simple model solutions. A bette calculation gives the 
first four as 8, 14,20, and 26 Hz nominally. The measured Schumann resonance corresponding tothe 8 Hz is about 7.78 Hz. 
‘This is very near the mechanical esonance frequency of the human bods, and also is evidenced in brain waves often "locking" 
to this frequency inthe natural environment 
‘See WO. Schumann, Z. Naturforschung, Vol. 72, 1952, p. 149.250, For detailed models and discussion ofthe observation, 
soe. Gales J. Res. Nat. Bur. Standards, ol. 69D, 1963, p. 1048. 


SELF-ENERGY 
Inna quantum mechanical system, the energy associated withthe emission and absorption of virtual particles. 
Ina classical system, the energy associated with the interaction among part ofthe system itsel 

SELF-ORGANIZATION 
After Davies, The New Phsies, 1980): "Spontaneous emergence of onder arising when certain parameters built ina svstem 
‘each ertical values.” 
‘Simpler put, isthe spontancous formation of patterns of localized order in a system which begins in a more homogencous 
slate, In short, the system moves ffom a simpler toa more complex state 


SELF-POTENTIAL (E.G, OF THE ELECTRON) 


The potential created in and ofthe change 
(eg, the electron) by its virtual pantcle fax exchange with the vacuum. 
Also, an asymmetry in the virtual photon flux of the vacuum, caused by the interaction ofthe charge (eg he electro) withthe 
‘vacuum flux. From here, we noe thatthe sef-potenial must consist of real observable 3-spuce EM eneesy flow or flows fom 
the eleciron, because ofthe asymmetry. However, the charg isnot the primary source perse of the eneray lows that establish 
the sef-potential, but instead isthe asymmetric gate in the vacuum ux that “gates out the potential and its enengy flux. The 
asymmetry in the vacuum fax isthe actual source. Indeed, the energy is received by the charge inthe form of conversing 
longitudinal EM energy waves from the complex plane (from the time domain). ‘The spin of the charges ofthe dipole transduce 
the absorbed complex EM encrgy into real observable EM longitudinal wave energy, and pour it out in all directions in 3-space 
‘ce my paper, "Giant Negentropy fom the Common Dipole," ibid, forthe mechanism fr the charge als, 


SELF, SENSE OF 
To be added, 


SELF-TARGETING 


etwvcen two entities, where each acs putally or wholly ass phase conjugate miso, 
conjugation or "ping-ponging” and rapid convergence of beams between the two PCMs 


sting isthe iterative phase 


Ithas a spectacular application in phase conjugate shooting from a spaceborne laser agains a ising hostile booster, even several 
thousand miles distant First a laser pulse is “bounced of” the distant target, and the reflected pulse returns othe receiver inthe 
laser platform. I carries the movement-induced alteration ofthe distant target onthe pulse i elected, The next emitted pulse is 
an amplified phase conjugate replica of that received pulse, and it wll hcktrack to the same spot onthe rising booster, leading 
ita bit and converging moderately so that it meets that spot. That spot begins to heat up, increasing its nonlinearity and making 
it act even more as a PCM, So it reflected signal off the "bot spo i also a phase conjugate replica of the pulse that it received 
from the laser. Tht reflected palse now will moderately converge its reflected energy upon the distant laser, increasing the 
‘eturato the laser. The ping-pong continues, so that the laser beam narrows sharply upon the distant hotspot, and the reflected 
‘beam fom the hotspot marows sharply upon the distant laser. Ths iterative marowing ping pong” locks the laser upon the 
distant hotspot, even though the booster is moving. This process continues forthe necessary dvel time, until the bear mel 
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through that spot and explodes the hostile booster. The iterative phase conjugating reflection, or “png ponging" between the 
target spot and the laser, is called sel/-argeting. 

SFLOW 
‘The Poynting energy density flow S, where $= ExH + G 
isthe electric field, His the magnetic field strength, and G isa trapped closed loop flow of energy density 
The $-flow isnot the total energy flow per se. Since the fields and H and the closed loop G are only defined in tems ofthe 
intercepted, tapped or collected" energy, then flow i always with respect to some assume interceping/collecting entity, 
‘usually an assumed nit point charge 

SIGNAL WAVE 


In nonlinear opties, dhe input signal (wave! toa phase conjugate miror (PCM), which stimulates the PCM to emit a phase 
‘conjugate replica (PCR) wave in tur, 


SLEPIAN CURRENT 


‘The vector ib, which ina curen! loop represents the energy unit area per coulomb of flowing charge, per unit of time, that is 
collected cllectng from the Poyaling S-flow and dissipated in that current lonp in is lads and losses, 


Itdoes not include the enormous amount of Heaviside nondiverged energy density low that is flowing along the outside of the 
circuit conductors, and that isnot being collected and therefore not being dissipated. 
SLEPIAN FLOW 


“Plow of collected-eneray density dissipation” in current loop, 
and therefore tothe vector jf nthe eurent loop, which represents the energy per unit area per coulomb of flowing charge, per 
‘uit of time, that i being dissipated in that current loop in ts loads and losses. 


Itdoes not represent the enormous amount of energy that is flowing along the circuit, that is not being collected, not diverged, 
and therefore does aot enter the circuit to be dissipated from it. 

SLEPIAN VECTOR 
[Refers to the vector in a current loop, 


which represents the eneray density per coulomb of flowing charge, per unit of time, that is being dissipated in that current 
Top in its loads and losses 


It does not represent the enormous amount of energy that is flowing along the circuit, but not being collected and therefore not 
being dissipated. We accent that only inercepted and collected energy can be dissipate 
SOLID-STATE PARAMETRIC OSCILLATORS 
A parametric oscillator circuit emploving solid state devices: 
A parametric oscillator isa device that oscillates by rhythmically changing a parameter (such as capacitance or inductance ee) 
‘Simple svitching between differing values ofthe parameter i often wed to induced the periodic change ofthe parameter 
SOLITON 
A.vave pulse which propagates without changing its shape and without dispersion. 
SOURCE DIPOLE 
Any dipole, considered from the viewpoint that EM energy continuously pours out of 


‘There is no true "source" as such in nature, since the energy isnot created but only gated. In the case of the dipole and electrical 
charge as sources of EM energy, fields, and potentials, we solved that vexing problem in our "Giant Negentropy from the 
‘Common Dipole", ibid. 


SPACETIME 
The entity represented by the fused product” of space and time, to give space x time" 
Spacetime is also dynamic geometry, inthe general relativistic interpretation. We consider spacetime to bea potential, and also 
‘geometry and also vacuum, and also virtual particle fix, and also hidden wave flux. 

SPATIAL CLOUD. 
A lou of something (such as electrons) ina spatial region, 

SPATIALLY 
With reference to space and spatial position. 

‘CIAL RELATIVITY 


Einstein's theory of inertial flames in which, iftwo systems are moving uniformly in relation to each other, one cannot 
‘delermine anything about thei motion except tha i is lative, 


Each ofthe two frames is said t0 be "rotated" with respect to the other, but not accelerating, The velocity of ligt in space (the 
‘vacuumm) is constant, and is independent of the velocity ofits source and the velocity of an observe. Allthe laws of physics are 
the same in all inertial frames of reference. 

SPIN 
The intrinsic angular momentum of a particle, such as an electron, proton, neutron, photon, graviton ete, 

even when at rest, as iit were atop spinning about an axis, but had to spin 720 degrees before it turned "ul circle." 
Spin is quantized, and is always described asa half or whole spin, e-.,~1,~ 1/20, 1/2, 1,ete. A spinning charged particle such 


asan electron thus demonstrates a magnetic moment, due to the circulation of charge inthe spinning. Inthe nucleus of an atom, 
the spin of the nucleus i the resultant of the spins of the nucleons (particles comprising the nucleus) 
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Spin of panicles would appear to be mor lke an "implosion to “explosion” circulation in other words, it circulates in the ime 
domain (complex plane) as well It would appear that the spin of a particle is the basic feature that integrates the (disintegrated) 
flux enemy of vacuum flux into observable charge. Apparently all observable fields, matter, effects, etc. depend upon this basic 
‘mechanism to zip together viru entities and form observable phenomena 

SPIRAL GALAXY 
‘Those galaxies having arms which extend inthe form of spirals 

ofall galaxies are spiral galaxies. 


‘The interesting thing i that only about 10% ofthe gravity necessary to hold the spiral arms together can be accounted for by 
‘known gravitational sources. This has led othe theorizing of dark (hidden) matter of exotic and unknown form, which would 
be responsible fr the excess gravity 


The present author as proposed thatthe unaccounted enormous Heaviside component of the EM energy flow surrounding 
very fielcharge interaction and not entering into that interaction, accounts forthe missing source of he gravity. See "Dark 
Matter or Dark Energy", Journal of New Eneesy.4(4), Spring 2000, p- 4-11 

S-SOURCE 
‘Source of Poynting enegy density flow. 

Source of § = EXH flo The primary source is considered to always be an asymmety in the virtual particle Fax ofthe 
‘vacuum. The S-low rigorously is that component of the overall energy flow tat i intercepted by some system of interest 
either present or assumed, That component of the overall energy flow that is not intercepted by the system of interest, is 
referred to by this author asthe Heaviside energy flow orthe dark energy flow associated with every feldcharge interaction. 

STONEY To be added 

To beaded. 


STONEV/WHITTAKER BIWAVE DECOMPOSITION OF THE SCALAR POTENTIAL ACROSS THE DIPOLE 
()a scalar potential (i, difference in potential) exists between the end charges ofa dipole, 


Gi) that potential (ference) can be mathematically decomposed ino a harmonic series of bidirectional EM wave pairs, where 
cach pair consists of an EM wave and is precisely superposed time-reversed twin. Thusa dipole isa "source" or identically i a 
Set of hidden bidirectional waves (wave view) 


STRING THEORY 
A rather recent mathematical physics theory which replaces the zere-dimensional “point” used in pevious physics with a one. 
‘dimensional objet called a “sting 


Ithas been particulary effective in describing the gluon forces between two colored particles in particle physics, and has since 
been extended to many other areas. It is sometimes referred to asthe “theory of everything” 


"STRING? WAVE 
‘The transverse wave ona taut string produced when the string is plucked. 
The string wave itself stays on the tring and does not tavel through the slapped extemal medtum. 


However, Faraday believed that EM fics in vacuum consisted of "material lines of force" which behaved like such taut 
‘material strings, without any physical endholders. He thought that EM disturbances were simply the transverse disturbances of 
those "lines of force". He profoundly affected Maxwell's thinking, so that Maxwell accepted these physical lines of force 
‘Consequently Mavell assumed those same "wansverse taut string vibration waves" in his EM wave theory: 


Incliminating the "stringholders for the assumed taut strings, Faraday and Maxwell discarded the Newtonian third law half of 
clectrodynamics! They discarded half the eneray and half the wave as well. Consequently today physics has no causative 
mechanism for Newton’ third law, because it threw out the EM mechanism for it more than a century ago and never noticed it! 

SU(2)*SU(2) SYMMETRY ELECTRODYNAMICS 
To beaded. 


SUBSPACE 
Invector mathematics: a subset of a vector space which is closed under vector addition and scalar multiplication operations 


In physics: Physics often uses the tem "space" to refer to spacetime. It also uses the term "space" to refer wo the dimensions of 
space, without the dimensions of time. Atany rate, the spatial portion of spacetime is represented mathematically by some 
convenient numberof dimensions. In the most usual practice, Minkowski spacetime of 3 spatial dimensions and one time 
dimension is utilized. In the Minkowski space, we now consider that "space" to be a vacuum scalar potential If we consider the 
{ntenal Stoney-Whittaker-Zolkowski biwave pairs comprising that vacuum potential, we may transmit a signal communication 
along one oF more ofthese internal biwaves, without changing any of the ethers. In that ease, no overall potential gradient and 
‘overall frcefield signal apears. That domain tha is infolded “inside” the scalar potential is sid the subspace. It may be 
‘odeled asa space of nimensions where those dimensions are compacted and not observable to an extemal observer 
Sulbspace gained great popularity from the Star Tek television series, where the spaceships used “subspace communications" to 
hhave signals propagate far faster than the speed of light. Bll Fogal ha been working with some success on what sbould bea 
concrete realization of just tis very "subspace communication system with inflded signals that move much faster than the 
Speed of light in vacuum, 


SUPERCONDUCTIVITY 


Property of some materials or metals whereby ther resistance reduces to zero at very low temperatures 


‘These materials also exhibit many additional properties that are anomalous when compared to normal materials. Much research 
fot has gone into the attempt to find materials which exhibit superconductvity at higher temperatures, wth the goal of 
‘eaching room temperature supercanductivt. 

SUPERLUMINAL, 

Ina manner or witha speed faster thane, 
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SUPERLUMINAL COMMUNICATION 
The movement of signals fuster dan the sped of light in vacuum, 
and the transmission and reception of such signals and extraction oftheir transported information, 

Longitudinal EM waves are not limited to speed c; transverse EM waves ae limited t speed c. The infolded eletrodynamics 
inside all EM fields, potentials, and waves consists of langitudinal EM phase conjugate wavepars, with their impressed 
clectrodynamics. Hence this "subspace" isa superhighway for such waves, including for those moving at superluminal 
velocity: Inessence this isa very special kind of "nneling" which we might refer to as subspace unneling. ‘The limitation to 
light speed rigorously applies to the modeled transverse EM waves which are a sort of "bul upheaval" waves similar to waves 
fon the surface of the ocean. AS inthe ocean wave analogy, "pressure” Waves underneath the ocean may travel very much faster 
than the bul upheaval waves on the surface, 
‘When making longitudinal EM waves, the process is imperfect andthe esuting longitudinal EM waves will have a transverse 
reside as well. The resulting "ransverse-noisy” LW is called an undistorted progressive wave. Undistorted progressive waves 
‘may move slower than the speed of light or faster than the speed of light. See W. A. Rodrigues J. and J-. Lu, “On the 
existence of undistorted progressive waves (UPWs) of arbitrary speeds 0 v <> in nature,” Foundations of Physics, 27(3), 
1097, 435-508. slightly corrected version is downloadable ax hep-th9606171 on the Los Alamos National Laboratory web 
site, and includes eorectons tothe published version, 


SUPERPOSE 


To lay or place on, over or ahove something else, with the connotation of mixing. 


SUPERPOSITION 


The simple linear addition and subtraction of two or more values, states, et. 


‘Superposition is one of the key principles infield theories and in the concept of potentials. 
SUPERSET 


A large set referenced toa small set, where the small set is included inthe larger set 


‘The large sets said tobe a superset ofthe small set. The smal set is said to bea suhser ofthe larger set, 
SW (STONEY-WHITTAKER) STRUCTURES 
The Ston 


‘We call this internal EM dynamics inside every EM wave, field, and potential the "infolded” electrodynamics. Russian weapon 
scientists refer to tas the information content ofthe field 


Whittaker hidden bidirectional EM wavepars comprising the scalar potential, and structuring (altering) of su 


SYMMETRICAL REGAUGING 
In electromagnetics, changing the scalar potential toa different value, and simultaneously changing the vector potential toa 
different value, withthe 1w0 changes just precisely selected so thatthe two extra forces (cach created by one ofthe changes) are 
‘equal and opposite thus canceling with respect to translation and doing no net extemal work, 

‘We note thatthe two forces themselves must be considered tobe present and stil working continuously in opposition, 
{increasing the stress upon the system regauged with excess energy, or decreasing the siess upon the system regauged with less 
nergy. 


‘This presence of "equal and apposite” excess forces from the symmetrical gauging is known asthe Lorent= condition, The end 
result is that the ner force fields of the regauged system remain the same, even though te stress ofthe system has been altered 

g and the potential energy of the system has also heen changed, Since abstract vector mathematics contains no 
F056" in its background vector space, ero vector resultant system of multiple nonzero vectors are most olen 
simply discarded. Early electrodynamicistssymmetically egauged Heaviside’ two "Maxwell" equations (potential form) so as 
toetsily separate the variables. The nt effect was to discard that set ofthe Heaviside/ Maxwell equations that prescribed and 
included open electrodynamie systems that freely receive and collect energy fom the external yacuurn, and also obtain a free 
excess force which then can permissibly utilize that excess energy to translate and proce extemal work upon the system oF 
externally upon a load. In short, the symmetrical regauging discarded practical overunty electrodynamic circuits and devices, 
‘which Maxwells equations-—even in their Heaviside modified form have always prescribed and permitted. Contrast fa 
asymmetrical regauing 


‘We specifically point out thatthe two extra forces remain, as does their enegy, and both may be dynamic as the sytem is 
dynamic. Hence when one regauges, one has changed the gravitational aspects of the system and als curved the local 
spacetime, Furthe, ths ST curvature i internally stuctured and that structure is dynamic. ‘Thus contrary tothe assumptions of 
clectrodynamics, the regauged system i nor the same a the original system. 


SYMMETRY 
A theory or process possesses a symmetry with respect to cerain operations performed on iti those applied operation do not 
‘change the theory or process, 

‘The theory or process is then said to be "symmetric" with respect to those operations. As an example, there is no observable 


‘change ins circle when it is rotated or reflected ina mieror. The citcle is therefore said to have rotational symmetry and 
reflection symmetry. 


TANTALUM CAPACITOR 
‘Electrolytic capacitor with a tantalum or sinered-slug anode 
such as solid tantalum, tantalum-foi electrolytic, and tantalum-slug capacitors 
or the same capacitance, the weight and volume of the tantalum capacitor are less than comparable aluminum electrolytic 
capacitor. In other words, you can make the litle son-of--gun smaller, for a given capacitance and charge it must hold, When 
ublized in the Fogal fashioa, the tantalum capacitor also exubits other properties that are sill proprietary to Fogal’s 
semiconductor processes and to Bill Fog, 


TARGETED PINPOINTS, 


in Fogals semiconductor 
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Th effects to sharply narow the retroreflected source signal energy from the source onto the separatd points hy means of the 
‘mutual ping-ponging, I this fashion much more energy density from the source can be concentrated on the tangcied pinpoints 
Ineffect, phase conjugate shooting is evoked. 


TENSOR 


A special mathematical entity which is an clement of a vector space such that it represents the tensor product of vector spaces 
and their duals 


‘Much of modern physics and advanced electromagnetics is expressed in tensor algebra theory, 


TESLA, NIKOLA 


‘Famous American emigré electrical inventor and eccentric whose numerous inventions fucled much of the electrical 20dh 
seal 

Tesla produced the AC system, inching polyphase systems. From his experiments he knew that the EM wave in vacuum was 
longitudinal, ike sound waves. In spite of his great accomplishments, his eccentricities and grandiose pronouncements did not 
cedar him to electrodynamicists! An example is his arid comment-"..J showed thatthe universal medium is gaseous body 
inwhich only longitudinal pulses can be propagate. involving alternating compressions and expansions similar to those 
‘produced by sound waves in he air. Thus, a wireless transmitter docs not emit Hert= waves which are a myth, but sound waves 
‘nthe eter, behaving in every respect like those inthe air except that, owing tothe great elastic farce and extremely small 
density ofthe medium, ther speed is that of light." Another major example is his statement: "The Hert= wave theory of wireless 
transmission may be kept up fora while, but Ido not hesitate 1 say that in a short time it wil be recognized as one ofthe mast 
‘remarkable and inexplicable aberrations of the sciemifie mind which has ever been reconded in history." 


Ironically, modern quantum mechanics has almost proven Tesla right that "the universal medium is a gaseous body" Today the 
‘modem QM vacuum is very much ikea vitual particle gas. And ofcourse the discussions in this present annotated plossary 
show why I personally am of the opinion that Tesla was also corect in his firm disbelief that those Faaday-Maxwell "taut 
physical strings without physical holders filled the ether and provided transverse EM wave oscillations. also agree with him 
that the EM wave in vacuum is a longitudinal wave, exactly like a sound wave. believe thatthe tansverse gyroelectron 
precession waves that our instruments actually measure inthe conuctor when it receives an incoming EM wave from the 
‘vacuum, proves thatthe vacuum wave is indeed longitudinal—else it would scem we must discard the spin of an electron and 
the theory of gyroscopes. Finally, one should sce, ez, Patrick Come, "Inhomogencous Waves and Maxwells Equations." 
(Chapter 4in Essays on the Formal Aspects of Electromagnetic Theory. Aklesh Lakhtakia, Ed, World Scientific, New York, 
1993, Cornlle clearly shows that Maxwell's equations are directly ereated by scalar potential interferometry. As he states, this 
means that EM force field wave sare created by the interference of sound-type scalar potential waves, oF "sound creates light” 
This strongly supports Tesla’s original statement that EM waves inthe vacuum are actually EM sound waves, much like sound 
waves ima gas 


TESLA'S MAGNIFYING TRANSMITTER (include Jackson quote) 
To be ade, 


THERMOACOUSTIC 
‘The generation of sound waves by heat, 


THERMOACOUSTIC ENGINE, 
[Essontially a closed resonant chamber containing three heat exchangers and a warking fluid such as an inert yas under 
ressure. and used witha transducer io provide power such as mechanical power 
(One heat exchanger isthe hotside exchanger through which hea is injected, another is the cold-side exchanger in which a 
coolant is circulated, and the third is a passive device between the other two, and known as a regenerator or thermal eupacitor. 
The heating and cooling changes the pressure inthe Duid greatly, and the regenerator oscillates back and forth, taking enerey 
from the fluid, the giving it back, and keeping the engine going. A pressure wave (shock wave) moves through the working 
fluid and prodces a resonator effec, The end result isan engine with rapidly fluctuating pressure gradients and no maving 
paris. The pressure gradients are then tapped off to drive a piston, which drives a linear alternator producing elecwciy. In 
typical application, a single piston witha surface area of 13 square inches, and with a travel of only one centimeter, operated at 
500 Hz, will produce about 30 horsepower output 


Information on these engines an be found on the Fellows Research Group website at btp/vwwin com!fr,or E-mail to 
{iw@iio.com. Many thanks to Oscar L. Fellows, "Be Our Guest: Thermoaceustic Engines Propulsion, Power forthe 21st 
Century." Power Online, 1/24/2000. 

THERMODYNAMIC EQUILIBRIUM 
‘lable state eventually reached by an isolated system. One may consider ita “balanced” or "preferred state 


‘Actually, a totally isolated system could not change. Any system is ina constant exchange with its vacuum environment, 3 
prion and no such thing as a completely isolated system exists in nature. Hence once excited, a system—to reach equilibrium 
must exchange with is environment and is nota truly isolated system. But systems do exchange with thei envionment in 
hidden forms, so we can just let the original statement stand as is. Sloppy, but okay so long as we recognize the limits. 

TIME 
To be added. 

TIME-CHARGE 
Ti beaded. 

TIME-CHARGING 
Ti be ade, 

TIME-ENERGY 
To be added. 


TIME-EXCITATION 
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To be added. 

TIME-FLOW MECHANISM 
Ti be added. 

TTIME-POLARIZED ELECTROMAGNETIC WAVE 
An electromagnetic wave whose vibrations occur inthe time domain on 


‘The wave is theorized in quantum field theory, or at last its ime-polarzed photon is theorized and called a "scala photon, 
There seems to be no Wester method for detecting such waves, though they are predicted by theory 


TIME-POLARIZED (SCALAR) PHOTON 


A photon whose vibrations pesur in the time damsin only. also known asa "scalar" photon, 


TIME-FORWARD WAVE 
A normal wave moving in forward ime, Otherwise known as the retarded wave 


The external 


Jnserver comfortably sees its Forward progress as expected. 


TIME REVERSAL 

‘The process of forming the phase conjugate 
(e2., ofa wave or particle or entity or processor vacuum engine.) 

‘We accent that sime-reversing a single obect or single group of objects is not the same thing as “travel into the past” so 
popularized by science fiction. For time travel tothe past the entire universe and everything init except the traveler, would have 
{obe timo-reyersed. That would not seem possible by any stretch ofthe imagination today! On the other hand, time-reversal of 
single thing such asa paricle ora wave—or even a group of things such asa group of particles or waves-is not only feasible 
but is readily achievable, A positron is atime-reversed electron, eq. Becker shoved that laughably weak DC electrical trickle 
currents (picoumperes) across otherwise intractable bone fractures could engender healing ofthe bone fractures. In investigating 
the effect, he showed that entre cells—-spectficaly in that case, the ed blood cells were time-reversed (dediferentiated) and 
then fast-forwarded (rediferentiated) into new kinds of cells, genetics and al 
ln France inthe 1960s and early 1970s, the Priore team showed in laboratory animals that thi mechanism (which they nor 
anyone else understood they were unwittingly evoking) could be used to dramatically reverse nd quickly cure terminal tumors, 
Infectious diseases, arteriosclerosis, and suppressed immune systems. The same approach, if redeveloped, could stop und totally 
‘wipe out the emerging major new pandemic of hepatitis C, which nothing will tuch at present and which wil surpass AIDS 
infections after the tur ofthe century: The approach could totally reverse AIDS and climinate all HIV infection, because t 
could simply time-reverse HIV-infected cells back to normal cells, genetics and all. In other words, itcould readily and cheaply 
fad quickly eliminate AIDS from the face ofthe cath, Further, the disease could be eliminated whenever a patient tested 
positive for HIV infection; there would be no need to wait for debilitation to set in. For coverage in detail, se T.E. Bearden, 
"Vacuum Engines and Priors Methodology: The True Science of Enengy-Medicine. Pars and I" Explore! 6(1), 1995, p.66- 
76: 62), 1998, p. 50-62. 


TIME-REVERSAL ZONE 


A region of space in which a component of the overall time flow runs backwards, und hence the fundamental mechanism 
erating dhe flow of a mass through time is reverse 
Such zones are theerized as temporarily occurring in coldfusion particularly once the palladium late is loaded with hydrogen 
for deuterium ions. Such a temporary region in the electrolyte is an excited state, and ihe other ions will move to nullify itand 
cause its decay. During its existence, ions init experience a reversal ofthe law of attraction and repulsion of charges. In the 
TRZ, like charges attract and unlike charges repel. Thus suddenly the low spatial eneny transmutation of elements in cold 
fusion experiments can be explained (they have been validated in some 600 successful experiments in various laboratories in 
various nations, by excellent scienss), Eg, two Hi ions may attract, and so closely that each enters the edge ofthe strong 
force region ofthe other, forming a quas-nucleus, Then asthe TRZ. decays, the preferred energetic change i fom inside out 
Inother words, the gluon forces have been partly nullified and the quarks in the nucleons are almost freed. Hence the favored 
energetic decay from the excited state of the TRZ is by quark flipping, where one H+ ion in the quasi-nacleus changes into a 
ncuron. The quasi-nucleys becomes a quasi-nucleus of deuterium and will tighten ito deuterium as the TRZ. induced ation 
‘vanishes. This isthe way the excess deuterium is formed in the coldfusion experiments. Two deuterium D ions may also 
form a quasi-nucleus of (D+)(D+) particularly where the electrolyte is loaded with deuterium to start with. In that ease, asthe 
‘TRZ decays, the quasi-oucleus just tightens into a helium 4 nucleus or alpha particle, accounting forthe excess alpha particles 
formed. Ando on 


‘The concep ofthe TRZ thus is consistent with hundreds of succesfl experiments and introduces a completly new type of 
snclear reactions to physic, at low pail energy where transmutaios suc as wecur ae not preseally thought be possible 
We pont out hat these are extremely high energy’ reactions when the ime-sneryinlerastion is emsiderd, since time has an 
coeray density exual tomas, Time-energy is some c™times as dense a x spatial energy used by particle physicist in their 
Interactions. By transposing some of the ine-encray into spatial energy’ asthe TRZ decays, the new "low energy slear 
reacions actualy involve the nessry degre of high energy” required for he intracons 


TIME-REVERSED WAVE 
‘A phase conjusate reflected wave, which is 8 wave moving in reversed time 


Since the external observer "sces' in forward time only he sees the wave as traveling in the opposite direction as is peneratrix 
‘wave front moving 
TOPOLOGICAL, 


[Invariant under transformation hy continuous maps 


for related tothe properties af geometric shapes and Figures that remain invariant under transformation by continuous 
opp 


TOPOLOGICAL PROPERTY 
‘Those properties of a geometrical space tha are wchanged by continuogs distortion ofthe space 
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TOPOLOGY 


‘Mathematics ofthe properties of geometric configurations invariant under transformation by continuous mappings 


In shor, the mathematics of the large-scale structure of curved spaces. 
TOROIDAL COWL 

A coil of wire curved around into toroidal form, 

Contras othe standard solenoidal coil form. 
TOROIDAL TRANSFORMER 

A transformer comprised of toroidal coil instead of solenoidal coils, 
TRANSFORMATION MATRIX 


A matrix rectangular aray of algebraic or numeri 
thie values in terms of another st of variables, 


1 quantities) for replacement of the variables in an algchraic expression by 


Used, en solving equations involving Hamiltonians 
TRANSVERSE 
fave movement perpendicular tothe wave's primary direction of principal propagation, as inthe movement of a tut ry 
‘wavelike motion traveling down the rope, 
(As opposed to longitudinal), 
TRANSVERSE EM WAVE IN THE VACUUM 


The completely erroneous notion dat EM disturbances inthe vacwum are composed of transverse “tring waves,” 


Faraday, eg helieved that the EM field in the vacuum consisted of his "lines of force" as material tut strings —erroncously 

ithout the necessary holders to put the tension forces on the strings. He thought that when there was an EM disturbance, i was 
2 “plucking” or transverse vibration af these "taut strings." Maxwell alsa believed in Fara’s material lines of force, and set 
‘out to capture them in his cletrodynamic theory. He did so by simply assuming the lines (tubes) of force and their transverse 
“string wave" vibration. This is equivalent to assuming thatthe electromagnetic vacuum ise is composed of material faut 
strings and that additional EM fields are just sitions taut material stings 


TRANSVERSE FIELD COMPONENT 


The modeled component ofthe electromagnetic field (as in a moving EM wave in vacuum) tha is oriented at right angles tothe 


line of motion, 


‘A wave where the medium is undergoing repetitive lateral translations asa ateral wave ina taut tin 


‘The EM wave is vacuum i eroncously modeled as a transverse “string wave," asa relic from Faraday’ orginal belie that EM. 
fields existed inthe (assumed) material ether as physical aut strings. He thu believed that EM disturbances were the 
disturbances of "plucking ofthese tat strings, Maxwell accepted Faraday's physical lines of force and constructed his 
electrodynamics mode to specifically include the material ether, the physical “taut strings" lines of fore notion, and Faraday's 
“string waves" asthe electromagnetic vibrations inthe ether. This discards half the energy, half the phenomena, half the wave, 
and Nevtonsthied law causative EM mechanism 


TUNNELING 


‘The phenomenon is thought to be impossible according to classical physics, but occurs nonetheless. Further, the speed of transit 
through the “tunneling” separation can be superluminal. Tunneling of music between two points has een measure to occu at 
‘more than four times the speed of light, 


‘A more extended type of tunncling is the travel of longitudinal EM waves inflded inside the normal EM potentials, Fields, and 
‘waves. Indeed, this isa more fundamental electrodynamics, and it can be shown that interferometry of this "intemal 
electrodynamics creates the external electrodynamics by a form of longitudinal EM wave interferometry. E-z.see M.W. Evans, 
PK Anastasovski, TE. Bearden etal, "Ou Whitaker's Representation of the Electwomagnctic Entity in Vacuo, Part V- The 
Production of Transverse Fields and Energy by Scalar Interferometry." Journal of New Energy, 43), Special Issue, Winter 
1099, p. 76-78 


UNCONSCIOUS MIND 
‘To be added. 


UNIFIED FIELD THEORY (ENGINEERABLE) 
A.unfied theory ofthe four forces of physies—theelectromaunetic, gravitational, strong. and weak forces —that is not just an 
‘nellctual mode! but which also engineerable onthe laboratory bench and in acual physical systems using higher symmetry 
OW) electrodynamics 
‘That's a mouth-filling phrase (yes, we sometimes write awkward phrases unintentionally: i's amazing how reasonable such 
things sound when you're laboring along at 3:00 a.m. and bleary-cyed as a wet toadstool!) 


UNIFIED FIELD THEORY OF MIND AND MATTER 


‘To be added, 
UNITARITY 

Principle tht all probabilities su o unit 
UNITARY Qs, 


ined or unit charge q ofthe electron, 
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‘This notion i held only because the qis not decomposed into its companent elements, but eated as iit were an indivisible 
unit. That isin error! The mass of a fundamental particle at rest is quantized, andthe massless charge (slfpteatal of the 
particle is discretized asa function of the background potential (virtual particle fx density) in which it is embedded orto 
‘which itis exposed. In our view the definition of a charge q i q = mq, The electrical charge should be taken tobe the 
massless component, The definition of charge q, of an electron is rigorously given by the identity qe 


mde The electrical 
charge of the electron should be taken tobe the massless, component. 


fa charge (say, an electron) is placed in an additional potential then the total massless charge ofthe electron (ie, its vetual 
‘vacuum flux exchange with mass me) is ($+,)- As ean be seen the massless charge of the electron (its virtual fax activity) 
has now changed, The cletron is then said to he collecting and to have collected excess energy (which may be either positive oF 
negative, depending upon the sign of @,).Funer either 6, oF or both canbe internally and deterministically dimensioned 
(structured in Stoney-Whittaker-Zilkowski fashion). When its massless charge (its own potential §,) isso dimensioned, then 
the dimensioned electron i said to contain or transport a acim engine, 

VACUUM ENGINE 
article view: Deterministic internal pater or template deliberately created inthe virtual fx ofa scalar potential 


I-can also be created in and transported by the two scalar potentials that comprise a stati or dynamic force field, or a moving 
[EM wavein the vacuum, Itean also be erated inthe local Vacuum, in which case it has a "charge-up” creation time and a 
“discharge time,” exhibiting a sort of time constant” very much like a capacitor charging and discharging, In the wave view:the 
‘vacuum engine is deterministic intemal pater or template deliberately erated in the Stoney-Whittaker-Ziolkowski internal 
biwaves and wave products comprising the scalar potential. Again it can be implanted inthe vacuum or in an EM signal as a 
carrier, The self-energy (scalar potential) portion af any electric charge or magnetic charge can also bea Yerree” tht is 
conditioned (dimensioned) witha vacuum poteatial. The process or act of conditioning any ofthe carriers with vacuum engines 
is called dimensioning that carrer. Russian energetics refers to the vacuum engines of a dimensioned carrier asthe information 
content of the field 


VACUUM FLUX EXCHANGE 
‘The virtual particle interaction between the ative vacuum and a charged particle 
‘The charged particle is an asymmetry in this ux exchange interaction, and extracts and gates some ofthe vacuum energy asa 
Poynting S-low. In turn, this S-flow transports and creates in space the E field and the scalar potential f associated with the 
charged particle. An electrically charged particle i thus a litle Poynting enerey generator. source of potential, and 2 source of 
E-field te lite electrical dynamo, a litle fre energy generator. It salad an open sytem in disequilibrium with its 
ceavironment—the fierce vacuum flu. ls self-energy (potential) and its "fields," plus its Poynting energy flow, ae the result of 
its asymmetry inthe vacuum flux exchange 


VACUUMS VIRTUAL PARTICLE FLUX 


Inthe particle viewpoint, the quantum mechanical vacuum identically isa virtwal particle ux. 
resent physics, however, is prone to refer tothe vacuum as (an implied emptiness) containing a virtual particle ux. Energy, 
‘vacuum, spacetime, virtual particle ux, and dynamic geometry are all synonyms 


VECTOR 
‘In mathematics, an entity completely characterized by a magnitude anda direction 


VECTOR POTENTIAL 
In cloctrical engineering: "Potential postulated in electromagnetic Field theory." 
Space differentiation (cur) of the vector potemial yield the field. Magnetic vector potential is duc to electric currents, while 
clectri vector potential is assumed to be due to flow of magnetic charges.” [Chambers Science and Technology Dictionary 
Peter M.B, Walker (Ed), Chambers Cambridge, 1988, p. 947, 
[Note thatthe foregoing isnot yet a definition, saying only that iti a postulated potential, then giving some characteristics 
Informally in my view the vector potentials just sort of an ordinary scalar potential, every point of which isin motion ia. 
something like #sveling fashion, The magnetic vector potential A is most common. There dasn't seem to relly bea definition 
fof A; the equation B= VA is usually (erroneously!) said to “define” the A. So we are let with the question A =, since no 
‘uation is a definition of anything 


Electrodynamicists have no difficulty in calculating the direction and magnitude of A. and in using it, but so far as 1 can find 
thee is still no real definition, As an ad hoe definition I consider the A-potetil tobe identically vistual photon fix of 
‘vacuum that is moving as an ensemble along the direction ofthe A-veetor. Inputs for more rigorous definition ofthe form A= 
() would be most weleome! 

Atany rate, the A is known to be quite real and an independent "ld" of nature, because when the curl operator is removed 
from operating on A, the B-ield is zeroed but the curl-fee A-feld can stil remain and interiere with the fields of charged 
panicles and magnetic poles to cause real effects in physical systems, including at a distance. This latter is known asthe 
‘Abaronoy-Bohm effec. 


VECTOR FIELD 
In ordinary theor, the 


tude and adinction (hat is, a vector to each point ins rion of space 


‘The entire set of vectors and their spatial points is called a vector field. 


VECTOR ZERO 
See discussion under zero vector 


VIRTUAL ANTIPHOTONS 
An antiphoton tat spontancously appears and disappears, so swifll that it cannot be individually observed, 


VIRTUAL PARTICLE 
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A flecting quantum particle tha spontancousty a di 
‘exists only temporarily 

Te Virtual particle doesnot satisfy the usual relation between energy, momentum, and mass because tis underneath the 
Heisenberg uncertainty principle. The virtual particle ean have any amount of energy momentarily so long asthe product a its 
energy and the time interval of ts existence is less than the uncertainty principles minimum magnitude, 


ats so swifly that it cannot be individually observed, so that 


‘Nonetheless, the interactions of large numbers of virtual particles with a mass or charge can combine to generate real observable 
effects. In quantum field theory all forces of ature are eaused by the interaction of the forced mass entity with virtual particles, 
Interaction of a mass with virtual photons, es projected to cause all mechanical and electromagnetic forces, 

VIRTUAL PARTICLE FLUX EXCHANGE 
Interaction with or exchange ofa flux of viral particles, 


Interaction of a mass with virtual particles most often consists of the mass absorbing the virtual particles and re-emiting them. 


VIRTUAL PHOTON FLUX (VPF) 


A flux of viral photons, 
(Hey, hows that fora tautology!) First, see definition and discussion under flux, For electromagnetic, the vacuum can often be 
‘modeled asa flux of virtual photons. One gts the virtual charges also, since the photon i considered to also consist of a 
positron-lectron par. Tat I, the photon is continually separating into a positn-cleciron par. which then annihilate each other 
to form addtional photons) ct. 

VIRTUAL PHOTON FLUX EXCHANGE 
‘The mutual exchange of virtual photons, as between the vacuum and a charged mass, of between two colliding masses, 


The emited photons fom one mass are absorbed inthe other mass and re-radited. 


VIRTUAL PHOTON FLUX OF VACUUM 
The vacuum identically isa flux of viral particles 
For mos electromagnetic cases, it can just he modeled identically ux of virtual photons 
VIRTUAL PHOTONS 
Photons which spontancously appear and disappear inthe vacuum so quickly that they cannot be individually observed, 
VIRTUAL POSITRONS 


Positive electrons (positrons) which spontancously appear and disappear inthe vacuum so quickly that they cannot be 


individually observed 
WHITTAKER, E.1 


Well-known mathematical physicist, who dramatically extended Stoney's earlier work of 1897-8 and authored two papers in 
1003 and 1904 giving the basic theory of scalar electromagnetics (Russian energetics, not including the quantum potenti 
portion 

The 1903 paper is F-T. Whitaker, “On the Partial Differential Equations of Mathematical Physics,” Mathematisehe Annalen, 
Vol 57,1903, p. 333-455, 


The 1904 paper is F-T. Whitaker, “On an Expression ofthe Electromagnetic Field Due to Electrons by Means of Two Scalar 
Potential Functions,” Proc. Lond. Math. Soc. Series 2, Vol. 1, 1904, p. 367-372. The paper was published in 1904 and orally 
delivered in 1903 


WHITTAKER'S DECOMPOSITION OF THE SCALAR POTENTIAL 


In his paper “On the Partial Differential Equations of Mathematical Physic,” Mathematische Annalen, Vol. 57, 1903, p.333- 
35S, Whitaker showed thatthe scalar EM potential can be decomposed into a harmonic series of bidirectional EM wavepairs 
In eac par, one wave isthe phase conjugate ofthe other, and exists inthe time domain. However, this phase conjugate wave 
thas boen considered as having been detected by intercepting charge as a space EM wave travelling ina reversed direction 
Hence from a detectable viewpoint, the Whittaker decomposition yields bidirectional longitudinal EM waves in 3-space, as has 
‘been pointed out by several eletroynamicists (eg, Barret) 


However the present author considered the difference between the phase conjugate wave as it exits prior to interaction with the 
assumed intercepting unit point charz, andthe detected 3-space wave after the detecting charge is assumed. By applying the 
Whitaker decomposition and also considering the nature ofthe EM wave in spacetime prior to interception hy a unit point 
charge, his led othe discovery of anew and more primary 4-symmetry in EM enemy flow, once 3-symmety is broken, that 
‘exists automatically between the time domain (complex plane) and 3-space 

Thus because a dipole (or a charge treated as ase of composite dipoles) breaks 3-symmetry (as is well-nown in particle 
physics), the more general 4-symmetty results automatically when the nature of the potenual between the ends of the dipole(s) 
{is considered. This yields the fundamental mechanism by which EM enengy is extracted from the vacuum (irom the complex 
plane or the time domain) and output in 3-space from a "source charge" ora "source dipole". In short, it yields the giant 
‘egentrapy mechanism when the unaccounted Heaviside energy flow component from a charge o dipole is camsered as well 
asthe intecepicd tiny Poynting enemy flow component. See I.E. Bearden, "Giant Negentropy from the Common Dipole", 
Sournal of New Energy, 5(1), Summer 2000, p. 11-23; also om btp:/www:cheniersorg 

In his second paper, “On an Expression ofthe Electromagnetic Field Duc to Electrons by Means of Two Scalar Potential 
Functions." Proc. Lond. Math. Soe, Series 2, Vol 1, 1904, p. 367-372, Whitaker shoved thatthe interference of two such 
scalar potentials ean and does create all he fild energy, pattems, and functions of classical elecromagnetics. 


Whittaker’ second paper initiated what today is loosely referred to as superpotential theory. Foran excelent averview 
discussion of superpotential and related things, see Mctba Philip, “Classical Electrodynamics,” in Principles of 
Electrodynamics and Relativity, Vol. LV of Encyclopedia of Physics, edited by S. Flugze, Springer-Verlag, 1962 


WorK 
The changing ofthe form of enerev, 
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WORK, EXTERNAL 

The changing ofthe form of the extemal enemy ofa body or system. 
WORK, INTERNAL 

The changing ofthe form of the intemal energy of a body or system, 
WORK-ENERGY THEOREM 

‘To be added. 
ZERO POINT ENERGY 


The minimum eneray of a system due to is quantum fluctuations, resulting fom its incessant virtual particle activity. Quantum 
‘mechanically, no system of interest (including even spacetime isc!) can have zero energy 

‘The zero-point encray ofthe vacuum is the lowest energy vacuum state, with fluctuation taken into account. Even at low 
energies, quantum fluctuations continually arise, and result in an incessant, extremely rapid, and violent ittering" ofthe energy 
‘momentarily present. The minimum energy du to these quantum fluctuations is called the 2ro-point energy 


ZERO VECTOR 
(1) A vector having no length (no magnitude) or specific direction. 
(2) Absence of any oral finite vectors. 
{@) Resultant of a system of multiple, finite vectors whose vector sum has no specific direction 


[Note thatthe second definition ditfers drastically from the first. Thats, we cannot say that a vector resultant zero has no 
infolded magnitude, if we consider its componeais, all of whom have magnitude. See the discussion under "zero" In vector 
analysis, the zero vector axiom states that any vector plus a zero vector is equal to a ero vector plus v. Note that, being an 
Axiom, this s not proven, but just assumed. We very much disagree with that blanket axiom: it reduces Vector analysis 0 & 
highly special single case, where ll zero vector systems are o be considered equal, and totally "inactive." In the eal world that 
reed not be true a al. There are an infinite numberof different zero vector resultant systems, and so ero vectors may differ, f 
their infolded component "substructure" is considered, In the real world, things that are vectors very often have energy. The 
energy is infolded and hidden, so that it represents not only a local curvature of spacetime, but also a structured, deterministic 
Seta template) of curvatures of local spacetime, Therefore this ero vector system is actualy a vacutem engine. Any mase 
system placed in such a poteatial, wil be acted upon in is parts by that local vacuum engine. Further, the zero vector resultant 
system isa "potential," sine it does contain "collected interal eneray." This potential is obviously an artifical potential, since 
itis deterministcally structured internally. 


So between zero vector resultant systems, the “infolded, hidden energies" der dramatically in 

(@ total infolded and trapped (collected) energy, 

(i) specitic internal action patterns (templates), 

(ii) general relativistic effects, and 

(iv) type of vacuum engine. Accordingly, he actions the zero-vector system induces in an exposed mass may be designed in 

advanced. This is vacuum engineering. This is spacetime engineering. 
‘The problem is the vector algebra itself Inthe abstract algebra, a "vector space” is regarded as an ines thing, were the only 
actants ae the overall net nonzero vectors, and there is no interaction between an overt vector and a cover set o f vectors. The 
‘vector space i not allowed to have an internal realm, stress, hidden engines, oto interact with the vectors representing the 
physical system. Consequently, for over a century clectrodynamicists—thinking primarily of tanslation—have routinely 
Aiscarded such "zero vector systems" as if hey represented the total absence of any finite vector. This they do, inthe unsuitable 
assumptions ofthe vector algebra. This they donot do, in the eal world, 
‘The common practice in electrical physics of replacing a zeo-summed system of nonzero vectors with a vector zera of 
complete absence of vectors" is incomplete and such didnot exst in Maxwell’ original quaternion theory. This present 
practice should be changed: it has reduced the topology of electromagnetics far too much, and gutted the most important pars of 
the theory insofar as an extended electromagnetics is concerned. The vector zero should be replaced with a special organized 
‘vector 2ero system and a scalar potential. The interactions af the "hidden" vectors should be incorporated. By failing todo tis, 
physics excludes the ability to engineer electrogravitation, spacetime, the virtual state, local general relativity, free ener, 
effects ata distance, and the probabilities ofthe states propagated by the Schridinger equation. It also excludes unification of all, 
forces. 


Inthe new view, azer0 vector may bea system of nonzero vectors that vectrially sum or multiply to zero for translation 
purposes, bu the components may stil exist "inside" and dynamically function inside the zero-esultant envelope. This 
Substructure can aet on nonlinear or resonant systems. Any or all components may be lime varying or none of them may be. 
‘The zero vector system may thus bea dynamic vacuum engine. In addition, such a vector zero system is considered to be also a 
scalar stress potential, whose magnitude is equal to the sum ofthe absolute values of the perpendicular components. In adtion, 
{separate type of ress potential may be included forthe magnitude ofthe absolute vals af the swirl components (torques). 
(Other associated potentials may be included forthe system, particularly i the system isin multiple dimensions, if it consists of 
‘more than one type of viral particle lu, if several Muxes imercommute, ec. Such a system can also he designed and crated 
te deterministcally interact with and onthe life force itself, the mind, thought, and personality but that is beyond the seope of 
this discussion 


‘ZERO-VECTOR-SUMMATION SURFACE. 


A surface or assumed spatial surface in which vectors under consideration interact to sum toa vector zero resultant 


‘ZERO-VECTOR-SUMMATION SYSTEMS 
Zero summations of ral, nonzero vectors, so that the real vectors ae still present but do not cause translation of exposed mass 
‘orcharges 
‘With respect to observing detecting process that depend upon charge translation, the vectors ae sid to be hidden and infolded 
ie, with respect to detection by translation. See discussion under ero vector. 


ZIOLKOWSKI, RICHARD 


To be added. 
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The "Porthole” Concept 
with technical background 


@eeaeeaeeoeodeo2e2020e2020800808080 80 
Amplifying the cellular regenerative 
(healing) system of the body for 
treatment and healing 
of mass casualties 


Outline of the presentation Wf 


e Mechanism for deep EM exchange of a body 
with its active EM environment 


Becker's epochal work and its ramifications 
Kaznacheyev's startling results and ramifications 


e 

D 

© Weaponization of Kaznacheyev's findings 

e Importance of time-energy and the time-domain 
e 


Mechanisms for medical treatment and healing 


Outline of the presentation (2) 


@eeseeoeoeoevoeoeoeoeceoeoeceseeeeoeeee @ 
© Prioré's revolutionary results and their 
ramifications. 

Proposed new mechanism for cancer promotion. 
Porthole concept: The 2-minute shortcut. 
Terrorist biological warfare capabilities. 
Summary and conclusion. ~ 
Budgetary and Program package. ay 


Mechanism for the body's 
deep EM exchange with its 
active EM environment 


@eeeeoeeoeoeaedodeo20e20e20e020e20e20008080 
And some ramifications AN 


~ 


The body continually receives 
and retransmits EM energy 


eecereeeeeeeeeeeoee eee eeeeeee 
e The body may be considered 
as a dielectric. Sy 
e Every part of the ea 
dielectric participates ae KE 


in the absorption and hae 


emission of each il 


photon to and from any point ~~» 
on the surface.* =«——  ¥ 
© Mechanical force effects ae 
are also electrical in nature wie 
and exchange similarly. gee 


* Reali, G. C., "Reflection from dielectric materials," 
American Journal of Physics, 50(12), Dec. 1982, p. 1133-1136. if “as 
The reflected field from a dielectric material is not generated ia 4 | A \ . ~ 
just at its surface but comes from everywhere in the interior of it. ch y | 4 


dR aR ze 
Ramifications: #& A A A A 


There is an EM "dielectric transmission path" connecting every 
part of every cell to every part of the surface of the body. 


All electrical processes in the body, including deep 

within the cell and its nucleus, participate in the absorption and 
emission of every photon to and from the body's outer surface (and 
every mechanical force* experience). 


The EM emission energy of the body is a conglomerate mix of 
fractions of all processes and functions ongoing in the body or 
affecting it, including in every cell. 

This includes all electromagnetic, mechanical, chemical, and 
environmental effects upon and in the body and every tiniest part 
of it, and provides an extended definition of "stress". 


* At base, all normal mechanical forces are generated by 
electromagnetic forces. 


Ramifications (2) & & A A A& 
@eeeeeoeoeoevoeoeoeoeoeoeoeeseeeeeeee @ 
The reaction of each photon absorbed on any point of the outer surface of 


the body, connects through the dielectric transmission path to every part of 
the body, including to every part of every cell*. 


Every emission from the body is participated in by every part of the 
body, including every part of every cell. 


The body's emission "changes" its environment, adding EM radiation. 
Some of the internal induced changes (excited states) in the body decay 
by this external emission. Some do not, but must be otherwise dealt 
with internally by the body systems. 


The body's EM absorption allows the environment to change or affect 
every function, operation, and part of the body, by adding EM radiation. 
All are continually being affected and deviated, both helpfully and 
harmfully, by these deeply induced EM interactions. 


The body's reaction (healing) must continually readjust and correct 
deviations from normalcy, in every part of every cell. 


* In quantum physics, part of the photon is localized and part is nonlocalized, 
reaching even across the universe. 


a oe aR aR aR 
Ramifications (3) A A A A A 


e The sum total of all the impinging external EM radiation upon the 
body, plus mechanical "special EM" radiation, thus affects and 
changes the body and all its processes, participating in them. 


© That impinging EM radiation can be manipulated to either harm or 
heal the body and any or all of its cells. 


© The body must continually overcome these externally-induced EM 
changes in its cells and processes, to maintain normalcy. Some EM 
changes are restored by the subsequent dielectric emission process, 
relieving the previously-induced deviant EM excitations in its internal 
processes. Some are not. 

© The poorly studied cellular regenerative system performs the 
remainder of the restorative function, which is the fundamental 
"healing" function of the body.* 


*The cellular regenerative system was mostly studied by Becker and a few others. 
See R. O.Becker, and David G. Murray, "The electrical control system regulating 
fracture healing in amphibians," Clinical Orthopaedics and Related Research, No. 73, 
Nov.-Dec. 1970, p. 169-198. 


Becker's epochal work 
@eeeeeoeecoeaoeaeeeeecee0280800 
And its ramifications 


Becker's bone fracture healing 


e Tiny DC currents (picoamperes) 

«Pulsed DC current can be utilized RED BLOOD CELL 

«Pulsed magnetic fields may be utilized DEDIFFERENTIATES 
Shucks hemoglobin coat 


Grows nucleus 


NEW CELL 
REDIFFERENTIATES 
Turns into type of cell that 


makes cartilage 


ELECTRODE 


Nee ~ = NEW CELL 
REDIFFERENTIATES 1) 


Turns into type of cell that 
makes bone 

Deposits in fracture site, 
healing the fracture 


ae 
FRACTURE SITE 


Becker's theoretical DC control system 
involved with response to injury 


pecsulaes 


TOTAL 
CURRENT OF 

MITOSIS INJURY 
DEDIFFERENTIATION DC SYSTEM 


rt O. Becker, "The significance of bioelectrical 
pelea Bioeléctroc hemistry and Bioenergetics, Vol. 


Becker's proposed control 
system governing regeneration* 


Trauma Produc 
Tissue Loss 


Local cellular effect Local nerve effect 


Alterations in hormone 
pattern (prolactin) 


CNS effect 


Alterations in local 
DC field pattern 


See 


} Local electrical 


Local and systemic 
pools of target cells 


Dedifferentiation into 
primitive mesenchymal cells 


Phase! Blastema formation 


Phase Il 


Redifferentiation into “Becker & Spadaro, "Electrical stimulation of partial limb 
required cell types regeneration in mammals,” Bull. N. Y. Acad. Med., 48(4), 


May 1972, p. 629. 


Restoration of body 
part or tissue 


Extending Becker's work Rid 


eoeeeeeoeeeceoeeeoee eee eeoeeeee 
© Becker had only the archaic classical electrodynamics 
available to him. That EM is grossly inadequate. 
= Insufficient group symmetry to model the process. 
= Already eliminates the "infolded" longitudinal wave EM 
that structurally and dynamically comprises all "normal" 
EM potentials, fields, and waves. 
= It is this internal LW EM that is manipulated and used by 
the cellular regenerative system. 
© Nonlinear phase conjugate optics was not yet developed 
when Becker did his seminal work. 
e Successful higher symmetry electrodynamics models -- 
such as O(3) -- have been developed and are available. 


A sad commentary a 


Becker was nominated for the Nobel Prize, but he was hounded, his funds 
were withdrawn, and he was forced to retire early. 


His main "sin" was having the courage to testify against the harmful effects 
of unrestricted powerline radiation and electronic smog. 


Powerful interests then crushed him, set up their own well-funded institutes, 
and hired scientists who then predictably found that powerline radiation was 
no problem. 

Such research is so tainted that recently several important journals have now 
required the authors of submitted papers to state what their affiliated 
companies do, and what "company massaging" of their research occurred. 
From a higher symmetry EM view, it is obvious that the dielectric pathway 
and quantum electrodynamics already show a significant problem due to such 
radiation, particularly with respect to long-term effects. 

This is particularly significant since "noise" -- the mere presence of more 
"hash" -- appreciably amplifies the dielectric transmission effect. So the 
major factor becomes EM smog signals density, not signal power. 


Kaznacheyev's startling 
results 


@®eeoeoeeoeoedoedeee@eeseeseee @ 
And its ramifications 


Proof that the cellular condition 
is radiated from groups of cells 


eoeoeeveeeeoeeoeeeeoe eee eeeeeee 

© It follows that a diseased, damaged, or infected cell culture 
will and does emit its exact internal EM condition, hence the 
disease or damage "generatrix form" itself (in the internal 
structuring of the EM radiations). 


© Further, these "state" emissions can couple into other targeted 
cells to produce disease and disorder in them. 

© This was clearly proven in some 15,000 Russian experiments 
by Kaznacheyev. 

® Kaznacheyev demonstrated induction of cellular disease and 


disorder between EM-coupled but otherwise environmentally 
shielded cell cultures 


e Similar experiments have been replicated in the West by Reid 
et al., and by Popp et al. 


Kaznacheyey's induction of 
cellular disease and disorder 


GRAVITON 
LATTICE 
TEMPLATES 


ENVIRONMENTAL 
SHIELDING 


CONTAINER 


+ THIN WINDOW 
GLASS: No Effect 
QUARTZ: Delayed Effect 


linimum lattice is one harmonic interval: IR to UVis such a minimum G-lattice. 
Consider particularly the dielectric pathway in the emitting diseased cells and in 
the receiving targeted healthy cells. 


Another surprising feature of 
Kaznacheyev's experiments 


eeceeeeeeeoeeeeeoee eee eeeeeee 
© The experiments do not work if the targeted cells are in 
normal light, such as sunlight*. 


e The reason is that the normal light bandwidth occupies a 
single harmonic interval between ultraviolet and infrared. 


© Hence its difference frequencies also fill such an interval. 
For a set of n frequencies, the number d of difference 
frequencies is d >> n. 


e Thus the visible light spectrum represents "jamming" of 
specific internal EM signal inputs through the dielectric 
pathway into the body, turning much of the environmental 
signals into harmless warmth. 


* It has also been shown that if bacteria are killed in the "dark" by UV, then 24 hours 
later placed in sunlight, a substantial fraction of the "dead" bacteria will revive. 


Ramifications of Kaznacheyey's 
experimental results 


@eeseeesoeoevseoeoeoeceoeoeeseeeeeeee @ 
e Atleast one harmonic interval is necessary for the effect to be 
evidenced in the target cells. 
e Interestingly, if we assume the body dielectric to be isotropically 
nonlinear (to first order): 
= Velocities of the actual transmitted frequencies depend upon the 
particular point on the wave amplitude. 
= The transmitted frequencies overshoot, interfere, breakup, etc. The 
difference frequency does not. 
= The "difference frequency" is transmitted through the nonlinear 
dielectric medium as if it were a sine wave passing through a linear 
medium*. 
e To our knowledge, this direct and deep communication of 
electronic "hash" difference frequencies in dielectric human 
bodies has not been investigated in the West. 


* Owen Flynn, "Parametric arrays: A new concept for sonar," 


Electronic Warfare Magazine, June 1977, p. 107-112. 


Ramifications of Kaznacheyey's 
experimental results (2) 


ecoeeceeeceeoeeeeeeceeeoeeeeeeece 
e A heterodyne signal -- at the difference frequency 
between an input signal and a reference signal -- can be 
enhanced by adding noise*. 


e Thus the signal of the disorder in the cellular pattern 
emitted from diseased cells, received by normal cells, can 
be amplified electronically and rather easily. 


e Powerline radiation (electronic smog) thus carries its own 
amplification mechanism. Eventually the amplification 
overcomes any squelching by sunlight, etc. 


© The Russians promptly (as early as the late 1950s) 
weaponized and tested these and similar effects. 


* Dykman, M. I. et al., "Noise-enhanced heterodyning in bistable systems," 
Physical Review E, 49(3), Mar. 1994, p. 1935-1942 


Weaponization of 
Kaznacheyev's findings 


@eeaeoeoeeoeodoedceoede@eedede@e0e290e0820820 
And its ramifications 


"Microwave" radiation of the 
U.S. Embassy in Moscow. 


BACKGROUND 
¢ Began in latter 1950s 
¢ Discovered on VP Nixon's trip 
e Initially thought to be nuclear radiation 
(Discovered w/Geiger counter) 

e High level target -- U.S. Ambassador 
¢ Guarantees personal attention of: 

= U.S. Ambassador to USSR 

= U.S. President 

= NSA, CIA, DIA, NSC, etc. 

= Top consulting scientists 

= Leading U.S. scientific institutions 
e Two U.S. Ambassadors died, another sickened 
e Anomalous health changes in personnel, only 

in zero-field (zero pot'l gradient) areas! 

e Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then again increased 
e No one could understand what was going on 
e Aluminum screens were placed over windows 
e Moscow was declared a hazardous duty zone 


Former U.S. Embassy in Moscow. 


Ramifications of the microwave 
radiation of the U.S. Embassy 


@eeseeoeevoecevoeoeoeoeceoeoeceseeeeoeeede @ 

e The cellular disorder pattern in the EM radiation is 
carried by the field-free scalar potential. 

e Since the disorder pattern is a "conglomerate", it 
must be carried by an internal EM structure 
existing inside the scalar potential itself. 

e Whittaker decomposed the scalar potential into 
the appropriate internal longitudinal EM biwave 
structure in 1903*. 


* E. T. Whittaker, "On the Partial Differential Equations of Mathematical 
Physics," Mathematische Annalen, Vol. 57, 1903, p. 333-355 


The importance of time as 


energy, and the time-domain 
@eeaeeaeaedveo2e02020e20208020808080 80 


Time as energy E BON 


eoeeoeeeeeoeseeoeeeoeeeeeeeoeeoee 
e In physics, the fundamental units one uses in his 


model are arbitrary. 
= A valid model can be made using only one unit. 


= It is already done in one branch of physics, using 
length as the single fundamental unit. 


© Make a model with a single unit, the joule. 
= All other entities become functions of the joule. 


= We are familiar with mass as highly compressed 
EM energy, by the factor c’. 


= It turns out that time is also highly compressed EM 
energy, by the factor c’. 


= 1sec. = 9x 10" joules. 


How to see that "time is 
compressed spatial energy" 


eeeeevoeveeveevee eevee eevee eeeeee 
© Take some spatial EM energy and compress it by c” 
Place it in 3-space, and it is mass. 
PRESS » Place it on the time axis, and it is time. 


@ time (seconds) 


y y time axis 
SOME 
SPATIAL 
ENERGY ° A 


mass (kilograms) 


3-space 


» When time-energy is converted into mass-energy, 
PRESS time is "decompressed" (expanded) into 3-space 
EM energy and 1 sec. ~ 9 x 10'°joules. 


Time as EM energy in the time domain, eR 

with a density the same as mass-energy 

eoeoeeeceeeoeceeeeoeeeoeeeeeeeee 

© Bearden* reinterpreted (corrected) the 1903 Whittaker 
decomposition of the potential in 2000. 


e The reinterpretation is consistent with broken 
symmetry in particle physics, for which Lee and Yang 
received the Nobel Prize in 1957. 


© Itis also powerfully supported by quantum field 
theory, notably by Mandl and Shaw in 1984**. 


oe Whittaker's pair is a combined time-polarized (scalar) 
EM wave and a 3-space longitudinal EM wave. 
*T.E. "Giant Negentropy from the Common Dipole," Journal of New Energy, 5(1), 
11-23. 


Summer 2000, p. 
** F. Mandl and G. Shaw, Quantum Field Theory, Wiley, 1984, Chapter 5. 


All EM energy in 3-space freely 
comes from the time domain 


Longitudinal EM wave incomin 
from time domain and absorbe 


*S SOURCE 
* YP cHARGE 
“s OR 


*s, DIPOL 
Oe ~ 


in all 


3-spacections 


Charge's 7202 spin 
transforms time-energy 
into 3-space energy 


waves emitted in 

all directions in 

3-space 
Whittaker, Math. Ann., 57, 333 
(1903) shows this rigorously, 
when properly reinterpreted. 
Dipole's broken 3-symmetry is 
well-known in particle physics 


pours out 


Note: Whittaker (and others) interpreted the phase conjugate half set of LWs after 
interaction with the charges of the dipole, and as a 3-space effect rather than the 
time-domain cause. This fundamental non sequitur was just repeated since then, until 
corrected by Bearden to be consistent with broken symmetry and quantum field 


theory. 


Strong support from 
quantum field theory 


@eeseeoeovoeevoeoeeeeoeeeeseeeeeeee @ 
© Quantum field theory recognizes four photon polarizations: 

= Energy along x-, y-, Z-, or t- axis. 

= Polarized along x- and/or y-axis, the photon is a transverse 


photon. 
= Polarized along z-axis (along its line of motion in 3-space), the 


photon is a /ongitudinal photon. 
= Polarized along the time-axis, the photon is a time-polarized or 
scalar photon. 
e The individual longitudinal or scalar photon is not 
observable*. 
e The combination of a longitudinal photon and a scalar 
photon is observable as the instantaneous scalar potential*. 


* F. Mandl and G. Shaw, Quantum Field Theory, Wiley, 1984, Chapter 5. 


Mechanism generating the 
flow of a mass through time 


oro 
SPATIAL SEAM ae + ¥ SPATIAL 


== 2 ~ 


} TF MASS 
> j wassfine~ > 
ie ey, ‘a V 


© to0s.1007 1. BEARDEN 


(AE)(At) + M => (M+AM)At => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


SPATIAL AND SPATIOTEMPORAL oe t r4 A 


Flow of microscopic time (via virtual photon interactions) 


Mechanism is engineerable 


Pumping a mass in the time-domain 
will time-reverse it back to an earlier 
state 


eeoeoeoeveeeeeoeeeoeeeeeeeeeeovee 
e The reinterpreted biwave EM structure of the scalar 


potential means that time-reversal (phase 
conjugation by pumping in the time-domain) can be 
utilized to time-reverse a targeted cell (its 
mass-energy) in its entirety, including its genetics. 


e Becker's bone fracture experiments showed it: 
= Weak scalar potential across the fracture site. 
= LWSs in 3-space and time-energy waves in time 
= Red blood cells entered, dedifferentiated by shucking 
their hemoglobin and growing a nucleus, which is 
dedifferentiation (time-reversal of the cell and its 
mass-energy back to a previous physical state). 


Principle for time-reversing Gf 
a time-pumped mass 


e Becker's cells then redifferentiated and changed -- first to primitive cartilage 
cells, then to primitive bone cells which were deposited in the fracture, 
healing it with new bone growth. 


e This shows "time-forwarding" (redifferentiation) of the cell also. 


© Becker actually showed that the time-domain pumping of the cells (by the 
time-polarized EM waves of Whittaker's reinterpreted wavepairs comprising 
the scalar potential), and the time-pumping of their mass-energy, operated to 
continuously and steadily remove the delta between that cell's present 
condition and its former "normal" cellular physical condition in that area. 


© This is the long-sought secret of stem-cell research. 

© Phase conjugate optics had not been born at the time. Without realizing its 
full nature, Becker demonstrated the body's own internal mechanism for 
healing, and the fundamental mechanism for time-reversing a physical mass, 
whether living or inert. 


Mechanisms for use in 
medical treatment and 
healing 


And ramifications am 


Successive deep penetration 
reactions of the cellular dielectric 


@eeeeeeaeoeeeteoeeeeeeeseaensnea7seenee @ 
© Change after change affects the cell and all of its 
parts, including from the external environment. 


© Each successive change affects primarily the 
internal "LW EM structures and dynamics" 
comprising the ordinary potentials, fields, and 
waves. 

e Thus in positive time the internal EM structurings 
produce successive "overlaid layers of change" -- 
so to speak -- in the internal EM structuring and 
dynamics of a cell in the body. These layers 
contain the "delta" from normal state. 


Successive deep penetration 
reactions of the cellular dielectric (2) 


e During time reversal, highest layer deltas are successively 
"peeled away" by the interaction of the mass-energy with the 
time-domain pumping. 

e The result is to return the cell directly back to successive 
physical states, in the case of a single disease or disorder. 
= A cancer cell is returned to a normal cell prior to its 

"promotion". 
= An HIV-infected cell would be returned to its normal 
unaffected condition, free of HIV-induced genetic change. 


= For injuries and damage, the existing "delta" in each 
successive state-layer is steadily reduced to zero. 


e This process thus can involve both cellular differentiation and 
dedifferentiation, as shown by Becker and by Prioré. 


Engines (vacuum engines, ai 
spacetime curvature engines) 


© Following Whittaker* as reinterpreted**, all normal EM fields, 
potentials, and waves decompose into sets of longitudinal EM waves 
(LWs) and their dynamics. 

e Since these LWs and their dynamics are dynamics in the local 
energy density of spacetime (ST), they constitute ST curvatures. 

e Hence they are general relativity infolded inside electrodynamics. 

e By manipulating and changing these LWs, one manipulates and 
changes spacetime curvatures and their dynamics. 

© The result is a unified field model where one directly controls and 
engineers a set of ST curvatures by use of higher group symmetry 
electrodynamics. 

© Controlled patterns of local curvatures of ST are called "Vacuum 
engines" or "spacetime curvature engines" -- or just "engines". 

* E.T. Whittaker, Math. Ann., 57, 333-355 (1903); Proc. Lond. Math. Soc., 


Series 2, 1, 1367-372 (1904). 
™ T. E. Bearden, J. New Energy, 5(1), 11-23 (2000). 


Pumping with EM time-polarized waves 
forms amplified antiengines 
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produces a time-reversed wave. A, and A, time-reverses the mass itself. 


Time-reversal of a mass to a 
new physical state not in its past 


——~ VACUUM 


© Original engine A’ 
’ ENGINE A’ 


e New engine B' added 
e Time-pumping moves 
to new "past" that is 

determined by (A'+B') 
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ENGINE _B’ 
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Extended general relativity principle 


All levels of energy structures and all 
levels of time structures mold STRUCTURING 
spacetime geometry. ae : Sed 

The "pattern" is called a template for a “7, CURVATURES“, 
vacuum engine (spacetime curvature F J F 
engine). 
Spatial and temporal structurings of th 
engine act upon any exposed mass at 
levels. 

This produces a template of forces, for 
precise translations and stresses within 
the mass at all levels. The forces exist 
in both time and 3-space. 


DYNAMIC Y-” 
MA : 


Engines: Working spacetime demons 


Internested patterns Highly Structured 
of spacetime eee ‘ Einsteinian spacetime 
curvatures ; 


Maxwellian Demons 
are EM hidden variables 
organized into dynamic 

structures acting at all levels 


Signal vs. vacuum engine 


* Information received 
* Any overt physical action @ 
must be taken by cell itself 


Pp * Cell must furnish the energy 
for any action it takes a 


* Passes from outside to in 
SIGNAL (INFO) 


A. Cell must do the action itself; vacuum energy exchange is passive. 
Energy or fuel for doing the action must be added to cell externally. 


ie d4 f * Information itself acts 
oe * Local spacetime curved, with 
internal subcurvatures 


~~ RetWATED —S a st * Produces template of forces 
in local spacetime (ST) a 
Pee. e - Ag | * Atises trom within local st 


* Acts on and changes all parts 
ENGINE (STRUCTURE) of cell, including its genetics 
TEMPLATE (FORM) 


B. Cell is acted upon; vacuum energy exchange does the specific action. 
No energy or fuel for doing the action need be added to cell externally. 


Unified field theory requires 
modeling and use of supersystem 


@eeeeeeeoeeeeeeeeaesesesensensne1ede2d @ 
Three components interact with each other: 
© System and its dynamics 
° Local active vacuum and its dynamics 
» Local curvatures of spacetime and their dynamics. 


LOCAL ACTIVE VACUUM 


CETL 


SYSTEM i 


ry 
PEE 
LOCAL CURVATURES OF SPACETIME 


Classical EM kills the supersystem, 
prevents supersystem engineering 


@eeeeeoeeoeeoeeeoe@eeeeeesvesensne7ee2d @ 
e Assumes flat local spacetime 


e Assumes inert vacuum 
va 
: - 
\ \ 
| \ \ 
. 
4 \  \ 


Malignant teratoma exhibits both 
time-reversal and fast-forwarding 


@eeeeeeeeseeensweeneweenseensenwne7nenenesne @ 
eo A teratoma cell is a tumor cell that has reverted 

to stem cells, then proceeds to differentiate 

toward new kinds of normal cells. 


May produce hair, skin, muscle, heart, bone, 
and other type cells. 

e Sometimes present at birth. 

Demonstrates both "time-reversal" and 
"time-forwarding". 

The missing key is the engine function(s). 


Miller-Fox-Urey Sf 
biogenesis experiments | 


@eeeeeeeeeeoeeweeeeensmseseaseaseedeed @ 
Engines of and from all life forms 
ever on earth or in the universe exist : F : 
in the ambient vacuum potential. Biogenesis Experiments 
: — 
The Miller-Fox-Urey experiments 
were not in a "sterile" environment. 
Heat (IR) and UV constitute (1) a 
harmonic interval with a difference 
frequency, and (2) amplifying by 
the process previously shown. 
These experiments "kindled" 
previously living forms from the 
available gases etc. by amplifying the 
ancient living engines from their 
virtual state to the observable state, 
so that the masses were molded into 
the physical states of their templates. 2 


Organic 
molacules 


Gas molecules \ 


; ies 


Gaseous mixture of ammonia, \ 
methane, catbon dioxide, 


and water vapor \ 


Boling water 


Cloning to produce stem cells 


Human DNA can be inserted in an animal cell, 
and the cell chemically tricked into proceeding 
as if fertilized. 


Formation, increase, 
and growth of stem cells 
begins and continues. 


The "engine" carried by the human DNA is 
changing the matter available into human cells. 


readily demonstrated experimentally. 


Regeneration in a strain of rat with part 
of its immune system missing 


eeooeveeeeeeeeeeeeneeneeeeneeeee 

e In mammals, the immune system plays a role in reducing the 
regeneration capability, compared to 
that of more primitive systems. 

e Ina strain of rat where that "suppressive" part of the immune 
system is missing, the regenerative capability is dramatically 
increased. 
= Can regrow cut away sections of tail. 
= Regrows plug cut out of ear. 
= Reconnects severed optic nerve. 
= Partially restores severed spinal cord. 

e The suppressive "delta" engine of the immune system, operating 
simultaneously with the underlying primitive regenerative 


engine, sums to the modern much-reduced regenerative engine in 
the mammal. 


An observation for the future 

@eeeeeeeeeneoeeeesweeseswpesenaneneneved 

oe When the science of 
engines is developed, 
physicians will be able to 
tailor these engine 
combinations to restore 
severed human spines, 
regrow severed limbs, etc. 


e They will also be able to 
direct the body's "normal 
growth" to reduce and 
direct birth defects, genetic 
defects, etc. 


Biochemistry and EM models 


@eeeeeeeeeeoeeweeeeenemesnesese/eseod @ 
® Medical scientists analyze such things as teratomas in terms of biochemistry 
and the biochemical model. 


e Anassembly of charges and charge distributions, with their associated fields 
and potentials, drives all chemistry at base level. 

© The charge assembly and its dynamics involves a corresponding assembly of 
spacetime curvatures and their dynamics. These are the cause that is 
driving the charge assembly and its dynamics, and therefore the chemistry.. 
= In unified field theory (such as that of Sachs) and O(3) electrodynamics. 
= Not in classical U(1) EM theory or quantum electrodynamics. 

© Conventionally a causative EM field in space is "defined" as the diversion 
from that spatial field by and after its interaction with charge). 
The "definition" substitutes the effect for the cause, a non sequitur. 

© This is a known major flaw, pointed out in one fashion or another by many 
physicists such as Wheeler and Nobelist Feynman. 


© Classical EM theory is a 137-year-old model, seriously flawed. These flaws 
emerge in biochemistry and medical science. 


Necessary EM corrections* 


eeooeeeeeeeeeeeeeneeeeeeeeeee 

e Many of the corrections necessary in electrodynamics 
modeling either have been done or are underway. 

e Higher symmetry, non-Abelian electrodynamics models have 
long been developed in particle physics. 

e The new approach extends these models to also incorporate 
general relativity, thus producing a unified field theory*. 

e In the new approach, spacetime curvature engines are perfectly 
natural and understandable, and can be directly modeled and 
engineered by advanced theorists. 

e In short, the theory is sufficiently advanced and robust that 
technology and engineering can now advance. 

e This will be a great leap forward for biochemistry and medical 
science, particularly in therapeutic methods. 


* Sachs's unified field theory implemented by O(3) electrodynamics 
presently is the most suitable to use. Numerical methods are required. 


Prioré’s revolutionary 
results in lab animals 


And its ramifications 


Prioré (right) makes a point to 
Chaban-Delmas, Mayor of Bordeaux 


e Many of the Prioré 
team's experiments 
were done in Bordeaux. 


e Antoine Prioré patents: 


» "Apparatus for producing radiations 
penetrating living cells," U.S. Patent No. 
3,368,155, Feb. 6, 1968. 


» "Method of producing radiations for 
penetrating living cells," U.S. Patent No. 
3,280,816, Oct. 25, 1966. 


» "Procede et dispositif de production de 
rayonnements utilisables notamment pour 
le traitement de cellules vivantes," 
[Procedure and Assemblage for Production 
of Radiation Especially Serviceable for the 
Treatment of Living Cells], Republique 
Francais Brevet d'Invention P.V. No. 
899.414, No. 1,342,772, Oct. 7, 1963. 


Block diagram of Prioré's method 


Time-reversing the cells back to normal state 
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Some peculiar results 
by the Prioré team am 


eeeoeeeeeveseeeeneeseeeeeeeen 
© Once a rat is cured of a particular disease: 
= A single drop of blood from the cured rat, injected into 
another rat stricken with same disorder, would result in the 
injected rat getting well slowly. 
= This ability to transfer immunity and healing in the extracted 
drop of blood gradually decayed over a period of a few 
weeks. 


e Showed that even the fields and potentials in the blood 
had been altered internally, in the treated animal. 


e Showed that the injected animal's cellular regenerative 
system possessed the ability to also time-domain pump 
over the entire body, everywhere reducing the delta 
between that injected drop of blood now the rat's own, and 
the rest of the blood in its body. 


Proof of cellular time-reversal 


@eeeeeoeveeceaoseoevoeeoea eves eee eee0808 
e Pautrizel compared identical treatment of immature 
rats with immature immune systems, and mature 

rats with mature immune systems. 


e Treatment restored the damaged mature system 
back to full mature functioning, and it promptly 
recognized and dispatched the pathogens. 


e Treatment restored the damaged immature system 
back to full immature functioning, unable to cope, 
and the pathogens promptly reinfected and killed 
the immature rat. 


e The lesson: The body is indeed returned to a 
previous physical state. The pathogens themselves 
are not killed by the treatment, but by restoring the 
ability of the immune system to recognize and 
destroy them. 


PROF. RAYMOND PAUTRIZEL 
(Renowned Parasitologist) 
© Only the previous ability of the immune system is 
restored by the process. 


Disadvantages of Prioré method 


eeeeeoeeeoeoeeosvseeceoevesee2eee0e0808 
e Large plasma tube and facility required. 


= 3-stories high building bay if to treat humans. 
= Long irradiation time (2-3 hours). 
= Slow, numerous experimental adjustments. 

e Fundamental mechanism was unknown. 
= Phase conjugate optics not yet born in West. 
= No higher symmetry EM modeling used. 
= Prioré thought it was a result of ionization. 
= Importance of difference frequency unknown. 
= Body dielectric transmission path unknown. 


3-Story high Prioré device 
for treating humans 


e At the end of the project, 
Prioré had developed a 
large unit to treat humans. 


© A few were treated. 


© Cures replicated what cones 
. ant coil 
had been done in lab around 124 
animals Beane tube 
© The massive size of the 
unit and long treatment 
time (hours) made the 
process bulky and very \ ' 
inconvenient -- and also i foatinsg 
z th human body 
expensive 


17-foot Prioré plasma tube 


Used in large machine (3-stories high) to treat a 
limited number of human patients 


A proposed new mechanism 


for cancer promotion 
@eeeeeeoeedseaeecde1eeoee eee @ 
And its ramifications 


Remarks on cancer from 
a hew perspective 


© Two stages: cellular damage and promotion of the 
damaged cell to a tumorous cell. Promotion presently 
is poorly understood if at all. 


e A master cellular control system (MCS) (studied by 
Popp et al.) controls both the immune system and the 
cellular regenerative system, as well as normal functions 
of the cells. 


e The "past history" of ancestral development of aerobic 
cells and higher multicell aerobic bodies on planet Earth, 
resides in the "internested engine layers" in every tiniest 
part of the entire body dielectric, and in all cells. 


a hew perspective (2) 


Faced with cell damage (such as sustained hypoxia) it 
cannot handle, the MCS continues to "peel the layers" in 
taking actions related to ever more distant pasts. 


Faced with continuing hypoxia, e.g., the MCS eventually 
reaches ancestral layers -- with an engine -- it forces the 
damaged cells to start moving back toward the original 
primeval anaerobic form. 


The first step backward is separation from central 
growth control, freeing the cell to multiply 
independently. At the same time, genetic changes in the 
cell are forced and produced, starting it back toward 
becoming an anaerobe. 


These actions comprise the promotion process. 


The promotion process via 
engines 
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First step in self-promotion 
of cancer due to hypoxia 
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Block diagram of the 
cellular regenerative system 
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Bombshell: Amplified EM healing 


eeoeeeeeecesceceeeoeeeoeeeeeeesce 
e A unified field theory approach and use of 
supersystem analysis has broken the basic 
mechanism for healing itself. 
= The Sachs unified field theory applies and has been 
partially fitted. 
= Evans-Vigier O(3) electrodynamics can properly 
model it, including both the internal and external 
electrodynamics and effects of engines. 
= Direct engineering development is now possible. 


e Experimental proof of the results obtainable 
already exists in the literature. 


e A medical revolution is in the offing. 


PorenigiVieaical Ayplicaions: 
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To treat and save mass casualties: 
What is urgently needed now: 


e A small, portable, relatively inexpensive treatment unit, 
not requiring plasmas etc. 


e Treatment in 2 to 5 minutes rather than 2-hours. 
e Simple treatment application, almost anywhere. 


e Effective in advanced stages as well as prior to ) 
emergence of symptoms. 


e Effectiveness against a wide array of illnesses. 

© Use is easy, high school student can be trained in 30 
minutes. 

e Crash program to develop, flood down through 
emergency systems in great quantities. 


The Solution: 


eeseevoeveeveee eee e eee eeeeeee 
e Two blankets have antennas in them. 

e Uses the "porthole" concept (discussed shortly) 

e Eliminates plasma tube mixing etc. 

e Computer-controlled complex signal structure. 


The Porthole concept: 
@eeeaeeeoe od eoedceaedeoeee0e0e820 80 
The two-minute treatment shortcut 


y 


How the porthole concept works 


INSIDE THE BODY : OUTSIDE THE BODY 
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Porthole concept: An analogy of the dielectric 


path and inner-outer functional connections 
eeeeeoeoedceo1dceeeo ee eeeseeeeeeee @ 


J 
Porthole concept: The discovery 
@eeeeeodoeevoeoeoeeoeoeeoeeoeeveeeeee @ 
© The processes themselves, in their own "frame", are never actually 
"reversed". Instead, the frame's motion through time is reversed. 


= Each to itself moves normally -- just receiving, absorbing, and radiating 
light, regardless of "whatever light" is interacting 


= This is due to a peculiarity of the photon and photon interaction 


© Photon interaction creates observed physical reality, including the 
"frame" and the seeming "passage of a mass through time" 
= The photon is its own antiparticle, which is just a photon traveling in the 
opposite direction 
= So in this case we can use "light" to precisely time reverse (to the 
observer) the frame and the apparent operations (to the observer) 


© When we cease irradiation, after a decay period to remove the 
reversed excitation, all functions are now seen to be moving forward 
normally in observer forward time, but from a previous physical 
state or condition 


Using the porthole concept: Research 
@eeeeeseeoeevoeoeeeoeoeee eee eee eee @ 
e The body's own emitted dense, broadband signals 
are recorded across a broad bandwidth 


— These signals are amplified, then rebroadcast 
precisely back into the body 


— This returns an amplified "reversed" signal set back 
through the dielectric path, invoking and applying the 
porthole concept in all processes 

e The returning photons produce time-charging but in 
reversed frame direction 

~ Tremendous potential energy is absorbed in highly 
compressed "time-energy" form in seconds 


— This "time-potential” slowly drains off as the body 
processes and cells reverse back to a previous state 


Research using the porthole 
concept 


@eeeeeseeoeoevoeoeseoeoeeoee eeoeeoeeoeeoeseoeee @ 
TIME DENSITY CHARGE IS STRUCTURED TO CONTAIN 
: Recorders & Broadband Amps THE PRECISE SPACETIME CURVATURE ENGINES FOR 
Alterations Database TIME-REVERSAL AND STEERING. CHARGING OCCURS 
yj QUICKLY. ENGINES CONTINUE TO WORK FOR AN 


| EXTENDED PERIOD AFTER CHARGING CEASES. 


Control Unit 


Receiver-transmitters 


Adjusting broadband signals 
bandwidth and amplification 


Bice etree eas by selecting indicated alterations 
from database 
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Portable unit then developed for rapid 
treatment of mass BW casualties 


eeeeoeoevoeeoeeoeoeoeoeeeseeveeeoeese 
Two blankets have antennas in them. 

Uses the "porthole" concept (discussed shortly) 
Eliminates plasma tube mixing etc. 

Compuiter-controlled complex signal structure. 

Irradiation for 2 minutes. 


Training to use the unit 


eeeeoeoevoeeoeeoeoeeoeeoeseeveeeoeece 
High school student level, 30 minutes. 

Patient lies on one blanket, other covers him. 

Set the prescribed standard signal sets from listing. 
Computer-controlled generator produces the signal. 

Irradiation for 2 minutes, uncover patient, bring in another. 

Unit can be self-powering from vacuum energy (MEG*). 


eoeeeee 


Additional advantages 


eeoeeeeeeeoeeeeoeeeeeeeeeoee 
Can be developed in a crash program in 2-3 years. 

After sunk costs, projected cost per unit in mass 
production is less than $100,000 
Can be produced by the thousands 
Then flooded down through 

= Fire stations and police stations 

= Red cross units, hospitals, clinics 
= Emergency action teams and armed forces 

Large numbers of operators easily produced 
Emergency training could be watching a 15 minute 
film, then performing one graded practice run 
First generation equipment can save some 70% of 
the coming mass casualties from anthrax etc. 


Terrorist BW warfare 
capabilities against the 
United States 
@eeeeeoeescoaoea2eee0e20e20208082080 
The growing threat 


e One terrorist, one light aircraft 
with spray tank 
e 100 kilograms of anthrax 


e Flies over greater metropolitan 
Washington, D.C. 


e Calm night a 
e 1-3 million casualties result* 


e Most of those stricken will die 


e Presently little can be done 
to save the stricken civilians 


e Attacks on several population 
centers might produce some 
10 million or more casualties 


“Per OTA Report to Congress, 1993 


For decades, infiltration of 
terrorist teams into the U.S. 


eeceoeeeeeeeeeeeoeeceeeeeeeee 
From several foreign nations, not just Bin Laden in Afghanistan 


Several thousand Cuban guerillas, from 
training camps in Southern Mexico 


Russian Spetznaz teams 
Nuclear warheads (up to 80 KT) 
Biological warfare agents 


Yakuza in oriental populations in our cities 

= Yakuza manufactures Russian energetics weapons in their own facilities 
in Japan 

= Possesses the new EM weapons referred to by Secretary of Defense 
Cohen in 1997 

We are now in a very long, hard war and will suffer millions of 

casualties in our cities. It may last for decades. 


Defense Secretary Cohen* 
@eeeeeoeveeeeeeeeeoeeeeveeeoeeee @ 
(Involvement of secret superweapons) 


"Others [terrorists] are engaging even in an 
eco-type of terrorism whereby they can alter the 
climate, set off earthquakes, volcanoes remotely 
through the use of electromagnetic waves... So 
there are plenty of ingenious minds out there that 
are at work finding ways in which they can wreak 
terror upon other nations...It's real, and that's the 
reason why we have to intensify our 
[counterterrorism] efforts." 


* Secretary of Defense William Cohen at an April 1997 
counterterrorism conference sponsored by former Senator 
Sam Nunn. Quoted from DoD News Briefing, Secretary of 
Defense William S. Cohen, Q&A at the Conference on 
Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Some typical BW agents 


@eeeeeoeeoeceoeseeeeoeeoeeeveveoeeeeec @ 
© Smallpox, including different strain developed 
by Russia (some sold to terrorists) 


e Anthrax 
= Over 400 known locations 
around the Earth have cultures 


= Difficult to decontaminate 
Bubonic Plague 

Botulism toxin 

Tularemia (rabbit fever) 
Hemorrhagic fevers, such as Ebola 


Anthrax 


© OTA study: Some 200 pounds released in a spray, on 
calm night over Washington, D.C. could result in 
up to 3 million casualties 


e Symptoms usually in 2-10 days : 
= Sometimes as long as 7 weeks 
= Flu-like symptoms 


e Then 1-3 days later, shock and breathing 
problems cause death in up to 100% 


e Antibiotics given early (before symptoms) can prevent 
infected persons from becoming ill 


e Limited vaccine, reserved for military 


Smallpox 


© More than 500 million people killed in the 20th century 
before "eradicated" in 1977. Vaccination ceased in 
1980. 

e Russians kept it, developed new strains, sold to terrorists 

e Symptoms in about 12 days: fever, headache, nausea. 
Rash similar to chickenpox then appears. 

e Rash turns into hard blisters. Highly contagious, kills 
one-third of its victims. 

e Nocure. About 12 million doses of vaccine left. 

e If smallpox is unleashed in any major city on earth, it will 
eventually kill 2 billion, or about 1/3 of the human 
species -- unless a radical new cure is found and utilized. 


Bubonic Plague: Historically the 
most feared (Black Death) 


© From 1980-1994, 18,739 cases in 20 countries. 


© Symptoms occur in 1-6 days after ty 
inhaling the pneumonic form. 
© High fever, cough, labored 
breathing lead to respiratory failure and death. 
© It is contagious. 
© Rapid use of antibiotics can be effective. 
e Vaccine not currently produced in the U.S. 


Botulism toxin (a nerve toxin) 


e Single most poisonous BW substance known. 
= Typically borne in food, contacted by eating. 
= Could be developed as aerosol weapon. 

© Symptoms in 24-36 hours; blurred vision 
and difficulty swallowing, speaking. 

e Paralyzes muscles, leading to respiratory 
failure and death. 


© Centers for Disease Control and Prevention 
maintain a botulism antitoxin supply. 


Tularemia ae? | 

@eeeeeevoecevoeoeeoeeoeeoee eee eeeeee @ 

e US. studied its weapon potential in 1950s and 
1960s. 

© Symptoms appear in 3-5 days, including fever, 
chills, headache, and weakness 

e Inflammation and hemorrhaging of the airways 
can lead to death. 

e Without antibiotics, one-third die. Can be 90% if 
breathed in, in aerosol form. 

® Vaccine developed and under review by FDA. 


Hemorrhagic fevers, such as Ebola 


E.g., origin of Ebola is unknown. Probably transmitted to 
humans by animals, to begin a breakout. 

Symptoms in 3-5 days, include fever, aching muscles, 
diarrhea. 


e Hemorrhaging of fluids out of tissues and orifices. 
e From 30 to 90 percent die, depending on specific fever 


type. 

Some of these fevers respond to antiviral drugs. 
The drugs are in short supply. 

Presently containment is the primary goal. 


A factor the U.S. does not know 


@eeeeeodoecevoeoeoeeeoeee eee eeeee8e @ 
(Secret involvement of clandestine superweapons) 

© Three nations (not the U.S.) developed quantum potential weapons 
using Bohm's hidden variable theory of quantum mechanics. 

e Can induce disease engines in matter or bodies at a distance. 

e Have developed "spreading" of immune systems in a targeted 
populace (cleverly tested in Gulf War against U.S. troops). 
= Cocktail mix of disease engines for 2 dozen different diseases 


= Targeted area's human immune systems react to these engines when they 
are still in virtual state, just below quantum threshold. 


= Spread immune system's resources thus "thinned" across response to 
two dozen shadow diseases at once. 
e Hit with a terrorist BW attack, the spread immune systems are 
overwhelmed much more easily and quickly. 
= Yield (casualties) of the attack is increased by factor of 3-5. 
= Spreading of U.S. immune systems has been accomplished and is still 
being maintained. 


Summary and conclusion 


@eeeeeoeeeeeg9e#eee9ee?ee#e ee 
The new war 


A new Pearl Harbor: Str 
the World Trade Center 


The North Tower has already been struck and is burning. 
A second jetliner is about to strike the South Tower. 


an 
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Fireball From Impact 
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© The two buildings 
held some 50,000 
occupants 

e Evacuation was 
underway after the 
first strike 

e More than 6,000 
persons were killed 

e This is more than 
were killed in the 
Dec. 7, 1941 strike 
on Pearl Harbor 


Collapse of the South Tower 
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© The first tower to 
collapse was the 
South Tower 

 Itis still uncertain 
just how many 
people were caught 
inside and killed 

This is a half million 
tons of debris, 
falling from the New 
York skyview. 


Collapse of the North Tower begins 


e The North 
Tower then 
collapsed 


© This was 
another 
half-million 
tons of 
debris falling 
from the 
NYC skyview 


Collapse of North Tower finishes 


© Collapse of 
the North 
Tower killed 
many rescue 
workers, fire- 
men, and 
policemen 

At this writing, 
the total 
casualties are 
still unknown 


Next began the recovery efforts 


eeeeoevegevoeeveveevoeoeee eevee eee0808080 80 


© Recovery 
operations will 
require months 

At this writing, 
the total 
casualties are 
still unknown 


© The damage 
was done by 
two civilian 
jetliner "bombs" 


The Pentagon was hit on the same day 
eeeeeoeoevoevovoevee eevee eevseevee00808080 


© Hundreds were killed 
the same day when 
another jetliner struck 
the Pentagon. 


© Yet another jetliner, 
possibly headed for 
the White House, 
crashed enroute when 
the passengers 
attacked the suicide 
terrorist hijackers. 


A sobering thought po mh 
e Nuclear weapons are 


already smuggled into the U.S., \ \. 
as are BW agents such as \ \ \ 
anthrax, smallpox, etc. \\ \ \ 


© Had a 40-80kT weapon been 
exploded in New York and one 
in Washington, millions would 
have perished and both cities \ 


would have been devastated \ 
e There would have been no 
recovery of those cities for 


many decades x 


e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 

e Some 25 nations have WMD or 
are acquiring them 


— BW agents and weapons 

— Chemical agents and weapons 

— Nuclear materials and weapons IL H 
e Thousands of students and émigrés { ct 


e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 


e May reach knockout capability 


© v9 Te meaRDeN “Per OTA Report to Congress, 1993 


The USS. is terribly unprepared 
eoeveeeeveeeoeeeoeeoeoeeeoeeeeeeeee 
Limited medical supplies, antibiotics, vaccines 

Insufficient facilities, emergency teams 

No civilian shelters (much less BW-filtered) 

Not enough doctors, nurses, masks, etc. 

Present treatment methods woefully inadequate 

Triage will apply 

= First treat those most likely to recover 


= Others (showing symptoms, or advanced) are just set aside to 
die 


© Other attacks are a matter of when, not if. 


2S 


Conclusion 


eoeveeeeveeeoeeoeoeeeeeeoeeeeeeeee 
e As several cities are struck, millions of U.S. civilian 
casualties will result. Devastation will be enormous. 
e We shall eventually lose more American lives than in all the 
rest of our wars to date. 
e Present medical therapeutic science is totally ina 
do the job. It cannot save us. 


e Atsome point, when we are sufficiently damaged, the 
Spetznaz or other terrorists may detonate nuclear weapons in 
our cities, with appalling carnage. 

e Accombined superweapon technology and terrorist groups 
will then destroy the remaining populace. 


© On its present course, the inadequacy of Western medicine 
may doom us. 


A difficult truth to consider & 


e Inany strategic strike, the first phase is to get the strategic 
weapons (weapons of mass destruction) delivered to their 
distant targets. 

e That has already been done. 


e Eerily, the first phase of World War III has already been 
accomplished. 


© It was already accomplished before the Sept. 11, 2001 strike 
on New York and Washington. That was the new "Pearl 
Harbor", and only the opening round. It already killed more 
Americans than died at Pearl Harbor on Dec. 7, 1941. 


© Unless we improve our medical therapy quickly and 
dramatically, we will lose -- particularly when the hidden 
energetics weapons and outside terrorist sponsorship by 
hostile nations are factored in. 


A personal perspective & 
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e There now exists an overwhelming, immediate 
moral imperative to get this development program done at the 
utmost speed humanly possible. 

e The sheer survival of the United States and Western civilization 
depends upon it. 

© Officialdom is aware that the KGB/Russians have long planned 
to finish the U.S., after initial nuclear exchanges, by fierce and 
massive BW strikes. 

e It appears that the plan has changed to let the terrorists do the 
main work, while augmenting 
USS. casualty levels by energetics weapons. 


China is also involved 
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e China has declared South China Sea the territorial waters of China 


e China will eventually take Taiwan 
— Has massed missile artillery trained on Taiwan 
— Recently held invasion practice on an island near Taiwan 
e Recently deployed fearsome EMP weapons utilizing negative 
energy rather than positive energy (Dirac sea theory) 
— Extinguishes all electron currents 
— Duds electrical and electron systems instantly 
— Instant death to struck bodies 
= Instant kill of missiles, aircraft, electronics in nuclear warheads 
— Ultimate "death ray"; can be made small or large 
e Recent 2-carrier U.S. task force maneuvered in South China Sea to 
caution China 
= The new Chinese EMP weapon was trained on that task force 
= Could have destroyed it within minutes 


Final thoughts 8 A 77? = Be 


© This is one of the great turning points in history. 

e The development program is eminently doable. That it works has 
been experimentally demonstrated. The long-vexing puzzle of the 
active mechanism has been solved. 

© Our scientific community bitterly opposes any use of 
electromagnetics -- even an advanced, higher symmetry 
electrodynamics -- for medical treatment. 

e Aconsortium of the scientific community, the large 
pharmaceuticals, FDA, and the AMA will oppose this project even 
while the U.S. is being destroyed wholesale. 

e Itcan only be done in the private sector, and there will likely be no 
funding unless by philanthropists. 


Continuation <i 
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Business plan, development program, 
budget breakdown, proposed schedule 
etc. go here. 
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"Others [terrorists] are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off 
earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious 
minds out there that are at work finding ways in which 
they can wreak terror upon other nations. ..It's real, and 
that's the reason why we have to intensify our 
[counterterrorism] efforts." * 


Secretary of Defense William Cohen at an April 1997 counterterrorism 
conference sponsored by former Senator Sam Nunn. Quoted from DoD 
News Briefing, Secretary of Defense William S. Cohen, Q&A at the 
Conference on Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Slides 
(covers period up to 1999) 


e The Coming Strategic Attack on the United 
States 


e Outline 


« Loss of two separate A-10 Warthogs in 1997 


Typical ABM Defenses (Widely Deployed 
by mid-70s) 
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Launch Phase Anti-Missile System 


Launch Phase Anti-Bomber System 


e HC-130s Engines Quit, Aircraft Crashes 
Novy. 22, 1996 


e 1996 Actions by this analyst 


Additional Information Exists: 


Analyzed, Not 
Integrated in Briefing 


e Kill of Arrow DC-8, Gander AFB, Dec. 12. 


1985 


Satellite Photos of Plumes in Soviet Arctic 
Since 1974 
See "Fer de Lance" for additional 


information 


e Aum Shinrikyo ("Supreme Truth" Cult). 
Shoko Asahara, Leader 


Aum Shinrikyo - Anatomy of a Dangerous 
Cult 


Ashkhabad Problem and Its Solution 


Strange Characteristics of Iran Quake, Sep. 
1978 


e Iran Earthquake, September 1978 


Situation Now (Assessment 


Situation Now (Assessment 2) 


Aspects of Strong Local Asymmetry 


e Mass Casualty Problem: Aerial Anthrax 
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Spray on Washington, D.C. 


Present Status of the WMD Threat to the 
United States 


Some Present Problems in the U.S. WMD 
Defense Capabilities 


Internal Terrorist Threat with Weapons of 
Mass Destruction: Now & Future 


Attempt to Ban Energetics Weapons 
Worldwide 


Brezhnev's Schedule 


Large glowing Tesla globe witnessed in Red 


China by hundreds 


Cold Explosion -- 9 April 1984 Near Kurils, 

and formation and growth of spherical shell 
globe) 

Sequence of Events 


Cold Explosion -- 9 April 1984 Near Kurils, 
and formation and growth of spherical shell 


globe 
What They Were 


Cold Explosion -- 9 April 1984 Near Kurils 
(Plus additional weapons effects: 


Countering Insane MAD Systems: 
Find Loophole, Exploit It 


Next Generation Counter to Both Sane and 
Insane MAD systems 


Simultaneous Dudding of Nuclear Weapons 
Worldwide 
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Simultaneous Dudding of Nuclear Weapons 


Worldwide 
Operation Divine Wind II 
Advanced EMBW Applications 


EM Biological Warfare (EMBW) 


Microwave Radiation of U.S. Embassy in 
Moscow 


Pentagon EMI Studies, 1989 
EM Missile Practice (6 slides’ 


Subdivisions of Soviet Energetics Program 


Communism's Goal 


Manuilsky's Goal vs. Status Today (Dec. 
1996) 


Professor Hellman, German Scientist 
Released from Work in Soviet Union 


Hemispheres and Globes of Light (4 slides) 


How Could Such Superweapons Ever Be 
Concealed? 


Soviets Easily Concealed These 
Superweapons for Four Decades 


Microscope-type, laser-like interferometer 


for inducing quick @-decay in samples of 
otherwise longer-lived isotopes 


Longitudinal Wave Interferometry: 
Endothermic 
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Longitudinal Wave Interferometry: 
Exothermic 


e US. Air Attack on Libya, April 1986 


Lightning Wall 
circa 1959-1960 


Lisitsyn's Report: Brain Code Broken 


e Large Longitudinal Wave Interferometer 


LWID) Accident 


e Large Longitudinal Wave Interferometer 
(LWP) Accident 


Use of Hidden Information Content of the 
Field Can Provide Action-At-A-Distance 


Two Types of Mutual Assured Destruction 
MAD) System 


Psychoenergetics Weapons Teams Mentally 


Disable All Personnel 


Strikes Against Special Ship and Energetics 


Weapons Sites 


"Mindsnapper” Attack on Special Ships and 


Energetics Weapons Sites 


e How Much Off Guard Are We? 
(7 Slides) 


Possible Targets: 1995-9 Escalation Phase 


e Propagation of Weapon Effects 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15th, 1979 
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Countering an Insane QP Weapon 


Gulf War Disease: KGB QP Weapon 


Induced ST Curvature Engines for a 
Cocktail of Diseases 


Self-Targeting in Inner EM Channel Can 
Produce a Quantum Potential 


Mechanism for Producing a Quantum 


Potential 


Major Principles for Use of Quantum 
Potential Weapons 


Major Principles for Use of Quantum 
Potential Weapons (2, 


Instantaneous Communication by a 
Quantum Potential 


Participants in a quantum potential share a 
common multiply-connected spacetime 


MCST. 


Quake in Tangshan, China 
28 July, 1976 


Exchanging Earthquakes 


Instant Communication by a Quantum 
Potential 


Westerners Do Not React to Slow Threats 


Characterizing a Given Risk or Risk Factor 


Technical Risk Management 


Aum Shinrikyo's Sarin Facility 
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In Scalar Beam Interference Zone 


Physicist Schappeller Auralaz Munster, 
Austria 


Initial Soviet Plan for Cold War, After WWII 


Josef Stalin: Absolute Dictator 


Exploding any Resistance by Operational 
Scientists 


Significant Soviet Statements 


Captain Svoboda Dives Headlong to Her 
Death 


T-polarized Beam Projector 
Possible Tests (1 
Possible Tests (2 
Possible Tests (3 
Possible Tests (4 


Mushroom Cloud Rising From Sea 


Launches from Cape Canaveral and 
‘Vandenberg AFB Provided Practice Targets 


of Opportunity 


The sinking U.S.S. Thresher, with her 
controls jammed, implodes when she 
reaches crush depth 


Embodiment of an instrument array 
sufficient to discriminate when time-density 


charging has occurred, and that transduction 
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of time-charge decay has occurred. 


Time-Polarized EM Wave Interferometer 
Creating Space-Time Curvature Engines in a 


Distant Interference Zone 


Transmutation of Radioactive Nuclei at a 


Distance 


Transmutation of Radioactive Nuclei 


e Typical Tesla Shield, Northern Route of 
Japan 


e A Curious Tide in Human Affairs 


« Large Scalar EM Interferometer (LAST) 
Accident Near Urals, 1958 


The Superpower Paradox: Asymmetric 


Cheap WMD Strategic Strike and 
Destruction 


e The KGB/Yakuza-Aum War Plan 


Why Western Science is Ignorant of KGB 
Energetics 


Transmutation of Radioactive Nuclei at a 


Distance 
e TheYakuza 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15, 1979 


* Note that the Secretary did not speak the words in 
square blocks; these were added by the writers later, 
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probably to "soften the tone" of the Secretary's 
information release. So the Secretary confirmed that 
some nations of the world -- not just some ragged 
terrorists, as the writers tried to imply for spin control -- 
do possess novel electromagnetic weapons and are 
using them to induce earthquakes, engineer the weather 
and climate, and trigger volcanic eruptions. 
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THE COMING STRATEGIC ATTACK 
ON THE UNITED STATES 
By an AUM/Yakuza/KGB/Communist Coalition Using Energetics SuperWeapons 
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Outline 


Background: Classical Electromagnetics (and Defects) 
Background: Energetics (Scalar Electromagnetics) 
Background: Soviet Energetics Weapon Development 
KGB/Communist Plans 

Countering of Soviet/KGB/Com munist Plan in Mid-80s 
Soviet Economic Collapse and Adaptation of Plan 


Weapons Bleed-Out: KGB/Russian Mafia 
Yakuza: The Japanese Mafia 
Aum Shinri Kyo (Supreme Truth) Cult 


Coalition: Aum/Yakuza/KGB/Communists/Russian Mafia 
Operation Divine Wind Il: Three Phases 
= Phase |: On-Site Training Phase (Completed) 
= Phase Il: Escalation Phase (In Progress) 
— Phase Ill: 1997 Strategic Strike on the United States 
— Support Plan A: Feints, Deception, Sabotage & Terrorism 
— Support Plan B: Test Range 
= Support Plan foridwide Weather Engineering 
— Support Plan D: Strategic and Combat Intelligence 
* Special Information 
* Recommended Actions © wee wre sear 
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Loss of two separate A-10 Warthogs in 1997 


 A-10 Mysterious Flyaway and Crash - April 
2, 1997 


e Death of Second A-10 Pilot - May 27, 1997 


Captain Button's Mysterious Flyaway and 
Eventual Crash 


« Death of Second A-10 Pilot - May 27, 1997 
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Armed with: 
- Four 500-lb bombs 
- 30 mm Gatling gun 
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Captain Amy Svobody 
@ Night training mission 
@ From Davis-Montham AFB 
@ From same wing as Captain 
Button, who flew his A-10 NM 
off course for over an hour 
and then crashed on April 2. 
@ Climbout from ordnance Companion A-10's 
delivery on target 
Nosed down sharply and 


TI RRR, dived into grou 
+ Experienced night 


flyer & Instructor 


+ Nosed sharply over 
and flew into ground 
# Psychoenergetic kill 


© TE BEARDBVIS 


‘choenergetic weapon induced instant hypnogogic state and 
pi bes Svobens 's sense of up and down. 
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A-10 Mysterious Flyaway and Crash 


April 2, 1997 


Armed with: 


Areaerla - Four 5004b bombs 
- 30 mm Gatling gun 
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Figure 14a. Captain Button's mysterious flyaway and eventual crash. 
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Death of 2nd A-10 Pilot May 27, 1997 


* Purpose: Stimulate U.S. " 
in'same area" again ertinta night 


Sowince gr Fain 
*Probabletkll using 
psychoenergi 


Psychoenergetic strike induced an 
instant hypnogogic state, shifted pilot's \ 
sense of up and down. Svoboda corrected and 
“climbed out” after target attack, and 

fiew into ground, dream-perceiving down was up. 


© TE BERDEN 1057 
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VABMdef 


Typical ABM Defenses 
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Compare to China Airlines 
| Flight 006, 19 Feb. 1985 

off San Francisco, bound 

from Taipei to Los Angeles 
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CTEC PROPRIETARY 
& 1996 Actions by this analyst he 
# In July 1996, with the kill of TWA-800 it became 
apparent that the KGB/Communists were preparing 
a massive strategic energetics attack upon the U.S.© TE BEARDEN 1997 
e Began intensive, nearly round-the-clock effort to uncover 
what was happening, and what had occurred in KGB/Com 
weapons since 199 
« Began preparing full-up set of briefing slides simultaneously 
—\n early 1996, had briefed J6 on scalar EM, per his request 
—Had strongly suggested a follow-on weapons brief 
—Adamant opposition by NRL, NOL, others 
Similar energetics attack scenario in 1986 was 
countered. Soviets at that time did not possess 
operational QP weapons, and so could not successfully 
overcome dead-man fuzing 
—Also could not dud nukes worldwide, because OP required. 
—First lab prototype QP test was in April 1986 
« KGB had solved the dead-man fuzing problem by QP's. 
Deployed circa 1989-1990. Some earlier weapons then leased. 


‘hup://www.cheniere.org/images/weapons/actions1sm,jpg8.11.2003 1:22:00) 


\s/addlinfosm.jpg 


Additional Information Exists; 


Not Analyzed, Not Integrated in Briefing 
= Yakuza arranged involvement of 

— Red Chinese 

= North Koreans 

-A 
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Kill of Arrow DC-8, Gander AFB, Dec. 12, 
1985 


e Slide 1 
e Slide 2 
« Slide 3 
Slide 4 
Slide 5 
Slide 6 
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KILL of ARROW DC-8 
aé Gander AFB, Dec. 12, 1985 


S Soviet missie Weapon stnke pracice 
TWO WEEKS eanierat@ape canadveral 
+ Offset from night shuttle launch 


+ EM missile photographed by Bob Gladwin 
+ Associated marker beacon photographed 
. SF Szisieieliin seared Sole oss fisielislels 
> Halfthought icing, half disagreed intensely 
+ “Due to icing” approved with halfabsent 
+ Separate dissenting finding issued 
es iilestils piedine) Iein/ Contr afkiir 
> Feared terronstibomb, MidEast sponsor, 
> Pressured Board, Gen: Off. bulldozed site 
e Lack of icing on aircraft later validated Specs ©. 
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HILL of ARFOW DO.e 
PR Gander AFS, Des. 12, 1985 


Eyewitness observed beams form in the sky 
Saw streak-down and strike of EM missile 

= Struck right fuselage ahead of the engines 

= Hole was burned |through fuselage there 

= Photo of hole published in AWEST; 

= No explosive residues onihoje Pa 
Consistent with ignition and outgassing of, 
plastics in forward cabin 

Consistent with pre-crash HCN deaths 
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ri TOLL of ARROW DCH 
Gander Ars, Oss. 12, 1985 


Combustion cooling reduced thrust during runup 
Emulated reducing specific thrust by icing 
Struck with EM missile, at liftoff, 

Hole in nght fuselage, ahead of engines 

Not normaliexplosion; no material ingested 


EMimissil@ explosively ignited plastics inforward 
Cabin; outgassed poisonous HCN 


Aaigasles: rlalf ie pusssnyers disd fron GN 
inhalatiohDeraie yp aye apieo| 


Data recorders recorded Vertical Spike ont 


Materials handlers later mysteriously sickenedpwith 
symptoms of longitudinal EM radation induced illne&s 


hup:/Awww,cheniere.or 


s/weapons/Arrowdsm.jpe8. 


hup://www.cheniere.org/images/weapons/Amow7sm.jpg 


J YAU oF ARROW DG 
Gander AFs, Dec. Zz, 7385 


x 


Combustion cooling reduced thrust during runup 
Emulated reducing Specific thrust by icing 
SUMP VUE INES EA Bta Oy 

Hole in right fuselage, ahead of engines 

Not normal explosion; no material ingested 

EM missile explosively ited plastics infomward cabin; 


outgassed poisonous Hi! 

Auitopsies; Half iie passengers died trom HCN, 

inhalation Re g 

before plane crashed, 

Data recorders recorded vertical spike of hit 
Materials handlers later mysteriously sickened, with 
symptoms of scalar-EM radiation induced illness 
Eye witness observed formation and strike of the 

“electromagnetic missile 


i) 
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graphed hy Bob Gladwin 


con photographed by George Smchar 


Due to icing” ae with 


“2 a 
oaSri pte issue 
lig au / Cun 


‘hup://www.cheniere.org/images/Weapons/Arrow8sm,jpg8.11.2003 1:22:18 


‘hutp://www.cheniere.org/images/weapons/Arrow6 | jpg 


Death of the Arrow DC-8 


fas B es 
EM MSL STRIKE 
== (MULTIPLE CYANIDE 
INSTRUMENT INHALATION 
KINOLING SPIKES) 
(SELF-TARGETING) 


ELECTROSTATIC [EXPLOSIVE 
COOLINGOF =| PLASTICS. 

ENGINE IGNITION, FIRE, | ABOUT ONE-HALF 
COMBUSTION  |OUTGASSING | | THE OCCUPANTS DIE 


EM WAVE RADIATION 
GRAVITON CHARGING “HIGHLY CHARGED PULSE 


OF ATOMIC NUCLEI INTO ATOMIC NUCLEL 
+» 
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‘4 Satellite Photos of Plumes 
in Soviet Arctic Since 1974* 


= Two aircraft flew through for analysis 
—Solid material, mostly ice, a little clay 
—Much colder than surrounding air 
— Signature of cold exhaust from exothermic 
scalar interferometry operations a 
—No volcanic material f», 
—No radioactive material an 
= May be 2 to 3 times as many incidents 
— Only examined satellite imagery in winter 
— Only periodic satellite coverage 
—Hypothesized methane venting, cloud seeding 
© mre MCE {As of 1989, when this information was gathered 
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AUM SHINRIKYO 


("SUPREME TRUTH" CULT) 


Shoko —t Leader 


© ws, ye searoe 
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Ashkhabad Problem 
and Its Solution 


= PROBLEM: 
-Stress increasing in two-plate fault zone 
=1,000 shocks yearly NY 
—Kara Kum canal 
-Hydraulic pressure vis 


-1948: Ashkhabad 80% destroyed by quake 
= SOLUTION: 
-Stress-relieve plate stresses from fault 4 


= IMPLEMENTATION: 


—Induce nearby earthquake 
—Deceive by predicting a quake, setting off 
nuclear explosion 


@ 96 TE BEARDEN 
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Strange Characteristics 
of Iran Quake, Sep. 1978 


= Signatures @ wos re eeancen 
—7.4 on Richter scale 


—No aftershocks: 6.0 expected (normal) 


— Strange epicenter 
—Anomalous depth Ce 
= Deception 

-10 MT Soviet nuclear explosion 36 hours 
before the quake 

—Prior disinformation regarding Soviet 
attempted development of focusing shock 
waves from underground nuclear 
explosions, to cause distant earthquakes 
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@) lran Earthquake Xx 
Sept. 1978 


= Killed 25,000 Iranians 
= Soviet city of Ashkhabad saved 
= Soviets "predicted" quake & 


Pr 


in advance; then induced it ae 
= Quake had serious anomalies (signatures) 
= Deception measures were used by Soviets 
~Prediction in advance 
-"Theory" of quake-induction by nuclear explosions 
—Fired underground nuclear explosion as 
“Red Herring” candidate for cause e4 


© 1996 TE BEAROEN 
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Situation Now (Assessment) a 


night ordnance delivery on target, was struck with 
psychoenergetic weapon takeover. Sense of vertical 
was reversed. She perceived herself diving, sharply 
corrected, and dove headlong into the ground. 


® Additional aircraft kills uncovered, including one 
4-engine aircraft whose sralties all failed. This | 


= In May 1997: second A-10 pilot (lady), in pullup from © 


closely repeats the earlier 1985-1987 scenario. 


= Korean Airlines Flight 801 crashed on Guam on 
anniversary of loading of the atomic bomb that was 
dropped on Hiroshima in WW II. The Enola Gay, 
which dropped the bomb, took off from Guam in wee 


morning hours of August 6, 1945. The local opns 
order on Guam was also issued on Aug. 5. oes 
= Presently the Coalition (KGB/Communists/Aum 


Shinrikyo/Yakuza) is waiting for er time to 
launch The final pit ft ig still on ° 
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Situation Now (Assessment 2) & 


= April 97: Mind control test against Captain Button: 
- Demonstrates ability to control crewman in © 
complex operations for more than one hour. 
— KGB requires one hour total QP crew control 
on a site to have crew disable insane QP wpns. 
= Once QP s adyreiits disabled, Minder sober attacks 
ae eaten kills every living thing in QP site area. 


minate: 2 area for months (emits longitudinal 
EM wave radiation, which AGE any life forms 
attempting to enter struck — cake ee nemoeak 


= Mind control tem plus up to 20" i gpen requ Re bs 
we system plus up to ° ore 
controlling joughts, he: hearing, perce cep meee y 


* In Apr. 97, Keg GB building a and deploying weapons 


Aspects of Strong Local Asymmetry 


® Iflocal Srey is strong, conservation 
laws may be appreciably violated 

= Energy 

= Charge 

- Spin 

= Momentum 

= Angular momentum 


« Properties of an object may differ 
appreciably for 
- Different observers 
= Different detecting means 
= One time to another 
= One position to another © TE Bearden 1995, 1980 


e One terrorist, one light aircraft 


with spray tank 

e One kilogram of anthrax > 

e Flies over greater metropolitan 
Washington, D.C. 

e Calm night 

e 1-3 million casualties result* 

e Most of those stricken will die 

e Presently little can be done 


to save the stricken civilians 
e Attacks on Several Populader G 
centers might produce some 


10 million or more casualties 


Oise rasaeeny “Per OTA Report to Congress, 1993 


ups /eapons/AtkMetro2sm.jpg 


e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 

e Some 25 nations have WMD or 
are acquiring them 


— BW agents and weapons 
— Chemical agents and weapons 
— Nuclear materials and weapons $a) 
e Thousands of students and émigrés 
e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 


e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili: 


@ tae Te venoen 


“Per OTA Report to Congress, 1993 
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° No shelters (require overpressui 
BWiiltering, masks, showers, supplies) 
© No stockpiled vacc. medical s 
ins, S, a, euep Mes d 
generators, heaters, water purification units 
Totally insufficient medical facilities, 
personnel, and emergency response teams Fee 7 
® Triage, full martial law will be required 
e State, county, city inadequately staffed 
and insufficiently trained for mass casualties 
¢ Terrorist teams, BW agents, other WMD on site, waiting 
¢ Water supplies, food, crops, farm animals also vulnerable 
e Electric power grid, bridges, trains, railroads vulnerable 
e ent | science cannot sa many o 
casualties, now or in the foreseeable future 


© rm Tk beanoeN 
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* Shoulder fired AD missiles 
* Terrorism 


FUTURE ADDITIONS: 
* Orthodox EM 
+ Energetics EM biological warfare 


+ Scalar EM (energetics) weapons 
+ Scalar EM disease induction 
« Alteration of behavior and emotions 


* Action-ata-distance effects © Wien rai Te eNO 
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Attempt to Ban Energetics 
Weapons Worldwide 


= On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons “more terrible than 
anything the world has known.” 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

. ie e jest noti hi e jans we! 
talking about! 


@ 1361 e cero 
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"We are achieving with detente what our predecessors have 
been unable to achieve with the mailed fist... 
sey lees our power will be so irresistible that we can do what we 
See Iee: Leonid Brezhnev, 
Ina secret 1973 meeting In Prague 
with European Communist leaders. 
“By the early 1980's we and our allies will control the high seas, 


space, and most of the earth's land area.” 
Kosygin, 
to Imelda Marcos, 
July 1978 
In 198: Soviets did Fparret to me to eee, Firs constrained by 


nuclear fuzin; imaril; 
by edna A, raf el ap rmsd Senmralone Ag mist teed mae 4 A 


In April 1986, the first Soviet lab pictotpe‘ot ofa apareen potential 
weapon specifically designed toward ‘utralization of nukes 
worldwide was gingerly tested against our U. $ airstrike on Libya. 

It was weakly te: in the "induced EMI" mode, for deception. 


By 1990 that weapon was deplo: © wwTE EMRE 
atiack k preparation phase was aren a0 scheduled for 1997. 


hup://www.cheniere.org/images/weapons/BrezSchdsm,jpg8.11.2003 1:23:04 


hup://www.cheniere.org/images/weapons/Cglobe |sm.jpg 


hup:/www cheniere.org/images/weapons/Cglobe lsm.jpg8.11.2003 1:23:06 


Jeoldexpsm,jpg8.11.2003 1:23:10 


‘http 


ps 


psm,jpg8.11.2008 1:23:14 


COLD EXPLOSION -- 9 April 1984 Near Kunis 
(Plus additional weapons effects) 


ie iicianrgloses 
miles CIEE TRCen ET OVEs=cu ‘les 
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9 Countering Insane Mad Systems: af 


Find Loophole, Exploit It 


if MADs not eae potential systems, easily countered 
by instant QP strike which destroys targeted MAD weapons 
worldwide with certainty. 

Have to be certain of ype of dead-man fuzing. All dead-man 
fuzing weapons must be included in the assured target list 
for the striking quantum potential weapon. 5 ithe 
Multiple targeted MADS require multiple vacuum engines in 
the striking quantum potentials. 

Uncertainty and risk introduced if not certain of all 

MAD systems and all dead-man fuzing systems. 


Newest generation psychoe: etic LW interferometry weapons 
can instantly take over minds 0} eat persone! on targeted si tes, 
with targeted crews quickly disarming their own MAD weapons 
launch capability as well as the weapons themselves. 


= Mindsnapper then kills all living things and contaminates sites. 
= Next generation QP Psy-En weapons cans disrupt and destroy 


upsioww ch 


minds of an entire targeted national pop’ The nature of 
warfare moves irrevocably to the human mind, where of course 
the fundamental problem arises anyhow. 


‘http://www chenic 


® Localized quantum potential in an area, 
used in psychoenergetics mode 9) 
= Gradually produces mild, continuous hypnotic state 
® Targeted population remains entirely conscious, functional 
= Internal “word thoughts" emerge directly in subconscious 
® Targeted persons all unaware of these “word thoughts" 
= Operates somewhat similar to “post hypnotic suggestion” 
= Gradually changes emotions, psychological outlook 


= Over a period of time, deviates and entrains entire tai 
popuistion'’s outlook. belief structure, temperament As 


= Moves Psywar to inside the human component 
® Human minds are the only battleground bosom wood 
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Simultaneous Dudding of 


Nuclear Weapons Worldwide 


¢ Via quantum potential joining U235 and Plutonium in warheads 

¢ Includes weapons airborne, underwater, in storage 

* These are transmutations of the nuclides themselves 

+ Part of the initial barrage launched by Aum/Yakuza/KGB 

¢ Will occur in the first minutes of the strategic strike, following 
psychoenergetically crew-disabling QP weapons 


Note: Duds both overt and covert nuclear weapons and weapons-grade 


materials -- including “suitcase-delivered" covert weapons on site in Ore 
Russla which othenise provide deadman fuzing © tesewaenses 


Sinunaneaas Duddingor SS. 
Nuclear Weapons Worldwide RS 


« Via quantum potential joining U235 and Plutonium warheads 
+ Includes weapons airborne, underwater, in storage 
« These are not explosions, but are transmutations and 
eresey Hesiotue lols fissioning rates epi a KO eT 
« Part of the in rage Patol ivetuilaltevaceieonehed by Aum/Yakuza/KGB 
¢ Will occur in the first minutes of the strategic strike 1 vesweniow 


Note: Duds both overt and covert nuclear weapons and weapons-grade materials, 
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The Tom Bearden Website 


The Tom Bearden 
a rae nas Help support the research 


Operation Divine Wind II 


Slide 1 


le 2 


Slide 3 


Slide 4 
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YAKUZA & 


AUS US. 
& Me“““BIVINE WIND I] sg. 


*A secret coalition of Yakuza/Aum Shinrikyo and 
Communist forces plan to launch a massive, 
surprise energetics attack on the United States, 
given a low-risk opportunity. 


* Major weapons utilized will be the scalar EM (energetics) 
superweapons (including quantum potential we: ) 
were developed, deployed, and operated by the KGB under 
the former Soviet Empire, and continuing after its dissolution. 


x» Yakuza/Aum crews have extensively trained and test-fired, 
from on-site in Russia. They have ed operational control 
of the first three generation energetics superweapons (which 
work by supe! intial interferometry). 


* The Escalation Phase of interdicting and destroying actual 
US. targets (e.g., TWA-800, two A-10s) Is already underway. PNasseneetes 


* The first blow in the Strike Phase will dud all nuclear weapons da 


and weapons materials worldwide, in minutes; destroy special 
B'S population instantly and kil 8056 of targeted populations: 

LD. ui in ins) an 0 ions 3 
introm10 minutes fo 3 days. gaa gl PoreNnAL 
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YAKUZA & Us. 
AUM SHINRIKYO af 
& DIVINE WIND Il 


x A secret coalition of Yakuza/Aum Shinrikyo 
and KGB/Communist forces plans to launch 
a massive, surprise energetics attack on the 
United States and its allies, given the first 
low-risk opportunity. Pais cutee 


* Attack was thwarted twice in 1997 bya “is 
small nation countering with QP weapons. 


* KGB psychoenergetics counter for the last 
QP weapon counter was tested in April 1997. 


* Ready time for a new scheduled attack is 
latter quarter 1999 through first half of 2000. 
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Ao NE WIND Il seit 


*A secret coalition of Yakuza/Aum and 
KGB/Communist forces will launch a 
massive, surprise, strategic attack on the 
United States in 1997. 

* Major weapons utilized will be the scalar EM (energetics) 
superweapons that were Seveloped, deployed and 


operated by the KGB under the former Soviet Empire, 
and continuing after its dissolution. KGB/COMMUNISTS 


* Yakuza/Aum crews have extensively trained and 
test-fired, from on-site in Russia. They have leased 
operational control of the energetics superweapons. 


* Escalation Phase of interdicting and destroying actual 
U.S. targets (e.g., TWA-800) is already underway. MINDSNAPPER 


* The first blow in the Strike Phase will dud all nuclear ez 
er 


weapons and weapons materials worldwide, in minutes; © 
destroy special ship and energetics weapon sites 
instantly, and kill 80% of targeted populations in 3 days. 


QUANTUM 
POTENTIAL 


hup/wwwche 11.2003 1:23:48 


‘hetp:// www. 


OPERATION DIVINE WIND II 
Three Phases and Support 
Operational Phases 


e Phase |: On-Site Training Phase (Completed) 
e Phase Il: Escalation Phase (In Progress) 


e Phase Ill. 1997 Strategic Strike on the U.S. 
First strike (QP) in Phase IIl duds ail nuclear weapons 
and nuclear powerplants worldwide, in minutes 

-  Psychoenergetic strike (QP) disables people instantly 

-  Mindsnapper attack of special assets for 100% success 

- QP initiation of fast-acting, lethal diseases kills 80% 

of targeted populations in three days or less 


Support Plans 


Plan A: Feints, Deception, Sabotage, and 
Terrorism 

Plan B: Testing and Test Range 

Plan C: Worldwide Weather Engineering 

Plan D: Strategic and Combat Intelligence 


© wre, weer neweoen 
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& Advanced EMBW Applications 


e Covert EMBW: Examples 
- Activate materials and their potentials with ST disease engines. 
Potentials superpose and their infolded ST dynamics diffuse 
- pe water's structuring (H-bonding) potential with disease 
- Bias electrical power grid ground fields by weak diseases 
—- Employ disease-structured quantum potential in distant area 


Overt death ray (mind snapper) 
- Powerful scalar EM pulse in target area “jerks” rate of flow of time 
- The “time snap” sharply separates mind from body and each cell 
e EMBW CM: 
- lIrradiate bodies with longitudinal EM waves; self-converts to 
t-pumping and produces exact amplified ST antiengine 
- Antiengine arises out of local ST, affects all parts of all cells 
= Cells are t-charged with antiengine structure 
- Continuing action restores regenerative and immune systems and 
reverses cellular damage © TE BEARCEN 1925, 1999 
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& EM Biological Warfare (EMBW) 


= KGB/Communists have developed highly effective 
— Electromagnetic biological warfare (EMBW) 
- Counters to orthodox biological warfare OTE BEAROEN 1999 
— Mass death ray weapons 
* Small version of “mindsnapper" tested in Afghanistan 
« Killed occupants in two villages, in separate strikes 
« Unusual aspects (so-called "smerch" gas) 
= Russia/KGB is the only group with a complete counter to 
biological warfare, either covert or overt, and to EMBW 
= EMBW (covert and overt) is a preferred option for KGB 
=- MAD Doctrine is completely destabilized for a sufficiently covert 
Russian EMBW strike 
= Situation has existed for at least two decades 
— Can alter germs, bacteria, viruses of specific kind, in a specific 
target area, to produce antibiotic-resistant strains 
— Can induce any kind of cellular disease or damage at a distance 
= U.S. national characteristic: no reaction to slowly increasing threat 
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Microwave Radiation 
of U.S. Embassy in Moscow 


BACKGROUND 


* Began in latter 1950s 
* Discovered on VP Nixon's trip 
¢ Initially thought to be nuciear radiation 
(Discovered wiGeiger counter?) 
« High level target - U.S. Ambassador 
* Guarantees personal attention of: 
= U.S. Ambassador to USSR 
= U.S. President 
™ NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
™ Leading U.S. scientific institutions 
* Two U.S. Ambassadors died, another sickened 
* Anomalous health changes iibereonnel only 
in zero-field (zero pot'l gradient) areas! 
« Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
™ Then again increased 
* No one could understand what was going on 
* Aluminum screens were placed over windows 
* Moscow was declared a hazardous duty zone 


© 10s, 0 7 seOEN 


Former U.S. Embassy in Moscow. 
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Pentagon EMI Studies, 1989 


Washington Post, 22 Jan 1989, p. A4 
= Analysts of severe EMI effects in strike on Libya, 1986 
—performed major 3-year, 66-man study 
—-Blamed effects on U.S. forces‘ own signals 
-Did not know of any other "signals" present 
-Knew nothing of quantum potential weaponry, energetics weaponry 
7-month preliminary study 
— Severe EMI Problem exists 
-EMI shielding often waived in our weapon systems 
-Thousands of conflicts possible 
Also studied UH60 Blackhawk helicopter problems (which were 
due to its lack of good EMI shielding, and not quantum potentials) 
—uncommanded turns 
Five EMI crashes 1982-1989 
-$175 M program to shield it 
So found that U.S. transmission combinations can 
Affect aircraft flight control 
-Tum off fuel supply 
—Cause uncommanded dive/tum 


-Bring down U.S. warplanes 


= Actually, Libyan EMI was induced by Soviet quantum potential tests 
which can do all those things and much more © 1996 TE BEARDEN 
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The Tom Bearden Website 


The Tom Bearden 
Website 


EM Missile Practice 


EM Missile Practice 
Latter Sept. - Early Nov. 1996 
Melbourne, Australia 


Deception: Using EM Missile to Reinforce 


Notion of SAM Attack 
Saturday evening, Nov. 16, 1996 


Intelligence Probe: Insuring U.S. Still 


Unaware of Energetics Weaponry 
Thursday, December 12th, 1996 


EM Missile Strike, Offset from Night 
Shuttle Launch, Cape Canaveral, Florida 
The Smoking Gun in November 1985 


Distant Operator Onsite in Russia Slew 
Away Registration Point 

Marker Beacon over Night Shuttle Launch, 
26 November, 1985 


EM Missile Practice and Deception 
November 17, 1996 
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Help support the research 
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EM Missile Practice 


Latter Sept.-Early Nov. 1996 


(Multiple Nights, Multiple Streaks Each) 
(Many Witnesses) 


= 
~ 500 meters (one case) 


Melbourne, Australia 
Australian Associated Press 
Nov. 2, 1996 
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Deception: Using EM Missile to 
Reinforce Notion of SAM Attack 


Saturday Evening 
Nov. 16, 1996 


ae 


Note: Meteor shower was forecast, which 
provided perfect decoy to FBI investigators, 
to steer them off the true scent. 


Pakistan International Airlines 
Flight 712, just after takeoff 
from John F. Kennedy Airport, 
on path similar to that taken by 
TWA Flight 800, July 17, 1996 
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Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 


Thursday 


Dec. 12, 1996 
Pilot sighted what he called 


a"“green flare”. 
No danger, no evasive action. 


Saudi Arabian Airlines 747 

en route from Riyadh, Saudi Arabia ‘a ae 
FBI: "Py ” 

to John F. Kennedy Airport. NDS LneneOr Es. 

At 12,000 ft., not far from where 

TWA Flight 800 was killed on July 17, 1996 fo} 


p03 1:24:17 
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from Night Shuttle Launch 


Cape Canaveral, Florida 


MARKER BEA\ 


EM MISSILE STRIKE 
26 NOV 1985, 


(LIGHT DEVELOPMENT) 
OFFSET FROM NIGHT SHUTTLE LAUNCH 


(OARK DEVELOPMENT) 


OFFSET FROM NIGHT SHUTTLE LAUNCH 


The Smoking Gun in Nov. 1985 
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g Distant Operator, Onsitein Russia 
| Slews Away Registration Pont 


MARKER wha 


28\Nov 1985 
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EM 


EM MISSILE PRACTICE 
AND DECEPTION 


Nov. 17, 1996 at 2220 hrs. 


.—_— 


— ————— Speed Bird 226 
—— 


Lufthansa 405 


Note: Amonth Vicinity of Long Island, New York 


of Kill of TWA-200. Not far from where TWA-800 was killed 


“Inside gloating” 
a » gloating | PY Two aircraft sighted object 


Subdivisions of 
Soviet Energetics 


Bioenergetics | Psychoenergetics 


Do were cence 


pio 
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ae Communism's Goal R 


= "War to the hilt between communism and capitalism 
is inevitable. Today, of course, we are not strong 
enough to attack... To win we shall need the element 
of surprise. The bourgeoisie will have to be put to 
sleep. So we shall begin by launching the most 
spectacular peace movements on record. There will 
be electrifying overtures and unheard-of 
concessions. The capitalist countries, stupid and 
decadent, will rejoice to cooperate in their own 
destruction. They will leap at another chance to be 
friends. As soon as their guard is down, we shall 
smash them with our clenched fist." 


Cerin School of Potkical Warfare, Moscow 
(circa 1934) 


@ 1996 TE BeARCEN 
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Manuils 


Manuilsky, 1934 
= War is inevitable. 


vs. Status Toda 


ky's Goal 


Situation, Dec. 1996 
= Has not changed. 


= Not strong enough 
to attack now. 


= Strong enough now; preparations 
completed. Need right opportunity. 


= Need surprise. = Have achieved total surprise. 

_= Must put us to sleep, _____| =Wearesound asleep, 
= Need most spectacular = Done. We think the Russian threat 
= Electrifying overtures, = Done, and still occurring every day. 


unheard-of concessions. 


It has worked beautifully. 


= Capitalists will cooperate. 


= We are cooperating in spades! 


They will leap to be friends. 


= We've leaped, and are leaping. 


= They will let down their guard. 
. 


= No ABM, junked lots of nukes, 
shrunk our forces to the bone. 


= We'll strike them then. 


@© 199,197 TE. BEARDEN 


= They would have struck (twice) in 
1997, but for deterence by another 
nation (not U.S.) having QP weapons 

= They are still looking for a risk-free 


opening to strike 
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Professor Hellman, German Scientist 
Released from Work in Soviet Union 


= Worked in Soviet Union after WWII 

= Eventually escaped to Germany, then 
to Brazil thandeome offer) @ weet e BEHROEN 

= Took part in highly unusual Soviet energetics 
development and experiments 

u Large areas of the sea could be and were 
suddenly frozen 

= No particular attention was paid to this 
information by highly qualified scientists 

= /n intelligence terms, this is A-1 information of 
the highest caliber 

= Bohm also was invited to Brazil, which 
started an energetics weapon program. 
Brazil developed such weapons including weak 
quantum potential weapons (0.95 confidence) 
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Hemispheres of Light 


e March 20th, 1969 
Caribbean and Western North Atlantic 


e Hemisphere and Globes, 1977 
24 March, 1977 


Virgin Islands Incident 
August 1969 


Typical Shield Test, Northern Route to Japan 
June, 1982 
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xpanding Hemisphere of Light 


Mar. 20, 1969 
Caribbean and Western 
North Atlantic 


€ 


Semicircle 

Milky white light 
Small, intense at first 
Dimmed as enlarged 


Grew to enormous size 
Lasted 10 minutes, then 
faded 


hurp:/Awww.cbe /eapons/Hemisp1sm.jpg8.11.2003 1:24:47 


‘pe 


Hemisphere and Globes ae 
Leone Bahttes o* 


969 Virgin Islands Incident 


8:15 P.M. 


Aug Smooth, curved 
Seen by many residents esas 


Faintly luminescent 
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iypical| SHieig| Test, Northern Route to Ja 


418-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 
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How Could Such Superweapons 
Ever Be Concealed? 


Arthur C. Clarke's law states: 
"Any sufficiently advanced technology is 
indistinguishable from magic." 
To U.S. scientists, "magic" means "impossible" 
Longitudinal EM waves and LW interferometers 
have been regarded as fantasy and impossible 
To deceive foe on rather open use of unknown 
technology without discovery: 
"Disguise its Uses as Understandable 
accidents, human error, acts of nature 
other known technology, etc.” 


Soviets Easily Concealed These 


Superweapons for Four Decades 
Intensive Soviet deception plan utilized 
— Embedded in other weapon system tests 
— Made to resemble natural acts, accidents, etc 
— Open science releases coordinated to show 


Russian scientists worked on "normal" science 
West thought Russian scientists inferior 


U.S. scientific community was and is dogmatic, 
and fiercely suppresses real scientific innovation 


Terribly flawed electrodynamics not TOUMESE!Y 
shaken and changed in West c 


West had no basis for understanding energetics 
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Pracise spacetime curvature engine adds energy to2Het a.particles inside atomic nuclei, causing tunneling a-decay 


POWER POWER 
UNT t UNIT iG 


REFLECTED 
BEAM 
RECEIVER 


Plan 
View 
ib nas energy to 

© pasiden causing 
semision and 
Seay 


Figure 26. Microscope-type, laser-like interferometer for inducing quick a-decay 
in samples of otherwise longer-lived isotopes. OE EEN 8 
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Longitudinal EM Wave Interferometry: 
Endothermic mola 


Meeting of timed pulses F; ire FERENCE 
causes explosive cooling ? 


‘Ambient vacuum potential "4 
in distant interference zone 


Bias as oo Heat extracted : 
-* 
XMTR/RCVR.-""" XMTRIRCVR | 
“ 


o, ~L... &® Pecan meer 
a 


Electrical ground potential 
of transmitter 
© Te. pEARDEN 196, 
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Longitudinal EM Wave Interferometry: 
Exothermic 


Energy input to Energy input to 
transmitter/receiver _ transmitter/receiver 


%, oy -— 


eer 


reshweapons/I 


ground potential 
of transmitter 


XMTR/RCVR 


‘ Heating in 
\ interference zone, 


Ambient vacuum potential 
in distant interference zone 


| Meeting of timed pulses 


causes explosive heating @ixawase 


piv 
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U.S. Air Attack on Libya 
April 1986 


« Slide 1 
« Slide 2 


e "Washington Post" Article 
January 22, 1989 
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U.S. Airstrike on Libya 
April 1986* 


MANY HIGH-POWERED. 

= COMMUNICATIONS 

= JAMW S 

— RADARS 

+ SEVERE, UNEXPECTED "EMI" ENCOUNTERED. 
= ONE F-111 DOWNED 
— NUMEROUS WEAPONS WENT ASTRAY 


EM energy arises from every — THREE FOREIGN EMBASSIES DAMAGED 
peintinapacetie inside : ky 


— SEVEN AIRCRAFT FORCED TO ABORT 
* COMMANDERS: "US OR THEM?" 


“Washington Post, 22 Jan. 1989, p. Ad 


18.11.2008 1:25:19 
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U.S. Air Attack on Libya in April 1986 


* Established QP with the electronics in our aircraft and missile 
¢ Subtly jammedthem with spurious EMI noise and signals 


— 
a wi4~ avis 
~= 
¢\~ 
2, ~ 
—t ~ 
¥ ¢ 
Longitudinal ok gent! 
Intert a Yan interferometry 
ii 
Lea — eo Geta 
mirror 
MATT Distant scalar 
© ve vemven 1997 1 Interferometer 
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Lightning Wall £¢% 


e Aircraft on course of 270 degrees 

e Approached "solid wall of lightning” in 
an otherwise cloudless sky 
— From very high altitude to near the water 
— Extended north-south as far as one could see 

e Radar scope clear 

e Rigged aircraft for heavy weather 

e Plunged directly through wall 

e Wall was very thin circa 1959-1960 


Interview with Patrol plane commander 


© 15 wearoensne U.S. Navy P5 aircraft 
Over Atlantic, 200 miles east of Norfolk 
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THEORY DEVELOPED AND FITTED 
HYSTERESIS MEMORY LOOP 
CONTROLLED EM INDUCTION 

* IMAGES 

* SENSATIONS 

* PREDETERMINED EMERGENCE 
23 EEG BANDS 

+ UP TO84 x 107 Hz 

* 41 INDEPENDENT CHANNELS 


* *# # 


'S.K. Lisitsyn, “New Approach w the Analysis of Ele trameqphalagrams,” 
DOC Report ADTORS, p, 1625. 


eee © woes yan re eevee, 
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Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e 1958 nuclear explosion near Urals 
— Contaminated 1200 square kilometers 
— Signature of large LW! accident 


— Buried atomic wastes suddenly exploded 
— Region contaminated to this day 

e Soviets were well along with advanced cot 
prototypes and testing " 


= In Jan. 1960 Khrushchev announced these 
forthcoming ‘fantastic’ weapons 


= 1958 difficulties would have been resolved by 1960 
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Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e Expected cause of 1958 accident 
— Huge LW energy beams built up 
ort-out in transmitter 
ergy flashed over into earth and spread 
Struck and fissioned stored nuclear wastes 
e Developed new safety circuits can 
— For transmitter short-out, instantly vates to hold 
LW beam gy and er 
nt happened in t 


private US. group bl that transmitter 
to prevent catastrophic ake in Galiformia 


hupy/www.e 
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© T.E Bearden 1994, 1999 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


77.0 
Interference Zone 
(Potential gradients) 
Normal EM Energy: 
May be positive, or 
negative, or fixed 


Hidden 
Bidirectional 
EM energy flow 


Bidirectional 
EM energy flow 


Whittaker/Ziolkowski 
Transmitter Arrays 
(8 to 20 harmonic wavepairs each ) 


Figure 5. Scalar potential interferometry (between the two sets of bidirectional 


pel cher 


longitudinal EM wavepair functions) produces all EM force fields and waves. 
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“AYR Two Types of Mutual Assured 
. Destruction (MAD) Systems 


= Sane system: _ ee ee 


= Turned off or on standby 

= Wait until attacked or attack is imminent 

= Humans consider situation, make strike decision 
Command order issued to weapons officers 
Human finger initiates launch sequence 


Usually requires code entry, etc. for assured launch control 


= Insane system: 
~ corpses r Lettered nes every 2 Leal initiates launch 
- sequence, isa , 2 min.) where 
opera tan enter stop se period (say. mn) i. 
- wore stop not entered, weapons coengterh launch 
— if correct entered, co! T resets, er 
another ohne, Sutomaticalty reinitiate jates the launch sequence 


@ 104 190 TE sconces 
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ychoenergetics Weapons Teams 
<@ i tii Disable All Personnel 
(COUNTERS ALL SANE MAD SYSTEMS) 
(NULLIFIES HUMAN COMPONENT OF ALL WEAPON SYSTEMS) 


ELECTRICAL 
THOUGHT-WO! 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


+ Site Sia pecmone F instanth 


Controlled. 

+ Distant weapon controller 
teams coord crew actions 

* Standdown insane weapons to 
maintenance standby. 

« Mindsnapper then strikes, 
kills all personnel, and 
nullifies site for months. 


Indicators: Two A-10 incidents 1997, LIDA device since 1950s. © ww re veo 
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Strikes Against Special Ship Ss 


and Energetics Weapon Sites 


e Via powerful scalar EM pulses in each targeted area, so sharp timejerks occur 
= Mind and its operations exist in time but not in 3-space 
= Coupling interaction of mind operations to body occurs through flow of time 
= Flow or change of flow of time must be smooth, for coupling of mind to body 
° Sharp jerk in time flow snaps mind's coupling to body, instantly separates mind 
© Instant death for every virus, bacterium, cell, insect, mammal, living creature 
 Contaminates struck sites for months, perhaps a year 


Note: id TS, this Is the part of the " piso arrage” 
vat attacks the enemy's response ci lity (1. 1 iis “artillery” @ te eeanD en 96 
ana his “airpower") and suppresses it The use of the 
“mindsnapper™ weapons provides 100% assurance Saf success, 


ntp:fiwww.chenier 


“"MINDSNAPPER" ATTACK ON SPECIAL 
SHIPS & ENERGETICS WEAPONS SITES 
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“We have a new, fantastic weapon ... so powerful that, if 
unrestrainedly used, it could wipe out all life on earth.” 


Khrushche' Je» 
2 speaking toPresigium, & 
Wi 


Ca 
SS Yf 


* Minds snapped loose from 
BURSTS i bodies (every living thing) 
a4 © Struck areas completely 
- sterilized of all life 
\ . Pifseaniied) slow decay: 
ime-charge makes 

TARGETED Contamination persistent 
AREAS © Tested twice in Afghanistan 


The Tom Bearden Website 


The Tom Bearden 
sae epee es Help support the research 


How Much Off Guard Are We? 


Slide 1 


Slide 2 


Slide 3 


Slide 4 


Slide 5 


Slide 6 


Slide 7 
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How Mueh Off Guard Are We? 


« Legitimate U.S. forces have no energetics weapons or 
defenses against them 
No DoD general, military officer, or enlisted person 
reporting to the government of the United States has any: 
= Training in energetics or energetics weapons 
—- Experience in energetics or energetics weapons 
development and usage 
- Training in strategy, tactics, deployment, and 
employment of energetics weapons 
- Knowledge of energetics weapons effects and 
capabilities 
- Knowledge of the energetics weapons, tactics, 
deployment, and employment by the KGB/Russians 
Civilian and military, scientific and intelligence, and news 
media personnel do not recognize energetics weapons 
effects happening right over their own heads «<=: 
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How Mu A ? 


® Kill of U.S.S. Thresher in 1963 not recognized. Left signatures. 

= 23 years of KGB weather engineering, particularly over U.S. and 
North America, ignored and not recognized. 

= Decades of irradiation of U.S. Embassy, fatally injuring three U.S. 
Ambassadors, health changes in personnel shrugged off ineptly. 

= Massive building of underground sites, all through former 
Soviet Union, lamely speculated as perhaps "ABM" system or?. 

= 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, personnel ignored 
as "accidents" by legitimate U.S. communities. 

= Quantum potential strike on soldiers in Gulf war ignored. 

= Quantum potential deterioration of U.S. populace's immune systems 
ignored. 

= Exchange of earthquakes and massive remtiatoy, destruction of 
Soviet missile ammunition storage sites, 1986-1989, ignored. 

= U.S. scientific and military communities adamantly refuse to rework 
electromagnetics, though known to be seriously flawed. 

= Refuse to Stoney/Whittaker work to engineer hidden variables, 
even th present quantum mechanics also known to be wrong 
because it does not contain such "hidden order.” Orme resomer 

= Refuse to develop, structure, and apply Bohm's quantum potential, 
for instantaneous action at a distance. Russians developed it. 


hup:/www.cheniere.org/images/weapons/offgard3sm,jpg8.11.2003 1:26:06 


hutp/www. 


yons/offgard4sm.jpg 


How Much 
Off Guard Are We? 


@ Kill of U.S.S. Thresher in 1963 
— Not recognized. 
— Left signatures. 
® 23 years of KGB weather engineering 
= Particularly over U.S. and North America 
= ignored and not recognized. 
®@ Decades of microwave irradiation of U.S. Embassy 
— Fatally injured three U.S. Ambassadors 
— Induced health changes in personnel 
— Shrugged off ineptly. ne 
@ Massive building of underground sites 
= All through former Soviet Union 
= Lamely speculated as perhaps "ABM" system or?. 


uphwww. 


yons/offgard4sm,jpg8. 11.2003 1:26:08 


‘hutp://www.cheniere.org/images/weapons/offgardSsm. jpg 


How Much 
Off Guard Are We? 


@ 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, 
personnel ignored as “accidents” by legitimate 
U.S. communities. 

® Quantum potential strike on soldiers in Gulf war 
not recognized, ignored. 

@ Quantum potential deterioration of U.S. 
populace's immune systems ignored. 


@ Exchange of earthquakes and massive retaliatory 
destruction of Soviet missile ammunition storage 


sites, 1986-1929, ignored. 
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How Much 
Off Guard Are We? 


© U.S. scientific and military communities adamantly 
refuse to rework electromagnetics, though known to 
be seriously flawed. 

® Refuse to Stoney/Whittaker work to ineer 
hidden peed even though present Guana 
mechanics also known to be wrong because it does 
not contain such “hidden order.” 

® Refuse to develop, internally structure, and apply 
Bohm's quanturn tial, which gives 
instantaneous action at a distance and great energy 
amplification. 

® Russians de intuinn intial weapons, 
which obsolete all ah apealg Om renner 
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“Retired Gen, Wayne Downing concluded that U.S. forces 
are so far superior to potential foes that opponents have 
turned to terrorism as the only way of challenging them." 
The Times also provided the information that 

Defense Secretary William Perry agreed with 

Gen. Downing's conclusion. 
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JUST HOW MUCH OFF GUARD ARE WE?* 


‘indigenous missiles" for at least 15 years. 
« Clinton has claimed a program for ABM defense is too 
expensive, would violate ABM Treaty with former USSR. 
« Soviets developed an ABM system in violation of the treaty. 
ein June 96 Russia test-launched an SS-19, their 26th ICBM 
test in 5 years, 
« "Russia still retains and is modernizing a vast nuclear 
arsenal... still the only nation of earth that could destro) 
ica in a matter of minutes. Indeed, given the we: 
=of the Russian Army, Russia's Sipe! iceer ambitions rest 
‘more than ever on its nuclear capab! 
* "For the first time e Be dawn of nee nuclear age, there 
not a single Russian missile pointed at America's children. 
Comment: Punch a computer button and the missiles are 
pointed! The armed missiles are still there, ready and ' waiting. 
Bulleted info courtesy Washington Inquirer, June 24, 1996. + trouse Nat'l Security Chrmn, Floyd Spence. 
@om reromce * Bill Clinton, State of the Union Message. 
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iq Possible Targets: 1995-9 _. 
Se Esealation Phase => 


(Based on 198687 text program) 
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b Distribution Systems 
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Subs Kecere & Communications 
Microwave Nets Orv re ranaes and Computer Nets 
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Propagation of Weapon Effects 


= All conventional weapons use propagation 
through 3-space of matter or energy or both 
- Matter (bombs, missiles, projectiles, etc.) 
- Energy (EM force fields, sonic force fields, etc.) 
- Basically one-to-one, or one "bus" to many-on-many 
- Finite propagation velocity v: where 0<v <c 
- Time delay: Shielding and pre-strike retaliation possible 
= Structured quantum potential propagates 
vacuum ordering (vacuum engines), instantly 
- Zero time delay (through multiply-connected spacetime) 
- No propagation "through space", no "velocity" as such 
- Easily one-to-many, without limit 
- Dramatic energy amplifier (gates, amplifies flux ordering) 
- Effects arise in local spacetime; no shielding possible 
- No range limit, since striking distance always zero 


= QP weapons obsolete ali other weapons 
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Yugoslav Earthquake, 
Followed by Cold Explosio 


Magnitude 7.2 on Richter scale 

Epicenter 33 km. deep 

More than 100 aftershocks 

At Kamenari: 

» Adriatic sea mushroomed up 

» Like atomic bomb explosion 

> Signature of a cold explosion 

» Similar to Apr. 1984 test off coast of 
Japan, near Kurils (see inset graphics) 

Note that April is a significant test 

month for the Communists (preparing 

official reports for May Day?) 
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COUNTERING AN INSANE QP WEAPON: 


Quantum Potential Psychoenergetics 
<@ Strike Mentally Controls All Personnel 
CONTROLLED PERSONNEL DISABLE INSANE QP SYSTEM 
(FOLLOWED BY PERSONNEL KILL OF ENTIRE CADRE BY MINDSNAPPER) 


Be og 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


ANALOGOUS TO HYPNOTIST. 
PERSONNEL FUNCTION IN AN 
ALTERED, COMPLETELY 
CONTROLLED PERCEIVED REALITY. 


Indicators: Captain Button’s lengthy A-10 incident in 1997, LIDA device since 1950s. 
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Gulf War Disease: KGB QP Weapon Induced 
ST Curvature Engines for a Cocktail of Diseases 


LS avy © 1999 T. E BEARDEN 
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Distant Scalar Potential 
Interferometer with 
iterative self-targeting 
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Self-Targeting in Inner EM 
Channel! Can Produce a 
~" Quantum Potential 


Once QP Is established, anata enmeon. 
is direct and instantaneous. Energy input to one 
‘single participant will simultaneously appear in all 
other its, the their 


‘ipants, the amount depending on 
fractions of participation with the input station. 


x 
@sssesQ ™ We 


POTENTIALS INTO LASER LIKE 
BEAMS, BETWEEN TWO PUMPED REL PIAS OF. IER ACTING ON 
SOURCES. NOW ONLY PUMPED SOURCES 

THE LINKED OBIECTS: ONNEST im wr. are mncen 
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es — 5 Sss@ TIME N N's are nodes participating 
No inthe quantum potential. 

@ Iterative retroreflection between any pair of b. The quantum potential exists as narrow, laser-ike 
nodes narrows the interconnecting j potentiate beams between participating nodes, even when 
to a laser-ike, bidirectional beam. Iterative the nodes are Widely separated The beam space 

mse conjugate reflection provides self- ie mnaiply-connected; transmission ts instan- 
ing. neous. 


© 1989, 1005 TE BEARDEN 


Consider the hidden Ston eyiWhittaker bidirectional EM waves that comprise the 
potential from each source node, If these nodes have sufficient intersymmetry of 
dynamic material form, then self-targeting occurs between the two nodes of any 
nodal pair. By iterative phase conjugate reflection, the scattering is narrowed 
into interconnecting wavepairs, in laserike beams, between each two nodes, 
‘Thus the interconnecting potentials narrow into laser-like, bidirectional beams. 
The Coulomb gauge may apply, and a quantum potential may be formed. 


Figure 30. Mechanism for generating a quantum potential, by iterative 
self-targeting induced into a system of multiple scattering nodes. 
Once a QP is established, spatial separation has little or no effect. 
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ee Major Principles for Use of 
Ge Quantum Potential Weapons 


= Must disable dead-man fuzing prior to massive 
use of scalar interferometry weapons. 

= Must assure immediate, complete nullification 
of unique enemy assets (quantum potential 
assets, special ships, and energetics weapons). 

= Personnel can be destroyed instantly with 
mindsnapping; area is sterilized of life, and 
effect persists, gradually dying away. 

= Personnel can be disabled instantly with various 
psychoenergetic weapons; area not sterilized. 

= Personnel can be destroyed in short order by 
using EM BW weapons; area not sterilized. 

= lf foe has energetics weapons, then it is a 

luick-draw “gunslinger” contest unless insane 
D systems deployed. 

= Complete surprise is of decisive importance. 

= Tailor effect used to specific target, objective. 

= Note: Must use "insane" MAD systems to deter. 


psi. 
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= Quantum Potential Weapons: 
oral Major Principles (Continued) 


= Three major classes of use exist: » edocs 
= of bulk k energy only (as in bulk heating or cooling) without 


icturing 
ites of internal ce alah of the bulk energy, so that vacuum engines 
appear in target 
—Use of more deeply nested engines allows direct intervention in mind, 


long term memory, perception, thoughts, emotions, personality 


= Use of vacuum engines allows engineering at a distance of: 
- Atomic nuclei including structures, reactions, and transmutations 


- Bulk matter including translations, lattice bonding, chemistry, chemical 
ions, electromagnetic interactions 


~ Deep biological control systems such as 
> Beckers cellular saath (recovery) system 


> Popp’s cellular control system 


eapons/QPotl4smn.jpg 


—Cells including: 
“> Structuring, differentiation and dedifferentiation 
» Genetic changes, chemical changes 
» Induction of disease states without normal disease vectors 
~-Mind/matter Prtertece, Inchailn long-term memory, perception, 
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Instantaneous Communication by a 
Quantum Potential 


is used In an © sot, soos 7 neswceN Selected cipatt @by Lotus SmartPics™ 
extended sense. 
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e Separated points are superposed in MCST 

« Connection is instant and bidirectional 

¢ Propagation through ST does not apply 

« Energy or vacuum engine input to one station 
instantly appears at each and every other station, 
undiminished in magnitude 


. ay sail may Insert energy 
engines 
* Phase conjugation insertion 
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Quake in Tangshan, China 
2B duly, 197s 


e 7.8 on Richter scale 

e Hundreds of thousands killed 

e Accompanied by extensive light, 
electrical effects 
= Starting $ to 5 days before 


= Communications interference 
within 250 krn 


= Sky lighting observed he as 
e [Personal comments] 
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Counting Rifles: Put up or shut up! 
(Exchanging Earthquakes) 


Opening bet 


- Quebec 25 Nov 88 

- Pasadena 3 Dec 88 
Raise you 

- Armenia 7 Dec 88 


Call - what do you have? 
- Malibu 18 Jan 89 
Four aces 
- Soviet Central Asia 23 Jan 89 
- Bakersfield et al various 


OTe ncancen 100 
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Instant Communication 
by a Quantum Potential 
Poncesanpeet aon sige) ny Air 


ode of that power also LP. 
appear simultaneously at each other 


S— as 
Samat) J Sele 
b A 


ar Slee 


as 
N's are nodes 
© yo, mas Te BeaROEN Np Participating in the QP 
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Westemers Do Not React to Slow Threats 


BOA CONSTRICTOR LIGHTNING STRIKE 


Westerners tend not to react to slowly increasing things, 
but react to rapidly increasing things. 
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CHARACTERIZING A GIVEN RISK OR RISK FACTOR 


Probability of 
Materializing 
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Very Likely 
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TECHNICAL RISK MANAGEMENT 


SUPPORT RESEARCHIS TECHNICAL RISK REDUCTION 
AND MANDATORY FOR ANY EMERGING TECHNOLOGY 


MODERATE 


SUPPORTING i pes 


PHENOMENOLOGY §=————————- 
EXPERIMENTS AND MATH MODELING 
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Aum Shinrikyo's 
Sarin Facilit 


The interior of Satian No. 7, a suspected sarin production plant 


STEPS 4&5," 
Ps 


Reference: Senate Subcommittee Hearings 


In Scalar Beam Interference Zone 
eee ———e 
e De-phasing of wave/antiwave pairs occurs 
* Zero-summation destroyed 
® Ordinary EM reappears [Whittaker 1904] 


® Ordinary energy appears or disappears 
(i.e., may produce heating or cooling) 


e Energy bottle effect 
e Can add or extractEM energy 
e Can produce specific ST curvature engines 


© T.E BEARDEN 1999. 


wo Physicist Schappeller A 
Auralaz Munster, Austria: 
—British Intelligence interview, about 1948 
—Used Kaluza-Klein theory 
-Worked with Russians 
= Schappeller claimed he could: 
—Cause "implosions" rather than explosions 
—Use gravitational and electromagnetic 
energy 
—Cause large areas of the ocean to freeze 
—Tap earth-ionospheric field 
— Produce enormous energy 
= This is precisely what Hellman worked 
on in the USSR, after WWI! 6 crews 
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Initial Soviet Plan for 
Cold War, After WW II 


= Develop and deploy SAM bomber defense 
= Catch up in atomic weapons 
= Master and apply rocketry : 
= Wed atomic warheads to rockets 
= Initiate "Cold" War 
-Bleed the dragon 
— Guerrilla wars 
—Terrorism 
—Insurgencies 
= Find, develop, and weaponize © 
next ‘great technical breakthroug: h 
area as highest national priority 
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Josef Stalin: Absolute Dictator 


* Secret police and spies everywhere 

* Purged his own officer corps 

* Always deeply suspicious 

* Regularly purged his enemies or those 
perceived to be shaky or untrustworthy 

* Absolute power, justice had nothing to 
do with it 

* Opponents often just disappeared 
in the night, never to be seen again 

* Secret police often tortured, killed them 

* Others sent to slave labor camps to die 
by severe work, starvation, and beatings 
of downright massacre 

* Had experienced unusual abilities of 
Wolf Messing, so knew that some 
persons could do unusual things 

* Forced Soviet weapon physics into this 
psychoenergetics realm also 


(© TE BEARCEN 1997 ie 
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Assembled Academy 


"The destiny of communism has been frustrated by the U.S. development of the 
atomic boi That is not the last t technical breakthrough. The next one 
be Soviet! You will provide me with that it new technical through at al 
speed, or | will have your heads. Do! fe myself clear, comrades?” 
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ee Significant 
Soviet Statements 


="'In the final revolution, it does not matter if three-quarters 
of the earth is destroyed, so long as the other quarter 
emerges communist." [Lenin] 


= "If a means of total neutralization of foreign missiles is to 
be found, it can only come from a group of new principles 
in physics, called energetics.” [Nobelian Petr Kapitsa, to Nikita 
Khrushchev, in answer to Khrushchev's demand for a 100% method of 
defense against long range missile attack.] 


= "We will bury you." [Khrushchev, to Nixon, Kitchen Debate) 


= "We have a new weapon, just within the portfolio of our 
scientists, so to speak, which is so powerful that, if 
unrestrainedly used, it could wipe out all life on earth. 
It is a fantastic weapon." [Khrushchev, speaking to the 
Presidium, Jan. 1960] © Mee TE BEARDEN 
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| CAPTAIN AMY SVOBODA) 


© Nightitrainingimission May 27, 1997, 
® From same wing as Gaplainjbuton 
® Tihis\was asecond) psychoenergetics str 


ce/syoboa 0 p81 200; 
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T-Polarized Beam Projector 


For intercepting and Distant Masses 
at Various Angles and 
A beam projector interferometer Spacetime 
may be swept in azimuth and curvature 
elevation, under computer control. engines act 
The interference zone can be within any 
quickly swept through the intercepted 
Surrounding volume of space. mass 


Gop Interference 
ime 

waveset DY |_,| Small tine densi ity 
generator 2 penal ‘é waves 
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4X Possible Tests (1) Re 


@ 1958 nuclear accident in Urals 

@ Disease induction in U.S. Embassy 
personnel in Moscow 

@ Siberian disease/death transmission 
experiments 

@ Destruction of USS Thresher nuclear 
submarine, Apr. 10, 1963 

@ Nuclear explosion transmitted into 
ocean underwater, 100 miles north 
of Puerto Rico, Apr. 11, 1963 


D) W8T.€ BEMR OEY 
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Possible Tests (2) 

= Eight F-111's downed in Vietnam 

immediately after deployment 
= Several large earthquakes 
= Mysterious aircraft losses in groupings 
= Numerous underground “nuclear” tests 
= Nuclear tests at Semipalatinsk without 

associated seismic activity 
. a altitude Adie snaps, booms 

= Off East Bust a0 Ss. 


ver West Coast of U.S. in merece 
Trindenserne 
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Possible Tests (3) 

e Blinding of se U.S. satellites 

(up to 4 hours ration) 
e Cold Explosion off Kurils 1984 

= First, a cold explosion ae 

— Then test of giant Tesla shield 300 mi, dia. 
© Tests offset from shuttle launch Nov. 85 
« Kill of Arrow DC-8,Gander, NFLD Dec. 1985 
e Titan kill, Vandenberg AFB, CA early 1986 
e Kill U.S. Challenger, off Cape Canaveral 1986 
e Earthquakes induced, 1986-88 
e Dozens of tests of shields around the world 
e Decades of radiating U.S. Embassy in Moscow 
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Possible Tests (4) 
e Extensive tests 1990-99 in Western Australia 
e Engineering of weather since 1990 by Yakuza 
° STS ee test in WA in 90s 
e C-130 engine flameout kill © meretemon 
© TWA-800 kill 1997 
e Gulf War Disease Induced, 1991 

of immune systems of U.S. 

G peyiaee tae! 19908 yste 
4 control of Captain Button 
¢ Psychoenergetic control of Captain Svoboda 
Teen eei pene rer ety 
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Mushroom cloud rising from sea 


e 0514 hrs, 9 April 1984 

¢ Gray-white cloud appeared 

¢ Rose 60,000 feet in 2 minutes 

¢ South of Kuril Islands 

— 180 miles southeast of Hokaido 

— 200 miles from Tokyo 

¢ Soviet missile testing scheduled 
about 350 miles away, at 2100 hrs, 
9 April 1984 o tm TE BEARDEN 
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Launches from Cape Canaveral 
and Vandenberg AFB 
Provided Practice Targets of Opportunity 
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The sinking U.S, Thresher with her controls 
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Thermometers 


ql Tey “Tel Te 


Leer Film Radiation Detectors 
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bisa Counters SS Ss 
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=| me DEE 


Meter 


Experimental Region 


Figure 32. Embodiment of an instrumental array sufficient to discriminate when 
time-density charging has occurred, and that transduction of time-charge 
decay is occurring. © TE REARDEN tom 
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Transmutation of Radioactive Nuclei at a Distance 


Interferometer 

beam or single be: Foy ia 
E d through the radio- 
isol 


es of the nuclear 
wastes to be neutralized. 
Specific engines may be used 
for altering specific isotopes. 
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Active Spacetime 
Curvature Engines 
Zone of action 
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Nuclear wastes 
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Transmutation of Radioactive Nuclei (2) 


Active Spacetime 
Spacetime Curvature Engines 
Specific spacetime curvature curvature Zone of action 
engines used are to add excess engines act \ 


energy to selected radio- 
nuclei, including intermediate pelea 
decay isotopes. In this way, radioactive 


decays dramatically speeded wastes, adding 


excess energy 


~| Waveset 1 


generator i 


Engines 
“| Calculation 


| J waveset2 | | miseton --) 
= Le 


cen: wastes 
in nape in 


pee etc. 


Generator Control 
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St, et 


Wypical Snieid| te: 


, NOTE ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 
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To win its freedom in the long run, usually a group must 
defeat its attackers or suppressors af Jeast twice. 


* We fought the British twice for our independence. 


+ Weare fighting ourselves twice to free the 
KX slaves. American Civil War 
- Civil rights struggle 
* We beat the Germans twice, in WW | and WW II 


+ We beat the Hispanics in the Spanish-American War. 
aS aa He winning the second by crossing 
3 U.S, is becoming a Hispanic Nation). 
_But we also have some unfinished business at hand. 


Qwere sewoen 


| * We checked the Russians in the Cold War. Once. 
* We checked the Japanese in WW II. Once. 

| * We checked the KGB in the Cold War. Once. 

| * Wechecked the Communists in the Cold War. Once. 
¢ We checked Saddam Hussein in the Gulf War. Once. 
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eka Large Scalar EM Interferometer 
ae (LASI) Accident Near Urals, 1958 


© te rence ee 


= 1958 nuclear explosion near Urals 
= Signature of large scalar interferometer (LASI) accident 
— Buried atomic wastes suddenly exploded 
— Large region contaminated to this day 

= Soviets were well along with advanced LAS! prototypes 
and testing 
— Khrushchev announced forthcoming advent of these “fantastic” 

weapons in Jan. 1960 

— 1958 difficulties could have been resolved by 1960 

= Expected 1958 cause: transmitter short-out and 
failure in a nearby LASI discharged its cumulated 
energetics beam energy into the ground 

= Spreading ground pulse struck nearby atomic wastes, 
fissioning nuclei 
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THE KGB/VYAKUZA-AUM WAR PLAN 


Dud all quantum potential weapons in other nations via psychoenergetics. 
picid U.S., Israel, Brazil, West Europe as military powers. 


nuclear weapons, hostile energetics weapons, hostile ships, 


BON oF of targeted populaces in first fourof strikes. STRIKE! 


LEASE 


9091 
Aum/Yakuza 
Acquired 


Use of on-site 


(Energetics) 
Weapons. 
Began 
Geosurvey 

of Test Range 
(Western 
Austratia) 

for training. 
KGB Tested QP 
population wpn 
(Gulf War 
Syndrome) 


Quan, om te roHCEN 


TRAIN ESCALATE 


\ 


S) 
\ 


1991-94 


Began extensive 
training of AUM- 
Yakuza crews 1995-99 

in Russia, with — | Began EM kil of selecte 
practice firing lone U.S. targets, jaw 


Into Western 

Strategic deception plan, 
futralla. Jtewm | U-2ale? USAir7477 | Trigger terrorist BW, & WMD attacks. 
wide weather TWASOO C-130 Enhance BW infections with QP wpn. 
ros og ValueJet? A-10s When ready, counter insane QPweapons 
Prparna hr Surged electrical grid: with psychoenergetics, Destroy QP wens. 
‘occupation of Worldwide practice kills, Dud all nuclear weapons worldwide. 
Wostaustraita, | Scalar interferometry Time-snap ships, scalar weapons sites 


QP modification of Attack major target populations w/QP. 
selected pathogens Then cleanup with interferometry strikes. 
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Why Western Science is 
Ignorant of KGB Energetics 


e Foundations of electrodynamics and much of 
Western physics are seriously flawed 
Only just rediscovering longitudinal EM waves 
No knowledge of using time-polarized EM waves 


Does not know a powerful GR is hidden in EM 
Ignores inner structure of potentials, waves, fields 
Hotly defends errors, ignores for a century 
Determined to push big nuclear science 


Suppresses research to approved dogma by 
rigorously controlling precisely what Eeaaian the 
funds can be used for 


jpe8.11.2003 1:28:39 


hup://www.cheniere.org /weapons/XmutnRadsm.jpg 


Transmutation of Radioactive Nuclei at a Distance 
Active Spacetime 
Curvature Engines 
Spacetime Zone of action 


Interferometer (may be multiple 

beam or single beam) is. 

a — the radio- 
jotopes of the nuclear 

wastes to be neutralized. 
ecific engines may be used 

im altering Specific Kotopes. 
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THE YAKUZA 


THE YAKUZA 
(JAPANESE MAFIA) 


To do business with Japan is to do business with the 


Yakuza ba 


The Last Samurai, Defending Bushido 


e 3 Major Yakuza Groups, In 
Coalition. 
« Penetrate Japanese Government. 
« Open Offices, Signs on Street. 
e Public Romanticizes Yakuza as 
Last Japanese Samurai 
« In Large High-Tech Corporations. 
« In Control of Japanese Banks. 
« Japanese Real-Estate Rip-off. 
« $500 - 1,000 Billion per Year 
Income. 
« Rapidly Spreading in U.S. 
« Uniting Mafia Groups Worldwide. 
e Coalition with Aum Shinrikyo. 
« Leased Russian Energetics 
Weapons. 
e Crews On-site in Russia, Trained. 
« Practice Firings into Western 
Australia for Three Years. 
(Dozens of Shots per Month) 
e Now in Escalation Phase, Killing 
U.S. Targets. 
e All-out Strike on U.S. ready 1999- 
2000. 
e Now held in check by KGB, dead- 
© 1995, 1996, 2001 T.E. BEARDEN man 
fuzed by small nation friendly to U. 
s. 
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Yugoslav Earthquake, 


Apr. 15 
Followed by Cold Explosion 
= Magnitude 7.2 on Richter scale 


= Epicenter 33 km. deep 

= More than 100 aftershocks 

= At Kamenari: 
- Adriatic sea mushroomed up 
—- Like atomic bomb explosion 
— Signature of a cold explosion 


OFF JAPAN, NEAR KURILS 


ZEA 


~ “1984 COLD EXPLOSION 
‘SIMILAR TO THIS ONE 


¥ 


=- Similar to Apr. 1984 test off coast of Japan, near 


Kurils (see inset graphics) 


= Note that al is a significant test 


month for the Communists 


official reports for May Day?) 
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SCALAR WEAPONS 


UNDERSTANDING THESE MAKES IT EASIER TO UNDERSTAND THE NATURE 
OF THE AETHERS. WE'LL START WITH TOM BEARDEN'S FACTUAL INFO 
ABOUT THE RESULTS OF THE RUSSIAN'S SCALAR WEAPONS PROGRAM 


hitp://www.cheniere.org/books/ferdelance/intro.htm 


THE RUSSIANS USED SCALAR WEAPONS TO BLOW UP THE CHALLENGER 
SPACE SHUTTLE, A NUMBER OF OTHER LAUNCH VEHICLES, VARIOUS JET 
AIRPLANES, MODIFY THE WEATHER AND KILL UNTOLD NUMBERS OF 
BIRDS & FISH, WHICH HAS HAPPENED AGAIN RECENTLY. HAARP DEVICES 
CAN DO THIS. 


SIMPLY PUT: A SCALAR WEAPON IS A FIGURE 8 WAVE FORM THAT IS NOT 
IN HARMONY WITH AN AMBIENT AETHER, IF POWERFUL ENOUGH THE 
SCALAR WEAPON CHANGES THE SIZE OF THE BACKGROUND SCREEN 
AETHER, WHICH THEN NO LONGER SUPPORTS THE MANIFESTATION OF 
MATTER, WHICH DESTABILIZES AND EXPLODES. 


THE REASON WE ARE NOT ALL SPEAKING RUSSIAN IS BECAUSE THE MOST 
UNSTABLE MATTER IS IN NUCLEAR WARHEADS - DESTROYING THE 
ENTIRE WORLD IS NOT WINNING A WAR, PROVIDED, OF COURSE, THAT 
YOU LIVE ON THAT WORLD - THERE IS EXCELLENT EVIDENCE THAT A 
SCALAR WEAPON WAS USED TO DESTROY THE BIG BEAUTIFUL PLANET 
WHERE THE ASTEROID BELT IS NOW. THAT'S IN THE BOOK "COSMIC 
WAR". 


GIGGLE, LAUGHING MY ASS OFF AT THIS ONE FROM BEARDEN: 


Ithas also become fashionable in the West to believe that all the laws of physics are 
already discovered. We assume we already know all of them, While we have been 
pridefully crowing this tune, the Soviets have been steadily discovering new laws in 
secret, as well as new ways to circumvent the old laws. 


THE SAD PART IS THAT IT HASN'T CHANGED - WESTERN SCIENTISTS ARE 
IDIOTS WHO ARE LEADING THE WORLD INTO DESTRUCTION. OR SITTING 
BACK AND WATCHING THE DESTRUCTION, WRINGING THEIR HANDS AND 
SAYING THAT FUKUSHIMA RADIATION WILL BE WITH US FOR 1000s OF 
YEARS. B.S. THERE ARE A NUMBER OF ENERGETIC WAYS TO CANCEL 
RADIATION INSTANTLY. 


BEARDEN TAUGHT ME ABOUT SCALAR ENERGY - BUT, THEN HE HAS 
STARTED PARROTING LAME STREAM PHYSICS - PROBABLY TO KEEP HIS 
HEAD FROM BEING SEPARATED FROM HIS BODY BY OUR CONTROLLERS. 


SCALAR WEAPONS ARE DESCRIBED IN A NUT SHELL ABOVE. BUT, WE'LL 
EXPAND IT A LITTLE - THE SIMPLE FACT THAT THEY WORK IS PROOF 
THAT THE AETHERS IS THE BACKGROUND SCREEN THAT SUPPORTS THE 
MANIFESTATION OF MATTER, WHICH IS ALL DIVINE ILE. MADE FROM 
IMAGES. 


THE AETHERS PROGRESS IN SIZE ACCORDING TO THE FIBONACCI SERIES, 
BECAUSE EVERYTHING FROM THE QUANTUM TO THE COSMOS MANIFESTS 
ACCORDING TO THE FIBONACCI SERIES - ITS ALL FRACTAL LE. A 
RECURRING MATHEMATICAL PATTERN, THAT IS PERFECT THROUGHOUT 
CREATION. HERE'S THE PROOF - OUR ENTIRE GALAXY IS IN PERFECT 
HARMONY WITH ONE NUMBER = RIDICULOUSLY AMAZING 


http://blog.hasslberger.com/does/PERFECTION. pdf 


THUS, IF YOU CHANGE THE BACKGROUND SCREEN, THEN MATTER HAS TO. 
CHANGE = THE RESULT OF USING A SCALAR WEAPON. 


THE PRECISE WAY THE WEAPON WORKS IS TO IMPOSE A MAN MADE 
SCALAR WAVE ON AN AREA OF SPACE. GIVEN ENOUGH POWER TO THE 
SCALAR WAVE, IT WILL CAUSE THE AETHER IN THAT AREA TO MATCH ITS 
SIZE (LIKE ATTRACTS LIKE). WE ARE TALKING UNBELIEVABLY SIMPLE. 


YOU CAN MAKE ONE YOURSELF - AMAZINGLY THE REQUIRED WINDINGS 
OF A SCALAR PRODUCING COIL CAN BE USED AS A WEAPON OR FOR 
HEALING - ITS CALLED A RADIONIC WITNESS WELL WHEN USED FOR 
HEALING. 


TO MAKE A WITNESS WELL ONE WINDS INSULATED WIRE AROUND A GAP 
IN SPACE LE. THE CENTER OF A TORROID. THE WIRE IS WOUND TO THE 
LEFT AND TO THE RIGHT, THE MORE WINDINGS THE MORE POWERFUL. 
AND, OF COURSE, THE POWER OF THE WAVE IS A FUNCTION OF THE 
POWER OF THE DC ELECTRICITY USED TO ACTIVATE THE DOUBLE WOUND, 
COIL, SUCH A COIL PRODUCES A FIGURE 8 WAVE THAT IS THE SIZE OF THE 
CENTER OF THE COIL. IF THAT SIZE HAPPENS TO BE THE SIZE OF AN 
AMBIENT AETHER, YOU'RE NOT GOING TO HAVE A WEAPON. 


IF YOU MAKE SUCH A COIL FOR HEALING, POWER IS NOT REQUIRED, IT 
AUTOMATICALLY CONNECTS WITH THE AETHERS IN A POSITIVE WAY. 


IF YOU MAKE IT AS A WEAPON ADD LOTS OF POWER AND BE A LONG 
WAYS AWAY, WHEN YOU TURN IT ON. THE DESTRUCTIVE EFFECT IS 
INSTANTANEOUS - I'VE SEEN IT, WE BUILT ONE. 


SCALAR WAVES ARE ALSO REFERRED TO AS PHASE CONJUGATED WAVES, 


MEANING TWO SINE WAVES THAT ARE 180 DEGREES OUT OF PHASE FROM 
ONE ANOTHER. (WESTERN LAME STREAM IDIOTS SAY THAT THOSE TWO 
WAVES CANCEL ONE ANOTHER.) 


ONE SINE WAVE IS SAID TO RUN IN TIME FORWARD AND THE OTHER IN 
TIME REVERSE. AND THERE ARE A NUMBER OF EFFECTS THAT PROVE 
THIS. ONE EXAMPLE: DON BRANDT (ONE OF BEARDEN'S PROTEGEES) 
USED A SCALAR WAVE TO REGROW A LEG ON A CAT (A KID HAD SHOT IT 
OFF WITH A .22), WHEN DON FINISHED, THE CAT HAD ITS LEG BACK AND 
ALL OF THE CLOCKS WITHIN FIVE MILES WERE 15 MINUTES BEHIND TIME 
- THAT WAS THE LAST TIME HE PLAYED WITH THAT, 


IN 2-D THERE IS NO LINEAL TIME. 


BOTTOM LINE: SCALAR WEAPONS PROVE THE NATURE OF THE AETHER 
AS THE BACKGROUND SCREEN - IF THAT WAS NOT SO, THEN SCALAR 
WEAPONS WOULD NOT WORK. 


ALSO, SCALAR WAVES THAT ARE IN HARMONY WITH AN AMBIENT 
AETHER ARE VERY BENEFICIAL AND USEFUL - A BEE'S HONEYCOMB IS 
AN EXCELLENT EXAMPLE. DITTO GRAPHENE. 


LOVE AND BLESSINGS 


PS: THERE HAVE BEEN A NUMBER OF HUMAN "CIVILIZATIONS" IN THIS 
SOLAR SYSTEM AND ON THIS PLANET. OUR CONTROLLERS LIKE US TO BE 
STUPID, BECAUSE IT SEEMS THAT WHEN EVER WE MAKE GREAT 
TECHNOLOGICAL ADVANCES OR SPIRITUAL ADVANCES, THEN THEY WIPE 
US OUT. WE ARE AN ENTERTAINMENT SLAVE SPECIE. 


THIS LAYS OUT HOW OUR DREAMS / ANUs ARE SHARED WITH OTHERS 
AND THAT JESUS' ENERGY IS FOUNDATIONAL 
http://blog.hasslberger.com/docs/GOLDFISH_JESUS_REVELATIONS.pdf 


THIS IS FUNNY AND SHOWS THAT THE EARTH IS THE BEST 
ENTERTAINMENT SYSTEM IN ALL OF GOD'S CREATION: 
http://blog.hasslberger.com/docs/EARTH_WINS.pdf 


OH - THE CHEMTRAILS WILL KILL JUST ABOUT EVERY LIVING THING ON 
THE FACE OF THIS PLANET, IF WE DON'T START MEDITATING AND 
BUILDING ORGONE DEVICES, WHICH HAS TO BE DONE EVEN IF THEY STOP 
SPRAYING BECAUSE THE EFFECTS OF THE CHEMTRAILS CAN AND WILL 
CARRY ON, EVEN IF THE SPRAYING STOPPED. 


Scalar Wars 
The Brave New World of Scalar 


Electromagnetics 
by Bill Morgan 


For the past six months I have been undergoing the greatest 
paradigm shift I have ever had to go through. It has rattled my 
nerves and shaken my bones. This intense adjustment of my 
“world” has come about by studying the information given by 
Col, Tom Bearden at his website Cheniere. The new knowledge 
there has necessitated a total revision of my ideas about physical 
reality, the world we live in, and the future of humanity. This 
paradigm shifting even actually made me dizzy on certain days 
as I tried to absorb and digest Bearden's vast amount of 
information. Iam not a scientist at all, just a layman, and I have 
little comprehension of the math and high physics of this new 
science called "Scalar Electromagneties." But there is a great 
deal of information at Cheniere which needs to become 
common knowledge as fast as possible, for the sake of the 
survival of life on earth, To that end I have put together this 
small primer of Bearden's ideas, as a kind of "beginner's guide" to his website. (I have tried to 
underline certain words and phrases which are part of the new "jargon" of talking about these 
"new" phenomena. Also I have taken the liberty of bolding certain words and phrases to help 

them stick in the mind). 


(Note: Throughout "EM" means “electromagnetic,” and "LW" means "Iongitudinal wave") 


This article has six sections: 


New Waves, 2, Tapping the Waves, 3. Weaponization 4, Healing 5. Psvchoenersetics 6. 


It Stands 


1. New waves discovered 


Longitudinal EM energy fills vacuum of space, the time domain of spacetime, time as compressed energy, E=tc?, 
waves of time, phase conjugate wave pairs, 


“Electric power is everywhere present in unlimited quantities 
and can drive the world's machinery without the need of coal, 
oil, gas, or any other of the common fuels.” Nikola Tesla 


“At any point and at any time, one can freely and 
inexpensively extract enormous EM energy flows directly 
from the active vacuum itself." Tom Bearden 


I guess the first thing to try to comprehend is that a "new" kind of, 
electromagnetic (EM) wave has been discovered in the empty 
vacuum of space called “longitudinal” waves, which, when 
engineered, can be an inexhaustible supply of energy in great 
‘magnitude at any place in the universe. The word "new is in 

quotes because the discovery really goes back to Nikola Tesla and 
his discovery of what he called "radiant energy.” Iti also not 

"new" because the Russians (KGB) have been working on this 
technology for over 30 years and have weaponized these "new" 
longitudinal scalar waves to a great degree, 


‘These are the very weapons Nikita Khrushchev spoke of in 
January, 1960. 


"By 1957-8 the Soviets had progressed to the point of a giant scalar EM accident in the 
Urals which exploded nearby atomic wastes, devastating the area, They had also 
progressed to development of great new superweapons using their new energetics - 
‘weapons to which Khrushchev referred in 1960 when he informed the Soviet Presidium 
of a new, fantastic weapon in development, a weapon so powerful that it could wipe out 
all life on earth if unrestrainedly employed.” Tom Bearden 


After over 30 years of development, and extensive testing around the globe, these new scalar 
electromagnetic weapons are up and running and ready to go. Tom Bearden, at his website 
Cheniere, discusses the history of these new scalar electromagnetic weapons in his paper 
"Historical Background of Scalar EM Weapon 


Some Immediate Implications 


‘The implications of successful engineering of the longitudinal waves are enormous, and 
will change the world as we know it, one way or another. Among other things, these 
discoveries mean that: 


1. The solutions to the energy crisis and the "oil problem" are in hand. These oil 
‘wars are unnecessary. There is endless energy available freely from the domain of time. 


2. Unbelievably powerful weapons are not only possible, but are already operating in 
several nations, The many powers of these weapons are unprecedented and mind- 


boggling. 


3. The cure of diseases such as cancer and AIDS, in fact nearly any disease, has 
become possible within a few years of sufficient funding. Everyone can be made healthy 
and stay healthy. 


4. Mind control on a mass scale has now become possible, and the machines to do it are 
already in place in certain nations. It has become possible to mentally enslave whole 
populations with the twist of a few dials. 


So the layman will need to understand that there is a new kind of electromagnetic energy that is 
altogether different from what he knows, e.g. radio, TV, cell phones, ete. The ordinary EM 
waves that we have known about are called transverse EM waves, to distinguish them from the 
new longitudinal EM waves. These scalar waves do not actually exist in our "material" world, 
bbut exist only in the vacuum of empty space, or the time domain, And we must keep in mind that 
this vacuum of space we speak of exists all through everything. Even our bodies are mostly 
empty space between atoms and molecules. So the gateway to this seething ocean of energy can 
be there at every point in the universe. This seething ocean of energy is all around us and all 
through us. 


Emptiness is Full 


‘This amazing discovery announces that the "emptiness" of empty space is in fact not empty, but 
a great ocean of seething energy! 


Col. Bearden refers to this ocean of energy as being of the "time domain." It seems like 
something from Star Trek but this is where scalar electromagnetics has come to, And where it is 
going may be beyond anything Star Trek could have dreamed of. 


We live in a 3-dimensional world, which physics calls "3-space." But there is also spacetime, or 
4-space, or the "4th dimension.” Then suddenly comes this amazing new knowledge that time 
itself is actually compressed energy. And it is energy which is compressed by exactly the same 
factor by which matter is considered compressed energy: the speed-of-light-squared! 


So we have a new companion to the famous E=me2, It is now paired with E=t2 (where ti 
actually "delta-t,” or change in time). Or (amaze your family and friends and) say: 


"E equals em-cee-squared" 
and 
"E equals delta-tee-cee-squared" 


It has a nice ring to it, like some freedom bell announcing a new era. 


And as the atomic bomb released the compressed energy in matter, so can we now unleash the 
tremendous energy that is compressed into time itself. It gives a completely new meaning to the 
term "time bomb." 


Some New Terminology of Scalar Electromagnetics 


A new science, several new names 


"Those [Russian] weapon scientists resurrected an old term from the history of 
electrodynamics, called "energetics". That is their approach to a unified field theory, 
where everything is based on "energetics". This model as its foundations uses a very 
similar approach to that "single fundamental unit” model, where energy is the unit. If one 
makes the energy EM in nature, then one has the Russian energetics approach. This 
unified approach gathers everything in, including all energy actions and relations in inert 
matter (the first branch of energetics, called by the same name), all field and matter 
interactions in living matter (the second branch of energetics, called 'bioenergeties"), and 
all mind operations and mind-matter interactions (the third branch of energetics, called 
"psychoenergetics"). [ed: sometimes also called "psychotronics" by the Russians] 


Rick Andersen in an article called "What is Scalar Electromagnetics?” describes the new science 


this way: 


"Scalar EM is the brainchild of Lt. Col. (retired) Thomas E. Bearden, a systems analyst 
and wargames specialist who has been advocating a view of electromagnetics which is 
based on the notion of a vast, unseen background of scalar energies (as opposed to vector 
energies) which underlie all physical reality. 


“If Bearden is correct in his Scalar EM theory, then we can build devices which would 
enable us to alter gravity, time, inertia, and the apparent mass of an object. This of course 
has ENORMOUS implications for military applications, space-vehicle drives, 
travel, teleportation, paranormal phenomena, and just about every other area one can 


think of.” http:/twm.co.nz/Beard_scalem.htm! 


"Time-energy, time-currents, and time-structuring play the dominant role in 
electromagnetics. Time-as-energy eventually becomes engineerable, as easily as is spatial 
energy now. We are always dealing with spacetime and with spacetime curvature. 


Bearden: htip://vww.cheniere.org/techpapers/Vision%202000%20paper.doc 


The scalar energy discovered in the vacuum of space is sometimes called "zero-point" energy. 
‘Thomas Valone explains how this term came about. 


What does "Zero Point" mean? 


"Boyer traces the historical “creation of the vacuum’ as proceeding in stages in parallel with the 
historical development of ideas about the vacuum, To paraphrase, he says that in the 17th 
century, it was thought that a totally empty volume of space could be created by simply 
removing all matter and, in particular, all gases. That was our first concept of the vacuum. Just 
get rid of all the gas, Late in the 19th century, it became apparent that the region still contained 
thermal radiation. But it seemed that the radiation might be eliminated by cooling. So the second 
concept of getting a real vacuum is to cool it down to zero temperature. Just go all the way to 
absolute zero. Then we've got a real vacuum. Right? Well, since then, both theory and 
experiment have shown that there is a non-thermal radiation in the vacuum and that it persists 
even if the temperature could be lowered to absolute zero. Therefore, it was simply called the 
“zero point” radiation. "Thomas Valone http://www seaspower.com/InsideZeroPoint.htm 


‘For our very survival, it is absolutely imperative that informed 
citizens be aware of this dramatic change, which is just now 
starting. The powerful new science and engineering must be 
controlled and used for humanity's benefit, not its detriment. 
Else it will eventually be let loose unrestrainedly, to destroy all 


'y indicated by Nikita Khrushchev 


hutp:/www.cheniere.org/explore%20articles/priore I/p4.jps 


2. Tapping the waves 


Endless free energy, Tesla's radiant energy, the dipole as the gateway to the energy of the void, MEG in one year, 
a, ete. End of Oil, geopolitical chaos, rogue groups 


Move Over G.E. & Big Oil, Energy is Everywhere! 


‘Third-world nations set to rise 


Certain powerful interests did not wish the extended electromagnetics to be discovered 
or taught. That, after all, would lead to free energy and loss of economic control of the 
citizens. That was precisely why Nikola Tesla had already been suppressed ... Today it is 
still being suppressed by the orthodox establishment." 

http://www cheniere.org/books/ferdelance/s25 hum 


‘The vast seething ocean of energy of the vacuum, the longitudinal scalar EM waves of the time 
domain, can now be tapped and “transduced” into ordinary (transverse) EM energy in our 3- 
Space world. The process can be compared to putting a paddlewheel into a river. The energy 
acquired is free, since the river is there flowing whether we tap it or not. And it is a mighty river, 
and is not diminished by our paddlewheel. 


‘This means that a permanent solution to the "energy crisis” is at hand, if only those who hold it 
so secret would give it up to humankind, 


It means our species’ insane use of oil is no longer necessary. We can make automobiles that 
need no fuel at all. We can build motors that power themselves. It means that unlimited electrical 
power can be available for free anywhere in the world, Every house and even shack can have its 
‘own power supply. 


Of course there is the cost of the equipment at first, but the energy flow is free for the 
presumably very long life (no moving parts) of the generator. It will probably take decades to 
shift over to scalar power. 


But the ability to tap the scalar (longitudinal) EM waves of the vacuum (which exists 
everywhere) also means that unbelievably powerful weapons can be, and already have been 
developed. In fact these weapons are so dangerous that the fear engendered becomes a 
psychological obstacle to the grasping of the facts. 


I struggled with this myself for months, and even though Tom Bearden had completely 
convinced me already, it is hard to accept the fact that for everyone on earth the "worst that 
might happen” has suddenly gotten much worse. It takes time to deal with that, to realize it and 
get over it. 


Indeed, the possibilities of these new weapons, which are tapping the huge energies of time, are 
so terrifying it is natural for the mind to simply say: "I don't want to hear about that." 


And the government, likewise, pretends these weapons do not exist and tries to keep it secret 
from the people. Because most people would indeed be truly alarmed to know the actual 
situation. Col. Tom Bearden has decided that the people need to know the truth anyway. As a 
People on a Planet we must face this now, and ban the use of scalar weapons in war or in mass 
mind control. The current deployment of these weapons is a world emergency which we must all 
face, 


‘The physics and mathematics of the longitudinal waves and the time domain are clearly beyond 
the layman, but I recommend scanning through them anyway just to get a sense of the wonder 
and the elegance of it all and some of the exotic terms which are used. Two of the most 
important papers by Col. Bearden are: 


Giant Negentropy from the Common Dipole 
‘The Final Secret of Free Energy. 


Despite the complexity of the science involved, Bearden sums up the essential secret of it all in a 
few words. 


"There is no problem at all in extracting all the energy one wishes from the active 
vacuum, anywhere in the universe, at any time. Just make a dipole. 


‘The problem is in (1) catching some of that freely gushing EM energy in a circuit 
containing a load, and (2) dissipating the caught and collected EM energy in that load to 
power it, without using half the caught energy to destroy the source dipole's). 

‘That is the ONLY real energy problem on the planet, and always has been." 


http://www cheniere.org/correspondence/022502,htm 


A dipole could be a battery, which is polarized into negative and positive. Or the terminals of a 
generator. Or any magnet with its two poles. Or an atom with its positive and negative charges. 
Or the earth's magnetic field, the sun, and all heavenly bodies, Even a galaxy must be some kind 
of mega-dipole. Wherever there is a dipole there is already immense scalar EM energy ushering 
out of and back into the vacuum. And there have already been demonstrated a number of diverse 
methods for tapping that energy as it flows. (John Bedini, Edwin Gray, Bruce de Palma, and 
others), Bearden provides what he calls a "partial list" on his website, 


“In other words, nature then gladly gives us as much EM energy flow as we need, 
indefinitely — just for paying a tiny litle bit initially to "make the litle dipole." After 
that, we never have to pay anything again, and nature will happily keep on pouring out 
that 3-flow of EM energy for us. This is the giant negentropy mechanism I uncovered, 
performed in the simplest way imaginable: just make an ordinary litte dipole.” 


Bearden http://www. cheniere.org/techpapers/Unnecessary %20Energy%20Crisis.doc 


How to Buy a Free Energy Machine 
Answer: Just wait one more year! 2003. Then get off the Grid! 


Perhaps the most eagerly awaited event now is the marketing of Bearden’s Motionless 
Electromagnetic Generator (MEG) scheduled to begin in about a year’s time, This is 
when the proof will hit the fan, Many people have said to me, when talking about free 
energy, "TI believe it when I can go to the store and buy one." Hopefully in a year’s time 
they will be able to order their own MEG. And then they will believe, because it works 
and is working. 


Says Bearden: "I will admit that the chief scientist of an important experimental group in 
a large company was rather stunned at the type of output we were able to obtain. The 
MEG may look like just a transformer, but itis not, It is a completely different breed of 
cat.” 


(Bearden : hip://www.cheniere,org/correspondence/O11202.btun) 


Soon the cat will be fully out of the bag. The first MEG units will supply 2.5 kilowatts of 
free electricity. Forever. Units can be connected together to double or triple the wattage. 
After that gets going, 10 kilowatt generators are planned. Energy will flow freely from 

the time domain indefinitely, and there are no moving parts to wear out, This 
manufacturing project is a heroic effort and will change the world as we know it. For 
‘once people are in possession of such devices there can be no further denial from anyone, 
including the government and/or "secret- government.” 


| The MEG mikill by JL Naudin 


The Motionless Electromagnetic Generator 
(Successfully replicated here by J. L. Naudin) 


‘The physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum.” 


The device was successfully replicated by J.L. Naudin in France, and others, like Steve 
Ute, are also working on their own models. But Magnetic Energy Limited's MEG is 
actually scheduled for production soon and looks to be the first commercially available 
free-energy generator in history! 


imagine it will not take long for tinkerers to put them into their electric cars and make 
the first fuelless automobiles since Tesla's unheralded (and unheeded) experiments. Or 
for builders to begin building houses powered by MEG's. Houses which will never see 
electric bills. How can they ever make enough of these to meet the demand that will 
suddenly be there? Bearden is right, it needs to be an all-out crash program of the 
government on the order of the Manhattan Project. 


I must include here that Bearden is quick to point out that he is not himself the inventor 
of the MEG, but is a partner and advisor in bringing it to the public market through 
Magnetic Energy Limited, Inc. I must also admit that I am praying for the success of this 
venture, and the ending of the absurd and criminal withholding of this technology from 
the people by the black-ops military-industrial people. This secrecy has cost the planet 
over 30 years of unnecessary pollution, 


‘The first units off the assembly line, which is being set up in a "friendly" unnamed 
nation, will usher the public at last into the new era of scalar electromagnetics. 


As of December, 2001, the situation with the MEG was described by Bearden in a letter. 


"What we presently have with the MEG is a successful laboratory experiment. At 
least a year's very hard research will have to be done before we will be ready to 
put a commercial power supply into production, 


"Consequently, we have made an agreement with a foreign partner (the National 
Materials Science Lab of the National Academy of Sciences of a friendly foreign 
nation) to do that year's research. At the same time, we are trying to make an 
agreement with one or more large financial partners here in the U.S." 


Bearden hitp:/Avww.cheniere.org/correspondence/121901,htm 


"So we are hopeful that we will be able to start introducing units on the market 
about a year from now. Quite simply, we will either succeed or we will fail, But 
we will give it our very best effort." 


Bearden hitp:/Avww.cheniere.org/correspondence/012202a,htm 


Bearden has given another technical explanation of how the MEG works here in a letter. 


Motionless Electromagnetic Generator patented, 3-26-2002 


Click here to read the patent 


“In Magnetic Energy Limited, all business discussions and arrangements are taken care of by Dr. 
Lee Kenny, Managing Partner. There are five of us who are co-inventors of the MEG, and two of 
the others are really the principal inventors." Bearden http/www.cheniere.org/megstatus.htm 


Free Energy has been Suppressed 
Secret Government Aware of Free Energy 


“In this world of contemporary times, all the agencies, CIA, FBI, KGB, NSA, Electric 
Power Research Institute, DARPA, Brookings Institution, Henry Kissinger, Edward 
Teller, et al,, all are aware of [free-energy researcher Bruce] De Palma and his ideas. 


"Because these individuals and institutions are employed by the ruling elite to forecast 
the future and satisfy present needs and demands, it is clear that free energy is a threat to 
the world order constructed by business and the mindset of those who want to own the 
world. 


"Free energy represents Man's aspirations and dreams of freedom and equality, uniform 
division of resources and the ability to choose one’s own future. 


"The fact that free energy is suppressed speaks to the greed and self-interest of a ruling 
elite which, even in the face of an emergency of global starvation, resource depletion and 
environmental pollution, will not give one inch if it means loss of control. This is an 


attitude of paranoid delusion and fantasy which can only arise from the alienation of a 
class of elitists who, through their money, are completely insulated from the reality of the 
day to day fight for existence of the common man." 


bbup://depalma.pair com/A bsurdity/Absurdity07/ProblemOfFreeEnergy html 


Bearden describes one case of suppression when the Yakuza killed the Kawai engine in his very 
presence in Huntsville, Alabama. 


"That night a jet arrived from Los Angeles, with a Yakuza on board. The next moming 
Kawai no longer controlled his company, his invention, or his own fate. The Kawai party 
was in fear and trembling. The Yakuza coldly dissolved the agreement, they packed up 
the two Kawai engines we had, and left. And that was that." 


So it is not only governments who are keeping this revolutionary technology from seeing the 
light of day. The Yakuza? KGB? The Aum Shinrikyo cult? Our "leaders" need to be honest 
about what is going on, otherwise they look foolish, acting out a kind of "Alice In Wonderland" 
script before the public, a script that has become completely unbelievable. 


Concerning the criminal withholding of this scalar technology by the military black-budget 
people, and the cover-up of the actual situation regarding scalar weapons throughout the world, 
Tom has this to say: 


"The high government officials of the United States of America grossly violated our 
constitution and their sworn oaths of office. Our constitution specifically charges the 
government of the United States to defend the people of the United States. That means 
our officials are specifically charged with defending our people. Yet they deliberately 
agreed not to do so, and they deliberately sacrificed us in advance, 


"They committed treason of the highest kind, by deliberately surrendering us to total 
destruction anytime the big balloon goes up." 


Bearden hitp:/www.cheniere,org/books/ferdelance/s75 him 
Energy Crisis Solved 
One of the "must read" documents at Cheniere is “The Unnecessary Energy Crisis: How to Solve It 


Quickly,” especially since the “oil wars," which Bearden has foreseen for decades, have now 
already begun. 


Here are some clips from that Document: 


"To avoid the impending collapse of the world economy and/or the destruction of 
civilization and the biosphere, we must quickly replace much of the "electrical energy 
from oil” heart of the crisis at great speed, and simultaneously replace a significant part 
of the "transportation using oil products" factor also, 


"The technical basis for that solution and part of the prototype technology required, are 
now at hand. We discuss that solution in this paper.” 


And although the solution to the energy problem and the oil wars may be at hand, Bearden 
suggests there is still an urgent rush that needs to be made to save human civilization from 
collapse. 


"Once the technology hardware solutions are ready for mass production, even with a 
massive worldwide deployment effort some five years are required to deploy the new 
systems sufficiently to contain the problem of world economic collapse. This means that, 
by the end of 2003, those hardware technology solutions must have been completed, and 
the production replacement power systems must be ready to roll off the assembly lines en 
masse. 


"The 2003 date appears to be the critical "point of no return" for the survival of 
civilization as we have known it, 


"Reaching that point, say, in 2005 will not solve the crisis in time, and the collapse of the 
world economy as well as the destruction of civilization and the biosphere will still 
almost certainly occur, even with the solutions in hand," 


""The good news is that we now know how to easily initiate continuous and powerful 
“electromagnetic winds” from the vacuum at will. Once initiated, each free EM energy 
wind flows continuously so long as the simple initiator is not deliberately destroyed." 


‘On page 9 he explains the concept of the dipole, and how there is already huge scalar energy 
flowing in the time domain around any dipole. Hold a magnet or a battery in your hand and you 
hold a stress in time and a beautiful flowing loop of longitudinal waves! 


Bearden decries the scientific community in the West for being unable to let go of their dogma 
Jong enough to see that the greatest discovery in human history lies at their feet, but for their 
stubbon ignorance. 


"The present energy crisis then is due totally to that "conspiracy of ignorance" we 
referred to, that is maintained by the scientific community, and that has been maintained 
by it for more than 100 years. 


"This is the real situation that the environmentalists must become aware of, if they are to 
see the correct path into which their energies and efforts should be directed — to solve 
both the energy crisis and the problem of gigantic pollution of the biosphere. "As far as 
anyone in the legislative branch of government ever understanding the profundity of the 
discovery and engineering of scalar waves, Tom Bearden says they are at a great 
disadvantage in doing so. 


"The nontechnical person — e.g., a Senator or a Congressperson — is operating under a 
distinct disadvantage. If he or she takes the stance that much better electrical power 
systems can readily be achieved, he or she is in fact opposing almost the entire set of 
University, Government Technical, Power Company, Battery Company, and Organized 


Science communities. Further, in most cases his technical advisors are themselves from 
‘one or the other of those communities, and likely to go back into that community or those 
communities when the Senator or Congressperson leaves office, or even before, So the 
Congress and the non-technical goverment community at large operate at a great 
disadvantage...Bearden National Emergency Declaration is Needed 


"The Government Non-Technical community (the Senate and the Congress, in particular) 
are in far better shape than the Government Technical community, to appreciate the 
world implications of the pending economic disaster. I am hopeful that both the 
environmentalists and the Government Non-Technical community will rapidly unite in a 
common goal to get this vacuum energy program launched, under a National Emergency 
declaration. If so, then they can solve the energy crisis and the pending economic crisis, 
in fairly short order, and permanently.” 


unnecessary_energy_crisis htmicongress_disadvantage 


In the conclusion of his paper The Unnecessary Energy Crisis: How to Solve Tt Quickly Bearden again 
states the urgency of replacing our centralized power grids with highly dispersed and local taps 

on the freely flowing energy of the active vacuum. Given the abilities of the Tesla howitzers, the 

power grids of all nations are sitting ducks. 


Personally, the present author regards the increasing energy crisis as the greatest 
strategic threat to the United States in its entire history. I will do anything within my 
power to help prevent what I perceive to be the looming economic collapse of the 
‘Western world, preceded or accompanied by a sudden, explosive, all-out and continuing 
exchange of the WMD arsenals of most of the world, 


..ln the name of all humanity, let us begin! Else by the time this first decade of the new 
millennium ends, much of humanity may not remain to see the second decade." 


3. Weaponization 


Scalar interferometry, Tesla howitzer, Tesla dome, heat/cold, dudding, 10 nations haye them, dead-man fusing & 
Insane Systems, scalar strategy, earthquakes and weather wars, solar storms, mind attacks, leased to Yakuza, many 
examples of testing, quantum potential weapons. 


“Indeed, Soviet energetics weapons are now capable of destroying both our triad shield, 
‘our homeland, our armed forces in the field, and our population, quickly and efficiently. 
‘We have a new "gap" of monumental proportions: not a missile gap, not a submarine or 
bomber gap, and not even a particle beam or laser gap. We have a scalar electromagnetics 
or electrogravitation gap." Bearden http:/Avww cheniere.org/books/ferdelance/intro.htm 


‘We have a new weapon, just within the portfolio of 
our scientists, so to speak, which is so powerful that, 


if unrestrainedly used, it could wipe out all life on 
earth. It is a fantastic WeapON. Kinushchey, to the Presidium, Jan. 1960 


"We've totally missed the most incredible "secret superweapons" development program 
of all times, and the worldwide testing of the weapons themselves. 


"Hiroshima and Nagasaki should serve as object lessons in the price of ignorance of such 
technological breakthroughs. 


"History does repeat itself. But this time it's not we Americans who got the great new 
superweapon first.” 


Bearden http://www .cheniere.org/books/ferdelance/s75.him 


Warfare has been changed forever by the development of these scalar energy longitudinal 
wave howitzers. To get a basic understanding of scalar waves is to have the imagination 
suddenly run wild as all the implications and possibilities regarding warfare fall into place. One 
realizes with a certain horror that the world has totally changed, and that there are some very 
fearsome possibilities. Remember, the power for these weapons comes from the time domain, 
longitudinal EM waves in the vacuum of empty space, and the power is tremendous and mind- 
boggling. Being able to blast away at any target from a distant control booth is something tha 
has never happened before. This is incredible power to be in control of and it divides the history 
of weaponry into "before" and “after.” And the destructive power of these weapons is delivered 
instantaneously to the target from the local vacuum at the place of the target. 


From an interview: 


Questioner: "Are you saying that real energy can be transmitted faster than the speed of 
light? 


Bearden: "Yes. But hyperspatially. Not through 3-space, but “around” it. Again, this 
means that it's possible to produce energetic changes in a distant system at a distant place, 
without transmitting energy "through space” in the normal sense. You transmit "around" 
space, so to speak, and directly in time or through a higher dimension, depending on the 
model you're using to understand this, Further, the speed of the internal EM energy 
transmission is not limited to the speed of light." 


hitpy/twm.co.nz/beard_interview.htm 


Here are some initial considerations about 
scalar weapons and scalar wars 


1. Tesla Howitzer 2. Tesla Domes 3. Rogue groups 4. WW IIL 5. Russian "UFOs?" 


3a. The Tesla Howitzer and its modes of action 


Source: Tom Bearden’s weapons slides and Fer-de-Lance Briefing 


For one thing there is no delivery of any thing to any place. Bombs are obsolete. So are the 
planes to get them there, No helicopters necessary. All current nuclear devices are rendered 
nearly useless by electronic "dudding." All distant-destruction can be done from a control room, 
and to any point on earth, The destructive power of "men" has just increased by orders of 
magnitude. The new weapons could even cause storms on the sun! Thus there is great urgency to 
make these new facts public and known, with the hope that all nations would come together to 
ban the use of scalar weapons. 


‘Two scalar antennae together along with the computers to control them, make up a scalar 
interferometer, and according to Col. Bearden the Russians have hundreds of such installations 
already. These interferometers are called "Tesla Howitzers." They can deliver a giant blast of 
energy to the distant target site, true "action-at-a-distance”, 


‘The first howitzer mode is called the "exothermic" mode of operation because immense EM 
energy blasts outward at the target site. The blast of a scalar howitzer can be of near nuclear level 
in destructiveness, and can be repeated easily, at that place, or nearby, or anywhere. 


The howitzer can use a lesser exothermic power setting and simply destroy all electronics in the 
target area. Thus they can render our nuclear missiles inoperable as they sit in their silos by 
"frying" the electronic circuits that guide them, They can bring down any airplane, anywhere in 
the world, at any time. Any person anywhere, if their exact position is known, can be 
assassinated without a shot being fired. 


The howitzers can also bring down power grids anywhere in the world, at any time. Thus they 
could bring Wall Street to an instant halt by disabling all its electronics. Even this one little easy 
tweak of the howitzer could cripple the U.S. economy in a single day. No wonder the "leaders" 
don't want you to know! This is a new era we are in. The discovery and development of scalar 
interferometry has put us in a new world, whether we like it or not. Anyone could be expected to 
g0 into denial, the befuddled senators and congressmen included, But we have to wake up. 


Ina second howitzer mode called the "endothermic" mode, the howitzer sucks energy out of the 
target area, essentially creating a blast of cold at the distant target. It is even capable of freezing 
parts of the ocean, Bearden gives a number of cases where these "cold explosions" have been 
witnessed, mostly by airline pilots. April 9, 1984: | 2 3) A huge mushroom cloud of mostly 
water is seen rising miles into the sky from out of the ocean, an awesome sight. 


In the endothermic mode the sucked-out energy must go somewhere, so it is vented out at some 
other chosen spot on the earth. These endothermic plumes have been photographed by satellite, 


"The exhaust in the left picture is about 150 miles long, and is nearly horizontal (about 
1.5 degrees above the horizontal). It is entirely consistent with the continuous exhaust 
from a "dumping transfer" scalar EM howitzer in the continuous exothermic mode. (The 
primary howitzer, of course, was activated in the endothermic mode.)" Bearden More 
Plumes 


By using both of these heat (exothermic) and cold (endothermic) modes together the weather can 
be altered anywhere, Warm the air over here, cool it down over there, put a curl in the jet stream, 
dissipate clouds, create clouds, whip up a tornado, Bearden speaks about using the endothermic 
howitzer mode as a weapon of war: 


"Cold explosions can be used to freeze tanks, personnel, and equipment. The equipment and 
tanks thaw out. The personnel thaw out too, but they are dead when they do.” Bearden, Fer-de- 
Lance 


(This endothermic mode of the howitzers makes me think that there might one day be a cure for 
the problem of global warming after all, Could not a big device, situated in space or on the 
moon, be able to vent a great deal of excess heat outside the atmosphere into space, thus 
functioning as a kind of planetary thermostat?) 


‘While the United States has experimented with electomagnetic weapons using ordinary 
transverse EM waves, the longitudinal [LW] weaponized waves are truly of another order 
altogether. 


For one thing they do not have to travel through space, for they come from the time domain, 
which is everywhere. The energy of the blast, the heat or light or whatever, comes from the 
vacuum of space at the location of the target itself. This is astonishing. The weapons actually just 
trigger the release of immense energy from the vacuum at the target location, 


it is possible to focus the potential for the effects of a weapon through spacetime 
itself, in a manner so that mass and energy do not “travel through space” from the 
transmitter to the target at all. Instead, ripples and patterns in the fabric of spacetime itself 
are manipulated to meet and interfere in and at the local spacetime of some distant target. 
There interference of these ripple pattems creates the desired energetic effect (hence the 
term energetics) directly in and through the target itself, emerging from the very 
spacetime (vacuum) in which the target is imbedded at its distant location.” Bearden Fer- 
de-Lance 


‘The big Tesla howitzers are aimed at their targets by using a worldwide electromagnetic pattem 
called the "Woodpecker Grid,” begun by the Russians in 1976, 


You can hear the Woodpecker signal here: huip://www.cheniere,org/mise/woodpeckersound.him 


‘The woodpecker grid is just that, a grid of EM waves which provide a channel for the LW waves 
to any point on earth. Computers use the woodpecker grid information to hone down the aiming 
of the howitzers to a pinpoint location on earth, (For that matter, it could be under the earth, in 
space, or under the sea). 


A third howitzer mode is what Col. Bearden calls 'Mindsnapper” mode, This is a truly 
frightening mode which affects the electromagnetic mind-body connection, Being mind-snapped 
at a low level would cause you to lose consciousness, Being mind-snapped at a slightly higher 
power would “entrain” all minds in the target area into a kind of hypnogogic trance, a state in 
which they would all be highly susceptible to suggestions and orders. 


Being mind-snapped at high level would so disrupt the mind-body connection that everyone in 
the target area would fall down, instantly dead. Not only that, everything around you and inside 
you would be killed, so that your sterilized body would not rot for quite a long time, 


‘The Mindsnapper can be used for a small area, or to kill an entire population. In fact, using the 
scalar waves to affect the human mind has become a new field in its own right, and has been 


dubbed 


‘choenergetics." (This is discussed below in section 5). 


Bearden describes the use of the howitzer in mind-snapping mode against people, to cause 
unconsciousness or death: 


"From a military viewpoint, these scalar EM weapons are really quite all-around 
weapons, 


"For example, they are very lethal against personnel. 


"Set in the “high intensity pulse mode," one blast and a person's nervous system is 
destroyed instantly. Total, instantaneous death results. One can blast away at entire 
‘groups of infantrymen, for example. It's the peak power that’s important, not the average 
power. So the weapon doesn't require too much battery power. 


"Set on a lower intensity pulse mode, one zap can simply knock out a person, rendering 
him instantly unconscious. Quite useful if one needs prisoners to interrogate, Also very 
silent, which is useful in operations employing stealth and surprise." Bearden 
http://www.cheniere.org/books/ferdelance/s80.htm 


"Those hit by the scalar EM weapon, however, have a most peculiar death mode. 


"Death comes-instantly and totally. There is no convulsion, no response. The entire 
nervous system is destroyed instantly. Every living cell in the body is killed instantly, 
including all bacteria, germs, etc. 


A body hit with this thing falls like a limp rag and lies where it falls, It doesn't decay in 
even 30-45 days. In a macabre fashion, it’s been reduced to something like food irradiated 
with nuclear radiation; everything is killed, so the material is preserved for an extended 
period before any decay can set in." 


Bearden http://www. cheniere.org/books/ferdelance/s8 L.htm 


He goes on to say that the same "bazooka-sized scalar EM pulse weapon" can also be used to 


knock out a 


points 04 
weapon 


tank with one shot (or pulse). So tank warfare is obsolete, Helicopters? Bearden 
if he's attacked by a helicopter or a fixed-wing aircraft, he can bring the same 
to bear on it, He can knock down a chopper or a jet. With one shot." 


Obituary for Tank Warfare 


Tanks useless against portable LW weapons 


"For example, suppose one attacks a tank. [with an LW weapon] With scalar EM pulse, 
the personnel die instantly. Total personnel kill is achieved. 


All electronic systems of the tank are dudded. Total systems kill is achieved. The 
ammunition in the tank explodes. Total kill is achieved. 


‘The fuuel explodes. This is another total kill mechanism. 


‘That tank has been killed totally, by a variety of mechanisms, all simultaneously. 
That's a k-kill in any analyst's book. 

And don't worry about retrieval and repair. That tank is finished permanently. 
Even the most modern tank is just as vulnerable as the most obsolete.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s88,htm 


‘One begins to get the idea how profoundly the conventional means of warfare have been 
obsoleted. All the usual weapons of war have been rendered nearly useless! And Star Trek's 
"Phaser," with its "stun" and "kill" modes is here at last. 


Although it is the weapons aspect of scalar electromagnetic which has received the most 
developmental effort, Bearden points out that a great many other amazing things that may be 
accomplished in this new field of science. Beam me up Scotty! 


"'Superluminal communications systems, hyperspace drive, and materialization and 
dematerialization are all hypothetically possible, using scalar electromagnetics, As the 
technology develops, we should see the development of many of the systems long 
thought impossible except in science- fiction.” 


Bearden bitp://www.cheniere,org/books/ferdelance/s15,him 


Bearden describes a huge test of the Russian scalar weapons systems which occurred in 1985, a 
test that went completely unnoticed by westem scientists: 


“Just before May 1, 1985 the Soviet Union performed a "full-up" operational test of their 
entire strategic scalar EM weapons complex. This test was detected and monitored 
periodically by Frank Golden. Some 27 of these giant Soviet "power taps” were locked 
into the molten core of the earth, producing forced (entrained) scalar resonance of the 
entire planet on 54 controlled frequencies under our very feet, The remainder of the 
scalar frequency spectrum was ablaze with literally hundreds of Soviet scalar 
transmitters: probably the entire strategic scalar command and control system to 


underwater submarines, higher command centers, distant commands, etc. was activated in 
the giant exercise. 


"For several days, the system was exercised on a mind-boggling scale, apparently as part 
of the Soviet Union's highly accentuated 40th anniversary celebration of the end of World 
War I. 


“Ironically, not a single U.S. intelligence agency, laboratory, or scientist detected this 
monstrous exercise for the new Soviet leader, Gorbachev. Not a one of them had a 
detector for scalar EM radiation, and not a one of them officially believes the exercise 
ever happened." 


Bearden http://www. chenicre,ors/books/ferdelance/s38,him 


"The Woodpecker grid/howitzer weapon system can be placed over the ocean and used 
against cruise missiles, naval surface-to-air and surface-to-surface missiles, submarine- 
launched ballistic and cruise missiles, etc, Placed over a carrier task force, it can also take 
care of the aircraft launched by the carrier as fast as they are launched, It can also handily 
take care of the missiles launched by guided-missile cruisers of the accompanying task 
fore 


(Bearden hutp://www.cheniere.org/books/ferdelance/s65.him) 


‘The whole series of the Fersle-Lance briefing slides and comments is a "must read" for anyone 
wanting to be aware of the actual state of things in this world right now. It is a new world and it 
takes some getting used to, Fer-de-Lance speaks clearly, for the layman, of the way things stand. 


‘What is it like to operate these Tesla Howitzers? Col. Bearden gives us an idea in his "Fer-de- 
Lance" briefing, Slides 66-71. 


‘Who needs armies anymore? A entire war can be fought and won by a handful of men sitting in a 
comfortable control booth! The scalar electromagnetics revolution has made all previous forms 
of warfare nearly obsolete. 


Why haven't the Russians used the scalar weapons yet? 


Bearden gives his thoughts on this in "Fer-de-Lance." The power of these weapons is so great 
that an accident or war could wipe out all life on earth, and even affect the sun. 


“As can be appreciated, this entire concept [MAD] is now totally obsoleted by the Soviet 
possession of scalar EM weapons. 


‘The “mutual assured destruction” capability -- or MAD concept as it was so aptly named! 
-- is no longer mutual, And for two reasons: (1) the Soviet surprise attack could destroy 
essentially all our Triad forces wherever they are, in the first attack. (2) Even if a very 
small number of our strategic forces survive, the puny strike we could attempt to launch 
could be repeatedly decimated from launch to terminal phase, 


‘The restraint on the Soviets is not because of our Triad forces. The restraint is twofold: 
(1) a second nation has scalar EM weapons, and would undoubtedly unleash them upon 
the Soviet Union with great violence if such a massive world-wide destruction of U.S. 
forces occurred or was threatened (is it really "accidental" that six major Soviet missile 
ammunition storage sites mysteriously exploded within seven months?); (2) the closed- 
Joop scalar radiation exchange system of Earth-Sun could be inadvertently "tweaked" in 
the feedback loop from Earth to Sun, so that a large solar scalar resonance was 
stimulated. In that case the Sun could emit a mighty resonant "burp" that would simply 
wipe out all life on Earth in a fiery shower. 


‘The "terror" in the "balance of terror" between nations has just increased by many, many 
orders of magnitude, 


‘The biblical prophecy that the Earth will be wiped out by "fire and brimstone from 
heaven" is very near fulfillment now. 


‘Put another way, the pucker factor -- even on the Russians who may contemplate 
unleashing Armageddon -- is higher than any Westem strategic analyst has ever 
imagined, even in his wildest nightmares, 


“Truly these weapons are "more frightening than the mind of man has imagined," as 
Brezhnev put it in 1975. 


‘The frightening scalar EM weapons can be used, but only very, very gingerly indeed. If'a 
slight mistake is made, everybody loses everything.” 


Bearden hitp://www.cheniere,org/books/ferdelance/s74,htm 


But the Russians (KGB) are not the worst of it. Bearden claims that some of the scalar weapons 
have been leased to the Yakuza for about a billion a year, and that only the KGB is holding the 
‘Yakuza in check from making a full-scale all out scalar attack on the west. 


U.S. Defense Secretary William Cohen 


Warns about eco-terrorism using scalar electromagnetic weapons 


"Others [terrorists] are engaging even in an eco-type of terrorism whereby they can alter 
the climate, set off earthquakes, volcanoes remotely through the use of electromagnetic 
waves... So there are plenty of ingenious minds out there that are at work finding ways in 
which they can wreak terror upon other nations...t’s real, and that's the reason why we 
have to intensify our [counter terrorism] efforts.” - Defense Secretary William Cohen, 
1997 


Ina letter to a writer named "Russell" Bearden says, 


“In short, Russell, the Secretary of Defense of the United States confirmed that there are 
indeed novel kinds of EM weapons, right now and have been for some time, which have 
been and are being used to (1) initiate earthquakes, (2) engineer the weather and climate, 


and (3) initiate the eruption of voleanoes. We wrote about those exact uses of the 
weaponry decades ago. Several nations now have such weapons. Three of them (two on 
one side and the other on a hostile side) are even firing practice shots into Wester Aust 
as a convenient test range." 


ttp://www.earthchangestv.com/ufo/0209gandor him 


Tesla Howitzers in Weather mode 


How to Make Weather 


"Engineering the weather is duck soup; they tested that over the U.S. in 1967, and entered 
upon continuing operations over North America on July 4, 1976 as a grim kind of KGB 
"Bicentennial Gift" to the United States. Here's how it is done with several 

interferometers. 


"Firs, the interferometers can deliberately make "high pressure areas” (cool the air so it 
footprint" pressure on the ground increases because its density increases) 
and "low pressure areas” (heat the air so that expands and its "footprint" pressure on the 
s because its density decreases). Well, if one makes the highs and lows 
them, and judiciously and somewhat slowly moves them along a given 
path, these highs and lows will entrain the jet streams and thus "steer" the weather. 


"So if you wish a very cold snap or attack, go up into Canada and start these actions to 
steer down some streams that bring some very frigid air. Establish other highs and lows 
judiciously to "block" or "slow" other jet streams and flows as desired. In this way, one 
can pull the "large cold air masses coming down from Canada" deep into the southem 
U.S. at will. They do it regularly. If you wish an ice storm, add an additional current of 
warm moist air you bring up (steer up by using artificial highs and lows) from the ocean, 
‘Where they meet, you will get freezing rain, then sleet, then severe icing accumulating. 
This type of attack does rather large damage to the struck area." 


hup:/Avww.carthchangestv.com/ufo/0209gandor.him 


‘Whole websites have now sprung up showing weather radar anomalies which may well be 
indications of scalar weather engineering. One list of over 500 images is here. Cheniere has its 
‘own collection here. 


In another section at Cheniere are many photos of cloud anomalies which reveal the underlying 
grid along which the clouds are forming or un-forming. Bearden relates a startling incident in 
these clandestine ongoing "weather wars.” 


"During the spring of 1986, abnormally strong Soviet weather engineering occurred over 
the U. S., causing a drastic drought in the southeastem U.S. This drought was broken by a 
colleague who used an extremely powerful scalar EM device to redirect jetstreams. A 
most unusual and unique signature of the "blocking" against the Soviet scalar EM actions 


resulted: Two huge circulations developed in the atmosphere, clearly showed as two 
adjacent giant "holes" in the swirling cloud cover over the middle and eastem U.S. 


"Between these two giant holes, the cloud circulations formed a stream of clouds, moving 
to the south, looking very: much like a giant vertical "bar" of a huge "Y-shaped” cloud 
flow.* Several national weathermen commented on this unusual pattem, which had not 
been observed before, The pattem continued, day after day, as the blocking continued.” 


* On the weather maps. 
hitp:/Avww.cheniere.org/books/analysis/history htm 


Tesla Howitzers in Earthquake mode 
How to Make an Earthquake 


"Here's how you initiate a very large earthquake with such weapons, Take a convenient 
fault zone of set of them. Focus the interferometry on the fault zone, in the "diverging" 
mode, and deposit EM energy there in the rocks on both sides, increasing (slowly) the 
stress in the rocks by the reverse piezoelectric effect (deposit excess energy, get crystal 
mechanical movements). 


"Do it slowly, and the stress will build up to large pressures well-above a plate slip 
minimum energy required. At some point, the rocks yield and one or both sides "slip" and 
move rather sharply, giving a very large earthquake in that zone. 


"Do the same thing down in the earth (remember, LWs easily penetrate right through the 
earth and ocean at will, and so the "interference zone" focus can be inside the earth or 
beneath the ocean, at will. 


“Anyway, focus this thing down to where the active part of the volcano is still 
slumbering, down where the hole in the plate has been made. Keep increasing the 
deposition of energy in the magma itself, and eventually the increasing pressure from 
deep within that volcano, underground, will cause an eruption. Build the energy slow, 
and the eruption will likely be much larger." 


hitp:/www.carthchangestv.com/ufo/0200gandor.htm 


Yugoslav Earthquake, Followed by Cold Explosion 


Strange Characteristics of Iran Quake, Sep. 1978 


Tesla Howitzers in Tesla's "Big Eye" mode 


How to make a Big Eye in the Sky 


By using longitudinal wave interferometry in a weakly endothermic mode a new kind of "radar" 
is now possible, one which can look right through the earth and oceans. Because the endothermic 


mode extracts energy from the distant target, a pattern of the target area can be scanned for in the 
retumed energy. 


"Thus the receiver produces a representation of the energy extracted from various 
locations within the distant endothermic zone. By displaying the received signals 
‘on an appropriately scanned screen, a representation of the distant scene in the 
intersection zone can be created, Indeed this is a special kind of "microwave 
interferometry," and -- with modern techniques -- the imagery obtained might be 
surprisingly good, With development, it might even become as good as the image 
presently obtained by side-looking acquisition radars. 


“Interestingly enough, since scalar EM beams will easily penetrate the earth or the 
‘ocean, one can also look beneath the earth or beneath the ocean with this type of 
scanning scalar interferometer. 


"The importance of this capability to strategic and tactical reconnaissance is 
obvious. Camouflage, cover, and concealment have no effect on such a system. 
One can easily look inside buildings and into underground facilities. With a small 
system such as this, the U.S. Marines at Khe Sahn would have had little difficulty 
locating the tunnels continually dug under the perimeter by the Viet Cong. And 
targets under jungle canopies are directly visible.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s42,htm 


Tesla Howitzers can destroy all life on earth 


How to Make a Storm on the Sun!! 
(Just make a big mistake with your Tesla howitzers) 


‘The deepest dangers of the use of scalar weapons are frighteningly pointed out by Bearden here 
where he considers that the sun, earth and moon (actually the whole solar system) is a delicately 
balanced arrangement of scalar (longitudinal) EM radiation. There is a scalar connection 
between the earth and the sun, which are both giant dipoles gushing energy in the time domain. 
Big scalar events on the earth could alter this balance causing true catastrophe. 


"Indeed, a solar response could be stimulated so that the Sun would violently belch and destroy 
our biosphere, among other effects.” 


Unrestrained scalar warfare could cause huge solar storms? To realize that human activity could 
actually affect the sun itself is truly mind boggling, 


Bearden goes on to s 


“Accordingly, use of huge scalar EM weapons is a double-edged sword. Unless carefully 
employed, use of the weapons could cause a terrible backlash to the user as well as the 
victim, and even accidentally cause the destruction of the earth itself. It is not accidental 


that in 1960 Khrushchev stated that his new fantastic weapon could -- if unrestrainedly 
used -- destroy all life on earth, 


"This appalling backlash potential is apparently what prompted Brezhnev in 1975 to 
make so strong an effort to get agreement to outlaw the development of "new weapons of 
mass destruction” more frightful than the mind of man had even dreamed of. Gromyko 
even introduced such a draft agreement into the proceedings of the United Nations, The 
first article of the draft agreement indicated that the nature of the weapons referred to 
would be negotiated. Sadly, the entire Westem world did not even know what the 
Russians were talking about.” 


hiip:/Avww.cheniere.ory/books/ferdelance/s24,htm 


INTERFEROMETRY 
{HEMISPHERICAL SHELL) 


it ee . 
3b. Tesla domes provide near-perfect defense shield. 


(Slide from Cheniere.org) 


‘The Tesla howitz be used in a nearly impregnable defensive mode whereby they throw up 
adome (Tesla Dome) or a sphere (Tesla Globe) of highly powerful electromagnetic energy, 
enough to "dud” or destroy missiles which try to penetrate them. Once again, this energy is not 


going through space from the howitzer, but being made to emerge from the local vacuum at the 
location of the shell. KGB tests of these domes have been witnessed by airline pilots around the 
world. Bearden gives many examples of the Tesla domes being sighted around the world in his 
briefing paper "Fer-de-Lance." (Russian dome test, another globe incident, yet another globe 
test), These giant electromagnetic domes can be hundreds of miles across, or narrowed down 
more to total impermeability. 


“Such a shell may be several hundred miles in diameter at the base. The enormous energy 
required to form such a defense shell is obtained by a "scalar power tap" into the molten 
core of the earth itself, as previously explained. In late April/early May of 1985, 27 such 
“power taps” were placed in the earth by the Soviets. If each tap is capable of powering 
four to six large scalar EM weapons, then the Soviet strategic scalar EM arsenal contains 
over 100 monstrous superweapons capable of generating exothermic explosions, 
endothermic explosions, engineering the weather, locating and destroying underwater 
submarines, detecting and destroying ballistic missiles shortly after launch, detecting and 
destroying long range strategic bombers as soon as they are airborne, etc." 


bupi/www.chenicre,ors/books/ferdelanc tm 


By using nested domes one can protect the domed area even against nuclear radiation 
itsell, Tesla globes ean be used to hit airborne targets by simply placing a globe of any chosen 
size in the flight path of the incoming missile, It does double duty because the missile hits it 
going in, and then the rubble hits it again going out the other side. 


‘While the U.S. persists in its useless boondoggle "missile defense system" by shooting a missile 
with a missile (missiles which would already have been "dudded” by the Tesla howitzers), 
between the domes and the globes the Russians (KGB) have in hand (operational) a nearly 
perfect missile defense system. Someone should ask the Secretary of Defense if the U.S. Tesla 
domes are in place. And over which cities? How powerful are our American Tesla domes? 


Bearden cites a number of examples of these domes being tested around the world: 


March20, 19689 | March 24,1977 | August 17, 1980 | June 17,1966 | June 18, 1982 | June 22,1976 


In a slide from the Fer-de-Lance briefing it is shown how the "woodpecker grid” itself also acts 
asa sensor, detecting any missile launch anywhere, and how the howitzers can respond instantly 
by delivering a blast to exactly the right coordinates, right along the channels of that same grid 
which is feeding the location information about the missile launch. This certainly beats "trying to 
hit a bullet with a bullet.” Especially since YOUR bullet would probably be instantly inoperable 
in a real scalar war situation, 


3c. Rogue Groups in the government 


Bearden fears that these scalar electromagnetic secrets may have fallen into the hi 
called secret "rogue groups” within the labyrinthine depths of the black-ops speci 
domain of the secret government, "In the extreme, such a deep black program can even become 


“captured” program," he says, "which is totally in the hands of rogues and no longer reports to or 
is bound by the dictates of the parent government.” 


"They have their own agendas, And being rogue groups, they may well bring in 

unethical, immoral tricks: assassination, bribery, entrapment, disinformation, plausible 
deniability, ete. A certain percentage of a highly secret rogue group will wind up using all 
these things and more. I's a human characteristic, the old primate dominance game. Only 
now disguised and hidden under deep classification. ... 


“In highly classified groups, these groups are greatly enabled to joust more widely, 
unethically, and immorally because it is so deeply hidden. So very deep classification 
evokes the growth and intensity of rogue groups. It’s the old ‘Power cormupts, and 
absolute power corrupts absolutely’ routine. ... Due to loose formation of rogue groups 
inside such programs, they may have dual or triple purposes, may not operate under very 
much legitimate government control at all, and may operate specifically for the purposes 
of the rogue group or groups that have gained control." 


"The involvement of at least some rogue groups, some being "cowboys" who operate 
well outside all laws and ethics, could also result in such things as assassinations, 
clandestine testing on individuals without their consent, ete. In short, it could account for 
what seems to be actually occurring. " 


hitp:/Avww.cheniere.org/explore%20articles/mind%20control3/p05.htm 


3d. World War III has already begun 


Because it is now possible to cripple the power grids and electronics of any nation, that nation 
could be reduced to economic ruin without ever firing an actual "shot.” Without electricity Wall 
Street cannot operate. Without electricity you quickly need martial law. One no longer needs to 
wage a conventional war anymore at all. There are now lots of new ways to bring any nation to 
its knees, 


"We are at war, whether we like it or not. And we are going to have strategie strikes on 
an unparalleled scale for us, Pearl Harbor was nothing compared to what is coming down, 
‘once we consider the “augmentation” and such. 


"When that factor is considered, then it’s a totally new ball game on replacing the power 
system, There isn't going to be much choice; the old one is going to be destroyed or so 
badly crippled that it will collapse the U.S. economy in a way we have not seen since 
1929. Of course, in such a case hitting us, we will be under martial law, the works, 
everywhere. For one thing, it's the only way you can keep the cities from imploding from 
within, by the criminal element, looting, robbing, killing, etc. Simply wait and see; it's on 
the way.” 


Although Bearden has for years decried the "scalar-gap," and chided the military for 
falling so far behind the Russian KGB in the field of scalar electromagnetics, recent 
statements indicate that things may at last have changed somewhat. 


“In the new war, the first phase of WW III has already been completed. Hence President 
Bush's recognition that this is a total war, and has to be taken to the enemy no matter 
where he may be hiding or in what sanctuary or in what foreign nation, This is an entirely 
different war than anything the U.S. has ever fought in its history. And before it is over, it 
is going to kill more Americans than have died in all the previous wars in our history. 

‘The news media and the public have not yet recognized that awful situation and 
predicament, Most are already thinking that, well, we won in Afghanistan so it's just 
about over. Instead, it has only just begun. 


"Anyway, that's a brief uptake on some of the weapon situation today. Some 10 nations 
or more now have LWIs, and five have the QPs. I'm still working on how many have the 
appalling negative EMP weapons, but would estimate 6 or 7 nations have them in one 
stage or the other, either deployed or in at least advanced development. And in my 
estimation, the Yakuza will have them within three to five years if they have to build 
them themselves, and quicker if they can buy them from the Russians, Chinese, or???” 


Bearden hitp:/;vww.cheniere.org/correspondence/030202a,htm 


‘When he was asked the question "Does the government listen to Tom Bearden?" Bearden 
said: 


"Let me speak carefully. Iam very satisfied with how I've been listened to in the quarters 
where the rubber meets the road. The West is no longer defenseless, not by any means. 
‘Cannot amplify it further than that.” 


hup/vww,cheniere.ore/correspondence/030202a,htm 


Bearden has briefed the government a number of times and the Cheniere website contains a great 
number of his graphic military briefing slides, 


3e. Are the Russians making "UFOs?" 


Scalar electromagnetics engineering opens the possibility of antigravity vehicles and 
“hyperspace travel." In other words we can now make our own UFOS! Of such scalar-powered 
antigravity vehicles, which have now become possible, Bearden has this to say: 


"We might expect to see such vehicles glowing. Their various surface features and 
mechanisms might appear to be glowing or revolving lights, ete. 


"They could exhibit incredible “aerodynamic performance," seemingly in the atmosphere. 
Actually they would not be moving "through" the atmosphere at all, but through a higher 
space outside each particle of atmosphere. 


"They could seem to materialize and dematerialize. 
"They could seem to plunge into the ocean or rise out of it. 

"They could even seem to operate under the ocean or inside the earth itself. 

“Such anomalous vehicle performances have been seen all over the world, particularly 
since a few years after WWI. 


"It appears that one or more nations of Earth are operating such vehicles now in great 
secrecy. Our own "government" may even be one of these. 


“If so, it isnt our true "government/government." Instead, it’s the "control 
‘group/government.” It's government at the operational level, but at higher level it belongs 
to certain control groups who have penetrated our government's vitals and taken over all, 


such projects.” 


In an excellent article on her Earthfiles website, Linda Moulton Howe reports on the utter 
bafflement of Norwegian scientists over mysterious lights appearing in the valley of Hessdalen, 
Norway. 


She writes of the research there: "The results can be broken down into two groups: 95% are 
thermal plasmas and 5% are unidentified solid objects. The plasmas emit long wave radio 


frequencies and strangely, their temperatures do not vary with change in size or brightness.” She 
quotes the scientists’ research summary: 


1) most of the luminous phenomenon is a thermal plasma; 


2) the light-balls are not single objects but are constituted of many small components 
which are vibrating around a common barycenter, 


3) the light-balls are able to eject smaller light-balls; 


4) the light-balls change shape all the ti 


5) the luminosity increase of the light balls is due to the increase of the radiating area. 
But the cause, and the physical mechanism with which radiation is emitted, is currently 
unknown. 


This would almost certainly seem to be another example of the testing of the scalar howitzers. It 
is bafiling because, as Bearden points out repeatedly, Wester scientists have limited knowledge 
of the scalar electromagnetic principles by which the howitzers operate. The Hessdalen scientists 
were completely baffled as to where the energy of these plasma balls was coming from. 


Ms, Howe interviews Massimo Teodorani, Ph.D., Astrophysicist, who released the report on the 
2001 Hessdalen sightings. The scientist speaks of the baffling phenomenon observed. 


"I don't know how it is possible that Nature is spontaneously able to do that. Anyway, we 
deduce that the plasma is trapped inside a sort of magnetic cage and the magnetic cage 
closes around the plasma and keeps it fixed in some way, prevents it from expanding. But 
where does it come from? We don't know." 


By what we have been considering here, we can recognize the signatures of scalar 
electromagnetic engineering. If itis a Testa howitzer, then the energy for the plasma balls is 
coming from the vacuum of spacetime at the very location of the balls themselves, triggered by 
scalar interferometers aimed through the woodpecker grid, 


‘These kind of balls can be used as marker beacons giving feedback for precision aiming of the 
howitzers. The energy of the marker beacon can be read back into the computers giving precise 
location information for pinpoint aiming. The target area can be very small, or widened out. 


‘There is a little movie of one of the Hessdalen plasma balls here. It would seem to be a clear 
‘documentation of a scalar howitzer marker-beacon, How many other current "UFO" sightings are 
actually the witnessing of Tesla howitzer tests? 


In fact there are a great many anomalous events of the past few decades which might very well 
be explained by the Russian testing of their longitudinal electromagnetic weapons. It would seem 
that the mysterious appearance of crop circles around the world could be accomplished by 
feeding a precise mathematical graphic pattem into the computerized aiming software and 
change the very molecular structure of the crops themselves along the lines of that pattem. The 


stalks fall over from the localized effect of the longitudinal waves. A plasma ball tracing 
patterns? Are they slyly sending a message to see if we are "getting it” yet? 


‘The "Cambridge Angel” - Made by Russian scalar plasma balls? 


Also see: Interview with Tom Bearden 


Attempt to Ban Energetics 
Weapons Worldwide 


= On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons "more terrible than 
anything the world has known." 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

. e. 
talking about! 


@ vere sexner 


(Slide from Cheniere.org) 


4. Healing powers of longitudinal waves 


Iongitudinal waves, time reversal of cells (de-differentiation), Priore’s machine, Bearden's proposed, 
version, using the electric power grid for healing waves or for broadcasting disease patterns. Scalar 


The good news! 


“Any sort of disease whatsoever - physical or mental - will be rapidly curable, simply and 
cheaply. It will be possible to reverse aging and rejuvenate the person. It will be possible 
to regrow limbs and straighten misshapen spines - and directly remove the causes of 
mental diseases and cure them as well. Lifespan will be staggeringly increased, without 
‘old age’s debilitation.’ AIDS, cancer, leukemia, and genetic diseases will be completely 
conquered. The potential for a true golden era is upon us, for all humanity." 


Bearden- hitp://twm.co.nz/beard_interview.him 


Proof of the healing powers of longitudinal waves from the vacuum is seen in the work of 
Antoine Priore who produced longitudinal scalar waves using a gigantic glass tube filled with 
plasma. He himself did not understand why it worked or how it cured cancer in animals. 


"The Priore team cured terminal tumors, trypanosomias, and other dread diseases in 
laboratory animals in France, in the 1960s and 1970s, under rigorous scientific protocols 
by eminent scientists. The Priore project was funded by the French Government to the 
tune of several millions of dollars (equivalent), 

hup:/Avww explorepub convarticlesenergeties hum! 


",.. Prioré’s machines concretely demonstrated a nearly 100% cure of all kinds of 
terminal cancers and leukemias, in thousands of rigorous laboratory tests with animals, 
‘These results were shown to medical scientists as early 
as 1960." hup://www.cheniere.org/priore/index hum! 


Bearden has stated that the longitudinal EM waves can 
have a healing effect because they always come in pairs 
called "phase conjugate pairs" and one of the pair is 
time-reversed. This enables engineering of the waves to 
"pump" the cells of the body (with waves from the time 
domain) and actually time-reverse the cells back to a 
previous healthy condition. The scalar cure of cancer 
does not involve killing the cancer cells but rather 
pumping them with time energy into a previous 
condition. I know, this seems miraculous, and is it not? 


Priore and his giant plasma tube 


This healing power in the longitudinal waves of the time domain is a mind-boggling thing to 

face. It took me months to get through it, and to suffer the fact that the cure for cancer and AIDS 
was right there, in this new scalar electromagnetics technology, and that it has been kept back 
from the people for so many decades now. 


Bearden has a great deal to say about the work of Priore, who himself did not understand why his 
machine worked. Priore did not know about the longitudinal scalar waves of the time domain. In 
fact, Tom Bearden has supplied, at last, the missing. explanation as to how that big giant two- 
story glass tube consistently cured cancer in animals. 


"The medical implications are enormous. By just reversing the damaged cells back to a 
previous physical state, this gives a physics mechanism for controlled cellular dedifferentiation, 

in biology terms. Physicians will time-reverse diseased, damaged or aged cells back to an earlier 
healthy condition, including all the cellular genetics, Normal cells are just reversed to a slightly 
younger condition." 


"We believe this mechanism explains the revolutionary but baffling electromagnetic 
cures achieved by a team of outstanding French scientists in the 1960s and early 70s, 
working with inventor Antoine Prioré, In lab animals, cures were achieved for terminal 
tumors, infectious diseases such as trypanosomiasis, and atheriosclerosis. In addition, 
deliberately suppressed immune systems were dramatically restored. 


"We hypothesize that this is the long-sought mechanism of how the living body heals 
itself. In short, the body's cellular control system induces cellular reversal by weak time- 
domain pumping of the damaged cells and the affected area. The cellular regeneration 

stem performs all healing of cellular damage in the body; the immune system heals 
nothing, not even its own damaged cells) . 


"For the first time medical science can develop as a science of healing rather than a 
science of intervention. And it will develop as a science of unlimited healing, since no 
pathogen can resist action by curved spacetime engines." Bearden 


buipdwww.cheniere org/techpapers/ Vision:202000%20paper.doc 


See Priore's machine __ See Slides of how it works. 


Bearden has extended the Priore work, with the previously missing knowledge now in place, and 
designed a revised system (for irradiating the body with longitudinal waves) which gets rid of 
Priore’s giant glass plasma tube and uses instead an antenna unit which surrounds the body. He 
has also provided the missing explanation of how it works, There is an article from "Explore" 
magazine, Part I and Part Il. 


In fact, Bearden has presented to the U.S. government a plan to use a portable version of a Scalar 
Healing Blanket where wire channels in the blanket act as a scalar antenna, which can both send 
and receive scalar electromagnetic waves. A two minute treatment of the waves is sufficient to 
restore the body to its earlier healthy condition, Thus even thousands could be treated easily and 
quickly in a biowar mass attack situation, 


RETRORADIATION WITH EMITTED TW EM WAVES 
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"To defend against things like anthrax attacks on our civilian population centers, we also 
have recommended to the U.S. Government the crash development of small, portable 
treatment machines—using similar "antiengine-forming” and cellular reversing "porthole 
technology”. [See Figure 13 on previous page]. Such portable machines could be 
developed cheaply and quickly, and present government facilities could be used to 
massively attack the correlate database production problem, "The portable treatment units 
could be cranked out by the hundreds of thousands and flooded down through emergency 
response agencies such as the police forces, the National Guard, emergency hospitals, 


emergency response teams, etc.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p04.him 


‘The Scalar Healing Blanket would fit into large suitease. It has three basic parts, the longitudinal 
wave generator, a laptop computer, and the antenna-blanket. The plan was a stroke of Bearden’'s 
genius, but unfortunately it fell on befuddled government ears. "Unfortunately, so far the DOD 
[Dept. of Defense] doesn't even understand what the heck we're talking about! 


Article "Healing with Energy": hup:/www explorepub convarticlesonergeties hum 


"We tried very hard in 1998 to call attention to the extreme national need for the most 
urgent possible development of a portable computer-controlled treatment device based on 
the experimentally proven Prioré methodology, but extended to a much simpler and far 
more rapid method of treatment. 


"Quick development of this technology could lead to a suitcase size device, capable of 
treating a patient in less than one minute, and stopping the symptoms and disease 

progress cold, then reversing it. Three "less than a minute" treatments one week apart 
would be required for complete cure. As an added advantage, partial reversal of aging in 
older patients would also be accomplished as a bonus, in addition to time-reversing the 
damaged and diseased cells... 


"The method proposed to the DoD in 1998 used normal EM in a peculiar way to force the 
body itself to make its own time-polarized EM waves, and pump every part of its cells -—~ 
including the genetics -- in the time domain, 


"Quite simply, we are going to be struck this way (QP spreading the immune systems of 
the populace plus professional smallpox, anthrax, etc. BW attacks on our population 
centers) and by other means we've spoken of in other papers and briefings." 


Bearden hup://www.cheniere.ors/correspondence/02 1401 hum 


The Dark Side of the Force: 
Creating and broadcasting disease 


Speaking of the scalar wave induction of disease by longitudinal wave patterns Bearden refers to 
work by French scientist Kervran Russian scientist Kaznacheyev, who proved that any disease 
could be transmitted electromagnetically. 


“It works this way: the Kaznacheyev experiments (and others) demonstrated that any 
cellular disease or disorder can be initiated into cells at a distance, by electromagnetic 
means (albeit unusual EM in nature). The decades of microwave radiation of the U.S. 
Embassy in Moscow, was an ongoing set of "stimuli" to ping the U.S. system and, by its 
response, ascertain how far along (or if it was "along") in its knowledge of such weapons, 
‘The radiation was responsible for many health changes in personnel and for the eventual 
deaths of three U.S. Ambassadors. 


Bearden hitp://vww.cheniere.org/correspondence/021702a,htm 


Ina letter he writes, 


"Yes, the Kaznacheyev experiments were quite real; 15,000 or so in military research 
institutes in Siberia. As with so many other novel areas investigated and developed by the 
Soviets, most U.S. investigators just assumed normal EM, which is not what the 
Kaznacheyev experiments involved, and not what was carrying disease induction pattems 
from one cell culture to another in rigorous lab tests." 


How to "Broadcast" Diseases 
Longitudinal EM Biowars 


Bearden explains how the new quantum potential weapons can be used to induce disease-at-a- 
distance in a population, or to "spread" the immune system so thin that a conventional bio-attack 
would be greatly potentiated. By "broadcasting" virtual disease patterns over a population, the 
immune system is so overloaded by the presence of the "shadow" diseases that its effectiveness 
is thinned out. 


“In short, alter the internal wavestructure, and one creates a curved spacetime ‘engine’ 
that acts on mass in any fashion one chooses to design - including initiate diseases 
Now visualize one of facuum engines’ or ‘spacetime curvature engines’ that acts on 
mass to generate the exact effects produced by anthrax. (Or any other disease one wishes) 

. Call the virtual state of a disease engine the disease pattem in the "shadow" state, just 
prior to becoming observable. . .. 


And the master cellular control system responds to "coming events that cast their 
shadows before”, In short, it responds to the upper level of the "shadow state” of a 
disease, still in the virtual state! (Hey, virtual particles are real, virtual photons are real, 
virtual ST curvatures are real --- just very fleeting, only for another to immediately arise). 
‘The exchange of virtual particles is known to generate all forces in physics anyway! . .. 


"So the cellular control system responds to "shadow state" disease pattems. Enter a QP 
weapon application. Place a quantum potential weapon "area" on the United States, so 
that the entire populace is in it, The slowly introduce and bring up in the shadow state, 

the necrotizing fascitis disease engine. At some point, the cellular control systems will 
react, and order the immune system into action. In other words, immune system resources 
will be committed against this "immediately coming" enemy. Bring it on up a litle, but 

still just in the shadow state. Voila! Humans form a bell-shaped distribution curve. And 
even if the structure of the QP fluctuates a little, fluctuating a bit stronger and a bit 
weaker, ete. A few of those targeted bodies will now actually develop necrotizing 
fasciitis, So far, just ike the U.S. Embassy targeting, except a different "carrier", 


"But now there is an exact signature that this is what is doing it, and not normal vector 
carriers of disease and contact or exposure infection. The few cases of necrotizing 
fasciitis that break out will be most puzzling. They will be randomly scattered across the 


entire nation, and so few that the vector carrier and contact or exposure explanation 
completely fails.” 


And that one happened, right here in the U.S., not so long ago. Check it out. 


"So carefully adjust the patterns for, say, 12 major terrible diseases, to that "adjusted and 
desired shadow state level”. Now add all 12 pattems into the internal structure of the 
quantum potential, Now it has 12 shadow state disease engines in it. 


"Place that one on a populace. The cellular control systems order the immune systems 
into action, and they now have to commit their finite resources to 12 different areas. This 
greatly thins the response an immune system can make to any one of those 12 disease 
patterns! In short, it "spreads" the capabilities of the immune system, which can be 
galvanized to great effort, but only can perform a small bit against each area. 


“Suppose one of those "galvanized" areas in the targeted populace’s immune systems is 
anthrax, And suppose the bad guys now hit one or more of those cities with a 
professional anthrax attack. A former OTA study showed that a professional anthrax 
aerial spray attack against Washington D.C,, dispensing 100 kilograms of anthrax spores 
in the spray, will account for 1 to 3 million casualties. And that's in an "unthinned" set of 
immune systems, In the "thinned" set, one can at least double or triple, and even up to 
five times, that estimate. So conservatively, now there would be from 2 to 6 million 
casualties. And even mild anthrax spray attacks in other "thinned” cities would also be 
amplified. 


"That one is being set up, or already set up, right now. There are other such 
“augmentation” setups also under way. 


"'So the weapons alluded to by the SecDef in 1997 are already being employed. WW IIL 
has already begun, and our populace (and our scientific community) is blissfully unaware 
of it. 


http://www cheniere,org/correspondence/ him 


Most of us can remember the strange outbreaks of the so-called "flesh eating disease.” It seemed 
to break out here and there randomly with no known cause. Bearden believes this was a test of 
the newer quantum potential weapons which go even beyond the capabilities of the Tesla 
howitzers. 


"The Kaznacheyev "disease induction by novel electrodynamics" work is also the basis 
for the spacetime curvature engines (not EM signals!) carried by quantum potential EM 
biological weapons for distant induction of diseases ete. into the population of an entire 
nation or area, such as the U.S. 


"This quantum potential disease induction weapon -- capable of attacking an entire 
population of a nation or area -- has been tested several times in the U.S. at very low 
levels, in the shadow state only (Wwe explain shortly) and it has a most peculiar signature, 
Eg,, one test used necrotizing fasciitis (flesh-rotting disease) engines, 


"The disease ‘engine’ was deliberately kept down in the ‘shadow state’ (virtual state, just 
below the observable state) so that only a tiny bit of the populace with depressed 
thresholds would "breach the observable threshold’ due to the population forming a bell- 
shaped curve as to the threshold level, The major signature of the test was that the cases 
of the disease broke out totally statistically and randomly, spread all over, without any 
‘disease vector’ in between. 


“In short, it was not spread in any manner required by normal deterministic disease 
vectoring, but was a totally random set of occurrences, Several other diseases were also 
tested this way in the American populace, with precisely the same signature." 


Bearden hitp:/Avww.cheniere.org/correspondence/021401,htm 


“Apparently one planned use of such an augmented clandestine BW weapon will be smallpox, 
e.g. As you know, the Russians did develop smallpox for biological warfare, and even developed 
anew strain against which previous vaccination is ineffective, 


"The vast numbers of expected casualties, coupled with immune system spreading, are 
absolutely inresistible to the Russian mind. You can count on it that they have seen that 
the smallpox is already on site here, in the U.S. and in the hands of professional terrorist 
teams. Of course, the Russians/KGB will protest they have nothing to do with that! Yet 


likely the KGB will have flatly arranged it or at least assisted it. The capability for mass 
destruction of the nation is so lucrative and easy to achieve in advance, that they would 
never be able to resist doing it." 


Bearden hitp:/vww.cheniere.org/correspondence/0?1401,htm 


Bearden believes the Gulf War Syndrome involved the use of scalar technology to induce a 
disease state, as he stated in a 1997 interview: 


"TM say this flatly, and I won't answer any further questions about it; the Gulf War 
Syndrome was induced... It was induced with this stuff, All the rest... was contributing 
factors that everybody's talking about... There are some deeper signatures, if you look 
into it very deeply, that show you exactly how it was done and the fact that it was 
induced. It was a test. It was a test of a very special kind of weapon I have not talked 
about yet. Anyway you can use it to create diseases." 


Bearden hitp:/twm.co.nz/beard_weapon.htm 


Besides using the woodpecker grid to target a population, the entire electrical grids of nations 
can be used as “channels” for disease patterns to be broadcast to all people near that grid. Your 
‘own house wiring can become an antenna, broadcasting these "shadow" patterns of disease, 
weakening your immune system. 


‘And here one faces the frustrating fact that the same power grids could be set to channel pattems 
which would keep the entire population healthy, rejuvenated, continuously bathing in the time- 
reversing old-age-defying energy of the spacetime vacuum. We have no idea yet of how long the 


human life span could be inereased with this new technology. People might be able to live two 
centuries given full humane development of this technology. 


5. Psychoenergetics 


Mental entrainment, inducing hypnogogic trance, mind control, broadcasting thoughts and feelings, the Ant World, 
education via EM [LW] mental download, the "Feclies,” revolution in spirituality, "enlightenment machine?” Scalar 
churches? 


Psychoenergetics is simply using the scalar interferometers to manipulate and engineer the 
human psyche. To me it is the most mind-boggling and frightening aspect of longitudinal wave 
engineering. 


‘The mind is electromagnetic in nature, and itself of the time-domain, It is not observable in 3- 
space. There is no thing you can point to that is the mind. As Bearden says, "The mind is time- 
like.” 


‘The longitudinal scalar EM waves are also of the time-domain. By overlaying certain infolded 
pattems (oscillations in time) on the longitudinal waves, a thought or feeling may be made to 
arise in a person or persons who are in the interference zone (where the wave beams cross). 


‘The person will not notice anything, feeling that this thought or idea is his or her own idea. The 
longitudinal wave pattem might be a wave of panic or fear that spontaneously sweeps over you, 
pethaps inexplicably. It could even be in the form of a sudden intense patriotism. It could be 
explicit words and phrases, which everyone would think they had thought of by themselves, Or it 
could be rage and hatred, angry and violent, On the other hand It could also be a continuous 
sense of docility and placidity. This is the brave new world of psychoenergetics and the coming 
"Mind Wars.” 


Scalar Psychoenergetics in its most primitive form simply "entrains" all minds in the target area 
into a deep hypnogogic trance, In this state of mind people would be suddenly extremely 
suggestible, and would likely believe anything they are told, and would obey any orders given. 
Talk about winning the hearts and minds of the American People! 


‘Tom Bearden makes me think of Paul Revere, who heroically conveyed important warnings for 
the sake of the new nation, But the words of the famous phrase have now strangely and curiously 
mutated into the once-inconceivable: "One if by land, Two if by mind.” 


Indeed one strategy in a Mind War would be to simply take over the minds of the "leaders" of the 
enemy nation, The targeted leader would not be aware that anything was amiss, although he 
might begin to make unexpected changes in policy. 


And are, in fact, any of our "leaders" already having secret thoughts that are not their own? Who 
knows? Frighteningly, we can no longer be sure. The new sciences of scalar electromagnetics 


and psychoenergetics are even now plunging humanity into a sudden science-fiction-like world 
beyond anything in humanity's previous imaginings. 


The Russians reached the point in the mid 1990s that they could take over control of a 
person's mind, with modified longitudinal EM waves including some time-polarized EM 
waves, and with a team of specialists (estimate 25-30 per transmitter, and one transmitter 
and team per controlled person)." Bearden huip//www.cheniere.org/misc/ime him 


Ina slide Bearden illustrates how a Scalar War would involve a psychoenergetics attack on the 
‘operators of the enemy scalar installation, entraining their minds into hypnogogic trance and 
getting them to shut down their systems. 


And ultimately psychoenergetic warfare goes to the very heart of human identity itself. For if my 
thoughts might no longer be "mine," then who and what am I? Can my very sense of being "me" 
be hijacked by some nefarious psychoenergetic scheme? Will the "secret government" eventually 
dictate directly into your mind how you feel about yourself? Or what you think you are? Or what 
you should do? 


How Does Longitudinal EM Mind Control Work? 


s -xpounded by Col, Bearden seems even more arcane 
and over-my-head than that of extracting energy from the vacuum. I cant understand it, but I 
look through it anyway. Each time another tiny understanding might occur, or a term might fall 
into place. I know the mathematics is forever beyond me, 


One paper to begin with is “Mind Control and EM Wave Polarization Transductions” This is 
such serious stuff that Bearden includes a strong warning about misuse of this knowledge, 
Psychoenergeties weapons can mentally maim and physically kill, 


Warning! 


(From "Mind Control and EM Wave Polarization Transductions") 


"This article refers to experimental research techniques which can be detrimental or lethal 
in the hands of any but highly skilled, qualified experimental scientists proceeding under 
proper laboratory safety procedures. The purpose of this article is strictly for information 
to properly qualified and authorized scientists in certified laboratories. We do not propose 
or condone any use of these procedures for nonapproved practice of medicine without a 
license. Neither the publisher nor the author are responsible for accidents or outcomes in 
the use of these experimental procedures and techniques. Any researcher who performs 
these procedures and experiments is acting on his or her own volition, and is solely 
responsible for insuring safety, qualifications, and legality of the acts and their results. 

‘We neither suggest nor condone unauthorized experimentation on human subjects. Such 
is a criminal violation of the constitutional rights of the subject under Federal and State 
Jaws, and is both illegal and immoral.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20controlI/p01 htm 


After the serious warning comes the description of the paper. This is 


ly stuff for the layman, 


Calling full attention to the special note above, in this paper we present a high-level 
overview of the novel electromagnetic nature of mind operations, mind and body 
coupling, and intent - the induction of physical 3-space EM energy changes into the brain 
and nervous system, and into every cell of the body, from the mind's time-like coherent 
operations. We summatize the time-polarized electrodynamics used to engineer and 
affect mind operations and the mind-body coupling loop. Transaction mechanisms 
whereby differing EM wave polarization’s can be transformed one-into-the-other are 
presented.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20controll/p01 htm 


I will leave it to the technically astute to try to understand the mechanisms of operation which 
are described in scientific language. But there are tidbits for the layman, Here he speaks of the 
difficulty Western scientists have in opening up to the "immaterial" (longitudinal wave) nature of 
the human mind. 


Western Science Remains Largely Materialistic 


ly, most Westem scientists are materialists and consider "mind" a 
and nonscientific concept. They tend to consider mind operations and functions either to 
be simply "meat computer" operations and functions, or at best to be very weak ordinary 
transverse-wave EM operations and functions in the brain and nervous system. This 
serious self-limitation exists because in the body we measure only weak TW [transverse 
wave] EM operations and functions correlated to biological behavior and brain 
operations. We simply do not know how to measure "mind operations” directly. 


a mystical 


"With no mind measurements possible and no instruments, itis understandable that 
‘Westem science considers only the physical side of the mind-matter interface, 


"Presently our scientists do not measure the longitudinally-polarized EM wave operations 
and functions in the body and around it in nature, Few of them are aware that a 
maelstrom of such LW [longitudinal wave] functions exist in the body and in all of nature 
in general.” 


Bearden hitp://www,cheniere.org/explore%20articles/mind%20control/p05,htm 


‘Westem methods of influencing the mind with EM waves have only used transverse waves, not 
the longitudinal waves of the vacuum. If only transverse waves are used one pretty well has to hit 
the target mind with a sledgehammer of waves. 


Western Science knows only transverse EM waves 
Brute Forcing Time Functions versus Fine Control Methods 


“Ironically, Westem mind control researchers using transverse EM waves for mind 
control research, are using a brute force method of evoking and using vacuum engines 


(spacetime curvature engines) and a special form of general relativity, although they do 
not appear to realize it. 


"While KGB scientists also use TW EM "brute force” TW waves when necessary, they 
do "imprint" or “activate” those waves with the desired internal LW and time-polarized 
EM wave and photon structures required to directly perform the mind engineering 
desired... Bearden 


"These "fitted brute-force models” certainly can be very powerful, and certainly can 
produce the exact results shown in the experimental verifications of the fittings. 
However, they do not of themselves allow sophisticated design for example of the 
necessary time-polarized wave assemblies for engineering the entire human collective 
unconscious simultaneously, or for engineering the entire collective unconscious of all 
species on Earth (i.e., Gail’s collective unconscious), or even for precisely engineering 
the memory and knowledge base of an individual. 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control/p09.htm 


The seemingly magical operations of psychoenergetics, sometimes called "psychotronies,” 
cannot be achieved with ordinary transverse EM wave energy. But they are possible with 
longitudinal scalar waves because the mind itself is scalar in nature. 


"We note that all mind operations are time-like, i. they are comprised as scalar EM 
photon functions and scalar EM wave functions. Thus the mind is a very special kind of 
electromagnetic system, existing in the time domain..." 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control/p08,htm 


‘The engineering of the mind can only be accomplished with the waves of time. 


The course of psychoenergetics development necessitates the building of a vast database of 
settings and pattems which bring about given mental and/or emotional states. A kind of "gnome" 
of the psyche. Bearden describes the process of the decoding of this "gnome." 


"Now the scientists would perform many phenomenology experiments, making one little 
change at a time and profusely recording the data. Each time, they would establish the 
physical change(s) that occur in the body and/or the mental and emotional changes that 
‘occur in the mind for each spectral reinsertion back through the "ship's portholes”. They 
would simply but painstakingly (over some years) build up an extensive database of those 
individual correlates, 


“In these experiments, the experimenters will eventually be able to provoke any body or 
mind change they wish. Strong emotion. Intense pain. Intense pleasure. Painful thoughts. 
Images. Memories. Perceptions. Dreams, Visions, Memory losses, Memory changes. 
Personality changes. Etc, The "delta’ in the emission spectrum (the changes from zero 
reference spectrum) represent the precise totality of all mental, physical, organic, 
chemical, etc. changes and interactions. 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p01 htm 


A second stage in the research would be to test the correlates and porthole insertions 
upon a statistically significant cross section of ordinary people, and/or specialized 
populations (such as toughened soldiers). The program would evolve a highly complex, 
very effective, ever-improving science and technology of mind and behavior control and 
engineering mechanisms, complete with finished database and developed applications 


‘equipment 
Bearden http://www. cheniere.org/explore%20articles/mind%20control3/p02,htm 


Summing up his paper Bearden speculates on what the actual situation the science of 
psychoenergetics probably is. The intense secrecy with which this knowledge has been kept from 
the public has led to the current farce of the "government" pretending it all does not exist, and 
this secrecy may have now put us at great risk. 


"The implication is that in the West one or more highly classified, sustained, heavily 
funded developments in advanced mind control programs, probably exists and probably 
has existed for some time. Due to loose formation of rogue groups inside such programs, 
they may have dual or triple purposes, may not operate under very much legitimate 
government control at all, and may operate specifically for the purposes of the rogue 
‘group or groups that have gained control 


"In a nutshell, that's what may be going on in the clandestine mind control projects in 
several Westen governments. The involvement of at least some rogue groups, some 
being "cowboys" who operate well outside all laws and ethics, could also result in such 
things as assassinations, clandestine testing on individuals without their consent, etc. In 
short, it could account for what seems to be actually occurring. As also is “usual” in such 
a mess, one or more of the rogue groups eventually may become very powerful because 
their secret weapons are very powerful. They may become confident, thinking they have 
the "best in the world,” They may actually believe they are ahead of the Russian: 


"Remember that, in every large and powerful human organization, the basis for rogue 
‘groups is power and secrecy. They are always seeking to increase their power, control, 
influence, prestige, ete, Nothing else. Patriotism and mission are—to rogue groups— 
often just idle words, They have their own agendas, And being rogue groups, they may 
well bring in unethical, immoral tricks: assassination, bribery, entrapment, 
disinformation, plausible deniability, ete. A certain percentage of a highly secret rogue 
‘group will wind up using all these things and more, It's a human characteristic, the old 
primate dominance game. Only now disguised and hidden under deep classification." 


"The Russians, with their additional knowledge of the actual mechanisms in the 
transforms, will be much more advanced than the West, because their fundamental 
psychoenergetics science is far more advanced, so long as we continue to use the old U()) 
electrodynamics. Further, the Russians have decades of use of longitudinal interferometry 
beams to reach right through the earth and ocean and produce stringent EM effects at a 
distance. So they will also be able to do the same things here in "mind control” with LW 
[longitudinal wave} interferometers, through intervening mass." 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p05.htm 


Bearden cites two examples where he believes the Russian KGB tested the psychoenergetics 
capabilities of their scalar interferometers. One was the case of Captain Button in his A-10 
Warthog" aircraft on April 2, 1997. 


"Over Arizona, Captain Button was thrown into a hypnogogie state, and his perceptions 
instantly altered and controlled. In his instant "dream-waking” state, everything seemed 
perfectly normal. His sense of direction was altered a bit more than 90 degrees, so he 
simply corrected and tured and “flew toward the range", actually flying off course by 
more than 90 degrees and ignoring radio contacts. He flew right on out of Arizona.” 


At one point he circled, probably thinking he was over the range, and he probably 
dropped his ordnance there. Then he "flew on back toward home," as he thought in his 
waking dream state, until his fuel ran out and he crashed and died in the explosion— 
dream+-thinking until he died that everything was normal, All the while, his sense of the 
passage of time was altered. To him, in his dream-thinking, dream-acting state, 
everything was normal and nothing untoward had happened, So the distant KGB 
transmitters and associated psychoenergetics team controlled him for over an 

hour, "Indeed, that was the exact purpose of the test: demonstrate control (at a great 
distance) of a skilled person performing highly skilled tasks." 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p06,htm 


‘The paper “Mind Control and EM Wave Polarization Transductions” ends with the most chilling 
and frightening possibility of all: the psychoenergetic engineering of the human species as a 
whole. 


The Ant World 


The Final Race for Direct Mind Control of the Entire Human Species 


"The KGB psychoenergetics weapons scientists—because of their direct measurements 
and detections (and use) of t-polarized waves and LWs [longitudinal waves] for 
decades—also understand that Jung's collective unconscious mind (of the entire human 
species) also has its own time-like operations and correlates, which one measures also 
when using t-polarization measurements and sorting it all out. The collective unconscious 
mind operations are buried several levels deeper inside the recursive Whittaker 
structuring inside the EM fields, waves, and potentials, "The KGB scientists also know 
that something very like Gaia — a collective unconscious mind for all species on earth — 
also exists, and they are striving to be able to sort out and measure that one as well. The 
Gaia operations are buried even deeper in the recursive structuring inside the EM fields, 
waves, and potentials," Actually, from day one, the Russian mind control scientists have 
had their eventual goal set upon this "deeper area of mind and possible mind control" of 
the entire human species, 


"Lam convinced that the KGB psychoenergetics scientists understand this deeper area. If 
they can leam to directly engineer the collective human species unconscious, they can 


then convert the human species easily into a sort of "ant" society, modeled along ideal 
‘Communism Lines, except of course with an excluded "hierarchy at the top" running 
everything. The "ant society” — communist style — is still a variation of feudalism (all 

-ms tend to feudalism or some form thereof). "The KGB psychoenergetics weapon 
scientists are seriously pressing on toward that very goal. In my opinion they are not very 
far from it right now... 


"Some versions of Russian mind control devices were used on Russian soldiers in the 
Afghan War to condition them for performance of merciless acts." 13 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p07.htm 


More about “The Ant World” 


‘Whether itis the Russians planning an "ant world” society or rogue U.S. black-ops groups 
withholding a great boon from human race, the secrecy on all sides around has allowed largely 
criminal elements to take over this technology while leaving the civilized elements in the dark, 
Openness and the spreading of this knowledge among good and decent people is essential, and 
for that we will have to overcome our frightened denial. 


"Meanwhile, rogue groups amongst Westem clandestine mind control researchers will 
probably arise if they have not already done so, They will likely seek to increase their 
personal control and further isolate the programs from orthodox government review and 
from government and legislative control. They may even divert the research into highly 
illegal and unethical means, because it furthers their own rogue agendas. That is how 
clandestine U.S. government research can sometimes go sour, unless great care is, 
exercised by the oversight committees in the House and the Senate. 


"Sometimes when rogue groups do gain control and total secrecy of a given new 
technological area, then what appears to be "U.S. government operations” do start to 
encompass a criminal and unethical operations, hidden usually beneath the deep veil of 
high classification, Also, if its "scientific," no one is ever brought to justice, even if the 
“evil science actions" are uncovered and publicly revealed.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p08,htm 


Like the huge energy of the Tesla howitzers, the ability to engineer the mind with longitudinal 
waveforms is a seeming "magical" thing which can be used for good or ill. Bearden envisions 
that further developments will allow something like the "downloading" of knowledge via s 
interferometry. Everyone could be highly educated, and quickly and easily. 


In the conclusion of the paper "Mind Control and EM Wave Polarization Transduetions” 
Bearden makes a plea to the nations of the world regarding the use of psychoenergetic 
engineering. 


“Let us hope this great new area, already off to a bad start, can be bridled and steered in 
the direction helping and healing people, rather than killing or abusing them. The 
excesses in its bad use are a potent threat to all nations on earth, 


"Yet it can revolutionize medical science, education, communication, and psychology. 

We foresee the day -- perhaps 30 years hence -- when education will be accomplished by 
directly loading the software into the mind, Then in three weeks one will "load" a 
doctorate, say, in physics. In three more weeks on will also load a doctorate in chemistry. 
Another three weeks, in electrical engineering. Another three weeks, an MD And so on. 
‘When that happens then truly everyone on earth can be educated. Freedom from 
ignorance may well be another great freedom that is legally recognized. There will be no 
impoverished large groups lacking the education to find decent, productive jobs. 


"We urge all nations to use the principles involved: not for human abuse, but for healing, 
educating, uplifting, and life-expanding of every person on earth, If we do, we shall all 
have a far brighter future. Then we shall check what has started out to be the Sword of 
Damocles and tum it into the golden Millennium,” 


Bearden hitp://www,cheniere.org/explore%20articles/mind%20control3/p08,htm 


(Perhaps after so many frightening topics a slight break is in order here to consider the lighter 
side of psychoenergetics. For example, what will be the ultimate impact on the entertainment 
industry?) 


The Feelies at Last! 


Psychoenergetics will be able to bring about at last, for better or for worse, Aldous 
Huxley's fanciful idea in his novel "Brave New World," an entertainment format which 
he called "The Feelies." Those were something you went to, like going to the movies, but 
you would experience all the actual feelings themselves, as if the depicted events were 
actually happening to you. Although our "leaders" seem too dim to grasp what is going 
on in the world of scalar electromagnetics, it should not take some young Hollywood 
‘genius too long to understand that The Feelies are now possible, and that the immense 
megabucks of potential profit more than justify heavy investment in bringing it to 

market. 


‘One can imagine that first "Feelie” theater, "The Huxley" perhaps, a large comfortable 
area surrounded by nine giant screens (not just one screen!), which become 3D if you put 
‘on your headset. And The Huxley is fitted with the finest sound, and oh, by the way, a 
modest sized scalar interferometer with computer. And there are one or more new tracks 
now recorded on the film next to the sound track. These are the digital patterns of 
thoughts, feelings, and ideas to be fed into the theater's interferometer. And these 
thoughts and feelings and ideas will be felt by the audience as if they were their own 
thoughts and ideas. It is an entirely new art form. Psychevision. 


As important (and no doubt famous) as the actors would be the "feelers," those from 
whose minds the feelings were lifted in the original programming of the Feelie tracks. 
Because, for example, Brad Pitt might be a good and handsome actor, but can he really 
feel it? Like the dubbing of foreign language films, it might be necessary to dub the 
"emotional track" using a deeper and more profound person's feelings, thoughts and 
ideas. 


It might even be engineered so that if you sat on one side of the theater you would feel 
like the hero, and on the other side you would feel exactly like the bad guy! What would 
that lead to? 


‘We have all cried at a movie some time, most people have, though they might not want to 
admit it. But this would be deep sobbing and a flood of tears, if the director so desired it. 
‘You would feel it at your core. Or, take a big chase scene, you would be terrified. They 
are breathing down your neck! You would be gripped by panic. 


For that matter, the whole genre of Horror-Feelie would be too much for many people to 
take. Do I really want to feel that an actual vampire is tearing at my throat with his 
fangs? 


A Religious Feelie would make you feel the exaltation of a saint at his prayers, or give 
‘you the definite feeling that you are Christ suffering on the cross. All the pain could be 
there too. The stickiness of the blood, The very feeling itself: "Why hast thou forsaken 
me?” Who among us could come up that despair for scanning’ Had this been developed a 
bit earlier we might watch a documentary of, say, Mother Theresa, containing her own 
actual deep sense of compassion, which we would feel arising in us as our own, 


‘Then again, a Psychedelic Feelie could induce an LSD-like state and simply blow the 
audience's minds, 


Even in its simplest most primitive mode, the hypnogogic trance induction with its 
increased suggestibility, would completely alter the experience of even ordinary current 
movie going. 


6. As it Stands - 2002 


“Anyway, it's presently a "Mexican stand-off" with the various parties maneuvering with 
check and countercheck. That is the real "balance of terror" that is held by such a fragile 
balance.” 


You can see the implications if such weapons fall into the hands of the radical terrorists. 
Ordinary positive energy EMP shooters can be made fairly readily and cheaply from 
nearly just Radio Shack parts or surplus parts. It just takes some know-how... When and 
if the Yakuza [Japanese mafia] gets those (and they will, is just a question of time), you 
can begin to appreciate some of the turns this present terrorism and our war on it will 
take.” 


Bearden hitp:/vww.cheniere.org/correspondence/0?1702a,htm 


‘The very thought of the building of one of these howitzers by "some lone-nut gunman" from 
Radio Shack parts makes one realize how serious it is for humanity to face the crisis it has come 
to, 


‘Once again, as at the dawn of the nuclear era, humanity finds itself at the crossroads of Heaven 
and Hell. As a species, we must stop and consider. And there is at least one real difference 
between this visit to the crossroads and the last: this time there is a very real possibility of a true 
“earthly heaven" on the Heaven side, 


‘The poor nations could come to a good life. Disease could be largely eliminated. Fossil fuel 
pollution could end. Global warming could be solved, and the weather could be managed in a 
humane way, bringing water where there is drought, and sunny skies where there is flood. Scalar 
interferometry would be there to avert any possible hits by asteroids or comets, Mars could be 
colonized and terraformed. Everyone would be highly educated through psychoenergetic 
downloading of knowledge. And the wisdom of the wise could be realized directly through 
scalar connection to their minds and hearts. 


‘These stunning sudden possibilities give me pause to think: if our species has reached this, 
crossroads in such a short span of centuries, then surely other species in this vast universe have 
passed this way before and long ago. And of those who chose the path to "planetary heaven,” 
‘hat is their life like now? It might be good if some of them were with us now, to guide us 
through this last struggle over this pesky old good-and-evil problem, It is our last chance to 
choose the path which benefits the whole species, and not just some elite group or faction, 


The Disclosure Project 


One person working tirelessly to bring to bring these technologies into the open is Dr. Stephen 
Greer of the Disclosure Project, which is calling for congressional hearings into the issues of 
UFOs and the free energy technology that was, perhaps in part, reverse-engineered from them. 


“Once abundant and nearly free energy is available in impoverished areas for agriculture, 
transportation, construction, manufacturing and electrification, there is no limit to what 
humanity can achieve. Itis ridiculous — obscene even — that mind-boggling poverty 
and famine exists in the world while we sit on classified technologies that could 
completely reverse this situation, "So why not release these technologies? Because the 
social, economic and geo-political order of the world would be greatly altered. Every 
deep insider with whom I have met has emphasized that this would be the greatest change 
in known human history. The matter is so highly classified not because it is so silly, but 
because its implications are so profound and far reaching. By nature, those who control 
such projects do not like change. And here we are talking about the biggest economic, 
technological, social and geo-political change in known human history. Hence, the status 
quo is maintained, even as our civilization hurtles towards oblivion... 


"With the types of weapons currently in the covert arsenal — weapons more fearsome 
even than thermonuclear devices — there is no possibility of a survivable conflict. Yet in 
the darkness of secrecy, actions have been taken on behalf of every human that may 


endanger our future. Only a full, honest disclosure will correct this situation, It is not 
possible for me to convey in words the urgency of this." 


Dr. Stephen Greer hitp://www.diselosureproject.org/ES -DisclosureImplications-2.htm 


Greer and his team have assembled hundreds of witnesses, many of whom are military or ex- 
military, who are ready to testify to congressional hearings what they know about the covert 
black projects which have kept free-energy and antigravity propulsion technology secret from the 
people. 


Greer points out the need to regulate these technologies so they are limited to peaceful uses, but 
this is of course difficult when the government simply chooses to pretend they do not exist. In 

the meantime, as the President and the Defense Department continue the charade of war-as- 
usual, those scalar (longitudinal wave) installations which DO exist continue to fall into ever 

more sinister hands. And there is no reporter in the press brave enough to ask, "Mr. Secretary of 
Defense, what steps are you taking to defend our MINDS from attack by the big Russian 
longitudinal interferometers 


Longitudinal Interferometers are Proliferating 


In a later statement Bearden reveals that in fact the Yakuza [Japanese mafia] has already leased 
some of the interferometers with a nearly $1 billion "down payment:" 


“After the collapse of the Soviet Union's economy, lots of things got available for lease or 
purchase that would never have been under the old system. That happened in the 
resulting economic chaos. The Russian Mafia rose to prominence, as did some wheeling 
and dealing entrepreneurs who played both ends against the middle. 


“In that atmosphere, and in the need for money, the KGB allowed leasing of the earlier 
longitudinal EM wave interferometers to a consortium of the Yakuza and Aum 

Shinrikyo, They did this only after they had tested and deployed their great new quantum 
potential weapons. That class of weapon is the dominant weapon on earth, Five nations 
now have it: Brazil, Russia (KGB), China, and two nations friendly to the U.S. The deal 
to lease many of the earlier LWIs [longitudinal wave interferometers] to the Japanese 
Yakuza and Aum Shinrikyo was consummated at the end of 1989, with a down payment 
of $900 million in gold bullion as "up front” money. I don't know what the lease per year 
was and is, but probably something like a billion dollars a year. So the rogue Japanese 
acquired longitudinal EM weapons and that technical know-how. In fact, the Yakuza is 
producing certain kinds of those in its own facilities in Japan now.” 


Bearden hitp://www.cheniere.org/correspondence/030202a.htm 


Personally, I am a little uncomfortable with the knowledge that the Japanese mafia may now be 
able to insert things into my mind, 1 like to sleep at night knowing that my dreams are my own, 
such as they may be, and not some weird fantastic visions cooked up by a criminal organization, 
This is a world emergency. 


‘And in Bearden’s analysis, it all comes back to the issue of energy. It is the energy crisis which is 
now provoking the current "oil wars,” since oil production has hit the "Hubert Peak" and will 
decline, And the electrical power grids must be replaced with scalar power as fast as possible, for 
these grids are now totally vulnerable to any possessor of longitudinal interferometers, They can 
all be wiped out in minutes. By anyone who possesses or controls a Tesla howitzer. 


“Anyway, in my personal view, we should have a national Manhattan Project right now, 
to develop decentralized electrical power systems taking their energy from the vacuum . . 
. The MEG is real and so are several other systems invented by private inventors and 
colleagues. All these efforts should be massively funded and massively and quickly 
developed. The survival of this nation is going to depend upon it. ... There are many 
other facets, but the major point is that our scientific apparatus and the public are still 
unaware of what a desperate struggle we have entered, since it was thrust upon us. 9-11 
was a wake-up call, It was certainly bad enough, and one grieves for those lost American 
lives. But I fear the worst is yet to come, and it is coming at us like a runaway train 
hurtling right down the track at us." 


Bearden hitp://www.cheniere.org/correspondence/021702a,htm 


"The electromagnetic weapons mentioned by the Secretary of Defense in April 1997 are 
in terrorist hands also, including the Yakuza and Aum Shinrikyo. That rogue group 
leased those earlier weapons on site in Russia, from the KGB, at the end of 1989. The 
SecDef stated that such weapons were being used to initiate earthquakes, initiate 
volcanoes into eruption, and control and engineer the weather. Quite true. And presently 
there is a truly massive set of weather engineering operations going on over North 
America, from that rogue Japanese group manning the weapons in Russia. Some 10 
nations of the world now have the type of longitudinal EM wave interferometer weapons 
(which are what the SecDef was most probably referring to). There are other even more 
fearsome weapons, possessed by five nations. So a great deal of the state of the world is 
not covered in the news at all, and will not be . 


"We have been in an undeclared war of an eerie kind for some decades. That war seems 
now to have started to heat up also. The destructive capability of some of these weapons 
is awesome, and far greater than nucle; 


Bearden hitp://www.chenicre.org/correspondence/021702a,htm 


“In that sense, the first phase of WW IIL is already completed. Now we are only waiting 
for Phase Il 


“Itis against that backdrop that I think one must analyze" such things as how fast we 
will be replacing the power grid (it's going to go anyway, and catastrophically, the 
terrorists will see to that). And everything we have is critically dependent upon energy, 
from the economy to jobs to mobility, to the millions of trucks that transport our goods 
every day, etc. 


"As far as I am concemed, we are already late in declaring a great national emergency in 
energy, because of the coming destruction of the present energy infrastructure, The 


scientific community should lead, follow, or get out of the way. The emergency is not in 
seeking "alternative but conventional” systems, Itis in developing "energy from the 
vacuum" on an emergency, crash basis. 


"Unfortunately, everywhere I look I just see business as usual. Most Americans (and 
news media) seem to think, hey, Afghanistan is finished except for a bit of cleanup, and 
it's just about over). 


“Ic isn't. has only just begun.” 


Bearden hitp:/;vww.cheniere.org/correspondence/021702a,htm 


Beyond the Howitzers: Quantum Potential Weapons 
Do not use EM propagation through space 


As more and more nations acquire the scalar interferometers, Bearden speculates on the next 
generation of longitudinal weapons called "quantum potential” [QP] weapons, 


"The quantum potential weapons are presently only held by three nations: Russia (in the 
hands of the KGB, which is now know by its new name), Bravil, and the "friendly litle 
nation." Red China may be working on them, but is just at the beginning... 


"The QP weapons have been highly reserved by the Russians. However, the complete 
extent of their capabilities is still being figured out... 


"The quantum potential weaponry (possessed by only three nations) is supreme, because 
it uses multiply connected spacetime, and DOES NOT involve propagation of EM energy 
through space as does the longitudinal EM wave interferometers. 


Bearden hitp://www.cheniere.org/misc/qp hum 


"The operational deployment of full-scale strategic QP weapons on site in Russia 
‘occurred at the end of 1989, which is when the formal weapons first went operational, 
‘These weapons are not in the inventory of the regular Russian armed forces, but all 
research and development, manufacturing, deployment, an manning and employment is 
under the ruthless control of the KGB. Shortly thereafter (within weeks), the KGB leased 
many of their earlier longitudinal EM wave interferometer (LWI) weapons to a rogue 
Japanese group comprised of the Aum Shinrikyo and Yakuza." 


Bearden hitp-/Avww.cheniere.org/correspondence/0?1401,htm 


In another paper, "Time Polarization - Significance and Weaponization,” Bearden tells the story 
of how a KGB longitudinal wave attack was averted by the longitudinal weapons of a “friendly 
small nation," 


So as it stands, it is precarious. Not until the people demand an end of what author Jim Marrs has 
dubbed the "Rule by Secrecy,” can the people's representatives tackle the big problems of a 
worldwide ban on Scalar Wars and the shifting over to an essentially oil-free economy. 


Latest Update from Tom Bearden - March 2002 


‘The whole situation is changing so fast that when I asked Tom to look over this article he 
mentioned the seeming contradiction when some of the above statements are taken together, At 
different times the information he has is updated so one has to keep a kind of running track. He 
was kind enough to clear up the confusion here with the situation as it stands as of March, 2002. 


"We knew of three nations having the QP weapons for some time. Then we found out last 
‘year that five nations had it, So that explains my using the figure “three” first (which 
represented what I knew at the time). Later I found out about the other two nations. 
China, e.g., only deployed its QP weapon this past year. So that explains the apparent 
contradiction between me using "five" in later papers and "three" in earlier ones. It was 

the best information I had at that time. Might mention that so the reader will understand 
the apparent discrepancy." Tom Bearden 


Emptiness is Full of Energy 


"The Tao is an empty vessel; 
itis used, but never filled. 
Oh, unfathomable source 

of ten thousand things! 


"Oh, hidden deep but ever present! 
I do not know from whence it comes. 
Itis the forefather of the gods." 


Lao Tau -Tao te Ching 


Afterward 


Because of the extreme seriousness of the topics brought forward in this article, I asked Tom 
Bearden to look it over to make sure I had not gotten anything too terribly wrong or mixed up. I 
did not want to pass on any misunderstanding of my own, I felt a little nervous writing to an 
eminent scientist, and hoped I had not presumed upon his time. 


But Tom was so kind as to answer immediately, and to my relief I had not gotten anything too 
terribly wrong. Here is his letter, in which he clears up a misunderstanding, and reports on his 
current health treatment, and gives a call to the young grad students to turn themselves loose in 
the whole new field of scalar electromagnetics and free energy. 


Subject: RE: Article on Tom Bearden and "Scalar Wars" 
Date: Fri, 22 Mar 2002 22:54:01 -0600 


Bill, 


‘Well, I must say I'm astounded at your persistence and hard work in congealing all that together. 
My compliments on a hard job quite well done. 


Couple tiny things: In the area mentioning Kervran and Kaznacheyev: Kervran was French; 
Kaznacheyev was and is Russian, Little typo of "spredding” the immune system. Should be 
"spreading". 


‘We knew of three nations having the QP weapons for some time. Then we found out last year 
that five nations had it. So that explains my using the figure "three" first (which represented what 
I knew at the time). Later I found out about the other two nations. China, e.g., only deployed its 
QP weapon this past year. So that explains the apparent contradiction between me using "five" in 
later papers and "three" in earlier ones. It was the best information I had at that time. Might 
mention that so the reader will understand the apparent discrepancy. 


Otherwise, it's pretty accurate. 


Just now I'm letting the weapons take care of themselves; have to, as I will be recovering now for 
nearly a year from now after the heart attack last year and discovering that I had contracted 
mycoplasia (the BW modified kind) in Canada in 1968, Finally got a test which confirmed the 
chronic mycoplasia (which I had for 33 years!). The stuff burrows inside one's red corpuscles, 
then draws nutrients from the hemoglobin, hardening it and reducing its ability to take on oxygen 
(by as much as 50% or more). The resulting symptom is loss of endurance (which I had for that, 
33 years) -- the so-called "chronic fatigue syndrome". 


Many of the Gulf War Veterans who are sick also have it, though they apparently have other 
complicating factors as well. A very high percentage of persons with chronic fatigue syndrome 
also have mycoplasia. The treatment for the long-standing mycoplasma infection of that nature is 
to stay on antibiotics for a year. The only time the mycoplasma is vulnerable is when one wears 
‘out a red cell in normal usage, and the body makes a new red cell to replace it. The mycoplasma 
comes out of the dying cell to infect the new replacement cell, so it is exposed and vulnerable at 
that specific time and that time only. The antibiotics kills it at that time. Hence the necessity to 

stay on antibiotics for such a long time so it is continuously in your bloodstream (I've already 

been on antibiotics for over two months, and have at least 10 more months to go). We also take a 
little medical oxygen every day. 


Another symptom of the mycoplasma infection is the association of runaway fibrillation of the 
heart, To stop that, there are pills one takes, and they stop it. But they also further reduce the 
volume of blood pumped by the heart, so that this projects one right back into the hypoxia, dizzy, 
Joss of balance, etc. Catch 22 situation; the fibrillation will build and cause heart attack, stroke, 
tc. if not stopped, and if stopped it puts you back in the hypoxia which can cause many things! 
With the conventional treatment, you're damned if you do and damned if you don't, Hence the 
need for alittle extra medical oxygen, so you can take the "heart clamp" pill and stop the 
fibrillation, but also augment the oxygen enough to continue to survive without a stroke or some 
such, Interestingly, it's very difficult to even obtain a mycoplasma test, and Medicare fights you 
tooth and nail over paying for the oxygen. Either they will pay for it or [ll pay for it myself; itis 
absolutely necessary. 


After a heart attack, one is treated in the heart clinic by specialists who are very caring and 
excellent practitioners, but know nothing of mycoplasma infection, so not consider it even a part 
of "heart disease", and who are rather puzzled when one has no clogging of the arteries, has the 
right count of red corpuscles (largely nonfunctional, of course, but there), pumps the right 

amount of blood, ete. So they identify and treat only the runaway fibrillation, do not prescribe 

the oxygen -- and essentially place you on a regime as best they know, but one that is guaranteed 
to kill or maim you or tum you into a totally disabled person or human vegetable via stroke, 
paralysis, ete. Fortunately my family doctor will prescribe the oxygen anyway, though I may 

have to pay for it myself. Whatever works! 


However, I'm slowly improving little by little, working as much as I'm able to and trying to 
finish my book: Energy from the Vacuum: Concepts and Principles, and get it to the publisher 
for publication later this year. Hopefully the book will tum all the interested young grad students 
and post-docs loose in the free-energy area. They will not have to spend 30 agonizing years to 
get to where I am, and where a few others are, but can simply start here and go forward. Since 
speed to develop energy from the vacuum is of the essence because of the world situation, I'm 
moving on it as fast as I am physically able to. 


Meanwhile, working with the ALAS (Alpha Foundation's Institute for Advanced Study), the 
AIAS (15 authors) has now gotten about 20 scientific papers published in leading journals 
(Foundations of Physics, Foundations of Physics Letters, Physical Scripta, Optik, etc.) dealing 
with electromagnetic energy from the vacuum, Several more are either approved for publication 
or in the review process also. So slowly we are getting it into the mainstream scientific literature. 
Hopefully it will be in time, but it's cutting it close. 


Very best wishes, 


Tom Bearden 


Late update 


Massive display of longitudinal interferometers? 


Is this sighting a case of the testing of all the Russian (KGB) longitudinal interferometers at 
once? And coordinating their targeting through the woodpecker grid to a common place, as an 
exercise in making a massive scalar attack upon a given region? Was this a confluence of 
Russian Tesla howitzer marker-beacons? 


‘2 


Certainly for a massive all-out scalar attack you would want coordinated movements of the target 
areas of many howitzers at once, for you could then just cut a bloody swath across a wide area, 
all the howitzer blasts marching across the land in a kind of scalar version of the 
policy.” All in a line, blasting, and heat, and mind waves, Or you might want to put the blasts all 
in the same place for a truly horrendous destruction. And on top of that biowar on citizens whose 
immune systems have been weakened with the quantum potential weapons. This is the latest 
version of Armageddon. 


And should any madmen gain control of these weapons, any rogue group at all, and should they 
have some agenda to radically depopulate the world, to simply kill by the billion, the means will 
be in their hands to do so, 


Update: MEG patent granted 
Motionless Electromagnetic Generator Patent Granted 
This message is from Jean-Louis Naudin, the French scientist who successfully replicated the 


Motionless Electromagnetic Generator (MEG) in France. He announces the granting of the 
patent to the MEG Builder's group at Yahoo 


----- Original Message -- 


Fron 
To: 
Sent: Tuesday, March 26, 2002 2:20 PM 

Subject: [jlnlabs] (Info) GOOD NEWS : The Tom Bearden's MEG IS PATENTED 


Dear ALL, 


GOOD NEWS 1!!! 


‘The Motionless Electromagnetic Generator from Tom Bearden is now PATENTED US 6362718 
granted on March 26, 2002 


US Patent 6,362,718 
Motionless Electromagnetic Generator ( MEG ) 


Abstract: An electromagnetic generator without moving parts includes a permanent magnet and a 
magnetic core including first and second magnetic paths. A first input coil and a first output coil 
extend around portions of the first magnetic path, while a second input coil and a second output 
coil extend around portions of the second magnetic path. The input coils are alternatively pulsed 
to provide induced current pulses in the output coils. Driving electrical current through each of 
the input coils reduces a level of flux from the permanent magnet within the magnet path around 
which the input coil extends, In an alternative embodiment of an electromagnetic generator, the 
magnetic core includes annular spaced-apart plates, with posts and permanent magnets extending 
in an alternating fashion between the plates. An output coil extends around each of these posts. 
Input coils extending around portions of the plates are pulsed to cause the induction of current 
within the output coils. 


Inventors: Patrick; Stephen L. (2511 Woodview Dr. SE., Huntsville, AL 35801); Bearden; 
Thomas E. (2211 Cove Rd., Huntsville, AL 35801); Hayes; James C. (16026 Deaton Dr. SE., 
Huntsville, AL 35803); Moore; Kenneth D. (1704 Montdale Rd., Huntsville, FL 35801); Kenny; 
James L. (925 Tascosa Dr., Huntsville, AL 35802) 


Appl. No.: 656313 
Filed: September 6, 2000 


For some technical info see my web site at : http://naudin free.fi/html/meg.htm 


Best Regards 
is Naudin 
09@ ol com 


huipu/ilnlabs.ore, 


Main Web site 
Site France : http:/jlnlabs.multimania.com 


Click here to view patent # 6,362,718 


Patent Story on Rense.com: 


Rense.com 
MEG Scalar Energy Device 
Patented - Production Starts Next Year 


From Bill Morgan 
wmorgan@nycap.tr.com 
3-28-2 


Patent was granted on March 26, 2002 for "The Motionless Magnetic Generator," (MEG) US 
Patent 6,362,718, which is likely to become the first commercially available free energy device 
in history in about one year from now. The machine will provide free electricity from the 
vacuum, for the life of the device, which should be a very long life since it has no moving pauts. 
You can see a picture of scientist Jean-Louis Naudin's MEG replication model at: 
hutp:/jnaudin.free.fi/huml/meg htm. 


Ithas strong magnets, coils, and a controller unit with the electronics. Naudin made the 
announcement to the MEG-builder’s Yahoo group. The announcement has significance since the 
patent office has always been skeptical of devices which seem to "get-something-for-nothing.” 
But according to the new science of scalar electromagnetics, the MEG does not break the law of 
conservation of energy. Its just that the energy is conserved in the fourth dimension, time, and 
not our 3-space world. 


‘The MEG provides electrical energy by tapping the longitudinal electromagnetic (EM) waves 
which exist in almost infinite abundance in the vacuum of space. This ocean of energy which 
permeates everything is sometimes called the "zero point” energy, since it remains there even at 
absolute zero temperature. 


Four inventors are listed: Stephen L. Patrick, Thomas E. Bearden, James C. Hayes, Kenneth D. 
Moore. 


‘Tom Bearden has explained the operation of the MEG on his website Cheniere.org, and also 
speaks about the new fearful weapons that can and have been made using the same "longitudinal 
waves” of the vacuum. 


‘The complicated physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum," which can be found at Tom Bearden's website: 


cheniere.org.(http://www.help4all.de/energy/MEGpaper pdf) 


‘The first MEG units to be produced for sale will output 2.5 kilowatts of free electricity. Forever. 
They should be in production about a year from now. Facilities for manufacturing the device are 
being set up in an unnamed "friendly nation." 


This free electricity will flow indefinitely, without much, or any maintenance. The units may be 
hooked together to provide more wattage, so four of them would provide 10 kilowatts. After 
some production experience units will be made which output 10 kilowatts each. With a couple of 
those units a house could get off the electrical grid. 


‘Tom Bearden, one of the inventors has said "I will admit that the chief scientist of an important 
experimental group in a large company was rather stunned at the type of output we were able to 


obtain, The MEG may look like just a transformer, but itis not. It is a completely different breed 
of cat.” This cat, it would seem, is out of the bag now. 


‘The ordinary EM waves we are familiar with are called "transverse" waves, to distinguish them 
from the new "longitudinal" EM waves of the vacuum, Bearden has explained in depth on his 
website cheniere.org that wherever there is a dipole (battery, generator, magnet) there is an 
unseen flow of longitudinal EM waves in that local vacuum, the only problem is in tapping that 
energy and "transducing" it to electricity. Bearden says that the problem with all the electri 
circuits we have is that they are two-wire circuits, a loop by which half the energy goes back to 
destroy the dipole. In the MEG that closed loop is never made. So the dipole is not being 
destroyed. 


Patents are not granted on devices which do not work, so in a sense this announcement proclaims 
anew era. The MEG device itself proclaims and proves that energy is abundantly available 
everywhere, for free. We only have to build the devices to tap it. MEG type devices could be put 
into a car with an electric engine to make a truly fuel-less automobile. Electricity can be 

available in very remote places. People will be able to get off our very terrorist-vulnerable power 
grids, In an era of terrorism a highly dispersed power system would be most desirable rather than 
our centralized systems. 


‘What is somewhat astonishing to me is the discovery by Bearden et. al. that time itself is actually 
compressed energy, and that this free energy is actually coming from the time domain, the ocean 
of longitudinal EM waves which fill the empty vacuum of spacetime, In fact, time is energy 
compressed by the same factor that matter is compressed energy: the speed-of- light squared, 
‘Thus there is a new companion to Einstein's E=me2. Can you say "E equals delta-tee-cee- 
squared?" The "tee" is time and delta-tee is change in time, 


A company has been set up to manufacture the MEG called Magnetic Energy Limited. 


‘The ramifications of free energy are enormous. The oil wars are not necessary. If we threw as 
much money at this technology as we are spending on the oil wars we would be free of the need 
for oil in less than a decade, With fuel-less cars air pollution will be greatly lessened. Third 
world nations can raise their standard of living eventually. And the energy is free, And it never 
nuns out. 


Thave put together a kind of "Bearden for Beginners” article which explains some of the basic 
concepts of the current state of scalar technology. 


bitp://www.prahlad.org/pub/bearden/scalar_wars.htm 


‘The granting of the MEG patent is the herald of the new era of scalar electromagnetics, and the 
free energy which flows forever and never runs out. 


Bill Morgan 
wmorgan@nycap.rr.com 


Do the magnets run down after a while? 


Further developments: Tom Bearden clears up a question 


‘When the MEG patent was released many questioned the patent language which seemed to imply 
that permanent magnets of the MEG would "wear out" after awhile. I myself wondered about the 
same thing so I put the question to Tom, and here is his reply. 


Dear Bill, 
‘Thanks for the kind words; much appreciated. 


T'm not up to going on radio or TV, and won't be for quite some time, Still suffering from 
hypoxia, though very slowly improving, and will sill be on antibiotics for 10 more 
months at least (maybe longer). 


Obviously an extensive dialog developed between the Patent office and our patent 
attorneys. As best I can understand it, the Patent office accepts the fact that a permanent 
magnet produces and emits energy, or has a history of accepting it. They do not appear to 
be at all cognizant of the broken symmetry of opposite charges, and hence of a dipole. So 
in their opinion (which seems to be vague), the magnet has to use itself up very gradually, 
or some such. So some rewrites were essentially required by the Patent office. 


AL can say is that a magnet is a very durable thing, so long as you don't heat it up too 
much or shock it to much, Certainly one will make a good 20 years, and of course there 
are plenty of magnets that have been around awhile longer. 


‘That said, in our earliest experiments we did "measure" some such effect, or so we 
thought, until we found that a particular instrument was bad and giving erroneous 
readings. So with a new instrument, we have not observed since then any such readings. 


Out of all that fuzziness came the inclusion of “using up the magnets gradually". So far as 
we are aware (after correcting those early readings on a defective instrument), we have 
seen no such measurements or effects since then at all, Nonetheless, just in case there is 
some very small effect in that respect, at least its in there. 


Actually, as you are aware, capacitors and solid state components are the major concems 
for failure, and any system does require maintenance, both periodic and whenever 
malfunction or failure occurs. The MEG is no different from any other device in that 
respect, so of course it will have a component failure rate and maintenance required from 
time to time, just as any other electromagnetic device. But without moving parts, it can be 
ruggedized and made very durable indeed. 


Please give Jeff Rense my regrets, and I do admire his work and his show. He's laying it 
in there. 


‘The depth of the scientific mindset against COP> 1.0 is inexplicable, particularly when 
physics itself already has COP> 1.0 validated experiments (such as Bohren's experiment, 


which outputs 18 times as much as one inputs by Poynting calculations), and it works 
every time. Any competent university optics lab can perform the experiment. Also, even 
the conventional texts admit that a charged capacitor or electret laid on a permanent 
magnet, so that the E of the cap or electret and the H of the magnet are at right angles, is 
a "free energy machine". That silly thing will just sit there and pour out Poynting energy 

S =EXH indefinitely. Years and years and years. If you wait just a single year, that silly 
thing has changed the energy density of a volume of space a light year in radius, reaching 
‘out well beyond the solar system. Now that's a WHALE of a lot of EM energy that beast 
poured out in that year, and it will still be going strong and pouring it out at a steady rate. 
‘The charges and dipoles in original matter in the universe have been pouring out EM 
energy in that fashion for some 14 billion years, give or take a billion or so. Its also easy 
to see that, prior to Lorentz’s ARBITRARY symmetrical regauging of the Maxwell- 
Heaviside equations, those equations prescribe both EM systems in equilibrium with their 
active environment, and EM systems not in equilibrium with it. The latter systems are 
permitted by the thermodynamics of open disequilibrium systems to perform five magic 
functions: (1) self-order, (2) self-oscillate or self-rotate, (3) output more energy than the 
‘operator inputs (the active environment inputs the rest of it), (4) power itself and its load 
(the active environment inputs all the energy, like a windmill), and (5) exhibit 

negentropy. That is a well-established thermodynamics. Lorentz arbitrarily discarded all 
such open disequilibrium EM systems in order to get simpler equations having analytical 
solutions and not requiring numerical methods. So he simply scrapped all the really 
interesting and challenging EM systems in Maxwell's theory. ARBITRARILY! 


‘That our scientific establishment continues to teach only that "half" of the theory, and not 
point out the rest to the young students, and not fund research into developing such 
systems that take energy from the vacuum, is simply inexplicable. It's a matter of total 
dogma, not science at all, 


But hopefully it is changing a little bit. At least now we cite chapter and verse when these 
things were done, and what they are, and the young grad students and post does can go 
check the papers and make up their own minds. 


‘That is the real hope of the future: that we get a generation of young fellows, with 
excellent skills, who now know where all the skeletons got hidden in the closet, and 
understand that the electrical engineering model arbitrarily assumes an inert vacuum 

environment (falsified for more than a half century in particle physics) and a local flat 
spacetime (falsified for nearly a century by general relativity). 


Once they know that past history, and go read into what broken symmetry of opposite 
charges means for a dipole and for all dipolar EM circuits, they will set to and change 
that more than a century of error. In that case, we shall have numerous solutions to the 
energy crisis rather quickly, popping up all over. 


Good thing. It will certainly displace some great energy barons, but it will also free the 
populace. One can extract all the EM energy from the vacuum one wishes, anywhere, 
anytime, with ridiculous ease. One can produce that "electrical wind of energy” at will, 
by making a simple dipole and then letting it alone, The only energy problem is in how to 


then intercept some of that energy flow and “catch’ it in a circuit, discharge it in a load to 
power it, and not use half the "caught" energy to kill that dipole that is gushing out the 
extracted EM energy from the vacuum, 

Very best wishes, 


Tom Bearden 


END 
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Tesla's Scalar Fields Still Beaming On! Permit System 


The superluminal (faster than light) scalar or longitudinal waves Nikola Tesla used to magnify 
‘and wirelessly transmit poster are not just a thing of the past. IEEE engineer, Steve Jacksom, 
discusses and demonstrates how they can be utlied today, and he is open sourcing it here! 


by Hank Mills 
Pure Energy Systems News 


Nikola Tesla is the father ofthe modem 
age. His inventions of radio, remote 
controlled devices, allemating current, 
and induetion motors (among many 
ESI) others), paved the way for modern 

civilization. Yet other of his inventions 
Directory barely saw the ight of day, despite their 
Energy Topics tremendous potential 
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wirelessly beam power to receivers. 

Researchers like Steve Jackson provide | YOur Own Generator 

hope that hy open sourcing Tesi work 

scalar wave transmission can proferte Eliminate Your Power Bill Easy. 

tnd positively benefit the word Do it Yourself. Great Discount 


snoteehnoloey 
+ Nuclear arthermore, he has approached us at PES 
+ Nucl Remedi Network to open source his design. You 
+ oi can download his PvwerPoint 
+ Piezoelectric Presentation here. Wel be uploading to 


htips://pesn.com/archive/2011/09/26/0501797_Teslas_Scalar_Waves_Replicated by Stove_Jacksonvindex him! 
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Scalar Wave Properties 


‘You might be wondering what inthe world is a scalar wave! Is wctally prety simple, Unlike & 

transverse wave (like an ordinary radio or light wave) a scalar wave's amplitude does not uctuate 

Contact up and down Instead, try to visualize more like a vibration of electric potential expanding and 
contracting in the direction of propagation 


Scalar waves are also often called "Tesla Waves" or "Longitudinal Waves." All of these terms 
refer ta the same type af wave which oscillates in the direction of propagation instead of 
Perpendicular tothe direction of movement, These waves have may unique properties which 
have been tested end confirmed rately 


1) They are capable of penetrating any solid object includ 
transmiter in & box of thick metal and are 

frequency you ae pulsing. The potential here is fora transmitter that ean penetrate any obstacle or 
pethaps communicate directly through the Earth from one side of the globe tothe other 


‘araday Cages. You can put a 
iver outside ofthe box will receive the scalar wave 


2) They are capable of superluminal travel, These waves are claimed not to be electromag 
but composed of pure potential energy: Duc to this, the speed of light limit doesnot apply to them, 
The propagation speed ofa scalar wave has been measured as faster than the sped of light and 

thought by some researchers to be potentially of infinite velocity (Pethaps SETI ~The Search for 


Exiraterestral Intelligence needs different kind of receiver inorder to pick up signals frm 
elsewhere inthe univers! Why would advanced ET civilizations even bother using slow 
transverse waves for interstellar communications?) 


3) They are capable of transmitting power It ean then be ut to use powering motors, igh 
vehicles, et 


44) A scalar transmitter can wirelessly send power 
2s mentioned above, you can setup a transmitter, put itina Faraday Cage ora metal box, and a 


toa receiver through any obstacle. For example, 


htips://pesn.com/archive/2011/09/26/0501797_Teslas_Scalar_Waves_Replicated_by_Stove_Jacksonvindex him! 
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‘Tsla's Scalar Waves Stil Beaming On! 
receiver ean receive power far sway. 

5) During the process of transmission and reception they ean magnify power. You can ioput a 
‘ceritin quantity of power into a scalar wave transmitter and yet the receiver ean receive several 
times the power 


6) Transmitters and receivers can communicate 


7) A conventional transverse wave transmitter cannot sense if'a receiver has “tuned in." However, 
ina scalar system the transmitter and receiver interact because they are ina state of resonance, 


As you can see Scalar Waves hold many potential applications for communi 
other applications. Ta mimic a commercial fora popular brand of cll phone, 
‘what Transverse waves don't.” They are fast, penetrating, connected, and can broadcast magnified 
power These waves ae begging tobe wilized! 


Recipes for Sealar Waves 


Nikola Tesla's most famous scalar wave transmitter was his Wardenelfe tower on Long Island, 
NY. Prior to tht, atthe height of his amazing inventive carer, he had a lab in Colorado Springs, 
Colorida, He was able to beam power to receivers miles away that were used to illuminate neon 
tubes. great deal is known about his tower, transmiters, and receivers. Iti all detailed in his 
patents. This allows for present day replications! 


From examination of Tesla's patents, researchers have learned that pethaps the most citi 
‘component ofa scalar wave system is the anteana. It is composed ofa fat "pancake col 
composed ofboth a primary and a socandary winding. The coil is connected to aspherical 
metallic resonator that helps transmit and receive sealar waves, 


{A particularly good source for information about scalar wave systems isthe website of German 
Scientist, author, and researcher, Konstantin Meyl. He has published a series of books that describe 
scalar wave systems, detail their components, and discuss ther operation. His books alsa dive into 
the science and physics of scalar waves, among other fascinating topics. 


In fact, he offers salar wave kits for sale on his site. They include all the components needed for a 
complete system, arrive in an aluminum suiteae tht can serve inthe same manner as a Faraday 
‘cage for your experiments, and come with a book detiling the kit. These kits have been used by 
experimenters to prove to themselves and others the existence of scalar waves and their unigue 
properties 


Take a lok at the following vdeo to see Konstantin demonstrating a selar wave transmitter and 
receiver. The same device in the following video is forsale right now on the internet from his 
website 


™ 
fy shows Tess ongtudnal lacey tranamasion In Washington 
Beata Testa masing n 2003" 


Even NASA is paying attention to scalar waves to some degree. The paper tiled, "Advanced 
Enctyetics for Aeronautical Applications: Volume I" by David S. Alexander offers a review of 
Scalar wave longitudinal wave) research, It mentions the work of Konstantine Meyl and others in 
the fed. Interestingly, the paper also discusses how Dr. James Clerk Maxwells ofiginal uations 
specifically allowed for scalar or longitudinal waves. Oaly many years later did shor sighted 
sientsts who did not cae i deal wth Maxwell's complex equations based in "quaternions" 
mathematics arbitrarily discard longitudinal waves. Duc to this, many mainstream scientists doubt 
their existence despite their history and the mountain of evidence which roves they are very Very 
real 


Ope 


Steve Jackson's goa is to open source Tesa's 
wireless power transmission technology. This is 
very possible to do, due tothe simple nature of 


1 Tesla’ Technology 


bttps:/pesn.comlarchive/2011/03/26/9501797_Teslas_ Scalar Waves Replicated_by Stove_Jackson/index him! 
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‘Tsla's Scalar Waves Stil Beaming On! 


the parts and components required, During his 
tale published a ist of componcats required 
to build a system, This same information can be 
found inthe books of Konstantin Meyl and 
elsewhere onthe internet. 


By open sourcing this technology, ordinary 
individuals could prove to themselves, friends, 
associates, co-workers, and others that Tesl's 
technology worked as claimed. Not only docs i 
‘work, but can be replicated and used for 
Prsctical epplications today All unique 
Properties of scalar waves could he harnessed 
[and developed to revolutionize our society 


When Steve releases plans, drawings, and other 
information, probably next week, we will add 
them to a projet page at PESWiki com. Well 
aud a link from this page when it ready. 


Earth Changes and the Future 


Inhis hooks and lectures, Konstantin Meyl has 
‘compared superluminal salar waves ta the 
neutrino, which is also thooght by some to 
travel fster tha light, Neutrinos bombard the 
Earth inal directions, but the majority of them 
arrive from the central star of our solar system. 
Duc to the fat that approximately hallo the 
neutrinos are absorbed as they passthrough the 
ath itis thought they may interact with the —= 
‘core and inner layers of our planet. = = 


Some researchers suggest solar phenomenon 
‘can produce variations in neutron emissions 
‘which may rigger "earth changes” on our 
planct. This was depicted in the blockbuster 
movie, 2012, asthe eause forthe crust 
disruptions from the mantle heat-up from 
increased solar activity. Hence, studying and 
understanding the nature of scalar waves may 
increase our chance of survival during chaotic 
periods inthe future, Perhaps by understanding 
them we could eventually lear how to 
‘constructively utilize them to stabilize our planet during periods f solr uctuations, sun spots, 
flares, etc 


Perhaps with the use of scalar wave technology, carthquakes, volcanic eruptions, or other natural 
disasters could be prevented or detected ahead of time. Even a one hour warning before an 
‘earthquake, such as the one that recent devastated Japan, could save thousands of lives. Although 
all kinds of unique technologies are possible with salar waves, ata minimum we need to 
tunderstand how neutrinos and scalar waves interact without planct. Not doing so could result in 
needless death and suffering 


Lets get moving! 


“Ta not haress scalar wave technology forthe benefit of mankind would be tragic, Our civilization 
is facing adversity in countless forms. Hunger, disease, pollution, poverty, and war threaten our 
fina and the future of our children, Sealar waves exist they are useful, and the information to 
build devices that generate and receive them is available to everyone. To better understand our 
universe, to ensue the continuation of our civilization, and to honor Nikola Tesla we should do 
‘our best to support the open sourcing ofthis technology, 


Videos 


‘On March 30, Steve conveyed the following YouTube links shoving his presentation tothe local 
IEEE on March 24, 


1 Slide 1 heel www. voutube com/watehv=ge 26851060 
#2 Slide 20 bps www youtube com watch ?v=elkvIpUsGKI 
#3 Slide 39 bps ww youtube com watch = XPATANNSA, 
#4 Slide 87 bps: ww voutube com watch -=LghRDYS6CgU 
#5 Slide 81 tps: vw youtube com twxtch cL HESOVISO, 
46 Slide 93 bps www yootube comwatch}uchDvIES A, 


Replication Instruction should be done tomorrow, 
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Contact 
Steve can be reached by email at seve jacksoniicee.ors 
ane 


This story is also posted at BsrelisNews 
What You Can Do 


Replicate this design. 
Pass this on to your friends and favorite 
|. Weat PES Network are ina inch right 
‘ow. Donations would be greally appreciated. 
4. Subscribe to our newsletter to stay abreast ofthe latest greatest developments in the fee 
energy sector 
Let prfessionals in the renewable energy sector know about the promise ofthis 
technology. 


Comments 
Fee fice to view post comments down below. ‘The fllowing cme in by other means 

Not Sealar "Wave" 

On March 27,2011, 1:48pm, Karl Palsness wrote 

You should read about Scalar. it isa "Scalar FIELD" there should be no such thing asa "Scalar 
vwave"sand there isa "Longtadinal Wave, instead of scalar wave, Scalar waves jst dont exist 


according ta the word setae meaning size, A Tesla coil has a scalar field around it. and emits 
longitudinal wave. 


‘A Tesla-era dictionary defined it as: 
‘Scalar — In pnyscs, u quantity which has magnitude, or magnitude and sign only, 
‘without direttion, such as density, mass, energy, ete as distinguished from 8 vector 
quantity. 


and 


longitudinal wave: A "pressure" type of wave, similar to sound, in which the 
vibrations are along the direction of travel ofthe wave. Hence, a wave composed of 
aliemating densifications and raefactions, where we focus upon the longitudinal 
‘component ofthe changes 


Longitudinal Waves (L.M.D.)s 


On April 2, 2011 12:29 AM MSF, Dr Eng. Roherto Handwerker <info at} detaavalon.com> 


Deer Sirs, 


this mail isa reply to 2 numberof e-mail messages I got from {J}, subsequently from Dr. K. Meyl 
and from Mr. Jackson about longitudinal waves ("L.MLD 3") 


The matter"LM.D's, is aot new at all but there is still to muck discussion around it fom 
different point of views, ie. mathematcs/physicscaleulus and electrical devices; this has slowly 
but definitely led to total chaos even on the Web, resulting in misunderstanding and disbelief, 
which doesn't help anybody 


therefore, the best approach for an engincer is to be very straight and careful especially when 
someone talks about Nikola Tesla and theories about ather and L_ML.Dss, still not accepted by the 
"Academie World” wha i as happy to hear such arguments as could be "a sailboat in forest” 50 
to speak and who brings in tur only useless negative criticism and hectic hysterism instead of 
helping clarify 


This is why I prefer to proceed "step by step" scientifically eplicating some Tesla apparatus and 
demonstrating his experiments, whic is of course not easy because he was the Mozart of th 


{will present a book about the above and will very soom attend 3 Meeting in Italy to tale about 
LM.Ds and show some working devices to public its always a pleasure to demonstrate FACTS 
and WORKING DEVICES rater than only showing some slides and theoretically discuss matters 
1s "Lorenz gauge vs. Caulomb gauge", "quatemions vs. vectors", "EM, vs. LMLD," ele ec 
Only ets count, observation of Nature and research: math must consequently follow, as always. 


nis therefore more useful instead to bring something new to LM.D.s tech and to the 
understanding of Tesla like for instance my "Tesla power wireless" system with the "small car~ 
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demo" shown in my following vids on You Tube (& others under "HorizonDela"): 
Ips youtube.com watch? UBGEFSItEy and hips ww youtube com watch? 
s=dvZHIRCdeVwe 


also a tech e-book "Longitudinal diclectric waves in Tesla coil and quaternionic Maxwell's 
equations" can be found on my Website far download: 


Into deltaavalon com/immagin/L M.D. waves in a Tesla Coil revised pdf 


1 hope the above helped postive discussion and knowledge 
Regards 


Dr: Eng. Roberto Handwerker 
DELTA Ingegneria 


‘The Laplace Operator 
(On March 31, 2011 2:06 PM MST, Konstantin Meyl wrote: 
Subject: Re: About Sealar Field and an Italian Book 


There is one comment, making clear, where the problem is localized: 


Karl Palsness wrote: 


itis a"Scalar FIELD” there should be no such thing 
‘ "Longitudinal Wave", instead of scalar wave. Scalar 
‘waves just dont exist according tothe word scalar meaning size. A Tesla coil has a 
scalar field around tnd emits a longitudinal wave.” 


{fa scientist is using an expression, he first has to define, what the meaning is. This is what! do in 
rm books, bu in America, nobody seems to read my writings. I explain thatthe scalar wa 

nearly the opposite of a scalar field, The expression is more than 200 yeas old and in mathematics 
exactly explained by the field equation of Laplace 


The Laplace Operator (describing the distribution of a wave in space) may be separated in 2 pats: 
gra iv ~ curl curl The second partis explaining the EM wave, a transverse wave, while the first 
part pivess scalar wave: The div applied on a vector is salut? This is why scalar particles or 
Wortices as pat ofthe wave equation are propagating asa scalar wave. But they are propagating in 
the direction of afield vector and by this the wave is longitudinal and has a direction. In 
mathematics iis known, thatthe grad applied on a scalar isa vector again. This is why the salar 
wave is propagating in one direction, not ina scalar way, as Karl Palsness wants the scalar wave 
to-do, Soe has to read the itrature frst before he i spreading nonsense in the world wide web. 


“My opinion about the education in the sats isnot the best. Lets help ta improve i 


Other Relevant Coverage 


‘Tesla Coils for Dummies - Are you iterested in building a Tesla Coil 
tw produce stunning effets that violate the "established" laws of physics, 
hut are somewhat less than technically savvy than a rocket scientist? Then 
‘you are in ck, because this article is for you! (PESN; April 29,2011) 


Project -To facilitate the replication ofthese plans, aswell 3s to 
‘charsterize, optimize, improve, nd come up with the zillion applications 


that ean come from i, inclu 


1) harmessing aetheri ener 


superluminal communication, 3) wireless transmission of power through 
any barrier, 4) anti-gravity capabilities, and S) creating defensive shields to make 
‘conventional war obsolete. (PESWiki; April 21,2011) 


a's mos significant 
‘contribution was not AC power, radio, or the induction motor, but what we 
tall the Tesla Coil - a too which allows for the power ofthe seth tbe 
‘unleashed and harnessed, Nov being launched through an open source 
‘project. (PESN and BeforelisNews: April 19, 2011) 


‘Tesla's Scalar Field Still Beaming Ont - The superluminal (faster 
‘than light) scalar or longitudinal waves Nikola Tesla used to magnify and 
wirelessly transmit power are not usta thing of the past. IEEE engincer, 
Steve Jackson, dsctses and demonstrates how they can be utilized ody, 
and he is open sourcing it hee! (PESN March 26,2011) 
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See also 


Resources at PESWiki.com 


tin Mex! 


Directory: Wircless Transmission of Electricity 
PowerPedia:Wireles_transmission_of electricity 


+ PESN (Pure Energy Systems News) - Feature stories on cutting-edge, clean energy 
technology 

+ Eroe Energy News (com) - Daly cutting-edge, clean energy technology news from around 
the world 

+ PESWiki Latest - Newest feature pages inthe publicly-editable enensy directory. 

1 ‘This Weelcin Free Energy™™ - Weekly live review by PESN, each Thursday 7 pn 
Mountain time 

+ Bree Energy Now (et) in 


pith interviews 


Adore 


(_Fomtritos _) 


OComments —Pesn © Login 


Recommend G4 Share Sort by Newest 


DDssesente Asan 


2B Pinacy DISQUS 


[ADVISORY Wak anytinsioay, you mie hgh ove nani Uc ormency maT) 
epee tet i thro hy rbd etch (2 ee voc rll ihn 


Alltuth passes through tvee stages: hen youte one step ahead 

Fret ie ridiuled ot the eromd youre a genius 
nen youre two steps ahead, 
youre a crackpot 
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The Tom Bearden 


Website 


Subject: RE: Missing Reference Slide 
Date: Mon, 9 Jul 2001 11: 


as Sg, 


A+B 


Yes, that is the slide. It works this way: When you time-reverse a cell, you 
effectively create a major anti-engine for the cell's exact "engine" (exact set of 
spacetime curvatures at all levels), Because of the precise one-to-one 
correspondence, this antiengine then "backs the cell up" along the original time- 
path it took in its physical functioning and changes, back to a precise earlier 
condition where the disease or disorder was not present. For a cancer cell, e.g., 
this backs the cell up past where it was originally "promoted" from a stressed or 
damaged cell to a tumor cell. That makes it into a "damaged cell". The 
antiengine continues to act, backing it up further into the state before the damage 
or disorder occurred. ‘That then constitutes "healing" of that cell in a rigorous 
sense. 


The cloning methods etc. used, do violence to the cell in the process. At the 
cellular level, damaging it or any part of it in the process changes the resident 
spacetime curvature engine set, to include the damage. You then "clone" a cell 
with an imperfect resident engine. The cloned cell then interacts with a large 
variety of phenomenology, continually altering various subcomponents of its 
resident engine by taking on additional subengines or changing some of its 
former subengines. Somewhere later, that festering "delta" in the resident engine 
-- after sufficient interactions with other environmentally-induced engines, will 
undergo interactions that "add" two deltas so something detrimental to the 
organism. At that point, physical damage to the cell erupts in "anomalous" 
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fashion. Actually it erupts by perfectly normal fashion, once the internal engines 
and their interactions are understood. 


This would appear to pose a problem anytime you artificially change the 
subengines of an organism, as in the case of genetically modified food. The 
small physical damage associated with splicing the genetics has associated with it 
the injection of such an artificial engine. The interactions of future 
environmental engines with the spliced genetic organism or plant then remains to 
be seen, Not all interactions would appear to happen in the limited test time 
usually allotted for testing the "effects". Anyway, that was the intention. 


E.g., Pautrizel demonstrated that immature rats, having immature immune 
systems, would be restored by the Priore process back to the same immature 
immune system. The Priore process did not destroy the parasites themselves, but 
depended upon restoring the immune system back to its first ability to recognize 
the pathogen and go afier it. Priore did not directly "kill" anything! In that case, 
the pathogens simply re-infected the immature rats, because their immature 
immune systems could not adequately protect them. It would be the intention of 
the research, in later generation equipment, to be able to design a specific "extra 
engine" and introduce it to the pumping, in addition to the "resident engine" in 
the subject to be treated. That "extra input engine" would accordingly generate a 
specific "extra antiengine" component in the total antiengine produced. When 
sufficient research and development maturity has been reached to be able to 
design such desired "extra engines" to cause the exact, desired extra antiengine to 
be produced, then the "extra antiengine" technique can be used, e.g., to time- 
reverse Pautrizel's immature infected rat back to an infected rat with a now- 
matured immune system. In that case, the rat's stronger immune system would 
make short work of the pathogen, just as analogously infected mature rats did. 


To correct birth defects, ete., obviously one would have to change the actual 
time-path backwards, to a "state" that the body did not have physically, but which 
its genetics had before the damage. I foresee that eventually, after some years of 
development, the process would mature until it could regrow severed limbs, or 
correct dwarfism, ete. Of course that would be fourth or fifth generation, but it is 
definitely possible, given sufficient development. 


Cheers, 


Tom 
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ABSTRACT 


‘A fundamental answer is attempted to the questions of being, time, space, existence, 
perception, and physical phenomena. Mass, empty space, reality, gravitational attraction, 
continuity, discontinuity, and relativity are among the "things" and “nonthings” for which 
relationships and explanations are provided. 


Perception is defined as detection by a mass of change to itself and as a differentiating 
process. Perceived physical phenomena are revealed to be first derivatives of ultimate reality, 
and outputs of the physical perceiving device call the "perceptron." Using the operation of 
the physical perception process on action, the units of which are energy times time, an entirely 
different view is generated of both reality and the Heisenberg uncertainty principle. When 
superposition is imposed as a condition, the Heisenberg uncertainty principle is revealed to be 
a quantized statement. A. concept of the absolute value of a dimensional molecule is 
advanced. 


A reality model is constructed of an action continuum and a nonaction continuum 
separated by an operational threshold whose magnitude is given by an uncertainty principle. 
Perception is modeled as a process which switches atomic quanta of action and nonaction 
back and forth across the threshold. Mass is explained as perceptron switch activity rate, and 
a mass definition equation is generated. One kilogram mass is shown to represent 17.053 x 
10 perceptron switches per second. From the model, Newton's laws of motion and gravity 
can be generated directly from the concept of the interaction of mass with space itself, space 
being taken as a massless fluid, or ether, composed of tiny nonaction particles called 
“quitons." Einstein's postulates of special relativity are also shown to follow from the model, 
and a statement of the equivalence principle is shown to be consistent with the model. 


The concept of "Iineception” as a causal chain of perceptron operations is advanced. 
“Inception” is developed as a noncausal modulation of lineception and as a distinguishing 
feature of a living system. The possibility is raised that inception could provide an 
explanation of the noncausal, statistical, ultramicroscopic universe and yet require large 
ensembles of ultramicroscopic events to conform to causality. Inception is shown to lead to 
karma. Perception is shown to be causal and to generate causality itself. 


Some elementary philosophical implications of quiton/perceptron theory are pointed out 
and briefly discussed. 


I. INTRODUCTION 


The unsolved problems of physics stem from the unclear 
nature of the physical perception of change, and their resolution lies 
in the analysis of perception as a physical process. The unsolved 
problems of metaphysics stem from the same source, and can be 
resolved by the same perception analysis. 


Specifically, a physical detection system can detect changes 
to itself and nothing else. These detected internal changes are thus 
what a detector "sees" or "observes" or "perceives" as changes to its 
external environment, i. e., as its physical phenomena. Thus a 
mass, being itself a physical detecting system, must detect only 
changes to itself, and these perceived changes to itself constitute its 
observed physical phenomena. For that reason, these perceived 
changes are obviously entirely relative to (i. e., are part of) the 
perceiver (observer); more precisely, they are entirely relative to 
and part of the perceiver's mass, which is the detector that is doing 
the perceiving. 


Since only changes are perceived by a mass, then ma 
perception must be a differentiating process. Ergo, perceived 
physical phenomena are first derivatives of a higher, or more 
fundamental, reality. The nature of that higher reality is by 
definition unperceivable (perception differentiates or fragments it), 
and it involves the quantity "action."! Action itself is not 
perceivable; change of action is perceivable since perception 
differentiates action. If superposition is placed on the Heisenberg 
uncertainty principle as a required condition, then the uncertainty 
principle contradicts itself for all except integral or zero multiples 
of a quantum of action. Correction of the uncertainty principle by 
imposing superposition as a condition provides a statement of the 
basic operation of perception -- the detection by a mass of change 
to itself. 


All mental perception of a human being regarding physical 
phenomena is received (i. e., is inputted to the mind) from a 
physical sensory apparatus whose primary ingredient is mass. Thus 
we may describe the perceptive mind as consisting of sensory 
outputs of mass perceptions; that is, the input to mental perception 
must be the output of mass perception, and this interface within the 
mind may be referred to as the "perceptive mind." 


hup:/www.cheniere.org/techpapersiquiton/pl tm (1 of 2)27.10.2003 20:26:09 


From the above foundation, a comprehensive theory of 
perception can be constructed, and a most unusual model of 
"reality" emerges. A variety of unsolved questions are then 
resolved by the model. The resolutions include, among other 
things, 1) derivation of the postulates of relativity; 2) definition of 
the nature of time and space; 3) the explanation of gravity; 4) the 
generation of causality itself; 5) resolution of the wave theory of 
light with the quantum theory of light; 6) the explanation of why 
ultramicroscopic phenomena are statistical yet large ensembles of 
ultramicroscopic phenomena are causal; and 7) validation of 
Mach's principle and the equivalence principle. A totally new and 
precise definition of mass and of being itself are also two 
unexpected results. The problems of metaphysics are also 
answered: metaphysics is elevated to an exact science without any 
tinge of dogma, and physics and metaphysics are united. 


1 : os 

Planck's constant, Heisenberg’s uncertainty principle, the principle of 
least action, the energy of a photon, etc., are derived from action and 
perception's differentiation of action. 


1 
xt Page 


hup:/www.cheniere.org/techpapersiquiton/pl htm (2 of 2)27.10.2003 20:26:09 


Page 2 


Il, EXISTENCE, PERCEPTION, OBSERVATION 
AND PHYSICAL PHENOMENA 


We first define perception as detection by a mass of change~ to itself, and 
state that it is an operation performed by that mass. The physical apparatus that 
accomplishes this perception is termed a "perceptron, " which thus may be an 
electron, an atom, or the sensory apparatus of a living being. 


A change detector does not detect the state of its input, but rather detects 
changes in that state. So in this sense a change detector can be regarded as a 
state differentiator. Therefore a perceptron differentiates, i.e., it perceives 
changes in its input and generates outputs in accordance. When its input is con- 
stant it will have no output. Thus zero output of a perceptron does not necessarily 
mean zero input. 


What is to be fed into the perceptron's input section exists; i.e., existence 
(ultimate reality)? is defined as what is to be fed into the perceptron's input. The 
output of the perceptron is that which is perceived, or what we ordinarily call 
"physical phenomena, v4 Since the perceptron differentiates its input state, then 
physical phenomena are first derivatives of ultimate reality, which precisely 
accounts for the sharp separation between observable and nonobservable, i.e., 
between macroscopic and microscopic. 


Any change in a perceptron's input section must involve both time change, At, 
and energy change, AE. So we may assume their product, AEAt, has always 
occurred in a perceptron's input whenever it produces an output. The output will 
be a derivative of the input, e.g., 


SEAL 2 oF (a) 
and 
ater = at, @) 


where in each case the constant of proportionality has been ignored. 


lWe differentiate between perception and realization. Perception is entirely a 
physical process, and causal. Realization is a mental process and is not 
restricted to causal relationships. 


2Reflecting, one notes that mass can only change in a nonmass manner. It cannot 
"change" without involving space and time, both of which are "nonmass," Therefore 
a mass change must be composed of both mass and nonmass, 


3"yltimate" in that it is higher or more fundamental than perceived reality. 


“Changes to mass and only changes to mass constitute physical phenomena. Changes to 
one mass constitute "its" perceived physical phenomena, or its physical universe. 
-nup:fwww cheniereorgltechpapersfguiton/p2.bum (1 of 2)27.10.2008 20:26:21 
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“Changes to mass and only changes to mass constitute physical phenomena, Changes to 
one mass constitute "its" perceived physical phenomena, or its physical universe. 
Since the other masses in its universe are perceived by it (i.e., created in its 
perception by its perception process), then these masses must be entirely relative 


to the mass perceptron that perceives them. Ergo, perceived mass is relative to 
the perceiver, 


Next Page 
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Any detector has an operational input threshold, i.e., a minimum discernible 
signal. The Heisenberg uncertainty principle states the requirement for such 
energy-time changes: 


AEAt>h/2, (3) 
Its smallest value, or 
AEAt= h/2, (4) 


is then | the input threshold for a physical perceptron to operate and produce an 
output.) Letting k = h/2, we can write this simply as 


AEAt= k. (5) 


Since existence has been defined as that which is fed into the perceptron's 
input, then that existence exists whether or not the perceptron operates, and the 
case? where 


AEAt<k, (6) 


also exists (i,e,, can be present in the input of a perceptron) but cannot be 
perceived or detected (i, e., the perceptron will not operate and produce an output). 


At this point we diverge to remark that the product of energy and time is a 
quantity called "action, '' and the units of action are 


2 
= ML 
Asa (7) 


Thus the input state to a perceptron is composed of an action continuum? and the 
perceptron differentiates action quanta to produce physical phenomena, 


lWe acknowledge additional uncertainty statements but for simplicity will use only 
one in this paper. 


2equation (6) exists and it is proper to write it down and search out its ramifica- 
tions. Equation (3) is a limiting condition which applies only to mass. But since 
our physical experience must involve nonmass (e.g., photons, space, time, being), 
then nonmass considerations must be examined, A good beginning is to consider the 
entire field of nonmass possibility, i.e., that field of nonmatter changes defined 
by (6), which includes the entire subquantum domain, So we legitimately examine 
two conditions: Eq. (3) must define (or apply as a condition to) the mass 
phenomena (change, quantized) system, and (6) must define (or apply to) the nonmass 
phenomena (subquantum) system, 


Sis) Secietes dadtaa’ aantdaud en Ga ld RLM woe bn nmaniten A0SSaeeene, PaicaneN. Soa 
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phenomena (sudquantum) system, 


3We exactly define continuity as the failure to perceive difference (change), and 
discontinuity as the perception of difference (change), The difference between 
continuous and discontinuous is entirely one of perception, Thus there are two 
kinds of continuity: absence of perceptron operation at all, and identically 
repeated perceptron operations, The first kind exists outside of perception while 
the second kind exists in perception-to-perception, These are two powerful defini- 
tions, which among other things enable one to understand such concepts as limiting 
process, derivative, point, line, and plane, Mathematics itself is the game of 
perception, nothing more and nothing le: 
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When a large quantity of action is to be fed into a perfect perceptron, the input 
process cannot occur instantaneously; a At must be outputted (created)! by the per- 
ceptron for each operation, Thus perception processes steps or quanta of exactly 
k size, and exactly k size only. Inputs of less than k size are simply collected 
until the aggregate is equal to k, then differentiated to produce an output. We 
must therefore rewrite the Heisenberg uncertainty principle as 


aA=nk  , n= 40,1,2,... , (8) 


where the plus and minus signs are necessary since action only has to change about 
some constant level in the perceptron input, and this change may be either additive 
or reductive (this quantum statement is actually the basis for quantum physics)? 
Thus, from the viewpoint of a perceptron, its output universe of physical phenomena 
is constructed by successive granular differentiation of unit operations, each of 
size k, but it detects no time lapse (creates no At) between operations, 


When differentiated by a perceptron, an action atom may be regarded as 
being "chopped up" (the word "differentiated" literally means separated or torn 
apart): 


apAt . & EK, RBA sse 5 (9) 


where the bar over the A indicates nonaction, or action atoms which have been 
broken into bits. 


Thus we now conceive of an action continuum of action atoms and a nonaction 

continuum® of bits of action atoms. The two continua coexist and the perceptron 

lor “extracted from an action quantum AEAt," which means exactly the same as "created." 
Einstein's treatment of simultaneity showed that it was operational, but if simulta~ 
neity itself is operationally created then both time and length must also be 
operationally created. 

2This is not a simple discontinuous operation, since no time flow exists (At is not 
being outputted) during this collection process, We have to think of the process 
discontinuously, but the stepwise process is actually continuous (in time), or 
discontinuous, or both. 


3since AE may be positive or negative, we may state the uncertainty principle as 
|agat| >k, or as AA = nk, [n| > 1, Consider the two cases AA > 0, n= 1, and 

dA < 0, -1 <n < -2, Superimposing them would give |4A| < k, which violates the 
uncertainty principle. Thus, assuming superposition must hold, the uncertainty 
principle can be made to violate itself for all except integral values of n, and 

it follows that the Heisenberg uncertainty principle must be written as a quantized 
statement, 


“The separation into two continua is artificial, but is necessary to allow us to 
perceive perceptron operation with our brain perceptron mind, There is absolutely 
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“the separation into two Continua 4s artaticiai, oUt as necessary LU aisuW US LO 
perceive perceptron operation with our brain perceptron mind, There is absolutely 
no separation in the reality continuum itself; rather, there is only an operational 
separation caused by and in perception, Hegel was very nearly correct in his 
realization that the dialectical principle was the magic key to the universe of 
perceived phenomena. However, thesis (action) and antithesis (nonaction) do not 
meet to give a synthesis (the transfer function or switching) which is different 
from either; rather, thesis (action) is changed (transferred or switched) to its 
antithesis (nonaction) and vice vers: It is the switching or transfer process that 
is the synthesis (output of the perceptron, perception) which is different from the 
thesis and the antithesis. 
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operates, or moves, in them, Only action quanta of exactly k size can be processed 
by the operating perceptron to give outputs which we know as physical phenomena. 
Such phenomena (events) consist of aggregates of extremely large numbers of per- 
ceptron operations, Action atoms will be referred to simply as "action atoms," 

The very smallest bits or fragments" of action atoms will be referred to as "quitons" 
and the symbol ''q" used for one quiton, For convenience, we shall regard the 
"magnitude"? of q to be very much less than k, or 


q<k. (10) 


The perceptron's process of collecting quitons to form action atoms will be 

termed "'fusion, " which is an additive change to the constant action continuum, 
"Fission" will be the term for the perceptron's process of breaking up action atoms 
into aggregates of quitons, where the size of each aggregate is less than k; fission 
is a reductive change to the constant action continuum. The term "switching" will 
be used to refer to either fission or fusion, or both 


Fission and fusion are merely transfers or switches across the k-threshold 
separating the action and nonaction continua, and may be represented by either of 
the diagrams shown in Fig. 1. 


NONACTION 
PERCEPTION CONTINUUM 


ACTION CONTINUUM 
NONACTION CONTINUUM OT 


Fig. 1. Continua of the Universe 


these are actually nonthings and not bits or pieces at all, but since we can only 
perceive or think of things, we will model them as things. The difficulty is in the 
nature of thought, not in the nature of reality. 


2The perceivable magnitude of a quiton is zero, 4, 


it is not perceivable, 


Sand, in fact, switching can also refer to the transfer of At into AL, i.e., the 
creation of space from time or vice versa, Separation (relation) is composed of 
4L and At, and we know from relativity that when relativistic (perceived) AL is 
changed, then relativistic (perceived) At is also changed. When time dilate 
contracts; and when time shrinks, length expands, Therefore the statement tl 
length and time are intertransferrable is valid: one kind of separation can be 
transferred into another kind of separation just as one kind of energy can be changed 
into another kind of energy. Since this transfer itself is an operation, then there 
is a rate (i.e., a constant) of transfer, This constant is actually a parameter, 
since by special relativity it can vary as a function of the mass changes themselves, 
4nd since we are dealing with mass changes (perception), then the rate of transfer 
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And since ve are dealing with mass changes (perception), then the rate of transfer 
constitutes a rate of mass change (rate of perception), Since perception is finite, 
perceived mass change cannot be infinite but must also be finite, Therefore a 
limiting rate of perception must exist, From the equations of special relativity, 
this limiting rate of perception or mase change is c, the speed of light, 

and its value may be taken as the rate of change of a mass switch itself, 


a 
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We now examine the expression for energy of a photon: 
E = ht qa) 


Considering fission of an action atom as a chopping of that atom, the process can 
be expressed by:! 


aeons of Fons | ES Eos of] eve or | , (12) 
change of action Transferred] ~ |action per second 
or 
SAL ob = Ck, : (13) 


where C, is a constant of proportionality. According to Eq. (1), the energy 


perceived to be expended (transferred to quiton disturbances) in fissioning of an 
action atom ought to be proportional to the speed of the chopping action, Neglecting 
constants of proportionality, Eq. (13) is simply? 


4E = hf, (14) 


where the 4 symbol is deliberately added to show that it is a transfer process, 
The equation works in reverse for fusion of quitons into action atoms, i.e., the 
energy AE transferred to each action atom assembled is proportional to its rate 
of assembly. 


We can now represent a perceptron as shown in Fig. 2, which corresponds 
precisely to the two-pronged arrows shown in the diagrams of Fig. 1. A perceptron 
has two channels, fission and fusion, in which switching transfers between action 
and nonaction are involved. 


By Eq. (2), one of the outputs of a perceptron is At. Since perception creates 
its own time interval, it only has its kind of time, i.e., positive time, to deal with. 
Thus only positive time is perceived, and what we think of as positive time flow is 
merely the successive at's created by perception? 


INote how admirably the view of tearing apart or differentiating the action atom 
describes the result. The smaller the At torn from (AE dt) (or the quicker the 
separation), the larger the AE left (produced), f.e., the more energetic the separa~ 
tion. The atom of action is a quantum of action and one integral piece; the 

42 and At, however, are not necessarily of individually fixed size. 
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AE and Gt, however, are aot necessarily of individually fixed size. 
2action atoms can occur in more than one size (see note l on p. 3). 


37his explains why we sense existence as if we were the point of contact of a pointer 
moving along a time line. In effect, perceptron time advances one time slice at a 
time, where the slice is of tt thickness. Thus all physical phenomena occur in 
minute granular sequences. 
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Fig. 2. The Fundamental Perceptron Switch 


The existence of a negative time flow can be postulated by a simple symmetry 
analogy, but this postulated negative time, by definition, cannot be a perceptron 
output. We use the term "reflection" to denote a postulated operation in negative 
time! symmetrical to perception which operates only in positive time. Reflection 
is essential to the explanation of electric charge and charge effects,? but these will 
not be discussed here. Figures 3, 4, and 5 summarize the concepts of reflection, 
perception, and positive and negative time. 


We now introduce the concept of absolute value of a dimensional molecule. 
To illustrate, if we know that F = Ma, we will state that 


\F| = |Ma| = IMI « [al = M jal , (15) 
where the last expression is true because of the nondivisibility of the unit AL and 


IModern theorists such as Feynman, Wheeler, and Dirac of ni 
tive time operation into their theories involving action~ 


ity incorporate nega- 
a-distance. 


2the quiton/perceptron theory can and does explain what "charge" is, why like 
charges repel and unlike charges attract, etc. It predicts the force of attraction 
or repulsion to be proportional to Q,0,/R*. 


3although perceptron output bits may vary in magnitude from operation to operation, 
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3although perceptron output bits may vary in magnitude from operation to operation, 
they are of absolutely fixed size in any one operation or between any two consecu- 
tive operations. So for one operation or any two consecutive operations, a 
dimensional molecule is merely a product and division of certain-sized bits, and 
is itself of one fixed magnitude. Any other dimensional quantity of equal absolute 
value is therefore of the same size for that operation. At this level, differentia- 
tion is simple bit division and integration is simple bit multiplicarion. 
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UNIVERSAL CONTINUUM 


| (EXISTENCE) 


a 
ast 
JON 


——i 
LECT! 
| NEGATIVE TIME 


Fig. 3. The Continua (Complete Model) 


ACTION NONACTION 
CONTINUUM PERCEPTION CONTINUUM 


(POSITIVE TIME) (POSITIVE TIME) 


Fig. 4, The Positive Time Continua -- 
Model in Which Perception Acts 
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ACTION NONACTION 
CONTINUUM CONTINUUM 


(NEGATIVE TIME) (NEGATIVE TIME) 


Fig. 5. The Negative Time Continua -- 
Model in Which Perception Does Not Act 
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At quanta outputted by one perceptron operation. The absolute value signs must be 
added to any dimensional molecule which can take on either positive or negative 
values, Dimensionally, 

My = El, (16) 
where M, is rest mass and requires no absolute value sign since a quantity of rest 


mass is only positive. Actually, since perceptron operation only outputs quanta, then 
the perceptron outputs AE and 4M, 9? OF 


AMy = jaz| , a7) 
and repetition rate allows perception of Mo as a positive quantity. Then, 
aM ae (18) 


The perceptton expression of the right-hand side of (18) will be? 


a(t?) _, ALL 
at 


att — aL), (19) 
and then we have 
aBat(v/v) + SEWA0 _, sp(ap(aL/at)— aPaL , (20) 


which must be another statement of the minimum condition of the Heisenberg 
uncertainty principle, or 


k= APAL . (21) 
It follows that 
A4PAL = nk, n = +0,41,22,... (21a) 


To consider why constant velocity yields special relativity, from 
E= mi? /7? and Eq. (16), we can write 


2 2 
ML’ L 

Mis = M|=y| . (22) 
T F 


Dividing out the M gives 


121 . a 
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2 
Li L {LI 
|- |x| 2 He iy. (23) 


lopviously 4(L?) = 2LaL + (ft)?, but the units of 2LAL are ALéL. 
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So velocity is a dimensionless quantity in the absolute dimensional sense, i.e., in 
the perceptron operational sense, and "the laws of physics apply equally well for 
all observers as long as they are moving with constant velocities" (Einstein's 
postulate). When the perceptron process is applied to a system of objects whose 
relative velocities are constant, the inputs to perception always differ by a constant 
value and the differentiated outputs of perception do not differ, i.e., the differential 
of f(x) + C is identical to the differential of {(x)2 


Observation is related to perception as shown in Fig. 6, An observer observes 
only perceptron outputs? -- never ultimate reality -- from his sensory apparatuses. 


PERCEPTION 


oe 
' ‘compan DIFFERENTIATION 
Berm (THIS BLOCK MAY Be kouenyente 
| REPLACED BY 

L FIGURE 3) 


THIS ISA PHYSICAL PROCESS. 
PERFORMED BY A MASS PARTICLE 
OR PARTICLES, WHICH MAY OR 
MAY NOT BE IN THE PHYSICAL 
SENSORY APPARATUS OF & 
HUMAN BEING: 


OBSERVER 
PROCESSING 


THIS IS IN THE “MIND” OR “BEING™ 
OF THE LIVING ENTITY AND Is NOT 
(YET) SUBJECT TO PHYSICAL 

ANALYSIS. 


OBSERVER 
OUTPUT 

ANALOGUES ‘ 

(CONcLUsiONS) ‘THE TWO SHADED BLOCKS REPRESENT THE 
INTERFACE BETWEEN MASS PERCEPTION 
AND "MENTAL" PERCEPTION: THESE TWO 
BLOCKS CONSTITUTE THE PERCEPTIVE 
MIND. THIS IS ALSO THE INTERFACE 
BETWEEN PHYSICS AND METAPHYSICS. 


Fig. 6, Overall Relationships 
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lginstein's treatments of simultaneity and special relativity may be regarded as 
statements that one can determine a length (measure a AL) only by AL = cit, and 
one can determine (measure) a At only by At = AL/c in the static case. 


2the process of observation actually consists of both perception and realization. 


10 
Next Page 


‘utp ww.cheniere org/techpapers/quiton/p1O.him (2 of 2)27.10.2003 20:27:19 


Page 11 


Ill, MASS AND SPACE 


The nonaction continuum may be further visualized as a sea or gas of small, 
unperceivable particles, i.e., of quitons and aggregates of quitons which are less 
than k in magnitude. Since mass is a perceived quantity and a quiton cannot be 
perceived, a quiton or aggregate of less than k magnitude has zero mass. 


Since fission and fusion both constitute perceptron switching, we may explain 
mass by visualizing a changing pile of quiton bundles, each of k size, in which the 
total rate of switching activity is what we call the "mass" of the pile. Thus the 
mass is equal to the sum of the absolute values of the fission and fusion activities: 


aA, aA, 
=e] + |e} - Ey (24) 
or 
M~ |i, + a,| — sw/sec, (25) 
where” 


At = perceptron operation time (one operation) 
M = perceived mass of the pile 
4A, = action created from twfog quitons into action atoms 
AA. = action lost from fissioning action atoms into quitons 


= number of k-sized bundles per second fused into atoms 


f_ = number of atoms per second fissioned into quitons 
‘0 


sw/sec = one perceptron operation per second. 


lif AE is time rate of change of action, and if the absolute dimensional value of rest 
mass and rest mass energy are the same, then mass must also be a time rate of change 
of action. One kilogram mass equals 17.053x10°° sw/sec. 


2the switch concept is necessary to explain charge and charge effects. The 
switching occurs between the positive (perception outputted) and negative 
(reflection outputted) time streams, Three types of switches exist, two of which 
are charge switches and all of which are mass switches. Switching may also be 
regarded as change of At into OL, For a mass switch, the limiting value of 
the conversion parameter b in (AL = bit) is c, the speed of light. However, the 
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regarcea as change or ot 1nto cL, For a mass switch, the Lamitang vaiue or 
the conversion parameter b in (AL = bat) is c, the speed of light. However, the 
concept of switching can be expanded; b < c implies mass switching; b = c impli 
quitons moving (maximum switching limit for mass switching); b > c implie: 
DeBroglie vaves moving, which are not switching in the normal sense at all. 
Technically, the condition b < c applies to Eqs. (24) and (25). 
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The use of the mass definition equation can be illustrated by a simple example, 


First, 
k= h/2 = 0.527 x 10*4 joule-sec (26) 
1 kg mass = 8.987 x 10! joutes , (22) 
50 
8.987 x 10!° joules 
1 kg mass = 8-987 10" joules __ (28) 
0.527 x 10° joule-sec/switch 
1 kg mass = 17,053 x 10° switches/sec. (29) 


For a mass that does not accelerate, switches must occur in couplets, This 
would require, for example, that angular momentum be quantized in quanta of 2k 
magnitude, since two switches would process two action atoms -- one in and one 
out of the mass action pile. Since 


2k=h/2n, (30) 


then angular momentum should be quantized in h/2r quanta, which indeed it is: 
from the Bohr theory of the hydrogen atom, 


mvr = 3 Ww OSes. 5 (31) 


* 
and the change permitted is thus 


a(mvr) = FB, n=0, 21,42,28,,.. (32) 


What we normally think of as empty space is sometimes described as the 
absence of mass and energy, existing in time? ~ Empty space can be defined by 


oA . oa _ 

ys Tae a 
which merely state that no perceptron output is occurring. Thus empty space 
exists only as defined by a perceptron and is merely the total absence of percep- 
tion, While these equations rule out fission and fusion, they do not rule out the 
static presence of large numbers of quitons and quiton aggregates each of which is 
less than k in size (a quiton may be viewed as a quantum of space or a quantum of 
ether). 


lgeiser, Concepts of Modern Physics, McGraw Hill, 1963. 

2actually there is no time connected with the existence of space; the time is connec- 

ted only with our perception of change; that is, space is a product of perception, or 

the nonoperation of perception, and is related to a mass perceptron. Similarly, 

space itself has no length — length is relative between two masses, That is why 

both length and time can change, and why a specific length and a specific time can 
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pace iteelf has no length — length is relative between two masses, That is wny 
both length and time can change, and why a specific length and a specific time can 
be different to different observers. 


12 
Next Page 


‘utp ww.cheniere org/techpapers/quiton/p|2.htm (2 of 2)27.10.2003 20:27:33 


Page 13 


A massless quiton cannot individually generate any drag resistance against 
matter in the Newtonian sense. So a mass object moving along at a constant 
velocity will just push a stream of massless quitons ahead of it. In effect, 
the mass "bulldozer" is pushing its own medium along with it, and this requires no 
force.) Therefore, empty space (i.e., the zero output condition of one's mass 
perceptron) is filled with (has added to it) streams and streams of quitons moving 
ahead of other objects (perceived by one's perceptron) from all over the universe 
(perceived by one's perceptron). These quiton streams may be regarded as quiton 
pulses or quiton waves? in one's own static-relative quiton pond. The static-relative 
quiton pond of a mass will be called its "q-space" or "space"' (more commonly 
referred to as the mass's inertial frame of reference). 


When impinging on a perceptron's mass, these disturbances are being 
collected into k-sized quanta and switched into action atoms. The switching 
produces outputs that reveal the presences of the disturbing masses. The situation 
for a perceived mass is described in Fig. 7. Note that a fusion pileup is shown in 
front of the perceived object due to the object's motion, and a fission pileup is 
shown at the rear (switching is actually distributed throughout). Additional 
switching is occurring in the pileups and constitutes increase in mass, So one's 
mass perceptron perceives the moving object's mass as having increased. The 
relative velocity of the object with respect to one's perceptron determines the 
additional collection rate of quitons, and hence the additional switching rate, 
occurring for the object in one's perceptron q-space. The perceived increase in 
the moving body's mass is a function of the increased collection rate, which is a 
function of both the initial mass switch size My and the velocity V, or 


M={(V, My) - (34) 
é MASS BULLDOZER 
° Ot he UO! OF ° ° 
° ° ° PERCEIVER’S 
PMO Wing 2 e © STATICAELATIVE 
of 20 ‘VELOCITY QUITON POND 
Pa) 6 = Bae eens £9 
o °o 7. 8 
SWITCHING ACTIVITY 
REAR eROATAL PILEUPS FROM PERCEIVER'S 
PILEUP nee STATIC-RELATIVE GUITON 
POND 


Fig. 7. Increased Perceiver Switching Due to Perceived Velocity 


up: shww cheniereorg/techpapers/quiton/pl3.htm (1 of 2)27 10.2003 20:27:39 


Page 13 


IMore precisely, it requires no resultant (unbalanced) force. Both fission and 
fusion create forces; however, these forces are opposing, and so when fission rate 
equals fusion rate the resultant force is zero, 

2phese pulses or waves are not in themselves perceived, so one can equally well 
consider them bunches of particles or waves, ‘The difficulty lies with the 
perceptron mind, not with the disturbances. 


Pe 
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If the perceiver shifts "his view" to the object, he would at the same time 
shift his perceptron to it and so would then see the same sort of effect existing on 
his vacated mass. The pileup is relative to the perceiver and is occurring in the 
perceiver's perceptron itself.1 So material objects do not just move through an 
ether, they carry their own q-space ethers right along with them? nd all they 
can detect is the disturbances in that q-space that produces switching transfers 
in and out of the action and nonaction continua, 


We now wish to know the standard medium velocity at which wave disturbances 
move in the q-space, The question is, what has zero mass, is unperceivable, and 
yet can move through the perceiver's empty space ether’ at some standard velocity? 
Photons satisfy all these requirements, Photons themselves cannot be perceived -- 
only their interactions can; and photons move in free space at the velocity c, the 
speed of light. Thus c is the quiton medium's wave velocity* and quiton disturbances 
move in a q-space at the velocity c, They move only in a q-space and in nothing 
else, since movement (velocity) is defined as AL/At, and both AL and At exist only 
to the perceptron that created them. Therefore, velocity of a perceived object is 
absolutely relative to the perceiver since it is part of the perceiver's mass's 
perception, At this point, Einstein's postulate that "the speed of light is the same 
for every observer" can be seen to follow directly from the quiton/perceptron 
model, 


But a difference exists between the speed of light in q-space and the speed 
of light ina medium. Simply speaking, when light travels in a medium the quiton 
waves (photons) are perceived to interact with particles (get switched by other 
switches) continually. In each imposed interaction switching perceived, another 
At occurs in the perceiver's perceptron, Thus more At's occur, and the photon is 
perceived to take longer in traveling through the medium than through free q-space; 
that is, the perceiver's perceptron (in which the medium itself exists) creates more 
time output in the case of light traveling through a perceived medium than light 
traveling through unperceived free q-space. 


this point is emphas: The mass's mass does not increase as perceived by itself; 
its mass does increase as seen by the perceiver. This fact alone is sufficient to 
establish that the increase in mass is subjective, not objective (although these two 
terms are usually misused). That is what the term “relative” means, i.e., relative 
to the subject. Note that the perceiver is always the subject. The fact that the 
effect occurs only to the perceiver should indicate that it is the perceiver's per- 
ception process which is causing the effect. 


2Thus one can have one space moving through another space. 


3¥rom Einstein's Theory of Relativity by Max Born, p. 224: "Einstein in later years 
proposed calling empty space equipped with gravitational and electromagnetic fields 
the ether,’ whereby, however, this word is not to denote a substance with its 
traditional attributes. Thus in the 'ether,' there are to be no determinable pointe, 
and it is meaningless to speak of motion relative to the ‘ether,’ Such a use of the 
word ‘ether’ is of course quite admissible, and when once it has been sanctioned by 
usage in this way, probably quite convenient." The use of "ether" here is quite 
close to Einsted: however, in our usage it is meaningful to speak of 
“perceived motion of a perceived object" in the q-space ether of the perceiver. 
Otherwise. there can be no observation and no observer. which are of course necessarv 
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“perceived motion of a perceived object" in the q-space ether of the perceiver. 
Otherwise, there can be no observation and no observer, which are of course necessary 
to Einstein's theory. 


‘Velocity is unperceivable; it is actually the constant of proportionality for the 
perceptron's direct transposition of At into AL. And c, the constant velocity 
of light, represents the limit of the perceptron's ability to do this. 
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It should be noted, but will not be pursued further here, that electromagnetic 
waves in space are merely quiton wave disturbances} moving in a perceptron's 
q-space. The energy being transmitted is the "energy equivalence" of the nonaction 
quiton aggregates that were chopped up from action atoms. When these fissioned 
aggregates are again collected in some perceptron, then AE is recovered as AE, 
or perhaps as AM. 


In passing, we note that hidden in the principle of complementarity is the fact 
that wave and particle are operationally excluded, i.e., separated by an operation. 
A wave by definition is operational (dynamic). The most elementary idea involved in 
the concept of a particle is that it is nonoperational; i.e., it doesn't have to move, 
or change, or function, or be dynamic to exist. Obviously that which is operational 
differs from (is separated from) that which is nonoperational, but such separation 
itself is differentiation which is an operation. Therefore, wave (operation) and 
particle (nonoperation) are operationally separated. The only "mystery" in 
complementarity is that one must stop (interfere with) an operational entity to have 
a nonoperational entity, and one must start (interfere with) a nonoperational entity 
to have an operational entity. Depending upon the conditions imposed upon it, an 
entity can be either operational or nonoperatjonal. For example, the operation of 
superposition must be imposed upon DeBroglie waves before they can constitute a 
particle. It then follows that the particle's velocity must in fact be the velocity of 
the superimposed group, i.e., the wave packet's velocity. By the same reasoning 
it follows that one cannot measure a particle's exact position (which is a static or 
nonoperational entity) and its exact momentum (which is a moving or operational 
entity) at the same time. The same is true for the particle's exact time position 
(nonoperational) and its exact kinetic energy (operational), Thus uncertainty 
principles, complementarity, and the relationship of DeBroglie wave velocity to 
wave packet velocity all involve the one fundamental concept that an operational 
entity is separated from a nonoperational entity by an operation. The changing is 
separated from the unchanging by a change; i.e., the changing is operationally 
derived from the unchanging, or perceived reality is derived from unperceived 
reality. 
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Iphotons are aggregates of quitons; quiton aggregate behavior is particulate. 
Behavior from the standpoint of individual quitons is wave-like. This explains 
the dual behavior of light and reconciles its wave and quantum aspects. 
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IV. IMPACT ON PHYSICS 
A, MICHELSON-MORLEY EXPERIMENT 


The Michelson-Morley experiment was conducted in the Michelson/Morley/earth 
q-space. The Michelson/Morley/earth perceptron(s) would perceive the speed of 
light to be the same in all directions, i.e., any fringe shift observed should have been 
a result of experimental uncertainty only. The experiment did not prove there was no 
ether; it did prove there was no perceivable ether! through which the earth was moving. 
The results admitted of a static-relative ether if it is unperceived. Perception is a 
process, and if the process does not occur then perception does not occur. Since by 
definition the q-space of a perceptron does not cause the perceptron to operate, then 
the q-space is unperceived by the perceptron, 


More careful examination of observation reveals the following facts: A 
perceived mass has a constant mass when not moving with respect to the perceiver. 
When it is moving through the space frame or the ether of the perceiver with a 
constant velocity v, its perceived mass is again constant but is now perceived to be 
greater than was its rest mass. From whence came the extra mass? 


The extra mass effect is only to the perceiver. The only possible sources for 
the extra mass in perception are the original rest mass My and the empty space of 


the perceiver's space-frame (i.e., the interaction of perceived mass with un- 
perceived space), Space does not drag, in the conventional Newtonian sense, 
against a moving body that is not accelerating, And space is unperceivable; there- 
fore it can be visualized as a massless fluid. Thus the increase in perceived mass 
(which is a change) must come from the perceived mass's increase in velocity in 
perceiver space (because velocity is all that was changed), and it must involve the 
physical operation of the perceiver's physical perceiving mechanism. A perceived 
mass does exert resistance (drag) called "inertia" whenever it is accelerated in the 
perceiver's space-frame, This resistance isa force. Perceived force is equal to 
perceived mass times perceived acceleration through the perceiver's spac 
lie not space an unperceivable ether? An extract from Einstein's Theory of Relativity 
by Max Born, p. 223, states: "If each of two observers who are moving relative 
to each other can assert with equal right that he fs at rest in the ether, there can 
be no ether, Thus, the extreme development of the ether theory leads to its dissolu- 
tion as a fundamental concept." The conclusion that there can be no ether does not 
logically follow. Each observer can assert that he is at rest in an ether (space), 
and these sj can be intermoving. That is precisely what a "moving frame of 
reference” 1 one space moving through another. Today we retain the (or more 
correctly, an) ether concept, but call it "space or "inertial frame of reference" 
or "frame." The conclusion should have been that there can be no single “stable 
ether," but that there can be many. 


2Newton's law, F = ma,* to date has been used in a half sense, i.e., that the accelera- 
tion of a perceived mass through the perceiver's unperceived q-space generates force. 

If this is true, and relativity holde, then the ecceleration of any other unperceived 

q-space, through a perceived mass, also generates force; through one perceived ma 

in a perceiver's q-space, the q-spaces of all other perceived accelerating masses 
accelerating and thereby generating forces on it. By this "other half" of Newton's 
law and by relativity, Mach's principle (that inertia of a mass is derived from the 


eae. taead and 
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law and by relativity, Mech's principle (that inertia of a mass is derived from the 
other masses of the universe) can be shown to be true. Although not collated and 
developed as such, it 1s possible to derive the postulates of both special (Continued) 
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This equation states that a perceived accelerating mass must react with the 
perceiver's q-space, and in fact this interaction may be taken as the basic mechanism 
that creates force itself, Again the perceiver's physical perception mechanism is 
the causative agent, 


‘A quite logical conclusion at this point is that the perceiving mechanism 
perceives (produces) additional perceived mass from the interaction of perceived 
rest mass with perceived mass-motion (velocity) through its unperceived space? 
Also, the perceiving mechanism produces perceived inertial drag from the inter- 
action of perceived mass with the mass's perceived acceleration through its 
unperceived space, 


‘The concept of "ether" should not be rejected while the concept of "space" is 
retained, since the latter is actually an unperceivable ether. Rather, the concepts 
of mass, perception, and ether-space should be tailored to fit the perceived 
phenomena, Quiton/perceptron theory (perception theory) is a deliberate transfer 
function model specifically tailored to fit these criteria. 


B. GRAVITATIONAL ATTRACTION 


Newton's law of universal gravitation can be generated, in both effect and 
form, from quiton/perceptron theory, 


A perceptron's q-space is filled with streams and streams of quiton disturb- 
ances moving ahead of its perceived moving objects from all over its universe. 
Thus there exists a flux of quitons at any point in its space, and this flux is isotropic 
to the first approximation: because of the vast interstellar distances between 
disturbing masses, the flux gradient in the relatively local neighborhood of any 
perceiver point is essentially zero, The quiton disturbance flux can be represented 
as shown in Fig, 8, A quiton flux stream switching pressure P, is exerted on My 


and a switching pressure Py is exerted on mass My. In any one flux stream line in 


this shadowed zone, the pressure against either of the two bodies is reduced in 
proportion to the amount of switching flux subtracted from that flux line by the other 
body, The total reduction of switch pressure in the shadowed zone is therefore 
proportional to the product of the two masses M, and M,, considering the effects to 
be mutually independent. 


(Footnote 2 continued from preceding page) and general relativity from quiton/perceptron 
theory, and the steps essential to that derivation are contained in this paper. 


*[More precisely, F = d/dt (av) = ma +v dn/dt. From the second term, 
increase or decrease in mass of a moving object also produces 
a force. This second force component may not be too important 
except in microscopic phenomena, but for fast microscopic changes 
in mass (e.g., in the nucleus) it could generate significant force: 
Also note that the velocities of all other spaces (i.e., veloctt: 
of the q-spaces of all other moving objects) in the perceiving ma 
universe interact with its perceived mass change rates, according 
to the second term of Newton's law, relativietic form. 


14 disagreement has long existed over whether a "nonthing" exists if {t cannot be 
observed. The argument is illogical; e.g., if a photon itself cannot be perceived 
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observed. ‘The argument is illogical; e.g., if a photon itself cannot be perceived 
and only effects (changes) produced by it are perceived, does a photon exist? It 
exists, but cannot be perceived to exist, i.e., it exists outside of perception, 
but does not exist in perception, The same is true of the notion of space. 
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% 


Fig. 8. Gravitational Attraction of Masses 


From purely geometrical considerations, a shielding factor is also present 
due to the solid angle that is shadowed about any mass point, This effect is propor- 


tional to 1/R® by usual solid angle considerations, Putting these two factors, 
together, the attraction of mass should therefore be proportional to M,M,/R™, or 


™M. 
F-K a (35) 


which is the expression for Newton's universal law of gravitational force, and this 
force is driving the two masses together.+ By merely extending the basic state- 
ment by superposition of the effects of every perceived mass-pair in the perceptron's 
universe, one obtains the attraction of mass* for the universe, 


1It ds not accidental that electric, magnetic, and gravitational field forces all 
obey "inverse square of the distance" laws, since these forces are derived from 
analogous switching operations. 


2attraction of mass implies an effect derivable from the presence of mass only. 

Mass is a switching rate. Therefore attraction of mass aust be derived from switching 
only. Now a massless fluid generates no drag against a constant velocity mass, but 
switching is a negative quiton acceleration which does generate force. So switching 
generates drag, but constant velocity does not, This accounts for the error long 
aade in considering the "mass shadowing" explanation of gravitational attraction to 
suffer from a sertous defect of implfed retardation force due to velocity through an 
ether-flux (see, for example, the Fe; Lectures on Physics, Vol. 1, p. 7-9), Velocity 
of an ether flux through a body setety affects the ans of th affects the nase of the body; it does not 
generate force. Acceleration of an ether flux through a body generates a resultant 
force on that body. In Feynman's example of an orbital body, let us assume perfect 
circular motion with constant speed. Since the speed of the ether flux is alvays 
constant, the mass io always constant, Since the component of acceleration tangential 
to the circle is zero, there is no force generated tangentially to the orbit. But 
since there is a constant radially outward acceleration of flux through the orbital 
body, then there is a constant radial force outwards that is generated, and this force 
4s called the "centrifugal force," i.e., the "center-fleeing" force. 
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is called the "centrifugal force," i.e., the "center-fleeing" force. 
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It should be noted that for extremely small masses at extremely close 
distances, or for extremely short times, turbulence and interference effects can 
form in the shadowed zone of Fig. § and superposition may no longer hold. 


C, NEWTON'S THIRD LAW OF MOTION 


One of the recognized ways of stating Newton's third law of motion is: 
"To every action force there is an opposite and equal reaction force."" This 
law follows from quiton/perceptron theory, as can be shown by examining 
two colliding bodies. It should be stressed that these two bodies, and all 
changes related to them, exist as changes-in the output of the perceiver's 
perceptron, It must always be borne in mind that these changes, or physical 
phenomena, exist as outputs of the perceiver's mass perceptron.» 


Figure 9 shows perceived bodies M, and M, in constant velocity motion just 


before collision. A deliberate choice was made of a case where the momenta of the 
two bodies were not equal, so that the initial switching rates for the two masses 
were different. In the example, M,V, > M)Vo. The mass switching drag of each 


body is again represented by small circles. Each body has the same size roll in 
front as in the rear, so its switch pressure forces are balanced. Figure 10 shows 


the collision, 
lo 9 lo 
X-) 
* ° J °o a 
° og 00) ° 
O° 9 3° 
° e 9, 


Fig. 9. Two Bodies Before Collision 


P_ (INCREASED SWITCH PRESSURE) 


Fig. 10. Two Bodies at Moment of Collision 


IWe consider the questi “If a tree falls in e forest and there is no car to hear it, 
is there a sound created?" A tree ie a perceived tree, a forest is a perceived forest, 
and a fall is a perceived change. Their presence or existence inplies a perceiver 

and perception; thus they imply that s "sound" change would be perceived, since they 
imply a perceiver to perceive it. If, however, by "no ear to hea! it" we mean “no 
perceiver present at all," then the question as posed contains a self-contradiction: 
with no perceiver, there can be no perceived tree, perceived forest, perceived fall, 
or perceived sound. 


2The manner of searching for quiton/perceptron causal explanation of a physical 
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2the manner of searching for quiton/perceptron causal explanation of a physical 
phenomenon is to ask, "What would the perceptron have to do to generate the phenomenon’ 
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There is an almost instantaneous switch pressure increase in the contact zone 
between the colliding bodies, and consequently there is a switch pressure differential 
across each body as shown in Fig. 11. 


Fig. 11, Switch Pressure Relationships at Collision 


In the figure, the contact pressure P, is exerted against each body, so that 


the pressure forces on the two bodies act in opposite directions, But for any two 
colliding bodies, the contact areas, one against the other, are the same. This 
common contact area will be called A.. Since P = F/A, then 


IFil = [Fel = Pedc- (36) 


But since the pressure forces on the two bodies are being exerted in opposite 
directions, then 


F, = -Fy, (37) 
which is Newton's third law of motion, 


dD. NEWTON'S SECOND LAW OF MOTION 


Neglecting constants of proportionality, Newton's second law of motion may 
be stated in the most general sense as 


F = Say) (38) 


The first step in deriving this law is to examine a point mass which is perceived 
moving with velocity V, as shown in f/gure 12. 


o ow E 
a 
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Fig. 12. Moving Point Mass 
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An increased rate of quiton switching activity exists along the axis containing the 
velocity vector V. We will call this increased quiton activity a vectorial "current" 


3g and define its direction as contrary to the velocity vector. The mass is perceived 
to be moving against the current vector, and 


Qav. (39) 


When the current ray is steady, i.e., when 


Qin = Sout? (40) 
then the switching activity, and hence the mass and the energy, are constant. 
Therefore, from v = +V2E/m, the velocity remains constant. 

rt Q base suddenly increases, then 

Qin = Sout > (41) 

which can be represented as in Fig. 13. 
Sout —— 4, 
& fo oe 
oo v 
°, °o 
2° 
Fig. 13. Difference in Quiton Current 
From Eq. (39), 

Q=-k Vv . (42) 
At any time in a quiton current, the switch pressure force exerted against the 
mass can be represented as 

F=PA, , (43) 


where P c is the switch pressure and A c is the area of contact. However, since 
the area of contact Ay or the drag area, is the mass switch rate itself, then 
(neglecting constraints of proportionality) 


Aam (44) 
np: shww.cheniereorg/techpapers/quiton/p2 htm (1 of 2)27.10.2003 20:28:28 


Page 21 
A,aM' , (44) 


where M! is the switch rate at the point of switch pressure application. We will 
next examine the switch pressure forces before and after one perceptron operation 
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(i.e., across the smallest possible time interval At used by the perceptron itself 
in perceiving a change), When there is any difference in the pressure forces 
against the body front and body rear, this difference is the resultant force R, or 
aie [PeAdin * @Adout] Tie (45) 
where q Is a unit vector whose direction is given by the direction of an - ee 
Now, from Eq. (44), 
R= [Pin - Pou] @ - (48) 


Since P, a@ QandQa (-¥), then (neglecting constants of proportionality) 


R= - (ard, - Qu] (a7 
which from Eq. (39) gives 

R= (MV), - OV) ou (48) 
or 

R= K,a(M'v) . (49) 


However, this has happened in the smallest possible time At, and since by definition 


AMWenin at 7 (MV) (50) 
then 
R= (wv) = k, farv) , (51) 


which is Newton's second law of motion, relativistic form. Acceleration of a body 
is caused by a difference in mass switch rate (i.e., a switch rate gradient} induced 
across it by transfer of momentum from another moving body or by induction from 

a field such as an electrostatic field or a magnetic field, 


E, NEWTON'S FIRST LAW OF MOTION 


Newton's first law, that a body at rest or in uniform motion will remain at 
rest or in uniform motion unless some external force is applied to it,"" can be derived 
from the same type of considerations used to develop the second law, Obviously, if 


Q-o, (52) 


Isyitehing can be thought of as transfer of At into 4L, An increased switch rate 
represents an increased rate of transfer resulting in a higher value for the ratto 
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Iswitching can be thought of as transfer of At into 4L, An increased switch rate 
represents an increased rate of transfer resulting in a higher value for the ratto 
of AL to dt being outputted. Since the ratio OL/dt is defined v, en increase in this 
ratio increases the velocity, and thus acceleration occurs. 
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R=0 (53) 
and 

a=0, (54) 
in which case the body at rest will not move and the body in uniform motion will 
remain so, by the definition of acceleration. Every perceptron repetition will 


output the identical value for V as the preceeding repetition, and that is why the 
first law holds, 


F, IDENTITY OF LENGTH AND TIME 


From E = Mc”, we have 


c2 = £/M = 9x10 joutes/kg (55) 
c 2 9.x 10'S joutes/kg x 1/17. 053 kg sec/ew (56) 

2 -34 
© 0,527 x 10~” joule-sec/sw (57) 
ee k/mass switch . (58) 

Thus 

ee (3 x 10°)? m/sec” EES WTEC = one sw opn (59) 
one sw opn = (3x 10°)? m/sec (60) 
= 3x 10° m/sec (61) 
> 1 sec = 3x10° meters, (62) 


Length and time are thus synonymous} and c is the constant of proportionality 
(more precisely, the identical ratio for transposing At into AL will be maintained 
for each perceptron operation). Therefore, a perceptron actually outputs only 
one thing which may be taken to be either At or AL (it actually outputs only change 


‘py "synonymous" we mean that At and AL are intertransposable by perception operation. 
The term c is the velocity (rate of change) of switching itself, i.e., the speed at 
which quitons themselves can move, since quitcns are being evitched by mass. The! 
fore c ought indeed to be the wave velocity at which quitons move, and thus represents 
the maximum 4L obtainable from dt by mass in normal switching. The possibility exiets 
that abnormal (turbulent) switching can deviate from this limitation. Thus "time 
warping," "time travel," "hyperspace travel," and the interplanetary drive may indeed 
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that abnormal (turbulent) ewitching can deviate from this limitation, Thus "time 
warping," "time travel," "hyperspace travel," and the interplanetary drive may indeed 
be possible. Since at least one of these effects of turbulence in switching (that of 
DeBroglie wave velocity exceeding the speed of light) is theoretically accepted, the 
problem of turbulent switching should be well worth the theorist's attention and 
effort. 
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itself, which is perceived and thought of as ALand At). All other dimensions, 
quantities, and dimensional molecules are but bit division or bit multiplication, 
This seems to be consistent with some of the latest conclusions from general 
relativity theory. 


In passing we note that there is no separation without relation, and there is 
no relation without separation. Therefore 


relation <> separation. (63) 


Also, there is no operation without separation, and there is no separation without 
operation. Therefore 


operation <> separation. (64) 
It follows that 
operation <> separation <> relation. (65) 


We note a difference between free space and a Cartesian space (inertial 
reference frame). In a Cartesian space or inertial reference frame a definite 
length is considered to have been established for each and every point in that 
frame. But such a definite length to each point is rigorously operational by 
statement (65) above, i.e., such a length is defined by an operation. Specifically, 
it is defined by the operation of a mass perceptron (or an understood mass 
perceptron) at the origin of the frame. Such a frame is linear if the identical 
type of perceptron operation has defined the length to each point, If the type of 
defining operation varies, then the frame so defined is nonlinear; i.e., its space 
is said to be curved or distorted. 


In one perceptron, its length defining operation and its mass defining opera- 
tion can interfere or react one with the other. This type of interference or inter- 
action is the direct interaction of frame space (length) with mass and it is the 
fundamental generating mechanism of force. All forces are so generated (see 
again the inset footnote on p, 17). And in fact a perceived moving force does work 
in the direction of its perceived movement rather than in the force's perceived 
direction precisely because of the moving operational length's interaction (inter- 
ference) with the operationally generated force. This interference interaction is 
between operations in the same perceptron and generates what is called work. 
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Vv. ELEMENTARY PHILOSOPHICAL IMPLICATIONS 


Every scientific treatise is filled with forms of the words "one" and "be," 
yet none attempt to define these metaphysical terms. Ontologists and metaphysicians 
have uncovered many problems connected with these two words, but no real solutions. 
In addition, the historical preoccupation of metaphysics with dogmatic religious 
beliefs contributed strongly to its disfavor, since scientists were required to exert 
considerable effort to establish the scientific (observational) method as a legitimate 
criterion for the judgment of physical truth, Consequently, both science and 
philosophy today are constructed on quite undefined foundations, primarily because 
of the failure to recognize the relationship of perception operation to reality, which 
recognition is a prerequisite to the synthesis of physics and metaphysics. One 
therefore must comprehend the concepts of be (exist)} thing (perception), and 
‘one (thing) from the viewpoint of the relation between perception and ultimate 
reality. 


A. EXISTENCE, THING, AND ONE 

Existence has been defined here as "what is to be fed into the perceptron's 
input." In the situation where all operation of the perceptron has ceased, what can 
be said to exist in the input? First, what exists is a continuum: it has no limit, 
interface, dimension, time, velocity, change, space, place, or discontinuity since 
these are all derived from perceptron operations and the perceptron is not operating. 
What exists is continuity only, with no discontinuity.2 To comprehend this, we must 
examine the thought process itself more closely, realizing that "to think" is "to 
perceive thoughts," 


What is a "thing?" Further, what is "one" -- one “thing,” one "anything?" A 
thing is first a perceived thing: it resulted from the output of a perceptron operation, 

in which one input bite and one output occurred. This output is characterized by the 

the fact that it is one, and the absence of one (i.e., zero) is the absence of output 
Figure 14 shows these relationships. The perceptron operation created the separation 
between the inside and the outside by creating a SL and a At, that is what the delta 
symbol means, Thus the operation of the perceptron determines the basic nature of 
one itself, and any one necessarily requires that a perceptron operation has occurred. 
In fact, the perceptron itself is a result of perceptron operations. Thus indeed all is 
relative. A perceptron exists and is able to function because it perceives other percep- 
trons to exist and function, Thus perceptrons are mutually created derivatives of reality 


'Being is undifferentiated; that 1s its total definition, It cannot be perceived, 
since perception differentiates. It is continuity only, without any discontinuity, 
which is unpercefvable, The preoccupation of being with causality (perception) is 
technically called "inception," the influencing of perception. In Zen philosophy 
this is technically “attachment to the world of illuaton (change);" the literal 
weaning of "Incarnation. 


2This concept is unperceivable, by the definition of perception, which accounts for 
its difficulty. To be a "perceived one" implies limit (finiteness); oneness itself, 
without a bound or limit to make it a one (perceived), cannot be perceived. This 
is the primary limitation of the human mind (1.e., of perceptive thinking)—-being, 
continuity, and oneness themselves imply absence of perception (differentiation) and 
are therefore unperceivable. 


3Thus Boolean aleebra describes the moat banie anaratian and t= anntinekta ea ohn 
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°Thus Boolean algebra describes the most basic operation, and 1s applicable to the 
" world. 
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OPERATIONAL 
BOUNDARY 


DISCONTINUITY 
(wO-THING) 


(PERCEPTION) 


Fig, 14, Nature of One 


which drive themselves and each other. Note that the preceding sentence itself is a 
perception, 


So in the fullest sense, Gautama Buddha was indeed correct to state that the 
world of phenomena (changes) is an "illusion, " relative only to itself (i.e., to 
perceptrons),! Einstein, expressing this idea in the language of mathematics, 
produced the theory of relativity and inaugurated a new physics, Buddha and 
Einstein spoke in different technical languages, but both expressed the same idea, 
The only difference is that in science we have assumed that our observations 
themselves are real and perfect. They are real, but not perfect in that they 
represent only changes in ultimate reality. Thus observational science alone can 
never reveal ultimate reality. 


Another approach may aid in the comprehension of the nature of one. What is 
meant by the statement "he is the man?" Reflecting, one realizes that what is 
meant is that the perceived thing HE is exactly the same perceived thing THE MAN, 
and this identity exists now (during this one At perceptron time slice), There is 
no part of H& that is discontinuous from TH MAN, or vice versa. The different 
forms of the verb "be" attempt to express continuity without discontinuity, or 
unlimited oneness which is a state and not a thing. However, we do use the verb 
"be? to relate continuity between different time slices, "He is the man" is related 
in the present time slice; "he was the man" means that HE in the NOW slice is 
identical to THE MAN in a past slice; etc. 


ithe reader interested in Zen will find complete agreement between this paper and Zen 
precepts, and will find the paper of some assistance in comprehending the unperceivable 
(unthinkable) Zen realizations. Tn Zen, for example, the aim {s to comprehend at once 
the totality of reality, directly, escaping beyond the limiting fetters of perceptive 
thought. Now if it is actually possible to do this, and if some unusual men ha\ 
done it, then their enigmatic writings should contain the wisdom of their experience, 
and should correspond to ultimate reality itself. Since ostensibly their insight 1s 
obtained by other-than-logic and other-than-perceptive means, then their statements 
should appear illogical and unperceivable.* Thus the "sound of one hand clapping” 
and other illogical concepts are used in Zen as a meditative means of driving the 
student beyond logical perception (certainly the sound of one hand clapping cannot be 
perceived or thought) to realization. But if the Zen experience ts actually valid, 
then reality itself must be pure Zen (i.e., unperceivable), and so it would appear to 
be. We note that for each component part of all, the opposite part must ex: So 
all can be regarded as the complete set of all possible opposites or contradictions. 


*(However, this most assuredly does not imply that every statement that 
is illogical end unperceivable is of valuc!) 


21 should be stressed again that being is defined as undifferentiated (unseparated, 
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It should be stressed again that being is defined as undifferentiated (unscparated, 
unperceived), Being is simply continuity without discontinuity. 
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B, REALITY, ULTIMATE REALITY, BEING, AND ULTIMATE BEING 


Actually one should be quite careful in using these terms. What does one get 
when one differentiates reality? One gets another reality, but not the primary or 
ultimate reality, For example, assume that length and time are real, When one 
time-differentiates length, one obtains velocity, which of course is real also but 
quite different from either length or time. However, velocity is always operationally 
related to the two first (assumed) reals length and time, because differentiation is 
an operation. So what is meant by "ultimate reality" is that state (or essence, or 
whatever name one prefers) that is not differentiated. Since "being" (continuity 
with no discontinuity) is defined as "that which is not differentiated, " then the 
ultimate reality is pure being. 


But all perceivables are differentials of ultimate reality. When one differen- 
tiates being, one gets pieces (differentials) of being which themselves are beings, 
but they have been perceived (differentiated) from a more primary or higher being. 
Therefore any being that one perceives has been differentiated (separated) by 
perception} which explains why human beings, for example, consider themselves 
separate or individual (one), They are separate only in their individual perceptions. 
Thus "beings" by its plural nature always implies fragments (differentials) of a 
higher being (of singular nature). There can be many such integral levels: starting 
with one function, one can integrate it, then the resulting function can be integrated, 
etc., as long as we are speaking of definite integrals between two limits. When we 
reach a state that has no pieces or limits, the process is finished. That state is 
being in the ultimate sense, i.e., ultimate being. 


One perceives these integral levels directly in nature, i.e., in the perceived 
phenomenological world. Living molecules (tiny beings) of RNA, DNA, etc., integrate 
together into a cell (a higher level being), Cells then integrate into a still higher 
being (man, animal, plant), which is the level on which man finds himself, But since 
man is perceivable and there are more men than one, it follows directly that men 
are capable of being integrated into a still higher being,? and the only word we have 
at present to describe such an ultimate being is "God." It is not at all accidental, 
therefore, that the ultimate being cannot be directly perceived by man, since by the 
definition of perception the ultimate being cannot be perceived by a lower order being 
such as man (i.e,, since perception differentiates, or separates, then only 
differentials of being, or separate beings, are perceivable), 


The avatar Jesus, having no technical concept for the derivative available in 
the language of the day, used the analogy of the father-son relationship, the son 
being the derivative of the father in this sense. Thus he referred to himself as 
the "Son of Man" (the derivative of all mankind or of integrated mankind) and also 
as the "'Son of God" (the derivative of the integral of man), He continually referred 
to the ultimate being as Father." It is little wonder that he was not understood 
then, and has not been understood for almost twenty centuries, 


'thus not only are physical objects relative to the perceiver's perception, but so 
are the perceived beings. Ergo the entire perceived universe, both living and non- 
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are the perceived beings. Ergo the entire perceived universe, both living and non- 
living, ie related to perception, and in fact perception and creation are abstractly 
synonymous. 


2this statement contains obvious implications to the theory (i.e., to the goal) of 
evolution, 
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VI. CAUSALITY AND ITS MODIFICATION 


A little closer look at perception can be obtained by viewing it from the causal 
standpoint? All that perception really creates is At and AL (which are the same, 
ignoring constants of proportionality), and the perception we normally think of is 
point perception, where a point is one switching operation. The perception point 
may be thought of as following a line path which we will call "lineception" (Fig. 15). 
Physical phenomena as seen by one perceptron constitute this lineception; or rather, 
it constitutes the physical phenomena that are perceived or observed by the percep- 
tron. Any point-based perceptron system, such as human perception, will accordingly 
perceive the universe of physical phenomena as if the perceiving system were a 
pointer moving along a lineception.? 


bee pv At AL 
RO s 
Fig. 15. Lineception (One Connected to One) 


For each perception there is a reflection, so there exists (but by definition 
cannot be perceived) a similar line-path, or "lineflection" as shown in Fig. 16. 


—bu-ab at 


Fig, 16. Lineflection (One Connected to One) 


Perception is identical to causality itself, 1.e., perception can be said to generate 
causality, The causal view is that causes inputted to a situation operate to produce, 
or output or create, effects. According to ite inpute, the perceptron generates 
causal outputs. An adequate theory of perception should be able to explain all 
causal (perceived) phenomena. We might define causality as the set of all causes. 
Then the ansver to the question, "What causes causality itself?" is causality 
1f; i.e., since it {8 the set of all causes, causality must contain ite om 
Causality must therefore be closed or circular. The entire causal world 
wae then be purely relative to itself (closed). Closer attention to causal opera- 
tion yields the following: We perceive something change (in time or in space), then 
the situation changes so that we perceive new changes emerge (occur later, or sepa: 
tely). Thus the line of perception by its own unperceived operation connects the 
perceived cause (chenge) to the percefved effect (change), 1.e., perception generates 
causality. Since perception itself is causal, then causality truly causes it: 
This indeed is closed or circular-~causality generates perception (perception is 
causal) and perception generates causality (causality is perceptive). Thus the idea 
that perception generates causality is completely consistent with our initially 
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that perception generates causality 12 completely conedatent with our initially 
assumed definition of causality as the set of all causes. 


2, "frame" or "coordinate systea" is a point-centered perceptron system centered 
about the "understood perceptron" at the origin. 
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The ultimate reality, or existence, contains all, all-at-once (ultimate reality 
is allness, or oneness). At each operation of the perceptron, the exact amount of 
At and AL, and their relationship, put out by a perceptron is a function of its 
input quiton disturbances, A great number, in fact perhaps an infinite number, of 
different input states are possible, i, e., exist in all, all-at-once (ultimate reality), 
So an equally large number of output states are possible (exist ultimately), but 
one particular input condition results in one particular output condition, We can 
represent the all possible Hneceptions existing as "multiception” (Fig. 17). From 
this figure, a Iineception can be seen one particular path through multiception. 
The corresponding multiflection could, of course, be illustrated in similar manner 
but with negative components. 


at] at Oty av 
At, AL 
a AL aL 
oe At 


Fig. 17. Multiception (One Connected to Many) 


One could immediately apply statistics to the concept along the lines 
illustrated by Fig. 18, 


Fig. 18, One Branch 


It 4s stressed that these multiceptions exist, which 11 ace at all the same limited 

statenent as "exist now," but much more comprehensi +, all possible numbers must 

exist in zero, else, given the number A, there is Justification for the axiom that 

A+ (-A) = 0. The "absence of number" means precisely the "absence of all possible 
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exist in zero, else, given the number A, there is no justification for the axiom that 
A+ (-A) = 0. The "absence of number" means precisely the "absence of all possible 
numbers." Paradoxically, if we think of that absence, we make it present by the act 
of thinking; i.e., trying to perceive it (absence is not perceivable). This contra- 
diction, of having to make the unthinkable into its opposite so that it 1s thinkable 
is both the characteristic and the limitation of perception and perceptive thinking, 
and has long been an insurmountable obstacle to scientist and philosopher alike. 
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At each switch point, the perceptron is faced with the branch of possibilities ahead, 
which all exist in multiception but only one of which exists in one perception, or 
lineception? A certain set of limbs in the branch must have a perception 
probability equalling 1, and thus each of the limbs has some finite probability 2 

The input conditions to the perceptron then determine which limb is selected for the 
next switching operation; and, of course, the input conditions are the results of 
other related perceptrons' operations (relativity). The statistics will not be pursued 
further here. 


For an absolutely mechanistic world, the entire process is automatic according 
to quite rigidly fixed rules. A system of perceptrons that behave this way shall be 
referred to as "mechanically switched." What we call "non-living systems" are 
mechanically switched systems. But what we call a "living system" is able to 
arbitrarily select the limb taken, to some extent at least, ie., the fact that a 
living system is able to choose its behavior within certain limits, directly implies 
that it must be able to deflect its lineception from a mechanically switched line- 
ception, The only way it can possibly do this is to influence the switching operation 
of the perceptron, But since the output of one switching operation is a mechanistic 
function of the inputs, then the only way a life system can affect the perceptron 
switching operation is by affecting the input to some extent. How could it possibly 
do this? 


In our crude model, the nonaction continuum is composed of action atom 
fragments, or quitons. But such non-things are massless by definition (they are 
not being switched and the absence of switching defines masslessness), and we can 
think of the nonaction continuum as a massless fluid or ether or empty space, since 
these terms are all synonymous. All that is implied by these terms is that the 
fluid is composed of massless elements, which merely means they are not being 
switched, They are capable of being switched, of course, but switching is not 
being done, The main point is that force, in the conventional sense, is not 
required to move a massless fluid, so the input fluid to a perceptron can possibly 
be interfered with by some nonphysical means requiring zero force, The being 
portion of a life system can apparently do this to some extent, 


Since the switch time of a perceptron is on the order of 1021 seconds, then 
even an incredibly tiny quiton input variation to a perceptron will result in 


lft is stressed that ell possibilities exist and are real, but do not exist in percep~ 
tion. Perception is the only difference between unperceived reality and perceived 
reality. 


2which leads to an unusual view of "probability." A perceptron operation is already 
finished vhen one perception is complete; that is vhy "the past is always gone, the 
present has just occurred, end the future is never here." Perceptron operation 
continually creates the perceptron's universe as it ope including all changes, 
time, space, etc.). Thus, at the conclusion of any one perceptron operation, a 
nultitude of lineception steps can exist for the next operation. However, although 
possibly quite large, the number of next steps available must be finite to be causal 
(perceivable). It is the process of perception that makes probability finite. 
Perception is finite; nonperception is infinite. 


3~he only alternative conclusion is that the living system is unable to deliberately 
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Yerception is ransce; Monperceptavu ao ansanacer 
3qhe only alternative conclusion is that the living system is unable to deliberately 
nodify its behavior and its behavior is purely mechanical. But oince thie implies 
that all behavior is absolutely programmed and predictable, which is obviously 
false, this alternative is not valid and the original conclusion stands. 
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noticeably altered lineception after one second of such variation. So it is quite 
reasonable to presume the futility of trying to measure such infinitesmal influence 
as is brought to bear on one single perceptron operation. However, the total 
influence can obviously be detected after being accumulated by a very large number 
of perceptron operations, and for living systems it is. So while we have not proved 
the mechanism of life-system manipulation of lineception, we have shown a logical 
progression from an assumed mechanism to a result that is universally verified by 
countless observations (i.e., all living systems are observed to manipulate 
causality, which manipulation is, after all, the definition of behavior). Since no 
other mechanism has been proposed, to the author's knowledge, that would reasonably 
explain the observed phenomenon of life-system manipulation of lineception, it is 
logical to accept as true the assumed mechanism -- a life system can exert an 
increcaeyy’ tiny influence on perceptron inputs} i.e., on the ether or on empty 
space?» 


Iphis tiny influence is the basis of the realization process. To comprehend the non- 
causal, the individual observer usually wrestles diligently with the problem, 
repeatedly attempting to perceive it causally, In each such attempt, the tiny 
influence of inception on perceptron inputs is exerted. Over an ensemble of such 
attempts, the perceptron causal output can be modified, 1.e%, modulated noncausally 
to give what are now slightly noncausal perceived outputs. Presence of a required 
fit or required output pattern in the perceptive mind allows the output to be 
examined (compared) against the required output, i.e., it allows the selection of 
the proper noncausally modulated causal transfer function. When the outputs match, 
one then has « breakthrough or realization which matches the real world pattern but 
which cannot be directly perceived causally. However, since the mental file of the 
perceptive mind has now filed the proper transfer function, the individual has 
assimilated the information and understands it, being able to recall the noncausally 
modulated causal transfer function at will. Thus in Zen, the ultimate example of 
realization is described as "enlightenment." Phrases such as "direct perception of 
reality," "direct experience of ultimate reality,” or "direct realization of all- 
being" are also used in trying to portray the nonperceivable realization. Conven- 
tional science hides the entire process behind vague terms, such as "creative 
thinking," which actually only conceal the fact that we do not know what it is, or 
how it is accomplished. 


Note that such “creative realization" can cover either purely causal or non- 
causally modulated perception, the difference being merely whether the inputs are 
incepted in a normal manner comparable to causal phenomena, or in another manner. 
Realization is derived only from inception. Since the observed phenomena of physics 
already appear to be noncausal (statistical) in the ultramicroscopic region while 
ensembles of these yet appear to be. causal, then the physicist is already confronted 
with the necessity of changing causality but at the same time retaining causality. 
The implications to the observation process itself must be examined, and they remove 
the dichotomy between physics and metaphysics when pureued. 


*The Hieronymus effect is an example of this in reverse. It generates an effect on 
living nervous systems that is not the result of electric, magnetic, or gravitational 
fields, and is not caused by matter in motion. Por that matter, a polygraph has been 
used to clearly measure a response of plants to human thoughts alone, and such an 
effect 1s not presently explainable within the body of physics theory. "Firewalking" 
is another unexplainable phenomenon from the standpoint of present physics theory as 
4s acupuncture, 


3A11 psi phenomena derive from this effect (inception) torether with turbulent 
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a> acupuncture. 


3411 psi phenomena derive from this effect (inception) together with turbulent 
switching. A straightforward theory of poi phenomena (and of such things as fire- 
walking and acupuncture, for that matter) can conceivably be generated from the 
quiton/perceptron theory. 
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Of course the most efficient development of manipulation of lineception 
(i.e., the widest response) by a life system would necessitate a control system 
approach; i.e., life system direct manipulation of only a very small control 
valve or control mechanism, which in turn controls the input to a much larger 
mechanistic (deterministic) servo amplifier. Systems like this are universally 
observed in life systems, Thus the great bulk of a life system's manipulation of 
lineception is servomechanistic: the actual direct influence of life (being) on 
matter (perceptron switching) is so microscopic as to be immeasurable at its 
operating level, and only its macroscopic effects become measurable. For that 
reason the scientist has never been able to isolate the mechanism of life's mani- 


pulation of lineception, nor is he likely to be able to do so in the foreseeable 
future,’ 


Life's manipulation of lineception will be denoted by the term "inception, " 
and can be thought of as a modulation (partial change or additive change) of the 
lineception carrier, Ordinary physical phenomena are macroscopic ensembles 
of lineceptions, where the deterministic (mechanistic) law holds absolutely but 
in a relative manner (ensemble to ensemble) which is fixed cause-and-effect, or 
causality, from the viewpoint of perception. Since inception is a modulation of 
lineception, then living behavioral phenomena should be superimposed as envelopes 
on causal lineceptions, or causal lineception ensembles, and, indeed, they are 
universally observed to be so superimposed,? 


Absolute or ultimate reality, however, can be thought of in one respect as all 
multiceptions and all multiflections, all-at-once, which is timeless (i,e., which 
is both all-possible-times and zero time simultaneously or identically).3 Along 
any one lineception, causality applies; yet since a very large number of changes to 
that lineception are available in just one multiception branch, then quite a large 


lphis latter statement, of course, is subject to challenge. 


2since all matter is, it contains being. Another intriguing possibility exists: that 
there are two types of inceptive systems, or two magnitude directions that inception 
takes. The first type would produce inception with difficulty, and its inception 
would only be apparent at the macroscopic level; the second type would produce 
inception with ease, its inception would be apparent only at the microscopic level. 
The first type would correspond to what we call "living systems," while the second 
would correspond to what we call “inert systems." Living systems’ inception would 

be observable to human senses and human runents, while inert system's inception 
would not. A second and remarkable consequence would be, that in the extreme micro- 
scopic case, inception would dominate and thie scale would appear to be absolutely 
statistical (individually unpredictable), which apparently ia true (i.e., degree of 
causality represents degree of restraint of inception), This would modify causality 
(for individual events) at the ultranicroscopic level, but at higher levels causality 
would still apply due to the karma effect on perceived ensembles. It is significant 
that at present the universe of matter seems to behave in precisely this fashion. To 
summarize, perception is causal ~~ it generates causality. Inception, being non- 
causal, must be below the perception threshold. Aggregates of inception (noncausal) 
that equal or exceed the perception threshold become causal (are processed by 
perception) and generate causal karma. 


3since every perceived AT has an unperceived complement ~AT which exists in reflec- 
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3since every perceived AT has an unperceived complement -AT which exists in reflec- 
tion, then the sum total of all times in absolute existence, which includes both 
perception and reflection, equals zero tine, 
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number of inceptions are available to be applied to that one lineception by an organism 
to change or direct the lineception. Herein is the explanation of karma, Since every 
inception made by an organism (or by a submicroscopic particle of being for the second 
case, sec note 2, p. 32) changes its entire lineception, it also changes its entire 
perceived or relative universe, which is the only universe it knows or senses, And 
since causal feedbacks from this perceived universe! occur to the organism's 
perceptron (which itself is part of that perceived universe), then the effects of the 
organism's actions indeed return precisely to it, So, as a man soweth, that shall 

he also reap" is quite true? 


It is now possible to formulate some conclusive statements: 


1, One perceptron follows a lineception path, mechanically basing its output 
on its inputs, and this operation establishes causality to perception 
repetition, i.e., to lineception, 


2, Ordinary physical phenomena are merely ensembles of related lineceptions, 
and are perceived to be absolutely deterministic (obey only cause-and- 
effect. 


3. Living phenomena exhibit the effects (selective behavior) of inception 
(modulations impressed on lineception) which occasionally diverts one 
lineception from its deterministic lineception limb to another multi- 
ception limb, resulting in a changed (modulated) lineception, 


4, Ultimate, or absolute, reality may be thought of as the sum-total of all 
multiceptions and multiflections, 


5. "God" ts all-being, which is all multiflection and multiception at once, 
which is both no time at all and forever and all forevers as well, 


6. "God's will” is lineception and its accompanying lineflection. 


7. "Man's will" or "free will" is inception, the modulation of lineception (and 
unknowingly its accompanying lineflection), Inception, however, imposes 
a feedback on the inceptor since a precise feedback, from the inception 
changes to perception, occurs to the perceptron of the perceiver. This 
feedback resulting from inception is karma. 


8, The law of cause and effect (causality) exists in perceived nonmodulated 
phenomena (ensembles of lineceptions). 


9, Causality is affected (modulated) by living systems, but applies to each 
choice once made, The causal feedback from inception is karma. 


“perceived” must be accented: the nonperceived universe is not causal, since by 
definition causality invokes a perceiver and the perception process. 


cles must exist in like manner. 
meana that the atatiatics of 


2collective karma of any ordered group such as a 
Oe tha auheteraacante level. “karma of enaembl. 
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2collective karma of any ordered group such as a 
On the submicroscopic level, "karma of ensembles" means that the statistics of 
Lineceptions and inceptions still lead to causal relationships in the perceived 
collective phenomena. 
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Neither causality or karma applies in ultimate reality, 
although all 

causality lineceptions and their reflections, and all 
modulations 

(inceptions) and the karma reflections of those 
inceptions, are 

included in ultimate reality. 


10. 
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VII. CLOSING REMARKS 


The quiton/perceptron approach appears to offer a most 
extensive area for further investigation, and it is hoped that the 
physicists will interest themselves in the concept. It offers 
explanations for the problems long posed by ontology, and unifies 
the bases of science and metaphysics. 


We state categorically that the theory explains what electric 
charge is, why like charges repel, and why unlike charges attract. 
In addition, since all phenomena are perceptron outputs, the theory 
indicates that multiple effects which are very close in time or 
distance will interfere with each other due to turbulent switching; 
i. e., conservation of mass/energy holds only as long as no switch 
interference exists. Turbulent switching can possibly disrupt all 
known physical laws. Unexpectedly strong forces, such as nuclear 
force, might in fact result from this effect. Other implications 
include possibility of travel faster than the speed of light 
(deBroglie waves do this now) and of travel back and forth in 
“time.” 


Since both laboratory instruments and human sensory 
apparatuses are perceptrons and differentiate reality, investigations 
of physical phenomena should include the laws of the perceptron 
as well as the laws of the perceived phenomena. 
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tional attraction, continuity, discontinuity, and relativity are among the "things" 
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Perception is defined as detection by a mass of change to itself and as a 
differentiating proce: Perceived physical phenomena are revealed to be first gd 
derivatives of ultimate reality, and outputs of the physical perceiving device call, the 

VU | “perceptfron.” Using the operation of the physical perception process on action, the 
units of which are energy times time, an entirely different view is generated of both 
reality and the Heisenberg uncertainty principle. When superposition 1s {mposed as 
a condition, the Heisenberg uncertainty principle is revealed to be a quantized state- 
ment. A concept of the absolute value of a dimeneional molecule is advanced. 


4 reality model is constructed of an action continuum and a nonaction continuum 
_ separated by an operational threshold whose magnitude is given by an uncertainty 
principle. Perception is modeled as a process which switches atomic quanta of action 
and nonaction back and forth across the threshold, Mass is explained as perceptron 
switch activity rate, and a mass definition equation is generated. One kilogram mass 
is shown to represent 17,053 x 10° perceptron ewitches per second. From the model, 
Newton's laws of motion and gravity can be generated directly from the concept of the 
dnteraction of mass with space itself, space being taken as a massless fluid, or ether,| 
composed of tiny nonaction particles called "quiton: Einstein's postulates of 
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special relativity are also shown to follow 
from the model, and a statement of the equivalence 
principle is shown to be consistent with the 
model. 


The concept of "lineception" as a causal 
chain of perceptron operations is advanced. 
"Inception" is developed as a noncausal modulation 
of lineception and as a distinguishing feature 
of a living system. The possibility is raised 
that inception could provide an explanation 
of the noncausal, statistical, ultramicro- 
scopic universe and yet require large ensembles 
of ultramicroscopic events to conform to 
causality. Inception is shown to lead to 
karma. Perception is shown to be causal 
and to generate causality itself. 


Some elementary philosophical implications 
of quiton/perceptron theory are pointed out 
and briefly discussed. 
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SCALAR WEAPONS: Read It and Weep 
By C Verismo 


. THE DISCOVERY OF SCALAR WAVES 

. BEAM WEAPONS OF A CENTURY AGO 

. THE CONTINUATION OF TESLA'S SCALAR WAVE TECHNOLOGY 
. TESLA'S CROSSED SCALAR BEAMS 

. RUSSIA'S 'WOODPECKER’ SCALAR WAVE TRANSMITTERS, 
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WHAT CAN BE DONE WITH SCALAR TECHNOLOGY? 
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15, DISEASE INDUCTION 

16, DISABLING SATELLITES 

17. IN THE AIR 

18. WEATHER ENGINEERING 

19. EARTHQUAKES 

20. SEA ATTACKS 

21, TESLA SHIELDS AND GLOBES 

22. GROUND ATTACKS 

23 OBLITERATING INDIVIDUALS 

24, PORTABLE SCALAR BAZOOKAS 

25. RADAR INVISIBILITY 

26, SUMMARY OF A WAR THAT COULD OCCUR 

27. RUSSIAN UFOs ATTACKED THE US SHUTTLE PROGRAM FROM THE BEGINNING 
28, HOW DID RUSSIA GET UFOs? 

29 FORMER BOLSHEVIKS RUNNING AMERICA. 

30 REPLICAS USED FOR THE LANDINGS, AFTER ORIGINALS SHOT DOWN 
31, CLOAKED RUSSIAN UFOS ABOVE USA 
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32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
). THE STEALTH PLANE COMES TO THE RESCUE 

. PHANTOM AGAINST THE COSMOSPHERE 

. THE EXPECTED GENOCIDE 

. PLANS FOILED TO DESTROY RUSSIA'S MILITARY ARSENAL 
. BRAZIL 

| INDIA 

. JAPAN 

. KOBE 'EARTHQUAKE' 

. CHINA, 

). OKLAHOMA FBI BUILDING 'BOMBING' 

). WHO ELSE HAS UFOs? 


ALL U.S. SATELLITES SHOT DOWN BY RUSSIA UNTIL 1981 
LIES, LIES AND LIES 

FRICTION WITH THE JAPANESE 

ENTERPRISE SHUTTLE DETERMINED TO SPY ON RUSSIA 
RUSSIA INTENSIFIES ATTACKS 

TRYING AGAIN TO GET UP INTO SPACE. THIRD TIME LUCKY? 
BOLD ATTACKS ON AMERICA 

THE STRUGGLE AT THE TOP FOR POWER 


Full paper in PDF below... 
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HAARP Patents (Assigned to APTI, Inc. Los Angeles, CA, Washington, DC) 


U.S, Patent 4686605: Method And Apparatus For Altering A Region In The Earth’s Atmosphere, 
Ionosphere, And/Or Magnetosphere Issued: Aug. 11, 1987 Filed: Jan. 10, 1985 
http://www. freepatentsonline,com/4686605,pdf 


US. Patent 5038664: Method For Producing A Shell Of Relativistic Particles At An Altitude Above The 
Earth’s Surface ~ Issued: Aug. 13, 1991 Filed: Jan. 10, 1985 
http://www, freepatentsonline,com/5038664.pdf 


USS. Patent 4712155: Method And Apparatus For Creating An Artificial Electron Cyclotron Heating 


apons-read-it-and.wee 320 


1i2si2018 


SCALAR WEAPONS: Read It and Weep - The ConTrail 


Region Of Plasma ~ Issued: Dec. 8, 1987 Filed: Jan. 28, 1985 
http://www. freepatentsonline.com/4712155.pdf 


USS. Patent 5068669: Power Beaming System 
http://www. freepatentsonline.com/5068669.pdf 


Issued: Nov. 26, 1991 Filed: Sep. 1, 1988 


U.S. Patent 5218374: Power Beaming System With Printer Circuit Radiating Elements Having Resonating 
Cavities ~ Issued: June 8, 1993 Filed: Oct. 10, 1989 
hitp://www. freepatentsonline,com/5218374,pdf 


USS. Patent 5293176: Folded Cross Grid Dipole Antenna Element ~ Issued: Mar, 8, 1994 Filed: Nov. 18, 
1991 
http://www. freepatentsonline.com/5218374.pdf 


U.S. Patent 5202689: Lightweight Focusing Reflector For Space ~ Is 


http://www. freepatentsonline.com/5202689.pdf 
Filed: Aug. 23, 1991 


ued: Apr. 13, 1993 


USS. Patent 5041834: Artificial lonospheric Mirror Composed Of A Plasma Layer Which Can Be Tilted ~ 
Issued: Aug. 20, 1991 Filed: May. 17, 1990 
http://www. freepatentsonline.com/5041834.pdf 


US. Patent 4999637: Creation Of Artificial Ionization Clouds Above The Earth ~ Issued: Mar. 12, 1991 
Filed: May. 14, 1987 
http://www. freepatentsonline.com/4999637.pdf 


U.S. Patent 4954709: High Resolution Directional Gamma Ray Detector ~ Issued: Sep. 4, 1990 Filed: 
Aug. 16, 1989 
hitp://www.freepatentsonline.com/4954709,pdr 


U.S. Patent 4817495: Defense System For Discriminating Between Objects In Space ~ Issued: Apr. 4, 
1989 Filed: Jul. 7, 1986 
hitp://www.freepatentsonline,com/4817495,pdf 


US, Patent 4873928: Nuclear-Sized Explosions Without Radiation ~ Issued: Oct. 17, 1989 Filed: June 15, 
1987 
http://www.freepatentsonline.com/4873928.pdf 


Still think that HARP is just another wacky fictional conspiracy? The above listed patents should be 
enough to convince any intelligent person that HAARP is real and is now actively modifying our weather 
and triggering earthquakes. For those who are still not convinced, look to the United States Congress for 
proof. In order for HAARP to get funding the people who first created HAARP needed funding. That 
funding was made possible by the US government. If you were to look at Congressional records you 
would find documents that states just one of the many official purposes of HAARP ~ for penetrating the 
earth with signals bounced off of the ionosphere. Congress was informed by people in the High Frequency 
Active Auroral Research Program that the bounced signals would be used to look inside the planet to a 
depth of many kilometers in order to locate underground munitions, minerals and tunnels. If you bounced 
the known earthquake signature signal (2.5 Hz) for a sustained period of time an earthquake could 
triggered many kilometers inside Earth’s crust. The U.S. Senate actually set aside $15 million dollars in 
1996 (Clinton and Al Gore Administration) to develop this ability alone — earth-penetrating-tomography. 
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Under pressure from the International community the HAARP website is up again, No data is available 
from April 7 to April 12, 2011. Data before and after shows the signature frequency of an earthquake 
(2.5Hz) being transmitted. Also shows energy spikes which indicates active weather modification. Now 
that the website is up again you can view the data for the Japan earthquake at http://137.229.36.30/egi- 
bin/semag/disp ... '220110311. From the magnetometer induction data you can see 2.5Hz (earthquake 
inducing frequency) being broadcasted and recorded for several days before the 9.0 magnitude earthquake. 
To see what a normal (no HAARP broadcasting) day looks like view the magnetometer charts for the days 
of March 15, 16 and 17 ~ March 16, 2011 http://137.229.36,30/cgi-bin/semag/disp ... 0316&Bx=on, No 
earthquake inducing broadcast was detected from March 15 to March 27, 2011, On March 28, 2011 a low 
powered broadcast was detected from approximately 12:00 am to 3:00 am, Broadcasting resumed on April 
2, 2011. April 6, 2011 shows you what the magnetometer charts looks like when a solar storm blasts Earth 
No data is available from April 7, 2011 to April 13, 2011 —a shutdown, Starting on April 15, 2011 and 
ending approximately 10:00 am April 16, 2011 the earthquake inducing frequency of 2.5Hz was detected 
being broadcasted. 

Short URL: http://presseore.ca/2011/?p=2261 
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WOW MoD! What a paper! I need like a year to get through it all but it sure is awesome to have it all in 
one place! Excellent! 
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Boeing Tests Microwave Missile That Can Knock Out All Electronics (CHAMP) 
Huffington Post UK | By Michael Rundle 24/10/2012 
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Boeing is testing a missile which can destroy electronics in a wide area with little or no physical damage. 


The 'Champ' (Counter-electronies High-powered Advanced Missile Project) may "one day change 
warfare", Boeing said. 


"This technology marks a new era in modern-day warfare," said Keith Coleman, CHAMP program 
manager for Boeing Phantom Works. 


“In the near future, this technology may be used to render an enemy’s electronic and data systems useless 
even before the first troops or aircraft arrive". 


The missile was tested on 16 October, when the high-powered microwaves were fired at a two storey 
building built especially for the job. 


The missile would, if successful, take out rows of personal computers which were turned on to gauge the 
effect of the blast. 


The result? 
"Seconds later the PC monitors went dark and cheers erupted in the conference room. CHAMP had 


successfully knocked out the computer and electrical systems in the target building. Even the television 
cameras set up to record the test were knocked off line without collateral damag 


Seven targets were hit in the one-hour test, and all were successfully disabled. 


There is a long way to go before the microwave can be placed into a missile and used to disable targets 
Without loss of life, but the team is hopeful it could prove to be a milestone in non-lethal warfare. 


"Today we turned science fiction into science fact," Coleman said. 


hittp:// www huffingtonpost.co.uk/2012/10/24/boeing-tests-microwave-m, 
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Scalar Potential Interferometer 
Figure 6. Multimode Tesla Weapon 


In the 1930's Tesla announced other bizarre and terrible weapons: a death 
ray, a weapon to destroy hundreds or even thousands of aircraft at 
hundreds of miles range, and his ultimate weapon to end all war -- the 
Tesla shield, which nothing could penetrate. However, by this time no 
one any longer paid any real attention to the forgotten great genius. Tesla 
died in 1943 without ever revealing the secret of these great weapons and 
inventions. 


Unfortunately, today in 1981 the Soviet Union has long since discovered 
and weaponized the Tesla scalar wave effects. Here we only have time to 
detail the most powerful of these frightening Tesla weapons -- which 
Brezhnev undoubtedly was referring to in 1975 when the Soviet side at 
the SALT talks suddenly suggested limiting the development of new 
weapons "more frightening than the mind of man had imagined.” One of 
these weapons is the Tesla howitzer recently completed at the Saryshagan 
missile range and presently considered to be either a high-energy laser or 


a particle beam weapon, (See Aviation Week & Space Technology, July 
28, 1980, p. 48 for an artist's conception.) 
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Aviation Week & Space Technology July 28, 1980 
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MORAY POWER UNITS. 
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Figure 7. Tesla Weapons at Saryshagan 


The Saryshagan howitzer actually is a huge Tesla scalar interferometer 
with four modes of operation. One continuous mode is the Tesla shield, 
which places a thin, impenetrable hemispherical shell of energy over a 
large defended area, The 3-dimensional shell is created by interfering two 
Fourier-expansion, 3-dimensional scalar hemispherical patterns in space 
so they pair-couple into a dome-like shell of intense, ordinary 
electromagnetic energy. The air molecules and atoms in the shell are 
totally ionized and thus highly excited, giving off intense, glowing light. 
Anything physical which hits the shell receives an enormous discharge of 
electrical energy and is instantly vaporized -- it goes pfit! like a bug 
hitting one of the electrical bug killers now so much in vogue. 


If several of these hemispherical shells are concentrically stacked, even 
the gamma radiation and EMP from a high altitude nuclear explosion 
above the stack cannot penetrate all the shells due to repetitive absorption 
and reradiation, and scattering in the layered plasmas 


In the continuous shield mode, the Tesla interferometer is fed by a bank 
of Moray free energy generators, so that enormous energy is available in 
the shield. A diagram of the Saryshagan-type Tesla howitzer is shown in 
figure 7. Hal Crawford's fine drawing of the interferometer end of the 
Tesla howitzer is shown in figure 6. Hal's exceptional rendition of the 
Tesla shield produced by the howitzer is shown in figure 8. 


3-0 SCALAR 
INTERFEROMETRY 


_ {HEMISPHERICAL SHELL) 
= 


Figure 8. The Tesla Shield 
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Figure 9. Tesla Terminal Area Defense System 


In the pulse mode, a single intense 3-dimensional scalar phi-field pulse 
form is fired, using two truncated Fourier transforms, each involving 
several frequencies, to provide the proper 3-dimensional shape (Figure 
10). This is why two scalar antennas separated by a baseline are required. 
After a time delay calculated for the particular target, a second and faster 
pulse form of the same shape is fired from the interferometer antennas. 
The second pulse overtakes the first, catching it over the target zone and 
pair-coupling with it to instantly form a violent EMP of ordinary vector 
(Hertzian) electromagnetic energy. There is thus no vector transmission 
loss between the howitzer and the burst. Further, the coupling time is 
extremely short, and the energy will appear sharply in an 
"electromagnetic pulse (EMP)" strikingly similar to the 2-pulsed EMP of 
a nuclear weapon. 


This type weapon is what actually caused the mysterious flashes off the 
southwest coast of Africa, picked up in 1979 and 1980 by Vela satellites, 
The second flash, e.g., was in the infrared only, with no visible spectrum, 
Nuclear flashes do not do that, and neither does superlightning, meteorite 
strikes, meteors, etc. In addition, one of the scientists at the Arecibo 
Ionospheric Observatory observed a gravitational wave disturbance —- 
signature of the truncated Fourier pattern and the time-squeezing effect of 
the Tesla potential wave -- traveling toward the vicinity of the explosion, 
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TESLA HOWITZER 
(SCALAR INTERFEROMETER) 


Figure 10. "Nuclear" Flashes off the Coast of Africa 
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Lithuania - 10 Sep 1976 - British European Airways Flight #831 
between Moscow and London 


CIA Report Released under FOIA 
Figure 11. Continuous Tesla Fireball 


The pulse mode may be fed from either Moray generators or -- if the 
Moray generators have suffered their anomalous "all fail” malfunction -- 
ordinary explosive generators. Thus the Tesla howitzer can always 
function in the pulse mode, but it will be limited in power if the Moray 
generators fail. 


In the continuous mode, two continuous scalar waves are emitted -- one 
faster than the other -- and they pair-couple into vector energy at the 
region where they approach an in-phase condition. In this mode, the 
energy in the distant "ball" or geometric region would appear 
continuously and be sustained -- and this is Tesla's secret of wireless 
transmission of energy at a distance without any losses. It is also the 
seeret of a "continuous fireball” weapon capable of destroying hundreds 
of aircraft or missiles at a distance. An example of a Soviet test of this 
mode of operation is shown in figure 11. 


Witness to a super weapo: 


Nick Downie describes the strange lurid glow that flared silently over the Hindu Kush 
THE SUNDAY TIMES, 17 AUGUST 1980 


(Multiple incidents in Sept., 1979) 


TEHERAN, IRAN 17 JU! 
1966 


SEEN FROM NEAR 
MEHRABAD AIRPORT. 


OBSERVED 4-5 MINUTES 


SEEN BY 2 AIRCRAFT 
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CIA REPORT RELEASED UNDER FOIA 


Figure 12. Tesla EMP Globe 


The volume of the Tesla fireball can be vastly expanded to yield a globe 
which will not vaporize physical vehicles but will deliver an EMP to them 
to dud their electronics. A test of this mode is shown in figure 12. (See 


also Gwynne Roberts, "Witness to a Super Weapon?", the London Sunday 
Times, 17 August 1980 for several other tests of this mode at Saryshagan, 


n from Afghanistan by British TV cameraman and former War 
Correspondent Nick Downie.) 


If the Moray generators fail anomalously, then a continuous mode limited 
in power and range could conceivably be sustained by powering the 
interferometer from more conventional power-sources such as advanced 
magnetohydrodynamic generators 
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Figure 13. Tesla ABM Defenses 


Figure 14, Moray/Tesla Technology: Star Wars Now 


Typical strategic ABM uses of Tesla weapons are shown in figure 13. In addition, of course, smaller 
Tesla howitzer systems for anti-tactical ballistic missile defense of tactical troops and installations could 
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be constituted of more conventional field missile systems using paired or triplet radars, of conventional 
external appearance, in a scalar interferometer mode 


With Moray generators as power sources and multiply deployed reentry vehicles with scalar 
antennas and transmitters, ICBM reentry systems now can become long range “blasters” of the target 
areas, from thousands of kilometers distance (figure 14). Literally, "Star Wars" is liberated by the Tesla 
technology. And in air attack, jammers and ECM aireraft now become "Tesla blasters." With the Tesla 
technology, emitters become primary fighting components of stunning power. 


The potential peaceful implications of Tesla waves are also enormous. By utilizing the "time 
squeeze" effect, one can get antigravity, materialization and dematerialization, transmutation, and 
mindboggling medical benefits. One can also get subluminal and superluminal communication, see 
through the earth and through the ocean, etc. The new view of phi-field also provides a unified field 
theory, higher orders of reality, and a new super-relativity, but detailing these possibilities must wait for 
another book. 


With two cerebral brain halves, the human being also has a Tesla scalar interferometer between his 
ears, And since the brain and nervous system processes avalanche discharges, it can produce (and detect) 
scalar Tesla waves to at least a limited degree. Thus a human can sometimes produce anomalous 
spatiotemporal effects at a distance and through time. This provides an exact mechanism for 
psychokinesis, levitation, psychic healing, telepathy, precognition, postcognition, remote viewing, etc. It 
also provides a reason why an individual can detect a "stick" on a radionics or Hieronymus machine 
(which processes scalar waves), when ordinary detectors detect nothing. Unfortunately there is not room 
to develop the implications of this human Tesla interferometry in detail, for that must wait for yet another 
book, presently in its initial stages, that Hal Crawford and I are writing. 


Table 5. Orders of Reality 


+ PHOTONS ARE 
> PAIR-COUPLED SCALARS 
> VELOCITY-LIMITED TO C 
> CARRIERS OF T 


+» PHOTON INTERACTION 
> IS UBIQUITOUS 


> PRODUCES f =c 
> YIELDS 1st ORDER REALITY 


»* SCALAR O WAVES 
> NOT VELOCITY-LIMITED 
> YIELD HIGHER ORDER REALITIES 
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Figure 15. Implications of Tesla Potential 


At the July 1981 U.S. Psychotronics Association's Annual Conference in Dayton, Ohio, I presented 
the first rough paper on the Tesla secret and scalar interferometry, A videotape of the presentation was 
made and will shortly be available, I am also scheduled to make a special presentation at the Alternate 
Energy Conference in Toronto, Canada in latter October, 1981. A professional, videotaped two-hour 
presentation on this subject is also being prepared. Wide distribution of the material through the 
international underground physics and technology network has already been made. This time, God 
willing, Tesla's secret will not be suppressed for another 80 years! 

‘And perhaps it is not yet too late. The material has cost me (now) some 16 years of agonizing labor 
and nearly $100,000 of my own personal funds. No orthodox university, scientific group, foundation, or 
governmental agency would support such an effort, either financially or otherwise. Indeed, most ordinary 
journals will not even accept material on such matters, Nonetheless, the area is of overwhelming 
importance and I truly believe Tesla's lost secret will shortly affect the lives of every human being on 
earth, 

Perhaps with the free and open release of Tesla’s secret, the scientific and governmental 
bureaucracies will be. shocked awake from their slumber, and we can develop defenses before 
Armageddon occurs. Perhaps there is hope after all -- for even Brezhnev, in his strange July, 1975 
proposal to the SALT talks, seemed to reveal a perception that a turning point in war and weaponry may 
have been reached, and that human imagination is incapable of dealing with the ability to totally engineer 
reality itself. Having tested the weapons, the Soviets must be aware that the ill-provoked oscillation of 
timeflow affects the minds and thoughts -- and the very lifestreams and even the collective species 
unconsciousnesses -- of all lifeforms on earth. They must know that these weapons are two-edged swords, 
and that the backlash from their use can be far more terrible to the user than was the original effect to his 
victim. 

If we can avoid the Apocalypse, the fantastic secret of Nikola Tesla can be employed to cure and 
elevate man, not kill him. Tesla's discovery can eventually remove every conceivable external human 
limitation. If we humans ourselves can elevate our consciousness to properly utilize the Tesla 
electromagnetics, then Nikola Tesla -- who gave us the electrical twentieth century in the first place -- may 
yet give us a fantastic new future more shining and glorious than all the great scientists and sages have 
imagined. 
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yeah this ones from deep in the archives Greg - I would love to see that article!!! 
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what if these weapons work in conjunction with cell towers and smartgrid/wifi relays 
it blew me away how the dangers this is being purposely 
ignored hitp://www,stayonthetruth,com/electromagnetic-fields-—-killing-fiel... " 


i just read this and 


November 14 1996, Omnipoint, New York City's first digital cellular provider, did open for business, 
broadcasting from thousands of antennae newly erected on the rooftops of apartment buildings. According 
to the health authorities, an early flu hit New York City - but not Boston, and not Philadelphia - on about 
15 November. The flu was severe and ran a prolonged course, often dragging on for months instead of the 
usual two weeks. 


At Christmas time, the Cellular Phone Task Force placed a small classified ad in a free weekly newspaper. 
It read: 'If you have been ill since 11/15/96 with any of the following: eye pain, insomnia, dry lips, swollen 
throat, pressure or pain in the chest, headaches, dizziness, nausea, shakiness, other aches and pains, or flu 
that won't go away, you may be a victim of a new microwave system blanketing the city. We need to hear 
from you.’ And we did hear from them. Hundreds called, men, women, whites, blacks, Asians, Latinos, 
doctors, lawyers, teachers, stockbrokers, airline stewards, computer operators. Most had woken up 
suddenly in mid-November, thinking they were having a stroke or a heart attack or a nervous breakdown, 
and were relieved to know they were not alone and not crazy. 


Later, I analysed weekly mortality statistics, which the Centres for Disease Control publish for122 US 
cities. Each of dozens of cities recorded a 10-25 per cent increase in mortality, lasting two to three months, 
beginning on the day in 1996 or 1997 on which that city's first digital cell phone network began 
commercial service." we already know these agendas are being forced everywhere.no one is even 
noticing how even though everyone is already "connected" they are still erecting more and more towers 
and infastructure,by force in the case of smartmeters. wired in connections now cost over double what wifi 
does.they just put up another tower here on my block disguised as a flipping pine tree.cant block the 
effects when it comes from literally all sides 
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Scalar weapons makes all the billions we spend on war obsolete.... 
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having read a few pages, it looks like a weapon of distraction to me. The physics is in the realm of the 
tooth fairy, and the history has the ring of recent manufacture 
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e Aharanov-Bohm Effect 


e Absorption and emission reactions (1) 
e Absorption and emission reactions (2) 


e Anti-engine for cell's deviation reverses 


cell back to normal 


« Asymmetric regauging produces excess 
force, which can be used to do work on the 
system 


« Asymmetric regauging produces excess 
force, which can be used to do work on the 


regauging system 


« Becker's bone fracture healing experiments 


e Becker's theoretical control system 
governing regeneration 


e Becker's theoretical DC control system 
involved with response to injury 
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Flow 


« Cosmic Bootstrap: Before the Big Bang 


e Bridging Enables COP > 1 
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Aspects of Strong Local Symmetry 


Other Aspects of Strong Local Symmetry 
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Typical circuit has about 10-!3 energy 
collection efficiency 


Classical View of EM 


Curved Spacetime acts as source or sink 
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Cancer Characteristics 
Solving a Cancer Enigma 
Cancer: Characteristics 


Nonlinear Optics Distortion Correction 
Theorem 


The Electronuclear Reaction: Nuclear 


Reactions in TR-Zones (1 


The Electronuclear Reaction: Nuclear 
Reactions in TR-Zones (2) 
The Electronuclear Reaction: Nuclear 


Reactions in TR-Zones (3 


In Time-Reversed Zone: Nuclear reactions 


are biased 


In Time-Reversed Zone: Dynamics may 
be reversed 


Time-Reversed Zone: Significant only 
after time-density charging 


A New Conservation of Energy Law 
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Radiation 


AS DEFINED, fields and potentials only 
in. and on charged matter 


Serious flaws and errors in classical EM 
theory 


Electrodynamicists' Reaction to Removal 
of the Material Ether 


Reaction to Loss of Material Ether (1) 


Reaction to Loss of Material Ether (2) 


Some EM waves in Spacetime 


Air Medium Disturbances Generated 
When Air is Perturbed by a Plucked Taut 
String 


Launching a Spacetime Perturbation ("EM 


Wave") from a Wire Antenna 


Phase Conjugate Wavepairs Produce New 
Waves 
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Scalar Electromagnetics (Energetics) View 
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Scalar Electromagnetics (Energetics) View 


of EM (3, 

Extended General Relativity Principle 
Extension of Work-Energy Theorem 
34 Flaws in Classical EM Theory 


MTW's General Relativity Principle 


Use of General Relativity (GR) in Particle 
Physics 


The Missing Infolded Electrodynamics 


Infolded Engines: Excluded by Present 
Phy: 


Mass curves and structures spacetime; ST 
curvatures change and structure mass (1) 


Mass curves and structures spacetime: ST 
curvatures change and structure mass (2) 


At Infinite Velocity: Each Is Every Other 


Lisitsyn's Report: Brain Code Broken 
Lorentz Closed Surface Integration 


Lorentz's physically insignificant energy 
flow can be collected and utilized 


Lorentz surface integration of the Poynting 


vector around a closed surface 


Longitudinal EM Photon Interaction with 
Charge 


Mass is transparent to longitudinal EM 
waves, which move through the infolded 

interiors of internal waves, potentials, and 
ields i 


the ma: 


‘hup://www.cheniere.ong/images/EMfndns1/index.huml (5 of 6)25.4.2008 1:20:56 


‘The Tom Bearden Website 


Pumping with Longitudinal EM waves 
Tim 
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Maxwell's Quaternion Theory 


Maxwellian Systems before and after 
Regauging 


Maxwell's four equations reduce to: Page 1 


Maxwell's four equations reduce to: Page 2 


More to come 
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__ Major Points of Presentation | 


@ Electrodynamic is seriously flawed 
= Some major flaws 
— Corrections indicated 


@ Why past corrective attempts failed 
— Force field concept is materi: 
— Missing two infolded transforms (M->ST; ST->M) 


®@ Missing Infolded general relativity inside electrodynamics 


@ Several Kinds of EM Waves in Space 
- Howto make 
= Transduction 


@ A French medical example as a deep experimental demonstration 
— Spectacular regenerative cures funded by French Govt 
— Not comprehended, therefore suppressed 
® Cold Fusion examples of time-censity wave effects 
= China Lake instrumental anomalies in el: lysis 
- Explanation of anomalous behavior of instruments 
- Explanation of new nuclear reactions 
— Wave energy transduction provides excess heat 


— Urge theorists to consider dramatically new reactions 
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Chung's Carbon Filament Negative Resistor 


UNIVERSITY AT BUFFALO, NY 


“SS 


SSSS 


Win Wout > Win 


© wert tran 


‘hup://www.cheniere.ong/images/EMfndns1/35mm%20INe98-8%20sm jpg25.4.2005 1:22:16 


hepsi s/EMéndns I/sm%20ABeftect.jpg 


23 Aharonov-Bohm Effect 3.¢ 


= In field-free regions ier 
— E-field is zero A 
— B-field is zero 


= Potentials still exist, just no gradients 
- Cause real effects 
— Interference is the key A 
— Contain sum-zeroed substructures 


= Does not follow from 
— Mechanics 
— Classical electromagnetics , 


= Required by quantum mechanics 
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Absorption and emission reactions 
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ENERGY, MOVES TO HIGHER 

ENERGY LEVEL DECAYS 
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PARTICLE ASSORBS ENERGY, 
MOVES TO HIGHER: 
ENERGY SHELL, DECAYS BY 4 
EMITTING ENERGETIC PARTICLE, 
OBSERVABLE... 


ENT RE NUCLEUS ABSORSS ENERGY, 
EACH PARTICLE ABSORBS OWN. 
DECAY OCCURS BY COMPLEX MODE! 
INCLUDING FISSION ORFUSION. 
DECAY BYPRODUCTS OBSERVABLE. 
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ht. TIME DENSITY LEVEL DECAYS BY 
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PARTICLE ABSORBS TIME, 
MOVES TO HIGHER 

TIME DENSITY. DECAYS BY 
EMITTING TIME-LIKE PARTICLE, 
NONOBSERVABLE BY PRESENT 
MEANS. 


ENTIRE NUCLEUS ABSORBS TIME, 
EACH PARTICLE ABSORBS OWN. 
DECAY OCCURS BY COMPLEX MODES, 
INCLUDING FISSION OR FUSION. 
SOME DECAY BYPRODUCTS ARE 
NONOBSERVABLE (SPACE ABSORBS) 
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TRANSVERSE PHOTON 
ELECTRON ABSORBS PHOTON 
ENERGY, MOVES TO HIGHER STREAM OF TIME-POLARIZED PHOTONS 
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}AaE REMOVING At “hat TIME DENSITY LEVEL, DECAYS BY 
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mas in one ifs! ey icant only after enormous 
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VACUUM VACUUM/SPACETIVE © tam, a6 Te eanoeN 
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FOR DISEASED CELL'S DISEASE DELTA 

CELL 

By pumping the internal EM channel, process is dramatically accelerated. 
This is the body's normal recovery mechanism, within its limits. 
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a Regauging Produces Excess Force, 
Which Can be Used to Do Work on the System 


Net Symmetric Rega 
No Becose Work on gn een 


This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He 

regauged, so he had no net excess 

force across him, even though his 

potertial energy was increased. He 

‘ically regauged each foot, 

both si laneously so that one 

countered the other. @ little bird! 
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Net Asymmetric Regauging Can 
Do Ecou Work on the Spee 


This little bird put one foot on 
wire A, and then the second foot 
= on wer Bee 

SS ==! regauged, so he ni 
excess force across him. That 
force then violently translated his 
jittle body parts every which way, 
doing lots of work in and on him. 
Bummer! © re. weanven 199 
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mt | Net Symmetric Regauging Does 


No Excess Work on the System 


This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He net symmetrically 
regauged, so he had no net excess 
force across him, even though his 
potential energy was Increased. He 
asymmetrically regauged each foot, 


but both simul Rancously so that one 
countered the other. Wise little bird! 


fe 500,000 Vo ts 


100,000 Volts 


Net Asymmetric Regauging Can 
Do Excess Work onthe Syatenr 


This little bird put one foot on 
wire A, and then the second foot 
on wire B. He net asymmetrically 
regauged, so he had lots of nei 
excess force across him. That 
force then violently translated his 
little body parts every which way, 
doing lots of work in and on him. 
Bummer! 
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Figure 32. Asymmetric regauging produces excess force, which can be used 


to do work on the regauging system. Selected clipat @ by Lotus SmantFics™ 
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= Tiny DC currents (picoamperes) 
» Pulsed DC current can be utilized RED BLOOD CELL 
DEDIFFERENTIATES 
Shucks hemoglobin coat 
Grows nucleus 


Pulsed magnetic fields may be utilized 
NEWCELL 
REDIFFERENTIATES 


Turns into type of ceil that 
makes cartilage 


NEWCELL 
REDIFFERENTIATES 
Turns into type of cell that 

makes bone 


Deposits in fracture site, 
healing the fracture 
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Geometrical Distortion of Poynting Energy Flow 


At or near resonance frequency, in the case shown 
the energy collection fraction (reaction cross ten le ton en 
increases ten le ton en 


@) 


a. Around an aluminum sphere b. Around an aluminum sphere 
at light energy 8.8 eV. at light energy 5eV. 
Absorption eee 18.00. Absorption efficiency = 0.1. 

Figures per Cr How tide absor> more than the light incident upon it? 
Fbercah Journal Of PRySI, Sta), ANT feo. p-3e 
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Cosmic Bootstrap: 
Before the Big Ban 


Cosmic repulsion behaved like a fluid with 
negative pressure 


The "universe" inflated (expanded) as a "false 
vacuum" 


As the negative-pressure fluid expanded, its 
energy went up rather than down 


When inflation stopped, the false vacuum 
decayed from its excited state 


Its excitation energy was released in a single 
great burst Paul Davies, Superforce, 1984, p. 194 
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BRIDGING ENABLES COP > 1.0 


S-flow, do /dt flow, and EMF flow 
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Aspects of Strong Local Asymmetry 
a 


® If local asymmetry is strong, conservation laws 
may be appreciably violated 

Energy 

Charge 

Spin 

Momentum 

Angular momentum 


® Properties of an object may differ appreciably for 
© Different observers 
* Different detecting means 
* One time to another 
One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
*® Provides spacetime engines giving the above effects 


© TE Bearden 1995, 1996 
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Other Aspects of 
Strong Local Asymmetry 


een ree ee 
» Local spacetime is curved © TE Bearden 1095, 1995 
= Loreniz invariance of vacuum is violated 

® May be a local “sink” or “source” 

= Gravitational-inertial effects from EM 

= Translation between virtual and observable 

= Electrogravitational solitons 

= Action at a distance 

= Transmutation effects may exist 

= Scalar/pseudoscalar field translation 


= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
syrametry intemested 


structures are Vacuum engings 0 a oeaiins engines. 
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Bunge on the Status of 
Electrodynamics 


.. it is not usually acknowledged that electro- 
ake both classical and quantal, are in a 
ae state... 

.. the best modern physicist is the one who 
scenouledees that neither classical nor 
quantum physics are cut and dried, both being 
full of holes and in need of a vigorous 
overhauling..." 


*Mario Bunge, Foundations of Physics, Springer-Verlag, 
Naw York, NY, 1967, p. 176 
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Bunge on the Status of 
Electrodynamics and Physics 


".. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... 

"... neither classical nor quantum physics are 
cut and dried, both being full of holes and in 
need of a vigorous overhauling..." 


“Mano Bunge, 
New York, NY, 1967, p. 176. 


ies, Springer-Verlag, 
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2 on the Status of 
Claseien and Quantum Physics 


",. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 196 Te seaRDEN New York, NY, 1967, p. 176.. 
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Fraction of Casualties Surviving 


FRACTION SURVIVING N=1-40 million 


10 


08 


06 


04 


00 


hup:twww.cheniere.org 


ASUALTIES 
© wer e eearoen 
TYPE TREATMENT RECEIVED 
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& With conventional treatment 

C With 1st generation P-treatment 
With 2nd generation P-treatment 

® With 3rd generation P-treatment 
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Differentiation and Dedifferentiation Timelines 


CENTRALIZED CONTROL OF CELLULAR 
GROWTH AND REGENERATION 


NORMAL HEALTHY. WITH SOME DISEASED 
CELLS AND FUNCTIONS: OR DAMAGED CELLS 


TIME-FORWARD PATH 


NORMAL “DI 
AS IT DEVELOPED © 100,000 en FOR HEALING OF CELL DAMAGE 


| FFERENTIATION™ 


TIME-REVERSED TIME-REVERSED 
_ GS _ Or PATHFOR 4 PATH WHEN NORMAL 


SUSTAINED PUMPING FAILS TO 
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Evolution of Cells on Earth 
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AEROBIC” 


AME ROME ; FACULTATIVE WHITECELLS BONES 
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{SINGLE CELL ETC, ai 
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SHIELDED 

FROM OXYGEN * NOTE: LIMITED ANAEROBIC RESPIRATION 
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LUPE FORMS, INCLUDING MAN. 

EVOLUTIONARY TIMI 
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(A proposed formal definition 
of a charged mass) 
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Benne "\.curiously enough, we do not 
~ ~ know exactly what charge &, 
RSS ~ only what it does. Or, equaly 
Ve ot a8 significantly, what it does not do.” 
‘ \ i MP. Silverman, Aod Yet t Moves: Stange 
\ tems and Suble Questions inPhsies, 
~ CambiidgeU riversity Press, 1993, p. 127. 
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An electric charge Q consists of a massless flux component and a mass component, [ 


coupled together (interacting). Qis a broken symmetry. The mass of the charge 
ntinually and al eny: eelanse virtual photons with the surrounding vacuum. — 


ups 


Lhtip//ivww.cheniere.org/images/EMfndns l/smm%20Charge | jpg 


Thus Q is energetically driven by the surrounding vacuum potential, which itself is to 
first order just a violent virtual photon flux. 
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The Ubiquitous Aecsmpiient Two 
Asymmetrical Regaugings for Net Symmetry 
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The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net Symmetry 


aad ha adcshay ibe) 
ryou. Hey, 
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won't 
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The Ubiquitous Assumption: Two 
Asymmetrical Reqaugings for Net Symmetry 
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A Charged Particle Is a Coupled System 
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"curiously enough, we do not 
know exactly what charge is, 
only what it does. Or, equaliy 
significantly, what it does not do.’ 


MP, Sivemnan, And'Yetit Moves: Strange 
Subt sin Bt 
Cambridge Universit Press, 1223, p. 127 


ey 


An electric charge q isabroken symmetry in its fierce energy exchange with the active vacuum. 
It coherently integrates some of the virtual energy absorbs and outputs it as Poynting energy flow. 


Sys 
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Chung's Carbon Filament Negative Resistor } 


UNIVERSITY AT BUFFALO, NY 
© Ome teen 


Win =— Wout> Win 
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Typical circuit has about 10-13 
energy collection efficiency 


soos 10 1 weamcen 


Se" Deep space 
Ss 
im Distance traveled by S in one hour is 1.08x10exp(1 2) meters. 
=== Example: 1.3 amps flowing in DC circuit, 1.8 mm diameter copper wire. J =51 Aicm2 


jal 


S violently transports ? provided fromthe source. 


4, =0.1368 meters _j sluggishly transports the energy collected and dissipated in the 
circuit. 


For the case discussed, the electron drift velocityin the circuit is about 
3.8 x10 * meters/sec. So J} moves about 0.1368 meters in one hour. 
Thus J? has collected about 0.1368 meters of the ¢-filled S-tube. During 
that same hour, the S-flow evoked by the power source will have 
traveled 1.08x1012meters. The ¢ of both currents is the same. Both 
are involved in the same energyilled tube. Thus S has provided and 
transported about 7.89x1012 fimes as much energy along the circuit 
in one hour as the j/ has been able to collect, transport, and dissipate 
mere in the circuit. Thus this circuit provides about 16'3 collection 
cy. 
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Se Classical View of EM 


= Potentials just mathematical conveniences 
— Not real 
— No internal structure, just magnitude 
= Force fields primary, causative, can exist in space in absence 
of observable mass 
— All EM actions due to force fields, none when zero 
= No action at a distance 
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Curved Spacetime 
acts as source or Sinik 


s| Ma ay emit excess radiation Z 
and energy (e.g., heat) 


May wanseu ce waves 

TW so LWs TOW 

= New en 
law applies 
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CHRONIC DISEASE PUZZLING 


THE MECHANISMS OF A SINGLE CHRONIC 


m™ SCIENCE REALLY DOES NOT UNDERSTAND nm 
DISEASE, INCLUDING CANCER 


m MANY TROUBLING FACTORS EXIST l Od 
= MIND ge) 
- STRESS sf 
— SPONTANEOUS REMISSION A | 
— PLACEBO EFFECTS snes eons 
= COMBINATIONS 


m GENERATION OF THE PLACEBO EFFECT BY THE 
CELLULAR REGENERATION SYSTEM IS UNRECOGNIZED 
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Sales Characteristics 


e Not o one disease, buta whole range 
» Starts Ins etuuttJaJ aerobic cell 
e Cell shakes off body's central control 
- Starts Gheantrolied division 
- Becomes a lump 
e Can send forth cancer cells 
- Through blood 
~ Through lymph 
e Form metastases (secondary saat 
e Often become anaerobic ore es 
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Solving a Cancer Enigma 


e An enigma has been failure of immune 
system to attack some tumor cells 
— Suppressor cells may curb immune system? 
— Tumor may lack antigens normally identified 
by the immune system? 
e Promotion of damaged cell to cancer is 
usually ordered by cellular control system 
— Regenerative and recovery system forces 
cell back toward anaerobe 
- First step breaks free from central growth 
- Control continues to recognize cell as self 


jpg25.4.2005 1:51:49) 
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‘a CANCER: CHARACTERISTICS 


© NOT ONE DISEASE BUT A WHOLE RANGE 
© STARTS IN ORDINARY (AEROBIC) CELL 
© CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
© STARTS UNCONTROLLED DIVISION 
© BECOMES A LUMP 
© CAN SEND FORTH CANCER CELLS de tee 
= THROUGH BLOOD 
= THROUGH LYMPH 
© THESE FORM METASTASES (SECONDARY TUMORS) 
© OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 


© ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 


SYSTEM 
*R&R system forces cell back toward anaerobe 
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“If a scalar wave E1(r) propagates from left to right through an 
arbitrary but lossless dielectric medium, and if we generate in some 
region of space [say near z= 0] its phase conjugate replica E2(r), 


then E will propagate backward from right to left through the 
dielectric medium, remaining everywhere the phase conjugate of E1." 
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The Electronuclear Reaction; 
Nuclear Reactions in liR-Zones (1) 


@ Nucleon interchange 
— Changes neutron into proton and vice versa 
= At high rate (flat spacetime assumed) 

® Statistics become skewed due to curved ST 


© Can bias statistics toward either neutron 
or proton end 
— Biases toward transmutation of elements 
along isomer chains: 
— Concept of “isomer” is vastly expanded) = =. -.- 
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The aa lear Reaction: 
Nuclear Reactions in 1R-Zones (2) 


® Normalidynamics (impulses) may reverse 
— Like charges attract, unlike charges repel 
— Positive charges cluster (are drawn together) 
— H+ Ions (protons) may form quasi-nuclei 
— Nucleus coulomb barrier becomes assistant 
® Many “impossible” reactions now possible 
— Quark access and quark flipping by EM 
— fon clustering 
— Positive charges as phase conjugate mirrors 
— fime-density waves and time-energy charging 
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The Electronuclear Reaction: 
Nuclear Reactions in TiR-Zones (3) 


© Not observed|until time-energy charging 
has become substantial) 
= Time delay (hours, days) 
— fransduction of LW --> TW involved 
— Specific time-charging history of detectors 
is involved in twhether they detect or not 
— Longitudinal EM waves become significant 
® Curved spacetime can act as source or sink 
~— May emit excess radiation 
— May absorb excess radiation 
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In Time-Reversed Zone: 
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Time-Reversed Zone: | 
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A New Conservation of Energy Law 


Physics conserves total “energy and mass-energy" 
Now also must consider “time-energy" 


Conserve total mass-time-energy (spatiotemporal 
energy) 


Let Et = total energy, Em = mass energy, 
Ee = ordinary energy, and Et = time energy. Then 


EtT=Ee+Em+eEt 


Onmre teen 


(kEt => EE> 0) => Et>(Em+ Ee) 


If some Et is transduced into Ee , the experiment will 
violate the old spatial mass-energy conservation law 
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QUESTIONS ON CARCINOGENS 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 
- DOSAGES 
— ACTIVE MECHANISMS 
REPLICATION DIFFICULTIES 
MEASUREMENT DIFFICULTIES 
WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


@ SCIENCE REALLY DOESNOT UNDERSTAND THE 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © 1994, 19957 £. Bearden 
INCLUDING CANCER 

— FACTORS SUCH AS MIND, STRESS, SPONTANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEM IS UNRECOGNIZED 
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mips 


As defined, fields and potentials only 
_existin and on charged matter 


E=Fiq a cE ae ee ee 


in vacuum. \ 
Source qis a \ 
broken symmetry 
in vacuum flux 
S$ = ExH 
olan 
As d fal 
ssumet Nerpeki 
motion machine «plleup" in fro Aas b 
in classical EM ip" in front = joules continuous! 
SoE=-vo . in eometrical ow, 


Electrodynamics has nothing to say about what 
exists in space in the absence of pipet © wv vwoen 
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Serious flaws and errors 
in classicalEM theory. 


Eliminates the Internal EM Inside the Scalar Potential, 

No Definition of Electrical Charge orof Scalar Potential. 

Equations StillAssume Material Ether Per Maxwell (Unchanged), 
Use of Force Fields in Vacuum is False (and Known to be So), 
Treats Charge qas Unitary Instead of Coupled System q = glqim (q), 
Confuses Nassless Potential Gradients as Forces (See #3, #4), 
Does Not Utilize Nass as a Component of Force (See #23). 


ErroneouslyAssumes EM Force Fields as Primary Causes, 
Topology of EM NodelHas Been Substantially Reduced, 

Does Not include Quantum Potentialor Action ata Distance, 
Does Not Include Superiuminal Velocity of Inner EM Components, 
Does Not Utilize Extended Near-Field Coulomb Gauge Effects, 
Does Notinclude EM Generatrix Mechanism forTime Flow, 

Does Not Unify Photon and Wave Aspects (Requires 7-D Model), 


Does Not Include Electron Spinand Precession (See #19,#24), 
Treats EM Energy As Existing In"Chunks," Instead ofas Flow, 
Confuses Energy and Energy Collection (See #16). 


Discards Half ofEvery EM Wave in Vacuum (See #22), 
Erroneously Uses Transverse Vacuum Wave; It's Longitudinal, 
Arbitrarily Regauges Maxwell's Equations to Eliminate Overunity, 
Omits Phase Conjugate Optics Effects (The Rule in Internal EM), 
Does Not Include EM Cause of Newtonian Reaction Force. 
Erroneously Assumes Separate Force Acting on Separate Mass, 
Confuses Detected Electron Precession Waves as Proving Trans: 
verse EM Waves in Vacuum (Remnantof Old "EM Fluid" Concept), 
Due to Error in String Wave, Qmits the Ubiquitous Antivave. 
Assumes Equilibrium ;NotTrue Unless Include Vacuum Interactions, 
» Higher Topology Required, to Model Electromagnetic Reality. 
» Lorentz surface integration discards Poynting energy transport, 
» Has nothing atallto say aboutform of EM entities in massless space. 
» Eliminates the infolded generalrelativity using EM-force as curve agent, 
, Does notinclude longitudinal EM waves as time domain oscillations, 
. Doesnotinclude EW mechanism that generates time flow and flow rate. 
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Nowwe are notusing 
Cea material ether. 
ae Trust us! The equations 
do not need changing. 
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REACTION TO Loss OF MATERIAL ETHER 


Material Ether 

Assumed in 

Equations Nota single 
equation was 

Potentials, changed! 


re peARcen 19 
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‘Einstein's 

spacetime 

hasn't been, 
yet! 


rial Ce Material 
Electric ‘ Electric 
Fluid Fluid 
Disturbed Disturbed 
CAUSE ; EFFECT 
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GALLOPING WAVE, 
TRANSVERSE 
WAVE THAT VARIES: 
VELOCITY ALONG 


Z-DIRECTION, IN TIME-POLARIZED 
WAVE FASHION. (TIME ENERGY) 
(Ex:0.01 ¢- 100 ¢) OSCILLATIONS: 
S-SPATAL SCALAR WAVES, 
ENERGY DENSITY X, Y, Z FIXED. 
OSCILLATIONS T VARIES, 
AE RAMAVERSE NONOBSERVABLE. 

[—— WAVES. X AND Y TRANSDUCTION TIME DENSITY OSCILLATIONS. 
ENERGY DENSITY <j» X, Y, ZENERGY DENSITY DO NOT VARY., 
maa a TIME DENSITY NOTOBSERV ABLE, BUT 

(Fe itt eae TRANSDUCTION IS OBSERVABLE. 
ALITTLE, SURGE OSCILL- 

ATIONS IN Z DIRECTION. TIME DENSITY OSCILLATIONS. 
X,Y, ZENERG Y DENSITY FIXED. 
|__ LONGITUDINAL WAVES. TIME DENSITY IS NONOBSERVABLE, 


X AND Y FIXED; SURGE BUT TRANSDUCTION 
OSCILLATIONS IN Z DIRECTION. IS OBSERVABLE. 


~=—— TRANSDUCTION ——-® 
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Air Medium Disturbances Generated When 
Air is Heedtoe| Lays Touched Taut String 


The string wave and 
the holder wave 
never leave the string 
and holder 
String slaps 
air medium 
Wave is a te IN ane Un eat 
alternatively ui i __Can only vibrate mostly abot 
compressive == ras cag Drude 
and = sills Electron 
rarefactive Gee ea 
a: Nuclear 
f { \ ANTIWAVE IN proton 
4 ~~ HOLDER waves 
FE (Highly damped; not shown to scale) 
© yoo, 10057. BeanoEN air medium 
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ps4 

Vite rtd Pee 
slap (electron) 
ELECTRON SHELLS | time reversed 

AVEC EAD , | Moduiations 
‘f i Virtual photon nux 
NUCLEI \ x on i 4 of the QM vacuum 
(HIGHLY DAMPED) | ee 

1B) @) itting the nuclei perturbati Maxwell 
© ® & Onntted Newton's third taw from electrodynamics 


@ TE DEMDEN 1008 ws 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 


PHASE CONJUGATE REPLICA WAVE 
. 
UMA MMH © 


—____» 
TIME DENSITY WAVE 


Oscillates rate of flow of time 
about some average value 


LONGITUDINAL EM WAVE PLUS 
PHASE CONJUGATE REPLICAWAVE © "=" ™\ "= 
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Scalar Electromagnetics 
S (Energetics) View of EM 


e Potentials real; primary causes of EM phenomena 
~ Force fields made by differentiations of potentials 
— Force fields are effects, not primary causes 
= Force fields exist only in, on mass particles 
e Actions due to potentials and their interference 
= Action ata distance or locally 
— Quantum potential and hidden variables 
e Locally curved spacetime, engineerable by EM 
= Gravity effects not necessarily negligible 
— Strong EM force or time used as agent of curvature 
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Se Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Potentials have internal structure 
— Stoney/Whittaker structure 
— Longitudinal EM phas jug 


— Each wavepair is a tir olarized EM wave 
e Vacuum EM is a potential and has: 

microstructure 

= Stoney-Whittaker biwa\ 

— Fluctuations exhibit chao 


e Spacetime = Vacuum = Potential = Flux 


s/EM Ends: 


Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Statistics may have hidden order (already 
chaotic) 

e Uses spacetime curvature engines to 
alter matter (inside-out or outside-in) 


e Engineerable EM mechanism generates 
rate of flow of a mass through time 


* Quantum potential with specific Q@P can 
be used for instant action at a distance 
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tended General Relativity Principle 


STRUCTURING 


Ps % CURVATURES, 


\ & 


upetiww.chenier. 


images/EMfndns /ExtGRprnsé20sm,jpg25. 4.2085 2:12:05 


© Te Seno ter 


Theorem: W=k,- kj =Ak [1] 


k must be interpreted not as energy per se, 
but as collected/collecting energy. 


The reaction cross section 4 for the collecting 
process must be included. 


Extension’ We 2(ky- k,) =AAk [2] 


Normally 4 <1, as for elastic collision or Stokes 
emission. 

However, 1. > 1 is now possible, for processes 
which asymmetrically self-regauge. An example 
is Letokhov's negative absorption of the medium. 


Working models are the Patterson Power Celf® 
and Lawandy lasing without population inversion. 
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e "Space acts on matter, 
telling it how to move. 
e In turn, matter reacts 


back on space, telling 
it how to curve." 
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Use of General Relativity (GR) 
in Particle Physics 


© GR seldom used in particle physics Sees nee 


uaplhw 


In cold fusion, Matsumoto* has applied general relativity 
Consistent with important cold fusion results 

Used spacetime (ST) curvature by energy density 
Matsumoto did not utilize: 

= Longitudinal EM waves 

= Time density waves 

= Time density curvatures of ST (gain = 9x10is) 


T. Matsumoto, *Mechanisms of Electro- Nuclear Collapse,” 
“Foc tech Vancouver BC; Canada, Ap 1998p 
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THE MISSING INFOLDED 
ELECTRODYNAMICS 


INTERNESTED yeagedtinle CURVATURES 
INFOLDED GENERAL RELATIVITY 


tpi 
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"infolded E ngin 
Excluded by Present Ph Present Physics — 


ie SLE MRUL SA IS GITGTITTaE 
SCHR YNDIIDe OL AUAIMUM IEE hEnICE 

l° None of these disciplines include such — 
spacetime curvature engines (vacuum engines) 
singe ST curvature engines are where the 


19 1999 T.E. BEARDEN 


‘hutp:siwww.chenier 


images/EM fndns/infoldGRsm.jpg 


ot curvatures propaga PR Tai 


mass-to-spacetime spacetime-to-mass 
transformation transformation 


Electrons) 


Receiver 


and (ii) the 


. $ transform. What i is transmitted and 
propagates. in spaceisas 
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Mass curves and structures spacetime; 
Si curvatures change and structure mass 


ot curvatures Propagat, 


jass-to-spacetime spacetime-to-mass 
transformation wanstorettio 


oe spacetime disturbance 
(vacuumengine) 6 re nese se propagates 
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At Infinits Velogity: 


<®> Each Is Every Other 


SES 


SS 
SPACETIME VIRTUAL POTENTIAL MIND AND 
fhe MIND LEVELS 


| EBFRAN 


MASS E 
© 1997 TE Bearden PLANET 


* 


THEORY DEVELOPED AND FITTED 
HYSTERESIS MEMORY LOOP 
* CONTROLLED EM INDUCTION 

* IMAGES 

* SENSATIONS 

* PREDETERMINED EMERGENCE 
23 EEG BANDS 

* UP TO8.1X102% HZ 

11 INDEPENDENT CHANNELS 


* 
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* 


S.K. Lisitsyn, “New Approach to the Amiysis of Electroencep halagrams,” 
DDC Report ADT300S,p. 16-25. 
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Lorentz Closed Surface Integration 


How can they use that old 
physically insignificant wind?!! 


© TE BEARDEN 1988 


Lorentz’s physically insignificant energy flow can be collected and utilized. 
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the Slepian vector j remains. This measures only the tiny 
portion of the S-flow that is “collecting” on electrons: 
Passing through the resistor, and therefrom being 
dissipated out of the resistor as joule heating It discards 
everything else (all Spgs and Sou). Si becomes Sr. 


Qtr re cemoen 
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* Creates time-density wave pumping 
= Slowly creates time-density charging 


© OTE beneaer 


Fundamental units are arbitrary in physics 
Can express all physics in one unit -- e.g., time 


Time is highly compressed energy 
1 sec =9 x 10s joules of transverse EM wave energy 
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Figure 1-8. Infolded biwave composition of a scalar potential, 
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vacuum A2 * 
(spacetime) Ao 
engine in 
inet 
is the inp 
© a 
™~™ 
“ge CELL MASS 
highly nonlinear to any 
-«_-O and all LW frequencies 
a 
Antiengine acts upon 


mass at all levels 


As 


AN AMPLIFIED VACUUM es = 
SPACETIME) ANTIENGINE IS longitudinal _- j © rewemven soar 
‘ORMED AND ACTS ON THE Mpump %. H 

MASS, TIME-REVERSING wave i * 

ITAND ALL ITS COMPONENTS A v Ai 

(NO MATTER HOW SMALL 
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e Quaternions: 
- Discovered by Hamilton in 1843 
— A quaternion has a vector part 
—- A quaternion has a scalar part 
— First significant non-arithmetic number system 
— Higher topology than vector or tensor algebra 


¢ Maxwell's theory was in quaternion equations 
— 20 equations in 20 unknowns 


— Reduced to a small 4-equation subset 
by Heaviside and Gibbs 
— EM topology dramatically reduced 
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Note: Any system mist 
first break equilibrium in its 


Joads and fosses is a symmety- 
restoring operation 


HAXWELL'S 
EQUATIONS: 

BEFORE THER 
REGAUGING 


BEFORE 
REGAUGING 


OPEN SYSTEMS NOT 
N THERMODYNAMIC 
EQUILERUM 


OPEN SYSTEMSIN 
THERMODYNAMIC 
EQUILIBRUM 


SYSTEBS WALICH aS WALICH 

REGAUGE, FREELY REGAUGE FREELY eens 
CHANGE ENERGY, CHANGE ENERGY, (NONE EXIST) 
‘AND SHOW COP<i.0 AND SHOW COP>i0 

BY DESIGN BY DESIGN 


———_—_— 
ASYMMETRICAL SYMMETRICAL 
REGAUGING REGAUGING 


Se Selected clipat© by Lotus SmertPics 
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Maxwell's four equations reduce to: 
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v’o Rede ere [1] 
ern 
ede ris Ae aes [2] 
c at c a c 
Ais replaced by A’, where 
A =A+VA [3] 


The new B' field then becomes 


B =Vx(A+VA)=VxA+0=VxA=B 4] 
Anew E-field will also be formed. So let 


o=9-14 5] 
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Page 2 of 2. 
Per Jackson, (A,®) are habitually chosen so that 


1a@ 6] 
ce Ot 


The net symmetrical regauging separates variables. 
Two inhomogeneous wave equations result: 


2, 
* a aoe a oy 
10°A 4a 
sae a ea 8) 
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Equations [1] and [2] arbitrarily changed to [7] and [8] 
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HUNTSVILLE EDITION 


The Southeast's Oldest E-Zine! 


CHASING THE WILD DRAGON 


Foundations of a New Science 


By TE. Bearden 
November 12, 1995 


It is a pleasure to accept the offer of John and Larry to write a column in their new InterNet magazine. Theirs is a 
great venture, and with the energy and knowledge they bring to the task, one can be confident of their success in 
making this a very interesting and informative publication. 


There is a new “rebel” science slowly being born, with most of the work being done outside the universities and 
orthodox scientific community, In the months ahead it will be my job to try to acquaint you with the gist of what's, 
going on, and what all the excitement is about 


This first article is deliberately just introductory, and its purpose is to interest you in the unusual fields we are going 
to be covering in more scientific detail, in future columns. We will also be listing a variety of references from the 
technical literature, which bear upon the various points addressed 


In this first article a little of my own background experience [note 1] is given, so you can decide whether you will be 
interested in what we have to say! 


The real purpose of the column will just be to present information that you may not be able to readily obtain any 
other way. We will not argue or debate with skeptics; nothing productive is to be gained by that. Ifthe information we 
present is useful to you, then our purpose has been accomplished. If it isn't of use to you, then just file it in the old 
wastebasket. Also, from time to time | may answer a generic question, constructed from muttiple queries. Individual 
responses to correspondence cannot be provided 


‘The work toward a new breakthrough science is going on in a broad spectrum of “fields,” most of which are not yet 
recognized by academia as even constituting legitimate areas of scientific endeavor (Table 1). 


‘Some of the major areas involved are: 


= theoretical and experimental research in overunity electrical machines, 
= free energy research of other kinds, such as devices utilizing thermodynamics phase changes, 
= rapidly advancing efforts in cold fusion, 


okies to ensure that we gi our website, By us 


Ok 


* the direct engineering of the vacuum's virtual photon flux exchange 

= action at a distance, including the deliberate formation and usage of quantum potentials, 

= direct engineering of the local curvature of spacetime (yes, the direct engineering of general relativity, using the 
new hidden kind of electrodynamics), 

1 use of the new “hidden” electromagnetics to engineer body cells including the reversal of diseased cells, genetics 
and all, back toa previous healthy state (cellular dedifferentiation, in biophysical terms, or cellular phase 
conjugation, in physics terminology), 

+ research toward the direct engineering of the mind, including both the conscious and unconscious minds, long- 
term memory, and the personality itself, and 

= anuthless re-examination (and correction where necessary and possible) of the definitions, concepts, and 
postulates that present physics is founded upon 


Each of these “major areas” as yet has no single “experts” in the sense that individuals exist who possess a 
“mastery” of the given area. As an example, in spite of multiple researchers and decades of vigorous research, no 
one is really an “overall expert” in the overunity electrical power systems field. The “field” itseff is stil struggling to be 
bom and is not recognized at all by orthodoxy; in fact, many orthodox scientists bitterly resent one even attempting 
to work in this area. There is as yet no cohesive single “theory” of overunity electrical or magnetic machines, 
although our own group is making rapid progress in that respect. But there is still no universal agreement amongst 
even the researchers themselves. Literally the field is stil being discovered. 


This “groping dimly toward a new field” should not be too surprising. After all, the early electromagnetics researchers 
went through the same tortuous, agonizing kind of development. They were playing with cat fur, glass rods, and pith 
balls for quite an extended period before understanding progressed to the point where Maxwell could mathematically 
tie together and model the results of the experimenters such as Faraday and others. It has taken a century and a 
half for modern electromagnetics and electronics to reach its own present development, It is going to take another 
decade or so before the overunity researchers can overtum several ilfounded parts of the present electromagnetics, 
and get the emerging field onto a solid foundations footing and into a solid theoretical position. 


In the effort to produce a theoretical model of electromagnetics, Maxwell and his predecessors performed a 
magnificent work. Yet they also made very serious errors (Table 2), which persist to this day. [note 2] Let us list just a 
few of the more blatant errors in classical EM theory today: 


First, Franklin guessed wrong on which way electrical current flowed in a circuit. There is no definition at all of 
electrical charge in all of physics, and there is no acceptable definition of potential (that is, there is no rigorous 
definition of just good old ‘voltage.") There are no “fields of force" in the vacuum; there are just potential gradients _ 
because the vacuum is just one vast potential (virtual particle flux) in the first place, Force fields actually occur only 
in and of the matter in a material system. The primary causative agents of electromagnetics are not the so-called 
“force fields’ at all, but are the potentials __as is well-known in quantum mechanics. [note 3] Maxwell assumed a 
material ether in his equations. The Michelson-Morley experiment destroyed the material ether, but the Maxwell 
equations have never been changed accordingly. The electron was not yet discovered when the Maxwell equations 
Were written; the theory does not address electron spin, Maxwell was already dead some two decades when Barus’ 
1898 paper [note 4] was published, pointing out the strange "backwards-traveling” wave (e., time-reversed wave) 
solution to the wave equation. In addition, Heaviside and Gibbs had already produced their vector truncation __ this 
truncated theory is the modem so-called “Maxwell's equations” that universities teach today __ of Maxwell's theory. 
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vector algebra, and seriously curtailed Maxwell's theory when they “translated! it into the much lower topology of 
vectors and some four equations. The later addition of tensors as the basis mathematics did not restore the lost 
topology provided by the quaternion model. [note 6) 


For the EM wave, Maxwell simply assumed the transverse EM wave that had come from the much earlier derivation 
of the familiar wave equation from the old “plucked taut string" notions. [nate 7] Yet when one closely examines and 
corrects some of the erroneous assumptions [note 8] made for the actual mathematical derivation of this “taut string” 
transverse wave, one finds (Figure 1) that an equal-energy second antiphased transverse “antiwave" is actually 
produced by the instrument and added to the “plucked string's” transverse wave disturbance of the air medium, to 
produce a longitudinal wave of compression and rarefaction in the alr itself, The “transverse string wave" in fact 
never leaves the string. The string wave is not the wave that is launched into the medium. 


A similar electromagnetic situation exists. In a whip antenna (Figure 2), the Drude electron gas in the conductor 
does exhibit a transverse “string-type” EM wave of electron precession. However, at the same time, by Newton's 
third law (which Maxwell neglected because at the time the atom was regarded as just a blob with no internal 
structure) the positively charged, phase conjugated atomic nuclei have equal energy, highly damped transverse 
recoil waves created in them. Further, these “nuclei-recoil’ waves are phase conjugate replicas of the electron gas 
waves. The total disturbance that is launched into the vacuum from the whip antenna is (a) the normal transverse 
disturbance of the virtual photon flux of vacuum caused by the electron gas wave, and (b) the coupled equal-energy 
transverse antiwave caused by the nuclei-recoil via Newton's third law. The amplitude of the material antiwaves of 
nuclei vibration are highly damped because of the massiveness of the nuclei; however, they are of equal energy to 
the electron wave. But when launched into the same vacuum, the two equal-energy wave disturbances experience 
equal damping because they are in the same medium. Hence the wave and antiwave are (a) locked together in the 
vacuum, and (b) of equal energy, and (3) of equal amplitude once launched into the vacuum. What results is a 
vacuum EM wave of rarefaction (reduction in intensity) and compression (increase in intensity) of the virtual photon 
flux of vacuum __ just exactly like what is launched into the surrounding gaseous air medium from the “plucked taut 
string’ and perturbed body of a physical instrument, The EM wave in vacuum is a longitudinal wave directly 
analogous toa sound wave __just as Nikola Tesla stated. [note 9 


‘The vacuum may be considered a scalar potential, in which case it has an internal biwave structure (Figure 3) 
Interference of two potentials __ i., the hidden interference. (Figure 4) of their internal wave structures __in fact 
already creates all EM fields and waves. 


When the incoming longitudinal “biwave" from the vacuum strikes the atoms of the receiving antenna, each atom 
may be considered a dynamic assembly of multiple dipoles, where each dipole consists of one of the electrons in the 
electron shells and one of the positive charges in the nucleus. The receiving dipole in the interacting atom splits the 
two waves apart again (Figure 5). The negatively charged end of the dipole is time-forward, and the positively 
charged end is time-reversed. Hence the separated normal-wave-half of the biwave interacts with the electron, to 
give again the familiar transverse “electron precession” wave that we detect with our “electron wiggle-detecting” 
instruments (Figure 6). This detected electron precession wave is what all our textbooks prescribe erroneously as 
the vacuum wavel The separated time-reversed-wave-half of the incoming vacuum wave is split off and interacts 
with the positive end of the receiving atomic dipole, in the time-reversed atomic nucleus, thus generating Newton's 
third law reaction force to provide the recoil of the nucleus. Present physics has ignored this second wave 
altogether, because of the serious error in the original derivation of the wave equation from plucked strings. Thus 


We use cookies to er 


site. By us 


ure that we give you the perience on our w g this site you are 


pting our 


usage of cookies. | Ok 


emit a phase conjugate replica wave. They direct the antiwave outside and away from the atom instead of inwards 
into the nucleus. So they do not recoil, no matter how powerful a phase conjugate replica wave they emit. 


Finally, we can also show that the EM wave in vacuum is longitudinal, by yet another approach. The electrons in the 
electron gas in a conductor are spinning, and they are severely constrained longitudinally to be able ta move only 
very, very slowly down the wire. So when perturbed, they act as gyroscopes, and precess at right angles to the 
perturbing force. The fact that the gyroelectrons in a wire move radially almost entirely, and only “slip” down the wire 
very slowly with a “drift” velocity, already proves conclusively that the incoming vacuum disturbance was longitudinal. 
The precession of a gyro is at right angles to the perturbing force. Therefore rigorously the vacuum EM waves are 
longitudinal, because the gyroelectrons moved transversely. The present assumption of the transverse EM wave in 
vacuum contradicts the entire theory of gyroscopes! [note 10] There are many other errors in classical EM that we 
will point out in future articles; this should give the reader a flavor of what is in store for him in future articles. 


So there are no truly satisfactory “experts” in any of the 14 fields. Yet there is still something to be said for having 
some years of experience in one or more of the areas. | have had the good fortune or misfortune, depending upon 
one’s viewpoint, to be involved in various of those 14 activities for some 30 years or more, and am active in several 
of the areas now. My colleagues and | are particularly active in researching overunity electrical devices (see Figure 
8), to include the effects of controlled chaotic oscillators, charge-blocking oscillators, and oscillators driven by in- 
shuttled (bridged) Poynting field energy density flow ExH. Parametric oscillation is known to have yielded overunity 
electrical machines and was fully reported by Russian researchers in the Russian and French technical journals in 
the mid 1930s, [note 11] We will further cite that little-known work in future articles. Also, we are working mightily 
upon true negative resistors (Figure 9), wherein the resistor scavenges some of the disorganized energy from the 
vacuums energetic exchange with the charges in the system, organizes and collects it, and then outputs that 
collected energy flow into the external circuit. Such a resistor acts as a power source. Kron, perhaps the greatest of 
the electrical machinery scientists, is known to have produced such true negative resistors. 


have also proposed a theoretical explanation of the Priore device (Figure 10) in France which in laboratory animals 
demonstrated remarkable cures of terminal tumors, cured trypanosomias, reversed atheriosclerosis, and restored 
suppressed immune systems. The Priore work was not anecdotal, but was performed under rigorous scientific 
protocols, working under the auspices of renowned French scientists such as Courrier and Pautrizel, The work is 
properly reported in numerous papers in the French medical literature. [note 12] The results were certainly achieved, 
but neither Priore himself nor the scientists of the day could understand the mechanism involved. The deciphering of 
that causative technical mechanism utilized by the Priore group required 10 years of intense effort. The results have 
now been published in the journal Explore! and are there for anyone to read. {note 13] 

Presently my CTEC colleagues and | have filed three patent applications and a continuation, on various methods for 
overunity processes and apparatuses, room temperature superconductivity, Poynting generators, etc. 


As an example, we took exactly the opposite approach to room temperature superconductivity as has been taken by 
all the orthodox researchers to date, What exactly is sought, after all, for superconductivity (SC) in a section of an 
electrical circuit? Well, one has some electrons on one side of that SC section that are transporting excess potential, 
as given by the Slepian vector J". [note 14] What is desired is to get some electrons on the ather side of the SC 
section that also are transporting the same amount of excess energy in the form of J*. You can do that in two ways: 
(1) you can flow the electron carriers through the SC section, carrying their J*, or (2) you can block the J and flow 
the * itself across as the Poynting flow S. [note 15] Nondivergent Poynting flow flows along an equipotential, which is, 
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if one is to get the electrons through there without excess collisions that shake off some of the excess * from J*, as 
scattered photons (heat) or as a change of form of the energy (as in straining the dielectric of a capacitor to convert 
electrical energy to mechanical strain energy via the piezoelectric effect.) 


Our approach is exactly the opposite (Figure 11) and Figure 12). Why not just stop the flow of excited electron 
carriers on one side of the SC section, and continue the nondiverging flow of the Poynting field energy density S 
across that section at room temperature? Then the cryogenics is not needed at all. After all, circuits already work 
that way anyhow __ except standard practice is to nullify the process by letting current be driven around the 
sourcing current loop and back through the back EMF of the primary source. A quantum well (or several other 
methods) can be used to trap the “sourcing” electrons in the conductor just prior to entering the SC section. The 
“receiving” electrons on the other side of the SC section, however, must be in their own dq/dt-isolated current loop. 


Normal sources do not furnish electrons and current to a circuit anyway. Sources just furnish Poynting flow S and 
EMF, [note 16] In the receiving current loop, the EMF appears automatically once the S-flow flows in and is “locked 
on to” by the receiving electrons. Given q**, you will immediately have J* if the electrons are free to move in the 
conducting circuit (see Figure 13). Further, you have eliminated all the loss terms from the standard Poynting 
equation for energy losses. So all the energy flow S just flows across the SC section, without any current or Cooper 
pairs flowing through that SC section. The SC section has become a “bridge” which (1) strips off the Poynting field 
energy density flow S from the electron current da/dt on the sourcing side of the SC/bridge section, by simply 
reducing the dq/dt to zero; and (2) continues to pass the S-flow across the dqjdt-blocked SC/bridge section to the 
other side (Fiqure 14). The excess S-flow (and EMF) pours into the receiving dq/dt-isolated current loop, exciting the 
electrons therein to produce dq/dt and J*. Any closed current loop is self-powered, once it receives S and EMF. It 
furnishes its own electrons; it only requires excess energy and EMF. [note 17] 


So our approach gives room temperature superconductivity in a very straightforward manner, once you discover how 
to block the current dq/dt in a conductor. Blocking it in an insulator is not sufficient, because that drops the potential 
and stops the S-flow and the equipotential * (the EMF). However, a degenerate semiconductor such as the Fogal 
chip can be used, as can several other processes for blocking dq/dt in a conductor. We will discuss these in a future 
article. 


Another advantage of this approach to room temperature superconductivity is that now one can also have 
permissible overunity coefficient of performance. Now the load can be placed in its own S-receiving, isolated current 
loop. With the sourcing current loop furnishing only $ and not da/dt, the load is still powered normally in its own 
closed da/dt current loop, but none of the load current is passed back through the back EMF of the primary source in 
the sourcing circuit, 


This principle — that at least a substantial portion of the load current must not pass back through the primary source 
— is the primary principle required for a permissible overunity electrical machine (Figure 15). A permissible overunity 
electrical machine is one which produces more power in the load than you have to put into the machine to run it 


Obviously, the laws of physics and thermodynamics require such an overunity machine to be an open system that 
extracts and utilizes excess energy from an external source. In the case outlined, we extract the excess energy 
directly from the vacuum in the form of S-flow; essentially we convert our primary source to a Poynting generator 
rather than a “power” (energy flow loss rate) generator. The resulting9. overunity machine accomplishes both room 
temperature superconductivity and also overunity coefficient of performance (Figure 16). It does not violate the 
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a dipolar source, as in the simple two-wire circuit, all we are doing with the conductors is providing waveguides for 
the extracted S-flows from the vacuum to flow along (it flows outside the conductors) without loss. In effect, each 
lead is simply extending the pole (i.e., the terminal) to which it is connected. 


My associates and | are also working on several other inventions at present, including two more patent applications 
to be filed in the near future. One of those is in the field of overunity power systems, while the other is in an entirely 
different, highly proprietary nuclear effort. | will address all these areas in future columns, and those columns will 
have real “meat” in them. 


Present *big science” proclaims that overunity electrical machines are impossible. The reader should understand 
that the U.S. Patent and Trademarks Office is never going to grant a patent for an overunity electrical machine 
unless the machine is independently tested and replicated, and unless it is certified by scientists of impeccable 
credentials. This is as it should be, Legitimate free energy researchers accept that dictum. Eventually the stuff has to 
Work on the bench in order to be validated. On the other hand, free energy researchers also point out that one must 
not demand of us the next 100 years of national research by a hundred major laboratories immediately! This is still a 
shoestring operation, because all conventional sources of research funds are denied to the serious overunity 
researcher (with the single exception of occasional personal funding of a researcher by a private individual). In other 
words, we demand at least the same kind of consideration that the orthodox nuclear fusion community has enjoyed. 
Billions of doliars have been poured into that sinkhole, and not a single controlled fusion power unit is working 
anywhere in the world after decades of work at enormous expense to the taxpayers. 


So we overunity researchers deserve at least a decade or two of our own, to try to accomplish overunity electrical 
system development. We also painfully point out that “Big Science” will not fund a single overunity researcher, for 
specific overunity purpose, no matter what his credentials or capability. In fact, “Big Science" is part of the problem, 
because it fervently seeks to prevent any legitimate research in overunity. To carry out its suppression campaign. it 
resorts to vilification, character assassination, libel, and slander of the overunity researchers themselves _ again, 
regardless of their qualifications or legitimate scientific procedures. [note 21 


Indeed, orthodoxy has a black record with respect to energy. When Mayer advanced the conservation of energy law, 
orthodoxy hounded him unmercifully. He was universally ridiculed as the very epitome of a fool. He lost his job and 
suffered a nervous breakdown. Then years later toward the end of his life, scientists came to accept the 
conservation of energy as a most useful tool that dramatically simplified much of their analyses. So then science 
began to laud Mayer. There are a thousand other such examples; suffice it to say that “big science” is a bureaucracy 
and a “bell-shaped distribution curve” just like any other large group of people. Some scientists are near-angels. 
Others are near-devils. The vast majority are neither, but are just ordinary persons doing a special kind of job. In the 
scientific bureaucracy, however, the manipulative scientists scurry, slash, and manipulate their way toward the top. 
So the leadership of any big bureaucracy including the scientific bureaucracy __ is always rife with such near- 
scalawags and power-hungry individuals. Scientists are not exceptions to the same human weaknesses that we all 
evidence. If you really want to see jealousy, backbiting, and fierce "back-room dealing’ and power-struggling, just get 
into a university research environment! But because the “power merchants” of any bureaucracy always fiercely resist 
any challenge to their position or superiority, big science has always fiercely resisted anything truly revolutionary. 
And today they also enlist the power of the state to enforce their dictum. We will devote one of our future columns 
to pointing out some glaring examples of persecution of independent researchers by big science, It is an area that all 
unorthodox researchers should be well-aware of. The world of science does not run by sweet reason and lofty 
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to the U.S. Patent and Trademarks Office. Anyone with a modicum of knowledge of modem physics already knows 
that there does not exist a single closed system in the universe, anywhere. In particular, every physical system is 


continuously “open” to the violent exchange of energy with the surrounding vacuum. I's just that most systems are 
in local equilibrium in these flow exchanges, except for minuscule gating accomplished for such things as the Lamb 
shift, etc. 


By analogy it's something like this. The free energy researcher is standing by the banks of a mighty, rushing river 
with breathtaking falls, turbulent areas, eto. Big Science is begrudgingly admitting that, yes, there is a river there, but 
it san insane delusion to think that you can tap that energy. The free energy researcher is saying that, well, if | can 
build a gating sluice a 
my waterwheel, and power my mill, The orthodox scientist then vilifies the free energy researcher for even having 
such a heretical thought. In fact, says the orthodox researcher, any fool can see that the laws of nature force the 
river's flow to stay firmly in its banks, because it is a closed system, and Moses brought that law down off the 
mountain with him on a special stone tablet, Then he adds all the other smug remarks such as, “Ifit could be done, 
then we at MIT and Harvard and Caltech would already have done it!” So until the orthodox scientist develops a little 
less dogma and a little more common sense, and learns the difference between a scientific discussion and a 
dogfight, the free energy researcher can hardly communicate with him. 


le distance upstream, perhaps | can divert a small portion of the river's flow downstream to 


The goal of the legitimate free energy researcher is to find a way to break the local equilibrium of this universal 
energy exchange, and gate a tiny bit of it up into the external circuit as excess electrical energy (Figure 17). Then he 
must collect the excess energy, and shuttle it from the “gating and collecting circuit” over to a da/dt-closed current 
loop containing the load. He must also prevent the load current, or most of it, from passing back through the primary 
source against its back EMF, because if it does that, he will destroy the separation of charges in the dipolar source, 
killing the dipole and extinguishing the "excess energy gating.” In other words he must find a way to process and 
transport the energy flow across da/dt-blocked bridges between the source's closed dq/dt-current loop and the 
load’s closed dq/dt-current loop. Ruthlessly it is an energy transport S-flow problem, not a J* energy transport 
problem, Ifhe uses J’ in his sourcing current loop, he automatically drives the current dq/dt back through the back 
EMF of his source and kills it. If he does not drive dq/dt back through the source, the source will furnish S-flow for an 
indefinite period! Every battery and generator we have ever built is already a “free energy" machine in that it already 
involves broken local symmetry in the vacuum energy exchange. We have just not realized how to use our power 
sources purely as Poynting S-flow sources. 


‘So we must treat an electrical system as an open system with broken local symmetry (Table 3) in the vacuum flux 
exchange, so that the system extracts (gates) excess energy from an extemal source. In this case the source is the 
system's flux exchange with the vacuum. This approach is no more mysterious or bizarre than putting a waterwheel 
in a river, or a windmill in a wind, or a bank of solar cells out in the sunshine. The universal “free source of energy" 
that the overunity researcher seeks to tap is the violent exchange of virtual photons between the electrical charges 
of the system and the surrounding quantum mechanical vacuum (Figure 18). In quantum physics this powerful, 
energetic exchange of the vacuum with electrical matter is now proven both experimentally and theoretically. It is 
already accepted in quantum physics that the vacuum is filed with electromagnetic energy. The researcher doesn't 
have to prove it anymore; he just has to find out how to properly use it. The artesian well is already there; we just 
have to leam how to collect and use the flowing water without dynamiting the welll 


The remaining objection orthodox scientists usually raise against the notion of extracting vacuum energy has been 
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physicists have made various theoretical estimates of the energy density of this seething vacuum. A conservative 
ballpark figure is something on the order of 1090 grams per cubic centimeter, expressed in mass units. 


It has also been my good fortune to know and work closely with several other free energy researchers. I was a 
colleague of Floyd (“Sparky”) Sweet (recently deceased) for about seven years; Sparky held a Master's degree in 
EE from MIT and had years of experience with General Electric and other firms. He was a highly skilled researcher 
Who invented the solid state vacuum triode amplifier (Figure 19), a unit which produced 500 watts of output and a 
coefficient of performance of 1,500,000. | personally tested the machine, activated the magnets on one occasion, 
and understand how it all worked. [note 24] The paper [note 25] | co-authored in 1991 with Floyd is still the only 
paper in the orthodox engineering literature that reports (a) successful overunity functioning of a solid state magnetic 
device, and (b) a successful antigravity experiment on the laboratory bench, reducing the weight of an object by 


90%. [note 26] 


We stress again that a legitimate overunity electrical machine must be an open system, receiving excess electrical 
energy from the surrounding vacuum. As such, it must operate in a higher topology than normal electrical machines 


Figure 20) 


My good friend Frank Golden has long been a close colleague. Years ago Frank developed a motor that produced 
overunity efficiency, but then to our astonishment we found (courtesy of Bill Tiller, note 27] with whom we were 
Working at the time) that its operation depended upon a 5-year-long conditioning (structuring) of the local ambient 
potential in order to work. Previously we had been entirely unaware that one can sometimes condition the local 
vacuum and the local matter in the area with a particular dynamic form. Given the local conditioning, a motor with 
that form will then work in that vicinity, but not necessarily elsewhere at an appreciable distance away. We now 
understand the mechanism for such “conditioning of the vacuum.” We also now know what to do ifan overunity 
machine is actually a machine of that type (many of them are not). In other words, we know how to convert it to a 
machine that will work anywhere, anytime. We will be addressing such little-known things in future articles. 


John Bedini is also a close friend and colleague; John built several experimental motors (both electrical and 
magnetic) in the overunity area, and performed successful trans-mutation experiments. John is a recognized genius 
in high-end sound amplifier development. Many audiophiles worldwide still swear that the Bedini amplifier is the best 
and sweetest-sounding audio amplifier ever built. One of John’s battery-powered electrical motors (Figure 21), for 
example, ran continuously off its battery for about five years, and kept the battery charged. When you realize that 
such a small electric motor is only about 35% efficient, then you realize that about 65% of the energy flowing out of 
the battery was being dissipated in the motor as heat, core losses, etc, So the unit was continuously performing 
work for that five years. [note 28] The 1/8 hp motor represented a load in which the continuous rate of work being 
done (the rate of energy dissipation) was about 0.08 hp, We will have more to say on this motor and its technical 
process in a future article. 


Bill Fogal is a close colleague; Bill has patented the world’s first dq/dt-blocking semiconductor, [note 29] which 
partially blocks the normal current while continuing to pass the flow of voltage (Table 4). | have written a proprietary 
technical explanation of the Fogal semiconductor, which utilizes an extremely litle-known feature called the 
“overpotential.” The overpotential part of the theory is experimentally proven and theoretically explained in an 
obscure part of electrachemistry, by a few chemists who specialize in electrode effects. J. O'M. Bockris is probably 
the leading world expert in overpotential theory; he authored the textbook on it. [note 30) 
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building ground, and we needed to make “floating di measurements in order to settle things once 
and for all. McLain and Wooten have filed for a patent, and multiple tests with excellent equipment have indeed 
indicated overunity. What happens next remains to be seen. | suspect that the two inventors may simply accept 
foreign capital investment and go offshore. 


Howard Johnson is also a respected colleague, whom | very much admire. (See Figure 23). Howard has continued 
to work quietly and patiently upon his patented permanent magnet motor, {note 31] including patenting various 
magnetic gates, etc. that are necessary to make such a motor work in a rotary configuration. [note 32] Howard 
employs a two-particle theory of magnetism; i.e., each magnetic flux line is envisioned as having a particle traveling 
from the north pole to the south pole, and also a particle traveling from the south pole to the north pole, The particles 
are spinning; the forward-time particle spins in one direction, and the antiparticle spins in the other direction. Howard 
then slightly separates the two particle flows. [note 33] In other words, Johnson splits the flux lines themselves, into 
two different pieces. When so separated, the component lines are now curls, so their paths curve. The paths of the 
two “curl particles" are different; one curls in one direction and the other curls in the opposite direction. Further, a 
predominance of one form of curl particle gives a “time-forward” aspect, while a predominance of the other form of 
curl particle gives a “time-reversed” aspect. Johnson is thus able to employ a deeper kind of magnetism than the 
textbooks presently contain. He demonstrates that a “spin-altered” magnetic assembly exhibiting (to a compass or 
other such detector) a north polarity can attract another unaltered magnetic assembly exhibiting a north polarity. In 
short, he can make a north pole attract a north pole, We will give you further insight into Johnson's two-particle 
theory in a future article, [note 34] We will also explain how and why the physicists missed that antiparticle in the 
magnetic field's flux lines, and thereby failed to advance the theory of magnetism to a deeper level. Make no 
mistake, one day when the new theory is done, Johnson may well be awarded a Nobel Prize for his epochal 
discovery of a deeper structure of magnetism, 


Bits and pieces of the new science approach are just now beginning to spill into a few conventional journals and 
symposia, For some time a few of the rebels spearheading this new science have been doing something that the 
University scientists should have been doing all along. The rebels have been meticulously examining the concepts, 
postulates, and definitions that the present scientific models are founded upon, to reveal serious foundations errors. 
Corrections for some of these errors have been discovered and made. {note 35] Others are still problems yet to be 
resolved. Yet slow progress is being made, and a “fip-over’ of the old science is likely to occur within the next 
decade if not sooner. By then the new concepts will have become “solid” enough to allow producing an engineering 
mathematical model. Also the supporting experiments will have become solid enough to justify the new concepts 
and the model. 


In this first article | wanted to introduce the 14 major areas. We will be discussing these areas in some technical 
detail in the future. We'll also include current major news items of development in these areas, for the interested lay 
reader. I'l particularly try to give you the benefit of extensive reference citations painfully gathered over the last 30 
years. The articles will be targeted toward both the serious researcher and the interested, educated layman. 


So that's the agenda for the months ahead. We hope you find this information and the approach of direct interest 
and use. 


Again, it's a privilege to be aboard. And we invite you to hang on in the future: it's going to be a wild but exciting ride. 
We really are going to chase this wild dragon with great vigor. 
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Originally published: ExtraOrdinary Science (Volume 1, Issue 4; Oct/Nov/Dec 1989) 
WARNING: Do not attempt electrical construction on any of the equipment, coils or devices described here 
unless you are fully qualified. In some cases LETHAL voltages and charges are required. Also be advised 
that improper use, application and physical methods may cause psychological tramuma or permanent 
physical and neurological damage when near the vicinity of such equipment. This information is being 
provided as a point of interest to our readers... the publisher and author disclaim any responsibility in the 
use or misuse of this information. 


Introduction 


All of this talk so far on scalar waves and scalar technology has no purpose in the scientific community until 
something can be detected, observed and duplicated. The original seedlings and thoughts which led to Lt. Col. 
Bearden’s scalar theories were developed out of observation. If not by Lt. Col. Bearden himself, then by others 
from many noncorrelated paths. 


| already have given a small sample list of such observers from Nikola Tesla to the latest, Moray King. I have just 
read a newly released book by Moray entitled Tapping the Zero Point Energy. | also recommend highly for others 
interested in scalar technology to obtain copies of Bearden's works and books from the new release of Excalibur 
Briefings to AIDS--Biological Warfare. The two books and papers wil fil in the much needed base work on 
understanding scalar technology and can be obtained through the High Energy Catalog. 


also understand that a new book is in the making which is a rebuttal entitled something along the lines of Anti- 
Scalar. All of this is healthy in any development process, for without pros and cans, the sorting of correct data to 
trash data cannot be accomplished. On the other hand, | would like to point out that any conclusions should be 
supported by actual tests and not just by armchair theory. 


‘Anybody can debate from the armchair but to have any meaning to back up their statements, one must present 
tests where one gets his or her hands dirty. That is to say that until | had reactions and observed actual 
phenomena occurring, all the theories were no more than that-just theories. This is what | hope to accomplish here 
with these articles on scalar technology. | feel this is a true new technology and deserves some serious 
consideration. 


If [had not gotten my hands dirty and followed through on others’ experiments from other observers then | would 
never have been convinced that something extraordinary was taking place. Even though my senses told me | was 
wasting my time I set out on the monotonous task of duplicating others's work and notes of observation. This is 
what I hope some of you will do and start to help unfold and unleash this hidden knowledge called scalar -- zero 
point energy -- stress energy and even radionics. Itis true indeed that it has many names over the years, but now 
we can at least have hope of defining its true limits and abilities. 


The detection methods | will present here are not confirmed by myself or corresponding researchers as of yet due 
to development is still in progress. In one method | can only accept the word of the researcher as to his results, 
Until | or others duplicate results it remains a possible process and approach in detection. 


My own detection came in the form of two experiments which were reproductions of another author's work based 
on this technology. When | had reproducible results | knew there was more to scalar than just theory. The process 
is now underway in developing a reliable instrument or means of detection that others can use. Up to this point 
most of scalar observations have been uncertain and always with the person or operator being part of the circuit. 
Nobody could remove the person at this point to bring scalar under true observation conditions. Due to a simple 
observation in Mr. George Meek’s work in electro-voice phenomena (EVP), where my first breakthrough was 
established, this now seems a possibility. The personal element was stil included in the circuit but unlike radionics 
or Hieronymus devices, could be reproduced by anybody once special conditions were met. A co-researcher has 
hit upon a method which was initially observed by Nikola Tesla and shows promise of another breakthrough in 
removing the personal element. 


| will now discuss my initial breakthrough to scalar detection which will help you follow my thinking on what is. 
needed and just what we are looking for in scalar detection. Scalar properties are the dictating key elements in this 
approach. | will then describe a possible detection method of another researcher and finally what I feel will be a 
unique approach with an instrument currently under construction by Mr. Russell Clift, a co-researcher/inventor, and 
myself. Do not feel you have to adhere to these techniques for they are only a guideline and starting point to spring 
from in your own approach to this subject. They are not established yet and will most likely be altered many times 
before their completion. 
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As in all unknowns there are always unforeseen dangers involved and one should always use extreme caution and 
behave professionally in all approaches with any experimenting. Madame Curi and the XRay research is a good 
example. They paid dearly for their progress in X-Ray development with their lives. Scalar and its properties can be 
just as deadly as itis fascinating. | hope you read the seriousness in my tone for no matter how science fictionish 
scalar may sound to you now, | assure you the reality of actuality can end up staring you in the face. 


Breakthrough Event 
Several years ago a Mr. George Meek presented me with construction planes and notes to a device he called Mark 


V. [Figure 1] Mr. Meek had been researching a phenomenon better known as EVP, or electro-voice phenomena. 
[Figure 2] 
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Figure 2. Construction Techniques for FM TFD & Hoop Antenna 


I would like to take a second here and answer a letter from one of Extraordinary Science's subscribers printed in 
our last issue. Mr. Jeff King from New Zealand had written to the effect if perhaps | could cover what relationship 
scalar technology has in reference to EVP. [Figure 3] Well here it is, for this was the first reproducible effect dealing 
with scalar energy [interference pattems] [Figure 4] that | could verify really took place. My second breakthrough 
was also in the EVP area but | will not be able to go into it at this time due to available space to cover what must be 
covered now. 


In short, Mr. Meek claimed to have a fantastic breakthrough of his own in the communications field of EVP. His 
claims were a recorded two-way conversation with another dimension. ZAP! Right here one would stop and feel 
that Mr. Meek and his researchers needed psychological help as | am sure some of you feel about me at this point. 
contacted Mr. Meek and he flew down to El Paso so we could talk in person. He brought me two audio tapes of 
which one surely did have what appeared two-way communication in real time. 


Up to this point all EVP claims were after the fact type of events. That is, the voices always appeared on blank tape 
after the operator had run the tape recorder for a period of time. No audible sounds were heard during the initial 
recording, only after playback of the tape~-sort of the same thing being done now with channeling, but the person is 
still part of the circuit. Not all voices were understandable or clear enough to be real voice prints or just random 
white noise perhaps forming what almost sounds like words. In other cases, the words and even statements were 
definitely clear and of intelligent source. Well, Mr. Meek's tape went way beyond this to a two-way real time 
conversation. 
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Fascinated by these claims | wanted to know more on how such a process worked. This is where he presented me 
with the second tape. It consisted of thirteen mixed electronic tones. No, there is no magical number in why thirteen 
tones were used only that they were needed to create interference patterns. These tones with an acoustical 
feedback and RF transmission with a Smith coil produced a unique interference pattern [scalar-RF and acoustical 
stress field]. 


followed the notes and set out to reproduce this fantastic claim. At one point in the notes was one observation 
statement: 


The system seems capable of feeding back changes in emotional states. 
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Figure 4. Mode 2 Communications Interference Pattern 


| stopped there and to my amazement found the observation to be true. | was able to control an avalanche effect in 
a balanced tone of a set of acoustical and RF frequencies with only my own concentration -- no doppler effect or 
movement or contacts to my body in any way. | taped this effect and it is available to those who wish to observe the 
level of control of an electrical circuit with shear stress energy from a human 


This observation is equal to Nikola Tesla’s observation of his plasma globe and tensing a fist. He found the plasma 
trail would rotate in relation with the tension or muscle pressure produced. | will cover this process in a moment for 
the plasma approach in construction a scalar indicator seems to be ideal due to its extreme sensitivity that up until 
now has been the human or personal element. 


Bedini Version ---- Dea/Faretto Scalar Detector 


In this version of an electromagnetic scalar detector you will see that a coll is suspended in a magnetic field within 
a shielded case. [Figure 5] It is not indicated but | am sure the coil should be wound as a scalar coil. See 
"Construction of a Scalar Coil," ExtraOrdinary Science, Vol.|, Issue 3, page 16. The shielding is so all that known 
EMF fields will be run to ground and not affect the sensor within the case. As you know, one of the properties of 
scalar energy is that it cannot be shielded. All known EMF will be stopped from entering the case except gravity 
fields and scalar energy. 


am not saying that gravity fields or scalar fields are EMF, but only that the formula to each have a basic root in the 
EMF part of the spectrum. A generated scalar pulse or field will cut past the case shielding and affect the atoms of 
the scalar coil within the magnetic field which in tum will be coupled to the op amp. Any change or effect will then 
be displayed on the scope indicating a pulse or field of some kind has gotten past the system's shielding and to the 
sensor. You should see a change in the display around 6AM when the sun comes up and there is a slight gravity 
shift. [1,2] 
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Bedini Version— 
Dea/Faretto Scalar Detector 
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CURVED SPACETING 
Figure 5. Bedini Version of Dea/Faretto Detector 


Plasma Scalar Detector 


This is the method which is under construction by Russell Clift and myself. At the time of this printing the 
construction is not far enough to give any details or results as to this approach. [See Figure 6] This is based on the 
same construction of Nikola Tesla's experiment.[3] Figure 7 is for experiments with various voltages and ion 
currents. Figure 8 is a simple multiplier for the AC supply shown in Figure 6. 
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Figure 6. Plasma Scalar Detector 
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Figure 8. Voltage Multiplier 
I know I have just touched upon this subject so far but | hope | have given some of you starting points in your own 
research and findings. | will welcome any and all papers or works you may do in the scalar field and submit your 


work for publication here for others to read and gain from. Will be looking forward to your replies in the new year. 
Thank you for your interest___WRY 
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Figure 1. Air medium disturbances generated by plucked string. 
Two waves are created, both slapping the air medium at the 
same time, but in opposite directions. A disturbed medium 
oscillates according to its own degrees of freedam, The air has 
More degrees of freedom than the string. A wave of compression 
and rarefaction |s created in the air medium. 
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(B { Bp ) AILEM and mechanical forces are due to virtual photon 

ns _s absorption and emission. The electran gas "slap" and the 
nuclei gas "slap" of the vacuum medium are equal in 
eneray. Hence they inject equal numbers of virtual photons, 
into the vacuum, creating equal and opposite vacuum 
disturbances. This gives a vacuum wave of attemiating 
compression and rarefaction. This vacuum EM wave is 
similar to a sound wave, which is modeled langitudinally. 


Figure 2. Launching an EM wave from a wire antenna. 
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Figure 3. Internal Wave Structure of the scalar potential. 
A harmonic set if wavepairs, where in each wavepair the two 
waves super pose spatially, but travel in opposite directions, 
‘The two waves in each pair are true phase conjugates and 
time-reversals of each other. Thus they comprise a coupled 
wave and antiwave, The photons must also be coupled into 
photonvantiphoton pairs, by a strong application of the 
distortion correction theorem of nonlinear optics. 
Each wavepair is a standing electrogravitational wave. 
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Figure 4. Scalar potential interferometry provides action-at-a- 
distance. It already creates normal EM fields and waves. 
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phase waves of photon/antiphoton 
coupling and uncoupling in the vacuum 


The atomis an assembly of dynamic dipoles. 


A dipole splits the graviton into a photon and an antiphoton 
The photon interacts with the electron, producing the action 
The antiphoton interacts with the nucleus, producing the reaction 


Figure 5. Graviton interaction with matter produces the 
photon interaction and Newton's third law reaction. 
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Figure 6. Currents in and along a conductor, with electron precession. 
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Dipolarity of the atom separates photon and antiphoton 
Photon interacts with electron 
Pumped nonlinear atom acts as a pumped phase conjugate mirror. PHOTON 
Directs the antiphoton back along the path taken by graviton 
 Antiphoton does not interact with nucleus. fix 
Thus there is no nuclear recoil farce generated a 
© Nucleus thus does not recoil ANTIPHOTON 


¢ Not a violation of Newton's third law, ance one understands 
the mechanism that generates third law reaction. In the absence 
of the generating mechanism, there is no third law recoil. In EM field 
theory, the ‘missing antiwave" has necessitated third law omission 


Figure 7. Emission of antiphoton; nucleus does not recoil. 
Atom acts as a pumped phase conjugate mirror. 
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Room temperature NOTE: May also utilize a tuned 
superconductive section LC oscillator on the secondary 
side of the transformer 
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Figure 8. dq/dt-free driving a swinger by S-flow. 


Poynting energy flow S with its accampanying potential V 
is shuttled from the source to a tuned LC oscillator in 
Tesonance at the driving frequency or slightly below. The 
LC aseillator is driven by S-flow and dV/dt flow alone, 

The swinger furnishes its own ftee electrons, which receive 
8 and EMF from the bridga, thereby producing dq/at 
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Figure 9a, Normal resistor receives ordered energy and scatters it 
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Figure 9b, Negative resistor receives, concentrates, and rearders scattered energy. 


Figure 9. Normal resistor versus a negative resistor. 
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Some 17 signals were fed into a rotating plasma, which added phase conjugates 
tothem. This Infolded 17 wavepairs, each pair a coupled wave/artiwave, 
thereby forming a sealar potential with an artificial Whittaker pump wave 

internal structure. This infolded pump wave complex was modulated onto a 
powerful, rippling magnetic field, quaranteeing penetration even into the atomic 
Tuclei, A specific, amplified antiengine for the exact callular disease state 

was generated, reversing the diseased cells back to a previous healthy state 


Figure 10. Priore's laboratory apparatus for cellular reversal. 
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Figure 11. Poynting S-flow along a simple circuit. 
From particle physics, any electric charge is a broken 
symmetry in the vacuum's virtual particle flux. Any 
dipole is thus two locally broken symmetries, Thus 
the dipole acts as a gate/source, driven by the fierce 
vacuum flux. Soa dipole already "extracts" and gates 
EM energy flow, directly from the seething vacuum. 


Every battery and generator is already a “free energy” 
source of extracted and gated EM energy from the vacuum. 
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Figure 12b. In a conductor with dq/dt blocked; S-flow and hidden 


Whittaker-wave flow continue: 


Figure 12. Overt and covert field energy density flows. 
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Figure 13. Poynting vector currents S and S' versus 
massless displacement currents. 
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Figure 14. Bridging to enable room temperature superconductivity. 
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Figure 15. Use of Fogal semiconductor for overunity (closed system). 
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Figure 16a. Magnitude of the scalar potential is determined 
by work required to push in a unit charge from 
infinity; e.g., against a repelling like charge. If test 
charge is released, work will be performed upon it 
to translate it back toward infinity 


Figure 16a. Process for overunity coefficient of performance. 
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Ideally, switching the potential, rather than flowing charges, 
requires only minuscule overhead energy dissipation 


Figure 16c. Potential to which test charge is exposed. 
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Figure 17. Operation of an overunity electrical power system 
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Figure 18. Anelectric charge q is a broken symmetry. It continuously 
and violently exchanges energy with the vacuum 
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n these medta-fueled times, when war isa tele 

vision spectacle and wiping out large numbers 

of civilians is generally frowmed upon, the perfect 

weapon would literally stop an enemy in his tracks, 

yet harm neither hide nor hair. Such a weapon 

|) aight shut dovm tlecommunications networks, 

disrupt power supplies, and fy an adversary’s 

(MM coy cthexs computers and electronic gadgets, yet 

‘leave buildings, bridges, and highways intact. t would 

strike wth precision, in an instant, and leave behind no 
trace of where it came from. 

In fy itlmost certains already here, nthe form of high 
power microwave (HPM) weapons. A their name suggests, 
HPMs generate an intense “blast” of elecaromagneticwavesin 
the microwave frequency band (hundreds of megahertz o tens 
of igahera that is stong enough overload electrical cuit. 
Mosttypes of matterare transparent to microwaves, but metal: 
lic conductors, ike those found in metaande semiconductor 
(MOS), metalsemiconductor, and bipolar devices, strongly 
absorb them, which in tar heats the materi 

’An HPM weapon can induce currents large enough to 
melt circuitry, But even less intense bursts can temporarily 
disrupt electrical equipment or permanently damage ICs, 
causing them to fail minutes, days, or even weeks later. Peo 
ple caught in the burst of a microwave weapon would, by 
contrast, be untouched and might not even know they'd 
been hit (Theres, however, an effort to build a microwave 
‘weapon for controlling crawds; a person subjected tot def. 
intel feels pain and is forced to retreat) 


red world, the allure and the 
danger of high-power microwave weapons 
oth very real By Michael Abrams 


HPM sources are maturing, and one day, in the very 
near future, they will help revolutionize how U.S. soldiers 
fight wars,” says Edl Schamiloglu, a professor of electrical 
and computer engineering at the University of New Mexico 
in Albuquerque and one of the leading researchers in this 
burgeoning field 

‘The fact that we seldom hear about HPM weapons only 
adds to their exoticism. Last spring, stories leaked to the 
press suggested that the Pentagon, after decades of research, 
had finally deployed such a device in Iraq. And when news 
footage showed a U.S. bomb destroying an Iraqi TV station, 
‘many informed onlookers suspected it was an electromag. 
netic “e-bomb,” 

1 saw the detonation, and then I saw the burst—which 
wasrit much. If they took the station out with that blast, | 
strongly suspect that we used Iraq as a proving ground’ for 
PMs, says Howard Seguine, an expert on emerging weapons 
technology with Decisive Analytics Corp., in Arlington, Va. 

But while the U.S. military proudly paraded assorted new 
warmaking technology during its conquest of Iraq, from 
unmanned combat aerial vehicles to a new satellite-based 
tracking network, it remained tight-lipped about this 
“mother of all weapons.” Asked at a 5 March news briefing 
to confirm the rumor, General Tommy Franks, head of U.S. 
forces during the war, would only say, "I canit talk to you 
about that because | dont know anything about it 

Military secrecy is nothing new, of course. What is known 
about microwave weapons is that the U.S. military has 
actively pursued them since the 1940s, when scientists first 
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observed the powerful electromagnetic shock wave that accom- 
panied atmospheric nuclear detonations, suggesting 2 new 
class of destructiveness, While much of the work on HPMs 
remains classified, the Pentagon has also recently sponsored, 
a number of U.S, university laboratories to work out the basic, 
principles of microwave weapons, including reliable and com- 
pact nonnuclear ways of generating microwave pulses. 

‘Many of those results are being published in the open lit- 
erature (see To Probe Further, p. 30) In fact, all you need is a 
reasonable grasp of physics and electrical engineering to 
appreciate the ingeniousness of microwave weapons. Anyone 
with a technical bent could probably also build a crude e- 
bomb in their garage, a thought that security-minded folks find, 
rather troubling. 


How they work. 

From the military's perspective, HPM weapons, also known as 
radiofrequency weapons, have many things going for them: 
their blast travels atthe speed of light, they can be fired with- 
cut any visible emanation, and they are unaffected by gravity 
or atmospheric conditions. The weapons come in two flavors 
uirawideband and narrowband. Think of the former as a flash- 
bulb, and the latter as a laser; while a fashbulb illuminates 
across much ofthe vistle spectrum (and into the infrared), a 
laser sends outa focused beam ata single fequency. 

Like the flashbulb,ultrawideband weapons radiate over a 
broad frequency range, but with a relatively low energy (up to 
tens of joules per pulse). Their nanoseconds-long burst pro- 
duces a shock that indiscriminately disrupts or destroys any 
unshielded electronic components within their reach, The 
bombis destructiveness depends on the strength ofthe ultra: 
wideband source, the altitude at which itis initiated, and its 
distance from the target [see “E-Bomb Anatomy” p. 29. 

‘Narrowhand weapons, by contrast, emitat single frequency 
or dosely clustered frequencies at very high power (from hun- 
dreds up toa thousand klojoules per pulse), and some can be 
fired hundreds of times a second, making an almost continu 
ous beam. These pulses canbe directed at specific targets—say, 
4 command and control complex positioned on the roof of a 
hospital in a densely populated neighborhood—and tuned to 
specific fequencies. Technologically more sophisticated than 
ulrawideband sources, they are far more dificult to develop, but 
are reusable and potentially of much greater use othe U.S. mil 
itary 

Both versions wreak the same kind ofhavocon justabout any 
kind of unprotected electronic equipment. Partcalarly vulnerable 
is commercial computer equipment anything in excess of ust 
tens of volts can punch through gates in MOS and meta semi- 
conductor devices, efectvely destroying the device, explains Carlo 
Kopp a visitng research fellow in military strategy atthe Strate- 
sicand Defense Studies Cente in Canberra, Australia, anda com- 
Dter scents who lecuesat Morash University n Melbourne. 
“The higher the circity’s density, the more vulnerable its, be- 
cause less energy is required to overload and destroy the transis. 
tors. HPMs aso produce standing waves in electrical ri wiring 
and telephone and communications wiring, entering through 
cables, antennas, and even ventilation grill. They can immobilize 


vehicles with electronic ignition and control systems, too, 

“Since the frequency is high, this permits parasitic or stray 
capacitances to couple energy via paths in the circuit that may 
not be protected against overvaltage,” Kopp explains. 


The e-bomb 
‘You could deliver an e-bomb in a number of ways: cruise mis- 
sile, unmanned aerial vehicle, or aerial bomb. Whether ultra- 
wideband or narrowband, the e-bomb consists of both a 
‘microwave source and a power source [again, see diagram, p. 29} 
Ultvawideband e-bombs aim to create an electromagnetic pulse 
like that accompanying a nuclear detonation, except that the 
‘nuclear material is replaced with a conventional, chemical explo- 
sive, The microwave source typically elies on an extremely fast, 
switching device, according to Kopp, who has written widely on. 
weaponizing HPM technology. Narrowband e-bombs might 
use a virtual cathode oscillator (vircator) tube or a variant of a 
‘magnetron. Though termed narrowband, they dorit have the 
hhigh coherency seen in signal-carrying applications, Kopp says. 

It takes gigawatts of power to feed an e-bomb's microwave 
source. For that, the flux compression generator, or FCG, is a 
‘good choice, says Kopp. Invented by Clarence ("Max") Fowler 
at Los Alamos National Laboratory after World War Il as a by- 
product of research into atomic bomb detonators, ECGs are 
conceptually simple. The best-known type consists of an explo- 
sivepacked copper cylinder surrounded by a helical current. 
camtying coil. Upon detonation, the explosion flares out the 
cylinder, short-circuiting the coil and progressively reducing 
the number of turns in the coil, thus compressing the mag- 
netic flux. Large FCGs have produced tens of gigawalts, and 
they can be cascaded—connected end to end—so that the out. 
pput from one stage feeds the next. 

Despite its simplicity, an FCG-powered e-bomb is probably 
‘oo difficult for the average terrorist to build on the cheap. For 
cone thing, to test the assembled apparatus, you have to blow 
itup. For weapons researchers, the e-bomb poses other prob- 
lems. The strength of the shock wave dissipates rapidly as it 
‘moves out from the explosion. To knock out an electrical 
power substation, for example, the weapon has to strike within. 
about a hundred meters. “Like all microwave radiation, the 
effect follows an inverse square law with increasing distance,” 
Kopp notes. Though the explosion needed to force out the cur- 
rent can be fairly small, it keeps the munition from being 
fully nonlethal and nondetectable. Also, anything that's been 
hardened or shielded against an electromagnetic pulse from, 
a nuclear bomb will probably emerge unscathed. 


Focused like a laser 
‘The type of narrowband HPM weapons that the U.S, military 
is looking at offers everything that e-bombs do not. They're 
nonlethal, reuseable, and tunable, and they can be fired from. 
‘miles away. Like a laser, the focused beam disperses only slightly 
over great distances. With a frequency range that is between 
about 1 and 10 GHz, they can penetrate even electronics 
shielded against a nuclear detonation. The deepest bunkers 
with the thickest concrete walls are not safe from such a beam, 
ifthey have even a single unprotected wire reaching the surface 


like a laser beam. 
) and the beam sit three 


tored energy into an electron 


‘waves, and an antenna that points 

Kirtland Air Force Base, in Albuquerque, N.M., is consid 
‘ered the epicenter ofthe Pi pulsed:-power 
electromagnetic weapons. There, its premier pulsed-power sys 
tem, the Shiva Star is housed behind meter-thick 
photo, p. 28], An Air Force spokesperson refused to comment 
‘on what goes on in their pulsed-power programs, but a fact 
sheet on the Web site of Kirlland’s Dir 
describe ble of producing "120 thou 
volts and 10 million amps for down to one millionth ofa s 
‘ond to produce a power flow equivalent to a terawatt. 

The Kirtland machine isrit used to investigate HPM 


tagon's research 


the Shiva Staras ca 


sapons per se, and its m: makes it clearly imprac 


tical for delivering microwave beams to any spots of real mil 


itary interest. Indeed, one big push in microwave weapons has 

Back in the 1960s and 1970s, the 
can do it—but Hoover Dam 
says Seguine, But just as batteries for 


been toward portability 
attitude was, 'Yeah, w 
as our power supply, 
cellphones and laptops ha 
have sources for microwave wi 
In the 1990s, the U.S. Air For 


chrunk and gained capacity, so 
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‘Schamiloglu holds a ripple’ 


wall 
waveguide connected to an 
antenna. The waveguide is where 


kinetic energy from a pulses 

power-driven electron beam is 

transformed into high-power / 
microwaves. In the background 
sit the Pulserad-HOA (left] 
and the Russian-bullt Sinus-6 
[right]. The Sinus-6 can fire 
a several-gigawatt pulsed 
beam 200 times a second in 
1O-nanosecond bursts. 


up a five-year Multidisciplinary University Research Initia. 
tive (MURI) program to explo e sources. One of 
those funded was the University of Schamiloglu, 
whose lab is located just a down the road from 
here the Shiva Star sits behind tightly lacked doors. Thanks in 
large part to his and his colleagues’ efforts, the fundamental 
capabilities and limitations of high-power microwave sources, 
are now better understood and appreciated, 

‘Amidst the lead bricks and clutter in Schamiloglu’s base: 
‘ment lab lies his masterwork: the Sinus-6. "A lot of laborato- 
ries come up with very cute names for th 
with a smil 


Schamiloglu né We never did. 


cylinder at one end connected to the long microwave source, 


two coils vibrate in resonance and amplify the i 


age “with nearly 100-percent efficiency,” Schamilo 


ulse has been transformed into an electron beam, 


it is guided by a strong axial magnetic field through the long 


tube that will turn it into micr 
The Sinus-6 can fire 
times nd in 10-nanos 


everal-gigawatt pulsed beam 200 
1d bursts, “It hast 


power because what youre after is high peak power,” 


amiloglu. “The power in the microwaves is go 
depend on the electric field squared, so if you generate very 


large power, then the electric field is going to be big.” 
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How big? To drive the Sinus-6's beam continuously for an 
entire second, you'd need to supply about 25 gigajoules—the 
entire output of a typical coal-fired electrical plant for 10 full, 
seconds,” Schamiloglu says. Another reason for pulsed rather 
than continuous power isto avoid a problem at the output end: 
the air around the antenna would heat to a plasma that in tum, 
‘would interfere with a continuous beam at these power levels, 

‘The key to reaching gigawatts of power is dumping all the 
energy in one gigantic, nearly instantaneous pulse. A pressurized, 
gas switch prevents the Tesla transformer from prematurely, 
dumping as it builds up for the next pulse. The switch is filled 
with highly compressed and nonconducting nitrogen gas. When, 
the transformer coils reach 700 KY, the nitrogen gas breaks 


The U.S. Air Fores 
Star is a pulsed-power system 
used to simulate the effects of 
fauclear weapons. 


down, and the pulse leaps through to the electron-beam diode. 
‘Once you've fired the switch, it conducts, it generates a 
pulse,” says Schamiloglu. “It conducts because youve made a 
plasma channel out of the gas. Then you have to wait for that 
plasma to recombine and form a neutral gas again. A typical 
time scale for this thing to recombine and fizzle out and be a 
neutral gas again is probably on the order of milliseconds. 

‘Among the best candidates for supplying microwaves is the 
backward wave oscillator, it has the advantage of being tun- 
able (plus or minus 20 percent) and producing output in 
the 4-10-GHz range. To turn the kinetic energy from the 
Sinus-6s electron beam into high-power microwaves, the 
oscillator uses a rippled. wall waveguide, also called a slow-wave 
structure [see photo, p. 27] 

‘The structure sets up standing electromagnetic waves in 
such a way that energy is rapidly transferred to them from the 
incoming beam of relativistic electrons from the Sinus-6, This 
growing energy initially propagates in the opposite direction of 
the beam's movement—hence the device's name—and is then 
reflected forward and radiated in the form of high-power 
microwaves. Backward wave oscillators, by the way, are also 
being tested as a way to push giant sails into outer space, to 


detect space debris, and to clear minefields. 

Being able to tune an HPM weapon comes in handy when 
particular target proves invulnerable toa particular frequency. 
“Experience has shown that ifthe frequency is slightly altered, 
‘measurable effects are discemed,” Schamilogla notes. People 
used to believe that varying the frequency of HPMs wast prac 
tical, but Schamiloglu and his students proved them wrong, 

Coincidence and curiosity led to their discovery. Schami 
loglu frst acquired the Sinus-6 from Russian researchers in the 
early 1990s, (The Soviet Union once boasted a sophisticated 
program to develop microwave weapons; after its collapse, 
parts of that legacy were put up for sale, to the delight of 
researchers like Schamiloglu.) But once the apparatus was 
assembled in his New Mexico lab, he couldrit get ito operate 
as promised, so Russian colleagues flew over to help. 

“One of them took the RF structure [the rippled-wall wave- 
guide] and started hammering on the thing,” Schamiloglu 
recalls. When they tried itagain, everything worked. “I was baf- 
fled why manhandling this RF structure—ramming it in— 
could affect the power so much,” says Schamiloglu. So he 
started a series of experiments in which he slightly displaced 
the backward wave oscillator by increments. With a litle exper- 
mentation assisted by computer simulations, his team found 
that the frequency could be adjusted by changing the distance 
between the diode and the microwave source. The result is that 
the backward wave oscillator is now one of the few pulsed- 
power HPM sources that can be tuned. 


‘Smaller is better 
One disadvantage of this oscillator, however, is that it needs an. 
external magnetic field to create the microwave beam, a major 
hurdle to making the whole system smaller. The size of the 
Sinus-6 and attendant equipment in Schamniloglu’s basement 
suggests that the U.S. military is nowhere near fielding a nar. 
rowband HPM weapon. "When | first started working on 
high-power narrowband sources, we joked that you can do 
‘more damage dropping this equipment on someone than you 
can by using it,” he recalls. "People know how to make 
‘microwave sources in the laboratory. The challenge isto take 
this and package it into an autonomous platform and have it, 
function at the same parameter levels.” 

‘Schamiloglu is now hard at work under a new MURI pro- 
‘gram to study the possibilities of making a compact pulsed: 
power source. Current narrowband generators are typically 
several meters long, batteries nt included. Schamiloglu and his, 
colleagues are studying how to incorporate novel ceramics into 
pulsed-power systems, which they believe will allow the length, 
‘of such sources to be halved. The trick is identifying materials, 
with a high dielectric constant that can also survive the harsh 
clectric fields. “Materials will be an important part in making 
the next giant leap,” he says. 


Life in a glass house 
Among those agreeing that narrowband HPM weapons will need 
‘more refining before they become truly useful to the military is 
Loren B. Thompson, chief operating officer of the Lexington 
Institute, a military think tank based in Arlington, Va. He looked 
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In this hypothetical design for an e-bomb, a 
‘two-stage flux compression generator pro- 
vides gigawatts of power to the virtua cath- 


Power supply 


Battery 


atthe technology as principal investigator 
of Directed Energy Weapons Technolo- 
fies, Applications and Implications.” a 
report thatthe institute put out in Febru- 
an: "We have some fairly rudimentary 
‘weapons that we're ready tous," Thomp- 
son says. “This is going to be a very 
{important weapons technology, and the 
basic physical principles are well under- 
stood. But the military is having some 
dificulty in assimilating them.” 

‘Thompson's report speaks of a 
future with stelites delivering missile- 
debilitating microwaves, unmanned 
vehicles that fly by and destroy commu- 
nications systems, and war without cv 
{an casualties, Butthe fact remains that 
it's the US. military—as well as US 
financial institutions, PCs, and Game 
Boys-—that will be the most susceptible 
to such weapons. 

“One of the things that happened 
during the last 10 years—as the Penta- 
gon fell in love with network-centered 
wwarfare—is that we purchased a lot of 
‘very fragile digital systems off the shelf 
from commercial sources,” Thompson 
notes. Such moves were taken in the 
name of cost and efficiency, but the 
resulting equipments almost certainly 
‘more vulnerable to electromagnetic 
attack than the vacuum tubes and heavy 
‘metalencased electronics of yesteryear 

“Computers become more vulnera- 
ble as the voltage at which they operate 
becomes smaller," says Victor Granat- 
stein, professor of electrical engineering 
at the University of Maryland in Col- 
lege Park, who is studying the effects of 
microwave pulses on integrated elec- 
tronics. “When our opponent was the 


‘ode oscillator (vrcator), which produces the 
high-power microwaves. Thebomb's destruc- 
tiveness depends on the microwave source 
and target's vulnerabiltytoelectromagnet~ 
Te attack, among other things, but a10-GW, 
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Soviet Union, the electronics were much more 
robust because they wererit miniaturized. Now 
they have very thin oxide layers that can easily 
break down.” Wireless networking makes matters 
worse. Computers and other communications 
devices now have antennas attached, giving an 
clectromagnetic pulse a direct pathway to its guts. 

‘Meanwhile, the U.S. Navy no longer requires 
that all its hardware be hardened against nuclear 
clectromagnetic pulses. It deemed that main- 
taining those standards was too costly and slowed 
down the integration of new technology. The pre 
sumption was that after the Cold War, nobody 
would be using nuclear bombs, says the Lexing- 
ton Institute's Thompson, "Whenever I ask the 
admirals, ‘Well, what if someone did use a 
nuclear bomb,’ | just get this kind of blank I- 
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In the wrong hands 
‘The scariest part of microwave weapons may be that crude 
forms of the technology are readily available to anyone right now. 
“Any nation with a 1950s technology base capable of designing 
and building nuclear weapons and radars" can build an e-bomb, 
says military analyst Kopp. Indeed, more than 20 countries 
now have programs to develop some type of RF weapon. 

“The more widespread the technology is, the more likely 
that people with nefarious purposes will have access. It's just 
an inescapable fac,” says Thompson. "I dontt know what we're 
going to do, Nobody in Washington knows. I imagine that the 
way the clear thinking starts is with a catastrophe. 

Criminals and pranksters have already started exploiting 
that weakness. In one of the more harmless applications, a 
Japanese scam artist rigged up a weak microwave generator 
inside a suitcase to rip off a pachinko parlor. When he placed 
the suitcase next to one of the machines (which is something 
like a cross between a slot machine and a pinball machine) and 
tumed it on, the pachinko machine went haywire and dis- 
gorged a pile of coins. The perp managed the trick several 
times before he was caught. 

Other press accounts hint at electromagnetic weapons 
being deployed by Chechen troops, and by an unnamed 
assailant trying to topple London's futures market [see “Dorit 
‘yy This at Home," above}. 

‘Thankfully, protecting yourself against the microwave- 
enabled goofball of the world isnt too difficult. “It is analo- 
gous to existing techniques used to trap RF interference inside 
equipment, except that the higher power levels require special 
measures,” Kopp notes. Rooms or equipment chassis must 
become electrically sealed Faraday cages, and protective devices 
‘must be added wherever cables enter the protected volume. 
“Optical fibers are very useful in this game.” 

Such protective measures are alot cheaper to design in from 
the beginning than to add on afterward, says Howard Seguine. 
“The general rule of thumb is that ifyou do the hardening dur- 
{ng the design phase, it increases the cost roughly 1 percent. If 
you do it afterward, it may cost as much as 30 percent more.” 
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But maybe hardening is a waste of time. Arthur Varanelli, 
a Raytheon Co. engineer who has helped write several IEEE 
standards for electromagnetic field measurement, human 
exposure, and safety is skeptical that a malicious prankster 
could exploit the technology. 

“Some of this stuff is just so far out there,” Varanelli says. 
“I just donit see people running around with Buck Rogers ray 
‘guns. It’s great fora science fiction writer, great to prey upon, 
people's fears.” He scoffs at the suggestion that a do-ityour- 
selfer could build a microwave weapon potent enough to do 
real damage. “People can put tacks in the road. Are we worried, 
about electronic tacks in the air?” 

‘The wide disparity in opinions and the uncertainty about 
‘microwave weapons, from Loren Thompson on one end to 
Arthur Varanelli on the other, are all part of what makes 
them so powerful, says military analyst John Pike, who is, 
director of GlobalSecurity.org (Alexandria, Va.). "It all, 
depends on the complex interactions between the weapon, 
and the target,” he notes. "I can set up a strap-down chicken, 
test that makes [an HPM weapon] look pretty good. But, 
as soon as | start getting into real-world targets, maybe it 


doesn't work so wel.” 

“Part of the story is we dorit know what the story is,” Pike 
says. "These are weapons that by their nature seek the shadows. 
And unlike cluster bombs or atomic bombs, they aren't going 
to leave behind unambiguous evidence of theiruse.” 


To Probe Further 
For adetalled technical discussion of high-power microwaves, see 
High-Power Microwave Sources and Technologies, edited by IEEE 
Fellows Robert J. Barker and Edi Schamiloglu (Wiley-IEEE Press, 
2001). Schamilogluis also coauthor, with James Benford and John, 
‘Swegle, ofthe forthcoming High-Power Microwaves, 2nd edition, 
(institute of Physics, 2004), 

‘The truly prepared, or merely paranoid, will want to consult 
Carlo Kopp's “Hardening Your Computing Assets" at http://www. 
‘globalsecurityorg/miltary/ibrary/report/1997/harden.pdt. 
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Figure 6, Multimode Tesla Weapon 


In the 1930's Tesla announced other bizarre and terrible weapons: a death ray, 
a weapon to destroy hundreds or even thousands of aircraft at hundreds of 


hittpwwa. cheniore.org/books/part{/teslaweapons.htm un 
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miles range, and his ultimate weapon to end all war -- the Tesla shield, which 
nothing could penetrate, However, by this time no one any longer paid any 
real attention to the forgotten great genius. Tesla died in 1943 without ever 
revealing the secret of these great weapons and inventions. 


Unfortunately, today in 1981 the Soviet Union has long since discovered and 
weaponized the Tesla scalar wave effects. Here we only have time to detail the 
most powerful of these frightening Tesla weapons -- which Brezhnev 
undoubtedly was referring to in 1975 when the Soviet side at the SALT talks 
suddenly suggested limiting the development of new weapons "more 
frightening than the mind of man had imagined." One of these weapons is the 
Tesla howitzer recently completed at the Saryshagan missile range and 
presently considered to be either a high-energy laser or a particle beam 
‘weapon, (See Aviation Week & Space Technology, July 28, 1980, p. 48 for an 
artist's conception.) 


Aviation Week & Space Technology July 28, 1980 
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Figure 7. Tesla Weapons at Saryshagan 


The Saryshagan howitzer actually is a huge Tesla scalar interferometer with 
four modes of operation. One continuous mode is the Tesla shield, which 
places a thin, impenetrable hemispherical shell of energy over a large defended 
area. The 3-dimensional shell is created by interfering two Fourier-expansion, 
3-dimensional scalar hemispherical patterns in space so they pair-couple into a 
dome-like shell of intense, ordinary electromagnetic energy. The air molecules 
and atoms in the shell are totally ionized and thus highly excited, giving off 
intense, glowing light. Anything physical which hits the shell receives an 
enormous discharge of electrical energy and is instantly vaporized -- it goes 
pfft! like a bug hitting one of the electrical bug killers now so much in vogue. 


If several of these hemispherical shells are concentrically stacked, even the 
gamma radiation and EMP from a high altitude nuclear explosion above the 
stack cannot penetrate all the shells due to repetitive absorption and 
reradiation, and scattering in the layered plasmas. 


In the continuous shield mode, the Tesla interferometer is fed by a bank of 
Moray free energy generators, so that enormous energy is available in the 
shield. A diagram of the Saryshagan-type Tesla howitzer is shown in figure 7. 
Hal Crawford's fine drawing of the interferometer end of the Tesla howitzer is, 
shown in figure 6. Hal's exceptional rendition of the Tesla shield produced by 
the howitzer is shown in figure 8. 
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Figure 9. Tesla Terminal Area Defense System 


se mode, a single intense 3-dimensional scalar phi-field pulse form is 
ing two truncated Fourier transforms, each involving several 
to provide the proper 3-dimei shape (Figure 10). This is 
why two scalar antennas separated by a baseline are required. After a time 
delay calculated for the particular target, a second and faster pulse form of the 
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same shape is fired from the interferometer antennas. The second pulse 
overtakes the first, catching it over the target zone and pair-coupling with it to 
instantly form a violent EMP of ordinary vector (Hertzian) electromagnetic 
energy. There is thus no vector transmission loss between the howitzer and the 
burst. Further, the coupling time is extremely short, and the energy will appear 
sharply in an "electromagnetic pulse (EMP)" strikingly similar to the 2-pulsed 
EMP ofa nuclear weapon. 


This type weapon is what actually caused the mysterious flashes off the 
southwest coast of Africa, picked up in 1979 and 1980 by Vela satellites. The 
second flash, e.g., was in the infrared only, with no visible spectrum. Nuclear 
flashes do not do that, and neither does superlightning, meteorite strikes, 
meteors, etc. In addition, one of the scientists at the Arecibo lonospheric 
Observatory observed a gravitational wave disturbance -- signature of the 
truncated Fourier pattern and the time-squeezing effect of the Tesla potential 
wave -- traveling toward the vicinity of the explosion. 


TESLA HOWITZER 
(SCALAR INTERFEROMETER) 


Figure 10. "Nuclear" Flashes off the Coast of Africa 
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Lithuania - 10 Sep 1976 - British European Airways Flight #831 between 
Moscow and London 
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Report Released under FOIA 
Figure 11. Continuous Tesla Fireball 


The pulse mode may be fed from either or -- if the Moray 
generators have suffered their anomalous "all fail” malfunction -- ordinary 
explosive generators, Thus the Tesla howitzer can always function in the pulse 
mode, but it will be limited in power if the Moray generators fail 


In the continuous mode, two continuous scalar waves are emitted -- one faster 
than the other -- and they pair-couple into vector energy at the region where 
they approach an in-phase condition, In this mode, the energy in the distant 
"ball" or geometric region would appear continuously and be sustained -- and 
this is Tesla's secret of wireless transmission of energy at a distance without 
any losses. It is also the secret of a "continuous fireball” weapon capable of 
destroying hundreds of aircraft or missiles at a distance. An example of a 
Soviet test of this mode of operation is shown in figure 11 


Witness to a super weapon? 
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Nick Downie describes the strange lurid glow that flared silently over the Hindu Kush 
THE SUNDAY TIMES, 17 AUGUST 1980 


(Multiple incidents in Sept., 1979) 


TEHERAN, IRAN 17 JUNE 
1966 


SEEN FROM NEAR 
MEHRABAD AIRPORT 


OBSERVED 4-5 MINUTES 


SEEN BY 2 AIRCRAFT 


CIA REPORT RELEASED UNDER FOIA 


Figure 12. Tesla EMP Globe 


The volume of the Tesla fireball can be vastly expanded to yield a globe which 
will not vaporize physical vehicles but will deliver an EMP to them to dud 
their electronics. A test of this mode is shown in figure 12. (See also Gwynne 
Roberts, "Witness to a Super Weapon?", the London Sunday Times, 17 August 
1980 for several other tests of this mode at Saryshagan, seen from Afghanistan 
by British TV cameraman and former War Correspondent Nick Downie.) 


If the Moray generators fail anomalously, then a continuous mode limited in 
power and range could conceivably be sustained by powering the 
interferometer from more conventional power-sources such as advanced 
magnetohydrodynamic generators. 
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Figure 13. Tesla ABM Defenses. 


Figure 14, Moray/Tesla Technology: Star Wars Now 


Typical strategic ABM uses of Tesla weapons are shown in figure 13. In 
addition, of course, smaller Tesla howitzer systems for anti-tactical ballistic 
missile defense of tactical troops and installations could be constituted of more 
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conventional field missile systems using paired or triplet radars, of 
conventional external appearance, in a scalar interferometer mode. 


With Moray generators as power sources and multiply deployed reentry 
vehicles with scalar antennas and transmitters, ICBM reentry systems now can 
become long range "blasters" of the target areas, from thousands of kilometers 
distance (figure 14). Literally, "Star Wars" is liberated by the Tesla technology. 
And in air attack, jammers and ECM aireraft now become "Tesla blasters. 
With the Tesla technology, emitters become primary fighting components of 
stunning power. 


The potential peaceful implications of Tesla waves are also enormous. 
By utilizing the "time squeeze" effect, one can get antigravity, materialization 
and dematerialization, transmutation, and mindboggling medical benefits. 
One can also get subluminal and superluminal communication, see through the 
earth and through the ocean, etc. The new view of phi-field also provides a 
unified field theory, higher orders of reality, and a new super-relativity, but 
detailing these possibilities must wait for another book. 


With two cerebral brain halves, the human being also has a Tesla scalar 
interferometer between his ears. And since the brain and nervous system 
processes avalanche discharges, it ean produce (and detect) scalar Tesla waves 
to at least a limited degree. Thus a human can sometimes produce anomalous 
spatiotemporal effects at a distance and through time. This provides an exact 
mechanism for psychokinesis, levitation, psychic healing, telepathy, 
precognition, postcognition, remote viewing, etc. It also provides a reason 
why an individual can detect a "stick" on a radionics or Hieronymus machine 
(which processes scalar waves), when ordinary detectors detect nothing. 
Unfortunately there is not room to develop the implications of this human 
Tesla interferometry in detail, for that must wait for yet another book, 
presently in its initial stages, that Hal Crawford and I are writing. 


Table 5. Orders of Reality 


+» PHOTONS ARE 
> PAIR-COUPLED SCALARS 
> VELOCITY-LIMITED TO C 
> CARRIERS OF T 


+ PHOTON INTERACTION 
> IS UBIQUITOUS 


> PRobuces f=c 
> YIELDS 1st ORDER REALITY 


»* SCALAR O WAVES 
> NOT VELOCITY-LIMITED 
> YIELD HIGHER ORDER REALITIES 
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Figure 15. Implications of Tesla Potential 


At the July 1981 U.S. Psychotronics Association's Annual Conference in 
Dayton, Ohio, I presented the first rough paper on the Tesla secret and scalar 
interferometry. A videotape of the presentation was made and will shortly be 
available. am also scheduled to make a special presentation at the Alternate 
Energy Conference in Toronto, Canada in latter October, 1981. A 
professional, videotaped two-hour presentation on this subject is also being 
prepared. Wide distribution of the material through the international 
underground physics and technology network has already been made. This 
time, God willing, Tesla's secret will not be suppressed for another 80 years! 

‘And perhaps it is not yet too late. The material has cost me (now) some 
16 years of agonizing labor and nearly $100,000 of my own personal funds. 
No orthodox university, scientific group, foundation, or governmental agency 
would support such an effort, either financially or otherwise. Indeed, most 
ordinary journals will not even accept material on such matters. Nonetheless, 
the area is of overwhelming importance and I truly believe Tesla’s lost secret 
will shortly affect the lives of every human being on earth. 

Perhaps with the free and open release of Tesla's secret, the scientific 
and governmental bureaucracies will be. shocked awake from their slumber, 
and we can develop defenses before Armageddon occurs. Pethaps there is 
hope after all -- for even Brezhnev, in his strange July, 1975 proposal to the 
SALT talks, seemed to reveal a perception that a turning point in war and 
weaponry may have been reached, and that human imagination is incapable of 
dealing with the ability to totally engineer reality itself. Having tested the 
weapons, the Soviets must be aware that the ill-provoked oscillation of 
timeflow affects the minds and thoughts -- and the very lifestreams and even 
the collective species unconsciousnesses - of all lifeforms on earth. They 
must know that these weapons are two-edged swords, and that the backlash 
from their use can be far more terrible to the user than was the original effect 
to his victim. 

If we can avoid the Apocalypse, the fantastic secret of Nikola Tesla can 
be employed to cure and elevate man, not kill him. Tesla’s discovery can 
eventually remove every conceivable external human limitation. If we 
humans ourselves can elevate our consciousness to properly utilize the Tesla 
electromagnetics, then Nikola Tesla -- who gave us the electrical twentieth 
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century in the first place -- may yet give us a fantastic new future more shining 
and glorious than all the great scientists and sages have imagined. 
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34 Flaws in Classical EM Theory 


Note: If the scientific community had done their job, this Website 
would probably not be necessary. 
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8. Erroneously Assumes EM Force Fields as 


9. PETE en ae eine PEI ens EATHIAIly 

10, Does Not Inciude Quantum Potential or Action 
ata Distance. 

11. Does Not Include Superiuminal Velocity of Inner 
EM Components. 

12. Does Not Utilize Extended Near-Field Coulomb 
Gauge Effects. 

13. Does Not Include EM Generatrix Mechanism 
for Time Flow. 

14, Does Not Unify Photon and Wave Aspects 
(Requires 7-D Model), 
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Flaws In Classical EM Theory (4) 


22. Does Not Include El Cause of Newtonian 
Reaction Force, 


Transverse 
(Remnant of Old "EM Fluid” Concept). 
25, Due to Error in String Wave, Omits the 
Ubiquitous Antiwave- 


26. Assumes Equilibrium; Not True Unless Include 
Vacuum Interactions. 
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« The U.S. approach to mind control 

"Voices in my head" 
Flanagan's neurophone - used to give 
instructions to diplomats during 
negotiations, etc. 
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Mind Control and EM Wave 
Polarization Transductions, Part 1 


©Copyright 1999 by T.E. Bearden, USA 


Special Note 


This article refers to experimental 
research techniques which can be 
detrimental or lethal in the hands of any 
but highly skilled, qualified experimental 
scientists proceeding under proper 
laboratory safety procedures. The purpose 
of this article is strictly for information to 
properly qualified and authorized scientists 
in certified laboratories. We do not propose 
or condone any use of these procedures for 
nonapproved practice of medicine without 
a license. Neither the publisher nor the 
author are responsible for accidents or 
outcomes in the use of these experimental 
pro-cedures and techniques. Any 
researcher who performs these procedures 
and experiments is acting on his or her 
own volition, and is solely responsible for 
insuring safety, qualifications, and legality 
of the acts and their results. We neither 
suggest nor condone unauthorized 
experimentation on human subjects. Such 
is a criminal violation of the constitutional 
rights of the subject under Federal and 
State laws, and is both illegal and immoral. 


Abstract 


For some time we have been repeatedly 
queried about the technical mechanisms 
and unusual electrodynamics of advanced 
mind control research, both in the West 
and abroad. Calling full attention to the 
special note above, in this paper we present 
a high-level over-view of the novel 
electromagnetic nature of mind operations, 
mind and body coupling, and intent+the 
induction of physical 3-space EM energy 
changes into the brain and nervous system, 
and into every cell of the body, from the 
mind's time-like coherent operations. We 
summarize the time-polarized 
electrodynamics used to engineer and 
affect mind operations and the mind-body 
coupling loop. Transduction mechanisms 
whereby differing EM wave polarizations 
can be transformed one-into-the-other are 
presented. We give two specific examples 
of lethal foreign military tests in 1997 of 
advanced mind control weapons against 
two military pilots over the central U.S. 
Some dangers and potential benefits of the 
emerging mind control technology are 
pointed out 
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(AE)(At) + M => (M+AM)At => M + (AE)(At) 


Flow of macroscopic time (observable photon interactions) 


Flow of microscopic time (via virtual photon interactions) 


The photon interaction generates an observed quantum change and a discretized jump 
in the rate of time flow. A particle observably changes by oly sme A Len ee: 
The background flow of time in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 


fe mre secon 
Figure 1. Mechanism that generates a mass's flow through time. 
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Introduction and Background 


In quantum field theory, there are four polarizations of 
photons.4 Using 4-space and the z-direction as the direction 
of propagation, we have x- and y- polarizations where the 3- 
spatial energy of the photon is oscillating laterally, in the x- 
or y-direction. These are transverse polarized photons, as is 
any combination of the two. The third polarization is along 
the z-direction, which is a longitudinal polarization. In other 
words, the 3-spatial energy of the longitudinal photon cannot 
oscillate in the x- or y- direction, and so it is oscillating to- 
and-fro along the Line of motion, z-. The fourth polarization 
occurs when the energy is frozen in all three spatial 
dimensions x-, y-, and z- and it cannot oscillate in any of 


those directions, In that case, the photon oscillates its energy 


in the t- direction, providing the t-polarized photon, We will 
later discuss how time is actually highly condensed energy. 


In Minkowski 4-space, body operations are space-like, and 
are so treated in conventional materialistic physics. Mind and 


‘mind-operations are time-like, not space-like, even though 


they are totally electromagnetic in nature. 
As is well-known, all observation in physics is considered 
3-spatial.2 Mass is a 3-spatial concept, and we detect 
changes to mass (as, e.g. in the shift of electrons in the 
circuits of electrical instruments). So one may model the 
common physical observation mechanism as a fime- 
differentiating process which a priori discards time-change 


and retains 3-spatial energy change* That is, Minkowski 
reality is modeled in the fundamental units of Lt, Physical 
observation (via the transverse photon interaction) is the 
process given by applying the operator /at to L%, yielding 
an L3 output, Hence mind and mind operations are excluded 
by the usual physics instruments and observation, which 
simply exclude the time domain in their outputs and do not 
"measure" it, 


For this reason, physicists have erroneously 
considered mind to be "metaphysical" and nonreal 
Indeed, most physicists to one extent or the other are 
‘materialists, and consider the "mind" to be nothing but 
the operations ongoing in a "meat computer.” 
Nonetheless, in the time-domain the time is absolutely 
real, and it is completely electrodynamic in nature. 

There is no metaphysics involved, and the temporal 
domain—along with mind and mind operations—is 
simply an erroneously neglected area of physics. In 
present physics, the notion of mind is comfortably 
disposed of by imposing the use of the "observer 
concept, with out ever specifying that the observer has a 
consciousness and a mind. Indeed, "observation" is only 
about what that "observer" perceives. Obviously, one 
has a dramatically crippled physics if one eliminates that 
nonobservable called "time." Similarly, one also has a 
dramatically crippled physics when one eliminates the 
‘mechanisms and physics ongoing in those time-like and 
dynamic "things" such as mind, that occupy time and 
function in it. 

From this viewpoint, Western physics adheres to its 3- 
spatial measurement foundation only by ignoring the 
transduction of time-polarized EM changes into 
detectable longitudinal and transverse EM wave 
changes. In this aspect, present Western physics is 
severely self-crippled. 

‘Time is totally electromagnetic and energetic in 
nature. The flow of time is not a separate external river 
on which a mass floats along like a boat drifting down 
the current of a great flowing river. Instead, the flow of 
time is generated directly on every mass by its total set 
of photon interactions, both virtual and ob servable. We 
have previously presented the exact mechanism for the 
flow of time. [Figure 1] 
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Figure 2. Transduction of EM wave type by successive phase conjugate pairing. 
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Figures 


Further, a photon is comprised of angular momentum, 
therefore of (energy)x(time). It transports both energy and 
time, not just energy alone. When absorbed by a mass, not 
only does it "energy-excitation” charge the mass, but also it 
hharges it, converting the former "mass" 
to "mass time”. Rigorously it is masstime that emits a 
photon, not mass. So a mass moves through time in little 
spurts, by the continual macroscopic addition and 
subtraction of little Dt components, Further, in being 
driven through time, mass is continually altered to 
‘masstime (a quite different critter from mass), to mas 
‘masstime, to mass, etc. 

In any masstime state, a myriad of tiny virtual photon 
interactions made of very tiny (DE)(Db)'s interact with that 
same mass during that particular larger Dt of the masstime 
state (m+Dm)(Dt). Hence mass in its alternate masstime 
state has that state internally structured by its surrounding 
environment's interactions with it, The masstime state is 
internally structured energetically in its (DE) component, 
and also internally structured temporally in its (Dt) 
component. 

A standard charged fundamental particle such as an 
electron, e.g., is not necessarily identical with another, 
when the internal structuring of its masstime state is 

5 


considered. Further, by two papers by Whittaker 
interferometry of masstime states with either energy 
reactions or temporal reactions can yield observable effects, 
and changes due to these neglected "hidden variables” in 
the electron's masstime alternative states. To engineer the 
‘mind and its operations directly, one must perform 
electrodynamic engineering in the time domain, not in the 3 
space EM energy density domain, The direct engineering 
of time-like mind and mind operations—in all levels and all 
aspects—requires the use of time-polarized photons 


and time-polarized EM waves. This is the rarest form of 
electrodynamics, almost untouched by Western physicists. 
One can either painfully produce such time-polarized 
photons and EM waves and directly irradiate a target mass 
with specific assemblies of them, or one can force the mass 
itself to iteratively transduce ordinary transverse EM waves 
first into longitudinally-polarized EM waves and then into 
time-polarized EM waves. Both will be discussed briefly. 
In the West, it appears that the present author's discovery 
of mechanisms for producing time-polarized (scalar) EM 
waves [see Figure 2] and for transducing between wave 
polarizations has no precedent. [See Figure 3]. While 


scalar (time-polarized) photons are known in the literature 
the creation and use of time-polarized EM waves does not 
seem to appear in the Western physics literature. 

Wave transduction ot polarization transductions are 
terms used by the author for the process of transforming an 
EM wave's particular polarization into another polarization 
type. Such transduction to other than transverse 
polarization forms is little known in the West. It appears 
essentially haphazardly in some experiments, usually 
without any recognition by the experimenters themselves. 
Significant transduction in experiments will also produce 
"strange" and unexplained anomalies in the instruments 


being used for experimental measurements= 

So most probably Western mind control researchers have 
not recognized the methodology and mechanisms® for 
transducing one type of EM wave polarization directly into 


another. They continue to seek the "mind" in 3-space and 
hence in the brain, rather than in the time domain. On the 
other hand, it appears 


LONGITUDINAL EMWavES 
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Figure 3. Interference processes for transducing higher EM wave polarizations 
into lower polarization states. 
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that the Russian KGB energetics!” weapons scientists— 


particularly those in psychoenergetics“—have known and 
used methods of transducing one wave polarization into 
another, for at least two decades. It follows that those same 
scientists have very probably developed mind engineering and 
mind control via novel time-polarized EM wave means and a 
dramatically extended electrodynamics of the time-like mind 
operations. 

In the present paper we briefly develop the wave 
transductions and the basis for mind engineering, including the 
specialized use of ordinary transverse wave (TW) EM spectra 
to force internal EM wave transductions and time-domain 
operations inside irradiated bodies, cells, and tissues. Through 
the mind-body coupling mechanism, these transductions of 
transverse EM waves can operate upon the mind and its 
deepest operations us well as upon the body, every cell, and 
every part of every cell. 


Russian Mind Control Uses 
Higher EM Wave Polarizations 


I is apparent that the KGB psychoenergetics weapons 
scientists know and use the full extended EM wave 
polarization range. As a postulation, one would expect our 
‘own weapons scientists to know and utilize the orthodox 
transverse wave (TW) EM for similar research and 
experimentation, However, in the West scientists are just 
beginning to realize the importance of a very general (and 
\weaker) type of longitudinal EM wave (LW) polarization, as 
evidenced by the appearance of dozens of papers on 
“undistorted progressive waves" (UPWs, which are essentially 
imperfect LW s with TW residues remaining). The Los 
Alamos National Laboratory web site has a number of such 
papers—particularly by Rodrigues” and Lu—available for 
free downloading, UPWs 
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have very interesting characteristics. If they were perfect 
longitudinal EM waves, they would have infinite energy 
and infinite speed. Since only imperfect UPWs can be 
physically made, their speed can vary from slower than 
the speed of light to faster than the speed of light. Their 
energy can also vary over a great range. 

Another characteristic of UPWs that are reasonably 
good longitudinal EM waves, is that they pass readily 
through a large depth of water and mass, including 
through the ocean and the earth with only small 
interactions and losses. Yet by interfering two such 
beams of "high quality” UPWs at a great distance, then 
in the interference zone ordinary EM energy will rise 
directly out of local spacetime potential, as essentially 


shown by Whittaker nearly a century ago. Russian 
‘weapon research facilities have weaponized these 


effects for nearly 50 years, under rigid KGB control 
and operation, Nonetheless, even if using only ordinary 
TW waves, Westem mind control researchers may get 
some fairly good results, brute-force-like, by using gross 
correlates between just the input irradiating TWs and the 
exhibited behavioral responses of the individual. The net 
input-output correlations can be determined, even though 
not taking into account the actual wave polarization 
transduction mechanisms ongoing inside the irradiated 
dielectric (or brain, or mind, ete.). However, Westem 
researchers appear to have no knowledge of the exact 
‘mechanisms by means of which coherent time-like mind 
operations of a biological organism couple to the 
organism's 3-spatial body to provide the mental control 
loop. They also appear unaware of how the coherent 3 
spatial behavior responses of the body couple back to the 
time-like mind to provide it with a sensory feedback of 
the body's responses, 
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Figure 4, A spacetime curvature engine has myriads of small ST curvature 
‘components which act upon mass at all levels. 
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General Relativity Aspects 


Both these coupling mechanisms can be taken 
directly from general relativity, if one puts one’s 
mind to it. However, unless the wave 
polarization transformations are known, it is 
difficult or impossible to apply the ordinary GR 
directly, since relativists usually concentrate 
upon spacetime curvature by altering 3-space 
energy density rather than by altering time- 
polarized "time-energy" density. 

In applied general relativity, spacetime itself 
is an active medium. One speaks of a change in 
spacetime as a "spacetime curvature". Any 
curvature of spacetime in a local region directly 
performs continuous work upon any mass 
embedded in that region. Vice versa, any mass 
(or other concentration of energy) in a local 
spacetime continuously acts upon that spacetime 
to "curve" it. 

So if one wishes to perform actions upon mass 
ina distant region, one may generate local 
curvatures of spacetime in that region, and these 
curvature "engines" will directly act upon the 
mass at all levels. [Figure 4] This is very 
different from energy propagation through space 
from one point to another, Now the "ordinary 
EM energy and actions” arise from every 
spatiotemporal point within the mass, at every 
level, and move upwards (from inside to 
outside). So we speak of specific forms of 
"templates" of nested spacetime curvatures 
formed and utilized to engineer mass "from 
inside out" as spacetime curvature engines or 
vacuum engines. 

Use of vacuum (spacetime curvature) 


engineering! is a far more powerful form of 
engineering than is provided by energy 
propagation through space. As an example, it is 
easy to alter the quarks in a nucleon, using 
spacetime curvature engines and time-charging 
decay. Indeed, we have developed the 
mechanisms for cold fusion and the 
electronuclear interaction (formation of new 
nuclides) at feeble energy. An Invention 


Disclosure“® on this work 


has been filed with the U.S. Patent Office, and 
formal patent applications are in preparation. 
Some information on these mechanisms and 


principles has been released“, 


Time as Dense EM Energy 
and a Strong Spacetime Curvature Agent 


The advantage of using the time-polarized 
“time-energy" for spacetime curvature is that 
time is ordinary energy compressed by a factor 
of at least c2—which, in the MKS system of 
units, is some 9¥10!6, ‘Thus use of time- 
polarized EM photons and waves as ST 
curvature agents gives an amplification of 9 
¥10!6 over the use of transverse-polarized EM 
waves for that purpose. In turn, the use of the 
strong EM force in ordinary TW waves as an 
agent of ST curvature is already a nominal 104° 
times as strong as is the weak G force used as 
the agent of ST curvature. 


The bottom line is this: For spacetime 
curvature effects, the use of the t-polarized 
domain provides amplification of some 9¥105° 
greater than the weak G-force ST curvature 


agent usually considered in general relativity", 


Western Science Remains Largely 
Materialistic 


Ironically, most Western scientists are 
materialists and consider "mind" as a mystical 
and nonscientific concept. They tend to consider 
mind operations and functions either to be 
simply "meat computer" operations and 
functions, or at best to be very weak ordinary 
transverse-wave EM operations and functions in 


the brain and nervous system This serious self- 
limitation exists because in the body we measure 
only weak TW EM operations and functions 
correlated to biological behavior and brain 
operations. We simply do not know how to 
measure "mind operations" directly. 
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Figure 5. Mind-to body coupling and body-to-mind coupling. 
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Figure 6 


With no mind measurements possible and no instruments, 
it is understandable that Western science considers only 
the physical side of the mind-matter interface. 

Presently our scientists do not measure the 
longitudinally-polarized EM wave operations and 
functions in the body and around it in nature. Few of them 
are aware that a maelstrom of such LW functions exist in 
the body and in all of nature in general. Presently only 
highly theoretical quantum field theorists seem to even be 
aware of the existence of scalar (t-polarized) photons, and 
even they are unaware of t-polarized EM waves. Certainly 
our scientists do not measure t-polarized EM waves in and 
around the body and in nature, nor do they make them in 
the laboratory. Apparently they have not studied such 
waves and their interactions with matter—living and inert 
—at all. 

But it's even worse. In ignoring the time component 
transported by photons and EM waves, science has also 
erroneously omitted half of the excitation charging and 
excitation decay processes whenever a mass interacts with 
photons and EM waves. More on that later. 


Brute Forcing Time 
Functions versus Fine Control Methods 


Ironically, Western mind control researchers using 
transverse EM waves for mind control research, are using 
a brute force method of evoking and using vacuum 
engines ( spacetime curvature engines) and a special form 
of general relativity, although they do not appear to realize 
it. 

‘While KGB scientists also use TW EM "brute force” 
TW waves when necessary, they do “imprint” or “activate” 
those waves with the desired internal LW and time- 
polarized EM wave and photon structures required to 
directly perform the mind engineering desired. 
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They also do not hesitate to use LWs and t-polarized 
waves overtly. So in blunt terms, Wester compared to 
Russian mind control research is probably like comparing 
an automobile body shop with a fine surgical ward. 
Having long ago worked out all those "exact correlates” to 
the internal "information content of the field” is where the 
KGB scientists are at least 20 years ahead of the West. 

The reason one can get mind and behavior results with 
the TW electromagnetics, while bypassing the real 
mechanism which uses t-polarized waves and photons, is 
due to (1) the very peculiar nature of the EM emission 
from a dielectric, and (2) what can be done by re-radiating, 
that dielectric with its emitted spectrum, deliberately and 
very carefully altered in selected parts. We will return to 
that important feature later. 


Polarization and Observability 


‘As we stated, there are four photon polarizations and 
therefore there must be correspondingly four EM wave 


polarizations? The first three polarizations are the x-, 
and 2- spatial polarizations. The x- and y- polarizations 
are transverse polarizations and the z-polarization is a 
Iongitudinal polarization along the direction of 
propagation (along the z-axis, by standard notation), 
Simply put, we may visualize the transverse polarizations 
as rather like the wiggling of a fish's tal from side to side 
as the fish moves forward, or a whale’s flukes up and down 
as the whale moves forward, or some combination 
thereof. We may visualize the longitudinal polarization as, 
a sort of "repetitive accordion effect” along the line of 
motion of the wave. Usually the 2- polarization is 
neglected in EM wave theory, although in recent years 
physicists have "rediscovered” longitudinal EM waves and 
are now intensely researching the use and characteristics 

t 


of such waves.’ 


Figure 6 
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Figure 6. The three divisions of Soviet energetics and their characteristics. 
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Figure 7 


Unfortunately, in quantum field theory there 
has been a tendency to regard the t-polarized or 
"scalar" photon—where the local rate of time is 
oscillated—as unobservable. Oscillation of the 
local rate of time produces powerful oscillations 
of local space-time curvatures, due to the 
extreme energy density of time. Individually, 
the t-polarized photon tends to be unobservable. 
However, a coherent sequential group of such t- 
polarized photons, each individually in the 
virtual state with respect to the external observer, 
may simply integrate in its interaction with mass 
over a short time period into observable change 
because of the coherent integration of virtual 
spacetime curvatures into a larger, observable 
spacetime curvature. 


Rotations and Projections in 4-Space 


Relativistically, any velocity change in 4- 
space is a rotation. Any such rotation in the time- 
domain also creates a tiny projection component 
into 3-space. Any such rotation in the 3-spatial 
domain also creates a tiny projection component 
into the time domain. 

Hence a sufficient series of coherent time- 
domain (mental) changes produces a coherent 
series of virtual changes in 3-space (the body), 
thereby coherently integrating into an observable 
energy change in the body. A sufficient series of 
coherent 3-spatial energy changes produces a 
coherent series of virtual changes in the time 
domain which coherent integrate into an 
observable time-domain change. 


Solution to the Age-Old Philosophical 
Problem of Intent 


This is in fact the solution to the age-old problem 
of intent, or how the nonmaterial (i 
spatial and non-observable) mind induces a 3 
spatial, observable energy change upon the 3- 
spatial body. It is also the 


, non-3- 
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solution to the problem of awarenes. 


the mind is aware of itself“ and of the responses 
of the body. Together the two form a closed 
loop coupling of the mind and body. The time 
delay in the loop together with memory recall for 
comparison, creates the sense of "persistence" of 
self in time. This also creates the sense of being 
a "separate, closed being” (i.e., of separate 
persistence in time—in the living entity). The 
sense of "separation of self from an external 
world’ is created by comparing those body-to- 
mind sensory feedbacks which are not correlated 
to the mind's previous feed-forward intent. 


Time As Energy and Why It Is Very Dense 
Energy 


In addition to the three spatial polarizations of 
photons and EM waves, there is a very, very 
useful t-polarization along the time axis. In this 
polarization, the 3-spatial energy is not 
oscillating at all. Instead, the time or time- 
energy is oscillating. Time can be taken to be 
energy compressed by at least c, so it has at 
least the same energy density as mass. In other 
words, one second is 9x10!6 joules of time- 
energy (energy compressed into time). The t- 
polarized photon or EM wave is called the scalar 
photon or scalar EM wave, respectively. 

To demonstrate why time can be regarded as 
energy, we need only point out that the choice of 
fundamental units in any physics model is totally 
arbitrary. We usually choose these units to ease 
the mathematical manipulation, ease our 
understanding, and simplify the ability to 
visualize or "grasp" the physics. However, if 
‘one wishes, one can build all of physics from a 
single fundamental unit—e.g., energy. In that 
case, one readily sees that time is a function of 
energy and only energy. Hence it is perfectly 
proper to regard time as energy, and to seek out 
what form the function takes in our normal 
system of units (say, the MKS system). 
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Figure 7. In the 1960s, Lisitsyn revealed Russian scientists had deciphered 
the human brain code. 
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In that system, it appears that any change 
in time At can be taken as always a 
function of a corresponding change in 
energy AE, where At < (AE) = c? [1] from 
which it follows that AE > (At) x c2 [2] 
For convenience, we take the special case 
where At = (AE) +c? [3] AE = (At) x c2 
[4]. 


Observation as Used in Physics Is 
Spatial 


We note that all mind operations are 
time-like, i.e., they are comprised as scalar 
EM photon functions and scalar EM wave 
functions. Thus the mind is a very special 
kind of electromagnetic system, existing in 
the time domain, and thus "lost" by the 
stripping away of time in the ordinary 
observation process. Physical observation 
is essentially a time-differentiating 
mechanism applied to a 4-spatial change, 
or in terms of MKS fundamental units L. 
and t, observation @ is @ = a/at(L3t) = L3 
[5]. 

Thus, as is well-known in quantum 
mechanics, physical observation is 3- 
spatial, and time is not a physical 
observable, even in theory. Since mind is 
time-like, it follows that mind is not a 
physical observable either, since discarding 
the time dimension also discards the mind. 
In short, one may also take physical 
operation as the mechanism that separates 
mind and body. To observe is to separate. 
We point out, however, that merely 
"separating and discarding" the time 
domain (as in physical observation of a 
single change) does not eliminate it, nor 
does it eliminate the single time-like mind 
change that may be involved in an 
intentional volition. The time domain 
certainly remains, even though only the 3- 
spatial intersection of the 4-spatial 
Minkowski change is given by physical 
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mechanism and the resulting "outputs". So 
a series of coherently integrated "mental 
intent" changes introduced into the human 
body's overall servo-mechanism provides 
the continuing input. From there, ordinary 
physics will generate the resulting actions 
induced in the body by that 
servomechanism and its amplifying 
mechanisms. 


Two Coupling Mechanisms Make a 
Closed Loop 


This is the "mind-to-body" coupling 
mechanism, [See Figure 5] It is the 
mechanism whereby the mind is coupled to 
the body, and whereby mental intent is 
able to induce a series of physical inputs 
into the body servomechanism. 

So the body's servomechanism then 
generates the responses of the body 
(including everything from chemistry to 
electrical changes to muscular movements, 
etc.). These responses are changes in 3- 
space. 

The conscious mind is a serial 
processor, though extremely rapid. It 
produces the series of coherent intent 
inputs for volitional behavior. 

The unconscious mind is a massively 


parallel processor. It continually 
produces the vast series of coherent 
“unconscious intent inputs" for control of 
all the deeper processes in the body, 
beyond usual conscious awareness. 
However, as the body moves or changes 
in 3-space, each resulting quantum change 
in body 3-space is also a slight rotation out 
of 3-space and toward the time axis. 
Hence it induces—in the "virtual state" in 
the time domain—a precisely correlated 
projection. The body's responses are in 
general coherent, so a coherent series of 
virtual state changes in the time-domain (in 
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observation. So we may say that the time- 
change remains in the virtual state, with 
respect to attempted physical observation 
of a single Minkowski 4-space change. 


Rotation, Coherent Integration, and 
Intent 


Previously we pointed out that any 
change in a 4-space entity may be regarded 
as a rotation away from the "trajectory" of 
the entity. Hence each and every t- 
polarized change creates a very small 
projection into 3-space by its rotation 
slightly away from the time axis, All mind 
changes in the time-domain actually 
produce virtual 3-spatial projections in 3- 
space (in the physical domain). We define 
intent" as the continued production of 
successively coherent mental changes, 
producing coherent virtual changes in the 3- 
space body system, with coherent 
integration of those 3-space virtual changes 
into observable 3-space energy inputs into 
the 3-space body system. Successively 
coherent mind-changes will produce 
successively coherent 3-space virtual 
changes. In short, coherent mind-changes 
will produce coherent integration of those 
3-space virtual projections into an 
observable 3-space change. This is the 
creation of an ordinary 3-spatial energy 
change induced upon the 3-space body. In 
short, this is the mechanism whereby time- 
like mental intent is able to produce a 
series of coherent observable quantum 
changes in the physical body (as in the 
brain and nervous system). 


The Body as a Servomechanism 


From the standpoint of control theory, 
we may consider the body system to be a 
complex servomechanism system 
comprised of many subordinate servo 
systems with feedback and feedforward 
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the mind realm) are created successively. 
In short, again we have coherent 
integration, this time in the mind or time 
domain. This produces "observable" 
changes in the time-mind domain, which 
are coherent with the body's 3-spatial 
changes actually performed. Thus the 
mind receives feedback directly from the 
physical movements and changes of the 
body. This is the manner in which the 


body is coupled back to the mind.2! 

By comparing the "intent" behavioral 
move that was "fed forward" into the body, 
with the return "response" move analog 
that was "fed back" from the body to the 
mind, the mind is able to determine errors 
and differences, and originate additional 
correctional commands. 

Thus the entire mind-body loop is a 
closed-circuit system of feedforward and 
feedback, together with corrections. It also 
has multiple levels of such, infolded in the 
larger volitional levels. See again Figure 
4. 

This solves the age-old problem of the 
mechanisms for the mind-body coupling, 
intent, volition, conscious and unconscious 
functioning, sense of the external world, 
sense of the internal world, sense of "being 


i 
in" the external world, etc.~ 


All This Is Included in Russian 
Psychoenergetics 


This is the highly summarized basis for 
psychoenergetics, the KGB's division of 
energetics that deals with the mind and 
body coupling and functions, and direct 
engineering of (1) the mind-body coupling 
and (2) the mind operations directly. [See 
Figure 6] The KGB intent, of course, has 
always been to exploit this science for the 
degradation, killing, and control of human 
beings, including all humanity. 

The Russians know full well that, if you 


nd20control/pO8,m (2 of 3)24.4,2005 23:18:32 


IRIS 


looping. 

Given the input from intent, ordinary 
servo theory will take it from there. Once 
a servo has an input, servomechanism 
theory describes the response of the 


produce and utilize scalar EM photons and 
t-polarized EM waves, you can directly 
affect and engineer mind and mind 
operations at any and all levels. Western 
researchers, who know nothing of how to 
make 
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time-polarized photons and time-polarized 
EM waves, do not yet know that. 
Consequently the Russians have developed 
a highly secret science of directly 
engineering the mind and its operations, 
including thought, images, perceptions, 
feelings, emotions, memory, and mind 


processing. Indeed, Lisitsyn2* wrote quite 
specifically of this capability in the 1960s. 
[See Figure 7] 

Western clandestine mind control 
researchers are apparently still slowly and 
painfully fitting TW EM irradiation 
correlates to induced or resulting mental 
and physical behavior responses. They 
seem unaware of the actual wave 
transductions occurring inside the body 
and mind, but are unwittingly inducing 
those transductions in hidden fashion 
anyway and in "brute-force input-response 
fitting” models. 

These "fitted brute-force models" 
certainly can be very powerful, and 
certainly can produce the exact results 
shown in the experimental verifications of 
the fittings. However, they do not of 
themselves allow sophisticated design—for 
example—of the necessary time-polarized 
wave assemblies for engineering the entire 
human collective unconscious 
simultaneously, or for engineering the 
entire collective unconscious of all species 
on Earth (ie. Gaia's collective 
unconscious), or even for precisely 
engineering the memory and knowledge 
base of an individual. 

This fine research article will be 
continued in Part IT with Russian 
Methodology, Waves and Wave 
Transduction, The Cellular Control 


spacetime that is highly active. The mind is 
rooted in the time-domain and projects from 
that domain into 3-space. The body is rooted 
in the 3-space domain and projects into the 
time-domain. To "change" or "function" in 
one domain is automatically to function in the 
other. EM and gravitational phenomena are 
still modeled separately by human scientists, 
but not by nature. 

3. In quantum mechanics, time is not an 
observable, but merely a parameter. 

4. It is convenient to consider mass as a 3- 
spatial form of condensed energy. 

5. E.T. Whittaker, "On the Partial Differential 
Equations of Mathematical Physics, " 
Mathematische Annalen, Vol. 57, 1903, p. 333- 
355;— "On an Expression of the 
Electromagnetic Field Due to Electrons by 
Means of Two Scalar Potential Functions, 
"Proc. Lond. Math. Soc., Series 2, Vol. I, 
1904, p. 367-372. 

6. A NERAC document search yielded some 
16 good references on t-polarized photons, but 
not a single reference on t-polarized EM 


uch previously inexplicable 
instrument anomalies have accompanied some 
excellent and rigorous electrolyte experiments 
at U. S. Navy research facilities at China Lake. 
For a description, see Melvin H Miles and 
Benjamin F. Bush, "Radiation measurements 
at China Lake: Real or Artifacts?", Proc. ICCF 
- 7 (International Conference on Cold Fusion— 
7, Vancouver, BC, Canada, Apr. 1998, p. 101. 
For a brief explanation of the anomalies, see T. 
E, Bearden, "EM Corrections Enabling a 
Practical Unified Field Theory with Emphasis 
on Time-Charging Interactions of Longitudinal 
EM Waves, " Explore!, 8(6), 1998, p. 7-16;— 
"Toward a Practical Unified Field Theory and 
a Deep Experimental Example," Proc. INE 
Symposium, Univ. Utah, Aug. 14-15, 1998. 

8. Many U. S. researchers and journalists— 
and even many scientists—have wrestled with 
the problems of mind, intent, and mind-body 
coupling. Enumeration of those efforts would 
itself require an entire book. For an 
introduction into that domain, the reader is 
referred to the very determined exposé by 
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System, and other matters of interest. 
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Cheryl Welsh in her very timely book, The 
1950's Discovery of the Code of the Brain, 
May 1988, published on the Internet. Simply 
employ any Net search engine and search on 
the name Cheryl Welsh. A connection to the 
site and to Welsh's book will immediately be 
found Welsh's important compendium is 
highly recommended, giving the reader a 
"birds eye view", so to speak, of how Western 
scientists think and proceed regarding the 
subject of mind control by electromagnetic 
means. Unfortunately all journalists so far 
researching the area have not been aware that 
Wester electrodynamics itself is seriously 
flawed, and that the great Russian advances in 
mind engineering and mind control are a result 
of their secret but complete revision and 
correction of Wester electrodynamics to 
provide the basis for energetics. Until Western 
scientists revise their own decrepit old 
electrodynamics fouling the textbooks, they 
will never catch up to the Russian mind 
control developments springing from intense 
development programs that did that revision in 
the late 1940s and early 1950s. 

9. An Invention Disclosure on these processes 
and enhancement embodiments has been filed 
with the U. S. Patent Office. Formal patent 
applications are also in preparation. 

10. Energetics is a unified science of an 
extended electrodynamics possessing a hidden 
infolded general relativity inside the potentials, 
fields, and waves. It deliberately employs 
higher polarizations (longitudinal and tempic) 
of photons and EM waves to engineer action at 
a distance, use of specific patterns of 
spacetime curvature created at a distance, and 
direct engineering of either inert or living 
bodies. It also encompasses the direct 
engineering of time-like mind and mind 
functions. It is divided into three divisions, 
depending upon the nature of the target. 
Targeted against inert materials, structures, 
fields, and waves it is called "energetics. 
Against living bodies, their fields, and 
biochemistry, it is called "bioenergetics." 
Against the mind and mind functions, it is 
called "psychoenergetics". 

11. Psychoenergetics is that branch of 
energetics used to directly affect and engineer 
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electromagnetics processes. 
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means "sense of existing in time" 
20. The "unconscious" is totally conscious, 
just multiply so. The conscious mind can 

see only "a single slide in the slide projector at 
atime, " so to speak, When it "looks" at the 
ongoings and outputs of the unconscious, it 
"sees" millions of slides in the slide projector 
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consciously perceive the actions of the 
unconscious. When the unconscious wishes to 
communicate with the conscious (because of 
unresolved conflicts, ete.), it must produce 
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unconscious, and the basis for therapeutic 
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21. The mind continually has activities of its 
own, each of which produces coherent changes 
in the body to a much smaller degree. The 
interweaving of these "smaller self-changes" 
infolded i \ce major intent 
changes light body changes, 
which in turn "project back" into the mind. 
This huge group of "infolded self-loops” 
produces the sense of "my body" being 
"volitionally directed or occupied" 
simultaneously with the "greater intent" loops 
which represent "my intentional actions with 
my body". Further; the body servo continually 
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systems, both from changes inside the body 
and from incoming changes from the external 
universe. This interweaving produces the 
awareness of "being in the external world" by 
having (i) changes whose feedback do not 
match mind-intent changes, and (ii) changes 
whose feedback does match mind-intent 
changes. This of course applies to both the 
conscious and unconscious levels. The 

purpose here is to demonstrate that there exists 
an actual physics of the living being, the mind 
as well as the body, and the coupling and 
interfiinctioning of mind and body. 


receives 
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this is actually a very high energy reaction; 
however; since the time-energy is used and is 
very, very dense, the amount of 3- 
energy that must be used is very small. If this 
new mechanism holds, it represents a 
revolution in particle physics. 

19. "Self-awareness" refers to be continually 
"refreshed" by time-delayed coherent feed- 
back inputs from the body to the mind; where 
these inputs compare to the recalled memory 
of the minds inputs to the body. In short, the 
time-delay coherence creates the sense of 
"existing in time". Awareness usually 


22. The methodology also easily extends to 
include deeper interlays for the colle: 
human unconscious mind and for Gaia—the 
collective unconscious mind level for all the 
species on earth. 

23. S. K Lisitsyn, "New Approach to the 
Analysis of Electroencephalograms, " in 
Problems of Bionics— (Selected Articles), 
Defense Documentation Center Report AD 
73005, date unknown, p. 16-25. Available 
through the National Technical Information 
System (NTIS). 
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Mind Control and EM Wave 


Polarization Transductions, Part 2 


©Copyright 1999 by T-E. Bearden, USA 


‘This article continues on with TE. Bearden’ article, Part x of wich was published in 
Volume 9, #2 of Explore! forthe Professional. Because we fel that Col. Bearden caution 
below isso very important wwe are repeating its publication in all parts of this article. 
Special Note 

‘This article refers to experimental research techniques which can 
be detrimental or lethal in the hands of any but highly skilled quali 
fied experimental scientists proceeding under proper laboratory safe 
ty procedures. The purpose ofthis article is strictly for information to 
properly qualified and authorized scientists in certified laboratories. 
‘We do not propose or condone any use of these procedures for non~ 
approved practice of medicine without a license. Neither the publish 
cet nor the author are responsible for accidents or outcomes in the use 
of these experimental procedures and techniques. Any researcher who 
performs these procedures and experiments is acting on his or her 
‘own volition, and is solely responsible for insuring safety, qualifica- 
tions, and legality ofthe acts and their results. We neither suggest nor 
condone unauthorized experimentation on human subjects. Such isa 
criminal violation of the constitutional rights of the subject under 
Federal and State laws, and is both illegal and immoral. 


A Strategic Threat Completely Unrecognized by the West 
‘The Russian methodology leads directly to rather mind-bend- 
ing, extended capabilities. KGB psychoenengetics scientists seem 
fixed on an eventual goal of directly engineering Jung's collective 
human unconscious, thereby converting the entire human species 
into a sort of “ant” species. In short, they seek to engineer what 
they regard as “perfect communism and perfect order” directly in 
the entire species. Figure 8 indicates the direct connection of every 
human's conscious and unconscious mind to the collective species 
unconscious and to Gaia, the collective unconscious for all species 
on Earth. Since time is internally structured and layered, it fol- 
lows that time-like mind levels ae also internested and layered. 

This appears to be a significant strategic threat, tell along in 
its development, that our scientific and intelligence communities 
have completely failed to recognize. 

‘The direct engineering of the entire human collective species isa 
doable. Itis going to be done, whether we like itor not. In that race 
(which may eventually determine whether or not we retain any per- 
sonal freedom at all) the “democratic” nations are woeflly behind. 
In fact, the West has not even realized there is such a new kind of 
“arms race” for dictatorship and control of the “collective species 
mind” and we have already almost lost it. The West has not yet even 
developed the overall theory of psychoenergetics. 

Waves and Wave Transductions 


‘A pure longitudinal EM wave (LW) would have infinite energy 
and infinite speed. In practice, one can only approach this perfect 
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LW wave, and one always has transverse residues remaining. Hence 
the “imperfect” longitudinal EM waves we can make in suitable equip- 
‘ment and techniques, are known as “undistorted progressive waves” 
(UPWs). The UPWs may have velocity far greater than the speed of 
light, or less than the speed oflight. So the speed v of UPWss can vary as 
Ocveco (6) 


‘The Russians also know that, when a nearly-pure longitudi- 
nal EM wave interacts with matter (it usually doesn't interact very 
much, and has a low reaction cross section), the mass immediately 
adds the phase conjugate replica to the interacting LW portion, 
regardless of frequency, thereby transducing the input LW inter- 
actions into scalar (time-polarized) EM interactions. 

‘One transduces from TW to LW to Scalar EM via iterative 
conjugation. One transduces from scalar EM to LW to TW via iter- 
ative interferometry. It took the present author 20 years to discover 
this simple thing; we now have fled an invention disclosure on the 
process and embodiments for performing it, and will be following 
with formal patent applications, Let TW = transverse EM wave, LW 
= longitudinal EM wave, and TDW = time-density EM wave (an- 
‘other name I use for t-polarized or scalar EM waves, since the density 
of time-energy is what is varying). Let (I) = interfering with, PCR = 
phase conjugate replica wave with a coupled set of parentheses en- 
closing the type of wave. The rules for wave type transduction are: 


TW+PCR(TW) => LW i] 
LW + PCR(LW) > TDW [3] 
Going the other way, the rules are: 
TDW (I) TDW > LW (9) 
LW LW>TW [10] 


In EM smog (dense EM signals, even though very weak), there 
is increased nonlinear multiwave interactions, both interferomet- 
ric and phase conjugative. So in such EM smog there exists an 
increased, non-negligible component of LW and TDW irradia- 
tion, formed by the above transduction interactions in the irradi- 
ated living cells and bodies. This latter part accounts for many of 
the long term effects which show up in “correlative” studies, but 
which do not show up in the normal limited-frequencies TW 
experiments produced by so-called “physical experiments.” 

“The standard EM bioeffects manner of experimenting uses a 
theoretical model of simple, direct energy deposition by means 
of absorption in cells and tissues. Now we must utilize an “open 
system” throughout the body dielectric in which higher polar- 
ized EM energy (either LW or t-polarized) travels readily 
throughout all areas of the body. 
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EM Bioeffects and Wave Transductions 
In the EM bioeffects experiments to date, there has been ab- 
solutely zero control of the internal transductions, and there has 
been no consideration of them. Almost all transductions of TWs 
into LWs will immediately result into transduction into TDW 
and time-excitation charging of the cells and all their internal 
components. These time-excitation charges (excited states of 
time-charging) will then slowly decay, emitting longitudinal EM 
waves in the process which travel throughout the body. These 
emitted LWs interfere with each other and the LW processes in 
the body, producing low level TW “noise jamming” of the cellu- 
lar processes and—most especially—of the deep cellular control 
system of the body. The latter system functions by means of LWs 
and TDWs. Long-term effects of such “noise jamming” of bio- 
chemistry reactions and the control systems of the cells and body, 
can lead to degenerative diseases such as arthritis, atherosclerosis, 
Alzheimer’s disease, heart disease, cataract, tumors, leukemia, some 
what accelerated aging, immune system weakening and depressing, 
etc. As the body's natural defense and regeneration ability weak- 
ns, opportunistic infections further add to the degeneration. 

It was shown by Whittaker in 1903 that any scalar EM po- 
tential is comprised of a harmonic series of bidirectional longitu- 
dinal EM wavepairs. [See Figure 9] Each longitudinal EM wave 
pair in the harmonic series isa phase conjugate pair. Unknown to 
‘Whittaker, that “LW phase conjugate pair” is actually a time-po- 
Jarized EM “photon’ structure, containing a phase conjugate LW 
photon substructure. So staid old “voltage” (potential) is com- 
prised ofa harmonic series of time-polarized EM waves! 

‘The corresponding “t-polarized photons” are actually spin-4 
supergravitons comprised of coupled antipairs of LW “photons”, 
Each LW photon is a spin-2 graviton comprised of a coupled 
TW photon-antiphoton pair, Each TW photon and antiphoton 
in the coupled pair has spin-1. The couplet, being the longitudi- 
nal “photon” or graviton, thus has spin-2. And so on. 

In 1904, Whittaker showed that any EM field or wave pat 
ten can be decomposed into two scalar potential functions. By 
applying Whittaker 1903 decomposition to each scalar poten- 
tial function, any EM field or wave has an enormously rich in- 
ternal structure, comprised of scalar potential functions in inter- 
ference. Each scalar potential function is comprised of 
time-polarized EM waves (made of spin-4 supergravitons). Each 
time-polarized EM wave is further comprised of bidirectional 
longitudinal EM wavepairs. Each longitudinal EM wave i fur- 
ther comprised of phase-conjugate pairs of transverse EM waves. 
Each transverse EM wave is further comprised of two scalar 
potential functions, each of which is in turn comprised of an 
infinite harmonic series of time-polarized EM waves, and so on 
aad infinitum and ad nauseum. Obviously all EM potentials, fields, 
and waves have an enormous “internal structure” or internal “in- 
formation content of the field”. 


The Cellular Control System Uses 
t-Polarized EM Photons and Waves 
‘The master cellular control system (MCCS) in the body uti- 
lizes these photon-gravitons, their corresponding EM wave po- 
Jarizations, and transductions between them. By the use of very 
condensed gravitons and supergravitons, it is able to 
utilize small but highly significant direct curvatures of space~ 
time in precise patterns. In short, it utilizes general relativisti 
spacetime curvature engines, rather than “EM photon signals”, 
to accomplish its control of the cells and their processes. It does 


nap cee onfexplore 2rd contol pg (1 of 2244 2008 23.2887 


not merely send a “signal” and hope the cell itself acts upon it. 
Instead, it sends an “engine” which alters the local spacetime in 
which the cell and all its components are embedded. This “local 
ST curvature engine” then physically works directly upon the 
cell and all its parts, to alter the cell according to the specific 
“template” of the engine. 

This is the direct application of the Wheeler's simple state~ 
ment of general relativity: Mass (trapped energy) acts upon space- 
time to curve it, and curved spacetime acts upon mass to change it. 

Popp's “ordinary photon” study of this cellular control system? 
therefore will detect the coherent ordinary TW photon residues 
which result from the photon polarization transductions occur 
ring from the actions of the ST curvature engines upon the cells. 

Cellular division, biochemical processes, growth and growth 
control, cell differentiation and dedifferentiation, etc. are all con- 
trolled by the MCCS or one of its subsystems, using spacetime 
curvature engines. The ordinary TW electronic activity our bio- 
physicists detect and correlate are simply the intermediate com- 
ponents of the actual ongoing polarization transductions. 


The Cellular Control System Uses EM Time-Energy 


One important subsystem of the MCCS controls the immune 
system’ functions, including the deepest and most subtle func- 
tioning performed by all elements of the immune system. This 
system has been rather intensively studied, but since our bio 
physicists have not possessed the full electrodynamics utilized, 
only the correlated residue of normal TW EM waves and pho- 
tons have been recognized and studied. Hence Western biophys- 
ics isin its very crude infancy. 

Incorporation of the total wave and photon polarizations, 
together with their transductions, will eventually present a revo- 
lution in both biomedicine and biophysics. Unfortunately, pres- 
ently our entire medical community is very firmly entrenched in 
only ordinary TW EM polarizations and ordinary biochemistry. 
Our scientists thus are studying less than 1% of the functioning 
of the living organism. 

As an example, since Western scientists have no knowledge 
or research into the time-polarized mind domain and mind-body 
coupling, the mystery of the placebo effect—in which the mind 
has been verified to produce actual physical effects - will indef- 
initely remain a mystery:* As one result of that “crippling” of our 
medical theory, medical experimenters have to deliberately drive ex- 
periments on drug effects etc. beyond the “mind's own threshold” of 
physical effect. In short, they have to drive the experimental results 
‘over and above the results being accomplished by the placebo effect. 
‘They must perform valid placebo control esperiments, and subtract 
the placebo component results from their own experimental re- 
sults, to determine the “delta” induced purely by the drugs. 


The Regenerative Subsystem 

Another important subsystem of the MCCS controls the re- 
generative system of the body. The regenerative system has vari~ 
‘ous mechanisms, including growth control, differentiation and 
dedifferentiation of cells, etc. Becker's portrayal of the regenera- 
tive system is shown in Figure zo. One of its most important 
functions is healing and restoring damaged or diseased cells. It 
does that by a most remarkable process. 

This system has been very poorly studied, mostly by Becker* 
etal, although there is still sporadic, ill-funded, and ill-planned 
research on regenerative effects from time to time.’ Becker and 
his colleagues came closest, and—considering the severe limita~ 
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tions of the orthodox U(1) EM model available to them—Beck- 
er’s work is particularly revolutionary, He demonstrated beyond 
question that simple DC potentials could generate cellular dif- 
ferentiation and redifferentiation, and produce results at global 
sites in the body and not just at the local injury sites where the 
DC potentials were applied. 

Becker was nominated for a Nobel Prize for his Herculean 
efforts and remarkable results, For his trouble he was hounded, 
his funds were withdrawn, and he was forced to retire at an early 
age in his 50s, His biggest “heresy” was to bravely point out that 
power line radiations had deleterious effects upon biological 
tems, and to testify to it in a series of hearings and court cases 
where a very powerful electrical power industry essentially ran 
rough shod over science and the public. 


Organized Science Is Highly Politicized and Imperfect 

Itis not only politicians that are “bought and paid for” by pow- 
erful vested financial ed science, precisely the 
same arrangement holds true. Scientists are no better or no worse 
than any other segment of humanity. A surprising percentage will 
produce the results desired by their benefactors, if provided with 
cushy jobs, good income, prestige, and secure positions. 

Ir has been said that money is power. It has also been said 
that power corrupts, and absolute power corrupts absolutely. In 
the scientific community, as well as in the political community, 


this “great corruption” by great financial power has been elevat- 
ed to an art form. Simply examine the funds made available to 
scientists. There is not enough for all the scientists, so itis fiercely 
competitive. If the scientist does not get grants (e-g.,a would-be 
professor at a university), he does not bring in extra money to 
the university, He cannot get his graduate students funded, so 
his own innovative (read: heretical) research is thwarted. His 
papers are rejected by the journals, and before long he has no 
funded position in science. If lucky, he will be employed in the 
grocery store or the butcher shop. 

Every bit of funding available for the scientists to compete for 
(and apply for grants) already has firmly fixed controls of exactly 
what research can be done with that money, The “science” that will 
be applied is already formulated. That and only that can be done. It 
is a tribute to the dedication and resourcefulness of our working 
scientists themselves, that anything innovative at all gets done. 

One can have a very fine scientific career, tenure as a profes- 
sor, get one’s graduate students funded, get one’s papers pub- 
lished in prestigious journals, win awards and achieve stature 
and prestige, if one just plays the desired game prescribed by the 
“old boys schools” in control of almost all the scientific funding 
Yes, one can permissibly move the decimal point in the present 
models a bit, and be rewarded handsomely for doing so. But one 
is damned if one attempts any serious change or overthrow of 
obsolete scientific models and practices favored by the “system”. 
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Figure 8. Nested levels of consciousness and unconsciousness. 


The mind levels contain the 
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Figure 9 


‘That is precisely why all our universities continue to teach a 
terribly flawed electrodynamics that isa caricature with at least 
32 major foundations flaws in it 

And that's why the organized Western scientific community 
has betrayed the taxpayers who largely fund its research. In short, 
the scientific community fiercely enforces dogma, suppresses in~ 
novation, and has denied the U.S. the very defense we need to 
survive against our pressing enemies who have not been so sci- 
entifically dogmatic. 

Microwave Radiation of the U.S. Embassy in Moscow 

Because of the strongly enforced adherence to the insane foun- 
dations errors in classical electrodynamics, our scientists still do 
not comprehend the decades of s0-called "microwave radiation’ 
of personnel in the U.S. Embassy in Moscow. All diseases and 
health changes produced in those personnel were in fild-free 
areas (i.e., where the potentials were persistent and unchanging, 
with no gradients etc.)" No one even thought to look at the “in- 
ner longitudinal EM phase conjugate biwave composition” of 
those potentials, where they would have found the Whittaker 
internal bidirectional longitudinal EM wavepairs and the inter- 
nal time-polarized EM waves. They would also have found the 
infolded, very powerful general relativity: the spacetime curva- 
tures deterministically formed and being utilized to directly al- 
ter the irradiated cells and their constituents. 


Instead, government-funded studies did a rather straightfor- 
ward “force field” analysis, and concluded that, since there were 
no fields there, it could not have been the microwave radiation. 

Elementary statistics would immediately indicate a different 
conclusion: The diseases and health changes were 100% corre- 
lated to the presence of potentials, and 100% anticorrelated to 
the presence of fields. Hence it was the field-free potentials that 
had to be inducing the diseases and health changes. If it were 
NOT the radiation at all, then some changes would have oc- 
curred in personnel in areas where fields were present, as well as 
in areas where fields were aésent. Since this did not occur, such a 
premise is destroyed by self-contradiction. In short, the data ac~ 
tually proved (i) it was indeed the radiation that was causing the 
diseases and health changes, and (ii) further, it was the field-free 
potentials that were the culprit. 

‘That this clementary statistical conclusion euded our scientific com- 
‘munity and our government community, is absolutely inexplicable. 

‘Three U.S, Ambassadors eventually died of diseases induced 
by their exposure to the Embassy radiation. Ironically, Ka~ 
znacheyev’ had openly released some of the results of thousands 
of Soviet military experiments showing that any kind of cellular 
disease or disorder could be induced in targeted cells by novel 
EM radiation emitted from diseased or damaged cells, Appar- 
ently no one in the West deciphered the mechanisms involved 
in Kaznacheyev's epochal work. 
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The Structure Is: 


‘* A-armonic set of longitudinal phase conjugate wavepairs. 
+ In each wavepair the two waves superpose spatially after detection, but travel in opposite 


directions. 


The convergent wave set is in the imaginary plane, and hence is not observable. It is EM 


energy incoming to the potential (dipolarity) from the time domain. 
+ The charges spin is 720 degrees, 960 in the real plane and 360 in the imaginary plane. 


+ Hence the charge receives the complex convergent EM energy, transduces it into real EM 
energy, and emits enormous energy at the speed of light in all directions which includes 
bidirectional pairs in 3-space (after the reaction, being after “observation"). 


This produces the fields and potentials from the “source charge or dipole.” 
‘Mandl and Shaw argue that the scalar (time-polarized) photon and longitudinal photon are observable 


only in similar pairs, which then makes the instantaneous scalar potential. Thus their quantum field 
theory work strongly supports the “negative resistor” interpretation of the scalar potential and our 
solution to the source charge and source dipole problem. 


Figure 9. Infolded longitudinal biwaves (time-polarized EM waves) 
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Figure 9 


composition of a scalar potential. 
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The Present Situation in Western EM Bioeffects Research 

(Our scientific community has not even designed physical ex 
periments to validate long-term EM bioeffects of the kind caused 
by induced wave transductions and long-term effects inside the 
absorbing human cells and in the body's regenerative and i 
mune systems. Western science has no knowledge of these tech- 
nical internal “wave polarization transduction” mechanisms. Yet 
the basis for such mechanisms has existed in the hard physics liter- 
ature for decades. Leading EM bioeffects researchers seem totally 
unaware of small reaction cross sections inside the body cells and 
tissues for the transduction of transverse EM signals into LW and 
polarized EM signals. Conventional Western researchers have not 
investigated it, nd often will not believe it when it is pointed out 
to them along with the supporting basis in the literature. 

A major part of the mainline "EM bioeffects” community, of 
course, seems comfortably funded largely by the power industry 
etc." The record is clear that this dominant, well-funded group 
has little or no intention of “finding” anything that will question 
powerline radiation safety and upset their cushy positions. 

In fact, leading bioeficcts researchers have pointed out this 
deliberutc basing of EM Bioctfece ata esearch area, Qpoting 
Dr. Andrew A. Marino, one of the great pioneers in the area of 
EM bioeffects" and powerline radiation assessment."! 

“Neither scientists nor the public can rely on power-industry 
research or analysis to help decide whether powerline electro 
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‘magnetic fields affect human health because power-industry re~ 
search and analysis are radically misleading.” 

Dr. Marino then gives the specific details to prove it, and he 
shows specifically how they slant and mangle their experiments 
and interpretations of the results, to do it. If the major financial 
interests cannot scientifically destroy determined, honest research- 
ers such as Marino and Becker, they do not hesitate to attempt 
to destroy them in lawsuits. 


‘The “Diffusion Mixmaster” at All Body and Cellular Levels 


Every mass and all its particles are in a violent energy ex- 
change with the active vacuum. A human body and every part of 
isina continual exchange of EM energy with its environment(s), 
including transverse, longitudinal, and t-polarized (scalar) EM 
energy exchanges. Further, within the dielectric body there is a 
sort of intensive “diffusion” of special kind, actually due to itera~ 
tive phase conjugation and iterative interferometry of the dense 
signals environment impinging upon it. This internal “diffusion” 
and transduction (iterative multiwave phase conjugation and it- 
erative multiwave interferometry) thoroughly “mixes up and 
transduces” one type of EM wave or signal into the other, 
cluding many of the body's own TW, LW, and TDW signals. 
Continual or sustained TDW exposure (irradiation by t-po- 
larized EM waves) charges the body and its particles with time- 
excitation charging, something which has been erroneously omit- 
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Figure 10. Becker's model of the Regenerative system of the body. 
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ted in physics, but is true nonetheless. Inexplicably, physicists 
just ignore what happens time-wise when a mass absorbs a pho 
ton, We have covered that elsewhere. 

So inside the body dielectric, there isa “diffusion mix” corre- 
late of any and every type of the waves, to any or all of the ex- 
changes, plus the additional internal interactions of the body in 
its TW, LW, and scalar EM wave transductions. There is a one~ 
to-one correspondence to any one of the three types of polariza- 
tion waves (transverse, longitudinal, and scalar) and everything 
going on anywhere in the body. 

Note that the type of LW we are using is actually made of 
phase conjugate pairs of transverse EM waves, so its “photons” 
are made of photon/antiphoton pairs. That is, our longitudinal 
EM wave has an internal TW structure, and the LW wave is 
comprised of spin-2 gravitons. Our longitudinal EM wave has 
an internal structure, and it dramatically differs from the LW 
used by the U.S. scientific community which ignores wave, field, 
and potential infolded substructures. Our LW (which seems to 
be what the Russians use) is also a gravitational wave because it 
is comprised of oscillations in its distributions of spin-2 photon/ 
antiphoton pairs (ic. gravitons). 

‘The type of t-polarized (scalar) EM wave we are using is a 
phase conjugate coupled pair of the specialized electrogravita- 
tional (EG) LWs. The “t-polarized photons” comprising this t- 
polarized “EM" wave are comprised of spin-4 supergravitons. 


These are, I believe, what the KGB energetics weapons scien- 
tists use also, By iteration, we can go into as deep an internal 
multilevel structuring of EM and EG waves, of any type, via 
methods shown by Whittaker: 

Now let us examine a body as a dielectric, sitting there in its 
exchange, in relative equilibrium. It turns that every tiniest piece 
of a dielectric participates in any emission from it"—even the 
emission of a single photon, graviton, or supergraviton. Well, it 
‘would so participate, due to the special sort of correlated diffu- 
sion and interferometry and phase conjugation that we pointed 
out. Anything that escapes (is re-emitted) from the body, has 
been through this “diffusion wringer”. It has escaped from each 
and every internal part of the body. 


Novel Signatures in Body-Emitted 
EM Radiation of Any Polarization 

A single photon or wave emitted from a dielectric carries in 
its internally structured time component a femplate of the exact 
internal time structuring of every part of the dielectric emitting 
that photon, It carries in its internally structured energy compo- 
nent.a template of the internal energy structuring of every part of 
the dielectric emitting it. An emitted EM wave, being a collec~ 
tion of emitted photons and photon structures, thus carries the 
same internal structuring of both its transported energy and its 
transported time."* Western scientists do not use the internal 
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structuring of photons and EM sine waves, have no instruments 
for that, and so do not know it. The Russians know it,'S!*use it, 
and have developed sophisticated instruments for it for the last 
30 years or more. 

Shortly we will postulate how conventional scientists exper 
menting with mind and behavior control electromagnetically 
might utilize an immediate consequence of the fact that the spe~ 
cific emission from a body at any time—whatever type of wave 
component we look at—is a total correlate to all that body's in- 
ternal functions, its energy exchanges with its environment, its 
states, its mental states and conditions, etc. 

And we accent that the coherently integrated intent-changes, 
in that body from its coupled mind’s operations are also in the 
substructure of photons and EM waves emitted from the living 
body into its environment. 


How Western Mind Control Scientists Might Proceed 


Conventional scientists would ignore scalar photons and 
waves, determine the TW spectrum, and then slowly and pain- 
fully correlate that to the various physical, mental, and emotion- 
al things. That's the way they would Aave to do it, since appar- 
ently they use only standard electrodynamics. They can in fact 
do this via brute force, because that emission TW spectrum is of 
waves escaping from the entire “diffusion machinery” mixmas- 
ter in the body dielectric. It does contain all those integrated 
‘mind-intent 3-space correlates as well as the ordinary body 3~ 
space energy correlates. 

Anyhow in envisioning Western procedures, the test body would 
be siting there, in its normal (let say fuirly normal and quiet) EM 
environment. [See Figure 7] Let's assume this body is not sick, but 
is healthy and normal. Its emissions are a part of its equilibrium 
condition. It follows that the totality of its TW emissions is corre- 
lated to the sum total of everything that interacted with the body, 
plus its own internal reactions, including from mind-body cou- 
pling. Indeed, everything that has ever happened to that enti- 
ty—physically, mentally, emotionally, ete. —has internal corre~ 
lates infolded inside the emitted transverse EM wave spectrum.” 

So first the scientists would simply measure the full envi- 
ronmental TW spectrum down to very tiny levels in all frequency 
bands possible—everything that is coming in to the body from its 
environment. They would probably perform the experiments in a 
triply-shielded Faraday cage, so the external environment outside 
the cage contributes very little transverse EM wave noise (perhaps 
some Schumann resonance). Magnetic wave shielding and ELF 
shielding is something else again, and longitudinal EM wave shield- 
ingis in general not possible unless longitudinal EM waves are em- 
ployed in the shielding. But a “quiet extemal TW environment” 
enhances the isolation and measurement of the specific TW sig- 
nal transforms the Western experimenters would be seeking. 

‘Then they would measure everything likewise that the body 
is emitting when in that environment. That is the “zero refer- 
ence” or “normal reference” level. They would measure every as- 
pect: frequency, amplitude, phase, wave shape, modulation, etc. 


Probable Experimental and Measurement Techniques 
Next they would selectively irradiate the body with specific 
signals, frequencies, waveforms, ete. They would begin by using 
portions of the same frequencies that are being emitted from the 
body in the “zero reference” environment. They would insure that 
the returned signal was of higher amplitude than the usual signal 
being emitted by the body at that same frequency and type. 
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‘They would consider the body dielectric asa “ship with port- 
holes’. Light (EM transverse wave energy) coming out of the 
portholes has originated and adapted from everywhere inside the 
ship and its operations. When the experimenters reinsert energy 
through one or more portholes, they are interested in determining 
precisely which operations inside the ship are affected. So the 
body physiological functions are also heavily instrumented. 

By feeding back in the exact EM pattern and magnitude es~ 
caping the body dielectric through a single porthole, one “nulli~ 
fies” that part of the emission by producing a net equilibrium in 
that component. This will in turn produce changes elsewhere in 
the spectrum emission from other portholes, and this can be 
measured, It will also produce “stress changes” in specific por- 
tions of the body dielectric, nd in the heavily instrumented body 
these physiological, chemical, electrical, etc. changes can also be 
detected. Monitoring of the skin conductance, ¢g., indicates the 
level of stress, and EEG monitoring with sophisticated instru- 
‘mentation can indicate something of the brain wave states. 

In short, the necessary measurements from which to construct 
specific correlates can be performed, recorded, and later analyzed. 

‘This article will be concluded in Volume 9, #4 with Improv- 
ing the Methodology, Further Phenomenology Experiments, Re- 
juvenation and other matters. @ 
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This outstanding article is the last, Part 
3, Part I and 2 of which were published in 
Volume 9, #2 and #3 of Explore! for the 
Professional. Because we feel that Col. 
Bearden’s Special Note below is so very 
important we are repeating its publication 
in all 3 parts of this article. 


Special Note 


This article refers to experimental 
research techniques which can be 
detrimental or lethal in the hands of any 
but highly skilled, qualified experimental 
scientists proceeding under proper 
laboratory safety procedures. The purpose 
of this article is strictly for information to 
properly qualified and authorized scientists 
in certified laboratories. We do not 
propose or condone any use of these 
procedures for nonapproved practice of 
medicine without a license. Neither the 
publisher nor the author are responsible for 
accidents or outcomes in the use of these 
experimental procedures and techniques. 
Any researcher who performs these 
procedures and experiments is acting on 
his or her own volition, and is solely 
responsible for insuring safety, 
qualifications, and legality of the acts and 
their results. We neither suggest nor 
condone unauthorized experimentation on 
human subjects. Such is a criminal 
violation of the constitutional rights of the 
subject under Federal and State laws, and 


achieving many more effects in the 
targeted bio-organism or groups of them. 
With Hunt's method, the system as an open 
dissipative system far from thermodynamic 
equilibrium in its environment is being 
measured as such. This more directly 
allows for determination of the 
environmental inputs on a much broader 
range of subsystems, both space-like and 
time-like. Particularly for mental and 
emotional correlates to environmental 
stimuli, such measurements and 
correlations are essential. 


More Comprehensive 
Phenomenology Experiments 


To return: Now the scientists would 
perform many phenomenology 
experiments, making one little change at a 
time and profusely recording the data. 
Each time, they would establish the 
physical change(s) that occur in the body 
and/or the mental and emotional changes 
that occur in the mind for each spectral 
reinsertion back through the "ship's 
portholes", They would simply but 
painstakingly (over some years) build up 
an extensive database of those individual 
correlates. 

In these experiments, the experimenters 
will eventually be able to provoke any 
body or mind change they wish. Strong 
emotion, Intense pain. Intense pleasure. 
Painful thoughts, Images. Memories. 
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is both illegal and immoral. 


Two Ways to Improve the 
Methodology and Experimental 
Correlates 


We diverge momentarily: If they wish to 
improve this methodology, they will 
consider the body dielectric as a nonlinear 
isotropic medium. Then they will pretend 
that the spectrum of difference frequencies 
between each two adjacent waves is the 
spectrum of "emissions" from the body. 
They would also use those, as if they were 
actual emitted spectral signals, instead of 
the actual signals emitted. That procedure 
will give superior correlations, but it is 
more complicated. Part of that is known 


for underwater sonar," and so our own 
scientists may or may not have realized it 
for use in mind and behavior correlate 
determination with respect to the body 
dielectric. 

Another dramatic improvement in the 
depth to which the correlates can be 
constructed, is provided by detecting each 
porthole output in a two-channel device, 
where one channel has an adjustable time- 


delay as utilized by Dr. Valerie Hunt 
The two channels—one real-time and one 
slightly delayed—are then mixed, as by 
Hunt's method, producing an instrumental 
measurement of the chaotic part of the 
functions. Again, this can be measured, 
recorded, and later analyzed. It adds (i) a 
completely different kind of 
thermodynamics in the system 
measurements, (ii) a dramatically extended 
set of correlates, (iii) more direct 
measurement of the time-polarization 
causative signals, and (iv) an applications 
technology eventually having many 
additional degrees of freedom and 
therefore capable of 
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Perceptions. Dreams. Visions. Memory 
losses. Memory changes. Personality 
changes. Etc. The "delta" in the emission 
spectrum (the changes from zero reference 
spectrum) represent the precise totality of 
all mental, physical, organic, chemical, 
etc. changes and interactions. 

A particularly vulnerable aspect of every 
mammal is the pleasure center in the 
brain. Experiments have shown that, when 
this center is stimulated, it is the most 
addictive experience possible. Rats will 
forego food, endure electrical shocks, 
starve, and even die to obtain stimulation 
of this center. Obviously a device capable 
of generating signals that evoke direct 
stimulation of the pleasure center in 


humans would be a powerful weapon. 
Extending the Data Base 


See Figure 12. After the researchers 
have made an "individual porthole signal 
insertion" correlate database, then they 
would make a "two, three, four," porthole 
signal insertion correlate database by 
inducing selected multiple changes at 
once. Again they would analyze 
everything; the program would need one or 
more supercomputers. It would also 
require quite a highly qualified 
multidisciplinary team, extensive facilities, 
substantial funding, and would be many 
years in duration. We are describing a 
decades-long program. But it's a doable. 

With sufficient development and 
performance of such a program, the 
researchers would have produced (with 
sufficient testing and analysis, and 
sufficient retest validation and verification) 
a database of "specific correlates for a 
given overall desired physical, mental, or 
physical and 
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mental delta." 


A second stage in the research would be 
to test the correlates and porthole 
insertions upon a statistically significant 
cross section of ordinary people, and/or 
specialized populations (such as toughened 
soldiers). The program would evolve a 
highly complex, very effective, ever- 
improving science and technology of mind 
and behavior control and engineering 
mechanisms, complete with finished 
database and developed applications 
equipment. 


The Dielectric Body as a Ship With 
Portholes 


Again let us review what the EM 
transverse wave irradiation from the body 
dielectric represents. Think of the body 
dielectric as a sort of "ship", with lots of 
portholes. When it gets irradiated, certain 
operations happen internally to that 
radiation, i.e., certain "processes" and 
interactions” occur, which change both 
the mental and physical states. The output 
emissions back from the body dielectric, 
out through the filtering "portholes", will 
directly correlate to what has happened 
inside the ship. 


Itis terribly important to realize that one 
can use the same frequencies and spectra 
coming back out of those "portholes” to 
insert EM signals and waves etc. back in 
there, and into the deepest processes going 
on in the body and in the mind (at all 
levels, including the deep unconscious). 
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times. So it will reach directly into and 
affect any and every part of the dielectric, 
as you wish, and in whatever manner you 
have correlates for. 


We filed an invention disclosure* on the 
above correlate and "back-porthole" 
process for use in directly inducing full and 
efficient conversion directly to time- 
density (scalar, or time-polarized) EM 
waves inside the body/ cells, therefore 
immediately and directly time-excitation 
charging the body cells and all their 
internal components. 


Subtracting the Normal Correlates 
to Obtain the Deltas 


A specifically diseased body, e.g., has a 
specifically tailored change in its "normal" 
emission spectra, because of the disease 
condition alteration of its resident 
spacetime curvature engine. By having a 
database for the normal emission spectra of 
the healthy body, one can subtract it from 
the actual emitted spectra, to obtain the 
"delta spectrum", 


If the correlates have been previously 
determined by the above mentioned 
research program, then one may simply 
introduce an amplified "delta spectrum" 
into the body, i.e., through the portholes. 
This will immediately time-excite the cells 
and their components throughout the body, 
particularly where that disease does exist. 
It turns out that the time-excitation 
charging by that method will "pump" those 
diseased cells in the time domain. The 
cells themselves (and all their parts) are 
highly nonlinear—to time-excitation 
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Remember, whatever you put back in 
there, is going back through the 
"mixmaster" hopper. It will be iteratively 
phase conjugated and interfered with by 
everything, countless 


charging, they are totally nonlinear, So 
they will act as rather perfect pumped 
phase conjugate mirrors, but pumped in the 
time-energy domain rather than in the 
spatial 


RE-RADIATION WITH ALTERATIONS 
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TIME EXCITATION CHARGE |S STRUCTURED TO CONTAIN THE PRECI: 

SPACETIME IVATURE ENGINES FOR TIMER AND STEERING, 


CUR! EVERSAL s 
CHARGING OCCURS QUICKLY. ENGINES CONTINUE TO WORK FOR AN 
EXTENDED PERIOD AFTER CHARGING CEASES. 


Figure 12. Using an amplified replica of the body's own dense, broadband signal 
complex, containing added alterations, to irradiate the body and produce 
deeply-penetrating precise time-density charging for cellular time-reversal 

while steering the time-reversal trajectory to also correct a congenital condition. 
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Figure 13 


energy domain. This is a dramatic 
extension to nonlinear phase conjugate 
optics theory.> 

General relativity tells us that each 
specific detail of the mass and energy 
structure of each cell and all its parts— 
down to the finest details—is accompanied 
by a precise set of spacetime curvatures. 
By reintroducing the same energy as the 
disease delta TW waves, the affected cells 
add the phase conjugates, converting the 
inserted TW signals into longitudinal EM 
wave signals. The longitudinally-pumped 
cells again phase conjugate, converting 
these longitudinal EM waves to time- 
polarized EM waves, and "charging" the 
cells and all their parts in the time domain. 

Suddenly, at that point the resident 
spacetime curvature engine—rather than 
TW or LW EM waves-serves as the "input 
signal" to the cell-and-its-parts as pumped 
phase conjugate mirrors (PCMs), pumped 
in the time domain. An extension to the 
distortion correction theorem of nonlinear 
optics results. An exact, amplified 
antiengine for the diseased cells—i.e., a 
phase conjugate replica of the resident 
spacetime curvature engine—is formed. 
This amplified antiengine overpowers the 
resident disease engine, powerfully time- 
reversing the cells and their components 
back to a previous healthy state. The time- 
reversal actually occurs over a period of 
time after the "time excitation charge-up" 
ceases, say over the next week or two. 
Usually two to three quick irradiations are 
required, one week apart, to give a time- 
reversing period of three to four weeks. 

Even though appreciable forces are 
operating internally upon the cells and all 
their parts, there is no net translation 
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force upon the cells or any part. E.g., as 


Pepper® states, 

"On a more fundamental level, the ideal 
lossless PCM reverses all the quantum 
numbers of the incident photon (i. e., linear 
momentum, angular momentum, etc. ). It 
can be shown that the PCM therefore 
experiences no linear or angular 
momentum transfer from the incident 
photons; hence, the PCM is free from 
photon radiation pressure and torque 

Note that, in ordinary EM theory, it is 
precisely translation forces that are 
engendered upon charged mass by EM 
fields. This process is quite different. In 
biological terms, this process 
dedifferentiates (in physics: time-reverses) 
the diseased cells and alll their components 
—including the genes—back to an earlier 
healthy state. 

By taking a diseased body and feeding 
back into it an exact amplified replica of its 
emitted TW spectrum, one can force the 
body to "time-excitation charge" all cells, 
and their components immediately, with 
high efficiency. The human body and 
every cell and every part of every cell does 
the necessary "calculation" for the exact 
antiengine for each part. Since time is 
extremely condensed spatial EM energy 
(by a factor of almost 10!7), a startling 
contraction occurs in the radiation time 
required to time-charge the cells and their 
components and charged particles, This is 
a method for instant initiation of time- 
charging, hence it is extremely rapid. 
What took Priore several hours of LW 
irradiation to accomplish in the body,2 can 
now be done in seconds with this 


thwarting” and spectrum transduction 
method. In fact, it is an intense stress on 
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Figure 13 


the body, and—say—should only 


Figure 13. Portable first-method treatment unit proposed to the Department of 
Defense. For treating and curing mass casualties from terrorist BW 
attacks on U.S. population centers. 
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be continued for 30 seconds or so. We 
highly stress that overcharging in this time 
domain can be detrimental or even lethal if 
prolonged. 

At the end of the very short time- 
excitation charging time, the body is 
excitation charged in all its minutest 
particles". So everything is therefore 
pumped in the time domain for the next 
several days after the irradiation is 
removed, since the time-charge decays 
very gradually over a period of time. 
During that decay period, every part of the 
cell and body acts as a pumped phase 
conjugate mirror material, pumped in the 
time domain rather than in the 3-space 
energy domain. When time-pumped, the 
mass itself reverses to a previous physical 
state. This can be used for both nonliving 
and living masses. Because there is no 
forcible translation manipulation of the 
cells and their parts, it can be utilized on 
living cells in vivo. In the case of diseased 
cells—e.g., AIDS-it appears that three 
precisely determined 30-second "AIDS 
correlate” irradiations a week apart, should 
be sufficient to completely cure AIDS, 
including removal of all HIV-genetics, 
changes from every previously infected 
cell of the body. Also, it would 
accomplish considerable rejuvenation of 
the body (making the body younger). 


Rejuvenation: Restore the 
Telomeres and Produce Immortal 
Cells 


Saving Most of the Casualties from 
Mass Terrorist Attacks 


To defend against things like anthrax 
attacks on our civilian population centers, 
we also have recommended to the U.S. 
Government the crash development of 
small, portable treatment machines—using 
similar "antiengine-forming" and cellular 
reversing "porthole technology". [See 
Figure 13 on previous page]. Such 
portable machines could be developed 
cheaply and quickly, and present 
government facilities could be used to 
massively attack the correlate database 
production problem. The portable 
treatment units could be cranked out by the 
hundreds of thousands and flooded down 
through emergency response agencies such 
as the police forces, the National Guard, 
emergency hospitals, emergency response 
teams, etc. 

Each device could be used in "assembly 
line" fashion upon hundreds of sickened 
patients, in case of a WMD (weapons of 
mass destruction) attack upon one or more 
of our cities. The first generation 
equipment would save probably 70% of 
the stricken (as from anthrax, etc. ). With 
second generation equipment, one would 
expect 90% of the stricken casualties could 
be saved. 

Just now, there is a very dim prognosis 
for all those casualties, using present 
available treatment capabilities. Time and 
lack of vaccines defeats just about 
everything that can be done. Brutally 
speaking, most of those unfortunate 
enough to breath in anthrax spores from an 
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In fact, it is now known that the gradual 
loss of the telomeres—the natural ends of 
chromosomes—in a cell's chromosomes is 
what causes the cell to age. The gradual 
loss of the telomeres and the resulting 
shortening of the chromosomes represents 
acellular "disease state" or "disorder" 
state” accompanied by a precise delta in 
the spacetime curvature engine 
accompanying every affected (aging) cell. 

By determining the correlate for that 
precise telomere loss in the aging body's 
emitted radiation spectrum, an effective 
telomere regeneration process immediately 
emerges. One simply amplifies that aging 
"precise telomere reduction" correlate and 
reradiates the body with it, passing an 
amplified correlate back into every cell of 
the body. The cells and all their parts— 
including the chromosomes—add the 
phase conjugate replicas, converting the 
incoming TW EM correlates to 
longitudinal EM wave correlates. The 
cells again phase conjugate the LWs and 
add the phase conjugate replicas, 
converting the LW correlates to time- 
polarized EM wave pumping correlates. 
This latter process time-excitation-charges 
the aging cells and all their parts, including 
the genes and chromosomes. The cellular 
matter itself produces the amplified "aging 
antiengine" for each and every cell and 
telomere ending. The result is to again add 
telomeres, converting the cell back to a 
younger, more vigorous cell, and reversing 
the process of aging. 

We point out without further elaboration 
that these methods also introduce direct 
engineering signals into the body's master 
cellular control system, including the 
regenerative subsystem. Hence the body's 
regenerative subsystem is involved in 
helping produce the necessary engines and 
operate upon the short telomere chains to 
add back telomeres. More specifically, the 
regenerative subsystem is changed into 


attack, are going to die. At least 80% of 
them will expire, in spite of everything the 
present system can do for them. 

Note each device could rapidly treat a 
whole series patients, one right after the 
other, merely laying them between 
"blankets" containing wire antennas, 
irradiating with the proper correlate 
spectrum quickly, moving on to the next 
patient, irradiating quickly (seconds), etc. 
The entire apparatus could be made to fit 
in a large suitcase-sized container, and it 
would be highly portable and controlled by 
a laptop-sized computer. 

Unfortunately, so far the DOD doesn't 
even understand what the heck we're 
talking about! The National Institute of 
Health (NIH) and the National Science 
Foundation (NSF) are not interested at all. 
After all, it isn't drugs, vaccines, 
antibiotics, etc. — which are simply not 
going to do the job. However, those are 
what the government and scientific 
communities are going to finance to the 
tune of hundreds of millions of dollars. 
They are then going to lose almost all 
those mass casualties when the terrorist 
attacks on our population centers 
inevitably occur. 

Those are Americans. They are going to 
die. Most of them could be saved. We 
ought to save them. 

For any change in state (physical, 
chemical, emotional, mental, perceptual), 
the body dielectric "portholes" change and 
the output spectrum changes. The delta 
from zero reference now represents that 
exact change. 


Where Western Mind Control 
Research Has Probably Arrived 


Western mind control researchers 
probably first established a correlation 
database of porthole emission correlates to 
changes in internal states, both physical 
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perfect consonance with the external 
introduction of the amplified antiengines. 
That exact process can be used to 
rejuvenate the aged population and remedy 
most of the debilities of growing old. That 
is how we eventually intend to do it, if we 
can convince the U.S. government and the 
U.S. scientific community to perform the 
necessary research and validation. 
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and mental. They almost certainly 
recognize the peculiar participation of 
every part of the body dielectric in the TW 
emission spectrum from the body. They 
will almost certainly have opted for this 
"porthole" notion of some similar 
expression of it, and the "thwarting" of 
these "relaxation and release" emission 
processes to engender internal physical 
changes in the body and in the brain-meat- 
computer, as they see it. 
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They probably experimented with 
different TW EM radiation mixes, to see 
what the body emission change to, and 
what states are induced. Undoubtedly they 
found that the induced states began to 
correlate with the former emission delta 
data base. That is, they found out which 
delta emissions spectra, reversed and 
amplified and fed back thorough the 
portholes, produce what internal changes. 

Use for healing is the simplest of all. 
Use for killing or debilitating is more 
complicated. Of course weapons 
researchers wish to look only at the killing 
aspects. That is something they 
understand. They do not understand 
healing, for they do not even have the 
"regenerative" or "healing" mechanism in 
any of the scientific papers or texts. 


Becker® came closest in this country, and 
Priore did it in France. Both of those 
scientists were suppressed and paid a bitter 
price for their revolutionary and innovative 
research. 

But look at what has been done, by 
"input-output" correlation research. The 
scientists will have a database now, that 
tells what state emerges in the body and in 
the mind, for what irradiation spectra 
(frequency, relationships, phases, 
amplitudes, wave shapes, etc.) one uses. 
And they did not work out all the wave-to- 
wave transductions ongoing in the mind 
and body connection and in the body and 
in the mind, individually, between 
TWULWUTDW. 

We suspect that this is the course 
Western mind control researchers will have 
taken, without even realizing the internal 
wave transductions occurring, And they 
would not be concerned with that. They 
would have what they want, for weapons, 
mind control, and behavior control. And 
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of the internal "mix" of the dielectric and 
all its tiniest portions. So Western mind 
control researchers and rogue groups 

probably do get good results 

We are not just picking on the U.S. 
government here! Internal divisive groups 
exist in all large and powerful groups, and 
joust for power. In highly classified 
groups, these groups are greatly enabled to 
joust more widely, unethically, and 
immorally because it is so deeply hidden. 
So very deep classification evokes the 
growth and intensity of rogue groups. It's 
the old "Power corrupts, and absolute 
power corrupts absolutely" routine. 

The implication is that in the West one 
or more highly classified, sustained, 
heavily funded developments in advanced 
mind control programs, probably exists 
and probably has existed for some time. 
Due to loose formation of rogue groups 
inside such programs, they may have dual 
or triple purposes, may not operate under 
very much legitimate government control 
at all, and may operate specifically for the 
purposes of the rogue group or groups that 
have gained control. 

Ina nutshell, that’s what may be going 
on in the clandestine mind control projects 
in several Western governments. The 
involvement of at least some rogue groups, 
some being "cowboys" who operate well 
outside all laws and ethics, could also 
result in such things as assassinations, 
clandestine testing on individuals without 
their consent, etc. In short, it could 
account for what seems to be actually 
occurring. As also is "usual" in such a 
mess, one or more of the rogue groups 
eventually may become very powerful 
because their secret weapons are very 
powerful. They may become confident, 
thinking they have the "best in the world." 
They may actually believe they are ahead 
of the Russians. 
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they would of course ignore the healing 
aspects. And they would get results of 
course, revolutionary results. So they 
would undoubtedly classify the program 
very highly, thinking that they had the best 
of the best. 


Rogue Groups May Also Have 
Arisen to Divert the Purpose of the 
Projects 


And that is where real problems may 
arise. Every human group has within it 
competing subgroups, jousting for power. 
The more highly classified the group and 
its activities, and the less that is known 
about it outside its confines, the more 
strongly and secretly the subgroups can 
play. So they can emerge as rogue groups 
pursuing their own agendas, not that of 
their duly elected governments. In the 
extreme, such a deep black program can 
even become a "captured" program, which 
is totally in the hands of rogues and no 
longer reports to or is bound by the dictates 
of the parent government. 

It has long been suspected in some 
quarters that even the US's highly 
classified research community may be 
riddled by such rogue groups, and so may 
be certain highly sensitive parts of the 
Research and Development community. 

Remember that, in every large and 
powerful human organization, the basis for 
rogue groups is power and secrecy. They 
are always seeking to increase their power, 
control, influence, prestige, etc. Nothing 
else. Patriotism and mission are—to rogue 
groups—often just idle words. They have 
their own agendas. And being rogue 
groups, they may well bring in unethical, 
immoral tricks: assassination, bribery, 
entrapment, disinformation, plausible 
deniability, etc. A certain percentage of a 
highly secret rogue group will wind up 
using all these things and more. It's a 


Where the Russians Probably Have 
Arrived 


On the other hand, the Russians will 
have developed instruments for detecting 
and isolating the LWs and the scalar 
waves, in addition to the ordinary mundane 
instruments for measuring the TWs. So 
they will have not only the TW correlates, 
but also the much finer TWOLWUTDW 
(scalar EM wave) correlates. They will 
understand and employ the use of vacuum 
engines (spacetime curvature engines) 
which Western researchers will often 
invoke but not understand or even be 
aware that this is what is being invoked. In 
other words, Western researchers probably 
just use the old method of "input fi set of 
functions fi output". That is the standard 
basis for almost all Western system 
analysis. With it, one doesn't have to know 
the exact functions and processes going on 
in the middle. One just determines a 
transfer function from a given input to the 
output that results. Then one catalogs that 
transfer function. One does that for lots 
and lots of transfer functions for 
particularly desirable results, and one has 
the system analysis. One also has the 
immediate basis for a rapidly-developed 
applications technology. 

Western scientists are good system 
analysts. But they have little or no 
comprehension of what is really going on 
in that "inside the ship functions" portion, 
even though they have determined the 
transform function which acts upon the 
input to give the "from the portholes” 
output. 

The Russians, with their additional 
knowledge of the actual mechanisms in the 
transforms, will be much more advanced 
than the West, because their fundamental 
psychoenergetics science is far more 
advanced, so long as we continue to use 
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human characteristic, the old primate 
dominance game. Only now disguised and 
hidden under deep classification. 
Nonetheless, the "simplified” TW EM 
"porthole correlate” approach will yield 
very positive results, due to the correlation 
existing with the LW s and scalar portions 


the old U()) electrodynamics. Further, the 
Russians have decades of use of 
longitudinal interferometry beams to reach 
right through the earth and ocean and 
produce stringent EM effects at a distance. 
So they will also be able to do the same 
things here in "mind control" with LW 
interferometers, through intervening mass 
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including the earth and ocean. Western mind-control 
scientists and their rogue groups—assuming they exist as 
postulated—largely will not be able to do that, and 
probably won't even recognize Russian testing of 
psychoenergetics weapons directly in or over Western 
nations. 


Russian Lethal Psychoenergetics Mind Control 
Tests Over the U. S. 


In fact, the KGB tested just such highly advanced mind 
control weapons over the middle of the United States in 
1997 on two occasions. The tests were conducted against 
Captain Button in his A-10 "Warthog" aircraft on April 2, 
1997 [See Figure 14], and upon Captain Svoboda in her A- 
10 "Warthog" on May 27, 1997. [See Figure 15] 

Over Arizona, Captain Button was thrown into a 
hypnogogic state, and his perceptions instantly altered and 
controlled. In his instant "dream-waking" state, everything 
seemed perfectly normal. His sense of direction was 
altered a bit more than 90 degrees, so he simply corrected 
and turned and "flew toward the range”, actually flying off 
course by more than 90 degrees and ignoring radio 
contacts. He flew right on out of Arizona, At one point he 
circled, probably thinking he was over the range, and he 
probably dropped his ordnance there. Then he "flew on 
back toward home,” as he thought in his waking dream 
state, until his fuel ran out and he crashed and died in the 
explosion—dream-thinking until he died that everything 
was normal. Alll the while, his sense of the passage of 
time was altered. To him, in his dream-thinking, dream- 
acting 
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state, everything was normal and nothing untoward had 
happened. So the distant KGB transmitters and associated 
psychoenergetics team controlled him for over an hour. 

Indeed, that was the exact purpose of the test: 
demonstrate control (at a great distance) of a skilled 
person performing highly skilled tasks. A secondary 
purpose was to stimulate the U.S. government, watch its 
investigation and findings, and ascertain if the U.S. knew 
of the extent to which Russian KGB mind control 
weaponry had advanced. Obligingly, we proved to me 
KGB that we did not understand what had actually 
happened to Captain Button, 

Captain Svoboda was from the same Wing as Captain 
Button and was its most experienced night fighter A-10 
pilot. In fact, she taught other pilots the fine points of 
night flying combat missions in the A-10. About two 
months after Captain Button’s bizarre flight and death, 
Svoboda was engaged in night target bombing on the 
range. Rising from her ordnance drop on me target, 
Svoboda was suddenly struck and rendered hypnogogic 
and in a waking-dream state. Her sense of the vertical was 
instantly reversed. Superb pilot that she was, she 
immediately dream-perceived she was diving, not 
climbing out of the delivery. She instantly corrected to 
“climb out”. So in the real world she dived sharply into 
the ground and her aircraft exploded. 

This test demonstrated the instant alteration of a skilled 
pilot's perception, causing that pilot to inadvertently react 
promptly in an unintentionally suicidal manner. A’ 
secondary purpose of the test was to stimulate the U.S. 
government system again, to see if the system recognized 
what had 
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A-10 Mysterious Flyaway and Crash 


April 2, 1997 


Armed with: 


- Four 5004b bombs 
- 30 mm Gatling gun 


(ew Mex] 


Figure 14a. Captain Button's mysterious flyaway and eventual crash. 
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occurred, Sad to say, it did not and it has not, It was 
lamely speculated that Svoboda probably looked over her 
shoulder like a rank greenhorn, and inadvertently dived 
her aircraft into the ground while looking back at the 
target. If there was one pilot in the USAF who would 
have not done that, it was Captain Svoboda, At any rate, 
the KGB determined that the U.S. scientific, intelligence, 
and governmental communities did not have the foggiest 
notion of what had occurred. 

In private proprietary communications” we have 
explained further, to proper parties, exactly the reasons for 
these two tests, and what exactly was being tested, and 
what is its planned strategic use. 


The Final Race for Direct Mind Control of the 
Entire Human Species 


‘The KGB psychoenergetics weapons scientists— 
because of their direct measurements and detections (and 
use) of t-polarized waves and LWs for decades—also 
understand that Jung's collective unconscious mind (of the 
entire human species) also has its own time-like operations 
and correlates, which one measures also when using t- 
polarization measurements and sorting it all out. The 
collective unconscious mind operations are buried several 
levels deeper inside the recursive Whittaker structuring 
inside the EM fields, waves, and potentials. 

‘The KGB scientists also know that something very like 
Gaia—a collective unconscious mind for all species on 
earth—also exists, and they are striving to be able to sort 
out and measure that one as well. The Gaia operations are 
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buried even deeper in the recursive structuring inside the 
EM fields, waves, and potentials. If one reads some later 


books by Kaznacheyev,“ e.g , this human species 
unconscious mind aspect and the biosphere unconscious 
mind aspect emerges loud and clear, if one interpolates, 
between the lines, so to speak. Actually, from day one, the 
Russian mind control scientists have had their eventual 
goal set upon this "deeper area of mind and possible mind 
control" of the entire human species. 

Tam convinced that the KGB psychoenergetics 
scientists understand this deeper area. If they can learn to 
directly engineer the collective human species 
unconscious, they can then convert the human species 
easily into a sort of "ant" society, modeled along ideal 
Communism lines, except of course with an excluded 
“hierarchy at the top" running everything. The "ant 
society"—communist style—is still a variation of 
feudalism (all systems tend to feudalism or some form 
thereof). 

The KGB psychoenergetics weapon scientists are 
seriously pressing on toward that very goal. In my opinion 
they are not very far from it right now. It is simply a 
matter of developing sufficiently complex equipment to be 
able to directly engineer the time-domain substructuring at 
sufficiently deep levels. Itis a doable, although itis very, 
very complex and very, very difficult. On the other hand, 
they have been at it for decades. Even in the 50s the 
Russians already had the old LIDA device capable of 


inducing a catatonic trance-like state in a mammal—either 
a human or a cat," for example. Some versions of 


Russian mind control devices were used on Russian 
soldiers in the 


igure 15 


| CAPTAIVAMY SVOBODA 


© Nighttraining mission Mayi27, 1997. 
®) From same wing as Gaptain|button 
® Tihis\was aisecond) psychornergetics strike 


Figure 15. Captain Svoboda dives headlong to her death. 
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Afghan War to condition them for 


performance of merciless acts 


Potential U.S. Rogue Groups and 
Two Recent Examples 


Meanwhile, rogue groups amongst 
Western clandestine mind control 
researchers will probably arise if they have 
not already done so. They will likely seek 
to increase their personal control and 
further isolate the programs from orthodox 
government review and from government 
and legislative control. They may even 
divert the research into highly illegal and 
unethical means, because it furthers their 
own rogue agendas. That is how 
clandestine U.S. government research can 
sometimes go sour, unless great care is 
exercised by the oversight committees in 
the House and the Senate. 

Sometimes when rogue groups do gain 
control and total secrecy of a given new 
technological area, then what appears to be 
"U.S. government operations" do start to 
encompass a criminal and unethical 
operations, hidden usually beneath the 
deep veil of high classification. Also, if it's 
"scientific," no one is ever brought to 
justice, even if the "evil science actions" 
are uncovered and publicly revealed. 


We Certainly Have Proof of Such 
Rogue Activity. For Example, Here 
are Two Prominent Cases: 


1. For three decades, scientists from 
the U.S. government, universities, 
and civilian contractors secretly 


as a result of those ghoulish 
experiments. So what 
happened when this 
gruesome thing was 
revealed? Again President 
Clinton publicly 

apologized! The head of the 
Executive Branch did not 
turn the macabre matter over 
to his Attorney General to 
prosecute, How many of 
these scientists were 
indicted? Not one. How 
many are going to be 
indicted? Not one. Suppose 
again this had been done by 
a private doctor in his own 
private clinic. You get the 
point. 


There is Little or No Punishment of 
Rogue Scientific Groups 


Shockingly, the U.S. government at the 
highest level has directly shown (and these 
are not all such cases by any means!) that 
mass crimes against U.S. civilians, 
perpetrated by portions of the U.S. 
scientific community in direct conspiracy 
and in secret, will likely be condoned. The 
perpetrators will not be indicted, tried, or 
convicted. 

Note the connection of the "rogue 
groups" thesis to the above incidents. Note 
how rogue scientific groups got away with 
it in both these cases. There may be other 
rogue scientific groups getting away with 
such things today. They should not be able 
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conspired to treat unsuspecting 
human patients with whole body 
nuclear radiation, including some 
retarded children and cancer 
patients. Some of those patients— 
including some of the retarded 
children—died as a result. These 
illegal experiments were conducted 
in great secrecy, and the results 
were highly classified. Eventually 
these actions were revealed, and a 
Presidential investigation 
committee investigated. These 
experiments would seem to be little 
different from the WWII Nazi and 
Japanese experiments on human 
prisoners. Are those U.S. scientists 
who were responsible for those 
retarded children's’ deaths any 
different from the Nazi scientists 
and criminals we executed at 
Nuremberg? So what happened 
when this terrible thing finally came 
out into the open? President 
Clinton publicly apologized! How 
many of the responsible scientists 
were indicted for murder? Not 
one. None is ever going to be. 
Suppose a doctor here in South 
Alabama, with his own private 
clinic, had secretly irradiated those 
human patients and retarded 
children with whole body nuclear 
radiation, over a period of 30 years, 
resulting in some agonizing deaths. 
How many state and federal 
agencies would have come after 
him with arrest warrants? Probably 
about 50 or so. Would he have 
been indicted, tried, convicted, and 
executed or sent to prison for life? 
Absolutely! Would the President of 
the United States have apologized? 
Not on your life; he would have 
turned it over to the U.S. Attorney 
General with a strong directive to 


to get away with it. But they can. 

Perhaps a most startling additional part 
of those two incidents is that there was no 
great public outcry from the scientific 
community, deploring these murders and 
demanding that the criminal scientists be 
indicted and tried. 

As the old saying goes, "By their silence 
they have convicted themselves.” The 
organized scientific community, as a 
community, has shown that it has little or 
no ethics, and—while deploring any 
scientific murdering that "gets revealed," — 
is not really interested in justice. In short, 
much of the U.S. scientific community 
may now have very little ethics left. 

We are not talking about normal 
individual scientists, but the Big Science 
community. There is a whale of a lot of 
difference between the two. In the Big 
Science community, there can be and there 
are rogue groups. Lots of them. There is 
deep cover, deep classification. And there 
is very probably advanced mind control 
research and testing, be it legal or illegal. 
Hopefully most of it is legal and 
constrained. However, some of it is almost 
certain to be illegal and ill constrained. 

Human beings are still human beings. 
All the good and evil is still there, 
regardless of the group. The stage settings 
change, but the cast of characters and the 
play never change. 

It's sad, but ‘twas ever thus. Hidden 
parts of our own governments—and other 
governments throughout the world—are no 
different from the old medieval groups, 
where nobles etc. were always plotting 
against the king, or using the king's power 
for their own nefarious end. The rogue 
groups today are no different from all the 
scheming and conniving groups that 
destroyed the Roman Empire. Great 
empires fall from within, not usually from 
without! 
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investigate and prosecute on 
criminal charges. 

2. Again for three decades, scientists 
from (i) the U.S. Government, (ii) 
universities, and (iii) civilian 
contractors conspired to give poor 
syphilitic blacks in Tuskegee, 
Alabama a placebo while ostensibly 
treating them for syphilis. The 
purpose of the program was to 
deliberately observe and record the 
ravages of the disease to its fruition 
in their wracked bodies. So the 
scientists deliberately sat there and 
watched their brains rot and their 
bodies rot. They kept meticulous 
notes, of course. It was very 
scientific. And it was macabre. 
They "treated" some 400 blacks in 
the "program." Over 100 blacks 
died 


Conclusion 


This concludes our brief portrayal of the 
probable directions that mind control 
research has taken, in Russia and in the 
West. It is a novel and powerful area, and 
it poses both severe dangers and great 
benefits to all the peoples of the Earth. 

Let us hope this great new area, already 
off to a bad start, can be bridled and 
steered in the direction of helping and 
healing people, rather than killing or 
abusing them. The excesses in its bad use 
are a potent threat to all nations on earth. 
Yet it can revolutionize medical science, 
education, communication, and 
psychology. Eventually it can engineer the 
mind and memory directly, beneficially. 
We foresee the day—perhaps 30 years 
hence—when education will be 
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accomplished by directly loading the 
software into the mind. Then in three 
weeks one will "load" a doctorate, say, in 
physics. In three more weeks one will also 
load a doctorate in chemistry. Another 
three weeks, in electrical engineering. 
Another three weeks, an M. D. And so 

on. When that happens, then truly 
everyone on earth can be educated. 
Freedom from ignorance may well be 
another great freedom that is legally 
recognized. There will be no impoverished 
large groups lacking the education to find 
decent, productive jobs. 

We urge all nations to use the principles 
involved: not for human abuse, but for 
healing, educating, uplifting, and life- 
expanding of every person on Earth. If we 
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do, we shall all have a far brighter future. 
Then we shall check what has started out 
to be the Sword of Damocles and turn it 
into the golden Millennium. 

We are reminded of a poignant quote 
from Teilhard de Chardin: 

"Someday, after we have mastered the 
winds, the waves, the tides and gravity, we 
shall harness for God the energies of love. 
Then for the second time in the history of 
the world man will have discovered fire.” 

May the nations of the world utilize the 
new mind engineering science to truly free 
all minds into a common love of, and 
respect for, their fellow humans of every 
color, creed, and circumstance. As de 
Chardin envisioned, may we use the new 
science to discover a new fire, burning 
clearer and brighter than anything that has 
gone before. 


ABOUT THE AUTHOR 


President and Chief Executive Officer, CTEC, 
Inc. Lieutenant Colonel US. Army (Retired). 
MS Nuclear Engineering, Georgia Institute of 
Technology. BS mathematics, Northeast 
Louisiana University. Graduate of Command 
& General Staff College, US. Army. 
Graduate of Guided Missile Staff Officers 
Course, U. S. Army (equivalent to MS in 
Aerospace Engineering). Numerous electronic 
warfare and counter-countermeasures cours 
Tom is the leading advocate of scalar potential 
electromagnetics and the Fogal charge- 
blocking semiconductor: He is involved in 
alternate energy devices and scalar 
electromagnetic system prototypes. He has 
defined charge q as a coupled system of two 
components, advanced a mechanism for a 
vacuum engine, whereby the vacuums virtual 
particle flux is organized and used to 
energetically shape and manipulate matter and 


April 15, 1962, p. 1169-1176. 
See also R. 0. Becker; "The 
direct current field: A primitive 
control and communication 
system related to growth 
processes, "Proceedings of the 
XVI International Congress of 
Zoology, Washington, D.C., 
VOL.3, 1963, p. 179-183; 
—"The neutral semiconduction 
control system and its 
interaction with applied 
electrical current and magnetic 
fields," Proc. 1th 
International. Cong. Radiol., 
Amsterdam, Excerpta Medica 
Foundation, 1966, Series 105, 
p. 1753-1759. See particularly 
Robert O. Becker and David G. 
Murray, "The electrical control 
system regulating fracture 
healing in amphibians," 
Clinical Orthopaedics and 
Related Research, Vol. TBD, 
No. 73, Nov.-Dec. 1970, p. 
169-198. 

9. Bearden, T.E., Energetics: 
Extensions to Physics and 
Advanced Technology for 
Medical and Military 
Applications, CTEC 
Proprietary, May 1, 1998, 200+ 
page enclosure to CTEC Letter, 
"Saving the Lives of mass BW 
Casualties from Terrorist BW 
Strikes on US. Population 
Centers,” distributed to 
selected high U.S. Government 
agencies and Legislative 
subcommittees, May. 4, 1998. 
10. E. g. , Vlail Petrovich 
Kaznacheyev, V. I. 
Vernadsky’s Study on 
Biosphere and NooSphere, 
1989 [in Russian]. Vernadskys 
concepts included living 
matter, biosphere, and human- 
transformed biosphere 
(noosphere). Kaznacheyev 
writes of evolution and 


hutp:/www cheniere.org/explore% 20articles/mind%20contol3/p09.hum (2 of 4)24.4.2005 23:50:11 


Mind Control and EM Wave Polarization Transductions 


energy, and advanced a mechanism for a 
Bohm-type quantum potential, which 


theoretically allows the engineering of action 


at a distance in physical systems. 
He is president of the Association of 


Distinguished American Scientists (ADAS), a 


life member of the Alabama Academy of 
Science, Emeritus member of the American 
Association of Physics Teachers, and has 
served on the Board of Directors of several 
associations and 
corporations. Tom is a 
guitarist, a retired aikidoist 
(Sandan, Yoseikan style), is 
happily married and has 
two sons and two 
daughters. He and his wife 
Doris live in Huntsville, 


Alabama where Tom is retired from aerospace, 


continues private research, and serves as a 
consultant to industry on Scale 
electromagnetics proces 


REFERENCES 


1. Owen Flynn, "Parametric arrays: A 
new concept for sonar, "Electronic 


Warfare Magazine, June 1977, p. 107- 


112. 


2. Valerie Hunt, presentation to the U.S. 


Psychotronics Associations Annual 
Symposium, Bergamo Center, Ohio, 
1988. Hunt presented epochal work 


showing chaos—and thus hidden order 


—in recorded ELF electromagnetic 
radiation from human bodies. Hunt 


split the received EM signals into two 


identical channels, time-delayed one 


channel by a very slight amount, then 


recombined (mixed) the nondelayed 
and delayed signals. The result was 
that attractors precisely indicative of 


chaos appeared. This positively proves 


that human systems produce ordered 
time-structuring of EM. 


organization of the living 
matter as the biosphere of the 
earth. Without specifying the 
exact technical details, 
Kaznacheyev discusses the gist 
of much of what is in this 
present article. The present 
author has an autographed 
copy of Kaznacheyeys book 
referenced above. 

11. Rabichey, Lev 
Yakovlevich; Vladislav 
Fedorovich Vasiliev; Alexandr 
Sergeevich Putilin; Tatyana 
Grigorievna Ilina; Petr 
Vasilievich Raku; and Leopold 
Pavlovich Kernitsky, 
"apparatus for the treatment of 
neuropsychic and somatic 
diseases with heat, light, 
sound; and VHF 
electromagnetic radiation,” U. 
S. Patent. No. 3,773,049, Nov. 
20, 1973. This is the U.S. 
patent for the LIDA machine, 
developed by the Russians 
prior to the Korean War. 
Additional patents or 
applications are as follows: 
Italy, #619,129, March 1961. 
Germany, #1,183,607, Dec. 
1964. Great Britain, #826,766, 
Jan, 1960. 

12. Stefan T. Possony, "Psy- 
War: Soviet Device 
Experiment,” Defense & 
Foreign Affairs Daily, 12(104), 
June 7, 1983, p. 1-2. Reports 
on Dr. Ross Adey’s 
investigation of the Soviet 
device called LIDA which is 
used to bombard human brains 
with radio waves in the 40- 
MHz region. Also reports on 
work by A.S. Davydov of the 
Ukrainian Academy of 
Sciences, who discovered how 
the blood-brain barrier can be 
penetrated by low-frequency 
radio waves so that brain cells 


hup:/www.cheniere.org/explore%20articles/mind%20control3/p09.hm (3 of 4)24.4.2005 23:50:11 


Mind Control and EM Wave Polarization Transductions 


3. Years ago, I read an obscure reference are affected. See also "Soviet 
to Russian research directly along that device uses radio waves as 
line, with successful development of tranquilizer, " Associated Press 
just such a portable device. release, Huntsville [Alabama] 
Unfortunately I lost the reference in a Times, May 19, 1983. Dr. 
disastrous flood in my basement and Ross Adey tested the Soviet 
have been unable to recover it. LIDA machine on a cat, and in 

4. T. E. Bearden, "Alteration of Materials two or three minutes the cat 
by Wideband Multiwave Irradiation was sitting quietly, almost as 
Combined with Selective Emission though transfixed, and 
Manipulation," Invention Disclosure uninterested in its 


Document Number surroundings. The animal 
remained uninterested in its 
surroundings for some 20 to 30 
minutes after the machine was 
turned off. 

13. "KGB Used PIS to 
Program Soldiers, "Resonance, 
No. 30, Mar. 1996, p.29. 
Quoting: "During the 1970s, 
the Soviet KGB developed a 
Psychotronic Influence System 
(PIS) that was used to tum 
people into programmable 
"human weapons." Soldiers 
fighting in the Afghan conflict 
were trained using the system 
which employs a combination 
of high frequency radio waves 
and hypnosis. Commands are 
activated by code words or 
cyphers. The purpose of PIS 
was to render regular soldiers 
and members of the special 
forces incapable of feeling 
sympathy. 


EXPLORE! VOLUME 9, NUMBER 4 & 5, 1999 


-hup://www.cheniere.orgiexplore%20articles/mind%20control3/p09 htm (4 of 4)24.4.2005 23:50:11 


‘THE NEUROPHONE 


THE NEUROPHONE 


Another device that uses the new hyperspatial, virtual state, nested 
modulation technology (and has done so for seventeen or eighteen years) 
is Dr. Pat Flanagan's neurophone. With brilliant insight and intuition far 
beyond that of science at the time, Pat invented and patented the 
instrument by the time he was seventeen years old. The neurophone is a 
device that, contrary to all present theory and knowledge, will directly 
"pump the brain" and reproduce sound and information directly in the 
brain and mind system, without going through the auditory system at all. 
A simplified diagram of Pat's improved neurophone is shown in Figure 
ll. 
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Figure 11. A simplified diagram of the improved Flanagan neurophone 
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Briefly, the device takes a complex signal, such as the sound of an 
orchestra playing a musical interlude, and electrically processes it as 
shown in the figure. First the signal is passed into a section that clips 
everything into a series of square waves, remarkably analogous to the sort 
of clipped waves Lisitsyn confirms are the information carriers of the 
human brain, Next the square waves are differentiated, yielding a series 
of sharp spikes (note that these spikes retain the pulse-time content of the 
clipped signal). These spikes are again differentiated, and since these are 
finite spikes with real nonzero rise times and decay times rather than 
theoretical constructs, a series of noisy spikes results from the second 
differentiator section. From here, the noisy spikes are introduced to 
special contact electrodes, one of which is normally placed on the 
forehead, while the other may be placed almost anywhere, including on 
the foot. Nowhere are any sound waves introduced to the head. 

The square-wave clipper section reduces the complex signals, their 
overtones, and their complex modulations to square waves, retaining the 
temporal content of the wave mix but not the waves themselves. The first 
and second differentiators heighten or filter through the temporal content 
of the higher-order differentiations, that is, they serve as a band pass filter 
unit to accent the time keying of the neutrinic and mindfield portions or 
aspects of the signal. When these time spikes are then introduced across 
the body as pulsed voltages, they are modulated directly on the dendrite 
firings of the brain and nervous system, providing direct and pulsed 
modulation of the neutrinic and mindfield component channels of the 
mind-brain-consciousness-life loop itself. Thus the neurophone directly 
inputs information into the brain and nervous system, bypassing all the 
normal sensory systems that lie between the mind-brain loop and the 
outside environment. 

Indeed, a similar development has been reported by two University of 
Missouri researchers. Dr. Donald York, a neurophysiologist, and Dr. 
Thomas Jensen, a speech pathologist, have recently reported identifying 
and decoding twenty-seven words and syllables in specific brain wave 
patterns and correlating these electroencephalographic patterns with both 
the spoken word and the silently thought word in about forty subjects. At 
present, Dr. York and Dr. Jensen are programming a computer with a 
brain wave vocabulary, to monitor and read the EEG of a stroke victim's 
brain and help stroke victims who have lost their powers of speech to 
communicate. 

While all such developments can obviously be misused, their potential 
for assistance to mankind is enormous. Indeed, my own premise that 
brain linkage is possible and can be used to advance all mankind to the 
sixth stage of species evolution is slowly being proven. It is within our 
reach now to develop a multi-channel communications system that will 
directly link brains, minds, and consciousness into a single functional 
being; and I have already pointed out that the psychokinetic power of the 
emergent entity increases exponentially with the number of linked stages. 
The normal corpus callosum linkage of the two cerebral halves in each 
human head proves that brains, minds, and beings can be linked and 
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integrated into one. 

The Excalibur Briefing details the basic concepts of the theory involved 
in hyperspace-virtual state engineering, and thus in the engineering of 
mind-life-consciousness links to multicellular organisms here on earth. 
Pat Flanagan's neurophone proves that complex information can be 
implanted directly in the brain and mind, bypassing the normal isolating 
barriers. Drs. York and Jensen have shown that the brain wave does 
indeed contain recognizable, decodable information analogues. Lisitsyn 
has already reported measuring the number of independent channels 
involved and has documented the importance of the clipped brain waves 
as opposed to the sine-wave content. If we have the vision, we can still 
develop a brainlink and rapidly apply it to link sixty to one hundred 
persons, thereby opening a conscious, multidimensional "eye" for the 
collective human unconsciousness, gently rousing ZARG into 
wakefulness, and fulfilling human destiny without undergoing the 
psychotronic Armageddon planned by the Soviets. The time is short, but 
it can still be done if the funding, the vision, and the team can be 
established on a crash priority basi 


SOVIET "WOODPECKER" SIGNALS 


But, as I have said, all this can be used for the detriment of mankind as 
well as for its benefit. Unfortunately, it appears that the Soviet Union has 
chosen to weaponize the effects on a global scale. A prime example is the 
"woodpecker" signals emanating from the USSR in the 5-30 megahertz 
region and interfering with communications around the earth. 

These complex woodpecker signals appear to originate from two or 
three dozen powerful Soviet transmitters, each with a power estimated as 
high as 40 megawatts (Figure 12). 
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Figure 12. The Soviet "woodpecker" signals 


The pioneering experimental measurements of these signals by Dr. 
Robert Beck and William Bise have shown just how deadly a potential 
may be possessed by the signals. These measurements have been 
performed in Eugene and Portland, Oregon; Los Angeles, California; 
Huntsville, Alabama; and several other locations. They have been 
particularly significant on the West Coast in and around Eugene, Oregon 
because of the presence of a direct current transmission line several 
hundred miles long, which has acted as a long wire antenna, picking up 
the signals and rebroadcasting them with appreciable gain in the vicinity. 

Typically the signals may be found on, say, sixteen different carriers 
between 10 and 20 megahertz. Twelve of the carriers may appear normal, 
with normal side-bands, and the other four may have the carrier and both 
sidebands suppressed but still show the biologically significant 
modulation (for example, 10 hertz). On all sixteen channels a strong 10 
hertz modulation may appear, all perfectly time synchronized and in 
phase channel-to-channel. The received signal from one of these carriers 
may be twenty-five to thirty times as strong as the earth's back-ground 
magnetic field, which is oscillating at approximately 7.0 to 7.5 hertz. 
Other complex modulation frequencies, many of them changing, are 
present on the various channels. 

Normally, the brainwaves of mammals in an area are gently entrained 
by the normal oscillations of the earth's magnetic field and are oscillating 
along at, say, 7.5 hertz. Under continuous radiation from the Soviet 
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woodpecker signals, a percentage (say 30 percent) of the mammalian 
brains may be captured by the 10 hertz modulation on the overpowering 
Soviet signals. These captured brains are now in forced oscillation and 
are riding along in phase with the 10 hertz Soviet modulation. In other 
words, a certain percentage of the human brains in an area will phase lock 
to the 10 hertz modulation, and that will effectively lock into those brains 
the sixteen carrier frequencies with their concomitant frequency mixes 
and complex signal modulations. If the signals are made much more 
powerful (for example, by focusing them onto one particular area or 
increasing the power of the transmitters), then a much higher percentage 
of brainwave entrainment can be accomplished in the targeted area. By 
simply adding on the desired modulation patterns, the Soviets can now 
pump material directly into the mind-brain-consciousness-life loops of the 
entrained brains. The weapon implications are enormous: raw emotion 
such as sheer terror or panic can be transmitted; death or disease patterns 
of all kinds can be transmitted; informational content (thoughts and ideas) 
can be impressed directly into the captured brains and minds and 
processed as if originating inside each brain itself. Indeed, as long as the 
Soviets keep the effects rather gentle, an entire population can be subtly 
influenced without governmental notice. Certain specific ELF 
frequencies can rapidly disable or even kill, and for wartime use those 
frequencies can be directly implanted in the captured brains themselves 
by the woodpecker signals. It appears that 1984 came a little early, and 
one can perhaps now understand Brezhnev's strange 1975 proposal to the 
SAL T negotiations that we should also consider outlawing the 
development of new weapons more frightful than the mind of man has 
ever conceived. 

The signals also have direct application against strategic targets other 
than personnel. For example, by incorporating the correct nested 
modulation pattern, the positron kindling (electron squelching) pattern 
can be impressed. By beaming through the earth (with a circularly 
polarized signal or with other complex modulation forms), a beam with a 
strong neutrinic component, which will squelch electrons and which will 
interact with great preference for strong voltages or strong magnetic 
fields, can be directed at a target complex. In the targeted area aircraft 
and communications systems can be disabled; automobile, truck, and 
other ignition systems will fail; power transformers and large motors and 
generators will fail; power transmission systems with their associated 
high voltages will fail; and so on. Even independent, self-contained 
emergency power equipment, such as at military installations and 
strategic missile sites, will fail to operate. Further, to some of these 
signals, the earth and the sea are as transparent as glass, and so 
underwater nuclear submarines can be electrically disabled on station 
before their missiles can be fired, while strategic missile complexes can 
be electrically disabled before their deadly nuclear missiles can be hurled 
toward their distant targets. If some submarines and land complexes 
succeed in firing missiles before being disabled, these missiles can be 
electrically dudded and scrubbed from the sky over Soviet territory while 
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still far from their intended targets. 

So, as stated at the end of Excalibur, the players are on stage and in 
place. The final act begins. One thing is sure - mankind will never be the 
same again after seeing the play! 
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"Dossier Priore" 
by Jean-Michel Graille 


Photographs 


The inauguration: the construction of the M 600 had 
not yet started but, symbolically, the Mayor of 
Bordeaux starts the smaller machine at close range. 
(Archives R.P.) 


Inaugural scroll. 


An information meeting held in Bordeaux. From left to 
right: Antoine Priore, Robert Courrier, Raymond 
Pautrizel and Francis Berlureau. 

(Archives R.P.) 


February 1975. Antoine Priore and Professor Pautrizel 
at the "suspended" base of the M 600, the enormous 
experimental prototype built by Leroy-Somer. The 
apparatus would only function for a few days but did 
make it possible to carry out some experiments with 
very promising results, 


Anne-Nelly Pautrizel. Professor Pautrizel's sister and 
collaborator, who participated in almost all the 
experiments with the Priore apparatus since 1968. 
(Photo J.M.G.) 


Pierette Chateaureynaud-Duprat, head of research at C. 
N.R.S., doctor of science and specialist in grafts, carried 
out in 1969 and 1970 two series of decisive 
experiments concerning the proof and the explanation 
of the biological effectiveness of the Priore Ray. 
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Plate 7 


Plate 8 


Plate 9 


The Priore machine. The model financed by Pautrizel, 
the only one which is still likely to function, the one 
with which patients will be officially looked after as 
from 1977, is finished in August 1968. In fact, the 
apparatus is installed all in one place. 


1969. Old friends of Priore retrace the road to Floirac. 
With a monkey-wrench or soldering-iron in hand, they 
devote all their leisure time to building the new machine 
for their friend, Here, on the scales, inspector Plantin, 
of the legal identity service. In coveralls, scarf around 
his neck, municipal worker M. Léglise. 

(Archives R.P.) 


A courageous man, Perpetual Secretary of the 
Academy of Sciences, elder President of the Academy 
of Medicine, "father" of endocrinology and fertilization, 
Professor Robert Courrier could have benefited from its 
prestige and its retirement. At 67, he took all the risks 
to defend that which he believed in deeply. He has 
fought now for twenty years. One of the rare photos of 
him, in the company of Antoine Priore and Professor 
Pautrizel, taken on 25th March 1970 in the laboratory at 
Floirac. 

(Archives R.P.) 
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‘Translation 


MONSIEUR JACQUES. CHABAN~ ~DEBMAS 
MAIRE D8 *BORDEAUX % 
I 


PRESIDENT DE LA COMMUNAUTE URBAINE 
ET % 
MONSIEUR ANTOINE PRIORE 
ONT POSE LE 21 NOVEMBRE 1972 
REMIERE PIERRE DU LABORATOIRE DE RECHERCHES SCIENTIFIQUE 
ee LES EEFETS BIOLOGIQUES DU RAYONNEMENT PRI 


> gee 


Translation: 


JACQUES CHABAN-DELMAS: 
THE MAYOR OF BORDEAUX 
PRESIDENT OF THE URBAN COMMUNITY 
AND 
ANTOINE PRIORE 
HAVE INSTALLED ON THE 21 NOVEMBER 1970 
THE FIRST STONE OF THE SCIENTIFIC RESEARCH LABORATORY 
FOR THE BIOLOGICAL EFFECTS OF THE PRIORE RAY 
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_Making Laser 
Weapons a 


in ight. (Photo: 
Boeing Defense) 


‘rected energy weapons first took a step towards reality in the 1980s 


‘under President Reagan's Strategic Defense Initiative (SDI), dubbed "Star 

Wars" by the media. But, the technology didn’t really materialize at that 

time and the cessation of the Cold War largely removed the immediate im- 
petus to develop it. Since then, lasers have become widely used in military appli- 
cations, particularly for target designation and aircraft countermeasures, but 
there is still no significant deployment of lasers as offensive weapons. Now, ad- 
vances in high power fiber laser technology, particularly inthe efficiency, compact- 
ness and weight of their pump diode lasers, are poised to make laser weapons @ 
practical reality. 
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Figure 2, A Coherent | DILAS T-Bar chip contains 
five emitiers outputs about 50 Wand is S mm wide 


Laser Weapons Overview 
The concept behind Reagan’s SDI was 
to protect the United States behind a 
‘missile shield” that would prevent nu- 
clear weapons, delivered via either inter- 
continental or submarine-launched bal- 
listic missiles, from reaching North 
‘America. Part of the SDI was to be lasers, 
‘or other directed energy weapons, placed 
in permanent orbit, which could rapidly 
knock out a nuclear missile already in 
flight towards its target. Lasers, in parti 
ular, were a promising technology for 
this application because they can be 
quickly “charged up" (Le. be made ready 
to fire), and their output can reach a fast- 
‘moving target nearly instantaneously. 

Because these lasers were intended to 
be deployed primarily in space, or in 
fixed locations, and used elther never 
(hopefully) of just once, there wasn’t 
much concern about their cost, physical 
size, weight or operational efficiency. 
The key goal was simply that they 
would work when needed, delivering 
the required knock-out punch. 

“The offensive laser weaponry under de- 
velopment today is intended to serve al- 
most the exact opposite purpose than the 
SDI, and therefore has very different 
goals in terms of its design and function- 
ality. For example, one major laser 
‘weapons initiative is for C-RAM (Counter 
Rocket, Artillery and Mortar). ‘These are 
systems intended to be deployed in the 
battlefield to protect troops and equip- 
ment from incoming projectiles. Cur- 
rently, these are envisioned to be single, 
vehicle mounted lasers, with output pow- 
cers in the 10 kW to 50 kW range. 

Boeing has already successfully proto- 
typed such a system, which they call the 
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Figure 3. Progression froma single Far diet an 60-eritter slack. The light from all these emitters can 
be eficientiy coupled into a single 225 ym core fiber with 20.22 NA 


High Energy Laser Mobile Demonstrator 
(HEL MD). This consists of a 10 KW solid 
state laser installed on an Oshkosh Tacti- 
cal Military Vehicle, along with all the 
necessary targeting and control systems. 
HEL MD has proven the ability to lock 
on to and destroy a mortar round of 
about 10 inches in length, traveling at 
Iundreds of miles per hous, from several 
miles out. The system is also effective 
against Unmanned Aerial Vehicles (UAVS 
or drones); in this case, it may be suffi- 
cient to damage the drone’s navigation 
and targeting systems, rather than com 
pletely destroy it. Similarly, other offen- 
sive laser weapons systems are being de- 
signed to deliver “swarm defense,” that 
is, to protect a ship or base from attack 
bya large number of inexpensive drones. 

Thus, today’s laser weapons are 
meant to defend against swarms of in- 
expensive mortar rounds, drones and 
other projectiles, and are intended to 
be mounted on platforms which are 


‘wwwaerodefensetech.com 


mobile and self-contained (meaning 
they may not have ready access to an, 
external source of power). This gives 
rise to several design imperatives. 
First, they must deliver a low cost per 
engagement; it’s simply not economi- 
cally feasible to employ an expensive 
weapon (such as a missile costing over 
$100,000) to knock out a drone which, 
costs $1,000, or a mortar round which 
might cost less than $100. The laser 
weapon must also be capable of rapid 
fire so that it can’t just be over- 
whelmed by a large number of simul- 
taneous incoming rounds, Also, rapid 
fire reduces the number of individual 
laser weapons systems needed to pro- 
tect a given number of troops. But, the 
ability to deliver rapid fire also neces- 
sitates that the system be electrically 
efficient. Otherwise the laser weapon 
will require access to a large quantity 
of fuel, which is difficult (and danger- 
ous) to transport into a battlefield. 
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nally, it’s desirable that laser weapons 
be physically compact, especially for 
airborne use. 


‘SWaP Optimization 
The push to optimize the size, weight 
and power (called SWaP in military patl- 
ance) of field deployed laser weapons 
has driven a progression in the technol- 
ogy of the gain material used from 
chemical (e.g. deuterium fluoride), to 
solid state, and, most recently, to fiber. 
(One reason for this is because fiber lasers, 
offer inherently higher efficiency, in 
terms of converting input pump energy 
to usable output, than nearly any other 
laser type, except diode lasers. However, 
diode lasers by themselves don't provide 
the necessary brightness or beam qual- 
ile dicde-pumped fiber lasers can. 
And, beam quality is critical because it 
determines the distance over which the 
laser can be focused to a spot size small, 
enough to reach the power density nec- 
essary to damage its target. 

Fiber lasers offer other advantages in 
terms of SWaP optimization. Chemical, 
and lamp pumped solid state lasers re- 
quite a significant overhead in terms of 
the equipment and power supplies re- 
quired to run them. In contrast, both 
solid state (e.g. slab and rod) and fiber 
lasers can be diode pumped, and diode 
power supplies and pump modules them- 
selves are electrically efficient and lend 
themselves to miniaturization, This effi- 
ciency, in turn, reduces the cooling re- 
quirements, and all its attendant equip- 
ment (pumps, heat exchangers, etc.) 

But, as laser weapons evolve towards 
ever higher powers, fiber laser technol- 
‘ogy becomes increasingly attractive over 
solid state, Currently, individual fiber 
lasers can deliver up to about 2 kW of, 
power, but multiple units can be com- 
bined to deliver around 10 kW in a sin- 
gle beam with extremely good mode 
quality. It's a bit more difficult to scale 
up the power of a solid-state laser, espe- 
cially while maintaining good mode 
quality. This is because scaling up and/or 
increasing the pump power to a tradi- 
tional solid state laser typically excites, 
higher order modes, and introduces, 
other issues related to thermal lensing. 

Of course, there are also challenges to 
increasing the power of a fiber amplifier. 
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And, because the optical efficiency of 
their pumping is already so high (-85%),, 
there's not much room for improvement 
there. So, the focus is on raising the 
pump power itself, without increasing 
package size and weight, as well as on 
methods for low loss beam combining of 
‘multiple single mode lasers, all while still, 
‘maintaining good beam quality. 


Pumping Technology Advances 

In terms of SWaP optimization of 
pump diodes for laser weapons, a cur- 
rent benchmark is to achieve a weight 
to output power ratio of 1 kg/kW. Co- 
herent | DILAS has developed several 
advances in diode laser technology to 
reach this goal, and, in fact, is already 
working on devices that will attain the 
next level of performance ~ 0.5 kg for 1 
KW of output. 

(One key to reaching the SWaP bench 
‘mark has been the company’s introduc- 
tion of T-Bar (for “tailored” bar) con- 
struction, a design approach intended 
to combine the high total output power 
of traditional diode laser bars with the 
relaxed cooling requirements of single 
emitters. The basic unit of the T-Bar is a 
diode laser mini-bar having five emit- 
ters on a single, § mm wide substrate 
which outputs about $0 W total. In 
contrast, traditional diode laser bars are 
usually 10 mm wide, contain at least 19 
emitters, and can output aver 200 W, 
depending on the number of emitters 
and type of heatsink, 
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Figure 4. Four Fars mounted on a macrochanne! coaler with calimating opts 


For military applications, four of 
these T-Bar dies are mounted on to a 
single substrate, yielding a total of 20 
emitters. Then, up to four of these sub- 
strates are stacked vertically, bringing 
the total number of individual emitters 
in this compact assembly to 80, with a 
total output of about 800 W. 

The key optical characteristic of the ‘- 
Bar design is that the combination of, 
wide emitter spacing, low divergence 
and relatively low bear parameter prod: 
uct (in both fast and slow axes) is tailored 
to enable the light from all 80 of these 
individual emitters to be efficiently co- 
linearized and coupled into a single 2: 
pm core fiber having a numerical aper- 
ture of only 0.22, This, in tum, permits 
highly efficient coupling into the pump- 
ing mode volume of the gain fiber. And, 
this light collection can be accomplished 
using a relatively simple and compact 
‘optical system. This is how output power 
per unit volume is maximized, 

In contrast, the high divergence and 
poor mode quality of traditional diode 
laser bars necessitate the use of complex 
optics for light collection, and still 
make it impossible to couple all their 
output into a single, low numerical 
aperture fiber. Furthermore, high power 
diode laser bars often suffer from a 
problem called “smile,” This isa sagging 
or bending alignment error in emitter 
position along the bar which makes it 
quite difficult to collimate and co-lin- 
cearize its output. 
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Besides the advantage of producing 
the largest amount of fiber coupled light, 
out ina given system volume, T-Bar con- 
struction also offers significantly im- 
proved cooling characteristics over tradi- 
tional bars. In a traditional diode laser 
bar, the small emitter spacing causes sig- 


nificant thermal crosstalk between the 
individual emitters, and a very high effi- 
ciency cooling system must therefore be 
employed, This is usually in the form of 
a so called “microchannel” cooler, in 
which water is rapidly circulated through, 
channels within the heatsink. But the 
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small bore of the microchannels (tens of 
microns) makes it easy for them to be 
clogged by particulates. Thus, the water 
‘must be stringently conditioned and fil- 
tered, and large, heavy, high pressure 
pumps must be employed to circulate it 
rapidly enough to achieve the required 
level of cooling in these traditional bars. 

Furthermore, traditional diode bars are 
usually placed directly on the heatsink in, 
order to achieve good thermal contact. 
However, this makes the microchannel, 
cooler part of the electrical circuit, thus 
necessitating the use of deionized water 
in order to avoid a short circuit. This im- 
poses yet another requirement that in- 
‘ceases cost and complex 

‘The larger emitter spacing of the T-Bar 
largely eliminates this thermal crosstalk, 
and greatly relaxes the attendant cooling 
requirement. As a result, Coherent | 
DILAS has been able to introduce a 
“mactochannel” cooler. This is a system, 
‘which uses substantially larger bore chan- 
nels, thus allowing the use of less strin- 
gently filtered tap water, and eliminating 
the need for high pressure pumping 
Also, the reduced cooling requirement 
enables the laser bar to be placed on a 
submount, rather than in direct electrical 
contact with the cooler, which avoids the 
necessity of using deionized water, 

T-Bar construction also delivers better 
cooling characteristics than single em 
ter diode lasers. This is because single 
emitters are typically supplied already 
packaged. Since the diodes are mounted 
within the package, there is an extra 
thermal interface which makes it more 
difficult to efficiently cool them, 

In conclusion, after decades of imag- 
ining, offensive laser weapons are 
nearly ready for deployment on the bat- 
lefield. Advances in diode laser pump- 
ing technology are proving to be a key 
enabling factor in this development. 
And, these military grade pump diode 
lasers can be constructed using the same 
automated, high volume fabrication, 
equipment used for industrial product 
manufacturing, meaning they can be 
readily delivered at competitive prices, 

This article was written by Chis Ebert, 
Ph.D., Director, Business Development, 
herent | DILAS, (Tucson, AZ). For more in- 
formation, visit http://info.hotims.com/ 
5852-501. 


Aerospace & Defense Technology, June 2017 


‘The Tom Bearden Website 


The Tom Bearden 
Website 


Table of Contents 


A Sensitive Scalar Wave Detector 


11. Figure 11. NETWORK OF VIRTUAL TRANSMITTERS 

12. Figure 12. VIRTUAL TRANSMITTERS IN THE 
INTERFERENCE GRID 

13. Figure 13. GIANT RADIAL RELATED TO A VIRTUAL 
TRANSMITTER 

14, Figure 14. FORMATION OF A SINGLE GIANT RADIAL 

15. Figure 15. FORMATION OF A DOUBLE GIANT RADIAL 

16. Figure 16. DETECTION OF TRANSVERSE AND 
LONGITUDINAL WAVES 


Return to Homepage 


‘hup://www.cheniere.org/books/starwarsnow/index htm24.11.2003 21:42:48 


Scalar Wave Detector 


from STAR WARS NOW! 


The Bohm-Aharonov Effect, Scalar Interferometry, and Soviet Weaponization 
by Lt. Col. T-E. Bearden (retd.), 1984 
Copyright 


A Sensitive Scalar Wave Detector 


Very briefly we present a method of making a very sensitive scalar wave detector so that direct 
measurement and quantization can be established. 


First, we regard one oscillation (one wavelength) of the scalar potential wave as a longitudinal 
photon. Note that this photon contains a substructure, which may be deliberately determined (when 
artificially made) or randomized (when naturally made in the idealized case). 


For convenience we represent normal linearized vacuum (spacetime) as a horizontal or longitudinal 
vector (Figure 4), implying the direction of motion of the wave in the laboratory frame. By horizontal 
position in our diagram, we imply a linear, uncurved spacetime and a non-rotated frame. We 
represent the longitudinal scalar wave as a horizontal vector, and the usual Hertzian wave as a 
vertical or "transverse" vector. We visualize a normal detector as detecting only a vertical or 
"transverse" vector, as we have illustrated in Figure 4. 


As can be seen, in a linear, unrotated or uncurved spacetime a pure scalar wave has no vertical 
component projected upon the laboratory frame vector, so it is not detectable by normal detectors. 


To detect the scalar wave, of course we could bend it so that it has a projected vertical component in 
the laboratory frame (Figure 5). However, this would be an impure wave, not a pure scalar wave, and 
that is not what we wish. 


A better way is to bend or curve spacetime itself in a small region, so that a longitudinal wave that 
passes through that region now possesses a vertical component with respect to that region (Figure 6). 
Thus a normal detector there will detect that vertical component. We conduct the detection current 
out of the "bent spacetime” region to an outside (normal) detector, and we then have a scalar wave 
detector. 


To illustrate, we show conceptually how this has been successfully done. Figure 7 shows the concept. 
First, we utilize a magnetic pole to provide the infolded energy (potential) to bend or curve 
spacetime. To reach good sensitivity, we need a pole strength connected with a magnetic field 
strength of 40,000 Gauss or higher. We utilize a small superconducting magnet, which can reach field 
strengths of from 40,000 to 80,000 Gauss. 


ry 
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Hertzian Wave 


_ooo? =sScalar Wave 


— 


Direction of Wave Motion {n Lab Frame 


Figure 4, Linear, uncurved Laboratory frame. 
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Figure 5. Rotating the longitudinal wave produces 
a transverse component. 


Longitudinal Scalar Wave 


"tee, ~e Apparent Transverse Projection 


Figure 6. Bending the laboratory spacetime frame 
produces a transverse component. 
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figure 7. A sensitive scalar wave detector. 
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figure 7. A sensitive scalar wave detector. 
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NOTE: MAGNET > 40.000 gauss 


*BEDINI VERSION OF DEA/FARETTO DETECTOR 


Slide 33 - FER DE LANCE 


Then to prevent detection of superfluous "normal" radiation, we shield the entire magnet in a 
grounded Faraday cage, as shown in the figure. Hertzian waves will be grounded in this shield, while 
scalar waves will readily penetrate it undiminished. In other words, the Faraday cage serves as a 
"stripper," to strip away the ordinary waves, leaving only the scalar waves to penetrate inside, An 
ordinary wire lies at the top of the magnetic pole, in proximity to it. The wire runs out of the Faraday 
cage through an insulated port to a resonant tuning circuit, which is sharply tunable over the range of 
frequencies we are interested in. A preamp amplifies the output of the tuner, and in turn feeds the 
input of an oscilloscope or other detector. 


With this detector we can select the frequency desired, and detect any passing scalar waves of that 
frequency. By other variations of amps and preamps, regenerative circuits, etc, we can obtain all the 
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sensitivity desired, and utilize ordinary detection equipment already well-known and highly 
developed. 


Additional Information about detecting Scalar Waves 


hup://www.cheniere.org/books/starwarsnow/sealardetector.htm (4 of 4)24.11.2003 21:42:55 


‘The Tom Bearden Website 
The Tom Bearden 
Website 


Figure 11. NETWORK OF VIRTUAL TRANSMITTERS 
ee Woodpecker Grid) 


WEATHER 
Spring of '83 


acer 
eA 


Ver 


Next Figure 


‘The Tom Bearden Website 


The Tom Bearden 
Website 


Figure 12. VIRTUAL TRANSMITTERS IN THE INTERFERENCE GRID 
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Figure 13. GIANT RADIAL RELATED TO A VIRTUAL TRANSMITTER 
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Figure 14. FORMATION OF A SINGLE GIANT RADIAL 
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Excerpt P 172 
FER DE LANCE 


A Briefing on Soviet Scalar Electromagnetic Weapons 
by Lt. Col. TE. Bearden (retd.), 1986 
Copyright 


2. Continual cloud radials have repeatedly been seen and photographed over Huntsville, 
Alabama, associated with weather engineering and grid activity. Typical radials seen by this 
author are shown in Bearden, Soviet Weather Engineering Over North America, I-hr. vIdeotape, 
1985. Huntsville is apparently a pivot point or "hinge point" for bending and controlling the 
jetstream. 
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3. Spectacular cloud grid patterns have been seen over Huntsville, Alabama and Los Angeles, 
California, An excellent videoclip of one of the Los Angeles area grids, personally observed and 
shot by KABC Open Mind talk show host Bill Jenkins, is shown in Bearden, Soviet Weather 
Engineering Over North America,;1-hr. videotape, 1985. An artist's sketch of an earlier gigantic 
grid, extending from horizon to horizon in every direction, seen over Huntsville, Alabama by 
Tom Bearden and Ken Moore, is also shown in the tape. The videotape is available from P.O. 
Box 1472, Huntsville, AL 35807. Sketches and details of another highly anomalous grid pattern 
observed in the greater Los Angeles area by engineer Ron Cole are shown in figures 5 and 6. 


The reason that clouds of water droplets and/or ice particles detect the scalar interferometry and 
form signature patterns is simple: Consider each H2 molecule as having two light little 
hydrogen atoms hanging on to the much heavier oxygen atom. The covalent sharing with the 
oxygen atom of the electron from each hydrogen atom means that 


1. the electrostatic scalar potential between the H ion and the O ion it is bonded to, is 
rhythmically varying as the electron is shared back and forth, 

2. this varying potential contains "electron spin holes” since it is made by the moving 
electron, 

3. two such varying potentials exist since there are two H atoms sharing covalent electrons 
with the O atom, 

4. the two H ions are at an angle of over 100 degrees with respect to each other, 

5. the molecule assembly thus constitutes one part (one half, so to speak) of a scalar 
interferometer with imbedded electron spin holes for electron hooking, 

6. Incident scalar waves from outside the system interact with the "half scalar 
interferometer.” This scalar interferometry interaction is coupled to the covalent bonding 
electron because of the internal spin hole pattern of the molecular half of the 
interferometer. The coupled electron moves with the scalar pattern's changes, causing an 
observable interaction with and in the electrical structure and ionic potential of the 
molecule, 

7. the weak H to H hydrogen bonding between molecules connects resulting ionic potential 
changes to the structuring of the entire macroscopic cloud assembly. Thus by scalar 
interferometry with the H2O "half interferometers”, an incident scalar EM pattern is 
detected and translated into patterns of E and B force fields. The H2O molecules then 
“line up" in accord with the electrical patterns detected. 


Thus the clouds form "signature patterns” according to the incident scalar EM radiation patterns. 
Giant cloud radials in the targeted area are probably due to the type and shape of antennas 
including the type and shape of the electrical wires establishing the antennas’ ground planes -- 
used by the Soviet Union to project the scalar waves. Note that such "radial" antenna patterns 
were occasionally used by James Harris Rogers in his underground and undersea scalar EM 
transmission system. 
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Figure 15. FORMATION OF A DOUBLE GIANT RADIAL 
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Figure 16. DETECTION OF TRANSVERSE AND LONGITUDINAL 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
= a EM waves and complexes 
= lations in time domain 


@ These complexes are an infolded general relativity 
— Clustered formations gbnce ime caueviltaes 
- Very powerful, since the force is u as 
age! curvature iis: 


@ In general relativity, similar precise complexes 
permeate and act on any mass at all internal levels 


@ With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 


@ Priore unwittingly used this to cure dread diseases 
@ This is a revolution in all of science © TE BEARDEN 1008 


@ We have uncovered the major mechanisms to utilize 
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e One terrorist, one light aircraft 


with spray tank ta 
© 100 kilograms of anthrax to Slide 
e Flies over greater metropolitan Index 
Washington, D.C. i 
e Calm night sae 
¢ 1-3 million casualties result* = 
e Most of those stricken will die ees 


Slide 


e Presently little can be done 
to save the stricken civilians 

e Attacks on several population © 
centers might produce some 

a 10 million or more casualties 


“Per OTA Report to Congress, 1983, 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists C 
e Some 25 nations have WMD or 
are acquiring them 
— BW agents and weapons r 
— Chemical agents and weapons 
— Nuclear materials and weapons . 
¢ Thousands of students and emigres 
e Infiltrated teams, BW, other WMD already 
* Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili 


“Por OTA Report fo Congress, 1993 


utp:/w ww cheniere-org/briefings/DoDPriore/slides/O08,htm24.11.2003 19:13:59 


Priore DoD Briefing 


° No shelters juire overpressure, 

BW terre masks, showers, supplies) 

° No stockpiled vaccines, medical supplies, 
immunoglobulins, masks, suits, food, fuel, 
generators, heaters, water purification units 

e Totally insufficient medical facilities, 
personnel, and emergency response teams r) * 


® Triage, full martial law will be required d 
¢ No answer to massive ntamina blem 


e State, county, city inadequately staffed 
and insufficiently trained for mass casualties 


Terrorist teams, BW agents, other WMD on site, waiting 

e Water supplies, food, crops, farm animals also vulnerable 

e Electric power grid, bridges, trains, railroads vulnerable 

° Present medical science cannot save very many of the 
casualties, now or in the foreseeable future 
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‘The Priore technical mechanism unwittingly 
involved a dramatic extension to both 
nonlinear optics and general relativity. 
However, nonlinear optics itself had not yet 
been born in the 1950s and 1960s when 
Priore worked out his methodology. The 
extension to general relativity has not 
been previously envisioned even to the 
present day. When the Priore project was 
‘Suppressed by the changed French 
‘government in the mid-1970s, nonlinear 
‘optics itself was just being initiated. To 
the present day, however, there has 
previously been no Inkling of the dramatic 
‘extension to NLO that arises by using 
longitudinal EM pump waves and thereby 
pumping in the time domain. 

{tis little wonder that Priore himself did 
not understand the nature of the technical 
mechanism he was utilizing, and neither did 
anyone else, and neither has anyone else 
Prior to this time. 


© 1000 TE tewrden 
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‘Among other things, Pautrizel treated 
seriously infected immature rats with 
the Priore ray. These rats had never had 
‘@ mature immune system. When thoy 
were removed from the machine, they 
still sickened again and died, because Next 
their immature immune systems could Slide 
not resist the pathogen (Trypanosoma). 
‘So even though the damaged cells were 
reversed back to normal, the “normal” Previous 
immune system was unable to fight off Slide 
pathogens, which reinfected the cells 
and killed them, killing the rats, 

This established the time-roversal 
nature of the therapy 


=e -@ 
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* FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 


& 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD” 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 


ee ° 


DISEASE CAN BE REVERSED BY CREATING AMPLIFIED | 
VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 

* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE "INNER EM” DOMAIN, TIME-REVERSING THEM 


* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 

* PHASE CONJUGATES ADDED BY THE PLASMA 

INFOLDED MIX INTO STRONG PULSED DC MAGNETIC / 

FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI kK iin 

* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO i ae 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE Slide 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 

DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 

HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. \ 
* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 4 


RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING 


4 


* NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


comer Comverse 
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Priore’s therapeutic methodology: 
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NOTE: Priore therapy MAGNITUDE OF 
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*G.J. Stoney: 
Decomposed the scalar potential into bidirectional wave pairs. 


"On a suppoeed proot ofa theorem mn wave maton” 
143), 1897, p. 08-373 (and nevers her papers). 


Return 
= ET. Whittaker: to Slide 
Decomposed the scalar potential into a series of bidirectional EM wave pairs in Index 


harmonic series, where the two waves in each pair are conjugates (/.2., a 
wave/antiwave pair) and are longitudinal waves. 


On the partial ferential equations of mathematica 
phyeca” Math. Ann. Vol 67, 1003, p. 333-386, 


Showed that all classical EM ~ including waves -- can be replaced by two 
interfering scalar potential functions. (This founded superpotential theory, 
extended by Nisbet, Bromwich, Debye, McCrea, and others.) 


“Dr anerprntn oe eacronagrte ao 
sectrons by mears cf wo scala! potent! functone, 


rm Lond Math Soe. Seren 2. Vk 1, 1904, 9. 387.372 


iedogendenth retsoovered the biwaye degampostion of the seater poteatiel ond 
added the product set (in theory enabling modulations and communications) to 
‘Stoney and Whittaker's sum set. 


‘Varovs papers. 1085 to date 


Orem me 
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Bunge on the Status of 
Classical and Quantum Physics 


"... itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge. , Springer-Verlag 
@ WHTE BEARDEN New York, NY, 1967, p. 176. 
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EINSTEIN ON REVIEWING FOUNDATIONS 


"the scientist makes use of a whole arsenal of concepts which 
he imbibed practically with his mother's milk; and seldom if 
ever is he aware of the eternally problematic character of his 
concepts. He uses this conceptual material, or, speaking more 
exactly, these conceptual tools of thought, as something 


obviously, immutably given; something having an objective 
value of truth which is hardly even, and in any case not 
seriously, to be doubted. ...in the interests of science It 

Is necessary over and over again to engage in the critique of 
these fundamental concepts, in order that we may not uncon- 
sciously be ruled by them.” 


Albert Einstein, “Foreword,” in Max Jammer, 
Concepts of Space: The History of the Thoories 
of Space in Physics, Harvard University Press, 


roy Cambridge, Massachusetts, 1969, p. xi-xil, 
ee Ed 
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Einstein's Spacetime 


TE BEARDEN 1608 


Maxwell's 
a Material Ether 


| 3 Material Material ‘| i 
, Pr 
| Electric Electric . 
ty Fluid All meoeys Da ontiios, Fluid shade 
' are defined only in and of 
; Disturbed Charged matter. Ali are 


Disturbed 
material entities. There —————— 
was no place devoid of 
mass, in the universe. 


MAXWELL'S Et TIONS ARE MATTER-TO-MATTER TRANSFORMS 
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INTERNESTED SPACETIME CURVATURES 
(VACUUM ENGINES) } 
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Nonlinear Optics 
Distortion Correction Theorem 


"If a scalar wave E;(r) propagates from 

left to right through an arbitrary but lossless 
dielectric medium, and if we generate in 
some region of space [say near z = 0] its 
phase conjugate replica E2(r), then Ez 

will propagate backward from right to left 
through the dielectric medium, remaining 
everywhere the phase conjugate of E1." 


sy © 1 1908, Yon TE EARN 
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* * © W£TC, 


Wavepair #3 


Wavepair #2 


Wavepair #1 
** * LETC. 


DISTANCE 
A harmonic set of longitudinal EM wavepairs. in each wavepair the two waves 


The Structure Is: 


correction theorem of nonlinear optics. Each wavo in the biwave pair is a galloping 
wave. Each wavepair is a standing electrogravitational wave. in nonlinear optics, 
‘such a wavepair is a pump wave which pumps in the time domain, 

Note: Think of the oscillations as velocity modulations. 
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The Zero-Vector Axiom Destroys 
“Topologies within Topologies” 


—————— SSS Ss 
e The axiom: There is a unique vector, 0, in V 


(the vector space) such that Return 
V+0=0+V_ eT eS a 
e Note that V + 0i=0;+ V; Oi=- Oi= n0i 
so Oi = Oj} = Ok =...+ On=... a 


e This makes all 0i equal by assumption, bs 
since there is assumed to be only asingle — stiae 
type 0 without real components 

e In fact, 0 is not unique. An infinite number 
of different zero-vector systems, with real 
components, satisfy the zero-vector axiom. 
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(Ane electrogravitational wave) 


rasan slantsagravtstionsl standing wave 
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(waves with velocity v, where 0 < v 


@ Major equations of interest having UPW solutions are: 


— Homogeneous wave equation Searaeee ie Sere Return 
- Maxwell equations to Slide 
- Dirac, Weyl, and Klein-Gordon equations Index 

@ UPWs are translationally invariant, and do not spread, or Next 
they reconstruct their original form after a certain period. Slide 

@ UPW solutions have infinite energy. Quasi-UPWs can have —— 
finite energy and can in principle be launched into space. Previous. 

Slide 


e@ Subluminal Maxwell solutions are called EM particles. 
Superluminal Maxwell solutions are called X-waves. 


e@ Experimental results indicate such waves will be produced 
within the next few years. @ 10 Te weanoen 


@ Nimtz has translated Mozart's 40th symphony at v = 4.7c. 
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Velocity modulating a longitudinal 
EM wave oscillates rate of flow of time 


Observer sees it this way 


Constant transverse wave magnitude 


i 
a Wave oscillates its velocity along 
i its path, about a nominal value 


Ya— ——____ 


t ___Wave oscillates this way 
We, Constant transverse magnitude 


{7 
7 | Wave oscillates magnitude of its 
transported t, about a nominal value 


‘* Waves consist of photons 
+ Each photon consists of energy x time 
+ Each photon carries time as well as energy © wor TE OEAEN 
‘+ Awave is both a spatial energy dynamics and 

‘a temporal dynamics 


= Wave complexes carry dynamic time structures ss well as 
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In physics, the primary units 


selected are arbitrary. Every: 


THON thing can b ed, 0.9 
so can photon spin to Slide 
Index 


vacuum SPIN? ED 

— SPIN 2 ENTITY? 
itis, inthe time previous 
domain. Slide 


’ 


REACTION LONGITUDINAL 
3 ANTIPHOTON 
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Return 
Thee to Slide 
(AE)(At) + M => (M+AM)At => M + (AE)(At) Index 


Flow of macroscopic time (observable photon interactions) 


Next 
Slide 


Previous 
Slide 


The photon interaction generates an observed quantum change and a discretized jump 
{n the rate of time flow. A particle observably changes by only a single A tata time, 

The background flow of time in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 


_utp:/w ww cheniere-org/bviefings/DoDPriore/slides/035 htm24.11.2003 19:15:19 


Priore DoD Briefing 


(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


Return 


to Slide 
Index 


(© TE BEARDEN 1007 


Transmitter Arrays 
(8 to 20 harmonic wavepairs each ) 
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Deep penetration of weak signals in a dense signal 
environment, by nonlinear retroreflection 


phase 
wor internal 


jons I 

generated signals from the interior, impinging 
the pumped (stressed) nonlinear surface areas Phase conjugate replica 
tu simultaneous exterior ubersciione coca 
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i 
=e aaee inter 


‘* Leakage provides ultraweak, coherent 
photon emission from tho systom 


| Precinal few to 
* Some 100s of photonslem?isec 
| # Optimum signal-to-noise ratio 


* A single dolayed blophoton may be 
able to tioger gor 10% reactions ina coll 
fo eisese 
. Spectum almost continuous within 
‘optical range from 


* DNA, all other processes are sources 


. Prchetie emission shows biological 


always out of equilibrium: * Single main process of whole system, 
« Emission has holistic characteristics rocesses strongly coupled 
* Correlations to most, if not all, of the «Information fu inction and sync of 
biological functions of the organism biological clocks (oscillators) 


Se => i > o> Tt om 
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CANCER: CHARACTERISTICS 


NOT ONE DISEASE BUT A WHOLE RANGE 
STARTS IN ORDINARY (AEROBIC) CELL 
CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
STARTS UNCONTROLLED DIVISION 

BECOMES A LUMP 


CAN SEND FORTH CANCER CELLS 
- THROUGH BLOOD 
- THROUGH LYMPH 


@ THESE FORM METASTASES (SECONDARY TUMORS) 
@ OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
@ ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 
— SUPPRESSOR CELLS MAY CURB IMMUNE SYSTEM 


— TUMOR MAY LACK ANTIGENS NORMALLY IDENTIFIED 
BY THE IMMUNE SYSTEM 


*R&R system forces cell back toward anaerobe 


Return 
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AIR 


Return 
to Slide 
Index 


e 
e 
Severely reduced 6 Severe pollution | Next 
oxygen transport 4 Slide 
° (Suchas @ St 


BLOOD CELLS e e ° Pt Previous 
Slide 
LUNG 
SACS 
BODY TMOSPHERE 
cowcnon Ors bee 
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MULTICELL 
AEROBIC" 
(INCLUDES MAN) Return 
to Slide 
Index 
@ isa 
SINGLE CELL SINGLE CELL Slide 
ANAEROBIC AEROBIC" 
CENTRAL CONTROL 5 
OXYGEN ‘a sats Previous 
a i PATH AS IT Slide 
DEVELOPED 


TIME-REVERSED 
—>_ +}————— << PATH FoR susTAINED 
OXYGEN DEFICIENCY 


SINGLE CELL ~______~ 


FIRST STEP IN cl 
DEDIFFERENTIATIOS 


canchon © TE Bearden 
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* Two major links uncovered between : 
— The DC system and nervous system 
— The DC system and all body cells 
* Bioelectric potentials of primary importance 
© Physiology presently considers controls limited to: 
— Neural action potential 
— Various hormone chemical agents 
— Chemical agents associated with DNA/RNA system 
* Complete Operational Biological Control System: 
— Controls growth, healing, biological cycles, etc. 
— Operates in ANALOG mode; various levels of DC 
— Interlocks physically with nervous system (and may be its precursor) 
— Other chemical agents 
— Tissue growth and healing NOT INCLUDED 
* Medical community now more concerned with diseases resulting from. 
— Inadequate/abnormal growth 
— Inadequate healing 
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Application of ti SiS COTS SO ane Corre Ones. 
fractures. Only picoamperes are utilized. Pulsed DC 
current or pulsed magnetic fields may also be utilized. 


Proves that cells can be time-reversed (phase conju Tums into type of cell that 
(dedifferentiated) or time-torwarded (redifferential ‘makes bone 
application of very weak electromagnetic sit 
those signals contain longitudinal bidirectional EM “pur 
wave" wavepairs, which cause tho eall and its parts to create 
precise vacuum antionginos. 


[Deposits in fracture site, 
healing the fracture 
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‘Trauma Producing 
Tissue Loss 


Local cellular effect 


Local nerve effect 


CNS effect LE, Alterations in hormone 


pattern (prolactin) 


Alterations in local 
DC field pattern 


i 

es’ 
Local and systemic 
pools of target cells 


Phase Il 
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@ Standing DC potentials on intact surfaces of all living animals 


demonstrate a complex field pattern spatially related to the 
anatomical arrangement of the nervous system 
—- Can be measured directly on the peripheral nerves 
— Polarity difference related to whether nerve is or is not a sensor 
— Steady (weak) current flow exists 
— Demonstrates solid state/semiconductor phenomena 
- Accurately reflects (amplitude and polarity) the general level of neural 
activity 
* Sleep versus wakefulness 
Anesthesia versus conscious 
* Other parameters 
@ DC levels determine the level of neural activity 


@ Action potential system exists upon a substratum of DC 
potentials which pre-existed it 


@ DC potentials substrata had and have control functions over 
basic properties of the living organism © TE.BEAROEN 1908 
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@ Cellular processes are regulated by a precise control system 
@ Attempted to Boel enumesciog ai control-system theory 
@ Cells and tissues jid-state electrochemical features Return 


which provide control signals in the control system to Slide_ 
— Growth process Index 
— Electron transfer Aagenernion aoa” Bul RL Rand Md ae ay TOT. 627-4 


— Semiconduction 
— Self-organizing (NOTE: implies hidden variables and nonlocal causality) Next 
@ Complex ical events at the injury site initiate cellular Slide 
aspects suc! dedifferentiation and mitotic activity 
e neration is a 2-step process, each with different controls 
— Electrical triggers with threshold values results in appearance of blastema = 
— Complex data transmission to blastema establishes it as a self-organizing Slide 
system capable of growth and redifferentiation 
— Mammals lack ability to produce blastemas except for bone, but partial 
regeneration growth has been shown in response to electrical stimuli 


@ Growth related to electrical more than electrochemical aspects 
@ Hematopoietic marrow as source of cells for the blastema 

— Monocytes can take place in regenerative processes in limbs 

— Lymphocytes can dedifferentiate under certain circumstances 

— Marrow elements can be induced into osteogenesis © TE BEARDEN Yo08 


Previous 


_itp:/w ww cheniere-org/bviefings/DoDPriore/slides/050 hitm24.11.2003 19:17:08 


Priore DoD Briefing 


Corrections For the Present EM Bioeffects Model 


Return 
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Kaznacheyev's Cytopathogenic Mirror Effect 
cee Diseas rp linph avalon pdr and waves 


| 
| 


Note: Minimum lattice is one harmonic interval: IR to UV is such a minimum G-lattice. 


Distant induction of cellular death diseases, by special EM means. 
Coupled photon-antiphoton pairs jitons) in a structured harmonic 
lattice ordering constitute the disease or disorder template. 
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MICROWAVE RADIATION OF 
U.S. EMBASSY IN MOSCOW 


BACKGROUND 


+ Began in latter 1950s 
+ Discovered on VP Nixon's trip 
+ Initially Soupht to be nuclear radiation 
(Discovered w/Geiger counter?) 
+ High level target - U.S. Ambassador 
. Guarantees personal attention of: 
. Ambassador to USSR 
= U.S. President 
NSC, etc. 


= NSA, CIA, DIA, 
= Top consulting scientists 
= Leading U.S. ‘Lientitic institutions 
* Two U.S. Ambassadors died, another sickened 
* Anomalous health bape Br germonnes, only 
in zero-field (zero pot'l gradient) areas! 
* Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then again increased 
* No one could understand what was going on 
+ Aluminum screens were placed over windows 
Moscow was declared a hazardous duty zone 


Former U.S. Embassy in Moscow. 
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<@\S- Channel Can Produce a 


Self-Targeting in Inner EM . 


Quantum Potential 


‘Once OP is estabiiahod, 
is direct and instantaneous. intranet, Bharat ore 


‘single participant will simultaneously 
Sir priate, th mau Sepang on that 
fractions of participation with the input station. Ny 


e@====-@ ™ 


HN CONNECT 


xe org/brieFings/DoDPriore/slides/05S Jtm24.11.2003 19:17:28 


N 

NARROWING OF INTERACTING siaerefnnememnanone 
POTENTIALS INTO LASER-UIKE 

BEAMS, BETWEEN TWO PUMPED 
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a. Quantum Potential Characteristics ““"""""" 


"A quantum particle moves as if it were subject, in addition to its 
external potentials, to a potential which is a function of its own 
probability distribution.” 


Bohm's H.V.T. assumes: 
— Particle and wave function real and separate 
Wave function obeys Shroedinger's equation 
Particle obeys classical mechanics 
Particle couples to wave function through a quantum potential 
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* Separated points are superposed in MCST 


intervening distance in iT is zero 

onnection is instant and bidirectional 

ropagation through ST does not apply Reionn 
Energy or ime ‘engine input to one station a 
instantly rs at each and every other station, to Slide 
undiminished in magnitude Tadex 

* Ultimate net-centric warfare effect —— 


Next 


Note: Vulnerability. Any other 
station may inser 

or vacuum engin 
same quantum pc 
conjugating the hostit 
can negate its effec 


© TE BEARDEN 1996 
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And Typical Comparative Disease Curves 


Note: There is cumulative genetic damage to germ cells also. 


mun. uct. 
OF IMMUNE TREATMENT “@ = intensity of 
oe na Rea = intensity o 
srstew ‘exposure 
is Return 
to Slide 
DEATH OF THE HOSTIPATIENT 
Index 
PERMANENT OISEASE STATE 
Next 
FULL DISEASE STATE stide 
TRACE (LOW-LEVEL) SEASE 
Previous 
PRE-ISEASE STATE Slide 
SHADOW DISEASE STATE 


"EXPOSED WITH MOST CUMULATIVE DAMAGE 
=) =" "=" EXPOSED WITH MULTIPLE AGENT INFECTIONS ANO RECEIVING MULTITREATMENT 
EXPOSED WITH LESS CUMULATIVE DAMAGE 

NON-GULF WAR: TYPICAL NORMAL DISEASE WHICH KILLS PATIENT 


= = om Te macen 
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Force Fields and Symmetry 
Le 


= Force fields are nature's way of imposing 
local gauge symmetries on the world Return 
= E.g., electromagnetic field is a manifestation 
of the simplest known gauge symmetry 


consistent with the principles of special nes 
relativity ~~ 
= For the EM case, the gauge transformations a 


correspond to changes in 'voltage' from place 
to place 


© T.E Bearden 1995, 1996 
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Aspects of Strong Local Asymmetry 
SEES SSS SS SST 
= If local asymmetry is strong, conservation laws 


may be appreciably violated 

* Energy © T.E Bearden 1995, 1996 
even Return 
5 Sali to Slide 
« Momentum =e 
* Angular momentum Next 

= Properties of an object may differ appreciably for Siide 
© Different observers Previous 
« Different detecting means Slide 


* One time to another 
e® One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
® Strongly breaks local symmetry 
e Provides spacetime engines giving the above effects 
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Other Aspects of 


Strong Local Asymmetry 
ees 


= Local spacetime is curved © TE Beaten 1995, 1996 

= Lorentz invariance of vacuum is violated Retort, 
= May be a local "sink" or "source" 

= Gravitational/inertial effects from EM 


= Translation between virtual and observable Next 
= Electrogravitational solitons alts 
= Action at a distance Beatin ts 
= Transmutation effects may exist Slide 


= Scalar/pseudoscalar field translation 
= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
symmetry allows internested clustering of 
spacetime curvatures. These spacetime 
structures are vacuum engines, or spacetime engines. 
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ae _— V= 10° volts Return 


to Slide 
Surface layer of Cellular membrane Index 
fluid atoms surface 
Next 


ae _— d=10° meter = 


Previous 
Slide 


E =10° volts/ meter 


Sx f(E*)= f(10") 


© tor Te weannen 
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@ What is taught is the “interaction cross section," i.e., the 
joules collected from the associated S-flow by one point 
coulomb of intercepting/collecting charge. Reto 


W=Vq=6q (joules) [4] 22 
$¢=Wq_ (joules/coul) — [2] 


Next. 
Let <1 and fixed; q =n where n= 00 Slide 
W=>k, where k =00 [3] srevious 


® From any "finite" potential, no matter how small, an unlimited Side 
amount of energy can be collected, by increasing the a 
collection (number of coulombs) (interaction cross section). 

@ Actual magnitude of the potential must be very, very large, 
since we can treat it as infinite or unlimited, via W = ¢ q. 


®@ Else Equation [1] could not be linear. 


© re wesncen ver 
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Table A1. THE VACUUM ENERGETICALLY INTERACTS 
WITH EVERY PARTICLE, CONTINUALLY. 
eee 
e 


@ Ground (zero) state of the electromagnetic (photon) field. 

@ Ground (zero) state of mass field. 

@ Empty of observable particles or photons. 

@ Filled with non-observable (virtual) particles and photons. 

® Violently fluctuating microscopically and electromagnetically, 

@ Constantly interacting with all particles, including partially 
shielding their bare charges. 


Lamb Shift - vacuum's alteration of the energy level of an electron in the 
hydrogen atom. 
-- Difference in energy (frequency units) is 1057.862 MHz. 
-- Lamb was awarded a Nobel Prize for showing this. 
-- Energy density exceeds that of the sun's surface! 


® Casimir Effect - vacuum creates an attraction between two conducting 
‘surfaces in close proximity. 
- experimentally proven, well-known. 9 wena 


@ Cole and Puthoff proved that there is no thermodynamic reason why 
cannot be extracted from the vacuum as heat and power, and utilized. 


@ = The common dipole is a broken symmetry in the virtual photon flux of vacuum. 
it extracts virtual energy, integrates it, and re-emits it as Poynting energy density 
flow S = ExH (which observably interacts with charged particles and magnetic 
poles). 
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(Adding Vacuum Engines) 


@ Any EM field or wave is created by (comprised of) two 
potentials which interfere with each other in a given area 
— May be either scalar or vector potentials 
- May interfere locally or at a distance 
- Process is distance independent 
e Hw scalar potential is comprised of a harmonic series of 
bidirectional longitudinal EM wavepairs (Whittaker 1903). 
@ Ziolkowski circa 1985 added the interior product set to 
Whittaker's sum set. Thus he added modulations. 
® By assembling a deliberate "sum and product" set of 


biwaves, a scalar potential can be created having an 
internal deterministic structure. 


- This structures local vacuum eres pacetine 
curvatures, in specific forms 

— Now have added srcery anaes 

- Have infolded general rela inside electrodynamics 


© ‘00 Te BEARDEN 
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“ Structured 
Internested patterns Einsteinian spacetime 
of spacetime 
curvature 


Demons are ‘ 

EM hidden variables Demons work 
organized into at all leveis 
dynamic structures 

at all levels TE BEARDEN 1008 
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STRUCTURING DETAILS OF 
pb OF ACTIVE STRUCTURING Return 
SPACETIME OF ACTIVE to Slide 
CURVATURES “SPACETIME yee Index 
Vi \ CURVATURES = 


\ (TEMPLATE) 
| \ 
i 


Previous 
Slide 
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i OLE ‘energy) and Curves and structures spacetime complexes (engines). 

+ Curved and structured spacetime engines produce forces on mass and its components, 
toling them how to move and structure 

° Stocks coh fs Obtained byt oe we pres erst war powcet sand wnree. 

* General relativity becomes directly engineerable in devices of unparalleled capability. 


"ities 
spacetime-to-mass 


mass tn _ transformation 
4 ae, ves 
__ altered, -_ altered Sees Slide 
ae os a 
YY | \ Previous 
. * » ¥/ % Slide 
Complex of ST curvatures deivuninies: 
{vacuum engine of propagates po: 
ics has a hidden but el 
infolded inside oudeed! its so-called potentials, fields, and waves: 
(in space in the absence of mass). What are ined as. 


potentials, 
‘mass, as pointed out by Aharonov and Bohm in 1959. All of this is just 
longitudinal EM waves and their interactions. 
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SIGNAL VERSUS VACUUM ENGINE 
@ 


‘© INFORMATION RECEIVED 


® ANY OVERT PHYSICAL 
es ACTION MUST BE Return 
TAKEN BY RECEIVER aL 
to Slide 


‘SIGNAL (INFO) Index 
A. Receiver must do the action itself; vacuum energy is 
unalored. Energy or ful fr ding the acon must be 10 Next 
Slide 
(© 1954, 996. 1997 TE BEARDEN Selected cipart© by Lotus SmanPics 
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e An EM potential is gravitational due to its trapped energy. 

« A local EM potential is a local curvature of spacetime. Return 

e Structured potentials are structured (nested) local 
spacetime curvatures; hidden variable theory applies. 

Structured potentials thus are vacuum engines. Next 

« Gradient-free potential penetrates the atom, into nucleus. Slide 


With steady application, a structured gradient-free potential ; 
can be used to engineer the atomic nucleus at will. Events 


« Normal cold fusion systems structure a small fraction of 
their potentials, by chance geometries, boundaries, etc. 


e This produces some new nuclides, but haphazardly. 


« The process can be developed and controlled. The 
nucleus can be deterministically engineered at will. 
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Vacuum Engineering 
Using Inner EM Energy and Structuring to Engineer Physical Reality 


Vacuum Potential (Violent Flux) 
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@ /mpact of Vacuum Engineering » 


= "If they [quantum fluctuations of vacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete -- and so would 
many of our worries about environmental pollution." 

= “Don't sell your oil shares yet -- but don't be surprised if the 
world again witnesses the four stages of response to any new 
and revolutionary development: 
—1. It's crazy! 
—2. It may be possible -- so what? 
-3. | said it was a good idea all along. 
—4. | thought of it first." jrnurc, clarke 


"Space Drive: A Fantasy That Could Become Reality” 
Nov/Dec. 1994 
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Comment: 
— Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 

-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 
—The circuit interacts with, and uses, only about 10" of S. The 

electrodynamicists calculate only this small S-component. 
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PREVIOUS 
VACUUM 
i? ENGINE 


PREVIOUS 
MASS 
STATE 


Return 
A, to Slide 
Index 


Next 
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a 


a. Pumping with transverse EM waves b. Pumping with longitudinal EM waves 
produces a time-reversed wave. A, and A, time-reverses the mass itself. 
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(Energy and time are canonical) 


@ Time can neither be created nor destroyed 
~ Its form can be changed, and it can be positive or negative 
- Time can be collected or dissipated, converged or diverged 
- Time can oscillate and move in waves 
- Longitudinal (infolded) EM waves oscillate time 


@ Time is always in motion, and that motion is variable 
- Collected/collecting time is a continuing stationary 
change in an ongoing time flow 
- Time/collecting time can be internested and internally 
Structured 
@ Time has gravitational aspects 
—- Negative (trapped) time is antigravitational 
~ Emitting negative time is gravitational, to the emitter 
@ Nonlinear optical pumping can use longitudinal EM waves 
~— Pumping a nonlinear mass by longitudinal (infolded) EM 
waves pumps it in its masstime form, in the time domain 
- This creates an amplified vacuum antiengine for the mass, 
and time-reverses the mass back to a previous state 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
— Longitudinal EM waves and complexes 
— Oscillations in time domain 


@ These complexes are an infolded general relativity 
— Clustered formations age ime curvatures 
- Very oad since the force is as the 
agent of curvature 
@ In general relativity, similar precise complexes 


permeate and act on any mass at all internal levels 


@ With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 


®@ Priore unwittingly used this to cure dread diseases 
® This is a revolution in all of science © TE BEARDEN 28 


@ We have uncovered the major mechanisms to utilize 
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Solution to Mass Casualties Treatment Problem 


Threat and Current Status 
Historical Solution; Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


Previous 
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™ FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 
* DISEASE CAN BE REVERSED BY CREATING AMPLIFIED | 
@ VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 
* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE "INNER EM" DOMAIN, TIME-REVERSING THEM 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD" s Index 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES — 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 


Next 

+ PHASE CONJUGATES ADDED BY THE PLASMA = 

QRH | iweoLDeD mx nro sTRONG PULSED DC MAGNETIC — 

FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI KC ; 
* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 

PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. ‘ 


* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 4 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING 
™ NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


* 
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SURVIVORS OF N CASUALTIES 
(N = 1-40 MILLION) 
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TYPE TREATMENT RECEIVED 


EXPRESSED IN FRACTION SURVIVING 
@ With conventional treatment 

With 1st generation P-treatment 

G With 2nd generation P-treatment 

@ With 3rd generation P-treatment 
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Solution to Mass Casualties Treatment Problem 
Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 
Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 
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Summary and Conclusions 


@ Anew therapeutic paradigm of great scope 
and effectiveness has been developed 
- Will provide effective, quick treatment of mass casualties 
- Will provide cures for unknown agents 
- No pathogen strains are resistant to this process 


@ Results have been proven experimentally 

- Documented in French scientific literature 

- Rigorous scientific protocols, eminent scientists 

- Technical mechanism deciphered 
@ Will treat and cure many diseases 

- Aids, atheriosclerosis, cancer and leukemia 

- Sleeping sickness aera 
@ Portable units can be developed quickly 

- 18-month crash development program required 

- high level authority and overwatch essential 


@ Will solve the BW mass casualty treatment 
problem, both civilian and military 
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Solution to Mass Casualties Treatment Problem 
Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 
Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 
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Final Thoughts: 


Previous 


@ The current internal BW threat can sia 
and will kill more Americans than 
all our previous wars combined 


@ The Priore technology is the only 
solution in sight that can save 
most of those casualties 


CTE, Ine. 
2311 Big Cove Road 
Huntsville, AL 35801 
(256) 533-3682 Phi 


CTEC, Inc. 


June 24, 1998 


Dr. Jane F. Kinsel, Director 
Office of Policy Analysis 

Department of Health & Human Services 
Bathesda, MD 20892 


Dear Dr. Kinsel: 


Your letter of June 8 is appreciated. However, the entire action package had already gone 
to the Assistant SecDef and also to Major General Neary in the USAF. 


The proof of a revolution in medical treatment was in the package. The basis for itis 
already demonstrated experimentally in the scientific literature, both in the U.S. and in 
France. We are speaking of something already proven, but missed by the entire U.S. 
medical community. Strong words, but true. Let me be specific. 


Any cell in the body can be time-reversed (physics term) or dedifferentiated (biology term) 
back to an earlier state, by pumping (i.e., "squeezing” in simple terms) that cell with 
longitudinal EM waves as pump waves. There are considerable papers in the French 
scientific literature showing the experimental results. 


Apply that to cancer. We are stating bluntly that all cancerous cells in the body can be 
"depromoted” back to normal cells easily. Further, the damage previously done to them 
(such as by sustained hypoxia due to contaminants reducing the oxygen-carrying ability 
normally given to it by some 60-to-80 surrounding water molecules per red cell and the 
‘consequent H-bonding interactions) will also be reversed. The cells can all be returned to 
healthy, normal cells again, without “killing” or "burning" or “cutting” anything, 


With some development of the technology, you can quickly and easily cure every cancer 
patient in every hospital in the United States. 


Now apply it to AIDS. Since you can time-reverse every cell in the body, you can time- 
reverse the HIV-infected cells — genetics and all — right back to normal cells with normal 
genetics. Those cells not infected and healthy, will just get a “litle younger” again. 


So with that small development, you can quickly and easily cure every AIDS patient in every 
hospital in the United States. 


| would have thought that NIH would certainly be interested in such a revolutionary therapy 
Which has already been demonstrated in laboratory experiments. World-tenowned French 
scientists — such as the eminent parasitologist Pautrizel and research PhDs assigned 
directly by Robert Courrier, head of the Biology Section of the French Academy of Sciences, 
worked with Prioré in performing those starting experiments that proved what we are 

saying. 
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‘The method was rigorously shown to cure infectious diseases (such as trypanosomiasis), 
atherosclerosis (which now afficts millions of Americans), and terminal tumors. It was 
shown to reverse suppressed immune systems back to normal vigorous functioning. 


Please permit me to disagree with you that the examination of such is not the mission of the 
NIH. To the contrary, itis precisely the NIH which should have some of its very best 
scientists looking into this. 


The action package to DoD was to propose a crash program to develop this methodology in 
the form of a small, portable unit for treatment of mass casualties resulting from a terrorist 
BW attack on our cities (now expected in the next few weeks, as you must be aware). The 
leading Arab terrorist of the world has already promised just this. 


We are speaking of several million Americans who are going to die. They are going to die in 
spite of everything that NIH and its labs can do, even though | know you will make a heroic 
effort. With NIH present methods, you cannot do very much for those stricken Americans at 
all. Everything we have in the "normal" kit bag is almost useless against a knowledgeable 
spray attack of modified smallpox (as you know, the Russian secret BW labs have made 
and sold tons of that already, to guess who!). Or a spray of tularemia (you are well aware of 
the extreme lethality of that), or anthrax (easily obtained). It is also common knowledge that 
these terrorist teams with their BW agents are already on site in this country, waiting for the 
word to attack. This has now been officially raised to our primary Strategic Threat. 


In the face of such looming strikes on the U.S., | simply cannot believe that the NIH does not, 
feel it within their mission to rigorously check out a proposed method for saving perhaps 
70% of those coming deaths (first generation equipment), and up to 90% with second 
generation equipment. 


Perhaps you just did not read the package carefully. | urge you to do so. 


Else NIH is going to look very, very bad when (1) the strikes do occur, (2) they can't handle 
them (and they cannot, as you well know), (3) they had within their hands in advance, a 
proposed methodology that could have been investigated intensely, to save millions of those 
stricken Americans. 


As a staunch supporter of NIH and especially CDC, | have to believe that there is a different 
attitude there. If NIH is not interested in a previously experimentally demonstrated method 
of saving millions of Americans, then the only recourse left is the political channel. 


assure you that my critique of electrodynamics is well-founded, as supported by various 
leading physicists such as Nobelist Feynman (who stated bluntly that the field concept is 
wrong), Wheeler, Bunge, and so on. It is inexplicable why all our universities are still 
teaching a 130 year old abridged (Heaviside’s) subset of Maxwell's theory, and one that still 
contains a material ether even though that was falsified 110 years ago! 


You already have seen the misuse of this technology by the Russians, in the decades-long 
radiation of the U.S. Embassy in Moscow. Is it not NIH's mission to understand how they 
generated all those diseases and health changes? Have you ever looked into 
Kaznacheyev's experiments showing that ANY cellular disease or disorder can be induced 
in cells at a distance by purely EM means? Have you looked into what got eliminated from 
electrodynamics by ignoring the hidden longitudinal EM inside every potential, field, and 
wave? Do you realize what ignoring that has done to American chemistry, biochemistry, 
and medical science?" 


I would hope that the NIH would at least be interested in its own mission area! 
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| challenge you bluntly to admit that no one presently understands the primary operation of 
the human cellular regenerative system. That's because its technical principie is not 
presently in our recognized physics, biochemistry, and medical science — even though it has 
been in the hard physics literature since 1903-4. Becker's epochal work came closest; since 
he only had access to the conventional EM model, it failed him. But he at least showed you 
rigorously that cells can be changed (both differentiated and redifferentiated) all over the 
map by laughably weak EM — picoamperes of current, which means persistent DC 
potentials. In the microwave radiation of the U.S. Embassy, all the health changes occurred 
in regions absent of fields —i.e., absent of bleed-off of the potentials. Hence in regions of 
stable DC potentials! With 100% correlation of the health changes to persistent, gradient 
free potentials, and 100% anticortelation to changing potentials (i.e., fields), our own 
scientists concluded totally erroneously that it could not have been the EM radiation causing 
the changes, when their own results had just proven that it was. 


Now | ask you: Can NIH explain how it was that the DC potentials caused those health 
changes? | think not. If it could, it would understand the action package | wrote, and its 
importance. 


This is not a “political” letter. I'm just an ordinary American citizen who has done about 30 
years very hard work on this particular area. The work is good enough now to stand on its 
‘own merits. The scientific community will eventually accept it, about 50 years from now. 
But we cannot wait 50 years! Those millions of Americans are going to die, because of the 
bureaucracy and inaction of our own scientific organizations. Whether they like it or not, the. 
U.S. scientific community is now the forefront of the struggle for this nation to survive. And 
they are failing us dramatically. 


So as a parent who wants his children to live, and his neighbors’ children to live, and those 
millions of soon-to-be stricken Americans to live also, | urge you to at least have someone 
competent in physics (and knowledgeable that the foundations of physics itself are in woeful 
shape!) check the work. Has anybody there read any of the references to the Prioré work | 
cited? Does anyone there realize that there are no EM forcefields in space? Probably not. 


Dr. Kinsel, there is a time for "business as usual" and there is a time to do some serious 
new work. Those stricken Americans are going to be lying there. Nothing NIH can do is 
going to stop that. That's a given, and itis not my own estimate. It's the official estimate. 
‘And you know you presently do not have the tools to do anything really effective about it. 


Frankly, | interpret your letter to me as just the normal "spin contro!" for easy disposition. | 
would hope that NIH would seriously rethink the situation, get off the "spin contro!” and 
“business as usual" posturing, and do something dramatically different for a change. 
What have you got to lose? A ttle time from perhaps two or three of your best scientists. 
What have you got to gain? Saving untold millions of American lives. A new, already 
partially demonstrated cure for most dread diseases such as AIDS and cancer — diseases 
Which you presently cannot do very much about in spite of decades of heroic struggle. 


Sincerely, cc: Senator Shelby, Congr. Cramer 


T.E. Bearden 
President and CEO 


TEC, Ine 
TLE. Bearden, President & CEO 

2311 Big Cove Road 

Huntsville, AL 35001-1351 
(256)533-34682 pi(256)536-0411 Fax 
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‘May 12, 1998 


Dr. Harold Varmus, Director 
‘National Institute of Health 
Bathesda, MD 20892 

(301) 496-1766 


Dear Dr Varmus: 


‘We have recently sent action documents to the Director of Nuclear and Counterproliferation, Office 
of the DCS, Air and Space Operations, HQ USAF and to the DoD (General Busbee) Assistant 
Secretary of Defense, as well as several Senate and House committees, which may be of interest to 
you. For one thing, we give the technical mechanism used to generate the Gulf War Syndrome. ‘The 
Same weaponry is now being used to rapidly induce new strains of certain pathogens worldwide. 1 
urge you to closely read that section of the letter to MG Neary which explains the GWS, why the 
French did not get it, and why Souther Iraqis got an increase in cancer and leukemia but not GWS. 
‘Also explained is how the "microwave radiation” of the U.S. Embassy in Moscow induced diseases 
for decades, and how we failed to comprehend it because the standard EM model deceived us. 


‘There is a way to treat and quickly cure most diseases, including the mass casualties resulting from a 
terrorist BW strike on our civilian population centers, our military bases, or our forces in the field. 
‘The method is litle known, but was scientifically demonstrated in France in the 1960s and early 
1970s before cancellation of the Prioré Project when the French Government changed. Eminent 
French scientists worked on the project, and the results are fully documented in leading French 
scientific journals. References are listed in a separate attachment. 


Previously the Western scientific community has been unable to understand the technical mechanism. 
responsible for such remarkable cures, because of serious foundations flaws in Western physics and 
electrodynamics. Foundations physicists have long been aware our science is flawed, and have 
pointed out many of these fundamental errors. However, the operational science establishment has 
not paid attention, even though physicists such as Feynman and Wheeler pointed out that the notion 
of "force fields in space” was totally wrong, 


‘Asa primary example, there is an “infolded” electrodynamics inside all potentials, fields, and waves 
that is far more primary than the coarse EM that is in our textbooks. It is actually an infolded general 
relativity, and this is what the Russians have weaponized. This infolded EM-GR has been ignored in 
the West (but not in Russia) since 1903, 


‘As another example the potentials, fields, and waves of present electrodynamics are rigorously 
defined — and exist — only in the presence of mass. They do not exist in such form (force fields and 
oscillating force fields) at alin space, in the absence of mass. Rigorously, Maxwell's equations are 
‘mass-to-mass transforms, since Maxwell and everyone at the time assumed the ubiquitous presence 
of the material ether. In other words, to the founding electrodynamicists, there was no place in all the 
universe that was devoid of mass. Hence they defined all EM entities as entities containing mass. 
Even though Michelson-Morley experiments of more than a century ago destroyed that material 
ether, not a single Maxwellian equation has ever been changed! They still assume the material ether. 
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Specifically missing from our electrodynamics are two essential transforms: (1) the mass-to- 
spacetime transform, and (2) the spacetime-to-mass transform. In other words, these two transforms 
are "infolded' or hidden inside (comprise) the end point extremum case — the mass-to-mass transform 
actually written by Maxwell 


But these two missing transforms are just general relativity (they correspond precisely to Wheeler's 
principle of general relativity). So general relativity has always been infolded inside electrodynamics 
as we know it, but ignored. Further, this is a very powerful general relativity, since it uses the very 
strong EM force as the agent of spacetime curvature. Hence now one can engineer a powerful 
general relativity in the laboratory and in practical devices, and even action-at-a-distance, which one 
cannot do using merely the staid and weak G-force. 


It tums out that longitudinal EM waves as shown by E.T. Whittaker in 1903 and 1904 are far more 
primary than our present EM theory and even our present GR theory. Both EM and GR are directly 
engineerable using longitudinal EM waves, including subluminal and superluminal EM waves in 
vacuum, and including action at a distance. One can engineer complexes of spacetime curvatures as 
desired, which in turn are spacetime engines (Wheeler's term). These engines can act upon mass ~ 
either living or inert — in any fashion desired, and at any distance desired. 


‘The little-known and poorly understood Regeneration & Recovery (R&R) system — as contrasted to 
the immune system — utilizes this exact "spacetime engine” methodology to restore damaged or 
diseased cells, within its limitations — "dedifferentiating" or "time-reversing" them back to normal. 
‘The mechanism is fully explained in the attached package. The proposed program applies this 
fundamental method to greatly amplify the effect. ‘Thus cancer cells can be reversed back to normal 
cells, HIV-infected cells (HIV-factories) can be reversed back to normal cells (genetics and all), etc. 
‘This represents a dramatic and unparalleled new medical therapeutic methodology of extreme power. 
‘The same techniques can simply be conjugated one additional time, and used to produce diseases and 
cellular changes at a distance, including in entire mass populations, as the KGB is doing right now. 
Specifically, by impressing an extremely weak "cocktail mix" of disease spacetime engines on the 
USS. populace, the immune systems are reacting and being "spread thin" across several "shadow 
state” infectious pathogenic conditions. Thus when an actual terrorist BW attack occurs, the lethality 
of the strike will be remarkably enhanced because the immune systems will be “thinned” in their 
ability to fend off this new pathogen. By doing it this way, BW warfare can actually be conducted 
upon the U.S. without anyone being the wiser. 


Our very survival as a nation is threatened by remarkable KGB weapons using this fully documented, 
extended electrodynamics. Bluntly, unless we take off our scientific blinders and understand Russian 
energetics weapon science, GWS and the Embassy health changes in Moscow were just a picnic 
before what is upon us. After two decades of work on the KGB energetics weapon problem, we have 
fully deciphered the technical mechanisms and what energetics is, as well as citing many of the 
Russian weapon tests and how they were done. Again, you can see that for yourself in the package. 


‘Now that we understand the technical mechanisms, we are proposing rapid redevelopment of the 
Prioré process, in portable suitcase-sized units to be mass produced and filtered down into the entire 
emergency community for mass treatment of lethal infectious diseases resulting from BW strikes. 
‘And we are strongly urging the U.S. scientific community to quickly investigate and come to grips 
With this vast new biological engineering mechanism. Our very survival depends on it. 


‘The inclosed documents provide an overview of the process. ‘There is nothing else on the scientific 
horizon that can save the majority of all those stricken Americans, once the first foreign-sponsored 
terrorist teams strike our population centers with BW agents. 


Sincerely, Incls: Full package with table of contents 


T.E, Bearden 
President & CEO 
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Figure 19. The world of physical matter exists behind a dramatic 10 “fitter 
in a fiery cauldron of fierce and primeval EM energy flow. 
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Figure 17. Energy “collected” on a charge depends upon the charge being 
in acontinuous Poynting S-flow. When S ceases, there is no 
excess energy “collected” on the charge. Energy collection 
never occurs In chunks, but is always a dynamic, ongoing process. 
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31B. Reversed second fiber fuse often restores pitted core in cable, filling holes back up. 


Figure 31. Fiber fuse effect and its strange anomalies. 
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Vy Impact of Vacuum Engineering & 


= "If they [quantum fluctuations of vacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete — and so would 
many of our worries about environmental pollution." 

= “Don't sell your oil shares yet — but don't be surprised if the 

world again witnesses the four stages of response to any new 

and revolutionary development: 


—1, It's crazy! 
—2. It may be possible -- so what? 
-3. | said it was a good idea all along. 


—4. | thought of it first." arnurc. clarke 


“Space Drive: A Fantasy That Could Become Reality" 
Nov/Dec, 1994 


= Comment: 
- Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 
-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 
—The circuit interacts with, and uses, only about 10°" of S. The 
electrodynamicists calculate only this small S-component. 
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Figure 28. Lawandy’s experiment (Letokhov-Lawandy effect) with multipass, 
multicollection of energy. Formation of a quantum potential can 
also become involved. Retroreflection and self-targeting are key. 
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Potential © 1s multi-valued from D to A 
Line integral from A around this closed path back to Ais nonconservative. 
Along entire path A-8-C-B'-D, work may be extracted. 

No work is required to go from D to A. When ball arrives atD, it also 
arrives at A simultaneously. |.e., the potential “jumps” in magnitude. 
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Figure 33. The only problem is the ostrich problem. 


ntpstwwo:cheniereorpimages/Energy/D12.ha25.4.2005 11:05 


‘Actually, Priore already showed 
how to cure most dread diseases, 
by making and directing vacuum 
engines. Becker showed you it 
worked. Develop it and use #! 

© 1e.cear00N 19m 


Return 
to Slide 


Previous 
Slide 


Energy 


We're running out of energy! 
We must redouble our: ! 


Return 


Previous 
Slide 


a. 4 


We have to keep polluting the 
Earth, if we areto have lots of 
electrical energy! 


Figure 


nupstww.cheniee, 


. The only energy resource problem is the theoretical ostrich problem. 


Actually, a single one of our large electrical 
power systems already produces all the free 
Poynting energy the world could ever need! 
We just have to learn how to collect more 

of it and use it without continually destroying 
the source dipole! 


We must become theoretical owls, rather than ostriches. 
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— E-field is zero A 
— B-field is zero 


= Potentials still exist, just no gradients 
- Cause real effects 
— Interference is the key A 
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— Mechanics 
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This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He net symmetrically 
regauged, so he had no net excess 
force across him, even though his 
potential energy was Increased. He 
asymmetrically regauged each foot, 


but both simul Rancously so that one 
countered the other. Wise little bird! 
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Net Asymmetric Regauging Can 
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wire A, and then the second foot 
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force then violently translated his 
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doing lots of work in and on him. 
Bummer! 

© Ne. weARDEN 4008 


Figure 32. Asymmetric regauging produces excess force, which can be used 


to do work on the regauging system. Selected clipat @ by Lotus SmantFics™ 


-pworwcheniereorglimages/EM nln /smS¢20A symgug?.jpg28-4.2005 1:27:47 


_hutp://www.cheniere.org/images/EMfodns /sm%20Becker|.jpe 


= Tiny DC currents (picoamperes) 
» Pulsed DC current can be utilized RED BLOOD CELL 
DEDIFFERENTIATES 
Shucks hemoglobin coat 
Grows nucleus 


Pulsed magnetic fields may be utilized 
NEWCELL 
REDIFFERENTIATES 


Turns into type of ceil that 
makes cartilage 


NEWCELL 
REDIFFERENTIATES 
Turns into type of cell that 

makes bone 


Deposits in fracture site, 
healing the fracture 


© 09, m5 TE BeROEN 


pillow. cheniere orghimages/EMIndns|/sm%20Becker| jpg25.4.2008 1:28:33 


http://www cheniere.org/images/EM fndns 1/sm%20Becker2,jpg 


Trauma Producing 
Tissue Loss eee neeceer | 


Local cellular effect Local nerve effect 


a 
CNS effect + Alterations in hormone 
pattem (prolactin) 
Alterations in local 
DC field pattern 
Local electric: 
effects 

posts of target cai 
Dedifferentiation into 
primitive ‘caer cells 

Phase! Biastema formation 

= growth< 

Phase Il 

ere te “Becker & Spadaro,“lecvica stimulation of 
Ben eat et, 109 "say 972, 

Restoration of body p. 629, 


partortissue 


usw cheniereorglimagevEM fn! 


Necker? pe2S.4.2005 1:29:21 


-hutp:/ivww.chenicre.orglimages/EMfndns /sm%20Becker3,jpg 


GROWTH 
DIFFERENTIATION 


INPUT STIMULATION 
DC SYSTEM (PAIN) 


=e 


CENTRAL 
DC SYSTEM 


a! 


MITOSIS 
DEDIFFERENTIATION 


 — i 


hupstvww.cheniere.orgi 


STIMULATION OF 
REPAIR CELLS 


— 


TOTAL 
CURRENT OF 
INJURY 
DC SYSTEM 


“Robert 0. Becker. “Thesignificence of b electrical 
ol 


potentia 
1974, po 


/EMndns/sm%¢20Becker3jp2S 4.2005 1:30:22 


yh 


-hutp:tivww.cheniere.org/images/EMfndns /sm%20Bohren! jpg 


Geometrical Distortion of Poynting Energy Flow 
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Cosmic Bootstrap: 
Before the Big Ban 


Cosmic repulsion behaved like a fluid with 
negative pressure 


The "universe" inflated (expanded) as a "false 
vacuum" 


As the negative-pressure fluid expanded, its 
energy went up rather than down 


When inflation stopped, the false vacuum 
decayed from its excited state 


Its excitation energy was released in a single 
great burst Paul Davies, Superforce, 1984, p. 194 


‘hutp://www..cheniere.org/images/EMfndns1/sm% 20bridg | jpg 


BRIDGING ENABLES COP > 1.0 


S-flow, do /dt flow, and EMF flow 


= => => => => = => => 


VeSO ee hrc, eet atemang te al 
imo ( i>>0 } 
< \ ae 
“Closed Current “Closed Current = 
LoopA Loop B 
BRIDGE Patent Pending 


Current loop B is asymmetrically regauged by 
S, do /dt, and EMF flowfrom current loop A Sync sercen 


Inupzshuww.cheniere.org/images/EM fndns /sm%%20bridg  jpg25 4.2005 1:32:57 


‘http://www.cheniere.org/images/EM fndns l/sm%20Bsymmtry jpg 


Aspects of Strong Local Asymmetry 
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® If local asymmetry is strong, conservation laws 
may be appreciably violated 

Energy 

Charge 

Spin 

Momentum 

Angular momentum 


® Properties of an object may differ appreciably for 
© Different observers 
* Different detecting means 
* One time to another 
One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
*® Provides spacetime engines giving the above effects 
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Other Aspects of 
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» Local spacetime is curved © TE Bearden 1095, 1995 
= Loreniz invariance of vacuum is violated 

® May be a local “sink” or “source” 

= Gravitational-inertial effects from EM 

= Translation between virtual and observable 

= Electrogravitational solitons 

= Action at a distance 

= Transmutation effects may exist 

= Scalar/pseudoscalar field translation 


= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
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*Mario Bunge, Foundations of Physics, Springer-Verlag, 
Naw York, NY, 1967, p. 176 
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Bunge on the Status of 
Electrodynamics and Physics 


".. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... 

"... neither classical nor quantum physics are 
cut and dried, both being full of holes and in 
need of a vigorous overhauling..." 


“Mano Bunge, 
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2 on the Status of 
Claseien and Quantum Physics 


",. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 196 Te seaRDEN New York, NY, 1967, p. 176.. 
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Fraction of Casualties Surviving 


FRACTION SURVIVING N=1-40 million 
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ASUALTIES 
© wer e eearoen 
TYPE TREATMENT RECEIVED 


EXPRESSED IN FRACTION SURVIVING 

& With conventional treatment 

C With 1st generation P-treatment 
With 2nd generation P-treatment 

® With 3rd generation P-treatment 
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MULTICELL 


AEROBIC" 
(INCLUDES MAN) 
SINGLE CELL : SINGLE CELL 
ANAEROBIC AEROBIC" 
CENTRAL CONTROL 
OXYGEN-RICH TIME-FORWARD 
——S ete PATH AS IT 
DEVELOPED 
CANCER CELL 
TIME-REVERSED 
<4———_ paniror SUSTAINED 
Serie OXYGEN DEFICIENCY 
RARTIALLY SINGLE CELL —____- 


5 FIRST STEP IN OXYCEN-DEFICIENCY 
© Sars oe DEDIFFEREN TIATION 
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Differentiation and Dedifferentiation Timelines 


CENTRALIZED CONTROL OF CELLULAR 
GROWTH AND REGENERATION 


NORMAL HEALTHY. WITH SOME DISEASED 
CELLS AND FUNCTIONS: OR DAMAGED CELLS 


TIME-FORWARD PATH 


NORMAL “DI 
AS IT DEVELOPED © 100,000 en FOR HEALING OF CELL DAMAGE 


| FFERENTIATION™ 


TIME-REVERSED TIME-REVERSED 
_ GS _ Or PATHFOR 4 PATH WHEN NORMAL 


SUSTAINED PUMPING FAILS TO 
I CELL eners OXYGEN HEAL CELL 
a Nee DEFICIENCY 
ANAEROBIC KEROBIC 
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Evolution of Cells on Earth 


SINGLE CELL 
AEROBIC” 


AME ROME ; FACULTATIVE WHITECELLS BONES 
cpligaTory  NAEROBES KILLER CELLS ORGANS 
{SINGLE CELL ETC, ai 

ANAEROBES = BOTH AEROBIC 

SINGLE CELL AND ANAEROBIC) sabsed cere’ 

SHIELDED 

FROM OXYGEN * NOTE: LIMITED ANAEROBIC RESPIRATION 
‘STILL TAKES PLACE IN HIGHER AEROBIC 
LUPE FORMS, INCLUDING MAN. 

EVOLUTIONARY TIMI 


©renr reno 
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(A proposed formal definition 
of a charged mass) 
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~ VACUUM 
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Benne "\.curiously enough, we do not 
~ ~ know exactly what charge &, 
RSS ~ only what it does. Or, equaly 
Ve ot a8 significantly, what it does not do.” 
‘ \ i MP. Silverman, Aod Yet t Moves: Stange 
\ tems and Suble Questions inPhsies, 
~ CambiidgeU riversity Press, 1993, p. 127. 


\ a ‘ 
\ 
© T.E. BEARDEN 1997 


An electric charge Q consists of a massless flux component and a mass component, [ 


coupled together (interacting). Qis a broken symmetry. The mass of the charge 
ntinually and al eny: eelanse virtual photons with the surrounding vacuum. — 


ups 
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Thus Q is energetically driven by the surrounding vacuum potential, which itself is to 
first order just a violent virtual photon flux. 
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The Ubiquitous Aecsmpiient Two 
Asymmetrical Regaugings for Net Symmetry 


Your electrodyn 
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The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net Symmetry 


aad ha adcshay ibe) 
ryou. Hey, 
whate swell guyl 


won't 
do any net work for you! 
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The Ubiquitous Assumption: Two 
Asymmetrical Reqaugings for Net Symmetry 
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A Charged Particle Is a Coupled System 


\ / 
Sn irae see 
‘= ~~ S virtual 
nea - Va photon 
Seats fl 
Se So sachin 
hs es %, 


"curiously enough, we do not 
know exactly what charge is, 
only what it does. Or, equaliy 
significantly, what it does not do.’ 


MP, Sivemnan, And'Yetit Moves: Strange 
Subt sin Bt 
Cambridge Universit Press, 1223, p. 127 


ey 


An electric charge q isabroken symmetry in its fierce energy exchange with the active vacuum. 
It coherently integrates some of the virtual energy absorbs and outputs it as Poynting energy flow. 


Sys 
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Chung's Carbon Filament Negative Resistor } 


UNIVERSITY AT BUFFALO, NY 
© Ome teen 


Win =— Wout> Win 


CROSSED CARBON 
FILAMENT LAYERS 
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Typical circuit has about 10-13 
energy collection efficiency 


soos 10 1 weamcen 


Se" Deep space 
Ss 
im Distance traveled by S in one hour is 1.08x10exp(1 2) meters. 
=== Example: 1.3 amps flowing in DC circuit, 1.8 mm diameter copper wire. J =51 Aicm2 


jal 


S violently transports ? provided fromthe source. 


4, =0.1368 meters _j sluggishly transports the energy collected and dissipated in the 
circuit. 


For the case discussed, the electron drift velocityin the circuit is about 
3.8 x10 * meters/sec. So J} moves about 0.1368 meters in one hour. 
Thus J? has collected about 0.1368 meters of the ¢-filled S-tube. During 
that same hour, the S-flow evoked by the power source will have 
traveled 1.08x1012meters. The ¢ of both currents is the same. Both 
are involved in the same energyilled tube. Thus S has provided and 
transported about 7.89x1012 fimes as much energy along the circuit 
in one hour as the j/ has been able to collect, transport, and dissipate 
mere in the circuit. Thus this circuit provides about 16'3 collection 
cy. 
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Se Classical View of EM 


= Potentials just mathematical conveniences 
— Not real 
— No internal structure, just magnitude 
= Force fields primary, causative, can exist in space in absence 
of observable mass 
— All EM actions due to force fields, none when zero 
= No action at a distance 
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Curved Spacetime 
acts as source or Sinik 


s| Ma ay emit excess radiation Z 
and energy (e.g., heat) 


May wanseu ce waves 

TW so LWs TOW 

= New en 
law applies 
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CHRONIC DISEASE PUZZLING 


THE MECHANISMS OF A SINGLE CHRONIC 


m™ SCIENCE REALLY DOES NOT UNDERSTAND nm 
DISEASE, INCLUDING CANCER 


m MANY TROUBLING FACTORS EXIST l Od 
= MIND ge) 
- STRESS sf 
— SPONTANEOUS REMISSION A | 
— PLACEBO EFFECTS snes eons 
= COMBINATIONS 


m GENERATION OF THE PLACEBO EFFECT BY THE 
CELLULAR REGENERATION SYSTEM IS UNRECOGNIZED 


‘hup://www.cheniere.ong/images/EMfndns1/disease1%20sm,jpg25.4.2005 1:49:55 


hhup:liwww. s/EMfndns: 


Sales Characteristics 


e Not o one disease, buta whole range 
» Starts Ins etuuttJaJ aerobic cell 
e Cell shakes off body's central control 
- Starts Gheantrolied division 
- Becomes a lump 
e Can send forth cancer cells 
- Through blood 
~ Through lymph 
e Form metastases (secondary saat 
e Often become anaerobic ore es 
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Solving a Cancer Enigma 


e An enigma has been failure of immune 
system to attack some tumor cells 
— Suppressor cells may curb immune system? 
— Tumor may lack antigens normally identified 
by the immune system? 
e Promotion of damaged cell to cancer is 
usually ordered by cellular control system 
— Regenerative and recovery system forces 
cell back toward anaerobe 
- First step breaks free from central growth 
- Control continues to recognize cell as self 


jpg25.4.2005 1:51:49) 
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‘a CANCER: CHARACTERISTICS 


© NOT ONE DISEASE BUT A WHOLE RANGE 
© STARTS IN ORDINARY (AEROBIC) CELL 
© CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
© STARTS UNCONTROLLED DIVISION 
© BECOMES A LUMP 
© CAN SEND FORTH CANCER CELLS de tee 
= THROUGH BLOOD 
= THROUGH LYMPH 
© THESE FORM METASTASES (SECONDARY TUMORS) 
© OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 


© ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 


SYSTEM 
*R&R system forces cell back toward anaerobe 
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“If a scalar wave E1(r) propagates from left to right through an 
arbitrary but lossless dielectric medium, and if we generate in some 
region of space [say near z= 0] its phase conjugate replica E2(r), 


then E will propagate backward from right to left through the 
dielectric medium, remaining everywhere the phase conjugate of E1." 
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The Electronuclear Reaction; 
Nuclear Reactions in liR-Zones (1) 


@ Nucleon interchange 
— Changes neutron into proton and vice versa 
= At high rate (flat spacetime assumed) 

® Statistics become skewed due to curved ST 


© Can bias statistics toward either neutron 
or proton end 
— Biases toward transmutation of elements 
along isomer chains: 
— Concept of “isomer” is vastly expanded) = =. -.- 


Osm,jpe25.4.2005 1:54:39 


‘hutp:/www.cheni 


The aa lear Reaction: 
Nuclear Reactions in 1R-Zones (2) 


® Normalidynamics (impulses) may reverse 
— Like charges attract, unlike charges repel 
— Positive charges cluster (are drawn together) 
— H+ Ions (protons) may form quasi-nuclei 
— Nucleus coulomb barrier becomes assistant 
® Many “impossible” reactions now possible 
— Quark access and quark flipping by EM 
— fon clustering 
— Positive charges as phase conjugate mirrors 
— fime-density waves and time-energy charging 
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The Electronuclear Reaction: 
Nuclear Reactions in TiR-Zones (3) 


© Not observed|until time-energy charging 
has become substantial) 
= Time delay (hours, days) 
— fransduction of LW --> TW involved 
— Specific time-charging history of detectors 
is involved in twhether they detect or not 
— Longitudinal EM waves become significant 
® Curved spacetime can act as source or sink 
~— May emit excess radiation 
— May absorb excess radiation 
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In Time-Reversed Zone: 
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Time-Reversed Zone: | 
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A New Conservation of Energy Law 


Physics conserves total “energy and mass-energy" 
Now also must consider “time-energy" 


Conserve total mass-time-energy (spatiotemporal 
energy) 


Let Et = total energy, Em = mass energy, 
Ee = ordinary energy, and Et = time energy. Then 


EtT=Ee+Em+eEt 


Onmre teen 


(kEt => EE> 0) => Et>(Em+ Ee) 


If some Et is transduced into Ee , the experiment will 
violate the old spatial mass-energy conservation law 
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QUESTIONS ON CARCINOGENS 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 
- DOSAGES 
— ACTIVE MECHANISMS 
REPLICATION DIFFICULTIES 
MEASUREMENT DIFFICULTIES 
WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


@ SCIENCE REALLY DOESNOT UNDERSTAND THE 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © 1994, 19957 £. Bearden 
INCLUDING CANCER 

— FACTORS SUCH AS MIND, STRESS, SPONTANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEM IS UNRECOGNIZED 
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mips 


As defined, fields and potentials only 
_existin and on charged matter 


E=Fiq a cE ae ee ee 


in vacuum. \ 
Source qis a \ 
broken symmetry 
in vacuum flux 
S$ = ExH 
olan 
As d fal 
ssumet Nerpeki 
motion machine «plleup" in fro Aas b 
in classical EM ip" in front = joules continuous! 
SoE=-vo . in eometrical ow, 


Electrodynamics has nothing to say about what 
exists in space in the absence of pipet © wv vwoen 
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Serious flaws and errors 
in classicalEM theory. 


Eliminates the Internal EM Inside the Scalar Potential, 

No Definition of Electrical Charge orof Scalar Potential. 

Equations StillAssume Material Ether Per Maxwell (Unchanged), 
Use of Force Fields in Vacuum is False (and Known to be So), 
Treats Charge qas Unitary Instead of Coupled System q = glqim (q), 
Confuses Nassless Potential Gradients as Forces (See #3, #4), 
Does Not Utilize Nass as a Component of Force (See #23). 


ErroneouslyAssumes EM Force Fields as Primary Causes, 
Topology of EM NodelHas Been Substantially Reduced, 

Does Not include Quantum Potentialor Action ata Distance, 
Does Not Include Superiuminal Velocity of Inner EM Components, 
Does Not Utilize Extended Near-Field Coulomb Gauge Effects, 
Does Notinclude EM Generatrix Mechanism forTime Flow, 

Does Not Unify Photon and Wave Aspects (Requires 7-D Model), 


Does Not Include Electron Spinand Precession (See #19,#24), 
Treats EM Energy As Existing In"Chunks," Instead ofas Flow, 
Confuses Energy and Energy Collection (See #16). 


Discards Half ofEvery EM Wave in Vacuum (See #22), 
Erroneously Uses Transverse Vacuum Wave; It's Longitudinal, 
Arbitrarily Regauges Maxwell's Equations to Eliminate Overunity, 
Omits Phase Conjugate Optics Effects (The Rule in Internal EM), 
Does Not Include EM Cause of Newtonian Reaction Force. 
Erroneously Assumes Separate Force Acting on Separate Mass, 
Confuses Detected Electron Precession Waves as Proving Trans: 
verse EM Waves in Vacuum (Remnantof Old "EM Fluid" Concept), 
Due to Error in String Wave, Qmits the Ubiquitous Antivave. 
Assumes Equilibrium ;NotTrue Unless Include Vacuum Interactions, 
» Higher Topology Required, to Model Electromagnetic Reality. 
» Lorentz surface integration discards Poynting energy transport, 
» Has nothing atallto say aboutform of EM entities in massless space. 
» Eliminates the infolded generalrelativity using EM-force as curve agent, 
, Does notinclude longitudinal EM waves as time domain oscillations, 
. Doesnotinclude EW mechanism that generates time flow and flow rate. 
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Nowwe are notusing 
Cea material ether. 
ae Trust us! The equations 
do not need changing. 
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REACTION TO Loss OF MATERIAL ETHER 


Material Ether 

Assumed in 

Equations Nota single 
equation was 

Potentials, changed! 


re peARcen 19 
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‘Einstein's 

spacetime 

hasn't been, 
yet! 


rial Ce Material 
Electric ‘ Electric 
Fluid Fluid 
Disturbed Disturbed 
CAUSE ; EFFECT 
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GALLOPING WAVE, 
TRANSVERSE 
WAVE THAT VARIES: 
VELOCITY ALONG 


Z-DIRECTION, IN TIME-POLARIZED 
WAVE FASHION. (TIME ENERGY) 
(Ex:0.01 ¢- 100 ¢) OSCILLATIONS: 
S-SPATAL SCALAR WAVES, 
ENERGY DENSITY X, Y, Z FIXED. 
OSCILLATIONS T VARIES, 
AE RAMAVERSE NONOBSERVABLE. 

[—— WAVES. X AND Y TRANSDUCTION TIME DENSITY OSCILLATIONS. 
ENERGY DENSITY <j» X, Y, ZENERGY DENSITY DO NOT VARY., 
maa a TIME DENSITY NOTOBSERV ABLE, BUT 

(Fe itt eae TRANSDUCTION IS OBSERVABLE. 
ALITTLE, SURGE OSCILL- 

ATIONS IN Z DIRECTION. TIME DENSITY OSCILLATIONS. 
X,Y, ZENERG Y DENSITY FIXED. 
|__ LONGITUDINAL WAVES. TIME DENSITY IS NONOBSERVABLE, 


X AND Y FIXED; SURGE BUT TRANSDUCTION 
OSCILLATIONS IN Z DIRECTION. IS OBSERVABLE. 


~=—— TRANSDUCTION ——-® 


hup:tvww.cheniere.org/images/EMfndns /EMwavesS20sm,jpg28 4.2005 2:06:29 


© T.E BEARDEN 1998 


‘hup:/iwww.cheniere.org/images/EMfndns /EMwave %20sm.jpg 


Air Medium Disturbances Generated When 
Air is Heedtoe| Lays Touched Taut String 


The string wave and 
the holder wave 
never leave the string 
and holder 
String slaps 
air medium 
Wave is a te IN ane Un eat 
alternatively ui i __Can only vibrate mostly abot 
compressive == ras cag Drude 
and = sills Electron 
rarefactive Gee ea 
a: Nuclear 
f { \ ANTIWAVE IN proton 
4 ~~ HOLDER waves 
FE (Highly damped; not shown to scale) 
© yoo, 10057. BeanoEN air medium 
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Vite rtd Pee 
slap (electron) 
ELECTRON SHELLS | time reversed 

AVEC EAD , | Moduiations 
‘f i Virtual photon nux 
NUCLEI \ x on i 4 of the QM vacuum 
(HIGHLY DAMPED) | ee 

1B) @) itting the nuclei perturbati Maxwell 
© ® & Onntted Newton's third taw from electrodynamics 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 


PHASE CONJUGATE REPLICA WAVE 
. 
UMA MMH © 


—____» 
TIME DENSITY WAVE 


Oscillates rate of flow of time 
about some average value 


LONGITUDINAL EM WAVE PLUS 
PHASE CONJUGATE REPLICAWAVE © "=" ™\ "= 
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Scalar Electromagnetics 
S (Energetics) View of EM 


e Potentials real; primary causes of EM phenomena 
~ Force fields made by differentiations of potentials 
— Force fields are effects, not primary causes 
= Force fields exist only in, on mass particles 
e Actions due to potentials and their interference 
= Action ata distance or locally 
— Quantum potential and hidden variables 
e Locally curved spacetime, engineerable by EM 
= Gravity effects not necessarily negligible 
— Strong EM force or time used as agent of curvature 
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Se Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Potentials have internal structure 
— Stoney/Whittaker structure 
— Longitudinal EM phas jug 


— Each wavepair is a tir olarized EM wave 
e Vacuum EM is a potential and has: 

microstructure 

= Stoney-Whittaker biwa\ 

— Fluctuations exhibit chao 


e Spacetime = Vacuum = Potential = Flux 


s/EM Ends: 


Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Statistics may have hidden order (already 
chaotic) 

e Uses spacetime curvature engines to 
alter matter (inside-out or outside-in) 


e Engineerable EM mechanism generates 
rate of flow of a mass through time 


* Quantum potential with specific Q@P can 
be used for instant action at a distance 
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Theorem: W=k,- kj =Ak [1] 


k must be interpreted not as energy per se, 
but as collected/collecting energy. 


The reaction cross section 4 for the collecting 
process must be included. 


Extension’ We 2(ky- k,) =AAk [2] 


Normally 4 <1, as for elastic collision or Stokes 
emission. 

However, 1. > 1 is now possible, for processes 
which asymmetrically self-regauge. An example 
is Letokhov's negative absorption of the medium. 


Working models are the Patterson Power Celf® 
and Lawandy lasing without population inversion. 
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e "Space acts on matter, 
telling it how to move. 
e In turn, matter reacts 


back on space, telling 
it how to curve." 
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Use of General Relativity (GR) 
in Particle Physics 


© GR seldom used in particle physics Sees nee 


uaplhw 


In cold fusion, Matsumoto* has applied general relativity 
Consistent with important cold fusion results 

Used spacetime (ST) curvature by energy density 
Matsumoto did not utilize: 

= Longitudinal EM waves 

= Time density waves 

= Time density curvatures of ST (gain = 9x10is) 


T. Matsumoto, *Mechanisms of Electro- Nuclear Collapse,” 
“Foc tech Vancouver BC; Canada, Ap 1998p 
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THE MISSING INFOLDED 
ELECTRODYNAMICS 


INTERNESTED yeagedtinle CURVATURES 
INFOLDED GENERAL RELATIVITY 


tpi 
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"infolded E ngin 
Excluded by Present Ph Present Physics — 


ie SLE MRUL SA IS GITGTITTaE 
SCHR YNDIIDe OL AUAIMUM IEE hEnICE 

l° None of these disciplines include such — 
spacetime curvature engines (vacuum engines) 
singe ST curvature engines are where the 
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. $ transform. What i is transmitted and 
propagates. in spaceisas 
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Mass curves and structures spacetime; 
Si curvatures change and structure mass 


ot curvatures Propagat, 


jass-to-spacetime spacetime-to-mass 
transformation wanstorettio 


oe spacetime disturbance 
(vacuumengine) 6 re nese se propagates 
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At Infinits Velogity: 


<®> Each Is Every Other 


SES 


SS 
SPACETIME VIRTUAL POTENTIAL MIND AND 
fhe MIND LEVELS 
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© 1997 TE Bearden PLANET 


* 


THEORY DEVELOPED AND FITTED 
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acknowledges that neither classical nor 
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full of holes and in need of a vigorous 
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"Mario Bunge, Foundations of Physics, Springer-Verlag, 
New York, NY, 1987, p. 176. 
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".. Neither classical nor quantum physics are 
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"Mario Bunge, Foundations of Physics, Springer-Verlag, 
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abouts ome average vahte 
LONGITUDINAL EM WAVE PLUS 


PHASE CONJUGATE REPLICA WAVE | ® 
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‘Time-Polarived (Sealar) EM Wave 
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Time-Polarized (Scalar) EM Wave 


Rate of flow 
of local time © TEmEAROEN 1 
7 a \ 
TIME H i Hq - : : 
we 
Time-density wave: e flowrate 
Amplitude vs. dilates and compresses rhythmically 
observer time 
Particle with Particle with 
dense time-charge thin time-charge 
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Mech for time flow 
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Mechanism for the Flow of Time 


(AE)(At) + M => (M+AM)At => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


SPATIAL AND SPATIOTEMPORAL " 4 Pf A 


Se, 


Flow of microscopic time (via virtual photon interactions) 
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Why pres COPS1.0 
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Y PRESENT SYSTEMS HAVE COP < 1.0 


Dissipative power inside source = Vi; and Vi; > Fl 
Other losses 


——— 
emf a 


a 


" n tet 

| = IL LOAD 
| | = WJ laf? In 

+ | i n i 

back 
one Ire yt Iptet dg thie 


eye Eke, Mie 5 2 
Py VXIy Ir 


Te by 5 SOE < 1.0 @ emer scomm 
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Bridging for O/U 
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BRIDGING ENABLES COP > 1.0 


S-flow, do /dt flow, and EMF flow 


= => => = => = => => 


(Conductor) | 


Closed Current Closed Current 
LoopA Loop B 


BRIDGE Patent Pending 
Current loop B is asymmetrically regauged by 
S, do /dt, and EMF flow from current loop A. genre scuen 
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Free Energy Gen 
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capacitor 


plate er 


© 1m reser 


permanent $2 E XH 


magnet 
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Demo O/U Concept 
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(By Asymmetrical Self-Regauging) 


Patent Pending 


and sent 
Poynting flow } 
‘soul spherical Ferteon 
i conductin 
poumeel spagng/ left-going phase 


potettial 


Assumptions: Capacitances of & and B very small; 
Charge B large, power-free switching Ore anne 
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altered spacetime (curvatures) 
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et curvatures propags ie eieares ax 


mass 
mass-to-spac ‘spacetime-to.mass 
‘transformation ‘transformation ( 
\ / \ | / Electrons) 
Neg. he Rae ae Receiver 


“Gi eS 


Complex of ST curvatures. Spacetime disturb: 
Scores craton, sr (chine) propagates 


contains two hidden infolded 


transforms: (i) the and (ii) the 
transform. Whatis transmitted and 


propagates in space is a 


Published by Lotus® Freelance Graphies® 


upsllwww.cheniere.orglimagevEMwaveslemwaves23 hmm24, 11.2003 19:02:59 


Mass curves and structures spacetime; 
Si curvatures change and structure mass 


et curvatures Prope ete 


ass-to-spacetime spacetime-to-mass mass 
transformation mr 7 
Pad 
= a = Sw 
aes “ /\~ 
ST curvature complex 
spacetime disturbance 
Neuman @ TEND AROEN 1862 propagates 
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A harmonic set of bidirectional longitudinal EM wavepairs. Each wavepair is als 
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GALLOPING 
VELOCITY 


Scala Potential > 


*e too 
Vavg Wavepair #3 
Vavg Wavepair #2 
Vavg Wavepair #1 


+e *, 


Tc. 


DISTANCE 
A harmonic set of bidirectional longitudinal EM wavepairs. 
Each wavepair is also a net time-polarized EM wave. 


© 1995 T.E, Bearden 
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‘Only 
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Pe GHENTE 


Only the wind on my ship 
is of physical significance! 8 1997 T.E. Bearden 
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How can they use that old physics 
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TNS 
oerire 


How can they use that old 
physically insignificant wind?!! 


© 1007 TE. Bearden 


Published by Lotus® Freelance Graphics® 


up em24.11.2003 19:03:21 


‘Vacuum Engine: Working ST Demons 


L¢|[9 


snared Working ST Demons 


Sutil 


Maxwell Demons: 
EM hidden variables: 
Dynamic structures 
at all leve 
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Undistorted Pr es (UPWs) Waves with velocity ¥, where £ y <¥ 


jel [>! 


Undistorted Progressive Waves (UPWs) 


Waves with velocity v, where < v<a 


+ UPWs: “partaraer 
= Translationally invariant 
— Do not spread, or reconstruct after a period 
— Have infinite energy 
« Quasi UPWs: 
— Can have finite energy 
— In theory, can be launched into space 
— Can move subluminally 
— Can move superluminally 
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Undistorted Progressive Waves (UPWs) Waves with velocity ¥, where £ y <¥ 


Putas D eet ea3es Wta3 | 


Waves with velocity v, where < v< «© 


* Major equations having UPW solutions: 
— Homogeneous wave equation © 120) TELaeAnoen 
=- Maxwell equations 
— Dirac, Weyl, and Kfein-Gordon Equations 
« Maxwell solutions: 
= Subluminal solutions are EM particles 
= Superluminal solutions are X-waves: 
« Experiment indicates such waves will 
will be produced soon 
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Other 


<)>) 


Other Superluminal Waves 


« Waves can move superluminally in 
quantum tunneling 
¢ Nimtz et af. have translated Mozart's 
40th symphony at v = 4.7 c 
Through a barrier in a waveguide 
— Other researchers have 
transmitted EM waves superluminally 
through quantum tunneling oo. seme, 
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© 1993, 1995 T.E, BEARDEN 


3} 


‘+ Tiny DC currents (picoamperes) 
Pulsed DC current can be utilized 
Pulsed magnetic fields may be utilized 


[ Reorer | BLOOD CELL 
DEDIFFERENTIATES | eae |) 


Shucks hemoglobin coat 
Grows nucleus 


NEW CELL 
REDIFFERENTIATES 
Turns into type of cdl that 

makes cartilage 


(+) 


ELECTRODE 


() LD 


ELECTRODE 


FRACTURE SITE healing thefracture 


Om im cee 
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Specific ST antieng 


3) 3) 


longitudinal EM 
pump wave 


change D* 
antiengine 


ts. change Nt 
. 4 


. normal 
engine antiengine 
change A change A‘ Pal 
antiengine 
change B 
change C : 

changeB' —_Jongitudinal 
antiengine EM pump wave 


change C* 


PRODUCING A SPECIFIC VACUUM, 
(SPACETIME CURVATURE) ENGINE Te ame tee 
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NONLINEAR MEDIUM 


3) 


petiwww.chenien 


ansverse EM Wave Pumping of PCM 


transverse | A 


HoOrliear Weel 


AMPLIFIED PHASE CONJUGATE 

REPLICA TRANSVERSE WAVE 

(TIME -REVERSED) IS EMITTED. 
Precisely hacktracks 
signal wave input 


© TE.BERRDEN 1967 
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PRIMORDIAL SINGLE CELL ANAEROBIC 
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Differentiation and Dedifferentiation Timelines 


CENTRALIZED CONTROL OF CELLULAR 
GROWTH AND REGENERATION 


3 

S aa —_— 
@-—-s---@ 

4 = Le 

é ~~! Pm 
PRIMORDIAL, c SINGLE 
‘SINGLE * CELL 
CELL AEROBIC NORMAL HEALTHY ‘AUTH SOME DISEASED 
ANAEROBIC CELLEANDFUNCTONS OR GAIMGEDCELLE 


OXYGEN-RICH ENVIRONMENT: 


TIME-FORWARD PATH 


NORMAL "OEDIFFERENTIATION® 
AS IT DEVELOPED LT sas lnaahetimateall FOR HEALING OF CELL DAMAGE 


TME-REVERSED | TIME-REVERSED 
— B— Om a 


SUSTAINED PUMPING FAILS TO 


SINGLE CELL SINGLE OXYGEN HEAL CELL 
MORE CELL DEFICIENCY 
ANKEROBIC AEROBIC 
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SINGLE CELL 


3} 


MULTICELL 
AEROBIC* 
(INCLUDES MAN) 


SINGLE CELL SINGLE CELL 
ANAEROBIC AEROBIC 
CENTRAL CONTROL 
TIME-FORWARD 
PATH AS IT 
DEVELOPED 
‘CANCER CELL 
——— 
TE REVERSED 
<< Pam For sustamen 
pan ey OXYGEN DEFICENCY 
ANAEROBIC toe 
FIRST STEP IW OXYGEW-DEFICIENCY 
Oo in ree DEDFFEREWTIATION 
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‘Transverse photon 
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< 

. 

er 
Ss 


CHARGED 
MASS 


Fundamental units are arbitrary in physics 
Can express all physics in one unit --e.g,, time 

Time is highly compressed energy. 

1sec=9 x10" joules of transverse EM wave energy 
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Use of General Relativity (GR) 
in Particle Physics 


GR seldom used in particle physics Ome een 

In cold fusion, Matsumoto* has applied general relativity 
Consistent with important cold fusion results 

Used spacetime (ST) curvature by energy density 
Matsumoto did not utilize: 

= Longitudinal EM waves 

= Time density (time-polarized EM) waves 

= Time density curvatures of ST (gain = 9x10") 


me of Electro: Nucle ar Collapse,” 
“Fiat l@CPee Vancoer, BCs Canada, Ap M68. pas 
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Pepper* on Time Reversing Mass 
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Pepper’ on Time Reversing Mass 


« Conventional NLO interactions restricted to bosons 
(spin 1 particles) by Pauli exclusion principle 
« Concludes electrons, protons, neutrons, etc. (fermions, 
or spin 1/2 particles) cannot take part in such interactions 
e Perhaps time reversal possible for bosons that are multiple 
fermions (two protons, H m 4, pi and K mesons, et 
« Time-reversal of mass demonstrated by Priore, Pautrizel, 
et. al. without recognizing it** Questions exclusion for: 
= Multifermion reaction with EM longitudinal waves 
= Multifermion reaction with time-density EM waves 
« Prior to the laser, NLO - though known in theory - was a 
gedanken experiment regarded as experimentally unviable 


* David M. Pepper, "Nonlinear Optical Phas Conjugation,” 
Ome tte Optical En gineering, 21(12), Mar/Apr. 1882, p. 186+ 183 


™™ Before the development of NLD in the mid-to-latter 1970s. 
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Pepper* on time-reversing mass 
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PEDPEr On tine Teversing ass. 


= Conventional NEO interactions: 
SJ eStiCted LO DOS ONS (SDI) t Partches)) 
SEY PAUINEXCIUSIOM PHNCIPIE: 
= Fermions can Ke Partin such interactions: 
— Electrons: 
PF OLONS) 
= Neurons; 
= Perhaps time reversal possible for, 
multiple fermions (quasi-bosons)) 
WO PTOLONS) pigs canis 
a riots $ 
S Pang iKinesors) 
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Pepper* on time-reversing mass (2) 
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Pepper on tine-Teversing iiass (2) 


= jime-seversal of mass demonstrated by 
= nore, Paulizel OUlET OTe feall! sCiertsts) 
= WHHIGULFECOGMZING Tt 

4 PRPerenty: ntuple fermions, Where mis: 
3/30, sanllyat Lime te versed) 


TA LME-GensiLy) ENV Waves, 
SAO pare played DY Tne Teversal FEGIONS) 
= Priosto the laser, NUO- UIOUGh KOWT IT) 
ine ory = Was ai gedanken e1 xXpeniment and 
regarded as experimentally unviable: 
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‘Chung's Neg Resistor 
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Chung's Carbon Filament Negative Resistor 


UNIVERSITY AT BUFFALO, NY 
Ovni teen 
Wout > Win 
Win CROSSED CARBON 
FILAMENT LAYERS 
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‘China Lake Anomalies 
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uspeliwww. 


Consistency of China Lake Anomalies 


» Variation in LW-TW transduction from experiment to experiment 
® Majority produced insufficient transduction to cause ionization 
discharge of the GM tube gas (to cause detection) 
» Correlation between appearance of anomalous radiation and the 
expected time periods to load palladium with deuterium 
Within few hours in co-deposit experiments where palladium is 
loaded with deuterium as it deposits from solution 
Required days of electrolysis for rods that load much slower 
»The faster the deuterium loaded, the greater the interaction of 
deuterium in phase conjugating and self-targeting in lattice 
» Variation in GM detector readings 
=One would read anomalous radiation, another would be blind to it 
A few experiments gave simultaneous readings from two detectors 
» Experiments perfectly consistent with LVV-TW transduction, 
time-density charging, variation in GM time histories, and new 
conservation of energy law mae case 
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‘Time Reversal Zone 
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Time-Reversal Zones in Nuclear and Chemical Reactions 


« TIME REVERSAL ZONE: A volume or areaina reaction 
environment where phase conjugate waves predominate over 
time-forward waves 
— In agiven reaction, time-reversal may apply 
— If so, like charges attract and unlike charges repel 
= Charges move against potential gradient, to external observer 
— Time density and longitudinal EM waves become significant 
= Coulomb barrier turns into Coulomb assistant 

« Examples (assuming a time-reversed zone): eee 


‘H+ 'H’ > 7H > n+ "He *H"= deuterium 
2('H" + 'H")--> 2 (“HY —> 2¢'n + 'H") 


1 1 
; > 2('n) + 2('H 
‘k fli id 
Eamrangiat cuned sacetine (Cn) + 2¢ 
assumed) 


4 . 
> “He” = helium 


i 
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iclear Reaction: Nuclear Reactions in TR-Zones (1) 


hpi 


ine Electronuciear Reaction: 


Nuclear Reactions in 1-Zones (7) 


® Nucleon imterchange 
— Changes neutron into proton and vice versa 
— Athigh rate (flat spacetime assumed) 

® Statistics become skewed due to\curved| Si) 


® Can bias staustics toward either neutron, 
OF es end] 


nite 
— Concept of isomer. is vastly expanded o =... 
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nuclear Reaction: Nuclear Reactions in TR-Zones (2) 


KS) 


The Electronuc. clear Reaction: 
Nuclear Reactions in 1R-Zones (2) 


® Normal/dynamics (impulses) may reverse: 
— Like charges attract unlike charges repel) 
— Positive charges cluster (are drawn together 
— A*ions (protons) may form quasi-nucies, 

Nucleus coulomb barrier becomes assistant. 

® Many impossible: reactions now possible: 
— Quark access and quark Hipping by EM 
— fon cluster ing) © mie arte 
— Positive charg phase conjugate mirrors, 
— fime-density waves and time-energy charging: 
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hpi 


ihe Electronuciear Reaction: 


Nuclear Reactions in TR-Zones (3) 


® Notobserved unl time-energy charging, 
has become substantial 
— time defay (hours, days) 
— transduction of LW —> TW involved) 
= Specitic ime-charging history of detectors: 
is involved in twhether they detector not 
— LongiudinalEM waves become significant 
® CUlved|spacetime can act as Source oF sink: 
— May emitexcess radtavon, 
— May absorb excess radiation, 


@ ut Learn 
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‘On Nuclear Reactions in TR-Zones 
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On Nuclear Reactions in TR-Zones 


¢ Nuclear interactions now are biased: 
= Normal nucleon interchange changes neutron into proton 
and vice versa, ata high rate (flat spacetime assumed) 
= Statistics now become skewed due to curved spacetime 
= Can bias statistics toward either the neutron end or proton end 
— Thus biases toward transmutation of elements along isomer chains 
= Concept of "isomer" vastly expanded 


@ Normal dynamics (impulses) may be reversed 
= Coulomb barrier becomes coulomb assistant 
— Reactions "impossible" from energy density standpoint become possible, even easy, 


from time-density standpoint 
@ Does not become significant until sufficient time-density 
charges 
— Time-delay (hours, days) before TR reactions become significant 
= Transduction of LW..>TW involved 0 taeteren 


= Specific time-history of detectors is significant 
— longitudinal EM waves become significant 


@ Curved spacetime acts as source or sink 
— Energy balance in curved spacetime may emit excess radiation 
- Energy balance in curved spacetime may absorb excess radiation 
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{In Time-Reversed Zone: 
Nuclear reactions are biased 


e In normal flat ST, n<>p 
at high rate 


« Curved ST skews statistics 

« Biases to either n or p 

« Biases to transmutation 
along isomer chain 

« "Isomer” concept greatly 
expanded 


24.11.2003 19:05:18 


hepsi 


~ 


In Time-Reversed Zone: 
Dynamics may be reversed 


« Like charges may attract 
and unlike charges repel 


« Coulomb barrier becomes 
Coulomb assistant 

« Clusters like charges and 
forms artificial nuclei 


« “Impossible” nuclear 
reactions at low energy 


¢ Time-density interactions 


hepsi 


l</[>) 


hepsi 


Time-Reversed Zone: 
Significant only after time-density charging 


« Hours, for “fast” onset 
« Days, for “slower” onset 
¢ Transduction involved for 


TW So LW<S TDW 
« Time-history of each mi 
detector is significant : _ 
¢ Longitudinal EM waves | 4] 
become significant 


esS him24, 11.2008 19:05:32 


Curved Spacetime 
acts as source or sink 


= May emit excess radiation E 
and energy (e.g., heat) 


FX 

Cpe 

= May absorb radiation and Sto. X 
energy (¢.g., cool) = 


y transduce waves WwW 
TW OLW Oo TDW 
= New energy conservation | 


law applies 
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Anomalous LW EM Emission 
Phenomena at China Lake (7, 


¢ Anomalous radiation from electrolysis 
in ionization processes 


= Two experiments producing excess power 
= Dental X-ray film showed exposure 

— Simultaneous control study: no exposure 
20 experiments without excess power: no 
exposure 


Excess energy strongly indicates 
excess film exposure 
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Anom Exp CL 2 


KS) 


Anomalous LW EM Emission 
Phenom ena at China Lake 


° cy and Nal detector reaction when 
is with heavy water ongoing 
— Several Geiger-Muller (GM) tubes gave 
anomalous de tion 
= Reached 73 sigma above background 
= No anomalies when experiment off 
¢ GM tube detects an: which 
causes its internal ation 
= Nuclear radiation is ionizing 
-— Transduced x-ray & gamma is jonizing 
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Sufficient LW-to-TW Transduction 
fonizes GM Tube Gas (3) 


e SUTESN ELOY detector involved 
— Some GM detectors show anomalous 
high counts, some do not 
= Time histories of GM detectors are varied 
= Time histories of film vary minimally 
¢ Experimental results consistent with 
= LW-to-TW transduction including delay 


= Time-energy charging 
= New extension to energy conservation law 


Published by Lotus® Freelance Graphies® 


5S him24.11.2003 19:05:55 


peli 


Sufficient LW-to-TW Transduction 
lonizes GM Tube Gas (4) 


¢ Time-history of detector involved 


= Some GM detectors show anomalous 
high counts, some do not 
= Time h 


ories 
= Time hi: 


of GM detectors are varied 
stories of film vary minimally 
« Experimental results consistent with 
= LW-to-TW transduction including delay 
7 energy charging 
extension to energy conservation law 
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Consistency of Anomalies 


¢ LW-to-TW transduction varied from 
experiment to experiment 


* Most experiments produced insufficient 
transduction to cause ionization 


nce of anomalous radiation 
correlated with expected time loading of 
palladium with deuterium 
— Within few hours in experiments where palladium 
loads with deuterium as it depos rom solution: 
= Required days for rods that load much slower 
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Consistency of Anomalies (2) 


¢ Faster the deuterium loaded, the greater 
the interaction of ele utara Wl 


— Phase-conjugating andl 3 


— Generating quasi-nuclei of H+ ions (protons) 
¢ Variation in GR detector readings 
« Experimental results predictable by 


= LW-TW transduction and time-reversal zones 
= Varying time-density charging on GM tubes 
— Variation in GM tubs igetlsiice histon 
= Time-reve zone: g electronuclear 
tions and qui el of Ht clusters 


interact 
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Experimental LW Emission Phenomena in Electrolysis 
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Experimental LW Emission Phenomena in Electrolysis 


» Anomalous radiation from electrolysis in ionization processes 
= Two experiments producing excess power 
= Dentalx¢ ray film showed exposure 
= Simultaneous control study: No exposure 
= 20 experiments without excess power: No exposure 


» Excess energy strongly indicates excess film exposure 


» GM and Nal detector reaction when electrolysis ongoing wheavy water 
= Several Geiger Muller (GM) tubes gave anomalous detection 
= Reached 73¢ above normal background counts 
= No anomalies when experiment off 
» GM tube detects anything which causes its internal gas to ionize 
= Nuclear radiation i "iontzing’ radiation 
= Transduced x-ray and gamma radiation és "ionizing" radiation 
‘— Sufficient LWv-TW trans duction ionzes GM gas 
» Time History of detector involved 
= Some GM detectors show anomalous high counts, some do not 
= Time histories of GM detectors vary appreciably 
‘= Time histories of fim vary minimally 
» Experiments consistent with time-density charging, L¥V-TW transduction, 


and new conservation of energy lavy —* Melvin H. Miles and Benjamin F. Bush, "Radiation 
Measurements at China Lace: Real or Artifacts” 
Proc. ICCF-7, Vancouver, BC, Canada, Apr. 1988, p. 101 


me tenet 
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A.New Conservation of Energy Law 
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A New Conservation of Energy Law 


hupsiwwwcheni 


Physics conserves total "energy and mass-energy” 
Now also must consider "time-energy” 

Conserve total mass-time-energy (spatiotemporal 
energy} 

Let Ey = total energy, Ey, = mass energy, 

E_ = ordinary energy, and E, = time energy. Then 


E, = Ee +Ey + & Soimisiases 
(KE, => Eg > 0) => Ey > (Ey + Ee) 


If some E, is transduced into E¢_ , the experiment will 
violate the old spatial mass-energy conservation law 
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‘Quesns on Care & EM 
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QUESTIONS ON CARCINOGENS ——- 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 
= DOSAGES 
— ACTIVE MECHANISMS 
— REPLICATION DIFFICULTIES 
= MEASUREMENT DIFFICULTIES 
— WHERE, WHEN, HOW ILL EFFECTS OCCUR 


im SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


m™ SCIENCE REALLY DOES NOT UNDERSTAND THE 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © £04 1ESTE meomen 
INCLUDING CANCER 
— FACTORS SUCH AS MIND, STRESS, SPON TANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 
— GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEM IS UNRE COGHIZED 
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QUESTIONS ON CARCINOGENS 
AND EM RADIATION 


RADIATION 
— DOSAGES i 


= ACTIVE MECHANISMS 
— REPLICATION DIFRCUL K. 
— MEASUREWENT DIFFIC! 
— WHERE, WHEN, HOWILL EFFECTS 
OCCUR 
m SIMILAR QUESTIONS EXIST ABOUT 
EVERY CARCINOGEN 


m UNRESOLVED QUESTIONS ON a 
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Chronic Diseus Puez! 


«| 


J CHRONIC DISEASE PUZZLING 


TAND | 
IC 


ERATION OF THE 
LULAR RE! 
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Cancer Characteristics 


* Not one disease, but a whole range 

n damaged aerobic cell 

» Cell shakes off body's central control 
= Starts uncontrolled division 
= Becomes a lump 

» Can send forth cancer cells 


* Sta 


secondary tumors) 


¢ Often become anaerobic 
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Soly Promotn Enigma 


| 


solving a Cancer Enigma 


¢ An enigma has been failure of immune 
system to attack some tumor cells 
= Suppressor cells may curb immune system 
= Tumor may lack antigens normally identt fied 
by the immune system? 
« Promotion of damaged cell to cancer is 
pial ordered by cellular control system 
ive and recovery system forces 
*k toward anaerobe 
ep breaks free from central growth 
— Control continues to recognize cell as self 
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a CANCER: CHARACTERISTICS 


® NOT ONE DISEASE BUT A WHOLE RANGE 
® STARTS IN ORDINARY (AEROBIC) CELL 
® CELL SHAKES OFF BODY’S DICTATORIAL CONTROL” 
® STARTS UNCONTROLLED DIVISION 
® BECOMES A LUMP 
® CAN SEND FORTH CANCER CELLS 

= THROUGH BLOOD 

= THROUGH LYMPH 
® THESE FORM METASTASES (SECONDARY TUMORS) 
@ OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
@ ENIGMA IS FAILURE OF IMMUNE SYSTEM 

TO ATTACK SOME TUMOR CELLS 
= SUPPRESSOR CELLS MAY CURB MWIMUNE SYSTEM 


= TUMOR MAY LACK ANTIGENS NORMALLY IDENTIFIED 
BY THE IMMUNE SYSTEM 


*RER system forces ceil back toward anaerobe 


Our tsaun 
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PORTABLE PRIORE TECHNOLOGY UNIT 


%® FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR 
ANY CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 


" DISEASE CAN BE REVERSED BY CREATING AIVPLIFIED 
VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 
" ANTI-ENGINE S CREATED BY PUIPING THE NONLINEAR 
CELLS WITH LONGITUDINAL EM WAVES 
® PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND “INFOLD” 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 
* MULTIPLE FREQUENCIES MIXED IN A ROTATING PLASMA 
" PHASE CONJUGATES ADDED BY THE PLASMA 
we " INFOLDED MIX INTO STRONG PUL SED DC MAGNETIC 
FIELD, WHICH CARRIED ST INTO ATOMIC NUCLES kK 
* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 
PRODUCE AMPLIFIED, SPECIFIC VACUUIA ANTI-ENGINE 
%® NEGATED THE CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. 
® SCRUBBED OUT CUMULATED PRECANCEROUS STATE 
%* RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING 
® NO EXCESSIVE TRAUMA TO TREATED ANIMAL Che, 004 war re aoe, 
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Lisitsyn’s Report: Brain Code Broken 


[ll 


* THEORY DEVELOPED AND FITTED 


%* HYSTERESIS MEMORY LOOP: 
* CONTROLLED EM INDUCTION 
«IMAGES 


Benes renee 


* SENSATIONS 

*  PREDETERMINED EMERGENCE 
* 23 EEG BANDS 

= UPTOB.1X10" HZ 

* 11 INDEPENDENT CHANNELS 


SX. Litkeyn, "Hew Approsch tothe Ane init of lean mawphabgrams," 
DDE Repo ADIOS, p. 16-25. 


Published by Lotus® Freelance Graphics® 


upsllwww.cheniere.orglimagevEMwaveslemwaves68 hin24, 11.2003 19:07:02 


PHYSICAL 
CELL 
(NORMAL) 


TEN! 
' TIME DELAY FOR 
: RENORMALIZATION 
VACUUM VACUUM'SP ACE TIME © unas emt 
ENGINE AN TLENGINE FOR 
FOR DISEASED CELL'S DISEASE DELTA 
CELL 


By pumping the intemal EM channel, processis dramatically accelerated. 
This is the body's normal recovery mechanism, within its limits. 
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Time-reverses the cells back to normal state 


Mix OUTPUT MIX WAVES SELECT SET 
INSIDE STRONG: INA PLASMA, OF TRANSVERSE 
PULSED OC TOADD EM WAVES 
MAGNETIC FIELD CONJUGATES 

"ADJUST WAVE 

FREQUENCIES 


facuini i) iF reauie6 0 
| ENGINE FOR '] IRRADIATE AGAIN 

eapose you {DISEASED | 

BODY OF PATIENT ' ALREADY | 

Fo one eD Aner | 


MAGNETIC FIELO 


FORMS 
AMPLIFIED 


TATIENGNE 

ALIS. DISEASED VACUUM ConTINUES 

PARTS ARE Basa ANTIENGINE TO ACT AND 
Sie POG 

erally Thenethee 

PUMPED 8 censuoares ies TIME REVERE 
ITS VACUUM VACUUM ITS PARTS* 

CHANEL Gey ou 


DOMAIN 


RESTORED TO 


TIME-EXCITATION 
CHARGING ENDS, 
IRRADIATION IS 


Orme een *hcludes genetics HALTED. 


Published by Lotus® Freelance Graphics® 


hups/www:cheniere orgimages/EMwaves/emwaves70him24.11,2003 19:07:15 


221 Priore Meth? 


wx ourPUT mix naves AQLUST SOME FORM AS ET 
ONTO STRONS Wa PLASHIA ‘ARVES. OF HARMONIC 
RIPPLING TOAoD OFF FREQUENCY EM AAVES 
MAGNETIC FIELD conusaTes 


vacuum 5 
ENGIME FOR ‘ 
EXPOSE AHOLE igeateD i 
B00 OF PATIENT : 
TOTHE RPPLING ALREADY : 
MAGNETIC FIELD PRES ENT i 
rorus | 
CELLANO ‘ ampureD | cae 
atts oiseaseo \* vacuum | TUE aes 
cat ANTIERSINE Revers 
maar Fl ate ORES a 
INWER EN couucares DuEAKE | ae 
eetet | [guar cat | 
H nciuaes gerwte 
CL Sein ewe 
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Fig4 LW pumping cel 
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vacuum 
(spacetime) 
engine in 
the mass 


E 
is the input 
@ 


-», CELL MASS 


highly nonii: te 
arnt ah LW trequen cles 


Antienging acts upon 
mass at all levels 


AN AMPLIFIED VACUUM itudi H 

(SPACETIME) ANTIENGINE IS {pgaitudinal F H © reset ter 
FORMED AND ACTS ON THE pump = *. Hq 

MASS, TIME- REVERSING wave H * 

Mand ALL ITS COMPONENTS Ay VA, 

NO MATTER HOW SMALL 
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spac vs t pamp2 
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PREVIOUS VACUUM 
ENGINE 


— 


PREVIOUS 
MASS STATE 


@ tesa ver aneuerse, | A vt 


cu 
= a ENGINE 
a 

oe 

(time-reversed) 


@, Pumping with transverse EM waves b. Pumping with longitudinal EM waves 
produces a time-reversed wave. 


A, and A,time-reverses tie mass itsett, 
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‘T pump w/2 vac 
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VACUUM 
ENGINE A’ 


VACUUM 
ENGINE B ENGINE A 


A+B 
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(CELL AND INTERIOR SENSORS 
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PRIORE 
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PUMPING 
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‘Rewer MME BY oo 
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Antenna Pad 


Plasma Mixing Unit 
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Magnetic 
Pulse 
Generator 


hupsiwwwebs 
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Absorption and emission reactions 


ELECTRONABSORES PHOTON ELECTRONABSORSSTME 
ENERGY, MOVES TO HIGHER DENSITY, MOVES TO OIFFERENT 
pn erewrin teeth; AY ayy TME DENSITY LEVEL. DECAYS BY 
EMITTING LONGITUDINAL OR 
oe 2-2. PSEUDOLONGITUDINAL 


cs. PHOTON 
ne Mee 27 
} } aE remains 
. fe coupled 
WSS 
‘ . eTemwm ee 
PARTICLE ABSORES ENERGY, + PARTICLE ABSORBS TIME, 
MOVES TO HIGHER x, MOVES TO HIGHER 
ENERGY SHELL. DECAYS BY “s TIME DENSITY. DECAYS EY 
EMITTING ENERGETIC PARTICLE, > EMITTING TIME-LIKE PARTICLE, 
‘OBSERVABLE. = NONOBSERVABLE BY PRESENT MEANS. 
ENTIRE NUCLEUS ABSORES ENERGY, °, ENTIRE NUCLEUS ABSORBS TIE, 
EACH PARTICLE ABSORES OWN. | EACH PARTICLE ABSORBS OWN. 
DECAY OCCURS BY’ COMPLEX MODES, [DECAY OCCURS BY COMPLEX MODES, 
INCLUDING FISSION OR FUSION. INCLUDING FISSION OR FUSION, 
DECAY BYPRODUCTS OBSERVABLE. ¢ ‘SOME DECAY BYPRODUCTS ARE 
t NONOGSERVABLE (SPACE ABSORES} 
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VGE vs T chargingt 
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Absorption and emission reactions 


TRANSVERSE PHOTON 


ELECTRON ABSORBS PHOTON ‘STREAM OF TIME-POLARIZED PHOTONS 
ENERGY LEVEL. DECAYS ELECTRON ABSOR BS TIME 
BY EMITTING PHOTON, DENSITY, MOVES TO ‘(ic" DIFFERENT 


-* tan REMOVING at “PUAt TIME DENSITY LEVEL. DECAYS BY 
se... S, EMITTING LONGITUDINAL OR 
PSEUDOLONGITUDINAL 


PHOTONS 


WEA 


Atincreases 
statically 
‘slowly 


re 


Figure A. Excited energy density level Figure B. Excited time density level 
in onejump. significant only after enormous 
@ TERME ee —_nuMber of increases. 
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EMwaves in ST 
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TIMEPOLARIZED 
IME- ENERGY) 
CILLATIONS 
[— SCALAR WAVES, 
2.Y, 2 FIXED. 
TVARIES. 
oo NONOBSERVABLE. 

L—WAVes. x aN y TRANSDUCTION | Tw e DeNSmTy OSCILLATIONS. 
ENERGY DENSITY ggg. | X.'7, ZENERGY DENSITY DO NOT VARY, 
‘VARIES; 2 FIXED. TME Density VARIES ALONG, 

TIME DENSITY NOTOBSERVABLE, BUT 
metatbantss TRANS DUCTIONS OBSERVABLE. 
ALITTLE, SURGE OSCILL- 
‘TIONS IN Z DIRECTION. '— TIME DENSITY OSCILLATIONS. 
X,Y, ZENERGY GENSITY FIRED. 

L__Lonsrruoinal waves TIME DENSITY |S NONOBSERURBLE, 
ANDY FIXED; SURGE: BUT TRANSDUCTION 
OSCILLATIONS IN 2 DIRECTION, 18 OBSERVABLE 

© Te. HEARDEN 192 
~——— TRANSDUCTION —— 
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Evolution of Cells on Earth 


EVOLVETO 
MULTICELL 
AEROBIC® 

CHANGE OF (INCLUDES MAN) 

ESSENTIALLY ATMOSPHERE 

ANAEROBIC TO AEROBIC CENTRAL CONTROL 

ATMOSPHERE (INCLUDES: 

OXYGEN) EVOLVE TO 


SINGLE CELL MULTICELL 
SINGLE CELL | comPONENTS COMPONENTS 
AEROBIC 
eens) IMMUNE SYSTEM TISSUES 
SINGLE CELL RED CELLS MUSCLES 
ANAEROBIC FACULTATIVE ‘WHITE CELLS BONES 
ANAEROBES KILLER CELLS ORGANS 
OBLIGATORY = SINGLE CELL 
ANAEROBES TH AEROBIC. uk et 
SINGLE CELL ANDARKEROBIC) edie 
FROM OXYGEN * NOTE: LIMITED ANAEROBIC RESPIRATION 
‘STILL TAKES PLACE IN HIGHER AEROBIC 


LUPE FOR, INOLUOING 1A. 


EVOLUTIONARY TIME 
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Local cellular effect 
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Tissue Loss 


Local cellular effect 


‘Local electrical; 
1.-@fets 


Trauma Producing Becker's theoretical contro! 2 
i system governing regeneration 


Local nerve effect 


uae eee Alterations in hormone 


pattern (prolactin) 
Alterations in local 
DC field pattem 


Local and systemic 
pools of tprvet calls 


Dedifferentiation into 
primitive mesenchymad cells 


Blastema formation 
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DC injury response? 
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INPUT STIMULATION 
DC SYSTEM(PAIN} 
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Oc SYSTEM 
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OUTPUT 
DC SYSTEM 
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Fraction of Casualties Surviving 


FRACTION SURVIVING. N=1-40 million 


4d 


os L035 J 
os 

04 

02 

00 iam 


OABUALTIER 
“TYPE TREATINENT REDEIVED 

EXPRESSED IN FRACTION SURVIVING 

1G with conventional treatment 

‘With 1st generation P-treatment 

‘With 2nd generation P-treatment 

‘With 3rd generation P-treatmnent 
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"Time as fuel" is the future 
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Present energyscience ou 

is insufficient 

Eventually will use energy 

locked up in time itself 
Cold fusion will provide 
entree 

Cold fusion has evidence 
of time-as-energy 
Theorists and 
experimentalists should 
examine the implications 
Must revise foundations 
of Electrodynamics 
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The Tom Bearden Website 


A National Report on America's Energy Crisis 

Remarks by U. S. Secretary of Energy Spencer Abraham 

U.S. Chamber of Commerce, National Energy Summit March 19, 2001 
Opening Remarks 


I would like to congratulate the U. 8. Chamber of Commerce for convening this two-day National 
Energy Summit and I appreciate your invitation to participate. As we all know, the topic of energy is as 
timely as the day's headlines. In just my first eight weeks as Energy Secretary, California has faced 
almost daily power alerts, Rising natural gas prices have punished consumers with bills that, in some 
cases, are double or triple last winter's. And forecasts for this summer suggest the possibility of rolling 
blackouts. 


The good news is that America's energy problems can be solved. The bad news is that the situation in 
California is not isolated, it is not temporary, and it will not fix itself. 


America faces a major energy supply crisis over the next two decades. The failure to meet this 
challenge will threaten our nation’s economic prosperity, compromise our national security, and literally 
alter the way we live our lives. 


America has heard these dire warnings before - in fact, they seem to be a recurring theme in our nation's 
energy discussion, almost since "Colonel" Drake made the first oil strike near Titusville, Pennsylvania in 
1859. "The amazing exhibition of oil," advised the State Geologist of Pennsylvania, "[is] a temporary 
and vanishing phenomenon-one which young men will live to see come to its natural end. " That was in 
1885. 


Around the same time, John Archbold - who succeeded John D. Rockefeller as head of Standard Oil - 
joked about the prospects for oil discoveries in Oklahoma: "Are you crazy?" Archbold said. "I'll drink 
every gallon produced west of the Mississippi. " 


I don't know if anyone ever called Mr. Archbold on that pledge. But for whatever reason, in 1914 the 
U.S. Geological Survey predicted that the U.S. would soon exhaust its available oil supplies. They 
issued the same warning in 1926. And again in 1939. And in 1949. 


A\ll of these warnings have proven false. Despite all these expert predictions, the world has not run out 


of oil or other resources. And yet here we are, faced with the most serious energy shortage since the 
days of oil embargoes and gas lines. 
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My point is, America's current energy supply crisis is not due to some inevitable neo-Malthusian 
depletion of resources. The United States - and our North American and hemispheric neighbors-are 
blessed with a rich abundance of natural resources. It's political leadership that has been scarce. 


For the past eight years, Washington sat on the sidelines as our nation’s energy needs mounted. During 
the 1990s, the Clinton Administration employed a policy of taxing demand, limiting supply, and 
ignoring the rapidly expanding needs of the future. 


Their energy strategy boiled down to: you can't find it... you can't transport it... and even if you get 
it, we don't want you to use it. 


Through neglect or complacency or ideology, this approach has led us to the crisis we face today. 


The Bush Administration is fully prepared to respond to the broad set of challenges we inherited. But 


we must be candid with the American people about the magnitude of the problem - which is what I'd like 
to talk about today. 


America's Energy Supply Challenges 


Three overriding facts starkly define the challenge of America's energy needs over the next two 
decades: 


First, demand for energy is rising across the board, but particularly for natural gas and electricit 


Second, supplies are being limited by a regulatory structure that, in many respects, has failed to keep 
pace with advances in technology and an uncertain political environment that often discourages 
investment in desperately needed facilities; 


And third, our energy infrastructure - that network of the generators, transmission lines, refineries and 
pipelines that convert raw resources into usable fuel - is woefully antiquated and inadequate to meet our 
future needs. 


Unless these challenges are addressed, America's energy supply will be continually at risk... our 
citizens will encounter blackouts and other lifestyle-altering disruptions . .. and our economy will be 
hobbled by rising energy prices. Let me briefly outline some of the major issues on the horizon: 


Oil: Rising Consumption, Accelerating Dependence 
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In the next 20 years, according to estimates by the Energy Information Administration, America’s 
demand for oil is projected to increase by 33 percent. Yet as consumption surges, U. S. production 
continues to drop precipitously. We now produce 39 percent less oil than we did in 1970, losing nearly 
4 million barrels a day in the process. And unless energy policy is changed, production will slip further 
- to just 5.1 million barrels per day by 2020 - down from a high of 9. 4 million a day 30 years ago. This 
widening gap between demand and domestic supply will make us increasingly dependent upon foreign 
imports. Back in 1973-at the height of the oil crisis - America imported just 36 percent of its oil from 
abroad. 


Today, we import 54 percent. And, if we allow this trend to continue, we will soon be forced to look 
abroad for some 64 percent of our oil. This will put more power in the hands of foreign suppliers - 
power they are not reluctant to use, as we just saw when the OPEC cartel decided to reduce oil output by 
one million barrels a day. 


While this administration does not agree with OPEC's decision, that decision demonstrates the 
importance of increasing America's production of oil. Securing an affordable, reliable and adequate 
supply of crude is a critical challenge. But it is only half the oil story. 


Since 1980, the number of American refineries has been cut in half. There hasn't been a new refinery 
built in the United States in over 25 years. New regulatory interpretations limit the ability of existing 
refineries to expand capacity. Add to that regulations that require the production of more than 15 
different types of gasoline-and you have a refining industry strained to capacity, leaving us dangerously 
vulnerable to regional supply disruptions and price spikes. 


Refineries are so constrained that when President Clinton made the politically symbolic gesture of 


releasing 30 million barrels of oil from the Strategic Petroleum Reserve last fall, that oil had to be 
shipped overseas to be refined. 


Natural Gas: Rapidly Rising Demand; Constraints on Supply 
Many of the same issues confront the future of natural gas. America's demand for natural gas is 
projected to rise even more rapidly than oil. If Department of Energy projections are correct, by 2020 


Americans will consume 62 percent more natural gas than we do today. More than 9 out of 10 of the 
announced new electric generating plants will be fired by natural gas. 


This approaching wave of new demand begs the question: Do we have an energy policy and a 
regulatory structure capable of meeting our natural gas needs? 


Consider just a few constraints in this market. 
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Right now, an estimated 40 percent of potential gas resources in the United States are on federal lands 
that are either closed to exploration or covered by severe restrictions. The last lease sale in the some 
areas of the Gulf of Mexico was more than a decade ago. New discoveries of natural gas in the United 
States have fallen for three straight years, creating increasing pressure for more imports. 


The notion that we can rely so heavily on natural gas 
and still enjoy low prices is a dangerous assumption. 


. maintain severe restrictions on exploration . .. 


Even if we find the supplies, moving that gas to market will require an additional 38,000 miles of 
transmission pipeline and 255,000 miles of distribution lines-at an estimated cost of $120-$150 billion. 


Today's pipeline system can hardly handle the supplies we know exist. Alaska's Prudhoe Bay, for 
example, produces about 8 billion cubic feet of natural gas a day - approximately 13 percent of 
America's daily consumption. 


But that gas never reaches the market. Instead, it is just pumped back into the ground, waiting until a 
pipeline is built to connect the Alaska fields to the U.S./Canada distribution system. 


Electricity: Powering the Information Economy 


As everyone knows, we also face a real challenge in generating enough electricity to light out homes and 
run our businesses. Over the next 20 years, the Department of Energy estimates that electricity demand 
in the United States will increase by 45 percent, That rising growth rate will require the construction of 
over 1,300 new power plants-about 65 every year. 


Yet, the last time we added that much power was 1985. 


Furthermore, there is reason to believe that this could turn out to be a conservative estimate. During the 
1990s, electricity consumption far outstripped projections, driven by the energy-hungry information 
economy. Some experts calculate that the demands of the Internet already consume some 8-13 percent 
of electricity. If demand grows at just the same pace as during the last decade, we'll need nearly 1,900 
new plants by 2020-or more than 90 every year-just to keep pace. 


Hundreds of new generating plants will place even greater pressure on our already strained and aging 
power grid. America's network of transmission lines, substations and transformers was built when 
utilities were tightly regulated monopolies providing service to assigned regions. Interconnections 
between suppliers were strictly an emergency backup measure to guard against rare service 
interruptions. The system was simply not designed for long-haul swapping of power in a highly 
competitive market. 
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Consumers are already feeling the impact of a transmission systems stressed by rising demand. 
Transmission bottlenecks contributed to the blackouts that have swept through California and to price 
spikes in New York City last summer that cost consumers an estimated $100 million. 


Coal, Nuclear, and Hydro-Electric Power 


Coal has historically been American's number one source for affordable electricity; it currently powers 
half of America’s electricity generators. And at today's recovery rates, our nation has enough coal to 
keep those plants running for the next 250 years. 


Coal generators have already been called upon to make broad reductions in emissions. The Bush 
Administration supports those efforts-and we will back it up with greater incentives for investment in 
clean coal technology. 


But the administration will not regulate coal out of existence... and we will not support measures that 
will threaten electricity supplies and significantly raise electricity prices. President Bush made the right 
decision last week not to impose new federal mandates on the emissions of carbon dioxide. If America 
is to have reliable electricity over the next 20 years, coal must continue to play a major role. 


But, coal is not the only energy source facing an uncertain future. There hasn't been a new nuclear 
power plant permit granted since 1979. Many of the 103 existing nuclear plants are not even expected to 
file for a renewal of their licenses as they expire over the next 15 years. 


Even hydroelectric power generation is expected to fall sharply. 


Re-licensing a hydro facility can take a decade or more and cost millions. And now, even though 
consumers are faced with potential blackouts and chronic electricity shortages in the West, activists and 
some political leaders want to breach one or more of the four federal dams on the Snake River to help 
young salmon, on their trek to the sea. 


The Dangers of Complacency 


What are the dangers of complacency in light of these challenges? How does it all add up for our 
economy and our citizens? 


This nation's last three recessions have all been tied to rising energy prices - and there is strong evidence 
that the latest crisis is already having a negative effect. 
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The National Association of Manufacturers estimates that soaring fuel prices between 1999 and 2000 
cost the U.S. economy more than $115 billion-shaving a full percentage point off our Gross Domestic 
Product. A January survey of its 5,500 members reveals that nearly one quarter were forced to curtail 
operations. 


During a two-week period this past January, Californians lost an estimated $2.3 billion in wages, sales 
and productivity. Layoffs are already hitting workers in the West as companies shift production to states 
with more reliable energy sources. Then there are the jobs that will never be created. 


Intel's CEO Craig Barrett announced that the world's leading chipmaker won't be expanding in 
California: "As long as California is a Third World country," Barrett said, "we won't build $2 billion 
manufacturing plants here." 


The Food and Agricultural Policy Institute reports that farmers are likely to see their income drop 20 
percent over the next two years due to higher energy costs. 


Rising energy costs are hitting every family's checkbook, primarily affecting those who can afford it 
least. Gas bills for many homeowners in the Washington, DC area more than tripled this year. Some 
residents are reporting that their heating bills are higher than their food bills this winter. 


The power crisis isn't just pinching our wallets, it's changing the way we live our lives. In California, 
power outages have shut down traffic lights, darkened schools and closed businesses. The governor has 
ordered local police to patrol the streets-not for criminals, but to make sure businesses keep their lights 
dimmed. 


But California is not the only state facing a mismatch between supply and demand. With electricity 
shortages predicted for New York City and Long Island this summer... low capacity margins 


threatening electricity reliability in the Midwest, Southeast and Northern Plains states ... and strained 
refinery capacity in the Midwest, Americans across the nation are feeling the energy squeeze. 


The Need For A National Energy Policy 


Rising demand .. . tightening supplies... an aging power infrastructure . .. a decade of neglect from 
Washington: These are the trends that define America's emerging energy needs. 


President Bush has committed this administration to meeting these challenges - a job that begins with 
the urgent task of developing and implementing a long-term national energy policy. 


To accomplish this, President Bush created an Energy Task Force headed by Vice President Cheney. He 
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has asked us to define a clear strategy - a strategy that will allow environmentally responsible 
exploration and recovery of our domestic resources ... enhance our commitment to conservation and 
energy efficiency ... and encourage investment in new technology to further the development of 
renewable energy sources. 


I wish I could say that the energy crisis now sweeping the nation has shocked the political system into 
action. But like other political discussions in recent years, the debate over energy seems as deeply 
polarized as ever. 


On one end of the spectrum, some activists propose what amounts to a "zero tolerance" policy toward 
exploration and cling to the quixotic idea that new, undiscovered sources will somehow allow us to meet 
our energy needs. On the other end, some advocates place an almost limitless faith in special tax breaks 
for this favored activity or subsidies for that preferred industry. 


The two extremes in our energy debate are founded on several enduring myths - myths that today 
conspire to block any true advance toward a rational and stable energy policy in the United States. Here 
are a few of the more prominent ones. 


Myth Number 1: It is impossible to balance energy exploration and environmental protection. 


‘Advances in technology have brought us a long way from the days when wildcatters punched holes in 
the ground based on the hunch they might hit a gusher. But from a regulatory standpoint, our view of oil 
and gas exploration hasn't changed much since we saw Jed Clampett strike "black gold” and split for 
Beverly Hills. 


Today, satellites and computers are the tools of choice in the exploration business. Geologists can 
bounce acoustic and electrical vibrations off the earth's inner depths, gather the resulting mass of data 
into powerful computers and then create three dimensional and even four dimensional maps of resource 
fields miles below the surface. 


Armed with these pinpoint accurate images, companies employ advanced equipment to drill vertically, 
horizontally and around corners-allowing us to access supplies from previously unimaginable depths, up 
to six miles away. 


The marriage of oil and gas exploration with cutting-edge technology means fewer rigs, fewer roads and 
fewer pipelines. Drilling operations that required 65 acres in the 1970s need only 10 acres today. 
Technological improvements in just the past 15 years have generated success rate increases of 50 
percent. America's national energy policy must reflect these staggering advances that have 
revolutionized the way we develop our resources. 


Myth Number 2: All our current problems are due to an energy industry that is engaged in a massive 
conspiracy to gouge consumers by limiting supply to drive up prices. 
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This myth has been punctuated by calls for investigations into everything from last summer's Midwest 
gasoline price spikes, to recent allegations that power generators in the West have been withholding 
electricity. We have a fair and objective process for judging these claims-and action will be taken when 
it is merited. Over the past two weeks, for example, the Federal Energy Regulatory Commission 
ordered power companies to rebate some $124 million to California utilities. Meanwhile, the Federal 
Trade Commission recently cleared gasoline suppliers of all charges relating to last summer's price 
increases. 


But charges of price gouging largely miss the point. There is no magic source of supply; no hidden pool 
of energy that can be turned on and off like a faucet. California-and other power-strapped states-will 
never solve the power crises they confront until they resolve the conflict between demand and supply. 


Earlier this year, one company proposed building a $400 million power plant in California that would 
have provided enough additional electricity to light 600,000 homes in energy-starved Silicon Valley. 
The company pledged to plant 800 new trees to beautify the area. They proposed cloaking the power 
station in a brick facade to make it essentially indistinguishable from a high-rent office complex. They 
even promised to help maintain the local habitat for the endangered bay checkerspoon butterfly. 


Their environmentally-sensitive plans won the support of the Sierra Club, the American Lung 
Association and the NAACP. But city officials voted unanimously -- 11-0 -- to reject the plan. In an 
editorial, the local paper called this move "Dumb and Dumber." 


Meanwhile, further south, plans to build a 550-megawatt gas-fired generator in a Los Angeles suburb 
were scrapped after residents voted 2:1 against the project. The local mayor added a much-needed dose 
of reason and maturity to the debate-by launching a hunger strike in opposition to the plant. 


In California, workers are being laid off, companies are leaving the state, farmers and small businesses 
are losing millions, consumers are threatened with rolling blackouts, but local officials reject power 
plants with little regard for the consequences. Is it really any mystery why there hasn't been a single 
new power plant built in California in the last decade? 


Myth Number 3: The Bush energy plan is focused almost exclusively on opening the Arctic National 
Wildlife Refuge (ANWR) to exploration-a move that would buy us only about 6 months worth of 
American consumption while destroying a pristine natural wilderness, not to mention disrupting the 
breeding ground of the Porcupine Caribou. 


Let's separate fact from fiction when it comes to ANWR. 
First, according to estimates by the U. S. Geological Survey, ANWR holds between 5. 7 to 16 billion 


barrels of recoverable reserves-with a mean estimate of 10. 4 billion barrels. And that assumes the use 
of drilling technology now nearly a decade old. This represents more than 300 times the amount of the 
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oil President Clinton released from the Strategic Petroleum Reserve last fall. And based on December 
2000 figures, it would free us from about 54 years of oil imports from Saddam Hussein and Iraq. 


Second, exploration would impact only about 2,000 acres out of more than 19 million, To put that in 
perspective, the massive Arctic National Wildlife Refuge is about the same size as the entire State of 
South Carolina; the two thousand acres that would be affected is less than half the size of Dulles 
airport. 


And as for the caribou, the herd in the Prudhoe Bay area grew more than 9-fold over the past 20 years to 
an estimated 28,000 in 2000-seemingly irrefutable evidence that caribou mating and oil exploration can 
peacefully coexist. 


The decision to open a small portion of ANWR should be made on the merits. But it should not be 
made on the mistaken assumption that opening ANWR will allow us to produce our way to full energy 
independence. 


America first became a net importer of energy in the 1950s - and our economy will continue to depend, 
in part, on imported oil. However, closing off virtually every available new source of domestic supply, 
enhances the leverage and power of an oil cartel that cannot be relied on to put America’s interests first. 
While the resources of ANWR won't make us energy independent, they will help increase America's 
energy security by ensuring a more diverse supply of oil. 


Myth Number 4: Government subsidies and tax breaks are the best way to encourage new exploration 
and production of energy. 


This administration will continue to support funding for energy research and development initiatives. 
But capital is best allocated to its highest uses through the workings of the free market, not 
manipulations of the tax code. Government regulatory policy should not be aimed at picking winners 
and losers in any market, including energy. Neither should tax policy. 


Myth Number 5: We can forego traditional sources and instead meet rising energy demand by 
harnessing wind, geothermal, solar and other forms of renewable power. 


Excluding hydro-power, renewable sources currently generate about 2 percent of America's electricity. 
Billions have been invested in developing renewable energy-and will continue to be invested under the 
Bush Administration. But renewables have yet to overcome the economic advantages of conventional 
energy sources. 


Even with promising advances in research and development, renewables will only provide, according to 
Energy Information Administration estimates, about 6 percent of our total electricity consumption by 
2020. Even if renewables exceed our most optimistic expectations, they would still supply only a 
fraction of our needs over the next 20 years. 
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Myth Number 6: Price controls are the answer to today's energy crisis. 


Memories are short, aren't they. So let me remind everyone. America imposed price controls on oil and 
gas in the 1970s. They were an utter failure. They led to shortages and rationing and the idea that 
America was gripped by malaise. 


Let me be clear: The Bush Administration does not support price controls. Price controls on electricity 
will lead to more blackouts. Price controls on gasoline will lead to gas lines. Price controls will deepen 
America's energy crisis, because they won't reduce demand, but they will cripple incentives for 
desperately needed new investments in energy supply. 


Charting a New Policy Course 


The challenges are formidable ... the warning signs are obvious... but I am optimistic because I 
know this administration's commitment is equal to the task. 


Our national energy policy will be comprehensive. It will reach across every department that touches 
the energy marketplace-from the Interior Department and the EPA to the Transportation Department and 
the DOE. 


Our national energy policy will be hemispheric. It will be based on the understanding that our policy 
cannot stand in isolation from our neighbors throughout the Americas. 


Our national energy policy will stress the need to diversify America's energy supply. It will be founded 
on the understanding that diversity of supply means security of supply ... and that a broad mix of 
supply options-from coal to windmills, nuclear to natural gas-will help protect consumers against price 
spikes and supply disruptions. 


And our national energy policy will be balanced. It will leapfrog the myths that stifle change-rejecting 
the notion that there is no middle ground between environmental protection, regardless of the cost and 
energy exploration, regardless of the impact. 


Soon we will deliver our recommendations to President Bush. Later, we will introduce legislation aimed 
at winning bipartisan support for a national energy policy that matches the magnitude of the challenge. I 
am hopeful that men and women of good will-from both ends of the political spectrum... from 
environmental organizations to industry groups-will then come together and transcend the stale debate 
that has characterized energy policy in recent years. 


About 150 years ago, America faced a vastly different energy crisis. 
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Supplies of whale oil were becoming more and more scarce. Few could afford to pay for the luxury of 
this or other costly methods of illumination. Sure, crude oil was available. In those days it was soaked 
up with rags, wrung out into small vials, and then sold as a treatment for toothaches .... until an 
entrepreneur lined up an investor and a chemist and launched an energy revolution that would light the 
world. 


In America, resources become scarce only when our imagination languishes. By engaging that 
imagination, I am confident we can meet the challenges of today. If complacency yields to action. If we 
resolve to strike a rational balance between our energy needs and our environmental concerns. And if a 
national energy policy becomes an urgent priority. 


Thank you. 
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National energy policy for 8 yeurs 
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National energy policy for 8 years 
@eeeeneeeeaevoeeseeese eee eee ee eae: 
® The national policy imposed the following: 

= Taxed energy demand 

= Limited the energy supplies 

= Ignored expanding energy needs 
e Summary of the past policy on energy: 

= You cannot find it 

= You cannot transport it 

= Ifyou get it, we don't want you to use it 
« Good News: Crisis can be solved 
« Bad News: Not temporary; will not fix itself 
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Energy supply challenges 


eseeeoeeaeeaeveeseeee eee eee ee ee: 
e Demand for energy rising across the board, 
particularly for natural gas and electricity 
® Supplies limited by regulatory structure 
® Failed to keep pace with technology advances 
® Uncertain political environment discourages 
investment in desperately needed facilities 


e Energy infrastructure is woefully antiquated and 
inadequate 


Note: The energy infrastructure is that network of generators, 
transmission lines, refineries, and pipelines that convert 
raw resources into usable energy or fuel 
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Oil: Rising consumption and | ! 
accelerating dependence 
@eseeeeeeeaeveeseeese eee eee ee ees 
eInU.S., will increase 33 percent in 20 years 
USS. production continues to drop 
= Produce 39% less now than in 1970 
@ At present reduction rate, production will decrease to 


5.1 million barrels per day by 2020, down from 9.4 
million barrels per day in 1970. 


e Imports have steadily risen 
a From 36% in 1973 to 54% today 
m= Will soon rise to 64% unless checked 
= Empowers foreign suppliers such as OPEC 
e Assuring affordable, reliable, adequate supply of 
crude oil is a critical national challenge 
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Oil: Rising consumption and | ! 
accelerating dependence 


esee@eeeaeeaeveeseeese eee eee ee ee: 


@ We have been decreasing the infrastructure 
@ Since 1980, U.S. refineries reduced by 50% 
= No new refinery built in over 25 years 
= New regulatory interpretations limit expansion of 
capacity of existing refineries 
= Regulations require producing more than 15 different 
types of gasoline 
= Refining industry strained to capacity 
e E.g., Clinton symbolically released 30 million barrels 
of oil from the Strategic Petroleum Reserve 
e The oil had to be shipped overseas to be refined! 
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Natural Gas: Rapidly rising | 

demand, supply constraints 

@eee@oeneoeaeoaev ease eeee eee eee ee ee: 

e By 2020, U.S. will consume 62% more natural gas 
than today 

e More than 9 out of 10 of announced new electric 
power plants will be fired by natural gas 

e 40% of potential gas resources are on federal lands 
either closed or severely restricted 

Last lease in Gulf of Mexico more that 10 years ago 

e New discoveries falling 

e Dangerous to assume relying on natural gas, 
severely restricting exploration, keeping low prices 
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Natural Gas: Rapidly rising 
demand, supply constraints 
@eeeoeneoeaeoeveeaeseeeee eee eee ee ee: 
® Given enough natural gas, 38,000 more miles of 
transmission pipelines and 255,000 miles of 
distribution lines will be needed 
e This alone will cost $120-150 billion 
@ E.g., Alaska's Prudhoe Bay produces 8 billion ff 
per day 
= About 13% of America’s daily consumption 
= Never reaches the market, pumped back into ground 
= Waiting on building a pipeline to connect Alaska 
fields to US/Canada distribution system 
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es@eeeaeeeveeseeee eee eee eeee: 
@ Over 20 years, conservative estimate is that 
demand will increase 45% 
@ Will require construction of 1,300 new power plants, 
about 65 every year (about one every 6 days) 
@ Last time we added so many power plants was 1985 
e Some experts calculate demand will increase faster 
a May require nearly 1,900 new power plants 
a That is 90 per year (about one every four days) 
e Either way, will place great pressure on already 
strained and aging power grid 
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The aging power grid 


*e@eeoneeeoaeve ee eaeee eee eee ee ee: 

® Network of transmission lines, substations, and 
transformers 

e Built when utilities were tightly regulated, supplied 
service to assigned regions 

e Interconnections between suppliers were strictly 
emergency backup measure for rare usage 

e Not designed at all for long-haul swapping of 
power in a competitive market 

e Transmission bottlenecks contributed to California 
blackouts this winter and price spikes in New York 
City last summer 
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Coal fired electrical power WwW 

@eseeeoeeoeeaevoeeseeese eee eee ee ee: 

® Coal powers half our electricity generators. 

e Enough coal for 250 years. 

© Coal emissions slated for broad reductions 

e Administration will support new technology, but 
will not threaten electricity supplies and let it 
significantly raise electricity prices 

e President Bush therefore decided not to impose 
new mandates on CO, emissions 

e Ifnation is to have reliable electricity over next 
20 years, coal must play a major role 
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Bee 
Nuclear power plants 


esee@eoeeaeeevoeeseeee eee eee ee ee: 


@ No new nuclear power 
plant permit granted 
since 1979 

e 103 existing nuclear 
power plants 

e Many not expected to 
even file for license 
renewal as licenses 
expire over the next 
15 years 
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Hydroelectric power generation 


eeeoeneoeaeaeveese eee @eeeoeee: 


e Expected to fall sharply 

e Re-licensing can take a 
decade and cost millions 

e Some activists and 
political leaders want to 
breach one or more of the 
four federal dams on the 
Snake River to help 
young salmon on their trek 
to the sea 
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Dangers of complacency S 
Tere ee ee ee ee 2 
® Last three recessions tied to rising energy prices 
® Latest crisis already causing negative effects 
® Soaring fuel costs: extra $115 billion between 
1999 and 2000; 1% off Gross Domestic Product 
e In two weeks in January 2001: 
s Californians lost $2.3 billion in wages, sales, etc. 
« Layoffs hitting in West as manufacturers shift to 
states with more reliable energy sources 
® Intel will not build $2 billion plants in California to 
expand there. 
a Farmers’ incomes to drop 20% in next two years 
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@eeeoneeoeoaeveeaseeeee eee @ 
Some homeowner gas bills in Washington 
D.C. more than tripled this year 
Heating bills of some residents exceeded 
their food bills during the winter 
California power outages shut down traffic 
lights, closed businesses, darkened schools 
Police patrols were used to insure compliance 


= 
eee 


a 


“a> 


Electricity shortages predicted for New York City and 


Long Island this summer 
Strained refinery capacity in the Midwest 


Low capacity threatens electricity reliability in 
Midwest, Southeast, and Northern Plain states 
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Need for national energy policy 


@esee@eeeaeeaeveeaseeee eee eee eeee: 

e Rising demand, tightening supplies, aging power 
infrastructure, decade of neglect 

President created Energy Task Force, headed by 
VP Cheney, to determine strategy 


= Environmental responsible exploration and 
recovery 


= Conservation and energy efficiency 


= Encourage investment in new technology for 
renewable energy sources 


® Debate is still deeply polarized 
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Extremes of the energy positions 
@eeeoeneoeaeoev eee eee e eee eee ee ee: 
e Some activists: 
= Zero tolerance to 
exploration 
= New, undiscovered sources 
will somehow provide for 
us 


e Some advocates: 

e Limitless faith in special 
tax breaks for a favored 
activity or subsidies for a 
preferred industry 
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Six prominent myths, 
none of which is true 


@eseeeeeeeaeveeaseaeee eee ee eee: 


1. 


2; 


3. 


It is impossible to balance energy 

exploration and environmental protection 

There is amassive energy industry conspiracy, 

limiting supply to drive up prices 

The Bush energy plan is focused almost 

exclusively on opening the Arctic National 

Wildlife Refuge (ANWR) to exploration 

Government subsidies and tax breaks are the best way to 
encourage new exploration and energy production 

Can forego traditional sources and meet demand by wind, 
geothermal, solar, and other forms of renewable power 
Price controls are the answer to the energy crisis 
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Can we balance exploration and 
environmental protection? 
esee@eeeaeeaeveeseeee eee eee ee ee: 
Today, satellites and computers are 
tools of choice for exploration. 


Acoustic and electrical vibrations 

off the earth's depths provides 

maps of resource fields 

With advanced equipment, drill vertically, 
horizontally, or around corners up to 6 miles 
Fewer rigs, fewer roads, fewer pipelines 

65 acre drilling in 1970s needs only 10 now 
Success rates have increased 50 percent 
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Is there a price gouge conspiracy? 


e 
e 


@eeoeneoeeaeveeeseeee eee eee ee ee: 


Calls to investigate gasoline price spikes 
Allegations that power generators in the oR 
West have been withholding electricity 4 
Investigation and action is taken where merited 
= FERC ordered power companies to rebate $124 million to 
California utilities 
« FTC cleared gasoline suppliers relating to last summer's 
price increases 
There is no hidden energy pool that can be turned on and 
off like a faucet 
Must solve power crises by resolving conflict between 
demand and supply 
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Is there a price gouge conspiracy? (2) 
eee@oeneoeaeaev eee eee e eee eee ee ee: 
e Early this year (2001) one company proposed to 
build a $400 million power plant in California 
e Additional electricity for 600,000 homes 
= Plant 800 trees to beautify the area 


@ Cloak facility in a brick facade to resemble a high-rent 
office complex 


® Help maintain habitat for an endangered butterfly 
e Project supported by Sierra Club, American Lung 
Association and NAACP. 
® City officials unanimously (11 to 0) rejected it 
= Local paper called this move "Dumb and Dumber”. 
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Is there a price gouge conspiracy? (3) 
@eeet@oeoeneoeaeoaev eee eeee eee eee ee ee: 
® Plans to build a 550 megawatt gas-fired generator in a 
Los Angeles suburb were scrapped 
e Residents voted 2:1 against the project 
Local mayor launched a hunger strike in opposition to it. 
© In California: 
= Workers are being laid off 
= Companies are leaving the state 
= Consumers threatened with rolling blackouts 


= Local officials reject power plants with little regard 


e Is it really any mystery why there hasn't been a single 
new power plant built in California in the last decade? 
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Arctic National Wildlife Refuge Exploration 


@eeeoneaeeoeveeaeeeee eee eee ee ee: 
® Myth: Would buy only about 6 months worth of 
consumption while destroying pristine 
wilderness and disrupting the caribou 
e Fact: The ANWR holds from 5.7 to 16 billion 
barrels of recoverable reserves (mean is 10.4) 
= More than 300 times the oil Clinton released 
= Frees us from equivalent of 54 years of imports 
from Saddam Hussein and Iraq 
# Exploration involves only some 2,000 of more than 


19 million acres -- like half the Dulles airport 
compared to the entire state of South Carolina 
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Arctic National Wildlife 
Refuge Exploration (2) (ce 


esee@eoeeeeaeoeeaseaeee eee eee ee ee: 


e The caribou herd in the Prudhoe Bay area 
grew more than 9-fold over the last 20 years (to 
28,000 in 2000) 


e Proves that caribou mating and oil exploration 
can peacefully co-exist 


e Exploration should be considered on merits 


e Opening ANWR will help, but does not allow 
full energy dependence 
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Our increasing oil imports 
@esee@eoeeaeeeveeseeese eee eee ee ee: 
e US. became a net importer of oil in 1950s 
e Closing off all new domestic 
sources enhances leverage 
and power of oil cartels 
e These cannot relied on to put 
American interests first 
® Development of domestic resources such as 
ANWR will help increase energy security 
by ensuring a more diverse supply of oil 
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Government subsidies and tax breaks 
eeeeoeoaeaeoeveee eevee eee eee ee ee: 


e Administration will continue to support funding 
for energy research and development initiatives. 


e Capital is best allocated through the workings of 
the free markets, not manipulating the tax code 


e Government regulatory policy should not aim at 
picking winners and losers 


e Neither should tax policy 
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Renewable energy sources 


@eseeeoeeeeaeveeseeee eee eee eeee: 


« Excluding hydro-power, renewable 
sources generate about 2% of SS 
America's electricity 


e Bush administration will continue to 
invest in renewable energy sources 


@ Renewables have not overcome economic 
advantages of conventional sources 

e Even with promising advances, renewables 
will provide only about 6% of our total 
electricity by 2020. 

e Even with most optimistic breakthroughs, 
they will supply only a fraction of our needs 
over the next 20 years. 
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Price controls 
eeeeoeeeeeeeeeeeseeseoeesneseeed: 
e America imposed price controls on oil and gas 


in the 1970s; they were an utter failure 


e Led to shortages, rationing, and idea that 
America was gripped by malaise 


e Administration does not support price controls 
= Lead to more blackouts and gas lines 
@ Will not reduce demand, but cripple incentives 
for new investments in energy supply 
= Will deepen America's energy crisis 
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Charting a new national policy 


eseeeoeeaeeaeveeseeee eee eee eeee: 


e 


ee¢ 


Comprehensive. Across every department. 
Hemispheric. Includes the Americas. 


Diversify the energy supply for security, with a broad mix 
of options. 


Balanced. Combines environmental protection and energy 
exploration. 


Recommendations to be delivered to President Bush soon. 
Legislation will be introduced and bipartisan support. 


Hope that men and women of good will come together and 
transcend the present stale debate. 
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‘Commentary 


Commentary 
@eeeeeoeoeeeoeeeeoeeoee ee @ 


by Tom Bearden, Ph.D. saat, 


12 April 2001 | 
w 


Sa 


‘Commentary: 


[lL] 


Commentary: 
eeoeeeeeeereeeeeeeereoeeee esas: 
*® A reasoned and professional assessment of the present 
energy crisis situation by Secretary Abraham 
e Demonstrates administration and DOE are energetically attempting 
to get the crisis under control with conventional methods 
® Scientific advisers have no "out-of-the-box" energy knowledge; 
policy stays essentially "in-the-box" 
= Shortage of oil, get more oil 
Shortage of natural gas, get more natural gas 
Shortage of electrical power plants, build more 
Need 90 per year; build them 
Short distribution grid, build additional 
Shortage pipelines, build some more 
® Cannot "get more” in time to prevent economic disaster 
e Cannot avoid overrunning first quarter 2004 "point of no return” 
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Caution: It is stressed that Al 


eseeeeeaeeaevees eee e eee eee ee ee: 


Given only the conventional Lorentz-regauged electrical 
design model, COP>1.0 EM systems are impossible. That 
type of EM only designs COP<1.0 systems! 

Given advice from scientific "experts" who know only 
COP<1.0 design, U(1) electrodynamics, and Lorentz regauged 
power system theory, the Administration is doing the best that 
can be done, all factors considered. 

The DoE and the Administration must use whatever they have 
available to them, to try to solve the crisis. 

Hence DoE and the Administration is not at fault. On the 
contrary, they are trying very hard to solve this escalating 
energy crisis, using the tools the scientists offer them. 

It is the U.S. scientific community that is squarely to blame for 
this sad state of affairs, and for the coming economic collapse. 


COP = Coefficient of Performance 
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An example of the time problem 


ee eeoeeeereee sees reese seees: 
e TVA and Texaco are discussing building a coal 
gasification 1,500 megawatt power plant. 
@ Near Scottsboro, Alabama 
= Construction could begin in 2002. 
= In3-6 years, begin producing electricity. 
= If5 years, it will come on line in 2007. 
e 90 plants are required per year, beginning now. 
® 2007 is about the time that world economies are crumbling, 
conflicts are raging, and all the arsenals weapons of mass 
destruction will be unleashed. 
® 2007 is about the time civilization will be destroyed, if we 
continue on the present course. 
e With only present solution, can get perhaps 400 to 450 plants 
ready to come on line, about the time they are destroyed 


Published by Lotus® Freelance Graphics® 


bew24,11.2003 1847.25) 


‘The pending disaster 
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vy 2 
Stee 
The pending disaster gS 

@eeeoeoeneoeeoevpeeaeeeee eee eee ee ee: 

e The world energy crisis will escalate steadily, forcing 
collapse of world economy circa 2008. 

e As nations’ economies crumble, conflicts soar and one or 
more nations will exchange nukes and other weapons of 
mass destruction (WMD). Security partners forced to 
enter the melee. 

e This evokes the long-dreaded WMD "spasm" response. 
= Only way for a nation to survive is to destroy its perceived 

foes before they destroy it. 


® Everybody fires everything, as fast as they can, unleashing 
all the arsenals of WMD, desperate attempt to survive. 


= Civilization and much of the biosphere is destroyed. 
Unleashing of smallpox alone will kill 2 billion. 


e The time for this Armageddon is circa 2007. 
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SS 
The bottom line: NES 
@eeeeoeeeoaeeaevpeaeeaeveaep eee een e ee ee: 


® Self-powering and COP>1.0 electrical power systems 
must be rolling off the assembly lines en masse by first 
quarter 2004. That is the "point of no return”. 

® Otherwise, the point of no return will be overrun and no 

solution is possible, by any means, by anyone or by 

everyone. 

Ifthat deadline is missed, the crisis curves cannot be 

"damped" in time to prevent world economic collapse. 

It is still doable, but only with a massive national effort of 

the highest priority. No one recognizes that as yet. 

e Meanwhile, the scientific community is doing business as 

usual. You will have to just push most of it aside. 

We are "fiddling while Rome prepares to explode”. 


e 


e 


e 
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Here are some events etc. ) 
@eeeoeoeneoeaeoeveeaeeeee eee eee ee ee: 
® Exxon Mobil Corp. soared to the top of the 
Fortune 500. 
e Oil, gas, and power companies climbed. 
@ Increased income due to 
® Falling supplies so price increases 
a Utility deregulation. CA stupidly capped 
end prices, and freed middle prices. 
Dunce cap award for that one! 
= Soaring natural gas prices. 
= OPEC maneuvering to keep oil prices high 
e Pacific Gas & Electric declared bankruptcy; 
another CA power company on the ropes. 
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Lowered energy requirements 
for appliances 


@eseeeeeaeeaeveeseeese eee eee ee ee: 


e Approved in last days of Clinton administration 

e® Washing machines must use 35% less energy, 
beginning in 2007 

® Water heaters must use 5%-9% less energy, 
beginning in 2004 

e Adds about $240 to price of washing machine 

e Lower energy costs over time will offset initial 
increased cost 

e Approved by Bush administration in April 2001 
after review 
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itioner and heat pump standards 


Easing air conditioner and heat 
pump standards 


esee@eoeeeeevoeeseeee eee eee ee ee: 


e Bush administration eased Clinton's new efficiency 
standards 


= Still require air conditioners and heat pumps to use 20% less 
energy than most current models, beginning in 2006 


@ Clinton standard was 30% less 
All central home air conditioning units must meet 
minimum seasonal efficiency ratio (SEER) of 12, 
compared to present 10 
e Replaces Clinton SEER standard of 12 
e In California, easing these standards requires two more 
power plants 
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Navarro's Estimate* 
@eeeoeeoeeoeeeeoeee ee @ 
Peter Navarro, economist at UC 


Irvine, 
in conjunction with Utility Consumers's Action Network 


*Jennifer Coleman, "Power costs could be triple last 
year's for Californians," AP release, 22 Apr. 2001 
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Factors driving comparisons 


@esee@eeeeeaeoeeseeee eee eee ee ee: 


® Last summer, soaring costs drove three utilities to brink 
of financial ruin 


e This summer costs may rise by as much as three-fold 
Factors at play: 


= Drought-induced reduction of hydroelectric power supplies 
in Pacific Northwest 


= Predicted hotter-than-average summer 

= Competition from other states 
State buys about 1/3 of its power from spot market 
© Spot market likely to see substantial increases 
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Prices likely per kilowatt-hour 


@esee@eoeeaeeaeveeseeee eee eee ee ees 

e Last summer, peak average high price was 86 
cents per KWHR 

® This summer expected to hit $1 to $2 per KWHR 

® Consumer rates capped at about 10 cents per 
KWHR 

e The growing gap will have to be filled by state 
funds, which themselves are dwindling 

e Eventually the California taxpayers have to pay 
the difference, which is from 10 to 20 times what 
they are paying now for capped power 
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Covering debt already incurred 


eeeoeoeneoeaeoevpeeaseeeee eee eee ee ee: 
e Since January, California has authorized $5.7 billion to 

buy power for customers of Pacific Gas and Electric Co. 

and Souther California Edison. 


e The two utilities’ credit was cut off due to 
@ Soaring wholesale costs 
@ Cap on consumer rates 
= Went nearly $14 Billion in debt 
e San Diego Gas and Electric Co. incurred debts but is in 
better shape 
State will be repaid by $10 Billion in bonds 
= Expected to be issued in May 
@ Expected to last till September but will not 
= PG&E and Edison Customers will pay off the bonds 
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Deteriorating situation, rising prices 
eee eoeeerereeeeeeseeoeeeseoes: 
Prices rising 
Will rise even more as demand increases 
= Demand will rise by about 50 percent during the summer 
e California's own generation resources cannot meet 
projected peak demands and reserve requirements 
= May fall by 3,500 megawatts short (peaks) 
= Enough power for 2.6 million households 
« Power grid manager must depend on imports 
= Northwest drought makes extra power scarce to find 


= Northwest utilities themselves may have to import, not supply 
extra 
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Other Factors 


@eeeeoeoeeeoeeoeeeoeeoeee ¢ 


Credit, payback, scarcities 
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Paying the piper: California's 


[ell] 


Paying the piper: 
California's bond rating reduced 


eoeoeeoeeeeeeeeeeeseeeeeseeee: 
e Standard & Poor dropped California's bond rating two 
notches, from AA to A+ 
@ Financial drain from continuing energy crisis 


= Mounting uncertainty in costs to state of current electrical 
power crisis 


@ Likely long term detrimental effect on state's economy 
@ State's ability to pay its debt has reduced 

e Rating not reduced futher because of 
w State's diverse economy 


= Proposed revenue bonds to reimburse state treasury 
e Can reduce further if California does not make $10 
Billion bond issue and pay off its energy-related debts 


Published by Lotus® Freelance Graphics® 


sy4-44 24.11.2003 18:48:17 


Associated Press: Gasoline supplies are critical 


(el) 


Associated Press: 
Gasoline supplies are critical 


eeeeeneeeeeeneeeeseeeeeeeeees: 
Supplies tightest for mid-April since U.S. government record-keeping 
began in 1963 
© There is a shortage of reformulated gasoline that produces less smog and is 
required during summer 
= MTBE additive made from methanol, a derivative of natural gas 
u Natural gas prices quadrupled Dec-Jan, MTBE reduced by 1/3 
= California uses more MTBE-treated gasoline than any other state 
= Gas-guzzling SUV sales boomed in 1999 and 2000 
® Any kind of refinery snag will be amplified 
© Last winter, major refiners had to focus on filling heating oil shortage 
instead of replenishing gasoline supplies for summer 
® Now many forced out of service to take care of maintenance that was put 
off to deal with the heating oil crisis 
e Environmental restrictions make it difficult to build refineries; 
none constructed in the U.S. for more than 20 years 
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A peculiar problem: 
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A peculiar problem € 


ese@eeeaeeaeoeeseeese eee eee eee e: 


e Eg., Magnetic Energy Ltd. has a working laboratory 
experiment COP>1.0 device (a motionless 
electromagnetic generator - MEG). 

® Solved basic EM system COP>1.0 theory. 


e Two years more R&D necessary to finish, do production 
engineering and scale up for production. 


e Immediate capital needed: $20 million. 


e Negotiations with large capital firms: 
Most have substantial capital committed to normal power 
community, long term. 
® MEL success thus costs them dearly in unrecovered funds. 
w They shoot themselves in the foot if they fund the MEG, since 
this is a "very disruptive" technology. 
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MEG uses the Aharonov-Bohm effect to 


extract free energy from the vacuum (1) 
eeeeeneeeeeeeeeeeeeeeee eens: 
The Aharonov-Bohm effect (ABE) is in over 2,000 published 

physics papers in the hard literature. 

* Hundreds of experiments prove it. Physicists themselves would not 
believe it for 25 years after it was advanced and proven. Now itis 
universally accepted. 

6 Free evocation of ABE never appeared for use in power systems, 
without paying energy to evoke it, until we used ABE in the MEG 
and freely evoked it. 

e If the magnetic field B of a source is locally confined in a closed 
path (as in a toroid), the outside local spacetime (ST) where the 
B-field was withdrawn is still curved. Curved ST is energetic. The 
3-space energy has been transformed into curl-free magnetic vector 
potential A. But one pays for that A around a toroid, since one has 
to "feed" the toroid. 
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MEG uses the Aharonov-Bohm effect to 

extract free energy from the vacuum (2) 

eeet@oeoeneoeaeoeveeaeeeee eee eee ee ee: 

e We uncovered a transformer core material that will freely 
do that B-localization of the B-flux of a permanent 
magnet, extracting all the B-flux into a closed 
transformer-like core path. 

e The uncurled A-potential forms outside the core path as 
a freely flowing river of energy. 

® We pay nothing at all to get the A-energy flow going, or 
to sustain it. That's for free. 

e The vacuum energy exchange and locally curved ST 
sustain that energy flow indefinitely, due to the 
permanent magnet dipole's broken 3-symmetry. 
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MEG uses the Aharonov-Bohm effect to 
extract free energy from the vacuum (3) 
@eeet@oeeoeeoevpeeaeeeee eee eee ee ee: 
e We then hang "collecting antenna circuits” in that free 

tiver of energy flow in A-space outside the core. 

@ We pulse-perturb the river a /ittle, with very sharp-edged. 
pulses of low energy. Huge E-fields (i.e., dA/dt) are 
formed and strike the antenna circuits. 

e From the large AC E-fields, we can intercept and collect 
large AC energy. The energy is dissipated in loads in the 
external separate collecting circuits, with no back emf 
into the primary circuit. 

e Only small average input energy is required. We pay 
only to switch or gate the large energy flow. 
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MEG uses the Aharonov-Bohm effect to 


extract free energy from the vacuum (4) 
eeet@oeoeeoeaeoaeveeaseseeee eee eee ee ee: 


e By analogy, imagine an old triode vacuum tube. 

Suppose we trick nature into giving us the cathode and 
electron energy flow, for free, really pouring energy out 
of there continuously. 

e Then we only have to put in a grid to switch it, a plate to 
intercept and catch it, and a plate circuit to dissipate it in 
a load. 

e Inthe MEG, the permanent magnet and the special core 
provide the cathode and free flow. 

e We provide the "grid" gating, plate "catching," and "plate 
circuits" with loads that are powered. 
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MEG uses the Aharonov-Bohm effect to 

extract free energy from the vacuum (5) 

eeet@oeoeneoeaeoeveeaeeeee eee eee ee ee: 

e@ The MEG becomes a free transmitter with multiple 
receivers system, not atransformer but a triode. 

e The transmitted energy is absolutely free, taken right 
from curved ST. We only have to "perturb" or shake the 
flow atiny bit, in sharp little shocks without much 
energy. The broken 3-symmetry of the magnetic dipole, 
in the fierce vacuum exchange, furnishes the energy in 
the large E-fields by dA/dt. 

@ The COP that can be achieved by the MEG is limited 
only by the A-space available outside the core for 
collection, and the number of surface charges in those 
external circuits powering, the loads. 
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Negentropic Engineering €} 


@eeoeoeoeeaevneeeseeee eee e ee ee ee: 


Can easily produce continuous giant EM energy flows 
from the vacuum: anywhere, anytime, for peanuts 
Once flow initiated, no further input required 
Focuses on real energy problem: intercepting the pouring 
energy and dissipating it in loads 
Dramatic implications: 

® Reduces hydrocarbon combustion; meet Kyoto accords 

= Obsoletes nuclear power, reduces nuclear wastes 

@ Reduces biospheric pollution 

® Reduces biological effects of pollution 


One drills the vacuum for energy, much easier than 
drilling the ground for oil and natural gas 
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Rigorous "out-of-the-box" work 
eeeoeoeeveoeoeoeoeoe eeoee oe eee 6 @ 

e Evans, Anastasovski, Bearden et al. (15 authors), Alpha Foundation's 
Institute for Advanced Study: 


up-iwwwe 


"Explanation of the Motionless Electromagnetic Generator with O(3) 
Electrodynamics," Found. Phys. Lett. 14(1), Feb. 2001, p. 87-94, 
"Explanation of the Motionless Electromagnetic Generator with the Sachs 
Theory of Electrodynamics”, Found. Phys. Lett. 14(8), Aug. 2001 (in press). 
"Energy from the Vacuum," in referee process. 

"OQ(3) Electrodynamics from the Irreducible Representations of the Einstein 
Group,” in referee process. 

"Electromagnetic Energy from Curved Spacetime,” in referee process.. 

"The Effect of Vacuum Energy on the Atomic Spectra," Found. Phys. Lett., 
13(3), June 2000, p. 289-296. 

"Operator Derivation of the Gauge Invariant Proca and Lehnert Equations: 
Elimination of the Lorentz Condition,” Found. Phys., 30(7), 2000, p. 
1123-1130. 

"Runaway Solutions of the Lehnert Equations: The Possibility of Extracting 
Energy from the Vacuum,” Optik, 111(9) 2000, p. 407-409. 

"Classical Electrodynamics Without the Lorentz Condition: Extracting Energy 
from the Vacuum,” Physica Scripta, 61(5), May 2000, p. 513-517. 
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Rigorous "out-of-the-box" work (2): 
(@edini “negative resistor" in a battery)* 


eeoeeeneeeeeeeeeeeeeeeee eee: 
e A battery-powered circuit is not a single closed current loop; 


but has two largely separate current half-loops: 
© Internal ion current between plates. 
a External electron current from outside of one plate, through 
external circuit and load, to other plate. 
e M/qratios very different: Ion current more than 200,000 times 
heavier per coulomb than electron current. 
@ Can dephase the two currents, overpotentialize both. 
e Battery can thus be hyper-recharged while external circuit 
simultaneously powered. 
e Bedini has been building successful little prototypes for more 
than 20 years. Could dramatically improve electric 
automobiles. 


*T.E. Bearden, "Bedini's Method for Forming Negative Resistors in Batteries,” 
Joumal of New Energy, 5(1), Summer 2000, p. 24-38 


http://www. cheniere orgechpapers/Bedinipd 
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Initiating a Battery to COP>1.0 
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Initiating a Battery to COP>1.0 


@eeeoeoeneoeaeoeveeaeeeeoee eee eee ee ee: 
e A Battery is highly nonlinear with multiple currents 


« Electron current largely bound between outside of plates and 
extemal circuit including through load 


® Ion current confined between plates, through separators 

| Mass-to-charge ratios of the two currents are vastly different 
@ Can dephase currents by 180° 

= ion current in charging mode 

® electron current in circuit-powering mode, powering circuit 
e@ Done by forming negative resistor 


= Sharp, higher potential at insulator 
interface on plate surface 


® Bidirectional overpotentialization 
@ Energy extracted from active vacuum 
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Secretary alone cannot solve it 
ee eeoeesereee sees sees eeeees: 
e Scientific community, universities, national labs, NSF, 
NAS, power companies doing business as usual 
= Noreally out-of-the-box energy research 
= Do not realize all electrical systems and power lines are 
powered by energy extracted from the vacuum 
= Not correcting flawed electrodynamics, uninterested 
® Not funding any vacuum energy extraction projects 


® New policy cannot quickly eliminate the long delay 
time till new electrical power plants come on line 
= Need 60 to 90 powerplants per year; first one can be 
operational only after several years even with crash program 
@ Skyrocketing energy, trucking and other transport costs 
will drive the nation into financial disaster during that delay 


®@ Only doable solution: vacuum-energy systems 
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What is desperately needed 


@esee@eoeeeeaeeeaseeee eee eee ee ee: 
® Separate "Manhattan Project” on energy from 

the vacuum systems, reporting to Secretary 

= Operate under Presidential Decision Document 


® Staffed with carefully selected scientists and 
engineers 


= Top priority funding 
= Round-the-clock research 

e Support from selected personnel in national 
labs, universities, research corporations 


® Start with known COP>1.0 systems; factual 
information can be provided 
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Why it can be done in time 
@eseeeeeaeeaeveeseeee eee eee ee ee: 
e Already have elements of necessary theory of 
Maxwellian disequilibrium COP>1.0 systems; funding 
will finish it rapidly 
e Several legitimate COP>1.0 systems exist, can be 
quickly developed and scaled up 
© Two years or less after start, a range of self-powering 
systems can be rolling offthe assembly lines en masse 
e A great breakthrough in close-looping principles for 
self-powering technology has been accomplished 
= Deeply proprietary, can be released 
= Using breakthrough, parallel program can develop 
self-powering of many present power systems 
® Will not be discussed without the program 


Published by Lotus® Freelance Graphics® 


8 him24,11.2008 18:49:28 


Cautions! 


eseeeoeeaeeeveeseeese eee eee eee e: 

® Inthe so-called "free energy field", many 
charlatans, much disinformation, some honest 
mistakes, some real systems and information 

e Absolutely must separate wheat from chaff 


e Working laboratory proof-of-principle devices do 
exist; groups need funds for development 

e Inventors with such systems usually do not 
comprehend the actual mechanism used 

e US. is 100 years behind in applying necessary 
corrections to electrodynamics; but some 
courageous scientists have begun 
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‘The scientists have filed us 
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* . ° 
The scientists have failed us 
eee eeeeeeeeseeeeeeeeeeeeee: 
® Secretary Abraham, it is the U.S. scientific community which has 
failed us, and whichis responsible for this unnecessary crisis. 
® No textbook presently even correctly states what actually powers a 
power line. The basis has been in particle physics for a half-century. 
* Before arbitrary regauging by Lorentz in the 1880s, the 
Max well-Heaviside theory does prescribe electrical power systems far 
from equilibrium in their fierce vacuum exchange, including systems 
which power themselves and their load, extracting the energy from 
their broken symmetry in their active vacuum energy exchange. 
« Every power system already wastes a trillion times more energy than is 
placed on the power line; scientists and engineers do not even know it. 
© Heaviside published the basis for that in the 1880s and 1890s; 
Poynting never even knew it. Lorentz knew it, couldn't explain the 
source, stated "no physical significance” and discarded it. 
® This discarded "Heaviside energy” is what is generating the extra 
gravity in spiral galaxies, and holding their arms together. Scientists 
arbitrarily discarded it in the 1880s; have forgotten it today. 
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136-yr-old EM Modell 


[lL] 


The scientific community enforces 
a 137-year-old flawed EM model 


* 
*. 
e 


ip: w-cheniere.ong/briefings 


e@eneeeeaeveeseaeease eee eee eeee: 


Equations still assume material ether. 

Thoroughly confuse cause and effect. 

"Fields" as defined in electrical engineering 

do not exist outside matter (Feynman, Wheeler) 

Arbitrarily discards vacuum energy exchange and usage. 

Proven for nearly 50 years in particle physics 

@ Dipole exchange particularly significant because dipole's negentropy 
extracts all EM energy -- used in the system -- from the vacuum. 
Every system already powered by the vacuum anyway. 

Arbitrarily discards about 10 trillion times as much 

EM energy present around a circuit as the circuit intercepts. 

Scientific community pummels most scientists who try to change 

model or develop systems far from equilibrium in their known 

violent energy exchange with the active vacuum. 

Same flawed power system schema for more than a century. 
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AIL EM from Time Domain 


(lL) 


All EM 3-space energy freely 


comes from the time domain* 
@eseeeeoaoeeoaeveeeeeee eee eee ee ee: 


*T.E. Bearden, "Giant Negentropy of the Common Dipole," Whittaker, Math Ann, 87, 333 (1903) 
hows this rigora 


Journal of New Energy, (1), Summer 2000, p. 11-23. sho raushy 
http: www. cheniere.org/techpapers/G iantNegentropy.paf Dipoaken prety well-known 


Longitudinal EM waves incoming 
from time domain and absorbed 


Longitudinal EM 
waves emitted in 
all directions in 
3-space 


\ - pours out 
in all directions 
Space 


Note: Whittaker (and others) interp reted the phase conjugate half set of LWs 
after interaction with the charges of the dipole; and as an effect rather than 
the cause. This fundamental non sequitur has just been repeated since then. 
Thus they missed the solution of the source charge and source dipole. 
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Astonishing but true 
@eee@oeneoeaeaeveeaeeeee eee eee ee ee: 
e All the hydrocarbons burned, nuclear fuel rods consumed, 
dams and windmills built, fuel cells consumed, and 
batteries installed do not add a single direct watt to the 
power line. Never have, never will. 


e All that does is continually restore the generator source 
dipole, which our systems are designed to continually 
destroy faster than they power their loads. 


e The dipole extracts energy from the vacuum, and pours it 
out to fill all space around the power lines. The power 
lines intercept and use only about 10exp(-13) of it. 


® Nobody tries to catch any of the rest of it. There is no 
ordinary source of that energy flow, which is enormously 
greater than the energy put into the shaft of the generator. 
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heap, clean electrical energy: 


With plentiful, cheap, clean ) 
electrical energy: 


@eeeeeeoeaeoaev eee eee e eee eee ee ee: 
e Even poorest nations get onto the fast track 
@ Rapid development of infrastructure 
e@ Concentrate on clean water, medical treatment, 
education, plentiful food 


@ Rise of industries and creation of jobs 

® Gradual but permanent shift in electric power 
®@ Accent decentralized systems 
@ Dramatically reduce vulnerability of power grids 
@ Practical, agile electric cars, trucks, trains 

® Releases the iron grip of energy barons 
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Recommendations to DOE 
@eeoeeoeeaeoeeeseeee eee eee eae: 
"Out-of-the-box” prototypes do exist, theory developed. 


Crash Manhattan project; Presidential Decision Directive. 


Intense program with highly selected scientists to correct 
EM flaws and extend EM theory to higher symmetries. 


® Obtain compensated release of breakthrough close-looping 
process to initiate many normal power systems into 
self-powering systems, and rapidly pay and apply. 

No discussion without program and ND. 

Protect patent rights of o/u inventors. a national 
labs, universities, other research labs from "cluster 
patenting” in the area. They sign nondisclosure, 
non-compete, eliminate "march in" theft clauses. 

President order release of known overunity systems 
captured from inventors and in deep black community. 


oe@¢e 
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In conclusion: 
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In conclusion: 


* 


pst w.cheniere.ongfbveti 


eeeeeeeveeeeeee eee eee eser: 
Secretary Abraham, the threat of weapons of mass destruction attacks 
and giant destruction is not overestimated. It's really worse. 

Large Russian nuclear weapons, ¢.g., are already in U.S. cities, with 
on-site Spetznaz teams to explode them. See Lunev's book. 
Professional teams with anthrax, smallpox, etc. already in place, 
waiting. Unleashing smallpox alone will kill 2 billion worldwide. 

In the WMD strategic attack, the delivery to the target stage is 
already accomplished. 

25 nations -- many hostile to the U.S. -- now have nukes, biological 
warfare agents, etc. 

The earth is in fact a giant powder keg, waiting to explode at the 
touch of a match. Unless solved at enormous speed, the energy crisis 
will certainly strike that match about 2007. 

Only one thing -- energy from the vacuum -- can do it. Neither the 
DoE nor the U.S. scientific community are working on that. 
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The "Porthole” Concept 
with technical background 


@eeaeeaeeoeodeo2e2020e2020800808080 80 
Amplifying the cellular regenerative 
(healing) system of the body for 
treatment and healing 
of mass casualties 


Outline of the presentation Wf 


e Mechanism for deep EM exchange of a body 
with its active EM environment 


Becker's epochal work and its ramifications 
Kaznacheyev's startling results and ramifications 


e 

D 

© Weaponization of Kaznacheyev's findings 

e Importance of time-energy and the time-domain 
e 


Mechanisms for medical treatment and healing 


Outline of the presentation (2) 


@eeseeoeoeoevoeoeoeoeceoeoeceseeeeoeeee @ 
© Prioré's revolutionary results and their 
ramifications. 

Proposed new mechanism for cancer promotion. 
Porthole concept: The 2-minute shortcut. 
Terrorist biological warfare capabilities. 
Summary and conclusion. ~ 
Budgetary and Program package. ay 


Mechanism for the body's 
deep EM exchange with its 
active EM environment 


@eeeeoeeoeoeaedodeo20e20e20e020e20e20008080 
And some ramifications AN 


~ 


The body continually receives 
and retransmits EM energy 


eecereeeeeeeeeeeoee eee eeeeeee 
e The body may be considered 
as a dielectric. Sy 
e Every part of the ea 
dielectric participates ae KE 


in the absorption and hae 


emission of each il 


photon to and from any point ~~» 
on the surface.* =«——  ¥ 
© Mechanical force effects ae 
are also electrical in nature wie 
and exchange similarly. gee 


* Reali, G. C., "Reflection from dielectric materials," 
American Journal of Physics, 50(12), Dec. 1982, p. 1133-1136. if “as 
The reflected field from a dielectric material is not generated ia 4 | A \ . ~ 
just at its surface but comes from everywhere in the interior of it. ch y | 4 


dR aR ze 
Ramifications: #& A A A A 


There is an EM "dielectric transmission path" connecting every 
part of every cell to every part of the surface of the body. 


All electrical processes in the body, including deep 

within the cell and its nucleus, participate in the absorption and 
emission of every photon to and from the body's outer surface (and 
every mechanical force* experience). 


The EM emission energy of the body is a conglomerate mix of 
fractions of all processes and functions ongoing in the body or 
affecting it, including in every cell. 

This includes all electromagnetic, mechanical, chemical, and 
environmental effects upon and in the body and every tiniest part 
of it, and provides an extended definition of "stress". 


* At base, all normal mechanical forces are generated by 
electromagnetic forces. 


Ramifications (2) & & A A A& 
@eeeeeoeoeoevoeoeoeoeoeoeoeeseeeeeeee @ 
The reaction of each photon absorbed on any point of the outer surface of 


the body, connects through the dielectric transmission path to every part of 
the body, including to every part of every cell*. 


Every emission from the body is participated in by every part of the 
body, including every part of every cell. 


The body's emission "changes" its environment, adding EM radiation. 
Some of the internal induced changes (excited states) in the body decay 
by this external emission. Some do not, but must be otherwise dealt 
with internally by the body systems. 


The body's EM absorption allows the environment to change or affect 
every function, operation, and part of the body, by adding EM radiation. 
All are continually being affected and deviated, both helpfully and 
harmfully, by these deeply induced EM interactions. 


The body's reaction (healing) must continually readjust and correct 
deviations from normalcy, in every part of every cell. 


* In quantum physics, part of the photon is localized and part is nonlocalized, 
reaching even across the universe. 


a oe aR aR aR 
Ramifications (3) A A A A A 


e The sum total of all the impinging external EM radiation upon the 
body, plus mechanical "special EM" radiation, thus affects and 
changes the body and all its processes, participating in them. 


© That impinging EM radiation can be manipulated to either harm or 
heal the body and any or all of its cells. 


© The body must continually overcome these externally-induced EM 
changes in its cells and processes, to maintain normalcy. Some EM 
changes are restored by the subsequent dielectric emission process, 
relieving the previously-induced deviant EM excitations in its internal 
processes. Some are not. 

© The poorly studied cellular regenerative system performs the 
remainder of the restorative function, which is the fundamental 
"healing" function of the body.* 


*The cellular regenerative system was mostly studied by Becker and a few others. 
See R. O.Becker, and David G. Murray, "The electrical control system regulating 
fracture healing in amphibians," Clinical Orthopaedics and Related Research, No. 73, 
Nov.-Dec. 1970, p. 169-198. 


Becker's epochal work 
@eeeeeoeecoeaoeaeeeeecee0280800 
And its ramifications 


Becker's bone fracture healing 


e Tiny DC currents (picoamperes) 

«Pulsed DC current can be utilized RED BLOOD CELL 

«Pulsed magnetic fields may be utilized DEDIFFERENTIATES 
Shucks hemoglobin coat 


Grows nucleus 


NEW CELL 
REDIFFERENTIATES 
Turns into type of cell that 


makes cartilage 


ELECTRODE 


Nee ~ = NEW CELL 
REDIFFERENTIATES 1) 


Turns into type of cell that 
makes bone 

Deposits in fracture site, 
healing the fracture 


ae 
FRACTURE SITE 


Becker's theoretical DC control system 
involved with response to injury 


pecsulaes 


TOTAL 
CURRENT OF 

MITOSIS INJURY 
DEDIFFERENTIATION DC SYSTEM 


rt O. Becker, "The significance of bioelectrical 
pelea Bioeléctroc hemistry and Bioenergetics, Vol. 


Becker's proposed control 
system governing regeneration* 


Trauma Produc 
Tissue Loss 


Local cellular effect Local nerve effect 


Alterations in hormone 
pattern (prolactin) 


CNS effect 


Alterations in local 
DC field pattern 


See 


} Local electrical 


Local and systemic 
pools of target cells 


Dedifferentiation into 
primitive mesenchymal cells 


Phase! Blastema formation 


Phase Il 


Redifferentiation into “Becker & Spadaro, "Electrical stimulation of partial limb 
required cell types regeneration in mammals,” Bull. N. Y. Acad. Med., 48(4), 


May 1972, p. 629. 


Restoration of body 
part or tissue 


Extending Becker's work Rid 


eoeeeeeoeeeceoeeeoee eee eeoeeeee 
© Becker had only the archaic classical electrodynamics 
available to him. That EM is grossly inadequate. 
= Insufficient group symmetry to model the process. 
= Already eliminates the "infolded" longitudinal wave EM 
that structurally and dynamically comprises all "normal" 
EM potentials, fields, and waves. 
= It is this internal LW EM that is manipulated and used by 
the cellular regenerative system. 
© Nonlinear phase conjugate optics was not yet developed 
when Becker did his seminal work. 
e Successful higher symmetry electrodynamics models -- 
such as O(3) -- have been developed and are available. 


A sad commentary a 


Becker was nominated for the Nobel Prize, but he was hounded, his funds 
were withdrawn, and he was forced to retire early. 


His main "sin" was having the courage to testify against the harmful effects 
of unrestricted powerline radiation and electronic smog. 


Powerful interests then crushed him, set up their own well-funded institutes, 
and hired scientists who then predictably found that powerline radiation was 
no problem. 

Such research is so tainted that recently several important journals have now 
required the authors of submitted papers to state what their affiliated 
companies do, and what "company massaging" of their research occurred. 
From a higher symmetry EM view, it is obvious that the dielectric pathway 
and quantum electrodynamics already show a significant problem due to such 
radiation, particularly with respect to long-term effects. 

This is particularly significant since "noise" -- the mere presence of more 
"hash" -- appreciably amplifies the dielectric transmission effect. So the 
major factor becomes EM smog signals density, not signal power. 


Kaznacheyev's startling 
results 


@®eeoeoeeoeoedoedeee@eeseeseee @ 
And its ramifications 


Proof that the cellular condition 
is radiated from groups of cells 


eoeoeeveeeeoeeoeeeeoe eee eeeeeee 

© It follows that a diseased, damaged, or infected cell culture 
will and does emit its exact internal EM condition, hence the 
disease or damage "generatrix form" itself (in the internal 
structuring of the EM radiations). 


© Further, these "state" emissions can couple into other targeted 
cells to produce disease and disorder in them. 

© This was clearly proven in some 15,000 Russian experiments 
by Kaznacheyev. 

® Kaznacheyev demonstrated induction of cellular disease and 


disorder between EM-coupled but otherwise environmentally 
shielded cell cultures 


e Similar experiments have been replicated in the West by Reid 
et al., and by Popp et al. 


Kaznacheyey's induction of 
cellular disease and disorder 


GRAVITON 
LATTICE 
TEMPLATES 


ENVIRONMENTAL 
SHIELDING 


CONTAINER 


+ THIN WINDOW 
GLASS: No Effect 
QUARTZ: Delayed Effect 


linimum lattice is one harmonic interval: IR to UVis such a minimum G-lattice. 
Consider particularly the dielectric pathway in the emitting diseased cells and in 
the receiving targeted healthy cells. 


Another surprising feature of 
Kaznacheyev's experiments 


eeceeeeeeeoeeeeeoee eee eeeeeee 
© The experiments do not work if the targeted cells are in 
normal light, such as sunlight*. 


e The reason is that the normal light bandwidth occupies a 
single harmonic interval between ultraviolet and infrared. 


© Hence its difference frequencies also fill such an interval. 
For a set of n frequencies, the number d of difference 
frequencies is d >> n. 


e Thus the visible light spectrum represents "jamming" of 
specific internal EM signal inputs through the dielectric 
pathway into the body, turning much of the environmental 
signals into harmless warmth. 


* It has also been shown that if bacteria are killed in the "dark" by UV, then 24 hours 
later placed in sunlight, a substantial fraction of the "dead" bacteria will revive. 


Ramifications of Kaznacheyey's 
experimental results 


@eeseeesoeoevseoeoeoeceoeoeeseeeeeeee @ 
e Atleast one harmonic interval is necessary for the effect to be 
evidenced in the target cells. 
e Interestingly, if we assume the body dielectric to be isotropically 
nonlinear (to first order): 
= Velocities of the actual transmitted frequencies depend upon the 
particular point on the wave amplitude. 
= The transmitted frequencies overshoot, interfere, breakup, etc. The 
difference frequency does not. 
= The "difference frequency" is transmitted through the nonlinear 
dielectric medium as if it were a sine wave passing through a linear 
medium*. 
e To our knowledge, this direct and deep communication of 
electronic "hash" difference frequencies in dielectric human 
bodies has not been investigated in the West. 


* Owen Flynn, "Parametric arrays: A new concept for sonar," 


Electronic Warfare Magazine, June 1977, p. 107-112. 


Ramifications of Kaznacheyey's 
experimental results (2) 


ecoeeceeeceeoeeeeeeceeeoeeeeeeece 
e A heterodyne signal -- at the difference frequency 
between an input signal and a reference signal -- can be 
enhanced by adding noise*. 


e Thus the signal of the disorder in the cellular pattern 
emitted from diseased cells, received by normal cells, can 
be amplified electronically and rather easily. 


e Powerline radiation (electronic smog) thus carries its own 
amplification mechanism. Eventually the amplification 
overcomes any squelching by sunlight, etc. 


© The Russians promptly (as early as the late 1950s) 
weaponized and tested these and similar effects. 


* Dykman, M. I. et al., "Noise-enhanced heterodyning in bistable systems," 
Physical Review E, 49(3), Mar. 1994, p. 1935-1942 


Weaponization of 
Kaznacheyev's findings 


@eeeoeoeeoeoedoeoeaoeae@eed0e@e0e20e0820820 
And its ramifications 


"Miicrowave" radiation of the 
U.S. Embassy in Moscow. 


BACKGROUND 
¢ Began in latter 1950s 
¢ Discovered on VP Nixon's trip 
e Initially thought to be nuclear radiation 
(Discovered w/Geiger counter) 

e High level target -- U.S. Ambassador 
¢ Guarantees personal attention of: 

= U.S. Ambassador to USSR 

= U.S. President 

= NSA, CIA, DIA, NSC, etc. 

= Top consulting scientists 

= Leading U.S. scientific institutions 
¢ Two U.S. Ambassadors died, another sickened 
e Anomalous health changes in personnel, only 

in zero-field (zero pot'l gradient) areas! 

e Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then again increased 
e No one could understand what was going on 
e Aluminum screens were placed over windows 
e Moscow was declared a hazardous duty zone 


Former U.S. Embassy in Moscow. 


Ramifications of the microwave 
radiation of the U.S. Embassy 


@eeseeoeevoecevoeoeoeoeceoeoeceseeeeoeeede @ 

e The cellular disorder pattern in the EM radiation is 
carried by the field-free scalar potential. 

e Since the disorder pattern is a "conglomerate", it 
must be carried by an internal EM structure 
existing inside the scalar potential itself. 

e Whittaker decomposed the scalar potential into 
the appropriate internal longitudinal EM biwave 
structure in 1903*. 


* E. T. Whittaker, "On the Partial Differential Equations of Mathematical 
Physics," Mathematische Annalen, Vol. 57, 1903, p. 333-355 


The importance of time as 


energy, and the time-domain 
@eeaeeaeaedveo2e02020e20208020808080 80 


Time as energy E BON 


eoeeoeeeeeoeseeoeeeoeeeeeeeoeeoee 
e In physics, the fundamental units one uses in his 


model are arbitrary. 
= A valid model can be made using only one unit. 


= It is already done in one branch of physics, using 
length as the single fundamental unit. 


© Make a model with a single unit, the joule. 
= All other entities become functions of the joule. 


= We are familiar with mass as highly compressed 
EM energy, by the factor c’. 


= It turns out that time is also highly compressed EM 
energy, by the factor c’. 


= 1sec. = 9x 10" joules. 


How to see that "time is 
compressed spatial energy" 


eeeeevoeveeveevee eevee eevee eeeeee 
© Take some spatial EM energy and compress it by c” 
Place it in 3-space, and it is mass. 
PRESS » Place it on the time axis, and it is time. 


@ time (seconds) 


y y time axis 
SOME 
SPATIAL 
ENERGY ° A 


mass (kilograms) 


3-space 


» When time-energy is converted into mass-energy, 
PRESS time is "decompressed" (expanded) into 3-space 
EM energy and 1 sec. ~ 9 x 10'°joules. 


Time as EM energy in the time domain, eR 

with a density the same as mass-energy 

eoeoeeeceeeoeceeeeoeeeoeeeeeeeee 

© Bearden* reinterpreted (corrected) the 1903 Whittaker 
decomposition of the potential in 2000. 


e The reinterpretation is consistent with broken 
symmetry in particle physics, for which Lee and Yang 
received the Nobel Prize in 1957. 


© Itis also powerfully supported by quantum field 
theory, notably by Mandl and Shaw in 1984**. 


oe Whittaker's pair is a combined time-polarized (scalar) 
EM wave and a 3-space longitudinal EM wave. 
*T.E. "Giant Negentropy from the Common Dipole," Journal of New Energy, 5(1), 
11-23. 


Summer 2000, p. 
** F. Mandl and G. Shaw, Quantum Field Theory, Wiley, 1984, Chapter 5. 


All EM energy in 3-space freely 
comes from the time domain 


Longitudinal EM wave incomin 
from time domain and absorbe 


*S SOURCE 
* YP cHARGE 
“s OR 


*s, DIPOL 
Oe ~ 


in all 


3-spacections 


Charge's 7202 spin 
transforms time-energy 
into 3-space energy 


waves emitted in 

all directions in 

3-space 
Whittaker, Math. Ann., 57, 333 
(1903) shows this rigorously, 
when properly reinterpreted. 
Dipole's broken 3-symmetry is 
well-known in particle physics 


pours out 


Note: Whittaker (and others) interpreted the phase conjugate half set of LWs after 
interaction with the charges of the dipole, and as a 3-space effect rather than the 
time-domain cause. This fundamental non sequitur was just repeated since then, until 
corrected by Bearden to be consistent with broken symmetry and quantum field 


theory. 


Strong support from 
quantum field theory 


@eeseeoeovoeevoeoeeeeoeeeeseeeeeeee @ 
© Quantum field theory recognizes four photon polarizations: 

= Energy along x-, y-, Z-, or t- axis. 

= Polarized along x- and/or y-axis, the photon is a transverse 


photon. 
= Polarized along z-axis (along its line of motion in 3-space), the 


photon is a /ongitudinal photon. 
= Polarized along the time-axis, the photon is a time-polarized or 
scalar photon. 
e The individual longitudinal or scalar photon is not 
observable*. 
e The combination of a longitudinal photon and a scalar 
photon is observable as the instantaneous scalar potential*. 


* F. Mandl and G. Shaw, Quantum Field Theory, Wiley, 1984, Chapter 5. 


Mechanism generating the 
flow of a mass through time 


oro 
SPATIAL SEAM ae + ¥ SPATIAL 


== 2 ~ 


} TF MASS 
> j wassfine~ > 
ie ey, ‘a V 


© to0s.1007 1. BEARDEN 


(AE)(At) + M => (M+AM)At => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


SPATIAL AND SPATIOTEMPORAL oe t r4 A 


Flow of microscopic time (via virtual photon interactions) 


Mechanism is engineerable 


Pumping a mass in the time-domain 
will time-reverse it back to an earlier 
state 


eeoeoeoeveeeeeoeeeoeeeeeeeeeeovee 
e The reinterpreted biwave EM structure of the scalar 


potential means that time-reversal (phase 
conjugation by pumping in the time-domain) can be 
utilized to time-reverse a targeted cell (its 
mass-energy) in its entirety, including its genetics. 


e Becker's bone fracture experiments showed it: 
= Weak scalar potential across the fracture site. 
= LWSs in 3-space and time-energy waves in time 
= Red blood cells entered, dedifferentiated by shucking 
their hemoglobin and growing a nucleus, which is 
dedifferentiation (time-reversal of the cell and its 
mass-energy back to a previous physical state). 


Principle for time-reversing Gf 
a time-pumped mass 


e Becker's cells then redifferentiated and changed -- first to primitive cartilage 
cells, then to primitive bone cells which were deposited in the fracture, 
healing it with new bone growth. 


e This shows "time-forwarding" (redifferentiation) of the cell also. 


© Becker actually showed that the time-domain pumping of the cells (by the 
time-polarized EM waves of Whittaker's reinterpreted wavepairs comprising 
the scalar potential), and the time-pumping of their mass-energy, operated to 
continuously and steadily remove the delta between that cell's present 
condition and its former "normal" cellular physical condition in that area. 


© This is the long-sought secret of stem-cell research. 

© Phase conjugate optics had not been born at the time. Without realizing its 
full nature, Becker demonstrated the body's own internal mechanism for 
healing, and the fundamental mechanism for time-reversing a physical mass, 
whether living or inert. 


Mechanisms for use in 
medical treatment and 
healing 


And ramifications am 


Successive deep penetration 
reactions of the cellular dielectric 


@eeeeeeaeoeeeteoeeeeeeeseaensnea7seenee @ 
© Change after change affects the cell and all of its 
parts, including from the external environment. 


© Each successive change affects primarily the 
internal "LW EM structures and dynamics" 
comprising the ordinary potentials, fields, and 
waves. 

e Thus in positive time the internal EM structurings 
produce successive "overlaid layers of change" -- 
so to speak -- in the internal EM structuring and 
dynamics of a cell in the body. These layers 
contain the "delta" from normal state. 


Successive deep penetration 
reactions of the cellular dielectric (2) 


e During time reversal, highest layer deltas are successively 
"peeled away" by the interaction of the mass-energy with the 
time-domain pumping. 

e The result is to return the cell directly back to successive 
physical states, in the case of a single disease or disorder. 
= A cancer cell is returned to a normal cell prior to its 

"promotion". 
= An HIV-infected cell would be returned to its normal 
unaffected condition, free of HIV-induced genetic change. 


= For injuries and damage, the existing "delta" in each 
successive state-layer is steadily reduced to zero. 


e This process thus can involve both cellular differentiation and 
dedifferentiation, as shown by Becker and by Prioré. 


Engines (vacuum engines, ai 
spacetime curvature engines) 


© Following Whittaker* as reinterpreted**, all normal EM fields, 
potentials, and waves decompose into sets of longitudinal EM waves 
(LWs) and their dynamics. 

e Since these LWs and their dynamics are dynamics in the local 
energy density of spacetime (ST), they constitute ST curvatures. 

e Hence they are general relativity infolded inside electrodynamics. 

e By manipulating and changing these LWs, one manipulates and 
changes spacetime curvatures and their dynamics. 

© The result is a unified field model where one directly controls and 
engineers a set of ST curvatures by use of higher group symmetry 
electrodynamics. 

© Controlled patterns of local curvatures of ST are called "Vacuum 
engines" or "spacetime curvature engines" -- or just "engines". 

* E.T. Whittaker, Math. Ann., 57, 333-355 (1903); Proc. Lond. Math. Soc., 


Series 2, 1, 1367-372 (1904). 
™ T. E. Bearden, J. New Energy, 5(1), 11-23 (2000). 


Pumping with EM time-polarized waves 
forms amplified antiengines 
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1 
a. Pumping with transverse EM waves b. Pumping with longitudinal EM waves 


produces a time-reversed wave. A, and A, time-reverses the mass itself. 


Time-reversal of a mass to a 
new physical state not in its past 


——~ VACUUM 


© Original engine A’ 
’ ENGINE A’ 


e New engine B' added 
e Time-pumping moves 
to new "past" that is 

determined by (A'+B') 


VACUUM. 
ENGINE _B’ 


vaAcuUM VACUUM 
ENGINE B- ENGINE A | 
ENGINE B- ENGINE A 


A+B A 


Extended general relativity principle 


All levels of energy structures and all 
levels of time structures mold STRUCTURING 
spacetime geometry. ae : Sed 

The "pattern" is called a template for a “7, CURVATURES“, 
vacuum engine (spacetime curvature F J F 
engine). 
Spatial and temporal structurings of th 
engine act upon any exposed mass at 
levels. 

This produces a template of forces, for 
precise translations and stresses within 
the mass at all levels. The forces exist 
in both time and 3-space. 


DYNAMIC Y-” 
MA : 


Engines: Working spacetime demons 


Internested patterns Highly Structured 
of spacetime eee ‘ Einsteinian spacetime 
curvatures ; 


Maxwellian Demons 
are EM hidden variables 
organized into dynamic 

structures acting at all levels 


Signal vs. vacuum engine 


* Information received 
* Any overt physical action @ 
must be taken by cell itself 


Pp * Cell must furnish the energy 
for any action it takes a 


* Passes from outside to in 
SIGNAL (INFO) 


A. Cell must do the action itself; vacuum energy exchange is passive. 
Energy or fuel for doing the action must be added to cell externally. 


ie d4 f * Information itself acts 
oe * Local spacetime curved, with 
internal subcurvatures 


~~ RetWATED —S a st * Produces template of forces 
in local spacetime (ST) a 
Pee. e - Ag | * Atises trom within local st 


* Acts on and changes all parts 
ENGINE (STRUCTURE) of cell, including its genetics 
TEMPLATE (FORM) 


B. Cell is acted upon; vacuum energy exchange does the specific action. 
No energy or fuel for doing the action need be added to cell externally. 


Unified field theory requires 
modeling and use of supersystem 


@eeeeeeeoeeeeeeeeaesesesensensne1ede2d @ 
Three components interact with each other: 
© System and its dynamics 
° Local active vacuum and its dynamics 
» Local curvatures of spacetime and their dynamics. 


LOCAL ACTIVE VACUUM 


CETL 


SYSTEM i 


ry 
PEE 
LOCAL CURVATURES OF SPACETIME 


Classical EM kills the supersystem, 
prevents supersystem engineering 


@eeeeeoeeoeeoeeeoe@eeeeeesvesensne7ee2d @ 
e Assumes flat local spacetime 


e Assumes inert vacuum 
va 
: - 
\ \ 
| \ \ 
. 
4 \  \ 


Malignant teratoma exhibits both 
time-reversal and fast-forwarding 


@eeeeeeeeseeensweeneweenseensenwne7nenenesne @ 
eo A teratoma cell is a tumor cell that has reverted 

to stem cells, then proceeds to differentiate 

toward new kinds of normal cells. 


May produce hair, skin, muscle, heart, bone, 
and other type cells. 

e Sometimes present at birth. 

Demonstrates both "time-reversal" and 
"time-forwarding". 

The missing key is the engine function(s). 


Miller-Fox-Urey Sf 
biogenesis experiments | 


@eeeeeeeeeeoeeweeeeensmseseaseaseedeed @ 
Engines of and from all life forms 
ever on earth or in the universe exist : F : 
in the ambient vacuum potential. Biogenesis Experiments 
: — 
The Miller-Fox-Urey experiments 
were not in a "sterile" environment. 
Heat (IR) and UV constitute (1) a 
harmonic interval with a difference 
frequency, and (2) amplifying by 
the process previously shown. 
These experiments "kindled" 
previously living forms from the 
available gases etc. by amplifying the 
ancient living engines from their 
virtual state to the observable state, 
so that the masses were molded into 
the physical states of their templates. 2 


Organic 
molacules 


Gas molecules \ 


; ies 


Gaseous mixture of ammonia, \ 
methane, catbon dioxide, 


and water vapor \ 


Boling water 


Cloning to produce stem cells 


Human DNA can be inserted in an animal cell, 
and the cell chemically tricked into proceeding 
as if fertilized. 


Formation, increase, 
and growth of stem cells 
begins and continues. 


The "engine" carried by the human DNA is 
changing the matter available into human cells. 


readily demonstrated experimentally. 


Regeneration in a strain of rat with part 
of its immune system missing 


eeooeveeeeeeeeeeeeneeneeeeneeeee 

e In mammals, the immune system plays a role in reducing the 
regeneration capability, compared to 
that of more primitive systems. 

e Ina strain of rat where that "suppressive" part of the immune 
system is missing, the regenerative capability is dramatically 
increased. 
= Can regrow cut away sections of tail. 
= Regrows plug cut out of ear. 
= Reconnects severed optic nerve. 
= Partially restores severed spinal cord. 

e The suppressive "delta" engine of the immune system, operating 
simultaneously with the underlying primitive regenerative 


engine, sums to the modern much-reduced regenerative engine in 
the mammal. 


An observation for the future 

@eeeeeeeeeneoeeeesweeseswpesenaneneneved 

oe When the science of 
engines is developed, 
physicians will be able to 
tailor these engine 
combinations to restore 
severed human spines, 
regrow severed limbs, etc. 


e They will also be able to 
direct the body's "normal 
growth" to reduce and 
direct birth defects, genetic 
defects, etc. 


Biochemistry and EM models 


@eeeeeeeeeeoeeweeeeenemesnesese/eseod @ 
® Medical scientists analyze such things as teratomas in terms of biochemistry 
and the biochemical model. 


e Anassembly of charges and charge distributions, with their associated fields 
and potentials, drives all chemistry at base level. 

© The charge assembly and its dynamics involves a corresponding assembly of 
spacetime curvatures and their dynamics. These are the cause that is 
driving the charge assembly and its dynamics, and therefore the chemistry.. 
= In unified field theory (such as that of Sachs) and O(3) electrodynamics. 
= Not in classical U(1) EM theory or quantum electrodynamics. 

© Conventionally a causative EM field in space is "defined" as the diversion 
from that spatial field by and after its interaction with charge). 
The "definition" substitutes the effect for the cause, a non sequitur. 

© This is a known major flaw, pointed out in one fashion or another by many 
physicists such as Wheeler and Nobelist Feynman. 


© Classical EM theory is a 137-year-old model, seriously flawed. These flaws 
emerge in biochemistry and medical science. 


Necessary EM corrections* 


eeooeeeeeeeeeeeeeneeeeeeeeeee 

e Many of the corrections necessary in electrodynamics 
modeling either have been done or are underway. 

e Higher symmetry, non-Abelian electrodynamics models have 
long been developed in particle physics. 

e The new approach extends these models to also incorporate 
general relativity, thus producing a unified field theory*. 

e In the new approach, spacetime curvature engines are perfectly 
natural and understandable, and can be directly modeled and 
engineered by advanced theorists. 

e In short, the theory is sufficiently advanced and robust that 
technology and engineering can now advance. 

e This will be a great leap forward for biochemistry and medical 
science, particularly in therapeutic methods. 


* Sachs's unified field theory implemented by O(3) electrodynamics 
presently is the most suitable to use. Numerical methods are required. 


Prioré’s revolutionary 
results in lab animals 


And its ramifications 


Prioré (right) makes a point to 
Chaban-Delmas, Mayor of Bordeaux 


e Many of the Prioré 
team's experiments 
were done in Bordeaux. 


e Antoine Prioré patents: 


» "Apparatus for producing radiations 
penetrating living cells," U.S. Patent No. 
3,368,155, Feb. 6, 1968. 


» "Method of producing radiations for 
penetrating living cells," U.S. Patent No. 
3,280,816, Oct. 25, 1966. 


» "Procede et dispositif de production de 
rayonnements utilisables notamment pour 
le traitement de cellules vivantes," 
[Procedure and Assemblage for Production 
of Radiation Especially Serviceable for the 
Treatment of Living Cells], Republique 
Francais Brevet d'Invention P.V. No. 
899.414, No. 1,342,772, Oct. 7, 1963. 


Block diagram of Prioré's method 


Time-reversing the cells back to normal state 
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Some peculiar results 
by the Prioré team am 


eeeoeeeeeveseeeeneeseeeeeeeen 
© Once a rat is cured of a particular disease: 
= A single drop of blood from the cured rat, injected into 
another rat stricken with same disorder, would result in the 
injected rat getting well slowly. 
= This ability to transfer immunity and healing in the extracted 
drop of blood gradually decayed over a period of a few 
weeks. 


e Showed that even the fields and potentials in the blood 
had been altered internally, in the treated animal. 


e Showed that the injected animal's cellular regenerative 
system possessed the ability to also time-domain pump 
over the entire body, everywhere reducing the delta 
between that injected drop of blood now the rat's own, and 
the rest of the blood in its body. 


Proof of cellular time-reversal 


@eeeeeoeeveeceaoseoeoeeoea ees eee ee0e00808 
e Pautrizel compared identical treatment of immature 
rats with immature immune systems, and mature 

rats with mature immune systems. 


e Treatment restored the damaged mature system 
back to full mature functioning, and it promptly 
recognized and dispatched the pathogens. 


e Treatment restored the damaged immature system 
back to full immature functioning, unable to cope, 
and the pathogens promptly reinfected and killed 
the immature rat. 


e The lesson: The body is indeed returned to a 
previous physical state. The pathogens themselves 
are not killed by the treatment, but by restoring the 
ability of the immune system to recognize and 
destroy them. 


PROF. RAYMOND PAUTRIZEL 
(Renowned Parasitologist) 
© Only the previous ability of the immune system is 
restored by the process. 


Disadvantages of Prioré method 


eeeeeoeeeoeoeeosvseeceoevesee2eee0e0808 
e Large plasma tube and facility required. 


= 3-stories high building bay if to treat humans. 
= Long irradiation time (2-3 hours). 
= Slow, numerous experimental adjustments. 

e Fundamental mechanism was unknown. 
= Phase conjugate optics not yet born in West. 
= No higher symmetry EM modeling used. 
= Prioré thought it was a result of ionization. 
= Importance of difference frequency unknown. 
= Body dielectric transmission path unknown. 


3-Story high Prioré device 
for treating humans 


e At the end of the project, 
Prioré had developed a 
large unit to treat humans. 


© A few were treated. 


© Cures replicated what ah 
. dant coil 
had been done in lab around 124 
animals pean tube 
© The massive size of the 
unit and long treatment 
time (hours) made the 
process bulky and very : \ E 
inconvenient -- and also I foatintsg 
. . human body 
expensive 


17-foot Prioré plasma tube 


Used in large machine (3-stories high) to treat a 
limited number of human patients 


A proposed new mechanism 


for cancer promotion 
@eeeeeeoeedseaeecde1eeoee eee @ 
And its ramifications 


Remarks on cancer from 
a hew perspective 


© Two stages: cellular damage and promotion of the 
damaged cell to a tumorous cell. Promotion presently 
is poorly understood if at all. 


e A master cellular control system (MCS) (studied by 
Popp et al.) controls both the immune system and the 
cellular regenerative system, as well as normal functions 
of the cells. 


e The "past history" of ancestral development of aerobic 
cells and higher multicell aerobic bodies on planet Earth, 
resides in the "internested engine layers" in every tiniest 
part of the entire body dielectric, and in all cells. 


a hew perspective (2) 


Faced with cell damage (such as sustained hypoxia) it 
cannot handle, the MCS continues to "peel the layers" in 
taking actions related to ever more distant pasts. 


Faced with continuing hypoxia, e.g., the MCS eventually 
reaches ancestral layers -- with an engine -- it forces the 
damaged cells to start moving back toward the original 
primeval anaerobic form. 


The first step backward is separation from central 
growth control, freeing the cell to multiply 
independently. At the same time, genetic changes in the 
cell are forced and produced, starting it back toward 
becoming an anaerobe. 


These actions comprise the promotion process. 


The promotion process via 
engines 
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Evolution of aerobic systems 
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First step in self-promotion 
of cancer due to hypoxia 
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Block diagram of the 
cellular regenerative system 


SWITCH TO. 
‘AEROBE 
CONTROL 
‘SYSTEM 
y 
‘cross 
THRESHOLD 
NX. BACKTO 
REROBE? 


‘SWITCH OFF ‘SWITCH ON ‘CONDITION 
CENTRAL >| DECENTRAL |__| IMMUNE 
GROWTH GROWTH SYSTEM TO 
CONTROL CONTROL ‘ACCEPT 


(© TE.BEARDEN 1998 


Bombshell: Amplified EM healing 


eeoeeeeeecesceceeeoeeeoeeeeeeesce 
e A unified field theory approach and use of 
supersystem analysis has broken the basic 
mechanism for healing itself. 
= The Sachs unified field theory applies and has been 
partially fitted. 
= Evans-Vigier O(3) electrodynamics can properly 
model it, including both the internal and external 
electrodynamics and effects of engines. 
= Direct engineering development is now possible. 


e Experimental proof of the results obtainable 
already exists in the literature. 


e A medical revolution is in the offing. 


PorenigiVieaical Ayplicaions: 


© Non-tralimauc Cancer treatment 
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To treat and save mass casualties: 
What is urgently needed now: 


e A small, portable, relatively inexpensive treatment unit, 
not requiring plasmas etc. 


e Treatment in 2 to 5 minutes rather than 2-hours. 
e Simple treatment application, almost anywhere. 


e Effective in advanced stages as well as prior to ) 
emergence of symptoms. 


e Effectiveness against a wide array of illnesses. 

© Use is easy, high school student can be trained in 30 
minutes. 

e Crash program to develop, flood down through 
emergency systems in great quantities. 


The Solution: 


eeseevoeveeveee eee e eee eeeeeee 
e Two blankets have antennas in them. 

e Uses the "porthole" concept (discussed shortly) 

e Eliminates plasma tube mixing etc. 

e Computer-controlled complex signal structure. 


The Porthole concept: 
@eeeaeeeoe od eoedceaedeoeee0e0e820 80 
The two-minute treatment shortcut 


y 


How the porthole concept works 


INSIDE THE BODY : OUTSIDE THE BODY 
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Porthole concept: An analogy of the dielectric 


path and inner-outer functional connections 
eeeeeoeoedceo1dceeeo ee eeeseeeeeeee @ 


J 
Porthole concept: The discovery 
@eeeeeodoeevoeoeoeeoeoeeoeeoeeveeeeee @ 
© The processes themselves, in their own "frame", are never actually 
"reversed". Instead, the frame's motion through time is reversed. 


= Each to itself moves normally -- just receiving, absorbing, and radiating 
light, regardless of "whatever light" is interacting 


= This is due to a peculiarity of the photon and photon interaction 


© Photon interaction creates observed physical reality, including the 
"frame" and the seeming "passage of a mass through time" 
= The photon is its own antiparticle, which is just a photon traveling in the 
opposite direction 
= So in this case we can use "light" to precisely time reverse (to the 
observer) the frame and the apparent operations (to the observer) 


© When we cease irradiation, after a decay period to remove the 
reversed excitation, all functions are now seen to be moving forward 
normally in observer forward time, but from a previous physical 
state or condition 


Using the porthole concept: Research 
@eeeeeseeoeevoeoeeeoeoeee eee eee eee @ 
e The body's own emitted dense, broadband signals 
are recorded across a broad bandwidth 


— These signals are amplified, then rebroadcast 
precisely back into the body 


— This returns an amplified "reversed" signal set back 
through the dielectric path, invoking and applying the 
porthole concept in all processes 

e The returning photons produce time-charging but in 
reversed frame direction 

~ Tremendous potential energy is absorbed in highly 
compressed "time-energy" form in seconds 


— This "time-potential” slowly drains off as the body 
processes and cells reverse back to a previous state 


Research using the porthole 
concept 


@eeeeeseeoeoevoeoeseoeoeeoee eeoeeoeeoeeoeseoeee @ 
TIME DENSITY CHARGE IS STRUCTURED TO CONTAIN 
: Recorders & Broadband Amps THE PRECISE SPACETIME CURVATURE ENGINES FOR 
Alterations Database TIME-REVERSAL AND STEERING. CHARGING OCCURS 
yj QUICKLY. ENGINES CONTINUE TO WORK FOR AN 


| EXTENDED PERIOD AFTER CHARGING CEASES. 


Control Unit 


Receiver-transmitters 


Adjusting broadband signals 
bandwidth and amplification 


Bice etree eas by selecting indicated alterations 
from database 
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Portable unit then developed for rapid 
treatment of mass BW casualties 


eeeeoeoevoeeoeeoeoeoeoeeeseeveeeoeese 
Two blankets have antennas in them. 

Uses the "porthole" concept (discussed shortly) 
Eliminates plasma tube mixing etc. 

Compuiter-controlled complex signal structure. 

Irradiation for 2 minutes. 


Training to use the unit 


eeeeoeoevoeeoeeoeoeeoeeoeseeveeeoeece 
High school student level, 30 minutes. 

Patient lies on one blanket, other covers him. 

Set the prescribed standard signal sets from listing. 
Computer-controlled generator produces the signal. 

Irradiation for 2 minutes, uncover patient, bring in another. 

Unit can be self-powering from vacuum energy (MEG*). 


eoeeeee 


Additional advantages 


eeoeeeeeeeoeeeeoeeeeeeeeeoee 
Can be developed in a crash program in 2-3 years. 

After sunk costs, projected cost per unit in mass 
production is less than $100,000 
Can be produced by the thousands 
Then flooded down through 

= Fire stations and police stations 

= Red cross units, hospitals, clinics 
= Emergency action teams and armed forces 

Large numbers of operators easily produced 
Emergency training could be watching a 15 minute 
film, then performing one graded practice run 
First generation equipment can save some 70% of 
the coming mass casualties from anthrax etc. 


Terrorist BW warfare 
capabilities against the 
United States 
@eeeeeoeesco0oedeeeoeeoeee0280800 
The growing threat 


e One terrorist, one light aircraft 
with spray tank 
e 100 kilograms of anthrax 


e Flies over greater metropolitan 
Washington, D.C. 


e Calm night a 
e 1-3 million casualties result* 


e Most of those stricken will die 


e Presently little can be done 
to save the stricken civilians 


e Attacks on several population 
centers might produce some 
10 million or more casualties 


“Per OTA Report to Congress, 1993 


For decades, infiltration of 
terrorist teams into the U.S. 


eeceoeeeeeeeeeeeoeeceeeeeeeee 
From several foreign nations, not just Bin Laden in Afghanistan 


Several thousand Cuban guerillas, from 
training camps in Southern Mexico 


Russian Spetznaz teams 
Nuclear warheads (up to 80 KT) 
Biological warfare agents 


Yakuza in oriental populations in our cities 

= Yakuza manufactures Russian energetics weapons in their own facilities 
in Japan 

= Possesses the new EM weapons referred to by Secretary of Defense 
Cohen in 1997 

We are now in a very long, hard war and will suffer millions of 

casualties in our cities. It may last for decades. 


Defense Secretary Cohen* 
@eeeeeoeveeeeeeeeeoeeeeveeeoeeee @ 
(Involvement of secret superweapons) 


"Others [terrorists] are engaging even in an 
eco-type of terrorism whereby they can alter the 
climate, set off earthquakes, volcanoes remotely 
through the use of electromagnetic waves... So 
there are plenty of ingenious minds out there that 
are at work finding ways in which they can wreak 
terror upon other nations...It's real, and that's the 
reason why we have to intensify our 
[counterterrorism] efforts." 


* Secretary of Defense William Cohen at an April 1997 
counterterrorism conference sponsored by former Senator 
Sam Nunn. Quoted from DoD News Briefing, Secretary of 
Defense William S. Cohen, Q&A at the Conference on 
Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Some typical BW agents 


@eeeeeoeeoeceoeseeeeoeeoeeeveveoeeeeec @ 
© Smallpox, including different strain developed 
by Russia (some sold to terrorists) 


e Anthrax 
= Over 400 known locations 
around the Earth have cultures 


= Difficult to decontaminate 
Bubonic Plague 

Botulism toxin 

Tularemia (rabbit fever) 
Hemorrhagic fevers, such as Ebola 


Anthrax 


© OTA study: Some 200 pounds released in a spray, on 
calm night over Washington, D.C. could result in 
up to 3 million casualties 


e Symptoms usually in 2-10 days : 
= Sometimes as long as 7 weeks 
= Flu-like symptoms 


e Then 1-3 days later, shock and breathing 
problems cause death in up to 100% 


e Antibiotics given early (before symptoms) can prevent 
infected persons from becoming ill 


e Limited vaccine, reserved for military 


Smallpox 


© More than 500 million people killed in the 20th century 
before "eradicated" in 1977. Vaccination ceased in 
1980. 

e Russians kept it, developed new strains, sold to terrorists 

e Symptoms in about 12 days: fever, headache, nausea. 
Rash similar to chickenpox then appears. 

e Rash turns into hard blisters. Highly contagious, kills 
one-third of its victims. 

e Nocure. About 12 million doses of vaccine left. 

e If smallpox is unleashed in any major city on earth, it will 
eventually kill 2 billion, or about 1/3 of the human 
species -- unless a radical new cure is found and utilized. 


Bubonic Plague: Historically the 
most feared (Black Death) 


© From 1980-1994, 18,739 cases in 20 countries. 


© Symptoms occur in 1-6 days after ty 
inhaling the pneumonic form. 
© High fever, cough, labored 
breathing lead to respiratory failure and death. 
© It is contagious. 
© Rapid use of antibiotics can be effective. 
e Vaccine not currently produced in the U.S. 


Botulism toxin (a nerve toxin) 


e Single most poisonous BW substance known. 
= Typically borne in food, contacted by eating. 
= Could be developed as aerosol weapon. 

© Symptoms in 24-36 hours; blurred vision 
and difficulty swallowing, speaking. 

e Paralyzes muscles, leading to respiratory 
failure and death. 


© Centers for Disease Control and Prevention 
maintain a botulism antitoxin supply. 


Tularemia ae? | 

@eeeeeevoecevoeoeeoeeoeeoee eee eeeeee @ 

e US. studied its weapon potential in 1950s and 
1960s. 

© Symptoms appear in 3-5 days, including fever, 
chills, headache, and weakness 

e Inflammation and hemorrhaging of the airways 
can lead to death. 

e Without antibiotics, one-third die. Can be 90% if 
breathed in, in aerosol form. 

® Vaccine developed and under review by FDA. 


Hemorrhagic fevers, such as Ebola 


E.g., origin of Ebola is unknown. Probably transmitted to 
humans by animals, to begin a breakout. 

Symptoms in 3-5 days, include fever, aching muscles, 
diarrhea. 


e Hemorrhaging of fluids out of tissues and orifices. 
e From 30 to 90 percent die, depending on specific fever 


type. 

Some of these fevers respond to antiviral drugs. 
The drugs are in short supply. 

Presently containment is the primary goal. 


A factor the U.S. does not know 


@eeeeeodoecevoeoeoeeeoeee eee eeeee8e @ 
(Secret involvement of clandestine superweapons) 

© Three nations (not the U.S.) developed quantum potential weapons 
using Bohm's hidden variable theory of quantum mechanics. 

e Can induce disease engines in matter or bodies at a distance. 

e Have developed "spreading" of immune systems in a targeted 
populace (cleverly tested in Gulf War against U.S. troops). 
= Cocktail mix of disease engines for 2 dozen different diseases 


= Targeted area's human immune systems react to these engines when they 
are still in virtual state, just below quantum threshold. 


= Spread immune system's resources thus "thinned" across response to 
two dozen shadow diseases at once. 
e Hit with a terrorist BW attack, the spread immune systems are 
overwhelmed much more easily and quickly. 
= Yield (casualties) of the attack is increased by factor of 3-5. 
= Spreading of U.S. immune systems has been accomplished and is still 
being maintained. 


Summary and conclusion 


@eeeeeoeeeeegecee894e@oeoeeeseds ie 
The new war 


The North Tower has already been struck and is burning. 
A second jetliner is about to strike the South Tower. 


eeeeeoeoeveeoee 02 8000 


Fireball From Impact on South To 


e The two buildings Associated Press photo 
held some 50,000 
occupants 

e Evacuation was 
underway after the 
first strike 

e More than 6,000 
persons were killed 

e This is more than 
were killed in the 
Dec. 7, 1941 strike 
on Pearl Harbor 


Collapse of the South Tower 


eeeeoeeoeoevoecevoeveeo eevee eevee eeee 0808080 


© The first tower to 
collapse was the 
South Tower 

 Itis still uncertain 
just how many 
people were caught 
inside and killed 

This is a half million 
tons of debris, 
falling from the New 
York skyview. 


Collapse of the North Tower begins 


e The North 
Tower then 
collapsed 


© This was 
another 
half-million 
tons of 
debris falling 
from the 
NYC skyview 


Collapse of North Tower finishes 


© Collapse of 
the North 
Tower killed 
many rescue 
workers, fire- 
men, and 
policemen 

At this writing, 
the total 
casualties are 
still unknown 


Next began the recovery efforts 


eeeoevoegevoevevevee eee e eevee ee20080800 


© Recovery t 
operations will 
require months 

At this writing, 
the total 
casualties are 
still unknown 


© The damage 
was done by 
two civilian 
jetliner "bombs" 


The Pentagon was hit on the same day 
eeeeeoeoevoevoovoevee eoeeveeveevseeveee20808080 


© Hundreds were killed 
the same day when 
another jetliner struck 
the Pentagon. 


© Yet another jetliner, 
possibly headed for 
the White House, 
crashed enroute when 
the passengers 
attacked the suicide 
terrorist hijackers. 


A sobering thought bo ol 


e Nuclear weapons are 


already smuggled into the U.S., \ \. 
as are BW agents such as \ \\ 
anthrax, smallpox, etc. \\ \ \ 


© Had a 40-80kT weapon been 
exploded in New York and one 
in Washington, millions would 
have perished and both cities \ 


would have been devastated \ 
e There would have been no 
recovery of those cities for 


many decades cv 


e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 

e Some 25 nations have WMD or 
are acquiring them 


— BW agents and weapons 

— Chemical agents and weapons 

— Nuclear materials and weapons IL H 
e Thousands of students and émigrés { ct 


e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 


e May reach knockout capability 


© v9 Te meaRDeN “Per OTA Report to Congress, 1993 


The USS. is terribly unprepared 
eoeveeeeveeeoeeeoeeoeoeeeoeeeeeeeee 
Limited medical supplies, antibiotics, vaccines 

Insufficient facilities, emergency teams 

No civilian shelters (much less BW-filtered) 

Not enough doctors, nurses, masks, etc. 

Present treatment methods woefully inadequate 

Triage will apply 

= First treat those most likely to recover 


= Others (showing symptoms, or advanced) are just set aside to 
die 


© Other attacks are a matter of when, not if. 


2S 


Conclusion 


eoeveeeeveeeoeeoeoeeeeeeoeeeeeeeee 
e As several cities are struck, millions of U.S. civilian 
casualties will result. Devastation will be enormous. 
e We shall eventually lose more American lives than in all the 
rest of our wars to date. 
e Present medical therapeutic science is totally ina 
do the job. It cannot save us. 


e Atsome point, when we are sufficiently damaged, the 
Spetznaz or other terrorists may detonate nuclear weapons in 
our cities, with appalling carnage. 

e Accombined superweapon technology and terrorist groups 
will then destroy the remaining populace. 


© On its present course, the inadequacy of Western medicine 
may doom us. 


A difficult truth to consider & 


e Inany strategic strike, the first phase is to get the strategic 
weapons (weapons of mass destruction) delivered to their 
distant targets. 

e That has already been done. 


e Eerily, the first phase of World War III has already been 
accomplished. 


© It was already accomplished before the Sept. 11, 2001 strike 
on New York and Washington. That was the new "Pearl 
Harbor", and only the opening round. It already killed more 
Americans than died at Pearl Harbor on Dec. 7, 1941. 


© Unless we improve our medical therapy quickly and 
dramatically, we will lose -- particularly when the hidden 
energetics weapons and outside terrorist sponsorship by 
hostile nations are factored in. 


A personal perspective & 
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e There now exists an overwhelming, immediate 
moral imperative to get this development program done at the 
utmost speed humanly possible. 

e The sheer survival of the United States and Western civilization 
depends upon it. 

© Officialdom is aware that the KGB/Russians have long planned 
to finish the U.S., after initial nuclear exchanges, by fierce and 
massive BW strikes. 

e It appears that the plan has changed to let the terrorists do the 
main work, while augmenting 
USS. casualty levels by energetics weapons. 


China is also involved 
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e China has declared South China Sea the territorial waters of China 


e China will eventually take Taiwan 
— Has massed missile artillery trained on Taiwan 
— Recently held invasion practice on an island near Taiwan 
e Recently deployed fearsome EMP weapons utilizing negative 
energy rather than positive energy (Dirac sea theory) 
— Extinguishes all electron currents 
— Duds electrical and electron systems instantly 
— Instant death to struck bodies 
= Instant kill of missiles, aircraft, electronics in nuclear warheads 
— Ultimate "death ray"; can be made small or large 
e Recent 2-carrier U.S. task force maneuvered in South China Sea to 
caution China 
= The new Chinese EMP weapon was trained on that task force 
= Could have destroyed it within minutes 


Final thoughts 8 A 77? = Be 


© This is one of the great turning points in history. 

e The development program is eminently doable. That it works has 
been experimentally demonstrated. The long-vexing puzzle of the 
active mechanism has been solved. 

© Our scientific community bitterly opposes any use of 
electromagnetics -- even an advanced, higher symmetry 
electrodynamics -- for medical treatment. 

e Aconsortium of the scientific community, the large 
pharmaceuticals, FDA, and the AMA will oppose this project even 
while the U.S. is being destroyed wholesale. 

e Itcan only be done in the private sector, and there will likely be no 
funding unless by philanthropists. 


Continuation <i 
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Business plan, development program, 
budget breakdown, proposed schedule 
etc. go here. 
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"Others [terrorists] are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off 
earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious 
minds out there that are at work finding ways in which 
they can wreak terror upon other nations. ..It's real, and 
that's the reason why we have to intensify our 
[counterterrorism] efforts." * 


Secretary of Defense William Cohen at an April 1997 counterterrorism 
conference sponsored by former Senator Sam Nunn. Quoted from DoD 
News Briefing, Secretary of Defense William S. Cohen, Q&A at the 
Conference on Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Slides 
(covers period up to 1999) 


e The Coming Strategic Attack on the United 
States 


e Outline 


« Loss of two separate A-10 Warthogs in 1997 


Typical ABM Defenses (Widely Deployed 
by mid-70s) 
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Launch Phase Anti-Missile System 


Launch Phase Anti-Bomber System 


e HC-130s Engines Quit, Aircraft Crashes 
Novy. 22, 1996 


e 1996 Actions by this analyst 


Additional Information Exists: 


Analyzed, Not 
Integrated in Briefing 


e Kill of Arrow DC-8, Gander AFB, Dec. 12. 


1985 


Satellite Photos of Plumes in Soviet Arctic 
Since 1974 
See "Fer de Lance" for additional 


information 


e Aum Shinrikyo ("Supreme Truth" Cult). 
Shoko Asahara, Leader 


Aum Shinrikyo - Anatomy of a Dangerous 
Cult 


Ashkhabad Problem and Its Solution 


Strange Characteristics of Iran Quake, Sep. 
1978 


e Iran Earthquake, September 1978 


Situation Now (Assessment 


Situation Now (Assessment 2) 


Aspects of Strong Local Asymmetry 


e Mass Casualty Problem: Aerial Anthrax 
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Spray on Washington, D.C. 


Present Status of the WMD Threat to the 
United States 


Some Present Problems in the U.S. WMD 
Defense Capabilities 


Internal Terrorist Threat with Weapons of 
Mass Destruction: Now & Future 


Attempt to Ban Energetics Weapons 
Worldwide 


Brezhnev's Schedule 


Large glowing Tesla globe witnessed in Red 


China by hundreds 


Cold Explosion -- 9 April 1984 Near Kurils, 

and formation and growth of spherical shell 
globe) 

Sequence of Events 


Cold Explosion -- 9 April 1984 Near Kurils, 
and formation and growth of spherical shell 


globe 
What They Were 


Cold Explosion -- 9 April 1984 Near Kurils 
(Plus additional weapons effects: 


Countering Insane MAD Systems: 
Find Loophole, Exploit It 


Next Generation Counter to Both Sane and 
Insane MAD systems 


Simultaneous Dudding of Nuclear Weapons 
Worldwide 
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Simultaneous Dudding of Nuclear Weapons 


Worldwide 
Operation Divine Wind II 
Advanced EMBW Applications 


EM Biological Warfare (EMBW) 


Microwave Radiation of U.S. Embassy in 
Moscow 


Pentagon EMI Studies, 1989 
EM Missile Practice (6 slides’ 


Subdivisions of Soviet Energetics Program 


Communism's Goal 


Manuilsky's Goal vs. Status Today (Dec. 
1996) 


Professor Hellman, German Scientist 
Released from Work in Soviet Union 


Hemispheres and Globes of Light (4 slides) 


How Could Such Superweapons Ever Be 
Concealed? 


Soviets Easily Concealed These 
Superweapons for Four Decades 


Microscope-type, laser-like interferometer 


for inducing quick @-decay in samples of 
otherwise longer-lived isotopes 


Longitudinal Wave Interferometry: 
Endothermic 
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Longitudinal Wave Interferometry: 
Exothermic 


e US. Air Attack on Libya, April 1986 


Lightning Wall 
circa 1959-1960 


Lisitsyn's Report: Brain Code Broken 


e Large Longitudinal Wave Interferometer 


LWID) Accident 


e Large Longitudinal Wave Interferometer 
(LWP) Accident 


Use of Hidden Information Content of the 
Field Can Provide Action-At-A-Distance 


Two Types of Mutual Assured Destruction 
MAD) System 


Psychoenergetics Weapons Teams Mentally 


Disable All Personnel 


Strikes Against Special Ship and Energetics 


Weapons Sites 


"Mindsnapper” Attack on Special Ships and 


Energetics Weapons Sites 


e How Much Off Guard Are We? 
(7 Slides) 


Possible Targets: 1995-9 Escalation Phase 


e Propagation of Weapon Effects 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15th, 1979 
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Countering an Insane QP Weapon 


Gulf War Disease: KGB QP Weapon 


Induced ST Curvature Engines for a 
Cocktail of Diseases 


Self-Targeting in Inner EM Channel Can 
Produce a Quantum Potential 


Mechanism for Producing a Quantum 


Potential 


Major Principles for Use of Quantum 
Potential Weapons 


Major Principles for Use of Quantum 
Potential Weapons (2, 


Instantaneous Communication by a 
Quantum Potential 


Participants in a quantum potential share a 
common multiply-connected spacetime 


MCST. 


Quake in Tangshan, China 
28 July, 1976 


Exchanging Earthquakes 


Instant Communication by a Quantum 
Potential 


Westerners Do Not React to Slow Threats 


Characterizing a Given Risk or Risk Factor 


Technical Risk Management 


Aum Shinrikyo's Sarin Facility 
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In Scalar Beam Interference Zone 


Physicist Schappeller Auralaz Munster, 
Austria 


Initial Soviet Plan for Cold War, After WWII 


Josef Stalin: Absolute Dictator 


Exploding any Resistance by Operational 
Scientists 


Significant Soviet Statements 


Captain Svoboda Dives Headlong to Her 
Death 


T-polarized Beam Projector 
Possible Tests (1 
Possible Tests (2 
Possible Tests (3 
Possible Tests (4 


Mushroom Cloud Rising From Sea 


Launches from Cape Canaveral and 
‘Vandenberg AFB Provided Practice Targets 


of Opportunity 


The sinking U.S.S. Thresher, with her 
controls jammed, implodes when she 
reaches crush depth 


Embodiment of an instrument array 
sufficient to discriminate when time-density 


charging has occurred, and that transduction 


‘The Tom Bearden Website 


of time-charge decay has occurred. 


Time-Polarized EM Wave Interferometer 
Creating Space-Time Curvature Engines in a 


Distant Interference Zone 


Transmutation of Radioactive Nuclei at a 


Distance 


Transmutation of Radioactive Nuclei 


e Typical Tesla Shield, Northern Route of 
Japan 


e A Curious Tide in Human Affairs 


« Large Scalar EM Interferometer (LAST) 
Accident Near Urals, 1958 


The Superpower Paradox: Asymmetric 


Cheap WMD Strategic Strike and 
Destruction 


e The KGB/Yakuza-Aum War Plan 


Why Western Science is Ignorant of KGB 
Energetics 


Transmutation of Radioactive Nuclei at a 


Distance 
e TheYakuza 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15, 1979 


* Note that the Secretary did not speak the words in 
square blocks; these were added by the writers later, 
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probably to "soften the tone" of the Secretary's 
information release. So the Secretary confirmed that 
some nations of the world -- not just some ragged 
terrorists, as the writers tried to imply for spin control -- 
do possess novel electromagnetic weapons and are 
using them to induce earthquakes, engineer the weather 
and climate, and trigger volcanic eruptions. 
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THE COMING STRATEGIC ATTACK 
ON THE UNITED STATES 
By an AUM/Yakuza/KGB/Communist Coalition Using Energetics SuperWeapons 


hap 
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Outline 


Background: Classical Electromagnetics (and Defects) 
Background: Energetics (Scalar Electromagnetics) 
Background: Soviet Energetics Weapon Development 
KGB/Communist Plans 

Countering of Soviet/KGB/Com munist Plan in Mid-80s 
Soviet Economic Collapse and Adaptation of Plan 


Weapons Bleed-Out: KGB/Russian Mafia 
Yakuza: The Japanese Mafia 
Aum Shinri Kyo (Supreme Truth) Cult 


Coalition: Aum/Yakuza/KGB/Communists/Russian Mafia 
Operation Divine Wind Il: Three Phases 
= Phase |: On-Site Training Phase (Completed) 
= Phase Il: Escalation Phase (In Progress) 
— Phase Ill: 1997 Strategic Strike on the United States 
— Support Plan A: Feints, Deception, Sabotage & Terrorism 
— Support Plan B: Test Range 
= Support Plan foridwide Weather Engineering 
— Support Plan D: Strategic and Combat Intelligence 
* Special Information 
* Recommended Actions © wee wre sear 
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Loss of two separate A-10 Warthogs in 1997 


 A-10 Mysterious Flyaway and Crash - April 
2, 1997 


e Death of Second A-10 Pilot - May 27, 1997 


Captain Button's Mysterious Flyaway and 
Eventual Crash 


« Death of Second A-10 Pilot - May 27, 1997 
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Armed with: 
- Four 500-lb bombs 
- 30 mm Gatling gun 


10me3. 
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Captain Amy Svobody 
@ Night training mission 
@ From Davis-Montham AFB 
@ From same wing as Captain 
Button, who flew his A-10 NM 
off course for over an hour 
and then crashed on April 2. 
@ Climbout from ordnance Companion A-10's 
delivery on target 
Nosed down sharply and 


TI RRR, dived into grou 
+ Experienced night 


flyer & Instructor 


+ Nosed sharply over 
and flew into ground 
# Psychoenergetic kill 


© TE BEARDBVIS 


‘choenergetic weapon induced instant hypnogogic state and 
pi bes Svobens 's sense of up and down. 
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A-10 Mysterious Flyaway and Crash 


April 2, 1997 


Armed with: 


Areaerla - Four 5004b bombs 
- 30 mm Gatling gun 
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Figure 14a. Captain Button's mysterious flyaway and eventual crash. 
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Death of 2nd A-10 Pilot May 27, 1997 


* Purpose: Stimulate U.S. " 
in'same area" again ertinta night 


Sowince gr Fain 
*Probabletkll using 
psychoenergi 


Psychoenergetic strike induced an 
instant hypnogogic state, shifted pilot's \ 
sense of up and down. Svoboda corrected and 
“climbed out” after target attack, and 

fiew into ground, dream-perceiving down was up. 
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VABMdef 


Typical ABM Defenses 
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* HEMISPHERICAL SHELL SYSTEM 
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aor ELECTROMAGNETIC MISSILE STRIKE GIANT 

TAXIING, OR ELECTRICAL INTERFERENCE ENERGETICS 

Le ar RECEIVER 
YSTEM 


SHELL 
MULTIPLE SIMULTANEOUS TARGETS 
* MULTIPLE SIMULTANEOUS MODES 
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Compare to China Airlines 
| Flight 006, 19 Feb. 1985 

off San Francisco, bound 

from Taipei to Los Angeles 
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CTEC PROPRIETARY 
& 1996 Actions by this analyst he 
# In July 1996, with the kill of TWA-800 it became 
apparent that the KGB/Communists were preparing 
a massive strategic energetics attack upon the U.S.© TE BEARDEN 1997 
e Began intensive, nearly round-the-clock effort to uncover 
what was happening, and what had occurred in KGB/Com 
weapons since 199 
« Began preparing full-up set of briefing slides simultaneously 
—\n early 1996, had briefed J6 on scalar EM, per his request 
—Had strongly suggested a follow-on weapons brief 
—Adamant opposition by NRL, NOL, others 
Similar energetics attack scenario in 1986 was 
countered. Soviets at that time did not possess 
operational QP weapons, and so could not successfully 
overcome dead-man fuzing 
—Also could not dud nukes worldwide, because OP required. 
—First lab prototype QP test was in April 1986 
« KGB had solved the dead-man fuzing problem by QP's. 
Deployed circa 1989-1990. Some earlier weapons then leased. 
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Additional Information Exists; 


Not Analyzed, Not Integrated in Briefing 
= Yakuza arranged involvement of 

— Red Chinese 

= North Koreans 

-A 
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Kill of Arrow DC-8, Gander AFB, Dec. 12, 
1985 


e Slide 1 
e Slide 2 
« Slide 3 
Slide 4 
Slide 5 
Slide 6 
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KILL of ARROW DC-8 
aé Gander AFB, Dec. 12, 1985 


S Soviet missie Weapon stnke pracice 
TWO WEEKS eanierat@ape canadveral 
+ Offset from night shuttle launch 


+ EM missile photographed by Bob Gladwin 
+ Associated marker beacon photographed 
. SF Szisieieliin seared Sole oss fisielislels 
> Halfthought icing, half disagreed intensely 
+ “Due to icing” approved with halfabsent 
+ Separate dissenting finding issued 
es iilestils piedine) Iein/ Contr afkiir 
> Feared terronstibomb, MidEast sponsor, 
> Pressured Board, Gen: Off. bulldozed site 
e Lack of icing on aircraft later validated Specs ©. 
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HILL of ARFOW DO.e 
PR Gander AFS, Des. 12, 1985 


Eyewitness observed beams form in the sky 
Saw streak-down and strike of EM missile 

= Struck right fuselage ahead of the engines 

= Hole was burned |through fuselage there 

= Photo of hole published in AWEST; 

= No explosive residues onihoje Pa 
Consistent with ignition and outgassing of, 
plastics in forward cabin 

Consistent with pre-crash HCN deaths 
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ri TOLL of ARROW DCH 
Gander Ars, Oss. 12, 1985 


Combustion cooling reduced thrust during runup 
Emulated reducing specific thrust by icing 
Struck with EM missile, at liftoff, 

Hole in nght fuselage, ahead of engines 

Not normaliexplosion; no material ingested 


EMimissil@ explosively ignited plastics inforward 
Cabin; outgassed poisonous HCN 


Aaigasles: rlalf ie pusssnyers disd fron GN 
inhalatiohDeraie yp aye apieo| 


Data recorders recorded Vertical Spike ont 


Materials handlers later mysteriously sickenedpwith 
symptoms of longitudinal EM radation induced illne&s 
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J YAU oF ARROW DG 
Gander AFs, Dec. Zz, 7385 


x 


Combustion cooling reduced thrust during runup 
Emulated reducing Specific thrust by icing 
SUMP VUE INES EA Bta Oy 

Hole in right fuselage, ahead of engines 

Not normal explosion; no material ingested 

EM missile explosively ited plastics infomward cabin; 


outgassed poisonous Hi! 

Auitopsies; Half iie passengers died trom HCN, 

inhalation Re g 

before plane crashed, 

Data recorders recorded vertical spike of hit 
Materials handlers later mysteriously sickened, with 
symptoms of scalar-EM radiation induced illness 
Eye witness observed formation and strike of the 

“electromagnetic missile 


i) 
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Death of the Arrow DC-8 


fas B es 
EM MSL STRIKE 
== (MULTIPLE CYANIDE 
INSTRUMENT INHALATION 
KINOLING SPIKES) 
(SELF-TARGETING) 


ELECTROSTATIC [EXPLOSIVE 
COOLINGOF =| PLASTICS. 

ENGINE IGNITION, FIRE, | ABOUT ONE-HALF 
COMBUSTION  |OUTGASSING | | THE OCCUPANTS DIE 


EM WAVE RADIATION 
GRAVITON CHARGING “HIGHLY CHARGED PULSE 


OF ATOMIC NUCLEI INTO ATOMIC NUCLEL 
+» 
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‘4 Satellite Photos of Plumes 
in Soviet Arctic Since 1974* 


= Two aircraft flew through for analysis 
—Solid material, mostly ice, a little clay 
—Much colder than surrounding air 
— Signature of cold exhaust from exothermic 
scalar interferometry operations a 
—No volcanic material f», 
—No radioactive material an 
= May be 2 to 3 times as many incidents 
— Only examined satellite imagery in winter 
— Only periodic satellite coverage 
—Hypothesized methane venting, cloud seeding 
© mre MCE {As of 1989, when this information was gathered 
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AUM SHINRIKYO 


("SUPREME TRUTH" CULT) 


Shoko —t Leader 
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Ashkhabad Problem 
and Its Solution 


= PROBLEM: 
-Stress increasing in two-plate fault zone 
=1,000 shocks yearly NY 
—Kara Kum canal 
-Hydraulic pressure vis 


-1948: Ashkhabad 80% destroyed by quake 
= SOLUTION: 
-Stress-relieve plate stresses from fault 4 


= IMPLEMENTATION: 


—Induce nearby earthquake 
—Deceive by predicting a quake, setting off 
nuclear explosion 


@ 96 TE BEARDEN 
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Strange Characteristics 
of Iran Quake, Sep. 1978 


= Signatures @ wos re eeancen 
—7.4 on Richter scale 


—No aftershocks: 6.0 expected (normal) 


— Strange epicenter 
—Anomalous depth Ce 
= Deception 

-10 MT Soviet nuclear explosion 36 hours 
before the quake 

—Prior disinformation regarding Soviet 
attempted development of focusing shock 
waves from underground nuclear 
explosions, to cause distant earthquakes 
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@) lran Earthquake Xx 
Sept. 1978 


= Killed 25,000 Iranians 
= Soviet city of Ashkhabad saved 
= Soviets "predicted" quake & 


Pr 


in advance; then induced it ae 
= Quake had serious anomalies (signatures) 
= Deception measures were used by Soviets 
~Prediction in advance 
-"Theory" of quake-induction by nuclear explosions 
—Fired underground nuclear explosion as 
“Red Herring” candidate for cause e4 
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Situation Now (Assessment) a 


night ordnance delivery on target, was struck with 
psychoenergetic weapon takeover. Sense of vertical 
was reversed. She perceived herself diving, sharply 
corrected, and dove headlong into the ground. 


® Additional aircraft kills uncovered, including one 
4-engine aircraft whose sralties all failed. This | 


= In May 1997: second A-10 pilot (lady), in pullup from © 


closely repeats the earlier 1985-1987 scenario. 


= Korean Airlines Flight 801 crashed on Guam on 
anniversary of loading of the atomic bomb that was 
dropped on Hiroshima in WW II. The Enola Gay, 
which dropped the bomb, took off from Guam in wee 


morning hours of August 6, 1945. The local opns 
order on Guam was also issued on Aug. 5. oes 
= Presently the Coalition (KGB/Communists/Aum 


Shinrikyo/Yakuza) is waiting for er time to 
launch The final pit ft ig still on ° 


hup:/www.et nglimages/Weapons/assess sm, jpg8.11.2003 1 


hup:iwww.cher 


images/weapons/assess2sm.jpg 


Situation Now (Assessment 2) & 


= April 97: Mind control test against Captain Button: 
- Demonstrates ability to control crewman in © 
complex operations for more than one hour. 
— KGB requires one hour total QP crew control 
on a site to have crew disable insane QP wpns. 
= Once QP s adyreiits disabled, Minder sober attacks 
ae eaten kills every living thing in QP site area. 


minate: 2 area for months (emits longitudinal 
EM wave radiation, which AGE any life forms 
attempting to enter struck — cake ee nemoeak 


= Mind control tem plus up to 20" i gpen requ Re bs 
we system plus up to ° ore 
controlling joughts, he: hearing, perce cep meee y 


* In Apr. 97, Keg GB building a and deploying weapons 


Aspects of Strong Local Asymmetry 


® Iflocal Srey is strong, conservation 
laws may be appreciably violated 

= Energy 

= Charge 

- Spin 

= Momentum 

= Angular momentum 


« Properties of an object may differ 
appreciably for 
- Different observers 
= Different detecting means 
= One time to another 
= One position to another © TE Bearden 1995, 1980 


e One terrorist, one light aircraft 


with spray tank 

e One kilogram of anthrax > 

e Flies over greater metropolitan 
Washington, D.C. 

e Calm night 

e 1-3 million casualties result* 

e Most of those stricken will die 

e Presently little can be done 


to save the stricken civilians 
e Attacks on Several Populader G 
centers might produce some 


10 million or more casualties 


Oise rasaeeny “Per OTA Report to Congress, 1993 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 

e Some 25 nations have WMD or 
are acquiring them 


— BW agents and weapons 
— Chemical agents and weapons 
— Nuclear materials and weapons $a) 
e Thousands of students and émigrés 
e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 


e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili: 


@ tae Te venoen 


“Per OTA Report to Congress, 1993 


hatp//w 


feapons/AtkMetro2sm.jpg8.11.2003 1:22:48 


° No shelters (require overpressui 
BWiiltering, masks, showers, supplies) 
© No stockpiled vacc. medical s 
ins, S, a, euep Mes d 
generators, heaters, water purification units 
Totally insufficient medical facilities, 
personnel, and emergency response teams Fee 7 
® Triage, full martial law will be required 
e State, county, city inadequately staffed 
and insufficiently trained for mass casualties 
¢ Terrorist teams, BW agents, other WMD on site, waiting 
¢ Water supplies, food, crops, farm animals also vulnerable 
e Electric power grid, bridges, trains, railroads vulnerable 
e ent | science cannot sa many o 
casualties, now or in the foreseeable future 


© rm Tk beanoeN 
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* Shoulder fired AD missiles 
* Terrorism 


FUTURE ADDITIONS: 
* Orthodox EM 
+ Energetics EM biological warfare 


+ Scalar EM (energetics) weapons 
+ Scalar EM disease induction 
« Alteration of behavior and emotions 


* Action-ata-distance effects © Wien rai Te eNO 
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Attempt to Ban Energetics 
Weapons Worldwide 


= On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons “more terrible than 
anything the world has known.” 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

. ie e jest noti hi e jans we! 
talking about! 


@ 1361 e cero 
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"We are achieving with detente what our predecessors have 
been unable to achieve with the mailed fist... 
sey lees our power will be so irresistible that we can do what we 
See Iee: Leonid Brezhnev, 
Ina secret 1973 meeting In Prague 
with European Communist leaders. 
“By the early 1980's we and our allies will control the high seas, 


space, and most of the earth's land area.” 
Kosygin, 
to Imelda Marcos, 
July 1978 
In 198: Soviets did Fparret to me to eee, Firs constrained by 


nuclear fuzin; imaril; 
by edna A, raf el ap rmsd Senmralone Ag mist teed mae 4 A 


In April 1986, the first Soviet lab pictotpe‘ot ofa apareen potential 
weapon specifically designed toward ‘utralization of nukes 
worldwide was gingerly tested against our U. $ airstrike on Libya. 

It was weakly te: in the "induced EMI" mode, for deception. 


By 1990 that weapon was deplo: © wwTE EMRE 
atiack k preparation phase was aren a0 scheduled for 1997. 
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COLD EXPLOSION -- 9 April 1984 Near Kunis 
(Plus additional weapons effects) 


ie iicianrgloses 
miles CIEE TRCen ET OVEs=cu ‘les 
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9 Countering Insane Mad Systems: af 


Find Loophole, Exploit It 


if MADs not eae potential systems, easily countered 
by instant QP strike which destroys targeted MAD weapons 
worldwide with certainty. 

Have to be certain of ype of dead-man fuzing. All dead-man 
fuzing weapons must be included in the assured target list 
for the striking quantum potential weapon. 5 ithe 
Multiple targeted MADS require multiple vacuum engines in 
the striking quantum potentials. 

Uncertainty and risk introduced if not certain of all 

MAD systems and all dead-man fuzing systems. 


Newest generation psychoe: etic LW interferometry weapons 
can instantly take over minds 0} eat persone! on targeted si tes, 
with targeted crews quickly disarming their own MAD weapons 
launch capability as well as the weapons themselves. 


= Mindsnapper then kills all living things and contaminates sites. 
= Next generation QP Psy-En weapons cans disrupt and destroy 


upsioww ch 


minds of an entire targeted national pop’ The nature of 
warfare moves irrevocably to the human mind, where of course 
the fundamental problem arises anyhow. 


‘http://www chenic 


® Localized quantum potential in an area, 
used in psychoenergetics mode 9) 
= Gradually produces mild, continuous hypnotic state 
® Targeted population remains entirely conscious, functional 
= Internal “word thoughts" emerge directly in subconscious 
® Targeted persons all unaware of these “word thoughts" 
= Operates somewhat similar to “post hypnotic suggestion” 
= Gradually changes emotions, psychological outlook 


= Over a period of time, deviates and entrains entire tai 
popuistion'’s outlook. belief structure, temperament As 


= Moves Psywar to inside the human component 
® Human minds are the only battleground bosom wood 
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Simultaneous Dudding of 


Nuclear Weapons Worldwide 


¢ Via quantum potential joining U235 and Plutonium in warheads 

¢ Includes weapons airborne, underwater, in storage 

* These are transmutations of the nuclides themselves 

+ Part of the initial barrage launched by Aum/Yakuza/KGB 

¢ Will occur in the first minutes of the strategic strike, following 
psychoenergetically crew-disabling QP weapons 


Note: Duds both overt and covert nuclear weapons and weapons-grade 


materials -- including “suitcase-delivered" covert weapons on site in Ore 
Russla which othenise provide deadman fuzing © tesewaenses 


Sinunaneaas Duddingor SS. 
Nuclear Weapons Worldwide RS 


« Via quantum potential joining U235 and Plutonium warheads 
+ Includes weapons airborne, underwater, in storage 
« These are not explosions, but are transmutations and 
eresey Hesiotue lols fissioning rates epi a KO eT 
« Part of the in rage Patol ivetuilaltevaceieonehed by Aum/Yakuza/KGB 
¢ Will occur in the first minutes of the strategic strike 1 vesweniow 


Note: Duds both overt and covert nuclear weapons and weapons-grade materials, 


upshwww.c 11.2003 1:23:33 


The Tom Bearden Website 


The Tom Bearden 
a rae nas Help support the research 


Operation Divine Wind II 


Slide 1 


le 2 


Slide 3 


Slide 4 
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YAKUZA & 


AUS US. 
& Me“““BIVINE WIND I] sg. 


*A secret coalition of Yakuza/Aum Shinrikyo and 
Communist forces plan to launch a massive, 
surprise energetics attack on the United States, 
given a low-risk opportunity. 


* Major weapons utilized will be the scalar EM (energetics) 
superweapons (including quantum potential we: ) 
were developed, deployed, and operated by the KGB under 
the former Soviet Empire, and continuing after its dissolution. 


x» Yakuza/Aum crews have extensively trained and test-fired, 
from on-site in Russia. They have ed operational control 
of the first three generation energetics superweapons (which 
work by supe! intial interferometry). 


* The Escalation Phase of interdicting and destroying actual 
US. targets (e.g., TWA-800, two A-10s) Is already underway. PNasseneetes 


* The first blow in the Strike Phase will dud all nuclear weapons da 


and weapons materials worldwide, in minutes; destroy special 
B'S population instantly and kil 8056 of targeted populations: 

LD. ui in ins) an 0 ions 3 
introm10 minutes fo 3 days. gaa gl PoreNnAL 
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YAKUZA & Us. 
AUM SHINRIKYO af 
& DIVINE WIND Il 


x A secret coalition of Yakuza/Aum Shinrikyo 
and KGB/Communist forces plans to launch 
a massive, surprise energetics attack on the 
United States and its allies, given the first 
low-risk opportunity. Pais cutee 


* Attack was thwarted twice in 1997 bya “is 
small nation countering with QP weapons. 


* KGB psychoenergetics counter for the last 
QP weapon counter was tested in April 1997. 


* Ready time for a new scheduled attack is 
latter quarter 1999 through first half of 2000. 
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Ao NE WIND Il seit 


*A secret coalition of Yakuza/Aum and 
KGB/Communist forces will launch a 
massive, surprise, strategic attack on the 
United States in 1997. 

* Major weapons utilized will be the scalar EM (energetics) 
superweapons that were Seveloped, deployed and 


operated by the KGB under the former Soviet Empire, 
and continuing after its dissolution. KGB/COMMUNISTS 


* Yakuza/Aum crews have extensively trained and 
test-fired, from on-site in Russia. They have leased 
operational control of the energetics superweapons. 


* Escalation Phase of interdicting and destroying actual 
U.S. targets (e.g., TWA-800) is already underway. MINDSNAPPER 


* The first blow in the Strike Phase will dud all nuclear ez 
er 


weapons and weapons materials worldwide, in minutes; © 
destroy special ship and energetics weapon sites 
instantly, and kill 80% of targeted populations in 3 days. 


QUANTUM 
POTENTIAL 
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OPERATION DIVINE WIND II 
Three Phases and Support 
Operational Phases 


e Phase |: On-Site Training Phase (Completed) 
e Phase Il: Escalation Phase (In Progress) 


e Phase Ill. 1997 Strategic Strike on the U.S. 
First strike (QP) in Phase IIl duds ail nuclear weapons 
and nuclear powerplants worldwide, in minutes 

-  Psychoenergetic strike (QP) disables people instantly 

-  Mindsnapper attack of special assets for 100% success 

- QP initiation of fast-acting, lethal diseases kills 80% 

of targeted populations in three days or less 


Support Plans 


Plan A: Feints, Deception, Sabotage, and 
Terrorism 

Plan B: Testing and Test Range 

Plan C: Worldwide Weather Engineering 

Plan D: Strategic and Combat Intelligence 


© wre, weer neweoen 
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& Advanced EMBW Applications 


e Covert EMBW: Examples 
- Activate materials and their potentials with ST disease engines. 
Potentials superpose and their infolded ST dynamics diffuse 
- pe water's structuring (H-bonding) potential with disease 
- Bias electrical power grid ground fields by weak diseases 
—- Employ disease-structured quantum potential in distant area 


Overt death ray (mind snapper) 
- Powerful scalar EM pulse in target area “jerks” rate of flow of time 
- The “time snap” sharply separates mind from body and each cell 
e EMBW CM: 
- lIrradiate bodies with longitudinal EM waves; self-converts to 
t-pumping and produces exact amplified ST antiengine 
- Antiengine arises out of local ST, affects all parts of all cells 
= Cells are t-charged with antiengine structure 
- Continuing action restores regenerative and immune systems and 
reverses cellular damage © TE BEARCEN 1925, 1999 
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& EM Biological Warfare (EMBW) 


= KGB/Communists have developed highly effective 
— Electromagnetic biological warfare (EMBW) 
- Counters to orthodox biological warfare OTE BEAROEN 1999 
— Mass death ray weapons 
* Small version of “mindsnapper" tested in Afghanistan 
« Killed occupants in two villages, in separate strikes 
« Unusual aspects (so-called "smerch" gas) 
= Russia/KGB is the only group with a complete counter to 
biological warfare, either covert or overt, and to EMBW 
= EMBW (covert and overt) is a preferred option for KGB 
=- MAD Doctrine is completely destabilized for a sufficiently covert 
Russian EMBW strike 
= Situation has existed for at least two decades 
— Can alter germs, bacteria, viruses of specific kind, in a specific 
target area, to produce antibiotic-resistant strains 
— Can induce any kind of cellular disease or damage at a distance 
= U.S. national characteristic: no reaction to slowly increasing threat 
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Microwave Radiation 
of U.S. Embassy in Moscow 


BACKGROUND 


* Began in latter 1950s 
* Discovered on VP Nixon's trip 
¢ Initially thought to be nuciear radiation 
(Discovered wiGeiger counter?) 
« High level target - U.S. Ambassador 
* Guarantees personal attention of: 
= U.S. Ambassador to USSR 
= U.S. President 
™ NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
™ Leading U.S. scientific institutions 
* Two U.S. Ambassadors died, another sickened 
* Anomalous health changes iibereonnel only 
in zero-field (zero pot'l gradient) areas! 
« Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
™ Then again increased 
* No one could understand what was going on 
* Aluminum screens were placed over windows 
* Moscow was declared a hazardous duty zone 


© 10s, 0 7 seOEN 


Former U.S. Embassy in Moscow. 
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Pentagon EMI Studies, 1989 


Washington Post, 22 Jan 1989, p. A4 
= Analysts of severe EMI effects in strike on Libya, 1986 
—performed major 3-year, 66-man study 
—-Blamed effects on U.S. forces‘ own signals 
-Did not know of any other "signals" present 
-Knew nothing of quantum potential weaponry, energetics weaponry 
7-month preliminary study 
— Severe EMI Problem exists 
-EMI shielding often waived in our weapon systems 
-Thousands of conflicts possible 
Also studied UH60 Blackhawk helicopter problems (which were 
due to its lack of good EMI shielding, and not quantum potentials) 
—uncommanded turns 
Five EMI crashes 1982-1989 
-$175 M program to shield it 
So found that U.S. transmission combinations can 
Affect aircraft flight control 
-Tum off fuel supply 
—Cause uncommanded dive/tum 


-Bring down U.S. warplanes 


= Actually, Libyan EMI was induced by Soviet quantum potential tests 
which can do all those things and much more © 1996 TE BEARDEN 
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The Tom Bearden Website 


The Tom Bearden 
Website 


EM Missile Practice 


EM Missile Practice 
Latter Sept. - Early Nov. 1996 
Melbourne, Australia 


Deception: Using EM Missile to Reinforce 


Notion of SAM Attack 
Saturday evening, Nov. 16, 1996 


Intelligence Probe: Insuring U.S. Still 


Unaware of Energetics Weaponry 
Thursday, December 12th, 1996 


EM Missile Strike, Offset from Night 
Shuttle Launch, Cape Canaveral, Florida 
The Smoking Gun in November 1985 


Distant Operator Onsite in Russia Slew 
Away Registration Point 

Marker Beacon over Night Shuttle Launch, 
26 November, 1985 


EM Missile Practice and Deception 
November 17, 1996 
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EM Missile Practice 


Latter Sept.-Early Nov. 1996 


(Multiple Nights, Multiple Streaks Each) 
(Many Witnesses) 


= 
~ 500 meters (one case) 


Melbourne, Australia 
Australian Associated Press 
Nov. 2, 1996 
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Deception: Using EM Missile to 
Reinforce Notion of SAM Attack 


Saturday Evening 
Nov. 16, 1996 


ae 


Note: Meteor shower was forecast, which 
provided perfect decoy to FBI investigators, 
to steer them off the true scent. 


Pakistan International Airlines 
Flight 712, just after takeoff 
from John F. Kennedy Airport, 
on path similar to that taken by 
TWA Flight 800, July 17, 1996 
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Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 


Thursday 


Dec. 12, 1996 
Pilot sighted what he called 


a"“green flare”. 
No danger, no evasive action. 


Saudi Arabian Airlines 747 

en route from Riyadh, Saudi Arabia ‘a ae 
FBI: "Py ” 

to John F. Kennedy Airport. NDS LneneOr Es. 

At 12,000 ft., not far from where 

TWA Flight 800 was killed on July 17, 1996 fo} 


p03 1:24:17 
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from Night Shuttle Launch 


Cape Canaveral, Florida 


MARKER BEA\ 


EM MISSILE STRIKE 
26 NOV 1985, 


(LIGHT DEVELOPMENT) 
OFFSET FROM NIGHT SHUTTLE LAUNCH 


(OARK DEVELOPMENT) 


OFFSET FROM NIGHT SHUTTLE LAUNCH 


The Smoking Gun in Nov. 1985 
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g Distant Operator, Onsitein Russia 
| Slews Away Registration Pont 


MARKER wha 


28\Nov 1985 


yg8. 11.2003 1:24:23 


EM 


EM MISSILE PRACTICE 
AND DECEPTION 


Nov. 17, 1996 at 2220 hrs. 


.—_— 


— ————— Speed Bird 226 
—— 


Lufthansa 405 


Note: Amonth Vicinity of Long Island, New York 


of Kill of TWA-200. Not far from where TWA-800 was killed 


“Inside gloating” 
a » gloating | PY Two aircraft sighted object 


Subdivisions of 
Soviet Energetics 


Bioenergetics | Psychoenergetics 


Do were cence 


pio 
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ae Communism's Goal R 


= "War to the hilt between communism and capitalism 
is inevitable. Today, of course, we are not strong 
enough to attack... To win we shall need the element 
of surprise. The bourgeoisie will have to be put to 
sleep. So we shall begin by launching the most 
spectacular peace movements on record. There will 
be electrifying overtures and unheard-of 
concessions. The capitalist countries, stupid and 
decadent, will rejoice to cooperate in their own 
destruction. They will leap at another chance to be 
friends. As soon as their guard is down, we shall 
smash them with our clenched fist." 


Cerin School of Potkical Warfare, Moscow 
(circa 1934) 


@ 1996 TE BeARCEN 
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Manuils 


Manuilsky, 1934 
= War is inevitable. 


vs. Status Toda 


ky's Goal 


Situation, Dec. 1996 
= Has not changed. 


= Not strong enough 
to attack now. 


= Strong enough now; preparations 
completed. Need right opportunity. 


= Need surprise. = Have achieved total surprise. 

_= Must put us to sleep, _____| =Wearesound asleep, 
= Need most spectacular = Done. We think the Russian threat 
= Electrifying overtures, = Done, and still occurring every day. 


unheard-of concessions. 


It has worked beautifully. 


= Capitalists will cooperate. 


= We are cooperating in spades! 


They will leap to be friends. 


= We've leaped, and are leaping. 


= They will let down their guard. 
. 


= No ABM, junked lots of nukes, 
shrunk our forces to the bone. 


= We'll strike them then. 


@© 199,197 TE. BEARDEN 


= They would have struck (twice) in 
1997, but for deterence by another 
nation (not U.S.) having QP weapons 

= They are still looking for a risk-free 


opening to strike 
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Professor Hellman, German Scientist 
Released from Work in Soviet Union 


= Worked in Soviet Union after WWII 

= Eventually escaped to Germany, then 
to Brazil thandeome offer) @ weet e BEHROEN 

= Took part in highly unusual Soviet energetics 
development and experiments 

u Large areas of the sea could be and were 
suddenly frozen 

= No particular attention was paid to this 
information by highly qualified scientists 

= /n intelligence terms, this is A-1 information of 
the highest caliber 

= Bohm also was invited to Brazil, which 
started an energetics weapon program. 
Brazil developed such weapons including weak 
quantum potential weapons (0.95 confidence) 
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The Tom Bearden 


: Help support the research 
Website 


Hemispheres of Light 


e March 20th, 1969 
Caribbean and Western North Atlantic 


e Hemisphere and Globes, 1977 
24 March, 1977 


Virgin Islands Incident 
August 1969 


Typical Shield Test, Northern Route to Japan 
June, 1982 
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xpanding Hemisphere of Light 


Mar. 20, 1969 
Caribbean and Western 
North Atlantic 


€ 


Semicircle 

Milky white light 
Small, intense at first 
Dimmed as enlarged 


Grew to enormous size 
Lasted 10 minutes, then 
faded 
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Hemisphere and Globes ae 
Leone Bahttes o* 


969 Virgin Islands Incident 


8:15 P.M. 


Aug Smooth, curved 
Seen by many residents esas 


Faintly luminescent 
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iypical| SHieig| Test, Northern Route to Ja 


418-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 


hups//wwcheniereorg/images/weapons/HemispSsm,jpe8. 11.2008 1:24:56 


Hid 1sm.jpg 


How Could Such Superweapons 
Ever Be Concealed? 


Arthur C. Clarke's law states: 
"Any sufficiently advanced technology is 
indistinguishable from magic." 
To U.S. scientists, "magic" means "impossible" 
Longitudinal EM waves and LW interferometers 
have been regarded as fantasy and impossible 
To deceive foe on rather open use of unknown 
technology without discovery: 
"Disguise its Uses as Understandable 
accidents, human error, acts of nature 
other known technology, etc.” 


Soviets Easily Concealed These 


Superweapons for Four Decades 
Intensive Soviet deception plan utilized 
— Embedded in other weapon system tests 
— Made to resemble natural acts, accidents, etc 
— Open science releases coordinated to show 


Russian scientists worked on "normal" science 
West thought Russian scientists inferior 


U.S. scientific community was and is dogmatic, 
and fiercely suppresses real scientific innovation 


Terribly flawed electrodynamics not TOUMESE!Y 
shaken and changed in West c 


West had no basis for understanding energetics 
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Pracise spacetime curvature engine adds energy to2Het a.particles inside atomic nuclei, causing tunneling a-decay 


POWER POWER 
UNT t UNIT iG 


REFLECTED 
BEAM 
RECEIVER 


Plan 
View 
ib nas energy to 

© pasiden causing 
semision and 
Seay 


Figure 26. Microscope-type, laser-like interferometer for inducing quick a-decay 
in samples of otherwise longer-lived isotopes. OE EEN 8 
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Longitudinal EM Wave Interferometry: 
Endothermic mola 


Meeting of timed pulses F; ire FERENCE 
causes explosive cooling ? 


‘Ambient vacuum potential "4 
in distant interference zone 


Bias as oo Heat extracted : 
-* 
XMTR/RCVR.-""" XMTRIRCVR | 
“ 


o, ~L... &® Pecan meer 
a 


Electrical ground potential 
of transmitter 
© Te. pEARDEN 196, 


-ntp:/www.cheniere.orgh 


ns/intertIsmjpg8.11.2003 1:25:11 


huepy/lw 


Longitudinal EM Wave Interferometry: 
Exothermic 


Energy input to Energy input to 
transmitter/receiver _ transmitter/receiver 


%, oy -— 


eer 


reshweapons/I 


ground potential 
of transmitter 


XMTR/RCVR 


‘ Heating in 
\ interference zone, 


Ambient vacuum potential 
in distant interference zone 


| Meeting of timed pulses 


causes explosive heating @ixawase 


piv 
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The Tom Bearden 


: Help support the research 
Website 


U.S. Air Attack on Libya 
April 1986 


« Slide 1 
« Slide 2 


e "Washington Post" Article 
January 22, 1989 
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U.S. Airstrike on Libya 
April 1986* 


MANY HIGH-POWERED. 

= COMMUNICATIONS 

= JAMW S 

— RADARS 

+ SEVERE, UNEXPECTED "EMI" ENCOUNTERED. 
= ONE F-111 DOWNED 
— NUMEROUS WEAPONS WENT ASTRAY 


EM energy arises from every — THREE FOREIGN EMBASSIES DAMAGED 
peintinapacetie inside : ky 


— SEVEN AIRCRAFT FORCED TO ABORT 
* COMMANDERS: "US OR THEM?" 


“Washington Post, 22 Jan. 1989, p. Ad 


18.11.2008 1:25:19 
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U.S. Air Attack on Libya in April 1986 


* Established QP with the electronics in our aircraft and missile 
¢ Subtly jammedthem with spurious EMI noise and signals 


— 
a wi4~ avis 
~= 
¢\~ 
2, ~ 
—t ~ 
¥ ¢ 
Longitudinal ok gent! 
Intert a Yan interferometry 
ii 
Lea — eo Geta 
mirror 
MATT Distant scalar 
© ve vemven 1997 1 Interferometer 
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Lightning Wall £¢% 


e Aircraft on course of 270 degrees 

e Approached "solid wall of lightning” in 
an otherwise cloudless sky 
— From very high altitude to near the water 
— Extended north-south as far as one could see 

e Radar scope clear 

e Rigged aircraft for heavy weather 

e Plunged directly through wall 

e Wall was very thin circa 1959-1960 


Interview with Patrol plane commander 


© 15 wearoensne U.S. Navy P5 aircraft 
Over Atlantic, 200 miles east of Norfolk 
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THEORY DEVELOPED AND FITTED 
HYSTERESIS MEMORY LOOP 
CONTROLLED EM INDUCTION 

* IMAGES 

* SENSATIONS 

* PREDETERMINED EMERGENCE 
23 EEG BANDS 

+ UP TO84 x 107 Hz 

* 41 INDEPENDENT CHANNELS 


* *# # 


'S.K. Lisitsyn, “New Approach w the Analysis of Ele trameqphalagrams,” 
DOC Report ADTORS, p, 1625. 


eee © woes yan re eevee, 
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Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e 1958 nuclear explosion near Urals 
— Contaminated 1200 square kilometers 
— Signature of large LW! accident 


— Buried atomic wastes suddenly exploded 
— Region contaminated to this day 

e Soviets were well along with advanced cot 
prototypes and testing " 


= In Jan. 1960 Khrushchev announced these 
forthcoming ‘fantastic’ weapons 


= 1958 difficulties would have been resolved by 1960 
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Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e Expected cause of 1958 accident 
— Huge LW energy beams built up 
ort-out in transmitter 
ergy flashed over into earth and spread 
Struck and fissioned stored nuclear wastes 
e Developed new safety circuits can 
— For transmitter short-out, instantly vates to hold 
LW beam gy and er 
nt happened in t 


private US. group bl that transmitter 
to prevent catastrophic ake in Galiformia 
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© T.E Bearden 1994, 1999 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


77.0 
Interference Zone 
(Potential gradients) 
Normal EM Energy: 
May be positive, or 
negative, or fixed 


Hidden 
Bidirectional 
EM energy flow 


Bidirectional 
EM energy flow 


Whittaker/Ziolkowski 
Transmitter Arrays 
(8 to 20 harmonic wavepairs each ) 


Figure 5. Scalar potential interferometry (between the two sets of bidirectional 


pel cher 


longitudinal EM wavepair functions) produces all EM force fields and waves. 
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“AYR Two Types of Mutual Assured 
. Destruction (MAD) Systems 


= Sane system: _ ee ee 


= Turned off or on standby 

= Wait until attacked or attack is imminent 

= Humans consider situation, make strike decision 
Command order issued to weapons officers 
Human finger initiates launch sequence 


Usually requires code entry, etc. for assured launch control 


= Insane system: 
~ corpses r Lettered nes every 2 Leal initiates launch 
- sequence, isa , 2 min.) where 
opera tan enter stop se period (say. mn) i. 
- wore stop not entered, weapons coengterh launch 
— if correct entered, co! T resets, er 
another ohne, Sutomaticalty reinitiate jates the launch sequence 


@ 104 190 TE sconces 
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ychoenergetics Weapons Teams 
<@ i tii Disable All Personnel 
(COUNTERS ALL SANE MAD SYSTEMS) 
(NULLIFIES HUMAN COMPONENT OF ALL WEAPON SYSTEMS) 


ELECTRICAL 
THOUGHT-WO! 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


+ Site Sia pecmone F instanth 


Controlled. 

+ Distant weapon controller 
teams coord crew actions 

* Standdown insane weapons to 
maintenance standby. 

« Mindsnapper then strikes, 
kills all personnel, and 
nullifies site for months. 


Indicators: Two A-10 incidents 1997, LIDA device since 1950s. © ww re veo 
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spons/MSnap Ls. ipe 
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Strikes Against Special Ship Ss 


and Energetics Weapon Sites 


e Via powerful scalar EM pulses in each targeted area, so sharp timejerks occur 
= Mind and its operations exist in time but not in 3-space 
= Coupling interaction of mind operations to body occurs through flow of time 
= Flow or change of flow of time must be smooth, for coupling of mind to body 
° Sharp jerk in time flow snaps mind's coupling to body, instantly separates mind 
© Instant death for every virus, bacterium, cell, insect, mammal, living creature 
 Contaminates struck sites for months, perhaps a year 


Note: id TS, this Is the part of the " piso arrage” 
vat attacks the enemy's response ci lity (1. 1 iis “artillery” @ te eeanD en 96 
ana his “airpower") and suppresses it The use of the 
“mindsnapper™ weapons provides 100% assurance Saf success, 


ntp:fiwww.chenier 


“"MINDSNAPPER" ATTACK ON SPECIAL 
SHIPS & ENERGETICS WEAPONS SITES 
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“We have a new, fantastic weapon ... so powerful that, if 
unrestrainedly used, it could wipe out all life on earth.” 


Khrushche' Je» 
2 speaking toPresigium, & 
Wi 


Ca 
SS Yf 


* Minds snapped loose from 
BURSTS i bodies (every living thing) 
a4 © Struck areas completely 
- sterilized of all life 
\ . Pifseaniied) slow decay: 
ime-charge makes 

TARGETED Contamination persistent 
AREAS © Tested twice in Afghanistan 


The Tom Bearden Website 


The Tom Bearden 
sae epee es Help support the research 


How Much Off Guard Are We? 


Slide 1 


Slide 2 


Slide 3 


Slide 4 


Slide 5 


Slide 6 


Slide 7 
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How Mueh Off Guard Are We? 


« Legitimate U.S. forces have no energetics weapons or 
defenses against them 
No DoD general, military officer, or enlisted person 
reporting to the government of the United States has any: 
= Training in energetics or energetics weapons 
—- Experience in energetics or energetics weapons 
development and usage 
- Training in strategy, tactics, deployment, and 
employment of energetics weapons 
- Knowledge of energetics weapons effects and 
capabilities 
- Knowledge of the energetics weapons, tactics, 
deployment, and employment by the KGB/Russians 
Civilian and military, scientific and intelligence, and news 
media personnel do not recognize energetics weapons 
effects happening right over their own heads «<=: 
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How Mu A ? 


® Kill of U.S.S. Thresher in 1963 not recognized. Left signatures. 

= 23 years of KGB weather engineering, particularly over U.S. and 
North America, ignored and not recognized. 

= Decades of irradiation of U.S. Embassy, fatally injuring three U.S. 
Ambassadors, health changes in personnel shrugged off ineptly. 

= Massive building of underground sites, all through former 
Soviet Union, lamely speculated as perhaps "ABM" system or?. 

= 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, personnel ignored 
as "accidents" by legitimate U.S. communities. 

= Quantum potential strike on soldiers in Gulf war ignored. 

= Quantum potential deterioration of U.S. populace's immune systems 
ignored. 

= Exchange of earthquakes and massive remtiatoy, destruction of 
Soviet missile ammunition storage sites, 1986-1989, ignored. 

= U.S. scientific and military communities adamantly refuse to rework 
electromagnetics, though known to be seriously flawed. 

= Refuse to Stoney/Whittaker work to engineer hidden variables, 
even th present quantum mechanics also known to be wrong 
because it does not contain such "hidden order.” Orme resomer 

= Refuse to develop, structure, and apply Bohm's quantum potential, 
for instantaneous action at a distance. Russians developed it. 
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How Much 
Off Guard Are We? 


@ Kill of U.S.S. Thresher in 1963 
— Not recognized. 
— Left signatures. 
® 23 years of KGB weather engineering 
= Particularly over U.S. and North America 
= ignored and not recognized. 
®@ Decades of microwave irradiation of U.S. Embassy 
— Fatally injured three U.S. Ambassadors 
— Induced health changes in personnel 
— Shrugged off ineptly. ne 
@ Massive building of underground sites 
= All through former Soviet Union 
= Lamely speculated as perhaps "ABM" system or?. 


uphwww. 
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How Much 
Off Guard Are We? 


@ 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, 
personnel ignored as “accidents” by legitimate 
U.S. communities. 

® Quantum potential strike on soldiers in Gulf war 
not recognized, ignored. 

@ Quantum potential deterioration of U.S. 
populace's immune systems ignored. 


@ Exchange of earthquakes and massive retaliatory 
destruction of Soviet missile ammunition storage 


sites, 1986-1929, ignored. 
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How Much 
Off Guard Are We? 


© U.S. scientific and military communities adamantly 
refuse to rework electromagnetics, though known to 
be seriously flawed. 

® Refuse to Stoney/Whittaker work to ineer 
hidden peed even though present Guana 
mechanics also known to be wrong because it does 
not contain such “hidden order.” 

® Refuse to develop, internally structure, and apply 
Bohm's quanturn tial, which gives 
instantaneous action at a distance and great energy 
amplification. 

® Russians de intuinn intial weapons, 
which obsolete all ah apealg Om renner 
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“Retired Gen, Wayne Downing concluded that U.S. forces 
are so far superior to potential foes that opponents have 
turned to terrorism as the only way of challenging them." 
The Times also provided the information that 

Defense Secretary William Perry agreed with 

Gen. Downing's conclusion. 
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JUST HOW MUCH OFF GUARD ARE WE?* 


‘indigenous missiles" for at least 15 years. 
« Clinton has claimed a program for ABM defense is too 
expensive, would violate ABM Treaty with former USSR. 
« Soviets developed an ABM system in violation of the treaty. 
ein June 96 Russia test-launched an SS-19, their 26th ICBM 
test in 5 years, 
« "Russia still retains and is modernizing a vast nuclear 
arsenal... still the only nation of earth that could destro) 
ica in a matter of minutes. Indeed, given the we: 
=of the Russian Army, Russia's Sipe! iceer ambitions rest 
‘more than ever on its nuclear capab! 
* "For the first time e Be dawn of nee nuclear age, there 
not a single Russian missile pointed at America's children. 
Comment: Punch a computer button and the missiles are 
pointed! The armed missiles are still there, ready and ' waiting. 
Bulleted info courtesy Washington Inquirer, June 24, 1996. + trouse Nat'l Security Chrmn, Floyd Spence. 
@om reromce * Bill Clinton, State of the Union Message. 
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iq Possible Targets: 1995-9 _. 
Se Esealation Phase => 


(Based on 198687 text program) 


Be A WY 


Earthquakes f Power Grids & 
b Distribution Systems 
; A i Missiles & 4 
Satellites A 


oe =< 
aye 


Subs Kecere & Communications 
Microwave Nets Orv re ranaes and Computer Nets 
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Propagation of Weapon Effects 


= All conventional weapons use propagation 
through 3-space of matter or energy or both 
- Matter (bombs, missiles, projectiles, etc.) 
- Energy (EM force fields, sonic force fields, etc.) 
- Basically one-to-one, or one "bus" to many-on-many 
- Finite propagation velocity v: where 0<v <c 
- Time delay: Shielding and pre-strike retaliation possible 
= Structured quantum potential propagates 
vacuum ordering (vacuum engines), instantly 
- Zero time delay (through multiply-connected spacetime) 
- No propagation "through space", no "velocity" as such 
- Easily one-to-many, without limit 
- Dramatic energy amplifier (gates, amplifies flux ordering) 
- Effects arise in local spacetime; no shielding possible 
- No range limit, since striking distance always zero 


= QP weapons obsolete ali other weapons 
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Yugoslav Earthquake, 
Followed by Cold Explosio 


Magnitude 7.2 on Richter scale 

Epicenter 33 km. deep 

More than 100 aftershocks 

At Kamenari: 

» Adriatic sea mushroomed up 

» Like atomic bomb explosion 

> Signature of a cold explosion 

» Similar to Apr. 1984 test off coast of 
Japan, near Kurils (see inset graphics) 

Note that April is a significant test 

month for the Communists (preparing 

official reports for May Day?) 
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COUNTERING AN INSANE QP WEAPON: 


Quantum Potential Psychoenergetics 
<@ Strike Mentally Controls All Personnel 
CONTROLLED PERSONNEL DISABLE INSANE QP SYSTEM 
(FOLLOWED BY PERSONNEL KILL OF ENTIRE CADRE BY MINDSNAPPER) 


Be og 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


ANALOGOUS TO HYPNOTIST. 
PERSONNEL FUNCTION IN AN 
ALTERED, COMPLETELY 
CONTROLLED PERCEIVED REALITY. 


Indicators: Captain Button’s lengthy A-10 incident in 1997, LIDA device since 1950s. 
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Gulf War Disease: KGB QP Weapon Induced 
ST Curvature Engines for a Cocktail of Diseases 


LS avy © 1999 T. E BEARDEN 
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Distant Scalar Potential 
Interferometer with 
iterative self-targeting 
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Self-Targeting in Inner EM 
Channel! Can Produce a 
~" Quantum Potential 


Once QP Is established, anata enmeon. 
is direct and instantaneous. Energy input to one 
‘single participant will simultaneously appear in all 
other its, the their 


‘ipants, the amount depending on 
fractions of participation with the input station. 


x 
@sssesQ ™ We 


POTENTIALS INTO LASER LIKE 
BEAMS, BETWEEN TWO PUMPED REL PIAS OF. IER ACTING ON 
SOURCES. NOW ONLY PUMPED SOURCES 

THE LINKED OBIECTS: ONNEST im wr. are mncen 
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" me a 
Si 
oie) “625-56. 


es — 5 Sss@ TIME N N's are nodes participating 
No inthe quantum potential. 

@ Iterative retroreflection between any pair of b. The quantum potential exists as narrow, laser-ike 
nodes narrows the interconnecting j potentiate beams between participating nodes, even when 
to a laser-ike, bidirectional beam. Iterative the nodes are Widely separated The beam space 

mse conjugate reflection provides self- ie mnaiply-connected; transmission ts instan- 
ing. neous. 


© 1989, 1005 TE BEARDEN 


Consider the hidden Ston eyiWhittaker bidirectional EM waves that comprise the 
potential from each source node, If these nodes have sufficient intersymmetry of 
dynamic material form, then self-targeting occurs between the two nodes of any 
nodal pair. By iterative phase conjugate reflection, the scattering is narrowed 
into interconnecting wavepairs, in laserike beams, between each two nodes, 
‘Thus the interconnecting potentials narrow into laser-like, bidirectional beams. 
The Coulomb gauge may apply, and a quantum potential may be formed. 


Figure 30. Mechanism for generating a quantum potential, by iterative 
self-targeting induced into a system of multiple scattering nodes. 
Once a QP is established, spatial separation has little or no effect. 
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ee Major Principles for Use of 
Ge Quantum Potential Weapons 


= Must disable dead-man fuzing prior to massive 
use of scalar interferometry weapons. 

= Must assure immediate, complete nullification 
of unique enemy assets (quantum potential 
assets, special ships, and energetics weapons). 

= Personnel can be destroyed instantly with 
mindsnapping; area is sterilized of life, and 
effect persists, gradually dying away. 

= Personnel can be disabled instantly with various 
psychoenergetic weapons; area not sterilized. 

= Personnel can be destroyed in short order by 
using EM BW weapons; area not sterilized. 

= lf foe has energetics weapons, then it is a 

luick-draw “gunslinger” contest unless insane 
D systems deployed. 

= Complete surprise is of decisive importance. 

= Tailor effect used to specific target, objective. 

= Note: Must use "insane" MAD systems to deter. 


psi. 
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= Quantum Potential Weapons: 
oral Major Principles (Continued) 


= Three major classes of use exist: » edocs 
= of bulk k energy only (as in bulk heating or cooling) without 


icturing 
ites of internal ce alah of the bulk energy, so that vacuum engines 
appear in target 
—Use of more deeply nested engines allows direct intervention in mind, 


long term memory, perception, thoughts, emotions, personality 


= Use of vacuum engines allows engineering at a distance of: 
- Atomic nuclei including structures, reactions, and transmutations 


- Bulk matter including translations, lattice bonding, chemistry, chemical 
ions, electromagnetic interactions 


~ Deep biological control systems such as 
> Beckers cellular saath (recovery) system 


> Popp’s cellular control system 


eapons/QPotl4smn.jpg 


—Cells including: 
“> Structuring, differentiation and dedifferentiation 
» Genetic changes, chemical changes 
» Induction of disease states without normal disease vectors 
~-Mind/matter Prtertece, Inchailn long-term memory, perception, 
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Instantaneous Communication by a 
Quantum Potential 


is used In an © sot, soos 7 neswceN Selected cipatt @by Lotus SmartPics™ 
extended sense. 
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e Separated points are superposed in MCST 

« Connection is instant and bidirectional 

¢ Propagation through ST does not apply 

« Energy or vacuum engine input to one station 
instantly appears at each and every other station, 
undiminished in magnitude 


. ay sail may Insert energy 
engines 
* Phase conjugation insertion 


© TE BEARDEN 1998 negates 
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Quake in Tangshan, China 
2B duly, 197s 


e 7.8 on Richter scale 

e Hundreds of thousands killed 

e Accompanied by extensive light, 
electrical effects 
= Starting $ to 5 days before 


= Communications interference 
within 250 krn 


= Sky lighting observed he as 
e [Personal comments] 
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Counting Rifles: Put up or shut up! 
(Exchanging Earthquakes) 


Opening bet 


- Quebec 25 Nov 88 

- Pasadena 3 Dec 88 
Raise you 

- Armenia 7 Dec 88 


Call - what do you have? 
- Malibu 18 Jan 89 
Four aces 
- Soviet Central Asia 23 Jan 89 
- Bakersfield et al various 


OTe ncancen 100 
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Instant Communication 
by a Quantum Potential 
Poncesanpeet aon sige) ny Air 


ode of that power also LP. 
appear simultaneously at each other 


S— as 
Samat) J Sele 
b A 


ar Slee 


as 
N's are nodes 
© yo, mas Te BeaROEN Np Participating in the QP 
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Westemers Do Not React to Slow Threats 


BOA CONSTRICTOR LIGHTNING STRIKE 


Westerners tend not to react to slowly increasing things, 
but react to rapidly increasing things. 


hurp:/Awww.cbe 
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CHARACTERIZING A GIVEN RISK OR RISK FACTOR 


Probability of 
Materializing 
1.00 


Very Likely 


+} 075 4 
Likely 
HJ 0.s00- | Low 


Risk 
Unlikely 
ea aes \ 


Very 
Unlikely 


Moderate! 
isk 


0.00 0.25 0.500 


075 


Negligible | ___ Marginal Critical 


Crisis 


Consequence (or Disutility) of Risk 
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TECHNICAL RISK MANAGEMENT 


SUPPORT RESEARCHIS TECHNICAL RISK REDUCTION 
AND MANDATORY FOR ANY EMERGING TECHNOLOGY 


MODERATE 


SUPPORTING i pes 


PHENOMENOLOGY §=————————- 
EXPERIMENTS AND MATH MODELING 
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Aum Shinrikyo's 
Sarin Facilit 


The interior of Satian No. 7, a suspected sarin production plant 


STEPS 4&5," 
Ps 


Reference: Senate Subcommittee Hearings 


In Scalar Beam Interference Zone 
eee ———e 
e De-phasing of wave/antiwave pairs occurs 
* Zero-summation destroyed 
® Ordinary EM reappears [Whittaker 1904] 


® Ordinary energy appears or disappears 
(i.e., may produce heating or cooling) 


e Energy bottle effect 
e Can add or extractEM energy 
e Can produce specific ST curvature engines 


© T.E BEARDEN 1999. 


wo Physicist Schappeller A 
Auralaz Munster, Austria: 
—British Intelligence interview, about 1948 
—Used Kaluza-Klein theory 
-Worked with Russians 
= Schappeller claimed he could: 
—Cause "implosions" rather than explosions 
—Use gravitational and electromagnetic 
energy 
—Cause large areas of the ocean to freeze 
—Tap earth-ionospheric field 
— Produce enormous energy 
= This is precisely what Hellman worked 
on in the USSR, after WWI! 6 crews 
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Initial Soviet Plan for 
Cold War, After WW II 


= Develop and deploy SAM bomber defense 
= Catch up in atomic weapons 
= Master and apply rocketry : 
= Wed atomic warheads to rockets 
= Initiate "Cold" War 
-Bleed the dragon 
— Guerrilla wars 
—Terrorism 
—Insurgencies 
= Find, develop, and weaponize © 
next ‘great technical breakthroug: h 
area as highest national priority 


we Te cece 
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Josef Stalin: Absolute Dictator 


* Secret police and spies everywhere 

* Purged his own officer corps 

* Always deeply suspicious 

* Regularly purged his enemies or those 
perceived to be shaky or untrustworthy 

* Absolute power, justice had nothing to 
do with it 

* Opponents often just disappeared 
in the night, never to be seen again 

* Secret police often tortured, killed them 

* Others sent to slave labor camps to die 
by severe work, starvation, and beatings 
of downright massacre 

* Had experienced unusual abilities of 
Wolf Messing, so knew that some 
persons could do unusual things 

* Forced Soviet weapon physics into this 
psychoenergetics realm also 


(© TE BEARCEN 1997 ie 
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Assembled Academy 


"The destiny of communism has been frustrated by the U.S. development of the 
atomic boi That is not the last t technical breakthrough. The next one 
be Soviet! You will provide me with that it new technical through at al 
speed, or | will have your heads. Do! fe myself clear, comrades?” 
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ee Significant 
Soviet Statements 


="'In the final revolution, it does not matter if three-quarters 
of the earth is destroyed, so long as the other quarter 
emerges communist." [Lenin] 


= "If a means of total neutralization of foreign missiles is to 
be found, it can only come from a group of new principles 
in physics, called energetics.” [Nobelian Petr Kapitsa, to Nikita 
Khrushchev, in answer to Khrushchev's demand for a 100% method of 
defense against long range missile attack.] 


= "We will bury you." [Khrushchev, to Nixon, Kitchen Debate) 


= "We have a new weapon, just within the portfolio of our 
scientists, so to speak, which is so powerful that, if 
unrestrainedly used, it could wipe out all life on earth. 
It is a fantastic weapon." [Khrushchev, speaking to the 
Presidium, Jan. 1960] © Mee TE BEARDEN 
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| CAPTAIN AMY SVOBODA) 


© Nightitrainingimission May 27, 1997, 
® From same wing as Gaplainjbuton 
® Tihis\was asecond) psychoenergetics str 


ce/syoboa 0 p81 200; 
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T-Polarized Beam Projector 


For intercepting and Distant Masses 
at Various Angles and 
A beam projector interferometer Spacetime 
may be swept in azimuth and curvature 
elevation, under computer control. engines act 
The interference zone can be within any 
quickly swept through the intercepted 
Surrounding volume of space. mass 


Gop Interference 
ime 

waveset DY |_,| Small tine densi ity 
generator 2 penal ‘é waves 
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4X Possible Tests (1) Re 


@ 1958 nuclear accident in Urals 

@ Disease induction in U.S. Embassy 
personnel in Moscow 

@ Siberian disease/death transmission 
experiments 

@ Destruction of USS Thresher nuclear 
submarine, Apr. 10, 1963 

@ Nuclear explosion transmitted into 
ocean underwater, 100 miles north 
of Puerto Rico, Apr. 11, 1963 


D) W8T.€ BEMR OEY 
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Possible Tests (2) 

= Eight F-111's downed in Vietnam 

immediately after deployment 
= Several large earthquakes 
= Mysterious aircraft losses in groupings 
= Numerous underground “nuclear” tests 
= Nuclear tests at Semipalatinsk without 

associated seismic activity 
. a altitude Adie snaps, booms 

= Off East Bust a0 Ss. 


ver West Coast of U.S. in merece 
Trindenserne 
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Possible Tests (3) 

e Blinding of se U.S. satellites 

(up to 4 hours ration) 
e Cold Explosion off Kurils 1984 

= First, a cold explosion ae 

— Then test of giant Tesla shield 300 mi, dia. 
© Tests offset from shuttle launch Nov. 85 
« Kill of Arrow DC-8,Gander, NFLD Dec. 1985 
e Titan kill, Vandenberg AFB, CA early 1986 
e Kill U.S. Challenger, off Cape Canaveral 1986 
e Earthquakes induced, 1986-88 
e Dozens of tests of shields around the world 
e Decades of radiating U.S. Embassy in Moscow 


upsiwww.eh mns/tests3mjpg8.11.2008 1:27:55 


‘nttp://www.che seapons/tests4sm.jpg 


Possible Tests (4) 
e Extensive tests 1990-99 in Western Australia 
e Engineering of weather since 1990 by Yakuza 
° STS ee test in WA in 90s 
e C-130 engine flameout kill © meretemon 
© TWA-800 kill 1997 
e Gulf War Disease Induced, 1991 

of immune systems of U.S. 

G peyiaee tae! 19908 yste 
4 control of Captain Button 
¢ Psychoenergetic control of Captain Svoboda 
Teen eei pene rer ety 


up:yiwww.chs 


/eapons/tests4sm,jpg8.11.2003 1:27:57 


Mushroom cloud rising from sea 


e 0514 hrs, 9 April 1984 

¢ Gray-white cloud appeared 

¢ Rose 60,000 feet in 2 minutes 

¢ South of Kuril Islands 

— 180 miles southeast of Hokaido 

— 200 miles from Tokyo 

¢ Soviet missile testing scheduled 
about 350 miles away, at 2100 hrs, 
9 April 1984 o tm TE BEARDEN 
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Launches from Cape Canaveral 
and Vandenberg AFB 
Provided Practice Targets of Opportunity 
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The sinking U.S, Thresher with her controls 
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Figure 32. Embodiment of an instrumental array sufficient to discriminate when 
time-density charging has occurred, and that transduction of time-charge 
decay is occurring. © TE REARDEN tom 
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Transmutation of Radioactive Nuclei at a Distance 


Interferometer 

beam or single be: Foy ia 
E d through the radio- 
isol 


es of the nuclear 
wastes to be neutralized. 
Specific engines may be used 
for altering specific isotopes. 
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Transmutation of Radioactive Nuclei (2) 


Active Spacetime 
Spacetime Curvature Engines 
Specific spacetime curvature curvature Zone of action 
engines used are to add excess engines act \ 


energy to selected radio- 
nuclei, including intermediate pelea 
decay isotopes. In this way, radioactive 


decays dramatically speeded wastes, adding 


excess energy 


~| Waveset 1 


generator i 


Engines 
“| Calculation 


| J waveset2 | | miseton --) 
= Le 


cen: wastes 
in nape in 


pee etc. 


Generator Control 
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, NOTE ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 
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To win its freedom in the long run, usually a group must 
defeat its attackers or suppressors af Jeast twice. 


* We fought the British twice for our independence. 


+ Weare fighting ourselves twice to free the 
KX slaves. American Civil War 
- Civil rights struggle 
* We beat the Germans twice, in WW | and WW II 


+ We beat the Hispanics in the Spanish-American War. 
aS aa He winning the second by crossing 
3 U.S, is becoming a Hispanic Nation). 
_But we also have some unfinished business at hand. 


Qwere sewoen 


| * We checked the Russians in the Cold War. Once. 
* We checked the Japanese in WW II. Once. 

| * We checked the KGB in the Cold War. Once. 

| * Wechecked the Communists in the Cold War. Once. 
¢ We checked Saddam Hussein in the Gulf War. Once. 
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eka Large Scalar EM Interferometer 
ae (LASI) Accident Near Urals, 1958 


© te rence ee 


= 1958 nuclear explosion near Urals 
= Signature of large scalar interferometer (LASI) accident 
— Buried atomic wastes suddenly exploded 
— Large region contaminated to this day 

= Soviets were well along with advanced LAS! prototypes 
and testing 
— Khrushchev announced forthcoming advent of these “fantastic” 

weapons in Jan. 1960 

— 1958 difficulties could have been resolved by 1960 

= Expected 1958 cause: transmitter short-out and 
failure in a nearby LASI discharged its cumulated 
energetics beam energy into the ground 

= Spreading ground pulse struck nearby atomic wastes, 
fissioning nuclei 
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THE KGB/VYAKUZA-AUM WAR PLAN 


Dud all quantum potential weapons in other nations via psychoenergetics. 
picid U.S., Israel, Brazil, West Europe as military powers. 


nuclear weapons, hostile energetics weapons, hostile ships, 


BON oF of targeted populaces in first fourof strikes. STRIKE! 


LEASE 


9091 
Aum/Yakuza 
Acquired 


Use of on-site 


(Energetics) 
Weapons. 
Began 
Geosurvey 

of Test Range 
(Western 
Austratia) 

for training. 
KGB Tested QP 
population wpn 
(Gulf War 
Syndrome) 


Quan, om te roHCEN 


TRAIN ESCALATE 


\ 


S) 
\ 


1991-94 


Began extensive 
training of AUM- 
Yakuza crews 1995-99 

in Russia, with — | Began EM kil of selecte 
practice firing lone U.S. targets, jaw 


Into Western 

Strategic deception plan, 
futralla. Jtewm | U-2ale? USAir7477 | Trigger terrorist BW, & WMD attacks. 
wide weather TWASOO C-130 Enhance BW infections with QP wpn. 
ros og ValueJet? A-10s When ready, counter insane QPweapons 
Prparna hr Surged electrical grid: with psychoenergetics, Destroy QP wens. 
‘occupation of Worldwide practice kills, Dud all nuclear weapons worldwide. 
Wostaustraita, | Scalar interferometry Time-snap ships, scalar weapons sites 


QP modification of Attack major target populations w/QP. 
selected pathogens Then cleanup with interferometry strikes. 
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Why Western Science is 
Ignorant of KGB Energetics 


e Foundations of electrodynamics and much of 
Western physics are seriously flawed 
Only just rediscovering longitudinal EM waves 
No knowledge of using time-polarized EM waves 


Does not know a powerful GR is hidden in EM 
Ignores inner structure of potentials, waves, fields 
Hotly defends errors, ignores for a century 
Determined to push big nuclear science 


Suppresses research to approved dogma by 
rigorously controlling precisely what Eeaaian the 
funds can be used for 
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Transmutation of Radioactive Nuclei at a Distance 
Active Spacetime 
Curvature Engines 
Spacetime Zone of action 


Interferometer (may be multiple 

beam or single beam) is. 

a — the radio- 
jotopes of the nuclear 

wastes to be neutralized. 
ecific engines may be used 

im altering Specific Kotopes. 
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THE YAKUZA 


THE YAKUZA 
(JAPANESE MAFIA) 


To do business with Japan is to do business with the 


Yakuza ba 


The Last Samurai, Defending Bushido 


e 3 Major Yakuza Groups, In 
Coalition. 
« Penetrate Japanese Government. 
« Open Offices, Signs on Street. 
e Public Romanticizes Yakuza as 
Last Japanese Samurai 
« In Large High-Tech Corporations. 
« In Control of Japanese Banks. 
« Japanese Real-Estate Rip-off. 
« $500 - 1,000 Billion per Year 
Income. 
« Rapidly Spreading in U.S. 
« Uniting Mafia Groups Worldwide. 
e Coalition with Aum Shinrikyo. 
« Leased Russian Energetics 
Weapons. 
e Crews On-site in Russia, Trained. 
« Practice Firings into Western 
Australia for Three Years. 
(Dozens of Shots per Month) 
e Now in Escalation Phase, Killing 
U.S. Targets. 
e All-out Strike on U.S. ready 1999- 
2000. 
e Now held in check by KGB, dead- 
© 1995, 1996, 2001 T.E. BEARDEN man 
fuzed by small nation friendly to U. 
s. 
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Yugoslav Earthquake, 


Apr. 15 
Followed by Cold Explosion 
= Magnitude 7.2 on Richter scale 


= Epicenter 33 km. deep 

= More than 100 aftershocks 

= At Kamenari: 
- Adriatic sea mushroomed up 
—- Like atomic bomb explosion 
— Signature of a cold explosion 


OFF JAPAN, NEAR KURILS 


ZEA 


~ “1984 COLD EXPLOSION 
‘SIMILAR TO THIS ONE 


¥ 


=- Similar to Apr. 1984 test off coast of Japan, near 


Kurils (see inset graphics) 


= Note that al is a significant test 


month for the Communists 


official reports for May Day?) 
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Technical Background on the Priore Healing Process 
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Technical Background on the 
Priore Healing Process 
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Transduction of EM wave types by successive phase conjugation. 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 
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Figure 1. Transduction of EM wave types by successive phase conjugation. 
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Time-charging and Time-density excited states 
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Figure A. Excited energy density level. Figure B. Excited time density leva 
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Figure 2. Time-charging and Time-density excited states, contrasted to 


ordinary spatial energy excited state. 
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Interference for transduction in slow decay of time-density excited states 
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Figure 3. Interference processes for transducti 
time-density excited states. 


in slow decay of 
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Infolded longitudinal biwaves composition of a scalar potential 
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GALLOPING 


veLociTy Scala Potentid ¢ © Tg aeanoen 

& ® € LETC 

Vavo Wavepair #3 

HARMONICS 
v 
avg Wavepair #2 
SUBHARMONICS 

Vovg Wavepair #4 

* * LETC. 
DISTANCE 
The Structure Is: 


A harmonic set of longitudinal wavepairs. In each wavepair the two waves 
superpase spatially, but travel in opposite directions. The two are phase 
conjugates and time-reversed replicas of each other. Thus they comprise 
a coupled longitudinal wave and antiwave. Each wavepair is a 
time-density wave and therefore an electrogravitational wave. 


Figure 4. Infolded longit 


al biwaves (time-density EM waves) composition 
of a sca potentia. 
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‘Scalar potential interferometry produces all EM force fields and waves 


(Use of Hidden information Content of the Fieid) 
(Can Provide Action-at-a-Distance) 


Hote: Interference Zone 
‘Whittaker's 1904 paper (Potential gradients) 
initiated the entirefield Normal EM Eneray: 
of superpotential theory. May be positive, or 


negative, or fixed 


Hidden 
Bidirectional 
EMeneray flow 


Bidirectional 


Whittaker/Ziol kowski 
Transmitter Arrays: 


[8 to20 harmonic wavepairs each } 


© pconamn 


Figure 5. Scalar potential interferometry (between the two sets of bidirectional 
longitudinal EM wavepairfunctions) produces all EM force fields and waves. 
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‘Some serious flaws and errors in classical EM theory (#1-16) 


[«][>] 
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1. Eliminates the Intemal EM Inside the Scalar Potential. 

2. Equations Still Assume Material Ether Per Maxwell (Unchanged). 
3. No Definition of Electrical Charge or of Scalar Potential. 

4, Use of Force Fields in Vacuum is False (and Known to be So). 

5. Treats Charge q as Unitary Instead of Coupled System q = «q)m(q). 
6. Confuses Massless Potential Gradients as Forces (See #3, #4). 

7. Does Not ize Mass as a Component of Force (See #23). 

8. Erroneously Assumes EM Force Fields as Primary Causes. 

9. Topology of EM Model Has Been Substantially Reduced. 

10. Does Not Include Quantum Potential or Action at a Distance. 

11. Does Not Include Superluminal Velocity of Inner EM Components. 
12. Does Not Utilize Extended Near-Field Coulomb Gauge Effects. 

13. Does Not Include EM Generatrix Mechanism for Time Flow. 

14. Does Not Unify Photon and Wave Aspects (Requires 7-D Model). 
15 Does Not Include Electron Spin and Precession (See #19, #24). 

16. Treats EM Energy As Existing In “Chunks,” Instead of as Flow. 


Figure 6. Some serious flaws and errors in classical EM theory (#1-16) 
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‘Some serious flaws and errors in classical EM theory (#17-32) 
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31. 
32 


Confuses Energy and Energy Collection (See #16). 

Discards Half of Every EM Wave in Vacuum (See #22). 

Erroneoustly Uses Transverse Vacuum Wave, It's Longitudinal. 
Arbitrarily Regauges Maxwell's Equations to Eliminate Overunity. 
Omits Phase Conjugate Optics Effects (The Rusein Internal EM). 

Does Not Include EM Cause of Newtonian Reaction Force. 

Erroneousty Assumes Separate Force Acting on Separate Mass. 
Confuses Detected Electron Precession Waves as Proving Trans- 

verse EM Waves in Vacuum (Remnant of Old “EM FI Concept). 
Due to Error in String Wave, Omits the Ubiquitous Antiwave. 

Assumes Equilibrium;Not True Uniess Include Vacuum Interactions. 

Higher Topology Required, to Model Electromagnetic Reality. 

Lorentz surface integration discards Poynting energy transport. 

Has nothing at all to say about form of EM entities in massless space. 

Eliminates the infolded general relativity using EMforce as curve agent. 

Does not include longitudinal EM waves as time domain oscillations. 

Does not include EM mechanism that generates time flow and flow rate. 


Figure 6. Some serious flaws and errors in classical EM theory (#732) 
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Abnormal penetration depth of weak signals due to photon interaction 
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in adense signal environment, phase conjugation effects become 
significant, generating PCR signals which Soule fo and 

backtrack ite cells’ and fissues’ own signals, thus penetrating 
deeply throughout the body with weak partial cancellation jamming. 


Figure 30. Abnormal penetration depth of incident weak signals due to 
multiphoton interaction in a dense weak signal environment. 
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Amplified replica of body's signal complex to reverse cellular disease & damage 
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Recorders & Broadband Amps Broadband Antenna Unit 


Control Unit 
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Adjusting broadband signals 
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Figure 31, Using an amplified replica of the body's own dense, broadband signal 
complexto irradiate it, producing deeply-penetrating and precise 
longitudinal EM wave sets that pump cells and reverse cellular, 


disease and damage rgseetom 
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Amplified replica of body's signal complex to correct a congenital condition 


[«] 


Time density charge is structured to 
Recorders & Broadband AMPS | -ontsin the precise spacetime our- 
ature engines for timereversal and 
steering. Charging occurs quicly. 
Engines continueto workfor an 
extended period after charging 


Alterations 


iit 


Control Unit 


Receiver-transmitters 


Adjusting broadband signals 
bandwidth and amplification 


Ey ‘sdecting indicated 
alterations from database 
Figure9. Using an amplified replica of the body's own dense, broadband signal complex 


containing added alterations, to irradiate the body and produce deeply- penetrating precise 
time-density charging for celluler time-reversal, while steeringtheti me reversal trajectory to 


also correct 3 congenital condition. © tescum on 
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‘The Tom Bearden Website 


The Anomalies in Navy Electrolyte Experiments at China 


Lake 


These novel experimental anomalies, like those of Cold Fusion, were 
caused by using time as an energy source by transducing time-energy 
into spatial energy. Transducing one microsecond per second of time 
into spatial EM energy, yields nearly 10!! watts of power 


Melvin H. Miles and Benjamin F. Bush, "Radiation 
measurements at China Lake: Real or Artifacts?", Proc. ICCF-7 
(International Conference on Cold Fusion—7), Vancouver, BC, 
Canada, Apr. 1998, p. 101. 


Consistency of China Lake Anomalies 


Anomalous LW EM Emission Phenomena at China Lake (1) 


Anomalous LW EM Emission Phenomena at China Lake (2) 


Sufficient LW-to-TW Transduction Ionizes GM Tube Gas (3) 


Sufficient LW-to-TW Transduction Ionizes GM Tube Gas (4) 


Consistency of Anomalies 


Consistency of Anomalies (2) 
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‘The Tom Bearden Website 


e Experimental LW Emission Phenomena in Electrolysis 


‘hup://www.cheniere.org/misc/chinalake/index lun (2 of 2)25.4.2005 2:28:34 
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Consistency of China Lake Anomalies 


» Variation in LW-TW transduction from experiment to experiment 
» Majority produced insufficient transduction to cause ionization 
discharge of the GM tube gas (to cause detection) 
» Correlation between appearance of anomalous radiation and the 
expected time periods to load palladium with deuterium 
Within few hours in co-deposit experiments where palladium is 
loaded with deuterium as it deposits from solution 
~ Required days of electrolysis for rods that load much slower 
» The faster the deuterium loaded, the greater the interaction of 
deuterium in phase conjugating and self-targeting in lattice 
» Variation in GM detector readings 
—One would read anomalous radiation, another would be blind to it 
A few experiments gave simultaneous readings from two detectors 
» Experiments perfectly consistent with LW-TW transduction, 
time-density charging, variation in GM time histories, and new 
conservation of energy law © mere ewan 
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Anomalous LW EM Emission 
Phenomena at China Lake (1) 


¢ Anomalous radiation from | electrolysis 
in ionization processes 
— Two experiments producing excess power 
= Dental X-ray film showed exposure 
— Simultaneous control study: no exposure 
— 20 experiments without excess power: no 

exposure 
e Excess energy Bee indicates 
excess film exposure. 


apsliwww, 


Anomalous LW EM Emission 
___ Phenomena at China Lake (2 


e GM and Nal detector reaction when 
electrolysis with heavy water ongoing 
— Several Geiger-Muller (GM) tubes gave 
anomalous detection 
— Reached 73 sigma above background 
— No anomalies when experiment off 
© GM tube detects anything which 
causes its internalionization 
— Nuclear radiation is ionizing 
— Transduced x-ray & gamma is ionizing 
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Sufficient LW-to-TW Transduction 
lonizes GM Tube Gas (3) 


¢ Time-history of detector involved 
— Some GM detectors show anomalous 
high counts, some do not 
— Time histories of GM detectors are varied 
— Time histories of film vary minimally 
e Experimental results consistent with 
— LW-to-TW transduction including delay 
— Time-energy charging 
— New extension to energy conservation law 


apslivww. 
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Sufficient LW-to-TW Transduction 
lonizes GM Tube Gas (4) 


e Time-history of detector involved 
— Some GM detectors show anomalous 
_ As counts, some do not 
— Time histories of GM detectors are varied 
— Time histories of film vary minimally 
¢ Experimental results consistent with 
=~ LW-to-TW transduction including delay 
— Time-energy charging 
— New extension to energy conservation law 


uapliwww, 
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Consistency of Anomalies 


« LWW4ocTW transduction varied from 


experiment to experiment 
e Most experiments produced insufficient 
transduction to cause ionization 


« Appearance of anomalous radiation 
correlated with expected time loading of 
palladium with deuterium panes 

= Within few hours in experiments where palladium 
loads with deuterium as it deposits from solution 
— Required days for rods that load much slower 
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Consistency of Anomalies (2) 


° Faster the deuterium I the greater 
the interaction of deuterium in 
— Phase-conjugating and s oun 
— Producing time-reversal zones 
— Generating quasi-nuclei of H+ ions (protons) 


e Variation in GR detector readings 
e Experimental results predictable by 


— LW-TW transduction and time-reversal zones 

~ Varying time-density charging on GM tubes 

— Variation in GM tube experience histories 

— Time-reversal zones generating electronuclear 
interactions and quasi-nuclei of H+ clusters 
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Experimental LW Emission Phenomena in Electrolysis 


» Anomalous radiation from electrolysis in ionization processes 
— Two expenments producing excess power 
= Dertal x-ray fim showed exposure 
= Simutaneous control study No exposure: 
— 20 expenments without excess power No exposure 
>» Excess energy strongly indicates excess film exposure 


» GM and Nal detector reaction when electrolysis ongoing w/hheavy water 


= Several Geiger Muller (GM) tubes gave anomatous detection Return 
= Reached 73 o above nomal background courts ‘plies. 
= No anomalies when experiment off rene 
» GM tube detects anything which causes its internal gas to ionize Previous 


— Nuclear radiation is “ionizing” radiation 
= Transduced x-ray and gamma radiation is “iorizing” radiation 
= Suffice rt LW-TW transduction jonizes GM gas 

> Time History of detector involved 
= Some GM detectors show anomalous high counts, some do not 
= Time histones of GM detectors vary appreciably 
= Time histones of fim vary minimally 

> Experiments consistent with time-density charging, LW-TW transduction, 


and new conservation of energy law —* Melvin. Miles and Benjamin F Bush, "Rediation 
Measurements at China Lake: Real or Artifacts?” 
Proc. ICCF-7, Vancouver, BC, Canada, Apr. 1998, p. 101 
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The Tom Bearden Website 
A Visual Tour of what they don't want you to know about electrical 


circuits 


10 TRILLION PERCENT OF THE CURRENT 
PRODUCED IS WASTED! 


1. The scalar potential is a harmonic set of phase conjugate 
longitudinal EM waves. 


N 


. The dipole is a true negative resistor. 


3. The dipole's broken 3-symmetry initiates a spreading giant 
negentropic reordering of a fraction of the vacuums energy. 


4. Energy flow contours surrounding a transmission line. 


5. Heaviside and Poynting energy flow components. The Heaviside 
component is often 10 trillion times the Poynting component, but 


is simply wasted in ordinary single-pass energy circuits. 


6. Negative resistance process v. positive resistance process. 


7. Lorentz's integration trick to discard the enormous Heaviside non- 
verged energy flow component. 
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The Structure Is: 

* A harmonic set of longitudinal phase conjugate wavepairs. 

* In each wavepair the two waves superpose spatially after detection, but travel in opposite 
directions. 

* The convergent wave set is in the imaginary plane, and hence is not observable. It is EM 

energy incoming to the potential (dipolarity) from the time domain. 

The charge's spin is 720 degrees, 360 in the real plane and 360 in the imaginary plane. 

* Hence the charge receives the complex convergent EM energy, transduces it into real EM 
energy, and emits enormous energy at the speed of light in all directions -- which includes 
bidirectional pairs in 3-space (after the reaction, being after "observation"). 

This produces the fields and potentials from the "source charge or dipole.” 

Mandl and Shaw argue that the scalar (time-polarized) photon and longitudinal photon are observable 

only in similar pairs, which then makes the instantaneous scalar potential. Thus their quantum field 


theory work strongly supports the “negative resistor” interpretation of the scalar potential and our 
solution to the source charge and source dipole problem. 


Figure 1. The scalar potential is a harmonic set of phase conjugate 
longitudinal EM waves. 
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Note: Decompose the potential 
between the end charges of the dipole 


Receives enormous EM 
energy in complex plane 
(similar to reactive power) 
Transduces it into real EM 
energy and emits it in all 
directions at the speed of light 


The emitted EM energy forms 
the fields and potentials and 
their energy, across space, Next 
from this "source dipole" 
* Basis established by E.T. Whittaker, 
“On the Partial Differential Equations = Return 
of Mathematical Physics," Math Ann. to Index 
57, 333 (1903). Ignored since then, ~~ 


LEGEND 
—_—_——> 
Outgoing real EM energy 


Incoming complex EM energy 


Figure 2. The dipole is a true negative resistor. 
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Circuits 


Broken 3-space symmetry initiates jump to 4-space symmetry 
between complex plane and real plane. Energy flow is now 
conserved in 4-space, but not in 3-space. This is the true negative 
resistor effect, and a negentropic reordering of the vacuum. 


Reordering is into form of Whittaker* harmonic 
set of bidirectional EM longitudinal wavepairs. 
Wiis. Reordering is totally deterministic. 
Ns —M flow di 
E Ns inthe coftplex pane (ronuservable) 
Flow 
Density 
r=ct 
Radius of negentropically a we 5 i 
re-ordering vacuum Re-ordering ig GWoCy : 
energy at time t in spreading } 
seconds, after dipole i aeehay 
formation Hea ims sf 
pIPOLED Tg RADIAL DISTANCE IN ANY DIRECTION 
LOCATION 


Figure 3. The dipole's broken 3-symmetry initiates a spreading giant 


negentropic reordering of a fraction of the vacuum's energy. 
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Contours are in watts/ sq meter (If 
interacted with a unit point static 
charge and the energy collected). 
More charge at each point will 
collect more watts/ sq meter at 
each point. 


wasted Eetinanent strike suace 


pos ands diverged into 
conductors to power te circuit. 


Figure 4. Energy flow contours surrounding a transmission line. 
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Figure 5. Heaviside and Poynting energy flow components. The Heaviside 
component is often 10 trillion times the Poynting component, but 
is simply wasted in ordinary single-pass energy flow circuits. 
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Figure 6. Negative resistance process vs. positive resistance process. A 


negative resistor receives energy in unusable form, transduces it, 


and outputs it in usable form. A positive resistor receives energy 
in usable form, and scatters it into unusable form. 
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1a, Lorentz surface integration. 1b. Actual S in and S out. 
Return 
to Index 
Note: tthe S-vectors integrated over the closed surface, then 
all nondiverged energy flow is zeroed, ‘the 
yen, small component ofthe input Slow thats powering Previous 
the joule heating of the resistor. In short, only the small a 
ore arte 8 & Phillips, com it of the S-flow that is equal in magnitude to 
Classical Eeciiey ane be Fortine ‘vector remains. This measures only the tiny 
Seay, 1963 the S-flow that is intercepted and diverged into the 


178-181 Eocecars by Gro ountove eres powering the electrons 


and then dissipated out of the resistor as joule heating. 


The Lorentz procedure arbitrarily discards the enormous 
Heaviside component that misses the circuit entirely and is 
wasted. This results in a non sequitur of first magnitude in 
energy flow theory . 


Figure 7. Lorentz's integration trick to discard the enormous Heaviside 
non-diverged energy flow component. 
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‘THE VIRTUAL TIMES 
CHASING THE WILD DRAGON: 


Foundations of a New Science 


By T.E. Bearden 
November 12, 1995 


Itis a pleasure to accept the offer of John and Larry to write a column in their new InterNet 
magazine. Theirs is a great venture, and with the energy and knowledge they bring to the task, one 
can be confident of their success in making this a very interesting and informative publication. 


There is a new "rebel" science slowly being born, with most of the work being done outside the 
universities and orthodox scientific community. In the months ahead it will be my job to try to 
acquaint you with the gist of what's going on, and what all the excitement is about. 


This first article is deliberately just introductory, and its purpose is to interest you in the unusual 
fields we are going to be covering in more scientific detail, in future columns. We will also be listing 
a variety of references from the technical literature, which bear upon the various points addressed. 


In this first article a little of my own background experience [note 1] is given, so you can decide 
whether you will be interested in what we have to say! 


The real purpose of the column will just be to present information that you may not be able to readily 
obtain any other way. We will not argue or debate with skeptics; nothing productive is to be gained 
by that. If the information we present is useful to you, then our purpose has been accomplished. If it 
isn't of use to you, then just file it in the old wastebasket. Also, from time to time I may answer a 
generic question, constructed from multiple queries, Individual responses to correspondence cannot 
be provided. 


The work toward a new breakthrough science is going on in a broad spectrum of "fields," most of 
which are not yet recognized by academia as even constituting legitimate areas of scientific endeavor 
(Table 1). 

Some of the major areas involved are: 


theoretical and experimental research in overunity electrical machines, 
free energy research of other kinds, such as devices utilizing thermodynamics phase changes, 
rapidly advancing efforts in cold fusion, 

work on permanent magnet motors, 

antigravity research, both theoretical and experimental, 

development and utilization of a "hidden" electrodynamics inside the scalar potential (inside 
voltage), 

7. the "memory" of space and materials; where this "memory" can be deliberately conditioned so 
that space and the materials themselves become causal actants rather than simple inert entities, 


AWRY 
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CHASING THE WILD DRAGON: 


8. 
. the direct engineering of the vacuum’s virtual photon flux exchange with matter, 

. action at a distance, including the deliberate formation and usage of quantum potentials, 

. direct engineering of the local curvature of spacetime (yes, the direct engineering of general 


direct engineering of quantum change via a new kind of "hidden electrodynamic variables," 


relativity, using the new hidden kind of electrodynamics), 


. use of the new "hidden" electromagnetics to engineer body cells including the reversal of 


diseased cells, genetics and all, back to a previous healthy state (cellular dedifferentiation, in 
biophysical terms, or cellular phase conjugation, in physics terminology), 


. research toward the direct engineering of the mind, including both the conscious and 


unconscious minds, long-term memory, and the personality itself, and 


. aruthless re-examination (and correction where necessary and possible) of the definitions, 


concepts, and postulates that present physics is founded upon. 


ILLUSTRATION LIST | NEXT PAGE 


Comments may be sent to 
the Editor of The Virtual Times 


@copyright TE. Bearden 
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Notes and References: 


[1] For those interested in orthodox qualifications, I have an M.S. in nuclear engineering (1971) from 
Georgia Institute of Technology and a BS in mathematics (1953) from what is now Northeast 
Louisiana University with a minor in electronic engineering. 
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Tables: 


Table 1. Fourteen Emerging New Science Areas 


1. Overunity Electrical Machines and Power Systems 
2. Overunity Devices Using Thermodynamical Phase Changes 
3. Cold Fusion and Non-Nuclear Transmutation 
4, Self-Powered Permanent Magnet Motors 
5. Antigravity and Antigravity Engineering 
6. Use of the "Inner" EM Inside the Scalar Potential 
7. Vacuum Engineering, With Vacuum and Materials Memory 
8. Direct Engineering of Quantum Change 
9, Engineering and Structuring of Massless Charge Flux 

10. Action-At-A-Distance, Including Use of Quantum Potentials 

11. Direct Engineering of Local Spacetime Curvature 

12. "Inner EM" Time Reversal of Diseased Cells Back to Health 

13. Direct Engineering of the Mind, Including Software Loading 

14. Unified Field Revision of Foundations Concepts of Science 
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Each of these "major areas" as yet has no single "experts" in the sense THE VIRTOAL TIMES: 
that individuals exist who possess a "mastery" of the given area. As an example, in spite of multiple 
researchers and decades of vigorous research, no one is really an "overall expert" in the overunity 
electrical power systems field. The "field" itself is still struggling to be born and is not recognized at 
all by orthodoxy; in fact, many orthodox scientists bitterly resent one even attempting to work in this, 
area. There is as yet no cohesive single "theory" of overunity electrical or magnetic machines, 
although our own group is making rapid progress in that respect. But there is still no universal 
agreement amongst even the researchers themselves. Literally the field is still being discovered. 


SING THE WILD DRAGON: 


This "groping dimly toward a new field" should not be too surprising. After all, the early 
electromagnetics researchers went through the same tortuous, agonizing kind of development. They 
were playing with cat fur, glass rods, and pith balls for quite an extended period before understanding 
progressed to the point where Maxwell could mathematically tie together and model the results of the 
experimenters such as Faraday and others. It has taken a century and a half for modern 
electromagnetics and electronics to reach its own present development. It is going to take another 
decade or so before the overunity researchers can overturn several ill-founded parts of the present 
electromagnetics and get the emerging field onto a solid foundations footing and into a solid 
theoretical position. 


In the effort to produce a theoretical model of electromagnetics, Maxwell and his predecessors 
performed a magnificent work. Yet they also made very serious errors (Table 2), which persist to this 
day. [note 2] Let us list just a few of the more blatant errors in classical EM theory today: 


First, Franklin guessed wrong on which way electrical current flowed in a circuit. There is no 
definition at all of electrical charge in all of physics, and there is no acceptable definition of potential 
(that is, there is no rigorous definition of just good old "voltage.") There are no "fields of force" in the 
vacuum; there are just potential gradients __ because the vacuum is just one vast potential (virtual 
particle flux) in the first place. Force fields actually occur only in and of the matter in a material 
system. The primary causative agents of electromagnetics are not the so-called "force fields’ at all, 
but are the potentials __ as is well-known in quantum mechanics. [note 3] Maxwell assumed a 
material ether in his equations. The Michelson-Morley experiment destroyed the material ether, but 
the Maxwell equations have never been changed accordingly. The electron was not yet discovered 
when the Maxwell equations were written; the theory does not address electron spin. Maxwell was 
already dead some two decades when Barus’ 1898 paper [note 4] was published, pointing out the 
strange "backwards-traveling” wave (i.e., time-reversed wave) solution to the wave equation. In 
addition, Heaviside and Gibbs had already produced their vector truncation __ this truncated theory is 
the modern so-called "Maxwell's equations” that universities teach today __ of Maxwell's theory. Not 
a single one of them ever appeared in any book or paper by James Clerk Maxwell, [note 5 


ILLUSTRATION LIST | NEXT PAGE 


Comments may be sent to 
the Editor of The Virtual Times 


wright T.E.Bearden 1 
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Tables: 


Table 2. Some Defects In Electrodynamics 


. Conventional Current Direction Is Reversed 
. No Definition of Charge or Potential 
. Equations Still Assume Material Ether 


Use of Force Fields in Vacuum is Known to be False 


. Treats Charge as Unitary; Instead, It is a Coupled System 
. Confuses Massless Potential Gradients as Forces 

. Does Not Utilize Mass as a Component of Force 

. Erroneously Assumes Force Fields as Primary Causes 

. Topology of EM Model Has Been Substantially Reduced 

. Does Not Include Quantum Potential 

. Does Not Include Proven Action At A Distance 

. Does Not Utilize Near Field Coulornb Gauge Effects 

. Does Not Include EM Generatrix for Time Flow 

. Does Not Unify Photon and Wave Aspects 

. Does Not Include Electron Spin and Precession 

. Treats Energy As Existing In "Chunks," instead of as Flow 

. Confuses Energy and Energy Collection 

. Discards Half of Every EM Wave in Vacuum 

. Erroneously Uses Transverse Vacuum Wave; It's Longitudinal 
. Omits Phase Conjugate Optics Effects 

. Does Not Include EM Cause of Newtonjan Reaction Force 

. Erroneously Assumes Separate Force Acting on Separate Mass 
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Notes and References: 


[2] For an independent statement that electrodynamics, both classical and quantal, are in serious 
disarray, see Mario Bunge, Foundations of Physics, Springer-Verlag, New York, 1967, p. 176. 
Quoting: "...it is not usually acknowledged that electrodynamics, both classical and quantal, are ina 
sad state." Bunge points out many errors in electrodynamics. See also Terence W. Barrett, 
"Electromagnetic Phenomena Not Explained by Maxwell's Equations," in Lakhtakia, A. (ed.): Essays 
on the Formal Aspects of Electromagnetic Theory, World Scientific, Singapore, 1992, p. 6-86. To 
find information on what's wrong with EM theory, one must read foundations literature, not the 
standard textbooks. One of my own contributions has been to point out that the notion of charge q is 
not unitary. In fact, electrical charge should be defined in terms of q ~ m(sub q)~(sub q). In other 
words, electric charge q has a massive part m, and a massless part consisting of its potential phi. 
Further, the magnitude of phi is just the change in the virtual photon flux of the ambient vacuum, due 
to the [quantum field theoretic] virtual photon exchange with the mass of the q. It follows that the 
true electrical charge of a particle is just its native potential ~, which is also a dynamic energy 
exchange with the surrounding vacuum. It also follows that this massless electrical charge changes 
whenever the particle is placed in a potential (in a different ambient virtual photon flux). After all, 
potentials superpose; that is their major characteristic. Note that the potential of the test particle is 
ignored in classical electromagnetics, whenever one speaks of the "E-field" upon the particle. Further, 
the actual structure of this virtual photon flux that comprises massless electrical charge, can itself be 
deterministically structured and utilized to generate nonlinear effects that do not appear at all in the 
present conventional theory. We will be covering many of these effects in future articles. 
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Notes and References: 


[3] E.g., see Y. Aharonov and D. Bohm, "Significance of Electromagnetic Potentials in the Quantum 
Theory," Physical Review, Second Series, 115(3), 1959, p. 485-491. Effects of potentials on charged 
particles exist even in the region where all the fields (and therefore the forces on the particles) vanish, 
contrary to classical electrodynamics, The quantum effects are due to the phenomenon of 
interference. These effects occur in spite of Faraday shielding. The Lorentz force does not appear 
anywhere in the fundamental quantum theory, but appears only as an approximation that holds in the 
classical limit. In QM, the fundamental physical entities are the potentials, while the fields are 
derived from them by differentiation. 
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Notes and References: 


[4] Carl Barus, "A Curious Inversion in the Wave Mechanism of the Electromagnetic Theory of 
Light," American Journal of Science, Vol. 5, Fourth Series, 1898, p. 343-348. 
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Notes and References: 


see Paul J. Nahin, Oliver Heaviside: Sage in Solitude, IEEE Press, New York. Quoting from 
;".nowhere in Maxwell's writings do the equations for the electromagnetic field appear as we 
write them today. Maxwell used an amalgamation of Cartesian component and quaternion notation, 
and it was Heaviside who first wrote the electromagnetic field equations in modern vector form." 
Quoting from p. 92: "In actuality , however, the fields were not the primary reality to Maxwell at all 
(that is an idea that developed after Maxwell's death and is due to Hertz and Heaviside), but rather it 
was Faraday's 'electrotonic state’ that he thought to be the real thing. Like Faraday, Maxwell believed 
that electromagnetic effects are observable results of an altered state of the ether. The mathematical 
formulation of this electrotonic state, for Maxwell, is what we today (as he did) calll the vector 
potential." And again, from p. 96: "To Maxwell, however, the vector potential had a most definite 
physical meaning.” 
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So the time-reversed EM wave that one finally sees emerging in THE VIRTUAL TIMES: 
nonlinear phase conjugate optics in the early 1970s was omitted from the Maxwellian theory and its 
later modification by Heaviside and Gibbs. Maxwell's actual theory is in a higher topology 
(quaternion algebra), and involves some 20 quaternion equations. Heaviside and Gibbs created vector 
algebra, and seriously curtailed Maxwell's theory when they "translated" it into the much lower 
topology of vectors and some four equations. The later addition of tensors as the basis mathematics 
did not restore the lost topology provided by the quaternion model.[note 6. 


For the EM wave, Maxwell simply assumed the transverse EM wave that had come from the much 
earlier derivation of the familiar wave equation from the old "plucked taut string" notions. [note 7] 
Yet when one closely examines and corrects some of the erroneous assumptions [note 8] made for the 
actual mathematical derivation of this "taut string" transverse wave, one finds (Figure 1) that an equal- 
energy second antiphased transverse "antiwave" is actually produced by the instrument and added to 
the "plucked string’s" transverse wave disturbance of the air medium, to produce a longitudinal wave 
of compression and rarefaction in the air itself. The "transverse string wave" in fact never leaves the 
string. The string wave is not the wave that is launched into the medium. 


A similar electromagnetic situation exists. In a whip antenna (Figure 2), the Drude electron gas in the 
conductor does exhibit a transverse "string-type” EM wave of electron precession. However, at the 
same time, by Newton's third law (which Maxwell neglected because at the time the atom was 
regarded as just a blob with no internal structure) the positively charged, phase conjugated atomic 
nuclei have equal energy, highly damped transverse recoil waves created in them. Further, these 
"nuclei-recoil" waves are phase conjugate replicas of the electron gas waves. The total disturbance 
that is launched into the vacuum from the whip antenna is (a) the normal transverse disturbance of the 
virtual photon flux of vacuum caused by the electron gas wave, and (b) the coupled equal-energy 
transverse antiwave caused by the nuclei-recoil via Newton's third law. The amplitude of the material 
antiwaves of nuclei vibration are highly damped because of the massiveness of the nuclei; however, 
they are of equal energy to the electron wave. But when launched into the same vacuum, the two 
equal-energy wave disturbances experience equal damping because they are in the same medium. 
Hence the wave and antiwave are (a) locked together in the vacuum, and (b) of equal energy, and (3) 
of equal amplitude once launched into the vacuum. What results is a vacuum EM wave of rarefaction 
(reduction in intensity) and compression (increase in intensity) of the virtual photon flux of vacuum 
just exactly like what is launched into the surrounding gaseous air medium from the "plucked taut 
string" and perturbed body of a physical instrument. The EM wave in vacuum is a longitudinal wave 
directly analogous to a sound wave __ just as Nikola Tesla stated. [note 9] 


The vacuum may be considered a scalar potential, in which case it has an internal biwave structure 
Figure 3). Interference of two potentials __ i.e., the hidden interference (Figure 4) of their internal 
wave structures __ in fact already creates all EM fields and waves. 


When the incoming longitudinal "biwave" from the vacuum strikes the atoms of the receiving 
antenna, each atom may be considered a dynamic assembly of multiple dipoles, where each dipole 
consists of one of the electrons in the electron shells and one of the positive charges in the nucleus. 
The receiving dipole in the interacting atom splits the two waves apart again (Figure 5). The 
negatively charged end of the dipole is time-forward, and the positively charged end is time-reversed. 
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Hence the separated normal-wave-half of the biwave interacts with the electron, to give again the 
familiar transverse "electron precession” wave that we detect with our "electron wiggle-detecting” 
instruments (Figure 6). This detected electron precession wave is what all our textbooks prescribe 
erroneously as the vacuum wave! The separated time-reversed-wave-half of the incoming vacuum 
wave is split off and interacts with the positive end of the receiving atomic dipole, in the time- 
reversed atomic nucleus, thus generating Newton's third law reaction force to provide the recoil of the 
nucleus. Present physics has ignored this second wave altogether, because of the serious error in the 
original derivation of the wave equation from plucked strings. Thus physics presently has absolutely 
no causative mechanism for Newton's reaction force. Instead, scientists just "mystically invoke the 
appearance of this magic force." Describing that something occurs, and naming its occurrence, does 
not constitute advancing a causative mechanism! 


ILLUSTRATION LIST | NEXT PAGE 


Comments may be sent to 
the Editor of The Virtual Times 


night T.E.Bearden 1995 
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Notes and References: 


[6] E.g., see T.W. Barrett, "Tesla's Nonlinear Oscillator- Shuttle-Circuit (OSC) Theory,” Annales de 
la Fondation Louis de Broglie, 16(1), 1991, p. 23-41. Barrett shows that a higher topology EM model 
(e.g., quaternions) allows shuttling and storage of potentials in circuits, and also allows additional 
EM functioning of a circuit that a conventional EM analysis cannot reveal. Tesla's actual patented 
circuits in fact exhibit this higher topology, when a quaternion EM analysis of them is performed. No 
orthodox vector/tensor analysis can show this. 
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Notes and References: 


[7] All the early experimenters seemed to assume the transverse string-type wave automatically for 
the vacuum medium. E.g., Faraday speculated that light and radiant heat might be transverse 
vibrations propagated along his "lines of force," from which the direct "plucked string" analogy can 
readily be seen. In short, he considered that his lines of force could be perturbed to vibrate laterally, 
just like a plucked string. See M. Faraday, "Thoughts of Ray-Vibrations," Philosophical Magazine, 
(3), vol. xxvii, 1846, p. 345. Maxwell also assumed the transverse EM wave in vacuum without 
question, as did Heaviside, Hertz, and Gibbs and as has almost every electrodynamicist since then. 
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Notes and References: 


[8] The worst is the assumption of infinitely rigid endposts holding the taut string, so that no 
movement of these endposts occurs. This further assumes that no induced movement of the body of 
the instrument occurs. The end result is to eliminate all of that wave that is produced in the body of 
the instrument, and retain only the transverse wave produced in the string. In the first place, this 
standard procedure has now become a total violation of Newton's third law, which among other 
things requires that forces be formed in oppositional pairs. So the standard method for the launch of a 
wave from an instrument is flawed. Specifically, the "transverse string wave" is falsified insolaf as its 
appearance in the surrounding medium. This is not the wave that actually exits the instrument and 
that is launched into the medium. This universal oversight on the part of mathematicians and 
physicists is a colossal joke upon them. Literally, when a physicist writes the transverse wave 
equation on the board, he has just discarded exactly half the physics. This means that, in his 
interactions, at the end there will suddenly appear this mysterious, mystical "equal and opposite 
reaction force" that is created by the erroneously ignored antiwave. So he has to piously invoke this 
reaction force "from the blue." Yet quantum field theory teaches us already that all mechanical and 
electromagnetic forces on a mass are generated by absorption and emission of virtual photons. Hence 
Newton's third law reaction force must also be so generated. This means that there must exist an 
equal number of virtual antiphotons interacting in the antiforce, as there was virtual photons 
interacting in the causative force. By symmetry there must also exist an equal and opposite wave, or 
antiwave, made of these same antiphotons. The actual disturbance that entered from the vacuum must 
therefore have consisted of both wave and antiwave. QED. 
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Figure 1. Air medium disturbances generated by plucked string. 
Two waves are created, both slapping the air medium at the 
same time, but in opposite directions. A disturbed medium 
oscillates according to its own degrees of freedom. The air has 
More degrees of freedom than the string. A wave of compression 
and rarefaction is created in the air medium. 
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absorption and emission. The electron gas "slap" and the 
nuclei gas "slap" of the vacuum medium are equal in 
energy. Hence they inject equal numbers of virtual photons 
into the vacuum, creating equal and opposite vacuum 
disturbances. This gives a vacuum wave of alternating 
compression and rarefaction. This vacuum EM wave is 
similar to. a sound wave, which is modeled longitudinally. 


Figure 2. Launching an EM waye from a wire antenna. 
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Notes and References: 


[9] See Nikola Tesla, "Pioneer Radio Engineer Gives Views on Power," New York Herald Tribune, 
Sep. 11, 1932. Quoting: "...I showed that the universal medium is a gaseous body in which only 
longitudinal pulses can be propagated, involving alternating compressions and expansions similar to 
those produced by sound waves in the air. Thus, a wireless transmitter does not emit Hertz. waves 
which are a myth, but sound waves in the ether, behaving in every respect like those in the air, except 
that, owing to the great elastic force and extremely small density of the medium, their speed is that of 
light." Today the QM vacuum has been theoretically and experimentally shown to consist of a "gas" 
of virtual particles, rather like Tesla stated, Tesla was also correct about the longitudinal EM wave in 
the vacuum. He was also correct in his statement that a fundamental charged particle can alter its 
charge, if one considers the massless charge ~ of charge q separately from the mass m of charge q. 
When the charge q is placed in a nonzero potential V, it follows that the new charge of the electron is 
simply (~+V). 
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Figure 3. Internal Wave Structure of the scalar potential. 
Aharmonic set if wavepairs, where in each wavepair the two 
waves super pose spatially, but travel in apposite directions 
The two waves in each pair are true phase conjugates and 
time-reversals of each other. Thus they comprise a coupled 
wave and antiwave. The photons must also be coupled into 
photorvantiphoton pairs, by a strong application of the 
distortion correction theorem of nonlinear optics. 

Each wavepair is a standing electrogravitational wave. 
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Figure 4. Scalar potential interferometry provides action-at-a- 
distance. It already creates normal EM fields and waves. 


pies © 1201 1. Bowser, 


‘Tables: 


MECHANISM FOR NEWTON'S THIRD LAW 
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Figure 5. Graviton interaction with matter produces the 
photon interaction and Newton's third law reaction. 
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Figure 6. Currents in and along a conductor, with electron precession. 
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CHASING THE WILD DRAGON: 


Further, if we should trick the time-reversed wave half into coming THE VIRTUAL TIMES: 
outside the atom instead of going inside to interact with the nucleus (Figure 7), then it follows that the 
nucleus would not recoil. In that case the interaction would appear to violate Newtonian third law 
reaction. Phase conjugate mirrors already do just exactly this when they emit a phase conjugate 
replica wave. They direct the antiwave outside and away from the atom instead of inwards into the 
nucleus. So they do not recoil, no matter how powerful a phase conjugate replica wave they emit. 


Finally, we can also show that the EM wave in vacuum is longitudinal, by yet another approach. The 
electrons in the electron gas in a conductor are spinning, and they are severely constrained 
longitudinally to be able to move only very, very slowly down the wire. So when perturbed, they act 
as gyroscopes, and precess at right angles to the perturbing force. The fact that the gyroelectrons in a 
wire move radially almost entirely, and only "slip" down the wire very slowly with a "drift" velocity, 
already proves conclusively that the incoming vacuum disturbance was longitudinal. The precession 
of a gyro is at right angles to the perturbing force. Therefore rigorously the vacuum EM waves are 
longitudinal, because the gyroelectrons moved transversely. The present assumption of the transverse 
EM wave in vacuum contradicts the entire theory of gyroscopes! [note 10] There are many other 
errors in classical EM that we will point out in future articles; this should give the reader a flavor of 
what is in store for him in future articles. 


So there are no truly satisfactory "experts" in any of the 14 fields. Yet there is still something to be 
said for having some years of experience in one or more of the areas. I have had the good fortune or 
misfortune, depending upon one's viewpoint, to be involved in various of those 14 activities for some 
30 years or more, and am active in several of the areas now. My colleagues and I are particularly 
active in researching overunity electrical devices (see Figure 8), to include the effects of controlled 
chaotic oscillators, charge-blocking oscillators, and oscillators driven by in-shuttled (bridged) 
Poynting field energy density flow ExH. Parametric oscillation is known to have yielded overunity 
electrical machines and was fully reported by Russian researchers in the Russian and French 
technical journals in the mid 1930s. [note 11] We will further cite that little-known work in future 
articles. Also, we are working mightily upon true negative resistors (Figure 9), wherein the resistor 
scavenges some of the disorganized energy from the vacuum's energetic exchange with the charges in 
the system, organizes and collects it, and then outputs that collected energy flow into the external 
circuit. Such a resistor acts as a power source. Kron, perhaps the greatest of the electrical machinery 
scientists, is known to have produced such true negative resistors. 


Thave also proposed a theoretical explanation of the Priore device (Figure 10) in France which in 
laboratory animals demonstrated remarkable cures of terminal tumors, cured trypanosomias, reversed 
atheriosclerosis, and restored suppressed immune systems. The Priore work was not anecdotal, but 
was performed under rigorous scientific protocols, working under the auspices of renowned French 
scientists such as Courrier and Pautrizel. The work is properly reported in numerous papers in the 
French medical literature. [note 12] The results were certainly achieved, but neither Priore himself 
nor the scientists of the day could understand the mechanism involved. The deciphering of that 
causative technical mechanism utilized by the Priore group required 10 years of intense effort. The 
results have now been published in the journal Explore! and are there for anyone to read. [note 13] 
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Figure 7. Emission of antiphoton; nucleus does not recoil. 
Atom acts as a pumped phase conjugate mirror. 
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Notes and References: 


[10] When Maxwell's theory was constructed, the electron had not yet been discovered, and so the 
dipolarity of the atom was unknown. An atom was regarded just as a "blob." Electricity in a 
conductor was regarded as a thin material fluid Maxwell's equations are in fact hydrodynamic 
equations. So the founders regarded the detection of induced motion in the electric fluid as induced 
translation, not induced precession. They had no idea of "spins" of particles of the fluid, nor of gyro 
precession of those particles. Instead, q was regarded just as a "piece of electric fluid," similar to a 
cubic centimeter of fluid. 
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Figure 8. dq/dt-free driving a swinger by S-flow. 


Poynting energy flow S with its accompanying potential V 
is shuttled from the source to a tuned LC oscillator in 
fesonance at the driving frequency or slightly below. The 
LC oscillator is driven by S-flow and dV/dt flow alone. 

The swinger furnishes its own free electrons, which receive 
S and EMF from the bridge, thereby producing dqdt 
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Notes and References: 


[11] Exg., see L. Mandelstam [Mendel'shtam, L.1.], N. Papalexi, A. Andronov, S. Chaikin and A. 
Witt. (1935) "Report on Recent Research on Nonlinear Oscillations," Translation of "Expose Des 
Recherches Recentes Sur Les Oscillations Non Lineaires," Technical Physics of the USSR, 
Leningrad, Vol. 2, 1935, p. 81-134. NASA Translation Doc. TT F-12,678, Nov. 1969. Summarizes 
lengthy work at the Institute of Physics of the University of Moscow and several of the laboratories 
on the problem of self-powered, self- oscillating nonlinear oscillators. The paper reports significant 
work and progress in oscillations created by the oscillating system itself (self-oscillation) without 
participation of any external forces varying with time and without the expense of a constant source of 
energy (e.g., a storage battery). Such a system was shown to self-increase in an underdamped manner 
until system self-destruction. Adding a nonlinear load allowed the systems to stabilize its dynamic 
operation so that it powered a load under overunity conditions and did not self-destruct. Extensive 
additional references on this spectacularly successful overunity energy project are listed. 


|hup://www.hsv.com/witers/bearden/ref1 I htm24.11,2003 20:26:53 


Tables: 


RexP sr Er, 


7 es 


LRN 


Figure 9a. Normal resistor receives ordered energy and scatters it 
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Figure 9b. Negative resistor receives, concentrates, and reorders scattered energy. 
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Figure 9. Normal resistor versus a negative resistor. 
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Some 17 signals were fed into a rotating plasma, which added phase conjugates 
to them. This infolded 17 wavepairs, each pair a coupled wave/antiwave, 
thereby forming a scalar potential with an artificial Whittaker pump wave 
internal structure. This infolded pump wave complex was modulated onto a 
powerful, rippling magnetic field, guaranteeing penetration even into the atomic 
nuclei. A specific, amplified antiengine for the exact cellular disease state 

was generated, reversing the diseased cells back to a previous healthy state. 


Figure 10. Priore's laboratory apparatus for cellular reversal. 
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[12] For citations and the exposition of our proposed explanation of the Priore mechanism, see T.E. 
Bearden, "Vacuum engines and Priore's methodology: The true science of energy-medicine." Part I, 
Explore!, 6(1), 1995, p. 66- 76, Part II, Explore!, 6(2), 1995, p. 50-62. 
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[13] Bearden, "Vacuum engines and...," ibid. 
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CHASING THE WILD DRAGON: 


Presently my CTEC colleagues and I have filed three patent applications “THE VIRTOAL TIMES: 
and a continuation, on various methods for overunity processes and apparatuses, room temperature 
superconductivity, Poynting generators, etc. 


As an example, we took exactly the opposite approach to room temperature superconductivity as has 
been taken by alll the orthodox researchers to date. What exactly is sought, after all, for 
superconductivity (SC) in a section of an electrical circuit? Well, one has some electrons on one side 
of that SC section that are transporting excess potential, as given by the Slepian vector J*. [note 14] 
Whaat is desired is to get some electrons on the other side of the SC section that also are transporting 
the same amount of excess energy in the form of J#, You can do that in two ways: (1) you can flow 
the electron carriers through the SC section, carrying their J*, or (2) you can block the J and flow the 
* itself across as the Poynting flow S. [note 15] Nondivergent Poynting flow flows along an 
equipotential, which is just another way of saying that, if the S-flow does not diverge, it carries the 
same potential * along with it. Hence it carries the EMF right along with it as it flows without 
divergence. 


Conventional approaches have all tried to shove the electron carriers through the SC lattice section. 
Doing that is like trying to fire a very slow bullet through several million rotating fans in a straight 
line. So cryogenics (to slow the fanblades to a crawl) and massive correlation of the electrons and of 
the electron-to-lattice interactions is necessary if one is to get the electrons through there without 
excess collisions that shake off some of the excess * from J*, as scattered photons (heat) or as a 
change of form of the energy (as in straining the dielectric of a capacitor to convert electrical energy 
to mechanical strain energy via the piezoelectric effect.) 


Our approach is exactly the opposite (Figure 11 and Figure 12). Why not just stop the flow of excited 
electron carriers on one side of the SC section, and continue the nondiverging flow of the Poynting 
field energy density $ across that section at room temperature? Then the cryogenics is not needed at 
all. After all, circuits already work that way anyhow __ except standard practice is to nullify the 
process by letting current be driven around the sourcing current loop and back through the back EMF 
of the primary source. A quantum well (or several other methods) can be used to trap the "sourcing" 
electrons in the conductor just prior to entering the SC section. The "receiving" electrons on the other 
side of the SC section, however, must be in their own dq/dt-isolated current loop. 


ILLUSTRATION LIST | NEXT PAGE 
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Notes and References: 


[14] Briefly, the S-flow outside the wire will be flowing along essentially at the speed of light, at or 
with the same since S-flow without divergence is along an equipotential. Said another way, a 
nondiverging Poynting flow S exhibits a constant potential ~ along its streamlines. A tiny, tiny 
portion of the S-flow is intercepted by the sluggish electrons (which may be moving as dq/dt at 11 
feet per hour, in a typical case), to form the Slepian vector J~. The J~ portion is just the minute 
fraction of the S-flow that is actually intercepted by the electron current and transported to the 
impedances, for releasing the excess ~ in the loads and losses. [Incidentally, this wee note resolves a 
century of controversy over exactly how EM energy flows in circuits. The orthodox literature 
abounds with discussions, differing positions, and debates and with errors.] 
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[15] Note that this also automatically involves a host of other types of controversial displacement 
currents, such as d~/dt, dV/dt, dE/dt, dP/dt, dD/dt, etc. The literature is thoroughly floundering as to 
exactly how all these currents are related, together with the Slepian vector J~ and the Poynting vector 
S, as well as the "normal" current dq/dt. We will be discussing the "master key” for these 
relationships in future articles. 
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Note: EM texts err in showing the battery "gate"as the source of energy. 


Figure 11. Poynting S-flow along a simple circuit. 
Fram particle physics, any electric charge is a broken 
symmetry in the vacuum's virtual particle flux. Any 
dipole is thus two locally broken symmetries. Thus 
the dipole acts as a gate/source, driven by the fierce 
vacuum flux. Soa dipole already "extracts" and gates 
EM energy flow, directly from the seething vacuum. 


Every battery and generator is already a "free energy” 
source of extracted and gated EM energy from the vacuum. 
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Figure 12a. Normal current flow; J is the electron transport of energy, 
while S is the speed-of-light Poynting energy flow. 
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Figure 12b. In a conductor with dq/dt blocked; S-flow and hidden 
Whittaker-wave flow continue. 


Figure 12. Overt and covert field energy density flows. 
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CHASING THE WILD DRAGON: 


Normal sources do not furnish electrons and current to a circuit anyway. “THE VIRTOAL TIMES: 
Sources just furnish Poynting flow S and EMF. [note 16] In the receiving current loop, the EMF 
appears automatically once the S-flow flows in and is "locked on to” by the receiving electrons. 
Given q***, you will immediately have J* if the electrons are free to move in the conducting circuit 

see Figure 13). Further, you have eliminated all the loss terms from the standard Poynting equation 
for energy losses. So all the energy flow S just flows across the SC section, without any current or 
Cooper pairs flowing through that SC section. The SC section has become a "bridge" which (1) strips 
off the Poynting field energy density flow S from the electron current dq/dt on the sourcing side of 
the SC/bridge section, by simply reducing the dq/dt to zero; and (2) continues to pass the S-flow 
across the dq/dt-blocked SC/bridge section to the other side (Figure 14). The excess S-flow (and 
EME) pours into the receiving dq/dt-isolated current loop, exciting the electrons therein to produce 
da/dt and J*. Any closed current loop is self-powered, once it receives § and EMF. It furnishes its 
own electrons; it only requires excess energy and EMF. {note 17] 


So our approach gives room temperature superconductivity in a very straightforward manner, once 
you discover how to block the current dq/dt in a conductor. Blocking it in an insulator is not 
sufficient, because that drops the potential and stops the S-flow and the equipotential * (the EMF). 
However, a degenerate semiconductor such as the Fogal chip can be used, as can several other 
processes for blocking da/dt in a conductor. We will discuss these in a future article. 


Another advantage of this approach to room temperature superconductivity is that now one can also 
have permissible overunity coefficient of performance. Now the load can be placed in its own S- 
receiving, isolated current loop. With the sourcing current loop furnishing only S and not dq/dt, the 
load is still powered normally in its own closed dq/dt current loop, but none of the load current is, 
passed back through the back EMF of the primary source in the sourcing circuit. 


This principle -- that at least a substantial portion of the load current must not pass back through the 
primary source -- is the primary principle required for a permissible overunity electrical machine 
(Figure 15). A permissible overunity electrical machine is one which produces more power in the 
load than you have to put into the machine to run it. 


ILLUSTRATION LIST | NEXT PAGE 


Comments may be sent to 
the Editor of The Virtual Times 


@ copyright TE Bearden 1S 


‘hup://www.hsv.com/witers/bearden/page006.hem24.11,2003 20:27:24 


Notes and References: 


[16] E.g., see Robert L. Shrader, Electronic Communication, Sixth Edn., MacMillan/McGraw-Hill, 
New York, NY, 1991. (1993 Imprint). Quoting from p. 6: "A source of electric energy does not 
increase the number of ~ree electrons in a circuit; it merely produces a concerted pressure on any 


aimlessly moving electrons.” 
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Figure 13. Poynting vector currents S and S' versus 
massless displacement currents 
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Figure 14. Bridging to enable room temperature superconductivity. 
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Notes and References: 


[17] My own approach has been, if that's all that the circuits require from our primary power source, 
then let's simply accept that directly from the source without performing any work in the source. Ice 
you do it this way, the source is never dissipated, but will last indefinitely. Sources furnish flowing 
field energy density, not "energy" per se. If you only demand S-flow, you can have all you wish from 
a source, without exhausting your source. The trick is to find how to steadily dissipate some of this 
“artesian well” of flowing $ to drive electrons through the load, but without driving electrons back 
through the back EMF of the source. 
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Figure 15. Use of Fogal semiconductor for overunity (closed system). 
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Obviously, the laws of physics and thermodynamics require such an THE VIRTOAL TIMES: 
overunity machine to be an open system that extracts and utilizes excess energy from an external 
source. In the case outlined, we extract the excess energy directly from the vacuum in the form of S- 
flow; essentially we convert our primary source to a Poynting generator rather than a 

"power" (energy flow loss rate) generator. The resulting overunity machine accomplishes both room 
temperature superconductivity and also oyerunity coefficient of performance (Figure 16). It does not 
violate the conservation laws of physics. It does not violate the second law of thermodynamics 
because it is an open system receiving and utilizing excess energy from the vacuum, and the second 
law need not apply to such systems. [note 18] 


SING THE WILD DRAGON: 


You see, all power systems are already free energy density flow sourcing systems, if we but use them 
correctly. Every dipole is a "gating device" for extracting excess field energy density flow from the 
violent bidirectional flux exchange between the vacuum and each end of the dipole. {note 19] [note 
20] When we attach "conducting leads" to a dipolar source, as in the simple two-wire circuit, all we 
are doing with the conductors is providing waveguides for the extracted S-flows from the vacuum to 
flow along (it flows outside the conductors) without loss. In effect, each lead is simply extending the 
pole (i.e., the terminal) to which it is connected. 


My associates and I are also working on several other inventions at present, including two more 
patent applications to be filed in the near future. One of those is in the field of overunity power 
systems, while the other is in an entirely different, highly proprietary nuclear effort. I will address all 
these areas in future columns, and those columns will have real "meat" in them. 


Present "big science" proclaims that overunity electrical machines are impossible. The reader should 
understand that the U.S. Patent and Trademarks Office is never going to grant a patent for an 
overunity electrical machine unless the machine is independently tested and replicated, and unless it 
is certified by scientists of impeccable credentials. This is as it should be. Legitimate free energy 
researchers accept that dictum. Eventually the stuff has to work on the bench in order to be validated. 
On the other hand, free energy researchers also point out that one must not demand of us the next 100 
years of national research by a hundred major laboratories immediately! This is still a shoestring 
operation, because all conventional sources of research funds are denied to the serious overunity 
researcher (with the single exception of occasional personal funding of a researcher by a private 
individual). In other words, we demand at least the same kind of consideration that the orthodox 
nuclear fusion community has enjoyed. Billions of dollars have been poured into that sinkhole, and 
not a single controlled fusion power unit is working anywhere in the world after decades of work at 
enormous expense to the taxpayers. 


So we overunity researchers deserve at least a decade or two of our own, to try to accomplish 
overunity electrical system development. We also painfully point out that "Big Science" will not fund 
a single overunity researcher, for specific overunity purpose, no matter what his credentials or 
capability. In fact, "Big Science" is part of the problem, because it fervently seeks to prevent any 
legitimate research in overunity. To carry out its suppression campaign. it resorts to vilification, 
character assassination, libel, and slander of the overunity researchers themselves __ again, regardless 
of their qualifications or legitimate scientific procedures, [note 13] 
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Figure 16a. Magnitude of the scalar potential is determined 
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to translate it back toward infinity 


Figure 16a. Process for overunity coefficient of performance. 
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Figure 16 b. Demonstration of overunity efficiency. 
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Figure 16c. Potential to which test charge is exposed. 
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Notes and References: 


[18] The system does comply with the nonlinear thermodynamics of a system cear from equilibrium. 
E.g., Prigogine received the Nobel Prize wor significantly developing this new field. For a detailed 
technical presentation of nonlinear thermodynamics of a system far from thermodynamic 
equilibrium, see G. Nicolis and I. Prigogine, Exploring Complexity, Piper, Munich, 1987. Such 
systems can exhibit negentropy, self-organization, and other effects outside the confines of classical 
thermodynamics. Since local symmetry is broken, they can also permissibly exhibit overunity 
coefficient of peroeormance. 
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[19] Each end Oce a dipole has its own potential (with respect to the local vacuum), which differs 
from the potential of the surrounding ambient vacuum. For each of these "end-potentials," one can 
mathematically decompose that end-potential into a hidden bidirectional set of harmonic wavepairs in 
harmonic sequence. Each wavepair consists of the wave and its phase conjugate. For the proof, see E. 
T. Whittaker, "On the Partial Differential Equations of Mathematical Physics," Mathematische 
Annglen, Vol. 57, 1903, p. 333-355. Since one of the dipole potentials exceeds the local vacuum 
potential and the other dipole potential is lower than the local vacuum potential, the two bidirectional 
EM wave flows are at or "carry" different equipotentials. This is the generatrix for the automatic dual 
celow of energy from the vacuum through the dipolar power source and out along the two leads of 
the "transmission line" conducting the $-flow to the components of the circuit for powering the loads. 
So as can be seen, rigorously every dipole is already a "free energy source" if we learn how to 
properly use it. The energy will flow forever, if we do not allow the destruction of the sourcing 
dipole. 
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[20] See also E.T. Whittaker, "On an Expression of the Electromagnetic Field Due to Electrons by 
Means of Two Scalar Potential Functions," Proceedings of the London Mathematical Society, Series 
2, Vol. 1, 1904, p. 367-372. Here Whittaker shows that the fields of classical electromagnetics can be 
replaced by scalar potential interferometry of two potentials. Our own comment is to note that by 
Whittaker 1903, we can with a little difficulty make artificial potentials with deliberate substructures. 
We can then interfere those potentials (actually, interfere their hidden multiwave structures) even at a 
distance, to create new EM fields. Or we can dissolve EM fields that exist at a distance, simply by 
constructing the correct negative EM fields by distant scalar interferometry. My point is that, when 
we utilize the "inner" electromagnetics inside the potential, we are employing a vastly more powerful 
electromagnetics of a new kind, which includes and extends the present inadequate EM theory. 
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Indeed, orthodoxy has a black record with respect to energy. When THE VIRTUAL TIMES: 
Mayer advanced the conservation of energy law, orthodoxy hounded him unmercifully. He was 
universally ridiculed as the very epitome of a fool. He lost his job and suffered a nervous breakdown. 
Then years later toward the end of his life, scientists came to accept the conservation of energy as a 
most useful tool that dramatically simplified much of their analyses. So then science began to laud 
Mayer. There are a thousand other such examples; suffice it to say that "big science" is a bureaucracy 
and a "bell-shaped distribution curve" just like any other large group of people. Some scientists are 
near-angels. Others are near-devils. The vast majority are neither, but are just ordinary persons doing 
a special kind of job. In the scientific bureaucracy, however, the manipulative scientists scurry, slash, 
and manipulate their way toward the top. So the leadership of any big bureaucracy __ including the 
scientific bureaucracy __ is always rife with such near-scalawags and power-hungry individuals. 
Scientists are not exceptions to the same human weaknesses that we all evidence. If you really want 
to see jealousy, backbiting, and fierce "back-room dealing" and power-struggling, just get into a 
university research environment! But because the "power merchants" of any bureaucracy always 
fiercely resist any challenge to their position or superiority, big science has always fiercely resisted 
anything truly revolutionary. And today they also enlist the power of the state to enforce their 
dictums. We will devote one of our future columns to pointing out some glaring examples of 
persecution of independent researchers by big science. It is an area that all unorthodox researchers 
should be well-aware of. The world of science does not run by sweet reason and lofty ideals; that is 
just the dogma. It runs strictly by "who's going to be the big monkey," just like everything else. 
Primate dominance is still a dictum of the functioning of all bureaucratic human systems. 


The free energy researchers are not working on the so-called "perpetual motion machine," where a 
closed system is erroneously stated to produce more output than must be put into it to operate it. That 
old saw is actually a red herring that dogmatic scientists use to vilify free energy researchers. It is a 
lie that they have also successfully sold to the U.S. Patent and Trademarks Office. Anyone with a 
modicum of knowledge of modern physics already knows that there does not exist a single closed 
system in the universe, anywhere. In particular, every physical system is continuously "open" to the 
violent exchange of energy with the surrounding vacuum. It's just that most systems are in local 
equilibrium in these flow exchanges, except for minuscule gating accomplished for such things as the 
Lamb shift, etc. 


By analogy it's something like this, The free energy researcher is standing by the banks of a mighty, 
rushing river with breathtaking falls, turbulent areas, etc. Big Science is begrudgingly admitting that, 
yes, there is a river there, but it is an insane delusion to think that you can tap that energy. The free 
energy researcher is saying that, well, if I can build a gating sluice a little distance upstream, perhaps 
Ican divert a small portion of the river's flow downstream to my waterwheel, and power my mill. 
The orthodox scientist then vilifies the free energy researcher for even having such a heretical 
thought. In fact, says the orthodox researcher, any fool can see that the laws of nature force the river's 
flow to stay firmly in its banks, because it is a closed system, and Moses brought that law down off 
the mountain with him on a special stone tablet. Then he adds all the other smug remarks such as, "If 
it could be done, then we at MIT and Harvard and Caltech would already have done it!" So until the 
orthodox scientist develops a little less dogma and a little more common sense, and learns the 
difference between a scientific discussion and a dogfight, the free energy researcher can hardly 
communicate with him. 
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The goal of the legitimate free energy researcher is to find a way to break “THE VIRTOAL TIMES: 
the local equilibrium of this universal energy exchange, and gate a tiny bit of it up into the external 
circuit as excess electrical energy (Figure 17). Then he must collect the excess energy, and shuttle it 
from the "gating and collecting circuit" over to a dq/dt-closed current loop containing the load. He 
must also prevent the load current, or most of it, from passing back through the primary source 
against its back EMF, because if it does that, he will destroy the separation of charges in the dipolar 
source, killing the dipole and extinguishing the "excess energy gating." In other words he must find a 
way to process and transport the energy flow across dq/dt-blocked bridges between the source's 
closed da/dt-current loop and the load’s closed dq/dt-current loop. Ruthlessly it is an energy transport 
S-flow problem, not a J* energy transport problem. If he uses J* in his sourcing current loop, he 
automatically drives the current dq/dt back through the back EMF of his source and kills it. If he does 
not drive dq/dt back through the source, the source will furnish S-flow for an indefinite period! Every 
battery and generator we have ever built is already a "free energy" machine in that it already involves 
broken local symmetry in the vacuum energy exchange. We have just not realized how to use our 
power sources purely as Poynting S-flow sources. 


So we must treat an electrical system as an open system with broken local symmetry (Table 3) in the 
vacuum flux exchange, so that the system extracts (gates) excess energy from an external source. In 
this case the source is the system's flux exchange with the vacuum. This approach is no more 
mysterious or bizarre than putting a waterwheel in a river, or a windmill in a wind, or a bank of solar 
cells out in the sunshine. The universal "free source of energy" that the overunity researcher seeks to 
tap is the violent exchange of virtual photons between the electrical charges of the system and the 
surrounding quantum mechanical vacuum (Figure 18). In quantum physics this powerful, energetic 
exchange of the vacuum with electrical matter is now proven both experimentally and theoretically. It 
is already accepted in quantum physics that the vacuum is filled with electromagnetic energy. The 
researcher doesn't have to prove it anymore; he just has to find out how to properly use it. The 
artesian well is already there; we just have to learn how to collect and use the flowing water without 
dynamiting the well! 


The remaining objection orthodox scientists usually raise against the notion of extracting vacuum 
energy has been that "thermodynamics doesn't permit it." However, Cole and Puthoff have rigorously 
shown that, on the contrary, the theory of thermodynamics does not prohibit the vacuum's energy 
being extracted and used to produce heat, light, and power. [note 22] So the validity of that final 


objection has now vanished. 
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Figure 17. Operation of an overunity electrical power system. 
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Table 3: Asymmetry and modern physics. 


Per TD. Lee, Particle Physics and 
Intoduction to Field Theory, 
Harwood Academic Publishers, 
New York, 1981, p. 378-390 


SYMMETRY AND MODERN PHYSICS 


Missing symmetry of matter 

Symmetry only of mass and vacuum 
Vacuum excitation 

Vacuum structures 

Spontaneous symmetry breaking 
Interaction between matter and vacuum 
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Positive and negative signs of 
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Time reversal 
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STRONG LOCAL ASYMMETRY 
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STRONG LOCAL ASYMMETRY (CONTD) 
Local spacetime is curved 
Lorentz invarianee of vacuum violated 
May be local sink or source 
EM gravitational/inertial effects 
Translation between virtual and 
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Electrogravitational solitons 
Action at a distance 
Transmutation effects may exist 
Scalar/pseudoscalar field 

translation 
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A Charged Particle Is a Coupled System 
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Figure 18. An electric charge q isa broken symmetry. It continuously 
and violently exchanges energy with the vacuum. 
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[22] Cole, Daniel C. and Harold E. Putboll. (1993) "Extracting Energy and Heat from the Vacuum," 
Physical Review E, 48(2), Aug. 1993, p. 1562-1565. 
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And there is mind-numbing energy density there in the vacuum, waiting “THE VIRTOAL TIMES: 
to be extracted. The well-known Lamb shift, e.g., in a single hydrogen atom is due to that vacuum 
exchange. [note 23] Interestingly, the calculated energy density of the exchange causing the Lamb 
shift is greater than the surface energy density of the sun. Different physicists have made various 
theoretical estimates of the energy density of this seething vacuum. A conservative ballpark figure is 
something on the order of 1090 grams per cubic centimeter, expressed in mass units. 


Ithas also been my good fortune to know and work closely with several other free energy 
researchers. I was a colleague of Floyd ("Sparky") Sweet (recently deceased) for about seven years; 
Sparky held a Master's degree in EE from MIT and had years of experience with General Electric and 
other firms. He was a highly skilled researcher who invented the solid state vacuum triode amplifier 
(Figure 19), a unit which produced 500 watts of output and a coefficient of performance of 
1,500,000. I personally tested the machine, activated the magnets on one occasion, and understand 
how it all worked, [note 24] The paper [note 25] I co-authored in 1991 with Floyd is still the only 
paper in the orthodox engineering literature that reports (a) successful overunity functioning of a 
solid state magnetic device, and (b) a successful antigravity experiment on the laboratory bench, 
reducing the weight of an object by 90%. [note 26] 


We stress again that a legitimate overunity electrical machine must be an open system, receiving 
excess electrical energy from the surrounding vacuum. As such, it must operate in a higher topology 
than normal electrical machines (Figure 20). 


My good friend Frank Golden has long been a close colleague. Years ago Frank developed a motor 
that produced overunity efficiency, but then to our astonishment we found (courtesy of Bill Tiller, 
{note 27] with whom we were working at the time) that its operation depended upon a 5-year-long 
conditioning (structuring) of the local ambient potential in order to work. Previously we had been 
entirely unaware that one can sometimes condition the local vacuum and the local matter in the area 
with a particular dynamic form. Given the local conditioning, a motor with that form will then work 
in that vicinity, but not necessarily elsewhere at an appreciable distance away. We now understand 
the mechanism for such "conditioning of the vacuum." We also now know what to do if an overunity 
machine is actually a machine of that type (many of them are not). In other words, we know how to 
convert it to a machine that will work anywhere, anytime. We will be addressing such little-known 
things in future articles. 
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[23] Lamb, W.E. Jr. and R.C. Retherford. "Fine structure of the hydrogen atom by a microwave 
method." Physical Review, Vol. 72, 1947, p. 241-243. Lamb received the Nobel prize for this work. 
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Figure 19. Block diagram of the Sweet Vacuum Triode Amplifier. 
Adding positive feedback circuit enables self-oscillation. 


ows © re seston 191, 1295 


-nupe/lww hsv com/writersbearden/ig019.btm24. 11.2003 20:28:14 


Notes and References: 


[24] Unfortunately Sweet made conflicting agreements with multiple backers, resulting in a most 
thorough legal foul- up. It appears that nothing can ever be done with this machine, because its status 
is a legal nightmare. 


|up://www.hsv.com/witers/bearden/ref24.htm24.11,2003 20:28:16 


Notes and References: 


[25] Floyd Sweet and T. E. Bearden, "Utilizing Scalar Electromagnetics to Tap Vacuum Energy," 
Proceedings of the 26th Intersociety Energy Conversion Engineering Conference (IECEC '91), 
Boston, Massachusetts, 1991, p. 370-375. Paper also distributed over Internet. 
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[26] The unit was specially rigged and "pushed" to 1,000 watts output to perform the antigravity 
experiment. 
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Example: Conservation in 2D versus 3D topologies. 
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Figure 20. Increasing the dynamic topology allows lower topology 
conservation laws to be violated. Conservation now 
applies in the higher topology, but not necessarily in 
the lower. The lower topology system is now an open 
system and may seemingly act as a source or sink. 
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[27] Tiller was already familiar with the fact that devices that function by more subtle energy often 
require special conditioning of the vacuum spacetime. He expressed it as "an archetype must first be 
created for the machine to function efficiently.” Tiller had previously experimented with such an 
effect for several years. 
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John Bedini is also a close friend and colleague; John built several THE VIRTOAL TIMES: 
experimental motors (both electrical and magnetic) in the overunity area, and performed successful 
trans-mutation experiments. John is a recognized genius in high-end sound amplifier development. 
Many audiophiles worldwide still swear that the Bedini amplifier is the best and sweetest-sounding 
audio amplifier ever built. One of John's battery-powered electrical motors (Figure 21), for example, 
ran continuously off its battery for about five years, and kept the battery charged. When you realize 
that such a small electric motor is only about 35% efficient, then you realize that about 65% of the 
energy flowing out of the battery was being dissipated in the motor as heat, core losses, etc. So the 
unit was continuously performing work for that five years. [note 28] The 1/8 hp motor represented a 
load in which the continuous rate of work being done (the rate of energy dissipation) was about 0.08 
hp. We will have more to say on this motor and its technical process in a future article. 


Bill Fogal is a close colleague; Bill has patented the world's first dq/dt-blocking semiconductor, [note_ 
29] which partially blocks the normal current while continuing to pass the flow of voltage (Table 4), I 
have written a proprietary technical explanation of the Fogal semiconductor, which utilizes an 
extremely little-known feature called the "overpotential." The overpotential part of the theory is 
experimentally proven and theoretically explained in an obscure part of electrochemistry, by a few 
chemists who specialize in electrode effects. J. O'M. Bockris is probably the leading world expert in 
overpotential theory; he authored the textbook on it. [note 30] 


One of the latest overunity developments is the magnetic resonance amplifier (MRA) developed by 
Joel McLain and Norm Wooten (Figure 22). Earlier testing disputed the overunity functioning. More 
recent testing at several well-known laboratories has resulted in the instrumental measurements 
clearly showing overunity. While the test institute scientists themselves may be willing to attest to 
overunity results of their testing, none of the corporate heads will allow it. I have personally stated 
that the MRA is capable of overunity. Our own measurements had to be discarded because we did not 
have the proper instruments available. E.g., all our oscilloscopes were "hard grounded” to building 
ground, and we needed to make "floating differential ground" measurements in order to settle things 
once and for all. McLain and Wooten have filed for a patent, and multiple tests with excellent 
equipment have indeed indicated overunity. What happens next remains to be seen. I suspect that the 
two inventors may simply accept foreign capital investment and go offshore. 


ILLUSTRATION LIST | NEXT PAGE 


Comments may be sent to 
the Editor of The Virtual Times 


pynght T.E.Beaden 


‘hup://www.hsv.com/witers/bearden/page012.hum24.11,2003 20:28:25 


‘Tables: 


WARNING: Highly dangerous operation. Pulsed battery 
outgasses hydrogen gas and explosion is possible. 


Open system using higher topology extraction of excess vacuum energy. 
Uses sluggish reversal and recoil time of lead ion onrushing current 
versus rapid backlash of amplified voltage discharge from a magneto 
ignition coil, to force the battery to act as an excess S-flow collector 
during the ion-current charging half-cycle. Thus the inefficient motor 

is continuously powered and the battery is continually recharged 


Figure 21. Bedini's battery-powered, back-popping electric motor. 
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It is the overall 


[28] We strongly emphasize that there is no conservation of work law in physic 
energy of the universe that must be conserved, not work. More rigorously, the flow of energy must be 
conserved. But from a free flow of energy, you can continuously extract a little and dissipate it as, 
work, without cutting off the main flow and without violating any of the laws of physics. If this were 
not so, then waterwheels, windmills, and solar cells would not work. In fact, you can even do better 
than that. The basic energy conservation law is this: Energy can neither be created nor destroyed. So 
even when you "use" (i.e., dissipate or scatter) the energy, it is still there. It is only the hierarchical 
ordering of the photons that constitutes entropy. Each individual photon is perfectly ordered and still 
contains all its energy. By retroreflection, you can even cause those disordered photons to gather back 
in your system into perfect order once again and then you can scatter them again to do some more 
work. You can use the same energy over and over again! The perfect retroreflection is more easily 
accomplished by phase conjugate reflection. For a vivid example of just such retroreflection of 
previously scattered EM energy to restore the former order, see David M. Pepper, "Applications of 
Optical Phase Conjugation," Scientific American, Vol. 254, No. 1, Jan. 1986, p. 74-83. See 
particularly the striking photographic demonstration of time reversal of disorder on p. 75. 
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[29] William Jay Fogal, "High gain, low distortion, faster switching transistor." U.S. Patent No. 
5,196,809, Mar. 23, 1993. Also William J. Fogal, "High Gain, Low Distortion, Faster Switching 
Transistor." U.S. Patent No. 5,430,413, July 4, 1995. 
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Table 4. Fogal's Semiconductor. 
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[30] In a correspondence with Bockris lasting several years, he had graciously furnished me with 
material on the overpotential, which is how I found out about this esoteric area. Bockris is well- 
known as a leading scientist on the chemistry of hydrogen, and also as one of the leading scientists in 
the rapidly developing field of cold fusion. He is a marvelous scientist, and one day his largely 
unsung work with the overpotential will revolutionize the entire electronics industry. 
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Howard Johnson is also a respected colleague, whom I very much THE VIRTOAL TIMES: 
admire. (See Figure 23). Howard has continued to work quietly and patiently upon his patented 
permanent magnet motor, [note 31] including patenting various magnetic gates, etc. that are 
necessary to make such a motor work in a rotary configuration. [note 32] Howard employs a two- 
particle theory of magnetism; i.e., each magnetic flux line is envisioned as having a particle traveling 
from the north pole to the south pole, and also a particle traveling from the south pole to the north 
pole. The particles are spinning: the forward-time particle spins in one direction, and the antiparticle 
spins in the other direction. Howard then slightly separates the two particle flows. [note 33] In other 
words, Johnson splits the flux lines themselves, into two different pieces. When so separated, the 
component lines are now curls, so their paths curve. The paths of the two "curl particles" are 
different; one curls in one direction and the other curls in the opposite direction. Further, a 
predominance of one form of curl particle gives a "time-forward" aspect, while a predominance of the 
other form of curl particle gives a "time-reversed" aspect. Johnson is thus able to employ a deeper 
kind of magnetism than the textbooks presently contain. He demonstrates that a "spin-altered" 
magnetic assembly exhibiting (to a compass or other such detector) a north polarity can attract 
another unaltered magnetic assembly exhibiting a north polarity. In short, he can make a north pole 
attract a north pole. We will give you further insight into Johnson's two-particle theory in a future 
article. [note 34] We will also explain how and why the physicists missed that antiparticle in the 
magnetic field's flux lines, and thereby failed to advance the theory of magnetism to a deeper level. 
Make no mistake, one day when the new theory is done, Johnson may well be awarded a Nobel Prize 
for his epochal discovery of a deeper structure of magnetism. 


SING THE WILD DRAGON: 


Bits and pieces of the new science approach are just now beginning to spill into a few conventional 
journals and symposia. For some time a few of the rebels spearheading this new science have been 
doing something that the University scientists should have been doing all along. The rebels have been 
meticulously examining the concepts, postulates, and definitions that the present scientific models are 
founded upon, to reveal serious foundations errors. Corrections for some of these errors have been 
discovered and made. [note 35] Others are still problems yet to be resolved. Yet slow progress is 
being made, and a "flip-over" of the old science is likely to occur within the next decade if not 
sooner. By then the new concepts will have become "solid" enough to allow producing an 
engineering mathematical model. Also the supporting experiments will have become solid enough to 
justify the new concepts and the model. 
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Notes and References: 


[31] Howard Johnson, "Permanent Magnet Motor." U.S. Patent No. 4,151,431. Apr. 24, 1979. 
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[ [32] I personally saw and closely examined one demonstration rotary Johnson permanent magnet 
motor some years ago, and toyed with it for about one hour. It would definitely self- rotate as long as 
you wished to permit it to turn. It was not a powerful device at all, but just a small laboratory "proof 
of principle" prototype. It had cost Johnson an enormous amount of time, labor, and optimization to 
get the critical adjustment required of his two magnet assemblies, But the device had no power source 
other than the permanent magnet assemblies themselves. Johnson's nonlinear rotor and stator magnets 
interacted with each other in a manner to break local symmetry. So his machine was an open system 
and therefore a permissible overunity device; it was not a perpetuum mobile. 
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[33] As I have pointed out repeatedly in the past, photons also carry time, not just energy. We have 
previously shown the process and the photon interaction mechanism that creates the flow of time 
itself; we will discuss this mechanism in the future. So when Johnson separates the particles and 
antiparticles, not only does he partially separate them according to spin, but he also alters the local 
character of time flow during which the resulting magnetic field forces must appear. In other words, 
he accomplishes a partial separation of time-forward and time- reversed polar interactions. A south 
pole is just a time- reversed magnetic north pole, in the first place! So a north pole of a bar magnet 
that is slightly time reversed on one side will partially act on that side just like a south pole. On the 
other side it will continue to act like a normal north pole. By partially time-reversing (phase 
conjugating) one side of the north magnetic pole piece, Johnson makes that side look and act like a 
south pole. that way Howard is able to create two north poles, one on a stator and the other on a rotor, 
and time-reverse part of one face of the stator's north magnetic pole-piece. Therefore when the proper 
sides of the stator and rotor north poles are facing, they attract each other, contrary to the 
conventional textbook. The two poles then repel each other normally as soon as the north rotor poles 
passes the north stator pole. Hence Johnson can make a surrounding north pole stator assembly "draw 
in” an approaching north pole rotor assembly, and then kick it on out the other side, because he has 
broken the local magnetic symmetry. In short, Johnson's magnetic gate can provide a legitimate 
component of unidirectional magnetic thrust, which means that he can indeed make a rotary 
permanent motor. Simply put, this "partially separating the spin particles," and thereby partially phase 
conjugating one face of a magnet, is what Johnson calls a "gate," and this is the patented secret by 
which his magnet assemblies can be made self-powering. The entire process is still very meticulous, 
and assembly and adjustments are extremely critical. With Johnson's blessings we hope to shed more 
light on this subject in coming articles. 
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Notes and References: 


[34] For a basic article on rotary permanent magnet motors, see T.E. Bearden, "On Rotary Permanent 
Magnet Motors and 'Free’ Energy,” Raum&Zeit, 1(3), Aug.-Sep. 1989, p. 43-53. 
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Notes and References: 


[35] The most blatant error in all of physics is the erroneous notion that an acting force is separate 
from its receiving mass. Force is defined as F ~ d/dt(mv). From that definition alone, it can be seen 
that the affected mass is a component of the force itself. If you remove the mass m, you do not have 
force but merely acceleration. The notion of force separated from the mass came from ancient and 
familiar experiences of pushing on stones with one's hand, etc. In this primitive case the force- 
creating agent (i.e., the hand) is certainly separate from the affected mass (i.e., the stone), But the 
“force on the stone" is actually the force created of and with the stone. It is "stone-force,” not "force 
upon the stone.” Quantum field theory already tells us that it is the absorption and emission of virtual 
photons by the stone's mass that "creates the force." In fact it should go one step further: It is the 
coupled ensemble of the virtual photon flux and the mass of the stone that constitutes a "stone-force.” 
In your mind, you should try mentally replacing the word "force" with the phrase "mass-force" until 
you root out the deeply ingrained erroneous notion that force and mass are separate. Because of this 
archaic error, today's physics can only define a mass in terms of its resistance to a disturbing force, 
and it can only define a force in terms of its overcoming a resisting mass. This error has prevented 
any proper definition of either force or mass! But the problem is solvable. For a proper definition of 
mass without the notion of force, see T.E. Bearden, Quiton/Perceptron Physics: A Theory of 
Existence, Perception, and Physical Phenomena, National Technical Information System, Report AD- 
763210, 1973. 
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CHASING THE WILD DRAGON: 


In this first article I wanted to introduce the 14 major areas. We willbe “THE VIRTOAL TIMES: 
discussing these areas in some technical detail in the future. We'll also include current major news 
items of development in these areas, for the interested lay reader. I'll particularly try to give you the 
benefit of extensive reference citations painfully gathered over the last 30 years. The articles will be 
targeted toward both the serious researcher and the interested, educated layman. 


So that's the agenda for the months ahead. We hope you find this information and the approach of 
direct interest and use. 


Again, it's a privilege to be aboard. And we invite you to hang on in the future; it’s going to be a wild 
but exciting ride. We really are going to chase this wild dragon with great vigor. 
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In the 1930s and 1940s, Royal Raymond Rife {1} 
made revolutionary discoveries in microscopy, 
including development of novel microscopes that could 
see far beyond the accustomed one-tenth wavelength 
limitation according to Rayleigh theory. With his 
microscope, he was able to "see" ultramicroscopic 
living forms much smaller than anything considered in 
the observable state. It would appear that his 
microscope was somehow capable of peering directly 
into the virtual state itself, and finding living forms at 
that level that were far beyond anything ever suspected 
by conventional science, even to this day. 


Obviously this work was dramatically controversial. 
Rife went on to develop treatment methods and devices 
based on the new level of living organisms that his 
microscope revealed. In short, he arrived at essentially 
a new theory of disease, and did achieve success with 
his—to conventional scientists—completely 
unprecedented devices and methods of treating and 
healing. While we do not discuss his treatment 
methods in this paper, we do discuss the methods of 
Prioré, whom we believe to have used similar 
principles. So these discussions may shed some light 
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on Rife’s therapeutic mechanisms also. 


Rife and others reported his results in the proper 
scientific literature. For his efforts, he was ostracized, 
essentially imprisoned in a medical treatment facility, 
broken, and rejected by his peers. His findings were 
harshly ridiculed and discredited. Finally escaping 
from his enforced confinement, Rife lived out his, 
remaining years and died quietly and unknown. 


In the present paper it is not our purpose to address 
Rife's theory of disease or his treatment devices and 
methods. It is solely our purpose to propose a higher 
symmetry electrodynamics functioning of his 
microscope, as one possible explanation of the startling 
microscopy results he achieved. We will reveal what 
we are convinced is Rife's great secret: recursive 
virtual state magnification (amplification) by iterative 
difference frequency serial summation of vacuum 
engines. This is a substantial change from an earlier 
mechanism proposed by the present author, which 
proved to be in error {1}. 


We accent that this is not a "standard electrodynamics" 
examination of the Rife microscope; normal U(1) 
electrodynamics and transverse EM waves contain no 
mechanisms that can explain the functioning of the 
instrument. Accordingly, since no such explanation is 
contained in the usual electrodynamics, one must of 
necessity turn to those available electrodynamics 
models that are of much higher symmetry than afforded 
by vector and tensor algebra. To show the fit to 
experiments, we must also address an enormous 
amount of the work performed by Prioré and his 
colleagues. Only in such EM models and their known 
fit to actual experiments are the additional phenomena 
and principles available that can possibly explain Rife's 
epochal results. 


Also, because of the importance of this unified field 
theory area, we include substantial references and 
additional extended discussions in the endnotes for 
further technical clarification. Thirty figures are added 
to illustrate the material. 
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The Rife Microscope 


The Rife microscope { [1] } (Figure 1) cannot be made 
to work by normal optical principles at the level 
utilized by Rife. With normal optics, about one-tenth 
wavelength is as fine an optical resolution as one can 
get. Since Rife went far beyond that, it should be 
obvious that he was using optics and electrodynamics 
of a novel kind, and of a type not yet in the 
conventional textbook. 


We believe we are aware of the major 
principles used in Rife’s microscope, or at least some 
of them, but prior to 1998 we shied away from 
anything to do with the scope. My major interests have 
been in extracting EM energy from the vacuum and in 
developing a new kind of medical therapy utilizing 
higher symmetry electrodynamics—and thus unified 
field theory—to directly and slowly change cellular 
disease or disorder back to a normal previous state. 
Obviously, if one is to produce a microscope that 
sees" optically further into the realm of smallness than 
any other microscope can conventionally do (even in 
theory), that microscope must be functioning in a 
higher electrodynamics mode rather than in the 
conventional one. 


In this paper, we will try to summarize some deep 
physics principles underlying the Rife microscope, at 
least as we see them terms of a higher symmetry EM 
model, and we cite some references for the bits and 
pieces. A more detailed explanation must wait for a 
future time and assistance from very high-level 
theorists. 


Introduction 


A good hint is this: Rife (Figure 2) often painfully 
adjusted his microscope stages for up to 24 hours 
before he finally got the instrument "focused. 
Immediately that shows it is not standard optical 
equipment. Well-made standard optics—and Rife’s 
microscope was beautifully made—can be adjusted far 
more easily than that (in minutes!). 
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So far as we are aware, no one ever looked at the Rife 
work except through essentially rather orthodox 
electrodynamics and rather orthodox optics eyes. 
Normal optical theory permits resolution of about one 
tenth of the wavelength of the light used, and a few 
microscopes in the last few years have gone just a wee 
bit further. But none have gone anywhere to the degree 
of smallness that Rife reported. 


In our view, the orthodox approach to explaining the 
operation of Rife's microscope is doomed to fail from 
the beginning. Even a very good scientist will fail with 
replication, if that approach is exclusively taken. An 
entire scientific team and substantial funding will not 
do any better, unless something technically deeper is 
understood and tackled from the outset. We give an 
overview of our approach to tackling that problem. To 
begin with, we must present some errors in 
electrodynamics and an omission in general relativity, 
so that we can develop the necessary background. The 
discussion is not simple and will require considerable 
development. Once the considerable background is 
developed, the application to the Rife microscope will 
be straightforward. 


Errors in Electrodynamics and Adjustments to 
General Relativity 


First, present electrodynamics itself has serious flaws 

and shortcomings, and needs substantial revision 

{{2|}. As foundations scientist Bunge points out {[3]}: 
" Jit is not usually acknowledged that 

electrodynamics, both classical and 

quantal, are in a sad state.” 


Bunge {[4] } also said: 


the best modern physicist is the one who 
acknowledges that neither classical nor quantum 
physics are cut and dried, both being full of holes and 
in need of a vigorous overhauling not only to better 
cover their own domains but also to join smoothly so as 
to produce a coherent picture of the various levels of 
physical reality.” 
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The flaws in electrodynamics pass over into what has 
been constructed for optical theory—both linear and 
nonlinear—which just assumes the electrodynamics as 
a subset. 


For our purpose, we need to clarify what modern 
electrodynamics does and does not say about the 
massless vacuum, and about the state and form of EM 
entities—such as potentials, fields, and waves—created 
in it (in empty space) by matter dynamics, or acting 
from it (from empty space) onto matter and causing 
matter dynamics. 


Maxwell and all his peers believed firmly in the 
material ether, a thin material fluid filling all space and 
every crevice. To scientists at the time, not one single 
point in the universe was devoid of this material etheric 
fluid—this thin matter. The atom had not been 
discovered, the electron had not been discovered, and 
electricity was also considered a thin material fluid. 
Charge had no more meaning than “a piece of the 
electric fluid,” much like a cubic centimeter of water. 


Faraday {[5] } believed that the EM influence in space 
consisted of material lines of force which acted as taut 
strings under tension from some mysterious source. He 
believed that EM disturbances were just the transverse 
wave “perturbations” of these taut strings. In his 
concept, Faraday omitted the string holder or other 
agent producing the tensile forces upon the string 
(Figure 3). He thus omitted Newton's third law from 
his electrodynamics concept. He also omitted precisely 
half the energy, by omitting the equal-energy time- 
reversed EM wave that accompanies the formation of 
every ordinary EM wave we take account of. Ina 
receiving copper wire antenna, for example, not only 
do the electrons interact with the incoming fields, but 
so do the protons in the nuclei—though highly damped 
in amplitude by the proton's large mass with respect to 
the mass of a disturbed Drude electron. However, the 
two energetic interactions (of perturbed protons and 
perturbed electrons) are of equal energy magnitude. So 
in the conductor, equal energy is expended to move the 
"lattice holes" (positrons) as is used to move the Drude 
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electrons, else field theory itself is falsified. Except in 
semiconductors, electrical engineers mostly just ignore 
the "disturbed lattice hole current” energy. 


Maxwell deliberately captured Faraday’s thinking, 
mathematically {{6] }, and so just assumed Faraday’s 
lines of force and the “plucked tight string” transverse 
EM wave in the material ether {[7] } as well as the 
unexplained tension . The notion of the transverse EM 
wave in vacuum has essentially no other theoretical 
justification than that Faraday-Maxwell assumption 
and the observed "transverse waves" generated in the 
receiving "electric fluid in the conductor" in and on the 
Drude electrons. The transverse EM wave notion in 
vacuum was maintained only by discarding its missing 
antiwave that is always formed simultaneously in our 
transmitters and receivers (e.g., when we perturb the 
Drude electrons in a transmitting wire antenna, we also 
perturb the protons in the nuclei with the same energy. 
The two disturbances—proton disturbance in the 
nucleus and Drude electron disturbance in the Drude 
electron gas—perturb the local surrounding vacuun/ 
spacetime with equal energy, so in the vacuum "virtual 
particle flux gas" the two perturbations are 
energetically equal. The receiving wire receives both 
perturbation waves from the vacuum; one perturbs the 
electrons and the other perturbs the nuclei. Since the 
second wave is unaccounted, the perturbation of the 
nuclei is just considered a "mysterious force” that 
always appears. In a pumped phase conjugate mirror 
material, e.g., we interact the waves prior to their 
reaching the nuclei, by multi-wave mixing. Since the 
"causative" but neglected second wave coming in from 
space does not reach the nuclei, but are redirected to 
form the phase conjugate replica wave produced by the 
pumping, the mirror does not recoil and it does not 
exhibit Newtonian third law reaction. However, since 
electrodynamics omits the EM causative wave that 
generates Newton's third law forces in the receiver, 
which in normal detection always appear, then 
presently electrodynamic fields are erroneously said to 
be devoid of Newton's third law reaction. To the 
contrary, the effects of that hidden, neglected EM cause 
of the Newtonian third law reaction do appear, either as 
recoil of the physical receiving antenna or as the 
production of the time-reverse phase conjugate replica 
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wave in optical pumping. But in standard 
electrodynamics, equal-and-opposite forces in the 
receiving antenna are assumed to arise "mystically” or 
from some hidden electrodynamic demon. The 
electrodynamic cause of Newton's third law has been 
lost since Maxwell wrote his theory. 


Maxwell, however, was careful to point out the ad hoc 
nature of assuming the stress in the vacuum, and that 
no mechanism for it had been discovered, nor was such 
a mechanism contained in his theory. Specifically, 
Maxwell said {[8] }: 


“It must be carefully borne in mind that 
we have made only one step in the theory 
of the action of the medium. We have 
supposed it to be in a state of stress, but 
we have not in any way accounted for this 
stress, or explained how it is maintained. 
This step, however, seems to me to be an 
important one, as it explains, by the action 
of the consecutive parts of the medium, 
phenomena which were formerly supposed 
to be explicable only by direct action at a 
distance. ... I have not been able to make 
the next step, namely, to account by 
mechanical considerations for these 
stresses in the dielectric. I therefore leave 
the theory at this point, merely stating 
what are the other parts of the 
phenomenon of induction in dielectrics.” 


Indeed, we now know of electrons and their spin. The 
longitudinally-constrained, spinning Drude electrons in 
receiving wires will gyroprecess laterally in the wire 
when an EM disturbance from the vacuum interacts 
with them. (Figure 4) It is well-known that these 
Drude electrons are highly restrained longitudinally 
down the wire; the longitudinal movement is the “drift” 
velocity and may be nominally only a few inches per 
hour. The lateral precession of the longitudinally 
constrained, spinning Drude electrons establishes that 
the incoming vacuum disturbance, before its interaction 
with the gyroelectrons, is longitudinal. Else one must 
discard electron spin, electron gyroprecession, and 
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indeed the theory of gyroscopic precession itself. In 
our view, the EM wave in vacuum is longitudinal, 
always has been, and always will be {[9]_}. It also 
does not consist of EM force fields, contrary to present 
classical theory. Instead, only the potentiality {[10]} 
for the transverse force fields—should the 
longitudinally perturbed vacuum EM entity be 
intercepted by a spinning charged particle and interact 
with it—exists in mass-free space, as pointed out by 
Feynman. Quoting Feynman again {[11] }: 


"We may think of E(x, y, z, t) and B(x, 
z, t) as giving the forces that would be 
experienced at the time t by a charge 
located at (x, y, z), with the condition that 
placing the charge there did not disturb 
the positions or motion of all the other 
charges responsible for the fields." 


Rigorously the force fields exist only in and of matter. 
In matter-free space, there is no force at all in what we 
call the "field as it exists in massfree space" {[12] }. E. 
g., Jackson states it this way {[13]}: 


"Most classical electrodynamicists continue to adhere 
to the notion that the EM force field exists as such in 
the vacuum, but do admit that physically measurable 
quantities such as force somehow involve the product 
of charge and field." 


But again, Jackson also states {[14] }: 


"the thing that eventually gets measured is a 
force..." "At the moment, the electric field can 
be defined as the force per unit charge acting at 
a given point. It is a vector function of position, 
denoted by E. One must be careful in i 
definition, however. It is not necessarily the 
force that one would observe by placing one unit 
of charge on a pith ball and placing it in 
position. The reason is that one unit of charge 
may be so large that its presence alters 
appreciably the field configuration of the array. 
Consequently one must use a limiting process 
whereby the ratio of the force on the small test 
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body to the charge on it is measured for smaller 
and smaller amounts of charge. Experimentally, 
this ratio and the direction of the force will 
become constant as the amount of test charge is 
made smaller and smaller. These limiting values 
of magnitude and direction define the magnitude 
and direction of the electric field E at the point 
in question. In symbols we may write F = gE 
where F is the force, E the electric field, and q 
the charge. In this equation it is assumed that 
the charge q is located at a point, and the force 
and the electric field are evaluated at that 
point." 


As can be seen, much of the difficulty occurs because 
physicists continue to erroneously utilize an equation 
as if it were a definition. An equation defines nothing 
at all; it merely states that all the "things on the left" of 
the equality sign and all the "things on the right" have 
the same overall magnitudes. It does not define any of 
the things on the left or right, and so it tells us nothing 
at all about what anything in it really is. A definition 
requires an identity, not an equality. E.g., if we take as 
an identity the very equation advanced by Jackson's 
explanation above, we then have a definition: 


F=qE=>E=Fiq 


And now that identity clearly states that charged mass 
is a component of the E-field. Similar argument 
prevails for the B-field, etc. 


The identity also shows that E is not the magnitude of 
the force field at all, but is its local intensity at any 
given point in the E field, in terms of force per unit 
point static coulomb—a force formed in, on, and of the 
charged mass of the coulomb. The misstatement that E 
represents the magnitude of the field is another great 
non sequitur. No textbook gives the calculation of the 
magnitude of the E-field, though all purport to. 
Instead, they all give the calculation of the intensii 
the E-field at each point in it. There is a great 
difference between the magnitude of an automobile's 
mounted tire and its pressure per sq. inch on the 
pavement. In all fairness, some of the better texts do 


of 
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use the term "field intensity", at least occasionally. 


As defined, the EM force fields are effects produced 
in, on, and of charged matter and only in, on, and of 
charged matter. They are not at all the same effects 
produced in matter-free space (in the vacuum/ 
spacetime). The EM force field (in matter) is not the 
same as the "massfree" E-field in massfree spacetime. 
Ultimately, all that exists in spacetime are spacetime 
and changes to spacetime. 


We may accurately take the mass-free, force-free EM 
field to be a pattern of spacetime curvatures. The 
coupling of this spacetime curvature set, or any part of 
it, with charged mass, then constitutes an EM force 
field. Again, the problem is the hoary old mechanics 
notion of having a separate massless force acting upon 
a separate mass. No such thing exists in all nature, and 
mechanics should have been rather thoroughly 
overhauled long ago as a result of this horrendous 
foundations of mechanics error that is centuries old. 


In present classical electrodynamics—certainly the 
kind taught to electrical engineers and used in the 
electrical engineering discipline—the EM potential 
{[15] }, field, and wave, as they truly exist in space and 
in the vacuum, are rigorously not prescribed at all. 
Instead, the effect of the "causal entity" as it exists in 
vacuum prior to interaction with charged mass, is used 
aif it were what exists in and on the charged mass as 
the effect of the interaction. (See Figure 5, Figure 6, 
and Figure 7). This substitution of the effect for the 
cause is arguably the greatest uncorrected error in 
classical electrodynamics today. It is a hangover from 
the old days of the material ether, and the refusal to 
change the Maxwell-Heaviside equations to eliminate 
that material ether assumption, once the Michelson- 
Morley experiments falsified it. This has long been 
known to foundations physicists, and to most of the 
better electrodynamicists as well. But it still seems to 
be known to very few electrical engineers! 


Many attempts have been made to “modify” the 
standard classical electrodynamics theory, but most 
have failed. For some reason, most of these attempted 
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modifications seem to have accepted the present 
“matter-to-matter transform” approach (Figure 8) of 
present electrodynamics, failing to see that the two 
missing transforms of matter-to-spacetime and 
spacetime-to-matter (Figure 9) are in fact just general 
relativity itself {{16], [17] } The solution for adding 
the missing two transforms into electrodynamics 
therefore may lie in “infolding” general relativity 
directly within electrodynamics, rather than placing the 
two on an equal footing. That requires the analysis of 
the supersystem rather than the system, a concept 
which will be discussed shortly. Figure 10 shows the 
utilization of the "vacuum engine" that results from this 
"infolded GR" solution. 


To our knowledge, the Sachs unified field theory {{18]. 
a,b,c,d,e} is presently the only practical unified field 
theory that can be directly engineered by higher 
symmetry electrodynamics, such as the O(3) group 
symmetry EM model advanced by Evans and Vigier 
and perfected by Evans {[19] }. The engineering 
power of Sachs’ theory is remarkable {[20] }, and the O 
(3) electrodynamics has been shown by Evans to be an 
important subset of the unified electrodynamics in 
Sachs' theory. 


Let us examine that statement a little deeper. 


In classical electrodynamics the sources of all EM 
potentials, fields, waves, and their energies are 
assumed to be the charges—which are assumed to 
somehow act as perpetual motion machines that 
continuously create and pour out all that EM energy in 
the fields and potentials associated with the charge as 
their "source". This outpouring of 3-space energy 
comprising and establishing the associated potentials 
and fields eventually fills all space with energy. All 
the charges and dipoles present in the universe since 
shortly after its formation have done this for some 14 
billion years. 


Yet in classical EM—with all the existing charges in 
the universe implicitly assumed to continuously pour 
out energy into all of space, and most having done so 
for billions of years—inexplicably space is then 
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considered to be an emptiness having no interactive 
energetic exchange with the charge at all {[21] }. That 
of course is a non sequitur because it involves a total 
contradiction of the conservation of energy law. If 
there is no active energy in spacetime for the charged 
particle to receive and then output in 3-space, then the 
energy conservation is falsified by every charge and 
every dipole. 


In particle physics the inactive vacuum concept is 
known to be quite wrong, else the charge creates 
energy from nothing. That would violate the most 
sacrosanct law in physics: that energy can neither be 
created nor destroyed. So electrodynamics—both 
classical and quantum, neither of which contains the 
solution to this source charge problem—is in gross 
violation of conservation of energy laws, because it 
assumes that the charge is solely the source of its 
associated fields and potentials and their energy 

{ [22] } and that it accordingly creates all that energy it 


has poured out since the beginning of the universe. 


Presently the electrical engineer implicitly assumes 
total violation of the conservation of energy law with 
every equation he writes, and is blissfully unaware of it. 


Particle physicists, however, have done much better 
and published and incorporated their results, although 
inexplicably the mainstream electrodynamicists have 
not changed their own model accordingly. Particle 
physicists have known and shown for more than 40 
years that (i) space is a seething inferno of EM energy 
{[23]}, Gi) a charge continually undergoes a violent 
energy exchange (see Figure 11) with the vacuum EM 
flux. That exchange is what a charged mass is doing, 
to make it a "charged mass"), and (iii) the charge is a 
broken symmetry in that violent energetic flux of the 
vacuum. "Broken symmetry” means that the charge 
disrupts and alters part of that virtual particle flux to 
observable EM energy flux (see again Figures 5, 6. and 
7). The charge continually absorbs virtual energy from 
the vacuum, radiates some of that absorbed energy 
back to the vacuum in virtual form, but integrates and 
radiates the remainder in a flow of potentially 
observable energy—the energy flow discovered by 
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Poynting {[24] } and Heaviside {[25] } after Maxwell 
was already deceased. 


So what does the source charge really do? It coheres, 
transduces, and gates some of its virtual energy {[26] } 
received from the vacuum, into an EM energy flow 
going out in all directions in 3-space from that source 
charge. Contrary to present electrodynamics, this 
energy flow is actually longitudinal and bidirectional 
{[27L. [28]. [29], [30]}, with energy going out in 3- 
space from the charge to every point in the universe, 
and with energy coming from every point in the 
universe back to the charge through the time domain. 
But as reinterpreted {22 b}, Whittaker {[31] } showed 
in 1903 that any such bidirectional EM flow of energy 
—einterpreted with the input energy to the charge 
coming from the time-domain, and the output energy 
from the charge being emitted into 3-space, comprises 
a scalar potential. This also agrees with quantum field 


theory {321} 


See Figure 12. As it really exists in space, a scalar 
potential is a harmonic set of bidirectional EM energy 
flows, with the "bidirectional" EM waves being 
outgoing EM waves in 3-space caused by interaction 
with the source charge or dipole of incoming time- 
polarized EM waves. There is a set of outgoing EM 
longitudinal waves in 3-space, perfectly correlated with 
a set of incoming time-polarized EM waves in the time 
domain, Hence one time-polarized EM "causal" wave 
couples with one outgoing longitudinal EM wave in 3- 
space. It is this scalar EM wave coupling (combining) 
with longitudinal EM wave coupling, in a harmonic set 
of phase conjugate pairs, that constitutes the scalar EM 
potential. 


In short, all EM energy in 3-space comes from the time 
domain. 


After all, no observable persists continuously in time. 
Any observable is a frozen 3-space momentary 
snapshot of an ongoing 4-space interaction. It is the 
result of a d/dt operation imposed upon LLLT 
spacetime, to yield a momentary LLL by 
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d/at(LLLT) => LLL 


What we see as the "motion of an object in 3-space" is 
actually the ensemble of a continual serial iteration of 
such "frozen 3-space snapshots” of each observable 
part of the object, much as the iterative frames of a 
movie film are seen as a continuously moving picture. 


In Whittaker's bidirectional energy flow associated 
with the source charge, electrodynamicists—including 
Whittaker himself—assumed that a point positive 
coulomb of charge is located at each and every point in 
space. (Figure 5, Figure 6, and Figure 7). A tiny bit of 
the impinging EM energy flow “from” the distant 
source charge {[33] } is geometrically intercepted and 
diverted by the observing/detecting point charge to 
streamline around it, creating a “swirl around” of 
diverted energy flow. As can be seen, only a tiny 
portion of the impinging and passing EM energy 
stream in 3-space is diverged into the swirl. This is 
rather like a small diverted whirlpool of water forming 
around a stable rock in a flowing river. In 
electrodynamics the amount of energy in that “diverged 
whirlpool” is said to be the “collected” energy 
appearing upon that point charge (upon that fixed 
rock). That amount of energy swirled by the 
intercepting point coulomb at a given point in space, is 
then erroneously said to be the magnitude of the 
potential (the magnitude of the entire river). Tt is no 
such thing. The small fraction of the potential that is 
diverted from the potential’s flowing rivers of energy, is 
not that the magnitude of that potential (the magnitude 
of the entire set of flowing rivers themselves!) And it 
is certainly not “identically” the river itself! At best it 
is a measure of the intensity of the potential (the local 
intensity of all those internal rivers of energy flow) at 
that point occupied by the intercepting/diverting rock. 


The point is, as defined and used in conventional 
electrodynamics, the potential occurs only after the 
vacuum EM entity’s reaction with the intercepting 
mass, and is defined only as the effect produced upon 
that coulomb by the causative potential's interaction. 
Literally, the potential (the cause) is erroneously 
defined as the “excitation” or “excess energy” it locally 
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produces as an effect upon a unit point intercepting/ 
collecting charge. 


Ironically, it appears that no electrodynamicist 
calculates the magnitude of the actual potential as it 
exists in vacuum-spacetime, before its interaction with 
charge {[34], [35] }. Its magnitude is enormous, since 
the potential may extend over all space, and energy can 
be intercepted and collected by a charge placed at any 
point therein, or from charges placed at every point 
therein. 


Certainly no rigorous definition of the potential 
presently exists in physics; the reader is challenged to 
check for himself or herself. No legitimate definition 
can exist for the potential, until the little matter is 
resolved of its present erroneous definition only "in and 
on and deviated by” charged matter, contradicted by 
the simultaneous assumption that it does exist in mass- 
free space in undeviated form. What is deviated from 
the potential, is not the potential itself. A part of 
something torn out of that something at one point in 
itself, is not the whole. The local effect cannot be 
substituted for the entire nonlocal cause—only a small 
part of which interacts locally. 


The EM force field is similarly defined—only for 
charge mass interception, and only as an effect 
produced upon the intercepting charge. (See again 
Figures 5, 6, and 7.) A flow of water across a rock (or 
the wind on a rock in the desert) produces a “pileup” of 
fluid on the windward side, and a lesser “pileup” on the 
downwind side. The difference (called the “gradient”) 
in the energy density collected across the standard 
charge (rock) produces a “difference in pressure” on 
the rock—in other words, a force per interacting rock. 
That effect is erroneously taken to be the EM field 
itself, when rigorously it is only the reaction cross 
section of the EM field, Again, rigorously this EM 
field as defined in electrodynamics only exists as the 
effect that occurs upon an intercepting standard charge 
or "rock" {[36]}. 


Since the EM wave “in space” is erroneously said to be 
made of varying EM fields, it too is defined only as the 
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effect upon the intercepting charged mass, after the 
vacuum EM wave entity—whatever it is—has 
interacted with the charge and changed the charge 
translationally and energetically. Specifically, the 
present “EM wave in vacuum” in the literature is not at 
all what is presented and taught in undergraduate texts, 
and even the standard illustration of "oscillating E-field 
and B-field vectors" lateral to the line of motion of the 
wave is horribly wrong. E.g., Dr. Robert Romer, 
former editor of American Journal of Physics, has 
taken that error to task as follows { [37] }: 


"...that dreadful diagram purporting to 
show the electric and magnetic fields of a 
plane wave, as a function of position (and/ 
or time?) that besmirch the pages of 
almost every introductory book. ...it is a 
horrible diagram. ‘Misleading' would be 
too kind a word; ‘wrong’ is more 
accurate." "...perhaps then, for historical 
interest, [we should] find out how that 
diagram came to contaminate our 
literature in the first place." 


The EM field and wave as commonly regarded are 
transfer functions from the source charged masses that 
“perturbed the vacuum medium and created an 
unknown kind of disturbance therein”, onto the 
receiving charged masses that intercept the incoming 
“unknown vacuum wave entity that was created” and 
interact with it, being translated and perturbed as a 
result. 


This “detected” translation of the receiving charged 
masses (usually the interacting Drude electrons in a 
wire) is what our instruments detect. Indeed, the Drude 
electrons are highly constrained from moving 
longitudinally down the wire, usually moving at only a 
few inches per hour. They are much freer to move 
laterally, however, and can easily do so. 


Reacting with the incoming longitudinal EM wave 
perturbation of local spacetime, the spin of the electron 
produces gyroscopic precession laterally in the wire 
since the electron is terribly restrained in moving 
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longitudinally down the wire. Since our instruments 
detect these transverse electron precession waves, that 
has been totally confused (since Faraday's "plucked 
taut string" notion of the EM wave and Maxwell's 
arbitrary adoption of it) as representing the incoming 
wave in vacuum. It does not represent the vacuum EM 
wave at all; the incoming wave is in fact a longitudinal 
EM wave in 3-space, associated with a precisely 
correlated longitudinal EM wave in the time-domain. 


So we have answered Professor Romer's implied 
question, That horrible diagram came from the 
assumption by early electrodynamicists, before 
discovery of the electron or atom or nucleus, that the 
“transverse electric fluid waves” in the receiving wires 
represented actual "intercepted" fluid perturbations 
arriving in the material ether medium. 


In summary: Using a transmitter-receiver analysis, the 
so-called “EM wave in vacuum” as presently defined, 
actually represents that “detected and measured 
electron precession wave” in and of the reacting Drude 
electron gas in the distant receiving wire antenna. The 
so-called EM force field wave in vacuum has been 
erroneously defined as observable matter wiggles, not 
vacuum virtual energy wiggles and not as spacetime- 
curvature changes and wiggles. So even the present 
notion of the EM transverse wave in space is wrong, 
and it has been corrupted as a pure matter-to-matter 
transform from the beginning { [38] }. 


Somewhat less technical explanations are given by 
Lindsay and Margenau { [39] }, and a rigorous 
statement and discussion that EM force fields exist 
only in charged matter is given by Aharonov and Bohm 
{ [40] }. Feynman of course said it bluntly: Only the 
potential for the field exists in the vacuum, should one 
place a unit point charge there to allow the force field 
to be developed (on, of, and containing the source 
charge itself). 


Let us summarize this terrible EM foundations flaw: As 
classical electrodynamics presently is modeled, 
Maxwell and his modern followers only include 


equations which are mass-to-mass transformations 
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(Figure 8). Specifically missing { [41] } are two other 


transforms; (i) the mass-to-vacuum (mass-to- 
spacetime) transformation (which obviously is general 
relativistic in nature), and (ii) the vacuum-to-mass 
(spacetime-to-mass) transformation (again, obviously 
general relativistic in nature). (See again Figure 9). 
When these two missing transforms are added back 
into electrodynamics, one has suddenly extended EM 
theory into a new domain. One has also infolded 
general relativity (GR) inside the present EM matter-to- 
matter transforms, and also included the vacuum 
interaction including broken symmetry in that 
exchange, but in an electromagnetically engineerable 
manner. In short, one has a practical, engineerable 
unified field theory. 


Highly creative inventors such as Rife and Prioré 
intuitively developed apparatuses that unwittingly 
utilized this presently undeveloped and extended union 
of EM, particle physics vacuum theory, and GR. The 
intuition of the theorists in interpreting those 
revolutionary experiments and their results has very 
seriously lagged. 


The Supersystem Concept 


To understand how extraordinary systems such 
as Rife's microscope works, one must understand the 
concept of the supersystem. (See Figure 13). The 
supersystem consists of three components, which are 
(A) the physical system and its dynamics, (2) the local 
active vacuum and its dynamics, and (3) the local 
curvatures of spacetime and their dynamics. All three 
components of the supersystem interact with one 
another, in nature. The second and third components 
of the system constitute the active environment in 
which the system is embedded, and with which it 
interacts. 


Unfortunately, in standard classical electrodynamics 
either the system's environment is assumed to be inert, 
or the system is assumed to be in equilibrium in its 
interaction with that environment. This represents a 
totally arbitrary assumption that the system cannot 
receive and utilize any excess energy from its known 
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active environment. Hence the active vacuum's 
interaction with the system can be and is ignored by 
classical electromagnetics, as are the local curvatures 
of spacetime and their interactions with the system. 


Extraordinary EM systems invariably involve the 
supersystem dynamics, and not just the system 
dynamics. Jn nature, no system analysis is complete 
until the supersystem interactions and their effects have 
been determined and analyzed. 


The Rife microscope is indeed an extraordinary system 
using non-negligible interactions between the system 
and the other two components of its supersystem. 
Hence in our discussions, we will be examining 
interactions in that regime, and not just the standard 
electrodynamics analysis. In these discussions, we will 
be holding in mind not just the mass-to-mass 
transforms of standard electrodynamics, but two other 
transforms: (1) the mass-to-vacuum/spacetime 
transform, and (2) the vacuum/spacetime to matter 
transform (previously shown in Figure 9). 


The reason that Rife's work has not been understood is 
that researchers have been unaware of the necessity for 
supersystem analysis. Almost all analyses of Rife's 
work have been merely standard classical EM analysis 
and thus quite insufficient. There are other examples 
of the standard electrodynamics model completely 
failing to show higher symmetry phenomenology in an 
inventor's work, so that his work is not understood 
even today. An example is provided by Tesla's 
patented circuits, as rigorously demonstrated by Barrett 
{ [42] }. Barrett went on to improve the new functions 
discovered in Tesla's patents, and obtained two 
additional patents related to signals and signal 
processing { [43] }. 


Vacuum-Structurings as “Engines”: Key Part of 
the Missing Transforms 


The missing mass-to-vacuum/spacetime transformation 
produces a massless structuring of the vacuum 
medium, That is a vacuum engine or “multiplex of 
specific spacetime curvatures.” (See Figure 14, Figure 
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15, Figure 16, Figure 17), and Figure 18. Preparing the 
vacuum engine is accomplished by charged matter 
dynamics of the source charges producing the 
necessary potentials, fields and waves. The charges are 
embedded in continual energetic exchange with the 
vacuum/spacetime, and moving the charges affects that 
exchange; it perturbs the local vacuum flux and curves 
the local spacetime accordingly. 


The transform represents producing this vacuum engine 
by the vacuum-perturbing action of source charge 
dynamics upon the vacuum, and by not assuming a 
mystical intercepting point-charge at each point in 
space { [44] }. In the vacuum/spacetime, only vacuum/ 
spacetime entities and changes to them exist. Jn pure 
water, only water and changes to that water exist! 


So a precise dynamic structuring of the energetic 
vacuum (and spacetime geometry) is what charges 
produce when they “perturb” the vacuum medium, 

{ [45] }, by the presence or dynamics of their fields, 
longitudinal and time-polarized EM waves, or both. 
This "perturbed vacuum dynamics” separate from the 
source charges themselves comprises an engine that 
consists of altered longitudinal EM wave dynamics 
inside the internal Whittaker structure { [46] } of the 
scalar potential of the ambient vacuum. That is the 
same as also producing internested levels of spacetime 
curvatures in a template or specific pattern { [47] }. 


In turn, this vacuum engine region of local curvatures 
and structurings in spacetime will interact upon any 
mass placed therein. That action is the missing 
electrodynamic vacuum-to-mass transform. 


The missing electrodynamic vacuum-to-mass 
transformation produces direct changes and alterations 
in the “receiving” mass, at all levels, by the action of 
such a vacuum engine. As each action occurs locally 
in the localized receiving mass, it produces the "local 
effect" as the result of that “local action.” The primary 
causative chain (i.e., the set of “dominoes” affecting 
each other serially), started back at the distant source 
charges. One can say that we therefore have mass-to- 
mass action at a distance, via the matter-to-vacuum 
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and vacuum-to-mass intermediary transforms and the 
spatial and temporal propagation of the vacuum 
engines in the middle of the two { [48] }. We will 
shortly discuss the Whittaker structuring of the 
potential as a fundamental process for producing 
vacuum engines. 


General relativists mostly concentrate upon the 
warping and curving of spacetime (i.e., producing a 
vacuum engine) by the very weak gravitational force— 


which is only some 104? times as strong for electrons 
as the electric force between them. Consequently, 
relativists must look to huge assemblages of mass, such 
as in stars and other astronomical objects, for sufficient 
gravitationally-induced spacetime curvature to produce 
easily observable results. For that reason, general 
relativity has resisted laboratory development as an 
engineerable applied science. By using the far stronger 
EM force as the agent of spacetime curvature, and 
including the infolded electrodynamics inside the 
potential, field, and wave, general relativity then 
becomes engineerable and usable. But one is 
engineering the supersystem, not just the system. 


The Infolded Electrodynamics Inside Potentials, 
Fields, and Waves 


As previously stated, in 1903 E. T. Whittaker, a 
well-known mathematical physicist, showed that a 
scalar potential can be mathematically decomposed 
into a set of peculiar EM wavepairs in a harmonic set. 
(Again see Figure 12) These “hidden waves” are 
longitudinal EM waves, arranged in conjugate pairs 

{ [49] } with the pairs also arranged in a harmonic set. 
In each wavepair, there is an ordinary (forward-time) 
longitudinal EM wave (outgoing in 3-space from the 
interacting/observing charge), coupled to its phase 
conjugate replica (time-reversed twin). 


And here lies a magic secret. Prior to interacting with a 
charge, the phase conjugate wave in each wavepair is 
in the complex domain, which means that in 
Minkowski space it is incoming along the fourth axis, 
ict, where the only variable is t. Hence this wave prior 
to interaction with charge does not even exist in 3- 
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space. Instead, it exists as a longitudinal EM wave 
incoming in time, so that it is a time-like flow of EM 
energy. (See Figure 19). After interaction with a 
charge, the charge absorbs the incoming time-polarized 
EM wave, transduces that time-energy to 3-spatial 
energy, and re-emits the energy as longitudinal EM 
waves in 3-space in all directions. "In all directions" 
means that for every outgoing longitudinal EM wave 
emitted in one direction in 3-space, another wave just 
like it also emitted in the other direction in 3-space. So 
the paired "bidirectional" EM longitudinal EM waves 
in 3-space, as interpreted by Whittaker, do exist as the 
effect waves caused by the incoming causal time-like 
longitudinal EM waves (scalar EM waves). The 
pairing of the causal time-polarized EM incoming 
wave with an outgoing effect longitudinal EM wave 
was not interpreted by Whittaker, but does agree with 
more modern quantum field theory interpretations of 
photon polarizations and their observability or non 
observability, by Mandl and Shaw {22b}. 


We have corrected this "effect substituted for the 
cause" wave to reinterpret Whitaker's 1903 
decomposition of the scalar potential, into combined 
biwaves where one of the biwaves is incoming in the 
time domain, and the other is outgoing in 3-space. 

That re-interpretation then allowed a solution {22a} to 
the problem of the source charge and its associated 
fields and potentials, together with their energy. Every 
source charge and source dipole continuously emits 
EM energy in 3-space, without any 3-spatial EM 
energy input. The input is there, but in the time- 
domain. This problem—resolved by the present author 
in 2000—has been called the most difficult problem in 
quantum and classical electromagnetics {30 }. 


Because of observed parity reversal accompanying the 
time-reversal operation, in his forward-time, the 
observer “sees” —after interacting the incoming wave 
with charge—the effect of the incoming time-reversed 
or phase conjugate wave (entering from the time 
domain) as a 3-space longitudinal EM wave leaving in 
the opposite spatial direction. So the basic 4-space 
phase conjugate longitudinal wavepair would appear to 
us in forward time as a “regular” time-forward 
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longitudinal EM wavepair in 3-space, with the two 
waves going outward in opposite directions. But each 
is accompanied by a time-polarized EM wave, else it 
would not be observable. 


Further, there is a harmonic series of such 
bidirectional longitudinal wavepairs comprising the 
scalar potential. So the staid old electrostatic potential 
(i) is not a "scalar entity” at all { [50] }, (ii) is a bundle 
of longitudinal wavepairs, (iii) is an entity with a 
remarkable internal hidden multiwave structures and 
dynamics, (iv) is a composite of very special waves 
whose transverse amplitude (i.e., whose spatial energy 
density, which is a function of transverse amplitude 
squared) does not change, but whose transported time 
structure changes, and (v) therefore is a special kind of 
wave that is velocity modulated about some central 
velocity, and is not limited to the speed of light c. 
Indeed, in classical electrodynamics in the Coulomb 
gauge, the scalar potential is already recognized as 
having infinite velocity, merely appearing in space 
instantly at every point it occupies { [51] }. 


We also state without elaboration that the active 
vacuum is identically a very huge scalar potential, as 
indeed is “spacetime geometry”. So a unifying 
principle is: 


vacuum = spacetime = potential = energy 


{ {521} 


Further, as a potential, the “ambient” vacuum 
decomposes into an incredibly rich, internal Whittaker 
wave structure. So then also must spacetime and 
energy similarly decompose. That decomposition 
structure is even richer when higher symmetry O(3) 
EM is used instead of the lower symmetry U(1) EM 
employed by Whittaker. 


A revolution in electrodynamics has recently 
begun, and central to that revolution is the strong 
appearance of longitudinal EM waves as essentially the 
basis for the emerging new electrodynamics. Work by 
Evans { [53] }, Barrett { [54] }, Ziolkowski { [55] }, 
Evans { [56] }, Rodrigues {57}, and others is 
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fundamental in this respect. One part of this emerging 
new electrodynamics is advanced under the label of 
undistorted progressive waves (UPWs). A good 
summary of UPW theory is given by Rodrigues and Lu 
{ [57] }. Even so, to date this body of work still 
largely ignores the internal Whittaker dynamics 

{ [58] } inside an EM wave. The body of work— 
particularly the higher symmetry 0(3) electrodynamics 
pioneered by Evans {56} inherently possesses the 
capability to model such structuring, since much of it 
utilizes a higher topology algebra such as quaternions 

{ {591} or even Clifford algebra { [60] } In those 
higher algebras, many electrodynamic things can be 
done outside the operations permitted by present vector 
and tensor electrodynamics. 


Superpotentials and Superpotential Theory 


Whittaker’s 1904 paper { [61] } showed that all 
the “normal” electrodynamics was based on, and 
created by, the interference of scalar potential functions 
(ie., by the interference of those multiwave 
longitudinal wavepairs and their dynamics { [62] } 
constituting the interfering scalar potentials.) He 
showed that any EM field or wave whatsoever can be 
replaced by two scalar potential functions—in fact, is 
comprised of those two scalar potential functions and is 
created by them. Scalar potential interferometry 
already creates all the “normal” EM in the textbooks 
anyway, and a proof has been given by Evans et al. 


{1631}. 


The 1904 paper by Whittaker initiated a 
somewhat obscure branch of electrodynamics referred 
to as superpotential theory { [64] }. Whittaker’s work 
was further extended and augmented by later scientists 
such as Righi { [65] }, Debye { [66] }, Bromwich 

{ [67] }, Nisbet { [68] }, McCrea { [69] }, etc. But 
even with the extended superpotential theory, without 
the addition of Whittaker 1903 and the substructuring 
"internal LW electrodynamics” one cannot understand 
the mechanism for what Rife was actually doing. 


Rife was not using normal potentials and normal E and 
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H fields—which as we discussed, only apply to 
observable material entities anyhow and thus could not 
be used to “see” far below the quantum threshold of 
least detectable material disturbance. His entire 
protocol was to get beyond those “material 
interception of EM energy” limitations. Unwittingly, 
Rife was using vacuwn engines—involving structuring 
of the active vacuum as well as pure general relativity 
(GR) and pure structurings of spacetime geometry 
itself. He was electromagnetically using that part of 
GR that the GR physicists have mostly only tried to 
produce by use of the weak gravitational force. In GR, 
the ST geometry itself is active, dynamic, energetic, 
and structuring! In higher symmetry electrodynamics, 
the ST geometry itself is powerfully active, dynamic, 
energetic, and structuring! Ttis not at all just a 
"passive spacetime” as classical electrodynamics 


assumes { [70] }. 


Biological Systems Use the Infolded Whittaker- 
Type Electrodynamics 


The problem in the Rife microscope is to be able to 
observe very subtle ST curvatures and patterns, in an 
optical manner. These subtle or virtual "disturbances" 
of local spacetime are far finer and smaller than the 
one-tenth wavelength optical resolution generally the 
limit for optical microscopes using conventional optical 
EM notions and “material” potentials, fields, and 
waves. 


In short, Rife’s twofold problem was to (i) function 
with vacuum engines (internal structuring of the 
potentials) so he could penetrate to any degree of 
smallness, and (ii) output, in the observable state, exact 
visible summations and analogues of the individual 
structures detected in the virtual (nonobservable) state 


(711). 


To make the subtle vacuum engines observable on the 
bench, the ST curvatures and their internested 
patterning must be accomplished by making and 
assembling local curvatures of ST, via making 
longitudinal EM wavepairs in structural pattern 
assemblies. Spacetime is in fact just a powerful scalar 
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potential, or can be modeled as such, and as such 
Whittaker 1903 and 1904 rigorously applies, along 
with extensions from higher symmetry 
electrodynamics. By realizing that ST is identically 
potential, one has altered one's thinking from the 
standard GR theory into a correlated EM-GR theory. 
One has also extended GR: Not only is there a 
“topology” of things that can be externally done to a 
base spacetime, but there is also a hidden, vast EM 
topology within any overall base spacetime. So we 
now have “topologies within topologies.” This is in 
fact what the Russians have long called the information 
content of the field. 


However, all living systems already use this "infolded" 
bidirectional, longitudinal wavepair EM in their 
ongoing living functions { [72] }. Just as they used 
frequency modulation, EM signals, EM oscillations, 
etc. before we even had an electrodynamics or a 
physics, living systems do use the infolded EM (and 
vacuum engines) in all their living functions, and 
particularly in their cellular regeneration and 
restoration (R&R) system { [73] }, as contrasted to 
their immune system. The immune system cells are the 
fighters and the debris scavengers/cleaners. They go 
after the hostile invaders, fight them, and usually win— 
littering the battlefield with the debris. Then the 
immune system scavenger cells clean up the residue. 


But many of the body’s cells will have been 
damaged in the fight. The immune system itself cannot 
heal or restore a single damaged cell, even its own! It is 
not a healer! It is a searcher, a marker, a killer, and a 
residue-cleaner. It contains " the troops and the combat 
engineer," so to speak, but not the hospitals and the 
doctors. All healing/restoration of living cells is done 
by the R&R system, not by the immune system. 


A high-level overview of the immune system is 
given in Figure 20. 


No vaccine, drug, herb, vitamin, or mineral 
heals the body, although certainly they can enhance or 
aid the body's healing process. Each does carry its 
individual resident vacuum engine, and when absorbed 
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by the cell, this added vacuum engine contributes to the 
resident vacuum engine in the cell by summing with it. 
To restore the damaged cells back to normal (i.e., to 
heal), the R&R system uses a novel kind of extended 
electrodynamics with infolded vacuum engines, and it 
uses a novel kind of optical phase conjugate pumping, 
in the time domain rather than just 3-space. The magic 
“unified field theory” so long sought by scientists, has 
long been utilized by the regeneration and restoration 
system of the body in its minute-to-minute and day-to- 
day healing and restoring actions. 


The magic "universal healing mechanism" so 
long evading the discovery of medical scientists is none 
other than the exact cellular regenerative mechanism 
universally used by every living organism. For the first 
time, we are explaining the higher symmetry 
electromagnetic nature of this mechanism. 


Robert Becker's epochal work { [74] } (Figure 
21, Figure 22) strongly probed the electromagnetic 
control system directing the body’s cellular 
regeneration and repair (R&R) system, However, he 
did not have available the infolded Whittaker 
electrodynamics. He could only utilize the grossly 
inadequate standard electrodynamics. Modern 
nonlinear phase conjugate optics had not yet been born 
when Becker did most of his seminal work. 


Since standard EM does not incorporate infolded GR, 
vacuum engines, or optical pumping in the time 
domain, Becker could not formulate the full technical 
mechanism of the R&R system —which uses the 
supersystem, not just the system, But Becker did 
strongly point out the importance of the R&R system, 
both theoretically and experimentally. He found that it 
operated electrically, with the scalar potentials being 
key. He modeled the R&R system as closely as can be 
done with classical U(1) electromagnetics (Figure 22). 
He proved that cells can be dedifferentiated (reversed 
back to an earlier, more primitive state) and 
redifferentiated (time-forwarded into a more complex 
state) by weak DC potentials and laughably weak 
(picoamperes) of current. He was twice nominated for 
a Nobel prize for his epochal work. His method of 


hup://www.cheniere.org/techpapers/rifemieroscope htm (27 of 87)21.1.2004 17:48:47 


Novel Principles In The Rifle Microscope 


electromagnetic healing of otherwise intractable bone 
fractures (Figure 21) is utilized today in many hospitals. 


In his microscope, Rife was in pursuit of optically 
"seeing" the infolded electrodynamics functioning of 
the living cells in the most minute detail—i.e., he 
wished to see the actual vacuum engines and their 
functions. Using the infolded EM, one can still "see" 
the cells and all their parts, but one can also go far 
beyond the one-tenth wavelength optical discrimination 
limitation and see into the virtual state dynamics. In 
theory, because the infolded EM is recursive as a 
function of wavelength, one can go to any limit in 
smallness desired—or at least to whatever limit is 
determined by the available technology's development 
at the time { [75] }. 


Vlail Kaznacheyev's novel electromagnetic induction 
of cellular death, disease, and damage, at a distance, is 
instructive in this respect { [76] }. (Figure 23) Indeed, 
the Russians mastered, extended, and weaponized the 
Kaznacheyey mechanisms as disease-inducing 
weaponry, and slyly used it at low level on personnel in 
the U.S. Embassy in Moscow (Figure 24), This was 
done to stimulate high level officials in the U.S. 
government and U.S. scientific community to see if the 
U.S. knew of this "infolded electrodynamics and 
vacuum engine" technology { [7] }. The Russians 
were using GR, but by infolded EM means—so they 
were using a unified field theory involving higher 
group symmetry electrodynamics. The puzzled U.S. 
employed only standard U(1) symmetry 
electrodynamic analysis { [78] }, so it totally missed 
the entire physics of what was occurring to cause the 
health changes and diseases. 


In GR, one is very interested in Wheeler's principle 
which states (slightly paraphrased): 


Mass (trapped energy) acts upon ST 
geometry to curve it, and curved ST acts 


upon mass to produce forces upon it and 
move it. 


This statement after Wheeler is the very essence 
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of general relativity. It simply states that there is a 
mass-to-spacetime dynamic transform, and also a 
spacetime-to-mass dynamic transform, as we 
diagrammatically showed in Figure 9. 


Understanding Vacuum Engines and Their 
Action 


Wheeler's general relativity principle includes the 
missing two transforms of electro-dynamics. We are 
extending Wheeler’s principle to the corollary form: 


All levels of the structures of mass (trapped energy 
structures) and all levels of the structures of time (the 
time aspects of photon structures) act upon ST 
geometry to structure it in both 3-spatial energy density 
structuring and in time domain structuring. Producing 
this multilevel spatial and temporal structuring of 
spacetime is called “forming a vacuum engine.” Both 
3-spatial energy density structuring of spacetime at all 
levels and time structuring of spacetime at all levels, 
act upon mass at all levels, to produce internested 
templates of forces and translations and stresses. 


In short, energy patterns and time patterns in 3- 
space act upon spacetime to produce patterned 
curvatures of ST geometry (vacuum engines). And 
conversely, patterned curvatures of spacetime geometry 
(vacuum engines) act upon mass to produce 
corresponding patterns of forces at all levels in the mass 
—down to and including upon the quarks and gluons in 
the nucleons in the atomic nuclei. We note with 
pleasure that the Sachs unified field theory does apply 
from the gluons to the entire universe, as has been 
shown by Sachs himself {18b}. 


Muscle and Skeleton Analogy of Interaction of 
‘Vacuum Engine and Mass 


We call attention again to our analogy (Figures 15, 16, 
17, and 18) of the interaction of a vacuum engine and 
mass, provided by the interaction of arm muscles and 
the skeletal arm bones to which they are attached. The 
arm muscles attach to the arm's skeletal bones, and 
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those bones are articulated and free to dynamically 
move. To the bones, the muscles are mysterious agents 
(analogous to vacuum engines) exerting forces upon 
them, and causing them to move or hold. To the 
muscles, the bones are positioned resisting masses for 
them to work upon and change their positions, and the 
bones exert Newtonian reaction forces back upon the 
muscles as the muscles apply forces to the bones. So 
the vacuum engines (muscles) create forces upon the 
resisting masses (bones) to move them, and the masses 
act back upon the causative vacuum engines to create 
antiforces in resistance. 


Using this analogy, when we create a set of 
vacuum engines, we create a set of “mysterious 
muscles” that act directly upon any and all 

“masses” (bones) that are exposed to them. The bones 
then change and move until the bidirectional 
interaction forces are balanced (equal and opposite). 
This symmetry between the two missing transforms is 
shown in Figure 9. 


The Multilevel Structuring of Time is Important 


We also add the extension that dynamic 
structuring in the time stream also occurs from trapped 
time domain “time component” structuring and 
distribution effects, as well as dynamic structuring of 
the spatial energy density of the ST geometry (the 
vacuum). 


We are speaking relativistically of the interaction of 
mass and spacetime at any and all levels of a mass, 
down to and including the molecules, the atoms, the 
atomic nuclei, the nucleons, and even the quarks 
comprising the nucleons (comprising the protons and 
neutrons). One must first clearly have this vision in 
mind: The dynamics of everything ongoing in that 
mass, down to the most minute particle dynamics and 
in the most minute detail (and far into the virtual state 
beyond the one-tenth wavelength limitation of light 
resolution) consists of the structurings of this "mass-ST 
curvature" mutual interaction. 


So we know from general relativity that collections of 
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energy (such as mass) act directly upon spacetime, its 
structuring, and its dynamics at any and all levels, 
down to the tiniest. We know that the variations in 
local spacetime geometry (including in both energy and 
time), down to any and all levels and sizes, down to the 
tiniest conceivable lengths, act directly upon any and 
all exposed mass at that level, no matter how tiny. 


There is no “quantum” limitation nor is there any 
“wavelength of light” limitation to this GR process. 
Total continuity applies. 


Some Characteristics of Vacuum Engines 


The great advantage of a vacuum engine is that the 
"action" it produces upon an exposed mass, arises 
directly from within each point in the local spacetime 
in which the mass is embedded. One does not have to 
"start outside" and move through space and the 
intervening mass toward the "inside". Every point 
within an object occupies every point in time, a priori. 
From a single time-point, the vacuum engine's 3-space 
action enters everywhere within the object, all-at-once, 
and the 3-space effects proceed outward from each 
interior point. (See again Figure 19). Therefore even a 
weak vacuum engine induced by EM forces can do 
with ridiculous ease what the most powerful particle 
accelerators on Earth cannot do. The engine is already 
everywhere "inside" an object or particle, and working 
from every point in it, toward an outward direction. On 
the other hand, a particle accelerator is trying to build 
tremendous velocity of its particles so that they can 
"smash" their way in there, by brute force. To get ever 
deeper, the particle accelerator must be made ever 
larger, so that a "bigger hammer" is available. Also, 
the vacuum engine does not smash or damage any of 
the matter in the object, in any fashion not desired. 
The particle accelerator, on the other hand, is a great 
disruptor and may well destroy or serious change the 
very object it "probes". 


Further, contrary to the accelerator's "one shot for one 
giant amount of energy input", a vacuum engine—once 
formed—continually exists in that locally altered 
spacetime and is contained in it and is sustained by it. 
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Hence that locally altered spacetime—after we pay to 
alter it once—will continuously expend energy in the 
form of the action of that vacuum energy, forever, upon 
any mass emplaced in that local spacetime. The 
universe itself is furnishing the energy to do the work, 
via the instantaneous connection in the time domain. 


That "multiply connected space" entry everywhere 
within an object simultaneously, is quite different from 
"spatial propagation of energy” through singly- 
connected space from outside an object to the object, 
striking the outside of a mass and being absorbed, 
producing a gross translation force upon the mass, In 
the “energy propagation through space” case, severe 
energy interaction may occur with only the absorbing 
part of a macroscopic mass, while the remainder of the 
mass is little affected or not at all. To wit, one does not 
get the resulting electronuclear alterations of the 
nucleus (materialization, dematerialization, 
transmutation, etc.) by absorbed propagated “normal” 
EM radiation. However, with weak EM-induced 
vacuum engines one can do things inside the nucleus 
such as easily flip quarks inside the nucleons, so that 
transmutations at very weak spatial energy levels are 
readily obtained. This in fact turned out to be the 
major secret of the low-energy nuclear transmutations 
occurring in some 600 cold fusion experiments 
worldwide { [79] }. 


Electrodynamic force fields implicitly define primarily 
only translation effects upon charges or masses, in their 
very definitions. With normal EM, usually one will get 
reradiation of the absorbed energy, or partial 
reradiation of the absorbed energy accompanied with 
recoil of the absorbing mass, or no reradiation but 
recoil of the mass. 


We took the term vacuum engine from Misner, Thorne, 
and Wheeler { [80] } and also from Nobelist T. D. Lee 
{ [81] } who spoke of this sort of thing as vacuum 
engineering. The term is not original with us; only the 
novel higher symmetry electrodynamics application of 
the concept is original. We call the exact geometrical 
form of a vacuum engine a template. We refer to the 
process of internally structuring a field, wave, or 
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potential as dimensioning or activating or conditioning 
or charging up the field, wave, or potential. Russian 
superpotential weapon scientists call the infolded 
structuring itself the information content of the field. 
For further discussion of some of these terms and 
related concepts, the reader is referred to our website, 
www.cheniere.org. 


Wheeler's GR principle says that, for every mass with 
its exact mass structural dynamics condition, there 
exists a corresponding exact vacuum engine template 
containing precise spacetime curvature structural 
dynamics, and interacting back upon the dynamic mass 
at all levels. That vacuum engine is said to be resident 
in the mass and continuously interacting with it (see 
again Figure 13 on the supersystem). 


Again, the structuring of the vacuum engine has no 
limitation in fineness, because spacetime is 
continuous. Hence it freely extends from the 
observable realm on down into the virtual realm. This 
is no more audacious than stating that virtual and 
observable entities occupy the same time domain 
simultaneously. Obviously, if one is using the 
structuring of time, one gathers in both those virtual 
structures and those observable structures, and also the 
exact correlation between them. This is a direct 
engineering application of an EM hidden variable 
theory, somewhat similar to that proposed by David 


Bohm { [82] }. 
Applying Vacuum Engines to Living Cells 


Any normal cell already has a normal template of 
overall ST curvature due to its mass and trapped energy 
structures. No matter how small, every internal part of 
that cell has its own subcomponent template of 
subcomponent ST curvatures embedded in that overall 
cellular ST curvature. As the cell functions, the 
dynamic normal changes of that template into other 
related templates, is within the range of what we call 
"normal, healthy cellular functioning." 


Any abnormal cell has an abnormal template and also 
an abnormal set of "templating" changes. In other 
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words, there exists a precise vacuum engine delta in the 
abnormal cell, summed to the cell’s normal vacuum 
engine. The sum engine represents the exact vacuum 
engine to act on the normal cell and change it to that 
precise abnormal condition. 


But a template depends upon the energy density 
structuring of the local vacuum and also the local time 
structuring—which latter is still missing from physics 
books, but is implicit in the nature of the photon. If 
one produces the necessary energy structuring and 
density—and the necessary time structuring and 
density of local ST geometry—one produces a certain 
vacuum engine and one also produce a certain template 
of time structuring. Time { [83] } has dynamic 
template structuring and functioning, just as does the 3- 
spatial energy density of ST geometry. 


Indeed, the total (virtual and observable) photon 
interaction with a mass or particle generates the "flow 
of that mass or particle through time" (Figure 25). 


But one can make vacuum engines using EM energy 
and structuring, rather than with normal gravitational 
(G) energy and structuring { [84] }. The advantage is 
that, for electrons, the EM structuring is on the order of 
104? times as strong as the G structuring. For protons, 
the EM force is something like 1038 times as strong as 
the G force. So by using the much stronger EM force 
as the “agent of ST curvature,” one can make vacuum 
engines that are quite strong at their local level. These 
engines will affect and profoundly change any exposed 
mass, including cellular mass—in any fashion desired, 
given only that one makes the appropriate vacuum 
engine. Again, we are simply engineering practical but 
ultra-strong general relativity on the laboratory bench, 
by electromagnetically engineering Wheeler's principle 
in an extended form. 


For any physical cellular deviation from normal—any 
deviation whatsoever—a corresponding exact deviation 
(ie. an exact delta) exists in the cell’s otherwise 
normal vacuum engine template. This includes 
deviations in the genetics of the cell and everything 
else, not just the chemistry and gross physical structure. 
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Now if one could produce the negative (time-reversal) 
of the sum template of the resident vacuum engine and 
amplify it, one would have a powerful new type of 
vacuum engine. (Figure 26) It would be an exact 
vacuum anti-engine to act upon that specific diseased 
or abnormal condition of the cell and gradually erase 
the delta and bring the cell physically back to normal. 
The new anti-engine would operate upon all the mass 
of the cell, at every level no matter how small. It 
would change the cell’s abnormal genetics back to 
normal genetics. 


One could of course reverse cellular damage due to 
aging, and rejuvenate the body. It is quite doable; all 
that is needed are the funds, scientific team, and 
laboratory facilities to develop it. It is doable 
whenever the U.S. medical science community and the 
giant pharmaceutical community will allow it to be 
done. 


One could reverse a cancer cell back to a normal cell, 
by applying the specific summation vacuum antiengine 
for the exact delta between the cancer cell and a normal 
cell. 


One could reverse an AIDS cell back to a normal cell 
with normal genetics, where it no longer was an "HIV 
factory". An AIDS patient could be completely, 
quickly, and cheaply cured, the moment he or she 
tested HIV positive. There would be no need to wait 
for the debilitations of the progressing disease to 
appear. Not a single HIV-infected cell would be left in 
the body, even those resistant strains that have 
developed after the original infection. 


One could do precisely the same thing with Ebola 
infections, and with the “tough” staph infections that 
now resist everything and are killing more than 120 
thousand Americans in our hospitals every year, with 
the figures rising. These are patients who did not have 
the disease that killed them, when they entered the 
hospital. 


With development of portable treatment units and mass 
production, one could treat and heal those millions of 
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mass casualties that could well erupt in one or more 
large U.S. city areas—e.g., from an Iraqi-sponsored 
terrorist biological warfare (BW) strike, using anthrax 
{ [85]. In 1998, we proposed a crash development of 
just such portable units { [86] }. With the present 
world situation, it is not a matter of ifsuch terrorist BW 
strikes will be made in the U.S., it is a matter of when 

{ [87 }. Since our 1998 proposal, there has now been 
time to have had those portable units developed and 
mass-produced, at a total program cost of perhaps $100 
million. Sadly, no one apparently had the foggiest 
notion of what was actually being proposed, and its 
vital importance to the survival of the nation. With a 
looming war in the MidEast—and with hordes of 
terrorist teams with biological warfare agents already 
infiltrated into U.S. cities and population centers—this 
negligence is particularly of concern at this very 
moment. These officially-forecast attacks on our cities 
by weapons of mass destruction could now be 
imminent, if and when the MidEast does explode into 
war, which appears imminent. 


The Process Has Been Experimentally Proven 


A very similar thing is also what Becker 
{ [88] } demonstrated, without considering the vacuum 
engine (general relativistic curvature of spacetime) 
effects. Itis also precisely what Prioré { [89] } 
unwittingly did in France, with a team of renowned 
French scientists, to cure terminal cancers, 
atherosclerosis, lethal infectious diseases, etc. in 
laboratory animals under rigorous scientific protocols. 
The team also demonstrated the restoration of 
suppressed immune systems. 


In Germany, Popp { [90] } et al. were also 
involved in studies dealing with the R&R system, but 
from a quantum electrodynamics viewpoint. 


We can also consider the vacuum engine from a 
nonlinear optics view, and obtain startling extensions 
of both general relativity and nonlinear phase conjugate 
optics. That in fact is exactly what Prioré did, though 
he did not think in those terms. Prioré roughly created 
a complex set of bidirectional longitudinal EM 
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wavepairs—i.e., a set of “time domain pump waves.” 
So he produced a kind of vacuum engine that itself is a 
crude anti-engine generator when used to pump a mass 
such as a living cell. 


Prioré unwittingly used an extension to nonlinear 
optical (NLO) phase conjugation before nonlinear 
phase conjugate optics was even born. Pumping 
diseased cells in the Prioré manner causes the 
formation of exact "antiengines" for the specific 
cellular disease or disorder to be created in the cells 
themselves. 


First, Prioré mixed up to 17 or so EM transverse waves 
in a rotating plasma { [91] }. Today we know that such 
a plasma will transform transverse radiations into 
longitudinal radiations, and it will also phase conjugate 
the input waves and add their phase conjugate replicas. 
In short, it is a procedure for somewhat crudely making 
a set of longitudinal bidirectional EM wavepairs, which 
is required to produce a scalar potential with a 
deterministic internal structuring. In short, it produces 
a scalar potential with an internal vacuum engine 
template. 


These infolded longitudinal biwaves are NLO pump 
waves of a new kind: They pump the PCM material in 
the time domain only. This kind of pumping is a 
vacuum antiengine-making process. 


The plasma tube was surrounded by a giant 
coil, and a pulsed magnetic field was produced by the 
coil. Per Whittaker’s 1904 paper, that pulsed DC 
magnetic field can be decomposed into two scalar 
potentials. Hence we have three potentials 
superposing: (1) the potential function set made by 
Prioré in his plasma tube, and containing a selected 
“vacuum antiengine maker” consisting of bidirectional 
pump waves in the time domain, and (2 and 3) the two 
Whittaker potential functions comprising the DC 
pulsed magnetic field of the coil. 


The end result of this superposition/mixing of 
potentials is that their “internal structures”—including 
their vacuum engines—also diffuse one into the other. 
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Fundamentally, Prioré produced what to the observer 
seemed just a pulsed DC magnetic field, but one in 
which there was a specific “vacuum engine maker” of 
his deliberate creation and “tailoring.” Originally by 
trial and error, he adjusted the 17 frequencies 
introduced to the plasma, thus varying the frequencies 
of the “infolded bidirectional pump waves” produced 
and infolded into the pulsed DC magnetic field carrier. 
In this manner he was “tuning the “vacuum antiengine- 
maker” content. 


Again, Russian energetics weapons scientists 
call those vacuum engine templates the information 
content of the field. They do not refer to ordinary 
spectral analysis. 


Explaining the Time-Pumping Vacuum Anti- 
Engine Maker 


Irradiating the cell (with non-ionizing radiation) 
containing infolded specific bidirectional longitudinal 
waves, precisely corresponds to pumping the cells in 
the time domain, rather than pumping them in the 
“spatial energy distribution” domain. Because of the 
shift of the pumping from the 3-space domain to the 
time domain, this constitutes a dramatic extension of 
phase conjugate optics. Because of the amplified phase 
conjugating action of the “vacuum antiengine maker” 
upon the vacuum engine in a mass, this also constitutes 
a dramatic extension of general relativity and of four- 
wave mixing theory. Let us explain briefly: 


When one pumps a nonlinear mass [phase 
conjugate mirror (PCM) material] with ordinary 
“transverse” EM waves { [92] } (Figure 27a), one is 
pumping (stressing, or “squeezing and relaxing”) the 
mass with dynamic oscillating energy distributions in 
3-space. One inputs a similar weak wave (called the 
“signal” wave) to the mass simultaneously. In that 
case, multiwave mixing theory tells us that the 
pumping of the PCM will cause the formation of a 
fourth EM wave, that is a time-reversed replica of the 
input “signal” EM wave. The time-reversed wave may 
contain up to all the energy in the pump waves, so it 
can be highly amplified in magnitude compared to the 
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input signal wave. The distortion correction theorem 
tells us that this time-reversed replica wave will then 
appear precisely superposing in space back along the 
exact spatial track taken by the input signal wave 


{1931}. 


When the pumping is shifted to the time domain 
by pumping with bidirectional longitudinal EM waves, 
we now are pumping the time aspects of the mass— 
during it iterative existence as masstime; see again 
Figure 25—rather than just pumping the spatial energy 
aspects. In other words, we are not pumping spatially, 
but spatiotemporally. We are pumping temporally. 
rhythmically squeezing (compressing) and relaxing 
(extending) the “density of the time interactions” 
producing the rate of flow of time itself. This is a 
totally new extension to nonlinear phase conjugate 
optics. 


In this case, the “signal wave input” to the 
“time-domain-pumped” nonlinear mass PCM is just the 
resident vacuum engine in the local spacetime in which 
that PCM mass is embedded (see Figure 27b). The 
sickened cell's abnormal vacuum engine—consisting of 
the sum of the normal cellular vacuum engine and the 
disease delta vacuum engine—is present in the cell and 
is the input to the time-pumped phase conjugate mirror 
(cellular masstime). The output is the formation of an 
amplified time-reversed replica of that vacuum engine. 
In other words, an exact, amplified vacuum antiengine 
for reversing the precise abnormal condition of the 
mass, down to and including even the quarks in the 
atomic nuclei, is formed by time-domain (longitudinal 
EM biwave) pumping. The result or “output” is that 
the entire cellular PCM mass and all its constituent 
parts are “time-reversed” back along their previous 
“track through time”, back to a previous normal 
physical state { [94] }. Figure 27b illustrates this 
process. 


So when Prioré pumped the abnormal cells, he 
simply time-reversed them—genetics and all—right 
back to their normal physical state before the 
abnormality arose. 
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The beauty of the method is that, by adjusting 
the input waves to the rotating plasma, Prioré could 
“tailor” and “tune” the pumping waves to what was 
needed for a particular class of disease. He used trial 
and error methods to arrive at the proper settings for 
the disease to be treated. In theory, by the Prioré 
method one can time reverse any mass back to an 
earlier physical state. This mechanism is used by the 
cellular control portion of the body’s regenerative and 
restorative (R&R) system to restore damaged cells 
back to normal. It is the basis for the body’s ability to 
heal itself! 


Applied to diseased cells, the method causes the 
formation of specific amplified antiengines for the 
exact specific cellular abnormality, no matter how 
complex, and no matter what it is. In applied medicine 
this is a revolutionary new healing and therapeutic 
modality, accomplished by novel EM means, and 
justified by general relativity, higher symmetry 
electrodynamics, and longitudinal EM wave pumping 
in the time domain rather than classical 
electrodynamics and transverse EM wave pumping. 
Prioré’s discovery, once understood, may just be the 
greatest medical discovery of all time, and the 
discoveries of Rife and of Becker may rank a close 
second. The Prioré process is shown in Figure 28. 


The body's cellular regeneration system uses this same 
methodology and process. A block diagram of the 
operation of the body's cellular regeneration system is 
shown in Figure 29. 


Further Principles Needed for Rife’s 
Microscope 


In his microscope (Figures | and 2), Rife just wanted to 
observe the templates [2] corresponding to the cells, 
germs, viruses, etc. and all their parts, without any 
smallness limit. To do that, we need to (1) amplify the 
tiny, tiny amplitudes (actually, in the virtual state and 
subquantal) of the tiny vacuum engines accompanying 
tiny spatial locations containing living, functioning 
entities (no matter how small), and (2) "transduce" that 
amplified result into the optical spectrum, so that we 
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see a perfect optical analog and thus are "looking" 
visually at localized ST regions far smaller than the 
one-tenth wavelength optical resolution limit. 


We need another principle to do that. Suppose that, to 
first order, we have an isotropic nonlinear medium. 
Then if we transmit a sine wave into it, pandemonium 
sets loose with our wave. The speed of each part of the 
wave in this medium is a function of the location of 
that part upon the wave amplitude, so the peaks move 
faster than the intermediate parts of the wave of lesser 
magnitude. The wave has "peak overtake", breakup, 
collapse, and all sorts of things happening to it. Soa 
simple sine wave is not going to pass smoothly into 
that medium and "pass back out" coherently and nicely, 
and ordinary light is not going to give stable reflections 
from that medium! 


However, if we transmit two sine waves 
simultaneously, some frequency interval apart, and 
then if we pretend that we actually transmitted their 
difference frequency, a very strange thing happens. 

The two individual sine waves themselves still break 
up and go bananas. However, that difference 
frequency acts as if it were a simple sine wave 
transmitted into a linear medium! So we get back out a 
very nice, smooth, well-behaved sine wave of the 
difference frequency, even though terrible things 
happened to the individual waves themselves. We can 
detect and use that "difference frequency" nicely. 


Several very neat sonar systems presently use that sort 
of transmission schema in underwater work { [95] }. 
The principle applies for waves of all frequencies, 
all media which can be approximated as nonlinear 
isotropic in nature. As we shall see, it applies to the 
Rife microscope also. 


for 


Rife's Secret: Recursive Coherent Increase of 
the Signal-to-Noise Ratio (SNR) 


To first order, without too much error we can pretend 
that the molecules and atoms etc. in the cells and body 
tissues, together with their finer components, comprise 
such an isotropic nonlinear medium. That's not entirely 
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true, of course, but it does work to an extent sufficient 
for our purposes. Fortunately for the Rife process, the 
parts that do not obey this isotropic rule add randomly, 
while the parts that do obey the rule add coherently. So 
the "signal-to-noise ratio" (SNR) increases with the 
increasing amplification, and one "grows" the desired 
signal right up out of the noise (SNR) of the parts that 
do not obey the isotropic medium assumption. With 
sufficient number of amplifier stages, in theory the 
SNR of even the tiniest parts can be made as large as 


desired { [96] }. 


With optical functioning as in Rife’s microscope, one 
may substitute "light gathering power" or 
"magnification" for the electrical term "amplifier gain" 


As we stated, Whittaker in 1904 (and superpotential 
theory thereafter) shows us that—if we wish—any EM 
field, wave, and pattern can be represented by two 
scalar potentials. Each of these two scalar potentials is 
further comprised of bidirectional EM longitudinal 
waves, in a harmonic series, in the Whittaker 1903 
manner as reinterpreted. So we can reduce any pattern, 
field, or wave from any assemblage of charge sources, 
into two potentials, and then further into two sets of 
bidirectional EM waves interfering with each other. 
That process already makes all conventional EM 
waves, fields, etc. 


An EM structuring of the local vacuum-spacetime 
occurs by all the electrical charges in the mass of the 
living cell, down to and including the virtual charges 
exchanged in the nuclear interactions in the nucleus of 
the atoms. By Whittaker 1903 and superpotential 
theory, all of that structuring itself is a potential with an 
internal set of bidirectional harmonic longitudinal EM 
waves interfering with each other. 


Further this potential is recursively organized, 
because the inner bidirectional EM wavepair 
structuring of the potential is already recursive, as can 
be shown by applying Whittaker-1903 and Whittaker- 
1904 successively and iteratively { [97] }. This means 
we get deeper and deeper internested levels of patterns 
that still precisely correspond to the operational 
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mechanisms of the lower levels. It’s similar to an 
infinitely fractal { [98] } type of process. 


Because this conglomerate is recursive as a function of 
harmonic intervals, it means that we can pick any 
harmonic interval we choose in the "big world" where 
we observe things, and we can have an exact 
observational representation of the dynamics of that 
ongoing hidden longitudinal EM wavepair 
interferometry in the two waves bounding that 
harmonic interval. Of course, the more additional 
harmonics we add, the better dynamics we have. The 
greater the number of harmonic intervals applied, the 
greater the gain. However, these harmonic intervals 
can be recursively applied using just one 
"macroscopic" harmonic interval, iteratively and 
serially applied over and over. The more iterative 
serial recursive application of one harmonic interval, 
the mote the "gain" or "amplification"—in the case of a 
microscope, the more the amplification. That was 
Rife’s real secret, finally revealed. See Figure 30. 


The Difference Frequency Provides Visible 
Output 


Rife wanted to look at very, very small things visually, 
even though those “small things” were far below the 
one-tenth wavelength visible light barrier. In other 
words, to understand the Rife microscope’s visual 
representation of the virtual state, we need to choose 
the harmonic interval of the throughput so as to span 
the visible spectrum. Well, for optical purposes, 
luckily the IR and UV do exactly that. Examine the 
frequencies, and you will see that a harmonic interval 
exists from a spot in the IR to a spot in the UV, and of 
course the interval in between includes the entire 
visible spectrum. The visible spectrum in between, 
however, represents the observable noise that would 
block what we seek to have emerge in that region in 
our "Rife microscope", so the presence of the visible 
spectrum is highly undesirable. Various filters can be 
used to block the visible spectrum while transmitting 
the UV and IR regions, or one can just work in the dark 
or in suitably dim visible light. 
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Rife then applied his iterative multiple "difference 
frequency" lenses in serial order, one after the other. 
While it is doubtful that he understood the theoretical 
method being utilized, he certainly persisted and found 
how to use it. This method of iteratively summing a 
recursive virtual state vacuum engine "template" results 
in the formation of an observable state vacuum engine 
template. In short, it magnifies the virtual state entities 
and dynamics directly to observable state analogues 
that capture all the virtual state entities and their 
dynamics. 


That is why, if we use special filters on your camera 
and flash lenses, where the filters are open in the IR 
and UV but opaque in the visible spectrum in between, 
we can often photograph the ongoing "longitudinal EM 
hidden biwave interferometry"—the subtle energy or 
vacuum engine functioning—of nature and of living 
systems, even displaced in time, as Trevor Constable 

{ [99] } and Joe Gambill { [100] } (a researcher friend 
now deceased) demonstrated, as George Meek 

{ [101] } demonstrated, and as Fogal { [102] } has 
successfully experimented with. 


Occasionally when one gets things just right, 
one can get pictures of the subtle invisible reality in the 
virtual state, going on around oneself and in one's 
surroundings. With Rife-like iterative serial 
amplification, one can get them all the time, 
dependably, as with a Fogal semiconductor specially 
adapted for such operation. One can in fact build 
instruments that indirectly observe the so-called 
"unobservable" virtual energy state and its entities and 
dynamics with one-to-one correspondence. 


That's a whole new "subtle physics" reality. Present 
physics with its assumed quantum observation 
limitations just has not even gone into it—primarily 
because physics has been focusing upon the quantized 
aspects of the photon (which is quantized in one aspect 
only—its magnetic vector potential—and not in its 
unquantized aspect—its scalar electrical potential!). 
Physics has rather ignored the unquantized (and 
therefore continuous from the smallest to the largest 
scale) time aspect of the photon { [103] }. Using the 
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continuous aspect of the photon, one can assemble 
photon “time interval” structures—and in fact one does 
so whenever one assembles a 3-spatial energy density 
structuring such as in ordinary EM theory. 
Simultaneously, one has assembled a “structuring of 
the time domain” also, because each photon in the 
spatial energy density structuring consists of both time 
and energy as its canonical components. 


All EM fields and waves, being comprised of 
photons, thus also carry (1) energy and energy internal 
structuring, and (2) time and internal time structuring. 
Again, this is the Russian information content of the 
field. The Russians simply understand 4-vector theory 
and Whittaker 1903 and 1904, and how to combine 
them with quantum mechanics and general relativity in 
a unified field theory. 


The above explanation is why Kaznacheyev's { [104] } 
mitogenetic radiation { [105] } from his control 
(deliberately damaged or infected) cells would pass 
through a quartz window and induce the same damage 
(or disease) in targeted cells on the other side and 
otherwise environmentally shielded, but would not 
induce the changes through a normal window glass 
window. (See again Figure 23) Quartz passes the full 
optical spectrum from IR to UV, while window glass 
does not. So quartz passes the vacuum engines for the 
disease or damage, while window glass breaks them up 
and does not pass them as such. We stress that the 
vacuum engines are part of the “continuous” aspect of 
the photons, and so are not bound to any limitation on 
magnitude (either fineness or largeness) as are the 
quantized aspects of the photon. 


For such a "far beyond the one-tenth wavelength” 
microscope as Rife’s, one must use vacuum engines 
(time domain structuring, and longitudinal EM waves) 
and extraordinary iterative unified field theory optics, 
rather than the ordinary transverse EM waves and 
ordinary optics. The lenses must all pass at least one 
harmonic interval (and the same one!), to provide and 
utilize the “difference frequency band” needed for 
recursive viswal connection to the subquantal state (the 
hidden virtual structures in terms of the continuity 
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aspects of photons). Successive stages thus "serial 
iteration” use the recursive principle to coherently 
amplify and show the vacuum engines, their dynamics, 
and the dynamics of deeper organizations and 
dynamics in the virtual state itself. Since Rife wished 
to “see” the results in the optical spectrum, then the 
two frequencies chosen for “differencing” had to bound 
the visible spectrum. 


Rife used quartz lenses or at least very good optical 
glass that is open from IR to UV. That bounds the 
visible spectrum with a harmonic interval. Rife used 
multiple stages for successive coherent recursive 
amplification and increasing the SNR magnitude by 
coherent integration. One must also have some scheme 
for filtering out (or avoiding) too much visible 
spectrum light. One such scheme is to just use enough 
stages so that, in the new theory where the wavelength 
limitation is bypassed, one has amplified ("resolved") 
to the depth or fineness desired. The process long ago 
removed itself from the "normal visible light" domain, 
well before it reached the deeper resolution limit 
utilized by the definition state of the new method. 


By using sufficient multiple stages in this 
fashion, the "tiny" virtual state vacuum engine 
templates passing through the IR-UV harmonic interval 
in a lens can be recursively summed and magnified 
many, many times—essentially without limit, because 
the phenomenon being magnified is recursive and 
bidirectional longitudinal in nature. It is definitely nor 
normal visible light optics, and it is nor conventional 
classical electrodynamics. 


Rife’s Recursive “Vacuum Engine” Microscope 


The Rife microscope coherently sums (and thus 
coherently amplifies) the virtual state vacuum engine 
patterns with the increasing number of stages. For the 
subtle vacuum engine templates, such an arrangement 
becomes a direct amplifier (magnifier), for amplifying 
(magnifying) the internested virtual state vacuum 
engine templates and their dynamic functioning, into 
the observable state. With a properly designed 
“vacuum engine” recursive microscope, one can see 
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ide a molecule, inside the atomic nucleus, and even 
ide a nucleon, given development and perfection of 
the process. However, at this initial stage of 
understanding, one can forecast that finely adjusting 
the various stages of an early laboratory prototype 
would indeed prove to be a tedious and formidable 
task, just as Rife reported. With further development, 
however, that obstacle can be removed. 


What comes out the output end of such a 
“vacuum engine” recursive microscope, is a direct 
visible light analogue of the much more subtle ST 
functioning in the microscope’s highly localized 
viewing area. This output imaging is put together 
electrically" in ways analogous to the construction of 
a video picture on the screen of a TV tube. Since the 
result emerges through an output end that still passes 
an entire harmonic interval bounding the visible 
spectrum, the amplified virtual state recursive template 
is not destroyed but is highly amplified and produced 
as an observable image and dynamics in the visible 
spectrum. This final "interferometry" of two internally 
structured potential functions now produces "visible 
light" EM fields and waves and patterns, in accord with 
Whittaker 1904. These visible patterns are direct 
analogues representing exactly the very, very minute 
regions far below the one-tenth wavelength limitation 
of ordinary optical resolution. Those regions were the 
regions “being focused onto” when Rife so arduously 
“adjusted” his microscope's multiple stages. 


With Rife’s recursive magnifying microscope 
process, one can see direct visible analogs of what is 
actually far, far smaller than anything ever before seen 
in normal optical microscopes, or even in electron 
microscopes etc. Indeed, one can see directly into the 
virtual state itself, and observe virtual state structures. 
While this is unthinkable in quantum mechanics if one 
considers only quantized aspects of light, it is perfectly 
feasible if one considers the concomitant unquantized 
(continuous) aspects of light, and shifts to general 
relativity and vacuum engines to utilize the 
unquantized structuring of the time domain. 


Conclusion 
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Rife unquestionably found a way to produce 
visible recursive amplification and magnification of 
invisible virtual state dynamics and functions. We 
hope we have shed at least some light on the 
extraordinary technical mechanisms involved. This is 
good conceptual science, consistent with theory and 
some known experiments, and it certainly can be made 
a rigorous science and technology and mathematically 
modeled, using higher symmetry electrodynamics that 
is part of a unified field theory such as that of Sachs. 
The basis for all of it is in the literature already, but it is 
scattered widely in uncorrelated bits and pieces. It is 
not in the normal electrodynamics courses, nor is it in 
the normal optical science curriculum. And it is not 
taught in the normal physics curriculum. Needless to 
add, it is absent from the medical curriculum as well. 


As an additional proposal, we tentatively suggest that 
this principle also may be the long-sought "hidden 
chaos" or "hidden order” in quantum mechanics that is 
known to be present, but has not yet been explained 

{ [106] }. If so, then it becomes a new law of physics, 
with the experimental proof first demonstrated by 
Royal Raymond Rife. 


With the conceptual technical matrix of Rif 
mechanism in hand, it should be possible for a proper 
scientific multi-disciplinary team to redevelop and 
extend the Rife microscope. Marvelous new 
instruments will emerge, once the quantum physics 
conceptual blockage of continuous physics is 
constrained to its place as only “one view of the 
physics reality elephant.” With the ability to directly 
“measure”, “observe,” and engineer the virtual state, a 
breathtaking expansion of physics will occur, 
dramatically extending the vacuum engineering 
suggested by Nobelist Lee. 


Tf so, then Rife’s tragic life will have served its noble 
purpose, and his intuitive insight will have been 
resoundingly verified. The follow-on results will have 
untold benefit to science and to all the human 
generations to come. 


hup:/www.cheniere.org/techpapers/rifemicroscope htm (48 of 87)21.1.2004 17:48:47 


Novel Principles In The Rifle Microscope 


NOTES AND REFERENCES 


[1] For work on the theoretical aspects of this paper, 
partial financial support by A. Dreyer, R. Francis, H. 
Ledger, M. Peters, T. Craddock, and the Association of 
Distinguished American Scientists (ADAS) is 
gratefully acknowledged, as are helpful discussions 
with Dr. Bob Flowers and Dr. Myron Evans. 


2] We emphasize that Rife himself did not think in 
these terms. 


1). (a) Some Rife-related references are: 
Royal R. Rife, "The filterable virus of carcinoma," 
Apr. 26, 1939; — "The Rife Microscopes," Apr. 
28, 1939; — "Bacteria," Apr. 28, 1939; — "History 
of the development of a successful treatment for 
cancer and other viruses, bacteria, and fungi," 
Allied Industries, Dec. 1, 1953. 

(b) Arthur Isaac Kendall and Royal 
Raymond Rife, "Observations on Bacillus 
Typhosus in its filterable state," California and 
Western Medicine, Ca. Med. Assoc., Dec. 1931. 

(c) Arthur Isaac Kendall, "The filtration of 
bacteria," Science, Mar. 18, 1932. 

(d) See particularly E. C. Rosenow, 
“Observations on filter-passing forms...,” Proc. 
Staff Meeting of the Mayo Clinic, July 13, 1932; — 
“Observations with the Rife microscope of Filter- 
passing forms of micro-organisms,” Science, Vol. 
76, Aug. 26, 1932, p. 192-193; — 
"Microdiplococci in filtrates of natural and 
experimental poliomyelitic virus compared under 
the electron and light microscopes," Proc. Staff 
Meeting of the Mayo Clinic, 17(7), Feb. 18, 1942, 
p- 99-106; — "Observations of filter-passing forms 
of Eberthella Typhi (Bacillus Typhosus) and of the 
Streptococcus from Poliomyelitis," Proc. Staff Mtg. 


hup:/www.cheniere.org/techpapers/rifemicroscope him (49 of 87)21.1.2004 17:48:47 


Novel Principles In The Rifle Microscope 


Mayo Clinic 7, July 13, 1932, p. 408-413; — 
"Transmutations within the Streptococcus- 
Pneumonococcus Group," J. Infective Diseases, 
Vol. 14, 1941. 

(e) R. E. Seidel and M. Elizabeth Winter, 
“The new microscopes,” Journal of the Franklin 
Institute, Feb. 1944, p. 103-129; — "Filterable 
bodies seen with the Rife microscope," Science 
Supplement, Science, Dec. 11, 1932, p. 10-11. 

(f) "Is a new field about to be opened in the 
science of bacteriology?", Editorial, California and 
Western Medicine, Ca. Med. Assoc., Dec. 1931; 
"Powerful microscope makes very tiny objects 
visible," Science Newsletter, Vol. 33, Jan. 22, 
1938, p. 55; "The Rife microscope or ‘facts and 
their fate’," Reprint No. 417, The Lee Foundation 
for Nutritional Research, Milwaukee, Wisconsin, 
undated. 

(g) A good lay overview is given by 
Christopher Bird, “What has become of the Rife 
microscope?”, New Age Journal, Mar. 1976. 

(h) See also T. E. Bearden, AIDS: 
Biological Warfare, Tesla Book Co., 1988, p. 267- 
279. The author gives a short introduction to the 
Rife microscope and includes some pictures. The 
proposed evanescent wave explanation proved to 
be wrong. Much additional work by the author 
eventually culminated in the proposed mechanism 
presented in the present paper. 


[2]. We have one viewgraph listing some 32 
flaws, errors, and shortcomings of classical 
electrodynamics, and there are even more than 
that. Additional errors are listed, for example, by 
important scientists such as Feynman, Wheeler, 
Evans, Bunge, Cornille, Barrett, and others. So a 
substantial number of errors in classical U(1) EM 
theory are well known to foundations scientists. 
We discuss only a minimal few in this paper. 


BL Mario Bunge, Foundations of Physics, 
Springer-Verlag, New York, 1967, p. 176. 


hup:/www.cheniere.org/techpapers/rifemicroscope him (50 of 87)21.1.2004 17:48:47 


Novel Principles In The Rifle Microscope 


[4]. Ibid., p. 182. 


[5]. M. Faraday, Experimental Researches in 
Electricity and Magnetism. Vol. 1, Taylor and 
Francis, London, 1839.; Vol. 2, Richard & John E. 
Taylor, London, 1844; Vol. 3, Taylor and Francis, 
London, 1855. Reprinted by Dover in 1965. Also 
see M. Faraday, "On Static Electrical Inductive 
Action," Phil. Mag., 1843; — "Remarks on Static 
Induction," Proc. Roy. Inst., Feb. 12, 1858. 


6]. James Clerk Maxwell, Preface to the First 
Edition, A Treatise on Electricity and Magnetism, 
third edition, Vol. 1, Dover Publications, New 
York, 1954, p. viii-ix. 


ve J.C. Maxwell, Preface to the First 
Edition, A Treatise on Electricity and Magnetism, 
third edition, Vol. 1, Dover Publications, New 
York, 1954, p. viii-ix. Quoting: “...before I began 
the study of electricity I resolved to read no 
mathematics on the subject till I had first read 
through Faraday’s Experimental Researches in 
Electricity. ...J perceived that his method was also 
a mathematical one, though not exhibited in the 
conventional form of mathematical symbols, I also 
found that these methods were capable of being 
expressed in the ordinary mathematical forms... 


8). James Clerk Maxwell, A Treatise on 


Electricity and Magnetism, Third Edition, Vol. 1, 
Dover Publications, NY, 1954, p. 165-166. 


91. Else the precessing electrons in a signal- 
receiving wire antenna would not precess laterally. 
Since their precession is at right angles to the 
disturbing force, the disturbance arriving from the 
vacuum was a longitudinal disturbance. This also 
agrees with Whittaker's 1903 decomposition of the 
scalar potential, and Mandl and Shaw's note that the 
combined scalar photon and longitudinal photon are 
observable as the instantaneous scalar potential, 


hup://www.cheniere.org/techpapers/rifemicroscope htm (51 of 87)21.1.2004 17:48:47 


Novel Principles In The Rifle Microscope 


while neither of them is observable individually. 
See citations for Whittaker and for Mandl and 
Shaw elsewhere in these references. 


(201. This word “potentiality” (by Feynman) is 
given flesh and blood in the present paper. What 
actually exists in the vacuum is potential and 
structures of potential. Vacuum, spacetime, and 
potential are identities. Hence we may say that the 
structured vacuum potentials are indeed 
structurings of spacetime curvature. We refer to 
these as vacuum engines, which are explained in 
this paper. 


11). Richard P. Feynman, Robert B. Leighton 
and Matthew Sands, The Feynman Lectures on 

Physics, Addison-Wesley, New York, Vol. II, p. 1- 
3: 


12). This is easily shown. F = d/dt(mv), 
which expands to F = (m)dv/dt + v(dm/dt). Let the 
mass m be zero continuously, and both terms on the 
right go to zero, hence F = 0. That is, the force 
disappears because mass is a component of force. 
It is the use in mechanics of the separate massless 
force acting on a mass that is the non sequitur and 
to blame for this giant error in electrodynamics as a 
hold-over from the hoary old mechanics theory. 


13]. J.D. Jackson, Classical Electrodynamics, 
Second Edition, Wiley, 1975, p. 249. 


14). Ji 


son, ibid. p. 28. 


15]. Melba Phillips, “Classical 
Electrodynamics,” Vol. IV: Principles of Electro- 
dynamics and Relativity, in Encyclopedia of 
Physics, Edited by S. Flugge, Springer-Verlag, 
Berlin, 1962, p. 4. Quoting: “The utility for 
electrical problems of a scalar potential, first 
introduced in the theory of gravitation, was pointed 
out by Simeon Denis Poisson, Bull. Soc. 


hup:/www.cheniere.org/techpapers/rifemicroscope htm (52 of 87)21.1.2004 17:48:47 


Novel Principles In The Rifle Microscope 


hsp: 


Philomatheique 3, 388(1813). See also Mem. 
Institut, Pt. 1, 1, Pt. 2, 163 (1811). The word 
potential was introduced by George Green in 
1828.” 


16]. E.g., see W. Misner, K. S. Thorne, and J. 
A. Wheeler, Gravitation, W. H. Freeman and Co., 
San Francisco, 1973, p. 5. 


17]. | Two methods of dealing with this 
problem, and rectifying it, are the use of a 
topological definition of the fields in mass-free 
spacetime, and the use of a unified field theory 
where the "field in space" is not a forcefield per se, 
but merely a curvature or set of curvatures of 
spacetime. As an example, the O(3) 
electrodynamics largely pioneered by Evans takes 
the latter approach, and it is usable in directly 
engineering unified field theory effects. 


[18]. (a). Mendel Sachs, The Field Concept in 
Contemporary Science, Charles C. Thomas 
Publishers, 1973; 

(b) — General Relativity and Matter: A_ 
Spinor Field Theory from Fermis to Light-Years 
Fundamental Theories of Physics), Reidel (now 
Kluwer), 1982 provides a great generalization of 
general relativity and electrodynamics reaching 
from the quarks and gluons to the entire universe. 
See also 

(c) Mendel Sachs, Quantum Mechanics 


from General Relativity: An Approximation for a 
Theory of Inertia, Reidel (now Kluwer), 1986; 


(d) — "Relativistic Implications in 
Electromagnetic Field Theory," in T. W. Barrett 
and D. M. Grimes, eds., Advanced. 
Electromagnetism, World Scientific, 1995, p. 541- 
559. In the latter, Sachs shows that the most 
general expression for the field theory is in terms of 
spinor and quaternion variables, rather than the 
vector and tensor variables of the conventional 
expression of Maxwell's theory. This generalized 
expression leads to extra conservation laws and 
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invariants, thus increasing the predictive capacity 
of the theory. 

(e) For a marvelous treatise for the educated 
layman, see M. Sachs, Relativity in Our Time: 
From Physics to Human Relations, Taylor & 
Francis, 1993. 


[19]. E.g., see the several Evans' reviews in 
Modern Nonlinear Optics, Second Edition, Edited 
by M.W. Evans, Wiley, 2002 (in press). Many 
other O(3) electrodynamics papers are also carried 
in this set of three volumes, as well as in the 
standard literature. 


20). Mendel Sachs, "Relativistic Implications 


in Electromagnetic Field Theory," ibid. 


[21]. — Without interaction with the vacuum, 
mass does not exhibit perfect symmetry. For a 
discussion, see T. D. Lee, Particle Physics and 
Introduction to Field Theory, Harwood Academic 
Publishers, New York, p. 378-389. 


22). In both classical and quantal 
electrodynamics, the problem of the source charge 
and its associated fields and potentials—and their 
energy—has been considered to be the most 
difficult problem. 

(a) For a solution to that problem, see T. E. 
Bearden, "Giant Negentropy from the Common 
Dipole," Journal of New Energy, 5(1), Summer 
2000, p. 11-23. On DoE open website http://www. 
ott.doe.gov/electromagnetic/papersbooks.html and 


this author's website www.cheniere.org. 


(b) For very powerful support of that 
proposed solution, see F. Mandl and G. Shaw, 
Quantum Field Theory, Wiley, 1984, Chapter 5. 
Neither the time-polarized photon nor the 
longitudinal photon is individually observable, yet 
the combination of the two is observable as the 
instantaneous scalar potential. The Mandl and 
Shaw combination of a scalar (time-polarized) 
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photon and a longitudinal photon is explained by 
Bearden as the interaction of the causal incoming 
scalar photon with a charge, the charge 
subsequently transducing the absorbed energy from 
the time-domain into 3-space, and re-emission of 
the energy as an emitted longitudinal photon in 3- 
space. The actual interaction provides the 
coupling, and clarifies which is the cause and 
which is the effect. 


23]. As the electrodynamicists implicitly 
assume, by assuming fields and potentials from all 
charges in the universe penetrating and existing and 
superposing and interfering in each cubic 
centimeter of space, and in fact at every point in 
space. But then the electrodynamicists continue to 
utilize a material ether assumption in their 
equations, embedded implicitly upon the notion of 
an “empty space” filled with this material ether. 
Tesla called it “... one of the most remarkable and 
inexplicable aberrations of the scientific mind 
which has ever been recorded in history.” (Nikola 
Tesla, "The True Wireless,” Electrical 
Experimenter, May 1919). While that biting 
remark certainly did not endear him to struggling 
electrical scientists, it did strike uncomfortably 
close to the mark, and it still does. 


24).  J.H. Poynting, "On the transfer of energy 


in the electromagnetic field," Phil. Trans. Roy. Soc. 
Lond., Vol. 175, Part II, 1885, p. 343-361. 


25]. Oliver Heaviside, "Electromagnetic 
Induction and Its Propagation," The Ele n, 
1885, 1886, 1887, and later. This is a series of 47 
sections, published section by section in numerous 
issues of The Electrician during 1885, 1886, and 
1887. See also Oliver Heaviside, "On the Forces, 
Stresses, and Fluxes of Energy in the 
Electromagnetic Field," Phil. Trans. Roy. Soc. 
London, 183A, 1893, p. 423-480. 
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[26]. By a crude analogy, one may think of the 
“virtual” energy of the vacuum as energy that has 
been disintegrated into incredibly tiny bits—each 
so small that the bits fade in and out of existence at 
an incredible rate. The spinning action of the 
charge may be thought of as similar to that of an 
old spinning wheel. The charge spins, so that it 
coheres some of the “virtual fibers” continually fed 
to it by the vacuum, into “thread-sized” portions 
that are emitted radially outward. So the charge 
“splatters back” some of the fibers as fibers, but 
“spins” the remainder into useful quantum-sized 
“threads” which are emitted in observable form. 


2271. Presently electrodynamicists are likely 
to specify the Poynting energy flow S as 

S = ExH. However, in the vacuum (spacetime) 
neither E nor H exists as such observed force fields, 
which requires presence of charged mass. Only 
potentials and potential structuring of the virtual 
particle flux exist in the vacuum (which is after all 
just potential comprised of virtual particle flux). 
Those structurings or their analogues also exist as 
sets of curved spacetime regions (i.e., spacetime 
structurings comprising the elements of the 
"vacuum engine"). See E. T. Whittaker, "On the 
Partial Differential Equations of Mathematical 
Physics," Mathematische Annalen, Vol. 57, 1903, 
p. 333-355. Whittaker that any scalar potential 
decomposes into a multiplicity of longitudinal 
bidirectional flows of energy. This decomposition 
must also comprise the vacuum scalar potential, as 
well as the "spacetime curvature" potential. 


[28]. However, Whittaker misinterpreted the 
causal phase conjugate wave (that half of his phase 
conjugate wavepair) as the effect after the wave 
interacts with charged mass, in which case parity is 
broken and the effect wave produced by the 
interaction is a longitudinal EM wave going in the 
opposite direction in 3-space from its "biwave" 3- 
space partner. The correct interpretation is that, 
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prior to interaction, the phase conjugate wave exists 
in the fourth axis of Minkowski 4-space, hence is in 
the time domain. It is literally a longitudinal EM 
wave moving on the fourth axis (in the time 
domain) to the interacting charge, and the other 
Whittaker biwave partner is the effect longitudinal 
EM wave emitted in 3-space by the interacting 
charge after it absorbs the incoming time-polarized 
EM wave. We point out that a longitudinal EM 
wave along the time axis is a time-polarized EM 
wave, corresponding to the known time-polarized 
photon in quantum field theory. 


[29]. After publication of my "Giant 
Negentropy" paper, I discovered very strong 
support for my reinterpretation of Whittaker's 1903 
decomposition of the scalar potential. This support 
was by F. Mandl and G. Shaw, ibid. Mandl and 
Shaw give a deeper coverage of the photon 
polarizations. They argue that the longitudinal and 
scalar polarizations individually are not directly 
observable, but only in combination, wherein they 
manifest as the "instantaneous" Coulomb (i.e., 
electrostatic) potential. Our comment is that this 
argument, translated from particle terminology to 
wave terminology, directly fits my re-interpretation 
of Whittaker's 1903 decomposition of the scalar 
potential. However, Mandl and Shaw fail to 
account for their assumed interaction of the 
detecting/observing unit point charge to perform 
the perfectly correlated "combining", and thus fail 
to account for the absorption of the incoming 
causal time-polarized wave or photon, the 
transduction of that excitation energy of the charge 
into longitudinal EM wave/photon energy in 3- 
space, and the subsequent emission of that 
excitation energy as a perfectly correlated 
longitudinal EM wave in 3-space. 

Thus Mandl and Shaw missed the time- 
excitation charging of the source charge via 
absorption of the "coupled" time-polarized EM 
wave/photon, and the subsequent decay of the time- 
charge excited state by emission of a 3-space 
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usps 


longitudinal EM wave/photon. This omitted 
interaction represents the discovery of nature's 
giant negentropy mechanism in EM energy flow, 
whenever 3-space energy flow symmetry is broken, 
as with a common dipole. So Mandl and Shaw do 
not account for photon (or wave) polarization 
transduction, where the "causal" time-polarized EM 
wave or photon comes in and is absorbed by the 
detecting charge or dipole to energetically excite it 
in the time-domain, then the excitation energy is re- 
emitted as the longitudinally polarized EM wave or 
photon in 3-space. 

Recognition of these missing functions 
allowed at last a solution to the long-vexing 
problem of the source charge. We actually solved 
the problem for a source dipole, then pointed out 
that any "isolated" charge is a set of dipoles when 
its clustering virtual charges of opposite sign are 
considered. 


[30]. The source charge problem was 
recognized as the most difficult problem in 
electrodynamics. E.g., see D. K. Sen, Fields and/or 
Particles, Academic Press, London and New York, 
1968, p. viii. Quoting: "The connection between 
the field and its source has always been and still is 
the most difficult problem in classical and quantum 
electrodynamics." Since our proposed solution is 
consistent with particle physics (broken 3- 
symmetry of the dipole) and with quantum field 
theory (combination of the time-polarized and 
longitudinal photon comprises the scalar EM 
potential), it is robust and we believe it will stand 
up to meticulous scrutiny. 


31]. E. T. Whittaker, 1903, ibid. 


32). Mandl and Shaw, ibid. 


33] Poynting only assumed that diverged 
part of the energy flow. Heaviside, on the other 
hand, showed that there is a much larger energy 
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flow component that misses the intercepting 
charges (or circuit) altogether, and is wasted. Since 
this means that far more EM energy flows from the 
terminals of a generator than the external circuit 
intercepts and catches, it means that all generators 
produce more energy flow output than the textbook 
States, or that Poynting assumed. In fact, as 
transducers of vacuum energy, all dipolar 
generators already exhibit COP>1.0. Since no one 
in the 1880s could explain where such an 
astounding extra energy flow was coming from, 
Lorentz originated an integration trick to discard 
the nondiverged Heaviside EM energy flow 
component. 

(a) See J. H. Poynting, “On the transfer of 
energy in the electromagnetic field,” Philosophical 
Transactions of the Royal Society of London, Vol. 
175, Part I, 1885, p. 343-361. 

(b) See Oliver Heaviside, "Electromagnetic 
Induction and Its Propagation," The Electrician, 
1885, 1886, 1887, and later—a series of 47 
sections, published section by section in numerous 
issues of The Electrician during 1885, 1886, and 
1887. 

(c) See also Oliver Heaviside, "On the 
Forces, Stresses, and Fluxes of Energy in the 
Electromagnetic Field," Phil. Trans. Roy. Soc. 
London, 183A, 1893, p. 423-480. 

(d) For Lorentz' trick to discard the 
nondiverged component, see H. A. Lorentz, 
Vorlesungen iiber Theoretische Physik an der 
Universitit Leiden, Vol. V, Die Maxwellsche 
Theorie (1900-1902), Akademische 
Verlagsgesellschaft M.B.H., Leipzig, 1931, "Die 
Energie im elektromagnetischen Feld," p. 179-186. 
Figure 25 on p. 185 shows the Lorentz concept of 
integrating the Poynting vector around a closed 
cylindrical surface surrounding a volumetric 
element. This is the procedure which arbitrarily 
selects only a small component of the energy flow 
associated with a circuit—specifically, the small 
Poynting component striking the surface charges 
and being diverged into the circuit to power it—and 


hup:/www.cheniere.org/techpapers/rifemicroscope htm (59 of 87)21.1.2004 17:48:48 


Novel Principles In The Rifle Microscope 


then treats that tiny component as the "entire" 
Poynting energy flow. Thereby Lorentz arbitrarily 
discarded all that extra Heaviside energy transport 
component which does not strike the circuit at all, 
and is just wasted. 


34]. In fact, the simple equation W = 0q, 
where W is the diverged/collected energy, q is the 
intercepting coulomb, and @ is the reaction cross 
section of the potential, shows that 
electrodynamicists implicitly assume the “true” 
causal potential to contain unlimited energy. E.g., 
using that equation, any desired amount W of 
energy can be collected from any nonzero potential 
, no matter how small its intensity, simply by 
adding sufficient intercepting/collecting charges. 


[351 A back-of-the-envelope calculation for a 
nominal simple circuit has been made and 
previously presented by the present author. In the 
nominal circuit used, the source dipole extracts 
from the vacuum and sends down the outside of the 
attached circuit about 10!3 times as much energy as 
the circuit itself intercepts, diverges, and utilizes. 
The huge remainder is not intercepted, remains 
nondivergent and just passes on out into space at 
the speed of light. 


36]. Solving the standard equation E = F/q for 
F, one has F = Eq. Again, from any nonzero E- 
field, no matter how small, as much force can be 
“gathered” and produced as one desires, merely by 
increasing the intercepting/collecting charge q. 


37). Robert H. Romer, "Heat is not a noun,” 
American Journal of Physics, 69(2), Feb. 2001, p. 
107-109. This is an editorial discussion by the 
Editor of AJP of the concept of heat in 
thermodynamics. Heat is not a substance, not a 
thermodynamic function of state, and should not be 
used as anoun. The quotation castigating the 
standard "field diagram" of an EM wave in space is 
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from endnote 24, p. 109. 


8]. This is readily understood when one 
realizes that the founders of electromagnetics 
assumed a material ether. So to them, there was not 
a single point in all the universe where mass was 
absent! Hence the field, potential, and wave "in 
space" were actually the field, potential, and wave 
"in the material ether medium", and therefore 
perfectly material. Even though the Michelson- 
Morley experiments falsified the material ether in 
the 1880s, the electrodynamicists (i) never changed 
their classical EM equations which still to this day 
assume the material ether filling all space, and (ii) 
still implicitly mistake the transverse electron 
precession wave in the Drude gas in a receiving 
antenna as representing the assumed interception of 
the incoming "transverse EM wave" in that external 
material ether medium. 


39]. Robert Bruce Lindsay and Henry 
Margenau, Foundations of Physics, Dover 
Publications, New York, 1963, p. 283-287, and 
passim. 


40]. Y. Aharonovy and D. Bohm, "Significance 
of Electromagnetic Potentials in the Quantum 
Theory," Physical Review, Second Series, 115(3), 
1959, p. 485-491. However, Aharonov and Bohm 
seem to have missed the similar mass interpretation 
of the potential, so that they utilized the potential as 
massless and therefore the vacuum EM entity that 
is the primary cause of all EM phenomena. If one 
truly eliminates only the potential’s effect upon the 
intercepting charged mass, and utilizes the non- 
intercepted EM entity in vacuum, one has arrived at 
the direct alteration of the massless spacetime 
geometry of general relativity. In short, suddenly 
one has latched onto a unified field theory, and one 
that is engineerable by surprising electromagnetic 
means. 
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41). But erroneously assumed to be present, 
because of Maxwell’s ubiquitous use of the 
material ether and the continued implied material 
ether in the electrodynamics equations to this day. 


42\. — T. W. Barrett, "Tesla's Nonlinear 
Oscillator-Shuttle-Circuit (OSC) Theory," Annales 
de la Fondation Louis de Broglie, 16(1), 1991, p. 
23-41. Barrett analyzed Tesla's patented circuits in 
terms of quaternion electrodynamics, which is of 
higher symmetry than either vector or tensor 
algebra electrodynamics. Lo and behold, Tesla 
could shuttle potential energy around in his circuits 
at will, and that functioning would not even show 
up in a tensor or vector electrodynamic analysis. 


[43]. — T. W. Barrett, "Active Signalling 
Systems," U.S. Patent No. 5,486,833, Jan. 23, 
1996; — Oscillator-Shuttle-Circuit (OSC) 
Networks for Conditioning Energy in Higher-Order 
Symmetry Algebraic Topological Forms and RF 
Phase Conjugation," U.S. Patent No. 5,493,691, 
Feb. 20, 1996. 


44). As the reader can appreciate, this 
represents a dramatic change to the foundations of 
electrodynamics. It is closely allied to Sachs's 
unified field theory; see appropriate Sachs 
references in this paper. 


45). As Dirac pointed out, the Michelson- 
Morley experiments of the 1880s destroyed the 
material ether assumed by Faraday and Maxwell 
and subsequent electrodynamicists; it did not 
destroy the ether per se. Dirac emphasized that any 
nonmaterial Lorentz-invariant ether is perfectly 
consistent with the Michelson-Morley 
experiments. General relativity describes the 
shaping and structuring of the vacuum as. 
curvatures of spacetime geometry and clustered 
patterns thereof (although the latter part is 
essentially neglected). GR consists of the changes 
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of this spacetime due to the interaction of mass/ 
trapped energy, and also the forces upon mass/ 
trapped energy created by the interaction of such 
curvature-patterns of spacetime. Essentially, 
electrodynamics is missing just this “mass to 
spacetime” transform and this “spacetime to mass” 
transform. It is in fact missing its “infolded general 
relativity” dynamic internal structuring of the 
potential, field, and wave. KGB energetics weapon 
scientists call these missing transforms the 
information content of the field—which our fellows 
mistakenly interpret in their own flawed 
electrodynamics as “spectral content.” Nothing 
could be further from the truth. 


[46]. In 1903 E. T. Whittaker showed that any 
scalar potential is comprised of an infinite 
harmonic series of bidirectional longitudinal EM 
waves, arranged in bidirectional wavepairs. See E. 
T. Whittaker, "On the Partial Differential Equations 
of Mathematical Physics," Mathematische Annalen, 
Vol. 57, 1903, p. 333-355. 


[47]. General relativity usually stops short of 
including an “infolded” topology within its basic 
spacetime, and only applies an “exterior” topology 
to it. However, it does not exclude that capability. 
Spacetime is just potential identically, and also just 
vacuum identically. Since GR omits the infolding 
structure of spacetime/potential, and so does 
electrodynamics, it has not been possible to unify 
the two completely. The “bridge” across the chasm 
between them has been eliminated by both 
disciplines. 


[48]. With finite propagation, this action-at-a- 
distance is retarded so that some time passes 
between the effect and the cause. Each Mandl- 
Shaw photon interaction—the receipt of the scalar 
(time-polarized) photon, and emission of 3-space 
longitudinal photon—is retarded by (requires) the 
amount of time that is transformed into 3-space 
energy. [Time may be regarded as 3-space 
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electromagnetic energy compressed by the factor 
c?, with the compressed energy placed on the 
fourth Minkowski axis to appear as time (seconds), 
rather than being left in 3-space to appear as mass). 

Transformation from time-domain EM 
energy to 3-space energy is a function of the spin of 
the charge, which "spins" 720 degrees, being 360 
degrees in the time domain while absorbing the 
time-polarized EM photon energy, the being 
followed by 360 degrees in 3-space while it is 
emitting the 3-space longitudinal photon. This 
retardation due to transformation of the energy 
from the time domain to the 3-space domain is 
what limits the speed of light in the ambient 
vacuum to the finite velocity c. 

However, when infinite velocity 
propagation occurs (as is permissible with 
longitudinal EM waves alone, which a priori 
implies no retardation), then the notion vanishes of 
a “cause” and an “effect” separated by a time 
interval. In that case, one is operating in a multiply- 
connected spacetime, where in theory there is no 
observable “length” or “time” between the “cause” 
event and the “effect” event. Further, one 
“causative” initiation point can be superposed 
simultaneously with multiple distant points widely 
separated in ordinary spacetime. In that case, 
putting a joule of energy into the “initiating cause” 
point (to the normal 3-space observer) results in the 
simultaneous appearance at each and every distant 
participating point, of one joule. To the normal 
"singly-connected spacetime" observer, this is a 
direct amplification of energy, directly from the 
vacuum energy itself. We have proposed this 
mechanism as an extension of Bohm’s quantum 
potential utilized in his hidden variable theory of 
quantum mechanics. See David Bohm, "A 
Suggested Interpretation of the Quantum Theory in 
Terms of 'Hidden' Variables, I and II," Physical 
Review, 85(2), Jan. 15, 1952, p. 166-179 (Part I); 
180-193 (Part II). Unfortunately three nations of 
the world have already seen fit to highly weaponize 
this effect, and a fourth nation is very close to 
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deploying such a weapon. Presently quantum 
potential weapons are the dominant weapons on 
earth, and nothing can stand against them. 


[49]. By conjugate pair, we mean that the 
wavepair consists of an EM longitudinal wave and 
its time-reversed twin, precisely superposed 
spatially but antiphased in time. In such a wave, 
the transverse energy density amplitude cannot 
vary; instead, the wave consists of (and carries) an 
oscillation of the rate of flow of time, about some 
median speed. The median speed of a longitudinal 
EM wave is not confined to the speed of light in 
vacuum, 


[50]. The value of the energy continuously 
collected from a steady potential, in a “swirl” 
around a fixed intercepting charge, is of course a 
fixed scalar. That, however, has nothing to do with 
the nature of the potential as an EM entity in 
massless vacuum, prior to interaction with charged 
mass. 


St}. J.D. Jackson, Classical Electrodynamics, 
Second Edition, Wiley, 1975, p. 223. 


[2]. Interestingly, one also cannot produce 
a clear definition of energy in physics. A good 
discussion of the energy concept is given by R. B. 
Lindsay, "The concept of energy and its early 
historical development." Foundations of Physics, 
(4), 1971, p. 383-393. Lindsay investigates the 
concept of energy from its early historical origin, 
and covers from ancient times through the 18th 
century. The root of the concept is the notion of 
invariance in the midst of change. In short, the 
concept consists of considering “the changing” as 
being “nonchanging.” In pursuing a rigorous 
definition of anything, one eventually arrives at a 
contradiction of Aristotelian logic. Ultimately one 
can only define something as identical to its own 
opposite. Geometry, e.g., models the presence of 
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mass as the absence of mass. Ultimately a “hard 
definition” is an “accursed necessity for the identity 
of opposites”—the centuries-old bane of the 
philosophers. In physics the problem is avoided by 
the “duality principle”—just treat an entity as either 
a particle or wave as necessary, and quit arguing 
about it! The problem is the incompleteness of 
Aristotelian logic itself. A solution to the “identity 
of opposites” problem is obtained by explicitly 
adding a fourth law of logic that has always been 
implicitly assumed in Aristotle’s three laws. For a 
discussion, see “A Conditional Criterion For 
Identity, Leading to a Fourth Law of Logic,” 
Appendix III to T. E. Bearden, Aids: Biological 
Warfare, Tesla Book Co., 1988, p. 428-443. A 
simple proof of the fourth law of logic is given in 
ibid., p. 439-440. 


[53]. In addition to reference 19, see Myron W. 
Evans, Enigmatic Photon, Vol. II, Kluwer, ISBN 
0792332881. See also Apeiron, 4(2-3), Apr.-Jul. 1997, 
a Special B@) Field Issue, Guest editor: Myron W. 
Evans. In this same issue, see the Introduction by 
Evans, and also his “Helicity and the Electromagnetic 
Field.” In the same issue, see also Jean-Pierre Vigier, 
“Relativistic Interpretation (with Non-Zero Photon 
Mass) of the Small Ether Drift Velocity Detected by 
Michelson, Morley, and Miller." Barrett has also 
rigorously shown the reality of the B®) field, and so the 
conventional closure against it is doomed to failure. 
The emergence of B') field theory will dramatically 
alter electrodynamics, and elevate the importance of 
the longitudinal EM wave. We are also much indebted 
to Bob Flowers for his penetrating elucidation of the 
background of the B®) field in private 
communications, and to Myron Evans for his patient 
and encouraging private communications. 


[54]. See particularly T. W. Barrett, "Sagnac 
Effect: A Consequence of Conservation of Action 
Due to Gauge Field Global Conformal Invariance 
in a Multiply-Joined Topology of Coherent Fields," 
in T. W. Barrett and D. M Grimes, [Eds.], 


Advanced Electromagnetism: Foundations, Theory. 
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& Applications. World Scientific, River Edge, 
New Jersey, 07661, 1995, p. 278-313; T. W. 
Barrett, "Electromagnetic Phenomena Not 
Explained by Maxwell's Equations," in A. 
Lakhtakia, (ed.): Essays on the Formal Aspects of 


Electromagnetic Theory, World Scientific 
Publishing, River Edge, NJ, 1993, p. 6-86. 


[551 Richard W. Ziolkowski, "Exact Solutions 
of the Wave Equation With Complex Source 
Locations," Journal of Mathematical Physics, 26 
(4), April 1985, p. 861-863; I.M. Besieris, A.M. 
Shaarawi, and R. W. Ziolkowski, "A bidirectional 
travelling plane wave representation of exact 
solutions of the scalar wave equation," Journal of 
Mathematical Physics, 30(6), 1989, p. 1254-1269; 
Rod Donnelly and Richard Ziolkowski, "A method 
for constructing solutions of homogeneous partial 
differential equations: localized waves," 
Proceedings of the Royal Society of London _A., 
Vol. 437, 1992, p. 673-692; — "Electromagnetic 
field generated by a moving point charge: A fields- 
only approach," American Journal of Physics, 62 
(10), Oct. 1994, p. 916-922. 


[56] . M. W. Evans, editor, Modern Nonlinear 


Optics, Wiley, 2002, 3 volumes (in press). 


(S71. W. A. Rodrigues Jr. and J.-Y. Lu, “On the 
existence of undistorted progressive waves (UPWs) 
of arbitrary speeds 0 < y <ce in nature,” 
Foundations of Physics, 27(3), 1997, p. 435-508; 
W. A. Rodrigues Jr. and J. E. Maiorino, “A unified 
theory for construction of arbitrary speeds (0 < v < 
ce) solutions of the relativistic wave equations,” 
Random Operators and Stochastic Equations, Vol. 
4, 1996, p. 355-400. 


[58]. E. T. Whittaker, 1903, ibid. 


50]... Tronically, Maxwell's actual theory 
was some 20 quaternion-like equations in 20 
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unknowns, as given in "A Dynamical Theory of the 
Electromagnetic Field," Royal Society 
Transactions, Vol. CLV, 1865, p 459. Read Dec. 8, 
1864. Also contained in The Scientific Papers of 
James Clerk Maxwell, 2 vols. bound as one, edited 
by W. D. Niven, Dover, New York, 1952, Vol. 1, p. 
526-597. Heaviside dramatically curtailed 
Maxwell’s theory to a vector subset of some 4 
equations in 4 unknowns. Lorentz further curtailed 
it by effectively throwing out all Maxwell- 
Heaviside systems that were in disequilibrium with 
their active vacuum and curved spacetime 
environments. So after over a century, the long 
slumbering environmental dynamics for 
electrodynamical systems is awakening and chasing 
its own roots again. Long live the rise of the 
supersystem! 


[60]. E.g., see J. Vaz Jr. and W. A. Rodrigues 
Jr., “Maxwell and Dirac Theories as an Already 
Unified Theory,” Advances in Applied Clifford 
Algebras, Vol. 7 (S), 1997, p. 369-386. See W. A. 
Rodrigues, Jr. and J. Vaz Jr., “Subluminal and 
Superluminal Solutions in Vacuum of the Maxwell 
Equations and the Massless Dirac Equation,” 
Advances in Applied Clifford Algebras, Vol. 7(S), 
1997, p. 457-466. 


61]. E. T. Whittaker, 1904, ibid. 


62). We strongly stress that longitudinal EM 
waves and their dynamics, so ignored in all except 
the most advanced higher symmetry 
electrodynamics texts, are actually the key to 
everything. Longitudinal EM waves already 
comprise, create, and structure the feeble 
“envelope EM waves” we presently deal with. A 
longitudinal EM wave is also an 
electrogravitational wave, and oscillates the rate of 
flow of time itself because of its combination with 
a time-polarized wave. The two combined photons 
have a total spin two, which is a graviton. Thus 
internally a graviton is revealed as a particular 
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dynamic between time-domain EM energy and 3- 
space EM energy. The longitudinal EM wave in 
the time domain (that is combining with the 
longitudinal EM wave in 3-space) is thus an 
oscillation of time contraction and expansion, or 
"pulsation" in the rate of flow of time. Very 
powerful gravitational effects as well as very 
powerful and unique electrodynamics effects can be 
obtained by use of longitudinal EM waves, because 
of the additional dynamics between the time and 3- 
space domains. Unwitting use of such 
extraordinary EM waves is how Rife and Prioré 
achieved such remarkable results. 


63] . M. W. Evans, P. K. Anastasovski, T. E. 
Bearden et al., "On Whittaker's Representation of 
the Electromagnetic Entity in Vacuo, Part V: The 
Production of Transverse Fields and Energy by 
Scalar Interferometry," Journal of New Energy, 4 
(3), Special Issue, Winter 1999, p. 76-78. 


[64]. Melba Phillips, “Classical 
Electrodynamics,” Vol. IV: Principles of 
Electrodynamics and Relativity, in Encyclopedia of 
Physics, Edited by S. Flugge, Springer-Verlag, 
Berlin, 1962, p. 1-108 gives a good overall 
summary of the superpotential theory. 


65] . A. Righi, Nuovo Cimento, Vol. 2, No. 5, 
1901, p. 104. 


66]. P. Debye, Ann. Phys.. Leipzig, Vol. 30, 
1909, p. 57. 


67]. Thomas John I'Anson Bromwich, An_ 


Introduction to the Theory of Infinite Series, 
MacMillan, London, 1908. 


68]. A. Nisbet, Physica, Vol. 21, 1955, p. 799; 
Proc. Roy. Soc. Lond. A, Vol. 231, 1955, p. 250. 


69]. W. H. McCrea, “Hertzian electromagnetic 
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potentials,” Proc. Roy. Soc. Lond. A, Vol. 240, 
1957, p. 447-457. 


[70]. Sachs has achieved the necessary unified 
field theory, broadly unifying physics from the 
quarks and gluons to the entire universe, and 
including both the active vacuum and active, 
locally curved spacetime. See Mendel Sachs, 
General Relativity and Matter: A Spinor Field 
Theory from Fermis to Light-Years (Fundamental 
Theories of Physics), Reidel (now Kluwer), 1982; 
— Quantum Mechanics from General Relativity: 
An Approximation for a Theory of Inertia, Reidel 
(now Kluwer), 1986. It should be obvious that, 
unless electrodynamics theory and general 
relativity theory utilize the same background 
spacetime, it is impossible to completely merge 
them, from first principles. Since classical 
electrodynamics artificially discards its active 
environment, it is electrodynamics which must be 
changed in order to be successfully united with 
general relativity. Sachs has accomplished this 
long-sought engineerable unification. 


vans Proof that the virtual state can be 

coherently integrated is already furnished by every 
source charge in the universe, which does precisely 
that. 


72\. We note without elaboration that all the 
mind functions, even of the deepest and most 
unconscious nature, and even of collective species 
unconsciousness domains—exist 
electromagnetically in the infolded EM domain. 
The “conscious mind” is a serial processor, though 
extremely rapid. The unconscious is a massively 
parallel processor. The reason the conscious mind 
cannot “directly see” the unconscious is that 
“seeing” innumerable things in the “single 
snapshot” at once, just obliterates all singular 
discrimination because of the intense summation. 
Mind functions are timelike, so consist of 
specialized structures, functioning, and dynamics 
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inside the time domain. Since the infolded 
structuring captures this entire domain, it also 
involves a physics of mind and matter interaction, 
but as a science instead of as a mysticism. In 
theory vacuum engines are also possible that 
engineer the mind at any and all levels. We have 
addressed this extended physics of mind and matter 
reactions elsewhere and do not address it here. The 
Russian weapon scientists refer to this mind area 
(which can also be engineered by novel 
electrodynamic means) as psychoenergetics. 


73]. R. O. Becker and David G. Murray, "The 
electrical control system regulating fracture healing 
in amphibians," Clinical Orthopaedics and Related 
Research, Vol. unk, No. 73, Nov.-Dec. 1970, p. 
169-198. This is the definitive technical exposition 
by Becker of his electrical findings about the 
cellular control system. 


(741. See particularly Robert O. Becker, “The 
direct current control system. A link between 
environment and organism,” New York State 
Journal of Medicine, Vol. 62, 1962, p. 1169-1176; 
— and Joseph A. Spadaro, "Electrical stimulation 
of partial limb regeneration in mammals," Bulletin 
of the New York Academy of Medicine, Second 
Series, 48(4), May 1972, p. 627-641; — and 
Carlton F. Hazlewood, Abraham R. Liboff, and Jan 
Walleczek, Electromagnetic Applications In 
Medicine," NIH-OAM Electromagnetics Panel 
Report, Jan. 15, 1993; — "A technique for 
producing regenerative healing in humans," 
Frontier Perspectives, 1(2), Fall/Winter 1990, p. 1- 
2; — and Andrew A. Marino. Electromagnet 
and Life, State University of New York Press, 
Albany, NY, 1982; — and Gary Selden, The Body 
Electric, William Morrow and Company, New 
York, 1985; — Cross Currents, Jeremy P. Tarcher, 
Inc., Los Angeles, 1990; — "The bioelectric field 
pattern in the salamander and its stimulation by an 
electronic analog," IRE Transactions on Medical 
Electronics, Vol. ME-7, July 1960, p. 202-207; — 
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"Some observations indicating the possibility of 
longitudinal charge-carrier flow in peripheral 
nerves," Biological Prototypes and Synthetic 
Systems, Plenum Press, New York, 1962, p. 31-37; 
— and W. Slaughter, "The longitudinal direct 
current gradients of spinal nerves," Nature, Vol. 
196, Nov. 17, 1962, p. 675-676; — and Charles H. 
Bachman and Howard Friedman, The direct current 
(control) system: A link between the environment 
and the organism," New York State Journal of 
Medicine, Vol. 62, April 15, 1962, p. 1169-1176; 
— "The direct current field: A primitive control 
and communication system related to growth 
processes," Proceedings of the. XVI International. 
Congress of Zoology, Washington, D.C., Vol. 3, 
1963, p. 179-183; — "The neutral semiconduction 
control system and its interaction with applied 
electrical current and magnetic fields," Proc. 11th 
International. Cong. Radiol., Amsterdam, Excerpta 
Medica Foundation, 1966, Series 105, p, 1753- 
1759; — "The bioelectric factors in amphibian limb 
regeneration," The Journal of Bone and Joint 
Surgery, Vol. 43-A, No. 5, July 1961, p. 643-656; 
— and David G. Murray, "A method for producing 
cellular dedifferentiation by means of very small 
electrical currents," Transactions, New York 
Academy of Sciences, 29(5), Mar. 1967, p. 606- 
615. 


[751 The ultimate tool for use in seeing and 
working with this "infolded" or "internal 
electrodynamics inside normal EM fields, waves, 
and potentials will probably be the Fogal 
semiconductor when it goes into production in the 
near future. Fogal's transistors are capable of (1) 
infolding the desired longitudinal EM waves inside 
normal EM signals (he demonstrates infolding TV 
signals inside pure DC potentials, and transmitting 
them over conductors as pure DC potentials for 
appreciable distance, then using his semiconductors 
to again extract the "infolded" hidden TV signals. 


76). See Vlail Kaznacheyev, "Electromagnetic 
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Bioinformation in Intercellular Interactions," Psi_ 
Research, 1(1), Mar. 1982, p. 47-76; — et al., 
"Distant intercellular interactions in a system of 
two tissue cultures," Psychoenergetic Systems, 1 
(3), Mar. 1976, p. 141-142; "A Comment" by 
William A. McGarey, p. 143; "A Comment" by 
Arthur C. Hastings, p. 143-144, — et al., "Apparent 
information transfer between two groups of cells," 
Psychoenergetic Systems, 1(1), Dec. 1974. See 
particularly Vlail P. Kaznacheyev and L. P. 
Mikhailova, Ultraweak Radiations in Intercellular 
Interactions [in Russian], Novosibirsk, 1981; 
"Electromagnetic Bioinformation in Intercellular 
Interactions," Novosibirsk, 1981 [in Russian]; V. P. 
Kaznacheyev, "Information Function of Ultraweak 
Light flows in Biological Systems," Problems in 
Biophysics, Novosibirsk, 1967, p. 7-18 [in 
Russian]. 


EAL. Some years ago we documented this 
disease-inducing "microwave radiation of the U.S. 
Embassy, explained its purpose and operational 
mechanism, and published it. E.g., see T. E. 
Bearden, AIDS: Biological Warfare, Tesla Book 
Co., Chula Vista, CA, 1988. 


[78]. See Robert C. Mallieu, A Model of the 
Microwave Intensity Distribution Within the U.S. 
Embassy, Moscow 1966-1967, Report FS-80-166, 
Applied Physics Laboratory, Johns Hopkins 
University, Baltimore, Maryland, Aug. 1980. Also 
see Microwave Radiation at the U.S. Embassy in 
Moscow and Its Biological Implications: An 
Assessment, U.S. Department of Commerce, Doc. 
# NTIA-SP081-12, Mar. 1981. Also see Captain 
John D. LaMothe, Controlled Offensive Behavior— 
USSR, Report ST-CS-01-169-72, Defense 
Intelligence Agency, Washington, D.C. (released 
under FOIA). See also Captain John D. LaMothe 
and Mr. Louis Maire, Soviet and Czechoslovakia 
Parapsychology Research, Report DST-1810S-387- 
75, Defense Intelligence Agency, Washington, D.C. 
(Released under FOIA). 
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[791.. T. E. Bearden, "EM Corrections Enabling 
a Practical Unified Field Theory with Emphasis on 
Time-Charging Interactions of Longitudinal EM 
Waves," Journal of New Energy, 3(2/3), 1998, p. 
12-28. A slightly updated and extended version is 
published in Explore, 8(6), 1998, p. 7-16. 


80]. C. W. Misner, K. S. Thorne and J. A. 
Wheeler, Gravitation, W.H. Freeman and Co., San 
Francisco, 1973, p. 5, 19-21, 71-72, 163-165, 390- 
391, 399; 367-369. 


81). T. D. Lee, Particle Physics and 
Introduction to Field Theory, Harwood, New York, 
1981. See particularly Chapter 25: Outlook, 
"Possibility of Vacuum Engineering," p. 824-828. 


82]. David J. Bohm, "A Suggested 
Interpretation of the Quantum Theory in Terms of 
'Hidden' Variables, I and II," Physical Review, 85 
(2), Jan. 15, 1952, p. 166-179 (Part I); 180-193 
(Part II). 


83]. Le., the rate of flow of time, or more 


specifically, the rate of the EM interactions with a 
mass or particle that generate the flow of the mass 
or particle through time. See Figure 25. Nobelist 
Lee has also shown that time is a discrete dynamical 
variable across all of physics, from quantum mechanics 
to nonrelativistic field theory, to relativistic quantum 
field theory. See T. D. Lee, "Can Time Be a Discrete 
Dynamical Variable?", Physics Letters, 122B(3, 4), 
Mar. 10, 1983, p. 217-220. Also in T. D. Lee, Selected 
Papers, Gerald Feinberg, Ed., Birkhauser, Boston, 
1986, Vol. 3, p. 77-80. So we have not hesitated to 
consider time as any other variable, and the fourth 
Minkowski axis as any of the other three axes with 
respect to EM energy, fields, potentials, and waves. 


84]. Indeed, there is no such unique thing as 
“the gravitational field” anyway! The gravitational 
field is a conglomerate of other field energies and 
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functions, not a separate field of nature. See A. A. 
Logunovy and Yu. M. Loskutoy, "Nonuniqueness of 
the predictions of the general theory of relativity," 
Sov. J, Part. Nucl., 18(3), May-June 1987, p. 179. 
See C. W. Misner, K. S. Thorne and J. A. Wheeler, 
Gra’ ion, W.H. Freeman and Co., San Francisco, 
1973, p. 399. Quoting: "The terms ‘gravitational 
field’ and 'gravity' refer in a vague, collective sort 
of way to all of these entities. Another, equivalent 
term for them is the 'geometry of spacetime’."" See 
also A. D. Sakharov, "Vacuum Quantum 
Fluctuations in Curved Space and the Theory of 
Gravitation," Soviet Physics Doklady, Vol. 12, No. 
11, 1968, p. 1040-1041 [English translation.]. 
Finally, see our remarks under reference 62 above, 
particularly with respect to the proposed internal 
electromagnetic dynamics of the graviton. 


[85]. A 1993 study by the Office of 
Technology Assessment, delivered to Congress, 
showed that a single terrorist in a small plane, with 
a tank of anthrax spray, and dispersing the spray as 
he flew around the greater Washington D.C. area 
on a calm night, would produce between 1 and 3 
million casualties. Most of those casualties would 
die. So a single biological warfare (BW) strike in 
one U.S. metropolitan area could easily kill two 
million Americans. As an example, Saddam 
Hussein is known to have the terrorist teams and 
the anthrax, and he has had a decade since the Gulf 
war to insert additional teams and biological 
warfare agents into the U.S. Presently this is rated 
by our government as the strongest strategic threat 
to the U.S., after which comes nuclear strikes, 
followed by chemical agent strikes. 
Redevelopment of the Prioré approach, e.g., could 
easily save the lives of 90% of that nominal two 
million dead Americans. As matters stand now, 
triage would apply and almost all of those two 
million stricken Americans would die. 


86] . In 1998 we proposed a crash development 
of this kind of device in 1998, with copies to DoD, 
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NIH, CDC, the USAF, etc.; in T. E. Bearden, 
Energetics: Extensions to Physics and Advanced 
Technology for Medical and Military Applications, 
CTEC Proprietary, May 1, 1998, 200+ page 
inclosure to CTEC Letter, “Saving the Lives of 
Mass BW Casualties from Terrorist BW Strikes on 
U.S. Population Centers,” to Major General 
Thomas H. Neary, Director of Nuclear and 
Counterproliferation, Office of the Deputy Chief of 
Staff, Air and Space Operations, HQ USAF, May. 
4, 1998. Also to Gen. (Ret.) Walter Busby, Deputy 
Secretary of Defense for Counterproliferation and 
Chemical and Biological Defense, March 21, 1998. 
Also to NIH, CDC, and several other U.S. 
government agencies. 

DoD replied that it was not documented in 
the literature (a specific list of exact scientific 
papers reporting the results of the Prioré team's 
experiments and the experiments of Becker was 
included; no one seemed to read it). CDC and the 
USAF did not reply. NIH first responded (from its 
Policy section—tread, spin control section) that, 
since I mentioned the cause of the Gulf War 
Disease and how it was induced, it was not a matter 
of their interest but of DoD's interest, and so they 
just shipped it to DoD and got rid of it. A second 
response evoked from NIH on query from my 
congressman (again, a response from their policy 
section) directed me to their proposals section. I 
don't believe a single qualified scientist even read 
it. DoD weakly replied that it was not documented 
in the literature (a specific list of citations from the 
hard French scientific literature, reporting the 
astounding results of the Prioré treatments, was 
included, which apparently no one read). 

Not a single scientist from any agency 
called me to discuss the revolutionary and proven 
results obtained by Prioré, and documented in the 
attachments and in the cited literature. Sadly, it 
seems that no one had the foggiest notion what I 
was talking about, and no one much cared. My 
conclusion was and is that my own government 
bureaucrats do not give a tinker's dam about saving 
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millions of American casualties in the coming 
debacle, if it has to be done by "out-of-the-box" 
methods not approved by the big drug industry. 
Yet these are the same officials that readily admit 
the exact threat I referred to, admit that it is a 
matter of when the biological warfare attacks will 
occur and not if, and admit that right now they have 
no effective way to cope with it or save most of 
those coming millions of Americans that are going 
to just be dragged aside to die. 

My response is that the American taxpayers 
are certainly not getting their money's worth from 
the billions they shower on our medical research 
community. It is unconscionable to ignore for over 
30 years the demonstrated and astounding results 
achieved by eminent French scientists—such as 
Pautrizel, a world-renowned parasitologist and 
Courier, head of the French Academy's Biological 
Section, and also Secretaire Perpetuel of the 
Academy) working with the Prioré team, in curing 
terminal tumors etc. in thousands of lab animals, all 
properly documented in the hard French scientific 
literature. 

In my view, considering the certainty of 
those future American mass deaths, it is akin to 
high treason. Whether our scientific community 
realizes it or not, today's strategic war of massive 
strategic strikes has shifted to our civilian populace, 
and to our cities and mass population centers. It is 
our civilian populace that will sustain the greatest 
and most prompt casualties, and probably will 
receive the first massive strikes, totally by surprise. 

The first phase of WW Ill—delivery of the 
Strategic weapons to their strategic targets—has 
already been accomplished. Large Russian nuclear 
weapons are already hidden in our major cities and 
population centers (read Lunev's book, he tells us 
how they brought in these weapons), the Spetznaz 
teams are here to detonate them on call, multiple 
nations such as Iraq, Libya, and Iran already have 
terrorists agents in country in the U.S. with anthrax 
and smallpox in hand to be released, and Castro 
guerrillas and trained saboteurs have been trained 
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in Southern Mexico and infiltrated across the 
border into the U.S. for decades. 

Whether they like it or not, U.S. scientists 
have thus become the major front line "soldiers" 
and "defenders" of our nation. And frankly, they 
have failed abominably in their responsibility, and 
most do not seem to care. For a startling and even 
shocking characterization of our present scientific 
community, the reader is referred to Daniel S. 
Greenberg, Science, Money, and Politics: Political 
Triumph and Ethical Erosion, University of 
Chicago Press, 2001. 


[87]. As we stated, just such an attack is now 
officially the greatest strategic threat to the United 
States. Second is a nuclear attack, followed by 
chemical attack as a distant third. E.g., see Richard 
K. Betts, “The New Threat of Mass Destruction,” 
Foreign Affairs, 77(1), Jan./Feb. 1998, p. 26-41. 
For the ineffectiveness of our defenses against the 
coming mass biological warfare strikes, see Laurie 
Garrett, The Coming Plague: Newly Emerging 
Diseases in a World Out of Balance, Farrar, Straus 
and Giroux, New York, 1994; — "The Nightmare 
of Bioterrorism," Foreign Affairs, 80(1), Jan./Feb. 


2001, p. 76-89; — Betrayal of Trust: The Collapse 
of Global Health, Hyperion, New York, 2000. 


88]. Becker, ibid. 


89]. A full account of the entire Prioré affair is 
given in Jean-Michel Graille, Dossier Prioré: Une 
Nouvelle Affaire Pasteur [The Prioré Dossier: A 
New Pasteur Affair?], De Noel, Paris, 1984. [in 
French]. A summary account is given by 
Christopher Bird, "The Case of Antoine Prioré and 
His Therapeutic Machine: A Scandal in the Politics 
of Science," Appendix I in T.E. Bearden, AIDS: 
Biolo; 1 Wi ‘e, Tesla Book Co., P.O. Box 
121873, Chula Vista, California 91912, 1988. 
Prioré's doctoral thesis (in my personal possession 
courtesy of Professor Courrier and the late Chris 
Bird), was rejected by the University of Bordeaux 
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when the French government suppressed the Prioré 
program in the mid-70s; it is A. Prioré, Guérison de 
la Trypanosomiase Expérimentale Aigué et 
Chronique par L’action Combinée de Champs 
Magnétiques et D’Ondes Electromagnétiques 
Modulés. [Healing of intense and chronic 
experimental trypanosomiasis by the combined 
action of magnetic fields and modulated 
electromagnetic waves], 1973. Prioré's patents are: 
A. Priore, "Apparatus for producing radiations 
penetrating living cells," U.S. Patent No. 3,368,155, 
Feb. 6, 1968; — "Method of producing radiations 
for penetrating living cells," U.S. Patent No. 
3,280,816, Oct. 25, 1966; — "Procede et dispositif 
de production de rayonnements utilisables 
notamment pour le traitement de cellules 

vivantes," [Procedure and Assemblage for 
Production of Radiation Especially Serviceable for 
the Treatment of Living Cells], Republique 
Francais Brevet d'Invention P.V. No. 899.414, No. 
1,342,772, Oct. 7, 1963. Eleven years after Priore's 
thesis was rejected, the same university awarded a 
doctoral thesis to a young graduate. It is Eric 
Perisse, Effets des Ondes Electromagnétiques et 
des Champs Magnétiques sur le Cancer et la 
Trypanosomiase Experimentale [Effects of 
Electromagnetic Waves and Magnetic Fields on 
Cancer and Experimental Trypanosomias], 
Doctoral thesis, University of Bordeaux No. 83, 
March 16, 1984. 


[90]. F. A. Popp et al., "Biophoton Emission 
(Multi-Author Review)," Experientia, Vol. 44, 
1988, p. 543-600; — "Biophoton emission: New 
evidence for coherence and DNA as a source," 
Cell. Biophys., Vol. 6, 1984, p. 33-52. 
"Physical aspects of biophotons." Experientia, Vol. 
44, 1988, p. 576-585; — Recent Advances in 
Biophoton Research and its Applications, World 
Scientific Publishing Co., New York, NY, 1992; F. 
A. Popp, "Photon Storage in Biological Systems," 
in Fritz Albert Popp et al., eds., Electromagnetic 
Bio-Information: Proceedings of the Symposium, 
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Marburg, Federal Republic of Germany, Sep. 5, 
1977; Urban & Schwarzenberg, Baltimore, 1979, p. 
123-149, 


91). David M. Rorvik, "Do the French have a 
Cure for Cancer?", Esquire Magazine, July 1975, p. 
110-111, 142-149. 


92). Arguably the best introduction to 
nonlinear optical phase conjugation is David M. 
Pepper, "Nonlinear Optical Phase Conjugation," 
Optical Engineering, 21(2), March/April 1982, p. 
156-183. Another very good presentation is 
Amnon Yariv, Optical Electronics, 3rd Edition, 
Holt, Rinehart, and Winston, New York. 1985, 
Chapter 16: “Phase Conjugate Optics — Theory and 
Applications.” 


93]. A beautiful example of this “precise 
backtracking” of the time-reversed wave is given in 
David M. Pepper, "Applications of Optical Phase 
Conjugation," Scientific American, 254(1), Jan. 
1986, p. 74-83. See particularly the striking 
photographic demonstration of time reversal of 
disorder on p. 75. 


[94]. We presented some general elements of 
this dramatic new extension to nonlinear optical 
phase conjugate pumping and to general relativity, 
at a graduate seminar, “On the Theory and 
Principles of EM Systems with COP>1.0”, given to 
interested graduates and faculty of the University of 


Louisville, on Nov. 20, 1997. 


95], E.g., see Owen Flynn, "Parametric arrays: 
A new concept for sonar," Electronic Warfare 
Magazine, June 1977, p. 107-112. 


96]. This method of increasing signal-to-noise 
ratio and pulling hidden signals right up out of the 
noise, is widely used in signal processing in 
modern radars. Often signals buried more than 100 
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dB below the noise level are routinely “pulled out 
of the noise” and detected, using various forms of 
coherent summation. 


(Sz. Any potential decomposes into multiple 
wavepair sets. In each hidden wavepair, each of 
the two waves further decomposes into two 
potentials. Each of those potentials then further 
decomposes into multiple wavepair sets. And so on 
ad infinitum. Or one can start with any wave, 
decompose it into two potentials, each of those 
potentials into multiple biwave sets, and so on. 


[98]. “Fractal” means self-similarity at all 
levels, so that patterning or “decomposition” at one 
level is similar to that at the higher and lower 
levels. For good overview discussions and 
applications, see particularly Gregoire Nicolis, 
“Physics of far-from-equilibrium systems and self- 
organization,” and Joseph Ford, “What is chaos, 
that we should be mindful of it?”, both in The New 
Physics, Paul Davies, editor, Cambridge University 
Press, Cambridge and New York, 1989, p. 316-347 
and 348-371 respectively. More detailed technical 
references are cited in each article. 


[99]. See Trevor James Constable, “You, Too, 
Can Photograph UFOs from Airliners,” Psychic 
Observer and Chimes, 37(3), May-June 1977; — 
The Cosmic Pulse of Life, Merlin Press, Santa Ana, 
CA, 1976. 


[100]. The present author has two beautiful 
ultraphotographs taken by Joe Gambill using the 
special filtering approach. One is a photograph of a 
room, but with its contents of two weeks earlier, 
showing the room prior to the time the photograph 
was taken. The other is of a “ghost” form—very 
similar to a photograph obtained by George Meek 
under rigorous laboratory conditions—and clearly 
showing the energy form of a "haunted" lady's dead 
husband. The interpretation of these photographs 
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is of course open to scientific dispute, but the 
photographs themselves are impeccable and real. 


[101]. Meek used filters open to UV and IR but 
opaque to the visible spectrum, on the fluorescent 
lights in his laboratory. He also used similar 
filtering on the camera lenses and camera flashes. 
Under rigorous laboratory conditions, in several 
thousand photos of the living body Meek was able 
to take a few highly anomalous photos completely 
inexplicable by normal science. E.g., he 
photographed a purported “ghost” and obtained a 
clear shot of energy streaming associated with a 
living person. He also photographed the legs of a 
chair, right through the suddenly “missing” legs of 
the person sitting in the chair. Again, interpretation 
is open to dispute, but the photographs are rigorous 
and real. 


[102]. Bill Fogal’s patented charge-blocking 
semiconductor—U.S. Patent Numbers 5,196,809 
and 5,430,413—is capable under certain 
circumstances—and by clever adaptation—of 
amplifying virtual state information, in a manner 
somewhat similar to Rife’s methodology, but far 
more easily engineered. When the process works, 
Bill reports that a clear photograph or video camera 
shot can be taken right through a solid brick wall, 
of the hidden scenery beyond. In electrodynamics, 
in a dielectric absorbing or emitting EM radiation 
(energy), the entire dielectric participates in each 
absorption and emission. Emitted light from an 
object thus carries an astoundingly complete set of 
little virtual state vacuum engines rigorously 
representing every part of the object, no matter how 
small, and all the internal dynamics. This means 
that the light from the scene beyond the wall strikes 
the wall on the other side, affecting all the material 
in the wall, including upon the observer's side, and 
inserting “dimensioning” from the scene beyond 
the wall. When light is emitted from the observer's 
side, the information content of the field 
representing the scene on the far side, is also part of 
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the information content of the field in the light 
emitted from the observer side of the wall and 
striking the camera and the observers eyes. This 
“dimensioning” continues in the signals in the 
camera and on through attached electronic 
circuitry. Since Fogal’s semiconductor can process 
such information content of the field in the proper 
circuitry and under favorable circumstances, the 
phenomenon is therefore permissible and can be 
technically explained. Using his transistor to 
transduce the dimensioned information into the 
visual band, Fogal can view a distant scene right 
through an intervening wall, when he gets 
everything “just right.” At this stage of 
development, however, the process and adjustment 
are difficult, just as Rife experience with his 
microscope. We are convinced that the 
forthcoming advent of Fogal semiconductors will 
revolutionize the study and treatment of disease and 
bodily disorders. 


[103] . However, highly advanced 
electrodynamics does consider the photon with far 
greater complexity than nuclear engineers such as 
the present author were introduced to! E.g., a deep 
discussion of photon polarization is given in F. 
Mandl and G. Shaw, Quantum Field Theory, 
Wiley, 1984 under the heading "covariant 
quantization of the photon propagator" in Chapter 
5. As pointed out by Bob Flowers in a private 
communication, Mandl and Shaw argue that the 
longitudinal and scalar polarizations are not directly 
observable, but only in combination, where the 
combination manifests as the "instantaneou: 
Coulomb (i.e., electrostatic) potential. Most such 
books do argue that the extra components of the 
photon remain hidden, as does the virtual state. In 
this paper we have revealed how Rife discovered a 
process by means of which the virtual state can be 
observed in great detail. 


104]. _-V. P. Kaznacheyev, "Electromagnetic 
Bioinformation in Intercellular Interactions," Psi_ 
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Research, 1(1), Mar. 1982, p. 47-76; — 
"Information Function of Ultraweak Light Flows in 
Biological Systems," in Problems in Biophysics, 
Novosibirsk, 1967, p. 7-18 [in Russian]; — and L. 
P. Mikhailova, Ultraweak Radiation in Intercellular 
Interactions, [in Russian], Novosibirsk, 1981; — et 
al., “Apparent information transfer between two 
groups of cells,” Psychoenergetic Systems, 1(3), 
Mar. 1976; — et al., "Distant intercellular 
interactions in a system of two tissue cultures," 
Psychoenergetic Systems, 1(3), Mar. 1976, p. 141- 
142; "A Comment" by William A. McGarey, p. 
143; "A Comment" by Arthur C. Hastings, p. 143- 
144. 


[105] . Mitogenetic radiation was studied 
prior to WW II by Gurwich (spelling varies). See 
A. Gurwitsch and L. Gurwitsch, "L'Analyse 
mitogenetique spectrale [The Analysis of the 
mitogenetic spectrum]," in Andre Mayer, Exposés 
de Physiologie, [Studies in Physiology], Hermann 
& Cie, Paris, 1934. Part IV. [In French]. Studies 
have continued by Popp and others. E.g., see F. A. 
Popp et al., "Biophoton Emission (Multi-Author 
Review)," Experientia, Vol. 44, 1988, p. 54 3-600; 
— "Physical aspects of biophotons." Experientia, 
Vol. 44, 1988, p. 576-585; — "Biophoton emission: 
New evidence for coherence and DNA as a source," 
Cell. Biophys., Vol. 6, 1984, p. 33-52. See Fritz 
Albert Popp; Ke-hsueh Li, and Qiao Gu, [eds.], 
Recent Advances in Biophoton Research and its 
Applications, World Scientific Publishing Co., New 
York, NY, 1992. 


[106]. The conventional quantum mechanics 
assumes that, at the microscopic level, variation (e. 
g., in the probabilities assigned to interpret what is 
propagating in the Schrédinger equation) is 
assumed to be random. However, there is a 
problem. Big things must be made of little things. 
Tf we sum a set of "random" things based on Gibbs 
thermodynamics statistics, we cannot and will not 
get an organized "big thing" because we have 
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assumed total disorder (randomness) a priori. 
Adding heat does not produce cooling! So one 
falsifies the prevailing interpretation of quantum 
mechanics, whenever one observes a tree, a flower, 
the sun, or a human being. In short, there must 
exist a great unifying principle in nature of a 
coherent summation, from the "unobservable" 
virtual state to the observable state. Only in that 
fashion can there be an macroscopic order at all— 
and such macroscopic order is universally 
observed. We believe that the principle we have 
elucidated, as experimentally produced by Rife, 
may well be that long-sought universal ordering 
principle that is so sorely needed by quantum. 
mechanics. Readers interested in the "missing 
quantum chaos" problem are referred to P. V. 
Elyutin, "The Quantum Chaos Problem," Sov. 
Phys. Usp., Vol. 31, No. 7, 1988, p. 597-622. 
Elyutin discusses the crisis in quantum mechanics 
because of the missing hidden order. Quantum 
mechanics is known to be wrong unless this order 
can be found, because otherwise it does not predict 
the ordered macroscopic universe. Other useful 
references are Iya Prigogine, with T. Petrosky, 
"Quantum Chaos, Complex Spectral Representation 
and Time-Symmetry Breaking," Chaos, Solitons. 
and Fractals, Vol. 4, 1994, p. 311-359; and Robert 
Pool, "Quantum Chaos: Enigma Wrapped in a 
Mystery," Science, 243(4893), 1989, p. 893-895. 
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Figure 1. Rife's microscope. 
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Figure 2. Royal Raymond Rife adjusts his microscope. 
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Figure 3. Analogy of the “taut string holder" omitted by Faraday. 
This omitted half the electrodynamics (including in Maxwell's capture of 
Faraday's notion) and haif the EM energy. An equal and opposite Newtonian 
rd law reaction does appear in our transmitters and receivers. 
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Figure 4. Receiving gyroelectrons precess laterally, providing the 
letected transverse wave and proving the incoming 


d 
vacuum disturbance to be longitudinal. 
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Figure 5. The defined "magnitude of the potential" is not such at all, but is the 
magnitude of the energy in the diverged flow eireamiiing. 
around a unit point charge at each point in space where the 
potential is present. 
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Electrodynamics has nothing to say about what exists in the vacuum in the absence of mass. 
‘ Note problem! 
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Figure 6. Fields and potentials are defined in terms of the Poynting disruption of the 
overall energy flow from the source charge, about an intercepting 
and “collecting” charge. Rigorously, as defined E and H exist only in and 
on charged matter. The magnitude of the diverted water swinging 
around a fixed rockin a river, is not the magnitude of the river. 
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Figure 7. The defined "magnitude of the field" depends on the change in 
intensity of the flows comprising the potential. The E-field is 
oriented from high (pressure) in the flow to low (pressure) 
in energy density over a unit length 
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Figure 8. Maxwell's theory assumed a matter-to-matter transform from cause to effect. 
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The mass-to-mass transform contains two hidden infolded 
transforms: (i) the mass-to-spacetime transform and (ii) the 
spacetime-to-mass transform. What is transmitted and 
propagates in space is a spacetime perturbation. 


Figure 9. Maxwell's matter-to-matter transform contains two hidden transforms: 
(1) matter-to-spacetime, and (2) spacetime-to-matter. 
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Figure 10. Vacuum engines and their utilization. 
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An electric charge Q is abroken 3-symmetry. The mass of the charge continuously 
and violently absorbs virtual photons from the surrounding vacuum, and integrates 


some of them to observable EM longidutinal photons which it emits in 3-space. 


Figure 11. A charged particle continuously absorbs virtual energy from the vacuum, 
integrates some of it into observable energy, and pours out this observable 
EM energy in 3-space in all directions. 
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A harmonic set of bidirectional longitudinal EM wavepairs in 3-space. Unseen 

here is the time-polarized EM wave in the time domain, which reacts with the 

source charge to produce the 3-space biwave potential 

Figure 12. The potential as observed or detected is a harmonic set of 
bidirectional longitudinal EM waves in 3-space. Thatis, this 
potential is the "effect" of transduction of an incoming 
time-polarized EM wave interacting with the source charge. 
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The supersystem concept 
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Figure 13. Concept of the supersystem and its interacting components. 
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Figure 14. A vacuum engine is a set of spacetime demons working 
upon a mass system and its motion through time, at every level. 
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Figure 15. General relativity principle of Misner, Thorne, and Wheeler (MTW). 
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Figure 16. The principle of general relativity extended to include the vacuum engine. 
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Figure 17. Active spacetime and a specific vacuum engine (spacetime 
curvature engine). 
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B. Cell is acted upon; vacuum energy exchange does the specific action. 
No energy or fuel for doing the action need be added to cell externally. 


Figure 18. Signal versus vacuum engine, as in Priore's cellular reversal. 
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Note: Whittaker (and others) interpreted the phase conjugate half set of LWs after 
interaction with the charges of the dipole, and as a 3-space effect rather than the 
time-domain cause This fundamental non sequitur has just been repeated since then. 


Figure 19. All EM energy in the 3-space potential comes from the time-domain. 
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Figure 20. Immune system block diagram. 
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Figure 21. Becker's electrodynamic healing of otherwise intractable 
bone fractures, using weak potentials across the fracture site. 
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Figure 22. Becker's block diagram of DC control system involved with 
response to injury. 
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Figure 23. Kaznacheyev's induction of cellular disease and disorder 
at a distance, using novel electromagnetic means. 
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Figure 24. Russian "microwave" radiation of the U.S. Embassy in Moscow. 
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of a mass through time 


(AE)(At) + M => (M+AM)At => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


Flow of microscopic time (via virtual photon interactions) 


Figure 25. Mechanism generating the flow of a mass through time. 
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Figure 26. Producing a specific anti-engine for a specific cellular disease condition. 
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Figure 27. Pumping with longitudinal EM waves A also pumps in the time 


domain with time-polarized EM waves T. This time-reverses a 
macroscopic mass and its dynamics. 


‘hup://www.cheniere.ong/images/rife/rife27.jpg21.1.2004 17:50:34 


hup:fiwww.chenicre.org/images/ife/rife28,jpg 


Prioré's therapeutic methodology 
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Figure 28. Block diagram of operation of Prioré's methodology. 
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Figure 29. Block diagram of the cellular regeneration system and its 
overall operation (by the present author). 


p-//www cheniereorp/images/rfelrife29,jpg21.1,2004 17:50:41 


ips ww.cheniere.org/images/rife/rife30 ing 


Rife's great secret: Recursive magnification by 
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Figure 30. Rife's great secret: Recursive magnification hy ra virtual state 
vacuum engines and their dynamics to the observable state. 
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ABSTRACT 


Based on E.T. Whitaker's previously unnoticed 1903-1904 papers which established a hidden 
bidirectional EM wave structure in a standing forcefield free scalar potential, a method of directly 
engineering the ambient potential of the vacuum has been developed and realized experimentally. 


Adding Whitaker's engineerable hidden variable theory to classical electro-magnetic, quantum 
mechanics, and general relativity produces supersets of each discipline. These supersets are joined by 
the common Whittaker subset, producing a unified field theory that is engineerable and tested. 


By treating the nucleus of the atom as a pumped phase conjugate mirror, several working model 
energy units have been produced which excite and organize the local vacuum, increase the local 
virtual photon flux between local vacuum and nucleus, establish coherent self-oscillations between 
the local excited vacuum and the affected nuclei, utilize the self-oscillating standing wave for self- 
pumping of the nuclei/mirrors, introduce a very tiny signal wave to the mirrors, and output into an 
external load circuit a powerful, amplified, time-reversed phase conjugate replica wave at 60 Hertz 
frequency and nominal 120 volt sine wave power. 


Several models have been built, ranging from 6 watts early on to one of 5 kilowatts, Both closed 
batteryless systems with damped positive feedback and open loop systems with battery-powered 
input have been successfully built. Open loop power gains of from 5 x 104 to 1.5 x 10 have been 
achieved. 


Antigravity experiments have also been successfully conducted where the weight of the unit was 
reduced by 90% in controlled experiments, with a signal wave input of 175 microwatts and an output 
of 1 kilowatt. 
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The basic theory of the device is briefly explained and experimental results presented. In the 
demonstration session, a videotape of one operating open-loop unit with a 1.5 x 10° power gain is 
planned, as is the demonstration of an actual working model closed-loop system with a nominal 
rating of 500 watts, and without external power input of any kind. 


The units are solid state, with no moving parts. Each of them comprises a unique form of self- 
powered vacuum triode of extraordinary gain, where the cathode power and plate power are freely 
furnished by the vacuum, and only a small grid signal need be furnished either from an external 
power source or by clamped positive feedback from the device's output. The output is negative 
energy, and some of its unique characteristics are pointed out. 


Implications of the experimental application of the Sweet vacuum triode, the Bearden approach to the 
nucleus as a pumped phase conjugate mirror, and the unified field theory based on Whittaker's 
engineerable hidden variable scalar EM potential theory are also briefly addressed. 


SCALAR ELECTROMAGNETICS 


In 1837 Sir W.R. Hamilton said, 


"The notion of time may be unfolded into an independent pure s 
possible.” 


ence... a science of pure time is 


As is well-known, the fundamental units utilized in physics are arbitrary. It is even possible to 
construct all of physics on a single unit, time. This oddity shows the truth in Hamilton's statement; it 
is even more odd, because quantum mechanically time is not an observable. This means that the 
observable world can be modeled completely in terms of the nonobservable, which is essentially what 
modern quantum mechanics is now doing. 


Hamilton viewed his magnificent quaternions as essentially having accomplished the mathematical 
structuring of time. Maxwell's original EM theory, as is well-known, was modeled in Hamilton's 
quaternions, not in the highly curtailed Heaviside/Hertz vectors erroneously taught today as 
"Maxwell's theory.” 

Not a single one of the present so-called "Maxwell's" vector equations ever appeared in a book or 
paper by James Clerk Maxwell. 


For some years the author has worked on an extended electromagnetics theory, involving the scalar 
component of the quaternion. [Ref. 1] 


In Maxwell's original quaternion theory, this scalar component often remains when the directional 
components zero. Further, it then enfolds vectors and functions of vectors inside, ina hidden variable 
manner. Specifically, the author has patterned a unified field theory concept upon the previously 
unnoticed but remarkable early work of E.T. Whittaker. [Ref. 2] 
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In two fundamental papers in 1903 and 1904, Whittaker showed that all present vector EM can be 
replaced by scalar potential interferometry, and that bidirectional harmonic EM plane wave sets could 
be used to produce a standing wave of force-field-free potential (Figures | and 2) 


NOTE: SHAPE MAY BE ALL ABOVE OR ALL BELOW 
AMBIENT VACUUM POTENTIAL 


Thus Whittaker anticipated the quantum mechanical Aharonov/Bohm effect by 55 years, including 


extending it to the macroscopic world instead of the mesoscopic realm where it has been established 
to date. [Ref. 3] 


In modern terms, Whittaker sI 


owed how to turn EM wave energy into electrogravitational potential 
energy, then how to interfere two such scalar potential waves to recover electromagnetic energy, even 
at a distance. [Ref. 4] 


This unrecognized work is of great importance: when applied to modern physics, it produces 
supersets of quantum mechanics (QM), classical electromagnetics (EM), and general relativity (GR). 


Further, all three extended di 
engineerable fashion. [Ref. 5] 


iplines unify on their common Whittaker subset, in a testable and 
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Figure 2. Infolded EM plane wave structure of a Whittaker wave. 


The Nucleus As a PPCM and Triode 


The author has also considered the highly nonlinear nucleus of the atom as a pumped phase conjugate 
mirror (PPCM), having found no other consideration of same in the literature. 


The author also dubbed a PPCM a "triode," since the amplified phase conjugate replica of the signal 
wave is much like the amplified output of a triode, and the signal wave input to a PPCM is much like 
a triode’s grid signal input. The PPCM pump wave then corresponds roughly to the power input to the 
cathode and plate of a triode. [Ref. 6] 
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Figure 3. A pumped phase conjugate mirror. 


VACUUM TRIODE BACKGROUND 


About seven years ago, the author was privileged to see and examine an invention of Mr. Floyd 


Sweet, that produced about 6 watts of electrical power from the vacuum itself. 


This remarkable device, which the author dubbed a vacuwm triode, in a single unit utilized most of 


the scalar EM concepts the author had so painfully and slowly formulated over the years. 


Sweet, a brilliant inventor with a remarkable knowledge of magnetics, had utilized barium ferrite 
magnets and special coils to produce a solid-state device that successfully tapped the vacuum energy. 


The author quickly put together a theoretical concept for the energy-tapping mechanism, based on 
treatment of the nucleus as a PPCM and Whittaker's scalar EM potential unified field theory. [Ref. 7] 


The author furnished the technical concept, treating the nucleus as a pumped phase conjugate mirror, 


to the inventor along with copies of Whittaker's papers. 


Sweet's Synthesis and Extension 
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Sweet is also a brilliant EM theoretician, working in four, five, or even six dimensions with ease. He 
immediately synthesized the entire PPCM and Whittaker theory, and developed a complete 
theoretical treatment of the device. [Ref. 8] 


He also increased the nuclear potential utilized in the activated nuclei of the device, which increased 
the pumping energy and hence the energy output. He next produced an open-loop vacuum triode 
(VT) with an output of 500 watts, for an input of 33 microwatts. 


Thereafter he produced several other models, including closed-loop systems and one with 5-KW 
output. 


Purpose of This Paper 


Our purpose is to explain the detailed scalar EM concept of the operation of the vacuum triode, since 
it is a universal method for cohering and tapping useful EM energy from the vacuum. 


The author believes that this mechanism is the fundamental mechanism that must be invoked in any 
over-unity device that electromagnetically extracts vacuum energy as electromagnetic effects. 


We also intend to demonstrate a full working model of the device at this conference. Sweet's detailed 
theoretical treatment will be completed and submitted to a major journal shortly, to complete the 
scientific exposition of the new methodology. 


I must also express my deep admiration for my brilliant inventor colleague. It has been a privilege to 
work with him, though under great difficulties and at a distance. He has developed several other 
related devices that are of great importance to the emerging new physics of vacuum engineering, in 
the sense referred to by Lee. [Ref. 9] 


To mention just one, he has produced a magnetic lens which apparently can directly display the 
vacuum's virtual particle flux, or a good analog of it. So far as I am aware, this is the only extant 
instrument today that can perform this feat. 


When the vacuum triode has been proven to the scientific community, it is my intention to nominate 
Sweet for the Nobel Prize he so richly deserves, and seek high scientific endorsements for the 
recommendation. 
INTRODUCTION 
Entropy 
As is well known, in any closed dynamic system the order existing in it will gradually be dissipated, 


as more and more interactions occur. This leads to the notion of entropy as the increasing disorder in 
such systems. The assumptions are 
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1. aclosed system, and 
2. a positive flow of time for the components of the system. 


Actually no such thing as a completely closed system exists in nature. Every mass system is open to 
virtual particle flux exchange with the vacuum, for example, particularly in the nucleus of its atoms, 
where the bulk of its mass is located. 


However, the closed system assumption is reasonably approximated by a great many systems which 
are in stable thermodynamic equilibrium, or nearly so. 


On the other hand, in an open system far from thermodynamic equilibrium, the second law of 
thermodynamics does not necessarily apply, because the system violates both the closed system 
assumption and its equilibrium approximation. [Ref. 10] 


Time Reversal 


Since being discovered in 1972 in the open Soviet literature, the time-reversed (phase conjugate) EM 
wave has also been known. The phase conjugate EM wave is truly time-reversed, as has been shown 

experimentally. Since the time-reversed EM wave violates the second major assumption, the second 

law of thermodynamics need not necessarily hold for time-reversed entities. 


Putting all this together, if one wishes negentropy and hence increased energy in a system, the 
candidate suggested would appear to be a system that was strongly 


. open loop, 


Nv 


time-reversed, and 

3. far from thermodynamic equilibrium. 
A good overview of time-reversal in physics has been provided by Sachs. [Ref. 11] 
Engineering the Nucleus 


Since the nucleus already provides a myriad of time-reversed processes, engineering the nucleus of 
an atom is a very good candidate for practical negentropy. 


To engineer the nucleus directly, a Whittaker potential is first artificially constructed, by composing a 
harmonic set of phase-locked EM wave/antiwave pairs. It is accented that the antiwaves must be true 
phase conjugates; otherwise they will not constitute a gradient-free Whittaker standing potential 
wave. 


In addition, at least one harmonic interval must be used, and additional harmonic sets are most 
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desirable. The reason is that a space-time lattice must be formed in the vacuum, where the energy is 
additive spatially but oppositive in t-dot, the rate of flow of time, in the fourth dimension. 


So a time-structure is required as well as a spatial structure, which is what is provided by n 
bidirectional harmonic Whittaker EM wave sets, where n is an integer greater than 1. 


Once a specific Whittaker structure has been chosen, the local lattice of space-time is established. 
This establishes phase-locked lattice groupings of coupled photon/antiphoton pairs, or of gravitons. 
In turn, this Whittaker-structured vacuum now contains specific graviton vacuum engines, which 
directly engineer and structure the vacuum's virtual particle flux (VPF) exchange with the nucleus. 
[Ref. 12] 


The nucleus is highly nonlinear, hence strongly phase conjugative, or time-reversed. The ambient 
potential of the local vacuum surrounding the nucleus is in a violent virtual photon exchange with it, 
accounting for its electrical charge. 


Since the preponderant charge is positive, from the viewpoint of the ordinary light observer whose 
light interacts with electron shells, the nucleus may be taken to exhibit time reversal (phase 
conjugation). 


Energy, Time, and Gravitons 


We take the definition of "energy" to be fundamentally an ordering imposed upon the VPF of 
vacuum, We take photon scattering from the electron shells of atoms to be the fundamental exterior 
mechanism producing forward flow of external observer time. 


It then follows that "time's arrow" for the EM observer is due to the universal scattering of photons 
from electron shells. 


In this view, forward (positive) time flow and entropy are due to the same primary action: photon 
scattering from electron shells. It is unfortunate that the concept of "positive" energy has been tied to, 
and defined in terms of, the scattering and dissipation of VPF order as work, or energy expended. 


Via the standard labeling, then, negative energy is the reconstitution of order in the vacuum VPF. It 
should be noted that, in a PPCM, dissipative or external pump wave stress energy can be scavenged 
and re-emitted in perfect order as the phase conjugate replica. This is a negentropic process, for it is 
capable of turning disorder into order. [Ref. 13] 


In the time-reversed PPCM nucleus, we should expect to see appreciable negative energy—that is, 
energy removed from the EM scattering domain. This includes the binding energy of the nucleus, and 
the gravitational (G) potential energy of the EM energy removed from the "scattering interaction 
realm" and locked into the mass. 


Following Sakharov, we hold that the G-field is not a fundamental field of nature, but a composite 
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caused by, or made from, other fields. [Ref. 14] 


To the first order, we assume the G-potential is comprised of coupled photon/antiphoton pairs, on the 
average, where the statistical coupled spin-2 photon/antiphoton pair is a graviton. [Ref. 15] 


We follow the modern view of the field: because of vacuum fluctuations, rigorously one no longer 
speaks of "the" field, but of the probability of a particular field configuration. [Ref. 16] 


We also hold the vacuum to be composed of potentials, and regard the three terms space-time, 
vacuum, and scalar potential as essentially synonymous. 


Newton's Third Law and the Detection Process 


The VPF EM stress of the local vacuum immediately surrounding the nucleus may be decomposed a 
la Whittaker into opposing bidirectional EM plane waves/forces. Thus the nonlinear nucleus may be 
regarded as a pumped phase conjugate mirror, normally with a gain of one. 


In this view, Newton's third law reaction force is generated because the so-called "photon" interaction 
with an atom is in fact a graviton reaction involving a photon/antiphoton pair that is decoupled. 


The decoupled photon normally is absorbed and reradiated by an orbital electron, while the 
decoupled antiphoton interacts with the nucleus, producing a time-reversed twin of the external force 
—or, in other words, Newton's third law reaction force, which gives a slight recoil of the nucleus. 


Half of every measurement physicists normally make is discarded, with the missing half accounting 
only for Newtonian reaction in the meter or instrument, which is usually ignored. 


The fact that half of our measurement interactions are ignored is occasionally discovered and noted 


by physicists, who may even write a paper pointing it out, but no change is instituted in the 
foundations, [Ref. 17 and Ref 18] 


Semiconducting Vacuum and Self-Oscillation 


The vacuum immediately surrounding the nucleus is structured by the nucleus, and is itself nonlinear 
and capable of acting as a semiconductor. (Ref. 19] 


Since both this immediately local semiconductor vacuum and the nucleus it surrounds are highly 
nonlinear, then nonlinear resonance can conceivably be established between them. 


Further, since the resonating system in such case is an open system away from thermodynamic 
equilibrium, the oscillation can be self-sustaining, Such self-oscillation of the pumping of a PCM is 
already well-known in the nonlinear optical literature, particularly with compounds containing 
barium. [Ref. 20] 
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THE VACUUM TRIODE 
The Basic Concept 


As is well-known, a stress can be decomposed into opposing sets of forces. But quantum 
mechanically, the forces we are interested in with our work here are all caused electromagnetically, 
by the exchange of virtual photons, Even mechanical force, according to QM, is caused in this 
manner. Thus opposing electromagnetic or mechanical "stress" sets of bidirectional EM forces are 
microscopically equivalent to the notion of pump waves in nonlinear optics. 


Hence under the proper conditions, it follows that trapped EM stress energy of the vacuum can be 
utilized to "pump" the nucleus. 


Treating the stress-pumped nonlinear nucleus as a PPCM, it follows that the stress energy of the 
vacuum can be tapped by a 4-wave mixing mechanism in the atomic nucleus, to provide amplified 
phase conjugate EM wave outputs from the atom in response to small signal wave inputs. [Ref. 21] 


In the proper nonlinear material, the material may act as a PPCM, in which case there exists a 
suitable connection between the material's atomic nuclei and its external electromagnetic lattice 
bonds, and the amplified phase conjugate replica wave generated in the nucleus will be emitted from 
the material as an EM wave field. This field can then be tapped by suitable means and output to an 
external load circuit. 


Block Diagram of the Vacuum Triode 
Figure 4 shows a basic block diagram of the vacuum triode process, utilized by Sweet in several 
laboratory vacuum energy devices. These devices have ranged from a nominal 500 watt output in a 6- 
Ib, device to 5 kilowatts for a heavier unit. Gains have ranged from 50,000 to 1,500,000 for open- 


loop systems. Both open-loop and closed-loop systems have been built and tested. 


Figure 4 shows a combined block diagram for either a closed-loop or open-loop system. In the open- 
loop system, a barium ferrite magnetic material is used as a pumped phase conjugate mirror. 


In the "standard" design, two opposing PPCMs are used. The advantage of this dual combination is 
the use of self-targeting (repetitive phase conjugation, signal by signal). This has the effect of 


1. stabilizing the Whittaker field, and 


2. producing a quantum potential between the two mirrors, so the mirrors and the Whittaker 
potential between them are essentially one single space-time entity. 


Discussion of a quantum potential is beyond the scope of this paper, but the technical mechanism for 
creating one has been previously presented by the author on several occasions. [Ref. 22 
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First we will explain the open-loop operation of the vacuum triode. In Figure 4, on the right an 
external 60 Hz, nominal 10 volt AC sine wave of several tens of microwatts in power is input into the 
stabilized field of the barium ferrite magnet structure, where it modulates the field, producing a signal 
wave input into the atoms of the material. 


In the top right block, the EM signal wave interacts with the electron shell of an atom, which in turn 
is EM-coupled to the nucleus. 


STRUCTURED “ACTIVATED. 
IMMEDIATE hex “NONLINEAR 
VACUUM NUCLEUS 


GRID SIGNAL 
INPUT 


CLAMPED 
STABILIZER 


Figure 4. The Vacuum Triode Concept. 


Thus an EM signal wave is input to the nucleus of the atom, which is highly nonlinear (middle top 
block), Earlier, Sweet had specifically conditioned the atomic nuclei with a proprietary process, 
wherein in the barium nucleus a trapped 60 Hz scalar EM spherical wave resonance (self-oscillation) 
exists between the structured semiconductor vacuum immediately surrounding the Ba nucleus. 


In the same activation process, the ambient potential of the surrounding vacuum was raised and 
stabilized, in the two leftmost blocks. 


At this point the nonlinear nucleus is effectively self-pumped by the trapped, excited, spherical scalar 
wave oscillation between the structured semiconductor vacuum and the nucleus. The nucleus is now a 
strongly pumped phase conjugate mirror. 
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Consequently, when the signal wave input arrives, the PPCM nucleus emits an amplified phase 
conjugate replica (PCR) wave, which precisely backtracks the input signal wave. This precise 
backtracking (perfect retroreflection) is referred to as the "distortion correction theorem. 


In short, the powerful PCR wave returns precisely toward the external source, passing through the 
electron shells and arriving in the perturbed barium ferrite magnet assembly field, where it perturbs 
the field. 


A transformer-like system then extracts this magnetic field perturbation and conducts it to the 
external load circuit. 


However, the PCR contains negative energy. Short of the load, the internal circuits run cool, rather 
than heating. This is a signature of a true vacuum energy tapping device. 


Indeed, if the output leads of the Sweet vacuum triode are physically shorted together, a brilliant flash 
occurs, and the leads instantly ice as if dipped in liquid oxygen. This is another signature of the true 
negentropic over-unity vacuum tap. 


Note that the energy extracted from the semiconducting vacuum adjacent to the nucleus is just 
instantly replaced by the surrounding vacuum's inexhaustible energy pool. This is an open-loop 
system, with a hidden energy source: the intense virtual particle flux of the vacuum's ambient charge. 


It is not possible to exhaust that flux, which is often calculated to have an energy density of some 
10100 or more grams per cm3, if the energy were cohered and condensed into mass. 


As can be seen, even a VT gain of 1.5 x 106 represents a "vacuum tap" of an incredibly small 
efficiency, on the order of 10-100 or so. However, the vacuum "river" is so energetic that such 
efficiencies are quite sufficient. 


We accent that the barium ferrite magnetic material must be activated so that stable self-oscillation 
between the barium nucleus and the surrounding semiconductor vacuum exists. Although self- 
oscillating/self-pumped PCMs are known at optical frequencies, Sweet has discovered and perfected 
a brilliant methodology for activating PPCM nuclei at ELF frequencies. 


In a resistive load such as light bulbs, the resistive material accomplishes repetitive phase 
conjugation. Thus in the resistor, half the total energy is expressed as photon or dissipative energy in 
the external (electron shell) level. 


As the excited electrons decay, they emit scattered EM energy as light and heat. This is an exothermic 
interaction. The other half of the total energy reacts in the atomic nuclei, as a phase conjugative or 
endothermic interaction. 


We strongly accent that, Whittaker-wise, there are two electromagnetic channels and two kinds of 
EM: 
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1. external EM, the common electron-shell interacting, entropic, scattering, time-forward kind, 
and 


2. the internal, unsuspected, hidden variable, nuclei interacting, negentropic, reordering/ 
convergent kind. 


Internal EM travels strictly between atomic nuclei, normally not reacting with electron shells unless a 
pumped phase conjugate mirror reaction is invoked in the nucleus to produce a gain somewhat 
greater than unity. 


Thus if we wish to communicate with atomic nuclei directly, and engineer them directly, we must 
utilize the internal EM channel via applied Whittaker methods. 


Antigravity Tests 


Inherent in the preceding discussions is the possibility to turn EM energy into gravitational energy of 
either sign. In other words, one should be able to utilize Sweet's vacuum triode to produce and 
demonstrate antigravity. 


Indeed this is the case. Sweet has also discovered the special alterations necessary to perform 
straightforward transformation of the internal energy in the nucleus to antigravitational energy, 
producing a unilateral thrust upward. 


Note that the bulk of G-potential gradient (G-force-field) occurs Whittaker-wise at ELF frequencies. 
This explains why nonlinear phase conjugate opticians do not notice direct antigravity effects. 


At the optical frequencies at which they work, the effects are so miniscule that they are negligible. 
This is readily explained as follows: In QM, the quantum (photon) is comprised of action (angular 
momentum), not just energy. It is rather like a "piece of energy welded to a piece of time, with no 
seam in the middle." 


Since quantum change occurs in quanta, the decoupling of the energy and time components, in the 
continual interaction of photons with matter, exchanges energy between G-potential of vacuum and 
trapped mass of the atom or particle. In this exchange, small increments of time are continually being 
formed (and unformed, as photon emission occurs). 


Consequently, each mass is moving forward in time in small incremental jumps, usually of 
exceedingly small magnitude. However, the energy and time trapped in a photon are canonical. The 
greater the piece of energy, the smaller the piece of time, and vice versa. 


So if one wishes to stress the "rate of flow of time” significantly, one needs to produce large amounts 
of photons that have very large pieces of time, and consequently little pieces of energy. 


Since the energy of the photon is directly proportional to its frequency, this means that the lower 
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frequency photons have larger time increments, and hence endure over many "regular-sized photon 
absorption/emission changes" to appreciably stress the rate of time flow/production. 


The bottom line is that the standard pumped phase conjugate mirror can be adapted to produce 
antigravity at ELF frequencies, but precisely the same adaptation at optical frequencies will have 
negligible effect. 


With this in mind, the author requested Sweet to perform an antigravity experiment to prove the 
thesis. With Sweet's proprietary adaptation of his vacuum triode/PPCM, the experiment produced 
rather straightforward but spectacular results, as shown in Figure 5. 


The experiment was performed as follows: Rigged for antigravity, the 6-Ib. device was placed on a 
scale so that its weight could be continuously monitored. A special external load box was utilized in 
which multiple electric light sockets were connected in parallel. 


Then the external load draw was adjusted by merely screwing in 100-watt lamps, one at a time, with 
measurement and observation pauses in between. The output of the device was 120 volt, negative AC 
sine-wave power at 60 Hz. 


For each 100-watt increment, the load power was recorded and the weight was carefully recorded. 
The results are shown in the rather smooth, classic curve shown in Figure 5. 


At 1,000 watts load draw, the previously 6-Ib. device had reduced its weight due to gravity by 90 


percent. At that point the signal-wave (grid) input to the open-loop vacuum triode was only 175.4 
microamps at 10 volts, or just under two milliwatts. 
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WEIGHT 
(QUNCES) * OPEN LOOP SYSTEM 
210 POSITIVE POWER INPUT 
NEGATIVE POWER OUTPUT 
180 RESISTIVE LOAD 


60 HERTZ FREQUENCY 
150 


120 


EXTERNAL ELECTRICAL LOAD 


(HUNDREDS OF WATTS) 
Figure 5. Antigravity Test of Sweet's Adapted Vacuum Triode. 


We accent that the nominal two milliwatt input is only a gating signal. It is the organized, gated 
vacuum energy that is performing the action. 


The experiment was stopped short of actual hovering and flying due to safety considerations. With 
the specific adaptation, magnetic monopoles are deposited in the magnet materials, producing 
internal tensile stress. 


Since no explosive controlled facilities were available, and there was no wish to destroy the VT, the 
experiment was terminated at 90% antigravity performance. 


It was completely successful, and adequately demonstrated the validity of the unified field theory 
concepts utilized in our approach. 


CONCLUSIONS 
A new unified field theory has been developed, tested, and at least partially verified experimentally. 
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The concepts of the theory have been applied by Sweet in a series of inventions that produce readily 
usable, safe electromagnetic power directly from the vacuum. 


The methodology lends itself to formulation of power devices without moving parts. Antigravity, 
predicted by the concepts of the theory, has been demonstrated in actual practical demonstrations on 
the laboratory bench. 


Though not discussed in this paper, application of the concepts and methodology to a large variety of 
other fields, such as medical reversal of aging and curing of almost the entire range of present 
debilitating diseases, has been previously pointed out. [Ref. 23 


We have also pointed out the mechanism for Kaznacheyev's cytopathogenic effect, or the induction 
of cellular pathology at a distance by electromagnetic means. [Ref. 24] 


We have also pointed out the specific mechanism involved in Priore's device, which in rigorous 
laboratory animal testing under the auspices of eminent French scientists, demonstrated nearly 100 
percent cures for terminal cancers and leukemias, sleeping sickness, artherosclerosis, and other 
debilitating diseases.[Ref. 25] 


We believe we have also produced the concepts enabling the direct engineering and therapeutic 
manipulation of Popp's master cellular control system. [Ref. 26] 


We conclude that the concepts we have utilized and experimentally demonstrated are universal, as 
implied by any notional unified field theory. 


Our conclusion is that the concepts, theory, and experiments, taken together, are sufficient for 
investigation and replication by the scientific community. 


If replicated and fully substantiated, we believe the work will directly point the way to, and usher in, 
a new unified field theory physics of universal application. 


SPECULATED IMPLICATIONS 


As can be seen, the implications of the new approach are profound. The authors believe they have 
ushered in the forerunner of a vast new physics, one which will change our lives, and our view of 
physical reality, in ways previously undreamed of. 


By mastering, controlling, and gating the vast, incredible energy of the seething vacuum, we can 
power our automobiles, flying machines, and technology inexhaustibly. Further, it can be done 
absolutely cleanly; there are no noxious chemical pollutants to poison the biosphere. With practical 
antigravity, ships can be developed to cross the solar system as readily as one crosses the ocean 
today. 


And the ships, automobiles, and technology will never run out of fuel; the inexhaustible vacuum fills 
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every system, everywhere, to overflowing. 


Not discussed in this paper, it turns out that living systems, faced with the problem of achieving 
negentropy so as to maintain their form in a dissipative external physical reality, have always used 
the hidden internal channel for such things as mind, thought, cell control, and living functions. 


With the new methodology, one now faces the advent of access and engineering of the mind and life 
of the observer as readily as the observer's physical body. 


Transmutation of the elements, control of the weather, lighting and powering our cities and homes 
cheaply and cleanly, and provision of plenty for everyone is the vista for the future. We can in fact 
clean up the radioactive wastes, rid ourselves of coarse nuclear and petroleum powerplants. 


We strongly stress that, with the ability to engineer the Schroedinger equation itself, the new 
methodology allows the direct engineering and control of quantum change, and hence of physical 
reality itself. 


The methodology is extendable to hyperdimensions; nested virtual levels of the vacuum are already 
precisely that. The author has already pointed out the application of this emerging technology to the 
absolute cure of diseases such as AIDS, cancer, leukemia, etc., and shown that the Priore device in 
France already proved the efficacy of the application in the 60s and 70s. 


We shall be able to rid ourselves and our descendents of diseases. With direct access to the actual 
software of life and mind, in the future we should be able to achieve levels of education previously 
unattainable, by directly inputting the relevant software. 


Previously we have also pointed out that four nations of the world are already embarked on 
weaponization of scalar EM unified field technology. It is sobering to think that, in addition to having 
the ability to make our planet a paradise for humankind, we also will have the ability to make it a 
hades. 


For that reason, we are doing our best to clarify the technical concept and the theory in this 1991, 
hopefully with the view that humankind will seize upon the positive aspects, and develop and apply 
this technology for the betterment of all people everywhere. 

Long ago, Albert Einstein said these words: 

"It would of course be a great step forward if we succeeded in combining the gravitational field and 
the electromagnetic field into a single structure. Only so could the era in theoretical physics 
inaugurated by Faraday and Clerk Maxwell be brought to a satisfactory close.” 


And Teilhard de Chardin wrote: 


"Someday, after we have mastered the winds, the waves, the tides and gravity, we shall harness for 
God the energies of love. Then for the second time in the history of the world man will have 
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discovered fire.” 


The authors fervently believe they have come upon fire for the second time, as allegorized by de 
Chardin. If so, let us all use the knowledge wisely. 
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immunoglobulins, masks, suits, food, fuel, 
generators, heaters, water purification units 

e Totally insufficient medical facilities, 
personnel, and emergency response teams r) * 


® Triage, full martial law will be required d 
¢ No answer to massive ntamina blem 


e State, county, city inadequately staffed 
and insufficiently trained for mass casualties 


Terrorist teams, BW agents, other WMD on site, waiting 

e Water supplies, food, crops, farm animals also vulnerable 

e Electric power grid, bridges, trains, railroads vulnerable 

° Present medical science cannot save very many of the 
casualties, now or in the foreseeable future 
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Solution to Mass Casualties Treatment Problem 
Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 
Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 
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CTEC, Inc 28 Mar. 1998 
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‘The Priore technical mechanism unwittingly 
involved a dramatic extension to both 
nonlinear optics and general relativity. 
However, nonlinear optics itself had not yet 
been born in the 1950s and 1960s when 
Priore worked out his methodology. The 
extension to general relativity has not 
been previously envisioned even to the 
present day. When the Priore project was 
‘Suppressed by the changed French 
‘government in the mid-1970s, nonlinear 
‘optics itself was just being initiated. To 
the present day, however, there has 
previously been no Inkling of the dramatic 
‘extension to NLO that arises by using 
longitudinal EM pump waves and thereby 
pumping in the time domain. 

{tis little wonder that Priore himself did 
not understand the nature of the technical 
mechanism he was utilizing, and neither did 
anyone else, and neither has anyone else 
Prior to this time. 


© 1000 TE tewrden 
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‘Among other things, Pautrizel treated 
seriously infected immature rats with 
the Priore ray. These rats had never had 
‘@ mature immune system. When thoy 
were removed from the machine, they 
still sickened again and died, because Next 
their immature immune systems could Slide 
not resist the pathogen (Trypanosoma). 
‘So even though the damaged cells were 
reversed back to normal, the “normal” Previous 
immune system was unable to fight off Slide 
pathogens, which reinfected the cells 
and killed them, killing the rats, 

This established the time-roversal 
nature of the therapy 


=e -@ 
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| PHOTO COURTESY BOB WHITNEY 
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* FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 


& 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD” 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 


ee ° 


DISEASE CAN BE REVERSED BY CREATING AMPLIFIED | 
VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 

* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE "INNER EM” DOMAIN, TIME-REVERSING THEM 


* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 

* PHASE CONJUGATES ADDED BY THE PLASMA 

INFOLDED MIX INTO STRONG PULSED DC MAGNETIC / 

FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI kK iin 

* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO i ae 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE Slide 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 

DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 

HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. \ 
* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 4 


RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING 


4 


* NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


comer Comverse 
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Priore’s therapeutic methodology: 


Orme meer 
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NOTE: Priore therapy MAGNITUDE OF 
SUSCEPTIBILITY 
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*G.J. Stoney: 
Decomposed the scalar potential into bidirectional wave pairs. 


"On a suppoeed proot ofa theorem mn wave maton” 
143), 1897, p. 08-373 (and nevers her papers). 


Return 
= ET. Whittaker: to Slide 
Decomposed the scalar potential into a series of bidirectional EM wave pairs in Index 


harmonic series, where the two waves in each pair are conjugates (/.2., a 
wave/antiwave pair) and are longitudinal waves. 


On the partial ferential equations of mathematica 
phyeca” Math. Ann. Vol 67, 1003, p. 333-386, 


Showed that all classical EM ~ including waves -- can be replaced by two 
interfering scalar potential functions. (This founded superpotential theory, 
extended by Nisbet, Bromwich, Debye, McCrea, and others.) 


“Dr anerprntn oe eacronagrte ao 
sectrons by mears cf wo scala! potent! functone, 


rm Lond Math Soe. Seren 2. Vk 1, 1904, 9. 387.372 


iedogendenth retsoovered the biwaye degampostion of the seater poteatiel ond 
added the product set (in theory enabling modulations and communications) to 
‘Stoney and Whittaker's sum set. 


‘Varovs papers. 1085 to date 


Orem me 
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Subdivisions of 
Soviet Energetics 


Energetics | Bioenergetics | Psychoenergetics 


+ Living Systems * Living Systems (Minds) 
| + Thoughts, Memories, Emotions Return 
ious Minds 
to Slide 
Index 
+ Scalar Intortoromotry 
+ Hidden EM Variables Next 
Slide 
Previous 
Slide 
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Bunge on the Status of 
Classical and Quantum Physics 


"... itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge. , Springer-Verlag 
@ WHTE BEARDEN New York, NY, 1967, p. 176. 
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EINSTEIN ON REVIEWING FOUNDATIONS 


"the scientist makes use of a whole arsenal of concepts which 
he imbibed practically with his mother's milk; and seldom if 
ever is he aware of the eternally problematic character of his 
concepts. He uses this conceptual material, or, speaking more 
exactly, these conceptual tools of thought, as something 


obviously, immutably given; something having an objective 
value of truth which is hardly even, and in any case not 
seriously, to be doubted. ...in the interests of science It 

Is necessary over and over again to engage in the critique of 
these fundamental concepts, in order that we may not uncon- 
sciously be ruled by them.” 


Albert Einstein, “Foreword,” in Max Jammer, 
Concepts of Space: The History of the Thoories 
of Space in Physics, Harvard University Press, 


roy Cambridge, Massachusetts, 1969, p. xi-xil, 
ee Ed 


hws Te weanceN 
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Einstein's Spacetime 


TE BEARDEN 1608 


Maxwell's 
a Material Ether 


| 3 Material Material ‘| i 
, Pr 
| Electric Electric . 
ty Fluid All meoeys Da ontiios, Fluid shade 
' are defined only in and of 
; Disturbed Charged matter. Ali are 


Disturbed 
material entities. There —————— 
was no place devoid of 
mass, in the universe. 


MAXWELL'S Et TIONS ARE MATTER-TO-MATTER TRANSFORMS 
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TE REARCEN 1958 


ET Tas 


jichelson-Morley 
periments, 1880's 


Return 
to Slide_ 
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| Fluid Fluid 272 Slide 
Disturbed Disturbed 
\ Now we are 1-4 using " a 


a mate % 
Trust ust Equations 
do not need changing. 
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THE MISSING INFOLDED 
ELECTRODYNAMICS e) 


nothing a it say out 


Material Material 
Electric Electric 
Fluid Fluid 


Disturbed Disturbed 


INTERNESTED SPACETIME CURVATURES 
(VACUUM ENGINES) } 


pe JAFOLPED: SEMERAL RELATIVITY <a 


—— TE BEARCEN 1900 
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Nonlinear Optics 
Distortion Correction Theorem 


"If a scalar wave E;(r) propagates from 

left to right through an arbitrary but lossless 
dielectric medium, and if we generate in 
some region of space [say near z = 0] its 
phase conjugate replica E2(r), then Ez 

will propagate backward from right to left 
through the dielectric medium, remaining 
everywhere the phase conjugate of E1." 


sy © 1 1908, Yon TE EARN 


itp:/w ww cheniere-org/bviefings/DoDPriore/slides/O28,htm24.11.2003 19:15:00 


Priore DoD Briefing 


© TE BEARDEN 197 


* * © W£TC, 


Wavepair #3 


Wavepair #2 


Wavepair #1 
** * LETC. 


DISTANCE 
A harmonic set of longitudinal EM wavepairs. in each wavepair the two waves 


The Structure Is: 


correction theorem of nonlinear optics. Each wavo in the biwave pair is a galloping 
wave. Each wavepair is a standing electrogravitational wave. in nonlinear optics, 
‘such a wavepair is a pump wave which pumps in the time domain, 

Note: Think of the oscillations as velocity modulations. 


tp: ww.cheniere.org/brieFings/DoDPriore/slides/029.hum24.11.2003 19:15:02 


Return 
to Slide 
Index 


Next 
Slide 


Previous 
Slide 


Priore DoD Briefing 


The Zero-Vector Axiom Destroys 
“Topologies within Topologies” 


—————— SSS Ss 
e The axiom: There is a unique vector, 0, in V 


(the vector space) such that Return 
V+0=0+V_ eT eS a 
e Note that V + 0i=0;+ V; Oi=- Oi= n0i 
so Oi = Oj} = Ok =...+ On=... a 


e This makes all 0i equal by assumption, bs 
since there is assumed to be only asingle — stiae 
type 0 without real components 

e In fact, 0 is not unique. An infinite number 
of different zero-vector systems, with real 
components, satisfy the zero-vector axiom. 
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(Ane electrogravitational wave) 


rasan slantsagravtstionsl standing wave 
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(waves with velocity v, where 0 < v 


@ Major equations of interest having UPW solutions are: 


— Homogeneous wave equation Searaeee ie Sere Return 
- Maxwell equations to Slide 
- Dirac, Weyl, and Klein-Gordon equations Index 

@ UPWs are translationally invariant, and do not spread, or Next 
they reconstruct their original form after a certain period. Slide 

@ UPW solutions have infinite energy. Quasi-UPWs can have —— 
finite energy and can in principle be launched into space. Previous. 

Slide 


e@ Subluminal Maxwell solutions are called EM particles. 
Superluminal Maxwell solutions are called X-waves. 


e@ Experimental results indicate such waves will be produced 
within the next few years. @ 10 Te weanoen 


@ Nimtz has translated Mozart's 40th symphony at v = 4.7c. 
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Velocity modulating a longitudinal 
EM wave oscillates rate of flow of time 


Observer sees it this way 


Constant transverse wave magnitude 


i 
a Wave oscillates its velocity along 
i its path, about a nominal value 


Ya— ——____ 


t ___Wave oscillates this way 
We, Constant transverse magnitude 


{7 
7 | Wave oscillates magnitude of its 
transported t, about a nominal value 


‘* Waves consist of photons 
+ Each photon consists of energy x time 
+ Each photon carries time as well as energy © wor TE OEAEN 
‘+ Awave is both a spatial energy dynamics and 

‘a temporal dynamics 


= Wave complexes carry dynamic time structures ss well as 
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In physics, the primary units 


selected are arbitrary. Every: 


THON thing can b ed, 0.9 
so can photon spin to Slide 
Index 


vacuum SPIN? ED 

— SPIN 2 ENTITY? 
itis, inthe time previous 
domain. Slide 


’ 


REACTION LONGITUDINAL 
3 ANTIPHOTON 
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Return 
Thee to Slide 
(AE)(At) + M => (M+AM)At => M + (AE)(At) Index 


Flow of macroscopic time (observable photon interactions) 


Next 
Slide 


Previous 
Slide 


The photon interaction generates an observed quantum change and a discretized jump 
{n the rate of time flow. A particle observably changes by only a single A tata time, 

The background flow of time in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


Return 


to Slide 
Index 


(© TE BEARDEN 1007 


Transmitter Arrays 
(8 to 20 harmonic wavepairs each ) 
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Deep penetration of weak signals in a dense signal 
environment, by nonlinear retroreflection 


phase 
wor internal 


jons I 

generated signals from the interior, impinging 
the pumped (stressed) nonlinear surface areas Phase conjugate replica 
tu simultaneous exterior ubersciione coca 
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i 
=e aaee inter 


‘* Leakage provides ultraweak, coherent 
photon emission from tho systom 


| Precinal few to 
* Some 100s of photonslem?isec 
| # Optimum signal-to-noise ratio 


* A single dolayed blophoton may be 
able to tioger gor 10% reactions ina coll 
fo eisese 
. Spectum almost continuous within 
‘optical range from 


* DNA, all other processes are sources 


. Prchetie emission shows biological 


always out of equilibrium: * Single main process of whole system, 
« Emission has holistic characteristics rocesses strongly coupled 
* Correlations to most, if not all, of the «Information fu inction and sync of 
biological functions of the organism biological clocks (oscillators) 


Se => i > o> Tt om 
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CANCER: CHARACTERISTICS 


NOT ONE DISEASE BUT A WHOLE RANGE 
STARTS IN ORDINARY (AEROBIC) CELL 
CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
STARTS UNCONTROLLED DIVISION 

BECOMES A LUMP 


CAN SEND FORTH CANCER CELLS 
- THROUGH BLOOD 
- THROUGH LYMPH 


@ THESE FORM METASTASES (SECONDARY TUMORS) 
@ OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
@ ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 
— SUPPRESSOR CELLS MAY CURB IMMUNE SYSTEM 


— TUMOR MAY LACK ANTIGENS NORMALLY IDENTIFIED 
BY THE IMMUNE SYSTEM 


*R&R system forces cell back toward anaerobe 
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AIR 
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Severely reduced 6 Severe pollution | Next 
oxygen transport 4 Slide 
° (Suchas @ St 


BLOOD CELLS e e ° Pt Previous 
Slide 
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BODY TMOSPHERE 
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MULTICELL 
AEROBIC" 
(INCLUDES MAN) Return 
to Slide 
Index 
@ isa 
SINGLE CELL SINGLE CELL Slide 
ANAEROBIC AEROBIC" 
CENTRAL CONTROL 5 
OXYGEN ‘a sats Previous 
a i PATH AS IT Slide 
DEVELOPED 


TIME-REVERSED 
—>_ +}————— << PATH FoR susTAINED 
OXYGEN DEFICIENCY 


SINGLE CELL ~______~ 


FIRST STEP IN cl 
DEDIFFERENTIATIOS 


canchon © TE Bearden 
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* Two major links uncovered between : 
— The DC system and nervous system 
— The DC system and all body cells 
* Bioelectric potentials of primary importance 
© Physiology presently considers controls limited to: 
— Neural action potential 
— Various hormone chemical agents 
— Chemical agents associated with DNA/RNA system 
* Complete Operational Biological Control System: 
— Controls growth, healing, biological cycles, etc. 
— Operates in ANALOG mode; various levels of DC 
— Interlocks physically with nervous system (and may be its precursor) 
— Other chemical agents 
— Tissue growth and healing NOT INCLUDED 
* Medical community now more concerned with diseases resulting from. 
— Inadequate/abnormal growth 
— Inadequate healing 
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Application of ti SiS COTS SO ane Corre Ones. 
fractures. Only picoamperes are utilized. Pulsed DC 
current or pulsed magnetic fields may also be utilized. 


Proves that cells can be time-reversed (phase conju Tums into type of cell that 
(dedifferentiated) or time-torwarded (redifferential ‘makes bone 
application of very weak electromagnetic sit 
those signals contain longitudinal bidirectional EM “pur 
wave" wavepairs, which cause tho eall and its parts to create 
precise vacuum antionginos. 


[Deposits in fracture site, 
healing the fracture 
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‘Trauma Producing 
Tissue Loss 


Local cellular effect 


Local nerve effect 


CNS effect LE, Alterations in hormone 


pattern (prolactin) 


Alterations in local 
DC field pattern 


i 

es’ 
Local and systemic 
pools of target cells 


Phase Il 
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@ Standing DC potentials on intact surfaces of all living animals 


demonstrate a complex field pattern spatially related to the 
anatomical arrangement of the nervous system 
—- Can be measured directly on the peripheral nerves 
— Polarity difference related to whether nerve is or is not a sensor 
— Steady (weak) current flow exists 
— Demonstrates solid state/semiconductor phenomena 
- Accurately reflects (amplitude and polarity) the general level of neural 
activity 
* Sleep versus wakefulness 
Anesthesia versus conscious 
* Other parameters 
@ DC levels determine the level of neural activity 


@ Action potential system exists upon a substratum of DC 
potentials which pre-existed it 


@ DC potentials substrata had and have control functions over 
basic properties of the living organism © TE.BEAROEN 1908 
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@ Cellular processes are regulated by a precise control system 
@ Attempted to Boel enumesciog ai control-system theory 
@ Cells and tissues jid-state electrochemical features Return 


which provide control signals in the control system to Slide_ 
— Growth process Index 
— Electron transfer Aagenernion aoa” Bul RL Rand Md ae ay TOT. 627-4 


— Semiconduction 
— Self-organizing (NOTE: implies hidden variables and nonlocal causality) Next 
@ Complex ical events at the injury site initiate cellular Slide 
aspects suc! dedifferentiation and mitotic activity 
e neration is a 2-step process, each with different controls 
— Electrical triggers with threshold values results in appearance of blastema = 
— Complex data transmission to blastema establishes it as a self-organizing Slide 
system capable of growth and redifferentiation 
— Mammals lack ability to produce blastemas except for bone, but partial 
regeneration growth has been shown in response to electrical stimuli 


@ Growth related to electrical more than electrochemical aspects 
@ Hematopoietic marrow as source of cells for the blastema 

— Monocytes can take place in regenerative processes in limbs 

— Lymphocytes can dedifferentiate under certain circumstances 

— Marrow elements can be induced into osteogenesis © TE BEARDEN Yo08 
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Corrections For the Present EM Bioeffects Model 
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Kaznacheyev's Cytopathogenic Mirror Effect 
cee Diseas rp linph avalon pdr and waves 


| 
| 


Note: Minimum lattice is one harmonic interval: IR to UV is such a minimum G-lattice. 


Distant induction of cellular death diseases, by special EM means. 
Coupled photon-antiphoton pairs jitons) in a structured harmonic 
lattice ordering constitute the disease or disorder template. 
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MICROWAVE RADIATION OF 
U.S. EMBASSY IN MOSCOW 


BACKGROUND 


+ Began in latter 1950s 
+ Discovered on VP Nixon's trip 
+ Initially Soupht to be nuclear radiation 
(Discovered w/Geiger counter?) 
+ High level target - U.S. Ambassador 
. Guarantees personal attention of: 
. Ambassador to USSR 
= U.S. President 
NSC, etc. 


= NSA, CIA, DIA, 
= Top consulting scientists 
= Leading U.S. ‘Lientitic institutions 
* Two U.S. Ambassadors died, another sickened 
* Anomalous health bape Br germonnes, only 
in zero-field (zero pot'l gradient) areas! 
* Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then again increased 
* No one could understand what was going on 
+ Aluminum screens were placed over windows 
Moscow was declared a hazardous duty zone 


Former U.S. Embassy in Moscow. 
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<@\S- Channel Can Produce a 


Self-Targeting in Inner EM . 


Quantum Potential 


‘Once OP is estabiiahod, 
is direct and instantaneous. intranet, Bharat ore 


‘single participant will simultaneously 
Sir priate, th mau Sepang on that 
fractions of participation with the input station. Ny 


e@====-@ ™ 


HN CONNECT 
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a. Quantum Potential Characteristics ““"""""" 


"A quantum particle moves as if it were subject, in addition to its 
external potentials, to a potential which is a function of its own 
probability distribution.” 


Bohm's H.V.T. assumes: 
— Particle and wave function real and separate 
Wave function obeys Shroedinger's equation 
Particle obeys classical mechanics 
Particle couples to wave function through a quantum potential 
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* Separated points are superposed in MCST 


intervening distance in iT is zero 

onnection is instant and bidirectional 

ropagation through ST does not apply Reionn 
Energy or ime ‘engine input to one station a 
instantly rs at each and every other station, to Slide 
undiminished in magnitude Tadex 

* Ultimate net-centric warfare effect —— 


Next 


Note: Vulnerability. Any other 
station may inser 

or vacuum engin 
same quantum pc 
conjugating the hostit 
can negate its effec 


© TE BEARDEN 1996 
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And Typical Comparative Disease Curves 


Note: There is cumulative genetic damage to germ cells also. 


mun. uct. 
OF IMMUNE TREATMENT “@ = intensity of 
oe na Rea = intensity o 
srstew ‘exposure 
is Return 
to Slide 
DEATH OF THE HOSTIPATIENT 
Index 
PERMANENT OISEASE STATE 
Next 
FULL DISEASE STATE stide 
TRACE (LOW-LEVEL) SEASE 
Previous 
PRE-ISEASE STATE Slide 
SHADOW DISEASE STATE 


"EXPOSED WITH MOST CUMULATIVE DAMAGE 
=) =" "=" EXPOSED WITH MULTIPLE AGENT INFECTIONS ANO RECEIVING MULTITREATMENT 
EXPOSED WITH LESS CUMULATIVE DAMAGE 

NON-GULF WAR: TYPICAL NORMAL DISEASE WHICH KILLS PATIENT 


= = om Te macen 
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Force Fields and Symmetry 
Le 


= Force fields are nature's way of imposing 
local gauge symmetries on the world Return 
= E.g., electromagnetic field is a manifestation 
of the simplest known gauge symmetry 


consistent with the principles of special nes 
relativity ~~ 
= For the EM case, the gauge transformations a 


correspond to changes in 'voltage' from place 
to place 


© T.E Bearden 1995, 1996 
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Aspects of Strong Local Asymmetry 
SEES SSS SS SST 
= If local asymmetry is strong, conservation laws 


may be appreciably violated 

* Energy © T.E Bearden 1995, 1996 
even Return 
5 Sali to Slide 
« Momentum =e 
* Angular momentum Next 

= Properties of an object may differ appreciably for Siide 
© Different observers Previous 
« Different detecting means Slide 


* One time to another 
e® One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
® Strongly breaks local symmetry 
e Provides spacetime engines giving the above effects 
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Other Aspects of 


Strong Local Asymmetry 
ees 


= Local spacetime is curved © TE Beaten 1995, 1996 

= Lorentz invariance of vacuum is violated Retort, 
= May be a local "sink" or "source" 

= Gravitational/inertial effects from EM 


= Translation between virtual and observable Next 
= Electrogravitational solitons alts 
= Action at a distance Beatin ts 
= Transmutation effects may exist Slide 


= Scalar/pseudoscalar field translation 
= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
symmetry allows internested clustering of 
spacetime curvatures. These spacetime 
structures are vacuum engines, or spacetime engines. 
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ae _— V= 10° volts Return 


to Slide 
Surface layer of Cellular membrane Index 
fluid atoms surface 
Next 


ae _— d=10° meter = 


Previous 
Slide 


E =10° volts/ meter 


Sx f(E*)= f(10") 


© tor Te weannen 
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@ What is taught is the “interaction cross section," i.e., the 
joules collected from the associated S-flow by one point 
coulomb of intercepting/collecting charge. Reto 


W=Vq=6q (joules) [4] 22 
$¢=Wq_ (joules/coul) — [2] 


Next. 
Let <1 and fixed; q =n where n= 00 Slide 
W=>k, where k =00 [3] srevious 


® From any "finite" potential, no matter how small, an unlimited Side 
amount of energy can be collected, by increasing the a 
collection (number of coulombs) (interaction cross section). 

@ Actual magnitude of the potential must be very, very large, 
since we can treat it as infinite or unlimited, via W = ¢ q. 


®@ Else Equation [1] could not be linear. 


© re wesncen ver 
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Table A1. THE VACUUM ENERGETICALLY INTERACTS 
WITH EVERY PARTICLE, CONTINUALLY. 
eee 
e 


@ Ground (zero) state of the electromagnetic (photon) field. 

@ Ground (zero) state of mass field. 

@ Empty of observable particles or photons. 

@ Filled with non-observable (virtual) particles and photons. 

® Violently fluctuating microscopically and electromagnetically, 

@ Constantly interacting with all particles, including partially 
shielding their bare charges. 


Lamb Shift - vacuum's alteration of the energy level of an electron in the 
hydrogen atom. 
-- Difference in energy (frequency units) is 1057.862 MHz. 
-- Lamb was awarded a Nobel Prize for showing this. 
-- Energy density exceeds that of the sun's surface! 


® Casimir Effect - vacuum creates an attraction between two conducting 
‘surfaces in close proximity. 
- experimentally proven, well-known. 9 wena 


@ Cole and Puthoff proved that there is no thermodynamic reason why 
cannot be extracted from the vacuum as heat and power, and utilized. 


@ = The common dipole is a broken symmetry in the virtual photon flux of vacuum. 
it extracts virtual energy, integrates it, and re-emits it as Poynting energy density 
flow S = ExH (which observably interacts with charged particles and magnetic 
poles). 
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(Adding Vacuum Engines) 


@ Any EM field or wave is created by (comprised of) two 
potentials which interfere with each other in a given area 
— May be either scalar or vector potentials 
- May interfere locally or at a distance 
- Process is distance independent 
e Hw scalar potential is comprised of a harmonic series of 
bidirectional longitudinal EM wavepairs (Whittaker 1903). 
@ Ziolkowski circa 1985 added the interior product set to 
Whittaker's sum set. Thus he added modulations. 
® By assembling a deliberate "sum and product" set of 


biwaves, a scalar potential can be created having an 
internal deterministic structure. 


- This structures local vacuum eres pacetine 
curvatures, in specific forms 

— Now have added srcery anaes 

- Have infolded general rela inside electrodynamics 


© ‘00 Te BEARDEN 
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“ Structured 
Internested patterns Einsteinian spacetime 
of spacetime 
curvature 


Demons are ‘ 

EM hidden variables Demons work 
organized into at all leveis 
dynamic structures 

at all levels TE BEARDEN 1008 
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STRUCTURING DETAILS OF 
pb OF ACTIVE STRUCTURING Return 
SPACETIME OF ACTIVE to Slide 
CURVATURES “SPACETIME yee Index 
Vi \ CURVATURES = 


\ (TEMPLATE) 
| \ 
i 


Previous 
Slide 
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i OLE ‘energy) and Curves and structures spacetime complexes (engines). 

+ Curved and structured spacetime engines produce forces on mass and its components, 
toling them how to move and structure 

° Stocks coh fs Obtained byt oe we pres erst war powcet sand wnree. 

* General relativity becomes directly engineerable in devices of unparalleled capability. 


"ities 
spacetime-to-mass 


mass tn _ transformation 
4 ae, ves 
__ altered, -_ altered Sees Slide 
ae os a 
YY | \ Previous 
. * » ¥/ % Slide 
Complex of ST curvatures deivuninies: 
{vacuum engine of propagates po: 
ics has a hidden but el 
infolded inside oudeed! its so-called potentials, fields, and waves: 
(in space in the absence of mass). What are ined as. 


potentials, 
‘mass, as pointed out by Aharonov and Bohm in 1959. All of this is just 
longitudinal EM waves and their interactions. 
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SIGNAL VERSUS VACUUM ENGINE 
@ 


‘© INFORMATION RECEIVED 


® ANY OVERT PHYSICAL 
es ACTION MUST BE Return 
TAKEN BY RECEIVER aL 
to Slide 


‘SIGNAL (INFO) Index 
A. Receiver must do the action itself; vacuum energy is 
unalored. Energy or ful fr ding the acon must be 10 Next 
Slide 
(© 1954, 996. 1997 TE BEARDEN Selected cipart© by Lotus SmanPics 
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e An EM potential is gravitational due to its trapped energy. 

« A local EM potential is a local curvature of spacetime. Return 

e Structured potentials are structured (nested) local 
spacetime curvatures; hidden variable theory applies. 

Structured potentials thus are vacuum engines. Next 

« Gradient-free potential penetrates the atom, into nucleus. Slide 


With steady application, a structured gradient-free potential ; 
can be used to engineer the atomic nucleus at will. Events 


« Normal cold fusion systems structure a small fraction of 
their potentials, by chance geometries, boundaries, etc. 


e This produces some new nuclides, but haphazardly. 


« The process can be developed and controlled. The 
nucleus can be deterministically engineered at will. 


© voor Te REARDON 
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Vacuum Engineering 
Using Inner EM Energy and Structuring to Engineer Physical Reality 


Vacuum Potential (Violent Flux) 
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@ /mpact of Vacuum Engineering » 


= "If they [quantum fluctuations of vacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete -- and so would 
many of our worries about environmental pollution." 

= “Don't sell your oil shares yet -- but don't be surprised if the 
world again witnesses the four stages of response to any new 
and revolutionary development: 
—1. It's crazy! 
—2. It may be possible -- so what? 
-3. | said it was a good idea all along. 
—4. | thought of it first." jrnurc, clarke 


"Space Drive: A Fantasy That Could Become Reality” 
Nov/Dec. 1994 


© 1220 Te BEARDEN 


Comment: 
— Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 

-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 
—The circuit interacts with, and uses, only about 10" of S. The 

electrodynamicists calculate only this small S-component. 
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PREVIOUS 
VACUUM 
i? ENGINE 


PREVIOUS 
MASS 
STATE 


Return 
A, to Slide 
Index 


Next 
Slide 


Previous 
Slide 


a 


a. Pumping with transverse EM waves b. Pumping with longitudinal EM waves 
produces a time-reversed wave. A, and A, time-reverses the mass itself. 
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(Energy and time are canonical) 


@ Time can neither be created nor destroyed 
~ Its form can be changed, and it can be positive or negative 
- Time can be collected or dissipated, converged or diverged 
- Time can oscillate and move in waves 
- Longitudinal (infolded) EM waves oscillate time 


@ Time is always in motion, and that motion is variable 
- Collected/collecting time is a continuing stationary 
change in an ongoing time flow 
- Time/collecting time can be internested and internally 
Structured 
@ Time has gravitational aspects 
—- Negative (trapped) time is antigravitational 
~ Emitting negative time is gravitational, to the emitter 
@ Nonlinear optical pumping can use longitudinal EM waves 
~— Pumping a nonlinear mass by longitudinal (infolded) EM 
waves pumps it in its masstime form, in the time domain 
- This creates an amplified vacuum antiengine for the mass, 
and time-reverses the mass back to a previous state 


© 108 Te BEARDEN 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
— Longitudinal EM waves and complexes 
— Oscillations in time domain 


@ These complexes are an infolded general relativity 
— Clustered formations age ime curvatures 
- Very oad since the force is as the 
agent of curvature 
@ In general relativity, similar precise complexes 


permeate and act on any mass at all internal levels 


@ With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 


®@ Priore unwittingly used this to cure dread diseases 
® This is a revolution in all of science © TE BEARDEN 28 


@ We have uncovered the major mechanisms to utilize 
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Solution to Mass Casualties Treatment Problem 


Threat and Current Status 
Historical Solution; Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


Previous 


CTEC, Inc. 28 Mar. 1998 
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™ FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 
* DISEASE CAN BE REVERSED BY CREATING AMPLIFIED | 
@ VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 
* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE "INNER EM" DOMAIN, TIME-REVERSING THEM 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD" s Index 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES — 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 


Next 

+ PHASE CONJUGATES ADDED BY THE PLASMA = 

QRH | iweoLDeD mx nro sTRONG PULSED DC MAGNETIC — 

FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI KC ; 
* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 

PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. ‘ 


* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 4 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING 
™ NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


* 
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SURVIVORS OF N CASUALTIES 
(N = 1-40 MILLION) 


Return 
g to Slide 
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TYPE TREATMENT RECEIVED 


EXPRESSED IN FRACTION SURVIVING 
@ With conventional treatment 

With 1st generation P-treatment 

G With 2nd generation P-treatment 

@ With 3rd generation P-treatment 
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Solution to Mass Casualties Treatment Problem 
Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 
Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar, 1998 
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Summary and Conclusions 


@ Anew therapeutic paradigm of great scope 
and effectiveness has been developed 
- Will provide effective, quick treatment of mass casualties 
- Will provide cures for unknown agents 
- No pathogen strains are resistant to this process 


@ Results have been proven experimentally 

- Documented in French scientific literature 

- Rigorous scientific protocols, eminent scientists 

- Technical mechanism deciphered 
@ Will treat and cure many diseases 

- Aids, atheriosclerosis, cancer and leukemia 

- Sleeping sickness aera 
@ Portable units can be developed quickly 

- 18-month crash development program required 

- high level authority and overwatch essential 


@ Will solve the BW mass casualty treatment 
problem, both civilian and military 
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Solution to Mass Casualties Treatment Problem 
Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 
Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
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Final Thoughts: 


Previous 


@ The current internal BW threat can sia 
and will kill more Americans than 
all our previous wars combined 


@ The Priore technology is the only 
solution in sight that can save 
most of those casualties 


CTE, Ine. 
2311 Big Cove Road 
Huntsville, AL 35801 
(256) 533-3682 Phi 


CTEC, Inc. 


June 24, 1998 


Dr. Jane F. Kinsel, Director 
Office of Policy Analysis 

Department of Health & Human Services 
Bathesda, MD 20892 


Dear Dr. Kinsel: 


Your letter of June 8 is appreciated. However, the entire action package had already gone 
to the Assistant SecDef and also to Major General Neary in the USAF. 


The proof of a revolution in medical treatment was in the package. The basis for itis 
already demonstrated experimentally in the scientific literature, both in the U.S. and in 
France. We are speaking of something already proven, but missed by the entire U.S. 
medical community. Strong words, but true. Let me be specific. 


Any cell in the body can be time-reversed (physics term) or dedifferentiated (biology term) 
back to an earlier state, by pumping (i.e., "squeezing” in simple terms) that cell with 
longitudinal EM waves as pump waves. There are considerable papers in the French 
scientific literature showing the experimental results. 


Apply that to cancer. We are stating bluntly that all cancerous cells in the body can be 
"depromoted” back to normal cells easily. Further, the damage previously done to them 
(such as by sustained hypoxia due to contaminants reducing the oxygen-carrying ability 
normally given to it by some 60-to-80 surrounding water molecules per red cell and the 
‘consequent H-bonding interactions) will also be reversed. The cells can all be returned to 
healthy, normal cells again, without “killing” or "burning" or “cutting” anything, 


With some development of the technology, you can quickly and easily cure every cancer 
patient in every hospital in the United States. 


Now apply it to AIDS. Since you can time-reverse every cell in the body, you can time- 
reverse the HIV-infected cells — genetics and all — right back to normal cells with normal 
genetics. Those cells not infected and healthy, will just get a “litle younger” again. 


So with that small development, you can quickly and easily cure every AIDS patient in every 
hospital in the United States. 


| would have thought that NIH would certainly be interested in such a revolutionary therapy 
Which has already been demonstrated in laboratory experiments. World-tenowned French 
scientists — such as the eminent parasitologist Pautrizel and research PhDs assigned 
directly by Robert Courrier, head of the Biology Section of the French Academy of Sciences, 
worked with Prioré in performing those starting experiments that proved what we are 

saying. 
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‘The method was rigorously shown to cure infectious diseases (such as trypanosomiasis), 
atherosclerosis (which now afficts millions of Americans), and terminal tumors. It was 
shown to reverse suppressed immune systems back to normal vigorous functioning. 


Please permit me to disagree with you that the examination of such is not the mission of the 
NIH. To the contrary, itis precisely the NIH which should have some of its very best 
scientists looking into this. 


The action package to DoD was to propose a crash program to develop this methodology in 
the form of a small, portable unit for treatment of mass casualties resulting from a terrorist 
BW attack on our cities (now expected in the next few weeks, as you must be aware). The 
leading Arab terrorist of the world has already promised just this. 


We are speaking of several million Americans who are going to die. They are going to die in 
spite of everything that NIH and its labs can do, even though | know you will make a heroic 
effort. With NIH present methods, you cannot do very much for those stricken Americans at 
all. Everything we have in the "normal" kit bag is almost useless against a knowledgeable 
spray attack of modified smallpox (as you know, the Russian secret BW labs have made 
and sold tons of that already, to guess who!). Or a spray of tularemia (you are well aware of 
the extreme lethality of that), or anthrax (easily obtained). It is also common knowledge that 
these terrorist teams with their BW agents are already on site in this country, waiting for the 
word to attack. This has now been officially raised to our primary Strategic Threat. 


In the face of such looming strikes on the U.S., | simply cannot believe that the NIH does not, 
feel it within their mission to rigorously check out a proposed method for saving perhaps 
70% of those coming deaths (first generation equipment), and up to 90% with second 
generation equipment. 


Perhaps you just did not read the package carefully. | urge you to do so. 


Else NIH is going to look very, very bad when (1) the strikes do occur, (2) they can't handle 
them (and they cannot, as you well know), (3) they had within their hands in advance, a 
proposed methodology that could have been investigated intensely, to save millions of those 
stricken Americans. 


As a staunch supporter of NIH and especially CDC, | have to believe that there is a different 
attitude there. If NIH is not interested in a previously experimentally demonstrated method 
of saving millions of Americans, then the only recourse left is the political channel. 


assure you that my critique of electrodynamics is well-founded, as supported by various 
leading physicists such as Nobelist Feynman (who stated bluntly that the field concept is 
wrong), Wheeler, Bunge, and so on. It is inexplicable why all our universities are still 
teaching a 130 year old abridged (Heaviside’s) subset of Maxwell's theory, and one that still 
contains a material ether even though that was falsified 110 years ago! 


You already have seen the misuse of this technology by the Russians, in the decades-long 
radiation of the U.S. Embassy in Moscow. Is it not NIH's mission to understand how they 
generated all those diseases and health changes? Have you ever looked into 
Kaznacheyev's experiments showing that ANY cellular disease or disorder can be induced 
in cells at a distance by purely EM means? Have you looked into what got eliminated from 
electrodynamics by ignoring the hidden longitudinal EM inside every potential, field, and 
wave? Do you realize what ignoring that has done to American chemistry, biochemistry, 
and medical science?" 


I would hope that the NIH would at least be interested in its own mission area! 
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| challenge you bluntly to admit that no one presently understands the primary operation of 
the human cellular regenerative system. That's because its technical principie is not 
presently in our recognized physics, biochemistry, and medical science — even though it has 
been in the hard physics literature since 1903-4. Becker's epochal work came closest; since 
he only had access to the conventional EM model, it failed him. But he at least showed you 
rigorously that cells can be changed (both differentiated and redifferentiated) all over the 
map by laughably weak EM — picoamperes of current, which means persistent DC 
potentials. In the microwave radiation of the U.S. Embassy, all the health changes occurred 
in regions absent of fields —i.e., absent of bleed-off of the potentials. Hence in regions of 
stable DC potentials! With 100% correlation of the health changes to persistent, gradient 
free potentials, and 100% anticortelation to changing potentials (i.e., fields), our own 
scientists concluded totally erroneously that it could not have been the EM radiation causing 
the changes, when their own results had just proven that it was. 


Now | ask you: Can NIH explain how it was that the DC potentials caused those health 
changes? | think not. If it could, it would understand the action package | wrote, and its 
importance. 


This is not a “political” letter. I'm just an ordinary American citizen who has done about 30 
years very hard work on this particular area. The work is good enough now to stand on its 
‘own merits. The scientific community will eventually accept it, about 50 years from now. 
But we cannot wait 50 years! Those millions of Americans are going to die, because of the 
bureaucracy and inaction of our own scientific organizations. Whether they like it or not, the. 
U.S. scientific community is now the forefront of the struggle for this nation to survive. And 
they are failing us dramatically. 


So as a parent who wants his children to live, and his neighbors’ children to live, and those 
millions of soon-to-be stricken Americans to live also, | urge you to at least have someone 
competent in physics (and knowledgeable that the foundations of physics itself are in woeful 
shape!) check the work. Has anybody there read any of the references to the Prioré work | 
cited? Does anyone there realize that there are no EM forcefields in space? Probably not. 


Dr. Kinsel, there is a time for "business as usual" and there is a time to do some serious 
new work. Those stricken Americans are going to be lying there. Nothing NIH can do is 
going to stop that. That's a given, and itis not my own estimate. It's the official estimate. 
‘And you know you presently do not have the tools to do anything really effective about it. 


Frankly, | interpret your letter to me as just the normal "spin contro!" for easy disposition. | 
would hope that NIH would seriously rethink the situation, get off the "spin contro!” and 
“business as usual" posturing, and do something dramatically different for a change. 
What have you got to lose? A ttle time from perhaps two or three of your best scientists. 
What have you got to gain? Saving untold millions of American lives. A new, already 
partially demonstrated cure for most dread diseases such as AIDS and cancer — diseases 
Which you presently cannot do very much about in spite of decades of heroic struggle. 


Sincerely, cc: Senator Shelby, Congr. Cramer 


T.E. Bearden 
President and CEO 


TEC, Ine 
TLE. Bearden, President & CEO 

2311 Big Cove Road 

Huntsville, AL 35001-1351 
(256)533-34682 pi(256)536-0411 Fax 


CTEG, Inc. 


‘May 12, 1998 


Dr. Harold Varmus, Director 
‘National Institute of Health 
Bathesda, MD 20892 

(301) 496-1766 


Dear Dr Varmus: 


‘We have recently sent action documents to the Director of Nuclear and Counterproliferation, Office 
of the DCS, Air and Space Operations, HQ USAF and to the DoD (General Busbee) Assistant 
Secretary of Defense, as well as several Senate and House committees, which may be of interest to 
you. For one thing, we give the technical mechanism used to generate the Gulf War Syndrome. ‘The 
Same weaponry is now being used to rapidly induce new strains of certain pathogens worldwide. 1 
urge you to closely read that section of the letter to MG Neary which explains the GWS, why the 
French did not get it, and why Souther Iraqis got an increase in cancer and leukemia but not GWS. 
‘Also explained is how the "microwave radiation” of the U.S. Embassy in Moscow induced diseases 
for decades, and how we failed to comprehend it because the standard EM model deceived us. 


‘There is a way to treat and quickly cure most diseases, including the mass casualties resulting from a 
terrorist BW strike on our civilian population centers, our military bases, or our forces in the field. 
‘The method is litle known, but was scientifically demonstrated in France in the 1960s and early 
1970s before cancellation of the Prioré Project when the French Government changed. Eminent 
French scientists worked on the project, and the results are fully documented in leading French 
scientific journals. References are listed in a separate attachment. 


Previously the Western scientific community has been unable to understand the technical mechanism. 
responsible for such remarkable cures, because of serious foundations flaws in Western physics and 
electrodynamics. Foundations physicists have long been aware our science is flawed, and have 
pointed out many of these fundamental errors. However, the operational science establishment has 
not paid attention, even though physicists such as Feynman and Wheeler pointed out that the notion 
of "force fields in space” was totally wrong, 


‘Asa primary example, there is an “infolded” electrodynamics inside all potentials, fields, and waves 
that is far more primary than the coarse EM that is in our textbooks. It is actually an infolded general 
relativity, and this is what the Russians have weaponized. This infolded EM-GR has been ignored in 
the West (but not in Russia) since 1903, 


‘As another example the potentials, fields, and waves of present electrodynamics are rigorously 
defined — and exist — only in the presence of mass. They do not exist in such form (force fields and 
oscillating force fields) at alin space, in the absence of mass. Rigorously, Maxwell's equations are 
‘mass-to-mass transforms, since Maxwell and everyone at the time assumed the ubiquitous presence 
of the material ether. In other words, to the founding electrodynamicists, there was no place in all the 
universe that was devoid of mass. Hence they defined all EM entities as entities containing mass. 
Even though Michelson-Morley experiments of more than a century ago destroyed that material 
ether, not a single Maxwellian equation has ever been changed! They still assume the material ether. 
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Specifically missing from our electrodynamics are two essential transforms: (1) the mass-to- 
spacetime transform, and (2) the spacetime-to-mass transform. In other words, these two transforms 
are "infolded' or hidden inside (comprise) the end point extremum case — the mass-to-mass transform 
actually written by Maxwell 


But these two missing transforms are just general relativity (they correspond precisely to Wheeler's 
principle of general relativity). So general relativity has always been infolded inside electrodynamics 
as we know it, but ignored. Further, this is a very powerful general relativity, since it uses the very 
strong EM force as the agent of spacetime curvature. Hence now one can engineer a powerful 
general relativity in the laboratory and in practical devices, and even action-at-a-distance, which one 
cannot do using merely the staid and weak G-force. 


It tums out that longitudinal EM waves as shown by E.T. Whittaker in 1903 and 1904 are far more 
primary than our present EM theory and even our present GR theory. Both EM and GR are directly 
engineerable using longitudinal EM waves, including subluminal and superluminal EM waves in 
vacuum, and including action at a distance. One can engineer complexes of spacetime curvatures as 
desired, which in turn are spacetime engines (Wheeler's term). These engines can act upon mass ~ 
either living or inert — in any fashion desired, and at any distance desired. 


‘The little-known and poorly understood Regeneration & Recovery (R&R) system — as contrasted to 
the immune system — utilizes this exact "spacetime engine” methodology to restore damaged or 
diseased cells, within its limitations — "dedifferentiating" or "time-reversing" them back to normal. 
‘The mechanism is fully explained in the attached package. The proposed program applies this 
fundamental method to greatly amplify the effect. ‘Thus cancer cells can be reversed back to normal 
cells, HIV-infected cells (HIV-factories) can be reversed back to normal cells (genetics and all), etc. 
‘This represents a dramatic and unparalleled new medical therapeutic methodology of extreme power. 
‘The same techniques can simply be conjugated one additional time, and used to produce diseases and 
cellular changes at a distance, including in entire mass populations, as the KGB is doing right now. 
Specifically, by impressing an extremely weak "cocktail mix" of disease spacetime engines on the 
USS. populace, the immune systems are reacting and being "spread thin" across several "shadow 
state” infectious pathogenic conditions. Thus when an actual terrorist BW attack occurs, the lethality 
of the strike will be remarkably enhanced because the immune systems will be “thinned” in their 
ability to fend off this new pathogen. By doing it this way, BW warfare can actually be conducted 
upon the U.S. without anyone being the wiser. 


Our very survival as a nation is threatened by remarkable KGB weapons using this fully documented, 
extended electrodynamics. Bluntly, unless we take off our scientific blinders and understand Russian 
energetics weapon science, GWS and the Embassy health changes in Moscow were just a picnic 
before what is upon us. After two decades of work on the KGB energetics weapon problem, we have 
fully deciphered the technical mechanisms and what energetics is, as well as citing many of the 
Russian weapon tests and how they were done. Again, you can see that for yourself in the package. 


‘Now that we understand the technical mechanisms, we are proposing rapid redevelopment of the 
Prioré process, in portable suitcase-sized units to be mass produced and filtered down into the entire 
emergency community for mass treatment of lethal infectious diseases resulting from BW strikes. 
‘And we are strongly urging the U.S. scientific community to quickly investigate and come to grips 
With this vast new biological engineering mechanism. Our very survival depends on it. 


‘The inclosed documents provide an overview of the process. ‘There is nothing else on the scientific 
horizon that can save the majority of all those stricken Americans, once the first foreign-sponsored 
terrorist teams strike our population centers with BW agents. 


Sincerely, Incls: Full package with table of contents 


T.E, Bearden 
President & CEO 


Scalar Wars 
The Brave New World of Scalar 


Electromagnetics 
by Bill Morgan 


For the past six months I have been undergoing the greatest 
paradigm shift I have ever had to go through. It has rattled my 
nerves and shaken my bones. This intense adjustment of my 
“world” has come about by studying the information given by 
Col, Tom Bearden at his website Cheniere. The new knowledge 
there has necessitated a total revision of my ideas about physical 
reality, the world we live in, and the future of humanity. This 
paradigm shifting even actually made me dizzy on certain days 
as I tried to absorb and digest Bearden's vast amount of 
information. Iam not a scientist at all, just a layman, and I have 
little comprehension of the math and high physics of this new 
science called "Scalar Electromagneties." But there is a great 
deal of information at Cheniere which needs to become 
common knowledge as fast as possible, for the sake of the 
survival of life on earth, To that end I have put together this 
small primer of Bearden's ideas, as a kind of "beginner's guide" to his website. (I have tried to 
underline certain words and phrases which are part of the new "jargon" of talking about these 
"new" phenomena. Also I have taken the liberty of bolding certain words and phrases to help 

them stick in the mind). 


(Note: Throughout "EM" means “electromagnetic,” and "LW" means "Iongitudinal wave") 


This article has six sections: 


New Waves, 2, Tapping the Waves, 3. Weaponization 4, Healing 5. Psvchoenersetics 6. 


It Stands 


1. New waves discovered 


Longitudinal EM energy fills vacuum of space, the time domain of spacetime, time as compressed energy, E=tc?, 
waves of time, phase conjugate wave pairs, 


“Electric power is everywhere present in unlimited quantities 
and can drive the world's machinery without the need of coal, 
oil, gas, or any other of the common fuels.” Nikola Tesla 


“At any point and at any time, one can freely and 
inexpensively extract enormous EM energy flows directly 
from the active vacuum itself." Tom Bearden 


I guess the first thing to try to comprehend is that a "new" kind of, 
electromagnetic (EM) wave has been discovered in the empty 
vacuum of space called “longitudinal” waves, which, when 
engineered, can be an inexhaustible supply of energy in great 
‘magnitude at any place in the universe. The word "new is in 

quotes because the discovery really goes back to Nikola Tesla and 
his discovery of what he called "radiant energy.” Iti also not 

"new" because the Russians (KGB) have been working on this 
technology for over 30 years and have weaponized these "new" 
longitudinal scalar waves to a great degree, 


‘These are the very weapons Nikita Khrushchev spoke of in 
January, 1960. 


"By 1957-8 the Soviets had progressed to the point of a giant scalar EM accident in the 
Urals which exploded nearby atomic wastes, devastating the area, They had also 
progressed to development of great new superweapons using their new energetics - 
‘weapons to which Khrushchev referred in 1960 when he informed the Soviet Presidium 
of a new, fantastic weapon in development, a weapon so powerful that it could wipe out 
all life on earth if unrestrainedly employed.” Tom Bearden 


After over 30 years of development, and extensive testing around the globe, these new scalar 
electromagnetic weapons are up and running and ready to go. Tom Bearden, at his website 
Cheniere, discusses the history of these new scalar electromagnetic weapons in his paper 
"Historical Background of Scalar EM Weapon 


Some Immediate Implications 


‘The implications of successful engineering of the longitudinal waves are enormous, and 
will change the world as we know it, one way or another. Among other things, these 
discoveries mean that: 


1. The solutions to the energy crisis and the "oil problem" are in hand. These oil 
‘wars are unnecessary. There is endless energy available freely from the domain of time. 


2. Unbelievably powerful weapons are not only possible, but are already operating in 
several nations, The many powers of these weapons are unprecedented and mind- 


boggling. 


3. The cure of diseases such as cancer and AIDS, in fact nearly any disease, has 
become possible within a few years of sufficient funding. Everyone can be made healthy 
and stay healthy. 


4. Mind control on a mass scale has now become possible, and the machines to do it are 
already in place in certain nations. It has become possible to mentally enslave whole 
populations with the twist of a few dials. 


So the layman will need to understand that there is a new kind of electromagnetic energy that is 
altogether different from what he knows, e.g. radio, TV, cell phones, ete. The ordinary EM 
waves that we have known about are called transverse EM waves, to distinguish them from the 
new longitudinal EM waves. These scalar waves do not actually exist in our "material" world, 
bbut exist only in the vacuum of empty space, or the time domain, And we must keep in mind that 
this vacuum of space we speak of exists all through everything. Even our bodies are mostly 
empty space between atoms and molecules. So the gateway to this seething ocean of energy can 
be there at every point in the universe. This seething ocean of energy is all around us and all 
through us. 


Emptiness is Full 


‘This amazing discovery announces that the "emptiness" of empty space is in fact not empty, but 
a great ocean of seething energy! 


Col. Bearden refers to this ocean of energy as being of the "time domain." It seems like 
something from Star Trek but this is where scalar electromagnetics has come to, And where it is 
going may be beyond anything Star Trek could have dreamed of. 


We live in a 3-dimensional world, which physics calls "3-space." But there is also spacetime, or 
4-space, or the "4th dimension.” Then suddenly comes this amazing new knowledge that time 
itself is actually compressed energy. And it is energy which is compressed by exactly the same 
factor by which matter is considered compressed energy: the speed-of-light-squared! 


So we have a new companion to the famous E=me2, It is now paired with E=t2 (where ti 
actually "delta-t,” or change in time). Or (amaze your family and friends and) say: 


"E equals em-cee-squared" 
and 
"E equals delta-tee-cee-squared" 


It has a nice ring to it, like some freedom bell announcing a new era. 


And as the atomic bomb released the compressed energy in matter, so can we now unleash the 
tremendous energy that is compressed into time itself. It gives a completely new meaning to the 
term "time bomb." 


Some New Terminology of Scalar Electromagnetics 


A new science, several new names 


"Those [Russian] weapon scientists resurrected an old term from the history of 
electrodynamics, called "energetics". That is their approach to a unified field theory, 
where everything is based on "energetics". This model as its foundations uses a very 
similar approach to that "single fundamental unit” model, where energy is the unit. If one 
makes the energy EM in nature, then one has the Russian energetics approach. This 
unified approach gathers everything in, including all energy actions and relations in inert 
matter (the first branch of energetics, called by the same name), all field and matter 
interactions in living matter (the second branch of energetics, called 'bioenergeties"), and 
all mind operations and mind-matter interactions (the third branch of energetics, called 
"psychoenergetics"). [ed: sometimes also called "psychotronics" by the Russians] 


Rick Andersen in an article called "What is Scalar Electromagnetics?” describes the new science 


this way: 


"Scalar EM is the brainchild of Lt. Col. (retired) Thomas E. Bearden, a systems analyst 
and wargames specialist who has been advocating a view of electromagnetics which is 
based on the notion of a vast, unseen background of scalar energies (as opposed to vector 
energies) which underlie all physical reality. 


“If Bearden is correct in his Scalar EM theory, then we can build devices which would 
enable us to alter gravity, time, inertia, and the apparent mass of an object. This of course 
has ENORMOUS implications for military applications, space-vehicle drives, 
travel, teleportation, paranormal phenomena, and just about every other area one can 


think of.” http:/twm.co.nz/Beard_scalem.htm! 


"Time-energy, time-currents, and time-structuring play the dominant role in 
electromagnetics. Time-as-energy eventually becomes engineerable, as easily as is spatial 
energy now. We are always dealing with spacetime and with spacetime curvature. 


Bearden: htip://vww.cheniere.org/techpapers/Vision%202000%20paper.doc 


The scalar energy discovered in the vacuum of space is sometimes called "zero-point" energy. 
‘Thomas Valone explains how this term came about. 


What does "Zero Point" mean? 


"Boyer traces the historical “creation of the vacuum’ as proceeding in stages in parallel with the 
historical development of ideas about the vacuum, To paraphrase, he says that in the 17th 
century, it was thought that a totally empty volume of space could be created by simply 
removing all matter and, in particular, all gases. That was our first concept of the vacuum. Just 
get rid of all the gas, Late in the 19th century, it became apparent that the region still contained 
thermal radiation. But it seemed that the radiation might be eliminated by cooling. So the second 
concept of getting a real vacuum is to cool it down to zero temperature. Just go all the way to 
absolute zero. Then we've got a real vacuum. Right? Well, since then, both theory and 
experiment have shown that there is a non-thermal radiation in the vacuum and that it persists 
even if the temperature could be lowered to absolute zero. Therefore, it was simply called the 
“zero point” radiation. "Thomas Valone http://www seaspower.com/InsideZeroPoint.htm 


‘For our very survival, it is absolutely imperative that informed 
citizens be aware of this dramatic change, which is just now 
starting. The powerful new science and engineering must be 
controlled and used for humanity's benefit, not its detriment. 
Else it will eventually be let loose unrestrainedly, to destroy all 


'y indicated by Nikita Khrushchev 


hutp:/www.cheniere.org/explore%20articles/priore I/p4.jps 


2. Tapping the waves 


Endless free energy, Tesla's radiant energy, the dipole as the gateway to the energy of the void, MEG in one year, 
a, ete. End of Oil, geopolitical chaos, rogue groups 


Move Over G.E. & Big Oil, Energy is Everywhere! 


‘Third-world nations set to rise 


Certain powerful interests did not wish the extended electromagnetics to be discovered 
or taught. That, after all, would lead to free energy and loss of economic control of the 
citizens. That was precisely why Nikola Tesla had already been suppressed ... Today it is 
still being suppressed by the orthodox establishment." 

http://www cheniere.org/books/ferdelance/s25 hum 


‘The vast seething ocean of energy of the vacuum, the longitudinal scalar EM waves of the time 
domain, can now be tapped and “transduced” into ordinary (transverse) EM energy in our 3- 
Space world. The process can be compared to putting a paddlewheel into a river. The energy 
acquired is free, since the river is there flowing whether we tap it or not. And it is a mighty river, 
and is not diminished by our paddlewheel. 


‘This means that a permanent solution to the "energy crisis” is at hand, if only those who hold it 
so secret would give it up to humankind, 


It means our species’ insane use of oil is no longer necessary. We can make automobiles that 
need no fuel at all. We can build motors that power themselves. It means that unlimited electrical 
power can be available for free anywhere in the world, Every house and even shack can have its 
‘own power supply. 


Of course there is the cost of the equipment at first, but the energy flow is free for the 
presumably very long life (no moving parts) of the generator. It will probably take decades to 
shift over to scalar power. 


But the ability to tap the scalar (longitudinal) EM waves of the vacuum (which exists 
everywhere) also means that unbelievably powerful weapons can be, and already have been 
developed. In fact these weapons are so dangerous that the fear engendered becomes a 
psychological obstacle to the grasping of the facts. 


I struggled with this myself for months, and even though Tom Bearden had completely 
convinced me already, it is hard to accept the fact that for everyone on earth the "worst that 
might happen” has suddenly gotten much worse. It takes time to deal with that, to realize it and 
get over it. 


Indeed, the possibilities of these new weapons, which are tapping the huge energies of time, are 
so terrifying it is natural for the mind to simply say: "I don't want to hear about that." 


And the government, likewise, pretends these weapons do not exist and tries to keep it secret 
from the people. Because most people would indeed be truly alarmed to know the actual 
situation. Col. Tom Bearden has decided that the people need to know the truth anyway. As a 
People on a Planet we must face this now, and ban the use of scalar weapons in war or in mass 
mind control. The current deployment of these weapons is a world emergency which we must all 
face, 


‘The physics and mathematics of the longitudinal waves and the time domain are clearly beyond 
the layman, but I recommend scanning through them anyway just to get a sense of the wonder 
and the elegance of it all and some of the exotic terms which are used. Two of the most 
important papers by Col. Bearden are: 


Giant Negentropy from the Common Dipole 
‘The Final Secret of Free Energy. 


Despite the complexity of the science involved, Bearden sums up the essential secret of it all in a 
few words. 


"There is no problem at all in extracting all the energy one wishes from the active 
vacuum, anywhere in the universe, at any time. Just make a dipole. 


‘The problem is in (1) catching some of that freely gushing EM energy in a circuit 
containing a load, and (2) dissipating the caught and collected EM energy in that load to 
power it, without using half the caught energy to destroy the source dipole's). 

‘That is the ONLY real energy problem on the planet, and always has been." 


http://www cheniere.org/correspondence/022502,htm 


A dipole could be a battery, which is polarized into negative and positive. Or the terminals of a 
generator. Or any magnet with its two poles. Or an atom with its positive and negative charges. 
Or the earth's magnetic field, the sun, and all heavenly bodies, Even a galaxy must be some kind 
of mega-dipole. Wherever there is a dipole there is already immense scalar EM energy ushering 
out of and back into the vacuum. And there have already been demonstrated a number of diverse 
methods for tapping that energy as it flows. (John Bedini, Edwin Gray, Bruce de Palma, and 
others), Bearden provides what he calls a "partial list" on his website, 


“In other words, nature then gladly gives us as much EM energy flow as we need, 
indefinitely — just for paying a tiny litle bit initially to "make the litle dipole." After 
that, we never have to pay anything again, and nature will happily keep on pouring out 
that 3-flow of EM energy for us. This is the giant negentropy mechanism I uncovered, 
performed in the simplest way imaginable: just make an ordinary litte dipole.” 


Bearden http://www. cheniere.org/techpapers/Unnecessary %20Energy%20Crisis.doc 


How to Buy a Free Energy Machine 
Answer: Just wait one more year! 2003. Then get off the Grid! 


Perhaps the most eagerly awaited event now is the marketing of Bearden’s Motionless 
Electromagnetic Generator (MEG) scheduled to begin in about a year’s time, This is 
when the proof will hit the fan, Many people have said to me, when talking about free 
energy, "TI believe it when I can go to the store and buy one." Hopefully in a year’s time 
they will be able to order their own MEG. And then they will believe, because it works 
and is working. 


Says Bearden: "I will admit that the chief scientist of an important experimental group in 
a large company was rather stunned at the type of output we were able to obtain. The 
MEG may look like just a transformer, but itis not, It is a completely different breed of 
cat.” 


(Bearden : hip://www.cheniere,org/correspondence/O11202.btun) 


Soon the cat will be fully out of the bag. The first MEG units will supply 2.5 kilowatts of 
free electricity. Forever. Units can be connected together to double or triple the wattage. 
After that gets going, 10 kilowatt generators are planned. Energy will flow freely from 

the time domain indefinitely, and there are no moving parts to wear out, This 
manufacturing project is a heroic effort and will change the world as we know it. For 
‘once people are in possession of such devices there can be no further denial from anyone, 
including the government and/or "secret- government.” 


| The MEG mikill by JL Naudin 


The Motionless Electromagnetic Generator 
(Successfully replicated here by J. L. Naudin) 


‘The physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum.” 


The device was successfully replicated by J.L. Naudin in France, and others, like Steve 
Ute, are also working on their own models. But Magnetic Energy Limited's MEG is 
actually scheduled for production soon and looks to be the first commercially available 
free-energy generator in history! 


imagine it will not take long for tinkerers to put them into their electric cars and make 
the first fuelless automobiles since Tesla's unheralded (and unheeded) experiments. Or 
for builders to begin building houses powered by MEG's. Houses which will never see 
electric bills. How can they ever make enough of these to meet the demand that will 
suddenly be there? Bearden is right, it needs to be an all-out crash program of the 
government on the order of the Manhattan Project. 


I must include here that Bearden is quick to point out that he is not himself the inventor 
of the MEG, but is a partner and advisor in bringing it to the public market through 
Magnetic Energy Limited, Inc. I must also admit that I am praying for the success of this 
venture, and the ending of the absurd and criminal withholding of this technology from 
the people by the black-ops military-industrial people. This secrecy has cost the planet 
over 30 years of unnecessary pollution, 


‘The first units off the assembly line, which is being set up in a "friendly" unnamed 
nation, will usher the public at last into the new era of scalar electromagnetics. 


As of December, 2001, the situation with the MEG was described by Bearden in a letter. 


"What we presently have with the MEG is a successful laboratory experiment. At 
least a year's very hard research will have to be done before we will be ready to 
put a commercial power supply into production, 


"Consequently, we have made an agreement with a foreign partner (the National 
Materials Science Lab of the National Academy of Sciences of a friendly foreign 
nation) to do that year's research. At the same time, we are trying to make an 
agreement with one or more large financial partners here in the U.S." 


Bearden hitp:/Avww.cheniere.org/correspondence/121901,htm 


"So we are hopeful that we will be able to start introducing units on the market 
about a year from now. Quite simply, we will either succeed or we will fail, But 
we will give it our very best effort." 


Bearden hitp:/Avww.cheniere.org/correspondence/012202a,htm 


Bearden has given another technical explanation of how the MEG works here in a letter. 


Motionless Electromagnetic Generator patented, 3-26-2002 


Click here to read the patent 


“In Magnetic Energy Limited, all business discussions and arrangements are taken care of by Dr. 
Lee Kenny, Managing Partner. There are five of us who are co-inventors of the MEG, and two of 
the others are really the principal inventors." Bearden http/www.cheniere.org/megstatus.htm 


Free Energy has been Suppressed 
Secret Government Aware of Free Energy 


“In this world of contemporary times, all the agencies, CIA, FBI, KGB, NSA, Electric 
Power Research Institute, DARPA, Brookings Institution, Henry Kissinger, Edward 
Teller, et al,, all are aware of [free-energy researcher Bruce] De Palma and his ideas. 


"Because these individuals and institutions are employed by the ruling elite to forecast 
the future and satisfy present needs and demands, it is clear that free energy is a threat to 
the world order constructed by business and the mindset of those who want to own the 
world. 


"Free energy represents Man's aspirations and dreams of freedom and equality, uniform 
division of resources and the ability to choose one’s own future. 


"The fact that free energy is suppressed speaks to the greed and self-interest of a ruling 
elite which, even in the face of an emergency of global starvation, resource depletion and 
environmental pollution, will not give one inch if it means loss of control. This is an 


attitude of paranoid delusion and fantasy which can only arise from the alienation of a 
class of elitists who, through their money, are completely insulated from the reality of the 
day to day fight for existence of the common man." 


bbup://depalma.pair com/A bsurdity/Absurdity07/ProblemOfFreeEnergy html 


Bearden describes one case of suppression when the Yakuza killed the Kawai engine in his very 
presence in Huntsville, Alabama. 


"That night a jet arrived from Los Angeles, with a Yakuza on board. The next moming 
Kawai no longer controlled his company, his invention, or his own fate. The Kawai party 
was in fear and trembling. The Yakuza coldly dissolved the agreement, they packed up 
the two Kawai engines we had, and left. And that was that." 


So it is not only governments who are keeping this revolutionary technology from seeing the 
light of day. The Yakuza? KGB? The Aum Shinrikyo cult? Our "leaders" need to be honest 
about what is going on, otherwise they look foolish, acting out a kind of "Alice In Wonderland" 
script before the public, a script that has become completely unbelievable. 


Concerning the criminal withholding of this scalar technology by the military black-budget 
people, and the cover-up of the actual situation regarding scalar weapons throughout the world, 
Tom has this to say: 


"The high government officials of the United States of America grossly violated our 
constitution and their sworn oaths of office. Our constitution specifically charges the 
government of the United States to defend the people of the United States. That means 
our officials are specifically charged with defending our people. Yet they deliberately 
agreed not to do so, and they deliberately sacrificed us in advance, 


"They committed treason of the highest kind, by deliberately surrendering us to total 
destruction anytime the big balloon goes up." 


Bearden hitp:/www.cheniere,org/books/ferdelance/s75 him 
Energy Crisis Solved 
One of the "must read" documents at Cheniere is “The Unnecessary Energy Crisis: How to Solve It 


Quickly,” especially since the “oil wars," which Bearden has foreseen for decades, have now 
already begun. 


Here are some clips from that Document: 


"To avoid the impending collapse of the world economy and/or the destruction of 
civilization and the biosphere, we must quickly replace much of the "electrical energy 
from oil” heart of the crisis at great speed, and simultaneously replace a significant part 
of the "transportation using oil products" factor also, 


"The technical basis for that solution and part of the prototype technology required, are 
now at hand. We discuss that solution in this paper.” 


And although the solution to the energy problem and the oil wars may be at hand, Bearden 
suggests there is still an urgent rush that needs to be made to save human civilization from 
collapse. 


"Once the technology hardware solutions are ready for mass production, even with a 
massive worldwide deployment effort some five years are required to deploy the new 
systems sufficiently to contain the problem of world economic collapse. This means that, 
by the end of 2003, those hardware technology solutions must have been completed, and 
the production replacement power systems must be ready to roll off the assembly lines en 
masse. 


"The 2003 date appears to be the critical "point of no return" for the survival of 
civilization as we have known it, 


"Reaching that point, say, in 2005 will not solve the crisis in time, and the collapse of the 
world economy as well as the destruction of civilization and the biosphere will still 
almost certainly occur, even with the solutions in hand," 


""The good news is that we now know how to easily initiate continuous and powerful 
“electromagnetic winds” from the vacuum at will. Once initiated, each free EM energy 
wind flows continuously so long as the simple initiator is not deliberately destroyed." 


‘On page 9 he explains the concept of the dipole, and how there is already huge scalar energy 
flowing in the time domain around any dipole. Hold a magnet or a battery in your hand and you 
hold a stress in time and a beautiful flowing loop of longitudinal waves! 


Bearden decries the scientific community in the West for being unable to let go of their dogma 
Jong enough to see that the greatest discovery in human history lies at their feet, but for their 
stubbon ignorance. 


"The present energy crisis then is due totally to that "conspiracy of ignorance" we 
referred to, that is maintained by the scientific community, and that has been maintained 
by it for more than 100 years. 


"This is the real situation that the environmentalists must become aware of, if they are to 
see the correct path into which their energies and efforts should be directed — to solve 
both the energy crisis and the problem of gigantic pollution of the biosphere. "As far as 
anyone in the legislative branch of government ever understanding the profundity of the 
discovery and engineering of scalar waves, Tom Bearden says they are at a great 
disadvantage in doing so. 


"The nontechnical person — e.g., a Senator or a Congressperson — is operating under a 
distinct disadvantage. If he or she takes the stance that much better electrical power 
systems can readily be achieved, he or she is in fact opposing almost the entire set of 
University, Government Technical, Power Company, Battery Company, and Organized 


Science communities. Further, in most cases his technical advisors are themselves from 
‘one or the other of those communities, and likely to go back into that community or those 
communities when the Senator or Congressperson leaves office, or even before, So the 
Congress and the non-technical goverment community at large operate at a great 
disadvantage...Bearden National Emergency Declaration is Needed 


"The Government Non-Technical community (the Senate and the Congress, in particular) 
are in far better shape than the Government Technical community, to appreciate the 
world implications of the pending economic disaster. I am hopeful that both the 
environmentalists and the Government Non-Technical community will rapidly unite in a 
common goal to get this vacuum energy program launched, under a National Emergency 
declaration. If so, then they can solve the energy crisis and the pending economic crisis, 
in fairly short order, and permanently.” 


unnecessary_energy_crisis htmicongress_disadvantage 


In the conclusion of his paper The Unnecessary Energy Crisis: How to Solve Tt Quickly Bearden again 
states the urgency of replacing our centralized power grids with highly dispersed and local taps 

on the freely flowing energy of the active vacuum. Given the abilities of the Tesla howitzers, the 

power grids of all nations are sitting ducks. 


Personally, the present author regards the increasing energy crisis as the greatest 
strategic threat to the United States in its entire history. I will do anything within my 
power to help prevent what I perceive to be the looming economic collapse of the 
‘Western world, preceded or accompanied by a sudden, explosive, all-out and continuing 
exchange of the WMD arsenals of most of the world, 


..ln the name of all humanity, let us begin! Else by the time this first decade of the new 
millennium ends, much of humanity may not remain to see the second decade." 


3. Weaponization 


Scalar interferometry, Tesla howitzer, Tesla dome, heat/cold, dudding, 10 nations haye them, dead-man fusing & 
Insane Systems, scalar strategy, earthquakes and weather wars, solar storms, mind attacks, leased to Yakuza, many 
examples of testing, quantum potential weapons. 


“Indeed, Soviet energetics weapons are now capable of destroying both our triad shield, 
‘our homeland, our armed forces in the field, and our population, quickly and efficiently. 
‘We have a new "gap" of monumental proportions: not a missile gap, not a submarine or 
bomber gap, and not even a particle beam or laser gap. We have a scalar electromagnetics 
or electrogravitation gap." Bearden http:/Avww cheniere.org/books/ferdelance/intro.htm 


‘We have a new weapon, just within the portfolio of 
our scientists, so to speak, which is so powerful that, 


if unrestrainedly used, it could wipe out all life on 
earth. It is a fantastic WeapON. Kinushchey, to the Presidium, Jan. 1960 


"We've totally missed the most incredible "secret superweapons" development program 
of all times, and the worldwide testing of the weapons themselves. 


"Hiroshima and Nagasaki should serve as object lessons in the price of ignorance of such 
technological breakthroughs. 


"History does repeat itself. But this time it's not we Americans who got the great new 
superweapon first.” 


Bearden http://www .cheniere.org/books/ferdelance/s75.him 


Warfare has been changed forever by the development of these scalar energy longitudinal 
wave howitzers. To get a basic understanding of scalar waves is to have the imagination 
suddenly run wild as all the implications and possibilities regarding warfare fall into place. One 
realizes with a certain horror that the world has totally changed, and that there are some very 
fearsome possibilities. Remember, the power for these weapons comes from the time domain, 
longitudinal EM waves in the vacuum of empty space, and the power is tremendous and mind- 
boggling. Being able to blast away at any target from a distant control booth is something tha 
has never happened before. This is incredible power to be in control of and it divides the history 
of weaponry into "before" and “after.” And the destructive power of these weapons is delivered 
instantaneously to the target from the local vacuum at the place of the target. 


From an interview: 


Questioner: "Are you saying that real energy can be transmitted faster than the speed of 
light? 


Bearden: "Yes. But hyperspatially. Not through 3-space, but “around” it. Again, this 
means that it's possible to produce energetic changes in a distant system at a distant place, 
without transmitting energy "through space” in the normal sense. You transmit "around" 
space, so to speak, and directly in time or through a higher dimension, depending on the 
model you're using to understand this, Further, the speed of the internal EM energy 
transmission is not limited to the speed of light." 


hitpy/twm.co.nz/beard_interview.htm 


Here are some initial considerations about 
scalar weapons and scalar wars 


1. Tesla Howitzer 2. Tesla Domes 3. Rogue groups 4. WW IIL 5. Russian "UFOs?" 


3a. The Tesla Howitzer and its modes of action 


Source: Tom Bearden’s weapons slides and Fer-de-Lance Briefing 


For one thing there is no delivery of any thing to any place. Bombs are obsolete. So are the 
planes to get them there, No helicopters necessary. All current nuclear devices are rendered 
nearly useless by electronic "dudding." All distant-destruction can be done from a control room, 
and to any point on earth, The destructive power of "men" has just increased by orders of 
magnitude. The new weapons could even cause storms on the sun! Thus there is great urgency to 
make these new facts public and known, with the hope that all nations would come together to 
ban the use of scalar weapons. 


‘Two scalar antennae together along with the computers to control them, make up a scalar 
interferometer, and according to Col. Bearden the Russians have hundreds of such installations 
already. These interferometers are called "Tesla Howitzers." They can deliver a giant blast of 
energy to the distant target site, true "action-at-a-distance”, 


‘The first howitzer mode is called the "exothermic" mode of operation because immense EM 
energy blasts outward at the target site. The blast of a scalar howitzer can be of near nuclear level 
in destructiveness, and can be repeated easily, at that place, or nearby, or anywhere. 


The howitzer can use a lesser exothermic power setting and simply destroy all electronics in the 
target area. Thus they can render our nuclear missiles inoperable as they sit in their silos by 
"frying" the electronic circuits that guide them, They can bring down any airplane, anywhere in 
the world, at any time. Any person anywhere, if their exact position is known, can be 
assassinated without a shot being fired. 


The howitzers can also bring down power grids anywhere in the world, at any time. Thus they 
could bring Wall Street to an instant halt by disabling all its electronics. Even this one little easy 
tweak of the howitzer could cripple the U.S. economy in a single day. No wonder the "leaders" 
don't want you to know! This is a new era we are in. The discovery and development of scalar 
interferometry has put us in a new world, whether we like it or not. Anyone could be expected to 
g0 into denial, the befuddled senators and congressmen included, But we have to wake up. 


Ina second howitzer mode called the "endothermic" mode, the howitzer sucks energy out of the 
target area, essentially creating a blast of cold at the distant target. It is even capable of freezing 
parts of the ocean, Bearden gives a number of cases where these "cold explosions" have been 
witnessed, mostly by airline pilots. April 9, 1984: | 2 3) A huge mushroom cloud of mostly 
water is seen rising miles into the sky from out of the ocean, an awesome sight. 


In the endothermic mode the sucked-out energy must go somewhere, so it is vented out at some 
other chosen spot on the earth. These endothermic plumes have been photographed by satellite, 


"The exhaust in the left picture is about 150 miles long, and is nearly horizontal (about 
1.5 degrees above the horizontal). It is entirely consistent with the continuous exhaust 
from a "dumping transfer" scalar EM howitzer in the continuous exothermic mode. (The 
primary howitzer, of course, was activated in the endothermic mode.)" Bearden More 
Plumes 


By using both of these heat (exothermic) and cold (endothermic) modes together the weather can 
be altered anywhere, Warm the air over here, cool it down over there, put a curl in the jet stream, 
dissipate clouds, create clouds, whip up a tornado, Bearden speaks about using the endothermic 
howitzer mode as a weapon of war: 


"Cold explosions can be used to freeze tanks, personnel, and equipment. The equipment and 
tanks thaw out. The personnel thaw out too, but they are dead when they do.” Bearden, Fer-de- 
Lance 


(This endothermic mode of the howitzers makes me think that there might one day be a cure for 
the problem of global warming after all, Could not a big device, situated in space or on the 
moon, be able to vent a great deal of excess heat outside the atmosphere into space, thus 
functioning as a kind of planetary thermostat?) 


‘While the United States has experimented with electomagnetic weapons using ordinary 
transverse EM waves, the longitudinal [LW] weaponized waves are truly of another order 
altogether. 


For one thing they do not have to travel through space, for they come from the time domain, 
which is everywhere. The energy of the blast, the heat or light or whatever, comes from the 
vacuum of space at the location of the target itself. This is astonishing. The weapons actually just 
trigger the release of immense energy from the vacuum at the target location, 


it is possible to focus the potential for the effects of a weapon through spacetime 
itself, in a manner so that mass and energy do not “travel through space” from the 
transmitter to the target at all. Instead, ripples and patterns in the fabric of spacetime itself 
are manipulated to meet and interfere in and at the local spacetime of some distant target. 
There interference of these ripple pattems creates the desired energetic effect (hence the 
term energetics) directly in and through the target itself, emerging from the very 
spacetime (vacuum) in which the target is imbedded at its distant location.” Bearden Fer- 
de-Lance 


‘The big Tesla howitzers are aimed at their targets by using a worldwide electromagnetic pattem 
called the "Woodpecker Grid,” begun by the Russians in 1976, 


You can hear the Woodpecker signal here: huip://www.cheniere,org/mise/woodpeckersound.him 


‘The woodpecker grid is just that, a grid of EM waves which provide a channel for the LW waves 
to any point on earth. Computers use the woodpecker grid information to hone down the aiming 
of the howitzers to a pinpoint location on earth, (For that matter, it could be under the earth, in 
space, or under the sea). 


A third howitzer mode is what Col. Bearden calls 'Mindsnapper” mode, This is a truly 
frightening mode which affects the electromagnetic mind-body connection, Being mind-snapped 
at a low level would cause you to lose consciousness, Being mind-snapped at a slightly higher 
power would “entrain” all minds in the target area into a kind of hypnogogic trance, a state in 
which they would all be highly susceptible to suggestions and orders. 


Being mind-snapped at high level would so disrupt the mind-body connection that everyone in 
the target area would fall down, instantly dead. Not only that, everything around you and inside 
you would be killed, so that your sterilized body would not rot for quite a long time, 


‘The Mindsnapper can be used for a small area, or to kill an entire population. In fact, using the 
scalar waves to affect the human mind has become a new field in its own right, and has been 


dubbed 


‘choenergetics." (This is discussed below in section 5). 


Bearden describes the use of the howitzer in mind-snapping mode against people, to cause 
unconsciousness or death: 


"From a military viewpoint, these scalar EM weapons are really quite all-around 
weapons, 


"For example, they are very lethal against personnel. 


"Set in the “high intensity pulse mode," one blast and a person's nervous system is 
destroyed instantly. Total, instantaneous death results. One can blast away at entire 
‘groups of infantrymen, for example. It's the peak power that’s important, not the average 
power. So the weapon doesn't require too much battery power. 


"Set on a lower intensity pulse mode, one zap can simply knock out a person, rendering 
him instantly unconscious. Quite useful if one needs prisoners to interrogate, Also very 
silent, which is useful in operations employing stealth and surprise." Bearden 
http://www.cheniere.org/books/ferdelance/s80.htm 


"Those hit by the scalar EM weapon, however, have a most peculiar death mode. 


"Death comes-instantly and totally. There is no convulsion, no response. The entire 
nervous system is destroyed instantly. Every living cell in the body is killed instantly, 
including all bacteria, germs, etc. 


A body hit with this thing falls like a limp rag and lies where it falls, It doesn't decay in 
even 30-45 days. In a macabre fashion, it’s been reduced to something like food irradiated 
with nuclear radiation; everything is killed, so the material is preserved for an extended 
period before any decay can set in." 


Bearden http://www. cheniere.org/books/ferdelance/s8 L.htm 


He goes on to say that the same "bazooka-sized scalar EM pulse weapon" can also be used to 


knock out a 


points 04 
weapon 


tank with one shot (or pulse). So tank warfare is obsolete, Helicopters? Bearden 
if he's attacked by a helicopter or a fixed-wing aircraft, he can bring the same 
to bear on it, He can knock down a chopper or a jet. With one shot." 


Obituary for Tank Warfare 


Tanks useless against portable LW weapons 


"For example, suppose one attacks a tank. [with an LW weapon] With scalar EM pulse, 
the personnel die instantly. Total personnel kill is achieved. 


All electronic systems of the tank are dudded. Total systems kill is achieved. The 
ammunition in the tank explodes. Total kill is achieved. 


‘The fuuel explodes. This is another total kill mechanism. 


‘That tank has been killed totally, by a variety of mechanisms, all simultaneously. 
That's a k-kill in any analyst's book. 

And don't worry about retrieval and repair. That tank is finished permanently. 
Even the most modern tank is just as vulnerable as the most obsolete.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s88,htm 


‘One begins to get the idea how profoundly the conventional means of warfare have been 
obsoleted. All the usual weapons of war have been rendered nearly useless! And Star Trek's 
"Phaser," with its "stun" and "kill" modes is here at last. 


Although it is the weapons aspect of scalar electromagnetic which has received the most 
developmental effort, Bearden points out that a great many other amazing things that may be 
accomplished in this new field of science. Beam me up Scotty! 


"'Superluminal communications systems, hyperspace drive, and materialization and 
dematerialization are all hypothetically possible, using scalar electromagnetics, As the 
technology develops, we should see the development of many of the systems long 
thought impossible except in science- fiction.” 


Bearden bitp://www.cheniere,org/books/ferdelance/s15,him 


Bearden describes a huge test of the Russian scalar weapons systems which occurred in 1985, a 
test that went completely unnoticed by westem scientists: 


“Just before May 1, 1985 the Soviet Union performed a "full-up" operational test of their 
entire strategic scalar EM weapons complex. This test was detected and monitored 
periodically by Frank Golden. Some 27 of these giant Soviet "power taps” were locked 
into the molten core of the earth, producing forced (entrained) scalar resonance of the 
entire planet on 54 controlled frequencies under our very feet, The remainder of the 
scalar frequency spectrum was ablaze with literally hundreds of Soviet scalar 
transmitters: probably the entire strategic scalar command and control system to 


underwater submarines, higher command centers, distant commands, etc. was activated in 
the giant exercise. 


"For several days, the system was exercised on a mind-boggling scale, apparently as part 
of the Soviet Union's highly accentuated 40th anniversary celebration of the end of World 
War I. 


“Ironically, not a single U.S. intelligence agency, laboratory, or scientist detected this 
monstrous exercise for the new Soviet leader, Gorbachev. Not a one of them had a 
detector for scalar EM radiation, and not a one of them officially believes the exercise 
ever happened." 


Bearden http://www. chenicre,ors/books/ferdelance/s38,him 


"The Woodpecker grid/howitzer weapon system can be placed over the ocean and used 
against cruise missiles, naval surface-to-air and surface-to-surface missiles, submarine- 
launched ballistic and cruise missiles, etc, Placed over a carrier task force, it can also take 
care of the aircraft launched by the carrier as fast as they are launched, It can also handily 
take care of the missiles launched by guided-missile cruisers of the accompanying task 
fore 


(Bearden hutp://www.cheniere.org/books/ferdelance/s65.him) 


‘The whole series of the Fersle-Lance briefing slides and comments is a "must read" for anyone 
wanting to be aware of the actual state of things in this world right now. It is a new world and it 
takes some getting used to, Fer-de-Lance speaks clearly, for the layman, of the way things stand. 


‘What is it like to operate these Tesla Howitzers? Col. Bearden gives us an idea in his "Fer-de- 
Lance" briefing, Slides 66-71. 


‘Who needs armies anymore? A entire war can be fought and won by a handful of men sitting in a 
comfortable control booth! The scalar electromagnetics revolution has made all previous forms 
of warfare nearly obsolete. 


Why haven't the Russians used the scalar weapons yet? 


Bearden gives his thoughts on this in "Fer-de-Lance." The power of these weapons is so great 
that an accident or war could wipe out all life on earth, and even affect the sun. 


“As can be appreciated, this entire concept [MAD] is now totally obsoleted by the Soviet 
possession of scalar EM weapons. 


‘The “mutual assured destruction” capability -- or MAD concept as it was so aptly named! 
-- is no longer mutual, And for two reasons: (1) the Soviet surprise attack could destroy 
essentially all our Triad forces wherever they are, in the first attack. (2) Even if a very 
small number of our strategic forces survive, the puny strike we could attempt to launch 
could be repeatedly decimated from launch to terminal phase, 


‘The restraint on the Soviets is not because of our Triad forces. The restraint is twofold: 
(1) a second nation has scalar EM weapons, and would undoubtedly unleash them upon 
the Soviet Union with great violence if such a massive world-wide destruction of U.S. 
forces occurred or was threatened (is it really "accidental" that six major Soviet missile 
ammunition storage sites mysteriously exploded within seven months?); (2) the closed- 
Joop scalar radiation exchange system of Earth-Sun could be inadvertently "tweaked" in 
the feedback loop from Earth to Sun, so that a large solar scalar resonance was 
stimulated. In that case the Sun could emit a mighty resonant "burp" that would simply 
wipe out all life on Earth in a fiery shower. 


‘The "terror" in the "balance of terror" between nations has just increased by many, many 
orders of magnitude, 


‘The biblical prophecy that the Earth will be wiped out by "fire and brimstone from 
heaven" is very near fulfillment now. 


‘Put another way, the pucker factor -- even on the Russians who may contemplate 
unleashing Armageddon -- is higher than any Westem strategic analyst has ever 
imagined, even in his wildest nightmares, 


“Truly these weapons are "more frightening than the mind of man has imagined," as 
Brezhnev put it in 1975. 


‘The frightening scalar EM weapons can be used, but only very, very gingerly indeed. If'a 
slight mistake is made, everybody loses everything.” 


Bearden hitp://www.cheniere,org/books/ferdelance/s74,htm 


But the Russians (KGB) are not the worst of it. Bearden claims that some of the scalar weapons 
have been leased to the Yakuza for about a billion a year, and that only the KGB is holding the 
‘Yakuza in check from making a full-scale all out scalar attack on the west. 


U.S. Defense Secretary William Cohen 


Warns about eco-terrorism using scalar electromagnetic weapons 


"Others [terrorists] are engaging even in an eco-type of terrorism whereby they can alter 
the climate, set off earthquakes, volcanoes remotely through the use of electromagnetic 
waves... So there are plenty of ingenious minds out there that are at work finding ways in 
which they can wreak terror upon other nations...t’s real, and that's the reason why we 
have to intensify our [counter terrorism] efforts.” - Defense Secretary William Cohen, 
1997 


Ina letter to a writer named "Russell" Bearden says, 


“In short, Russell, the Secretary of Defense of the United States confirmed that there are 
indeed novel kinds of EM weapons, right now and have been for some time, which have 
been and are being used to (1) initiate earthquakes, (2) engineer the weather and climate, 


and (3) initiate the eruption of voleanoes. We wrote about those exact uses of the 
weaponry decades ago. Several nations now have such weapons. Three of them (two on 
one side and the other on a hostile side) are even firing practice shots into Wester Aust 
as a convenient test range." 


ttp://www.earthchangestv.com/ufo/0209gandor him 


Tesla Howitzers in Weather mode 


How to Make Weather 


"Engineering the weather is duck soup; they tested that over the U.S. in 1967, and entered 
upon continuing operations over North America on July 4, 1976 as a grim kind of KGB 
"Bicentennial Gift" to the United States. Here's how it is done with several 

interferometers. 


"Firs, the interferometers can deliberately make "high pressure areas” (cool the air so it 
footprint" pressure on the ground increases because its density increases) 
and "low pressure areas” (heat the air so that expands and its "footprint" pressure on the 
s because its density decreases). Well, if one makes the highs and lows 
them, and judiciously and somewhat slowly moves them along a given 
path, these highs and lows will entrain the jet streams and thus "steer" the weather. 


"So if you wish a very cold snap or attack, go up into Canada and start these actions to 
steer down some streams that bring some very frigid air. Establish other highs and lows 
judiciously to "block" or "slow" other jet streams and flows as desired. In this way, one 
can pull the "large cold air masses coming down from Canada" deep into the southem 
U.S. at will. They do it regularly. If you wish an ice storm, add an additional current of 
warm moist air you bring up (steer up by using artificial highs and lows) from the ocean, 
‘Where they meet, you will get freezing rain, then sleet, then severe icing accumulating. 
This type of attack does rather large damage to the struck area." 


hup:/Avww.carthchangestv.com/ufo/0209gandor.him 


‘Whole websites have now sprung up showing weather radar anomalies which may well be 
indications of scalar weather engineering. One list of over 500 images is here. Cheniere has its 
‘own collection here. 


In another section at Cheniere are many photos of cloud anomalies which reveal the underlying 
grid along which the clouds are forming or un-forming. Bearden relates a startling incident in 
these clandestine ongoing "weather wars.” 


"During the spring of 1986, abnormally strong Soviet weather engineering occurred over 
the U. S., causing a drastic drought in the southeastem U.S. This drought was broken by a 
colleague who used an extremely powerful scalar EM device to redirect jetstreams. A 
most unusual and unique signature of the "blocking" against the Soviet scalar EM actions 


resulted: Two huge circulations developed in the atmosphere, clearly showed as two 
adjacent giant "holes" in the swirling cloud cover over the middle and eastem U.S. 


"Between these two giant holes, the cloud circulations formed a stream of clouds, moving 
to the south, looking very: much like a giant vertical "bar" of a huge "Y-shaped” cloud 
flow.* Several national weathermen commented on this unusual pattem, which had not 
been observed before, The pattem continued, day after day, as the blocking continued.” 


* On the weather maps. 
hitp:/Avww.cheniere.org/books/analysis/history htm 


Tesla Howitzers in Earthquake mode 
How to Make an Earthquake 


"Here's how you initiate a very large earthquake with such weapons, Take a convenient 
fault zone of set of them. Focus the interferometry on the fault zone, in the "diverging" 
mode, and deposit EM energy there in the rocks on both sides, increasing (slowly) the 
stress in the rocks by the reverse piezoelectric effect (deposit excess energy, get crystal 
mechanical movements). 


"Do it slowly, and the stress will build up to large pressures well-above a plate slip 
minimum energy required. At some point, the rocks yield and one or both sides "slip" and 
move rather sharply, giving a very large earthquake in that zone. 


"Do the same thing down in the earth (remember, LWs easily penetrate right through the 
earth and ocean at will, and so the "interference zone" focus can be inside the earth or 
beneath the ocean, at will. 


“Anyway, focus this thing down to where the active part of the volcano is still 
slumbering, down where the hole in the plate has been made. Keep increasing the 
deposition of energy in the magma itself, and eventually the increasing pressure from 
deep within that volcano, underground, will cause an eruption. Build the energy slow, 
and the eruption will likely be much larger." 


hitp:/www.carthchangestv.com/ufo/0200gandor.htm 


Yugoslav Earthquake, Followed by Cold Explosion 


Strange Characteristics of Iran Quake, Sep. 1978 


Tesla Howitzers in Tesla's "Big Eye" mode 


How to make a Big Eye in the Sky 


By using longitudinal wave interferometry in a weakly endothermic mode a new kind of "radar" 
is now possible, one which can look right through the earth and oceans. Because the endothermic 


mode extracts energy from the distant target, a pattern of the target area can be scanned for in the 
retumed energy. 


"Thus the receiver produces a representation of the energy extracted from various 
locations within the distant endothermic zone. By displaying the received signals 
‘on an appropriately scanned screen, a representation of the distant scene in the 
intersection zone can be created, Indeed this is a special kind of "microwave 
interferometry," and -- with modern techniques -- the imagery obtained might be 
surprisingly good, With development, it might even become as good as the image 
presently obtained by side-looking acquisition radars. 


“Interestingly enough, since scalar EM beams will easily penetrate the earth or the 
‘ocean, one can also look beneath the earth or beneath the ocean with this type of 
scanning scalar interferometer. 


"The importance of this capability to strategic and tactical reconnaissance is 
obvious. Camouflage, cover, and concealment have no effect on such a system. 
One can easily look inside buildings and into underground facilities. With a small 
system such as this, the U.S. Marines at Khe Sahn would have had little difficulty 
locating the tunnels continually dug under the perimeter by the Viet Cong. And 
targets under jungle canopies are directly visible.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s42,htm 


Tesla Howitzers can destroy all life on earth 


How to Make a Storm on the Sun!! 
(Just make a big mistake with your Tesla howitzers) 


‘The deepest dangers of the use of scalar weapons are frighteningly pointed out by Bearden here 
where he considers that the sun, earth and moon (actually the whole solar system) is a delicately 
balanced arrangement of scalar (longitudinal) EM radiation. There is a scalar connection 
between the earth and the sun, which are both giant dipoles gushing energy in the time domain. 
Big scalar events on the earth could alter this balance causing true catastrophe. 


"Indeed, a solar response could be stimulated so that the Sun would violently belch and destroy 
our biosphere, among other effects.” 


Unrestrained scalar warfare could cause huge solar storms? To realize that human activity could 
actually affect the sun itself is truly mind boggling, 


Bearden goes on to s 


“Accordingly, use of huge scalar EM weapons is a double-edged sword. Unless carefully 
employed, use of the weapons could cause a terrible backlash to the user as well as the 
victim, and even accidentally cause the destruction of the earth itself. It is not accidental 


that in 1960 Khrushchev stated that his new fantastic weapon could -- if unrestrainedly 
used -- destroy all life on earth, 


"This appalling backlash potential is apparently what prompted Brezhnev in 1975 to 
make so strong an effort to get agreement to outlaw the development of "new weapons of 
mass destruction” more frightful than the mind of man had even dreamed of. Gromyko 
even introduced such a draft agreement into the proceedings of the United Nations, The 
first article of the draft agreement indicated that the nature of the weapons referred to 
would be negotiated. Sadly, the entire Westem world did not even know what the 
Russians were talking about.” 


hiip:/Avww.cheniere.ory/books/ferdelance/s24,htm 


INTERFEROMETRY 
{HEMISPHERICAL SHELL) 


it ee . 
3b. Tesla domes provide near-perfect defense shield. 


(Slide from Cheniere.org) 


‘The Tesla howitz be used in a nearly impregnable defensive mode whereby they throw up 
adome (Tesla Dome) or a sphere (Tesla Globe) of highly powerful electromagnetic energy, 
enough to "dud” or destroy missiles which try to penetrate them. Once again, this energy is not 


going through space from the howitzer, but being made to emerge from the local vacuum at the 
location of the shell. KGB tests of these domes have been witnessed by airline pilots around the 
world. Bearden gives many examples of the Tesla domes being sighted around the world in his 
briefing paper "Fer-de-Lance." (Russian dome test, another globe incident, yet another globe 
test), These giant electromagnetic domes can be hundreds of miles across, or narrowed down 
more to total impermeability. 


“Such a shell may be several hundred miles in diameter at the base. The enormous energy 
required to form such a defense shell is obtained by a "scalar power tap" into the molten 
core of the earth itself, as previously explained. In late April/early May of 1985, 27 such 
“power taps” were placed in the earth by the Soviets. If each tap is capable of powering 
four to six large scalar EM weapons, then the Soviet strategic scalar EM arsenal contains 
over 100 monstrous superweapons capable of generating exothermic explosions, 
endothermic explosions, engineering the weather, locating and destroying underwater 
submarines, detecting and destroying ballistic missiles shortly after launch, detecting and 
destroying long range strategic bombers as soon as they are airborne, etc." 


bupi/www.chenicre,ors/books/ferdelanc tm 


By using nested domes one can protect the domed area even against nuclear radiation 
itsell, Tesla globes ean be used to hit airborne targets by simply placing a globe of any chosen 
size in the flight path of the incoming missile, It does double duty because the missile hits it 
going in, and then the rubble hits it again going out the other side. 


‘While the U.S. persists in its useless boondoggle "missile defense system" by shooting a missile 
with a missile (missiles which would already have been "dudded” by the Tesla howitzers), 
between the domes and the globes the Russians (KGB) have in hand (operational) a nearly 
perfect missile defense system. Someone should ask the Secretary of Defense if the U.S. Tesla 
domes are in place. And over which cities? How powerful are our American Tesla domes? 


Bearden cites a number of examples of these domes being tested around the world: 


March20, 19689 | March 24,1977 | August 17, 1980 | June 17,1966 | June 18, 1982 | June 22,1976 


In a slide from the Fer-de-Lance briefing it is shown how the "woodpecker grid” itself also acts 
asa sensor, detecting any missile launch anywhere, and how the howitzers can respond instantly 
by delivering a blast to exactly the right coordinates, right along the channels of that same grid 
which is feeding the location information about the missile launch. This certainly beats "trying to 
hit a bullet with a bullet.” Especially since YOUR bullet would probably be instantly inoperable 
in a real scalar war situation, 


3c. Rogue Groups in the government 


Bearden fears that these scalar electromagnetic secrets may have fallen into the hi 
called secret "rogue groups” within the labyrinthine depths of the black-ops speci 
domain of the secret government, "In the extreme, such a deep black program can even become 


“captured” program," he says, "which is totally in the hands of rogues and no longer reports to or 
is bound by the dictates of the parent government.” 


"They have their own agendas, And being rogue groups, they may well bring in 

unethical, immoral tricks: assassination, bribery, entrapment, disinformation, plausible 
deniability, ete. A certain percentage of a highly secret rogue group will wind up using all 
these things and more. I's a human characteristic, the old primate dominance game. Only 
now disguised and hidden under deep classification. ... 


“In highly classified groups, these groups are greatly enabled to joust more widely, 
unethically, and immorally because it is so deeply hidden. So very deep classification 
evokes the growth and intensity of rogue groups. It’s the old ‘Power cormupts, and 
absolute power corrupts absolutely’ routine. ... Due to loose formation of rogue groups 
inside such programs, they may have dual or triple purposes, may not operate under very 
much legitimate government control at all, and may operate specifically for the purposes 
of the rogue group or groups that have gained control." 


"The involvement of at least some rogue groups, some being "cowboys" who operate 
well outside all laws and ethics, could also result in such things as assassinations, 
clandestine testing on individuals without their consent, ete. In short, it could account for 
what seems to be actually occurring. " 


hitp:/Avww.cheniere.org/explore%20articles/mind%20control3/p05.htm 


3d. World War III has already begun 


Because it is now possible to cripple the power grids and electronics of any nation, that nation 
could be reduced to economic ruin without ever firing an actual "shot.” Without electricity Wall 
Street cannot operate. Without electricity you quickly need martial law. One no longer needs to 
wage a conventional war anymore at all. There are now lots of new ways to bring any nation to 
its knees, 


"We are at war, whether we like it or not. And we are going to have strategie strikes on 
an unparalleled scale for us, Pearl Harbor was nothing compared to what is coming down, 
‘once we consider the “augmentation” and such. 


"When that factor is considered, then it’s a totally new ball game on replacing the power 
system, There isn't going to be much choice; the old one is going to be destroyed or so 
badly crippled that it will collapse the U.S. economy in a way we have not seen since 
1929. Of course, in such a case hitting us, we will be under martial law, the works, 
everywhere. For one thing, it's the only way you can keep the cities from imploding from 
within, by the criminal element, looting, robbing, killing, etc. Simply wait and see; it's on 
the way.” 


Although Bearden has for years decried the "scalar-gap," and chided the military for 
falling so far behind the Russian KGB in the field of scalar electromagnetics, recent 
statements indicate that things may at last have changed somewhat. 


“In the new war, the first phase of WW III has already been completed. Hence President 
Bush's recognition that this is a total war, and has to be taken to the enemy no matter 
where he may be hiding or in what sanctuary or in what foreign nation, This is an entirely 
different war than anything the U.S. has ever fought in its history. And before it is over, it 
is going to kill more Americans than have died in all the previous wars in our history. 

‘The news media and the public have not yet recognized that awful situation and 
predicament, Most are already thinking that, well, we won in Afghanistan so it's just 
about over. Instead, it has only just begun. 


"Anyway, that's a brief uptake on some of the weapon situation today. Some 10 nations 
or more now have LWIs, and five have the QPs. I'm still working on how many have the 
appalling negative EMP weapons, but would estimate 6 or 7 nations have them in one 
stage or the other, either deployed or in at least advanced development. And in my 
estimation, the Yakuza will have them within three to five years if they have to build 
them themselves, and quicker if they can buy them from the Russians, Chinese, or???” 


Bearden hitp:/;vww.cheniere.org/correspondence/030202a,htm 


‘When he was asked the question "Does the government listen to Tom Bearden?" Bearden 
said: 


"Let me speak carefully. Iam very satisfied with how I've been listened to in the quarters 
where the rubber meets the road. The West is no longer defenseless, not by any means. 
‘Cannot amplify it further than that.” 


hup/vww,cheniere.ore/correspondence/030202a,htm 


Bearden has briefed the government a number of times and the Cheniere website contains a great 
number of his graphic military briefing slides, 


3e. Are the Russians making "UFOs?" 


Scalar electromagnetics engineering opens the possibility of antigravity vehicles and 
“hyperspace travel." In other words we can now make our own UFOS! Of such scalar-powered 
antigravity vehicles, which have now become possible, Bearden has this to say: 


"We might expect to see such vehicles glowing. Their various surface features and 
mechanisms might appear to be glowing or revolving lights, ete. 


"They could exhibit incredible “aerodynamic performance," seemingly in the atmosphere. 
Actually they would not be moving "through" the atmosphere at all, but through a higher 
space outside each particle of atmosphere. 


"They could seem to materialize and dematerialize. 
"They could seem to plunge into the ocean or rise out of it. 

"They could even seem to operate under the ocean or inside the earth itself. 

“Such anomalous vehicle performances have been seen all over the world, particularly 
since a few years after WWI. 


"It appears that one or more nations of Earth are operating such vehicles now in great 
secrecy. Our own "government" may even be one of these. 


“If so, it isnt our true "government/government." Instead, it’s the "control 
‘group/government.” It's government at the operational level, but at higher level it belongs 
to certain control groups who have penetrated our government's vitals and taken over all, 


such projects.” 


In an excellent article on her Earthfiles website, Linda Moulton Howe reports on the utter 
bafflement of Norwegian scientists over mysterious lights appearing in the valley of Hessdalen, 
Norway. 


She writes of the research there: "The results can be broken down into two groups: 95% are 
thermal plasmas and 5% are unidentified solid objects. The plasmas emit long wave radio 


frequencies and strangely, their temperatures do not vary with change in size or brightness.” She 
quotes the scientists’ research summary: 


1) most of the luminous phenomenon is a thermal plasma; 


2) the light-balls are not single objects but are constituted of many small components 
which are vibrating around a common barycenter, 


3) the light-balls are able to eject smaller light-balls; 


4) the light-balls change shape all the ti 


5) the luminosity increase of the light balls is due to the increase of the radiating area. 
But the cause, and the physical mechanism with which radiation is emitted, is currently 
unknown. 


This would almost certainly seem to be another example of the testing of the scalar howitzers. It 
is bafiling because, as Bearden points out repeatedly, Wester scientists have limited knowledge 
of the scalar electromagnetic principles by which the howitzers operate. The Hessdalen scientists 
were completely baffled as to where the energy of these plasma balls was coming from. 


Ms, Howe interviews Massimo Teodorani, Ph.D., Astrophysicist, who released the report on the 
2001 Hessdalen sightings. The scientist speaks of the baffling phenomenon observed. 


"I don't know how it is possible that Nature is spontaneously able to do that. Anyway, we 
deduce that the plasma is trapped inside a sort of magnetic cage and the magnetic cage 
closes around the plasma and keeps it fixed in some way, prevents it from expanding. But 
where does it come from? We don't know." 


By what we have been considering here, we can recognize the signatures of scalar 
electromagnetic engineering. If itis a Testa howitzer, then the energy for the plasma balls is 
coming from the vacuum of spacetime at the very location of the balls themselves, triggered by 
scalar interferometers aimed through the woodpecker grid, 


‘These kind of balls can be used as marker beacons giving feedback for precision aiming of the 
howitzers. The energy of the marker beacon can be read back into the computers giving precise 
location information for pinpoint aiming. The target area can be very small, or widened out. 


‘There is a little movie of one of the Hessdalen plasma balls here. It would seem to be a clear 
‘documentation of a scalar howitzer marker-beacon, How many other current "UFO" sightings are 
actually the witnessing of Tesla howitzer tests? 


In fact there are a great many anomalous events of the past few decades which might very well 
be explained by the Russian testing of their longitudinal electromagnetic weapons. It would seem 
that the mysterious appearance of crop circles around the world could be accomplished by 
feeding a precise mathematical graphic pattem into the computerized aiming software and 
change the very molecular structure of the crops themselves along the lines of that pattem. The 


stalks fall over from the localized effect of the longitudinal waves. A plasma ball tracing 
patterns? Are they slyly sending a message to see if we are "getting it” yet? 


‘The "Cambridge Angel” - Made by Russian scalar plasma balls? 


Also see: Interview with Tom Bearden 


Attempt to Ban Energetics 
Weapons Worldwide 


= On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons "more terrible than 
anything the world has known." 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

. e. 
talking about! 


@ vere sexner 


(Slide from Cheniere.org) 


4. Healing powers of longitudinal waves 


Iongitudinal waves, time reversal of cells (de-differentiation), Priore’s machine, Bearden's proposed, 
version, using the electric power grid for healing waves or for broadcasting disease patterns. Scalar 


The good news! 


“Any sort of disease whatsoever - physical or mental - will be rapidly curable, simply and 
cheaply. It will be possible to reverse aging and rejuvenate the person. It will be possible 
to regrow limbs and straighten misshapen spines - and directly remove the causes of 
mental diseases and cure them as well. Lifespan will be staggeringly increased, without 
‘old age’s debilitation.’ AIDS, cancer, leukemia, and genetic diseases will be completely 
conquered. The potential for a true golden era is upon us, for all humanity." 


Bearden- hitp://twm.co.nz/beard_interview.him 


Proof of the healing powers of longitudinal waves from the vacuum is seen in the work of 
Antoine Priore who produced longitudinal scalar waves using a gigantic glass tube filled with 
plasma. He himself did not understand why it worked or how it cured cancer in animals. 


"The Priore team cured terminal tumors, trypanosomias, and other dread diseases in 
laboratory animals in France, in the 1960s and 1970s, under rigorous scientific protocols 
by eminent scientists. The Priore project was funded by the French Government to the 
tune of several millions of dollars (equivalent), 

hup:/Avww explorepub convarticlesenergeties hum! 


",.. Prioré’s machines concretely demonstrated a nearly 100% cure of all kinds of 
terminal cancers and leukemias, in thousands of rigorous laboratory tests with animals, 
‘These results were shown to medical scientists as early 
as 1960." hup://www.cheniere.org/priore/index hum! 


Bearden has stated that the longitudinal EM waves can 
have a healing effect because they always come in pairs 
called "phase conjugate pairs" and one of the pair is 
time-reversed. This enables engineering of the waves to 
"pump" the cells of the body (with waves from the time 
domain) and actually time-reverse the cells back to a 
previous healthy condition. The scalar cure of cancer 
does not involve killing the cancer cells but rather 
pumping them with time energy into a previous 
condition. I know, this seems miraculous, and is it not? 


Priore and his giant plasma tube 


This healing power in the longitudinal waves of the time domain is a mind-boggling thing to 

face. It took me months to get through it, and to suffer the fact that the cure for cancer and AIDS 
was right there, in this new scalar electromagnetics technology, and that it has been kept back 
from the people for so many decades now. 


Bearden has a great deal to say about the work of Priore, who himself did not understand why his 
machine worked. Priore did not know about the longitudinal scalar waves of the time domain. In 
fact, Tom Bearden has supplied, at last, the missing. explanation as to how that big giant two- 
story glass tube consistently cured cancer in animals. 


"The medical implications are enormous. By just reversing the damaged cells back to a 
previous physical state, this gives a physics mechanism for controlled cellular dedifferentiation, 

in biology terms. Physicians will time-reverse diseased, damaged or aged cells back to an earlier 
healthy condition, including all the cellular genetics, Normal cells are just reversed to a slightly 
younger condition." 


"We believe this mechanism explains the revolutionary but baffling electromagnetic 
cures achieved by a team of outstanding French scientists in the 1960s and early 70s, 
working with inventor Antoine Prioré, In lab animals, cures were achieved for terminal 
tumors, infectious diseases such as trypanosomiasis, and atheriosclerosis. In addition, 
deliberately suppressed immune systems were dramatically restored. 


"We hypothesize that this is the long-sought mechanism of how the living body heals 
itself. In short, the body's cellular control system induces cellular reversal by weak time- 
domain pumping of the damaged cells and the affected area. The cellular regeneration 

stem performs all healing of cellular damage in the body; the immune system heals 
nothing, not even its own damaged cells) . 


"For the first time medical science can develop as a science of healing rather than a 
science of intervention. And it will develop as a science of unlimited healing, since no 
pathogen can resist action by curved spacetime engines." Bearden 


buipdwww.cheniere org/techpapers/ Vision:202000%20paper.doc 


See Priore's machine __ See Slides of how it works. 


Bearden has extended the Priore work, with the previously missing knowledge now in place, and 
designed a revised system (for irradiating the body with longitudinal waves) which gets rid of 
Priore’s giant glass plasma tube and uses instead an antenna unit which surrounds the body. He 
has also provided the missing explanation of how it works, There is an article from "Explore" 
magazine, Part I and Part Il. 


In fact, Bearden has presented to the U.S. government a plan to use a portable version of a Scalar 
Healing Blanket where wire channels in the blanket act as a scalar antenna, which can both send 
and receive scalar electromagnetic waves. A two minute treatment of the waves is sufficient to 
restore the body to its earlier healthy condition, Thus even thousands could be treated easily and 
quickly in a biowar mass attack situation, 
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"To defend against things like anthrax attacks on our civilian population centers, we also 
have recommended to the U.S. Government the crash development of small, portable 
treatment machines—using similar "antiengine-forming” and cellular reversing "porthole 
technology”. [See Figure 13 on previous page]. Such portable machines could be 
developed cheaply and quickly, and present government facilities could be used to 
massively attack the correlate database production problem, "The portable treatment units 
could be cranked out by the hundreds of thousands and flooded down through emergency 
response agencies such as the police forces, the National Guard, emergency hospitals, 


emergency response teams, etc.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p04.him 


‘The Scalar Healing Blanket would fit into large suitease. It has three basic parts, the longitudinal 
wave generator, a laptop computer, and the antenna-blanket. The plan was a stroke of Bearden’'s 
genius, but unfortunately it fell on befuddled government ears. "Unfortunately, so far the DOD 
[Dept. of Defense] doesn't even understand what the heck we're talking about! 


Article "Healing with Energy": hup:/www explorepub convarticlesonergeties hum 


"We tried very hard in 1998 to call attention to the extreme national need for the most 
urgent possible development of a portable computer-controlled treatment device based on 
the experimentally proven Prioré methodology, but extended to a much simpler and far 
more rapid method of treatment. 


"Quick development of this technology could lead to a suitcase size device, capable of 
treating a patient in less than one minute, and stopping the symptoms and disease 

progress cold, then reversing it. Three "less than a minute" treatments one week apart 
would be required for complete cure. As an added advantage, partial reversal of aging in 
older patients would also be accomplished as a bonus, in addition to time-reversing the 
damaged and diseased cells... 


"The method proposed to the DoD in 1998 used normal EM in a peculiar way to force the 
body itself to make its own time-polarized EM waves, and pump every part of its cells -—~ 
including the genetics -- in the time domain, 


"Quite simply, we are going to be struck this way (QP spreading the immune systems of 
the populace plus professional smallpox, anthrax, etc. BW attacks on our population 
centers) and by other means we've spoken of in other papers and briefings." 


Bearden hup://www.cheniere.ors/correspondence/02 1401 hum 


The Dark Side of the Force: 
Creating and broadcasting disease 


Speaking of the scalar wave induction of disease by longitudinal wave patterns Bearden refers to 
work by French scientist Kervran Russian scientist Kaznacheyev, who proved that any disease 
could be transmitted electromagnetically. 


“It works this way: the Kaznacheyev experiments (and others) demonstrated that any 
cellular disease or disorder can be initiated into cells at a distance, by electromagnetic 
means (albeit unusual EM in nature). The decades of microwave radiation of the U.S. 
Embassy in Moscow, was an ongoing set of "stimuli" to ping the U.S. system and, by its 
response, ascertain how far along (or if it was "along") in its knowledge of such weapons, 
‘The radiation was responsible for many health changes in personnel and for the eventual 
deaths of three U.S. Ambassadors. 


Bearden hitp://vww.cheniere.org/correspondence/021702a,htm 


Ina letter he writes, 


"Yes, the Kaznacheyev experiments were quite real; 15,000 or so in military research 
institutes in Siberia. As with so many other novel areas investigated and developed by the 
Soviets, most U.S. investigators just assumed normal EM, which is not what the 
Kaznacheyev experiments involved, and not what was carrying disease induction pattems 
from one cell culture to another in rigorous lab tests." 


How to "Broadcast" Diseases 
Longitudinal EM Biowars 


Bearden explains how the new quantum potential weapons can be used to induce disease-at-a- 
distance in a population, or to "spread" the immune system so thin that a conventional bio-attack 
would be greatly potentiated. By "broadcasting" virtual disease patterns over a population, the 
immune system is so overloaded by the presence of the "shadow" diseases that its effectiveness 
is thinned out. 


“In short, alter the internal wavestructure, and one creates a curved spacetime ‘engine’ 
that acts on mass in any fashion one chooses to design - including initiate diseases 
Now visualize one of facuum engines’ or ‘spacetime curvature engines’ that acts on 
mass to generate the exact effects produced by anthrax. (Or any other disease one wishes) 

. Call the virtual state of a disease engine the disease pattem in the "shadow" state, just 
prior to becoming observable. . .. 


And the master cellular control system responds to "coming events that cast their 
shadows before”, In short, it responds to the upper level of the "shadow state” of a 
disease, still in the virtual state! (Hey, virtual particles are real, virtual photons are real, 
virtual ST curvatures are real --- just very fleeting, only for another to immediately arise). 
‘The exchange of virtual particles is known to generate all forces in physics anyway! . .. 


"So the cellular control system responds to "shadow state" disease pattems. Enter a QP 
weapon application. Place a quantum potential weapon "area" on the United States, so 
that the entire populace is in it, The slowly introduce and bring up in the shadow state, 

the necrotizing fascitis disease engine. At some point, the cellular control systems will 
react, and order the immune system into action. In other words, immune system resources 
will be committed against this "immediately coming" enemy. Bring it on up a litle, but 

still just in the shadow state. Voila! Humans form a bell-shaped distribution curve. And 
even if the structure of the QP fluctuates a little, fluctuating a bit stronger and a bit 
weaker, ete. A few of those targeted bodies will now actually develop necrotizing 
fasciitis, So far, just ike the U.S. Embassy targeting, except a different "carrier", 


"But now there is an exact signature that this is what is doing it, and not normal vector 
carriers of disease and contact or exposure infection. The few cases of necrotizing 
fasciitis that break out will be most puzzling. They will be randomly scattered across the 


entire nation, and so few that the vector carrier and contact or exposure explanation 
completely fails.” 


And that one happened, right here in the U.S., not so long ago. Check it out. 


"So carefully adjust the patterns for, say, 12 major terrible diseases, to that "adjusted and 
desired shadow state level”. Now add all 12 pattems into the internal structure of the 
quantum potential, Now it has 12 shadow state disease engines in it. 


"Place that one on a populace. The cellular control systems order the immune systems 
into action, and they now have to commit their finite resources to 12 different areas. This 
greatly thins the response an immune system can make to any one of those 12 disease 
patterns! In short, it "spreads" the capabilities of the immune system, which can be 
galvanized to great effort, but only can perform a small bit against each area. 


“Suppose one of those "galvanized" areas in the targeted populace’s immune systems is 
anthrax, And suppose the bad guys now hit one or more of those cities with a 
professional anthrax attack. A former OTA study showed that a professional anthrax 
aerial spray attack against Washington D.C,, dispensing 100 kilograms of anthrax spores 
in the spray, will account for 1 to 3 million casualties. And that's in an "unthinned" set of 
immune systems, In the "thinned" set, one can at least double or triple, and even up to 
five times, that estimate. So conservatively, now there would be from 2 to 6 million 
casualties. And even mild anthrax spray attacks in other "thinned” cities would also be 
amplified. 


"That one is being set up, or already set up, right now. There are other such 
“augmentation” setups also under way. 


"'So the weapons alluded to by the SecDef in 1997 are already being employed. WW IIL 
has already begun, and our populace (and our scientific community) is blissfully unaware 
of it. 


http://www cheniere,org/correspondence/ him 


Most of us can remember the strange outbreaks of the so-called "flesh eating disease.” It seemed 
to break out here and there randomly with no known cause. Bearden believes this was a test of 
the newer quantum potential weapons which go even beyond the capabilities of the Tesla 
howitzers. 


"The Kaznacheyev "disease induction by novel electrodynamics" work is also the basis 
for the spacetime curvature engines (not EM signals!) carried by quantum potential EM 
biological weapons for distant induction of diseases ete. into the population of an entire 
nation or area, such as the U.S. 


"This quantum potential disease induction weapon -- capable of attacking an entire 
population of a nation or area -- has been tested several times in the U.S. at very low 
levels, in the shadow state only (Wwe explain shortly) and it has a most peculiar signature, 
Eg,, one test used necrotizing fasciitis (flesh-rotting disease) engines, 


"The disease ‘engine’ was deliberately kept down in the ‘shadow state’ (virtual state, just 
below the observable state) so that only a tiny bit of the populace with depressed 
thresholds would "breach the observable threshold’ due to the population forming a bell- 
shaped curve as to the threshold level, The major signature of the test was that the cases 
of the disease broke out totally statistically and randomly, spread all over, without any 
‘disease vector’ in between. 


“In short, it was not spread in any manner required by normal deterministic disease 
vectoring, but was a totally random set of occurrences, Several other diseases were also 
tested this way in the American populace, with precisely the same signature." 


Bearden hitp:/Avww.cheniere.org/correspondence/021401,htm 


“Apparently one planned use of such an augmented clandestine BW weapon will be smallpox, 
e.g. As you know, the Russians did develop smallpox for biological warfare, and even developed 
anew strain against which previous vaccination is ineffective, 


"The vast numbers of expected casualties, coupled with immune system spreading, are 
absolutely inresistible to the Russian mind. You can count on it that they have seen that 
the smallpox is already on site here, in the U.S. and in the hands of professional terrorist 
teams. Of course, the Russians/KGB will protest they have nothing to do with that! Yet 


likely the KGB will have flatly arranged it or at least assisted it. The capability for mass 
destruction of the nation is so lucrative and easy to achieve in advance, that they would 
never be able to resist doing it." 


Bearden hitp:/vww.cheniere.org/correspondence/0?1401,htm 


Bearden believes the Gulf War Syndrome involved the use of scalar technology to induce a 
disease state, as he stated in a 1997 interview: 


"TM say this flatly, and I won't answer any further questions about it; the Gulf War 
Syndrome was induced... It was induced with this stuff, All the rest... was contributing 
factors that everybody's talking about... There are some deeper signatures, if you look 
into it very deeply, that show you exactly how it was done and the fact that it was 
induced. It was a test. It was a test of a very special kind of weapon I have not talked 
about yet. Anyway you can use it to create diseases." 


Bearden hitp:/twm.co.nz/beard_weapon.htm 


Besides using the woodpecker grid to target a population, the entire electrical grids of nations 
can be used as “channels” for disease patterns to be broadcast to all people near that grid. Your 
‘own house wiring can become an antenna, broadcasting these "shadow" patterns of disease, 
weakening your immune system. 


‘And here one faces the frustrating fact that the same power grids could be set to channel pattems 
which would keep the entire population healthy, rejuvenated, continuously bathing in the time- 
reversing old-age-defying energy of the spacetime vacuum. We have no idea yet of how long the 


human life span could be inereased with this new technology. People might be able to live two 
centuries given full humane development of this technology. 


5. Psychoenergetics 


Mental entrainment, inducing hypnogogic trance, mind control, broadcasting thoughts and feelings, the Ant World, 
education via EM [LW] mental download, the "Feclies,” revolution in spirituality, "enlightenment machine?” Scalar 
churches? 


Psychoenergetics is simply using the scalar interferometers to manipulate and engineer the 
human psyche. To me it is the most mind-boggling and frightening aspect of longitudinal wave 
engineering. 


‘The mind is electromagnetic in nature, and itself of the time-domain, It is not observable in 3- 
space. There is no thing you can point to that is the mind. As Bearden says, "The mind is time- 
like.” 


‘The longitudinal scalar EM waves are also of the time-domain. By overlaying certain infolded 
pattems (oscillations in time) on the longitudinal waves, a thought or feeling may be made to 
arise in a person or persons who are in the interference zone (where the wave beams cross). 


‘The person will not notice anything, feeling that this thought or idea is his or her own idea. The 
longitudinal wave pattem might be a wave of panic or fear that spontaneously sweeps over you, 
pethaps inexplicably. It could even be in the form of a sudden intense patriotism. It could be 
explicit words and phrases, which everyone would think they had thought of by themselves, Or it 
could be rage and hatred, angry and violent, On the other hand It could also be a continuous 
sense of docility and placidity. This is the brave new world of psychoenergetics and the coming 
"Mind Wars.” 


Scalar Psychoenergetics in its most primitive form simply "entrains" all minds in the target area 
into a deep hypnogogic trance, In this state of mind people would be suddenly extremely 
suggestible, and would likely believe anything they are told, and would obey any orders given. 
Talk about winning the hearts and minds of the American People! 


‘Tom Bearden makes me think of Paul Revere, who heroically conveyed important warnings for 
the sake of the new nation, But the words of the famous phrase have now strangely and curiously 
mutated into the once-inconceivable: "One if by land, Two if by mind.” 


Indeed one strategy in a Mind War would be to simply take over the minds of the "leaders" of the 
enemy nation, The targeted leader would not be aware that anything was amiss, although he 
might begin to make unexpected changes in policy. 


And are, in fact, any of our "leaders" already having secret thoughts that are not their own? Who 
knows? Frighteningly, we can no longer be sure. The new sciences of scalar electromagnetics 


and psychoenergetics are even now plunging humanity into a sudden science-fiction-like world 
beyond anything in humanity's previous imaginings. 


The Russians reached the point in the mid 1990s that they could take over control of a 
person's mind, with modified longitudinal EM waves including some time-polarized EM 
waves, and with a team of specialists (estimate 25-30 per transmitter, and one transmitter 
and team per controlled person)." Bearden huip//www.cheniere.org/misc/ime him 


Ina slide Bearden illustrates how a Scalar War would involve a psychoenergetics attack on the 
‘operators of the enemy scalar installation, entraining their minds into hypnogogic trance and 
getting them to shut down their systems. 


And ultimately psychoenergetic warfare goes to the very heart of human identity itself. For if my 
thoughts might no longer be "mine," then who and what am I? Can my very sense of being "me" 
be hijacked by some nefarious psychoenergetic scheme? Will the "secret government" eventually 
dictate directly into your mind how you feel about yourself? Or what you think you are? Or what 
you should do? 


How Does Longitudinal EM Mind Control Work? 


s -xpounded by Col, Bearden seems even more arcane 
and over-my-head than that of extracting energy from the vacuum. I cant understand it, but I 
look through it anyway. Each time another tiny understanding might occur, or a term might fall 
into place. I know the mathematics is forever beyond me, 


One paper to begin with is “Mind Control and EM Wave Polarization Transductions” This is 
such serious stuff that Bearden includes a strong warning about misuse of this knowledge, 
Psychoenergeties weapons can mentally maim and physically kill, 


Warning! 


(From "Mind Control and EM Wave Polarization Transductions") 


"This article refers to experimental research techniques which can be detrimental or lethal 
in the hands of any but highly skilled, qualified experimental scientists proceeding under 
proper laboratory safety procedures. The purpose of this article is strictly for information 
to properly qualified and authorized scientists in certified laboratories. We do not propose 
or condone any use of these procedures for nonapproved practice of medicine without a 
license. Neither the publisher nor the author are responsible for accidents or outcomes in 
the use of these experimental procedures and techniques. Any researcher who performs 
these procedures and experiments is acting on his or her own volition, and is solely 
responsible for insuring safety, qualifications, and legality of the acts and their results. 

‘We neither suggest nor condone unauthorized experimentation on human subjects. Such 
is a criminal violation of the constitutional rights of the subject under Federal and State 
Jaws, and is both illegal and immoral.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20controlI/p01 htm 


After the serious warning comes the description of the paper. This is 


ly stuff for the layman, 


Calling full attention to the special note above, in this paper we present a high-level 
overview of the novel electromagnetic nature of mind operations, mind and body 
coupling, and intent - the induction of physical 3-space EM energy changes into the brain 
and nervous system, and into every cell of the body, from the mind's time-like coherent 
operations. We summatize the time-polarized electrodynamics used to engineer and 
affect mind operations and the mind-body coupling loop. Transaction mechanisms 
whereby differing EM wave polarization’s can be transformed one-into-the-other are 
presented.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20controll/p01 htm 


I will leave it to the technically astute to try to understand the mechanisms of operation which 
are described in scientific language. But there are tidbits for the layman, Here he speaks of the 
difficulty Western scientists have in opening up to the "immaterial" (longitudinal wave) nature of 
the human mind. 


Western Science Remains Largely Materialistic 


ly, most Westem scientists are materialists and consider "mind" a 
and nonscientific concept. They tend to consider mind operations and functions either to 
be simply "meat computer" operations and functions, or at best to be very weak ordinary 
transverse-wave EM operations and functions in the brain and nervous system. This 
serious self-limitation exists because in the body we measure only weak TW [transverse 
wave] EM operations and functions correlated to biological behavior and brain 
operations. We simply do not know how to measure "mind operations” directly. 


a mystical 


"With no mind measurements possible and no instruments, itis understandable that 
‘Westem science considers only the physical side of the mind-matter interface, 


"Presently our scientists do not measure the longitudinally-polarized EM wave operations 
and functions in the body and around it in nature, Few of them are aware that a 
maelstrom of such LW [longitudinal wave] functions exist in the body and in all of nature 
in general.” 


Bearden hitp://www,cheniere.org/explore%20articles/mind%20control/p05,htm 


‘Westem methods of influencing the mind with EM waves have only used transverse waves, not 
the longitudinal waves of the vacuum. If only transverse waves are used one pretty well has to hit 
the target mind with a sledgehammer of waves. 


Western Science knows only transverse EM waves 
Brute Forcing Time Functions versus Fine Control Methods 


“Ironically, Westem mind control researchers using transverse EM waves for mind 
control research, are using a brute force method of evoking and using vacuum engines 


(spacetime curvature engines) and a special form of general relativity, although they do 
not appear to realize it. 


"While KGB scientists also use TW EM "brute force” TW waves when necessary, they 
do "imprint" or “activate” those waves with the desired internal LW and time-polarized 
EM wave and photon structures required to directly perform the mind engineering 
desired... Bearden 


"These "fitted brute-force models” certainly can be very powerful, and certainly can 
produce the exact results shown in the experimental verifications of the fittings. 
However, they do not of themselves allow sophisticated design for example of the 
necessary time-polarized wave assemblies for engineering the entire human collective 
unconscious simultaneously, or for engineering the entire collective unconscious of all 
species on Earth (i.e., Gail’s collective unconscious), or even for precisely engineering 
the memory and knowledge base of an individual. 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control/p09.htm 


The seemingly magical operations of psychoenergetics, sometimes called "psychotronies,” 
cannot be achieved with ordinary transverse EM wave energy. But they are possible with 
longitudinal scalar waves because the mind itself is scalar in nature. 


"We note that all mind operations are time-like, i. they are comprised as scalar EM 
photon functions and scalar EM wave functions. Thus the mind is a very special kind of 
electromagnetic system, existing in the time domain..." 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control/p08,htm 


‘The engineering of the mind can only be accomplished with the waves of time. 


The course of psychoenergetics development necessitates the building of a vast database of 
settings and pattems which bring about given mental and/or emotional states. A kind of "gnome" 
of the psyche. Bearden describes the process of the decoding of this "gnome." 


"Now the scientists would perform many phenomenology experiments, making one little 
change at a time and profusely recording the data. Each time, they would establish the 
physical change(s) that occur in the body and/or the mental and emotional changes that 
‘occur in the mind for each spectral reinsertion back through the "ship's portholes”. They 
would simply but painstakingly (over some years) build up an extensive database of those 
individual correlates, 


“In these experiments, the experimenters will eventually be able to provoke any body or 
mind change they wish. Strong emotion. Intense pain. Intense pleasure. Painful thoughts. 
Images. Memories. Perceptions. Dreams, Visions, Memory losses, Memory changes. 
Personality changes. Etc, The "delta’ in the emission spectrum (the changes from zero 
reference spectrum) represent the precise totality of all mental, physical, organic, 
chemical, etc. changes and interactions. 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p01 htm 


A second stage in the research would be to test the correlates and porthole insertions 
upon a statistically significant cross section of ordinary people, and/or specialized 
populations (such as toughened soldiers). The program would evolve a highly complex, 
very effective, ever-improving science and technology of mind and behavior control and 
engineering mechanisms, complete with finished database and developed applications 


‘equipment 
Bearden http://www. cheniere.org/explore%20articles/mind%20control3/p02,htm 


Summing up his paper Bearden speculates on what the actual situation the science of 
psychoenergetics probably is. The intense secrecy with which this knowledge has been kept from 
the public has led to the current farce of the "government" pretending it all does not exist, and 
this secrecy may have now put us at great risk. 


"The implication is that in the West one or more highly classified, sustained, heavily 
funded developments in advanced mind control programs, probably exists and probably 
has existed for some time. Due to loose formation of rogue groups inside such programs, 
they may have dual or triple purposes, may not operate under very much legitimate 
government control at all, and may operate specifically for the purposes of the rogue 
‘group or groups that have gained control 


"In a nutshell, that's what may be going on in the clandestine mind control projects in 
several Westen governments. The involvement of at least some rogue groups, some 
being "cowboys" who operate well outside all laws and ethics, could also result in such 
things as assassinations, clandestine testing on individuals without their consent, etc. In 
short, it could account for what seems to be actually occurring. As also is “usual” in such 
a mess, one or more of the rogue groups eventually may become very powerful because 
their secret weapons are very powerful. They may become confident, thinking they have 
the "best in the world,” They may actually believe they are ahead of the Russian: 


"Remember that, in every large and powerful human organization, the basis for rogue 
‘groups is power and secrecy. They are always seeking to increase their power, control, 
influence, prestige, ete, Nothing else. Patriotism and mission are—to rogue groups— 
often just idle words, They have their own agendas, And being rogue groups, they may 
well bring in unethical, immoral tricks: assassination, bribery, entrapment, 
disinformation, plausible deniability, ete. A certain percentage of a highly secret rogue 
‘group will wind up using all these things and more, It's a human characteristic, the old 
primate dominance game. Only now disguised and hidden under deep classification." 


"The Russians, with their additional knowledge of the actual mechanisms in the 
transforms, will be much more advanced than the West, because their fundamental 
psychoenergetics science is far more advanced, so long as we continue to use the old U()) 
electrodynamics. Further, the Russians have decades of use of longitudinal interferometry 
beams to reach right through the earth and ocean and produce stringent EM effects at a 
distance. So they will also be able to do the same things here in "mind control” with LW 
[longitudinal wave} interferometers, through intervening mass." 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p05.htm 


Bearden cites two examples where he believes the Russian KGB tested the psychoenergetics 
capabilities of their scalar interferometers. One was the case of Captain Button in his A-10 
Warthog" aircraft on April 2, 1997. 


"Over Arizona, Captain Button was thrown into a hypnogogie state, and his perceptions 
instantly altered and controlled. In his instant "dream-waking” state, everything seemed 
perfectly normal. His sense of direction was altered a bit more than 90 degrees, so he 
simply corrected and tured and “flew toward the range", actually flying off course by 
more than 90 degrees and ignoring radio contacts. He flew right on out of Arizona.” 


At one point he circled, probably thinking he was over the range, and he probably 
dropped his ordnance there. Then he "flew on back toward home," as he thought in his 
waking dream state, until his fuel ran out and he crashed and died in the explosion— 
dream+-thinking until he died that everything was normal, All the while, his sense of the 
passage of time was altered. To him, in his dream-thinking, dream-acting state, 
everything was normal and nothing untoward had happened, So the distant KGB 
transmitters and associated psychoenergetics team controlled him for over an 

hour, "Indeed, that was the exact purpose of the test: demonstrate control (at a great 
distance) of a skilled person performing highly skilled tasks." 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p06,htm 


‘The paper “Mind Control and EM Wave Polarization Transductions” ends with the most chilling 
and frightening possibility of all: the psychoenergetic engineering of the human species as a 
whole. 


The Ant World 


The Final Race for Direct Mind Control of the Entire Human Species 


"The KGB psychoenergetics weapons scientists—because of their direct measurements 
and detections (and use) of t-polarized waves and LWs [longitudinal waves] for 
decades—also understand that Jung's collective unconscious mind (of the entire human 
species) also has its own time-like operations and correlates, which one measures also 
when using t-polarization measurements and sorting it all out. The collective unconscious 
mind operations are buried several levels deeper inside the recursive Whittaker 
structuring inside the EM fields, waves, and potentials, "The KGB scientists also know 
that something very like Gaia — a collective unconscious mind for all species on earth — 
also exists, and they are striving to be able to sort out and measure that one as well. The 
Gaia operations are buried even deeper in the recursive structuring inside the EM fields, 
waves, and potentials," Actually, from day one, the Russian mind control scientists have 
had their eventual goal set upon this "deeper area of mind and possible mind control" of 
the entire human species, 


"Lam convinced that the KGB psychoenergetics scientists understand this deeper area. If 
they can leam to directly engineer the collective human species unconscious, they can 


then convert the human species easily into a sort of "ant" society, modeled along ideal 
‘Communism Lines, except of course with an excluded "hierarchy at the top" running 
everything. The "ant society” — communist style — is still a variation of feudalism (all 

-ms tend to feudalism or some form thereof). "The KGB psychoenergetics weapon 
scientists are seriously pressing on toward that very goal. In my opinion they are not very 
far from it right now... 


"Some versions of Russian mind control devices were used on Russian soldiers in the 
Afghan War to condition them for performance of merciless acts." 13 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p07.htm 


More about “The Ant World” 


‘Whether itis the Russians planning an "ant world” society or rogue U.S. black-ops groups 
withholding a great boon from human race, the secrecy on all sides around has allowed largely 
criminal elements to take over this technology while leaving the civilized elements in the dark, 
Openness and the spreading of this knowledge among good and decent people is essential, and 
for that we will have to overcome our frightened denial. 


"Meanwhile, rogue groups amongst Westem clandestine mind control researchers will 
probably arise if they have not already done so, They will likely seek to increase their 
personal control and further isolate the programs from orthodox government review and 
from government and legislative control. They may even divert the research into highly 
illegal and unethical means, because it furthers their own rogue agendas. That is how 
clandestine U.S. government research can sometimes go sour, unless great care is, 
exercised by the oversight committees in the House and the Senate. 


"Sometimes when rogue groups do gain control and total secrecy of a given new 
technological area, then what appears to be "U.S. government operations” do start to 
encompass a criminal and unethical operations, hidden usually beneath the deep veil of 
high classification, Also, if its "scientific," no one is ever brought to justice, even if the 
“evil science actions" are uncovered and publicly revealed.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control3/p08,htm 


Like the huge energy of the Tesla howitzers, the ability to engineer the mind with longitudinal 
waveforms is a seeming "magical" thing which can be used for good or ill. Bearden envisions 
that further developments will allow something like the "downloading" of knowledge via s 
interferometry. Everyone could be highly educated, and quickly and easily. 


In the conclusion of the paper "Mind Control and EM Wave Polarization Transduetions” 
Bearden makes a plea to the nations of the world regarding the use of psychoenergetic 
engineering. 


“Let us hope this great new area, already off to a bad start, can be bridled and steered in 
the direction helping and healing people, rather than killing or abusing them. The 
excesses in its bad use are a potent threat to all nations on earth, 


"Yet it can revolutionize medical science, education, communication, and psychology. 

We foresee the day -- perhaps 30 years hence -- when education will be accomplished by 
directly loading the software into the mind, Then in three weeks one will "load" a 
doctorate, say, in physics. In three more weeks on will also load a doctorate in chemistry. 
Another three weeks, in electrical engineering. Another three weeks, an MD And so on. 
‘When that happens then truly everyone on earth can be educated. Freedom from 
ignorance may well be another great freedom that is legally recognized. There will be no 
impoverished large groups lacking the education to find decent, productive jobs. 


"We urge all nations to use the principles involved: not for human abuse, but for healing, 
educating, uplifting, and life-expanding of every person on earth, If we do, we shall all 
have a far brighter future. Then we shall check what has started out to be the Sword of 
Damocles and tum it into the golden Millennium,” 


Bearden hitp://www,cheniere.org/explore%20articles/mind%20control3/p08,htm 


(Perhaps after so many frightening topics a slight break is in order here to consider the lighter 
side of psychoenergetics. For example, what will be the ultimate impact on the entertainment 
industry?) 


The Feelies at Last! 


Psychoenergetics will be able to bring about at last, for better or for worse, Aldous 
Huxley's fanciful idea in his novel "Brave New World," an entertainment format which 
he called "The Feelies." Those were something you went to, like going to the movies, but 
you would experience all the actual feelings themselves, as if the depicted events were 
actually happening to you. Although our "leaders" seem too dim to grasp what is going 
on in the world of scalar electromagnetics, it should not take some young Hollywood 
‘genius too long to understand that The Feelies are now possible, and that the immense 
megabucks of potential profit more than justify heavy investment in bringing it to 

market. 


‘One can imagine that first "Feelie” theater, "The Huxley" perhaps, a large comfortable 
area surrounded by nine giant screens (not just one screen!), which become 3D if you put 
‘on your headset. And The Huxley is fitted with the finest sound, and oh, by the way, a 
modest sized scalar interferometer with computer. And there are one or more new tracks 
now recorded on the film next to the sound track. These are the digital patterns of 
thoughts, feelings, and ideas to be fed into the theater's interferometer. And these 
thoughts and feelings and ideas will be felt by the audience as if they were their own 
thoughts and ideas. It is an entirely new art form. Psychevision. 


As important (and no doubt famous) as the actors would be the "feelers," those from 
whose minds the feelings were lifted in the original programming of the Feelie tracks. 
Because, for example, Brad Pitt might be a good and handsome actor, but can he really 
feel it? Like the dubbing of foreign language films, it might be necessary to dub the 
"emotional track" using a deeper and more profound person's feelings, thoughts and 
ideas. 


It might even be engineered so that if you sat on one side of the theater you would feel 
like the hero, and on the other side you would feel exactly like the bad guy! What would 
that lead to? 


‘We have all cried at a movie some time, most people have, though they might not want to 
admit it. But this would be deep sobbing and a flood of tears, if the director so desired it. 
‘You would feel it at your core. Or, take a big chase scene, you would be terrified. They 
are breathing down your neck! You would be gripped by panic. 


For that matter, the whole genre of Horror-Feelie would be too much for many people to 
take. Do I really want to feel that an actual vampire is tearing at my throat with his 
fangs? 


A Religious Feelie would make you feel the exaltation of a saint at his prayers, or give 
‘you the definite feeling that you are Christ suffering on the cross. All the pain could be 
there too. The stickiness of the blood, The very feeling itself: "Why hast thou forsaken 
me?” Who among us could come up that despair for scanning’ Had this been developed a 
bit earlier we might watch a documentary of, say, Mother Theresa, containing her own 
actual deep sense of compassion, which we would feel arising in us as our own, 


‘Then again, a Psychedelic Feelie could induce an LSD-like state and simply blow the 
audience's minds, 


Even in its simplest most primitive mode, the hypnogogic trance induction with its 
increased suggestibility, would completely alter the experience of even ordinary current 
movie going. 


6. As it Stands - 2002 


“Anyway, it's presently a "Mexican stand-off" with the various parties maneuvering with 
check and countercheck. That is the real "balance of terror" that is held by such a fragile 
balance.” 


You can see the implications if such weapons fall into the hands of the radical terrorists. 
Ordinary positive energy EMP shooters can be made fairly readily and cheaply from 
nearly just Radio Shack parts or surplus parts. It just takes some know-how... When and 
if the Yakuza [Japanese mafia] gets those (and they will, is just a question of time), you 
can begin to appreciate some of the turns this present terrorism and our war on it will 
take.” 


Bearden hitp:/vww.cheniere.org/correspondence/0?1702a,htm 


‘The very thought of the building of one of these howitzers by "some lone-nut gunman" from 
Radio Shack parts makes one realize how serious it is for humanity to face the crisis it has come 
to, 


‘Once again, as at the dawn of the nuclear era, humanity finds itself at the crossroads of Heaven 
and Hell. As a species, we must stop and consider. And there is at least one real difference 
between this visit to the crossroads and the last: this time there is a very real possibility of a true 
“earthly heaven" on the Heaven side, 


‘The poor nations could come to a good life. Disease could be largely eliminated. Fossil fuel 
pollution could end. Global warming could be solved, and the weather could be managed in a 
humane way, bringing water where there is drought, and sunny skies where there is flood. Scalar 
interferometry would be there to avert any possible hits by asteroids or comets, Mars could be 
colonized and terraformed. Everyone would be highly educated through psychoenergetic 
downloading of knowledge. And the wisdom of the wise could be realized directly through 
scalar connection to their minds and hearts. 


‘These stunning sudden possibilities give me pause to think: if our species has reached this, 
crossroads in such a short span of centuries, then surely other species in this vast universe have 
passed this way before and long ago. And of those who chose the path to "planetary heaven,” 
‘hat is their life like now? It might be good if some of them were with us now, to guide us 
through this last struggle over this pesky old good-and-evil problem, It is our last chance to 
choose the path which benefits the whole species, and not just some elite group or faction, 


The Disclosure Project 


One person working tirelessly to bring to bring these technologies into the open is Dr. Stephen 
Greer of the Disclosure Project, which is calling for congressional hearings into the issues of 
UFOs and the free energy technology that was, perhaps in part, reverse-engineered from them. 


“Once abundant and nearly free energy is available in impoverished areas for agriculture, 
transportation, construction, manufacturing and electrification, there is no limit to what 
humanity can achieve. Itis ridiculous — obscene even — that mind-boggling poverty 
and famine exists in the world while we sit on classified technologies that could 
completely reverse this situation, "So why not release these technologies? Because the 
social, economic and geo-political order of the world would be greatly altered. Every 
deep insider with whom I have met has emphasized that this would be the greatest change 
in known human history. The matter is so highly classified not because it is so silly, but 
because its implications are so profound and far reaching. By nature, those who control 
such projects do not like change. And here we are talking about the biggest economic, 
technological, social and geo-political change in known human history. Hence, the status 
quo is maintained, even as our civilization hurtles towards oblivion... 


"With the types of weapons currently in the covert arsenal — weapons more fearsome 
even than thermonuclear devices — there is no possibility of a survivable conflict. Yet in 
the darkness of secrecy, actions have been taken on behalf of every human that may 


endanger our future. Only a full, honest disclosure will correct this situation, It is not 
possible for me to convey in words the urgency of this." 


Dr. Stephen Greer hitp://www.diselosureproject.org/ES -DisclosureImplications-2.htm 


Greer and his team have assembled hundreds of witnesses, many of whom are military or ex- 
military, who are ready to testify to congressional hearings what they know about the covert 
black projects which have kept free-energy and antigravity propulsion technology secret from the 
people. 


Greer points out the need to regulate these technologies so they are limited to peaceful uses, but 
this is of course difficult when the government simply chooses to pretend they do not exist. In 

the meantime, as the President and the Defense Department continue the charade of war-as- 
usual, those scalar (longitudinal wave) installations which DO exist continue to fall into ever 

more sinister hands. And there is no reporter in the press brave enough to ask, "Mr. Secretary of 
Defense, what steps are you taking to defend our MINDS from attack by the big Russian 
longitudinal interferometers 


Longitudinal Interferometers are Proliferating 


In a later statement Bearden reveals that in fact the Yakuza [Japanese mafia] has already leased 
some of the interferometers with a nearly $1 billion "down payment:" 


“After the collapse of the Soviet Union's economy, lots of things got available for lease or 
purchase that would never have been under the old system. That happened in the 
resulting economic chaos. The Russian Mafia rose to prominence, as did some wheeling 
and dealing entrepreneurs who played both ends against the middle. 


“In that atmosphere, and in the need for money, the KGB allowed leasing of the earlier 
longitudinal EM wave interferometers to a consortium of the Yakuza and Aum 

Shinrikyo, They did this only after they had tested and deployed their great new quantum 
potential weapons. That class of weapon is the dominant weapon on earth, Five nations 
now have it: Brazil, Russia (KGB), China, and two nations friendly to the U.S. The deal 
to lease many of the earlier LWIs [longitudinal wave interferometers] to the Japanese 
Yakuza and Aum Shinrikyo was consummated at the end of 1989, with a down payment 
of $900 million in gold bullion as "up front” money. I don't know what the lease per year 
was and is, but probably something like a billion dollars a year. So the rogue Japanese 
acquired longitudinal EM weapons and that technical know-how. In fact, the Yakuza is 
producing certain kinds of those in its own facilities in Japan now.” 


Bearden hitp://www.cheniere.org/correspondence/030202a.htm 


Personally, I am a little uncomfortable with the knowledge that the Japanese mafia may now be 
able to insert things into my mind, 1 like to sleep at night knowing that my dreams are my own, 
such as they may be, and not some weird fantastic visions cooked up by a criminal organization, 
This is a world emergency. 


‘And in Bearden’s analysis, it all comes back to the issue of energy. It is the energy crisis which is 
now provoking the current "oil wars,” since oil production has hit the "Hubert Peak" and will 
decline, And the electrical power grids must be replaced with scalar power as fast as possible, for 
these grids are now totally vulnerable to any possessor of longitudinal interferometers, They can 
all be wiped out in minutes. By anyone who possesses or controls a Tesla howitzer. 


“Anyway, in my personal view, we should have a national Manhattan Project right now, 
to develop decentralized electrical power systems taking their energy from the vacuum . . 
. The MEG is real and so are several other systems invented by private inventors and 
colleagues. All these efforts should be massively funded and massively and quickly 
developed. The survival of this nation is going to depend upon it. ... There are many 
other facets, but the major point is that our scientific apparatus and the public are still 
unaware of what a desperate struggle we have entered, since it was thrust upon us. 9-11 
was a wake-up call, It was certainly bad enough, and one grieves for those lost American 
lives. But I fear the worst is yet to come, and it is coming at us like a runaway train 
hurtling right down the track at us." 


Bearden hitp://www.cheniere.org/correspondence/021702a,htm 


"The electromagnetic weapons mentioned by the Secretary of Defense in April 1997 are 
in terrorist hands also, including the Yakuza and Aum Shinrikyo. That rogue group 
leased those earlier weapons on site in Russia, from the KGB, at the end of 1989. The 
SecDef stated that such weapons were being used to initiate earthquakes, initiate 
volcanoes into eruption, and control and engineer the weather. Quite true. And presently 
there is a truly massive set of weather engineering operations going on over North 
America, from that rogue Japanese group manning the weapons in Russia. Some 10 
nations of the world now have the type of longitudinal EM wave interferometer weapons 
(which are what the SecDef was most probably referring to). There are other even more 
fearsome weapons, possessed by five nations. So a great deal of the state of the world is 
not covered in the news at all, and will not be . 


"We have been in an undeclared war of an eerie kind for some decades. That war seems 
now to have started to heat up also. The destructive capability of some of these weapons 
is awesome, and far greater than nucle; 


Bearden hitp://www.chenicre.org/correspondence/021702a,htm 


“In that sense, the first phase of WW IIL is already completed. Now we are only waiting 
for Phase Il 


“Itis against that backdrop that I think one must analyze" such things as how fast we 
will be replacing the power grid (it's going to go anyway, and catastrophically, the 
terrorists will see to that). And everything we have is critically dependent upon energy, 
from the economy to jobs to mobility, to the millions of trucks that transport our goods 
every day, etc. 


"As far as I am concemed, we are already late in declaring a great national emergency in 
energy, because of the coming destruction of the present energy infrastructure, The 


scientific community should lead, follow, or get out of the way. The emergency is not in 
seeking "alternative but conventional” systems, Itis in developing "energy from the 
vacuum" on an emergency, crash basis. 


"Unfortunately, everywhere I look I just see business as usual. Most Americans (and 
news media) seem to think, hey, Afghanistan is finished except for a bit of cleanup, and 
it's just about over). 


“Ic isn't. has only just begun.” 


Bearden hitp:/;vww.cheniere.org/correspondence/021702a,htm 


Beyond the Howitzers: Quantum Potential Weapons 
Do not use EM propagation through space 


As more and more nations acquire the scalar interferometers, Bearden speculates on the next 
generation of longitudinal weapons called "quantum potential” [QP] weapons, 


"The quantum potential weapons are presently only held by three nations: Russia (in the 
hands of the KGB, which is now know by its new name), Bravil, and the "friendly litle 
nation." Red China may be working on them, but is just at the beginning... 


"The QP weapons have been highly reserved by the Russians. However, the complete 
extent of their capabilities is still being figured out... 


"The quantum potential weaponry (possessed by only three nations) is supreme, because 
it uses multiply connected spacetime, and DOES NOT involve propagation of EM energy 
through space as does the longitudinal EM wave interferometers. 


Bearden hitp://www.cheniere.org/misc/qp hum 


"The operational deployment of full-scale strategic QP weapons on site in Russia 
‘occurred at the end of 1989, which is when the formal weapons first went operational, 
‘These weapons are not in the inventory of the regular Russian armed forces, but all 
research and development, manufacturing, deployment, an manning and employment is 
under the ruthless control of the KGB. Shortly thereafter (within weeks), the KGB leased 
many of their earlier longitudinal EM wave interferometer (LWI) weapons to a rogue 
Japanese group comprised of the Aum Shinrikyo and Yakuza." 


Bearden hitp-/Avww.cheniere.org/correspondence/0?1401,htm 


In another paper, "Time Polarization - Significance and Weaponization,” Bearden tells the story 
of how a KGB longitudinal wave attack was averted by the longitudinal weapons of a “friendly 
small nation," 


So as it stands, it is precarious. Not until the people demand an end of what author Jim Marrs has 
dubbed the "Rule by Secrecy,” can the people's representatives tackle the big problems of a 
worldwide ban on Scalar Wars and the shifting over to an essentially oil-free economy. 


Latest Update from Tom Bearden - March 2002 


‘The whole situation is changing so fast that when I asked Tom to look over this article he 
mentioned the seeming contradiction when some of the above statements are taken together, At 
different times the information he has is updated so one has to keep a kind of running track. He 
was kind enough to clear up the confusion here with the situation as it stands as of March, 2002. 


"We knew of three nations having the QP weapons for some time. Then we found out last 
‘year that five nations had it, So that explains my using the figure “three” first (which 
represented what I knew at the time). Later I found out about the other two nations. 
China, e.g., only deployed its QP weapon this past year. So that explains the apparent 
contradiction between me using "five" in later papers and "three" in earlier ones. It was 

the best information I had at that time. Might mention that so the reader will understand 
the apparent discrepancy." Tom Bearden 


Emptiness is Full of Energy 


"The Tao is an empty vessel; 
itis used, but never filled. 
Oh, unfathomable source 

of ten thousand things! 


"Oh, hidden deep but ever present! 
I do not know from whence it comes. 
Itis the forefather of the gods." 


Lao Tau -Tao te Ching 


Afterward 


Because of the extreme seriousness of the topics brought forward in this article, I asked Tom 
Bearden to look it over to make sure I had not gotten anything too terribly wrong or mixed up. I 
did not want to pass on any misunderstanding of my own, I felt a little nervous writing to an 
eminent scientist, and hoped I had not presumed upon his time. 


But Tom was so kind as to answer immediately, and to my relief I had not gotten anything too 
terribly wrong. Here is his letter, in which he clears up a misunderstanding, and reports on his 
current health treatment, and gives a call to the young grad students to turn themselves loose in 
the whole new field of scalar electromagnetics and free energy. 


Subject: RE: Article on Tom Bearden and "Scalar Wars" 
Date: Fri, 22 Mar 2002 22:54:01 -0600 


Bill, 


‘Well, I must say I'm astounded at your persistence and hard work in congealing all that together. 
My compliments on a hard job quite well done. 


Couple tiny things: In the area mentioning Kervran and Kaznacheyev: Kervran was French; 
Kaznacheyev was and is Russian, Little typo of "spredding” the immune system. Should be 
"spreading". 


‘We knew of three nations having the QP weapons for some time. Then we found out last year 
that five nations had it. So that explains my using the figure "three" first (which represented what 
I knew at the time). Later I found out about the other two nations. China, e.g., only deployed its 
QP weapon this past year. So that explains the apparent contradiction between me using "five" in 
later papers and "three" in earlier ones. It was the best information I had at that time. Might 
mention that so the reader will understand the apparent discrepancy. 


Otherwise, it's pretty accurate. 


Just now I'm letting the weapons take care of themselves; have to, as I will be recovering now for 
nearly a year from now after the heart attack last year and discovering that I had contracted 
mycoplasia (the BW modified kind) in Canada in 1968, Finally got a test which confirmed the 
chronic mycoplasia (which I had for 33 years!). The stuff burrows inside one's red corpuscles, 
then draws nutrients from the hemoglobin, hardening it and reducing its ability to take on oxygen 
(by as much as 50% or more). The resulting symptom is loss of endurance (which I had for that, 
33 years) -- the so-called "chronic fatigue syndrome". 


Many of the Gulf War Veterans who are sick also have it, though they apparently have other 
complicating factors as well. A very high percentage of persons with chronic fatigue syndrome 
also have mycoplasia. The treatment for the long-standing mycoplasma infection of that nature is 
to stay on antibiotics for a year. The only time the mycoplasma is vulnerable is when one wears 
‘out a red cell in normal usage, and the body makes a new red cell to replace it. The mycoplasma 
comes out of the dying cell to infect the new replacement cell, so it is exposed and vulnerable at 
that specific time and that time only. The antibiotics kills it at that time. Hence the necessity to 

stay on antibiotics for such a long time so it is continuously in your bloodstream (I've already 

been on antibiotics for over two months, and have at least 10 more months to go). We also take a 
little medical oxygen every day. 


Another symptom of the mycoplasma infection is the association of runaway fibrillation of the 
heart, To stop that, there are pills one takes, and they stop it. But they also further reduce the 
volume of blood pumped by the heart, so that this projects one right back into the hypoxia, dizzy, 
Joss of balance, etc. Catch 22 situation; the fibrillation will build and cause heart attack, stroke, 
tc. if not stopped, and if stopped it puts you back in the hypoxia which can cause many things! 
With the conventional treatment, you're damned if you do and damned if you don't, Hence the 
need for alittle extra medical oxygen, so you can take the "heart clamp" pill and stop the 
fibrillation, but also augment the oxygen enough to continue to survive without a stroke or some 
such, Interestingly, it's very difficult to even obtain a mycoplasma test, and Medicare fights you 
tooth and nail over paying for the oxygen. Either they will pay for it or [ll pay for it myself; itis 
absolutely necessary. 


After a heart attack, one is treated in the heart clinic by specialists who are very caring and 
excellent practitioners, but know nothing of mycoplasma infection, so not consider it even a part 
of "heart disease", and who are rather puzzled when one has no clogging of the arteries, has the 
right count of red corpuscles (largely nonfunctional, of course, but there), pumps the right 

amount of blood, ete. So they identify and treat only the runaway fibrillation, do not prescribe 

the oxygen -- and essentially place you on a regime as best they know, but one that is guaranteed 
to kill or maim you or tum you into a totally disabled person or human vegetable via stroke, 
paralysis, ete. Fortunately my family doctor will prescribe the oxygen anyway, though I may 

have to pay for it myself. Whatever works! 


However, I'm slowly improving little by little, working as much as I'm able to and trying to 
finish my book: Energy from the Vacuum: Concepts and Principles, and get it to the publisher 
for publication later this year. Hopefully the book will tum all the interested young grad students 
and post-docs loose in the free-energy area. They will not have to spend 30 agonizing years to 
get to where I am, and where a few others are, but can simply start here and go forward. Since 
speed to develop energy from the vacuum is of the essence because of the world situation, I'm 
moving on it as fast as I am physically able to. 


Meanwhile, working with the ALAS (Alpha Foundation's Institute for Advanced Study), the 
AIAS (15 authors) has now gotten about 20 scientific papers published in leading journals 
(Foundations of Physics, Foundations of Physics Letters, Physical Scripta, Optik, etc.) dealing 
with electromagnetic energy from the vacuum, Several more are either approved for publication 
or in the review process also. So slowly we are getting it into the mainstream scientific literature. 
Hopefully it will be in time, but it's cutting it close. 


Very best wishes, 


Tom Bearden 


Late update 


Massive display of longitudinal interferometers? 


Is this sighting a case of the testing of all the Russian (KGB) longitudinal interferometers at 
once? And coordinating their targeting through the woodpecker grid to a common place, as an 
exercise in making a massive scalar attack upon a given region? Was this a confluence of 
Russian Tesla howitzer marker-beacons? 


‘2 


Certainly for a massive all-out scalar attack you would want coordinated movements of the target 
areas of many howitzers at once, for you could then just cut a bloody swath across a wide area, 
all the howitzer blasts marching across the land in a kind of scalar version of the 
policy.” All in a line, blasting, and heat, and mind waves, Or you might want to put the blasts all 
in the same place for a truly horrendous destruction. And on top of that biowar on citizens whose 
immune systems have been weakened with the quantum potential weapons. This is the latest 
version of Armageddon. 


And should any madmen gain control of these weapons, any rogue group at all, and should they 
have some agenda to radically depopulate the world, to simply kill by the billion, the means will 
be in their hands to do so, 


Update: MEG patent granted 
Motionless Electromagnetic Generator Patent Granted 
This message is from Jean-Louis Naudin, the French scientist who successfully replicated the 


Motionless Electromagnetic Generator (MEG) in France. He announces the granting of the 
patent to the MEG Builder's group at Yahoo 


----- Original Message -- 


Fron 
To: 
Sent: Tuesday, March 26, 2002 2:20 PM 

Subject: [jlnlabs] (Info) GOOD NEWS : The Tom Bearden's MEG IS PATENTED 


Dear ALL, 


GOOD NEWS 1!!! 


‘The Motionless Electromagnetic Generator from Tom Bearden is now PATENTED US 6362718 
granted on March 26, 2002 


US Patent 6,362,718 
Motionless Electromagnetic Generator ( MEG ) 


Abstract: An electromagnetic generator without moving parts includes a permanent magnet and a 
magnetic core including first and second magnetic paths. A first input coil and a first output coil 
extend around portions of the first magnetic path, while a second input coil and a second output 
coil extend around portions of the second magnetic path. The input coils are alternatively pulsed 
to provide induced current pulses in the output coils. Driving electrical current through each of 
the input coils reduces a level of flux from the permanent magnet within the magnet path around 
which the input coil extends, In an alternative embodiment of an electromagnetic generator, the 
magnetic core includes annular spaced-apart plates, with posts and permanent magnets extending 
in an alternating fashion between the plates. An output coil extends around each of these posts. 
Input coils extending around portions of the plates are pulsed to cause the induction of current 
within the output coils. 


Inventors: Patrick; Stephen L. (2511 Woodview Dr. SE., Huntsville, AL 35801); Bearden; 
Thomas E. (2211 Cove Rd., Huntsville, AL 35801); Hayes; James C. (16026 Deaton Dr. SE., 
Huntsville, AL 35803); Moore; Kenneth D. (1704 Montdale Rd., Huntsville, FL 35801); Kenny; 
James L. (925 Tascosa Dr., Huntsville, AL 35802) 


Appl. No.: 656313 
Filed: September 6, 2000 


For some technical info see my web site at : http://naudin free.fi/html/meg.htm 


Best Regards 
is Naudin 
09@ ol com 


huipu/ilnlabs.ore, 


Main Web site 
Site France : http:/jlnlabs.multimania.com 


Click here to view patent # 6,362,718 


Patent Story on Rense.com: 


Rense.com 
MEG Scalar Energy Device 
Patented - Production Starts Next Year 


From Bill Morgan 
wmorgan@nycap.tr.com 
3-28-2 


Patent was granted on March 26, 2002 for "The Motionless Magnetic Generator," (MEG) US 
Patent 6,362,718, which is likely to become the first commercially available free energy device 
in history in about one year from now. The machine will provide free electricity from the 
vacuum, for the life of the device, which should be a very long life since it has no moving pauts. 
You can see a picture of scientist Jean-Louis Naudin's MEG replication model at: 
hutp:/jnaudin.free.fi/huml/meg htm. 


Ithas strong magnets, coils, and a controller unit with the electronics. Naudin made the 
announcement to the MEG-builder’s Yahoo group. The announcement has significance since the 
patent office has always been skeptical of devices which seem to "get-something-for-nothing.” 
But according to the new science of scalar electromagnetics, the MEG does not break the law of 
conservation of energy. Its just that the energy is conserved in the fourth dimension, time, and 
not our 3-space world. 


‘The MEG provides electrical energy by tapping the longitudinal electromagnetic (EM) waves 
which exist in almost infinite abundance in the vacuum of space. This ocean of energy which 
permeates everything is sometimes called the "zero point” energy, since it remains there even at 
absolute zero temperature. 


Four inventors are listed: Stephen L. Patrick, Thomas E. Bearden, James C. Hayes, Kenneth D. 
Moore. 


‘Tom Bearden has explained the operation of the MEG on his website Cheniere.org, and also 
speaks about the new fearful weapons that can and have been made using the same "longitudinal 
waves” of the vacuum. 


‘The complicated physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum," which can be found at Tom Bearden's website: 


cheniere.org.(http://www.help4all.de/energy/MEGpaper pdf) 


‘The first MEG units to be produced for sale will output 2.5 kilowatts of free electricity. Forever. 
They should be in production about a year from now. Facilities for manufacturing the device are 
being set up in an unnamed "friendly nation." 


This free electricity will flow indefinitely, without much, or any maintenance. The units may be 
hooked together to provide more wattage, so four of them would provide 10 kilowatts. After 
some production experience units will be made which output 10 kilowatts each. With a couple of 
those units a house could get off the electrical grid. 


‘Tom Bearden, one of the inventors has said "I will admit that the chief scientist of an important 
experimental group in a large company was rather stunned at the type of output we were able to 


obtain, The MEG may look like just a transformer, but itis not. It is a completely different breed 
of cat.” This cat, it would seem, is out of the bag now. 


‘The ordinary EM waves we are familiar with are called "transverse" waves, to distinguish them 
from the new "longitudinal" EM waves of the vacuum, Bearden has explained in depth on his 
website cheniere.org that wherever there is a dipole (battery, generator, magnet) there is an 
unseen flow of longitudinal EM waves in that local vacuum, the only problem is in tapping that 
energy and "transducing" it to electricity. Bearden says that the problem with all the electri 
circuits we have is that they are two-wire circuits, a loop by which half the energy goes back to 
destroy the dipole. In the MEG that closed loop is never made. So the dipole is not being 
destroyed. 


Patents are not granted on devices which do not work, so in a sense this announcement proclaims 
anew era. The MEG device itself proclaims and proves that energy is abundantly available 
everywhere, for free. We only have to build the devices to tap it. MEG type devices could be put 
into a car with an electric engine to make a truly fuel-less automobile. Electricity can be 

available in very remote places. People will be able to get off our very terrorist-vulnerable power 
grids, In an era of terrorism a highly dispersed power system would be most desirable rather than 
our centralized systems. 


‘What is somewhat astonishing to me is the discovery by Bearden et. al. that time itself is actually 
compressed energy, and that this free energy is actually coming from the time domain, the ocean 
of longitudinal EM waves which fill the empty vacuum of spacetime, In fact, time is energy 
compressed by the same factor that matter is compressed energy: the speed-of- light squared, 
‘Thus there is a new companion to Einstein's E=me2. Can you say "E equals delta-tee-cee- 
squared?" The "tee" is time and delta-tee is change in time, 


A company has been set up to manufacture the MEG called Magnetic Energy Limited. 


‘The ramifications of free energy are enormous. The oil wars are not necessary. If we threw as 
much money at this technology as we are spending on the oil wars we would be free of the need 
for oil in less than a decade, With fuel-less cars air pollution will be greatly lessened. Third 
world nations can raise their standard of living eventually. And the energy is free, And it never 
nuns out. 


Thave put together a kind of "Bearden for Beginners” article which explains some of the basic 
concepts of the current state of scalar technology. 


bitp://www.prahlad.org/pub/bearden/scalar_wars.htm 


‘The granting of the MEG patent is the herald of the new era of scalar electromagnetics, and the 
free energy which flows forever and never runs out. 


Bill Morgan 
wmorgan@nycap.rr.com 


Do the magnets run down after a while? 


Further developments: Tom Bearden clears up a question 


‘When the MEG patent was released many questioned the patent language which seemed to imply 
that permanent magnets of the MEG would "wear out" after awhile. I myself wondered about the 
same thing so I put the question to Tom, and here is his reply. 


Dear Bill, 
‘Thanks for the kind words; much appreciated. 


T'm not up to going on radio or TV, and won't be for quite some time, Still suffering from 
hypoxia, though very slowly improving, and will sill be on antibiotics for 10 more 
months at least (maybe longer). 


Obviously an extensive dialog developed between the Patent office and our patent 
attorneys. As best I can understand it, the Patent office accepts the fact that a permanent 
magnet produces and emits energy, or has a history of accepting it. They do not appear to 
be at all cognizant of the broken symmetry of opposite charges, and hence of a dipole. So 
in their opinion (which seems to be vague), the magnet has to use itself up very gradually, 
or some such. So some rewrites were essentially required by the Patent office. 


AL can say is that a magnet is a very durable thing, so long as you don't heat it up too 
much or shock it to much, Certainly one will make a good 20 years, and of course there 
are plenty of magnets that have been around awhile longer. 


‘That said, in our earliest experiments we did "measure" some such effect, or so we 
thought, until we found that a particular instrument was bad and giving erroneous 
readings. So with a new instrument, we have not observed since then any such readings. 


Out of all that fuzziness came the inclusion of “using up the magnets gradually". So far as 
we are aware (after correcting those early readings on a defective instrument), we have 
seen no such measurements or effects since then at all, Nonetheless, just in case there is 
some very small effect in that respect, at least its in there. 


Actually, as you are aware, capacitors and solid state components are the major concems 
for failure, and any system does require maintenance, both periodic and whenever 
malfunction or failure occurs. The MEG is no different from any other device in that 
respect, so of course it will have a component failure rate and maintenance required from 
time to time, just as any other electromagnetic device. But without moving parts, it can be 
ruggedized and made very durable indeed. 


Please give Jeff Rense my regrets, and I do admire his work and his show. He's laying it 
in there. 


‘The depth of the scientific mindset against COP> 1.0 is inexplicable, particularly when 
physics itself already has COP> 1.0 validated experiments (such as Bohren's experiment, 


which outputs 18 times as much as one inputs by Poynting calculations), and it works 
every time. Any competent university optics lab can perform the experiment. Also, even 
the conventional texts admit that a charged capacitor or electret laid on a permanent 
magnet, so that the E of the cap or electret and the H of the magnet are at right angles, is 
a "free energy machine". That silly thing will just sit there and pour out Poynting energy 

S =EXH indefinitely. Years and years and years. If you wait just a single year, that silly 
thing has changed the energy density of a volume of space a light year in radius, reaching 
‘out well beyond the solar system. Now that's a WHALE of a lot of EM energy that beast 
poured out in that year, and it will still be going strong and pouring it out at a steady rate. 
‘The charges and dipoles in original matter in the universe have been pouring out EM 
energy in that fashion for some 14 billion years, give or take a billion or so. Its also easy 
to see that, prior to Lorentz’s ARBITRARY symmetrical regauging of the Maxwell- 
Heaviside equations, those equations prescribe both EM systems in equilibrium with their 
active environment, and EM systems not in equilibrium with it. The latter systems are 
permitted by the thermodynamics of open disequilibrium systems to perform five magic 
functions: (1) self-order, (2) self-oscillate or self-rotate, (3) output more energy than the 
‘operator inputs (the active environment inputs the rest of it), (4) power itself and its load 
(the active environment inputs all the energy, like a windmill), and (5) exhibit 

negentropy. That is a well-established thermodynamics. Lorentz arbitrarily discarded all 
such open disequilibrium EM systems in order to get simpler equations having analytical 
solutions and not requiring numerical methods. So he simply scrapped all the really 
interesting and challenging EM systems in Maxwell's theory. ARBITRARILY! 


‘That our scientific establishment continues to teach only that "half" of the theory, and not 
point out the rest to the young students, and not fund research into developing such 
systems that take energy from the vacuum, is simply inexplicable. It's a matter of total 
dogma, not science at all, 


But hopefully it is changing a little bit. At least now we cite chapter and verse when these 
things were done, and what they are, and the young grad students and post does can go 
check the papers and make up their own minds. 


‘That is the real hope of the future: that we get a generation of young fellows, with 
excellent skills, who now know where all the skeletons got hidden in the closet, and 
understand that the electrical engineering model arbitrarily assumes an inert vacuum 

environment (falsified for more than a half century in particle physics) and a local flat 
spacetime (falsified for nearly a century by general relativity). 


Once they know that past history, and go read into what broken symmetry of opposite 
charges means for a dipole and for all dipolar EM circuits, they will set to and change 
that more than a century of error. In that case, we shall have numerous solutions to the 
energy crisis rather quickly, popping up all over. 


Good thing. It will certainly displace some great energy barons, but it will also free the 
populace. One can extract all the EM energy from the vacuum one wishes, anywhere, 
anytime, with ridiculous ease. One can produce that "electrical wind of energy” at will, 
by making a simple dipole and then letting it alone, The only energy problem is in how to 


then intercept some of that energy flow and “catch’ it in a circuit, discharge it in a load to 
power it, and not use half the "caught" energy to kill that dipole that is gushing out the 
extracted EM energy from the vacuum, 

Very best wishes, 


Tom Bearden 


END 


The Tom Bearden Website 


The Tom Bearden 
Website 


Foundations of Electro-Magnetism 
Slide Series 


e Major Points of Presentation 


e Chung's Carbon Filament Negative Resistor 


e Aharanov-Bohm Effect 


e Absorption and emission reactions (1) 
e Absorption and emission reactions (2) 


e Anti-engine for cell's deviation reverses 


cell back to normal 


« Asymmetric regauging produces excess 
force, which can be used to do work on the 
system 


« Asymmetric regauging produces excess 
force, which can be used to do work on the 


regauging system 


« Becker's bone fracture healing experiments 


e Becker's theoretical control system 
governing regeneration 


e Becker's theoretical DC control system 
involved with response to injury 


¢ Geometrical Distortion of Poynting Energy 
Flow 


« Cosmic Bootstrap: Before the Big Bang 


e Bridging Enables COP > 1 
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Aspects of Strong Local Symmetry 


Other Aspects of Strong Local Symmetry 
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and Physics 
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First Step in Self-Promotion of Cancer Due 
to Hypoxia 
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The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net 
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The Ubiquitous Assumption: Two 
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A Charged Particle is a Coupled System 
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Chung's Carbon Filament Negative Resistor 
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Typical circuit has about 10-!3 energy 
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Classical View of EM 


Curved Spacetime acts as source or sink 


Chronic Disease Puzzling 


Cancer Characteristics 
Solving a Cancer Enigma 
Cancer: Characteristics 


Nonlinear Optics Distortion Correction 
Theorem 


The Electronuclear Reaction: Nuclear 


Reactions in TR-Zones (1 


The Electronuclear Reaction: Nuclear 
Reactions in TR-Zones (2) 
The Electronuclear Reaction: Nuclear 


Reactions in TR-Zones (3 


In Time-Reversed Zone: Nuclear reactions 


are biased 


In Time-Reversed Zone: Dynamics may 
be reversed 


Time-Reversed Zone: Significant only 
after time-density charging 


A New Conservation of Energy Law 


Questions on Carcinogens and EM 
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Radiation 


AS DEFINED, fields and potentials only 
in. and on charged matter 


Serious flaws and errors in classical EM 
theory 


Electrodynamicists' Reaction to Removal 
of the Material Ether 


Reaction to Loss of Material Ether (1) 


Reaction to Loss of Material Ether (2) 


Some EM waves in Spacetime 


Air Medium Disturbances Generated 
When Air is Perturbed by a Plucked Taut 
String 


Launching a Spacetime Perturbation ("EM 


Wave") from a Wire Antenna 


Phase Conjugate Wavepairs Produce New 
Waves 


Scalar Electromagnetics (Energetics) View 


of EM (1 


Scalar Electromagnetics (Energetics) View 


of EM (2) 
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Scalar Electromagnetics (Energetics) View 


of EM (3, 

Extended General Relativity Principle 
Extension of Work-Energy Theorem 
34 Flaws in Classical EM Theory 


MTW's General Relativity Principle 


Use of General Relativity (GR) in Particle 
Physics 


The Missing Infolded Electrodynamics 


Infolded Engines: Excluded by Present 
Phy: 


Mass curves and structures spacetime; ST 
curvatures change and structure mass (1) 


Mass curves and structures spacetime: ST 
curvatures change and structure mass (2) 


At Infinite Velocity: Each Is Every Other 


Lisitsyn's Report: Brain Code Broken 
Lorentz Closed Surface Integration 


Lorentz's physically insignificant energy 
flow can be collected and utilized 


Lorentz surface integration of the Poynting 


vector around a closed surface 


Longitudinal EM Photon Interaction with 
Charge 


Mass is transparent to longitudinal EM 
waves, which move through the infolded 

interiors of internal waves, potentials, and 
ields i 


the ma: 
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Pumping with Longitudinal EM waves 
Tim 


reverses the Ma: 


Maxwell's Quaternion Theory 


Maxwellian Systems before and after 
Regauging 


Maxwell's four equations reduce to: Page 1 


Maxwell's four equations reduce to: Page 2 


More to come 
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__ Major Points of Presentation | 


@ Electrodynamic is seriously flawed 
= Some major flaws 
— Corrections indicated 


@ Why past corrective attempts failed 
— Force field concept is materi: 
— Missing two infolded transforms (M->ST; ST->M) 


®@ Missing Infolded general relativity inside electrodynamics 


@ Several Kinds of EM Waves in Space 
- Howto make 
= Transduction 


@ A French medical example as a deep experimental demonstration 
— Spectacular regenerative cures funded by French Govt 
— Not comprehended, therefore suppressed 
® Cold Fusion examples of time-censity wave effects 
= China Lake instrumental anomalies in el: lysis 
- Explanation of anomalous behavior of instruments 
- Explanation of new nuclear reactions 
— Wave energy transduction provides excess heat 


— Urge theorists to consider dramatically new reactions 
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Chung's Carbon Filament Negative Resistor 


UNIVERSITY AT BUFFALO, NY 
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23 Aharonov-Bohm Effect 3.¢ 


= In field-free regions ier 
— E-field is zero A 
— B-field is zero 


= Potentials still exist, just no gradients 
- Cause real effects 
— Interference is the key A 
— Contain sum-zeroed substructures 


= Does not follow from 
— Mechanics 
— Classical electromagnetics , 


= Required by quantum mechanics 
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Absorption and emission reactions 


ELECTRON ABSORBS PHOTON 
ENERGY, MOVES TO HIGHER 

ENERGY LEVEL DECAYS 

BY EMITTING PHOTON 


uly ae 


‘aes a 
ie 


ies 


Spe 

@ 
PARTICLE ASSORBS ENERGY, 
MOVES TO HIGHER: 
ENERGY SHELL, DECAYS BY 4 
EMITTING ENERGETIC PARTICLE, 
OBSERVABLE... 


ENT RE NUCLEUS ABSORSS ENERGY, 
EACH PARTICLE ABSORBS OWN. 
DECAY OCCURS BY COMPLEX MODE! 
INCLUDING FISSION ORFUSION. 
DECAY BYPRODUCTS OBSERVABLE. 
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ELECTRON ABSORBS T ME 
DENSITY, MOVES TO DFFERENT 


ht. TIME DENSITY LEVEL DECAYS BY 


EMITTING LONGITUDINAL OR 
PSEUDOLONGITUDINAL 
PHOTON 
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PARTICLE ABSORBS TIME, 
MOVES TO HIGHER 

TIME DENSITY. DECAYS BY 
EMITTING TIME-LIKE PARTICLE, 
NONOBSERVABLE BY PRESENT 
MEANS. 


ENTIRE NUCLEUS ABSORBS TIME, 
EACH PARTICLE ABSORBS OWN. 
DECAY OCCURS BY COMPLEX MODES, 
INCLUDING FISSION OR FUSION. 
SOME DECAY BYPRODUCTS ARE 
NONOBSERVABLE (SPACE ABSORBS) 


‘hutp:tivww.chenic 


Absorption and emission reactions 
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TRANSVERSE PHOTON 
ELECTRON ABSORBS PHOTON 
ENERGY, MOVES TO HIGHER STREAM OF TIME-POLARIZED PHOTONS 
ENERGY LEVEL. DECAYS ELECTRON ABSORBS TIME 
- BY EMITTING PHOTON, DENSITY, MOVES TO 1/eDIFFERENT 
}AaE REMOVING At “hat TIME DENSITY LEVEL, DECAYS BY 
e © EMITTING LONGITUDINAL OR 
al hei 32 PSEUDOLONGITUDINAL 
Atcouplea” PHOTONS 
‘and emitted \ | / y 
quickly \ 5 
At increases 
/ \ > quasi-satically a 
rica = 
Figure A. Excited energy density level Figure B. Excited time density level 
mas in one ifs! ey icant only after enormous 
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ANTI-ENGINE FOR CELL'S DEVIATION 
REVERSES CELL BACK TONORMAL | 


{BISEASED) pd > =» ap (NORMAL) 


TIVE DELAY FOR 
\ RENORMALIZATION 


VACUUM VACUUM/SPACETIVE © tam, a6 Te eanoeN 
ENGINE ANTIENGINE FOR 

FOR DISEASED CELL'S DISEASE DELTA 

CELL 

By pumping the internal EM channel, process is dramatically accelerated. 
This is the body's normal recovery mechanism, within its limits. 
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a Regauging Produces Excess Force, 
Which Can be Used to Do Work on the System 


Net Symmetric Rega 
No Becose Work on gn een 


This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He 

regauged, so he had no net excess 

force across him, even though his 

potertial energy was increased. He 

‘ically regauged each foot, 

both si laneously so that one 

countered the other. @ little bird! 
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Net Asymmetric Regauging Can 
Do Ecou Work on the Spee 


This little bird put one foot on 
wire A, and then the second foot 
= on wer Bee 

SS ==! regauged, so he ni 
excess force across him. That 
force then violently translated his 
jittle body parts every which way, 
doing lots of work in and on him. 
Bummer! © re. weanven 199 
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mt | Net Symmetric Regauging Does 


No Excess Work on the System 


This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He net symmetrically 
regauged, so he had no net excess 
force across him, even though his 
potential energy was Increased. He 
asymmetrically regauged each foot, 


but both simul Rancously so that one 
countered the other. Wise little bird! 


fe 500,000 Vo ts 


100,000 Volts 


Net Asymmetric Regauging Can 
Do Excess Work onthe Syatenr 


This little bird put one foot on 
wire A, and then the second foot 
on wire B. He net asymmetrically 
regauged, so he had lots of nei 
excess force across him. That 
force then violently translated his 
little body parts every which way, 
doing lots of work in and on him. 
Bummer! 

© Ne. weARDEN 4008 


Figure 32. Asymmetric regauging produces excess force, which can be used 


to do work on the regauging system. Selected clipat @ by Lotus SmantFics™ 
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= Tiny DC currents (picoamperes) 
» Pulsed DC current can be utilized RED BLOOD CELL 
DEDIFFERENTIATES 
Shucks hemoglobin coat 
Grows nucleus 


Pulsed magnetic fields may be utilized 
NEWCELL 
REDIFFERENTIATES 


Turns into type of ceil that 
makes cartilage 


NEWCELL 
REDIFFERENTIATES 
Turns into type of cell that 

makes bone 


Deposits in fracture site, 
healing the fracture 
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Trauma Producing 
Tissue Loss eee neeceer | 


Local cellular effect Local nerve effect 


a 
CNS effect + Alterations in hormone 
pattem (prolactin) 
Alterations in local 
DC field pattern 
Local electric: 
effects 

posts of target cai 
Dedifferentiation into 
primitive ‘caer cells 

Phase! Biastema formation 

= growth< 

Phase Il 

ere te “Becker & Spadaro,“lecvica stimulation of 
Ben eat et, 109 "say 972, 

Restoration of body p. 629, 


partortissue 
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GROWTH 
DIFFERENTIATION 


INPUT STIMULATION 
DC SYSTEM (PAIN) 


=e 


CENTRAL 
DC SYSTEM 


a! 


MITOSIS 
DEDIFFERENTIATION 
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STIMULATION OF 
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TOTAL 
CURRENT OF 
INJURY 
DC SYSTEM 


“Robert 0. Becker. “Thesignificence of b electrical 
ol 


potentia 
1974, po 


/EMndns/sm%¢20Becker3jp2S 4.2005 1:30:22 


yh 


-hutp:tivww.cheniere.org/images/EMfndns /sm%20Bohren! jpg 


Geometrical Distortion of Poynting Energy Flow 


At or near resonance frequency, in the case shown 
the energy collection fraction (reaction cross ten le ton en 
increases ten le ton en 


@) 


a. Around an aluminum sphere b. Around an aluminum sphere 
at light energy 8.8 eV. at light energy 5eV. 
Absorption eee 18.00. Absorption efficiency = 0.1. 

Figures per Cr How tide absor> more than the light incident upon it? 
Fbercah Journal Of PRySI, Sta), ANT feo. p-3e 
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Cosmic Bootstrap: 
Before the Big Ban 


Cosmic repulsion behaved like a fluid with 
negative pressure 


The "universe" inflated (expanded) as a "false 
vacuum" 


As the negative-pressure fluid expanded, its 
energy went up rather than down 


When inflation stopped, the false vacuum 
decayed from its excited state 


Its excitation energy was released in a single 
great burst Paul Davies, Superforce, 1984, p. 194 
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BRIDGING ENABLES COP > 1.0 


S-flow, do /dt flow, and EMF flow 


= => => => => = => => 


VeSO ee hrc, eet atemang te al 
imo ( i>>0 } 
< \ ae 
“Closed Current “Closed Current = 
LoopA Loop B 
BRIDGE Patent Pending 


Current loop B is asymmetrically regauged by 
S, do /dt, and EMF flowfrom current loop A Sync sercen 


Inupzshuww.cheniere.org/images/EM fndns /sm%%20bridg  jpg25 4.2005 1:32:57 


‘http://www.cheniere.org/images/EM fndns l/sm%20Bsymmtry jpg 


Aspects of Strong Local Asymmetry 
a 


® If local asymmetry is strong, conservation laws 
may be appreciably violated 

Energy 

Charge 

Spin 

Momentum 

Angular momentum 


® Properties of an object may differ appreciably for 
© Different observers 
* Different detecting means 
* One time to another 
One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
*® Provides spacetime engines giving the above effects 


© TE Bearden 1995, 1996 
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Other Aspects of 
Strong Local Asymmetry 


een ree ee 
» Local spacetime is curved © TE Bearden 1095, 1995 
= Loreniz invariance of vacuum is violated 

® May be a local “sink” or “source” 

= Gravitational-inertial effects from EM 

= Translation between virtual and observable 

= Electrogravitational solitons 

= Action at a distance 

= Transmutation effects may exist 

= Scalar/pseudoscalar field translation 


= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
syrametry intemested 


structures are Vacuum engings 0 a oeaiins engines. 
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Bunge on the Status of 
Electrodynamics 


.. it is not usually acknowledged that electro- 
ake both classical and quantal, are in a 
ae state... 

.. the best modern physicist is the one who 
scenouledees that neither classical nor 
quantum physics are cut and dried, both being 
full of holes and in need of a vigorous 
overhauling..." 


*Mario Bunge, Foundations of Physics, Springer-Verlag, 
Naw York, NY, 1967, p. 176 
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Bunge on the Status of 
Electrodynamics and Physics 


".. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... 

"... neither classical nor quantum physics are 
cut and dried, both being full of holes and in 
need of a vigorous overhauling..." 


“Mano Bunge, 
New York, NY, 1967, p. 176. 


ies, Springer-Verlag, 
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2 on the Status of 
Claseien and Quantum Physics 


",. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 196 Te seaRDEN New York, NY, 1967, p. 176.. 
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Fraction of Casualties Surviving 


FRACTION SURVIVING N=1-40 million 


10 


08 


06 


04 


00 


hup:twww.cheniere.org 


ASUALTIES 
© wer e eearoen 
TYPE TREATMENT RECEIVED 


EXPRESSED IN FRACTION SURVIVING 

& With conventional treatment 

C With 1st generation P-treatment 
With 2nd generation P-treatment 

® With 3rd generation P-treatment 
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MULTICELL 


AEROBIC" 
(INCLUDES MAN) 
SINGLE CELL : SINGLE CELL 
ANAEROBIC AEROBIC" 
CENTRAL CONTROL 
OXYGEN-RICH TIME-FORWARD 
——S ete PATH AS IT 
DEVELOPED 
CANCER CELL 
TIME-REVERSED 
<4———_ paniror SUSTAINED 
Serie OXYGEN DEFICIENCY 
RARTIALLY SINGLE CELL —____- 


5 FIRST STEP IN OXYCEN-DEFICIENCY 
© Sars oe DEDIFFEREN TIATION 
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Differentiation and Dedifferentiation Timelines 


CENTRALIZED CONTROL OF CELLULAR 
GROWTH AND REGENERATION 


NORMAL HEALTHY. WITH SOME DISEASED 
CELLS AND FUNCTIONS: OR DAMAGED CELLS 


TIME-FORWARD PATH 


NORMAL “DI 
AS IT DEVELOPED © 100,000 en FOR HEALING OF CELL DAMAGE 


| FFERENTIATION™ 


TIME-REVERSED TIME-REVERSED 
_ GS _ Or PATHFOR 4 PATH WHEN NORMAL 


SUSTAINED PUMPING FAILS TO 
I CELL eners OXYGEN HEAL CELL 
a Nee DEFICIENCY 
ANAEROBIC KEROBIC 
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Evolution of Cells on Earth 


SINGLE CELL 
AEROBIC” 


AME ROME ; FACULTATIVE WHITECELLS BONES 
cpligaTory  NAEROBES KILLER CELLS ORGANS 
{SINGLE CELL ETC, ai 

ANAEROBES = BOTH AEROBIC 

SINGLE CELL AND ANAEROBIC) sabsed cere’ 

SHIELDED 

FROM OXYGEN * NOTE: LIMITED ANAEROBIC RESPIRATION 
‘STILL TAKES PLACE IN HIGHER AEROBIC 
LUPE FORMS, INCLUDING MAN. 

EVOLUTIONARY TIMI 
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(A proposed formal definition 
of a charged mass) 
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Benne "\.curiously enough, we do not 
~ ~ know exactly what charge &, 
RSS ~ only what it does. Or, equaly 
Ve ot a8 significantly, what it does not do.” 
‘ \ i MP. Silverman, Aod Yet t Moves: Stange 
\ tems and Suble Questions inPhsies, 
~ CambiidgeU riversity Press, 1993, p. 127. 


\ a ‘ 
\ 
© T.E. BEARDEN 1997 


An electric charge Q consists of a massless flux component and a mass component, [ 


coupled together (interacting). Qis a broken symmetry. The mass of the charge 
ntinually and al eny: eelanse virtual photons with the surrounding vacuum. — 


ups 
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Thus Q is energetically driven by the surrounding vacuum potential, which itself is to 
first order just a violent virtual photon flux. 
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The Ubiquitous Aecsmpiient Two 
Asymmetrical Regaugings for Net Symmetry 


Your electrodyn 
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The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net Symmetry 


aad ha adcshay ibe) 
ryou. Hey, 
whate swell guyl 


won't 
do any net work for you! 
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The Ubiquitous Assumption: Two 
Asymmetrical Reqaugings for Net Symmetry 
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A Charged Particle Is a Coupled System 


\ / 
Sn irae see 
‘= ~~ S virtual 
nea - Va photon 
Seats fl 
Se So sachin 
hs es %, 


"curiously enough, we do not 
know exactly what charge is, 
only what it does. Or, equaliy 
significantly, what it does not do.’ 


MP, Sivemnan, And'Yetit Moves: Strange 
Subt sin Bt 
Cambridge Universit Press, 1223, p. 127 


ey 


An electric charge q isabroken symmetry in its fierce energy exchange with the active vacuum. 
It coherently integrates some of the virtual energy absorbs and outputs it as Poynting energy flow. 


Sys 
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Chung's Carbon Filament Negative Resistor } 


UNIVERSITY AT BUFFALO, NY 
© Ome teen 


Win =— Wout> Win 


CROSSED CARBON 
FILAMENT LAYERS 
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Typical circuit has about 10-13 
energy collection efficiency 


soos 10 1 weamcen 


Se" Deep space 
Ss 
im Distance traveled by S in one hour is 1.08x10exp(1 2) meters. 
=== Example: 1.3 amps flowing in DC circuit, 1.8 mm diameter copper wire. J =51 Aicm2 


jal 


S violently transports ? provided fromthe source. 


4, =0.1368 meters _j sluggishly transports the energy collected and dissipated in the 
circuit. 


For the case discussed, the electron drift velocityin the circuit is about 
3.8 x10 * meters/sec. So J} moves about 0.1368 meters in one hour. 
Thus J? has collected about 0.1368 meters of the ¢-filled S-tube. During 
that same hour, the S-flow evoked by the power source will have 
traveled 1.08x1012meters. The ¢ of both currents is the same. Both 
are involved in the same energyilled tube. Thus S has provided and 
transported about 7.89x1012 fimes as much energy along the circuit 
in one hour as the j/ has been able to collect, transport, and dissipate 
mere in the circuit. Thus this circuit provides about 16'3 collection 
cy. 
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Se Classical View of EM 


= Potentials just mathematical conveniences 
— Not real 
— No internal structure, just magnitude 
= Force fields primary, causative, can exist in space in absence 
of observable mass 
— All EM actions due to force fields, none when zero 
= No action at a distance 
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Curved Spacetime 
acts as source or Sinik 


s| Ma ay emit excess radiation Z 
and energy (e.g., heat) 


May wanseu ce waves 

TW so LWs TOW 

= New en 
law applies 
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CHRONIC DISEASE PUZZLING 


THE MECHANISMS OF A SINGLE CHRONIC 


m™ SCIENCE REALLY DOES NOT UNDERSTAND nm 
DISEASE, INCLUDING CANCER 


m MANY TROUBLING FACTORS EXIST l Od 
= MIND ge) 
- STRESS sf 
— SPONTANEOUS REMISSION A | 
— PLACEBO EFFECTS snes eons 
= COMBINATIONS 


m GENERATION OF THE PLACEBO EFFECT BY THE 
CELLULAR REGENERATION SYSTEM IS UNRECOGNIZED 
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Sales Characteristics 


e Not o one disease, buta whole range 
» Starts Ins etuuttJaJ aerobic cell 
e Cell shakes off body's central control 
- Starts Gheantrolied division 
- Becomes a lump 
e Can send forth cancer cells 
- Through blood 
~ Through lymph 
e Form metastases (secondary saat 
e Often become anaerobic ore es 
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Solving a Cancer Enigma 


e An enigma has been failure of immune 
system to attack some tumor cells 
— Suppressor cells may curb immune system? 
— Tumor may lack antigens normally identified 
by the immune system? 
e Promotion of damaged cell to cancer is 
usually ordered by cellular control system 
— Regenerative and recovery system forces 
cell back toward anaerobe 
- First step breaks free from central growth 
- Control continues to recognize cell as self 
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‘a CANCER: CHARACTERISTICS 


© NOT ONE DISEASE BUT A WHOLE RANGE 
© STARTS IN ORDINARY (AEROBIC) CELL 
© CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
© STARTS UNCONTROLLED DIVISION 
© BECOMES A LUMP 
© CAN SEND FORTH CANCER CELLS de tee 
= THROUGH BLOOD 
= THROUGH LYMPH 
© THESE FORM METASTASES (SECONDARY TUMORS) 
© OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 


© ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 


SYSTEM 
*R&R system forces cell back toward anaerobe 
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© oon, a2, 19a Te BEARDEN 


“If a scalar wave E1(r) propagates from left to right through an 
arbitrary but lossless dielectric medium, and if we generate in some 
region of space [say near z= 0] its phase conjugate replica E2(r), 


then E will propagate backward from right to left through the 
dielectric medium, remaining everywhere the phase conjugate of E1." 
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The Electronuclear Reaction; 
Nuclear Reactions in liR-Zones (1) 


@ Nucleon interchange 
— Changes neutron into proton and vice versa 
= At high rate (flat spacetime assumed) 

® Statistics become skewed due to curved ST 


© Can bias statistics toward either neutron 
or proton end 
— Biases toward transmutation of elements 
along isomer chains: 
— Concept of “isomer” is vastly expanded) = =. -.- 


Osm,jpe25.4.2005 1:54:39 


‘hutp:/www.cheni 


The aa lear Reaction: 
Nuclear Reactions in 1R-Zones (2) 


® Normalidynamics (impulses) may reverse 
— Like charges attract, unlike charges repel 
— Positive charges cluster (are drawn together) 
— H+ Ions (protons) may form quasi-nuclei 
— Nucleus coulomb barrier becomes assistant 
® Many “impossible” reactions now possible 
— Quark access and quark flipping by EM 
— fon clustering 
— Positive charges as phase conjugate mirrors 
— fime-density waves and time-energy charging 
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The Electronuclear Reaction: 
Nuclear Reactions in TiR-Zones (3) 


© Not observed|until time-energy charging 
has become substantial) 
= Time delay (hours, days) 
— fransduction of LW --> TW involved 
— Specific time-charging history of detectors 
is involved in twhether they detect or not 
— Longitudinal EM waves become significant 
® Curved spacetime can act as source or sink 
~— May emit excess radiation 
— May absorb excess radiation 
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In Time-Reversed Zone: 
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Time-Reversed Zone: | 
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A New Conservation of Energy Law 


Physics conserves total “energy and mass-energy" 
Now also must consider “time-energy" 


Conserve total mass-time-energy (spatiotemporal 
energy) 


Let Et = total energy, Em = mass energy, 
Ee = ordinary energy, and Et = time energy. Then 


EtT=Ee+Em+eEt 


Onmre teen 


(kEt => EE> 0) => Et>(Em+ Ee) 


If some Et is transduced into Ee , the experiment will 
violate the old spatial mass-energy conservation law 
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QUESTIONS ON CARCINOGENS 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 
- DOSAGES 
— ACTIVE MECHANISMS 
REPLICATION DIFFICULTIES 
MEASUREMENT DIFFICULTIES 
WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


@ SCIENCE REALLY DOESNOT UNDERSTAND THE 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © 1994, 19957 £. Bearden 
INCLUDING CANCER 

— FACTORS SUCH AS MIND, STRESS, SPONTANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEM IS UNRECOGNIZED 
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mips 


As defined, fields and potentials only 
_existin and on charged matter 


E=Fiq a cE ae ee ee 


in vacuum. \ 
Source qis a \ 
broken symmetry 
in vacuum flux 
S$ = ExH 
olan 
As d fal 
ssumet Nerpeki 
motion machine «plleup" in fro Aas b 
in classical EM ip" in front = joules continuous! 
SoE=-vo . in eometrical ow, 


Electrodynamics has nothing to say about what 
exists in space in the absence of pipet © wv vwoen 
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Serious flaws and errors 
in classicalEM theory. 


Eliminates the Internal EM Inside the Scalar Potential, 

No Definition of Electrical Charge orof Scalar Potential. 

Equations StillAssume Material Ether Per Maxwell (Unchanged), 
Use of Force Fields in Vacuum is False (and Known to be So), 
Treats Charge qas Unitary Instead of Coupled System q = glqim (q), 
Confuses Nassless Potential Gradients as Forces (See #3, #4), 
Does Not Utilize Nass as a Component of Force (See #23). 


ErroneouslyAssumes EM Force Fields as Primary Causes, 
Topology of EM NodelHas Been Substantially Reduced, 

Does Not include Quantum Potentialor Action ata Distance, 
Does Not Include Superiuminal Velocity of Inner EM Components, 
Does Not Utilize Extended Near-Field Coulomb Gauge Effects, 
Does Notinclude EM Generatrix Mechanism forTime Flow, 

Does Not Unify Photon and Wave Aspects (Requires 7-D Model), 


Does Not Include Electron Spinand Precession (See #19,#24), 
Treats EM Energy As Existing In"Chunks," Instead ofas Flow, 
Confuses Energy and Energy Collection (See #16). 


Discards Half ofEvery EM Wave in Vacuum (See #22), 
Erroneously Uses Transverse Vacuum Wave; It's Longitudinal, 
Arbitrarily Regauges Maxwell's Equations to Eliminate Overunity, 
Omits Phase Conjugate Optics Effects (The Rule in Internal EM), 
Does Not Include EM Cause of Newtonian Reaction Force. 
Erroneously Assumes Separate Force Acting on Separate Mass, 
Confuses Detected Electron Precession Waves as Proving Trans: 
verse EM Waves in Vacuum (Remnantof Old "EM Fluid" Concept), 
Due to Error in String Wave, Qmits the Ubiquitous Antivave. 
Assumes Equilibrium ;NotTrue Unless Include Vacuum Interactions, 
» Higher Topology Required, to Model Electromagnetic Reality. 
» Lorentz surface integration discards Poynting energy transport, 
» Has nothing atallto say aboutform of EM entities in massless space. 
» Eliminates the infolded generalrelativity using EM-force as curve agent, 
, Does notinclude longitudinal EM waves as time domain oscillations, 
. Doesnotinclude EW mechanism that generates time flow and flow rate. 


-pwwr chenierorglimages/EM ins /EMerrors:20sm,pg25.4.2005 2:03:06 


-hutp:tiwww che images/EMfndns 1/EMreact 21 


Nowwe are notusing 
Cea material ether. 
ae Trust us! The equations 
do not need changing. 
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REACTION TO Loss OF MATERIAL ETHER 


Material Ether 

Assumed in 

Equations Nota single 
equation was 

Potentials, changed! 


re peARcen 19 
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‘Einstein's 

spacetime 

hasn't been, 
yet! 


rial Ce Material 
Electric ‘ Electric 
Fluid Fluid 
Disturbed Disturbed 
CAUSE ; EFFECT 
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GALLOPING WAVE, 
TRANSVERSE 
WAVE THAT VARIES: 
VELOCITY ALONG 


Z-DIRECTION, IN TIME-POLARIZED 
WAVE FASHION. (TIME ENERGY) 
(Ex:0.01 ¢- 100 ¢) OSCILLATIONS: 
S-SPATAL SCALAR WAVES, 
ENERGY DENSITY X, Y, Z FIXED. 
OSCILLATIONS T VARIES, 
AE RAMAVERSE NONOBSERVABLE. 

[—— WAVES. X AND Y TRANSDUCTION TIME DENSITY OSCILLATIONS. 
ENERGY DENSITY <j» X, Y, ZENERGY DENSITY DO NOT VARY., 
maa a TIME DENSITY NOTOBSERV ABLE, BUT 

(Fe itt eae TRANSDUCTION IS OBSERVABLE. 
ALITTLE, SURGE OSCILL- 

ATIONS IN Z DIRECTION. TIME DENSITY OSCILLATIONS. 
X,Y, ZENERG Y DENSITY FIXED. 
|__ LONGITUDINAL WAVES. TIME DENSITY IS NONOBSERVABLE, 


X AND Y FIXED; SURGE BUT TRANSDUCTION 
OSCILLATIONS IN Z DIRECTION. IS OBSERVABLE. 


~=—— TRANSDUCTION ——-® 


hup:tvww.cheniere.org/images/EMfndns /EMwavesS20sm,jpg28 4.2005 2:06:29 


© T.E BEARDEN 1998 


‘hup:/iwww.cheniere.org/images/EMfndns /EMwave %20sm.jpg 


Air Medium Disturbances Generated When 
Air is Heedtoe| Lays Touched Taut String 


The string wave and 
the holder wave 
never leave the string 
and holder 
String slaps 
air medium 
Wave is a te IN ane Un eat 
alternatively ui i __Can only vibrate mostly abot 
compressive == ras cag Drude 
and = sills Electron 
rarefactive Gee ea 
a: Nuclear 
f { \ ANTIWAVE IN proton 
4 ~~ HOLDER waves 
FE (Highly damped; not shown to scale) 
© yoo, 10057. BeanoEN air medium 
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Vite rtd Pee 
slap (electron) 
ELECTRON SHELLS | time reversed 

AVEC EAD , | Moduiations 
‘f i Virtual photon nux 
NUCLEI \ x on i 4 of the QM vacuum 
(HIGHLY DAMPED) | ee 

1B) @) itting the nuclei perturbati Maxwell 
© ® & Onntted Newton's third taw from electrodynamics 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 


PHASE CONJUGATE REPLICA WAVE 
. 
UMA MMH © 


—____» 
TIME DENSITY WAVE 


Oscillates rate of flow of time 
about some average value 


LONGITUDINAL EM WAVE PLUS 
PHASE CONJUGATE REPLICAWAVE © "=" ™\ "= 
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Scalar Electromagnetics 
S (Energetics) View of EM 


e Potentials real; primary causes of EM phenomena 
~ Force fields made by differentiations of potentials 
— Force fields are effects, not primary causes 
= Force fields exist only in, on mass particles 
e Actions due to potentials and their interference 
= Action ata distance or locally 
— Quantum potential and hidden variables 
e Locally curved spacetime, engineerable by EM 
= Gravity effects not necessarily negligible 
— Strong EM force or time used as agent of curvature 
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Se Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Potentials have internal structure 
— Stoney/Whittaker structure 
— Longitudinal EM phas jug 


— Each wavepair is a tir olarized EM wave 
e Vacuum EM is a potential and has: 

microstructure 

= Stoney-Whittaker biwa\ 

— Fluctuations exhibit chao 


e Spacetime = Vacuum = Potential = Flux 


s/EM Ends: 


Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Statistics may have hidden order (already 
chaotic) 

e Uses spacetime curvature engines to 
alter matter (inside-out or outside-in) 


e Engineerable EM mechanism generates 
rate of flow of a mass through time 


* Quantum potential with specific Q@P can 
be used for instant action at a distance 


54.2005 2:11:07 
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tended General Relativity Principle 


STRUCTURING 


Ps % CURVATURES, 
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Theorem: W=k,- kj =Ak [1] 


k must be interpreted not as energy per se, 
but as collected/collecting energy. 


The reaction cross section 4 for the collecting 
process must be included. 


Extension’ We 2(ky- k,) =AAk [2] 


Normally 4 <1, as for elastic collision or Stokes 
emission. 

However, 1. > 1 is now possible, for processes 
which asymmetrically self-regauge. An example 
is Letokhov's negative absorption of the medium. 


Working models are the Patterson Power Celf® 
and Lawandy lasing without population inversion. 
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e "Space acts on matter, 
telling it how to move. 
e In turn, matter reacts 


back on space, telling 
it how to curve." 
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Use of General Relativity (GR) 
in Particle Physics 


© GR seldom used in particle physics Sees nee 


uaplhw 


In cold fusion, Matsumoto* has applied general relativity 
Consistent with important cold fusion results 

Used spacetime (ST) curvature by energy density 
Matsumoto did not utilize: 

= Longitudinal EM waves 

= Time density waves 

= Time density curvatures of ST (gain = 9x10is) 


T. Matsumoto, *Mechanisms of Electro- Nuclear Collapse,” 
“Foc tech Vancouver BC; Canada, Ap 1998p 
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THE MISSING INFOLDED 
ELECTRODYNAMICS 


INTERNESTED yeagedtinle CURVATURES 
INFOLDED GENERAL RELATIVITY 


tpi 
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"infolded E ngin 
Excluded by Present Ph Present Physics — 


ie SLE MRUL SA IS GITGTITTaE 
SCHR YNDIIDe OL AUAIMUM IEE hEnICE 

l° None of these disciplines include such — 
spacetime curvature engines (vacuum engines) 
singe ST curvature engines are where the 
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mass-to-spacetime spacetime-to-mass 
transformation transformation 
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. $ transform. What i is transmitted and 
propagates. in spaceisas 
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Mass curves and structures spacetime; 
Si curvatures change and structure mass 


ot curvatures Propagat, 


jass-to-spacetime spacetime-to-mass 
transformation wanstorettio 


oe spacetime disturbance 
(vacuumengine) 6 re nese se propagates 
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At Infinits Velogity: 


<®> Each Is Every Other 


SES 


SS 
SPACETIME VIRTUAL POTENTIAL MIND AND 
fhe MIND LEVELS 


| EBFRAN 


MASS E 
© 1997 TE Bearden PLANET 


* 


THEORY DEVELOPED AND FITTED 
HYSTERESIS MEMORY LOOP 
* CONTROLLED EM INDUCTION 

* IMAGES 

* SENSATIONS 

* PREDETERMINED EMERGENCE 
23 EEG BANDS 

* UP TO8.1X102% HZ 

11 INDEPENDENT CHANNELS 


* 
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S.K. Lisitsyn, “New Approach to the Amiysis of Electroencep halagrams,” 
DDC Report ADT300S,p. 16-25. 
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Lorentz Closed Surface Integration 


How can they use that old 
physically insignificant wind?!! 


© TE BEARDEN 1988 


Lorentz’s physically insignificant energy flow can be collected and utilized. 
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the Slepian vector j remains. This measures only the tiny 
portion of the S-flow that is “collecting” on electrons: 
Passing through the resistor, and therefrom being 
dissipated out of the resistor as joule heating It discards 
everything else (all Spgs and Sou). Si becomes Sr. 


Qtr re cemoen 
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* Creates time-density wave pumping 
= Slowly creates time-density charging 


© OTE beneaer 


Fundamental units are arbitrary in physics 
Can express all physics in one unit -- e.g., time 


Time is highly compressed energy 
1 sec =9 x 10s joules of transverse EM wave energy 
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Figure 1-8. Infolded biwave composition of a scalar potential, 
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vacuum A2 * 
(spacetime) Ao 
engine in 
inet 
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© a 
™~™ 
“ge CELL MASS 
highly nonlinear to any 
-«_-O and all LW frequencies 
a 
Antiengine acts upon 


mass at all levels 


As 


AN AMPLIFIED VACUUM es = 
SPACETIME) ANTIENGINE IS longitudinal _- j © rewemven soar 
‘ORMED AND ACTS ON THE Mpump %. H 

MASS, TIME-REVERSING wave i * 

ITAND ALL ITS COMPONENTS A v Ai 
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e Quaternions: 
- Discovered by Hamilton in 1843 
— A quaternion has a vector part 
—- A quaternion has a scalar part 
— First significant non-arithmetic number system 
— Higher topology than vector or tensor algebra 


¢ Maxwell's theory was in quaternion equations 
— 20 equations in 20 unknowns 


— Reduced to a small 4-equation subset 
by Heaviside and Gibbs 
— EM topology dramatically reduced 


© TE BEARCEN 115, 1996 
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Note: Any system mist 
first break equilibrium in its 


Joads and fosses is a symmety- 
restoring operation 


HAXWELL'S 
EQUATIONS: 

BEFORE THER 
REGAUGING 


BEFORE 
REGAUGING 


OPEN SYSTEMS NOT 
N THERMODYNAMIC 
EQUILERUM 


OPEN SYSTEMSIN 
THERMODYNAMIC 
EQUILIBRUM 


SYSTEBS WALICH aS WALICH 

REGAUGE, FREELY REGAUGE FREELY eens 
CHANGE ENERGY, CHANGE ENERGY, (NONE EXIST) 
‘AND SHOW COP<i.0 AND SHOW COP>i0 

BY DESIGN BY DESIGN 


———_—_— 
ASYMMETRICAL SYMMETRICAL 
REGAUGING REGAUGING 
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Maxwell's four equations reduce to: 
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Page 1 of 2. 


v’o Rede ere [1] 
ern 
ede ris Ae aes [2] 
c at c a c 
Ais replaced by A’, where 
A =A+VA [3] 


The new B' field then becomes 


B =Vx(A+VA)=VxA+0=VxA=B 4] 
Anew E-field will also be formed. So let 


o=9-14 5] 
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Page 2 of 2. 
Per Jackson, (A,®) are habitually chosen so that 


1a@ 6] 
ce Ot 


The net symmetrical regauging separates variables. 
Two inhomogeneous wave equations result: 


2, 
* a aoe a oy 
10°A 4a 
sae a ea 8) 


@ TE BEARDEN 1997 


Equations [1] and [2] arbitrarily changed to [7] and [8] 
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Energy, Observations and Comments 


WERWNe 


. A Conservative Field Requires a Single-Valued Potential 


. Earth-Electrosphere and Earth-lonosphere Capacitors 


. Earth's Poynting Energy Flow 


. The Hidden Energy Flow around us 
. Electrostatic Fields of the Earth's Electrosphere Capacitor in 


Fair Weather and Thunderstorms 


. Flow of Current and Energy Into, Through, and Along a 


Conductor 


7. Energy "collected" on a charge 


. Fiber Fuse Effect 


. Impact of Vacuum Engineering 


. Lawandy's Experiment 
. Field may be nonconservative for a multivalued potential 


. The Ostrich Problem - Part 1 
. The 
. Russia had Overunity Devices in 1930s 

. Energy output of human body 

. A "static" Poynting S-flow free-energy generator 


. Topology and Energy Conservation 
. Block Diagram: Sweet's Vacuum Triode 


‘ich Problem - Part 2 
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Qeesye semcen 
Acircular closed path in potential ¢ Is given by A-8-C-B‘-A. 
Line integral from A around any closed path back to A Is conservative. 
Along path AB-C, work W(1) may be extracted from rolling ball. 
Along path C-B'-A, must do work W(2) on ball, where W(2) = -W(1). 
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Energy 


Earth-Electrosphere and Earth-lonosphere Capacitors 


‘Varies from about 100 km 
to about 400 km and has 


‘muitipte layers 
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Energy 


EARTH'S POYNTING ENERGY FLOW 


POYINTING FLOW, WITHINITS © BLOW OF POYNTING ENERGY IN THE 
-ELECTROSPHERE CAVITY 
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Figure 19. The world of physical matter exists behind a dramatic 10 “fitter 
in a fiery cauldron of fierce and primeval EM energy flow. 
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Poynting flow S (outside) 
FIELD ENERGY DENSITY FLOW 
dO/dt vze 


yrs 17 (insite) 
dm, /dt 


s, (outside) lossfree 
dQ/dt | Poynting energy flow S 


(WORK FLOW) 


dm ,/dt { nse) drift current i 
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Slide 


Regauge 
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Slide 


Charged Particles 


Figure 17. Energy “collected” on a charge depends upon the charge being 
in acontinuous Poynting S-flow. When S ceases, there is no 
excess energy “collected” on the charge. Energy collection 
never occurs In chunks, but is always a dynamic, ongoing process. 
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341A. Fiber fuse destroys core of fiber optics cable of indefinite length, pitting core with holes. 
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31B. Reversed second fiber fuse often restores pitted core in cable, filling holes back up. 


Figure 31. Fiber fuse effect and its strange anomalies. 
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Vy Impact of Vacuum Engineering & 


= "If they [quantum fluctuations of vacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete — and so would 
many of our worries about environmental pollution." 

= “Don't sell your oil shares yet — but don't be surprised if the 

world again witnesses the four stages of response to any new 

and revolutionary development: 


—1, It's crazy! 
—2. It may be possible -- so what? 
-3. | said it was a good idea all along. 


—4. | thought of it first." arnurc. clarke 


“Space Drive: A Fantasy That Could Become Reality" 
Nov/Dec, 1994 


= Comment: 
- Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 
-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 
—The circuit interacts with, and uses, only about 10°" of S. The 
electrodynamicists calculate only this small S-component. 
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Figure 28. Lawandy’s experiment (Letokhov-Lawandy effect) with multipass, 
multicollection of energy. Formation of a quantum potential can 
also become involved. Retroreflection and self-targeting are key. 
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Potential © 1s multi-valued from D to A 
Line integral from A around this closed path back to Ais nonconservative. 
Along entire path A-8-C-B'-D, work may be extracted. 

No work is required to go from D to A. When ball arrives atD, it also 
arrives at A simultaneously. |.e., the potential “jumps” in magnitude. 
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Allour antibiotics are falling! ‘We have to relegate EM effects 
Millions will die from the new —_ on biological systems to the 

age of pandemics and from trash heap. We can only try to 
terrorists’ BW attacks!! find more drugs s. 


Figure 33. The only problem is the ostrich problem. 
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‘Actually, Priore already showed 
how to cure most dread diseases, 
by making and directing vacuum 
engines. Becker showed you it 
worked. Develop it and use #! 
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We have to keep polluting the 
Earth, if we areto have lots of 
electrical energy! 
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. The only energy resource problem is the theoretical ostrich problem. 


Actually, a single one of our large electrical 
power systems already produces all the free 
Poynting energy the world could ever need! 
We just have to learn how to collect more 

of it and use it without continually destroying 
the source dipole! 


We must become theoretical owls, rather than ostriches. 
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RUSSIAN "SWITCHED PARAMETERS” DEVICES: 
SELF-OSCILLATING ROTARY GENERATORS* 
eee eee ee ee 
*  Excites oscillations without explicit sources 
of magnetic or electric forces (i.e., regauges) 
- Periodic variation in system's parameters to Slide 
* Experimental and theoretical proof indet 
- Multiple successful systems made, tested Next 
* Papers published in Russian, French journals “** 
* As theory predicts, power continually increases Hs 
unless load is adjusted to stabilize system — 
* Several large systems tested to self-destruction 


* Several large stable systems built, tested 


*"On the parametric exctaion of electric oscillation 
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Figure 20. One human body produces more energy flow than all the electrical 

power loads on earth dissipate. However, only 100-200 watts of its 


own energy output is collected and dissipated by the body. 
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Figure 18. Astatic" Poynting S-flow free-energy generator. 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
= a EM waves and complexes 
= lations in time domain 


@ These complexes are an infolded general relativity 
— Clustered formations gbnce ime caueviltaes 
- Very powerful, since the force is u as 
age! curvature iis: 


@ In general relativity, similar precise complexes 
permeate and act on any mass at all internal levels 


@ With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 


@ Priore unwittingly used this to cure dread diseases 
@ This is a revolution in all of science © TE BEARDEN 1008 


@ We have uncovered the major mechanisms to utilize 
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© Scalar EM weapons 
© Scalar EM disease induction 

* Alteration of behavior and emotions 
© Alteration of memory 

© Direct thought contro! 

* Action-at-a-distance effects 
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e One terrorist, one light aircraft 


with spray tank ta 
© 100 kilograms of anthrax to Slide 
e Flies over greater metropolitan Index 
Washington, D.C. i 
e Calm night sae 
¢ 1-3 million casualties result* = 
e Most of those stricken will die ees 


Slide 


e Presently little can be done 
to save the stricken civilians 

e Attacks on several population © 
centers might produce some 

a 10 million or more casualties 


“Per OTA Report to Congress, 1983, 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists C 
e Some 25 nations have WMD or 
are acquiring them 
— BW agents and weapons r 
— Chemical agents and weapons 
— Nuclear materials and weapons . 
¢ Thousands of students and emigres 
e Infiltrated teams, BW, other WMD already 
* Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili 


“Por OTA Report fo Congress, 1993 
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° No shelters juire overpressure, 

BW terre masks, showers, supplies) 

° No stockpiled vaccines, medical supplies, 
immunoglobulins, masks, suits, food, fuel, 
generators, heaters, water purification units 

e Totally insufficient medical facilities, 
personnel, and emergency response teams r) * 


® Triage, full martial law will be required d 
¢ No answer to massive ntamina blem 


e State, county, city inadequately staffed 
and insufficiently trained for mass casualties 


Terrorist teams, BW agents, other WMD on site, waiting 

e Water supplies, food, crops, farm animals also vulnerable 

e Electric power grid, bridges, trains, railroads vulnerable 

° Present medical science cannot save very many of the 
casualties, now or in the foreseeable future 
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‘The Priore technical mechanism unwittingly 
involved a dramatic extension to both 
nonlinear optics and general relativity. 
However, nonlinear optics itself had not yet 
been born in the 1950s and 1960s when 
Priore worked out his methodology. The 
extension to general relativity has not 
been previously envisioned even to the 
present day. When the Priore project was 
‘Suppressed by the changed French 
‘government in the mid-1970s, nonlinear 
‘optics itself was just being initiated. To 
the present day, however, there has 
previously been no Inkling of the dramatic 
‘extension to NLO that arises by using 
longitudinal EM pump waves and thereby 
pumping in the time domain. 

{tis little wonder that Priore himself did 
not understand the nature of the technical 
mechanism he was utilizing, and neither did 
anyone else, and neither has anyone else 
Prior to this time. 


© 1000 TE tewrden 
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‘Among other things, Pautrizel treated 
seriously infected immature rats with 
the Priore ray. These rats had never had 
‘@ mature immune system. When thoy 
were removed from the machine, they 
still sickened again and died, because Next 
their immature immune systems could Slide 
not resist the pathogen (Trypanosoma). 
‘So even though the damaged cells were 
reversed back to normal, the “normal” Previous 
immune system was unable to fight off Slide 
pathogens, which reinfected the cells 
and killed them, killing the rats, 

This established the time-roversal 
nature of the therapy 


=e -@ 
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* FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 


& 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD” 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 


ee ° 


DISEASE CAN BE REVERSED BY CREATING AMPLIFIED | 
VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 

* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE "INNER EM” DOMAIN, TIME-REVERSING THEM 


* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 

* PHASE CONJUGATES ADDED BY THE PLASMA 

INFOLDED MIX INTO STRONG PULSED DC MAGNETIC / 

FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI kK iin 

* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO i ae 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE Slide 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 

DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 

HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. \ 
* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 4 


RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING 


4 


* NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


comer Comverse 
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Priore’s therapeutic methodology: 
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NOTE: Priore therapy MAGNITUDE OF 
SUSCEPTIBILITY 
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*G.J. Stoney: 
Decomposed the scalar potential into bidirectional wave pairs. 


"On a suppoeed proot ofa theorem mn wave maton” 
143), 1897, p. 08-373 (and nevers her papers). 


Return 
= ET. Whittaker: to Slide 
Decomposed the scalar potential into a series of bidirectional EM wave pairs in Index 


harmonic series, where the two waves in each pair are conjugates (/.2., a 
wave/antiwave pair) and are longitudinal waves. 


On the partial ferential equations of mathematica 
phyeca” Math. Ann. Vol 67, 1003, p. 333-386, 


Showed that all classical EM ~ including waves -- can be replaced by two 
interfering scalar potential functions. (This founded superpotential theory, 
extended by Nisbet, Bromwich, Debye, McCrea, and others.) 


“Dr anerprntn oe eacronagrte ao 
sectrons by mears cf wo scala! potent! functone, 


rm Lond Math Soe. Seren 2. Vk 1, 1904, 9. 387.372 


iedogendenth retsoovered the biwaye degampostion of the seater poteatiel ond 
added the product set (in theory enabling modulations and communications) to 
‘Stoney and Whittaker's sum set. 


‘Varovs papers. 1085 to date 
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Subdivisions of 
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Energetics | Bioenergetics | Psychoenergetics 
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Bunge on the Status of 
Classical and Quantum Physics 


"... itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge. , Springer-Verlag 
@ WHTE BEARDEN New York, NY, 1967, p. 176. 
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EINSTEIN ON REVIEWING FOUNDATIONS 


"the scientist makes use of a whole arsenal of concepts which 
he imbibed practically with his mother's milk; and seldom if 
ever is he aware of the eternally problematic character of his 
concepts. He uses this conceptual material, or, speaking more 
exactly, these conceptual tools of thought, as something 


obviously, immutably given; something having an objective 
value of truth which is hardly even, and in any case not 
seriously, to be doubted. ...in the interests of science It 

Is necessary over and over again to engage in the critique of 
these fundamental concepts, in order that we may not uncon- 
sciously be ruled by them.” 


Albert Einstein, “Foreword,” in Max Jammer, 
Concepts of Space: The History of the Thoories 
of Space in Physics, Harvard University Press, 


roy Cambridge, Massachusetts, 1969, p. xi-xil, 
ee Ed 
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Einstein's Spacetime 


TE BEARDEN 1608 


Maxwell's 
a Material Ether 


| 3 Material Material ‘| i 
, Pr 
| Electric Electric . 
ty Fluid All meoeys Da ontiios, Fluid shade 
' are defined only in and of 
; Disturbed Charged matter. Ali are 


Disturbed 
material entities. There —————— 
was no place devoid of 
mass, in the universe. 


MAXWELL'S Et TIONS ARE MATTER-TO-MATTER TRANSFORMS 
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THE MISSING INFOLDED 
ELECTRODYNAMICS e) 


nothing a it say out 


Material Material 
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INTERNESTED SPACETIME CURVATURES 
(VACUUM ENGINES) } 


pe JAFOLPED: SEMERAL RELATIVITY <a 


—— TE BEARCEN 1900 
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Nonlinear Optics 
Distortion Correction Theorem 


"If a scalar wave E;(r) propagates from 

left to right through an arbitrary but lossless 
dielectric medium, and if we generate in 
some region of space [say near z = 0] its 
phase conjugate replica E2(r), then Ez 

will propagate backward from right to left 
through the dielectric medium, remaining 
everywhere the phase conjugate of E1." 


sy © 1 1908, Yon TE EARN 
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© TE BEARDEN 197 


* * © W£TC, 


Wavepair #3 


Wavepair #2 


Wavepair #1 
** * LETC. 


DISTANCE 
A harmonic set of longitudinal EM wavepairs. in each wavepair the two waves 


The Structure Is: 


correction theorem of nonlinear optics. Each wavo in the biwave pair is a galloping 
wave. Each wavepair is a standing electrogravitational wave. in nonlinear optics, 
‘such a wavepair is a pump wave which pumps in the time domain, 

Note: Think of the oscillations as velocity modulations. 
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The Zero-Vector Axiom Destroys 
“Topologies within Topologies” 


—————— SSS Ss 
e The axiom: There is a unique vector, 0, in V 


(the vector space) such that Return 
V+0=0+V_ eT eS a 
e Note that V + 0i=0;+ V; Oi=- Oi= n0i 
so Oi = Oj} = Ok =...+ On=... a 


e This makes all 0i equal by assumption, bs 
since there is assumed to be only asingle — stiae 
type 0 without real components 

e In fact, 0 is not unique. An infinite number 
of different zero-vector systems, with real 
components, satisfy the zero-vector axiom. 
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(Ane electrogravitational wave) 


rasan slantsagravtstionsl standing wave 
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(waves with velocity v, where 0 < v 


@ Major equations of interest having UPW solutions are: 


— Homogeneous wave equation Searaeee ie Sere Return 
- Maxwell equations to Slide 
- Dirac, Weyl, and Klein-Gordon equations Index 

@ UPWs are translationally invariant, and do not spread, or Next 
they reconstruct their original form after a certain period. Slide 

@ UPW solutions have infinite energy. Quasi-UPWs can have —— 
finite energy and can in principle be launched into space. Previous. 

Slide 


e@ Subluminal Maxwell solutions are called EM particles. 
Superluminal Maxwell solutions are called X-waves. 


e@ Experimental results indicate such waves will be produced 
within the next few years. @ 10 Te weanoen 


@ Nimtz has translated Mozart's 40th symphony at v = 4.7c. 
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Velocity modulating a longitudinal 
EM wave oscillates rate of flow of time 


Observer sees it this way 


Constant transverse wave magnitude 


i 
a Wave oscillates its velocity along 
i its path, about a nominal value 


Ya— ——____ 


t ___Wave oscillates this way 
We, Constant transverse magnitude 


{7 
7 | Wave oscillates magnitude of its 
transported t, about a nominal value 


‘* Waves consist of photons 
+ Each photon consists of energy x time 
+ Each photon carries time as well as energy © wor TE OEAEN 
‘+ Awave is both a spatial energy dynamics and 

‘a temporal dynamics 


= Wave complexes carry dynamic time structures ss well as 
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In physics, the primary units 


selected are arbitrary. Every: 


THON thing can b ed, 0.9 
so can photon spin to Slide 
Index 


vacuum SPIN? ED 

— SPIN 2 ENTITY? 
itis, inthe time previous 
domain. Slide 


’ 


REACTION LONGITUDINAL 
3 ANTIPHOTON 
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Return 
Thee to Slide 
(AE)(At) + M => (M+AM)At => M + (AE)(At) Index 


Flow of macroscopic time (observable photon interactions) 


Next 
Slide 


Previous 
Slide 


The photon interaction generates an observed quantum change and a discretized jump 
{n the rate of time flow. A particle observably changes by only a single A tata time, 

The background flow of time in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


Return 


to Slide 
Index 


(© TE BEARDEN 1007 


Transmitter Arrays 
(8 to 20 harmonic wavepairs each ) 
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Deep penetration of weak signals in a dense signal 
environment, by nonlinear retroreflection 


phase 
wor internal 


jons I 

generated signals from the interior, impinging 
the pumped (stressed) nonlinear surface areas Phase conjugate replica 
tu simultaneous exterior ubersciione coca 
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i 
=e aaee inter 


‘* Leakage provides ultraweak, coherent 
photon emission from tho systom 


| Precinal few to 
* Some 100s of photonslem?isec 
| # Optimum signal-to-noise ratio 


* A single dolayed blophoton may be 
able to tioger gor 10% reactions ina coll 
fo eisese 
. Spectum almost continuous within 
‘optical range from 


* DNA, all other processes are sources 


. Prchetie emission shows biological 


always out of equilibrium: * Single main process of whole system, 
« Emission has holistic characteristics rocesses strongly coupled 
* Correlations to most, if not all, of the «Information fu inction and sync of 
biological functions of the organism biological clocks (oscillators) 


Se => i > o> Tt om 
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CANCER: CHARACTERISTICS 


NOT ONE DISEASE BUT A WHOLE RANGE 
STARTS IN ORDINARY (AEROBIC) CELL 
CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
STARTS UNCONTROLLED DIVISION 

BECOMES A LUMP 


CAN SEND FORTH CANCER CELLS 
- THROUGH BLOOD 
- THROUGH LYMPH 


@ THESE FORM METASTASES (SECONDARY TUMORS) 
@ OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
@ ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 
— SUPPRESSOR CELLS MAY CURB IMMUNE SYSTEM 


— TUMOR MAY LACK ANTIGENS NORMALLY IDENTIFIED 
BY THE IMMUNE SYSTEM 


*R&R system forces cell back toward anaerobe 


Return 
to Slide 
Index 


concn se (©1008 1 ears 


_itp:/w ww cheniere-org/bviefings/DoDPriore/stides/O41 ftm24.11.2003 19:16:01 


Priore DoD Briefing 


ATHOSPHERE Return 
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AIR 


Return 
to Slide 
Index 


e 
e 
Severely reduced 6 Severe pollution | Next 
oxygen transport 4 Slide 
° (Suchas @ St 


BLOOD CELLS e e ° Pt Previous 
Slide 
LUNG 
SACS 
BODY TMOSPHERE 
cowcnon Ors bee 
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MULTICELL 
AEROBIC" 
(INCLUDES MAN) Return 
to Slide 
Index 
@ isa 
SINGLE CELL SINGLE CELL Slide 
ANAEROBIC AEROBIC" 
CENTRAL CONTROL 5 
OXYGEN ‘a sats Previous 
a i PATH AS IT Slide 
DEVELOPED 


TIME-REVERSED 
—>_ +}————— << PATH FoR susTAINED 
OXYGEN DEFICIENCY 


SINGLE CELL ~______~ 


FIRST STEP IN cl 
DEDIFFERENTIATIOS 


canchon © TE Bearden 
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* Two major links uncovered between : 
— The DC system and nervous system 
— The DC system and all body cells 
* Bioelectric potentials of primary importance 
© Physiology presently considers controls limited to: 
— Neural action potential 
— Various hormone chemical agents 
— Chemical agents associated with DNA/RNA system 
* Complete Operational Biological Control System: 
— Controls growth, healing, biological cycles, etc. 
— Operates in ANALOG mode; various levels of DC 
— Interlocks physically with nervous system (and may be its precursor) 
— Other chemical agents 
— Tissue growth and healing NOT INCLUDED 
* Medical community now more concerned with diseases resulting from. 
— Inadequate/abnormal growth 
— Inadequate healing 
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Application of ti SiS COTS SO ane Corre Ones. 
fractures. Only picoamperes are utilized. Pulsed DC 
current or pulsed magnetic fields may also be utilized. 


Proves that cells can be time-reversed (phase conju Tums into type of cell that 
(dedifferentiated) or time-torwarded (redifferential ‘makes bone 
application of very weak electromagnetic sit 
those signals contain longitudinal bidirectional EM “pur 
wave" wavepairs, which cause tho eall and its parts to create 
precise vacuum antionginos. 


[Deposits in fracture site, 
healing the fracture 
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‘Trauma Producing 
Tissue Loss 


Local cellular effect 


Local nerve effect 


CNS effect LE, Alterations in hormone 


pattern (prolactin) 


Alterations in local 
DC field pattern 


i 

es’ 
Local and systemic 
pools of target cells 


Phase Il 
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@ Standing DC potentials on intact surfaces of all living animals 


demonstrate a complex field pattern spatially related to the 
anatomical arrangement of the nervous system 
—- Can be measured directly on the peripheral nerves 
— Polarity difference related to whether nerve is or is not a sensor 
— Steady (weak) current flow exists 
— Demonstrates solid state/semiconductor phenomena 
- Accurately reflects (amplitude and polarity) the general level of neural 
activity 
* Sleep versus wakefulness 
Anesthesia versus conscious 
* Other parameters 
@ DC levels determine the level of neural activity 


@ Action potential system exists upon a substratum of DC 
potentials which pre-existed it 


@ DC potentials substrata had and have control functions over 
basic properties of the living organism © TE.BEAROEN 1908 
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@ Cellular processes are regulated by a precise control system 
@ Attempted to Boel enumesciog ai control-system theory 
@ Cells and tissues jid-state electrochemical features Return 


which provide control signals in the control system to Slide_ 
— Growth process Index 
— Electron transfer Aagenernion aoa” Bul RL Rand Md ae ay TOT. 627-4 


— Semiconduction 
— Self-organizing (NOTE: implies hidden variables and nonlocal causality) Next 
@ Complex ical events at the injury site initiate cellular Slide 
aspects suc! dedifferentiation and mitotic activity 
e neration is a 2-step process, each with different controls 
— Electrical triggers with threshold values results in appearance of blastema = 
— Complex data transmission to blastema establishes it as a self-organizing Slide 
system capable of growth and redifferentiation 
— Mammals lack ability to produce blastemas except for bone, but partial 
regeneration growth has been shown in response to electrical stimuli 


@ Growth related to electrical more than electrochemical aspects 
@ Hematopoietic marrow as source of cells for the blastema 

— Monocytes can take place in regenerative processes in limbs 

— Lymphocytes can dedifferentiate under certain circumstances 

— Marrow elements can be induced into osteogenesis © TE BEARDEN Yo08 


Previous 
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Corrections For the Present EM Bioeffects Model 
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Kaznacheyev's Cytopathogenic Mirror Effect 
cee Diseas rp linph avalon pdr and waves 


| 
| 


Note: Minimum lattice is one harmonic interval: IR to UV is such a minimum G-lattice. 


Distant induction of cellular death diseases, by special EM means. 
Coupled photon-antiphoton pairs jitons) in a structured harmonic 
lattice ordering constitute the disease or disorder template. 
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MICROWAVE RADIATION OF 
U.S. EMBASSY IN MOSCOW 


BACKGROUND 


+ Began in latter 1950s 
+ Discovered on VP Nixon's trip 
+ Initially Soupht to be nuclear radiation 
(Discovered w/Geiger counter?) 
+ High level target - U.S. Ambassador 
. Guarantees personal attention of: 
. Ambassador to USSR 
= U.S. President 
NSC, etc. 


= NSA, CIA, DIA, 
= Top consulting scientists 
= Leading U.S. ‘Lientitic institutions 
* Two U.S. Ambassadors died, another sickened 
* Anomalous health bape Br germonnes, only 
in zero-field (zero pot'l gradient) areas! 
* Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then again increased 
* No one could understand what was going on 
+ Aluminum screens were placed over windows 
Moscow was declared a hazardous duty zone 


Former U.S. Embassy in Moscow. 
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<@\S- Channel Can Produce a 


Self-Targeting in Inner EM . 


Quantum Potential 


‘Once OP is estabiiahod, 
is direct and instantaneous. intranet, Bharat ore 


‘single participant will simultaneously 
Sir priate, th mau Sepang on that 
fractions of participation with the input station. Ny 


e@====-@ ™ 


HN CONNECT 


xe org/brieFings/DoDPriore/slides/05S Jtm24.11.2003 19:17:28 
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NARROWING OF INTERACTING siaerefnnememnanone 
POTENTIALS INTO LASER-UIKE 

BEAMS, BETWEEN TWO PUMPED 


Priore DoD Briefing 


a. Quantum Potential Characteristics ““"""""" 


"A quantum particle moves as if it were subject, in addition to its 
external potentials, to a potential which is a function of its own 
probability distribution.” 


Bohm's H.V.T. assumes: 
— Particle and wave function real and separate 
Wave function obeys Shroedinger's equation 
Particle obeys classical mechanics 
Particle couples to wave function through a quantum potential 
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* Separated points are superposed in MCST 


intervening distance in iT is zero 

onnection is instant and bidirectional 

ropagation through ST does not apply Reionn 
Energy or ime ‘engine input to one station a 
instantly rs at each and every other station, to Slide 
undiminished in magnitude Tadex 

* Ultimate net-centric warfare effect —— 


Next 


Note: Vulnerability. Any other 
station may inser 

or vacuum engin 
same quantum pc 
conjugating the hostit 
can negate its effec 


© TE BEARDEN 1996 
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And Typical Comparative Disease Curves 


Note: There is cumulative genetic damage to germ cells also. 


mun. uct. 
OF IMMUNE TREATMENT “@ = intensity of 
oe na Rea = intensity o 
srstew ‘exposure 
is Return 
to Slide 
DEATH OF THE HOSTIPATIENT 
Index 
PERMANENT OISEASE STATE 
Next 
FULL DISEASE STATE stide 
TRACE (LOW-LEVEL) SEASE 
Previous 
PRE-ISEASE STATE Slide 
SHADOW DISEASE STATE 


"EXPOSED WITH MOST CUMULATIVE DAMAGE 
=) =" "=" EXPOSED WITH MULTIPLE AGENT INFECTIONS ANO RECEIVING MULTITREATMENT 
EXPOSED WITH LESS CUMULATIVE DAMAGE 

NON-GULF WAR: TYPICAL NORMAL DISEASE WHICH KILLS PATIENT 


= = om Te macen 
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Force Fields and Symmetry 
Le 


= Force fields are nature's way of imposing 
local gauge symmetries on the world Return 
= E.g., electromagnetic field is a manifestation 
of the simplest known gauge symmetry 


consistent with the principles of special nes 
relativity ~~ 
= For the EM case, the gauge transformations a 


correspond to changes in 'voltage' from place 
to place 


© T.E Bearden 1995, 1996 
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Aspects of Strong Local Asymmetry 
SEES SSS SS SST 
= If local asymmetry is strong, conservation laws 


may be appreciably violated 

* Energy © T.E Bearden 1995, 1996 
even Return 
5 Sali to Slide 
« Momentum =e 
* Angular momentum Next 

= Properties of an object may differ appreciably for Siide 
© Different observers Previous 
« Different detecting means Slide 


* One time to another 
e® One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
® Strongly breaks local symmetry 
e Provides spacetime engines giving the above effects 
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Other Aspects of 


Strong Local Asymmetry 
ees 


= Local spacetime is curved © TE Beaten 1995, 1996 

= Lorentz invariance of vacuum is violated Retort, 
= May be a local "sink" or "source" 

= Gravitational/inertial effects from EM 


= Translation between virtual and observable Next 
= Electrogravitational solitons alts 
= Action at a distance Beatin ts 
= Transmutation effects may exist Slide 


= Scalar/pseudoscalar field translation 
= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
symmetry allows internested clustering of 
spacetime curvatures. These spacetime 
structures are vacuum engines, or spacetime engines. 
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ae _— V= 10° volts Return 


to Slide 
Surface layer of Cellular membrane Index 
fluid atoms surface 
Next 


ae _— d=10° meter = 


Previous 
Slide 


E =10° volts/ meter 


Sx f(E*)= f(10") 


© tor Te weannen 
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@ What is taught is the “interaction cross section," i.e., the 
joules collected from the associated S-flow by one point 
coulomb of intercepting/collecting charge. Reto 


W=Vq=6q (joules) [4] 22 
$¢=Wq_ (joules/coul) — [2] 


Next. 
Let <1 and fixed; q =n where n= 00 Slide 
W=>k, where k =00 [3] srevious 


® From any "finite" potential, no matter how small, an unlimited Side 
amount of energy can be collected, by increasing the a 
collection (number of coulombs) (interaction cross section). 

@ Actual magnitude of the potential must be very, very large, 
since we can treat it as infinite or unlimited, via W = ¢ q. 


®@ Else Equation [1] could not be linear. 


© re wesncen ver 
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Table A1. THE VACUUM ENERGETICALLY INTERACTS 
WITH EVERY PARTICLE, CONTINUALLY. 
eee 
e 


@ Ground (zero) state of the electromagnetic (photon) field. 

@ Ground (zero) state of mass field. 

@ Empty of observable particles or photons. 

@ Filled with non-observable (virtual) particles and photons. 

® Violently fluctuating microscopically and electromagnetically, 

@ Constantly interacting with all particles, including partially 
shielding their bare charges. 


Lamb Shift - vacuum's alteration of the energy level of an electron in the 
hydrogen atom. 
-- Difference in energy (frequency units) is 1057.862 MHz. 
-- Lamb was awarded a Nobel Prize for showing this. 
-- Energy density exceeds that of the sun's surface! 


® Casimir Effect - vacuum creates an attraction between two conducting 
‘surfaces in close proximity. 
- experimentally proven, well-known. 9 wena 


@ Cole and Puthoff proved that there is no thermodynamic reason why 
cannot be extracted from the vacuum as heat and power, and utilized. 


@ = The common dipole is a broken symmetry in the virtual photon flux of vacuum. 
it extracts virtual energy, integrates it, and re-emits it as Poynting energy density 
flow S = ExH (which observably interacts with charged particles and magnetic 
poles). 
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(Adding Vacuum Engines) 


@ Any EM field or wave is created by (comprised of) two 
potentials which interfere with each other in a given area 
— May be either scalar or vector potentials 
- May interfere locally or at a distance 
- Process is distance independent 
e Hw scalar potential is comprised of a harmonic series of 
bidirectional longitudinal EM wavepairs (Whittaker 1903). 
@ Ziolkowski circa 1985 added the interior product set to 
Whittaker's sum set. Thus he added modulations. 
® By assembling a deliberate "sum and product" set of 


biwaves, a scalar potential can be created having an 
internal deterministic structure. 


- This structures local vacuum eres pacetine 
curvatures, in specific forms 

— Now have added srcery anaes 

- Have infolded general rela inside electrodynamics 


© ‘00 Te BEARDEN 
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“ Structured 
Internested patterns Einsteinian spacetime 
of spacetime 
curvature 


Demons are ‘ 

EM hidden variables Demons work 
organized into at all leveis 
dynamic structures 

at all levels TE BEARDEN 1008 
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STRUCTURING DETAILS OF 
pb OF ACTIVE STRUCTURING Return 
SPACETIME OF ACTIVE to Slide 
CURVATURES “SPACETIME yee Index 
Vi \ CURVATURES = 


\ (TEMPLATE) 
| \ 
i 


Previous 
Slide 
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i OLE ‘energy) and Curves and structures spacetime complexes (engines). 

+ Curved and structured spacetime engines produce forces on mass and its components, 
toling them how to move and structure 

° Stocks coh fs Obtained byt oe we pres erst war powcet sand wnree. 

* General relativity becomes directly engineerable in devices of unparalleled capability. 


"ities 
spacetime-to-mass 


mass tn _ transformation 
4 ae, ves 
__ altered, -_ altered Sees Slide 
ae os a 
YY | \ Previous 
. * » ¥/ % Slide 
Complex of ST curvatures deivuninies: 
{vacuum engine of propagates po: 
ics has a hidden but el 
infolded inside oudeed! its so-called potentials, fields, and waves: 
(in space in the absence of mass). What are ined as. 


potentials, 
‘mass, as pointed out by Aharonov and Bohm in 1959. All of this is just 
longitudinal EM waves and their interactions. 
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SIGNAL VERSUS VACUUM ENGINE 
@ 


‘© INFORMATION RECEIVED 


® ANY OVERT PHYSICAL 
es ACTION MUST BE Return 
TAKEN BY RECEIVER aL 
to Slide 


‘SIGNAL (INFO) Index 
A. Receiver must do the action itself; vacuum energy is 
unalored. Energy or ful fr ding the acon must be 10 Next 
Slide 
(© 1954, 996. 1997 TE BEARDEN Selected cipart© by Lotus SmanPics 
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e An EM potential is gravitational due to its trapped energy. 

« A local EM potential is a local curvature of spacetime. Return 

e Structured potentials are structured (nested) local 
spacetime curvatures; hidden variable theory applies. 

Structured potentials thus are vacuum engines. Next 

« Gradient-free potential penetrates the atom, into nucleus. Slide 


With steady application, a structured gradient-free potential ; 
can be used to engineer the atomic nucleus at will. Events 


« Normal cold fusion systems structure a small fraction of 
their potentials, by chance geometries, boundaries, etc. 


e This produces some new nuclides, but haphazardly. 


« The process can be developed and controlled. The 
nucleus can be deterministically engineered at will. 
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Vacuum Engineering 
Using Inner EM Energy and Structuring to Engineer Physical Reality 


Vacuum Potential (Violent Flux) 
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@ /mpact of Vacuum Engineering » 


= "If they [quantum fluctuations of vacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete -- and so would 
many of our worries about environmental pollution." 

= “Don't sell your oil shares yet -- but don't be surprised if the 
world again witnesses the four stages of response to any new 
and revolutionary development: 
—1. It's crazy! 
—2. It may be possible -- so what? 
-3. | said it was a good idea all along. 
—4. | thought of it first." jrnurc, clarke 


"Space Drive: A Fantasy That Could Become Reality” 
Nov/Dec. 1994 
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Comment: 
— Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 

-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 
—The circuit interacts with, and uses, only about 10" of S. The 

electrodynamicists calculate only this small S-component. 
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PREVIOUS 
VACUUM 
i? ENGINE 


PREVIOUS 
MASS 
STATE 


Return 
A, to Slide 
Index 


Next 
Slide 


Previous 
Slide 


a 


a. Pumping with transverse EM waves b. Pumping with longitudinal EM waves 
produces a time-reversed wave. A, and A, time-reverses the mass itself. 
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(Energy and time are canonical) 


@ Time can neither be created nor destroyed 
~ Its form can be changed, and it can be positive or negative 
- Time can be collected or dissipated, converged or diverged 
- Time can oscillate and move in waves 
- Longitudinal (infolded) EM waves oscillate time 


@ Time is always in motion, and that motion is variable 
- Collected/collecting time is a continuing stationary 
change in an ongoing time flow 
- Time/collecting time can be internested and internally 
Structured 
@ Time has gravitational aspects 
—- Negative (trapped) time is antigravitational 
~ Emitting negative time is gravitational, to the emitter 
@ Nonlinear optical pumping can use longitudinal EM waves 
~— Pumping a nonlinear mass by longitudinal (infolded) EM 
waves pumps it in its masstime form, in the time domain 
- This creates an amplified vacuum antiengine for the mass, 
and time-reverses the mass back to a previous state 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
— Longitudinal EM waves and complexes 
— Oscillations in time domain 


@ These complexes are an infolded general relativity 
— Clustered formations age ime curvatures 
- Very oad since the force is as the 
agent of curvature 
@ In general relativity, similar precise complexes 


permeate and act on any mass at all internal levels 


@ With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 


®@ Priore unwittingly used this to cure dread diseases 
® This is a revolution in all of science © TE BEARDEN 28 


@ We have uncovered the major mechanisms to utilize 
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Solution to Mass Casualties Treatment Problem 


Threat and Current Status 
Historical Solution; Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


Previous 
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™ FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 
* DISEASE CAN BE REVERSED BY CREATING AMPLIFIED | 
@ VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 
* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE "INNER EM" DOMAIN, TIME-REVERSING THEM 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD" s Index 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES — 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 


Next 

+ PHASE CONJUGATES ADDED BY THE PLASMA = 

QRH | iweoLDeD mx nro sTRONG PULSED DC MAGNETIC — 

FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI KC ; 
* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 

PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. ‘ 


* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 4 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING 
™ NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


* 
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SURVIVORS OF N CASUALTIES 
(N = 1-40 MILLION) 
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TYPE TREATMENT RECEIVED 


EXPRESSED IN FRACTION SURVIVING 
@ With conventional treatment 

With 1st generation P-treatment 

G With 2nd generation P-treatment 

@ With 3rd generation P-treatment 
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Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 
Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 
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Summary and Conclusions 


@ Anew therapeutic paradigm of great scope 
and effectiveness has been developed 
- Will provide effective, quick treatment of mass casualties 
- Will provide cures for unknown agents 
- No pathogen strains are resistant to this process 


@ Results have been proven experimentally 

- Documented in French scientific literature 

- Rigorous scientific protocols, eminent scientists 

- Technical mechanism deciphered 
@ Will treat and cure many diseases 

- Aids, atheriosclerosis, cancer and leukemia 

- Sleeping sickness aera 
@ Portable units can be developed quickly 

- 18-month crash development program required 

- high level authority and overwatch essential 


@ Will solve the BW mass casualty treatment 
problem, both civilian and military 
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Solution to Mass Casualties Treatment Problem 
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Historical Solution: Priore Treatment Therapy 
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Conclusions: Technology Practical, Proven 
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Final Thoughts: 


Previous 


@ The current internal BW threat can sia 
and will kill more Americans than 
all our previous wars combined 


@ The Priore technology is the only 
solution in sight that can save 
most of those casualties 
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June 24, 1998 


Dr. Jane F. Kinsel, Director 
Office of Policy Analysis 

Department of Health & Human Services 
Bathesda, MD 20892 


Dear Dr. Kinsel: 


Your letter of June 8 is appreciated. However, the entire action package had already gone 
to the Assistant SecDef and also to Major General Neary in the USAF. 


The proof of a revolution in medical treatment was in the package. The basis for itis 
already demonstrated experimentally in the scientific literature, both in the U.S. and in 
France. We are speaking of something already proven, but missed by the entire U.S. 
medical community. Strong words, but true. Let me be specific. 


Any cell in the body can be time-reversed (physics term) or dedifferentiated (biology term) 
back to an earlier state, by pumping (i.e., "squeezing” in simple terms) that cell with 
longitudinal EM waves as pump waves. There are considerable papers in the French 
scientific literature showing the experimental results. 


Apply that to cancer. We are stating bluntly that all cancerous cells in the body can be 
"depromoted” back to normal cells easily. Further, the damage previously done to them 
(such as by sustained hypoxia due to contaminants reducing the oxygen-carrying ability 
normally given to it by some 60-to-80 surrounding water molecules per red cell and the 
‘consequent H-bonding interactions) will also be reversed. The cells can all be returned to 
healthy, normal cells again, without “killing” or "burning" or “cutting” anything, 


With some development of the technology, you can quickly and easily cure every cancer 
patient in every hospital in the United States. 


Now apply it to AIDS. Since you can time-reverse every cell in the body, you can time- 
reverse the HIV-infected cells — genetics and all — right back to normal cells with normal 
genetics. Those cells not infected and healthy, will just get a “litle younger” again. 


So with that small development, you can quickly and easily cure every AIDS patient in every 
hospital in the United States. 


| would have thought that NIH would certainly be interested in such a revolutionary therapy 
Which has already been demonstrated in laboratory experiments. World-tenowned French 
scientists — such as the eminent parasitologist Pautrizel and research PhDs assigned 
directly by Robert Courrier, head of the Biology Section of the French Academy of Sciences, 
worked with Prioré in performing those starting experiments that proved what we are 

saying. 
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‘The method was rigorously shown to cure infectious diseases (such as trypanosomiasis), 
atherosclerosis (which now afficts millions of Americans), and terminal tumors. It was 
shown to reverse suppressed immune systems back to normal vigorous functioning. 


Please permit me to disagree with you that the examination of such is not the mission of the 
NIH. To the contrary, itis precisely the NIH which should have some of its very best 
scientists looking into this. 


The action package to DoD was to propose a crash program to develop this methodology in 
the form of a small, portable unit for treatment of mass casualties resulting from a terrorist 
BW attack on our cities (now expected in the next few weeks, as you must be aware). The 
leading Arab terrorist of the world has already promised just this. 


We are speaking of several million Americans who are going to die. They are going to die in 
spite of everything that NIH and its labs can do, even though | know you will make a heroic 
effort. With NIH present methods, you cannot do very much for those stricken Americans at 
all. Everything we have in the "normal" kit bag is almost useless against a knowledgeable 
spray attack of modified smallpox (as you know, the Russian secret BW labs have made 
and sold tons of that already, to guess who!). Or a spray of tularemia (you are well aware of 
the extreme lethality of that), or anthrax (easily obtained). It is also common knowledge that 
these terrorist teams with their BW agents are already on site in this country, waiting for the 
word to attack. This has now been officially raised to our primary Strategic Threat. 


In the face of such looming strikes on the U.S., | simply cannot believe that the NIH does not, 
feel it within their mission to rigorously check out a proposed method for saving perhaps 
70% of those coming deaths (first generation equipment), and up to 90% with second 
generation equipment. 


Perhaps you just did not read the package carefully. | urge you to do so. 


Else NIH is going to look very, very bad when (1) the strikes do occur, (2) they can't handle 
them (and they cannot, as you well know), (3) they had within their hands in advance, a 
proposed methodology that could have been investigated intensely, to save millions of those 
stricken Americans. 


As a staunch supporter of NIH and especially CDC, | have to believe that there is a different 
attitude there. If NIH is not interested in a previously experimentally demonstrated method 
of saving millions of Americans, then the only recourse left is the political channel. 


assure you that my critique of electrodynamics is well-founded, as supported by various 
leading physicists such as Nobelist Feynman (who stated bluntly that the field concept is 
wrong), Wheeler, Bunge, and so on. It is inexplicable why all our universities are still 
teaching a 130 year old abridged (Heaviside’s) subset of Maxwell's theory, and one that still 
contains a material ether even though that was falsified 110 years ago! 


You already have seen the misuse of this technology by the Russians, in the decades-long 
radiation of the U.S. Embassy in Moscow. Is it not NIH's mission to understand how they 
generated all those diseases and health changes? Have you ever looked into 
Kaznacheyev's experiments showing that ANY cellular disease or disorder can be induced 
in cells at a distance by purely EM means? Have you looked into what got eliminated from 
electrodynamics by ignoring the hidden longitudinal EM inside every potential, field, and 
wave? Do you realize what ignoring that has done to American chemistry, biochemistry, 
and medical science?" 


I would hope that the NIH would at least be interested in its own mission area! 
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| challenge you bluntly to admit that no one presently understands the primary operation of 
the human cellular regenerative system. That's because its technical principie is not 
presently in our recognized physics, biochemistry, and medical science — even though it has 
been in the hard physics literature since 1903-4. Becker's epochal work came closest; since 
he only had access to the conventional EM model, it failed him. But he at least showed you 
rigorously that cells can be changed (both differentiated and redifferentiated) all over the 
map by laughably weak EM — picoamperes of current, which means persistent DC 
potentials. In the microwave radiation of the U.S. Embassy, all the health changes occurred 
in regions absent of fields —i.e., absent of bleed-off of the potentials. Hence in regions of 
stable DC potentials! With 100% correlation of the health changes to persistent, gradient 
free potentials, and 100% anticortelation to changing potentials (i.e., fields), our own 
scientists concluded totally erroneously that it could not have been the EM radiation causing 
the changes, when their own results had just proven that it was. 


Now | ask you: Can NIH explain how it was that the DC potentials caused those health 
changes? | think not. If it could, it would understand the action package | wrote, and its 
importance. 


This is not a “political” letter. I'm just an ordinary American citizen who has done about 30 
years very hard work on this particular area. The work is good enough now to stand on its 
‘own merits. The scientific community will eventually accept it, about 50 years from now. 
But we cannot wait 50 years! Those millions of Americans are going to die, because of the 
bureaucracy and inaction of our own scientific organizations. Whether they like it or not, the. 
U.S. scientific community is now the forefront of the struggle for this nation to survive. And 
they are failing us dramatically. 


So as a parent who wants his children to live, and his neighbors’ children to live, and those 
millions of soon-to-be stricken Americans to live also, | urge you to at least have someone 
competent in physics (and knowledgeable that the foundations of physics itself are in woeful 
shape!) check the work. Has anybody there read any of the references to the Prioré work | 
cited? Does anyone there realize that there are no EM forcefields in space? Probably not. 


Dr. Kinsel, there is a time for "business as usual" and there is a time to do some serious 
new work. Those stricken Americans are going to be lying there. Nothing NIH can do is 
going to stop that. That's a given, and itis not my own estimate. It's the official estimate. 
‘And you know you presently do not have the tools to do anything really effective about it. 


Frankly, | interpret your letter to me as just the normal "spin contro!" for easy disposition. | 
would hope that NIH would seriously rethink the situation, get off the "spin contro!” and 
“business as usual" posturing, and do something dramatically different for a change. 
What have you got to lose? A ttle time from perhaps two or three of your best scientists. 
What have you got to gain? Saving untold millions of American lives. A new, already 
partially demonstrated cure for most dread diseases such as AIDS and cancer — diseases 
Which you presently cannot do very much about in spite of decades of heroic struggle. 


Sincerely, cc: Senator Shelby, Congr. Cramer 


T.E. Bearden 
President and CEO 


TEC, Ine 
TLE. Bearden, President & CEO 

2311 Big Cove Road 

Huntsville, AL 35001-1351 
(256)533-34682 pi(256)536-0411 Fax 
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‘May 12, 1998 


Dr. Harold Varmus, Director 
‘National Institute of Health 
Bathesda, MD 20892 

(301) 496-1766 


Dear Dr Varmus: 


‘We have recently sent action documents to the Director of Nuclear and Counterproliferation, Office 
of the DCS, Air and Space Operations, HQ USAF and to the DoD (General Busbee) Assistant 
Secretary of Defense, as well as several Senate and House committees, which may be of interest to 
you. For one thing, we give the technical mechanism used to generate the Gulf War Syndrome. ‘The 
Same weaponry is now being used to rapidly induce new strains of certain pathogens worldwide. 1 
urge you to closely read that section of the letter to MG Neary which explains the GWS, why the 
French did not get it, and why Souther Iraqis got an increase in cancer and leukemia but not GWS. 
‘Also explained is how the "microwave radiation” of the U.S. Embassy in Moscow induced diseases 
for decades, and how we failed to comprehend it because the standard EM model deceived us. 


‘There is a way to treat and quickly cure most diseases, including the mass casualties resulting from a 
terrorist BW strike on our civilian population centers, our military bases, or our forces in the field. 
‘The method is litle known, but was scientifically demonstrated in France in the 1960s and early 
1970s before cancellation of the Prioré Project when the French Government changed. Eminent 
French scientists worked on the project, and the results are fully documented in leading French 
scientific journals. References are listed in a separate attachment. 


Previously the Western scientific community has been unable to understand the technical mechanism. 
responsible for such remarkable cures, because of serious foundations flaws in Western physics and 
electrodynamics. Foundations physicists have long been aware our science is flawed, and have 
pointed out many of these fundamental errors. However, the operational science establishment has 
not paid attention, even though physicists such as Feynman and Wheeler pointed out that the notion 
of "force fields in space” was totally wrong, 


‘Asa primary example, there is an “infolded” electrodynamics inside all potentials, fields, and waves 
that is far more primary than the coarse EM that is in our textbooks. It is actually an infolded general 
relativity, and this is what the Russians have weaponized. This infolded EM-GR has been ignored in 
the West (but not in Russia) since 1903, 


‘As another example the potentials, fields, and waves of present electrodynamics are rigorously 
defined — and exist — only in the presence of mass. They do not exist in such form (force fields and 
oscillating force fields) at alin space, in the absence of mass. Rigorously, Maxwell's equations are 
‘mass-to-mass transforms, since Maxwell and everyone at the time assumed the ubiquitous presence 
of the material ether. In other words, to the founding electrodynamicists, there was no place in all the 
universe that was devoid of mass. Hence they defined all EM entities as entities containing mass. 
Even though Michelson-Morley experiments of more than a century ago destroyed that material 
ether, not a single Maxwellian equation has ever been changed! They still assume the material ether. 
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Specifically missing from our electrodynamics are two essential transforms: (1) the mass-to- 
spacetime transform, and (2) the spacetime-to-mass transform. In other words, these two transforms 
are "infolded' or hidden inside (comprise) the end point extremum case — the mass-to-mass transform 
actually written by Maxwell 


But these two missing transforms are just general relativity (they correspond precisely to Wheeler's 
principle of general relativity). So general relativity has always been infolded inside electrodynamics 
as we know it, but ignored. Further, this is a very powerful general relativity, since it uses the very 
strong EM force as the agent of spacetime curvature. Hence now one can engineer a powerful 
general relativity in the laboratory and in practical devices, and even action-at-a-distance, which one 
cannot do using merely the staid and weak G-force. 


It tums out that longitudinal EM waves as shown by E.T. Whittaker in 1903 and 1904 are far more 
primary than our present EM theory and even our present GR theory. Both EM and GR are directly 
engineerable using longitudinal EM waves, including subluminal and superluminal EM waves in 
vacuum, and including action at a distance. One can engineer complexes of spacetime curvatures as 
desired, which in turn are spacetime engines (Wheeler's term). These engines can act upon mass ~ 
either living or inert — in any fashion desired, and at any distance desired. 


‘The little-known and poorly understood Regeneration & Recovery (R&R) system — as contrasted to 
the immune system — utilizes this exact "spacetime engine” methodology to restore damaged or 
diseased cells, within its limitations — "dedifferentiating" or "time-reversing" them back to normal. 
‘The mechanism is fully explained in the attached package. The proposed program applies this 
fundamental method to greatly amplify the effect. ‘Thus cancer cells can be reversed back to normal 
cells, HIV-infected cells (HIV-factories) can be reversed back to normal cells (genetics and all), etc. 
‘This represents a dramatic and unparalleled new medical therapeutic methodology of extreme power. 
‘The same techniques can simply be conjugated one additional time, and used to produce diseases and 
cellular changes at a distance, including in entire mass populations, as the KGB is doing right now. 
Specifically, by impressing an extremely weak "cocktail mix" of disease spacetime engines on the 
USS. populace, the immune systems are reacting and being "spread thin" across several "shadow 
state” infectious pathogenic conditions. Thus when an actual terrorist BW attack occurs, the lethality 
of the strike will be remarkably enhanced because the immune systems will be “thinned” in their 
ability to fend off this new pathogen. By doing it this way, BW warfare can actually be conducted 
upon the U.S. without anyone being the wiser. 


Our very survival as a nation is threatened by remarkable KGB weapons using this fully documented, 
extended electrodynamics. Bluntly, unless we take off our scientific blinders and understand Russian 
energetics weapon science, GWS and the Embassy health changes in Moscow were just a picnic 
before what is upon us. After two decades of work on the KGB energetics weapon problem, we have 
fully deciphered the technical mechanisms and what energetics is, as well as citing many of the 
Russian weapon tests and how they were done. Again, you can see that for yourself in the package. 


‘Now that we understand the technical mechanisms, we are proposing rapid redevelopment of the 
Prioré process, in portable suitcase-sized units to be mass produced and filtered down into the entire 
emergency community for mass treatment of lethal infectious diseases resulting from BW strikes. 
‘And we are strongly urging the U.S. scientific community to quickly investigate and come to grips 
With this vast new biological engineering mechanism. Our very survival depends on it. 


‘The inclosed documents provide an overview of the process. ‘There is nothing else on the scientific 
horizon that can save the majority of all those stricken Americans, once the first foreign-sponsored 
terrorist teams strike our population centers with BW agents. 


Sincerely, Incls: Full package with table of contents 


T.E, Bearden 
President & CEO 
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"Others [terrorists] are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off 
earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious 
minds out there that are at work finding ways in which 
they can wreak terror upon other nations. ..It's real, and 
that's the reason why we have to intensify our 
[counterterrorism] efforts." * 


Secretary of Defense William Cohen at an April 1997 counterterrorism 
conference sponsored by former Senator Sam Nunn. Quoted from DoD 
News Briefing, Secretary of Defense William S. Cohen, Q&A at the 
Conference on Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 
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Find Loophole, Exploit It 


Next Generation Counter to Both Sane and 
Insane MAD systems 


Simultaneous Dudding of Nuclear Weapons 
Worldwide 
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Simultaneous Dudding of Nuclear Weapons 


Worldwide 
Operation Divine Wind II 
Advanced EMBW Applications 


EM Biological Warfare (EMBW) 


Microwave Radiation of U.S. Embassy in 
Moscow 


Pentagon EMI Studies, 1989 
EM Missile Practice (6 slides’ 


Subdivisions of Soviet Energetics Program 


Communism's Goal 


Manuilsky's Goal vs. Status Today (Dec. 
1996) 


Professor Hellman, German Scientist 
Released from Work in Soviet Union 


Hemispheres and Globes of Light (4 slides) 


How Could Such Superweapons Ever Be 
Concealed? 


Soviets Easily Concealed These 
Superweapons for Four Decades 


Microscope-type, laser-like interferometer 


for inducing quick @-decay in samples of 
otherwise longer-lived isotopes 


Longitudinal Wave Interferometry: 
Endothermic 
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Longitudinal Wave Interferometry: 
Exothermic 


e US. Air Attack on Libya, April 1986 


Lightning Wall 
circa 1959-1960 


Lisitsyn's Report: Brain Code Broken 


e Large Longitudinal Wave Interferometer 


LWID) Accident 


e Large Longitudinal Wave Interferometer 
(LWP) Accident 


Use of Hidden Information Content of the 
Field Can Provide Action-At-A-Distance 


Two Types of Mutual Assured Destruction 
MAD) System 


Psychoenergetics Weapons Teams Mentally 


Disable All Personnel 


Strikes Against Special Ship and Energetics 


Weapons Sites 


"Mindsnapper” Attack on Special Ships and 


Energetics Weapons Sites 


e How Much Off Guard Are We? 
(7 Slides) 


Possible Targets: 1995-9 Escalation Phase 


e Propagation of Weapon Effects 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15th, 1979 
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Countering an Insane QP Weapon 


Gulf War Disease: KGB QP Weapon 


Induced ST Curvature Engines for a 
Cocktail of Diseases 


Self-Targeting in Inner EM Channel Can 
Produce a Quantum Potential 


Mechanism for Producing a Quantum 


Potential 


Major Principles for Use of Quantum 
Potential Weapons 


Major Principles for Use of Quantum 
Potential Weapons (2, 


Instantaneous Communication by a 
Quantum Potential 


Participants in a quantum potential share a 
common multiply-connected spacetime 


MCST. 


Quake in Tangshan, China 
28 July, 1976 


Exchanging Earthquakes 


Instant Communication by a Quantum 
Potential 


Westerners Do Not React to Slow Threats 


Characterizing a Given Risk or Risk Factor 


Technical Risk Management 


Aum Shinrikyo's Sarin Facility 
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In Scalar Beam Interference Zone 


Physicist Schappeller Auralaz Munster, 
Austria 


Initial Soviet Plan for Cold War, After WWII 


Josef Stalin: Absolute Dictator 


Exploding any Resistance by Operational 
Scientists 


Significant Soviet Statements 


Captain Svoboda Dives Headlong to Her 
Death 


T-polarized Beam Projector 
Possible Tests (1 
Possible Tests (2 
Possible Tests (3 
Possible Tests (4 


Mushroom Cloud Rising From Sea 


Launches from Cape Canaveral and 
‘Vandenberg AFB Provided Practice Targets 


of Opportunity 


The sinking U.S.S. Thresher, with her 
controls jammed, implodes when she 
reaches crush depth 


Embodiment of an instrument array 
sufficient to discriminate when time-density 


charging has occurred, and that transduction 


‘The Tom Bearden Website 


of time-charge decay has occurred. 


Time-Polarized EM Wave Interferometer 
Creating Space-Time Curvature Engines in a 


Distant Interference Zone 


Transmutation of Radioactive Nuclei at a 


Distance 


Transmutation of Radioactive Nuclei 


e Typical Tesla Shield, Northern Route of 
Japan 


e A Curious Tide in Human Affairs 


« Large Scalar EM Interferometer (LAST) 
Accident Near Urals, 1958 


The Superpower Paradox: Asymmetric 


Cheap WMD Strategic Strike and 
Destruction 


e The KGB/Yakuza-Aum War Plan 


Why Western Science is Ignorant of KGB 
Energetics 


Transmutation of Radioactive Nuclei at a 


Distance 
e TheYakuza 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15, 1979 


* Note that the Secretary did not speak the words in 
square blocks; these were added by the writers later, 


‘hup://www.cheniere.org/images/weapons/index html (8 of 9)8.11.2003 1:21:11 


The Tom Bearden Website 


probably to "soften the tone" of the Secretary's 
information release. So the Secretary confirmed that 
some nations of the world -- not just some ragged 
terrorists, as the writers tried to imply for spin control -- 
do possess novel electromagnetic weapons and are 
using them to induce earthquakes, engineer the weather 
and climate, and trigger volcanic eruptions. 
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THE COMING STRATEGIC ATTACK 
ON THE UNITED STATES 
By an AUM/Yakuza/KGB/Communist Coalition Using Energetics SuperWeapons 


hap 
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Outline 


Background: Classical Electromagnetics (and Defects) 
Background: Energetics (Scalar Electromagnetics) 
Background: Soviet Energetics Weapon Development 
KGB/Communist Plans 

Countering of Soviet/KGB/Com munist Plan in Mid-80s 
Soviet Economic Collapse and Adaptation of Plan 


Weapons Bleed-Out: KGB/Russian Mafia 
Yakuza: The Japanese Mafia 
Aum Shinri Kyo (Supreme Truth) Cult 


Coalition: Aum/Yakuza/KGB/Communists/Russian Mafia 
Operation Divine Wind Il: Three Phases 
= Phase |: On-Site Training Phase (Completed) 
= Phase Il: Escalation Phase (In Progress) 
— Phase Ill: 1997 Strategic Strike on the United States 
— Support Plan A: Feints, Deception, Sabotage & Terrorism 
— Support Plan B: Test Range 
= Support Plan foridwide Weather Engineering 
— Support Plan D: Strategic and Combat Intelligence 
* Special Information 
* Recommended Actions © wee wre sear 


eee eee ereeee 


Se Ie Sie Bye Pe 
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The Tom Bearden 


: Help support the research 
Website 


Loss of two separate A-10 Warthogs in 1997 


 A-10 Mysterious Flyaway and Crash - April 
2, 1997 


e Death of Second A-10 Pilot - May 27, 1997 


Captain Button's Mysterious Flyaway and 
Eventual Crash 


« Death of Second A-10 Pilot - May 27, 1997 
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Armed with: 
- Four 500-lb bombs 
- 30 mm Gatling gun 


10me3. 
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Captain Amy Svobody 
@ Night training mission 
@ From Davis-Montham AFB 
@ From same wing as Captain 
Button, who flew his A-10 NM 
off course for over an hour 
and then crashed on April 2. 
@ Climbout from ordnance Companion A-10's 
delivery on target 
Nosed down sharply and 


TI RRR, dived into grou 
+ Experienced night 


flyer & Instructor 


+ Nosed sharply over 
and flew into ground 
# Psychoenergetic kill 


© TE BEARDBVIS 


‘choenergetic weapon induced instant hypnogogic state and 
pi bes Svobens 's sense of up and down. 
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A-10 Mysterious Flyaway and Crash 


April 2, 1997 


Armed with: 


Areaerla - Four 5004b bombs 
- 30 mm Gatling gun 


225.m. 
Esai! Veil 
nea Golduaer Range} 
coLo| 
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dle 
[Bees jountain 
Fiabe ton callie 
Bary MM. Goldwater DEPARTS 3) 
At Feros Range FA 
8 


- 0am js aeeFightp ath 
os Tombstone 


Figure 14a. Captain Button's mysterious flyaway and eventual crash. 
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Death of 2nd A-10 Pilot May 27, 1997 


* Purpose: Stimulate U.S. " 
in'same area" again ertinta night 


Sowince gr Fain 
*Probabletkll using 
psychoenergi 


Psychoenergetic strike induced an 
instant hypnogogic state, shifted pilot's \ 
sense of up and down. Svoboda corrected and 
“climbed out” after target attack, and 

fiew into ground, dream-perceiving down was up. 


© TE BERDEN 1057 
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VABMdef 


Typical ABM Defenses 
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\ONOSPHERE 


STRATEGIC . aul GIANT 
BALLISTIC TINTENARHEAD NING ENERGETCS. 
Rrienmon pe LTS RECEIVER 
* HEMISPHERICAL SHELL SYSTEM 
MULTIPLE SIMULTANEOUS TARGETS 
@ ee om * MULTIPLE SIMULTANEOUS MODES 
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OME OPERATIONAL 


aor ELECTROMAGNETIC MISSILE STRIKE GIANT 

TAXIING, OR ELECTRICAL INTERFERENCE ENERGETICS 

Le ar RECEIVER 
YSTEM 


SHELL 
MULTIPLE SIMULTANEOUS TARGETS 
* MULTIPLE SIMULTANEOUS MODES 


© 14. BEARDEN 1995 
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Compare to China Airlines 
| Flight 006, 19 Feb. 1985 

off San Francisco, bound 

from Taipei to Los Angeles 
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CTEC PROPRIETARY 
& 1996 Actions by this analyst he 
# In July 1996, with the kill of TWA-800 it became 
apparent that the KGB/Communists were preparing 
a massive strategic energetics attack upon the U.S.© TE BEARDEN 1997 
e Began intensive, nearly round-the-clock effort to uncover 
what was happening, and what had occurred in KGB/Com 
weapons since 199 
« Began preparing full-up set of briefing slides simultaneously 
—\n early 1996, had briefed J6 on scalar EM, per his request 
—Had strongly suggested a follow-on weapons brief 
—Adamant opposition by NRL, NOL, others 
Similar energetics attack scenario in 1986 was 
countered. Soviets at that time did not possess 
operational QP weapons, and so could not successfully 
overcome dead-man fuzing 
—Also could not dud nukes worldwide, because OP required. 
—First lab prototype QP test was in April 1986 
« KGB had solved the dead-man fuzing problem by QP's. 
Deployed circa 1989-1990. Some earlier weapons then leased. 
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Additional Information Exists; 


Not Analyzed, Not Integrated in Briefing 
= Yakuza arranged involvement of 

— Red Chinese 

= North Koreans 

-A 
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The Tom Bearden 
i Help support the research 
Website 


Kill of Arrow DC-8, Gander AFB, Dec. 12, 
1985 


e Slide 1 
e Slide 2 
« Slide 3 
Slide 4 
Slide 5 
Slide 6 
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KILL of ARROW DC-8 
aé Gander AFB, Dec. 12, 1985 


S Soviet missie Weapon stnke pracice 
TWO WEEKS eanierat@ape canadveral 
+ Offset from night shuttle launch 


+ EM missile photographed by Bob Gladwin 
+ Associated marker beacon photographed 
. SF Szisieieliin seared Sole oss fisielislels 
> Halfthought icing, half disagreed intensely 
+ “Due to icing” approved with halfabsent 
+ Separate dissenting finding issued 
es iilestils piedine) Iein/ Contr afkiir 
> Feared terronstibomb, MidEast sponsor, 
> Pressured Board, Gen: Off. bulldozed site 
e Lack of icing on aircraft later validated Specs ©. 
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HILL of ARFOW DO.e 
PR Gander AFS, Des. 12, 1985 


Eyewitness observed beams form in the sky 
Saw streak-down and strike of EM missile 

= Struck right fuselage ahead of the engines 

= Hole was burned |through fuselage there 

= Photo of hole published in AWEST; 

= No explosive residues onihoje Pa 
Consistent with ignition and outgassing of, 
plastics in forward cabin 

Consistent with pre-crash HCN deaths 
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ri TOLL of ARROW DCH 
Gander Ars, Oss. 12, 1985 


Combustion cooling reduced thrust during runup 
Emulated reducing specific thrust by icing 
Struck with EM missile, at liftoff, 

Hole in nght fuselage, ahead of engines 

Not normaliexplosion; no material ingested 


EMimissil@ explosively ignited plastics inforward 
Cabin; outgassed poisonous HCN 


Aaigasles: rlalf ie pusssnyers disd fron GN 
inhalatiohDeraie yp aye apieo| 


Data recorders recorded Vertical Spike ont 


Materials handlers later mysteriously sickenedpwith 
symptoms of longitudinal EM radation induced illne&s 
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J YAU oF ARROW DG 
Gander AFs, Dec. Zz, 7385 


x 


Combustion cooling reduced thrust during runup 
Emulated reducing Specific thrust by icing 
SUMP VUE INES EA Bta Oy 

Hole in right fuselage, ahead of engines 

Not normal explosion; no material ingested 

EM missile explosively ited plastics infomward cabin; 


outgassed poisonous Hi! 

Auitopsies; Half iie passengers died trom HCN, 

inhalation Re g 

before plane crashed, 

Data recorders recorded vertical spike of hit 
Materials handlers later mysteriously sickened, with 
symptoms of scalar-EM radiation induced illness 
Eye witness observed formation and strike of the 

“electromagnetic missile 


i) 
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graphed hy Bob Gladwin 


con photographed by George Smchar 


Due to icing” ae with 
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Death of the Arrow DC-8 


fas B es 
EM MSL STRIKE 
== (MULTIPLE CYANIDE 
INSTRUMENT INHALATION 
KINOLING SPIKES) 
(SELF-TARGETING) 


ELECTROSTATIC [EXPLOSIVE 
COOLINGOF =| PLASTICS. 

ENGINE IGNITION, FIRE, | ABOUT ONE-HALF 
COMBUSTION  |OUTGASSING | | THE OCCUPANTS DIE 


EM WAVE RADIATION 
GRAVITON CHARGING “HIGHLY CHARGED PULSE 


OF ATOMIC NUCLEI INTO ATOMIC NUCLEL 
+» 
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‘4 Satellite Photos of Plumes 
in Soviet Arctic Since 1974* 


= Two aircraft flew through for analysis 
—Solid material, mostly ice, a little clay 
—Much colder than surrounding air 
— Signature of cold exhaust from exothermic 
scalar interferometry operations a 
—No volcanic material f», 
—No radioactive material an 
= May be 2 to 3 times as many incidents 
— Only examined satellite imagery in winter 
— Only periodic satellite coverage 
—Hypothesized methane venting, cloud seeding 
© mre MCE {As of 1989, when this information was gathered 
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AUM SHINRIKYO 


("SUPREME TRUTH" CULT) 


Shoko —t Leader 


© ws, ye searoe 
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Ashkhabad Problem 
and Its Solution 


= PROBLEM: 
-Stress increasing in two-plate fault zone 
=1,000 shocks yearly NY 
—Kara Kum canal 
-Hydraulic pressure vis 


-1948: Ashkhabad 80% destroyed by quake 
= SOLUTION: 
-Stress-relieve plate stresses from fault 4 


= IMPLEMENTATION: 


—Induce nearby earthquake 
—Deceive by predicting a quake, setting off 
nuclear explosion 


@ 96 TE BEARDEN 
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Strange Characteristics 
of Iran Quake, Sep. 1978 


= Signatures @ wos re eeancen 
—7.4 on Richter scale 


—No aftershocks: 6.0 expected (normal) 


— Strange epicenter 
—Anomalous depth Ce 
= Deception 

-10 MT Soviet nuclear explosion 36 hours 
before the quake 

—Prior disinformation regarding Soviet 
attempted development of focusing shock 
waves from underground nuclear 
explosions, to cause distant earthquakes 
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@) lran Earthquake Xx 
Sept. 1978 


= Killed 25,000 Iranians 
= Soviet city of Ashkhabad saved 
= Soviets "predicted" quake & 


Pr 


in advance; then induced it ae 
= Quake had serious anomalies (signatures) 
= Deception measures were used by Soviets 
~Prediction in advance 
-"Theory" of quake-induction by nuclear explosions 
—Fired underground nuclear explosion as 
“Red Herring” candidate for cause e4 


© 1996 TE BEAROEN 
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Situation Now (Assessment) a 


night ordnance delivery on target, was struck with 
psychoenergetic weapon takeover. Sense of vertical 
was reversed. She perceived herself diving, sharply 
corrected, and dove headlong into the ground. 


® Additional aircraft kills uncovered, including one 
4-engine aircraft whose sralties all failed. This | 


= In May 1997: second A-10 pilot (lady), in pullup from © 


closely repeats the earlier 1985-1987 scenario. 


= Korean Airlines Flight 801 crashed on Guam on 
anniversary of loading of the atomic bomb that was 
dropped on Hiroshima in WW II. The Enola Gay, 
which dropped the bomb, took off from Guam in wee 


morning hours of August 6, 1945. The local opns 
order on Guam was also issued on Aug. 5. oes 
= Presently the Coalition (KGB/Communists/Aum 


Shinrikyo/Yakuza) is waiting for er time to 
launch The final pit ft ig still on ° 
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Situation Now (Assessment 2) & 


= April 97: Mind control test against Captain Button: 
- Demonstrates ability to control crewman in © 
complex operations for more than one hour. 
— KGB requires one hour total QP crew control 
on a site to have crew disable insane QP wpns. 
= Once QP s adyreiits disabled, Minder sober attacks 
ae eaten kills every living thing in QP site area. 


minate: 2 area for months (emits longitudinal 
EM wave radiation, which AGE any life forms 
attempting to enter struck — cake ee nemoeak 


= Mind control tem plus up to 20" i gpen requ Re bs 
we system plus up to ° ore 
controlling joughts, he: hearing, perce cep meee y 


* In Apr. 97, Keg GB building a and deploying weapons 


Aspects of Strong Local Asymmetry 


® Iflocal Srey is strong, conservation 
laws may be appreciably violated 

= Energy 

= Charge 

- Spin 

= Momentum 

= Angular momentum 


« Properties of an object may differ 
appreciably for 
- Different observers 
= Different detecting means 
= One time to another 
= One position to another © TE Bearden 1995, 1980 


e One terrorist, one light aircraft 


with spray tank 

e One kilogram of anthrax > 

e Flies over greater metropolitan 
Washington, D.C. 

e Calm night 

e 1-3 million casualties result* 

e Most of those stricken will die 

e Presently little can be done 


to save the stricken civilians 
e Attacks on Several Populader G 
centers might produce some 


10 million or more casualties 


Oise rasaeeny “Per OTA Report to Congress, 1993 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 

e Some 25 nations have WMD or 
are acquiring them 


— BW agents and weapons 
— Chemical agents and weapons 
— Nuclear materials and weapons $a) 
e Thousands of students and émigrés 
e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 


e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili: 


@ tae Te venoen 


“Per OTA Report to Congress, 1993 
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° No shelters (require overpressui 
BWiiltering, masks, showers, supplies) 
© No stockpiled vacc. medical s 
ins, S, a, euep Mes d 
generators, heaters, water purification units 
Totally insufficient medical facilities, 
personnel, and emergency response teams Fee 7 
® Triage, full martial law will be required 
e State, county, city inadequately staffed 
and insufficiently trained for mass casualties 
¢ Terrorist teams, BW agents, other WMD on site, waiting 
¢ Water supplies, food, crops, farm animals also vulnerable 
e Electric power grid, bridges, trains, railroads vulnerable 
e ent | science cannot sa many o 
casualties, now or in the foreseeable future 


© rm Tk beanoeN 
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* Shoulder fired AD missiles 
* Terrorism 


FUTURE ADDITIONS: 
* Orthodox EM 
+ Energetics EM biological warfare 


+ Scalar EM (energetics) weapons 
+ Scalar EM disease induction 
« Alteration of behavior and emotions 


* Action-ata-distance effects © Wien rai Te eNO 
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Attempt to Ban Energetics 
Weapons Worldwide 


= On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons “more terrible than 
anything the world has known.” 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

. ie e jest noti hi e jans we! 
talking about! 
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"We are achieving with detente what our predecessors have 
been unable to achieve with the mailed fist... 
sey lees our power will be so irresistible that we can do what we 
See Iee: Leonid Brezhnev, 
Ina secret 1973 meeting In Prague 
with European Communist leaders. 
“By the early 1980's we and our allies will control the high seas, 


space, and most of the earth's land area.” 
Kosygin, 
to Imelda Marcos, 
July 1978 
In 198: Soviets did Fparret to me to eee, Firs constrained by 


nuclear fuzin; imaril; 
by edna A, raf el ap rmsd Senmralone Ag mist teed mae 4 A 


In April 1986, the first Soviet lab pictotpe‘ot ofa apareen potential 
weapon specifically designed toward ‘utralization of nukes 
worldwide was gingerly tested against our U. $ airstrike on Libya. 

It was weakly te: in the "induced EMI" mode, for deception. 


By 1990 that weapon was deplo: © wwTE EMRE 
atiack k preparation phase was aren a0 scheduled for 1997. 
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COLD EXPLOSION -- 9 April 1984 Near Kunis 
(Plus additional weapons effects) 


ie iicianrgloses 
miles CIEE TRCen ET OVEs=cu ‘les 
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9 Countering Insane Mad Systems: af 


Find Loophole, Exploit It 


if MADs not eae potential systems, easily countered 
by instant QP strike which destroys targeted MAD weapons 
worldwide with certainty. 

Have to be certain of ype of dead-man fuzing. All dead-man 
fuzing weapons must be included in the assured target list 
for the striking quantum potential weapon. 5 ithe 
Multiple targeted MADS require multiple vacuum engines in 
the striking quantum potentials. 

Uncertainty and risk introduced if not certain of all 

MAD systems and all dead-man fuzing systems. 


Newest generation psychoe: etic LW interferometry weapons 
can instantly take over minds 0} eat persone! on targeted si tes, 
with targeted crews quickly disarming their own MAD weapons 
launch capability as well as the weapons themselves. 


= Mindsnapper then kills all living things and contaminates sites. 
= Next generation QP Psy-En weapons cans disrupt and destroy 


upsioww ch 


minds of an entire targeted national pop’ The nature of 
warfare moves irrevocably to the human mind, where of course 
the fundamental problem arises anyhow. 


‘http://www chenic 


® Localized quantum potential in an area, 
used in psychoenergetics mode 9) 
= Gradually produces mild, continuous hypnotic state 
® Targeted population remains entirely conscious, functional 
= Internal “word thoughts" emerge directly in subconscious 
® Targeted persons all unaware of these “word thoughts" 
= Operates somewhat similar to “post hypnotic suggestion” 
= Gradually changes emotions, psychological outlook 


= Over a period of time, deviates and entrains entire tai 
popuistion'’s outlook. belief structure, temperament As 


= Moves Psywar to inside the human component 
® Human minds are the only battleground bosom wood 
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Simultaneous Dudding of 


Nuclear Weapons Worldwide 


¢ Via quantum potential joining U235 and Plutonium in warheads 

¢ Includes weapons airborne, underwater, in storage 

* These are transmutations of the nuclides themselves 

+ Part of the initial barrage launched by Aum/Yakuza/KGB 

¢ Will occur in the first minutes of the strategic strike, following 
psychoenergetically crew-disabling QP weapons 


Note: Duds both overt and covert nuclear weapons and weapons-grade 


materials -- including “suitcase-delivered" covert weapons on site in Ore 
Russla which othenise provide deadman fuzing © tesewaenses 


Sinunaneaas Duddingor SS. 
Nuclear Weapons Worldwide RS 


« Via quantum potential joining U235 and Plutonium warheads 
+ Includes weapons airborne, underwater, in storage 
« These are not explosions, but are transmutations and 
eresey Hesiotue lols fissioning rates epi a KO eT 
« Part of the in rage Patol ivetuilaltevaceieonehed by Aum/Yakuza/KGB 
¢ Will occur in the first minutes of the strategic strike 1 vesweniow 


Note: Duds both overt and covert nuclear weapons and weapons-grade materials, 
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The Tom Bearden 
a rae nas Help support the research 


Operation Divine Wind II 


Slide 1 


le 2 


Slide 3 


Slide 4 
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YAKUZA & 


AUS US. 
& Me“““BIVINE WIND I] sg. 


*A secret coalition of Yakuza/Aum Shinrikyo and 
Communist forces plan to launch a massive, 
surprise energetics attack on the United States, 
given a low-risk opportunity. 


* Major weapons utilized will be the scalar EM (energetics) 
superweapons (including quantum potential we: ) 
were developed, deployed, and operated by the KGB under 
the former Soviet Empire, and continuing after its dissolution. 


x» Yakuza/Aum crews have extensively trained and test-fired, 
from on-site in Russia. They have ed operational control 
of the first three generation energetics superweapons (which 
work by supe! intial interferometry). 


* The Escalation Phase of interdicting and destroying actual 
US. targets (e.g., TWA-800, two A-10s) Is already underway. PNasseneetes 


* The first blow in the Strike Phase will dud all nuclear weapons da 


and weapons materials worldwide, in minutes; destroy special 
B'S population instantly and kil 8056 of targeted populations: 

LD. ui in ins) an 0 ions 3 
introm10 minutes fo 3 days. gaa gl PoreNnAL 
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YAKUZA & Us. 
AUM SHINRIKYO af 
& DIVINE WIND Il 


x A secret coalition of Yakuza/Aum Shinrikyo 
and KGB/Communist forces plans to launch 
a massive, surprise energetics attack on the 
United States and its allies, given the first 
low-risk opportunity. Pais cutee 


* Attack was thwarted twice in 1997 bya “is 
small nation countering with QP weapons. 


* KGB psychoenergetics counter for the last 
QP weapon counter was tested in April 1997. 


* Ready time for a new scheduled attack is 
latter quarter 1999 through first half of 2000. 
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Ao NE WIND Il seit 


*A secret coalition of Yakuza/Aum and 
KGB/Communist forces will launch a 
massive, surprise, strategic attack on the 
United States in 1997. 

* Major weapons utilized will be the scalar EM (energetics) 
superweapons that were Seveloped, deployed and 


operated by the KGB under the former Soviet Empire, 
and continuing after its dissolution. KGB/COMMUNISTS 


* Yakuza/Aum crews have extensively trained and 
test-fired, from on-site in Russia. They have leased 
operational control of the energetics superweapons. 


* Escalation Phase of interdicting and destroying actual 
U.S. targets (e.g., TWA-800) is already underway. MINDSNAPPER 


* The first blow in the Strike Phase will dud all nuclear ez 
er 


weapons and weapons materials worldwide, in minutes; © 
destroy special ship and energetics weapon sites 
instantly, and kill 80% of targeted populations in 3 days. 


QUANTUM 
POTENTIAL 
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OPERATION DIVINE WIND II 
Three Phases and Support 
Operational Phases 


e Phase |: On-Site Training Phase (Completed) 
e Phase Il: Escalation Phase (In Progress) 


e Phase Ill. 1997 Strategic Strike on the U.S. 
First strike (QP) in Phase IIl duds ail nuclear weapons 
and nuclear powerplants worldwide, in minutes 

-  Psychoenergetic strike (QP) disables people instantly 

-  Mindsnapper attack of special assets for 100% success 

- QP initiation of fast-acting, lethal diseases kills 80% 

of targeted populations in three days or less 


Support Plans 


Plan A: Feints, Deception, Sabotage, and 
Terrorism 

Plan B: Testing and Test Range 

Plan C: Worldwide Weather Engineering 

Plan D: Strategic and Combat Intelligence 


© wre, weer neweoen 
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& Advanced EMBW Applications 


e Covert EMBW: Examples 
- Activate materials and their potentials with ST disease engines. 
Potentials superpose and their infolded ST dynamics diffuse 
- pe water's structuring (H-bonding) potential with disease 
- Bias electrical power grid ground fields by weak diseases 
—- Employ disease-structured quantum potential in distant area 


Overt death ray (mind snapper) 
- Powerful scalar EM pulse in target area “jerks” rate of flow of time 
- The “time snap” sharply separates mind from body and each cell 
e EMBW CM: 
- lIrradiate bodies with longitudinal EM waves; self-converts to 
t-pumping and produces exact amplified ST antiengine 
- Antiengine arises out of local ST, affects all parts of all cells 
= Cells are t-charged with antiengine structure 
- Continuing action restores regenerative and immune systems and 
reverses cellular damage © TE BEARCEN 1925, 1999 


JEMbioWarsn,jpg8.11.2008 1:23:57 


hetp:ilww 


& EM Biological Warfare (EMBW) 


= KGB/Communists have developed highly effective 
— Electromagnetic biological warfare (EMBW) 
- Counters to orthodox biological warfare OTE BEAROEN 1999 
— Mass death ray weapons 
* Small version of “mindsnapper" tested in Afghanistan 
« Killed occupants in two villages, in separate strikes 
« Unusual aspects (so-called "smerch" gas) 
= Russia/KGB is the only group with a complete counter to 
biological warfare, either covert or overt, and to EMBW 
= EMBW (covert and overt) is a preferred option for KGB 
=- MAD Doctrine is completely destabilized for a sufficiently covert 
Russian EMBW strike 
= Situation has existed for at least two decades 
— Can alter germs, bacteria, viruses of specific kind, in a specific 
target area, to produce antibiotic-resistant strains 
— Can induce any kind of cellular disease or damage at a distance 
= U.S. national characteristic: no reaction to slowly increasing threat 
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Microwave Radiation 
of U.S. Embassy in Moscow 


BACKGROUND 


* Began in latter 1950s 
* Discovered on VP Nixon's trip 
¢ Initially thought to be nuciear radiation 
(Discovered wiGeiger counter?) 
« High level target - U.S. Ambassador 
* Guarantees personal attention of: 
= U.S. Ambassador to USSR 
= U.S. President 
™ NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
™ Leading U.S. scientific institutions 
* Two U.S. Ambassadors died, another sickened 
* Anomalous health changes iibereonnel only 
in zero-field (zero pot'l gradient) areas! 
« Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
™ Then again increased 
* No one could understand what was going on 
* Aluminum screens were placed over windows 
* Moscow was declared a hazardous duty zone 


© 10s, 0 7 seOEN 


Former U.S. Embassy in Moscow. 
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Pentagon EMI Studies, 1989 


Washington Post, 22 Jan 1989, p. A4 
= Analysts of severe EMI effects in strike on Libya, 1986 
—performed major 3-year, 66-man study 
—-Blamed effects on U.S. forces‘ own signals 
-Did not know of any other "signals" present 
-Knew nothing of quantum potential weaponry, energetics weaponry 
7-month preliminary study 
— Severe EMI Problem exists 
-EMI shielding often waived in our weapon systems 
-Thousands of conflicts possible 
Also studied UH60 Blackhawk helicopter problems (which were 
due to its lack of good EMI shielding, and not quantum potentials) 
—uncommanded turns 
Five EMI crashes 1982-1989 
-$175 M program to shield it 
So found that U.S. transmission combinations can 
Affect aircraft flight control 
-Tum off fuel supply 
—Cause uncommanded dive/tum 


-Bring down U.S. warplanes 


= Actually, Libyan EMI was induced by Soviet quantum potential tests 
which can do all those things and much more © 1996 TE BEARDEN 
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The Tom Bearden 
Website 


EM Missile Practice 


EM Missile Practice 
Latter Sept. - Early Nov. 1996 
Melbourne, Australia 


Deception: Using EM Missile to Reinforce 


Notion of SAM Attack 
Saturday evening, Nov. 16, 1996 


Intelligence Probe: Insuring U.S. Still 


Unaware of Energetics Weaponry 
Thursday, December 12th, 1996 


EM Missile Strike, Offset from Night 
Shuttle Launch, Cape Canaveral, Florida 
The Smoking Gun in November 1985 


Distant Operator Onsite in Russia Slew 
Away Registration Point 

Marker Beacon over Night Shuttle Launch, 
26 November, 1985 


EM Missile Practice and Deception 
November 17, 1996 
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EM Missile Practice 


Latter Sept.-Early Nov. 1996 


(Multiple Nights, Multiple Streaks Each) 
(Many Witnesses) 


= 
~ 500 meters (one case) 


Melbourne, Australia 
Australian Associated Press 
Nov. 2, 1996 
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Deception: Using EM Missile to 
Reinforce Notion of SAM Attack 


Saturday Evening 
Nov. 16, 1996 


ae 


Note: Meteor shower was forecast, which 
provided perfect decoy to FBI investigators, 
to steer them off the true scent. 


Pakistan International Airlines 
Flight 712, just after takeoff 
from John F. Kennedy Airport, 
on path similar to that taken by 
TWA Flight 800, July 17, 1996 
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Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 


Thursday 


Dec. 12, 1996 
Pilot sighted what he called 


a"“green flare”. 
No danger, no evasive action. 


Saudi Arabian Airlines 747 

en route from Riyadh, Saudi Arabia ‘a ae 
FBI: "Py ” 

to John F. Kennedy Airport. NDS LneneOr Es. 

At 12,000 ft., not far from where 

TWA Flight 800 was killed on July 17, 1996 fo} 


p03 1:24:17 
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from Night Shuttle Launch 


Cape Canaveral, Florida 


MARKER BEA\ 


EM MISSILE STRIKE 
26 NOV 1985, 


(LIGHT DEVELOPMENT) 
OFFSET FROM NIGHT SHUTTLE LAUNCH 


(OARK DEVELOPMENT) 


OFFSET FROM NIGHT SHUTTLE LAUNCH 


The Smoking Gun in Nov. 1985 
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g Distant Operator, Onsitein Russia 
| Slews Away Registration Pont 


MARKER wha 


28\Nov 1985 
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EM 


EM MISSILE PRACTICE 
AND DECEPTION 


Nov. 17, 1996 at 2220 hrs. 


.—_— 


— ————— Speed Bird 226 
—— 


Lufthansa 405 


Note: Amonth Vicinity of Long Island, New York 


of Kill of TWA-200. Not far from where TWA-800 was killed 


“Inside gloating” 
a » gloating | PY Two aircraft sighted object 


Subdivisions of 
Soviet Energetics 


Bioenergetics | Psychoenergetics 


Do were cence 


pio 
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ae Communism's Goal R 


= "War to the hilt between communism and capitalism 
is inevitable. Today, of course, we are not strong 
enough to attack... To win we shall need the element 
of surprise. The bourgeoisie will have to be put to 
sleep. So we shall begin by launching the most 
spectacular peace movements on record. There will 
be electrifying overtures and unheard-of 
concessions. The capitalist countries, stupid and 
decadent, will rejoice to cooperate in their own 
destruction. They will leap at another chance to be 
friends. As soon as their guard is down, we shall 
smash them with our clenched fist." 


Cerin School of Potkical Warfare, Moscow 
(circa 1934) 


@ 1996 TE BeARCEN 
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Manuils 


Manuilsky, 1934 
= War is inevitable. 


vs. Status Toda 


ky's Goal 


Situation, Dec. 1996 
= Has not changed. 


= Not strong enough 
to attack now. 


= Strong enough now; preparations 
completed. Need right opportunity. 


= Need surprise. = Have achieved total surprise. 

_= Must put us to sleep, _____| =Wearesound asleep, 
= Need most spectacular = Done. We think the Russian threat 
= Electrifying overtures, = Done, and still occurring every day. 


unheard-of concessions. 


It has worked beautifully. 


= Capitalists will cooperate. 


= We are cooperating in spades! 


They will leap to be friends. 


= We've leaped, and are leaping. 


= They will let down their guard. 
. 


= No ABM, junked lots of nukes, 
shrunk our forces to the bone. 


= We'll strike them then. 


@© 199,197 TE. BEARDEN 


= They would have struck (twice) in 
1997, but for deterence by another 
nation (not U.S.) having QP weapons 

= They are still looking for a risk-free 


opening to strike 
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Professor Hellman, German Scientist 
Released from Work in Soviet Union 


= Worked in Soviet Union after WWII 

= Eventually escaped to Germany, then 
to Brazil thandeome offer) @ weet e BEHROEN 

= Took part in highly unusual Soviet energetics 
development and experiments 

u Large areas of the sea could be and were 
suddenly frozen 

= No particular attention was paid to this 
information by highly qualified scientists 

= /n intelligence terms, this is A-1 information of 
the highest caliber 

= Bohm also was invited to Brazil, which 
started an energetics weapon program. 
Brazil developed such weapons including weak 
quantum potential weapons (0.95 confidence) 
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Website 


Hemispheres of Light 


e March 20th, 1969 
Caribbean and Western North Atlantic 


e Hemisphere and Globes, 1977 
24 March, 1977 


Virgin Islands Incident 
August 1969 


Typical Shield Test, Northern Route to Japan 
June, 1982 
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xpanding Hemisphere of Light 


Mar. 20, 1969 
Caribbean and Western 
North Atlantic 


€ 


Semicircle 

Milky white light 
Small, intense at first 
Dimmed as enlarged 


Grew to enormous size 
Lasted 10 minutes, then 
faded 
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Hemisphere and Globes ae 
Leone Bahttes o* 


969 Virgin Islands Incident 


8:15 P.M. 


Aug Smooth, curved 
Seen by many residents esas 


Faintly luminescent 
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iypical| SHieig| Test, Northern Route to Ja 


418-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 
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How Could Such Superweapons 
Ever Be Concealed? 


Arthur C. Clarke's law states: 
"Any sufficiently advanced technology is 
indistinguishable from magic." 
To U.S. scientists, "magic" means "impossible" 
Longitudinal EM waves and LW interferometers 
have been regarded as fantasy and impossible 
To deceive foe on rather open use of unknown 
technology without discovery: 
"Disguise its Uses as Understandable 
accidents, human error, acts of nature 
other known technology, etc.” 


Soviets Easily Concealed These 


Superweapons for Four Decades 
Intensive Soviet deception plan utilized 
— Embedded in other weapon system tests 
— Made to resemble natural acts, accidents, etc 
— Open science releases coordinated to show 


Russian scientists worked on "normal" science 
West thought Russian scientists inferior 


U.S. scientific community was and is dogmatic, 
and fiercely suppresses real scientific innovation 


Terribly flawed electrodynamics not TOUMESE!Y 
shaken and changed in West c 


West had no basis for understanding energetics 
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Pracise spacetime curvature engine adds energy to2Het a.particles inside atomic nuclei, causing tunneling a-decay 


POWER POWER 
UNT t UNIT iG 


REFLECTED 
BEAM 
RECEIVER 


Plan 
View 
ib nas energy to 

© pasiden causing 
semision and 
Seay 


Figure 26. Microscope-type, laser-like interferometer for inducing quick a-decay 
in samples of otherwise longer-lived isotopes. OE EEN 8 
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Longitudinal EM Wave Interferometry: 
Endothermic mola 


Meeting of timed pulses F; ire FERENCE 
causes explosive cooling ? 


‘Ambient vacuum potential "4 
in distant interference zone 


Bias as oo Heat extracted : 
-* 
XMTR/RCVR.-""" XMTRIRCVR | 
“ 


o, ~L... &® Pecan meer 
a 


Electrical ground potential 
of transmitter 
© Te. pEARDEN 196, 
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Longitudinal EM Wave Interferometry: 
Exothermic 


Energy input to Energy input to 
transmitter/receiver _ transmitter/receiver 


%, oy -— 


eer 


reshweapons/I 


ground potential 
of transmitter 


XMTR/RCVR 


‘ Heating in 
\ interference zone, 


Ambient vacuum potential 
in distant interference zone 


| Meeting of timed pulses 


causes explosive heating @ixawase 


piv 
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U.S. Air Attack on Libya 
April 1986 


« Slide 1 
« Slide 2 


e "Washington Post" Article 
January 22, 1989 
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U.S. Airstrike on Libya 
April 1986* 


MANY HIGH-POWERED. 

= COMMUNICATIONS 

= JAMW S 

— RADARS 

+ SEVERE, UNEXPECTED "EMI" ENCOUNTERED. 
= ONE F-111 DOWNED 
— NUMEROUS WEAPONS WENT ASTRAY 


EM energy arises from every — THREE FOREIGN EMBASSIES DAMAGED 
peintinapacetie inside : ky 


— SEVEN AIRCRAFT FORCED TO ABORT 
* COMMANDERS: "US OR THEM?" 


“Washington Post, 22 Jan. 1989, p. Ad 


18.11.2008 1:25:19 
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U.S. Air Attack on Libya in April 1986 


* Established QP with the electronics in our aircraft and missile 
¢ Subtly jammedthem with spurious EMI noise and signals 


— 
a wi4~ avis 
~= 
¢\~ 
2, ~ 
—t ~ 
¥ ¢ 
Longitudinal ok gent! 
Intert a Yan interferometry 
ii 
Lea — eo Geta 
mirror 
MATT Distant scalar 
© ve vemven 1997 1 Interferometer 


hups/www.ct ng/images/weapons/Libyatk3sm,jpg8.11.2003 1:25:21 


hatp//w 


Lightning Wall £¢% 


e Aircraft on course of 270 degrees 

e Approached "solid wall of lightning” in 
an otherwise cloudless sky 
— From very high altitude to near the water 
— Extended north-south as far as one could see 

e Radar scope clear 

e Rigged aircraft for heavy weather 

e Plunged directly through wall 

e Wall was very thin circa 1959-1960 


Interview with Patrol plane commander 


© 15 wearoensne U.S. Navy P5 aircraft 
Over Atlantic, 200 miles east of Norfolk 
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THEORY DEVELOPED AND FITTED 
HYSTERESIS MEMORY LOOP 
CONTROLLED EM INDUCTION 

* IMAGES 

* SENSATIONS 

* PREDETERMINED EMERGENCE 
23 EEG BANDS 

+ UP TO84 x 107 Hz 

* 41 INDEPENDENT CHANNELS 


* *# # 


'S.K. Lisitsyn, “New Approach w the Analysis of Ele trameqphalagrams,” 
DOC Report ADTORS, p, 1625. 
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Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e 1958 nuclear explosion near Urals 
— Contaminated 1200 square kilometers 
— Signature of large LW! accident 


— Buried atomic wastes suddenly exploded 
— Region contaminated to this day 

e Soviets were well along with advanced cot 
prototypes and testing " 


= In Jan. 1960 Khrushchev announced these 
forthcoming ‘fantastic’ weapons 


= 1958 difficulties would have been resolved by 1960 
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Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e Expected cause of 1958 accident 
— Huge LW energy beams built up 
ort-out in transmitter 
ergy flashed over into earth and spread 
Struck and fissioned stored nuclear wastes 
e Developed new safety circuits can 
— For transmitter short-out, instantly vates to hold 
LW beam gy and er 
nt happened in t 


private US. group bl that transmitter 
to prevent catastrophic ake in Galiformia 
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© T.E Bearden 1994, 1999 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


77.0 
Interference Zone 
(Potential gradients) 
Normal EM Energy: 
May be positive, or 
negative, or fixed 


Hidden 
Bidirectional 
EM energy flow 


Bidirectional 
EM energy flow 


Whittaker/Ziolkowski 
Transmitter Arrays 
(8 to 20 harmonic wavepairs each ) 


Figure 5. Scalar potential interferometry (between the two sets of bidirectional 


pel cher 


longitudinal EM wavepair functions) produces all EM force fields and waves. 
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“AYR Two Types of Mutual Assured 
. Destruction (MAD) Systems 


= Sane system: _ ee ee 


= Turned off or on standby 

= Wait until attacked or attack is imminent 

= Humans consider situation, make strike decision 
Command order issued to weapons officers 
Human finger initiates launch sequence 


Usually requires code entry, etc. for assured launch control 


= Insane system: 
~ corpses r Lettered nes every 2 Leal initiates launch 
- sequence, isa , 2 min.) where 
opera tan enter stop se period (say. mn) i. 
- wore stop not entered, weapons coengterh launch 
— if correct entered, co! T resets, er 
another ohne, Sutomaticalty reinitiate jates the launch sequence 


@ 104 190 TE sconces 
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ychoenergetics Weapons Teams 
<@ i tii Disable All Personnel 
(COUNTERS ALL SANE MAD SYSTEMS) 
(NULLIFIES HUMAN COMPONENT OF ALL WEAPON SYSTEMS) 


ELECTRICAL 
THOUGHT-WO! 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


+ Site Sia pecmone F instanth 


Controlled. 

+ Distant weapon controller 
teams coord crew actions 

* Standdown insane weapons to 
maintenance standby. 

« Mindsnapper then strikes, 
kills all personnel, and 
nullifies site for months. 


Indicators: Two A-10 incidents 1997, LIDA device since 1950s. © ww re veo 
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Strikes Against Special Ship Ss 


and Energetics Weapon Sites 


e Via powerful scalar EM pulses in each targeted area, so sharp timejerks occur 
= Mind and its operations exist in time but not in 3-space 
= Coupling interaction of mind operations to body occurs through flow of time 
= Flow or change of flow of time must be smooth, for coupling of mind to body 
° Sharp jerk in time flow snaps mind's coupling to body, instantly separates mind 
© Instant death for every virus, bacterium, cell, insect, mammal, living creature 
 Contaminates struck sites for months, perhaps a year 


Note: id TS, this Is the part of the " piso arrage” 
vat attacks the enemy's response ci lity (1. 1 iis “artillery” @ te eeanD en 96 
ana his “airpower") and suppresses it The use of the 
“mindsnapper™ weapons provides 100% assurance Saf success, 
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“"MINDSNAPPER" ATTACK ON SPECIAL 
SHIPS & ENERGETICS WEAPONS SITES 
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“We have a new, fantastic weapon ... so powerful that, if 
unrestrainedly used, it could wipe out all life on earth.” 


Khrushche' Je» 
2 speaking toPresigium, & 
Wi 


Ca 
SS Yf 


* Minds snapped loose from 
BURSTS i bodies (every living thing) 
a4 © Struck areas completely 
- sterilized of all life 
\ . Pifseaniied) slow decay: 
ime-charge makes 

TARGETED Contamination persistent 
AREAS © Tested twice in Afghanistan 


The Tom Bearden Website 


The Tom Bearden 
sae epee es Help support the research 


How Much Off Guard Are We? 
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Slide 3 


Slide 4 


Slide 5 


Slide 6 


Slide 7 


hup:/www.cheniere.org/images/weapons/offguard hml8, 11.2003 1:25:59 


‘http:www.cheniere.org/images/weapons/offgard |sm.jpg 


How Mueh Off Guard Are We? 


« Legitimate U.S. forces have no energetics weapons or 
defenses against them 
No DoD general, military officer, or enlisted person 
reporting to the government of the United States has any: 
= Training in energetics or energetics weapons 
—- Experience in energetics or energetics weapons 
development and usage 
- Training in strategy, tactics, deployment, and 
employment of energetics weapons 
- Knowledge of energetics weapons effects and 
capabilities 
- Knowledge of the energetics weapons, tactics, 
deployment, and employment by the KGB/Russians 
Civilian and military, scientific and intelligence, and news 
media personnel do not recognize energetics weapons 
effects happening right over their own heads «<=: 
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How Mu A ? 


® Kill of U.S.S. Thresher in 1963 not recognized. Left signatures. 

= 23 years of KGB weather engineering, particularly over U.S. and 
North America, ignored and not recognized. 

= Decades of irradiation of U.S. Embassy, fatally injuring three U.S. 
Ambassadors, health changes in personnel shrugged off ineptly. 

= Massive building of underground sites, all through former 
Soviet Union, lamely speculated as perhaps "ABM" system or?. 

= 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, personnel ignored 
as "accidents" by legitimate U.S. communities. 

= Quantum potential strike on soldiers in Gulf war ignored. 

= Quantum potential deterioration of U.S. populace's immune systems 
ignored. 

= Exchange of earthquakes and massive remtiatoy, destruction of 
Soviet missile ammunition storage sites, 1986-1989, ignored. 

= U.S. scientific and military communities adamantly refuse to rework 
electromagnetics, though known to be seriously flawed. 

= Refuse to Stoney/Whittaker work to engineer hidden variables, 
even th present quantum mechanics also known to be wrong 
because it does not contain such "hidden order.” Orme resomer 

= Refuse to develop, structure, and apply Bohm's quantum potential, 
for instantaneous action at a distance. Russians developed it. 
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How Much 
Off Guard Are We? 


@ Kill of U.S.S. Thresher in 1963 
— Not recognized. 
— Left signatures. 
® 23 years of KGB weather engineering 
= Particularly over U.S. and North America 
= ignored and not recognized. 
®@ Decades of microwave irradiation of U.S. Embassy 
— Fatally injured three U.S. Ambassadors 
— Induced health changes in personnel 
— Shrugged off ineptly. ne 
@ Massive building of underground sites 
= All through former Soviet Union 
= Lamely speculated as perhaps "ABM" system or?. 


uphwww. 


yons/offgard4sm,jpg8. 11.2003 1:26:08 


‘hutp://www.cheniere.org/images/weapons/offgardSsm. jpg 


How Much 
Off Guard Are We? 


@ 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, 
personnel ignored as “accidents” by legitimate 
U.S. communities. 

® Quantum potential strike on soldiers in Gulf war 
not recognized, ignored. 

@ Quantum potential deterioration of U.S. 
populace's immune systems ignored. 


@ Exchange of earthquakes and massive retaliatory 
destruction of Soviet missile ammunition storage 


sites, 1986-1929, ignored. 
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How Much 
Off Guard Are We? 


© U.S. scientific and military communities adamantly 
refuse to rework electromagnetics, though known to 
be seriously flawed. 

® Refuse to Stoney/Whittaker work to ineer 
hidden peed even though present Guana 
mechanics also known to be wrong because it does 
not contain such “hidden order.” 

® Refuse to develop, internally structure, and apply 
Bohm's quanturn tial, which gives 
instantaneous action at a distance and great energy 
amplification. 

® Russians de intuinn intial weapons, 
which obsolete all ah apealg Om renner 
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“Retired Gen, Wayne Downing concluded that U.S. forces 
are so far superior to potential foes that opponents have 
turned to terrorism as the only way of challenging them." 
The Times also provided the information that 

Defense Secretary William Perry agreed with 

Gen. Downing's conclusion. 
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JUST HOW MUCH OFF GUARD ARE WE?* 


‘indigenous missiles" for at least 15 years. 
« Clinton has claimed a program for ABM defense is too 
expensive, would violate ABM Treaty with former USSR. 
« Soviets developed an ABM system in violation of the treaty. 
ein June 96 Russia test-launched an SS-19, their 26th ICBM 
test in 5 years, 
« "Russia still retains and is modernizing a vast nuclear 
arsenal... still the only nation of earth that could destro) 
ica in a matter of minutes. Indeed, given the we: 
=of the Russian Army, Russia's Sipe! iceer ambitions rest 
‘more than ever on its nuclear capab! 
* "For the first time e Be dawn of nee nuclear age, there 
not a single Russian missile pointed at America's children. 
Comment: Punch a computer button and the missiles are 
pointed! The armed missiles are still there, ready and ' waiting. 
Bulleted info courtesy Washington Inquirer, June 24, 1996. + trouse Nat'l Security Chrmn, Floyd Spence. 
@om reromce * Bill Clinton, State of the Union Message. 
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Propagation of Weapon Effects 


= All conventional weapons use propagation 
through 3-space of matter or energy or both 
- Matter (bombs, missiles, projectiles, etc.) 
- Energy (EM force fields, sonic force fields, etc.) 
- Basically one-to-one, or one "bus" to many-on-many 
- Finite propagation velocity v: where 0<v <c 
- Time delay: Shielding and pre-strike retaliation possible 
= Structured quantum potential propagates 
vacuum ordering (vacuum engines), instantly 
- Zero time delay (through multiply-connected spacetime) 
- No propagation "through space", no "velocity" as such 
- Easily one-to-many, without limit 
- Dramatic energy amplifier (gates, amplifies flux ordering) 
- Effects arise in local spacetime; no shielding possible 
- No range limit, since striking distance always zero 


= QP weapons obsolete ali other weapons 
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Yugoslav Earthquake, 
Followed by Cold Explosio 


Magnitude 7.2 on Richter scale 

Epicenter 33 km. deep 

More than 100 aftershocks 

At Kamenari: 

» Adriatic sea mushroomed up 

» Like atomic bomb explosion 

> Signature of a cold explosion 

» Similar to Apr. 1984 test off coast of 
Japan, near Kurils (see inset graphics) 

Note that April is a significant test 

month for the Communists (preparing 

official reports for May Day?) 
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COUNTERING AN INSANE QP WEAPON: 


Quantum Potential Psychoenergetics 
<@ Strike Mentally Controls All Personnel 
CONTROLLED PERSONNEL DISABLE INSANE QP SYSTEM 
(FOLLOWED BY PERSONNEL KILL OF ENTIRE CADRE BY MINDSNAPPER) 


Be og 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


ANALOGOUS TO HYPNOTIST. 
PERSONNEL FUNCTION IN AN 
ALTERED, COMPLETELY 
CONTROLLED PERCEIVED REALITY. 


Indicators: Captain Button’s lengthy A-10 incident in 1997, LIDA device since 1950s. 
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Gulf War Disease: KGB QP Weapon Induced 
ST Curvature Engines for a Cocktail of Diseases 


LS avy © 1999 T. E BEARDEN 
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Distant Scalar Potential 
Interferometer with 
iterative self-targeting 
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Self-Targeting in Inner EM 
Channel! Can Produce a 
~" Quantum Potential 


Once QP Is established, anata enmeon. 
is direct and instantaneous. Energy input to one 
‘single participant will simultaneously appear in all 
other its, the their 


‘ipants, the amount depending on 
fractions of participation with the input station. 


x 
@sssesQ ™ We 


POTENTIALS INTO LASER LIKE 
BEAMS, BETWEEN TWO PUMPED REL PIAS OF. IER ACTING ON 
SOURCES. NOW ONLY PUMPED SOURCES 

THE LINKED OBIECTS: ONNEST im wr. are mncen 
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es — 5 Sss@ TIME N N's are nodes participating 
No inthe quantum potential. 

@ Iterative retroreflection between any pair of b. The quantum potential exists as narrow, laser-ike 
nodes narrows the interconnecting j potentiate beams between participating nodes, even when 
to a laser-ike, bidirectional beam. Iterative the nodes are Widely separated The beam space 

mse conjugate reflection provides self- ie mnaiply-connected; transmission ts instan- 
ing. neous. 


© 1989, 1005 TE BEARDEN 


Consider the hidden Ston eyiWhittaker bidirectional EM waves that comprise the 
potential from each source node, If these nodes have sufficient intersymmetry of 
dynamic material form, then self-targeting occurs between the two nodes of any 
nodal pair. By iterative phase conjugate reflection, the scattering is narrowed 
into interconnecting wavepairs, in laserike beams, between each two nodes, 
‘Thus the interconnecting potentials narrow into laser-like, bidirectional beams. 
The Coulomb gauge may apply, and a quantum potential may be formed. 


Figure 30. Mechanism for generating a quantum potential, by iterative 
self-targeting induced into a system of multiple scattering nodes. 
Once a QP is established, spatial separation has little or no effect. 
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ee Major Principles for Use of 
Ge Quantum Potential Weapons 


= Must disable dead-man fuzing prior to massive 
use of scalar interferometry weapons. 

= Must assure immediate, complete nullification 
of unique enemy assets (quantum potential 
assets, special ships, and energetics weapons). 

= Personnel can be destroyed instantly with 
mindsnapping; area is sterilized of life, and 
effect persists, gradually dying away. 

= Personnel can be disabled instantly with various 
psychoenergetic weapons; area not sterilized. 

= Personnel can be destroyed in short order by 
using EM BW weapons; area not sterilized. 

= lf foe has energetics weapons, then it is a 

luick-draw “gunslinger” contest unless insane 
D systems deployed. 

= Complete surprise is of decisive importance. 

= Tailor effect used to specific target, objective. 

= Note: Must use "insane" MAD systems to deter. 


psi. 
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= Quantum Potential Weapons: 
oral Major Principles (Continued) 


= Three major classes of use exist: » edocs 
= of bulk k energy only (as in bulk heating or cooling) without 


icturing 
ites of internal ce alah of the bulk energy, so that vacuum engines 
appear in target 
—Use of more deeply nested engines allows direct intervention in mind, 


long term memory, perception, thoughts, emotions, personality 


= Use of vacuum engines allows engineering at a distance of: 
- Atomic nuclei including structures, reactions, and transmutations 


- Bulk matter including translations, lattice bonding, chemistry, chemical 
ions, electromagnetic interactions 


~ Deep biological control systems such as 
> Beckers cellular saath (recovery) system 


> Popp’s cellular control system 


eapons/QPotl4smn.jpg 


—Cells including: 
“> Structuring, differentiation and dedifferentiation 
» Genetic changes, chemical changes 
» Induction of disease states without normal disease vectors 
~-Mind/matter Prtertece, Inchailn long-term memory, perception, 
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Instantaneous Communication by a 
Quantum Potential 


is used In an © sot, soos 7 neswceN Selected cipatt @by Lotus SmartPics™ 
extended sense. 
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e Separated points are superposed in MCST 

« Connection is instant and bidirectional 

¢ Propagation through ST does not apply 

« Energy or vacuum engine input to one station 
instantly appears at each and every other station, 
undiminished in magnitude 


. ay sail may Insert energy 
engines 
* Phase conjugation insertion 


© TE BEARDEN 1998 negates 
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Quake in Tangshan, China 
2B duly, 197s 


e 7.8 on Richter scale 

e Hundreds of thousands killed 

e Accompanied by extensive light, 
electrical effects 
= Starting $ to 5 days before 


= Communications interference 
within 250 krn 


= Sky lighting observed he as 
e [Personal comments] 
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Counting Rifles: Put up or shut up! 
(Exchanging Earthquakes) 


Opening bet 


- Quebec 25 Nov 88 

- Pasadena 3 Dec 88 
Raise you 

- Armenia 7 Dec 88 


Call - what do you have? 
- Malibu 18 Jan 89 
Four aces 
- Soviet Central Asia 23 Jan 89 
- Bakersfield et al various 


OTe ncancen 100 
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Instant Communication 
by a Quantum Potential 
Poncesanpeet aon sige) ny Air 


ode of that power also LP. 
appear simultaneously at each other 


S— as 
Samat) J Sele 
b A 


ar Slee 


as 
N's are nodes 
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Westemers Do Not React to Slow Threats 


BOA CONSTRICTOR LIGHTNING STRIKE 


Westerners tend not to react to slowly increasing things, 
but react to rapidly increasing things. 
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CHARACTERIZING A GIVEN RISK OR RISK FACTOR 
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TECHNICAL RISK MANAGEMENT 


SUPPORT RESEARCHIS TECHNICAL RISK REDUCTION 
AND MANDATORY FOR ANY EMERGING TECHNOLOGY 


MODERATE 


SUPPORTING i pes 


PHENOMENOLOGY §=————————- 
EXPERIMENTS AND MATH MODELING 
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Aum Shinrikyo's 
Sarin Facilit 


The interior of Satian No. 7, a suspected sarin production plant 


STEPS 4&5," 
Ps 


Reference: Senate Subcommittee Hearings 


In Scalar Beam Interference Zone 
eee ———e 
e De-phasing of wave/antiwave pairs occurs 
* Zero-summation destroyed 
® Ordinary EM reappears [Whittaker 1904] 


® Ordinary energy appears or disappears 
(i.e., may produce heating or cooling) 


e Energy bottle effect 
e Can add or extractEM energy 
e Can produce specific ST curvature engines 


© T.E BEARDEN 1999. 


wo Physicist Schappeller A 
Auralaz Munster, Austria: 
—British Intelligence interview, about 1948 
—Used Kaluza-Klein theory 
-Worked with Russians 
= Schappeller claimed he could: 
—Cause "implosions" rather than explosions 
—Use gravitational and electromagnetic 
energy 
—Cause large areas of the ocean to freeze 
—Tap earth-ionospheric field 
— Produce enormous energy 
= This is precisely what Hellman worked 
on in the USSR, after WWI! 6 crews 
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Initial Soviet Plan for 
Cold War, After WW II 


= Develop and deploy SAM bomber defense 
= Catch up in atomic weapons 
= Master and apply rocketry : 
= Wed atomic warheads to rockets 
= Initiate "Cold" War 
-Bleed the dragon 
— Guerrilla wars 
—Terrorism 
—Insurgencies 
= Find, develop, and weaponize © 
next ‘great technical breakthroug: h 
area as highest national priority 


we Te cece 
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Josef Stalin: Absolute Dictator 


* Secret police and spies everywhere 

* Purged his own officer corps 

* Always deeply suspicious 

* Regularly purged his enemies or those 
perceived to be shaky or untrustworthy 

* Absolute power, justice had nothing to 
do with it 

* Opponents often just disappeared 
in the night, never to be seen again 

* Secret police often tortured, killed them 

* Others sent to slave labor camps to die 
by severe work, starvation, and beatings 
of downright massacre 

* Had experienced unusual abilities of 
Wolf Messing, so knew that some 
persons could do unusual things 

* Forced Soviet weapon physics into this 
psychoenergetics realm also 


(© TE BEARCEN 1997 ie 
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Assembled Academy 


"The destiny of communism has been frustrated by the U.S. development of the 
atomic boi That is not the last t technical breakthrough. The next one 
be Soviet! You will provide me with that it new technical through at al 
speed, or | will have your heads. Do! fe myself clear, comrades?” 
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ee Significant 
Soviet Statements 


="'In the final revolution, it does not matter if three-quarters 
of the earth is destroyed, so long as the other quarter 
emerges communist." [Lenin] 


= "If a means of total neutralization of foreign missiles is to 
be found, it can only come from a group of new principles 
in physics, called energetics.” [Nobelian Petr Kapitsa, to Nikita 
Khrushchev, in answer to Khrushchev's demand for a 100% method of 
defense against long range missile attack.] 


= "We will bury you." [Khrushchev, to Nixon, Kitchen Debate) 


= "We have a new weapon, just within the portfolio of our 
scientists, so to speak, which is so powerful that, if 
unrestrainedly used, it could wipe out all life on earth. 
It is a fantastic weapon." [Khrushchev, speaking to the 
Presidium, Jan. 1960] © Mee TE BEARDEN 
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| CAPTAIN AMY SVOBODA) 


© Nightitrainingimission May 27, 1997, 
® From same wing as Gaplainjbuton 
® Tihis\was asecond) psychoenergetics str 


ce/syoboa 0 p81 200; 
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T-Polarized Beam Projector 


For intercepting and Distant Masses 
at Various Angles and 
A beam projector interferometer Spacetime 
may be swept in azimuth and curvature 
elevation, under computer control. engines act 
The interference zone can be within any 
quickly swept through the intercepted 
Surrounding volume of space. mass 


Gop Interference 
ime 

waveset DY |_,| Small tine densi ity 
generator 2 penal ‘é waves 
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4X Possible Tests (1) Re 


@ 1958 nuclear accident in Urals 

@ Disease induction in U.S. Embassy 
personnel in Moscow 

@ Siberian disease/death transmission 
experiments 

@ Destruction of USS Thresher nuclear 
submarine, Apr. 10, 1963 

@ Nuclear explosion transmitted into 
ocean underwater, 100 miles north 
of Puerto Rico, Apr. 11, 1963 


D) W8T.€ BEMR OEY 
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Possible Tests (2) 

= Eight F-111's downed in Vietnam 

immediately after deployment 
= Several large earthquakes 
= Mysterious aircraft losses in groupings 
= Numerous underground “nuclear” tests 
= Nuclear tests at Semipalatinsk without 

associated seismic activity 
. a altitude Adie snaps, booms 

= Off East Bust a0 Ss. 


ver West Coast of U.S. in merece 
Trindenserne 
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Possible Tests (3) 

e Blinding of se U.S. satellites 

(up to 4 hours ration) 
e Cold Explosion off Kurils 1984 

= First, a cold explosion ae 

— Then test of giant Tesla shield 300 mi, dia. 
© Tests offset from shuttle launch Nov. 85 
« Kill of Arrow DC-8,Gander, NFLD Dec. 1985 
e Titan kill, Vandenberg AFB, CA early 1986 
e Kill U.S. Challenger, off Cape Canaveral 1986 
e Earthquakes induced, 1986-88 
e Dozens of tests of shields around the world 
e Decades of radiating U.S. Embassy in Moscow 
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Possible Tests (4) 
e Extensive tests 1990-99 in Western Australia 
e Engineering of weather since 1990 by Yakuza 
° STS ee test in WA in 90s 
e C-130 engine flameout kill © meretemon 
© TWA-800 kill 1997 
e Gulf War Disease Induced, 1991 

of immune systems of U.S. 

G peyiaee tae! 19908 yste 
4 control of Captain Button 
¢ Psychoenergetic control of Captain Svoboda 
Teen eei pene rer ety 
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Mushroom cloud rising from sea 


e 0514 hrs, 9 April 1984 

¢ Gray-white cloud appeared 

¢ Rose 60,000 feet in 2 minutes 

¢ South of Kuril Islands 

— 180 miles southeast of Hokaido 

— 200 miles from Tokyo 

¢ Soviet missile testing scheduled 
about 350 miles away, at 2100 hrs, 
9 April 1984 o tm TE BEARDEN 
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Launches from Cape Canaveral 
and Vandenberg AFB 
Provided Practice Targets of Opportunity 


huip:swww.cheniere.org/images/weapons/Thresher sm. jpg 


The sinking U.S, Thresher with her controls 
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Figure 32. Embodiment of an instrumental array sufficient to discriminate when 
time-density charging has occurred, and that transduction of time-charge 
decay is occurring. © TE REARDEN tom 
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Transmutation of Radioactive Nuclei at a Distance 


Interferometer 

beam or single be: Foy ia 
E d through the radio- 
isol 


es of the nuclear 
wastes to be neutralized. 
Specific engines may be used 
for altering specific isotopes. 
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Transmutation of Radioactive Nuclei (2) 


Active Spacetime 
Spacetime Curvature Engines 
Specific spacetime curvature curvature Zone of action 
engines used are to add excess engines act \ 


energy to selected radio- 
nuclei, including intermediate pelea 
decay isotopes. In this way, radioactive 


decays dramatically speeded wastes, adding 


excess energy 


~| Waveset 1 


generator i 


Engines 
“| Calculation 


| J waveset2 | | miseton --) 
= Le 


cen: wastes 
in nape in 


pee etc. 


Generator Control 
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St, et 


Wypical Snieid| te: 


, NOTE ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 
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To win its freedom in the long run, usually a group must 
defeat its attackers or suppressors af Jeast twice. 


* We fought the British twice for our independence. 


+ Weare fighting ourselves twice to free the 
KX slaves. American Civil War 
- Civil rights struggle 
* We beat the Germans twice, in WW | and WW II 


+ We beat the Hispanics in the Spanish-American War. 
aS aa He winning the second by crossing 
3 U.S, is becoming a Hispanic Nation). 
_But we also have some unfinished business at hand. 


Qwere sewoen 


| * We checked the Russians in the Cold War. Once. 
* We checked the Japanese in WW II. Once. 

| * We checked the KGB in the Cold War. Once. 

| * Wechecked the Communists in the Cold War. Once. 
¢ We checked Saddam Hussein in the Gulf War. Once. 
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eka Large Scalar EM Interferometer 
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= 1958 nuclear explosion near Urals 
= Signature of large scalar interferometer (LASI) accident 
— Buried atomic wastes suddenly exploded 
— Large region contaminated to this day 

= Soviets were well along with advanced LAS! prototypes 
and testing 
— Khrushchev announced forthcoming advent of these “fantastic” 

weapons in Jan. 1960 

— 1958 difficulties could have been resolved by 1960 

= Expected 1958 cause: transmitter short-out and 
failure in a nearby LASI discharged its cumulated 
energetics beam energy into the ground 

= Spreading ground pulse struck nearby atomic wastes, 
fissioning nuclei 
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THE KGB/VYAKUZA-AUM WAR PLAN 


Dud all quantum potential weapons in other nations via psychoenergetics. 
picid U.S., Israel, Brazil, West Europe as military powers. 


nuclear weapons, hostile energetics weapons, hostile ships, 


BON oF of targeted populaces in first fourof strikes. STRIKE! 


LEASE 


9091 
Aum/Yakuza 
Acquired 


Use of on-site 


(Energetics) 
Weapons. 
Began 
Geosurvey 

of Test Range 
(Western 
Austratia) 

for training. 
KGB Tested QP 
population wpn 
(Gulf War 
Syndrome) 


Quan, om te roHCEN 


TRAIN ESCALATE 


\ 


S) 
\ 


1991-94 


Began extensive 
training of AUM- 
Yakuza crews 1995-99 

in Russia, with — | Began EM kil of selecte 
practice firing lone U.S. targets, jaw 


Into Western 

Strategic deception plan, 
futralla. Jtewm | U-2ale? USAir7477 | Trigger terrorist BW, & WMD attacks. 
wide weather TWASOO C-130 Enhance BW infections with QP wpn. 
ros og ValueJet? A-10s When ready, counter insane QPweapons 
Prparna hr Surged electrical grid: with psychoenergetics, Destroy QP wens. 
‘occupation of Worldwide practice kills, Dud all nuclear weapons worldwide. 
Wostaustraita, | Scalar interferometry Time-snap ships, scalar weapons sites 


QP modification of Attack major target populations w/QP. 
selected pathogens Then cleanup with interferometry strikes. 
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Why Western Science is 
Ignorant of KGB Energetics 


e Foundations of electrodynamics and much of 
Western physics are seriously flawed 
Only just rediscovering longitudinal EM waves 
No knowledge of using time-polarized EM waves 


Does not know a powerful GR is hidden in EM 
Ignores inner structure of potentials, waves, fields 
Hotly defends errors, ignores for a century 
Determined to push big nuclear science 


Suppresses research to approved dogma by 
rigorously controlling precisely what Eeaaian the 
funds can be used for 
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Transmutation of Radioactive Nuclei at a Distance 
Active Spacetime 
Curvature Engines 
Spacetime Zone of action 


Interferometer (may be multiple 

beam or single beam) is. 

a — the radio- 
jotopes of the nuclear 

wastes to be neutralized. 
ecific engines may be used 

im altering Specific Kotopes. 
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THE YAKUZA 


THE YAKUZA 
(JAPANESE MAFIA) 


To do business with Japan is to do business with the 


Yakuza ba 


The Last Samurai, Defending Bushido 


e 3 Major Yakuza Groups, In 
Coalition. 
« Penetrate Japanese Government. 
« Open Offices, Signs on Street. 
e Public Romanticizes Yakuza as 
Last Japanese Samurai 
« In Large High-Tech Corporations. 
« In Control of Japanese Banks. 
« Japanese Real-Estate Rip-off. 
« $500 - 1,000 Billion per Year 
Income. 
« Rapidly Spreading in U.S. 
« Uniting Mafia Groups Worldwide. 
e Coalition with Aum Shinrikyo. 
« Leased Russian Energetics 
Weapons. 
e Crews On-site in Russia, Trained. 
« Practice Firings into Western 
Australia for Three Years. 
(Dozens of Shots per Month) 
e Now in Escalation Phase, Killing 
U.S. Targets. 
e All-out Strike on U.S. ready 1999- 
2000. 
e Now held in check by KGB, dead- 
© 1995, 1996, 2001 T.E. BEARDEN man 
fuzed by small nation friendly to U. 
s. 
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Yugoslav Earthquake, 


Apr. 15 
Followed by Cold Explosion 
= Magnitude 7.2 on Richter scale 


= Epicenter 33 km. deep 

= More than 100 aftershocks 

= At Kamenari: 
- Adriatic sea mushroomed up 
—- Like atomic bomb explosion 
— Signature of a cold explosion 


OFF JAPAN, NEAR KURILS 


ZEA 


~ “1984 COLD EXPLOSION 
‘SIMILAR TO THIS ONE 


¥ 


=- Similar to Apr. 1984 test off coast of Japan, near 


Kurils (see inset graphics) 


= Note that al is a significant test 


month for the Communists 


official reports for May Day?) 
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Abstract: 


The paper deals with electromagnetic threats caused due to Directed Energy Weapons 
(DEW). The area of interest is focused on HPM (High Power Microwaves) and UWB 
(Ultra Wide Bandwidth) as an important part of DEW area. Possible impact on 
electronic structures which can be part of military systems is considered in this paper. 
Some practical results achieved during experiments related to assessment of electronic 
equipment vulnerability is provided with overview of immunity of some equipment to 
HPM and UWB signals at the end of this study. 


Keywords: 
DEW, HPM, UWB, electromagnetic threats, NEC, vulnerability 


1. Introduction 

Directed Energy Weapons (DEW) with various principles seem to be more important 
in the future battlefield. There are several principles which are considered for use in 
the DEW area. Special optical technologies (lasers), sound technologies as well as, 
microwave technologies are developed and can be used in special weapon systems to 
disturb military system behaviour or can be used for counter personnel weapons (for 
example Active Denial System working on frequency 94 GHz, see Fig. 1). DEW has 
been mainly considered as technologies suitable for less-lethal or even non-lethal 
technologies which have been subjects of interest within the past years. 

Recent developed military systems consist of equipment which is more and more 
sophisticated and relying on electronics. Very high importance of electronics within 
the military systems is obvious from development of Network Enabled Capabilities 
(NEC) which is a key task of the Czech Armed Forces as well as within the NATO 
(NNEC ~ NATO Network Enabled Capability). The stage related to "Communication 
and information sharing” has been topical in recent years and characterised by 
development of communication networks. Common network infrastructure can be 


* Corresponding author: Division VIUPV Vyshov, VOP-026 Sternberk, s.p.. Olomouckd 
IS4INTS, 78501 Sternberk, Czech Republic, phone: +420°517 303 638, E-mail 
Lpalisek@ viapy.c 
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considered as a fundament of integrated NEC environment. Communication network 
and especially its reliability will have significant influence on mission success. 
Disturbance of these networks could be obviously critical. 

Power electromagnetic fields can be generated by relevant power technologies 
and focused (directed) towards the target with electronics. Shortcuts like HPM (High 
Power Microwave) and UWB (Ultra Wide Bandwidth) are widely used in this area as 
well as HPEM (High Power Electromagnetics) and [EMI (Intentional Electromagnetic 
Interference). Examples of developed technologies which could be easily used like 

st electronics are shown in Figs 2-6 (these technologies were offered or 
mainly during relevant conferences in past few years, radiated pulse power 
‘was hundreds of MW or higher in frequency range of microwaves). 


wr 


Fig. I Hunvee with ADS (Active Denial Fig. 2 HPM system DS-110 (built in 
System) mounted [1] suitcase, pulse power 250 MW [2] 


-_ 


Fig. 3 HPM system with antenna array Fig. 4 HPM system with antenna array 
PI instailed on a tank [2] 
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Fig. 5 Electromagnetic System for Fig. 6 JOLT hyperband system, UWB 
Selective Car Stopping [2] system [3] 


2. Electromagnetic Threats 

As it was mentioned in the introduction an important group of DEW technologies, 
non-lethal technologies, was represented by weapons with use of power 
electromagnetic field destructive effects 

Next electromagnetic environments are typically considered related to DEW (see 
Fig. 7) 

‘+ HPM: High Power Microwaves, narrowband signals in frequency range from 
hundreds of MHz up to several GHz, electromagnetic strength at the place of 
target typically up to tens of kV/m (strong dependence on range). 

‘+ UWB: Ultra Wide Bandwidth, pulses with rise time typically in hundreds of 
picoseconds and with duration of several nanoseconds, electromagnetic 
strength at the place of target typically up to tens of kV/m (strong 
dependence on range). 

Because HPM and UWB environment is strongly dependent on range and 
moreover these environments may have a wide variety of wave shapes, their 
standardization is very difficult. Now there are only few standards which describe 
HPM and UWB environment generally (e.g. IEC 61000-2-13 [4]. A_ possible 
approach is to consider various types of HPM and UWB environments that have been 
produced and to consider their possible use in the future against sensitive targets. It is 
always necessary to make relevant analysis of electromagnetic threat where the 
shortest possible distance from HPM or UWB source is a very important parameter. 


2.1. Electromagnetic Strength Assessment 
As a typical possible scenario can be considered HPM (UWB) source with real pulse 
power P= 1 GW and as a worst case special antenna with extremely narrow radiation 
pattern (G=40 dB, respectively D=8 750). Now the expected electromagnetic 
strength at the place of threatened equipment (system) can be calculated according to 
next Eq. (1) 


ay 
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where P is radiated power, D is directivity of antenna, r is a distance of threatened 


equipment (system) from radiating antenna, 


Note: Eq. (1) is valid only for direct propagation where reflections are neglected. This 
simplified equation is usually used for the microwave area and short distances. 
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Fig. 7 HPM and UWB comparison with other electromagnetic threats [4] 


radiated 
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HPM 
(UWB) 
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(system) 


Fig. 8 RF energy propagation from source (HPM or UWB) to equipment (system) 


Its obvious from Eq, (1) that for most cases (distance of directed energy weapon from 
equipment (system) is generally tens of meters), it is possible to consider 


electromagnetic strength up to tens of kW/m. 
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2.2. Critical Frequencies Assessment 
It is very useful to consider transfer function (7) of investigated equipment (system) 
for critical frequencies assessment. Transfer function To (outer) is combined with T; 
(internal) to form a composite transfer function from incident fields to response box 
inputs in Fig. 9 [5]. Note: To typically corresponds to relationship between incident 
electromagnetic field and surface current and charge densities on the outer surface. T; 
corresponds to transfer function from the surface current and charge densities on the 
outer surface 10 some interior port of interest, producing voltage and current 
waveforms there. 

From Fig. 9 it is obvious the most important part related to critical frequenci 
considered system (equipment) is band 2 ~ resonance region. It is possible to use 
of all analysis where sizes of equipment (system) as well as used cable lengths 
considered and next it is important to make relevant measurement of transfer functions 
(shielding effectiveness of used boxes, induced currents and voltages etc.) for transfer 
function (7) assessment. 


Considered frequency spectrum is divided as follows [5] (see Fig. 9: 


Band fs h=$ (aperture and small antenna coupling region), 
Band: f.s fs fy~5 resonance reio, extemal and interna) 
Band3: f, <f (integration region), 


where / is characteristic dimension of the object, ¢ is speed of the light, fis considered 
frequency. 


Tor 
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Fig. 9 System response as a function of frequency (logarithmic scales) [5] 


3. HPM and UWB Impact on Electronics 
Electronic systems can be affected by high intense electromagnetic fields causing the 
disturbance or even the permanent damage of the system. According to relevant EMC 
(Electromagnetic Compatibility) standards next performance criteria are usually used: 
A normal performance within the specification limits 
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B - temporary loss or degradation of function (self-recoverable) 
CC - temporary loss of degradation of function, which requires operator intervention or 
resetting 
D - degradation or loss of function which is not recoverable due to damage of 
equipment (components) or software damage 

‘On the one hand performance criteria are a very important parameter on the other 
hand consequence of IEMI (Intentional Electromagnetic Interference) attack has to be 
considered too. For consequence scaling it is possible to use for example such terms 
like "very limited”, “limites 


sment 


4, Vulnerability As 
essary to make analysis where electromagnetic threat assessment is 
hhapter 2). Moreover it is necessary to consider criticality of relevant system 
(consequences ~ see chapter 3). Finally testing plan and testing can be prepared. The 
best way is to start with transfer function measurements (shielding effectiveness 
‘measurement, induced currents and voltages measurement) which is possible to carry 
out in wide frequency range up to few GHz or higher. After that it is necessary to 
choose possible critical frequencies according {o transfer function measurements and 
according to analysis. Chosen frequencies can be used for final high power 
electromagnetic field measurement with HPM and UWB simulator use. Possibilities of 
these simulators are restricted to parameters which cannot be changed or changing 
these parameters takes too much time. Due to this fact it is necessary to choose 
table parameters according to analysis and transfer function measurement results 
for this testing. The data gained from analyses and testing has to be considered 
together with possible consequences which can occur. Such data can be used for 
vulnerability assessment. 


5. Practi 
A Lot of experiments related to electronic equipment vulnerability have been carried 
out in previous projects within the last few years. 

‘Transfer function measurements were carried out for better understanding of 
electromagnetic field coupling into relevant cables. Tested cables were irradiated with 
-ctromagnetic field with vertical polarisation and induced voltages were measured in 
frequency range 30 MHz to 1 GHz. It was low power measurement, electromagnetic 
strength of incident electromagnetic field was 1 V/m and measured results were 
recalculated for expected high power electromagnetic field 10 kV/m. Mainly cabl 
which are widely installed in computer technologies were used for the purpose of these 
experimental measurements. Few examples are shown in Figs. 10-12. It is possible to 
expect induced voltage levels on regular widely used cables approximately up to 1 KV 
during electromagnetic field incidence with electromagnetic strength 10 kV/m on the 
basis of presented results. The highest induced voltages occur when the length of 
cables is comparable with wavelength of used signal (resonant region, see Figs. 10- 
12). For lower frequencies as well as for higher frequencies induced voltages are 
becoming lower. 


Results 
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Fig. 10 Induced voltages on USB cables for electromagnetic strength E = 10 kV/m 
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Fig. 11 Induced voltages on SATA cables for electromagnetic strength E = 10 kV/m 
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Fig. 12 Induced voltages on IDE cables for electromagnetic strength E = 10 kV/m 
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electromagnetic field irradiation of possible 

Some examples of tested setups are shown in Figs 13-15. It was verified that 
HPM signals can be used for stopping the car engine (see Fig. 13, HPM generator 
working on frequency 3 GHz with pulse power 500 kW was used for this experiment 
in shielded semi-anechoic chamber) as well as for effective disrupting of computer 
technologies and data transfers (see Figs. 14-16). Standard performance criteria (se 
chapter 3) are usually used for the evaluation of effects. From experiments which were 
carried out it was obvious that electromagnetic strength of few kV/m can be enough to 
achieve effective disturbance on electronics, 

Repetition rate as a parameter of HPM and UWB signals can have an influen 
on some kind of temporary failures (see Fig. 16). Overview of immunity of some 
equipment to HPM and UWB signals is shown in Fig. 17. Typical electronic 
equipment was tested against effects of HPM 3 GHz, 6 GHz, and 9 GHz signals with 
pulse widths in hundreds of n: n hundreds of Hz and against el 
of UWB signal with rise time of 0.5 ns, pulse duration of 3 ns in single shot regime. 
‘The most effective signal to disturb electronics from used ones was HPM 3 GHz. Very 
often the sensitivity level was very close to damage level (see Fig. 17). For UWB 
signal it was more typical to achieve temporary failures (sensitivity level) rather than 
some kind of damage. The results from testing showed the most vulnerable parts of 
recent systems are computer technologies including data transfers, 


Directed Energy Weapons in Modern Battl 


63 


Fig. 14 PC setup irradiated with HPM 9 GHz 
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Fig. 15 Data transfer through UTP cable irradiated with UWB signal 
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Fig. 16 UTP 2 m irradiated with UWB 
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Fig. 17 Sensitivity and damage levels comparison for tested equipment against HPM 
and UWB effects 


6. Conclusion 


c 's HPM and UWB as a part of DEW technologies were briefly 
defined in this paper. Electromagnetic threats assessment as well as. vulnerability 
assessment was introduced. Vulnerability of chosen tested equipment was presented 
on relevant examples. It was demonstrated that electronic equipment was vulnerable 
due to electromagnetic field irradiation. In case sensitive electronic equipment is used 
in crucial applications it is necessary to evaluate vulnerability of the system to such 


threat 

Gained results in the past have lead to starting a new project for the Ministry of 
Defence of the Czech Republic (OSPROZ-DEW1) focused on the assessment of 
vulnerability of weapon systems and parts of communication and information systems 
integrated in NEC which are installed to ordnance of the Army of the Czech Republic 
now. Assessment will be carried out on the basis of relevant analyses as well as 
relevant experimental measurements. The project started in 2009. 
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will be available to treat and possibly cure diabetes, hemo- 
philia and other life-threatening and chronic illnesses. 

Space manufacturing will develop the new metal alloys 
needed for high-temperature processing using advanced nu- 
clear and fusion energy sources. Larger and more perfect, 
crystals for the electronics and other industries will be 
produced, 

By themselves, these new industries created by exploit- 
ing the unique environment of space, “pay” for the NASA. 
programs. But the indirect impact to the economy has been 
even greater, and more important. These are the so-called 
“spin-offs” from space exploration which have been devel- 
‘oped by industry using technological breakthroughs funded 
by NASA. 

New materials, such as refractory ceramics and new al- 
loys which withstand the temperature extremes of space flight, 
are used in everything from nuclear power plants to everyday 
kitchen implements. Developments in electronics, including 
‘miniaturization and sophisticated automation techniques, have 
streamlined the functioning of industry and shortened the 
time (thereby increasing the productivity) of almost every- 
thing we do. 

‘The machines that monitor al of the vital bodily functions 
of the astronauts who walked on the Moon, now monitor 
Premature infants in incubators, and have provided heart 
monitors and miniaturized pacemakers for thousands of 
people. 

‘The same qualitative impact, magnified many times, will 
result from the development of beam weapons combined with 
the recommitment of the civilian space program to establish 
permanently manned station in space toward the goal of 
colonizing the Moon and other planets. 

However, studies done by Chase Econometrics and con- 
firmed by independent studies using the Fusion Energy Foun- 
dation’s econometric model show that there is a much greater 
impact that the development of a qualitatively new technol- 
ogy has on an economy. This impact is, sWictly speaking, 
not measurable by adding up all the new products and new 
techniques that a new technology introduces; it isthe increase 
in productivity throughout the economy as the result of the 
combination of higher manpower skill levels and new scien- 
tific knowledge entering industrial production. One study of 
luced productivity effect estimated that U.S. produc- 
tivity increased 0.1 percent for every billion dollars spent on 
the space program. This change in productivity alone repre- 
sented an additional $3 billion to the GNP every year it was, 
present. An interesting comparison is possible between the 
expenditure of a $1 billion aliquot of the federal budget on a 
high-technology R&D oriented program (like the Apollo pro- 
gram or the development of a beam weapon) and its expend- 
iture on transfer payments, bureaucratic services, or the ike. 
‘The Chase Econometrics study showed that the expenditure 
of this money on high-technology R&D actually lowered 
inflation, while the other expenditure had the opposite effect, 
raising inflation by 0.2 percent. 
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Four types of directed- 
energy weapons 


by Mary McCourt 


Inhis EIR multi-client report, Beam Weapons: The Science 
to Prevent Nuclear War, Dr. Steven Bardwell describes the 
types of beam weapons on line for development. Each type, 
laser beams, particle beams, microwave beams, and plasma 
beams, is, Bardwell states, “‘in principle capable of generating 
the required power and energy (to reach and disarm its target) 
in a form efficiently absorbed by the missile.’” A beam weapon, 
effectively disarms a nuclear warhead. A hydrogen bomb can, 
be detonated only by an initial powerful atomic-bomb 
explosion capable of setting off achain reaction in the lithium- 
deuterium fuel. A beam weapon, by pumping energy into the 
very delicately balanced triggering mechanism, prevents the 
initial explosion and essentially turns the warhead into a 
“dud.” The missile, like a satellite, might fall to the earth, 
but it can no longer be detonated, 

Scientists agree that laser-defense battle stations, even 
with the lowest level of laser-beam technology, can be de- 
fended from other beam weapons themselves. But a missile 
cannot be effectively defended from the beam without such 
‘massive protection that it would lose both the necessary speed 
and distance. 2 


Laser-beam weapons 

Laser beains, particularly the chemical laser, will likely 
be the first deployable beam weapons developed. A laser is a 
beam of very intense, single wavelength electromagnetic 
waves, either of light or high energy X-rays. Such a weapon 
can be focused very precisely because either the light or X- 
ray wavelengths all have the same frequency and phase. The 
five different types of lasers, which can be applied to fusion 
energy as well as beam weapons, are all being researched at 
USS. laboratories. 

‘The chemical laser, which could be developed for mili- 
tary deployment within five years, uses a gaseous medium in, 
which a chemical reaction is induced. The product of the 
reaction emits laser light. The Soviet Union used such a laser 
last year in tests that downed a ballistic missile. 

In a gas laser, a burning gas such as a hydrogen and 
fluorine mixture is suddenly compressed, and the energy 
distribution that results from the compression is then stimu 
lated to emit single-frequency light waves at very high ener- 
gy. Both the United States and Japan are currently using huge 
gas lasers for nuclear fusion development. 

An electron discharge laser uses replaceable energy 
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from an electron beam to create the source of laser light. Such 
a laser would be very efficient for use in space because its 
energy source is electricity, not an exhaustible chemical fuel. 
‘Two other types of lasers, X-ray lasers and free-electron 
lasers, yet to be perfected technologically, have greater ad- 
vantages of energy density and flexibility than those listed 
above. The X-ray laser is widely recognized as the most 
promising long-range laser for ballistic missile defense, based 
in space. The X-ray laser, which is just a single pulse, is by 
far the most energy-dense, delivering thousands of times 
more energy per pulse than conventional lasers. In addition, 
the target absorbs the X-rays very efficiently, making this 
weapon capable of very efficient destruction of missiles. 


Particle-beam weapons 

Particle beams also deliver energy in a highly controlled 
pulse traveling at near the speed of light. But instead of a 
pulse of intense electro-magnetic radiation, the particle beam 
consists of subatomic particles, (electrons or protons), 
neutral atoms (usually hydrogen), or (usually magnetized) 
‘macroscopic particles accelerated to high speeds. A particle 
beam destroys its target, the triggering mechanism, by cre- 
ating a very intense shock wave within the mechanism, like 
very small, but extremely heavy and powerful hammer 
striking down on the target. 

Electron beams can be generated in the range of millions 
of volts. Scientists researching the electron beam for military 
or civilian energy use have discovered that the electron beam 
becomes a complex structure of electrons and a magnetic 
field. Such structured beams are capable of carrying higher 
currents and more energy for much longer distances at much 


great levels of power output. 

Proton beams, which have been researched intensively 
for the past 30 years, use an electron beam as a seed and then 
are accelerated in their own right. As protons are 2,000 times. 
heavier than electrons, a proton beam of the same velocity 
hhas 2,000 times the energy of an electron beam. 

Neutral particles eliminate many of the problems of 
charged-particle beams, which can degrade both the efficien- 
cy and controllability of the beam. By spring of 1983, U.S. 
researchers will have produced a beam of protons at an energy 
of 2.5 million electron volts, capable of traveling at 99 per- 
‘cent of the speed of light. 

Control and targeting of a macroscopic particle beam 
would be more difficult, but the unparalleled power density 
of the beam—due to the large mass of the particles—gives it 
great potential as a beam weapon. 

Microwave and plasma beams have only been discussed 
in the United ‘States in the past two years, although it is 
estimated that the Soviet Union is two or three years ahead 
in the production of microwaves. Intense, directional micro- 
waves are generated when electron beams are propagated at 
‘or near the speed of light through a plasma. Such beams, if 
focused, could destroy delicate electronic equipment in a 
target. 

‘A plasma beam consists of the highest energy-dense form _ 
‘of matter, a gas so hot that the electrons and neutrons have 
separated. The plasma forms itself into a complex structure 
of particles and magnetic fields. The unique feature of a 
plasma beam is that it actually requires the atmosphere, which 
hinders the guidance and propagation of other beams, to hold 
in the plasma and sustain the structure. 
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‘Space-based beam weapons, (lft) provide the only feasible means for area defente against nuclear-armed ballistic missiles. The deployment of & weapoo 


Capable of generating an intense beam of laser light, atomic particles, or plasma, in an orbit around the earth, 


ld protect the entire United States fom 


incoming ballistic missles. Ground-based beam weapons (right) can provide both area and pont defense. Shown here isa conceptual design of laser bear 
‘weapon system builton a mountaintop, which uses a relay mirror to provide aiming and tracking forthe weapon. 
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Annotation: 

The article presents information on the current situation in the development and 
application of electromagnetic weapons and indicates possible trends of their future 
employment. Under the term electromagnetic weapons we understand means and sys 
tems that use technology generating directed power electromagnetic pulses degrading 
the activities or destructing the electronic cireuits of the enemy equipment. This will also 
enable to neutralize or completely destroy the operation of information, communication, 
control, firing and other electronic devices. Electromagnetic weapons are currently in 

+ use and greater number of countries realizes the perspectives of their future develop- + 
ment. 


aK 


1. CURRENT SITUATION OF DEVELOPMENT AND USE OF ELECTRO- 
MAGNETIC WEAPONS IN FOREIGN COUNTRI 


Principle of electromagnetic weapon activities 


Typical representative of electromagnetic (EMC) weapons are so called Diree- 
ted Energy Weapons (DEW) employing the technology of High Power Microwave 
(HPM). These weapons represent highly sophisticated technology of 21st century. Their 
destructive effect results from the electromagnetic field and they threaten the operation 
of all devices equipped with electronic circuits, especially by the effect of arcing, over- 
load or by discharge of single electronic component parts. These weapons have strong 
physical and psychological impact. 

In general, DEW consists of impulse source of energy, source of microwave radi- 
ation and antenna. The impulse source transforms accumulated energy to high power 
electric pulse with the length of duration in units of nanoseconds. Accumulated energy 
can be in kilo-Joule with the power of gigawatt. In the source of microwave radiation 
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this impulse then acts upon diode and generates a beam of electrons with energy — 
approx, 400 kV, 10—60 kA. This energy is dissipated by the directional antenna. 

Electromagnetic weapons can fundamentally differ in terms of its design and 
application e.g. according to the used frequency band. EMC wide band weapons emit 
in wide frequency range but with low density of energy. These equipments are suitable 
where it is not possible to exactly identify the characteristics of the target — especially its 
working frequencies, Contrary to the narrow-band EMC weapons emit pulses on ini 
dual frequencies with enormously high power. Their action upon the target is very effe- 
ctive since impulse resonate with the known frequency of the attacked device 


Development and application of electromagnetic weapons 


Concerning a development and application of electromagnetic weapons we can 
say that after the EMC weapons emerged from “the unknown” world of classified pro- 
jects, now they are tuned and EMC weapon capability is enhanced. And they are gradu- 
ally mounted on suitable carriers ~ vehicles, aircraft, ships, bombs, missiles and even 
space ships. The interest is focused not only on single 
complete systems incl, sensors and equipment to control the combat functions. 

Within the armed forces the employment of EMC weapons have the following 
advantages: 

> very rapid effect against the enemy targets, 


> usage irrespective of the weather conditions, 

> coverage of a great amount of various targets with minimum need to be informed 
about their characteristics, 

> threat to less available target — under ground, 

> operational attack (neutralization, destruction or denial of activities of electronic 
assets) at selected levels of warfare, 

> minimum of collateral destruction in politically sensitive environment and use of 
this environment after the end of conflict, 

> reduction of minimum time for tracking and guidance to target. 


USA, Russia, France, China and UK are the countries that achieved the greatest 
progress in the development and application of electromagnetic weapons. The interest 
of other countries (Germany, Belgium, the Netherlands, Denmark, Norway ...) is for a 
long time focused on High Power Microwave (HPM) especially on protection against 
the effects of HPM. As to my opinion this is the beginning of the path for research in the 
Czech Republic. 

Currently, discussions are held on their employment in Iraqi by the U.S. armed 
forces. They could facilitate quickly eliminate the command and control systems of Iraq 
and eliminate communication of their forces without any loss of lives and any collate~ 
ral damage, There were some intentions to employ these weapons of electromagnetic 
warfare by the U.S. force in Kosovo and Afghanistan at least in trial operation, It is 
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also interesting the assumption that Russian forces used DEW prior the action against 
terrorists in Moscow theatre in 2002. This weapon was designed to disable the electronic 
detonating primers. The fact is that no Chechen managed to initiate her primer. 


Misuse of electromagnetic weapons 


More frequent are the attacks of terrorists and criminal underworld using the 
electromagnetic means. Among the targets of terrorists can be financial institutions, 
medical facilities, aircraft, automobiles, computer network and other daily used civilian 
and military equipment. The EMC radiation generators can be for example in the brie- 
fease and that is why it is quite easy to prepare such an attack. First known terrorist 
application of electromagnetic weapons is from 1995 when Chechen rebels used this 
technology against the security system of Russian facility. 

Nobody knows about the use of DEW for criminal activities and terrorist attacks 
with exception of the offenders themselves and their victims. The German experts even 
officially recommended application of these means to the German police units since 
there were recorded several cases of use of DEW by the German underground. With 
DEW it is possible to commit perfect crime, as they leave no evidence. No doubt, in 
future a wide use of these weapons can be expected which can means an increased risk 
of their misuse. 


+ Future of electromagnetic weapons + 

Future of DEW is often discussed in many articles and literature. A part of study 
called Air Force 2025 also deals with the future of DEW employment that was develo- 
ped by the Air University Maxwell Air Force Base, Alabama. This study discusses a 
possibility to employ these means in the spaceships or satellites in order to destroy the 
hostile satellite information and communication channels. 

Development of DEW in terms of their employment is mainly connected with 
mutual co-operation of the army, air force and navy forces, These will be the components 
that are the potential users of DEW. Protection of the aircraft and ships against the effects 
of enemy DEW is being solved. Further, e.g. active use of DEW against the air defense 
and employment of DEW in the aerospace, Within 3—5 years it is expected that DEW 
Will be installed into the drones (USA). In respect of technologies for DEW, the research 
will be especially focused on increase of input power of DEW, reduction of size and 
weight and improvement of antenna systems. A very interesting is also a research of 
biological impact of DEW on human being and hazard for the personnel. 
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2. CURRENT SITUATION IN THE AREA OF ELECTROMAGNETIC 
WEAPONS IN THE CZECH REPUBLIC 


The following part of this article briefly discusses NATO RTO — Research and 
Technology Organization (http://www.rta.nato. int), or the activities of selected panels 
with representation of the Czech Republic and which deal with the mentioned issue 

The panels dealing with this topic are: 

> SCI-119 Tactical Implications of High Power Microwaves, 
> SCI-132 High Power Microwave Threat to Infrastructure and Military Equip- 
ment. 


Since most of activities of these technical panels is classified as NATO SECRET, 
only general character information not subject to classification are provided, 

Panel SCI-119 Tactical Implications of High Power Microwaves started its 
activities in 1998 and terminated it in this year. The objective of the work of its members 
have been mainly solution of issues of use of HPM in the military sector both in terms 
of defense as well as of potential active employment in attack. The most important areas 


solved: 
> design of resources generating HPM, 
> vulnerability of information technology of military infrastructure, 
4 > risk of back effect of electromagnetic weapons on friendly troops, 4 
> testing of HPM effects on the off-the-shelf equipment equipped with electronic : 
components (personal computers, cellular phones, vehicles, aircraft ...), 
> content of HPM national programs from the viewpoint of: 
earmarking of specialized workplaces, 
refinement of the content of solution in the given country, 


allocation of funds, 
planning of the number of students studying HPM at the universities, 
gathering of results. 


The issue of HPM is solved by NATO systematically since the beginning of 80-ies 
of the last century. In the short time, it is assumed that new advanced HPM weapons will 
be developed and within NATO this process must be systematically controlled. In this 
area — development of electromagnetic weapons — USA, Russian, France and the UK 
have the greatest success. 

Panel SCI-132 High Power Microwave Threat to Infrastructure and Military 
Equipment commenced its activity by the introductory session in October 2002, held 
in Munster in Germany. Its orientation is linked to the preceding activity of the Panel 
SCI-119. The main activities of the Panel are planned for the period of 2003—2005 and 
single members will deal with the following issues: 

> identification of potential threat of HPM on the military and civilian infrastructure 
and equipment, 
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> research of the penetration and dissemination of HPM in specific devices, 
> research of DEW (Directed Energy Weapons), 
> possibilities how to protect the military equipment against the effect of weapon 
assets on the basis of HPM. 
Other areas considered important by the member of the Panel SCI-132 and that. 
are to be in the area of interest are: 
> resistance of military equipment against HPM, 
> implication of HPM in the military field test and system of their evalu: 
> EMC terrorism, 


The Panel consists of representatives of the following countries: Canada, Czech 
Republic, Denmark, Germany, France, UK, USA, the Netherlands, Norway and Italy. 


CONCLUSION 


Currently, the use of electromagnetic weapons plays the more important role. 
Though, the wider employment of these weapons is expected within S—10 years, there 
already exist and are used the devices/equipment capable to reliably effect on the enemy 
electronic assets (control, information, communication...) and deny the enemy any fur- 
ther operations. The issue of electromagnetic weapons in the Czech Republic is in the 

+ stage of research and that is why the representation and involvement of the Czech repre- + 
sentatives in the special Panels of NATO RTO or any other international organizations 
and boards is desirable 
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h Power Electromagnetic Weapons: A Brief Tutorial 
George H. Baker 


Background. High power electromagnetic weapons, also referred to as high power 
radiofrequency (HPRF) weapons, are a type of directed energy weapons. The system 
effects of high power electromagnetic environments are well recognized by world 
scientific and military communities. Former CIA Director John Deutch has said that, 
“the electron is the ultimate precision-guided weapon." In the course of the investigation 
ofnuclear EMP effects on electronics during the Cold War period, it became evident that 
garden variety, unprotected electronics would malfunction, in some cases burn out, in the 
presence of electromagnetic fields in the hundreds to thousands of volts per meter. The 
EMP experience has led to the development of non-nuclear high power electromagnetic 
sources to create fields that equal or exceed EMP levels, albeit over relatively small 
ranges. Achievable electronic effects could have serious consequences in terms of 
interruption or termination of critical system operation. The effects are of particular 
interest to the military in the context of information warfare and missile defense. 
Because most critical infrastructures are controlled by electronics, HPRF weapons are a 
concern for civilian systems as well. The weapons could be used to disrupt computer 
electronics controlling electric power grids, telecommunications networks, financial 
institution databases, security systems, and aircraft. 


Military forces in many countries are pursuing the development of HPRF weapons. 
These programs are normally classified. HPRF weapons represent a revolutionary 
concept because they operate at the speed of light, can be used covertly, and harm 
equipment rather than humans (non-lethal). HPRF weapons may be enclosed in 
briefcases, packing containers, truck beds, or aircraft and maneuvered to expose critical 
military or infrastructure systems. 


Electromagnetic Weapon Characteristics. There are three elements to be considered 
in discussing HPRF weapons systems: the weapon itself, the propagation of the weapon 
output to the target, and the target response (see Figure 1). 
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Figure 1. High Power RF Weapon Operation Elements 
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Weapon Design. An HPRF weapon consists of a power source, or driver and a radiating 
antenna. The source is normally pulsed. Outputs may be sine waves (providing a narrow 
frequency band signal) or pulses (providing a wide frequency band signal). High power 
electromagnetic source technology includes electron beam devices (magnetrons, 
vircators, gyrotrons, backward wave oscillators), solid-state devices (bulk avalanche, 
optical switches, silicon carbide circuits) and explosive generators (magnetic flux 
compression using high explosives). Output power levels in the gigawatts are feasible 
over a wide range of frequencies. Design details will determine output characteristics. 
Power, frequency, bandwidth, repetition rate, and duty cycle are the important HPRF 
weapon output parameters. 


The HPRF weapon source must be connected to an antenna with sufficient gain to 
“beam” the RF energy to a useful range. Portability requirements impose major limits on 
antenna area which in turn largely governs the maximum intensity (power per area) that 
can be delivered to a target system at a given range. Compact sources that may be moved 
covertly in briefcases, packing containers, truck beds, or aircraft and maneuvered for 
close-up exposures of critical military or infrastructure systems are of most interest. 
Antenna size limits largely determine the maximum intensity (power/area) that can be 
delivered to a target system at a given range. A table of approximate relative portable 
platform sizes is provided below. 


Table 1. Portable Platform Size Comparisons (Approximate) 


Capacity: | Volume | RF system Basis 
Platform: Weight 

Briefcase O02m | Ske _ | Typical hard side 

Footlocker 0.15 [| 40kg | T person portable 

Pickup truck 4m 1000 kg_[ I ton capacity 

Econoline van | 8m" | 2000ke | Bed volume 

Tractor trailer [ 80m" | 20,000 kg [20 ton capacity 


High Power Electromagnetic Wave Propagation. Electromagnetic waves propagate at the 
speed of light through the atmosphere. Under most conditions, the atmosphere will not 
attenuate HPRF waves as they travel from source to target. However, if the 
electromagnetic wave’s peak field level exceeds the air ionization threshold a cascade 
process will occur in which an atmospheric plasma is created that will absorb most or all 
of the energy in the wave. This phenomenon is referred to as air breakdown. 


A typical threshold for breakdown at sea level is approximately 1 megawatt/em*. As an 
example, a 1 Gigawatt source radiating through a 1-foot radius circular antenna will 
produce an average intensity over the antenna of 0.35 megawatts/em’, a factor of 3 below 
air breakdown, Once away from the antenna, EM intensity falls off as the beam spreads 
(typically as 1/477* where r is the distance to the target). 
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The HPRF signal intensity on target depends on source transmission power (P,), antenna 
gain, and range according to the following equation: 


ERP _ P-G watts 
aa 


4nr om 


4x4, 


The antenna gain may be approximated by G = where A¢ is the effective antenna 


area and ) is the wavelength of the radiated HPRF signal. This yields a simple formula 
for the intensity on target: 

PA, 
Tag? 


So, for example, a | Gigawatt source radiating at | GigaHz (2. = 0.3m) with a I-m? 
antenna will produce a beam intensity of 11 kW/m? (or 1.1 watts/em*) on a target 1000 
meters away. If the pulse duration were I microsecond, the energy fluence on target 
would be power x time or, 1.1 microjoules/cm?. 


Target Response. Once the electromagnetic wave signal reaches the target, its energy 
couples to the system in a very complex manner through various paths associated with 
the topology of the target system. The HPRF signal will induce currents on any external 
conductors (antennas, wires, etc) that penetrate to the system interior. The signal will 
also couple to any external metal shielding and then may reradiate to internal conductors. 
Signal waves will penetrate through any holes in external shielding to interior portions of 
the system. The main concern is the amount of energy that finds its way to critical 
electronic circuits, causing the system to malfunction. 


To simplify coupling calculations, it is possible to determine an effective “coupling cross 
section” for critical internal circuits. In effect, this treats each internal circuit as a 
receiver. The power received by the circuit may be expressed as a simple function in 
incident wave power and an effective coupling cross section: 


P; is the power induced in the internal circuit, S, is the incident power at the system’s 
exterior, and A,, is the coupling cross section of the internal circuit. A.,is a function of 
frequency and incorporates all the complexity of coupling including multiple paths, 
layers and mechanisms. There are two major coupling modes, front door and back door, 
as shown in figure 2. 
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Figure 2. Front Door and Back Door Coupling Modes 


The physics of front and back door coupling are the same. In each case, energy resident 
in the incident wave induces currents in the system that flow to a sensitive system circuit. 
Each can be characterized parametrically by equation P; = S; A The coupling cross- 
section, Aq, is typically large for front door coupling and small for back door coupling. 
The coupling cross sections for front door coupling are of the order of the physical area 
of the antenna or aperture. Effective coupling cross section values for back door 
coupling of unhardened systems range from 10° — 10° em?, Coupling cross-sections are 
hard to predict analytically and can be determined confidently only by direct 
measurement, This creates a problem for an attacker’s confidence since HPRF effects are 
subject to much higher uncertainties than conventional weapon effects. 


HPRF Weapon Effects on Systems. EMP and HPRF affect systems by disrupting the 
operation of electronic components either temporarily (upset or latchup) or permanently 
(component damage). Damage may be “direct” where energy inherent in the EMP/HPRF 
field is sufficient to cause malfunctions or “indirect” where EMP/HPRF energy triggers 
effects involving a system internal power supply. Even though the power delivered to a 
circuit by the HPRF field is small, the much larger energy available in the system’s 
power supply (or fuel and ordnance) can be improperly diverted by an HPRF induced 
overvoltage are or malfunction of system digital control circuit, causing major system 
damage. 


Upset refers to an induced change of state in a digital circuit in which the system 
continues to operate, although possibly with erroneous data bit streams, Latchup refers to 
changes of state in digital circuits where the affected portion of the system ceases to 
operate until the system resets itself or (worse) a manual reset is required. In either case, 
system components are not directly damaged and recovery is often possible (depending 
on time criticality of affected function). 


Exploitation of upset effects should not be discounted. In some cases they are 
tantamount to permanent damage, Upset may result in major system damage, e.g., a 
missile plunges into ocean due to a guidance system upset, or computer equipment is 
destroyed by an upset sprinkler system, Small, upset-level transient pulses can also act to 
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trigger the release of energy from a system’s own power supply causing components to 
burn out at fluences much lower than would normally cause permanent damage. 


To give an indication of HPRF wave energies required to cause system effects, ITT 
industries (formerly Kaman Sciences) openly exposed circuit cards to 2.9 GHz 
microwave pulses with duration I microsecond. Onset of upset occurred at I watt/ cm? 
(equivalent to 1 microjoule/em: for this pulse duration). All components were upset at 
wave intensities of 1000W/em*. Onset of damage occurred at 100W/em” (for a | 
microsecond pulse, this is equivalent to 100 microjoules/em’). All components were 
damaged at wave intensities of 1000 W/ cm* (equivalent to 1000 microjoules/cm”). 


System Protection. System hardening involves a combination of operational and 
hardware techniques. Operational techniques may include the provision of spares for soft 
ctitical subsystems or boxes, disconnecting susceptible circuits upon warning, and/ or 
establishment of a physical keep-out perimeter (with barriers and/or security force) or 
zones around critical equipment to prevent positioning of HPRF weapons at close ranges. 
Operational controls may also be built into software to provide circumvention and reset, 
error-correcting codes, voting logic, and status detection. For some non time-sensitive 
systems, provisions for rapid system repair may be an option. 


Conceptually, hardware approaches involve placing a conducting material between the 
incident HPRF wave and susceptible internal circuits. Hardening techniques have been 
successfully demonstrated and codified for EMP (ref. article on nuclear EMP). The EMP 
community has placed a heavy reliance on exterior shielding while limiting the number 
of penetrations that have to be individually protected. Such protection applied at the 
system exterior allows interior boxes to go untreated. This approach works well when 
designed in from the start. For retrofit protection, however, it is often prohibitively 
expensive. 


Hardware approaches for HPRF protection, while conceptually similar, have some 
differences in emphasis from EMP. Because EMP is extremely broadband, typically only 
a smalll fraction of the energy comes through the front door in band. HPRF weapons can 
be tuned to the front door center frequency such that all the beam energy flows into the 
system. Also since HPRF weapons operate at higher frequencies, attention to smaller 
apertures (including cracks and seams) is required and dimensions of waveguide-beyond- 
cutoff penetration treatments will require changes (longer and more narrow waveguides 
are needed). 


Front door in-band protection is one of the more challenging (but not insurmountable) 
HPRF protection problems. The high gains associated with most front door paths make 
these potentially the most susceptible portion of the system. However these well- 
characterized front door receive paths have received much attention in terms of protection 
engineering. Radar systems are often protected from their own or neighboring 
transmitters by a receiver protector or RP. Similar protection can be applied to 
communication receivers against in band HPRF environments. Table 2 summarizes 
HPRF hardening techniqui 
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Table 2. HPRF Hardening Methods 


[Operational Techniques Hardware Techniques 
Front Door Back Door 
Disconnect on warming Tuned metallic radomes _| Shielding, topology control 
Spares Bandstop reflectors Tnternal cable shields 
Physical keep-out ‘Antenna gain pattern Non corrosive mating 
perimeters or zones control surfaces 
Software Techniques: Filters Closely spaced fasteners 
Circumvention/reset TR devices/ limiters RF gaskets and seals 
Error correcting codes Terminal protection devices | Aperture screens and 
Voting logic conductive films 
Status detection/ alarm Selection of hard circuits 
and components 
Pin protection 
Fiber Optics 
Filtering, limiting at 
penetration points 


Future Direetions. HPRF generation techniques have matured to the point where 
practical devices have become technically feasible. Miniaturization of pulse-power 
source components, more efficient power supplies, and advances in electronic pulse 
forming, energy conversion, and antennas enable reduced size and increased efficiency of 
HPRF generation hardware. Simple weapons can also be built using inexpensive 
magnetrons from common microwave ovens. 


Military trends to computerized battle management, weapons tracking, and 
landline/wireless network communications are a double-edged sword, introducing serious 
HPRF vulnerabilities. Military use of commercial off-the-shelf equipment and 
dependence on civilian infrastructure exacerbate the problem. Senior military officials 
have dropped hints about pursuing offense technology but there are no officially 
published details concerning weapon availability or capabilities. 


Several other countries also have extensive background in the development of RF 
weaponry. The former Soviet Union pioneered the development of HPRF weapon 
technology and this technology is now being offered to other countries. According to a 
recent report from the Office of the US Secretary of Defense on the military power of 
China, “Captain Shen Zhongchang from the Chinese Navy Research Institute....envisions 
a weaker military defeating a superior one by attacking its space-based communications 
and surveillance systems....in future wars, Shen highlights radar, radio stations, 
communications facilities, and command ships as priority targets vulnerable to smart 
weapons, electronic attack, and electromagnetic pulse weapons.” It is expected that in 
future conflicts the United States will encounter adversaries using HPRF weapons as part 
of asymmetric tactics to disrupt information systems. 
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See also: Nuclear Electromagnetic Pulse (EMP) 
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The Biophotonic Quantum Holographic Matrix 
by William F. Hamilton III 


ABSTRACT: This paper is an attempt to integrate studies of the quantum potential, quantum 
holography, biophotonics and the enveloping matrix of __biointegration, 
biocommunication, and bioinformation that composes the web of light and life in living 
organisms and their possible genesis in an electromagnetic infoton, 


Introduction: 


Theoretical physicist David Bohm proposed a new hidden variables theory of Quantum Mechanics. 
He assumes the wave function does not represent just a set of probabilities but an actual field. This field 
exists and acts upon particles the same way a classical potential does. Thus it is a quantum potential 
which is associated to this field and is a function of the wave function, It is postulated here that the 
quantum potential is active -- as a field -- in living cells and organisms and acts upon them. 


‘The equation Bohm used to represent this quantum potential is: 
U=-¥ i? /2m,)(R/ R, (6) 
= (22m) ere 72) 


Research reveals that Bohmian quantum potential is still used, but that it may only represent a means 
to extend Quantum Theory into a realistic theory of particles and fields. 


It resolves the dilemma of the appearance -- in one and the same phenomenon -- of both particle and 
wave properties in a rather straightforward manner. Bohmian mechanics is a theory of motion 
describing a particle (or particles) guided by a wave. This guiding wave is usually attributed to atomic 
particles. But it might be more insightfully seen as a traveling soliton or vortex. 


Bohmian mechanics is manifestly nonlocal, and the velocity may depend upon the positions of other 
-- even distant -- particles whenever the wave function of the system is entangled. 


The behavior of the particle is determined by the particle’s position and momentum, the wave field, 
and the sub-quantum fluctuations. 


Bohm's quantum potential binds the entire Universe together into what he liked to call a seamless 

“unbroken wholeness’. Every particle in the Universe is connected by the quantum potential to every 

other particle. He likened the cosmos to a hologram in which each point on the film carries information 

about the entire picture. Bohm's GWT -- far more sophisticated than de Broglie's crude version -- is a 

holistic" vision in which all parts of the Universe are joined to every other part. "Interconnectedness" 
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was one of Bohm's favorite words. He saw the Universe as resembling the unity of a living organism. 
‘A kind of pantheism not unlike Spinoza's -- a pantheism Einstein himself favored.” (2] 


Bohm referred the holomovement as the basic reality. The pattern formed on a photographie plate 
by light waves that interfere and create a hologram. ‘This pattern is the interaction or interference pattern 
of two parts of a laser light (coherent light). One beam reflects off an object, the other off a mirror. In 
addition, any portion of the holographic plate contains information on the whole object. 


Biohologram: 


Every cell in the human body contains nuclear DNA. Information on the whole body -- much like a 
hologram ~- only the cells can go through a process of division and reproduction (mitosi: 


In quantum holography, things are spookier still. While holograms are typically constructed with 
interfering beams of light, in quantum holography the researchers measure the simultaneous arrivals of 
an illuminating photon that is sent into a chamber and a companion photon in the other entangled 
beam,[2] 
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Quantum holography -- as depicted in this cartoon -- is a way that physicists could 
produce 3-dimensional images of objects that would be invisible to systems relying 
on classical physics. A source S produces 2 photon beams (hy and hz). ‘The photons 
in hy are quantum mechanically entangled with the photons in hy. When a photon in 
hy enters chamber C, it encodes 3-dimension information about the enclosed object 
(in this case a Grecian bust) in the interference of the 2 paths it could take -- a path 
that intercepts the object and subsequently is reflected to the chamber wall, and a path 
that misses the object and strikes the chamber wall directly. The second beam hy 
passes through conventional optics and strikes a detector array D. A coincidence 
counter extracts the holographic information by monitoring the relative time between 
a photon in hy striking the chamber wall and its entangled mate in hy arriving at 
detector D. 


‘Wave Genetics Inc. and the Moscow Institute of Control Sciences are exploring a new concept of the 
genetic code that asserts: 


(1) that the evolution of biosystems has created genetic "texts" -- similar to natural context 
dependent texts in human languages -- shaping the text of these speech-like patterns. 


2) that the chromosome apparatus acts simultaneously both as a source and receiver of these 
genetic texts, respectively decoding-and-encoding them. 


3) that the chromosome continuum of multicellular organisms is analogous to a statie-dynamical 
multiplex time-space holographic grating, which comprises the space-time of an organism 
in a convoluted form. 


That is tos 


yy, the DNA action -- theory predicts and which experiment confirm: 


(i) that of a "gene-sign" laser and its solitonic electro-acoustic fields, such that the gene- 
biocomputer “reads and understands" these texts in a manner similar to human thinking but at 
its own genomic level of "reasoning". It asserts that natural human texts (irrespectively of 
the language used) and genetic "texts" have similar mathematical-linguistic and entropic- 
statistic characteristics, where these concern the fractality of the distribution of the character 
frequency density in the natural and genetic texts and where -- in case of genetic "texts" - the 
characters are identified with the nucleotides, and 


(ii) that DNA molecules -- conceived as a gene-sign continuum of any biosystem -- are able to 
form holographic pre-images of biostructures and of the organism as a whole as a registry of 
dynamical "wave copies" (or "matrixes”) succeeding each other. This continuum is the 
measuring, calibrating field for constructing its biosystem. 


“Complex information can be encoded in EM fields, as we all know from coding-and-decoding of 
television and radio signals. Even more complex information can be encoded in holographic images. 
DNA acts as a holographic projector of acoustic and EM information which contains the informational 
quintessence of the biohologram. Only 3% of human DNA encodes the physical body. The remaining 
97% of the 3 billion base pair genome contains over a million genetic structures -- called transposons -— 
that have the capacity to jump from one chromosomal location to another (Kelleher, 1999). We are 
99.9% alike in our genetic legacy. Our individuality is expressed in 3 million small variations in our 
cells called single nucleotide polymorphisms, 


"Gene-expression is the mechanism by which new patterns are called into being (Rossi, 2000). 
There is also a strong correlation between modulation of the brain’s EM field and consciousness 
(Persinger, 1987; McFadden, 2002). ‘The Gariaev group has discovered a wave-based genome and DNA 
phantom effect which strongly supports the holographic concept of reality (Miller, Webb, Dickson, 
1975). This main information channel of DNA is the same for both photons and radio waves. 
Superposed coherent waves of different types in the cells interact to form diffraction patterns, first in the 
acoustic domain and second in the electromagnetic domain -- a quantum hologram -- a translation 
process between acoustical and optical holograms.” [4] 


The distribution of the character frequency in genetic texts is fractal, so the nucleotides of DNA 
molecules are able to form holographic pre-images of biostructures. This process of “reading and 
writing” the very matter of our being manifests from the genome's associative holographic memory in 
conjunction with its quantum nonlocality. Rapid transmission of genetic information and gene- 
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expression unite the organism as holistic entity embedded in the larger Whole, The system works as a 
biocomputer -- a wave biocomputer. 


The quantum nonlocality of the genetic information is fundamental. Experimental work of the 
Gariaev group shows how quantum nonlocality is directly related to laser radiation from chromosomes 
(coherent light), which jitterbugs its polarization plane to radiate or occlude photons. DNA and the 
genome have now been identified as active "Iaser-like" environments. Roughly speaking, DNA can be 
considered as a liquid crystal gel-like state that acts on the incoming light in the manner of a solitonic 
lattice. [5] 


Biophotonics 
This entire section is extracted from the History of Biophotonics website: 


Around 1923, Alexander Gurwitsch discovers an "ultra-weak” photon emission from living systems 
(onions, yeast, ...), since he suggested connections between photon emission and cell division rate. He 
calls this photonemission "mitogenetic radiation". His experiments indicate that the wavelength is in 
the range around 260 nm (Bibliography under Gurwisch and also Ruth (1977, 1979). 


‘Around 1950, Russian scientists rediscover “ultra-weak photon emission" from living organisms. 
‘Most results are published in "Biophysics" (Engl.) and originally in "Biofizika"). ( Bibliography under 
Ruth, 1979), 


Italian nuclear physicists discover by chance "bioluminescence" of seedlings. They do not think that 
this finding is significant, but they publish the results (Colli et al. 1954, 1955, Ruth 1979). 


The Russian biophysicist and the American chemist enunciate the first theory of ultra-weak 
photonemission (UWPE) from biological systems -- the so called "imperfection theory". UWPE shall 
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be an expression of the deviation from equilibrium — 
(Zhuravlev 1972, Seliger 1975, Ruth 1979). 


some kind of distortion of metabolic processes 


Independently from each other and by different motivations, scientific groups in Australia 
(Quickenden), Germany (Fritz-Albert Popp), Japan (Inaba), and Poland (Slawinski) show evidence of 
ultra-weak photon emission from biological systems by use of modern single-photon counting systems, 
Bibliography (Quickenden, Inaba, Popp &Ruth, Slawinski). 


While Quickenden, Slawinski, and Inaba prefer the imperfection theory, Popp and his group 
enunciate just the opposite theory: 


1, The radiation originates from an almost perfect coherent photon field, 
2, Essential sources are the DNA and corresponding resonators in the cells. 


3, The mechanism describes photon storage in cavities and information channels, tuned by 
Casimir forces. 


4, There is a close connection to delayed luminescence which corresponds to excited states of the 
coherent photon field, 


5. The radiation is not the product but essentially the initiator of chemical reactions in the cells. 
The radiation submits the information within and between cells. 


6. The radiation is not limited to the optical range but follows an f = const rule (the occupation 
probability of the phase space is equal for all wavelengths) and extends to longer 
wavelengths including the so-called heat radiation of the body. 


7. This radiation is the proper regulator and information carrier of life, 


The Marburg group of Fritz-Albert Popp calls this phenomenon "biophotons” in order to stress the 
difference to "bioluminescence". Biophotons are single quanta which are permanently-and-continuously 
emitted by all living systems, They are subjects of quantum physics, and they display a universal 
phenomenon attributed to all living systems. Worldwide, all scientists who agree with these statements 
call the radiation "biophotons” and the scientific field "biophotonics’. 


From 1972 to 1980, the Marburg group of the leader -- the physicist and Dr. Habil Fritz-Albert Popp 
-~- evaluated experimentally all the essential physical properties of biophotons. 


1. The intensity ranges from a few up to some hundreds photons/(sec-cm’). 


2, The spectral distribution follows in the time average an f = const rule. 


. The modes are strongly coupled, 


4, The delayed luminescence that approaches continuously the biophoton emission follows a 
hyperbolic rather than an exponential relaxation function. 


w 


. The biophotons origin from an almost fully coherent field. 


6, Cells are able to establish cavity resonators which contribute to biophoton regulation. 
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7. The essential source of non-equilibrium biophoton emission is the DNA. 


This group introduces the first time photocount statistics (PCS) into biophotonics. They show 
evidence that biophotons are emitted according to a Poissonian PCS. Furthermore, they show evidence 
that (1) the delayed luminescence follows a hyperbolic relaxation function rather than an exponential 
‘one; (2) the modes are strongly coupled; and (3) there are hyperbolic oscillations around the continuous 
hyperbolic relaxation function, The group finds the first time intercellular communication by means of 
biophotons. Later this was confirmed by Albrecht-Bihler (Bacteria), Popp and Chang (dinoflagellates), 
Galle (daphnia), Shen (blood), and Vogel (bacteria). 


(Bibliography under Popp and coworkers, i.e., Bahr, Bohm, Grass, Grolig, Herrmann, Kramer, 
Rattemeyer, Ruth, Schmidt, Wulle, Albrecht-Bithler, Chang, Galle, Shen, Vogel). 


The papers of Popp and his group are examined mainly by the group of B. Chwirot (Kopernikus 
University, Torun). They confirm the essential results (Bibliography Chwirot et al.). 


Herbert Klima (Atom Institute Vienna) performs his dissertation in Popp’s group at the University in 
Marburg, He transfers "Biophotonics” to the University in Vienna -- in particular investigations on laser 
excitation of living systems, 
(Bibliography Klima or Atominstitut Wien). 

J.Slawinski cooperates with the groups in Japan, USA and the Popp-group in Germany. He follows 
mainly the links between biophotons and biochemical reactions. There arises a branch biochemical 


biophotonics that becomes an essential part mainly in Japan and USA.” [6] 


Bioinfotons 


This term “bioinfoton” is one that I am adopting to specify any particle (such as the Ganesh 
Particle*), wave, or biomolecule that transfers information from an emitter to a receptor. It is possible 
that if a biophoton is emitted from a coherent source that it will carry holographic information as a form 
of modulation (possibly frequency-modulated) and produce action or results in biological systems. 


It is possible that biophotons may even be carriers of psi information and that a coherent coupling 
can be established between 2 conscious lifeforms resulting in a transference of information from a 
higher potential field to a field at lower potential, Even though this is conjecture at this point, it suggests 
other means by which disparate lifeforms can communicate. We know there is a process by which trees 
communicate and even signal each other in the face of danger. We may be exchanging information with 
pets and other animals through biophotonic communication, This may be how some people who have a 
"green thumb” affect plants they care for. 


Eyen communication with other intelligent life forms in the Cosmos may be effected by the 
amplification and vectoring of biophotons or -- via the quantum potential -- produce information at a 
distance. 


A virtual photon flux in the quantum potential may be integrating the coordinated wholeness of the 
organism while the action of bioinfotons may keep every part of the organism in communication with 
every other part. 


Conclusions 


Life and living organisms are more than the sum of their parts and are composed of material and 
non-material parts. The spiral form of DNA evidently produces an electromagnetic wave field that 
informs the organism’s growth and structure, 


Scientist Richard Alan Miller is a pioneer in this field and has written: 


“In a hologram, wave fields interfere with one another to lay the foundations for the reconstruction 
of the image of an object. But how are the wave fields produced? 


The term "holography" comes from the Greek roots meaning "entire" and "to write", In holography, 
the image is projected by a coherent light source split into both the object wave and the reference wave 
background. This dichotomous nature is reflected in the particle/wave nature of the DNA molecule, 
which can be "read out" with biophotons from chromosomes to set up a holographically-produced wave 
field. This superposition of wave fields (object wave and reference wave) creates a wave guide for the 
formation of biological structure. The image is constructed according to the reference information 
contained in the genes, The reconstructed object wave is identical with the object wave field. The 
reconstructed wave fields reproduce exactly the recorded ones (the DNA with genetic code)." [7] 


Mr. Miller also proposes this hypothesis: 


“QUANTUM BIOHOLOGRAPHY 


‘The organization of any biological system is established by a complex 
electrodynamical field that is, in part, determined by its atomic 
physiochemical components. These, in part, determine the behavior and 
orientation of these components. ‘This dynamic is mediated through 
wave-based genomes wherein DNA functions as the holographic projector 
of the psychophysical system -- a quantum biohologram." 


Hypothesis 


I propose that the biohologram is embedded as an integral part of the biocosmic hologram we call 
the”Universe”, 


Dr. Dan Burisch has seen evidence that a Ganesh Particle* can transmute itself into a fully 
functional atypical eukaryotic cell in a matter of seconds -- not eons. Such evidence -- when it becomes 
available -- will change our entire perspective on the existence of a universal holonomic mind that 
informs its creation, 


*Ganesh Particles are charged clusters that extracted from ancient bedrock and have a 
eemingly unknown origin, but carry information which is transferred to cells via a 
crossbridge. (discovered by Dr. Dan B.C. Burisch) 
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Bunge on the Status of Classical and 
Quantum Physics 
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First Step in Self-Promotion of Cancer Due 
to Hypoxia 


Differentiation and Dedifferentiation 
Timelines 


Evolution of Cells on Earth 


A Charged Particle q is a Coupled System 
of mand @ 


The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net 
Symmetry (1) 


The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net 
Symmetry (2) 


The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net 
Symmetry (3) 


A Charged Particle is a Coupled System 


The Anomalies in Navy Electrolyte 
Experiments at China Lake 


Chung's Carbon Filament Negative Resistor 
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Typical circuit has about 10-!3 energy 
collection efficiency 


Classical View of EM 


Curved Spacetime acts as source or sink 


Chronic Disease Puzzling 


Cancer Characteristics 
Solving a Cancer Enigma 
Cancer: Characteristics 


Nonlinear Optics Distortion Correction 
Theorem 


The Electronuclear Reaction: Nuclear 


Reactions in TR-Zones (1 


The Electronuclear Reaction: Nuclear 
Reactions in TR-Zones (2) 
The Electronuclear Reaction: Nuclear 


Reactions in TR-Zones (3 


In Time-Reversed Zone: Nuclear reactions 


are biased 


In Time-Reversed Zone: Dynamics may 
be reversed 


Time-Reversed Zone: Significant only 
after time-density charging 


A New Conservation of Energy Law 


Questions on Carcinogens and EM 


‘hup://www.cheniere.ong/images/EMfndns1/index.huml (3 of 6)25.4.2008 1:20:56 


‘The Tom Bearden Website 


Radiation 


AS DEFINED, fields and potentials only 
in. and on charged matter 


Serious flaws and errors in classical EM 
theory 


Electrodynamicists' Reaction to Removal 
of the Material Ether 


Reaction to Loss of Material Ether (1) 


Reaction to Loss of Material Ether (2) 


Some EM waves in Spacetime 


Air Medium Disturbances Generated 
When Air is Perturbed by a Plucked Taut 
String 


Launching a Spacetime Perturbation ("EM 


Wave") from a Wire Antenna 


Phase Conjugate Wavepairs Produce New 
Waves 


Scalar Electromagnetics (Energetics) View 


of EM (1 


Scalar Electromagnetics (Energetics) View 


of EM (2) 
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Scalar Electromagnetics (Energetics) View 


of EM (3, 

Extended General Relativity Principle 
Extension of Work-Energy Theorem 
34 Flaws in Classical EM Theory 


MTW's General Relativity Principle 


Use of General Relativity (GR) in Particle 
Physics 


The Missing Infolded Electrodynamics 


Infolded Engines: Excluded by Present 
Phy: 


Mass curves and structures spacetime; ST 
curvatures change and structure mass (1) 


Mass curves and structures spacetime: ST 
curvatures change and structure mass (2) 


At Infinite Velocity: Each Is Every Other 


Lisitsyn's Report: Brain Code Broken 
Lorentz Closed Surface Integration 


Lorentz's physically insignificant energy 
flow can be collected and utilized 


Lorentz surface integration of the Poynting 


vector around a closed surface 


Longitudinal EM Photon Interaction with 
Charge 


Mass is transparent to longitudinal EM 
waves, which move through the infolded 

interiors of internal waves, potentials, and 
ields i 


the ma: 
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Pumping with Longitudinal EM waves 
Tim 


reverses the Ma: 


Maxwell's Quaternion Theory 


Maxwellian Systems before and after 
Regauging 


Maxwell's four equations reduce to: Page 1 


Maxwell's four equations reduce to: Page 2 


More to come 
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__ Major Points of Presentation | 


@ Electrodynamic is seriously flawed 
= Some major flaws 
— Corrections indicated 


@ Why past corrective attempts failed 
— Force field concept is materi: 
— Missing two infolded transforms (M->ST; ST->M) 


®@ Missing Infolded general relativity inside electrodynamics 


@ Several Kinds of EM Waves in Space 
- Howto make 
= Transduction 


@ A French medical example as a deep experimental demonstration 
— Spectacular regenerative cures funded by French Govt 
— Not comprehended, therefore suppressed 
® Cold Fusion examples of time-censity wave effects 
= China Lake instrumental anomalies in el: lysis 
- Explanation of anomalous behavior of instruments 
- Explanation of new nuclear reactions 
— Wave energy transduction provides excess heat 


— Urge theorists to consider dramatically new reactions 
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Chung's Carbon Filament Negative Resistor 
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23 Aharonov-Bohm Effect 3.¢ 


= In field-free regions ier 
— E-field is zero A 
— B-field is zero 


= Potentials still exist, just no gradients 
- Cause real effects 
— Interference is the key A 
— Contain sum-zeroed substructures 


= Does not follow from 
— Mechanics 
— Classical electromagnetics , 


= Required by quantum mechanics 
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Absorption and emission reactions 
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ENERGY, MOVES TO HIGHER 
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PARTICLE ASSORBS ENERGY, 
MOVES TO HIGHER: 
ENERGY SHELL, DECAYS BY 4 
EMITTING ENERGETIC PARTICLE, 
OBSERVABLE... 


ENT RE NUCLEUS ABSORSS ENERGY, 
EACH PARTICLE ABSORBS OWN. 
DECAY OCCURS BY COMPLEX MODE! 
INCLUDING FISSION ORFUSION. 
DECAY BYPRODUCTS OBSERVABLE. 
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PARTICLE ABSORBS TIME, 
MOVES TO HIGHER 

TIME DENSITY. DECAYS BY 
EMITTING TIME-LIKE PARTICLE, 
NONOBSERVABLE BY PRESENT 
MEANS. 


ENTIRE NUCLEUS ABSORBS TIME, 
EACH PARTICLE ABSORBS OWN. 
DECAY OCCURS BY COMPLEX MODES, 
INCLUDING FISSION OR FUSION. 
SOME DECAY BYPRODUCTS ARE 
NONOBSERVABLE (SPACE ABSORBS) 
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ELECTRON ABSORBS PHOTON 
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Atcouplea” PHOTONS 
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Figure A. Excited energy density level Figure B. Excited time density level 
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By pumping the internal EM channel, process is dramatically accelerated. 
This is the body's normal recovery mechanism, within its limits. 
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a Regauging Produces Excess Force, 
Which Can be Used to Do Work on the System 


Net Symmetric Rega 
No Becose Work on gn een 


This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He 

regauged, so he had no net excess 

force across him, even though his 

potertial energy was increased. He 

‘ically regauged each foot, 

both si laneously so that one 

countered the other. @ little bird! 
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Net Asymmetric Regauging Can 
Do Ecou Work on the Spee 


This little bird put one foot on 
wire A, and then the second foot 
= on wer Bee 

SS ==! regauged, so he ni 
excess force across him. That 
force then violently translated his 
jittle body parts every which way, 
doing lots of work in and on him. 
Bummer! © re. weanven 199 
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mt | Net Symmetric Regauging Does 


No Excess Work on the System 


This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He net symmetrically 
regauged, so he had no net excess 
force across him, even though his 
potential energy was Increased. He 
asymmetrically regauged each foot, 


but both simul Rancously so that one 
countered the other. Wise little bird! 


fe 500,000 Vo ts 


100,000 Volts 


Net Asymmetric Regauging Can 
Do Excess Work onthe Syatenr 


This little bird put one foot on 
wire A, and then the second foot 
on wire B. He net asymmetrically 
regauged, so he had lots of nei 
excess force across him. That 
force then violently translated his 
little body parts every which way, 
doing lots of work in and on him. 
Bummer! 
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Figure 32. Asymmetric regauging produces excess force, which can be used 


to do work on the regauging system. Selected clipat @ by Lotus SmantFics™ 
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= Tiny DC currents (picoamperes) 
» Pulsed DC current can be utilized RED BLOOD CELL 
DEDIFFERENTIATES 
Shucks hemoglobin coat 
Grows nucleus 


Pulsed magnetic fields may be utilized 
NEWCELL 
REDIFFERENTIATES 


Turns into type of ceil that 
makes cartilage 


NEWCELL 
REDIFFERENTIATES 
Turns into type of cell that 

makes bone 


Deposits in fracture site, 
healing the fracture 
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Tissue Loss eee neeceer | 


Local cellular effect Local nerve effect 


a 
CNS effect + Alterations in hormone 
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Local electric: 
effects 

posts of target cai 
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= growth< 
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Geometrical Distortion of Poynting Energy Flow 


At or near resonance frequency, in the case shown 
the energy collection fraction (reaction cross ten le ton en 
increases ten le ton en 


@) 


a. Around an aluminum sphere b. Around an aluminum sphere 
at light energy 8.8 eV. at light energy 5eV. 
Absorption eee 18.00. Absorption efficiency = 0.1. 

Figures per Cr How tide absor> more than the light incident upon it? 
Fbercah Journal Of PRySI, Sta), ANT feo. p-3e 
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Cosmic Bootstrap: 
Before the Big Ban 


Cosmic repulsion behaved like a fluid with 
negative pressure 


The "universe" inflated (expanded) as a "false 
vacuum" 


As the negative-pressure fluid expanded, its 
energy went up rather than down 


When inflation stopped, the false vacuum 
decayed from its excited state 


Its excitation energy was released in a single 
great burst Paul Davies, Superforce, 1984, p. 194 
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BRIDGING ENABLES COP > 1.0 


S-flow, do /dt flow, and EMF flow 
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“Closed Current “Closed Current = 
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Aspects of Strong Local Asymmetry 
a 


® If local asymmetry is strong, conservation laws 
may be appreciably violated 

Energy 

Charge 

Spin 

Momentum 

Angular momentum 


® Properties of an object may differ appreciably for 
© Different observers 
* Different detecting means 
* One time to another 
One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
*® Provides spacetime engines giving the above effects 


© TE Bearden 1995, 1996 
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Other Aspects of 
Strong Local Asymmetry 


een ree ee 
» Local spacetime is curved © TE Bearden 1095, 1995 
= Loreniz invariance of vacuum is violated 

® May be a local “sink” or “source” 

= Gravitational-inertial effects from EM 

= Translation between virtual and observable 

= Electrogravitational solitons 

= Action at a distance 

= Transmutation effects may exist 

= Scalar/pseudoscalar field translation 


= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
syrametry intemested 


structures are Vacuum engings 0 a oeaiins engines. 
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Bunge on the Status of 
Electrodynamics 


.. it is not usually acknowledged that electro- 
ake both classical and quantal, are in a 
ae state... 

.. the best modern physicist is the one who 
scenouledees that neither classical nor 
quantum physics are cut and dried, both being 
full of holes and in need of a vigorous 
overhauling..." 


*Mario Bunge, Foundations of Physics, Springer-Verlag, 
Naw York, NY, 1967, p. 176 
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Bunge on the Status of 
Electrodynamics and Physics 


".. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... 

"... neither classical nor quantum physics are 
cut and dried, both being full of holes and in 
need of a vigorous overhauling..." 


“Mano Bunge, 
New York, NY, 1967, p. 176. 


ies, Springer-Verlag, 


© s981e ceanver 


‘hup://www.cheniere.org/images/EMfndns!/sm%20Bunge?,jpx25.4.2005 1:36:34 


‘hutp://www.cheniere.org/images/EM fndns I/sm‘%20Bunge3 jpg 


2 on the Status of 
Claseien and Quantum Physics 


",. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 196 Te seaRDEN New York, NY, 1967, p. 176.. 
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Fraction of Casualties Surviving 


FRACTION SURVIVING N=1-40 million 
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EXPRESSED IN FRACTION SURVIVING 

& With conventional treatment 

C With 1st generation P-treatment 
With 2nd generation P-treatment 

® With 3rd generation P-treatment 
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TIME-REVERSED 
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5 FIRST STEP IN OXYCEN-DEFICIENCY 
© Sars oe DEDIFFEREN TIATION 
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Differentiation and Dedifferentiation Timelines 


CENTRALIZED CONTROL OF CELLULAR 
GROWTH AND REGENERATION 


NORMAL HEALTHY. WITH SOME DISEASED 
CELLS AND FUNCTIONS: OR DAMAGED CELLS 


TIME-FORWARD PATH 


NORMAL “DI 
AS IT DEVELOPED © 100,000 en FOR HEALING OF CELL DAMAGE 


| FFERENTIATION™ 


TIME-REVERSED TIME-REVERSED 
_ GS _ Or PATHFOR 4 PATH WHEN NORMAL 


SUSTAINED PUMPING FAILS TO 
I CELL eners OXYGEN HEAL CELL 
a Nee DEFICIENCY 
ANAEROBIC KEROBIC 
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Evolution of Cells on Earth 


SINGLE CELL 
AEROBIC” 


AME ROME ; FACULTATIVE WHITECELLS BONES 
cpligaTory  NAEROBES KILLER CELLS ORGANS 
{SINGLE CELL ETC, ai 

ANAEROBES = BOTH AEROBIC 

SINGLE CELL AND ANAEROBIC) sabsed cere’ 

SHIELDED 

FROM OXYGEN * NOTE: LIMITED ANAEROBIC RESPIRATION 
‘STILL TAKES PLACE IN HIGHER AEROBIC 
LUPE FORMS, INCLUDING MAN. 

EVOLUTIONARY TIMI 


©renr reno 


pew chenierorglimages/EM ns /smS¢20ells2jpg25.4.2005 1:40 


‘hntp: 


(A proposed formal definition 
of a charged mass) 
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Benne "\.curiously enough, we do not 
~ ~ know exactly what charge &, 
RSS ~ only what it does. Or, equaly 
Ve ot a8 significantly, what it does not do.” 
‘ \ i MP. Silverman, Aod Yet t Moves: Stange 
\ tems and Suble Questions inPhsies, 
~ CambiidgeU riversity Press, 1993, p. 127. 
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An electric charge Q consists of a massless flux component and a mass component, [ 


coupled together (interacting). Qis a broken symmetry. The mass of the charge 
ntinually and al eny: eelanse virtual photons with the surrounding vacuum. — 


ups 
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Thus Q is energetically driven by the surrounding vacuum potential, which itself is to 
first order just a violent virtual photon flux. 
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The Ubiquitous Aecsmpiient Two 
Asymmetrical Regaugings for Net Symmetry 
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The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net Symmetry 


aad ha adcshay ibe) 
ryou. Hey, 
whate swell guyl 


won't 
do any net work for you! 
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The Ubiquitous Assumption: Two 
Asymmetrical Reqaugings for Net Symmetry 
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A Charged Particle Is a Coupled System 


\ / 
Sn irae see 
‘= ~~ S virtual 
nea - Va photon 
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"curiously enough, we do not 
know exactly what charge is, 
only what it does. Or, equaliy 
significantly, what it does not do.’ 


MP, Sivemnan, And'Yetit Moves: Strange 
Subt sin Bt 
Cambridge Universit Press, 1223, p. 127 


ey 


An electric charge q isabroken symmetry in its fierce energy exchange with the active vacuum. 
It coherently integrates some of the virtual energy absorbs and outputs it as Poynting energy flow. 


Sys 
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Chung's Carbon Filament Negative Resistor } 


UNIVERSITY AT BUFFALO, NY 
© Ome teen 


Win =— Wout> Win 


CROSSED CARBON 
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Typical circuit has about 10-13 
energy collection efficiency 


soos 10 1 weamcen 


Se" Deep space 
Ss 
im Distance traveled by S in one hour is 1.08x10exp(1 2) meters. 
=== Example: 1.3 amps flowing in DC circuit, 1.8 mm diameter copper wire. J =51 Aicm2 


jal 


S violently transports ? provided fromthe source. 


4, =0.1368 meters _j sluggishly transports the energy collected and dissipated in the 
circuit. 


For the case discussed, the electron drift velocityin the circuit is about 
3.8 x10 * meters/sec. So J} moves about 0.1368 meters in one hour. 
Thus J? has collected about 0.1368 meters of the ¢-filled S-tube. During 
that same hour, the S-flow evoked by the power source will have 
traveled 1.08x1012meters. The ¢ of both currents is the same. Both 
are involved in the same energyilled tube. Thus S has provided and 
transported about 7.89x1012 fimes as much energy along the circuit 
in one hour as the j/ has been able to collect, transport, and dissipate 
mere in the circuit. Thus this circuit provides about 16'3 collection 
cy. 
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Se Classical View of EM 


= Potentials just mathematical conveniences 
— Not real 
— No internal structure, just magnitude 
= Force fields primary, causative, can exist in space in absence 
of observable mass 
— All EM actions due to force fields, none when zero 
= No action at a distance 
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Curved Spacetime 
acts as source or Sinik 


s| Ma ay emit excess radiation Z 
and energy (e.g., heat) 


May wanseu ce waves 
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= New en 
law applies 
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CHRONIC DISEASE PUZZLING 


THE MECHANISMS OF A SINGLE CHRONIC 


m™ SCIENCE REALLY DOES NOT UNDERSTAND nm 
DISEASE, INCLUDING CANCER 


m MANY TROUBLING FACTORS EXIST l Od 
= MIND ge) 
- STRESS sf 
— SPONTANEOUS REMISSION A | 
— PLACEBO EFFECTS snes eons 
= COMBINATIONS 


m GENERATION OF THE PLACEBO EFFECT BY THE 
CELLULAR REGENERATION SYSTEM IS UNRECOGNIZED 
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Sales Characteristics 


e Not o one disease, buta whole range 
» Starts Ins etuuttJaJ aerobic cell 
e Cell shakes off body's central control 
- Starts Gheantrolied division 
- Becomes a lump 
e Can send forth cancer cells 
- Through blood 
~ Through lymph 
e Form metastases (secondary saat 
e Often become anaerobic ore es 
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Solving a Cancer Enigma 


e An enigma has been failure of immune 
system to attack some tumor cells 
— Suppressor cells may curb immune system? 
— Tumor may lack antigens normally identified 
by the immune system? 
e Promotion of damaged cell to cancer is 
usually ordered by cellular control system 
— Regenerative and recovery system forces 
cell back toward anaerobe 
- First step breaks free from central growth 
- Control continues to recognize cell as self 


jpg25.4.2005 1:51:49) 
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‘a CANCER: CHARACTERISTICS 


© NOT ONE DISEASE BUT A WHOLE RANGE 
© STARTS IN ORDINARY (AEROBIC) CELL 
© CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
© STARTS UNCONTROLLED DIVISION 
© BECOMES A LUMP 
© CAN SEND FORTH CANCER CELLS de tee 
= THROUGH BLOOD 
= THROUGH LYMPH 
© THESE FORM METASTASES (SECONDARY TUMORS) 
© OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 


© ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 


SYSTEM 
*R&R system forces cell back toward anaerobe 
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“If a scalar wave E1(r) propagates from left to right through an 
arbitrary but lossless dielectric medium, and if we generate in some 
region of space [say near z= 0] its phase conjugate replica E2(r), 


then E will propagate backward from right to left through the 
dielectric medium, remaining everywhere the phase conjugate of E1." 
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The Electronuclear Reaction; 
Nuclear Reactions in liR-Zones (1) 


@ Nucleon interchange 
— Changes neutron into proton and vice versa 
= At high rate (flat spacetime assumed) 

® Statistics become skewed due to curved ST 


© Can bias statistics toward either neutron 
or proton end 
— Biases toward transmutation of elements 
along isomer chains: 
— Concept of “isomer” is vastly expanded) = =. -.- 
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The aa lear Reaction: 
Nuclear Reactions in 1R-Zones (2) 


® Normalidynamics (impulses) may reverse 
— Like charges attract, unlike charges repel 
— Positive charges cluster (are drawn together) 
— H+ Ions (protons) may form quasi-nuclei 
— Nucleus coulomb barrier becomes assistant 
® Many “impossible” reactions now possible 
— Quark access and quark flipping by EM 
— fon clustering 
— Positive charges as phase conjugate mirrors 
— fime-density waves and time-energy charging 
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The Electronuclear Reaction: 
Nuclear Reactions in TiR-Zones (3) 


© Not observed|until time-energy charging 
has become substantial) 
= Time delay (hours, days) 
— fransduction of LW --> TW involved 
— Specific time-charging history of detectors 
is involved in twhether they detect or not 
— Longitudinal EM waves become significant 
® Curved spacetime can act as source or sink 
~— May emit excess radiation 
— May absorb excess radiation 
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In Time-Reversed Zone: 
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Time-Reversed Zone: | 
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A New Conservation of Energy Law 


Physics conserves total “energy and mass-energy" 
Now also must consider “time-energy" 


Conserve total mass-time-energy (spatiotemporal 
energy) 


Let Et = total energy, Em = mass energy, 
Ee = ordinary energy, and Et = time energy. Then 


EtT=Ee+Em+eEt 


Onmre teen 


(kEt => EE> 0) => Et>(Em+ Ee) 


If some Et is transduced into Ee , the experiment will 
violate the old spatial mass-energy conservation law 
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QUESTIONS ON CARCINOGENS 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 
- DOSAGES 
— ACTIVE MECHANISMS 
REPLICATION DIFFICULTIES 
MEASUREMENT DIFFICULTIES 
WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


@ SCIENCE REALLY DOESNOT UNDERSTAND THE 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © 1994, 19957 £. Bearden 
INCLUDING CANCER 

— FACTORS SUCH AS MIND, STRESS, SPONTANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEM IS UNRECOGNIZED 


pw chenierorglimages/EM uns /EMbio 208m jpg25.4.2005 2:00:35 


mips 


As defined, fields and potentials only 
_existin and on charged matter 


E=Fiq a cE ae ee ee 


in vacuum. \ 
Source qis a \ 
broken symmetry 
in vacuum flux 
S$ = ExH 
olan 
As d fal 
ssumet Nerpeki 
motion machine «plleup" in fro Aas b 
in classical EM ip" in front = joules continuous! 
SoE=-vo . in eometrical ow, 


Electrodynamics has nothing to say about what 
exists in space in the absence of pipet © wv vwoen 
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Serious flaws and errors 
in classicalEM theory. 


Eliminates the Internal EM Inside the Scalar Potential, 

No Definition of Electrical Charge orof Scalar Potential. 

Equations StillAssume Material Ether Per Maxwell (Unchanged), 
Use of Force Fields in Vacuum is False (and Known to be So), 
Treats Charge qas Unitary Instead of Coupled System q = glqim (q), 
Confuses Nassless Potential Gradients as Forces (See #3, #4), 
Does Not Utilize Nass as a Component of Force (See #23). 


ErroneouslyAssumes EM Force Fields as Primary Causes, 
Topology of EM NodelHas Been Substantially Reduced, 

Does Not include Quantum Potentialor Action ata Distance, 
Does Not Include Superiuminal Velocity of Inner EM Components, 
Does Not Utilize Extended Near-Field Coulomb Gauge Effects, 
Does Notinclude EM Generatrix Mechanism forTime Flow, 

Does Not Unify Photon and Wave Aspects (Requires 7-D Model), 


Does Not Include Electron Spinand Precession (See #19,#24), 
Treats EM Energy As Existing In"Chunks," Instead ofas Flow, 
Confuses Energy and Energy Collection (See #16). 


Discards Half ofEvery EM Wave in Vacuum (See #22), 
Erroneously Uses Transverse Vacuum Wave; It's Longitudinal, 
Arbitrarily Regauges Maxwell's Equations to Eliminate Overunity, 
Omits Phase Conjugate Optics Effects (The Rule in Internal EM), 
Does Not Include EM Cause of Newtonian Reaction Force. 
Erroneously Assumes Separate Force Acting on Separate Mass, 
Confuses Detected Electron Precession Waves as Proving Trans: 
verse EM Waves in Vacuum (Remnantof Old "EM Fluid" Concept), 
Due to Error in String Wave, Qmits the Ubiquitous Antivave. 
Assumes Equilibrium ;NotTrue Unless Include Vacuum Interactions, 
» Higher Topology Required, to Model Electromagnetic Reality. 
» Lorentz surface integration discards Poynting energy transport, 
» Has nothing atallto say aboutform of EM entities in massless space. 
» Eliminates the infolded generalrelativity using EM-force as curve agent, 
, Does notinclude longitudinal EM waves as time domain oscillations, 
. Doesnotinclude EW mechanism that generates time flow and flow rate. 
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Nowwe are notusing 
Cea material ether. 
ae Trust us! The equations 
do not need changing. 
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REACTION TO Loss OF MATERIAL ETHER 


Material Ether 

Assumed in 

Equations Nota single 
equation was 

Potentials, changed! 


re peARcen 19 
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‘Einstein's 

spacetime 

hasn't been, 
yet! 


rial Ce Material 
Electric ‘ Electric 
Fluid Fluid 
Disturbed Disturbed 
CAUSE ; EFFECT 
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GALLOPING WAVE, 
TRANSVERSE 
WAVE THAT VARIES: 
VELOCITY ALONG 


Z-DIRECTION, IN TIME-POLARIZED 
WAVE FASHION. (TIME ENERGY) 
(Ex:0.01 ¢- 100 ¢) OSCILLATIONS: 
S-SPATAL SCALAR WAVES, 
ENERGY DENSITY X, Y, Z FIXED. 
OSCILLATIONS T VARIES, 
AE RAMAVERSE NONOBSERVABLE. 

[—— WAVES. X AND Y TRANSDUCTION TIME DENSITY OSCILLATIONS. 
ENERGY DENSITY <j» X, Y, ZENERGY DENSITY DO NOT VARY., 
maa a TIME DENSITY NOTOBSERV ABLE, BUT 

(Fe itt eae TRANSDUCTION IS OBSERVABLE. 
ALITTLE, SURGE OSCILL- 

ATIONS IN Z DIRECTION. TIME DENSITY OSCILLATIONS. 
X,Y, ZENERG Y DENSITY FIXED. 
|__ LONGITUDINAL WAVES. TIME DENSITY IS NONOBSERVABLE, 


X AND Y FIXED; SURGE BUT TRANSDUCTION 
OSCILLATIONS IN Z DIRECTION. IS OBSERVABLE. 


~=—— TRANSDUCTION ——-® 
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Air Medium Disturbances Generated When 
Air is Heedtoe| Lays Touched Taut String 


The string wave and 
the holder wave 
never leave the string 
and holder 
String slaps 
air medium 
Wave is a te IN ane Un eat 
alternatively ui i __Can only vibrate mostly abot 
compressive == ras cag Drude 
and = sills Electron 
rarefactive Gee ea 
a: Nuclear 
f { \ ANTIWAVE IN proton 
4 ~~ HOLDER waves 
FE (Highly damped; not shown to scale) 
© yoo, 10057. BeanoEN air medium 
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Vite rtd Pee 
slap (electron) 
ELECTRON SHELLS | time reversed 

AVEC EAD , | Moduiations 
‘f i Virtual photon nux 
NUCLEI \ x on i 4 of the QM vacuum 
(HIGHLY DAMPED) | ee 

1B) @) itting the nuclei perturbati Maxwell 
© ® & Onntted Newton's third taw from electrodynamics 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 


PHASE CONJUGATE REPLICA WAVE 
. 
UMA MMH © 


—____» 
TIME DENSITY WAVE 


Oscillates rate of flow of time 
about some average value 


LONGITUDINAL EM WAVE PLUS 
PHASE CONJUGATE REPLICAWAVE © "=" ™\ "= 
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Scalar Electromagnetics 
S (Energetics) View of EM 


e Potentials real; primary causes of EM phenomena 
~ Force fields made by differentiations of potentials 
— Force fields are effects, not primary causes 
= Force fields exist only in, on mass particles 
e Actions due to potentials and their interference 
= Action ata distance or locally 
— Quantum potential and hidden variables 
e Locally curved spacetime, engineerable by EM 
= Gravity effects not necessarily negligible 
— Strong EM force or time used as agent of curvature 
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Se Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Potentials have internal structure 
— Stoney/Whittaker structure 
— Longitudinal EM phas jug 


— Each wavepair is a tir olarized EM wave 
e Vacuum EM is a potential and has: 

microstructure 

= Stoney-Whittaker biwa\ 

— Fluctuations exhibit chao 


e Spacetime = Vacuum = Potential = Flux 


s/EM Ends: 


Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Statistics may have hidden order (already 
chaotic) 

e Uses spacetime curvature engines to 
alter matter (inside-out or outside-in) 


e Engineerable EM mechanism generates 
rate of flow of a mass through time 


* Quantum potential with specific Q@P can 
be used for instant action at a distance 


54.2005 2:11:07 
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tended General Relativity Principle 


STRUCTURING 


Ps % CURVATURES, 
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Theorem: W=k,- kj =Ak [1] 


k must be interpreted not as energy per se, 
but as collected/collecting energy. 


The reaction cross section 4 for the collecting 
process must be included. 


Extension’ We 2(ky- k,) =AAk [2] 


Normally 4 <1, as for elastic collision or Stokes 
emission. 

However, 1. > 1 is now possible, for processes 
which asymmetrically self-regauge. An example 
is Letokhov's negative absorption of the medium. 


Working models are the Patterson Power Celf® 
and Lawandy lasing without population inversion. 
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e "Space acts on matter, 
telling it how to move. 
e In turn, matter reacts 


back on space, telling 
it how to curve." 
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Use of General Relativity (GR) 
in Particle Physics 


© GR seldom used in particle physics Sees nee 


uaplhw 


In cold fusion, Matsumoto* has applied general relativity 
Consistent with important cold fusion results 

Used spacetime (ST) curvature by energy density 
Matsumoto did not utilize: 

= Longitudinal EM waves 

= Time density waves 

= Time density curvatures of ST (gain = 9x10is) 


T. Matsumoto, *Mechanisms of Electro- Nuclear Collapse,” 
“Foc tech Vancouver BC; Canada, Ap 1998p 
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THE MISSING INFOLDED 
ELECTRODYNAMICS 


INTERNESTED yeagedtinle CURVATURES 
INFOLDED GENERAL RELATIVITY 


tpi 
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"infolded E ngin 
Excluded by Present Ph Present Physics — 


ie SLE MRUL SA IS GITGTITTaE 
SCHR YNDIIDe OL AUAIMUM IEE hEnICE 

l° None of these disciplines include such — 
spacetime curvature engines (vacuum engines) 
singe ST curvature engines are where the 
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ot curvatures propaga PR Tai 


mass-to-spacetime spacetime-to-mass 
transformation transformation 


Electrons) 
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. $ transform. What i is transmitted and 
propagates. in spaceisas 
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Mass curves and structures spacetime; 
Si curvatures change and structure mass 


ot curvatures Propagat, 


jass-to-spacetime spacetime-to-mass 
transformation wanstorettio 
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(vacuumengine) 6 re nese se propagates 


tages/EMfndns I/infolGR2sm.jpg 


upulhwww. 


‘http: 


At Infinits Velogity: 


<®> Each Is Every Other 


SES 


SS 
SPACETIME VIRTUAL POTENTIAL MIND AND 
fhe MIND LEVELS 


| EBFRAN 


MASS E 
© 1997 TE Bearden PLANET 


* 


THEORY DEVELOPED AND FITTED 
HYSTERESIS MEMORY LOOP 
* CONTROLLED EM INDUCTION 

* IMAGES 

* SENSATIONS 

* PREDETERMINED EMERGENCE 
23 EEG BANDS 

* UP TO8.1X102% HZ 

11 INDEPENDENT CHANNELS 


* 
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S.K. Lisitsyn, “New Approach to the Amiysis of Electroencep halagrams,” 
DDC Report ADT300S,p. 16-25. 
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Lorentz Closed Surface Integration 


How can they use that old 
physically insignificant wind?!! 


© TE BEARDEN 1988 


Lorentz’s physically insignificant energy flow can be collected and utilized. 
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the Slepian vector j remains. This measures only the tiny 
portion of the S-flow that is “collecting” on electrons: 
Passing through the resistor, and therefrom being 
dissipated out of the resistor as joule heating It discards 
everything else (all Spgs and Sou). Si becomes Sr. 


Qtr re cemoen 
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* Creates time-density wave pumping 
= Slowly creates time-density charging 


© OTE beneaer 


Fundamental units are arbitrary in physics 
Can express all physics in one unit -- e.g., time 


Time is highly compressed energy 
1 sec =9 x 10s joules of transverse EM wave energy 
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Figure 1-8. Infolded biwave composition of a scalar potential, 
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vacuum A2 * 
(spacetime) Ao 
engine in 
inet 
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™~™ 
“ge CELL MASS 
highly nonlinear to any 
-«_-O and all LW frequencies 
a 
Antiengine acts upon 


mass at all levels 


As 


AN AMPLIFIED VACUUM es = 
SPACETIME) ANTIENGINE IS longitudinal _- j © rewemven soar 
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e Quaternions: 
- Discovered by Hamilton in 1843 
— A quaternion has a vector part 
—- A quaternion has a scalar part 
— First significant non-arithmetic number system 
— Higher topology than vector or tensor algebra 


¢ Maxwell's theory was in quaternion equations 
— 20 equations in 20 unknowns 


— Reduced to a small 4-equation subset 
by Heaviside and Gibbs 
— EM topology dramatically reduced 
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Note: Any system mist 
first break equilibrium in its 


Joads and fosses is a symmety- 
restoring operation 


HAXWELL'S 
EQUATIONS: 
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CHANGE ENERGY, CHANGE ENERGY, (NONE EXIST) 
‘AND SHOW COP<i.0 AND SHOW COP>i0 

BY DESIGN BY DESIGN 


———_—_— 
ASYMMETRICAL SYMMETRICAL 
REGAUGING REGAUGING 


Se Selected clipat© by Lotus SmertPics 
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Maxwell's four equations reduce to: 
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v’o Rede ere [1] 
ern 
ede ris Ae aes [2] 
c at c a c 
Ais replaced by A’, where 
A =A+VA [3] 


The new B' field then becomes 


B =Vx(A+VA)=VxA+0=VxA=B 4] 
Anew E-field will also be formed. So let 


o=9-14 5] 
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Page 2 of 2. 
Per Jackson, (A,®) are habitually chosen so that 


1a@ 6] 
ce Ot 


The net symmetrical regauging separates variables. 
Two inhomogeneous wave equations result: 


2, 
* a aoe a oy 
10°A 4a 
sae a ea 8) 
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Equations [1] and [2] arbitrarily changed to [7] and [8] 
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The U.S. approach to mind control 
"Voices in my head" 
Flanagan's neurophone - used to give 
instructions to diplomats during 
negotiations, etc. 
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Special Note 


This article refers to experimental 
research techniques which can be 
detrimental or lethal in the hands of any but 
highly skilled, qualified experimental 
scientists proceeding under proper 
laboratory safety procedures. The purpose of 
this article is strictly for information to 
properly qualified and authorized scientists 
in certified laboratories. We do not propose 
or condone any use of these procedures for 
nonapproved practice of medicine without a 
license. Neither the publisher nor the author 
are responsible for accidents or outcomes in 
the use of these experimental pro-cedures 
and techniques. Any researcher who 
performs these procedures and experiments 
is acting on his or her own volition, and is 
solely responsible for insuring safety, 
qualifications, and legality of the acts and 
their results, We neither suggest nor 
condone unauthorized experimentation on 
human subjects. Such is a criminal violation 
of the constitutional rights of the subject 
under Federal and State laws, and is both 
illegal and immoral. 


Abstract 


For some time we have been repeatedly 
queried about the technical mechanisms and 
unusual electrodynamics of advanced mind 
control research, both in the West and 
abroad. Calling full attention to the special 
note above, in this paper we present a high- 
level over-view of the novel electromagnetic 
nature of mind operations, mind and body 
coupling, and intentsthe induction of 
physical 3-space EM energy changes into 
the brain and nervous system, and into every 
cell of the body, from the mind's time-like 
coherent operations. We summarize the time- 
polarized electrodynamics used to engineer 
and affect mind operations and the mind- 
body coupling loop. Transduction 
mechanisms whereby differing EM wave 
polarizations can be transformed one-into- 
the-other are presented. We give two 
specific examples of lethal foreign military 
tests in 1997 of advanced mind control 
weapons against two military pilots over the 
central U.S. Some dangers and potential 
benefits of the emerging mind control 
technology are pointed out 
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Figure 1. Mechanism that generates a mass's flow through time. 
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Introduction and Background 


In quantum field theory, there are four polarizations of 


photons Using 4-space and the z-direction as the direction 
of propagation, we have x- and y- polarizations where the 3- 
spatial energy of the photon is oscillating laterally, in the x- 
ory- direction, These are transverse polarized photons, as is 
any combination of the two, The third polarization is along 
the z-direction, which is a longitudinal polarization. In other 
words, the 3-spatial energy of the longitudinal photon cannot 
oscillate in the x- or y- direction, and so itis oscillating to- 
and-fro along the line of motion, z-. The fourth polarization 
‘occurs when the energy is frozen in all three spatial 
dimensions x-, y-, and 2- and it cannot oscillate in any of 
those directions. In that case, the photon oscillates its energy 
in the t- direction, providing the t-polarized photon. We will 
later discuss how time is actually highly condensed energy. 

In Minkowski 4-space, body operations are space-like, and 
are so treated in conventional materialistic physics. Mind and 
mind-operations are time-like, not space-like, even though 


they are totally electromagnetic in nature 
As is well-known, all observation in physics is considered 


patial..? Mass is a 3-spatial concept, and we detect 
changes to mass (as, e.g., in the shift of electrons in the 
circuits of electrical instruments). So one may model the 
common physical observation mechanism as a time- 
differentiating process which a priori discards time-change 


and retains 3-spatial energy change.* That is, Minkowski 
reality is modeled in the fundamental units of L%t, Physical 
observation (via the transverse photon interaction) is the 
process given by applying the operator a/€t to L4t, yielding 
an L3 output, Hence mind and mind operations are excluded 
by the usual physics instruments and observation, which 
imply exclude the time domain in their outputs and do not 
measure” it. 
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For this reason, physicists have erroneously 
considered mind to be "metaphysical" and nonreal 
Indeed, most physicists to one extent or the other are 
materialists, and consider the "mind" to be nothing but 
the operations ongoing in a "meat computer.” 
Nonetheless, in the time-domain the time is absolutely 
real, and it is completely electrodynamic in nature. 
‘There is no metaphysics involved, and the temporal 
domain—along with mind and mind operations—is 
simply an erroneously neglected area of physics. In 
present physics, the notion of mind is comfortabl 
disposed of by imposing the use of the "observer’ 
concept, with out ever specifying that the observer has a 
consciousness and a mind. Indeed, "observation" is only 
about what that "observer" perceives. Obviously, one 
has a dramatically crippled physics if one eliminates that 
nonobservable called "time.” Similarly, one also has a 


mechanisms and physics ongoing in those time-like and 
dynamic "things" such as mind, that occupy time and 
function in it. 

From this viewpoint, Western physics adheres to its 3- 
spatial measurement foundation only by ignoring the 
transduction of time-polarized EM changes into 
detectable longitudinal and transverse EM wave 
changes. In this aspect, present Western physics is 
severely self-crippled. 

Time is totally electromagnetic and energetic in 
nature. The flow of time is not a separate external river 
on which a mass floats along like a boat drifting down 
the current of a great flowing river. Instead, the flow of 
time is generated directly on every mass by its total set 
of photon interactions, both virtual and ob servable. We 
have previously presented the exact mechanism for the 
flow of time. [Figure 1] 
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Figure 2. Transduction of EM wave type by successive phase conjugate pairing 
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Further, a photon is comprised of angular momentum, 
therefore of (energy)x(time). It transports both energy and 
time, not just energy alone. When absorbed by a mass, not 
only does it "energy-excitation” charge the mass, but also it 
ime-excitation” charges it, converting the former "mas: 
to "mass time", Rigorously it is masstime that emits a 
photon, not mass. Soa mass moves through time in little 
spurts, by the continual macroscopic addition and 
subtraction of little Dt components. Further, in being 
driven through time, mass is continually altered to 
masstime (a quite different critter from mass), to mass, to 
masstime, to mass, ete. 

In any masstime state, a myriad of tiny virtual photon 
interactions made of very tiny (DE)(Dt)'s interact with that 
same mass during that particular larger Dt of the masstime 
state (m+Dm)(Dt). Hence mass in its alternate masstime 
state has that state internally structured by its surrounding 
environment’s interactions with it. The masstime state is 
internally structured energetically in its (DE) component, 
and also internally structured temporally in its (Dt) 
component, 

A standard charged fundamental particle such as an 
electron, .g., is not necessarily identical with another, 
when the internal structuring of its masstime state is, 


considered. Further, by two papers by Whittaker,” 
interferometry of masstime states with either energy 
reactions or temporal reactions can yield observable effects 
and changes due to these neglected "hidden variables” in 
the electron's masstime alternative states, To engineer the 
mind and its operations directly, one must perform 
electrodynamic engineering in the time domain, not in the 3- 
space EM energy density domain. The direct engineering 
of time-like mind and mind operations—in all levels and all 
aspects—requires the use of time-polarized photons 


and time-polarized EM waves. This is the rarest form of 
electrodynamics, almost untouched by Western physicists, 
One can either painfully produce such time-polarized 
photons and EM waves and directly irradiate a target mass 
with specific assemblies of them, or one can force the mass 
itself to iteratively transduce ordinary transverse EM waves 
first into longitudinally-polarized EM waves and then into 
time-polarized EM waves. Both will be discussed briefly. 
In the West, it appears that the present author's discovery 
of mechanisms for producing time-polarized (scalar) EM 
waves [see Figure 2] and for transducing between wave 
polarizations has no precedent. [See Figure 3]. While 


L 
scalar (time-polarized) photons are known in the literature, 
the creation and use of time-polarized EM waves does not 


seem to appear in the Western physics literature 

Wave transduction o polarization transductions are 
terms used by the author for the process of transforming an 
EM wave's particular polarization into another polarization 
type. Such transduction to other than transverse 
polarization forms is little known in the West. It appears 
essentially haphazardly in some experiments, usually 
without any recognition by the experimenters themselves. 
Significant transduction in experiments will also produce 
"strange" and unexplained anomalies in the instruments 

1 


being used for experimental measurements 

So most probably Western mind control researchers have 
not recognized the methodology and mechanisms® for 
transducing one type of EM wave polarization directly into 
another. They continue to seek the "mind" in 3-space and 
hence in the brain, rather than in the time domain. On the 
other hand, it appears 


LONGITUDINAL EMWAVES 


INTERFERENCE TIME DENSITY 
ZONE EM WAVES 
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Figure 3. Interference processes for 


transducing higher EM wave polarizations 


into lower polarization states. 
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that the Russian KGB energetics" weapons scientists 


particularly those in psychoenergeries“—have known and 
used methods of transducing one wave polarization into 
another, for at least two decades. It follows that those same 
scientists have very probably developed mind engineering and 
mind control via novel time-polarized EM wave means and a 
dramatically extended electrodynamics of the time-like mind 
operations, 

In the present paper we briefly develop the wave 
transductions and the basis for mind engineering, including the 
specialized use of ordinary transverse wave (TW) EM spectra 
to force internal EM wave transductions and time-domain 
operations inside irradiated bodies, cells, and tissues. Through 
the mind-body coupling mechanism, these transductions of 
transverse EM waves can operate upon the mind and its 
deepest operations as well as upon the body, every cell, and 
every part of every cell. 


Russian Mind Control Uses 
Higher EM Wave Polarizations 


It is apparent that the KGB psychoenergetics weapons 
scientists know and use the full extended EM wave 
polarization range. As a postulation, one would expect our 
‘own weapons scientists to know and utilize the orthodox 
transverse wave (TW) EM for similar research and 
experimentation, However, in the West scientists are just 
beginning to realize the importance of a very general (and 
weaker) type of longitudinal EM wave (LW) polarization, as 
evidenced by the appearance of dozens of papers on 
undistorted progressive waves" (UPWs, which are essentially 
imperfect LW s with TW residues remaining). The Los 
Alamos National Laboratory web site has a number of such 


papers—particularly by Rodrigues and Lu—available for 


free downloading. UPWs 
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have very interesting characteristics. If they were perfect 
longitudinal EM waves, they would have infinite energy 
and infinite speed. Since only imperfect UPWs can be 
physically made, their speed can vary from slower than 
the speed of light to faster than the speed of light. Their 
energy can also vary over a great range. 

Another characteristic of UPWs that are reasonably 
good longitudinal EM waves, is that they pass readily 
through a large depth of water and mass, including 
through the ocean and the earth with only small 
interactions and losses. Yet by interfering two such 
beams of "high quality” UPWs at a great distance, then 
in the interference zone ordinary EM energy will rise 
directly out of local spacetime potential, as essentially 


3 
shown by Whittaker nearly a century ago. Russian 
weapon research facilities have weaponized these 


effects! for nearly 50 years, under rigid KGB control 
and operation, Nonetheless, even if using only ordinary 
TW waves, Western mind control researchers may get 
some fairly good results, brute-force-like, by using gross 
correlates between just the input irradiating TWs and the 
exhibited behavioral responses of the individual. The net 
input-output correlations can be determined, even though 
not taking into account the actual wave polarization 
transduction mechanisms ongoing inside the irradiated 
dielectric (or brain, or mind, etc.). However, Westen 
researchers appear to have no knowledge of the exact 
mechanisms by means of which coherent time-like mind 
operations of a biological organism couple to the 
organism's 3-spatial body to provide the mental control 
loop. They also appear unaware of how the coherent 3- 
spatial behavior responses of the body couple back to the 
time-like mind to provide it with a sensory feedback of 
the body's responses, 
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Figure 4. A spacetime curvature engine has myriads of small ST curvature 
components which act upon mass at all levels. 
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General Relativity Aspects 


Both these coupling mechanisms can be taken 
directly from general relativity, if one puts one's 
mind to it. However, unless the wave 
polarization transformations are known, it is 
difficult or impossible to apply the ordinary GR 
directly, since relativists usually concentrate 
upon spacetime curvature by altering 3-space 
energy density rather than by altering time- 
polarized "time-energy" density. 

In applied general relativity, spacetime itself 
is an active medium. One speaks of a change in 
spacetime as a "spacetime curvature". Any 
curvature of spacetime in a local region directly 
performs continuous work upon any mass 
embedded in that region. Vice versa, any mass 
(or other concentration of energy) in a local 
spacetime continuously acts upon that spacetime 
to "curve" it. 

So if one wishes to perform actions upon mass 
in a distant region, one may generate local 
curvatures of spacetime in that region, and these 
curvature "engines" will directly act upon the 
mass at all levels. [Figure 4] This is very 
different from energy propagation through space 
from one point to another. Now the "ordinary 
EM energy and actions” arise from every 
spatiotemporal point within the mass, at every 
level, and move upwards (from inside to 
outside). So we speak of specific forms of 
"templates" of nested spacetime curvatures. 
formed and utilized to engineer mass "from 
inside out" as spacetime curvature engines or 
vacuum engines. 

Use of vacuum (spacetime curvature) 

15 


engineering” is a far more powerful form of 
engineering than is provided by energy 
propagation through space. As an example, it is 
easy to alter the quarks in a nucleon, using 
spacetime curvature engines and time-charging 
decay. Indeed, we have developed the 
mechanisms for cold fusion and the 
electronuclear interaction (formation of new 
nuclides) at feeble energy. An Invention 


has been filed with the U.S. Patent Office, and 
formal patent applications are in preparation. 
Some information on these mechanisms and 


principles has been released, 


Time as Dense EM Energy 
and a Strong Spacetime Curvature 
Agent 


The advantage of using the time-polarized 
"time-energy" for spacetime curvature is that 
time is ordinary energy compressed by a factor 
of at least c2—which, in the MKS system of 
units, is some 9¥10!6, Thus use of time- 
polarized EM photons and waves as ST 
curvature agents gives an amplification of 9 
¥10!6 over the use of transverse-polarized EM 
waves for that purpose. In turn, the use of the 
strong EM force in ordinary TW waves as an 
agent of ST curvature is already a nominal 104 
times as strong as is the weak G force used as 
the agent of ST curvature. 


The bottom line is this: For spacetime 
curvature effects, the use of the t-polarized 
domain provides amplification of some 9¥1056 


greater than the weak G-force ST curvature 


e ote IB 
agent usually considered in general relativit 


Western Science Remains Largely 
Materialistic 


Ironically, most Western scientis 
materialists and consider "mind" 
and nonscientific concept. They tend to consider 
mind operations and functions either to be 
simply "meat computer" operations and 
functions, or at best to be very weak ordinary 
transverse-wave EM operations and functions in 


the brain and nervous system.® This serious self- 
limitation exists because in the body we measure 
only weak TW EM operations and functions 
correlated to biological behavior and brain 
operations. We simply do not know how to 
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closure! on this work measure "mind operations" directly. 
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Figure 5. Mind-to body coupling and body-to-mind coupling. 
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Figures 


With no mind measurements possible and no instruments, 
it is understandable that Western science considers only 
the physical side of the mind-matter interface. 

Presently our scientists do not measure the 
Jongitudinally-polarized EM wave operations and 
functions in the body and around it in nature. Few of them 
are aware that a maelstrom of such LW functions exist in 
the body and in all of nature in general. Presently only 
highly theoretical quantum field theorists seem to even be 
aware of the existence of scalar (t-polarized) photons, and. 
even they are unaware of t-polarized EM waves. Certainly 
our scientists do not measure t-polarized EM waves in and 
around the body and in nature, nor do they make them in 
the laboratory. Apparently they have not studied such 
waves and their interactions with matter—tiving and inert 
—at all 

But it's even worse. In ignoring the time component 
transported by photons and EM waves, science has also 
erroneously omitted half of the excitation charging and 
excitation decay processes whenever a mass interacts with 
photons and EM waves. More on that later. 


Brute Forcing Time 
Functions versus Fine Control Methods 


Ironically, Western mind control researchers using 
transverse EM waves for mind control research, are using 
a brute force method of evoking and using vacuum 
engines ( spacetime curvature engines) and a special form 
of general relativity, although they do not appear to realize 
it 

While KGB scientists also use TW EM "brute force" 
TW waves when necessary, they do "imprint" or "activate" 
those waves with the desired internal LW and time- 
polarized EM wave and photon structures required to 
directly perform the mind engineering desired. 
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‘They also do not hesitate to use LWs and t-polarized 
waves overtly, So in blunt terms, Western compared to 
Russian mind control research is probably like comparing 
an automobile body shop with a fine surgical ward 
Having long ago worked out all those "exact correlates" to 
the internal "information content of the field” is where the 
KGB scientists are at least 20 years ahead of the West. 

‘The reason one can get mind and behavior results with 
the TW electromagnetics, while bypassing the real 
mechanism which uses t-polarized waves and photons, is 
due to (1) the very peculiar nature of the EM emission 
from a dielectric, and (2) what can be done by re-radiating 
that dielectric with its emitted spectrum, deliberately and 
very carefully altered in selected parts. We will return to 
that important feature later. 


Polarization and Observability 


‘As we stated, there are four photon polarizations and 
therefore there must be correspondingly four EM wave 


polarizations? The first three polarizations are the x-, y-, 
and z- spatial polarizations. The x- and y- polarizations 
are transverse polarizations and the z-polarization is a 
longitudinal polarization along the direction of 
propagation (along the z-axis, by standard notation). 
Simply put, we may visualize the transverse polarizations 
as rather like the wiggling of a fish's tail from side to side 
as the fish moves forward, or a whale's flukes up and down 
as the whale moves forward, or some combination 

thereof. We may visualize the longitudinal polarization as 
a sort of “repetitive accordion effect" along the line of 
motion of the wave. Usually the z- polarization is 
neglected in EM wave theory, although in recent years 
physicists have "rediscovered" longitudinal EM waves and 
are now intensely researching the use and characteristics 


of such waves. 
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Figure 6. The three divisions of Soviet energetics and their characteristics. 
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Figure 7 


Unfortunately, in quantum field theory there 
has been a tendency to regard the t-polarized or 
"scalar" photon—where the local rate of time is 
oscillated—as unobservable. Oscillation of the 
local rate of time produces powerful oscil 
of local space-time curvatures, due to the 
extreme energy density of time. Individually, 
the t-polarized photon tends to be unobservable. 
However, a coherent sequential group of such t- 
polarized photons, each individually in the 
virtual state with respect to the external observer, 
may simply integrate in its interaction with mass 
over a short time period into observable change 
because of the coherent integration of virtual 
spacetime curvatures into a larger, observable 
spacetime curvature. 


Rotations and Projections in 4-Space 


Relativistically, any velocity change in 4- 
space is a rotation. Any such rotation in the time- 
domain also creates a tiny projection component 
into 3-space. Any such rotation in the 3-spatial 
domain also creates a tiny projection component 
into the time domain. 

Hence a sufficient series of coherent time- 
domain (mental) changes produces a coherent 
series of virtual changes in 3-space (the body), 
thereby coherently integrating into an observable 
energy change in the body. A sufficient series of 
coherent 3-spatial energy changes produces a 
coherent series of virtual changes in the time 
domain which coherent integrate into an 
observable time-domain change. 


Solution to the Age-Old Philosophical 
Problem of Intent 


This is in fact the solution to the age-old problem 
of intent, or how the nonmaterial (i.e., non-3- 
spatial and non-observable) mind induces a 3- 
spatial, observable energy change upon the 3- 
spatial body. It is also the 


solution to the problem of awareness; i.e., how 


the mind is aware of itself!” and of the responses 
of the body. Together the two form a closed 
loop coupling of the mind and body. The time 
delay in the loop together with memory recall for 
comparison, creates the sense of "persistence" of 
self in time. This also creates the sense of being 
a "separate, closed being" (i.c., of separate 
persistence in time—in the living entity). The 
sense of "separation of self from an external 
world” is created by comparing those body-to- 
mind sensory feedbacks which are not correlated 
to the mind's previous feed-forward intent, 


Time As Energy and Why It Is Very 
Dense Energy 


In addition to the three spatial polarizations of 
photons and EM waves, there is a very, very 
useful t-polarization along the time axis. In this 
polarization, the 3-spatial energy is not 
oscillating at all. Instead, the time or time- 
energy is oscillating. Time can be taken to be 
energy compressed by at least c?, so it has at 
least the same energy density as mass. In other 
words, one second is 9x10!6 joules of time- 
energy (energy compressed into time). The t- 
polarized photon or EM wave is called the scalar 
photon or scalar EM wave, respectively. 

To demonstrate why time can be regarded as 
energy, we need only point out that the choice of 
fundamental units in any physics model is totally 
arbitrary. We usually choose these units to ease 
the mathematical manipulation, ease our 
understanding, and simplify the ability to 
visualize or "grasp" the physics. However, if 
one wishes, one can build all of physics from a 
single fundamental unit—e.g., energy. In that 
case, one readily sees that time is a function of 
energy and only energy. Hence it is perfectly 
proper to regard time as energy, and to seek out 
what form the function takes in our normal 
system of units (say, the MKS system). 
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SK. Lisitsyn, “New Approach to the Amlysis of Electroencep halograms,* 
DDC Report ADT3005, p. 16-25. 


Figure 7. In the 1960s, Lisitsyn revealed Russian scientists had deciphered 
the human brain code. 
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In that system, it appears that any change in 
time At can be taken as always a function of 
a corresponding change in energy AE, where 
At < (AE) = c? [1] from which it follows that 
AE > (At) x c2 [2] For convenience, we 
take the special case where At = (AE) 
[3] AE = (At) x c? [4]. 


Observation as Used in Physics Is 
Spatial 


We note that all mind operations are time- 
like, ie., they are comprised as scalar EM 
photon functions and scalar EM wave 
functions. Thus the mind is a very special 
kind of electromagnetic system, existing in 
the time domain, and thus "lost" by the 
stripping away of time in the ordinary 
observation process. Physical observation is 
essentially a time-differentiating mechanism 
applied to a 4-spatial change, or in terms of 
MKS fundamental units L and t, observation 
Gis 6 = A/at(L4t) = L3 [5]. 

Thus, as is well-known in quantum 
mechanics, physical observation is 3-spatial, 
and time is not a physical observable, even 
in theory. Since mind is time-like, it follows 
that mind is not a physical observable either, 
since discarding the time dimension also 
discards the mind, In short, one may also 
take physical operation as the mechanism 
that separates mind and body. To observe is 
to separate. We point out, however, that 
merely "separating and discarding" the time 
domain (as in physical observation of a 
single change) does not eliminate it, nor 
does it eliminate the single time-like mind 
change that may be involved in an 
intentional volition. The time domain 
certainly remains, even though only the 3- 
spatial intersection of the 4-spatial 


mechanism and the resulting "outputs". Soa 
series of coherently integrated "mental 
intent" changes introduced into the human 
body's overall servo-mechanism provides 
the continuing input. From there, ordinary 
physics will generate the resulting actions 
induced in the body by that servomechanism 
and its amplifying mechanisms. 


Two Coupling Mechanisms Make a 
Closed Loop 


This is the "mind-to-body" coupling 
mechanism. [See Figure 5] It is the 
mechanism whereby the mind is coupled to 
the body, and whereby mental intent is able 
to induce a series of physical inputs into the 
body servomechanism. 

So the body's servomechanism then 
generates the responses of the body 
(including everything from chemistry to 
electrical changes to muscular movements, 
etc.). These responses are changes in 3- 
space. 

The conscious mind is a serial processor, 
though extremely rapid. It produces the 
series of coherent intent inputs for volitional 
behavior. 

The unconscious mind is a mas 


vely 
parallel processor” It continually 
produces the vast series of coherent 
“unconscious intent inputs" for control of all 
the deeper processes in the body, beyond 
usual conscious awareness. 

However, as the body moves or changes 
in 3-space, each resulting quantum change in 
body 3-space is also a slight rotation out of 
3-space and toward the time axis. Hence it 
induces—in the "virtual state" in the time 
domain—a precisely correlated projection. 
The body's responses are in general 
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Minkowski change is given by physical 
observation. So we may say that the time- 
change remains in the virtual state, with 
respect to attempted physical observation of 
a single Minkowski 4-space change. 


Rotation, Coherent Integration, and 
Intent 


Previously we pointed out that any change 
in a 4-space entity may be regarded as a 
rotation away from the "trajectory" of the 
entity, Hence each and every t-polarized 
change creates a very small projection into 3- 
space by its rotation slightly away from the 
time axis. All mind changes in the time- 
domain actually produce virtual 3-spatial 
projections in 3-space (in the physical 
domain). We define "intent" as the 

continued production of successively 
coherent mental changes, producing 

coherent virtual changes in the 3-space body 
system, with coherent integration of those 3- 
space virtual changes into observable 3- 
space energy inputs into the 3-space body 
system. Successively coherent mind- 
changes will produce successively coherent 
3-space virtual changes. In short, coherent 
mind-changes will produce coherent 
integration of those 3-space virtual 
projections into an observable 3-space 
change. This is the creation of an ordinary 3- 
spatial energy change induced upon the 3- 
space body. In short, this is the mechanism 
whereby time-like mental intent is able to 
produce a series of coherent observable 
quantum changes in the physical body (as in 
the brain and nervous system). 


The Body as a Servomechanism 


From the standpoint of control theory, we 
may consider the body system to be a 


coherent, so a coherent series of virtual state 
changes in the time-domain (in the mind 
realm) are created successively. In short, 
again we have coherent integration, this time 
in the mind or time domain. This produces 
"observable" changes in the time-mind 
domain, which are coherent with the body's 
3-spatial changes actually performed, Thus 
the mind receives feedback directly from the 
physical movements and changes of the 
body. This is the manner in which the body 


is coupled back to the mind.24 

By comparing the "intent" behavioral 
move that was "fed forward" into the body, 
with the return "response" move analog that 
was “fed back" from the body to the mind, 
the mind is able to determine errors and 
differences, and originate additional 
correctional commands. 

Thus the entire mind-body loop is a 
closed-circuit system of feedforward and 
feedback, together with corrections. It also 
has multiple levels of such, infolded in the 
larger volitional levels. See again Figure 4. 

This solves the age-old problem of the 
mechanisms for the mind-body coupling, 
intent, volition, conscious and unconscious 
functioning, sense of the external world, 
sense of the internal world, sense of "being 


in" the external world, etc. 


All This Is Included in Russian 
Psychoenergetics 


This is the highly summarized basis for 
psychoenergetics, the KGB's division of 
energetics that deals with the mind and body 
coupling and functions, and direct 
engineering of (1) the mind-body coupling 
and (2) the mind operations directly. [See 
Figure 6] The KGB intent, of course, has 
always been to exploit this science for the 
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complex servomechanism system comprised 
of many subordinate servo systems with 
feedback and feedforward looping. 

Given the input from intent, ordinary 
servo theory will take it from there. Once a 
servo has an input, servomechanism theory 
describes the response of the 
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degradation, killing, and control of human 
beings, including all humanity. 

The Russians know full well that, if you 
produce and utilize scalar EM photons and t- 
polarized EM waves, you can directly affect 
and engineer mind and mind operations at 
any and all levels. Western researchers, who 
know nothing of how to make 
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time-polarized photons and time-polarized 
EM waves, do not yet know that. 
Consequently the Russians have developed a 
highly secret science of directly engineering 
the mind and its operations, including 
thought, images, perceptions, feelings, 
emotions, memory, and mind processing. 


Indeed, Lisitsyn=* wrote quite specifically of 
this capability in the 1960s. [See Figure 7] 

Western clandestine mind control 
researchers are apparently still slowly and 
painfully fitting TW EM irradiation 
correlates to induced or resulting mental and 
physical behavior responses. They seem 
unaware of the actual wave transductions 
occurring inside the body and mind, but are 
unwittingly inducing those transductions in 
hidden fashion anyway and in "brute-force 
input-response fitting" models. 

These "fitted brute-force models" 
certainly can be very powerful, and certainly 
can produce the exact results shown in the 
experimental verifications of the fittings. 
However, they do not of themselves allow 
sophisticated design—for example—of the 
necessary time-polarized wave assemblies 
for engineering the entire human collective 
unconscious simultaneously, or for 
engineering the entire collective 
unconscious of all species on Earth (ie., 
Gaia's collective unconscious), or even for 
precisely engineering the memory and 
knowledge base of an individual. 

This fine research article will be 
continued in Part IT with Russian 
Methodology, Waves and Wave 
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spacetime that is highly active. The mind is 
rooted in the time-domain and projects from that 
domain into 3-space. The body is rooted in the 
3-space domain and projects into the time- 
domain. To "change" or "function" in one 
domain is automatically to function in the other. 
EM and gravitational phenomena are still 
modeled separately by human scientists, but not 
by nature. 

3. In quantum mechanics, time is not an 
observable, but merely a parameter. 

4. It is convenient to consider ma 
spatial form of condensed energy. 

5. E.T. Whittaker, "On the Partial Differential 
Equations of Mathematical Physics, " 
Mathematische Annalen, Vol. 57, 1903, p. 333- 
355;— "On an Expression of the 
Electromagnetic Field Due to Electrons by 
Means of Two Scalar Potential Functions, 
"Proc. Lond. Math. Soc., Series 2, Vol. I, 1904, 
p. 367-372. 

6. A NERAC document search yielded some 16 
good references on t-polarized photons, but not 
a single reference on t-polarized EM waves. 

7. Exg., such previously inexplicable instrument 
anomalies have accompanied some excellent 
and rigorous electrolyte experiments at U. S. 
Navy research facilities at China Lake. For a 
description, see Melvin H Miles and Benjamin 
F. Bush, "Radiation measurements at China 
Lake: Real or Artifacts?", Proc. ICCF - 7 
(International Conference on Cold Fusion—7, 
Vancouver, BC, Canada, Apr. 1998, p. 101. For 
a brief explanation of the anomalies, see T. E. 
Bearden, "EM Corrections Enabling a Practical 
Unified Field Theory with Emphasis on Time- 
Charging Interactions of Longitudinal EM 
Waves, " Explore!, 8(6), 1998, p. 7-16;— 
"Toward a Practical Unified Field Theory and a 
Deep Experimental Example," Proc. INE 
Symposium, Univ. Utah, Aug. 14-15, 1998. 

8. Many U. S. researchers and journalists—and 
even many scientists—have wrestled with the 
problems of mind, intent, and mind-body 


Is a 3- 
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Transduction, The Cellular Control System, 
and other matters of interest. # 
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coupling. Enumeration of those efforts would 
itself require an entire book. For an introduction 
into that domain, the reader is referred to the 
very determined exposé by Cheryl Welsh in her 
very timely book, The 1950's Discovery of the 
Code of the Brain, May 1988, published on the 
Internet. Simply employ any Net search engine 
and search on the name Cheryl Welsh. A 
connection to the site and to Welsh's book will 
immediately be found Welsh's important 
compendium is highly recommended, giving the 
reader a "birds eye view", so to speak, of how 
Western scientists think and proceed regarding 
the subject of mind control by electromagnetic 
means. Unfortunately all journalists so far 
researching the area have not been aware that 
Western electrodynamics itself is seriously 
flawed, and that the great Russian advances in 
mind engineering and mind control are a result 
of their secret but complete revision and 
correction of Western electrodynamics to 
provide the basis for energetics. Until Western 
scientists revise their own decrepit old 
electrodynamics fouling the textbooks, they will 
never catch up to the Russian mind control 
developments springing from intense 
development programs that did that revision in 
the late 1940s and early 1950s. 
9. An Invention Disclosure on these processes 
and enhancement embodiments has been filed 
with the U. S. Patent Office. Formal patent 
applications are also in preparation. 
10. Energeti unified science of an 
extended electrodynamics possessing a hidden 
infolded general relativity inside the potentials, 
fields, and waves. It deliberately employs 
higher polarizations (longitudinal and tempic) of 
photons and EM waves to engineer action at a 
distance, use of specific patterns of spacetime 
curvature created at a distance, and direct 
engineering of either inert or living bodies. It 
also encompasses the direct engineering of time- 
like mind and mind functions. It is divided into 
three divisions, depending upon the nature of the 
target. Targeted against inert materials, 

ind waves it is called 
s, their fields, 
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nucleons, thereby producing new nuclides. We 
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19. "Self-awareness" refers to be continually 
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in time". Awareness usually 
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‘This article continwes on with T-E. Bearden’ article, Part 1 of which was published in 
Volume 9, #2 of Explor for te Professional Because we feel that Col Bearden’ caution 
below isso very important we are repeating its publication in all parts ofthis article. 


Special Note 

“This article refers to experimental research which can 
be detrimental or lethal in the hands of any but highly skilled, quali- 
fied experimental scientists proceeding under proper laboratory safe 
ty procedures. The purpose of this article i strictly for information to 
properly qualified and authorized scientists in certified laboratories. 
‘We do not propose or condone any use of these procedures for non- 
spose winks aes wales, Neither the publish 
‘er nor the author are for accidents or outcomes in the use 
of these experimental procedures and techniques. Any researcher who 
performs these procedures and experiments is acting on his or her 
‘own volition, and is solely responsible for insuring safety, qualifica- 
tions, and legality ofthe acts and their results. We neither suggest nor 
condone unauthorized experimentation on human subjects. Such isa 
<riminal violation of the constitutional rights of the subject under 
Federal and State laws, and is both illegal and immoral. 


A Strategic Threat Completely Unrecognized by the West 
‘The Russian methodology leads directly to rather mind-bend- 
ing, extended capabilities. KGB psychoenergetics scientists seem 
fixed on an eventual goal of directly engineering Jung's collective 
human unconscious, thereby converting the entire human species 
into a sort of “ant” species. In short, they seek to engineer what 
they regard as “perfect communism and perfect order” directly in 
the entire species. Figure Sindicates the direct connection of every 
human's conscious and unconscious mind to the collective species 
unconscious and to Gaia, the collective unconscious for all species 
on Earth, Since time is internally structured and layered, it fol- 
lows that time-like mind levels are also internested and layered. 

This appears to be a significant strategic threat, well along in 
its development, that our scientific and intelligence communities 
have completely failed to recognize. 

‘The direct engineering of the entire human collective species isa 
doable.’ Itis going to be done, whether we ike it or not. In that race 
(which may eventually determine whether or not we retain any per- 
sonal freedom at all), the “democratic” nations are woefully behind. 
In fact, the West has not even realized there is such a new kind of 
“arms race” for dictatorship and control of the “collective species 
mind” and we have already almost lost it. The West has not yet even 
developed the overall theory of psychoenergetics. 

Waves and Wave Transductions 


‘A pure longitudinal EM wave (LW) would have infinite energy 
and infinite speed. In practice, one can only approach this perfect 
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LW wave, and one always has transverse residues remaining, Hence 
the “imperfet” longitudinal EM waves we can makin suitable equip~ 
‘ment and techniques, ae known as “undistorted progressive waves” 
(UPW5). The UPWs may have velocity fur greater than the speed of 
Tight, orless than the speed of light. So the speed vof UPWs can vary as 
Oevec (6) 


‘The Russians also know that, when a nearly-pure longitudi- 
nal EM wave interacts with matter (it usually doesn't interact very 
‘much, and has alow reaction cross section), the mass immediately 


actions into scalar (time-polarized) EM interactions. 

One transduces from TW to LW to Scalar EM via iterative phase 
conjugation. One transduces from scalar EM to LW to TW via iter- 
ative interferometry It took the present author 20 years to discover 
this simple thing; we now have filed an invention disclosure on the 
process and embodiments for performing it, and will be following 
with formal patent applications. Let TW = transverse EM wave, LW 
= longitudinal EM wave, and TDW = time-density EM wave (an- 
other name I use for t-polarized or scalar EM waves, since the density 
of time-energy is what is varying). Let (I) = interfering with, PCR = 
phase conjugate replica wave with a coupled set of parentheses en- 
closing the type of wave. The rules for wave type transduction are: 


TW+PCR(TW) = LW it] 
LW + PCR(LW) = TDW [8] 
Going the other way, the rules are: 
TDW (1) TDW = LW (9) 
LW() LW=>TW [10] 


In EM smog (dense EM signals, even though very weak), there 
is increased nonlinear multiwave interactions, both interferomet- 
ric and phase conjugative. So in such EM smog there exists an 
increased, non-negligible component of LW and TDW irradis- 
tion, formed by the above transduction interactions in the irradi- 
ated living cells and bodies. This latter part accounts for many of 
the long term effects which show up in “correlative” studies, but 
which do not show up in the normal limited-frequencies TW 
experiments produced by so-called “physical experiments.” 

‘The standard EM bioeffects manner of experimenting uses a 
theoretical model of simple, direct energy deposition by means 
of absorption in cells and tissues. Now we must utilize an “open 
system” throughout the body dielectric in which higher polar- 
ized EM energy (either LW or t-polarized) travels readily 
throughout all areas of the body. 


“Mind Contvol and EM Wave Polarization Transductions 


Exrtors! Vouume 9, NUMBER 3, 1999 


aaputworw chenieeorgenplones20aniclesninds20conol/p01 hm (2 of 2/15/2014 4:33:41 AML 


-utp:swvww:cheniere.oeg/exploce% 20articles/mind%20contcol2/p02 jpg 


EM Bioeffects and Wave Transductions 
In the EM bioeffects experiments to date, there has been ab- 
solutely zero control of the internal transductions, and there has 
been no consideration of them. Almost all transductions of [Ws 
into LW will immediately result into transduction into TDW 
and time-excitation charging of the cells and all their internal 
components. These time-excitation charges (excited states of 
time~charging) will then slowly decay, emitting longitudinal EM 
waves in the process which travel throughout the body. These 
emitted LWs interfere with each other and the LW processes in 
the body, producing low level TW “noise jamming” of the cellu- 
lar processes and—most especially—of the deep cellular control 
system of the body. The latter system functions by means of LWs 
and TDWs. Long-term effects of such “noise jamming” of bio~ 
chemistry reactions and the control systems of the cells and body, 
can lead to degenerative diseases such as arthritis, atherosclerosis, 
Alzheimer’ disease, heart disease, cataracts, tumors, leukemia, some~ 
what accelerated aging, immune system weakening and depressing, 
etc. As the bodys natural defense and regeneration ability weak- 
ens, opportunistic infections further add to the degeneration. 

It was shown by Whittaker in 1903 that any scalar EM po- 
tential is comprised of a harmonic series of bidirectional longitu- 
dinal EM wavepairs. (See Figure 9] Each longitudinal EM wave 
pair in the harmonic series is a phase conjugate pair. Unknown to 
‘Whittaker, that “LW phase conjugate pair” is actually a time-po- 
larized EM “photon” structure, containing a phase conjugate LW 
photon substructure. So staid old “voltage” (potential) is com- 
prised ofa harmonic series of time-polarized EM waves! 

The corresponding “t-polarized photons” are actually spin-4 
supergravitons comprised of coupled antipairs of LW “photons”. 
Each LW photon is a spin-2 graviton comprised of a coupled 
TW photon-antiphoton pair, Each TW photon and antiphoton 
in the coupled pair has spin-1. The couplet, being the longitudi- 
nal “photon” or graviton, thus has spin-2. And so on. 

In 1904, Whittaker showed that any EM field or wave pat- 
tern can be decomposed into two scalar potential functions. By 
applying Whittaker 1903 decomposition to each scalar poten- 
tial function, any EM field or wave has an enormously rich in- 
ternal structure, comprised of scalar potential functions in inter- 
ference. Each scalar potential function is comprised of 
time-polarized EM waves (made of spin-4 supergravitons). Each 
time-polarized EM wave is further comprised of bidirectional 
longitudinal EM wavepairs. Each longitudinal EM wave is fur- 
ther comprised of phase-conjugate pairs of transverse EM waves. 
Each transverse EM wave is further comprised of two scalar 
potential functions, each of which is in turn comprised of an 
infinite harmonic series of time-polarized EM waves, and so on 
aad infinitum and ad nauseum, Obviously all EM potentials, fields, 
and waves have an enormous “internal structure” or internal “in~ 
formation content of the field”. 


The Cellular Control System Uses 
t-Polarized EM Photons and Waves 

‘The master cellular control system (MCCS) in the body uti- 

lizes these photon-gravitons, their corresponding EM wave po- 

larizations, and transductions between them. By the use of very 

condensed gravitons and supergravitons, it is able to 

utilize small but highly significant direct curvatures of space~ 
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not merely send a “signal” and hope the cell itself acts upon it. 
Instead, it sends an “engine” which alters the local spacetime in 
which the cell and all its components are embedded. This “local 

sT curvature engine” then physically works directly upon the 
cell and all its parts, to alter the cell according to the specific 
“template” of the engine. 

This is the direct application of the Whecler’s simple state- 
ment of general relativity: Mass (trapped energy) acts upon space- 
time to curve it, and curved spacetime acts upon mass fo change it. 

Popp's “ordinary photon’ study of this cellular control systems? 
therefore will detect the coherent ordinary TW photon residues 
which result from the photon polarization transductions occur- 
ring from the actions of the ST curvature engines upon the cells. 

Cellular division, biochemical processes, growth and growth 
control, cell differentiation and dedifferentiation, etc. are all con- 
trolled by the MCCS or one of its subsystems, using spacetime 
curvature engines. The ordinary TW electronic activity our bio- 
physicists detect and correlate are simply the intermediate com- 
ponents of the actual ongoing polarization transductions. 


The Cellular Control System Uses EM Time-Energy 


One important subsystem of the MCCS controls the immune 
system's functions, including the deepest and most subtle func- 
tioning performed by all elements of the immune system. This 
system has been rather intensively studied, but since our bio- 
physicists have not possessed the full electrodynamics utilized, 
only the correlated residue of normal TW EM waves and pho- 
tons have been recognized and studied. Hence Western biophys~ 
ics is in its very crude infancy. 

Incorporation of the total wave and photon polarizations, 
together with their transductions, will eventually present a revo- 
lution in both biomedicine and biophysics. Unfortunately, pres~ 
ently our entire medical community is very firmly entrenched in 
only ordinary TW EM polarizations and ordinary biochemistry. 
Our scientists thus are studying less than 196 of the functioning 
of the living organism. 

‘As an example, since Western scientists have no knowledge 
or research into the time-polarized mind domain and mind-body 
coupling, the mystery of the placebo effect—in which the mind 
has been verified to produce actual physical effects ~ will indef- 
initely remain a mystery? As one result of that “crippling” of our 
medical theory, medical experimenters have to deliberately drive ex- 
periments on drug effects, etc. beyond the “mind’s own threshold” of 
physical effect. In short, they have to drive the experimental results 
over and above the results being accomplished by the placebo effect. 
‘They must perform valid placebo control experiments, and subtract, 
the placebo component results from their own experimental re- 
sults, to determine the “delta” induced purely by the drugs. 


‘The Regenerative Subsystem 

Another important subsystem of the MCCS controls the re~ 
_generative system of the body. The regenerative system has vari~ 
‘ous mechanisms, including growth control, differentiation and 
dedifferentiation of cells, etc. Becker’s portrayal of the regenera- 
tive system is shown in Figure zo. One of its most important 
functions is healing and restoring damaged or diseased cells. It 
does that by a most remarkable process. 

This system has been very poorly studied, mostly by Becker‘ 
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oan supengravitons, 11 une to 
ificant direct curvatures of space~ 
time in precise patterns. In short, it utilizes general relativistic 
spacetime curvature engines, rather than “EM photon signals”, 
to accomplish its control of the cells and their processes. It does 


‘eves unat vy a most remarkable process. 

This system has been very poorly studied, mostly by Becker* 
etal, although there is stil sporadic, ill-funded, and ill-planned 
research on regenerative effects from time to time.’ Becker and 
his colleagues came closest, and—considering the severe limita- 
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tions of the orthodox U(1) EM model available to them—Beck 
er's work is particularly revolutionary. He demonstrated beyond 
question that simple DC potentials could generate cellular dif- 
ferentiation and redifferentiation, and produce results at global 
sites in the body and not just at the local injury sites where the 
DC potentials were applied. 

Becker was nominated for a Nobel Prize for his Herculean 
efforts and remarkable results. For his trouble he was hounded, 
his funds were withdrawn, and he was forced to retire at an early 
age in his 50s. His biggest “heresy” was to bravely point out that 
power line radiations had deleterious effects upon biological sys- 


tems, and to testify to it in a series of hearings and court cases 
where a very powerful electrical power industry essentially ran 
rough shod over science and the public. 


Organized Science Is Highly Politicized and Imperfect 

Ieis not only politicians that are “bought and paid for” by pow- 
erful vested financial interests. In organized science, precisely the 
same arrangement holds true. Scientists are no better or no worse 
than any other segment of humanity. A surprising percentage will 
produce the results desired by their benefactors, if provided with 
cushy jobs, good income, prestige, and secure positions. 

It has been said that money is power. It has also been said 


that power corrupts, and absolute power corrupts absolutely. In 
the scientific community, as well as in the political community, 
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y great financial power has been elevat 
ed to an art form. Simply examine the funds made available to 
scientists, There is not enough forall the scientists, soit is fiercely 
competitive. If the scientist does not get grants (e.g,, a would-be 
professor at a university), he does not bring in extra money to 
the university. He cannot get his graduate students fund 
( 
papers are rejected by the journals, and before long he has no 
funded position in science. If lucky, he will be employed in the 
grocery store or the butcher shop, 


Ev 
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his own innov: ad: heretical) research is thwarted, His 


y bit of funding available for the scientists to compete for 
for grants) already has firmly 


fixed controls of exactly 
‘The “science” that will 
be applied is already formulated. That and only that can be done, It 
is a tribute to the dedication and resourcefulness of our working 
scientists themselves, that anything innovative at all gets done 
One can have a very fine scientific career, tenure as a profes- 
sor, get one’s graduate students funded, get one’s papers pub- 
lished in prestigious journals, win awards and 
and prestige, if one just plays the desired game prescribed by the 
“old boys schools” in control of almost all the scientific funding. 
Yes, one can permissibly move the decimal point in the present 
models abi ndsomely for doing so. But one 
¢ attempts any scrious change or overthrow of 
obsolete scientific models and practices favored by the “system”. 


hieve stature 


and be rewarded 
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Figure 8. Nested levels of consciousness and unconsciousness. 
The mind levels contain the "life" and "mind" dynamics. 
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Figure 9 


That is precisely why all our universities continue to teach a 
terribly flawed electrodynamics that is a caricature with at least 
32 major foundations flaws in it.’ 

And that’s why the organized Western scientific community 
has betrayed the taxpayers who largely fund its research. In short, 
the scientific community fiercely enforces dogma, suppresses in~ 
novation, and has denied the U.S. the very defense we need to 
survive against our pressing enemies who have not been so sci- 
entifically dogmatic. 


Microwave Radiation of the U.S, Embassy in Moscow 

Because of the strongly enforced adherence to the insane foun- 
dations errors in classical electrodynamics, our scientists still do 
not comprehend the decades of so-called "microwave radiation” 
of personnel in the U.S. Embassy in Moscow.’ All diseases and 
health changes produced in those personnel were in field-free 
areas (i.e., where the potentials were persistent and unchanging, 
with no gradients etc,)* No one even thought to look at the “in= 
ner longitudinal EM phase conjugate biwave composition” of 
those potentials, where they would have found the Whittaker 
internal bidirectional longitudinal EM wavepairs and the inter- 
nal time-polarized EM waves. They would also have found the 
infolded, very powerful general relativity: the spacetime curva- 
tures deterministically formed and being utilized to directly al- 
ter the irradiated cells and their constituents. 


GALLOPING 
VELOCITY 


Instead, government-funded studies did a rather straightfor- 
ward “force field” analysis, and concluded that, since there were 
no fields there, it could not have been the microwave radiation, 

Elementary statistics would immediately indicate a different 
conclusion: The diseases and health changes were 100% corre 
lated to the presence of potentials, and 100% anticorrelated to 
the presence of fields. Hence it was the field-free potentials that 
had to be inducing the diseases and health changes. If it were 
NOT the radiation at all, then some changes would have oc- 
curred in personnel in areas where fields were present, as well as 
in areas where fields were absent, Since this did not occur, such a 
premise is destroyed by self-contradiction. In short, the data ac- 
tually proved (j) it was indeed the radiation that was causing the 
diseases and health changes, and (ii) further, it was the field-free 
potentials that were the culprit. 

“That this elementary statistical conclusion eluded our scientific com- 
‘munity and our government community, is absolutely inexplicable. 

Three U.S. Ambassadors eventually died of diseases induced 
by their exposure to the Embassy radiation. Ironically, Ka- 
znacheyev" had openly released some of the results of thousands 
of Soviet military experiments showing that any kind of cellular 
disease or disorder could be induced in targeted cells by novel 
EM radiation emitted from diseased or damaged cells. Appar- 
ently no one in the West deciphered the mechanisms involved 
in Kaznacheyev's epochal work. 
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The Structure Is: 


+ A harmonic set of longitudinal phase conjugate wavepairs. 
+ In each wavepair the two waves superpose spatially after detection, but travel in opposite 


directions. 


The convergent wave set is in the imaginary plane, and hence is not observable. Itis EM 


energy incoming to the potential (dipolarity) from the time domain. 
+ The charge's spin is 720 degrees, 960 in the real plane and 360 in the imaginary plane. 


* Hence the charge receives the complex convergent EM energy, transduces it into real EM 
energy, and emits enormous energy at the speed of light in all directions -- which includes 
bidirectional pairs in 3-space (after the reaction, being after “observation"). 


» This produces the fields and potentials from the “source charge or dipol 
Mandl and Shaw argue that the scalar (time.polarized) photon and longitudinal photon are observable 


‘anh: in similar naire which then makes the instantaneaus scalar natential Thus their anantum field 
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Figure 
‘© Mandl and Shaw argue that the scalar (time-polarized) photon and longitudinal photon are observable 
only in similar pairs, which then makes the instantaneous scalar potential. Thus their quantum field 
theory workstrongly supports the “negative resistor” interpretation of the scalar potential and our 
solution to the source charge and source dipole problem, 


Figure 9. Infolded longitudinal biwaves (time-polarized EM waves) 
composition of a scalar potential. 
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Figure 10 


‘The Present Situation in Western EM Bioeffects Research 

Our scientific community has not even designed physical ex- 
periments to validate long-term EM bioeffects of the kind caused 
by induced wave transductions and long-term effects inside the 
absorbing human cells and in the body's regenerative and im- 
mune systems. Western science has no knowledge of these tech- 
nical internal “wave polarization transduction” mechanisms. Yet 
the basis for such mechanisms has existed in the hard physics liter- 
ature for decades. Leading EM bioeffects researchers seem totally 
unaware of small reaction cross sections inside the body cells and 
tissues for the transduction of transverse EM signals into LW and 
t-polarized EM signals. Conventional Western researchers have not 
investigated it, and often will not believe it when it is pointed out 
to them along with the supporting basis in the literature. 

‘A major part of the mainline “EM bioeffects” community, of 
course, seems comfortably funded largely by the power industry 
etc." The record is clear that this dominant, well-funded group 
has little or no intention of “finding” anything that will question 
powerline radiation safety and upset their cushy positions. 

In fact, leading bioeffects researchers have pointed out this 
deliberate biasing of EM bioeffects as a research area. Quoting 
Dr. Andrew A. Marino, one of the great pioneers in the area of 
EM bioeffects®and powerline radiation assessment." 

“Neither scientists nor the public can rely on power-industry 
research or analysis to help decide whether powerline electro- 
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magnetic fields affect human health because power-industry re 
search and analysis are radically misleading,” 

Dr. Marino then gives the specific details to prove it, and he 
shows specifically how they slant and mangle their experiments 
and interpretations of the results, to do it. If the major financial 
interests cannot scientifically destroy determined, honest research- 
ers such as Marino and Becker, they do not hesitate to attempt 
to destroy them in lawsuits. 


The “Diffusion Mixmaster” at All Body and Cellular Levels 
Every mass and all its particles are in a violent energy ex- 
change with the active vacuum, A human body and every part of 
itis in a continual exchange of EM energy with its environment(s), 
including transverse, longitudinal, and t-polarized (scalar) EM 
energy exchanges. Further, within the dielectric body there is a 
sort of intensive “diffusion’ of special kind, actually due to itera- 
tive phase conjugation and iterative interferometry of the dense 
signals environment impinging upon it. This internal “diffusion” 
and transduction (iterative multiwave phase conjugation and it- 
erative multiwave interferometry) thoroughly “mixes up and 
transduces” one type of EM wave or signal into the other, in- 
cluding many of the body's own TW, LW, and TDW signals. 
Continual or sustained TDW exposure (irradiation by t-po- 
larized EM waves) charges the body and its particles with time- 
excitation charging, something which has been erroneously omit- 
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Figure 10. Becker's model of the Regenerative system of the body. 
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Figure 1 


ted in physics, but is true nonetheless. Inexplicably, physicists 
just ignore what happens time-wise when a mass absorbs a pho- 
ton. We have covered that elsewhere. 

So inside the body dielectric, there is a “diffusion mix” corre~ 
late of any and every type of the waves, to any or all of the ex- 
changes, plus the additional internal interactions of the body in 
its TW, LW, and scalar EM wave transductions. There is a one~ 
to-one correspondence to any one of the three types of polariza~ 
tion waves (transverse, longitudinal, and scalar) and everything 
going on anywhere in the body. 

Note that the type of LW we are using is actually made of 
phase conjugate pairs of transverse EM waves, so its “photons” 
are made of photon/antiphoton pairs. That is, our longitudinal 
EM wave has an internal TW structure, and the LW wave is 
comprised of spin-2 gravitons. Our longitudinal EM wave has 
an internal structure, and it dramatically differs from the LW 
used by the U.S. scientific community which ignores wave, field, 
and potential infolded substructures. Our LW (which seems to 
be what the Russians use) is also a gravitational wave because it 
is comprised of oscillations in its distributions of spin-2 photon/ 
antiphoton pairs (i.c., gravitons). 

The type of t-polarized (scalar) EM wave we are using is a 
phase conjugate coupled pair of the specialized electrogravita- 
tional (EG) LWs. The “t-polarized photons” comprising this t- 
polarized “EM” wave are comprised of spin-4 supergravitons. 


These are, I believe, what the KGB energetics weapons scien- 
tists use also, By iteration, we can go into as deep an internal 
multilevel structuring of EM and EG waves, of any type, via 
methods shown by Whittaker." 

Now let us examine a body as a dielectric, sitting there in its 
exchange, in relative equilibrium. It turns that every tiniest piece 
of a dielectric participates in any emission from it"—even the 
emission of a single photon, graviton, or supergraviton. Well, it 
‘would so participate, due to the special sort of correlated diffu- 
sion and interferometry and phase conjugation that we pointed 
out. Anything that escapes (is re-emitted) from the body, has 
been through this “diffusion wringer”. It has escaped from each 
and every internal part of the body. 


Novel Signatures in Body-Emitted 
EM Radiation of Any Polarization 


‘A single photon or wave emitted from a dielectric carries in 
its internally structured time component a ¢emplate of the exact 
internal time structuring of every part of the dielectric emitting 
that photon. It carries in its internally structured energy compo~ 
nent a femplate of the internal energy structuring of every part of 
the dielectric emitting it. An emitted EM wave, being a collec~ 
tion of emitted photons and photon structures, thus carries the 
same internal structuring of both its transported energy and its 
transported time."* Western scientists do not use the internal 
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structuring of photons and EM sine waves, have no instruments 
for that, and so do not know it. The Russians know it,"""use it, 
and have developed sophisticated instruments for it for the last 
30 years or more. 

Shortly we will postulate how conventional scientists experi~ 
menting with mind and behavior control electromagnetically 
might utilize an immediate consequence of the fact that the spe- 
cific emission from a body at any time—whatever type of wave 
component we look at—is a total correlate to all that body's in- 
ternal functions, its energy exchanges with its environment, its 
states, its mental states and conditions, etc. 

And we accent that the coherently integrated intent-changes 
in that body ftom its coupled mind’s operations are also in the 
substructure of photons and EM waves emitted from the living 
body into its environment. 


How Western Mind Control Scientists Might Proceed 

Conventional scientists would ignore scalar photons and 
waves, determine the TW spectrum, and then slowly and pain- 
fully correlate that to the various physical, mental, and emotion- 
al things. That's the way they would Aave to do it, since appar- 
ently they use only standard electrodynamics. They can in fact 
do this via brute force, because that emission TW spectrum is of 
waves escaping from the entire “diffusion machinery” mixmas- 
ter in the body dielectric. It does contain all those integrated 
mind-intent 3-space correlates as well as the ordinary body 3- 
space energy correlates. 

Anyhow, in envisioning Western procedures, the test body would 
be sitting there, in its normal (les say fairly normal and quiet) EM 
environment. [See Figure 11] Let's assume this body is not sick, but 
is healthy and normal. Its emissions are a part of its equilibrium 
condition, It follows that the totality of its TW emissions is corre- 
lated to the sum total of everything that interacted with the body, 
plus its own internal reactions, including from mind-body cou- 
pling. Indeed, everything that has ever happened to that enti- 
ty—physically, mentally, emotionally, ete—has internal corre- 
lates infolded inside the emitted transverse EM wave spectrum.” 

So first the scientists would simply measure the full envi- 
ronmental TW spectrum down to very tiny levels in all frequency 
bands possible—everything that is coming in to the body from its 
environment. They would probably perform the experiments in a 
triply-shielded Faraday cage, so the external environment outside 
the cage contributes very litle transverse EM wave noise (perhaps 
some Schumann resonance). Magnetic wave shielding and ELF 
shieldings something else again, and longitudinal EM wave shield- 
ing isin general not possible unless longitudinal EM waves are em 
ployed in the shielding. But a “quiet external TW environmer 
enhances the isolation and measurement of the specific TW sig- 
nal transforms the Western experimenters would be secking. 

Then they would measure everything likewise that the body 
is emitting when in that environment. That is the “zero refer~ 
ence” or “normal reference” level. They would measure every as~ 
pect: frequency, amplitude, phase, wave shape, modulation, etc. 


Probable Experimental and Measurement Techniques 


‘They would consider the body dielectric as a “ship with port- 
holes”. Light (EM transverse wave energy) coming out of the 
portholes has originated and adapted from everywhere inside the 
ship and its operations. When the experimenters reinsert energy 
through one or more portholes, they are interested in determining 
precisely which operations inside the ship are affected. So the 
body physiological functions are also heavily instrumented. 

By feeding back in the exact EM pattern and magnitude es- 
caping the body dielectric through a single porthole, one “nulli- 
fies” that part of the emission by producing a net equilibrium in 
that component. This will in turn produce changes elsewhere in 
the spectrum emission from other portholes, and this can be 
measured. It will also produce “stress changes” in specific por- 
tions of the body dielectric, and in the heavily instrumented body 
these physiological, chemical, electrical, etc, changes can also be 
detected. Monitoring of the skin conductance, ¢g., indicates the 
level of stress, and EEG monitoring with sophisticated instru- 
mentation can indicate something of the brain wave states. 

In short, the necessary measurements from which to construct 
specific correlates can be performed, recorded, and later analyzed. 

This article will be concluded in Volume 9, #4 with Improv- 
ing the Methodology, Further Phenomenology Experiments, Re- 
juvenation and other matters. @ 
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Next they would selectively irradiate the body with specific 
signals, frequencies, waveforms, etc. They would begin by using 
portions of the same frequencies that are being emitted from the 
body in the “zero reference” environment. They would insure that 
the returned signal was of higher amplitude than the usual signal 
being emitted by the body at that same frequency and type. 
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sumptions during the last 10 years. 

7 For full explanations of the Moscow Signab,”sce TE. Bearden, , Gravtobiology: 
ANew Biophysics, Tela Beot Co, PO. Box 11873, Chula Vista, CA 91902, 1998:— 
AIDS: Biological Warfare, Tisla Book Ca, 1988 Foran excellent Government study 
ofthe Embassy radiation by excellent but orthodox Jobns Hopkins xientits, see A.M, 
Lilienfeld et al, Foreign Service Health Status Study: Evaluation of Health 
‘Status of Foreign Service and Other from Selected Eastern Euro- 
pean Posts, Department ofEpidemicogy of Hygiene and Public Health, The Jobns 
Hopkins Univesity Baltimore, Maryland, Final Report, July 31 1978 On p.24s it 
‘it neted that a marked exes of symptoms core noted inthe Moscow employee group 
‘as compared to other East European employes in other East European nations. 

& Jobns Hopkins researchers established the exact field patterns present inthe Embas~ 
4 from the microwave carrier radiation; see Robert C. Mallaliw, A Model of 
the Microwave Intensity Distribution within the U.S. Embassy, Moscow 1966 
401977, Report FS-80-166, Applied Phys Laboratory, Jes Hopkins University, 
Aig, 1p. Nowhere in any of the Government-funded studies i there any consider 
lation of ield-fre salar potentials and ther internal time-pelarized EM tare strc 
‘tures (the bidirectional pase conjugate wovepais shoun by Whittaker to comprise the 
scalar potentials). Yet the field radiation patterns surprisingly showed that in just such 
elf, pestent potential zones oa cher 100% of he eat change ecarred. 
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issu, see A Comment” by William A. McGarey, ps 143: A Comment” by Arthur C. 
Hastings, p.14s-t44. See also Viail Kaznacheyes, Apparent information tranfer 
‘betwoeen ev groups of els,” Paychoenergetic Systems, 1(), De. 1974. The Sovi- 
et Union avoarded Kaznacheyew a very bigh medal for bis acicoements. 

10.Fer a very nce summary of EM bioeffcts from the more conventional view, see 
Robert O, Becker and Andrew A. Marine, Electromagnetism and Life, State 
University of New York Pres, Albany, 19. The book is also available at bttp// 
‘were ortbe sume. edu/Faculty/Marine/EVEIPub heml. 

11. Andrew A. Marin, Powerline Electromagnetic Fields and Human Health, dtp/ 
‘Aeo.rthe boar eds/ Facalty/Marina/Marina bil. This books bighy rsommended. 
Particularly see "Chapters, Blu-Ribon Committees and Powerline EMF Health 
Heazards"amd "Chapter 6 Poiver-Industry Science and Pecerine EMF Healt Haz- 
sards” Bieplysct Marino is one ofthe leaders in the fed and bas been personaly 
incokved in many skirmishes with porerline-dominated studies and findings 

12.E.T. Whittaker, “On the Partial Differential Equations of Mathematical Physic,” 
Mathematische Annalen, Vol. 57 190 p. 333-3661 — “On an Expresion ofthe 
Electromagnetic Field Due to Electrons by Means of Tue Scalar Potential Fanc- 
tions" Proc. Lond. Math. Soe.» Series 2, Vol. 1, 1904 367-372 

13, Real G. Cy “Reflection from dielectric material,” American Journal of Physics, 
$012), Dec 198, p. 133-1136. The reflected fed fom a dielectrie material is not 
(ererated just at its surface but comes from everyrcbere in the interior of it 

14, Present physics models the EM toave a transporting energy, but erroneously omits 
‘that it alo transports time. A photon is made of angular momentum, or “energy x 
time’. Since EM waves are made of photons i follows that they ransport both the 
‘energy components and the time components making up those photons. An EM 
wave isa wave of angular momentum, no just a wave of energy. 

15, KGB energetics weapons scientists cal bis internal structuring the information com 
‘tent of the field” Hotsever, the Russians sea good deception plan, wobich implies that 
‘the “information content of te field” is just the normal transverse EM spectral con= 
‘tent f EM signals Appreciable pertinent” work using that phrase is produced by the 
open Russian xientific community, thus confusing the issue. Our electrodynamics 
sem to bait ook, line, and sinker The deception plan ako tricks Wester cients 
into chinking that paychoenergtcsisnotbing but a Russian version of Western para- 
chology. Again, our scientist comfortably accept this with smug satisfaction. 

16 Presently the Rusians are in a great mew version of hs deception plan, with he goal of 
diving Western semis indo thinking thatthe Secet” Russian energetics is based on 
‘torsion feds. Consequently the are releasing substantial material on tion we theory, 
incading replicable experimental ress Tx eased version of teson feds as one glar~ 
ing omision-the time components and structuring This deception plan is exellent, because 
‘the torsion fied theory that is released, is indeed real” and testable Is ah revlatonary, 
‘with respect to prsent Western cence It almost positively asres diverting the attention 
of much of the Western ince community into tis ighy ited subset of the ful Russian 
orsien theory—afetvely diverting the Wet aro from paycboeneretics andthe diet 
sue ot elarized EM waves and fils, torsion or otherwise 

17. Wepeint out that ET. Whittaker in "On the Partial Differential Equations of Math- 
‘ematical Physics,” Mathematische Annalen, Vol 7, 1903. p. 323-15.sbowed that 
very scalar potential is comprised of an internal structure of bidirectional longitudi= 
nal EM phase conjugate wavepairs in an infinite set of barmonics. Each of those 
phase conjugate longitudinal EM warvepars comprises a time-polarized EM wave, 
‘So she common potential contains an internal longitudinal EM wave structure that 
is farther organized into an internal ime- polarized EM wave structure. The mind- 
intent correlate and the total mind and emotional experience correlates fem fertil= 
zation ofthe egg that led te development of tat person, isin the internal substructure 
of every potential in the living body. In bis “On an Expresion ofthe Electromagnetic 
Field Due te Electrons by Means of Two Scalar Potential Functions, Proc. Lond. 
Math, Soc., Series 2, Vl. 1, 1904, p.367-372 Whittaker also showed that any EM 
field or wave iscomprised oft scalar potential functions It falls from Whittaker 
‘and Reali that the EM emissions from the living body carry the internal correlates of 
‘everyting that bas ben experienced by that person from conception inthe tomb, 
Sometimes tis deep embedded “hidden infermation content" can even be accesied in 
dep bypsis. Vonce observed the deep hypnotic regresion of a subject back tober 
‘Prenatal experiences priar to birth, where the subject relived bearing words of rje~ 
tom bythe fater, before the subject was born. The occurrence ofthe incident and the 
father's words were directly confirmed om the spot by the mother, abo was closely 
‘observing the session asit ocurred. It turned out that ths particular rejection of the 
‘baby stil im the womb bad played a major role in subsequent deep prycbological 
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eld-fe, persistent potential zones was wbere 100% ofthe beat changes curred. ‘baby stil in the womb bad played a major role in subsequent deep prycbological 

9. Vail Kaznacheyev and L. P Midbeilova, Ultraweak Radiation in Intercellular _ problems experienced by that pervon all Ber life. To reso the problem, use of 
Interactions in Russian), Newsibirs ps [am English expesition ef much of the powerful simulated” reliving pre-birtb experience toas conducted with the subjet 
Kaznacheyeu work is given in Vial Kaznacheyev, “Electromagnetic Bisinforma-~ _again in the pre-birth sate and actively participating, but now with the father 
tion in Intercellular Interactions,” Psi Research, s(t), Mar. 1982, p. 47-761. See _figure directly expressing love, acceptance, and cuddting and bugging bis daughter 
«tho Viail Kaznacheyeu etal, “Distant intercelllar interactions in a system of t20 ‘This led to a rather dramatic remission of most of the deep psychological problems 
‘issue caltures,"Peychoenergetic Systems, 13), Mar. 1976p. 141-142. In thesame within 2g Bours. 
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This outstanding article is the last, Part 3, 
Part 1 and 2 of which were published in 
Volume 9, #2 and #3 of Explore! for the 
Professional. Because we feel that Col. 
Bearden’s Special Note below is so very 
important we are repeating its publication in 
all 3 parts of this article. 


Special Note 


This article refers to experimental 
research techniques which can be 
detrimental or lethal in the hands of any but 
highly skilled, qualified experimental 
scientists proceeding under proper 
laboratory safety procedures. The purpose 
of this article is strictly for information to 
properly qualified and authorized scientists 
in certified laboratories. We do not propose 
or condone any use of these procedures for 
nonapproved practice of medicine without a 
license. Neither the publisher nor the author 
are responsible for accidents or outcomes in 
the use of these experimental procedures and 
techniques. Any researcher who performs 
these procedures and experiments is acting 
on his or her own volition, and is solely 
responsible for insuring safety, 
qualifications, and legality of the acts and 
their results. We neither suggest nor 
condone unauthorized experimentation on 
human subjects. Such is a criminal violation 


achieving many more effects in the targeted 
bio-organism or groups of them. With 
Hunt's method, the system as an open 
dissipative system far from thermodynamic 
equilibrium in its environment is being 
measured as such. This more directly allows 
for determination of the environmental 
inputs on a much broader range of 
subsystems, both space-like and time-like. 
Particularly for mental and emotional 
correlates to environmental stimuli, such 
measurements and correlations are essential. 


More Comprehensive 
Phenomenology Experiments 


To return: Now the scientists would 
perform many phenomenology experiments, 
making one little change at a time and 
profusely recording the data. Each time, 
they would establish the physical change(s) 
that occur in the body and/or the mental and 
emotional changes that occur in the mind for 
each spectral reinsertion back through the 
"ship's portholes". They would simply but 
painstakingly (over some years) build up an 
extensive database of those individual 
correlates. 

In these experiments, the experimenters 
will eventually be able to provoke any body 
or mind change they wish. Strong emotion. 
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of the constitutional rights of the subject 
under Federal and State laws, and is both 
illegal and immoral. 


Two Ways to Improve the 
Methodology and Experimental 
Correlates 


We diverge momentarily: If they wish to 
improve this methodology, they will 
consider the body dielectric as a nonlinear 
isotropic medium. Then they will pretend 
that the spectrum of difference frequencies 
between each two adjacent waves is the 
spectrum of "emissions" from the body. 
They would also use those, as if they were 
actual emitted spectral signals, instead of the 
actual signals emitted. That procedure will 
give superior correlations, but it is more 
complicated. Part of that is known for 


underwater sonar," and so our own scientists 
may or may not have realized it for use in 
mind and behavior correlate determination 
with respect to the body dielectric. 

Another dramatic improvement in the 
depth to which the correlates can be 
constructed, is provided by detecting each 
porthole output in a two-channel device, 
where one channel has an adjustable time- 


delay as utilized by Dr. Valerie Hunt. The 
two channels—one real-time and one 
slightly delayed—are then mixed, as by 
Hunt's method, producing an instrumental 
measurement of the chaotic part of the 
functions. Again, this can be measured, 
recorded, and later analyzed. It adds (i) a 
completely different kind of 
thermodynamics in the system 
measurements, (ii) a dramatically extended 
set of correlates, (iii) more direct 
measurement of the time-polarization 
causative signals, and (iv) an applications 


Intense pain. Intense pleasure. Painful 
thoughts, Images. Memories. Perceptions. 
Dreams, Visions. Memory losses. Memory 
changes. Personality changes. Etc. The 
"delta" in the emission spectrum (the 
changes from zero reference spectrum) 
represent the precise totality of all mental, 
physical, organic, chemical, etc. changes 
and interactions. 

A particularly vulnerable aspect of every 
mammal is the pleasure center in the brain. 
Experiments have shown that, when this 
center is stimulated, it is the most addictive 
experience possible. Rats will forego food, 
endure electrical shocks, starve, and even 
die to obtain stimulation of this center. 
Obviously a device capable of generating 
signals that evoke direct stimulation of the 
pleasure center in humans would be a 


powerful weapon> 
Extending the Data Base 


See Figure 12. After the researchers have 
made an “individual porthole signal 
insertion" correlate database, then they 
would make a "two, three, four,” porthole 
signal insertion correlate database by 
inducing selected multiple changes at once. 
Again they would analyze everything; the 
program would need one or more 
supercomputers. It would also require quite 
a highly qualified multidisciplinary team, 
extensive facilities, substantial funding, and 
would be many years in duration. We are 
describing a decades-long program. But it's 
a doable. 

With sufficient development and 
performance of such a program, the 
researchers would have produced (with 
sufficient testing and analysis, and sufficient 
retest validation and verification) a database 
of "specific correlates for a given overall 
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technology eventually having many desired physical, mental, or physical and 
additional degrees of freedom and therefore 
capable of 
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mental delta." 


A second stage in the research would be 
to test the correlates and porthole insertions 
upon a statistically significant cross section 
of ordinary people, and/or specialized 
populations (such as toughened soldiers). 
The program would evolve a highly 
complex, very effective, ever-improving 
science and technology of mind and 
behavior control and engineering 
mechanisms, complete with finished 
database and developed applications 
equipment. 


The Dielectric Body as a Ship 
With Portholes 


Again let us review what the EM 
transverse wave irradiation from the body 
dielectric represents. Think of the body 
dielectric as a sort of "ship", with lots of 
portholes. When it gets irradiated, certain 
operations happen internally to that 
radiation, i.e., certain "processes" and 
interactions” occur, which change both the 
mental and physical states. The output 
emissions back from the body dielectric, out 
through the filtering "portholes", will 
directly correlate to what has happened 
inside the ship. 


Itis terribly important to realize that one 
can use the same frequencies and spectra 
coming back out of those "portholes” to 
insert EM signals and waves etc. back in 
there, and into the deepest processes going 
on in the body and in the mind (at all levels, 


times. So it will reach directly into and 
affect any and every part of the dielectric, as 
you wish, and in whatever manner you have 
correlates for. 


We filed an invention disclosure“ on the 
above correlate and "back-porthole" process 
for use in directly inducing full and efficient 
conversion directly to time-density (scalar, 
or time-polarized) EM waves inside the 
body/ cells, therefore immediately and 
directly time-excitation charging the body 
cells and all their internal components. 


Subtracting the Normal 
Correlates to Obtain the Deltas 


A specifically diseased body, e.g., has a 
specifically tailored change in its "normal 
emission spectra, because of the disease 
condition alteration of its resident spacetime 
curvature engine. By having a database for 
the normal emission spectra of the healthy 
body, one can subtract it from the actual 
emitted spectra, to obtain the "delta 
spectrum". 


If the correlates have been previously 
determined by the above mentioned research 
program, then one may simply introduce an 
amplified "delta spectrum" into the body, i. 
e., through the portholes. This will 
immediately time-excite the cells and their 
components throughout the body, 
particularly where that disease does exist. It 
turns out that the time-excitation charging 
by that method will "pump" those diseased 
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including the deep unconscious). cells in the time domain. The cells 
themselves (and all their parts) are highly 
Remember, whatever you put back in nonlinear—to time-excitation charging, they 
there, is going back through the "mixmaster" are totally nonlinear. So they will act as 
hopper. It will be iteratively phase rather perfect pumped phase conjugate 
conjugated and interfered with by mirrors, but pumped in the time-energy 
everything, countless domain rather than in the spatial 


RE-RADIATION WITH ALTERATIONS 


Recorders & Broadband Amps 


he: 


(© TE. BEARDEN 1998 


Receiver-transmitters 


Adjusting broadband signals 
bandwidth and amplification 
~~ —__—~ by selecting indicated alterations 
from database 
TIME EXCITATION CHARGE IS STRUCTURED TO CONTAIN THE PRECISE 
SPACETIME CURVATURE ENGINES FOR TIMEREVERSAL ING. 
CHARG! "URS QUICKLY. ENGINES CONTINUE TO WORK FOR 


EXTENDED PERIOD AFTER CHARGING CEASES. 


Figure 12. Using an amplified replica of the body's own dense, broadband 
signal 
complex, containing added alterations, to irradiate the body and produce 
deeply-penetrating precise time-density charging for cellular time-reversal 
while steering the time-reversal trajectory to also correct a congenital 
condition. 


EXPLORE! VOLUME 9, NUMBER 4 & 5, 1999 


hup:/www.cheniere.org/explore% 20articles/mind%20control3/p02. htm (2 of 2)4/13/2014 4:33:55 AM. 


Figure 13 


energy domain. This is a dramatic extension 


to nonlinear phase conjugate optics theory 

General relativity tells us that each 
specific detail of the mass and energy 
structure of each cell and all its parts—down 
to the finest details—is accompanied by a 
precise set of spacetime curvatures. By 
reintroducing the same energy as the disease 
delta TW waves, the affected cells add the 
phase conjugates, converting the inserted 
TW signals into longitudinal EM wave 
signals. The longitudinally-pumped cells 
again phase conjugate, converting these 
longitudinal EM waves to time-polarized 
EM waves, and "charging" the cells and all 
their parts in the time domain. 

Suddenly, at that point the resident 
spacetime curvature engine—rather than 
TW or LW EM waves-serves as the "input 
signal” to the cell-and-its-parts as pumped 
phase conjugate mirrors (PCMs), pumped in 
the time domain. An extension to the 
distortion correction theorem of nonlinear 
optics results. An exact, amplified 
antiengine for the diseased cells—i.e., a 
phase conjugate replica of the resident 
spacetime curvature engine—is formed. 
This amplified antiengine overpowers the 
resident disease engine, powerfully time- 
reversing the cells and their components 
back to a previous healthy state. The time- 
reversal actually occurs over a period of 
time after the "time excitation charge-up" 
ceases, say over the next week or two. 
Usually two to three quick irradiations are 
required, one week apart, to give a time- 
reversing period of three to four weeks. 


force upon the cells or any part. E.g., as 


Pepper” states, 

"On a more fundamental level, the ideal 
lossless PCM reverses all the quantum 
numbers of the incident photon (i. e., linear 
momentum, angular momentum, etc. ). It 
can be shown that the PCM therefore 
experiences no linear or angular momentum 
transfer from the incident photons; hence, 
the PCM is free from photon radiation 
pressure and torques." 

Note that, in ordinary EM theory, it is 
precisely translation forces that are 
engendered upon charged mass by EM 
fields. This process is quite different. In 
biological terms, this process 
dedifferentiates (in physics: time-reverses) 
the diseased cells and all their components— 
including the genes—back to an earlier 
healthy state. 

By taking a diseased body and feeding 
back into it an exact amplified replica of its 
emitted TW spectrum, one can force the 
body to "time-excitation charge" all cells 
and their components immediately, with 
high efficiency. The human body and every 
cell and every part of every cell does the 
necessary "calculation" for the exact 
antiengine for each part. Since time is 
extremely condensed spatial EM energy (by 
a factor of almost 10!7), a startling 
contraction occurs in the radiation time 
required to time-charge the cells and their 
components and charged particles. This is a 
method for instant initiation of time- 
charging, hence it is extremely rapid. What 
took Priore several hours of LW irradiation 


to accomplish in the body,2 can now be done 
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Even though appreciable forces are in seconds with this "thwarting" and 
operating internally upon the cells and all spectrum transduction method. In fact, it is 
their parts, there is no net translation an intense stress on the body, and—say— 


should only 


| ee 


=~ “71 \™ Antenna Pad ~ \Y : 


Figure 13. Portable first-method treatment unit proposed to the Department 
of 
Defense. For treating and curing mass casualties from terrorist BW 
attacks on U.S. population centers. 
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be continued for 30 seconds or so. We 
highly stress that overcharging in this time 
domain can be detrimental or even lethal if 
prolonged. 

At the end of the very short time- 
excitation charging time, the body is "time- 
excitation charged in all its minutest 
particles”. So everything is therefore 
pumped in the time domain for the next 
several days after the irradiation is removed, 
since the time-charge decays very gradually 
over a period of time. During that decay 
period, every part of the cell and body acts 
as a pumped phase conjugate mirror 
material, pumped in the time domain rather 
than in the 3-space energy domain. When 
time-pumped, the mass itself reverses to a 
previous physical state. This can be used for 
both nonliving and living masses. Because 
there is no forcible translation manipulation 
of the cells and their parts, it can be utilized 
on living cells in vivo. In the case of 
diseased cells—e.g., AIDS-it appears that 
three precisely determined 30-second "AIDS 
correlate" irradiations a week apart, should 
be sufficient to completely cure AIDS, 
including removal of all HIV-genetics 
changes from every previously infected cell 
of the body. Also, it would accomplish 
considerable rejuvenation of the body 
(making the body younger). 


Rejuvenation: Restore the 
Telomeres and Produce 
Immortal Cells 


Saving Most of the Casualties 
from Mass Terrorist Attacks 


To defend against things like anthrax 
attacks on our civilian population centers, 
we also have recommended to the U.S. 
Government the crash development of small, 
portable treatment machines—using similar 
"antiengine-forming" and cellular reversing 
“porthole technology". [See Figure 13 on 
previous page]. Such portable machines 
could be developed cheaply and quickly, and 
present government facilities could be used 
to massively attack the correlate database 
production problem. The portable treatment 
units could be cranked out by the hundreds 
of thousands and flooded down through 
emergency response agencies such as the 
police forces, the National Guard, 
emergency hospitals, emergency response 
teams, etc. 

Each device could be used in "assembly 
line" fashion upon hundreds of sickened 
patients, in case of a WMD (weapons of 
mass destruction) attack upon one or more 
of our cities. The first generation equipment 
would save probably 70% of the stricken (as 
from anthrax, etc. ). With second generation 
equipment, one would expect 90% of the 
stricken casualties could be saved. 

Just now, there is a very dim prognosis for 
all those casualties, using present available 
treatment capabilities. Time and lack of 
vaccines defeats just about everything that 
can be done. Brutally speaking, most of 
those unfortunate enough to breath in 
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In fact, it is now known that the gradual 
loss of the telomeres—the natural ends of 
chromosomes—in a cell's chromosomes is 
what causes the cell to age. The gradual lo: 
of the telomeres and the resulting shortening 
of the chromosomes represents a cellular 
"disease state” or "disorder" state” 
accompanied by a precise delta in the 
spacetime curvature engine accompanying 
every affected (aging) cell. 

By determining the correlate for that 
precise telomere loss in the aging body's 
emitted radiation spectrum, an effective 
telomere regeneration process immediately 
emerges. One simply amplifies that aging 
"precise telomere reduction" correlate and 
reradiates the body with it, passing an 
amplified correlate back into every cell of 
the body. The cells and all their parts— 
including the chromosomes—add the phase 
conjugate replicas, converting the incoming 
TW EM correlates to longitudinal EM wave 
correlates. The cells again phase conjugate 
the LWs and add the phase conjugate 
replicas, converting the LW correlates to 
time-polarized EM wave pumping 
correlates. This latter process time- 
excitation-charges the aging cells and all 
their parts, including the genes and 
chromosomes. The cellular matter itself 
produces the amplified "aging antiengine” 
for each and every cell and telomere ending. 
The result is to again add telomeres, 
converting the cell back to a younger, more 
vigorous cell, and reversing the process of 
aging. 

We point out without further elaboration 
that these methods also introduce direct 
engineering signals into the body's master 
cellular control system, including the 
regenerative subsystem. Hence the body's 
regenerative subsystem is involved in 
helping produce the necessary engines and 


anthrax spores from an attack, are going to 
die. At least 80% of them will expire, in 
spite of everything the present system can do 
for them. 

Note each device could rapidly treat a 
whole series patients, one right after the 
other, merely laying them between 
"blankets" containing wire antennas, 
irradiating with the proper correlate 
spectrum quickly, moving on to the next 
patient, irradiating quickly (seconds), etc. 
The entire apparatus could be made to fit in 
a large suitcase-sized container, and it would 
be highly portable and controlled by a 
laptop-sized computer. 

Unfortunately, so far the DOD doesn't 
even understand what the heck we're talking 
about! The National Institute of Health 
(NIH) and the National Science Foundation 
(NSF) are not interested at all. After all, it 
isn't drugs, vaccines, antibiotics, etc. — 
which are simply not going to do the job. 
However, those are what the government 
and scientific communities are going to 
finance to the tune of hundreds of millions 
of dollars. They are then going to lose 
almost all those mass casualties when the 
terrorist attacks on our population centers 
inevitably occur. 

Those are Americans, They are going to 
die. Most of them could be saved. We 
ought to save them. 

For any change in state (physical, 
chemical, emotional, mental, perceptual), 
the body dielectric "portholes" change and 
the output spectrum changes. The delta 
from zero reference now represents that 
exact change. 


Where Western Mind Control 
Research Has Probably Arrived 


Western mind control researchers 
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operate upon the short telomere chains to 
add back telomeres. More specifically, the 
regenerative subsystem is changed into 
perfect consonance with the external 
introduction of the amplified antiengines. 
That exact process can be used to 
rejuvenate the aged population and remedy 
most of the debilities of growing old. That 
is how we eventually intend to do it, if we 
can convince the U.S. government and the 
U.S. scientific community to perform the 
necessary research and validation. 
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probably first established a correlation 
database of porthole emission correlates to 
changes in internal states, both physical and 
mental. They almost certainly recognize the 
peculiar participation of every part of the 
body dielectric in the TW emission spectrum 
from the body. They will almost certainly 
have opted for this "porthole" notion of 
some similar expression of it, and the 
"thwarting" of these "relaxation and release" 
emission processes to engender internal 
physical changes in the body and in the 
brain-meat-computer, as they see it. 
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They probably experimented with 
different TW EM radiation mixes, to see 
what the body emission change to, and what 
states are induced. Undoubtedly they found 
that the induced states began to correlate 
with the former emission delta data base. 
That is, they found out which delta 
emissions spectra, reversed and amplified 
and fed back thorough the portholes, 
produce what internal changes. 

Use for healing is the simplest of all. Use 
for killing or debilitating is more 
complicated. Of course weapons 
researchers wish to look only at the killing 
aspects. That is something they understand. 
They do not understand healing, for they do 
not even have the "regenerative" or 
"healing" mechanism in any of the scientific 


papers or texts, Becker® came closest in this 
country, and Priore did it in France. Both of 
those scientists were suppressed and paid a 
bitter price for their revolutionary and 
innovative research. 

But look at what has been done, by "input- 
output” correlation research. The scientists 
will have a database now, that tells what 
state emerges in the body and in the mind, 
for what irradiation spectra (frequency, 
relationships, phases, amplitudes, wave 
shapes, etc.) one uses. And they did not 
work out all the wave-to-wave transductions 
ongoing in the mind and body connection 
and in the body and in the mind, 
individually, between TWULWUTDW. 

We suspect that this is the course Western 
mind control researchers will have taken, 
without even realizing the internal wave 
transductions occurring. And they would 
not be concerned with that. They would 
have what they want, for weapons, mind 
control, and behavior control. And they 


of the internal "mix" of the dielectric and all 
its tiniest portions. So Western mind control 
researchers and rogue groups probably do 
get good results. 

We are not just picking on the U.S. 
government here! Internal divisive groups 
exist in all large and powerful groups, and 
joust for power. In highly classified groups, 
these groups are greatly enabled to joust 
more widely, unethically, and immorally 
because it is so deeply hidden. So very deep 
classification evokes the growth and 
intensity of rogue groups. It's the old 
"Power corrupts, and absolute power 
corrupts absolutely" routine. 

The implication is that in the West one or 
more highly classified, sustained, heavily 
funded developments in advanced mind 
control programs, probably exists and 
probably has existed for some time. Due to 
loose formation of rogue groups inside such 
programs, they may have dual or triple 
purposes, may not operate under very much 
legitimate government control at all, and 
may operate specifically for the purposes of 
the rogue group or groups that have gained 
control. 

Ina nutshell, that’s what may be going on 
in the clandestine mind control projects in 
several Western governments. The 
involvement of at least some rogue groups, 
some being "cowboys" who operate well 
outside all laws and ethics, could also result 
in such things as assassinations, clandestine 
testing on individuals without their consent, 
etc. In short, it could account for what 
seems to be actually occurring. As also is 
"usual" in such a mess, one or more of the 
rogue groups eventually may become very 
powerful because their secret weapons are 
very powerful. They may become 
confident, thinking they have the "best in the 
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would of course ignore the healing aspects. 
And they would get results of course, 
revolutionary results. So they would 
undoubtedly classify the program very 
highly, thinking that they had the best of the 
best. 


Rogue Groups May Also Have 
Arisen to Divert the Purpose of 
the Projects 


And that is where real problems may 
arise. Every human group has within it 
competing subgroups, jousting for power. 
The more highly classified the group and its 
activities, and the less that is known about it 
outside its confines, the more strongly and 
secretly the subgroups can play. So they can 
emerge as rogue groups pursuing their own 
agendas, not that of their duly elected 
governments. In the extreme, such a deep 
black program can even become a 
"captured" program, which is totally in the 
hands of rogues and no longer reports to or 
is bound by the dictates of the parent 
government. 

It has long been suspected in some 
quarters that even the US's highly classified 
research community may be riddled by such 
rogue groups, and so may be certain highly 
sensitive parts of the Research and 
Development community. 

Remember that, in every large and 
powerful human organization, the basis for 
rogue groups is power and secrecy. They 
are always seeking to increase their power, 
control, influence, prestige, etc. Nothing 
else. Patriotism and mission are—to rogue 
groups—often just idle words. They have 
their own agendas. And being rogue groups, 
they may well bring in unethical, immoral 
tricks; assassination, bribery, entrapment, 
disinformation, plausible deniability, etc. A 


world.” They may actually believe they are 
ahead of the Russians. 


Where the Russians Probably 
Have Arrived 


On the other hand, the Russians will have 
developed instruments for detecting and 
isolating the LWs and the scalar waves, in 
addition to the ordinary mundane 
instruments for measuring the TWs. So they 
will have not only the TW correlates, but 
also the much finer TWULWUTDW (scalar 
EM wave) correlates. They will understand 
and employ the use of vacuum engines 
(spacetime curvature engines) which 
Western researchers will often invoke but 
not understand or even be aware that this is 
what is being invoked. In other words, 
Western researchers probably just use the 
old method of "input fi set of functions fi 
output”. That is the standard basis for 
almost all Western system analysis. With it, 
one doesn't have to know the exact functions 
and processes going on in the middle. One 
just determines a transfer function from a 
given input to the output that results. Then 
one catalogs that transfer function. One 
does that for lots and lots of transfer 
functions for particularly desirable results, 
and one has the system analysis. One also 
has the immediate basis for a rapidly- 
developed applications technology. 

Western scientists are good system 
analysts. But they have little or no 
comprehension of what is really going on in 
that "inside the ship functions" portion, even 
though they have determined the transform 
function which acts upon the input to give 
the "from the portholes” output. 

The Russians, with their additional 
knowledge of the actual mechanisms in the 
transforms, will be much more advanced 
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certain percentage of a highly secret rogue 
group will wind up using all these things and 
more. It's a human characteristic, the old 
primate dominance game. Only now 
disguised and hidden under deep 
classification. 

Nonetheless, the "simplified" TW EM 
"porthole correlate" approach will yield very 
positive results, due to the correlation 
existing with the LW s and scalar portions 
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than the West, because their fundamental 
psychoenergetics science is far more 
advanced, so long as we continue to use the 
old U() electrodynamics. Further, the 
Russians have decades of use of longitudinal 
interferometry beams to reach right through 
the earth and ocean and produce stringent 
EM effects at a distance. So they will also 
be able to do the same things here in "mind 
control" with LW interferometers, through 
intervening mass 
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including the earth and ocean, Western mind-control 
scientists and their rogue groups—assuming they exist as 
postulated—largely will not be able to do that, and 
probably won't even recognize Russian testing of 
psychoenergetics weapons directly in or over Western 
nations. 


Russian Lethal Psychoenergetics Mind 
Control Tests Over the U.S 


In fact, the KGB tested just such highly advanced mind 
control weapons over the middle of the United States in 
1997 on two occasions. The tests were conducted agains 
Captain Button in his A-10 "Warthog" aircraft on April 2, 
1997 [See Figure 14], and upon Captain Svoboda in her A- 
10 "Warthog" on May 27, 1997. [See Figure 15]. 

Over Arizona, Captain Button was thrown into a 
hypnogogic state, and his perceptions instantly altered and 
controlled. In his instant "dream-waking” state, everything 
seemed perfectly normal. His sense of direction was 
altered a bit more than 90 degrees, so he simply corrected 
and tumed and "flew toward the range”, actually flying off 
course by more than 90 degrees and ignoring radio 
contacts. He flew right on out of Arizona. At one point he 
circled, probably thinking he was over the range, and he 
probably dropped his ordnance there. Then he "flew on 
back toward home," as he thought in his waking dream 
state, until his fuel ran out and he crashed and died in the 
explosion—dream-thinking until he died that everything 
was normal. All the while, his sense of the passage of 
time was altered. To him, in his dream-thinking, dream- 
acting 


arputworw cheniesorpenploneS20aniclesnind20conol p61 of 2/15/2014 4:39:58 AM. 


state, everything was normal and nothing untoward had 
happened. So the distant KGB transmitters and associated 
psychoenergetics team controlled him for over an hour 

Indeed, that was the exact purpose of the tes 
demonstrate control (at a great distance) of a skilled 
person performing highly skilled tasks. A secondary 
purpose was to stimulate the U.S. government, watch its 
investigation and findings, and ascertain if the U.S. knew 
of the extent to which Russian KGB mind control 
weaponry had advanced. Obligingly, we proved to me 
KGB that we did not understand what had actually 
happened to Captain Button 

Captain Svoboda was from the same Wing as Captain 
Button and was its most experienced night fighter A-10 
pilot. In fact, she taught other pilots the fine points of 
night flying combat missions in the A-10. About two 
months after Captain Button's bizarre flight and death, 
Svoboda was engaged in night target bombing on the 
range. Rising from her ordnance drop on me target, 
Svoboda was suddenly struck and rendered hypnogogic 
and ina waking-dream state. Her sense of the vertical was 
instantly reversed. Superb pilot that she was, she 
immediately dream-perceived she was diving, not 
climbing out of the delivery. She instantly corrected to 
"climb out". So in the real world she dived sharply into 
the ground and her aircraft exploded. 

This test demonstrated the instant alteration of a skilled 
pilot's perception, causing that pilot to inadvertently react 
promptly in an unintentionally suicidal manner. A 
secondary purpose of the test was to stimulate the U.S. 
government system again, to see if the system recognized 
what had 


EXPLORE 


A-10 Mysterious Flyaway and Crash 


April 2, 1997 


Armed with: 


- Four 5004b bombs 
- 30 mm Gatling gun 
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Figure 14a. Captain Button's mysterious flyaway and eventual crash. 
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occurred. Sad to say, it did not and it has not. It was 
lamely speculated that Svoboda probably looked over her 
shoulder like a rank greenhorn, and inadvertently dived 
her aircraft into the ground while looking back at the 
target. If there was one pilot in the USAF who would 
have not done that, it was Captain Svoboda. At any rate, 
the KGB determined that the U.S. scientific, intelligence, 
and governmental communities did not have the foggiest 
notion of what had occurred. 


In private proprietary communications? we have 
explained further, to proper parties, exactly the reasons for 
these two tests, and what exactly was being tested, and 
what is its planned strategic use 


The Final Race for Direct Mind Control of 
the Entire Human Species 


‘The KGB psychoenergeties weapons scientists— 
because of their direct measurements and detections (and 
use) of t-polarized waves and LWs for decades—also 
understand that Jung's collective unconscious mind (of the 
entire human species) also has its own time-like operations 
and correlates, which one measures also when using t- 
polarization measurements and sorting it all out, The 
collective unconscious mind operations are buried several 
levels deeper inside the recursive Whittaker structuring 
inside the EM fields, waves, and potentials. 

‘The KGB scientists also know that something very like 
Gaia—a collective unconscious mind for all species on 
earth—also exists, and they are striving to be able to sort 
out and measure that one as well. The Gaia operations are 
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buried even deeper in the recursive structuring inside the 
EM fields, waves, and potentials. If one reads some later 


books by Kaznacheyev,“ e.g , this human species 
unconscious mind aspect and the biosphere unconscious 
mind aspect emerges loud and clear, if one interpolates 
between the lines, so to speak. Actually, from day one, the 
Russian mind control scientists have had their eventual 
‘goal set upon this "deeper area of mind and possible mind 
control” of the entire human species. 

1am convinced that the KGB psychoenergetics 
scientists understand this deeper area. If they can learn to 
directly engineer the collective human species 
unconscious, they can then convert the human species 
easily into a sort of "ant" society, modeled along ideal 
Communism lines, except of course with an excluded 
“hierarchy at the top" running everything. The "ant 
society"—communist style—is still a variation of 
feudalism (all systems tend to feudalism or some form 
thereof). 

‘The KGB psychoenergetics weapon scientists are 
seriously pressing on toward that very goal. In my opinion 
they are not very far from it right now. [tis simply a 
matter of developing sufficiently complex equipment to be 
able to directly engineer the time-domain substructuring at 
sufficiently deep levels. It is a doable, although it is very, 
very complex and very, very difficult. On the other hand, 
they have been at it for decades. Even in the 50s the 


Russians already had the old LIDA device." capable of 
inducing a catatonic trance-like state in a mammal—either 


2 5 
a human or a cat,”? for example. Some versions of 
Russian mind control devices were used on Russian 
soldiers in the 


Figure 15 


_ CAPTAIN AMY SVOBODA\ 


4 
© Nighttraining mission May 27, 1997, 
® From same wing as Gaptainjeutton ) 
® This Was alsecond) psychoenergetics strike 


Figure 15. Captain Svoboda dives headlong to her death. 
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Afghan War to condition them for 


performance of merciless acts. 


Potential U.S. Rogue Groups and 
Two Recent Examples 


Meanwhile, rogue groups amongst 
Western clandestine mind control 
researchers will probably arise if they have 
not already done so. They will likely seek to 
increase their personal control and further 
isolate the programs from orthodox 
government review and from government 
and legislative control. They may even 
divert the research into highly illegal and 
unethical means, because it furthers their 
own rogue agendas. That is how clandestine 
U.S. government research can sometimes go 
sour, unless great care is exercised by the 
oversight committees in the House and the 
Senate. 

Sometimes when rogue groups do gain 
control and total secrecy of a given new 
technological area, then what appears to be 
"U.S. government operations" do start to 
encompass a criminal and unethical 
operations, hidden usually beneath the deep 
veil of high classification. Also, if it's 
scientific,” no one is ever brought to 
justice, even if the "evil science actions" are 
uncovered and publicly revealed. 


We Certainly Have Proof of Such 
Rogue Activity. For Example, 
Here are Two Prominent Cases: 


as a result of those ghoulish 
experiments. So what 
happened when this gruesome 
thing was revealed? Again 
President Clinton publicly 
apologized! The head of the 
Executive Branch did not turn 
the macabre matter over to his 
Attorney General to 
prosecute. How many of 
these scientists were 
indicted? Not one. How 
many are going to be 
indicted? Not one. Suppose 
again this had been done by a 
private doctor in his own 
private clinic. You get the 
point. 


There is Little or No Punishment 
of Rogue Scientific Groups 


Shockingly, the U.S. government at the 
highest level has directly shown (and these 
are not all such cases by any means!) that 
mass crimes against U.S. civilians, 
perpetrated by portions of the U.S. scientifi 
community in direct conspiracy and in 
secret, Will likely be condoned. The 
perpetrators will not be indicted, tried, or 
convicted. 

Note the connection of the "rogue groups” 
thesis to the above incidents. Note how 
rogue scientific groups got away with it in 
both these cases. There may be other rogue 
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1. For three decades, scientists from the 
U.S. government, universities, and 
civilian contractors secretly 
conspired to treat unsuspecting 
human patients with whole body 
nuclear radiation, including some 
retarded children and cancer 
patients. Some of those patients— 
including some of the retarded 
children—died as a result. These 
illegal experiments were conducted 
in great secrecy, and the results were 
highly classified. Eventually these 
actions were revealed, and a 
Presidential investigation committee 
investigated. These experiments 
would seem to be little different from 
the WWII Nazi and Japanese 
experiments on human prisoners. 
Are those U.S. scientists who were 
responsible for those retarded 
children's’ deaths any different from 
the Nazi scientists and criminals we 
executed at Nuremberg? So what 
happened when this terrible thing 
finally came out into the open? 
President Clinton publicly 
apologized! How many of the 
responsible scientists were indicted 
for murder? Not one. None is ever 
going to be. 

Suppose a doctor here in South 
Alabama, with his own private clinic, 
had secretly irradiated those human 
patients and retarded children with 
whole body nuclear radiation, over a 
period of 30 years, resulting in some 
agonizing deaths. How many state 
and federal agencies would have 
come after him with arrest warrants? 
Probably about 50 or so. Would he 
have been indicted, tried, convicted, 
and executed or sent to prison for 


scientific groups getting away with such 
things today. They should not be able to get 
away with it. But they can. 

Perhaps a most startling additional part of 
those two incidents is that there was no great 
public outcry from the scientific community, 
deploring these murders and demanding that 
the criminal scientists be indicted and tried. 

As the old saying goes, "By their silence 
they have convicted themselves.” The 
organized scientific community, as a 
community, has shown that it has little or 
no ethics, and—while deploring any 
scientific murdering that "gets revealed, 
is not really interested in justice. In short, 
much of the U.S. scientific community may 
now have very little ethics left. 

We are not talking about normal 
individual scientists, but the Big Science 
community. There is a whale of a lot of 
difference between the two. In the Big 
Science community, there can be and there 
are rogue groups. Lots of them. There is 
deep cover, deep classification. And there is 
very probably advanced mind control 
research and testing, be it legal or illegal. 
Hopefully most of it is legal and 
constrained. However, some of it is almost 
certain to be illegal and ill constrained. 

Human beings are still human beings. All 
the good and evil is still there, regardless of 
the group. The stage settings change, but 
the cast of characters and the play never 
change. 

It's sad, but ‘twas ever thus. Hidden parts 
of our own governments—and other 
governments throughout the world—are no 
different from the old medieval groups, 
where nobles etc. were always plotting 
against the king, or using the king's power 
for their own nefarious end. The rogue 
groups today are no different from all the 
scheming and conniving groups that 
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life? Absolutely! Would the 
President of the United States have 
apologized? Not on your life; he 
would have turned it over to the U.S. 
Attorney General with a strong 
directive to investigate and prosecute 
on criminal charges. 

2. Again for three decades, scientists 
from (i) the U.S. Government, (ii) 
universities, and (iii) civilian 
contractors conspired to give poor 
syphilitic blacks in Tuskegee, 
Alabama a placebo while ostensibly 
treating them for syphilis. The 
purpose of the program was to 
deliberately observe and record the 
ravages of the disease to its fruition 
in their wracked bodies. So the 
scientists deliberately sat there and 
watched their brains rot and their 
bodies rot. They kept meticulous 
notes, of course. It was very 
scientific. And it was macabre. 
They "treated" some 400 blacks in 
the "program." Over 100 blacks died 
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destroyed the Roman Empire. Great 
empires fall from within, not usually from 
without! 


Conclusion 


This concludes our brief portrayal of the 
probable directions that mind control 
research has taken, in Russia and in the 
West. It is a novel and powerful area, and it 
poses both severe dangers and great benefits 
to all the peoples of the Earth. 

Let us hope this great new area, already 
off to a bad start, can be bridled and steered 
in the direction of helping and healing 
people, rather than killing or abusing them. 
The excesses in its bad use are a potent 
threat to all nations on earth. Yet it can 
revolutionize medical science, education, 
communication, and psychology. 
Eventually it can engineer the mind and 
memory directly, beneficially. We foresee 
the day—perhaps 30 years hence—when 
education will be 
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accomplished by directly loading the 
software into the mind. Then in three weeks 
one will "load" a doctorate, say, in physics. 
In three more weeks one will also load a 
doctorate in chemistry. Another three 
weeks, in electrical engineering. Another 
three weeks, an M.D. And so on. When 
that happens, then truly everyone on earth 
can be educated. Freedom from ignorance 
may well be another great freedom that is 
legally recognized. There will be no 
impoverished large groups lacking the 
education to find decent, productive jobs. 
We urge all nations to use the principles 
involved: not for human abuse, but for 
healing, educating, uplifting, and life- 
expanding of every person on Earth. If we 
do, we shall all have a far brighter future. 
Then we shall check what has started out to 
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be the Sword of Damocles and turn it into 
the golden Millennium. 

We are reminded of a poignant quote 
from Teilhard de Chardin: 

"Someday, after we have mastered the 
winds, the waves, the tides and gravity, we 
shall harness for God the energies of love. 
Then for the second time in the history of 
the world man will have discovered fire.” 

May the nations of the world utilize the 
new mind engineering science to truly free 
all minds into a common love of, and respect 
for, their fellow humans of every color, 
creed, and circumstance. As de Chardin 
envisioned, may we use the new science to 
discover a new fire, burning clearer and 
brighter than anything that has gone before. 
+ 
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Website 
Latest cloning research findings by Bedini/Bearden 
The huge dangers of current cloning technology 
Mystery of the death of Australia's cloned sheep explained 
"Spark of Life" 


From "Stranger than Science" 
by Frank Edwards © 1959, 1987 


Did an obscure amateur scientist discover the spark of life? Did Andrew Crosse accidentally 
stumble upon a mixture of chemicals and electricity which produced living things from a 
lifeless compound? If he did not, then just what did he accomplish? The record of his work 
is clear, only the enigma of the results remains to plague science. 


The neighbors of Andrew Crosse regarded him as more devil than man. They did not 
understand the bright flashes that lighted his laboratory windows at night when he was 
tinkering with his crude electrical devices. Not only was he dreaded and shunned as "the 
thunder and lightning man," but he was denounced as an atheist, a blasphemer, and a 
Frankenstein who had best be put in chains for the common safety. 


Andrew Crosse minded his own business, it is true, but his was a very strange business for 
the early 1800's. And one of his experiments remains a very strange business to this day. 


Andrew was an enthusiastic amateur experimenter in the new field of electricity. Out of 
touch with others in the same work, he labored under the double handicap of not knowing 
what had already been done - and of not understanding what he was doing himself. Yet it 
may have been this very lack of knowledge which led him to undertake the experiments 
which were to inscribe his name, however faintly, in the annals of science. 


He decided to induce the development of artificial crystals by subjecting chemicals to 
prolonged exposure to weak electrical currents. Andrew mixed up some silicate of potash 
and hydrochloric acid and into this he dropped a fistsized chunk of oxide of iron. By 
inducing the current from a small battery to trickle through the solution to the oxide of iron, 


hup:/www.cheniere.org/mise/sparkoflife htm (I of 12}4/13/2014 4:34:01 AM 


The Tom Bearden Website 
he hoped to bring about the growth of artificial crystals of silica. 
Having arranged this combination of chemicals and current, Andrew set it aside and went 


back to his favorite pastime of studying the spark-gap - the flashes which alarmed his 
neighbo 


Did he accidentally stumble upon an arrangement which created life from inorganic matter? 


Ina paper which he wrote for the London Electrical Society in that same year of 1837, 
Andrew set down this account of his experience. 


He wrote "On the fourteenth day after the commencement of this experiment, I observed 
through a small magnifying lens a few small whitish specks clustered around the middle of 
the electrified stone. Four days later these specks had doubled in size and had struck out six 
or eight fine filaments around each speck . . . the filaments longer than the hemisphere from 
which they projected. 


"On the 26th day of the experiment, the objects assumed the form of perfect insects, 
standing erect on the bristles which they were growing. Although I regarded this as most 
unusual I attached no singular significance to it until two days later, the 28th day of the 
experiment, when the magnifying lens showed that these things were moving their legs. I 
must say now that I was quite astonished. After a few more days they detached themselves 
from the stone and moved about through the caustic acid solution. 


"In the course of a few weeks more than a hundred of them made their appearance on the 
oxide of iron, Under a microscope I examined them and found that the smaller ones had six 
legs, the larger ones had eight. Others who have examined them pronounced them to be of 
the genus acari, but some say they are an entirely new species. 


"T have never ventured an opinion on the cause of their birth for the reason that I have never 
been able to form one. I thought they might have been airborne creatures that had drifted 
into the liquid and prospered, but later experiments with closed vessels, in which the 
ingredients had been purified by baking in the oven, produced identical creatures; therefore, 
I suggest that they must originate in the electrified liquid by some process unknown to me." 


Andrew Crosse realized that he was walking a tightrope before the top scientists of his day. 
He was describing an experience foreign to their accepted understanding and therefore he 
was inviting ridicule. He did not have long to wait. Cries of fraud and hoax engulfed him. 
He and his alleged insects were denounced as nothing more than humbugs. 


Amid all the furor that his announcement had created, Crosse stood alone and helpless. Even 
other scientists who had duplicated his tests with similar results kept their silence. 
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All but one. That voice was raised in his defense and it was such a powerful voice that none 
dared challenge it; for it belonged to the great Michael Faraday. At last Crosse had found his, 
champion. 


Faraday reported to the Royal Institution that he too had experienced 
development of these little creatures in the course of his experiments. 
But he added that he could not decide whether they had been created in 
the sterile solutions or brought back to life by the electricity! Either 
development would have constituted a milestone in scientific advance, as 
Faraday realized, but he left it to his fellow scientists to make the 
decision, if any. 


Crosse never claimed to have discovered anything. He was merely reporting what had 
happened. After the attacks upon him subsided, he retired to his home in the Quontock hills 
for many more happy years among his test tubes and batteries. 


Although he spent his long life as a humble searcher after scientific truths, the contribution 
for which he is remembered is the controversy over his acari - unwanted then, and 
unexplained to this day. 
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Genus Acari 


Tom Bearden comments (finalized and slightly updated in March 2001). 


Itis difficult to make an understandable comment on the business of life, because presently 
scientists have not the foggiest notion what mind, being, life, death, time, etc. are. For that 
matter, they don't really know what matter and energy and charge are either. In the scheme 
of things, our modern "science" is only about three hundred years old, and that's a snap of 
the finger in even just the existence of this world. Much of modern science still considers the 
mind as a "meat computer", or just the physical electrodynamic activity of the brain, etc. 
Materialism has not died, even though quantum mechanics essentially wiped it out decades 
ago, and the old concept of "mass" as something hard, permanent, and "material" has also 
long since vanished. One is referred to the works of Max Jammer to see what the present 
view of "mass" is. Also, without looking up the references again, recent experiments with 
quarks and gluons wound up with experiments in which it mattered not a whit whether one 
considered the mass as zero or nonzero. Nature, it seems, does not have to play by our usual 
"either-or" rules. In physics, of course, this is the duality problem, which to this day has not 
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been resolved because attempts to resolve it have applied Aristotelian logic -- and there is no 
solution to the problem of "opposites being identical” in that logic, which forbids that very 
thing by authoritarianism. 


The modern biogenesis experiments, e.g., never took place in the absence of life. There was 
no "statistical generation of living or quasi-living forms" in the absence of engines for such 
forms. The great rush of Poynting energy flow around the earth, generally parallel to the 
equator, alone carries the "engines" (internal sets of spacetime curvatures) for every form of 
life that ever existed upon the earth. So the experiments were bathed in "living forms and 
dynamics", if one accounts for the internal Whittaker-structuring of electrodynamics -- noted 
but ignored by our scientists for nearly 100 years. 


Quite some time ago, we worked out the nature of mind, and the mind-matter coupling 
mechanism (which is engineerable). We did that in pursuit of the mechanisms in the KGB/ 
Russian psychoenergetics weapon work. I had the last of a 3-part article published in 
"Explore", dealing briefly with mind control technology both the way it is probably done 
clandestinely in this country and how it is done by the KGB/Russians. I'm still trying to get 
the proper parties to believe it; not much progress. However, some very neat information has 
been released on the Internet that very probably reveals why officially there is no interest. 
It's because three decades ago some of our "spooky folks” found (in deep hypnosis 
experiments) that humans are inordinately sensitive to extremely low-level EM signals and 
fields. Even though no detection or sensation may rise to the conscious level, the 
unconscious (which is totally conscious, just massively parallel rather than serial) does sense 
these signals. Voila! It would appear that "very deep black" parts of the community 
probably developed quite good mind influence and mind and behavior control or 
interference using techniques adapted from that work. The reader must always remember 
that just because the overt government does not know something or have something, does 
not at all mean that the covert government doesn't have it. And even in the covert 
government, there are layers within layers. So there, even when the upper levels do not have 
something, it still does not mean that the deeper levels do not have it. The problem with the 
best knowledge and technology, when unknown to the upper covert levels and the overt 
level, is that it is then quite likely to be subverted into the deepest levels, which may have 
their own agendas and may not report to the duly elected U.S. government at all. Indeed, 
such levels often assume that the President himself does not have a "need to know". 


Present physics has erroneously omitted the time increment carried by the photon. The 
overemphasis on the so-called transverse wave (which does not exist as such in vacuum, 
fairly readily shown) has led to our missing the greatest and most important part of 
electrodynamics: the longitudinally polarized EM wave and the time-polarized EM wave. 
For example, mind and mind operations are totally electromagnetic, but use time-polarized 
EM waves rather than the standard stuff. Overtly we do not even have detectors for LPWs 
and TPWs yet; the Russians do. However, every major weapons lab on earth now is aware 
of longitudinal EM waves and their powerful characteristics. Simply read some of the 
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summary material on Undistorted Progressive Waves (UPWs) on the Los Alamos National 
Laboratory website, e.g. by Rodrigues et al. A UPW is an "imperfect" longitudinal EM wave 
with some remaining transverse wave residue (that is the way it is modeled). 


Let me give you one example of how fouled we are. We still use Aristotelian logic 
primarily. Yet it is an incomplete logic. Let me show you instantly. Take the simple Venn 
diagram of a rectangle lying on its side, divided in half by a vertical line in the middle. Label 
the right rectangular area A. Label the left rectangular area "not-A", What is the line in the 
middle and the border? Both A and not-A, so that A is identical to not-A. Yet the third law 
(law of the excluded middle) forbids A identical to not-A. Apply the third law to the Venn 
diagram. The border disappears, and the middle dividing line disappears. The logic self- 
destructs, because now there is no separate A and no separate not-A. Yet so far as I can 
determine, no one seems to have seen that very simple thing and questioned it. Aristotelian 
logic cannot be applied to the very Venn diagrams used to establish and "prove by 
demonstration" its propositions. We corrected that nearly 20 years ago, and got called every 
kind of lunatic imaginable -- the usual reaction when something fundamentally wrong is 
pointed out in a comfortable part of the prevailing paradigm. These days I simply point to 
Morris Kline's "Mathematics: The Loss of Certainty" to the Aristotelians, and tell skeptics to 
go and read it and then we will discuss the foundations of logic. With a 5-law logic (or 4-law 
with an additional applications rule), one solves the "dividing line” problem nicely. Then 
suddenly things like spacetime and being and mind and nothing etc. can be solved -- in the 5- 
law logic, but never in the 3-law logic. The problem of life itself - whether terrestrial or 
extraterrestrial -- has no solution in 3-law logic. 


The entire method of Zen is to try to break up the iron Aristotelian bent of the conscious 
(serial processor) mind, and get into the far broader unconscious (totally conscious, 
massively parallel processor) mind. Few have done that. But one cannot present a S-law 
solution to a 3-law processor; it just "does not compute". It's like putting a thousand slides at 
once on the normal "single slide at a time” projector. The "conscious mind" can see only a 
single slide at a time. So it just sees "black" or "nothing at all", That's why we "see" the 
"massively parallel conscious" mind as "unconscious"! It isn't. But it is a quite different form 
of consciousness which we all have. 


Time is never observed, and no observable is a cause, a priori, because an observable is only 
a frozen, nonchanging 3-spatial "instant snapshot" and therefore the output of the 
observation process, while the causal input is what exists in 4-space prior to its interaction 
with the observation process. When one adds time and time dynamics to one's science, one 
moves far in front of much of present Western physics. E.g., physics has nearly hopelessly 
confused the causal side of the observation mechanism/process with the effect side, 
everywhere, throughout physics - simply by assuming that observables persist in time —- a 
non sequitur since an observation is a frozen 3-space snapshot at one single instant. 


And sadly, the phys 


do not seem to have even realized it!. Not a single paper or text in 
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the West, e.g., illustrates an EM wave in spacetime prior to its interaction with a unit point 
charge. E.g., simply check a fine editorial by Romer. Romer is the editor of American 
Journal of Physics, and we are referring to Robert H. Romer, "Heat is not a noun," American 
Journal of Physics, 69(2), Feb. 2001, p. 107-109; and specifically to his end note #24, p. 

109. Romer takes to task "...that dreadful diagram purporting to show the electric and 
magnetic fields of a plane wave, as a function of position (and/or time?) that besmirch the 
pages of almost every introductory book. ...it is a horrible diagram. ‘Misleading’ would be 
too kind a word; 'wrong' is more accurate." "...perhaps then, for historical interest, [we 
should] find out how that diagram came to contaminate our literature in the first place." 


But in general physicists continue to charge on, confusing effect as cause. Electrodynamics, 
e.g., is particularly guilty of greatly confusing the two, which is really what is preventing a 
successful and engineerable unified field theory. Further, contemporary classical 
electrodynamicists do not calculate either the field or the potential; instead they calculate the 
reaction cross section of each, interacting with a unit point charge assumed out of nowhere. 
In short, they calculate how much is diverged from the actual field or potential, and then call 
that "little extracted part” the field or potential! Again, they mistake the causal entity 
existing before the interaction with the effect entity existing after the interaction. Well, after 
the interaction has occurred, that result is the effect, not the cause prior to interaction. 
Physics has this so hopelessly snarled that it will require 50 to 100 years before the journals 
and physics societies are likely to even realize it and admit it, and then it will require them 
another 50 years to straighten it out and purge this huge non sequitur from physics theory 
and modeling. 


Anyway, we did model how mind and mind operations operate, including their precise 
nature, how they fit into alll this, etc. We thus were able to resolve many previously unsolved 
riddles such as the nature of intent, how a space-less mind operation can generate a spatial 
input to a spatial body and vice versa, etc. We also worked out how to use "effects" systems 
to generate "causal" systems, completely independent of mass -- because the KGB has 
recently completed a completely different kind of weaponry based on this, and different 
from anything that has ever existed in the history of mankind (at least on this planet!). The 
Russians of course were already there; I got there much more crudely by intensely working 
on how to explain what they were doing. 


To see that the effect can generate the cause, just consider the normal "forward time" 
observation process having to operate in a "time-reversed” process. You see, not only must 
we shift observers from frame to frame, but we must also be able to shift them from forward- 
time (of some conveniently chosen outside reference observer) to reversed time (of that 
same reference observer). 


At any rate, it turns out that the entire universe is already "alive" in a very special sense. 


There is no death; there is mind (I use the term "mind" in the most general sense, not just the 
conscious mind which is merely a "periscope" put up and taken down from the 
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unconscious). And mind is not a part of the brain, and it is indeed separated from body but 
intimately linked to it by the mind-body coupling dynamics. Further, any life that has "ever 
existed" still dynamically exists in a special kind of more fundamental electrodynamics 
infolded inside all normal EM fields, waves, and potentials. The Tibetans knew much of this 
very well, but of course in terms that our materialistic science rejects or completely fails to 
understand (as we stated, most of our scientists believe the human is a robot and the mind is 
simply the electrochemical reactions of a "meat computer" 


Since ambient spacetime may be modeled as a special kind of "scalar" potential with intense 
energy density, it then decomposes into a series of bidirectional EM longitudinal wavepairs, 
ala Whittaker 1903, except one must use impulse waves so as to include the time dynamics 
part of spacetime, rather than forcefield 3-space type waves. The entire thing — mind, life, 
matter, fields, waves, spacetime, etc. -- then becomes structurable and directly engineerable 
by novel EM means (such as the 0(3) higher symmetry electrodynamics pioneered by Evans 
and Vigier). Longitudinal EM wave technology is the key to developing such mind-body 
coupling mechanisms and engineering of them, at all. One only gets the time-polarized EM 
wave technology after the LPW technology has "done its thing" -- the time-polarized 
technology is far and away the most powerful and primary. 


Also, low frequency photons have far more energy than high frequency photons, if one 
includes the time component, since time is spatial energy compressed by c-squared and has 
the same energy density as mass. Time-energy (highly compressed spatial energy, 
compressed by c-squared but in the time domain rather than in 3-space) and spatial energy in 
the photon are canonical. As the frequency of the photon decreases, its spatial energy 
decreases also with the decreasing frequency. However, the time-energy component 
increases, and its compacted energy increases as the square of the time-component expressed 
in seconds. Hence at lower frequencies the total energy (sum of spatial energy and time 
energy) in the photon increases. Indeed, if one wishes to engineer gravitational effects, it is 
the low frequency photons (low ELF) that are important, because they have far and away 
more "spacetime curving energy" than high frequency photons such as gamma rays. 


At least eight nations on earth now have longitudinal EM wave technology weapons to one 
extent or another. Several of them -- hostile to one another -- are using Western Australia as 
a convenient nearly uninhabited target range. 


Anyway, when you come at the mind-body-life problem with that background (which 
unfortunately required more than 20 years of very hard work!) there appears to be no great 
difficulty in explaining the Faraday, Crosse, Fox, Miller, and Urey biogenesis experiments. 
And yes, there appears to be no difficulty in explaining the "appearance" of "life on earth” in 
the prebiotic soup. It did not really appear out of nowhere spontaneously at all, but simply 
was a sort of sympathetic resonant coupling of physical forms to mind-forms already there. 
None of the experimenters realized that the great Poynting energy flow (and one must add 
back in the missing Heaviside component which is some 10exp13 times larger than the 
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accounted Poynting flow) around the earth parallel to the equator and from West to East, is 
already internally structured with every possible form of life ever in the universe anywhere. 
If we further multiply that Heaviside component by c-squared, so that we can account for the 
time-energy portion of that great energy flow, we can see immediately that life and its 
environment are both living and intercommuting all the while. The creator in fact created a 
living universe, not an inert one (as best we can speak it in the inadequate 3-law logic). If 
one believes in big bangs, then life structuring emerged right along in all the fields and 
waves and energy, right in and out of the big bang. There is not a single point in the universe 
anywhere that is absent of energy and therefore absent of life, in the view of the model I am 
using. 


Understand, one does not have to agree with this model! That is one’s own decision. We are 
just pointing out that, if we correct many of the errors known to be in the presently used 
models, this is the kind of reality that readily emerges. We get a physics that is not just an 
"inert" physics, but a living physics where literally the entire universe is "alive" in very 
special manner. 


In deciphering (after 14 years!) the Priore mechanism, I found that incredibly the cellular 
regenerative system does retain the form and "memory" of all the precessor cellular forms. 
Cancer, in fact, is very often due to a direct "order" by that system to a cell (aerobic) to start 
back down the "chain" to an anaerobic cell, because of severe hypoxia and the sustained 
inability of the regenerative system to maintain the cell in aerobic form, It doesn't just send 
an "order", but sends a "precise set of spacetime curvature engines" that go to work on that 
cell and all its parts, The first major step back is to break it loose from centralized control of 
its growth -- whereupon we recognize it as a tumor cell. There are two requirements: (1) 
cellular damage, and (2) "promotion". Biologists do not really understand "promotion", 
because they do not understand the cellular regenerative system—which used time-polarized 
EM waves, and nonlinear optical pumping of the cell and all its parts in the TIME-energy 
domain rather than the SPATIAL energy domain, That sort of pumping creates an 
"antiengine" to its forward time engine resident in the sick cell, thereby time-reversing the 
cell and all its parts back to a previous state on the trail from the early anaerobic single cells 
to the present aerobic cells. 


By the way, recent experiments in cloning are beginning to bear out the fallacy that exact 
electrochemical processes produce the same end physical results, particularly when the 
persistence of the created forms is examined. E.g., cloned rats may live half their lives in 
apparently normalcy—then suddenly grow greatly obese and die. Many other anomalies are 
being uncovered in this fashion. The reason is quite simple: We have some diagrams 
showing that one may introduce an additional "engine" to the pumping of a diseased or 
damaged cell (or a healthy one for that matter), and in the time-reversal process then 
induced, the "time-reversal" process will be diverted from the original trajectory. In short, 
the original full state will not be recovered. 
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This, we pointed out, is a second generation technology to be developed, where a disease 
or disorder must be treated and where also there was never a normal past state anyway. A 
case in point is birth defects, etc. Eventually, if the technology ever is allowed to be funded 
and developed, even those kinds of medical conditions will be treatable and curable. The 
point is that in cloning, one does not use the normal sperm cell and egg, without abnormal 
disruption. There is indeed an abnormal disruption -- and every such physical action or 
change and dynamics certainly involves an additional set of engines. In short, with present 
methods the cloned entity also has introduced into the equation an additional "engine". In the 
fertilization process, there is quite a jump back to a "time-reversed" situation (fertilization is 
the beginning of a physical embodiment, hence from two parts of an embodiment already in 
being, there is a rather dramatic "jump backwards"), The "normal" backwards jump of that 
kind is a normal fertilization of the egg by the sperm. Any change to that procedure, 
represents the insertion of an abnormal engine to be processed in that same "jump back". For 
the methods being used, it appears that the abnormal engines are sufficiently weak that, in 
the cloned animal, some time must expire in its lifetime before the impact of that little 
constant deviation from normal grows to become suddenly significant. 


Indeed, all "living forms" are materialized from energy, but from both matter-energy and 
time-energy and the dynamics of the two. Natural processes include fertilization, birth, etc., 
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but there is no technical reason whatsoever that the process cannot be direct and even 
directly engineerable. In this "expanded energy" sense, mind energy and dynamics can be 
engineered as well as body matter energy and dynamics. 


To cinch the matter of "engineering living forms", I once participated in a accidental and 
unplanned experiment where Golden materialized living things. Not little bitty things, but 
big things. In my view we actually materialized thought forms, since much later we were 
able to piece together exactly what apparently engendered each part of the phenomena. 
There were multiple (scared) witnesses who prefer never to discuss it. The experiment also 
altered all the clocks in the area for four days before the "time-energy charge" we had 
inadvertently created dissipated. Let me just say that it really got my attention! We never 
repeated that experiment again. But the changes were substantial and the phenomena were 
substantial, and to this day I prefer not to discuss that experiment. It simply cannot be 
understood without the outline sketch we are speaking of, where one accounts for time- 
energy and dynamics as well as material energy and dynamics, and also for the coupling 
dynamics between the two. 


Not only can one have a "material entity" or thing communicating with another "material 
entity" or thing, but one can also have a "mental thing” (time-domain thing with no spatial 
existence) communicating with a "material entity or thing" with only spatial existence, and 
vice versa, There is indeed a coupling two-way mechanism 


Look at the so-called "physical form” -- which almost always one is speaking of as purely 3- 
space. Most scientists have not yet understood that a priori a piece of 3-dimensional mass as 
observed cannot even persist in time! Masstime exists in time, but "mass" is a frozen 3- 
spatial intersection of the spacetime entity. It is exactly comparable to a frozen frame ina 
movie film. The individual frame never has any existence except at a frozen moment in the 
slide projector. "Motion" and "movement" etc. involve the time domain a priori -- hence 
something without any time-component at all, cannot persist or even exist except at one 
frozen moment in time. Hence any observable existed in that single "observation slice" and 
at that "point in time" only. After all, a "point in time” is where time symmetry is broken or 
ceases. In short, it is a time-discontinuity. All observations are such time-discontinuities. 


The SETI problem will not be solved, in my personal opinion (understand, I do not object at 
all if others do not see it this way) until a far greater and deeper understanding is reached by 
our modern physics. Forget communicating with "transverse" waves; longitudinal EM waves 
can travel at any velocity, limited only by how much "residue" of the normal EM wave junk 
is still hanging in there (how much "transverse EM wave noise" is still present. A pure LW 
moves at infinite velocity. As we suggested, simply download the Rodrigues and Lu papers 
carried on the Los Alamos National Laboratory Web site. It appears that now most major 
weapon labs have "discovered" the fact that there can be longitudinal EM waves, and some 
eight or so nations have developed weapons technology from such. If one has such 
technology, alll the rest is obsolete. 
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For the skeptic, here is a statement made in 1997 by Dr. William Cohen, then 
Secretary of Defense: 


"Others [terrorists] are engaging even in an eco-type of terrorism whereby 
they can alter the climate, set off earthquakes, volcanoes remotely through the 
use of electromagnetic waves... So there are plenty of ingenious minds out 
there that are at work finding ways in which they can wreak terror upon other 
nations...It's real, and that's the reason why we have to intensify our 
[counterterrorism] efforts.” 


[Secretary of Defense William Cohen at an April 1997 counterterrorism conference 
sponsored by former Senator Sam Nunn. Quoted from DoD News Briefing, 
Secretary of Defense William S. Cohen, Q&A at the Conference on Terrorism, 
Weapons of Mass Destruction, and U.S. Strategy, University of Georgia, Athens, 
Apr. 28, 1997,]. 


Any technological civilization that has not solved the fundamental "'self-killer" problem of 
the technological species, must and will self-destruct. This follows from simple servo- 
mechanism theory, as we have previously pointed out. The KGB is working on a "solution" 
that is far along: engineer the entire human species quantum potential so that the human 
species can be turned into an "antlike" species, which of course would be the "ideal" 
communist state, in the minds of many Communist party theoreticians. Our guys haven't 
even got started on engineering the quantum potential yet. They have not yet even 
discovered the big ball park, let alone the big ball game. 


Anyway, that is just some comments for your personal information. What really is 
happening in the "hidden weapons" area and "hidden weapons science area" is already so 
advanced in some quarters that science fiction pales by comparison. The real question is 
whether we shall survive very much longer, and whether we shall mature rapidly enough to 
begin to use these technologies for the benefit of humanity, rather than for its destruction. 


Sincerely, 
Tom Bearden 


Additional Comments from Tom dated 9 July, 2001 
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Figure 11. A simplified diagram of the improved Flanagan neurophane 


ify the device takes comple signal, such asthe sound of an orchestra playing sical, and eletically process 
itax shown in the igre, Fit he sgl posed itu section tt clis everything ino u series f squire waves, remarkably 
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Special contact elactodes ne of which is aoemall placed onthe forehead wile the oer may be pace alos anywhere 
including onthe foot. Nowhere ae any sound Waves iauoduced to the head, 


‘The squre-wane clipper section rues the comple signal, their overtones and tet complex mulation to square waves 
retaining the emoral content of the wave mia but noth wavtsthenmelves, The fist nd second diferent heighten o iter 
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wave vocab, to monitor and ead the BEGG af stoke vita sin and help stoke victims who ave lst thelr powers of 
speech to communicate. 


‘Wile al such developments can obviously be misused, thee potential or assistance to mankind is enormous. Indeed, my own 
premise tht bai nage posible and canbe wed o advance all mankind vo the sith stage of species evolution is slowly being 
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‘he Ewald Briefing details the basic concept ofthe theory involved in byperspace-viewal sate engineering, and thus in the 
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SOVIET “WOODPECKER” SIGNALS 


‘Bt, I have sd ll his can be used fo the detsiment of mankind as well as fr its benefit, Unfortunately, it peas that the 
Soviet Union has choten to weaponize the effects ona global scale. A prime example isthe wonnpecke” signal emanating om 
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‘These complex woodpecker signals appear to orzinate from 140 a thee dozen poweeul Soviet wars, each witha power 
ceimated as bigh a 40 megawatts (igure 1), 
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Figure 12. The Soviet "woodpecker" signals, 


‘The pioneering experimental measurements of hese signals by De: Robot Beck td Willm Biss have shown just how: deadly 
peal nay be posse by the signals. These measurements have bee performed in Eugene and Patan, Oregon: Los 
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sted modulation pater, de posiuoe kindling (leeuon squcichig) pater canbe impressed. 8) beaming hugh te eat with 
2 cially polarized signal or wih oter complex mulation fos). beam witha stone newnic component, which wil 
Sapte electrons and which wil neract with peat preference for rg voltages cr tong magnet ks canbe dete a 
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Subnarines and and complexes saceed in ung missiles before eng dialed these missles can be elocticlly ddd und 
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LASER WEAPON SYSTEMS 


Lockheed Martin has specialized in laser weapon system development for 40 
years, with advancements in areas such as precision pointing and control, line- 


of-sight stabi 


ization and adaptive optics — essential functions in harnessing and 


directing the power of a laser beam — and in compact, robust, spectrally beam- 
combined fiber laser devices that provide unmatched performance. 


Lockheed Martin's directed energy 
(DE) laser program draws upon our 
proven expertise across a broad range 
of capabilities, as well as our spirit of 
innovation. Our experience includes 

+ The beam-control/fire-control 
system for a megawatt-class laser 
that destroyed a ballistic missile in 
flight 
High-power spectrally beam- 
combined fiber lasers that provide 
the most efficient conversion of 
platform prime power into lethal 
power on target 


Unique SWIR component 
capabilities that significantly extend 
the ISR (intelligence, surveillance, 
and reconnaissance) range of the 
DE laser system 

Widespread weapons-system and 
platform integration experience 
across all DoD services 


REVOLUTIONARY TECHNOLOGY 


Laser weapons are a revolutionary 
technology because of the advantages 
of speed, flexibility, precision and low 
cost per engagement that are only 
possible with lasers. 

These advantages apply to stand-alone 
DE laser systems as well as to weapon 
systems that combine DE and kinetic 
energy capabilities. In these cases, DE 
operates as a force multiplier, enabling 
the warfighter to counter a growing 
range of emerging threats. 


DE weapons are characterized by: 

+ Very deep magazine 

+ Extremely low cost per engagement 

+ Speed of light delivery 
These strengths mean that they are 
well-suited to countering large numbers 
of inexpensive, highly maneuverable 
threats that might otherwise exhaust 
the magazines of our current defensive 
kinetic energy (KE) weapons. By using DE 
and KE weapons together, the warfighter 
will be able to neutralize emerging 
swarming threats while reserving our 
most capable kinetic weapons to defend 
against our adversaries’ largest and 
most hardened threats. DE weapon 
systems support multi-mission scenarios, 
and can be readily augmented by 
communications functions, as well as 
unprecedented intelligence, surveillance 
and reconnaissance range, and precision, 


In addition, Lockheed Martin's directed 
energy weapons bring some important 
and unique advantages to the wartighter: 
+ Arobust and highly-maintainable 
laser architecture that is designed 
to minimize life-cycle cost and to 
maximize up-time 


* Output laser power that can be 
rapidly adjusted between low 
and maximum power to support 
disrupt, disable, and destroy 
capabilities 


* Highly parallel laser architecture 
that supports graceful 
degradation by eliminating almost 
all single points of failure 


* Highest system efficiency 
demonstrated in any DE laser 
system; minimizing size weight 
and power requirements for 
DE platforms such as Army and 
Marine Corps ground vehicles, 
Navy DDG and LCS ships, and 
SOCOM AC-130 


* Highest lethality laser to minimize 
‘engagement time 


LOCKHEED MARTIN IS ADVANCING AND DEMONSTRATING 
A RANGE OF LASER WEAPON SYSTEM TECHNOLOGIES: 


ADAM (Area Defense 
Anti-Munitions) 


‘Autonomous operations for rocket 
threats; accepts external sensor cue when 
required; capable of continuous operation 
Successfully engaged constrained and 
free-flying rockets, an unmanned aircraft 
systems (UAS) target in flight, and a small 
boat 

Affordable commercial-off-the-shelf 
(COTS) based system with very low cost- 
per-kill; deep magazine; scalable precision 
effects 

Capable of close-in defense (1-4 km) 


ALADIN (Accelerated Laser 
Demonstration Initiative) 


30-kilowatt laser made by combining 
many fiber lasers into a single, near- 
perfect-quality beam of light 

Uses approximately 50 percent less 
electricity than alternative solid-state 
laser technologies 

Spectral Beam Combining sends beams 
from multiple fiber laser modules, 
each with a unique wavelength, 

into a combiner that forms a single, 
powerful, high-quality beam 


ATHENA (Advanced Test 
High Energy Asset) 


Represents highest power level 
documented by a laser weapon system 
of this type, while retaining excellent 
beam quality and electrical efficiency 
First field testing of an integrated 
30-kilowatt single-mode fiber laser 
weapon system prototype 

Uses the proven high-energy laser 
weapon system architecture from our 
ADAM system, and incorporates the 
30-kilowatt ALADIN laser 


ABC Turret (Aero-adaptive 
Aero-optic Beam Control) 


Prototype turret with the ability to fire 
in any direction mounted on tactical 
aircraft 

First turret to demonstrate a 360- 
degree field of regard for laser weapon 
systems on an aircraft flying near the 
speed of sound 

Validated performance with nearly 60 
flight tests conducted in 2014 and 2015 
Using a business jet as a low-cost flying 
test bed 


RELI (Robust Electric Laser Initiative) 
for Army HELMTT (High Energy Laser 
Mobile Test Truck) Demonstrator 


‘+ Modular 60-kW laser in development for 
the U.S. Army 

+ Proven affordable weapon architecture 
that supports size, weight and power 
constraints for air, ea and land platforms 

+ Scalable design combines multiple 
kilowatt lasers to attain various weapon 
power levels 

+ Modularity results in a reliable and low 
maintenance laser system that minimizes 
single points of failure 


WE'RE ENGINEERING A 
BETTER TOMORROW 


Lockheed Martin Corporation 

Rotary and Mission Systems 

300 M Street, SE 

Washington, D.C, 20003, 
www.lockheedmartin.com/laserweapons 


(© 2016 Lockheed Martin Corporation 
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Axial Vircator for Electronic Warfare Applications 
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Abstract. This paper deals with a high power microwave 
generator with virtual cathode ~ vircator in axial release 
for electronic warfare applications. The classification of 
directed energy weapons microwave (DEWM) is intro- 
duced together with basic block diagrams of a particular 
class of DEWM. In the paper, methods for designing virca- 
tor pulsed power supply, axial vireator structure, meas- 
urement methods and experimental results are presented. 
The vircator in electromagnetic ammunition is powered by 
‘magneto-cumulative generator and in weapons for defense 
of objects (WDO), it is powered by Marx generator. The 
possible applications of a vircator in the DEWM area are 
discussed. 


Keywords 


Electronic warfare, directed energy weapons micro- 
wave, high power microwave, magneto-cumulative 
generator, Marx generator, pulse forming line, virea~ 
tor. 


1. Introduction 


Electronic warfare (EW) is defined as the art and sei- 
cence of preserving the use of the electromagnetic spectrum 
for friendly use while denying its use to the enemy. Elec- 
tromagnetic spectrum is, of course, reaching from DC to 
light (and beyond). Thus, electronic warfare covers the full 
radio frequency spectrum, the infrared spectrum, the opti- 
cal spectrum, and the ultraviolet spectrum. 


Electronic warfare has classically been divided into: 


‘+ Electronic warfare support (ES), which includes the 
receiving part of EW. 


+ Electronic attack (EA), which includes jamming, 
chaff, flares used to interfere with the operation of ra- 
dars, military communication, and head-seeking wea- 
pons. Over the last years, EA also includes antiradia- 
tion weapons (ARW) and directed energy weapons 
(DEW), 


‘+ Electronic protection (EP), which is directed into de- 
ign ot operation of radars or communication 
tems to counter the effect EA. 
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‘A detailed classification of EW can be found in [1] 


‘Today the directed energy weapons (DEW) are sig- 
nificant in terms of the electronic attack (EA). Consider- 
able financial resources are directed especially to the re- 
search of DEW working in microwave band (directed en- 
ergy weapons microwave ~ DEWM), which derive their 
benefits from incidence of electromagnetic pulses (EMP) 
on electronic devices. The EMP effect was first observed 
during the early testing of high altitude airburst nuclear 
weapons [2]. The effect is characterized by production of 
avery short (hundreds of nanoseconds) but intense elec- 
tromagnetic pulse, which propagates away from its source 
with ever diminishing intensity, governed by the theory of 
electromagnetism. The EMP is in effect an electromagnetic 
shock wave. This pulse of energy produces a powerful 
electromagnetic field, particularly within the vicinity of the 
weapon burst. The field can be sufficiently strong to pro- 
duce short lived transient voltages of hundreds of volts to 
Kilovolts on exposed electrical conductors, such as wires or 
conductive tracks on printed circuit boards, 


At present, a high intensity EMP can be successfully 
generate without using nuclear weapons. This fact is very 
significant especially for applications in the EW area. It is 
this aspect of the EMP effect which is of military signifi- 
cance, as it can result in irreversible damage to a wide 
range of electrical and electronic equipment, particularly 
computers and radio or radar receivers. Depending on the 
electromagnetic hardness of the electronics (a measure of 
the equipment’s resilience to this effect) and the intensity of 
the field produced by the weapon, the equipment can be 
irreversibly damaged or even electrically destroyed. The 
damage inflicted is not unlike the damage experienced by 
exposure to close proximity lightning strikes, and may 
require complete replacement of the equipment, or at least 
substantial portions of it [3], [4] 


2. Directed Energy Weapons Micro- 
wave 


Directed energy weapons microwave (DEWM) gen- 
erate very high-powered electromagnetic impulse (EMP) in 
the microwave band. From the generated signal bandwidth 
point of view, there are two classes of generators for the 
design and construction of DEWM in order to produce 
electromagnetic field with sufficient power: 
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‘+ Narrowband — very similar to the radar transmitters; 
usually generate a modulated harmonic signal, ‘This 
class is called the high power microwave (HPM), 


‘+ Ultra-wideband (UWB) — generates high power vide- 
signal illuminated by a broadband antenna. 


‘The application of directed energy weapons microwave 
(DEWM) determines their design. There are two groups of 
directed energy weapons microwave: 


‘© Single shot DEWM, 
‘© Repetitive pulsed power systems. 


The electromagnetic weapon modes closely relate to 
the mission of these weapons. Electromagnetic ammunition 
usually uses single shot DEWM while weapons for defense 
of objects (WDO) usually use repetitive pulsed power 
systems. The typical pulse repetition frequency of DEWM 
is nearly one thousand pulses per seconds. Recently, there 
hhas been a trend of increase in the pulse repetition fre- 
quency beyond tens of thousands pulses per seconds. The 
actual DEWM construction depends on the concrete sup- 
posed combat use, on the requited measure, range and so 
on. The following text will be dedicated to experimental 
verification of some technology usable in narrowband 
DEWM or HPM. Questions regarding classification, con- 
struction and possible use of generators for DEWM are 
answered in more detail in (4), [5] and [6] 


2.1 Basic Block Diagram of DEWM 


HPM design depends on the specific assumed applica- 
tion of DEWM. There are difference approaches to the 
design and realization of electromagnetic ammunition and 
to the design and realization of weapons for defense of 
objects (WDO). These differences mostly affect the choice 
of the power sources and the construction of modulators, In 
electromagnetic ammunition, a highly limiting factor is the 
demand for low weight and small proportions. This fact 
also sharply limits the choice of the power microwave tube. 


Electromagnetic ammunition usually uses single shot 
DEWM. The single shot high-energy high-voltage pulsed 
source has to fulfill hard requirements on the high amount 
of the delivered energy with respect to the source volume 
[Mi/m']. The best solution of this requirement is 
amagneto-cumulative generator that reaches up to 
8000 Mim’. A block diagram of a HPM generator in elec- 
tromagnetic ammunition is shown in Fig. 1 


Primary | meg | pen [HPMET Taye 
Fig. Block diagram of a HPM generator in electromagnetic 


In the block diagram, the primary source feeds the 
stator coil of a magneto-cumulative generator (MCG), 
which creates a powerful magnetic field in the surrounding 


fittings filled with an explosive. At the moment of achiev- 
ing the primary current peak value, the explosive is shoot- 
‘The explosion causes expansion of fitting that per- 
forms compression of the magnetic field inside the stator 
coil of MCG. Compression of magnetic field causes dra- 
matic growth of the current flowing through MCG (hun- 
dreds of kiloamperes). The MCG output is connected to 
apulse forming network that provides transformation of 
heavy current to an impulse high voltage (hundreds of 
kilovolts), which feeds a high power microwave electron 
tube (HPM ET). The generated microwave is emitted 
through antenna (ANT) to the space. 


A block diagram of a HPM generator in weapons for 
defense of objects (WDO) is shown in Fig, 2 
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FFig.2, The block diagram of HPM generator in Weapons for 


Defense of Objects (WDO) 

In weapons for defense of objects (WDO), the HPM 
generator works similarly as the HPM generator in elec- 
tromagnetic ammunition. Since WDOs usually generate 
power microwave pulses repetitively, a modulator with this 
capability has to be used instead of MCG. Modulators with 
Marx capacitor banks, Tesla transformers or transductors 
with fast opening switches are used most often. In this class 
of DEWM, other types of high power microwave electron 
tubes (HPM ET) are also used, They may generate micro- 
wave pulses with high pulse repetition frequency. 


3, Energy Sources for Directed Energy 
Weapons Microwave 


‘The electromagnetic pulse sources for DEWM are en- 
tirely based on energy acquired from the chemical energy 
of explosion that compresses the magnetic flux made by 
coil (MCG) or by discharging a capacitor bank. These two 
possibilities are the best solutions for generation of pulses 
with sufficient amount of energy in a short time. Other 
methods were used to generate pulses in the beginning of 
DEWM research or in laboratory. 


3.1 Helical Magneto-Cumulative Generator 


MCGs ate entirely based on the energy acquired from 
chemical energy of explosion that compresses: magnetic 
flux made by coil. MCG physical principles, classification 
and applications are described in more detail in [7]. The 
main part of research was focused on the possibility of 
using a magneto-cumulative generator for electromagnetic 
ammunition power supply. For that reason, 4 versions of 
low power MCGs were designed, realized and tested in 
order to verify their characteristics, construction principle, 
explosive initialization method and verifying a measure- 
ment method, 


20 L.DRAZAN, R. VRANA, AXIAL VIRCATOR FOR ELECTRONIC WARFARE APPLICATIONS 


The tested magneto-cumulative generator in Fig. 3 
consists of an aluminous cylindrical stator, inside is 
16 screw helical coil from 2 mm copper wire, a copper 
armature tube with 38 mm outer diameter and 4 mm wall 
thickness filed by octogen (explosive). The explosive is 
electrically initiated. The load coil represented by a copper 
strip in shape of a loop connects the stator with the arma- 
ture. In the right side of stator, there is a crowbar switch 
made of a brass plate to perform disconnecting of the pri- 
mary current source. An insulator circle is responsible for 
Separation of the stator and the armature 


Fig. 3. Low power MCG. 


Low power magneto-cumulative generator characteristics: 


C)=190 nF primary capacitor capacity 
Uy = 800V = voltage of capacitor 
Lg=13.1 tH ~stator coil inductance 

R =0.01752 — ~ stator coil resistance 


Ty =3.13 x 10s ~ primary current period 
In = 2750. 
Ty =T3 ys 


~ maximum primary current 
— explosive initiation delay 


Fig. 4 presents the low power magneto-cumulative 
generator output current time history calculated from the 
Voltage measured by Rogowski coil. The primary current 
Jq=2750 A gives the generator peak output current 
Jng=27 KA. The detailed test description and measured 

[8}, (9}, [10] and [11]. The purpose 


results can be found in 
of the mentioned tests was: 


‘+ Verify the method of generating a high energy pulse 
by magnetic flux compression using explosive, 


‘© Solve the primary current magneto-cumulative gen- 
erator power supply: 


‘+ Find the peak primary current and an explosive initia- 
tion synchronization method; 


‘+ Find a high current measurement method, 
All the requirements were met. 


To use a magneto-cumulative generator for single 


pa caret a 


ves nt 


Fig. 4. Low povver magneto-cumulative genersor output cur 
rent time history 


shot high power high voltage pulse generator, it is neces- 
sary to obtain a high-level output current, Because of that 
reason, a middle power MCG was designed and realized. It 
is a two-stage helical magneto-cumulative generator using 
a dynamic transformer to increase the output voltage. In 
5, there is a schematic plot of the generator’s first 
stage. The magneto-cumulative generator power supply 
primary current, the initiation of the explosive and the 
output high current measure was analogical to the low 
power magneto-cumulative generator described above. 


2 


1 — First stage coil, 2 — Load coil, 3— Armature 
with explosive, 4 — Insulator 


Fig.5. Schematic drawing of frst stage of middle power 
MCG. 


Fig. 6 shows a photo of the middle power magneto- 
cumulative generator’s first stage prepared to the test 


Magneto-cumulative generator characteristics: 
25 uF 
5000 V 


— primary capacitor capacity 


— voltage of capacitor 


inductance 


~ primary current period 


~ maximum primary current value 


~ load inductance 


L, =300nH 
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Fig. 6. 


PFLs may be constructed in a variety of shapes (strip, co- 
axial, radial, etc.) they are typically used in only two types 
of circuits— the simple transmission line, and the double, 
or Blumlein fine. In contrast to the simple transmission 
line, an alternate circuit invented by A. D. Blumlein is 
capable of producing an output pulse into a matched load 
that equals the charge voltage. A cylindrical version of the 
Blumlein circuit fabricated by our team is represented in 
Fig. 8. It consists of three coaxial eylinders with the inter- 
mediate cylinder being charged by the Marx generator. The 
Marx generator is shown in Fig. 9. The center cylinder is 
connected to the outer grounded cylinder by an inductor. 
Ideally the inductor acts as a short during the charge cycle, 
and then as an open for the short duration of the output 
pulse [13]. Pulsed power supply parameters are shown in 
Tab. 1 


ae | 
ae ee 
\ See i 
4 Tapat volinge Pulse duration [60 ns 
. | eS Wasp aati Poe 


wees ne 


Fig. 7. Middle power magneto-cumulaive generator output 


current time history 

In Fig. 7, the generator output current time history 
measured during test is shown, ‘The primary current 
Jq=2650A gave the generator peak output current 
Tou = 350 KA. 


‘The next step in the magneto-cumulative generator re- 
search is the implementation and verification of a dynamic 
transformer. The dynamic transformer’s role is an increase 
of the output voltage to about 70 kV. Magneto-cumulative 
generator’s second stage supplies a load coil through an 
electric breaker. The beaker interrupts the current in the 
load circuit in a very short time to enable transfer of the 
energy from the magnetic field to the high voltage pulse. 
‘These activities will be done in the next step of the research 
and development, The further trends are described in [12]. 


3.2 Pulsed Power Supply With Capacitive 
Storage of Energy 


For some pulse applications in weapons for defense of 
objects (WDO), itis desirable to couple the Marx generator 
directly to the vacuum diode; however, the pulse rise time 
is then limited by the Marx inductance and capacitance, 
and the impedance of the generator is greater than typically 
several tens of ohms. In order to produce shor, fast-rising, 
low-impedance beam outputs, it is customary to use the 
Marx to charge a pulse-forming line (PFL). Although the 


Tab, 1. Pulsed power supply parameters. 


Fig. 8. Cylindrical version ofthe Blumlein circuit 


Fig. 9. Marx generator. 


4, High Power Microwave Generator 


‘A wide range of HPM devices exists. Relativistic kly- 
strons, magnetrons, slow wave devices, reflex triodes and 
{rcators are all examples of the available technology 
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base [5]. From the perspective of an electromagnetic wea- 
pon or warhead designer, the device of choice will be the 
vircator at this time. The vireator is mainly a one shot de- 
vice capable of producing a very powerful single pulse of 
radiation, yet it is mechanically simple, small and robust, 
and can operate over a relatively broad band of microwave 
frequencies. The physics of the vircator tube are substan- 
tially more complex than those of the preceding devices. 
‘The fundamental idea behind the vircator is that of acceler- 
ating a high current electron beam against a foil or a grid 
anode. Many electrons will pass through the anode, form- 
ing a bubble of space charge behind the anode. Under the 
proper conditions, this space charge region will oscillate at 
microwave frequencies. If the space charge region is placed 
in a resonant cavity which is appropriately tuned, very high 
peak powers may be achieved. Conventional microwave 
‘engineering techniques may then be used to extract the 
microwave power from the resonant cavity. Because the 
frequency of oscillation is dependent upon the electron 
beam parameters, vircators may be tuned or chirped in 
frequency, where the microwave cavity will support appro- 
priate modes. Power levels achieved in vircator experi- 
ments range from 170kW to 40GW over frequencies 
spanning the decimeter and centimeter bands [5] 


4.1 Vircator Operation Fundamentals 


‘The basic idea of the vircator is to accelerate a dense 
flush of an electron beam against a grid or a foil anode, 

Plenty of electrons pass through the anode and form 
a region of a space charge behind the anode called “virtual 
cathode". This region of a space charge at corresponding 
conditions can oscillate in a region of microwave frequen- 
cies. It is possible to tune the vircator in a broad band of 
frequencies using only a change of a space charge density. 

‘There is no necessity to have an external magnetic field for 
a correct vircator function. In Fig. 10, an axial vircator is 
shown. Electron beam passes through the foil or the grid 
anode. Microwave power is brought out axially, too. Fre 

‘quency changes appear in vircator with standard geometry 
when the distance between the anode and the cathode gets 
smaller due to filling the working space by plasma. Effi- 
ciency of a standard geometry vircator is ordinarily about 
‘ones percent. 


Insulocor 


Window 


Cathode Virtual cathode 


Fig. 10, Schematic drawing of axial vircator. 


Despite its low efficiency, vircator is very attractive 
for army applications because it is very simple to be made, 


it is a compact device and there it is no need to have an 
external magnetic field, For more information about con- 
struction and properties of various types of vireators you 
can see e. g. [5], [13] and [14] 


4.2. Mathematical Description of Vircator 
Operation 


For microwave frequency generation, it is necessary 
to meet a number of conditions relevant to the power sup- 
ply and geometric proportions of a vireator electrode. De- 
termination of these conditions results from [15] and we 
use simplified geometry displayed in Fig, 11 to derive the 
mathematical characterization, 


‘The most common case is that a pulse duration r is 
much longer than a beam transit time across cavity 
1>> LIC 


We assume that an extemal axial magnetic field ob- 
structs transverse electron motion. The space charge of the 
beam makes a negative potential energy e@ in drift space 
which breaks the electrons. If the space charge potential 
reaches the value of accelerating voltage (clectrons are 
stopped in beam), the beam with bigger current cannot 
expand. There is a value of current which causes stopping 
of electrons. This value is called the vacuum critical cur- 
rent. There has to be the above mentioned critical current to 
make the vircator generate microwave oscillations. 


Hollaw electron beam 


Cathode 


0 L am} 
Fig, 11, Simplified geometry of axial vitcator. 


We suppose a hollow beam; whose charge is concen- 
trated in a thin layer with radius r. Behind the transition 
space (which is comparable to the radius of chamber — 
backward conductor), there is neatly homogenous poten- 
tial, It is possible to determine the potential quantity with 
consideration that it is a coaxial capacitor and its inner 
cylinder is saturated by beam charge. 


Capacity of the coaxial capacitor is given by 


Deng a 


ty, R is the cham- 
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The potential is given by the equati 
potential is given by the equation sy 
og rea) 
The evaluation is written in the form 
where Q is the charge linear density, C is the capacity per @ 
length unit. We can define the charge linear density as Pay et ®) 
mes (13) 
o-t @) \ ] me 


where v is an electron module velocity and the current is 
defined by the equation 


Ieenvs 4 
where ¢ is the charge of an electron, is the linear electron 
density, S is the profile of the electron beam. 

When (1) and (3) are substituted into (2), we can ob- 
tain expression for the potential in the form 
(Rk) 
J 6) 


The electron velocity v is associated with its initial 
energy and potential by the energy preservation law 


mpc ed=m,-y-0 Gy 


yo is the initial relativistic factor of the beam, y is the 
relativistic factor inside a system reduced due to potential 


‘The relativistic factor inside a system can be ex- 
pressed by the equation 


rent, fa) 


where m, is the electron mass and c is the speed of light. 
‘The relativistic factor can also be expressed by 


yo (8) 


[ 
Ve 


The electron velocity in drift space v can be specified 
from following equations: 


(O} 


0) 


Substituting (10) into 
(e-¥)/ (are*), we can get 


(3) and multiplying by 


‘The function F(®) has its peak value under the con- 
ditions describes by 


There is no possibility to find the solution of (11) for 
bigger values of function F(@). According to (13), the cri- 
tical vacuum current is 


2emey-m-e 


When we substitute the known constants (like == 
3.1415), we obtain the equation 


ay 
crea =} (as) 
4) Le 


where /.-is the critical vacuum current [kA]. 


1 «ay 


For vireator implementation, energy of electrons of 
about 500 keV is considered, which corresponds to the 
relativistic factor of 7» = 2. Thus planar diode current lim- 
ited by space charge follows the three-half Child-Langmuir 
law 


(16) 


where U is the voltage between anode and cathode, 5; is the 
surface of cathode, de, is the distance between anode and 
cathode, 


‘An important characteristic of a vacuum planar diode 
is its impedance, which is given by 


Z=136-10°-U ay 


where 7; is the radius of the cathode. 


The vacuum critical current is the maximal current 
that can distribute itself through vacuum. It means it is 
possible to measure the same current until the distance is 
bigger than the diameter of beam. It is just the same value 
when the potential of space charge of electron beam is 
equal to the accelerating voltage. That is the limit where 
the virtual cathode is generated and the vircator starts 
working. The generated frequency depends on the plasma 
frequency of the electron beam. The plasma frequency is 
determined by the electron beam current density. The 
plasma frequency is the frequency of electrons in space 
charge field oscillations. The electrons can oscillate due to 
the influence of repulsive force which takes effect between 
particles with the same charge. The plasma frequency de- 
pends on the concentration of electrons in the beam. The 


ema L.DRAZAN, R. VRANA, AXIAL VIRCATOR FOR ELECTRONIC WARFARE APPLICATIONS 


current density is given by the number of charges which are 
able to pass through the surface of 1m? per one second. 
‘Thus we can calculate the current density i [Am] 


enn -e, ) 


where ¢ is the electron charge, ny is the electron volume 
density and cis the electron velocity 


Plasma frequency of the electron beam is approxi- 
mately given by 


f= 910 i (9) 


4.3 Axial Vircator Design 


Following the theoretical assumptions given above, 
the axial vircator with grid anode was fabricated, The struc- 
ture of the grid anode enables repeated operation in contra- 
distinction to vircator with a foil anode. The cathode di- 
ameter r,=17.5mm and the working chamber radius 
40 mm were chosen in order to decrease the value of 
the vacuum current. The critical vacuum current is 
1., =4.63 kA in this configuration, The vircator impedance 
to the forming line is a very important require- 
ment for vireator’s correct operation. Because of that, 
cathode with a possibility to change the distance di, be- 
tween cathode and anode is fabricated. The cathode is 
made as a cylindrical carbon block. The anode grid is made 
from pyrolitic carbon 


In Fig. 12, there is section picture of the built-up axial 
vircator with the possibility to the change distance between 
anode and cathode. In Fig. 13, there is a view of the fabri- 
cated vircator. The vircator is fed by a pulse generator 
formed by Marx generator and pulse forming line described 
in Section 3.2. The connection between the axial vircator 
and the output of pulse forming line is shown in Fig 14, 
Vireator voltage is measured by a cylindrical capacitive 
probe, which is a part of pulse forming line output circuit 
Vireator current is measured by Rogowski coil placed in 
the outer cylinder of the pulse forming line. Vireator volt- 
age time history is displayed in Fig. 15 and vireator current 
time history is displayed in Fig, 16. 


Compared to other types of microwave tubes, the mi- 
cerowaves generated by an axial vireator cover a relatively 
ide frequency band. In Fig. 17, the frequency spectrum of 
the signals generated by the realized axial vircator is 
shown. The dominant frequencies of the generated micro- 
wave signals are placed in the band of 0.5 to 1.5 GHz. The 
frequency spectrum was acquired on the basis of informa- 
tion measured by a digital oscilloscope Tektronix TDS 
7704B connected to broadband antenna EMCO 3115. For 
the measurement the microwave output power of the virea- 
tor, a measuring device was designed and made, using 


calorimetric method for the power measurement, A detailed 
power sensor description can be found in [18]. A more 
detailed description the of axial vircator research results is 
given in [6], (14), [16] and [17] 


1 cathode contact ring, ? ceramic insulator, 3 anode contact ring, 
°F pipe for vacuum pumping shelter 


Fig. 12, Section picture of built-up axial vircator with possibil- 
ity to change distance between anode and eathode. 


Fig. 13, View of fabricated axial vircator with adjustable dis: 
tance between anode and cathode, 


Fig. 14. View of fabricated axial vireator connected 10 the 
pulse forming line. 
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Fig. 15, Viator current time history. 
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Virestor voltage time history 
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Fig. 17, Frequency spectrum of signals generated by realized 
axial vircator. 


5. Conclusion 


‘The research of directed energy weapons microwave 
validated substantial technology applicable in electro- 
‘magnetic ammunition and in weapons for defense of ob- 
jects (WDO). The axial vireator is the most important com- 
ponent part applicable in both categories of DEWM. Do- 
minant frequencies of the generated microwave signal are 
placed in band of 0.5 to 1.5 GHz. To fulfill the vircator 


minimal proportion requirements to be able to use the vir- 
cator as. a DEWM, it is necessary to shift the vircator do- 
minant frequencies to the 3 GHz band. This requirement 
can be reached by arranging the cathode size efficiently 
and consequentially optimizing the distance between anode 
and cathode. Great attention also has to be paid to increase 
the specific dielectric strength of the output window of the 
axial vircator. 
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30 in the neuromodulation space. We work with companies and institutions of 
all sizes, from early stage starts-ups to large, well-established medical device 
manufacturers. We also work frequently with research laboratories and 
academic groups; our current projects include development and manufacturing 
ofan implantable neurostimulator used for research and recently approved for 
clinical study under a feasibility IDE. 


Capabilities 

Cirtec is ISO 13485 certified and FDA registered. 
Cirtec supports the full product development cycle from 
conceptual development and requirements definition 
through clinical and commercial manufacturing. 


Our engineering teams including mechanical, electrical, and software design 
resources as well as process development, manufacturing, and quality engineering. 
Cirtec has a robust and flexible quality system; start-up companies and 
research groups often choose to work under our quality system rather than 
developing their own. We provide design history file management and document 
control services. We can also perform or contribute to requirements 
documentation, risk management activities, and design verification activities. 
Our manufacturing capabilities relevant to active implantable devices include: 


« Laser welding ¢ Surface treatment 

¢ Resistance welding ¢ Ultrasonic cleaning 

¢ Electrical assembly ¢ Epoxy molding and adhesion 
Laser marking ¢ Silicone molding and adhesion 
¢ Laser ablation ¢ Packaging and labelin 


Manufacturing capabilities are supported by in-house test capabilities. 
These include mechanical testing, hermetic leak testing, bench level and 
automated electrical testing, environmental conditioning, and custom test 
setups such as soak or pressure testing. 


Our manufacturing infrastructure includes multiple ISO class 7 cleanrooms 
and ESD safe handling procedures for all devices. Cirtec provides complete 
supply chain management services, leveraging our extensive Approved Supplier 
List and robust inventory management and material traceability procedures. 


VALUE TO PROPOSING TEAMS: There are six primary areas where 
Cirtec capabilities provide value to proposing teams. 


Hermetic package and barrier design 


development 


Hermatic Leak specification development 
barrier Internal moisture management: Vacuum bake, desiccant handling, 
development | residual gas analysis testing 
Hermetic sealing (welding, brazing) and testing 
Soldering, wire bonding, and die bonding 
Electrical Coil winding 
assembly ESD-safe workspaces 
Lithium battery safe handling procedures 
Bench and automated testing 
Interconnect | Feedthrough design and sourcing 


Hardwired and disconnectable design 


Fabrication and testing 


Encapsulation 


Epoxy, silicone, and parylene encapsulation 


Layered encapsulation design to manage fluid ingress 


In-house design, tooling, molding testin| 


Sterile 
packaging 


Package design 


Pouch and tray packaging and labeling 


Off-the-shelf double sterile tray system 


Sterilization service provider management 


support 


Design control support and design history file maintenance 


GMP manufacturing 


Quality system 


Supply chain management 


Procedures for and support of requirements definition, risk 
management, design verification, and process validation 


Dragon ID 


Primary Contact 
Eugene Malinskiy / eugene@dragonid.com 


Capabilities 

¢ Our staff is very experienced working within the complexities of the 
medical system from observing physicians in the operating room to bringing 
devices through regulatory approval. 

¢ We have engineers with process development and industrial experience, 
including interfacing directly with manufacturers. 

¢ We have software engineers experienced in both hardware and software 
engineering and experience in microcode and embedded systems, end user 
applications, and high performance computing. 

¢ In addition to engineering talent, we staff researchers, designers, and SMEs 
to bring a truly interdisciplinary approach to innovation and design for a 
project. 

¢ We have experience recruiting, establishing, and coordinating relationships 
between global stakeholders for complex projects to maximize accountability 
and efficiency for a product while minimizing bureaucracy required. 

¢ We work with our world--class partners in industries such as industrial 
design, rapid multi--material prototyping, materials selection, and 
manufacturing in order to round out our capabilities for a product. 
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Freedom Photonics LLC 


Primary Contact 


Leif Johansson / leif@freedomphotonics.com 


About 

Founded in 2005 we are privately held Limited Liability Company based in Santa 
Barbara, California with ISO Qualification in process, certification in Q2 2016.We 
develop, manufacture and market complete photonic integrated circuit based 
products (Indium Phosphide, PLC, Si Photonics). 


Our main markets in components, modules and subsystems are for fiber-optic 
communication, free-Space-optical (FSO) communication and infrared sensors and 
illuminators. 


Capabilities 
We offer electronics design, assembly and testing with expertise in photonic design, 
packaging, control electronics, manufacturing and qualification. 


We offer services across development and have a premier R&D compound 
semiconductor facility with lithography (steppers, DUV stepper, EBL), wet and dry 
etching, deposition and characterization capabilities. 


Our Business Model 

Conceptualization, prototyping and development 

Fast R&D turn-around and low cost device fabrication in Nanotech cleanroom facility 
(Freedom Photonics employees) 

¢ Internal multi-project wafer runs 


Volume device production with commercial foundries worldwide 

» Fabrication processes designed for manufacturability 

¢ Access to manufacturability and production capacity, qualified processes 
e Experience in outsourcing volume device manufacturing 

Significant internal capability for assembly, packaging, test 


Capabilities and Facilities I - Photonics Design and Fabrication 

Design 

¢ Commercial and proprietary tools for passive and active PIC modeling, (Lumerical, 
native FDTD/BPM code, mode solvers, mask layout, SOA/active region models, 
Simwindows, SRIM) 


Mask layout 
¢ Proprietary scripting tool, with design rule checker and automated mask plate layout 


Fabrication 
¢ Full wafer process, die pick-and-place, wedge bonder, ball- bonder, auto-cleaver, 
pull-tester, etc. 


Capabilities and Facilities Il - Photonics Production Test 
Photonic device bar level probe 

¢ Chip-on-carrier level (probe card) 

¢ Package; DC, spectral, and data testing 

¢ Burn in - monitored, environmental chambers 


Capabilities & Facilities III - Packaging 

Several in-house systems with laser welding and UV curing capability. 
¢ Custom tooling, TOSA packages, 14 pin butterflies etc. 
¢ ZEMAX commercial optical train design tool 
Capabilities and Facilities IV - Electronics 

¢ Digital and Analog Electronics 

¢ FPGA design and verification tools in house 

« Commercial tools for board layout 

¢ Outside foundry for PCB fabrication and stuffing 

e Electronics workstations for assembly and test 

* Oscilloscopes, sources, multi-meters 


We perform contract fabrication and engage with a number of domestic and 
international fabrication providers, both full process or selected fabrication steps 
are available. 


imec 


IMEC 


Primary Contact 


Barun Dutta / Barundeb.Dutta@imec.be 


Capabilities 
IMEC is interested in making its comprehensive capabilities available for joint- 
research programs for solutions in Life Sciences Technologies, Healthcare and 
Bio-medical engineering, including: 

e Semiconductor/nanotechnology 

e Process technology 

e Design technology and systems/software technologies 


Additional Contacts 
Maarten Willems / Maarten.Willems@imec.be 


Infinite 
Arthroscopy 


Infinite Arthroscopy 


Primary Contact 
Daniel Dudley / d.dudley@infinitearthro.com 


About 

We are exclusively focused on developing new medical technologies with an 
emphasis on translating innovations from other industries to the operating 
theatre. We have experience in the full life cycle of medical device development 
from initial conception to regulatory submission. We have large number of rapid 
prototyping and fabrication techniques available in-house including but not 
limited to software-based design, stereolithography, fused deposition modelling, 
PCB milling, and machining. Our staff includes designers, engineers, health care 
professionals, and subject matter experts from a diversity of industries allowing 
us to leverage a far wider knowledge base than the standard medical device 
company. We maintain a nationwide network of leading physicians and institutional 
partners to develop, refine, and validate our technologies according to 
contemporary healthcare practice and needs. 


Capabilities 

Infinite Arthroscopy also maintains a portfolio of intellectual property derived 
from our medical device technologies that would be available to the NESD 
Industry Group. Two relevant examples are listed below. 


Infinite Arthroscopy, Inc. Proprietary Technologies: 
Novel Light Source 


¢ Miniaturized / Ruggedized 

¢ Low power (sub 1 watt) 

Low heat (to LEDs of comparable lumen-output) 

¢ High lumen output 

* Long Lifetime (50,000+ hours) 

Emits only target wavelength(s) (Capacity to customize to project needs) 
Command/Control Architecture for Medical Devices 

¢ HIPAA/FTC Approved for use in Operating Rooms 

¢ Uninterrupted High-bandwidth capacity 

¢ Transmission below standard RF noise floor 

¢ Encrypted protocol 


Additional Contacts 
Howard Fein / h.fein@infinitearthro.com 


Inscopix 


Primary Contact 


Pushkar Joshi / pushkar@inscopix.com 


Capabilities 

* Neuroscience application development and validation (surgical procedures 
for rodents and non-human primates, application of biological reagents 
within our own life science lab) 

* Optical system development (lens design and simulation, LED light source 
development, prototyping) 

» Hardware system (FPGA-based and/or microcontroller based mixed-signal 
systems especially involving imaging, mechanical packaging) development, 
testing, and prototyping 

» Software (application, image processing, computer vision, analytical) 
development and testing 

* Mechanical accessories development (design, prototyping via 3D printing) 

* With these capabilities, we can customize Inscopix's existing and emerging 
systems and applications, or develop new systems and applications for or 
with other proposers in support of this program. 


Additional Contacts 
Shung Chieh / schieh@inscopix.com 


—O. Manomedical 
} Diagnostics 


Nanomedical Diagnostics 


Primary Contact 
Brett Goldsmith / brgoldsmith@nanomedicaldiagnostics.com 


Capabilities 

¢ Graphene FET sensor array chips appropriate for integration with nearly any 
biochemical or electrochemical interaction 

¢ Current sensor hardware capable of measuring biochemical and bioelectric 
interactions over time with 10 millisecond time resolution, and spatial 
resolution less than 10 microns 

¢ Capability to produce sensor hardware with time resolution approaching one 
microsecond with a spatial resolution less than 2 microns 

e Expertise in combining electronic materials, packaging and assembly with 
active biological materials 

¢ Projected FDA clearance for an in vitro clinical product, and associated 
manufacturing chain, using graphene sensors by mid 2017 

Graphene appropriate for use in medical sensors integrated into an electronic 
or implantable platform of your choosing 

Chemical and biochemical expertise in biochemical attachment and blocking 
techniques specialized for boosting specificity of electronic readout of 
biological interactions 

¢ Acomplete "turnkey" R&D system for using graphene sensor chips 

¢ Hardware and software appropriate for reading graphene biosensors 


Additional Contacts 
Francie Barron / fbarron@nanomedicaldiagnostics.com 


Naval Research Laboratory 


Primary Contact 
Dr. Jas. S. Sanghera / sanghera@nrl.navy.mil 
About 


NRL is the corporate research laboratory for the Navy and Marine Corps and 
conducts a broad program of scientific research, technology and advanced 
development. 


The Optical Materials and Devices Branch has five primary areas: high purity 
chemicals, specialty optical materials, silica fiber technology, optical devices and 
advanced concepts. 

Capabilities 

We have expertise in the research, development and fabrication of glasses, glass- 
ceramics, ceramics, crystals, bulk optics, films, waveguides and optical fibers. 


We offer a full suite of capabilities to make transparent ceramics to solve the 
ceramic packaging needs of NESD, some key properties: 

¢ UV to RF transparency tailoring 

Tougher, stronger, harder than glass 

¢ Electrically inert 

¢ Demonstrated conformal shapes 

¢ Demonstrated bonding technologies 

¢ Vertical integration 


Our facilities include class 100 clean rooms, powder processing equipment, 
sintering systems, and characterization capabilities (XRD, SEM, TEM, optics labs, 
mechanical testing). 

Some of our prior applications include: Conformal Optics, IR simulators, photonic 
mast design, flexible PV’s, IRCM, and Directed Energy Weapons. 

Additional Contacts 

Shyam Bayya / shyam.bayya@nrl.navy.mil 


Star Lab 


Primary Contact 


Adam Fraser / adam.fraser@starlab.io 


About 

Star Lab is a high-tech small business focused on complex systems security 
research and development, with significant expertise and a pedigree of success 
developing security technologies for safety-critical and mission-critical systems. 
The company specializes in the areas of high-assurance operating systems, 
technology protection, applied cryptography, and anti-tamper, and is also aleader 
in kernel /hypervisor/embedded software development. Star Lab has offices in 
Washington D.C. and Huntsville, AL. 


Additional Contacts 
Irby Thompson / irby@starlab.io 


QUALCOMM 


Qualcomm 

Primary Contact 

Karim Arabi / karabi@qti.qualcom.com 
Capabilities 


e Experience in building an end-to-end platform as a reference design for 
interface with brain 

e Experience in driving an industry wide standard effort to 
standardize a communication medium and protocol for brain interface 

e Advanced low power wireless solutions, RF interface, MODEM system 
solutions and related electronics for brain interface 

e Advanced wireless charging and powering solutions for brain implants 

¢ Ultra low power electronic design solutions at advanced technology nodes 
suitable for brain implants to enable always on monitoring and processing 

¢ Ultra low power DSP solutions, stream data processing and data 
compression and decompression solutions 


Additional Contacts 
Rudy Beraha / rberaha@ati.qualcomm.com 
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Mind-Reading 

History 

Probably no more “intrusive and persistent” method of obtaining information 
about a person exists than reading their mind.{ Research on mind-reading has 
been vigorously pursued by US government agencies and various academic 
centers since the 1970s, and continues to this day. 


Since 1973 DARPA has been studying mind-reading with EEG hooked to 
computers, using scientists at the University of Illinois, UCLA, Stanford 
Research Institute, Massachusetts Institute of Technology, and the University 
of Rochester. 


They developed a system that could determine how a person perceived 
colors or shapes and were working on methods to detect daydreaming, 
fatigue, and other brain states. Although the device had to be calibrated for 
each person's brain by having them think a series of specific thoughts, the 
calibration was quick. 


In 1974 another very basic mind-reading machine was created by researchers 
at Stanford Research Institute. It used an EEG hooked to a computer which 
allowed a dot to be moved across a computer screen using thought alone. 
When interpreting people's brainwaves, it was right about 60% of the time. 
During these tests scientists discovered that brain patterns are like 
fingerprints, each person has their own. So, each computer would have to be 
calibrated for a specific person. 


Another method to address this issue was to store a large amount of generic 
patterns on the computer, so when it encountered a brain pattern it didn’t 
recognized, it used one that most resembled it. Since then, DARPA has 
sponsored Brain-Computer Interface (BCI) and mind-reading programs at 
Duke University, MIT, University of Florida, and New York State University, 
Brooklyn. 


‘The Human Computer Interaction group at Tufts University has studied mind- 
reading funded by grants from a government research and education agency 
known as the National Science Foundation (NSF). Carnegie Mellon University, 
Stanford University, and the MIT Sloan School of Management have studied 
mind-reading. The Computer Laboratory at the University of Cambridge in 
England has developed mind-reading machines based on facial expressions. 


Other academic institutions that have participated in mind-reading projects 
include the University of California, Berkeley, University of Maryland, and 
Princeton University in New Jersey. Microsoft has studied mind-reading using 
EEG to better accommodate its users. Emotiv Systems built a mind-reading 
gaming device which uses EEG to infer the mental states of video game 


ding. him 


volutionary Methods for Political Control 


Main Menu 


Home 
Read New World War Online 
Articles 


Solutions 


Biography 
Download my books for ire= 


Updates 
Update: January 20, 2018 
‘A freemasonic death threat....ore 


Important Updates 
All Previous Updates 


Donations 


Your Donations Are Appreciated 


Available Books 


POF, Kindle, & ePub editions of my books 
can be downloaded for free, or purchased 
on Amazon & LuLu. 


1: Mind-Reading 


players. Honda Motors and Advanced Telecommunications Research Institute 
International (ATR) have studied mind-reading. 


Neuroimaging Devices PLANETARY 
Scientists discovered that the neural code of the human brain is similar to 


the digital code of a computer. To some extent, they have deciphered this SABOTAGE 


code. Prior to this, they assumed that it was necessary to identify the 
neurons associated with specific acts, which would have made mind-reading & 


much more difficult. HUMAN 
9 EXTERMINATION 


‘They now understand that it's not necessary to monitor billions of neurans to 
determine which are connected to a particular thought or act. Only a small 
number of them need to be monitored to accomplish this. To monitor these 
neurons researchers use neuroimaging devices. They include event-related 
‘optical signal (EROS), functional magnetic resonance imaging (fMRI), 
electroencephalography (EEG), functional near-infrared imaging (fNIR), 
magnetoencephalography (MEG), and positron emission tomography (PET). 
‘These devices may be combined for a more accurate reading. 


There are basically two types of measurements, direct methods and indirect 
methods. Direct methods measure changes in electromagnetic fields and 

currents around the brain which are emitted from the surface of the scalp, 

or they monitor the neurons themselves. Indirect methods measure Pea 
hemodynamic (blood movement) changes of hemoglobin in specific tissue Revolutionary Methods 
compartments. For 


Political Control 


Both of these methods are almost simultaneous with neuronal activity. 
Regarding sensors, there are invasive ones which must be implanted, and 
non-invasive ones which can be worn on the scalp, in the form of a 
headband, 


Electroencephalography (EEG) provides a direct method for determining 
brain states and processes by measuring the electrical activity on the scalp 
produced by the firing of neurons in the brain. EEG has been around for over 
100 years. EEG is commonly used in neuroscience, cognitive science, and 
cognitive psychology. It is inexpensive, silent, non-invasive, portable, and 
tolerates movement. 


Wireless EEG which uses non-invasive sensors that have physical contact with 
the scalp can transmit the signals to a remote machine for deciphering. 
Although, in 1976 the Los Angeles Times reported that DARPA was working an 
an EEG to detect brain activity several feet from a person's head, which was 
to be completed in the 1980s, EEG normally produces only a general 
Indicator of brain activity. 


However, in 2008 Discovery News reported that a company called Emotiv 
Systems developed an algorithm that decades the cortex, providing a more 
accurate measurement, “We can calibrate the algorithm across a wide range 
of technologies with the same resolution you would get from placing an 
invasive chip inside the head,” said Tan Le, president of Emotiv Systems. 


Functional magnetic resonance imaging (FMRI) measures the blood flow in the 
brain in response to neural activity. Active neurons use oxygen, which is 
brought to them by blood. The more active a region of the brain is the more 


1: Mind-Reading 
blood flows in the area. This movement of blood is referred to as 
hemodynamic activity. FMRI can detect which areas are receiving blood, 
which indicates that they're processing information. 


‘The fMRI provides an indirect measurement of brain processes. It is the most 
‘common method of neuroimaging, and can produce 2 and 3-dimensional 
Images. It is non-invasive, and can record signals from all brain regions, 
Unlike EEG which focuses on the surface only. 


Functional near-infrared imaging (fNIR) provides an indirect measurement of 
brain activity by detecting hemodynamic changes in the cortex. Although it is 
based on different principles, in that it uses light, it functions in the same 
manner as fMRI. FNIR can provide an almost continuous display of these 
changes in the cortex. It is inexpensive, non-invasive, and portable. A 
wireless headband with sensors exists for this device. 


Event-related optical signal (EROS) is a brain-scanning device that focuses 
near-infrared light into the cerebral cortex to detect the density of neurons 
indicated by the transparency of brain tissue. Because it can only detect 
these changes a few centimeters deep, it can only image the cerebral 


cortex. Unlike fNIR, which is an optical method for measuring blood flow, How The Medical System 
‘And Public Schools 


EROS detects the intensity of neurons themselves and provides a direct 
Are Killing Your Children 


measurement of brain activity. It is very accurate, portable, inexpensive, 
and non-invasive. A wireless headband with sensors exists for this device. 


Capabilities 

Mind-reading can be accomplished by first having a computer learn which 
brain patterns are associated with specific thoughts, then store the decoded 
information in a database. This machine learning is accomplished using a 


type of artificial intelligence (Al) called an algorithm. A very basic algorithm 
is a spell checker, which uses a database of common mistakes associated 


with a particular sequence of letters to present suggestions to a user. New World War: Revolutionary 
Methods for Political Control 


“The new realization is that every thought is associated with a pattern of 
brain activity,” proclaimed neuroscientist John Dylan Haynes, in Newsweek —_pegication & Thanks 
International on February 4, 2008. “And,” says Haynes, “you can train a 

‘computer to recognize the pattern associated with a particular thought.” Peer Review & Thanks 


In a January 2000 issue of US News and World Report, Lockheed Martin D=atlon, 


euroengineer Dr. John Norseen announced, “Just like you can find one 
person in a million through fingerprints ... you can find one thought in a 
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million." This can be accomplished using Al and HCl, or what Dr. Norseen 


Overview 


calls biofusion. 
Introduction 


‘The decoded brain signals can be stored in a database. Then when someone evolution in Warfare 

is scanned, the computer detects the pattern and matches the signals tothe). Wars 

database of known meanings. But it's not necessary to scan a brain to decode 

its signals for every single thought, such as a picture. Dictatorship Creation 
‘The Groups Facilitating the Revolution 


Instead, after the machine has learned how to decipher patterns associated 
‘Their Goal is Neo-Feudalism 


with specific thoughts such as images, more images can be added to the 
program and the computer can use the process it used for the other images Pablem-Reaction-Solution 
as a model to somewhat accurately detect additional thoughts. Volume | Commentary 
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1: Mind Reading 
Both words and images can be detected using mind-reading devices with Volume ll: The New War 
varying degrees of accuracy. This can occur for words and images being 

viewed by a person on an external display, such as a book, or words and ‘Ie New War 

images just being thought of with no external stimuli ‘The New Enem 


“It is possible to read someone's mind by remotely measuring their brain ‘illatives to Remove Civil Liberties 


activity,” announced New Scientist in their Mind-Reading Machine Knows _Thie Investigation 


What You See article of April of 2005. The Computational Neuroscience surveillance Technology and Methods 
Laboratories at the Advanced Telecommunications Research Institute 


International (ATR) in Kyoto Japan, and Princeton University in New Jersey, 
proved that by monitoring the visual cortex with fMRI they could determine Yolume {| Commentar 
which basic objects (sets of lines) a person was looking at. 


‘Mind-Reading 


Volume Ill: Weapons of The New War 


When the objects were combined, they could even determine which one was 
being focused on. According to the scientists, it may be possible not only to _‘(A¥sduction to Nonlethal Weapons 


view but also to record and replay these images. They announced that the Psychological Operations 
technology could be used to figure out dreams and other secrets in people's. ovuction to Directed theray Weapons 
rroduction to Directed-Enerey Weap. 


minds. 
High-Powered Microwaves 


Vanderbilt University in Nashville has conducted simple mind-reading tests iah- Powered Lasers 
Using an fMRI/Computer, which learned what basic images a group of test 


subjects was looking at. They were able to predict with 50% accuracy which 
objects the test subjects were thinking of when they were asked only to Spmbuler Network Operations 


Sonic Weapons 


remember what they had seen, without being shown the images. Microwave Hearing 


On March 6, 2008 ABC News reported that neuroscientists at the University of Silent Sublicainals 


California at Berkeley accomplished mind-reading by monitoring the visual Use of Citizen informants 
cortex with an fMRI connected to a self-learning (artificial intelligence) Chemical and Biolosical 


‘computer program, Weather Warfare 


First, they used 1750 pictures to build a computational database for the Miscellaneous Weapons and Tactics 
computer to learn with by flashing the pictures in front of test subjects 
connected to an fMRI. This allowed the algorithm to decipher the brain 
patterns and associate them with the images. Volume IV: The Coverup 


Volume ill Commentary 


In addition to deciphering these brain patterns, the computer recorded the ai,yn- iy intvouluction 
process that it used to accomplish this, and built a model based upon it. 
‘Then, without scanning the test subjects, they added 120 new pictures to the 
program and allowed it to create its interpretation of what the new brain Control of the Medical Industry 
signals would be, based on the previous model. ‘Another Look at Schizophrenia 


Schizophrenia Spectrum Disorders 


Then they had the test subjects look at these pictures which they had never Paiitical Considerations 


seen while being scanned. The computer predicted what they were looking Punitive Psychiatry in Communist Russia 
at 72% of the time. The scientists announced that the model could be used a8 Coverup Initiatives 


a basis to predict the brain activity associated with any image. ae - 
jolume IV Commentary 


What this means is that it's not necessary to scan a brain to obtain the = Conclusion 
meaning of each signal, Once the model had been developed, they could 
simply add new pictures to the database/dictionary. The scientists suggested Appendix 


that out of 1 billion pictures, the computer would be accurate about 20% of 
the time. ‘A Brief History of PsyOy 


Small-Scale Wars 
Images which are not consciously seen by a person can even be detected by 
longavernmental Organization 
mind-reading machines, Researchers at University College London flashed Nonsevvesrimental Organizations 
Human-Computer Intelligence Network 
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1: Mind-Reading 
pictures in quick succession to test subjects connected to an fMRI. Although 
some of these pictures were invisible to the subjects, they were accurately 
recorded 80% of the time by the computer. 


Electronic Tyranny 
‘Other Devices Connected to the GIG 
My Experience 

Like a fingerprint, each person has their own brainprint, Therefore, 

calibration for each brain is necessary. This is accomplished by having the Sources 

person think a series of specific thoughts. In the case of EEG, this calibration 

can take less than a minute. However, because the signals which represent Other Sites 

thoughts are similar from one person to the next, a universal mind-reading 

database has been suggested. www.TheHiddenEvil.com 


www.RichEssence.com 
Using fMRI, scientists at Carnegie Mellon University (CMU) discovered that the 


brain patterns associated with specific thoughts are quite similar among 
multiple people. This, they stated, would provide the opportunity to create a 
universal mind-reading dictionary. 


Scientists at the University of California at Berkeley mentioned that a 
“general visual decoder” would have great scientific use. Likewise, the brain 
patterns associated with specific words that occur when people are reading 
are also basically the same. This similarity of brain functions associated with 
‘words seems to have been an evolutionary development which allowed for an 
advantage in communication, 


‘A mind-reading machine capable of determining the brain pattern associated 
with a specific word was developed by scientists at CMU. Brain scans using 
fMRI were taken of test subjects who were given a variety of words to think 
of in order to train the computer. An important consideration here is that 
they were not viewing these words on an external display, only thinking 
about them. After the computer identified the brain patterns associated with 
those words, the subjects were given two new words to think about, which 
the computer accurately determined. 


Although, in this particular study only a couple of words were tested, it 
proves that after a model of how to decipher brain signals was created, Al 
could accurately determine new words that subjects were thinking about. 
“These building blocks could be used to predict patterns for any concrete 
noun,” proclaimed Tom Mitchell of the Machine Learning Department. 


In February of 2004 Popular Science announced that a mind-reading 
computer could, in theory, translate a person's working verbal memory onto 
a computer screen. “You could imagine thinking about talking and having it 
projected into a room 2,000 miles away,” says Professor Craig Henriquez at 
Duke University’s Center for Neuroengineering, who has studied mind-reading 
for DARPA. He added, “It’s very, very possible.” 


FMRI can be used to determine if someone is reading or writing. 
Neuroscientists can determine when a person is reading by manitoring their 
brainwaves. They can almost determine exactly what they're reading. And 
because these patterns are similar from one person to the next, a universal 
device for determining what people are reading is possible. 


In March of 2008 both Technology Review and ABC News revealed that an 
fMRI could in theory be used to display a person's dreams. Then in December 
of 2008, scientists at ATR in Kyoto Japan announced that they developed a 
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technology that would eventually allow them to record and replay a person's 
dreams. 


Emotions from love to hate can be recognized by neuralimaging. The level of 
stress a person is experiencing can also be measured. Brain states such as 
honesty, deception, and even self deception, can be measured. 


Patterns associated with decisions can also be read. Scientists from CMU, 
Stanford University, and the MIT Sloan School of Management were able to 
accurately predict the purchasing decisions of test subjects in a virtual 
shopping center. They monitored the subject's level of interest in a product 
as well as their decision to purchase it. 


Neuroimaging can also detect decisions about how someone will later do a 
high-level_mental activity. Neuroimaging can be used to determine if 
someone is speaking or reading. It can be used to detect areas of the brain 
that are active when someone is hearing a sound, or touching an object. 


Brain patterns associated with specific physical movements, such as a finger, 
can be deciphered with neural imaging. The mere intention to make a 
physical movement can be detected before the actual movement is made. 


Cameras 

‘A type of mind-reading is possible with cameras connected to computers. 
One such device, called the Emotional Social Intelligence Prosthetic (ESP), 
was developed at the MIT Media Laboratory in 2006. It consists of a tiny 
‘camera that can be worn on a hat, an earphone and a small computer that is 
worn on a belt. It infers a person’s emotional state by analyzing 
‘combinations of subtle facial movements and gestures. 


When an emotional state is detected, the wearer is signaled through the 
earphone to adjust their behavior in order to gain the attention of the 
target. The computer can detect 6 emotional states. It can also be adjusted 
for cultural differences and configured specifically for the wearer. 


Around this time, the Computer Laboratory at the University of Cambridge, 
UK, developed a similar camera-based mind-reading machine. It uses a 
‘computer to monitor, in real-time, combinations of head movement, shape, 
color, smiles, and eyebrow activity to infer a person's emotional state. 


It detects basic emotional states such as happiness, sadness, anger, fear, 
surprise, and disgust, as well as more complex states. It's accurate between 
65 and 90 percent of the time. “The mind-reading computer system presents 
Information about your mental state as easily as a keyboard and mouse 
present text and commands,” they announced. 


Used for Surveillance 

Mind reading exists. The DOD and various institutions have vigorously 
researched this subject since at least the mid 1970s. “Mapping human brain 
functions is now routine,” declared US News and World Report, in an article 
entitled Reading Your Mind—And Injecting Smart Thoughts, of January of 
2000. 


Both words and images, being viewed or thought, can be mind-read. Various 
‘emotional states as well as mental processes such decisionmaking, reading, 


1: Mind-Reading 
‘writing, movement and the intention to make a movement, can be detected 
with mind-reading devices. Perceptions such as touch, sound, and light can 

also be detected. 


‘The proposed uses for mind-reading technology are positive. Some include 
determining if people in comas can communicate, helping stroke patients 
and those who suffered brain injuries, aiding those with learning disorders, 
assisting with online shopping, and improving people's communications skills 


However, other uses that have been suggested include the monitoring of 
Unconscious mental processes, and interrogation of criminal suspects and 
potential terrorists. Dr. John Alexander mentioned that the recent 
developments in mind-reading technology would take surveillance to new 
levels by allowing investigators to “peer into the inner sanctum of the mind,” 
in order to determine if a suspect has caused, or will likely cause a crime. 


Dr. Norseen has sent RED plans to the pentagon to have tiny mind-reading 
devices installed at airports to profile potential terrorists. He suggested that 
these devices could be functional by 2005. In August of 2008, CNN stated 
that the US military's knowledge obtained from mind-reading research could 
be used to interrogate the enemy. 


Law Enforcement Technology announced in September of 2005 the existence 
fof a new forensic technology known as Brain Fingerprinting, which has 
already been used in hundreds of investigations as a lie detector by the CIA, 
FBI and law enforcement agencies in the United States 


Brain Fingerprinting is admissible in court, because unlike a polygraph, which 
relies on emotional responses, it uses EEG to see how the brain reacts to 
words and pictures related to a crime scene. Dr. Larry Farwell, its inventor, 
says it is completely accurate. According to the report it will be used to help 
speed-up investigations. 


Sources 


Endnotes 


Copyright © 2011 Mark Rich. All rights reserved. Mark (at) NewWorldWar.org 
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Summary 


‘The Navy is currently developing three potential new weapons that could improve the ability of 
its surface ships to defend themselves against enemy missiles—solid state lasers (SSLs), the 
electromagnetic railgun (EMRG), and the hypervelocity projectile (HVP). 


Any one of these new weapon technologies, if successfully developed and deployed, might be 
regarded as a “game changer” for defending Navy surface ships against enemy missiles. If two or 
three of them are successfully developed and deployed, the result might be considered not just a 
game changer, but a revolution. Rarely has the Navy had so many potential new types of surface- 
ship missile-defense weapons simultaneously available for development and potential 
deployment. 


Although the Navy in recent years has made considerable progress in developing SSLs, EMRG, 
and HVP, a number of significant development challenges remain, Overcoming these challenges 
will likely require years of additional development work, and ultimate success in overcoming 
them is not guaranteed, 

The issue for Congress is whether to approve, reject, or modify the Navy's funding requests and 
proposed acquisition strategies for these three potential new weapons. Potential oversight 
questions for Congress include the following: 


Using currently available approaches for countering anti-ship cruise missiles 
(ASCMs) and anti-ship ballistic missiles (ASBMSs), how well could Navy surface 
ships defend themselves in a combat scenario against an adversary such as China 
that has large numbers of ASCMs (including advanced models) and ASBMs? 
How would this change if Navy surface ships in coming years were equipped 
with SSLs, EMRG, HVP, or some combination of these systems? 

© How significant are the remaining development challenges for SSLs, EMRG, and 
HVP? 

* Are current schedules for developing SSLs, EMRG, and HVP appropriate in 
relation to remaining development challenges and projected improvements in 
enemy ASCMs and ASBMs? To what degree are current schedules for 
developing SSLs, EMRG, or HVP sensitive to annual funding levels? 

© When does the Navy anticipate issuing roadmaps detailing its plans for procuring 
and installing production versions of SSLs, EMRGs, and HVP on specific Navy 
ships by specific dates? 

© Will the kinds of surface ships that the Navy plans to procure in coming years 
have sufficient space, weight, electrical power, and cooling capability to take full 
advantage of SSLs (particularly those with beam powers above 200 kW) and 
EMRG? What changes, if any, would need to be made in Navy plans for 
procuring large surface combatants (i.e. destroyers and cruisers) or other Navy 
ships to take full advantage of SSLs and EMRG? 

© Are the funding sources for SSLs, EMRG, and HVP in Navy and Defense-Wide 
research and development accounts sufficiently visible for supporting 
congressional oversight? 
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Introduction 


Issue for Congress 


This report provides background information and issues for Congress on three potential new 
‘weapons that could improve the ability of Navy surface ships to defend themselves against enemy 
missiles—solid state lasers (SSLs), the electromagnetic railgun (EMRG), and the hypervelocity 
projectile (HVP).' 


Any one of these new weapon technologies, if successfully developed and deployed, might be 
regarded as a “game changer” for defending Navy surface ships against enemy missiles. If two or 
three of them are successfully developed and deployed, the result might be considered not just a 
‘game changer, but a revolution. Rarely has the Navy had so many potential new types of surface- 
ship missile-defense weapons simultaneously available for development and potential 
deployment. Although the Navy in recent years has made considerable progress in developing 
SSLs, EMRG, and HYP, a number of significant development challenges remain. 


The issue for Congress is whether to approve, reject, or modify the Navy’s funding requests and 
proposed acquisition strategies for these three potential new weapons. Congress” decisions on this 
issue could affect future Navy capabilities and funding requirements and the defense industrial 
base, 


Scope of Report 


SSLs are being developed by multiple parts of the Department of Defense (DOD), not just the 
Navy. SSLs, EMRG, and HVP, moreover, have potential application to military aircraft and 
ground forces equipment, not just surface ships. And SSLs, EMRG, and HVP can be used for 
missions other than defending against ASCMs and ASBMs.’ This report focuses on Navy efforts 
to develop SSLs, EMRG, and HVP for potential use in defending Navy surface ships against 
ASCMs and ASBMs. It supersedes an earlier CRS report that provided an introduction to 
potential Navy shipboard lasers.” 


Note that while fictional depictions of laser weapons in popular media often show them being 
used to attack targets at long ranges, the SSLs currently being developed by the Navy for 
potential shipboard use would be used to counter targets at short ranges of about a mile to perhaps 
a few miles 


* Railgun is also spelled as ail gun; EMG is also abbreviated as EM railgu 
velocity or hyper velocity 

2 As discussed later inthe report, the Navy is exploring the potential for using shipboard lasers to counter small boats 
and unmanned aerial vehicles (UAVS), and EMRG can be used to attack land targets. 

> CRS Report R41526, Navy Shipboard Lasers for Surface, Air and Missile Defense: Background and Issues for 
Congress, by Ronald O'Rourke. This earlier CRS report has been archived and remains available asa supplementary 
reference source on potential Navy shipboard lasers. 


yypervelocity is also spelled as hyper. 
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Background 


Strategic and Budgetary Context 


Concern about Survivability of Navy Surface Ships 
Although Navy surface ships have a number of means for defending themselves against anti-ship 
‘cruise missiles (ASCMs) and anti-ship ballistic missiles (ASBMs),' some observers are 
concemed about the survivability of Navy surface ships in potential combat situations against 
adversaries, such as China, that are armed with advanced ASCMs and with ASBMs.° Concern 
about this issue has led some observers to conclude that the Navy’s surface fleet in coming years 
might need to avoid operating in waters that are within range of these weapons, or that the Navy 
might need to move toward a different fleet architecture that relies less on larger surface ships and 
more on smaller surface ships and submarines.” Such changes in Navy operating areas and fleet 
architecture could substantially affect U.S. military strategy and the composition of the Navy's 
shipbuilding expenditures, 


‘Navy surface fleet leaders in early 2015 announced a new organizing concept for the Navy's 
surface fleet called distributed lethality. Under distributed lethality, offensive weapons such as 
ASCMSs are to be distributed more widely across all types of Navy surface ships, and new 
‘operational concepts for Navy surface ship formations are to be implemented. The aim of 
distributed lethality is to boost the surface fleet’s capability for attacking enemy ships and make it 
less possible for an enemy to cripple the U.S. fleet by concentrating its attacks on a few very- 
high-value Navy surface ships (particularly the Navy’s aircraft carriers).’ Perspectives on whether 


“These include the following: operating ships in ways that make it hard for others to detect and accurately track Navy 
ships: jamming or destroying enemy targeting sensors; interfering with the transmission of targeting data from sensors 
to Weapon launchers: atacking weapon launchers (which can land-based launchers or launchers on surface ships, 
submarines, or aireraf); and countering ASCMs and ASBMs headed toward Navy ships. Navy measures for countering 
ASCMs and ASBMSs headed toward Navy ships include the following: jamming a missile’s guidance system; using 
‘decoys of various kinds to lure enemy missiles away from Navy ships; and shooting dawn enemy missiles with surface 
1o-air missiles and the Phalanx Close-In Weapon System (CIWS), which is essentially a radar-controlled Gatling gun. 
Employing all these measures reflects long-standing Navy approach of creating a multi-layered defense against 
‘enemy missiles, and of attacking the enemy’s “kill chain” at multiple points so as to increase the chances of breaking 
the chain. (The kill chain is the sequence of steps that an enemy must complete to conduet a successful missile attack 
‘on a Navy ship. This sequence includes, ata basic level of description, detecting and tracking the Navy ship. passing 
that information from sensors to the weapon launcher, launching the weapon, and guiding the weapon all the way to the 
Navy ship. Interfering with any one of these actions can break the kill chain and thereby prevent or defeat the attack.) 

* See, for example, Andrew F. Krepinevich, Matitime Warfare in a Mature Precision-Stike Regime, Washington, 
Center for Strategic and Budgetary Assessments, 2014, 128 pp. For more on China’s ASCMs and ASBMSs, see CRS 
Report RL33153. China Naval Modernization: Implications for U.S. Navy Capabiliies—Background and Issues for 
Congress, by Ronald O'Rourke. 

ASCMs and ASBMs are not the only reasons that some observers are concemed about the future survivability of U.S. 
Navy surface ships in combat situations: observers are also concerned about threats to U.S. Navy surface ships posed 
‘by small boats, mines, and torpedoes, 

® See, for example, Phillip E, Pournelle, “The Deadly Future of Sea Control,” U.S. Naval Institute Proceedings, July 
2015: 26-31 

” See, for example, Thomas Rowden, Peter Gumataotao, and Peter Fanta, “Distributed Lethality,” U.S. Naval Institure 
Proceedings, January 2015: 18-23; Sam LaGrone, “SNA: Navy Surface Leaders Pitch More Lethal Ships, Surface 
Action Groups.” USNI News, January 14, 2015; Kris Osborn, “Navy Unveils New Surface Warfare Strateg, 
Milizary.com, January 14, 2015; Sydney J. Freedberg Jr. “If lt Floats, It Fights: Navy Seeks ‘Distributed Lethality, 
Breaking Defense, January 14, 2015; Mike McCarthy and Megan Eekstein, "Navy Eyeing A ‘Hunter Killer’ Surface 
(continued...) 
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it would be cost effective to spend money spreading offensive weapons across a wider array of 
Navy surface ships might be influenced by views on whether those surface ships can adequately 
defend themselves against enemy missiles. 


Depth of Magazine and Cost Exchange Ratio 


Two key limitations that Navy surface ships currently have in defending themselves against 
ASCMs and ASBMSs are limited depth of magazine and unfavorable cost exchange ratios. Limited 
depth of magazine refers to the fact that Navy surface ships can use surface-to-air missiles 
(SAMs) and their Close-in Weapon System (CIWS) Gatling guns to shoot down only a certain 
number of enemy unmanned aerial vehicles (UAVs) and anti-ship missiles before running out of 
SAMs and CIWS ammunition*—a situation (sometimes called “going Winchester”), that can 
require a ship to withdraw from battle, spend time travelling to a safe reloading location (which 
can be hundreds of miles away),’ and then spend more time traveling back to the battle area. 


Unfavorable cost exchange ratios refer to the fact that a SAM used to shoot down a UAV or anti- 
ship missile can cost the Navy more (perhaps much more) to procure than it cost the adversary to 
build or acquire the UAV or anti-ship missile. In the FY2016 defense budget, procurement costs 
for Navy SAMs range from about $900,000 per missile to several million dollars per missile, 
depending on the type.” 


In combat scenarios against an adversary with a limited number of UAVs and anti-ship missiles, 
an unfavorable cost exchange ratio can be acceptable because it saves the lives of Navy sailors 
and prevents very expensive damage to Navy ships. But in combat scenarios (or an ongoing 

's competition) against a country such as China that has many UAVs and anti- 
iles and a capacity for building or acquiring many more, an unfavorable cost exchange 
ratio can become a very expensive—and potentially unaffordable—approach to defending Navy 
surface ships against UAVs and anti-ship missiles, particularly in a context of constraints on U.S. 
defense spending and competing demands for finite U.S. defense funds. 


(continued) 
Fleet, Would Require Upgunning Existing Ship Fleets,” Defense Daily, January 15, 2015: 1-3: Richard Scott, 
“Offensive Language: USN Sets Out Surface Firepower Strategy,” Jane's International Defence Review, M 
42-47; Megan Eckstein, "Navy Studying Implications of Distributed Lethality in Wargames Series,” USIP News, July 
9, 2015; Lara Seligman, “Navy Establishes Task Force To Study Impact of Distributed lethality,” Inside the Navy. July 
10, 2015. 

* Navy cruisers have 122 missile cells; Navy destroyers have 90 or 96 missile cells. Some of these cells are used for 
storing and launching Tomahawk land attack cruise missiles or anti-submarine rockets. The remainder are availabe for 
storing and launching SAMs. A Navy eruiser or destroyer might thus be armed with a few dozen or several dozen 
SAMs for countering ASCMs and ASBMs, Countering ASCMs or ASBMSs with SAMs might sometimes require 
shooting two SAMs at each ASCM or ASBM. 

°-The missile cells on a Navy cruiser or destroyers are clustered together in an installation called a Vertical Launch 
System (VS). VLS cells cannot be reloaded while the ship is underway; a ship needs to retumn toa port ora calm 
anchorage to reload its VLS. 

Unit procurement costs for ship-launched SAMSs in the FY2016 are as follows: about $900,000 for the Rolling 
Airframe Missile (RAM), about $1.1 million to about $1.5 million for the Evolved Sea Sparrow Missile (ESSM), about 
‘$3.9 million for the SM-6 Block I missile, about $14 million for the SM-3 Block 1B missile, and more than $20 
million for theSM-3 Block IIA missiles. RAM and ESSM are short-range missiles for defense against aircraft and 
ASCMs, The SM-6 Block 1 is a medium-range missile used for both defense against aireraft and ASCMs, and terminal 
(ie, endo-atmospherie) defense against theater-range ballistic missiles. The SM-3 Block IB and SM-3 Block IIA are 
used for mid-course (i... exo-atmospheric) defense against theater-range ballistic missiles, 
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SSLs, EMRG, and HVP offer a potential for dramatically improving depth of magazine and the 
cost exchange ratio: 


© Depth of magazine. SSLs are electrically powered, drawing their power from 
the ship’s overall electrical supply, and can be fired over and over, indefinitely, as, 
Jong as the SSL continues to work and the ship has fuel to generate electricity. 
‘The EMRG’s projectile and the HVP (which are one and the same—see next 
section) can be stored by the hundreds in a Navy surface ship’s weapon 
magazine.'! 


* Cost exchange ratio. An SSL can be fired for a marginal cost of less than one 
dollar per shot (which is the cost of the fuel needed to generate the electricity 
used in the shot), while the EMRG’s projectile/HVP has an estimated unit 
procurement cost of about $25,000." 


For additional discussion of the strategic and budgetary context in which the programs discussed 
in this report and other Navy programs may be considered, see CRS Report RL32665, Navy 
Force Structure and Shipbuilding Plans: Background and Issues for Congress, by Ronald 
ORourke. 


SSLs, EMRG, and HVP in Brief 
SSLs 


Overview 


‘The Navy in recent years has leveraged both significant advancements in industrial SSLs and 
decades of research and development work on military lasers done by other parts of DOD to 
make substantial progress toward deploying high-energy SSLs'’ on Navy surface ships. Navy 
surface ships would use high-energy SSLs initially for countering small boats UAVs, and 
potentially in the future for countering ASCMs and ASBMs as well." High-energy SSLs on Navy 
ships would be short-range defensive weapons—they would counter targets at ranges of about 
‘one mile to perhaps eventually a few miles 


Ip July 2015, the Navy issued a request for information (RFI) to industry for the fabrication of a prototype EMRG. 
‘mount that would store a minimum of 650 rounds. (RFI for Fabrication of Prototype Mount for Naval Railgun, 
Solicitation Number: N0Q024-15-R-4132, FedBizOpps.gov, July 29, 2015. See also Justin Doubleday, "Navy 
Developing Integrated Mount For Electromagnetic Railgun,” Inside the Navy, July 31,2015.) 

‘ources for cost of HVP: David Martin, "Navy's Newest Weapon Kills at Seven Times the Speed of Sound,” CBS 
News (cbssnews.com), April 7,2014; Kris Osborn, “Navy Will Test its Electromagnetic Rail Gun aboard DDG 1000," 
DefenseTech, April 15, 2015. 

* In discussions of potential Navy shipboard lasers, a high-energy laser is generally considered to be a laser with a 
‘beam power of at least 10 kilowatts (kW). 

In general, lasers would counter small boats and missiles by heating and burning holes in their skins, and causing 
thermal damage to their interiors. Lasers can also be used to “dazzle” (ie., interfere with) electro-optical sensors on & 
boat or missile 


© The Navy has also performed research and development work on a different kind of laser, called the free electron 
laser (FEL). In recent years, Navy research and development work on potential shipboard lasers has shifted more to 
SSLs. For background information on the FEL, see CRS Report R41526, Navy Shipboard Lasers for Surface, Air, and 
Missile Defense: Background and Issues for Congress, by Ronald O'Rourke. 
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In addition to a low marginal cost per shot and deep magazine, potential advantages of shipboard 
lasers include fast engagement times, an ability to counter radically maneuvering missiles, an 
ability to conduct precision engagements, and an ability to use lasers for graduated responses 
ranging from detecting and monitoring targets to causing disabling damage. Potential limitations 
of shipboard lasers relate to line of sight; atmospheric absorption, scattering, and turbulence 
(which prevent shipboard lasers from being all-weather weapons); an effect known as thermal 
blooming that can reduce laser effectiveness; countering saturation attacks; possible adversary 
use of hardened targets and countermeasures; and risk of collateral damage, including damage to 
aircraft and satellites and permanent damage to human eyesight, including blinding. These 
potential advantages and limitations are discussed in greater detail in the Appendix. 


Selected Key Developments 
Key developments in the Navy’s high-energy SSL development effort include the following: 


# Between 2009 and 2012, the Navy successfully tested a prototype SSL called the 
Laser Weapon System (LaWS) against UAVs in a series of engagements that took 
place initially on land and subsequently on a Navy ship at sea. 

* Between 2010 and 2011, the Navy tested another prototype SSL called the 
Maritime Laser Demonstration (MLD) in a series of tests that culminated with an 
MLD installed on a Navy ship successfully engaging a small boat. 

+ In April 2013, the Navy announced that it planned to install LaWS on the USS_ 
Ponce (pronounced pon-SAY)—a converted amphibious ship that is onerating 
the Persian Gulf as an interim Afloat Forward Staging Base (AFSB[I)) "* 
conduct evaluation of shipboard lasers in an operational setting against awwamning 
boats and swarming UAVs."” The system was installed in August 2014 (see 
Figure 1, Figure 2, and Figure 3). 


* In March 2014, it was reported that the Navy anticipated moving to a shipboard 
laser program of record in “the FY2018 time frame” and achieving an initial 
operational capability (IOC) with a shipboard laser in FY2020 or FY2021."* 


° An AFSB operates as a “mother ship” for Navy helicopter and small boat operations. The Ponce is serving as an 
interim AFSB pending the arrival of a new AFSB that is currently being built, 

¥ “Navy Leaders Announce Plans for Deploying Cost-Saving Laser Technology.” Navy News Service, April 8, 2013: 
Thom Shanker, "Navy Deploying Laser Weapon Prototype Near Iran,” New York Times, April 9, 2013: 4: Mike 
McCarthy, “Navy Deploying Laser For Taking Out Drones,” Defense Daily, April 9, 2013; Graham Warwick, “U.S. 
Navy Planning Gulf Deployment For Laser Weapon,” Aerospace Daily & Defense Report, April 9, 2013: 6; Megan 
Eckstein, “Navy-Built Laser Weapon System Will Begin Demo On Ponce In Early 2014,” Inside the Navy. April 15 
2013, See also Lara Seligman, "Navy-built LaWS To Begin Demo This Summer, IOC Slated For FY-20-21," Inside 
the Navy, March 24, 2014; Office of Naval Research, “All Systems Go: Navy's Laser Weapon Ready for Summer 
Deployment,” Navy News Service, April 7, 2014 

Swarming refers to the use of boats and UAVs in large numbers, or swarms, in an attempt to confuse and overwhelm a 
target ship's defensive systems, 

° Lara Seligman, “Navy-built LaWS To Begin Demo This Summer, 1OC Slated For FY-20-21,” Inside the Navy. 
March 24, 2014. A program of record, or POR, is a term sometimes used by DOD officials that means, in general, a 
program in the Future Years Defense Plan (FYDP) that is intended to provide a new. improved, or continuing materiel, 
\weapon, or information system or service capability in response to an approved need. The term is sometimes used to 
refer to a program in a service's budget for procuring and deploying an operational weapon system, as opposed to a 
‘esearch and development effort that might or might not eventually lead to procurement and deployment of an 
‘operational weapon system. 
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In December 2014, the Navy declared LaWS on the Ponce to be an “operational” 
ry 
system. 


In January 2016, the Navy stated that it anticipated releasing a directed energy 
‘weapon roadmap in February 2016." 


* A December, 11, 2014, press report stated 


The Navy's first-of-a-kind laser deployed on a vessel sailing in the Persian Gulf has been declared 
‘operational and can be used by the crew to defend itself against potential threats, the service's head 
of the Office of Naval Research said on Wednesday [December 10, 2014] 

Rear Adm. Matthew Klunder told reporters on a conference call that Central Command has been 
‘green lighted to use the laser in the event of a threat, approval that has been passed along to the 
ship’s commanding officer. The 30-kilowat laser. known as the Laser Weapon System, or LaWS, 
\was installed on the USS Ponce in August [2014} 

‘The ship later departed for the Persian Gulf and the LaWS successfully carried out operational 
testing recently by striking a fast attack boat and drone, Klunder said, adding that this marks the 
“historic” first ever operational deployment of a directed energy weapon, 

(Mike McCarthy, "Navy Authorized To Use Ship-Based Laser In Battle.” Defense Dail 
December 11, 2014: 3. See also Sam LaGrone, “U.S. Navy Allowed to Use Persian Gulf Laser for 
Defense,” USM News, December 10, 2014; Philip Ewing, “Navy Declares Laser Weapon 
“Operational,” Politico Pro (Pro Defense Report), December 10, 2014.) 


‘The Navy testified on February 24, 2016, that 


*" Justin Doubleday, "Winter: Navy Directed-Energy Strategy To Be Released This Month,” Inside she Navy, February 


12016. 


the Solid State Laser Quick Reaction Capability (SSL-QRC) was fielded as a science and 
technology demonstration aboard the USS PONCE. It was successfully demonstrated as an 
effective weapon system and was subsequently transitioned to the fleet in the Central Command 
‘area of responsibility and is now an operational system, 

(Statement of Rear Admiral Mathias W. Winter, United States Navy, Chief of Naval Research, 
Before the Emerging Threats and Capabilities Subcommittee of the House Armed Services 
‘Committee on The Fiscal Year 2017 Budget Request, February 24, 2016, p. 15.) 
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Figure |. Laser Weapon System (LaWS) on USS Ponce 


Source: Navy photograph dated November 6, 2014, accompanying David Smalley, “Historic Leap: Navy 
Shipboard Laser Operates in Arabian Gul,” Navy News Service, December 10, 2014, accessed August 12, 2015, at 
heepullwww.navy millse_allasptid=84805. 


Figure 2. Laser Weapon System (LaWS) on USS Ponce 


Source: Navy photograph dated November 17, 2014, accompanying David Smalley, “Historic Leap: Navy 
Shipboard Laser Operates in Arabian Gul,” Navy News Service, December 10, 2014, accessed August 2, 2015, at 
heepulhwww.navy:millise_allasplid=84805, 
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Figure 3. Laser Weapon System (LaWS) on USS Ponce 
’ et 


‘Source: Navy photograph dated November 16, 2014, accompanying David Smalley, “Historic Leap: Navy 
Shipboard Laser Operates in Arabian Gul,” Navy News Service, December 10, 2014, accessed August 12, 2015, at 
heepulhwww.navy-millise_allaspYid=84805, 


SSL Technology Maturation (SSL-TM) Program 
LaWS has a reported beam power of 30 kilowatts (kW),”' which is strong enough to counter 
small boats and UAVs. As a follow-on effort to LaWS and MLD, the Navy initiated the SSL 
‘Technology Maturation (SSL-TM) program, in which industry teams led by BAE Systems, 
Northrop Grumman, and Raytheon, among others, competed to develop a shipboard laser with a 
beam power of 100 kW to 150 KW, which would provide increased effectiveness against small 


» See, for example, Mike McCarthy, “Navy Authorized To Use Ship-Based Laser In Bate,” Defense Daily, December 


11, 2014: 3. 
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boats and UAVs.” Boosting beam power further—to something like 200 kW or 300 kW—could 
permit a laser to counter at least some ASCMs. Even stronger beam powers—on the order of at 
least several hundred kW, if not one megawatt (MW) or more—could improve a laser's 
effectiveness against ASCMs and enable it to counter ASBMs.”* 


On October 22, 2015, DOD announced that it had selected Northrop Grumman as the winner of 
the SSL-TM competition, DOD's contract-award announcement stated: 


Northrop Grumman Space and Mission Systems Corp., Redondo Beach, California, is 
being awarded a $53,151,809 cost-plus-fixed-fee contract for the Solid State High Power 
Laser Weapon System Demonstrator (LWSD) program.... The Office of Naval Research 
secks to continue the advancement of SSL weapon system designs, architectures, and 
component technologies. The government believes that improvements in lethality may be 
achieved through maturation and optimization of a variety of system characteristics, 
including laser power, beam quality, beam director architecture, and other physical and 
optical aspects of the laser, beam director, and system design. Leveraging our experience 
and internal inyestments, the Northrop Grumman team is ready to fully support the three 
phases of the LWSD program. This contract contains options, which if exercised, will 
bring the contract value to $91,057,597. Work will be performed in Redondo Beach, 
California, and is expected to be completed Oct. 21, 2016. If options are exercised, work 
will continue through July 7, 2018.... This contract was competitively procured under the 
Office of Naval Research broad agency announcement 15-0005 entitled “Solid State, 
High Power Laser Weapon System Demonstrator (LWSD) Design, Development and 
Demonstration for Surface Navy, USN.” Six proposals were received in response to this 
solicitation 


A December 22, 2016, Northrop Grumman news release about the October 22, 2016, contract 
award stated: 


During Phase 1 of the LWSD contract, Northrop Grumman will develop a detailed design 
for the new system. Phase 2 will include assembly and ground test of the system, while 
Phase 3 will comprise at-sea testing of the system aboard the Navy's Self Defense Test 
Ship (SDTS). The Navy will lead this testing with Northrop Grumman providing 
technical support. The SDTS is the former USS Paul F. Foster (DD-964), 


According to Renard, Northrop Grumman's LWSD is well suited to support the Navy's 
planned initial testing on the SDTS. The company has designed its system to be installed, 
however, with minimal modification or additional costs, for demonstration on the Navy's 
DDG-51 FLT Il class destroyers.” 


© For more on the SSL-TM program, see Office of Naval Research, “Solid-State Laser Technology Maturation 
Program,” accessed August 11, 2015, at http:/Wwww.onr.navy.mil/Media-Center/Fact-Sheets/Solid-State-Laser- 
‘Technology-Maturation-Program.aspx; Office of Naval Research, "Solid State Laser Technology Maturation 
Program,” September 2012, accessed August 11, 2015, at http://www.onr.navy.tnil/~/media/Files/Fact-Sheets/35/Solid- 
State-Laser-Technology-Maturation-Program-2012-a.ashx; Office of Naval Research, "Research and 
Development/Technology Maturation of Solid State High Power Laser Weapon Systems, Subsystems, and/or 
‘Components for Surface Navy, USN, Broad Agency Announcement (BAA),” ONR BAA # 12-019, 2012, accessed 
‘August 11, 2015, at hitp:/Avww.onr.navy snil/~/media/fles/funding-announcements/baa/2012/12-019.ashx: Future 
Force, “Developing a High-Energy Laser for the Navy.” January 23, 2015, accessed August 11, 2015, at 
up:/futureforce.navylive.dodlive:mil/2015/0l/high-energy-lase/ 

* For additional discussion, see CRS Report R41526, Navy Shipboard Lasers for Surface, Air, and Missile Defense: 
Background and Issues for Congress, by Ronald O'Rourke, particularly the section entitled "Required Laser Power 
Levels for Countering Targets” and Appendix A on “Laser Power Levels Required to Counter Targets.” 

* DOD contract award announcements for October 22, 2015, accessed December 18, 2015, at: 
up://www.defense.gov/News/Contracts/Contract-View/Asticle/625630. 


ects Northrop Grumman to Design and Produce Shipboard Laser Weapon System Demonstrator,” 
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Figure 4 shows an artist's rendering of LWSD installed on the Navy’s Self Defense Test Ship (the 
USS Paul F. Foster [DD-964], an old Spruance [DD-963] class destroyer). 


Figure 4. Laser Weapon System Demonstrator (LWSD) on Self Defense Test Ship 
Artist's rendering 


Source: Cropped version of image accessed on March 18, 2016, at 
heep://media globenewswire.com/cachel!89/hires/39412.jpg. 


Figure 5 is a detail from the above photo, 


(continued) 

December 22, 2016, accessed March 18, 2016, at: 
up://www.globenewswire.conv/newsarchive/noc/press/pages/news_releases.himl?d=10158731 . See also Richard 
Seott, “Northrop Grumman To Build on MLD for SSL Demonstrator,” IHS Jane's International Defence Review. 
February 2016: 5, 
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Figure 5. Laser Weapon System Demonstrator (LWSD) on Self Defense Test Ship 
Artist's rendering 


‘Source: Cropped version of image accessed on March 18, 2016, at 
besp/media globenewswire.comicachel|89/hires/39412,pg, 


Figure 6 Is an Office of Naval Research (ONR) graphic illustration of the LWSD’s major 
components, 
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igure 6. ONR Graphic of LWSD Components 
Artist's rendering 
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Source: Slide from February 2016 ONR briefing to CRS on SSL-TM program, received from Navy Office of 
Legislative Affairs February 26, 2016, 


Directed Energy Roadmap 


A July 28, 201 


press report stated: 


[Secretary of the Navy Ray] Mabus said he would release a DE [directed energy} 
roadmap this fall that “charts our course for research, development, and fielding of high 
power radio frequency weapons, lasers, and directed energy countermeasures. And I will 
follow it up with my guidance to the Program Objective Memorandum for [Fiscal Year 
2018],” which, importantly, establishes a resource sponsor and a program of record.” 


Also meant to help quicken the pace of progress, the Office of Naval Research will uke 
Iessons learned from the [USS] Ponce to inform the Solid State Laser Technology 
Maturation program that aims to produce a 100-150 kilowatt laser prototype for at-sea 
lesting in 2018, or sooner if possible. Rear Adm. Bryant Fuller, Naval Sea Systems 
Command (NAVSEA) chief engineer, said... that everything the Navy learned about rules 


* Lasers and another class of weapons called high-power microwave (HPM) weapons are referred to collectively as 


directed-energy weapons because they achieve their effects by direct 
» The Prog 


leetrom 


gnetic energy at their targets 


um Objective Memorandum (POM) is an internal DOD document that guides the preparation of a bud, 


for a particular fiscal year 
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of engagement and how to use LaWS in an operational environment would apply to 
larger laser weapons as well. Leveraging the operational knowledge Ponce gained will 
help the Navy field whatever comes out of the SSL-TM effort much more rapidly 

In the meantime, Mabus said the Laser Weapon System (LaWS) will continue its work in 
the Middle East alter early success led officials to extend its deployment.”* 


EMRG 


In addition to SSLs, the Navy since 2005 has been developing EMRG, a cannon that uses 
electricity rather than chemical propellants (i.e., gunpowder charges) to fire a projectile.” In 
EMRG, “magnetic fields created by high electrical currents accelerate a sliding metal conductor, 
or armature, between two rails to launch projectiles at [speeds of] 4,500 mph to 5,600 mph,” or 
roughly Mach 5.9 to Mach 7.4 at sea level.” Like SSLs, EMRG draws its power from the ship's 
overall electrical supply.” The Navy originally began developing EMRG as a naval surface fire 
support (NSFS) weapon for supporting U.S. Marines operating ashore, but subsequently 
determined that the weapon also has potential for defending against ASCMs and ASBMs.** In 
response to Section 243 of the FY2012 National Defense Authorization Act (H.R. 1540/P.L. 112- 
81 of December 31, 2011), the Navy in September 2012 submitted to the congressional defense 
committees a report on the EMRG development effort." 


Following tests with early Navy-built EMRG prototypes, the Navy funded the development of 
‘wo industry-built EMRG prototype demonstrators, one by BAE Systems and the other by 
General Atomics (see Figure 7 and Figure 8). 


® Megan Eckstein, "Mabus: Adversaries Showing Interest in Directed Energy; Navy Needs to Move Faster,” USNI 
News, July 28, 2015. 

™ Because it uses electricity rather than a powder charge to accelerate the projectile, Navy officials sometimes refer to 
EMRG as a launcher rather than a gun ot cannon, 

™ Grace Jean, “With a Bang, Navy Begins Tests on EM Railgun Prototype Launcher,” Navy News Service, February 
28, 2012, accessed August 12, 2015, at htip:/www.navy.mil/submitdisplay asp?story_id=65577, 

©The speed of sound in air (.e., Mach 1), varies with altitude: at sea level, i is approximately 761 miles an hour. (See 
for example, the table entitled "Speed of Sound at Different Altitudes,” accessed August 12, 2015, at 
hutp:/www-fighter-planes.comijetmach htm, 


© Unlike SSLs, however, EMRG is not a directed energy weapon, because it achieves its effects by firing a physical 
projectile at the target, not by directing electromagnetic energy atthe target. See also footnote 26, 

® For a recent article discussing the use of EMRG in countering ASCMs and 
Rail Guns to Fight Ballistic and Supersonic Missiles Says RFI,” USNI Ne 


.SBMs, see Sam LaGrone, “Navy Wants 
s, January 5, 2015. 

¥ US. Navy, Electromagnetic Railgun System: Final Report to the Congressional Defense Committees, August 2012, 
with cover leters dated September 18, 2012. For a press report discussing the Navy’s report to Congress, see Dan 
‘Taylor, “Stackley: Navy Identifies Four Technical Hurdles To Railgun Development,” Inside the Navy, November 19, 
2012 
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Figure 7. Industry-Built EMRG Prototype Demonstrator 
BAE prototype 


Source: Navy photograph dated July 8, 2014, associated with Office of Naval Research Public Affairs, “From 
Research to Railgun: Revolutionary Weapon at Future Force EXPO,” Navy News Service, January 13, 2015, 
accessed August 12, 2015, at herp:/www.navy.milisubmitldisplay asp?story id=85 166, 
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Figure 8, Industry-Built EMRG Prototype Demonstrator 
General Atomics prototype 


‘Source: navy photograph dated July 8, 2014, accessed August 2, 2015, at 
heepillwww.navy.millview_image.asplid= 180994, 


The two industry-built prototypes are designed to fire projectiles at energy levels of 20 to 32 
megajoules,* which is enough to propel a projectile 50 to 100 nautical miles.”* (Such ranges 
might refer to using the EMRG for NSFS missions, Intercepts of ASCMs and ASBMs might take 
place at much shorter ranges.) The Navy began evaluating the two industry-built prototypes in 
2012. 


In April 2014, the Navy announced that it plans to temporarily install a prototype EMRG aboard a 
Navy Joint High Speed Vessel (JHSV) in FY2016, for use in at-sea tests.” Figure 9 is an artist's 
rendering of that installation, 


In January 2015, it was reported that the Navy is projecting that EMRG could become operational 
ona Navy ship between 2020 and 2025.” In April 2015, it was reported that the Navy is 
jering installing an EMRG on a Zumwalt (DDG-1000) class destroyer by the mid-2020s.”” 


°% The Navy states that “a megajoule is a measurement of energy associated with a mass traveling at a certain velocity, 
In simple terms, a one-ton vehicle moving at 100 mph equals a magajoule of energy.” (Office of Naval Research Public 
‘Affairs, "Navy Sets New World Record with Electromagnetic Railgun Demonstration,” Navy News Service, December 
10, 2010, accessed August 12, 2015, at htp://www.navy.mil/submivdisplay.aspstory”id=57690.) 

™ Grace Jean, “With a Bang, Navy Begins Tests on EM Railgun Prototype Launcher,” Navy News Servi 
28, 2012, accessed August 12, 2015, at htip://www.navy.mil/submiv/display.aspstory_id=65577. 


February 


» Naval Sea Systems Command Oifice of Corporate Communication, “Navy to Deploy Electromagnetic Railgun 
Aboard JHSV,” Navy News Service, April 7, 2014, accessed August 12, 2015, at 
‘hup://www.navy.mil/submivdisplay.asp?story_id=80055. 

% Sam LaGrone, “Navy Wants Rail Guns to Fight Ballistic and Supersonic Missiles Says RFI,” USNI News, January 5, 
2015, 

» Sam LaGrone, “Navy Considering Railgun for Third Zumwalt Destroyer,” USNI News, February 5, 2015 (updated 
(continued...) 
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Figure 9. EMRG Prototype Demonstrator Installed on a JHSV 
Artist's rendering 


‘Source: Briefing slide entitled "FY16 At-Sea Test of Railgun’ in Navy briefing entided “Railgun Program 
‘Overview,” undated bue posted at InsideDefense.com on April 14, 2015. (InsideDefense.com states that the 
briefing was presented at a public conference on April 14, 2015) 


HVP 


‘As the Navy was developing EMRG, it realized that the guided projectile being developed for 
EMRG could also be fired from 5-inch and 155mm powder guns." Navy cruisers each have two 


(continued) 

February 11, 2015); Mike McCarthy, "Navy Aiming To Put Railgun On Third Zumwalt Destroyer,” Defense Duily, 
February 6, 2015; Kris Osborn, “Navy Wili Test its Electromagnetic Rail Gun aboard DDG 1000,” DefenseTech, April 
15, 2015. For more on Zumwalt-class destroyers, see CRS Report RL32109, Navy DDG-5! and DDG-1000 Destroyer 
Programs: Background and Issues for Congress, by Ronald O'Rourke. 

"The Navy describes the HVP as “a next generation, common, low drag, guided projectile capable of completing 
‘multiple missions for gun systems such as the Navy 5-Inch, 155-mm, and future railguns.... HVP"s low drag 
aerodynamic design enables high velocity, maneuverability, and decreased time-to-target. These attributes coupled with 
‘accurate guidance electronics provide low cost mission effectiveness against current threats and the ability to adapt to 
air and surface threats of the future.” (Office of Naval Research, Hypervelocity Projectile.” September 2012, accessed 
‘August 14, 2015, at http:/www.onr.navy-mill-~/media/Files/Fact-Sheets/35/Hypervelocity-Projectile-2012B.ashx.) The 
‘Navy states that HVP weighs 23 pounds, (Source: David Martin, "Navy's Newest Weapon Kills at Seven Times the 
Speed of Sound,” CBS News (cbssnews.com), April 7, 2014.) 

BAE Systems states that HVP is 24 inches long and weighs 28 pounds, including a 15-pound payload, The total length 
‘and weight of an HVP launch package, BAE Systems states, is 26 inches and 40 pounds. BAE states that the maximum. 
tate of fire for HVP is 20 rounds per minute from a Mk 45 5-inch gun, 10 rounds per minute from the 155mm gun on 
DDG-1000 class destroyers (called the Advanced Gun System, or AGS), and 6 rounds per minute from EMRG. HVP's 
firing range, BAE Systems states, is more than 40 nautical miles (when fired from a Mk 45 Mod 2 5-inch gun), more 
than 50 nautical miles (Mk 45 Mod 4 5-inch gun). more than 70 nautical miles (155mm gun on DDG-1000 class 
destroyers), and more than 100 nautical miles (EMRG). (BAE Systems, “Hypervelocity Projectile (HVP),” 2014, 
(continued...) 
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S-inch guns, and most Navy destroyers each have one 5-inch gun, The Navy’s three new Zumwalt 
class (DDG-1000) destroyers, which are under construction, each have two 155mm guns. 


‘The projectile is a hypervelocity projectile when fired from either EMRG or a powder gun, but 
the term HVP tends to be used more frequently in connection with the concept of firing it from a 
powder gun, Figure 10 and Figure 11 show the HVP. 


Figure 10. Photograph Showing HVP 


Source: Navy photograph dated April 4, 2014, with a caption that reads: “Rear Adm. Matthew Klunder, chief of 
naval research, shows off a Hypervelocity Projectile (HVP) to CBS News reporter David Martin during an 
interview held at the Naval Research Laboratory's materials testing facility. The HVP is a next-generation, 
‘commen, low drag, guided projectile capable of completing multiple missions for gun systems such as the Navy 
S.inch, 1$5-mm, and future railguns," accessed August 12, 2015, at 

heepulhwww.navy-millview_image.asptid= 174517, 


(..comtinued) 
accessed August 14, 2015, at http://www baesystems.com/download/BAES_ 178505 /hyper-velocity-projectile-hyp- 
datasheet.) 

In July 2015, the Navy issued a request for information (REI) to industry for the fabrication of a prototype EMRG. 
‘mount capable of handling an integrated launch weight package of 22 kg, or about 48.5 pounds. (RFI for Fabrication of 
Prototype Mount for Naval Railgun, Solicitation Number: NO0024-15-R-4132, FedBizOpps.gov. July 29, 2015. See 
also Justin Doubleday, "Navy Developing Integrated Mount For Electromagnetic Railgun,” Inside she Navy, July 31 
2015.) 
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Figure 11. HVP. 
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Source: Slide 7 from Navy briefing entitled “Electromagnetic Railgun,” NDIA Joint Armaments Forum, 
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program 
Manager), Railgun Ship Integration, Distribution A, Approved for Public Release, accessed August 13, 2015, at 
heep:llwww.dtie milindia/20 I 4armaments/WedFox pd. 


When fired from 5-inch powder guns, the projectile achieves a speed of roughly Mach 3, which is 
roughly half the speed it achieves when fired from EMRG, but more than twice the speed of a 
conventional S-inch shell fired from a -inch gun."' This is apparently fast enough for countering 
at least some ASCMs. The Navy states that “The HVP—combined with the MK 45 [5-inch 
‘gun]'*—will support various mission areas including naval surface fire support, and has the 
capacity to expand to a variety of anti-air threats, (and] anti-surface [missions], and could expand 
the Navy's engagement options against current and emerging threats." 


‘One advantage of the HVP/S-inch gun concept is that the S-inch guns are already installed on 
Navy cruisers and destroyers, creating a potential for rapidly proliferating HVP through the 
cruiser-destroyer force, once development of HVP is complete and the weapon has been 


* Source: Sam LaGrone, “Updated: Navy Researching Firing Mach 3 Guided Round from Standard Deck Guns,” USNI 
‘News, June 1, 2015 (updated June 2, 2015). 

The type of S-inch gun on Navy cruisers and destroyers is called the Mark 45, 

© Naval Surface Warfare Center Dahlgren Division Corporate Communications, "DEPSECDEF Loads HVP on Test 
Range, Observes Repetitive Rate Electromagnetic Railgun’s Commissioning Series,” Navy News Service, May 8, 2015, 
accessed August 12, 2015, at http://www navy.mil/submidisplay.asp?story_id=86987, 
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integrated into cruiser and destroyer combat systems. Figure 12 shows HVP launch packages 
configured for 5-inch guns, 155mm guns, and EMRG. 


Figure 12. HVP Launch Packages 
Launch packages for S-inch gun, 155mm gun, and EMRG 


compat tw 


‘Source: BAE Systems, “Hypervelocity Projectile (HVP),” 2014, accessed August 14, 2015, at 
heepi/www.baesystems.com/dawnload/BAES_178505/hyper-velocity-projectile--datasheet. 


Figure 13 is a slide showing the potential application of HVP to S-inch power guns, 155mm 
powder guns, and EMRG. The first line of the slide, for example, discusses HVP’s use with 5- 
inch powder guns, stating that it uses a high-explosive (HE) warhead for the NSFS mission;** that 
a total of 113 5-inch gun barrels are available in the fleet (which could be a reference to 22 
cruisers with two guns each, and 69 destroyers with one gun each); and that as a game-changing 
capability, itis guided and can be used at ranges of up to 26 nautical miles to 41 nautical miles for 
NSFS operations, for countering ASCMs, and for anti-surface warfare (ASuW) operations (i.e., 
attacking surface ships and craft). 


“The “KE” in the next line down means that when fired from EMRG, the projectile can alternatively attack targets 
using its own kinetic energy (i.e., by simply impacting the target at hypersonic speed) 
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Figure 13. HVP Application to Various Launchers 
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‘Source: Slide 16 from Navy briefing entitled “Electromagnetic Ralgun,” NDIA Joint Armaments Forum, 
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program 
Manager, Railgun Ship Integration, Distribution A, Approved for Public Release, accessed August 13, 2015, at 
‘heeps! ww. dticmil/ndia/20  4armaments/WedFox pal. 


Figure 14 is a not-to-scale illustration of how HVPs fired from EMRGs and S-inch guns can be 
used to counter various targets, including ASCMs and ASBMs. 
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Figure 14. Navy Slide Depicting Operations Against Various Target Types 
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Source: Slide 5 from Navy briefing entitled “Electromagnetic Railgun,”” NDIA Joint Armaments Forum, 
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program 
Manager, Railgun Ship Integration, Distribution A, Approved for Public Release, accessed August |3, 2015, at 
heepillwww.deie milindia/20  4armaments/WedFox pd. 


An April 11, 2016, press report states: 


‘The Pentagon wants to take a weapon originally designed for offense, flip its punch for 
defense and demonstrate by 2018 the potential for the Army and Navy to conduct missile 
defense of bases, ports and ships using traditional field guns to fire a new hypervelocity 
round guided by a mobile, ground variant of an Air Force fighter aircraft radar, 


‘The Strategic Capabilities Office is working with the Army, Navy and Air Force to craft 
a Hypervelocity Gun Weapon System that aims, in part, to provide China and Russia an 
example of a secret collection of new U.S. military capabilities the Defense Department 
is bringing online in an effort to strengthen conventional deterrenc 


It is a fantastic program," Will Roper, Strategic Capabilities Office director, said in a 
March 28 interview with reporters, who said the project aims "to completely lower the 
cost of doing missile defense" by defeating missile raids at a lower cost per round and, as 
a consequence, imposing higher costs on attackers.** 


A May 5, 2016, press report states: 


* Jason Sherman, "SCO Aims To Flip The Script on Missile Defense With Hypervelocity Gun,” Inside the Navy, April 
11,2016 
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Indirectly Improving Abi 


‘Come January [2017], the Pentagon will almost assuredly have new leadership, complete 
with a new vision for how the Department of Defense should operate, organize and plan 
for the future 


It’s a reality facing down Defense Secretary Ash Carter and Deputy Secretary Bob Work 
as they try to complete a transformation at the Pentagon, one which both men have said is 
vital to making sure the US is able to maintain its technological edge against great 
powers like Russia and China in the future. 


While Carter has made his reach-out to nontraditional communities the centerpiece of his 
initiative, Work’s focus has been the “Third Offset,” a series of technological bets, 
largely focused on man-unmanned teaming, that he believes will pay off in the future. 


So how do you make sure that a long-term project like the Third Offset keeps going 
under a new administration? 


“We have three really complimentary ways to go about this,” Work said Monday at an 
event hosted by the Atlantic Council, 


The first, he explained, is giving many options to the next administration. 


“First of all, I'm going to be central to the transition, so I am going to be able to 
personally talk with the transition team and explain to them what we have pursued and 
why we have pursued it, and let them make their own decisions,” Work said 


“One of the things we have done in our program is build in a lot of different options that 
they can pull levers on,” Work explained. 


As an example, he pointed to the idea of an electromagnetic railgun. Initially, Work and 
his team thought that was an area that would be a major focus of development, but as 
they experimented they realized that a powder gun with a hypervelocity round could have 
almost the same impact — but at a fraction of the cost, because it did not require the 
development, testing and adaptation of a new gun. 


“We're going to say “look, this is the place where [we think] you want to put your 
money,” but we're going to have enough money in both the electromagnetic railgun and 
the powder gun that if the new administration says ‘I really want the electromagnetic 
railgun, this is the way I want to go,” knock yourself out,” Work said. “We've set you up 
for success." 


ity to Counter ASCMs and ASBMs 


As discussed earlier, SSLs currently under development have enough beam power to counter 
small boats and UAYs, but not enough to ASCMs or ASBMs. Even so, such SSLs could 
indirectly improve a ship’s ability to counter ASCMs and ASBMs by permitting the ship to use 
fewer of its SAMs for countering UAVs, and more of them for countering ASCMs and ASBMs. 
Similarly, even though HVPs fired from 5-inch powder guns would not be able to counter 
ASBMs, they could indirectly improve a ship’s ability to counter ASBMSs by permitting the ship 
to use fewer of its SAMs for countering ASCMs and more of its SAMs for countering ASBMs. 


Remaining Development Challenges 


Although the Navy in recent years has made considerable progress in developing SSLs, EMRG, 
and HVP, a number of significant development challenges remain. Overcoming these challenges 


“ Aaron Mehta, “Pentagon No. 2: How to Keep Third Offset Going in the Next Administration,” Defense News, May 


5.2016. 
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will likely require years of additional development work, and ultimate success in overcoming 
them is not guaranteed.” 


SSLs 


‘As shown in Figure 15, remaining development challenges for SSLs include, among other things, 
making the system rugged enough for extended shipboard use, making the beam director (the 
telescope-like part of the laser that sends the beam toward the target) suitable for use in a marine 
environment (where moisture and salt in the air can be harsh on equipment), and integrating the 
system into the ship’s electrical power system and combat system, 


A January 23, 2015, blog post co-authored by the Office of Naval Research’s program officer for 
the Navy’s SSL program states: 


In the near term, many challenges remain to develop and operate high-energy laser 
systems in the maritime environment that are unique to the Navy and Marine Corps 
Among these challenges is dealing with the heat generated as power levels increase, A 
second issue is packing sufficient power on the platform, which will require advanced 
battery, generator, power conditioning, and hybrid energy technologies. Current laser 
technologies are approximately 30 percent electrically efficient. Corrosion and 
contamination of optical windows by shipboard salt spray, dirt, and grime also are 
technical challenges. In addition, atmospheric turbulence resulting from shifting weather 
conditions, moisture, and dust is problematic, Turbulence can cause the air over long 
distances to act like a lens, resulting in the laser beam’s diffusing and distorting, which 
degrades its performance. 


Much progress has been made in demonstrating high-energy laser weapon systems in the 
maritime environment, but there is still much to be done. Additional advances will be 
required to scale power levels to the hundreds of kilowatts that will make high[-lenengy 
lasers systems robust, reliable, and affordable. Higher power levels are important for the 
ability to engage more challenging threats and improve the rate and range at which 
targets can be engaged 


‘The programs managed by ONR are addressing these remaining issues while positioning 
this important warfighting capability toward an acquisition program and eventual 
deployment with the fleet and force.** 


* Laser skeptics sometimes note that laser proponents over the years have made numerous predictions about when 
lasers might enter service with DOD, and tha these predictions repeatedly have not come to pass. Viewing this record 
of unfulfilled predictions, skeptics might argue that "lasers are X years inthe future—and always will be" Laser 
proponents acknowledge the record of past unfulfilled predictions, but argue that the situation has now changed 
‘because of rapid advancements in $SL technology and a shift from ealier ambitious goals (such as developing 
megawatt-power lasers for countering targets at tens or hundreds of miles) to more realistic goals (such as developing 
Kilowatt-power lasers for countering targets at no more than afew miles) Laser proponents might argue that laser 
skeptics are vulnerable to what might be called cold plate syndrome (i.e. ea that sits ona hot plate will not sit on a 
hot plate again—bu it will not ston acold plate, either) 

*® Peter Morrison and Dennis Sorenson, "Developing a High-Energy Laser forthe Navy,” Future Fore, January 23, 
2015, accessed August 13, 2015, at itp:/utureforce.navylive dodlive mil/2015/01/high-energy-laser/. The authors are 
identified atthe end of the post as follows: “Peter Morrison is the Office of Naval Research's program officer for the 
Navy's Solid-State Laser program, Dennis Sorenson is a contractor with the Office of Naval Research.” 
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Figure 15. Development Challenges for SSLs 
As of February 2013 


— Durability & Survivability 
— Beam Efficiency and Quality 
— Pointing Accuracy 
= Optical Coatings 
* Dynamic Atmospheric Characterization 
* Shipboard Integration 
— Electrical Power Management & Thermal Dissipation 


‘Source: Slide from Navy briefing entitled “Navy Solid State Laser Program Overview,” ASNE Day 2013, Mr. 
Peter “Rollie” Morrison, ONR 35 S&T Program Office, February 22, 2013, accessed August 13, 2015, at 
hexps:limww.navalengineers.org/ProceedingsDocs/ASNEDay2013/Morrison_Pres.pdf. 


EMRG and HVP 


‘As shown in Figure 16, remaining development challenges for EMRG involve items relating to 
the gun itself (including increasing barrel life to desired levels), the projectile, the weapon's 
electrical power system, and the weapon’s integration with the ship. Fielding HVP on cruisers and 
destroyers ships equipped with 5-inch and 1SSmm powder guns would additionally require HVP 
to be integrated with the combat systems of those ships, 
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Figure 16. Development Challenges for EMRG 
As of May 2014 
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Source: Slide 9 from Navy briefing entitled “Electromagnetic Railgun,” NDIA Joint Armaments Forum, 
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program 
Manager, Railgun Ship Integration, Distribution A, Approved for Public Release, accessed August 13, 2015, at 
heepillwww.dtie milindia/20  4armaments/WedFox pd 


‘The Navy states: 


‘The EMRG effort began in FY 2005 with a focus on the barrel, power storage, and rail 
technology. In 2015, the Navy is testing full-scale industry advanced composite launchers 
for structure strength and manufacturability, and has advanced the pulsed-power system 
design from single-shot to actively cooled repeated rate operations, Building on the 
success of the first phase, the second phase started in 2012 with a focus on developing 
equipment and techniques to fire ten rounds per minute, Thermal-management techniques 
required for sustained firing rates are in development for both the launcher system and 
the pulsed-power system. The Office of Naval Research will develop a tactical prototype 
EMRG launcher and pulsed-power architecture suitable for advanced testing both afloat 
and ashore. Railgun demonstration has been funded to occur in FY 2016.” 


A June 2015 press report states: 


US. Navy, US. Navy Program Guide 2015, p. 169. 
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[Vice Adm, William Hilarides, commander of Naval Sea Systems Command] said he is 
positive the Navy will successfully demonstrate the weapon’s ability to fire from the 
‘Trenton, but one of the biggest challenges will be configuring the railgun so that it fits 
within the power structure of other existing platlorms. 


“Those are not 600-ton margin ships,” he said [meaning ships with 600 tons of growth 
margin available to accommodate EMRG]. “If they have 60 tons, if they have 16 tons, 
then we'll be talking about what do we take off our existing destroyers, cruisers and other 
ships in order to get this incredible capability [on them].” 


‘These types of di 
what systems ar 


ussions are influencing ship designs as program managers look at 
indispensable and what can be exchanged, Hilarides said 


Integrating the railgun into the fleet won't be a swift process 


It will be at least 10 yeurs until the railgun is fielded on new ships and potentially 30 
‘years past that before the Navy considers removing powder guns from the fleet entirely 
and transitioning to energy weapons alone, according to Hilarides."” 


Issues for Congress 


Potential Oversight Questions 


Potential oversight questions for Congress regarding Navy programs for SSLs, EMRG, and HVP 


include the following: 


allyson Versprill, “Integration Biggest Challenge for Railgun," National Defense, June 2015, See also Lance M. 


Using currently available approaches for countering ASCMs and ASBMs, how 
well could Navy surface ships defend themselves in a combat scenario against an 
adversary such as China that has large numbers of ASCMs (including advanced 
models) and ASBMs? How would this change if Navy surface ships in coming 
years were equipped with SSLs, EMRG, HVP, or some combination of these 
systems? 


How significant are the remaining development challenges for SLs, EMRG, and 
HVP? 

Are current schedules for developing SSLs, EMRG, and HVP appropriate in 
relation to remaining development challenges and projected improvements in 
enemy ASCMs and ASBMs? To what degree are current schedules for 
developing SSLs, EMRG, or HVP sensitive to annual funding levels? 


When does the Navy anticipate issuing roadmaps detailing its plans for procuring 


and installing production versions of SSLs, EMRGs, and HVP on specific Navy 
ships by specific dates? 
Will the kinds of surface ships that the Navy plans to procure in coming years 


have sufficient space, weight, electrical power, and cooling capability to take full 
advantage of SSLs (particularly those with beam powers above 200 kW) and 
EMRG? What changes, if any, would need to be made in Navy plans for 
procuring large surface combatants (ie., destroyers and cruisers) or other Navy 
ships to take full advantage of SSLs and EMRG? 


Bacon, “3-Star: ‘Lot of Work’ Before Railgun Arrives in Fleet,” Navy Times, February 5, 2015. 
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«Are the funding sources for SSLs, EMRG, and HVP in Navy and Defense-Wide 
research and development accounts (see “Summary of Congressional Action on 
FY2017 Funding” below) sufficiently visible for supporting congressional 
oversight? 


Legislative Activity for FY2017 


Summary of Congressional Action on FY2017 Funding 


Funding in the defense budget for research and development work on Navy SSLs, EMRG, and 
HVP is spread across several research and development account line items (which are known as 
program elements, or PEs). The PEs shown in Table 1 capture much but not necessarily all of the 
funding for developing Navy SSLs, EMRG, and HVP. The PEs shown in the table, moreover, 
nclude funding for efforts other than Navy SSLs, EMRG, and HVP, so congressional changes 
from requested amounts might or might not relate to SSLs, EMRG, or HVP. 


Table 1. Summary of Congressional Action on FY17 Funding 


In millions of dollars, rounded to nearest tenth 


‘Authorization ‘Appropriation 
Program Element (PE) number, PE 
name, FY16 budget line number Req. HASC SASC Conf. HAC SAC Conf. 

(06021 14N, Power Projection Applied 44. 4A ALA 414 

Research, line 4 

(0602750N, Future Naval Capabilities 165.1 165.1 165.1 1s74 

Applied Research, line 13, 

06031 14N, Power Projection Advanced 964 (1064 BLA 766 

Technology, line 16 

(0603673N, Future Naval Capabilities 249.1 249.1 239.1 2521 

‘Advanced Technology Development, ine 21 

(0603925N, Directed Energy and Electric 3270327327 327 

Weapon System, line 75 

(0604250087, Advanced Innovative 8449 © 80498449 0449 


Technology, line 95 


Source: Table prepared by CRS based on Navy FYI7 budget submission and committee and conference 
reports. 


Notes: HASC is House Armed Services Committee; SASC is Senate Armed Services Committee; HAC is 
House Appropriations Committee; SAC is Senate Appropriations Committee; Conf. is conference agreement. 
‘The PEs shown in the table below capture much but not necessarily all of the funding for work on Navy SSLs, 
EMRG, and HVP. The PEs shown in the table, moreover, include funding for efforts other than Navy SSLs, 
EMRG, and HVP. 


FY2017 National Defense Authorization Act (H.R. 4909/S. 2943) 


House 


The House Armed Services Committee, in its report (H-Rept. 114-537 of May 4, 2016) on ELR. 
4909, recommended the funding levels shown in the HASC column of Table 1. The 
recommended increase of $10 million for PE 0603114N, Power Projection Advanced Technology 
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(line 16) i 


for “Program increase for common mount,” (Page 498) The recommended reduction 


of $40 million for PE 0604250D8Z, Advanced Innovative Technology (line 95) is for “SCO” (the 
Strategic Capabilities Office). (Page 518) H-Rept, 114-537 states: 


H.Rept. 


Common mount for electromagnetic railgun 


‘The budget request contained $96.4 million in PE 631 14N for power projection advanced 
technology. Of this amount, $15.4 million was included for the Navy's electromagnetic 
railgun prototype. 


‘The committee remains supportive of the Navy's program for developing and deploying 
an electromagnetic railgun. The committee recognizes the growing imperative for the 
Navy to field this type of weapon, not only to increase capabilities for naval surface fire 
support and ballistic missile defense, but to also decrease the cost exchange model when 
comparing the railgun to conventional missiles or guns. However, the committee is 
increasingly concemed that the shift in emphasis to the hypervelocity projectile by the 
Strategic Capabilities Office has left the Navy with a funding gap in developing the 
requirements and design for a common mount, which is a necessary prerequisite to 
getting this capability into operational use. Therefore, the committee directs the Secretary 
of the Navy to provide a briefing to the House Committee on Armed Services by 
February 15, 2017, on the plan and milestone schedule for demonstrating and deploying a 
‘common railgun mount for sea- and land-bas 


‘The committee recommends $106.4 million, an increase of $10.0 million, in PE 63114N 
to support the development of a common mount for the sea-based and land-based 
electromagnetic railgun, (Page 61) 


114-537 also states: 
Strategic Capabilities Office 


‘The budget request contained $844.9 million in PE 64250D8Z for development activities 


of the Strategic Capabilities Office (SCO). 


Created in 2012 by the Deputy Secretary of Defense, SCO has the mission to identify, 
analyze, demonstrate, and transition game-changing applications of existing and near- 
term technology to shape and counter emerging threats. SCO is comprised of a relatively 
small number of personnel and relies on other program office personnel and resources to 
execute its mission. The commitiee appreciates the nature of SCO’s mission and 
suistained leanness of the organization; however, the committee notes the budget for SCO 
has grown exponentially cach fiscal year. For example, the fiscal year 2017 budget 
request is nearly double the request for fiscal year 2016. 


‘The committee is concerned that such rapid budget growth may bring with it some risks, 
including the demands on SCO’s small staff, demands on other Department of Defense 
personnel, and impact of SCO decisions on existing programs. For example, the 
committee is aware of SCO’s inclusion on the electromagnetic railgun development, and 
subsequent reprioritizing of its planned investment in that program for fiseal year 2017. 
resulting in a funding gap that could not be covered by the program office. 


Additionally, the commit 
SCO has not been adeq) 


remains concerned that the transition of technologies from 
ely captured and conveyed to the oversight committees. The 
report required by the committee report (H. Rept. 114-102) accompanying the National 
Defense Authorization Act for Fiscal Year 2016 has not been delivered and is now almost 
6 months late. In order to support prudent use of taxpayer resources, and to ensure proper 
‘oversight of these activities, the committee believes this report should be provided and 
concerns addressed before supporting full funding of planned activities. 


‘ommittee recommends $804.9 million, a decrease of $40.0 million, in PE, 
ies Office. (Page 92) 


Therefore, tl 
(64250D8Z for development activities of the Strategic Capabil 


Congress 
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Section 220 of H.R. 4909 as reported states: 


HRept 


HRept 


SEC, 220. Designation of Department of Defense senior official with principal 
responsibility for directed energy weapons. 


Not later than 180 days after the date of the enactment of this Act, the Secretary of 
Defense shall— 


(1) designate a senior official already serving within the Department of Defense as the 
official with principal responsibility for the development and demonstration of directed 
energy weapons for the Department; and 


(2) set forth the responsibilities of that senior official with respect to such programs. 
114-537 also states: 
Five-inch precision guided projectile development for naval surface fire support 


In the committee report (H. Rept. 114-102) accompanying the National Defense 
Authorization Act for Fiscal Year 2016, the committee noted “that current surface Navy 
gunnery requirements are outdated and that new technologies such as railgun and directed 
energy weapons are nearing readiness for technology transition.” The committee 
referenced the Advanced Naval Surface Fires (ANSF) initiative and noted the ANSF was 
assessing options for providing a near-term S-inch guided munition capability. The 
committee understands this capability would provide for improved and extended-range 
naval surface fire support. The committee continues to support the need for this precision 
guided capability and is also aware of the Hypervelocity Gun Weapon System (HGWS) 
program that is currently under consideration by the Strategic Capabilities Office (SCO). 
The committee notes the HGWS program would “flip the cost equation using 
conventional guns to defend forward bases against raids of advanced cruise and ballistic 
missiles” and believes there could be applications for use in 5-inch gun systems for naval 
surface fires support. The committee is encouraged by the development of both of these 
initiatives and expects the Navy and SCO to coordinate on these capabilities. The 
committee also expects the Navy to proceed forward with an accelerated development 
and acquisition strategy for this needed capability that is consistent with acquisition 
reform principles. (Pages 62-63) 


114-537 also states: 


Technology enablers for directed energy weapon systems 


‘The committee is aware that the Department of Defense has made significant advances in 
the development and operational demonstration of directed energy weapons systems 
Each military department has demonstrated marquee program in this area, such as the 
Navy's Laser Weapon System deployed on the USS Ponce, the Army High Energy Laser 
Mobile Demonstrator, and the Marine Corps’ Ground Based Air Defense System. Along 
with technology demonstration activities like the Robust Electric Laser Initiative and the 
High Energy Liquid Laser Area Defense System, each of these programs demonstrated 
the increased power output and power on target necessary to develop a militarily useful 
directed energy weapon. 


However, as the Department has made progress in raising the power levels of these 
systems, it has also demonstrated the need for emphasis on development in other 
technology areas necessary to realize the full potential of laser weapons. For example 
higher power output requires improved beam control to engage targets at greater 
distances, as well as better thermal management systems to dissipate the increased heat 
load. As the Department has been overcoming foundational technical challenges, new 
challenges have emerged that will impact the operational uses for directed energy 
weapons. 


“Congressional Research Service 


Navy Lasers, Railgun, and Hypervelocity Projectile: Background and Issues for Congress 


‘Therefore, the committee directs the Assistant Secretary of Defense for Research and 


Engineering, in coordination with the 
and the High Energy La 

Committee on Armed Servi 
roadmap for enabling technologies. including: 


(1) Beam directors and adaptive optics, including deformable mirrors: 
(2) Thermal management needs and capabilities; 

() Integration challenges with fire control systems, including potential 
future needs for fire control for laser systems; 


(4) Power architecture 


nd power electronics needs: 
(5) Facilities and test range capabilities: and 


(6) Other areas as deemed by the Secretary. (Page 93) 


Senate 


search components of the military departments 
er Joint Technology Office, to provide a briefing to the House 
s by January 20, 2017. This briefing should provide a 


‘The Senate Armed Services Committee, in its report (S.Rept. 114-255 of May 18, 2016) on S. 


2943, recommended the funding levels shown in the SASC column of Table 1. The 
recommended reduction of $15 million to PE 0603114N, Power Projection Advanced Ti 
(line 16) is for “General decrease.” (Page 481) The recommended reduction of $10 mi 


‘echnology 
lion to PE 


0603673N, Future Naval Capabilities Advanced Technology Development (line 21) is for 


“Capable manpower, and power and energy.” (Page 481)."' S.Rept. 114-255 states: 
Power projection advanced technology 


‘The budget request included $96.4 million in PE 631 14N for power projection advanced 
technology. The committee notes that the Navy, Air Force, Defense Advanced Research 
Projects Agency, Strategic Capabilities Office, and other elements within the Department 
of Defense are all pursuing advanced power projection technologies and systems. The 


committee is concerned that these efforts are not well-coordinated and have uncert 


pathways for transition to programs of record, In addition, the committee notes that the 


‘budget request represents an almost 200 percent increase over the amount enacted 


fiscal year 2016. The committee believes that such a large increase in budget is not 
warranted and is concerned about the ability of the programs to absorb the additional 


funding. Consequently, the committee recommends a decrease of $15.0 million in 


PE 


63114N, but directs that this reduction not be assessed against solid state laser maturation 


efforts. (Page 52) 
Section 216 of S. 2943 as reported states: 


* This recommended reduction of $10 million does not appear to relate (at least not directly) to lasers, the 
electromagnetic sailgun, or the HVP. S.Rept. 114-255 states: 
Capable manpower and power and energy 
‘The budget request included $249.1 million in PE 63673N or furure naval capabilities advanced 
technology developments. The activities listed under this program element include capable 
manpower and power and energy. The committee believes thatthe work plans for fiscal year 201 
‘on these activities does not warrant the level of funding included in the budget request. For 


7 


‘example, the committee notes thatthe research included in these two projects include development 


‘of new personnel and management methodologies, and capabilities in energy security. Both of 
these efforts could be better coordinated with other organizations performing similar research, 
Consequently, the committee recommends a decrease of $10.0 milion in PE 63673N to be 
distributed appropriately from capable manpower and power and energy. (Page 53) 
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SEC. 216, Directed energy weapon system programs. 


(a) Inclusion of Directed Energy Weapon System programs in the rapid acquisition 
authority program — 


(1) IN GENERAL—Section 806(c)(1) of the Bob Stump National Defense 
Authorization Act for Fiscal Year 2003 (Public Law 107-314; 10 U.S.C. 2302 note) is 
amended by adding at the end the following new subparagraph: 


“(D) (i) In the case of any supplies and associated support services that, as determined in 
writing by the Secretary of Defense without delegation, are urgently needed to eliminate 
a deficiency in directed energy weapon systems, the Secretary may use the procedures 
developed under this section in order to accomplish the rapid acquisition and deployment 
of needed offensive or defensive directed energy weapon systems capabilities, supplies, 
and associated support services. 


“Gi) For the purposes of directed energy weapon systems acquisition, the Secretary of 
Defense shall consider use of the following procedures: 


“(1) The rapid acquisition authority provided under this section. 


“(ID Use of other transactions authority provided under section 2371 of title 10, United 
States Code. 

“(II) The acquisition of commercial items using simplified acquisition procedures. 

“(V) The authority for procurement for experimental purposes provided under section 
2373 of title 10, United States Code. 


“(ii) In this subparagraph, the term ‘directed energy weapon systems’ means military 
action involving the use of directed energy to incapacitate, damage, or destroy enemy 
equipment, facilities, or personnel.” 


(2) CONFORMING AMENDMENTS.—Section 2373 of title 10, United States Code, is, 
amended— 


(A) in subsection (a), by striking “and aeronautical supplies” and inserting “, aeronautical 
supplies, and directed energy weapon systems”; and. 


(B) by adding at the end of the following new subsection: 


“(c) Directed energy weapon systems defined. —In this section, the term “directed energy 
weapon systems’ means military action involving the use of directed energy to 
incapacitate, damage, or destroy enemy equipment, facilities, or personnel. 


(b) Joint Directed Energy Program Oft 


(1) REDESIGNATION.—The High Energy Laser Joint Technology Office of the 
Department of Defense is hereby redesignated as the “Joint Directed Energy Program 
Office” (in this subsection referred to as the “Office”), 


(2) STRATEGIC PLAN FOR DEVELOPMENT AND FIELDING OF DIRECTED 
ENERGY WEAPONS CAPABILITIES —In addition to the functions and duties of the 
Office in effect on the day before the date of the enactment of this Act, the Office shall 
develop a strategic plan for development and fielding of directed energy weapons 
capabilities for the Department, in which the Office may define requirements for directed 
energy capabilities that address the highest priority warfighting capability gaps of the 
Department. 

(3) ACCELERATION OF DEVELOPMENT AND FIELDING OF DIRECTED 
ENERGY WEAPONS CAPABILITIES — 


(A) IN GENERAL —To the degree practicable, the Office shall use the policies of the 
Department that are revised pursuant to this section and new acquisition and management 
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practices established pursuant to this section to accelerate the development and fielding 
of directed energy capabilities. 


(B) ENGAGEMENT.—The Secretary shall ensure that use of policies and practices 
described in subparagraph (A) include engagement with defense and private industries, 
research universities, and unaffiliated, nonprofit research institutions 


Regarding Section 216, S.Rept. 114-255 states: 


S.Rept. 


Directed energy weapon system programs (see. 216) 


‘The committee remains concerned about the Department of Defense's inability to field an 
operational directed energy system. The committee is aware that the military services and 
industry partners have developed sufficient directed energy weapon capabilities for 
specific scenarios—like the High Energy Laser Mobile Demonstrator (HEL-MD) to 
counter rocket, artillery and mortar for base protection purposes and the Counter 
Electronics High Powered Microwave Advanced Missile Project (CHAMP) for disabling 
an adversary’s electronics while avoiding collateral damage. These programs, as well as 
other high energy laser weapon systems, have been tested and demonstrated, but have 
failed to transition to acquisition programs of record. 


‘The committee notes that directed energy capabilities have the potential to support many 
‘operational missions in cost effective and efficient manners, In response to these factors, 
the committee recommends a provision that would amend section 806 of the Bob Stump 
‘National Defense Authorization Act for Fiscal Year 2003 (Public Law 107-314) to grant 
rapid acquisition authorities for directed energy weapon systems to accelerate the 
development and fielding of this technology and to help offset the gains of potential 
adversaries. 


‘The committee notes that since 1960, the Department of Defense has invested more than 
$6.0 billion in directed energy science and technology initiatives. However, the 
committee remains concerned that, despite this significant investment, the Department's 
directed energy initiatives are not resourced at levels necessary to transition them to full- 
scale acquisition programs, The committee notes with concern that years of investment 
have not to date resulted in any operational systems with high energy laser capability 


‘The committee highlights that the Defense Science Board Task Force on Directed Energy 
Weapon Systems and Technology Applications found that “directed energy offers 
promise as a transformational “game changer’ in military operations, able to augment and 
improve operational capabilities in many areas.” The task force further concluded that the 
range of potential applications is sufficient to warrant significantly increased attention to 
the scope and direction of efforts to assess, develop, and field appropriate laser, 
microwave, and millimeter wave weapons. Consistent with the findings of the task force 
the committee believes that directed energy weapons systems offer significant benefits in 
terms of cost effectiveness, sustainability, magazine capabilities, and precision targeting. 
(Pages 46-47) 


114-255 also states: 
High energy laser joint technology office 


‘The budget request included $42.3 million in PE 62890F for high energy laser resean 
‘The committee notes that this program element funds defense high energy laser applied 
research through the High Energy Laser Joint Technology Office. However, the 
committee is concemed that the Joint Technology Office has not received sulicient 
funding in recent years to drive the maturation of high energy laser technology. As an 
example, the committee notes with concern that no laser technologies have yet been 
fielded or deployed, despite promising development and field tests. Given the importance 
of directed energy weapons systems in general as noted elsewhere in this Act, and of high 
energy laser systems in particular, the committee is concerned that budget request for this 
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S.Rept. 


S.Rept. 


program clement will be insufficient for supporting the joint technology office. 
Accordingly, the committee recommends an increase of $5.0 million in PE 62890F for 
the high energy laser joint technology office. (Pages 54-55) 


114-255 also states: 
Directed energy systems prototyping 


‘The budget request included no money in PE 64342D8Z, for defense technology offsets 
‘The committee notes with disappointment that the administration did not view it as a 
priority to request funds through this program element. Particularly with the high-profile 
‘emphasis placed on the Department of Defense's Third Offset Strategy, the committee is 
disappointed to see this program be unfunded. In addition, as noted elsewhere in this 
report, the committee is deeply disappointed with how the technology offset funding 
enacted in fiscal year 2016 was allocated. As noted, none of the money was put towards 
directed energy, in contradiction to the clear intent of Congress that half of the money be 
used to bolster directed energy technologies. While the committee does not recommend 
additional unrestricted funds for the technology offsets program, the committee 
underscores that directed energy systems are still critical areas of work in need of greater 
support and attention. The committee believes that the Department needs to focus in 
particular on the transition from lab development to deployment and fielding 
Consequently, the committee recommends a general increase of $25.0 million in PE 
64342D8Z to be used only for the purposes of directed energy systems prototyping 
(Pages 59-60) 


114-255 also states: 
Laser weapon system demonstrator 


‘The Committee commends the Navy for initiating and funding the Laser Weapon 
Systems Demonstrator (LWSD) and believes that this is an important step toward 
maturing technologies that could ultimately enable the deployment of a shipboard 
maritime laser weapons system. While the Committee understands that the Navy 
envisions transitioning laser weapons to a formal Program of Record in the 2020s, it 
appears that the Navy has not programmed funding beyond the LWSD sea-based tests to 
support the installation of LWSD on a DDG ot for the design and procurement of a 
formal maritime laser program. 


‘The committee expects that the Secretary of the Navy will keep the congressional defense 
committees updated on its plan to seamlessly transition the LWSD to a shipboard 
weapons system following sea-based testing and to a formal maritime laser Program of 
Record, technical progress toward developing the capability, and programmatic steps 
being taken to move to demonstration and deployment of advanced laser systems. (Page 
10) 


FY2017 DOD Appropriations Act (H.R. 5293) 


House 


‘The House Appropriations Committee, in its report (H.Rept, 114-577 of May 19, 2016) on H.R. 
5293, recommended the funding levels shown in the HAC column of Table 1. The recommended 
reduction of $8 million to PE 0602750N, Future Naval Capabilities Applied Research (line 13) is 
for “FORCENET excessive growth” ($5 million), “Power and energy previously funded efforts” 


(S2 million), and “Sea shield previously funded efforts” ($1 million). (Page 228) The 
recommended reduction of $19.8 million to PE 0603114N, Power Projection Advanced 
Technology (line 16) is for “Precision strike technology excess growth.” (Page 228) The 


recommended net reduction of $3 million to PE 0603673N, Future Naval Capabilities Advanced 
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Technology Development (line 21) consists of a reduction of $2 million for “Power and energ 
previously funded efforts,” a reduction of $2 million for “Sea shield previously funded efforts 
and an increase of $7 million for “Program increase—ASW [antisubmarine warfare] research. 
(Page 228) 


H.Rept. 114-577 states: 
HIGH ENERGY LASERS 


‘The Committee is aware of efforts within the High Energy Laser Joint Technology Office 
to develop advanced, directed-energy, high energy laser weapons that have the potential 
to perform a wide variety of military missions. The Committee encourages the Secretary 
of Defense to explore further development and evaluation of this important technology. 
(Page 264) 


Directed Energy Weapon Systems Acquisition Act of 2016 (H.R. 
4964/S. 2778) 


House 


HLR. 4964 was introduced in the House on May 5, 2016. The text of H.R. 4964 as introduced 
states: 


SECTION 1. Short title 


This Act may be cited as the “Di 
2016" 


ied Energy Weapon Systems Acquisition Act of 


SEC. 2. Findings 
Congress makes the following findings: 


(1) The Committee on Armed Services of the Senate noted in the report accompanying S. 
1356 (S. Rept. 114-49; 114th Congress) that since 1960, the Department of Defense has 
invested more than $6,000,000,000 in directed energy science and technology initiativ. 
and that the Committee is concerned that, despite this significant investment, the 
Department's directed energy initiatives are not resourced at levels necessary to transition 
them to full-scale acquisition programs, 


(2) The Defense Science Board Task Force on Directed Energy Weapon Systems and 
‘Technology Applications (the “Task Force”) found that “directed energy offers promise 
as a transformational ‘game changer’ in military operations, able to augment and improve 
‘operational capabilities in many areas” 


(3) Despite this potential, years of investment have not resulted in any operational 
systems with high energy laser capability. 


(4) The Task Force believes that the range of potential application is sufficient to warrant 
significantly increased attention to the scope and direction of efforts to assess, develop. 
and field appropriate laser, microwave, and millimeter wave weapons. 


SEC. 3. Inclusion of directed energy weapon system programs in the rapid acquisition 
authority program. 

(a) In general —Section 806(c)(1) of the Bob Stump National Defense Authorization Act 
for Fiscal Year 2003 (Public Law 107-314; 10 U.S.C. 2302 note) is amended by adding 
at the end the following new subparagraph: 


“(D) (i) In the case of any supplies and associated support services that, as determined in 
writing by the Secretary of Defense without delegation, are urgently needed to eliminate 
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a deficiency in directed energy weapon systems, the Secretary may use the procedures 
developed under this section in order to accomplish the rapid acquisition and deployment 
of needed offensive or defensive directed energy weapon systems capabilities, supplies, 
and associated support services. 


“Gi) For the purposes of directed energy weapon systems acquisition, the Secretary of 
Defense shall consider use of the following procedures: 


“(1) The rapid acquisition authority provided under this section. 

“(ID) Use of other transactions authority provided under section 2371 of title 10, United 
States Code. 

“(II1) The acquisition of commercial items using simplified acquisition procedures. 


“(IV) The authority for procurement for experimental purposes provided under section 
2373 of ttle 10, United States Code. 


“Gii) In this subparagraph, the term ‘directed energy weapon system’ means military 
action involving the use of directed energy to incapacitate, damage, or destroy enemy 
equipment, facilities, or personnel.” 


(b) Conforming amendments—Section 2373 of title 10, United States Code, is 
amended— 


(1) in subsection (a), by striking “and aeronautical supplies” and inserting “, aeronautical 
supplies, and directed energy weapon systems”; and. 


(2) by adding at the end of the following new subsection: 


“(c) Directed energy weapon system defined —In this section, the term ‘directed energy 
weapon system’ means military action involving the use of directed energy to 
incapacitate, damage, or destroy enemy equipment, facilities, or personnel.” 


SEC. 4. Joint Directed Energy Program Office. 
(a) Redesignation—The High Energy Laser Joint Technology Office of the Department 


of Defense is hereby redesignated as the “Joint Directed Energy Program Office” (in this 
section referred to as the “Office”). 


(b) Strategic plan for development and transition of directed energy weapons capabilities 
toward fielding —In addition to the functions and duties of the Office in effect on the day 
before the date of the enactment of this Act, the Office shall develop a strategic plan for 
development and transition of directed energy weapons capabilities toward fielding for 
the Department, in which the Office may define requirements for directed energy 
capabilities that address the highest priority warfighting capability gaps of the 
Department. 


(©) Acceleration of development and transition of directed energy weapons capabilities 
toward fielding — 

(1) IN GENERAL. —To the degree practicable, the Office shall use the policies of the 
Department that are revised pursuant to this Act and new acquisition and management 


practices established pursuant to this Act to accelerate the development and transition of 
directed energy capabilities toward fielding, 


(2) ENGAGEMENT.—The Secretary shall ensure that use of poli 
described in paragraph (1) include engagement with defense and private industri 
research universities, and unaffiliated, nonprofit research institutions. 


Senate 


S. 2778 was introduced in the Senate on April 12, 2016. The text of S. 2778 as introduced states: 
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SECTION 1, Short title. 


‘This Act may be cited as the “Di 
2016". 


ied Energy Weapon Systems Acquisition Act of 


SEC. 2. Findings. 


Congress makes the following findings: 


(1) The Committee on Armed Services of the Senate noted in the report accompanying S. 
1356 (S. Rept. 114-49; 114th Congress) that since 1960, the Department of Defense has 
invested more than $6,000,000,000 in directed energy science and technology initiatives. 
and that the Committee is concerned that, despite this significant investment, the 
Department's directed energy initiatives are not resourced at levels necessary to transition 
them to full-scale acquisition programs. 


(2) The Defense Science Board Task Force on Directed Energy Weapon Systems and 
Technology Applications (the “Task Force”) found that “directed energy offers promise 
as a transformational ‘game changer’ in military operations, able to augment and improve 
operational capabilities in many areas” 


(3) Despite this potential, years of investment have not resulted in any operational 
systems with high energy laser capability 


(4) The Task Force believes that the range of potential application is sufficient to warrant 
significantly increased attention to the scope and direction of efforts to assess, develop, 
and field appropriate laser, microwave, and millimeter wave weapons 


SEC, 3. Inclusion of directed energy weapon system programs in the rapid acquisition 
authority program. 


(a) In general —Section 806(c)(1) of the Bob Stump National Defense Authorization Act 
for Fiscal Year 2003 (Public Law 107-314; 10 U.S.C. 2302 note) is amended by adding 
at the end the following new subparagraph: 


“(D) (i) In the case of any supplies and associated support services that, as determined in 
writing by the Secretary of Defense without delegation, are urgently needed to eliminate 
a deficiency in directed energy weapon systems, the Secretary may use the procedures 
developed under this section in order to accomplish the rapid acquisition and deployment 
of needed offensive or defensive directed energy weapon systems capabilities, supplies, 
and associated support services. 


“(i) For the purposes of directed energy weapon systems acquisition, the Secretary of 
Defense shall consider use of the following procedures: 


“(1) The rapid acquisition authority provided under this section. 


“(ID) Use of other transactions authority provided under section 2371 of title 10, United 
States Code. 


“(II) The acquisition of commercial items using simplified acquisition procedures 
“(V) The authority for procurement for experimental purposes provided under section 
2373 of title 10, United States Code. 

“Gii) In this subparagraph, the term ‘directed energy weapon system’ means military 
action involving the use of directed energy to incapacitate, damage, or destroy enemy 
equipment, facilities, or personnel.” 

(b) Conforming amendments—Section 2373 of title 10, United States Code, is 
amended — 

(1) in subsection (a), by striking “and aeronautical supplies” and inserting “, aeronautical 
supplies, and directed energy weapon systems”; and 
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(2) by adding at the end the following new subsection: 
“(¢) Directed energy weapon system defined —In this section, the term ‘directed energy 
weapon system’ means military action involving the use of directed energy to 
incapacitate, damage, or destroy enemy equipment, facilities, or personnel.” 


SEC. 4. Joint Directed Energy Program Otice 


(a) Redesignation—The High Energy Laser Joint Technology Office of the Department 
of Defense is hereby redesignated as the “Joint Directed Energy Program Office” (in this 
section referred to as the “Office”). 


(b) Strategic plan for development and transition of directed energy weapons capabilities 
toward fielding. —In addition to the functions and duties of the Office in effect on the day 
before the date of the enactment of this Act, the Office shall develop a strategic plan for 
development and transition of directed energy weapons capabilities toward fielding for 
the Department, in which the Office may define requirements for directed energy 
capabilities that address the highest priority warfighting capability gaps of the 
Department. 


(©) Acceleration of development and transition of directed energy weapons capabilities 
toward fielding — 


(1) IN GENERAL. —To the degree practicable, the Office shall use the policies of the 
Department that are revised pursuant to this Act and new acquisition and management 
practices established pursuant to this Act to accelerate the development and transition of 
directed energy capabilities toward fielding, 

(2) ENGAGEMENT.—The Secretary shall ensure that use of policies and practices 
described in paragraph (1) include engagement with defense and private industries, 
research universities, and unaffiliated, nonprofit research institutions 
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Appendix. Potential Advantages and Limitations of 
Shipboard Lasers 


This appendix presents additional information on potential advantages and limitations of 
shipboard lasers, 


Potential Advantages 


In addition to a low marginal cost per shot and deep magazine, potential advantages of shipboard 
lasers include the following: 


Fast engagement times. Light from a laser beam can reach a target almost, 
instantly (eliminating the need to calculate an intercept course, as there is with 
interceptor missiles) and, by remaining focused on a particular spot on the target, 
cause disabling damage to the target within seconds, After disabling one target, a 
laser can be redirected in several seconds to another target. 


Ability to counter radically maneuvering missiles. Lasers can follow and 


maintain their beam on radically maneuvering missiles that might stress the 
maneuvering capabilities of Navy SAMs. 


Precision engagements. Lasers are precision-engagement weapons—the light 
spot from a laser, which might be several inches in diameter, affects what it hi 
while generally not affecting (at least not directly) separate nearby objects, 


Graduated responses. Lasers can perform functions other than destroying 
targets, including detecting and monitoring targets and producing nonlethal 
effects, including reversible jamming of electro-optic (EO) sensors. Lasers offer 
the potential for graduated responses that range from warning targets to 
reversibly jamming their systems, to causing limited but not disabling damage (as, 
a further warning), and then finally causing disabling damage 


Potential Limitations 


Potential limitations of shipboard lasers include the following: 


Line of sight. Since laser light tends to fly through the atmosphere on an 
essentially straight path, shipboard lasers would be limited to line-of-sight 
engagements, and consequently could not counter over-the-horizon targets or 
targets that are obscured by intervening objects. This limits in particular potential 
engagement ranges against small boats, which can be obscured by higher waves, 
or low-flying targets. Even so, lasers can rapidly reacquire boats obscured by 
periodic swells. 


Atmospheric absorption, scattering, and turbulence. Substances in the 
atmosphere—particularly water vapor, but also things such as sand, dust, salt 
particles, smoke, and other air pollution—absorb and scatter light from a 
shipboard laser, and atmospheric turbulence can defocus a laser beam. These 
effects can reduce the effective range of a laser. Absorption by water vapor is a 
particular consideration for shipboard lasers because marine environments 
feature substantial amounts of water vapor in the air. There are certain 
wavelengths of light (ic, “sweet spots” in the electromagnetic spectrum) where 
atmospheric absorption by water vapor is markedly reduced. Lasers can be 
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© See, for example 


designed to emit light at or near those sweet spots, so as to maximize their 
potential effectiveness, Absorption generally grows with distance to target, 
making it in general less of a potential problem for short-range operations than 
for longer-range operations. Adaptive optics, which make rapid, fine adjustments 
toa laser beam on a continuous basis in response to observed turbulence, can 
counteract the effects of atmospheric turbulence, Even so, lasers might not work 
well, or at all, in rain or fog, preventing lasers from being an all-weather solution. 


Thermal blooming. A laser that continues firing in the same exact direction for a 
certain amount of time can heat up the air it is passing through, which in turn can 
defocus the laser beam, reducing its ability to disable the intended target. This 
effect, called thermal blooming, can make lasers less effective for countering 
targets that are coming straight at the ship, on a constant bearing (i.e., “down-the- 
throat” shots). Other ship self-defense systems, such as interceptor missiles or a 
CIWS, might be more suitable for countering such targets. Most tests of laser 
systems have been against crossing targets rather than “down-the-throat” shots, 
In general, thermal blooming becomes more of a concern as the power of the 
laser beam increases. 


Saturation attacks. Since a laser can attack only one target at a time, requires 
several seconds to disable it, and several more seconds to be redirected to the 
next target, a laser can disable only so many targets within a given period of time. 
This places an upper limit on the ability of an individual laser to deal with 
saturation attacks—attacks by multiple weapons that approach the ship 
simultaneously or within a few seconds of one another, This limitation can be 
mitigated by installing more than one laser on the ship, similar to how the Navy 
installs multiple CIWS systems on certain ships. 


Hardened targets and countermeasures. Less-powerful lasers—that is, lasers 
with beam powers measured in kilowatts (kW) rather than megawatts (MW)— 
can have less effectiveness against targets that incorporate shielding, ablative 
material, or highly reflective surfaces, or that rotate rapidly (so that the laser spot 
does not remain continuously on a single location on the target's surface) or 
tumble, Small boats (or other units) could employ smoke or other obscurants to 
reduce their susceptibility to laser attack.” Measures such as these, however, can 

icrease the cost and/or weight of a weapon, and obscurants could make it more 
difficult for small boat operators to see what is around them, reducing their 
ability to use their boats effectively. 


Risk of collateral damage to aircraft, satellites, and human eyesight. Since 
light from an upward-pointing laser that does not hit the target would continue 
flying upward in a straight line, it could pose a risk of causing unwanted 
collateral damage to aircraft and satellites, The light emitted by SSLs being 
developed by the Navy is of a frequency that can cause permanent damage to 
human eyesight, including blinding. Blinding can occur at ranges much greater 
than ranges for damaging targeted objects. Scattering of laser light off the target 
or off fog or particulates in the air can pose a risk to exposed eyes.” 


“Kelsey D. Atherton, “China Plans To Defeat American Lasers With Smoke,” Popular Science, 


May 3, 2016, 


© The United States in 1995 ratified the 1980 Convention on Prohibitions or Restriction on the Use of Certain 
‘Conventional Weapons Which May be Deemed to be Excessively Injurious or to Have Indiscriminate Effects. An 
(continued...) 


Congressional Research Service @ 


Navy Lasers, Railgun, and Hypervelocity Projectile: Background and Issues for Congress 


For additional background information on potential Navy shipboard SSLs, see CRS Report 
R41526, Navy Shipboard Lasers for Surface, Air; and Missile Defense: Background and Issues 
for Congress, by Ronald O'Rourke. 


Author Contact Information 


Ronald O'Rourke 
Specialist in Naval Affairs 
rorourke@crs.loc.gov, 7-7610 


(continued) 

international review of the convention began in 1994 and concluded in May 1996 with the adoption of, among other 
things, a new Protocol IV on blinding laser weapons. The protocol prohibits the employment of lasers that are 
specifically designed to cause permanent blindness to the naked eye or to the eye with corrective eyesight devices. The 
United States ratified Protocol IV on December 23, 2008, and it entered into force for the United States on July 21, 
2009, DOD views the protocol as fully consistent with DOD policy. DOD believes the lasers discussed in this report 
‘ae consistent with DOD policy of prohibiting the use of lasers specifically designed to cause permanent blindness to 
the naked eye or tothe eye with corrective eyesight devices. For further discussion, see Appendix I ("Protocol on 
Blinding Lasers”) in CRS Report R41526, Navy Shipboard Lasers for Surface, Air, and Missile Defense: Background 
sand Issues for Congress, by Ronald ORourke. 
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Advancement in Torpedo Technology Contd... 


¢ Broadband sonar, multi-beam & INS 


¢ Multi target tracking capability 
Fry * S/W based & high speed sig processing 


¢ Re-programmable S/W & search pattern 


ACCM features 


¢ Digital servo and retractable controls 


Contd... 
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dvancement in Torpedo Technolo 


Al-Agz2O, Li-ion & Cu-Ni batteries 


g@- Brushless motor & pump jet propulsion 
* Semi open/close loop thermal propulsion 
¢ Super-cavitation propulsion 


* Tandem shaped charge insensitive W/H 


Torpedo Origin | Speed | Range 
Black Shark Adv _ |Italy 
DM2 A4 Sea Hake | Ger 
A244S MOD-3 Italy 
Flash Black Italy 
F21 HWT France |25-50 |>50 
Spearfish HWT UK 40 48 
Torpedo (2000) |Swed /40 > 40 
MU-90 Eutorp |50 23 
MK 48 ADCAP USA 55 38 
MK 54 USA 28 -43 |12 
Shkval E Russia |>200 |7-10 
UGST Russia |50 40 


Torpedoes in Indian Navy 


Torpedo Origin/ Country 
A244S Italy 
AT1ME ——_ Russian 
MK 54 USA 
TAL MKel “Te (Gp India 
53-65 KE T_T Russian 
CET65E SS ==) | Russian 
TEST 71ME| 2" __sRussian 
SUT = Germany 
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DEWs.... 


rE DEW Advantages 


High Speed of Engagement 


Effective for Defensive/Offensive Role 


Immunity from Gravitation Constraints 


Space Requirement — Limited 


Effective against Moving Air Targets 


Minimal Collateral Damage 


Low Marginal Cost per Shot 


DEWs.... 


DEWs from Sea, Air & Land Platforms 
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DEWs in Indian Nav 
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QRs for Torpedoes 


Require- Remark 
ment 

Speed Upto 55 Knot with variable speed 
Range Upto 40 Kms 

Battery Mg-CuzCle, Al-AgzO & Li-ion batteries 


Propulsion Gas turbine, brushless motor & super-cavitation 
Warhead Tandem insensitive munition W/H & prox EBW fuze 
Guidance CBASS & improved signal processing algorithm 
Launch |/P Tactical S/W algorithm with target data & upgrades 
Control Intelligent digital controllers & actuators 
Camouflage ACCM features - 


QRs.... 


QRs for DEWs 


* 10-25 KW for non-lethal engagement 
* 100-500 KW against:- 


— Missile 


— Rocket 
— Aircraft 


— UAVs 


Way Ahead 


Way Ahead.... 


Joint Venture 


Requirement Scope for Designers & Industry 
Torpedo & Sub-systems 


Mech Parts, Al-Mg alloy, FRP & nano materials, IM, Mg-Cu, Al-Ag2O & Li-ion 
WI/H & Prop batteries, brushless motor, GT, pump jet & supercavitation prop 


Guidance & Sonar imaging & det, CABSS, PCBs, tgt wake seeking, mag anomaly 


Control det & super quantum induction device homing, adv accl & sensors. 
Process Adv sig processing, tact S/W algorithm for tgt data, friendly forces 
Control positions, sound profile & mid-course upgrade, dig ctrl & actuator 


Miscellaneous Fibre optic cable, gene, invertor, shaft, bearing, gear box, bottle, 
gyro, pump, valve, fastener, cable, pipe, dynamic seal, loc & rec aids 


Directed Energy Weapons 


DEW Systems Ship borne 25-500 KW using High Power Microwaves or Lasers for 
non-lethal & lethal engagement 


Way Ahead.... 
Government Staff Design 


Policies Requirement Agency 


Test Industry 
Facilities Initiatives 


Life Cycle Interface with 
Management Industry 


Mu Conclusion 


* Govt promulgated various major policy guidelines 
¢ IN “Indigenisation & MCPP” 


¢ Harnessing knowledge base, infrastructures for “Make 


in India” prg under "FIGHT" category 
¢ DEWs identified as core mil technology requirement 


* Opportunities for strategic partnership 
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5) Psychoenergetics 


Mental entrainment, inducing hypnogagic trance, mind control, broadcasting thoughts and feelings, the Ant World, 
‘education via EM [LW] mental download, the "Feelies,” revolution in spirituality, “enlightenment machine?" Scalar 
churches? 


Psychoenergetics is simply using the scalar interferometers to manipulate and engineer the human psyche. To me it is 
the most mind-boggling and frightening aspect of longitudinal wave engineering. 


‘The mind is electromagnetic in nature, and itself of the time-domain. It is not observable in 3-space. There is nothing 
you can pointto that is the mind. As Bearden says, "The mind is time-like.” 


The longitudinal scatar EM waves are also of the time-domain, By overlaying certain infolded pattems (oscillations in 
time) on the longitudinal waves, a thought or feeling may be made to arise ina person or persons who are in the 
interference zone (where the wave beams cross). 


The person will not notice anything, feeling that this thought or idea is his or her own idea. The longitudinal wave 
pattern might be a wave of panic or fear that spontaneously sweeps over you, perhaps inexplicably. It could even be 
in the form of a sudden intense patriotism. It could be explicit words and phrases, which everyone would think they 
had thought of by themselves. Or it could be rage and hatred, angry and violent. On the other hand It could also be a 
continuous sense of docility and placidity. This is the brave new world of psychoenergetics and the coming "Mind 
Wars." 


Scalar Psychoenergetics in its most primitive form simply "entrains” all minds in the target area into a deep 
hypnogoaic trance. in this state of mind people would be suddenly extremely suagestible, and would likely believe 
anything they are told, and would obey any orders given. Talk about winning the hearts and minds of the American 
People! 


‘Tom Bearden makes me think of Paul Revere, who heroically conveyed important warnings for the sake of the new 
nation. But the words of the famous phrase have now strangely and curiously mutated into the once-inconceivable: 
"One if by land, Two if by mind.” 


Indeed one strategy ina Mind War would be to simply take over the minds of the "leaders" of the enemy nation. The 
targeted leader would not be aware that anything was amiss, although he might begin to make unexpected changes 
in policy. 


‘And are, in fact, any of our “leaders” already having secret thoughts that are not their own? Who knows? 
Frighteningly, we can no longer be sure. 


‘The new sciences of scalar electromagnetics and psychoenergetics are even now plunging humanity into a sudden 
science-fiction-like world beyond anything in humanity's previous imaginings. 


“The Russians reached the point in the mid 1990s that they could take over control of a person's mind, 
with modified longitudinal EM waves including some time-polarized EM waves, and with a team of 
specialists (estimate 25-30 per transmitter, and one transmitter and team per controlled person).” 
‘Bearden: hitp:/www.cheniere.ora/miscitime.htm 


In a slide (below image) Bearden illustrates how a Scalar War would involve a psychoenergetics attack on the 
operators of the enemy scalar installation, entraining their minds into hypnogogic trance and getting them to shut 
down their systems 
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COUNTERING AN INSANE QP WEAPON: 


Quantum Potential Psychoenergetics 
<@®. Strike Mentally Controls All Personnel 
CONTROLLED PERSONNEL DISABLE INSANE QP SYSTEM 
(FOLLOWED BY PERSONNEL KILL OF ENTIRE CADRE BY MINDSNAPPER) 


Baro 


Effects arise in local spacetime, 
simultaneously in all minds in 


MINDS ARE INSTANTLY PLACED 
INTO WAKING... BUT DEEP 
HYPNOGOGIC TRANCE 

STATE. INSERTED THOUGHTS 
ANALOGOUS TO HYPNOTIST. 
PERSONNEL FUNCTIONIN AN 
ALTERED, COMPLETELY 
CONTROLLED PERCEIVED REALITY, 


Indicators: Captain Button's lengthy A-10 incident in 1997, LIDA device since 1950s. 


And ultimately psychoenergetic warfare 


J0es to the very heart of human identity itself. 


For if my thoughts might no longer be "mine,” 


Then who and what am |? 

© Can my very sense of being "me" be hijacked by some nefarious psychoenergetic scheme? 

‘© Will the "secret government” eventually dictate directly into your mind how you feel about 
yourself? 

© Orwhat you think you are? 

© Orwhat you should do? 


How Does Longitudinal EM Mind Control Work? 


The physics of scalar psychoenergetics as expounded by Col. Bearden seems even more arcane and over-my- 
ting energy from the vacuum. | can’t understand it, but | look through it anyway. Each time 
jerstanding might occur, or a term might fall into place. | know the mathematics is forever beyond me. 


another tiny ul 


One paper to begin with is Mind Control and EM Wave Polarization Transductions. This is such serious stuf that 
Bearden includes a strong warning about misuse of this knowledge. 


Psychoenergetics weapons can mentally maim and physically kill 


Warning! 


httpiwww-bibliotecapleyades.netiscalar_techlesp_scalarwar04.htm 
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(From "Mind Control and EM Wave Polarization Transductions") 


“This article refers to experimental research techniques which can be detrimental or lethal in the hands, 
of any but highly skilled, qualified experimental scientists proceeding under proper laboratory safety 
procedures, The purpose of this article is strictly for information to properly qualified and authorized 
Scientists in certified laboratories, 


We do not propose or condone any use of these procedures for non-approved practice of medicine 
without a license, Neither the publisher nor the author are responsible for accidents or outcomes in the 
use of these experimental procedures and techniques, Any researcher who performs these procedures 
and experiments is acting on his or her own volition, and is solely responsible for insuring safety, 
qualifications, and legality of the acts and their results. 


We neither suggest nor condone unauthorized experimentation on human subjects. Such is a criminal 
violation of the constitutional rights of the subject under Federal and State laws, and is both illegal and 
immoral." 

‘Bearden: hitp:/www.cheniere.orglexplorearticles/mind contrott/p01 htm 


After the serious warning comes the description of the paper. This is heady stuff for the layman. 


"Calling full attention to the special note above, in this paper we present a high-level overview of the 
novel electromagnetic nature of mind operations, mind and body coupling, and intent - the induction of 
physical 3-space EM energy changes into the brain and nervous system, and into every cell af the body, 
from the mind’s time-like coherent operations. 


We summarize the time-polarized electrodynamics used to engineer and affect mind operations and the 
mind-body coupling loop. Transaction mechanisms whereby differing EM wave polarization s can be 


transformed one-into-the-other are presented." 
‘Bearden: hitp-www.cheniere,o artcles/mind control 


| will leave it to the technically astute to try to understand the mechanisms of operation which are described in 
scientific language. But there are tidbits for the layman 


Here he speaks of the difficulty Westem scientists have in opening up to the "immaterial" (longitudinal wave) nature of 
the human mind, 


“Ironically, most Westem scientists are materialists and consider "mind" as a mystical and nonscientific, 
concept. They tend to consider mind operations and functions either to be simply "meat computer" 
operations and functions, or at best to be very weak ordinary transverse-wave EM operations and 
functions in the brain and nervous system. This serious self-imitation exists because in the body we 
measure only weak TW [transverse wave] EM operations and functions correlated to biological behavior 
and brain operations. We simply da not know how to measure "mind operations” directly. 


“With no mind measurements possible and no instruments, it is understandable that Western science 
considers only the physical side of the mind-matter interface, 


“Presently our scientists do not measure the longitudinally-polarized EM wave operations and functions 
in the body and around it in nature, Few of them are aware that a maelstrom of such LW [longitudinal 
wave] functions exist in the body and in all of nature in general.” 


Bearden: http://www.cheniere.org/explore articles/mind control1/p05,htm 


‘Western methods of influencing the mind with EM waves have only used transverse waves, not the longitudinal waves 
of the vacuum, 


If only transverse waves are used one pretty well has to hit the target mind with a sledgehammer of waves. 


‘itp iivawbibliotecapleyades.netscalar_techlesp_scalarwar04 him 
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Western Science knows only transverse EM waves 


Brute Forcing Time Functions versus Fine Control Methods 


“Ironically, Western mind control researchers using transverse EM waves for mind control research, are 
using a brute force method of evoking and using vacuum engines (spacetime curvature engines) and a 
special form of general relativity, although they do not appear to realize it. 


"While KGB scientists also use TW EM "brute force", TW waves when necessary, they do "imprint" or 
"activate" those waves with the desired intemal LW and time-polarized EM wave and photon structures 
required to directly perform the mind engineering desired... 

Bearden 


“These “fitted brute-force models" certainly can be very powerful, and certainly can produce the exact 
results shown in the experimental verifications of the fittings. However, they do not of themselves allow 
sophisticated design for example of the necessary time-polarized wave assemblies for engineering the 
entire human collective unconscious simultaneously, or for engineering the entire collective unconscious 
of all species on Earth (i.e., Gaia's collective unconscious), or even for precisely engineering the 
memory and knowledge base of an individual 

‘Bearden: http:/www.cheniere.org/explore articles/mind contrott/p09.htm 


The seemingly magical operations of psychoenergetics, sometimes called "psychatronics," cannot be achieved with 
ordinary transverse EM wave energy. But they are possible with longitudinal scalar waves because the mind itself is 
scalar in nature, 


"We note that all mind operations are time-like, Le., they are comprised as scalar EM photon functions 
and scalar EM wave functions. Thus the mind is a very special kind of electromagnetic system, existing 
in the time domain..." 

Bearden: hitpslwww.cheniere.orglexplorearticles/mind control1/p06.htm 


‘The engineering of the mind can only be accomplished with the waves of time. 


The course of psychoenergetics development necessitates the building of a vast database of settings and patterns 
which bring about given mental and/or emotional states. 


‘A kind of "gnome" of the psyche. Bearden describes the process of the decoding of this "gnome." 


“Now the scientists would perform many phenomenology experiments, making one little change at a 
time and profusely recording the data. Each time, they would establish the physical change(s) that occur 
in the body and/or the mental and emotional changes that occur in the mind for each spectral reinsertion 
back through the "ship's portholes”. They would simply but painstakingly (aver some years) build up an 
extensive database of those individual correlates. 


“In these experiments, the experimenters will eventually be able to provoke any body or mind change 
they wish. Strong emotion. Intense pain. Intense pleasure. Painful thoughts. Images. Memories. 
Perceptions. Dreams. Visions. Memory losses. Memory changes. Personality changes. Etc. The "delta" 
in the emission spectrum (the changes from zero reference spectrum) represent the precise totality of all 


‘mental, physical, organic, chemical, etc. changes and interactions." 
‘Bearden: hitp:www.cheniere.orglexplore articles/mind control3/p01.htm 


“A second stage in the research would be to test the correlates and porthole insertions upon a 
statistically significant cross section of ordinary people, and/or specialized populations (such as 
toughened soldiers). The program would evolve a highly complex, very effective, ever-improving 
science and technology of mind and behavior control and engineering mechanisms, complete with 


finished database and developed applications equipment.” 
Bearden: http:iwww.cheniere.orglexplore aticles/mind control3/p02,htm 


‘Summing up his paper Bearden speculates on what the actual situation the science of psychoenergetics probably is. 


The intense secrecy with which this knowledge has been kept from the public has led to the current farce of the 
"government" pretending it all does not exist, and this secrecy may have now put us at great risk. 
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“The implication is that in the West one or more highly classified, sustained, heavily funded 
developments in advanced mind control programs, probably exists and probably has existed for some 
time. 


Due to loose formation of rague groups inside such programs, they may have dual or triple purposes, 
may not operate under very much legitimate government control at all, and may operate specifically for 
the purposes of the rogue group or groups that have gained control. 


“In a nutshell, that's what may be going on in the clandestine mind control projects in several Western 
governments. The involvement of at least some rogue groups, some being "cowboys" who operate well 
outside all laws and ethics, could also result in such things as assassinations, clandestine testing on 
individuals without their consent, etc. In short, it could account for what seems to be actually occurring. 


As also is "usual" in such a mess, one or more of the rogue groups eventually may become very 
powerful because their secret weapons are very powerful. They may become confident, thinking they 
have the "best in the world.” They may actually believe they are ahead of the Russians..." 


“Remember that, in every large and powerful human organization, the basis for rogue groups is power 
and secrecy. They are always seeking to increase their power, control, influence, prestige, etc. Nothing 
else. Patriotism and mission are to rogue groups often just idle words, They have their own agendas. 


‘And being rogue groups, they may well bring in unethical, immoral tricks: assassination, bribery, 
entrapment, disinformation, plausible deniability, etc, A certain percentage of a highly secret rogue 
group will wind up using all these things and more. It's a human characteristic, the old primate 
dominance game, Only now disguised and hidden under deep classification.” 


“The Russians, with their additional knowledge of the actual mechanisms in the transforms, will be much. 
more advanced than the West, because their fundamental psychoenergetics science is far more 
advanced, 50 long as we continue to use the old U (I) electrodynamics, 


Further, the Russians have decades of use of longitudinal interferometry beams to reach right through 
the earth and ocean and produce stringent EM effects at a distance. 


So they will also be able to do the same things here in "mind control" with LW [longitudinal wave] 
interferometers, through intervening mass.” 
‘Bearden: hitpwww.cheniere.ora/explore articles/mind control3/p05.him 


Bearden cites two examples where he believes the Russian KGB tested the psychoenergetics capabilities of their 
scalar interferometers. 


(One was the case of Captain Button in his A-10 "Warthog" aircraft on April 2, 1997. 


"Over Arizona, Captain Button was thrown into a hypnogogic state, and his perceptions instantly altered 
and controlled. In his instant "dream-waking" state, everything seemed perfectly normal. His sense of 
direction was altered a bit more than 90 degrees, so he simply corrected and tumed and "flew toward 
the range", actually flying off course by more than 90 degrees and ignoring radio contacts. He flew right 
on out of Arizona." 


“At one point he circled, probably thinking he was over the range, and he probably dropped his 
ordnance there. Then he “flew on back toward home," as he thought in his waking dream state, until his, 
fuel ran out and he crashed and died in the explosion dream-thinking until he died that everything was 
normal. 


All the while, his sense of the passage of time was altered. To him, in his dream-thinking, dream-acting 
state, everything was normal and nothing untoward had happened. So the distant KGB transmitters and 
associated psychoenergetics team controlled him for over an hour. 


"Indeed, that was the exact purpose of the test: demonstrate control (at a great distance) 
ofa skilled person performing highly skilled tasks.” 


‘Bearden: hitp:lwww.cheniere,orglexplore articles/mind control3/p06.htm 


‘The paper Mind Control and EM Wave Polarization Transductions ends with the most chilling and frightening 
possibility of all: the psychoenergetic engineering of the human species as a whole. 
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The Ant World 


The Final Race for Direct Mind Control of the Entire Human Species 


"The KGB psychoenergetics weapons scientists because of their direct measurements and detections 
(and use) of t-polarized waves and LWs [longitudinal waves] for decades also understand that Jung's, 
collective unconscious mind (of the entire human species) also has its own time-like operations and 
correlates, which one measures also when using t-polarization measurements and sorting it all out. The 
collective unconscious mind operations are buried several levels deeper inside the recursive Whittaker 
structuring inside the EM fields, waves, and potentials, 


“The KGB scientists also know that something very like Gaia a collective unconscious mind for all 
species on earth also exists, and they are striving to be able to sort out and measure that one as well 
‘The Gaia operations are buried even deeper in the recursive structuring inside the EM fields, waves, 
and potentials." 


“Actually, from day one, the Russian mind control scientists have had their eventual goal set upon this 
“deeper area of mind and possible mind contro!" of the entire human species. 


“Iam convinced that the KGB psychoenergetics scientists understand this deeper area. If they can learn 
to directly engineer the collective human species unconscious, they can then convert the human 
species easily into a sort of "ant" society, modeled along ideal Communism lines, except of course with 
an excluded "hierarchy at the top" running everything. The “ant society" communist style is stil a 
variation of feudalism (all systems tend to feudalism or some form thereof). 


“The KGB psychoenergetics weapon scientists are seriously pressing on toward that very goal. In my 
opinion they are not very far from it right now... 


“Some versions of Russian mind control devices Were used on Russian soldiers in the Afghan War to. 
condition them for performance of merciless acts.” 13 


‘Bearden: tpn chenlee,orglexplore aticlesimind controllp07.him 
ore about "The Ant Ward 


Whether itis the Russians planning an “ant world” society or rogue U.S. black-ops groups withholding a great boon 
from human race, the secrecy on all sides around has allowed largely criminal elements to take over this technology 
while leaving the civilized elements in the dark. 


Openness and the spreading of this knowledge among good and decent people is essential, and for that we will have 
to overcome our frightened denial. 


“Meanwhile, rogue groups amongst Western clandestine mind control researchers will probably arise if 
they have nat already done so. They will ikely seek to increase their personal control and further isolate 
the programs from orthodox government review and from government and legislative control. They may 
even divert the research into highly illegal and unethical means, because it furthers their own rogue 
agendas. That is how clandestine U.S. government research can sometimes go sour, unless great care 
is exercised by the oversight committees in the House and the Senate. 


"Sometimes when rogue groups do gain control and total secrecy of a given new technological area, 
then what appears to be "U.S. government operations" do start to encompass a criminal and unethical 
operations, hidden usually beneath the deep veil of high classification. Also, if it's "scientific," no ont 
ever brought to justice, even if the "evil science actions” are uncovered and publicly revealed.” 
‘Bearden: hitp:www.cheniere.ora/explore articles/mind controlSip08.htm 


Like the huge energy of the Tesla howitzers, the ability to engineer the mind with longitudinal waveforms is a seeming 
“magical” thing which can be used for good or ill. Bearden envisions that further developments will allow something 
like the “downloading” of knowledge via scalar interferometry. Everyone could be highly educated, and quickly and 
easily 
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In the conclusion of the paper "Mind Control and EM Wave Polarization Transductions" Bearden makes a plea to the 
nations of the world regarding the use of psychoenergetic engineering, 


“Let us hope this great new area, already off to a bad start, can be bridled and steered in the direction 
helping and healing people, rather than killing or abusing them. The excesses in its bad use are a 
potent threat to all nations on earth, 


"Yet it can revolutionize medical science, education, communication, and psychology. We foresee the 
day - perhaps 30 years hence - when education will be accomplished by directly loading the software 
into the mind. Then in three weeks one will “load” a doctorate, say, in physics. In three more weeks on 
will also load a doctorate in chemistry. Another three weeks, in electrical engineering, 


Another three weeks, an MD And so on. When that happens then truly everyone on earth can be 
educated, Freedom from ignorance may well be another great freedom that is legally recognized. 


There will be no impoverished large groups lacking the education to find decent, productive jobs. 


"We urge all nations to use the principles involved: not for human. 
‘abuse, but for healing, educating, uplifting, and life-expanding of every 
person on earth. If we do, we shall all have a far brighter future. Then 
‘we shall check what has started out to be the Sword of Damocles and. 

tum it into the golden Millennium.” 


‘Bearden: hitp:www.cheniers,orglexplore articles/mind control3/p06. 


(Perhaps after so many frightening topics a slight break is in order here to consider the lighter side of 
psychoenergatics. For example, what will be the ultimate impact on the entertainment industry?) 


The Feelies at Last! 


Psychoenergetics will be able to bring about at last, for better or for worse, Aldous Huxley's fanciful idea in his novel 
"Brave New World,” an entertainment format which he called "The Feelies.” 


‘Those were something you went to, like going to the movies, but you would experience all the actual feelings 
themselves, as if the depicted events were actually happening to you. 


Although our “leaders” seem too dim to grasp what is going on in the world of scalar electromagnetics, it should not 
take some young Hollywood genius too long to understand that The Feelies are now possible, and that the immense 
megabucks of potential profit more than justify heavy investment in bringing it to market. 


One can imagine that first "Feelie" theater, "The Huxley” perhaps, a large comfortable area surrounded by nine giant 
screens (not just one screen!), which become 3D if you put on your headset. And The Huxley is fitted with the finest 
sound, and oh, by the way, a modest sized scalar interferometer with computer. And there are one or more new tracks 
now recorded on the film next to the sound track. 


These are the digital patterns of thoughts, feelings, and ideas to be fed into the theater's interferometer. And these 
thoughts and feelings and ideas will be felt by the audience as if they were their own thoughts and ideas, It is an 
entirely new art form. Psychevision 


‘As important (and no doubt famous) as the actors would be the “feelers,” those from whose minds the feelings were 
lifted in the original programming of the Feelie tracks. Because, for example, Brad Pitt might be a good and handsome 
actor, but can he really feel it? Like the dubbing of foreign language films, it might be necessary to dub the "emotional 
track" using a deeper and more profound person's feelings, thoughts and ideas. 


It might even be engineered so that if you sat on one side of the theater you would feel like the hero, and on the other 
side you would feel exactly ike the bad guy! What would that lead to? 
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We have all cried at a movie some time, most people have, though they might not want to admit it. But this would be 
deep sobbing and a flood of tears, if the director so desired it. You would feel it at your core. Or, take a big chase 
scene, you would be terrified. They are breathing down your neck! You would be gripped by panic. 


For that matter, the whole genre of Horror-Feelie would be too much for many people to take. Do | really want to fee! 
that an actual vampire is tearing at my throat with his fangs? 


A Religious Feelie would make you feel the exaltation of a saint at his prayers, or give you the definite feeling that you 
are Christ suffering on the cross. All the pain could be there too. The stickiness of the blood. The very feeling itself 
"Why hast thou forsaken me?" Who among us could come up that despair for scanning? 


Had this been developed a bit earlier we might watch a documentary of, say, Mother Theresa, containing her own 
actual deep sense of compassion, which we would feel arising in us as our own. 


Then again, a Psychedelic Feelie could induce an LSD-like state and simply blow the audience's minds. 


Even in its simplest most primitive mode, the hypnogogic trance induction with its increased suggestibility, would 
completely alter the experience of even ordinary current movie going, 


Go Back to Scalar War 


Go Back to Psychoenergetics 
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The Brave New World of Scalar Electromagnetics 


(See also NEW 2007: Book Review of Bearden's "Oblivion - America at the Brink" 


‘Tom Bearden (2001) 


(Note: Throughout "EM" means "electromagnetic 


Lieutenant Cologel, U.S. Army (Retired) 


by Bill Morgan 


For the past six months I have been undergoing the greatest paradigm shift I 
have ever had to go through. It has rattled my nerves and shaken my bones. 
This intense adjustment of my "world*has come about by studying the 
information given by Col. Tom Bearden at his website Cheniere. The new 
knowledge there has necessitated a total revision of my ideas about physical 


reality, the world we live in, and the future of humanity. 


This paradigm shifting even actually made me dizzy on certain days as I tried 
to absorb and digest Bearden's vast amount of information. {am not a scientist 
at all, just a layman, and I have little comprehension of the math and high 
physics of this new science called "Scalar Electromagnetics." But there is a 
great deal of information at Cheniere which needs to become common 
knowledge as fast as possible, for the sake of the survival of life on earth, 


To that end I have put together this small primer of Bearden’s ideas, as a kind 
of "beginner's guide” to his website. (I have tried to underline certain words 
and phrases which are part of the new "jargon" of talking about these "new" 
phenomena, Also I have taken the liberty of bolding certain words and phrases 
to help them stick in the mind), 


" and "LW" means "longitudinal wave") 
‘You can download this article in Word format 


This article has six sections: 


2, Tapping the Waves 3, Weaponization 4, Healing 5. Psychoenergetics 6, As It Stands 


2006 NOTE: Click here for a current status history of the MEG from Tom Bearden 


1. New waves discovered 


Longitudinal EM energy fills vacuum of space, the time domain of spacetime, time as compressed 


energy, 


, Waves of time, phase conjugate wave pairs, 


“Electric power is everywhere present in unlimited quantities 
and can drive the world's machinery without the need of coal, 
oil, gas, or any other of the common fuels." Nikola Tesla 


"At any point and at any time, one can freely and 
inexpensively extract enormous EM energy flows directly 
from the active vacuum itself." Tom Bearden 


I guess the first thing to try to comprehend is that a "new" kind 
of electromagnetic (EM) wave has been discovered in the 
empty vacuum of space which, when engineered, can be an 
inexhaustible supply of energy in great magnitude at any place 
in the universe. The word "new" is in quotes because the 
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discovery really goes back to Nikola Tesla and his discovery of 

what he called "radiant energy." It is also not "new" because the 
Russians (KGB) have been working on this technology for over 
30 years and have weaponized these "new" longitudinal scalar 
waves to a great degree. 


These are the weapons Nikita Khrushchev spoke of in January, 1960. 


"By 1957-8 the Soviets had progressed to the point of a giant scalar EM 
accident in the Urals which exploded nearby atomic wastes, devastating 
the area. They had also progressed to development of great new 
superweapons using their new energetics - weapons to which Khrushchev 
referred in 1960 when he informed the Soviet Presidium of a new, 
fantastic weapon in development, a weapon so powerful that it could 
wipe out all life on earth if unrestrainedly employed." ton 


After over 30 years of development, and extensive testing around the globe, these new 
scalar electromagnetic weapons are up and running and ready to go. Tom Bearden, at 
his website Cheniere, dicusses the history of these new scalar electromagnetic 
weapons in his paper "Historical Background of Scalar EM Weapons." 


Some Immediate Implications 


The implications of successful engineering of the longitudinal waves 
are enormous, and will change the world as we know it, one way or 
another. Among other things, these discoveries mean that: 


1. The solutions to the energy crisis and the "oil problem" are in 
hand. These oil wars are unnecessary. There is endless energy 
available freely from the domain of time. 


2. Unbelievably powerful weapons are not only possible, but are 
already operating in several nations. The many powers of these 
weapons are unprecedented and mind-boggling. 


3. The cure of diseases such as cancer and AIDS, in fact nearly any 
ease, has become possible within a few years of sufficient 
funding. Everyone can be made healthy and stay healthy. 


4, Mind control on a mass seale has now become possible, and the 
machines to do it are already in place in certain nations. It has 
become possible to mentally enslave whole populations with the 
twist of a few dials. 


So the layman will need to understand that there is a new kind of electromagnetic 
energy that is altogether different from what he knows, e.g. radio, TV, cell phones, 
etc. The ordinary EM waves that we have known about are called transverse EM 
waves, to distinguish them from the new longitudinal EM waves. These scalar waves 
do not actually exist in our "material" world, but exist only in the vacuum of empty 
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space, or the time domain. And we must keep in mind that this vacuum of space we 
speak of exists all through everything, Even our bodies are mostly empty space 
between atoms and molecules. So the gateway to this seething ocean of energy can be 
there at every point in the universe. This seething ocean of energy is all around us and 
all through us. 


Emptiness is Full 


This amazing discovery announces that the "emptiness" of empty 
space is in fact not empty, but a great ocean of seething energy! 


Col. Bearden refers to this ocean of energy as being of the "time 
domain." Energy out of time? It seems like something from Star Trek 
but this is the point which the new science of ‘scalar electromagnetics 
has reached. And where it is going may be beyond anything Star Trek 
could have dreamed of. 


We live in a 3-dimensional world, which physics calls "3-space." But 
there is also spacetime, or 4-space, or the "4th dimension.” Then 
suddenly comes this amazing new knowledge that time itself is actually 
compressed energy. And it is energy which is compressed by exactly 
the same factor by which matter is considered compressed energy: the 


peed-of-light-squared! 


So we have a new companion to the famous E=me2. It is now paired 
with E=te2 (where t is actually "delta-t," or change in time), Or (amaze 
your family and friends and) say: 


"E equals em-cee-squared" 
and 


"E equals delta-tee-cee-squared" 
It has a nice ring to it, like some freedom bell announcing a new era. 
And as the atomic bomb released the compressed energy in matter, so 


can we now unleash the tremendous energy that is compressed into 
time itself. It gives a completely new meaning to the term "time bomb.” 


Some New Terminology of Scalar Electromagnetics 
A new science, several new names 


"Those [Russian] weapon scientists resurrected an old term from the 
history of electrodynamics, called "energetics". That is their approach 
to a unified field theory, where everything is based on "energetics". 
This model as its foundations uses a very similar approach to that 
"single fundamental unit" model, where energy is the unit. If one 
makes the energy EM in nature, then one has the Russian energetics 
approach. This unified approach gathers everything in, including all 
energy actions and relations in inert matter (the first branch of 
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energetics, called by the same name), all field and matter interactions 
in living matter (the second branch of energetics, called 
"bioenergeties"), and all mind operations and mind-matter interactions 
(the third branch of energetics, called "psychoenergetics"). [ed: 
sometimes also called "psychotronics" by the Russians] 


"Note that the weaponeers sliced energetics into three branches, with 
each branch depending on the nature of the "targeting" 


"So took a hint from them, since the stuff and the approach worked. 
They had already weaponized it highly.” 


Bearden : http://www.cheniere.org/correspondence/021502a,htm 


Sce also "Subdivisions of Soviet Energetics" 


Rick Andersen in an article called "What is Scalar Electromagnetics?" 
describes the new science this way: 


"Scalar EM is the brainchild of Lt, Col. (retired) Thomas E. Bearden, a 
systems analyst and wargames specialist who has been advocating a view of 
electromagnetics which is based on the notion of a vast, unseen background of 
scalar energies (as opposed to vector energies) which underlie all physical 


“If Bearden is correct in his Scalar EM theory, then we can build devices 
which would enable us to alter gravity, time, inertia, and the apparent mass of 
an object. This of course has ENORMOUS implications for military 
applications, space-vehicle drives, time-travel, teleportation, paranormal 
phenomena, and just about every other area one can think of." 

fap ed sae 


"'Time-energy, time-currents, and time-structuring play the 
dominant role in electromagneties. Time-as-energy eventually 
becomes engineerable, as easily as is spatial energy now. We 
are always dealing with spacetime and with spacetime 
curvature.” 


earden:htp/wvvicheniere ag/techpapers/Visina™202000%420p0 


The scalar energy discovered in the vacuum of space is sometimes called 
“zero-point” energy. Thomas Valone explains how this term came about. 


What does "Zero Point" mean? 


"Boyer traces the historical “creation of the vacuum” as proceeding 
in stages in parallel with the historical development of ideas about 
the vacuum. To paraphrase, he says that in the 17th century, it was 
thought that a totally empty volume of space could be created by 
simply removing ali matter and, in particular, all gases, That was our 
first concept of the vacuum. Just get rid of all the gas. 


Late in the 19th century, it became apparent that the region still 
contained thermal radiation. But it seemed that the radiation might be 
eliminated by cooling. So the second concept of getting a real 
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vacuum is to cool it down to zero temperature. Just go all the way to 
absolute zero, Then we've got a real vacuum, Right? Well, since 
then, both theory and experiment have shown that there is a non- 
thermal radiation in the vacuum and that it persists even if the 
temperature could be lowered to absolute zero. Therefore, it was 
simply called the “zero point” radiation," 


‘Thomas Valone http://www-seaspower.com/InsideZeroPoint htm 


"For our very survival, it is absolutely imperative that informed 
citizens be aware of this dramatic change, which is just now 
starting. The powerful new science and engineering must be 
controlled and used for humanity's benefit, not its detriment. Else it 
will eventually be let loose unrestrainedly, to destroy all life on 
earth - a possibility indicated by Nikita Khrushchev in 1960." - 
Bearden 


Hayy chen eitbarilespioret/p$ ins 


2. Tapping the waves 


Endless free energy, Tesla's radiant energy, the dipole as the gateway to the energy of the void, 
MEG in one year, Bedini, Yakuza, ete. End of Oil, geopolitical chaos, rogue groups 


Move Over G.E. & Big Oil, Energy is Everywhere! 
Third-world nations set to rise 


"Certain powerful interests did not wish the extended 
electromagnetics to be discovered or taught. That, after all, would 
lead to free energy and loss of economic control of the citizens. 

That was precisely why Nikola Tesla had already been suppressed 
Today it is still being suppressed by the orthodox establishment. 


nop hooks Fndelacels2S bam 


The vast seething ocean of energy of the vacuum, the longitudinal scalar EM 
waves of the time domain, can now be tapped and "transduced" into ordinary 
(transverse) EM energy in our 3-Space world. The process can be compared to 
putting a paddlewheel into a river. The energy acquired is free, since the river is 
there flowing whether we tap it or not. And it is a mighty river, and is not 
diminished by our paddlewheel. 


This means that a permanent solution to the "energy crisis" is at hand, if 
only those who hold it so secret would give it up to humankind, 


It means our species’ insane use of oil is no longer necessary. We can make 
automobiles that need no fuel at all, We can build motors that power themselves. 
It means that unlimited electrical power can be available for free anywhere in the 
world. Every house and even shack can have its own power supply. 


Of course there is the cost of the equipment at first, but the energy flow is free 
for the presumably very long life (no moving parts) of the generator. It will 
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probably take decades to shift over to scalar power. 


But the ability to tap the scalar (longitudinal) EM waves of the vacuum (which 
exists everywhere) also means that unbelievably powerful weapons can be, and 
already have been developed. In fact these weapons are so dangerous that the 
fear engendered becomes a psychological obstacle to the grasping of the facts. 


I struggled with this myself for months, and even though Tom Bearden had 
completely convinced me already, it is hard to accept the fact that for everyone 
on earth the "worst that might happen" has suddenly gotten much worse. It takes 
time to deal with that, to realize it and get over it. 


Indeed, the possibilities of these new weapons, which are tapping the huge 
energies of time, are so terrifying it is natural for the mind to simply say: 
don't want to hear about that." 


‘And the government, likewise, pretends these weapons do not exist and tries to 
keep it secret from the people. Because most people would indeed be truly 
alarmed to know the actual situation. Col. Tom Bearden has decided that the 
people need to know the truth anyway. As a People on a Planet we must face this 
now, and ban the use of scalar weapons in war or in mass mind control. The 
current deployment of these weapons is a world emergency which we must all 
face. 


The physics and mathematics of the longitudinal waves and the time domain are 
clearly beyond the layman, but I recommend scanning through them anyway just 
to get a sense of the wonder and the elegance of it all and some of the exotic 
terms which are used. Two of the most important papers by Col. Bearden are: 


Giant Negentropy from the Common Dipole 
The Final Secret of Free Energy. 


Despite the complexity of the science involved, Bearden sums up the essential 
seeret of it all in a few words. 


“There is no problem at all in extracting all the energy one wishes 
from the active vacuum, anywhere in the universe, at any time. Just 
make a dipol 


The problem is in (1) catching some of that freely gushing EM 
energy in a circuit containing a load, and (2) dissipating the caught 
and collected EM energy in that load to power it, without using half 
the caught energy to destroy the source dipole's). 


That is the ONLY real energy problem on the planet, and always has 


been,” 
bttp:/Avww.cheniere org/corresponden: im 


A dipole could be a battery, which is polarized into negative and positive. Or the 
terminals of a generator. Or any magnet with its two poles. Or an atom with its 
positive and negative charges. Or the earth's magnetic field, the sun, and all 
heavenly bodies. Even a galaxy must be some kind of mega-dipole. Wherever 
there is a dipole there is already immense scalar EM energy ushering out of and 
back into the vacuum, And there have already been demonstrated a number of 
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diverse methods for tapping that energy as it flows. (John Bedini, Edwin Gray, 


Bruce de Palma, and others). Bearden provides what he calls a "partial list" on 
his website. 


"In other words, nature then gladly gives us as much EM energy 
flow as we need, indefinitely — just for paying a tiny little bit 
initially to "make the little dipole." After that, we never have to pay 
anything again, and nature will happily keep on pouring out that 3~ 
flow of EM energy for us. This is the giant negentropy mechanism 
T uncovered, performed in the simplest way imaginable: just make 


an ordinary little dipole." easen 
theirs echpapers/ eran X2Eneny20Cri doe 


Important note 2006: Since the enthusiastic early report below, the hopeful timetable envision 
has gone quite off track. Bearden had said that the MEG could appear as early as 1-2 years 
after getting funding for the final research and scale-up. They have still NOT gotten the 
funding as of 2006 


Click here for a current status history of the MEG from Tom Bearden 


The original text of article continues here... 


How to Buy a Free Energy Machine 


Answer: Just wait one more year! 2003. Then get off the Grid! 
[note 2006: The above line was unfortunately naive and overly optimistic! 


author] 


Perhaps the most eagerly awaited event now is the marketing of Bearden's Motionless 
Electromagnetic Generator (MEG) scheduled to begin in about a year’s time. This is 
when the proof will hit the fan. Many people have said to me, when talking about free 
energy, "I'll believe it when I can go to the store and buy one." Hopefully in a year's 
time they will be able to order their own MEG. And then they will believe, because it 
works and is working. 


Says Bearden: "I will admit that the chief scientist of an important experimental group 
in a large company was rather stunned at the type of output we were able to obtain. 
The MEG may look like just a transformer, but it is not. It is a completely different 
breed of cat." 

Bearden: tpdiewn chen psspondens011202m, 


Soon the cat will be fully out of the bag. The first MEG units will supply 2.5 kilowatts 
of free electricity. Forever. Units can be connected together to double or triple the 
wattage. After that gets going, 10 kilowatt generators are planned. Energy will flow 
freely from the time domain indefinitely, and there are no moving parts to wear out. 
This manufacturing project is a heroic effort and will change the world as we know it. 
For once people are in possession of such devices there can be no further denial from 
anyone, including the government and/or "secret-government.” 
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‘The MEG mkill by JL Naudin | 


The Motionless Electromagnetic Generator 
(Successfully replicated here by J. L. Naudin) 


The physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum." 


The device was successfully replicated by J.L. Naudin in France, and others, like 
Steve Utne, are also working on their own models. But Magnetic Energy Limited's 
MEG is actually scheduled for production soon and looks to be the first commercially 
available free-energy generator in history! 


imagine it will not take long for tinkerers to put them into their electric cars and 
make the first fuelless automobiles since Tesla's unheralded (and unheeded) 
experiments. Or for builders to begin building houses powered by MEG's. Houses 
which will never sce electric bills. How can they ever make enough of these to meet 
the demand that will suddenly be there? Bearden is right, it needs to be an all-out 
crash program of the government on the order of the Manhattan Project. 


I must include here that Bearden is quick to point out that he is not himself the 
inventor of the MEG, but is a partner and advisor in bringing it to the public market 
through Magnetic Energy Limited, Ine. I must also admit that I am praying for the 
success of this venture, and the ending of the absurd and criminal withholding of this 
technology from the people by the black-ops military-industrial people. This secrecy 
has cost the planet over 30 years of unnecessary poliution. 


The first units off the assembly line, which is being set up in a "friendly" unnamed 
nation, will usher the public at last into the new era of scalar electromagnetics. 


As of December, 2001, the situation with the MEG was described by Bearden in a 
letter, 


"What we presently have with the MEG is a successful laboratory 
experiment. At least a year's very hard research will have to be done 
before we will be ready to put a commercial power supply into 
production. 


"Consequently, we haye made an agreement with a foreign partner (the 
National Materials Science Lab of the National Academy of Sciences of a 
friendly foreign nation) to do that year's research. At the same time, we 
are trying to make an agreement with one or more large financial partners 
here in the U.S." hiin/www.cheniere anw/eortespondes 1901 bem 
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Bearden has given another technical explanation of how the MEG works here in a 


letter, 


Scalar Wars The Brave New World of Scalar Electromagnetics 


"'So we are hopeful that we will be able to start introducing units on the 


market about a year from now. Quite simply, we will either succeed or we 


will fail. But we will give it our very best effort." 
paren respndence0120234im 


Update : Motionless Electromagnetic Generator patented, 3-26-2002 


"In Magnetic Energy Limited, all business discussions and arrangements are taken 
care of by Dr. Lee Kenny, Managing Partner. There are five of us who are co: 
inventors of the MEG, and two of the others are really the principal inventors.” Bearden 


Click here to read the patent 


nap stats io, 


Lee Kenny can be reached by E-mail at: jlkenny@ingr.com 


Free Energy has been Suppressed 


Secret Government Aware of Free Energy 


“In this world of contemporary times, all the agencies, CIA, FBI, 
KGB, NSA, Electric Power Research Institute, DARPA, 
Brookings Institution, Henry Kissinger, Edward Teller, et al., all 
are aware of [free-energy researcher Bruce] DePalma and his 
ideas, 


"Because these individuals and institutions are employed by the 
ruling elite to forecast the future and satisfy present needs and 
demands, it is clear that free energy is a threat to the world order 
constructed by business and the mindset of those who want to 
own the world. 


“Free energy represents Man's aspirations and dreams of freedom 
and equality, uniform division of resources and the ability to 
choose one’s own future. 


"The fact that free energy is suppressed speaks to the greed 
and self-interest of a ruling elite which, even in the face of an 
emergency of global starvation, resource depletion and 
environmental pollution, will not give one inch if it means loss of 
control. This is an attitude of paranoid delusion and fantasy 
which can only arise from the alienation of a class of elitists who, 
through their money, are completely insulated from the reality of 
the day to day fight for existence of the common man." 


uupdepala put com/AbsunditvAbsurdnv07 Problem free ncro ml 


"Before the turn of the century, Nikola Tesla had discovered and was 
utilizing a new type of electric wave. Tesla repeatedly stated his 
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waves were non-Hertzian, and his wireless transmissions did not fall 
off as the square of the distance. His discovery was apparently so 
fundamental (and his intent to provide free energy to all humankind 
\Wwas so clear) that it was responsible for the withdrawal of his 
financial backing, his deliberate isolation, and the gradual removal of 
his name from the history books." 


Bearden http://www.cheniere.org/books/part|/starting%20pages.htm 


Bearden describes one clear case of the suppression of free energy when the 
Yakuza killed the Kawai engine in his very presence in Huntsville, Alabama, 


"That night a jet arrived from Los Angeles, with a Yakuza on board. 
The next morning Kawai no longer controlled his company, his 
inyention, or his own fate. The Kawai party was in fear and 
trembling. The Yakuza coldly dissolved the agreement, they packed 
up the two Kawai engines we had, and left. And that was that." 


So it is not only governments who are keeping this revolutionary technology from 
seeing the light of day. The Yakuza? KGB? The Aum Shinrikyo cult? Our 
"leaders" need to be honest about what is going on, otherwise they look foolish, 
acting out a kind of "Alice In Wonderland" script before the public, a script that 
has become completely unbelievable. 


Concerning the criminal withholding of this scalar technology by the military 
black-budget people, and the cover-up of the actual situation regarding scalar 
weapons throughout the world, Tom has this to say: 


"The high government officials of the United States of America 
grossly violated our constitution and their sworn oaths of office. Our 
constitution specifically charges the government of the United States 
to defend the people of the United States. That means our officials 
are specifically charged with defending our people. Yet they 
deliberately agreed not to do so, and they deliberately sacrificed us in 
advance. 


"They committed treason of the highest kind, by deliberately 
surrendering us to total destruction anytime the big balloon goes 
tp." 


Bearden hu / wn chenioe ong bookserdlance'75 an 


Energy Crisis Solved 


One of the "must read" documents at Cheniere is The Unnecessary Energy Crisis: 
How to Solve It Quickly, especially since the "oil wars," which Bearden has 
foreseen for decades, have now already begun. 


Here are some clips from that Document: 
"To avoid the impending collapse of the world economy and/or the 


destruction of civilization and the biosphere, we must quickly replace 
much of the "electrical energy from oil" heart of the crisis at great 
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speed, and simultaneously replace a significant part of the 
“transportation using oil products" factor also. 


he technical basis for that solution and part of the prototype 
technology required, are now at hand. We discuss that solution in this 
paper." Bearden 


‘And although the solution to the energy problem and the oil wars may be at hand, 
Bearden suggests there is still an urgent rush that needs to be made to save human 
civilization from collapse. 


"Once the technology hardware solutions are ready for mass 
production, even with a massive worldwide deployment effort some 
five years are required to deploy the new systems sufficiently to 
contain the problem of world economic collapse. This means that, by 
the end of 2003, those hardware technology solutions must have been 
completed, and the production replacement power systems must be 
ready to roll off the assembly lines en masse. 


"The 2003 date appears to be the critical "point of no return" for the 
survival of civilization as we have known it. 


“Reaching that point, say, in 2005 will not solve the crisis in time, 
and the collapse of the world economy as well as the destruction of 
civilization and the biosphere will still almost certainly occur, even 
with the solutions in hand." 


"The good news is that we now know how to easily initiate 
continuous and powerful "electromagnetic winds" from the vacuum 
at will. Once initiated, each free EM energy wind flows continuously 
so long as the simple initiator is not deliberately destroyed." 


On page 9 he explains the concept of the dipole, and how there is already huge 
sealar energy flowing in the time domain around any dipole. Hold a magnet or a 
battery in your hand and you hold a stress in time and a beautiful flowing loop of 
longitudinal waves! 


Bearden decries the scientific community in the West for being unable to let go of 
their dogma long enough to see that the greatest discovery in human history lies 
at their feet, but for their stubborn ignorance. 


"The present energy crisis then is due totally to that "conspiracy of 
ignorance" we referred to, that is maintained by the scientific 
community, and that has been maintained by it for more than 100 
years. 


"This is the real situation that the environmentalists must become 
aware of, if they are to see the correct path into which their energies 
and efforts should be directed — to solve both the energy crisis and 
the problem of gigantic pollution of the biospher 


yone in the legislative branch of government ever understanding 
g of sealar waves, Tom Bearden 
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"The nontechnical person — e.g., a Senator or a Congressperson 

is operating under a distinct disadvantage. If he or she takes the 
stance that much better electrical power systems can readily be 
achieved, he or she is in fact opposing almost the entire set of 
University, Government Technical, Power Company, Battery 
Company, and Organized Science communities. Further, in most 
cases his technical advisors are themselves from one or the other of 
those communities, and likely to go back into that community or 
those communities when the Senator or Congressperson leaves 
office, or even before, So the Congress and the non-technical 
government community at large operate at a great 
disadvantage...sisen 


National Emergency Declaration is Needed 


"The Government Non-Technical community (the Senate and the 
Congress, in particular) are in far better shape than the Government 
Technical community, to appreciate the world implications of the 
pending economic disaster. I am hopeful that both the 
environmentalists and the Government Non-Technical community 
will rapidly unite in a common goal to get this vacuum energy 
program launched, under a National Emergency declaration, If so, 
then they can solve the energy crisis and the pending economic crisi 
in fairly short order, and permanently.” 


unnecessary enemy crsishumieongress disadvantage 


In the conclusion of his paper The Unnecessary Energy Crisis: How to Solve It Quickly 
Bearden again states the urgency of replacing our centralized power grids with highly 
dispersed and local taps on the freely flowing energy of the active vacuum. Given the 
abilities of the Tesla howitzers, the power grids of all nations are sitting ducks. 


"Personally, the present author regards the increasing energy crisis as the greatest 
strategic threat to the United States in its entire history. I will do anything within my 
power to help prevent what I perceive to be the looming economic collapse of the 
Western world, preceded or accompanied by a sudden, explosive, all-out and continuing 
exchange of the WMD arsenals of most of the world. 


«An the name of all humanity, let us begin! Else by the time this first decade of the 


new millennium ends, much of humanity may not remain to see the second 
decade. 


3. Weaponization 

Scalar interferometry, Tesla howitzer, Tesla dome, heat/cold, dudding, 10 nations have them, dead-man fusing 
& Insane Systems, scalar strategy, earthquakes and weather wars, solar storms, mind attacks, leased to 
‘Yakuza, many examples of testing. quantum potential weapons. 
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"Indeed, Soviet energetics weapons are now capable of 
destroying both our triad shield, our homeland, our armed 
forces in the field, and our population, quickly and efficiently. 
We have a new "gap" of monumental proportions: not a missile 
gap, not a submarine or bomber gap, and not even a particle 
beam or laser gap. We have a scalar electromagnetics or 
electrogravitation gap.” Bearden 


ttp://www.cheniere.org/books/ferdelance/intro,him 


"We have a new weapon, just within the portfolio of our 
scientists, so to speak, which is so powerful that, if 
unrestrainedly used, it could wipe out all life on earth. It is a 
fantastic weapon.” Khrushchev, to the Presidium, Jan. 1960 


"We've totally missed the most incredible "secret superweapons” 
development program of all times, and the worldwide testing of the weapons 
themselves. 


"Hiroshima and Nagasaki should serve as object lessons in the price of 
ignorance of such technological breakthroughs. 


"History does repeat itself. Bi 
great new superweapon first 


this time it’s not we Americans who got the 


Bearden http://www. cheniere.org/books ferdelance/s75,htm 


Warfare has been changed forever by the development of these scalar energy 
longitudinal wave howitzers. To get a basic understanding of scalar waves is to have the 
imagination suddenly run wild as all the implications and possibilities regarding warfare 
fall into place. One realizes with a certain horror that the world has totally changed, and 
that there are some very fearsome possibilities. Remember, the power for these weapons 
comes from the time domain, longitudinal EM waves in the vacuum of empty space, and 
the power is tremendous and mind-boggling. Being able to blast away at any target from 
a distant control booth is something that has never happened before. This is incredible 
power to be in control of and it divides the history of weaponry into "before" and "after." 
And the destructive power of these weapons is delivered instantaneously to the target 
from the local vacuum at the place of the target. 


Questioner: 
speed of light? 


‘Are you saying that real energy can be transmitted faster than the 


Bearden: "Yes. But hyperspatially. Not through 3-space, but "around” it. Again, 
this means that it's possible to produce energetic changes in a distant 
distant place, without transmitting energy "through space” in the normal sense. You 
transmit “around” space, so to speak, and directly in time or through a higher 
dimension, depending on the model you're using to understand this. Further, the 
speed of the internal EM energy transmission is not limited to the speed of light.” 


up en netbear interview him 


Here are some initial considerations about 
scalar Weapons and scalar wars 


1. Tesla Howitzer 2. Tesla Domes 3. Rogue groups 4. WWIII 5. Russian "UFOs?" 
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1. The Tesla Howitzer 
and its modes of action 


Source: Tom Beurden’s weapons slides and Fer-de-Lance Briefing 


For one thing there is no delivery of any thing to any place. Bombs are 
obsolete. So are the planes to get them there, No helicopters necessary. All 
current nuclear devices are rendered nearly useless by electronic "dudding." All 
distant-destruction can be done from a control room, and to any point on 

earth, The destructive power of "men" has just increased by orders of magnitude, 
The new weapons could even cause storms on the sun! Thus there is great 
urgency to make these new faets public and known, with the hope that all 
nations would come together to ban the use of scalar weapons. 


‘Two scalar antennae together along with the computers to control them, make up 
a scalar interferometer, and according to Col. Bearden the Russians have 
hundreds of such installations already. These interferometers are called "Tesla 
Howitzers." They can deliver a giant blast of energy to the distant target site, true 
“action-at-a-distancs 


The first howitzer mode is called the "exothermic" mode of operation because 
immense EM energy blasts outward at the target site, The blast of a scalar 
howitzer can be of near nuclear level in destructiveness, and can be repeated 
easily, at that place, or nearby, or anywhere. 


The howitzer can use a lesser exothermic power setting and simply destroy 
electronics in the target area. Thus they can render our nuclear missiles 
inoperable as they sit in their silos by "frying" the electronic circuits that guide 
them. They can bring down any airplane, anywhere in the world, at any time. 
Any person anywhere, if their exact position is known, can be assassinated 
without a shot being fired. 


The howitzers can also bring down power grids anywhere in the world, at any 
time, Thus they could bring Wall Street to an instant halt by disabling all its 
electronics. Even this one little easy tweak of the howitzer could cripple the U.S. 
economy ina single day. No wonder the "leaders" don't want you to know! This 
is a new era we are in, The discovery and development of scalar interferometry 
has put us in a new world, whether we like it or not. Anyone could be expected 
to go into denial, the befuddled senators and congressmen included. But we have 
to wake up. 


Ina second howitzer mode called the "endothermic" mode, the howitzer sucks 
energy out of the target area, essentially creating a blast of cold at the distant 
target. It is even capable of freezing parts of the ocean. Bearden gives a number 
of cases where these "cold explosions" have been witnessed, mostly by airline 
pilots. April 9, 1984: 1 2 3) A huge mushroom cloud of mostly water is seen 
rising miles into the sky from out of the ocean, an awesome sight. 


In the endothermic mode the sucked-out energy must go somewhere, so it is 
vented out at some other chosen spot on the earth. These endothermic plumes 
have been photographed by satellite. 
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""The exhaust inthe left picture is about 150 miles long, and is nearly horizontal (about 
15 degrees above the horizontal). It is entirely consistent with the continuous exhaust 
from a "dumping transfer" scalar EM howitzer in the continuous exothermic mode. (The 
primary howitzer, of course, was More 
Plumes 


tivated in the endothermic mode.)" Beard 


By using both of these heat (exothermic) and cold (endothermic) modes together 
the weather can be altered anywhere. Warm the air over here, cool it down over 
there, put a curl in the jet stream, dissipate clouds, create clouds, whip up a 
tornado, Bearden speaks about using the endothermic howitzer mode as a 
weapon of war: 


"Cold explosions can be used to freeze tanks, personnel, and 
equipment. The equipment and tanks thaw out. The personnel thaw 
out too, but they are dead when they do." Bearden, Ferde-Lance 


(This endothermic mode of the howitzers makes me think that there might one 
day be a cure for the problem of global warming after all. Could not a big device, 
situated in space or on the moon, be able to vent a great deal of excess heat 
outside the atmosphere into space, thus functioning as a kind of planetary 

therm ? 


While the United States has experimented with electomagnetic weapons using 
ordinary transverse EM waves, the longitudinal [LW] weaponized waves are 
truly of another order altogether. 


For one thing they do not have to travel through space, for they come from the 
time domain, which is everywhere. The energy of the blast, the heat or light or 
whatever, comes from the vacuum of space at the location of the target itself. 
This is astonishing. The weapons actually just trigger the release of immense 
energy from the vacuum at the target location, 


... it is possible to focus the potential for the effects of a weapon 
through spacetime itself, in a manner so that mass and energy do 
not “travel through space” from the transmitter to the target at all. 
Instead, ripples and patterns in the fabric of spacetime itself are 
manipulated to meet and interfere in and at the local spacetime of 
some distant target. There interference of these ripple patterns 
creates the desired energetic effect (hence the term energetics) 
directly in and through the target itself, emerging from the very 
spacetime (vacuum) in which the target is imbedded at its distant 
location." Bearden Ferde-Li 
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The big Tesla howitzers are aimed at their targets by using a worldwide 


electromagnetic pattern called the "Woodpecker Grid," begun by the Russians in 
1976, 


You can hear the Woodpecker signal here: 
http://www. rg/mise/woodpe und.htm, 


The woodpecker grid is just that, a grid of EM waves which provide a channel for 
the LW waves to any point on earth. Computers use the woodpecker grid 
information to hone down the aiming of the howitzers to a pinpoint location on 
earth. (For that matter, it could be under the earth, in space, or under the sea). 


A third howitzer mode is what Col. Bearden calls "Mindsnapper" mode. This 
isa truly frightening mode which affects the electromagnetic mind-body 
connection, Being mind-snapped at a low level would cause you to lose 
consciousness. Being mind-snapped at a slightly higher power would "entrain" all 
minds in the target area into a kind of hypnogogic trance, a state in which they 
would all be highly susceptible to suggestions and orders. 


Being mind-snapped at high level would so disrupt the mind-body connection 
that everyone in the target area would fall down, instantly dead. Not only that, 
everything around you and inside you would be killed, so that your sterilized 
body would not rot for quite a long time. 


The Mindsnapper can be used for a small area, or to kill an entire population, 
In fact, using the scalar waves to affect the human mind has become a new field 
in its own right, and has been dubbed "psychoenergeties." (This is discussed 
below in section 5), 


Bearden describes the use of the howitzer in mind-snapping mode against 
people, to cause unconsciousness or death: 


"From a military viewpoint, these scalar EM weapons are really 
quite all-around weapons. 


"For example, they are very lethal against personnel. 


"Set in the "high intensity pulse mode," one blast and a person's 
nervous system is destroyed instantly. Total, instantaneous death 
results, One can blast away at entire groups of infantrymen, for 
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example. It's the peak power that's important, not the average power. 
So the weapon doesn't require too much battery power. 


"Set on a lower intensity pulse mode, one zap can simply knock out a 
person, rendering him instantly unconscious. Quite useful if one 
needs prisoners to interrogate. Also very silent, which is useful in 


operations employing stealth and surprise.” Beanen 
/nnvchenise atts ell 


"Those hit by the scalar EM weapon, however, have a most peculiar 
death mode. 


"Death comes-instantly and totally. There is no convulsion, no 
response. The entire nervous system is destroyed instantly. Every 
living cell in the body is killed instantly, including all bacteria, 
germs, etc. 


"A body hit with this thing falls like a limp rag and lies where it falls. 
It doesn't decay in even 30-45 days. In a macabre fashion, it's been 
reduced to something like food irradiated with nuclear radiation; 
everything is killed, so the material is preserved for an extended 
period before any decay can set in." 


Bearden http://www.cheniere,org/books/ferdelance/s81,htm 


He goes on to say that the same "bazooka-sized scalar EM pulse weapon" can 
also be used to knock out a tank with one shot (or pulse). So tank warfare is 


obsolete, Helicopters? Bearden points out: 
fixed-wing airerafi, he can bring the same weapon to bear on it, He can knock 
down a chopper or a jet. With one shot. 


. if he's attacked by a helicopter or a 


Obituary for Tank Warfare 


Tanks useless against portable LW weapons 


"For example, suppose one attacks a tank. [with an LW weapon] 
With scalar EM pulse, the personnel die instantly. Total personnel kill is 
achieved. 

Alll electronic systems of the tank are dudded. Total systems kill is achieved. 
The ammunition in the tank explodes. Total kill is achieved. 


The fuel explodes. This is another total kill mechanism. 
That tank has been killed totally, by a variety of mechanisms, all 
simultaneously. 

That's a k-kill in any analyst's book. 

‘And don't worry about retrieval and repair. That tank is finished 
permanently. 

Even the most modern tank is just as vulnerable as the most obsolete." 


Bearden htp/ww.chenire ony ok ferdelancel 6m 


One begins to get the idea how profoundly the conventional means of warfare 
have been obsoleted. All the usual weapons of war have been rendered nearly 
useless! And Star Trek's "Phaser," with its "stun" and "kill" modes is here at 
last. 
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Although it is the weapons aspect of scalar electromagnetic which has received 
the most developmental effort, Bearden points out that a great many other 
amazing things that may be accomplished in this new field of science. Beam me 
up Scotty! 


"Superluminal communications systems, hyperspace drive, and 
materialization and dematerialization are all hypothetically 
possible, using scalar electromagnetics. As the technology develops, 
we should see the development of many of the systems long thought 
impossible except in science- fiction. 


Bearden http://www.cheniere,org/books'ferdelance/s15,htm 


Bearden describes a huge test of the Russian scalar weapons systems which 
occurred in 1985, a test that went completely unnoticed by western scientists: 


“Just before May 1, 1985 the Soviet Union performed a "full-up" operational test of 
their entire strategic scalar EM weapons complex. This test was detected and 
‘monitored periodically by Frank Golden. Some 27 of these giant Soviet "power taps" 
‘were locked into the molten core of the earth, producing forced (entrained) scalar 
resonance of the entire planet on 54 controlled frequencies under our very fect. The 
remainder of the scalar frequency spectrum was ablaze with literally hundreds of 
Soviet scalar transmitters: probably the entire strategic scalar command and control 
system to underwater submarines, higher command centers, distant commands, etc. 
was activated in the giant exercise, 


"For several days, the system was exercised on a mind-boggling scale, apparently as 
part of the Soviet Union's highly accentuated 40th anniversary celebration of the end 
of World War IL 


“Ironically, not a single U.S. intelligence agency, laboratory, or scientist detected this 
‘monstrous exercise for the new Soviet leader, Gorbachev. Not a one of them had a 
detector for scalar EM radiation, and not a one of them officially believes the 
exercise ever happened.” 


Bearden http://www.cheniere,org/books/ferdelance/s38,htm 


"The Woodpecker grid/howitzer weapon system can be placed over the ocean and 
used against cruise missiles, naval surface-to-air and surface-to-surface missiles, 
submarine-launched ballistic and cruise missiles, etc. Placed over a carrier task force, 
it can also take care of the aircraft launched by the carrier as fast as they are 


launched. It can also handily take care of the missiles launched by guided-missile 
cruisers of the accompanying task force.” 


(Bearden htty://www.chenicre.org/books/ferdelance/s6S.him ) 


The whole series of the Fer-de-Lance briefing slides and comments is a "must 
read" for anyone wanting to be aware of the actual state of things in this world 
right now. It is a new world and it takes some getting used to. Fer-de-Lance 
speaks clearly, for the layman, of the way things stand. 


What is it like to operate these Tesla Howitzers? Col. Bearden gives us an idea in 
his "Fer-de-Lance" briefing, Slides 66-71. 


Who needs armies anymore? A entire war can be fought and won by a handful of 
men sitting in a comfortable control booth! The scalar electromagnetics 
revolution has made all previous forms of warfare nearly obsolete. 
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Why hayen't the Russians used the scalar weapons yet? 


Bearden gives his thoughts on this in "Fer-de-Lance." The power of these 
Weapons is so great that an accident or war could wipe out all life on earth, and 
even affect the sun. 


"As can be appreciated, this entire concept [MAD] is now totally 
obsoleted by the Soviet possession of scalar EM weapons. 


"The "mutual assured destruction" capability -- or MAD concept as it 
was so aptly named! ~ is no longer mutual. And for two reasons: 
(1) the Soviet surprise attack could destroy essentially all our Triad 
forces wherever they are, in the first attack. (2) Even if a very small 
number of our strategic forces survive, the puny strike we could 
attempt to launch could be repeatedly decimated from launch to 
terminal phase. 


‘The restraint on the Soviets is not because of our Triad forces. The 
restraint is twofold: 


(1) a second nation has scalar EM weapons, and would 
undoubtedly unleash them upon the Soviet Union with 
great violence if such a massive world-wide destruction 
of U.S. forces occurred or was threatened (is it really 
“accidental” that six major Soviet missile ammunition 
storage sites mysteriously exploded within seven 

mont! H 


(2) the closed-loop scalar radiation exchange system 
of Earth-Sun could be inadvertently "tweaked" in the 
feedback loop from Earth to Sun, so that a large solar 
scalar resonance was stimulated. In that case the Sun 
could emit a mighty resonant "burp" that would simply 
wipe out all life on Earth in a fiery shower. 


"The "terror" in the "balance of terror" between nations has just 
increased by many, many orders of magnitude. 


‘The biblical prophecy that the Earth will be wiped out by “fire and 
brimstone from heaven" is very near fulfillment now, 


‘Put another way, the pucker factor -- even on the Russians who may 
contemplate unleashing Armageddon -- is higher than any Western 
strategic analyst has ever imagined, even in his wildest nightmares. 


"Truly these weapons are "more frightening than the mind of man has 
imagined," as Brezhnev put it in 1975. 


‘The frightening scalar EM weapons can be used, but only very, very 
gingerly indeed. If a slight mistake is made, everybody loses 
everything.” 


Bearden http://www.cheniere,org/books ferdelance/s74,htm 
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But the Russians (KGB) are not the worst of i 
sealar weapons haye been leased to the Yakuza for about a billion a year, and that 
only the KGB is holding the Yakuza in check from making a full-scale all out 
scalar attack on the west. 
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U.S. Defense Secretary William Cohen 
Warns about eco-terrorism using scalar electromagnetic 
weapons 


“Others [terrorists] are engaging even in an eco-type 
of terrorism whereby they can alter the climate, set 
off earthquakes, volcanoes remotely through the 
use of electromagnetic waves... So there are plenty 
of ingenious minds out there that are at work 
finding ways in which they can wreak terror upon 
other nations...It's real, and that's the reason why 
we have to intensifour [counter terrorism] effort 
Defense Secretary William Cohen, 1997 


In a letter to a writer named "Russell" Bearden says, 


"In short, Russell, the Secretary of Defense of the United States 
confirmed that there are indeed novel kinds of EM weapons, 
right now and have been for some time, which have been and 
are being used to (1) initiate earthquakes, (2) engineer the 
weather and climate, and (3) initiate the eruption of volcanoes. 
We wrote about those exact uses of the weaponry decades ago. 
Several nations now have such weapons. Three of them (two on 
one side and the other on a hostile side) are even firing practice 
shots into Western Australia, as a convenient test range." 


np www carthchangespcom/ufn020%gandor im 


See Also: 
Examples of scalar weapons testing around the globe 


See Also: Powers of the Longitudinal Interferometers 


Tesla Howitzers in Weather mode 


Bearden claims that some of the 


How to Make Weather 


Engineering the weather is duck soup; they tested that over the U.S. 
in 1967, and entered upon continuing operations over North America 
on July 4, 1976 as a grim kind of KGB "Bicentennial Gift" to the 
United States. Here's how it is done with several interferometers. 


"First, the interferometers can deliberately make "high pressure areas" 
(cool the air so it shrinks and its "footprint" pressure on the ground 
increases because its density increases) and "low pressure areas" (heat 
the air so that expands and its "footprint" pressure on the ground 
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decreases because its density decreases). Well, if one makes the highs 
and lows where one wishes them, and judiciously and somewhat 
slowly moves them along a given path, these highs and lows will 
entrain the jet streams and thus "steer" the weather. 


So if you wish a very cold snap or attack, go up into Canada and start 
these actions to steer down some streams that bring some very frigid 
air. Establish other highs and lows judiciously to "block" or "slow" 
other jet streams and flows as desired. In this way, one can pull the 
“large cold air masses coming down from Canada" deep into the 
southern U.S. at will. They do it regularly. If you wish an ice storm, 
add an additional current of warm moist air you bring up (steer up by 
using artificial highs and lows) from the ocean. Where they meet, you 
will get freezing rain, then sleet, then severe icing accumulating. This 
type of attack does rather large damage to the struck are: 


nip wir cartchangestconv/ufo0200gandor hm 


Whole websites have now sprung up showing weather radar 
anomalies which may well be indications of scalar weather 
engincering. One list of over 500 images is here. Cheniere has its own 
collection here. 


Here is an animated anomaly with cloud formation, 


In another section at Cheniere are many photos of cloud anomalies 
which reveal the underlying grid along which the clouds are forming 
or un-forming. Bearden relates a startling incident in these ongoing 
“weather wars. 


"During the spring of 1986, abnormally strong Soviet 
weather engineering occurred over the U. S., causing a 
drastic drought in the southeastern U.S. This drought, 
was broken by a colleague who used an extremely 
powerful scalar EM device to redirect jetstreams. A 
most unusual and unique signature of the "blocking” 
against the Soviet scalar EM actions resulted: Two huge 
circulations developed in the atmosphere, clearly showed 
as two adjacent giant "holes" in the swirling cloud cover 
over the middle and eastern U.S. 


"Between these two giant holes, the cloud circulations 
formed a stream of clouds, moving to the south, looking 
very: much like a giant vertical "bar" of a huge "Y- 
shaped" cloud flow.* Several national weathermen 
commented on this unusual pattern, which had not been 
observed before. The pattern continued, day after day, as 
the blocking continued.” 


* On the weather maps, 


ntp/iww cheniore og/bookw/analysihistory im, 


Tesla Hor 


ers in Earthquake mode 
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How to Make an Earthquake 


ere’s how you initiate a very large earthquake with such weapons. 
Take a convenient fault zone of set of them. Focus the interferometry 
on the fault zone, in the "diverging" mode, and deposit EM energy 
there in the rocks on both sides, increasing (slowly) the stress in the 
rocks by the reverse piezoelectric effect (deposit excess energy, get 
crystal mechanical movements). 


0 it slowly, and the stress will build up to large pressures well- 
above a plate slip minimum energy required. At some point, the 
rocks yield and one or both sides "slip" and move rather sharply, 
giving a very large earthquake in that zone. 


"Do the same thing down in the earth (remember, LWs easily 
penetrate right through the earth and ocean at will, and so the 
“interference zone" focus can be inside the earth or beneath the 
ocean, at will. 


nyway, focus this thing down to where the active part of the 
volcano is still slumbering, down where the hole in the plate has been 
made. Keep increasing the deposition of energy in the magma itself, 
and eventually the increasing pressure from deep within that volcano, 
underground, will cause an eruption. Build the energy slow, and the 
eruption will likely be much larger.” 


ny canhchangesh com/uf20%gandor ham, 


Yugoslav Earthquake, Followed by Cold Explosion 
Strange Characteristics of Iran Quake, Sep. 1978 


Tesla Howitzers in Tesla's "Big Eye" mode 


How to make a Big Eye in the Sky 


By using longitudinal wave interferometry in a weakly endothermic 
mode a new kind of "radar" is now possible, one which can look 
right through the earth and oceans. Because the endothermic mode 
extracts energy from the distant target, a pattern of the target area 
can be scanned for in the returned energy. 


"Thus the receiver produces a representation of the energy 
extracted from various locations within the distant endothermic 
zone. By displaying the received signals on an appropriately 
scanned screen, a representation of the distant scene in the 
intersection zone can be created. Indeed this is a special kind of 
microwave interferometry," and -- with modern techniques -- the 
imagery obtained might be surprisingly good. With development, it 
might even become as good as the image presently obtained by 
side-looking acquisition radars. 


Interestingly enough, since scalar EM beams will easily penetrate 
the earth or the ocean, one can also look beneath the earth or 
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beneath the ocean with this type of scanning scalar interferometer. 


"The importance of this capability to strategic and tactical 
reconnaissance is obvious. Camouflage, cover, and concealment 
have no effect on such a system. One can easily look inside 
buildings and into underground facilities. With a small system such 
as this, the U.S, Marines at Khe Sahn would have had little 
difficulty locating the tunnels continually dug under the perimeter 
by the Viet Cong. And targets under jungle canopies are directly 
visible." 


Bearden nup:iwww-cheniereor/books/frdelance/s4.ham 


Tesla Howitzers can destroy all life on earth 


How to Make a Storm on the Sun!! 
(Just make a big mistake with your Tesla howitzers) 


The deepest dangers of the use of scalar weapons are frighteningly 
pointed out by Bearden here where he considers that the sun, earth 
and moon (actually the whole solar system) is a delicately balanced 
arrangement of scalar (longitudinal) EM radiation. There is a scalar 
connection between the earth and the sun, which are both giant 
dipoles gushing energy in the time domain. Big scalar events on the 
earth could alter this balance causing true catastrophe. 


"Indeed, a solar response could be stimulated so that the Sun 
would violently belch and destroy our biosphere, among other 
effects." 


Unrestrained scalar warfare could cause huge solar storms? To realize 
that human activity could actually affect the sun itself is truly mind 
boggling. 


Bearden goes on to say: 


“Accordingly, use of huge scalar EM weapons is a 
double-edged sword. Unless carefully employed, use of 
the weapons could cause a terrible backlash to the user as 
well as the victim, and even accidentally cause the 
destruction of the earth itself. It is not accidental that in 
1960 Khrushchev stated that his new fantastic weapon 
could -- if unrestrainedly used -- destroy all life on earth. 


"This appalling backlash potential is apparently what 
prompted Brezhnev in 1975 to make so strong an effort 
to get agreement to outlaw the development of "new 
Weapons of mass destruction" more frightful than the 
mind of man had even dreamed of. Gromyko even 
introduced such a draft agreement into the proceedings of 
the United Nations. The first article of the draft 
agreement indicated that the nature of the weapons 
referred to would be negotiated. Sadly, the entire Western 
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world did not even know what the Russians were talking 
about." 


2. Tesla domes provide 
near-perfect defense shi 


s-scaLan 
INTERFEROMETRY 


(HEMISPHERICAL SHELL) 


(Slide from Cheniere.org) 


The Tesla howitzers can be used in a nearly impregnable defensive mode whereby 
they throw up a dome (Tesla Dome) or a sphere (Tesla Globe) of highly powerful 
electromagnetic energy, enough to "dud" or destroy missiles which try to penetrate 
them, Once again, this energy is not going through space from the howitzer, but being 
made to emerge from the local vacuum at the location of the shell. KGB tests of 
these domes have been witnessed by airline pilots around the world. Bearden gives 
many examples of the Tesla domes being sighted around the world in his briefing 
pape Lance." (Russian dome test, another globe incident, yet another globe 
test). These giant electromagnetic domes can be hundreds of miles across, or narrowed 
down more to total impermeability. 


"Such a shell may be several hundred miles in diameter at the base. The 
enormous energy required to form such a defense shell is obtained by a 
"scalar power tap" into the molten core of the earth itself, as previously 
explained, In late April/early May of 1985, 27 such "power taps" were 
placed in the earth by the Soviets. If each tap is capable of powering four 
to six large scalar EM weapons, then the Soviet strategic scalar EM 
arsenal contains over 100 monstrous superweapons capable of 
generating exothermic explosions, endothermic explosions, engineering 
the weather, locating and destroying underwater submarines, detecting 
and destroying ballistic missiles shortly after launch, detecting and 
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destroying long range strategic bombers as soon as they are airborne, et." 
booksfenislmse/ 


By using nested domes one can protect the domed area even against nuclear 

radiation itself. Tesla globes can be used to hit airborne targets by simply placing a 
globe of any chosen size in the flight path of the incoming missile. It does double duty 
because the missile hits it going in, and then the rubble hits it again going out the other 
side. 


While the U.S. persists in its useless boondoggle "missile defense system" by shooting 
a missile with a missile (missiles which would already have been "dudded" by the 
Tesla howitzers), between the domes and the globes the Russians (KGB) have in hand 
(operational) a nearly perfect missile defense system, Someone should ask the 
Secretary of Defense if the U.S. Tesla domes are in place. And over which cities? How 
powerful are our American Tesla domes? 


Bearden cites a number of examples of these domes being tested around the world: 
March 20, 1969 | March 24, 1977 | August 17, 1980 | June 17. 1966 | June 18. 
1982 June 22, 1976 


Ina slide from the Fer-de-Lance briefing it is shown how the "woodpecker grid” itself 
also acts as a sensor, detecting any missile launch anywhere, and how the howitzers 
can respond instantly by delivering a blast to exactly the right coordinates, right along 
the channels of that same grid which is feeding the location information about the 
missile launch. This certainly beats "trying to hit a bullet with a bullet." Especially 
since YOUR bullet would probably be instantly inoperable in a real scalar war 
situation, 


3. Rogue Groups in the government 


Bearden fears that these scalar electromagnetic secrets may have fallen into the hands 
of what he called secret "rogue groups" within the labyrinthine depths of the black- 
ops special-access domain of the secret government. "In the extreme, such a deep 
black program can even become a "captured" program," he says, "which is totally in 
the hands of rogues and no longer reports to or is bound by the dictates of the 
parent government." 


"They have their own agendas. And being rogue groups, they may well 
bring in unethical, immoral tricks: assassination, bribery, entrapment, 
disinformation, plausible deniability, etc. A certain percentage of a highly 
secret rogue group will wind up using all these things and more. It's a 
human characteristic, the old primate dominance game. Only now 
disguised and hidden under deep classification. ... 


"In highly classified groups, these groups are greatly enabled to joust 
more widely, unethically, and immorally because it is so deeply hidden. 
So very deep classification evokes the growth and intensity of rogue 
groups. It's the old 'Power corrupts, and absolute power corrupts 
absolutely’ routine. ... Due to loose formation of rogue groups inside such 
programs, they may have dual or triple purposes, may not operate under 
very much legitimate government control at all, and may operate 
specifically for the purposes of the rogue group or groups that have 
gained control." 
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"The involvement of at least some rogue groups, some being "cowboys" 
who operate well outside all Iaws and ethics, could also result in such 
things as assassinations, clandestine testing on individuals without their 
consent, ete. In short, it could account for what seems to be actually 
occurring." 


4. World War Ill has already begun 


Because it is now possible to cripple the power grids and electronics of any nation, 
that nation could be reduced to economic ruin without ever firing an actual "shot." 
Without electricity Wall Street cannot operate. Without electricity you quickly need 
martial law. One no longer needs to wage a conventional war anymore at all. There are 
now lots of new ways to bi 


g any nation to its knees. 


"We are at war, whether we like it or not. And we are going to have 
strategic strikes on an unparalleled scale for us. Pearl Harbor was nothing 
compared to what is coming down, once we consider the "augmentatio 
and such, 


"When that factor is considered, then it’s a totally new ball game on 
replacing the power system. There isn't going to be much choice; the old 
one is going to be destroyed or so badly crippled that it will collapse the 
USS. economy in a way we have not seen since 1929, Of course, in such a 
case hitting us, we will be under martial law, the works, everywhere. For 
one thing, it's the only way you can keep the cities from imploding from 
within, by the criminal element, looting, robbing, killing, etc. Simply wait 
and see; it's on the way.” 


Although Bearden has for years decried the "scalar-gap," and chided the military for 
falling so far behind the Russian KGB in the field of scalar electromagnetics, recent 
statements indicate that things may at last have changed somewhat. 


"In the new war, the first phase of WW III has already been completed. 
Hence President Bush's recognition that this is a total war, and has to be 
taken to the enemy no matter where he may be hiding or in what 
sanetuary or in what foreign nation. This is an entirely different war than 
anything the U.S. has ever fought in its history. And before it is over, it is 
going to kill more Americans than have died in all the previous wars 
in our history. The news media and the public have not yet 
recognized that awful situation and predicament. Most are already 
thinking that, well, we won in Afghanistan so it's just about over. Instead, 
it has only just begun. 


"Anyway, that’s a brief uptake on some of the weapon situation today. 
Some 10 nations or more now have LWIs, and five have the QPs. I'm still 
working on how many have the appalling negative EMP weapons, but 
would estimate 6 or 7 nations have them in one stage or the other, either 
deployed or in at least advanced development. And in my estimation, the 
‘Yakuza will have them within three to five years if they have to build 
them themselves, and quicker if they can buy them from the Russians, 
Chinese, or???" Bearden 
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When he was asked the question "Does the government listen to Tom Bearden?" 
Bearden said: 


"Let me speak carefully. I am very satisfied with how I've been listened to 
in the quarters where the rubber meets the road, The West is no longer 


defenseless, not by any means. Cannot amplify it further than that. 
im 


utp cheniere oaicoresponden 


Bearden has briefed the government a number of times and the Cheniere website 
contains a great number of his graphic military briefing slides. 


5. Are the Russians making "UFOs?" 


Scalar electromagnetics engineering opens the possibility of antigravity vehicles and 
"hyperspace travel.” In other words we ean now make our own UFO's! Of such 
sealar-powered antigravity vehicles, which have now become possible, Bearden has 
this to say: 


"We might expect to see such vehicles glowing, Their various surface 
features and mechanisms might appear to be glowing or revolving lights, 
ete. 


"They could exhibit incredible "aerodynamic performance,” seemingly in 
the atmosphere. Actually they would not be moving "through" the 
atmosphere at all, but through a higher space outside each particle of 
atmosphere. 


"They could seem to materialize and dematerialize. 
"They could seem to plunge into the ocean or rise out of it. 


"They could even seem to operate under the ocean or inside the earth 
itself. 


"Such anomalous vehicle performances have been seen all over the 
world, particularly since a few years after WWII. 


"It appears that one or more nations of Earth are operating such vehicles 
now in great secrecy. Our own "government" may even be one of th 


"If so, it isn't our true "government/government." Instead, it's the "control 
group/government." It's government at the operational level, but at higher 
level it belongs to certain control groups who have penetrated our 
government's vitals and taken over all such projects." 


Bearden http://www.cheniere.org/books/ferdelance/slide32,him 


In an excellent article on her Earthfiles website, Linda Moulton Howe reports on the 
utter bafflement of Norwegian scientists over mysterious lights appearing in the valley 
of Hessdalen, Norway. 
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She writes of the research there: "The results can be broken down into two groups: 
95% are thermal plasmas and 5% are unidentified solid objects, The plasmas emit 
long wave radio frequencies and strangely, their temperatures do not vary with change 
in size or brightness.” She quotes the scientists’ research summary: 


" 1) most of the luminous phenomenon is a thermal plasma; 

2) the light-balls are not single objects but are constituted of many small 
components which are vibrating around a common barycenter; 

3) the light-balls are able to eject smaller light-balls; 

4) the light-balls change shape all the time; 

5) the luminosity increase of the light balls is due to the increase of the 
radiating area. But the cause, and the physical mechanism with which 
radiation is emitted, is currently unknown." 


This would almost certainly seem to be another example of the testing of the scalar 
howitzers. It is baffling because, as Bearden points out repeatedly, Western scientists 
have limited knowledge of the scalar electromagnetic principles by which the 
howitzers operate. The Hessdalen scientists were completely baffled as to where the 
energy of these plasma balls was coming from. 


Ms. Howe interviews Massimo Teodorani, Ph.D., Astrophysicist, who released the 
report on the 2001 Hessdalen sightings. The scientist speaks of the bafiling phenomon 
observed. 


I don't know how it is possible that Nature is spontaneously able to do 
that. Anyway, we deduce that the plasma is trapped inside a sort of 
magnetic cage and the magnetic cage closes around the plasma and keeps 
it fixed in some way, prevents it from expanding. But where does it 
come from? We don't know." 


By what we have been considering here, we can recognize the signatures of scalar 
electromagnetic engineering. If it is a Tesla howitzer, then the energy for the plasma 
balls is coming from the vacuum of spacetime at the very location of the balls 

themselves, triggered by scalar interferometers aimed through the woodpecker grid. 


These kind of balls can be used as marker beacons giving feedback for precision 
aiming of the howitzers. The energy of the marker beacon can be read back into the 
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computers giving precise location information for pinpoint aiming. The target area can 
be very small, or widened out. 


There is a little movie of one of the Hessdalen plasma balls here. It would seem to be a 
clear documentation of a scalar howitzer marker-beacon, How many other current 
"UFO" sightings are actually the witnessing of Tesla howitzer tests? 


In fact there are a great many anomalous events of the past few decades which might 
very well be explained by the Russian testing of their longitudinal electromagnetic 
weapons. It would seem that the mysterious appearance of crop circles around the 
world could be accomplished by feeding a precise mathematical graphic pattern into 
the computerized aiming software and change the very molecular structure of the 
crops themselves along the lines of that pattern, The stalks fall over from the localized 
effect of the longitudinal waves. A plasma ball tracing patterns? Are they slyly 
sending a message to see if we are "getting it" yet? 


The "Cambridge Angel" - Made by Russian scalar plasma balls? 


Also see: Interview with Tom Bearden 
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Proof of the healing powers of longitudinal waves from the vacuum i 
work of Antoine Priore who produced longitudinal scalar waves using a gigantic 
glass tube filled with plasma, He himself did not understand why it worked or how 
it cured cancer in animals. 
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Attempt to Ban Energetics 
Weapons Worldwide 


* On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on aban of research and 
development of new kinds of weapons "more terrible than 
anything the world has known.” 

"On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1875, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

= No on. 


falking about! 


sians 


(Slide from Cheniere.org) 


4. Healing powers of longitudinal waves 


Healing via longitudinal waves, time reversal of cells (de-differentiation), Priore's machine, Bearden’s 
proposed "blanket" version, using the electric power grid for healing waves or for broadcasting disease 
patterns, Scalar Biowar, 


The good news! 


"Any sort of disease whatsoever - physical or mental - will 
be rapidly curable, simply and cheaply. It will be possible to 
reverse aging and rejuvenate the person. It will be possible to 
regrow limbs and straighten misshapen spines - and directly 


remove the causes of mental diseases and cure them as well. 
Lifespan will be staggeringly increased, without ‘old age’s 
debilitation.' AIDS, cancer, leukemia, and genetic diseases will 
be completely conquered. The potential for a true golden era is 
upon us, for all humanity." 


Bearden- hitp://twm.co.nz/beard_interview.him 


"The Priore team cured terminal tumors, trypanosomias, and other 
dread diseases in laboratory animals in France, in the 1960s and 1970s, 
under rigorous scientific protocols by eminent scientists. The Priore 
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project was funded by the French Government to the tune of several 
millions of dollars (equivalent). xpos cxplrepuh com/nilvensustis ml 

". . . Prioré's machines concretely demonstrated a nearly 100% cure of 
all kinds of terminal cancers and leukemias, in thousands of rigorous 
laboratory tests with animals. These results were shown to medical 
scientists as early as 1960." iniiwwy.cheniow or/prior/index bn! 


Bearden has stated that the longitudinal EM waves can have a healing effect 
because they always come in pairs called "phase conjugate pairs" and one of the 
pair is time-reversed. This enables engineering of the waves to "pump" the cells of 
the body (with waves from the time domain) and actually time-reverse the cells 
back to a previous healthy condition. The scalar cure of cancer does not involve 
killing the cancer cells but rather pumping them with time energy into a previous 
condition. I know, this seems miraculous, and is it not? 


This healing power in the longitudinal 
waves of the time domain is a mind- 
boggling thing to face. It took me 
months to get through it, and to suffer 
the fact that the eure for cancer and 
AIDS was right there, in this new 
sealar electromagnetics technology, 
and that it has been kept back from the 
people for so many decades now. 


Bearden has a great deal to say about the 
work of Antoine Prioré, who himself did 
not understand why his machine 
worked, Priore did not know about the 
longitudinal scalar waves of the time 
domain, In fact, Tom Bearden has 
supplied, at last, the missing 

explanation as to how that big giant 
two-story glass tube consistently cured 
cancer in animals. 


Priore and his giant plasma tube 


the medical implications are enormous. By just reversing the 
damaged cells back to a previous physical state, this gives a physics 


mechanism for controlled cellular dedifferentiation, in biology terms. 


Physicians will time-reverse diseased, damaged or aged cells back 
to an earlier healthy condition, including all the cellular genetics. 
‘Normal cells are just reversed to a slightly younger condition.” 


"We believe this mechanism explains the revolutionary but baffling 
electromagnetic cures achieved by a team of outstanding French 
scientists in the 1960s and early 70s, working with inventor Antoine 

In lab animals, cures were achieved for terminal tumors, 
infectious diseases such as trypanosomiasis, and atheriosclerosis. In 
addition, deliberately suppressed immune systems were dramatically 
restored. 
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"We hypothesize that this is the long-sought mechanism of how the 
living body heals itself. In short, the body's cellular control system 
induces cellular reversal by weak time-domain pumping of the 
damaged cells and the affected area. The cellular regeneration system 
performs all healing of cellular damage in the body; the immune 
system heals nothing, not even its own damaged cells) . 


“For the first time medical science can develop as a science of 
healing rather than a science of intervention. And it will develop as a 
science of unlimited healing, since no pathogen can resist action by 
curved spacetime engines." Bearden 


http://www cheniere.org/techpapers/Vision® 10% 20paper.doc 


Sce Priore's machine See Slides of how it works, 


Bearden has extended the Priore work, with the previously missing knowledge now 
in place, and designed a revised system (for irradiating the body with longitudinal 
waves) which gets rid of Priore'’s giant glass plasma tube and uses instead an 
antenna unit which surrounds the body. He has also provided the missing 
explanation of how it works. There is an article from "Explore" magazine, Part I 
and Part II. 


RETRORADIATION WITH EMITTED TW EM WAVES 


Recorders & Broadband Amps Broadband Antenna Unt 


<_ 


Control Unit 


WWE EL 
Receiver-transmitte rs: 

— Adjusting broadband signals 
"> —~banawidth and amplification 


Using an amplified replica of the body's own dense, broadband signal 
Borrolax ia tracks, proshicing deeply penetraling ad precise 
longitudinal EM wave sels that pump edis and reverse cellular 
disease and damage 


(Slide from Cheniere.org) 


In fact, Bearden has presented to the U.S. government a plan to use a portable 
version of a Scalar Healing Blanket where wire channels in the blanket act as a 
scalar antenna, which can both send and receive scalar electromagnetic waves. A 
two minute treatment of the waves is sufficient to restore the body to its earlier 
healthy condition. Thus even thousands could be treated easily and quickly in a 
biowar mass attack situation. 


"To defend against things like anthrax attacks on our civilian 
population centers, we also have recommended to the U.S. 
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Government the crash development of small, portable treatment 
machines—using similar "antiengine-forming" and cellular reversing 
"porthole technology". [See Figure 13 on previous page]. Such 
portable machines could be developed cheaply and quickly, and 
present government facilities could be used to massively attack the 
correlate database production problem. 


"The portable treatment units could be cranked out by the hundreds 
of thousands and flooded down through emergency response agencies 
such as the police forces, the National Guard, emergency hospitals, 

emergency response teams, ete. 


Bearden 


PA ~ antenna Pad 


(Slide from Cheniere.org) 


The Scalar Healing Blanket would fit into large suitcase. It has three basic parts, 
the longitudinal wave generator, a laptop computer, and the antenna-blanket. The 
plan was a stroke of Bearden’s genius, but unfortunately it fell on befuddled 
government ears, "Unfortunately, so far the DOD [Dept. of Defense] doesn't even 
understand what the heck we're talking about!" 


Article "Healing with Energy": ip:/wws.explocepub com/articlesienersetics html 


"We tried very hard in 1998 to call attention to the extreme national 
need for the most urgent possible development of a portable computer- 
controlled treatment device based on the experimentally proven Prioré 
methodology, but extended to a much simpler and far more rapid 
method of treatment. 


"Quick development of this technology could lead to a suitease size 
device, capable of treating a patient in less than one minute, and 
stopping the symptoms and disease progress cold, then reversing it. 
Three "less than a minute" treatments one week apart would be 
required for complete cure. As an added advantage, partial reversal of 
aging in older patients would also be accomplished as a bonus, in 
addition to time-reversing the damaged and diseased cells... 


"The method proposed to the DoD in 1998 used normal EM ina 
peculiar way to force the body itself to make its own time-polarized 
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EM waves, and pump every part of its cells -- including the genetics -- 
in the time domain. 


"Quite simply, we are going to be struck this way (QP spreading the 
immune systems of the populace plus professional smallpox, anthrax, 
etc, BW attacks on our population centers) and by other means we've 
spoken of in other papers and briefings." 


earn hip/wwwchenier ong/corespondence/02140 fim 


The Dark Side of the Force: 


Creating and broadcasting disease 


Speaking of the scalar wave induction of disease by longitudinal wave patterns 


Bearden refers to work by French scientist Kervran and Russian scientist 
Kaznacheyev, who proved that any disease could be transmitted 
electromagnetically. 


“It works this way: the Kaznacheyev experiments (and others) 
demonstrated that any cellular disease or disorder can be initiated into 
cells at a distance, by electromagnetic means (albeit unusual EM in 
nature). The decades of microwave radiation of the U.S. Embassy in 
Moscow, was an ongoing set of "stimuli" to ping the U.S. system and, 
by its response, ascertain how far along (or if it was "along in its 
knowledge of such weapons. The radiation was responsible for many 
health changes in personnel and for the eventual deaths of three U.S. 
Ambassadors.” Bearden http/www.cheniere.org/correspondence/021702a.htm_ 


Ina letter he writes, 


"Yes, the Kaznacheyev experiments were quite real; 15,000 or so in military 


research institutes in Siberia. As with so many other novel areas investigated and 
developed by the Soviets, most U.S. investigators just assumed normal EM, which 
is not what the Kaznacheyev experiments involved, and not what was carrying 
disease induction patterns from one cell culture to another in rigorous lab tests.” 


How to "Broadcast" Diseases 
Longitudinal EM Biowars 


Bearden explains how the new quantum potential weapons can be used to 
induce disease-at-a-distance in a population, or to "spread" the immune 
system so thin that a conventional bio-attack would be greatly 
potentiated. By "broadcasting" virtual disease patterns over a population, 
the immune system is so overloaded by the presence of the "shadow" 
diseases that its effectiveness is thinned out. 


“In short, alter the internal wavestructure, and one creates a 
curved spacetime ‘engine’ that acts on mass in any fashion one 
chooses to design -- including initiate diseases... Now 
visualize one of these ‘vacuum engines’ or ‘spacetime curvature 
engines’ that acts on mass to generate the exact effects 
produced by anthrax, (Or any other disease one wishes) .. . 
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Call the virtual state of a disease engine the disease pattern in 
the "shadow" state, just prior to becoming observable. . .. 


“And the master cellular control system responds to "coming 
events that cast their shadows before". In short, it responds to 
the upper level of the "shadow state" of a disease, still in the 
virtual state! (Hey, virtual particles are real, virtual photons are 
real, virtual ST curvatures are real --- just very fleeting, only for 
another to immediately arise). The exchange of virtual particles 
is known to generate all forces in physics anyway! . .. 


"So the cellular control system responds to "shadow state" 
disease patterns. Enter a QP weapon application. Place a 
quantum potential weapon "area" on the United States, so that 
the entire populace is in it. The slowly introduce and bring up in 
the shadow state, the necrotizing fasciitis disease engine. At 
some point, the cellular control systems will react, and order the 
immune system into action, In other words, immune system 
resources will be committed against this "immediately coming" 
enemy. Bring it on up a little, but still just in the shadow state. 
Voilai Humans form a bell-shaped distribution curve, And even 
if the structure of the QP fluctuates a little, fluctuating a bit 
stronger and a bit weaker, etc. A few of those targeted bodies 
will now actually develop necrotizing fasciitis. So far, just like 
the U.S. Embassy targeting, except a different "carrier", 


"But now there is an exact signature that this is what is doing it, 
and not normal vector carriers of disease and contact or 
exposure infection. The few cases of necrotizing fasciitis that 
break out will be most puzzling. They will be randomly 
scattered across the entire nation, and so few that the vector 
carrier and contact or exposure explanation completely fails.” 


“And that one happened, right here in the U.S., not so long ago. 
Check it out. 


So carefully adjust the patterns for, say, 12 major terrible 
diseases, to that "adjusted and desired shadow state level”. Now 
add all 12 patterns into the internal structure of the quantum 
potential. Now it has 12 shadow state disease engines in it. 


"Place that one on a populace. The cellular control systems 
order the immune systems into action, and they now have to 
commit their finite resources to 12 different areas. This greatly 
thins the response an immune system can make to any one of 
those 12 disease patterns! In short, it "spreads" the capabilities 
of the immune system, which can be galvanized to great effort, 
but only can perform a small bit against each area. 


"Suppose one of those "galvanized" areas in the targeted 
populace’s immune systems is anthrax. And suppose the bad 
guys now hit one or more of those cities with a professional 
anthrax attack. A former OTA study showed that a professional 
anthrax aerial spray attack against Washington D.C., dispensing 
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100 kilograms of anthrax spores in the spray, will account for 1 
to 3 million casualties. And that's in an "unthinned" set of 
immune systems. In the "thinned" set, one can at least 
double or triple, and even up to five times, that estimate. So 
conservatively, now there would be from 2 to 6 million 
casualties, And even mild anthrax spray attacks in other 
"thinned" cities would also be amplified. 


"That one is being set up, or already set up, right now. There 
are other such "augmentation" setups also under way. 


"So the weapons alluded to by the SecDef in 1997 are 
already being employed. WW III has already begun, and 
our populace (and our s ic community) is blissfully 
unaware of it." 


http://www.cheniere.org/correspondence/021702a.htm 


Most of us can remember the strange outbreaks of the so-called "flesh eating 
disease." It seemed to break out here and there randomly with no known 
cause. Bearden believes this was a test of the newer quantum potential 
weapons which go even beyond the capabilities of the Tesla howitzers, 


"The Kaznacheyev "disease induction by novel 
electrodynamics" work is also the basis for the spacetime 
curvature engines (not EM signals!) carried by quantum 
potential EM biological weapons for distant induction of 
diseases etc. into the population of an entire nation or area, such 
as the U.S. 


"This quantum potential disease induction weapon -- capable 
of attacking an entire population of a nation or area -- has been 
tested several times in the U.S. at very low levels, in the shadow 
state only (we explain shortly) and it has a most peculiar 
signature. E.g., one test used necrotizing fasciitis (flesh- 
rotting disease) engines. 


"The disease ‘engine’ was deliberately kept down in the ‘shadow 
state! (virtual state, just below the observable state) so that only 
a tiny bit of the populace with depressed thresholds would 
"breach the observable threshold’ due to the population forming 
a bell-shaped curve as to the threshold level. The major 
signature of the test was that the cases of the disease broke 
out totally statistically and randomly, spread all over, without 
any ‘disease vector’ in between. 


“In short, it was not spread in any manner required by normal 
deterministic disease vectoring, but was a totally random set 
of occurrences. Several other diseases were also tested this way 
in the American populace, with precisely the same signature." 


Bearden bitp://www.cheniere ors/correspondence/021401.him 


Apparently one planned use of such an augmented clandestine 
BW weapon will be smallpox, e.g. As you know, the Russians 
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did develop smallpox for biological warfare, and even, 
developed a new strain against which previous vaccination is 
ineffective. 


"The vast numbers of expected casualties, coupled with immune 
system spreading, are absolutely irresistible to the Russian 
mind. You can count on it that they have seen that the smallpox 
is already on site here, in the U.S. and in the hands of 
professional terrorist teams. Of course, the Russians/KGB will 
protest they have nothing to do with that! Yet likely the KGB 
will have flatly arranged it or at least assisted it. The capability 
for mass destruction of the nation is so lucrative and easy to 
achieve in adyance, that they would never be able to resist 
doing it.” 


eanden itp ww cheniere org /eorespondence/0?140. tim 


Bearden believes the Gulf War Syndrome involved the use of scalar 
technology to induce a disease state, as he stated in a 1997 interview: 


“Y'll say this flatly, and I won't answer any further questions 
about it; the Gulf War Syndrome was induced... It was 
induced with this stuff. All the rest... was contributing factors 
that everybody's talking about... There are some deeper 
signatures, if you look into it very deeply, that show you exactly 
how it was done and the fact that it was induced. It was a test. It 
was a test of a very special kind of weapon I have not talked 
about yet. Anyway you can use it to create diseases.” 


eandenhp/twm.co nz/beand_wespon ham 


Besides using the woodpecker grid to target a population, the entire electrical grids 
of nations can be used as "channels" for disease patterns to be broadcast to all 
people near that grid. Your own house wiring can become an antenna, broadcasting 
these "shadow" patterns of disease, weakening your immune system. 


And here one faces the frustrating fact that the same power grids could be set to 
channel patterns which would keep the entire population healthy, rejuvenated, 
continuously bathing in the time-reversing old-age-defying energy of the spacetime 
vacuum, We have no idea yet of how long the human life span could be increased 
with this new technology. People might be able to live two centuries given full 
humane development of this technology. 


5. Psychoenergetics 

Mental entrainment, inducing bypnogogic trance, mind contro, broadcasting thoughts and feelings, the 
‘Ant World, education via EM [LW] mental download, the "Feelies," revolution in spirituality, 
“enlightenment machine?” Scalar churches? 


Psychoenergetics is simply using the scalar interferometers to manipulate and 
engineer the human psyche. To me it is the most mind-boggling and frightening 
aspect of longitudinal wave engineering. 
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The mind is electromagnetic in nature, and itself of the time-domain. It is not 
observable in 3-space. There is no thing you can point to that is the mind. As Bearden 
says, "The mind is time-like." 


The longitudinal scalar EM waves are also of the time-domain. By overlaying certain 
infolded patterns (oscillations in time) on the longitudinal waves, a thought or 
feeling may be made to arise in a person or persons who are in the interference 
zone (where the wave beams cross). 


The person will not notice anything, feeling that this thought or idea is his or her 
own idea. The longitudinal wave pattern might be a wave of panic or fear that 
spontaneously sweeps over you, perhaps inexplicably. It could even be in the form of 
a sudden intense patriotism. It could be explicit words and phrases, which everyone 
would think they had thought of by themselves. Or it could be rage and hatred, angry 
and violent. On the other hand It could also be a continuous sense of docilit 
placidity. This is the brave new world of psychoenergetics and the coming 
Wars." 


Scalar Psychoenergetics in its most primitive form simply "entrains" all minds in the 
target area into a deep hypnogogie trance. In this state of mind people would be 
suddenly extremely suggestible, and would likely believe anything they are told, and 
would obey any orders given. Talk about winning the hearts and minds of the 
American People! 


‘Tom Bearden makes me think of Paul Revere, who heroically conveyed important 
warnings for the sake of the new nation, But the words of the famous phrase have 
now strangely and curiously mutated into the once-inconceivable: "One if by land, 
‘Two if by mind." 


Indeed one strategy in a Mind War would be to simply take over the minds of the 
"leaders" of the enemy nation, The targeted leader would not be aware that anything 
was amiss, although he might begin to make unexpected changes in policy. 


‘And are, in fact, any of our "leaders" already having secret thoughts that are not their 
own? Who knows? Frighteningly, we can no longer be sure. The new sciences of 
scalar electromagnetics and psychoenergetics are even now plunging humanity into a 
sudden science-fiction-like world beyond anything in humanity's previous 
imaginings. 


"The Russians reached the point in the mid 1990s that they could take 
over control of a person's mind, with modified longitudinal EM waves 
including some time-polarized EM waves, and with a team of specialists 
(estimate 25-30 per transmitter, and one transmitter and team per 
controlled person)." Bearden 


Ina slide Bearden illustrates how a Scalar War would involve a psychoenergeties 
attack on the operators of the enemy scalar installation, entraining their minds into 
hypnogogic trance and getting them to shut down their systems. 


And ultimately psychoenergetic warfare goes to the very heart of human identity 
itself. For if my thoughts might no longer be "mine," then who and what am I? Can 
my very sense of being "me" be hijacked by some nefarious psychoenergetic scheme? 
Will the "secret government" eventually dictate directly into your mind how you feel 
about yourself? Or what you think you are? Or what you should do? 
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How Does Longitudinal EM Mind Control Work? 


The physics of scalar psychoenergetics as expounded by Col. Bearden seems even 
more arcane and over-my-head than that of extracting energy from the vacuum. I can't 
understand it, but I look through it anyway. Each time another tiny understanding 
might occur, or a term might fall into place. I know the mathematics is forever 
beyond me. 


One paper to begin with is Mind Control and EM Wave Polarization Transductions 
This is such serious stuff that Bearden includes a strong warning about misuse of 
this knowledge. Psychoenergetics weapons can mentally maim and physically kill. 


Warning! 


(From "Mind Control and EM Wave Polarization Transductions") 


"This article refers to experimental research techniques which can be 
detrimental or lethal in the hands of any but highly skilled, qualified 
experimental scientists proceeding under proper laboratory safety 
procedures. The purpose of this article is strictly for information to 
properly qualified and authorized scientists in certified laboratories. We 
do not propose or condone any use of these procedures for nonapproved 
practice of medicine without a license. Neither the publisher nor the 
author are responsible for accidents or outcomes in the use of these 
experimental procedures and techniques. Any researcher who performs 
these procedures and experiments is acting on his or her own volition, 
and is solely responsible for insuring safety, qualifications, and legality 
of the acts and their results. We neither suggest nor condone 
unauthorized experimentation on human subjects. Such is a criminal 
violation of the constitutional rights of the subject under Federal and 
State laws, and is both illegal and immoral.” Bearden 


‘After the serious warning comes the description of the paper. This is heady stuff for 
the layman, 


"Calling full attention to the special note above, in this paper we present 
a high-level overview of the novel electromagnetic nature of mind 
operations, mind and body coupling, and intent - the induction of 
physical 3-space EM energy changes into the brain and nervous system, 
and into every cell of the body, from the mind's time-like coherent 
operations. We summarize the time-polarized electrodynamics used to 
engineer and affect mind operations and the mind-body coupling loop. 
Transduction mechanisms whereby differing EM wave polarizations can 
be transformed one-into-the-other are presented." Bearden 


I will leave it to the technically astute to try to understand the mechanisms of 
operation which are described in scientific language. But there are tidbits for the 
layman. Here he speaks of the difficulty Western scientists have in opening up to the 
"immaterial" (longitudinal wave) nature of the human mind. 


Western Science Remains Largely Materialistic 


“Ironically, most Western scientists are materialists and consider 
"mind" as a mystical and nonscientifie concept. They tend to 
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consider mind operations and functions either to be simply "meat 
computer" operations and functions, or at best to be very weak 
ordinary transverse-wave EM operations and functions in the brain 
and nervous system, This serious self-limitation exists because in 
the body we measure only weak TW [transverse wave] EM 
operations and functions correlated to biological behavior and brain 
operations. We simply do not know how to measure "mind 
operations" directly. 


“With no mind measurements possible and no instruments, it is 
understandable that Western science considers only the physical 
side of the mind-matter interface. 


"Presently our scientists do not measure the longitudinally- 
polarized EM wave operations and functions in the body and 
around it in nature. Few of them are aware that a maclstrom of 
such LW [longitudinal wave] functions exist in the body and in 
all of nature in general." esssx 


Western methods of influencing the mind with EM waves have only used transverse 
waves, not the longitudinal waves of the vacuum. If only transverse waves are used 
one pretty well has to hit the target mind with a sledgehammer of waves. 


Western Science knows only transverse EM waves 


Brute Forcing Time Functions versus 
Fine Control Methods 


"Ironically, Western mind control researchers using transverse 
EM waves for mind control research, are using a brute force 
method of evoking and using vacuum engines (spacetime 
curvature engines) and a special form of general relativity, 
although they do not appear to realize it. 


"While KGB scientists also use TW EM "brute force" TW 
waves when necessary, they do "imprint" or "activate" those 
waves with the desired internal LW and time-polarized EM 
wave and photon structures required to directly perform the 
mind engineering desired... Bearden 


“These "fitted brute-force models" certainly can be very 
powerful, and certainly can produce the exact results shown in 
the experimental verifications of the fittings. However, they do 
not of themselves allow sophisticated design for example of the 
necessary time-polarized wave assemblies for engineering the 
entire human collective unconscious simultaneously, or for 
engineering the entire collective unconscious of all species on 
Earth (i.e., Gaia's collective unconscious), or even for precisely 
engineering the memory and knowledge base of an 
individual. Bearden 
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The seemingly magical operations of psychoenergetics, sometimes called 
"psychotronics," cannot be achieved with ordinary transverse EM wave energy. But 
they are possible with longitudinal scalar waves because the mind itself is scalar in 
nature. 


"We note that all mind operations are time-like, i.c., they are comprised 
as scalar EM photon functions and scalar EM wave functions, Thus the 
mind is a very special kind of electromagnetic system, existing in the 
time domain..." Bearden 


The engineering of the mind can only be accomplished with the waves of time. 


The course of psychoenergetics development necessitates the building of a vast 
database of settings and patterns which bring about given mental and/or emotional 


states. A kind of "genome’ 
decoding of this "genome. 


of the psyche. Bearden describes the process of the 


"Now the scientists would perform many phenomenology experiments, 
making one little change at a time and profusely recording the data. Each 
time, they would establish the physical change(s) that occur in the body 
and/or the mental and emotional changes that occur in the mind for each 
spectral reinsertion back through the "ship's portholes". They would 
simply but painstakingly (over some years) build up an extensive 
database of those individual correlates. 


In these experiments, the experimenters will eventually be able to 
provoke any body or mind change they wish. Strong emotion. Intense 
pain. Intense pleasure. Painful thoughts. Images. Memories. Perceptions. 
Dreams. Visions. Memory losses. Memory changes. Personality changes. 
Etc. The "delta" in the emission spectrum (the changes from zero 
reference spectrum) represent the precise totality of all mental, physical, 
organic, chemical, ete.changes and interactions." Bearden 


"A second stage in the research would be to test the correlates and 
porthole insertions upon a statistically significant cross section of 
ordinary people, and/or specialized populations (such as toughened 
soldiers). The program would evolve a highly complex, very effective, 
ever-improving science and technology of mind and behavior control and 
engineering mechanisms, complete with finished database and developed 
applications equipment.” Bearden 


Summing up his paper Bearden speculates on what the actual situation the science of 
psychoenergetics probably is. The intense secrecy with which this knowledge has 

been kept from the public has led to the current farce of the "governmen 
pretending it all does not exist, and this secrecy may have now put us at great risk. 


"The implication is that in the West one or more highly classified, 
sustained, heavily funded developments in advanced mind control 
programs, probably exists and probably has existed for some time. Due 
to loose formation of rogue groups inside such programs, they may have 
dual or triple purposes, may not operate under very much legitimate 
government control at all, and may operate specifically for the purposes 
of the rogue group or groups that have gained control. 
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"In a nutshell, that's what may be going on in the clandestine mind 
control projects in several Western governments. The involyement of at 
least some rogue groups, some being "cowboys" who operate well 
outside all laws and ethics, could also result in such things a 
assassinations, clandestine testing on individuals without their consent, 
etc, In short, if could account for what seems to be actually occurring. 
‘As also is "usual" in such a mess, one or more of the rogue groups 
eventually may become very powerfull because their secret weapons are 
very powerful. They may become confident, thinking they have the "best 
in the world." They may actually believe they are ahead of the 
Russians..." 


"Remember that, in every large and powerful human organization, the 
basis for rogue groups is power and secrecy. They are always secking to 
increase their power, control, influence, prestige, etc. Nothing else. 
Patriotism and mission are—to rogue groups—often just idle words. 
They have their own agendas. And being rogue groups, they may well 
bring in unethical, immoral tricks: assassination, bribery, entrapment, 
disinformation, plausible deniability, etc. A certain percentage of a highly 
secret rogue group will wind up using all these things and more. It's a 
human characteristic, the old primate dominance game. Only now 
disguised and hidden under deep classification." 


"The Russians, with their additional knowledge of the actual 
mechanisms in the transforms, will be much more advanced than the 
‘West, because their fundamental psychoenergetics science is far more 
advanced, so long as we continue to use the old U(1) electrodynamics. 
Further, the Russians have decades of use of longitudinal 
interferometry beams to reach right through the earth and ocean and 
produce stringent EM effects at a distance. So they will also be able to do 
the same things here in "mind control" with LW [longitudinal wave] 
interferometers, through intervening mass." Bearden 


Bearden cites two examples where he believes the Russian KGB tested the 
psychoenergetics capabilities of their scalar interferometers. One was the case of 
Captain Button in his A-10 "Warthog" aireraft on April 2, 1997. 


"Over Arizona, Captain Button was thrown into a hypnogogic state, and 
his perceptions instantly altered and controlled. In his instant "dream- 
waking" state, everything seemed perfectly normal. His sense of 
direction was altered a bit more than 90 degrees, so he simply corrected 
and turned and "flew toward the range", actually flying off course by 
more than 90 degrees and ignoring radio contacts. He flew right on out of 
Arizona," 


"At one point he circled, probably thinking he was over the range, and he 
probably dropped his ordnance there. Then he "flew on back toward 
home," as he thought in his waking dream state, until his fuel ran out and 
he crashed and died in the explosion—dream-thinking until he died 
that everything was normal. All the while, his sense of the passage of 
time was altered. To him, in his dream-thinking, dream-acting state, 
everything was normal and nothing untoward had happened. So the 
distant KGB transmitters and associated psychoenergetics team 
controlled him for over an hour. 
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The paper Mind Control and EM Wave Polarization Tra 
chilling and frightening po: 
human species as a whole. 


Scalar Wars The Brave New World of Scalar Electromagnetics 


"Indeed, that was the exact purpose of the test: demonstrate control (at a 


great distance) of a skilled person performing highly skilled tasks." 


bility of all: 


juctions ends with the most 


The Ant World 


The Final Race for Direct Mind Control of the Entire 
Human Species 


"The KGB psychoenergetics weapons scientists—because of their 
direct measurements and detections (and use) of t-polarized waves 
and LWs [longitudinal waves] for decades—also understand that 
Jung's collective unconscious mind (of the entire human species) 
also has its own time-like operations and correlates, which one 
measures also when using t-polarization measurements and sorting 
it all out. The collective unconscious mind operations are buried 
several levels deeper inside the recursive Whittaker structuring 
inside the EM fields, waves, and potentials. 


"The KGB scientists also know that something very like Gaia —a 
collective unconscious mind for all species on earth — also exists, 
and they are striving to be able to sort out and measure that one as 
well. The Gaia operations are buried even deeper in the recursive 
structuring inside the EM fields, waves, and potentials.” 


"Actually, from day one, the Russian mind control scientists have 
had their eventual goal set upon this "deeper area of mind and 
possible mind control" of the entire human species. 


“Lam convinced that the KGB psychoenergetics scientists 
understand this deeper area. If they can learn to directly engineer 
the collective human species unconscious, they can then convert 
the human species easily into a sort of “ant” society, modeled 
along ideal Communism lines, except of course with an excluded 
“hierarchy at the top" running everything. The ant society" 
communist style — is still a variation of feudalism (all systems 
tend to feudalism or some form thereof). 


"The KGB psychoenergetics weapon scientists are seriously 
pressing on toward that very goal. In my opinion they are not very 
far from it right now... 


"Some versions of Russian mind control devices were used on 
Russian soldiers in the Afghan War to com 


performance of mei 


Whether it is the Russians planning an "ant world” society or rogue U.S. black-ops 
groups withholding a great boon from human race, the secrecy on all sides around has 
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allowed largely criminal elements to take over this technology while leaving the 
civilized elements in the dark. Openness and the spreading of this knowledge among 
good and decent people is essential, and for that we will have to overcome our 
frightened denial. 


"Meanwhile, rogue groups amongst Western clandestine mind control 
researchers will probably arise if they have not already done so. They 
will likely seek to increase their personal control and further isolate the 
programs from orthodox government review and from government and 
legislative control. They may even divert the research into highly illegal 
and unethical means, because it furthers their own rogue agendas, That is 
how clandestine U.S. government research can sometimes go sour, 
unless great care is exercised by the oversight committees in the 
House and the Senate. 


"Sometimes when rogue groups do gain control and total secrecy of a 
given new technological area, then what appears to be "U.S. government 
operations" do start to encompass a criminal and unethical operations, 
hidden usually beneath the deep veil of high classification. Also, if it's 
"scientific," no one is ever brought to justice, even if the "evil science 
actions" are uncovered and publicly revealed." Bearden 


Like the huge energy of the Tesla howitzers, the ability to engineer the mind with 
longitudinal waveforms is a seeming "magical" thing which can be used for good or 
ill. Bearden envisions that further developments will allow something like the 
"downloading" of knowledge via scalar interferometry. Everyone could be highly 
educated, and quickly and easily. 


In the conclusion of the paper "Mind Control and EM Wave Polarization 
Transductions” Bearden makes a plea to the nations of the world regarding the use 
of psychoenergetic engineering. 


"Let us hope this great new area, already off to a bad start, can be bridled 
and steered in the direction helping and healing people, rather than 
killing or abusing them. The excesses in its bad use are a potent threat 
to all nations on earth. 


"Yet it can revolutionize medical science, education, communication, and 
psychology. We foresee the day -- perhaps 30 years hence -- when 
education will be accomplished by directly loading the software into 
the mind, Then in three weeks one will "load" a doctorate, say, in 
physics. In three more weeks on will also load a doctorate in chemistry. 
Another three weeks, in electrical engineering. Another three weeks, an 
M.D. And so on, When that happens then truly everyone on earth can be 
educated. Freedom from ignorance may well be another great freedom 
that is legally recognized. There will be no impoverished large groups 
lacking the education to find decent, productive jobs. 


"We urge all nations to use the principles involved: not for human abuse, 
but for healing, educating, uplifting, and life-expanding of every person 
on earth. If we do, we shall all have a far brighter future. Then we shall 
check what has started out to be the Sword of Damoeles and turn it into 
the golden Millennium." pei, 
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(Perhaps after so many frightening topics a slight break is in order here to 


consider the lighter side of psychoenergetics. For example, what will be 
the ultimate impact on the entertainment industry?) 


The Feelies at Last! 


Psychoenergetics will be able to bring about at last, for better or for 
worse, Aldous Huxley's fanciful idea in his novel "Brave New 
World,” an entertainment format which he called "The Feelie: 
Those were something you went to, like going to the movies, but you 
would experience all the actual feelings themselves, as if the depicted 
events were actually happening to you. Although our "leaders" seem 
too dim to grasp what is going on in the world of scalar 
electromagnetics, it should not take some young Hollywood genius 
too long to understand that The Feelies are now possible, and that the 
immense megabucks of potential profit more than justify heavy 
investment in bringing it to market. 


One can imagine that first "Feelie" theater, "The Huxley" perhaps, a 
large comfortable area surrounded by nine giant screens (not just one 
sereen!), which become 3D if you put on your headset. And The 
Huxley is fitted with the finest sound, and oh, by the way, a modest 
sized scalar interferometer with computer. And there are one or more 
new tracks now recorded on the film next to the sound track. These 
are the digital patterns of thoughts, feelings, and ideas to be fed into 
the theater's interferometer. And these thoughts and feelings and ideas 
will be felt by the audience as if they were their own thoughts and 
ideas. It is an entirely new art form. Psychevision. 


As important (and no doubt famous) as the actors would be the 
"feelers," those from whose minds the feelings were lifted in the 
original programming of the Feelie tracks. Because, for example, Brad 
Pitt might be a good and handsome actor, but can he really feel it? 
Like the dubbing of foreign language films, it might be necessary to 
dub the "emotional track” using a deeper and more profound person's 
feelings, thoughts and ideas. 


It might even be engineered so that if you sat on one side of the 
theater you would feel like the hero, and on the other side you would 
feel exactly like the bad guy! What would that lead to? 


‘We have all cried at a movie some time, most people have, though 
they might not want to admit it. But this would be deep sobbing and a 
flood of tears, if the director so desired it. You would feel it at your 
core. Or, take a big chase scene, you would be terrified. They are 
breathing down your neck! You would be gripped by panic. 


For that matter, the whole genre of Horror-Feelie would be too much 
for many people to take. Do I really want to feel that an actual 
vampire is tearing at my throat with his fangs? 


A Religious Feelie would make you feel the exaltation of a saint at his 
prayers, or give you the definite feeling that you are Christ suffering 
on the cross. All the pain could be there too. The stickiness of the 
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blood. The very feeling itself: "Why hast thou forsaken me?" Who 
among us could come up that despair for scanning? Had this been 
developed a bit earlier we might watch a documentary of, say, Mother 
Theresa, containing her own actual deep sense of compassion, which 
we would feel arising in us as our own. 


Then again, a Psychedelic Feelie could induce an LSD-like state and 
simply blow the audience's minds. 


Even in its simplest most primitive mode, the hypnogogic trance 
induction with its increased suggestibility, would completely alter the 
experience of even ordinary current movie going. 


6. As it Stands - 2002 


[Note 2006: Click here for a current status history of the MEG from Tom Bearden] 


"Anyway, it's presently a "Mexican stand-off” with the various parties 
maneuvering with check and countercheck. That is the real "balance of 
terror" that is held by such a fragile balance." 


"You can see the implications if such weapons fall into the hands of the 
radical terrorists. Ordinary positive energy EMP shooters can be made 
fairly readily and cheaply from nearly just Radio Shack parts or surplus 
parts, It just takes some know-how... When and if the Yakuza [Japanese 
mafia] gets those (and they will, i's just a question of time), you can begin 
to appreciate some of the turns this present terrorism and our war on it will 
take." Benen 


The very thought of the building of one of these howitzers by "some lone-nut gunman" 
from Radio Shack parts makes one realize how serious it is for humanity to face the 
crisis it has come to. 


Once again, as at the dawn of the nuclear era, humanity finds itself at the crossroads of 
Heaven and Hell. As a species, we must stop and consider. And there is at least one real 
difference between this visit to the crossroads and the last: this time there is a very real 

possibility of a true "earthly heaven" on the Heaven side. 


The poor nations could come to a good life. Disease could be largely eliminated. Fossil 
fuel pollution could end. Global warming could be solyed, and the weather could be 
managed in a humane way, bringing water where there is drought, and sunny skies 
where there is flood. Scalar interferometry would be there to avert any possible hits by 
asteroids or comets. Mars could be colonized and terraformed. Everyone would be 
highly educated through psychoenergetic downloading of knowledge. And the wisdom 
of the wise could be realized directly through scalar connection to their minds and 
hearts. 


These stunning sudden possibilities give me pause to think: if our species has reached 
this crossroads in such a short span of centuries, then surely other species in this vast 
universe have passed this way before and long ago. And of those who chose the path to 
"planetary heaven," what is their life like now? It might be good if some of them were 
with us now, to guide us through this last struggle over this pesky old good-and-evil 
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problem, It is our last chance to choose the path which benefits the whole species, 
and not just some elite group or faction. 


The Disclosure Project 


One person working tirelessly to bring to bring these technologies into the open is Dr. 
Stephen Greer of the Disclosure Project, which is calling for congressional hearings 
into the issues of UFOs and the free energy technology that was, perhaps in part, 
reverse-engineered from them. 


"Once abundant and nearly free energy is available in impoverished areas 
for agriculture, transportation, construction, manufacturing and 
electrification, there is no limit to what humanity can achieve. It is 
ridiculous — obscene even — that mind-boggling poverty and famine 
exists in the world while we sit on classified technologies that could 
completely reverse this situation. 


"So why not release these technologies? Because the social, economic 
and geo-political order of the world would be greatly altered. Every 
deep insider with whom I have met has emphasized that this would be the 
greatest change in known human history. The matter is so highly classified 
not because it is so silly, but because its implications are so profound and 
far reaching. By nature, those who control such projects do not like change. 
‘And here we are talking about the biggest economic, technological, social 
and geo-political change in known human history. Hence, the status quo is 
maintained, even as our civilization hurtles towards oblivion... 


"With the types of weapons currently in the covert arsenal — weapons 
more fearsome even than thermonuclear devices — there is no possibility 
ofa survivable conflict. Yet in the darkness of secrecy, actions have been 
taken on behalf of every human that may endanger our future. Only a full, 
honest disclosure will correct this situation. It is not possible for me to 
convey in words the urgency of this." 


Dr. Stephen Greer hip:/www.disclosueproject on ES-Diselosurlmplestions-2 hm 


Greer and his team have assembled hundreds of witnesses, many of whom are military 
or ex-military, who are ready to testify to congressional hearings what they know about 
the covert black projects which have kept free-energy and antigravity propulsion 
technology secret from the people. 


Greer points out the need to regulate these technologies so they are limited to peaceful 
uses, but this is of course difficult when the government simply chooses to pretend they 
do not exist. In the meantime, as the President and the Defense Department continue 
the charade of war-as-usual, those scalar (longitudinal wave) installations which DO 
exist continue to fall into ever more sinister hands. And there is no reporter in the press 
brave enough to ask, "Mr. Secretary of Defense, what steps are you taking to defend 
our MINDS from attack by the big Russian longitudinal interferometers?” 


Longitudinal Interferometers are Proliferating 
Ina later statement Bearden reveals that in fact the Yakuza [Japanese mafia] has 


already leased some of the interferometers with a nearly $1 billion "down payment:" 
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“After the collapse of the Soviet Union's economy, lots of things got 
available for lease or purchase that would never have been under the old 


system. That happened in the resulting economic chaos. The Russian Mafia 


rose to prominence, as did some wheeling and dealing entrepreneurs who 
played both ends against the middle, 


“In that atmosphere, and in the need for money, the KGB allowed 
leasing of the earlier longitudinal EM wave interferometers to a 
consortium of the Yakuza and Aum Shinrikyo. They did this only after 
they had tested and deployed their great new quantum potential weapons. 
That class of weapon is the dominant weapon on earth, Five nations now 
have it: Brazil, Russia (KGB), China, and two nations friendly to the U.S. 
The deal to lease many of the earlier LWIs [longitudinal wave 
interferometers] to the Japanese Yakuza and Aum Shinrikyo was 
consummated at the end of 1989, with a down payment of $900 million in 
gold bullion as "up front" money, I don't know what the lease per year was 
and is, but probably something like a billion dollars a year. So the rogue 
Japanese acquired longitudinal EM weapons and that technical know- 
how. In fact, the Yakuza is producing certain kinds of those in its own 
facilities in Japan now. 


apt srespondenco0302023 him 


Personally, I am a little uncomfortable with the knowledge that the Japanese mafia may 
now be able to insert things into my mind. I'd like to sleep at night knowing that my 
dreams are my own, such as they may be, and not some weird fantastic visions cooked 


up by a criminal organization, This is a world emergency. 


And in Bearden's analysis, it all comes back to the 
crisis which is now provoking the current "oil war 


scalar power as fast as possible, for these grids are now totally vulnerable to any 


possessor of longitudinal interferometers. They can all be wiped out in minutes. By 


anyone who possesses or controls a Tesla howitzer. 


“Anyway, in my personal view, we should have a national Manhattan 


Project right now, to develop decentralized electrical power systems taking 
their energy from the vacuum . . . The MEG is real and so are several other 


systems invented by private inventors and colleagues. Alll these efforts 
should be massively funded and massively and quickly developed. The 


survival of this nation is going to depend upon it. ... There are many other 


facets, but the major point is that our scientific apparatus and the public 


are still unaware of what a desperate struggle we have entered, since it 


was thrust upon us. 9-11 was a wake-up call. It was certainly bad 


enough, and one grieves for those lost American lives. But I fear the worst 


is yet to come, and it is coming at us like a runaway train hurtling right 
down the track at us." 


np srespondenco21 7023 hm 


"The electromagnetic weapons mentioned by the Secretary of Defense in 
April 1997 are in terrorist hands also, including the Yakuza and Aum 
Shinrikyo. That rogue group leased those earlier weapons on site in 
Russia, from the KGB, at the end of 1989, The SecDef stated that such 
weapons were being used to initiate earthquakes, initiate volcanoes into 
eruption, and control and engineer the weather. Quite true. And presently 
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there is a truly massive set of weather engineering operations going on 
over North America, from that rogue Japanese group manning the weapons 
in Russia. Some 10 nations of the world now have the type of longitudinal 
EM wave interferometer weapons (which are what the SecDef was most 
probably referring to). There are other even more fearsome weapons, 
possessed by five nations. So a great deal of the state of the world is not 
covered in the news at all, and will not be 


"We have been in an undeclared war of an eerie kind for some decades. 
That war seems now to have started to heat up also, The destructive 
capability of some of these weapons is awesome, and far greater than 
nuclear.” 


bitp/Avww, 


on yondence/021702a,htm 


“In that sense, the first phase of WW III is already completed. Now we are 
only waiting for Phase II. 


“It is against that backdrop that I think one must "analyze" such things as 
how fast we will be replacing the power grid (it's going to go anyway, and 
catastrophically, the terrorists will see to that). And everything we have 
is critically dependent upon energy, from the economy to jobs to mobility, 
to the millions of trucks that transport our goods every day, etc. 


“As far as I am concerned, we are already late in declaring a great national 
emergency in energy, because of the coming destruction of the present 
energy infrastructure. The scientific community should lead, follow, or get 
out of the way. The emergency is not in seeking "alternative but 
conventional" systems. It is in developing "energy from the vacuum" on an 
emergency, crash basis. 


"Unfortunately, everywhere I look I just see business as usual. Most 
Americans (and news media) seem to think, hey, Afghanistan is finished 
except for a bit of cleanup, and it’s just about over). 


“It isn't. It has only just begun." 


nnp_/wwwcheniore onicomespond 


Beyond the Howitzers: Quantum 


Potential Weapons 
Do not use EM propagation through space 


As more and more nations acquire the scalar interferometers, Bearden 
speculates on the next generation of longitudinal weapons called 
"quantum potential" [QP] weapons. 


The quantum potential weapons are presently only held 
by three nations: Russia (in the hands of the KGB, which is 
now know by its new name), Brazil, and the "friendly little 
nation." Red China may be working on them, but is just at 
the beginning... 
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"The QP weapons have been highly reserved by the 
Russians. However, the complete extent of their capabilities 
is still being figured out... 


"The quantum potential weaponry (possessed by only three 
nations) is supreme, because it uses multiply connected 
spacetime, and DOES NOT involve propagation of EM 
energy through space as does the longitudinal EM wave 
interferometers. 


btip/Avww.cheniere.org/mise/gp.him 


The operational deployment of full-scale strategic QP 
weapons on site in Russia occurred at the end of 1989, 
which is when the formal weapons first went operational. 
These weapons are not in the inventory of the regular 
Russian armed forces, but all research and development, 
manufacturing, deployment, an manning and employment is 
under the ruthless control of the KGB. Shortly thereafter 
(within weeks), the KGB leased many of their earlier 
longitudinal EM wave interferometer (LW1) weapons to a 
rogue Japanese group comprised of the Aum Shinrikyo and 
Yakuza.” 


eandenhip/www cpio og lenrespondence/0? 401 fim, 


In another paper, "Time Polarization - Significance and Weaponization," Bearden tells 
the story of how a KGB longitudinal wave attack was averted by the longitudinal 
weapons ofa "friendly small nation.” 


So as it stands, it is precarious. Not until the people demand an end of what author Jim 
Marrs has dubbed the "Rule by Secrecy," can the people's representatives tackle the big 
problems of a worldwide ban on Scalar Wars and the shifting over to an essentially oil- 
free economy. 


Latest Update from Tom Bearden - March 2002 


The whole situation is changing so fast that when I asked Tom to look over this article 
he mentioned the seeming contradiction when some of the above statements are taken 

together. At different times the information he has is updated so one has to keep a kind 
of running track, He was kind enough to clear up the confusion here with the situation 
as it stands as of March, 2002. 


“We knew of three nations having the QP weapons for some time. Then we 
found out last year that five nations had it. So that explains my using the 
figure "three" first (which represented what I knew at the time). Later I 
found out about the other two nations. China, e.g., only deployed its QP 
weapon this past year. So that explains the apparent contradiction between 
me using "five" in later papers and "three" in earlier ones. It was the best 
information I had at that time. Might mention that so the reader will 
understand the apparent discrepancy." Tom Bearden 
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Emptiness is Full of Energy 


he Tao is an empty vessel; 
it is used, but never filled. 
Oh, unfathomable source 

of ten thousand things! 


"Oh, hidden deep but ever present! 


I do not know from whence it comes. 


It is the forefather of the gods." 


Lao Tzu -Tao te Ching 


Because of the extreme seriousness of the topics brought forward in this article, I asked 
Tom Bearden to look it over to make sure I had not gotten anything too terribly wrong or 
mixed up. I did not want to pass on any misunderstanding of my own, I felt a little nervous 
writing to an eminent scientist, and hoped I had not presumed upon his time. 


But Tom was so kind as to answer immediately, and to my relief I had not gotten anything 
too terribly wrong. Here is his letter, in which he clears up a misunderstanding, and reports 
on his current health treatment, and gives a call to the young grad students to turn 
themselves loose in the whole new field of scalar eleciromagnetics and free energy. 


Afterword 


Subject: RE: Article 


on Tom Bearden and "Scalar Wars" 


Date: Fri, 22 Mar 2002 22:54:01 -0600 


Bill, 


Well, I must say I'm astounded at your persistence and hard work in 
congealing all that together. My compliments on a hard job quite well done. 


Couple tiny things: In the area mentioning Kervran and Kaznacheyev: Kervran 
was French; Kaznacheyev was and is Russian. Little typo of "spredding" the 
immune system. Should be "spreading 


We knew of three nations having the QP weapons for some time. Then we 
found out last year that five nations had it. So that explains my using the figure 
"three" first (which represented what I knew at the time). Later I found out 
about the other two nations. China, e.g., only deployed its QP weapon this past 
year, So that explains the apparent contradiction between me using "five" in 
iater papers and "three" in earlier ones. It was the best information I had at that 
time. Might mention that so the reader will understand the apparent 


discrepancy. 
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Otherwise, it's pretty accurate. 


Just now I'm letting the weapons take care of themselves; have to, as I will be 
recovering now for nearly a year from now after the heart attack last year and 
discovering that I had contracted mycoplasia (the BW modified kind) in 
Canada in 1968. Finally got a test which confirmed the chronic mycoplasia 
(which I had for 33 years!). The stuff burrows inside one's red corpuscles, then 
draws nutrients from the hemoglobin, hardening it and reducing its ability to 
take on oxygen (by as much as 50% or more). The resulting symptom is loss of 
endurance (which I had for that 33 years) -- the so-called "chronic fatigue 
syndrome”. 


Many of the Gulf War Veterans who are sick also have it, though they 
apparently have other complicating factors as well. A very high percentage of 
persons with chronic fatigue syndrome also have mycoplasia. The treatment 
for the long-standing mycoplasma infection of that nature is to stay on 
antibiotics for a year. The only time the mycoplasma is vulnerable is when one 
Wears out a red cell in normal usage, and the body makes a new red cell to 
replace it. The mycoplasma comes out of the dying cell to infect the new 
replacement cell, so it is exposed and vulnerable at that specific time and that 
time only. The antibiotics kills it at that time. Hence the necessity to stay on 
antibiotics for such a long time so it is continuously in your bloodstream (I've 
already been on antibiotics for over two months, and have at least 10 more 
months to go). We also take a little medical oxygen every day. 


‘Another symptom of the mycoplasma infection is the association of runaway 
fibrillation of the heart. To stop that, there are pills one takes, and they stop it. 
But they also further reduce the volume of blood pumped by the heart, so that 
this projects one right back into the hypoxia, dizzy, loss of balance, etc. Catch 
2 situation; the fibrillation will build and cause heart attack, stroke, etc. if not 
stopped, and if stopped it puts you back in the hypoxia which can cause many 
things! With the conventional treatment, you're damned if you do and damned 
if you don't. Hence the need for a little extra medical oxygen, so you can take 
the "heart clamp" pill and stop the fibrillation, but also augment the oxygen 
enough to continue to survive without a stroke or some such. Interestingly, it's, 
very difficult to even obtain a mycoplasma test, and Medicare fights you tooth 
and nail over paying for the oxygen. Either they will pay for it or I'll pay for it 
myself; it is absolutely necessary. 


‘After a heart attack, one is treated in the heart clinic by specialists who are 
very caring and excellent practitioners, but know nothing of mycoplasma 
infection, so not consider it even a part of "heart disease”, and who are rather 
puzzled when one has no clogging of the arteries, has the right count of red 
corpuscles (largely nonfunctional, of course, but there), pumps the right 
amount of blood, ete. So they identify and treat only the runaway fibrillation, 
do not prescribe the oxygen -- and essentially place you on a regime as best 
they know, but one that is guaranteed to kill or maim you or turn you into a 
totally disabled person or human vegetable via stroke, paralysis, ete. 
Fortunately my family doctor will prescribe the oxygen anyway, though I may 
have to pay for it myself. Whatever works! 


However, I'm slowly improving little by little, working as much as I'm able to 

and trying to finish my book: Energy from the Vacuum: Concepts and 

Principles, and get it to the publisher for publication later this year. Hopefully 

the book will turn all the interested young grad students and post-docs loose in 
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the free-energy area, They will not have to spend 30 agonizing years to get to 
where I am, and where a few others are, but can simply start here and go 
forward, Since speed to develop energy from the vacuum is of the essence 
because of the world situation, I'm moving on it as fast as I am physically able 
to. 


Meanwhile, working with the AIAS (Alpha Foundation's Institute for 
Advanced Study), the ALAS (15 authors) has now gotten about 20 scientific 
papers published in leading journals (Foundations of Physics, Foundations of 
Physics Letters, Physical Scripta, Optik, etc.) dealing with electromagnetic 
energy from the vacuum. Several more are either approved for publication or 
in the review process also. So slowly we are getting it into the mainstream 
scientific literature. Hopefully it will be in time, but it's cutting it close. 


Very best wishes, 


Tom Bearden 


Late update 


Massive display of longitudinal interferometers? 


Is this sighting a case of the testing of all the Russian (KGB) longitudinal 
interferometers at once? And coordinating their targeting through the woodpecker grid 
toa common place, as an exercise in making a massive scalar attack upon a given 
region? Was this a confluence of Russian Tesla howitzer marker-beacons? 
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Certainly for a massive all-out scalar attack you would want coordinated movements of 
the target areas of many howitzers at once, for you could then just cut a bloody swath 
across a wide area, all the howitzer blasts marching across the land in a kind of scalar 
version of the "scorched-earth policy." All ina line, blasting, and heat, and mind 
waves. Or you might want to put the blasts all in the same place for a truly horrendous 
destruction. And on top of that biowar on citizens whose immune systems have been 
weakened with the quantum potenial weapons. This is the latest version of 
Armageddon. 


‘And should any madmen gain control of these weapons, any rogue group at all, and 


should they have some agenda to radically depopulate the world, to simply kill by the 
billion, the means will be in their hands to do so. 


Update: MEG patent granted 


Motionless Electromagnetic Generator 
Patent Granted 


This message is from Jean-Louis Naudin, the French scientist who successfully 
replicated the Motionless Electromagnetic Generator (MEG) in France. He 
announces the granting of the patent to the MEG Builder's group at Yahoo, 


Original Message ~ 
From: jnaudin509@aol.com 

nlabs@yahoogroups.com 

Sent: Tuesday, March 26, 2002 2:20 PM 

Subject: [jInlabs] (Info) GOOD NEWS : The Tom Bearden's MEG IS PATENTED 


Dear ALL, 
GOOD NEWS !!!! 


The Motionless Electromagnetic Generator 
from Tom Bearden is now PATENTED. 
US 6362718 granted on March 26, 2002 


US Patent 6,362,718 : 
Motionless Electromagnetic Generator (MEG ) 


Abstract: An electromagnetic generator without moving parts includes a permanent 
magnet and a magnetic core including first and second magnetic paths. A first 
input coil and a first output coil extend around portions of the first magnetic path, 
while a second input coil and a second output coil extend around portions of the 
second magnetic path, The input coils are alternatively pulsed to provide induced 
current pulses in the output coils. Driving electrical current through each of the 
input coils reduces a level of flux from the permanent magnet within the magnet 
path around which the input coil extends. In an alternative embodiment of an 
electromagnetic generator, the agnetic core includes annular spaced-apart plates, 
with posts and permanent magnets extending in an alternating fashion between the 
plates. An output coil xtends around each of these posts. nput coils extending 
around portions of the plates are pulsed to cause the induction of current within the 
output coils. 
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Inventors: Patrick; Stephen L. (2511 Woodview Dr. SE., Huntsville, AL 35801); 
Bearden; Thomas E. (2211 Cove Rd., Huntsville, AL 35801); Hayes; James C. 
(16026 Deaton Dr. SE., Huntsville, AL 35803); Moore; Kenneth D. (1704 
Montdale Rd., Huntsville, FL 35801); Kenny; James L. (925 Tascosa Dr., 
Huntsville, AL 35802) 


Appl. No.: 656313 
Filed: September 6, 2000 


For some technical info see my web site at : http://jnaudin.tree.fi/html/meg, htm 


Best Regards 

Jean-Louis Naudin 

Email: JNaudinS09@aol.com 

Main Web site : http://jInlabs.org 

Site France : http://jInlabs.multimania.com 


Click here to view patent # 6,362,718 


Patent Story on Rense.com: 


Important Note 2006! MEG delayed: 
history of the MEG from Tom Bearden 


Rense.com 


MEG Scalar Energy 
Device 
Patented - Production 
Starts Next Year 


From Bill Morgan 
3-28-2 


Click here for a current status 


Patent was granted on March 26, 2002 for "The Motionless Magnetic 
Generator," (MEG) US Patent 6,362,718, which is likely to become 
the first commercially available free energy device in history in about 
one year from now. The machine will provide free electricity from the 
vacuum, for the life of the device, which should be a very long life 
since it has no moving parts. You can see a picture of scientist Jean- 
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Louis Naudin's MEG replication model at: 
http://jnau free. fr/html/meg. htm, 


Ithas strong magnets, coils, and a controller unit with the electronics. 
Naudin made the announcement to the MEG-builder's Yahoo group. 
‘The announcement has significance since the patent office has always 
been skeptical of devices which seem to "get-something-for-nothing.” 
But according to the new science of scalar electromagnetics, the MEG 
does not break the law of conservation of energy. It's just that the 
energy is conserved in the fourth dimension, time, and not our 3-space 
world, 


‘The MEG provides electrical energy by tapping the longitudinal 
electromagnetic (EM) waves which exist in almost infinite abundance 
in the vacuum of space. This ocean of energy which permeates 
everything is sometimes called the "zero point" energy, since it 
remains there even at absolute zero temperature. 


Four inventors are listed: Stephen L. Patrick, Thomas E. Bearden, 
James C. Hayes, Kenneth D. Moore. 


Tom Bearden has explained the operation of the MEG on his website 
Cheniere.org, and also speaks about the new fearful weapons that can 
and have been made using the same "longitudinal waves" of the 
vacuum. 


The complicated physics of how the MEG works is explained in the 
paper "The Motionless Electromagnetic Generator: Extracting Energy 
from a Permanent Magnet with Energy Replenishment from the 
Active Vacuum," which can be found at Tom Bearden's website: 


cheniere.org.(http://www.help4all.de/energy/MEGpaper.pdt) 


The first MEG units to be produced for sale will output 2.5 kilowatts 
of free electricity, Forever. They should be in production about a year 
from now. Facilities for manufacturing the device are being set up in 
an unnamed "friendly nation." 


This free electricity will flow indefinitely, without much, or any 
maintenance, The units may be hooked together to provide more 
wattage, so four of them would provide 10 kilowatts. After some 
production experience units will be made which output 10 kilowatts 
each. With a couple of those units a house could get off the electrical 
grid. 

Tom Bearden, one of the inventors has said "I will admit that the chief 
scientist of an important experimental group in a large company was 
rather stunned at the type of output we were able to obtain, The MEG 
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may look like just a transformer, but it is not, It is a completely 
different breed of cat." This cat, it would seem, is out of the bag now. 


The ordinary EM waves we are familiar with are called "transverse" 
Waves, to distinguish them from the new "longitudinal" EM waves of 
the vacuum, Bearden has explained in depth on his website 
cheniere.org that wherever there is a dipole (battery, generator, 
magnet) there is an unseen flow of longitudinal EM waves in that 
local vacuum, the only problem is in tapping that energy and 
transducing" it to electricity. Bearden says that the problem with all 
the electrical circuits we have is that they are two-wire circuits, a loop 
by which half the energy goes back to destroy the dipole, In the MEG 
that closed loop is never made, So the dipole is not being destroyed. 


Patents are not granted on devices which do not work, so in a sense 
this announcement proclaims a new era. The MEG device itself 
proclaims and proves that energy is abundantly available everywhere, 
for free. We only have to build the devices to tap it. MEG type devices 
could be put into a car with an electric engine to make a truly fuel-less 
automobile. Electricity can be available in very remote places. People 
will be able to get off our very terrorist-vulnerable power grids. In an 
era of terrorism a highly dispersed power system would be most 
desirable rather than our centralized systems. 


What is somewhat astonishing to me is the discovery by Bearden et. 
al, that time itself is actually compressed energy, and that this free 
energy is actually coming from the time domain, the ocean of 
longitudinal EM waves which fill the empty vacuum of spacetime. In 
fact, time is energy compressed by the same factor that matter is 
compressed energy: the speed-of-light squared. Thus there is a new 
companion to Einstein's E=me2. Can you say "E equals delta-tee-cee- 
squared?" The "tee" is time and delta-tee is change in time. 


‘A company has been set up to manufacture the MEG called Magnetic 
Energy Limited. 


The ramifications of free energy are enormous. The oil wars are not 
necessary. If we threw as much money at this technology as we are 
spending on the oil wars we would be free of the need for oil in less 
than a decade. With fuel-less cars air pollution will be greatly 
lessened, Third world nations can raise their standard of living 
eventually, And the energy is free. And it never runs out. 


Ihave put together a kind of "Bearden for Beginners" article which 
explains some of the basic concepts of the current state of scalar 
technology. 


http://www.prahlad.org/pub/bearden/scalar_wars.htm 
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Status History of the MEG 


updated Oct. 26, 2006 


Important notes on the status of the MEG (Motionless 
Electromagnetic Generator) 


Since the time this "Scalar Wars" article was written the 
timetable of the MEG has been thrown off considerably. 
Bearden had originally said the MEG could be marketed within 
1-2 years of receiving funding for final research and scale- 
up costs. | thought certainly it would not take very long, but 
over 5 years later they still have not gotten the $10 million or so. 
necessary. There are various reasons for this, some of which 
Tom Bearden has written about. 


The place for updates on the MEG status is Tom Bearden's 
correspondence section at his website Cheniere.org: 


http:/Awww.cheniere.org/correspondence/index.html 


Here are a few of his reports which detail the history of the 
MEG status : 


Mar. 6, 2006 
http://www.cheniere.org/correspondence/030206.htm 


May 16, 2005 
http://www. cheniere.org/correspondence/051605.htm 


Jan. 19, 2005 
http://www.cheniere.org/correspondence/011905.htm 


Dec. 5, 2004 
http://www.cheniere.ora/correspondence/120504.htm 


Do the magnets run down after a while? 
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Further developments 


‘Tom Bearden clears up a question 


When the MEG patent was released many questioned the patent language which 
seemed to imply that permanent magnets of the MEG would "wear out” after awhile. I 
myself wondered about the same thing so I put the question to Tom, and here is his 
reply. 


Dear Bill, 
Thanks for the kind words; much appreciated. 


I'm not up to going on radio or TV, and won't be for quite some time. Still 
suffering from hypoxia, though very slowly improving, and will still be on 
antibiotics for 10 more months at least (maybe longer). 


Obviously an extensive dialog developed between the Patent office and 
our patent attorneys. As best I can understand it, the Patent office accepts 
the fact that a permanent magnet produces and emits energy, or has a 
history of accepting it. They do not appear to be at all cognizant of the 
broken symmetry of opposite charges, and hence of a dipole. So in their 
opinion (which seems to be vague), the magnet has to use itself up very 
gradually, or some such. So some rewrites were essentially required by the 
Patent office. 


All [can say is that a magnet is a very durable thing, so long as you don't 
heat it up too much or shock it to much. Certainly one will make a good 
20 years, and of course there are plenty of magnets that have been around 
awhile longer. 


That said, in our earliest experiments we did "measure" some such effect, 
or so we thought, until we found that a particular instrument was bad and 
giving erroneous readings. So with a new instrument, we have not 
observed since then any such readings. 


Out of all that fuzziness came the inclusion of “using up the magnets 
gradually". So far as we are aware (after correcting those early readings on 
a defective instrument), we have seen no such measurements or effects 
since then at all, Nonetheless, just in case there is some very small effect 
in that respect, at least it's in there. 


Actually, as you are aware, capacitors and solid state components are the 
major concerns for failure, and any system does require maintenance, both 
periodic and whenever malfunction or failure occurs. The MEG is no 
different from any other device in that respect, so of course it will have a 
component failure rate and maintenance required from time to time, just as 
any other electromagnetic device. But without moving parts, it can be 
ruggedized and made very durable indeed. 


Please give Jeff Rense my regrets, and I do admire his work and his show. 
He's laying it in there. 


The depth of the scientific mindset against COP>1.0 is inexplicable, 
particularly when physics itself already has COP>1.0 validated 
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experiments (such as Bohren's experiment, which outputs 18 times as 
much as one inputs by Poynting calculations), and it works every time. 
Any competent university optics lab can perform the experimeni. Also, 
even the conventional texts admit that a charged capacitor or electret laid 
‘on a permanent magnet, so that the E of the cap or electret and the H of the 
magnet are at right angles, is a "free energy machine". That silly thing will 
just sit there and pour out Poynting energy S = EXH indefinitely. Years 
and years and years. If you wait just a single year, that silly thing has 
changed the energy density of a volume of space a light year in radius, 
reaching out well beyond the solar system. Now that's a WHALE ofa lot 
of EM energy that beast poured out in that year, and it will still be going 
strong and pouring it out at a steady rate. The charges and dipoles in 
original matter in the universe have been pouring out EM energy in that 
fashion for some 14 billion years, give or take a billion or so. It’s also easy 
to see that, prior to Lorentz's ARBITRARY symmetrical regauging of the 
Maxwell-Heaviside equations, those equations prescribe both EM systems 
in equilibrium with their active environment, and EM systems not in 
equilibrium with it. The latter systems are permitted by the 
thermodynamics of open disequilibrium systems to perform five magic 
functions: (1) self-order, (2) self-oscillate or self-rotate, (3) output more 
energy than the operator inputs (the active environment inputs the rest of 
it), (4) power itself and its load (the active environment inputs all the 
energy, like a windmill), and (5) exhibit negentropy. That is a well- 
established thermodynamics. Lorentz arbitrarily discarded all such open 
disequilibrium EM systems in order to get simpler equations having 
analytical solutions and not requiring numerical methods. So he simply 
scrapped all the really interesting and challenging EM systems in 
Maxwell's theory. ARBITRARILY! 


That our scientific establishment continues to teach only that "half" of the 
theory, and not point out the rest to the young students, and not fund 
research into developing such systems that take energy from the vacuum, 
is simply inexplicable. It's a matter of total dogma, not science at all. 


But hopefillly it is changing a little bit. At least now we cite chapter and 
verse when these things were done, and what they are, and the young grad 
students and post docs can go check the papers and make up their own 
minds. 


That is the real hope of the future: that we get a generation of young 
fellows, with excellent skills, who now know where all the skeletons got 
hidden in the closet, and understand that the electrical engineering model 
arbitrarily assumes an inert vacuum environment (falsified for more than a 
half century in particle physics) and a local flat spacetime (falsified for 
nearly a century by general relativity). 


Once they know that past history, and go read into what broken symmetry 
of opposite charges means for a dipole and for all dipolar EM circuits, 
they will set to and change that more than a century of error. In that case, 
we shall have numerous solutions to the energy crisis rather quickly, 
popping up all over. 


Good thing. It will certainly displace some great energy barons, but it will 
also free the populace. One can extract all the EM energy from the 
vacuum one wishes, anywhere, anytime, with ridiculous ease. One can 
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produce that "electrical wind of energy" at will, by making a simple dipole 
and then letting it alone. The only energy problem is in how to then 
intercept some of that energy flow and "catch" it in a cireuit, discharge it 
in a load to power it, and not use half the "caught" energy to kill that 
dipole that is gushing out the extracted EM energy from the vacuum. 


Very best wishes, 


Tom Bearden 


END 
Revised: May 16, 2007 
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Compact Pulsed Power for Directed 
Energy Weapons 


David Price,* Carl Bloemker, Edward Goldman, David Nett, 
Sidney Putnam, Doug Weidenheimer, Roger White, 
and Tony Wynn 
Titan Corporation, 2700 Merced Street, San Leandro, California 94577 


The Titan Corporation has been developing directed energy technologies since the early 
1980s. Over this time Titan has provided advanced power supplies for electromagnetic 
sun and laser research while making broader contributions in the field of high-power 
microwaves (HPM). Titan's HPM work expanded from initial efforts fielding and 
operating the first gigawatt-level oscillators for susceptibility test applications, to 
research and development maximizing the peak and average output powers and overall 
efficiency realized from such systems. As interest in HPM technology has spread globally, 
Titan has leveraged this core competency and provided the HPM equipment for nearly all 
of the major European effects test facilities. Titan’s current interests focus on compact, 
efficient and reliable directed energy weapon systems and the advanced subsystems and 
components that enable the same. Specific subsystems of interest include pulse-forming 
networks and intermediate energy storage and power conditioning elements 
(electronically reconfigurable batteries and power ride-thru subsystems). These 
subsystems are designed for reduced size and weight while still meeting severe service, 
platform integration, lifetime, and thermal management constraints, Specific components 
under development at Titan include laser-gated solid-state switches and both high peak 
and high average power, frequency-agile, HPM oscillators. Status and recent results from 
this research are presented. 


KEYWORDS; Electronically reconfigurable batteries, High-power microwaves, Laser-gated. solid-state 
‘witches, Magnetron, Power-ride thru, Pulsed power, Rltton 


1. Introduction and Previous Work 


Directed energy weapons (DEWs) are emerging as a key defense technology of the carly 
2st century. The first laser antimnissile and antiartillery systems are within perhaps five years 
‘of deployment, and newly envisioned information warfare and nonlethal point defense mis- 
sions are hastening the deployment of high-power microwave (HPM) systems. Department 
of Defense (DoD) programs in “more electric” and “all-electric” platforms and electrically 
driven weapon and self-defense systems are promoting the development of laser, high- 
power radio frequency (RF) and both electromagnetic (EM) and electrothermal/chemical 
(ETC) gun technologies. In fact, the DoD’s current fundamental “transformation” efforts 
are based on stressing the development of capabilities to deal with threats emerging in the 
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‘Table I. Triservice directed energy applications 


USS. Army [Future Combat System (FCS)—hybrid electric drive vehicles} 
‘© Advanced armaments—electrothermal/chemical guns 
© Enhanced area air defense—solid-state heat capacity laser system 
© Counter HARM 
«© Counter-ATGM 
# Countermine (electronically fuzed and wide-area threats) 
ULS. Navy [All-Electric Ship Programs (Integrated Propulsion System and DDX)] 
‘© Advanced stand-off shore bombardment—electromagnetic guns 
« Advanced anti-ship missile defense (free-electron laser and HPM) 
‘© Nonlethal area denial 
US. Air Force (more electric aircraft program and advanced UAV programs) 
‘« Enhanced self-defense—solid-state heat capacity laser system 
+ Space-based laser program 
# Airborne laser 
‘* Suppression of enemy air defense 
«Aircraft self-defense 
+ Close air support 
‘* Defensive and offensive counter ait 
+ Strategic attack/strike warfare, attack operation/air interdiction 
© Combat search and rescue 
© Area denial 
# Cruise missile defense 


‘Table 2, Countries now developing high-power RF technology 


Programs Countries 

Major United States, China 

Medium-scale United Kingdom, France, Germany, Russia 

Emerging ‘Sweden, Japan, India, Taiwan, Australia, Israel, South Korea 


Information Age instead of emphasizing countermeasures to specific threats. DEW hold 
the promise of engaging multiple threats and multiple threat types, thereby fitting very well 
into this conceptual paradigm. Some specific examples of defense applications of DEW 
technologies are shown in Table 1 

“The initiatory HPM programs in the USSR and United States have evolved and influenced 
foreign allies and threats to take an interest (Table 2). The collapse of the USSR led to 
the dispersal of Russian and Ukrainian HPM workers and the proliferation of the Soviet 
technology to the Third World. This global emergence is driven by at least two factors: 
1) The dependence of both military systems and civilian support infrastructure on sensitive 
electronics is increasing, and 2) after a more-than-20-year effort, an understanding of the 
susceptibilities of both military and commercial systems to HPM threats is maturing. 

For these reasons the Titan Corporation has taken a keen interest in the development 
‘of systems, subsystems, and advanced components across several different technologies to 
support HPM and laser directed energy programs 
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In 1997, Maxwell Technologies purchased Physics Intemational (PI) from Primex Tech- 
nologies and merged two of the three most prominent, commercial, pulsed power entities 
in the United States. PI and Maxwell pulsed power capabilities were combined into a new 
‘entity, Maxwell Physics International, which became a component of Maxwell's Systems 
Division. Maxwell subsequently decided to leave the DoD and Department of Energy (DOE) 
pulsed power business altogether and sold the combined Maxwell/PI pulsed power divisions 
to the Titan Corporation, the parent company of Pulse Sciences Incorporated (PSI). Now, 
the three most prominent names in commercial pulsed power are combined as the Pulse 
Sciences Division (Titan-PSD) of the Titan Corporation. 

In March 2002, Titan completed the acquisition of Jaycor and its subsidiary California 
Tube Laboratory (CTL). This acquisition established Titan as one of the world’s primary 
industrial authorities on electromagnetic effects and suppliers of RF and narrow-band mi- 
‘crowave DEW technologies and associated electrical power systems, High average power, 
high efficiency, magnetrons; high peak power, pulsed, relativistic magnetrons and super 
reltrons; short pulsed, ultra-broad-bandwidth systems and megawatt-class power supplies 
and power conditioning subsystems are all designed and manufactured by Titan. This paper 
vill chronicle some of the past and report on some of the current contributions that Titan 
‘has made to the development of pulsed power technology for DEW applications. 


1.1. Previous Titan work in support of HPM programs. 


Titan-PSD has been developing directed energy technologies since the early 1980s. In this 
time, Titan has delivered capacitor banks for electromagnetic gun research with atotal stored 
‘energy exceeding 200 MJ and advanced pulsed power systems for several large laser systems 
ig. 1). Over 40 years, Titan-PSD has delivered more than 200 pulsed power systems for 
electromagnetic pulse (EMP), x-ray, and lightning simulation; flash radiography; and other 
applications worldwide. Although somewhat peripheral to DEW research proper, these 
projects have nonetheless formed much of the experience base supporting Titan's directed 
energy technologies contributions. 

Titan’s primary contributions have been in the field of HPM (Fig. 2). Work started in 1984 
when Titan set up and began operating a susceptibility effects test facility for the Defense 
‘Threat Reduction Agency (DTRA). A 30 x 20 x 16 ft anechoie chamber to support this 
‘work was originally designed to operate in X-band and above. At the outset of the U.S. 
HPM directed energy program the community felt thatthe higher gains possible from fixed 
antenna sizes at higher frequencies would drive technology development into these bands. 
Over the next 10-plus years, the 25 effects test programs conducted on strategic and tactical 
systems in the Titan facility and tests conducted at other sites both confirmed that the lowest. 
susceptibility thresholds are observed in the S-band and below. HPM source development 
history has mirrored these findings. 


1.1.1. HPM source developments at Titan. In 1983 Titan initiated HPM source re- 
search in its test facility by developing first C-X band overmoded vircators" and later an 
L+band vircator.!? These systems produced gigawatt outputs through the oscillating virtual 
cathode mechanism. Their main shortcoming was their broad bandwidth due to chirping. 
induced by diode gap closure. To address this shortcoming Titan developed the first cav- 
ity vircator® that reduced the output bandwidth from several hundred megahertz to a few 
tens of megahertz. Versions of these devices were soon after sold to Nucletudes in France 
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Fig. 1. Titan-PSD has designed, fabricated, and delivered the pulse power subsystems 
for most of the major electric gun facilities worldwide: (a) the decommissioned 32-M1 
‘Thunderbolt System built for a Strategic Defence Initiative Office (SDIO) project; (b) the 
existing 32-MJ Kirkcudbright system currently being operated by the United Kingdom; 
(©) the first transportable pulse power subsystem designed for an electric weapon sys- 
tem. [This 8.5-MI stored energy subsystem, consisting of four separate PFNs, was de- 
signed by Titan-PSD under the Army/Army Research Development and Engineering Center 
(ARDEC) Balanced Technology Initiative and was capable of delivering up to 5 shots at 3 
rounds per minute.|; (d) the 52-MJ bank delivered to the ARDEC for electromagnetic and 
coil gun research; (e) the pulsed power driver for the 40-MJ OMEGA laser at the Univer- 
sity of Rochester; and (f) a portion of the 100-Hz, 750-KV, 1.25-44s modulator for NRL's 
EMRLD laser. 


and Culham Laboratory in the United Kingdom to help kick-start HPM effects testing and 
technology development programs at each location 

Titan initiated work on magnetrons by acquiring S- and X-band, A-6 versions from Bekifi 
‘at the Massachusetts Institute of Technology.? These devices were integrated into the Titan 
test facility, and within two years an L-band version of this same design was developed. '® 
‘An S-band magnetron was sold commercially to Thales in France in 1987 to help kick-start 
HPM effects testing and technology development programs there. 

‘This HPM source development work soon expanded from the initial efforts to field 
igawatt-level vircators and magnetrons for the effects testing applications to the develop- 
‘ment of other high-power sources. These include narrow-band Klystrons (both high- and 
low-perveance variants) and reltrons, as well as ultra-wide-band systems. In parallel, the 
peak and average power and spectral characteristics of these HPM sources were being ex- 
plored in research involving phase locking, repetitive pulsing, and frequency agility. Other 
related Titan work included the development of pulsed power systems to drive these HPM 
sources involving several different architectures [pulse-forming networks (PENs) with ca- 
pacitive energy storage and voltage adders with magnetic compression power conditioning]. 
These advancements are described briefly in the following. 
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2. Titan contributed to the field of HPMs in three distinct eras: 1) susceptibility effects 
testing, 2) HPM source development, and (currently) 3) DEW system development, The 
effects testing work started in 1984. Then, Titan operated the DTRA susceptibility effects 
test facility supporting tests for external DoD users. Soon thereafter Titan began using the 
facility for its own end-to-end DEW research programs. In parallel, Titan HPM source devel- 
opment efforts initially focused narrowly on providing the facility with minimum essential 
capability but soon expanded to meet specific weaponization and testing requirements. Dur- 
ing this period, Titan performed some of the seminal narrowband HPM work associated 
with phase-locking, frequency agility, and repetitive operation, Source development work 
continues today, focusing on improving energy output and tunable bandwidth. These ef- 
forts are combined with the development of other advanced pulsed power subsystems and 
‘components needed to realize compact, efficient, and reliable DEW systems. 


In the late 1980s, Titan S-band magnetrons were used in a three-year effort to understand 
how to achieve output powers exceeding 10 GW from a phase-locked array.? Many mission 
scenarios for DEW systems that could produce burnout or upset in military targets using 
only a single HPM pulse drove output requirements to this 10-GW level. The combination 
of gigawatt-level sources locked in phase appeared an effective way to realize this output 
level without increasing the RF fields and beam energies within individual diodes (and 
dealing with the RF breakdown and thermal issues that would certainly ensue). In this 
effort both master/slave and peer configurations were investigated to understand the optimal 
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architecture for such an array. In the end, a module of seven “peer-coupled,” 2.8-GHz, 
magnetrons was built that produced an output power of 2.9 GW. Extrapolation to even 
higher output levels appeared feasible. 

‘At this time, the HPM community was beginning to recognize that there must exist 
‘a middle ground between HPM and electronic warfare (EW) DEW concepts, The HPM 
approaches were characterized by superpower, single-shot, single-frequency, pulse formats 
while the EW approaches made use of very low powers but incorporated modulations in 
the output pulse formats to effectively exploit susceptibilities within their intended targets. 
To access this middle ground the HPM sources had to first be shown capable of operation 
in repetitive or burst modes. This burst capability would be surely required of any DEW 
system, if only to engage multiple threats deployed in sorties or clusters. In response to 
these weaponization considerations Titan-PSD developed telativistic magnetrons capable 
of operation in 1-kHz bursts.* A 1.1-GHz, L-band, magnetron was driven by amagnetic pulse 
compression modulator (see discussion below) and achieved 250-pps repetitive operation at 
1.2-GW peak power, in a burst of 100 shots. The average power of 12.6 kW during the burst 
remains today the state of the att for gigawatt peak power sources. To demonstrate that the 
magnetton's diode could recover in a time short enough to support higher repetition rates, 
the device was run for ~5 pulses (limited by the modulator) with 1 ms between individual 
pulses. 

In the early 1990s both Jaycor and PI were actively extolling the use of frequency- 
agile waveforms to enhance lethality in backdoor attacks. Frequency agility exploits the 
characteristics of typical coupling cross sections that show pronounced dependence on 
microwave frequency. An HPM source that can sweep or hop frequency across a band has 
4a higher probability of matching to a coupling resonance than a source fixed at a single 
frequency. Because of this strong dependence of backdoor coupling and susceptibility 
levels on microwave frequency, it was apparent that test facilities needed the capability 
to vary frequency continuously in order to obtain a comprehensive and accurate assessment 
of any given test asset’s susceptibilities. In response to these testing and weaponization 
considerations Titan-PSD developed frequency-tunable magnetrons. These oscillators can 
be tuned -+17% about a central frequency," which today still represents the state of the art. 
In the mid-1990s these magnetrons were integrated into advanced concept demonstrations 
for the Army and were also exported to the United Kingdom as part of an HPM test facility. 

In the late 1980s and early 1990s Titan-PSD developed several ultra-broad-bandwidth 
(UWB) systems for Army and Air Force DEW research programs. The first system was 
‘based on a spark gap-switched Marx that drove a variety of different broadband antennas, 
It could launch 200-MW total RF power in 3-ns pulses with rise times of ~300 ps at a 
repetition rate of a few pulses per second. This compact, self-contained system was used in 
bboth indoor susceptibility tests and outdoor technology demonstrations. A second project. 
produced a system that could launch impulse waveforms at 200 pps in burst mode.'* A 
3.66-m-diameter paraboloidal reflector was driven at its feed by a hydrogen switch that was 
integrally coupled to a novel electromagnetic lens. The radiated waveform had a rise time of 
~100 ps and a 10-90 rise-to-fall pulse width of 45 ns. The peak electric field on bore-sight 
measured at 305 m was 4.2 kV/m. 

Titan invented the super-reltron in 1992, A suite of tubes that operate between 0.7 and 
4.5 GHz has been developed since that time,!? These novel tubes represent a marriage be- 
tween pulse power and conventional high-power klystron techniques, An energetic electron 
‘beam is modulated by periodic virtual cathode formation, and the bunched electron beam is 
postaccelerated to energies approaching 1 MeV. Microwave power is extracted with ~$0% 
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Table 3. Operating parameters of Titan-built modulators for DEW applications 


Pulse 
Voltage, Pulse repetition Pulse Average Switch 
Modulator KV Current width frequency energy power type 
Is-15 50 10KA 100ns 1.9kHz 50J_ 95kW_ Spark gap 
NED laser driver 40 260A = 2us_-10Hz_— 3k). 30 KW Thyratron 
EMRLD PFN 750 38kA 13s 125Hz 35kI 4.4MW Spark gap 
EMRLD (trigger) 600 260A © 400ns_-125Hz 100. 12.5 KW Spark gap 
OMEGAS laser 15 128kA 200s Single 40MJ._ = — —_Ignitrons 
driver shot 
CLIAHPM driver 750 10kA 100ns -250Hz © 750J 188kW Magnetic 
ORION HPM 500 10KA 50-500ns 100Hz 2503 25kW_ Thyratron 
driver 
‘Compact HPM 450 9KA 450ns  10Hz = L8KI I8KW Spark gap 
driver 


120 modules, each storing 0.33 MU. 


conversion efficiency downstream in a dual-cavity output section that is tuned to the bunch 
frequency, The reltrons can produce microwave pulse widths approaching 1 jus and pulse 
energies of a few 100 J, outstripping the relativistic magnetrons that to date are limited to 
pulse widths of about 100 cycles and pulse energies below 100 J. 

In response to the HPM effects testing considerations discussed above, Titan devel- 
oped frequency-tunable reltrons, These oscillators can be tuned +10% about a central 
frequency.!! These devices ate still in development today (see Sec. 2) and have been pro- 
vided to both France and Germany as HPM threat simulators. 


1.1.2. Development of pulse power modulators for DEW applications at 
Titan, Titan has developed a large number of modulators for a variety of laser and HPM. 
DEW epplications, with voltage ratings from tens of kilovolts to several megavolis and 
average power levels from tens of kilowatts to multimegawatts (Table 3). They also range 
from relatively simple units to complex, state-of-the-art devices with various different ar- 
chitectures and subsystems. These include PFNs for generating the required pulse shapes; 
thyratron switching for precise timing of the pulse switching into the load; low inductance 
layouts for fast output pulse rise times and high-turns-ratio pulse transformers for gener- 
ating the high voltage outputs. The switching technologies include thyratrons, spark gaps, 
‘magnetic switches, and solid-state devices, such as metaloxide semiconductor field effect 
transistors (MOSFETS), insulated gate bipolar transistors (IGBTS), and thyristors (Fig. 3). 

Several of these modulators have been designed for long-lifetime, reliable operations. 
Such features are essential if these systems are to find their way into military applications. As 
‘an example, the Defense Advanced Research Projects Agency (DARPA) excimer Raman- 
shifted laser device (EMRLD) modulator (a 100-Hz, 750-KV, 1.25-y.s, lumped-element 
PEN to pump an excimer laser) was specifically designed for and demonstrated a lifetime 
of 10! shots. 

‘The ORION pulser (Fig. 3b) design has command resonant charge and intermediate 
‘energy storage sections each switched by thyratrons that drive a step-up transformer and 
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(a) b) 
Fig. 3. Titan-PSD pulsed power systems based on (a) spark gap, (b) thyratron, and 
(©) magnetic switching, 


‘Table 4. Key operating parameters in European HPM test facilities 


Power Maximum Maximum — Shots 
HPM density, Range, Frequency, pulse repetition per Source 
facility = Wem? om = MHz_~—width,nsrate,Hz burst type 
UK—Orion 120 100 1,070-3,300 100 100 100 Magnetrons 
France— > 1,000 ~100 700-3,300 300 1 = Reltrons and 
Hyperion ‘magnetrons 
Germany >170 15 700-1450 300 10 100 _—_Reltrons 


Sweden’ —-~120 15-25 L-Ku$00-5,000 1,000 Continuous. Reltrons 


"This facility uses conventional high power kiystrons in L-, S-,C., X-,and Ku-bands, with maximum 


power 25-0.25 MW. 


PEN, The modulator can fire 1,000 pulses in a burst at repetition rates up to 100 pps and 
produces 500 kV into a 50S load. It has been used to drive relativistic magnetrons® for 
HPM effects measurements. 

‘The Compact Linear Induction Accelerator (CLIA) (Fig. 3¢) was developed for moderate- 
repetition-rate HPM source research and development.' CLIA operates at 250 pps with 
750-KV, 10-KA, 100-ns output pulses. The system uses thyratron and magnetic switching 
throughout and produces 188-kW average power into the load. CLIA is not actively cooled 
and so is restricted to burst operation with 5,000 pulses in a burst. CLIA has been used to 
drive both magnetron and klystron loads. This technology is scalable to kilohertz repetitive 
operation. 


1.1.3. Titan pulse power systems for HPM simulation. In addition to work done 
supporting domestic RF and microwave DEW research and development, Titan has provided 
HPM simulation systems for all of the world's major HPM test facilities in Sweden, France, 
the United Kingdom, and, most recently, Germany. The microwave test parameters and 
‘operational capabilities achievable in these international facilities are summarized in Table 4. 
‘The types of Titan HPM sources that produce the intense microwave environments are also 
given, Work continues today upgrading those systems and providing similar hardware for 
several non-European counties, 
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2. Most Recent Contributions 


Titan-PSD has taken an interest in the full spectrum of developments of advanced sub- 
systems and components that the three U.S. services will require to realize their DEW and 
electric platform goals. These developments enable many different military missions and 
cut across many different technologies: advanced capacitors, switches, transmission sys- 
tems, RF, and optical systems. Some of the pulse power and power electronic subsystem 
and component developments that Titan is pursuing are summarized in Table 5. 

The following subsections describe five electrical subsystems and three components that 
Titan-PSD is currently developing for DEW applications. 


2.1, Titan-PSD development of subsystems for DEW applications 


2.1.1 HPM modulator. Titan-PSD has a conceptual design of a high-volage-pulse 
power subsystem for a short-pulse HPM system. The given RF pulse output parameters led 
1s to choose a specific tube that is compatible with the constraints of un airborne system, 
namely the magnetron with a 209 impedance and 33% efficiency in a short-pulse mode. 
Our pulse power design concept is driven by the tube input requirements (2082 load, 40-ns 
pulse width, 10 pps) and comprises a low-impedance, water-filled, stepped-pulse forming 
line (PFL) charged by a fast Marx and discharged through a self-breaking, spark-gap output 
switch. An advantage to using a liquid dielectric PFL is that its impedance can be easily 
varied along its length to accommodate variations in load impedance. Input power to the 
Marx is from two 400-V series strings of lithium ion batteries with solid-state switched 
intermediate voltage mulipliers providing +40 kV. Batteries are recharged from aircraft 
power through a small voltage converte. 

Figure 4 is a simplified circuit diagram of the pulse power modulator coupled to a 202 
constant impedance load though a transit-time isolator. The transit-time isolation is integral 
to the two parallel cables that couple the output of the pulsed power modulator to the 
microwave source. The Marx stores 1.140 J at a voltage of +40 kV, Iterects to a 1,280-kV 
open circuit voltage after a trigger pulse is applied to several of its switches from the trigger 
‘generator. Near peak PFL voltage, the self-firing spark gap closes, and energy is transferred 
to the tube at a peak voltage of 640 kV. 

Figure 5 shows the voltage and current in the load computed from a more detailed version 
of the circuit depicted in Fig. 4. Note that the current is multiplied by a factor of 10. Voltage 
rises in about 11 ns (10-90%), and the width at the peak is approximately 40 ns. We 
recognize that the impedance of the magnetron can vary during RF generation, but the 
‘constant impedance model is sufficient here. An advantage to using « liquid dielectric PPL 
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Fig. 4. Simplified circuit diagram of the pulse power modulator coupled to a 208 constant 
impedance load though a transit time isolator. This impedance represents a magnetron 
electron tube load, 
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Table 5, Titan advanced DEW power technology development rationales 


What need does the development 
of pulsed power technology fulfil? 


‘What need does the development of high 
power/high current technology fulfill? 


Ttis an enabler for advanced electric 
‘weapons and self-defense systems, 


Itis an enabler for advanced electrie 
weapons and self-defense systems 


System User System, User 
Dynamic Army (FCS), Navy Solid-state Army (Anti-Aircraft and 
protection (carrier) lasers, Anti-Missile), 
Navy (ASMD) 
ETC Army (FCS), Navy (shore HPM Army (FCS), Navy (ton- 
bombardment) lethal area denial) 
HPM/electro- Army (FCS), Navy (non- EMALS Navy (carriers) 
magnetic lethal area denial and 
pulse ASMD), Air Force 
(SEAD) 
EM gun Navy (shore Electric ar- Navy 
bombardment) resting gear 
UWB All services (counter C41). Ride-thru All services 


It is an enabler for electrically 
driven platforms 

'* FCS platforms for the Army 

‘* Combatants such as DD21 for the Navy 

‘¢ More electric aircraft for the Air Force 


Ieis an enabler for commercial spin-offs: 
‘* Environmental remediation systems 
‘* Material surface treatments 
‘¢ Pulsed thrusters for satellite 
station keeping 


{tis an enabler for commercial spin-offs: 
+ Electric vehicles 

‘* Commercial power distribution and control 
‘¢ Advanced semiconductor lithography 


‘What must we accomplish at 
the subsystem level” 

‘¢ Develop compact, reliable, 
affordable PENS 

« Develop compact, reliable, 
affordable modulators 

‘© Develop compact, reliable, affordable 
intermediate energy stores 


‘What must we accomplish at 
the subsystem level? 

‘* Develop compact, reliable, affordable prime 
power, power conversion and controls 

«Develop compact, reliable, affordable 
intermediate energy stores 

# Develop compact, reliable, 
affordable ride-thru systems 


What must we accomplish at 
the component level? 

# Develop high-encrgy-density, 
fast-discharge capacitors 

«Develop long-life, reliable, 
high-current switches 

© Develop compact inductors 
for pulse control 

« Develop affordable ultracapacitors 

« Develop compact, reliable, efficient, 
high-average-power HPM sources 


What must we accomplish at 
the component level? 

« Develop high-current-density, high-voltage 
stand-off solid-state switches 

+ Develop affordable ultracapacitors 


© Develop compact, reliable, efficient, 
high-average-power HPM sources 
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is that its characteristic impedance can easily be varied along its length to accommodate 
variations in load impedance. 

‘Our compact pulse power system conceptual design mounts all of the subsystems and 
‘components in a frame that is 24 in, wide x 24 in. high x 144 in. long. The total weight 
of the system, including the frame, sealed enclosures, and internal mountings, is 1,420 Ib. 
Figure 6 is a dimensioned diagram of the subsystem that is designed to fit into the port 
bay of an unmanned aerial vehicle (UAV) with the source in the starboard bay. Frames and 
supports have been omitted for clarity. 


2.1.2, Compact PFN, Titan-PSD has designed, fubricated, and delivered the pulse 
power subsystems for most of the major electric gum facilities worldwide. These facilities 
were dedicated to electric gun research und for this reason were designed with a premium, 
on reliability and ease of use of the pulse power subsystem. Compactness was a secondary 
consideration given the large amount of real estate available for the subsystem. 

‘The 8.5-MIJ stored energy subsystem, consisting of four separate PFNs (Fig. 1c), was the 
first design to use the high-energy-density, 2.5-Wee (2.5-M/m*) polyvinylidene fluoride 
(PYDE) Acrovox capacitors; the overall energy density of the PFNs is less than 0.5 MJ/m®, 
‘This low energy density is partially due (0 the use of “jelly-roil” inductors whose large 
external fields forced the separation of components and resulted in a low component packing, 
fraction. 

Figure 7 is « photograph of a 250-K) PEN that was constructed under a DTRA/Navy- 
sponsored ETC gun development project and that was incorporated for a time into the 
Army/Tank- Automotive and Armaments Command (TACOM) Combat Hybrid Power Sys. 
tem (CHS) system integration laboratory.* Titan-PSD designed this PFN module for com- 
paciness by developing innovative bus work and a closed-field inductor for use with the 
2.5-Hee PVDF capacitors. These advances in component design allowed us to achieve a 
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Fig. 6. Top and end views of the pulse power subsystem concept design. The upper portion 
will be mounted in a frame and placed in one bay of a UAV. The vacuum bushing and the 
source will be placed in a second bay. 


very high packing factor and an overall energy density of 1.25 MI/m?. This module designed 
{in 1994 still represents the state of the art in PEN design. Minor variants to the design arc 
under consideration today for EM gun applications. 

Titan-PSD has estimated the increases in the overall energy density of small (250-S00-KI) 
PEN modules that could be realized by achieving specific advances in component 
technologies. This includes the use of an existing, more compact vacuum output switch 
(developed by Titan-PSD) and existing, more compact diodes for the crowbar switches, We 
would design a higher-energy-density, closed-field inductorand eliminate the dump resistors 
and associated hardware. Rather than having to dump energy into aresistor, advanced pulsed 
power systems would be charged by four-quadrant converters capable of returning energy 
from the PFN to an intermediate energy store. When 5-I/cc film or ceramic, high-energy, 
reversal tolerant capacitors become available, the utilization of advanced components would 
lead to a PFN design with an energy density of 3.25 MJ/m’.. 


2.1.3. Power supplies for laser applications. ‘Iitan-PSD’s San Diego operations are 
actively engaged in building innovative high-average-power systems. Titan is currently 
delivering power conditioning and control clements for the high-power RF Klystrons that 
will power the DOE Spallation Neutron Source that is now under construction at Oak Ridge, 
‘Tennessee, and a scrics of multimegawatt rectifiers for the U.S. Navy's Eleciro-Magnetic 


fies could be achieved in the design of larger modules due to economies of sale. 
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Fig. 7. Photograph of the 250-KJ PFN with the state-of-the-art, 1.25-Mi/m? overall energy 
density. Titan-PSD has operated this PEN into resistive loads at arate of 1/3 Hz for extended 
periods. Operational limits were imposed by the heating of the load, not by the performance 
of any component of the PFN. 


Aircraft Launch System (EMALS). Most recently, Titan has developed conceptual compact. 
power supply designs for deployable pulse power systems for the Strategic Illumination 
Laser (SIL). The SIL is 2 diode-pumped, solid-state laser for use as a designator as a 
part of the U.S. Air Force’s Missile Defense Agency’s Airborne Laser (ABL). These power 
supplies will drive compact arrays of light-emitting diodes (LEDs), which will in turn pump 
the solid-state lasing medium, 

Titan's proposed SIL power supply system will consist of a group of innovative ballast- 
type isolated power converter modules, each fed by its own active-power-factor-corrected 
rectifier module. By this method the input current harmonic distortion will be minimized, 
resulting in an overall system power factor of 0.995, which will be acceptable for the 
Boeing-747 type aircraft (ABL platform) power system. The whole power system will be 
protected against faults by appropriate fuses and circuit breakers. Initial size and weight 
estimates for the total power system is 65 liters of total volume and 140 kg of mass. The 
driving factor in the weight and volume is the need to meet the power factor requirements. 
Given a dedicated power source, the size and weight could be halved. 

‘Two basic topologies have been examined for power factor correction. They are the 
“Vienna rectifier," first proposed by researchers in the Vienna Technical University, and the 
hex-bridge bidirectional inverter. Both topologies do not contain any magnetic components, 
operating at line frequency, and both can provide a power factor over 0.99. All merits and 
drawbacks of both topologies have been initially analyzed, and the Vienna approach is 
favored for this application. 
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For the ballast inverter Titan-PSD selected the variable-frequency, zero-power switching 
full bridge quasi-resonant inverter topology. It is new and until recently not well know 
but is very promising for multikilowatt power supplies. It shows excellent average to peak 
ratio for the semiconductor switches, close to the theoretical limit of 50%, and a good 
power transformer copper utilization factor. typically 90%. It is intrinsically output current 
limiting and therefore operates well in a current regulated mode and is tolerant to output 
short circuits. Using this converter topology allows the design to reach unprecedented power 
conversion efficiency (real value 95%) with excellent reliability. 


2.1.4, Electronically reconfigurable battery. We consider a DEW power system in 
which a 10-KV capacitive store is required to operate repetitively. Ifthe system operates at 
3 pps, even for a short period of time, the recharge time would be about 300 ms and the 
recharge power would be about 500 kW. (1 MW). An important system issue is the size 
and weight of the 500-kW power conditioning unit. 

Titan-PSD has developed a means to eliminate the need for intermediate power condi- 
tioning for many DEW systems mounted on hybrid electric vehicles by using the on-board 
batteries to charge the capacitive store directly. Our approach uses electronic switching to 
convert the battery modules in the mobility store from a parallel configuration providing 
vehicle load leveling and/or silent mobility capability, to a series configuration that delivers 
500 KW at 10 kV to recharge the capacitor bank and back again. We refer to this as an 
“electronically reconfigurable battery” (ERB). Note that all of the batteries are recharged 
in parallel. A similar approach is used in capacitive Marx generators to achieve very high 
voltage pulsed output. 

Figure 8 isa schematic drawing of the circuit of an ERB in a hybrid electric drive vehicle. 
In this schematic circuit, some battery modules are always in parallel and connected to the 
vehicle bus. Others, along the left-hand side of the drawing, can be switched between a 
parallel configuration, which supports the vehicle bus, and series operation for charging 
the DEW store. Electronic reconfiguration requires three switches per battery module, 
All switches, with the exception of the output switch, need only block the voltage of a 
single battery module and open at near zero current (characteristic of capacitor charging) 
in normal operation. Passive snubbing controls the transient conditions during erection and 
de-erection. Reconfiguration can be accomplished in less than I ms using off-the-shelf, 
solid-state switches such as IGBTs or MOSFETs. 

Figure 8 shows an erectable battery module charging a Guillemin E-type network. 
Switches 2 and 3 are battery isolation switches, and switch 4 is a series switch. These 
switches are rated only for the module voltage (1 kV in this case). Mechanical contactors 
parallel the isolation switches for better efficiency during periods when the pulse power 
system is not in use. Switch 5 is the output switch, which is rated for the full output of the 
ERB (10 kV and 50 A) and is most likely a series stack of the same switches used for 2-4. 
For fault protection and charge interrupt at current, a vacuum contactor and fuse are placed 
in series with the output switch. All switches are optically isolated with gate power drawn 
from their adjacent modules, Switch 6 is a high-voltage and current-closing switch, either 
‘vacuum or solid state. 

‘Assuming a 20-ton-class vehicle and extrapolating from CHPS requirements, we have 
<developed.a conceptual design of an ERB fora hybrid electric vehicle with a system meeting 
the following requirements: 1) Deliver up to 400 kW to the vehicle bus at 1 kV in parallel 
‘operation; 2) recharge a 150-KJ capacitive store to 10 kV in 300 ms; and 3) support 30- 
45-min silent operation at 80 kW. These requirements mandate the use of very high energy 


Journal of Directed Energy, 1, Fall 2003 


e PRICE ET AL. 


cope 
Battery Isolation on ee Te . 

‘Switches t=: 

Sop and close 

{Bho ornare 4s 

epic geing Battery Sais Suitchos 
sero) Open at eiee 

aca “Duet ar net opal gating 
rangement nd “Bio aueed ere 
fasrceoveny inane ania covey 
ce Bresfav choc of meron 
tocar dene 

Suter 

Put 

earl Lithsmonbatiery maduos 
etc option) 

stigoees ih 

sonetessin 

eum 


Fig, 8. Schematic circuit of the ERB. Shown is a generic circuit topology for charging a 
Guillemin E-type network. For the present application, the 10 modules in the dynamic store 
are all erected in series to produce a 10-KV output. A feature of the ERB is that the dynamic 
portion of the store may be erected in combinations of series/parallel modules to provide 
any output voltages that are an integer multiple of the DC bus voltage. This voltage agility, 
in theory, would allow a single dynamic store to power several loads with different input 
voltage requirements on the same platform such as ETC guns and HPM systems. 


‘and power density batteries such as the HP series of lithium ion batteries being developed 
by SAFT and the lithium polymer batteries produced by Ultralife Batteries, Inc., for use 
in cell phones. The SAFT batteries have a slight advantage in usable power density and 
packaging for military use, whereas the Ultralife batteries have an advantage in cost due to 
volume production and a potential for more compact packaging (thin, rectangular) in ERB 
service. A design and trade study will seiect the most appropriate cell for the application. 
We chose the Ultralife cells for the conceptual design used for purposes of discussion in 
this paper because of our experience with them in our laboratory tabletop ERB and because 
of the availabilty of these cells over a range of capacities from 120 mA-h to 3.5 A-h, 

‘The ERB system in this case constitutes only 1/3rd of the total battery for erected (dy- 
namic) operation, The remaining 2/3rds of the store (static) is dedicated to load leveling and 
silent mobility. The total capacity of ~290 MJ (80 kW-h) accommodates silent mobility 
requirements. With only 1/3rd (90 MJ, 25 kW-h) of the total capacity configured for on- 
command electronic erection and de-erection, the vehicle energy storage system maintains 
its load leveling and silent operation capability even when the pulse power system is active. 

For our conceptual design, we assemble 53 Ultralife polymer batterics into individual 
200-V stacks. Five of these stacks are placed in series to obtain an output voltage equal 
to that of the vehicle bus. In the static portion of the store, 20 such series stacks of the 
UBC34106102 cells (5,300 total cells) are needed to provide the 200-MJ nominal capacity. 
In the dynamic portion of the store, the UBC383562 cell is used because of its higher current 
rating. Due to the smaller size of these cells, there can be as many as 4 in parallel by 53, 
in scries per 200-V unit, and five such units will form an erectable module. The module 
will incorporate all necessary switches and isolation and thermal management hardware. 
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Ten modules will constitute the entire dynamic store (~90 MJ, 10,600 total cells). The 
total battery volume in the static and dynamic stores is ~0.282 m’, and the accessories 
‘are expected to add another 0.4-0.6 m° for a total volume of less than 1 m°. The weight 
for just the batteries would be ~$72 kg, with accessories of much lower density adding 
another 100-200 kg, for a total weight of less than 700 kg. Charging of the ERB is always 
performed at bus voltage with the dynamic store in parallel configuration 

In load eveling or silent mobility operation, the charge state of the ERB is continuously 
monitored and controlled by the vehicle's systems. When the pulse power mode is activated, 
the mechanical contactors bypassing the isolation switches are opened. Next, all isolation 
switches are opened, followed by the closing of all series switches, and the ERB begins 
charging the capacitive store. Initially, the load looks like a short circuit, and the charging 
current is limited by the intemal impedance of the ERB cells. As the charge on the bank 
increases, the charging current diminishes, and the cell vollage begins to rise. Near full 
charge, the current approaches zero and the ERB output voltage rises to its maximum of 
10 kV. Voltage on the store is monitored and is regulated by chopping the ERB output 
(e., opening and closing the series and output switches as necessary to maintain charge 
‘against leakage; this has been demonstrated in the laboratory at rates of up to | kHz). When 
the store discharges, the output switch opens immediately and remains open long enough 
for the closing switch to recover (1-10 ms), The ERB can remain erected for as long as the 
pulse power system is active. Recharging of the store is then initiated by reclosing the ERB 
output switch, When the pulse power system is deactivated, the dynamic store is returned 
(o its parallel configuration by opening the series switches (de-erecting). The dynamic store 
can then be recharged from the vehicle power bus. 

‘We have created an ERB laboratory demonstration consisting of five erectable modules 
of 40 V. The Ultralife UBC383562 cells were used and arranged on PC boards that were in 
tum stacked via standoffs. Isolation and series switching was via optically coupled IGBTs, 
Some figures of merit (FOM) from the ERB testing include a demonstrated current rise 
time to 80 A of 4 ws at 200 V and an erection/de-erection frequency of 1 KHz for use in 
Voltage regulation, A FOM from the four scries cell tests is a demonstrated current rise time 
to 120 A of 1 ys, ina maximum power transfer configuration. 


2.1.8. Intermediate energy storage. In the preceding section Titan-PSD identified a 
ned for and established the technical feasibility of an advanced technology power condi- 
tioning element to charge capacitive stores in DEW systems. The ERB is the solution with 
the highest efficiency and energy and power density possible. This is critical in order to 
realize a manageably sized DEW system. A second similar, critical issue in the design and 
use of pulsed electrical weapon systems involves the level of available platform power. If 
this power is insufficient to support the required operational burst length und repetitive fire 
rate of the system, then it may be necessary to incorporate intermediate energy storage into 
the system design. Intermediate storage could be practically achieved through the use of 
secondary batteries, flywheels, and ultracapacitors (also referred to as electric double-layer 
capacitors or EDLCs). Figure 9 is a schematie diagram of intermediate energy stores in two 
DEW systems. 

Figure 10 shows a present application of an EDLC energy storage system in provid- 
ing ride-through of voltage sags and momentary outages for an induction motor. The 
output of the store is connected across the direct current (DC) link of the asynchronous, 
drive and supports its voltage. Titan-PSD has manufactured a ride-through system that 
has been demonstrated to respond to sags and outages within 10 ms. It can provide 
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Fig, 9, Two DEW block system schematics with intermediate energy storage. 


Fig. 10. Circuit diagram of an EDLC ride-through system supporting the DC link of an 
asynchronous drive (ASD), 


100 KW for up to 5s, which is sufficient to allow for orderly shutdown in a prolonged 
outage. 

Titan-PSD has also developed several concept designs of EDLC energy storage systems 
for military applications. For example, one EDLC system design would be capable of 
supporting the DC link in a Navy shipboard system at 480 V for 12.5 s at 250 kW. This 
system is estimated to be 50% smaller and lighter than a corresponding flywheel system 
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(c., the Caterpillar UPS-250 system). With minor modifications. the same system (or 
several systems in parallel) could be used as an intermediate energy store for DEW systems. 


2.2. Titan advanced component developments to enable DEWs 


2.2.1. Solid-state switches for severe service. The key enabling technology for nearly 
all pulse power systems for DEW applications is the switch that initiates and delivers the 
pulsed electrical output from the electrical energy store to the load. This switch must hold 
off high voltage (typically >10 kV), close rapidly (<1 ys), carry high peak current (100— 
SOKA) with high initial rate of rise (50-100 kA/j:8), sustain a high total action (= 10” A2-s), 
and recover rapidly (<10 ms). In addition, the switch must support high current density, 
operate reliably under mechanically stressing conditions, have minimum weight and volume 
claims, and not require ancillaries such as vacuum pumps or gas flow subsystems. At present, 
the hydrogen thyratron is most frequently selected to meet these simultaneous requirements, 
bbut thyratrons are large and heavy devices, with auxiliary equipment that consumes several 
kilowatts and often require immersion in oil. The Army Research Laboratory has been 
actively sceking solid-state devices for DEW utility’ and Titan-PSD is weighing in by 
developing a high fluence, laser gated and pumped (silicon) thyristor (LGPT) that will 
satisfy these requirements. 

High fluence optical gating of thyristor switches has been chosen for numerous pulsed 
power switching applications. Light activation with high fluence laser sources enables the 
se of solid-state switching devices in performance parameter spaces previously serviced 
only by vacuum and gas spark gaps. If the output from the high fluence source is properly 

istributed within the switching medium, the di dr capability of the switch does not depend 
‘on the rate of plasma spreading. Rather, di/de becomes a function of the rate of rise of the 
optical fluence. In addition, optical gating eliminates the extensive und intrusive physical 
gate structure that limits the conduction area of the highest di/dr conventional solid-state 
devices, Properly designed laser-gated devices are typically capable of higher di /dr, peak 
current, and charge transfer for 2 given silicon area than conventional solid-state devices, 

‘The band edge for intrinsic silicon is ~1.12 eV, corresponding to ~1,11 1 nm. However, 
silicon is an indirect band-gap material so that the optical phonon energy (0.063 eV) adds 
to the photon energy to create e-h pairs out to 1,170 nm, In most previous efforts involving 
direct laser-gating of silicon devices, a Solid-state laser was used; typically either Nd:YAG 
of Nd:YVO at 1,064 nm, However, over the past 10 years, the development of compact 
diode-pumped solid-state lasers has significantly reduced the size of the requisite optical 
sources and improved their lifetime and reliability. More important, the InGaAs laser diode 
bars that were developed for pumping these solid-state lasers have been pushed to longer 
‘wavelengths, approaching and exceeding that of the silicon band edge. Jn principle, the 
center wavelength of InGaAs laser diode bars is selectable by design over a continuum. 
from 850 nm through at least 1,150 nm. This allows direct optical gating and pumping of 
silicon by the diodes without any of the intermediary options of the preceding paragraph. 
Figure [1 is an illustration of an on-board laser diode gated and pumped silicon thyristor, 
which is one of the candidate approaches in development now. 

Titan-PSD is currently performing on two programs and has finished a third that provide 
technical leverage for further switch development. Our Electra Advanced Pulsed Power 
Program is a five-year, Naval Research Laboratory (NRLY/DOE-sponsored effort to develop 
advanced pulsed power components and systems for KrF laser IFE (Krypton fluoride laser 
inertial fusion energy). The most critical component is the primary switch, and we are 
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Fig. 11. Ilustration of a laser gated and pumped thyristor, 


developing an on-board LGPT for this role. The switching requirements are repetitive, 
high peak current and di /dr, as well as high efficiency (the switch dissipates <1.5% of 
stored energy) and long lifetime (10° shots). The LGPT is to be used in a Marx generator, 
and the single device operating parameters are 16.4-kV working voltage, current density 
2.25 kA/em?, peak current 225 kA, max di /dr 900 kA/1s, pulse width 800 ns, and repetition 
rate 5 pps continuous. The lifetime requirement limits the thermal excursion per pulse to-a 
few degrees, and therefore the action per square centimeter is low (~2 A?-s) 

Another current Titan-PSD program is to develop compact pulsed power components 
for the Air Force Research Laboratory (AFRL) at Kirtland Air Force Base. Components 
under development enable a compact, long-lifetime Marx-PFN driver for a narrowband 
HPM source. The di /dr requirement is a few hundred kA/jsfem*(Si) or 2 MA/s total, 
with a peak current of 30 kA. To satisfy the switching requirements for this application, we 
are considering the LGPT, a solid-state laser activated switch, and a hybrid combination of 
the two. 

Although the action and charge transfer in these Electra and AFRL applications are 
substantially less than that found in some pulse power applications, they serve to illustrate 
‘our confidence in the high power laser diode bars for high di /dt service. In both cases, the 
pulse width of the energy transfer is short enough that thyristor action has barely bezun by 
the time the pulse is over. Because of this, a large fraction of the total charge conducted 
during the pulse must be supplied optically, The diode laser bars and their drive circuitry 
are capable of supplying an illumination fluence of up to 6 kW/em?(Si) within 20 ns and 
sustaining that level for at least several microseconds. Fluence of several kilowatts per 
square centimeter is desirable for initial gating in many DEW applications. The required 
fluence drops to 250-500 W/cm? for continuous pumping. 

‘Another effort was recently undertaken in a conceptual design study for an optically gated 
and pumped switch for rectification of compulsator (pulsed alternator) output for driving an 
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electromagnetic gun. This completed study was performed by Titan-PSD and the Optiswitch 
‘Technology Corporation for the Institute for Advanced Technology (IAT). The on-board 
LGPT design was chosen because of the customer's desire o reduce the overall device count 
and silicon area compared with conventional devices. Specifically, we designed a 16.7 kY, 
100-115-ci? asymmetric (blocks voltage forward direction only) thyristor and series diode. 
Depending on the allowable temperature excursion per shot, our approach replaces ~80 
conventional devices with 3-5 series pairs (6-10 devices total; 340-500 cm? active) for the 
sume forward losses. This is possible because continuous pumping of thick (2.5-mm), high- 
voltage (15-20-KV) devices with photo-carriers mitigates the carrier population deficit, 
the n-base, Electrically gated devices of the same voltage capability typically exhibit huge 
commutation and conduction losses and are therefore impractical for this type of service. 
Reverse blocking was handled by a series optically pumped diode. Separating the forward 
sand reverse blocking functions allowed more freedom in designing for reverse recovery, 
a feature deemed necessary due to repeated fuilures of symmetric (blocks voltage both 
directions) devices in this service, Laser diode pumping served to reduce the forward losses 
in the series diode element as in the thyristor, 

‘The switch was designed to handle a peak current of 1.6 MA (3.3-4.7 kA/em?) for 600 jes 
‘when installed in a half-wave, four-phase rectifier. Nine total cycles are rectified per shot 
of the electromagnetic gun. The initial design (500 em? active) limited the temperature 
excursion per shot to ~100°C, commensurate with a service life of ~10* shots. In the 
‘extreme, the current density could be pushed to 4.7 kA/cm? and optical pump power doubled, 
resulting ina AT approaching 180°C and ~200-shot lifetime. The laser diode bars in the 
initial case provided constant 500 Wien of silicon for each 600-y1s conduction phase. 
This goes to | kW/em? in the extreme case. 


2.2.2, Next generation reltron microwave generator development, Reltron HPM 
sources were invented and developed by R. Bruce Miller of Titan Advanced Innovative 
‘Technologies from the mid-1980s through 1998, The PSD of Titan assumed responsibility 
for reltron contracts in 1998. Projects included one complete HPM simulator for a gov- 
emment research laboratory in Germany and eight reltron tubes of various specifications, 
In developing these eight tubes, enough mechanical and electrical modifications have been 
included to justify their designation as “second-generation” designs, 

Reltrons are both compact and efficient. The electron beam is highly modulated over 
~10 em und postaccelerated prior to drifting to the output cavities and beam collector. 
This beam transport requires only ~75-cm overall length for L-band tubes (Fig. 12). The 
output cavities are incorporated into a standard rectangular waveguide, Microwave power is 
efficiently extracted (~80%) directly in TEp mode. The overall efficiency (peak electrical 
to microwave power) is 30-40%, 

In general these new tubes move the reltron technology base in the directions of longer 
pulsewidths (~1-2 j1s), increased frequency tunability (~:13%), lower driver voltages 
(500-600 kV), and higher repetition rates (~10 Hz for demountable versions, ~300 Hz. 
for sealed tubes). Second-generation improvements include a new high voltage insulator 
design, now movable current contacts for the modulation and output cavity tuners, reduced 
outgassing, and monolithic grids. ‘The frequency range for these eight tubes covers 700 
1,450 MHz. Programs are in place now to extend this range. 

Th addition to the objective to extend the frequency coverage, efforts are underway to im- 
prove beam optics to reduce current losses and thereby improve efficiency and microwave 
‘output power, A new beam current diagnostic package has been recently implemented to 
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Fig, 12, L-band reltron capable of generating flat 200-MW, 900-ns pulses with frequency 
stability 3f/f <0.3. This generation of reltrons is capable of RF pulse widths of ~300 RF 
cycles, repetitive pulse operation from single-shot to 10 Hz, and +10% continuous- 
frequency tunability 


better infer basic performance parameters and to assist in comparing benchmarking simu- 
lations. These calculations simulate performance in the actual geometry and are generated 
with a three dimensional particle-in-cell code (the LSP code from Mission Research Cot- 
poration). Measured waveforms generated by a recently delivered L-bund tube are shown in 
Fig. 13. This tube produces ~185 MW in flat, 900-ns pulses with excellent frequency sta- 
bility, The LSP code was essential during this tube’s development, A new era in microwave 
tube design has emerged with the development of accurate three-dimensional models, 


2.2.3, HEM magnetron, Backdoor microwave effects on electronies systems in mod- 
em weapons fall into three broad categories. Two categories are characterized by high peuk 
power density and microwave formals that overwhelm the target system with an electric 
field that is high enough to cause circuit upset or burnout. In the third category, effects 
are caused by coupling spurious signals into the target system, akin to classical smart jam- 
ming, interference or spoofing’ techniques used by the EW countermeasures community. 
The DEW microwave pulse formats appropriate to the latter class of effects are gener- 
ally distinguished from upset and damage pulse formats by lower peak power density 
thresholds but more specitic requirements on frequency and amplitude modulations and 


* Low incident microwave levels can cause “inorfrence” with the operation of threat weapon electronic systems. 
producing high levels of noise insensitive eireuity 10 “mask” tue signals, The incident microwave signals said 
to “spoof” fis ailoed 10 “mimic” the tue signal and to thereby produce false commands 
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Fig. 13. Waveforms from the 185-MW L-band reltron: the top trace i the heterodyne (10. = 

1.3 GHz) showing excellent frequency stability, and the second trace is the steady, flatlop 
oulpul power measured with a calibrated directional coupler, (The data are conditioned 
with a low-pass filter; higher harmonic content is know to be more than 13 dB below the 
primary L-band signal.) The third trace is the radiated power monitored with an uncalibrated. 
frocefield B-dot, and the last trace is an uncalibrated profite of the Marx current. 


Fig. 14. Titan’s L-band HEM magnetron. Thisis the highest-average-power magnetron that 
is commercially available. 
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Fig. 15. The principal system elements of the ATD system are a power supply, a modulator, 
an HEM source, and an antenna, These components are supported by a control system 
and a cooling system. For the DTRA ATD ground-based system the power supply and 
‘operators’ console(s) are housed in a shelter mounted on one flatbed trailer while the 
remaining components are mounted on another flatbed trailer (out of the field of view to 
the right). The system was designed to broadcast 2-MW peak power pulses with an average 
power of 300 KW for 30-s missions. This yields a peak fluence of | mW/cm? at a range of 
2,400 m, 


repetition rate. All three categories of effects can be induced by DEW systems based 
on high-power RF, narrow-band, pulsed HPM or long-pulse, high-energy microwaves 
(HEMs), 

Titan has developed an HEM laboratory source and an HEM advanced technology 
demonstration (ATD) source for DEW purposes at its California Tube Laboratory. These 
HEM sources have efficiencies of approximately 85%. This high efficiency minimizes 
prime power and cooling requirements, thus significantly minimizing overall DEW sys- 
tem size and weight. The HEM magnetron, shown in Fig. 14, has produced 900-kW 
peak and 150-kW average powers and can easily be upgraded to 300-kW average power, 
The unique modulation characteristics of this magnetron can produce modulation ef- 
fects of 30 MHz or greater in the target systems. More operational details are given in 
Table 6. 

‘The ATD system shown in Fig. 15 combines the outputs of two 150-kW-average-output 
power magnetrons, The maximum peak output power obtained to date is 1.2 MW. The 
magnetrons with their respective magnet yokes each weigh about 200 tb, and each takes 
up about 4 ft. When combined their efficiency is over 76%, therefore together they absorb 
only 95 kW and are actively cooled. Variants of this RF system are suitable for Army. Navy, 
and Air Force missions. 
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‘Table 6. California tube laboratory HEM magnetron operational specifications 


Parameter Value 
Frequency, fixed 915 MHz (890-920 MHz possible as well) 
Power output 

Continuous wave 300-KW minimom 

Pulse 600-KW peak (900 actually achieved) 

300-KW avg (nominal 50% duty) 

Pulse width 10s of microseconds to 5 ms 
Peak anode voltage 42kV 
Peak anode current 7A 
Beam efficiency 88% typical 
Water-cooled anode 20 gpm typical 
Filament 12 VAC, 200-A typical standby 


3. Conclusions and Significance 


‘The first aser and HPM DEWs are just now being deployed, and new threats emerging in 
the information age will sustain the need for continued DEW development and acceptance. 
‘The deployment of even more advanced DEW systems and in fact the DoD’s intent to field 
more (or all) clectric fighting platforms depend critically on the availability of compact, 
lightweight, efficient pulsed power subsystems and long-lived, reliable advanced power 
conditioning and front-end components. 

Titan has been supporting U.S. directed energy programs by providing services and 
analysis and developing advanced technologies since the early 1980s. Today, Titan is the 
only U.S. industrial supplier of commercial HPM generators. We have advanced pulsed 
power and power electronics technology development programs involving intermediate 
and primary electrical energy storage, solid-state switching, power conditioning, electrical- 
to-microwave conversion, and novel microwave antennas underway now. Titan is focused 
on providing pulsed power and C4ISR (command, control, communications, computers, 
intelligence, surveillance, and reconaissance) solutions for national defense and is intent on 
‘maintaining its industrial leadership in military information technologies. 
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FOREWORD 


The long-searched-for Tesla secrets have been solved by Tom 
Bearden. Part I contains the specific description of the solutions to 
Tesla's secrets and the Soviet Tesla weapons. 

The present electromagnetic theory has several flaws, and it is these 
errors that have hidden the long-sought unified field theory. The 
explanations presented by the author provide clarity and understanding 
to related Tesla writings and patents, 

Before the turn of the century, Nikola Tesla had discovered and 
was utilizing a new type of electric wave. Tesla repeatedly stated that 
his waves were non-Hertzian, and that his wireless transmissions did 
not fall off as the square of the distance. The author has found that the 
wave which Tesla was using is a longitudinal scalar wave, capable of 
many times the speed of light. When coupled with another scalar 
wave (Tesla wave), 
the resulting vector wave can be the source of electromagnetic energy 
for electrical power, a protective force field, or a destructive weapon. 

The booklet is well illustrated with special drawings by Hal 
Crawford. The bibliography includes corroborating information on all 
major points, Part II presents reprints or the entire subject matter of 
selected articles from the bibliography, plus additional references of 
importance. Articles are arranged in chronological order. Also 
included are nine patents by James Harris Rogers which were the basis 
of successful wireless communication during World War I. These 
principles of underground and sub-sea wireless were based on Tesla’s 
discoveries. 

Bearden's solutions are truly a major breakthrough, and an absolute 
necessity to the understanding of existing Tesla writings. It is also 
important that more should be known of this extraordinary individual, 
Thomas E. Bearden. 


BIOSKETCH: 


A nuclear engineer, wargames analyst, and military tactician, 
Lieutenant Colonel (Retired) Tom Bearden has over 26 years 
experience in air defense systems, tactics and operations; technical 
intelligence, anti-radiation missile countermeasures; nuclear weapons 
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employment, computerized wargame: 
requirements. 

He is currently with the Alabama division of a large aerospace 
company where he is involved in determining the future requirements 
for laser weapons. 

Lieutenant Colonel Bearden obtained a Master of Science degree in 
nuclear engineering from the Georgia Institute of Technology and a 
Bachelor of Science degree in mathematics from Northeast Louisiana 
University. He is also a graduate of the U.S. Army Command and 
General Staff College and several U.S. Army artillery and missile 
schools. 

He has had direct experience with tube artillery and with the Ajax, 
Hercules, Hawk, and Patriot missile systems and the production of 
technical intelligence on Soviet surface-to-air missile systems for 
the U.S. Army/Department of Defense. 

Tom holds a Sandan (third degree black belt) in Yoseikan aikido; 
is a singer, guitarist and songwriter; member of Mensa, Society for the 
Investigation of the Unexplained, Vestigia, the American Association 
of Meta-Science: and is on the board of governors of the U.S. 
Psychotronics Association. In addition, he is Alabama Director of a 
small nonprofit foundation, the Association of Distinguished American 
Scientists and is a MUFON adviser on nuclear engineering. 

He also edits Specula, Journal of the American Association of Meta- 
Science. 

Tom is primarily active as a theorist on UFOs, parapsychological 
and paranormal phenomena, and psychotronics. He is the author of a 
book, The Excalibur Briefing, Strawberry Hill Press, 2594 15th 
Avenue, San Francisco, California 94127 and has numerous technical 
papers dealing with new paradigm physics, paranormal phenomena, 
and Soviet psychotronic weapons. 

Finally, Bearden's Solutions to Tesla's Secrets and the Soviet Tesla 
Weapons promises to be recognized in the future as a major 
contribution to our present technology. 


ind military systems 


JTR 
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TESLA'S SECRET AND THE SOVIET TESLA WEAPONS, 
©T.E. Bearden 1981 
With Special Drawings by Hal Crawford 


Before the turn of the century, Nikola Tesla had discovered and was 
utilizing a new type of electric wave. Tesla repeatedly stated his waves were 
non-Hertzian, and his wireless transmissions did not fall off as the square of 
the distance. His discovery was apparently so fundamental (and his intent to 
provide free energy to all humankind was so clear) that it was responsible for 
the withdrawal of his financial backing, his deliberate isolation, and the 
gradual removal of his name from the history books. 

By 1914 or so, Tesla had been successfully isolated and was already 
nearly a"nonperson." Thereafter Tesla lived in nearly total seclusion, 
occasionally surfacing (at his annual birthday party for members of the press) 
to announce the discovery of an enormous new source of free energy, the 
perfection of wireless transmission of energy without losses, fireball weapons 
to destroy whole armies and thousands of airplanes at hundreds of miles 
distance, and a weapon (the "Tesla Shield," I've dubbed it ) that could 
provide an impenetrable defense and thus render war obsolete. 

In my pursuit of Tesla’s secret, it gradually became apparent to me 
that present orthodox electromagnetic theory is seriously flawed in some 
fundamental respects. One of these is in the definition and use of 6, the 
scalar electrostatic potential. It is this error which has hidden the long-sought 
unified field theory from the theorists. 

In the theory of the scalar electrostatic potential (SEP), the idea is 
introduced of work accomplished on a charge brought in from a distance 
against the scalar field. The SEP is not a vector field, but is a scalar field. 
Indeed, scalar potential cannot of itself perform work on a charged mass; if it 
could do so, then tremendous force would exist on every mass due to the 
extremely high SEP of the vacuum itself, Only a differential of SEP between 
two spatial points can produce force or accomplish work. (Rigorously, a 
differential of scalar potential between two spatial points constitutes a 
vector. Only a vector can produce force and do work.) 

Also, work can only be done on a mass. Further, it takes time* to 
move an electron or other charged mass between two spatial points, and so 
the work performed by a spatial differential of the 6-field requires time. 
Rigorously, the delta SEP is voltage, not SEP per se, and is directly related to 
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E field. The entire voltage concept depends on the work performed in 
moving a mass, after that mass has moved. The idea of "voltage" always 
implies the existence of a steady differential of 6 between two spatial points 
for a finite length of time, and it also involves the assumption of a flow of 
actual mass having occurred. SEP, on the one hand, is always a single-point 
function; on the other hand, difference in potential (i.e., V) is always a two 
point function, as is any vector. 

Yet many graduate level physics and electromagnetics papers and texts 
erroneously confuse and V in the static case! Such an interpretation is of 
course quite incorrect. 


* Two spatial points involve at least At = AL/c in time. All vectors and 
gradients involve 2 separated spatial points, and thus present timelines in 4- 
space. 4 isa point, not a line, in 4-space. 


Another common assumption in present EM theory -- that the 
electrostatic potential (9) of the normal vacuum is zero -- has no legitimate 
basis. In fact, we know $y is nonzero because the vacuum is filled with 
enormous amounts of fluctuating virtual state activity, including incredible 
charge fluctuations. And by virtue of its point definition, 6) must be the 
instantaneous intensity" of these fluctuations -- but both in space and time. 
The scalar electrostatic potential is therefore the "instantaneous stress" on 
spacetime itself, and a measure of the intensity of the virtual state flux 
through a 4-dimensional spacetime point. 

Potential theory was largely developed in the 1800's, before the theory 
of relativity. Time flowrate was then regarded as immutable. Accordingly, 
electrostatic "intensity" was chosen as "spatial intensity," with the 
connotation of "spatial flux density.” This assumes a constant, immutable 
rate of flow of time, which need not be true at all if we believe relativity. 
Such a spatial "point" intensity is actually a "line" in 4-space, and not a 4- 
dimensional "point" at all. Thus the spatial potential -- 63 -- is a very special 


case of the real spacetime potential -- 04, or charge and electromagnetic 
theory today is accordingly a special case of the real 4-space 
electromagnetism that actually exists! Note also that charge is a 4- 
dimensional concept. 

Now mass is a spatial, 3-dimensional concept. Rigorously, mass does 
not exist in time —- masstime exists in time. Mass and charge are thus of 
differing dimensionalities! 

Also, according to quantum mechanics, the charge of a particle -- e.g., 
of an electron -- is due to the continual flux of virtual particles given off and 


hup:/www.cheniere.org/books/partl/starting’%20pages.htm (2 of 14)24.11.2003 21:26:09, 


The Tom Bearden Website 


absorbed by the observable particle of mass. Thus charge also is 
conceptually a measure of the virtual flux density, and directly related to 6. 
Further, since the charge exists in time, it is the charge of a particle of spatial 
mass that gives it the property of masstime, or existing in time. 

Here a great confusion and fundamental error has been thrown into the 
present EM theory by the equating of "charge" and "charged mass." As we 
have seen, the two things are really very different indeed. 

To speak of a spatial "amount" of charge erroneously limits the basic 
EM theory to a fixed time flowrate condition (which of course it was 
considered to be, prior to Einstein's development of relativity). Thus when 
the limited present theory encounters a "relativistic" case (where the time 
flowrate changes), all sorts of extraordinary corrections must be introduced. 
The real problem, of course, is with the fundamental definitions of 
electrostatic potential and charge. The spatial "amount" of charge (i.e. the 
coulomb) as we presently erroneously use the term, is actually the spatial 
amount of observable "charged mass." To correct the theory, one must 
introduce the true 4-space SEP and separate the definitions of charge and 
charged mass. 

Only when a mass is moved does one have work -- and voltage or 
vector fields. (The reason one has voltage and E field connected to a normal 
electrostatically charged object in the laboratory is because an excess of 
charged-particle masses are assembled on the object, and these masses are in 
violent motion! A true static charge would have no E field at all. ) 


Table 1. Some Present Theoretical Facts 
e @3-FIELD CONCEIVED BEFORE RELATIVITY 


- POINT FUNCTION IN SPACE 

- LINE FUNCTION IN SPACETIME 
- TIME FLOWRATE CONSIDERED 
IMMUTABLE 


- SPECIAL CASE OF @,, Dy, 


e GRADIENT BETWEEN TWO POINTS IN @3 FIELD 


- PRODUCES VOLTAGE 

- PRODUCES E FIELD 

- MOVES ELECTRON 

- IS AN AREA IN 4-SPACE 


e GRADIENT MAY BE BETWEEN SEPARATED POINTS IN TWO 
SUPERPOSED @-FIELDS. 


« @-FIELD CAN "MOVE" AT INFINITE VELOCITY* 
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* JACKSON, CLASSICAL ELECTRODYNAMICS, 2ND EDITION, P. 223 


Table 2. Some Proposed @, Characteristics 


. SPATIOTEMPORAL @, FIELD 


- STRESS ON SPACETIME 
- CAN CHANGE RATE OF FLOW OF TIME 


. GRADIENT BETWEEN 2 POINTS IN By FIELD 


~ PRODUCES COMPLEX Vj, 
- WILL MOVE ELECTRON IF 
-- Vg #0, AND 
be Mo Seal 
- WILL NOT MOVE ELECTRON IF 
-- Vs = 0, OR 
=m Ay 


. GRADIENT MAY BE BETWEEN SEPARATED POINTS IN TWO 
SUPERPOSED 8, FIELDS 


. Oy WAVE MOVES AT 0 <j <0 
. ®, WAVE IS COMPLEX AND LONGITUDINAL 


6-field need not involve observable mass accumulation, but only 
charge (virtual flowrate intensity) accumulation. Accumulated masses are 
like so many gallons of water; accumulated charge is like so much pressure 
on both the water (space) and the time in which the water is existing. 

Now, if one varies the SEP solely as a point function, one would have a 
purely scalar complex longitudinal wave, and not a vector wave at all. This 
is the fundamentally new electrical wave that Tesla discovered in 1899. 

Rigorously, all vector fields are two-point functions and thus 
decomposable into two scalar fields, as Whittaker showed in 1903. It follows 
that any vector wave can be decomposed into two scalar waves, By 
implication, therefore, a normal transverse EM vector wave, e.g., must 
simply be two coupled scalar (Tesla) waves -- and these scalars 
independently would be longitudinal if uncoupled. An ordinary transverse 
EM vector wave is thus two pair-coupled Tesla scalar longitudinal waves, 
and only a single special case of the much more fundamental 
electromagnetics discovered by Nikola Tesla. 
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A Tesla (scalar potential) wave -- ie., a massless wave in pure Qo, the 
stress of the spacetime medium would have very strange characteristics 
indeed. For one thing, since it moves in a complex 4-space, it has many more 
modes of movement than does a simple wave in 3-space. And for another 
thing, it need not be bound at all by the speed of (vector) light. In current 
theory, one $3-field does not directly interact or couple with other existing 3- 
fields except by simple superposition. Therefore presently the $-field is 
considered to have no drag limitation at all, hence infinite velocity. (E.g., as 
stated in Jackson, Classical Electrodynamics, 2nd edition, page 223.) 

Actually, a 4-wave can and will interact with some of the other 
existing 64-waves in the medium transversed, and this interaction can involve 
pair-coupling into EM vector fields and waves, an interaction not presently in 
the electrodynamics theory. The result of scalar pair-coupling creates a finite 
amount of vector "drag" on the $4-wave, so it then has less than infinite 
velocity. However, if this drag is small due to limited pair-coupling, the 
scalar wave's velocity through the slightly dragging medium still may be far 
greater than the speed of vector EM waves (light) in vacuum. On the other 
hand, if the pair-coupling is made severe, the @-wave may move at a speed 
considerably below the speed of vector light waves in vacuum. The velocity 
of the 64-wave is thus both variable and controllable or adjustable (e.g., 
simply by varying its initial amplitude, which through a given medium 
changes the percentage of pair-coupling and hence the degree of drag on the 
scalar wave), The Tesla scalar wave thus can have either subluminal or 
superluminal velocity, in contradiction to present theory. 

Note that the scalar wave also violates one of Einstein's fundamental 
postulates -- for the speed of our "new kind of light” wave is not limited to c, 
and need not be the same to every observer. Thus Tesla scalar waves lead to 
a new "superrelativity” of which the present Einstein relativity is only a 
highly special case! 


Table 3. Tesla Waves Can: 


ESTABLISH STANDING WAVES 

- in the earth 

- in the ionosphere 
TAP ENERGY FROM THE EARTH'S CORE 
TRAVEL FASTER OR SLOWER THAN LIGHT 
CHANGE RATE OF TIME FLOW 
AFFECT ALL FIELDS, INCLUDING GRAVITY 
COMMUTE BETWEEN VIRTUAL AND 
OBSERVABLE 
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TIME 
FLOW 
RATE 
EFFECTS 
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Figure 1. Tesla's Standing Columnar Wave 


But let us now look for some subtle but real examples of scalar waves 
and scalar pair-coupling in nature. As is well known, a tectonic fault zone 
can provide anomalous lights, sounds, etc. from stresses, piezoelectrical 
activity, and telluric currents in the earth and through the fault zone. In 
examining the fault zone phenomena, | finally realized that a fault zone was 
literally a scalar interferometer i.e., if one can have scalar $4-waves, they can 
interfere, either constructively or destructively. Their interference, however, 
produces scalar pair-coupling into vector EM waves. This coupling may be 
at a distance from the interferometer itself, and thus the interferometer can 
produce energy directly at a distance, without vector transmission through the 
intervening space. Coupling of 6 waves with the paired scalars comprising 
ordinary EM vector waves can also occur. If this triplex coupling forms 
additional EM vector waves 180 degrees out of phase, the ordinary EM wave 
is diminished or extinguished. If the scalar triplex coupling occurs so as to 
create vector EM waves in phase with the interacting vector EM wave, the 
amplitude of the ordinary vector wave is increased. 

Scalar potential waves can thus augment or diminish, or create or 
destroy, ordinary EM waves at a distance by pair-coupling interference under 
appropriate conditions, and this is in consonance with the implications of 
Whittaker's fundamental 1903 work. 
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ALL VECTORS AND 
VECTOR FIELDS 
ARE CREATED 

BY SCALAR 
INTERFEROMETRY 
AND PAIR 
COUPLING 


EM COUPLING 
CONDITION 


AL/c = AT 


WN-'| 

* sess f--*| 
TELIEVED | BW +4 / 

<n Z QUARTZ-BEARING 


hock 
EACH TINY STRESSED CRACK 
ACTS AS A SCALAR 
INTERFEROMETER 


LOCKED-IN STRESSED CRACKS 


BECOMES A PRIGOGINE CRYSTAL 


Figure 3. Natural Scalar Interferometers 
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An earthquake fault zone is such a scalar interferometer. Stresses and 
charge pileups exist in the plates on each side adjacent to the fault, with stress 
relief existing in the middle in the fault fracture itself. Since the rock is locally 
nonlinear, the mechanical stresses and electrical currents in it are also locally 
nonlinear. This results in the generation of multiple frequencies of 0,-waves 
from each side of the fault interferometer, yielding two complex Fourier 
expansion patterns of scalar potential waves. On occasion these two Fourier- 
transformed scalar wave patterns couple at a distance to produce stable ordinary 
electromagnetic field in a 3-dimensional spatial pattern -- e.g., a stress light 
such as the Vestigia light covered in Part I of The Excalibur Briefing. Driven 
by the erratic two scalar Fourier expansion patterns of the scalar interferometer 
(whose input stresses normally slowly change), an erratic, darting, hovering 
"spooklight” of the variety studied by Vestigia is produced. 

As the stresses change in each side of the interferometer, the distant 
scalar coupling zone is affected. Thus the stresslight moves and its form 
changes, but it may be relatively stable in form for seconds or minutes. Since 
the stresses in the rock may be intense, the stress light may involve an intense 
pair of -patterns coupling into the sphere or ball of vector EM energy. The 
atoms and molecules of the air in the region of the coupled stresslight ball thus 
become highly excited, giving off radiant energy as the excited states decay. 

Since much of the piezoelectric material in the stressed rocks is quartz 
grains, the features of quartz are of particular interest. Each little quartz grain 
is itself highly stressed, and has stress cracks. It is therefore a little scalar 
interferometer. Further, quartz is transparent to infrared and ultraviolet; and the 
random orientation of all the quartz scalar interferometers may also form a 
Prigogine system far from thermodynamic equilibrium. If so, this system can 
tap into highly energetic microscopic electromagnetic fluctuations to produce 
large-scale, ordered, relatively stable patterns of electromagnetic energy at a 
distance. 

In short, all of this lends support to the formation of relatively stable but 
somewhat erratic patterns of electromagnetic energy at a distance from the fault 
itself. In the atmosphere, such scalar interferometers could form in clouds or 
even in the air or between clouds and earth. If so, such rare but occasional 
"weather" scalar interferometers could account for the rare phenomenon of ball 
lightning. The intense energy of the ball of lightning, as compared to the lesser 
energy of an earthstress light, could well be due to the enormous electrical 
charges between clouds or between cloud and earth, available to fuel the scalar 
interferometer. Very probably it is this phenomenon which gave Tesla the clue 
to scalar wave interferometry. 

Thus such phenomena as earthstress lights, ball lightning, and the Tesla 
system of wireless transmission of energy at a distance with negligible losses 
and at speeds exceeding the speed of light may be explained. They are 
complex, however, and involve fundamental changes to present 
electromagnetic theory. These changes include utilizing 4-space scalar 
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electrostatic potentials, scalar waves, pair coupling, ordinary 3-dimensional 
Fourier expansion, the Prigogine effect, and the properties of piezoelectric 
materials in rocks. 

Since the scalar potential also stresses time, it can change the rate of flow 
of time itself. Thus it affects anything which exists in time -- including the 
mind, both of the individual and at various levels of unconsciousness. 
Therefore the same functions that result in earthstress lights also affect mind 
and thought, and are in turn affected by mind and thought. This is the missing 
ingredient in Persinger's theory that UFO's are correlated with, and a result of, 
fault zones and earth stresses. While Persinger seems to feel this is a "normal 
physics" explanation, it indeed involves a paranormal explanation. 

The time-stressing ability of the true 6 scalar wave also explains the 
interaction of such earthstress lights with humans and human intent, as noted by 
other researchers. (E.g., the lights that repeatedly seemed to react to the 
observers, as detailed by Dr. Harley Rutledge in his epoch-making Project 
Identification, Prentice-Hall, 1981.) 

These ideas in condensed form comprise the concepts required to violate 
the speed of light and produce an ordinary electromagnetic field at a distance, 
using scalar interferometry, without losses -- as Tesla had done in his wireless 
transmission system which he had tested prior to 1900 and had perfected by the 
1930's. Scalar interferometry can give stable regions of EM or "light energy” at 
a distance without losses, particularly as detailed in the beautiful Vestigia 
experiments, and it is within our grasp to utilize the new effects. Indeed, any 
stress crack in a material can result in the scalar potential interferometer effect. 
Exophoton and exoelectron emission -- poorly understood but already known in 
fatiguing of materials -- must be at least partly due to the scalar interferometer 
effect. 

However, one additional caution should be advanced. Normal movement 
of electrons allows so much "sideplay" movement of the electrons -- and there 
is so much such sideplay electron motion in the surrounding vicinity -- that pair 
coupling is almost instantaneous for small waves. Thus orbital electrons in 
atoms seem to absorb and emit vector EM photons. Actually they also emit 
some percentage of scalar waves as well. Since a scalar wave is comprised 
exclusively of disturbance in the virtual state, it need not obey the conservation 
of energy law. Further, a scalar wave of itself does not "push electrons" or 
other charges; hence it is nearly indetectable by present detectors. Ionization 
detectors such as a Geiger counter tube, e.g., are exceptions if the scalar wave 
encountered is fairly strong. In that case sufficient triplex coupling with the 
ionized gas occurs to produce additional ionization or charge, breaching the 
tube's cutoff threshold and producing a cascade discharge of electrons and 
voltage which is detected, But weak scalar waves are presently indetectable by 
ordinary instruments. However, these small scalar waves are detectable by 
sensitive interferometry techniques e.g., such as an electron interferometer. 
Since the use of such instruments is quite rare, then indeed we have been living 
immersed in a sea of scalar waves without knowing it. 

Finally, the percentage of scalar waves produced by changes in charged 
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mass pileups can be increased by utilizing charged mass streaming. Essentially 
the charged masses must be moved suddenly, as quickly as possible, at or near 
the complete breakdown of the medium. For this reason, Tesla utilized 
sparkgaps in his early transmission systems, but also found that he could induce 
ionized media to "breakdown" in such fashion by a slow growth process. One 
of his early patented atmospheric wireless transmission systems is based on this 
fact. However, it was necessary to use a very high voltage, insuring extreme 
stress on the medium and hence some spillover stress onto time itself. In other 


words, 3 is always an approximation; at sufficiently high spatial stress, 
sufficient spillover $4 exists to give Tesla scalar waves. For this reason, Tesla 
used very high voltages and extremely sharp discharges to give "streaming" of 
the charged masses and thus high percentages of 4 waves. This suggests that 
the breakdown of dielectrics is a much richer phenomenon than is presently 
allowed for in the conventional theory. 

To summarize, electrostatic potential -- -field is stress on the spacetime 
medium at a four-dimensional point. I. e. , it is a sort of pressure on the 
medium, but pressure on all four dimensions, not just on the three spatial 
dimensions. Thus in the new standard theory, ¢, may have complex values. In 
addition, a $-wave is to be interpreted as a scalar longitudinal wave in complex 
spacetime -- directly in o, the normal average 4-space stress itself. And charge 
and charged mass must be recognized as two separate concepts. This is the gist 
of what I finally recognized about Nikola Tesla's work and fundamental 
discovery. 

This is exciting, for it means that Tesla stress waves can affect either 
space or time individually, or both space and time simultaneously, or even 
oscillate back and forth between primarily affecting time and primarily 
affecting space, Tesla's waves were actually these 9-field scalar waves. As 
such, they were fundamentally different from ordinary electromagnetic waves, 
and had entirely different characteristics, just as Tesla often stated. E. g.,a 
Tesla wave can either move spatially, with time flowing linearly; move 
temporally only (sitting at a point and waxing and waning in magnitude -- but 
changing the rate of flow of time itself in doing so, and affecting gravitational 
field, fundamental constants of nature, etc, ), or move in a combination of the 
two modes. In the latter case, the Tesla wave moves in space with a very 
strange motion -- it oscillates between (1) spatially standing still and flexing 
time, and (2) moving smoothly in space while time flows smoothly and evenly. 
Le., It stands at one point (or at one columnar region), flexing for a moment; 
then slowly picks up spatial velocity until it is moving smoothly through space; 
then slows down again to a "standing column," etc. This is Tesla's fabulous 
"standing columnar wave." 
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Figure 5. The Tesla Effect 


Another wild characteristic of the Tesla wave is that it can affect 
the rate of flow of time itself; hence it can affect or change every other 
field including the gravitational field -- that exists in time flow. It can 
also affect all universal constants, the mass of an object, the inertia of 
a body, and the mind and thoughts as well! All of these exist in the 
flow of time, and they are affected if the time stream in which they 
exist is affected. This was the awful secret that Tesla partially 
discovered by 1900, and which he came more and more to fully realize 
as he pursued its nature and its ramifications into the 1920's and 
1930's. 

Tesla also found he could set up standing 6-field waves through 
the earth. He in fact intended to do so, for he had also discovered that 
all charges in the highly stressed earth regions in which such a 
standing wave existed produced $-fields which would feed (kindle) 
energy into the standing 6-field wave by pair coupling. Le., normal 
vector field energy would "assemble" onto the scalar matrix wave by 
means of pair-coupling. Thus by transmitting a scalar standing wave 
into the earth, he could easily tap the fiery scalar fields produced in the 
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molten core of the planet itself, turning them into ordinary 
electromagnetic energy. In such case, a single generator would enable 
anyone to put up a simple antenna and extract all the free energy 
desired. 

When Tesla's alarmed financial backers discovered this was his 
real intent, they considered him a dangerous madman and found it 
necessary to ruthlessly stop him at all costs, And so his financial 
support was withdrawn, he was harassed in his more subtle patent 
efforts (and the patents themselves were adulterated), and his name 
gradually was removed from alll the electrical textbooks. By 1914 
Tesla, who had been the greatest inventor and scientist in the world, 
had become essentially a nonperson. 

A few other persons in the early 1900's also were aware that 
potential and voltage are different. And some of them even learned to 
utilize Tesla's 6-field, even though they only vaguely understood they 
were utilizing a fundamentally different kind of electromagnetic 
wave. For example, James Harris Rogers patented an undersea and 
underground communications system which Tesla later confirmed 
utilized Tesla waves. The U.S. secretly used the Rogers 
communications system in World War I to communicate with U.S. 
submarines underwater, and to communicate through the earth to the 
American Expeditionary Force Headquarters in Europe. The Rogers 
system was declassified after the War and very shortly after that, it had 
mysteriously been scrubbed off the face of the earth. Again, potential 
stress waves -- Tesla waves -- were eliminated and "buried." 

Probably the most brilliant inventor and researcher into Tesla's 
electromagnetics was T. Henry Moray of Salt Lake City, Utah. Dr. 
Moray actually succeeded in tapping the limitless zero-point energy of 
vacuum (spacetime) itself. By 1939, Dr. Moray's amplifier contained 
29 stages and its output stage produced 50 kilowatts of power from 
vacuum, Interestingly, another 50 kilowatts could be tapped off any 
other stage in the device -- which consequently could have produced 
almost 1.5 megawatts of electrical power! Dr. Moray's epoch-making 
work was suppressed also. His device -- which represented over 20 
years of heartbreaking accumulation of 29 working tubes from 
thousands made -- was destroyed by a Soviet agent in 1939, but not 
before the agent had obtained the drawings for building the tubes and 
the device itself. Today the Moray amplifier is a standard component 
of many of the Soviet secret superweapons and Tesla weapons. 

In the 20's and 30's, Tesla announced the final perfection of his 
wireless transmission of energy without losses even to interplanetary 
distances. In several articles (¢.g., H. Winfield Secor, "Tesla Maps 
Our Electrical Future, " Science and Invention, Vol. XVII, No.12, pp. 
1077, 1124-1126), Tesla even revealed he used longitudinal stress 
waves in his wireless power transmission. Quoting from the article, 
"Tesla upholds the startling theory formulated by him long ago, that 
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the radio transmitters as now used, do not emit Hertz waves, as 
commonly believed, but waves of sound." "He says that a Hertz wave 
would only be possible in a solid ether, but he has demonstrated 
already in 1897 that the ether is a gas, which can only transmit waves 
of sound; that is such as are propagated by alternate compressions and 
rarefactions of the medium in which transverse waves are absolutely 
impossible." The wily Tesla did not reveal, of course, that such scalar 
waves nearly always immediately pair-coupled into vector waves 
when produced by normal means. Tesla himself was working with 
longitudinal scalar waves. 


Table 4. Rogers’ Undersea and Underground Communication System 


e SECRETLY USED BY U.S. IN WWI 
e COMMUNICATED TO SUBS UNDERWATER 
- ANY DEPTH, UP TO 30 KHZ 
- REDUCED DEPTH, >30 KHZ 
e COMMUNICATED TO EXPEDITIONARY HQ 
OVERSEAS 
- 5,000 TIMES STRONGER THAN AERIAL 
- STATIC-FREE 
e DECLASSIFIED IN 1919 
- TO REVOLUTIONIZE COMMUNICATIONS 
- TO END ALL SURFACE ANTENNAS 
e MYSTERIOUSLY "LOST" 
e REDISCOVERED AND "LOST" THREE TIMES AFTER 
wwil 


continued 
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Scalar Potential Interferometer 
Figure 6. Multimode Tesla Weapon 


In the 1930's Tesla announced other bizarre and terrible weapons: a 
death ray, a weapon to destroy hundreds or even thousands of aircraft 
at hundreds of miles range, and his ultimate weapon to end all war -- 
the Tesla shield, which nothing could penetrate. However, by this 
time no one any longer paid any real attention to the forgotten great 
genius. Tesla died in 1943 without ever revealing the secret of these 
great weapons and inventions. 


Unfortunately, today in 1981 the Soviet Union has long since 
discovered and weaponized the Tesla scalar wave effects. Here we 
only have time to detail the most powerful of these frightening Tesla 
weapons -- which Brezhnev undoubtedly was referring to in 1975 
when the Soviet side at the SALT talks suddenly suggested limiting 
the development of new weapons "more frightening than the mind of 
man had imagined." One of these weapons is the Tesla howitzer 
recently completed at the Saryshagan missile range and presently 
considered to be either a high-energy laser or a particle beam weapon, 
(See Aviation Week & Space Technology, July 28, 1980, p. 48 for an 
artist's conception.) 
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Aviation Week & Space Technology July 28, 1980 
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‘The Saryshagan howitzer actually is a huge Tesla scalar interferometer 
with four modes of operation, One continuous mode is the Tesla 
shield, which places a thin, impenetrable hemispherical shell of energy 
over a large defended area. The 3-dimensional shell is created by 
interfering two Fourier-expansion, 3-dimensional scalar hemispherical 
patterns in space so they pair-couple into a dome-like shell of intense, 


ordinary electromagnetic energy. The air molecules and atoms in the 
shell are totally ionized and thus highly excited, giving off intense, 
glowing light. Anything physical which hits the shell receives an 
enormous discharge of electrical energy and is instantly vaporized -- it 
goes pfft! like a bug hitting one of the electrical bug killers now so 
much in vogue. 


If several of these hemispherical shells are concentrically stacked, 
even the gamma radiation and EMP from a high altitude nuclear 
explosion above the stack cannot penetrate all the shells due to 
repetitive absorption and reradiation, and scattering in the layered 
plasmas. 


In the continuous shield mode, the Tesla interferometer is fed by a 


bank of Moray free energy generators, so that enormous energy is 
available in the shield. A diagram of the Saryshagan-type Tesla 
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howitzer is shown in figure 7. Hal Crawford's fine drawing of the 
interferometer end of the Tesla howitzer is shown in figure 6. Hal's 
exceptional rendition of the Tesla shield produced by the howitzer is 
shown in figure 8. 


3-0 SCALAR 
INTERFEROMETRY 


lily. (HEMISPHERICAL SHELL) 


Figure 8. The Tesla Shield 
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Figure 9. Tesla Terminal Area Defense System 


In the pulse mode, a single intense 3-dimensional scalar phi-field pulse 
form is fired, using two truncated Fourier transforms, each involving 
several frequencies, to provide the proper 3-dimensional shape (Figure 
10). This is why two scalar antennas separated by a baseline are 
required. After a time delay calculated for the particular target, a 
second and faster pulse form of the same shape is fired from the 
interferometer antennas. The second pulse overtakes the first, catching 
it over the target zone and pair-coupling with it to instantly form a 
violent EMP of ordinary vector (Hertzian) electromagnetic energy. 
There is thus no vector transmission loss between the howitzer and the 
burst. Further, the coupling time is extremely short, and the energy 
will appear sharply in an "electromagnetic pulse (EMP)" strikingly 
similar to the 2-pulsed EMP of a nuclear weapon. 


This type weapon is what actually caused the mysterious flashes off 
the southwest coast of Africa, picked up in 1979 and 1980 by Vela 
satellites. The second flash, e.g., was in the infrared only, with no 
visible spectrum. Nuclear flashes do not do that, and neither does 
superlightning, meteorite strikes, meteors, etc. In addition, one of the 
scientists at the Arecibo Ionospheric Observatory observed a 
gravitational wave disturbance -- signature of the truncated Fourier 
pattern and the time-squeezing effect of the Tesla potential wave -- 
traveling toward the vicinity of the explosion. 
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Figure 10. "Nuclear" Flashes off the Coast of Africa 
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Lithuania - 10 Sep 1976 - British European Airways Flight #831 
between Moscow and London 


CIA Report Released under FOIA 


Figure 11, Continuous Tesla Fireball 


The pulse mode may be fed from either or -- if the 
Moray generators have suffered their anomalous "all fail" malfunction 


-- ordinary explosive generators. Thus the Tesla howitzer can always 
function in the pulse mode, but it will be limited in power if the Moray 
generators fail. 


In the continuous mode, two continuous scalar waves are emitted -- 
one faster than the other -- and they pair-couple into vector energy at 
the region where they approach an in-phase condition. In this mode, 
the energy in the distant "ball" or geometric region would appear 
continuously and be sustained -- and this is Tesla's secret of wireless 
transmission of energy at a distance without any losses. It is also the 
secret of a "continuous fireball" weapon capable of destroying 
hundreds of aircraft or missiles at a distance. An example of a Soviet 
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test of this mode of operation is shown in figure 11. 


Witness to a super weapon? 


Nick Downie describes the strange lurid glow that flared silently over 
the Hindu Kush 


THE SUNDAY TIMES, 17 AUGUST 1980 


(Multiple incidents in Sept., 1979) 
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Figure 12. Tesla EMP Globe 
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The volume of the Tesla fireball can be vastly expanded to yield a 
globe which will not vaporize physical vehicles but will deliver an 
EMP to them to dud their electronics. A test of this mode is shown in 
figure 12. (See also Gwynne Roberts, "Witness to a Super Weapon?" 
the London Sunday Times, 17 August 1980 for several other tests of 
this mode at Saryshagan, seen from Afghanistan by British TV 
cameraman and former War Correspondent Nick Downie.) 


If the Moray generators fail anomalously, then a continuous mode 
limited in power and range could conceivably be sustained by 
powering the interferometer from more conventional power-sources 
such as advanced magnetohydrodynamic generators. 
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Figure 13. Tesla ABM Defenses 
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Figure 14. Moray/Tesla Technology: Star Wars Now 


Typical strategic ABM uses of Tesla weapons are shown in figure 13. In 
addition, of course, smaller Tesla howitzer systems for anti-tactical ballistic mi 
defense of tactical troops and installations could be constituted of more 
conventional field missile systems using paired or triplet radars, of conventional 
external appearance, in a scalar interferometer mode. 


With Moray generators as power sources and multiply deployed reentry 
vehicles with scalar antennas and transmitters, ICBM reentry systems now can 
become long range "blasters" of the target areas, from thousands of kilometers 
distance (figure 14). Literally, "Star Wars” is liberated by the Tesla technology. And 
in air attack, jammers and ECM aircraft now become "Tesla blasters." With the 
Tesla technology, emitters become primary fighting components of stunning power. 


The potential peaceful implications of Tesla waves are also enormous. By 
utilizing the "time squeeze" effect, one can get antigravity, materialization and 
dematerialization, transmutation, and mindboggling medical benefits. One can also 
get subluminal and superluminal communication, see through the earth and through 
the ocean, etc. The new view of phi-field also provides a unified field theory, 
higher orders of reality, and a new super-relativity, but detailing these possibilities 
must wait for another book. 


With two cerebral brain halves, the human being also has a Tesla scalar 
interferometer between his ears. And since the brain and nervous system processes 
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avalanche discharges, it can produce (and detect) scalar Tesla waves to at least a 
limited degree. Thus a human can sometimes produce anomalous spatiotemporal 
effects at a distance and through time. This provides an exact mechanism for 
psychokinesis, levitation, psychic healing, telepathy, precognition, postcognition, 
remote viewing, etc. It also provides a reason why an individual can detect a "stick” 
on a radionics or Hieronymus machine (which processes scalar waves), when 
ordinary detectors detect nothing. Unfortunately there is not room to develop the 
implications of this human Tesla interferometry in detail, for that must wait for yet 
another book, presently in its initial stages, that Hal Crawford and I are writing. 
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Figure 15. Implications of Tesla Potential 


At the July 1981 U.S. Psychotronics Association's Annual Conference in 
Dayton, Ohio, I presented the first rough paper on the Tesla secret and scalar 
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interferometry. A videotape of the presentation was made and will shortly be 
available. Iam also scheduled to make a special presentation at the Alternate 
Energy Conference in Toronto, Canada in latter October, 1981. A professional, 
videotaped two-hour presentation on this subject is also being prepared. Wide 
distribution of the material through the international underground physics and 
technology network has already been made. This time, God willing, Tesla's secret 
will not be suppressed for another 80 years! 

And perhaps it is not yet too late. The material has cost me (now) some 16 
years of agonizing labor and nearly $100,000 of my own personal funds. No 
orthodox university, scientific group, foundation, or governmental agency would 
support such an effort, either financially or otherwise. Indeed, most ordinary 
journals will not even accept material on such matters, Nonetheless, the area is of 
overwhelming importance and I truly believe Tesla's lost secret will shortly affect 
the lives of every human being on earth. 

Perhaps with the free and open release of Tesla's secret, the scientific and 
governmental bureaucracies will be. shocked awake from their slumber, and we can 
develop defenses before Armageddon occurs. Perhaps there is hope after all -- for 
even Brezhnev, in his strange July, 1975 proposal to the SALT talks, seemed to 
reveal a perception that a turning point in war and weaponry may have been 
reached, and that human imagination is incapable of dealing with the ability to 
totally engineer reality itself. Having tested the weapons, the Soviets must be aware 
that the ill-provoked oscillation of timeflow affects the minds and thoughts -- and 
the very lifestreams and even the collective species unconsciousnesses 
lifeforms on earth. They must know that these weapons are two-edged swords, and 
that the backlash from their use can be far more terrible to the user than was the 
original effect to his victim. 

If we can avoid the Apocalypse, the fantastic secret of Nikola Tesla can be 
employed to cure and elevate man, not kill him. Tesla's discovery can eventually 
remove every conceivable external human limitation. If we humans ourselves can 
elevate our consciousness to properly utilize the Testa electromagnetics, then Nikola 
Tesla -- who gave us the electrical twentieth century in the first place -- may yet 
give us a fantastic new future more shining and glorious than all the great scientists 
and sages have imagined. 
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-- IMPLICATIONS -- 


Some of the fundamental concepts of the new 
Tesla electromagnetics are presented. The new 
concepts have startling implications: 

(1) No force or force field exists as such in 
vacuum. 

(2) Hertzian (transverse) electromagnetic waves 
do not travel through the vacuum, just as Tesla stated. 

(3) Forceless, massless Tesla (scalar) 
longitudinal waves actually transit the vacuum. Tesla 
called them “electrical sound waves.” 

(4) At present there are actually four different 
FUNDAMENTAL TYPES of vectorial entities in 
physics, erroneously confused as one and the same. 

(5) Tesla longitudinal scalar waves are also 
"time" waves and can affect anything and everything 
that exists in time. 

(6) The fundamental constants of nature (which 
exist in time) can be altered by Tesla scalar waves, 
which oscillate the values of the constants. 

(7) Every vector and scalar has an internal 
substructure, which can be independently affected and 
changed. This allows the direct engineering of the 
virtual state and the vacuum itself. 

(8) All observable forces (electrical, mechanical, 
gravitational, etc.) arise in, on, and OF the actual 
substructure of the "accelerating mass particle" itself, 
not as an "external" massless force or force field 
applied "to" a mass . 

(9) Physical reality itself -- and the "physical 
laws of nature" 
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can be deliberately changed and engineered. 

(10) All "physical reality" is totally internal to 
the physical changes of the mass particles of the 
detector system of the observer. 

(11) Relativity's speed of light limitation applies 
only to the changes of the basic mass particles of the 
detecting instrument. 

(12) Detection of superluminal effects cannot be 
accomplished by a "single stage” or "single shift 
" (single interaction) detector . 

(13) Detection of superluminal effects is 
permitted by "multiple stage" or "multiple shift" 
interactions where the last interaction is a conventional 
interaction of photon vs. detector particle. (The two- 
slit apparatus for detection of electron diffraction is an 
example. First, the superluminal DeBroglie waves 
interact with the slits, which are "tuned" toward the 
electron's DeBroglie wavelength. The interaction with 
TWO slits produces subluminal interference effects, 
which then interact back upon the physical electron. 
The apparatus is thus an electron interferometer 
capable of detecting superluminal waves by a two- 
stage interaction). 

(14) Interference is the most common first-stage 
superluminal interaction to accomplish "downshifting" 
superluminal entities to luminal or subluminal 
velocities. Superposition of superluminal "phase" 
waves (such as deBroglie waves, which individually 
always move faster than the speed of light) interferes 
the waves to create a subluminal group velocity, which 
may then interact with an ordinary mass particle in the 
detection system. 

(15) Any otherwise physical vector must exist 
as an unzipped (segmented) or "shadow" vector in 
vacuum. "Radiation" of a vector EM wave from the 
electron gas in an antenna into vacuum results in the 
"choking off" of the mass of the transversely oscillating 
electrons in the antenna. Since the spinning electron 
mass is the "zipper" that makes or comprises the 
physical vector in the first place, this throttling of the 
mass flow unzips the E and B vectors, leaving whirling 
(massless magnetic scalar potential) segments of 
massless charge flux (massless electrostatic scalar 
potential). This unzipped whirling pattern of charge 
flux (scalar massless A/@) is what radiates into vacuum 
and propagates through it. This is a special kind of 
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scalar wave pattern, not a physical or vector wave. 
(16) The spin of a charged particle is the 
mechanism for integrating or "zipping together" the 
individual virtual fragments of a shadow vector into a 
real (observable) vector. For "uncharged particles" 
such as neutrons, it is the spins of its virtual charged 
components. that accomplish the integration or zipping. 

(17) All fundamental charged particles are 
constantly accelerated. There is no such thing as an 
"unaccelerated" particle, except as a gross average over 
time or length. Further, all of them are spinning. 

(18) All changes to and from a physical vector 
or scalar system must arise in and come from its own 
internal substructure, which is zipped to its spinning 
particle of mass. 

(19) All fundamental particles are charged 
internally. That is, they are dynamic assemblages of 
smaller charged particles. If the average sum of the 
total internal charge is essentially zero over some 
finite, small increment of time, the particle is externally 
uncharged. If the sum is not essentially zero, the 
particle is also externally charged. 

(20) There are no static physical things in 
existence. In physical reality, something appears 
"static" only at a particular level. Upon sufficiently 
fine examination, it is composed of accelerating parts, 
and thus comprised of "fluctuations." 

(21) Since (a) the basic physical (mass) vector 
consists of a "smeared particle," where particle and 
smear are inseparable, (b) the conceptual particle also 
is accelerated, and (c) the "smearing" is for a small 
increment of time and a small increment of length; then 
the basic constituency of "physical reality" is 
inseparable "force x time x length," or action. The 
basic "quantum" of physical change is thus comprised 
of action. 

(22) Since to "detect" we must "stop" the action, 
separate or split the quantum into two pieces 
("canonical” pieces) , and compare (measure) one piece 
by throwing away the other, then each physical 
observable must have a differential operator (the 
"separating agent") corresponding to it. This accounts 
for the fundamental postulate of quantum mechanics 
whereby every observable has a corresponding 
operator. Further, since what remains is totally relative 
to what was split out and thrown away, physical change 
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is totally "relative." This accounts for the fact that 
observed reality is relative, each part to each other. 

(23) Asa special case, we may assume that we 
can evaluate a physical change at a point (without 
length). If so, when we discard length, the remaining 
basic vector is momentum. This approximation holds 
only so long as the system to which it is applied 
essentially does not change over the quantal fragment 
of length discarded -- i.e., it holds for the linear case. 
Conservation of momentum, then, is violated when 
sufficient nonlinearity in length is present. 

(24) Asa second special case, we may assume 
that we can evaluate a physical change in a spatial 
manner (without time). If so, when we discard time, 
the remaining basic vector is energy (has the units of 
energy or work). This approximation holds only so 
long as the system to which it is applied essentially 
does not change over the quantal fragment of time 
discarded -- i.e., it holds for the linear case. 
Conservation of energy, then, is violated when 
sufficient nonlinearity in time is present. Since a 
"virtual change" a priori is defined as a total 
nonlinearity in the observer's quantal time increment 
but not outside it, then virtual interactions can and do 
violate conservation of energy within that time 
increment, but not out of it -- so long as the time 
interval itself is considered linear. If the time interval 
is sufficiently nonlinear, then the virtual change may 
result in violation of the conservation of energy 
externally to the time increment. In that case, an 
"observable change" results . 

(25) Asa third special case, we may assume 
that we can evaluate the "instantaneous value" of a 
physical change at a static point in space. To do so, we 
must discard both time (to be instantaneous) and length 
(to be at a spatial point), and the remaining basic vector 
is force. This approximation holds only so long as the 
system to which it is applied essentially does not 
change over the quantal fragment of time or the quantal 
fragment of length discarded. Conservation of force, 
then, is violated when sufficient nonlinearity in time or 
length is present. 

(26) A new conservation of energy law is 
required, one which unites the present conservation of 
energy law with an altered form of the conservation of 
charge law. Briefly, the total equivalent of mass, 
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observable energy, and massless charge (anenergy) is 
conserved. 

(27) All AL and At fragments are produced and 
destroyed one at a time, in the action fissioning of a 
single quantum of action (detection process). Each VL 
and Vt is discretized but not quantized. Since quanta 
do not superpose, the "external universe" is continually 
created and destroyed in the detector's mass system, 
one quantum at a time, at a very high rate. This 
interpretation gives physical meaning to the creation 
and annihilation operators of quantum mechanics. 

(28) Since the detecting mass system is itself 
continually created and destroyed one quantum at a 
time, ultimately all is mind changes, and only mind 
changes. The observer's life, mind, and being 
transcend all materialistic interpretations of reality -- as 
indeed does the very fact of the "existence" of a 
perceived external universe. 


xt Page 
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TOWARD A NEW ELECTROMAGNETICS 
PART III: CLARIFYING THE VECTOR CONCEPT 


-- Electrical Physics Presently Has a Mindset -- 


In examining the foundations of geometry, 
mechanics, and electromagnetics, it becomes strikingly 
clear that substantial -- even grave theoretical errors 
were made early on and perpetuated into the existing 
theory. These errors are now so firmly entrenched that 
they form a part of the "mindset" of almost all 
physicists, engineers, and scientists. 

So ingrained are these errors and inconsistencies 
that the orthodox scientist/theoretician finds it almost 
impossible to break out of them. 

The present mindset is analogous to the 
Newtonian mindset which so fiercely resisted the new 
ideas of relativity, shortly after the turn of the century. 
However, after a few scientists formulated the rules 
and theory of the "relativity mathematics game," a new 
generation of students, not yet so firmly engrained in 
the Newtonian mindset, could grasp the new relativity 
when their teachers expounded it. 


In this short series of papers* I will roughly 
outline where the founders of mechanics and 
electromagnetics went wrong, and indicate the way to 
correct the fundamental errors. In addition, I will 
briefly point out some of the implications, and speak of 
some direct experimental proof. 


xt Page 


-hup://www.cheniere.org/books/part3/mindset.him24. 11.2003 21:28:36 


TOWARD A NEW ELECTROMAGNETICS PART IIL 


TOWARD A NEW ELECTROMAGNETICS 


PART III: CLARIFYING THE VECTOR CONCEPT 
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NOTES AND REFERENCES 


1. Bearden, T. E., "Comments on the New Tesla 
Electromagnetics: Part I: Discrepancies in the Present 
EM Theory;” "Part I: The Secret of Electrical Free 
Energy," Tesla Book Company, 1580 Magnolia Ave., 
Millbrae, CA 94030, 1982. 


2. Bearden, T. E., "Solutions to Tesla's Secrets and the 
Soviet Tesla Weapons," Tesla Book Co., 1981. Also 
Ratzlaff , John T., "Reference Articles for Solutions to 
Tesla's Secrets," Tesla Book Co., 1982. 


3. Note we are applying the rule, "A thing is that 
which it does, and it does that which it is." Actually 
this is one statement of a fourth fundamental law of 
logic not incorporated by Aristotle. See Bearden, "A 
Conditional Criterion for Identity, Leading to a Fourth 
Law of Logic,” DTIS report, available through the 
National Technical Information System, Port Royal 
Road, Springfield, VA 22161. 


4. Specifically, the resulting theory becomes a 
curtailed, special case of the much more fundamental 
electrodynamics and electromagnetics that actually exist 


5. We point out here that measuring a field of force 
existing in the electron gas in a probe of the measuring 
instrument is not at all the same thing as measuring a 
force in the vacuum, nor does it establish that a force 
exists in vacuum. Indeed, it is already well known that 
the FIELD concept itself will not withstand rigorous 
logical examination, For a discussion rather clearly 
showing the present difficulty in defining a field, see 
Robert Bruce Lindsay and Henry Margenau, 
Foundations of Physics, Dover Publications, New 
York, 1963, pp. 283-287. Note particularly on p. 283 
that a "field of force" at any point is actually DEFINED 
only for the case when a unit mass is present at that 
point. It is then illogically ASSUMED that the force 
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continues to exist at the point in the ABSENCE of the 
mass, which of course need not follow at all. On p. 
284, note the similar logical paradox connected with 
the idea of a scalar gravitational potential field. The 
potential (field) is only defined at a point when mass is 
present at that point, .and it is specifically defined as 
the potential energy per unit mass for a particle present 
at that point. IF THERE IS NO MASS PRESENT, 
NEITHER A FORCE VECTOR FIELD NOR A 
SCALAR POTENTIAL FIELD IS DEFINED 
THERE. ASSIGNMENT OF THESE FIELDS TO 
THE POINT IN THE ABSENCE OF THE MASS IS 
AN ASSUMPTION, NOT AT ALL A DEFINITION. 
SINCE A TRUE DEFINITION IS AN IDENTITY, 
THEN THE ENTITY IDENTIFIED (DEFINED) TO 
INCLUDE THE PRESENCE OF MASS IS NOT 
IDENTICAL TO THE ENTITY RESULTING WHEN 
THAT MASS IS ABSENTED. 

To see just how arbitrary and postulational are 
present. "definitions" of mass and force, see Lindsay 
and Margenau, op. cit., pp. 84-101. Also see Richard 
P. Feynman, Robert B. Leighton, and Matthew Sands, 
The Feynman Lectures on Physics, Addison-Wesley, 
New York, Vol.1,. 1963, Fourth Printing July 1966, p.2- 
4 for a definition of the electric field in the context of 
its POTENTIALITY for producing a force. Again, the 
force only exists when a particle of mass is present. 
From these examples, one can see the implication that 
A PHYSICAL FIELD IS SOMETHING SUCH THAT, 
WHEN A MASS IS INTRODUCED INTO IT, THE 
MASS EXHIBITS AN EFFECT. For a "force field," 
this is tantamount to stating that there exists some 
mechanism connected with a field which, in the 
presence of a mass causes a force to be exhibited. In 
that case the force is an EFFECT, not a cause, and 
there is a more fundamental mechanism that 
GENERATES FORCE ITSELF. See also field 
discussions in Feynman, Richard, The Character of 
Physical Law, M.LT. Press, Cambridge, MA, March 
1967, 2nd printing September 1967, passim. 


6. While in Europe prior to 1881, Albert Abraham 
Michelson performed his first interferometer 
experiments to determine the velocity of the earth 
through the ether, obtaining essentially null results. At 
the Case School of Applied Science in Cleveland, 
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Ohio, he perfected his interferometer experiment from 
1883 to 1887, assisted by a colleague, chemist Edward 
Williams Morley. By 1887 the results were ready and 
announced. Michelson himself thought his experiment 
had proven Stokes’ theory of an ether dragged along by 
the earth in motion, and thus motionless with respect to 
the earth. This was at odds, however, with certain 
other experiments indicating a moving ether. The 
Michelson-Morley experiment was finally reconciled 
with these other experiments by Fitzgerald's suggestion 
in 1892 that the physical dimensions of material bodies 
are altered when they are in motion. In 1907 
Michelson was awarded the Nobel prize, the first 
American to receive it in the sciences. 


7. See Lindsay and Margenau, Foundations of Physics, 
1963, pp. 324-326; D. C. Miller, "The Ether Drift 
Experiment and the Determination of the Absolute 
Motion of the Earth," Reviews of Modern Physics, 
Vol. 5, p. 203, 1933. Actually the experiments did not 
yield a conclusively null result, but rather showed large 
systematic trends. For a typical elimination of the 
systematic trends, see Handschy, M. A., "Re- 
examination of the 1887 Michelson-Morley 
experiment," American Journal of Physics, Vol. 50, 
No. 11, Nov. 1982, pp. 987-990. See Rho Sigma, 
Ether-Technology, CSA Printing & Bindery, Lakemont 
Georgia, 30552, 1977 for several enlightening points 
on the vacuum ether: See A. K. Lapkovskii, 
"Relativistic Kinematic Equations and the Theory of 
Continuous Media," Soviet Physics Journal, Vol. 21., 
No. 6, June 1978 for an abstract describing Soviet 
utilization of the concept of a small particle (called by 
Bearden a quiton, in Quiton/Perceptron Physics, DTIS, 
1973) of the medium. See Belyaev, B. N., "On 
Random Fluctuations of the Velocity of Light in 
Vacuum," Azvestiya Vysshikh Uchebnykh Zavedenii, 
Fizika, No. 11, Nov. 1980, pp. 37-42, translation by 
Plenum, for discussion of the proven variation of the 
speed of light in vacuum; the velocity of light in a 
vacuum on earth is measured to be higher than the 
velocity of light in the vacuum of deep space. See 
Graham, G. M. & Lahoz, D. G., "Observation of 
static electromagnetic angular momentum in vacuo," 
Nature, Vol. 285, 15 May 1980, pp. 154-155 for the 
first direct observation of free electromagnetic angular 
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momentum in vacuum. See Davies, Paul, "Something 
for nothing,” New Scientist, 27 May 1982, pp. 580- 
582 for a discussion showing that modern theories of 
the vacuum reveal that even empty space is seething 
with activity; an ether of sorts emerges from vacuum 
fluctuations due to quantum mechanics considerations. 
See Hooper, William J., "All-Electric Motional Electric 
Field Generator," U. S. Patent No. 3,610,971, October 
5, 1971 for a generator which produces a gravitational 
or inertial field. Einstein suggested that vacuum, 
complete with electromagnetic and gravitational fields, 
be called the ether. Dirac certainly did not abandon an 
ether, for in 1954 he stated "The aetherless basis of 
physical theory may have reached the end of its 
capabilities and we see in the aether a new hope for the 
future." James Clerk Maxwell derived his famous 
equations based on an ether theory. Sir Arthur 
Eddington also believed firmly in an ether. Sir Oliver 
Lodge actually pointed out the dilemma which yields 
the approach in this paper: writing of the ether in his 
book, The Ether of Space, Harper & Bros., New York, 
1909, he stated: "We have no means of getting hold of 
the ether mechanically; we cannot grip it or move it in 
the ordinary way: we can only get it electrically. We 
are straining the ether when we charge a body with 
electricity; it tries to recover, it has the power of 

"But when electrical theory was being 
founded, scientists thought of space as something 
rather fixed, and FILLED WITH a thin material ether. 
They did not realize that space itself does not exist 
except after an observation; before the observation, 
spacetime exists -- indefinite in both length and time. 
They did not know that electrostatic scalar potential in 
fact was spacetime, hence also the vacuum and the 
ether. In assuming that the charge of vacuum is zero 
and that charge and charged mass are identical, they 
hid the answer to the dilemma and placed the 
foundations of electromagnetics on its present unsound 
basis. 


8. The field, of course, is indeed a highly useful 
concept and this author certainly does not recommend 
its abandonment. Instead, he recommends that it be 

placed on a sounder logical bas 


9. Specifically, they came to feel that the "electric 
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field" which was improperly defined -- was what was 
waving. 


10. In fact Einstein once proposed that the vacuum, 
complete with its electromagnetic and gravitational 
fields, should be called the ether. His proposal was not 
adopted. (See Born, Max, Einstein's Theory of 
Relativity, Revised Edition, Dover Publications, New 
York, 1965, p. 224.) 


11. Particularly from the work of Schrodinger, Born, 
Dirac and others. 


12. For example, see Lindsay and Marge. nau, op. cit., 
pp. 287-288. A physical vector is thought to be defined 
by its magnitude, its direction in space, and its 
transformation characteristics. Actually that is a 
geometrical vector, not a physical vector. It does not 
tell us WHAT A VECTOR CONSISTS OF, but only 
tells us some of its important characteristics. 
Remember that a true definition must be an identity. 


13. Here a reading of Lindsay and Margenau, op. cit., 
pp. 79-81 may prove enlightening. Also note that 
velocity, or L/T considered "at an instant" (stopped), 
represents an idea of "motionless motion" and is an 
application of the fourth law of logic. For a discussion 
of the fourth law of logic and its usage, see Bearden, 
Thomas E., "A Conditional Criterion for Identity, 
Leading to a Fourth Law of Logic," Specula, Journal of 
the A.A.M.S., P.O. Box 1182, Huntsville, AL 35807, 
combined Vol. 3, No. 4/Vol. 4, No. 3, Oct 1980 - Mar 
1981, pp. 50-57 (also available from Defense Technical 
Information Service). 


14. Note this is an identity of opposites, which 
explicitly violates the three Aristotlean laws of logic. 
See Bearden, "A Conditional Criterion for Identity, 
Leading to a Fourth Law of Logic," loc. cit, 1981. 


15. Again note the fourth law of logic: zero motion 
(the absence of motion) being recognized as a special 
case of the presence of motion. Also, physical reality 
consists of internested levels, and any physical object 
has an internal substructure of nested levels of finer 
structure, extending down into the virtual 
(nonobserved) state. For a vector to model (apply to) a 
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physical object, it itself must be modeled in such 
fashion as to reflect this kind of substructure. Thus the 
use of geometrical vectors as models of physical 
objects in motion is presently flawed in a fundamental 
fashion. 


16. The reader is most strongly urged to read Morris 
Kline, Mathematics: The Loss of Certainty, Oxford 
University Press, New York, 1980 as a prelude to 
understanding what mathematics is and is not, and 
what it does and does not. 


17. Refer to Lindsay & Margenau, op. cit., pp. 79-81 
to see how the ideas of motion and vector are 
inextricably entangled with the idea of a particle. 


18. Call it uncertainty or call it constituency; a 
quantum change is composed of two canonical entities 
inextricably welded together into a single entity. 


19. Time is an unavoidable, nonexclusive constituency 
of the welded quantum. 


20. Simply from the definition of force as 
CONSISTING OF a time- and length-smeared mass 
motion change. 


21. The force is an effect, not a cause. It IS the 
smeared charged particle. It is CAUSED by a more 
fundamental mechanism. It is the result of the 
combination of (1) a nonzero del phi, and (2) the 
presence of a spinning charged particle. IN A DEL 
PHI, THE SPINNING CHARGED PARTICLE 
ACCELERATES ITSELF! This is the fundamental 
secret of free energy that was suppressed, to bury the 
fundamental work of Nikola Tesla, shortly after Tesla 
was forced to abort his Wardenclyffe attempt to 
provide the world with free energy. 


22. To quote: "The Hertz wave theory of wireless 
transmission may be kept up for a while, but I do not 
hesitate to say that in a short time it will be recognized 
as one of the most remarkable and inexplicable 
aberrations of the scientific mind which has ever been 
recorded in history. " Nikola Tesla, "The True 
Wireless, " Electrical Experimenter, May 1919, p. 87. 
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23. De Beauregard, O. Costa, "Running backwards 
the Mermin device: Causality in EPR correlations," 


American Journal of Physics, Vol. 51, No. 6, June 
1983, p. 515. 


24. Note the Soviet scientist Kozyrev's experiments 
with time waves. See Kozyrev, N. A., "Possibility of 
Experimental Study of the Properties of Time," 
September 1967, pp. 1-49, in JPRS 45238, May 1968. 
Kozyrev reports real physical effects from the 
oscillation of time. Also, note that scalar potential 
energy of appreciable size with respect to a particle's 
rest energy can force the situation to be relativistic, 
even though the velocity of the particle with respect to 
the velocity of light is small. That is, electrostatic 
scalar potential alone can cause variation in the rate of 
flow of time and hence vary physical characteristics. 
See Bloch & Crater, "Lorentz-invariant potentials and 
the non-relativistic limit," American Journal of 
Physics, Vol. 49, No.1, 1981, pp. 67-75. By inference, 
oscillating the electrostatic scalar potential can produce 
time waves and lead to direct physical effects. 


25. It is already shown in the literature that the 
electrostatic scalar potential (ESP) can affect spacetime 
(ST) in the same manner as velocity. Cf Bloch & 
Crater, op. cit., 1981. Now note that, to any quantal or 
macroscopic observer, the existence of the 4-space 
volume of ST implicit in (At)(Av), where v is volume, 
cannot be separated from the existence of the 
subquantal entities that exist therein. We therefore 
DEFINE the magnitude of the ESP as the summation 
of the absolute values of all the internal virtual vectors 
in the (At)(Av) quantum of ST, divided by the absolute 
value (magnitude) of (At)(Av). We take the view that 
no such thing as "unstressed" ST physically exists, and 
that "spacetime" and "stressed spacetime” are 
identical. Hence ESP and ST are one and the same 
thing. Note that this implies that the virtual density of 
ST is variable, and is nothing but the magnitude of the 
ESP. In EM theory, the assumption that the ESP of 
vacuum (Bo) is equal to zero is in serious error. In 
fact, Do IS "spacetime of the laboratory observer,” in 
the new view. 


26. For example, the definition of the electrostatic 
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potential (ESP) is usually taken as "the work which 
must be done against electric forces to bring a unit 
charge from a reference point to the point in question; 
the reference point is located at an infinite distance, or, 
for practical purposes, at the surface of the earth or 
some other large conductor.” (McGraw-Hill 
Dictionary of. Scientific and Technical Terms, ed. 
Daniel N. Lapedes, second edition, 1978, p. 518.) 
Note that this is NOT a definition at all, for it is not an 
identity. Instead, it is the statement that, if an ESP 
exists at a point and a unit charged mass (assumed to 
be at a point) is brought in from infinity toward the 
ESP location point, the amount of work it is necessary 
to expend upon the mass of the particle is equal to the 
magnitude of the ESP. The ESP exists whether or not 
any work at all is expended, and whether or not a 
charged unit mass is brought in. To adequately define 
ESP, we must define its identity, or what it consists of, 
in the absence of mass, since we have conceived the 
ESP to exist at a vacuum point. Further, the definition 
usually taken is completely a 3-space definition. 
Instead, in our new view the ESP is to be taken ata 
point in n-space, where n is equal to or greater than 4. 


27. See Bearden, Quiton/Perceptron Physics, 1973, 
available through the DTIS. See also Bearden, The 
Excalibur Briefing, Strawberry Hill Press, San 
Francisco, CA, 1980. Ultimately all physical 
phenomena are mindchanges in the minds of all the 
observers. 


28. And then assumes this summation value is zero. 
29. See note 25 above. 


30. Bearden, The Excalibur Briefing, Strawberry Hill 


Press, San 
Francisco, CA, 1980. 


31. Cf Rauscher, E. A., "Electromagnetic and Non- 
Linear Phenomena in Complex Minkowski Spaces," 
Tecnic Research Laboratories, 64 Santa Margarita, San 
Leandro, CA 94579. Presented at the 1983 March 
Meeting of The American Physical Society in Los 
Angeles, CA 21-25 March, 1983. This is a truly 
remarkable paper of great significance. Rauscher, a 
world-class physicist, has presented a new theoretical 


hup:/www.cheniere.org/books/part3/notes.btm (8 of 9)24.11.2003 21:28:41 


TOWARD A NEW ELECTROMAGNETICS PART IIL 


model for some rather extraordinary possible 
extensions of present electromagnetics. 


32. Cf Muses, Charles, Introduction to Jerome 
Rothstein's Communication, Organization, and 
Science, The Falcon’s Wing Press, Indian Hills, 
Colorado, 1958. The entire foreword by Muses is a 
remarkable document, which analyzes the structure of 
time itself, See also his profound summary paper, 
"Hypernumbers II" in the January 1978 issue of 
Applied Mathematics and Computation, published by 
Elsevier. 


xt Page 
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TOWARD A NEW ELECTROMAGNETICS 
PART II: CLARIFYING THE VECTOR Help support the work 
CONCEPT 


ADDITIONAL NOTES AND REFERENCES 


Although quotes and direct utilization of 
material from these references were not 
incorporated in this paper, the following 
references were also consulted. In addition,’ 
several notes are added for further clarity. 


33. Rupert Sheldrake, A New Science of Life: The 
Hypothesis of Formative Causation, J. P. Tarcher, Inc., 
Los Angeles, CA, 1981. @, the electrostatic scalar 
potential field, in my opinion is actually the 
morphogenetic field that Sheldrake proposes. 


34. Briefly, by a "particle" we mean an entity so 
constructed that, if any part of it changes all of it 
changes. From the viewpoint of the particle, this 
implies that to change is to detect, and to detect is to 
change. Also, internal and external become 
synonymous, in the "detected" sense. The idea of a 
"fundamental particle" in physics actually invokes the 
fourth law of logic implicitly. 


35. Only if a thing dimensionally contains time, can it 
"occupy time." This point is so obvious that one 
wonders how so many of the scientists and 
mathematicians seem to have missed it. By this 
criterion, ¢.g., mass does not exist in time, a priori, To 
"observe" or detect, in fact, means to stop time, thus 
collapsing the wave function. However, it reduces the 
observable or detectable to a spatial quantity, not a 
spatiotemporal quantity. In other words, the ordinary 
scientific method destroys a part of reality in each 
detection or measurement, yielding only a partial truth. 
not fundamental truth. 


36. Note that electrostatic scalar potential is actually 
infinite-dimensional and hyperspatial. The coverage of 
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this paper is still only a special case. By Tesla 
technology, it is possible to do direct engineering in 
hyperspace -- beyond our present space and time, with 
all that that statement implies. 


37. Bob Sloan, "Nikola Tesla: The Greatest Inventor 
of all Time?". IEEE Antennas and Propagation Society 


Newsletter, June 1983, pp. 9-11. A very succinct 
summary of the importance Tesla played in ushering in 
the modern age. 


38. Gerald E. Brown and Mannque Rho, "The 
structure of the nucleon,” Physics Today, Vol. 36, 
No.2, February 1983, pp. 24-32. Recommended as a 
summary of the new thinking as to the structure of the 
nucleon: a bag containing three quarks, surrounded by 
a cloud of mesons which squeeze the bag. 


39. John J. O'Neill. Prodigal Genius: The Life of, 
Nikola Tesla. Angriff Press, P.O. Box 2726, 
Hollywood, CA 90028, new printing 1981. 


40. Margaret Cheney, Tesla: Man Out of Time, 
Prentice-Hall, Englewood Cliffs, NJ, 1981. 


41. John T. Ratzlaff and Leland I. Anderson. Dr. 
Nikola Tesla 
Bibliography. Palo Alto. CA, 1979. Indispensable. 


42. Dr. Nikola Tesla: Selected Patent Wrappers, 
compiled by John T. Ratzlaff, multiple volumes. 1980. 
Available from The Tesla Book Company, 1580 
Magnolia, Millbrae, CA 94030. Tesla's 
correspondence with the U.S. Patent Office, when 
patiently trying to obtain patents. He spent a great deal 
of time trying to convince the Patent Office that his 
inventions would indeed work. Some of them required 
12 years to obtain, and then were "watered down" in 
the process. 


43. Thomas Commerford Martin, The Inventions, 
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PART II: CLARIFYING THE VECTOR 


CONCEPT 


-- It Started With Geometry and Grew -- 


At the very beginning of what we call the 
"scientific period," mathematics was both king and 
queen, and Euclidean geometry was its handmaiden. 
So we ask, "What precisely is geometry?” Here we are 
not interested in a "textbook" answer, but in an answer 


indicating what geometry really does.> In other words, 
with what does geometry concern itself, and what is the 
fundamental nature of those things with which it 
concerns itself? 

Briefly, geometry ~ at its foundation -- is totally 
spatial. It is fitted to, and expressed in terms of, the 
TOTAL ABSENCE OF MASS. Thus the geometer 
deals in abstract, massless entities called "points," 
"lines," "planes" etc. When the geometer speaks of 
"motion," he speaks of a time-smeared, length-smeared 
point. Geometry at heart is massless, and a "geometer's 
vector" is a highly specific type of "system." In fact, it 
represents the "time-smearing" and "length-smearing" 
of a point. A priori, the fundamental concept of the 
geometrical vector has taken a "spatial" entity and 
introduced a hidden involvement with "time." 

Modern mathematics and physics have 
followed an intertwined development for several 
hundred years. And both sprang as offshoots of the 
original work of the geometers. Let us briefly sketch 
the overall path of interest taken by these two 
developing disciplines. 

With the advent of Descartes's fundamental work, 
algebra was combined with geometry to yield analytic 
geometry, a new and powerful mathematical tool. 
With the invention of calculus by Leibniz and Newton, 
both mathematics and physics received a giant 
impetus. Differential geometry and vector 
mathematics arose in full splendor and, in physics, 
mechanics leaped to the forefront with Newton's 
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profound work. 

But the mechanics made a most fundamental 
error when they simply applied the geometer's vector to 
a mass, to produce -- so they thought -- a mass vector. 
That which rigorously applies only to the absence of 
mass cannot be so lightly applied to the presence of 
mass without the risk of serious limitations in the 
resulting theory. The precise difference between a 
geometer's massless vector and a mechanic's mass- 
vector is one of the issues to be developed in this thesis. 

As rapid development continued in mechanics 
and mathematics, certain physicists were involved in 
intense experimental work on charged matter, 
becoming the first electricians. Both the preceding 
mathematical ideas and constructs as well as the 
preceding (partially erroneous) mechanics constructs 
and ideas were applied by the electricians, struggling 
with their pith balls, cat fur, and glass rods to 
understand, quantify, and model electrical forces and 
the phenomena of charged matter. In other words, the 
electricians strove to formulate the physics and 
dynamics of charged matter and its interactions by 
simply "adding to" the work of the geometers and 
mechanics. Here again, a fundamental logical error 
was made. That (geometry) which a priori applies only 
to the absence of mass, and that (mechanics) which a 
priori applies only to the absence of charge, cannot be 
lightly applied to the presence of charged mass (both 
mass and charge) without risking the incorporation of 
grave limitations in the resulting theory. 

After the profound work of Maxwell, the idea of 
FIELDS OF FORCE became more prominent, until the 


field concept ruled the day®, The electricians 
continued, pushing the idea of fields into space and 
vacuum itself, along the way inventing the idea of 
"charge effects” existing even in the massless vacuum, 
with concomitant fields. Meanwhile, they had 
thoroughly confused chargeless point-smeared, 
chargeless mass-smeared, length-smeared and time- 
smeared vectors. 

After a set of fundamental experiments designed 
to detect motion of the material ether yielded 


essentially null results®, Michelson and Morley were 
regarded as having completely disposed of the ether ~ 
even though the experiments only disposed of material 
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ethers, and not Lorentz-invariant non-material ethers” 
Maxwell's equations and the field concept were 


elevated to profound importance® Then, after 
Einstein's fundamental relativity work shortly after the 
turn of the century, the ether concept faded away and 
the field concept reigned supreme. Indeed, in their 
enthusiasm the interpreters of relativity went so far as 
to affirm that one can have a wave without any 
medium; that is. that something can be moving 


(waving) without anything there to move!” And with 
great glee they pronounced the final end to the idea of 
“ether” as a medium, even though Einstein himself 


never did any such thing.” With the advent of 
Einstein's General Theory of Relativity, even matter 
came to be regarded as just a special "kink" or 
curvature in spacetime or "vacuum nothing." 

Quantum mechanics arose and even certainty and 
determination fell. Chaos, probability, and randomness 
now assumed the ruling position. Probability waves 


(and probability fields) arose, as did quantum fields 
of various kinds. The intermingling of these concepts 
with the concepts of electrodynamics pushed the idea 
of the field even farther into esoteric realms. 

The point is, each of these developing disciplines 
incorporated and built on the foregoing disciplines. 
From the beginning of geometry, there was no rigorous 


definition of a vector, and there is none today From 
the beginning of mechanics, in their foundations the 
theorists made grave logical errors by incorporating the 
geometer's vector; errors so great that today mechanics 
and electromagnetics are severely flawed, as is 
everything that came after them and built upon their 
illogical foundations. 
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PART II: CLARIFYING THE VECTOR 


CONCEPT 


-- Points and Motion -- 


It is my purpose in this paper to expose in a very 
simple fashion the most basic errors that were made. 


One basic error involves the idea of motion itself 
In formulating concepts of motion, the 
geometers used a "point in motion" to determine or 
specify, for example, velocity. Now a "point" is a static 
concept a priori. To determine (or even to think and 
perceive) motion, one must determine that it occupies 
two different points (positions or locations) at two 
different times, yet consider both points at the same 
time. Indeed, that is precisely what the arrow means 
that is used to represent a vector. A "point in motion" 
therefore represents a contradiction of opposites. That 
is, it represents the idea that "that which is motionless 


has motion.".“* Even with this, there is a difference in 
a spatial point and a spatiotemporal (spacetime) point. 
To exist at all, a spatial point must be moving in time; 
in other words, it is a spatiotemporal line, even if it is a 
static spatial point. 

Vector analysis was constructed in the abstract — 
again, a massless point in motion possessed or 
constituted a velocity vector, etc. In massless ( and 
timeless) space, FIELDS were defined: "scalar" fields 
constituted the assignment of a simple motionless 
number (magnitude) to each spatial point, while 
"vector" fields constituted the assignment of a "simple 
vector" (magnitude and velocity) to each spatial point. 
But the MATHEMATICAL vector system consisted of 
massless (point) motional relationships, recognizing 


i A panels 
zero motion as a special case of motion. ~ 

Of course mathematics development was also 
always intertwined with practical problems. With the 
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sustained application of mathematics to gross physical 
material problems, mechanics slowly arose. 

These developments required decades and even 
centuries to occur completely. All along the way, 
innovations and changes -- and additions to the 
mathematical formulism were being derived and taught 
to students as the "natural" system of reality. A 
permanent mindset was being forged. 

Indeed, mathematics was regarded as THE single 
human expression of fundamental truth. Not until 
Godel's work in the twentieth century did it become 
evident that MATHEMATICS IS SIMPLY A GAME 
PLAYED ACCORDING TO ASSIGNED RULES, 
AND THERE IS NO ULTIMATE TRUTH IN 
MATHEMATICS ALONE.*® It is a most useful game, 
of course, since it is the game fitted to perception. 

Thus it applies, essentially, to whatever can be 
perceived. But to be applied to physical systems, it 
must be changed, altered, updated, and fitted as the 
perceiving/detecting instruments become ever more 
subtle. 
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-- Four Types of Vectors Actually Emerged -- 


As the physical sciences slowly developed and 
incorporated abstract geometry and mathematics, in 
actuality four major types of vectors and two major 
states of observation evolved, although this fact did not 
become apparent to the scientists. Specifically, the 
mathematicians and scientists failed to recognize the 
differences in the four types of vectors, hopelessly 
intermingling them and confusing them as a single 
class of vector. Further, they did not appreciate that a 
fundamental vector conceptually is a UNITARY 
SYSTEM, and the system represented by one of these 
four types of vectors utilizes and is comprised of 
different components, "welded together with no seam 
in the middle." 

Conceptually (and from a systems viewpoint), 
the four types of vectors are (1) the chargeless, 
massless spatial system vector (geometer's vector), (2) 
the uncharged mass system vector (mechanic's vector), 
(3) the charged mass system vector (electrician's 
vector), and (4) the charged space system vector 
(advanced electrician's vector). These four 
fundamentally different vectors are shown in Figures 1, 
2, 4, and 9 in a simplified manner. 

The major problem was that, beginning with the 
geometer's vector, these four major types of vectors 
were not treated as systems. Instead, their "vector" 
aspects were hopelessly confused and intermeshed, and 
no distinctions were made between them. And in the 
foundations of the mathematical constructs, time- 
smearing was not recognized at all. 


xt Page 
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-- Quantum Mechanics Compounds the Problem -- 


In addition, the two presently recognized 
observation states -- observable and nonobservable 
(virtual) -- were of course unknown to the early 
geometers and electricians, and these ideas were not 
incorporated directly into the theoretical foundation. 

From particle physics and quantum mechanics, 
we now understand that physical reality is structured of 
an observable state, underlaid with an infinite number 
of ever finer, successive levels of virtual 
(unobservable) states. At least reality is most 
accurately modeled in that fashion, according to 
particle physics today. 

It is also well known, for example, that at the 
most fundamental level, one cannot actually separate 
nonmotion from motion (which implies, for example, 
that one cannot separate mass and velocity). In other 
words, a "mass in motion" idea is actually incorrect, at 
the most basic level. What actually exists is a sort of 
"smeared mass". That is, "mass-motion" is 
fundamentally what exists, not mass IN motion . 

Actually, all that the Heisenberg Uncertainty 
Principle implies is this fact: If one examines the 
concept of "static (non-smeared) thing in non-static 
(smeared) motion”, in ever finer detail, one reaches a 
degree of fineness where the "smearing" is paramount 
and one cannot have an un-smeared or "separate static 
thing" to be in motion. Instead, one only has the 
smeared, 4-dimensional spacetime entity, without 3- 
dimensional spatial separations. 

This means, for example, that at the most basic 
level, it is actually incorrect to represent a momentum 
with a little static particle of mass connected to a 
spatial velocity vector. It is incorrect to think of the 
system as comprised of TWO SEPARATE ENTITIES, 
(1) amass, and (2) a massless spatial system velocity 
vector (a geometer's vector). 

We mention in passing that, presently, we 
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understand that every particle is continually 
accelerating. First, the particle has spin, which 
involves rotation, which means that every "part" of the 
periphery of the particle is accelerated toward the 
center axis of spin. Second, every particle is 
continuously "fluctuating," and these fluctuations are 
accelerations. Further, we must consider any change 
such as an acceleration -- as existing in a small time 
increment, and occurring in a small length increment. 
Thus mass particles actually exist as (mass x 
acceleration x time x length). This of course has the 
dimensions of ACTION or angular momentum. The 
"real" world of physical matter, then, is composed of 
building blocks of action, called "quanta." Any other 
physical "quantity" must be obtained by fissioning 
(differentiating) the action quantum. For this reason, 
quantum mechanics presently must postulate that to 
every observable there corresponds an operator. 
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CONCEPT 


-- To Summarize Briefly -- 


Let us now summarize these concepts and further 
examine their impact. 

In physics, there must actually exist four major 
KINDS of vectors, rather than just one as prescribed by 
present interpretation. These vectors are "built" 


starting with four major kinds of particles“2 These are: 
(1) the spatial point, (2) an uncharged mass particle, (3) 
a charged mass particle, and (4) a charged spatial 
point. Further, each of the four vectors at its most 
fundamental level (that is, at the quantum level)" is 
actually an inseparable, unitary SYSTEM welded into a 
single undivided entity containing time and existing 
nonexclusively in time When we look at or 
represent the so-called "parts" of the system, we are 
looking at them before they are welded together into 
the physical vector. That is, whenever we speak of 
“parts, " we imply that a "cutting" or "differentiating" 
action has been implied to separate the system into 
such "parts." 

From such considerations, four different kinds of 
system vectors result. 
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(GEOMETER'S VECTOR) 


Figure 1. Uncharged spatial (massless) system vector. 


UNCHARGED SPATIAL (MASSLESS) SYSTEM 
VECTOR 
-- (Figure 1) -- 


This is the geometer's abstract vector, consisting 
of a "point in motion." (Actually, it is a "smeared 
point,” for example.) However, so ingrained is the 
concept of a "point in motion" velocity vector that we 
now consider it to be "natural" because of its total 


familiarity. But simply ask, "WHAT is in motion?"2 
and you immediately see the difficulty. To have a 
WHAT, one must "stop the action" (detect or measure), 
separating "static" from "non-static." Acceleration and 
other vectors, etc. have also been derived by the 
geometer and utilized in similar fashion. All are 
massless. 
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(MECHANIC'S VECTOR) 


Figure 2. Chargeless mass system vector. 


CHARGELESS MASS SYSTEM VECTOR 
-- (Figure 2) —- 


This type of vector actually is the essential vector 
of mechanics, involving mass-motion (momentum), 
force (mass-motion change), etc. The fundamental 
difference between this type of vector and the 
geometer's vector is the presence of smeared mass 
existing in time (i.e,, mass-time), welded together with 
a geometer's vector, but with no seam in the middle, 
into a new kind of "vector" AS A SYSTEM. The 
vector is the SYSTEM EXISTING IN TIME . 

To illustrate: 

"Momentum" is more properly referred to as 
"mass-motion" rather than "mass in motion." That is, 
at the fundamental level, the mass is NOT "separate" 
from its motion. It is NOT separated from the time in 
which the smearing occurs. The idea of momentum, 
however, is really to express the time-density of the 
mass-smeared-through-length. It is, in other words, the 
time rate of length-smearing of mass. Now in our 
minds we have conceived that 
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where, by the symbol © we mean "coupled to"; but we 
actually have 


PB = (mv) (2) 


where we are not allowed to separate (even in thought) 
mand ¥. Quantum mechanics agrees with this 


essentially, because B is a canonical variable linked to 
length, in any observable physical change. (The 
REASON pis canonically linked to AL is because B 
is the time-rate of length-smearing of m. If there is no 
length, there is no length-smearing of m to have a time 
rate OF in the first place.) 

Note that, not only is 


B = (mv) (3) 
but also 
B = (nv) co) 


which is a much stronger and quite different statement. 
That is, B is IDENTICALLY (MV ), not just 


calculably EQUAL TO (m)(¥). This means that B is 
a SYSTEM that is COMPRISED of mass-motion. 
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-- What Force Is -- 


We now note that force, for example, is ~ and 
may be defined as —- the time-rate of change of 
momentum, or 


F = d/at(p) (5) 


and this identity states that a force -- any force is 
COMPRISED OF time-changing "mass-motion." As 
such, the force vector is a mass-system vector, not just 
a massless spatial vector. Fundamentally, this mass- 
system vector is a totally different creature from a 
massless spatial vector. Our present manner of 
considering force as a geometer's vector "separately 
applied to" a mass particle is completely erroneous at 
the quantum level. Instead, fundamentally force is 
always a mechanic's vector. Force is an EFFECT, not 
a CAUSE. 

And here mechanics made a most fundamental 
error, in not recognizing the difference between its kind 
of vector and that of the geometer. 
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--Force and Hertzian Waves Cannot Exist in Vacuum -- 


Note that one cannot have an observable "force 
vector" existing’ in vacuum a priori. 
For example, we have the definition of force as 


t 


Pe (6) 


or 


F:f[ma+hv) 


and we see that, rigorously, a force vector CONSISTS 
OF (not, "is equal to") a time-changing mass-motion 
vector system. IF THERE IS NO OBSERVABLE 
ACCELERATING MASS PRESENT, THEN THERE 
CAN BE NO OBSERVABLE FORCE PRESENT. 
‘The mass can accelerate in time (increase or decrease 
of mass) or space (increase or decrease of velocity) or 
both. 

Observable force CANNOT exist in vacuum (in 

20 
the absence of mass), a priori. 

However, assume for a moment that one could 
have a massless force vector, as assumed in present 
electrical theory. Let this force vector appear at a point 
in the vacuum. Since the vacuum has zero observable 
mass, it would have zero inertial resistance to this 
hypothetical observable force -- hence the observable 
force would instantly produce an “infinite” acceleration 
of its point of application, vanishing with it into the 
infinite distance. Therefore our fictitious force would 
disappear the instant it appeared! In any case, it could 
not be retained at a point in the vacuum for any finite 
length of time, however small. 

‘The direct implications are that (1) something 
other than an observable electrical force field exists in 
the vacuum, and (2) there must exist a more 
fundamental mechanism by which this "something 
else" generates or CREATES a force on/of a moving 
electrically charged mass. (Note again that, at the most 
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basic level, any particle of mass is always quivering, in 
motion, and accelerating. from quantal considerations 
alone.) 

Thus immediately we have discovered something 
unique about so-called "force-fields" in vacuum: for 
example, about gravitational field, electrical field, and 
magnetic field (and the strong force and the weak force 
as well). These fields do not exist at all as ordinary 


force vectors -- and real force fields -- in vacuum! E 


and B fields, e.g., are defined in terms of force per unit 
electrical charged mass and magnetically charged 
mass, respectively. In the absence of mass, they cannot 
exist. 


And this in turn means that transverse E=H field 
waves (Hertzian waves) cannot exist in a vacuum. 
Indeed, they appear on, and ARE CONSTITUTED of, 
the charged-mass-motion that changes, and they appear 
where such change occurs, as a result of an introduced 


mass. But in the absence of the spinning charged 
particle of mass, they do not exist as force fields at all. 

Hertzian waves exist in a transmitting whip 
antenna, for example, in the oscillating cle 
along its length. Something else entirely 
exists in vacuum between the transmitting antenna and 
the receiving antenna. Then in the receiving antenna, 
Hertzian waves again exist in the oscillating electron 
gas along its length. (See Figure 3.) 


ANT 


transverse oscillations 


NORMAL 
NORMAL 
EM 
(Actually a special 
type of scalar wave.) 
ANT. no detection 
NORMAL NORMAL 


|XLTR/XMTR 


EM EM wave 


(7 RETECTOR | 


no transverse 
oscillations induced 


detects 
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Figure 3. Detection of “transverse” and 
longitudinal waves 


This is interesting, for Nikola Tesla stated 
several times that HERTZIAN WAVES CANNOT BE 
PRODUCED IN A VACUUM, NOR CAN THEY 
TRAVEL IN A VACUUM22 

Tesla was correct, as we are beginning to see. 

We shall later return to show in what form so- 
called "force-fields" actually exist in vacuum, 

For now, I point out that Iam stating a 
fundamental change to all of physics, including both 
mechanics and electromagnetics. 


Next Page 
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(ELECTRICIAN'S VECTOR) 


Figure 4. Charged mass system vector. 


-- CHARGED-MASS-SYSTEM VECTOR -- 
~- (Figure 4) — 


The third type of vector we meet is the vector 
mass system where the mass is charged. First, we point 
out a serious error in present electromagnetic (EM) 
theory. That is, in present theory it is implicitly 
assumed that 


gq =m (8) 


In other words, "charge" and "charged mass" are 
erroneously assumed to be identically the same thing. 
In the days when electricians were playing with 
pith balls and striving to uncover the secrets of 
electricity, they knew nothing at all about the virtual 
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state, and consequently nothing about a "virtual particle 
flux" on a particle of mass causing (and comprising) 
the "charge" of that ma 

Today, of course, we know from particle physics 
and quantum mechanics that the "charge" on an 
observable particle of mass IS due to a flux of virtual 
(nonobservable) particles on and off the mass of the 
observable particle (see figure 5). A charged mass is 
thus presently known to be a SYSTEM: a massless 
charge flux, coupled to a bare particle (chargeless 
mass) constitutes a "charged particle." 


Figure 5. The "charge" on an electron mass consists of 
a flux of virtual particles on and off the mass. 


Thus, actually the "charge" is the virtual 
(unobservable, or SPATIO-TEMPORAL) flux to and 
from the observable SPATIAL particle of mass. So, 
rigorously, 


q # dm (9) 

But instead, 

q=[d/dm(q,,)] (10) 
and this is a definition and therefore an identity. This 
definition alone affects all present electromagnetics 
theory. 

To illustrate: In founding electrical theory, early 

scientists dealt with forces generated by charged 


masses (for example, charged pith balls). They later 
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extrapolated the experimental results they obtained (or 
thought they obtained) with the smallest charged mass, 
a charged particle. In Figure 6, I show the classic 
situation for derivation of the idea of E-field (except 
we have used an electron for our test charge, rather 
than a pith ball). 


FIXED 
"STATIC" 
CHARGE 


A negatively charged test mass qm. 
(for example, an electron) brought 

into the vicinity of a fixed charged 
mass Gm, experiences an acceleration 

as sh . At the quantum level, the 
smeared electron cannot be separated 
from the smearing, and it BECOMES the 
charged-mass-motion-changing vector Foma 


Figure 6. A test charge (charged mass) brought near a fixed charge 
(charged mass) experiences an acceleration. 
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Now note that what actually happens is that the 
unrestrained test charge becomes a CHARGED MASS 
SYSTEM VECTOR (a "smeared charged mass-motion 
changing"). The "test charge" BECOMES a charged mass 
force vector; it does not have a separate geometer's vector 
“appear on it." What actually happens is shown in Figure 


Ts 
ae 
= o “a 
Fom = AYE 
tye 


Figure 7. A charged-mass-system vector. 


That is, in the simplest (nonrelativistic) case, for an 
electron what happens is 


Fon 2 (qgmoa,) a) 


and this is a DEFINITION. That is, considered instantly, 
the electron exists as a charged-mass electrical force 
CONSISTING OF/COMPRISED OF a charge flux q. 
canonically coupled to a mass, with that subsystem then 
canonically coupled to a spatial acceleration vector, ALL 
AS A SINGLE ENTITY, WITHOUT ANY "SEAMS" 


BETWEEN ITS "PARTS." The F.,, IS THE 
ELECTRON SYSTEM ITSELF; it is NOT a "spatial 
vector.” Rigorously, it does not exist in the absence of the 
smeared electron mass, a priori. 

Again, in assuming this force exists in the absence 
of the smeared mass of the moving particle, 
electromagnetics theory is in serious logical error. 

Referring back to Figure 6, we see that, if we repeat 
the experiment many times and with the test charge in 
many locations, we have the situation shown in Figure 8. 
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Figure 8. Repeating the "test charge" experiment. 


It is found that, rigorously, 


lFon! i (12) 
P «< 
on r 


where F",,, is a charged mass system vector. Erroneously, 
this has been stated one way or another as 


=s q49. 
|FI Ss (13) 
r 


where Fis assumed to be a spatial system vector. Further, 
this confusion has been carried over into the definition of 


the E-field as: 
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(14) 


In this definition, E’- which is a charged mass system 
vector -- has been confused as a charged spatial system 


vector, where Fis regarded simply a spatial system 
vector! Actually, the definition of the E-field should be 


E. = 


cm (15) 


where F'.,, is 


a charged mass system vector. Failure to 
properly define the E-field has caused the conception of 
the E-field to be falsely perpetuated as existing in vacuum. 


The E-field is TREATED this way in present EM 
theory. Hence present theory falsely assumes that the 


observable E-field can exist in vacuum. 


What actually exists in space, E-field-wise, is a 
special kind of ordered virtual state pattern in a series of 
spinning "scalar" fields. This virtual state pattern or 
hadow vector" field will be explained later. 

Note again that one cannot have a "force vector" 
existing in vacuum - a priori. 

However, assume for a moment that one could have 
a massless force vector, as presently assumed. Let this 
force vector appear at a point in the vacuum. Since the 
vacuum has zero observable mass, it would have zero 
inertial resistance to this hypothetical observable force 
hence the observable force would instantly produce an 
nfinite" acceleration of its point of application, vanishing 
with it into the distance. Therefore our fictitious force 
would disappear the instant it appeared! In any case, it 
could not be retained at a point in the vacuum for any 
finite length of time, however small. 

The direct implications are that (1) something other 
than an observable electrical force field exists in the 
vacuum, and (2) there must exist a more fundamental 
mechanism by which this "something else” generates or 
CREATES a change on/of an accelerating electrically 
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charged mass particle. (Note again that at the basic level, 
any particle of mass is ALWAYS quivering and 


accelerating, from quantal fluctuation considerations 
23 


alone.) Causality has no arrow microscopically. 
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3 pes Sic 
Ae Ty, 


(ADVANCED ELECTRICIAN'S VECTOR) 
Figure 9. Charged spatial (massless) vector. 
-- CHARGED SPATIAL (MASSLESS) VECTOR -- 


We recognize now that 


ac # an (16) 


and that q, is simply the virtual-particle flux that 


constitutes charge -- and indeed constitutes vacuum 
itself! 

We DEFINE vacuum, based on Figure 5, as 
shown in Figure 10. 
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There is no "emptiness filled 


with charge."' Rather, 


there is 


massless charge, from which 
9 emptiness is constructed, and 
from which spacetime is con- 
structed, and from which mass 
and motion are constructed. 
9 ™\ 


(ACs 


‘2 S Cs) 
on ae ee 


9 9 


Figure 10. Removing the bare particle (mass) from 
a charged particle leaves the charge. 
The vacuum is DEFINED AS the charge. 


That is, vacuum may be defined as pure massless charge 
flux. This flux IS identically "spacetime" as well. Vacuum is 
pure O-field (electrostatic scalar potential). Here again, in 
present theory it is assumed that 


%o 


(17) 
which, by our new definition of vacuum, is quite false. 


We now note that, if we insist on assigning a spatial 
vector to the vacuum, we have the situation shown in Figure 11. 


Figure 11. Assigning a spatial vector to the 
charged vacuum 
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CONCEPT 


-- THE SHADOW VECTOR -- 


Note that this spatial vector te represents — vps: that is, 


= “8, (18) 


but &_ cannot be a force (mass system) vector. It can only exist as 
an ordered pattern in the virtual flux between two separated points of 
the vacuum; that is, as an ordered pattern in the virtual state. 
Literally, t exists only as a tiny bit of order existing in great 
disorder. 


In other words, the present EM theory is incorrect in stating 
that 


z,* -v8, (19) 


in vacuum in the absence of an observable spinning charged particle, 
since 


€ E. 20 
3 2 E, (20) 
The actual existence of te may be visualized in terms of 


successive differentials of E_ , broken into differentials e so small 


that, observably, each little differential's mass component m has 
become virtual, so that 


é. (21) 


where subscript m stands for mass, subscript v for virtual, and 
observably 
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Cum = SEQ (22) 


but, in the absence of a spinning charged particle, 
23) 
E, * /4E, (23) 


since the @, components remain individually separated. That is, in 
macro-time a SHADOW force vector exists, made of microscopically 
ordered BUT UNJOINED (unintegrated) "virtual state" vector 
differentials of what would be an observable mass system force 


vector E_ if integrated. 
‘m 


Thus, the "E-vector" €, that exists in vacuum is a "shadow" 
vector as shown in figure 12. 


a Ta Sake (- 


Or 


et aS 


\ 
93 (x1 594 +24.) 90 (Xo 149.2% .to) 
Figure 12. A "shadow vector" te 


We say that such a previous mass system vector, broken into 
ordered but unjoined virtual vectors by the absenting of all mass, is a 
SHADOW VECTOR, and we label it with a subscript vm, to 
represent "virtual mass" system. To the macro observer, this is the 
kind of "vector" that exists in vacuuo. 

Note that, observably, the shadow vector merely represents a 
special ordering in Vo. It is NOT an OBSERVABLE (mass system) 
vector, but it IS an ordered series of consecutive virtual vectors. 

With each virtual bit vector, a virtual time exists as well, and 
these "virtual time bits" are also ordered consecutively (in 
macrotime). 

I point out that any observable vector must be finite, and so it 
must have a finite magnitude (finite length). In the simplest case, this 
length AL is related to a At by 
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AL = cAt (24) 


What I am saying is that ANY observable spatial vector is actually a 
spatiotemporal vector, and the MAGNITUDE of any vector is related 
to TIME (to the existence of that vector in time) at the most 

fundamental level. Suffice it to say that, if the fundamental quantum 


level (At) aspect of a vector is interfered with, then the 
24 


MAGNITUDE of the vector is interfered with? That is, if we can 
make a time wave, we can change or affect ANY vector's magnitude, 
including the magnitude of mass system vectors and charged mass 
system vectors, Such a "time wave" can be made easily, and it has 
been. 
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CONCEPT 


-- A Scalar is a Zero Vector -- 


Now let us look at the idea of a scalar. 

A "scalar" may in a general sense be considered 
as the sum of the "absolute values" of the individual 
vector components of a system of vectors whose 
observable resultant is zero. That is, it represents the 
magnitude of the internal stress of a vector system, 
with the absence of a single observable directionality of 
the system. It also follows that every scalar is actually 
a stressed zero vector, and every zero vector is a scalar. 

Thus we have four major types of scalars related 
to the four types of vectors: 


(a) 8, = I¥,! (25) 
(b) 8, = |¥,! (26) 
© ea) 
@ (28) 


where § stands for scalar, V for vector, and subscript s 
for spatial, m for mass, and c for charged. 

For example, comparing equations (25) and 
(26), it can easily be seen that twice as many "point 
motions" is not at all the same thing as twice as many 
"gram-mass-motions." The two resulting vector 
systems are quite different. 
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-- Virtual and Observable Aspects -- 


We must also examine some aspects of "virtual" 
and "observable." 

For example, we construct several spatial vector 
summations in Figure 13. The "resultants" of these 
spatial vectors are all equal. However, the actual sums, 
even though equal, are quite different, because their 
internal "stresses" (substructure forms) are quite 
different. 


tor f 


SUPERPOSITION DOES NOT ELIMINATE THE VIRTUAL SUBSTRUCTURE. 


When the time aspects of the vector systems of 
Figure 13 are considered, one can easily understand the 
problem. That is, the resultant of each of these 
"systems" is zero, and so one can say that the vectorial 
"magnitude" of the system is zero since the magnitude 
of the resultant vector is zero. However, in each case 
the "action" represented by each vector element 
actually occurs in a finite tiny At. So: (1) The zero 
resultant must exist for a finite At, and (2) all the 
actions indicated by the system component vectors 
actually occur in that At. The absolute value of the 
“activity per unit time per unit volume" of such a zero- 
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resultant system thus has physical meaning, and one 
* + " ” + Y* 
may refer to this notion as the "stress" on spacetime’ 


or the "electrostatic scalar potential" of the system. 
Note that this differs from the present definition of 
electrostatic scalar potential, which becomes just a 


special case of the more fundamental potential defined 


26 
here. 


The derivatives of this spatiotemporal stress also 
have physical meaning. The time derivative is 
indicative of the stress on the flow of macroscopic time 
at a fixed spatial point, and the spatial derivative is 
indicative of the stress on space. Here one is 
confronted with the fact that what we call "space" and 
me" are continually being created, directly in the 


physical observing/detecting apparatus itself.22 That 
is, rigorously, "detected physical reality" exists totally 
in and of the mass-changes of the observer's mass or 
his detecting instruments. In the fundamental detection 
process itself, there is a flow of the rate of creation of 
spatial lengths and a flow of the rate of creation of time 
lengths. Indeed, to a linear observer the stress on the 
creation of the flow of time controls the flow of the 
creation of space, and the stress on the creation of the 
flow of space controls the flow of the creation of time. 
The change in the stress on 4-space (ordinary 
Minkowskian space-time) controls the "curvature of 
that spacetime” in the fifth dimension. The change in 
the stress on 5-space controls the "curvature of that 5- 
space spacetime" in 6-space, and so on. Development 
of these facets of the new concepts is beyond the scope 
of this paper.) 


xt Page 


hup://www.cheniere.org/books/part3/virtual htm (2 of 2)24.11.2003 21:30:00 


TOWARD A NEW ELECTROMAGNETICS PART IIL 


TOWARD A NEW ELECTROMAGNETICS 
PART II: CLARIFYING THE VECTOR Help support the work 
CONCEPT 


-- SCALARS AND VECTORS HAVE SUBSTRUCTURES -- 


As can now be seen, the sum of each structure in figure 13 
is observably zero. Therefore we might define the sum as a "zero 
spatial vector." We note, however, that it actually exists for a time 
At and is thus a spatiotemporal entity, rigorously. 

If we define the internal stress action A in a region As3At of 
spacetime as 


D. - 
Ace3e) © | (29) 
(s7e) * <> | 


and the 4-space internal stress intensity or potential as 


3 
S = lim A(s"*) 


3 (30) 
(4s7st)<o | 45 St 


2 


where 4is any internal vector in the substructure, As} is the 


spatial volume (about a point) containing vector +s, and At is the 
inseparable time during which these component actions occurred, 
then we see that, stress-wise, all the "zero-vectors" in figure 13 are 
quite different in their internal stresses, 4-space potentials, and 
internal substructures. For the five "zero sum" vectors, 
OBSERVABLY we have 


1702-0 


0 37% = 05 G1) 
whether or not 
AstAt,, = AstAt, (m#n; 1<Sm<5;1<n<5) (32) 


But considering the substructures, 
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n (lSm5;1<n<5; m#n) (33) 


Tnow point out that a scalar can be regarded as a stressed 
zero-sum vector, where the magnitude S of the scalar represents 
the internal stress intensity caused by the substructure of the zero- 
vector. 

Thus, generally, 


S(s™) = lim n=1 
as"at +0 


(34) 


as"at 


That is, in general any observable scalar has, consists of, and is 
comprised of a VIRTUAL (unobservable) substructure that is very 
real indeed. One must also consider the scalar as existing for some 
finite time At, (at least for the time of one quantum change), and 
the intensity of the virtual actions occurring in the spatiotemporal 
substructure of the scalar during that time At is proportional to the 
magnitude of the scalar. 

Normally, the concept of a scalar -- as presently used ~ 
makes no allowance for the scalar to exist in time, or for a virtual 
vector substructure, or for any patterning inside the substructure. 
This is equivalent to assuming that 


A=0 (35) 


and that all te. are evenly distributed. That is, from this new 
viewpoint, presently the mathematical theory assumes all scalars to 
have an equal density of virtual activity per spatiotemporal volume 
in its virtual substructure, and an isotropic virtual pattern 
distribution of an infinite number of equal virtual vectors in its 4- 


space substructure. 

In the new approach, neither of these two assumptions need 
hold -- though in special cases they can hold. Thus present 
orthodox theory is just a single special case of a more fundamental 
approach indicated here. 

Note that, by directly affecting and changing the virtual 
substructures of scalars and vectors, we can directly perform 
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virtual. state engineering, and this allows us to directly "engineer" 
the so-called "laws of nature" of the normal observable laboratory 
state and thus ENGINEER AND CHANGE PHYSICAL 
REALITY ITSELF. 

In the new approach, we can (observably) have 


24+2#4 (36) 


or 


24+2=4 (37) 


by the following means: In the first case (equation 36), we assume 
that the virtual substructures are patterned, and interact nonlinearly 
in such a way as to produce an extra observable. Thus we have a 
delta added to the normal observable scalar results of the 
interaction, as follows: 


2p + 2g = 4 + Avro (38) 


where subscript "o" means observable and "v" means virtual. Note 
that 


Ase (39) 


indicates a delta due to virtual substructure interactions yielding an 
extra observable delta. This extra delta may be either scalar or 
vector in nature, depending on the circumstances and the particular 
interactions. 

Note also that any vector or scalar must now be considered 
to HAVE, CONTAIN, and CONSIST OF an infinite substructure. 
And note that, similar to the scalar case, from the new viewpoint 
the present theory assumes each scalar (point) of the vector to have 
a structure similar to that of equation (34), except that now the 
scalars are ordered, with a linearly decreasing internal stress 
density per unit scalar along the line of the vector. 
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In the new approach, vector interaction (superposition, for 
example) can now violate present theory, if the two virtual 
substructures interact nonlinearly to produce a nonzero, observable 
delta. Observably (macroscopically) , this delta, again, may be 
either "scalar" or "vector." 

This approach now becomes consistent with quantum mechanics 
at the foundation level. 
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-- Substructures, Virtual Levels, and Hyperspaces -- 


In the new approach, our definitions and 
assumptions immediately drive us to a picture of an 
infinite set of nested levels of substructures in the 
virtual state. That is, anyone component (scalar or 
vector) in one level of virtual state has an infinite 
number of even finer virtual components, one level 
more subtle. 

AND THAT IS WHAT PARTICLE PHYSICS 
AND QUANTUM MECHANICS ALREADY 
REVEAL ABOUT THE STRUCTURE OF 
PHYSICAL REALITY. 

So these definitions and assumptions now 
provide the basis for a new vector mathematics that is 
in accord with, and fitted to, modern physical 
observations. 

We have a picture such that any observable 
scalar or vector contains a virtual substructure (virtual 
level 1). Any scalar or vector in virtual level | also 
contains a finer virtual substructure, in virtual level 2. 
And so on ad infinitum. 

Each succeedingly finer level of virtual state can 
be modeled as a hyperdimension (higher spatial 
dimension) as I pointed out in Appendix 1 to my book, 
The Excalibur Briefing.20 

Thus this approach immediately ties into 
hyperdimensional or hyperspatial theory —- such as 
Elizabeth Rauscher's 8-dimensional theory3! and 
C. Muses's hypernumber theory.22 

The new definitions and assumptions are far 
richer than what is allowed by tensors, though there are 
many similarities. Muses's work, however, essentially 
can encompass most of these definitions and concepts, 
except the distinct types of vectors are not so clearly 
delineated in his theory (at least to my comprehension 
of it.) His theory does provide a nested, 
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hyperdimensional structure of time, however, and thus 
allows "scalar" waves in the hyperspatial structure of 
time -- in other words, observably "scalar" waves in the 
virtual state structure of spacetime, or pure Tesla 
waves, or simply “time” waves. 

These are the bare notes; from this approach, 
already new (proprietary) mechanisms and exact 
specifications to make scalar waves -- in essentially 
whatever quantity and degree desired -- appear to have 
been successfully accomplished by my close 
colleagues. 

The new approach is real and it leads to a new 
physics. And I believe that the very beginnings of the 
new physics are already working on the laboratory 
bench. 

Nikola Tesla discovered the most essential 
features of the new electromagnetics over eighty years 
ago and was simply suppressed for his efforts. Now, 
although it has been eighty years in the reborning, 
Tesla electromagnetics is once again loose in the 
Western world. 

This time, let us hope that it fares better at the 
hands of orthodox science and large financial control 
groups than it did for Nikola Tesla. 
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--FOREWORD -- 


This paper is an adaptation of the oral/visual presentation given 
by the author at the 1983 Annual Conference of the U. S. 
Psychotronics Association on Saturday, July 23, 1983. 

The presentation was delivered directly from the vugraphs 
alone, and not from a formal, written text. 

The title of the presentation at the conference was "New 
Electromagnetics: Where the 'Old Math’ Took the Wrong Turn.” 

As originally conceived, the lecture was to be given in a single 
period of some 45 minutes and cover only the first part of this paper, 
the clarification of the vector concept in physical theory. The 
Symposium director so graciously scheduled two periods instead, 
allowing time to present additional material further clarifying vector 
and scalar waves, and to present a variety of unusual physical 
mechanisms that apply the concepts. 

After the conference, the author prepared this paper directly 
from the same slides, in the same order. However, no attempt was 
made to match the words in this paper to the words actually delivered 
in the formal presentation. The gist of the two, however, are the same 
-- except that, in the conference lecture, the author covered (as an 
aside) some important additional material: (1) the nature of what 
actually occurs in an "electrical ground," and (2) the author's 
explanation of the theory of Tesla's magnifying transmitter. 

An audio tape and a videotape of the author's USPA 
presentation were made by the conference officials. Copies are 
available at nominal cost from Mr. Robert Beutlich, Secretary/ 
Treasurer, U. S. Psychotronics Association, 3459 Montrose Avenue, 
Chicago, Illinois 60618, U.S.A., 
phone (312) 478-7715. 
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SLIDE 2. 


OUTLINE 


« MAIN BRIEFING 
> TRANSLATOR EFFECTS 
> POTENTIAL WEAPONS 
> INCIDENTS 
> CONCLUSION 


« HISTORICAL BACKGROUND 


> TESLA/MORAY 
> WWII AND AFTER 


« ELEMENTS OF THE EMERGING 
THEORY 
> LONGITUDINAL/ TRANSVERSE 
WAVES 
> VACUUM/MASS EFFECTS 
> FLAWS IN VECTOR THEORY 
> IMPLICATIONS 


This presentation is one part of a three part presentation, 
consisting of the main briefing on physical effects, the historical 
background, and the elements of the emerging new electromagnetics. 

In this present briefing I will not cover the historical 
background. Instead, first I will address the concepts of the new 
theory, and then I will give an abbreviated main briefing, including 
some weapon aspects. I will present one simple free energy motor and 
show how it works, and where it gets its energy. 

Much of this material I have known for some time, but have 
hesitated to release it because it enables one to develop -- in a fairly 
straightforward manner -- weapons and beams (ray) systems that can 
disable electronics, computers, communications, and people. Anyone 


re-org/books/past4/s02.htm (1 of 2)24,11.2003 21:31:22 


The Tom Bearden Website 


handy in electronics, who has a few thousand dollars and access to 
bench equipment and an electronics parts supply house, can develop 
these weapons in his or her basement workshop. But because certain 
very radical elements in this country already know some of this 
information and may plan to utilize such devices in criminal activities, 
Tam openly releasing the information as a warning, to be prepared. 

Of course there are many good things that can be developed 
with this technology, including machines to heal a remarkable variety 
of ailments and illnesses. I strongly urge everyone to use this 
information wisely and only to benefit other human beings. There 
exists a cosmic or karmic law for those who misuse it against their 
fellow persons; if one does that, one will assuredly suffer the 
consequences. 

Also, I strongly urge the development of Western defenses 
against the Soviet strategic and tactical weapons; already developed 
utilizing these principles. Unless the West wakes up to the extreme 
urgency of this task, in the near future we may be overwhelmed in 
short order by a much harsher, dictatorial system, If that should 
happen, it will plunge the human race into a new dark ages far more 
terrible than that dark period in history following the fall of Rome. 

These are the final times, and this is the beginning of the final 
technology. The ability to directly engineer physical reality itself has 
been laid in our laps. Pandora's box is already spilled open, and there 
is no longer any stopping the new technology. 

Let us prepare, then, for that which is to come. 

With these introductory remarks, let us now turn to the main 
presentation. 
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CHARACTERISTICS OF SELECTED CONCEPTS 


CONCEPT CHARACTERISTIC 


FLOW OF OBSERVABLE MASS 


+ ENERGY |PARTICLES 

+ ANENERGY FLOW OF VIRTUAL PARTICLES 

« PRESENT VIRTUAL PARTICLE FLUX TIED 
"CHARGE" TO 


OBSERVABLE MASS PARTICLES 


+ TRUE CHARGE | VIRTUAL PARTICLE FLUX 
|WITHOUT MASS. 


MULTI-DIRECTIONAL FLOW 
(THROUGH A POINT 


+ FLUX 
UNI-DIRECTIONAL MOVEMENT 
+ FLOW OF A FLUX 

[GRADIENT] 


* CURRENT UNI-DIRECTIONAL GRADIENT 
OFA 


[USUALLY CONSTRAINED] FLUX 


On this slide I show some fundamental defining characteristics of 
energy, "charge" or charged mass as presently in the theory, flux, flow, 
and current. These fundamental concepts are often somewhat 
confused in the literature. 

Particularly note that the concept of energy, being tied to "the 
capacity to do work," is specifically tied to the concept of mass. 
Eventually, energy must be expressed in terms of moving masses -- 
specifically, in accelerating or decelerating masses. 

introduce the term "anenergy” here, specifically in relation to 


spss 
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the concept of a virtual particle. Anenergy is roughly equivalent to the 
present idea of "virtual energy,” 
except it more precisely implies the flow or flux of virtual particles. 
We also redefine charge as virtual particle flux, in order to 
remove the present error in EM theory where "charge" always implies 
acharged mass. The electrostatic scalar potential, phi (@) , then 
merely becomes the intensity of the massless charge -- that is, the 
intensity of the virtual particle flux -- at a point. Let me point out, 
however, that in the new view this "point" is always in n-dimensional 
space, where n is equal to or greater than four. The present 3-space 
formulation of @ is thus a highly special case. 
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QUOTE FROM NIKOLA TESLA: 


"THE HERTZ WAVE THEORY OF WIRELESS 
TRANSMISSION MAY BE 

KEPT UP FOR A WHILE, BUT I DO NOT HESITATE 
TO SAY THAT 

IN A SHORT TIME IT WILL BE RECOGNIZED AS 
ONE OF THE MOST 

REMARKABLE AND INEXPLICABLE ABERRATIONS 
OF THE SCIENTIFIC 

MIND WHICH HAS EVER BEEN RECORDED IN 
HISTORY." 


Nikola Tesla 
"The True Wireless," 
The Electrical Experimenter 


One of the things we will find is that Hertz or transverse 
electromagnetic waves are strictly mass waves in a charged mass 
particle medium. 

For example, transverse EM waves do not, and CAN not, exist 
in vacuum. Vacuum EM waves are longitudinal waves of 
compression and rarefaction. What is compressed and rarified is the 
virtual particle flux that comprises vacuum itself. Vacuum EM waves 
in this virtual flux are just like sound waves in air -- in the flux of 
molecules and atoms that comprise the atmospheric gas. 

Nikola Tesla, of course, knew this and he frequently pointed out 
the falsity of the accepted transverse wave theory. Here is one Tesla 
quote, for example, taken from The Electrical Experimenter. (PAUSE) 

Almost every scientist -- even the "Tesla bugs” -- have thought 
Tesla wrong in his adamant opposition to the idea of Hertzian waves in 
the vacuum. 
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As we shalll see, Tesla was right and all the present scientists 
and textbooks are wrong . 
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FORCE BETWEEN TWO LIKE CHARGES 


FIXED 
“STATIC” 


CHARGE 
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A NEGATIVELY CHARGED 


e TEST MASS 
we 


BROUGHT INTO 


in VICINITY OF q; 


EXPERIENCES 


NOTE THE 
SPINNING. 
DONE WITH A 
FOR THERE 
NATURE. 


In my presentation last year, I noted some 22 fundamental flaws 
in present electromagnetics theory. One of these flaws was in the 
actual vector theory itself. As we shall discover, one cannot simply 
plug geometrical vectors into physical systems without making 
fundamental errors. The vector concept itself must be adapted, for 
there are now four different kinds of vectors in physics, all confused as 
the same thing. We will come to that shortly. 

To begin, let us look at the fundamental kind of experiment, 
shown on this slide, from which the idea of electrical force and electric 
field was taken. 

We have a fixed static charged object q(1) in the laboratory, and 
we bring in a test charged mass q(2). The test charged mass may even 
be a single electron, as we illustrate here. We show in our example the 
fixed charge to be negative. When we release the test charge electron, 
it accelerates away from the fixed charged mass, as shown on the 
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diagram, Note that we have no force at all until we bring in the test 
charged mass. Indeed, we shall find that the force is actually 
COMPRISED OF the accelerating test electron. Specifically, it is not 
something mysterious which appears in vacuum and PUSHES on the 
electron. We shall find that FORCE IS AN EFFECT, NOT A 
CAUSE, It CONSISTS OF the "smeared mass" that is accelerating -- 
in this case, it consists of the smeared, accelerating electron. 

We summarize the experiment: in the absence of the charged 
test particle, no force exists in the vacuum. When we bring in the test 
charged mass, it accelerates away, and THE FORCE CONSISTS OF 
THAT ACCELERATING CHARGED MASS PARTICLE. The 
experiment does not at all address or deal with WHAT EXISTS IN 
THE VACUUM AROUND CHARGED MASS Q(1) IN THE 
ABSENCE OF TEST CHARGED MASS Q(2). Any assumption of a 
force existing in the vacuum is sheer speculation and not based on this 
experiment. 
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REPETITIONS LEAD TO THE VECTOR "FIELD" CONCEPT 


REPEATING FIGURE 4 A NUMBER OF 
= \ / TIMES LEADS TO SETS OF FORCE 
F. ARROWS, WHICH WE THEN VISUALIZE 
a 3 IN TOTAL AS A FIELD, £, OF FORCE(S) 
ABOUT q 


ye \ RIGOROUSLY, THIS "FORCE FIELD" 
= WOULD REQUIRE THAT A SPINNING 
Fy CHARGED PARTICLE OF MASS EXIST 
AT EACH AND EVERY POINT IN SPACE 
ABOUT qi 


On this slide, we show that, as we repeat the experiment by 
bringing in the test charged mass from differing directions, the same 
thing happens around the fixed charged mass q(1). Test charged mass q 
(2) -- our electron -- accelerates radially away from q(1). 

As we repeat the experiment and draw many of the little arrows 
radially outward, gradually the idea of a "vector field" emerges. That 
is, we form the idea that, at every point in space around fixed charge q 
(1), there exists one of our little vector arrows. Thus we assign a vector 
field to the space: to every point of it, there is assigned both a 
magnitude and a direction. 

However, note that this does not describe the situation as it 
exists, at any time, in the "present." That is, rigorously any one arrow 
only exists whenever a little test charged mass is present and 
accelerating radially away. 

We may take the view that the arrow WILL exist WHEN a test 
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charged mass is brought to that point and released. In that case, the 
arrow WILL exist in the FUTURE, not the present. And we may refer 
to that as, it POTENTIALLY exists, when and if. ..ete. 

So already we see a fundamental logical problem in the idea of 
such a field. It WILL exist in the future, but only POTENTIALLY 
exists in the present. 

Of course I am not the first one to point out such difficulties; the 
fact that the field concept is erroneous is already well-known to 
foundations scientists. But it is such a USEFUL concept that it is 
retained. 

Now the E-field, or electric field, is defined as "the accelerating 
force on a charged mass per unit charged mass accelerated by it.” If 
there is no charged mass present to be accelerated, then there can be no 
E-field present. 

So E-field cannot exist in vacuum, for vacuum presupposes the 
absence of all observable mass. 

So we can rigorously say that no E-field of force exists around 
the charged mass q(1) IN THE PRESENT. At best, it can only 
POTENTIALLY exist IN THE FUTURE. 
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A SCALAR HAS A HIDDEN [VIRTUAL] VECTOR 
SUBSTRUCTURE 


VESSEL 


PRESSURE P AT A POINT 
IN A CONTINUOUS FLUID 
IN A CLOSED VESSEL 


THE ACTUAL MICROSCOPIC 
SITUATION AT POINT P 


Our next slide shows that a physical scalar quantity has a 
hidden vector substructure. 

For example, we show on the left a closed vessel containing a 
pressurized gas. The pressure at a point in the gas is a scalar quantity, 
since it has a magnitude but not a direction. However, physically what 
we have in the gas is a flux of individual molecules continually 
through any small volume, which we may let approach a point in the 
limit. Thus we have a flux in all directions through the point at which 
we specify pressure. 

That is, the scalar "pressure" at a point may be said to contain a 
substructure of individual molecule flow vectors. 

Alll physical process scalars have such hidden substructures. In 
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the equilibrium case, the summation of all the individual flux vectors 
yields a resultant vector zero. 

Thus we take the view that ANY PHYSICAL PROCESS 
SCALAR IS ALSO A ZERO VECTOR, AND ANY ZERO VECTOR 
IS A SCALAR AND CONTAINS A SUM-ZERO HIDDEN VECTOR 
SUBSTRUCTURE. 
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SCALAR AND VECTOR SUBSTRUCTURES 
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Now let us see if we can do some unusual thinking about the 
hidden vector substructure of a scalar or zero-vector. 

On the leftmost figure in this slide, we show a plate with 
balanced opposing forces. The vector summation of all the forces’ is 
zero, so the system has no resultant vector. The plate therefore does 
not move. However, the plate -- that is, the medium in which the 
forces act -- is stressed, much like the previous example of pressure in 
agas. The difference is that now the stress is patterned in its 
substructure, and not random. Now suppose we rhythmically vary the 
forces, each the same, in a regular manner in time. Yet we maintain a 
continuous balance, so there is never a system resultant greater than 
zero. In this case, we maintain our vector zero, but we are producing 
regular stress waves in the plate medium... 

I think you now can see that I can vary the individual opposing 
vector pairs so that rhythmic waves flow from top to bottom, or from 
bottom to top. That, of course, will describe a vector gradient 
traveling through the medium, and that will be an ordinary "vector 
wave." Is there any way I can make waves through the medium, and 
not have such vector waves ever appear? 

Indeed there is, if I look further into the substructure. Take one 
point on one of the vectors shown acting on the plate in the left 
diagram. That point is a scalar, and it also has a substructure of even 
finer vectors, as shown in the lower middle figure. And any point in 
one of these second-order hidden vectors is a scalar and composed of a 
still finer hidden vector substructure, as shown in the lower right 
figure. This process repeats ad infinitum, and all is structures within 
structures. At least it can be modeled that way, for it already is treated 
that way in particle physic: 

Now go back to the second order vector substructure. Here I 
can establish whatever patterns I wish, and not affect the first order 
pattern shown in the figure on the left. I can even rhythmically vary 
things in the second order substructure, and leave a blissfully 
unchanged first order substructure, to the first order observer. 

So I can make as many waves; as I wish through the medium, as 
long as I stay second order or higher, and the external observer will 
never see any change at all unless he has a special detector of some 
sort to detect the lower substructure changes. 

As I showed in the Appendix to my book, The Excalibur 
Briefing, these substructures are in reality the same thing as 
hyperspaces. And movements in them can proceed much faster than 
the speed of light. 

So I can have higher order signals and waves through the 
stressed medium without changing the overall first order stress in the 
medium. 

This is a sort of super-relativity; the present relativity is just a 
special case. 
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Superluminal communication systems are perfectly possible, but 
not with the present first order transmitters and receiver/detectors. 

Note also that higher order stresses -- stresses in the higher order 
substructures -- represent special stresses in time, and time has an 
internal stress-pattern substructure, The higher order stress waves are 
phase waves or phase fluctuations in that respect. 

Also note that Charles Musés has already created the 
hypernumber mathematics of the structure of time, and it is largely in 
his mathematics that these concepts will have to be mathematically 
modeled. 
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SLIDE 9. 


SUPERPOSITION DOES NOT ELIMINATE 
THE VIRTUAL SUBSTRUCTURE 


+4 4-1 


A. F E, 


TWO OR MORE MACROSCOPICALLY "EQUAL" 
VECTORS OR SCALARS CAN DIFFER 
DRASTICALLY IN THEIR VIRTUAL 
SUBSTRUCTURE DISTRIBUTIONS. EVEN TWO 
"ZEROS" MAY BE DYNAMICALLY DIFFERENT 
DUE TO THEIR DIFFERING SUBSTRUCTURES. 


Next we show some simple substructures of a zero vector. All of 
these vector systems sum to zero vectorially. Note that if we 
superpose two of these structures, all substructure vectors are still 
present., and the vector summation is still zero. 

Also notice that, from the standpoint of substructuring, zeros can 
be and are drastically different. 

We can even make rhythmic waves in the substructure by 
superposing patterned zero vectors in a regular fashion. 
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SLIDE 10. 


PHYSICAL VECTORS 


« VECTOR: A "SMEARED 
PARTICLE" 


e« FOUR MAJOR PARTICLES IN 
PHYSICS: 
- POINT [MASSLESS, 
CHARGELESS] 
- MASS [CHARGELESS] 
- CHARGED MASS 
- CHARGED POINT [MASSLESS} 


« LEADS TO FOUR MAJOR 
VECTORS: 
- GEOMETER'S 
- MECHANIC'S 
- ELECTRICIAN'S 
- ADVANCED ELECTRICIAN'S 


In quantum mechanics, as we approach the quantum level, we find 
that the notions of a particle (static concept) and a wave become 
inseparable. That is, any particle becomes a "smear" in length and 
time, and it becomes inseparable from its smear. At the quantum 
level, there is no separate energy, length, mass, momentum, energy, or 
time -- all are welded together inextricably into a quantity called 
"action," having the units of angular momentum. 

So at the fundamental quantum level, a moving point becomes a 
smear, and a vector represents a physical, undifferentiated entity. 

To go quickly, we now define a vector as consisting of a 
smeared particle. That is, the particle is smeared in both time and 
length, and it is not differentiated from time or length. 
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There are four kinds of particles in physics which can be 
smeared to form vectors. First, there is a point in space or spacetime. 
This point may be approximated as massless and chargeless. At least 
that is the way the geometers of old conceived it in the abstract, and so 
the idea of a "point" in space assumes it to be chargeless and 

massless. Second, there is a tiny particle of mass, often abstracted to 
be a "point-mass," but visualized as having no charge. This is the 
mechanic's particle. Third, there is a tiny charged mass, such as an 
electron, and this is the electrician’s particle. Again, it is often 
abstracted as a charged point-mass. Fourth, there is a charged point, 
having no mass, and this is the advanced electrician's particle, which 
he uses to form the idea of potentials and fields. 

Smearing these four particles at the fundamental quantum level 
produces four different kinds of physical vectors: the geometer's, the 
mechanic's, the electrician's and the advanced electrician’s vectors. 
They are all different. 
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THE FOUR VECTORS OF PHYSICS 
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SYSTEM VECTOR SYSTEM VECTOR 
eae $a - “gett § § bo] 
a Th EE 
(ADVANCED ELECTRICIAN'S 
(ELECTRICIAN'S VECTOR) VECTOR) 


On this slide we show a graphic illustration of each of these 
vectors. 

Note that they may be visualized as smeared particles, but the 
particle is not separate from the smear in time and length. 

Each vector must be considered as a unitary entity - it is a 
special kind of quantum, if you will. 

Each is a special quantum of motion. 

And Dewey Larson has it right when he says, "All is motion." 
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FORCE DEFINITION 


A TRUE DEFINITION IS AN IDENTITY. 
F =d/at (my) 


» FORCE CONSISTS OF 
THE TIME RATE OF CHANGE OF 
MOMENTUM 


« MOMENTUM IS A MASS SMEARED 
THROUGH 
A LENGTH IN A CERTAIN TIME 


« FORCE CONSISTS OF MASS- 
MOTION-CHANGE 


e FORCE IS AN EFFECT, NOT A CAUSE ! 
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We now look a little closer at the concept of a force. 

I point out that a true definition is an identity. If a supposed 
definition of an entity is not an identity for that entity, then it is not a 
definition at all, but only a statement ABOUT the entity. 

It may come as somewhat of a shock to the normal engineer and 
scientist that the foundations concepts of physics -- such as force, 
mass, energy, etc. -- are ALL in serious difficulty and contain many 
unresolved logical conflicts. 

Force is in that kind of difficulty, and it has that kind of logical 
conflict. 

In fact, in its force equations, physics has not even applied its 
own present definition of force. 

‘As we show here, force is generally defined as the time rate of 
change of momentum. 

Tf that is true, then as an identity the definition states that a force 
CONSISTS OF the time rate of change of momentum. 

‘And of course, momentum is mass times velocity. Hence 
momentum is a mass smeared through a length and through a certain 
time. 


Force then consists of the time rate of change of that smearing. 
That is, we smear the mass through time and length, faster or slower. 

But if force CONSISTS OF that smearing change, it does not 
CAUSE it. 

Force is thus an effect or result, not a cause. 

This implies that there is a more fundamental mechanism that 
causes or generates force itself -- ANY force. If we can find that 
hidden mechanism, we may well find the long-sought unified field 
theory, since it will unify all forces on a common mechanism. 
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FORCE IS AN EFFECT NOT A CAUSE 


PEM IMACROSCOPICI 
i P= [Mv] (MICROSCOPIC) 
2, Ft IMACROSCOPIC! 
6 Fee tim) mice 
= (Mi + Mi] 
5. = [Mi] (NONRELATIVISTIC! 


6. FORCE CONSISTS OF A “SMEARED MASS” 


7. ITIS MASS-ACCELERATION, IT DOES NOT CAUSE IT. 
8. FORCE IS AN EFFECT, NOT A CAUSE! 
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On this slide, we show briefly how one might express this idea 
in mathematical symbology. 

Macroscopically, momentum consists of mass times velocity. 
Microscopically, the mass and the velocity are inextricable, and it is 
not proper to speak of a "mass in motion," but only of "mass-motion." 
We show this in equation 2. 

We take the macro definition of momentum, as shown in 
equation 3, and express it for the microscopic, unseparated case, as 
shown in equation 4. 

In the nonrelativistic case, we may consider m-dot to be zero, 
since the time rate of change of mass is almost zero. In that case, force 
may be defined for the microscopic case as a smeared accelerating 
mass, as shown in equation 5. 

Force thus consists of the welded mass and acceleration, with no 
seam in the middle. 

It IS mass-acceleration; it does not CAUSE it. Therefore force 
is an effect, not a cause. 
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SLIDE. 14 


FORCE AND E-FIELD DO NOT EXIST IN VACUUM 


—— 
1. Fy = [Mp ot] 
2. WITHOUT M, THERE IS NO Mp, HOR F, 
3. HENCE FORCE DOES NOT EXIST IN VACUUM. 
4 Eom = at 
5. WITHOUT M, THERE IS NO Fem, NOR Som: 
6. HENCE E-FIELD DOES NOT EXIST IN VACUUM, 
7. SIMILARLY, B AND G DO NOT EXIST IN VACUUM. 
8. NO FORCE FIELD EXISTS IN VACUUM. 
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But if force CONSISTS OF mass welded to acceleration, it 
cannot exist in the absence of mass. 

Hence force does not exist in 
vacuum. 

Further, the E-field (Electric field) of a charged particle is 
defined as the force on a charged mass, divided by the mass. 
That is, the E-field is thought to represent the force per unit 
charged mass. And then it is assumed to exist in vacuum. 

But vacuum is without mass or charged mass, observably. 
Without mass, neither force nor charged mass exists. 

Therefore the E-field does not exist in the vacuum. 

Magnetic field (B) and gravitational field (G) are similarly 
defined, and they have the same logical difficulties. 

Therefore neither magnetic field nor gravitational field 
exist in vacuum. 

A priori, NO force field exists in vacuum. 

The greatest error in physics has been the assignment of a 
force as a cause, and thus assigning it to the vacuum. The force is 
an effect, and it never exists in vacuum, a priori. 
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SLIDE 15. 


COROLLARIES 


- MORE PRIMARY MECHANISM 
CAUSES/GENERATES 
FORCE -- ANY FORCE 


« FORCE DOES NOT EXIST IN VACUUM, 
SINCE 
VACUUM IS THE ABSENCE OF MASS 


« FORCE FIELDS DO NOT EXIST IN 
VACUUM 
¢ E-FIELD 
¢ B-FIELD 


« TRANSVERSE [HERTZIAN] WAVES 
DO NOT EXIST IN VACUUM 
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Without belaboring the issue, I now point out and 
summarize some of these conclusions. 

First, a more primary mechanism causes or generates force 
-- ANY force. 

Second, force implies the presence of mass a priori. Force 
does not exist in vacuum, since vacuum is the absence of 
mass. = 

Third, no force fields of any kind exist in vacuum, 
including E-field, B-field, and gravitational 
field. 


Fourth, since Hertzian waves are defined in terms of E and 
H force fields, and these fields do not exist in vacuum, then 
Hertzian waves do not exist in vacuum. 

Tesla pointed out long ago that vacuum EM waves are 
longitudinal waves, not Hertz waves. Vacuum EM waves are 
similar to sound waves in a gas. 

The Hertz wave exists as a matter wave in the electron gas 
in a transmitting antenna, and in the electron gas in a receiving 
antenna, but does not exist in the vacuum in between the two 
antennas. Between them, EM waves are longitudinal waves. 
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SLIDE 16. 


ENERGY IS DERIVED, NOT FUNDAMENTAL 


@ ENERGY IS CONGRUENT TO WORK 
dW=F «ds 
BUT FORCE IS AN EFFECT, NOT A CAUSE 
THUS WORK IS AN EFFECT, NOT A CAUSE 
ENERGY=WORK CAPACITY 
A MORE FUNDAMENTAL MECHANISM GENERATES “ENERGY” 


= AA 
AE AT 


@ ENERGY IS AN EFFECT, NOT A CAUSE 


Energy is usually taken as "the capacity to do work" at 
some future time, In other words, when we refer to the energy of 
something, we refer to HOW MUCH WORK IT CAN DO IN 
THE FUTURE, IF AND WHEN WE ARRANGE FOR IT TO 
DOIT. Rigorously, a body has no "work" at a particular instant 
in time, so we use "energy" to refer to potential work that can, or 
will, be done in the future. Thus energy is always congruent to 
work in the future. 

And for that reason, the units of energy are the units of 
work; the only difference is in the time the work is done, relative 
to the "now" or "present" we are speaking of. 

Energy is the potential for work to be done in the future. 

But what is work? 

Well, work is defined in terms of the movement of a force 
through a distance. And it is understood that only the projection 
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of the force along the line of movement is "working." Thus work 
is defined differentially as shown on the slide. The differential of 
work is equal to the dot product of the moving force times the 
differential of displacement. 

But as we have seen, force is an effect, not a cause. 

That is, when we calculate the work done, it's always in the 
past, never in the present or future. It's always been DONE, and 
has been expended. 

Being in the past, it's gone forever, so it certainly isn't the 
CAUSE of anything which happens in the future. 

Thus work is an effect, not a cause. 

That's interesting, because then it certainly does not 
directly generate "energy," since energy is something in the 
present which speaks of future work to be done. 

Rigorously, the fundamental quantum -- which is what 
exists in the present, in unseparated and unquantized form — 
consists of action. NOT energy, NOT time, NOT length, NOT 
momentum exclusively, but all of these INclusively. 

And a change in energy occurs when a quantum is 
separated at a certain rate in time. Thus delta energy equals the 
time rate of change of action, or delta action divided by the delta 
time used in separating the quantum and fissioning it into parts 
(collapsing the wave function). 

Thus energy itself is an effect or result of a more 
fundamental mechanism, and it is not a cause. 

In quantum mechanics all this has been neatly "buried" 
in the mysterious "collapse of the wave function,” which is 
supposedly what "causes" everything to happen. And then we 
swear that what results after the collapse is a totally statistical 
selection from the possible states of the system we 
are examining. We thus say that the microworld is 
totally statistical at base. Of course we also build a wave 
equation or wave function which propagates forward in time with 
rigorous causality, and that wave or function absolutely controls 
the basket of "possible states” allowed . 

Alll that says is that the "wave function times time" is what 
exists in the present, when observation has not been made by 
stopping time." And then we "stop time” in a rather blunt 
manner, somewhat like firing a billiard ball blindly into a group 
of billiard balls on a table, and we live with what gets hit and 
pops out. 

If we examine this "time" that is flowing, look into its 
substructure, and arrange that substructure as we will, we can 
control which "billiard ball" is hit and which pocket it goes into. 
By working on the vector substructures of time, we can thus 
deliberately control the microworld and make it causal, not 
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statistical. Quantum mechanics is in error in stopping where it 
has; it is presently only a first order approximation of the real 
quantum mechanics that awaits. 

Einstein was correct after all; God does NOT play dice 
with the universe when one considers all levels. 

One finds oneself in a statistical situation at one level only 
when the constituent sublevels of it are uncontrolled. 
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SLIDE 17. 


EXISTENCE IN, AND PASSAGE THROUGH, TIME 


IN RELATIVITY, TRANSLATION OF A BODY AND 
PASSAGE THROUGH 
TIME ARE RELATED 

AL=CAT 


"MASS" IS SPATIAL 
- DOES NOT EXIST IN TIME 
- "MASS-TIME" EXISTS IN TIME 


VIRTUAL FLUX TO AND FROM A BARE 
PARTICLE DETERMINES ITS 
“PASSAGE THRU TIME" 


SPHERICAL SPIN OF A MASS PARTICLE [L] 
COUPLES IT TO THE 

SPACETIME VACUUM [L3T] VIRTUAL PARTICLE 
FLUX 


PASSAGE THROUGH ORDINARY TIME IS 
CONTROLLED BY 
CREATION AND ANNIHILATION OF QUANTA 
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On this slide, we simply point out that translation of a 
body through space and its passage through time are related, 
according to relativity. 

Now "mass" is spatial. 

It does not exist in time. 

Only things which contain the unit of time can "exist in 
time." 

Otherwise, the thing only exists as such when the passage 
of time has been momentarily stopped -- usually by photon 
emission and the consequent carrying off of the time unit by the 
photon. 

Since every mass that has temperature -- and every mass 
does -- is continually absorbing and emitting photons, then the 
mass is continually grabbing a time tail (absorption) and losing it 
(emission) shortly thereafter. 

Masstime is what exists in time, not mass. 

And every mass particle is continually turning from mass 
to masstime to mass, etc. 

Indeed, it is the summation of the absorption and emission 
of virtual subquanta by a mass particle -- ie., its "charge" -- that 
determines its rate of flow through "time." 

And the spherical spin of a mass particle couples the 
particle of mass to the spacetime vacuum; that is, to the virtual 
particle flux. 

Passage through ordinary time is controlled by creation 
and annihilation of quanta, and these processes are controlled by 
substructure (subquantal) actions and interactions. 
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SOME IMPLICATIONS 


« MODIFIES CONSERVATION OF 
CHARGE 


« MODIFIES CONSERVATION OF 
ENERGY 
* MASS 
* ENERGY 
* ANENERGY (MASSLESS CHARGE) 


- MODIFIES NEWTON'S LAW 
* FOR EVERY ACTION, THERE IS AN 
OPPOSITE AND EQUAL REACTION 
* REACTION NEED NOT BE LOCAL 


* REACTION NEED NOT BE 
ANTIPARALLEL 


« UNIFIED FIELD THEORY 
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Without belaboring the issue, I now simply point out some 
implications of the new approach, 

First, we modify two laws -- the conservation of charge and 
the conservation of energy -- by combining them into one law, a 
new conservation law in which anenergy is conserved. 

Neither charge per se nor energy per se need be conserved; 
but the overall anenergy (massless charge) equivalency is what is 
conserved. This allows us to derive mechanisms for free energy 
from the vacuum, for example. These mechanisms readily 
violate the present conservation of energy law, but do not violate 
the overall conservation of anenergy law. 

Itis the total anenergy equivalency of mass, energy, and 
massless charge that is now to be conserved in general. The old 
laws are now just special cases. 

Also, Newton's third law -- for every action there is an 
equal and opposite reaction -- is modified. It still applies, but in 
changed form. 

The reaction still occurs, but it need not be local, and it 
need not be antiparallel to the original action. 

Thus it is now possible to design and build a "locally 
reactionless" inertial space drive for a vehicle. 

The final implication is that the common mechanism 
producing force -- any force -- provides a unified field theory. 
Specifically, it provides one which easily lends itself to direct 
engineering. It is not esoteric nor mysterious. It is practical and 
physical, and it can be done with some modifications to our 
present electrical circuits and devices. 
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SLIDE 19. 


CONSERVATION OF ANENERGY (AE): 
(AN EXPANDED ENERGY CONSERVATION LAW) 


1. CONSERVATION OF CHARGE: 
- “CHARGE” = MASS [Mg] + CHARGE (AEg] 
= |Mc| + |AEg|=K, 
2. CONSERVATION OF ENERGY: 
- DYNAMIC ENERGY [E] 
~ ENERGY EQUIVALENCE OF MASS [Mr] 


- |El+ [Mel = Ko 
3. ADDING (1) AND (21: 
[Mc] + |AEg| + 1El +1Mel = Ky + Kp = Kg 
4, LETTING [Mi= 1M! + IMel. 
IM| + IEl+|AEg| = Kg 
5. LETTING |M|=AEy, |E|=IAEgl, |AEg| = AE, 
AEy + AEg + AEg =Kg 
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We briefly show a simplified derivation of the new 
conservation of anenergy law. 

We express the conservation of charge law by correcting 
the term "charge" to show its true meaning: charged mass. We 
use the absolute value symbol to mean the "anenergy 
equivalency.” 

As shown on the slide, we account separately :for the mass 
(m-sub-c) of the conserved charges and the virtual particle charge 
flux (the anenergy -- AE-sub-c) of the charges conserved. That 
Jaw now says that the absolute values of the masses and the 
massless charge fluxes have a total constant summation. 

For a dynamic mass, we do a similar thing, in this 
simplified case ignoring potential energy of position, and taking 
the energy equivalence of the dynamic energy (M-sub-E) and the 
rest mass energy of the particles, M-sub-E. The conservation of 
energy now States that these two terms have a constant absolute 
value summation. 

We add equations | and 2, getting equation 3. We 
consolidate like terms to get equation 4. 

Expressing all terms in their anenergy equivalencies 
(absolute values), we get equation 5, which is the overall 
conservation of anenergy equivalency. 

Note that we now can change mass into energy or 
anenergy (massless charge), energy into mass or anenergy, and 
anenergy into mass or energy. 

Thus we can turn everything into pure vacuum ether (pure 
massless charge, pure anenergy, pure electrostatic scalar 
potential, pure stress on spacetime) or we can turn part of the 
vacuum into energy or particles of mass. 

Vacuum now becomes a very real thing indeed. 

It is pure anenergy. 

Pure massless charge, pure electrostatic scalar potential, 
pure "broken bits" (subquantal bits) of (quantized) energy. 

The vacuum is identically the virtual state. 

It is not an emptiness filled with virtual things; rather, it IS 
the sum total of those virtual things, for they are totally 
unseparated until some sort of "conceptual observation" 
is invoked. 

Physics should have adopted Einstein's suggestion that the 
vacuum, complete with its EM and gravitational fields, be called 
the ether. 
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SLIDE 20. 


FREE ENERGY IS ALLOWED 


« ANY ONE-WAY GATING PROCESS 
FROM ANENERGY 
TO ENERGY YIELDS "FREE ENERGY" 
SINCE 
THE ANENERGY IS 
AUTOMATICALLY REPLENISHED 
BY THE UNIVERSE. 
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Now we can put the search for free energy devices on a 
rigorous scientific basis. 

As shown here, mass and energy are translatable one into 
the other. So are massless charge and energy. 

And the universe is filled with fantastic amounts of 
anenergy; ultimately, that is what the universal vacuum IS. 

Any one-way gating process from anenergy to energy 
yields "free energy" since the anenergy is automatically 
replenished by the universe. 

A sort of Maxwell's demon, after all, is what we need. 
Only we need one which works with the virtual state, not 
observable molecules. 

Fortunately nature has provided several Maxwell's demons 
of this sort, if we but recognize them and learn to use them. 
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SCALAR POTENTIAL CAN FORCE 
THE RELATIVISTIC CASE 


« FOR SCALAR POTENTIAL 
ENERGY 
OF APPRECIABLE SIZE 
RELATIVE TO 
A PARTICLE'S REST 
ENERGY. 
> NEWTONIAN 
MECHANICS AND 
> THE SCHRODINGER 
EQUATION 


« MAY BE INADEQUATE 
« EVEN IF V/C IS SMALL 


Bloch & Crater, "Lorentz-invariant 
potentials and the non-relativistic 
limit," American Journal of Physics, 
Vol. 49,No. 1, Jan. 1981, pp. 67- 
75 
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First, let us now digress to point out that one 
does not have to have relativistic velocity to obtain 
relativistic effects. 

One can use the common electrostatic scalar 
potential to drive the situation relativistic. On this slide 
we show just one of several references in the standard 
literature that address this fact. 

Let's understand what we are saying 

Anything you get from a relativistic situation, 
you can get directly by cleverly applying electrostatic 
scalar potential. 

You can get a change in the passage through 
time, you can get energy changes, mass changes, 
inertial resistance changes, etc. 

You can bend, warp, and twist spacetime like a 
pretzel. 

If you "wave" the scalar potential by simply 
varying it , you can create pure time waves. You can 
also produce pure inertial field waves, pure 
gravitational waves, etc. 

The ability to engineer the curving of spacetime 
allows the direct ability to engineer physical reality 
itself. 
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SCALAR STRESS WAVE 
[O-WAVE] [TESLA WAVE] 


VELOCITY 
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On this slide we now show a simple way to 
make a scalar, zero-vector wave -- the kind of wave 
originally discovered by Nikola Tesla. 

It's simple. We just believe that a sum-zero 
vector substructure makes a scalar quantity, and we 
MAKE some scalars that way. 

We also understand that a zero-gradient of a 
scalar is a zero vector, so that the scalar itself may be 
taken to be a zero vector. 

The simplest explanation of this wave is as 
follows: 

First, in physics we have two competing, 
mutually exclusive theories as to the nature of 
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electromagnetic energy: the wave theory and the 
particle theory. Physicists argued for decades over 
these theories, for some experiments support one and 
some support the other. They never solved the 
problem; they just agreed to quit arguing. They 
formulated the "duality" principle to allow the saving 
of face to both sides. 

Briefly, the duality principle implies that, 
whatever the nature of electromagnetic energy is before 
an interaction, in the interaction you can get it to act as 
a wave or asa particle. In other words, AS IT 
EXISTS, BEFORE THE INTERACTION, it is 
implicitly both particle and wave, joined together in 
some fashion, without being explicitly either one. 

With the fourth law of logic, this becomes 
perfectly clear. With three-law Aristotlean logic, the 
problem is unresolvable. 

Let us use this idea of "explicit duality without 
implicit duality" to analyze the wave shown on the 
slide. 

First, from a wave aspect, the E-fields and the B- 
fields of the two waves do superpose and vectorially 
add. Since the waves are 180 degrees out of phase, the 
exterior resultant wave has a zero electric field and a 
zero magnetic field. Therefore it is a "zero-vector" 
wave, or "scalar" wave. It's a wave of pure stress in 
spacetime. 

However, this scalar wave has a precisely 
determined substructure, consisting_of two ordinary 
sine waves, each of which comprises an ordinary E-H 
vector EM wave. 

Now we apply the photon consideration 
(remember, before we interact with the wave, it must 
implicitly possess BOTH wave and particle natures 
combined, and we have so far only examined the 
implication of the wave nature. 

The theory of photons’ states that they are 
monocular critters. Photons pass right through other 
photons without interaction, in a linear situation. 
Therefore they can coexist without interaction, which is 
what we show here. 

One photon, by the way, is one wavelength . 

The photon theory requires that both substructure 
waves continue to exist as independent photons. 
Therefore we are assured that our substructure is intact. 

However, notice that the totality of the two 
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waves stresses spacetime. In other words, we have 
twice the stress on spacetime now as we would have 
from either wave separately. 

This wave is therefore just a pure stress wave in 
spacetime itself. 

This thing oscillates time, oscillates the relativity 
of the situation, and can affect energy, time flow rate, 
inertia, gravity, etc. aspects of an absorbing system. 

Note that we have a rhythmic oscillation in phi 
(@), and we have a longitudinal stress wave, very 
similar to a sound wave. The MEDIUM for this wave 
is the virtual particle flux that identically comprises 
vacuum spacetime itself. 
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SCALAR 0-WAVE PRODUCTION 


VIRTUAL GROUND 


+5 
+E 

F-5 SPINNING 
-E CHARGED PARTICLE 
aE WILL NOT PRECESS 
+10 |--yg - - - - — 


COMPRESSIVE 
STRESS 


STRESS LEVEL 
ON SPACETIME 


On this slide we show how to regard the 
magnitude of the stress, by using one wave envelope as 
"virtual ground." In the top diagram, the original E- 
field stress of each wave has a magnitude of 5, and the 
composite stress wave now has a magnitude of 10, in 
whatever units we choose to express them. 

We show in the bottom diagram that during one 
half cycle we have compressive stress in the virtual 
particle vacuum flux, and during the second half cycle 
we have tensile stress. 

This shows the wave is like a sound wave in the 
gaseous molecules of the air. 

However, this wave has one difference. It also 
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oscillates time, and thus has at least one additional 
degree of freedom, compared to ordinary EM waves. 
In fact, this wave can be made n-dimensional 
and hyperspatial. 
As a first order approximation, we can treat 
such a wave in 
a spatial fashion, if the wave is not too great in 
magnitude and the relativistic oscillation of time and 
inertia is not too large. 
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A SIMPLIFIED CHARGED PARTICLE 


VIRTUAL 
PARTICLE 
, FLUX 


CHARGED PARTICLE 
= _ ATTACHED TO FLUX 
BY ITS SPIN 


(THINK OF THE FLUX IN AND OUT, EXCEPT GRADIENTS 
ARE SPIRAL-LIKE, DUE TO PARTICLE'S SPIN) 


We now digress slightly to pick up some more 
concepts. 

On this slide, we show a simplified physical 
model of a charged particle. According to present 
particle physics, we 
model it as an observable, spinning bare mass in the 
middle, connected to a spray of virtual particles on and 
off the mass in all directions. 

Itis the spin of the mass that "attaches" the 
spray of virtual particles to and from itself. 

Note that, because of the spin, the gradient lines 
of flux will actually be spiral or vortex in nature. 

Also note that, when EM theory was founded, no 
one knew that an electron was spinning. Electron spin 
was therefore omitted from the foundations of present 
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electromagnetic theory, and compensated for later by 
strictly ad hoc measures. 


Next Slide 
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SLIDE 25. 


A CHARGED PARTICLE IS A 
SPECIAL KIND OF "SPRAY NOZZLE" 


.) 


a - 
SPRAY ON“ 
Ane OFF _~ 


SD, Am™ POINT IN 4 
of << ~SPACE 


if HARGED g IS INTENSITY OF 
ARTICLE -* FLUX OR SPRAY 


SPINNING 


(SPRAY IS THROUGH 4 DIMENSIONS, NOT JUST 3) 


Here we show a very important concept, and a 
very important fact of nature. 

A charged particle may be idealized as a special 
kind of spray nozzle. 

The 3-dimensional particle of mass is spraying 
out virtual particle fluid, and sucking in virtual particle 
fluid, in four or more dimensions. 

We never have to furnish or replenish the spray. 
Nature provides that. And it's inexhaustible. It comes 
from the entire virtual particle flux vacuum of the 
universe. It's already connected firmly to matter, by its 
connection to the spinning charged particle of mass. 

Trepeat and strongly stress: This tremendous, 
continuous spray of virtual particles is absolutely free, 
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and absolutely furnished by the universe. 

We don't have to create the basic pumps for the 
fluid. We just move the spray nozzles around, by 
moving the spinning charged masses around. 

We never furnish any ultimate energy to or in 
our present EM circuits. We just pump around the 
spray nozzles, gating the spray furnished by the 
universe. 
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SLIDE 26. 


AN OBSERVABLE CHARGED PARTICLE IS DIRECTLY 
CONNECTED TO VIRTUAL PARTICLE FLUX VACUUM 


cdi 3% 


On this slide we accent that our 3-dimensional 
particle of mass is directly connected by its spin to the 
vacuum ether itself. To the virtual particle flux that 
identically IS the vacuum spacetime. 

Interestingly, relativity states that the mass 
itself is nothing but a "kink" or curvature in spacetime . 

The fact that the surface of the particle is 
spinning at right angles to the virtual particle vacuum 
flux "drags" part of the flux along with it, spiraling it, 
and certainly "kinking" or "bending" the vacuum flux . 

That's the MECHANISM for the bending of 
spacetime. And that's what MAKES the particle of 
mass in the first place, and reduces its dimensionality 
to three. 
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Also note that the vacuum IS phi-sub-zero, and 
that is never 
a zero value. This is contrary to present EM theory, 
which erroneously assumes phi-sub-zero -- the charge 
of vacuum -- to be zero or non-existent. 
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SLIDE 27. 


SPIN COUPLES VACUUM TO PARTICLE 


SPHERICAL ROTATION IS THE KEY 


A PARTICLE CAN BE MODELED AS 
A SPHERICALLY ROTATING VORTEX 
OF SPACETIME 


ITS MASS IS DUE TO ITS SPIN 


THE SPINNING OBJECT IS 
CONTINUALLY CONNECTED 
TO ITS ENVIRONMENT 


VERY HIGH VALUES OF 
ELECTROSTATIC POTENTIAL 
CAN INDUCE RELATIVISTIC 
CONDITIONS 


» CHANGE RATE OF FLOW 
OF TIME 


» EVEN THOUGH VELOCITY 
IS NONRELATIVISTIC 


EP.BATTEY-PRATT AND T.J.RACEY 
"GEOMETRIC MODEL FOR FUNDAMENTAL 
PARTICLES," 

INTL. J. OF PHYS. 19, NO. 6, 437-475, 1980 
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In fact, the bits and pieces of many of the new 
concepts are strewed all through the scientific 
literature. Here we show one example, establishing a 
good model that spin of a particle couples the particle 
to the vacuum . 

This paper is by E.P. Battey-Pratt and T.J. 
Racey, and was . published in the International Journal 
of Physics in 1980. 

Note again that very high values of electrostatic 
potential 
can induce relativistic conditions, even though 
relativistic velocity is not present. 
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SLIDE 28. 


ELECTRON PRECESSION (SIMPLIFIED) 


¢g SPIN AXIS MOVING 
PRECESSION AXIS 


“NORMAL” EM 
SCALAR 


VELOCITY 


ELECTRON PATH 


PRECESSION AXIS FREE ELECTRON 


On this slide I show the effects of precession of 
an electron when it encounters a longitudinal scalar 
wave that contains "spin vortex holes" for the electrons 
to fall into and mesh its spin with. 

The basic idea here -- that electron precession 
accounts for the Hertzian waves in the electron gas in a 
transmitting antenna and in a receiving antenna, came 
from my close colleague and friend, Frank Golden, and 
Iam most happy to give him full credit for this 
important insight. 

As we have previously stated, transverse (force) 
waves cannot exist in vacuum in the absence of mass. 
Hertz waves therefore cannot exist in vacuum, just as 
Tesla stated. 

Yet we know that Hertz waves exist in the 
electron gas in 
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our transmitting antennas and in the electron gas in our 
receiving antennas, How then do we get Hertz waves 
here, if only longitudinal waves can exist in the 
vacuum in between? 

Electron precession is the key. 

We never measure what's happening in vacuum 
with our instruments. Instead, almost always we 
measure what is happening to and in the electron gas in 
our antenna or probe and feeding current to the 
instrument. 

Here we show a "normal" EM vacuum wave -- 
which is a longitudinal wave containing spin vortexes 
from the electrons that generated it -- approaching and 
striking a spinning charged electron. As the peak and 
trough of the wave passes, it is as if we had a force 
pressing against the spinning electron, first along the 
line of wave travel, and then antiparallel to the wave 
travel. (that is, "explaining" it in present concepts.) 

The electron acts as a little gyroscope, and 
precesses laterally, first in one direction and then the 
other. 

Therefore the wave recovered in the electron gas 
in our receiving antenna or instrument probe is a 
transverse Hertzian matter wave. 

Hertz waves are always matter vector waves. 

Vacuum EM waves are always nonmaterial 
longitudinal scalar waves. 

Longitudinal scalar waves in vacuum normally 
contain many spinning vortex "holes" of flux, created 
from the spinning electrons which launched the wave 
and stayed behind in the transmitting antenna. This 
kind of longitudinal wave is directly detectable by a 
normal free electron charged gas in a receiving antenna 
or probe. It also directly interacts with free electrons in 
a conducting metal shield, and so is shielded by 
Faraday cages. 

On the other hand, our zero-vector longitudinal 
wave, made 
by opposing waves, contains opposing spin holes 
which annihilate or cancel each other. 

In the absence of spin holes, the longitudinal 
wave will not mesh with spinning electrons in a 
conductor, and so it is not detectable in the normal 
fashion. It also does not interact with free electrons in 
a conducting metal shield, so it readily penetrates 
Faraday cages. 
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An easy way to see that electrons do not interact 
with that substructured longitudinal zero-vector wave is 
to visualize both substructure component waves 
interacting on the electron simultaneously, pushing in 
opposite directions equally. In that case the electron 
tries to precess in both directions, equally, and so it 
does not precess in either direction. Therefore it does 
not "detect" the passing wave. 

The wave without "golf ball holes", however, is 
detectable 
by any circuit having high nonlinearity actions 
occurring in it. Such highly nonlinear dynamic areas 
act to provide a phase shifting between the composite 
substructure waves. This phase shift results in 
violation of the sum-zero condition, producing a 
"normal" EM wave which deposits energy in the out-of- 
phase area. 

From the spin vortex "golf ball hole" concept, 
the out-of-phase condition means that now we have an 
alternating preponderance of spin holes, spinning first 
in one direction and then in the other. Thus the 
electrons in the nonlinear, phase shift area are hooked 
and oscillated (precessed) to and fro, producing energy. 

Solid state, highly doped transistors are 
particularly vulnerable to this effect, as are gas 
discharge tubes, spark and cascade ion discharges, 
plasmas, ete. 
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SLIDE 29. 


VACUUM/SPACETIME IS 
PURE VIRTUAL PARTICLE FLUX (@) 


eG VACUUM IS IDENTICAL TO: 


bE « VIRTUAL PARTICLE FLUX 
SPACETIME 
ANENERGY 


2, 
. MASSLESS CHARGE 


MADE OF UNQUANTIZED ACTION 
WITHOUT DEFINITE LENGTH INTERVALS 
WITHOUT DEFINITE TIME INTERVALS 
N-DIMENSIONAL (UNFIXED) 


VACUUM IS: 


We pause here to again summarize some 
important things we now know about vacuum. 

Vacuum IS IDENTICAL TO virtual particle 
flux, spacetime, anenergy, Phi-subzero, massless 
charge, unquantized action, and infolded energy, 
momentum, length, time, power, velocity, acceleration, 
etc. 

Vacuum is made of unquantized action, 
dimensionally. 

It is without definite length or time, as Einstein 
stated. 

It is n-dimensional, where n is always four or 
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greater. 

It is not an emptiness filled with things. Rather, 
it is identically a plenum filled with things which are 
totally unseparated, unfixed, and undetermined. 

From vacuum: mass, energy, time, frames, and 
all the rest of physical reality are dynamically made. 

Vacuum is the ether. The ether has never been 
eliminated from physics, Ether just has become much 
more subtle, and physicists have used other names for 
it. 
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SLIDE 30. 


VACUUM IS: 


e« SPACETIME (L°T, WHERE n > 3) 

« CHARGE (MASSLESS) 

« ELECTROSTATIC SCALAR POTENTIAL 
9, #0 
ERROR IN PRESENT THEORY 

- BROKEN BITS OF ENERGY 
(SUBQUANTAL) 

e PURE VIRTUAL PARTICLE FLUX 

« O-WAVE FLUX 

« MULTILEVEL, STRUCTURED, 
PATTERNED 

e AVIRTUAL PLENUM 

e« AN OBSERVABLE EMPTINESS 


Again, we list some of the things that vacuum 
identically 
is. 

It is spacetime, massless charge, electrostatic 
scalar potential, broken bits (subquantal) of energy, 
pure virtual particle flux, zero-vector wave flux, 
multilevel, structured, patterned, a virtual plenum, and 
an observable emptiness. 

It is all things and contains all things in potential 
state. 

It is not, in that it is not observable. But from it 
comes 
all observables. 

It is both ordered and disordered, 
simultaneously. 
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It involves four-law logic, not just three-law 
Aristotlean logic. 
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SLIDE 31. 


GRADIENT OF ELECTROSTATIC POTENTIAL 


IN VACUUM 
VO#k 
ON AND OF A MOVING CHARGED PARTICLE 
VO=E 


Again I accent that, in vacuum in the absence of 
a charged spinning particle of observable mass, del-phi 
does not yield an E-field, and the conventional 
equations of EM are wrong in that respect. 

In the presence of a spinning charged particle, in 
a del-phi which contains electron-vortex-holes to mesh 
with, the charged particle attaches itself to the moving 
del-phi flux gradient, moving itself with the river. This 
produces an E field. The E-field CONSISTS OF the 
smeared electron, it does not CAUSE THE 
MOVEMENT of the electron. It is an effect, not a 
cause, The conventional equation for del-phi equals E 
is correct for matter waves in electron gases; it is not 
correct in vacuum itself. 
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SLIDE 32. 


IN A VO, A CHARGED PARTICLE MOVES ITSELF 


V@>0 IMPLIES A MOVING RIVER, AND THE 
CHARGED PARTICLE IS "HOOKED TO" THE RIVER 


Vi RIVER 


if >, 


We show clearly on this slide that a spinning 
charged particle, when it hooks to a spin-hole in a del- 
phi river, MOVES ITSELF. 

Note that a del-phi implies a "pressure 
difference" in phi-flux between two points. Therefore 
there is a moving river ~ a gradient -- of phi-dot, 
moving from the higher pressure to the lower. 

If a charged particle is attached to this moving 
river, it flows along with the river. It is just like putting 
a boat into a moving stream of water. If the boat 
latches" to the moving water, it moves with the river. 

Electron spin and spin vortexes in the del-phi 
mesh, to accomplish the "hooking" or "latching." 
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Once hooked into a moving river, the electron 
moves itself. One does not have to furnish work to 
move it. 

If the river is accelerating, the electron will 
accelerate itself. 

By cleverly gating such rivers into and onto 
sources of free electrons, one can directly produce free 
energy. 

The extra energy comes from converting 
anenergy (massless charge, vacuum flux) to energy of a 
moving mass. 
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SLIDE 33. 


ELECTROMAGNETIC WAVES 
IN ELECTRON GAS IN A CONDUCTOR 
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Here we pause to summarize the 
characteristics of electromagnetic waves in the electron 
gas of a conductor. 

First, these are vector EM waves in the 
accepted sense. 

They contain E and B fields. 

They are generated by spin coupling of 
electrons with spin-holes in a scalar wave delta-phi 
river. The electrons move themselves under that 
condition, producing work and forces. 

They are waves of force or force field 
variations. 

They are Hertzian waves. 

They are transverse oscillatory, not 
longitudinal. 

They are matter waves. 

They are waves of electron precession. 


Next S| 


-up://www.cheniere.org/books/part4/s33.him (2 of 2)24,11.2003 21:32:55 


The Tom Bearden Website 


The Tom Bearden 
Website 


SLIDE 34. 


ELECTROMAGNETIC WAVES IN VACUUM 


SCALAR LONGITUDINAL 
WAVES 


« VECTOR ZERO [6] WAVES 

« WITHOUT £é, B FIELDS 

« INTERNALLY STRUCTURED 
« PATTERNED 


« MAY CONTAIN ELECTRON 
"SPIN-HOLES" 


Here we summarize the characteristics of 
electromagnetic waves in vacuum. 

They are scalar longitudinal waves of alternate 
compression and rarefaction of the vacuum virtual 
particle flux. 

That is, they are waves of electrostatic 
potential. 

They are zero-vector waves. 

They are internally structured and patterned. 

They usually contain electron "spin holes” 
unless made in a fashion so as to make opposing spin 
holes that cancel each other. 

Since they are pure phi-waves, they need not be 
limited in velocity to the speed of light. 

They are hyperspatial waves. 

They are waves in virtual state itself. 
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ANT 
NORMAL transverse oscillations 


induced in electron gas 


NORMAL 


EM XMTR EM wave 
(Actually a special 
type of scalar wave.) 
ANS: no detection 
avaeal XL TR/XMTA longitudinal NORMAL 


7 DETECTOR | 


no transverse 


=P ecTa 
oscillations induced ve 


detects 


In the top drawing on this slide, we show a 
normal transmitter putting out a normal EM wave, 
which received in a normal antenna/receiver. What we 
call a "transverse" wave rigorously exists only in the 
electron gas in the transmitting antenna and in the 
electron gas in the receiving antenna. Specifically, a 
longitudinal wave exists in the vacuum in between the 
two antennas, However, due to the method of 
production, the longitudinal wave contains spin-holes 
for electrons, so the electrons in the receiving antenna 
readily couple with the wave by falling into and 
meshing their spins with the spins of the spin-vortex 
holes. Electron precession produces electron gas 
waves that are transverse oscillatory, hence Hertzian 
waves in nature. 

In the bottom drawing, we show a translator/ 


hup:www.cheniere.org/books/part4/s35 him (1 of 2)24.11.2008 21:33:00 


‘The Tom Bearden Website 


transmitter. In other words, we oppose ordinary EM 
waves in a sum-zero substructure, deliberately 
producing longitudinal EM waves in vacuum with the 
spin-hole vortexes canceling each other. This type of 
wave does not "hook" spinning electrons in the normal 
receiving antenna, and thus it is not detected. The 
normal antenna/receiver system never sees it at all. 

However, by means of a special antenna which 
generates nonlinear phase shifts in the composite 
substructure waves, "hooking" holes are restored in an 
oscillatory nature. Electrons then hook with this output 
and detect the wave. 

Note that it requires a two-stage detector, 
operated in an interferometer fashion, to detect this 
pure scalar wave. 
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SLIDE 36. 


CREATING A "RIVER" OF ANENERGY 


PROVIDE TWO “LOCKED-IN” SEPARATED 9-SOURCES 
OF DIFFERENT MAGNITUDES 


E 
‘ “RIVER” OR FLOW VECTOR 
OF VIRTUAL PARTICLES 


be ws 


~ Ge) Vg IS A REGION OF CURVED 
SPACETIME, AND ENERGY 
IS NOT CONSERVED 


IN VACUUM, THIS IS NOT YET A 
VOLTAGE DROP (NO MASS 
FLOW), 

NOR IS THERE AN E-FIELD 


Now if we wish to get free energy, we are going 
to have to provide a continuous anenergy river, and a 
means of tapping it to produce mass movement. 

This slide shows one easy way to make an 
anenergy river. 

We simply pump some electrons (spray nozzles) 
onto an elevated charged ball, and we LEAVE them 
there. A second ball is connected to ground. A higher 
phi — that is, a denser spray -- is now in the vicinity of 
the elevated ball on the left. A lower phi -- that is, a 
less dense spray -- is in the vicinity of the lower ball on 
the right. Between the two balls, now, there is a 
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gradient in phi, and a virtual flux flowing from the 
"higher virtual pressure” to the "lower virtual pressure.” 

This del-phi river does NOT constitute an E- 
field, as we 
have previously pointed out. 

The del-phi region, however, is definitely a 
region of 
curved spacetime. As is well known from general 
relativity, in such a region energy need not be 
conserved. 

Therefore it is entirely possible -- consistent with 
ordinary physics -- to violate conservation of energy in 
this del-phi river, if one believes general relativity. If 
one argues adamantly that conservation of energy 
cannot be violated under any circumstances, then one 
must throw out general relativity. Also, one must 
throw out most of particle physics, whose explanations 
presently involve virtual interactions, each of which 
violates the conservation of energy. 


Next Slide 


-up://www.cheniere.org/books/part4/s36.him (2 of 2)24,11.2003 21:33:04 


The Tom Bearden Website 


The Tom Bearden 
Website 


SLIDE 37 


A 2-WIRE SYSTEM IS CONSERVATIVE 


@ HAS LOSSES 
@ DOES NOT BREAK EVEN 


2, ges @ DOES NOT PRODUCE FREE ENERGY 
a rn 


aah ~<— ELECTRON “SPRAY NOZZLES" 
> DISSIPATED 


REPLENISH SPRAY NOZZLES BY PUMPING MORE 
ELECTRONS. (MOVING ELECTRON MASSES AGAINST 
A"SPRAY PILEUP" REQUIRES WORK. 


Here we show that, as engineers, we've all been 
tricked into releasing our virtual rivers so that we 
would not discover free energy. 

While I cannot prove this as yet, I tentatively 
suspect that J. P. Morgan and Thomas Edison are 
directly responsible for this occurring. Tesla utilized a 
single-wire system; we have all been taught to utilize 
only two-wire systems. 

What we in effect do is connect a wire or circuit 
to our charged ball, allowing our hose nozzles to drain 
away. 

In other words, we first do some work to pump 
hose nozzles (electrons) into and onto our elevated 
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reservoir, so we will obtain a denser flux, and a flux 
river to utilize. Then we release the nozzles 
themselves, and let THEM move on the flux river, 
deplenishing our river. Of course we can get back as 
much energy as we pumped up there in the first place. 
But this two-wire system is at best theoretically even. 
Since real circuits have losses, we can never even quite 
break even. Thus we have to continue to pump hose 
nozzles, and let them bleed off to provide energy, in a 
less-than-100% fashion. 

By foolishly releasing our hose nozzles, we 
guarantee that we will never achieve free energy. And 
that's nice, because the people who control things, and 
for their own wealth and power depend on selling us 
energy at high prices, are guaranteed to stay in power 
and control. 

One is never truly free unless one is energy 
independent, in a self-contained fashion. 

Tesla nearly succeeded in giving us free or very 
cheap, inexhaustible energy -- and for that reason was 
quickly and dramatically suppressed. 

Only three graduate schools of electrical 
engineering existed in the U.S. The only one of any 
real importance was at Columbia University. 

Only one or two professors were necessary to 
"reach" to modify and subtly direct the entire 
foundations of the emerging electrical theory. 

Professors were in general poor, and had no 
research funds unless some rich industrialist or 
philanthropist gave them a few dollars. 

The setup then was certainly very ripe for 
Morgan and Edison to stop free energy, and suppress 
Tesla at the same time. They could have done so by 
influencing only one -- or at most two == theoreticians 
at Columbia. 

At any rate, the theory was developed in such 
fashion as to rule out the single wire circuit and the 
longitudinal wave. Free energy was suppressed, and 
the financial empires of Morgan and Edison stayed 
secure. 
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Here we show another easy source of a higher 
vacuum charge, hence an easy source for a free river. 

Simply charge up a sphere. As is well known, 
inside that sphere one has no del-phi. So one can 
introduce an electron therein and not produce an E- 
field . 

However, since we've piled up additional spray 
nozzles, the density of the spray inside the sphere (as 
well as outside it) is certainly higher. 

In other words, the inside of the sphere is also a 
source 
for an increased del-phi river. In the bottom drawing, 
we drill 
a tiny hole in the sphere, insulate a thin wire running 
into the inside of the sphere, and run the wire out to a 
terminal opposing another grounded terminal. 
Between the two terminals now there must exist a del- 
phi river. 

And between those terminals there now exis! 
curvature of spacetime, hence the theoretical possibility 
to obtain free energy without violation of principles. 


a 
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+ THANSMUTE ELEMENTS IKERVRAR EFFECT! 
+ SPEED UP RADIOACTIVITY IREICH EFFECT! 


Here we show one way to provide a one-way 
gate valve from a del-phi river to energy released into 
the outside world. 

By providing a properly tuned, oscillating phi 
wave, one can cause an orbital electron in an atom to 
raise itself to an excited state. Remember, in a del-phi, 
an electron that hooks to it raises itself. 

We then switch out the phi application, and the 
excited electron decays in normal fashion, emitting a 
normal photon of energy. 

By phase locking the processes, one produces 
a steady stream of photons. 

By absorbing or directing the photons, one can 
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produce heat, light, energy beams, etc. 

By this means, one produces free energy by 
gating anenergy into energy. 

And if one does not release spray nozzles in 
the phi-oscillations which feed the mechanism, one has 
an inexhaustible energy production. 

A very similar thing can be done with the 
excited states of the nucleus. For example, by using a 
radioactive material with a predisposition to emit some 
particle -- say an electron -- the nucleus can be made to 
continually emit the particles WITHOUT ITSELF 
DECAYING INTO BYPRODUCTS. In other words, 
an electron is lifted from the Dirac sea of vacuum to 
instantly replace the electron emitted from the nucleus. 

This provides a one-way gate valve from the 
Dirac sea to the external universe. 

Theoretically, these mechanisms are no more 
mysterious than a hydraulic ram, which raises water 
higher than the stream that feeds the ram. 

In the 20's and 30's, T. Henry Moray 
successfully built such gating devices for converting 
vacuum anenergy to external energy. 

In the Kervran effect, living systems are able 
to directly transmute elements, even though they only 
possess feeble energies, by influencing the virtual 
particle interactions in the nucleus that furnish its 
binding energy. 

Reich used an adaptation of a cloudbuster -- 
which emits scalar waves -- to drastically speed up 
radioactive decay of radioelements. 

Both plants and animals transmute elements 
by similar processes. 
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On this slide, we show a theoretical scheme 
which several researchers have discovered and used to 
build simple free energy motors. 

In this scheme, we drive an ordinary d.c. series 
motor by a two wire system from an ordinary battery. 
The motor produces shaft horsepower, at -- say -- some 
30 or 40 percent efficiency, compared to the power 
drained from the battery. This much of the circuit is 
perfectly ordinary. 

The trick here is to get the battery to recharge 
itself, without furnishing normal power to it, or 
expending work from the external circuit in the process. 

To do this, recall that a charged particle ina 
ooking" del-phi river moves itself. This is true for an 
ion, as well as for an electron. We need only make the 
del-phi in correct fashion and synchronize it; 
specifically, we must not release the hose nozzles we 
utilize to produce our del-phi river or waves. 

The inventors who have discovered this have 
used various variations, but here we show a common 
one. 


First, we add an "energizer" (often referred to 
by various other names) to the circuit. This device 
makes the del-phi waves we will utilize, but does NOT 
make currents of electron masses. In other words, it 
makes pure @-dot. It takes a little work to do this, for 
the energizer circuit must pump a few charges now and 
then. So the energizer draws a little bit of power from 
the motor, but not very much. 

Now we add a switching device, called a 
controller, which breaks up power to the motor in 
pulses. During one pulse, the battery is connected and 
furnishes power to the motor; during the succeeding 
pulse, the battery is disconnected completely from the 
motor and the output from the energizer is applied 
across the terminals of the battery. 

If frequency content, spin-hole content, etc. 
are properly constructed by the energizer, then the ion 
movements in the battery reverse themselves, 
recharging the battery. Again, remember that these 
ions MOVE THEMSELVES during this recharge 
phase. Specifically, we are NOT furnishing ordinary 
current to the battery, and we are not doing work on it 
from the energizer. 

If things are built properly, the battery can be 
made to more than recover its charge during this pulse 
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cycle. 

To prevent excess charge of the battery and 
overheating and destroying it, a sensor is added which 
senses the state of charge of the battery, and furnishes a 
feedback signal to the controller to regulate the length 
of recharge time per "power off” pulse. In other words, 
the system is now self-regulating. 

The relation between power pulses and 
recharge pulses is shown on the graphs at the bottom. 
Note that regulation may decrease the time of recharge 
application of the del-phi river. 

This system, if properly built and tuned, will 
furnish "free shaft energy" continually, without 
violating conservation of anenergy. Remember that the 
del-phi condition across the battery terminals means 
that spacetime is suddenly curved there, and 
conservation of energy need no longer apply. 

Again, this system is consistent with general 
relativity and with the fact that @-field alone can drive 
a situation relativistic. We have deliberately used these 
facts to do direct engineering. Our "extra energy" 
comes from shifting phi-flux -- the energy of the 
universal vacuum spacetime ~ directly into ordinary 
energy for our use. Thus we draw on an inexhaustible 
source, and our device is no more esoteric than a 
paddlewheel in a river. The only difference is that, in 
this case, we have to be clever enough to make and 
divert the river in the right timing sequency. 

This is a free energy device which an 
ordinary person, who knows a little electronics, can 
experiment with in the basement. To develop it, one is 
talking several thousands of dollars and a lot of 
persistence and tinkering; one is not talking millions. 


WARNING: THE PRECEDING EXPERIMENTS 
ARE HAZARDOUS. DO NOT ATTEMPT THESE 
EXPERIMENTS UNDER ANY 
CIRCUMSTANCES UNLESS YOU ARE AN 
EXPERIENCED ELECTRICAL RESEARCHER, 
EXPERIENCED IN PERFORMING 
EXPERIMENTS WITH LEAD-ACID BATTERIES 


AND PULSE CHARGE AND DISCHARGE OF 
SAME, AND UNLESS YOU ALSO USE ALL 
SAFETY PRECAUTIONS SUCH AS GOGGLES 
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AND PROTECTIVE GLOVES, SLEEVES, AND 
APRON. YOU MUST NOT HAVE OTHER 
INFLAMMABLE LIQUIDS OR OTHER 
SUBSTANCES PRESENT WHICH COULD BE 
IGNITED AND BURN OR EXPLODE. SURGED 
LEAD-ACID BATTERIES PRODUCE 
HYDROGEN GAS, WHICH CAN EASILY 
EXPLODE SINCE SPARKING ALSO CAN 
OCCUR. THE ACID FROM SUCH AN 
EXPLOSION CAN EASILY BLIND YOU IF IT 
GETS IN YOUR EYES, AND IT CAN BURN 
YOUR SKIN. IN ADDITION, LEAD AND LEAD 
COMPOUNDS ARE POISONS, AND ARE TO BE 
HANDLED ONLY BY EXPERIENCED 
RESEARCHERS. THESE EXPERIMENTS ARE 
NOT FOR AMATEURS UNDER ANY 
CIRCUMSTANCE, BUT ONLY FOR 
EXPERIENCED PROFESSIONALS WITH 
PROPER KNOWLEDGE AND TRAINING, AND 
USING PROPER PRECAUTIONS. NEITHER 
THE AUTHOR NOR THE PUBLISHER IS 
REPONSIBLE OR LIABLE FOR ANY 
ACCIDENTS OR DAMAGE YOU MAY 
ENCOUNTER, AND ALL EXPERIMENTATION 
WITH THESE DEVICES AND PROCEDURES IS 
AT YOUR OWN ASSUMED PERSONAL RISK. 
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THE TRANSLATOR 
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We now tum to a fundamental concept we need 
in order to understand some of the effects used by the 
Soviets in their Tesla weapons. 

Note that one other country —- one not hostile to 
the U.S. -- also has such weaponry. 

This slide shows the concept of a 
TRANSLATOR. Briefly, if 
we input a transverse matter wave, the translator 
outputs a scalar longitudinal wave without spin vortex 
hooks. If we input a scalar longitudinal wave -- even 
one without hooks -- the translator puts out a normal 
vector transverse matter wave. 

We define a translator as anything which will 
accomplish one or both of those functions (usually 
both). 

Basically, any device which is TOTALLY 
nonlinear to transverse waves will produce scalar 
waves from a transverse wave input. Any device 
which is totally nonlinear to longitudinal waves will 
produce transverse waves from a longitudinal wave 
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input. 
It is comparable to certain plasmas, which, as is 

well 

known, produce such a translator effect. If you input 

longitudinal waves, you get transverse waves. If you 

input transverse waves, you get longitudinal waves. 

And the plasma is rather totally nonlinear. 

Again, if our translator outputs non-hooking 
waves, it means that the component substructure waves 
oppose each other in sum zero fashion, and "Kill" or 
nullify the vortex spin-holes. 
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TRANSVERSE WAVE INTERFERENCE 
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On this slide we show "normal " transverse wave 
interference, as we presently teach it in our textbooks. 

We visualize two identical transmitters, each 
producing a beam in a pattern of about 55 degrees of 
so. 

Where these beams overlap -- in the ideal, 
perfect case, we have constructive and destructive 
interference, with absolute zero-vector linear regions 
being formed. We put in the energy, and out-of-phase 
interference creates the zero zones, which contain no 
energy as such. 

We point out, however, that these zero-lines are 
scalars, 
and contain high stresses on spacetime. 
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LONGITUDINAL WAVE INTERFERENCE 
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On this slide we show the interference pattern 
that emerges from the interference of two identical 
scalar wave beams from translator/transmitters. 

Now note we are interfering two zero-vector 
waves, each containing a substructure. In this case we 
assume similar substructures. 

What happens now is that we get a similar 
interference pattern, but with some startling 
differences. 

First, we put in the zero-lines. These represent 
in-phase conditions for the substructures. 

Second, the substructures themselves interfere, 
and form energy in the grid zones between intersecting 
zero-lines. 

In the perfect case, however, this energy cannot 
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radiate away. It is physically created and trapped as if 
in an "energy bottle.” We are CREATING this energy 
at a distance, and storing it in a bottle. If the bottle 
were perfect, we would continue to accumulate energy 
in the grid zones ~ notice we are continuing to pour 
energy into both transmitters, and there is zero ordinary 
energy anywhere else except in the grid zone "bottles." 

If we turn off the transmitters smoothly, we 
extinguish the energy in the bottle completely. It is 
sucked right out of there, and the vacuum returns to its 
normal condition. 

If we erratically and nonlinearly turn off the 
transmitters, we destroy the bottle and "dump" the 
energy suddenly. This is exactly like a sudden EMP 
from a nuclear weapon. A sudden pulse of energy is 
freed to radiate and interact in the region where the 
bottle was. 

The high altitude booms off the East coast of the 
U.S. a few years ago were made in precisely this 
fashion, from such a weapon being adjusted and 
calibrated in the Soviet Union. 
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CREATING ENERGY AT A DISTANCE 
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Figure 5. Scalar potential interferometry (between the two sets of bidirectional 
longitudinal EM wavepair functions) produces all EM force fields and waves. 


But let us look at one way to do this sort of thing 
more efficiently. 

Here we show two scalar transmitters (that is, two 
translator /transmitters) which form narrow beams, and 
which cross those beams at a distance. 

In the crossing zone, scalar interference is 
established, making an energy bottle and producing 
trapped or locked in energy. 

If [have a physical target in that crossed zone, I 
can 
literally "fry" the target, for I get all the power inputted 
to the transmitters contained in the bottle zone, I don't 
have any square law losses. 

Tcan heat a metal object white hot at a distance, 
for example. Because all real bottles are slightly 
imperfect, the real bottle is leaky and some photons 
escape. I can observe the white hot steel in the bottle, 
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and I can record and measure the temperature from the 
escaping photons, by simple radiometric methods. 

Now if I smoothly turn off both transmitters 
linearly, all the energy in the bottle disappears 
immediately. I can immediately reach in and pick up a 
black, cool piece of steel. And that cannot be done with 
ordinary inductive or radiowave heating. 

That has been done in a laboratory on the North 
American continent. 


Next Slide 


The Tom Bearden 
Website 


SLIDE 45. 


NONLINEARITIES CAUSE SHIFTING 
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Here we show the results of electrical 
nonlinearities in an object which encounters a true 
translated (non-hooking) scalar wave. All objects have 
some electrical nonlinearities in them, and so all act 
partially as translators. 

This means that any real object creates a small 
scalar aura around itself from its continual temperature 
interactions -- from absorbing and radiating ordinary 
EM waves. In addition, the object normally is subject 
to undetected scalar wave radiations, and so it also 
produces a small aura of transverse vector waves 
around itself by translation. 

All real objects accomplish at least a little bit of 
translation. 
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We examine now an object with temperature, 
that is, a normal object continually absorbing ordinary 
EM radiation and continually emitting EM radiation. 


The object has a small fraction of its incident 
energy expressed as a scalar aura around it, because of 
translation. Note that normal detectors will not detect 
this aura, but special two-stage interferometric 
detectors will detect it. Also note that the object 
replenishes- the ordinary radiation flow by its 
translation of some of its incident scalar radiation into 
the normal or "transverse" (so-called) radiation. 
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The entire internal pattern —- all interactions and 
functions of the body -- are precisely present in its 
scalar aura, down to the finest detail. This makes an x- 
ray pale by comparison. 


True psychics actually use the nonlinearity of 
their nervous systems (note the avalanche ion 
discharges across dendrite gaps) and the interferometric 
aspects (note two cerebral hemispheres, connected by a 
corpus callosum) to detect the scalar aura. This is a 
physical fact and not esoteric delusion. To control this, 
however, is normally as difficult as learning to walk a 
high wire and do acrobatics on it. There are not many 
high wire walkers in the world, but it certainly is a skill 
within human control capability and purview. 


T. Galen Hieronymus was absolutely correct 
when he stated that the entire internal working pattern 
of an object is radiated by that object in terms of an 
extraordinary energy, which he called "eloptic" energy. 
Itis actually translated scalar wave energy, and entirely 
consistent with present EM theory when the glaring 
errors in its foundations are corrected. 


Shortly hope we will see instrumentation 
which can directly examine the scalar aura in the finest 
detail, seeing every illness, and simply setting dials to 
radiate the body with gentle, harmless scalar waxes to 
directly correct illnesses. 
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VIRTUAL FLUX AND MAGNETIC FIELD 
[LINEAR CASE] 
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Briefly, let's look at some nice things we can do 
with magnetism. Specifically, let's find out how to 
make magnetic monopoles and use them to do things in 
the laboratory. This again has been done ina 
laboratory on the North American continent. 

First, about all the present science can tell us 
about a magnet is that "a big magnet is made of litter 
magnets." And if we examine one of the smaller 
magnets, it's made of even smaller magnets. This is 
like saying big dirt piles are made of smaller dirt piles, 
and that explains what dirt is. 

However, let's use that with our knowledge of 
the virtual flux vacuum. 

In this slide, we show diagrammatically the 
situation for a common magnet. Note that domains in 
the magnetic material are themselves little magnets, 
and their alignment and vector summation determine 
whether or not there's said to be a magnetic field 
present. Nonzero summation states that there's a 
resultant magnetic vector, and hence an external 
magnetic field. Zero summation states there's no 
external nonzero resultant, hence no external magnetic 
field. 

Actually, there's an external scalar magnetic 
potential field, even when the external vector magnetic 
field is zero. The substructure is still there. 

If we pursue this "big magnets are composed of 
smaller magnets," eventually we reach the quantum 
threshold, and we have a substructure of virtual, 
subquantal magnets in vacuum, in the virtual particle 
flux. At least we conceive each little virtual particle as 
if it were spinning, and hence a little magnet. 

We put a conceptual bag around each little 
virtual magnet. 

Ina linear situation, the north pole is as strong as the 
south pole, and so just outside the bag, the poles cancel 
or appear zero. Since the virtual bag appears to be zero 
length to an external macro observer, the poles seem to 
be directly superposed on top of each other, yielding no 
pole at all to the observer. 

However, you and I now know that both poles 
are still in there, in the virtual substructure, and we 
certainly have remaining with us a translated scalar 
magnetic field. 

There's a virtual flux to and from each 
observable particle of charged mass in the observable 
state as shown, but this flux is now scalar in virtual 
magnets, except for nonlinearities in the structures 
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above the quantum level. Thus accelerated portions -- 
atoms with electrons in whirling orbit, spinning 
electrons, protons, etc. -- possess nonzero ordinary 
vector magnetic fields by translation. Again, notice the 
successive interlocking levels of reality, all the way 
from deep in the virtual state into interlocking levels in 
observable state. 
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Now let us look at a non-linear case of the same 
sort of thing. Now the bags are still around the little 
virtual magnets, but they are nonlinear. This means 
that, to an observer outside the bag, one pole seems 
bigger or more powerful than the other. In other words, 
to the quantum observer, this bag appears to be a 
magnetic monopole at a point. 

In the flux still on and off each observable 
spinning charged mass, we now have a steady 
component of "monopoles". If we have a standing 
scalar wave present in a physical material in which the 
nonlinearity exists -- and the scalar waves can even be 
PRODUCING that nonlinearity -- we will have nodes 
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available at which the monopoles will congregate and 
emerge and interact. 

North monopoles will congregate at one node, 
while south monopoles will congregate at the next, and 
so on in alternating fashion. 

That means that, at anyone node, monopoles of 
the same kind are steadily being "deposited" in the 
material. These monopoles strongly repel each other, 
and so the material at that node is increasingly stressed 
in a tensile fashion. 

Eventually the material will be torn apart at the 
node, 
stress relieving the situation. Movement of the 
material will release the nonlinear condition, stopping 
monopole production and deposit. However, at a break 
node, the same kind of magnetic pole will appear on 
each side of the break. 

That is, the breaks will be N-N, S-S, N-N, S-S, 
etc. 

An ordinary magnetic does not do that when it 
breaks. Instead, it breaks N-S, N-S, etc. 


Next 
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BREAKING METAL WITH MAGNETIC MONOPOLES 
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Again, metal has been broken in a North 
American laboratory utilizing the production and 
deposit of magnetic monopoles in this fashion. 

On this slide we show what was done. 

An ordinary bar of steel was exposed to standing 
scalar 
waves in a nonlinear situation, depositing magnetic 
monopoles at the wave nodal points in the metal bar. 
The breaks occurred as shown on this slide. 

Much of what I am presenting is based on 
certain experiments accomplished in experimental 
laboratories here and abroad. Most of the mechanisms 
have actually been produced in the lab. However, 
these are proprietary labs and I cannot violate trust and 
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reveal the precise construction details utilized. In some 
cases I have not seen the precise constructions, but only 
the direct results, 

But ironically, the production of magnetic 
monopoles -- which has fiercely resisted the normal 
scientific approach -- yields readily to the new 
approach, 
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We now show schematically how to produce an 
inertial field, or antigravity. Also an inertial space 
drive can be produced in this manner. 

This again has been done in a North American 
laboratory. In fact, inertial fields have been produced in 
more than one lab here in North America. 

In the setup shown here, three translator/ 
transmitter projectors are used and oriented so as to 
give three-dimensional interference, or interference 
along all three spatial axes. 

By controlling the substructures of the three 
projectors all together, one can control the precise 
phasing in all substructures, with respect to a common 
time reference. 

By this means, a unilateral force can be created 
of each and every charged mass particle (that is, on 
each proton) in the nucleus. 
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Since we know that the neutrons and protons in 
a nucleus of an atom are continually interchanging, one 
into the other, back and forth, all of the nucleons can be 
treated as "diffuse protons” for mass purposes, and 
scalar wave interaction purposes. 

Thus if we have the correct pattern to affect 
protons, we can control the phases of the substructure 
waves of the projectors so as to produce unilateral, 
parallel forces on and of each spinning proton in the 
nucleus. 

This means we can produce unilateral thrust in 
an object exposed to the triad interference of the 
projectors. 

In short, this produces antigravity. If sufficient 
force is produced, the test object in the interference 
zone simply lifts itself off against earth gravity. This 
has been done in North America. 

If we phase the projectors so that 
counterbalancing forces are produced on each proton, 
we can either make the proton "lighter" inertially or 
"heavier." 

In fact, we could "freeze" a common pistol so 
that it could not be moved and its trigger could not be 
pulled, simply by sufficiently increasing its inertia. 
This was done in experimental demonstrations in 
Toronto, Canada in 1969, and witnessed by the Chief 
of the Homicide Squad of the Toronto police. It was 
his pistol that was frozen for the demonstration. 

If the projectors themselves are on board a space 
capsule, for example, they can produce such a 
unilateral thrust in and of a central mass or disc 
attached to the of the craft. By this means, an inertial 
spacedrive can be built. 
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SLIDE 51. 


EFFECTS ON HUMANS 


UNCONTROLLED 
RESPONSES/EFFECTS 


HUMAN TARGET 


Now let us look at some of the effects on 
humans, when radiated with a true scalar wave beam 
from a translator/transmitter. 

First, the human nervous system is highly 
nonlinear. Essentially, across billions of synapses, 
sudden ion discharges -- analogous to spark discharges 
-- are continually or periodically occurring. Brain 
waves, for example, are not waves along wires; instead, 
they are waves of avalanche discharges across 
tremendous numbers of nerve cell gaps. 

The central nervous system is thus highly 
nonlinear, and the gap firings of the nerve endings act 
as translators. 

These translators partially translate incident 
scalar waves, so that additional transverse matter waves 
-- or ordinary energy inputs -- occur in the ion 
discharges. 

Thus additional energy is being added to the 
nervous system by incident scalar waves. 

Many long-term effects of the environment on 
the body are gradually kindled in this fashion, even 


hup:/www.cheniere.org/books/part4/s5 htm (1 of 2)24.11.2003 21:33:45 


Part 4 


over a period of years. 

For a stronger dosage of scalar waves, the 
nervous system experiences "jamming" of its signals. 
This leads to four basic "noise jamming" effects. 

If a small dose is absorbed, the interference is 
slight. One feels as if one had taken a whiff of 
anaesthesia -- an unreal, dreamy feeling. 

If a slightly larger dose is absorbed, the 
interference is moderate. Now the single channel 
system -- the motor system -- goes, and the individual 
is paralyzed. Mentally he is barely conscious, in a sort 
of hypnogogic, waking dream state. Any tendency 
toward epileptic seizure or other nervous disorder may 
surface here, as may heart palpitations or even heart 
failure. 

For a heavier dosage yet, the interference is now 
strong. Now the multiple systems start failing. 
Consciousness is lost and the individual is in a deep 
coma. In addition, seizures and convulsions, and loss 
of control of some body functions, may occur. The 
autonomic nervous system is keeping the heart beating 
with difficulty and keeping the body gasping for breath. 

For a very strong dosage, the entire nervous 
system fails and death results almost immediately. 
This is quite similar to the effects of nerve gas. 

These are the four major symptoms of scalar 
wave radiation of the body and translating absorption 
by the nervous system in an uncoordinated fashion. 
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TOWARDS A NEW ELECTROMAGNETICS 
PART 4: VECTORS AND MECHANISMS CLARIFIED 


SLIDE 52. 


INITIATING SPECIFIC BIOLOGICAL EFFECTS 


NOTE: 


®@ PAVLITA’S 64 POINTS 
@ ADAMENKO'S PLEXUSES 


CONTROLLED 
SPECIFIC EFFECTS 
__ - g 
SS 
MODULATION 


HUMAN 
SELECTOR TARGET 
FREQ, 
PATTERN 


If we now add precisely patterned modulations 
to the substructure waves of the scalar zero vector 
beam, we can induce deliberate patterns in the dosage 
absorbed by a biological system. 

As Kaznacheyev's experiments showed, any 
death or disease pattern can be induced upon an 
electromagnetic carrier -- specifically, upon the near- 
ultraviolet as an example. Some of his experiments 
were duplicated at the University of Marburg in West 
Germany, utilizing infrared carriers. These patterns 
can be dumped into cell cultures, eventually kindling 
the pattern of death or disease in the target cells. 
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The same can be done to a human from an 
external source. The major entry point is the 
acupuncture system, which reacts to scalar waves and 
transfers them to the nervous system for translation. 

Pavlita, Czechoslovakian engineer, has built 
"psychotronic generators" for over 30 years that affect 
the human body. Adamenko, Soviet physicist, found 
that the acupuncture points formed groupings or 
plexuses that were frequency sensitive. In other words, 
certain frequency bands affect one plexus more than 
others. Further, these acupuncture points are known to 
be connected to effects produced at remote locations in 
the body. 

Pavlita stated he had found 64 different sensitive 
"points" on the body, and had succeeded in building a 
generator for each. If by his points he meant 
Adamenko's plexuses, then frequency patterns can be 
created that affect certain acupuncture groupings -- and 
thereby certain specific body locations and effects 
more than others. 

It thus appears reasonable that, by placing the 
proper frequency pattern in the modulations of the 
substructure waves feeding into the translator/ 
transmitter, the scalar ray or beam can be made highly 
selective as to body part affected and the effect 
generated or kindled in the body. 

By this means, specifically tailored attacks on 
the body can be created. 

Strong emotions such as sheer terror, 
overpowering rage, blind panic, etc. can be induced. 
Or physical effects such as epileptic seizure, loss of 
control of internal functions, loss of muscular control, 
severe weakness, specific failure of an individual organ 
such as the heart or liver, or blackouts and comas can 
be induced. In addition, patterns for specific toxins and 
diseases can be induced. With a strong absorption, 
these changes can be effected quickly. Imagine 
bubonic plague developing in 30 seconds, for example, 
or the effects of a cobra bite developing in 10 seconds. 

If the individual is placed in crossed interference 
beams (that is, in the interference zone of a scalar 
interferometer), strong effects can be produced 
essentially instantly, including instantaneous death. 

Of course BENEFICIAL effects can also be 
accomplished. As instrumentation is developed, one 
should be able to scan the aura, do a computerized 
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readout to show the different medical problems either 
developed or developing in the body, have the 
computer compose a "cancellation or offsetting 
pattern," and radiate the body with a totally beneficial 
pattern, customized for that particular condition at that 
particular time, One should be able to quickly cure 
cancers and leukemias, for example, even of the brain 
and of the bone marrow. One may even be able to 
quickly reverse the effects of aging; at least there is no 
foreseeable reason why it should not be possible. 

The new technology is a very powerful tool, and 
it can be used for either good or bad, depending upon 
the intent of the developer and the user. 
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SLIDE 53. 


GROUND-TO-AIR USE 


w 
sont aa TARGET AIRCRAFT 
_— 


MODIFIED 
TRACK RADAR 


Here we show another use of the scalar beam 
technology already developed by foreign powers. 

‘A modified track radar ~- either continuous 
wave or pulsed -- transmits a scalar wave beam. It 
radiates an incoming hostile aircraft, keeping the beam 
on it, and kindling energy in the nonlinear electronic 
circuits of the aircraft by translation, Communications, 
navigation systems, avionics systems, electronic fuze 
systems, ignition and control systems, airborne radar, 
missile armament electronics, etc. are all vulnerable to 
this translation kindling of internally jamming energy 
from the incident scalar beam. 

The electronics can be knocked out and the 
aircraft knocked down. 

The pilot himself is also vulnerable because of 
his highly nonlinear central nervous system. 

Some or all of the eight F-111's mysteriously 
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lost in 
Vietnam may have been bagged by modified SA-2 
FANSONG radars, using this effect. 
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SLIDE 54. 


TACTICAL AIR-TO-GROUND USAGE 


XLTR ( 


XLTR 
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As shown on this slide, the technology is also 
usable from aircraft against ground targets, particularly 
ground-based radars and communications systems. 

As shown, the aircraft has a modified jammer, 
able to emit a beam of scalar energy from one or more 
translator/transmitters. 

By simply training a beam on the radar, eventually the 
radar can be knocked out. That is the simplest use. 

A more sophisticated usage is provided by more 
than one translator/transmitter, acting as a scalar 
interferometer. 

In this mode, each translator/transmitter emits 
multiple scalar carrier frequencies. Two Fourier 
expansions are established, so that a three dimensional 
"pall" or sphere of interference-zone energy is 
established. By pulsing or phasing, this ball is moved 
to strike the location of the radar, delivering a large 
burst of energy to it and knocking it out. Alternatively, 
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the energy bottle is "dumped" when it reaches the 
targeted radar or its near vicinity. 

A still better way is to fire one Fourier scalar 
pattern directly at the target radar, then fire a second 
pulse faster so that it overtakes the first directly upon 
the target. (The ensemble of such a pattern acts as a 
soliton, and its velocity is controllable by controlling 
the amplitude of the pattern generated). 

When the second scalar overtakes the first, a 
sharp interference is formed, with a fast energy bottle, 
which is then nonlinearly dumped in microseconds or 
milliseconds. In this fashion, all the energy put out by 
the jammer is delivered directly upon and into the 
target in one sharp EMP pulse, much like that from a 
small nuclear explosion. The target is destroyed. 

Note that such a weapon can be utilized against 
tanks, vehicles, explosives, missiles, ammunition, 
bridges (the airblast), bunkers (the blast can occur 
INSIDE the enclosure), ships, planes, personnel, and 
targets of varied types. 

The Soviets have had such secret weapons for 
years. 

One additional country has them also. 
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SLIDE 55. 


INTEGRATED WEAPONS DISPLAY 
(MODIFIED JAMMER) 
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Here we show diagrammatically what a modified 
Soviet integrated weapons display for a modified 
jammer might be, to employ scalar interferometer 
weaponry. 

As the "main bang" is emerging from the antenna 
of the 
target radar on the ground, the phi-field from it reaches 
to infinity, including through the aircraft with a finite 
magnitude. In the alrcraft, two channels act in 
interferometer fashion as a scalar detector for phi-dot. 
The main bang creation (phi-dot) is detected, and 
displayed as the leftmost pulse. 

At that time, a computer time-base starts 
clocking off microseconds. 

At some time later, the third channel, acting as a 
normal receiver, receives the ordinary "Hertz" pulse 
from the radar, which has traveled to the aircraft at the 
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speed of light. 

The computer converts elapsed time between the 
scalar pulse and the Hertz pulse to range. 

Azimuth and elevation angle to the radar are 
obtained by normal angle tracking. 

At this time, the computer has the exact 
coordinates of the radar, allowing for motion of the 
aircraft during the lapse time. 

The computer switches the interferometer into 
transmit mode, and arranges amplitude patterns to 
target the radar. 

It fires the first scalar pulse, then fires the second 
so as to create the full EMP directly upon the target. 

The EMP flash occurs, destroying the radar. 

At that time, another target can be processed. 

In a more advanced weapon, scanning may be 
used to detect, locate, target, and engage multiple 
targets, including incoming air-to-air and surface-to-air 
missiles, one after another. 

The same weapon is usable against a variety of 
aerial and ground based targets. 

The major weapon is the electronic emitter, not a 
missile or ordinary ordnance. 

Hordes of such special "jammer aircraft" now 
become a potent force on the battlefield, destroying all 
before them with annihilating ray weapons. 

Star war is a reality now. 

The High Frontier is already seriously obsolete. 

Our entire defense establishment is completely 
vulnerable to these weapons at present, for we have not 
developed countermeasures or defenses. 
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SLIDE 56 


RADAR INVISIBILITY 


energy captured 
(no reflection) 


ACQ RADAR 
ENERGY BOTTLE 


(interference pattern 
between fourier 
expansion patterns) 


On this slide we show another effect which can 
be obtained. We can make an airplane invisible to 
ordinary radar. 

Imagine now the same "jammer" type aircraft 
with three channels, one for use in scalar 
interferometry and one as an ordinary channel. 

This time, a Fourier interference pattern is 
established around the aircraft, so this establishes an 
"energy bottle" around the plane. We specifically 
arrange this bottle in the frequency band of the hostile 
radar we wish to avoid. For multiple bands, we 
establish multiple bottles -- this just requires more 
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frequencies or more translator/transmitters. 

The beam from the ground radar now strikes the 
energy bottle, and its energy enters and is trapped in 
the bottle grids. Since the bottle is leaky, the incident 
energy gradually disperses and "leaks" out all around, 
with very little emerging energy. 

The ground radar receives no return pulse or 
reflection. 

Therefore it sees no target. 

The same interferometer system is usable both 
in this defensive screen fashion and in the attack 
fashion previously discussed. 

Use of this system has been demonstrated 
internationally. 

An energy bottle has been created in a North 
American laboratory as well. 
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SLIDE 57. 


NETWORK OF VIRTUAL TRANSMITTERS 


WEATHER 
Spring of '83 


As is well-known, for years the Soviets have 
blanketed the world with large, powerful transmitter 
signals in the communications band, referred to as the 
"Woodpecker" signals because of the staccato noise the 
chirped signals make to the ear. The carriers have been 
modulated with known harmful bioactive ELF 
frequencies. At least some effects have been noted on 
humans from these signals, and other human effects are 
suspected but not proven. 

In addition, evidence exists that such 
transmitters, utilized in the scalar transmission mode, 
may have been used to cause earthquakes and to 
control the weather. High altitude bursts off the coast 
of the Eastern United States and Canada, over 
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Timmons, Ontario, Canada, and off the coast from St. 
Petersburg, Florida have occurred also. 

Mysterious "blackouts" of U. S .satellites -- and 
British satellites -- have occurred. These would be 
difficult to explain as the result of illumination from a 
ground laser, but easily explained as the result of 
illumination from a ground-based scalar beam or scalar 
interferometer. 

Strange patterns of micro sky quakes and micro 
earthquakes occurred at various locations throughout 
the U.S. just before and shortly after the death of 
Leonid Brezhnev. These strongly appear to be 
connected with the adjustment of a scalar interference 
pattern -- a gigantic "energy bottle" across North 
America, as shown on this slide. 

Shortly after this suspected adjustment and 
alignment, the underground net in the U.S. detected the 
emergence of numerous ELF-modulated signal carriers 
throughout the U.S., generally utilizing carriers in the 
vicinity of 40 MHz. Locations of the apparent 
transmitters were such places as Atlanta, North 
Georgia, St. Petersburg, Florida; Mississippi; Alabama; 
in the vicinity of Washington, D.C.; near Boston; 
around the Great Lakes; Michigan; in the Pacific 
Northwest (Washington and Oregon); and in both 
northern and southern California. 

Researchers knowledgeable of the Soviet 
woodpecker signals and ELF modulations detected and 
reported these signals. 

Physical effects were reported and correlated to 
the signals, including wakefulness at night, 
restlessness, fatigue, headaches, nausea, ringing in the 
ears, anxiety, disturbed dreams, etc. 

What appears to have occurred is the adjustment 


and 
alignment of a vast scalar interference pattern across 
the U.S. Recall that energy emerges in each grid, by 
phase interference between the composite substructure 
waves of the scalar beams. 

Thus the Woodpecker "over-the-horizon radars," 
as accepted 
by Western intelligence analysts, may have acquired a 
diabolical new strategic capability. 

It is as if the Soviets had been permitted to build 
a vast network of transmitters directly on U.S. soil, for 
hostile employment against U.S. citizens. 

Shortly after the net was aligned, a curious 
pattern of weather assaults on the U.S. began. 
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Storms assaulted California unceasingly. Then 
they roared across the Rockies, dipping sharply down 
to hit the Texas Panhandle, and bending northeast 
again to assault the South and the East. 

The mighty jetstreams themselves were diverted 
and "kinked" into this looped, 

And the storms and floo« 
after the other in this highly unusual fashion. 

I maintain that the virtual transmitter net, just 
established by the Soviets and adjusted in on the U.S., 
was tested in the weather control mode. If so, it proved 
highly effective. Imagine what would have happened 
to the U.S. if it had been unleashed full force, and not 
just "gently tested." 

‘And imagine what happens when disease, death, 
and nervous system disturbances are modulated upon 
these blanketing signals. The "transmitters" for the 
patterns are in each grid, all across the U.S.! And there 
are no physical transmitters there to destroy. 

A counter is needed quickly. A simple one 
would consist of recording the signals in each grid 
zone, analyzing the substructure, reversing the signals 
and their structured patterns 180 degrees, and feeding 
the "cancellation signals" out in each area. 

A great strategic Russian weapon of devastating 
power and potential is now operating directly on U.S. 
soil. The need for a crash countermeasures program is 
urgent. 

In 1975 Brezhnev had introduced to the SALT 
talks the 
strange proposal that we should also consider 
outlawing the development of new weapons more 
frightful than the mind of man 
had ever imagined. We didn't know what the Russians 
were talking about. When we asked them later what 
weapons they meant, they referred vaguely to weapons 
of an electromagnetic nature. 

The presentation I have just given you is part of 
what Brezhnev meant. 
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SLIDE 58. 


CONCLUSION 


husp:/www chen 


In conclusion, today I have released a number of 
powerful mechanisms that result from the new 
technological concepts. Many of these were originally 
discovered -- at least in rudimentary form -- by Nikola 
Tesla. In the West, the suppression of Tesla led to the 
suppression of these effects. And our knowledge of 
them went to the grave with Tesla. 

After World War II, the Soviet Union mounted a 
massive campaign to obtain all the scientific literature 
of the West and 
thoroughly digest it. Great centers were set up, and 
thousands 
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of PhD's devoted to this purpose. Gradually they 
synthesized 

this technology from the errors in EM foundations they 
uncovered, and from obscure, ignored papers published 
in the orthodox 

Western scientific literature. 

They rediscovered the technology of Tesla, 
Moray, and 
Rogers. And they have highly weaponized the effects, 
and adjusted and aligned the weapons upon us. 

Now the radical movements are onto part of this 
technology. As late as about six months ago, one such 
group discovered how to build a translator and a scalar 
beam projector. Excitedly, they planned to build them 
the size of a large pistol, powered by a portable battery 
pack, and sell them to street criminals to kill or stop the 
police. They planned to get rich by this illicit means. 
At that time, a personal friend of mine, who moves in 
underground circles, was attempting to purchase one of 
the prototypes for my analysis. Fortunately, the 
inventor stepped into the beam of one of his devices 
and was almost killed. This frightened the group, and 
at least for now they have desisted, But be 
forewarned: this technology is coming down the pipe, 
and the police establishments in the West are in for the 
shock of their lives if the scientific community does not 
wake up and prepare defenses. 

Again I urge my fellow colleagues to experiment 
vigorously with these new concepts, but build 
equipment for the benefit of man. Insect control, 
disease elimination and control -- both are noble 
purposes. Defense against the hostile use of such 
devices is also a fitting purpose. 

We are in the final days, and the final technology 
is upon us. It is a stupendous tool for either good or 
bad, and assuredly it will be utilized for both means. I 
call attention once again to the fact that my ultimate 
purpose is to use this technology benevolently to 
achieve mind linkage, and elevate man from his present 
brutish state to the lofty state that is his destiny and his 
true God-nature. 

For better or worse, Tesla technology is once 
again loose in the world, this time for good, and on a 
massive scale. 

Let us prepare ourselves for a wild canoe ride, 
for the real white water lies just ahead. 
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Thank you for your attention, and good evening. 


-htp://www.cheniere.org/books/part4/s58.htm (3 of 3)24.11.2003 21:34:05 


Challenges 2 Solutions 
forthe 215' Century 


Directed Energy 


3. LEADING EDGE DIRECTEDENERGY RDT&E 


4 DIRECTEDENERGY TOPICS IN THis ISSUE 


PAST, PRESENT, AND FUTURE 


6 NAVAL DIRECTEDENERGY WEAFONS — 
NO LONGER A FUTURE WEAPON CONCEPT 


12. HisTORICAL OVERVIEW OF DIRECTEDENERGY WORK AT DAH 


26 HisTORY OF LASER WEAPON RESEARCH 
36 LASER WEAPON SYSTEM (LAWS) ADJUN 
WEAPON SysTEM (CIWS) 


RDT&E, ACQUISITION, AND WARFARE MANAGEMENT 


44 THE ACQUISITION CHALLENGE ASSOCIATED WITH DIRECTEDENERGY RDT&E 


TECHNOLOGY, MODELING, AND ASSESSMENT 
50 THe BASICS OF ELECTRIC WEAPONS AND PULSEDPOWER TECHNOLOGIES 


58 SOLID MODELING OF DIRECTEDENERGY SYSTEMS 


(64 A FUNDAMENTAL KEY TO NEXT-GENERATION DIRECTED ENERGY SYSTEMS 


HIGH-POWER MICROWAVE 
78. DIRECTED ENERGY USING Hic POWER MICROWAVE TECHNOLOGY 


HIGH-ENERGY LASER 
82. LASER COUNTER ROCKET, ARTILLERY, AND MORTAR (RAM) EFFORTS 


NONLETHAL CAPABILITIES 
86 MULTIFREQUENCY RADIOFREQUENCY (RF) VEHICLE STOPPER 


Stephen A: Merman 


92 HicHPOWER ELECTRICAL VEHICLESTOPPING SYSTEMS 


96 NONLETHAL SMALL-VESSEL STOPPING WITH HiGHPOWER 
MICROWAVE TECHNOLOGY 


aptain Michael H. Smith, Commander 
Cail R. Sil, Je, Technical Director 
David C. Stoudt, Distinguished Engineer for Directed Energy (ST) and 
NAVSEA Technical Warrant for Directed Energy and Electric Weapon Systems 
Janice Miller, Corporate Communications Divector (Acting) 
Steve Zehring, Managing Editor 
Margie Stevens, Production Coordinator 
Patrice Wats, Editor & Layout 
Clement Bryant, Layout Design & Graphic Artist 
Kellie Yeatman, Graphic Artist 
Trey Hamlet, Graphic Artis/3-D Modeling 


TER, DAHLaREN DIvisiON (NSWCDD) 


ELEctROMAGNENE & SENSORS 
Dale Sisson, Head, Q Department 
Brandy Anderson, Graphic Artist/Cé 


ver Design 
Nswenp 
Jordan Chaparro 
Melanie Everton 
Matthew Ketner 
Michael Libeau 
Matthew McQuage 
Stephen A. Merryman 
Stuart Moran 
Melissa Olson 
Robert Pawlak 
Joseph F Sharrow 
Robin Staton 
Jacob Walker 
Randy Woods 


RESEARCH LIMIT SAN ANTONIO 
Jeremy Beer 

Dave Freeman 

LY Leedjia Svec 


The Leading Edge magazine is produced by the Naval Surface Warfare Center, Dahlgren 
Virginia. The purpoce ofthe publication is to showcase technical excellence across the Warfare 
(Centers and promote a broader awareness ofthe breadth and depth of knowledge and support 
available to the Navy and DoD. 

‘Address all correspondence to Corporate Communications, C6 

Email dlgr_nswe_cé@navyamil: or write to 

(Commander 

Naval Surface Warfare Center, Dahlgren Division 

Corporate Communications, C6 

{6149 Welsh Road, Suite 239 

Dahlgren, VA 22448-5130 

NSWEDD/MP-09/34 
Approved for public release distribution is unlimited 


Introduction 


LEADING EDGE DIRECTED-ENERGY RDT&E 


Dahlgren first launched research and development efforts de- 
voted to harnessing the power of electromagnetic energy over 
40 years ago, From early work with voltage multipliers and pulse- 
powered technology, to today’s high-energy lasers and high 

er microwave technologies, the Naval Surface Warfare Center, 
Dahlgren Division (NSWCDD) has led, and continues to lead, 
cutting-edge directed-energy research, development, testing, and 
evaluation, Our commitment in this area only grows stronger— 
evidenced by our chartering of the Directed Energy Warfare O 
fice (DEWO)—in order to provide increased focus on warfightin 
applications of these technologies. 

Today's military forces face a wide array of challenges in di 
verse operating environments around the world. Directed ener- 
gy offers unique and flexible options to address today’s challenges, 
as traditional kinetic weapons are often of limited value in peac: 
keeping missions and in urban environments, where restricted 
rules of engagement typify the norm, Kinetic weapons can also be 
more costly or ineffective to employ against asymmetric threats 

Operations (CNO) recently placed add- 
on directed energy and on expanding the range of di- 
rected-energy capabilities, In response, scientists and engineers at 
NSWCDD are actively developing prototype systems in a num- 
ber of areas that you will read about in this issue—areas that have 
been successfully demonstrated and tested in our Navy laborat 
ries and ranges. 

In this issue of The Leading Edge magazine, you will trace the 
rich history of directed-energy work at Dahlgren, gain insight into 
directed-energy weapons already fielded or being readied for the 
field, and learn about prototypes that show real prom 
viding incredibly effective offensive and defensive direct 

solutions, For example, scientists and engineers at NSWCDD 
are leading the way toward realizing small, lightweight radio fre- 
quency (RF) transmitters using high-power, solid-state switching 
amplifiers for the development of counter-improvised explosive 
device detection and neutralization systems. You will also learn 
about diverse applications of directed-energy technology—such 
as research and testing of laser glare devices and laser eye prote, 
tion—and have the opportunity to gain a better understanding of 
the Department of Defense (DoD) acquisition framework and the 
challenge of maintaining cost and schedule estimates while deli 
ering weapons systems that are critical to the warfighter. 

From lasers to high-power electrical vehicle-stopping systems, 
Tam sure you will be fascinated and, along with me, be impressed 
with the advancements our scientists, engineers, and technical 
staff are achieving in the directed-energy arena to support of our 
men and women in uniform. 


EDGE 


DIRECTED-ENERGY TOPICS IN THIS ISSUE 


Welcome to our Directed Energy issue of the Leading Edge 
magazine. This issue represents the third in a trilogy of issues 
covering the truly fascinating and incredibly challenging area 
of naval warfare in the operational electromagnetic environ- 
ment. In our first issue, we covered the full range of operational 
and readiness implications when operating in the electromag- 
netic environment. Then, in our second issue, we highlighted 
the complexities and dynamics of providing relevant and effec 
tive sensors and radars to our warfighters. Now, we focus on 
directed energy and relate how the Naval Sea Systems Com- 
mand (NAVSEA) Warfare Centers, and the Naval Surface War- 
fare Center, Dahlgren Division's (NSWCDDS), in particular, 
are working on state-of-the-art directed-energy weapons capa- 
bilities for the warfighter 

In this issue, we first look back to the early years, decades 
ago, when directed-energy weapons research began. We exam- 
ine the history of directed energy, and we cover significant dis- 
coveries and achievements made by NAVSEA Warfare Center 

ientists and engineers, and others in the scientific communi- 
ty. We then relate information about several of our current di- 
rected-energy initiatives, and about how we're working hard to 
solve some of the most complex technical challenges associat- 
ed with directed-energy weapons. We highlight how others in 
the Navy, such as the Naval Medical Research Unit in San An- 
tonio, Texas, are also conducting research into directed ener- 
gy and how our forces can better protect themselves from the 
effects of directed energy. We show how directed energy can 
be employed in a variety of offensive and defensive, lethal and 
nonlethal situations. We explain how directed-energy weapons 
work and how they can be employed in various environments 
against a wide range of situations. Lastly, we look forward as we 
provide technical and strategic leadership for the efficient and 
effective development, acquisition, and fielding of directed-en- 
ergy systems for the warfighter. 

So, if you want to learn about what the NAVSEA Warfare 
Centers and others in the Navy are doing in the area of directed- 
energy weapons, look no further than this issue of the Leading 
Edge magazine, I'm confident that you will be impressed by the 
progress made in this most important technology field, 
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NAVAL DIRECTED-ENERGY WEAPONS — 
No LONGER A FUTURE WEAPON CONCEPT 


By David C. Stoudt 


Directed-energy weapon (DEW) technologies typically take the form of high- 
energy lasers (HELs), high-power microwaves (HPMs), and charged-particle beams. 
‘This article focuses on the first two technology areas, as they have reached the point of 
being ready for operational testing and evaluation, and in some cases, operational use 
on the battlefield. DEWs have been popularized in science-fiction writings for over a 
hundred years. The Department of Defense (DoD) has been investing in their develop- 
ment since the 1970s. This article will not go into technical depth regarding the various 
directed-energy (DE)-related efforts currently underway in the Navy, but rather, it will 
overview DE areas under development and relate recent Navy leadership activity, Oth- 
er articles in this issue of The Leading Edge magazine will provide the reader with much 
‘greater technical and programmatic details on various DE efforts. 


HIGH-ENERGY LASER WEAPONS 
HEL weapon systems have been envisioned for a great many years, to include be- 
ing referred to as Martian “Heat Ray” weapons in H.G. Wells epic novel The War of the 
Worlds, originally published in 1898. In reality, a high-average-power laser weapon sys- 
tem is very similar to a “heat ray’, or even a blow torch. During the early years of DoD 
investments in DE technology, the Navy led the development of HEL with the creation 
fithe world’s first megawatt-class, continuous-wave, Mid-Infrared Advanced Chemi- 
cal Laser (MIRACL), located at White Sands Missile Range (WSMR). Roughly 80 years i 


after the work of H.G. Wells, the U.S, Navy tested the MIRACL laser and ultimately 
used that laser system to engage static and aerial targets in the desert of WSMR in the 
following years. While that laser proved to be the wrong choice for the Surface Navy's ¢ 
self-defense mission, it did spawn work by the Air Force on the Airborne Laser (ABL), 
and the Army on the Tactical High-Energy Laser (THEL). In 2000 and 2001, the THEL. 

successfully shot down 28 supersonic Katyusha artillery rockets and 5 artillery shells. 


In 2010, the ABL successfully engaged and de- 
stroyed tactical ballistic missiles during the boost 
phase of their flight. All three of these laser sys- 
tems—the MIRACL, the ABL, and the THEL— 
are chemical lasers that utilize toxic chemicals 
and operate in less than optimal wavelengths that 
make them a poor choice for most naval applica- 
tions. The MIRACL is shown in Figure 1 

Recent advances in solid-state lasers, to in- 
clude fiber lasers, have moved these electric la- 
sers to the forefront of the Department's research 
and development (R&D) for near-term HEL ap- 
plications in the services. The Navy has particular 
interest in electric lasers, to include the free-elec- 
tron laser (FEL), for shipboard self-defense and 
force protection applications. The speed-of-light 
delivery of HEL energy can defeat the high-g ma- 
neuvers of newly developed foreign antiship 
cruise missiles (ASCMs). Thus, the Office of Naval 


Research (ONR) started an FEL Innovative Naval 
Prototype (INP) program in FY10, with a goal of 
reaching the output power of 100 KW. The evei 
tual goal of the FEL program is to reach the mul 
megawatt power level with wavelength selectivit 
‘The Naval Sea Systems Command (NAVSEA) Di- 
rected Energy and Electric Weapons Program 
Office (PMS 405) has been actively developing a 
fiber laser-based Laser Weapon System (LaWS) 
that could be a retrofit to augment the current ca- 
pabilities of the Close-In Weapon System (CIWS) 
currently deployed on many surface combatants. 
‘The Naval Surface Warfare Center, Dahlgren Di 
vision (NSWCDD), is the Technical Direction 
Agent and lead system integrator for PMS 405 on 
the LaWS program. The Naval Air Systems Com- 
mand (NAVAIR) has interest in compact, solid- 
state HEL systems for aircraft self-protect and 
air-to-ground engagements, and will be starting a 


Figure 4. Mid-Infrared Advanced Chemical Laser (MIRACL) 
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fiber laser-based ONR Future Naval Capability ef- 
fort in FY 12. LaWS is shown in Figure 2. 
GH-POWE! Cc =EAPONS 
Like lasers, microwave weapons have been fan- 
tasized about ever since the invention of microwave 
power generators. In fact, in 1932 it was generally 
recognized by the British government that bomb- 
ers, ostensibly German bombers, would be able to 
penetrate British air space and bomb its civilian 
population and infrastructures. In 1934, the Air 
Ministry initially asked Robert Watson-Watt, of 
the National Physical Laboratory, if he could build 
a “death ray” that could kill enemy pilots or deto- 
nate bombs while they are still on the planes of er 
emy aircraft. Such a “death ray” had been proposed 
to the Air Ministry by Harry Gindell-Mathews 
10 years earlier in 1924. Watson-Watt, a former 


meteorologist who had become an expert on ra- 
dio signals, suggested that energy reflected from an 
aircraft could be used to locate it. His experiments 
were successful and RADAR (radio detection and 
ranging), a name coined by the U.S, Navy in 1940, 
was born, While RADAR is not a DEW in the way 
they are thought of today, its roots can clearly be 
traced to the military's desire for such capabilities. 

‘The Navy's HPM, or high-power radio-frequen- 
cy (RE) systems, have been progressively increasing 
in power density to the point where it is now feasi- 
ble to integrate the technology into weapon systems 
for deployment. While initial HPM applications 
suffered from their inability to obtain militarily 
useful outcomes, either due to technology limita- 
tions, difficult concept of operations (CONOPS), 
or inherent robustness of potential target systems, 
many feasible military applications for using HPM 


Figure 2. Laser Weapon System (LaWS) 


devices have surfaced over recent years to include 
nonlethal, antipersonnel weapons and nonkinetic, 
antimateriel weapons. While these concepts of- 
fer unique capabilities to the warfighter due to the 
nonkinetic effects they generate, other warfighting 
concepts—such as stopping vehicles, or countering 
hidden roadside bombs or improvised explosive de- 
vices (IEDs)—are difficult to achieve by any other 
means. The multifrequency Radio-Frequency Ve- 
hicle Stopper (REVS) system is shown in Figure 3. 
In addition, the difficulty in overcoming the 
propagation losses associated with HPM has driv- 
en some concepts into platforms such as un- 
manned aerial vehicles (UAVs) or cruise missiles 
that deliver the HPM device to the target for a 
close-in engagement, Over the past 10 years, field- 
testable prototypes have been developed to dem- 
onstrate the operational utility of these concepts, 
and in some cases, those prototypes have or will 
be deployed operationally to support our troops in 


theater: Itis only through the hard work and perse- 
verance of the Naval Research Enterprise (NRE), as 
well as other DoD laboratories, that concepts that 
were once only laboratory curiosities are now mak- 
ing their way onto the battlefield and contributing 
to the fight. 


FOREIGN 
(DEW) DEVELOPMENT 

‘While the United States has been very active in 
this warfighting area, significant foreign DEW de- 
velopment also has elevated the need for the Navy 
to afford these threats a higher priority. This can be 
done either by incorporating the necessary DEW 
countermeasures into weapon systems, platforms, 
and critical infrastructures, or by adapting the 
CONOPS and tactics, techniques, and procedures 
(TTPs) employed by our armed forces to proper- 
ly account for those foreign DEW systems. Mate- 
riel developers need to understand how this threat 
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Figure 3. Mulifrequency RF Vehicle-Stopper (RFVS) System 
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is evolving and properly address it during the de- 
sign of their systems. They also need to address DE 
in the development of their system threat assess- 
ments, There has been movement on the HPM side 
to modify existing military standards, such as MIL 
STD 464' and others, to now include information 
on potential HPM threats. For example, in the HEL 
arena, work has been accomplished in the develop- 
ment of protective measures for eyes; however, this 
threat needs to be considered during the system 
development process. It is well known that build- 
ing in countermeasures is much cheaper during 
the initial development of a system, vice trying to 
retrofit systems with countermeasures once a new 
threat is on the battlefield. As analysts evaluate the 
foreign development of DE technologies, and the 
trends become clearer, it is the responsibility of the 
acquisition community to take this threat into con- 
sideration and ensure that weapon systems, plat- 
forms, and infrastructures will be available and 
at full capability when needed. By accounting for 
foreign threat developments, assessing blue force 
susceptibilities and vulnerabilities, and adopting 
appropriate measures to negate or counter these 
threats, naval forces will avoid technological sur- 
prise on the battlefield in the future. 


REQUIREMEN 

‘The DE programs briefly mentioned in this 
article, and covered more deeply in this and oth- 
er publications, offer warfighters unique capa- 
bilities not currently found in their arsenal. The 
continuing problem, however, is matching those 
unique capabilities to vetted operational require- 
ments, The DE technical community has made 
great strides in helping the operational communi- 
ty understand the capabilities of DE weapons and 
their potential military effects on targets. The lack 
of formal requirements, however, has yielded more 
of a technology push—rather than an operational 
pull—of various DE capabilities, Progress has been 
made, but more effort is required if DE capabilities 
are to be developed and transitioned between sci- 
ence and technology (S&T), and formal programs 
of record. Notwithstanding, the current outlook 
and trends are positive. 


‘The Navy's interest in DEWs for future mari- 
time operations has increased in recent years due 
to a number of weapons development successes. 
Recognizing the importance and value of DEWs, 
NAVSEA reestablished the Navy Directed Ener- 
gy Weapons Program Office (PMS 405) in 2004. 
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Accordingly, PMS 405 was designated as the p. 
of contact for matters related to DE and electric 
weapon systems (EWS) development and acqui- 
sition initiation for NAVSEA, and for matters 
being coordinated with other federal agencies and 
military services. PMS 405's mission is to transi- 
tion technology from the laboratory to prototype/ 
advanced development/testing for operational de- 
velopment and use.” 

‘The Navy also established its first formal ex- 
ecutive position for DE (ST-level), the Navy's Dis- 
tinguished Engineer/Scientist for Directed Energy, 
at NSWCDD in August 2004. Following the es- 
tablishment of this position, NAVSEA then for- 
mally established a Technical Authority Warrant 
for Directed Energy and Electric Weapon Systems 
(DE&EWS)—Surface Ships in July 2008. The scope 
of the warrant includes the transition of S&T de- 
velopment to weapon system development of le- 
thal and nonlethal capabilities associated with the 
DE&EWS for Surface Ships.‘ This included, but 
was not limited to, the following: 

+ Laser Weapon Systems 

+ High-Energy Lasers 
+ Solid-State Lasers 
+ Free-Electron Lasers 
+ Femtosecond Ultrashort Pulse Lasers 
+ Laser-Induced Plasma Channel 
+ Lethality/Vulnerability 
+ Electromagnetic Rail Gun Weapon System 
+ High-Power Microwave 
* Active Denial System 
+ Laser-Guided Energy 
+ Maritime Directed Energy Test Center 
+ Electromagnetic Launch of Weapons (ex- 
cluding the Electromagnetic Aircraft Launch 
System (EMALS)) 

‘Then, within the NAVSEA Warfare Center En- 
terprise, Warfare Center leadership established two 
technical capabilities (TCs): an NSWCDD TC for 
DE systems research, development, test, and evalu- 
ation (RDT&E); and a Naval Surface Warfare Cen- 
ter, Port Hueneme Division (NSWCPHD) TC for 
in-service engineering, test and evaluation (T&E), 
and integrated logistics support to DE systems. 
NSWCDD leads all S&T and RDT&E for the devel- 
opment and weaponization of DE systems for sur- 
face, air, and ground environments. Italso leads the 
development of offensive and defensive DE technol- 
gies needed to characterize and exploit vulnerabil- 
ities, provide weapons, and protect against attack. 
NSWCDD provides the technologies, devices, and 
systems designed to create or control electromag- 
netic energy used to cause persistent disruption or 
permanent damage by attacking target materials, 


electronics, optics, antennas, sensors, arrays, and 
personnel, including nonlethal applications. NSW- 
CPHD provides in-service engineering, T&E, and 
integrated logistics support to DE systems through- 
out the system life cycle 

‘The Navy further demonstrated increased 

interest in DE when Assistant Secretary of the 
Navy (Research, Development & Acquisition 
(ASN(RDA)) designated NAVAIR offensive and 
defensive leads for naval aviation DE activities: 

+ Program Executive Officer for Unmanned 
Aviation and Strike Weapons (PEO(U&W)), 
assigned as the offensive DE lead for naval 
aviation 

+ PEO for Tactical Aircraft Programs (T), as- 
signed as the defensive lead for naval avia- 
tion 

Concerning future initiatives, the Chief of Na- 

val Operations (CNO) tasked the Strategic Studies 
Group (SSG) to examine a topic entitled “Mari- 
time Operations in the Age of Hypersonic and Di- 
rected-Energy Weapons.” The intent of the study 
was to provide Navy leadership with an under- 
standing of where DE technologies and weapons 
are today and how they might influence future 
maritime operations. The theme of the study was 
completed during FY10, the results of which dis- 
cuss many DE concepts, as well as tactics for the 
employment of DE capabilities. The study's find- 
ings are currently under review and consideration 
by senior Navy leadership. 


On ON 
While H.G. Wells’ The War of the Worlds novy- 
el and television programs like Star Trek popular- 
ized the notion of using DE for weapons in years 
past, today— through persistent DEW RDT&E— 
Navy leadership is realizing the great potential that 
DEWs offer naval warfighters and homeland de- 
fenders, The scientific and technical advances the 
Navy has made in HEL and HPM in recent years 
have been nothing short of extraordinary. More- 
over, future technological and engineering advanc- 
es undoubtedly will result in profound differences 
in our nation’s future warfighting capabilities. Na- 
val DEWs, therefore, are no longer just a future 
weapon concept...they are here today. 
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HISTORICAL OVERVIEW OF 
DIRECTED-ENERGY WORK AT DAHLGREN 


By Stuart Moran 


In 1962, the United States set off a megaton nuclear weapon 250 miles above the 
Pacific. The blast caused a large imbalance of electrons in the upper atmosphere that 
interacted with the Earth's magnetic field to create oscillating electric fields over a large 
area of the Pacific. These fields were strong enough to damage electronics in Hawaii, a 
thousand miles away, and clearly demonstrated the effects of an electromagnetic pulse 
(EMP). It didn't take long for the military to begin considering ways to create such 
pulses without using nuclear weapons. 

In the late 1960s, the Special Applications Branch at the Naval Weapons Laboratory 
at Dahlgren began studying ways to generate high-power oscillating electric fields that 
could be used as a weapon to damage enemy electronics. These devices were basically 
high-power versions of the old spark-gap transmitters used in the early days of radio. 
To construct a device that could produce nuclear EMP-like fields, stored electrical en 
ergy was converted to radio-frequency (RF) energy that could be radiated from an an- 
tenna through the atmosphere to a target. These devices typically would store energy in 
a high-voltage capacitor and release the energy quickly using a spark-gap switch. This 
would then drive oscillating currents on an antenna, causing it to radiate, To achieve 
field strengths of thousands of volts per meter, typical of a nuclear EMP, devices operat- 
ing at hundreds of thousands of volts or more were needed. 

‘A number of radiating devices were studied in the early 1970s. Most belonged to a 
class of devices called Hertzian oscillators. A capacitor is charged to high voltage, the 
switch is closed, and current flows in the circuit, causing the stored energy to oscil- 
late between the electric field of the capacitor and the magnetic field of the inductor, 
To charge the capacitor to extremely high voltages, a step-up transformer of some type 
must be used. One of the fastest voltage multipliers, the Marx generator, was frequent- 
ly used, ‘The losses from internal resistance and external radiation damp the oscillat- 
ing waveform, typically after a few cycles, The radiated pulses are, therefore, short in 
time and broad in frequency content! A simple diagram of the inductance-capacitance 
oscillator (L-C oscillator) is shown in Figure 1. 


‘SINGLE-PULSE BURNOUT DEVICES 
‘Many typesof Hertzian devices were designed, constructed, and tested at Dahlgren dur- 
ingthe 1970s. The transmission-lineoscillator,or cavity oscillator, used aquarter-wavelength 
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(CROSS SECTION OF AN L-C OSCILLATOR 


Figure 1. Inductance-Capacitance Oscilator (L-C Oscillator) Diagram 


coaxial pipe, which was switched at one end, to create 
the oscillating waveform. A frozen wave generator, 
a different type, had quarter-wave sections of cable 
that were charged plus and minus to create a two- 
cycle waveform “frozen” in the cable, All sections 
were simultaneously switched, causing the wave to 
travel to an antenna. A special folded design was de- 
veloped so one switch could be used, eliminating 
the multiswitch synchronization problem. A Ross 
circuit used a square wave pulse, which traveled 
down cable “tees” creating reflections, which were 
timed to create several RF cycles. In the Travetron, 
the turn-on time of a series of spark-gap switch- 
es was incorporated as a designed delay, creating 
reflections through a series of gaps to produce the 
waveform, This design allowed higher frequencies. 
All of these devices were designed, built, and test- 
ed to determine power and frequency capabilities, 
as well as efficiency. 

Scientists and engineers at Dahlgren built and 
tested versions of Hertzian oscillators operating up 
to half a million volts. These devices powered rel- 
atively simple monopole or dipole antennas that 
could produce very high electric fields at hun- 
dreds of meters. In the early 1970s, a special out- 
door field-measurement range was constructed. 
It housed high-voltage systems in underground 
trailers that fed antennas above ground on a spe- 
cially-built, 100-m-long ground plane that was 
constructed for testing and field measurements. A 
picture of the ground place in a fielded measure- 
ment range is shown in Figure 2, Field probes were 
even carried aboard helicopters to make measure- 
ments above ground effects, as shown in Figure 3 


Other types of devices to produce pulses were 
constructed, too, Vector inversion generators used 
spiral-wound capacitive plates to generate high 
voltages without transformers.’ The Landecker 
ring used a paddle-wheel arrangement of capac- 
itors and inductors charged in parallel and dis- 
charged in series. The circular arrangement was 
designed so the entire system would radiate as a 
magnetic dipole, thus forming its own antenna.‘ 
Switch timing was critical, and Dahlgren engineers 
attempted to verify reports that Landecker devel- 
‘oped a specific type that brought all capacitor leads 
into a single-center spark gap. 

Scientists and engineers also looked at devices 
that used explosives to generate the electrical energy 
needed. These included explosive flux compressors 
of several types, which generated fields and then ex- 
plosively squeezed the fields between conductors to 
amplify the peak power. In the early 1970s, a large 
(70-ft clear zone) anechoic chamber was construct- 
ed at Dahlgren with an explosive chamber in one 
end. Explosives would be set off in the chamber to 
drive various types of flux compressor schemes that 
would generate electrical pulses fed into an oscillator 
and antenna in the anechoic chamber. Pulse param- 
eters and field strengths could be measured. Imped- 
ance-matching networks, matching transformers, 
and methods of improving efficiency were studied. 
‘Tests were performed at Dahlgren and at Los Ala- 
mos using large antennas suspended from balloons. 
In other schemes, piezoelectric devices were devel- 
oped, which could be compressed hydraulically and 
then quickly released to produce high voltages. The 
concept was to use explosives to generate the high 
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Figure 3. Airborne Electric Field Measurements 


pressures. Ferroelectric and ferromagnetic trans- 
ducers driven by explosives were also tested." 
SPECIAL EI S WARHEAD 
(SEW) PROGRAM 

In 1973, Dahlgren began the SEW Program to 
look at the feasibility of “burning out” enemy radar 
and missile systems using single-shot, very high- 
peak-power EMPs. The program looked at the 
feasibility of constructing an electromagnetic war- 
head that could disable electronics beyond a nor- 
mal hard-kill explosive range as far as a mile away. 
‘The program was funded at several million dollars 
a year through most of the 1970s. 

‘A major thrust of the SEW Program was to 
better understand the effects of high fields on mil- 
itary electronics. Little information was available 
on the vulnerability of foreign or US. electronics, 
particularly entire systems. A trailer-based RF im- 
pulse system, employing a Marx-driven L-C oscil- 
lator charged at two million volts, was constructed 
at Dahlgren. This Transportable Oscillating Pulser 
System (TOPS) was connected to a large bounded- 
‘wave structure that produced uniform fields over a 
region large enough to place an entire radar or mis- 
sile system. The electric field emitted from the throat 
of this system was so high that a special bag of high- 
voltage gas was needed until the radiating structure 
became large enough to transition to the normal at- 
mosphere. A picture of TOPS is shown in Figure 4. 


Since many important target systems were not 
available for testing, much of the vulnerability in- 
formation was obtained from US. electronics, and 
estimates were then made for foreign systems. In 
addition to the tests done at Dahlgren, pulsers were 
also constructed in mobile trailers that could be 
transported to other sites for testing against simu- 
lated or actual targets. The Mobile Oscillating Puls- 
ce System (MOPS) was an example that was carried 
to test sites, such as China Lake, to perform tests 
against radars and simulated foreign systems. 

‘A key requirement for the SEW Program was 
to demonstrate enforceable target vulnerability, 
which means that a high percentage of the time a 
large percentage of the targets are affected. One im- 
portant finding was the broad difference between 
an electromagnetic safety concern—where a 1 per- 
cent vulnerability was far too great—and a weap- 
‘on concern—where a 10 percent vulnerability was 
not good enough. The field strengths between the 
safety requirements and weapon requirements of- 
ten were many orders of magnitude apart. 

‘The SEW Program looked at many types of 
electronic component vulnerability, subsystem 
vulnerability, and complete system vulnerability. 
As a result, energy tables for burnout effects were 
developed. Subsequently, Dahlgren performed nu- 
‘merous field tests against radar and communica- 
tions systems between 1973 and 1978, and funded 
component and subsystem testing on missiles. 


Figure 4, Transportable Oscilating Pulser Systam (TOPS) 
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EPETITIVE SYSTEM 
ELECTRONIC WARFARE 

The electric fields required to damage military 
electronics in the 1970s often were very high, and 
ranges typically were limited. As a spinoff of pro- 
grams trying to damage targets with a single pulse, 
some of these devices were reduced in size and 
power, and operated in a repetitive mode to gen- 
erate noise pulses for the purpose of electronical- 
ly jamming target systems. In 1976, the Naval Air 
Systems Command (NAVAIR) began the Electro- 
magnetic Countermeasures Program to study the 
application of high-repetition-rate Hertzian devic- 
es for use as noise jammers. The initial targets were 
low-frequency radars. 

In late 1976, Dahlgren performed effectiveness 
tests against various radars using helicopter-mount- 
ed Hertzian jammers. These devices were able to 
screen incoming target aircraft at useful ranges, The 
concept of a forward-launched rocket to deliver a 
parachute-suspended Hertzian jammer also was in- 
vestigated, Dahlgren teamed with engineers at Chi- 
na Lake to study packaging concepts of utilizing an 
extended 5-inch Zuni rocket as a forward-fired de- 
livery vehicle. A prototype is shown in Figure 5. 

Similar Hertzian devices were considered for 
use as communications and data-link jammers. 
Several antenna deployment schemes were devel- 
oped, and by fall 1978, successful ground launches 
had been performed in which the deployment se- 
quence and jammer operation were demonstrated. 
‘The name Zuni Expendable Pulsed-Power Oscil- 
lator (ZEPPO) was given to the project. Dahlgren 
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Figure 5. ZEPPO Payload 
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teamed with the Naval Avionics Center (NAC) to 
build the systems. By 1980, China Lake fired the 
first air-launched prototypes at both low and high 
altitudes. Devices, batteries, spark gaps, and anten- 
nas continued to be developed, and new targets— 
such as spread-spectrum systems—were tested. 
Other delivery systems besides rockets were also 
considered. 


THE PULSED Pow 
TECHNOLOGY PROGRAM 

Large directed-energy weapons (DEW) of- 
ten required megawatts or gigawatts of peak power, 
so methods of supplying and modifying this pow- 
er were needed. As Dahlgren became involved in a 
broad range of DEW systems, one attribute became 
moreand more obvious: the size, weight, and cost of 
a directed-energy (DE) system were dominated by 
the pulsed-power technologies needed to drive the 
system, not by the source device itself. Consequen 
ly, more effort began to be devoted to the power-de- 
livery technologies needed for many of the weapon 
concepts. Pulsed-power components enabled ener- 
gy to be stored over long periods of time (seconds) 
and released very quickly (nanoseconds) to obtain 
a billion times increase in peak power. 

Dahlgren hosted a pulsed-power systems 
symposium and workshop in 1976 and helped 
initiate the International Pulsed Power Confer- 
ences, which began in 1977 and continues today 
under the Institute of Electrical and Electron- 
ics Engineers (IEEE). As Dahlgren’s involvement 
with systems design increased, it became apparent 
that new technologies were needed in the prime- 
power and pulsed-power area to support a vari- 
ety of new concepts, Dahlgren urged the Navy to 
initiate a Pulsed Power Technology Program to 
develop power sources, energy storage systems, 
high-power switches, and power conditioning sys- 
tems needed for a variety of future weapons. This 
program was initiated in 1978 and was originally 
funded by NAVAIR and then by the Directed En- 
ergy Program Office (PMS 405) in the early 1980s. 
In addition to the Pulsed Power Technology Pro- 
gram, PMS 405 also began funding free-electron 
lasers (FELs), chemical lasers, high-power mi- 
crowaves (HPMs), and charged-particle beams 
(CPBs). The Pulsed Power Technology Program at 
Dahlgren, in turn, funded many areas of research, 
both internal and external, over the next 10 years. 
Dahlgren served as the focal point for the Navy's 
science and technology (S&T) in pulsed power 
and funded many universities, government lab- 
oratories, and commercial companies under the 
Pulsed Power Technology Program. 


To provide large amounts of electrical prime 
power, new types of rotating machines were stud- 
ied, including flywheels, conventional alternators, 
homopolar generators, rotary flux compressors, 
and compensated pulsed alternators. These ma- 
chines attempted to produce fast, high-power puls- 
es using special materials to reduce losses, eddy 
currents, and mechanical stresses, MHD genera- 
tors were developed using rocket-motor propellant 
that could be started and stopped. In the mid- 
1980s, a full-scale hybrid (solid fuel/liquid oxidiz- 
er) combustor was fabricated and tested at 10 MW, 
achieving world records for power-to-weight ra- 
tio and conductivity. By 1980, new types of energy 
storage systems were studied, including inductive 
storage and advanced capacitors using new types 
of insulating materials and geometries. During the 
late 1980s, programs such as the Mile-Run Capac- 
itor Program reduced the capacitor size by a fac- 
tor of 10 through better synthesis of polymer films. 

Beginning with internal independent research 
funds, Dahlgren developed liquid dielectric mate- 
rials based on water/glycol mixtures at low tem- 
peratures, These water-capacitor devices could 
hold energy for orders-of-magnitude longer time 
periods than ever before, allowing pulseforming 
lines to be constructed that could be charged di 
rectly from rotating machines, Dahlgren scien- 
tists developed a world-record high-voltage water 
capacitor that could hold pulses for milliseconds 
and became internationally recognized experts in 
water breakdown,”* 

High-power fast switching was another impor- 
tant area of research, Dahlgren funded companies 
to develop new types of multistage thyratrons that 
could operate at very high voltages. By the early 
1980s, multistage thyratrons capable of operating 
at over 200 kV, 40 kA with 20 nsec risetimes were 
demonstrated. Vacuum switches, ignitrons, plas- 
ma pinch switches, pseudospark switches, back- 
lighted thyratrons, and e-beam switches all were 
studied, as well as a variety of spark-gap switches. 
Higher power solid-state switches were developed, 
too, using new geometries and substrate materi- 
al. Superconducting coils were considered, both 
for energy storage and as opening switches. Dahl- 
gren engineers developed exploding-wire opening 
switches, and several types of plasma pinch switch- 
es were funded. They also worked on stacked cable 
pulsers. Additionally, concepts for electromag- 
netic armor were developed. ‘These systems used 
high-density capacitors to blunt penetrators. In- 
ductive energy storage—which could be far denser 
than capacitors—was studied, including methods 
of generating the seed current and the problematic 


high-voltage opening switch. Opening switches— 
which were needed for inductive energy store sys- 
tems—were studied, as well as magnetic switches, 
which used saturating magnetic material to sharp- 
en pulses. Magnetic switches operating at 10 kHz 
‘were demonstrated by 1983.” 

In 1985, Dahlgren used internal funds to up- 
grade a facility to provide controls, diagnostics, and 
200 KW of average power at 50 kV to accommodate 
testing of new switches and water-based capacitors. 
This facility could control the power with a vacu- 
um-tube pulser and could generate over a million 
volts with a rep-rated Marx generator. The facility 
was used to: 

+ Develop water-dielectric energy storage, rep- 

rated spark gaps, and pseudospark switches. 

+ Test a variety of switches developed by con- 

tractors, such as back-lighted thyratrons.""" 
‘Apicture of one system being tested—a water pulse- 
forming line and spark-gap switch—is shown in 
Figure 6. 

Dahlgren concentrated in-house switching ef- 
forts in spark gaps. New types of gases were stud- 
ied, as well as electrode materials, gas-flows, switch 
geometries, and triggering techniques to produce 
high-repetition-rate switches for electronic war- 
fare, as well as particle-beam weapons.” Dahlgren 
scientists and engineers demonstrated 100-us re- 
covery of spark-gap switches after handling kilo- 
joules of energy at hundreds of kilovolts, a world 
record." The High Energy 2-Pulse System for fast 
recovery experiment is shown in Figure 7. 

In 1986, Dahlgren ran a workshop on high- 
power switching for Navy tactical and Depart- 
ment of Defense (DoD) strategic applications and 
became involved with numerous DoD working 
groups on electromagnetic propulsion, high-pow- 
ex diagnostics, advanced energy conversion, pow- 
er modulators, and pulsed power. Spark gaps were 
investigated to create underwater noise for subma- 
rines. Dahlgren also led four North Atlantic Treaty 
Organization (NATO) Advanced Study Institutes 
in Europe and the UK on various pulsed-pow- 
er topics. International assessments of key pulsed- 
power technologies were also performed. 


PARTICLE-BEAM WEAPONS 

Particle-beam weapons were a major focus of 
DE work during the 1970s and 1980s. A CPB weap- 
on takes subatomic particles, generally electrons, 
and accelerates them to near the speed of light be- 
fore sending them toward a target. These fast elec- 
trons penetrate deeply into most materials, so they 
are difficult to counter. The high-current electron 
beam was to be accelerated by an induction-type 
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Figure 7. High Energy 2-Pulse System 


accelerator, repetitively pulsed. High electron- 
beam currents (kiloamps) and a hole-boring series 
of pulses were anticipated to create a stable, long- 
range beam, Since the beam was capable of pene- 
trating quickly and deeply into any target material, 
it had the potential to damage electronics and set, 
off explosives before salvage fuzing could occur. 
‘The beam was predicted to be all-weather and es- 
sentially countermeasure-proof. Even a near miss 
could cause substantial damage from high fields 
and X-rays produced by the deceleration of elec- 
trons as they hit air molecules near the target. The 
CPB concept is shown in Figure 8, 

Scientists and engineers from Dahlgren worked 
on the pulsed-power technologies needed to drive 
these machines beginning in 1980, and it became 
a major focus of the Pulsed Power Technology 
Program." The White Oak Laboratory developed 
beam-steering concepts and looked at material in- 
teractions. By 1989, the program investigated: 

+ Propagation 

+ Compact Recirculating Accelerators 

+ Pointing and Tracking 

+ Prime Power 

+ Material Interaction 

« Fratricide 

For a compact shipboard system, recirculating 
accelerators were needed to make multiple passes 
of the electron beam past the accelerating cavities. 
This required a high-power, fast recovery switch, 
which Dahlgren began working on in 1988. Using 
patented hydrogen switches and special triggering 
techniques—efforts that had begun with internal 
research funds—Dahlgren demonstrated spark- 
gap switches, the only technology that could meet 


the current, voltage, and recovery requirements at 
that time.!® The High-Voltage 5-Pulse System ex- 
periment is shown in Figure 9. 

During these technology efforts, significant 
advances were achieved in all aspects of the pro- 
gram, These included: 

+ Generating high-current, high-energy beams 

{although still below weapons parameters) 

+ Demonstrating a 360° turn in a high-current 

beam 

+ Propagating a single pulse through the air 

+ Demonstrating beam steering on a small scale 

+ Performing target interaction measurements 

Multipulse, long-range propagation was never 
demonstrated. A comprehensive tri-service sum- 
mary called the Net Technical Assessment for CPB 
was sponsored by the Defense Advanced Research 
Projects Agency (DARPA) in 1987 to describe the 
accomplishments of the program, The report said 
compact accelerators were the most pressing tech: 
nology need. As a result, most funding was 
rected toward this topic. Funding was stopped in 
the early 1990s, however, due to the high expense, 
stretched timelines, and changes in the threat. 


ED POWER AND. 
-CTROMAGNETIC LAUNCHERS 
During the 1980s, the Army and Air Force 
looked at short-range electromagnetic weapons 
to penetrate stronger armor with higher veloci- 
ties. The Navy worked on concepts for a weapon 
that could be mounted on ships to intercept missile 
systems at line-of-sight distances. The Navy—then 
the biggest user of space systems—was also inter- 
ested in studies showing that small satellites could 
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Figure 9. High-Voltage 5-Pulse System Experiment 


be electromagnetically launched into low Earth or- 
bit for the fraction of the cost for a normal launch, 

‘Through the 1980s, electric guns were funded 
by independent research and independent explor- 
atory development programs at Dahlgren, study- 
ing electric gun concepts for both rail guns and 
electrothermal (ET) guns. Kinetic energy weapons 
were also investigated as part of the Pulsed Power 
‘Technology Program, Under these programs, pure 
electric launchers were developed and tested at 
Dahlgren, including ones that self-formed projec- 
tiles.""" Also studied were ET guns that used the 
discharge of electrical energy at the gun breech to 
generate a plasma jet. This plasma jet heated a low- 
molecular-weight working fluid, such as water, to 
produce a heated gas that accelerated the projectile 
to higher velocities than conventional explosives. 
‘The Electrothermal-Chemical (ETC) Gun con- 
cept augmented the electrical energy generating 
the plasma jet with a chemical reaction. A 127mm 
ETC gun was investigated, and a 60mm ETC gun 
was tested at Dahlgren, with the ability to fire short 
bursts at a rate of 100 rounds per minute." 
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Early Dahlgren work on electromagnetic 
launchers—along with capacitor development and 
switch advances from the Pulsed Power Technol- 
‘ogy Program—allowed Dahlgren to provide the 
Navy with detailed conceptual designs in the late 
1990s for near-term, long-range rail guns based on 
capacitor energy store, These efforts helped sup- 
port the decision to begin a long-range rail-gun 
program at Dahlgren that continues today, result- 
ing in world-record achievements. Capital invest- 
ment funds were used to construct a high-energy 
facility in 2005 to test pulsed-power components 
and module designs for use in electromagnet- 
ic launcher programs. An early electromagnetic 
launcher is shown in Figure 10. 


HIGH-ENERGY LASERS (HELS) 

In general, megawatts of continuous laser 
power are required to kill hard targets at long rang- 
es, Laser technologies that can produce this much 
power are very limited. The Navy was a leader in 
developing powerful chemical lasers in the 1970s 
and 80s, These lasers burned chemical reactants to 


Figure 10. Early Electromagnetic Launcher at Dahlgren 


generate the excited states for lasing, thus reduc- 
ing the need for large amounts of electrical pow- 
er, The Navy built an entire HEL system, including 
the Mid-Infrared Advanced Chemical Laser 
(MIRACL) and the Sea-Lite beam director. By 
1990, this building-sized system demonstrated 
shooting boosters, missiles in flight, and superson- 
ic vehicles. However, the system had drawbacks 
because it: 

+ Used hazardous, expensive chemicals 

+ Had propagation problems at the mid- 

infrared wavelength 

+ Was large in size and high in cost 

FELs require electron accelerators similar to 
CPB weapons, so they also are large and complex. 
However, they can be designed to operate at opti- 
mum wavelengths and scale nicely to higher pow- 
cers, The Strategic Defense Initiative began working 
on FELs in the late 1980s, funding the advanced 
test accelerator at LLNL, originally developed for 
CPBs. FELs were also studied under the Strategic 
Defense Initiative Organization (SDIO) to be used 
as an antisatellite weapon. These lasers went from 
milliwatts to watts under SDIO, and then to kilo 
watts more recently with work at the Thomas Jef- 
ferson National Accelerator Facility in Virginia. 


Space-based lasers and relay mirror systems were 
studied under SDIO funding, too, including the 
development of the Advanced Beam Control Sys- 
tem for beam steering, beam control, rapid optical 
retargeting, and self-alignment. 

Dahlgren engineers concentrated its internal 
laser efforts on medium-power soft-kill weapons. 
‘They performed tests against sensors and cam- 
ras, and investigated damage thresholds. In the 
late 1980s, Dahlgren engineers worked with opti- 
cal augmentation to locate enemy optics for target 
ing and on green laser dazzlers for defense against 
small-boat attack. There were efforts to harden 
electro-optical equipment, including sights and 
night-vision systems for the Marines, and laser 
eye-protection filters for goggles and binoculars. 
Laser systems were also investigated for remotely 
cutting holes and wires to disable electronics, Le- 
thality work continued under funding from the 
Joint Technology Office for High-Energy Lasers to 
ook at alternative wavelengths and pulse shapes in 
addition to modern target materials.” 

Dahlgren scientists continued to. investi 
gate laser-damage thresholds for materials, com- 
ponents, and subsystems for a variety of laser 
technologies. Near the start of the 21st century, 
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commercial lasers based on pumping optical fi- 
bers with semiconductor lasers became common 
and more powerful. Dahlgren purchased the Na- 
vy'’s largest collection of fiber lasers in 2004 and 
began investigating ways to combine multiple 
beams into a laser weapon. These lasers have very 
high efficiencies, above 20 percent, and the fiber- 
optic output reduces the requirement for complex 
optical paths. In 2008, Dahlgren engineers dem- 
onstrated a laser capability to ignite spinning mor- 
tar rounds, and in 2009, engineers demonstrated 
the capability of fiber lasers in a shoot down of soft 
targets at China Lake, California. 


RESURGENCE OF D ) ENERG 

With the fall of the Soviet Union and a greatly 
altered threat, DoD funding (particularly technol: 
ogy funding) experienced an overall decline in the 
late 1980s and early 1990s. This caused Navy man- 
agers to emphasize near-term, lower risk, evolu- 
tionary concepts. The Pulsed Power Technology 
Program and the Navy's Charged Particle Beam 
Program both came to an end. Investigations into 
HPM weapons declined as the difficulty of burn- 
out of military electronics—particularly analog 
components—became apparent. Problems with 
propagation and cost caused the Navy to greatly 
reduce efforts on chemical lasers. With the cancel- 
lation of major programs, Dahlgren used internal 
funding in 1990 to keep a core technical capabili- 
ty together, which was necessary for the Center to 
remain in the mainstream of tactical DE and its 
associated technologies. Efforts continued in wa- 
ter breakdown, testing of contractor-developed 
pulsed-power components, and electric guns. 
New talent and technologies from universities 
were brought in to jump-start new projects. Tun- 
able waveform generators using unique semicon- 
ductor materials were developed. These used bulk 
semiconductor material, fabricated in-house, that 
could be used as a fast switch controlled by laser 
light for both on and off operation. This allowed 
faster repetition rates and better triggering than 
could be done with small spark gaps, as well as 
the ability to create specific waveforms.” “Green” 
technologies were also investigated using non- 
thermal plasmas and spark-gap shock waves for 
cleaning and pollution reduction.” New types of 
particle detectors and magnetic field sensors were 
developed, and new methods of infrastructure 
protection were investigated.” Soft-kill weapons, 
both optical and HPM, continued to be studied. 
Short-pulse jamming of spread-spectrum systems 
‘was investigated, as well as beat-wave coupling 
and special waveforms.** 
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‘A number of trends led to a resurgence of 
DEWs by the end of the 20th century. The DoD 
trend in using digital electronics and off-the-shelf 
commercial technologies increased dramatically 
‘The pace of change in electronics and computers 
changed rapidly, too. Most of these new electronic 
systems had never been tested for vulnerability, and 
there was a question of how much they would in- 
crease military vulnerability to RF or HPM attack. 
‘The reduced emphasis on nuclear EMP shielding 
meant more military electronics were not as well 
protected from RF attack. Consequently, interest 
in protecting US. military and civilian infrastruc- 
ture increased, including systems in foreign coun- 
tries. Moreover, with the increasing reliance on 
civilian infrastructure, such as power, communica- 
tions, and emergency and industrial systems—all 
of which were controlled by digital electronics— 
the potential that an adversary could attack in- 
frastructure systems to affect or divert military 
‘operations became an increasing concern, Follow- 
ing several major terrorist attacks during this time 
period, there was also concern about the impact of 
an RF attack on airport towers, financial systems, 
alarm systems, and industrial plants. Human fac- 
tors—such as a state of confusion experienced by 
humans—also played an important part in deter- 
mining the overall effects of an RF attack. 

“The asymmetric threat—where large numbers 
of cheap weapons in a swarm attack could overrun 
a few sophisticated weapons—caused more con- 
cern, As the asymmetric threat to the surface Navy 
pushed the limits of conventional defensive sys- 
tems, DE—with it speed-of-light propagation, soft- 
ill potential, and cheap rounds—offered tactical 
advantages, either as an adjunct to convention- 
al systems or as stand-alone systems. Additionally, 
there was an increased emphasis on nonlethal, pre- 
cise accuracy and graduated effects that could be 
used. Moreover, the idea that future battles would 
be fought together with civilians and friendly forc- 
es on the battlefield increased the importance of 
low collateral damage and antimateriel attacks, 

‘The Joint Program Office for Special Technol- 
ogy Countermeasures (JPO/STC), located at Dahl- 
‘gren, began efforts concerning the vulnerability of 
new digital systems to RF attack. The program also 
established a DoD-wide database of vulnerability 
data, source designs, and RF-effects information— 
bringing together much of the information col- 
lected by the services over the years. The program 
looked at the protection of modern digital infra- 
structure systems and funded a facility constructed 
in 1992 to test large-scale electromagnetic vulnera- 
bilities to various methods of attack. 


In the late 1990s and early 2000s, Dahlgren 
initiated programs regarding the potential for RF 
attack using nonkinetic disruption, with mini- 
mal collateral damage. Capital investment funds 
were used to construct a test facility for this ef- 
fort in 1998. Dahlgren developed RF payloads 
for remotely piloted vehicles and demonstrat- 
ed their effectiveness in field tests in 1999, and in 
similar tests in 2007. The successful completion 
of Project Guillotine was DoD’s first demonstra- 
tion of this type of HPM technology. As the need 
for statistical vulnerability to commercial digital 
systems became apparent, Dahlgren construct- 
ed instrumented test facilities in 1999 and 2002. 
Two multistory buildings could be reconfigured 
to reflect different types of building construction 
and electromagnetic shielding. Large complex- 
es of electronics, computer networks, server sys- 
tems, telephone systems, security systems, and 
various types of digital industrial controls could 
be assembled, instrumented and exposed to at- 
tack from an external device or technique. This 
program-funded complex—called the Maginot 
Open Air Test Site (MOATS) facility—continues 
to be used to test target systems, as well asa variety 
of RF weapon technologies developed internal- 
ly and by external and international organiza- 
tions. A picture of the MOATS facility is shown in 
Figure 11. 

‘As the need for additional DE laboratory space 
and testing capabilities became apparent, Dahl- 
{gren applied for military construction funds, and 


in 2008, constructed the Naval Directed Energy 
Center (NDEC), with access to Dahlgren’s over- 
water test range. Other construction funds were 
used to construct a remote facility at the Pumpkin 
‘Neck Explosive Test Range to serve as a laser back- 
stop and measurement facility, as well as an explo- 
sive-test staging area. These facilities already have 
been used to develop and test fiber lasers against 
modern threat targets. Construction is currently 
underway to build an expansion of the NDEC and 
2 120-m laser test laboratory building using an ex- 
isting tunnel structure. This collection of facilities 
represents very important capabilities to develop 
and test future DE systems. 


CONCLUSION 

For over 40 years, the Naval Surface Warfare 
Center, Dahlgren Division (NSWCDD) has been 
a leader in developing DE devices, pulsed-pow- 
er systems, and electric weapons. Its people have 
contributed many publications and patents, and 
set world records. DEWs tend to be complex and 
technically challenging to build, Regardless, these 
weapons offer important, powerful advantages, 
such as: 

+ Deep Magazines 

+ Cheap Rounds 

+ Fast Targeting 

+ Variable Lethality 

+ Pinpoint Targeting 

‘Asa result of NSWCDD's leadership, persistent 
scientific initiatives, and leading-edge engineering 


Figure 11. MOATS Facilly Undergoing Testing with an RF Weapon (on right) 
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over the years, naval warfighters will increasing- 
ly find themselves turning to DEWs when dealing 
with situations spanning the spectrum of conflict. 
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Past, Present, and Future 


HISTORY OF LASER WEAPON RESEARCH 
By Melissa Olson 


‘The idea of using light as a weapon can be traced back to Hippocrates, command- 
cer of the Greek forces in 212 B.C, His forces supposedly set fire to the sails of the Roman 
fleet by focusing sunlight with mirrors. Weapons systems based on lasers and “ray guns.” 

~ long a staple of science fiction, have captured the imagination of people everywhere. But 
with steady progress toward the development of lasers in the last 40 years, viable, state- 

of-the-art laser weapon systems have now become a reality. 

“The production of lasers in the modern scientific world is fairly new, The first laser 
was developed in the 1960s and represented the beginning of a drastic change in how 
the military viewed warfare. The late 1970s and 1980s, too, marked a busy time peri- 
od for developing lasers into possible weapon systems. All branches of the military and 
industry were striving to master high power levels, beam control, and adaptive optics. 
In 1999, the Department of Defense (DoD) formally recognized lasers as future weap- 
‘ons and began research and development (R&D). In 2000, the Joint Technology Office 
for High Energy Lasers was formed to bring all laser technologies together to develop a 
complete laser weapon system that could be used by the warfighter. 


ELECTROMAGNETIC SPECTRUM 

The electromagnetic spectrum contains all the types of electromagnetic energy, in- 
cluding radio waves, microwaves, infrared, visible light, ultraviolet, and gamma rays. 
Laser is an acronym for “light amplification by stimulated emission of radiation? Light, 
therefore, is a type of electromagnetic radiation. Light is made up of tiny packets of en- 
ergy called photons. The amount of energy is what determines the wavelength. Lasers 
are usually infrared (1 mm to 750 nm) and visible light (750- to 400-nm wavelength). 
‘Microwaves are mostly high-frequency radio waves (millimeters to centimeters), with 
‘wavelengths 10,000 times longer than lasers. Diffraction of any clectromagnetic radia- 
tion beam is based on the wavelength and aperture size. For the same aperture size, la- 
sers diffract 10,000 times less than microwaves. This allows the beam to reach farther 
ranges while maintaining a small spot size of concentrated energy on the target. Lasers 
are preferred in specific scenarios because of minimal diffraction, The electromagnetic 
spectrum is shown in Figure 1. 


LASER FUNDAMENTALS 
The quantum mechanical idea of stimulated emission of light was discovered by 
Albert Einstein in 1917 and is one of the fundamental ideas behind the laser. Einstein 
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Figure 1. Electromagnetic Spectrum 


theorized that when a photon interacts with an 
atom or molecule in an excited state, two photons 
are produced when the atom or molecule leaves the 
excited state, Population inversion occurs when the 
atoms or molecules are in the excited state, In order 
for molecules to come out of the normal “ground” 
state, a source of power must be introduced to the 
system energizing the atoms to the excited state. 
When many photons are passed through many ex- 
cited atoms, more and more photons are produced. 
‘The photons are contained and reflected back and 
forth in a cavity, with mirrors usually on each end. 
‘The mirror on the output end is only partially re- 
flective, allowing some photons to leak through, 
creating the laser beam, 

“The difference between an everyday light bulb 
and the light of a laser is temporal and spatial co- 
herence, In a light bulb, the light emits photons 
equally in all directions. The light is random, out of 
phase, and multiwavelength. A laser emits coher- 
ent light, so photons travel in identical direction 
and phase. A laser is also monochromatic, ie., light 
of one wavelength, Another significant difference 
is that laser light is highly collimated, which means 
the laser beam can travel long distances with min- 
imum spreading. 

‘The laser gain medium through which the pho- 
tons travel to become amplified or magnified can 
vary, The source of power used to excite the medi- 
um, achieving population inversion, can be the re- 
sult of a chemical reaction, an electric discharge, 


a flash lamp, another laser, or some other excita- 
tion mechanism. The type of the lasing medium 
determines the type of laser. The three categories 
in which lasers are usually classified are chemical, 
gas, and solid state. A laser can also be continuous 
wave (CW) or pulsed. Each type of laser produces a 
specific wavelength of radiation. It is important to 
note that different wavelengths of radiation inter- 
act with the atmosphere differently. A laser beam is 
either scattered or absorbed by air molecules, water 
vapor, or dust. Longer wavelengths scatter less and 
are absorbed more than shorter wavelengths; our 
sky is blue because the shorter blue wavelengths 
of light are scattered more than the longer wave- 
lengths.' Gamma rays are so highly absorbed that 
they cannot propagate more than a few feet in the 
air. Thus, some laser wavelengths are scattered or 
absorbed more than others. This makes laser wave- 
lengths with minimum absorption better for use 
as directed-energy weapons since they propagate 
through the atmosphere better than others, For ex- 
ample, the carbon-dioxide (CO,) laser is strongly 
absorbed by water vapor, so any use near the ocean 
will be negatively affected. Near-infrared and infra- 
red lasers have shorter wavelengths with negligible 
absorbance, The optimal laser choice, therefore, 
would be a wavelength-tunable laser that could 
vary depending on the atmospheric conditions, 
such as the free-electron laser (FEL). 

Lasers have affected almost every type of mod- 
ern technology. Most laser technologies use low 


a7 


Directed Energy 


powers and were mastered very quickly. They are 
used in many everyday appliances, such as scan- 
ning/inventory devices, surgery/medicine, hair re- 
moval, presentation pointers, law enforcement, 
ranging and sighting devices, welding applications, 
and much more. Using a laser as a weapon has 
many advantages. For example, a laser: 

+ Is unaffected by gravity 

+ Causes minimal collateral damage 

+ Travels at the speed of light 

+ Can precisely reach far distances 

« Is capable of causing a specific, 

predetermined amount of damage to targets 

‘The theory behind these capabilities makes the 
laser weapon a prime choice in multiple engage- 
ment scenarios. However, developing lasers with 
higher powers to use as a weapon has proven more 
difficult than first considered, 


MILITARY LASER HISTORY 
AND LASER TYPE! 

Generally, a laser weapon is any laser used 
against the enemy with more than 50 kW to mega- 
watts of power. This is much greater power than 
commercial lasers. Accordingly, they have greater 
support needs, including: 

+ Environmental and personnel safety 

+ Mirror coatings 

+ Chilling requirements 

+ Power requirements, 

+ Laser fuel storage 

+ Alignment and tracking requirements 


In 1960, the very first laser (a ruby laser) was 
built, producing minimal power. This event was 
followed by many other laser technology develop- 
ments. The first chemical laser, hydrogen fluoride 
(HF), was built in 1965, producing 1 kW. It was 
then that DoD became interested in researching 
and developing a more powerful laser for weap- 
on applications. Subsequently, in 1968, the Defense 
Advanced Research Projects Agency (DARPA) 
Baseline Demonstration Laser produced 100 kW, 
and the Navy-ARPA Chemical Laser (NACL) pro- 
duced 250 KW in 1975. The very first laser is de- 
picted in Figure 2 


‘An SSL uses a solid lasing medium, such as a 
rod made up of glass or crystal, or a gem, like the 
ruby laser. Along with the rod or host material is 
an active material, such as chromium, neodymi- 
um, erbium, holmium, or titanium, Chromium is 
the active material used in ruby lasers. Neodymi- 
um is the active material in the most widespread 
applications. A flash lamp, arc lamp, or anoth- 
er laser carries out the optical cavity pumping to 
achieve population inversion and stimulate the la- 
ser beam. The Neodymium Yttrium-aluminum 
garnet (Nd:YAG) laser is a popular SSL. It oper- 
ates at a 1064,5-nm wavelength and can be pulsed 
wave or CW. A great advantage of these lasers is 
that the wavelength and pulse duration can be var- 
ied considerably.' The power level can reach up to 
megawatts when using Q-switching to achieve 


Components of the First Ruby Laser 


100% Reflective Mirror 


Quartz Flash Tube 


Ruby Crystal 


Polished Aluminum 
Reflecting Cylinder 


95% Reflective Mirror 


Laser Beam 


Figure 2. First Ruby Laser Developed in 1960 by Research Physicist Theodore H. Maiman 
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short pulse lengths, The various interactions with 
the laser and different crystalline materials can 
double the electromagnetic frequency, which will 
halve the wavelength, bringing the laser beam into 
the visible range, 532 nm (green). ‘The wavelength 
can be further divided down three or four times, 
making this laser range from the near-infrared to 
the ultraviolet wavelength. These lasers are com- 
monly used for rangefinders and target designa- 
tors. Other advantages of these lasers are that they 
can be made very small, rugged, cheap, and bat- 
tery-powered. Characteristics of SSLs are shown 
in Table 1. 


Chemical Lasers 

‘A chemical laser uses chemical reaction to cre- 
ate population inversion in the lasing medium. One 
example is the Mid-Infrared Advanced Chemical 
Laser (MIRACL) developed in the mid-1980s. The 
MIRACL is a continuous-wave, mid-infrared (3.8- 
i) laser. Its operation is similar to a rocket engine in 
which a fuel (ethylene, C2H4) is burned with an ox- 
idizer (nitrogen trifluoride, NF3). Free, excited flu- 
rine atoms are among the combustion products. 
Just downstream from the combustor, deuterium. 
and helium are injected into the exhaust. Deuteri- 
um (U) combines with the excited fluorine to cre- 
ate excited deuterium fluoride (DF) molecules, 
while the helium stabilizes the reaction and con- 
trols the temperature. The laser's resonator mir- 
rors are wrapped around the excited exhaust gas, 
and optical energy is extracted. The cavity is acti 
ly cooled and can be run until the fuel supply is ex- 
hausted. The laser's megawatt-class output power 
can be varied over a wide range by altering the fuel 
flow rates and mixture. The laser beam in the reso- 
nator is approximately 21-cm high and 3-cm wide. 
Beam-shaping optics are used to produce a 14- x 
14-cm (5.5- x 5.5-inch) square, which is then prop- 
agated through the rest of the beam train. Diagnos- 
tics for evaluating the beam shape, absolute power, 


and intensity profile are used on each firing of the 
laser. The beam can be directed to a number of dif. 
ferent test areas or to the SEA LITE beam directo 
‘The DF Chemical Laser (MIRACL) and the Sea Lite 
Beam are shown in Figure 3. 

The laser and beam director were integrated 
in the mid-1980s at the Army's High Energy La- 
ser Systems Test Facility (HELSTF) at White Sands 
‘Missile Range, New Mexico. Following integration, 
extensive tests were conducted in the areas of: 

+ High-power optical components and beam- 

path conditioning 

+ Beam-control techniques 

+ High-power propagation 

+ Target damage and vulnerability 

+ Target lethality” 

‘Tests supported by the MIRACL included: 
+ The high-power dynamic with flying drone 
(BQM-34) 

+ Conventional defense initiative with flying 

drone 

+ High-velocity target test with Vandal 

Missile 

+ High-altitude target tests with flying drone 

+ Missile and plume tests using the 1.5-m 

aperture 

+ Radiometrically calibrated images and 

spectral radiometry 

‘These successful tests are what made many be- 
lieve that MIRACL was the first and only success- 
ful laser weapon system developed by the Navy 
prior to the Navy Laser Weapon System (LaWS).* 


Gas Lasers 

Gas lasers are a type of chemical laser that uses a 
pure gas or gas mixture to produce a beam. The typ- 
ical gas laser contains a tube with mirrors on each 
end. One end transmits the beam out of the cavi- 
ty. Most gas lasers use electron-collision pumping, 
with electric current passing through the gas. Some 
use optical pumping with flash lamps. The helium 


Table 1. Characteristics of Solid-State Lasers 


Wavelength (nm) 


700-830 
'850/1230/1540/1730/2900 


Alexandrite 
Erbium 

| Holmium: glass 

leodymium 

Neodymium: glass 
Neodymium: YAG 
Ruby 
Titanium-sapphire 


‘660-1060 


Typical Power Typical Operation 
Pulsed/CW tunable 


Pulsed 


5 watts 
8 watts 
milliwatts 


megawatts 
megawatts PulsediCW 
10-15 watts Pulsed 

‘| 15 watts Pulsed/GW tunable 
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DF Chemical Laser (MIRACL) 


Directed Energy 


Sea Lite Beam 


Figure 3. DF Chemical Laser (MIRACL) and Sea Lite Beam 


neon (HeNe) laser is a very well-known gas laser. It 
produces a bright red, continuous beam of low pow- 
er. Itis used for many applications such as scanning, 
alignment, measurement, and stabilization devices. 
University students use them in optical training lab- 
oratories. Many larger lasers contain a HeNe inside 
the beam path, as well to verify beam alignment. 
HeNe lasers are fairly cheap and very rugged. They 
can work continuously for thousands of hours. 

CO, lasers are in the gas family. These lasers 
were the earliest, truly high-power lasers and have 
been among the most crucial lasers used in R&D 
for high-energy laser (HEL) weapons, In industry, 
the more powerful CO, lasers are used for weld- 
ing, drilling, and cutting, There are many different 
types of CO, lasers that vary in pumping design. 
CO, lasers work by burning a hydrocarbon fuel 
(like kerosene or methane) in oxygen or nitrous 
oxide. The hot gas flows through a comb of noz- 
ales, expands quickly, and achieves population 
inversion. The gas then flows through an optical 
resonator at supersonic speeds, resulting in stimu- 
lated emission and a laser beam." 

CO, lasers have been researched for use as 
nonlethal weapons. The wavelength produced by a 
CO, laser is also absorbed by glass. For example, 
the beam does not penetrate a windshield. Thus, 
shooting a CO, laser at a vehicle's windshield could 
deter a threat by damaging the windshield or by 
causing a dazzling effect to reduce the visibility of 
the driver, while not reaching the driver at all. 

‘The gas dynamic laser (GDL) is a CO, la-~ 
ser based on differences in relaxation velocities 
of molecular vibrational states. The laser medi- 
um’s gas has properties such that an energetically 
lower vibrational state relaxes faster than a high 
er vibrational state; thus, a population inversion is 
achieved in a particular time. A GDL is shown in 
Figure 4. Characteristics of chemical and gas lasers 
are identified in Table 2, 
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Fiber Laser. 

Modern fiber lasers are considered SSLs. They 
are powered by electricity, making them highly 
mobile and supportable on the battlefield. Fiber la- 
sers use optical fibers as the gain media. In most 
cases, the gain medium is a fiber doped with rare 
earth elements—such as erbium (Er3+), neodym- 
ium (Nd3+), ytterbium (Yb3+), thulium (Tm3+), 
or praseodymium (Pr3+)—and one or several laser 
diodes are used for pumping. Optical fibers have 
been used in industry, specifically for telecommu- 
nications to transport information via light. With 
developing technology, optical fibers have become 
high-energy, powerful laser energy sources. Fiber 
lasers have proven to have much benefit over tra- 
ditional SSLs. They are rugged and do not require 
a clean room to operate or maintain, as most oth- 
er laser systems do. They also are extremely effi- 
cient; however, they cannot operate well in all 
weather conditions. One example is the IPG CW 
fiber lasers, which produce moderate beam qual- 
ity, causing damage to materials and components 
through thermal heating and burn-through. The 
Naval Surface Warfare Center, Dahlgren Division 
(NSWCDD) purchased eight commercially avail- 
able 5.5-KW IPG lasers, where two multimode 
(seven fibers) lasers are housed per cabinet. This 
type of laser is easy to mount due to the flexible fi- 
bers. The IPG CW Fiber Laser is shown in Figure 5. 


Miscellaneous Lasers 
“There are other types of lasers that do not nec- 

essarily fit into the chemical or solid-state catego- 

ries, These include semiconductor lasers, used in: 


+ Television + Radios 
+ CD Players + Telecommunications 
+ DyeLasers + Medicine 


+ Spectroscopy + Astronomy 
‘There also are the FELs mentioned previous- 
ly. The FEL is a completely different breed of laser. 


Figure 4. Alaser engineer inspects a gas dynamic laser after installation 
aboard an NKC-135 airborne laser laboratory. 


Table 2. Characteristics of Chemical/Gas Lasers 


Typical Power 
(0001-.001 watts 
(0001-05 watts 
(001-6.0 watts 


Wavelength (nm) 
54316328 
350-647 
350-514.5 


‘Typical Operation 


Hellum-Neon 


Krypton 
‘Argon 


Xenon uorde x 351 004-20 watts 

| Argon fluoride (excimer) | 193 | .05-30 watts _ “| Pulsed 
Keypton fuoride inet 249 7-400 wats Pulsed 
Deuterium fuorde crea) | 3,000-4,200 01-100 megawatts | Pulsed/Cw 
Hydrogen fuorde wmeay | 2,600-3.000 01-160 megawatts | Pulsed/CW 


= ,000-12,000 
750-800 


| -1-15,000 megs 
10-4,000 miliwatts 


Figure 5. IPG CW Fiber Laser System 
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It uses electrons to create photons instead of some 
type of matter. The electrons are produced, col- 
lected, and directed to flow at very high speeds. To 
excite the electrons, they are passed through a “wig- 
gler” ic. a series of magnets positioned in such a 
way that electromagnetic radiation (light) is pro- 
duced when the electrons release photons. The sig- 
nificant feature of the FEL is that the wavelength 
can be controlled, depending on the magnet po- 
sitions and the speed of electrons. This versatili- 
ty makes the FEL particularly appealing. However, 
the footprint of the FEL system is too large to trans- 
form into any ideal defense weapon. The Jefferson 
Laboratory in Newport News, Virginia, has an FEL 
and continues to maintain and test its capabilities 
and effects, This laser was new to the military in the 
late 1990s and received funding to optimize its ca- 
pabilities and integrate as a defense weapon, Al- 
though great progress has been made, the required 
footprint could be much larger than desired. Con- 
sequently, some interest in the FEL has shifted to 
other HEL sources. 

Many scientists foresee the probability of us- 
ing the laser as a global weapon. This possibility is 
proven through basic laws of physics, Actually im- 
plementing such a system, however, can be more 
difficult. The global weapon concept uses a base 
laser with optics and is strategically positioned in 
space to be able to direct its beam multiple plac- 
es on Earth at the speed of light with maximum 
power levels. This idea faces significant problems, 
including appropriate power levels, optics to han- 
dle such levels, propagation issues, and the ethical 
measures behind any global weapon. Still, the idea 
presents interesting possibilities. 


LASER WEAPON DEVELOPMENT 
The following paragraphs highlight some of 
the laser weapons that have been successfully de- 


veloped over the last 40 years. 


Baseline Demonstrator Laser (BDL) Hydrogen 
Fluoride (HF) 

In 1973, TRW Inc. produced the world’s first 
high-energy chemical laser, the Baseline Demon- 
stration Laser, for DoD. After that, TRW Inc. pro- 
duced and demonstrated six more HELs, including 
the MIRACL (1985) and Alpha (2000), the nation’s 
only megawatt-class chemical lasers. 


Navy-ARPA Chemical Laser (NACL) HE 

‘The NACL was mated with the Navy Pointer 
‘Tracker at TRW Inc’s San Juan Capistrano, Cali- 
fornia, facilities in the 1975-1978 time frame. This 
was the Navy's initial, integrated HEL system test 
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bed and was used to provide the first demonstrated 
kill of an operational missile in 1978. 


Alpha HF—Built for Strategic Defense Initiative 
SDI) Space-Based Laser (SBL) 

Alpha, an HF laser, was the baseline technology 
for the SBL readiness demonstration (SBLRD). In 
1991, the Alpha laser demonstrated megawatt-class 
power levels similar to MIRACL, but in a low-pres- 
sure, space operation environment. Alpha dem- 
onstrated that multimegawatt, space-compatible 
lasers can be built and operated. 


Tactical High-Energy Laser (THEL 

‘The THEL is a DF chemical laser developed 
by the Army. In 2000 and 2001, THEL shot down 
28 Katyusha artillery rockets and 5 artillery shells. 
On 4 November 2002, THEL shot down an incom- 
ing artillery shell and a mobile version successfully 
completed testing. Subsequently, during a test con- 
ducted on 24 August 2004, the system successfully 
shot down multiple mortar rounds. These tests rep- 
resented actual mortar threat scenarios in which 
both single mortar rounds and salvo were tested 
and intercepted. A photograph of THEL is shown 
in Figure 6. 


Advanced Tactical Laser (ATL 

‘The ATL uses a closed-cycle, chemical oxy- 
gen-iodine laser (COIL) with beam control, which 
lases at a 1.315-p wavelength. The ATL was devel- 
oped to engage tactical targets from a moving plat- 
form at ranges of approximately 10 km. Itcan spot 
a 10-cm-wide beam on a distant target for up to 
100 shots. This beam has enough power to slice 
through metal at a distance of 9 miles. The aircraft 
equipped with the ATL weapon system is shown in 
Figure 7. 

‘A specially modified 46th Test Wing NC-130H 
aircraft equipped with the ATL weapon system 
fired its laser while flying over White Sands Mis- 
sile Range, New Mexico, successfully hitting a tar- 
get board located on the ground. Equipped with a 
chemical laser, a beam control system, sensors, and 
weapon-system consoles, the ATL is designed to 
damage, disable, or destroy targets with little or no 
collateral damage. 


Airborne Laser (ABL) (CO,) Chemical Oxygen 
‘The ABL C-130H aircraft contains three laser 
beam systems: the powerful killing primary laser 
beam (ATL), a set of illuminating laser beams for 
infrared surveillance and high-speed target acqui- 
sition, and a beacon laser for a high-precision laser 
target tracking beam control system. The primary 


Figure 6. Tactical High-Energy Laser (THEL) 


Figure 7. 46th Test Wing NC-130H Aircraft Equipped with the 
‘ATL Weapon System 


laser beam is generated by a megawatt COIL locat- 
ced at the rear of the fuselage. The high-power la- 
ser beam travels towards the front of the aircraft 
through a pipe. The pipe passes through a Station 
1000 bulkhead/airlock, which separates the rear 
fuselage from the forward cabins, The high-pow- 
cer beam passes through the fine beam control sys 
tem mounted on a vibration-isolated optical bench. 
Beam pointing is achieved with very fast, light- 
weight steering mirrors, which are tilted to follow 
the target missile. The ABL finally destroyed a tar- 
get while in flight at White Sands Missile Range in 
August 2009. The 12,000-Ib ABL locked onto an un- 
specified ground target and fired the laser, making 
the target disappear. Although it was successful at 


this demonstration, using the ABL in the fleet has 
fallen out of favor due to affordability and technol- 
ogy problems. The ABL is shown on an aircraft in 
Figure 8. 


Joint High-Power Solid-State Laser (JHPSSL) 

In hopes of accelerating SSL technology for 
military uses, work is being performed by the 
US. Army Space and Missile Defense Command 
(SMDC) and the Army Test and Engineering Cen- 
ter at White Sands Missile Range. The technology 
uses an electric laser diode to shoot light into 32 
garnet crystal modules that combine to create “laser 
amplifier chains” producing 15 kW. By using sev- 
en chains and by combining multiple beams, they 
have reached 105 kW in the laboratory operating 
in a clean room. The program’ ultimate goal is for 
a laser system to reach high powers outside a labo- 
ratory environment. Fielding such a delicate opti- 
cal structure can present significant barriers for this 
laser system. Nonetheless, it will be a great accom- 
plishment for a variety of force protection missions, 
such as shipboard defense against cruise missiles. 
‘The JHPSSL system is shown in Figure 9, 


Navy Laser Weapon System (LaWS) 

‘The Navy LaWS is the most recent, success- 
ful laser weapon. It uses an electric-fiber laser de- 
sign, avoiding the problems that chemical lasers 
present. In the summer of 2009, the Naval Sea 
Systems Command (NAVSEA)—with support 
from NSWCDD—successfully tracked, engaged, 
and destroyed unmanned aerial vehicles (UAV) 
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Figure 9. Joint High-Power Solid-State Laser (JHPSSL) System 
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in flight at the Naval Air Warfare Center, China 
Lake, California, A total of five targets were en- 
gaged and destroyed during the testing, which 
represented a first for the U.S. Navy. The laser was 
fired through a beam director on a Kineto Track- 
ing Mount similar to the Sea Lite beam director. 
‘The system used fiber lasers in the configuration 
and has proven to be a rugged and dependable 
choice for the warfighter’s needs. A photograph of 
LaWS is shown in Figure 10. 

Laser weapon systems development in recent 
years has taken giant steps forward. Dedicated 
R&D has advanced the state of the art consid- 
erably. What was unimaginable only a few short 
years ago, today has become reality. According- 
ly, given continued R&D, warfighters in the near 
term will have additional weapon options to 


choose from for dealing with a spectrum of threats 
and contingencies. 
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Figure 10. Navy Laser Weapon System (LaWS) 
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‘The Naval Sea Systems Command (NAVSEA) 
established the Navy Directed Energy Weapons 
Program Office in January 2002 and subsequently 
chartered the Directed Energy and Electric Weap- 
on Systems Program Office (PMS 405) in July 
2004." Its mission is to change the way the Navy 
fights in the 21st century by transitioning directed- 
energy and electric weapon technology, providing 
the warfighter with additional tools to fight today's 
and tomorrow's wars. In support of this mission, 
the Laser Weapon System (LaWS) was developed, 
which potentially adds a suite of tools for offensive 
and defensive operations. 

‘The LaWS program is managed by PMS 405 in 
cooperation with the Program Executive Office In- 
tegrated Warfare Systems (PEO IWS), the Navy's 
Close-In Weapon System (CIWS) manager. A mul- 
tilaboratory/multicontractor organization led by 
the Naval Surface Warfare Center, Dahlgren Divi- 
sion (NSWCDD), has been executing the program 
since March 2007. The potential advantages of a le- 
thal, precise, speed-of-light weapon are numerous 
and have been recognized for many years. Howev- 
er, even in light of these advantages, there are real- 
ities that need to be considered for any program to 
succeed to the point that an actual system is placed 
in the hands of the warfighters. 

‘The LaWS system offers viable solutions for an 
important subset of threats while fitting into ac- 
ceptable size and weight constraints. In addition, 
since LaWS is a fully electric laser, the operation 
of the system does not require the handling and 
storage of hazardous chemicals, such as hydrogen 
fluoride. As will be discussed later, due to the in- 
corporation of high levels of commercial off-the- 
shelf (COTS) technology, the LaWS system also 
has advantages for topside design, logistic sup- 
portability, and cost. Thus, LaWS could enable the 
Navy to address adverse cost-exchange situations, 
which can occur when engaging proliferated in- 
expensive threats such as unmanned aerial vehi- 
cles (UAVS). 


BACKGROUND 

Based on mission analysis work conducted pri- 
or to the LaWS program and additional work done 
as part of the program, it became clear that a num- 
ber of factors require careful consideration. First, a 
high-power laser is not likely to replace anything 
ona ship in the next 5 years. For a new system to 
beadded to aship, a high-power laser must supple- 
ment current capabilities or provide new capabili- 
ties that clearly justify its addition. Second, because 
a laser provides such a diverse set of capabilities, 
conventional air-to-air warfare (AAW) models— 


such as the Fleet AAW Model for Comparison of 
‘Tactical Systems (FACTS), Antiair Warfare Simu- 
lation (AAWSIM), and Extended Air Defense Sim- 
ulation (EADSIM), as well as other existing AAW 
analysis approaches—are not well suited for show- 
casing current or near-term laser-weapon capa- 
bilities. While they can (and have) been used for 
laser-weapon analysis, their application to a mega- 
watt-class laser that could “instantly” destroy boats 
or cruise missiles (akin to missile engagements) is 
a more straightforward application of the existing 
models and techniques, 

In November 1995, the Chief of Naval Opera- 
tions requested that the National Research Coun- 
cil initiate, through its Naval Studies Board, a 
thorough examination of the impact of advancing 
technology on the form and capability of the naval 
forces to the year 2035. A major observation of the 
report is quoted below: 


Numerous laboratory and field-test ver- 
sions of laser weapons have been developed 
and demonstrated. They have worked as 
expected and demonstrated suitable lethality 
against their intended targets. The primary 
factors that have inhibited the transition of 
the technology into deployed systems are size 
and weight. Generally, the conceptual designs 
of laser weapons that are scaled for combat 
effectiveness are too large to be appealing to 
users; conversely, weapons that ate sized for 
platform convenience generally lack convine- 
ing lethality.’ 


Subsequently, an August 2006 US. Air Force 
(USAF) Scientific Advisory Board Study examined 
the increasing threat posed by UAVs in some de- 
tail. Key conclusions included: 


No single system can completely address 
the UAV threat. A single sensor solution 
is inadequate because of the size and speed 
challenges presented by small UAVs, A sin- 
gle-weapon-layer solution fails to provide for 
adaptability to multiple scenarios or adequate 
probability of kill. 


Key recommendations of the USAF Advisory 
Scientific Board Study included: 


Develop and field longer-term upgrades, 
to counter increased UAV threats. They 
include:.,.a small, multimission air/air and 
air/ground weapon; and directed-energy air 
defense weaponry: 
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In addition to the USAF Scientific Adviso- 
ry Board study, a 2007 OPNAV Deep Blue Study 
noted the potential advantage of nonkinetic defeat 
options and recommended that the Navy acceler- 
ate development of nonkinetic systems to include 
high-energy lasers (HELS) 
‘The laser power levels likely to be available in 
the near term, within reasonable size and cost, are 
in the neighborhood of 100 kW of radiated pow- 
er. While this power level is not adequate to en- 
gage certain threats, such as cruise missiles or 
tactical ballistic missiles at tactically useful ranges, 
there is still a wide spectrum of threats that could 
be engaged at ranges that are comparable to many 
current ship-defense weapons, including minor- 
caliber guns and small missiles. The spectrum of 
threats includes: 
+ UAVs 
+ Missile Seekers 
+ Intelligence, Surveillance, and 
Reconnaissance Systems 

+ Rockets 

+ Man-Portable Air-Defense Systems 
(MANPADS) 

+ Mortar Rounds 

+ Floating Mines 
Artillery Rounds 


The Mk 15 Phalanx CIWS can often de- 
tect, track, and (sometimes) identify poten- 
tial threats at ranges well outside the effective 
range of the 20mm gun. These functions are 
accomplished using the search/track radar sys- 
tem and the Phalanx Thermal Imager (PTI), 
When added to the Phalanx mount and point- 
ed in the same direction as the gun (see Fig- 
ure 1), a laser weapon could potentially add 
a number of useful functions and capabilities 
to the mount, but technical challenges must 
be overcome. Preliminary analyses of the me- 
chanical characteristics of the mount suggest 
that the additional weight that could be add- 
ed to the mount must be kept under approxi- 
mately 1200-1500 Ib. Additionally, it is highly 
desirable that the addition of the laser weap- 
on not substantially affect the train/elevation 
operation of the mount in angle, peak veloci- 
ty, or acceleration. Consequently, use of rapid- 
ly evolving fiber laser technology appears to be 
the only currently foreseeable path to adding 
significant laser energy directly to the mount 
within these constraints, 

One major driver in the genesis of the 
LaWS system was the availability of relatively 
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low-cost COTS fiber-optic lasers, Because these fi- 
bers are flexible, they obviate the need for an ex- 
pensive coudé path system (an optical mirror/lens 
assembly that turns radiation 90° and may also sup- 
port rotation of the beam director), thus allowing 
the use of low-cost mount technology, as well as the 
retrofitting of the system on existing mounts. The 
last factor is extremely important because of the 
scarcity of topside real estate on today’s ships. These 
fiber-optic lasers do have limitations in terms of 
power, although power levels are growing with ad- 
vancing technology. ‘The reality today is that, in or- 
der to get adequate lethality from a system based on 
this technology, the use of a beam-combining ap- 
paratus utilizing several individual fibers is neces- 
sary. (Figure 2 depicts combining multiple fibers in 
the same beam director.) Furthermore, a smaller 
beam size is desirable since this drives power densi- 
ty up—increasing the performance required for the 
tracking and pointing elements of the system. Thus, 
a high-resolution fine track sensor is needed, as well 
as an appropriately robust line-of-sight control. 


Potential added capabilities that an adjunct 
LaWS could contribute to the total ship combat 
system are briefly outlined in the following sub- 
sections 


Figure 1. LaWS Mounted on CIWS 


Figure 2. Cutaway View of the LaWS Beam Director 


‘The optics that would be added for the laser 
to detect and track targets in support of a laser en- 
gagement would immediately contribute addition 
al capabilities to the entire ship combat system even 
without operating the laser. A laser-gated illumi- 
nator, part of the tracking system, significantly in- 
creases the signal to the background level of tracked 
targets and provides good range resolution as well. 
‘The additional sensitivity and angle resolution pro- 
vided by the LaWS optics would allow the identi- 
fication, precision tracking, and “monitoring” (at 
high resolution) of potential threats or vehicles of 
interest at substantially greater ranges than could 
be achieved by the PTI alone. The Phalanx radar, 
or another source, would have to provide an initial, 
accurate cue to facilitate initial acquisition, Once ac- 
quired, the target could be examined and monitored 
with high resolution at range. This capability could 


make a substantial contribution to identification ef- 
forts—efforts to determine intent and potentially 
even to documenting target behavior to resolve is- 
sues with rules-of-engagement doctrine. It is wide- 
ly recognized that rules-of-engagement issues, such 
as threat identification and intent determination 
are among the most difficult problems faced by ship 
commanding officers. 


Ifa fraction of the laser energy is routed through 
a frequency-doubling crystal, an intense, visible 
beam can be projected to significant ranges to pro- 
vide a clear, unambiguous warning that a potential 
target is about to be engaged unless an immediate 
change in behavior is observed. This feature also 
would have utility for dazzling aircraft, surface ve- 
hicle, or submarine sensors, and would provide ex- 
ceptional long-range, unambiguous warning to 
boats or aircrait at night. 
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Sensor Destruction at Range 

Many electro-optical (EO) sensors are quite 
susceptible to damage by laser energy in the fiber- 
laser band as is the case with infrared (IR) missile 
seekers with germanium optics. The frequency- 
doubling feature described in the previous para- 
graphalso wouldbeusefultoensurethata band-pass 
filter at a single frequency could not be applied as 
an effective countermeasure. The intent here would 
be to destroy the seeker or imager at ranges well be- 
yond those achievable by the Phalanx 20mm gun. 
Other examples include intelligence, surveillance, 
reconnaissance, and targeting sensors on UAVs or 
unmanned surface vehicles (USVs) 


Assist at Rang 
targets of interest—including UAVs, 
USVs, and small boats—are somewhat “marginal” 
from a target-signature standpoint, particularly at 
the maximum range of existing IR guided missiles 
such as the FIM-92 Stinger, the FGM-148 Javelin, 
the RIM-116 RAM, and the AIM-9X Sidewinder. 
“The CIWS laser adjunct could potentially “correct” 
this situation by laser heating target vehicles to en- 
hance their signature to existing IR guided missiles. 
Note that this is NOT “conventional” semiactive-la- 
ser (SAL) guidance—the LaWS is not a coded il- 
luminator, nor do the seekers in question rely on 
this coding. The IR missiles would be unmodified 
weapons taken from inventory. The LaWS adjunct, 
would simply contribute laser energy that heats 
the target and enhances its signature for the mis- 
sile. While, at the ranges envisioned, this laser heat- 
ing alone would not be sufficient to “Kill” the target, 
it could definitely heat the target. It should also be 
noted that the laser “illumination” could potential- 
ly be used to preferentially select a specific target 
from among a group of targets for engagement by a 
missile. It is expected that these engagements could 
occur at ranges of two to four times the effective 
Phalanx gun engagement ranges. Use of LaWS in 
this manner would be exactly analogous to the use 
of a SAL designator for a SAL guided missile, such 
as the AGM-114 Hellfire. It is expected that similar 
rules of engagement would apply. 


Direct Target Destruction by Laser Heating 

Some threats are known to be vulnerable to di- 
rect destruction by the application of laser ener- 
gy for an appropriate period of time, The currently 
envisioned system would be able to destroy a sub- 
set of naval threats at ranges comparable to, and 
in some cases greater than, the ranges achieved 
with modern, stabilized guns using EO fire cor 
trol systems and modern ammunition. In the case 
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of a LaWS adjunct, the addition of the laser would 
open new options for a firing/engagement doctrine 
and would be expected to conserve CIWS rounds 
for use on threats that are not appropriate for this 
laser power level. While the laser is often quoted as 
having an “unlimited magazine.’ the true number 
of threats that can be engaged by the laser in any 
period of time is limited by the required illumina- 
tion time and by the time required to evaluate a 
kill and transition to the next target. Thus, for par- 
ticular target velocities and numbers, the “effective 
laser magazine” might be added to the CIWS mag- 
azine to increase the total number of targets en- 
‘gaged by the combined system, 


LAWS ACCOMPLISHMENTS 

‘A government/industry team, led by govern- 
ment technical personnel, have achieved signifi- 
cant accomplishments since the start of the LaWS 
program in 2007; specifically, the team: 

* Conducted mission analyses 

+ Developed threat lethality estimates 

+ Performed industry surveys for critical com- 

ponents and subsystems 

«+ Performed extensive trade-off analyses 

+ Designed a prototype system 

+ Constructed the system—the prototype di- 

rector and mount (see Figure 3) 

+ Performed numerous laboratory-based tests 

of subsystems and the complete prototype 

+ Validated system operation with a full-up 

field test at high power using BQM-147A 
UAV target drones 

Additionally, the team was able to minimize the 
cost of the prototype by leveraging hardware that 
had already been developed or procured for oth- 
er applications, including an L3-Brashear tracking 
mount, a 50-cm telescope, and high-performance 
IR sensors. Some components were commercially 
procured, such as the 5.4-kW fiber lasers. Figure 4 
shows three laser cabinets, containing two lasers 
apiece, resulting in a total power output of 32.4 KW. 
Other components, such as the beam combiner 
and much of the system software required for op- 
eration and target tracking, had to be specifically 
designed, fabricated, and tested. 

“The LaWS program achieved a highly success- 
ful field test/demonstration in June 2009 when the 
prototype successfully engaged and destroyed five 
drone targets at tactically significant ranges at the 
China Lake, California, test range (see Figure 5) 


ADDITIONAL WORK TO BE DONE, 
Since the LaWS prototype sits on a dedicated 
gimbal, much additional work needs to be done 


Figure 4. IPG Laser Cabinets 
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st, Present, and Future 


Figure 5. BOM-147A During LaWS Engagement 


to place the weapon on the CIWS mount. The 
latter would require new control systems and 
optomechanical hardware for line-of-sight stabi- 
lization. Other aspects of the shipboard environ- 
ment are also more stressful, and future mission 
areas may require an increasingly robust capa- 
bility to deal with optical turbulence and the 
high-clutter environment of the ocean surface. 
Additional laser power might also be required. 
These modifications, depending on the level 
of capability desired, will require engineering 
modifications to the system. Engineering analy- 
sis and design to address these issues is current- 
ly underway at NSWCDD. 

While the aforementioned engineering issues 
are important to address, there are additional tech- 
nical issues that have yet to be analyzed. These is- 
sues are concerned with the potential utility of 
the system. Indeed, most of the detailed techni- 
cal analyses and experiments performed thus far 
have focused on target destruction, with some ef- 
fort expended on the issue of seeker damage/de- 
struction, Developing credible lethality estimates 
for various potential threat targets is clearly very 
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important, but one consequence of the lethality fo- 
cusis that necessary, detailed, defendable technical 
analysis, analytic model development, and experi- 
ments have not been performed to explore the oth- 
er functions/features that a CIWS Adjunct LaWS 
might provide to the overall ship combat system. 
Some of these contributions might become “rou- 
tine” if the LaWS were available. 

For example, a hard-kill engagement of a tar- 
get by a Navy shipboard weapon isa relatively rare 
event, even during wartime conditions. On the oth- 
er hand, ships in combat zones—and elsewhere— 
constantly have the problem of detecting potential 
threats, tracking them, identifying them, deter- 
mining their intent, and providing warning. Thus, 
use of the LaWS system, at less than its full lethal 
potential, could become a daily, standard practice. 
Itis still not clear how these potential benefits and 
capabilities could be measured or quantified to the 
satisfaction of key decision makers. 

Likewise, other potential advantages of laser 
‘weapons—such as the potential for precision en- 
‘gagement, covert engagement, fire starting, grad- 
uated lethality, low cost per shot, and “unlimited” 


magazine—have not been subjected to rigorous 
technical analysis for feasibility, utility, and prac- 
ticality. These investigations need to be performed 
and are gradually being addressed within the 
LaWS program. 

‘Although the Phalanx CIWS system is cur- 
rently installed on a number of Navy surface 
warships—either a single mount or a double 
mount—there are still significant numbers of 
ships that do not have a Phalanx system. Itis high- 
ly desirable to make LaWS potentially available to 
virtually any ship that could benefit from the en- 
hanced capabilities. 

While the technical issues associated with the 
addition of LaWS to the Phalanx CIWS will be 
somewhat different from those associated with 
adding a LaWS system to other weapon systems— 
or the provision of a “stand-alone” LaWS—they do 
not appear to be insurmountable. For example, a 
LaWS beam director might be added to the stabi- 
lized Mk 38 Mod 2 25mm gun or the Mk 46 Mod 2 
30mm gun. A LaWS beam director might be add- 
ed to (or even substituted for) the Mk 46 EO Sight 
‘on DDGs or added to the trainable RAM launcher. 
Other options may exist as well. 

“The issue of defending combat logistics force 
ships, joint sealift ships, and certain support vessels 
from attacks from small boats or UAVs is also rele- 
vant. These ships often have little or no installed de- 
fensive capabilities for potential terrorist or pirate 
threats, and expeditionary security detachments do 
not have decisive warning or engagement capabil- 
ity. In addition, there are severe limitations placed 
‘on concept of operations (CONOPS) and rules of 


engagement due to the limited objectives/limited 
means of the various missions. 

‘A system such as LaWS could provide gradu- 
ated lethality from warning to destruction. It also 
could provide additional applications to minimize 
risk to sea base platforms and enhance sea shield 
capabilities against nonstate threats. If acceptable 
rules of engagement can be established, the advan- 
tages of graduated lethality might be extended to 
ships in port or entering/exiting harbors 

While considerable additional work needs to 
be done to produce a tactical system, the LaWS 
programs recent demonstration of capability pro- 
vides strong evidence that a useful, tactical system 
could be produced within reasonable cost, volume, 
weight, and power constraints to provide the war- 
fighter with a suite of additional tools to fight to- 
day's and tomorrow's wars. 
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THE ACQUISITION CHALLENGE ASSOCIATED 
WITH DIRECTED-ENERGY RDT&E 


By Mike Kotzian 


‘An already tense situation quickly escalated. Everyone within the combat informa- 
tion center of the Navy's newest all-electric ship suddenly realized that two surface- 
skimming, antiship missiles were bearing down on their destroyer, With less than 30 sec- 
‘nds to impact, the tactical warfare officer gave the order to fire. Seconds later, the first 
surface-skimming missile vanished from all tracking consoles. Another order to fire 
closely followed, and the second missile threat was also destroyed. Consequently, with- 
in a matter of 10 seconds from threat recognition to threat elimination, the Navy's new- 
est all-electric ship was able to destroy two incoming threats by using one of the Navy’s 
newest weapon systems—the free-electron laser, 

Does this scenario of a Navy all-electric ship, employing a high-energy laser to 
shoot down enemy surface-skimming antiship missiles, sound like inevitable reality or 
unattainable science fiction? For scientists and engineers working on directed-energy 
systems for the Navy, the answer does not lie solely in the advanced technical challeng- 
es associated with developing directed-energy weapons, Rather, the answer also lies in 
‘how well scientists and engineers understand and adhere to the Department of Defense's 
(DoD's) Defense Acquisition Management System (DAMS) framework governing the 
development of new weapon systems. 


EVOLUTION OF DEFENSE ACQUISITION 

The way in which DoD identifies needs and subsequently develops, tests, procures, 
and sustains weapon systems has evolved over time. Today’s acquisition foundation can 
be traced back to the Packard Commission report in 1986, where many of this report's 
recommendations became part of the Goldwater-Nichols DoD Reorganization Act of 
1986. This evolution continued along three trac 

1, Requirements moving from threat-based to capability-based 

2. The resource allocation system adding execution reviews with concurrent pro- 

gram and budget reviews 


3, The acquisition process attempting to incor 

porate a more flexible and tailored process 

‘These three tracks form the Defense Support 
System organizational structure: the Joint Capabil- 
ities Integration and Development System (JCIDS) 
process; the Planning, Programming, Budgeting, 
and Execution (PPBE) process; and the DAMS 
process, respectively. These three processes oper- 
ate as “systems of systems” and are referred to as 
the “Big A” acquisition process shown in Figure 1! 

‘While all three of these phases hold their own 
level of importance, the major focus for scientists 
and engineers at research and development (R&D) 
facilities is the “Little a” acquisition process. It is 
this “Little a” acquisition process, where the rules 
and processes are found, that governs how DoD 
goes about developing a new materiel solution to 
a validated warfighter requirement, These rules 
and processes are codified within DoD Instruction 
5000.02, Operation of the Defense Acquisition Sys- 
tem, which was issued in December 2008. 

The acquisition framework associated with 
DoD Instruction 5000.02 is the DAMS structure. 
‘This framework, shown in Figure 2, consists of nu- 
‘merous strategically placed milestones and major 
program reviews to ensure proper programmat- 
ic oversight Each of the milestones has specific 


Effective Interaction 
Acquisition Essential for Success 


Process 


Little “a” Acquisition Process 
(Most Previous Efforts Focused Here) 


Figure 1. Defense Support System Organizational Structure 
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Figure 2. DoD Acquisition Framework 


criteria that must be satisfied before a program is 
allowed to further proceed along the DAMS. The 
program's Milestone Decision Authority (MDA) 
rests with the individual responsible for decid- 
ing if the milestone criteria have been met and, 
if so, for allowing the program to proceed to the 
next phase of the acquisition process. Designation 
of a program’s MDA depends on a program's lev- 
el of research, development, test, and evaluation 
(RDT&E) and procurement funding. For example, 
an Acquisition Category (ACAT) I program is de- 
fined as an eventual total expenditure for RDT&E 
of more than $365 million in fiscal year (FY) 2000 
constant dollars or, for procurement, of more than 
$2.19 billion in FY 2000 constant dollars. In this 
case, for an ACAT ID (“D” refers to the Defense 
Acquisition Board (DAB)) the Under Secretary of 
Defense for Acquisition, Technology and Logistics 
(USD(AT&L)) is the MDA; for an ACAT IC (“C” 
refers to Component or Service), the MDA is the 
Head of the DoD Component or, if delegated, the 
Component Acquisition Executive.’ 

In addition, civilian and military workforce 
members within the DoD whose job responsibili- 
ties are deemed acquisition-related find themselves 
with a training requirement necessary to carry out 
their acquisition-related job responsibilities. Spe- 
cifically, these workforce members are required to 
gain acquisition training and education with the 
passage of the Defense Acquisition Workforce Im- 
provement Act (DAWIA) signed into law in 1990. 
‘The current certification process comprises three 
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levels covering 16 different career fields. Each of 
these 16 career fields has a set of specific train- 
ing, education, and experience requirements that 
must be met in order for an individual to achieve 
Level 1, Level 2, or Level 3 certification. The De- 
fense Acquisition University (DAU) provides the 
necessary training classes required for the certifi- 
cation, DAU identifies “core-plus” training class- 
es and continuous learning modules for each level 
of certification, The core-plus classes and modules 
are not required for certification but are identified 
as additional sources of information to assist indi- 
viduals in becoming more knowledgeable about 
their career field beyond the minimum standards 
required for certification, The most up-to-date cer- 
tification frameworks for all 16 career fields can be 
found at the following DAU website: ttp://icata- 
log.dau.mil/onlinecatalog/CareerLvLaspx 


DEFENSE ACQUISITION REFORM 

The DoD acquisition environment is under- 
going continuous change. The issuance of DoD In- 
struction 5000.02 marked the opening salvo of what 
has become seemingly constant updates, modifica- 
tions, and guidance impacting how DoD procures 
weapon systems to meet warfighter requirements. 
In addition to DoD’s issuance of DoD Instruction 
5000.02, the Government Accountability Office 
published a stream of reports and findings that in- 
ate significant cost growth and schedule delays 
in major defense acquisition programs. In 2009, 
Secretary of Defense Robert M. Gates proclaimed 


“THE ACQUISTION CHALLENGE ASSOCATED. 
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a new way of doing business within DoD when it 
‘comes to weapon systems acquisition. Pressures are 
building for every program to maintain cost and 
schedule estimates while delivering the technical 
requirements originally developed to support the 
warfighter, 

‘Moreover, there have been two major policy 
issuances, As previously mentioned, the first was 
DoD Instruction 5000.02 in December 2008. This 
update of the rules and processes governing DoD 
‘weapon systems acquisition primarily impacted 
the early part of the DAMS framework. The prob- 
Jem was that weapon system programs were failing 
their initial operational test and evaluation phases 
at alarming rates—many times traced to program 
offices attempting to design weapon systems with 
immature technology. Such failures were prevent- 
ing those programs from proceeding to a full-rate 
production decision review and, more importantly, 
‘causing a repeat of some of the DAMS framework, 
which translated to increased costs and delayed 
initial operational capability timelines. 

DoD Instruction 5000.02 attempted to solve 
this problem with three main emphases, First, a 
mandatory requirement was inserted for compet- 
itive prototyping prior to program initiation at 
Milestone B, The intent was to ensure a competition 
among contractors competing for a contract award. 
‘The theory was that such a competition would re- 
duce technical risk, validate designs, improve cost 
estimates, evaluate manufacturing processes, and 
refine requirements, Reducing technical risks was 


especially important because weapon system pro- 
‘grams were expected to demonstrate a technolo- 
gy readiness level (TRL) of six—where the system/ 
subsystem model or prototype is demonstrat- 
ed in a relevant environment—by the time a pro- 
gram reached Milestone B. TRLs are categorized 
‘ona scale of | to 9. A TRL of 1 is the lowest level of 
technology readiness, where scientific research be- 
gins to be translated into applied R&D. A TRL of 9 
is the highest level of technology readiness, where 
the actual system is proven through successful mis- 
sion operations. A TRL of 6 represents a major step 
up ina technology's demonstrated readiness. Using 
TRLs enables consistent comparisons of technical 
maturity across different types of technologies, giv- 
ing program decision makers a common bench- 
mark to consider when assessing program risk. 
Note that TRLs are meant to capture a level of tech- 
nical maturity, not the probability of occurrence 
(c., the likelihood of attaining a required maturity 
level) or the impact of not achieving a level of tech- 
nical maturity." 

“The second emphasis was on a stricter adher- 
ence to systems engineering processes and tech- 
nical reviews. Too often weapon system programs 
were not closely following systems engineering 
processes or avoiding due diligence when it came 
to the definition of successful exit criteria for a 
technical review. Consequently, all technical ef- 
forts must be outlined in a program’s systems en- 
gineering plan. The program manager will use the 
ight technical management processes—decision 
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analysis, technical planning, technical assessment, 
requirements management, risk management, con- 
figuration management, technical data manage- 
ment, and interface management—to manage the 
technical development of the system increments, 
including the supporting or enabling systems.” 
The program manager will use the eight techni- 
cal processes—stakeholders requirements defini- 
tion, requirements analysis, architectural design, 
implementation, integration, verification, valida- 
tion, and transition—to design the system, subsys- 
tems, and components, including the supporting 
or enabling systems required to produce, support, 
operate, or dispose of a system." Figure 3 provides 
an overlay of the new DoD Instruction 5000.02 
and Secretary of the Navy (SECNAV Instruction) 
5000.2D (Implementation and Operation of the 
Defense Acquisition System and the JCIDS), and 
shows the timing of specific systems engineering 
technical reviews as a program matures through 
the DAMS. 

‘The third emphasis was a more prominent role 
ofthe MDA, starting with a mandatory requirement 
that all weapon system programs seeking a full or 
partial materiel solution must hold a Materiel De- 
velopment Decision chaired by the MDA. Thus, the 
old Design Readiness Review was replaced with the 
Post-Critical Design Review Assessment chaired by 
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the MDA. In short, the MDA was to become a more 
prominent figure in the oversight of a weapon sys- 
tem program’ progress 

‘The second relatively recent major policy is~ 
suance was the Weapon Systems Acquisition Re- 
form Act (WSARA) of 2009, implemented by 
Directive-Type Memorandum (DTM) 09-027 in 
December 2009. This DTM amended DoD In- 
struction 5000.02, the Defense Federal Acquisition 
Regulation Supplement (DFARS), and associated 
business practices within the Defense Acquisition 
Guidebook (DAG). The WSARA implementation 
brought about changes to policies and procedures 
across 13 categories. Some of the WSARA chang- 
es most relevant to the Navy directed-energy com- 
munity include: 

+ Analysis of alternatives study guidance 
Acquisition strategies to ensure competition 
Competitive prototyping 
Developmental test and evaluation 
Systems engineering 
Preliminary design reviews 
Critical cost growth 


THE ACQUISITION IMPACT 

So why should the directed-energy communi- 
ty care about these acquisition policy changes? Be- 
cause these policy changes impact the community’ 
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Technical Review Timing 


ability to develop, produce, and/or sustain direct- 
ed-energy weapon systems. The ultimate goal of 
the directed-energy community is to deploy direct- 
ed-energy weapons to the fleet. Accordingly, re- 
gardless of which phase or phases an organization 
in the community supports, its actions are impact- 
ed by the language in DoD Instruction 5000.02 and 
the WSARA of 2009. The more scientists and en- 
gineers in the organization are aware of governing 
policy documents like DoD Instruction 5000.02, 
the better their chances are of meeting DoD lead- 
ership’ expectations in terms of cost, schedule, and 
technical effectiveness. 

‘Actions have shown that DoD senior leader- 
ship has come to expect all weapon system pro- 
grams to adhere to the current acquisition-related 
policy and guidance changes. As mentioned earlier, 
major weapon system programs have recently been 
canceled oF restructured for not meeting DoD se- 
nior leadership expectations—something that 
rarely occurred previously. In today’s environment, 
technology alone will not carry the argument for a 
programs survivability, Directed-energy weapons 
definitely carry the allure of a “Star Wars-like” ca- 
pability, but these same weapon systems will need 
to show sustainable cost and schedule compliance 
if they are to come to fruition. Resources are too 
limited, and the warfighter has too many needs to 
allow unsustainable weapon system programs to 
continue. Therefore, everyone involved with the 
development, procurement, and/or sustainment of 
a directed-energy weapon system needs to have an 
adequate understanding of the acquisition under- 
pinnings now governing DoD. 


SUMMAR’ 

‘The proverbial “winds of change” are blow- 
ing across the DoD acquisition landscape. The 
management of major weapon systems dependent 
upon cutting-edge technologies—such as those of 
directed energy—cannot afford to conduct busi- 
ness in a manner reminiscent of bygone days. 
Everyone involved with the development, produc- 
tion, or sustainment of a directed-energy weapon 
system needs to understand the “rules of engage- 
ment” laid down by the most recent DoD acquisi- 
tion policy guidance. Highly skilled scientists and 
engineers typically already understand the need 
for a structured systems engineering approach to 
problem solving. Today, though, more than ever, 
cost and schedule must be factored in as potential 
tradespace to deliver the ultimate goal: a cost-effec- 
tive, directed-energy weapon system delivered in a 
timely manner while meeting the warfighter’s re- 
quirements, Scientists and engineers who adhere 


to these recent acquisition changes will help their 
organizations achieve this goal, thereby ensuring 
that warfighters will be armed with the most tech- 
nologically superior weapons possible. 
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PULSED-POWER TECHNOLOGIES 
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WHAT ARE ELECTRIC WEAPONS? 

‘Most conventional weapons rely on chemical energy (explosives) as their destruc- 
tion mechanism, either to explode on target, like bombs, or to create kinetic energy, like 
a bullet. Electric weapons are different. Electric weapons use stored electrical energy, 
rather than explosives, to attack or destroy the target. Electric weapons generally fall into 
two categories: directed-energy weapons (DEWs) and electromagnetic (EM) launchers. 
DEWs send energy, instead of matter, toward a target, and can be separated into three 
types: laser weapons, particle-beam weapons, and high-power microwave (HPM) or ra- 
dio-frequency (RF) weapons. EM launchers use electrical energy to throw a mass at a 
target, thus making them distinct from directed energy. There are also three types of EM 
launchers: rail guns, coil guns, and induction drivers. All involve the use of strong mag- 
netic fields to push against projectiles. While electric guns are an electric weapon, they 
are not a DEW. 

High electrical powers and large energies are needed for all these weapons. Tech- 
nologies for storing and controlling electric power are needed and are commonly called 
pulsed-power technologies. Electric guns are often associated with DEWs due to their 
‘common reliance on pulsed-power technology. The types of electric weapons are shown 
in Figure 1. 


Figure 1. Types of Electic Weapons 


‘There are a number of powerful advantages of 
electric weapons over conventional explosives: 

+ DEWS have a near-zero time of flight com- 
pared to conventional ordnance, allowing 
longer decision times and quicker reaction 
times. 

+ Electric weapons have a large “magazine” ca 
pacity, often limited only by the ability of the 
power source to recharge the system. The fir- 
ing rate depends on how fast the system can 
be recharged, which in turn, depends on the 
available power source. 

«+ The cost of engagement is greatly reduced. 
With increasingly sophisticated convention- 
al weapons, the cost of practice rounds, such 
as a missile, can be millions. For an electric 
‘weapon, the cost per engagement is greatly 
reduced, making the attack of small targets 
(the asymmetric threat) less costly and train- 
ing much more affordable. 

+ There is the potential for variable lethality, 
where the weapon effects can be controlled 
or attenuated to provide a warning or non- 
lethal effect. Otherwise, a full-power setting 
can be used to destroy the target. 

+ Electric weapons have the benefit of in- 
creased safety since less ordnance needs to 
be stored. Logistics costs less, and underway 
replenishment is easier since explosives are 
reduced or eliminated, 

+ Electric weapons can be used in conjunc- 
tion with conventional weapons to height- 
en overall combat system effectiveness, such 
as knocking out electronics before engaging 
with a kinetic weapon. 

Historically, the key Navy scenario for us- 
ing directed-energy technologies has been close- 
in protection of naval vessels from antiship cruise 
missiles, particularly in a littoral environment. The 
ability of a DEW’s speed-of-light engagement is 
particularly attractive under conditions of short 
warning times from supersonic stealthy missiles. 
However, increasingly difficult and problematic 
threats from nonmilitary aircraft and surface ships, 
countersurveillance platforms, fast patrol boats, 
unmanned aerial vehicles (UAVs), and terrorist in- 
flatable boats or jet skis present different challeng- 
es. The threat has shifted from small numbers of 
expensive targets in open water to large numbers 
of small and cheap targets among neutral forc- 
es. The unique characteristics offered by DEWs, 
when compared to traditional weapon systems, al- 
low them to be applied across a spectrum of threat 
roles, particularly in friendly or neutral-rich re- 
gions where precision pointing or less-than-lethal 


capability is paramount. The potential for HPM to 
counter electronics at levels below human effects 
makes them ideal nonlethal weapons. Electromag- 
netically launched projectiles allow longer range, 
shorter flight times, reduced reliance on air strikes 
and missiles, and safer storage and replenishment. 
With military budgets being squeezed, the low cost 
of directed-energy engagements, which ofien re- 
quire just a few gallons of fuel, cannot be overem- 
phasized. Instead of million-dollar missile shots, 
electric weapons allow new tactics, warning shots, 
and continual fire against large and small targets, 
‘They also allow inexpensive practice and training 
for improved readiness, 


PULSED POWER FOR ELECTRIC 
WEAPONS 

‘A useful rule of thumb is that a stick of TNT 
contains about a megajoule (MJ) of chemical e 
ergy, and this amount is often needed to destroy 
a military target. To destroy a target with an elec- 
tric weapon, the electrical energy must also be de- 
posited quickly. Surprisingly, a candy bar also has a 
megajoule of chemical energy, but itis released very 
slowly when we eat it. Many electric weapons re- 
quire peak powers of more than a gigawatt (GW) or 
energies more than a megajoule. The time scales for 
delivery range from milliseconds to nanoseconds. 
‘As an example, delivering 1 MJ of energy in 10 us 
requires 100 GW of power, which is more than a 
commercial power plant can produce, Itis not prac- 
tical to build continuous power supplies to directly 
drive most electric weapons. Consequently, pulsed- 
power technologies are needed to store energy at 
low power rates and release it quickly for weapon 
use. A pulsed-power system takes electrical pow- 
er from a prime source (like a motor), stores it, and 
transforms the power to meet specific user require- 
ments, The importance of a pulsed-power system is 
often underappreciated, For most electric weapon 
systems, the system size, weight, volume, and reli- 
ability are dominated by the pulsed-power chain. 
Pulsed-power components must be improved 
along with the weapon technology to make elec- 
tric weapons systems practical. A block diagram of 
a pulsed-power system is shown in Figure 2, 

Electrical energy can be stored in many ways, 
such as a battery (actually a chemical storage). A 
car battery has about a megajoule of energy, but 
it takes many seconds to drain it, A much faster 
method of storing electrical energy isin a capacitor, 
which can be discharged in milliseconds or faster. 
Inductive methods store the energy in the magnet- 
ic fields of a coil. This has the potential of achiev- 
ing higher energy density than capacitors, but 
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technology becomes less attractive. Energy storage 
for electric weapons can also be done with chem- 
ical explosive energy, where an explosive force is 
converted into electrical energy using techniques 
such as flux compression. Energy can be stored in 
the inertia of rotating machines and flywheels, but 
the energy can be released only as fast as the fly- 
wheel or motor can be stopped, usually in seconds. 
In many cases, several stages of energy store are 
used where each stage is faster than the last. Once 
the energy is stored, it must be released quickly us- 
ing a high-power switch. There are many types of 
switches, Perhaps the most common type for elec- 
tric-weapon applications has been the spark gap. 
Many types of controlled spark gaps exist, includ- 
ing pin-triggered, laser-triggered, field distortion, 
and simple overvolted, To achieve high repetition 
rates, flowing oil or gas can be used to flush the hot 
spark products, or sealed gaps using special fast-re- 
covery gases, such as hydrogen, can be employed. 
Other switches, such as vacuum tubes and solid- 
state switches, can be used if they can handle the 
voltages and currents needed. Solid-state technol- 
ogies, such as thyristers, have become very capa- 
ble in recent years, Once the energy is switched 
ut, there is usually some additional power condi- 
tioning, where transformers or pulse-forming net- 
works are used to provide the desired pulse shape, 
voltage, and current required for the weapon, For 
rapid firing rates or continuous use, high average 
input powers are needed. 
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One of the major impediments to the develop- 
ment of electric weapons systems for Navy ships 
has been a lack of electrical prime power. Current 
surface combatant designs employ up to 90 percent 
of engine power mechanically dedicated solely to 
propulsion. ‘These designs are unable to provide 
the tens to hundreds of megawatts (MW) of elec- 
trical power capacity required for many electric 
weapons. The solution is an electric-drive ship that 
uses al the engine power to generate electricity, en- 
abling it to allocate power to weapons or propul- 
sion as needed. In recent years, the Navy has been 
investigating cost-effective power-system options 
to meet future platform requirements, 


HIGH-POWER MICROWA 
AND RF WEAPONS 
Microwave weapons are generally considered 
to use frequencies above a gigahertz, whereas low- 
er frequencies are generally called RF weapons. 
‘These weapons are more powerful than electron- 
ic warfare systems and are designed to create ex- 
tended disruption or permanent damage. An HPM 
weapon is considered to have a peak power of more 
than 100 MW, or energies above 1 J. The energy can 
enter a target through intended RF paths, such as 
target antennas (front door), or unintended paths, 
such as housing joints, cavities, and circuit wires 
(back door), Pulses ranging from a few nanosec- 
onds to microseconds in duration can be sufficient 
to reset computers, cause loss of stored data, or 
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cause microprocessors to switch operating modes. 
Nonlinear circuits and components can rectify sig- 
nals and absorb energy outside of their normal op- 
erating parameters. Figure 3 illustrates some of the 
vulnerability areas on a missile body. 

RF or HPM devices can be divided into nar- 
rowband or wideband systems, dependent upon 
the employed pulse length. Narrowband systems 
are similar to high-power radar pulses and produce 
RF radiation with a very narrow bandwidth (fre- 
quency coverage). The damage concept is to create 
enough energy in a target to overheat or overload 
electronic components. Wideband systems gener- 
ally produce very short pulses (nanoseconds) and 
typically operate in lower frequency ranges. Wide- 
band systems produce much lower average powers 
and rely on high-peak electric fields to produce re- 
set or arcing of digital components. Creating short 
pulses—ofien only a few RF cycles long—generates 
a very broad frequency output to take advantage 
of a target’s weak point. But, it also means that the 
energy is spread over many frequencies, so there 
may be very little energy at a specific vulnerable 
frequency. Vulnerability data is critical to estimate 
the effectiveness of HPM weapons. Ultimately, air 
breakdown will limit the amount of energy out of 
an antenna to around 1 MW/cm*. 

HPM devices can produce effects that range 
from denying the use of electronic-based equip- 
ment to disrupting, damaging, or destroying such 
equipment. HPM weapon advantages include all- 
weather capability, low precision pointing require- 
ments, and effects persistence after the radiated 
EM energy “beam” has been turned off. One major 
advantage of HPM is that electronics are general- 
ly more vulnerable to high fields and high energies 
than humans. This provides the ability to attack 
electronics without harming people, which makes 
HPM an ideal choice for nonlethal applications. 

‘Two major challenges of implementing HPM 
technologies into an operational weapon systems 
platform are: 

1, Fratricide, or self-destruction, can bea prob- 

Jem because of the large areas affected by the 
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Figure 


sidelobes and near field of any meaning- 
ful HPM weapon system. Therefore, when 
attacking a target of interest with an HPM 
‘weapon, there is a greater risk of disruption 
to systems that were not intended to be tar- 
¢geted but fell within the sphere of influence. 
Host platforms, therefore, may need to un- 
dergo interference hardening, 

With regard to battle damage assessment, 
kinetic weapons have the advantage of typi- 
cally leaving visual evidence. HPM weapon 
systems do not leave large holes in a target 
but create more subtle influences as a result 
of attacking critical electronic components. 
Consequently, it can be more difficult to as- 
certain whether a target’ capabilities have 
been sufficiently degraded or destroyed— 
and for how long—in determining wheth- 
er a mission was successful. 

For HPM system development, a fundamental 
challenge is the understanding of what it takes to 
affect the target. Coupling mechanisms, where EM 
energy enters and affects the target system, are ex- 
tremely complex. The vulnerability of components 
is often vastly different ifit is outside or inside a cir- 
cuit board or enclosure, Effects depend upon the in- 
teractions with other components, connectors, and 
nearby conductors. The effects on a component can 
vary many orders of magnitude depending on fre- 
quency, orientation, cracks and seams, protective 
circuits, pulse energy, and duration. Research re- 
garding effects on missiles has shown large varia 
tions not only between designs, but also between 
different serial numbers due to assembly meth- 
ods, cable routing, and component variations. With 
the increasing use of commercial equipment by 
the military, such as computers and radios, effects 
are difficult to predict due to constant design and 
component changes. In general, electronics are get- 
ting smaller and operating at lower voltages, mak- 
ing them more sensitive to high fields. But smaller 
components ofien have lower pickup areas, and the 
proliferation of interfering signals has increased the 
amount of shielding on modern electronics, When 
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target systems are located inside structures or build- 
ings, it becomes even more difficult to predict. EE 
forts to predict reflections and interference inside 
complex structures become extremely complicated. 
Accordingly, generic electronics kill using universal 
waveforms is not likely. There continues to be a lot 
of hype about what RF weapons can do, but the idea 
that a backpack device can wipe out all electronics 
in a city is no more realistic than a hand-held laser 
cutting through a bank vault door. 


HIGH-ENERGY LASERS (HELS 

A laser generally produces a beam of coher- 
ent light at a specific wavelength dependent on 
the atomic structure of the lasing substance. Only 
certain substances have the atomic properties ap- 
propriate for producing laser light, and these are 
often limited in power. Lasers are characterized 
by the substance being lased (gas, liquid, or solid) 
and the “pumping” process (light energy, electric- 
ity, or chemical reaction). A resonant optical cav- 
ity provides the means for aligning the energy in 
the beam and extracting that energy. A military la- 
ser system also includes beam processing or beam- 
path conditioning, beam pointing and control 
and—for long-range applications—adaptive optics 
to compensate for the atmosphere. 

Until recently, HELs have been driven by chem- 
ical energy, so very little electrical power or pulsed 
power was needed. Chemical lasers use the reac- 
tions of gases or liquids to create the excited energy 
states necessary for laser emission, Large chemical 
lasers and beam directors have been developed by 
the Navy in recent decades and have successfully 
ruptured fuel tanks and downed supersonic mi 
siles. However, these lasers required high-velocity, 
chemical-reaction chambers and emitted hazard- 
ous gaseous by-products. They often operated at 
wavelengths where the atmosphere absorbed much 
of the energy. Absorption creates thermal bloom- 
ing, whereby absorbed energy in the air creates 
a negative lens that defocuses the beam. Increas- 
ing the power of the laser increases the energy ab- 
sorbed and worsens the problem, The Army and 
Air Force are developing chemical lasers for air- 
borne applications, where atmospheric absorption 
is less of a problem. Recent Navy interest in HELs 
has concentrated on lasers that are electrically pow- 
ered, rather than chemically powered, and that op- 
erate at shorter wavelengths to allow smaller optics 
and more efficient propagation near the water. 

Small semiconductor (or diode) lasers use cur- 
rent flow through an electrical junction to excite 
electrons and create laser light. These lasers are 
very limited in power, so research has focused on 
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using large numbers of lasers assembled into a co- 
herent array. Semiconductor lasers also create etfi- 
cient light to excite or “pump” other types of lasers. 
Solid-state lasers (SSLs) use crystalline materials 
mixed (doped) with elements needed for proper 
lasing. SSLs show strong promise for compact, me- 
dium-power HEL weapon systems. Scaling these 
systems up to megawatt levels creates extreme heat 
in the crystal material, making it very difficult to 
prevent internal damage. Forced cooling and the 
heat capacity of large masses are under study. 

Fiber lasers—which use semiconductor diode 
lasers to pump a flexible, doped crystalline fiber 
(similar to a fiber-optic line)—have demonstrated 
high efficiency and relatively high power. The tech- 
nology is being used in the welding and cutting in- 
dustries. Methods of pumping large numbers of 
fiber-optic lasers and combining them are being in- 
vestigated. An example is shown in Figure 4. 

‘The free-electron laser (FEL) operates dif- 
ferently from a conventional laser. An FEL uses a 
high-voltage electron accelerator to push electrons 
through a magnetic “wiggler” to create light radia- 
tion across a tunable band of frequencies. The FEL 
is extremely complex and large, but scaling to very 
high powers may be possible, Perhaps the biggest 
promise of the FEL is the ability to design the laser 
at an ideal atmospheric propagation wavelength. 
Significant technical hurdles remain in reaching 
the status of a deployable FEL, in scaling the beam 
to megawatt powers and in providing the necessary 
engineering to turn a laboratory device into a weap- 
on system of reasonable size. For Navy application, 
FELs will require improvements in areas of radia- 
tion shielding, high vacuum, high-current photo- 
injectors, and probably cryogenic cooling—all of 
which must be integrated into a ship’s basic design. 

Fiber lasers and SSLs are the leading-candi- 
date Navy lasers for medium power, as FELs are 
for high power. All are electrically driven and can 
meet the requirement for shorter wavelength, ca- 
pable of transmitting at the “maritime window” of 
approximately 1 

HEL weapons’ advantages include a highly di- 
rectional and narrowly focused beam, provi 

+ Minimal collateral damage 

«+ Speed-of-light delivery 

+ Rapid retargeting 

+ Low cost of engagement 
Disadvantages center on: 

+ Limited range due to atmospheric attenuation 

+ Weather limitations 

+ Low efficiency (often less than 10 percent) 

+ Need for eye protection 

«+ Relatively large size and weight requirements 


Figure 4, Drawing of Laser Weapon System (LaWS) 


Long dwell times (seconds) will be needed for 
most targets. As with RF systems, there is a potential 
nonlethal or variable lethality capability since the 
energy can be easily defocused. A critical challenge 
is the understanding of a laser beams propagation 
through a maritime boundary layer environment, 
where the sea and air interface creates turbulence 
and moisture gradients. Measuring the atmosphere 
and compensating for variations in real time may re- 
quire adaptive optics or “rubber mirrors” that can be 
constantly adjusted to compensate for changes. Fo- 
cusing a small spot at long range will require high 
beam quality and large optics, probably meter-size 
mirrors that are very highly reflective and very clean. 

HELsin the future are expected to be able to fo- 
cus energy to a spot size of much less than a meter 
at ranges of kilometers. This will necessitate very 
accurate target tracking systems, and precise stabi- 
lization and beam-pointing systems, both of which 
are difficult but should be feasible in the near term, 
Real-time atmospheric measuring systems will be 
needed for compensation techniques. Methods to 
protect the sensitive optical system from salt spray 
and corrosion will also be needed. 

From a lethality perspective, three consider 
ations need to be better understood before a HEL 
can be deemed a true weapon system 

1, Achievable spot size of beam on target at 

range 
Amount of coupling into the target material 
Subsequent effects of the damage inflicted 


For the more severe threat 
such as high-speed, antiship cruise 
missiles, HELs face the difficult 
task of engaging maneuverable, 
stealthy, inbound missiles. As 
such, a better quantitative un- 
derstanding of the interactions 
among a laser beam’s energy de- 
position, target material, and 
flight dynamics is needed. 


PARTICLE B 

A particle-beam weapon is 
a directed flow of atomic or sub- 
atomic particles. ‘These parti- 
cles can be neutral or electrically 
charged. Neutral beams need to 
be used outside the atmosphere 
(in space), where charged par- 
ticles would repel and fly apart. 
Charged-particle beams (CPBs) 
are easier to make and are used 
within the atmosphere, where 
air molecules can constrain the 
beam. A CPB weapon transmits matter—not just 
EM waves—like lasers and microwave weapons. 
‘The particles are near the speed of light and deposit 
their kinetic energy deeply into any target materi- 
al. They have the potential to be highly destructive 
weapons and are very difficult to shield against. 

Charged particles are produced by applying a 
strong electric field near a material that emits elec- 
trons, These electrons then pass through accel- 
erating stages with high voltage gradients (often 
megavolts), which increase the electron’s veloc- 
ity, As the electrons pass each stage, the veloci- 
ty increases until they approach the speed of light 
(become relativistic), at which point they have sub- 
stantial energy to penetrate a target. The accelerat- 
ing systems can be linear, but a recirculating design 
is more compact and can reuse stages. These sys- 
tems are basically high-current versions of scientif- 
ic particle accelerators, 

Once the electron beam is produced, it must 
propagate to the target. High-velocity electrons 
will not go far before they collide with air mole- 
cules and lose energy. The fact that air molecules 
struck by the beam are heated and moved out of 
the way for a short period of time creates a rarified 
le” in the atmosphere through which a second 
pulse can travel farther. In this manner, a fast series 
of pulses can “hole-bore” to the target, each pulse 
going farther than the last. The final pulse must 
have enough energy to damage the target. The de- 
celeration of electrons in the atmosphere causes 
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Bremsstrahlung radiation in the forward direction 
toward the target, creating gamma rays that, in 
turn, create X-rays and RF radiation.’ These effects 
can cause electronic upset and “soft-kill” mecha- 
nisms even if the beam slightly misses the target. 
‘The beam of electrons is typically a few centi- 
meters in diameter. When a beam strikes a target, 
the energy is deposited deep in the material (the 
collision cross section is small because of the rela- 
tivistic speeds) in microseconds (much faster than a 
laser), creating thermal shock that is very difficult to 
shield against. For an explosive target, there is also 
the possibility of causing a deflagration or low-order 
burn, disrupting the normal warhead mechanism, 
Scientists studying CPB weapons made sig- 
nificant technical advancements in the 1980s, but 
the weapons are still far from being practical. A 
CPB weapon is technically very challenging and 
expensive to build. Studies project that the vol- 
ume requirements necessary for a CPB system 
could be on the order of a 5-inch gun system, Ad- 
vantages of a CPB weapon include rapid penetra- 
tion, a deep magazine, all-weather capability, and 
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sofi-kill mechanisms for a near miss. Problems in- 
clude complexity, size, limited range, and the need 
to demonstrate compact accelerators and propa- 
gation mechanisms 
Ee TRON T EM, NCHEF 
A number of technology concepts to launch 
projectiles exist using electrical energy. These sys- 
tems rely on large currents in conductors, creating 
strong magnetic fields that drive a projectile. The 
velocity of a normal powder gun projectile is limit- 
ed by the expansion speed of the explosive powder, 
and present military guns are reaching that limit. 
With an electric gun, the fields can push projectiles 
much faster, providing longer ranges and increased 
kinetic energies. The simplest version is an EM rail 
gun, shown in Figure 
In any conducting loop, the generated magnet- 
ic field tries to expand the loop. Ifeverything is held 
in position, the only movable item is the conducting 
projectile, which moves down the rails in an attempt 
to expand the loop. Since megajouoles of projectile 
energy are needed for EM rail guns, energy storage 


eZ 


LORENTZ FORCE 


Se 
otal 
DZ ARMATURE AND 


h, PROJECTILE DOWN 
BARREL 


MAGNETIC FIELD 
INTERACTS WITH 
ARMATURE CURRENT, 
GENERATING A 
LORENTZ FORCE 


‘CURRENT FLOWING IN THE 
RAILS CREATES A 
NETIC FIELD, WHICH 
INTERACTS WITH THE 
CURRENT IN THE 
ARMATURE TO GENERATE A 
LORENTZ (JxB) FORCE 
Millions of amps are needed! 


Figure 5. Electromagnetic (EM) Rail Gun Concept 
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mechanisms that can store about 100 MJ are need- 
ed, along with the ability to discharge the energy in 
milliseconds. To generate useful forces, millions of 
amps of current are needed—a major challenge and 
significant loss mechanism. Large capacitor banks 
with very high-current switches are required. Spark 
¢gap switches have historically been the only option, 
but new high-current solid-state switches are now 
becoming available. Capacitor energy densities, too, 
have improved an order of magnitude in the last few 
decades. Rotating machines have also been consid- 
ered because they are smaller than equivalent ca- 
pacitor banks, but extracting the energy quickly, 
without tearing the machine apart, has been prob- 
lematic, The launch energy of various projectiles is 
shown in Figure 6. 


+ 20mm --0.1 Megajoules 

= 76 mm --1 Megajoule 

~ 5/54 --10 Megajoules 

+ 8"/55 --40 Megajoules 

» 16” gun --300 Megajoules 

= Aircraft --50 Megajoules 
(30,000 kg @ 50 m/sec) 


Kinetic Energy of Conventional Launch Packages 


Figure 6. Launch Energy of Various Projectiles 


‘A rail gun is probably the most compact form 
of electric launcher, However, it requires direct 
electrical contact between the projectile and barrel 
rails, creating the potential for arcing, melting, and 
erosion, Coil guns use a series of sequentially fired 
coils around a “barrel” to push the projectile in 
stages. This does not require direct electrical con- 
tact, soit avoids rail erosion but requires a series of 
fast timed switches and more space. Linear induc- 
tion motors are basically unrolled electric motors 
and have been used on electric trains and roller 
coasters, typically with magnetic levitating systems 
to avoid contact erosion. This concept is being de- 
veloped by the Navy for launching aircraft. The 
energy to launch an aircraft is similar to a large- 
caliber projectile—more weight but less speed. The 


slower speeds are more suitable for rotating ma- 
chines since the launch times are seconds rather 
than microseconds." Electrothermal guns and elec- 
trothermal-chemical (ETC) guns use a combina- 
tion of electricity and chemicals. Electrical energy 
is used to initiate chemical reactions that can pro- 
duce lightweight driving gases, like steam, or allow 
more energetic propellants that are difficult to ig- 
nite in a conventional fashion. 
Some advantages of electrically driven projec 
tiles include: 
+ Higher projectile velocity (over convention- 
al explosives) 
+ Very long range (>100 miles) with lower cost 
than missiles 
+ Time-critical delivery (because of shorter 
time of flight) 
+ Safer projectile stowage (minimal explosives) 
+ Potentially adjustable velocity levels, for bet- 
ter accuracy and controllable damage 
‘The potential of having nonexplosive rounds 
and magazines is very attractive for the Navy. For 
long-range, large-caliber EM projectiles, the kinet- 
ic energy from the projectile velocity is greater than 
the chemical explosive energy in a conventional 
round traveling much slower, Therefore, damage 
can be equivalent even without explosives. System 
size and lifetime are still behind conventional sys- 
tems, but getting close. 


OUTLOOK 

Challenges remain for many electric weapon 
concepts. These weapon systems appear promis- 
ing to meet the increasingly important asymmet- 
ric threats with low-cost precision rounds. They 
also can be employed across the energy spectrum 
for nonlethal targeting. Electric weapon systems 
will, in many cases, continue to supplement exist- 
ing kinetic weapon systems in the near term. De- 
spite technology challenges, directed-energy and 
electric weapons hold great promise in offering the 
future warfighter unique combat capabilities not 
currently available. 


ENDNOTE 
4 Bremastrablung—a type of radiation emitted when high-energy: 
clectrons are decelerated, (German for braking radiation) 
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SOLID MODELING OF DIRECTED-ENERGY SYSTEMS 


By Joseph F. Sharrow 


Not long ago, around the mid-1980s, development of most new mechanical sys- 
tems—such as automobiles, consumer products, and military devices—was performed 
‘manually on a drafting table or drawing board, much like the present-day version shown 
in Figure 1, These tables and boards performed a necessary function, but they offered 
little assistance other than for drawing lines, Engineers used them to prepare layouts, or 
‘two-dimensional sketches of what they were designing. They then would take these lay- 
‘outs toa draftsman, who would create drawings of each part in the device. The drawings 
‘would subsequently be sent to a manufacturing facility. 

This layout and drawing preparation process typically would need to be repeated 
multiple times because mistakes would be made, or design issues would be discovered 
late in the process. Similarly, the manufacturing process would sometimes require mul- 
tiple iterations as well because of the inherent limitations in designing three-dimen- 
sional (3-D) devices on two-dimensional boards. This less-than-ideal process made it 
difficult to design and manufacture even mundane products and frequently resulted in 
things that just didn't work. With the emergence of early computerization, numerical 
analyses of more complex systems began to be performed. These analyses were conduct- 
ced to ensure that the systems worked in the real world, For example, engineers might 
conduct a structural analysis of the forces in a loaded dump-truck bed to make sure that 
the frame wouldn't bend and fail. Because of the difficulty in performing these analy- 
ses, they would ofien require a specially trained group of structural engineers, expensive 
software, and large mainframe computers, limiting their use to only the largest, most 
well-funded companies or organizations. 


EMERGENCE OF COMPUTER-AIDED DESIGN (CAD) 
AND SOLID MODELING 

With the availability of smaller scale computers and more economical software in 
the mid-to-late 1980s, CAD was born, initiating a period of rapid improvement in the 
design process. This was driven, in part, by the introduction of software packages such 
as AutoCAD. Initially, these software packages only attempted to automate drawing 
lines by making wireframe (stick-figure) versions on the computer of what previot 
ly had been made by hand on the drafting board. This reduced the difficulty in making 
changes in the development process, but it still limited the engineer's pallet to a two- 
mensional space. What was really needed was a 3-D method of design. Solid modeling 


Solid Modeling in the Development Process addressed this need beginning in the late 1980s to 


[Need => Design/ Analysts -» Documerton > Manficaring Solution early 1990s. 
ea Solid modeling is analogous to taking blocks of 
corer clay and cutting and forming them into the shape 
a = Spe gad ated Sng re ee ae 


then put together in an assembly, more accurately 


representing real-world devices. Though original- 
ly used only in a limited way for specialized appli- 
cations in the aircraft and automobile industries, 
it wasn’t until the 1990s that solid modeling expe- 
rienced widespread availability and mainstream 
acceptance due to software packages such as Pro/ 
ENGINEER. Figure 2 summarizes how Pro/ENGI- 
‘EER and other similar packages fit into the de- 
velopment of new products. The general flow of the 
process moves from left to right. 

Initially, nearly all 3-D solid modeling pack- 
ages required significant computing and graphics 
display power, necessitating the use of large graph- 


ics workstations running the UNIX operating sys- 
Figura 4. Drawing Board tem. Rapid advances in computing and graphics 

power have since enabled nearly all packages to 
run efficiently on personal computers (PCs) and 
laptops, bringing solid modeling and analysis ca- 
pability into the mainstream, 
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Figure 2. Solid Modeling in the Development Process 
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SOLID MODELIN 
DIRECTED-ENERGY SYSTEMS 

Engineers working in the Directed Ener- 
gy Division at the Naval Surface Warfare Center, 
Dahlgren Division (NSWCDD), use solid model- 
ing to develop hardware for nearly all of its pro- 
grams. Both Pro/ENGINEER and SolidWorks are 
used extensively to develop new products in virtual 
3-D space. Additionally, the structural simulation 
package within Pro/ENGINEER is used to deter- 
mine stresses and natural frequencies of parts and 
assemblies, Consequently, these packages have er 
abled a single mechanical engineer in the Directed 
Energy Division and a drafisman in the Engage- 
ment Systems Department at Dahlgren to perform 
the design and analysis work that would have re- 
quired an entire group of engineers and drafismen 
just a few years ago. Today, collaboration among 
‘many organizations using similar packages has be- 
come commonplace, Insofar as solid modeling has 
become an indispensable tool for development and 
collaboration, its successful implementation re- 
quires proper training and experience before engi- 
neers can use it effectively, just as medical surgeons 
require training in the use of advanced robotic sur- 
gical devices before they can be used effectively. 
Thus, while these high-tech modeling systems not 
only have reduced the number of personnel need- 
ed for design and development, they have enabled 
the Navy to get significantly more bang for its buck 
while supporting warfighting needs. An example of 
how solid modeling is currently being used is dis- 
cussed below. 


Navy L IN 
(LAWS) BEAM DiREC 

‘The Directed Energy Warfare Office (DEWO) 
and Directed Energy Division at Dahlgren are cur- 
rently developing the Navy LaWS for the Naval Sea 
Systems Command’ Directed Energy and Electric 
Weapon Systems (DE&EWS) Program Office (PMS 
405). The program's goal is to take advantage of cur- 
rently available industrial laser technology and in- 
corporate it into a future naval weapon system. As 
part of the development process, major subsystems 
have been integrated with a Kineto Tracking Mount 
(KTM) into a LaWS beam director, The KTM/beam 
director was modeled and analyzed using Pro/EN- 
GINEER. Ultimately, the resulting LaWS will be 
installed on Navy ships on the Close-In Weapon 
System (CIWS) gun mount. During field testing in 
June 2009 at the Naval Air Warfare Center, China 
Lake, California, the prototype KTM/beam direc- 
tor successfully destroyed five unmanned aerial ve- 
hicles (UAVs). The actual beam director used in the 
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China Lake testing is shown in Figure 3; the Pro/ 
ENGINEER assembly model used for development 
is shown in Figure 4. 

‘The LaWS effort took advantage of many as- 
pects of solid modeling including collaboration, 
structural and modal analysis, and manufactur- 
ing drawing creation. The project required devel- 
opment of new, unique hardware, as well as the 
integration of electronic models from commercial 
vendors, The KTM model was provided by L-3 
Brashear and was originally designed using Pro/ 
ENGINEER. The beam-directing telescope mod- 
el was provided by RC Optical Systems, Incor- 
porated, and was originally made in SolidWorks. 
‘These models were combined with many new op- 
tical and structural components developed by the 
Directed Energy Division into a single, compre- 
hensive assembly model. This model was instru- 
mental in understanding the interaction of the 
many components, and its use increased accura- 
cy and precision that would have been impossible 
with old-fashioned two-dimensional develop- 
ment processes. Figure 5 shows a cross section 
through the main portion of the beam director, 
revealing the complexity of the many parts and 
subassemblies required for such a device. In addi- 
tion to modeling the mechanical components, the 
actual laser beams were also included to better un- 
derstand their path through the various mirrors 
and optical devices in the beam director, and to 
better highlight any interference they might have 
with structural components within the KTM or 
telescope. 

Numerous analyses were performed to make 
sure that everything worked the way it was intend- 
ed. One major analysis addressed the telescope 
mount, To ensure that the beams were stable at 
range, the mount had to be extremely stiff. The best 
way to ensure this was to perform structural anal- 
ysis using the structural simulation package within 
Pro/ENGINEER. Figure 6 shows the results of that 
analysis: a displacement plot in which different col- 
ors represent how much the telescope will move 
when the KTM rotates at its maximum speed. The 
large cylindrical object simulates the mass of the 
telescope, The minimum amount of displacement 
is indicated by blue, and the maximum is shown 
in red. This analysis verified that the movement of 
the telescope, relative to the optical components 
within the optics breadboard, was acceptable and 
should perform well at the range specified by the 
program office. 

"After modeling and analysis were completed, 
manufacturing drawings of custom parts were cre- 
ated by the Engagement Systems Department to be 


Figure 4, LaWS Beam Director Assembly Model 
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Figure §. LaWS Beam Diractor Cutaway 
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Figure 6. Displacement Plot 
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sent to manufacturing facilities, such as machine 
shops. One example is shown in Figure 7, which 
shows the first sheet of the multisheet drawing 
needed to manufacture the large plates that sup- 
port the telescope from the center platform of the 
KTM. One of these plates is also shown in the dis- 
placement plot in Figure 6. 

Even though it would be possible for one person 
to doall of the modeling, analyses, and drawings for 
a particular program, a more efficient process takes 
advantage of using the best skills available by col- 
laborating with other experts. Collaboration en- 
ables assembly, part, and drawing files to be sent 
electronically, eliminating the need for collocating 
personnel. Drawings for the LaWS program, for in- 
stance, were made using noncollocated personnel 


across base at NSWCDD. They could just as easi- 
ly have been made using personnel from across the 
country. 

‘The LaWS program exemplifies how the Di- 
rected Energy Division uses solid modeling to 
enhance the quality and effectiveness of Navy di- 
rected-energy capabilities. As a result, warfighters 
will be better armed with more effective weapons 
and capabilities for future naval conflicts. 
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Figure 7. Manufacturing Drawing 
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A FUNDAMENTAL KEY TO NEXT-GENERATION 
DIRECTED-ENERGY SYSTEMS 


By Directed Energy Division, Electromagnetic and Sensor Systems Department 


Imagine an explosive ordnance disposal (EOD) unit on a routine scouting patrol 
deep in the notorious “Triangle of Death” south of Baghdad, where Marines, Sailors, 
and Soldiers frequently find themselves exposed to improvised explosive devices (IEDs), 
Fortunately, this newly outfitted unit is equipped with the latest unmanned, mobile, re- 
mote-controlled, radio frequency (RF) transmitter used as a directed-energy weapon 
(DEW). The integrated system provides comprehensive IED prediction, detection, pre- 
vention, and neutralization capabilities. Lightweight, pocket-sized transmitters carried 
by each warfighter constantly communicate sensor intelligence, key vital signs, critical 
conditions, and location telemetry to a geostationary satellite (GEOSAT). It intercepts, 
collects, and retransmits intelligence and situational awareness data simultaneously to 
any command post in the world and to each member of the unit on patrol. Highly effi- 
cient, miniature, switch-mode, RF amplifiers with high-power density (small size and 
weight with high-power output) enable these visions of future capabilities as their sys- 
tems’ transmitter backbone, 

To civilians, the miniaturization of modern wireless (electromagnetic) devices is 
considered a mere convenience or luxury, i., Blackberries, mobile phones, and high- 
speed wireless network connections. To the next-generation warfighter, miniaturized, 
wireless, directed-energy (DE) systems open the door to the realization of a whole new 
set of effective and efficient wireless modalities. And while the capabilities mentioned 
in the above scenario are not yet available to warfighters, researchers believe they have 
uncovered the key to next-generation DE systems leading to the miniaturization of 
DE devices. 


NEXT-GENERATION DE SYSTEM REQUIREMENTS 

‘At the Naval Surface Warfare Center, Dahlgren Division (NSWCDD), key system 
requirements for effective next-generation DE systems are being researched and devel- 
oped for applications to counter IEDs, to detect explosively formed penetrators (EFPs), 
to neutralize explosives, and to predict threat locations. Next-generation DE systems 
must yield a high probability of mission success and be inherently safe to operate, By 
design, they must minimize or eliminate the risk of hostile attack or collateral damage 
especially during screening missions. Considering the DEW example above, practical 


(080102-N-1132M-006 SHEIK SA\1D, Iraq (2 January 2008) U.S. Army Soldiers attached to 3rd Squadron, 2nd 
Cavalry Regiment patrol and search for weapons or Improvised Explosive Devices (IEDs) during a clearing 
mission. (U.S. Navy phato by Mass Communication Specialist 1st Class Sean Mulligar/Released) 


next-generation DE systems must be physically 
characterized by: 

+ Low mass (weight) 

+ Small size (volume) 

+ High-power output with respect to size or 

high-power density 

«+ High efficiency for extended mission use 
+ Minimized prime power and cooling support 
+ Portability 
= Mobility 
+ Configurability 

‘They mustalso ensure high probability of mis- 
sion effectiveness, The DEW must be easily trans- 
portable and agile, adapting to the immediate, local 
military mission requirements in various warfight- 
ing environments. Additionally, DE systems must 
be mechanically robust and able to withstand the 
shock and vibration of combat missions in rough 
and rugged environments. The key requirement— 
efficiency—fundamentally facilitates all required 
characteristics, including mass and size. 


MOVING BEYOND REQUIREMENTS 
Scientists at NSWCDD, sponsored by the Of 
fice of Naval Research (ONR), are researching and 
developing key system requirements for effective 
next-generation DE systems to counter IEDs, to 


detect EFPs, to neutralize explosives, and to pre- 
dict threat locations. 

Researchers at NSWCDD are leading the way 
toward realizing small, lightweight, RF transmit- 
ters using high-power, solid-state, switch-mode 
amplifiers, theoretically 100 percent efficient. These 
practical switch-mode amplifier realizations are 
at least 1/100 the volume and weight of any com- 
‘mercially available linear solid-state amplifier of 
comparable power output. The challenges includ- 
ced assessing what type of active amplifier device 
and operation would provide the greatest power 
density (power output per unit volume and mass) 
with its necessary auxiliary systems, such as prime 
power generation and cooling of waste heat. Such 
a device also needed to provide sufficient output 
power based on required standoff range and IED 
system-coupling efficiency while also maintaining 
a manageably-sized, easily transportable system. 
Researchers initially considered tube-based sys- 
tems, but large, heavy, direct-current (DC) power 
supplies are required, and typically 40 percent of 
the input power is dissipated in heat, which negates 
any possibility of miniaturization. 

Upon practical review of amplifier-class oper- 
ations and suitable active amplifier devices, howev- 
er, research pointed to contemporary switch-mode 
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amplifier schemes (e.g., Class-E and Class-F) us- 
ing solid-state technology—such as the high-elec- 
tron mobility transistor (HEMT)—as satisfying 
the high-power density and abusive mechanical 
requirements for expected worst-case transporta- 
tion and operation in a rugged environment. To 
significantly impact reduction of size and weight, 
practical, high-efficiency thresholds were defined 
for next-generation DE systems at 90 percent and 
greater. The key technology enabler to realize am- 
er high efficiency in high-power amplifiers 
up to 60 KW was found in exploiting contempo- 
rary switch-mode amplifier architecture with effi- 
cient power combining, Particularly, switch-mode 
schemes in Class-E and Class-F operation as sol- 
id-state, active-hybrid planar topology designs 
were found to be necessary and sufficient for DE 
applications. These analyses led to a novel, Class-E 
RF switch-mode amplifier design. A Class-E RF 
switch-mode amplifier can theoretically oper- 
ate at 100-percent efficiency. For every input watt 
supplied, an RF output watt is produced. The con- 
ductors and dielectric substrate of the hybrid pla- 
nar load network and the commercial off-the-shelf 
(COTS) transistor all exhibit some small degree of 
power loss, suggesting an estimated practically re- 
alized efficiency of 90 percent. 

Moreover, the amplifier under research con- 
sisted of a novel microwave load network operat- 
ing with high-power output at ultrahigh frequency 
(UHE). This research led to the state of the art in 
Class-E designs leading by hundreds of watts, sever- 
al hundred megahertz in frequency, and roughly 10 
percentage points in efficiency. A’ common, solid- 
state, high-power amplifier design technique sums 
the phase and amplitude of smaller amplifier units 
to the large values required for DE systems. A prac- 
tical hardware limitation exists that limits the theo- 
retically infinite number of fixed RF output power 
units to a finite number. Approximately 60-kW 
RF output power sets the boundary as the largest, 
hardware realization. By applying spatial power 
combining in the propagating medium, phased- 
array antennas can be employed with constructive 
wave interference in air that would allow sufficient 
RE power densities on target, based on the number 
of elements in the array. This technique eliminates 
the traditional hardware necessary to power com- 
bine the smaller power-amplifier elements, realiz- 
ing a much simplified DE system with enhanced 
power density in the transmitter, and reduced mass 
and volume. 

‘The key to ultrahigh efficiency in a switch- 
mode amplifier, such as Class-E or Class-F, is found 
in zero-voltage switching (ZVS). Here, the load 
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network is not only designed to be resonant at and 
around a particular desired switching frequency, it 
must simultaneously act to force the voltage across 
the switch to be zero when current flows and when 
it switches off; hence, theory suggests that no pow- 
er is dissipated because the product of current 
through, and voltage across, the switch is zero. 

It is this aspect of the design that makes the job 
of switch-mode amplifier realization difficult. Of 
course, in practice, a small voltage exists for a very 
short time during the switching action, resulting 
in a small amount of input power being dissipated 
in heat. This theoretical description also assumes 
that all components are ideal (ie., no impedance 
to current flow exists in the switch when turned 
on). All realistic switches exhibit finite impedance 
when turned on, which does dissipate some wast- 
ed energy, but again, this is very small in modern 
HEMT devices using the ZVS technique. 

Class-E switch-mode amplifier theory de- 
velopment began in the United States during the 
1960s, with details published in 1975, although 
some earlier reports were published in Russia. 
Lumped element electrical components (RF choke 
inductors and metal film capacitors) were initial- 
ly used in lower frequency (3 to 30 MHz) proto- 
types. As engineers attempted higher frequency 
designs in the very high frequency (VHF) range, 
solid-state transistor switch parasitic intrinsic and 
packaging elements found inside the transistor be- 
‘gan to be used as some of the key components nec- 
essary for ZVS. These parasitic elements included 
stray capacitance caused by differences of poten- 
tial between parts inside the transistor and induc- 
tance caused by bond wire length that is used to 
connect the transistor to accessible terminals in its 
packaging. At microwave frequencies, these par- 
asitic elements become sensitive, invoking un- 
intended significant changes to load networks 
designed to operate with the transistors. Intrinsic 
elements include drain-to-source breakdown volt- 
age capability and peak current capability. As the 
need for higher frequency operation and higher 
power increased, constraints of key transistor pa- 
rameters became difficult to produce in tradition- 
al silicon technology: 

+ High instantaneous transient (peak) current 

capability through the transistor 

+ Moderate breakdown potential across the 

transistor 

+ Low output capacitance 

Only within the past few years have transis- 
tor manufacturers produced COTS transistors that 
meet the required capabilities necessary to oper- 
ate in switch mode for microwave frequencies and 


(081107-N-1120L-072 RAMADI, Iraq (7 November 2008) Joint EOD Rapid Response Vehicles (JERRVs) assigned to Naval Mo- 
bile Construction Battalion (NMCB) 7's convoy security element are secured following an escort mission from a forward operating 
base. The Cougar-type JERRVs are employed by coalition forces for escort and logistics missions, and to protect personnel from 
IEDs. NMCB 7 is deployed to U.S. Forces Central Command to provide contingency construction support to coalition forces in sup: 
Port of Operations Enduring Freedom and lraqi Freedom. (U.S. Navy photo by Mass Communication Specialist nd Class Michael B. 


Lavender Released) 


high-power output. Selection is still somewhat lim- 
ited for designers. 

New transistor technology known as galli- 
um nitride (GaN) HEMTs—using §state-of-the- 
art manufacturing processes with GaN on silicon 
carbide materials—now facilitates Class-E high- 
power amplifier (100-W) designs at ultrahigh fre- 
quencies. The design process for switch-mode 
amplifiers is radically different than linear amplifi- 
ets, so engineers have tended to continue using lin- 
ear amplifier design techniques due to familiarity, 
rather than advance to the switch-mode designs. 
Today, the Class-E and Class-F unit power output 
(greater than 100 W) capability and upper frequen- 
cy limitation is based on a lack of available HEMTs 
with the necessary parameter capabilities. 

Most recently, transistor manufacturers have 
limited their investment in the Class-E amplifier sol- 
id-state switch market due to no commercial mar- 
ket mandate. An assortment of presently available 
HEMT provides a low-power capability in terms of 
1- to 10-W output power for Class-E amplifiers in 
the cell phone market. The need remains to continue 


advancing in commercially manufactured HEMTs 
with key capabilities necessary to realize larger unit 
power output, hundreds of watts to a thousand 
waits, for practical implementation in DE systems. 


AULTIPLE APF 


Expanding on the vision of the next-genera- 
tion DEW system mentioned at the beginning of 
this article, further imagine that EOD scouts de- 
tect a laser fluorescence signature of C4 high ex- 
plosive and chlorine outgasses in the vicinity of an 
abandoned vehicle 2-km north of their current po- 
sition. An electronic support measure (ESM) team 
on board an approaching clearing vehicle initiates 
RF jamming and electromagnetic surveillance pro- 
cedures. Electronic specialists also scan the area 
with ground-surface differential thermography— 
particularly to detect possible buried IEDs and 
EEPs or their tiny command wires, crush wires, or 
pressure plates—while clearing a pathway to the 
abandoned roadside vehicle. 


or 


Upon arrival ata 500-m safe distance, the EOD 
specialists command the RF transmitter’s robotic 
platform, also equipped with sensitive gamma-ray 
planar and computed tomography (CT) imaging 
to navigate toward and around the vehicle, inter- 
rogating every possible hiding place. It disclos- 
es an IED in the fuel tank. The specialist lifts the 
transmitter arming safety and commands the re- 
mote transmitter to radiate a prescribed dose of 
RF energy directed at a carefully chosen com- 
ponent of the vehicle-borne IED (VBIED) sys- 
tem. Without entering the vehicle, the advanced 
screening system detects and defuses the deadly 
IED buried within the rusty, metal vehicle chas- 
sis. Within minutes, the suspected VBIED threat 
is entirely neutralized, with absolutely no wound- 
ed warfighters or casualties. 


Pictured heres the National Aeronautics and Space Administra- 
tion National Oceanic and Atmospheric Administration (NASA 
NOAA) Geostationary Operational Environmental Satelite-P 
(GOES-) launching from Cape Canaveral Air Force Station, 
Florida, aboard a Delta IV rocket procured by Boeing Launch 
Services on 4 March 2010. Bult by Boeing Space and Intel 
gence Systems, GOES-P will provide NOAA and NASA scien- 
tists with data to support weather, solar, and space operations, 
and will enable future science improvements in weather predic 
tion and remote sensing. Additionally, GOES-P will provide data 
on global climate changes and capabilty for search and rescue. 


Mobile Ad-Hoc Wireless Network (MANET) 

Beyond IED detection and neutralization, 
imagine an expeditionary unit on patrol, with each 
member equipped with an RF transceiver about 
the size and weight of a cigarette pack with an ul- 
trahigh-efficient switch-mode amplifier, The min- 
iature transceiver constantly communicates sensor 
intelligence, key vital signs, critical conditions, 
and location telemetry to a GEOSAT. This small 
switch-mode amplifier has the needed output 
power to reach an altitude of 35786 km, where the 
GEOSAT intercepts, collects, and retransmits this 
intelligence and situational awareness data to any 
command post in the world and to each member 
of the unit on patrol simultaneously. The expedi- 
tionary unit, spread out over a wide area with large 
interspacing, shares the situational awareness and 
intelligence data of each other at the speed of light. 
Thus, near real-time, worldwide communications 
with ubiquitous secure access from the battlefield 
is possible in a multiple-input, multiple-output 
(MIMO) architecture, The same system could pro- 
vide a soldier-to-soldier MANET. 

Next-generation switch-mode RF amplifier 
designs could also optimize payload weight and 
volume on board new communication satellites 
while supplying higher power density and mak- 
ing efficient use of the solar power supply budget. 
Improved switch-mode amplifier power output, 
when combined with enhanced antenna design, 
would minimize Earth-station antenna size re- 
quirements, The recently launched satellite shown 
at left demonstrates an example of the latest anten- 
na technology. 


LOOKING FORWARD 

Miniaturizing next-generation DE systems 
opens up a whole new world of applications to sup- 
port warfighters in ways unimaginable just a few 
years ago, Reduction of transmitter mass and vol- 
lume, accompanied with high efficiency, creates a 
welcome trickle-down effect. Low profile, small, 
lightweight DE systems means: 

«+ Less vulnerability to attack 

+ Greater mobility and maneuverability 

+ Simplified logistics with less fuel-supply de- 

mands 

«+ Less impact on the environment 

Clandestine operations, too, could be execut- 
ed with greater ease and simplified logistics sup- 
port. In the case of MIMO MANETs, miniaturized 
high-power density transmitters could further ex- 
pand capabilities for the warfighter, enabling them 
to carry high-power transmitters to communicate 
with satellites or other supporting platforms. The 


D tiplicity of additional applications, all advance- 


satellite industry itself could benefit from minia- 
turized switch-mode amplifiers with much high- 
er power density microwave transmitters, resulting 
in reduced payload mass and volume; this also re- 
duces Earth-station antenna gain and size require- 
ments, 


CONCLUSION 

NSWCDD is meeting the demanding require- 
ments of next-generation DE systems with Class-E 
RF transmitter switch-mode amplifiers designed to 
operate at ultrahigh efficiency, greater than 90 per- 
cent. Having discovered the key to next-generation 
DE systems, researchers at NSWCDD are focusing [j 
on the urgent need to counter IED systems with 
small, lightweight, highly efficient transmitters that 
use switch-mode amplifiers. Considering the mul- 


ments made in amplifier counter-IED applications 
can be transferred to other applications in the fu- 
ture. Accordingly, while the capabilities suggested 
in this article might seem somewhat far-fetched, in 
reality, they are realizable in the near term, Itis pro- 
jected that NSWCDD will soon have its first 250-W 
UHF amplifier unit prototype ready. These units 
will itn the palm of an average-sized adult's hand 
and can be power combined to the level necessary 
for platform and mission requirements. A fully re- 

alized, fieldable DEW system prototype is possible 
in just a few years. 
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ACTIVE DENIAL ARRAY 


By Randy Woods and Matthew Ketner 


‘Active Denial Technology (ADT)—which encompasses the use of millimeter waves 
asa directed-energy, nonlethal, counterpersonnel weapon—has the potential to provide 
an important new escalation-of-force capability to U.S. operating forces. ADT projects 
a focused beam of 95-GHz millimeter waves to induce an intolerable heating sensation 
‘on an adversary’s skin, repelling the individual with minimal risk of injury. More than a 
decade of research has established the biological and behavioral effects of ADT for large 
spot size systems, such as Active Denial System 1 (Figure 1). While the effects of this 
large spot size system have been successfully established, the technology that produces 


those effects has the potential to progress in a number of ways, particularly with the de- 
velopment of smaller, lighter, and lower-cost systems. 
One research effort focuses on the development of smaller, lighter, and lower cost 


ADT demonstrators that produce commensurate “ADS-effects,’ with effective spot size 
and power densities on target. In support of this effort, the Joint Non-Lethal Weap- 
‘ons Program (JNLWP) sponsored the Naval Surface Warfare Center, Dahlgren Division 
[~ (NSWCDD) to develop a “smart target system,” which measures the millimeter-wave 


i beam using fast-response, 95-GHz diode detectors, NSWCDD subsequently developed 
and tested the W-Band Beam Diagnostic Array to characterize the systems beam with a 

temporal resolution of 30 Hz and a high spatial resolution of 1 inch, 
‘The current method of measuring the 95-GHz beam is to use carbon-loaded Teflon 
4 e J (CLT) to produce an average power beam image. This method works as the CLT is ex- 
posed to the systems beam, The material heats, over a period of seconds, proportional to 
r: the magnitude of the radio frequency (RE) field, resulting in an image as shown in Fi 
— — 3 ure 2. After the exposure, the specific heat capacity of the CLT can be used with the tem- 


bos 


SS perature increase in the CLT to provide an indication of the total energy deposited in the 
material. This method produces a good representation of the average RF field; however, 
any peak variations in the beam are averaged out. 

‘To allow for high temporal-resolution measurements of the 95-GHz beam, a high- 

« density, 95-GHz diode-detector array was commissioned by the Joint Non-Lethal Weap- 

‘ons Directorate (JNLWD), and was designed and built by NSWCDD, with support from 
Miillitech, Inc. The array consists ofa center 11 x 11 matrix (shown in Figure 3) with four 
removable arms that can be attached (shown in Figure 4), resulting in a measurement 
area of approximately 1 x 1m. 
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Figure 1. Active Denial System 1 


Each element's profile consists of the individ- repeatable between detector elements. ‘Therefore, 
ual horn antenna from the array, an attenuator, when the detector elements arrived at NSWCDD, 
a detector, and a SubMiniature version A (SMA) each detector element was paired with a variable 


connection to the digitizer circuit- 
ry. This configuration allows for the 
power received from the antenna 
to be attenuated and converted to a 
direct current (DC) output capable 
of being measured by an analog-to- 
digital converter. The machined an- 
tenna elements provide a uniform 
effective area for each element, al- 
lowing field strength (W/cm!) to be 
converted into power received (W 
or dBm). The aperture antennas 
also provide an impedance match 
between free space and the wave- 
guide system. A cross-sectional 
view of the array element is shown 
in Figure 5, followed by a signal 
flow diagram shown in Figure 6. 
‘The basic principle of operation 
behind the array is that the deriv- 
ative of the diode detector’s pow- 
er vs. output voltage curve is very 


Figure 2. CLT Representation of Small, 95-GHz Spat 
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Figure 3. Main Array Face 


attenuator and calibrated as a single unit. The cal- 
ibration was accomplished by inserting a known 
input power of +5 dBm into the input of the atten- 
uator and setting the DC output voltage at a prede- 
termined millivolt (mV) output. This allowed the 
detector’s individual offset voltages to be removed 
and caused the detectors to behave in a repeatable 
manner. The attenuator is able to be adjusted by 
varying the depth that the aluminum nickel card is 
inserted into the section of waveguide 

‘The final section of the electrical system con- 
verts the DC voltage output from the detectors to 
a digital signal to send back to the operator sta- 
tion. For this, it was determined that a 16-bit dig- 
itizer would be required to enable measuring the 


98.0em 


8.00m 


Figure 4. Full W-Band Aray 


microvolts output by the detectors on the low end 
of their range, while still allowing the digitizer to 
measure the full output voltage of 1.8 V for high- 
input powers. Also, due to the proximity of the 
operator to the array and overall system flexibil- 
ity, it was determined that Ethernet communica- 
tions would provide a sufficient means of reading 
the system data, 

To display the data to the operator, a two-di- 
mensional array is populated and displayed for the 
user (shown in Figure 7). This allows values to be 


ref 
| | 


Figure 5. Cross-Sectional View of Array Element 
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Figure 6. Signal Flow Diagram 


Figure 7. Array's Operator Interface Showing a Small Spat Source 


read directly from the display corresponding to the 
watts per centimeter squared (W/cm:) present at 
the array face. Data also is recorded so that it can be 
viewed later in a player application, such as a vid- 
co file, or it can be viewed in a spreadsheet appli- 
cation, frame by frame. The data shown in Figure 7 
is representative of small-source testing performed 
recently and very clearly shows the beam profile. 
LUSION 
NSWCDD engineers successfully met_ the 
W-band array’s design goals of providing a high 
temporal-resolution image of 95-GHz beams. The 


system has been tested against two active deni- 
al systems, providing good agreement with the 
currently accepted methods, as well as valuable 
information regarding the systems beam charac- 
teristics. These accomplishments will allow future 
ystem development to take advantage of this bet- 
ter understanding to possibly reduce system size 
and increase the effective range. A better under- 
standing of the 95-GHz beam helps to facilitate 
future ADT development for this much-needed, 
nonlethal escalation-of-force capability for US. 
warfighters, homeland defenders, and law en- 
forcement personnel. 
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DIRECTED ENERGY IN THE MILITARY ENVIRONMENT 


By LT Leedjia Svec, Jeremy Beer, and Dave Freeman 
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‘The military operates in the land, ait, and mari- 
time environments. In each of these environments, 
lasers and laser devices are increasingly being seen 
and used in a variety of ways. Accordingly, the 
military must protect itself and civilians from the 
potentially dangerous effects of lasers and other di- 
rected-energy devices. 

Lasers are being used on the ground to de- 
termine the intentions of people who approach 
checkpoints and to dissuade aircraft from entering 
restricted airspace, Laser weapons are also being 
developed for use in the maritime environment. 
With the use of lasers comes the requirement for 
eye protection, The eye is particularly sensitive to 
lasers and its anatomy includes optical components 
that amplify the power of incoming light. Conse- 
‘quently, the potential for injury or blinding is great. 

Naval Medical Research Unit-San Anto- 
nio (NAMRU-SA) is poised to lead the way in re- 
searching and testing laser glare devices and laser 
eye protection. The mission of the NAMRU-SA 
is to conduct medical, dental, and directed-ener- 
gy biomedical research, which focuses on ways to 
enhance the health, safety, performance, and oper- 
ational readiness of Navy and Marine Corps per- 
sonnel, and addresses their emergent medical and 
dental problems in routine and combat opera- 
tions. NAMRU-SA was officially commissioned on 


6 May 2009 and is a subordinate command under 
the Naval Medical Research Center (NMRC) in Sil- 
ver Spring, Maryland, reporting to Navy Medicine 
Support Command (NMSC) in Jacksonville, Flor- 
ida. NAMRU-SA. consolidates the Naval Health 
Research Center Detachment Directed Energy 
Bioeffects Laboratory, the Naval Institute for Den- 
tal and Biomedical Research in Great Lakes, and 
the NMRC Combat Casualty Care research func- 
tion. As part of the Base Realignment and Clo- 
sure (BRAC) 2005, NAMRU-SA has moved to Fort 
Sam Houston. Two new buildings that have been 
constructed are the Battlefield Health and Trau- 
ma Research Institute and the Tri Service Research 
Laboratory. A conceptual drawing of the NAMRU- 
SA Tri-Service Research Laboratory (to house di- 
rected-energy research) is shown in Figure 1. 
Many factors must be considered when lasers 
operate in military environments. On the ground, 
lasers offer a greater likelihood of close contact ex- 
posure. In aviation and maritime environments, 
the mobility of lasers is limited to permanent fix- 
tures on aircraft or ships, so target acquisition can 
be much more complicated. Ofien ignored, but just 
as important and common to all environments, are 
the psychological factors that need to be explored. 
‘These factors include clarifying intentions, commu- 
nications, and effectiveness. In certain situations, 
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Figure 1. Naval Medical Research Unit - San Antonio Ti-Service Research Laboratory at 
Fort Sam Houston, San Antonio, Texas (artist's concept) 
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sometimes lasers are coupled with other modali- 
ties, such as auditory instructions. 

On the ground, laser exposure has been shown 
to interfere with driving vehicles, making color 
judgments, and target shooting. In aviation, lasers 
can interfere with pilot vision, causing afterimages, 
glare, or temporary ocular injury, with attendant 
effects on navigation and control. In the maritime 
environment, lights frequently are used to signal a 
variety of messages, from direction (left, right, etc.) 
to more complicated messages such as “man over- 
board.” More prolific use of lasers underscores the 
need for laser eye protection, a dynamic area of 
research, which must respond to changing threat 


wavelengths and changing environments, Figure 2 
shows NAMRU-SA personnel executing an opera- 
tional field test at Kennedy Space Center, Ju 

Recent studies undertaken by NAMRU-SA 
have investigated the use of laser dazzlers on sail- 
ors in small boats. In these studies, participants 
were exposed to the laser glare at different angles 
and distances, in both day and night conditions. 
Study protocols were approved in accordance with 
the Institutional Review Board in compliance with 
all applicable federal regulations governing the pro- 
tection of human subjects. Participants were given a 
survey assessing their subjective response to the la- 
ser, as well as a more objective visual eye chart. The 


Figure 2. NAMRU-SA personnel execute operational field test at Kennedy Space Center, July 2008, in 
\Which a nonlethal laser prototype Is evaluated for power delivery (stabilly and beam propagation) at range 
‘and human visual effectiveness aboard a maritime target. 
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results suggested that participants were 
most affected by the laser at night when 
they were looking straightat it (as opposed 
to many degrees away) and at the closest 
exposure distances. The most surprising 
finding, however, was that some partic- 
ipants reported being drawn to the laser 
rather than away from it, especially at far- 
ther distances. Participants remarked that 
they couldn't tell what the signal was, so 
they would want to go closer to find out. 
This illustrates that the assumption (by 
some)—that distant laser lights will deter 
and repel innocent mariners—might not 
always be true, Further research is needed 
to verify this finding, however, before em- 
ploying laser glare devices in the maritime 
environment. Figure 3 shows NAMRU- 
SA personnel executing operational field 
tests, which were conducted at Cheatham 
‘Annex, Virginia, and Panama City, Flori- 
da, in 2008-2009. 

‘These studies also brought the factor 
of communication to light. Participants 
remarked that “green is not a threaten- 
ing color? and some thought “it could be 
a signal for help.” Many felt curious about 
the “blinking light” used in the study and 
would go closer or try to contact the ves- 
sel to determine the intent of the mes- 
sage. Green lasers are used because they 
are more visually salient; however, they 
may not be as psychologically salient. 
Participants remarked that if the signal 
were paired with another signal, such as 
an auditory one, then the message of “warning” or 
“do not come closer” might be clearer. 

y; these studies brought to light the mat- 
ter of effectiveness, Laser glare devices are used to 
stop or alter the behavior of the recipient, but one 
study yielded mixed results. At close distances, par- 
ticipants noticed the signal, felt affected by it, and 
reported that their behavior changed in the man- 
ner desired by the person pointing the laser. But 
at greater distances, behavior might not change. 
‘Thus, these findings need to be replicated in differ- 
ent maritime scenarios in order to be truly useful in 
developing laser glare devices. This particular study 


Figure 3. A compact hand-held laser is evaluated for effectiveness in 
maritime defense against small-boat attacks, 


was encouraging regarding the effectiveness and vi- 
sual usefulness of glare devices, but it brought up 
new questions about their psychological impact on 
behavior. Resolving these questions must be an in- 
tegral goal of technical research and development 
studies to determine the operational effectiveness of 
directed-energy devices, not just for the maritime 
environment, but for all military environments, 


ENDNOTE 

4 Results and technical reports are available upon request from 
the corresponding author of from the NAMRU-SA Public AF 
fairs Officer 
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DIRECTED ENERGY USING HIGH-POWER 
MICROWAVE TECHNOLOGY 


By Jacob Walker and Matthew McQuage 


‘The Directed Energy Warfare Office (DEWO) and Directed Energy Division at the 
Naval Surface Warfare Center, Dahlgren Division (NSWCDD) merge past research 
and data with continuous innovation in the field of high-power microwave(s) (HPM) 
to address the critical need for nonlethal, nonkinetic weapons, HPM weapons can be 
described as nonkinetic devices that radiate electromagnetic energy in the radio fre- 
quency (RF) or microwave spectrum. They are designed to disrupt, deny, degrade, 
damage, or destroy targets. In essence, this is achieved when high-power electromag- 
netic waves propagate through air and interdict targets by traveling through the exte- 
rior layers of structures and coupling energy to critical electronic components. Since 
effectiveness against a wide range of targets is the goal, HPM has become a collective 
term for various technologies: wave shapes, source frequencies, and the distribution of 
varying signal bandwidths. It is the objective of HPM research and assessment, there- 
fore, to address targets for which no engagement option currently exists. NSWCDD is 
‘working to identify optimal HPM mission platforms and move relevant technologies 
into the field. 


HPM INITIATIVES 
NSWCDD has actively pursued HPM research since the advent of the field in the 
1970s. Since then, scientists and engineers have conducted HPM research and devel- 
‘opment in many areas, including hydrogen spark-gap switching, spiral generators, and 
related technologies. More currently, the Directed Energy Division developed a vari- 
ety of high-power wideband RF systems based on pulsed power and Marx generators 
(Figure 1). In addition to the extensive work accomplished in HPM and RF source de- 
velopment, NSWCDD contributed substantially to the area of counter-HPM vulnera- 
bility assessments. Researchers developed site assessment guides and threat brochures, 
as well as a number of wideband RF sources, to determine the susceptibility of ele 
tronic equipment to high-power RF interference. This latter effort involved assessing 
and exploiting the weaknesses of specified electronic targets to various HPM and RF 
threats. Data gleaned from these efforts was then used to support optimized prototypes 
and system designs employing effects-based design methodology. NSWCDD utilized 
these wideband RF sources to determine the susceptibility of a multitude of military 
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and electronic infrastructure equipment to high- 
power RF interference. 


HPM COUNTERATTAC 
OPERATIONAL OVERVIEW 

Research in support of HPM-driven electron- 
ic attack increased significantly as the demand 
for nontraditional warfare emerged. Tradition- 
al kinetic weapons often are of limited value in 
peace-keeping missions, for example, as today’s 
enemies frequently are embedded within civi 
ian populations and structures. This creates the 
need for novel HPM technologies that minimize 
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the risk of collateral damage while effectively 
neutralizing threats. Dahlgren researchers coi 
duct HPM system research and development—as 
well as lethality and weapon effectiveness assess- 
ments—to address this need while developing 
technologies against a wide variety of electron- 
ic targets. These projects leverage NSWCDD's as- 
sets, including the Maginot’ Open Air Test Site 
(MOATS), state-of-the-art RF diagnostics, and 
modeling and simulation tools to identify appli- 
cations and platforms in which HPM technolo- 
gies can be employed. Figure 2 shows a computer 
model of the MOATS facility and a modeling and 


Figure 2. Modeling and Simulation Depicting (a) NSWCDD Test Facilty and (b) Simulation of Radiated RF 
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simulation graphic depicting the RF emitted by 
an HPM dipole antenna. 

Potential platforms for HPM integration in- 
clude: man-portable, aerial, vehicle, and vessel- 
mounted systems, These platforms all provide 
unique methods for delivery of HPM sources. For 
‘example, aerial delivery—which, in many ways, is 
the most challenging due to size and weight con- 
straints—can increase the effective range of these 
systems and can engage multiple targets at close 
range without endangering personnel. Likewise, 
vehicles and vessel-mounted HPM systems pro- 
vide a way for law enforcement and the military to 
stop vehicles in chase scenarios almost as soon as 
they begin. The goal of all of these projects is to 
provide military forces with the ability to employ 
nonkinetic, electronic strike technologies against 
an adversary’ electronics. 

‘The DEWO and Directed Energy Division are 
uniquely positioned to provide numerous capa- 
bilities for in-house development while engaging 
with the private sector to test and provide feed- 
back on HPM systems developed externally, In 
the past decade, NSWCDD has evaluated several 


HPM systems at Dahlgren to determine their ef- 
fectiveness against various electronic targets while 
maintaining the Office of the Secretary of Defense's 
Tri-Service RF Directed Energy Weapon (DEW) 
Database. This database contains all effects data 
collected from directed-energy tests performed 
within the US. Air Force, Army, and Navy, 


CONCLUSION 

NSWCDD continues to pioneer HPM source 
development and lethality and integration stud- 
ies, leading to the demonstration and delivery of 
prototype capabilities. It also is committed to re- 
searching and developing critical subsystems for 
HPM delivery. By leveraging numerous target as- 
sets and sophisticated diagnostic equipment—in 
conjunction with MOATS—NSWCDD has po- 
sitioned itself at the forefront of HPM electronic 
attack, leading the way in the development and de- 
livery of these capabilities to the warfighter, 
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AND MORTAR (C-RAM) EFFORTS 


By Michael Libeau 


Mortars and rockets are common weapons confronting US. troops abroad. Insur- 
gents fire the inexpensive projectiles into populated areas, intending to kill or injure 
service members and to inflict physical damage. While kinetic solutions like guns and 
missile interceptors are used to counter rockets and mortars, laser counter rocket, artil- 
lery, and mortar (C-RAM) systems present a promising solution to counter these chal- 
lenging threats in the near future, 

‘Scientists and engineers at the Naval Surface Warfare Center, Dahlgren Division 
(NSWCDD) have been researching, developing, testing, and evaluating laser C-RAM 
systems through collaboration, modeling and simulation, and experimentation. The 
Joint Technology Office (JTO) and the Directed Energy and Electric Weapons Program 
Office (PMS 405) sponsored the first year of these initiatives in 2007, Consecutive and 
current work has been sponsored by the Office of Naval Research (ONR) Expeditionary 
Maneuver Warfare and Combating Terrorism S&T Department. 


In preparation for the development of a laser C-RAM system, an understanding 
of the vulnerability of rockets and mortars to laser energy was crucial. Engineers from 
NSWCDD and the U.S. Army Space and Missile Defense Command (SMDC) collab- 
orated on laser C-RAM efforts. Engineers analyzed the RAM threat and examined a 
variety of targets, accessing RAM vulnerabilities to laser energy by utilizing theoreti- 
cal, numerical, and experimental work. They then developed theoretical models that 
captured the physics of the laser-induced failures of targets containing high explosives 
(HE). Additionally, NSWCDD engineers enhanced lethality simulations using a tool 
called the Effectiveness Toolbox to model engagements of RAM targets with laser ener- 
gy. Figure 1 shows a screen capture from the Effectiveness Toolbox. 

‘The resulting simulations included results from a laser atmospheric propagation 
model and a thermal model to determine the effect of the laser energy on the target. The 
simulations also incorporated target trajectories necessary for modeling the changing 
laser conditions on the target resulting from the engagement of a ballistic target. Sub- 
sequent to modeling these effects, ive testing was performed. Figure 2 shows the lasing 
and destruction of a RAM target during live testing, 


4. Screen Capture from the Erfectiveness Toolbox Showing the Laser Engagement of a Mortar Target 


Figure 2. Explosive Target is Destroyed with NSWCDD’s Fiber Lasers 
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NSWCDD engineers conducted two large ex- 
perimental tests to determine the vulnerability of 
HE targets to laser energy using NSWCDD's High- 
Energy Fiber lasers. The first test was conducted 
jointly with SMDC. During these two tests, over 
40 RAM targets were destroyed under different la- 
ser conditions, producing significant information 
on laser lethality. Researchers measured the failure 
times of multiple targets for different laser powers, 
spot sizes, incidence angles, and aimpoints. The ex- 
perimental data yielded by the tests increased engi- 
neers’ understanding of the vulnerability of targets 
containing energetic materials. This data was then 
used to benchmark predictive models. 

Future tests are planned with additional HE 
targets to further the knowledge of RAM vulner- 
ability. These tests are controlled and conducted 
carefully to ensure that good data is obtained. Ac- 
curate measurements of laser power on the target 
and the resulting target failure times must be made 
during the tests. To that end, NSWCDD engineers 
leverage Division-wide expertise in lasers and op- 
tics with its long history of explosives testing to 
achieve meaningful test results. NSWCDD per- 
sonnel have been instrumental in improving tech- 

es to measure the spatial profile of laser power 

mn a target. The spatial distribution of laser power 

a target is critical to understanding the target's 

Figure 3 shows a laser beam’s spatial power 
jion measured during a test. 


Figure 3. Laser Power Spatial Variation from a C-RAM Test 
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ONGOING Las! 

Recent advances. 
the power outputs of 
vices. Both governmen 
examining the applicatior 
shelf (COTS) lasers and 
application into advanced 
‘Navy's Laser Weapon System | 
example, is examining a laser 


high-energy fiber laser system offers two critical 
advantages over gun and missile interceptor C- 
RAM systems. First, the laser has a great depth of 
magazine since it requires only electricity for op- 
eration. Consequently, unlike a gun system, which 
has a limited supply of ammunition, a laser sys- 
tem is limited only by its supply of electrical en- 
ergy. Second, a laser system offers a cost per kill 
that is significantly lower than alternative systems 
because only electricity is being expended instead 
of gun ammunition or a costly missile interceptor. 
This low cost per kill also better matches the low 
cost of the RAM target being engaged. 

High-Energy Fiber Laser C-RAM systems will 
provide significant advantages in defeating the 
RAM threat while augmenting existing C-RAM 
solutions. More importantly, laser C-RAM_ sys- 
tems will help protect members of the armed forc- 
es from the inexpensive, yet often deadly threats 
posed by rockets and moriars. 
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MULTIFREQUENCY RADIO-FREQUENCY (RF) 
VEHICLE STOPPER 


By Stephen A. Merryman 


‘The widespread use of vehicle-borne improvised explosive devices (VBIEDs) in Iraq 
and Afghanistan has resulted in large numbers of military and civilian personnel being 
killed or injured. Consequently, the Joint Non-Lethal Weapons Directorate’s (JNEWD) 
top priority is to identify, investigate, and develop technologies and capabi 
lethally stop both vehicles and vessels outside of minimum “keep-out ranges” (ie., rang- 
es where the rules of engagement would dictate the use of lethal force) and to mitigate 
the blast effects froma VBIED. 

One of these technologies is the multifrequency Radio-Frequency (RF) Vehicle 
Stopper (RFVS), a high-power microwave (HPM) weapon under development at the 
‘Naval Surface Warfare Center, Dahlgren Division (NSWCDD). A prototype REVS sys- 
tem, designed to meet the mission criteria for fixed-checkpoint protection and com- 
pound protection, is slated for completion in FY13. Science and technology (S&T) work 
continues in parallel to the prototype system's construction to broaden its applicability 
to include convoy protection and the establishment of a quick safe zone. This article de- 
scribes the 4-year research effort that resulted in the specification of the REVS system 
design, Figure 1 shows an illustration of a candidate RFVS platform with the system set 
up for fixed-checkpoint protection, 

‘The RFVS system uses high-power magnetron tubes to generate intense RF pulses 
that interfere with a vehicles electronics, rendering it temporarily inoperable, The en- 
‘gine cannot be restarted while the RF is on but is readily restarted once the RF is turned 
Off. Thus, the REVS system allows for the maintenance of a safe keep-out zone in situa- 
tions that might otherwise require the use of lethal force, The defined measure of success 
for this system is a demonstrated, effective capability against more than 80% of the can- 
didate target-vehicle-class list, which includes passenger cars and large vehicles. 

‘Asa nonlethal capability, the effects to the target vehicle are short term and almost 
always reversible, so that the vehicle is not stranded, which would burden the warfight- 
‘er with the task of its removal. Moreover, as with all directed-energy weapons, the RFVS 
system delivers energy at the speed of light, In contrast with other nonlethal vehicle 
stopping concepts and systems, however, RFVS does not need to be pre-emplaced and 
has a limitless magazine, 


Figure 1. Illustration of Candidate RFVS System Setup for Checkpoint Protection 


ACKGROUND 

Using HPM or RF energy to stop an automo- 
bile engine is not a new concept; it has been under 
investigation for some time in private, academic, 
and military sectors. To that end, the REVS pro- 
gram leveraged as much historic work as possi- 
ble while collaborating with academic and military 
laboratories and while aggressively pursuing con- 
tacts in the automobile industry to gain knowledge 
of vehicle electronic design and function. 

In 2005, the JNLWD funded the then-Directed 
Energy Technology Office (DETO) at NSWCDD 
to perform an extensive reverberation chamber 
test series to characterize the vulnerability of a rep- 
resentative cross section of automobiles to a wide 
range of HPM source frequencies The purpos- 
es of the tests were twofold. First, the applicabil- 
ity of the Army's Ground Vehicle Stopper (GVS) 
data set needed to be established for newer vehi- 
cles, and second, a thorough, source-technology 
independent assessment of vehicle vulnerabilities 


needed to be performed. The rationale behind the 
latter was to establish vehicle vulnerabilities with- 
‘out inadvertently biasing the process. Only after 
the full assessment was performed would factors 
such as concept of operations (CONOPS) and sys- 
tem requirements come into play. Figure 2 isa pho- 
tograph of reverberation chamber testing, 

Over the past decade, a significant number of 
private, academic, and military laboratories have 
investigated the susceptibility of automobiles to 
HPM energy. The range in approaches spans the 
gamut from isolated component testing, through 
direct injection and radiated testing of electronic 
control units (ECUs), and continuing through full 
vehicle radiated testing. Each of the different test 
methods has its strengths and weaknesses. Testing 
of isolated ECUs in controlled laboratory condi- 
tions is arguably the best way to determine exactly 
how a specific unit is responding to the RF. How- 
ever, whether or not the identified susceptibilities 
continue to hold true when the unit is in place in a 
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Figure 2. Vehicle on a Dynamometer in the NSWCDD Reverberation Chamber 


vehicle, or whether the results apply to other vehi- 
cles’ ECUs, remains a significant question that lim- 
its the applicability of the results. 

Full vehicle testing and failure analysis of the 
ECU can be a daunting task. That said, full vehi- 
cle testing affords the advantage of ensuring that 
the response is commensurate with expectations 
of genuine engagements, The test approach one 
chooses to take depends upon resources, test facili- 
ty availability, and most importantly, the objectives 
of the program. For the RFVS program, the objec- 
tives were to identify an HPM waveform that is 
effective against a broad class of the candidate tar- 
get vehicles and to ensure that the identified wave- 
form could be generated with a source that can be 
packaged in a footprint and cost amenable to mil- 
itary users. To meet the programs objectives, the 
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REVS program chose to invest the majority of its 
resources in full vehicle testing, While the focus of 
the effects testing portion of the RFVS program has 
remained on full vehicle testing, both time and re- 
sources have been devoted to fostering and main- 
taining connections with academia and the auto 
industry, There is concerted effort to keep abreast 
of the latest trends in automotive technology, to 
ensure that the current RFVS system design will 
continue to be effective against future vehicle de- 
signs, and to leverage all research that might aid in 
future RFVS designs. 
SYSTEM OPERATION 
‘The majority of current HPM system concepts 
employ a narrowband, single-frequency HPM 
source. In contrast, RFVS utilizes multiple HPM 


frequencies. The rationale for using multiple fre- 
‘quencies is associated with increased system effec 
tiveness, Electromagnetic (EM) energy can be used 
to disrupt or damage an electronic target. In order 
for the energy to affect the electronics, however, it 
must be able to reach a critical component(s) in 
side the target. This involves a process referred to 
as coupling. Different EM waveforms are more or 
less effective against specific targets depending, in 
part, on their frequency, as different frequencies 
couple better or worse depending on varying target 
geometries. To be specific, each piece of electron- 
ics has specific resonance frequencies that most ef- 
fectively facilitate coupling energy to the target. 
Unfortunately, these resonant frequencies can be 
unique to each piece of equipment. Consequently, 
a single-frequency waveform might be very effec 
tive against one target, but less effective against an- 
other target. Therefore, a system that utilizes either 
a sweep of frequencies or multiple frequencies will 
be more effective against a larger target set. This is 
not a novel idea, but rather one that has been read- 
ily acknowledged within the HPM community for 
some time and fervently embraced by the RFVS 
program. Current technology limitations prohib- 
it high-power-swept frequency sources as viable 
options, leading to the idea of a multifrequen- 
cy source. The more frequencies that are used, the 
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more effective the system; however, a trade-off is 
made with system size and cost as the number of 
source frequencies is increased. 


BRASSBOARD SYSTEM 

After completion of the exhaustive vehicle ef- 
fects characterization testing in 2006, the RFVS 
program identified the optimal number of fre- 
quencies needed to meet mission requirements. It 
then used this information in the design and con- 
struction of the Brassboard System. The purpose in 
constructing the Brassboard System was to demon- 
strate the benefit of the multifrequency approach 
and the ability to meet mission objectives with 
specified power on target requirements. Construc- 
tion of the REVS Brassboard System began in 2007 
and was completed in 2008. The Brassboard Sys- 
tem was not constructed with specific system foot- 
prints in mind. Thus, the antenna and conex used 
are significantly larger than those in the prototype 
design, The REVS team collaborated with a Ma- 
rine Corps service representative identified by the 
JNLWD to flesh out the specifics of the mock 
checkpoint to be used in the RFVS Brassboard Sys- 
tem Demonstration. Figure 3 provides a diagram 
of the checkpoint setup used in the RFVS Brass- 
board Demonstration. Figure 4 provides photo- 
graphs of the RFVS Brassboard System. 
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Figure 3. Schematic of Checkpoint Setup 
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Demonstration Test Setup 


Figure 4, Photograph of the RFVS Brassboard System and Demonstration Setup 


‘The Brassboard System Demonstration was 
conducted in Spring 2008. The Demonstration 
‘was a success, and funding for the RFVS prototype 
was consequently approved. To date, 42 passen- 
ger vehicles (cars, pickup trucks, vans, and sport 
utility vehicles (SUVs)) and 3 large trucks (dump 
truck and tractors) have been tested as part of the 
REVS program. 


WAY AHEAD 

‘The JNLWD continues to work with the Di- 
rected Energy Warfare Office (DEWO) toward the 
development of a fieldable multifrequency RFVS 
system. Once the capability is fully developed, 


tested, and certified ready for operational use, 
warfighters and civilians alike will benefit greatly. 
Lives will no doubt be saved using the ability to 
stop vehicles nonlethally and mitigate the blast ef- 
fects from VBIEDs. 
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‘The military needs devices that can safely and reliably stop or arrest vehicles. The 
primary concern is security at entry control points and vehicle check points similar to 
the one shown in Figure I. In such scenarios, itis desirable to be able to stop unauthor- 
ied vehicles at predefined standoff ranges to protect personnel, equipment, and criti- 
cal infrastructure. 

Both the military and civilian law enforcement agencies face similar issues with 
chase scenarios, where concerns over bringing an offending vehicle to a stop without 
Killing or injuring innocent civilians, or causing collateral damage, often prolongs high- 
speed pursuits, That said, currently employed nonlethal options for arresting vehicles 
have significant logistical limitations and carry a high cost per use. 

‘The Naval Surface Warfare Center, Dahlgren Division's Directed Energy Warfare 
Office (DEWO), under the sponsorship of the Joint Non-Lethal Weapons Directorate 
(JNLWD), investigated compact systems designed to couple high-power electrical im- 
pulses to a target vehicle to stop its engine. Such systems are highly portable, can oper- 
ate remotely, can be deployed quickly by a two-man team, and can engage hundreds of 
targets before requiring any significant maintenance, 


EM OVERVIEW 

Conceptually, electrical vehicle-stopping systems are fairly simple devices. The s 
tems use several stages of energy compression to take a low-peak power source—l 
battery pack—and create very intense, short-duration, oscillating electrical impulses. The 
block diagram, shown in Figure 2, illustrates the principal components of such a system. 

‘A high-energy density, 300-V lithium battery pack, similar to what might be found 
in a hybrid vehicle, serves as the prime power source for the device, These batteries are 
capable of driving the system for hundreds of engagements before requiring recharge. 

‘The direct current bus from the batteries is stepped up to several kilovolts in order 
to charge a capacitive voltage multiplier, such as a Marx Generator, Spiral Line Genera- 
tor, or Tesla Transformer. Once triggered, these generators charge a resonant circuit to 
hundreds of kilovolts which, when switched, generate the desired oscillating waveform. 
Coupling this electrical pulse to a target may be accomplished by direct electrode con- 
tact, by radiating the waveform from a broadband antenna structure, or by a combina- 
tion of both methods. 


a 


Figure 1. An Azerbaijani Soldier Guarding Entry Control Point 1 at the Haditha Dam in Support of Operation Iraqi Freedom 
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Figure 2. System Block Diagram for Ganeric Electrical Vehicle-Stopping Systerns 
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‘The system is monitored and controlled by 
an integrated system computer. A laptop com- 
puter, remotely connected to the system control- 
Jer through either fiber optic or a wireless network, 
can be used to arm the system. At this point, mo- 
tion detection sensors trigger the pulse train upon 
the targeted vehicle. The laptop can also be used to 
monitor the system’s status, change system param- 
eters, and receive data collected during the last en- 
gagement event. 

A conceptual rendering of how such a sys- 
tem might look when in use is shown in Figure 3 
Traffic would be funneled with barriers to a sin- 
gle lane, When not engaged, the system electrodes 
would sit flush with the roadway unit, with an ex- 
posed height of less than 3 inches. When required, 
the electrodes could be released to make contact 
with a vehicles undercarriage and deliver the elec- 
trical impulses. 


COMPARISON WITH EXISTING SYSTEM 
Tire spike systems are frequently employed but 
do not limit the momentum, drive, or control of a 


vehicle to an extent that could be useful in any type 
of control or checkpoint scenario, Consequently, 
while tire spike systems are primarily used in high- 
speed pursuit applications, they are limited, in that 
they cripple the target just enough to allow law en- 
forcement to force the vehicle to a stop. 
Restraining nets are most comparable to elec 
trical vehicle stoppers with respect to their intend- 
ed application and desired effect. Restraining net 
systems and electrical vehicle stoppers both com- 
pletely arrest vehicles, although by different means. 
Restraining nets bind the front axle of the vehicle, 
causing it to forcibly lose momentum and skid to 
a stop, Thus, the vehicle operator loses the abili- 
ty to steer the vehicle, further resulting in a lower 
potential for collateral damage. Electrical systems 
stop the engine of the vehicle, leaving the operator 
with control for the duration of the vehicle’s mo- 
mentum. Physical barrier structures can then be 
employed to force an affected vehicle to stop in a 
fairly short distance, Modern vehicles lose power 
steering when the engine is cut off, such that the 
maneuverability of the vehicle is limited enough to 
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Figure 3. Conceptual Rendering of an Employed Electric Vehicle Stopping System 


allow normally nonrestrictive serpentines to be ef- 
fective at limiting roll-off distances, 

‘One key logistical advantage of electrical vehi- 
cle stoppers, compared to restraining nets, is the 
average cost per engagement. Restraining net sys- 
tems are one-time use devices that cost several 
thousand dollars each. Electrical systems initially 
cost tens of thousands of dollars but can perform 
thousands of stops within the expected lifetime of 
the device. Also, there is no requirement to phys- 
ically reset or reload an electrical system, as with 
restraining nets, The maintenance required for 
electrical systems involves the occasional replace- 
‘ment of electrode arms and the inspection of the 
system connections and pressure levels. 

‘Operationally, both systems have limitations on 
the types of targets that can be effectively stopped. 
Restraining nets are limited by vehicle momen- 
tum, which can be a product of high speeds or large 
vehicles. Electrical systems are not limited by ve- 
hice size or speed, but they require additional sup- 
port from structures—such as serpentines or speed 
bumps—to force the target to brake and dissipate 
its momentum once the engine has been stopped. 

Both devices typically cause damage to target- 
ed, stopped vehicles. Restraining nets almost al- 
ways cause tire damage. Less commonly, brake 
lines, front axles, wheels, and transmissions also 
might be damaged. Electrical systems typically 
damage engine controllers, security modules, and 
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engine sensors. In addition, noncritical parts— 
such as gauges, radios, and cabin fans—also might 
be damaged. Moreover, moving affected targets is 
much less of an issue with electrical stoppers than 
vehicles stopped by net systems, which must first 
have the net cut away and freed before the target is 
moved to the side of the roadway. 


SYSTEM REFINEMENT AND 
LOOK FORWARD 

Previous attempts to field electrical vehicle 
stopping systems have been hampered by limit 
ced success rates on a large population of vehicles. 
‘Many models of vehicles are easily affected by any 
type of large injected current, while others are fair~ 
ly resistant. Through carefully designed and con- 
trolled experiments, and logistical regression 
‘modeling techniques, the DEWO team has been 
able to determine key waveform attributes that 
scale with stopping effectiveness rates on a repre- 
sentative population of vehicles. Successful stop 
rates exceeding 90 percent have been achieved on 
a diverse vehicle test set by engineering system 
resonators to enhance system performance ‘The 
DEWO team, through continued research, testing, 
and evaluation, is continuing its work to increase 
the reliability and effectiveness of these systems to 
make them more compact and to improve their 
functionality for future military and law enforce- 
‘ment applications. 


95 


Nonlethal Capabilities 


By Jacob Walke 


96 


‘The employment of small vessels to attack mer- 
chant ships and other seafaring units has emerged 
as a significant threat to international navigation 
and safe operations on the high seas. Along with 
swarm tactics, small vessels have been known to 
carry improvised explosive devices, help smug- 
gle terrorists and weapons, and serve as attack 
platforms on the water for larger weapons, While 
Kinetic solutions serve as the decisive option, alter- 
native solutions that employ nonlethal means are 
being explored. A depiction of a swarm of small 
vessels ready to attack is shown in Figure 1 

‘The Naval Surface Warfare Center, Dahlgren 
Division's (NSWCDDS) Directed Energy Warfare 
Office (DEWO) is evaluating directed-energy (DE) 
concepts based on high-power microwave (HPM) 
technology for nonlethal vessel-stopping applica- 
tions. Nonlethal weapons are defined by the De- 
partment of Defense (DoD) as weapons that are 


explicitly designed and primarily employed so as to 
incapacitate personnel or materiel while minimizing 
fatalities, permanent injury to personnel, and unde- 
sired damage to property and the environment.! 
Several methodologies exist for using nonle- 
thal means to stop small vessels. They include: 
+ Running-gear or prop entanglement systems 
+ Exhaust stack blockers 
+ A sea-anchor vessel-stopping system, which 
casts a net across the bow of a vessel to im- 
part resistance 
+ Small-craft disablers, which insert a spear 
into the hull and deploy a fin that drags in 
the water, making steering impossible 
Prop entanglement systems, exhaust stack 
blockers, and sea-anchor systems are useful and ef- 
fective, but all are operationally difficult to deli 
er when deployment methods rely on positioning 
them in front of, or directly over, a vessel moving 


Figure 1. Depiction of a Small-Vessel Swarm Ready to Attack 
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at high speeds, Small-craft disablers also are a for- 
midable vessel-stopping solution and may be easi- 
er to deploy, but they cause permanent damage to 
the vessel in question. 

Under the direction of the Joint Non-Lethal 
Weapons Directorate (JNLWD), the DEWO is in 
the initial stages of a multiyear effort to evaluate 
DE concepts for nonlethal vessel-stopping applica- 
tions. It is currently focusing on HPM technology. 
This technology uses HPM sources to radiate radio 
frequency (RF) pulses downrange to interfere with 
motor-control electronics and significantly impede 
or stop small-vessel motors with minimal collater- 
al damage. These RF pulses can be generated using 
different technologies ranging from wideband LC 
oscillators and microwave tubes (eg., magnetrons, 
Klystrons, and backward wave oscillators) to emerg- 
ing solid-state technologies (e.g., nonlinear trans- 
mission line and photo-conductive switching). An 
outboard motor ona test stand is shown in Figure 2. 

In comparison to kinetic weapons or other non- 
lethal systems, HPM avoids gross physical destruc- 
tion to the vessel while, more importantly, providing 
zero-to-low risk of human injury. HPM accomplish- 
es this at safe distances using speed of light delivery, 


therefore making evasion difficult, ifnot impossible, 
with the added benefit of scalable effects ranging 
from disruption to damage, Despite its numerous 
advantages, the use of HPM technology as a non- 
lethal weapon presents challenges as well, including 
a trade-off between system size and standoff range 
This is particularly important when considering the 
use of HPM systems in different environments. 

Upfront HPM source development costs rep- 
resent one of the biggest challenges. However, 
long-term savings associated with HPM technolo- 
gy can offset this challenge. For example, prop en- 
ianglement systems might be deployed only once 
before they are rendered useless. HPM sourc- 
es integrated onto a ship or other military vehicle 
can be employed in potentially thousands of mis- 
sions, therefore resulting in a lower cost per single 
use, bringing overall associated costs of the sys- 
tem down significantly. Priorities for HPM nonle- 
thal weapons include developing a system effective 
against different types of small vessels 

NSWCDD’s Directed Energy Division began 
HPM susceptibility testing to determine the ef- 
fectiveness of HPM weapons against relevant out- 
board engines. This involves testing small vessels in 


Figure 2. Outboard Motor Test Stand 


a variety of environments, including reverberation 
and anechoic chambers, and open-air testing. All 
help identify different, effective waveform param- 
eters such as frequency, pulse width, rise time, and 
required power or energy on target. They further 
facilitate the identification of design specifications 
necessary for an eventual HPM source. This source, 
once developed, will then be integrated into one 
of several potential platforms. Candidate concepts 
of deployment include U.S. Coast Guard and na- 
val vessels in addition to unmanned surface or aer- 
ial vessels. Another potential application might be 
to supplement existing Coast Guard or Navy plat- 
forms used for fast-boat interdiction with an HPM 
vessel-stopping capability. A small-vessel test using 
an HPM source is shown in Figure 3, 

Developing solutions for the growing threat 
that small vessels pose to navigation and safe op- 
erations in the world’s oceans is one of JNLWD's 
top priorities. Using nonlethal HPM weapons to 
stop vessels will provide the warfighter with a via- 
ble option for swarm threat and fast-boat interdi 
tion, DEWO is working diligently to accelerate this 
technology and provide a DE alternative to kinetic 
weapons and fulfill this long overdue capability gap. 


REFERENCE 

1. Department of Defense Dictionary of Miltary and Associated 
Terms, Joint Publication 1-02, 12 April 2001 (as amended through 
19 August 2009) 


Figure 3. Smal-Vessel Testing Using a High-Power Microwave Source 
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a Acceleration or atto (10" multiplier) 

A Ampere, Area, Altitude, Angstrom 
(A), Antenna Aperture, or Aerial 

A799 No evidence of failure report 

AJA, AA, AA Air-to-Air or Anti-Aireraft 

AAO Air-to-Air missile number () 

AAA Anti-Aireraft Artillery 

AAAA Army Aviation Association of 
America 

AAED Advanced Airborne Expendable 
Decoy 

AAM Air-to-Air Missile 

AARGM Advanced Anti-Radiation Guided 
Missile 

AAW Anti-Air Warfare 

A-BIT Automatic Built-in-Test 

ABM Air Breathing Missile or Anti-ballistic 
Missile 

AIC Aircraft (also acft.) 

AC Alternating Current 

ACA Associate Contractor Agreement or 
Airspace Coordination Area 

ACAT Acquisition Category 

ACC Air Combat Command 

ACCB Aircraft Configuration Control Board 

Ach Aircraft (also A/C) 

ACLS Aireraft Carrier Landing System 

ACM Advanced Cruise Missile or Air 
Combat Maneuvering 

ACQ Acquisition 

ACS Antenna Coupler Set 

ACTD Advanced Concept Technology 
Demonstration 

AD Analog to Digital 

ADM Advanced Development Model 

ADP Automatic Data Processing or 
Advanced Development Program 

AEA Airbome Electronic Attack 

‘AEC Aviation Electronic Combat (Army) 

AEGIS Automatic Electronic Guided Intercept 

AEL 

AESA Active Electronically Scanned Array 

AEW Airborne Early Warning 

AF Antenna Factor, Air Force, or Audio 
Frequency 

AFB Air Force Base or Airframe Bulletin 

AFC ‘Automatic Frequency Control or 
Airframe Change 

AFIPS Automated Financial Information 


Processing System 


AFOTEC 


AIAA 


AIC 
AIM 
AIRLANT 


AIRPAC 


ALC 
AM 
AMD 
AMES 


AMLV 
Amp 
AMRAAM 


ANSI 
ANT 
Ao 


AO 
AOA 


AOC 


AOT 
APC 


APN 
APO 


Air Force Operational T&E Center 
Air-to-Ground 

Autonomous Guided Bomb 
Automatic Gain Control 

Auxiliary General Intelligence 
(ntelligence-gathering Ship) 

Above Ground Level 

Air-to-Ground Missile 

Angle Gate Stealer 

Advanced Helicopter Weapons 
System 

Artificial Intelligence, Air Intercept, or 
Airbome Interceptor 

American Institute of Aeronautics and 
Astronautics 

Air Intercept Control 

Air Intercept Missile 

Commander, U.S. Naval Air Forces, 
Atlantic Fleet 

Commander, U.S. Naval Air Forces, 
Pacific Fleet 

Anti-jamming or Anti-Jam 

Airoraft wiring kit fora system 
(includes cabling, racks, ete. exeluding 
WRAS) 

Air Logistics Center 

Amplitude Modulation 

Airoraft Maintenance Department 
Advanced Multiple Environment 
Simulator 

Advanced Memory Loader/Verifier 
Amplifier 

Advanced, Medium-Range, Air-to-Air 
Missile 

‘American National Standards Institute 
Antenna 

Operational Availability 
Acousto-Optical 

Angle of Arrival, Angle of Attack, or 
Analysis of Alternatives (similar to 
COEA) 

Association of Old Crows 
(Professional EW Society) or Award 
of Contract, 

Angle Only Track, Angle Off Tail, or 
Acquisition-on-Target 

Amphenol Precision Connector or 
Armored Personnel Carrier 

Aireraft Procurement, Navy 

Armed Forces (or Army or Ait) Post 
Office, Acquisition Program Office 


APU 
AR 

ARM 

ARO. 

AIS, A-S, AS 
ASC 

ASCM 

ASE 


ASIC 
ASK 
ASM 
ASO 
A-Spee 
ASPI 
ASPO 


ASR 
ASRAAM 
ASTE 


ASW 
ATA 
ATARS 


ATC 
ATD 
ATE 
ATEDS. 


ATF 
ATIMS. 


ATIRCM 


ATP 
ATR 


ATRI 
AUTODIN 
‘AUX 

avdp. 

Avg 
AWACS 
AL 


Auxiliary Power Unit 
Anti-reflection or Aspect Ratio 
Anti-radiation Missile 

After Receipt of Order 

Air-to-Surface 

Air Systems Command 

Anti-ship Cruise Missile 

Airoraft Survivability (or Survival) 
Equipment, Allowable Steering Error, 
or Automatic Support Equipment 
Application Specific Integrated Circuit 
‘Amplitude Shift Keying 
Air-to-Surface Missile 

Aviation Supply Office 

System Specification 

Airbome Self-Protection Jammer 
Avionics Support (also Systems) 
Project Office (also Officer) 
Advanced Special Receiver ot 
Airport/Airborne Surveillance Radar 
Advanced Short Range Air-to-Air 
Missile 

Advanced Strategie and Tactical 
Expendables 

Anti-submarine Warfare 

Advanced Tactical Aircraft 

Advanced Tactical Air 
Reconnaissance System 

Air Traffic Control 

Advanced Technology Demonstration 
Automatic Test Equipment 

Advanced Technology Expendables 
and Dispenser Systems 

Advanced Tactical Fighter (F-22) 
Airborne Turret Infrared Measurement 
System or Airborne Tactical 
Information Management System 
Advanced Threat Infrared 
Countermeasures 

Acceptance T. 
Autonomous Target Recognition, 
Airbome Transportable Rack, 
Atlantic Test Range 

Advanced Threat Radar Jammer 
Automatic Digital Network 

Auxiliary 

Avoirdupois (system of measures) 
Average 

Airborne Warning and Control System 
Azimuth (also Az) 


ec 
cc) 


cL(cy 


CAD 
CAE 
CAG 
CAGE 
CAIV 
CAL 


Bandwidth (also BW) or Magnetic 
inductance 

Best and Final Offer 

Bus Adapter Unit 

Bus Controller 

Battle Damage Assessment 

Battle Damage Indication 

Beat Frequency Oscillator 
Background Investigation 
Battlefield Identification, Friend, or 
Foe 

Built-in-Test, Binary Digit or 
Battlefield Information Technology 
Built-in-Test Equipment 

Bus Interface Unit 

Avionics “Black Box” WRAs 
Bombardier/Navigator 

Bayonet Navy Connector 

Basic Ordering Agreement 

‘Swedish chaff dispenser in a launcher 
Band Pass Filter 

Bits Per Second 

Bureau of Medicine (Navy) 

Bureau Number (aircraft) 

Bottom Up Review 

Beyond Visual Range 

Beamwidth (referring to an antenna) 
or sometimes Bandwidth 

Backward Wave Amplifier 
Backward Wave Oscillator 


Speed of Light = 3x10" meters/se 
1.8x10" furlongs per fortnight or 1.8 
terafurlongs per fortnight, or centi 
(107) multiplier 

Electron Charge, Coulomb, 
Capacitance, Celsius, Centigrade, 
Confidential, Roman numeral for 100, 
or a programming language (also C+ 
and C++) 

Command and Control 

Command, Control, Communications 
(and Computers) 

Command, Control, Communications, 
(Computers) and Intelligence 
Computer-Aided Design 
Computer-Aided Engineering 

Carrier Air Group 

Commercial and Government Entry 
Cost as an Independent Variable 
Calibration 


CEESIM 


CEP 
CFA 
CFAR 
CFE 
CG 


ciws 


Computer-Aided Manufacturing or 
Constant Addressable Memory 
Competency Aligned Organization ot 
Contract Administrative Officer 
Combat Air Patrol 

Close Air Support or Calibrated 
Airspeed 

Consolidated Automated Support 
System 

Catapult or Cockpit Automation 
Technology 

Citizens Band (also see Seabee) 
Commerce Business Daily 
Continuous Built-in-Test 
Congressional Budget Office 
Circuit Card Assembly 
Configuration Control Board 
Charge Coupled Device 
Counter-Countermeasures 

Contract Change Number or 
Configuration Change Notice 
Cockpit Control U 
Candela (SI unit of luminous 
intensity) 

Compact Disk or Control and Display 
Combat Direction Center 

Critical Design Review 

Contract Data Requirements List 
Conducted Emission 
Communications and Electronics 
Command (Army) 

Combat Electromagnetic Environment 
Simulator 

Circular Error Probability 

Cognizant Field Activity 

Constant False Alarm Rate 
Contractor Furnished Equipment 
Center of Gravity, Commanding 
General, Command Guidance, or 
Cruiser 

Configuration Item 

Central Intelligence Agency 

Combat Information Center (now 
called CDC) 

Combat Identification or Charge 
Injection Device 

Conversion in Lieu of Procurement 
Commander in Chief 

Capital Improvement Program 
Commonwealth of Independent States 
(11 of 15 former Soviet Union 
tertitories except Estonia, Georgia, 
Latvia, and Lithuania) 

Close-In Weapon System 


coB 
cocoM 
COEA 


CoG 
COMM 
COMSEC 
CONSCAN 
CONUS 
CO-OP 
COR 
CORPORAL, 


Cos 
COsRO 
coTs 
cp 
cps 
cpu 
RC 
CREM 
CRISD 


CRLCMP 


Coherent Jamming 
Command Launch Computer 
Centimeter 

Countermeasures or Configuration 
Management 

Command Mission Computer or 
Commandant Marine Corps 
Countermeasure Dispensing System 
Complementary Metal-Oxide 
Semiconductor 

Configuration Management Plan 
Common Missile Waming System 
Commander, Naval Air Forces 
Commander, Naval Air Forces 
Atlantic (also COMNAVAIRLANT) 
Commander, Naval Air Forces Pacific 
(also COMNAVAIRPAC) 
Communications, Navigation, and 
Identification 

Commanding Officer, Contracting 
Officer, Change Order, or Carbon 
Monoxide 

Close of Business 

Combatant Command 

Cost and Operational Effectivenes 
Analysis 

Center of Gravity or Cognizant 
Communications 


Communications Security 
Conical Scanning Radar 
Continental United States, 
Cooperative (countermeasures) 
Contracting Officers Representative 
Collaborative On-Line 
Reconnaissance 
Provider/Operationally Responsive 
Attack Link 

Cosine 

Conical-Scan on Receive Only 
Commercial Off-The-Shelf 
(hardware/software) 

Circularly Polarized (antenna), Central 
Processor, or Command Post 
Computer or Control Power Supply 
(depends on application) 

Central Processing Unit 

Originally Chemical Rubber 
Company, now published reference 
books by CRC Press 

Coherent RF Memory 

Computer Resources Integrated 
Support Document 

Computer Resources Life Cycle 
Management Plan 


csc 


DCE 
pcs 


Countermeasures Response 
Optimization 

Cathode Ray Tube or Combat Rated 
Thrust (afterburner) 

Combat Search and Rescue 
Cryptographic 

Conducted Susceptibility 
Commodity Software Change 
Computer Software Configuration 
Item 

Product Specification 

Contractor Support Services 
Chesapeake Test Range 

Aircraft Carrier 

Nuclear Powered Aircraft Carrier 
Crystal Video Receiver 

Continuous Wave or Chemical 
Warfare 

Contract Work Breakdown Structure 
Continuous Wave Illuminator 
Calendar Year 


Distance, Diameter, or deci (10 
multiplier) 

Distance, Diameter, Electron 
displacement, Detectivity, Doppler, 
Density, or Roman numeral for 500 
deca (10° multiplier) 
Digital-to-Analog 

Defense Acquisition Board 

Digital to Analog Converter or Dept 
of Army Civilian 

Defense Acquisition Regulation 
Defense Advanced Research Projects 


4B referenced to the Carrier Signal 
Decibel antenna gain referenced to an 
isotropic antenna 

Decibel referenced to the power of 
one milliwatt 

Defense Business Operations Fund, 
Decibel value of radar cross section 
referenced to a square meter 

Decibel referenced to the power of 
one watt 

Direct Current, Diserete Circuit, or 
District of Columbia 

Data Communication Equipment 
Direct Commercial Sales or 
Distributed Control System 


DpI 
Dps 
DECM 


deg 
DEMVAL 


DET 
DF 
DFT 
DI 
DIA 


DID 
DIRCM 
DI 
D-Level 
DM 
DMA 


DME 
DNA. 


DOA 
DOD or DoD 
DoDISS 


DOM 
DON 
Dos 
DOT&E 


DPRO 
DRB 
DRFM 
DSARC 


DSN 
Dso 
DsP 
D-Spee 
DI (&E) 
pre 
DTE 
Dro 


DTRMC 


Digital Display Indicator 
Direct Digital Synthesizers 
Deceptive Electronic Countermeasures 
(also Defensive ECM) 

Degree 

Demonstration Validation (also 
DEM/VAL) 

Detachment 

Direction Finding 

Discrete Fourier Transform 

Data Item 

Defense Intelligence Agency or 
Diameter 

Data Item Description 

Directed Infrared Countermeasures 
Deceptive Jamming 

Depot Level Maintenance 

Data Management (also manager) 
Direct Memory Address or Defense 
Mapping Agency 

Distance Measuring Equipment 
Defense Nuclear Agency, Does Not 
Apply, or Deoxyribonucleic Acid 
Direction of Arrival 

Department of Defense 

DoD Index of Specifications and 
Standards 

Depth of Modulation 

Department of the Navy 

Disk Operating System 

Director, Operational Test & 
Evaluation 

Defense Plant Representative Office 
Defense Review Board 

Digital RF Memory 

Defense Systems Acquisition (and) 
Review Council 

Defense Switching Network 
Diclectrically Stabilized Oscillator 
Digital Signal Processor 

Process Specification 

Development or Developmental Test 
(and Evaluation) 

Design to Cost 

Data Terminal Equipment 

Digitally Tuned Oscillator or Defense 
Technology Objectives 

Defense (or DoD) Test Recourse 
Management Center 


EA 


EC 
ECAC 


ECCM 


ECL 
ECM 


ECN 
ECO 
ECP 


ECR 


ECS 
ECSEL 


ECU 
EDM 
EED 
EEPROM 


EHF 


EIA 
EID 
EIRP 
EL 
ELF 


ELINT 
ELNOT 
EM 
E-Mail 
EMC 
EMCAB 
EMCON 
EMD 


EME 
EMI 

EMP 
EMR, 


Electron charge or base of natural 
logarithms (2.71828...) 

Electric Field Intensity or Strength, 
Energy, East, or Exa (10" multiplier) 
Electromagnetic Environmental, 
Effects 

Electronic Attack (similar to older 
term of ECM) 

Electronic Combat 

Electromagnetic Compatibility 
Analysis Center (DOD), now Joint 
Spectrum Center 

Electronic Counter-Countermeasures 
(similar to newer term of EP) 
Emitter Coupled Logic 

Electronic Countermeasures (similar 
to newer term of EA) 

Engineering Change Notice 
Engineering Change Order 
Engineering Change Proposal or 
Egress Control Point 

Electronic Combat Range (China 
Lake) or Electronic Combat & 
Reconnaissance 

Environmental Control System 
Electronic Combat Simulation and 
Evaluation Laboratory 

Electronic Control Unit 

Engineering Development Model 
Electro-Explosive Device 
Electrically Erasable/Programmable 
Read-only Memory 

Extremely High Frequency [30 to 300 
GHz] 

Electronic Industries Associates 
Emitter Identification Data 
Effective Isotropic Radiated power 
Elevation (also El) 

Extremely Low Frequeney [3 Hz to 3 
kuz] 

Electronics Intelligence 

Emitter Library Notation 
Electromagnetic 

Electronic Mail 

Electromagnetic Compatibility 
EMC Advisory Board 

Emission Control 

Engineering and Manufacturing 
Development 

Electromagnetic Environment 
Electromagnetic Interference 
Electromagnetic Pulse 
Electromagnetic Radiation 


ESD 
ESM 


ESSM 
ET 

ETL 
ETIRMS 


ETR 
EVM 
EW 


EWBM 
EWDS 
EWIA 
EWIR 


EWMP 
EWO 
EWRL 


EWSI 
EWSSA, 
EXP 


Electromagnetic Susceptibility, 
Electromagnetic Spectrum 
Electromagnetic Vulnerability 
Electro-Optie, Electro-Optical, or 
Engineering Order 

Electronic Order of Battle or Expense 
Operating Budget 

Electro-Optic Countermeasures 
Electro-Optical Frequency (300 to 3 x 
10" GHz) 

Electronic Protection (similar to older 
terms of ECCM and DECM) 
Environmental Protection Agency 
Electrically Programmable Read-only 
Memory 

Electronic Counter-Countermeasures 
(also Protection) Requirements and 
Assessment Manual 

Effective Radiated Power 

Electronic Surveillance (similar to 
older term of ESM) 

Electrostatic Discharge 

Electronic Support Measures (similar 
to newer term of ES) 

Evolved Sea Sparrow Missile 
Electronics Technician 

Elapsed Time Indicator 

EW Tactical Information and Report 
Management System 

Estimated Time to Repair 

Earned Value Management 
Electronic Warfare , Early Warning, 
or Expeditionary Warfare 

EW Battle Management 

EW Data Systems 

EW Intelligence Analysis, 

Electronic Warfare Integration & 
Reprogramming (USAF database) 
Electronic Warfare Master Plan 
Electronic Warfare Officer 
Electronic Warfare Reprogrammable 
Library (USN) 

EW Systems Integration 

EW Software Support Activity 
Expendable Countermeasure 


femto (10 multiplier), Frequency 


(also F), or lens f number 
Frequency (also f), Force, Farad, 
Faraday Constant, Female, Fahrenheit, 
Noise Figure, Noise Factor or 
“Friendly” on RWR display 


F2T2EA 


FIA 


FLT 
FM 


FME 
FMEA 
FMS 

FOC 

FOD 
FORCECAP 
FOT&E 
FOTD 
FOUO 

FOV 

FPA 

fps 
FRACAS 


FRB 
FRD 
FSD 
FSED 
FSK 
FSU 
ft 
FTC 
FTD 
FWD 
FY 


Find, Fix, Track, Target, Engage, 
Assess (targeting of hostile forces) 
Fighter/Attack 

Federal Aviation Administration 
Forward Air Controller 

Federal Acquisition Regulations or 
False Alarm Rate 

Footcandle (unit of illuminance) 
Functional Configuration Audit 

Fire Control Radar 

Frequency Domain Reflectometry 
Forward Edge of the Battle Area 
Field-Effect Transistor 

Fleet EW Center 

Fast Fourier Transform 

First In / First Out 

Federal Information Processing 
Resources 

fluid 

AAA Shrapnel, from the German 
“Flieger Abwher Kanone” (AAA gun 
that fires fast and furiously) 

Forward Looking Infrared 

Flightline Payload Simulator 

Flight 

Frequency Modulation or Failure 
Mode 

Foreign Material Exploitation 
Failure Mode and Effects Analysis 
Foreign Military Sale(s) 

Full Operational Capability 

Foreign Object Damage 

Force Combat Air Patrol 

Follow-On Test and Evaluation 
Fiber Optic Towed Device 
For Official Use Only 
Field of View 

Focal Plane Array 

feet per second 

Failure, Reporting, Analysi 
Corrective Actions System 
Failure Review Board 
Functional Requirements Document 
Full Seale Development 

Full Seale Engineering Development 
Frequency Shift Keying 

Former Soviet Union 

Feet or Foot 

Fast Time Constant 

Foreign Technology Division (USAF) 
Forward 

Fiscal Year 


and 


gal 
GAO 
GBU 
GCA 
Gel 
GENSER 
GEN-X 
GFE 
GHz 

Gl 
GIDEP 


GIG 
GIGO 
Goco 


GOFO 
GP 
GPI 
GPIB 
GPs. 
GSE 


H 


HARM 
HAWK 
HDBK 
HDF 
HE 
HEF 


HEL 
HELO 
HERF 
HERO 
HERP 
hex 


HE 
HIL or HITL 


Gravity (also G) 
Universal Gravitational Constant (also, 
K), Giga (10° multiplier), 
Conductance, or Gain 

General and Administrative (expense) 
Gallium Arsenide 

Guidance and Control Information 
Analysis Center (DoD) 

Gallon 

General Accounting Office 

Guided Bomb Unit 

Ground Controlled Approach 

Ground Control Intercept 

General Service 

Generic Expendable 

Government Furnished Equipment 
GigaHlertz 

Government Issue 

Government Industry Data Exchange 
Program 

Global Information Grid 

Garbage In / Garbage Out 
Government Owned Contract 
Operated 

General Officer / Flag Officer 
General Purpose 

Ground Plane Interference 

General Purpose Interface Bus 
Global Positioning System 

Ground Support Equipment 


hours, hecto (10 multiplier), Plank’s 
constant, or height (also H) 

Height (also h), Henry (Inductance), 
or Irradiance 

High-speed Anti-Radiation Missile 
Homing All the Way Killer 
Handbook 

High Duty Factor 

High Explosive 

High Energy Frequency (3x10" to 
3x10" GHz) 

High Energy Laser 

Helicopter 

Hazards of Electromagnetic Radiation 
to Fuel 

Hazards of Electromagnetic Radiation 
to Ordnang 
Hazards of Electromagnetic Radiation 
to Personnel 

hexadecimal 

High Frequency [3 - 30 MHz] 
Hardware-in-the-Loop 


Icw 
1D 

IDA 
IDECM 


IEEE 


IF 
IEF 
IEM 


IER 
IG 
mR 


Home-On-Jam 
Higher Order Language 
High-Pass Filter 
Hewlett-Packard Interface Bus 
Hewlett-Packard Interface Loop 
High Powered Microwave 
Repetition Frequency 


High Speed Data Bus 
Heads-Up Display 

High Voltage 

Hardware 

Hardware Configuration Item 
Hardware-in-the-loop 

Hertz (Cycles per second) 


current (also 1) 

Current (also i), Intensity, Irradiance, 
Intermediate, or Roman Numeral for 
One 

Information Assurance 

Integrated Air Defense System 
In-Phase and Quadrature 

Indicated Airspeed 

In Accordance With 

Initiated Built-in-Test 

Interference Blanker Unit 

Integrated Circuit 

Interface Control Document 

Initial Capabilities Document 
Improved Countermeasure Dispenser 
Integrated Communication, 
Navigation, Identification Avionics 
Inverse Conical Sean or 
Intercommunications System (aircraft) 
In Compliance With 

Identification 

Institute For Defense Analysis 
Integrated Defensive Electronic 
Countermeasures 

Institute of Electrical and Electronic 
Engineers 

Intermediate Frequency 
Identification Friend-or-Foe 
Instantaneous Frequency 
Measurement 

Instrument Flight Rules 

Inspector General 

Imaging Infrared 


LLevel 


ILS 


ILSMT 


IM 
IMA 
INEWS 
INS 
INT 

10 

vo 
loc 


IOT&E 
IPO 


IPR 
IPT 


IR 
IR&D 


IRCM 
IRDS 
IREXP 
IRIG-B 
IRLS 
IRS 


IRST 
ISAR 
Iso 


IsP 


ISR 
ITU 


IvaVv 


Iw 


Intermediate Level of Repair (also 
“P’ Level) 

Integrated Logistic Support, 
Instrument Landing System, or Inertial 
Locator System 

Integrated Logistic Support 
Management Team 

Intermodulation or Item Manager 
Intermediate Maintenance Activity 
Inch 

Integrated Electronic Warfare System 
Inertial Navigation System 

Intensity 

Information Operations, 

Input/Output 

Initial Operational (also Operating) 
Capability 

Initial Operational Test and Evaluation 
International Projects (Program) 
Office 

In-Progress/Process Review 
Integrated Product (also Program) 
Team 

Infrared 

Independent Research and 
Development 

Infrared Countermeasures 

Infrared Detecting System 

IR Expendables 

Inter-range Instrumentation Group B 
Infrared Line Seanner 

Interface Requirements Specification, 
IR Suppression or Internal Revenue 
Service 

Infrared Search and Track 

Inverse Synthetic Aperture Radar 
Derived from the Greek isos’ 
meaning “equal,” the official ttle is 
International Organization for 
Standardization 

Integrated Support Plan 

Intelligence Support Plan 
Interference to Signal Ratio (also /S) 
International Telecommunications, 
Union 

Independent Validation and 
Verification 

Information Warfare 


JEM 
JETS 
JEWC 


JEWEL 
sOwC 
JMEM 
JMR 
JOVIAL 
JPATS. 
ws 


JSF 
J 


JSIR 


JsOw 


ISTARS 


ITA 
TAT 


Jamming, Radiance, Current Density, 
or Joules 

Joint Architecture for 
Survivability 

Jammer (illuminating) Chaff 

Judge Advocate General 

Jamming Analysis Measurement 
System 

Jamming Aircraft & Radar Simulation 
Joint Air-to-Surface Standoff Missile 
Joint Advanced Strike Technology 
Jet Assisted Takeoff or JAmmer 
Technique Optimization 

Joint Command and Control Warfare 
Center (now HOWC) 

Joint Concept Technology 
Demonstration 

Joint Chiefs of Staff or Joint Spectrum 
Center (formerly ECAC) 

Joint Direct Attack Munition 

Joint Electronic Attack and 
Compatibility Office 

Journal of Electronic Defense 
(Published by the Association of Old 
Crows 
Jet Engine Modulation 

Joint Emitter Targeting System 

Joint EW Conference or Joint EW 
Center (then JC2WC & now JIOWC) 
Joint Electronic Warfare Effects 
Laboratory 

Joint Information Operations Warfare 
Command 

Joint Munitions Effectiveness Manual 
Jammer 

Julius’ Own Version of Intemational 
Algorithmic Language (Air Force 
computer programming language) 
Joint Primary Aircraft Training 
System 

Jamming to Signal Ratio 

Joint Strike Fighter 

Joint Services Guidance and Control 
Committee 

Joint Spectrum Interference 
Resolution (signal interference portion 
of MLD) 

Joint Stand-Off Weapon (AGM- 
154A) 

Joint Surveillance Target Attack Radar 
System 

Jammer Threat Analysis 

JATO Techniques Analysis and 
Tactics 


ircraft 


ITCGIAS 


JTCG/ME 


JTIDS 


IWorllV 


LADAR 


LAN 
LANTIRN 


LASER, 


LAT 
Ibs 

Lec 
LcD 


LCP or LHCP 
LDF 

LDS 

LED 

LEX 

LGB 

LF 

Lic 


Joint Technical Coordinating Group 
for Aircraft Survivability 

Joint Technical Coordinating Group 
for Munitions Effectiveness 

Joint Tactical Information Distribution 
System 

Joint Venture 


kilo (10° multiplier) or Boltzmann, 
Constant 

Kelvin, Cathode, Universal 
gravitational constant (also G), or 
Luminous efficacy 

Knots Calibrated Airspeed 
kilogram 

KiloHertz 

Killed in Action 

Knots Indicated Air Speed 
Kilometer 

Thousand Source Lines of Code 
(software) 

Knot (nautical miles per hour) 
Kilowatt 


length (also L) or liter 
Length (also 1), Loss, inductance, 
Luminance, or Roman Numeral for 
y 

Laser Detection and Ranging (i.e., 
laser radar) 

Local Area Network 

Low Altitude Navigation & Targeting 
Infrared for Night 

Light Amplification by Stimulated 
Emission of Radiation 

Latitude (0-90? N or $ from equator) 
pounds 

Liffe Cycle Cost(s) 

Liquid Crystal Display or Lowest 
Common Denominator 

Lefi-hand Circular Polarization 

Low Duty Factor 

Laser Detecting Set 

Light-Emitting Diode 

Leading Edge Extension 

Laser Guided Bomb 

Low Frequeney [30 - 300 kHz} 

Low Intensity Combat or Laser 
Intercept Capability 


LORA 
LORAN 
LORO 

Los 

LPAR 

LPD 

LPF 

LPI or LPOL 
LPRF 

LR 

LRA 

LRF 

LRIP 

LRU 

LSA 

LSAR 

LSB 

LSI 

Lso 

Lsso 


M 


MA 
MAD 


MADD 
MAF 

MAG 
MAGTF 
MANPADS 


List Processing (A programming 
language used in artificial intelligence) 
Low Light Level (as in LLL TV) 
jumen (SI unit of luminous flux) 
Natural Logarithm 

Local Oscillator or Low Observable 
Letter of Agreement (or Acceptance) 
Line of Bearing (see also AOA) 
Logarithm to the base 10 (also log) or 
Logistician 

Longitude (0-180° E or W from 
Greenwich, U.K.) 

Level of Repair 

Level of Repair Analysis 

Long Range Navigation 

Lobe on Receive Only 

Line-of-Sight 

Large Phased-Array Radar 

Low Probability of Detection 

Low Pass Filter 

Low Probability of Intercept 

Low Pulse Repetition Frequency 
Lethal Range 

Line Replaceable Assembly 

Laser Rangefinder 

Low Rate Initial Production 

Line Replaceable Unit 

Logistic Support Analysis 

ic Support Analysis Record 
Least Significant Bit 

Large Scale Integration 

Landing Signal Officer 

Laser System Safety Officer 

Look Through Blanking Bus 

Long Wave Infrared 

Laser Warning Receiver 

Lux (SI unit of illuminance) 
Landing Zone 


milli (10° multiplier), meter, or 
electron mass 

‘Mega (10° multiplier), Male, Mach 
number, or Roman numeral for 1,000 
Missile Alert or Missile Active 
Magnetic Anomaly Detection (also 
Detector) 

Microwave Acoustic Delay Device 
Maintenance Action Form 

Marine Aircraft Group or Magnetic 
Marine Air-Ground Task Force 
Man-portable Air Defense System 


M&s 
MASER 


MATE 
MAW 


MAX 


MBEN 
MC 
MCIOC 


McP 
MDF 
MDI 


MDG 
MDS 


MDU 
MF 


MFD. 
MG 
MHz 
MIA 
MIC 


MICRON 
MiG 


MIGCAP 
MUL 


mil 
MIL 


MILCON 
MILSPEC 
MILSTRIP 


MIMIC 


MIN 
Mincon 
MIPPLE 


MIPS 


ML 
MLC 
MLV 
MLVS 


Modeling and Simulation 
Microwave Amplification by 
Simulated Emission of Radiation 
Modular Automatic Test Equipment 
Missile Approach Waring system 
(also MAWS) or Marine Aircraft 
Wing 

Maximum or Maximum aireraft power 
(afterburner) 

Multiple Beam Forming Network 
Mission Computer 

Marine Corps Information Operations 
Center 

Miero-Channel Plate 

Mission Data File 

Multiple Display Indicator or Miss 
Distance Indicator 

Mission Data Generator 

Minimum Diseernible Signal or 
Minimum Detectable S 
Multipurpose Dis 
Medium Frequency (300 kHz to 3 
MHz) 

Multifunction (video) Display 

Missile Guidance 

‘MegaHertz (10° Hz) 

Missing in Action 

Microwave Integrated Cireuit or 
Management Information Center 

10° meter 

Mikoyan-Gurevich (Soviet aircraft 
manufacturer) 

MiG Combat Air Patrol 

Meaconing, Intrusion, Jamming, & 
Interference (also see ISIR) 
One-thousandth of an inch 

Military power (100%, no afterburner) 
or Military 
Military Co: 
Military Specification 

Military Standard Requisitioning and 
Issue Procedure(s) 

Microwave Monolithie Integrated 
Cirouit (also MMIC) 

Minimum 


struction 


Minimal Construction 
RWR display switching between 
ambiguous emitters 

Millions of (Mega) Instructions Per 
Second 

Missile Launch 

Main Lobe Clutter 

Memory Loader Verifier 

Memory Loader Verifier Set 


mm 
MM 
MMIC 


MMW 


MOA 
MOE 
MOM 


MOP. 


Mops 
Mos 


MOSAIC 


MOU 
MPD. 


MPE 
mph 
MPLC 
MPM 
MPPS 
MPRF 

mr or mrad 
MRC 


MRE’s 
ms 
MSB 
MSI 


MsIC 
MSL. 
MTBF 
MTI 


MTTR 
MUXBUS 
MVS 

mw 

mW 
MWIR 
MWS 

MY 


Millimeter 
Man Month 

Microwave Monolithic Integrated 
Circuit (also MIMIC) 

Millimeter Wave (40 GHz or higher 
per IEEE, but commonly used down to 
30 GHz) 

Memorandum of Agreement 
Measure of Effectiveness 

Methods of Moments (also MoM) or 
Metal-Oxide-Metal 

Modulation on Pulse or Measure of 
Performance 

Million Operations Per Second 
Minimum Operational Sensitivity, 
Military Occupational Specialty, 
Metal-Oxide Semiconductor, or 
Measure of Suitability 

Modeling System for Advanced 
Investigation of Countermeasures 
Memorandum of Understanding 
Multi-Purpose Display or Microwave 
Power Device 

Maximum Permissible Exposure 
Miles per Hour 

Multi-Platform Launch Controller 
Microwave Power Module 

Million Pulses Per Second, 

Medium Pulse Repetition Frequency 
Milliradian 

Maintenance Requirement Card or 
Medium Range CAP 

Meals Ready to Eat 

Milliseconds 

Most Significant Bit 

Multi-Sensor (also Source) 
Integration, Management Support 
Issues, or Medium Scale Integration 
Missile and Space Intelligence Center 
Mean Sea Level (altitude) or Missile 
Mean Time Between Failures 
Moving Target Indicator (or 
Indication) 

Mean Time To Repair 

Multiplex Bus 

Minimum Visible Signal 
Microwave 

Milliwatt 

Mid Wave Infrared 

Missile Warning Set 

Man Year 


1-110 


N 


n/a 
NA 
NADEP 
NASA 


NATO 
NATOPS 


NAV 
NAVAIR 


NavMPS 
NAVSEA, 


NAWCAD 


NAWCWD 


NBC 
NCTR 
NDI 


NEI 
NEMP 
NEOF 
NEP 
NF 
NFO 
Ne 
NIoc 


NIPO 
NIR 
nm 


NM or NMI 
NMCI 
NNWC 
NOHD 
NORAD 


NPG or NPGS 
NRE 

NRL 

NRZ 

NSA 

nsec or ns 
NSN 

NsWwC 

at 


nano (10° multiplier) or number of 
elements 

Noise, Newton (force), Radiance, 
North, or No 

Not Applicable (also N/A) 
Numerical Aperture 

Naval Aviation Depot 

National Aeronauties and Space 
Administration 

North Atlantic Treaty Organization 
Naval Air Training and Operating 
Procedures Standardization 
Navigation 

Naval Air Systems Command (also 
NAVAIRSYSCOM) 

Naval Mission Planning System 
Naval Sea Systems Command (also 
NAVSEASYSCOM) 

Naval Air Warfare Center Aircraft 
Division 

Naval Air Warfare Center Weapons 
Division 

Nuclear, Biological, Chemical 
Non-Cooperative Target Recognition 
Non-Developmental Item or Non 
Destructive Inspection 

Noise Equivalent Power 

Nuclear Electromagnetic Pulse 

No Evidence of Failure 

Noise Equivalent Power 

Noise Figure or Noise Factor (also F) 
Naval Flight Officer 

Next Generation Jammer 

Navy Information Operations 
Command 

Navy International Program Office 
Near Infrared 

nanometer or Nautical Mile (also NM 
or NMI) 

Nautical Mile (also nm) 

Navy Marine Corps Intranet 

Naval Network Warfare Command 
Nominal Ocular Hazard Distance 
North American Air Defense 
Command 

Naval Post Graduate School 
Non-Recurring Engineering 

Naval Research Laboratory 

Non Return to Zero 

National Security Agency 


National Stock Number 
Naval Surface Weapons Center 
Nit (SI unit of luminance) 


re) 
OADR 


OAG 
O&MN 


OBE 
OCA, 
OEWTPS 


OFP 
oT 
O-Level 


OMA. 
OMB 
OMEGA 


ONR 
OOK 
OPEVAL 
OPM 
OPSEC 
OPTEVFOR 
OR 


oRD 
osD 
OSHA 
osIP 


osm 


OSRB 
OT (&E) 
oTD 
OTH 
OTH-B 
OTH-R 
OTH-T 
OTRR 
ousD 


oz 


Naval Undersea Warfare Center 
Night Vision Goggles 
Naval Warfare Information 
Publication 

Naval Warfare Publication 


Optical 
Originating Ageney’s Determination 
Required 

Operational Advisory Group 
Operations and Maintenance, Navy 
(also O&M,N) 

Overtaken (Overcome) By Events 
Offensive Counter Air 
Organizational Electronic Warfare 
Test Program Set 

Operational Flight Program 
On-the-Job Training 

Organizational Level of Repair (also 
“O” Level) 

Organizational Maintenance Activity 
Office of Management and Budget 
Optimized Method for Estimating 
Guidance Accuracy (VLF Navigation 
System) 

Office of Naval Research 

On-Off Keying 

Operational Evaluation 

Office of Personnel Management 
Operational Security 

Operational Test and Evaluation Force 
Operational Requirement or 
Operationally Ready 

Operational Requirements Document 
Office of the Secretary of Defense 
Occupational Safety and Health Act 
Operational Safety Improvement 
Program 

Operating System Memory or SMA 
connector made by Omni-Speetra 
Operational Software Review Board 
Operational Test (and Evaluation) 
Operational Test Director 

Over the Horizon 

Over-the-Horizon Backscatter 
Over-the-Horizon Radar 
Over-the-Horizon Targeting 
Operational Test Readiness Review 
Office of the Under Secretary of 
Defense 

ounce 


PN or P/N 
Poc 
POET 


POI 


POL 
POM 


ILL 


pico (10" multiplier) or page 
Power, Pressure, or Peta (10'° 
multiplier) 

Pre-Planned Product Improvement 
Pascal (pressure) 

Public Address or Program Analyst 
Periodic Built-in-Test 

Pulse Compression, Personal 
Computer, or Photoconductive 
Physical Configuration Audit 
Pulse Code Modulation 
Probability of Detection 

Pulse Doppler 

PD Illuminator or Post Detection 
Integration 

Plasma Display Panel 

Pretty Darn [sic] Quick 
Preliminary Design Review 

Pulse Descriptor Word, 

Personne! Exposure Limits 
Photoelectromagnetic 

Program Executive Officer 

Power Factor or Pico Farads 
Probability of False Alarm 
Precision Guided Munition 

Phot (unit of illuminance) 
Probability of Hit 

Greek letter x 

Probability of Intercept (also POL) 
Positive Identification 

Personal Identification Number 
Product Improvement Plan or 
Predicted Intercept Point 

Picture Element 

Probability of Kill or Peak 
Precision Location Strike System 
Phase Modulation or Program 
Manager 

Program (also Project) Manager, Air 
Passive Missile Approach Warning 
System 

Program Manager, Ship 
Photomultiplier Tube 

Program Manager, Warfare 
Positive to Negative Junction (also 
pen) 

Part Number 

Point of Contact 

Primed Oscillator Expendable 
Transponder 

Probability of Intercept (also Pl) 
Polarization 

Program Objective Memorandum 


POP Pulse-on-Pulse or Product RCVR 


Optimization Program RDT&E 
Post Passive Optical Seeker Technology 
(Stinger missile) RDY 
PPL Plan Position Indicator RE 
PPS Pulses Per Second REC 
PRE Pulse Repetition Frequency RET 
PRI Priority or Pulse Repetition Interval RF 
PROM Programmable Read-only Memory RFEXP 
PRR Production Readiness Review or RFI 
Pulse Repetition Rate 
PRT Pulse Repetition Time REP 
P, Probability of Survival RFQ 
P’s& Q's Pints and Quarts (small details) RESS 
PSK Phase-shift Keying 
PUPS Portable Universal Programming, RGPO 
System RGS 
pv Photovoltaic RGWO 
pworPW Pulse Width RHAW 
PWB Printed Wiring Board 
RHAWS 
RINT 
RIO 
4 electron charge RM 
Q Quantity Factor (figure of merit ms or RMS 
Quadrature, aerodynamic pressure, or RNG 
Charge (coulomb) ROC 
QA Quality Assurance ROE 
Qc Quality Control ROI 
QED Quod Erat Demonstradum (end of ROM 
proof)(Satirically “quite easily done”) 
QML Qualified Manufacturer Listing ROR 
QPL. Qualified Parts List 
rc Quick-Reaction Capability ROT 
QRD Quick Reaction Demonstration ROWG 
QRT Quick-Reaction test 
RPG 
RPM 
RPT 
rorR Radius or Range RPV 
R Resistance, Reliability, or Roentgen RRT 
rad Radian 
R&D Research and Development RS 
RADAR _ Radio Detection and Ranging 
RADHAZ Radiation Hazard RSDS 
RAM Random Access Memory, Radar RSO 
Absorbing Material, Rolling Airframe 
Missile, or Reliability, Availability, RST 
and Maintainability RT 
R&M Reliability and Maintainability 
RAT Ram Air Turbine 
RBOC Rapid Blooming Offboard Chaff RUG 
RCP or RHCP Right-hand Circular Polarization RWR 
RCS Radar Cross Section Rx 
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Receiver 
Research, Development, Test, & 
Evaluation 

Ready 

Radiated Emissions 

Receive 

Return 

Radio Frequency 

RF Expendables 

Radio Frequency Interference, Ready- 
For-Issue, or Request for Information 
Request for Proposal 

Request for Quotation 

Radio Frequency Simulation System 
(Army) 

Range Gate Pull Off 

Range Gate Stealer 

Range Gate Walk Off (see RGPO) 
Radar Homing and Warning Receiver 
or Radar Homing Alll the Way 

Radar Homing and Warning System 
Radiation Intelligence 

Radar Intercept Officer 

Radar Mile 

Root Mean Square 

Range 

Required Operational Capability 
Rules of Engagement 

Return on Investment 

Read-only Memory or Rough Order of 
Magnitude 

Range Only Radar or Rate of Return 
(financial) 

Rate of Turn 

Response Optimization Working 
Group 

Receiver Processor Group 
Revolutions per Minute 

Repeat 

Remotely Piloted Vehicle 

Rapid Reprogramming Terminal (a 
type of MLVS) 

Radiated Susceptibility or Remote 
Station 

Radar Signal Detecting Set 

Range Safety Officer or Receiver, Set- 
on 

Receiver Shadow Time 

Remote Terminal, Termination 
Resistance, or Receiver/Transmitter 
(also R/T) 

Radar Upgrade 

Radar Warning Receiver 

Receive 


- oF see 


SA-() 
SAE 
SAM 
SAN-() 
SAR 


SATS 
SAW 
SBIR 
Ral 
SCIF 


SCN 
SCR 
cP 
SCRB 
scUD 


SE 
SDLM 
SDI 

SEAD 


SEAL 
sec 
SECDEF 
SEI 
SEMA 
SERD 


SHAPE, 


SHF 
sl 


SIF 
SIGINT 

SU 

SIM 

sin 
SINCGARS 


SIRCM 


seconds 
Signal Power, Surface Area, Secret, 
Electrical conductance (siemens), 
South, Scattering (as in S-parameters), 
or Seconds 

Situational Awareness, Semi-Active, 
Spectrum Analyzer, or Surface-to-Air 
(also S/A or S-A) 

Surface-to-Air missile number () 
Society of Automotive Engineers 
Surface-to-Air Missile 

Naval Surface-to-Air missile number 
Synthetic Aperture Radar, Special 
Access Required, Semi-Active Radar, 
Search and Rescue, or Specific 
Absorption Rate 

Semi-Active Test System 

Surface Acoustic Wave 

Small Business Innovative Research 
Sensitive Compartmented Information 
Sensitive Compartmented Information 
Facil 
Specification Change Notice 

Software Change Request 

Software Change Proposal 

Software Configuration Review Board 
Soviet short-range surface-to-surface 
missile 

Support Equipment 

Standard Depot Level Maintenance 
Strategic Defense Initiative 
Suppression of Enemy Air Defense 
(pronounced “seed” or “C add”) 
Sea-Air-Land (Navy special forces) 
seconds (also S$ or 8) 

Secretary of Defense 

Specific Emitter Identification 

Special Electronic Mission Aircraft 
Support Equipment Recommendation 
Data 

Supreme Headquarters Allied Powers 
Europe (NATO military command) 
Super High Frequency (3 to 30 GHz) 
Special Intelligence or System 
International (Units) 

Selective Identification Feature 
Signals Intelligence 

Stand-In Jamming (also S/S) 
Simulation 

Sine 

Single Channel Ground and Airborne 
Radio System 

Suite of IR Countermeasures 


SIRFC 


sl 
sid 


SL 
SLAM 
SLAR 
SLC 

SLoc 


SM 


SMA 


smc 
SME 
SML 
SMS 


SIN or SNR 
SNORT 


SNTK 
SOF 
soy 
SONAR 
soo 


SOP 
SORO 
sos 


sow 


SPAWAR 


SPEC 
SPIRITS 


SPO 
SPY 

sa 

s 

SRA 
SRAM 
SRB 
SRBOC 
SRD 
SRS 
SRU 


Suite of Integrated RF 
Countermeasures 

Support Jamming 

Stand-In Jamming or Signal to 
Jamming Ratio 

Side lobe or Sea Level (also S.L.) 
Standoff Land Attack Missile 
Side-Looking Airborne Radar 

Side Lobe Clutter 

Source Lines of Code or Sea Lines of 
Communication 

Statute Mile (also sm) or Standard 
Missile 

Scheduled Maintenance Action ot 
Sub-Miniature A connector 
Sub-Miniature C connector 

Subject Matter Expert 

Support Material List 

Stores Management Set or Status 
Monitoring System 

Signal-to-Noise Ratio 

Supersonic Naval Ordnance Research 
Track 

Special Need to Know 

Safety of Flight 

Stand-off Jammer 

Sound Navigation and Ranging 
Statement of Objectives 

(replacing SOW) 

Standard Operating Procedures 
Scan-on-Receive Only 
“Save Our Ship” (distress 
easy Morse code, ic. #¢# 
Statement of Work (being replaced by 
00) 

Space and Naval Warfare Systems 
Command 

Specification 

Spectral Infrared Imaging of Targets 
and Scenes 

System Program Office 

Radar on an AEGIS ship 

Square 

Steradian 

Shop Replaceable Assembly 

Static Random Access Memory 
Software Review Board 

Super Rapid Blooming Offboard 
Chat 

Systems Requirements Document 
Software Requirements Specification 
Shop Replaceable Unit 


all with 


SSA 


SSB 
SSI 

ss} 

‘SSM 
SSRO 
ssw 
S&T 
STANAG 
STAR 
stat 
STBY 
STC 


sTD 


STE 
STOVL 
STP 


STR 


stT 
sTU 
SUBSAM 
suT 

siw 
SWAP 
swe 
SWM 
SYSCOM 


1 
T 


TA 
TAAF 
TAC 


TACAIR 
TACAMO, 


TACAN 
TACDS 


TACTS. 


Software (also Special or System) 
Support Activity, Source Selection 
Activity, or Solid State Amplifier 
Single Side Band 

Small Scale Integration 

Self Sereening Jamming 
Surface-to-Surface Missile 

Sector Scan Receive Only 

Swept Square Wave 

Science and Technology 
Standardization Agreement (NATO) 
System Threat Assessment Report 
Statute 

Standby 

Sensitivity Time Control, Short Time 
Constant or SHAPE Technical Center 
Software Test Description, Standard, 
or Sexually Transmitted Disease 
Standard Test Equipment 

Short Takeoff and Vertical Landing 
Software Test Plan, or Standard 
‘Temperature and Pressure (0°C at 1 
atmosphere) 
Software (also Sys 
Report 

Single Target Track 
Secure Telephone Unit 
Subsurface-to-Air Missile 
System Under Test 
Software (also SW) 

Size, Weight, And Power 
Scan With Compensation 
‘Swept Wave Modulation 
Systems Command 


em) Trouble 


Time (also T) 
‘Time (also t), tera (10'? multiplier), 
Temperature, or Telsa 

Target Acquisition or Terrain 
Avoidance 

Test, Analyze, and Fix 

Tactical Air Command (now ACC) 
Tactical Aircraft 

Take Charge and Move Out (airborne 
strategic VLF communications relay 
system) 

Tactical Air Navigation 

‘Threat Adaptive Countermeasures 
Dispensing System 

Tactical Aircrew Combat Training, 
System 


TAD 


T&E 
TALD 
TAMPS 


TAR 


TAS 
TBA 

TBD 

TBMD 

1D 

TDD 

TDM 

TE 

TEA 
TEAMS 
TECHEVAL 
TEL 

TEM 

TEMP 
TEMPEST 


TENA 
TERPES 


1GT 
TIM 
™ 


TMD 
TNC 
TOA 
TOI 

TOO 


TOR 


TOS 
TOT 
TOW 


TPL 
TPS 
TPWG 
TQM 
TR 
TRB 
TRD 
TREE 
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‘Threat Adaptive Dispensing, 
‘Temporary Additional (also Active) 
Duty, or Tactical Air Direction 

Test & Evaluation 

Tactical Air Launched Decoy 
Tactical Automated Mission Planning 
System 

Target Acquisition Radar or Training 
Administrative Reserve 

True Airspeed 

To Be Announced 

To Be Determined 

‘Theater Ballistic Missile Defense 
Technical Directive (also Director) 
Target Detection Device 

Time Division Multiplexing 
Transverse Electric 

Technology Exchange Agreement 
Tactical EA-6B Mission Support 
Technical Evaluation 

Transporter Erector Launcher 
‘Transverse Electromagnetic 

Test and Evaluation Master Plan 

Not an acronym. Certification of 
reduced electromagnetic radiation for 
security considerations 

Training Enabling Architecture 
‘Tactical Electronic Reconnaissance 
Processing and Evaluation System 
Target 

Technical Interchange Meeting 
Telemetry, Transverse Magnetic, or 
Technical Manual 

‘Theater Missile Defense 

Threaded Navy Connector 

Time of Arrival 

Track on Jam 

Target of Opportunity (HARM 
operating mode) 

Tentative (also Tactical) Operational 
Requirement or Time of Receipt 
Time on Station 

Time on Target 

Tube-Launched, Optically-Tracked, 
Wire-guided 

Test Program Instruction 

Test Program Set or Test Pilot School 
Test Plan Working Group 

Total Quality Management 

Transmit / Ree: 
Technical Review Board 

‘Test Requirements Document 
Transient Radiation Effects on 
Electronics 


‘TRE 
TRR 
TS 

TSS 
TSSAM 
1T 

TT 
TTG 
TTL 
TTR 
wv 
Tvc 
TWS 


TWSRO 
TWT 
TWTA 
Tx 
TYCOM 


UN 
UNK 
upc 
UPS 
us or ps 
US. 
USA 


USAF 
USMC 
USN 
UTA 
uUT 
uv 


‘Tuned Radio Frequency 
‘Test Readiness Review 

Top Secret 

Tangential Sensitivity 

Tri-Service Standoff Attack Weapon 
Target Track 

Time To Impact/Intercept 
Time-to-Go 

Transistor-Transistor Logic 

‘Target Tracking Radar 

Television 

‘Thrust Vector Control 

Track While Scan or Tail Warning 
System 

‘Track While Scan on Receive Only 
Traveling Wave Tube 

Traveling Wave Tube Amplifier 
Transmit 

Type Commander 


micron / micro (10 multiplier) 
Unclassified, Unit, or Unknown (on 
RWR display) 

Unmanned Aerial System 
Unmanned (also uninhabited) Air (or 
Aerial) Vehicle 

Uninhabited Combat Air Vehicle (new 
USAF term for UAV) 

User Data File 

User Data File Generator 

User Data Module 

Ultra High Frequency (300 MHz to 3 
Gtz) 

Ultra Low Frequency (3 to 30 Hz) 
Micrometer 

United Nations 

Unknown (also U) 

Unique Planning Component 
Uninterruptable Power Supply 
Microseconds 

United States 

United States of America or United 
States Army 

United States Air Force 

United States Marine Comps 

United States Navy 

Uninhabited Tactical Aireraft 

Unit Under Test 

Ultraviolet 


v 
VA 


VAQ 
V&V 
yco 
Vde or VDC 
vbr 


VLSIC 
VMAQ 


vp 
vQ 


VRAM 


VS or vs 
V/STOL 


1-LIS 


Volts (also V), Velocity (also V or vi) 
Volts (also v), Velocity (also v or v.), 


Veterans Administration, Volt- 
Amperes 

Prefix for Navy tactical EW squadron 
Validation and Verification 


Voltage Controlled Oscillator 
Volts Direct Current 

Video Display Terminal 

Value Engineering Change Proposal 
Prefix for Navy fighter squadron 
Variable Frequency Oscillator 
Visual Flight Rules 

Velocity Gate Pull Off 

Velocity Gate Stealer 

Velocity Gate Walk Off 

Very High Frequency (30 - 300 MHz) 
Very High Speed Integrated Circuit 
Visual Identification 

Very Low Frequency (3 to 30 kHz) 
Very Large Scale Integration 

Very Large Scale Integrated Circuit 
Prefix for Marine Tactical EW 
Squadron 

Prefix for Navy patrol squadron 
Prefix for Navy special mission 
(usually reconnaissance) squadron 
Video Random Access Memory 
Velocity Search or Versus (also vs.) 
Vertical/Short Take-off and Landing 
(also VSTOL) 

Velocity (also V or v) 

Vertical Takeoff and Landing 
Voltage Standing Wave Ratio 
Voltage Variable Attenuator 


Watts, Weight, or West 
Warning & Targeting 
Wartime Reserve Mode 
Weber (magnetic ux) 

Work Breakdown Structure 
Waveguide, circular 
Windowed Fourier Transform 
Working Group on Infrared 
Background 

Write Once Read Many (times 
(Refers to optical disks) 
Weight on/off Wheels (also WonW or 
WoftW) 

Weapons Procurement, Navy or 
Weapon 


WR 
WRA 
WRD 
WSSA 
WVR 


IxLR, 2xLR 


II or L-v-l 


3D 
3M 


Waveguide, rectangular 
Weapon Replaceable Assembly 
Waveguide, rectangular double ridged 
‘Weapons System Support Activity 
Within Visual Range 


Multiplication symbol 
Reactance, Experimental, 
Extraordinary, Roman Numeral for 
ten, or X axis, 


Transmit 
Transmitter 


Yes or Y-Axis 
Yttrium-Aluminum Garnet 
Yard 

Yttrium-Iron Garnet 


Impedance, Zenith, or Z-Axis 


One (or two or three ete.) Times 
Lethal Range 
One versus One (Aerial engagement) 


Two Dimension 


Three Dimension 
Navy Maintenance and Material 
Management System 
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FUNDAMENTALS 


Constants, Conversions, and Characters... 
Mathematical Notation. 

Frequency Spectrum ... 

Decibel (dB)... 

Duty Cycle 

Doppler Shift. 

Electronic Formulas... ee ae 
Missile and Electronic Equipment Designations .. 
Radar Horizon / Line of Sight. 

Propagation Time / Resolution 

Modulation. : 

‘Transforms / Wavelets 
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2.0.2 


CONSTAN 


CONVERSIONS, and CHARACTERS. 


DECIMAL MULTIPLIER PREFIXES 


EQUIVALENCY SYMBOLS 
Symbol Meaning 


Prefix Symbol Multiplier « Proportional 
E 108 = Roughly equivalent 
P 108 Approximately 
T 10” = Nearly equal 
G 10° 
M a0, Ito, defined as 
4 Not equal 
h 10° i. 
da 10! 
a 10. er than or equal 0 
© 3 Much less than: 
m 10 
micro 10° Tess than 
ier . 10° Less than or equal to 
a : Io” ‘Therefore 
femto f 10% bi Degrees - 
ato, a 10% Minutes or feet 
UNITS OF LENGTH UNITS OF SPEED 
1 inch (in) 2.54 centimeters (em) 1 foot/see (fps) 0.59 knot (kt)* 


1 foot (ft) 
1 yard (yd) 


I meter (m) 


I statute mile 


(smor stat. mile) 


1 nautical mile 


(nm or naut. mile) 


1 furlong 


30.48 cm = 0.3048 m 
0.9144 meter 
39.37 inches 


0.54 nautical mile 
0,62 statute mile 
1093.6 yards 
3280.8 feet 


0.87 nautical mile 


1.61 kilometers 
1760 yards 
5280 feet 


1.15 statute miles 


1.852 kilome 


2025 yards 


6076 feet 
1/8 mi (220 yds) 


0.68 stat. mph 
= 1.1 kilometers/hr 
1000 fps ¥ 600 knots 
Ikilometerhr 2 0.54 knot 
(knvhr) = 0.62 stat. mph 
0.91 fuse 
I milefhe (stat) = 0.87 knot 
(mph) = 1.61 kilometersinr 
1.47 fusee 
Tknot® = 1.15 stat. mph 
1.69 feetisee 


1.85 kilometer/hr 


0.515 misee 
*A knot is 1 nautical mile per hour. 


1. 


UNITS OF VOLUME, UNITS OF WEIGHT 


kilogram (kg) = 2.2 pounds (Ibs) 
1 gallon = 3.78 liters 
cae I pound = 0.45 Kg 
= 231 cubic inches Te ouncs (3) 
= 0.1335 cubie ft loz = 4375 grains 
= dquars Learat = 200mg 
= 8 pints Istone (UK) = 636kg 
NOTE: ‘These are the U.S. customary’ (avoirdupois) equivalents, 
ah the toy or apothecary system of equivalents, which lifer 
Iflounce = 29,57 cubic centimeter (cc) marke. was used long ago by pharmacists 


or milliliters (ml) 
UNITS OF POWER / ENERGY 


lin’! = 16.387 cc HP. 33,000 ft-lbs/min 
550 ft-lbs 
UNITS OF AREA, 
746 Watts 
2,545 BTU/hr 


Isqmeter = 10.7659 ft 
(BTU = British Thermal Unit) 


I sqin 645 sq millimeters (mm) 
1,000,000 sq mil 1BTU 1055 Joules 
1 mil 0,001 inch 778 ftelbs 
Tacre = 43,560.sq ft Gade Wate hes 
SCALES ‘TEMPERATURE, UNITS OF TIME 
CONVERSIONS Lyear = 365.2 days 
OCTAVES 14 nights: 
°F = (9/5) °C + 32 (2 weeks) 


“N” Octaves = Freq to Freq x 2" 
i.e., One octave would be 2 to 4 GHz 
‘Two Octaves would be 2 to 8 GHz 


°c 
°K =°C+273.16 1 millennium 


(5/9)( °F - 32) Icentury = 100 years 
1,000 years 


“Three octaves would be 2 to 16 GHz ile i oar NUMBERS 
DECADES °K = (5/9) °F - 32) +273 tenes can 
“IN” Decades. = Freq to Freq x 10° 1Billon = 1x10" (WS) 
ite. One decade would be I to 10 MHz (thousand million) 


‘Two decades would be I to 100 MHz il 
‘Three decades would be 1x10" (U.K) 
1 t0 1,000 MHz 


(million million) 


RULE OF THUMB FOR ESTIMATING DISTANCE TO LIGHTNING / EXPLOSIO! 


km: Divide 3 into the number of seconds which have elapsed between seeing the flash and hearing the noise. 
‘miles: Multiply 0.2 times the number of seconds which have elapsed between seeing the flash and hearing the noise. 
Note: Sound vibrations cause a change of density and pressure within a media, while electromagnetic waves do not 
‘An audio tone won't travel through a vacuum but can travel at 1,100 fsec through air. When picked up by a 
microphone and used to modulate an EM signal, the modulation will travel atthe speed of light. 


Physical Constant Quoted Value s* | Stunit Symbol 
“Avogadro constant 6.021367 x 10" 36 | mol" Na 
Bohr magneton 9.2740154 x 10" 31 | uer! ts 
Boltzmann constant 1.380658 x 10 12 | sek" KERN) 
Electron charge 1.602177 33 x 10" ~ |[c a 
Electron specific charge 1.758819 62x 10" 53 elm, 
Electron rest mass 9.1093897 x 10°" 54 | kg m, 
Faraday constant 9.6485309 x 10" 2» F 
Gravity (Standard Acceleration) 9.80665 or 0 £ 
32.174 
Josephson frequency to voltage ratio | 4.8359767 x 10!" 0 2eihg 
Magnetic flux quantum 206783461 x 10 él ® 
Molar gas constant 8.314510 70 | Jemor'ek" | R 
Natural logarithm base = 271828 dimensionless | ¢ 
Newtonian gravitational constant 6.67259x10"" 85 | m'ekg"e Gork 
Permeability of vacuum 4x10 a [Him he 
Permittivity of vacuum = 8.8541878 x 10 a | Fim & 
Pi =3.141592654 dimensionless _| x 
Planck constant 6.62659 x 10 40 [aes h 
Planck constant/2 1.05457266 x 10 63 | Jes h(=h2zx) 
Quantum of circulation 3.63694807 x 10* 33. | Jesekg” ham, 
Radius of earth (Equatorial) 6378.x 10" or 
3963 
Rydberg constant 1.0973731534 x 10" 3 | a" R, 
Speed of ight 2.9979246 x 10° 1 | mest € 
Speed of sound 3314 - | mes" : 
(dry air @ std press & temp) 
Standard volume of ideal gas 2.41410 x 10° 19 | pemot! Von 
‘Stefan-Boltzmann constant 5.67051 x 10% 19 | Wextem? | 


* Sis the one-standard-de\ 


jon uncertainty in the last units of the valu 


dis a defined value 
(A standard deviation is the square root of the mean of the sum of the squares ofthe possible deviations) 


THE SPEED OF LIGHT. 


SPEED OF LIGHT 
ACTUAL UNITS. RULE OF UNITS IN VARIOUS MEDIUMS 
THUMB 
The speed of EM radiation trough 
9979246 x 10° meee =3x 10" substance such as cables is defined by the 
TT) masse A00 ito ay 
3.27857 x 10° ydlsec 28x 10" ydlsec Where: = relative permeability 
relative permitiviy 
8275 x 10° NM/hr 8x 10° NM/ar The real component of liclectric 
161875 x 10°] NMsec 2x 10° NMisec “EM propagation spd ina yal able 
sasriosxi0" | Wee iwio" Tisee sng er fe pnd tin 
8357105 x10" | Ruse 21x10) Ruse 
APPROXIMATE SPEED OF SOUND (MACH 1) SOUND 
Sea Level (CAS/TAS) 36,000 ft* (TAS) _ (CAS) MEDIUMS, 
T230km/he Decreases 1062 kwh 630 kn ff Substance ‘ 
765 mph Linearly 660 mph 391 mph ie Tite 
665 kts To> 573 kts 340 kts, Fresh Water 4700 
+ The speed remains constant until $2000 f, when it increases ineaty to 1215 kh 755 mph, |] "aeah We , 
Ester S400 8 Aloo so Sect 8-2 fr dcanton of Caliated Ai Spond (CAS) cal Ts at Water 4.900 
Aimpeed (TAS) and plo ofthe speed of wound vad Giass 14,800 
Steel 20,000 
DECIMAL / BINARY / 
HEX CONVERSION TABLE 
Decimal | Binary | Hex | Decimal | Binary | Hex | Decimal | Binay | Hex 
7 00001 Oth TI O10iT | OBh 21 TOIOr ish 
2 00010 | 02h 2 ‘1100 0h 2 To110 Toh 
3 0001 Oh 3 o1ior | _ODh B Tot Th 
4 0100 | oth 4 110 Obh Ey 71000 ish 
5 Oo10 05h 5 On Fh 3 T1001 19h 
6 oor | 06h 16 10000 Toh 26 T1010_| _1Ah 
7 oon O7h 7 T0001 Tih 7 Tort Tah 
5 01000 | _ 08h 18 T0010 Th 2 T1100 ich 
9 1001 Oh 0 TOOT Th 2D THOT 1Dh 
10 o1010 | _0Ah 20 TOI00 Tah 30 Tio Teh 


When using hex numbers it is always a good idea to use “h” as a suffix to avoid confusion with decimal 
numbers. 


DECIMAL TO HEX CONVERSION 


Both the following methods must use long division. Method one computes the dij 
to left while method two works from left to right. 


ts from right 


Method one: To convert a decimal number above 16 to hex, divide the number by 16, then 


record the integer resultant and the remainder. Convert the remainder to hex and write this down - this 


will become the far right digit of the final hex number. Divide the integer you obtained by 16, and again 
record the new integer result and new remainder. Convert the remainder to hex and write it just to the left 
of the first decoded number. Keep repeating this process until dividing results in only a remainder. This, 
will become the left-most character in the hex number ( i.e., to convert 60 (decimal) to hex we have 60/16 
with 12 remainder). 12 is C (hex) - this becomes the right most character. Then 3/16=0 with 3 
remainder. 3 is 3 (hex). This becomes the next (and final) character to the left in the hex number, so the 
answer is 3C. 


Method two: Use table of powers to work the digits from left to right: 
For example: Here is your Decimal Number - 9379 


Step 1 - Set up your chart: 


65536 [ 4096 | 256 [ 16 [ 1 
16° [16° [ 16 [| 16' | 16" 


Step 2 - Look in the table for the highest divi 
9379 / 4096 = 2 (the left-most Hex digit) 
Must use long division to calculate the remainder (1187) 


Step 3 - Divide the remainder with its highest divisible number in the chart: 
1187 / 256 = 4 (the next digit to the right) 
Must use long division to calculate the remainder (163) 


Step 4 - Divide the remainder with its highest divisible number in the chart: 
163 / 16 = 10 (or “A” from table L-1) (the next digit to the right) 
Must use long division to calculate the remainder (3) 


Step 5 - The remainder will not divide:_remainder = 3 (the right-most Hex digit) 
65536 | 4096 | 256 | 16 | 1 
16" | 16° | 16" | 16" | 16° 
2{[4fal[3 


‘TO DECIMAL CONVERSION 


To convert a hex number to decimal, multiply each hex digit converted to decimal by the decimal 
equivalent of the hex power represented and add the results. 


For example: Here is your Hex Number - 24A3 


Step 1 - Set up your chart: 


4096 | 256 [| 16 [ 1 
16 | 16 | 16" | 16" 


Step 2 - Place the numbers in a table: 


4096 | 256 [| 16 | 1 
16 | 16 | 16' | 16! 
2,4 /al3 


Step 3 - Multiply the Hex number times the power value: 


2x 4096 = 8192 
4x 256 = 1024 
A(0)x 16 = 160 
3x1 = 3 


Step 4 - Add up your values: 
al value is 9379 


GREEK ALPHABET 


Case Greek Case Greek ; 
Alphabet eee Alphabet ane 

Upper | Lower | “Name Equivalent Upper] Lower Nie Equivalent 
A @ alpha a N v mu 7 
B B eta b = g xi x 
T gamma z 0 ° ‘omieron ° 
a 3 a d Tr 5 Pi P 
E c epsilon 5 P P tho T 
Z t Zeta z = @ Sema 5 
a a ea e 7 7 tau i 
o pe theta ah Y 0 upsilon w 
T v Towa i ® ° phi ph 
K ¥ Tappa K x % oh ch 
x x Tambda 7 ¥ v psi Ps 
M rn ma mm a © omega ° 

RS FROM THE GREEK ALPHABET COMMONLY USED AS SYMBOLS 

‘Symbol Name 

a space loss, angular acceleration, oF absorptance 

B 3 dB bandwidth or angular field of view [radians] 

T Gamma reflection coefficient 

y gamma electric conductivity, surface tension, missile velocity vector angle, or gamma ray 

A Delta small change or difference 

5 delta delay, control forces and moments applied to missile, or phase angle 

F epsilon ty [dielectric constant} or permittivity [farads/meter] 

nea efficiency or antenna aperture efficiency 

© Theta angle of lead or lag between current and voltage 

Bor‘ theta azimuth angle, bank angle, or angular displac 

A Lambda acoustic wavelength or rate of energy loss from a thermocouple 

4 lambda wavelength or Poisson Load Factor 

H mu micro 10 * [micron], permeability [henrys/meter], or extinction coefficient [optical region] 


v nu frequeney 
x opi 3.141592654+ 
p tho —_—_charge/mass density, resistivity [ohm-meter], VSWR, or reflectance 
E Sigma algebraic sum 
sigma radar cross section [RCS], Conductivity [/ohm-meter], or Stefan-Boltzmann constant 

T Tau VSWR reflection coefficient 
t tau pulse width, atmospheric transmission, or torque 
o Phi magnetic/electrical flux, radiant power [optical], or Wavelet’s smooth function [low pass filter} 
° phi phase angle, angle of bank, or beam divergence [optical region] 
wo Ps dependent wave function or Wavelet’s detail function [high pass filter] 
yo opsi independent wave function, phase change, or flux linkage [weber] 
2 Omega Ohms [resistance] or solid angle [optical region}. Note: inverted symbol is conductance [mhos} 
© omega carrier frequency in radians per second 

MORSE CODE and PHONETIC ALPHABET 

‘A-alpha T-juliett ‘Ssicrra wee T 

B bravo K- kilo ‘ango = 2 

charlie Lo lima U= uniform 3 

D-delta M- mike == __ [LV vietor 4 

E- echo . N-november [| || W- whiskey 5 

F foxtrot O-oscar 6 

G- gol P papa 7 

H- hotel © quebec =e [8 

T india R- romeo 9 


Note: The Internatio 


use may continue by ground based amateur radio operators. (I 


onal Maritime Organization agr 


d to officially stop Morse code use by February 1999, however 
1 U.S. Coast Guard discontinued its use in 1995.) 


BASIC MATH / GEOMETRY REVIEW. 


Example: 


x hf 
sxe ys 


LOGARITHMS ‘TRIGONOMETRIC 


FUNCTIONS 


log (xy) = log x + log y 
sin x = cos (x-90°) 
log (wy) = log x - log y 


0s x = -sin (x-90°) 
log (x*) = N log x 
tan x = sin x / cos x = 1/ cot x 


Iz=logx then x= 10% 5 ; 
sin? x +.c0s? x= 1 

Examples: log 1=0 

log 1.26 =0.1; log 10=1 


if 10 log N 
then 10°" 


BH, 


A radian i 


given circle, therefore there are 2 radians in a circle. One radian = 360°/2x 


is the angular measurement of an arc which has an arc length equal to the radius of the 
57.296 ..° 


ELLIPSE 


RECTANGLULAR, 
SOLID 


Area = nab 
Approx circumference 


= 2n [+b 
mn 


SPHERE 


Surtgeo area = 4x? 
Volume = 43-ar° 
Gress Seaton force) 


ieee 


Volume — 02h 


Lateral surface 
area — 2arh 


ANGLES 


i re ery | 


Sih @=yir Ges 
Tan 8= ye 


CYLINDER 


ie 


DERIVATIVES 
Assume: a = fixed real #; u, v & w are functions of x 
d(ay/dx = 0 ; d(sin u)/dx = du(cos u)/dx 


d(x)/dx = 1; d(cos vyldx = -dv(sin vy/dx 


d(uvw)/dx = uvdwidx + vwdu/dx + uwdv/dx +...ete 


TRIANGLES 
Angles: A+B +0 = 100° 
02 = a2 +b? -2ab 00s © 
Area = 2he = 1/2 ab sinc 
INTEGRALS 
Note: All integrals should have an arbitrary 
constant of integration added, which is left off for 
clarity 
Assume: a = fixed real #; u, & v are functions of x 
Jadx =ax and fa f(x)dx = aff(xjdx. 
J(u +vpdx = fuds + fvdx 
[isin ax)dx = -(cos ax)/a_; J(cos ax)dx = (sin axy/a 


Differentiating Circuit 


4 + 


dv 
Square = - RC 
Sauare Win Vout= - RC 5 
Input . 
Signal 


Integrating Circuit 


Period of input 


Period of input 
Sea Tene larger than RC 


smaller than RC 


Increasing rep rate reduces amplitude 
of triangular wave.(DC offset unchanged) 


MATHEMATICAL NOTATION 


‘The radar and EW communities generally accept some commonly used notation for the various 
parameters used in radar and EW calculations. For instance, “P” is almost always power and “G” is 
almost always gain. Textbooks and reference handbooks will usually use this notation in formulae and 
equations. 


A significant exception is the use of “a” for space loss. Most textbooks do not develop the radar 
equation to its most usable form as does this reference handbook, therefore the concept of “a” just isn’t 
covered. 


Subscripts are a different matter. Subscripts are often whatever seems to make sense in the 
context of the particular formula or equation. For instance, power may be “P”, “P;", “P,”, or maybe “P,” 
In the following list, generally accepted notation is given in the left hand column with no subscripts. 
Subscripted notation in the indented columns is the notation used in this handbook and the notation often 


used in the EW community. 


Space loss 
One way space loss, transmitter to receiver 

‘Two way space loss, xmtr to target (including radar cross section) and back to the revr 
One way space loss, radar transmitter to target, bistatic 

‘One way space loss, target to radar receiver, bistatic 


Other notation such as dq may be used to clarify specific losses, in this case the space loss 
between a target and missile seeker, which could also be identified as a. 


Antenna aperture (capture area) 
Effective antenna aperture 
Angstrom 


= Bandwidth (to 34B points) 
= 3 dB IF bandwidth of the receiver (pre-detection) 

Bandwidth of the jamming spectrum 

3 dB bandwidth in MHz 

Equivalent noise bandwidth, a.k.a. B 

3 dB video bandwidth of the receiver (post-detection) (Subscript V stands for video) 
Bandwidth reduction factor (jamming spectrum wider than the receiver bandwidth) 
Beamwidth (to 3 dB points) 


© = Speed of Light 


f = Frequency (radio frequency) 
f. = Footcandle (SI unit of illuminance) 
fp = Doppler frequency 

fy = Received frequency 

fy = Transmitted frequency 


Gain 
Gain of the transmitter antenna 

Gain of the receiver antenna 

Gain of the transmitter/receiver antenna (monostatic radar) 
Gain of the jammer 

Gain of the jammer antenna 

Gain of the jammer transmitter antenna 

Gain of the jammer receiver antenna 

Gain of reflected radar signal due to radar cross section 


Height or Planks constant 
Height of radar 
Height of target 


Jamming signal (receiver input) 
Jamming signal (constant gain jammer) 
Jamming signal (constant power jammer) 
Jamming to signal ratio (receiver input) 


Boltzmann constant 
Proportionality constants, see Sections 4-3, 4-4, 4-5, and 4-1 respectively. 


Lambda, Wavelength or Poisson factor 


Loss (due to transmission lines or circuit elements) 


Receiver equivalent noise input (kT,B) 
Noise figure 


Power 
Probability of detection 

Power density 

Power of a jammer transmitter 
Probability of false alarm 
Power received 

Power of a transmitter 


Range (straight line distance) 
Bistatic radar transmitter to target range 

Bistatic radar target to receiver range 

Range of jammer to receiver (when separate from the target) 
Range in nautical miles 


Sigma, radar cross section (RCS) 


Signal (receiver input) 
Radar signal received by the jammer 
Minimum receiver sensitivity 


tine 


Time 
Integration time 
Pulse Rise Time 
Pulse Width 


= Velocity 
= Radial velocity 
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FREQUENCY SPECTRUM 


Figure 1, which follows, depicts the electromagnetic radiation spectrum and some of the 
commonly used or known areas. Figure 2 depicts the more common uses of the microwave spectrum, 
Figure 3 shows areas of the spectrum which are frequently referred to by band designations rather than by 
frequency. 


Section 7-1 provides an additional breakdown of the EO/IR spectrum, 


To convert from frequency (f) to wavelength (4) and vice versa, recall that f = c/A, or 4 = elf 
where c = speed of light. 


ae 3x10" = 3x10" - 300 - 03 oe , 3x10! = = 3x10’ a Fee 03 
Sa Fase ne — Frou Face ter 
Some quick rules of thumb follow: 

Metric: 
Wavelength in cm = 30// frequency in GHz 
For example: at 10 GHz, the wavelength = 30/10 = 3 cm 
English: 
Wavelength in ft = 1 / frequency in GHz 
For example: at 10 GHz, the wavelength = 1/10 = 0.1 ft 
= Fd o a g 
cy a a 
4 | 4 a a a 4 
= 3.35 3, 3, 3, 5, o, & 8, SSS 55655 553558 aa8 
ue 
“2 


Shed iia 


(su3ian) 
HISNETSAW, 
1 


ue U3.ALINIO 
(uu 

us yaaROUSI 
WU EREBNONN | of 


Figure 1, Electromagnetic Radiation Spectrum. 
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Figure 2. The Microwave Spectrum, 
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Figure 3. Frequency Band Designations. 


See Section 7, Figure | for a more detailed depiction of the UV and IR spectrum. 


DECIBEL (4B) 


‘The Decibel is a subunit of a larger unit called the bel. As originally used, the bel represented the 
power ratio of 10 to 1 between the strength or intensity i.e., power, of two sounds, and was named after 
Alexander Graham Bell. Thus a power ratio of 10:1 = | bel, 100:1 = 2 bels, and 1000:1 = 3 bels. It is 
readily seen that the concept of bels represents a logarithmic relationship since the logarithm of 100 to the 
base 10 is 2 (corresponding to 2 bels), the logarithm of 1000 to the base 10 is 3 (corresponding to 3 bels), 
etc. The exact relationship is given by the formula 


Bels = log(P/P1) ie 
where P,/P; represents the power ratio. 


Since the bel is a rather large unit, its use may prove inconvenient. Usually a smaller unit, the 
Decibel or dB, is used. 10 decibels make one bel. A 10:1 power ratio, | bel, is 10 dB; a 100:1 ratio, 
2 bels, is 20 dB. Thus the formula becomes 


Decibels (dB) = 10 log(P/P;) py 


‘The power ratio need not be greater than unity as shown in the previous examples. In equations [1] 
and [2], P; is usually the reference power. If P2 is less than P), the ratio is less then 1.0 and the resultant 
bels or decibels are negative. For example, if P2 is one-tenth P,, we have 


1.0 bels 
10 4B. 


bels = log(0.1/1) 
and AB = 10 log(0.1/1 


It should be clearly understood that the term decibel does not in itself indicate power, but rather is a 
ratio or comparison between two power values. It is often desirable to express power levels in decibels 
by using a fixed power as a reference. The most common references in the world of electronics are the 
milliwatt (mW) and the watt. The abbreviation dBm indicates dB referenced to 1.0 milliwatt. One 
milliwatt is then zero dBm. Thus P in equations [1] or [2] becomes 1.0 mW. Similarly, the abbreviation 
ABW indicates dB referenced to 1.0 watt, with P; being 1.0 watt, thus one watt in dBW is zero dBW or 
30 dBm or 60 dBuW. For antenna gain, the reference is the linearly polarized isotropic radiator, (BLL. 
Usually the “L” and/or “I” is understood and left out. 


Be is the power of one signal referenced to a carrier signal, i.e., if a second harmonic signal at 
10 GHz is 3 dB lower than a fundamental signal at 5 GHz, then the signal at 10 GHz is -3 dBc. 


THE DECIBEL, ITS USE IN ELECTRONICS 


‘The logarithmic characteristic of the dB makes it very convenient for expressing electrical power 
and power ratios. Consider an amplifier with an output of 100 watts when the input is 0.1 watts 
(100 milliwatts); it has an amplification factor of 


P2/P; = 100/0.1 = 1000 


ora gain of: 
10 log(PP,) = 10 log(100/0.1) = 30 aB. 


(notice the 3 in 30 dB corresponds to the number of zeros in the power ratio) 


The ability of an antenna to intercept or transmit a signal is expressed in dB referenced to an 
isotropic antenna rather than as a ratio. Instead of saying an antenna has an effective gain ratio of 7.5, it 
has a gain of 8.8 dB (10 log 7.5). 


A ratio of less than 1.0 is a loss, a negative gain, or attenuation. For instance, if 10 watts of power 
is fed into a cable but only 8.5 watts are measured at the output, the signal has been decreased by a 
factor of 


8.5/10=.85 


or 10 log(.85) = -0.7 dB. 


This piece of cable at the frequency of the measurement has a gain of -0.7 dB. This is generally 


referred to as a loss or attenuation of 0.7 dB, where the terms “loss” and “attenuation” imply the negative 
sign. An attenuator which reduces its input power by factor of 0.001 has an attenuation of 30 dB. The 
utility of the dB is very evident when speaking of signal loss due to radiation through the atmosphere. It 
is much easier to work with a loss of 137 dB rather than the equivalent factor of 2 x 10" 


Instead of multiplying gain or loss factors as ratios we can add them as positive or negative dB. 
Suppose we have a microwave system with a 10 watt transmitter, and a cable with 0.7 dB loss connected 
to a 13 dB gain transmit antenna. The signal loss through the atmosphere is 137 dB to a receive antenna 
with an 11 dB gain connected by a cable with 1.4 dB loss to a receiver. How much power is at the 
receiver? First, we must convert the 10 watts to milliwatts and then to dBm: 


10 watts = 10,000 milliwatts 


and 
10 log (10,000/1) = 40 dBm 
Then 
40 dBm - 0.7 dB + 13 dB - 137 dB + 11 dB - 1.4 dB =-75.1 dBm. 
-75.1 dBm may be converted back to milliwatts by solving the formula: 
mW 1080 
giving: 107" = 000000003 mW 


Voltage and current ratios can also be expressed in terms of decibels, provided the resistance 
remains constant. First we substitute for P in terms of either voltage, V, or current, I. Since P=VI and 
VIR we have: 


‘Thus for a voltage ratio we have: dB 0 log[(V2 RY/(Vy/R)] = 10 log(V3/V?) 
= 10 log(V/V.)" = 20 log(Va/Vi) 
Like power, voltage can be expressed relative to fixed units, so one volt is equal to 0 dBV or 120 dBAV. 


Similarly for current ratio: dB = 20 log(Li/li) 


Like power, amperage can be expressed relative to fixed units, so one amp is equal to 0 dBA or 
120 dBA. 


Decibel Formulas (where Z is the general form of R, including inductance and cay 


When impedances are equal: dB=10log?2= 


log £2 = 2010/2 
EI "1 


When impedances are unequal: dB: 


SOLUTIONS WITHOUT A CALCULATOR 


Solution of radar and EW problems requires the determination of logarithms (base 10) to calculate 
some of the formulae. Common “four function” calculators do not usually have a log capability (or 
exponential or fourth root functions either). Without a scientific calculator (or math tables or a Log-Log 
slide rule) it is difficult to calculate any of the radar equations, simplified or “textbook.” ‘The following 
gives some tips to calculate a close approximation without a calculator. 


DECIBEL TABLE 


Voltage or Voltage or 
DB Power Ratio | Goon Ratio DB Power Ratio | Given Ratio 
0 1.00 1.00 10 10.0 3.16 
05 112 1.06 15 31.6 5.62 
10 1.26 112 20 100 10 
15 141 1.19 25 316 17.78 
20 158 1.26 30 1,000 316 
3.0 2.00 141 40 10,000 100 
4.0 51 1.58 50 10° 316 
5.0 3.16 1.78 60 10° 1,000 
6.0 3.98 2.00 70 10° 3,162 
70 5.01 2.24 80 10° 10,000 
8.0 631 251 90 10” 31,620 
9.0 7.94 2.82 100 19” 10° 


If the power in question is not a multiple of ten, then some 
estimation is required. ‘The following tabulation lists 
some approx Some would be useful to 


For dB numbers which are a multiple of 10 
‘An easy way to remember how to convert dB values 


that are a multiple of 10 to the absolute magnitude of | Sy’ morine 
the power ratio is to place a number of zeros equal to 
that multiple value to the right of the value 1 DB RULES OF THUMB 
|40 dB = 10,000: 1 (for power) Multiply Multiply 
ieee : veg |_| Current / Voltage By Power By: 
Minus dB moves the decimal point that many places ah inde’ de: | Getan as 
to the left of 1 : ; ; 
-40 dB = 0.0001 : 1 (for power) ey ant 196 8 
For voltage or current ratios, if the multiple of 10 is ae. ag Ps eis Bee 
leven, then divide the multiple by 2, and apply the above} | 3 
rules 00 +1 (for voltage) Sane . Fs hoe 
ater 28 0359 8 0.125 
5 316 0316 10 10 Ou 
447 0220 13 20 0.05 
10 0.1 20 100 0.01 
10000140 10,000 0.0001 


You can see that the list has a repeating pattern, so by remembering just three basic values such 
as one, three, and 10 dB, the others can easily be obtained without a calculator by addition and subtraction 
of dB values and multiplication of corresponding ratios. 


Example 1: 
A7 dB increase in power (343+1) dB is an increase of (2 x 2 x 1.26) =5 times whereas 
A7 4B decrease in power (-3-3-1) dB is a decrease of (0.5 x 0.5 x 0.8) = 0.2. 


Example 2: Assume you know that the ratio for 10 dB is 10, and that the ratio for 20 dB is 100 
(doubling the dB increases the power ratio by a factor of ten), and that we want to find some intermediate 
value. 


RATIO RATIO 
(working down from 20 dB) | 48 | (working up from 10 dB) 


from Table (@100) —» 4 


19.<5 +3 dB = 2x40 = 80 
-3.dB = 0.5100 = 504» 17 
Me 16 45+3 dB = 2x20 = 40 
-3.dB = 0.5450 = 25 4 


é 134; 43 dB = 2x10= 20 
5x25 = 12.5 n/ 


10 “<- from table (@10) 


308 = 


‘We can get more intermediate dB values by adding or subtracting one to the above, for example, 
to find the ratio at 12 dB we can’ 


work up from the bottom; 12 = 1+ so we have 1.26 (from table) x 12.5 = 15.75 
alternately, working down the top 12 = 13-1 so we have 20 x 0.8 (from table) = 16 


The resultant numbers are not an exact match (as they should be) because the numbers in the 
table are rounded off. We can use the same practice to find any ratio at any other given value of dB (or 
the reverse). 


dB AS ABSOLUTE UNITS 4B AS ABSOLUTE UNITS 
Power in absolute units can be expressed by usin; ) ' i 
LWatt (ort milliwatt) as. the reference power in the oe oe a ee 
denominator of the equation for dB. We then call it dBW or | 99 60 1kW 30 
dBm, We can then build a table such as the adjoining one. 80 50 100 W 20 
7 40 10W 10 
From the above, any intermediate value can be found | 60 30 1 W(1000mW) 0 
using the same dB rules and memorizing several dB values for | 50 20 100mW -10 
determining the absolute power, given 48 dBm power output, | 40 10 10 mW 20 
we determine that 48 dBm = 50 dBm - 2 dB so we take the | 333 ZW Sh 
value at 50 dB which is 100W and divide by the value 1.58] 37 7 tases sp 
(ratio of 2 dB) to get: ae > Dann, Nae 


100 watts/1.58 = 63 W or 63,291 mW. 


Because dBW is referenced to one watt, the Log of the power in watts times 10 is dBW. The 
Logarithm of 10 raised by any exponent is simply that exponent. That is: Log(10)‘= 4. Therefore, a 
power that can be expressed as any exponent of 10 can also be expressed in dBW as that exponent times 
10. For example, 100 kW can be written 100,000 watts or 10° watts. 100 KW is then +50 dBW. Another 
way to remember this conversion is that dBW is the number of zeros in the power written in watts times 


10. If the transmitter power in question is conveniently a multiple of ten (it often is) the conversion to 
ABW is easy and accurate. 
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24.6 


DUTY CYCLE 


Duty cycle (or duty factor) is a measure of the fraction of the time a radar is transmitting. It is 

mportant because it relates to peak and average power in the determination of total energy output. This, 
in turn, ultimately affects the strength of the reflected signal as well as the required power supply capacity 
and cooling requirements of the transmitter. 


Although there are exceptions, most radio frequency (RF) measurements are either continuous 
wave (CW) or pulsed RF. CW RF is uninterrupted RF such as from an oscillator. Amplitude modulated 
(AM), frequency modulated (FM), and phase modulated (PM) RF are considered CW since the RF is 
continuously present. ‘The power may vary with time due to modulation, but RF is always present. 
Pulsed RF, on the other hand, is bursts (pulses) of RF with no RF present between bursts. The most 
general case of pulsed RF consists of pulses of a fixed pulse width (PW) which come at a fixed time 
interval, or period, (T). For clarity and ease of this discussion, it is assumed that all RF pulses in a pulse 
train have the same amplitude. Pulses at a fixed interval of time arrive at a rate or frequency referred to as 
the pulse repetition frequency (PRF) of so many pulse per second. Pulse repetition interval (PRI) and 
PRF are reciprocals of each other. 


PRF = I/T= 1/PRI ul 


Power measurements are classified as either peak pulse power, P,, or average power, Pye. The 
actual power in pulsed RF occurs during the pulses, but most power measurement methods measure the 
heating effects of the RF energy to obtain an average value of the power. It is correct to use either value 
for reference so long as one or the other is consistently used. Frequently it is necessary to convert from P,, 
to Puy, OF Vice versa; therefore the relationship between the two must be understood. Figure | shows the 
comparison between P, and Py... 


ae pw oor t 
h<—t or PRI > 


TIME ===> 


Figure 1. RF Pulse Train. 


‘The average value is defined as that level where the pulse area above the average is equal to area 
below average between pulses. If the pulses are evened off in such a way as to fill in the area between 
pulses, the level obtained is the average value, as shown in Figure | where the shaded area of the pulse is 
used to fill in the area between pulses. The area of the pulse is the pulse width multiplied by the peak 
pulse power. The average area is equal to the average value of power multiplied by the pulse period. 


Since the two values are equal: 


Paye X T = Pp x PW [2] 
or 

PyolPp = PWIT 1] 
Using [1] 

P,P, = PW/T = PW x PRF = PW/PRI = duty cycle [4] 


(note that the symbol t represents pulse width (PW) in most reference books) 


The ratio of the average power to the peak pulse power is the duty cycle and represents the 
percentage of time the power is present. In the case of a square wave the duty cycle is 0.5 (50%) since the 
pulses are present 1/2 the time, the definition of a square wave. 


For Figure 1, the pulse width is | unit of time and the period is 10 units. In this case the duty 
cycle is: 
PW/T = 1/10 =0.1 (10%). 


A more typical case would be a PRF of 1,000 and a pulse width of 1.0 microseconds. Using [4], 
the duty cycle is 0.000001 x 1,000 = 0.001. The RF power is present one-thousandth of the time and the 
average power is 0.001 times the peak power. Conversely, if the power were measured with a power 
meter which responds to average power, the peak power would be 1,000 time the average reading. 


Besides expressing duty cycle as a ratio as obtained in equation [4], it is commonly expressed as 
either a percentage or in decibels (dB). To express the duty cycle of equation [4] as a percentage, 
multiply the value obtained by 100 and add the percent symbol. Thus a duty cycle of 0.001 is also 0.1%. 


‘The duty cycle can be expressed logarithmically (4B) so it can be added to or subtracted from 
power measured in dBm/dBW rather than converting to, and using absolute units. 


Duty cycle (dB) = 10 log(duty cycle ratio) 15] 


For the example of the 0.001 duty cycle, this would be 10 log(0.001) = -30 dB. Thus the average 
power would be 30 dB less than the peak power. Conversely, the peak power is 30 dB higher than the 
average power. 


For pulse radars operating in the PRF range of 0.25-10 kHz and PD radars operating in the PRF 
range of 10-500 kHz, typical duty cycles would be: 


Pulse ~ 0.1-3% = 0.001-.03 = -30to-15 dB 
Pulse Doppler ~ 5-50% = 005-5 -13 to -3 dB 
Continuous Wave ~ 100% = 1 = 0dB 


Intermediate Frequency Bandwidths of typical signals are: 


Pulse 1 to 10 MHz 
Chirp or Phase coded pulse 0.1 to 10 MHz 
CW or PD 0.1 t0 5 kHz 


PRF is usually subdivided into the following categories: Low 0.25-4 kHz; Medium 8-40 kHz; 
High 50-300 kHz, 


DOPPLER SHIFT 
Doppler is the apparent change in wavelength (or frequency) of an electromagnetic or acoustic 


wave when there is relative movement between the transmitter (or frequency source) and the receiver. 


Summary RF Equation for the One-Way (ESM) case 


Pt fo fig 


Summary RF Equation for the Two-Way (radar) case 
ZV xnar + Vite) F rina 
c 


F sna 


SF tac =F sina * Fo = F xia * 


Rules of Thumb for two-way signal travel 

(divide in half for one-way ESM signal measurements) 
At 10 GHz, f 

5 Hz per Knot 

19 Hz per km/Hr 

67 Hz per m/sec 

61 Hz per yd/sec 

20 Hz per ft/sec 


ite fy at other frequencies, multiply these by: 
[ : | 

‘The Doppler effect is shown in Figure 1. In everyday life this effect is commonly noticeable when 

‘a whistling train or police siren passes you. Audio Doppler is depicted, however Doppler can also affect the 


frequency of a radar carrier wave, the PRF of a pulse radar signal, or even light waves causing a shift of 
color to the observer. 


Toes 


‘Waves Waves 
Compressed Stretched 


(( 
Frequency ZOOM !! Frequency 
Increase Decrease 


Figure 1. Doppler Frequency Creation From Aircraft Engine Noise. 


How do we know the universe is expanding? 


shifted to red (see Section 7-1: higher 2 or lower 
ing) 


Answer: The color of light from distant stars is 
frequency means Doppler shift is stretched, i.e., expan: 


A memory aid might be that the lights from a car (going away) at night are red (tail lights)! 


Doppler frequency shift | ipansw rea movins RECEIVER MOVING 
directly proportional to __| SURFACEraNRiIR MEASURES co>rlen | ARGH: ESAR MEASURES DOPFLER 


Growsyteprle oro) (Grea Bp Ces) 
velocity and a radar system can 4 
therefore be calibrated to teva 
measure velocity instead of (or 
along with) range. This is done 


by measuring the shift in Ny x 
frequency of a wave caused by 
an object in motion (Figure 2). crate ANcritia 
‘© Transmitter in motion _| REFLECTOR MOVING ‘ALL THREE MOVING 
* Reflector in motion TeowayDepler Change) (Tvonay Deeper Clana 
** Receiver in motion — 
All three 7 
For a closing relative velocity (oenas 
** Wave is compressed 
* Frequency is increased | TSENE"'* 
For an opening relative velocity: Figure 2. Methods of Doppler Creation 
°* Wave is stretched 


* Frequency is decreased 


To compute Doppler frequency we note that velocity is range rate; V 


For the reflector in motion case, 


% 
you can see the wave compression effect ft @ 
in Figure 3 when the transmitted wave | | 


peaks are one wavelength apart. When 
the first peak reaches the target, they are vale 3 eve] 
still one wavelength apart (point a). ¢ G) ——— 
fe 2-200 >| 
When the 2nd peak reaches the @ 


target, the target has advanced according 


to its velocity (vt) (point b), and the first | so vapy etoaina 
reflected peak has traveled toward the | Tanoer TARGET 
radar by an amount that is less than the ° fe ouase 
original wavelength by the same amount 

@ CONSTANT © VARIABLE 


(vt) (point c), 


Figure 3. Doppler Compres 
Phase S 


ion Equivalent to Variable 


As the 2nd peak is reflected, the ih 


wavelength of the reflected wave is 2(vt) 
less than the original wavelength (point d). 


‘The distance the wave travels is twice the target range. The reflected phase lags transmitted 
phase by 2x the round trip time. For a fixed target the received phase will differ from the transmitted 
phase by a constant phase shift. For a moving target the received phase will differ by a changing phase 
shift 


For the closing target shown in Figure 3, the received phase is advancing with respect to the 
transmitted phase and appears as a higher frequency. 


Doppler is dependent 
upon closing velocity, not 
actual radar or target velocity 
as shown in Figure 4. 


ff) Daulis ieisat 


20. 
2 vey 

LOSING vELogtTy = Con. 

For the following | papaavensdiry G8s{a) + PARGETVELOGITY O03 Ey 


equations (except radar 
mapping), we assume the NOTE: Ii allude is diffrent, then adkitional 
radar and target are moving | *M94arcompenerts mil have to De eonsicerea 
directly toward one another to 
simplify calculations (if this 
is not the case, use the a 
velocity component of one in 
the direction of the other in Figure 4. Doppler Depends Upon Closing Velocity. 
the formulas). 


For the case of a moving reflector, doppler frequency is proportional to 2x the transmitted frequency: 


Higher rf = higher doppler shift 
fy = (2X Vrargeid(fle) 
Speed of Light 

Likewise, it can be shown that for other cases, the following Conversions 
relationships hold: nies 

¢ = 2.9979 x 10° m/sec 
For_an_airplane radar with an airplane target (The “all three 8275 x 10° nm/hr (knots) 
moving” case, aircraft radar transmitter, target, and aircraft radar = 9.8357 x 10° ft/sec 
receiver) 


fp = 2(Veradae + Vrarged(fic) 


For the case of a semi-active missile receiving signals (Also “all three moving”) 
fp = (Veadar + 2V target +Vaissite)(f/c) 


For the airplane radar with a ground target (radar mapping) or vice versa. 
fp = 2(Veaiae Cos6 Cos@)(fic), Where 6 and @ are the radar scan azimuth and depression angles. 


For a ground based radar with airborne target - same as previous using target track crossing angle and 
ground radar elevation angle. 


For the ES/ESM/RWR case where only the target or_receiver_is_moving (One-way Doppler 
measurements) 
fy = Veeceiver or Target (fe) 


Note: See Figure 4 if radar and target are not moving directly towards or away from one another 


Figure 5 depicts 
the results of a plot of the 
above equation for a 
moving reflector such as 
might be measured with a 
ground radar station 
illuminating a moving 
aircraft. 


It can be used for 


BR ee se BH 


the 
case, if the total net 
closing rate of the two 
aircraft is used for the 
speed entry in the figure. 5 


DOPPLER FREQUENCY - Kitz 


10 


It can also be used T t t T t t t 
(one-way doppler 
measurements) if the 
speed of the aircraft 
used and the results are divided by two. 


‘Two-Way Doppler Frequency Shift. 


SAMPLE PROBLE! 


(J) Ifa ground radar operating at 10 GHz is tracking an airplane flying at a speed of 500 km/hr tangential 
to it (crossing pattern) at a distance of 10 km, what is the Doppler shift of the returning signal? 


Answer: Since the closing velocity is zero, the Doppler is also zero. 


(2) If the same aircraft turns directly toward the ground radar, what is the Doppler shift of the returning 
signal? 


Answer: 500 km/hr = 270 kts from Section 2-1. From Figure 4 we see that the Doppler frequency is 
about 9.2 KHz. 


(3) Given that a ground radar operating at 7 GHz is Doppler tracking an aircraft 20 km away (slant range) 
which is flying directly toward it at an altitude of 20,000 ft and a speed of 800 fi/sec, what amount of 
VGPO switch would be required of the aircraft jammer to deceive (pull) the radar to a zero Doppler 
return? 


Answer: We use the second equation from the bottom of page 2-6.3 which is essentially the same for this, 
application except a ground radar is tracking an airplane target (vs. an airplane during ground mapping), 
so for our application we use a positive elevation angle instead of a negative (depression) angle. 

f= 2(V, Cos 0 Cos o)(fic), where 0 is the aircraft track crossing angle and g is the radar elevation angle. 


Since the aircraft is flying directly at the radar, @ = 0°; the aircraft altitude = 20,000 ft = 6,096 meters. 


Using the angle equation in Section 2-1, sin g = x/r = altitude / slant range, so: 
p= sin" (altitude/slant range) = sin (6,096 m / 20,000 m) = 17.7° 


Fp = 2(800 ft/sec Cos 0° Cos 17.7°)(7x10" Hz / 9.8357 x 10” ft/sec) = 10.845 Hz 
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2.6.6 


ELECTRONIC FORMULAS 


Ohm’s Law Formulas for D-C Circuits. 


Ohm’s Law Formulas for A-C Circuits and Power Factor. 
P__ [Pz 
Teos® Vcos® 


E=IZ= P=P Zoos! 


In the above formulas @ is the angle of lead or lag between current and voltage and cos © = P/EI = power 
factor or pf. 


Active power (in watts) 


f= =PoverE I ri 


~ “Apparent power (in volt- amps) 
Note: Active power is the “resistive” power and equals the equivalent heating effect on water. 
Voltage/Current Phase Rule of Thumb Remember “ELI the ICE man” 


ELI: Voltage (E) comes before (leads) current (1) in an inductor (L) 
ICE: — Current (I) comes before (leads) Voltage (E) in a capacitor (C) 


Resistors in Series Ryyui= Ri + Ro= Ret 
‘Two Resistors in Parallel, =: 

RitR: 
Resistors in Parallel, General Formula Row 


Resonant Frequency Formulas *Where in the second formula f is in kHz and L and C are in 
microunits, 


2* 25,330 . 
eon fa pet oy 1228330 P06 PSD 
2aJLC TC > fC afl FL 
Conductance o=t (for D-C circuit) (for A-C circuit) 
Reactance Formulas y-=—! c= X.=2afL TeX 
2afC 2af Xe 2af 


Impedance Formulas Z P4(X.-Xe J (for series circuit) 


(for Rand X in paraltel) 


Qor Figure of Merit Q= 4+ or Ac 


Frequency Response 


Inductor * | Capacitor “ | Resister "Cartoon" memory aid 
vem [| RY [ee 


pe 
i 
pe Pass Block | attenuate 
be 
SUTTER eaties 
High Frea 
DXANAY asses 


High loc tenuate 
SLI Freq Block Pass | Attenuat NGC teen 
* Attenuation varies as a function of the value of the each device and the frequency Blocked 


Sinusoidal Voltages and Currents 


7 bow Freq] Attenuate “| Attenuate * | Attenuate 
sv tow Ered attenuate *) Attenuate «| Attenuat 


Effective value = 0.707 x peak value 
[Also known as Root-Mean Square (RMS) value] 


Half Cycle Average value = 0.637 x peak 


AMPLITUDE 


Peak value = 1.414 x effective value 


Effective value = 1.11 x average value 


Wuye (¥) of Star Detta 

‘Three-phase AC Configurations 5a - i 
(120° phase difference between each voltage) 

If the connection to a three phase AC configuration is 

miswired, switching any two of the phases will put it back i 

the proper sequence. c c 8 


Electric power for ships commonly uses the delta 
configuration, while commercial electronic and aircraft applications commonly use the wye 
configuration 


Color Code for House Wiring: PURPOS. Color Code for Chassis Wi 
Black or red. HOT Red 
White EUTRAL (Return) White 
Green or bare GROUND Black 
Color Code for Resistors: First and second band: ‘Third band Fourth band 
(and third band # of zeros if not gold/silver) Multiplier ‘oleray 
0 Black 5 Green 1 Gold 3% Gold 
1 Brown 6 Blue O1 Silver 10% Silver 


2 Red 7 Violet 20% No color 
3 Orange 8 ~— Gray 
4 Yellow 9 — White 


‘The third color band indicates number of zeros to be added after figures given by first two color 
bands. But if third color band is gold, multiply by 0.1 and if silver multiply by 0.01. Do not confuse with 
fourth color-band that indicates tolerance. Thus, a resistor marked blue-red-gold-gold has a resistance of 
6.2 ohms and a 5% tolerance. 


Suffixes (M i 


MISSILE AND ELECTRONIC EQUIPMENT DESIGNATIONS 


Missiles are designated with three letters from the columns below plus a number (i.e., AIM-7M) 
this case) indicate a modification. 


First Letter 
Launch Environment 


Second Letter 
Mission Symbols 


Third Letter 
Vehicle Type 


A 
B 
c 


Air 
Multiple 
Coffin 


U 


Underwater 


D Decoy 


I Intercept, aerial 
Q Drone 

T Training 

U Underwater attack 
W Weather 


M Guided Missile 

N Probe (non-orbital instruments) 

R Rocket (without installed or 
remote control guidance) 


used to uniquely identify it. 


USS. military electronic equipment is assigned an identifying alphanumeric designation that is 


This system is commonly called the “AN” designation system, although its 
formal name is the Joint Electronics Type Designation System (JETDS) 


The letters AN preceding the 


equipment indicators formerly meant “Army/Navy,” but now are a letter set that can only be used to 


indi 


fe formally designated DOD equipment. 


The first three letters following the “AN/” indicate 
Platform Installation, Equipment Type, and Equipment Function, respectively. The appropriate m 


‘aning 


is selected from the lists below. The letters following the AN designation numbers provide added 


information about equipment. Su 
that variable con 


without a number with 


it indicates a generic 


es (A, B, C, etc.) indicate a modification 
rurations are available, The letter (X) indicates a development stat 
tem that has not yet received a formal designation, e.g., 


AN/ALQ(). Quite often the () is pronounced “bow legs” since they look like the shape of cowboy legs. 


The letter (V) indicates 
. A parenthesis ( ) 


First Letter 
Platform Installation 


‘Second Letter 
Equipment Type 


Third Letter 
Function or Purpose 


Piloted aircraft 
Underwater mobile, 
submarine 

Pilotless carrier 
Fixed ground 
General ground use 
Amphibious 

Mobile (ground) 
Portable 

Water 

Ground, transportable 
General utility 
Vehicular (ground) 
Water surface and 
underwater 
combination 
Piloted:-pilotless 
airborne vehicle 
combination 


‘A Invisible light, heat radiation 

C Carrier 

D Radiae 

F Photographic 

G Telegraph or teletype 

I. Interphone and public address 

J Electromechanical or inertial wire 
covered 

metering 

L Countermeasures 


Telephone (wire) 
Visual and visible light 
W Armament 

X Facsimile or television 
¥ Data Processing 


N 
P 
Q 
R 
Ss 
t 
v 


Bombing 
‘Communications 

Direction finder, reconnaissance 
and/or surveillance 

Ejection and/or rel 
Fire control or searchlight directing 
Recording and/or reproducing 
Computing, 

Maintenance and/or test assemblies 
Navigation aids 

Special or combination of purposes 
Receiving, passive detecting 
Detecting and/or range and 
bearing, search 

T Transmitting 

W Automatic flight or remote control 
X Identification and recognition 

Y Surveillance and control 


coe 


onmozzZnram 


-8.1 
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RADAR HORIZON / LINE OF SIGHT 


‘There are limits to the reach of 


RADAR HORIZON 


radar signals. At the frequencies 
normally used for radar, radio waves 
usually travel in a straight line. The 
waves may be obstructed by weather or 
shadowing, and interference may come 
from other aircraft or from reflections 
from ground objects (Figure 1), 


~~ 


RADAR CLUTTER AND SHADOWING 


As also shown in Figure 1, an 
aircraft may not be detected because it is, 
below the radar line which is tangent to 
the earth’s surface. 


Some rules of thumb are: 


te 2 


IWTERFERENCE 


Range (to horizon): 
Row = 1-23 Mrador with hin fi 


Range (beyond horizon / over earth curvature): 
Row =1.23( Vint Vlaoga ) with hin ft 


Figure 1, Radar Horizon and Shadowing. 


In obtaining the radar 
horizon equations, it is common 
practice to assume a value for the 
Earth’s radius that is 4/3 times the 
actual radius. This is done to 
account for the effect of the 
atmosphere on radar propagation. 
For a true line of sight, such as 
used for optical search and rescue, 


the constant in the equations 
changes from 1.23 to 1.06. 
A nomograph for 


determining maximum target range 
is depicted in Figure 2. Although 
an aircraft is shown to the left, it 
could just as well be a ship, with 
radars on a mast of height “h.” 
Any target of height (or altitude) 
“His depicted on the right side. 


EARTH CURVATURE NOMOGRAPH 


H 
reer 


See also Section 5-1 on 
ducting and refraction, which may 
increase range beyond these 
distances. 


Figure 2. Earth Curvature Nomograph. 


2.9.1 


‘This data was expanded in i 
Figure 3 to consider the maximum ADR AIRCRAFT ALTMUDE, 
range one aircraft can detect another aie ER 
: z 
aircraft using : ae = 
8 
oe 2 
Ryw = 1.23 ( Jitaae* Yana Fd aks 
: zoo 
(with h in feet) : = 
Z ow, 
It can be used for surface Es 
targets if Hays = 0. It should be 
noted that most aircraft radars are a 
limited in power output, and would 
not detect small or surface objects at ran ie tat tar EL as» 2a 
the listed ranges. TARGET ALTITUDE (k feet 
Figure 4 depicts the Figure 3. Aircraft Radar vs. Aircraft Target Maximum Range. 


maximum range that a ship height 
antenna can detect a zero height object (i.e., rowboat), 


8 TOO) 
" 
e” 
z 
5 

* 
, 
a 
ge 
& 

* 

ae 
o 2 © © © © © 0 w 1 

ANTENNA HEIGHT (feet) 


Figure 4. Ships Radar Horizon With Target on the Surface 


In this case “H” 


0, and the general equation becomes: Ryusx (NM)= 1.23 4/ 


Where h, is the height of the radar in feet. 


Figure 5 depicts the same for aircraft radars. It should be noted that most aircraft radars are 
limited in power output, and would not detect small or surface objects at the listed ranges. 


AIRCRAFT RADAR HORIZON WITH TARGET ON THE SURFACE 
0 


g 


8 


8 


RADAR HORIZON (HB, 


16. 


Cr ee er a) 
ANTENNA HEIGHT (feet) 


Figure 5. Aircraft Radar Horizon With Target on the Surface. 


Other general rules of thumb for surface “targets/radars” are as follows: 


For Visual SAR: For ESM: 


Risuai(NM)= 1. Resu(NM)= 1.5) Acft Alt in ft 
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PROPAGATION TIME / RESOLUTION 


ROUND TRIP RANGE: R S with t = time to reach target 
Rules of Thumb 
In one psec round trip time, a The time it takes to travel to 
wave travels to and from an and from an object at a 
object at a distance of: distance of 
50 m 1 m = 0.0067 psec 
164 yd 1 yd =0.006 psec 
00 ft 1 ft = 0.002 psec 
08 NM I NM = 12.35 psec 
15km I km = 6.7 psec 


ONE WAY RANGE: R = ct witht 


ne to reach target, 


Time Distance Traveled Distance ime it Takes 
ec (ms) 165 NM INM 6.18 sec 


sec (is) 1000 ft 1km 3.3 psec 
I nano sec (ns) ft ft I nsec 
3. UNAMBIGUOUS RANGE 
pie c# PRI 
(DISTANCE BETWEEN PULSES): R 
Normally a radar measures “distance” to Transmitted Pulse 


the target by measuring time from the last 
transmitted pulse. If the inter-pulse period (T) 
is long enough that isn’t a problem as shown in A. 


“A” to the right. When the period is shortened, = Range 


Targal Belurn 


the time to the last previous pulse is shorter TME 
than the actual time it took, giving a false TP RlSUpae 


(ambiguous) shorter range (figure “B”). 


Rules of Thumb B 
RNM = 81Pms Fes pine 
RKm = 150Pms prl=ipae—»| 


Where Pms is PRI in milliseconds 
4. RANGE RESOLUTION 


Rules of Thumb 
500 ft per microsecond of pulse width 
500 MHz IF bandwidth provides 1 ft of resolution. 


5. BEST CASE PERFORMANCE: 


‘The atmosphere limits the accuracy to 0.1 ft 
‘The natural limit for resolution is one RF cycle. 


2-10.1 


Ambiguous 
Range 


TIME 
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2-10.2 


MODULATION 


Modulation is the process whereby some 
some characteristic of another wave. The basic 


the special cases of phase and frequency modulation) and amplitude modulation. 


characteristic of one wave is varied in accordance with 
types of modulation are angular modulation (including 
In missile radars, it is 


common practice to amplitude modulate the transmitted RF carrier wave of tracking and guidance 


transmitters by using a pulsed w: 


we for modulating, and to frequency modulate the transmitted RF carrier 


wave of illuminator transmitters by using a sine wave 


Frequency Modulation (FM) - As 
shown in Figure 1, an unmodulated RF signal in 
the time domain has only a single spectral line 
at the carrier frequency (f,) in the frequency 
domain, If the signal is frequency modulated, 
as shown in Figure 2 (simplified using only two 
changes), the spectral line will correspondingly 
shift in the frequency domain, The bandwidth 
can be approximated using Carson’s rule: 
BW = 2(Af + fin), where Afis the peak deviation 
of the instantaneous frequency from the carrier 
and fin is the highest frequency present in the 
modulating signal. There are usually many 
more “spikes” in the frequency domain than 
depicted. The number of spikes and shape of 
the frequency domain envelope (amplitude) are 
based on the modulation index B. The 
modulation index is related to the same two 
factors used in Carson’s rule. 
spread across a wider bandwidth. 


Amplitude Modulation (AM) - 


TIME DOMAIN PLOT 
FF Carr (2.9.10 GHe) 


i 


FREQUENCY DOMAIN 


“Ameltade 
Ameltud 


Caner Fretuency 


anocte 


Time 


Figure 1. Unmodulated RF Signal. 


TIME DOMAIN PLOT 


FREQUENCY DOMAN 


Lo 


3510 05 Freq 


Figure 2, RF Signal With Frequency Modulation, 


A high Af means a higher modulation index with many more “spikes” 


If the signal in Figure 1 is amplitude 
modulated by a sinewave as shown in 
Figure 3, sidebands are produced in the 
frequency domain at Fe + Fay. AM. 
other than by a pure sine wave will 
cause additional sidebands normally at 
F, # nFay, where n equals 1, 2, 3, 4, 
ete. 


A 


mpi 


TIME DOMAIN PLOT FREQUENCY DOMAIN 


BE Corie (Fe. 0 oH 2 
= 
2 
a Fh FM Freguency 
pike nation Enesone ae 
Liver Upper 
ctisbend ——_sueband 


egpnaanainH 10 .000000, 00H 


Dela Sigal Fa eg 100 Hz 


Pulse modulation is a special 


Figure 3. Sinewave Modulated RF Signal. 


case of AM wherein the carrier 
frequency is gated at a pulsed rate. 
When the reciprocal of the duty cycle 
of the AM is a whole number, 
harmonics corresponding to multiples 
of that whole number will be missing, 


TIME DOMAIN PLOT 


Squate Wave AM Envelope 
sauna elon 


FREQUENCY DOMAIN 


Ay Frequency 
catrin Frequency] 


ani Ge 


pmoitade 


FF Corrie 


Care Ampitude today 


a 2 Sauate Wave 


DetecteaSianal 


eg., in a 33.33% duty cycle, AM wave 
will the 3rd, 6th, 9th, etc. 
harmonics, while a square wave or 


Figure 4. Square 


Vave Modulated RF Signal (50% Dut 


“ycle). 


21d 


50% duty cycle triangular wave will miss the 2nd, 4th, 6th, etc. harmonic, as shown in Figure 4. 


It has 


sidebands in the frequency domain at F. + nFay, where n= 1, 3, 5, etc. The amplitude of the power level 


follows a sine x / x type distribution 


Figure 5 shows the pulse width (PW) in the time domain which defines the lobe width in the 


frequency domain (Figure 6). 
I/PW. Figure 5 also shows the pulse repetition interv: 
(PRF), in the time domain. In the frequency domai 


The width of the main lobe is 2/PW, whereas the width of a side lobe is 


al (PRI) or its reciprocal, pulse repetition frequency 
the spectral lines inside the lobes are separated by 


the PRF or I/PRI, as shown in Figures 7 and 8. Note that Figures 7 and 8 show actual magnitude of the 


side lobes, wherea 


in Figure 4 and 6, the absolute vah 


lue is shown, 


‘The magnitude of each spectral component for a rectangular pulse can be determined from the 


following formula: 


A RFPube A 


Modulating Pulse 


fe | 


Time 


«1 4 
T=PAl = PRE 


oS Pulse Widih 


Figure 5. Pulse Width and PRI/PRF Waveforms. 


Figure 7 shows the spectral lines for a squar 


uy 


Amplitude of rectangular pulse 


T= period (PRI) 


Spectum Enclose 


ya 


Power 


hewieuaea| 


Figure 6. Sidelobes Generated by Pulse 
Modulation (Absolute Value). 


Fraquency 


re wave 50% duty cycle), while Figure 8 shows the 


spectral lines for a 33.33% duty cycle rectangular wave signal. 


' cs 
tea ae tats pcr Lr pcg =F Soro Specie pang = 
ee esr Anat cares 0 
ZT, Fadl ta A, 
at LA Sco Nel Frequency SEN venit & NZ Fesuoney 


Figure 7. Spectral Times for a Square Wave 
Modulated Signal. 


Figure 8. Spectral Lines for a 33.3% Duty Cycle. 


Figure 9 shows that for square wave 
AM, a significant portion of the component 
modulation is contained in the first few 
harmonics which comprise the wave. There are 
twice as many sidebands or spectral lines as there 
are harmonics (one on the plus and one on the 


Resultant 
(nestsa stusta wave) 


\ 
sth Harmonic 


Fundamental 
¥ 


oe 
PES 


31d Harmonic 


minus side of the carrier). Each sideband 
represents a sine wave at a frequency equal to the 
difference between the spectral line and f. 


Figure 9. Square Wave Consisting of Sinewave 
Harmonics. 
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A figure similar to Figure 9 can be created for any rectangular wave. The relative amplitude of 
the time domain sine wave components are computed using equation [1]. Each is constructed such that at 
the midpoint of the pulse the sine wave passes through a maximum (or minimum if the coefficient is 
negative) at the same time. It should be noted that the “first” harmonic created using this formula is NOT. 
the carrier frequency, f., of the modulated signal, but at Fe + Fase 


While equation [1] is for rectangular waves only, similar equations can be constructed using 
Fourier coefficients for other waveforms, such as triangular, sawtooth, half sine, trapezoidal, and other 
repetitive geometric shapes, 


PRI Effects - If the PW remains constant but PRI increases, the number of sidelobes remains the 
same, but the number of spectral lines gets denser (move closer together) and vice versa (compare 
Figures 7 and 8). The spacing between the spectral lines remains constant with constant PRI. 


Pulse Width (PW) Effects - If the PRI remains constant, but the PW increases, then the lobe 
width decreases and vice versa. If the PW approaches PRI, the spectrum will approach “one lobe,” ie., a 
single spectral line. The spacing of the lobes remains constant with constant PW. 

RE Measurements - If the receiver bandwidth is smaller than the PRP, the receiver will respond to 
one spectral line at a time. If the receiver bandwidth is wider than the PRF but narrower than the 


reciprocal of the PW, the receiver will respond to one spectral envelope at a time. 


Jet Engine Modulation (JEM) 


Section 2-6 addresses the Doppler shift in a 


transmitted radar signal caused by a moving target. FREGUENCLHOWAIN 
‘The amount of Doppler shift is a function of radar Ratectoncta gk 

carrier frequency and the speed of the radar and | ““roccrrame © 

target. Moving or rotating surfaces on the target | Solera ema 

will have the same Doppler shift as the target, but ‘atcon GE Frequerey 
will also impose AM on the Doppler shifted return Aalto fram 2 

(see Figure 10). Reflections off rotating jet engine jgeaunee — g & 

compressor blades, aircraft propellers, ram air Worwewads 2 | agithie 

turbine (RAT) propellers used to power aircraft eee, 

pods, helicopter rotor blades, and protruding rer Feaquenoy 
surfaces of automobile hubcaps will all provide a eaten FOES 

chopped reflection of the impinging signal. The | momgaosme 2 

reflections are characterized by both positive and Pranesebreny Coe 


negative Doppler sideba 
blades moving toward 


ids corresponding to the 
nd away from the radar 


Froquangy 


respectively, Figure 10. Doppler Return and JEM. 
‘Therefore, forward/aft JEM does not vary 

with radar cartier frequency, but the harmonics contained in the sidebands are a function of the PRF of 
the blade chopping action and its amplitude is target aspect dependent, i.e.. blade angle, intake/exhaust 
intemal reflection, and jet engine cowling all effect lateral return from the side. If the aspect angle is too 
far from head-on or tail-on and the engine cowling provides shielding for the jet engine, there may not be 
any JEM to detect. On the other hand, JEM increases when you are orthogonal (at a right angle) to the 
axis of blade rotation, Consequently for a fully exposed blade as in a propeller driven aircraft or 
helicopter, JEM increases with angle off the boresight axis of the prop/rotor. 
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TRANSFORMS / WAVELETS, 


al processing using a transform analysis for calculations is a technique used to simplify or 
accelerate problem solution. For example, instead of dividing two large numbers, we might convert them 
to logarithms, subtract them, then look-up the anti-log to obtain the result. While this may seem a three- 
step process as opposed to a one-step division, consider that long-hand division of a four digit number by 
a three digit number, carried out to four places requires three divisions, 3-4 multiplication’s, and three 
subtractions. Computers process additions or subtractions much faster than multiplications or divisions, 
so transforms are sought which provide the desired signal processing using these steps. 


Fourier Transform 


Other types of transforms include the Fourier FUNDAMENTAL 
transform, which is used to decompose or separate a waveform 
into a sum of sinusoids of different frequencies. It transforms 
our view of a signal from time based to frequency based. 
Figure 1 depicts how a square wave is formed by summing 
certain particular sine waves. The waveform must be 
continuous, periodic, and almost everywhere differentiable. FIFTH PARMON. 
‘The Fourier transform of a sequence of rectangular pulses is a 
series of sinusoids. The envelope of the amplitude of the 
coefficients of this series is a waveform with a Sin X/X shape. SUN Approsiraton of 
For the special case of a single pulse, the Fourier series has an (Sauaro wav) 

infinite series of sinusoids that are present for the duration of 


THIRD HARMONIC 


the pulse. 


igure I, Harmonics. 
Digital Sampling of Waveforms 


To process a signal digitally, T 

we need to sample the signal 

frequently enough to create a U Fi Wi U 
‘ 


‘The discrete Fourier transform (DFT) 
may be used in this regard. Samples 


are taken at uniform time intervals as 


complete “picture” of the signal 
shown in Figure 2 and processed. Figure 2, Waveform Sampling. 


If the digital information is Samples Sum Result 
multiplied by the Fourier coefficients, a m x2 xa ya x6 | Digital e105 
digital filter is created as shown Figure 3. Fier |» %2e05 208 
If the sum of the resultant components is | 2 be Mulbelicetion 
zero, the filter has ignored (notched out) ¥ Xy césiy) 
that frequency sample. If the sum is a Filter Coafficients 
relatively large number, the filter has 60s (4) 
passed the signal. With the single sinusoid oe, 
shown, there should be only one resultant. 

(Note that being “zero” and relatively large casiy) 


Figure 3. Digital Filtering. 
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may just mean below or above 
the filter’s cutoff threshold.) 


Figure 4 depicts the 
process _pictoriall The 
vectors in the figure just 
happen to be pointing in a 
cardinal direction because the 
strobe frequencies are all 
multiples of the vector (phasor) 
rotation rate, but that is not 


L 
an 
A 


= | 


normally the case. Usually the nase eeitie 


vectors will point in a number 
of different directions, with a 
resultant in some direction 
other than straight up, 


Fur ts 


bette 


bebe 


In addition, sampling 
normally has to taken at or 
above twice the rate of interest 
(also known as the Nyquist rate), otherwise ambiguous results may be obtained. Figure 4 is under- 
sampled (for clarity) and consequently does not depict typical filtering 


Figure 4. Phasor Representation. 


One problem with this type of processing is the large number of additions, subtractions, and 
multiplications which are required to reconstruct the output waveform. ‘The Fast Fourier transform (FFT) 
was developed to reduce this problem. It recognizes that because the filter coefficients are sine and 
cosine waves, they are symmetrical about 90, 180, 270, and 360 degrees. They also have a number of 
coefficients equal either to one or zero, and duplicate coefficients from filter to filter in a multibank 
arrangement. By waiting for all of the inputs for the bank to be received, adding together those inputs for 
which coefficients are the same before _ performing 
multiplications, and separately summing those combinations 
of inputs and products which are common to more than one 
filter, the required amount of computing may be cut 
drastically. 


The number of computations for a DFT is on the 
order of N squared. 


© The number of computations for a FFT when N is 
a power of two is on the order of N log, N. 


Frequency 


For example, in an eight filter bank, a DFT would 
require 512 computations, while an FFT would only require 
56, significantly speeding up processing time, 


Time 


Figure 5. Windowed Fourier 
Transform. 


Windowed Fourier Transform 


‘The Fourier transform is continuous, so a windowed Fourier transform (WFT) is used to analyze 
non-periodic signals as shown in Figure 5. With the WET, the signal is divided into sections (one such 
section is shown in Figure 5) and each section is analyzed for frequency content. If the signal has sharp 
transitions, the input data is windowed so that the sections converge to zero at the endpoints. Because a 

ingle window is used for all frequencies in the WFT, the resolution of the analysis is the same (equally 
spaced) at all locations in the time-frequency domain. 


‘The FFT works well for signals with smooth or uniform frequencies, but it has been found that 
other transforms work better with signals having pulse type characteristics, time-varying (non-stationary) 
frequencies, or odd shapes, 


‘The FFT also does not distinguish sequence or timing information. For example, if a signal has 
two frequencies (a high followed by a low or vice versa), the Fourier transform only reveals the 
frequencies and relative amplitude, not the order in which they occurred. So Fourier analysis works well 
with stationary, continuous, periodic, differentiable signals, but other methods are needed to deal with 
non-periodic or non-stationary signals. 


Wavelet Transform 


Low High 
The Wavelet transform has been frequencies/\_~ Np Ns att 


evolving for some time. — Mathematicians are better are betier 
theorized its use in the early 1900s. While the eeoved in resolved in 
Fourier transform deals with transforming the requency time 
time domain components to frequency domain 
and frequency analysis, the wavelet transform 
deals with scale analysis, that is, by creating 
mathematical structures that provide varying 
time/frequency/amplitude slices for analysis. 
This transform is a portion (one or a few cycles) 
of a complete waveform, hence the term 
wavelet. 


Frequency 


‘The wavelet transform has the ability to 
identify frequency (or scale) components, 
multaneously with their location(s) in time Time 
Additionally, computations are directly 
proportional to the length of the input signal. Figure 6. Wavelet Transform, 
They require only N multiplications (times a 
small constant) to convert the waveform, For 
the previous eight filter bank example, this would be about twenty calculations, vice 56 for the FFT. 


In wavelet analysis, the scale that one uses in looking at data plays a special role. Wavelet 
algorithms process data at different scales or resolutions. If we look at a signal with a large “window,” 
we would notice gross features, Similarly. if we look at a signal with a small “window.” we would notice 
small discontinuities as shown in Figure 6. The result in wavelet analysis is to “see the forest and the 
trees.” A way to achieve this is to have short high-frequency fine scale functions and long low-frequency 
ones. This approach is known as multi-resolution a 


For many decades, scientists have wanted more appropriate functions than the sines and cosines 
(base functions) which comprise Fourier analysis, to approximate choppy signals. (Although Walsh 
transforms work if the waveform is periodic and stationary). By their definition, sine and cosine 
functions are non-local (and stretch out to infinity), and therefore do a very poor job in approximating 
sharp spikes. But with wavelet analysis, we can use approximating functions that are contained neatly in 
te (time/frequency) domains. Wavelets are well-suited for approximating data with sharp 
discontinuities 


‘The wavelet analysis procedure is to adopt a wavelet prototype function, called an “analyzing 
wavelet” or “mother wavelet.” Temporal analysis is performed with a contracted, high-frequency version 
of the prototype wavelet, while frequency analysis is performed with a dilated, low-frequency version of 
the prototype wavelet. Because the original signal or function can be represented in terms of a wavelet 
expansion (using coefficients in a linear combination of the wavelet functions), data operations can be 
performed using just the corresponding wavelet coefficients as shown in Figure 7. 


If one further chooses the 
best wavelets adapted to the data, or Samples 


truncates the coefficients below some dione We Bota Sum Results 


given threshold, the data is sparsely —tt"| Filter = me vared 


represented. This “sparse coding” ‘Multigicatton Departing en 
makes wavelets an excellent tool in | Pt 1 he— a pn 
the field of data compression. For ie t 

instance, the FBI uses wavelet coding pacing 

to store fingerprints. Hence, the 
concept of wavelets is to look at a 
ignal at various scales and analyze it Figure 7. Wavelet Filtering 
with various resolutions. 


Wavelel Coefficients 
(ies Srieos) 


Analyzing Wavelet Functions 7 
Daubechies Wavelet Coifman Wavelet (Coiflet) 


Fourier transforms deal with 
just two basis functions (sine and 
cosine), while there are an infinite 
number of wavelet basis functions. 
The freedom of the analyzing 
wavelet is a major difference Tim Tima 
between the two types of analyses 
and is important in determining the Harr Wavelet ‘Symmlet Wavelet 
results of the analysis. The “wrong” —— 

wavelet may be no better (or even 
far worse than) than the Fourier 
analysis. A successful application 
presupposes some expertise on the 
part of the user. Some prior 
knowledge about the signal must tine Tima 
generally be known in to select the 
most suitable distribution and adapt Figure 8. Sample Wavelet Functions. 
the parameters to the signal. Some 


farts 


2 
Ea 


“Ampinde 
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of the more common ones are shown in Figure 8. There are several wavelets in each family, and they 
may look different than those shown. Somewhat longer in duration than these functions, but significantly 
shorter than infinite sinusoids is the cosine packet shown in Figure 9. 


‘Wavelet Comparison With Fourier Analy: 


While a typical Fourier transform provides frequency content information for samples within a 
given time interval, a perfect wavelet transform records the start of one frequency (or event), then the start 
of a second event, with 


amplitude added = to or | aNaLyZiNG WAVELET FUNCTION 
subtracted from, the base event. Gosine Pavia) INPUT WAVEFORM 


Example | 


Anpltuae 


‘Wavelets are especially 
useful in analyzing transients 
or time-varying signals. The 
input signal shown in Figure 9 Time (See) a a 
consists of a sinusoid whose sens (82) 

frequency changes in stepped POWER SPECTRUM TIME -FREGUENGY PLOT 
increments over time. The 400 
power of the spectrum is also 
shown, Classical Fourier 
analysis will resolve the 
frequencies but cannot provide 
any information about the 
mes at which each occurs. 
Wavelets provide an efficient 


900 500 


200 


Frequency (Hz) 
Frequency (Hel 


a ry er ee 
Apu (48) Time (Sech 


means of analyzing the input Figure 9. Sample Wavelet Analysis. 

signal so that frequencies and 

the times at which they occur can be resolved. Wavelets have finite duration and must also satisfy 
additional properties beyond those normally associated with standard windows used with Fourier 
analysis. The result after the wavelet transform is applied is the plot shown in the lower right. The 
wavelet analysis correctly resolves each of the frequencies and the time when it occurs. A series of 
wavelets is used in example 2. 
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Example eeae, 
oro, 

Figure 10 shows the Fae tthe tok 
input of a clean signal, and one {fa hos ——— 
with noise. It also shows the | or, | LO Pra 
output of a number of “filters” sora] rane Far se 

ror a 
with each signal. A 6 dB S/N ea Gal 2 oh 
mprovement can be seen from | "\" L] A" vor L22s8ar0e¢ eo 
the d4 output. (Recall from © [emo] cia seincncigd 
Section 4.3 that 6 dB i ais SERGE eee 
corresponds to doubling of ena Nba Nae hid Ed Grape seer ney 
detection range.) _In the filter out vt Her] “Se co ccmmaamtentainn 
cascade, the HPFs and LPFs ee oH seperti 
are the same at each level. The commmnetici: — ¥etsraeb2 fey ES enenernnet 
wavelet shape is related to the aac ection debe, 
HPF and LPF in that it is the 


“impulse response” of _ an 
infinite cascade of the HPFs 
and LPFs. Different wavelets have different HPFs and LPFs. As a result of decimating by 2, the number 
of output samples equals the number of input samples, 


Wavelet. 


Figure 10. Example 2 Analy 


Wavelet Applicat 


Some fields that are making use of wavelets are: astronomy, acoustics, nuclear engineering, 
signal and image processing (including fingerprinting), neurophysiology, music, magnetic resonance 
maging, speech discrimination, optics, fractals, turbulence, earthquake-prediction, radar, human vision, 
and pure mathematics applications. 


See Andrew Bruce, David Donoho, and Hong-Ye Gao, “ 
Vol. 33 No. 10, October 1996. 


Vavelet Analysis,” JEEE Spectrum, 
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ANTENNAS 


Antenna Introduction / Basics. 

Polarization 

Radiation Patterns 

Frequency / Phase Effects of Antennas. 
Antenna Near Field 

Radiation Hazards 

Active Electronically Scanned Arrays (AESA) 
Fractal Antennas 
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3.0.2 


ANTENNA INTRODUCTION / BASICS 
Rules of Thumb: 


1 The power gain of an antenna with losses, excluding input impedance 
mismatch, is given by: 


Where BW oan ¢ are the elev az 

anothers seams in degrees. 

= Efficiency For appraximaing an antewna pattern with 
(YA rectangle: X=41253 Nope = 07 


(2) An ellipsoid: X * 52525, ypuat ™ 0.55 


4; 
24744 Where A= Physical aperture area 


A=wavelength 


2. Directive gain of rectangular X-Band Aperture 
G=14LW Where: Length (L) and Width (W) are inom 


3. Power gain of Circular X-Band Aperture 
G=d'y Where: d= antenna diameter in em 
1) = aperture efficiency 


4. Directive gain of an imaginary isotropic antenna radiating in a 
uniform spherical pattern is one (0 dB). 

5. Antenna with a 20 degree beamwidth has approximately a 20 dB tem=nat raalatiot 

directive gain. 

6. 3 dB beamwidth is approximately equal to the angle from the peak 
of the power to the first null (see figure at right) 


7. Parabolic Antenna Beamwidth: BW= _ 
d 


Where: BW antenna beamwidth; = wavelength; d= antenna diameter. 

The antenna equations which follow relate to Figure I as 
atypical antenna. In Figure 1, BW is the azimuth beamwidth and 
BWp is the elevation beamwidth, Beamwidth is normally 
measured at the half-power or -3 dB point of the main lobe unless 
otherwise specified. See Glossary. 


Buy 


The gain or directivity of an antenna is the ratio of the 
radiation intensity in a given direction to the radiation intensity 
averaged over all directions. 


Figure 1, Antenna Aperture. 


Quite often directivity and gain are used interchangeably and it sometimes leads to overly 
optimistic antenna performance estimations. The difference is that directivity is based solely on antenna 
pattern shape estimation where antenna losses such as dielectric, ohmic resistance, and polarization 
mismatch are neglected. If these losses are included in the antenna gain calculations, the antenna gain is 
then referred to as the power gain, Moreover, if additional impedance mismatch or VSWR losses are 
included in the antenna system gain estimation, the antenna gain calculations are then referred to as the 
realized gain, However, using directive gain (or directivity) calculations is very convenient in practice for a 
first order idealized antenna performance estimation. 
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Normalizing a radiation pattern by the integrated total power yields the directivity of the antenna. 
This concept in shown in equation form by: 
4aP (0.6) | 0<§< 360° 


Dio, [4 (0.6)__ 
(ne \Tpareeysinododg| 0<0<180° 


= 10 Log t 


Where D(0,9) is the directivity in [7a sent dsovonesouee) (HEMISPHERE 
dB, and the radiation pattern power in a 
specific direction is Py(8,9), which is 
normalized by the total integrated 
radiated power. Another important 
concept is that when the angle in which 
the radiation is constrained is reduced, the 
directive gain goes up. For example, 
using an isotropic radiating source, the 
gain would be 0 dB by definition (Figure 


(c) QUARTER SPHERE 


2(a)) and the power density (P,) at any er T0354 h| 
given point would be the power in (Pa) | a = Tar? 

divided by the surface area of the | /% A Far aes 

imaginary sphere at a distance R from the i EAS se 


source. If the spacial angle was 
decreased to one hemisphere (Figure 


2(b)), the power radiated, Pj,, would be 
the same but the area would be half as Figure 2. Notional Representation of Directive Antenna Gai 
much, so the gain would double to 3 dB. 

Likewise if the angle is a quarter sphere, (Figure 2(c)), the gain would be 6 dB. Figure 2(d) shows a pencil 
beam. The gain is independent of actual power output and radius (distance) at which measurements are 
taken. 


Real antennas are different, 
however, and do not have an ideal IDEAL ANT ENNAPATTERN: 
panes Engh eerie ey me 30 Mews: 2D Views 
with angular displacement and losses ‘fe Bliptical 

ccur due to sidelobes, However, if ee 

we can measure the pattem, and 

determine the beamwidth we can use 

two (or more) ideal antenna models to REAL ANTENNAPATTERM 
approximate a real antenna pattern as 
shown in Figure 3 


==>] Rectangular 
Mode! 


Assuming the antenna pattern 
form, the gain is equal to the area 
of the isotropic sphere (4nr’) divided Figure 3. Antenna Beamvwidth. 
by the sector (cross section) area. 


(mensuredatthe 0S powerar0.707 wltagepoints) 


is u 


Area of Sphere 


hs vedrediofiSpherer —-. 2 
‘Area of Antenna pattern - 
It can be shown that: 
Pre on 4x where - BW ¢0-Aoth momith mins pay 
BW ga: BW oc 0 (radians) BW o41~ Eteaton bamwith in rains 
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From this point, two 


ferent models are presented: 


(1) Approximating an antenna pattern 


an elliptical area, and 
(2) Approximating an antenna pattern us 


a rectangular area, 


Approximating the antenna pattern as an elliptical area: 


Area of ellipse = x a b = n{ (rsin 6)/2 J[ (r sin 9)/2 ]= (xr' sin 0 sin @)/4 


Area of Sphere 
‘Area of Antenna pattern 


4 _ 16 
inOsing}) sindsing 


Where 8=8W,, and = BW, 


For small angles, sin 9 = 9 in radians, so: 
g-_!6_,__ 16 16 (3). 52525, $2525 
singsin@ gO (radians) $0\ 222” ) $O(degrees) BW, BW o (degrees) 


(4) 


The second term in the equation above is very close to equation [3]. 

For a very directional radar dish with a beamwidth of 1° and an average efficiency of 35%: 
Ideally: G = 52525, or in dB form: 10 log G =10 log 52525 = 47.2 dB 

With efficiency taken into account, G = 0.55(52525) = 28888, or in log form: 10 log G = 44.6 dB 


Approximating the antenna pattern as a rectangular area: 


=r 


6, b=rsing, area=ab=r' sind sin g 


Area of Sphere _— dar’ a 
XN Area of Antenna pattern? sinOsing sinOsing 


‘Where 8=8W,, and = BW, For small angles, sin g = 9 in radians, so: 
The second term in the equation above is identical to equation [3] 


41253 41253 
or 
GO (degrees) BW, BW. (degrees) 


4x 4x ee (51 


singsind @O(radians) $0 


2222 


41253 


Converting to dB, Gyux(dB) = 10 Log] ———— | with Bw,,and BW, in degrees 16) 
BW, BWo 


Fora very directional radar dish with a beamwidth of 1° and an average efficiency of 70%: 
Ideally (in dB form): 10 log G =10 log 41253 = 46.2 dB. 
With efficiency taken into account, G = 0.7(41253) = 28877, or in log form: 10 log G = 44.6 dB 
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Comparison between elliptical ery 
and rectangular areas for 
antenna pattern models: 
By using the rectangular model | | 30 ition pater for dal edsone ih, 
there is a direct correlation id 
between the development of |g Rectangslor pellern for ideal antenna 
gain in equation [5] and the ideal 220 
gain of equation [3]. The | 2 
elliptical model has about one Besa are Pa eee 
dB difference from the ideal 70) Mieesured Yeanreidth SS 
calculation, but will yield the {90 5 sMeient reclngier o 
same real antenna gain when 
appropriate efficiencies are *o 10 203040 5060 390100 
pc sedton sat — Degrees - 0 
Woo ato ston ato wake 900 ero a100 1000 
Times @ Valve (se 1 not e938) 


The upper plot of Figure 4 


shows the gain for an ideal 
antenna pattem using the 
elliptical model. The middle 


Figure 4. Antenna Sector Size vs. Gain. 


plot shows the gain for an ideal antenna using the rectangular model. The lower plot of Figure 4 shows the 
gain of a typical real antenna (rectangular model using an efficiency of 70% or elliptical model using an 


efficiency of 47%). 


Gain as a function of 2: 
When 0 = 0, each wave source in Figure 5 is in phase 
with one another and a maximum is produced in that 
direction. 


Conversely, nulls to either side of the main lobe will 
‘occur when the waves radiating from the antenna 
cancel each other. The first null occurs when there is 
a phase difference of 42 in the wave fronts 
emanating from the aperture. To aid in visualizing 
what happens, consider each point in the antenna 
aperture, from A to C in Figure 5, as a point source 
of a spherical wave front. If viewed from infinity, 
the electromagnetic waves from each point interfere 
with each other, and when, for a particular direction, 
0 in Figure 5, each wave source has a corresponding 
point that is one-half wavelength out of phase, a null 
is produced in that direction due to destructive 
interference. 


In Figure 5, the wave emanating from point A is out of phase with the wave from pi 


ANTENNA BORESIGHT 


4 
| 
| 
| 
I 
I 
| 


Figure 5. Directional Gain vs. Wavelength. 


int B by one-half of a 


wavelength. Hence, they cancel. Similarly, a point just to the right of point A cancels with a point just to 


the right of point B, and so on across the entire aperture 
given by 


Sin 0=2L and, in radians, 0 = 2VL (for small angles) 


Therefore, the first null in the radiation pattern is 


7 


As the angle off boresight is increased beyond the first null, the intensity of the radiation pattern rises then 
falls, until the second null is reached. This corresponds to a phase difference of two wavelengths between 
the left and right edges of the aperture. In this case, the argument proceeds as before, except now the 
aperture is divided into four segments (point A canceling with a point halfway between A and B, and so on), 


The angle 0 is the angle from the center (maximum) of the radiation pattern to the first null. The null-to-null 
beam width is 20, Generally, we are interested in the half-power (3 dB) beamwidth. It turns out that this 
beamwidth is approximately one-half of the null-to-null beamwidth, so that: 


BWsan = (4)(20) = WL 18] 


‘Therefore, beamwidth is a function of the antenna dimension “L” and the wavelength of the signal. It can 
bbe expressed as follows: Note: for circular antennas, L in the following equations = diameter 


Bwga) =WLqre and BWae) = WLete pl 


Substituting the two variations of equation [9] into equation [3] and since La, ar times Le1en = Ac (effective 
capture area of the antenna), we have: 


tas 4a 4% Lec Lea 47 Ac 
BW. BWo(radians) — # 


G 


[10] 


Note: Equation is approximate since aperture efficiency isn’t included as is done later in equation [12] 


‘The efficiency (discussed later) will reduce the gain by a factor of 30-50%, i.e. real gain = .5 to .7 times 
theoretical gain. 


Unity Gain Antenna, 
Ifa square antenna is visualized and G=1, A.=22 / 4x. When a dimension is greater than 0.28 2 (~/2 ) it is 
known as an electrically large antenna, and the antenna will have a gain greater than one (positive gain 
when expressed in dB). Conversely, when the dimension is less than 0.28 2, (~'4A. )(an electrically small 
antenna), the gain will be less than one (negative gain when expressed in dB). Therefore, a unity gain 
antenna can be approximated by an aperture that is Yd. by ¥h. 


Beamwidth as a Function of Aperture Length 

Itcan be seen from Figure 5, that the wider the antenna aperture (L), the narrower the beamwidth will be for 

the same . Therefore, if you have a rectangular shaped horn antenna, the radiation pattern from the wider 
ide will be narrower than the radiation pattem from the narrow side. 


APERTURE EFFICIENCY, | 


The Antenna Efficiency, n, is a factor which includes all reductions from the maximum gain. 1, can be 


expressed as a percentage, or in dB. Several types of “loss” must be accounted for in the efficiency, 9: 


(J) Ilumination efficiency which is the ratio of the directivity of the antenna to the directivity 


of a uniformly illuminated antenna of the same aperture size, 


@ Ph <s due to the fact that the aperture is not a uniform phase surface, 
(3) Spillover loss (Reflector Antennas) which reflects the energy spilling beyond the edge of 
the reflector into the back lobes of the antenna, 
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(4) Mismatch (VSWR) loss, derived from the reflection at the feed port due to impedance 
mismatch (especially important for low frequency antennas), and 


(9) RE losses between the antenna and the antenna feed port or measurement point. 


‘The aperture efficiency, n, is also known as the illumination factor, and includes items (1) and (2) above; it 
does not result in any loss of power radiated but affects the gain and pattern. It is nominally 0.6-0.8 for a 
planer array and 0.13 to 0.8 with a nominal value of 0.5 for a parabolic antenna, however n can vary 
significantly. Other antennas include the spiral (.002-5), the hom (.002-.8), the double ridge horn 
(.005-.93), and the conical log spiral (.0017-1.0). 


Items (3), (4), and (5) above represent RF or power losses which can be measured. The efficiency varies 


and generally gets lower with wider bandwidths. Also note that the gain equation is optimized for small 
angles - see derivation of wavelength portion of equation [7]. This explains why efficiency also gets lower 
for wider beamwidth antennas. 


EFFECTIVE CAPTURE AREA. 


Effective capture area (A.) is the product of the physical aperture area (A) and the aperture efficiency (1) or: 


2G iu] 
da 


GAIN AS A FUNCTION OF APERTURE EFFICIENCY 


‘The Gain of an antenna with losses is given by: 


n= Aperture Efficiene 
oe, n= Aperture Efficiency 


G- 112) 


WhereA= Physical aperture area 


A=wavelength 

Note that the gain is proportional to the aperture area and inversely proportional to the square of the 
wavelength. For example, if the frequency is doubled, (half the wavelength), the aperture could be 
decreased four times to maintain the same gain. 


BEAM FACTOR 
Antenna size and beamwidth are also related by the beam factor defined by: 
Beam Factor = (D/A)(Beamwidth) where D = antenna dimension in wavelengths. 


The beam factor is approximately invariant with antenna size, but does vary with type of antenna aperture 
illumination or taper. The beam factor typically varies from 50-70°. 
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APERTURE ILLUMINATION (TAPER) 


The aperture illumination or illumination taper is the variation in amplitude across the aperture. This 
variation can have several effects on the antenna performance: 


a) nin gain, 
(2) reduced (lower) sidelobes in most cases, and 
(3) increased antenna beamwidth and beam factor. 


Tapered illumination occurs naturally in reflector antennas due to the feed radiation pattem and the 
variation in distance from the feed to different portions of the reflector. Phase can also vary across the 
aperture which also affects the gain, efficiency, and beamwidth, 


CIRCULAR ANTENNA Gal 


Solving equation [12] in dB, for a circular antenna with area xD*/4, we have: 
10 Log G = 20 Log (D/A) + 10 Log (n) + 9.94 dB; where D = diameter 113) 
This data is depicted in the nomograph of Figure 6. For example, a six foot diameter antenna operating at 


9 GHz would have approximately 44.7 dB of gain as shown by the dashed line drawn on Figure 6. This 
gain is for an antenna 100% efficient, and would be 41.7 dB for a typical parabolic antenna (50% efi 


FREQUENCY (digaherta) 


WAVELENGTH (Centimeters) 


1 Gain below assumes y) - 1.0 
5, subtract 3 4B (typioal parabolic antenna) 
26, aubtract © dB 


GAIN (4B) = 20 Log D/A + 10L0g 7 + 0.04 2B 


REFLECTOR DIAMBTER (Meters) 


REFLECTOR DIAMBTER (Feet) 


Figure 6. Antenna Gain Nomograph 


‘An example of a typical antenna (with losses) showing the variation of gain with frequency is depicted in 
Figure 7, and the variation of gain with antenna diameter in Figure 8. The circle on the curves in Figure 7 
and 8 correspond to the Figure 6 example and yields 42 dB of gain for the 6 fi dish at 9 GHz, 


Example Problem: If the two antennas in the drawing are “welded” together, how much power will be 


measured at point A? (Line loss Ly =L1= 0.5, and 10log L; or L; = 3 dB) 
Multiple choice: 
A. 16dBm b, 28 dBm .4dBm d.10dBm —e.<4dBm 


Answer: 

+10 dBm Signal 
The antennas do not act as they normally would since the antennas are operating in the near field. They act 
as inefficient coupling devices resulting in some loss of signal. In addition, since there are no active 
components, you cannot end up with more power than you started with. The correct answer is 
“e,<4 dBm 


10 dBm - 3 dB - small loss -3 dB = 4 dBm - small loss 


If the antennas were separated by 5 ft and were in the far field, the antenna gain could be used with space 
loss formulas to calculate (at 5 GHz): 10 dBm - 3 dB + 6 dB - 50 dB (space loss) + 6 dB -3 dB =-34 dBm (a 
much smaller signal). 
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Figure 7. Gain of a Typical 6-Foot Dish Antenna (With Losses). 
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3-110 


POLARIZATION 


Table 1 shows the theoretical ratio of power transmitted between antennas of different 
polarization. These ratios are seldom fully achieved due to effects such as reflection, refraction, and other 
‘wave interactions, so some practical ratios are also included. 


Table 1. Polarization Loss for Various Antenna Combinations. 


Transmit Ratio of Power Received to Maximum Power. 
‘Antenaa. Receive Antenna Theoretical Practical Horn [Practical Spiral 
Polarization Polarization Ratio in as Ratio in as Ratio in as 
8 | Ratio | dB | Ratio | dB | Ratio 

Vertical Vertical vas [I . * [NA [NIA 
Vertical | Stant (45° oF 135°) | 3B] % | os J * | WA | NA 
Vertical | Horizontal | -0ap | 0 | 208 | 1100 | NA | NIA 
Vertical | Circular(right-handorleft-hand) | 348 | % | * | * | * | * 
Horizontal | Horizontal | oa | foe poe | oNwA | oNA 
Horizontal | Slant (45° oF 135°) | sup | Jos fo* |owa | wa 
Horizontal | Circular (right-hand or left-hand) | 348 | Je fe foe fe 
Circular (right-hand) | Circular (right-hand) | ous | lees a Ie We 
Circular (right-hand) | Circular (Jef-hand) | ods | 0 | 208 | 1/100 | 1048 | 1/0 
Circular (right or left) | Slant (45° oF 135°) 3dB | % . . . . 


* Approximately the same as theoretical 
Note: Switching transmit and receive antenna polarization will give the same results, 


The polarization of ‘Antenna vath two 
orthogonal conductors 
‘an electromagnetic wave is 
defined as the orientation of 
the electric field vector. 
Recall that the electric field 
vector is perpendicular to 
both the direction of travel 
and the magnetic field vector. 
The polarization is described 
by the geometric figure traced 
by the electric field vector 
upona stationary plane perpendicular to the direction of propagation, as the wave travels through that plane 
‘An electromagnetic wave is frequently composed of (or can be broken down into) two orthogonal 
‘components as shown in Figure 1. This may be due to the arrangement of power input leads to various 
points on a flat antenna, or due to an interaction of active elements in an array, or many other reasons. 


vA 


fh 


‘The Sum of the E lld vectors datermines the sense of polarization 


Figure 1. Polarization Coordinates. 


The geometric figure traced by the sum of the electric field vectors over time is, in general, an 
ellipse as shown in Figure 2. Under certain conditions the ellipse may collapse into a straight line, in which 
case the polarization is called linear. 


In the other extreme, when the two components are of equal magnitude and 90° out of phase, the 
ellipse will become circular as shown in Figure 3. Thus linear and circular polarization are the two special 
cases of elliptical polarization, Linear polarization may be further classified as being vertical, horizontal, or 
slant, 


Figure 2 depicts plots of the E field vector while varying the relative amplitude and phase angle of its 
component parts. 
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Figure 2, Polarization as a Function of E, / E, Ratio and Phase Angle. 


Adopted from J.D. Kraus, 


For a linearly polarized antenna, the 
radiation pattem is taken both for a co-polarized 
and cross polarized response. The polarization 
quality is expressed by the ratio of these two 
responses. The ratio between the responses must 
typically be great (30 dB or greater) for an 
application such as cross-polarized jamming. 
For general applications, the ratio indicates 
xystem power loss due to polarization mismatch. 
For circularly polarized antennas, radiation 
patterns are usually taken with a rotating linearly 
polarized reference antenna, The reference 
antenna rotates. many times while taking 
measurements around the azimuth of the antenna 
that is being tested. The resulting antenna 
pattern is the linear polarized gain with a cyclic 
ripple. The peak-to-peak value is the axial ratio, 
and represents the polarization quality for a 
circular polarized antenna, The typical RWR 
antenna has a maximum 3 dB axial ratio within 
45° of boresight. 


Antennas,” "ed, Figure 2-37 


Figure 3. Circular Polarization — E Field. 


For any antenna with an aperture area, as the aperture is rotated, the viewed dimension along the 
axis remains constant, while the other viewed dimension decreases to zero at 90° rotation. The axial ratio of 
an antenna will get worse as the antenna is rotated off boresight because the field contribution from the axial 
component will remain fairly constant and the other orthogonal component will decrease with rotation, 


3.2.2 


‘The sense of antenna polarization is defined from a viewer positioned behind an antenna looking in 
the direction of propagation. The polarization is specified as a transmitting, not receiving antenna 


regardless of intended use 


We frequently use “hand rules” to describe the 
sense of polarization. The sense is defined by which 
hand would be used in order to point that thumb in the 
direction of propagation and point the fingers of the 
same hand in the direction of rotation of the E field 
vector. For example, referring to Figure 4, if your thumb 
is pointed in the direction of propagation and the rotation 
is counterclockwise looking in the direction of travel, 
then you have left hand circular polarization. 


Optics people view an aperture from the front 
and therefore use the opposite reference, 


The polarization of a linearly polarized horn 
antenna can be directly determined by the orientation of 
the feed probe, which is in the direction of the E-field. 


Thumb In The 
Direction 
Of Propagation 
Of Wave 


Fingers in 
The Direction 
of Rotation of 
E Field Vector 


Figure 4. Left 


Hand Polarization, 


In general, a flat surface or sphere will reflect a linearly polarized wave with the same polarization 
as received. A horizontally polarized wave may get extended range because of water and land surface 
reflections, but signal cancellation will probably result in “holes” in coverage. Reflections will reverse the 


sense of circular polarization. 


If the desired antenna is used for receiving a direct transmission as shown in Figure 5, the same 
polarization sense (specified if transmitting) is required for maximum signal reception in this situation. Buy 


two right-hand or two left-hand circularly polarized antennas for this case. When you procure antennas, 
remember that the polarization is specified as if transmitting, regardless of intended use. 


Wave propagation between two identical antennas is analogous to being able to thread a nut from 


one bolt to an identical opposite facing bolt. 
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Figure 5. Same Circular Polarization, 


Ifthe desired antenna is used for a receiving a wave with a single or odd number of reflections, such as a 
bistatic radar where separate antennas are used for transmit and receive as shown in Figure 6, then 


‘opposite circularly polarized antennas would be used for maximum signal reception. In this case buy 
antennas of opposite polarization sense (one left hand and one right hand). 
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PG t RHCP 
[secretes Single 
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NOTE: This figure depicts an example only, al polarizations can be reversed. 
In either case, the antennas should have opposite polarization. 


Figure 6. Opposite Circular Polarization. 


Ina comer reflector, waves reflect twice before returning to the receiver as shown in Figure 7, consequently 


they return with the same sense as they were transmitted. In this case (or any even number of reflections) 
buy antennas of the same 


XMTR 
PG t RHCP 
RHCP, Corner 
Teer caer. Reflector 
Targets 
Bev Pa, RHCP 
|< os 
A HPT anenna 


NOTE: This figure depicts an example only, all polarizations can be reversed. 
In either case, the antennas should be identical 


Figure 7. Circular Polarization With Comer Reflector 


An aircraft acts as both a corner reflector and a “normal” reflector so the return has mixed 
polarization. Most airborne radars use the same antenna for transmitting and receiving in order to receive 
the comer reflections and help exclude receipt of reflections from rain (single polarization reversal), 
however in doing so there is about a 5-9 dB loss from the ideal receiver case. It should be noted that the 
return from raindrops is attenuated by approximately 20 dB. 


3.24 


RADIATION PATTERNS. 


The radiation pattern is a graphical depiction of the relative field strength transmitted from or 
received by the antenna, Antenna radiation patterns are taken at one frequency, one polarization, and one 
plane cut. The patterns are usually presented in polar or rectilinear form with a dB strength scale. Patterns 
are normalized to the maximum graph value, 0 dB, and a directivity is given for the antenna. This means 
that ifthe side lobe level from the radiation pattern were down -13 dB, and the directivity of the antenna was 
4 dB, then the sidelobe gain would be -9 dB. 


Figures 1 to 14 on the pages following depict various antenna types and their associated 
characteristics. The patterns depicted are those which most closely match the purpose for which the given 
shape was intended. In other words, the radiation pattern can change dramatically depending upon 
frequency, and the wavelength to antenna characteristic length ratio. See Section 3-4. Antennas are 
designed for a particular frequency. Usually the characteristic length is a multiple of 2/2 minus 2-15% 
depending on specific antenna characteristics. 


The gain is assumed to mean directional gain of the antenna compared to an isotropic radiator 
transmitting to or receiving from all directions. 


‘The half-power (-3 dB) beamwidth is a measure of the directivity of the antenna. 


Polarization, which is the direction of the electric (not magnetic) field of an antenna is another 
important antenna characteristic. This may be a consideration for optimizing reception or jamming. 


The bandwidth is a measure of how much the frequency can be Bandwidth 
varied while still obtaining an acceptable VSWR (2:1 or less) and minimizing a a 
losses in unwanted directions. See Glossary, Section 10. 
5 1.05:1 
A2:1 VSWR corresponds to a 9.5 dB (or 10%) return loss - see Section 6-2. 10 LILES 
20 1.22:1 
‘Two methods for computing antenna bandwidth are used: 30 135:1 
40 1.50:1 
-F, 50 1.67:1 
Narrowband by %, B (££ }100, wir Fe = Center frequency 60 1.85:1 
Fe 7 2 
Broadband by ratio, B= = 100 3i1 
Fi 120 4:1 
133 $31 
An antenna is considered broadband if Fy / F, > 2. The table at the tod) Tel 
right shows the equivalency of the two, however the shaded values are not 160 or1 
normally used because of the aforementioned difference in 163 10:1 


broadband/narrowband 

Should there be ever a need to express bandwidth of an antenna in one or the other alternative 
formats, a conversion between the two narrowband and broadband bandwidth quantities can be easily 
calculated using the following relationships: 


Calculate broadband ratio By, given narrowband B%, 


By, = (200 + B%)/(200 — B%) 1 
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Calculate narrowband B% given broadband ratio By, 


BY 


200 * (Bbb — 1) Bbb + 1) 21 


For an object that experiences a plane wave, the resonant mode is achieved when the dimension of 
the object is n)/2, where n isan integer. Therefore, one can treat the apertures shown in the following figure 
as half wave length dipole antennas for receiving and reflecting signals. More details are contained in 
Section 8-4. 


VERTICAL (Elevation) 


The following lists antenna types by page number, The referenced page shows frequency limits, 
polarizations, ete. 


Type Page Type Page 
4 arm conical spiral 33.6 Tog periodic 338 
alford loop 334 loop, circular 334 
aperture synthesis 3.3.8 loop, alford 334 
array 338 loop, square 334 
axial mode helix 33.5 luneberg lens 33.9 
biconical w/polarizer 3-3.6 microstrip patch 339 
biconical 33.6 monopole 333 
cavity backed circuit fed slot 3-3.5 normal mode helix 335 
cavity backed spiral 33.9 parabolic 337 
circular loop 334 patch 33.9 
conical spiral 33.5 reflector 33.10 
comer reflector 33.9 rhombic 333 
dipole array, linear 3.3.8 sinuous, dual polarized 33.6 
dipole 333 slot, guide fed 33.9 
discone 334 slot, cavity backed 339 
dual polarized sinuous 33.6 spiral, 4 arm conical 33.6 
guide fed slot 33.9 spiral, conical 335 
helix, normal mode 335 spiral, cavity backed 335 
helix, axial mode 335 square loop 334 
horn 337 vee 333 
linear dipole array 33.8 yagi 33.8 


‘Antenna Type Radiation Pattern 
MONOPOLE Elevation 
in es 


Aeimuth: 
a 7 > 
“Ground Plane 


Y 


Characteristics 


Polarization: Linear 
Vertical as shown 


Typical Halt-Power Beamwidth 
aBog x 360 og 


Typical Gain: 2.6 6B at best 


Bandwidth: 10% oc 11:1 


Frequency Limit 
ower: Nene 


Upper: None 


Remarks: Polarization changes to 
Foraontal#rolted to honzontal 


-— Y Aina 


2 DIPOLE Elevation: 


xa 


Figure 1. Monopole and Dipole Antenna Character 


‘Antenna Type Radiation Pattern 


Polarization Linear 
Vertealas shown 


‘Typical Halt-Power Beamwidth 
btdog x 360 dog, 


‘Typical Gain: 268 
Bandwidth: 10% oF 41:1 
Frequency Limit 

Lower: None 

Upper: 8 GH (practical iit) 
Remarks: Pattem end lobing changes| 


Signieanty with Lit Used as a gait 
reloronce <2 GH. 


tics. 


Characteristics 


VEE 


ve 
x 


Polarization: Unear 
Variealas shown 


‘Typical Halt Power Beamwidth 
60dog x60 deg 


Typical Gain: 2107 8 
Bandwidth: "Broadband? 
Frequency Limit 

Lower: 3 Mie 

Upper: 500 Mz (practical limits) 
Remarks: 2aKttz versions are known tf 


8st. Terminations may be uted to 
educa backobes. 


RHOMBIC 


by 


NS 


z 
Elevation & 
‘emul 
pans Se py 
Zz 


Elevation & 
‘Aaimah: 


nd 


Y 
y 


Polarization: Linear 
Vanicalas shown 


Typical Halt Power Bearnwidth 
60dog x60.dog 


Typical Gain: 348 
Bandwidth: “Broadband! 
Frequency Limit 

Lower: MHz 

Upper: £00 Miz 


Remarks: Termination esistance 
Used to recice backioboe 


Figure 2. Vee and Rhombic Antenna Characteristics. 
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‘Antenna Type 


CIRCULAR LOOP 
(Smail) 


Ah 


Se 


- 


Radiation Pattern 


Ait 


Characteristics 


Polarization: Linear 
Horizonte as shown 


‘Typical Half-Power Beamwiath: 
‘bideg x 360 dog 


‘Typical Gain: -2 102 48 
Bandwieth: 10% oF 1.131 
Frequency Limit: 


Lower: 50 MH. 
Upper: 1 GHz 


‘SQUARE LOOP 
(Gmall) z 
A 


14 


Figure 3. Circular Loop and Square Loop Antenna Character 


Elevation: 4g, 


Aim 
>Y 


xa 


Polarization: Linear 
Horizontal as shawn 


‘Typical Halt-Powor Beamwidth: 
100 dog x 360 dog 


‘Typical Gain: 1-348, 
Bandwidth: 103% or 11:1 
Frequency Limit: 


Lower: 30 Mie 
Upper: GHz 


ics. 


‘Antenna Type 


Radiation Pattern 


Characteristics 


DISCONE 


Elevation: Z 


ima 


Polarization: Linear 
Veriealas shown 


“Typical Halt Power Beamwicth 
2Bap cog x 360 dog 


‘Typical Gain: 0-448 
Bandwidth: 100% oF 3:1 
Froquency Limit: 


ower: 30 ME 
Upper: 8GHz 


‘ALFORD LOOP 


>. 


Elevation 


> 


Ait: 


x 


Polarization: Linear 
Horizontal as shown 


‘Typical Hatt Power Beamwidth: 
dog x60 og 


‘Typical Gain: 1 48 
Bandwidth: 67% or 21 
Frequency Limit: 


Cowen: 100 Mie 
Upper: 12. GHz 


Figure 4, Discone and Alford Loop Antenna Characteristics. 
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‘Antenna Type 


Radiation Pattern 


Characteristics 


AXIAL MODE HELIX: 


iat spacing 


Elevation & 
‘Beat 


yey 


Polarization: Greular 
ttt and a shown 


‘Typical Halt Power Beamwith: 
50)dog x 50 deg 


‘Typical Gain: 10.68 
Bandwidth: 52% or 1.71 
Frequency Limit 
Lower 100 Me 
Upper Sch 


Remarks: Number of lope >3 


NORMAL MODE HELIX 


Elevation: ‘ ; 


Azimut 


Polarization: 
CCrcular= with an ideal pitch to 
Samet rato, 


‘Typical Half-Power Beamwicth 
dog x 360 60g 


‘Typical Gain: 048 
Bandwidth: 5% oF 1.0551 
Frequency Limit 


Lower 100 re 
Upper: 3GH2| 


Figure 5. Axial Mode Helix and Normal Mode Helix Antenna Characteristics. 


Antenna Type 


Radiation Pattern 


Characteristics 


CAVITY BACKED 
SPIRAL (Flat Helix) 
z 
A 


: 


Elevation & 
Azimuth 


es py 


Polarization: Ciculr 
Letthand as shown 


‘Typical Hal-Power Beamwidth: 
60.deg x 90 deg 


Typical Gain: 2-4 48 
Bandwidth: 160% or 9:1 
Frequency Limit: 


Lower: 500 MHz 
Upper: 18 GHz 


CONICAL SPIRAL 


z 


Elevation & 
Aaimuth 


é yy 


Polarization: Circular 
Left hand as shown, 


Typical Half-Power Beamwidth: 
60 deg x60 deg 


Typical Gain: 5-8 4B 
Bandwidth: 120% or 4:1 
Frequency Limit: 


Lower: 50 MHz 
Upper: 18 GHz 


Figure 6. Cavity Backed Spiral and Conical Spiral Antenna Characteristics, 
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4 ARM CONICAL SPIRAL 


Azimuth: 


Characteristics 


Polarization: Circular 
Lem hand as chav 


‘Typical Halt-Power Beara: 
s0ldeg.x360 deg 


‘Typleal Gain: 0 4 
Bandwidth: 120% oF 4:1 


Frequency Lint: 
Lower 500 nae 


DUAL POLARIZED SINUOUS 


‘Antenna Type 


BICONICAL, 


A 


Elevation & 
zim 


Polarization: Dual vertical ot 
horizontal or dual Crelarright hand 
‘orf hand wth hybrid 


ical Hal Power Bearwiath: 
deg x 75 deg 


‘Typleal Gain: 246 
Bandwidth: 163% oF 10:1 


Frequency Limit: 
Lower: 900 ure 


‘Characteristics, 


Polarization: Linear, 
Vertical as shown 


‘Typical Half-Power Beamwith: 
20-100 deg x 260 deg 


‘Typical Gain: 0-448, 
Bandwidth: 120% oF 4:1 
Frequency Limit: 


Lower: 500 Mie 
Upper: 40 Giz 


BICONICAL WIPOLARIZER 


Polarization: Circular, 
rection depends on polarization 


“Typical Ha-Power Beamwict: 
208100 deg x 260 dog 


‘Typical Gain: 3 148, 
Bandwidth: 100% or 31 
Froquency Limit: 


Lower 2 Ghe 
Upper: 18 GHz 


Antenna Type 


Radiation Patter 


Characteristics 


HORN 


: 
he 
we 


Polarization: Linear 


“Typical Half-Power Bearmwidth: 
abide x 40 dog 


Typieal Gain: 5 1020.68 


Bandwidth: 
Wedd: 120% or 4:1 
I noted: 67% oF 24 


Frequency Limit: 
Lower 32 MF 


Upper: 40. GHz 


HORN W / POLARIZER 


Sivston: 
jo Nay 
air 
po yy 
M 


Polarization: Crear 
Depends on polarizer 


Typical Half Power Bearwidth: 
aBidog x 40 dog 


Typical Gain: 510 10.68 
Bandwidth: 60% or 2:1 
Frequency Limit: 


Lower 2GHe 
Upper: 18 Gite 


Figure 9, Horn 


‘Antenna Type 


and Hom w/Polarizer Antenna Characteristics. 


Radiation Pattern 


Characteristics, 


PARABOLIC (Prime) 


é. 


Elevation & 
Bam 


> 


Polarization: 
‘Takes pelatzaton of fod 


Typical Hall-Power Beamwidth: 
Te '0 deg 


Typical Gain: 20 to 30.68 


Bandwidth: 23% or 4:1 
Tred mostly by fooe 


Frequency Limit 
ower 400 Miz 
Upper: 13+ GHz 


PARABOLIC 


Gregorian 
é Cassograin 
* 


Elevation & 
Bamuth 


or 7 


Polarization: 
“Takes pearzation of fed 


‘Typical Halt-Power Beamwidth: 
Ye cog 


‘Typical Gain: 20 0 30 «8 
Bandwidth: 33% or 14:1 
Frequency Limit 


Lower, 400 itz 
Upper: 13+ Che 


Figure 10. Parabolic (Prime) and Parabolic Antenna Characteristics 
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Antenna Type Radiation Pattern Characteristics 


Polatization: Linear 
4 Herzotal as shown 


t+» 
a ‘Typical Hall ower Beamwidth 
Elevation: 50dog X 50 deg, 


YAGI 


‘Typical Gain: 510 15.48 


Li Aim Bandwidth: 5% oF 1.05:1 


Frequency Limit: 
Cowen 30 Mie 
* v Upper: 2GHe 


Polarization: near 
LOG PERIODIC. 


‘Typical Hall ower Beamwidth: 
A 60.deg x 80 dog 


Ses ‘Typical Gain: 6 10 8 a8 
Bandwidth: 163% of 10:1 


A 
Elevation 


Frequency Limit: 
Aim: Lower: kiiz 


——>* Upper: 18 GHz 


va Y Romarks: This array may be formed 
x wth mary shapes including dpdles or 
toothed arrays 


Figure 11, Yagi and Log Periodic Antenna Characteristics. 


‘Antenna Type Radiation Pattern Characteristics 


LINEAR DIPOLE ARRAY 
(Corporate Feed) 


Elevation Polarization: Eloment dependent 
z Vertical a shown 


“pial Halt Power Beart: 
A y | Raeategan 


‘Typical Gain: Dopondent on 
number of elements 
Asim 


Ey yy Bandwidth: Narrow 


= Frequency Limit: 
Lower 10 i 
Upper: 0 GHz 


APERTURE SYNTHESIS 


z ‘Al charadeistics doperienton 
a ements 


4 ktovaton & 
F ae 
M Iumate: Bate ate oskg 
er, Sess 
Moira dome 


Figure 12. Linear Dipole Array and Aperture Synthesis Antenna Characteristics. 
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‘Antenna Type 


CAVITY BACKED 


CIRCUIT FED SLOT 
(Cand Merostp Paton) 


Radiation Pattern 


Elevation & 
Aenth 


Characteristics 


Polarization: Unear, vericalas shown 


‘Typical Halt-Powor Bearnwicth 
aiideg x 80 dog 
‘Typical Gain: 668 


Bandwidth: Narow 


Frequency Limit: Lower: 50 Mizz 
Upper: 18 GH2 


Remarks: The fed lines sometimes 
Separated ftom the raater by a 
atic & usos capacitive couping, 
Large conformal phased arays can be 
‘made this ay. 


GUIDE FED SLOT 


‘Antenna Type 


Aci 


Radiation Pattern 


Polarization: Linear, 
‘Typical Halt Power Beamwicth 
levator: 45-00" 

‘emuth = 

Typical Gain: 0.68 
‘Bandwidth: Narow 
Frequency Limit: 

Lower: 2GHe 

Upper: 40 GHz 


Remarks: Open RF Waveguide 


igure 13. Cavity Backed Circuit Fed Slot and Guide Fed Slot Antenna Characteristics 


Characteristics 


CORNER REFLECTOR 
z 


Elevation: (2-¥) 
Azimuth: CY) 


Dependent upon feed emitter 


Polarization 
Feed dependent 


Typical Half-Power Beamwidth 
40'dog x vaiable 


‘Typical Gain: 10 dB above food 
Bandwidth: Narrow 
Froquency Limit 

Lower: 1 GH2 

Upper: 40 GHz 


Remarks: Typically fed wit a dipale 
cor clinear array, 


LUNEBURG LENS. 


z 


Elevation & 
Raima 


—_* 


Polarization: 
Feed dependent 


‘Typical Half-Powor Beamwidth: 
‘System dependent 


Typical Gain: System dependent 


Bandwidth: Narrow 


Froquency Limit 
Lower: 1 GH2 
Upper: 40 GHz 


Remarks: Variable index celectic 
sphere 


Figure 14. Corner Reflector and Luneburg Lens Antenna Characteristics. 
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3.3.10 


FREQUENCY / PHASE EFFECTS OF ANTENNAS 


The radiation patterns of the antennas presented in the previous section are for antenna geometries 
most commonly used. The antenna should be viewed as a matching network that takes the power from a 
transmission line (50 ohm, for example), and matches it to the free space “impedance” of 377 ohms. The 
most critical parameter is the change of VSWR with frequency. The pattern usually does not vary much 
from acceptable to the start of unacceptable VSWRs (> 2:1). Fora given physical antenna geometric size, 
the actual radiation pattern varies with frequency. 


‘The antenna pattern depicted in Figure | is for the dipole pictured in Section 3-3. The maximum 
gain is normalized to the outside of the polar plot and the major divisions correspond to 10 dB change. In 
this example, the dipole length (in wavelengths) is varied, but the same result can be obtained by changing 
frequency with a fixed dipole length. From the figure, it can be seen that side lobes start to form at 1.25% 
and the side lobe actually has more gain than the main beam at 1.52. Since the radiation pattern changes 
with frequency, the gain also changes 


Figure 1. Frequency Effects. 
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Figure 2 depicts phase/array effects, which are yet another method for obtaining varied radiation 
patterns. In the figure, parallel dipoles are viewed from the end. It can be seen that varying the phase of the 
two transmissions can cause the direction of the radiation pattern to change. This is the concept behind 
phased array antennas. Instead of having a system mechanically sweeping the direction of the antenna 
through space, the phase of radiating components is varied electronically, producing a moving pattem with 
no moving parts. It can also be seen that increasing the number of elements further increases the directivity 
of the array, In an array, the pattern does vary considerably with frequency due to element spacing 
(measured in wavelengths) and the frequency sensitivity of the phase shifting networks. 


TWO 2/2 DIPOLES 
Spacing= AZ 


Qh = 190" 


FOUR a2 DIPOLES ENDFIRE ARRAY | Utlizing these techniques, 


a phased array antenna 
can be constructed by 


g ae we 3 = 90° simply electronically 
. varying the phase in a 
Progressive 
oo Shit * progressive repetitive 
. S. manner in order to create a 
. = specific scan pattem 


Figure 2. Phase / Array Effects*. 


* Note: Assuming Figure 2 depicts x-y plane antenna pattern cross section, to achieve the indicated array 
patterns using dipole antennas, the dipole antenna elements must be aligned with the z-axis. 


‘Two antennas that warrant special consideration are the phased array and the Rotman bootlace type 


lens, Both of these antennas find wide application in EW, RADAR, and Communications. The phased 
array will be described first. 


LINEAR PHASED ARRAY 


The linear phased array with equal spaced elements is easiest to analyze and forms the basis for most 
array designs. Figure 3 schematically illustrates a corporate feed linear array with element spacing d 


3.4.2 


It is the simplest and is, ROME 
still widely used. By controlling 
the phase and amplitude of 
excitation to each element, as 
depicted, we can control the 
direction and shape of the beam 
radiated by the array. ‘The phase 


SCANNED BEAM 
DIRECTION 


excitation, @(n), controls the RAMAIORS: Pacem 

beam pointing angle, @, in a ee 
0-290" 

phased array. To produce a 30" al EI kd & 


broadside beam, 0,=0, requires SHIFTERS 
phase excitation, g(n)=0. Other POWER 
scan angles require an DISHEUTION 
excitation, — g(n) = nkd sin(0,), 

for the nth element where k is 
the wave number (27/2). In this Figure 3. Corporate Fed Phased Array. 

manner a linear phased array can 

radiate a beam in any scan direction, 0, provided the element pattern has sufficient beamwidth. The 
amplitude excitation, A,, can be used to control beam shape and sidelobe levels. Often the amplitude 
excitation is tapered in a manner similar to that used for aperture antennas to reduce the sidelobe levels 
One of the problems that can arise with a phased array is insufficient bandwidth, since the phase shift 
usually is not obtained through the introduction of additional path length. However, it should be noted that 
at broadside the corporate feed does have equal path length and would have good bandwidth for this scan 
angle, 


ANTENNA INBUT 


The linear array described above would yield a narrow fan 
beam in the plane normal to the plane containing the array and scan 
direction, with the narrow beamwidth in the plane of the array. To 
obtain a pencil beam it would be necessary to array several of these 
linear arrays in such a manner resulting in a planar array of radiating 
elements. A problem associated with all electronic scanning is 
beam distortion with scan angle, Figure 4 illustrates. this 
phenomenon. It results in spread of the beam shape with a 
concomitant reduction in gain. This effect is known as “scan loss.” 
For an ideal array element, scan loss is equal to the reduction in 
aperture size in the scan direction which varies as cos 0, where 0 is Figure 4. Beam Distortion. 
the scan angle measured from the planar array normal 


When elements are spaced greater than 2/2 apart, grating lobes are possible when scanning. As the 
beam is scanned further from broadside, a point is reached at which a second symmetrical main lobe is 
developed at the negative scan angle from broadside. This condition is not wanted because antenna gain is 
immediately reduced by 3 dB due to the second lobe. Grating lobes are a significant problem in EW 
applications because the broad frequency bandwidth requirements mean that at the high end of the 
frequency band, the elements may be spaced greater than 3/2. Therefore in order to avoid grating lobes over 
‘a large frequency bandwidth, element spacing must be no greater than 2/2 at the highest frequency of 
operation. 


‘There are many other factors to consider with a phased array such as coning, where the beam curves 
at large scan angles, and mutual coupling between elements that affect match and excitation. Excessive 
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mutual coupling will invariably result in blind scan angles where radiation is greatly attenuated. These 
issues will not be covered in detail here. 


Ofiinterest is the gain of the array which is given by 


Array Gain = G,(0)* > Afr) e!* eit Where each element is as described in Section 3-4 


G,(0) is the element gain which in this case has been taken the same for all elements. Note that if 
‘we set A(n)=1, and @(n)=0, then at broadside where sin(0) = 0, the gain would be (N G,). This represents 
the maximum gain of the array, which typically will not exceed nz, and is a familiar figure. It should be 
noted that in practical array design, the element pattern characteristics are greatly influenced by mutual 
coupling and that the characteristic of elements at the edge of the array can deviate significantly from those 
near the center. 


ROTMAN BOOTLACE LENS 


Another method of 
feeding an array of elements is 
to use a lens such as the 
Rotman (rhymes with rotten) 
Bootlace type shown in 
Figure 5. The lens consists ofa | Wavefront 
parallel plate region (nowadays 
microstrip or _ stripline 
construction) and cables of 
specified length connecting the 
array of elements to the parallel 
plate region. The geometry of 
the lens and the cable lengths 
are designed so that all ray 
paths traced from a beam port 
on the right side to its 
associated wavefront on the Figure 5. Rotman Bootlace Lens. 
left array port side, are equal. 

This tailoring of the design is accomplished at three focus points (beam ports 1, 4, and 7 in Figure 5). 
Departure from perfect focus at intermediate beam ports is negligible in most designs. 


Beam 7 
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The Rotman lens provides both true time delay phase shift and amplitude taper in one lens 
component. The true time delay is one of the distinct advantages of the lens over the phase shifted array 
since that makes it independent of frequency. To understand how the taper is obtained requires knowledge 
of the parallel plate region. For a stripline design the unit would consist of a large flat plate-like center 
conductor sandwiched between two ground planes, and having a shape much like that of the plan view 
outline shown in Figure 5 with individual tapered launchers (connectors) attached to each beam port and 
array port. If the antenna is in the receive mode, the energy intercepted on the array port side can be 
controlled by the angle subtended by the tapered sections of the connector (launcher) much like a larger 
antenna would intercept a larger portion of energy from free space. 
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Unlike the phased array with its fine beam steering, the Rotman lens provides only a distinct set of 
beams. Fine steering is obtained by combining beams either equally or unequally to form intermediate 
beams. Asan be seen in Figure 6, this results in a broader beam with less gain but lower side lobes than the 
primary beams. 


High transmit power can be obtained using a Rotman lens by placing a low power amplifier 
between each lens output port and its antenna. In this case a separate Rotman lens would have to be used for 
receiving. 
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Figure 6, Primary and Intermediate Beam Formation in Lens Arrays, 
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ANTENNA NEAR FIELD. 


As noted in the sections on RF propagation and the radar equation, electromagnetic radiation 
expands spherically (Figure 1) and the power density at a long range (R) from the transmitting antenna is: 


Po ul 


4nR 


‘When the range is large, the spherical surface of uniform power density appears flat to a receiving 
antenna which is very small compared to the surface of the sphere. This is why the far field wave front is 
considered planar and the rays approximately parallel. Also, itis apparent that at some shorter range, the 
spherical surface no longer appears flat, even to a very small receiving antenna. 


‘The planer, parallel ray approximation is valid for distances greater than the distance where the 
phase error is 1/16 of a wavelength or 22.5 degrees. This distance is given by 


where 2 is the wavelength and D is the largest dimension of the transmit antenna. [2] 


2D 
aya? 


Antenna measurements made at distances greater than Ry generally result in negligible pattern error. 
Distances less than R » is termed the near-field. 


If the same size antenna is used for multiple frequencies, Ri will increase with increasing 
frequency. However, if various size antennas are used for different frequencies and each antenna is 
designed with D as a function of 2 (2/2 to 100A), then Ry will vary from c/2/to 20000c/f. In this case Ry will 
decrease with increasing frequency. For example: a 104 antenna at 3 GHZ has a D of 100 cm and 
corresponding Ry of 20 m, while a 102 antenna at 30 GHz has a D of 10 cm and corresponding Rey of 2 m 


While the above analogy provides an 7 
image of the difference between the near and 
far fields, the relationship must be defined as a 
characteristic of the transmitting antenna. 


Actual antennas, of course, are not 
ideal point source radiators but have physical 
dimensions. If the transmitting antenna placed 
at the origin of Figure 1 occupies distance D 
along the Z-axis and is boresighted along the 
Y-axis (p = 90), then the geometry of point P 
on the sphere is represented in two dimensions 
by Figure 2. For convenience, the antenna is 
represented by a series of point sources in an 
array. x 


Figure 1. Spherical Radiation to Point “I 
Point Source. 
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When point P is close to the antenna, 
as in Figure 2, then the difference in distance 
of the two rays rand R taken respectively from 
the center of the antenna and the outer edge of 
the antenna varies as point P changes. 


Derivation of equation [2] is given as 
follows: 


From Figure 2, the following applies: 


Figure 2. Near Field Geometry of Point “P” for a 
Non-Ideal Radiator With Dimension D. 


and 15] 
Zyay 16] 
Substituting [3] and [4] into [6] R= yp? + [-2(r cos Jz" +(2" F°] 171 


which puts point P into spherical coordinates. 


Equation [7] can be expanded by the binomial theorem which for the first three terms, reduces to: 


[8] 


cos 0 


In the parallel ray approximation for far field calculations (Figure 3) the third term of [8] is 
neglected. 


‘The distance where the far field begins (Rx) (or where the near field ends) is the value of r when the 
error in R due to neglecting the third term of equation [8], equals 1/16 of a wavelength. 


Ryris usually calculated on boresight, so 6 = 90° and the second term of equation [8] equals zero 
(Cos 90° = 0), therefore from Figure 3, where D is the antenna dimension, Ryris found by equating the third 
term of [8] to 1/16 wavelength, 


EF sin? 2 
2R, 16 
( DY 
so: 2) 
2R, 16 
16(D/2¥ _ 2 
= 2° 191 
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Equation [9] is the standard calculation of far field given in all references. 


Besides [9] some general rules of thumb for far field conditions are: 
r>>D or r>>A, 


If the sphere and point P are a very great distance from the antenna, then the rays are very nearly 
parallel and this difference is small as in Figure 3. 


° 
me 


z’cos 8 


Figure 3. Far Field Parallel Ray Approximation for Calculations, 


For reference purposes, a simplified alternative method to derive minimum far field distance 
approximation for an antenna or an antenna array with aperture size “d” is presented in Figure 4 without the 
need to resort to the spherical coordinate system and the Binomial Theorem. This approach illustrates a 
nple application of the Pythagorean Theorem. The Pr symbol represents an arbitrary point in the far 
field at antenna boresight. Refer to relevant quantities shown in Figure 4. 


Aperture 


Figure 4. Alternative Geometry for Far Field Estimation. 


From Figure 4, the distance “r” is the maximum propagation path difference across a given antenna 
aperture endpoint locations, Expressing this propagation path difference in terms ofa wavelength provides 
means to derive an equation for generalized far field range relationship. Note a slight change of notation 
between Figures 3 and 4. A derivation of results already shown in Equations [2] & [9] is given as follows, 


From Figure 4, the following applies: 


(R+ry =(d/2 +R? 
Collecting terms and cancelling, 

2Rr+r=d/4 
Simplifying with a noted valid assumption, 


2Rr=d'/4, sincer<<R 


Solving for “r” (see Figure 4) 


r 


(8R) 


For far field condition assume r < 4/16. Substituting “r” in terms of lambda, 


N16>r=d(8R) > Pre> 


‘As shown, Equation [14] represents the same result as Equation [9] derived earlier. 


[10] 


1] 


(12) 


(13) 


[14] 


‘The power density within the near field varies as a function of the type of aperture illumination and 
is less than would be calculated by equation [1]. Thus, in the antenna near field there is stored energy. (The 
complex radiation field equations have imaginary terms indicating reactive power.) Figure 5 shows 
normalized power density for three different illuminations. 


Curve A is for reference only and shows how power density would vary if it were calculated using 
equation [1] 


Curve B shows power density variations on axis for an antenna aperture with a cosine amplitude 
distribution. This is typical of a hom antenna in the H-plane. 


Curve C shows power density variations on axis for a uniformly illuminated antenna aperture or 
for a line source. This is typical of a hom antenna in the E-plane. 


Curve D_ shows power density variations on axis for an antenna aperture with a tapered 
illumination. Generally the edge illumination is approximately -10 dB from the center illumination and is 
typical of a parabolic dish antenna. 


Point E For radiation safety purposes, a general rule of thumb for tapered illumination is that the 
maximum safe level of 10 mW/cm’ (~200 Vim) is reached in the near field if the level at Ry reaches 
0.242 mW/cm’ as can be verified by computing the power density at point E in Figure 5. (10 mW/cm? at 
point E extrapolates to 0.242 mW/cm* [16 dB lower] at R=Rmr, or Y axis value =1). Figure | in Section 3-6 
depicts more precise values for radiation hazard exposure. 


Point F Far Field Point. At distances closer to the source than this point (near field), the power 
density from any given antenna is less than that predicted using Curve A. At farther distances, (far field) 
power densities from all types of antennas are the same. 


X = Power Density in dB Normalized to Y = 1, ie. ¥ = R/ Ry, for Near Field Measurements 
© 123 46 6 7 &§ 2 1011 12 191F 15 16 17 16 19 2 a ee 23 et 25 28 ar mw 29 
oe A a | 
Curve © FS 
Cure D = 
one t 
Y= Near Field Distance Normalized to Far Field, ia 
0°87 Transition Paint Le. Y= RA2D? A} = R/Ry 
Curve A 
Y os int EF 
oa ‘CURVES / POINTS: 
eS Point are as defined inthe preceeding paragraph, 
‘The near fil is the area “above Point F, i2.¥ < 10 
os Power density above Point Finoreasesby the dB value 
a specified on the X ante 
[carr 
19 
OQ 12s €s 678 Si WIS 18 617 19 a0. ae we os oS a wm 


Figure 5. Antenna Near-Field On-Axis Power Density (Normalized) 
for Various Aperture Illuminations, 
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When free space measurements are performed at a known distance from a source, it is often 
necessary to know if the measurements are being performed in the far field. As can be seen from Curve A 
on Figure 5, if the distance is halved (going from 1.0 to 0.5 on the Y axis), the power density will increase 
by 6 dB (going from 0 to 6 dB on the X axis). Each reduction in range by ¥ results in further 6 dB increases. 
As previously mentioned, Curve A is drawn for reference only in the near field region, since at distances 
less than Rr the power density increases less than 6 dB when the range is halved. In the far field, all curves 
converge and Equation [1 applies. 


When a measurement is made in free space, a good check to ensure that is was performed in the far 
field is to repeat the measurement at twice the distance. The power should decrease by exactly 6 dB. 
A common error is to use 3 dB (the half power point) for comparison, Conversely, the power measurement 
ccan be repeated at half the distance, in which case you would look for a 6 dB increase, however the assumed 
extrapolation conclusion is not as certain, because the first measurement could have been made in the far 
field, and the second could have been made in the near field. 


‘Care must be exercised in using the 2d?/A. far field measurement criterion. For antennas with moderate 
sidelobe levels (>-25 dB) pattern errors are negligible and the error in directivity is less than 0.1 dB and this 
measurement distance suffices in most cases. However low sidelobe antennas require longer measurement 
distances. For example, maintaining a 1 dB or less sidelobe error for a linear array with a -40 dB sidelobe 
level requires a measurement distance of 6d’/. “"’. This corresponds to criterion for “r” in Equation [14] to 
be changed from r<W/16 to r< V/48 or 7.5 deg. 


[1] R. C. Hansen, “Measurement Distance Effects on Low Sidelobe Patterns,” JEEE Transactions on 
Antennas and Propagation, Vol. AP-32, No. 6, June 1984. 
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RADIATION HAZARDS 


Radiation Hazard (RADHAZ) describes the hazards of electromagnetic radiation to fuels, 
electronic hardware, ordnance, and personnel. In the military these hazards are segregated as follows: 


1) Hazards of Electromagnetic Radiation to Personnel (HERP) 
2) Hazards of Electromagnetic Radiation to Ordnance (HERO) 
3) Hazards of Electromagnetic Radiation to Fuel (HERF) 


‘The current industrial specifications for RADHAZ are contained in ANSI/IEEE C95.1-1992 which 
was used as a reference to create the combined Navy regulation NAVSEA OP3565 / NAVAIR 16-1-529. 
Volume I contains HERP and HERF limits - its current version is REV 5. Volume II (REV 6) covers 
HERO. These limits are shown in Figure | although all values have been converted to average power 
density. 


OP 3565 specifies 
HERO RADHAZ levels at 
frequencies below | GHz in peak 
value of electric field strength 
(Vim), while levels above 
200MHz are specified in 
average power density 
(mW/cm’) - note the overlapping 
frequencies. Since Figure 1 
depicts power density as the 
limits, you must convert the 
average values to peak field 
strength for use at lower 
frequencies. Also many 
applications of EMC work such 
as MIL-STD-461 use limits 
based on the electric (E) field 
strength in _olts/meter 
Remember that ?/R, and 10102103 
from Section 4-2, we note that Frequency in MHz 


Frequency in MHZ 
10" 021030808 


Se Legend 

nt i- ANSI Limit 
Restricted Limit 
= 7 HERO Limit 1 
HERO Limit 2 


Power Level in mWicm? 
Power Level in mWicm? 


rot 108 


R=3770 for free space. It can 
also be shown that the magnetic Figure 1. Radiation Hazards to Personnel and Ordnance. 

field strength (H_ field in 

Amps/meter) = I/m where I=E/R. Don’t forget that RMS = 0.707 Peak. With the units of Pp in mW/em’, E 
in Vim, and H in A/m, then Pp (mW/cm’) = E* / 3770 = 37.7 H’. It should thus be noted that a 100 times 
increase in power (mW/cm’) is only a 10 times increase in V/m. 


‘The potential dangers to ordnance and fuels are obvious because there could be an explosive “chain 
reaction” by exploding; consequently, these limits are generally lower than personnel limits. There are 
three HERO categories. The HERO limit 2 is for HERO “unsafe” or “unreliable” explosive devices with 
exposed wires arranged in optimum (most susceptible) receiving orientation. This usually occurs during 
the assembly/disassembly of ordnance, but also applies to new/untested ordnance until proven “safe” or 
“susceptible.” The HERO limit 1 is for HERO susceptible ordnance fully assembled undergoing normal 
handling and loading operations. HERO safe ordnance requires no RF radiation precautions. A list of 
which specific ordnance (by NALC) falls into each category can be found in OP 3565 along with specific 
frequency restrictions for each piece of ordnance. For example, all missiles of one variety are susceptible 
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(HERO 1 limits), while another missile has both susceptible and safe variants (with no RADHAZ limits). 


Other ordnance may be HERO unsafe (HERO 2 limits), 


The danger of HERP occurs 
because the body absorbs radiation and wares 
ignificant internal heating may occur 1000 5 Bi Vit ELECTRIC 
without the individual’s knowledge FIELD 
because the body does not have intemal | £ & 163 Aim a Ne STRENGTH 
sensation of heat, and tissue damage may | *> : ae 
occur before the excess heat can be | =~ ERAGE us 
dissipated. As shown in Figure 1, the | 6&5 MAGNETIC *, 275 vin 
current “restricted” limit is for individuals | & FIELD 
more than 55” tall because they have more BE 10 STRENGTH 
body mass. In other words, all people | 2° 
may be exposed to the lower limit, but | 7j 
only persons taller than 55" may be JEE , 
exposed to the higher limit of 10 mW/em*, | 22 

oF —— Controlled Erviranment 

NAVSEA OP 3565 will be | $i Uncortroled Sav ronmat 0.103 Aven 
updated in the future to be compatible | 20 a1 
with DoD INST 6055.11 dated Feb 21, 
1995 which supersedes it. The personnel PO aeC Far Ta CET eT eee 
radiation levels in Figures 2 and 3 were PaeaueNey “WiC 
taken from the new release of DoD INST 
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Figure 2. Lower Frequency HERP from DoD INST 6055.11 


Unlike the existing “restricted limit” of NAVSEA OP 3565 discussed above, in the revised DoD 
nstruction for personnel radiation hazards, a different approach to exposure was taken. 
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Figure 3. Radiation Hazards to Personnel from DoD INST 6055.11 
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‘Two maximum hazard limits are defined; 


1) Controlled Environments - where personnel are aware of the potential danger of RF exposure 
concurrently with employment, or exposure which may occur due to incidental transient passage 
through an area, and; 

2) Uncontrolled Environments - A lower maximum level where there is no expectation that higher 
levels should be encountered, such as living quarters. 


These Personnel Exposure (PELs) are based on a safety factor of ten times the Specific 
Absorption Rate (SAR) which might cause bodily harm. The term PEL is equivalent to the terms 
“Maximum Permissible Exposure (MPE)” and “Radio Frequency Protection Guides (RFPG)” in other 
publications, 


There are several exceptions to the max limits in Figs 2 and 3 (in some cases higher levels are 
permitted): 


* High Power Microwave (HPM) system exposure in a controlled environment, which has a 
single pulse or multiple pulses lasting less than 10 seconds, has a higher peak E-Field limit of 
200 kV/m. 

* EMP Simulation Systems in a controlled environment for personnel who are exposed to 
broad-band (0.1 MHz to 300 GHz) RF are limited to a higher peak E-Field of 100 kV/m. 

‘© The given limits are also increased for pulsed RF fields. In this case the peak power density per 
pulse for pulse durations < 100 msec and no more than 5 pulses in the period is increased to: 
PELPulse = PEL x TAVG / 5 x Pulse Width, and the peak E-field is increased to 100 kV/m. If 
there are more than 5 pulses or they are greater than 100 msec, a time averaged PD should not 
exceed that shown in Figure 3 

‘© A rotating or scanning beam likewise reduces the hazard, so although an on-axis hazard might 
exist, there may be none with a moving beam, The power density may be approximated with: 

PDscan = PDfixed (2 x Beam Width / scan angle) 

‘* Many other special limitations also apply, such as higher limits for partial body exposure, so if 
in doubt, read the DoD Inst 6055.11 in detail. Field measurements may be measured in 
accordance with IEEE C95.3-1991 


The PELs listed in Figures 2 and 3 were selected for an average RF exposure time at various 
frequencies. In a controlled environment, this averaging time was selected as 6 minutes for 0.003 to 
15,000 MHz. If the exposure time is less than 6 minutes, then the level may be increased accordingly. 
Similar time weighted averages apply to uncontrolled environments, but it varies enough with frequency 
such that DoD INST 6055.11 should be consulted, 


NAVSEA OP 3565 contains a list of Navy avionics which transmit RF as well as radars along with 
their respective hazard patterns. Special training is required for individuals who work in areas which emit 
RF levels which exceed the uncontrolled levels. Warning signs are also required in areas which exceed 
either the controlled or uncontrolled limits. 


Although E-Field, H-Field, and power density can be mathematically converted in a far-field plane 
wave environment, the relations provided earlier do not apply in the near field, consequently the E- or 
H-field strength must be measured independently below 100 MHz. It should be noted that the 
specifications in NAVSEA OP 3565 for lower frequency HERO limits are listed as peak E-field values, 
whereas lower RF limits in DoD INST 6055.11 on HERP are in average (RMS) E-field values. Upper 
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frequency restrictions are based on average (RMS) values of power density in both regulations except for 
certain circumstances, 


HERE precautions are of more general concern to fuel truck operators. However, some general 
guidelines include: 


© Do not energize a transmitter (radar/comm) on an aircraft or motor vehicle being fueled or on 
an adjacent aircraft or vehicle. 
Do not make or break any electrical, ground wire, or tie down connector while fueling. 

‘* Radars able to illuminate fueling areas with a peak power density of 5 W/em2 should be shut 
off. 

‘+ For shore stations, antennas radiating 250 watts or less should be installed at least 50 ft from 
fueling areas (at sea 500 watts is the relaxed requirement). 

‘* For antennas which radiate more than 250 watts, the power density at 50 ft from the fueling 
operation should not be greater than the equivalent power density of a 250 watt trans 
50 fi. 
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ACTIVE ELECTRONICALLY SCANNED ARRAYS (AESA) 


Scanning phased arrays employing electronically controlled phase shifters (¢.g., PiN diode, ferrite) 
have been used in high power radar applications since the early 1960s. These are planar arrays and 
‘generally use a corporate type feed structure to array rows of elements in one dimension of the array and use 
an analogous feed to array the rows in the orthogonal dimension of the array, resulting in a single feed point, 
A high power RF transmitter, usually employing some sort of liquid cooling, is used to excite the array, 
This architecture is cumbersome and difficult to package and the high power transmitter is a single point of 
failure for the system, 


‘The maturation of solid state transmit/receive modules (T/R) using Gallium Arsenide (GaAs) 
technology or more recently Gallium Nitride (GaN) technology has made AESAs a practical reality. The 
TIR modules consist of a low noise amplifier (LNA) for the receive function and a solid state high power 
amplifier (SSPA) for realization of the transmit function. The T/R module may also contain the necessary 
phase control elements for beam scanning. A generic 8-element AESA for one dimension is shown in 
Figure | 


T/R Mod 7 


T/R Mod 8 


Figure 1, Eight Element AESA. 


Electronically scanned phased array designs with decade bandwidths have been reported in the 
open literature for many years. However those reported are only lab versions and none have been 
implemented in a fielded system. In addition, the high average power requirement, particularly for EW 
systems, calls for the use of GaN SSPA technology and this, in conjunction with the dense array packaging 
requirement, poses severe heat dissipation/cooling issues. 
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ESAs for EW applications impose design considerations vastly different from an AESA for radar. 
In contradistinction with high peak power radar applications (e.g., AN/APG79), the high average power 
large duty factors (sometimes CW) requirements for EW impose severe design requirements and 
constraints for the wide bandwidth AESA. Incorporation of an AESA in airborne environment, with its 
concomitant restrictive volume, further exacerbates design constraints, 


The heat dissipation problem is of major concern in modem high power AESAs. Due to the 
behavior of microwave transistor amplifiers, the power added efficiency (PAE) of a TR module transmitter 
is typically a relatively small fraction of the total prime power consumption. As a result, an AESA will 
dissipate a lot of heat, which must be extracted. The reliability of GaAs and GaN MMIC chips improves if 
the RF amplifier system operates at reduced temperatures. Traditional air cooling used in most established 
avionic hardware is ill suited to the high packaging density of an AESA. As a result modern AESAs are 
predominantly liquid cooled. A typical liquid cooling system will use pumps to drive the coolant through 
channels in the cooling plenum of the array, and then route it to a heat exchanger. In comparison, with a 
conventional air cooled fighter radar, the AESA will be more reliable but will require more electrical power 
and more cooling infrastructure, and typically can produce much higher average transmit power. 


ADVANTAGES OF AESA RADIATORS 


AESAs add many capabilities of their own to those of the Passive Electronically Steered Array 
(PESAs). Among these are: the ability to form multiple beams, to scan without mechanical steering, to use 
each transmit/receive module for different roles concurrently, like radar detection, and, more importantly, 
their multiple wave and scanning frequencies create multiple difficulties for traditional, correlation-type 
radar detectors. 


LOW PROBABILITY OF INTERCEPT 


Radar systems work by sending out a signal and then listening for its echo off distant objects. Each 
of these paths, to and from the target, is subject to the inverse square law of propagation. That means that a 
radar’s received energy drops with the fourth power of distance, which is why radar systems require high 
powers, often in the megawatt range, to be effective at long range. 


The radar signal being sent out is a simple radio signal, and can be received with a simple radio 
receiver. It is common to use such a receiver in the targets, normally aircraft, to detect radar broadcasts, 
Unlike the radar unit, which must send the pulse out and then receive its reflection, the target’s receiver 
does not need the reflection and thus the signal drops off only as the square of distance. This means that the 
receiver is always at an advantage over the radar in terms of range. It will always be able to detect the signal 
long before the radar can see the target’s echo, Since the position of the radar is extremely useful 
information in an attack on that platform, this means that radars generally must be turned off for lengthy 
periods if they are subject to attack; this is common on ships, for instance. 


Turning that received signal into a useful display is the purpose of the RWR. Unlike the radar, 
which knows which direction it is sending its signal, the receiver simply gets a pulse of energy and has to 
interpret it. Since the radio spectrum is filled with noise, the receiver's signal is integrated over a short 
period of time, making periodic sources like a radar add up and stand out over the random background, 
Typically RWRs store the detected pulses for a short period of time, and compare their broadcast frequency 
and pulse repetition frequency against a database of known radars. The rough direction can be calculated 
using a rotating antenna, or similar passive array, and combined with symbology indicating the likely 
purpose of the radar - airborne early warning, surface to air missile, etc. 
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This technique is much less useful against AESA radars. Since the AESA can change its frequency 
with every pulse, and generally does so using a pseudo-random sequence, integrating over time does not 
help pull the signal out of the background noise. Nor does the AESA have any sort of fixed pulse repetition 
frequency, which can also be varied and thus hide any periodic brightening across the entire spectrum. 
Traditional RWRs suffered significantly decreased effectiveness against AESA radars. 


HIGH JAMMING RESISTANCE 


Jamming is likewise much more difficult against an AESA. Traditionally, jammers have operated 
by determining the operating frequency of the radar and then broadcasting a signal on it to confuse the 
receiver as to which is the “real” pulse and which is the jammer’s, This technique works as long as the radar 
system cannot easily change its operating frequency. When the transmitters were based on klystron tubes 
this was generally true, and radars, especially airborne ones, had only a few frequencies to choose among. 
A jammer could listen to those possible frequencies and select the one to be used to jam. 


Since an AESA could change its operating frequency with every pulse, and spread the frequencies 
across a wide band even in a single pulse, jammers are much less effective. Although it is possible to send 
out broadband white noise against all the possible frequencies, this means the amount of energy being sent 
at any one frequency is much lower, reducing its effectiveness. In fact, AESAs can then be switched to a 
receive-only mode, and use these powerful jamming signals instead to track its source, something that 
required a separate receiver in older platforms. 


AESA radars can be much more difficult to detect, and so much more useful in receiving signals 
from the targets, that they can broadcast continually and still have a very low chance of being detected. 
This allows such radar systems to generate far more data than traditional radar systems, which can only 
receive data periodically, greatly improving overall system effectiveness. 


OTHER ADVANTAGES 


Since each element in an AESA is a powerful radio receiver, active arrays have many roles besides 
traditional radar. One use is to dedicate several of the elements to reception of common radar signals, 
eliminating the need for a separate radar warning receiver. The same basic concept can be used to provide 
traditional radio support, and with some elements also broadcasting, form a very high bandwidth data link 


AESAs are also much more reliable than either a PESA or older designs. Since each module 
‘operates independently of the others, single failures have little effect on the operation of the system as a 
whole. Additionally, the modules individually operate at lower powers and voltages so the need for a large 
high-voltage power supply is eliminated, 


Replacing a mechanically scanned array with a fixed AESA mount can help reduce an aircraft's 


overall RCS, but some designs (such as the Eurofighter Typhoon) forgo this advantage in order to combine 
mechanical scanning with electronic scanning and provide a wider angle of total coverage. 
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FRACTAL ANTENNAS 


The term fractal, which means broken or irregular fragments, was originally coined by 
B.B. Mandelbrot [1] to describe a family of complex shapes that possess self-similarity in their geometrical 
structure. In-depth studies of the patterns of nature provided inspiration for the development of fractal 
‘geometry where it has been used to mode! numerous natural objects. Recent advances in the antenna art 
have led to the application of fractal geometry instead of convention Euclidean geometric concepts to the 
design of wide bandwidth, low profile, compact antennas. 


A fractal antenna is an antenna that uses a fractal, self-similar design to maximize the length, or 
increase the perimeter (on inside sections or the outer structure), of material that can receive or transmit 
electromagnetic radiation within a given total surface area or volume. The earliest published reference to 
use of the term fractal radiators and fractal antennas to refer to fractal shaped antenna elements appeared 
May 1994 [2] 


Such fractal antennas are also referred to as multilevel and space filling curves, but the key aspect, 
lies in their repetition of a motif over two or more scale sizes, or “iterations.” For this reason, fractal 
antennas are very compact, multiband or wideband, and have useful applications in many commercial and 
military systems. 


A good example of a fractal antenna as a space-filling curve is in the form of a Minkowski Island 
(Figure 1). Here, each line of copper is just a small fraction of a wavelength [3], 


A fractal antenna’s response differs markedly from traditional antenna designs, in that itis capable 
of operating with good-to-excellent performance at many different frequencies simultaneously. Normally 
standard antennas have to be “cut” for the frequency for which they are to be used — and thus the standard 
antennas only work well at that frequency. This makes the fractal antenna an excellent design for wideband 
and multiband applications, 


Figure 1, An Example of a Fractal Antenna: a Space-Filling 
Curve Called a Minkowski Island. 


Antenna elements (as opposed to antenna arrays) made from self-similar shapes were first created 
by Nathan Cohen, then a professor at Boston University, starting in 1995 [4]. Cohen’s efforts with a variety 
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of fractal antenna designs were first published in 1995 (thus the first scientific publication on fractal 
antennas), and a number of patents have been issued from the 1995 filing priority of invention, Most 
allusions to fractal antennas make reference to these “fractal element antennas.” 


Many fractal element antennas use the fractal structure as a virtual combination of capacitors and 
ductors. This makes the antenna have so that it has many different resonances that can be selected and 
adjusted by choosing the proper fractal design. Electrical resonances may not be directly related to a 
particular scale size of the fractal antenna structure. The physical size of the antenna is unrelated to its 
resonant or broadband performance. The general rule of antenna length being near target frequency 
wavelength does not apply itself in the same way with fractal antennas, 


This complexity arises because the current on the structure has a complex arrangement caused by 
the inductance and self capacitance, In general, although their effective electrical length is longer, the 
fractal element antennas are physically smaller. 


Fractal element antennas are shrunken compared to conventional designs and do not need 
additional components. In general, the fractal dimension of a fractal antenna is a poor predictor of its 
performance and application. Not all fractal antennas work well for a given application or set of 
applications. Computer search methods, optimization algorithms, and antenna simulations are commonly 
used to identify which fractal antenna designs best meet the need of the application. 


Although the first validation of the technology was published as early as 1995 [4] recent 
dependent studies show advantages of the fractal element technology in real-life applications, such as 
radio frequency identification and cell phones. 


A different and also usefial attribute of some fractal element antennas is their self-scaling aspect. In 
1999, it was discovered that self-similarity was one of the underlying requirements to make antennas 
“invariant” (same radiation properties) at a number or range of frequencies. Previously, under Rumsey’s 
Frequency Independent Antenna Principle, it was believed that antennas had to be defined by angles for this 
to be true; the 1999 analysis [5], based on Maxwell’s equations, showed this to be a subset of the more 
‘general set of self-similar conditions. Hence fractal antennas offer a closed-form and unique insight into a 
key aspect of electromagnetic phenomena to wit the invariance property of Maxwell’s equations. 


Antenna tuning units are typically not required on fractal antennas due to their wide bandwidth and 
complex resonance. However, if a transmitting antenna has deep nulls in its response or has 
electromagnetic structural issues that require equalization then an antenna tuning unit should be used. 


In addition to their use as antennas, fractals have also found application in other antenna system 
‘components including loads, counterpoises, and ground planes. Confusion by those who claim “grain of 
rice”-sized fractal antennas arises, because such fractal structures serve the purpose of loads and 
counterpoises, rather than bona fide antennas. 


Fractal inductors and fractal tuned circuits (fractal resonators) were also discovered and invented 
simultaneously with fractal element antennas. An emerging example of such is in metamaterials. A recent 
report demonstrates using close-packed fractal resonators to make the first wideband metamaterial 
“invisibility cloak” at microwave frequencies [6]. Fractal filters (a type of tuned circuit) are another 
example of fractal geometry in microwave componentry. 


As fractals can be used as counterpoises, loads, ground planes, and filters, all parts that can be 
integrated with antennas, they are considered parts of some antenna systems and thus are discussed in the 
context of fractal antennas. 
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RADAR EQUATIONS 


Field Intensity and Power Density 

Power Density 

‘One-Way Radar Equation / RF Propagation. 

‘Two-Way Radar Equation (Monostatic). 

Alternate Two-Way Radar Equation. 

‘Two-Way Radar Equation (Bistatic). 

Jamming to Signal (J/S) Ratio - Constant Power [Saturated] Jamming. 
Bum-Through / Crossover Range 

Support Jamming 

Jamming to Signal (J/S) Ratio - Constant Gain [Linear] Jamming, 
Radar Cross Section (RCS). 

Emission Control (EMCON) 

EW Jamming Techniques 
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FIELD INTENSITY and POWER DENSITY 


Sometimes it is necessary to know the actual field intensity or power density at a given distance from 
a transmitter instead of the signal strength received by an antenna. Field intensity or power density 


calculations are necessary when estimating electromagnetic interference (EMI) effects, when determining 
potential radiation hazards (personnel safety), or in determining or verifying specifications 


Field intensity (field strength) is a general term that usually means the magnitude of the electric field 
vector, commonly expressed in volts per meter. At frequencies above 100 MHZ, and particularly above one 
GHz, power density (Pp) terminology is more often used than field strength. 

Power density and field intensity are related by equation [1] 


BLE LE 
a oe ae 1 
Po- 7, 120x377 ) 


, E is the RMS value of the field in volts meter and 377 ohms is the characteristic 
impedance of free space. When the units of Pp are in mW/em’, then Pp (mW/em’) = E"/3,770. 


Conversions between field strength and power density when the impedance is 377 ohms, can be 
obtained from Table I. It should be noted that to convert dBm/m* to dBuV/m add 115.76 dB. Sample 
calculations for both field intensity and power density in the far field of a transmitting antenna are in 
Section 4-2 and Section 4-8. Refer to chapter 3 on antennas for the definitions of near field and far field 


‘Note that the “/” term before m, m’, and cm’ in Table 1 mean “per,” i.e., dBm per m’, not to be 
confused with the division sign which is valid for the Table | equation P=E’/Z,.. Remember that in order to 
obtain dBm from dBm/m’ given a certain area, you must add the logarithm of the area, not multiply. The 
values in the table are rounded to the nearest dBW, dBm, etc. per m’ so the results are less precise than a 
typical handheld calculator and may be up to % dB off. 


VOLTAGE MEASUREMENTS 


Coaxial cabling typically has input impedances of 50, 75, and 93, (+2) with 50Q being the most 
common. Other types of cabling include the following: TV cable is 75Q (coaxial) or 3002 (twin-lead), audio 
public address (PA) is 6002, audio speakers are 3.2 (4), 8, o 162. 


In the 50Q case, power and voltage are related by: 
ELE sop RI 
Zo 50 

Conversions between measured power, voltage, and current where the typical impedance is 50 ohms 
can be obtained from Table 2. The dByA current values are given because frequently a current probe is used 
during laboratory tests to determine the powerline input current to the system. 


MATCHE 


CABLING IMPEDANCE 


In performing measurements, we must take into account an impedance mismatch between 
measurement devices (typically 50 ohms) and free space (377 ohms). 
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Table 1. Conversion Table - Field Intensity and Power Density. 


Pp = E'/Zs (Related by free space impedance = 377 ohms) 
E] 20lgi0() | Pp TOLog Pp = : ri ri 
(Wottsimy | — GaBuvimy —|_qwatsim’ | (aBWim') | Wattsem’ | dBWiem! | mWiens co 
7,000, 197 130,000 +51 B al 13,000 41 +8 
5,000 194 66,300 +48 66 +8 6,630 38 +78 
3.000, 190 23,900 44 24 23300 34 +78 
4.000, 186 10,600 40 La 1,060 30 +70 
1,000 180 2,650 4 27 265 24 +64 
700 7 1,300 “31 B 130 21 vol 
500 174 663 428 (066 66 18 +38 
300 170 239 424 024 24 1s +34 
200 166 106 +20 oul i 10 +50 
100 160 20 +4 oon? 27 +4 +4 
70 137 B m7 13x10 13 1 “41 
50 154 66 8 oaxt0* 66 2 +38 
30 150 24 +4 2axl0¢ 24 “ +34 
20 146 1 +0 Lixtot iL 10 +30 
10 140 27 6 27x105 46 27 “16 424 
iz 137 B ey 13x10" 49 os 9 +21 
8 134 (066 2 6x108 3 66x10 18 
3 130 024 “16 24xl0° 6 2axi0% +14 
2 126 oul 20 Tixl0$ 0 ixto* +10 
i 120 (0027 26 27x10 66 27x10" 4 
07 17 13x10 29 13x10" “69 13x10" 
0s 114 Goxt0* 32 Goxt08 2 66x10" 
03 110 24xl0¢ 36 24x10 “6 24x04 
02 106 Lixiot “40 Lixlos 80 iixto* 
o4 100 27x105 46 27x10? 86 27x10 
7Ox10 7 13x10" 9 13x10° 13x10% 
soxi0 94 6x10 “32 6axl0"" 66x10" 
3010 90 2axl0® 56 24x10" 2ax108 
oxo 86 Lixl0s “60 Lixlo ixto* 
10x10" 80 27x10 6 27x10"! 2x10" 
7x10" 7 13x10" “69 13x10" 13x10" 
sx10° 1” Gaxt08 2 6x10 66x10" 
3x10° 0 2a4xl08 “76 2axlo® 2axlo” 
2x10° 66 Lixlos 80 Lixto? iixto"? 
1x10" 60 27x10? 86 27x10" 27x10" 
7x10" 7 13x10" 39 13x10 13x10" 
sxtot sa 6x10" “92 ooxlo" 6x10 
3xto* 50 24x10" 96 2x10" 2axto® 
2x14 46 Tix’ | -100 Lixlowt Tixto 
ixio* 40 2rx0" | 106 | 27x10" 27x10" 
7108 37 1axiou | -109 13x10 13x10 
sxio$ 34 exo? | 12 | 6éxio"® oox10" 
3x108 30 2x0 “16 | 24x10" Dax" 
2x108 26 Lixto 120 Lixto" iixto" 
x10 20 27x10" 126 |_ 27x10" 27x10" 
7108 7 iaxios [129 13x10 i3x10™ 
sx10" ry eoxto" | 132 | eoxto" 66x10" 
3x10" 0 2axlo" 136 | 24x10" 24x10" 
2x108 6 Kixto | “140 Lixlos Tixto" 
x10 0 2mio' | 146 | 27x10" 27x10" 


NOTE: Numbers in table rounded off. 


FIELD STRENGTH APPROACH. 


To account for the impedance difference, the antenna factor (AF) is defined as: AF=E/V, where E is 
field intensity which can be expressed in terms taking 377 ohms into account and V is measured voltage 
which can be expressed in terms taking 50 ohms into account. Details are provided in Section 4-12. 


POWER DENSITY APPROACH 


To account for the impedance difference, the antenna’s effective capture area term, A, relates free 
space power density P, with received power, P,, ie. P,= Pp A,. A, isa function of frequency and antenna 
gain and is related to AF as shown in Section 4-12. 


SAMPLE CALCULATIONS 


Section 4-2 provides sample calculations using power density and power terms from Tables | and 2, 
whereas Section 4-12 uses these terms plus field intensity and voltage terms from Table | and Table 2. Refer 
the examples in Section 4-12 for usage of the conversions while converting free space values of power density 
to actual measurements with a spectrum analyzer attached by coaxial cable to a receiving antenna, 


Conversion Between Field Intensity (Table 1) and Power Received (Table 2). 


Power received (watts or milliwatts) can be expressed in terms of field intensity (volts/meter or 
vimeter) using equation [3] 


Power received ( P, a 3} 
480 n° f° a 
or in log form: 10 log P, = 20 log E + 10 log G - 20 log f+ 10 log (c°/480n") {41 
Then 10 log Pr = 20 log E; + 10 log G - 20 log fi + Ky 15] 
og] —o_«f comersions (Wats to mW) 
480° \ as required (volts to wy (Hz to MHz or GI 
The derivation of equation [3] follows: Values of Ky (dB) 
E¥/120n — Eq[1], Section 4-1, terms (v"/Q) r. Ei fi(Hz) | fi(MHz) | fi (GHz) 
A.=2G/4n Eq [8], Section 3-1, terms (m?) |] Wats | voltsimeter [1328 [128 ~ATZ 
(BW) | vimeter 128 =1072 ~1672 
P.=PpAe Eq [2], Section 4-3, = 7 77 
terms (W/m Xm?) mW | volisimeter | 1628 | 428 “ITZ 
|e [asim [as a7 
G/4m) terms (v"/m"Q)(m*) 


P= (E2/120m)(2° 


if Section 2-3, terms (m/sec)(sec) 


(E4807 3/f?) which is equation [3] 


terms (v/m’Q)(m*/sec*\(sec”) or v/Q.= watts 
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Table 2. Conversion Table - Volts to Watts and dByA. 


VIZ - Related by line impedance of 50 Q) 


Vas ry rN Wats aw Tn rN 
700 56.0 176.0 9800 39.9 9 129 
500 539 ins 5000 370 679 140.0 
300 495 1695 1800 325 @s 1 
200 460 160 00 290 59.0 1320 
100 200 1600 200 20 530 1260 
70 369 1569 98 199 399 1229 
50 340 iso 50 170 470 1200 
30 2s 1495 18 12s 2s iss 
20 260 1460 8 90 39 120 
10 200 140.0 2 30 330 106.0 

7 169 1369 os 0 29.9 1029 
5 Ho B40 os 30 370 1000 
3 95 295 ois a4 2's 95.6 
2 60 1260 008 190 920 
1 0 1200 002 13.0 $6.0 
07 3 116.9 9.8x 10° 99 82.9 
05 6.0 114.0 5.0x 10% 7.0 80.0 
03 10.5 109.5 18x 10° 26 15.6 
02 14.0 106.0 8.0x 10% “1.0 72.0 
ol 20.0 100.0 2.0x 10* 7.0 66.0 
231 96.9 9.8x 105 40.1 10.1 629 
260 340 50x 108 S30 60.0 
30.5 89.5 18x 10% 414 55.6 
34.0 86.0 8.0x 10° 51.0 52.0 
00 800 20x 10° 57. 460 
3.1 769 98x 107 “60.1 329 
460 740 50x 107 “63.0 400 
“sos os 18x 10 ‘4 356 
40 660 0x 108 ro 320 
“600 60.0 20x 10° 710 n 
64.1 56.9 9.8x 10° 80.1 
6.0 540 50x10? 30 
fos 495 18x 10° 74 
“a0 460 gox108 ‘S10 
-80.0 40.0 20x10" 97.0. 
$4.1 369 98x10 100.1 
60 30 50x10" “03.0 
“sos “ora 
“40 2 “ino 
-100.0 2.0x 10" -117.0 
“104.1 98x10" -120.1 
-106.0 5.0x 10° 123.0 
-H0.S 18x10" 1274 
+1140 8.0x 10" 131.0 101.0 
“1300 20x10" 1370 Sora 
124.1 98x 10" 140.1 110.1 
-126.0 5.0x 10" 143.0 113.0 
130.5 18x 10" 1474 “74 
“40 £0x 10 11510 “ano 
“140.0 20x10" “i570 “270 


POWER DENSITY 


Radio Frequency (RF) propagation is defined as the travel of electromagnetic waves through or along 
amedium, For RF propagation between approximately 100 MHz and 10 GHz, radio waves travel very much 
as they do in free space and travel in a direct line of sight. There is a very slight difference in the dielectric 
constants of space and air. The dielectric constant of space is one. The dielectric constant of air at sea level is 
1.000536. In all but the highest precision calculations, the slight difference is neglected. 


From chapter 3, Antennas, an isotropic radiator isa theoretical, lossless, omnidirectional (spherical) 
antenna. That is, it radiates uniformly in all directions. The power of a transmitter that is radiated from an 
isotropic antenna will have a uniform power density (power per unit area) in all directions. The power densit 
at any distance from an isotropic antenna is simply the transmitter power divided by the surface area of a 
sphere (4aR”) at that distance. The surface area of the sphere increases by the square of the radius, therefore 
the power density, Pp, (watts/square meter) decreases by the square of the radius. 


Power density from P where : p,= Transmitter Power 
42R 


ul 


an isotropic antenna R= Range From Antenna (i.e, radius of sphere) 

P, is either peak or average power depending on how Pp is to be specified 

Radars use directional antennas to channel most of the radiated power in a particular direction. The 
Gain (G) of an antenna is the ratio of power radiated in the desired direction as compared to the power 
radiated from an isotropic antenna, or: 


Maximum radiation intensity of actual antenna 


Radiation intensity of isotropic antenna with same power input 


‘The power density at a distant point from a radar with an antenna gain of G, is the power density from 
an isotropic antenna multiplied by the radar antenna gain. 


P, 


Power density from radar, Py 2 
42R 

P, is either peak or average power depending on how Py is to be specified. 

Another commonly used term is effective isotropic radiated power (EIRP), where EIRP = P, G, 


ERP is also used but EIRP is preferred because it specifically defines the type of reference antenna as 
isotropic. 


A receiving antenna captures a portion of this power determined by its effective capture Area (A.). 
The received power available at the antenna terminals is the power density times the effective capture area 
(A.) of the receiving antenna. 


, If the power density at a specified range is one microwatt per square meter and the antenna’s 
effective capture area is one square meter then the power captured by the antenna is one microwatt, 


For a given receiver antenna size the capture area is constant no matter how far it is from the 
transmitter, as illustrated in Figure 1. Also notice from Figure 1 that the received signal power decreases by 
1/4 (6 dB) as the distance doubles. This is due to the R? term in the denominator of equation [2] 
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Figure 1, Power Density vs. Range. 
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Sample Power Density Calcul: 
(Refer to Section 3-5 for the defi 


Calculate the power density at 100 feet for 100 watts transmitted through an antenna with a gain of 
10. 


Given: P,=100 watts G,=10 (dimensionless ratio) R= 100 ft 


This equation produces power density in watts per square range unit. 


y= PGi = 100 wats) 1) «9 9980 watis/ fi? 
xp 4x(100 ft) ? 


usually expressed in milliwatts 


For safety (radiation hazard) and EMI calculations, power density 
per square cm. That's nothing more than converting the power and range to the proper units. 


100 watts = 1 x 10° watts = 1 x 10° mW 
100 feet = 30.4785 meters = 3047.85 em. 


0.0086 mW/ em? 


PG, __(10' mW)0(10) 
4a RR’ 4a (3047.85cm } 


Po 


However, antenna gain is almost always given in dB, not as a ratio, It’s then often easier to express 


EIRP in dBm. 


P,(aBm)=10 Log mat 


10 Log [| = 50 dBm 


G,(dB)= 10 Log [4] =10 Log (10)=10dB 


EIRP (dBm) =P, (dBm) + G, (dB) = 50 + 10= 60 dBm 


our earlier calculations). 


RANGE, Feet 


To reduce calculations, the graph in Figure 2 can be used. It gives EIRP in dBm, range in feet and 
power density in mW/em*, Follow the scale A line for an EIRP of 60 dBm to the point where it intersects the 
100 foot range scale. Read the power density directly from the A-scale x-axis as 0.0086 mW/cm* (confirming 
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Example 2 


for antenna gain, 


When antenna gain and power (or EIRP) are given in dB and dBm, it is necessary to convert back to 
ratios in order to perform the calculation given in equation [2]. Use the same values as in example | except 


Suppose the antenna gain is given as 15 dB: G, (4B) = 10 Log (G) 


Therefore: G,= {10 )=[10]{) = 31.6228 


P:G, _ (10° mW) (31.6228) 


= 0.0271 mW/ em? 
4a 4 (3047.85 J 


Po= 


Follow the 65 dBm (extrapolated) EIRP line and verify this result on the A-scale X-axis. 


Example 3 - Sample Real Life Problem 


Assume we are trying to 
determine if a jammer will damage 
the circuitry of a missile carried 
onboard an aircraft and we cannot 
perform an actual measurement. 
Refer to the diagram at the right. 


Given the following: 


Jammer power: 500 W (P, = 500) 


Jammer line loss and antenna gain: 
3 dB (G,=2) 


Missile antenna diameter: 10 in 
Missile antenna gain: Unknown 


Missile limiter protection (maximum antenna power input): 20 dBm (100mW) average and peak. 


The power density at the missile antenna caused by the jammer is computed as follows: 


_ PG 
4 R 


7 SOOW (2) 
42[(10fi)(.3048m/f)] 


8.56W/ m? 


Po 


‘The maximum input power actually received by the missile is either 


Pp=PpAc (if effective antenna area is known) or 
P, = Pp Gah /4n (if missile antenna gain is known) 


To cover the case where the missile antenna gain is not known, first assume an aperture efficiency of 0.7 for 
the missile antenna (typical). Then: 


P,= Py An) =8.56 Wim? (n)[ (10/2 in)(.0254 min) ]* (0.7) = 0.3 watts 


Depending upon missile antenna efficiency, we can see that the power received will be about 3 times 
the maximum allowable and that either better limiter circuitry may be required in the missile or a new location 
is needed for the missile or jammer. Of course if the antenna efficiency is 0.23 or less, then the power will 
not damage the missile’s receiver. 


If the missile gain were known to be 25 dB, then a more accurate calculation could be performed. 
Using the given gain of the missile (25 dB= numeric gain of 316), and assuming operation at 10 GHz 
(= 03m) 


P, = Pp Gu A? / 4x = 8.56 Wim’ (316)(.03)°/ 4x = .19 watts (still double the allowable tolerance) 
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ONE-WAY RADAR EQUATION / RF PROPAGATION 


‘The one-way (transmitter to receiver) radar equation is derived in this section. This equation is most 
commonly used in RWR, communications, or ESM type of applications. The following is a summary of the 
important equations explored in this section: 


‘AY RADAR EQUAT! 


Peak Power at 


PGA 
1 P,(0r S)= Py Ae= and Antenna Gain, G= 
Receiver Input, ten 
or: Equivalent Area, 4,=22 
7 


Values of K; (in dB) 


So the one-way radar equation is ‘ 
Range fj in MHz  inGHz 


= PG. ss ‘ units) kK 

Sor P.J= LEE = PG. Ge (Note Ki 
ay, af RF NM 97.8 
* keep 2, c, and R in the same units km 92.45 
m 32.45 
On reducing to log form this becomes: yd 31.67 
10log P, = 10log P, + 10log G, + 10log G, - 20log RK + 20log (c/4z2) fit 22.13 


or in simplified terms: 
10log P, = 10log P, + 10log G,+ 10log G,- ay (in dB) Sates asses dosiie saleae! 
polarization and atmospheric 
absorption (Sections 3-2 & 


Where: «1 = one-way free space loss = 20log (fiR) * K; (in dB) and: 


Ky = 20log {(4n/e)(Conversion factors if units ifnot in m/sec, m, and Hz)]_— | §.1) are mot included in any of 
Note: To avoid having to include additional terms for these these equations 
calculations, always combine any transmission line loss with antenna 

gain 


Recall from Section 4-2 that the power 
density at a distant point froma radar with an antenna 
gain of G, is the power density from an isotropic 
antenna multiplied by the radar antenna gain, 


Power density 


If you could cover the entire spherical 


segment with your receiving antenna you would Range! am Renge2 
theoretically capture all of the transmitted energy. | | Pu!S53! PREMARIN FeceMesSival mm | 
You can’t do this because no antenna is large enough. 

(A two degree segment would be about a mile and Figure 1. Power Density vs. Range 


three-quarters across at fifty miles from the 
transmitter.) 
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A receiving antenna captures a portion of this power determined by its effective capture Area (A.). 
The received power available at the antenna terminals is the power density times the effective capture area 
(A.) of the receiving antenna. 


For a given receiver antenna size the capture area is constant no matter how far it is from the 
transmitter, as illustrated in Figure 1. This concept is shown in the following equation: 
Peak Power at Receiver input, 


PG 
4aR 


Px (or'S) = Pods which is known as the one-way (beacon) equation [2] 


In order to maximize energy transfer between an antenna and transmitter or receiver, the antenna size 
should correlate with frequency. For reasonable antenna efficiency, the size of an antenna will be greater than 
‘4/4. Control of beamwidth shape may become a problem when the size of the active element exceeds several 
wavelengths. 


The relation between an antenna’s 
effective capture area (A,) or effective aperture 
and its Gain (G) is: 


Antenna Gain, G= 47 Ae BI 
z 

or: Equivalent Area, A,-24- 44) 
an 


Tow Frqrevoy waver Frequeioy 
aniaaes SS vtiaaes 


Recewea Sia! FS] Reoeuedsinal MM, | 


Since the effective aperture is in units 
of length squared, from equation [3], it is seen 
that gain is proportional to the effective 
aperture normalized by the wavelength. This 


Figure 2, Capture Area vs. Frequency, 


physically means that to maintain the same 
gain when doubling the frequency, the area is reduced by 1/4. This concept is illustrated in Figure 2 


If equation [4] is substituted into equation [2], the following relationship results: 


Peak Power at Receiver Input =S (or Px) 15] 


This is the signal calculated one-way from a transmitter 
to a receiver. For instance, a radar application might be to 
determine the signal received by a RWR, ESM, or an ELINT 
receiver. It is a general purpose equation and could be applied 
to almost any line-of-sight transmitter to receiver situation ifthe 
RF is higher than 100 MHZ. 


Sciecteasesty6 aR 
vwhen the datance doubles 


Sinvrease by 6 0B 
when the ditance is half 


ONE WAY SIGNAL STRENGTH (8) 


2R 
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. Values of Ky (dB) 
The free space travel of radio waves can, of course, be blocked] Range fin MHz. f, in GHz 
reflected, or distorted by objects in their path such as buildings, flocks off (units 


birds, chaff, and the earth itself, NM 
km 

As illustrated in Figure 1, as the distance is doubled the received) jy 

jignal power decreases by 1/4 (6 dB). This is due to the R? term in yd 
‘equation [5]. tt 


To illustrate this, blow up a round balloon and draw a square on the 
ide of it. If you release air so that the diameter or radius is decreased by 
1/2, the square shrinks to 1/4 the size. If you 
further blow up the balloon, so the diameter or 
radius is doubled, the square has quadrupled in 
area. 


PHYSICAL CONCEPT -Onewuny Space Lace 


The one-way free space loss factor («)), 
(sometimes called the path loss factor) is given by 
the term (4aR”)(4/2) or (4a /4). As shown in EQUIVALENT CIRCUIT - One-way Space Loss 
Figure 3, the loss is due to the ratio of two factors | sures woes 
(1) the effective radiated area of the transmit ~~ 
antenna, which is the surface area of a sphere MA 
(4mR) at that distance (R), and (2) the effective 
capture area (A,) of the receive antenna which has | EAUWALENT CIRCUTT One-Way Space Losowith Actual Antennae 
a gain of one. If a receiving antenna could | tem 
capture the whole surface area of the sphere, there oy 
would be no spreading loss, but a practical mn 
antenna will capture only a small part of the ae ee 
spherical radiation. Space loss is calculated using = 
isotropic antennas for both transmit and receive, 
so ay is independent of the actual antenna, Using 
Gr= 1 in equation [11] in Section 3-1, A. =2°/4z. 

Since this terms in the denominator of a,, the higher the frequency (lower A) the more the space loss. Since 
Gand G, are part of the one-way radar equation, S (or P,) is adjusted according to actual antennas as shown in 
the last portion of Figure 3. The value of the received signal (S) is: 


“eee as 


Figure 3. Concept of One-Way Space Loss. 


[6] 
a FR 
To convert this equation to dB form, it is rewritten as: 
# 
10 Log (S or P.) =10 Log(PiGxGr) + 20 Lo} 7 
1g (Sor Pr) 8 (I aa 1| 71 
Since A= c / f, equation [7] can be rewritten as: 

10 Log (S or P,) = 10 Log(P,G,G,) - a 18] 
Where the one-way free space loss, 0, is defined as: a, 19] 
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‘The signal received equation in dB form is: 10log (P, or S) = 10log P, + 10log G,+ 10logG,-a; [10] 


The one-way free space loss, ca, can be given in terms of a variable and constant term as follows: 


daf R 


a= 200 | =20L08 8 +K, (in dB) (11] 


The value of f; can be either in MHz or GHz as shown with commonly used units of R in the 


adjoining table. 


where K,=20 Log |= (Conversion units if not in m/sec, m,and 1)| 


Note: To avoid having to include additional terms for these calculations, always combine any 
transmission line loss with antenna gain, 


A value for the one-way free space loss («i:) can be obtained from: 


(a) The One-way Free Space Loss graph (Figure 4). Added accuracy can be obtained using the 
Frequency Extrapolation graph (Figure 5) 


(b) The space loss nomograph (Figure 6 or 7) 


(c) The formula for cr,, equation [11] 


FOR EXAMPLI 


Find the value of the one-way free space loss, ot, for an RF of 7.5 GHz at 100 NM. 

(a) From Figure 4, find 100 NM on the X-axis and estimate where 7.5 GHz is located between 
the 1 and 10 GHz lines (note dot). Read a1: as 155 dB. An alternate way would be to read the 
a, at | GHz (138 dB) and add the frequency extrapolation value (17.5 dB for 7.5:1, dot on 
Figure 5) to obtain the same 155 dB value. 

(b) From the nomogram (Figure 6), the value of 1; can be read as 155 dB (Note the dashed line), 

(©) From the equation 11, the precise value of a is 155.3 dB. 

Remember, ct; is a free space value. If there is atmospheric attenuation because of absorption of RF 


due to certain molecules in the atmosphere or weather conditions etc., the atmospheric attenuation is in 
addition to the space loss (refer to Section 5-1). 
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Figure 4, One-Way Free Space Loss. 
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DELTA SPACE LOSS 
[add to value from F = 410" chart] 


FOR USE WITH ONE. 


WAY FREE SPACE LOSS GRAPH 


DELTAFREQUENCY (f } [ where: F-(f )x10 1" 


Figure 5. Frequency Extrapolation 
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FREQUENCY (Gigahertz} 
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ear vente uly the Per 8 aeale 
oe tosteated proceaure carve spied 
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Figure 6. One-Way Space Loss Nomograph for Distances Greater Than 10 Nautical Miles. 
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Figure 7. One-Way Space Loss Nomograph for Distances Less Than 10 Nautical Miles. 
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Figure 8 is the visualization of the losses occurring in one-way radar equation. Note: To avoid 
having to include additional terms, always combine any transmission line loss with antenna gain, Losses due 
to antenna polarization and atmospheric absorption also need to be included. 


NOTE: Drawing not to scale 


Note: In the exam pla on page 4.3.18, 
the receiver artenna gain snegative 
vs postive. 


Space Loss 
! Apotoaching Receiver 
‘ Itpower is actually measured in this reson, 


ke IS stated nether power densty (mem) — ot 
‘or fala intensity (Vin) 


Trenamitter Power 
Rewr Antenna Gain 


SIGNAL STRENGTH in dBm 


RWR JESM 


Ge | Recover 


{DloyP, + TO1OGG, ve +iongG, = 10luP, 
SIGNAL POSITION IN SPACE 


Figure 8, Visualization of One-Way Radar Equation. 


RWR/ESM RANGE EQUATION (One-Way) 


‘The one-way radar (signal strength) equation [5] is rearranged to calculate the maximum range Rnax 
of RWR/ESM receivers, It occurs when the received radar signal just equals Sai, as follows: 


i P.GiGre A. |? 
or | EGG op 
ARY Sein 4 Y Sexia AT Sin 112] 
In log form: 
2Olog Ras = 1Olog P,+ 10log Gy - 10log Sain 2010g f+ 20log(e/4x) [13] 


and since K, = 20log{4n/c times conversion units if not in m/sec, m, and Hz} 
(Refer to Section 4-3 for values of K;) 


1log Raa = ¥4{ 10log P;+ 10log G,- 10log Sais - 20log f- Ki] (keep P; and Sia in same units) [14] 


0 


If you want to convert back from dB, then Rua , Where M dB is the resulting number in the 


brackets of equation 14. 


From Section 5-2, Receiver Sensitivity / Noise, Sqinis related to the noise factor 8: 


S/N) xin (NF)KTB 115] 
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‘The one-way RWR/ESM range equation becomes 


P.GGA ae P.GiGre 
(At F (SIN )ucy(NF)KTB [Gat F (SIN )agg(NFDKT.B 


es PGi Ac [16] 
FA (SIN ogy NFVKT.B 


RWR/ESM RANGE INCREASE AS A RESULT OF A SENSITIVITY INCREASE 


As shown in equation [12] Smin! ¢ Rmax?. Therefore, -10 log Smin 2% 20 logRmax and the following 
table result: 


% Range Increase: Range + (% Range Increase) x Range = New Range 

i.e., fora 6 dB sensitivity increase, 500 miles +100% x 500 miles = 1,000 miles 
Range Multiplier: Range x Range Multiplier = New Range 

i.e., for a 6 dB sensitivity increase 500 miles x 2 = 1,000 miles 


dB Sensitivity % Range Range dB Sensitivity % Range Range 
Increase Increase Multiplier Increase Increase Multiplier 

+05 6 1.06 10 216 3.16 
10 12 112 MW 255 3.55 
15 19 119 12 298 3.98 

2 26 1.26 13 347 447 

3 4 141 14 401 5.01 

4 58 158 15 462 5.62 

5 8 178 16 531 631 

6 100 20 17 608 7.08 

7 124 2.24 18 694 7.94 
151 251 19 71 8.91 

182 2.82 20 900 10.0 


RWR/ESM RANGE DECREASE AS A RESULT OF A SENSITIVITY DECREASE 


As shown in equation [12] Simin! ¢ Rma’. Therefore, -10 log Smin 2% 20 logRmux and the following 


table results: 


% Range Decrease: Range - (% Range decrease) x Range = New Range 

i.e., fora 6 dB sensitivity decrease, 500 miles - 50% x 500 miles = 250 miles 
Range Multiplier: Range x Range Multiplier = New Range 

i.e., for a 6 dB sensitivity decrease 500 miles x .5 = 250 miles 
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dB Sensitivity % Range Range dB Sensitivity % Range Range 
Decrease Decrease Multiplier Decrease Decrease Multiplier 

-05 6 0.94 -10 68 0.32 
-10 i 0.89, <ul 7 0.28 
-15 16 0.84 -12 75 0.25 
-2 21 0.79 -13 B 0.22 
3 29 0.71 -14 80 0.20 
-4 37 0.63 -15 82 0.18 
-5 44 0.56 -16 84 0.16 
-6 50 0.50 -17 86 0.14 
-7 56 0.44 -18 87 0.13 
-8 60 04 -19 89 O41 
-9 65 0.35 =20 90 0.10 


Example of One-Way Signal Strength: A 5 (or 7) GHz radar has a 70 dBm signal fed through a 5 dB loss 
transmission line to an antenna that has 45 dB gain. An aircraft that is flying 31 km from the radar has an aft 
EW antenna with -1 dB gain and a 5 dB line loss to the EW receiver (assume all antenna polarizations are the 
same). 


Note: The respective transmission line losses will be combined with antenna gains, ie 
-5 +45 = 40 dB, -5 -1 = -6 dB, -10+ 5 =-5 dB. 
(1) What is the power level at the input of the EW receiver? 


Answer (1): P, at the input to the EW receiver = Transmitter power - xmt cable loss + xmt 
antenna gain - space loss + revr antenna gain - revr cable loss 


Space loss (from Section 4-3) @ 5 GHz = 20 log fR + Ky = 20 log (5x31) + 92.44 = 136.25 dB. 
Therefore: 


P, = 70+ 40 - 136.25 - 6 = -32.25 dBm @ 5 GHz (P, = -35.17 dBm @ 7 GHz since ct; = 139.17 dB) 
(2) If the received signal is fed to a jammer with a gain of 60 dB, feeding a 10 dB loss 


transmission line which is connected to an antenna with 5 dB gain, what is the power level from the 
jammer at the input to the receiver of the 5 (or 7) GHz radar? 


Answer (2): P; at the input to the radar receiver = Power at the input to the EW receiver 
Jammer gain - jammer cable loss + jammer antenna gain - space loss + radar revr antenna gain - radar revr 


32.25 + 60-5 


79.34 dBm @ 7 GHz 


This problem continues in Sections 4-4, 4-7, and 4-10. 
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TWO-WAY RADAR EQUATION (MONOSTATIC) 


In his section the radar equation is derived fror 


is then extended to the two-way radar equation. The following 


derived here: 


m the one-way equation (transmitter to receiver) which 
asummary of the important equations to be 


TWO-WAY RADAR EQ! 


UATION (MONOSTATIC) 


Peak power at the 
radar receiver input is: 


PGi GAO 
Gn) R 


On reducing the above equation to log form we have: 
10log P, = 10log P, + 10log G, + 10log G, + 10log « - 20log f= 
or in simplified terms: 10log P, = 10log P, + 10log G, 
Note: Losses due to antenna polarization and atmospheric abs¢ 
equations 


ce i Note: A= cif and a= RCS 
GaF FR | — *keepAorc,c,and Rinthe sameunits 


AOlog R - 30log 4x + 201 


1Olog G,+G,-2a, (in dB) 


orption (Seetions 3-2 and 5-1) are not included in these 


Target gain factor, Ge= 10log 6 + 20log f+ Ks_(in dB) One-way free space loss, a1 = 20log (fi R)+Ki_(in dB) 
K, Values K, Values Range fyinMHz—_f inGHz 
(4B) RCS(@)—fiinMHz fy inGHlz (aB) units) Ki Ki 
units) K, NM 378 978 
mr 3834 Km 3245, 924s 
we 48.86 m 7.55 2.45 
yd 28.33, 31.67 
f 237.87 22.13 
Figure 1 illustrates the 


physical concept and equivalent 
circuit for a target being illuminated 
by a monostatic radar (transmitter 
and receiver co-located). Note the 
similarity of Figure | to Figure 3 in 
ection 4-3. Transmitted power, 
transmitting and receiving antenna 
gains, and the one-way free space 
loss are the same as those described 
in Section 4-3. The physical 
arrangement of the elements is 
different, of course, but otherwise 
the only difference is the addition of 
the equivalent gain of the target 
RCS factor. 


TRONSMITTER, 


RECEIVER 


Figure 1. T! 


TRANSMITTER TO TARGET 


01, ONEWAY SPACE LOSS, GAIN OF ROS 


TARGET TO RECEIVER 
014, QNEWAY SPAGE LOSS. 


he Two-Way Monostatic Radar Equation Visualized. 


From Section 4-3, One-Way Radar Equation / RF Propagation, the power in the receiver is: 


Received Signal _ p,G,G, A" 
at Target (Gar J 


ul 


From equation [3] in Section 4-3: Antenna Gain ,G 21 


Similar to a receiving antenna, a radar target also intercepts a portion of the power, but reflects 
(reradiates) it in the direction of the radar. The amount of power reflected toward the radar is determined by 
the Radar Cross Section (RCS) of the target. RCS is a characteristic of the target that represents its size as 
seen by the radar and has the dimensions of area (a) as shown in Section 4-11. RCS area is not the same as 
physical area. But, for a radar target, the power reflected in the radar’s direction is equivalent to re-radiation 
of the power captured by an antenna of area o (the RCS). Therefore, the effective capture area (A.) of the 
receiving antenna is replaced by the RCS (0). 


Reflected Signal __p,G, 72 420 


13] so we now have: 
fromtarget (4a FE 


(4) 


The equation for the power reflected in the radar’s direction is the same as equation [1] except that P, 
G,, which was the original transmitted power, is replaced with the reflected signal power from the target, from 
‘equation [4]. This gives: 


Reflected Signal Received Back 


at Input to Radar Receiver 


15] 


Iflike terms are cancelled, the two-way radar 
‘TWO WAY SIGNAL STRENGTH (9) equation results, The peak power at the radar 
4 S decreases by 12 dB + receiver input is: 
ae 
BAB wtentte donne duties . 
wee P.GG2O 
(ise 5) S increases by 12 dB R AST G mreF 
T when the distence is halt 4 (42)R ity’ f° R 
8 osR 
* Note: A=c/fand 6 = RCS. Keep) or ¢,o, and R in 


the same units. 
On reducing equation [6] to log form we have: 


10log P, = 10log P, + 10log G, + 10log G, + 10log o - 20log f- 40log R - 30log 4x + 20log c fal 
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[6] 


4 | 18 


sng a] toa] sana] 


‘The fourth and sixth terms can each be recognized as ~a, where ais the one-way free space loss factor 
defined in Section 4-3. The fifth term containing RCS (6) is the only new factor, and it is the “Target G: 
Factor.” 


In log form: 


I0log{S (or P,)] = 10 og P,+ 10 log G, + 10 log, 


In simplified terms the equation becomes: 
10log [S (or P,)] = 10log P, + 10log G, + 10log G,+G,-20, (in dB) [10 


Where a; and G, are as follows: 


From Section 4-3, equation [111], the space loss in dB is given by: 


a=20 toe| 4| =20log f,R+K, where K,=20log [+(comerson units if not in msec, m,and v3) 

* Keep c and R in the same units. The 
table of values for K; is again presented here for |] One-way tree space toss, a = 20log (FR) + Ky (in 
completeness. The constant, Kj, in the table |] ga) 
includes a range and frequency unit conversion 
factor Values Range yin Miz fin GHz 

(ee) (ont) Kee 

While it’s understood that RCS is the wi car 
antenna aperture area equivalent to an 
isotropically radiated target retum signal, the Kin: 2289) 
target gain factor represents a gain, as shown in m 32.45 
the equivalent circuit of Figure 1. The Target yd 3167 
Gain Factor expressed in dB is G, as shown in ft 22.13 
‘equation [12]. 

= 10g 2 | logo +20log f,+K» (indB) 112) 
c 


Frequency and RCS (Hz to MHz or GI 
ioe koto] ( rrequency an (Hz to MI ae 


cc \conversions as required — (meters to feet 
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The “Target Gain Factor” (G,) is a composite of RCS, frequency, and dimension conversion factors 
and is called by various names: “Gain of RCS”, “Equivalent Gain of RCS”, “Gain of Target Cross Section”, 
and in dB form “Gain-sub- 


the formula for Ga is: 


= 10log.o + 20log f, +10 log (5) om [13] 
3x10 
or G.= 10log o + 20l0g f- 38.54 (in dB) 14] 
Target gain factor, Gz = 1Olog « + 20109 f, + K; (in 
8) 
K, Values 
(88) RCS (o) fin Miz fin GHz 
(unis) ~Ke= Ky 
m —-3854 21.46 
ft 488600114 


For this example, the constant K, is -38.54 dB. K, values for various area and frequency and 
frequency units are summarized in the adjoining table. 


In the two-way radar equation, the one-way free space loss factor (1) is used twice, once for the 
radar transmitter to target path and once for the target to radar receiver path. The radar illustrated in Figure | 
is monostatic so the two path losses are the same and the values of the two «1s are the same. 


If the transmission loss 
equation [10] can be written as: 


Figure 1 from P, to G, equals the loss from G, to P,, and G, = G,, then 


10log [S o P,] = 10log P, + 20log Gy- 2a, +Gy (in dB) 15] 


The space loss factor (ct) and the target gain factor (G,) include all the necessary unit conversions so 
that they can be used directly with the most common units. Because the factors are given in dB form, they are 
more convenient to use and allow calculation without a calculator when the factors are read from a chart or 
nomograph. 

Most radars are monostatic. That is, the radar transmitting and receiving antennas are literally the 
same antenna. There are some radars that are considered “monostatic” but have separate transmitting and 
receiving antennas that are co-located. In that case, equation [10] could require two different antenna gain 
factors as originally derived: 


10log [S or P,] = 10log P, + 10log G, + 10log G,-20,+G, (in dB) [6] 
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Note: To avoid having to include additional terms for these calculations, always combine any transmission 
line loss with antenna gain. 


Figure 2 is the visualization of the path losses occurring with the two-way radar equation, Note: to 
avoid having to include additional terms, always combine any transmission line loss with antenna gain 
Losses due to antenna polarization and atmospheric absorption also need to be included. 


* power is actually measured in region A or, itis stated 
in either power density (miW/ere} or field intensity (Vim) Note: Not to scale 
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Figure 2. Visualization of Two-Way Radar Equation, 


RADAR RANGE EQUATION (Two-Way Equation) 


The Radar Equation is often called the “Radar Range Equation.” The Radar Range Equation is 
simply the Radar Equation rewritten to solve for maximum Range, The maximum radar range (Ross) is the 
distance beyond which the target can no longer be detected and correctly processed. It occurs when the 
received echo signal just equals Sip. 


‘The Radar Range Equation is then: 


Rm =| PEGE) 4, [PGGeal | ,,[ PG Ae “7 
42 F Sain A) f? Sain (42 F Sin 


The first equation, of the three above, is given in Log form by: 
40log Rae = 1Olog Py + 10log G, + 1Olog G, + 10log a - 10log Spin - 20log f- 30log 4x + 20loge [18] 


As shown previously, Since K; = 20log [(4z/c) times conversion units if not in m/sec, m, and Hz], we have: 
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10log Ranux = % [10log P, + 10log G, + 10log G, + 10log 6 - 10log Smin - 20log f, - K,- 10.99dB] [19] 


If you want to convert back from dB, then ‘One-way free space loss, a, = 20log (f,R) + K, (in 
a) 
aa 
Rox = 10 K, Values Range fin MHz f, in GHz. 
(dB) (units) Ke Ky: 


Where M dB is the resulting number within the 


brackets of equation 19, Nw 37.8 97.8 
Km 3245 92.45 
m 2755 32.45 
From Section 5-2, Receiver Sensitivity / Noise, ot gas. ey 
Shin is related to the noise factors by: 
t “3787 22.13 


Soin = (S/N aig (NFAT 0 B [20] 


‘The Radar Range Equation for a tracking radar (target continuously in the antenna beam) becomes: 


Rows | PGGRE la PGGET ieee PGA Fay 
(4) (SIN )agg(NF)RT 0B (4a FF (SIN )pay(NFIRTB 42 F (SIN aig NFAT B 


P, in equations [17], [19], and [21] is the peak power of a CW or pulse signal. For pulse signals these 
‘equations assume the radar pulse is square. If not, there is less power since P, is actually the average power 
within the pulse width of the radar signal. Equations [17] and [19] relate the maximum detection range to 
Shi, the minimum signal which can be detected and processed (the receiver sensitivity). The bandwidth (B) 

n equations [20] and [21] is directly related to Sy. B is approximately equal to 1/PW. Thus a wider pulse 
width means a narrower receiver bandwidth which lowers Sais, assuming no integration. 


One cannot arbitrarily change the receiver bandwidth, since it has to match the transmitted signal 
The “widest pulse width” occurs when the signal approaches a CW signal (see Section 2-11). A CW signal 
requires a very narrow bandwidth (approximately 100 Hz). Therefore, receiver noise is very low and good 
sensitivity results (see Section 5-2). If the radar pulse is narrow, the receiver filter bandwidth must be 
increased for a match (see Section 5-2), ie. a 1 us pulse requires a bandwidth of approximately 1 MHz. This 
increases receiver noise and decreases sensitivity. 


If the radar transmitter can increase its PRF (decreasing PRI) and its receiver performs integration 
over time, an increase in PRF can permit the receiver to “pull” coherent signals out of the noise thus reducing 
S/Nuia thereby increasing the detection range. Note that a PRF increase may limit the maximum range due to 
the creation of overlapping return echoes (see Section 2-10). 


There are also other factors that limit the maximum practical detection range. With a scanning radar, 
there is loss if the receiver integration time exceeds the radar’s time on target. Many radars would be range 
limited by line-of-sight/radar horizon (see Section 2-9) well before a typical target faded below Sin. Range 
can also be reduced by losses due to antenna polarization and atmospheric absorption (see Sections 3-2 
and 5-1). 
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‘Two-Way Radar Equation (Example) 


Assume that a 5 GHz radar has a 70 dBm (10 kilowatt) signal fed through a 5 dB loss transmission 
line to a transmit/receive antenna that has 45 dB gain. An aircraft that is flying 31 km from the radar has an 
RCS of 9 m°, What is the signal level at the input to the radar receiver? (There is an additional loss due to 
any antenna polarization mismatch but that loss will not be addressed in this problem). This problem 
continues in Sections 4-3, 4-7, and 4-10. 


Answer: 
Starting with: 10logS=  10log P; + 10log G, + 10log G, + Gq ~ 2ct: (in dB) 


We know that: a: = 20log fR + Ky = 20log (5x31) + 92.44 = 136.25 dB 

and that: G, = 10log o + 20log fi + Ky = 10log 9 + 200g 5 + 21.46 = 44.98 dB (see Table 1) 
(Note: The aircraft transmission line losses (-5 dB) will be combined with the antenna gain 

(45 dB) for both receive and transmit paths of the radar) 


So, substituting in we have: 10log $ = 70 + 40 + 40 + 44.98 - 2(136.25) = -77.52 dBm @ 5 GHz 


‘The answer changes to -80.44 dBm if the tracking radar operates at 7 GHz provided the antenna gains 
and the aircraft RCS are the same at both frequencies 


0: = 20log (7x31) + 92.44 = 139.17 dB, G= 10log 9 + 20log 7 + 21.46 = 47.9dB (see Table 1) 


IOlog S = 70 + 40 + 40 + 47.9 - 2(139.17) = -80.44 dBm @ 7 GHz 


Table 1. Values of the Target Gain Factor (G,) in dB for Various Values of Frequency and RCS. 


Frequency RCS - Square meters 
(GHz) 0.05 3 9 10 100 1,000 10,000 
0.5 GHz 244 [ 22.42 [ 24.98 25.44 35.44 45.44 355.44 
1 GHz 8.46 [28.46 31.0 3146 4146 31.46 61.46 
5GHz 22.44 | 42.44 [4498 45.44 35.44 65.44 75.44 
7GHz 25.36 | 45.36 47.9 48.36 38.36 68.36 78.36 
10 GHz 28.46 | 48.46 51.0 31.46 61.46 71.46 81.46 
20 GHz 3448 [54.48 [57.02 37.48 67.48 7148 87.48 
40 GHz 40.50 | 60.48 | 63.04 65 BS 835 935 


Note: Shaded values were used in the examples. 


TWO-WAY RADAR RANGE INCREASE AS A RESULT OF A SENSITIVITY INCREASE 


As shown in equation [17] Sma! Rms’. Therefore, -10 log Smin OC 40 logRmax and the table 
below results: 


% Range Increase: Range + (% Range Increase) x Range = New Range 
i.e., fora 12 dB sensitivity increase, 500 miles +100% x 500 miles = 1,000 miles 
Range Multiplier: Range x Range Multiplier = New Range 
ie., fora 12 dB sensitivity increase 500 miles x 2 = 1,000 miles 
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Table 2. Effects of Si 


itivity Increase. 


dB Sensitivity % Range Range dB Sensitivity ‘% Range Range 
Increase Increase Multiplier Increase Increase Multiplier 
+05 3 1.03 10 78 1.78 
10 6 1.06 1 88 1.88 
15 9 1.09 12 100 2.00 
2 12 112 13 M1 241 
3 19 119 14 124 2.24 
4 26 1.26 15 137 237 
5 33 1.33 16 151 251 
6 4 141 7 166 2.66 
7 50 1.50 18 182 2.82 
8 538 1.58 19 198 2.98 
9 68 1.68 20 216 3.16 


TWO-WAY RADAR RANGE DECREASE AS A RESULT OF A SENSITIVITY DECREASE 
As shown in equation [17] Swis! OC Reus’ Therefore, -10 log Smis © 40 logRna: and the table 
below results: 


% Range Decrease: Range - (% Range Decrease) x Range = New Range 
i.e., for a 12 dB sensitivity decrease, 500 miles - 50% x 500 mile: 


Range Multiplier: Range x Range Multiplier = New Range 
ie., for a 12 dB sensitivity decrease 500 miles x 0.5 = 250 miles 


Table 3. Effects of Sensitivity Decrease. 


dB Sensitivity % Range Range ‘dB Sensitivity % Range Range 

Decrease Decrease Multiplier Decrease Decrease Multiplier 
-0.5 3 0.97 “10 44 0.56 
-1.0 6 0.94 “1 47 0.53 
“15 8 0.92 -12 50 0.50 
-2 iW 0.89 -13 33 047 
3 16 0.84 -14 55 0.45 
-4 21 0.79 -15 58 0.42 
-5 25 0.75 - 16 60 0.40 
-6 29 071 -17 62 0.38 
-7 33 0.67 -18 65 0.35 
-8 37 0.63 -19 or 0.33 
-9 40 0.60 -20 68 0.32 
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ALTERNATE TWO-WAY RADAR EQUATION 


In this section the same radar equation factors are grouped differently to create different constants 
as is used by some authors. 


‘TWO-WAY RADAR EQUATION (MONOSTATIC) 


Peak power at the P.GiG,A20 _ P:GsGrrignal? 
radar receiver pala bt al hac tay 


input is GnTR Ax fo R 


(Note 


Find ais RCS ) fy 


* Keep A or ¢, «, and R in the same units. On reducing the above equation to log form we have: 
or: 10log P, = 10log P, + 10log G, + 10log G,- a2 (in dB) 


Where: a; =20log f:R’ - 10log 6 + Ks, and K. 


10log 
Note: 


Losses due to antenna polarization and atmospheric absorption (Sections 3-2 and 5-1) are not included in these equations 
K; Values: 


(4B) Range fin Miz fvin MHz fin GHz 
Units sino inf 
NM 14.15 124.47 
km. 103.44 113.76 
m 16.56 6.24 
yd “18.1 178 
ft 26.88 


In the last section, we had the basic radar equation given as equation [6] and it is repeated as 
‘equation [1] in the table above. 


In Section 4-4, in order to maintain the concept and use of the one-way space loss coefficient, 0, we 
didn’t cancel like terms which was done to form equation [6] there. Rather, we regrouped the factors of 


equation [5]. This resulted in two minus o1, terms and we defined the remaining term as Ge, which accounted 
for RCS (see equation [8] & [9]) 


Some authors take a different approach, and instead develop an entirely new single factor a2, which is 
used instead of the combination of « and Ga 


If equation [1] is reduced to log form, (and noting that f= c/A) it becomes: 
10log P, = 10log P, + 10log G, + 10log G, - 20log (FR?) + 10log o + 10log (c7(4x)') 21 


We now call the last three terms on the right minus oz and use it as a single term instead of the two 
terms a and G,, The concept of dealing with one variable factor may be easier although we still need to 
know the range, frequency, and radar cross section to evaluate o2. Additionally, we can no longer use a 
nomograph like we did in computing «1, and visualize a two-way space loss consisting of two ti 


1es the one- 
‘way space loss, since there are now 3 variables vs. two. 


Equation [2] reduces to: 


10log Py 


Olog P, + 10log G, + 10log G, - a2 (in dB) 13] 


‘Where a = 20log (f:R’) - 10log 6 + Ks and where f; is the MHz or GHz value of frequency and 
K, =-10log (c7/(4x)') + 20log (conversion for Hz to MHz or GHz)+ 40log (range unit conversions if not in 
meters) - 20log (RCS conversions for meters to feet) 

‘The values of K, are given in the table above. 


Comparing equation [3] to equation [10] in Section 4-4, it can be seen that at = 2ct: - Ge. 


45.2 


TWO-WAY RADAR EQUATION (BISTATIC) 


The following table contains a summary of the equations developed in this section. 


TWO-WAY RADAR EQUATION (BISTATIC) 


Peak power at the pL? 
radar receiver input is GF RR 


P.GG: 


ee Note :4=c/f and = RCS 
Ri Ris 


(aay F * keep Aor c,o.,and Rin the same unit 


(On reducing the above equation to log form we have: 
10log P, = 10log P, + 10log G, + l0log G, + 10log o - 20log f+ 20log c - 30log 4a. - 20log Rrx - 200g Rex 


or in simplified terms: 10log P, = 10log P, + 10log G, + log G,+ Ge-ax.- ax, (in dB) 
Where ay, coresponds to transmitter to target loss and ag, corresponds to target to receiver loss. 


Note: Losses due to antenna polarization and atmospheric absorption (Sections 3-2 and 5-1) are not included in these 
equations 


Target gain factor, G,= 10log 6 + 20log /i+K: (in dB) || One-way free space loss, treats = 200g (f Rv eas) + Ki (in dB) 


Kz Values K, Values Range fyin MHz fy inGHz 
(4B) RCS) fyin MHz fin GHz By units) Ky Ki 
units) K NM 37. 97.8 
Km 32.45 92.45 
m 27.55 32.45 
yd 28.33 31.67 
ft “37.87 22.13 


BISTATIC RADAR 


There are also true bistatic radars | Raswrres To tRceT | 
- radars where the transmitter and Sig EMA ERNE eee 2 
%s — 3 - = == -~ caw’ foe 
receiver are in different locations as is 
depicted in Figure 1. The most ame meee | 
commonly encountered bistatic radar |e HEAPS PATE es | 
paisa RCSD 


application is the semi-active missile, 
The transmitter is located on, or near, the 
launch platform (surface or airborne), and 
the receiver is in the missile which is 
somewhere between the launeh platform 
and the target. 


TRANSWITTER TO TARGET: 


THANERAITTER yg CNEAAY SPACE LOSS Gan OF Acs 


The transmitting and receiving 
antennas are not the same and are not in 
the same location. Because the target-to- 
radar range is different from the target-to- 
missile range, the target-to-radar and 
taiget-to-miisstle’ “apace /esscs- ‘are Figure 1. Bistatic Radar Visualized. 
different. 


RECENER TARGET TO RECEIVER 
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The peak power at the radar receiver input is: 


PGGAC oe 
(4S Rix Ri 


Keep i orc, 6, and R 


— 25 ___| (Note:A=Sandc=RCS) 1] 
(40) f Rix Rix f 


the same units. 


nce} 


On reducing the above equation to log form we have: 
10log P, = 10log P, +10log G, +1 0log G, +10log a - 20log f+201og ¢ - 30log 4nt- 200g Rr, - 200g Ray [2] 
or in simplified terms: 
10log P, = 10log P+ 10log G, + 10log G, + Gy- arrg- on, (in dB) BI 
Where cry, corresponds to transmitter to target loss and cg, corresponds to target to receiver loss, or: 
d= 20log(fiTrx) + Ky (in dB) and — cy, = 20log(f;Tax) + Ky (in dB) 
with K, values provided on page 4-6.1 and with /, being the MHz or GHz value of frequency. 


Therefore, the difference between monostatic and bistatic calculations is that two a’s are calculated 
for two different ranges and different gains may be required for transmit and receive antennas. 


To avoid having to include additional terms for these calculations, always combine any transmission 
line loss with antenna gain, 


As shown in Figure 2, it should also be noted that the bistatic RCS received by the missile is not 
always the same as the monostatic RCS. In general, the target’s RCS varies with angle. Therefore, the 
bistatic RCS and monostatic RCS will be equal for receive and transmit antennas at the same angle to the 
target (but only if all three are in a line, as RCS also varies with elevation angle). 


SEMI-ACTIVE 


Figure 2. Bistatic RCS Varies. 
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JAMMING TO SIGNAL (J/S) RATIO - CONSTANT POWER [SATURATED] JAMMIN 


The following table contains a summary of the equations developed in this section. 


JAMMING TO SIGNAL (J/S) RATIO (MONOSTATIC) * Keep R and o in same units 


VS = (P, Gtx R’) / (PG, 9) (rato form)* oF: Target gain factor, (in dB) 


Gq loge + 20108 f+ Ks 
10log J/S = 10logP, + LOlogGi, - 1OlogP, - 10logG, - 10loge* + 10.99 dB + 201ogR* K; Values (4B) 
Note (I): Neither fnor A terms are part of these equations RCS(o) fin MHz fin 
5 (units) Ky 
simplified radar equations developed in previous sections are used: as Diag: 
£2 14 


L0log 1/S = 1OlogP, + 1OlogG,~ 10logP, - 10logG,-G,+ ay (in dB) 
Note (2): the 20log /; term in -G, cancels the 20log f) term in cy 


‘One-way free space loss (dB) 
JAMMING TO SIGNAL (J/S) RATIO (BISTATIC) 


yy is the range from the radar transmitter to the target. See note (1). eior tee 


. 2Olog (f R) + Ky 
IS = (P Gib Rey’) /(P,G,0) (ratio form) * or: 


K, Values (dB): 


1Olog 8 = l0ogP + 1ogG, log, 10ogG, ohogot + 10.9948 + 200g | ne PN in 
If simplified radar equations developed in previous sections are used: ee note 2). (cal), Rig Kae 
in ons 
10g 18 = 1logF, + O16 -10ogP,-100gG,- G+ tn. (indB) m 3245 
i 2 


This section derives the J/S ratio from the one-way range equation for J and the two-way range 
equation for S, and deals exclusively with active (transmitting) Electronic Attack (EA) devices or systems. 
Furthermore, the only purpose of EA is to prevent, delay, or confuse the radar processing of target 

nformation. 


By official definition, EA can be either Jamming or Deception. This may be somewhat confusing 
because almost any type of active EA is commonly called “jamming,” and the calculations of EA signal in the 
radar compared to the target signal in the radar commonly refer to the “jamming-to-signal” ratio (“J-to-S” 
ratio). Therefore this section uses the common jargon and the term “jammer” refers to any EA transmitter, 
and the term “jamming” refers to any EA transmission, whether Deception or Concealment. 


Jamming: “Official” jamming should more aptly be called Concealment or Masking. Essentially, 
Concealment uses electronic transmissions to swamp the radar receiver and hide the targets. Concealment 
(Jamming) usually uses some form of noise as the transmitted signal. In this section, Concealment will be 
called “noise” or “noise jamming.” 


Deception: Deception might be better called Forgery. Deception uses electronic transmissions to 
forge false target signals that the radar receiver accepts and processes as real targets. 


” designates the EA signal strength whether it originates from a noise jammer or from a deception 
system. 
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Basically, there are two different 
methods of employing active EA against 
hostile radars 


SELF SCREENING JAMMING 


Self Protection EA 

Support EA Orn 

JER 

For most practical purposes, Self 

Protection EEA is usually Deception and 

Support EA is usually noise jamming. As the 

name implies, Self Protection EA is EA that is 

used to protect the platform that it is on. Self 

Protection EA is often called “self screening 

jamming,” “Defensive EA” or historically 

“Deception ECM.” The top half of Figure 1 
shows self-screening jamming, 


ESCORT JAMMING TARGET 


Figure 1. Self Protection and Escort Jamming, 
The bottom half of Figure | illustrates 
escort jamming which is a special case of support jamming. If the escort platform is sufficiently close to the 
target, the J-to-S calculations are the same as for self protection EA. 


Support EA is electronic 
transmissions radiated from one platform 
and is used to protect other platforms or 
fulfill other mission requirements, like 
distraction or conditioning. Figure 2 
illustrates two cases of support jamming 
protecting a striker - stand-off jamming 
(SOJ) and stand-in jamming (SIJ). For SO 
the support jamming platform is maintaining 
an orbit at a long range from the radar - 
x usually beyond weapons range. For SU, a 
q remotely piloted vehicle is orbiting very 

close to the victim radar. Obviously, the 
jamming power required for the SOI to 


Seance’ 
‘hoa 


q 


STAND.IN JAMMING sereen a target is much greater than the 
jamming power required for the SI to 
Figure 2, Support Jamming, sereen the same target. 


When factoring EA into the radar equation, the quantities of greatest interest are “J-to-S” and Burn- 


‘Through Range, 


“J-to-S” is the ratio of the signal strength of the jammer signal (J) to the signal strength of the target 
return signal (S). It is expressed as “J/S” and, in this section, is always in dB. J usually (but not always) must 
exceed S by some amount to be effective, therefore the desired result of a J/S calculation in dB is a positive 
number. Burn-through Range is the radar to target range where the target return signal can first be detected 
through the jamming and is usually slightly farther than crossover range where J=S. It is usually the range 
where the J/S just equals the minimum effective J/S (See Section 4-8). 
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The significance of “J-to-S” is sometimes misunderstood. The effectiveness of EA is not a direct 
mathematical function of “J-to-S.” The magnitude of the “J-to-S” required for effectiveness is a function of 
the particular EA technique and of the radar itis being used against. Different EA techniques may very well 
require different “J-to-S” ratios against the same radar, When there is sufficient “J-to-S” for effectiveness, 
increasing it will rarely increase the effectiveness at a given range. Because modern radars can have 
sophisticated signal processing and/or EP capabilities, in certain radars too much “J-to-S” could cause the 

gnal processor to ignore the jamming, or activate special anti-jamming modes. Increasing “I-to-S” (or the 
jammer power) does, however, allow the target aircraft to get much closer to the threat radar before burn- 
through occurs, which essentially means more power is better if it can be controlled when desired. 


IMPORTANT NOTE: If the signal S is CW or PD and the Jamming J is amplitude modulated, then the J} 
lused in the formula has to be reduced from the peak value (due to sin x/x frequency distribution). The amount| 
lof reduction is dependent upon how much of the bandwidth is covered by the jamming signal. To get an 
lexact value, integrals would have to be taken over the bandwidth. As a rule of thumb however: 

# If the frequency of modulation is less than the BW of the tracking radar reduce J/S by 10 Log (duty cycle). 

# If the frequency of modulation is greater than the BW of the tracking radar reduce J/S by 20 Low(duty cycle). 


For example; if your jamming signal is square wave chopped (50% duty cycle) at a 100 Hz. rate while| 
[jamming a 1 kHz bandwidth receiver, then the J/S is reduced by 3 dB from the maximum. If the duty cycle 
lwas 33%, then the reduction would be 4.8 dB. If the 50% and 33% duty cycle jamming signals were chopped 
lat a 10 kHz (vice the 100 Hz) rate, the rule of thumb for jamming seen by the receiver would be down 6 dB 
land 9.6 dB, respectively, from the maximum since the 10 kHz chopping rate is greater than the I kHz receiver 
BW. 


JIS for SELF PROTECTION EA vs. MONOSTATIC RADAR 


Figure 3 is radar jamming visualized. The Physical concept of Figure 3 shows a monostatic radar that 
is the same as Figure 1, Section 4-4, and a jammer (transmitter) to radar (receiver) that is the same as Figure 
3, Section 4-3. In other words, Figure 3 is simply the combination of the previous two visual concepts where 
there is only one receiver (the radar’s). 


PHYSICAL CONCEPT 
RADAR 
Power oa 
5 OFRCS 
TT. antenna, | 
p> o® &, FREE SPACE LOSS | x 
JAMMER 
| TSP | Power 
RADAR JAMMER 
RECEIVER SIGNAL =POWER+ GAINS-Losses ANTENNA 


Figure 3, Radar Jamming Visualized. 
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The equivalent circuit shown in Figure 4 applies to jamming monostatic radars with either self protect 
EA or support EA, For self protect (or escort) vs. a monostatic radar, the jammer is on the target and the radar 
receive and transmit antennas are collocated so the three ranges and three space loss factors (a's) are the 
same. 


MONOSTATIC For Moncstate 
EQUIVALENT CIRCUIT 
SP 
hy yey: ONE SPE COE: R COLLOCATED 
YW = = 
| TeaORIER Fp Ra, oven S108 Loss aN oF Res 
COLLOCATED ANTENNA Tor TARGET 
\ ee aN AA i 
cf | 0, oy pe ONEWAY SPACE LOSS | 
= 6. 
(rorAL SONAL = J+3) a @ 
ANTENNA Py 4 
SIGNAL = POWER +GAINS-LOSSES (in dB) SAIN (Gus) POWER (P,) 


igure 4, Monostatic Radar EA Equivalent Circuit. 


LS Ratio (Monostatic) - The ratio of the power received (P,; or J) from the jamming signal transmitted 
from the target to the power received (P,, or S) from the radar skin return from the target equals 1/S. 


From the one way range equation in Section 4-3: P, Jor J i 
From the two way range equation in Section 4.4: P, 2 or 21 
2aey Rt 5 ani” 
so J PiGn Ge (42) RY Pi Gn 4 RE (ratio form) 131 
SPGiG, Ao (4aRy PiGie 
* Keep R and o in the same units. 
On reducing the above equation to log form we have: 
1Olog J/S = 10log P; + 10log Gi, - 10log P,- 10log G,- 10log a + 10log 4x + 200g R 14] 
or 10log J/S = 10log P; + 10log Gi, - 10log P,- 10log G,- 10log @ + 10.99 dB + 20log R 15] 


Note: Neither /nor terms are part of the final form of equation [3] and equation [5] 
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US Calculations (Monostatic) Using a One Way Free Space Loss - The simplified radar equations 
developed in previous sections can be used to express J/S. 


From the one way range equation Section 4-3: 


10log (Pp or J) = 10log Pj + 1Olog Gu + 10log G,-cy (in dB) 16] 
From the two way range equation in Section 4.4: 


10log (P,20r S) = 10log P, + 10log G, + 10log G, + Gy - ou, (in dB) I71 


n dB) 18] 


1Olog (1/S) = 10log P; + 10log Gy - 10log Py 10log G,- Gy + on 


Note: To avoid having to include additional terms for these calculations, always combine any 
transmission line loss with antenna gain, The 20log f term in -G, cancels the 20log f, term in 04, 


Target gain factor, G, = l0log + 20log fi +Kz J] One-way free space loss, a, = 20log (/R) + K, 


(in dB) (in dB) 
Ki Values Range fiinMHz fin GHz 
Ky Values (dB) units, Ki= = 


(4B) RCS(o) fyinMHz f\ in GHz NM 37.8 
units) K. km 32.45 

m “38.54 21.46 m -27.55 

fr 48.86 11.14 yd -28,33 

fl 37.87 


d/S for SELF PROTECTION EA vs. BISTATIC RADAR 


The semi-active missile illustrated in 

Figure 5 is the typical bistatic radar which would | SEMI-ACTIVE 
require the target to have self protection EA to 
survive. In this case, the jammer is on the target 
and the target to missile receiver range is the 
same as the jammer to receiver range, but the 
radar to target range is different. Therefore, only 
two of the ranges and two of the a’s (Figure 6.) nigaés) sees ale 
are the same. 


In the following equations 


cr, = The one-way space loss from the radar transmitter to the target for range Rr. 
le receiver for range Ra 


a, = The one-way space loss from the target to the mi 


Like the monostatic radar, the bistatic jamming and reflected target signals travel the same path from 
the target and enter the receiver (missile in this case) via the same antenna. In both monostatic and bistatic 
J/S equations this common range cancels, so both J/S equations are left with an Ry,” or 20 log Rr, term. 
Since in the monostatic case Ry = Rus and ar, = dgs , only R oF ct is used in the equations. Therefore, the 
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bistatic 1/S equations [11], [13], or{14] will work for monostatic J/S calculations, but the opposite is only true 
if bistatic Ry, and ay, terms are used for R or ct; terms in monostatic equations [3], [5], and [8]. 


The equivalent circuit shown in Figure 6 applies to jamming bistatic radar. Forself protect (or escort) 
vs, a bistatic radar, the jammer is on the target and the radar receive and transmit antennas are at separate 
locations so only two of the three ranges and two of the three space loss factors («’s) are the same. 


BISTATIC For Bistatlc 
EQUIVALENT CIRCUIT Fine = Ruy #R oy 
«, ONE-WAY SPACE LOSS My = Sia Oye yy and ey 
tort : COLLOCATED 
>| 
rAD AR 
Teaisarten ANTENNA gy ONEWAY SPACE LOSS AN OF Res 
kes - Ls TARGET 
_oor RECEIVER ial 
separate [p ONEWAY SPACE LOSS 
LOCATIONS is 
ANTENNA, ier 
SIGNAL = POWER +GAINS-LOSSES (nb) CAN (Gu) (AMER, 5 


Figure 6, Bistatic Radar EA Equivalent Circuit, 


J-to-S Ratio (Bistatic) When the radar’s transmit antenna is located remotely from the receiving antenna 
(Figure 6), the ratio of the power received (P,; or J) from the jamming signal transmitted from the target to the 
power received (P,» or S) from the radar skin return from the target equals J/S. For jammer effectiveness J 
normally has to be greater than S 


PiGinGed 


From the one way range equation in Section 4-3: P, Jor J (Rc=Red 19] 


AZ Re J 
From the two way range equation in Section 4.4: P,2or 8 At {10} 
(42) Rix Ris 
a 1? (4) Ric Rie 4m Ri 
& SJ _PiGinG, 2 (AR) Rix Rix _ P/ Gu 47 Rix ratte five 1 
SPGiGA' O42 Re) PiGie 
* Keep R and o in the same units. 
On reducing the above equation to log form we have: 
1Olog J/S = 10log P, + 10log G,, - 10log P, - 10log G,- 10log @ + 1Olog 4x + 20log Ry 112] 
or 10log S/S = 10log P; + 101og Gis 10log P,- 10log G,- 10log a + 10.99dB + 200g Rr, [13] 


Note: To avoid having to include additional terms for these calculations, always combine any 
transmission line loss with antenna gain, Neither fnor 2, terms are part of the final form of equation [11] 
and equation [13], 


47.6 


static J/S Calculations (Bistatic) Using a One Way Free Space Loss 
developed in previous sections can be used to express J/S. 


- The simplified radar equations 


From the one way range equation in Section 4-3: 


10log (P,, or J) = 10log P, + 10log G,, * 10log G, - ay, (all factors dB) [14] 
From the two way range equation in Section 4-4: 

10log (P i» or S) = 10log P, + 10log G, + 10log G, + Gy - ay - gs (all factors dB) [15] 
10log (1/S) = 10log P, + 10log G,, - 10log P, - 10log G,- G, + on, (all factors dB) [16] 


Note: To avoid having to include additional terms for these calculations, always combine any 
transmission line loss with antenna gain. The 20log fi term in -G, cancels the 20log f term in cx 


Target gain factor, G, = 10log o + 20log f, + Ky ‘One-way free space loss 
(in dB) Orcorte = 20log /iRivores * Ki _(in dB) 
K2 Values Ki Values Range fin MHz f, in GHz 
(dB) RCS() fiinMHz f\ in GHz (4B) Ki= Ki= 
units) K= K.= 378 978 
m 38.54 21.46 32.45 92.45 
fe 48.86 01114 2755 32.45 
-28.33 31.67 
3787 22.13 


Saturated 1/S (Monostatic) Example (Constant Power Jamming) 


Assume that a 5 GHz radar has a 70 dBm signal fed through a 5 dB loss transmission line to an 
antenna that has 45 dB gain. An aircraft is flying 31 km from the radar. The aft EW antenna has -1 dB gain 
and a 5 dB line loss to the EW receiver (there is an additional loss due to any antenna polarization mismatch 
‘but that loss will not be addressed in this problem). The aircraft has a jammer that provides 30 dBm saturated 
output if the received signal is above -35 dBm. The jammer feeds a 10 dB loss transmission line which is 
connected to an antenna with a5 dB gain. If the RCS of the aircraft is 9 m“, what is the J/S level received by 
the tracking radar? 


Answer: The received signal at the jammer is the same as the example in Section 4-3, i.e. answer (1) = 
-32.3 dBm @ 5 GHz. Since the received signal is above -35 dBm, the jammer will operate in the saturated 
mode, and equation [5] can be used. (See Section 4-10 for an example of a jammer in the linear region.) 


10log 1/S = 10log P; + 10log Gi, - 10log P,- 10log G,- 10log o + 10.99 dB + 20log R 


Note: the respective transmission lis 
ie 5 +4! 


losses will be combined with antenna gains, 
10 dB & -10 +5 = -5 dB. 


10log 1/S = 30 - 5 - 70-40 - 9.54 + 10.99 + 89.8 = 6.25 dB @ 5 GHz* 


* The answer is still 6.25 dB if the tracking radar operates at 7 GHz provided the antenna gains and the 
aircraft RCS are the same at both frequencies. 
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In this example, there is inadequate jamming power at each frequency if the J/S needs to be 10 dB or 
greater to be effective. One solution would be to replace the jammer with one that has a greater power output, 
If the antenna of the aircraft and the radar are not the proper polarization, additional power will also be 
required (see Section 3-2). 
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BURN-THROUGH / CROSSOVER RANGE 


The burn-through equations are derived in this section. These equations are most commonly used in 
jammer type of applications. The following is a summary of the important equations explored in this section 


‘J/S CROSSOVER RANGE (MONOSTATIC) (J = S) 


Ry-s = [ (Pr Geo) / (Pj) 


ja 4m) J? (GB Ratio) 


or 20 log Ri-s = 10log P, + 10log G. + 10log a - 10log P, - 10log Gi - 10.99 dB 


* Keep P. & P, in same units 
Keep Rand in same units 


If simplified radar equations already converted to dB are used: 
20 log Ry.s = 10log P, + 10log G, + G, - 10log P, - 10log Ga - Ki - 20log fi (dB) 


K, Values (dB): 
Range jin MHz in GHz 
units) Ky= Ky 
m 27.58 32.45, 
Q 3787 22.13 


BURN-THROUGH RANGE (MONOSTATIC) 
‘The radar to target range where the target return signal (S) can first be detected 
through the EA (J). 
Ror =[(P: Gro Jasin) / (Pj Gis 4 S) J! (GB Ratio) 


or 20logRyr = 10logP, + 10logG, + 1Ologo - 10logP, - 10logGi. + 10log nin /S) - 10.99 


If simplified radar equations already converted to dB are used: 
200g Rr = 1logP, + 10logG, + Gi, - 1OlogP;- 10logG,~ Ki + 10log(Jnina8) - 200g f (in dB)* 
fis MHz or GHz value of frequency 


Target gain factor 
(dB) 


G,= 10log 6+ 20log f+Ks 


K, Values (4B): 

RCS (a) in MHz. in GHz 
units Ky 
m 38542146 
fe 4886 Ld 


BURN-THROUGH RANGE (BISTATIC) 


the target to the receiver. Use Monostatic equations and substitute Rry for R 


Rxy is the range from the radar transmitter to the target and is different from Rey which is the range from 
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CROSSOVER RANGE and BURN-THROUGH RANGE 


To present the values of J and 
S, (or WS) over a minimum to 
maximum radar to target range of, 
interest, equation [1], Section 4-7 
which has a slope of 20 log for J vs. 
range and equation [2], Section 4-7, 
which has a slope of 40 log for S vs. 
range are plotted. When plotted on 
semi-log graph paper, J and S (or 1/S) 
vs, range are straight lines as 
illustrated in Figure 1 


Figure 1 is a sample graph - it 
cannot be used for data. 


The crossing of the J and S 
lines (known as crossover) gives the 
range where J = S (about 1.29 NM), 
and shows that shorter ranges will 
produce target signals greater than the 
jamming signal. 


The point where the radar 
power overcomes the jamming signal 


J/S CROSSOVER and BURN-THROUGH RANGES 
J+S+6dB (for this example) 


40 


so 


POWER AT RADAR RECEIVER (dBm) 


EXAMPLE ONLY 


(MONDSTATIC) 


ANRC P or J~ 20 8/Decade 


rT 2 44 


a mag av ste 
RANGE FROM RADAR TO TARGET (NM) 


e000 


Figure 1, Sample J and $ Graph. 


is known as bumn-through. The crossover point where J = $ could be the burn-through range, but it usually 
isn’t because normally J/S > 0 dB to be effective due to the task of differentiating the signal from the jamming 
noise floor (see receiver sensitivity section), For this example, the J/S required for the EA to be effective is 
given as 6 dB, as shown by the dotted line. This required 1/S line crosses the jamming line at about 2.8 NM 


which, 


this example, is the burn-through range 


In this particular example, we have 


P.=80dBm  G, 
P,=50 dBm 
o= 18m f 


2 dB. 
G,=6 dB 
5.9 GHz (not necessary for all calculations) 


‘A radar can be designed with higher than necessary power for earlier burn-through on jamming 
targets. Naturally that would also have the added advantage of earlier detection of non-jamming targets as 


well. 


Note: To avoid having to include additional terms for the following 
calculations, always combine any transmi 


ion line loss with antenna gain, 
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CROSSOVER AND BURN-THROUGH RANGE EQUATIONS (MONOSTATIC) 


To calculate the crossover range or burn-through range the J/S equation must be solved for range. 
From equation [3], Section 4-7; 


PiGiv4t R 
P.Go 


J ‘ 
od (ratio form, 
ma (ratio form) 


BURN-THROUGH RANGE (MONOSTATIC) - Burn-through Range (Monostatic) is the radar to target 
range where the target return signal (S) can first be detected through the jamming (J). Itis usually the range 
when the J/S just equals the minimum effective J/S. 


[P.Gio Jive 
PiGy42S 


Rar (burn-through range) 2 


or in dB form, (using 10log 4x = 10.99 dB): 


20log Rw 


Olog P, + 10log G, + 10log o - 10log P,- 10log Gx + 10log (Ininen/S)- 10.99 dB B) 


RANGE WHEN J/S CROSSOVER OCCURS (MONOSTATIC) - The crossover of the jammer’: 
20 dB/decade power line and the skin return signal’s 40 dB/decade power line of Figure | occurs for the case 
where J = S in dB or J/S=1 in ratio. Substituting into equation [1] yields: 


(Crossover range) [4] 


or in dB form: 
2Olog Ry.s = 10log P, + 1Olog G,+ 10log o - 10log P; - 10log Gi, - 10.99 dB 15] 


Note: keep R and o in same units in all equations. 


CROSSOVER AND BURN-THROUGH EQUATIONS (MONOSTATIC) 
USING @ - ONE WAY FREE SPACE LOSS 


The other crossover burn-through range formulas can be confusing because a frequency term is 
subtracted (equations [6], [7] and [8]), but both ranges are independent of frequency. This subtraction is 
necessary because when J/S is calculated directly as previously shown, 2” or (c/f) terms canceled, whereas in 
the simplified radar equations, a frequency term is part of the G, term and has to be cancelled if one solves for 
R. From equation [8], Section 4-7: 


1log VS = 10log P, + 10log Gx 10log P, - 10log G.- Gy * a, (factors in dB) 


orrearranging: — a, = 10log P, + 10log G, + G, - 10log P, - 10log Gis + 100g (W/S) 
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from Section 4-4: a = 20log fiRi + Ki or 20log R, = a4 - Ky - 201og f 
then substituting for 01: 
2Olog Ry = 10log P, + 10log G, + Gy - 10log P;- 10log Gi,-K, + 10log (J/S)- 20logf, (indB) [6] 


EQUATION FOR BURN-THROUGH RANGE (MONOSTATIC) - Burn-through occurs at the range when 
the J/S just equals the minimum effective /S. G, and K; are as defined on page 4-8.1 


20log Ror = 10log P, + 10log G, + Ge - 10log P, - 10log Gis - Ki + 10log (Insner!S) ~ 20log fi (in dB) [7] 


EQUATION FOR THE RANGE WHEN J/S CROSSOVER OCCURS (MONOSTATIC) 
The J/S crossover range occurs for the case where J = S, substituting into equation [6] yields: 


2Olog Ry-s = 10log P, + 10log G,+ Gy 10log P,- 1Olog Gy-K;~20logf: (factors in dB) 8] 


BURN-THROUGH RANGE (BISTATIC) 


Bistatic J/S crossover range is the radar-to-target range when the power received (S) from the radar 
skin return from the target equals the power received (J) from the jamming signal transmitted from the target. 
‘As shown in Figure 6, Section 4-7, the receive antenna that is receiving the same level of J and $ is remotely 
located from the radar’s transmit antenna. Bistatic equations [11], [13], and [14] in Section 4-7 show that J/S 
is only a function of radar to target range, therefore J/S is not a function of wherever the missile is in its flight 
path provided the missile is in the antenna beam of the target’s jammer. The missile is closing on the target at 
avery much higher rate than the target is closing on the radar, so the radar to target range will change less 
during the missile flight. 


sile shot, the radar to target range could 
je shot ata 


It should be noted that for a very long range air-to-air m 
typically decrease to 35% of the initial firing range during the missile time-of-flight, ie. A mi 
target 36 NM away, may be only 12 NM away from the firing aircraft at missile impact. 
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Figure 2 shows both the 4J/S CROSSOVER and BURN-THROUGH RANGES 
jamming radiated from the target and (AISTATIC) 


the power reflected from the target as T 
a function of radar-to-target range. al 
5 6a 


In this particular example, the RCS is 
assumed to be smaller, 15 m* vice 18 
m’ in the monostatic case, since the 
missile will be approaching the target 
from a different angle. This will not, 
however, always be the case. 


In this plot, the power 
reflected is: 
P.GAte 


(ary 


Pry = 


POWER FROM TARGET (dBm) 


Substituting the values given d PEERS REY zi 40 onde 60 100 
previously in the example on | Sxssicomy RANGE FROM RADAR TO TARGET (it) 


page 4-8.1, we find that the crossover 7 5 
point is at 1.18 NM (due to the Figure 2. Bistatic Crossover and Burnthrough. 


assumed reduction in RCS). 


CROSSOVER AND BURN-THROUGH RANGE EQUATIONS (BISTATIC) 


To calculate the radar transmitter-to-target range where J/S en 
equation must be solved for range, From equation [11] in Section 4-7: 


over or burn-through occurs, the 1/S 


¥ 2 
Fa PiGut@ Re ratio form) 
Ss PiGoe 


Solving for Rie: 19) 


Note: 

Bistatic equation [10] is identical to monostatic equation [1] except Rr, must be substituted for R and a 
bistatic RCS (a) will have to be used since RCS varies with aspect angle. The common explanations will not 
be repeated in this section. 


BURN-THROUGH RANGE (BISTATIC) - Burn-through Range (Bistatic) occurs when J/S just equals the 
minimum effective 1/S. From equation [9]: 


(ratio form) [10] 
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or in dB form: 
2Olog Rixsr) = 1Olog P, + 10log G, + 10log o- 10log P, - 10log Gi, + 10log (Ininea!S) ~ 10.99 dB 


If using the simplified radar equations (factors in dB): 


2Olog Rrwr) = 1Olog P, + 10log G, + G, - 10log P,- 1Olog Gi, ~ K, + 10log (Ijin e/S) - 201og f, 
Where G, and K, are defined on page 4-8.1 


RANGE WHEN J/S CROSSOVER OC 


CURS (BISTATIC) 


‘The crossover occurs when J = S in dB or J/S = 1 in ratio. 


or in log form: 
log Rry-s) = 1Olog P; + 10log G, + 10log o - 100g P; - 10log Gig - 10.99 dB 
If simplified equations are used (with G, and K, as defined on page 4-8.1) we have: 
2Olog Riyy-s) = 1Olog P, + 10log G, + G, - 10log P; - 10log Gi,-K,-20log f; (factors in dB) 


Note: keep R and o in same units in all equations. 


DETAILS OF SEMI-ACTIVE MISSILE J/S 


Unles 


(] 


[12] 


[13] 


[14] 


[15] 


you are running a large scale computer simulation that includes maneuvering, antenna 


patterns, RCS, ete., you will seldom calculate the variation in J/S that occurs during a semi-active missile’s 


flight. Missiles don’t fly straight lines at constant velocity. Targets don’t either - they maneuver 


If the 


launch platform is an aircraft, it maneuvers too. A missile will accelerate to some maximum velocity above 


the velocity of the launch platform and then decelerate. 
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The calculation of the precise variation of J/s_| AN/S (a8) 


J/S during a missile flight for it to be effective (aa) 
requires determination of all the appropriate velocity 
vectors and ranges at the time of launch, and the ‘At Launch: | 29 n/a 


accelerations and changes in relative positions 
during the fly out. In other words, it’s too much 
work for too little return, The follo 


Intercept Type | At 2 sec. to Intercept: 


f ing are AAM Head-on: | 23 6 
implified examples for four types of intercepts. 
‘SAM Incoming Target: | 25 ~4 
In these examples, all velocities are constant, and are ‘AAM Tail Chase: | 29 0 
all along the same straight line. The missile velocity 
‘SAM Outbound Target: | __35 +6 


is 800 knots greater than the launch platform 
velocity which is assumed to be 400 kts. The missile 
launch occurs at 50 NM. 


For the AAM tail chase, the range from the radar to the target remains constant and so does the IS. 
In these examples the maximum variation from launch J/S is + 6 dB. That represents the difference in the 
radar to target range closing at very high speed (AAM head on) and the radar to target range opening at 
moderate speed (SAM outbound target). The values shown above are examples, not rules of thumb, every 
intercept will be different. 


Even for the simplified linear examples shown, graphs of the J and $ will be curves - not straight 
lines. Graphs could be plotted showing J and S vs. radar to target range, or J and S vs. missile to target range, 
or even J/S vs. time of flight. If the J/S at launch is just barely the minimum required for effectiveness, and 
increasing it is difficult, then a detailed graph may be warranted, but in most cases this isn’t necessary. 
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SUPPORT JAMMING 


The following table contains a summary of equations developed in this section: 


MAIN LOBE JAMMING TO SIGNAL (J/S) RATIO (For SOJ/SIN) ‘ 
Target gain factor, 

G_=H0Logs + 20Lo8 f+ Kia dB) 

K; Values (4B) 

RCS (0) fiinMHz fin GHz 

10log = 100g P~ 1Olog(BW BW] + 10log Gy Hog P.~ 10log G- Hog 8 +p (nits). Ky Ks 

ss 21.46 

fF 48860 Ld 


IS = (P; Gdn Rr’) / (P, Gro [BWy/BWe] Rc) (ratio form)* 


10.99 dB + 40log Rrs- 20log Ra * ee 


or if simplified radar equations are used: 


log 


blog P,- BE +10log Gy - ay. 10log P.-1Wlog G.- Ge+ 2a, in dB)* 
SIDE LOBE JAMMING TO SIGNAL (J/S) RATIO (For SOVSH) 


One-way free space loss 


: «4, oF 1, = 20L09(R) + Ky (in dB) 
YS = (P) Gia Gast) 48 Ree’) / (PG: Geant) 6 [BW,/BWa] Rx) (ratio form)* — | K, Values (4B): 
10g J = 10g P,-BF+ 101g, + 100g Gy 109g P= 1019g6;-10logGaa, +» | Range fin Mie fin Gite 
units] Ki= Ki= 
10.99 dB 10log 0+ og Ry, 201 Ry, * we NM O78 978 
f simplifi . . Km 32.45 92.45 
or if simplified radar equations are used (in dB)' - ae aaa 
1olog 18 = WlogP,- BF + L0ogG-+ OlogGyay ee 1logP- Log 1OlogGa yd 28333167 
Ry Range fom the support jammer transmitter tothe radar receiver A 3787213 
Rr Range between the radar and the target 
BF 10 Log of the ratio of BW, of the noise jammer to BW of the radar receiver | * Keep R and o in same units 
Gysu) Side lobe antenna gain 
Gina) Main lobe antenna gain 
ax One way fre space loss between SOM transmitter and radar receiver 
4 One way space loss between the radar and the target, 
Support jamming adds a few 
geometric complexities. A SOJ platform 
usually uses high gain, directional a 
antennas. Therefore, the jamming gencscc™ S012 
antenna must not only be pointed at the <— 
victim radar, but there must be alignment =~ 
of radar, targets, and SOJ platform for the son 
jamming to be mosteffective. Two cases TARGET: 
will be described, main lobe-jamming 
and side-lobe jamming, Figure 1. Radar Antenna Pattern. 


Support jamming is usually applied against search and acquisition radars which continuously scan 
horizontally through a volume of space. The scan could cover a sector ora full 360°. The horizontal antenna 
pattern of the radar will exhibit a main lobe and side lobes as illustrated in Figure 1. The target is detected 
when the main lobe sweeps across it. For main lobe jamming, the SOJ platform and the target(s) must be 
aligned with the radar’s main lobe as it sweeps the target(s) 


For side lobe jamming, the SOJ platform may be aligned with one or more of the radar’s side lobes 
when the main lobe sweeps the target. The gain of a radar’s side lobes are many tens of dB less (usually more 
than 30 4B less) than the gain of the main lobe, so calculations of side lobe jamming must use the gain of the 
ide lobe for the radar receive antenna gain, not the gain of the main lobe. Also, because many modern radars 
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employ some form of side lobe blanking or side lobe cancellation, some knowledge of the victim radar is 
required to predict the effectiveness of side lobe jamming. 


All radar receivers are frequency 26% OF JAMMING IN RECEIVER 
selective. That is, they are filters that allow | [spoT aaMwaNe 

only a narrow range of frequencies into the |} sessing ming pi agi clae 
receiver circuitry. Deceptive EA, by ||MMemmarier ses saprancsao 
definition, creates forgeries of the real signal |] waxes) 5 LaMar one 
and, ideally, are as well matched to the radar E Sine DL 

receiver as the real signal. On the other || ’S*°7® FREGLENET 7 

hand, noise jamming probably will not 

match the radar receiver bandwidth “4% OF JAMMING IN RECEIVER. 
characteristics. Noise jamming is either spot | [gamaae Janmano 

jamming or barrage jamming. Asillustrated |] ss2u:ing jamming ae Rs wo SO 
in Figure 2, spot jamming is simply || mieseserer tem Rs 

narrowing the bandwidth of the noise |} msizeni ; noe 
jammer so that as much of the jammer || _=°_ y . 
power as possible is in the radar receiver |} 1° 89 58 Fin bl Sp 
bandwidth. Barrage jamming is using a 


wide noise bandwidth to cover several radars 
with one jammer or to compensate for any 
uncertainty in the radar frequency. In both cases some of the noise power is “wasted” because it is not in the 
radar receiver filter. 


Figure 2. Noise Jamming 


In the past, noise jammers were often described as having so many “watts per MHz.” This is nothing 
more than the power of the noise jammer divided by the noise bandwidth. That is, a 500 watt noise jammer 
transmitting a noise bandwidth of 200 MHz has 2.5 watts/MHz. Older noise jammers often had noise 
bandwidths that were difficult, or impossible, to adjust accurately. These noise jammers usually used manual 
tuning to set the center frequency of the noise to the radar frequency. Modern noise jammers can set on the 
radar frequency quite accurately and the noise bandwidth is selectable, so the noise bandwidth is more a 
matter of choice than it used to be, and it is possible that all of the noise is placed in the victim radar’s 
receiver. 


If, in the example above, the 500 watt noise jammer were used against a radar that had a 3 MHz 
receiver bandwidth, the noise jammer power applicable to that radar would be: 


3 MHz x 2.5 watts/MHz =7.5 watts _ 38.75 dBm 1 


The calculation must be done as shown in equation [1] - multiply the watts/MHz by the radar 
bandwidth first and then convert to dBm. You can’t convert to d3m/MHz and then multiply. (See derivation 
of dB in Section 2-4) 


An alternate method for dB calculations is to use the bandwidth reduction factor (BF). 


The BFiss BF y=10 Log| SY RI 
BW. 


where: BW) is the bandwidth of the noise jammer, and BWy is the bandwidth of the radar receiver. 


4.9.2 


‘The power of the jammer in the jamming equation (P,) can be obtained by either method. 


If 


equation [1] is used then P, is simply 38.75 dBm. If equation [2] is used then the jamming equation is written 
using (P; - BF). All the following discussion uses the second method. Whichever method is used, it is 


required that BW, > BWa. If BW; < BWa, then all the available power is 
[1] does not apply and the BF = 0. 


Note: To avoid having to include additional terms for the following 
calculations, always combine any transmission line loss with antenna 
gain, 


MAIN LOBE STAND-OFF / STAND-IN JAMMING 


in the radar receiver and equation 


‘The equivalent circuit shown in Figure 3 applies to main lobe jamming by a stand-off support aircraft 
ora stand-in RPV. Since the jammer is not on the target aircraft, only two of the three ranges and two of the 
three space loss factors (a's) are the same. Figure 3 differs from the J/S monostatic equivalent circuit shown 


in Figure 4 in Section 4-7 in that the space loss from the jammer to the radar receiver is different. 


MAINLOBE STAND-OFF / STAND-IN peeee 
EQUIVALENT CIRCUIT 
6h ys ONE-WAY SPACE LOSS sepansre 
toaTions 
: Mi “ 
J onentien  civin icnioiion teks git Fe 
ARtERa Shore 7 ‘aeiet 
SCOLLOGATED hated J 
REGEWER * 
NE yyy ONE-WAY SPACE LOSS | 
= G, 
(TOTAL SIGNAL =J4+5) i JAMMER af 
ANTENA 
SIGWAL= POWER +GANS-LOSSES nde) GAIN (Sn) JANES 
sous SRNR, 


Figure 3. Main Lobe Stand-Off / Stand-In EA Equivalent Circuit 


‘The equations are the same for both SOJ and SJ. From the one way range equation in 
Section 4-3, and with inclusion of BF losses: 


PG iy G2? BW p 
mR S BWs 


P,lor J 


From the two way range equation in Section 4.4: p, 2 or §=2-GiG.4 7 
ARS Rx 


J _ PiGuG VAR) Rh BWe _ PiGu 4% Re BWe 


so = 
SPGGA OARS BWy  PiGO Rie BWs 


(ratio form) 
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Note: Keep R and o in the same units, Converting to dB and using 10 log 4x = 10.99 dB: 
10log J/S = 10log P, -10log [BW//BWa] +10log Gi. -10log P, -10log G, - 10log & + 10.99 dB +40log Rry -20log Rys 16] 


If the simplified radar equation is used, the free space loss from the SOJ/SH to the radar receiver is 
‘iy, then equation [7] is the same as monostatic equation [6] in Section 4-7 except ay, replaces a, and the 
bandwidth reduction factor [BF] losses are included: 


1Olog J = 10log P - BF + 10log Gy + 10log G, - ay. (factors in dB) [7] 


Since the free space loss from the radar to the target and return is the same both ways, dirs = ux = i, 
equation [8] is the same as monostatic equation [7] in Section 4-7. 


10log § 
indB) [8] 


= I0log P, + 10log G, + 1Olog G, + G, = 2a (factors 


and 10log J/S = 10log P;- BF + 10log Gi - ay, - 1Olog P,- 10log G_-Ge*+ 2a, (factors in dB) [9] 


Notice that unlike equation [8] in Section 4-7, there are two different a’s in [9] because the signal paths 
are different. 


SIDE LOBE STAND-OFF / STAND-IN JAMMING 


‘The equivalent circuit shown in Figure 4. It differs from Figure 3, (main lobe SO4J/SIJ) in that the 
radar receiver antenna gain is different for the radar signal return and the jamming. 


SIDE LOBE STAND-OFF / STAND-IN pee 
EQUIVALENT CIRCUIT Re 


Cre r TF Nyy aNd ay 

0% ayy ONE-WAY SPACE. LOSS oeranare 

5 8 fockons 
me Ie AAAS * — 
te u | 
writes TREOME. py ONE-WAY SPACE LSS GAN OF Fos 
ore 2 Taser 
COLLOGATED. bacael Pe 


RECEIVER <u al 
Ay i je ONE-WAY SPACE LOBS 
B : ee (8) 
oe Tannen 
porusom oY st, 


SIGNAL = POWER +GAINS - LOSSES fn 8) AINTGu) JER 
SOuSH) 
POWER (Pi) 


Figure 4, Side Lobe Stand-Off/ Stand-In EA Equivalent Circuit. 


To calculate side lobe jamming, the gain of the radar antenna’s side lobes must be known or 
estimated. The gain of each side lobe will be different than the gain of the other side lobes. Ifthe antenna is 
symmetrical, the first side lobe is the one on either side of the main lobe, the second side lobe is the next one 
on either side of the first side lobe, and so on, The side lobe gain is Gg.,, where the ‘n’ subscript denotes side 
lobe number: 1, 2. 


.n. 
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‘The signal is the same as main lobe equations [4] and [8], except G, = Gyaa 


PGiGrauy Ao 


P,2orS ~ (ratio form) {10} 
An) Rix Cee 

If simplified radar equations are used: 

10log S = 10log P, + 10log G+ 10log Gaya) + Ga ~ 2ct (factors in dB) 


‘The jamming equation is the same as main lobe equations [3] and [7] except G, = Gast): 


Gn Gus BW 11) 
(47 RuJ BWs 


10log J = 10log P; - BF + 10log Gj. + 10log Gysi)- a, (factors in dB) 112) 


Ln PiGin Gray 47 Ri BW 
S PGi Grouy F Ric BWs 


50 (ratio form) [13] 


Note: keep R and o in same units. Converting to dB and using 10log 4z = 10.99 dB: 


1olog I/S = 1OlogP, ~ BF + tOlogGi, + 1OlogGyst) ~ 1OlogP, -1OlogG,~ 1OlogGaaay ~ Oleg + 10.99 AB + 4010gRr ~ 2010gR se 


(factors in dB) [14] 


If simplified radar equations are used 


10log J/S = 10log P; - BF + 10log Gy + 10log Gys1) - as - 10log P,- 10log G,- 10log Gyaa) - Gy + 20, [15] 
(in dB) 
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JAMMING TO SIGNAL (J/S) RATIO - CONSTANT GAIN [LINEAR] JAMMING 


or: 


used: 


JAMMING TO SIGNAL (J/S) RATIO (MONOSTATIC) 


10log J/S = 10log Gigs) + 1Olog Gj + 10log Giecrs) - 10log (4ma/2") 
or if simplified radar equations developed in previous sections are 
10log J/S = 10log Giga) + 10log G; + 10log Garry) - Go 


* Keep Land a in same units. Note: = c/f 


I Gung Gy Gros A? _ Gry Gy Gps : 

Hx Bed Oi Set A = Snes Sera ratio form) 

§ 4n0 dao f Target gain factor, 
Guang = The Gain of the jammer receive antenna Ga = l0log o + 20log fi + Ky (4B) 
G ‘The gain of the jammer 
Gury = The Gain of the jammer transmit antenna 


Ky Values (dB): 


RCS (a) fiinMHz fi in GHz 


21.46 
11.14 


(dB) 


JAMMING TO SIGNAL (J/S) RATIO (BISTATIC) 


Same as the monostatic case except G, will be different since RCS (a) varies with aspect angle. 


Since the jammer on the 
target is amplifying the received 
radar signal before transmitting it 
back to the radar, both J and S 
experience the two way range 
loss. Figure 1 shows that the 
range for both the signal and 
constant gain jamming have a 
slope that is 40 dB per decade. 
Once the jammer output reaches 
maximum power, that power is 
constant and the jamming slope 
changes to 20 dB per decade 
since it is only a function of one 
way space loss and the J/S 
equations for constant power 
(saturated) jamming must be 
used 


Normally the constant 
gain (linear) region of a repeater 


SELF SCREENING/ESCORT JAMMING 
i a 


FADER Tati 3 ee 


POWER AT RADAR RECEIVER (dBm} 


1 ys ee 8 20 


Bo a) Goad Go Tbe 


EXAMPLE ONLY RANGE to TARGET (NM) 


Figure 1. Sample Constant Gain / Constant Power Graph. 


jammer occurs only at large distances from the radar and the constant power (saturated) region is reached 
rapidly as the target approaches the radar. When a constant gain jammer is involved it may be necessary to 
plot jamming twice - once using J from the constant power (Saturated) equation [1] in Section 4-7 and once 
using the constant gain (linear) equation (4), as in the example shown in Figure 1 


410.1 


CONSTANT 


IN SELF PROTECTION EA 


Most jammers have a constant power output - that is, they always transmit the maximum available 
power of the transmitter (excepting desired EA modulation). Some jammers also have a constant gain (linear) 
region. Usually these are coherent repeaters that can amplify a low level radar signal to a power that is below 
the level that results in maximum available (saturated) power output. At some radar to target range, the input 
signal is sufficiently high that the full jammer gain would exceed the maximum available power and the 
jammer ceases to be constant gain and becomes constant power. 


To calculate the power output of a constant gain jammer where 


Su = The Radar signal at the jammer input (receive antenna terminals) 
Ginx) = The Gain of the jammer receive antenna 

G The gain of the jammer 

an The one-way free space loss from the radar to the target, 

Pico = The jammer constant gain power output 

P, = The maximum jammer power output 

Le The jammer receiving line loss; combine with antenna gain Gira) 


From equation [10], Section 4-3, calculate the radar power received by the jammer. 


10log 


nj = 10log P, + 10log G, - ar, + 10log Giarrs) (factors in dB) fl] 
The jammer constant gain power output is: __10log Pjcc = 10log Sy + 10log Gi RI 


and, by definition: 


13] 


MONOSTATIC 


‘The equivalent circuit shown in Figure 2 is different from the constant power equivalent circuit in 
Figure 4 in Section 4-7. With constant gain, the jamming signal experiences the gain of the jammer and its 
antennas plus the same space loss as the radar signal, 


JAMMER CONSTANT GAIN (LINEAR) Jui RERENVER 
EQUIVALENT CIRCUIT (MONOSTATIC) ANTENNA GARE 


i ONEAWAY SPACE LOSS 
By 
TROEHITTER “ naDan GAWN OF Res 
VA: eee ———— ONEWAY SPACE Loss 
couctares ain Bw TARGET ann 
ees aNPUFiER 
oy ONE WAY SPAGE LOSS 
TOTAL SIGNAL = +5} TANNER TRIE MITER 


ANTENNA GAIN (Gi) 
SIGNAL POWER GAINE- LOSSES fn a2) 


For Moncstatio: Fu = Ris tm = dy = m= ot 


Figure 2. Jammer Constant Gain EA Equivalent Circuit (Monostatic). 
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To calculate J, the one way range equation from Section 4-3 is used twice: 


[4] 
UG. 2 o 
Front the two way range equation in Section 4-4; f=FHG: Gedo 15] 
G2) R 
J _ Gintesy Gj G rs 
‘Terms cancel when combined: 2-= Git Gi Gray A Keep Aand in same units {6} 
Ss 410 
Orin dB form: 10log J/S = 10log Gyyes * 10log G; + 10log Gia ~ 10log (40/22) 71 


Since the last term can be recognized as minus G, from equation [10] in Section 4-4, where the target 
gain factor, G, = 10log (4na/2") = 10log (410 f*/c’), it follows that: 


10log J/S = 10log Gigs) + 1Olog Gj + 1Olog Giurry - Ga (factors in dB) 18] 


Target gain factor, G, = 10log o + 20log f; + Ky_(in dB) 


K, Values 

(dB) RCS (6) fiinMHz fi in GHz 
units 
m “38.54 21.46 
ft 48.86 11.14 


BISTATIC 


‘The bistatic equivalent circuit shown in Figure 3 is different from the monostatic equivalent circuit 
shown in Figure 2 in that the receiver is separately located from the transmitter, Rr, # Ryx or Ry, and Ga will 
be different since the RCS (@) varies with aspect angle, 


JANIMER CONSTANT GAIN (LINEAR) Una 
EQUIVALENT CIRCUIT (BISTATIC} sirsihioale = 
feyg vONEWAY 99208 Loss : 


TRMSUITER "RADAR Gy oneinay SPADE LOSS CaN oF Fee 
: Ra ane Auer 


ne 
Raa 


(OTALSIaNAL =J+8) 
Forisato: Am = AavAu ane = anya 


Figure 3, Jammer Constant Gain EA Equivalent Circuit (Bistatic), 
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To calculate J, the one way range equation from Section 4-3 is used twice: 


GG ity BG) G ints Ge 2 (Ry = Res) 1} 
GrRn! ATR 


From the two way range equation in Section 4-4: 5 PGG HO" (o’ is bistatic RCS) [10] 
42) Rin 
Terms cancel when combined: Z= Git Gs Gur Koen 2 and or in same units re 
c 40" 
Or in dB form: 10log J/S = 10log Gigs) + 1log G; + 10log Gyrry) - 10log (40/22) [12] 


Since the last term can be recognized as minus G, from equation [10] in Section 4-4, where the target gain 
factor, Gy = 10log (40/2) = 10log (420'f"/c"), it follows that: 


(factors in dB) [13] 


1Olog = 1Olog Gia) + Wlog G, + 10log Ger ~ C 


Target gain factor, Gj = 10log o + 20l0g fi + Kz (in dB) 


K; Values 

(dB) RCS(o)_fiinMHz_fi in GHz 
it K= 
m 38.54 21.46 


is ~48.86 114 
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Linear J/S (Monostatic) Example (Linear Power Jamming) 


Assume that a 5 GHz radar has a 70 dBm signal fed through a 5 dB loss transmission line to an 
antenna that has 45 dB gain. An aircraft that is flying 31 km from the radar has an aft EW antenna with-1 dB 
gain and a 5 dB line loss to the EW receiver (there is an additional loss due to any antenna polarization 
mismatch but that loss will not be addressed in this problem). The received signal is fed to a jammer with a 
gain of 60 dB, feeding a 10 dB loss transmission line which is connected to an antenna with 5 dB gain 


If the RCS of the aircraft is 9 m°, what is the J/S level received at the input to the receiver of the 
tracking radar? 


Answer: 
1Olog IS = 10log Gyr) * 10log G; + 1Olog Gira) ~ Go 


G,= lOlog a + 20log fi + Ks = 10log 9 + 20log 5 + 21.46 = 44.98 dB 


s will be combined with antenna gains, 
-5dB 


Note: The respective transmission line 
ie. -1 -5 =-6 dB and -10+5 


10log /S = -6 + 60 - 5 - 44.98 = 4.02 dB @ 5 GHz. 


‘The answer changes to 1.1 dB if the tracking radar operates at 7 GHz provided the antenna gains and 
aircraft RCS are the same at both 5 and 7 GHz. 


G, = llog 9 + 20log 7 + 21.46 = 47.9 dB 
1Olog VS = -6 + 60-5 -47.9 = 1.1 dB @7 GHz 
Separate J (-73.5 dBm @ 5 GHz and -79.34 dBm @ 7 GHz) and S (-77.52 dBm @ 5 GHz and 


-80.44 dBm @ 7 GHz) calculations for this problem are provided in Sections 4-3 and 4-4, respectively. 
‘A saturated gain version of this problem is provided in Section 4-7. 
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RADAR CROSS SECTION (RCS) 


Radar cross section is the measure of a target’s ability to reflect radar signals in the direction of the 
radar receiver, i.e. it is a measure of the ratio of backscatter power per steradian (unit solid angle) in the 
direction of the radar (from the target) to the power density that is intercepted by the target. 


The RCS of a target can be viewed as a 
comparison of the strength of the reflected signal 
from a target to the reflected signal from a perfectly 
smooth sphere of cross sectional area of | m’ as 
shown in Figure 1 


The conceptual definition of RCS includes 
the fact that not all of the radiated energy falls on the 
target. A target’s RCS (a) is most easily visualized as 
the product of three factors: 


6 = Projected cross section x Reflectivity x 
Directivity. 


RCS(o) isused in Section 4-4 foran equation _ Figure 1. Concept of Radar Cross Section. 


representing power reradiated from the target. 
Reflectivity: The percent of intercepted power reradiated (scattered) by the target. 


Directivity: ‘The ratio of the power scattered back in the radar’s direction to the power that would 
have been backscattered had the scattering been uniform in all directions (i.e. isotropically). 


Figures 2 and 3 show that RCS does nisin 
not equal geometric area, Fora sphere, the Sinall Flat Plate 
“S 2 wi iz Flat plate RCS on deaiat 
RCS, o = mr’, where r is the radius of the 008s Oo atplale ness, 


sphere. Fe Bat we at Pate 


The RCS of a sphere is independent of im 
frequency if operating at sufficiently high | ig 


frequencies where 4<<Range, and 4<< 


Sphere O= mx 


radius (r). Experimentally, radar return ue 
reflected from a target is compared to the acniesacd ‘Giant 
radar return reflected from a sphere which | | /ptu mat iocHe| im off f Pena 


has a frontal or projected area of one square or 140 mat 1 Ghz 
meter (i.e. diameter of about 44 in). Using 
the spherical shape aids in field or 
laboratory measurements since orientation 
or positioning of the sphere will not affect 
radar reflection intensity measurements as a Figure 2. RCS vs. Physical Geometry. 
flat plate would. If calibrated, other sources 

(cylinder, flat plate, or corner reflector, etc.) could be used for comparative measurements. 


\ ofFreguancy" | 


7 Soe oestira ware clasueson for excenton when kex Renge and Ase 


To reduce drag during tests, towed spheres of 6”, 14”, or 22” diameter may be used instead of the 
larger 44” sphere, and the reference size is 0.018, 0.099, or 0.245 m* respectively instead of 1 m?, When 


41d 


smaller sized spheres are used for tests you may be operating at or near where A~radius. If the results are then 
scaled toa I m* reference, there may be some perturbations due to creeping waves. See the discussion at the 
end of this section for further details. 
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Figure 3, Backscatter From Shapes. 


In Figure 4, RCS patterns 
are shown as objects are rotated 
about their vertical axes (the arrows 
indicate the direction of the radar 
reflections). 


The sphere is essentially the 
same in all directions. 


The flat plate has almost no 
RCS except when aligned directly 
toward the radar. 


The comer reflector has an 
RCS almost as high as the flat plate 
but over a wider angle, ie., over 
460°. The return from a comer 


reflector is analogous to that of a flat plate always being perpendicular to your collocated trans 


receiver. 


Targets such as shi 


RELATIVE MAGNITUDE (dBsm) 


0" Patter 290° Pattern 260" Pawein 
SPHERE FLAT PLATE 


calibration targets or as decoys, i.e. comer reflectors, 
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Figure 4. RCS Patterns, 


and aircraft often have many effective comers. Corners are sometimes used as 


2 


nitter and 


An aircraft target is very complex. It has a 
great many reflecting elements and shapes. The RCS of 5 
real aircraft must be measured. It varies significantly 
depending upon the direction of the illuminating radar. 


Figure 5 shows a typical RCS plot of a jet 
aircraft. The plot is an azimuth cut made at zero 
degrees elevation (on the aircraft horizon). Within the 
normal radar range of 3-18 GHz, the radar return of an 
aircraft in a given direction will vary by a few dB as 
frequency and polarization vary (the RCS may change 
by a factor of 2-5). It does not vary as much as the flat 
plate. 


As shown in Figure 5, the RCS is highest at the 
aircraft beam due to the large physical area observed by 
the radar and perpendicular aspect (increasing 
reflectivity). The next highest RCS area is the nosetail 
area, largely because of reflections off the engines or 
propellers. Most self-protection jammers cover a field of view of +/- 60 degrees about the aircraft nose and 
tail, thus the high RCS on the beam does not have coverage. Beam coverage is frequently not provided due to 
inadequate power available to cover all aircraft quadrants, and the side of an aircraft is theoretically exposed 
toa threat 30% of the time over the average of all scenarios. 


igure 5. Typical Aircraft RCS 


‘Typical radar cross sections are as follows: Mi 
to 1000 sq m; and ships 3,000 to 1,000,000 sq m. RC: 
square meter (dBsm) which equals 10 log (RCS in m’) 


ile 0.5 sq m; Tactical Jet 5 to 100 sq m; Bomber 10 
can also be expressed in decibels referenced to a 


Again, Figure 5 shows that these values can vary dramatically. The strongest return depicted in the 
example is 100 m’ in the beam, and the weakest is slightly more than I m? in the 135°/225° positions. These 
RCS values can be very misleading because other factors may affect the results, For example, phase 
differences, polarization, surface imperfections, and material type all greatly affect the results. In the above 
typical bomber example, the measured RCS may be much greater than 1000 square meters in certain 
circumstances (90°, 270°). 


SIGNIFICANCE OF THE REDUCTION OF RCS 


Ifeach of the range or power equations that have an RCS (a) term is evaluated for the significance of 
decreasing RCS, Figure 6 results. Therefore, an RCS reduction can increase aircraft survivability. The 
equations used in Figure 6 are as follows: 


Range (radar detection): GG A'S wherefore, Ric aoro!“ xR 
From the 2-way range equation in Section 4-4: (42 Rt . 

> _ PGS > in 
Range (radar burn-through): Rir= LES Therefore, Rui? «6 oF oe Ru 
The crossover equation in Section 4-8 has PiG)4a 


4113 


Power (jammer): Equating the received signal return (P,) in the two way range equation to the 
received jammer signal (P,) in the one way range equation, the following relationship results: 


P.GiGod 
an) Re 
t 

Ss J 


Therefore, P; <6 or ox Py 


Note: jammer transmission line loss is combined with the jammer antenna gain to obtain G, 
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Figure 6. Reduction of RCS Affects Radar Detection, Burn-through, and Jammer Power. 


Example of Effects of RCS Reduction - As shown in Figure 6, if the RCS of an aircraft is reduced to 0.75 
(75%) of its original value, then (1) the jammer power required to achieve the same effectiveness would be 
0.75 (75%) of the original value (or -1.25 dB). Likewise, (2) If Jammer power is held constant, then burn- 
through range is 0.87 (87%) of its original value (-1.25 dB), and (3) the detection range of the radar for the 
smaller RCS target (jamming not considered) is 0.93 (93%) of its original value (-1.25 dB). 


OPTICAL / MIE / RAYLEIGH REG 


|ONS 


Figure 7 shows the different regions applicable for computing the RCS of a sphere. The optical 
region (“far field” counterpart) rules apply when 2nr/4 > 10. In this region, the RCS of a sphere is 
independent of frequency. Here, the RCS ofa sphere, o= ar". The RCS equation breaks down primarily due 


414 


to creeping waves in the area where 2~2r. This area is known as the Mie or resonance region. If we were 
using a 6” diameter sphere, this frequency would be 0.6 GHz. (Any frequency ten times higher, or above 
6 GHz, would give expected results). The largest positive perturbation (point A) occurs at exactly 0.6 GHz 
where the RCS would be 4 times higher than the RCS computed using the optical region formula. Just 
slightly above 0.6 GHz a minimum occurs (point B) and the actual RCS would be 0.26 times the value 
calculated by using the optical region formula. If we used a one meter diameter sphere, the perturbations 
would occur at 95 MHz, so any frequency above 950 MHz (~1 GHz) would give predicted results 


CREEPING WAVES 


The initial RCS assumptions presume that we are operating in the optical region (1<<Range and 
A<<radius). There is a region where specular reflected (mirrored) waves combine with back scattered 
creeping waves both constructively and destructively as shown in Figure 8. Creeping waves are tangential to 
a smooth surface and follow the “shadow” region of the body. They occur when the circumference of the 
sphere ~ 4. and typically add about 1 m’ to the RCS at certain frequencies. 


RAYLEIGH MIE OPTICAL* 
RAYLEIGH REGION i) 
= [mr ][7.11(kr)"] 
where: k= 2n/h oo 
MIE (resonance) ofa? 0,1 


o=4nr" at Maximum (point A) 
oo =0.26nr" at Minimum (pt B) 


0.01;- 


OPTICAL REGION 


o=ar ! 1 
(Region RCS of a sphere is aoe 10 10 


independent of frequency) pean 
ar 
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Courteeyof Dr. lan E. Fuhs, PhO. 


Figure 7. Radar Cross Section of a Sphere. 
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ADDITION OF SPECULAR AND CREEPING WAVES 
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Figure 8. Addition of Specular and Creeping Waves. 
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EMISSION CONTROL (EMCON) 


When EMCON is imposed, RF emissions must not exceed -1 10 dBm/meter* at one nautical mile. It 
is best if systems meet EMCON when in either the Standby or Receive mode versus just the Standby mode 
(or OFF). If one assumes antenna gain equals line loss, then emissions measured at the port of a system must 
not exceed -34 dBm (ice. the stated requirement at one nautical mile is converted to a measurement at the 
antenna of a point source - see Figure 1). If antenna gain is greater than line loss (i.e. gain 6 dB, line loss 
3 dB), then the -34 dBm value would be lowered by the difference and would be -37 dBm for the example, 
The opposite would be true if antenna gain is less. 


MIL-STD-461B/C RE-02 or 
Seamids, MIL-STD-461D RE402 Maximum 
Connector 70 dByVin for externally mounted systems EMCON 
Leakage L Emissions 
=e] Meter 
—_ —=~ 1 Nautical mile 
PrOh 1 2 
-34 dBm (at RF port) —— = -110 dBmim 
(For Line Loss = Antenna Gain) 4ak2 


Figure 1, EMCON Field Intensity / Power Density Measurements, 


To compute the strength of emissions at the antenna port in Figure 1, we use the power density 
equation (see Section 4-2) 


Po iy or rearranging PG,= Pp (4nR’) 21 


4nR 


Given that Pp = -110 dBm/m 


= (10)" mW/m*, and R = 1 NM = 1852 meters. 


PG, = Pp (4m 


10°''mW/m?)(4x)(1852m)’ = 4.31(10)* mW = -33.65 = -34 dBm 
at the RF system antenna as given 


or, the equation can be rewritten in Log form and each term multiplied by 10: 
10log P, + 10log G, = 10log Pp + 10log (4nR?) 13] 


Since the m* terms on the right side of equation [3] cancel, then: 
10log P, + 10log G, =-110 dBm + 76.35 dB = -33,65 dBm = -34 dBm as given in Figure 1 


If MIL-STD-461B/C RE02 (or MIL-STD-461D RE-102) measurements (see Figure 2) are made on 
seam/connector leakage of a system, emissions below 70 dBuV/meter which are measured at one meter will 
meet the EMCON requirement. Note that the airframe provides attenuation so portions of systems mounted 
inside an aircraft that measure 90 dBuV/meter will still meet EMCON if the airframe provides 20 dB of 
shielding (note that the requirement at one nm is converted to what would be measured at one meter froma 
point source). 
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The narrowband emission limit shown in Figure 2 for REO2/RE102 primarily reflect special concern 
for local oscillator leakage during EMCON as opposed to switching transients which would apply more to the 
broadband limit. 


"hor of 1 10 100 1000 10000 
FREQUENCY (MHz) 


Figure 3, MIL-STD-461 Narrowband Radiated Emissions Limits. 


Note that in MIL-STD-461D, the narrowband radiated emissions limits were retitled RE-102 from the 
previous RE-02 and the upper frequency limit was raised from 10 GHz to 18 GHz. The majority of this 
section will continue to reference REO2 since most systems in use today were built to MIL-STD-461B/C. 


For the other calculation involving leakage (to obtain 70 dBuV/m) we again start with: Pp) = ey 
in 


and use the previous fact that: 10log (P,G,) = -33.6 dBm = 4.37x10* mW (see Section 2-4), 


‘The measurement is at one meter so R* 

4.37x10% 

aan 
4a 


my 


we have: W/m? =.348x 10" mW/ m?=-44.6 dBm/ m?= Py @ 1 meter 


Using the field intensity and power density relations (see Section 4-1) 


E=APpZ = 3.48 10° © 3770. = 36.2 10" Vim 


‘Changing to microvolts (1V = 10° wV) and converting to logs we have: 


20 log (E) = 20 log (10° x 36.2x10") = 20 log (.362x10*) = 71.18 dBaV/m ~ 70 dBuV/m as given in 
Figure | 


A common error is to only use the one-way free space loss coefficient a; directly from Figure 6, 
Section 4-3 to calculate what the output power would be to achieve the EMCON limits at | NM. This is 
incorrect since the last term on the right of equation [3] (10 Log(4xR?)) is simply the Log of the surface area 
ofa sphere - it is NOT the one-way free space loss factor o.). You cannot interchange power (watts or dBW) 
with power density (watts/m’ or dBW/m’). 


‘The equation uses power density (Pp), NOT received power (P,). It is independent of RF and 
therefore varies only with range. If the source is a transmitter and/or antenna, then the power-gain product (or 
EIRP) is easily measured and it’s readily apparent if 1 0log (P; G,) is less than -34 dBm. If the output of the 
measurement system is connected to a power meter in place of the system transmission line and antenna, the 
-34 dBm value must be adjusted. ‘The measurement on the power meter (dBm) minus line loss (4B) plus 
antenna gain (dB) must not be higher than -34 dBm. 


However, many sources of radiation are through leakage, or are otherwise inaccessible to direct, 
measurement and Pp must be measured with an antenna and a receiver. The measurements must be made at 
some RF(s), and received signal strength is a function of the antenna used therefore measurements must be 
scaled with an appropriate correction factor to obtain correct power density 


RE-02 Measurements 

When RE-02 measurements are made, several different antennas are chosen dependent upon the 
frequency range under consideration. The voltage measured at the output terminals of an antenna is not the 
actual field intensity due to actual antenna gain, aperture characteristics, and loading effects. To account for 
this difference, the antenna factor is defined as: 


AF=E/V 14] 


where E= Unknown electric field to be determined in Vim (or tV/m) 
V = Voltage measured at the output terminals of the measuring antenna 


For an antenna loaded by a 50 @ line (receiver), the theoretical antenna factor is developed as follows: 


Py Ae= P= VIR = V,/50 or V, = V50 Poe 


From Section 4-3 we see that A. = G,d’/4x, and from Section 4-1, E 


gent 377 Po 9.73 


77 Pp therefore we have: 


15] 


Vo S30 P)(2G./ 42) ANG, 
Reducing this to decibel form we have: 
9.73 
20 log AF = 20 log E- 20 log V = 20 log] —~——_| with 2 in meters and Gain numeric ratio (not dB) 16] 
* = «eam a 


This equation is plotted in Figure 3 
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Since all of the equations in this section were developed using far field antenna theory, use only the 
indicated region 


30 50__1coWHe 200 900500 _1GHz 2 9 5 10GHz 20 30. 


3 
59 50 
= 
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. Perrigatie 
2 Region 
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ol a es = ° 
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Figure 3. Antenna Factor vs 


Frequency for Indicated Antenna Gain 
In practice the electric field is measured by attaching a field intensity meter or spectrum analyzer with 
a narrow bandpass preselector filter to the measuring antenna, recording the actual reading in volts and 
applying the antenna factor. 
20log E = 201og V + 20log AF 7 
Each of the antennas used for EMI measurements normally has a calibration sheet for both gain and 


antenna factor over the frequency range that the antenna is expected to be used. Typical values are presented 
in Table 1 


Table 1. Typical Antenna Factor Values 


Frequency Range ‘Antenna(s) Used Antenna Factor Gain(@aBy 
14kHz-30MHz__| 41” rod 22-58 dB 0-2 
20 MHz - 200 MHz | Dipole or Biconical 0-18 dB 0-11 
200 MHz-1GHz | Conical Log Spiral 17-26 dB 0-15 
1 GHz - 10 GHz Conical Log Spiral or Ridged Hom 21-48 dB 0-28 
1 GHz— 18 GHz Double Ridged Hom 21-47 dB 0-32 
18 GHz-40GHz | Parabolic Dish 20-25 dB 27-35 
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The antenna factor can also be developed in terms of the receiving antenna’ effective area. This can 
be shown as follows: 


_E_ 377 Pp _ 2.75 


AF == = 18) 
Ve $50P pA Ac 
Or in log form: 
20 log AF = 20log E- 20logV = 20 | 273 py 
VA. 


While this relation holds for any antenna, many antennas (spiral, dipole, conical etc.) which do not, 
have a true “frontal capture area” do not have a linear or logarithmic relation between area and gain and in 
that respect the parabolic dish is unique in that the antenna factor does not vary with frequency, only with 
effective capture area. Consequently a larger effective area results in a smaller antenna factor. 


A calibrated antenna would be the first choice for making measurements, followed by use of a 
parabolic dish or “standard gain” horn. A standard gain horn is one which was designed such that it closely 
follows the rules of thumb regarding area/gain and has a constant antenna factor. If a calibrated antenna, 
parabolic dish, or “standard horn” is not available, a good procedure is to utilize a flat spiral antenna (such as 
the AN/ALR-67 high band antennas). These antennas typically have an average gain of 0 dB (typically -4 to 
+4 dB), consequently the antenna factor would not vary a lot and any error would be small. 


EXAMPLI 


Suppose that we want to make a very general estimation regarding the ability of a system to meet 
EMCON requirements. We choose to use a spiral antenna for measurements and take one of our samples at 
4 GHz. Since we know the gain of the spiral is relatively flat at 4 GHz and has a gain value of approximately 
one (0 dB) in that frequency range. The antenna is connected to a spectrum analyzer by 25 feet of RG9 cable. 

We want to take our measurements at 2 meters from the system so our setup is shown as follows: 


Spiral 
ae Antenna 
System(s) a 25 ft Spectrum 
oo 
Under Test as RG9 Cable Analyzer 


Our RG9 cable has an input impedance of 50, and a loss of 5 dB (from Figure 5, Section 6-1). 
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First, let’s assume that we measure -85 dBm at the spectrum analyzer and we want to translate this 
into the equivalent strength at I NM. Our power received by the antenna is: P, =-85 dBm + 5 dB line loss 
-80dBm 


also Py = PA, and A, = Gi2/4m = (G/4n)e(c/fY = (1/4n)0(3x10°/4x 10° = 4.47x10% m? 


in log form: 10 Log Pp = 10 Log P, - 10 Log A, = -80 dBm + 33.5 =-46.5 dBm/m* 
at our 2 meter measuring point 


To convert this to a value at | NM, we use 


P, G.= Poot om 4ARi? = Poarm 4aR2_ and we solve for PD@I am 


in log form after cancelling the 4x terms: 


105.8 dBm/m* 


10 Log Pa am = 10 Log Ppa2m + 10 Log (Ron/Rian)® = -46.5 dBm/m* - 59.3 dB 
which is more power than the maximum value of -110 dBm/m* specified. 


Ifwe are making repetitive measurement as we might do when screening an aircraft on the flight line 
with numerous systems installed, or when we want to improve (reduce) the leakage on a single system by 
changing antennas, lines, connectors, or EMI gaskets or shielding, this mathematical approach would be 
unnecessarily time consuming since it would have to be repeated after each measurement. A better approach 
would be to convert the -110 dBm/m’ value at 1 NM to the maximum you can have at the measuring 
instrument (in this case a spectrum analyzer), then you could make multiple measurements and know 

mmediately how your system(s) are doing. It should be noted that -90 to -100 dBm is about the minimum 
signal level that can be detected by a spectrum analyzer, so you couldn’t take measurements much further 
away unless you used an antenna with a much higher gain, 


In order not to exceed EMCON, the power density must not exceed -110 dBm/m* at 1 NM, which is 
10"! mW/m’. 


P, Gi, = Pot om 4¢R1° = Poem 4a: 


57x 10° mWi 50.7 dBmim 


we solve for Poa2m = 10"(1852m)'/(2m)* 


We'll be using a spectrum analyzer, so we want to compute what the maximum power or voltage may 
be. 


Method 1 - Using the Power D Approach 


Using logs/4B and the values of Pp and A, determined previously: 
10 Log P, = 10 Log Pp + 10 Log A, 50.7 - 33. -84.2 dBm 


taking line loss into account we have: -84.2 - 5 dB = - 89.2 dBm as the maximum measurement reading. 
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If we wanted to calculate it in volts, and take into account our line impedance we would have the following: 
P, 


moor Pteara So 
po] 24 laa bp, | G(£) | = |a.szey09| 1 (3) |som=1.38 105 vols (before line loss) 
Vela Py al 


Ga\Fe10" 
since our line loss is 5 dB, we have -5 dB = 20 Log V,/V,. Solving for V, we get 7.79x10° volts or -89 dBm 
‘asa maximum at our measurement device input. We can see immediately that our value of -85 dBm that we 
measured on the previous page would not meet specifications, and neither would any signal with more power 
than -89 dBm. 


Pp Ac= VIR=V/50Q also Ap=Gi"/4n so solving for V we have: 


Method 2 - Using the Antenna Factor Approach 


), we find the 
this section, 


Starting with the same value of power density that we obtained above (8.57x10” W/m 
field intensity from Table 1, Section 4-1 to be approximately 65 dBuv/m. Also from Figure 3 
AF = 43 dB @ 4 GHz (by calculating with equation [6], the exact value is 42.3 dB). 


From equation [6]: 
20log V = 20log E - 20log AF 
20log V = 65 - 43 = 22 dBuvim, 


Since dBuv/m = 20 log (V)(10*) = 20 log V + 20 log 10° = 20 log V + 120, we see that to get an 
answer in dBv we must subtract 120 from the dBu.v/m value so: Vag = 22 - 120 =-98dBv. We then subtract 
our line loss (-5 dB) and we have: 


V =-98 - 5 =-103 dBv = 17 dBuv = 7.1x10° volts 


using the fact that P = V’/R and for the input line R = 50Q, P = 1x10" W =-120 dBV 0 dBm 


Although this method is just as accurate as that obtained using method 1, the values obtained i 
Table 1, Section 4-1, and Figure 3 must be interpolated, and may not result in values which are as precise as 
the appropriate formulas would produce. 


Sample Problem: What is the approximate transmit power from a receiver? 


A. I nanowatt (nW) F. 100 ww K 10W 
B 1onW G.——_ L milliwatt (mW) L 100 W 

c 100 nW HH. -10mW M. I kilowatt (kW) 
D. I microwatt (uW) r 100 mW N. 10 kW 

E 10 nw J 1 watt (W) 0. 100kW 


The question may seem inappropriate since a receiver is supposedly a passive device which only 
receives a signal. If the receiver was a crystal video receiver as shown in Section 5-3, it wouldn’t transmit 
power unless a built-in-test (BIT) signal was injected after the antenna to periodically check the integrity of 
the microwave path and components. The potential exists for the BIT signal to leak across switches and 
couple back through the input path and be transmitted by the receiver’s antennas. 
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If the receiver uses a local oscillator (LO) and a mixer to translate the signal to an intermediate 
frequency (IF) for processing (such as a superhet shown in Section 5-3), there is the potential for the CW LO 
signal to couple back through the signal input path and be transmitted by the receiver’s antenna, Normally a 
mixer has 20 dB of rejection for the reverse direction. In addition, the LO may be further attenuated by 
receiver front end filters 


In both cases, the use of isolators described in Section 6-7 could be used to further attenuate any 
signals going in the reverse direction, ic. back to the antenna. A good receiver design should ensure that any 
RF leakage radiated by the receiver will not exceed the EMCON level. 


In answer to the initial question, “transmit” leakage power should be less than -34 dBm (0.4 »W) to 


meet EMCON. Therefore, the real answer may be “A,” “B,” or “C” if EMCON is met and could be “D” 
through possibly “G” if EMCON is not met. 
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EW JAMMING TECHNIQUES 
INTRODUCTION 


Electronic jamming is a form of Electronic Attack where jammers radiate interfering signals toward 
an enemy’s radar, blocking the receiver with highly concentrated energy signals. The two main technique 
styles are noise techniques and repeater techniques. The three types of noise jamming are spot, sweep, and 
barrage. Repeater techniques can be further subdivided into categories as shown in Figure 1 


ECM 


ECM Type Generation 
Method 


as eee 


Jamming | |Deception Active Passive 


(Concealment) (Forgery) (Transmitting) (Reflection) 


Figure 1, EA Repeater Technique Divisions 


ASYNCHRONOUS SWEPT WAVE MODULATION (ASWM) 


ASWM is synonymous with A-SWM. Asynchronous indicates that the waveform is free running - 
also see SSWM. A swept wave modulation is essentially a swept amplitude modulation (SAM). It is a 
waveform that is swept between two frequencies that are usually chosen to bracket a radar’s passive angle 
scanning rate. The modulation amplitude can be either down modulated or On-Off Keyed (OOK). The down 
modulated shape can be square wave, rectangular wave, linear (e.g. a sine wave), ora combination. The OOK, 
modulated shape can be square wave or rectangular wave. 


BARRAGE JAMMING 


BARRAGE JAMMING 14% OF JAMMING IN RECEIVER 
The jamming of, svsier saver Power 
: Reducing jamming Beery Deni specu 

multiple frequencies at once by _| inthe receiver tort 

a single jammer, — The | 100% 14% oibsse she le 

advantage is that multiple | reduces JS by ‘lg Rana aan 

a 2608 eaomoTis 

frequencies can be jammed Wie “ur “1 

simultaneously; however, the | Js qp8.6 4B "Rae ARO = an ae 

jamming effect can be limited RADARS 


because this requires the 

jammer to spread its full power Figure 2. Barrage Jamming. 
between these frequencies. So 

the more frequencies being jammed, the less effectively each is jammed. 
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CRO! 


POLARIZATION (X-POL) 


(1) A self-screening or support EA technique that causes angle errors in tracking radars and sensing 
errors in jamming suppression EP systems of surveillance radars by radiating a signal that is orthogonally 
polarized to the principal polarization of the victim radar. (2) A technique used against monopulse and other 
passive lobe tracking radars. Requires a strong jam-to-signal ratio or the skin echo will show up in the pattern 
nulls, 


HOME ON JAM (HOJ) 


A means whereby a missile guidance receiver utilizes the self-screening target jamming signal to 
develop angular steering information so that the missile can home on that target. 


IMAGE JAMMING 


Jamming at the image frequency of the radar receiver. Barrage jamming is made most effective by 
generating energy at both the normal operating and image frequency of the radar. Image jamming inverts the 
phase of the response and is thereby useful as an angle deception technique. Not effective if the radar uses 


image rejection. 


INVERSE CON 


"AN (I 


One method of 
confusing a radar operator or 


fire control radar system is to * A 
provide erroneous target. | -—— 
bearings. This is 


Cy 
accomplished by first sensing ; 


Mies 


the radar antenna or antenna “Targa Ratu Tg Tracking 
dipole scan rate and then 
modulating repeater amplifier 
gain so that the weapons sesecu spat 
system will fire at some 
bearing other than the true 
target bearing 


J/S REQUIREMENT alll» 
The jamming to | am f= 

signal ratio for effective 

coverage of the true target. 

Usually on the order of zero 

4B (W/S=1), 


Faso 


Figure 3. Inverse Con Scan. 
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LINEAR MODULATION 


A modulation technique in which the output varies in a straight line (linear) manner with the input 
(modulating) waveform. This is different from a discontinuous (On-Off) modulation. Typically the 
modulating waveform is a ramp or triangular wave but could also be a sine wave modulating input. 


LOBE ON RECEIVE ONLY (LORO) 


Predicting the future location of a target (to track) requires that the radar look at areas where the target, 
not located. When this scanning is accomplished with the radiated beam, large angle targets such as chaff 
clouds can create complete radar “Wwhite-out.” RWR indications can be obtained before actual target lock-on, 

These problems can be overcome by scanning only the receiving antennas and using a separate transmitting 
antenna pointed only at the target. 


InaLOROsystem, a transmitting antenna emits a few “exploratory” pulses along a direction obtained 
from an acquisition radar. These exploratory pulses are the acquisition mode of the TTR. That is, in its 
acquisition mode the small beamed TTR must scan the large location segment provided by the acquisition 
radar, In radars equipped with Fast Time Constant, the return pulse is applied to a differentiator of extremely 
short time constant. When the pulse is received, itis “cut-off” on the leading edge and only that portion is fed 
to the computer. This allows the radar to effectively track on the leading edge of the target. FTC does not 
improve the range resolution but it can prevent any countermeasures aft of the target which are in the same 
resolution cell as the target (such as chaff) from interfering with the radar receiver 


The receiving antennas scan their sector for the target return due to these exploratory pulses; as the 
power centroid is located, the center of the receiving pattern is brought onto the target. The transmitting 
antenna, which is slaved to the receiving antenna, is then pointing directly at the desired target and only that 
target is radiated during tracking. This approach allows a very small radiated beam, but the resolution cell of 
the system is still that of the receiving antenna. 


NOISE JAMMING * 


CONVENTIONAL NOISE 


The transmission of noise-like 


signals in the target system’s radar receiver |8 | | ‘if IMM ANNI | ANN \ 
bandpass. At low power levels, noise |= ||| Hil (itu LNAI] 
jamming has the characteristics of receiver | ||||||I|/ | 1) THT) UI | | 
noise and can be mistaken by the radar WV YUU = 
‘operator as a problem with the radar. The tancer RANOETIME 
object of noise jamming is to introduce a tocaion 
disturbing signal into the hostile electronic | RANGE GATED NOISE 
equipment so that the actual signal is 
obscured by the interference. The victim of | y 
this disturbance might be a radar receiver,a_ | B 
communications network, or a data link. g 

See also Barrage Jamming and TARGET, eancertne 


Spot Jamming, 


Figure 4, Noise Jamming 
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ON-OFF MODULATION 


On-Off Modulation is any modulation which switches rapidly between two states. This definition 
includes pulse radar operation 


‘On-Off Keying (OOK) is the envelope modulation of a jamming signal with a rectangular wave. The 
modulation rate and duty cycle are adjusted commensurate with the victim radar’s processing time constants. 
These can be related to AGC time constants, logic time-outs, data sampling cycles, or any other data 
processing response times. 


An important distinction must be made between the terms On-Off Keying and Blinking. While both 
terms involve envelope modulations that turn a jamming signal on and off, the term OOK is used as the 
envelope modulation of a single jamming signal, and the term blinking is used as the tactical application of 
OOK involving two or more cooperative jamming platforms. 


PSEUDO RANDOM NOISE (PRN) 


A controlled, noise-like, pulse pattem repeated in synchronism with the victim radar pulse repetition 
frequency. Synonymous with quasi-noise jamming. 


Target ‘Current RF 


Dead Band ——| | a ! 


— f+ 
Bandwidth 


Figure 5. Random Dual Line. 


RANDOM DUAL LINE (RDL) 


RDL isa coherent repeater technique that is essentially the same as velocity noise (VN), narrow band 
noise (NBN), and pseudo random noise (PRN) except that no false Doppler frequencies are stepped directly 
over the target return. The objective is to prevent the momentary additions of the EA signal and target signal 
that might highlight the presence of a coherent return. 
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RANDOM RANGE PROGRAM (RANRAP) 


A dynamic False Target Jamming technique program to create multiple realistic targets of varying 


size and distance from the jamming plane. 


RANGE GATE PULL OFF (RGPO) 


has detected a target, it will RGPO Pulse Motion > 
place range gates to either side | £>~6qB J 
of it. Range gates essentially 


narrow window, 
nereasing the signal-to-noise 


ratio and protecting the radar | Target Range Target Range Target Range 
against unsynchronized jamming 

pulses. The radar “concentrates” ' ' 

‘on a short range interval which fl mM 


encloses the target’s location, 
and it no longer looks out for 
other targets. This state is 
known as ‘lock-on’. But range 


‘ 
blank out all signals which RGPO Pulse 
originate from ranges outside a Radar Pulse—+| a 
n 


Once a tracking radar 


=e PRI 5 


substantially 


Radar Range Gate 7 


gates can be ‘stolen’, and it is Figure 6. Range Gate Pull Off. 


the objective of the Range Gate 
Pull-Off (RGPO) technique to break lock and escape from out of the window. 


RGPO works as follows: 


Upon detection (or assumption) that a tracking radar has locked on, the on-board jammer is switched 


on and starts to work in a couple of phases: 


1 


N 


First, a sample of the illuminating pulse signal is taken and the radar’s pulse repetition frequeney 
(PRF) is determined. This sample is amplified and retransmitted simultaneously when further pulses 
are received. The aircraft actually highlights itself on the radar screen. The jamming power is 
steadily increased, and this continues until the replica is much stronger than the echo from the aircraft 
skin return, At this time, the sensitivity of the tracking radar’s receiver is usually reduced in order to 
avoid overload. This causes the skin echo vanishes below the noise floor. 


Another replica is transmitted after each of the ‘dummy’ st 
replica is increased while the dummy is made weaker. 


in echoes. The power of the second 


Next, the tracker has locked on to the delayed replica, whereas the skin return has decreased into the 
noise. With respect to each of the radar’s pulses, the replica is now being delayed by small, but 
increasing amounts of time, The range gates, of course, follow the dummy target which appears to be 
receding. This continues until the range gates have been moved away from the target's real position. 
The result is that the radar is tracking a phantom target and the skin return is being blanked out by 
the range gates. 


Finally, the jammer is switched off and leaves the radar with just nothing but noise inside the window 
between its range gates. Break-lock was successfully achieved and the “tracking” radar needs to 
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switch back into a search or acquisition mode and loses time. The whole cycle will start again if the 
target is still within range and is reacquired. 


As described above, RGPO creates only false targets which appear at greater ranges than the real 
target because the deceptive signal is transmitted afier the skin echo. However, if the victim radar’s PRF is 
constant then the time of incidence of the next radar pulse can be calculated and jamming pulses can be 
placed such that false targets at closer ranges are also produced. 


SCINTILLATION (SCINT) 
Scintillation is not an EA technique by itself, it is an implementation of an EA technique. 


Scintillation is simply superimposing a small, pseudo random amplitude modulation on the EA signal to 
make it appear more realistic to a manual operator. 


SPOT JAMMING 


Occurs when a jammer 
focuses all of its power on a 
single frequency. While this | Reducing jamming 
would severely degrade the | the receiver from 


185% OF JAMMING IN RECEIVER 


‘SPOT JAMMING 


ability to track on the jammed | jcuee ie 8 eae 
frequency, a frequency agile 0.78. A (ae Ber reer 
radar would hardly be affected 2 AA prom sions 
because the jammer can only la tell 

jam one frequency. While =e 

multiple jammers could Figure 7. Spot Jamming. 


possibly jam a range of 
frequencies, this would consume a great deal of resources to have any effect on a frequency-agile radar, and 
‘would probably still be ineffective 


SWEPT JAMMING 


This happens when a jammer’s full power is shifted from one frequency to another. While this has 
the advantage of being able to jam multiple frequencies in quick succession, it does not affect them all at the 
same time, and thus limits the effectiveness of this type of jamming. Although, depending on the error 
checking in the receiver(s) this can render a wide range of receivers effectively useless. 


SWEPT AMPLITUDE MODULATION (SAM) 


‘The OOK frequency is linearly varied in a sawtooth fashion between preset frequency limits while the 
duty factor is held constant, 
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SWEPT WAVE MODULATION (SWM) 


‘A swept wave modulation.2 (SWM.2) is essentially a swept amplitude modulation (SAM). It is a 
waveform that is swept between two frequencies that are usually chosen to bracket a radar’s passive angle 
scanning rate. SWM can be either Synchronous Swept Wave Modulation.2-; (S-SWM) or Asynchronous 
Swept Wave Modulation.2-; (A-SWM.2-;). The modulation amplitude can be either down modulated or 
On-Off Keyed (OOK). The down modulating shape can be square wave, rectangular wave, linear (e.g. a sine 
wave), or a combination. The OOK modulating shape can be square wave or rectangular wave. 


[=< PERIOD ——s] 
| - 25% of PERIOD 
35% 
of 
Amplitude 
TIME 
Figure 8. Typical Linear SWM Modulation. 
TIME 


Figure 9. Rectangular SWM. 


SYNCHRONOUS SWEPT WAVE MODULATION (SSWM) 


SSWM is synonymous with S-SWM. S-SWM and A-SWM are essentially the same except that 
asynchronous means that the waveform is free running and synchronous means that when a radar scan or 
TWS beam can be detected, the modulation waveform is synchronized to the detected beam. For 
programming purposes A-SWM sets sweep limits and rate by frequency (Hz), while S-SWM sets them by 
period (mSec). 


Active Con-Scan radars will not have a detectable modulation if the target is being tightly tracked in 
the center of the beam. Therefore, a SWM can “jog” the tracking sufficiently to detect the modulation and 
allowing subsequent synchronization of the SWM waveform. 
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TRACK WHILE SCAN JAMMIN 


The technique of shifting or 
“walking” EA pulses off target. Many angle 
jamming techniques are effective 


VELOCITY FALSE TARGETS (VFT) 


VFT is a pseudo-random false 
Doppler target concealment technique. It is 
designed for use against radars that acquire 
Doppler targets with a bank of contiguous 
narrow band filters. A false Doppler target is 
programmed to remain in a Doppler filter 
long enough for the radar processing to 
declare it a valid target return, but not long 
enough for the radar processing to establish 
tracking. 


The false Doppler target is then 
switched to the next pseudo-randomly 
selected frequency and repeated. It is 
intended to overload the radar processing 
and/or the operator’s ability to identify an 
actual target. In the illustration, the VFTs 
jump around in the indicated numerical order 


Trangmited 
Signal Time 
Radars 

Angle Gates t 
Tracker Boresight 
Either Fixed Or 
eu Walking Pulse 

Combined Signals 

Received by Radar il 
Radars 

Angie Gates 
Tracker Boresght 
(induced Error) 
Figure 10. TWS Jamming. 
Nine False Targets 
(Number 5 Actve) Tape 
coor 2 Ve as 44 


+ fe 
Bandwidth 


Figure 11. Velocity False Targets 
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VELOCITY GATE PULL OFF 


This is a method of 
capturing the velocity gate of a 
Doppler radar and moving it away 
from the skin echo. Similar to the 
RGPO, but used against CW or 
Doppler velocity tracking radar 
systems. The CW or pulse doppler 
frequency, which is amplified and 
retransmitted, is shifted in 
frequency (velocity) to provide an 
apparent rate change or Doppler 
shit 


VELOCITY NOISE (VN) 


VN is a coherent repeater 
technique. The objective is to 
create noise centered on a coherent 
radar’s RF, with a noise bandwidth 
that is close to, or less than, the 
radar’s bandwidth and conceal the 
target, or destroy target signal 
coherency. VN is generated by 
pseudo randomly stepping a 
frequency over the victim radar’ 
bandwidth. The dashed RF lines 
represent possible frequencies and 
the solid line represents the 
frequency currently active 


J 
g>~ 60s 
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Target Doppler 
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Figure 12. Velocity Gate Pull Off. 
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Figure 13. Velocity Noise. 
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RADAR AND RECEIVER CHARACTERISTICS & TEST 


RF Atmospheric Absorption / Ducting 
Receiver Sensitivity / Noise 

Receiver Types and Characteristics 
Radar Modes 

General Radar Display Types 

IFF - Identification - Friend or Foe. 
Receiver Tests. 

Signal Sorting and Direction Finding 
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RF ATMOSPHERIC ABSORPTION / DUCTING 


Signal losses are associated with each stage of signal processing in both the transmitting and 
receiving portions of the system. The transmitting losses include power transmission efficiency, waveguide 
and antenna losses, and duplexer losses, In the receiver, losses include antenna, waveguide, RF amplifier, 
mixer, and IF amplifier, 


In addition to these losses, energy traveling through the atmosphere suffers from atmospheric 
attenuation caused primarily by absorption by the gasses, For lower frequencies (below 10 GHz), the 
attenuation is reasonably predictable. For high frequencies in the millimeter wave range, the attenuation not 
only increases, but becomes more dependent upon peculiar absorbing characteristics of HO, Os, and the like, 


Figure 1 shows the areas of peak absorption in the millimeter wave spectrum. Figure 2 shows how 
the intensity of precipitation can affect atmospheric attenuation. 


ELECTRONIC OPTICAL 
a ll el 
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Figure 1. Atmospheric Absorption of Millimeter Waves. 
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Figure 2. Atmospheric Attenuation. 


Ducting is an increase in range that an electromagnetic wave will travel due to a temperature 
inversion of the lower atmosphere (troposphere) as shown in Figure 3. The temperature inversion forms a 
channel or waveguide (duct) for the waves to travel in, and they can be trapped, not attenuating as would be 
expected from the radar equation. Ducting may also extend range beyond what might be expected from 
limitations of the radar horizon (see Section 2-9). 


The ducting phenomena is frequency sensitive. The thicker the duct, the lower the minimum trapped 
frequency 


UPPER ATWOS PHERE 


Figure 3. Ducting. 


A similar occurrence takes place with ionospheric refraction, however the greatest increase in range 


occurs in the lower frequencies. This is familiar to amateur radio operators who are able to contact 
counterparts “around the world.” 


RECEIVER SENSITIVITY / NOISE 


RECEIVER SENSITIVITY 


Sensitivity in a receiver is normally taken as the minimum input signal (Spa) required to produce a 
specified output signal having a specified signal-to-noise (S/N) ratio and is defined as the minimum signal-to- 
noise ratio times the mean noise power, see equation [1]. For a signal impinging on the antenna (system 
level) sensitivity is known as minimum operational sensitivity (MOS), see equation [2]. Since MOS includes 
antenna gain, it may be expressed in dBLi (dB referenced to a linear isotropic antenna). When specifying the 
sensitivity of receivers intended to intercept and process pulse signals, the minimum pulse width at which the 
specified sensitivity applies must also be stated. See the discussion of post-detection bandwidth (By) in 
Section 5-2 for significance of minimum pulsewidth in the receiver design. 


nin = (S/N)wigk TB(NF) receiver sensitivity (“black box” performance parameter) fa 
or — MOS=(S/N)nakT.B(NF)/G system sensitivity ie. the receiver is connected to an antenna [2] 
(transmission line loss included with antenna gain) 
where: S/Nain Minimum signal-to-noise ratio needed to process (vice just detect) a signal 
NF = Noise figure/factor 
k Boltzmann’ Constant = 1.38 x 10° Joule/°K 
T}, Absolute temperature of the receiver input (°Kelvin) = 290°K 
B Receiver Bandwidth (Hz) 


Antenna/system gain 


We have a lower MOS if temperature, bandwidth, NF, or S/Naia decreases, or if antenna gain 
increases. Forradar, missile, and EW receivers, sensitivity is usually stated in dBm. For communications and 
commercial broadcasting receivers, sensitivity is usually stated in micro-volts or dBuv. See Section 4-1 


There is no standard definition of sensitivity level. The term minimum operational sensitivity (MOS) 
can be used in place of Sais at the system level where aircraft installation characteristics are included. The 
“black box” term minimum detectable signal (MDS) is often used for Sais but can cause confusion because a 
receiver may be able to detect a signal, but not properly process it. MDS can also be confused with minimum 
discernable signal, which is frequently used when a human operator is used to interpret the reception results. 
‘A human interpretation is also required with minimum visible signal (MVS) and tangential sensitivity 
(discussed later). To avoid confusion, the terms Syn for “black box” minimum sensitivity and MOS for 
system minimum sensitivity are used in this section. All receivers are designed for a certain sensitivity level 
based on requirements. One would not design a receiver with more sensitivity than required because it limits 
the receiver bandwidth and will require the receiver to process signals itis not interested in. In general, while 
processing signals, the higher the power level at which the sensitivity is set, the fewer the number of false 
alarms which will be processed. Simultaneously, the probability of detection of a “good” (low-noise) signal 
will be decreased. 


Sensitivity can be defined in two opposite ways, so discussions can frequently be confusing. It can be 
the ratio of response to input or input to response. In using the first method (most common in receiver 
discussions and used herein), it will be a negative number (in dBm), with the more negative being “better” 
sensitivity, e.g.,-60 dBm is “better” than -50 dBm sensitivity. If the second method is used, the result will be 
a positive number, with higher being “better.” Therefore the terms low sensitivity or high sensitivity can be 
very confusing. The terms S,,, and MOS avoid confusion. 


SIGNAL-TO-NOISE (S/N) RATIO 


‘The Signal-to-Noise Ratio (S/N) (a.k.a. SNR) ina receiver is the signal power in the receiver divided 
by the mean noise power of the receiver. All receivers require the signal to exceed the noise by some amount. 

Usually if the signal power is less than or just equals the noise power it is not detectable. For a signal to be 
detected, the signal energy plus the noise energy must exceed some threshold value. Therefore, just because 
Nis in the denominator doesn’t mean it can be increased to lower the MOS. S/N is a required minimum ratio, 
ifN is increased, then S must also be increased to maintain that threshold. The threshold value is chosen high 
enough above the mean noise level so that the probability of random noise peaks exceeding the threshold, and 
causing false alarms, is acceptably low. 


Figure 1 depicts the concept of required S/N. It can be seen that the signal at time A exceeds the S/N 
ratio and indicates a false alarm or target. The signal at time B is just at the threshold, and the signal at time C 
is clearly below it. In the sample, if the temperature is taken as room temperature (T, = 290°K), the noise 
power input is -114 dBm for a one MHz bandwidth. Normally S/N,jy may be set higher than S/N shown in 
Figure 1 to meet false alarm specifications. 
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Figure 1. Receiver Noise Power at Room Temperature. 


‘The acceptable minimum Signal-to-Noise ratio (or think of it as Signal above Noise) for a receiver 
depends on the intended use of the receiver. For instance, a receiver that had to detect a single radar pulse 
would probably need a higher minimum S/N than a receiver that could integrate a large number of radar 
pulses (increasing the total signal energy) for detection with the same probability of false alarms. Receivers 
‘with human operators using a video display may function satisfactorily with low minimum S/N because a 
skilled operator can be very proficient at picking signals out of a noise background. As shown in Table 1, the 
setting of an acceptable minimum S/N is highly dependent on the required characteristics of the receiver and 
of the signal. 


Table 1. Typical Minimum S/N Required. 


Skilled ‘Auto- ‘Auto-detection with Amplitude, ‘AOA Phase] AOA Amplitude 
Operator | Detection | TOA, and Frequency Measurements | Interferometer | Comparison 
3t08dB | 10to 14dB 14 to 18 dB 14 to 18 dB 16 to 24 dB 


A complete discussion of the subject would require a lengthy dissertation of the probability and 
statistics of signal detection, which is beyond the scope of this handbook, however a simplified introduction 
follows. Let’s assume that we have a receiver that we want a certain probability of detecting a single pulse 
with a specified false alarm probability. We can use Figure 2 to determine the required signal-to-noise ratio. 


S/N EXAMPLE 


If we are given that the desired probability of detecting a single pulse (P,) is 98%, and we want the 
false alarm rate (P,) to be no more than 10°, then we can see that S/N must be 12 dB (see Figure 2). 


Evamale 
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Figure 2. Nomograph of Signal-to-Noise (S/N) Ratio as a Function of Probability of Detection (P,) and 
Probability of False Alarm Rate (P,.) 


MAXIMUM DETECTION RANGE (ONE-WAY) 


From Section 4-3, the one way signal strength from a transmitter to a receiver is: 
PGiGA 
AxSR 


S(or Pr) 


For calculations involving receiver sensitivity the “S” can be replaced by Swin- Since Sin =(S/N)aia 
kT.B(NF), given by equation [1], the one-way radar equation can be solved for any of the other variables in 
terms of receiver parameters. In communication, radar, and electronic warfare applications, you might need 
to solve for the maximum range (Roux) Where a given radar warning receiver could detect a radiated signal 
with known parameters. We would then combine and rearrange the two equations mentioned to solve for the 
following one-way equation: 


Rea ® | PGG 2 af PG: Gee [ PG 


. rf 13] 
YAS (SIN aig kT. B (NF) (4af F (SIN), Diy K Ts B INF) 


or 
kT, B(NF) | 4x (5 


We could use standard room temperature of 290° K as T., but NF would have to be determined as 
shown later. 


In this calculation for receiver Rnas determination, P,, G,, and }.are radar dependent, while G,, S/Nax 
NF, and B are receiver dependent factors. 


Equation [3] relates the maximum detection range to bandwidth (B). The effects of the measurement 
bandwidth can significantly reduce the energy that can be measured from the peak power applied to the 
receiver input. Additional bandwidth details are provided in Sections 4-4, 4-7, and in other parts of this 
section. 


NOISE POWER, kT,.B 


Thermal noise is spread more or less uniformly over the entire frequency spectrum. Therefore the 
amount of noise appearing in the output of an ideal receiver is proportional to the absolute temperature of the 
receiver input system (antenna ete) times the bandwidth of the receiver. The factor of proportionali 
Boltzmann’s Constant. 


Mean noise power of ideal receiver = kT,B = Py (Watts) 
Mean noise power of a real receiver = (NF)kT.B (Watts) 


‘The convention for the temperature of T, is set by IEEE standard to be 290°K, which is close to 
ordinary room temperature. So, assuming T, = 290°K, and for a bandwidth B = | Hz, kT,B = 4x10 W = 
-204 dBW = -174 dBm. 


For any receiver bandwidth, multiply 4x10! W by the bandwidth in Hz, or if using dB; 


10 log kT,B = -174 dBm + 10 Log (actual BW in Hz) or -114 dBm + 10 Log (actual BW in MHz) 


and so on, as shown by the values in Table 2. Table 2. Sample Noise Power Values (kT,B). 
Bandwidth |22"@width) Warts | aBw | aBm 

Typical values for maximum sensitivity of Ratio (4B) 
receivers would be: THz 0 | aio" | 20a [174 
TkHZ 30 | 4x10 | -174_ | 14 
RWR -65 dBm T MHz 60 | 4x10 | -144_ f= 
Pulse Radar -94 dBm 1 GHz 90 [axio™ | 114 | -84 


CW Missile Seeker -138 dBm 


Ifantenna contributions are ignored (see note in Table 4) fora CW receiver with a4 GHz bandwidth, 
the ideal mean noise power would be -174 dBm + 10 Log(4x10")=-174 dBm + 96 dB =-78 dBm. A skilled 
operator might only be able to distinguish a signal 3 dB above the noise floor (S/N=3 dB), or -75 dBm. A 
typical radar receiver would require a S/N of 3 to 10 dB to distinguish the signal from noise, and would 
require 10 to 20 dB to track. Auto tracking might require a S/N of approximately 25 dB, thus, a receiver may 
only have sufficient sensitivity to be able to identify targets down to -53 dBm. Actual pulse receiver 
detection will be further reduced due to sin x/x frequency distribution and the effect of the measurement 
bandwidth as discussed in Sections 4-4 and 4-7. Integration will increase the S/N since the signal is coherent 
and the noise is not. 


Noise Bandwidth 


Equivalent Noise Bandwidth (By) - Set by minimum pulse width or maximum modulation bandwidth 
needed for the system requirements. A choice which is available to the designer is the relationship of pre-and 
post-detection bandwidth. Pre-detection bandwidth is denoted by B,;, while post-detection is denoted By, 
where V stands for video. The most affordable approach is to set the post-detection filter equal to the 
reciprocal of the minimum pulse width, then choose the pre-detection passband to be as wide as the 
background interference environment will allow. Recent studies suggest that pre-detection bandwidths in 
excess of 100 MHz will allow significant loss of signals due to “pulse-on-pulse” conditions. Equations [4] 
and [5] provide By relationships that don’t follow the Table 3 rules of thumb. 


Table 3. Rules of Thumb for By a.k.a. B (Doesn't apply for S/N between 0 and 10 to 30 dB). 
S/N out Linear Detector Square Law Detector 
High S/N (>15 to 20 dB) By= By (>20t030dB) By=4By (> 10to 15dB) 
Low SIN(<04B) |g. = 1 (2 Bir Br Br )/ 4 (SIN Jag | Bu = 2 Bur Br~ By )/ (SIN yg 


For a square law detector: 


eee 
[p42 Bie! Br) 


By= By| 2+ 4] 
Y (SIN a 8 
At high (S/N)qu, the 1/(S/Nou) term goes to zero and we have: By = By [ 2+ V4] =4 By 
At low (S/N)ouy the 1/(S/Nou) term dominates, and we have: 
=p, (2 Be 7B -1_ [2 Bw By- By" 
re (SIN ax VY OW),, 
For a linear detector: 
HBr Br) Is] 
(SIN ag 
H is a hypergeometric (statistical) function of (S/N) in 
for (S/N)in << 1 
for (S/N)in >> 1 
5 5 -BviJ fF a 
At high (S/N)ou, the 1/(S/Nou:) term goes to zero and we have: By =—~+—4/By (4 By) = By 


24 


At low (S/N)au, the 1/(S/Now) term dominates, and we have: 


« [BH (2Br- Br) 
4 ON), 


Note (1): From Klipper, “Sensitivity of Crystal Video Receivers With RF Pre-amplification,” The Microwave Journal, August 1965, 


TRADITIONAL “RULE OF THUMB” FOR NARROW BANDWIDTHS (Radar Receiver Applications) 
Required IF Bandwidth for Matched Filter Applications: 


1 By = Pre~ detection RF or IF bandwidth 
Where 


PW on PW nin= Specified minimum pulse width 


Bu 


Matched filter performance gives maximum probability of detection for a given signal level, but: 
(1) Requires perfect centering of signal spectrum with filter bandwidth, (2) Time response of matched pulse 
does not stabilize at a final value, and (3) Out-of-band splatter impulse duration equals minimum pulse width, 
As a result, EW performance with pulses of unknown frequency and pulse width is poor. 


Required Video Bandwidth Post - Detectic 035 
ae acs Se geese Where : By = Post - detection bandwidth 
Traditional” Rule of Thumb" PW on 


Some authors define By in terms of the n 
0.5)/t, min, where t,= rise time. 


imum rise time of the detected pulse, i.e., By = (0.35 to 


REVISED “RULE OF THUMB” FOR WIDE BANDWIDTHS (Wideband Portion of RWRs) 


2003 ang y= 


PW oxic PW ein 


By 


The pre-detection bandwidth is chosen based upon interference and spurious generation concems. 
The post-detection bandwidth is chosen to “match” the minimum pulse width. This allows (1) Half 
bandwidth mistuning between signal and filter, (2) Half of the minimum pulse width for final value 
stabilization, and (3) The noise bandwidth to be “matched” to the minimum pulse width. Asa result, there is 
(1) Improved EW performance with pulses of unknown frequency and pulse width, (2) Measurement of in- 
band, but mistuned pulses, and (3) Rejection of out-of-band pulse splatter. 


NOISE FIGURE / FACTOR (NF) 


Electrical noise is defined as electrical energy of random amplitude, phase, and frequency. It is 
present in the output of every radio receiver. At the frequencies used by most radars, the noise is generated 
primarily within the input stages of the receiver system itself (Johnson Noise). These stages are not 
inherently noisier than others, but noise generated at the input and amplified by the receiver’s full gain greatly 
exceeds the noise generated further along the receiver chain. The noise performance of a receiver is described 


by a figure of merit called the noise figure (NF). The term noise factor is synonymous, with some authors 
using the term “factor” for numeric and “figure” when using dB notation, (The notation “F,” is also 
sometimes used instead of “NF.”) The noise figure is defined as: 


Noise ouput of actual receiver _N. 


Noise ouput of ideal receiver GN, 


Voise output of actual receiver 


or indB: 10 Log 


Noise output of ideal receiver 


A range of NF values is shown in Table 4, 


‘Table 4, Typical Noise Figure / Factor Value, Decimal qB 
Passive lossy network (RF transmission line, attenuator, ete.) | Same as reciprocal of | Same as dB 

Example: 20 dB attenuator (gain = 0.01) gain value ex: 100_| value ex: 20 
Solid State Amplifier (see manufacturers specifications) 4 6 
Traveling Wave Tube (see manufacturers specifications) 10 to 100 10 to 20 
‘Antennas (Below ~ 100 MHz, values to 12 dB higher if pointed T0214 0.05 t0 15 
at the sun) 


Note: Unles th antenna is pointed at the sun, its negligible NF can be ignored. 


‘Antenna gain is not valid for NF calculations because the nose is received inthe near 
field 


An ideal receiver generates no noise internally. The only noise in its output is received from external 
sources. That noise has the same characteristics as the noise resulting from thermal agitation in a conductor. 
Thermal agitation noise is caused by the continuous random motion of free electrons which are present in 
every conductor, The amount of motion is proportional to the conductor's temperature above absolute zero, 
For passive lossy networks, the noise factor equals the loss value for the passive element: 


Where L = Ratio Value of Attenuation 
ie. For a3 dB attenuator,G=0.5 and L=2 
NF=2 and 10log NF =3dB 


A typical series of cascaded ampli 


rs is shown in Figure 3, 


PDP PD Pb 


KTBITNFi-1) — KTB2(NF2-1) — KTB(NF24)—KTBe( NF4 1) 


Figure 3. Noise Factors for Cascaded Amplifiers (NFea). 


Loss (negative gain) can be used for the gain value of attenuators or transmission line loss, ete to 
calculate the noise out of the installation as shown in the following equation: 


4 BANFs-l) , BANFs-1) , BNF sD), 


uG NFou=kT Bil GGG. [vrs 
BG) BGG: B.GiG:G. 


(ratio form) — 16) 


If the bandwidths of the amplifiers are the same, equation [6] becomes: 


NEs-l NEs-l, Nel, 
GGG: GGG, ) 


(ratio form) 7 


ff 
G NFA KT B( GiG:G3--)| NF i+ 


Pre-amplifier Location Affects Receiver Input Noise 


As shown in Figure 4, if a 2 to 12 GHz receiver 31, 
installation doesn’t have enough sensitivity, it is best to = foe a 
install an additional amplifier closer to the antenna 
(case 1) instead of closer to the receiver (case 2). In both 
cases, the line loss (L) and the amplifier gain (G) are the 
same, so the signal level at the receiver is the same, For CASE? 
case 1, ‘in + G-L. Incase 2, in - L + G, so S, Se, Ne 

». The noise generated by the passive transmission > L = 2008 7 
line when measured at the receiver is the same in both 
cases. However, the noise generated inside the amplifier, G=25 a 
when measured at the receiver input, is different. 


Figure 4. Pre-Amp S/N. 
For this example, case 2 has a noise level at the input to the receiver which is 19.7 dB higher than 
case 1 (calculations follow later). 


Table [Case I Gain Case TNF Table Case 2 Gain Case 2 NF 
Sa Amp [| Cc | Amp | L 5b a Amp L_| Amp 
B 2 20 [| 6* 20 3B -20 25 20 6* 

ratio | 3162 [001 | 4* | 100 ratio oor [3162 [ 100 [| 4* 


* Amplifier NF value from Table 4. 


Using equation [3] and the data in Tables Sa and 5b, the noise generated by the RF installation is 
shown in Tables 6a and 6b (the negligible noise contribution from the antenna is the same in both cases and is 
not included) (also see notes contained in Table 4): 


Table 6a. Case 1 Table 6b, Case2 
Gqnr)=316.2(0.0{ 44109! \= 13.64 0.01 (316. 2100 ' ad 1264.8 
O67 ai ) 
TO log G(NF) = 1134 dB 10 log GNF) =31 dB 
Noise at receiver 
Noa =-74 dBm + 1134 dB =-@2.7 dBm Noa 74 dBm +31 dB = 43 dBm 


12> Now i= 19.7 dB. The input noise of -74 dBm was calculated using 10 log (kTB), where B = 10 GHz. 


Note that other tradeoffs must be considered: (1) greater line loss between the antenna and amplifier 
improves (decreases) VSWR as shown in Section 6-2, and (2) the more input line loss, the higher the input 
signal can be before causing the pre-amplifier to become saturated (mixing of signals due to a saturated 
amplifier is addressed in Section 5-7). 


Combining Receive Paths Can Reduce Sensitivity 


Ifa single aircraft receiver processes both forward and aft signals as shown in Figure 5, itis desirable 
to be able to use the receiver's full dynamic range for both directions. Therefore, one needs to balance the 
gain, so that a signal applied to the aft antenna will reach the receiver at the same level as if it was applied to 
the forward antenna, 


ey 208 208%, apis 
hie 3 <0 | x B Isto 0 #18 | 
net= 2080 | 8 dB Hybrid : 
AFT “Pre-timp FWD 
* Amina Gand NF insignifantfo tis example Recelver 
(oon note n Table 4} 
Figure 5. Example of Pre-Amplifier Affecting Overall Gain / Sensitivity. 


Common adjustable preamplifiers can be installed to account for the excessive transmission line loss. 
In this example, in the forward installation, the level of the signal at the receiver is the same as the level 
applied to the antenna. Since the aft transmission line has 5 dB less attenuation, that amount is added to the 
preamplifier attenuator to balance the gain. This works fine for strong signals, but not for weaker signals. 
Because there is less loss between the aft preamplifier and the receiver, the aft noise dominates and will limit 
forward sensitivity. If the bandwidth is 2-12 GHz, and if port A of the hybrid is terminated by a perfect 500 
load, the forward noise level would be -65.3 dBm. If port B is terminated, the aft noise level would be 
-60.4 dBm. With both ports connected, the composite noise level would be -59.2 dBm (convert to mw, add, 
then convert back to dBm). For this example, if the aft preamplifier attenuation value is changed to 12 dB, 
the gain is no longer balanced (7 dB extra loss aft), but the noise is balanced, i., forward = -65.6 dBm, af 
-65.3 dBm, and composite -62.4 dBm. If there were a requirement to see the forward signals at the most 
sensitive level, extra attenuation could be inserted in the aft preamplifier. This would allow the forward noise 
level to predominate and result in greater forward sensitivity where it is needed. Calculations are provided in 
Tables 7 and 8. 


Table 7. Summary of Gain and NF Values for Figure 5 Components, 
Aft Fwd 
5 BF Line 

RF RF Line 
ine | amp f atm | ame |g) rine | amp | am | ame | givens 

= ea ps s | 0 [3 2 15 0 TO 23 
an ratio | 02 [316 | 032 | 10 | 005 | 06s | 316 | 0 10 ‘0.005 

aw 7 Ts Ts 6 1B 2 6 0 6 2B 

NF [ratiof 3 [4 [316 [4 20 Tse | 4 0 4 200 


74 dBm + 13.58 dB = -60.42 dBn 
= -74 dBm + 8.75 dB = -65.25 dBm 


Table 8, Effet of Varying the Attenuation (shaded area) in the Aft Preamplifier Listed in Table 7 
‘AivAun | Aft Attn Fwd] Composite | Min Signal Alt Fwd 
NE Gain Noise Noise | Received *** | _Input Input 
dB | dB | 35.8dbm | -653dBm | S54dbm | 134 dBm_| 484 dBm | 3.4 dBm 
3 5 ~60.4 65.3 59.2 aT2* 472" | 4712" 
10 0 64.4 “65.3 “61.8 =49.8 “48 98 
B “2 [6 ss] 50.4 =A 504 
15 “15 O71 65.3 63.1 “SII “al “SII 
* Gain Balanced * Noise Balanced 495 SIN was set at 12.4B 
‘TANGENTIAL SENSITIVITY 
Tangential sensitivity (TSS) is the point | N™!S* Pulse 
where the top of the noise level with no signal 
applied is level with the bottom of the noise level 
on a pulse as shown in Figure 6. It can be ! No Signal 
determined in the laboratory by varying the Level 
amplitude of the input pulse until the stated 
criterion is reached, or by various approximation 
eee y PP Figure 6. Tangential Sensitivity. 


The signal power is nominally 81 dB above the noise level at the TSS point. T’ 
RF bandwidth, the video bandwidth, the noise figure, and the detector characteristic. 


'S depends on the 


TSS is generally a characteristic associated with receivers (or RWRs), however the TSS does not 
sarily provide a criterion for properly setting the detection threshold. If the threshold is set to TSS, then 
the false alarm rate is rather high. Radars do not operate at TSS. Most require a more positive S/N for track 
(© 10 dB) to reduce false detection on noise spikes. 


nec 


SENSITIVITY CONCLUSION 


When all factors effecting system sensitivity are considered, the designer has little flexibility in the 
choice of receiver parameters. Rather, the performance requirements dictate the limit of sensitivity which can 
be implemented by the EW receiver. 


1. Minimum Signal-to-Noise Ratio (S/N) 
parameters and by the false alarm requirements, 


Set by the accuracy which you want to measure signal 


2. Total Receiver Noise Figure (NF) - Set by available technology and system constraints for RF front 
end performance, 


5-210 


3. Equivalent Noise Bandwidth (By) - Set by minimum pulse width or maximum modulation 
bandwidth needed to accomplish the system requirements. A choice which is available to the designer is the 
relationship of pre- (Bis) and post-detection (By) bandwidth. The most affordable approach is to set the post- 
detection filter equal to the reciprocal of the minimum pulse width, then choose the pre-detection passband to 
be as wide as the background interference environment will allow. Recent studies suggest that pre-detection 
bandwidths in excess of 100 MHz will allow significant loss of signals due to “pulse-on-pulse” conditions 


4, Antenna Gain (G) - Set by the needed instantaneous FOV needed to support the system time to 
intercept requirements. 
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RECEIVER TYPES AND CHARACTERISTICS 


Besides the considerations of noise and noise figure, the capabilities of receivers are highly dependent 
on the type of receiver design. Most receiver designs are trade-offs of several conflicting requirements. This 
is especially true of the Electronic Support Measures (ESM) receivers used in Electronic Warfare. 


This section consists of a figure and tables that provide a brief comparison of various common ESM 
receiver types. Figures 1 and 2 show block diagrams of common ESM receivers. Table | is a comparison of 
major features of receivers. Table 2 shows the receiver types best suited for various types of signals and 
Tables 3 and 4 compare several direction of arrival (DOA) and emitter location techniques. Table 5 shows 
qualitative and quantitative comparisons of receiver characteristics. 
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Figure 1, Common ESM Receiver Block Diagrams. 


CCHANNELIZED RECEIVER 


MICROSCAN (COMPRESSIVE) RECEIVER 


Table 1. Comparison of Major Features of Receivers. 


Receiver 


Advantages 


Disadvantages 


Principal Applications 


Wideband 
Jrystal video 


c, instantaneous, 
range 


INo frequency resolution 
Poor sensitivity and Poor 
simultaneous signal performance 


RWR 


Tuned RF 
[Crystal Video 


Simple, Frequency measurement 
Higher sensitivity than wideband 


[Slow response time 
Poor POL 


[Option in RWR, Frequency 
measurement in hybrid 


EM 


Relatively simple 
Frequency resolution 
Instantaneous, high POL 


|Cannot sort simultaneous signals 
Relatively poor sensitivity 


Shipboard ESM, 
[Jammer power 
management, SIGINT 
equipment 


[Narrow-band 


igh sensitivity 


Slow response time 


SIGINT equipment 


Good simultaneous signal capability 


No pulse modulation information 
[Critical alignment 


scanning —_|Good frequency resolution Poor POL Air and ship ESM 

ISuperhet___|Simultancous signals don’t interfere_[Poor against frequency agility [Analysis part of hybrid 

Wide-band scr seanonse time Spurious signals generated Shipboard ESM 

ISuperher __ [Better response time and POL Poorer sensitivity Tactical air warning 

IChannetized | Wide bandwidth, Near instantancous, [High complexity, cost; Lower SIGINT equipment 

fannelized Moderate frequency resolution reliability; limited sensitivity |Jammer power management] 

Neat instantaneous, High complexity SIGINT equipment 

IMicroscan Good resolution and dynamic range, | Uulee Dandie [Applications for fine freq 


lanalysis over wide range 


Acousto-optic 


[Near instantaneous, Good resolution, 
Good simultaneous signal capability 
IGood POL 


High complexity; new technology 


Note: 


The Microscan receiver is also known as a compressive receiver 


Table 2. Receiver Types vs. Signal Types. 


Signal | acpaat RF Cosa Keres | Wilsbaad z 
Vide: Ban ara amow-Band | WideBand | — | ewasto= 
YB A | \ceyetel videos |v ea Superhet Superhet [Channelized| Microscan | otic 
sada.) Spiel 
cw |Sointdesion] geen tor | inertes with | ves | ves | ves | ves | Yes 
‘CW | pulsed reception 
Fulsed [Yes Yes Yes Ye Ye Ye Ys Ys 
Yes, but won't 
Multiple No No No recognize as No Yes Yes Yes 
[Frequency same source, 
NaWes, 
Yes, doesn’t 
Frequency] Ye does : Yes within] | depending 
Agile | measure Ne bias a passband) | Y® Yes | on readout 
s requency ay 
ove | Noes 
PRI Noless Noles, | depending 
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Table 3. Direction of Arrival Measurement Techniques, 


‘Amplitude Comparison 


Phase Interferometer 


Sensor Configuration 


Typically 4 10 6 Equal Spaced Antenna 
Elements for 360° Coverage 


2 or more RHC or LHC Spirals in Fixed 
Array 


DF Accuracy 


(_ Ow ACus 
DF sco® 


(Gaussian Antenna Shape) 


DF Accuracy 
Improvement 


Decrease Antenna BW; Decrease Amplitude 


Mistrack; Increase Squint Angle 


Spacing of Outer Antennas; 
Decrease Phase Mistrack 


Typical DF Accuracy 


3° to 10° mms 


0.1% to 3° rms 


Sensitivity to 
Multipath/Reflections 


High Sensitivity; Mistrack of Sever 
Can Cause Large DF Errors 


Relatively Insensitive; Interferometer Can 
be Made to Tolerate Large Phase Errors 


Platform Constraints 


Locate in Reflection Free Area 


Reflection Free Area; Real Estate for 
Array; Prefers Flat Radome 


Applicable Receivers 


Crystal Video; Channelizer; Acousto-Optic; 


Compressive; Superheterodyne 


Superheterodyne 


‘ACis= Amplitude Monopi 


uulse Ratio indBS 


‘Squint Angle in degrees Onw 


‘Antenna Beamwidth in degn 


Table 4. Emitter Location Techniques. 


Measurement 
Technique 


Advantages 


Disadvantages 


Triangulation 


Single Aircraft 


Non-instantaneous location 


Inadequate accuracy for remote 
targeting 


Not forward looking 


Azimuth/elevation 


Single Aircraft 


ible 


Instantaneous location pos 


‘Accuracy degrades rapidly at low 
altitude 


Function of range 


Time Difference of 
Arrival 
(Pulsed signals) 


Very high precision 
Can support weapon delivery position 
requirements 


Very rapid, can handle short on-time 
threat 


Very complex, diverse systems 
required, at least 3 aireraft 


High quality receivers, DME (3 sites) 
very wideband data link 


Very high performance control 
processor; requires very high 
reliability subsystems 


Table 5. Qualitative Comparison of Receivers. (From NRL Report 8737) 
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RADAR MODES 


Typical Radar modes are listed below in the general functional category for which they were 
designed. Not all of these modes are applicable to all radars and certain radars have additional modes. 


Terrain avoidance - A mode in which the radar is set at a fixed depression angle and short range to 
continuously sweep the ground area directly in front of the aircraft in order to avoid mountains. This is 
particularly useful during flight into unfamiliar territory when clouds, haze, or darkness obscure visibility 


Ground mapping - A mode in which the radar uses a variety of techniques to enhance ground 
features, such as rivers, mountains, and roads. The mode is unlike air-to-air modes where ground return is 
rejected from the display. 


Precision velocity update / Doppler navigation - A mode in which the radar again tracks ground 
features, using Doppler techniques, in order to precisely predict aircraft ground speed and direction of motion. 
Wind influences are taken into account, such that the radar can also be used to update the aircraft inertial 
navigation system. 


« FIGHTER MISSIONS 


Pulse search - Traditional pulse techniques are used to accurately determine range, angle, and speed 
of the target. Limitations are easy deception by enemy jamming, and less range when compared to other 
modes 


Velocity search - A high PRF Pulse Doppler waveform is used for long range detection primarily 
against nose aspect targets, giving velocity and azimuth information. Although velocity search can work 
against tail-on targets, the Doppler return is weaker, consequently the maximum detection range is also much 
less. When the target is in the beam (flying perpendicular to the fighter), the closure (Doppler) is the same as 


‘ground return and target return is almost zero. 


‘Track While Scan (TWS) - A system that maintains an actual track on several aircraft while still 
searching for others. Since the radar is sharing its computing time between targets, the accuracy is less 
precise than for a single target track (STT) mode of operation. 


Raid assessment - A mode in which the radar has an STT on a single target, but is routinely driven off 
by a small amount in order to determine if multiple aircraft exists in the immediate vicinity of the target 
aircraft 


Single-Target-Track (STT) (including air combat maneuvering modes) - Highly precise STT modes 
are used to provide the most accurate information to the fire control computer so that accurate missile or gun 
firing can be accomplished. The fire control radar continuously directs energy at the target so that the fired 
missile locates and tracks on the reflected energy from the target. Air combat maneuvering modes are 
automatic modes in which the radar has several sweep patterns fixed about the aircraft axis, such that little or 
no work is required of the pilot in order to lock up a target. 


* AIR-TO-GROUND MISSIONS. 


Weapons delivery - A mode in which ground features are tracked, and particular emphasis is placed 
on determining range to the ground target, angle of dive, weapons ballistic tables, and aircraft speed. 


Surveillance/tracking of ground forces/targets - Similar to the above with emphasis on multiple 


‘ground features and less on weapons delivery data 


Reconnaissance - A specific navigational mode to aid in identifying specific targets. 


* AIR-TO-SURFACE MISSIONS 


ASW - Navigational techniques specializing in specific search patterns to aid in detection of enemy 
submarines. 


* TECHNIQUES USED FOR MULTIPLE APPLICATIONS 


Synthetic Aperture Radar (SAR) - A form of radar that uses the relative motion between an antenna 
and its target region, to provide coherent-signal variations, in order to obtain finer spatial resolution than is 
possible with conventional beam-scanning means. SAR is usually implemented by mounting a single beam- 
forming antenna on a moving platform such as an aircraft from which a target scene is repeatedly illuminated 
with pulses of radio waves at wavelengths anywhere from a meter down to millimeters. The many echo 
waveforms received successively at the different antenna positions are coherently detected and stored and 
then post-processed together to resolve elements in an image of the target region 


Over-The-Horizon Radar (OTHR) - uses the refraction of high frequency radiation through the 
ionosphere in order to detect targets beyond the line-of-sight. The complexities of the ionosphere can 
produce multipath propagation, which may result in multiple resolved detections for a single target. When 
there are multipath detections, an OTHER tracker will produce several spatially separated tracks for each 
target. Information conveying the state of the ionosphere is required in order to determine the true location of 
the target and is available in the form of a set of possible propagation paths, and a transformation from 
measured coordinates into ground coordinates for each path. Since may be no other information as to how 
many targets are in the surveillance region, or which propagation path gave rise to which track, there isa joint 
target and propagation path association ambiguity which must be resolved using the available track and 
ionospheric information. 


GENERAL RADAR DISPLAY TYPE! 


There are two types of radar displays in common use today. 


RAW VIDEO 


Raw video displays are simply oscilloscopes that display the detected and amplified target return 
signal (and the receiver noise). Raw video displays require a human operator to interpret the various target 
noise and clutter signals. 


(On the left hand display of Figure 1, an operator could readily identify three targets and a ghost (a 
ghost is a phony target that usually fades in and out and could be caused by birds, weather, or odd temporary 
reflections - also referred to as an angel). Target 3 is a weak return and hidden in the noise - an operator can 
identify it as a target by the “mouse under the rug” effect of raising the noise base line. 


SYNTHETIC VIDEO 


Synthetic video displays use a computer to clean up the display by eliminating noise and clutter and 
creating its own precise symbol for each target. 


On the right hand display target 1 comes and goes because itis barely above the receiver noise level - 
notice that itis quite clear on the raw video. Target 3 wasn’t recognized by the computer because it’s too far 
down in the noise. The computer validated the ghost as a target. The ghost might be a real target with glint or 
ECM characteristics that were recognized by the computer but not the operator. 
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Figure 1, Radar Display Types. 


SEARCH AND ACQUISITION RADARS 


‘They generally use either a PPI or a sector PPI display as shown in Figure 2. PPI displays can be 
either raw video or synthetic video. 


PPI scope (plan position indicator). 
Polar plot of direction and distance. 
Displays all targets for 360 degrees 


Sector PPI scope. 
Polar plot of direction and distance. 
Displays all targets within a specific sector. 
Origin may be offset so that “your” radar position may be off the scope. 


TRACKING RADARS 
Usually use some combination of A, B, C, or E scope displays. There are many other types of 


displays that have been used at one time or another - including meters - but those listed here are the most 
common in use today. 
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Figure 2. Common Radar Displays. 


A-SCOPE 
Target signal amplitude vs. range or velocity 
Displays all targets along pencil beam for selected range limits. 


Displays tracking gate. Usually raw video, Some modem radars have raw video a-scopes as 
an adjunct to synthetic video displays 


Must be used with a separate azimuth and elevation display of some sort. 


Also called a range scope (R-Scope). 


B-SCOPE 


Range vs. azimuth or elevation. Displays targets within selected limits. 


Displays tracking gate. May be raw or synthetic video. 


Surface radars usually have two. One azimuth/one elevation which can result in confusion 
with multiple targets, 


C-SCOPE 


Azimuth vs, elevation. Displays targets within selected limits of az and el. 


Displays tracking gate. May display bull’s-eye or aim dot. 


May have range indicator inserted typically as a marker along one side. Usually synthetic 
video. 


Pilots eye view and very common in modern fighter aircraft heads up displays for target 
being tracked, 


Could be used in any application where radar operator needs an “aiming” or “cross hai 
view like a rifle scope, 


E-SCOPE 


Elevation vs. Range similar to a B-scope, with elevation replacing azimuth. 
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IFF - IDENTIFICATION - FRIEND OR FOE 


inated in WWII for just that purpose - a way for our secondary radars to identify U.S. aircraft 
from enemy aircraft by assigning a unique identifier code to U.S. aircraft transponders. 


The system is considered a secondary radar system since it operates completely differently and 
independently of the primary radar system that tracks aircraft skin returns only, although the same CRT 
display is frequently used for both. 


‘The system was initially intended to distinguish between enemy and friend but has evolved such that 
the term “IFF” commonly refers to all modes of operation, including civil and foreign aircraft use. 


There are five major modes of operation currently in use by military aircraft plus two sub-modes. 


* Mode 1 is a non-secure low cost method used by ships to track aircraft and other ships. 

* Mode 2 is used by aircraft to make carrier controlled approaches to ships during inclement 
weather. 

Mode 3 is the standard system also used by commercial aircraft to relay their position to ground 
controllers throughout the world for air traffic control (ATC). 

* Mode 4 is secure encrypted IFF (the only true method of determining friend or foe) Military 
only 

* Mode 5 — provides a cryptographically secured version of Mode $ and ADS-B GPS position. 
(military only). Mode 5 is divided into two levels. Both are crypto-secure with Enhanced 
encryption, Spread Spectrum Modulation, and Time of Day Authentication. Level | is similar to 
Mode 4 information but enhanced with an Aircraft Unique PIN. Level 2 is the same as Mode 5 
level one but includes additional information such as aircraft position and other attributes 

© Mode “C” is the altitude encoder (military and civilian), 

* Mode $ ~ provides multiple information formats to a selective interrogation. Typically aircraft 
are assigned a unique 24-bit Mode S address. The Mode $ address is partitioned and a group of 
address ranges are allocated to each country. Some countries change the assigned address for 
security reasons, and thus it might not be a unique address. (military and civilian) 


The non-secure codes are manually set by the pilot but assigned by the air traffic controller. 


used, which simply means that the interrogation pulses are at one frequency 
and the reply pulses are at a different frequency. 1030 MHz and 1090 MHz is a popular frequency pair used 
in the US. 


The secondary radar transmits a series of selectable coded pulses. The aircraft transponder receives 
and decodes the interrogation pulses. If the interrogation code is correct, the aircraft transponder transmits a 
different series of coded pulses as a reply. 


The advantage of the transponder is that the coded pulses “squawked” by the aircraft transponders 
afier being interrogated might typically be transmitted at a 10 watt ERP, which is much stronger than the 
microwatt skin return to the primary radar. Input power levels may be on the order of several hundred watts 


The transponder antenna is low gain so that it can receive and reply to a radar from any direction, 


An adjunct to the IFF beacon is the altitude encoding transponder known as mode C - all commercial 
and military aircraft have them, but a fair percentage of general aviation light aircraft do not because of cost. 
‘The number of transponder installations rises around many large metropolitan areas where they are required 
for safety (easier identification of aircraft radar tracks), 


milar to the two-dimer 


Airtraffic control primary radars are s jonal search radar (working in azimuth 


and range only) and cannot measure altitude, 


The expanded display in figure 1 is typical of an air traffic control IFF response. The aircraft was 
told to squawk a four digit number such as “4732.” The altitude encoded transponder provides the aircraft 
altitude readout to the ground controllers display along with the coded response identifying that particular 
aircraft 
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Figure 1. IFF Transponder 


In addition to systems with active electronic data interchange between airbome and ground 
equipment, some military surveillance systems can provide targeting in tactical applications, The 
development of automated techniques for use against ground targets is typically referred to as Automatic 
Target Recognition (ATR). When used against air targets, it is typically referred to as Non-Cooperative 
Target Recognition (NCTR). The requirements for radar target recognition are complex since typical targets 
have background clutter and often multiple targets types exist. 


RECEIVER TESTS 


Two tone and spurious response (single signal) receiver tests should be performed on EW and radar 
receivers to evaluate their spurious free dynamic range. A receiver should have three ranges of performance: 
(1) protection from damage, (2) degraded performance permitted in the presence of a strong interfering 
ignal(s) and no degradation when only a strong desired signal is present, and (3) full system performance. 


The original MIL-STD-461A design requirement and its companion MIL-STD-462 test requirement 
specified four receiver tests. These standards allowed the interfering signal(s) to be both inband and out of 
band, which is meaningful for design and test of EW receivers, however inband testing generally is not 
meaningful for narrowband communications receivers. These standards were difficult to follow and had to be 
tailored to properly evaluate the EW and radar system. MIL-STD-461B/C still allowed the interfering 
signal(s) to be both inband and out of band but deleted the single signal interference test (C08 Conducted 
Susceptibility test), MIL-STD-461D/-462D leave the pass/fail criteria entirely up to what is listed in the 
individual procurement specification. It also places all interfering signals out of band, redesignates each test 
number with a number “100” higher than previously used, and combines “CSO8” as part of CS104. 
Therefore, to provide meaningful tests for EW and radar systems, the procurement specification must specify 
the three ranges of performance mentioned in the beginning of this section and that the tests are to be 
performed with the interfering signal(s) both inband and out of band. The four tests are as follows (listed in 
order of likelihood to cause problems): 


Test Name MIL-STD-461A_|__ MIL-STD-461D 

Undesired, Single signal interference test. ‘CSO8 Part of CS104 
Desired with undesired, two signal interference tests ‘Cs04 CS104 
“Two signal intermodulation test C803 S103 
Two signal cross modulation test C805 S105 


The rest of this section explains the application of these tests and uses the names of the original 
MIL-STD-461A tests to separate the tests by function. 


TEST SETUP 
A. directional coupler used 
backwards (as shown here in Figure 1) Frmaumey Smee 
is an easy way to perform two signal | Otten toler Os 
tests. The CW signal should be applied | scnetexed ink a 
to the coupling arm (port B) since the eae oe e 2) 
maximum CW signal level is-10 dBm. e ee 2 
The pulse signal should be applied to | 20d8 Pearl 
the straight-through path (port C) since Fo Simei saber 


the maximum pulse level is +10 dBm 
peak. These power levels are 
achievable with standard laboratory 
signal generators, therefore one doesn’t have to resort to using amplifiers which may distort the signals. 
Always monitor the output signal to verify spectrally pure signals are being applied to the test unit, This can 
be accomplished by another directional coupler used in the standard configuration. Dissimilar joints or 
damaged or corroded microwave components can cause mixing. This can also result if the two signal 
‘generators are not isolated from one another. Therefore, even if a directional coupler is used to monitor the 


Figure 1. Receiver Test Setup When Antenna Can Be Removed. 


signal line, itis still advisable to directly measure the input to the receiver whenever there is a suspected 
receiver failure. This test does not need to be performed in an EMI shielded room and is more suitable for a 
radar or EW lab where the desired signals are readily available. 


If the receiver’s antenna is active or 


, Fequancy Source 
cannot be removed, a modified test as | 4. specnum arabeer 


shown in Figure 2 should be performed. tater G 

‘The monitoring antenna which is connected |< ae Boos 

to the spectrum analyzer should be the se ee 
same polarization as the antenna for the |) Tier 

receiver being tested. Amplifiers may be suet ante: Diracional 


Coupler 


required for the F, and F; signals. It is 


desirable to perform this test in an anechoic Figure 2. Receiver Test Setup When Antenna Is Active. 
chamber or in free space 


In the following discussion of CS08, CS04, CS03, and CS05 tests, it is assumed that when the receive 
light illuminates, the receiver identifies a signal that matches parameters in the User Data File (UDF) or pre- 
programmed list of emitter identification parameters. If a receiver is different, the following procedures will 
have to be appropriately tailored. If the UDF does not have entries for very low level signals in the 10% and 
90% regions of each band, complete testing is not possible. Most problems due to higher order mixing 
products and adjacent band leakage are only evident in these regions. In the following tests, the lowest level 
where the receive light is constantly on is used to identify the minimum receive level. If a receiver has a 
receive level hysteresis or other idiosyncrasy, then using a 50% receive light blinking indicator may be more 
appropriate. Whatever technique is appropriate, it should be consistently used during the remainder of the 
test. The maximum frequency for testing is normally 20 GHz. If a millimeter wave receiver is being tested, 
the maximum frequency should be 110 GHz. 


CS08 - UNDESIRED, SINGLE SIGNAL INTERFERENCE TES 


T 


MIL-STD-461B/C (EMI design requirements) deleted this test. MIL-STD-461D allows a single 
ignal test as part of CS104 (CS04) but specifies it as an out of band test. The original CSO8 inband and out 
of band test is still needed and is the most meaningful test for wide band EW receivers which have a 
bandwidth close to an octave. This test will find false identification problems due to 1) lack of RF 
discrimination, 2) higher order mixing problems, 3) switch or adjacent channel/band leakage, and 4) cases 
where the absence of a desired signal causes the receiver to search and be more susceptible. In this latter case, 
a CSO4 two signal test could pass because the receiver is captured by the desired signal, whereas a CSO8 test 
could fail. Examples of the first three failures are as follows. 


EXAMPLE 1 


A 2 to 4 GHz receiver which uses 
video detection (e.g., crystal video) and 
doesn’t measure RF is used for this example. 
This receiver assumes that if the correct Pulse 
Repetition Interval (PRI) is measured, it is 
from a signal in the frequency band of 
interest. Three cases can cause false 
identification. Refer to Figure 3 


Attenuation 


Frequency (GHz) => 


(1) Region A&C. The 2 to 4 GHz 
band pass filter will pass strong signals in 
regions A&C. If they have the correct PRI, 
they will also be identified. 


Figure 3. Frequency Areas in a Sample 2-4 GHz 
Receiver. 


(2) Region B. Any other signal besides the desired signal in the 2 to 4 GHz region that has the 
correct PRI will also be identified as the signal of interest. 


(3) Region D. Band pass filters with poor characteristics tend to pass signals with only limited 
attenuation at frequencies that are three times the center frequency of the band pass filter. If these signals 
have the correct PRI, they will be incorrectly identified, 


High duty cycle signals (CW or pulse doppler) in regions A, B, C, and D may overload the processing 
of signals, saturate the receiver, or desensitize the receiver. This case is really a two signal CS04 test failure 
and will be addressed in the CS04 section. 


EXAMPLE 2 
Mixer 
A receiver measuring the carrier frequency of each pulse 
(ie., instantaneous frequency measurement (IFM)) and the PRI is used RF IF 
for this example. False signal identification can occur due to higher | 8 to 10 GHz 2104 GHz, 
order mixing products showing up in the receiver pass bands. These 
unwanted signals result from harmonies of the input RF mixing with Mee 


harmonics of the Local Oscillator (LO). Refer to Figures 4 and 5. 
Figure 4. Low Side Mixing. 
Mixers are nonlinear devices and yield the sum, difference, and 
the original signals. Any subsequent amplifier that is saturated will 
provide additional mixing products. 


If a 85 GHz signal with a 1 kHz PRI is 
programmed to be identified in the UDF, measurements are 
made at the 2.5 GHz Intermediate Frequency (IF), i.e., RF- 
LO = IF =8.5-6 = 2.5 GHz 


The same 2.5 GHz signal can result from an RF 
ignal of 9.5 GHz due to mixing with the second harmonic 
of the LO ie., 2 X 6 - 9.5 = 2.5 GHz. This signal will be 
substantially attenuated (approximately 35 dB) when 
compared to the normal IF of 9.5 - 6 = 3.5 GHz. If the 
receiver has filters at the IF to reduce the signal density and 
a filter has minimum insertion loss at 2.5 GHz and 
jum insertion loss at 3.5 GHz, then only the low level 
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2.5 GHz signal will be measured and assumed to be due toa 
8.5 GHz input signal whereas the input is really at 9.5 GHz. 


Spurious intermodulation products can also result from, 
high side mixing, but generally the suppression of undesired 

ignals is greater. In this case, the LO is at a frequency higher 
than the RF input. This is shown in Figures 6 and 7. 


As previously 
mentioned, the amplitude of 
intermodulation products i 
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Figure 6. High Side Mixing 


greatly reduced from that of 
the original signals. Table 1 
shows rule of — thumb 
approximate suppression 
(reduction), where AP 
Pae(dBm) - P.o(dBm). As can 
be seen, the strength of the LO 
isa factor. The higher the LO 
power, the more negative the 
suppression becomes. 
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LO |_RF_| Suppression 
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If one assumes the 
maximum RF power for full 
system performance is +10 
dBm and the LO power level is 
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+20 dBm, then AP = -10 dB 
minimum, Therefore in this 
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Figure 7, High Side Mixing Byproduets. 


example, the 3RF-2LO mixing product would be 2AP - 44 = - 20-44 = 


-64 dB when compared to the desired mixing product. 


The use of double mixing, as shown in Figure 8, can significantly reduce unwanted signals but it is 
more expensive. For a 8 GHz signal in, one still generates a 2 GHz IF but by mixing up, then down, 
unwanted signals are not generated or significantly suppressed. 
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Figure 8. Double Mixing 
Some of these problems can be corrected by: 


(1) always having LOs on the high side versus low side of the input RF (but this is more 
expensive), 


(2) using double mixing 


(3) software programming the receiver to measure for the potential stronger signal when a weak 
signal is measured in a certain IF region, and 


(4) improved filtering of the LO input to the mixer and the output from the mixer. 


EXAMPLE 3 


Ifthe same receiver discussed in example 2 had additional bands (Figure 9) and used a switch at the 
IF to select individual bands, a strong signal in an adjacent band could be inadvertently measured because 


(1) the switch, which may have 80 dB of isolation when measured outside the circuit, may only have 
35 dB isolation when installed in a circuit because of the close proximity of input and output lines, 


(2) the strong signal in one band may have the same IF value that is being sought in an adjacent band, 
and 


(3) the additional parameters such as PRI may be the same. 


As shown in Figure 9, assume 
that in band 2 we are looking for a Directional Coupler 
4.5 GHz signal that has a PRI of | kHz. id. 2104 
Measurements are made at an IF of |"! x aa ae 
3.5 GHz since LO-RF = IF = 84.5 = 
3.5 GHz. If a 6.5 GHz signal is applied es Y 2tod 
to band 3, its IF also equals 3.5 since os 
LO-RF = 10-6.5=3.5 GHz. If this is a t 
strong signal, has a PRI of 1 kHz, and pelts “© m4 procesithg 
there is switch leakage, a weak signal o-10 
will be measured and processed when the 
switch is pointed to band 2. The receiver een “~? 2tod 
measures an IF of 3.5 GHz and since the =e" 
switch is pointed to band 2, it scales the 
measured IF using the LO of band 2 i.e., 
LO-IF = RF 835-45 GHz 
Therefore, a 4.5 GHz signal is assumed 
to be measured when a 6.5 GHz signal is applied. Similarly this 6.5 GHz signal would appear as a weak 
3.5 GHz signal from band 1 or a 9.5 GHz signal from band 4. 


7 Use af low side LO was done to emphasize a CS08 problem 


Figure 9. Multi Band Receiver With Common IF. 


In performing this test it is important to map the entries of the UDF for each band ice., show each 
resulting IF, its PRI, and the sensitivity level that the receive light is supposed to illuminate, i.e., ifa test in 
one band used a PRI corresponding to a PRI in another band where the receive threshold is programmed to 
not be sensitive this will negate the effectiveness of a cross coupling test. Mapping the UDF will facilitate 
applying a strong signal to one band using the PRI of a desired signal in an adjacent band. 


CS08 TEST PROCEDURE 


Assume that the receiver band is 2 
to 4 GHz as shown in Figure 10. Pick the 
UDF entry that has the greatest sensitivity. 
UDF #1 entry is fora 34.05 GHz signal with 
a PRI of | kHz. If the test signal is set for 
the UDF #1 PRI, a receive light will also 
occur at the frequencies of UDF #2 if it also 
has the same PRI (this is not a test failure) 
If adjacent bands don’t also have entries 
with the same PRI, then the test should be > 
repeated for the band being tested with at Frequency 
least one of the adjacent band PRI values. Figure 10. Receiver Band With Multiple UDF Entries. 


Attenuation 


(1) Set the receiver or jammer to the receive mode, verify it is working for UDF #1 and record 
P,, the minimum signal level where the receive light is constantly on. 


(2) Raise this signal to its maximum specified level for full system performance. Ifa maximum level 
is not specified, use +10 dBm peak for a pulse signal or -10 dBm for a CW signal 


(3) Tune this strong RF signal outside the UDF #1 range and record any RF frequency where the 
receive light comes on. If another inband UDF has the same PRI, this is not a failure. 


(4) This test is performed both inband and out of band, Out of band tests should be performed on the 
high end to five times the maximum inband frequency or 20 GHz, whichever is less, and on the low end to 
IF/5 or 0.05 FO, whichever is less, unless otherwise specified. The out of band power level is +10 dBm peak 
for a pulse signal or -10 dBm for a CW signal, unless otherwise specified. 


(5) Ifa receive light comes on when it is not supposed to, record the RF and reduce the power level 
to where the receive light just stays on constantly. Record this level P1. The interference rejection level is 
P1-PO= PIR 


(6) Repeat this test for each type of 
CW, ete 


ignal the receiver is supposed to process, i.c., pulse, PD, 


CS04 - DESIRED WITH UNDESIRED, TWO SIGNAL INTERFERENCE TEST 


The intent is for a weak desired signal to be received in the presence of an adjacent CW signal. The 
desired signal is kept tuned at minimal power level and a strong unmodulated signal is tuned outside the UDF 
region. Radar and EW receivers without preselectors are likely to experience interference when this test is 
performed inband. Receivers with nonlinear devices before their passive band pass filter, or filters that 
degrade out of band, are likely to experience susceptibility problems when this test is performed out of band. 


Tests performed inband - An unmodulated CW signal is used. If the receiver is supposed to handle 
both pulsed and CW signals, this test is performed inband. If the pulse receiver is supposed to desensitize in 
order to only process pulse signals above the CW level, then only this limited function is tested inband i.e., 
normally the levels correspond, if'a CW signal of -20 dBm is present, then the receiver should process pulse 
signals greater than -20 dBm. 


CS04 TEST PROCEDURE 


(1) As shown in Figure 11, initially 
the pulse signal is tuned to Fy and the 
minimum receive level Pp is recorded, i., 
minimum level where the receive light is 
constantly on 


ods 


Attenuation 
ma 


(2) The pulse signal is raised to the 48 
maximum specified level for full system 
performance and tuned on either side of Fy to 


find the frequencies on both sides (Fi and Frequency SimE> 
Fox) where the receive light goes out. If a 
maximum pulse power level is not specified, Figure 11, CS04 Test Signals. 


then +10 dBm peak is used. In some receivers 
F_ and Fy are the band skirts. 


(3) The pulse signal is returned to the level found in step 1. A CW signal at the maximum specified 
CW power level for full system performance is tuned above Fy, and below F,. Ifa maximum CW power level 
is not specified, then-10 dBm is used, Anytime the receive light is lost, the tuned CW RF value is recorded. 
The CW signal should be tuned off to verify that the pulse signal can still be received in the absence of 


interference. Ifthe pulse signal is still being received, then the interfering CW signal should be reapplied and 
decreased to the lowest power level where the receive light stays on constantly. Record this level P,. The 
interference rejection level is P; - Po = Pix. 


(4) Out of band tests should be performed to five times the maximum inband frequency or 20 GHz, 
whichever is less, and on the low end to IF/S or 0.05 Fp, whichever is less, unless otherwise specified. The 
out of band CW power level is -10 dBm unless otherwise specified. 


Failures - Out of band test 


(1) Ifa non-linear device such as a limiter is placed before a band pass filter, a strong out of band 
signal can activate the limiter and cause interference with the inband signal. The solution is to place 
all non-linear or active devices after a passive band pass filter 


(2) Band pass filters with poor characteristics tend to pass signals with only limited attenuation at 
frequencies that are three times the center frequency of the band pass filter. Passage of a CW or high 
duty cycle signal that is out of band may desensitize or interfere with the processing of.a weak inband 
signal. 


CS03 INTERMODULATION TEST 


This two signal interference test places a pulse signal far enough away (Af) from the desired UDF 
frequency (Fo) that it won’t be identified. A CW signal is initially placed 2Af away. If an amplifier is 
operating in the saturated region, these two signals will mix and produce sum and difference signals, 
Subsequent mixing will result in a signal at the desired UDF frequency Fy since F - (F:-F\) = Fp. These two 
signals are raised equally to strong power levels. If no problem occurs, the CW signal is tuned to the upper 
inband limit and then tuned out of band. A similar test is performed below Fo, 


C803 TEST PROCEDURE! 


(J) Set the receiver or jammer to 
the receive mode. Verify it is working at a 
desired signal frequency, (F,), and record 
the minimum signal level ice., lowest level 
where the receive light is constantly on 
(record this level Po). 


Attenuation 


(2) The modulated signal is raised 


to the maximum specified level for full 
system performance and tuned on either Frequency lam 
ide of F, to find the frequency F, on both 
ides where the receive light goes out. If'a 
maximum power level is not specified, 

+10 dBm peak is used. The difference between F, and Fy is Af as shown in Figure 12. 


Figure 12. Initial CS03 Test Signal. 


(3) As shown in Figure 13, a pulse 
signal is tuned to F, and a CW signal is 
tuned to F2 where F; =F, + Af on the high 
ide. The power level of the two signals is 
initially set to Py and raised together until 
the maximum specified levels for full system 
performance are reached. If maximum 
power levels are not specified, then 
+10 dBm peak is used for the pulse signal 
and -10 dBm is used for the CW signal. 
Whenever the receive light comes on, the 
‘two signals should be turned off individually 
to verify that the failure is due to a 
combination of the two signals versus (1) a 
ingle signal (CS08) type failure or 
(2)another inband UDF value has been 
matched. If the failure is due to the two signal operation, then the power level (P, and P.) of F, and F; should 
be recorded. If P|=Ps, the intermodulation rejection level is P)-Py=Ppy. If P)#P:, it is desirable to readjust 
them to be equal when the receive light just comes on. 


Attenuation 


Frequency aE 


Figure 13. CS03 Testing Signal 


(4) Once the F) + F. signals are raised to the maximum power test levels described in step 3 without a 
failure, then F, is tuned to the upper limit of the band. F» should also be tuned out of band to five times the 
maximum inband frequency or 20 GHz whichever is less unless otherwise specified. The out of band power 
level is -10 dBm unless otherwise specified. Whenever the receive light comes on, Fs should be turned offto 
verify that the failure is due to a two signal test. Ifit is, tum F, back on and equally drop the power levels of 
F, and F» to the lowest level where the receive light just comes on. Record the power levels (P; and P.). 


(5) Step 3 is repeated where F, is Af below Fy and F:=F)-Af. Step 4 is repeated except Fi is tuned to 
the lower limit of the band. F» should also be tuned out of band down to 0.1 Fy, unless otherwise specified. 


(6) Normally if a failure is going to occur it will occur with the initial setting of F, and Fs. Care must, 
be taken when performing this test to ensure that the initial placements of F, and F3 do not result in either of 
the signals being identified directly. 


As shown in Figure 14, if F, was placed at 
3.2 GHz it would be identified directly and if F; was 
placed at 3.4 GHz it would be identified directly. 
Whereas, if F, was at 3.1 GHz and F was at 3.2 GHz 
neither interfering signal would be identified directly but 
their intermodulation may result in an improper 
identification at Fo. Later when F; is tuned higher, the Figure 14, Sample UDF Entries. 
receive light will come on around 3.4 GHz and 3.6 GHz 
This is not a test failure just a case of another inband UDF value being matched. 
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C805 - CROSS MODULATION 


This two signal interference test places a alia ae 
‘weak CW signal where the receiver is programmed 4 4 a 
for a pulse signal and tunes a strong pulse signal Puke 
elsewhere. As shown in Figure 15, when an 
amplifier is saturated, lower level signals are ow 
suppressed. When an amplifier is operated in the 
linear region all signals receive the rated linear gain. ‘Acplier Sacratet 
In this test the pulse signal will cause the amplifier to ae om 
kick in and out of saturation and modulate the weak | High Pule | | pipiseinne | | sapiseriene 
CW signal. The receiver may measure the Signal 1 i 
modulation on the CW signal and incorrectly identify 
it as a pulse signal, ow 
i ee 2 


Figure 15. Cross Modulation Example. 
CS05 TEST PROCEDURE 


(1) Initially the pulse signal is — 
tuned to Fy and the minimum power level Py ow 
where the receive light is constantly on is 
recorded. 


\ 
tong Oued Signal 
Bio weapons 
(2) As shown in Figure 16, the i 
ignal is raised to the maximum specified | t \ 

level for full system performance for a pulse SB] Se ees 


Attenuation 
J 


: | UDF at ! 
jignal and tuned on either side of Fy to find 2GH2 A GHz 
the frequencies on both sides, (Figs and 
Fiow) where the receive light goes out. Ifa Frequency EE) 
maximum pulse power level is not 
specified, then +10 dBm peak is used. Figure 16. Initial CS05 Test Signals. 


(3) The pulse signal from step 2 is turned off and a second signal is placed at Fy. It is a CW 
ignal that is 10 dB stronger than the peak power level (P;) measured is step 1. The receive light should 
not come on, 


(4) As shown in Figure 17, the strong pulse signal of step 2 is tured back on and tuned above Fy and 
then tuned below F;. Out of band tests should be performed to the maximum RF of the system + maximum 
IF or 20 GHz whichever is less and on the low end to the minimum RF of the system minus the maximum IF, 
unless otherwise specified. 
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(5) Ifa receive light occurs, turn 
off the weak CW signal since the “failure” 
may be due to the tuned pulsed signal, ie, 
CSO08 failure or another inband UDF value 
has been matched. 


If the light extinguishes when the 
‘weak CW signal is turned off, then turn the 
signal back on, reduce the value of the high 
level pulse signal until the minimum level is 
reached where the light stays on constantly. 
Record this level as P, 


‘The cross modulation rejection level 
is Pi-Py-10 dB = Pov. 
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Figure 17. Final CS05 Test Signals. 
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SIGNAL SORTING METHODS and DIRECTION FINDING 


As shown in Figure 1, signal processing is basically a problem of signal detection, emitter parameter 
measurement and correlation, emitter sorting, identification, and operator notification. 
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Figure 1. Signal Processing Steps. 


The ultimate goal of this processing is to classify radar signals by their unique characteristics and to 
use this data to identify enemy radars operating in the environment, determine their location or direction, 
assess their threat to friendly forces, and display this information to the operator. 


While not all electronic support measures (ESM) or radar warming receiver (RWR) systems perform 
every step in this process, each completes some of them. For example, ESM systems seldom initiate direct 
CM action, while RWRs sometimes do. Also ESM systems frequently record electronic data for future use, 
but few RWRs do. ESM systems place more emphasis on accurate emitter location and hence direction 
finding capabilities, while RWRs usually give a rough estimate of position/distance. 


The typical emitter characteristics that an ESM system can measure for a pulse radar include the 
following data: 


1. Radio Frequency (RF) 

2. Amplitude (power) 

3. Direction of Arrival (DOA) - also called Angle of Arrival (AOA) 
4, Time of Arrival (TOA) 

5, Pulse Repetition Interval (PRI) 

6. PRI type 

7. Pulse Width (PW) 

8. Scan type and rate 

9. Lobe duration (beam width) 


However, this list is not comprehensive. Other emitter parameters are available which may be 
necessary to characterize the threat system. 


More sophisticated ESM systems can measure additional parameters, such as PRI modulation 
characteristics, inter- and intra-pulse Frequency Modulation (FM), missile guidance characteristics 
(eg., pattern of pulse spacing within a pulse group), and Continuous Wave (CW) signals. 


Still other parameters which can describe an electromagnetic wave but are currently not commonly 
used for identification include polarization and phase. However, as threat emitters begin to use this data more 
frequently to avoid jamming the more important they may become in identifying signals. 


Some of the emitter characteristics which describe an electromagnetic wave are shown in Figure 2 


Polarization 
Frequency 


Waveshape 
(Pulse width & interval) 
and Amplitude 


4 
= 
recrere 


These variables can be constant or time varying 


Figure 2, Information Content of an Electromagnetic Wave 


Table | illustrates the relative importance of several measured parameters during various stages of 
signal processing. 


Table 1. Importance of Emitter Parameters During Signal Processing 


as Pulse Train Emitter Tntercept 
interleavement Identification Correlation 

Frequency 2 2 2 

Amplitude 1 0 

Angle of Arrival 2 0 2 

TOA 0 0 1 

PRI 2 2 2 

PRI type 2 2 2 

PW 2 1 1 

Scan rate and type 0 2 1 

Lobe Duration 0 1 

0 Not Useful T Some Use 2 Very Useful 


‘Some emitter parameters can be measured using a single pulse; these parameters are referred to as 
monopulse parameters. The monopulse parameters include RF, PW, DOA, amplitude and TOA. RF can be 
determined on a pulse-by-pulse basis by receivers that can measure frequency. Frequency is very useful for 
emitter identification since most radars operate at a single frequency. Most real-time systems measure pulse 
width instead of pulse shape because the latter is much more difficult to characterize mathematically. 
Unfortunately, the apparent pulse width can be severely distorted by reflections, and consequently, its 
usefulness for emitter identification is limited. DOA cannot be used for emitter identification, but is excellent 
for sorting signals. A number of ESM systems use both frequency and DOA information to distinguish the 
new signals from the old (that is, known) ones. Amplitude also cannot be used for emitter identification. 
However, it can be used for sorting and for gross distance estimation using precompiled emitter’s effective 
radiated power. Moreover, amplitude in conjunction with TOA can be used to determine the emitter’s scan 
characteristics. 


Other emitter parameters such as PRI, guidance and scan characteristics can be determined only by 
analyzing a group of pulses. All these parameters are useful for emitter identification; unfortunately, they 
require time for data collection and analysis, and call for sophisticated signal processing algorithms 


The problem of signal recognition in real-time is complicated by two factors: modulation of the 
signals and the very high pulse densities expected in the environment. Complex modulations (for example, 
inter-pulse RF modulation, intra-pulse RF modulation and agile Pulse Repetition Frequencies (PRFs)) present 
a significant pattern recognition problem for a number of ESM systems. It is expected that during some 
missions, hundreds of emitters will be transmitting simultaneously in the same vicinity. Wide-open 
antenna/receiver combination systems may have to cope with up to a million PPS. Even narrow-band 
receivers can expect data rates up to 100,000 PPS. At these rates, a single modern computer cannot be 
expected to process all the pulses, derive the characteristics for all emitters and identify the emitters in 
real-time. Other factors which encumber signal recognition include missing pulses, atmospheric noise and 
multiple reflections of pulses. 


Present RWRs are designed primarily to cope with stable emitters. A stable emitter is one whose 
frequency and pulse repetition interval (PRI) remain relatively constant from pulse to pulse. The future threat 
will move steadily away from the stable emitter towards agile emitters which vary their frequency and PRI 
characteristics. The first change in this direction is towards the patterned agile emitter which varies its pulse 
and frequency parameters in accordance with a specific pattem. Examples of patterned agile emitters are MTL 
radars which use staggered PRFs, pulse Doppler radars which change frequency and PRF on a block-to-block 


basis, and certain frequency-agile radars whose transmitter frequency is mechanically modulated in a 
systematic pattern (e.g., spin-tuned magnetron). The next step in this evolution is towards truly agile emitters 
which change their frequency and PRF ina random manner on a pulse-to-pulse basis. One tempering factor 
in this evolution is that radars which process Doppler must maintain a constant frequency for at least two 
consecutive pulses. 


In addition to agile frequency and PRI parameters, the future threat will be composed of a number of 
high-PRF pulsed Doppler, burst-frequency, CW, pulse-compression, agile-beam, and LPI radars, which use 
pseudo-noise waveforms. This conglomeration of radar types will cause a high signal density which must be 
segmented into a manageable data stream by the use of both frequency and spatial filtering in the RWR. 
While frequency and PRI are good parameters for sorting present-day non-agile emitters, they are poor or 
useless parameters for sorting agile emitters. 


Angle of arrival is generally regarded as the best initial sorting parameter because it cannot be varied 
by the emitter from pulse to pulse. 


PASSIVE DIRECTION FINDING AND EMITTER LOCATION 


Direction finding (DF) systems provide several important functions in modern EW systems. We have 
already discussed the importance of measuring the emitter’s bearing, or angle of arrival (AOA), as an 
invariant sorting parameter in the deinterleaving of radar signals and in separating closely spaced 
communication emitters. In addition, the conservation of jamming power in power-managed ECM systems 
depends on the ability of the associated ESM system to measure the direction to the victim emitter. A 
function which is becoming increasingly important in defense suppression and weapon delivery systems 

nvolves locating the emitter’s position passively. This can be accomplished from a single moving platform 
through successive measurements of the emitter’s angular direction, or from multiple platforms which make 
simultaneous angular measurements 


‘The emitter identification function requires identifying and associating consecutive pulses produced 
by the same emitter in angle of arrival (AOA) and frequency. The AOA is a parameter which a hostile emitter 
cannot change on a pulse-to-pulse basis. However, to measure the AOA of pulses which overlap in the time 
domain first requires them to be separated in the frequency domain. The advanced ESM receivers which 
accomplish this function must operate over several octaves of bandwidth while providing RMS bearing 
accuracies on the order of at least 2 degrees with high POI and fast reaction time in dense signal 
environments. 


There are basically three methods, depicted in [TRIANGULATION 
Figure 3, which allow the passive location of stationary 
ground-based emitters from airborne platforms 


‘These are: 


1. The azimuth triangulation method where the 
intersection of successive spatially displaced 
bearing measurements provides the emitter 
location 


The azimuth/elevation location technique, which 
provides a single-pulse instantaneous emitter 
location from the intersection of the measured 
azimuthvelevation line with the earth’s surface. 


3. The time difference of arrival (TDOA), or 
precision emitter location system (PELS) method, 
which measures the difference in time of arrival 
of a single pulse at three spatially remote 
locations 


Additional methods include: 


1. Phase rate of change, which is similar to Figure 3. Passive Emitter Location Techniques, 


triangulation, except it makes calculations using 
the phase derivative. 


2. Angle distance techniques, where the distance from the emitter is derived from the signal strength (with 
known “threat” characteristics). 


3. RF Doppler processing, which measures Doppler changes as the aircraft varies direction with 
respect to the “target” radar. 


‘The relative advantages and disadvantages of each are given in Table 2. 
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Table 2. Emitter Location Techniques. 


Measurement 


Technique Advantages Disadvantages 
Non-Instantaneous Location; 
Triangulation Single Aircraft Inadequate Accuracy for Remote Targeting; 


Not Forward Looking 


Single Aircraft Accuracy Degrades Rapidly at Low Altitude; 


Azimuth/Elevation | Instantaneous Location 
Function of Range 


Possible 
Very Complex, At Least 3 Aircraft; High Quality 
Very High Precision Receivers; DME (3 Sites); 
San S Very Wideband Data Link; 
Tiss btebreote SE oe Suppor Weapon ery Wideband Data Linl 
Arrival (Pulsed elivery Position Very High Performance Control Processor; 
Sui Requirements 
eens, Requires Very High Reliability Subsystems. 


Very Rapid, Can Handle | Requires common time reference and correlation 
jort On-Time Threat | operation for non-pulse signals. 


The triangulation method has the advantage of using a single aircraft, and its accuracy is greatest fora 
Jong baseline and the broadside geometry. The accuracy degenerates as the aircraft heading line approaches 
the boresight to the emitter. 


‘The azimuth/elevation technique also has the advantage of using a single aircraft, but suffers from the 
difficultness of making an accurate elevation measurement with limited vertical aperture and in the presence 
of multipath effects. 


The TDOA technique requires multiple aircraft and is complex, but has high potential accuracy. The 
determination of the location of the site involves the solution of at least two simultaneous second order 
equations for the intersection of two hyperbolas which represent T3 -T; = Constant #1 and T; - T» = Constant 
#2. This method can be used to obtain a fix for an emitter which radiates only a single pulse. 


ANGLE-OF-ARRIVAL (AOA) MEASUREMENTS 


Several of the above DF measurements require AOA determination. Threat AOA measurements are 
also required to inform the aircrew in order to position the aircraft for optimal defense. 


As shown in Figure 4, angle-of-arrival measuring systems fall into three main system categories of: 


1. Scanning beam 
2. Amplitude comparison or Simultaneous-multiple-beam 
3. Phased Interferometer techniques 


* Scanning Beam 
- Slow Response 


s 
vag & 
- Low Probability of Intercept oF, ya 


+ Amplitude Comparison 
- Very Common, Low Cost 208 
- Small Size So DOA = (A243) 
- Relatively Low Resolution 
- One RF Path per Band/Sector 

+ Phased Interferometer or Array 
- Very High Resolution or 


- High Cost 


- Larger Size 
- 3-5 AntennasiRF Paths per 


Band/Sector 


- Conformal Arrays Possible 
DOA=f(4 Phase) 


Figure 4, Angle-of-Arrival Measurement Techniques, 


Scanning Beam 


The mechanically scanning beam, or “spinner,” requires only a single receiver and also exhibits high 
sensitivity due to the use of a directive antenna, The disadvantage is that the “spinner” usually exhibits slow 
response because it must rotate through the coverage angle (e.g., 360 degrees) to ensure that it intercepts an 
emitter. Also, if the emitter uses a scanning directional antenna, both beams must point at each other for 
maximum sensitivity, which is a low probability occurrence. Both of these effects cause the mechanically 
scanning beam technique to have a low probability of intercept (POD). 


Amplitude Comparison 


‘The two primary techniques used for direction finding are the amplitude-comparison method and the 
interferometer or phase-comparison method. ‘The phase-comparison method generally has the advantage of 
greater accuracy, but the amplitude-comparison method is used extensively due to its lower complexity and 
cost. Regardless of which technique is used, it should be emphasized that the ultimate rms angular accuracy 
is given by: 


where 0g is the antenna’s angular beamwidth, or interferometer lobe width, 
and SNR is the signal-to-noise ratio. 


Thus, phase interferometers that typically use very widebeam antennas require high signal-to-noise 
ratios to achieve accurate angle-of-arrival measurements. Alternately, a multi-element array antenna can be 
used to provide relatively narrow interferometer lobes, which require modest signal-to-noise ratios, 


Virtually all currently deployed radar warning receiving (RWR) systems use amplitude-comparison 
direction finding (DF). A basic amplitude-comparison receiver derives a ratio, and ultimately angle-of-arrival 
or bearing, from a pair of independent receiving channels, which utilize squinted antenna elements that are 
usually equidistantly spaced to provide an instantaneous 360° coverage. Typically, four or six antenna 
elements and receiver channels are used in such systems, and wideband logarithmic video detectors provide 
the signals for bearing-angle determination. The monopulse ratio is obtained by subtraction of the detected 
logarithmic signals, and the bearing is computed from the value of the ratio. 


Amplitude comparison RWRs typically use broadband cavity-backed spiral antenna elements whose 
patterns can be approximated by Gaussian-shaped beams. Gaussian-shaped beams have the property that the 
logarithmic output ratio slope in dB is linear as a function of angle of arrival. Thus, a digital look-up table 
can be used to determine the angle directly. However, both the antenna beamwidth and squint angle vary 
with frequency over the multi-octave bands used in RWRs. Pattern shape variations cause a larger pattern 
crossover loss for high frequencies and a reduced slope sensitivity at low frequencies. Partial compensation 
of these effects, including antenna squint, can be implemented using a look-up table if frequency information 
is available in the RWR. Otherwise, gross compensation can be made, depending upon the RF octave band 
utilized. 


Typical accuracies can be expected to range from 3 to 10 degrees rms for multi-octave frequency 
band amplitude-comparison systems which cover 360 degrees with four to six antennas, 


The four-quadrant amplitude-comparison DF systems employed in RWRs have the advantage of 
implicity, reliability, and low cost. Usually, only one antenna per quadrant is employed which covers the 2 
to 18 GHz band. The disadvantages are poor accuracy and sensitivity, which result from the broad-beam 
antennas employed. Both accuracy and sensitivity can be improved by expanding the number of antennas 
employed. For example, expanding to eight antennas would double the accuracy and provide 3 dB more gain, 
‘As the number of antennas increases, it becomes appropriate to consider multiple-beam-forming antennas 
rather than just increasing the number of individual antennas. The geometry of multiple-beam-forming 
antennas is such that a conformal installation aboard an aircraft is difficult. Therefore, this type of installation 
is typically found on naval vessels or ground vehicles where the space is available to accommodate this type 
of antenna, 


jultaneous-multiple-beam (amplitude comparison) 


The simultaneous-multiple-beam system uses an antenna, or several antennas, forming a number of 

imultaneous beams (¢.g., Butler matrix or Rotman lens), thereby retaining the high sensitivity of the scanning 
antenna approach while providing fast response. However, it requires many parallel receiving channels, each 
with full frequency coverage. This approach is compatible with amplitude-monopulse angular measuring 
techniques which are capable of providing high angular accuracy. 


A typical example of a multiple-beam antenna is a 16-element circular array developed as part of a 
digital ESM receiver. This system covers the range from 2 to 18 GHz with two antenna arrays (2 to 7.5 GHz 
and 7.5 to 18 GHz), has a sensitivity of -55 to -60 dBm and provides an rms bearing accuracy of better than 
1.7 degrees on pulsewidths down to 100 ns. 
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Phased Interferometer Techniques 


The term interferometer generally refers to an array type antenna in which large element spacing 
‘occurs and grating lobes appear. 


Phase interferometer DF systems are utilized when accurate angle-of-arrival information is required 
They have the advantage of fast response, but require relatively complex microwave circuitry, which must 
maintain a precise phase match over a wide frequency band under extreme environmental conditions. When 
high accuracy is required (on the order of 0.1 to 1°), wide baseline interferometers are utilized with ambiguity 
resolving circuitry. The basic geometry is depicted in Figure 5, whereby a plane wave arriving at an angle is 
received by one antenna earlier than the other due to the difference in path length. 


The time difference can be expressed as a 


phase difference: ANTENNA 


BORESIGHT LINE OF SIGHT 
TO EMITTER 


= @At = 2na( fic) = 2x (d sin OY, 


sine = 


where @ is the angle of arrival, 
dis the antenna separation, and 


2.is the wavelength in compatible units 


‘The unambiguous field of view (FOV) is given 


by 6= 2 sim (w/2d), which for 2/2 spacing results in ¥ 
180° coverage. This spacing must be established forthe | Zeagqan TECEIVER 
highest frequency to be received. NO. 1 NO. 2 


Interferometer elements typically use broad 
antenna beams with beamwidths on the order of 90°. tn 
This lack of directivity produces several adverse effects. (°) 
First, it limits system sensitivity due to the reduced $ DETECTOR 
antenna gain, Secondly, it opens the system to 
interference signals from within the antenna’s broad Figure S. Phase Interferometer Principle. 
angular coverage. The interference signals often include 

multipath from strong signals which can limit the accuracy of the interferometer 


In an interferometer, the locus of points that produce the same time or phase delay forms a cone. 
The indicated angle is the true azimuth angle multiplied by the cosine of the elevation angle. The error in 
‘assuming the incident angle to be the azimuth angle is negligible for signals near the antenna’s boresight. At 
45° azimuth and 10° elevation, the error is less than 1°, increasing to 15° for both at 45°. Two orthogonal 
arrays, one measuring the azimuth angle and the other the elevation angle can eliminate this error. For targets 
near the horizon, the depression angle is small, thereby requiring only horizontal arrays. 


‘The rms angular accuracy of an interferometer in radians is given by: 


go= Aer /(JSNR ), Where Aa = 2/(d-cos0) is the separation between adjacent nulls 


For a two-clement interferometer, the spacing (d) must be 2/2 or less to provide unambiguous, or 
single lobe + 90°, coverage. This, in effect, sets a wide interferometer (or grating) lobe which must be split 
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by a large factor to achieve high accuracy. This, in tun, imposes a requirement for high SNR to achieve the 
large beam-splitting factor. For example, if 0.1° accuracy is required from an unambiguous two-element 
iterferometer, then a SNR of about 50 dB is required to achieve this accuracy. This may be difficult to 
achieve considering the inherently low sensitivity of an interferometer system. 


When high accuracy is required from an interferometer system, it is usual to employ separations 
greater than 1/2. The increased separation sets up a multi-grating-lobe structure through the coverage angle 
which requires less SNR to achieve a specified accuracy. For example, a two-element interferometer with 
16k spacing would set up a 33-grating-lobe structure (including the central lobe) throughout the + 90° 
coverage angle. Within each of the 33 grating lobes, it would only require a SNR on the order of 20 dB to 
achieve 0.1° accuracy. However, there would be 33 ambiguous regions within the + 90° angular coverage 
and also 32 nulls (where the phase detector output is zero), about which the system would be insensitive to an 
input signal. The ambiguities could be resolved by employing a third antenna element with 1/2 spacing, 
which would provide an accuracy on the order of 3° with 20 dB SNR. This accuracy is sufficient to identify 
which of the 33 lobes contains the signal. Providing coverage in the null regions requires additional antenna 
elements. 


Interferometers employing multiple antenna elements are called multiple-baseline interferometers. In 
atypical design, the receiver consists of a reference antenna and a series of companion antennas. The spacing 
between the reference element and the first companion antenna is 2/2; other secondary elements are placed to 
form pairs separated by 1, 2, 4, and 8 wavelengths. The initial AOA is measured unambiguously by the 
shortest-spaced antenna pair. The next greatest spaced pair has a phase rate of change which is twice that of 
the first, but the information is ambiguous due to there being twice as many lobes as in the preceding pair. 
A greater phase rate of change permits higher angular accuracy while the ambiguity is resolved by the 
previous pair, Thus, the described multiple-baseline interferometer provides a binary AOA measurement 
where each bit of the measurement supplies a more accurate estimate of the emitter’s AOA. 


Harmonic multiple-baseline interferometers use elements which are spaced at 2"./2, with n=0, 1,2, 
3. Innonharmonic interferometers, no pair of antennas provides a completely unambiguous reading over the 
complete field of view. For example, the initial spacing in the nonharmonic interferometer might be 2, while 
the next companion element spacing is 31/2. Ambiguities are resolved by truth tables, and hence the accuracy 
is set by the spacing of the widest baseline antenna pair. Nonharmonic interferometers have been 
mplemented over 9:1 bandwidths (2 to 18 GHz) with rms accuracies from 0.1 to 1° and with no ambiguities 
over + 90°. The principal advantage of the nonharmonic over the harmonic interferometer is the increased 
bandwidth for unambiguous coverage. 


Interferometer DF accuracy is determined by the widest baseline pair. Typical cavity-backed spirals, 
track to 6 electrical degrees, and associated receivers track to 9°, resulting in an rms total of 11°. Ata typical 
16 dB SNR, the rms phase noise is approximately 9 electrical degrees. For these errors and an emitter angle 
of 45°, a spacing of 252 is required for 0.1° rms accuracy while a spacing of 2.5) is needed for 1° accuracy. 
For high accuracy, interferometer spacings of many feet are required. In airborne applications, this usually 
wwolves mounting interferometer antennas in the aircraft's wingtips. 


The characteristics of typical airbome amplitude comparison and phase interferometer DF systems are 
summarized in Table 3. ‘The phase interferometer system generally uses superheterodyne receivers which 
provide the necessary selectivity and sensitivity for precise phase measurements. 
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Table 3. Direction of Arrival Measurement Techniques. 


‘Amplitude Comparison 


Phase Interferometer 


Sensor Configuration 


Typically 4 to 6 Equispaced Antenna 
Elements for 360° Coverage 


2 or more RHC or LHC Spirals in 
Fixed Array 


DF Accuracy 


= Se &* (Gaussian 


Shape) 


a 


DF ace Ag 


2al cos 


DF Accuracy 
Improvement 


Decrease Antenna BW 
Decrease Amplitude Mistrack 


Increase Squint Angle 


Increase Spacing of Outer 
Antennas; 


Decrease Phase Mistrack 


‘Typical DF Accuracy 


3° to 10° rms 


0.1? to 3° rms 


Sensitivity to 
Multipath 
Reflections 


High Sensitivity 


Mistrack of Several dB Can Cause 
Large DF Errors 


Relatively Insensitive; 


Interferometer Can Be Made to 
Tolerate Large Phase Errors 


Platform Constraints 


Locate in Reflection Free Area 


Reflection Free Area; 
Real Estate For Array: 


Prefers Flat Radome 


Applicable Receivers 


Crystal Video; Channelizer; Acousto- 
Optic; Compressive; Superheterodyne 


Superheterodyne 


ACas 
s 


Amplitude Monopulse Ratio in dB 
= Squint Angle in degrees 


Ow = Antenna Beamwidth in degrees 
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MICROWAVE / RF COMPO! 


ENTS 


Microwave Waveguides and Coaxial Cable 

Voltage Standing Wave Ratio (VSWR) / Reflection Coefficient 
Return Loss / Mismatch Loss. 

Microwave Coaxial Connectors. 

Power Dividers and Directional Couplers 

Attenuators / Filters / DC Blocks. 

Terminations / Dummy Loads 

Circulators and Diplexers 

Mixers and Frequency Discriminators 

Detectors 

RF / Microwave Amplifiers 

Signal Generation. 

Digital Processing Components 

Microwave Measuremer 
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MICROWAVE WAVEGUIDES and COAXIAL CABLE 


In general, a waveguide consists of a 
hollow metallic tube of arbitrary cross section 
uniform in extent in the direction of propagation. 
Common waveguide shapes are rectangular, 
circular, and ridged. The rectangular waveguide 
has a width a and height b as shown in Figure 1 
Commonly used rectangular waveguides have an 
aspect ratio b/a of approximately 0.5. Such an 
aspect ratio is used to preclude generation of 
id variations with height and their attendant 
unwanted modes. Waveguides are used 
principally at frequencies in the microwave 
range; inconveniently large guides would be Figure 1. The Rectangular Waveguide 
required to transmit radio-frequency power at 
longer wavelengths. In the X-Band frequency 
range of 8.2 to 12.4 GHz, for example, the U.S. standard rectangular waveguide, WR-90, has an inner width 
of 2.286 cm (0.9 in.) and an inner height of 1.016 cm (0.4 in.) 


In waveguides the electric and magnetic fields are confined to the space within the guides. Thus no 
power is lost to radiation. Since the guides are normally filled with air, dielectric losses are negligible. 
However, there is some FR power lost to heat in the walls of the guides, but this loss is usually very small. 


It is possible to propagate several modes of 
electromagnetic waves within a waveguide. The physical 
dimensions of a waveguide determine the cutoff frequency for Eri 

each mode. If the frequency of the impressed signal is abo 
the cutoff frequency for a given mode, the electromagnetic 
energy can be transmitted through the guide for that particular 
mode with minimal attenuation. Otherwise the 
electromagnetic energy witha frequency below cutoff for that 
particular mode will be attenuated to a negligible value in a 
relatively short distance. This grammatical use of cutoff. 
frequency is opposite that used for coaxial cable, where cutoff 
frequency is for the highest useable frequency. The dominant 
mode in a particular waveguide is the mode having the lowest ITE ap 
cutoff frequency. For rectangular waveguide this is the TE\p 
mode. The TE (transverse electric) signifies that all electric 
fields are transverse to the direction of propagation and that, 
no longitudinal electric field is present. There is a 
longitudinal component of magnetic field and for this reason 
the TEyq waves are also called Hyx waves. The TE 
designation is usually preferred. Figure 2 shows a graphical depiction of the E field variation in a waveguide 
for the TE, TE, and TE3) modes. As can be seen, the first index indicates the number of half wave loops 
across the width of the guide and the second index, the number of loops across the height of the guide - which 
in this case is zero. It is advisable to choose the dimensions of a guide in such a way that, for a given input 
signal, only the energy of the dominant mode can be transmitted through the guide. For example, if for a 
particular frequency, the width of a rectangular guide is too large, then the TE»y mode can propagate causing a 
myriad of problems. For rectangular guides of low aspect ratio the TE) mode is the next higher order mode 


Waveguid Cron Section 


Figure 2, TE Modes 
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and is harmonically related to the cutoff frequency of the TE mode. It is this relationship together with 
attenuation and propagation considerations that determine the normal operating range of rectangular 
waveguide. 


The discussion on circular waveguides will not be included because they are rarely used in the EW 
area, Information regarding circular waveguides can be found in numerous textbooks on microwaves. 


CHARACTERISTICS OF STANDARD RECTANGULAR WAVEGUIDES 


Rectangular waveguides are commonly used for power transmission at microwave frequencies. Their 
physical dimensions are regulated by the frequency of the signal being transmitted. Table 1 tabulates the 
characteristics of the standard rectangular waveguides, It may be noted that the number following the EIA 
prefix “WR” is in inside dimension of the widest part of the waveguide (i.e., WR90 has an inner dimension 
of 0.90"). 


DOUBLE RIDGE RECTANGULAR WAVEGUIDE 


Another type of waveguide commonly used in 


a 
EW systems is the double ridge rectangular waveguide. ia 

‘The ridges in this waveguide increase the bandwidth of 

the guide at the expense of higher attenuation and lower Lf t i 
power-handling capability. The bandwidth can easily mm E ie 
exceed that of two contiguous standard waveguides. rely | 
Introduction of the ridges mainly lowers the cutoff YY | 


frequency of the TE\y mode from that of the unloaded 
guide, which is predicated on width alone. The reason 
for this can easily be explained when the field 
configuration in the guide at cutoff is investigated. At 
cutoff there is no longitudinal propagation down the 
guide. The waves simply travel back and forth between the side walls of the guide. In fact the guide can be 
viewed as a composite parallel plate waveguide of infinite width where the width corresponds to the direction 
of propagation of the normal guide. The TE) mode cutoff occurs where this composite guide has its lowest- 
order resonant frequency. This occurs when there is only one E field maximum across the guide which occurs 
atthe center fora symmetrical ridge, Because of the reduced height of the guide under the ridge, the effective 
TE,» mode resonator is heavily loaded as though a shunt capacitor were placed across it, The cutoff 
frequency is thus lowered considerably. For the TEx) mode the fields in the center of the guide will be at a 
minimum. Therefore the loading will have a negligible effect. For guides of proper aspect ratio, ridge height, 
and ridge width, an exact analysis shows that the TE\y mode cutoff can be lowered substantially at the same 
time the TEx) and TE) mode cutoffs are raised slightly. Figure 3 shows a typical double ridged waveguide 
shape and Table 2 shows double ridged waveguide specifications. In the case of ridged waveguides, in the 
EIA designation, (WRD350 D36) the first “D” stands for double ridged (“S” for single ridged), the 350 is the 
starting frequency (3.5 GHz), and the “D36” indicates a bandwidth of 3.6:1. The physical dimensions and 
characteristics of a WRD350 D24 and WRD350 D36 are radically different. A waveguide with a MIL-W- 
23351 dash number beginning in 2 (ie., 2-025) is a double ridge 3.6:1 bandwidth waveguide. Likewise a 1- 
is a single ridge 3.6:1, a 3- is a single ridge 2.4:1, and a 4- is a double ridge 2.4:1 waveguide. 


ure 3. Double Ridge Waveguide. 
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Figure 4 shows a comparison of the frequency attenuation characteristics of various waveguides. 
‘The attenuation is based on real waveguides which is higher than the theoretical values listed in Tables 1 
and 2. Figure 5 shows photographs of waveguides with some common connectors. Figure 6 shows 
attenuation characteristics of various RF coaxial cables. 
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Figure 4, Attenuation vs. Frequency for a Variety of Waveguides and Cables. 
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Table 1. Rectangular Waveguide Specifications. 
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Standard waveguide - 7 mm 


Double ridge waveguide - SMA jack 


Figure 5. Waveguides With Some Common Connections 
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Table 2. Double Ridge Rectangular Waveguide Specifications. 


seuide] MIL-W- Freq | | Power | JInsertion Dimensions (Inches) 
Waveguide) "3351 | Material Cutotr [a1 Atm) | "Loss Ce 
Dash # (GHz) [CW] Peak | (dB/ft) A B Cc D E F 
WRD250 Alum 2.093 | 24 | 120] 0.025 1.655 | 0.715 1 0.44 | 0.15 
Brass 0.023 
Comper O18 
Silver Al 0.019 
WRD350 Alum 3.50- | 2.915 | 18 | 150 | 0.0307 1.48 | 0.688 | 1.608 | 0.816 | 0.37 | 0.292 
Des Brass | “820 6.0303, 
Copper 0.0204, 
WRD475 Alum 4.75- | 3.961 | 8 | 85 | 0.0487 1.09 | 0.506 | 1.19 | 0.606 | 0.272] 0.215 
Des Brass | 11,00 O.481 
Copper 0.0324 
WRDS00 300-| 4222} 4 | 15 | 0.146 | 0.752 [032s |o8s2 |oaas |oiss| 008 
36 18,00 oa 
Copper 0.095 
WRD650 Alum 6.50- | 5.348 | 4 | 25 0.106 | 0.720 | 0.321 | 0.820 | 0.421 | 0.173 | 0.101 
Brass | 18,00 0.105 
Copper 07 
WRD750 | 4-037 Alum 7.50- | 6.239 | 4.8] 35 | 0.0964 | 0.691 | 0.321 | 0.791 | 0.421 | 0.173 | 0.136. 
p24 | 4038 | Brass | 18,00 0.0951 
4-039 _| Copper 6.0641 
WRD110 | 4-041 Alum | 11.00-] 9.363 | 1.4] 15 0.171 0.471 | 0.219 | 0.551 | 0.299 | 0.118 | 0.093 
p24 | 4042 | Brass | 26.50 0.169 
4-043 | Copper O44 
WRD180 | 4-045 Alum | 18.00 -| 14.995] 0.8] 5 0.358 | 0.288 | 0.134 | 0.368 | 0.214 | 0.072 | 0.057 
Dad | 4046 | Brass | 40,00 0353 
4-047 | Copper 0238 
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Figure 6, Attenuation vs. Frequency for a Variety of Coaxial Cables. 
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VOLTAGE STANDING WAVE RATIO (VSWR) / REFLECTION COEFFICIENT 
RETURN LOSS / MISMATCH LOSS 


When a transmission line is terminated with an impedance, Z:, that is not equal to the characteristic 
impedance of the transmission line, Zo, not all of the incident power is absorbed by the termination. Part of 
the power is reflected back so that phase addition and subtraction of the incident and reflected waves creates a 
voltage standing wave pattern on the transmission line. The ratio of the maximum to minimum voltage is 
known as the Voltage Standing Wave Ratio (VSWR) and successive maxima and minima are spaced by 180° 
(42). 


VSwr = Ene: = Eit Er where Ena maximum voltage on the standing wave 
Eun Ei-E- Enis = minimum voltage on the standing wave 

Ei incident voltage wave amplitude 

Er reflected voltage wave amplitude 


The reflection coefficient, p, is defined as E,/E, and in general, the termination is complex in value, so 
that p will be a complex number. 


Zi-Zo 
Zi+Zo 
magnitude of F. If the equation for VSWR is solved for the reflection coefficient, itis found that: 


Additionally we define: T The refection coefficient, p, is the absolute value of the 


Reflect VSWR- 
flection YSWR-I Consequently, VSWR=LtL. 
VSWR+1 T-p 


Coefficient 


The return loss is related through the following equations: 


Return VSWR-1 
10\og| P+ |=-2010g| £*|=- 20 log] > —~ |=- 20 logo 
Loss P, Ei VSWR+1 
Return loss is a measure in dB of the ratio of Reuum | % Power 
power in the incident wave to that in the reflected | “& | Loss | Voltage | Refection | Mismatch 
efficient | Loss (48) 
wave, and as defined above always has a positive (a8) _|__Loss 
value. For example if a load has a Return Loss of || 1 * 0/0 o 0.000 
10 dB, then 1/10 of the incident power is reflected. | a3 a i be a Rn at 
The higher the return loss, the less power is actually | ‘5 | 449 | 40/200 | 0.200 ar 
lost. 175| 113 | 74/273 | 0.273 336 
19 | 100 | 96/316 | 0.316 458, 
20 | 95 | 111/333] 0.333 512 
Also of considerable interest is the | 2 | 96 | 114/933) 0.393 ae 
Mismatch Loss. This isa measure of how muchthe | 34 | 9 |251/500| 0500 | 125 
transmitted power is attenuated due to reflection. It | 35 | 51 |309/655| 0855 | i6 
is given by the following equation: 40 | 44 | 363/600] o600 | 1.94 
45 | 39 |407/636| o636 | 225 
2 so | 35 [47/656 0686 | 255 
Mismatcil 10 log (1 -p’) 10 17 | 676/818] 0.818 481 
20 | oa7 |a1s/905] 0905 | 7.4 
For example, an antenna with a VSWR of | 100 | 0.17 | 96.2/98.0] 0.980 14.1 
2:1 would have a reflection coefficient of 0.333, a |_® | _-000 | 100/100 | _1.00 = 
mismatch loss of 0.51 dB, and a return loss of Divide % Valiage Toss by 100 obtain p 


(reflection coefficient) 
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attenuation improves the 
VSWR of a load or antenna. 
For example, a transmitting 
antenna with a VSWR of 10:1 (poor) and a line loss of 6 dB would measure 1.5:1 (okay) if measured at the 
transmitter. Figure 1 shows this effect. 


Figure 1, Reduction of VSWR by Attenuation, 


‘Therefore, if you are interested in determining the performance of antennas, the VSWR should always 
be measured at the antenna connector itself rather than at the output of the transmitter. Transmit cabling will 
load the line and create an illusion of having a better antenna VSWR. Transmission lines should have their 
insertion loss (attenuation) measured in lieu of VSWR, but VSWR measurements of transmission lines are 
still important because connection problems usually show up as VSWR spikes. 


Historically VSWR was measured by probing the transmission line. From the ratio of the maximum 
to minimum voltage, the reflection coefficient and terminating impedance could be calculated. This was a 
time consuming process since the measurement was at a single frequency and mechanical adjustments had to 
be made to minimize coupling into circuits. Problems with detector characteristics also made the process less 
accurate. The modem network analyzer system sweeps very large frequency bandwidths and measures the 
incident power, P,, and the reflected power, P,. Because of the considerable computing power in the network 
analyzer, the return loss is calculated from the equation given previously, and displayed in real time. 
Optionally, the VSWR can also be calculated from the return loss and displayed real time. 


Ifa filter is needed on the output of a jammer, it is desirable to place it approximately half way 
between the jammer and antenna. This may allow the use of a less expensive filter, or a reflective filter vs. an 
absorptive filter. 


Special cases exist when comparing open and shorted circuits. These two conditions result in the 
same 22 VSWR and zero dB retum loss even though there is a 180° phase difference between the reflection 


coefficients. These two conditions are used to calibrate a network analyzer. 


MICROWAVE COAXIAL CONNECTORS, 


For high-frequency operation, the average circumference of a coaxial cable must be limited to about, 
one wavelength in order to reduce multimodal propagation and eliminate erratic reflection coefficients, power 


losses, and signal distortion 


Except for the sexless APC-7 connector, all other connectors are identified as either male (plugs) 
which have a center conductor that is a probe or female (jacks) which have a center conductor that is a 


receptacle, Sometimes it is hard to distinguish them as some female jacks may haye a hollow center “pir 


which appears to be male, yet accepts a smaller male contact. 


An adapter is an approximately zero loss interface between two connectors and is called a barrel when 
both connectors are identical. A number of common of coaxial connectors are described below, however 
other special purpose connectors exist, including blind mate connectors where spring fingers are used in place 
of threads to obtain shielding (desired connector shielding should be at least 90 dB). 


APC-2.4 (2.4mm) - The 50 © APC-2.4 (Amphenol Precision Connector 
2.4 mm) is also known as an OS-50 connector. It was designed to operate at 
extremely high microwave frequencies (up to 50 GHz). 


"APC-3.5 (3.5mm) - The APC-3.5 connector provides repeatable connections 
and has a very low VSWR. Either the male or female end of this 50 Q 
connector can mate with the opposite type of SMA connector. The APC-3.5 
connector can work at frequencies up to 34 GHz. 


2.4 mm jack - 3.5 mm jack 


APC-7 (7mm) - The APC-7 was developed by HP, but has been improved 
and is now manufactured by Amphenol. The connector provides a coupling 
mechanism without male or female distinction and is the most repeatable 
connecting device used for very accurate 50 © measurement applications. 
Its VSWR is extremely low up to 18 GHz, Other companies have 7mm. 
series available. 


Fo aN 


& 


v 


7Tmm - 3.5mm plug 


BNC (OSB) - The BNC (Bayonet Neill-Concelman or Bayonet Navy 
Connector) was originally designed for military system applications during 
World War II. The connector operates best at frequencies up to about 
4. GHz; beyond that it tends to radiate electromagnetic energy. The BNC 
can accept flexible cables with diameters of up to 6.35 mm (0.25 in.) and 
characteristic impedance of 50 to 75 Q. It is now the most commonly used 
connector for frequencies under 1 GHz. Other names the BNC has picked 
up over the years include: “Baby Neill-Concelman”, “Baby N connector”, 
“British Naval Connector”, and “Bayonet Nut Connector” 


* 


BNC male plug (above) 


BNC female jack 
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C - The C (Concelman) coaxial connector is a medium size, older type 
constant 50 Q impedance. It has a bayonet (twist and lock) connection. Itis 
larger than the BNC, but about the same as Type N. It has a frequency 
range of 0-11 GHz 


SC (OSSC) - The SC type connector is a screw version of the “C” 
connector 


Plug (top) 


C jack (bottom) 


SMA (OSM/3mm) - The SMA (Sub-Miniature A) connector was originally 
designed by Bendix Scintilla Corporation, but it has been manufactured by 
the Omni-Spectra division of M/ACOM (as the OSM connector) and many 
other electronic companies. It is a 50 © threaded connector. The main 
application of SMA connectors is on components for microwave systems. 
The connector normally has a frequency range to 18 GHz, but high 
performance varieties can be used to 26.5 GHz. 


& 


SMA Plug (above) 


SMA Jack 


SSMA (OSSM) - The SSMA is a microminiature version of the SMA. It is 
also 50 Q and operates to 26.5 GHz with flexible cable or 40 GHz with 
semi-rigid cable. 


SSMA jack - BNC jack 


6-3.2 


SMC (OSMC) - The SMC (Sub-Miniature C) is a 50. or 75 Q connector 
that is smaller than the SMA. The connector can accept flexible cables with 
meters of up to 3.17 mm (0.125 in.) for a frequency range of up to 
7-10 GHz. 


SMC Plug - SMA Jack 
(Some call this a SMC 
Jack, even though it has a 
female connector) 


SMB (OSMB) - The SMB is like the SMC except it uses quick disconnect 
instead of threaded fittings. It is a 50 / 75 © connector which operates to 
4 GHz with a low reflection coefficient and is useable to 10 GHz. 


INC (OST) - The TNC (Threaded Neill-Concelman or threaded Navy 
Connector) is merely a threaded BNC. The function of the thread is to stop 
radiation at higher frequencies, so that the connector can work at frequencies 
up to 12 GHz (to 18 GHz when using semi-rigid cable). It can be 50 or 
75.0. 


For size comparison here is a SMA plug - TNC plug 


TNC Plug (above) 


% 


TNC Jack 
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‘Type N (OSN) - The 50 or 75 2 Type N (Navy) connector was originally 
designed for military systems during World War II and is the most popular 
measurement connector for the frequency range of | to 11 GHz. The 
precision 50 © APC-N and other manufacturers high frequency versions 
operate to 18 GHz, 


For size comparison here is a picture of Type N plug - TNC jack 
N Plug (above) 


N Jack 


Note: Always rotate the movable coupling nut of the plug, not the cable or fixed connector, when 
mating connectors. Since the center pin is stationary with respect to the jack, rotating the jack puts torque on 
the center pin. With TNC and smaller connectors, the center pin will eventually break off. 


An approximate size comparison of these connectors 


depicted below (not to scale). 


Large = Medium Small 
sc 7mm N TNC/BNC 3.5mm SMA 2.4mm SSMA SMC 


Figure 1 shows the frequency range of several connectors, 


8 


Nate: Just barause ccnnastrs oan be 
connested together, doasa’t mean thay 
will work properly with respact © power 
handling and frequency 


& 


8 


8 


FREQUENCY (GHz} 
6 


[Not all connectors achiove these frequencies, 


APO-2$ APO-35 APC-7 BNC SMA SSMA_ SMC TNC. TyeN oS 


CONNECTOR TYPE 


Figure 1. Frequency Range of Microwave Connectors, 
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POWER DIVIDERS AND DIRECTIONAL COUPLERS 


A directional coupler is a passive device 
which couples part of the transmission power by eat fe 
a known amount out through another port, often | F , !npit Pot 
by using two transmission lines set close enough 
together such that energy passing through one is | p, coupled Fort 
coupled to the other. As shown in Figure 1, the 

device has four ports: input, transmitted, coupled, 
and isolated. The term “main line” refers to the 
section between ports 1 and 2. On some Figure 1. Directional Coupler. 

directional couplers, the main line is designed for 

high power operation (large connectors), while the coupled port may use a small SMA connector. Often the 
isolated port is terminated with an internal or external matched load (typically 50 ohms). It should be pointed 
out that since the directional coupler is a linear device, the notations on Figure | are arbitrary. Any port can 
be the input, (as in Figure 3) which will result in the directly connected port being the transmitted port, 
adjacent port being the coupled port, and the diagonal port being the isolated port. 


Transmited Pon 


Physical considerations such as internal load on the isolated port will limit port operation. The 
coupled output from the directional coupler can be used to obtain the information (ie., frequency and power 
level) on the signal without interrupting the main power flow in the system (except for a power reduction - see 
Figure 2). When the power coupled out to port three is half the input power (i.e., 3 dB below the input power 
level), the power on the main transmission line is also 3 dB below the input power and equals the coupled 
power. Such a coupler is referred to as a 90 degree hybrid, hybrid, or 3 dB coupler. The frequency range for 
coaxial couplers specified by manufacturers is that of the coupling arm. The main arm response is much 
wider (ie., if the spec is 2-4 GHz, the main arm could operate at | or 5 GHz - see Figure 3). However it 
should be recognized that the coupled response is periodic with frequency. For example, a W/4 coupled line 
coupler will have responses at ni/4 where n is an odd integer. 


Common properties desired for all directional couplers are wide operational bandwidth, high 
directivity, and a good impedance match at all ports when the other ports are terminated in matched loads, 
These performance characteristics of hybrid or non-hybrid directional couplers are self-explanatory. Some 
other general characteristics will be discussed below. 


COUPLING FACTOR 


‘The coupling factor is defined as: Coupling factor (dB)=-10 log 2 
Pi 


where P; is the input power at port | and P3 is the output power from the coupled port (see Figure 1) 


The coupling factor represents the primary property of a directional coupler. Coupling is not 
constant, but varies with frequency. While different designs may reduce the variance, a perfectly flat coupler 
theoretically cannot be built. Directional couplers are specified in terms of the coupling accuracy at the 
frequency band center. For example, a 10 dB coupling + 0.5 dB means that the directional coupler can have 
9.5 dB to 10.5 dB coupling at the frequency band center. The accuracy is due to dimensional tolerances that 
can be held for the spacing of the two coupled lines. Another coupling specification is frequency sensitivity, 
A larger frequency sensitivity will allow a larger frequency band of operation. Multiple quarter-wavelength 
coupling sections are used to obtain wide frequency bandwidth directional couplers. Typically this type of 
directional coupler is designed to a frequency bandwidth ratio and a maximum coupling ripple within the 
frequency band. For example a typical 2:1 frequency bandwidth coupler design that produces a 10 dB 
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coupling with a 40.1 dB ripple would, using the previous accuracy spec 
to 10.4 0.1 dB of coupling across the frequency range. 


-ation, be said to have 9.6 + 0.1 dB 


30 
Gouating | Insertion 
In an ideal directional coupler, the | “SEH | INET goo 
main line loss port 1 to port 2 (P; - P:) due | —— a 
to power coupled to the coupled output port} 195 Py 
is: wo | oss ig 
mo [oo 2 
Insertion loss (dB) i 4 
oor or 10 
The actual directional coupler loss ‘Main Arm (Insetion} Loss = ¢8 


will be a combination of coupling loss, 
dielectric loss, conductor loss, and VSWR 
loss. Depending on the frequency range, 
coupling loss becomes less significant above 15 dB coupling where the other losses constitute the majority of 
the total loss. A graph of the theoretical insertion loss (dB) vs. coupling (dB) for a dissipationless coupler is 
shown in Figure 2. 


Figure 2. Coupling Insertion Loss. 


ISOLATION 


Isolation of a directional coupler can be defined as the difference in signal levels in dB between the 
input port and the isolated port when the two output ports are terminated by matched loads, or 


Isolation (dB) 


Isolation can also be defined between the two output ports. In this ease, one of the output ports is 
used as the input; the other is considered the output port while the other two ports (input and isolated) are 
terminated by matched loads. 


Consequently 


Isolation (4B) =~ 10 tog 2 


The isolation between the input and the isolated ports may be different from the isolation between the 
two output ports. For example, the isolation between ports | and 4 can be 30 dB while the isolation between 
ports 2 and 3 can be a different value such as 25 dB. If both isolation measurements are not available, they 
can assumed to be equal. If neither are available, an estimate of the isolation is the coupling plus return loss 
(see VSWR section). The isolation should be as high as possible. In actual couplers the isolated port is never 
completely isolated. Some RF power will always be present. Waveguide directional couplers will have the 
best isolation. 
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If isolation is high, directional couplers 
are excellent for combining signals to feed a Fi 
single line to a receiver for two-tone receiver 
tests. In Figure 3, one signal enters port Py and 


‘one enters port P., while both exit port Py. The Boe alate. 

ignal from port P; to port P; will experience | F, + Fa ae \ 

10 dB of loss, and the signal from port P. to port | <———_] bo) 
P, will have 0.5 dB loss. The internal load on the Bi Pe Fo 
isolated port will dissipate the signal losses from 3 
port P; and port P». If the isolators in Figure 3 are 


neglected, the isolation measurement (port P; to 

port Ps) determines the amount of power from the Figure 3. Two-Tone Receiver Tests. 

ignal generator F that will be injected into the 

signal generator Fy. As the injection level increases, it may cause modulation of signal generator F), or even 
njection phase locking. Because of the symmetry of the directional coupler, the reverse injection will happen 

with the same possible modulation problems of signal generator F> by F;. Therefore the isolators are used in 

Figure 3 to effectively increase the isolation (or directivity) of the directional coupler. Consequently the 

injection loss will be the isolation of the directional coupler plus the reverse isolation of the isolator 


DIRECTIVITY 


Directivity is directly related to Isolation. It is defined as: 


- 10 log 24 =- 10 log P+ + 10 log £2 


a Py Py 


Directivity (4B) 


where: P, is the output power from the coupled port and P, is the power output from the isolated port. 


The directivity should be as high as possible. Waveguide directional couplers will have the best 
directivity. Directivity is not directly measurable, and is calculated from the isolation and coupling 
measurements as: 


Directivity (4B) = Isolation (dB) - Coupling (4B) 


HYBRIDS 


‘The hybrid coupler, or 3 dB directional coupler, in which the two outputs are of equal amplitude takes 
many forms. Not too long ago the quadrature (90 degree) 3 dB coupler with outputs 90 degrees out of phase 
‘was what came to mind when a hybrid coupler was mentioned. Now any matched 4-port with isolated arms 
and equal power division is called a hybrid or hybrid coupler. Today the characterizing feature is the phase 
difference of the outputs. If 90 degrees, it is a 90 degree hybrid. If 180 degrees, it is a 180 degree hybrid. 
Even the Wilkinson power divider which has 0 degrees phase difference is actually a hybrid although the 
fourth arm is normally imbedded. 


Applications of the hybrid include monopulse comparators, mixers, power combiners, dividers, 
modulators, and phased array radar antenna systems 
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AMPLITUDE BALANCE 


This terminology defines the power difference in dB between the two output ports of a3 dB hybrid. 
Inan ideal hybrid circuit, the difference should be 0 dB. However, ina practical device the amplitude balance 
is frequency dependent and departs from the ideal 0 dB difference. 


PHASE BALANCE 


‘The phase difference between the two output ports ofa hybrid coupler should be 0, 90, or 180 degrees 
depending on the type used. However, like amplitude balance, the phase difference is sensitive to the input 
frequency and typically will vary a few degrees 


The phase properties of a 90 degree hybrid coupler can be used to great advantage in microwave 
circuits. For example in a balanced microwave amplifier the two input stages are fed through a hybrid 
coupler. The FET device normally has a very poor match and reflects much of the incident energy. However, 
since the devices are essentially identical the reflection coefficients from each device are equal. The reflected 
voltage from the FETs are in phase at the isolated port and are 180° different at the input port. Therefore, all 
of the reflected power from the FETs goes to the load at the isolated port and no power goes to the input port. 
This results in a good input match (low VSWR). 


If phase matched lines are used for an 
antenna input to a 180° hybrid coupler as shown. 
in Figure 4, a null will occur directly between the 
antennas. If you want to receive a signal in that 
position, you would have to either change the 
hybrid type or line length. If you want to reject a 
signal from a given direction, or create the 
difference pattern for a monopulse radar, this is a o 
‘good approach. 


180° 


Sum Difference 


Figure 4, Balanced Antenna Input. 
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OTHER POWER DIVIDERS 


Both in-phase (Wilkinson) and quadrature (90°) 

hybrid couplers may be used for coherent power divider OuT 
applications. The Wilkinson’s power divider has low to 
VSWR atall ports and high isolation between output ports.| yy 2 Ae 
The input and output impedances at each port is designed to NwWay Te 
be equal to the characteristic impedance of the microwave| —» Q}—} Power 

system. A typical power divider is shown in Figure 5. Divider i 
Ideally, input power would be divided equally between the H 
output ports. Dividers are made up of multiple couplers, ee 

and like couplers, may be reversed and used as multiplexers. al 
The drawback is that for a four channel multiplexer, the 


output consists of only 1/4 the power from each, and is 2 
relatively inefficient. Lossless multiplexing can only be Figure 5. Power Divider. 
done with filter networks 


Coherent power division was first accomplished by means of simple Tee junctions. At microwave 
frequencies, waveguide tees have two possible forms - the H-Plane or the E-Plane. These two junctions split 
power equally, but because of the different field configurations at the junction, the electric fields at the output 
arms are in-phase for the H-Plane tee and are anti-phase for the E-Plane tee. The combination of these two 
tees to form a hybrid tee allowed the realization of a four-port component which could perform the vector sum 
(&) and difference (A) of two coherent microwave signals. This device is known as the magic tee. 


POWER COMBINERS 


Since hybrid circuits are bi-directional, they can be used to split up a signal to feed multiple low 
power amplifiers, then recombine to feed a single antenna with high power as shown in Figure 6. This 
approach allows the use of numerous less expensive and lower power amplifiers in the circuitry instead of a 

ingle high power TWT. Yet another approach is to have each solid state amplifier (SSA) feed an antenna 
and let the power be combined in space or be used to feed a lens which is attached to an antenna. (See 
Section 3-4.) 
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Figure 6. Combiner Network 


signals at 10 GHz are received, how much peak power 
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Figure 7. Sine Waves Combined Using Various Phase Relationships. 
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ATTENUATORS / FILTERS / DC BLOCKS 
ATTENUATORS 


An attenuator isa passive microwave component which, when inserted in the signal path of a system, 
reduces the signal by a specified amount. They normally possess a low VSWR which makes them ideal for 
reducing load VSWR in order to reduce measurement uncertainties. They are sometimes used simply to 
absorb power, either to reduce it to a measurable level, or in the case of receivers to establish an exact level to 
prevent overload of following stages. 


Attenuators are classified as either fixed or variable and either reflective or non-reflective. The fixed 
and variable attenuators are available in both waveguide and coaxial systems. Most of the receivers under 
20 GHz use coaxial type attenuators. 


FIXED 


The performance characteristics of a fixed attenuator are: 


1, input and output impedances 
2. flatness with frequency 
3. average and peak power handling capability 
4. temperature dependence 

VARIABLE 


The variable attenuator can be subdivided into two kinds: step attenuator and continuously variable 
attenuator. Ina step attenuator, the attenuation is changed in steps such as 10 dB, 1 dB or 0.5 dB. Ina 
continuously variable attenuator, the attenuation is changed continuously and a dial is usually available to 
read the attenuation either directly or indirectly from a calibration chart. 


For a variable attenuator, additional characteristics should be considered, such as: 


1, amount or range of attenuations 

2. insertion loss in the minimum attenuation position 

3. incremental attenuation for step attenuator 

4, accuracy of attenuation versus attenuator setting 

5. attenuator switching speed and switching noise. 
REFLECTIVE 


A reflective attenuator reflects some portion of the input power back to the driving source. The 
amount reflected is a function of the attenuation level. When PIN diodes are zero or reverse biased, they 
appear as open circuits when shunting a transmission line. This permits most of the RF input power to travel 
to the RF output. When they are forward biased, they absorb some input, but simultaneously reflect some 
back to the input port. At high bias current, most RF will be reflected back to the input resulting in a high 
input VSWR and high attenuation. 
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ABSORPTIVE 


The VSWR of a non-reflective (absorptive) PIN diode attenuator remains good at any attenuation 
level (bias state). This is accomplished by configuring the diodes in the form of a Pi network that remains 
matched for any bias state or by use of a 90° hybrid coupler to cancel the waves reflected to the input 
connector. 


MICROWAVE FILTERS 


INTRODUCTION 


Microwave filters are one of the most important components in receivers. The main functions of the 
filters are: (1) to reject undesirable signals outside the filter pass band and (2) to separate or combine signals 
according to their frequency. A good example for the latter application is the channelized receiver in which 
banks of filters are used to separate input signals. Sometimes filters are also used for impedance matching 
Filters are almost always used before and after a mixer to reduce spurious signals due to image frequencies, 
local oscillator feedthrough, and out-of-frequency band noise and signals. There are many books which are 
devoted to filter designs. There are many kinds of filters used in microwave receivers, so itis impossible to 
cover al of them. 


Ifa filter is needed on the output of a jammer, it is desirable to place it approximately half way 
between the jammer and antenna vs. adjacent to either. The transmission line attenuation improves the 
VSWR of the filter at the transmitter. This may allow use ofa less expensive filter, or use of a reflective filter 
vs. an absorptive filter 


A filter is a two-port network which will pass and reject signals according to their frequencies. There 
are four kinds of filters according to their frequency selectivities. In the examples that follow, f, = low 
frequency, fy = medium frequency, and fy = high frequency. Their names reflect their characteristics, and 
they are: 


ned value as shown 


1. A low-pass filter which passes the low frequency signals below a predeterm 


in Figure 1 
Input Output 
Strength Strength 
008 
< 
= 
g 
a 
= 
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fou te Fraqueligy map: flat 


Figure 1, Low-Pass Filter 
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2. A high-pass filter which passes the high frequency signals above a predetermined value as in 


Figure 2 


Input 
Strength 


Attenuation 


8B 
J 
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Output 
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Figure 2. High-Pass Filter. 


m in 


3. A band-pass filter which passes signals between two predetermined frequencies as show 
Figure 3. 
Input Output 
Strength Strength 
ff fs | | 
fu fafa Frequency mz th fy fy 


Figure 3. Band-Pass Filter 


A band-pass filter with different skirt slopes on the two sides of the pass band is sometimes referred 


to as an asymmetrical filter 


In thi 


fer the sharpness of the rejection band attenuation is significantly 


different above and below the center frequency. One additional note regarding band-pass filters or filters in 
general, their performance should always be checked in the out-of-band regions to determine whether or not 


they possess spurious responses. 


frequency 


In particular they should be checked at harmonics of the operating 


4. A band reject filter (sometimes referred to as a bandstop or notch filter) which rejects signals 
between two predetermined frequencies such as high power signals from the aircraft's own radar 
as shown in Figure 4. 


Input Output 
Strength ee Strength 


J 


Attenuation 


Lote te Frequency sa fof t 


Figure 4, Band-Reject Filter 


In general, filters at microwave frequencies are composed of resonate transmission lines or waveguide 
cavities that, when combined, reflect the signal power outside the filter frequency pass band and provide a 
good VSWR and low loss within the frequency pass band. As such, specifications for filters are maximum 
frequency, pass band loss, VSWR, and rejection level at a frequency outside of the pass band. The trade-off 
for filters are a higher rejection for a fixed frequency pass band or a larger frequency pass band for a fixed 
rejection, which requires a filter with more resonators, which produce higher loss, more complexity, and 
larger size. 


DC BLOCK: 


DC Blocks are special connectors which have a capacitor 
(high pass filter) built into the device. There are three basic types: 


1. INSIDE - The high pass filter is in series with the 
center conductor as shown in Figure 5. DC is blocked 
on the center conductor 


Figure 5. Inside DC Block. 
2. OUTSIDE - The high pass filter is in series with the 
cable shield as shown in Figure 6. 


3. INSIDE/OUTSIDE - A high pass arrangement is connected to both the inner and outer 
conductors. 


DC Blocks are ideal for filtering DC, 60 Hz, and 400 Hz from the RF line. 


In general, capacitors with a large value of capacitance do 
not have the least loss at microwave frequencies. Also, since 
capacitance is proportional to size, a large size produces more 
capacitance with more inductance. Because of these reasons, D.C. 
blocks are typically available with a high pass frequency band 


starting in the region of 0.1 to 1 GHz. 
Figure 6. Outside DC Block 


TERMINATIONS / DUMMY LOADS 


A termination is a one-port device with an impedance that matches the characteristic impedance of a 
given transmission line. Itis attached to a certain terminal or port ofa device to absorb the power transmitted 
to that terminal or to establish a reference impedance at that terminal. Important parameters of a termination 
are its VSWR and power handling capacity. In a receiver, terminations are usually placed at various 
unconnected ports of components such as hybrid and power dividers to keep the VSWR of the signal path 
low. Itis extremely important that the isolated port in a directional coupler and the unused port of a power 
divider (ic., only three ports of a four-way power divider are used) be properly terminated. All of the design 
considerations of directional couplers and power dividers are based on the fact that all ports are terminated 
with matched loads. If an unused port is not properly terminated, then the isolation between the output ports 
will be reduced which may severely degrade the performance of the receiver. 


A termination is the terminology used to refer to a low power, single terminal device intended to 
terminate a transmission line. Similar devices designed to accommodate high power are generally termed 
dummy loads. 


TERMINATIONS, 


Terminations are employed to terminate unconnected ports on devices when measurements are being 
performed. They are useful as dummy antennas and as terminal loads for impedance measurements of 
transmission devices such as filters and attenuators. 


The resistive elements in most terminations are especially fabricated for use at microwave 
frequencies. Two types are commonly employed: (1) resistive film elements, and (2) molded resistive tapers. 
The resistive film is very thin compared to the skin depth and normally very short relative to wavelength at 
the highest operating frequency. The molded taper consists of a dissipative material evenly dispersed in a 
properly cured dielectric medium. Both forms of resistive elements provide compact, rugged terminations 
suitable for the most severe environmental conditions with laboratory stability and accuracy. 


Terminations should be properly matched to the characteristic impedance of a transmission line. The 
termination characteristics of primary concern are: 


‘a. operating frequency range d. VSWR 
b. average power handling capability e. size 
. operating temperature range £ weight 


Many microwave systems employ directional couplers which require terminations on at least one 
port, and most have various modes of operation or test where terminations are needed on certain terminals. 


A matched termination ofa generalized transmission line is ideally represented by an infinite length 
of that line having small, but non-zero loss per unit length so that all incident energy is absorbed and none is 
reflected. 


Standard mismatches are useful as standards of reflection in calibrating reflectometer setups and other 
mpedance measuring equipment. They are also used during testing to simulate specific mismatches which 
‘would be encountered on the terminals of components once the component is installed in the actual system, 
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‘The following table shows common mismatches with the impedance that can provide the mismatch, 


‘Common Mismatches (Zo = 50 Q) 
Ratio Zz (higher) Zi (lower) 
10:1 350.2 (matched) 50 Q (matched) 
12521 52 402 
1301 752 33.30 
2.00: 1 1002 252 


DUMMY LOADS 


A dummy load is a high power one port device intended to terminate a transmission line. They are 
primarily employed to test high power microwave systems at full power capacity. Low power coaxial loads 
are generally termed terminations and typically handle one watt or less. 


Most radars or communications systems have a dummy load integrated into them to provide a non- 
radiating or EMCON mode of operation, or for testing (maintenance), 


Three types of dissipative material are frequently employed in dummy loads: (1) lossy plastic, 
(2) refractory, and (3) water. 


The lossy plastic consists of particles of lossy material suspended in plastic medium. This material 
may be designed to provide various attenuations per unit length but is limited as to operating temperature. It 
is employed primarily for low power applications 


The refractory material is a rugged substance that may be operated at temperatures up to 1600°F. It is 
virtually incapable of being machined by ordinary means but is often fabricated through diamond wheel 
grinding processes. Otherwise material must be fired in finished form, Such material is employed in most 
high power applications. 


The dissipative properties of water are also employed for dummy load applications. Energy from the 
guide is coupled through a leaky wall to the water which flows alongside the main guide. Water loads are 
employed for extremely high power and calorimetric applications. 


can be 


While dummy loads can operate over full waveguide bands, generally a more economical un 
manufactured for use over narrower frequency ranges. 


‘The power rating of a dummy load is a complex function dependent upon many parameters, including 
average and peak power, guide pressure, external temperature, guide size, air flow, and availability of 
auxiliary coolant. The average and peak powers are interrelated in that the peak power capacity is a function 
of the operating temperature which in turn is a function of the average power 


6-6.2 


CIRCULATORS AND DIPLEXERS 


A microwave circulator is a nonreciprocal ferrite device 
which contains three or more ports. The input from port n will come 
out at port n+ 1 but not out at any other port. A three-port ferrite 
junction circulator, usually called the Y-junction circulator, is most 
commonly used. They are available in either rectangular waveguide 
or strip- line forms, The signal flow in the three-port circulator is 
assumed as 1-»2, 2-3, and 3-1 as shown in Figure 1. 


Ifport | is the input, then the signal will come out of port 2: 
in an ideal situation, no signal should come out of port 3 which is 
called the isolated port. The insertion loss of the circulator is the 
loss from 1 to 2, while the loss from 1 to 3 is referred to as isolation 
A typical circulator will have a few tenths of a dB insertion loss 
from port 1 to 2 and 20 dB of isolation from port 1 to 3 for coaxial 
circulators (30 dB or more for waveguide circulators). When the 
input is port 2, the signal will come out of port 3 and port 1 is the 
isolated port, Similar discussions can be applied to port 3 


2 


Figure 1, Symbolic Expression fora 
Y-Junction Circulator. 


Since circulators contain magnets, they should not be mounted near ferrous metals 
since the close proximity of metals like iron can change the frequency response. 


As shown in Figure 2, if one port of a circulator is 
loaded, it becomes an isolator, i.e., power will pass from ports 
one to two, but power reflected back from port two will go to 
the load at port three versus going back to port one. 


As shown in Figure 3 this circulator is made into a 
diplexer by adding a high pass filter to port two. Frequencies 
from port one that are below 10 GHz will be reflected by port 
two. Frequencies above 10 GHz will pass through port two. At 
the 10 GHz crossover frequency of the diplexer, a 10 GHz signal 
will be passed to both ports two and three but will be half 


2 


Figure 2. 


Isolator From A Circulator. 


power at each port. Diplexers or triplexers (one input and three 
output bands), must be specifically designed for the application. 
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Figure 3. Diplexer From A Circulator. 


Another useful 


device is the 4-port Faraday 


gkW 


Rotator Circulator shown ANTENNA * Allbads and the 
symbolically in Figure 4 VSWR 2:1 21 VSWR 
These waveguide devices i kw 

handle very high power and Takei oan 
provide excellent isolation ow 

properties. Itis useful when POWER 1KW 

measurements must be made INPUT mm | Watery o pw 
during high power | souRCE Noa + Lioed 


application as shown. A 
water load is used to absorb 
the high power reflections 
so that a reasonable power 


If reverse leakage is nat 
attenuaiad by at laast 2008, 
{hs leakage path dom ater 
at the measurement por. 

Normally, a coax! cieulator 


Raflacted power now down 
20 dB from power input 


TY too w 


row 


40 dB attenuator 


Faceiveriveasurment Device (9 mW) 


level is reflected to the — | willhave at ast 2048 of 
2 aaa reverseotenuatin anda 
receiver or measurement | ‘evcouascieubtor wil 
port. have at east 20 dB of 
reverseamten uatin 
‘The Maximum Input, 
Power to a Measurement 


Device - The ideal input toa 


measurement device is in the 0 to 10 dBm (1 to 10 mW) range. Check manufacturer's specification for 


specific maximum value. 


If the RF transmission lines and their 
components (antenna, hybrid, etc.) can support the 
wider frequency range, circulators could be used to 
increase the number of interconnecting RF ports from 
two as shown in Figure 5, to four as shown in Figure 6. 
Figure 7 shows an alternate configuration using 
diplexers which could actually be made from circulators 
as shown previously in Figure 3. 


Figure 4, Faraday Rotator Circulator. 
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Figure 6. Low/High Band Configuration. 
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Figure 7. Alternate Low/High Band 
Configuration. 


MIXERS AND FREQUENCY DISCRIMINATORS 


Mixers are used to convert a signal from one frequency to another. This is done by combining the 
original RF signal with a local oscillator (LO) signal ina non-linear device such as a Schottky-barrier diode. 


‘The output spectrum includes: 


‘© The original inputs, LO and RF 
All higher order harmonics of LO and RF 

The two primary sidebands, LO + RF (m,n = 1) 

All higher order products of mLO + nRF (where m.n are integers) 
ADC output level 


The desired output frequency, commonly called the intermediate frequency (IF), can be either the 
lower (LO-RF) or upper (LO+RF) sideband. When a mixer is used as a down converter, the lower sideband is 
the sideband of interest. 


A microwave balanced mixer makes use of the 3 dB hybrid to divide and recombine the RF and LO 
inputs to two mixing diodes. The 3 dB hybrid can be either the 90° or 180° type. Each has certain 
advantages which will be covered later. The critical requirement is that the LO and RF signals be distributed 
uniformly (balanced) to each mixer diode. 


Figure | is a typical balanced mixer block diagram. The mixer diodes are reversed relative to each 
other; the desired frequency (IF) components of each diode are then in-phase while the DC outputs are 
positive and negative respectively. 


The two diode outputs are summed in a tee where the DC terms cancel and only the desired IF 
‘component exists at the IF port. 
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Figure 1, Mixer Block Diagram. 
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Other types of mixers exist, including the double-balanced mixer, and the Ortho-Quad® (quadrature 
fed dual) mixer. The relative advantages and disadvantages of each of the four types are summarized in 
Table 1 


Table 1. Mixer Comparison. 


Conversion | LOIRF | Harmonic | Dynamic F 
Mixer Type | VSWR! Loss? | Isolation? | Suppression * Manes Bandwidth 
90° Hybrid | good Towest poor poor-fair high [| wide 
180° Hybrid _ | poor Tow good good high | wide 
Double- poor Tow Very good | very good | high | extremely 
Balanced -excellent wide 
Ortho Quad | good Tow very good | fair high | wide 


NOTES 
(1) Poor = 2.5:1 typical; Good = 1.3:1 typical 
(2) Conversion loss: lowest: 5-7 dB typical; Low 7-9 dB typical 
(3) Poor: 10 dB typical; Good: 20 dB typical; Very Good: 25-30 dB typical; Excellent: 35-40 dB typical 
(4) Poor: partial rejection of LO/RF even harmonics 

Fair: slightly better 

Good: can reject all LO even harmonics 

Very Good: can reject all LO and RF even harmonics 


Used in various circuits, mixers can act as modulators, phase detectors, and frequency discriminators. 


‘The phase discriminators can serve as a signal processing network for systems designed to monitor 
bearing, polarization, and frequency of AM or FM radiated signals 


A. frequency discriminator Delay Line 
uses a phase discriminator and adds a of ime T ifereniel 
power divider and delay line at the Ample 
RF input as shown in Figure 2. The a. rae 
unknown RF signal “A” is divided | Slanal"a" ot. | Fane Phase ¥ 

between a reference and delay path, | Freuerry yfPberiminator | np cose 
‘The differential delay (T) creates a 


phase difference (0) between the two 
signals which is a linear function of 
frequency (f) and is given by 0 = 
2afT. 


Figure 2, Frequency Discriminator. 


When the two output signals are fed to the horizontal and vertical input of an oscilloscope, the 
resultant display angle will be a direct function of frequency 
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DETECTORS 


A detector is used in receiver circuits 
to recognize the presence of signals. Typically 
a diode or similar device is used as a detector. 
Since this type of detector is unable to 
distinguish frequency, they may be preceded 
by a narrow band-pass filter. 


A typical simplistic circuit is shown in 
Figure 1 


Original Signal 


Coarse Detector Output 


Shaped Output 


Figure 2. Demodulated Envelope Output. 


When the diode is reverse biased, very little 
current passes through unless the reverse breakdown 
voltage is exceeded. When forward biased and after 
exceeding the cut-in voltage, the diode begins to 
conduct as shown in Figure 3. At low voltages, it first 
‘operates in a square law region. Detectors operating in 
this region are known as small signal type. If the 
voltage is higher, the detector operates in a linear 
region, and is known as the large signal type. 
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Figure 1. Typical Diode Detector Circuit. 


To integrate a pulse radar signal, we can add 
capacitance to the circuit in parallel with the output 
load R, to store energy and decrease the bleed rate. 
Figure 2 shows a typical input/output waveform 
which detects the envelope of the pulse radar signal. 
From this information pulse width and PRF 
characteristics can be determined for the RWR UDF 
comparison. 
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Figure 3. Diode Electrical Characteristics. 


The power/voltage characteristics for a typical 


diode detector is shown in Figure 4. Wr 
4 Linear 
Square Law Detector 2 ee 
S tom 
Log Log Plet 
Inthe square law region, the output voltage V. | 1 nw. aon 
is proportional to the square of the input voltage Vi, | 2 jog . Law 
thus V, is proportional to the input power. 
tow 
a0 "2 cy 
V.= nV =nP, or Px Vy tout Power (GE) 


Where nis the constant of proportionalit 
Pree ty Figure 4. Diode Power/Voltage Characteristic. 


Linear Detector 


In the linear detection region, the output voltage is given by: 


V. = mV, and since P=V7/R, Pi & V, 
Where m is the constant of proportionality 


Log Detector Amplifier 


Another type of detector arrangement is the Sa ae RE 
Log detector amplifier circuit shown in Figure 5. Itis Ef 
formed by using a series of amplifiers and diode 
detectors. Due to the nature of the amplifier/diode | vices 
characteristics, the output voltage is related to the On 
power by: 
By oc. agers Figure 5. Log Detector 


Where p and q are constants of proportionality 


The Log detector has good range, but is hampered by large size when compared to a single diode 
detector. 


Pulse Width Measurements 

If the pulse width of a signal was specified at the one-half power point, the measurements of the 
detected signal on an oscilloscope would vary according to the region of diode operation. If the region of 
operation is unknown, a 3 dB attenuator should be inserted in the measurement line. This will cause the 
power to decrease by one-half. The (temporary) peak amplitude on the oscilloscope becomes the amplitude 


reference point for measuring the pulse width when the external 3 dB attenuator is removed. 


These voltage levels for half power using the three types of detectors are shown in Table 1 
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Table 1. Detector Characteristics. 


‘Square Law Linear Log 


‘Output Voltage When 
Input Power is 
reduced by Half (3, 


A very small value, 
0.5 Via 0.707 Vin ~0.15 Vin for typical 
5 stage log amplifier 


dB) 
Sensitivity & Good sensitivity Less sensitivity c eee sensitivity 
Dynamic Range Small dynamic range | Greater dynamic range Greatest dynamic range 


(to 80 dB) 


Also see the Microwave Measurements section subsection entitled “Half Power or 3 dB Measurement Point.” 
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RF / MICROWAVE AMPLIFIERS 


An amplifier is one of the most essential and ubiquitous elements in modem RF and microwave 
systems. Fundamentally, an amplifier is a type of electronic circuit used to convert low-power signals into 
‘ones of significant power. The specific requirements for amplification are as varied as the systems where they 
are used. Amplifiers are realized using a wide range of different technologies, and are available in many form 
factors, While the performance of an amplifier can be measured by wide range of attributes, several important 
‘ones include: gain, power added efficiency (PAE), input and output return loss, I-dB compression point 
(Pus), stability, linearity, intermodulation distortion, and noise figure. 


‘Traveling Wave Tubes (TWTs} 


‘A traveling-wave tube (TWT) is a specialized vacuum tube used in electronics to amplify radio 
frequency (RF) signals to very high power. A TWT is a component of an electronic assembly known as a 
traveling-wave tube amplifier (TWTA), often pronounced “Tweet-uh.” While trades between these 
parameters exist, modern TWTAS are capable of providing very high gains (>50 dB), multiple octaves of 
bandwidth, high efficiency, and output powers that range from tens to thousands of watts. Pulsed TWTAs 
can reach even higher output powers. Figure 1 presents a simplified diagram of a h 


1 2 3 4 


Figure 1. Cutaway view of a helix TWT. 

(J) Electron gun; (2) RF input; (3) Magnets; (4) Attenuator; 

(5) Helix coil; (6) RF output; (7) Vacuum tube; (8) Collector. 
Reproduced from Wikipedia. 


The device is an elongated vacuum tube with an electron gun (a heated cathode that emits electrons) 
atone end, A solenoid coil wrapped around the tube creates a magnetic field which focuses the electrons into 
a beam, which then passes down the middle of a wire helix that stretches the length of the tube, finally 
striking a collector at the other end. An input signal is coupled into the helix near the emitter, is amplified by 
the electron beam as it travels down the length of the tube, and the amplified signal is coupled to an external 
port near the collector. 


6-10.1 


The helix, which acts asa RF transmission line, delays the signal to near the same propagation speed 
as the electron beam. The speed at which the electromagnetic wave travels down the tube can be varied by 
changing the number or diameter of the turns in the helix. While propagating along the tube, the EM wave 
interacts with the electron beam, Since the electromagnetic wave effectively propagates slower than the 
electron beam, the electrons “bunch up” and modulate the input signal, giving up energy in the process - an 
effect known as velocity modulation. Thus, the traveling wave progressively grows in amplitude as it 
propagates down the tube towards the collector. 


Figure 2 features a photo of a high voltage power supply and TWT, 


Figure 2, TWTA Including High Voltage Power Supply (top) and TWT (bottom), 


Historically, TWTAs have been used in satellite transponders, radars, and in electronic warfare and 
self-protection systems. Recently, with the advent of wideband, high power solid-state amplifier solutions, 
however, TWTAs are slowly being replaced due to the higher reliability of their solid state counterparts 


jicrowave Power Modules (MPMs) 


A Microwave Power Module (MPM) is a hybrid solution between solid-state and vacuum tube 
electronics, which aims to take advantage of the best features of both technologies. They feature a solid-state 
pre-amplifier, miniaturized TWTA, and a high-density power supply, all integrated into a unit much more 
‘compact and lightweight than the traditional TWTA. While MPMs generally don’t provide as much power as 
their larger TWTA counterparts, their lighter weight, compact form factor, and relaxed power supply 
requirements (often 28 VDC or 270 VDC) enable use in applications where a TWTA would not be possible. 


Similar to TWTAs, MPMs are capable of providing very high gains (>50 dB), multiple octaves of 


bandwidth, high efficiency. Typical power levels range from tens to hundreds of watts, with ~1 kW 
capability for pulsed MPMs. 
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Figure 3. 40W Ka-band MPM With Components Identified. 
Image from IEEE Magazine, December 2009, page 42. 


‘They have found applications in phased array antennas, lower-power radar transmitters, satellite 
communications, EW systems, and UAVs 


Solid State 


Solid-state electronics, including amplifiers, are built entirely from solid materials and in which the 
electrons, o other charge carriers, are confined entirely within the solid material. The building material is 
most ofien a crystalline semiconductor. Solid-state power amplifiers, or SSPAs, are fabricated on many 
different semiconductor technologies, some of which include GaAs, GaN, InP, SiGe, CMOS. A photo of a 
GaN SSPA is presented in Figure 4 


Figure 4, Typical SSPA, Note the GaN die and external impedance matching networks 


6-103 


In general, SSPAsare heralded as having a higher reliability than TWTAs. While 


igh power SSPAS 


are available on the market, achieving high efficiency has been a challenge as many amplifier stages often 
need to be combined to meet to achieve power levels in the tens to hundreds of watts. Multi-stage designs 
increase size, weight, and power (SWAP) and decrease PAE (due to ohmic losses in the combining networks), 
which is one reason why TWTs and MPMs still provide excellent alternatives for medium to high power 


applications. 


Below isa table that attempts to compare and contrast different solid-state technologies in the context, 
of microwave networks and amplifiers, It is by no means complete, but provides a general overview. 


Table 1. Comparison Between Different Semiconductor Process Technologies. 


‘Not a good overall microwave 


Nitride (GaN) 


Results in high efficiency, high 
frequency, wide bandwidth PAs 
Can operate hotter than GaAs, Si, or 
SiGe 


Silicon Cheapest substrate due to CPU substrate 
variants industry Results in lossy, high noise figure, low 
(CMOS, Can be fabricated with nanometer power components 
SiGe) accuracy Crystal is fragile 
Junetion temperatures limited to ~110C 
High performance at low voltage Less mature, “niche” fabrication 
Indium Good thermal stability houses 
Phosphide Results in high efficiency PAs, Brittle, fragile material 
Variants particularly at lower operating voltage Higher cost than GaAs 
(InP/inGaP) Extremely low noise figure Low breakdown voltage ~ not good for 
Usefull through W-band and beyond high power 
Most mature, widespread technology 
Many transistor variants (MESFET, 
7 PHEMT, MHEMT, HBT, etc) . 
Gallium High reliability High noise figure, Noise figure and 
Arsenide power performance 
Fairly low cost (but more than silicon) 
variants a eae Difficult to summarize - depends on 
(GaAs) ereetutowave DAB transistor type used 
Low loss, high ¢, 
16-20V breakdown possible 
Junction temperatures up to 150C 
Up to 10x the power density of GaAs 
High breakdown voltage (100V Currently more expensive than GaAs, 
Gaia possible) but costs are decreasing 


Difficult to fabricate 
High power density leads to thermal 
challenges 
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SIGNAL GENERATION 


Signal generators, also known variously as function generators, RF and microwave signal generators, 
pitch generators, arbitrary waveform generators, digital pattern generators or frequency generators are 
electronic devices that generate repeating or non-repeating electronic signals (in either the analog or digital 
domains). They are generally used in designing, testing, troubleshooting, and repairing electronic or electro- 
acoustic devices; though they often have artistic uses as well. 


There are many different types of signal generators, with different purposes and applications (and 
at varying levels of expense); in general, no device is suitable for all possible applications. 


Analog Signal Generators 


RF signal generators are 
capable of producing CW (continuous 
wave) tones, The output frequency can 
usually be tuned anywhere in their 
frequency range. Many models offer 
various types of analog modulation, 
either as standard equipment or as an 
optional capability to the base unit 
This could include AM, FM, ®M 
(phase modulation) and pulse 
modulation, Another common feature 
is a built-in attenuator which makes it possible to vary the signal’s output power. Depending on the 
manufacturer and model, output powers can range from -135 to +30 dBm. A wide range of output power is 
desirable, since different applications require different amounts of signal power. For example, ifa signal has 
to travel through a very long cable out to an antenna, a high output signal may be needed to overcome the 
losses through the cable and still have sufficient power at the antenna, But when testing receiver sensitivity, a 
low signal level is required to see how the receiver behaves under low signal-to-noise conditions, 


RF signal generators are required for servicing and set 
professional RF applications. 


1g up analog radio receivers, and are used for 


Arbitrary Waveform Generator 


An arbitrary waveform generator (AWG) is a piece of electronic test equipment used to generate 
electrical waveforms. These waveforms can be either repetitive or single-shot (once only) in which case some 
kind of triggering source is required (internal or external). The resulting waveforms can be injected into a 
device under test and analyzed as they progress through the device, confirming the proper operation of the 
device or pinpointing a fault in the device. 


Unlike function generators, AWGs can generate any arbitrarily defined wave shape as their output. 
The waveform is usually defined as a series of “waypoints” (specific voltage targets occurring at specific 
times along the waveform) and the AWG can either jump to those levels or use any of several methods to 
interpolate between those levels. 
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Because AWGs synthesize the waveforms using (baseband) digital signal processing techniques, thei 
maximum frequency is usually limited to no more than a few gigahertz (~10 GHz being the latest state-of-the- 
art in 2012). 


A major difficulty in generating non-repetitive waveforms at higher frequencies with AWGs is the 
large amount of data required to describe high-frequency baseband signals. For example, a 20 gigasample/sec 
arbitrary waveform with 8 bits of resolution requires 20 GB of data to represent every 1 second of signal, 
regardless of that signal’s nature. Generating such large digital data streams and delivering them to the DAC 
in the AWG is an increasingly difficult problem as DAC upper frequencies continue to grow. 


AWGs, like most signal generators, may also contain an attenuator, various means of modulating the 
‘output waveform, and often contain the ability to automatically and repetitively “sweep” the frequency of the 
‘output waveform (by means of a voltage-controlled oscillator) between two operator-determined limits, This 
capability makes it very easy to evaluate the frequency response of a given electronic circuit. 


AWGs can operate as conventional function generators. These would include standard waveforms 
such as sine, square, ramp, triangle, noise, and pulse, Some units include additional built-in waveforms such 
as exponential rise and fall times, sinx/x, cardiac. Some AWGs allow users to retrieve waveforms from a 
number of digital and mixed-signal oscilloscopes. Some AWGs may display a graph of the waveform 
their screen - a graph mode, Some AWGs have the ability to generate a pattern of words from multiple 
‘output connector to simulate data transmission, combining the properties of both AWG and digital pattern 
‘generators, 


One feature of direct digital synthesizer (DDS) based arbitrary waveform generators is that their 
digital nature allows multiple channels to be operated with precisely controlled phase offsets or ratio-related 
frequencies. This allows the generation of polyphase sine waves, I-Q constellations, or simulation of signals 
from geared mechanical systems such as jet engines. Complex channel-channel modulations are also 
possible. 


Vector Signal Generat 


Modern vector signal generators 
can be seen as a hybrid of the arbitrary 
waveform generator and the analog 
signal generator, combining a lower- 
bandwidth AWG with analog 
upconversion, allowing a moderate- 
bandwidth (~100 MHz, circa 2012) 
digital signal to be upconverted to any 
frequency (~50 GHz typically upper 
frequency typically), 
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With the advent of digital 
communications systems, itis no longer 

possible to adequately test these systems with traditional analog signal generators, This has led to the 
development of vector signal generators, also known as digital signal generators, These signal generators are 
capable of generating digitally-modulated radio signals that may use any of a large number of digital 
modulation formats such as QAM, QPSK, FSK, BPSK, and OFDM. In addition, since modern commercial 
digital communication systems are almost all based on well-defined industry standards, many vector signal 
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generators can generate signals based on these standards. Examples include GSM, W-CDMA (UMTS), 

CDMA2000, LTE, Wi-Fi (IEEE 802.11), and WiMAX (IEEE 802.16). In contrast, military communication 

systems such as JTRS, which place a great deal of importance on robustness and information security, 

typically use very proprietary methods. To test these types of communication systems, users will often create 

their own custom waveforms and download them into the vector signal generator to create the desired test 
ignal. 
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DIGITAL SIGNAL PROCESSING COMPONENTS 


The goal of DSP is usually to measure, filter and/or compress continuous real-world analog signals. 

The first step is usually to convert the signal from an analog to a digital form, by sampling and then digitizing 
it using an analog-to-digital converter (ADC), which turns the analog signal into a stream of numbers 
However, often, the required output signal is another analog output signal, which requires a digital-to-analog 
converter (DAC). Even if this process is more complex than analog processing and has a discrete value range, 
the application of computational power to digital signal processing allows for many advantages over analog 
processing in many applications, such as error detection and correction in transmission as well as data 
compression. With the increasing bandwidth and dynamic range of ADC and digital components, common 
analog RF signal processing operations such as filtering, threshold detection, and pulse compression are being 
carried out in the digital domain. Additionally new capabilities such as synthetic aperture radar (SAR), digital 
RF memory (DRFM), and space-time adaptive processing (STAP) are wholly enabled by the increasing 
power of digital processing components. 


Analog-to-Digital Converter 


‘An analog-to-digital converter (abbreviated ADC, A/D or A to D) is a device that converts a 
continuous quantity to a discrete time digital representation. An ADC may also provide an isolated 
measurement, The reverse operation is performed by a digital-to-analog converter (DAC). 


Typically, an ADC is an electronic device that converts an input analog voltage or current to a digital 
number proportional to the magnitude of the voltage or current. However, some non-electronic or only 
partially electronic devices, such as rotary encoders, can also be considered ADCS, 


Resolution 


The resolution of the converter indicates the number of discrete values it can produce over the range 
of analog values. The values are usually stored electronically in binary form, so the resolution is usually 
expressed in bits. In consequence, the number of discrete values available, or “levels,” is a power of two. For 
example, an ADC with a resolution of 8 bits can encode an analog input to one in 256 different levels, since 
2° =256. The values can represent the ranges from 0 to 255 (i.e. unsigned integer) or from ~128 to 127 
(ie., signed integer), depending on the application. 


Resolution can also be defined electrically, and expressed in volts. The minimum change in voltage 
required to guarantee a change in the output code level is called the least significant bit (LSB) voltage, The 
resolution Q of the ADC is equal to the LSB voltage. The voltage resolution of an ADC is equal to its overall 
voltage measurement range divided by the number of discrete values: 


where M is the ADC’s resolution in bits and Ege, is the full scale voltage range (also called ‘span’). 


Epgn is given by 


Ersa = Frettt - Vaettow 
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where Veni: and Feenow are the upper and lower extremes, respectively, of the voltages that can be coded. 


Normally, the number of voltage intervals is given by 
Newt 
where M is the ADC’s resolution in bits. 
That is, one voltage interval is assigned in between two consecutive code levels. 


A typical 3 bit (2° = 8-level) coding scheme is depicted in Figure 1 
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Figure 1. An 8-level (3 bit) ADC Coding Scheme. 


Example: 


Assume input signal x(t) = A cos(t), A= SV 
Full scale measurement range = -5 to 5 volts, 

ADC resolution is 8 bits: 2° - 1 = 256 - 1 = 255 quantization levels (codes) 

ADC voltage resolution, Q = (5 V ~ [-5] V) /255 = 10 V / 255 = 0.039 V = 39 mV. 


In practice, the useful resolution of a converter is limited by the best signal-to-noise ratio (SNR) that 
can be achieved for a digitized signal. An ADC can resolve a signal to only a certain number of bits of 
resolution, called the effective number of bits (ENOB). One effective bit of resolution changes the signal-to- 
noise ratio of the digitized signal by 6 dB, if the resolution is limited by the ADC. Ifa preamplifier has been 
used prior to A/D conversion, the noise introduced by the amplifier can be an important contributing factor 
towards the overall SNR. 
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‘Accuracy 


An ADC has several sources of errors. Quantization error and (assuming the ADC is intended to be 
linear) non-linearity are intrinsic to any analog-to-digital conversion. There is also a so-called aperture error 
which is due to a clock jitter and is revealed when digitizing a time-variant signal (not a constant value). 


‘These errors are measured in a unit called the least significant bit (LSB). In the above example of an 
cight-bit ADC, an error of one LSB is 1/256 of the full signal range, or about 0.4%. 


Sampling Rate 
The analog signal is continuous in time and it is necessary to convert this to a flow of digital values. 


Itis therefore required to define the rate at which new digital values are sampled from the analog signal. The 
rate of new values is called the sampling rate or sampling frequency of the converter. 


A continuously varying band limited signal can be sampled (that is, the signal values at intervals of 
ime T, the sampling time, are measured and stored) and then the original signal can be exactly reproduced 
from the discrete-time values by an interpolation formula, The accuracy is limited by quantization error. 
However, this faithful reproduction is only possible if the sampling rate is higher than twice the highest 
frequency of the signal. This is essentially what is embodied in the Shannon-Nyquist sampling theorem, 


Oversampling 


Usually, for economy, signals are sampled at the minimum rate required, with the result that the 
quantization noise introduced is white noise spread over the whole pass band of the converter. If a signal is 
sampled at a rate much higher than the Nyquist frequency and then digitally filtered to limit it to the signal 
bandwidth there are the following advantages 


‘© Digital filters can have better properties (sharper roll-off, phase) than analog filters, so a sharper anti 
aliasing filter can be realized and then the signal can be down-sampled giving a better result 
‘A 20-bit ADC can be made to act as a 24-bit ADC with 256* oversampling 
The signal-to-noise ratio due to quantization noise will be higher than if the whole available band had 
been used. With this technique, it is possible to obtain an effective resolution larger than that 
provided by the converter alone. 

‘© The improvement in SNR is 3 dB (equivalent to 0.5 bits) per octave of oversampling which is not 
sufficient for many applications. Therefore, oversampling is usually coupled with noise shaping. 
With noise shaping, the improvement is 6L+3 dB per octave where L is the order of loop filter used 
for noise shaping. e.g. - a 2nd order loop filter will provide an improvement of 15 dB/octave 


Digital to Analog Converter (DAC) 


Digital-to-analog converters (DACs) perform the inverse function of the ADC. As such, the 
aforementioned principles of accuracy, resolution, sampling and oversampling, etc. apply equivalently. 
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Field-Programmable Gate Array (FPGA) 


A field-programmable gate array (FPGA) is an integrated circuit designed to be configured by the 
customer or designer after manufacturing—hence “field-programmable.” The FPGA configuration is 
generally specified using a hardware description language (HDL), similar to that used for an application- 
specific integrated circuit (ASIC). Circuit diagrams were previously used to specify the configuration, as they 
were for ASICs, but this is increasingly rare. FPGAs can be used to implement any logical function that an 
ASIC could perform. The ability to update the functionality after shipping, partial re-configuration of a 
portion of the design and the low non-recurring engineering costs relative to an ASIC design (notwithstanding 
the generally higher unit cost), offer advantages for many applications. 


FPGAs contain programmable logic components called “logic blocks,” and a hierarchy of 
reconfigurable interconnects that allow the blocks to be “wired together”—somewhat like many (changeable) 
logic gates that can be inter-wired in (many) different configurations. Logic blocks can be configured to 
perform complex combinational functions, or merely simple logic gates like AND and XOR. In most FPGAs, 
the logic blocks also include memory elements, which may be simple flip-flops or more complete blocks of 
memory. 


FPGAs are becoming increasingly more popular for implementing RF signal processing functions 
such as signal compression (matched filtering), channel selection, modulation / demodulation, etc. 
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MICROWAVE MEASUREMENTS 


Measurement Procedures 


Calculate your estimated power losses before attempting to perform a measurement. The ideal input 
toa measurement device is in the 0 to 10 dBm (1 to 10 mW) range. 


Linearity Check 


To verify that a spectrum measurement is accurate and signals are not due to mixing inside the 
receiver, a linearity check should be performed, ic., externally insert a 10 dB attenuator if measurements are 
in the linear region of the receiver, all measurements will decrease by 10 dB. If the measurements decrease 
by less than 10 dB, the receiver is saturated. If the measurements disappear, you are at the noise floor. 


Half-Power or 3 dB Measurement Point 


To verify the half power point of a pulse width measurement on an oscilloscope, externally insert a 
3B attenuator in the measurement line, and the level that the peak power decreases to is the 3 dB 
measurement point (Note: you cannot just divide the peak voltage by one-half on the vertical scale of the 
oscilloscope). 


VSWR Effect on Measurement 


‘Try to measure VSWR (or reflection coefficient) at the antenna terminals. Measuring VSWR of an 
antenna through its transmission line can result in errors. Transmission lines should be measured for insertion 
oss not VSWR. 


When making power measurements on a high power pulsed transmitter using a typical 40 dB 
directional coupler, an additional attenuator may be required in the power meter takeoff line, or the power 
sensor may be burt out. 


For example, assume we have a 1 megawatt transmitter, with PRF = 430 pps, and PW = 13 us. 
Further assume we use a 40 dB directional coupler to tap off for the power measurements. The power at the 
tap would be: 

10 log(P,) - 10 log(DC) - Coupler reduction = 

10 log(10°mW) - 10 log(13x10)(430) - 40 dB = 

90 dBm - 22.5 dB - 40 dB = 27.5 dBm (too high for a power meter) 


Adding a 20 dB static attenuator to the power meter input would give us a value of 7.5 dBm or 
5.6 mW, a good level for the power meter. 


6-13.1 


Power 


ith, 


jeasurements all Devices 


When testing in the presence of a high power radar, it is normally necessary to measure the actual 
field intensity. The technique shown in Figure 4, in Section 6-7, may not be practical if the measurement 
device must be small, An alternate approach is the use of a rectangular waveguide below its cutoff frequency. 
Inthis manner, the “antenna” waveguide provides sufficient attenuation to the frequency being measured so 
it can be coupled directly to the measurement device or further attenuated by a low power attenuator. The 
attenuation of the waveguide must be accurately measured since attenuation varies significantly with 
frequency. 
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ELECTRO-OPTICAL SYSTEMS AND EW COUNTERMEASURES 


INTRODUCTION 


The development of infrared countermeasures and the evaluation of their performance against 
threat missiles is a broad, complex technical field. Much of the detailed information about the threats to 
be countered and the characteristics of the countermeasures themselves is understandably sensitive, 
beyond the limitations of this document. More detailed information can be requested, provided the 
requesting organization has the necessary clearance and need to know. Such requests will be considered 
‘on a case-by-case basis. Information will be provided only upon written concurrence of the controlling 
Government organization. 


There are many electro-optical (EO) electronic warfare (EW) systems, which are analogous to 
radio frequency (RF) EW systems. These EO EW systems operate in the optical portion of the 
electromagnetic spectrum. Electro-optics (EO), as the name implies, is a combination of electronics and 
optics. By one definition EO is the science and technology of the generation, modulation, detection and 
‘measurement, or display of optical radiation by electrical means. Most infrared (IR) sensors, for example, 
are EO systems. In the popularly used term “EO/IR,” the EO is typically used to mean visible or laser 
systems. The use of EO in this context is a misnomer. Actually, almost all “EO/IR” systems are EO 
systems as defined above. Another ofien-used misnomer is referring to an EO spectrum. EO systems 
operate in the optical spectrum, which is from 0.01 to 1000 micrometers. EO systems include, but are not 
limited to, lasers, photometry, infrared, and other types of visible, and UV imaging systems. 


Within the broad field of Electronic Warfare, electro-optical systems are prevalent for 
‘communication systems and offensive and defensive applications. Lasers have been used extensively for 
‘weapons guidance purposes, warhead fuzing applications, targeting systems and other offensive weapons 
related purposes. Understanding electro-optical and radiometric principles and sensors is critical to the 
development of vehicle survivability systems. These principles range from signature reduction and 
camouflage to active countermeasure systems such as lamp-based and laser jammers to passive threat 
‘warning systems and expendable flare decoys. 


Although military systems operate in many portions of the electro-optical spectrum, the infrared 
is of paramount importance for remote detection systems and weapons applications. Missile seekers, 
Forward Looking Infrared (FLIR) systems, and Infrared Search and Track Systems all operate in the 
infrared portion of the spectrum. 


OPTICAL SPECTRUM 


The optical spectrum is that portion of the electromagnetic spectrum from the extreme ultraviolet 
(UV) through the visible to the extreme IR. Figure I shows the optical spectrum in detail. The end points 
of the optical spectrum are somewhat arbitrary. 


IR spectrum terminology has also varied through the years, with near (near visible), or short- 
wavelength infrared (SWIR) being on the high frequency end. Then as frequency decreases the spectrum 
is followed by intermediate or mid-wavelength infrared (MWIR), then far or long-wavelength IR 
(LWIR), and finally extreme IR. 


Td 


feu 1018 0! 1083 102 
Frequency 
102 tot 
Wavelength an 
GL TRAMOLET’ ‘ 
racine 
extreme rar)! | & 
thE 
tivae die waad he | Near [Mia | Far | Baremo 
| tong 
! wa 


VISIBLE SPECTRUM. 


075 ow 


0.8. 04 am 0.5 en 016 wen OF wm 0.8 yen 


Figure 1. Optical Spectrum. 


RADIOMETRIC QUANTITIES AND TERMINOLOGY 


The common terms used to describe optical radiation are the source parameters of power, radiant 
emittance (older term) or radiant exitance (newer term), radiance, and radiant intensity. They refer to 
how much radiation is given off by a body. The parameter measured by the detector (or collecting 
object/surface) is the irradiance. Any of these quantities can be expressed per unit wavelength in which 
case the subscript is changed from e (meaning energy derived units) to 2 and the term is then called 
“Spectral ..X...”, ie. I. is radiant intensity, while b, is spectral radiant intensity. These quantities in terms 
of currently preferred “Systéme International d’Unités” (SI units) are defined in Table 1. 


‘Table 1. Radiometric SI Units. 


Symbol Name Description Units 

Q Radiant Energy T (joules) 

‘®,__ | Radiant Power (or flux) | Rate of transfer of radiant energy W (watts) 

M. Radiant Exitance | Radiant power per unit area Wm 
emitted from a surface 

i Radiance Radiant power per unit solid angle T 
per unit projected area 

I Radiant Intensity | Radiant power per unit solid angle 
from a point source 

E, Irradiance Radiant power per unit area War 
incident upon a surface 

Xi, Spectral ...X. (Quantity) per unit wavelength interval (Units) nm" or pm™ 


Where X; is generalized for each unit on a per wavelength bas 
spectral radiance” instead of radiance. 


for example, L, would be called 


TA 


In common usage, irradiance is expressed in units of Watts per square centimeter and 
wavelengths are in wm instead of nanometers (nm). Other radiometric definitions are shown in Table 2. 


Table 2. Other Radiometric Det 


Symbol_| Name Description Units 
a ‘Absorptance™ ‘a= (*) absorbed / (*) incident numeric 
p Reflectance p= (*) reflected / (*) incident numeric 
t ‘Transmittance (®) transmitted 7) incident numeric 


€ Emissivity © =(*) of specimen numeric 
(*) of blackbody @ same temperature 
Where (*) represents the appropriate quantity Q, ®, M, E, or L 
Note (1) Radiant absorptance should not be confused with absorption coefficient. 


PHOTOMETRII 
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Whereas the radiometric quantities ®., Mc, Ik, Le, and E. have meaning throughout the entire 
electromagnetic spectrum, their photometric counterparts ,, My, I,, L,, and E, are meaningful only in the 
visible spectrum (0.38 jim thru 0.78 wm). 


The “standard candle” was redefined as the new candle or candela (ed). One candela is the 
luminous intensity of 1/60th of 1 cm’ of the projected area of a blackbody radiator operating at the 
temperature of the solidification of platinum (2045 °K). By definition, the candela emits one lumen (Im) 
per steradian. 


Table 3 displays the photometric quantities and units. These are used in dealing with optical 
systems such as aircraft television camera systems, optical trackers, or video recording. 


Table 3. Photometric SI Units, 


‘Symbol ‘Name Description Units 
a ‘Luminous energy Tumen sec (Im s) 
For®, | Luminous flux Rate of transfer of Tumen (Im) 
or Luminous Power luminant energy 
M, Luminous Exitance Luminant power per unit area Imm 
or flux density emitted from a surface 
(formerly luminous emittance) 
L, Luminance Luminous flux per unit solid nit (nt) or 
(formerly brightness) angle per unit projected area candela / m* 
or Im/sr-m 
# Luminous Intensity Luminous power per unit solid ‘candela (ed) 
(formerly candlepower) angle from a point source or_Imisr 
E Illuminance Luminous power per unit area Tux or Ix 
(formerly illumination) incident upon a surface or Im/m* 
K ‘Luminous efficacy 0,/ 0, Im/w. 
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Table 4 displays conversion factors for commonly used illuminance quantities. 


‘Table 4. Illuminance Conversion Units, 


Tux (x) Footcandle (fe) Phot (ph) 
Tux (Imm) 1 0.0929 1x 107 
1 footcandle (im 7) 10.764 i 0.001076 
1 phot (Im cm™) = 1x 10" 929 1 


THE BASIC PRINCIPLI 


The processes of —_ absorption, Reflectance, p 


reflection (including scattering), and 
transmission account for all incident radiation 
in any particular situation, and the total must 
add up to one in order that energy be 
conserved 


Transmitance, ¢ 


Treident Raciaton cs 


Absorptance, « 


a+p+t=1, as shown in Figure 2. 
Pp et Figure 2. Radiation Incident on a Body. 
If a material is opaque (no 
transmission), then: absorption + reflection = 1 


In addition to the above processes, optical (including IR) radiation interacts with matter the same 
as radiation in any other part of the spectrum, including: 


Diffraction — around edges 
Emission — from matter by conversion from another form of energy 

Interference — constructive and destructive 

Refraction — bends when passing between two media with different 

propagation speeds (Snell’s Law) 

5. Scattering — when interacts with particles whose size approaches length of the wave 
6. Polarized - electric field is partially polarized by reflection from dielectric 
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STERADIAN ~ SOLID ANGLE 


Of significance to many terms and units in radiometric calculations is the solid angle. Figure 3 is 
a pictorial depicting the relationship of area, distance, and solid angle. By definition, the ratio of area on 
the surface of a sphere to the square of distance (the radius) is the unit less parameter solid angle, or 


steradian in the SI system of units. Solid angle is usually abbreviated as “st” or given the Greek letter, Q. 
The steradian is a dimensionless quantity in radiometric calculations. 


Solid angle (Q) = Area / Distance*2 


Source Receiver 


Distance 


Figure 3. Solid Angle. 


A sphere contains a solid angle of 4x steradians; a hemisphere contains 2x steradians, and so on. 
The area is a curved surface, but in most applications, the solid angles are sufficiently small that the area 
can be approximated as a plane. Also, for small angles, the solid angle in steradians is approximately 
‘equal to the product of two plane angles in radians. 


CONVERSIONS 


IR wavelengths are typically expressed in wm, visible wavelengths in wm or nm, and UV 
wavelengths in nm or angstroms, Table 5 lists conversion factors for converting from one unit of 
‘wavelength to another. The conversion is from column to row. For example, to convert from jim to nm, 
multiply the value expressed in um by 10°. IR wavelengths are also sometimes expressed in a frequency- 
like unit called wavenumbers or inverse centimeters. A wavenumber value can be found by dividing 
10,000 by the wavelength expressed in ym. For example, 2.5 um converts to a wavenumber of 4000 or 
4000 inverse centimeters (cm'). 


Table 5. Wavelength Conversion Units, 


From > Angstroms - A ‘Nanometers - nm Micrometers - wm, 
Multiply by 
To get 1 ney 
‘Angstroms - A. 1 10 10" 
‘Nanometers - nm 107 1 10 
Micrometers - pm 107 10" T 


BASIC RADIANT POWER RELATIONSHIPS 


Radiant intensity is the most commonly used term to describe the radiant power of a source per 
unit solid angle, Radiant Intensity offers the advantage of being a source term, like radiance, that is not 
related to the size of the radiating source. In practice, radiant intensity is a derived term and is not 
directly measurable. If the Instantaneous Field of View (IFOV), which represents the smallest optical 
resolution element of a remote sensor, subtends an angle smaller than the size of the radiating source, the 


TLS 


sensor responds directly to radiance. If the IFOV of the sensor subtends an angle larger than the radiating 
source, the sensor responds to irradiance. The relationship among radiant intensity, radiance, and 
irradiance is shown in the following equation 


I- ED? ee LA= LOD? 


Where: 


intensity. Radiant intensity is the target source power per unit solid angle, in Watts/steradian, 


E = Irradiance. Irradiance is the received power density in Watts/em2 incident on a distant 
sensor. Irradiance is the quantity measured or detected by a distant sensor where the target 
is not spatially resolved (i.e., where the target subtends an angle smaller than the resolution 
or field of view of the instrument.) 


L=Radiance. Radiance is the intensity per unit area of source, in W/cm’/steradians. Radiance is 
the quantity measured by a camera or imaging system, where the target is optically resolved 
(ie., where the target subtends an angle much greater than the resolution or instantaneous 
field of view of the imager.) 


A= Area, Area is the cross-sectional or projected area of the target in em’ 


D = Distance. Distance between the target and sensor in cm. 


= Solid angle subtended by the target in steradians. Solid angle appears directly or indirectly 
many infrared quantities. The solid angle subtended by a source is the ratio of the source 
area to the square of distance. 


All remote sensors receive energy from a source through an atmospheric path. ‘The atmosphere 
attenuates the propagation of energy due to scattering, absorption, and molecular rotation and vibration, 
depending on the wavelengths involved. The atmosphere itself also radiates. All incident energy on a 
remote sensor, except as received under vacuum conditions, is detected through the atmosphere. The 
term apparent is applied to a radiometric quantity to acknowledge the presence of atmospheric effects. A 
remote sensor, responding the radiance of a source over an atmospheric path, responds to apparent 
radiance. 


Real sensors do not respond uniformly to energy. Sensors have non-uniform spectral and spatial 
response due to many factors, including detector and optical characteristics. All energy received by the 
detector is spectrally weighted by the spectral response of the instrument. The term effective is applied to 
acknowledge the non-uniform response of the instrument. 


Outside of a vacuum, all radiation incident on a remote sensor is attenuated by atmospheric 
effects such as scattering and absorption. Where the atmosphere absorbs, it also emits. Path radiance is 
the term applied to the contribution of the atmospheric path to the received radiation. ‘The term apparent 
applied to radiometric quantities to acknowledge the influence of the atmosphere on the received 
radiation. 


DOMAINS, DISTRIBUTIONS, AND SENSOR RESPONSE 


Radiant power that is emitted or reflected from a source is distributed across multiple dimensions 
or domains. The three domains that are most important to radiometric applications are spectral (Figure 4), 
spatial (Figure 5), and temporal (Figure 6). Knowing how the radiant power from a source is distributed 
across each domain is important to understanding performance of an EW system, whether it be a sensor, a 
‘weapon, or a countermeasure. 
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In the spectral domain, radiation is distributed as a function of wavelength (or 
wavenumber). Radiation from solid materials is distributed as a continuum in 
accordance with Planck’s formula. The graph above shows the spectral distribution 
of radiation from a 600 degree Celsius blackbody after passage through the 
atmosphere. Radiation from gases appears at specific wavelength * 

corresponding to molecular resonances. 


Figure 4, Sample Spectral Distribution of a Solid Material. 
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In the spatial domain, radiation is distributed as a function of angle, position, size, 
shape, or orientation. The graph above shows the radiance of a circular target as 
viewed by an imaging system. 


Figure 5, Sample Spatial Distribution of a Circular Target Image. 


Temporal Domain 
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In the temporal domain, radiation is distributed as a function of time (or frequency). 
Most IR target sources, such as aircraft and ground vehicles, change slowly with time 
and can be considered steady state for measurement purposes. However, IR 
countermeasures systems and devices, such as jammers and decoy flares, have high 
frequency content that must be considered in their design and effectiveness 
assessment. 


Figure 6, Sample Temporal Distribution of a Modulated Source. 
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All electro-optical sensors have some sensitivity to how radiation is distributed across the different 
domains. This sensitivity or response takes the following forms: 


1. Spectral response: 
a, May be broad in the case of a radiometer or imager, or narrow in the case of a 
spectrometer where response takes the form of resolution, 
b. Spectral response is chosen to exploit particular spectral features of interest in a target. 
ant effect on the performance of 


Non-uniformity of spectral response can have a signi 
sensor. 


2. Spatial response: 
a. May be broad in the case of a radiometer or spectrometer, where spatial response takes 
the form of sensitivity across the sensor’s FOV. In the case of an imager, the spatial 
response may be narrow because spatial response takes the form of the resolution or 
IFOV. 
b. Required spatial resolution is defined by the size and radiant power of the source, the 
distance between the source and the target, and by the sensitivity of the sensor 
c. Non-uniformity of spatial response can have a significant effect on the performance of 
sensor. 


d. Response to radiation from the background within the FOV is primarily a spatial 
response issue and can be significant to sensor performance. 


3. Temporal response: 
a, Takes the form of bandwidth or, in the case of a digital system, of sampling frequency. 

b. Unlike spectral and spatial response, temporal response includes the response time of the 
detector and all of the electronics, data transfer time, and processing time for a sensor 

c. Non-uniformity across a region is usually not a concern. Temporal response is usually 

uniform for target frequencies that fall well below the low-pass or Nyquist breakp. 


Sensors respond to received radiant power by integrating the power distribution in each domai 
under the corresponding response curve. Sensors respond in multiple domains, so output is proportional 
to a multi-dimensional, weighted integral. Figure 7 illustrates response-weighting, or convolution, of 
radiation with instrument response in the spectral domain. The concept applies equally in the spatial 
domain. 
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Non-uniform sensor response across a domain distorts the distribution of received radiant 
power by weighting the radiation at some wavelengths differently than others. Instrument 
output is proportional to the integral of this weighted product, which makes instrument 
response shape an embedded part of both the measurement and the calibration, Some 
consequences of non-uniform response are: 
© Two different sources with identical power, but different distributions will 
produce different measurement values. 
© If two different sources (such as the calibration and the target) have similar 
relative power distributions, the relative weighting by the instrument will be the 
same for both sources, so the shape and degree of non-uniformity has litle or no 
effect. This will be discussed in more detail later as a key strategy in calibration 
to reduce measurement uncertainty. 


Figure 7. Response-Weighting in the Spectral Domain. 


The consequence of instrument output being proportional to multiple weighted integrals is that 
the characteristics of the instrument affect the measured value in ways that cannot be easily extracted or 
corrected, Understanding non-uniformity in sensor response is critical to understanding performance and 
evaluating the effectiveness of the system, 
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INFRARED SOURCE CHARACTER! 
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Reflectance 


Reflectance is generally categorized as either specular (mirror-like) or diffuse (scattered by 
reflection from a rough surface). Most surfaces exhibit both types of reflection, but one typically 
dominates, Reflections from smooth surfaces are specular. Reflectance is a unitless quantity between 
zero and one that is the ratio of reflected power to the incident power. Reflectance varies with angle from 
the normal and with wavelength. 


Diffuse reflectors scatter incident radiation broadly. Johann Heinrich Lambert described an ideal 
diffuse reflector in which the intensity of reflected rays is distributed as a cosine of the angle from the 
normal, regardless of the angles of the arriving incident rays. Such a surface is described as Lambertian. 
The same relationship applies to a diffuse source. If the source is perfectly diffuse, the radiance is 
independent of the viewing angle because the projected area of the source also varies as a cosine function 
of the angle from normal, 


While no surface is perfectly diffuse, standard paint on most aircraft, for example, is near enough 
for at least a first approximation, Significant effort has gone into measuring and describing surface 
properties of military vehicles to support modeling and simulation activities. Bidirectional Reflectance 
Distribution Function (BRDF) is defined as the ratio of the reflected radiance to the incident irradiance at 
wavelength, 2. 


The BRDF provides a complete description of the reflectance properties of a surface 
Measurements of BRDF are made in specially equipped optical laboratories. For aircraft, a typical use of 
BRDF data is in computer models that predict the reflections of the earth and sun from the aircraft 
fuselage and wings 


Emissivity 


Emissivity isa unitless quantity that is a measure of the efficiency of a surface as an absorber or 
emitter. Emissivity is expressed as a number between 0.0 and 1.0. According to Kirchoff’s Law, for an 
‘opaque object in thermal equilibrium, i.e., no net heat transfer, the emissivity equals the absorptance. In 
other words, a perfect emitter is also a perfect absorber. This ideal emitter is known as a blackbody. A 
surface with an emissivity of 1.0 emits the maximum radiation that Planck’s Law allows. A body for 
which the emissivity is constant with wavelength but less than 1.0 is commonly known as a graybody: 
Planck’s equation is typically expressed for an ideal blackbody emitter, but multiplying the blackbody 
expression by the emissivity term expresses the spectral distribution of power for a graybody. 


Electromagnetic (EM) radiation, including infrared radiation, can be characterized by amplitude, 
frequency (or wavelength), coherency, and polarization properties. Amplitude refers to the magnitude of 
the electromagnetic wave. Coherency refers to the degree in which the electromagnetic waves maintain a 
constant phase difference, both spatially and temporally. Polarization is a description of the orientation of 
the wave’s propagation perpendicular to the direction of travel. Like all electromagnetic radiation, 

nfrared radiation travels as an EM field with the propagation velocity of the speed of light in a vacuum, 
and slower through air and other dielectrics. , Infrared radiation also exhibits both wave and particle 
properties. Which property is used depends on the application: Waves are used for applications 

nvolving propagation and geometrical optics, while particles (photons) are used for most detector 
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applications. The energy of a photon is inversely proportional to its wavelength (lie/A) where h is the 
Planck’s constant, and c is the speed of light. 


Infrared radiation also interacts with matter in a variety of ways: 


+ Reflects — wave is reflected from a surface. 

+ Refracts ~ direction of wave bends when passing between two transparent media with 
different propagation speeds 

+ Scatters — when interacts with particles whose size approaches the wavelength of the 
radiation, 

+ Diffracts ~ around edges of an obstruction, 

+ Interferes — constructively and destructively. 

+ Absorbs — when absorbed by matter, radiation is (usually) converted into heat energy. 

+ Emits — radiation is emitted from matter by conversion from another form of energy. 

+ Transmitted — propagates through a transparent medium (or vacuum). 


Infrared is directly related to the heat radiated from matter. Anything with a temperature above 
absolute zero (-273.15 degrees Celsius) radiates in the infrared. Planck’s Law, discovered by German 
Physicist Max Planck, mathematically describes the distribution of radiant power across the spectrum for 
given temperature. The form presented below calculates source radiance in Watts/st/em’/ pi: 


lat Cr Where: C, 


mild 


3.7415 x 10E+04 W cm?! 

A389E+04 KK 

= speed of light; h = Plank’s constant; k = Boltzmann’s constant 
With 2 in yt and T in Kelvin (= °C + 273.15) 
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The behavior of Planck’s curve with temperature is fundamental to every infrared detection 
scenario. Figure 8 shows Planck’s equation for a single temperature. The shape of this curve resembles a 
wave of water, with a steep rise in power on the short wavelength side of the peak and a tail off on the 
long wavelength side 
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As temperature increases, 

Planck's curve translates: 

(1) upward (greater power) and = [- 
/ (2) toward shorter wavelengths. 

A 2) ] 
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Figure 8. Temperature Effects and Power Distribution, 


—— Radiant Power > 


When temperature increases, two s 
governed by the following two relationships: 


ificant changes in power distribution occur and are 


The total power under the curve increases proportionally to the fourth power of the temperature. 
According to the Stefan-Boltzmann law, the total radiant emittance (power) of a blackbody 


2rk ? ? 
M= oT! Where: o _ = 5.67 x 10" Watts em? K 
and Tis in Kelvin 


This is Plank’s radiation law integrated over all values of 2. 


Wein’s Displacement Law 
‘The peak emission translates toward shorter wavelengths. 


Wein’s displacement law takes the derivative of the Plank’s law equation to find the wavelength 
for maximum spectral exitance (emittance) at any given temperature’ 


Danas = 2897.8/T where T= temperature i 


in Kelvin 


‘The surface of the sun radiates with a spectral distribution like that of a 5900 Kelvin source. In 
accordance with Wein’s Law, the wavelength at which the radiation for a 5900 Kelvin source peaks is 
approximately 490 nanometers, The maximum sensitivity of the day-adapted human eye (photopic) 
occurs at about 555 nanometers, which happens to be in a highly transparent region of the atmosphere. In 
other words, the temperature of our sun and the transmission of our atmosphere are conveniently matched 
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to the response of the human eye. Figure 9 shows the relationship between the response of the human eye 
and the spectral distribution of solar irradiance. 
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Figure 9, Power Distribution of the Sun Related to the Human Eye. 


Unlike other electromagnetic radiation, the peak radiation from objects at the temperature of the 
earth, and of humans, vehicles, aircrafi, etc. lies at infrared wavelengths. This makes the infrared portion 
of the spectrum militarily important. 


For detection of an object, whether it is with the human eye or with an electro-optical sensor, itis 
not where the maximum emissions occur in the spectrum that is important. It is where the maximum 
difference between the target and background lies that is most significant. 


The absolute signature of a source or target is the power radiated and reflected by the target 
without influence from background radiation. Absolute signature can be measured with an instrument 
such as an imaging camera at close range, producing highly resolved IR imagery. The difference between 
radiation from a target and its background is its contrast, Contrast is the target signature relative to a 
specific background. Contrast irradiance is the quantity detected by any remote sensor or missile. 
Contrast varies greatly with background conditions. 


Figure 10 shows several different types of source distributions encountered by infrared sensors. 
Most targets of military interest are a complex combination of spectral contributions from a variety of 
sources, For example, the signature of an aircraft can typically be described by the contributions from 
frame, hot engine parts, and plume. 
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Figure 10. Spectral Distribution of Various Targets. 
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The radiation emitted or reflected from the targets and backgrounds must pass through the 
intervening atmosphere before reaching the detection system. The radiation is absorbed and re-emitted by 
molecular constituents of the atmosphere and scattered into and out of the path by various aerosol 
components, 


Figure 11 reveals the presence of atmospheric windows, i.e. regions of reduced atmospheric 
attenuation, IR detection systems are designed to operate in these windows. Combinations of detectors 
and spectral bandpass filters are selected to define the operating region to conform to a window to 
maximize performance and minimize background contributions. 
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Atmospheric Transmission Over 1 NM Sea Level Path. 


‘The molecules that account for most of the absorption in the IR region are water, carbon dioxide, 
nitrous oxide, ozone, carbon monoxide, and methane. Figure 12 shows an expanded view of the infrared 
portion of the spectrum, 


7-116 


Transmittance (percent) 


a 
Wavelength (microns) 


4 


CO OF 
Absorbing Molecule 


Figure 12. Transmittance of Atmosphere Over 1 NM Sea Level Path (Infrared Region). 


The transmission in a window is greatly dependent on the length and characteristics of the path. 
As path length increases, absorption gets deeper and broader. Water vapor also has a significant effect 
overall on transmission through the atmosphere. High relative humidity attenuates transmission at all 
optical wavelengths 


Since water vapor 100 
generally decreases with 
altitude, transmission generally 
increases and path length 
becomes the — determining 
factor, However, path length 
does not affect transmission of 
all wavelengths the same 


s 
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The altitude effects on 
transmittance are shown in 
Figure 13, 
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A great deal of work ° f 


has gone into developing high 25 26 27 28 29 3.0 34 


fidelity atmospheric models. 
One of the most commonly Wavelength (Microns) 


used tools is MODTRAN™ , 
(MODerate Resolution: Figure 13, Transmittance at Various Altitudes, 
Atmospheric TRANsmission), 

MODTRAN™ models atmospheric propagation of EM radiation from 0.2 to 100 um. MODTRAN was 
developed by Spectral Sciences Inc. and the United States Air Force Research Laboratory. 
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ELECTRO-OPTICAL COMPONENTS AND SENSORS 


Almost all IR instruments, missiles, search systems, etc. have similar functional components. 
Basic components typically include: 


* Optics - Reflective or refractive lenses to: 
‘© Collect radiation. Irradiance (power density) is increased by collecting radiation over a 
large area and focusing down to a small area. 
© Form or focus an image that will be used to extract information about the target. 


+ Filter(s) - Spectral and spatial filters to distinguish target from background and to extract 
o Target information. 
© Spectral filters restrict sensitive wavelength range. 
© A spatial filter separates image information by features such as size or position, 


# Detector - A transducer to convert received radiation to an electrical signal for proces: 


ng. 


* Electronics - Used to amplify and condition the detector signal and perform some action, such 
as controlling a servo for tracking and guidance or recording the received information. In 
addition to the above, the optical head may also contain a window to protect the electronics and 
an output unit consisting of indicators or displays. 


Windows / Domes / Lens Materials 


For most applications of EO systems in EW the detection system is protected from the 
environment by a window or dome of optically transmissive material. The window operates both as a 
‘weather seal and, in some cases, helps to define the spectral response region of the system. In some cases 
the window functions as a lens. 


IR energy interacts with matter in ways we associate with light (reflection, refraction, and 
transmission). Lower energy of IR photons results in different optical properties than light. For example: 


# Glass and water are not transparent to wavelengths longer than about 3 microns 
«Silicon and germanium are highly transparent to infrared radiation, but are opaque to visible 
light. 


‘Transmission bands of representative window or lens materials are shown in Figure 14. The end 
points depicted are for the 10% transmission wavelengths. Not shown in Figure 14 are the various UV 
transmissive glasses such as Pyrex, Corex, and Vycor or Amorphous Material Transmitting IR radiation 
(AMTIR) which are various combinations of Ge-As-Se (AMTIR-1), As-Se (AMTIR-2, 4, & 5), Ge- 
(AMTIR-3), As-S (AMTIR-6). 
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Figure 14. Transmission of Selected Window / Lens Materials. 


Objective Lens 


The objective lens is the first optical element in a lens ina typical sensor or missile seeker. The 
objective lens serves two main functions: 


* Collect radiation (i.e., multiply irradiance (power density) by collecting over a large area and 


focusing onto a small area) 
# Form an image of the target scene onto a filter and detector array. 


Lens Types 


Lenses for the IR can be either refractive or reflective. Refractive optics are “straight through” 
lenses, with the light never making large bends as shown in Figure 15. 
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Figure 15. Refractive Lens. 


A common reflective design used in many missiles is the Cassegrain, The Cassegrain design 
shown in Figure 16 is compact in size for its focal length. 
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Figure 16. Cassegrain Lens. 


Optical Filters 


Filters may be divided into two major categories: (1) spectral and (2) spatial 


Most optical radiation detectors have a wider sensitivity band than desired for the particular 
application, Spectral filters restrict sensitive wavelength range. Reasons for filtering include: 
enhancement of target-to-background contrast, avoidance of unwanted plume emissions and/or 
atmospheric absorption regions, and extraction and measurement of target spectral features. 
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To further define the system sensitivity, band interference filters or absorption filters are used. 
‘An absorption filter is a bulk material with a sharp cut-on or cut-off in its transmission characteristic. A 
cut-on and a cut-off filter can be combined to make a bandpass filter. By selecting absorption 
characteristics of absorption filters combined with the response of a detector, the desired system response 
can be obtained. An interference filter is composed of dielectric coatings on an appropriate substrate 
combined in such a way to produce cut-on, cut-off, or bandpass filters. Interference filters allow more 
control of the final response characteristics and smaller elements. See Figure 17. 
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Figure 17. Spectral Bandpass Filter. 


Most spectral filters are of the thin-film interference type. Layers of dielectric material are 
vacuum deposited on a substrate window material. Typical substrate materials in IR are sapphire, silicon, 
and germanium, Thickness of deposited layers designed to have constructive interference to pass desired 
radiation at desired wavelengths and destructive interference to block undesired wavelengths Besides 
spectral filters, EO system optics often have antireflection (or AR) coatings to eliminate or greatly reduce 
unwanted reflections between optical elements. 


‘A spatial filter separates information in a scene image by features such as size or position, Spatial 
filters take a variety of forms, Some common types and their functions include: 


* Field stop: limits an instrument's field of view, Blocks unwanted sources (such as sun) outside 
nominal field of view. 

* Mechanical modulator or “chopper.” 

# Reticle: A mechanical modulator used in many mi 
extended sources (such as background) in favor of 
directional information from modulation phase. 


le designs. Usually discriminates against 
“point” target sources and provides target 


Detector Coolers 


Many IR detectors have to be cooled for proper operation. Most systems use closed-cycle coolers 
or thermoelectric coolers. Thermoelectric coolers use the Peltier effect, which produces a reduced 
temperature by passing a d-c current through a thermoelectric junction. Multi-stage coolers can cool a 
detector down to below 200°K. Closed-cycle coolers typically are of the Stirling cycle design and utilize 
the expansion of a gas (helium) to cool a cold finger attached to the detector. These generally operate at 
liquid nitrogen temperature (77°K). 
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Detectors 


‘A detector is a transducer that transforms electromagnetic radiation into a form, which can be 
more easily detected. In the detectors of interest to EW the electromagnetic radiation is converted into an 
electrical signal, In some systems the signal is processed entirely within the system to perform its 
function, In others the signal is converted to a form to allow the human eye to be used for the final 
detection and signal analysis. 


Detectors are transducers than convert optical radiation into electrons, The physical effects by 
which electromagnetic radiation is converted to electrical energy are divided into two categories: photon 
effects and thermal effects. EW systems primarily use detectors dependent on photon effects. These 
effects can be divided into internal photo effects and external photo effects. 


The external photo effect is known as photoemission. In the photoemissive effect, photons 
impinging on a photocathode drive electrons from its surface. ‘These electrons may then be collected by 
an external electrode and the photocurrent thus obtained is a measure of the intensity of the received 
radiation. 


Internal photoeffects of interest are the photoconductive effect and the photovoltaic effect. In the 
photoconductive effect, absorbed photons cause an increase in the conductivity of a semiconductor. The 
change is detected as a decrease in the resistance in an electrical circuit. In the photovoltaic effect, 
absorbed photons excite electrons to produce a small potential difference across a p-n junction in the 
semiconductor, The photovoltage thus produced may be amplified by suitable electronics and measured 
directly. 


Thermal detectors respond directly to heat. Examples of these devices include bolometers, 
thermopiles, and pyroelectric detectors, The pyroelectric effect is an example of the thermal effect. The 
pyroelectric effect is a change in polarization in a crystal due to changes in temperature. Radiation falling 
on such a crystal is detected by observing the change in polarization as a build up of surface charge due to 
local heating. When coated with a good black absorber, the crystal will be sensitive to a wide band of 
wavelengths 


Figure 18 shows the spectral sensitivity range of typical detectors using these effects. 
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Figure 18. Spectral Range of Various Detectors 
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Detector Types 


Photoconductive detectors operate as resistors in a circuit. The resistance of the detector changes 
as the radiation incident on its surface changes. For EW applications, the most photoconductive detector 
types include: Indium Antimonide (InSb), which can also be operated in photovoltaic mode; Gallium 
Arsenide (GaAs); Lead Sulfide (PbS); and Lead Selenide (PbSe). 


Photovoltaic detectors, the most common detectors used in modern EW and military sensor 
applications, produce a voltage that is proportional to the incident radiation, Common examples of 
photovoltaic detectors are Indium Antimonide (InSb) and Mercury Cadmium Telluride (HgCdTe). Both 
of these detector types offer high sensitivity when cryogenically cooled. 


Diode phototubes and photomultipliers are commonly used detectors for UV systems including 
many operational missile-warning systems. These types of tubes offer the advantage of operating 
uncooled which can significantly reduce the complexity of a sensor system and offer increased reliability 
Most of the modern IR sensors require cooled detectors. InSb, for example, requires cooling to 77 Kelvi 
to achieve the necessary sensitivity. Depending on the application, HgCdTe can be operated at somewhat 
higher temperature conditions. 


A Photoelectromagnetic (PEM) detector has a junction that generates a current when exposed to 
light in a magnetic field. 


Some detectors (such as InSb) have multiple modes of operation, including: Photoconductive 


(PC), Photovoltaic (PV), or Photoelectromagnetic (PEM) modes of operation. 


Detector Parameters and Figures of Merit 


The important parameters in evaluating a detector are the spectral response, 
sensitivity, and the noise figure. 


me constant, the 


The spectral response determines the portion of the spectrum to which the detector is sensitive. 


The time constant is a measure of the speed of response of the detector. It is also indicative of 
the ability of the detector to respond to modulated radiation. When the modulation frequency is equal to 
‘one over the time constant, the response has fallen to 70.7 % of the maximum value. The time constant is 
related to the lifetime of free carriers in photoconductive and photovoltaic detectors and to the thermal 
coefficient of thermal detectors, The time constant in photoemissive devices is proportional to the transit 
time of photoelectrons between the photocathode and anode. 


The sensitivity of a detector is related to its responsivity. The responsivity is the ratio of the 
detected signal output to the radiant power input. For photoconduetive and photovoltaic detectors the 
responsivity is usually measured in volts per watt -- more correctly, RMS volts per RMS watt. However, 
the sensitivity of a detector is limited by detector noise. Responsivity, by itself, is not a measure of 
sensitivity. Detector sensitivity is indicated by various figures of merit, which are analogous to the 
minimum detectable signal in radar. Such a quantity is the noise equivalent power (NEP). The NEP is a 
measure of the minimum power that can be detected. It is the incident power in unit bandwidth, which 
will produce a signal voltage equal to the noise voltage. That is, it is the power required to produce a 
signal-to-noise ratio of one when detector noise is referred to unit bandwidth. The units of NEP are 
usually given as watts, but more correctly, are watts/Hz” or watts-sec ”. 
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Another figure of merit is the noise equivalent irradiance (NEI). The NEI is defined as the 
radiant power per unit area of the detector required to produce a signal-to-noise ratio of one. The units of 
NEI are watts per square centimeter. 


Noise equivalent power (NEP) is the radiant power required to produce a signal to noise ratio of 
one for a detector. Detectivity (D) of a detector is defined as the reciprocal of the NEP. The units of D 
are watts “'-sec“*. A higher value of detectivity indicates an improvement in detection capability. Since 
D depends on detector area, an alternate figure of merit, known as D-star (D*). D¥* is the detectivity 
measured with a bandwidth of one hertz and reduced to a responsive area of one square centimeter. The 
units of D* are cm-watts ‘sec. D* is the detectivity usually given in detector specification sheets. 
Typical spectral detectivity characteristics for various detectors are shown in Figure 19. 
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Figure 19, Spectral Detectivity of Various Detectors. 


Besides the NEI mentioned above, the quantum efficiency of the photocathode is also a figure of 
merit for photoemissive devices. Quantum efficiency is expressed as a percent -- the ratio of the number 
of photoelectrons emitted per quantum of received energy expressed as a percent. A quantum efficiency 
‘of 100 percent means that one photoelectron is emitted for each incident photon. 


There are other figures of merit for television cameras. The picture resolution is usually 
described as the ability to distinguish parallel black and white lines and is expressed as the number of line 
pairs per millimeter or TV lines per picture height. The number of pixels in the scene also defines the 
quality of an image. A pixel, or picture element, is a spatial resolution element and is the smallest 
distinguishable and resolvable area in an image. CCD cameras with 512 x 512 elements are common. 
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Another resolution quantity is the gray scale, which is the number of brightness levels between black and 
white a pixel can have 


Noise in Detectors 

‘The performance of a detector is limited by noise. ‘The noise is the random currents and voltages 
that compete with or obscure the signal or information content of the radiation. Five types of noise are 
most prominent in detectors: (1) thermal, (2) temperature, (3) shot, (4) generation-recombination, and 
(5) Uf noise. 


Thermal noise, also known as Johnson noise or Nyquist noise, is electrical noise due to random 
motions of charge carriers in a resistive material. 


Temperature noise arises from radiative or conductive exchange between the detector and its 
surroundings, the noise being produced by fluctuations in the temperature of the surroundings. 
‘Temperature noise is prominent in thermal detectors. 


Shot noise occurs due to the disereetness of the electronic charge. In a photoemissive detector 
shot noise is due to thermionic emission from the photocathode. Shot noise also occurs in photodiodes 
and is due to fluctuations in the current through the junction 


Generation-recombination noise is due to the random generation and recombination of charge 
carriers (holes and electrons) in semiconductors. When the fluctuations are caused by the random arrival 
of photons impinging upon the detector, it is called photon noise. When it is due to interactions with 
phonons (quantized lattice vibrations), it is called generation-recombination noise. Johnson noise is 
predominant at high frequencies, shot noise predominates at low frequencies, and generation 
recombination and photon noise are predominant at intermediate frequencies. 


As the name implies, 1/f noise has a power spectrum that is inversely proportional to frequency. 
It is dominant at very low frequencies. In photoemissive detectors it is called flicker noise and has been 
attributed to variation in the emission from patches of the photocathode surface due to variation in the 
work function of the surface. In semiconductors 1/f noise is also called modulation noise. Here it is 
apparently due to surface imperfections and ohmic contacts (which are a form of surface imperfection), 


Infrared Spectral Region and Features of Interest, 


Different portions of the infrared spectrum are common for particular applications. ‘The reasons 
for the selection of a specific window are often sensitive and beyond the scope of this document, but 
selections are typically based on several key considerations: 


Target characteristics such as size and spectral distribution of signature 
Background radiance and clutter. 

Atmospheric effects (transmission, path radiance, scintillation, etc.) 
Distinguishing characteristics between natural and man-made sources 


Table 6 describes some of the types of characteristics that are prevalent in the short-wavelength 
(SWIR) infrared (0.7 to 3.0 microns), mid-wavelength (MWIR) infrared (3.0 to 6.0 microns) and long- 
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wavelength (LWIR) infrared (7.0 to 14.0 microns) along with some types of systems that operate in these 


regions. 


Table 6. Infrared Features, Regions, and Types of Systems. 


‘Atmospheric: 


Transmission: 


High 


Path radiance: 


Scattered sunlight 


Dominant aireraft IR component: 


Sunlit airframe 


‘Anti-aircraft threat: 


Vehicle-launched SAM. 


Dominant nat 
‘Atmospheric: 


Transm 


High transmission “windows” between H,0 and 
CO» absorption 


Path radiance: 


Scattered sunlight below 3 microns 
Thermal at longer than 3 microns 


Dominant aircraft IR component: 


Engine hot parts and plume 


Anti-aircraft threat: 


All AAMs and SAMs 


‘Atmospheri 


Transmission: 


Path radiance: 


ssion from ozone, 


Dominant aircraft IR component: 


Airframe direct emission and terrestrial 
illumination 


Anti-aircraft threat: 


Airborne IRST. No anti-aircraft missiles 


Sensors and Detection 


Figure 20 shows a generalized 
detection problem. On the left of the 
diagram are the radiation sources - the sun, 
background, and the target of interest. In 
the middle is the intervening atmosphere, 
which attenuates the radiation as it travels 
to the detection system shown on the right 


of the diagram. 
Figure 21 shows the basic 


relationships that are critical to detection 
of a target in the infrared. ‘The figure is 
based on a generalized aircraft, but the 
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principles apply whether the target is in 
fact an aircraft against a sky background 
or a ground yehicle being viewed from 


Figure 20, Generalized Detection Problem. 


above against a terrain background. At detection, most targets are unresolved. The sensor's ability to 
detect the target against background in this case is driven primarily by noise equivalent irradiance. 
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radiance = Intensity | (Range’) 
Ee © IR 
where 
E= Irradiance at sensor (Wicm?) 
R = sensor-to-targat range (cm) 
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Figure 21, Detection of a Target with a Remote Sensor. 


Each of the equations shown in Figure 21 in reality has atmospheric effects and attenuation due to 
transmission losses and contributes to path radiance. Just as the power distribution of the target and 
background vary with wavelength, atmospheric effects are also spectrally selective. 


Figure 22 shows the roll off of irradiance as a function of range for two different aircraft. 
Detection occurs at the point of intersection with the sensors noise equivalent irradiance. In the case of 
threat missiles, there is often a signal-to-noise threshold required for launch of the missile to ensure target 
quality prior to launch, The product of noise equivalent irradiance and the threshold for these systems is 
known typically as the minimum trackable irradiance (MT1). This is the figure used to calculate detection 
range for such systems, 


In an effort to simplify calculations, band average atmospheric transmission values are often 
applied during analysis of detection scenarios. The target itself is non-uniformly distributed as a function 
of wavelength, and the atmospheric effect is non-uniform, so this approach is mathematically incorrect 
since it pulls a non-constant term out of an integral. ‘The degree of error introduced by the band average 
approach depends on the spectral distribution of the source and the overall transmission of the band in 
question, but caution should be applied when applying band averages. All calculations involving 
atmospheric propagation should be done spectrally and then integrated to provide the in-band value. 
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Figure 22. Detection Range Calculation 


jensor Characterization 


As described in a previous section, the output of every sensor is proportional to an integral of the 
received radiation weighted by the instrument's response function in that domain. Every sensor responds 
to radiation in accordance with the characteristics of the sensor and its components. 


Characterization quantifies the sensor’s response shape. Knowledge of response shape is 
essential to the design of a sensor and understanding its performance in with changing ambient conditions 
and against various types of targets in real environments. 


Normalization 


Calibration of a sensor, which describes its response to known input sources, and characterization 
of the sensor would ideally be the same process, Ideally, the absolute instrument response would be 
mapped over a domain with a traceable standard laboratory source that was tunable across the range of 
interest. In the spectral domain, for example, this would require a tunable monochromater whose output 
beam provided a level of spectral irradiance traceable to a radiation standard and that also had a 


cryogenically-cooled background source. The result would be an absolute spectral response function in 
units of output reading per unit radiance (or irradiance) as a function of wavelength. 


In practice, it is sufficient and more practical to separate the characterization and calibration 
processes, so characterization determines only the relative response shape rather than absolute. 
Calibration then incorporates the results of the shape characterization to determine the absolute 
instrument response. Both, however, are important to understanding performance of a sensor 


Characterization uses a variety of different methods and sources to map relative response shapes. 
The response curve is then normalized and this normalized curve is used in the later derivation of the 
calibration coefficients. Different normalizations, such as normalization to an average value, are possible, 
but the convention throughout most of the measurement community today is to normalize response curves 
to unity at the peak. 


When the contributions of all the components are combined into one curve, the result is then peak 
normalized and this, now unitless, curve is used in the calibration calculations. 


Calibration 


Sensor calibration, which is the process of relating the known input power to the output of a 
sensor, requires the use of standard sources, typically National Institute of Standards and Technology 
(NIST) traceable blackbodies and various other laboratory equipment such as collimators which make all 
of the rays coming from the source parallel to each other, thus representing a source at infinity. Figure 23 
is a pictorial illustration of the calibration of a sensor. 
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Calibration quantifies the relationship between input radiant power and 
output reading. 


Figure 23. Sensor Calibration Relates Input Power to Output. 


Calibration of a sensor usually involves two major steps. Responsivity is the change in output of 
the sensor to changing input. For a sensor that responds linearly, for example, responsivity represents the 
slope of the curve when source radiance or incident irradiance is plotted against output voltage or counts 
for a digitized system. Figure 24 represents a calibration curve for a sensor that has a linear change in 
‘output over its dynamic range with changing input power. The slope of the curve is the “m” in the linear 
equation. Not all sensors respond linearly with power. Higher order response coefficients are common, 
especially for bolometers and infrared focal plane array sensors operated at short integration times. For 
these the process of determining the response of the instrument is the same, the curve just yields higher 
order terms 
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Figure 24, Calibration of a Sensor to Determine Responsivity and Offset. 


For most electro-optical sensors, the responsivity does not change with ambient temperature. In 
other words, the non-constant terms in the calibration equation, whether itis linear or higher order, do not 
change with changes in temperature. Over time, however, as detectors decay, responsivity decreases 
This would show itself on the Figure 24 as an increase in the slope value, i.e., higher input power is 
required for the same output as the detector becomes less responsive. 


Offset 


Offset is another important parameter for instrument calibration, For any real (non-ideal) 
strument, the response curve does not pass through zero. ‘There are several reasons for this; one being 
that except in a complete vacuum, zero radiance does not exist. Additionally, contributions from detector 
noise and radiation from the optical elements in the lens, which cause the offset to drift with changes in 
ambient temperature, contribute to the offset term. Some amount of offset is designed into the system as 
well. All electronic circuits have some amount of DC drift. To prevent clipping of the signal if this drift 
should go below the lower limit of the analog-to-digital converter, the “bottom end” level is adjusted up 
to some offset level. The consequence of this offset voltage is the addition of a y-intercept term (b), 
which also must be quantified by the calibration if the sensor is a laboratory instrument. For a sensor that 
is used for contrast detection, the intercept value is unimportant since it subtracts out in the contrast 
calculation 


Sensitivity 


Sensitivity for a sensor is determined to a large extent by the noise level in the detector output. 
For focal plane array detector, pixel-to-pixel non-uniformity also limits the sensitivity of the system since 
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detection is determined by contrast with surrounding pixels. In practice, at least for cooled infrared 


sensors, detection is typically limited by background and not noise limits. 


Instrument Response Uniformity and Non-Uniformity Correction 


In reality, all sensors exhibit non-uniform response in all of the domains referenced previously. 
For example, in the spatial domain, the raw output of an infrared focal plane array detector exhibits pixel- 
to-pixel offset differences and response differences across the field-of-view. The response change is the 
result of two primary factors. Since each pixel is essentially a unique detector, it exhibits unique response 
because of manufacturing tolerances, slight differences in crystal structure, etc. Additionally, most 
electro-optical sensors implement an aperture or “field stop” in the case of infrared sensors, that limits the 
radiation that can reach the detector outside of the sensor's desired field-of-view. Radiation entering at 
angles off of normal to the detector shows a cosine roll-off in incident power. The result is a reduction in 
responsivity for pixels that are radially separated from the center of the detector. For the majority of 
systems, an optical gain correction can be applied to compensate for the change in response. The typical 
method involves using an extended blackbody source that fills the FOV of the sensor. Reference images 
are collected with the source at two temperatures that are well separated across the sensor’s dynamic 
range. This process is typically called a “2-point” correction. Actual temperature is unimportant. Slope 
corrections can be determined for each pixel. The result is a gain map that can be stored in the sensor 
electronics that can be applied to each image to correct for the non-uniform spatial response across the 
detector array. Pixel-to-pixel offset maps can be determined using one of the same reference images. 
Pixel slope and offset corrections are typically derived as normalized quantities relative to a center pixel, 
average of center pixels, or maximum value. The application of the correction maps to the images is 
commonly referred to as “non-uniformity correction.” Figure 25 shows the transition from a raw image 
toa non-uniformity corrected image. 


Figure 25. Non-Uniformity Correction of a Mid-IR Image. 
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Bad Pixel Replacement 


Focal plane arrays have pixels that are either unresponsive or responsive outside of useful limits. 
Figure 25 shows some of the bad pixels that appear as small black spots in an image from an InSb IRFPA 
imager. Bad pixels can be identified during laboratory calibration or with a sensor mounted reference 
source. There are many approaches to replacement of bad pixels and the best approach often depends on 
the sensor characteristics and its application. One common approach is simply to replace the pixel with 
the average of its nearest neighbors. 


INFRARED THREATS TO AIRCRAFT AND THEIR COUNTERMEASURES 


IR guided missiles are the largest single cause for aircraft losses since the start of the 1991 Gulf 
war. All missiles designed within the last 20 years have counter-countermeasures circuitry. Every 
missile can be defeated with IR countermeasures given time to develop and test devices and techniques, 
but many missiles have not been exploited and the variety and complexity of the different designs present 
formidable challenges to the US countermeasure community. 


The IR “signature” of any aircraft has three main components: 


* Engine exhaust plumes 
«Engine hot parts (tailpipe, etc) 
* Airframe (aerodynamic heating & reflection from sun, earth, ete) 


Infrared guided missiles modulate the signal produced by the aircraft in contrast with its 
background. Previous generations of missiles used reticles to produce signal waveforms that would 
provide spatial and temporal information from which signal processing could produce trackable 
information. 


IR je Operati 


Aircraft (or any other object) can be intercepted using several different types of guidance. The 
simplest type is pure pursuit, where the missile is always pointed directly at the target location. This is 
not aerodynamically efficient since the missile would follow a longer (curving) flight path when 
following a crossing target. 


Most missile guidance systems are designed to lead the target so that intercept occurs at the point 
where the target will be at the time the missile arrives. This requires that the missile fly a course so the 
relative bearing to the target stays constant (constant “line of sight” angle). The LOS angle is determined 
by missile speed relative to the target (higher closing speed = smaller angle). The size of the angle isn’t 
important; only that it be constant (zero line of sight rate) as shown in Figure 26. 
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A= constant 


Figure 26, Missile Proportional Navigation. 


This intercept course (“proportional navigation”) requires that the missile have two separate servo 
loops: (1) a target tracker and (2) a wing control servo to control direction of flight 


For a mi 
following elements: 


je to guide to its intended target, it needs a tracker, which contains the 


© Optics to collect and focus IR from target. 
#  Gimbals to allow movement to point the optics. 

* Gyro stabilization to isolate opties from missile body. 

* Detector to convert the received IR to electrical signal, 

* Stabilization (gyro) to isolate from missile body. 

# A method to determine target direction to enable closed-loop tracking. 
# A method to distinguish the target from natural background. 


The target tracker is the “window” into the missile’s guidance through which it can be 
deceived by countermeasures. 


The problem of determining target direction with a single detector was solved by forming an 
image of the target scene onto the center of a reticle disk that spun with the optics. Unlike, for example, 
the reticle in a rifle telescope that superimposes cross hairs, the reticle in a missile acts as a kind of shutter 
that blocks the passage of IR through part of the reticle and allows IR to pass through the other part, A 
target image falling on the opaque portion is blocked and produces no detector signal. A target image 
falling on the transparent portion is passed on to the detector. When the reticle is spun, IR from a target 
off center is alternately passed and blocked, resulting in amplitude modulation (AM). ‘The phase of this 
modulation relative to a spin reference is used to tell target direction from center, A closed servo loop 
moves the optics to keep the target centered on the reticle. This is depicted in Figure 27. 
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Figure 27. Basic Reticle Design. 


Target trackers have another problem: The aircraft target must be distinguished from natural 
background sources, such as sunlit clouds and terrain. To solve thi 


spatial, and temporal domains where the target is different from background. 


Spatial: The most viable option. 


‘Temporal: There is no difference. Neither clouds nor aircraft signature are time varying, 
Spectral: Some difference. Choice of wavelength band yields helpful differences between target 


and background, but this is not sufficient by itself. 


radiation can be greatly reduced by spatial filtering. 


If half of the reticle is made with opaque “spokes,” then some irradiance from targets with small 
images (such as aircraft) will be modulated more completely and generate a stronger signal at a faster 


modulating rate than large images (clouds) as shown in Figure 28. 


‘Cloud oF Other Estended Source DETECTOR OUTPUT 


(Cloud Return 


Figure 28. IR Seeker Design for Background Discrimination. 
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, they look for features in the spectral, 


Aircraft are smaller than clouds and terrain. 


The past figure and the following two figures (29 and 30) depict a spin-scan reticle used on the 
early Sidewinder designs. After the detector preamp, signal goes through a narrow bandpass filter to 
improve S/N. The AM waveform is then rectified and filtered. Target direction is determined from AM 
envelope phase. 
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Figure 29. Spin Scan Seeker. 
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Figure 30. Spin Scan Waveforms for Off-Center Target. 
Spin-scan has the following characteristics that are important to countermeasures: 


+ The tracker loop drives to null the signal to zero. This occurs when the target is on the 
optical axis and the target image is at the center of the reticle. 

© If the target is off-center, an AM carrier “error signal” is generated, where the phase of 
the modulation envelope indicates the target direction. 


With spin scan, the missile is always looking at the target. This vulnerability to jammers led to 
the next evolution in target trackers: conical scan. 


Conical scan borrows concept from early fire-control radars, which used a nutating feed horn. A 
con scan tracker is shown in Figure 31. With con scan: 


# The secondary mirror of the Cassegrain is canted so the field of view seen by the detector 
sweeps out a pattern of overlapping circles. 

© A target image at boresight falls near the edge of the reticle instead of center 

* Reticle pattern is same all the way around, (Usually tapered spokes.) 
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* Modulation of target near boresight is FM rather than AM. This allows tighter tracking 
* For larger angles off boresight, the target image falls outside the FOV of the detector for 
part of the scan, The modulation then becomes AM. 
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Figure 31. Conical Scan Tracker. 


In the con scan tracker, as the missile instantaneous field of view nutates about a target on 
boresite, (moving through positions at t; through ts shown in Figure 32), the apparent position of a target, 
image on the reticle sweeps out the circular pattern shown. 
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Figure 32. Image on a Con Scan Reticle: Target at Boresite. 


If the target is off boresight as shown in Figure 33, the detector receives a signal of 
12 pulse widths. 
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Figure 33. Image on a Con Scan Reticle: Target off Boresite. 


‘The waveform produced by a target on boresite is a constant amplitude carrier at the reticle 
chopping frequency as shown in Figure 34. A target slightly off boresite produces a constant amplitude 
carrier that is frequency modulated at spin frequency 


RETICLE 


CENTERED TARGET 
Detector Output Uniform - Constant Amplitude 


OFF-CENTER TARGET 
Detector Output Has Varied Pulse Width 


Figure 34. Conical Scan Seeker Output. 


A target further off boresite leaves the missile field of view during part of the scan, produc 
amplitude-modulated waveform similar to that of a spin scan tracker. The important difference is that 
with a spin scan tracker, the target never leaves the missile field of view. With con scan, the target may 
fall outside the missile FOV at certain times during the scan. Because con-scan trackers do not 
necessarily view the target continuously, they can have high resistance to jammers. 


Other types of seeker scan patterns now exist. The Rosette scan pattern shown in Figure 35 is 
one such example. It has an even higher resistance to countermeasures. 
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Figure 35. Rosette Scan Pattern. 


Imaging arrays of detectors without reticles are newer yet. They may be classified as either 
staring (every pixel sees the entire scene), or scanning arrays, where the optics plays a role in determining 
which “pixels” are exposed to optical / IR radiation, 


INFRARED COUNTERMEASURE (IRCM) 
Flares 


Figure 36 shows a Navy F/A-18E Super Hornet aircraft dispensing IRCM flares from its internal 
flare dispensers, IRCM have been the staple of countermeasures protection for military aircraft more than 
four decades. Flares are designed to transfer the track of an attacking infrared missile by exhibiting 
characteristics that confuse the tracking and guidance algorithms built into the missile. Modem missiles 
incorporate Counter-Countermeasures (CCM) capabilities including hardware configurations, circuitry, 
and logic to help identify countermeasures and reject them from processing. CCM capabilities can be 
based on spectral, spatial, and temporal features of the target scene. As missiles continue to improve in 
their sensitivity, range, maneuverability, and CCM capabilities, flares continue to evolve in order to keep 
pace with the evolving threat. 


Figure 36. Navy F/A-18E Aircraft Dispensing IRCM Flares. 
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Over the years the Navy has fielded many flare types including the MJU-2/B, MJU-8, MJU-32, 
MJU-38, MJU-27, MJU-49, and many other improved versions of these flares and other types as well. 
IRCM flares continue to be the prevailing countermeasure for military aircraft protection by offering cost 
effective and robust protection 


Dispenser Systems 


Most Navy fixed wing and rotary wing aircraft are equipped with countermeasures dispenser 
systems. These systems are critical to the survivability of the aircraft in a hostile threat environment. 
Modern dispensers such as the AN/ALE-47 offer high reliability and substantial programming capability 
that allows flare dispenses to be tailored for maximum protection of the host aircraft type. AN/ALE-47 is 
highly integrated into the aircraft over the 1553 data buses. The dispenser can incorporate information 
from several aircraft systems including missile-warning systems to improve its responses to threats and 
provide vital situational awareness to the aircrew. 


Impulse Cartridges 


IRCM flares are dispensed from the aircraft flare dispensers with electrically initiated impulse 
cartridges. Impulse cartridges incorporate energetic materials within a small confined canister. Upon 
application of a voltage to the electrical leads, a bridge wire in contact with the energetic materials burns 
through, igniting the propellant materials. The expanding gases push the flare from its case, held captive 
in the aircraft dispenser. Impulse cartridges for Navy use have been designed to withstand the extreme 
electro-magnetic environments encountered around aircraft carriers and other combat ships. Examples of 
impulse cartridges include the CCU-63 and CCU-136. 


Infrared Jammers 


Several lamp-based and mechanically modulated jammers have been developed over the years for 
protection of aircraft. Examples include the AN/ALQ-144 and AN/ALQ-157, predominantly used on 
helicopters and cargo aircraft. These jammers offer some level of protection over a broad field-of-regard 
and offer the advantage of continuous operation. 


In principle, these jammers produce a modulated signal in the track band of the threat that 
corrupts the target tracking pulses in the missile seeker. 


i stems 


Infrared-guided weapons provide passive attack capabilities against military vehicles. Unlike a 
radar-guided weapon that actively emits radiation and tracks the reflected pulses from the target, infrared 
‘weapons track radiation already being emitted from the target. Attacking missiles fly at very high speeds, 
and they are exceptionally maneuverable. Missile warning systems must be capable of detecting the 
threat, alerting the aircrew, and cueing a countermeasures response within sufficient time to counter the 
attacking missile, The time from launch to impact can be very short, making timely detection critical 
‘Active warning systems have been developed in the past that use Doppler Radar capabilities to detect 
missiles, but passive missile warning systems have been preferred because of the desire to minimize 
emissions from the aircraft under attack, 
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Several passive missile-warning systems have been developed over the years for military aircraft. 
These systems operate in a variety of different parts of the electro-optical spectrum, but the most common 
are ultraviolet and infrared sensor systems. Examples of passive missile warming systems include 
AN/AAR-47, AN/AAR-54, AN/AAR-57, AN/AAQ-24 (both passive and active components), and the 
Joint and Allied Threat Awareness System (JATAS), currently under development by the Navy. Passive 
missile warning sensors continue to improve with advances in detector technologies, particularly with 
imaging detectors. ‘These sensors provide excellent angle-of-arrival information, necessary to support 
cueing of laser based countermeasures, and advanced processing to detect and declare threat missiles in 
cluttered environments. 


Laser Countermeasures 


Laser-based infrared countermeasures have been in development for many years. Several 
systems have been fielded over the past fifteen years including the AN/AAQ-24 system on Air Force 
cargo aircraft and helicopters and a derivative system for Marine Corps helicopters. 


Although configurations vary, most of these systems incorporate a single multi-band laser or 
several single-band lasers that produce modulated waveforms designed to corrupt a missile’s guidance 
target tracking. The laser optics are located in a tracking gimbal that provides agile and rapid pointing 
over a broad field-of-regard. Laser based countermeasures require a relatively high angle of arrival 
accuracy from the host aircraft’s missile warning sensor. Upon declaration of the threat, the missile 
‘warning system hands-off track to the tracking gimbal and cues the lasers to lase. A tracking camera in 
the tracking gimbal with high optical resolution helps to maintain track on the threat missile through the 
engagement period. 


LASERS 


The word laser comes from Light Amplification by Stimulated Emission of Radiation, A laser 
system emits light that is generated through a process of stimulated emission. The radiation produced by 
a laser exhibits high temporal and spatial coherence. In order to begin the process of stimulated emission, 
the lasing medium absorbs the energy from a pump source. The atoms in the lasing medium are excited 
to a higher energy state, These atoms will eventually return to their ground state. A large number of 
atoms that are excited to higher states create a population inversion, Population inversion describes the 
number of atoms in excited state versus the number of atoms in the ground state, In order for the atoms to 
return to their ground state, they must release energy. This energy is released in the form of photons. 
Energy of a photon is expressed as 


anck’s constant = 4.136 x 10 
peed of light = 2.998 x 10* (m/s) 
avelength of light in meters 


The energy that must be released by the atom to return to the ground state will direct the 
wavelength of the photon emitted since / and c are constants, If all the excited atoms released the same 
amount of energy to return to their ground state, the released photons would all have the same wavelength 
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and would be considered fully monochromatic. Most lasers do not emit a single wavelength but a range 
of slightly differing wavelengths (AA). 


The lasing medium may be a solid, a gas, liquid, or plasma. Some laser types include gas, 
chemical, dye, fiber-based, solid-state and semiconductor lasers. ‘The laser radiation can be output in a 
continuous wave (CW) or in a pulsed wave. A continuous wave laser emits light that maintains a steady 
amplitude and frequency. A pulse wave will vary in amplitude and is also characterized by the systems 
pulse repetition frequency (PRF). The PRF is defined as the number of pulses emitted during a unit of 
time. Figure 37 shows the spectral output of several laser types. 


The first laser was constructed by Theodore Maiman at Hughes Research Laboratories in Malibu, 
California, This laser was a pulsed, solid-state ruby laser. The ruby laser uses a synthetic ruby crystal as 
the lasing medium. A xenon flash lamp is used to excite the atoms in a ruby rod to higher energy levels. 
The highly polished and mirrored ends of the rod form a resonant cavity. One end of the rod has a 
slightly lower reflectivity. The lamp excitation produces an inverted population of excited atoms, which 
are stimulated to relax to lower energy levels releasing their extra energy as photons. Repeated 
reflections off the mirrored ends of the rod causes the photons to bounce back and forth through the rod 
stimulating further emissions at the same wavelength and phase producing a highly coherent beam, which 
finally passes through the lower reflectivity end. 
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Figure 37. Spectral Lines / Ranges of Available Lasers. 


The typical laser rangefinder uses a solid-state laser with a neodymium-YAG crystal lasing at 
1.06 jum. 


Gas lasers can be pulsed or CW. The gas dynamic laser obtains its inverted population through a 


rapid temperature rise produced by accelerating the gas through a supersonic nozzle. In chemical lasers 
the inversion is produced by a chemical reaction. In the electric discharge laser the lasing medium is 


TAL 


electrically pumped. The gas can also be optically pumped. In an optically pumped gas laser the lasing 
medium is contained in a transparent cylinder. The cylinder is in a resonant cavity formed by two highly 
reflective mirrors 


Many gas lasers use carbon dioxide as the lasing medium (actually a mixture of CO and other 
gases). These are the basis for most high energy or high power lasers. The first gas laser was an optically 
pumped CW helium-neon laser. The common laser pointer is a helium-neon laser operating at 
0.6328 um. The lasing medium is a mixture of helium and neon gas in a gas discharge or plasma tube. 


The dye laser is an example of a laser using a liquid for the lasing medium. The lasing medium is 
an organic dye dissolved in a solvent such as ethyl alcohol. Dye lasers operate from the near UV to the 
near IR, are optically pumped, and are tunable over a fairly wide wavelength range. 


Another type of laser is the semiconductor or injection laser, also known as a laser diode. The 
junctions of most semiconductor diodes will emit some radiation if the devices are forward biased. This 
radiation is the result of energy released when electrons and holes recombine in the junction. There are 
two kinds of semiconductor diode emitters: (1) the light emitting diode (LED), which produces incoherent 
spontaneous emission when forward biased and which has a broad (800 angstrom) spectral output, and 
(2) the laser diode, which maintains a coherent emission when pulsed beyond a threshold current and 
Which has a narrow spectral width (< 10 angstrom). In the laser diode the end faces of the junction region 
are polished to form mirror surfaces. They can operate CW at room temperatures, but pulsed operation is 
more common. Figure 38 shows a typical diode laser structure. 


Metal heat sink | paype active layer 


Figure 38. Diode Laser Construction. 


Fiber lasers use fibers that are doped with rare-earth elements as the pumping medium, These 
rare-earth elements include elements such as Erbium (most common), Ytterbium, and Neodymium. 
There are other elements such as Thulium that are used for doping purposes. Erbium doped fiber lasers 
can emit in the 1.5 to 1.6 micron wavelength, which is important due to eye safety concems in this part of 
the spectrum, Other wavelength emissions for Erbium include 2.7 and 0.55 microns. 


Fiber based laser systems are beneficial in many ways. The fiber gain medium is compact, 
compared to many other types of gain medium and is highly efficient. The fiber gain medium can also be 
physically manipulated to save space. Fiber based lasers are able to achieve high output powers. The 
gain medium of a fiber laser can extend for several kilometers to achieve these higher power outputs, The 
fact that the light is already propagating in a flexible fiber can also allow for system designs that 
implement a gain cavity in one location and then deliver the output in another location, 
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Q-switching is a common means of obtaining short intense pulses from lasers. The Q-switch 
inhibits lasing until a very large inverted population builds up. The switch can be active or passive. A 
passive Q-switch switches at a predetermined level. An active Q-switch is controlled by extemal timing 
circuits or mechanical motion. The switch is placed between the rod (or lasing medium) and the 
100 percent mirror. Figure 39 shows an arrangement using a Pockels cell as an active Q-switch. 
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Figure 39. Q-Switch Arrangement. 


Other methods of obtaining pulsed operation include using pump sources that are pulsed and 
mode-locking, 


FIBER OPTI 


Fiber optic cables are the optical analog of RF waveguides. Fiber optic cables are made from 
transparent dielectrics. The fiber optic cable acts as an optical waveguide allowing light to propagate 
along the length of the fiber by using the principle of total internal reflection. This phenomenon can only 
occur under certain conditions relating to the material indices of refraction and the light ray’s angle of 
incidence. Some benefits of fiber optic fiber include low losses, bandwidth, electromagnetic interference 
immunity, size, and weight. 


Consider the physical construction of a bare optical fiber, depicted in Figure 40, A bare optical 
fiber is simply the inner glass core and the surrounding glass sleeve. The core must have a higher index 
of refraction than the cladding, n, > 2. When 1, > >, light impinging the boundary between the core and 
the cladding will totally internally reflect if the incident angle at each reflection is greater than the critical 
angle, @.. sin 0.= (n:/ 1) 


Cladding, n, 


Figure 40. Bare Fiber Optic Cable. 
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Incident rays on the face of the fiber must intersect at angles less than Onax for the internal ray, 0, 
to intersect at @.. When rays intersect the front face of the fiber at angles greater than @,, they are only 
partially reflected in the core and will leak out. 


There are many varieties of optical fibers. Optical fibers can either be single mode or multimode. 
Single mode fibers are fibers which propagate a single mode down the length of the fiber while 
multimode fibers can propagate many modes. Single mode fibers typically have a much smaller core 
diameter, typically around & to 10 um. Their cladding is usually 125 um. Multimode fibers typically 
have core diameters around 62.5 um with 125 um claddings. These diameters can vary depending on the 
application. Loss in multimode fibers over a | kilometer distance is typically around | dB at 1310 nm. 
This value will vary some with changes in wavelength. Single mode fibers can maintain the quality of a 
light pulse over longer distances than multimode fibers due to modal dispersion effects that occur in 
multimode fibers. Typical losses for a single mode fiber over 1 kilometer is approximately 3 dB at 
1310nm. Again, this value will vary some with changes in wavelength. However, multimode fiber is 
much less expensive than single-mode and can have a lower connection loss due to the larger core 
diameter. Multimode fiber is commonly used in communications. 


In addition to single mode or multimode, a fiber can have a step index profile or a graded index 
profile. Figure 41 depicts the two profiles. The step index profile maintains a uniform index of refraction 
within the core. A graded index profile has a peak index of refraction at the center of the core, The index 
of refraction value rolls off from the center to lower values closer to the cladding interface. This profile 
assists with the modal dispersion issue found in multimode fiber. 
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Figure 41. Fiber Profiles for a Single Mode Step Index and a Multimode Graded-Index Fiber. 


Most fiber is not used in a bare form and has some additional layers of protection around the 
cladding. These layers can include a 250 um buffer with a 900 um PVC tight buffer. Some fiber will 
also contain aramid yarn followed by a 3 mm PVC furcation tube. Buffer tubes are often used to assist 
with identification and provide damage protection. The outer layers can provide additional isolation from 
environmental factors and lower optical crosstalk. 
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There are also more specialized types of fiber that include polarization maintaining and photonic 
crystal fibers. Polarization maintaining fibers are not constructed with a cylindrical core but instead use 
elliptical, bow-tie styled cores or stress rods located in the cladding (PANDA style). ‘These are shown in 
Figure 42. 


Elliptical Bow-Tie PANDA 


Core Stress rod 


Figure 42, Polarization Maintaining Optical Fiber Types. 


Polarization maintaining fibers maintain the state of the linearly polarized light propagating 
through the fiber. This type of fiber is used when the polarization state of the light cannot vary within a 
system. Photonic crystals propagate light by an arrangement of very small and closely spaced air holes 
that are maintained throughout the length of the fiber. Applications of photonic crystal fibers are varying 
and can be used in fiber lasers, amplifiers, sensors, and telecom, 


It is well known that fiber optics has many communication applications; however, improvements 
in fiber optic technology have lent themselves to many EO applications. Many EO components are now 
yer based and can interface with the tremendous advancements in fiber-based laser systems as well as 
other EO systems. An example of the use of fiber optics in an EW system is the AN/ALE-50 and 55 
Fiber-Optic Towed Decoy (FOTD). The FOTD uses fiber optic cabling to communicate with the jammer. 
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LASER SAFETY 
Lasers are divided into the following classes: 


Class 1 Low power / non-hazardous 

Class 2/2a — Low power / minor controls necessary 
Emit less than 1 mW visible CW radiation. Not considered hazardous for 
momentary (<0.25 sec) unintentional exposure. Class 2a lasers are those class 2 
lasers not intended to be viewed, i.e. supermarket scanners. 

Class 3a/3b Medium power / direct viewing hazard / little diffuse reflection hazard, 

Class 3a Visible lasers with 1-3 mW power output, invisible lasers, and those having 
1-5 times the Accessible Emission Limit (AEL) of class | lasers. 

Class 36 All other class 3 lasers at all wavelengths which have a power output less than 
500 mW. 

Class4 High power / eye & skin hazard / potential diffuse reflection hazard or fire hazard 


There are several pertinent instructions and guidelines regarding laser use. They are: 


* OPNAVINST 5100.27B Navy Laser Hazards Control Program 
(which replaced OPNAVINST 5100.27A and SPAWARINST 5100.12B) 


* MIL-HDBK-828B, Range Laser Safety 
* ANSI Z136.1-2007, American National Standard for the Safe Use of Lasers (Parent) 


Every Navy command which uses lasers must have a Laser System Safety Officer (LSSO). All 
LSSOs must attend a Navy LSSO course. 


‘There are four categories of LSSOs. 


‘+ Administrative Laser Safety Officer (ALSO) 
‘+ Technical Laser Safety Officer (TLSO) 

‘+ Laser Safety Specialist (LSS) 

+ Range Laser Safety Specialist (RLSS) 


See OPNAVINST 5100.27B for details of their qualifications and responsibilities. 


The hazard ranges of interest are the NOHD for direct viewing of a beam and the ryjie) OF P2;ae) 
for viewing a beam reflected off an object such as a wall. These are depicted in Figure 1. The Maximum 
Permissible Exposure (MPE) values present laser safety levels as a function of exposure time, laser PRF, 
pulse duration, and wavelength. Different tables are used for eye safety while directly viewing a beam, 
for viewing a diffusely reflected beam, and for skin exposure. 
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For repeated pulses the following equation is used to calculate the maximum permissible 
exposure (MPE). 


MPE(single pulse) 
(PRF x1.) 


MPE (repeated pulse! 


Where PRF is the pulse repetition frequency of the laser and tis the exposure duration. 


For visible lasers t, is usually taken as 1/4 second and for non-visible lasers a value of 10 seconds 
is used 


Figure 1 depicts some laser hazard distances. 


Nominal Ocular Hazard Distance (NOHD) 


EYE 


LASER 


BEAM 


Reflecting 


Diffuse Reflection Hazard 
a Surface 


BEAM mmm "(diffuse) 


Figure 1, Laser Hazard Distances. 


Range laser safety specialists shall be designated for external operations. Range test plans shall 
specify: 


Permissible aircraft flight paths, and ship or vehicle headings. 
Hazard areas to be cleared. 

Operational personnel locations. 

‘Types of surveillance to be used to ensure a clear range 
Radio / communications procedures, 


During laser operations no portion of the laser beam may extend beyond the controlled target area 
unless adequate surveillance can prevent radiation of unprotected areas. Class 3 and class 4 lasers shall 
not be directed above the horizon unless coordinated with those responsible for the given airspace (FAA, 
Navy, Air Force, etc). 


In an industrial environment, warning and hazard signs and lights will be posted, a hazard zone 
shall be designated when lasers are in operation, and training shall be provided to operators in the proper 
eye and body (skin) protection required. Interlocks to laser operation shall be provided when there is the 
possibility of unauthorized personnel entering the hazard area 


Fiber optic cables usually have laser power sources so appropriate warnings or labels need to be 
applied to connections or possible breakage points. 
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AIRCRAFT DYNAMICS CONSIDERATIONS 


Free Fall / Aircraft Drag 8-1 
Mach Number and Airspeed vs. Altitude. 8-2 
Maneuverability 8-3 
EMP / Aircraft Dimensions. 8-4 
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FREE FALL / AIRCRAFT DRAG 
The purpose of this section is to get an awareness of the distance traveled by a flare or other object 
such as a bomb, which is jettisoned or dropped by an aircraft. This will give the reader an appreciation for the 


significance of aircraft tactical altitude. 


From Newton’s second law of motion: 


moa 
Mass of object 
a = Acceleration 
and the law of gravitation: FoGmm 
Engl Unit: SI Units 
where: F = Force of attraction Ibe Newton 
G = universal gravitational constant 3.44x10" fi'/Ib-sec’ — 6.67x10"'! m‘/kg-sec” 
m,, m.= Masses (not weight) of object & earth slug kg 
r= distance between center of gravity of objects _feet meter 


‘Combining the two equations and solving for “a” 


, the familiar constant acceleration due to gravity. 


Since G and m, are fixed and the variation in r (the distance from the earth’s center) is small except 
for satellites, “g” is considered fixed at 32.2 fi/sec’. 


For objects with a constant acceleration (g), it ean be shown that: 


stance traveled 
tial velocity 
‘ime 
g=acceleration 


For a falling object, Figure 1 on the following page may be used to estimate time/distance values. 
‘© The upper curve is for an object shot upward with an initial velocity of 50 fuse. 


‘© The middle curve is for an object shot horizontally with an initial velocity of 50 fi/sec or one that is 
a free-falling object dropped with no initial vertical velocity. 


‘© The lower curve is for an object with a downward initial velocity of 50 ft/sec. 
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Notes: 
1) 50 fu/sec is the typical cartridge ejection velocity of a flare/chaff expendable. 
2) The top curve actually goes up 39 feet before starting back down, but this is difficult to see due to the 
graph scale. 
3) This simplification ignores the effects of air drag or tumbling effects on a falling object which will 
result in a maximum terminal velocity, with resultant curve straightening. 


0 fisec upwardinilial velocity 


no tavetatvonety eS | 


50 flisec downward iitial velocity 


ALTITUDE (Ft) 


5 10 15 20 
TIME (Sec) 


Figure 1. Object Fall Rate. 


SAMPLE CALCULATIONS. 


Let us assume that we want to know how far a bomb or other object has fallen after 13 seconds if it 
had been dropped from an aircraft traveling at 450 kts which was in a 40° dive. 
Our initial vertical velocity is: 450 kts (Sin 40°) (1.69 fi/sec per knot) = 489 fi/see downward 


-489(13) + ¥4(-32.2)(13; 


- 6355 - 2721 


d=Vvit+ 9,076 fi 

Remember to keep the signs (+/-) of your calculations in agreement with whatever convention you are 
using. Gravity pulls downward, so we used a minus sign for acceleration. Also the initial velocity was 
downward. 


In reality, any object may well have reached terminal velocity before the time indicated using the 
above formula or Figure 1. In this example, the actual distance determined from ballistics tables would have 
been 8,000 fi, which is about 13% less than the above calculation would indicate. The drag characteris of 
the object determine how much shorter the distance will be. In any case, it will not have dropped farther. 
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AIRCRAFT DRAG INDEX POINTS. 


Tactical aircraft carry stores in various combinations depending upon the mission. Each store has a 
different drag load which affects range. The pilot needs to know the total drag load in order to determine his 
aircraft range on a particular mission. Adding up the total drag in pounds of force for wind resistance would 
be cumbersome. Therefore, the drag of the stores is compared to a known reference drag (usually the 
aircraft), and expressed as a percentage of aircraft drag multiplied by some constant. This ratio is variously 
called drag count, drag index, or drag points. For instance, if a missile has 100 pounds of drag and the 
reference aircraft drag is 50,000 pounds, the ratio is 100/50,000 = 0.002. Multiply this by a constant of 100 
(for example) and the drag index point is 0.2. The pilot only needs to look on a chart to see what the drag 

ndex points are for his stores, add up the drag points, and look on a chart to see what his aircraft range and 
best range (or endurance) speed will be. 
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MACH NUMBER and AIRSPEED vs. ALTITUDE 
MACH NUMBER is defined as a speed ratio, referenced to the speed of sound, i.e, 


Velocity of Interest 
Velocity of Sound 


MACH NUMBER (at the given atmospheric conditions) iin) 


Since the temperature and density of air decreases with altitude, so does the speed of sound, hence a 
given true velocity results in a higher MACH number at higher altitudes. 

AIRSPEED is a term that can be easily confused, The unqualified term airspeed can mean any of the 
following: 


a, Indicated airspeed (IAS) - the airspeed shown by an airspeed indicator in an aircraft. Indicated 
airspeed is expressed in knots and is abbreviated KIAS, 


b. Calibrated airspeed (CAS) - indicated airspeed corrected for static source error due to location of 
pickup sensor on aircraft. Calibrated airspeed is expressed in knots and is abbreviated KCAS. 
Normally it doesn’t differ much from IAS. 


c. True airspeed (TAS) - IAS corrected for instrument installation error, compressibility error, and errors 
due to variations from standard air density. TAS is expressed in knots and is abbreviated KTAS. TAS 
is approximately equal to CAS at sea level but increases relative to CAS as altitude increases. At 
35,000 ft, 250 KIAS (or KCAS) is approximately 430 KTAS. 


IAS (or CAS) is important in that aircraft dynamics (such as stall speed) responds largely to this 
quantity. TAS is important for use in navigation (True airspeed + wind speed = ground speed). 


Figures 1 and 2 depict relations between CAS and TAS for various altitudes and non-standard 
temperature conditions. The first graph depicts lower speed conditions, the second depicts higher speeds. 


Asan example of use, consider the chart on the next page. Assume we are in the cockpit, have read our 
IAS from the airspeed indicator, and have applied the aircraft specific airspeed correction to obtain 
370 KCAS. We start at point “A” and go horizontally to our flight altitude at point “B” (25,000 ft in this 
case). To find our Mach, we go down vertically to point “C” to obtain 0.86 Mach. To get our TAS at our 
actual environmental conditions, we go from point “B” vertically until we hit the Sea Level (S.L.) reference 
line at point “D”, then travel horizontally until we reach our actual outside air temperature (-20°C at altitude) 
at point “E”, then go up vertically to read our actual TAS from the scale at point “F” (535 KTAS). If we 
‘wanted our TAS at “standard” temperature and pressure conditions, we would follow the dashed lines slanting 
upward from point “B” to point “G” and read 515 KTAS from the scale, Naturally, we could go into the 
graph at any point and go “backwards” to find CAS from true Mach or TAS. 


Figure 3 shows a much wider range of Mach numbers. It contains only TAS and Mach, since aircraft 
generally do not fly above Mach 2, but missiles (which don’t have airspeed indicators) do. The data on this 
graph can be obtained directly from the following formula for use at altitudes of 36,000 ft and below: 


Speed of Sound (KTAS)= 29.06 V'518.7-3.37 A Where A=altitude(K fi) RI 
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The speed of sound calculated from this formula can be used with the equation on the first page to 
obtain Mach number. This equation uses the standard sea level temperature of 59° F and a lapse rate of 
°/1000 fealtitude, Temperature stabilizes at -69.7° F at 36,000 ftso the speed of sound stabilizes there at 
573 knots. See the last page of this section for a derivation of equation [2]. 
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Figure 2, TAS and CAS Relationship With Varying Altitude and Temperature (Continued), 
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The following is a derivation of equation [2] for the speed of sound: 
Given: p = pressure (Ib/ft?) T = absolute temperature (*Rankine) = °F + 459.7 
v= specific volume (ft'/Ib) w = specific weight (Ib/ft’) = l/v 
R =a constant (for air: R = 53.3) p=density = w/g= I/gv +. v= Wgp 
From Boyle’s law of gasses: pv = RT, therefore we have: p/p = gRT = (32.2)(53.3)T = 1718 T BI 
It can also be shown that: p/p’ = constant; for air y = 1.4 14] 
From the continuity equation applied to a sound wave: pAV, = (p+dp)A(V, + dV.) 
Expanding and dropping insignificant terms gives: dV, =-V, dp/p 16] 
Using Newton’s second law (p + pV,/2 =a constant) and taking derivatives: dp = -pV.dV, 
Substituting into [6] gives: dpldp 171 
fe 
Then taking derivatives of [4] and substituting in [7] gives: = \p 18] 
P 
Then using [3] gives: = 7gRT = J1.4(1718)T =49VT 19] 
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Using a “Standard” atmosphere of 59° F @ Sea Level (S.L.) and a lapse rate of -3.57°/1000 ft altitude: 


29.06 V518.7-3.57A which is equation [2] 


Vin49 asa 357A A See nm 


sec| hr 6076 fi 
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MANEUVERABILITY 


A useful function is to determine how many “G’s” an aircraft Table 1. G vs. Angle of Bank. 


might require to make a given tum without altitude loss. From (No altitude loss) 
Newton’s laws, F cos @ = W, where: F = force applied to an aircraft, 
W = weight, and g = bank angle. By definition “G’s” is the ratio of the G a 
force on an object to its weight, ie., G = F/W = Lcos o. 7) 7 
s 14 45 
imple calculations will show the results presented in Table 1 30 es 
to the right. 39 75 
Cs 72 82 
Given that the average structural limit of an aircraft is about Ve fs 


7G’s, the maximum bank angle that can be achieved in level (non- 
descending) flight is 81.8°, 


Figure 1 can be used to determine the turn radius and rate-of-turn for any aircraft, given speed and 
angle of bank (assuming the aircraft maintains level flight). It may also be used in the reverse context. It 
should be noted that not all aircraft can fly at the speeds depicted - they may stall beforehand or may be 
ncapable of attaining such speeds due to power/structural limitations. 


Inthe example shown on Figure 1, we assume an aircraft is traveling at 300 kts, and decides to make 
a 30° angle of bank tum. We wonder what his turn radius is so we can approximate his flight path over the 
ground, and what his rate of turn will be. We enter the chart at the side at 300 kts and follow the line 
horizontally until we intercept the 30° “bank angle for rate of turn” line. We then go down vertically to 
determine the 2.10°/sec rate of turn. To get radius, we continue horizontally to the 30° “bank angle for turn 
radius” line, We can then go down vertically to determine the radius of 13,800 ft 
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Figure 1. Aircraft Tum Rate / Radius vs. Speed. 
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‘The exact formulas to use are: 


Vv 


1091 tan(p) 
Vv 11.26 tan($) 


Rate of Turn = Radius of Turn = 


V = Velocity (Knots) 


Where 
ere” and $= Angle of Bank 


Another interesting 
piece of information might 
be to determine the distance 
atypical aircraft might 
travel during a maneuver to 


10 sec 


ASSUNE: 
‘Vat= 400 Kis &is puling 7 G'sinturn 


From Table 1: 
‘Angie of bank = 82° 


FromFiqure t. 
Fate of Turn (ROT) = 19%7see 


avoid a missile. Birdseye glow FRedius orth = 2700 t 
Jovel horizontal In 5 soc tuning, the plane will have turned 90%, 

Figure 2 shows a} evel Bos! in 10 sec tll have turned 180° 
birds-eye view of such a In 5 see withoutturnina, the plane will have 
typical aircraft in a level Harald 339, 0 coc tv have tevated 
(constant altitude) turn. 

jy anaes 

To counter many | { 
air-to-air missiles the pilot j 6 sec inste 
might make a level turn, aggaft e666 It 


however in countering a 
SAM, altitude is usually lost 
for two reasons: (1) the 
direction of maneuver 
altitude without also losing speed. These aircraft may have insuftici 
be at too high an altitude. The lighter an aircraft is (after droppi 


Figure 2. Ma 


ineuvering Aircraft. 


ng against the missile may be downward, and (2) many aircraft are unable to maintain 


‘ent thrust for their given weight or may 
ing bombs/burning fuel), the better the 


performance. Likewise, the higher the altitude, the poorer the thrust-to-weight ratio, Maximum afterburner is 


frequently required to maintain altitude at maximum “G” level. 


REFERENCE AXES (Roll, Pitch, Yaw) 


The rotational or oscillating movement of an 
aircraft, missile, or other object about a longitudinal axis is 
called roll, about a lateral axis is called pitch, and about a 
vertical axis is called yaw as shown in Figure 3. 


Y - Pitch Axis 


ics 


1Z-Yaw Axies 


DX Rall Axis 
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Figure 3. Reference Axes. 


SAMPLE CALCULATIONS 


Ifwe want to determine the rate of turn or turn radius more precisely than can be interpolated from 


the chart in Figure 1, we use the formulas. For our initial sample problem with an aircraft traveling 300 kts, 
ina 30° angle of bank turn, we have: 


1091 tan(p) _ 1091 tan(30) 
v.30 

v7 300° 

11.26 tan(g) 11.26 tan(30) 


Rate of Turn = =2.1°/sec 


Radius of Turn = 13,844 fi 


‘These are the same results as we determined using Figure 1 
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EMP / AIRCRAFT DIMENSIONS 


Anaircraft flying in the vicinity of an electromagnetic pulse (EMP) acts like a receiving antenna and 
picks up EMP radiation in relation to size like a dipole (or half-wavelength dipole). The electromagnetic 
pulse spectrum decreases above | MHz as shown in Figure 1, so an F-14 aircraft that is an optimum '% 
‘wavelength antenna at »8 MHz will pick up less EMP voltage than a B-52 or an aircraft with a trailing wire 
antenna, A rule of thumb for the voltage picked up is: 


Ve = 8.1 volts/ft times the maximum dimension of the aircraft in feet 


This rule of thumb was generated because a single linear relationship between voltage and aperture 
seemed to exist and compared favorably with more complex calculations for voltage picked up by various 
aircraft when subjected to EMP. 


Table 1 shows various aircraft and the frequencies they would be most susceptible to, using f= c/A, 
where 2 matches the selected aircraft dimension for maximum “antenna reception effect.” This should be a 
design consideration when trying to screen onboard avionics from the effects of EMP. 


The following is a partial listing of aircraft types vs. identifying prefix letters (several are used in 
Table 1): 


A Attack K Tanker T Trainer 

B Bomber © Observation Utility 

C Cargo P V___ Vertical or Short Takeoff 
E Electronic Surveillance | Q and Landing (V/STOL) 
F Fighter R X Experimental 

H___ Helicopter Ss Anti Sub/Ship Y___ Prototype 


EMP 


-20 dB /decade 


-40 dB /decade 


Field Intensity 


1 MHZ 100 MHz 
Frequency —e- 


igure 1. EMP as a Function of Frequency. 
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Table 1. Aircraft Dimensions and Equivalent Antenna Aperture. 


Wing 


Height Frequency | Length | Frequency Frequency 
Aireraft S Span 
jission f (MHZ) f MHz) MHz 
Mi Type () (Miz) (ft) (MHz) ny (Miz) 
IN ow rN E 2 IN fam [nt 
ATTACK A-10 14.66 _| 67.05 53.33 21 srs | 17a | ss 
ELECTRONIC | EA.6B 1650 | 59.64 5934 829 | s30 | 1837 | 929 
WARFARE EAS. 160 | 6147 60.17 817 |] 4467 | 22.02 | 101 
FIGHTER ls isa | 5342 63.75 an || 428 | 2297 
E16 16.66 | 59.00 49.25 99s | 310 | 37 
FiAAscD | 153° | 6431 | 32.16 | S60 879 | 40.70 | 24.18 | 12.09 
FIA-ISE/F 16 | 617 | 307 | 60.17 | 1634 | 8.17 |] 4467 | 22.02 | 11.01 
22 uns | ssai | 27.7 | 47 | 1533 | 766 P43. | 2287] 1143 
F350, 142 | 6927 | 3463 | sia | 91 | 937 J 3s | 281 | 140s 
F.35C 13s | 634s | 31.73 | sia | a9 | 957 J 43. | 228 | 1143 
E17 242_| 79.13 | 3957 | 6592 | i491 | 746 J 43.33 | 22.69 | 1134 
ASW sas | 423 | 99.67 94 
Isds | 9.23 | 68.67 TIT 
76 | 38 |] 1236 3.98 
AEW i742 [sm soss [1221 | 6.11 
ViSTOL 21.23 | 1062 |] 303 | 32.44] 16.22 
i717] sss} sas | ited] 5.82 
192 [961 | 35_| 281 | 140s 
HELICOPTERS | AH-1W 14.16 1689 | s44 | aso | 2049] 1024 
UH-IE 12.75 1x60 | 930 | 440 | 2236] 1118 
U/SH-2 141 is74 | 937 | 440 | 2236] 11s 
SH-3D sa] 6.77 | 62.00 | 1587] 7.84 
cHa4sp | 16.75 7 | ssa |) soo | 1968] 984 
CH-47 187 94 | 498 }} 600 | 1639] 8:19 
cHS3A | 2491 16 | 338 ff 7225 | 1362 | 681 
SH-60 17.0 15.17 1327 | 9.14 
AH64 15.25 16.89 209 | 10.24 
TRANSPORT C2 1592 | e181 | 3091 | s66 | 17.39 221 |_ 6.1 
TANKERS Ke130F [381 83 | 1292 | 978 | 10.06 743 | 3.72 
SPECIAL EC-130Q | 385 36 | 1278 |} 9934 | 991 742 | 3.71 
ELECTRONICS, 
TRAINER T 4s | 6649 | 33.25 | a7 | 25.43 26.00 | 130 
1.39D 160 | 6150 | 3075 | 4375 | 22.49 2219 | 11.10 
T.45 135 | 7286 | 3643 | 3933. | 25.0 3193 | 1597 


DATA TRANSFER BUSSES 


Data Busses 
RS-232 Interface 

RS-422 Balanced Voltage Interface 

RS-485 Interface 

IEEE-488 Interface Bus (HP-IB/GP-IB) 
MIL-STD-1553 & 1773 Data Bus 

Ethemet 

Transmission Control Protocol / Internet Protocol 
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DATA BUSSES 


INTRODUCTION 


The avionics ROM/UDF 
aircraft frequently contain general T 
purpose computer components 
which perform certain proce CPU 


functions, then relay this 
information to other systems. 


High Speed Data Bus 


WRA 


Some common examples are the 
mission computers, the radar 
processors, RWRs, and jammers. 


Each system is frequently laid out 


as shown in Figure 1 RS-232 
Fis-422 

AS-435, 

The Input/Output (1/0) IEEE-48 
modules will vary in function, but MIL-STD-1 
all serve the same purpose - to MIL-STO-1 
GPE, HPIB, Hi 


translate the electrical signals from 


Mso- 
Display 
ate. 
8 
553 
773 
PIL ete. 


Storage Devices 
le Disk, Tapa ete 


one protocol to one of another in 
order to exchange information. /O. 
modules are used similarly in 


Figure 1, Avionics Block Diagram. 


general purpose computers in laboratories to test equipment and/or tie computers together via a local area 
network (LAN) to exchange information, Some of the methodologies include a star, ring, or bus type network 


(see terminology at the end of this section). 


A number of network “models” exist for describing the functions, interfaces and protocols involved in 
network data interchange. Regardless of the descriptive model used, all strive toward the same end and none 
actually changes the detailed implementation. Table | shows the layer names and the number of layers of 
networking models presented in Internet Engineering Task Forces (IETF) Request For Comments (RFCs) and 


in common use by textbooks, 


Table 1, Some Common Network Architecture Models. 


IETF-RFC 1122] Kurose, Forouzan | Comer, Kozierok| Stallings | Cisco Academy 
Four layer |Five-layer Internet model or| TCP/IP S-layer | Five layer | Four layer 
Internet model | TCPAP protocol suite | reference model_|TCP/P model| Internet model 
“Application “Application Application | Application | Application 
Transport Transport Teapot | Liose tes bose)| Eieenmere 

or transport 
Internet Network Internet Tntemet | Internetwork 
Data link (Network| _ Network Network 
i Date links ees access interface 
Physical (Hardware) | Physical 


These textbooks are secondary sources that may be contrary to the intent of RFC 11. 
tems Interconnection (OSI) Reference Model developed by the 


primary sources such as the Open Sy 
International Organization for Standardization (ISO). 


OL 


and other 


‘The OSI Reference Model is a more general description for layered communications and computer 
network protocol design. The IETF makes no effort to follow the OSI model although RFCs sometimes refer 
to it. The description of the OSI layers is shown in Table 2. 


Table 2. OSI Reference Model. 


Name Use Mise Example IP Suitte 
DHCP, DNS, FTP, 
7| APPLICATION Meaning of data HL7, Modbus Gopher, HTTP, NTP, 


SMTP, SNMP, Telnet 


Building blocks of data 


6 [PRESENTATION ASCII, EBCDIC, MIDI | __ MIME, XDR, SSL 
and encryption 
Opening and closing of % 
5| SESSION specific communication. | _VetBIOS, SAP, Half NetBIOS, RTP, SAP 
Duplex, Simplex, SDP 
paths 
4[ TRANSPORT Error checking NBF PPTP, SCTP, TCP, UDP, 


Determination of data 


3] NETWORK | paths within the network 


NBF, Q.931, IS-IS IP, ICMP 


Data transmission, source, | 802.3 (Ethernet), PPP 
destination, and checksum |802.1 la/b/gin MAC, FDDI 


Voltage levels, signal RS-232, 10Base-T, 
connections, wire, or fiber | 802.1 la/b/g/n Physical 


2) DATA LINK ARP, PPP, PPTP, SLIP 


PHYSICAL 


A layer isa collection of conceptually similar functions that provide services to the layer above it and 
receives service from the layer below it. On each layer an instance provides services to the instances at the 
layer above and requests service from the layer below. For example, a layer that provides error-free 
‘communications across a network provides the path needed by applications above it, while it calls the next 
lower layer to send and receive packets that make up the contents of the path. Conceptually two instances at 
‘one layer are connected by a horizontal protocol connection on that layer. 


Most networks do not use all layers. For example, R: 
layers | and 2. TCP/IP is a protocol, not a network, and uses layers 3 and 4 regardl 
and 2 are a telephone line, wireless connection, or 10Base-T Ethernet cable. 


232 is only a physical layer. Ethernet is only 


sof whether layers 1 


Most of the sections in this division discuss the lowest (physical) layer of communication. There are, 
however, several more areas of general interest which are included in later sections such as Ethernet and 
TCP/IP. These are used in general purpose computers like the desktop PC or lab networks, and are not 
commonly used in aircraft. 


The typical high-speed data busses on avionics/computers do not operate as fast as the CPU clock 
speed, but they are much faster than the interface busses they connect to. There are a number of interface 
busses (physical layer in network model) which are widely used by aircraft, avionics systems and test 
equipment. The most common include the RS-232, the RS-422, the RS-485, the IEEE-488 (GP-IB/HP-IB) 
and the MIL-STD-1553A/B. The MIL-STD-1773 bus is a fiber optic implementation of the 1553 bus and 
may be used in the future when technology requires it to reduce susceptibility to emissions or other reasons. 
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A summary of these more common types follows in Table 3, which includes a brief descriptive 
comparison, while a section covering each in more detail is provided later. 


Table 3. Summary of Physical Bus Characteristics 


Pas Hof Rise Data 
Bus Max Length Stake of | Type | ines®)] Pata Rate |i) Format 
‘erminals 
RS-232C 100 feet max T Serial | 3-20 | 150- 19.200 3- to 8 bit 
50 fi at 20k bps baud per sec serial 
RS-422 1.2 km 107 Serial Ey ‘see figure in |<0.1 Ty] unspecified 
RS-232 
section 
RS-ARS unspecified 32 3 10 MHz __|=0.3 Ty| unspecified 
TEEE-488 20 meters 14 16 | 500 kHz” ®-bit parallel 
(GP-IB/HP-1B) 
HPL, 100 meters 30 Serial [2 | 20k BPS serial 
MIL-STD-1553B | 300 feet 327 3 TMHz | _100- | 20-bit serial 
MIL-STD-1773 NIA 300 ns 


NOTES FROM TABLE: 


(1) Max Number of Terminals does not include the bus controller. 


(2) Including ground/shield 


QT 


ime duration of the unit interval at the applicable data signaling rate (pulse width) 


(4) Length is function of data signaling rate influenced by the tolerable signal distortion, amount of 
longitudinally coupled noise and ground potential difference introduced between the controller and 
terminal circuit grounds as well as by cable balance. See RS-422 section for graph. 


(5) Physical arrangement of multiple receivers involves consideration of stub line lengths, fail-safe networks, 
location of termination resistors, data rate, grounding, ete. 


(6) Rate can go up to 1 MHz if special conventions are followed. 


(7) Max Number of Terminals includes terminal reserved for broadcast commands. 
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BUS TERMINOLOGY 
10BASE-T: Standard “Plain Vanilla” Ethernet based on Unshielded Twisted Pair wire 


10BASE-F: 10Mbps fiber optic Ethernet 


Standard “Fast Ethernet” based on twisted pair copper wire 


A unique designation for the location of data or the identity of an intelligent device; allows each 
device on a single communications line to respond to its own message. 


ASCH (American Standard Code for Information Interchange): Pronounced asky. A sever 
parity code established by ANSI to achieve compatibility between data services. 


plus- 


ASYNCHRONOUS OPERATION: Asynchronous operation is the use of an independent clock source in 
cach terminal for message transmission. Decoding is achieved in receiving terminals using clock information 
derived from the message. 


BAUD: Unit of signaling speed. The speed in baud is the number of discrete events per second. If each 
event represents one bit condition, baud rate equals bits per second (BPS). When each event represents more 
than one bit, baud rate does not equal BPS. 


BIT: Contraction of binary digit: may be either zero or one. A binary digit is equal to one binary decision 
or the designation of one or two possible values of states of anything used to store or convey information. 


BIT RATE: The number of bits transmitted per second. 


BRIDGE: A network bridge connects multiple network segments at the data link layer (layer 2) of the OSI 
model, and the term layer 2 switch is very often used interchangeably with bridge. Bridges are similar to 
repeaters or network hubs, devices that connect network segments at the physical layer; however, with 
bridging, traffic from one network is managed rather than simply rebroadcast to adjacent network segments. 


BROADCAST: Operation of a data bus system such that information transmitted by the bus controller or a 
remote terminal is addressed to more than one of the remote terminals connected to the data bus. 


BUS CONTROLLER: The terminal as 


gned the task of initiating information transfers on the data bus 


BUS MONITOR: The terminal assigned the task of receiving bus traffic and extracting selected information 
to be used ata later time. 


BYTE: A binary element string functioning as a unit, usually shorter than a computer “word.” Eight-bits per 
byte are most common. Also called a “character.” 


COMMAND/RESPONSE: Operation of a data bus system such that remote terminals receive and transmit 
data only when commanded to do so by the bus controller. 


CRC: Cyclic Redundancy Check; a basic error-checking mechanism for link-level data transmissions; a 


characteristic link-level feature of (typically) bit-oriented data communications protocols. The data integrity 
of areceived frame or packet is checked by an algorithm based on the content of the frame and then matched 
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with the result that is performed by a sender and included in a (most often, 16-bit) field appended to the 
frame. 


CROSSOVER CABLE: Cable with transmit/receive pairs reversed so one computer or hub or switch ean 
link directly to another. 


Whenever a data bus or bus is referred to in MIL-STD-1553B, it shall imply all the hardware 
ing twisted shielded pair cables, isolation resistors, transformers, etc., required to provide a single data 
path between the bus controller and all the associated remote terminals. 


DCE (Data Communications Equipment): Devices that provide the functions required to establish, 
maintain, and terminate a data-transmission connection; e.g., a modem, 


DHCP: Dynamic Host Configuration Protocol - permits auto-a: 
devices logging in 


‘ignment of temporary IP addresses for new 


DNS: Domain Name Server - associates names with IP addresses 


DTE (Data Terminal Equipment): Devices act 


ng as data source, data sink, or both. 


DUPLEX: Communication traveling between two nodes in both directions 


DYNAMIC BUS CONTROL: The operation of a data bus system in which designated terminals are offered 
control of the data bus. 


EIA (Electronic Industries Association): A standards organization in the U.S.A. specializing in the 
electrical and functional characteristics of interface equipment. 


FDM (Frequency-Division Multiplexer: A device that divides the available transmission frequency range 
into narrower banks, each of which is used for a separate channel. 


FDX (Full Duplex): Simultaneous, two-way, independent transmission in both directions (4-wire). 
FTP: File Transfer Protocol - the most popular mechanism for bulk movement of files on TCP/IP. 


GATEWAY: Device which links Ethernet to dissimilar networks and transfers data at the application layer 
level. Interface cards link the PC to Ethernet via the PCI, ISA, PCMCIA, PC/104, or other buses. 


GPIB: General Purpose Interface Bus (see section 9-5), 


HALF DUPLEX: Operation of a data transfer system in either direction over a single line, but not in both 
directions on that line simultaneously. 


HANDSHAKING: Exchange of predetermined signals between two devices establishing a connection. 
Usually part of a communications protocol, 


HPIB / HPIL: Hewlett-Packard Interface Bus / Hewlett-Packard Interface Loop 


HUB: The simplest method of redistributing data, are “dumb,” not interpreting or sorting messages that pass 
through them. A hub can be as simple as an electrical buffer with simple noise filtering. It isolates the 
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impedances of multiple spokes in a star topology. Some hubs also have limited store-and-forward capability 
They indiscriminately transmit data to all other devices, which are still on the same collision domain, 
connected to the hubs. They are not assigned MAC addresses or IP addresses. 


IEEE (Institute of Electrical and Electronic Engineers): An international professional society that issues 
its own standards and is a member of ANSI and ISO. 


IP: Internet Protocol portion of TCP/IP. It is a protocol used for commun 
switched network. 


cating data acr 


sa packet- 


IP ADDRESS: Address of a TCP/IP enabled device on an Intranet or Internet — in the form 
SOKO IRIN, where xxx is an integer between 0 and 255, 


LAN: Local Area Network 
MAC: Media Access Control - the physical components which disassemble Ethernet message fames 


MANCHESTER ENCODING: Digital encoding technique (specified for the IEEE 802.3 Ethernet baseband 
network standard) in which each bit period is divided into two complementary halves; a negative-to-positive 
(voltage) transition in the middle of the bit period designates a binary “1,” while a positive-to-negative 
transition represents a “0.” The encoding technique also allows the receiving device to recover the 
transmitted clock from the incoming data stream (self-clocking). 


MESSAGE: A single message is the transmission of a command word, status word, and data words if they 
are specified. For the case of a remote terminal to remote terminal (RT to RT) transmission, the message shall 
include the two command words, the two status words, and data words. 


MODE CODE: A means by which the bus controller can communicate with the multiplex bus related 
hardware, in order to assist in the management of information flow. 


MODEM (Modulator-Demodulator): A device used to convert serial digital data from a transmitting 
terminal to a signal suitable for transmission over a telephone channel, or to reconvert the transmitted signal 
to serial digital data for acceptance by a receiving terminal. 


MULTIPLEXOR (also Multiplexer): A device used for division of a transmission into two or more 
subchannels, either by splitting the frequency band into narrower bands (frequency division) or by allotting a 
common channel to several different transmitting devices one at a time (time division). 
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NETWORK: An interconnected group of nodes; a series of points, nodes, or stations connected by 
communications channels; the assembly of equipment through which connections are made between data 
stations 


Bus Ring Star 


NODE: A point of interconnection to a network, Normally, a point at which a number of terminals or tail 
circuits attach to the network. 


PARALLEL TRANSMISSION: Transmission mode that sends a number of bits simultaneously over 
separate lines (e.g., eight bits over eight lines) to a printer. Usually unidirectional. 


PHASE MODULATION: One of three ways of modifying a sine wave signal to make it “carry” 
information, ‘The sine wave or “carrier” has its phase changed in accordance with the information to be 
transmitted, 


PING: Packet Inter Net Groper - very usefiul utility which probes for the existence of a TCP/IP host 
POLLING: A means of controlling devices on a multipoint line 


PORT: A number in TCP/IP to which services are assigned; e.g. FTP is port 21; SMTP is port 25; HTTP is 
port 80. 


PROTOCOL: A formal set of conventions governing the formatting and relative timing of message 
exchange between two communicating systems, 


PULSE CODE MODULATION (PCM): The form of modulation in which the modulation signal is 
sampled, quantized, and coded so that each element of information consists of different types or numbers of 
pulses and spaces. 

REMOTE TERMINAL (RT): All terminals not operating as the bus controller or as a bus monitor. 
REPEATER: Buffer which cleans up, strengthens and re-transmits a signal 


ROUTE 


: Repeater which selectively re-distributes messages based on IP address 


SERIAL TRANSMISSION: The most common transmission mode; in serial, information bits are sent 
sequentially on a single data channel. 


SNMP: Simple Network Management Protocol; allows monitoring and management of a network. 
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SOCKET: Specific instance of an IP address and Port number that represents a single connection between 
two applications. 


STAR TOPOLOGY: Topology which allows only one device at each end of a wire and requires repeaters 
for more than two devices. 


STUBBING: Stubbing is the method wherein a separate line is connected between the primary data bus line 
anda terminal. The direct connection of stub line causes a mismatch which appears on the waveforms. This 
mismatch can be reduced by filtering at the receiver and by using bi-phase modulation. Stubs are often 
employed not only as a convenience in bus layout but as a means of coupling a unit to the line in such a 
manner that a fault on the stub or terminal will not greatly affect the transmission line operation, In this case, 
a network is employed in the stub line to provide isolation from the fault. These networks are also used for 
stubs that are of such length that the mismatch and reflection degrades bus operation. The preferred method 
of stubbing is to use transformer coupled stubs, The method provides the benefits of DC isolation, increased 
common mode protection, a doubling of effective stub impedance, and fault isolation for the entire stub and 
terminal. Direct coupled stubs should be avoided if at all possible. Direct coupled stubs provide no DC 
isolation or common mode rejection for the terminal external to its subsystem. Further, any shorting fault 
between the subsystems” internal isolation resistors (usually on the circuit board) and the main bus junction 
will cause failure of that entire bus. It can be expected that when the direct stub length exceeds 1.6 feet, that it 
will begin to distort the main bus waveforms, Note that this length includes the cable runs intemal to a given 
subsystem. 


SUBSYSTEM: The device or functional unit receiving data transfer service from the data bus. 
SWITCH: Repeater which selectively re-distributes messages based on hardware MAC address 


SYNCHRONOUS TRANSMISSION: Transmission in which data bits are sent at a fixed rate, with the 
transmitter and receiver synchronized. Synchronized transmission eliminates the need for start and stop bits. 


TCP: Transmission Control Protocol - mechanism in TCP/IP that ensures that data arrives intact and in 
correct order 


TELNET: Standard interface through which a client may access a host as though it were local 


TERMINAL: The electronic module necessary to interface the data bus with the subsystem and the 
subsystem with the data bus. Terminals may exist as separate units or be contained within the elements of the 
subsystem. 


TIME DIVISION MULTIPLEXING (TDM): The transmission of information from several signal sources 
through one communication system with different signal samples staggered in time to form a composite pulse 
train 


UDP: User Datagram Protocol - lower overhead alternative to TCP protocol which does not guarantee 
message delivery 


WORD: A set of bits or bytes comprising the smallest unit of addressable memory. In MIL-STD-1553B, a 
word is a sequence of 16 bits plus syne and parity. 
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RS-232 INTERFACE 
INTRODUCTION 


The RS-232 interface is the Electronic Industries Association (EIA) standard for the interchange of 
serial binary data between two devices. It was initially developed by the EIA to standardize the connection of 
computers with telephone line modems. The standard allows as many as 20 signals to be defined, but gives 
complete freedom to the user. Three wires are sufficient: send data, receive data, and signal ground. The 
remaining lines can be hardwired on or off permanently, The signal transmission is bipolar, requiring two 
voltages, from 5 to 25 volts, of opposite polarity. 


COMMUNICATION 8’ 


‘ANDARDS 


The industry custom is to use an asynchronous word consisting of a start bit, seven or eight data bits, 
an optional parity bit and one or two stop bits. The baud rate at which the word sent is device-dependent. 
‘The baud rate is usually 150 times an integer power of 2, ranging from 0 to 7 (150, 300, 600, ...., 19,200). 
Below 150 baud, many system-unique rates are used. The standard RS-232-C connector has 25 pins, 21 pins 
which are used in the complete standard. Many of the modem signals are not needed when a computer 
terminal is connected directly to a computer, and Figure | illustrates how some of the “spare” pins should be 
linked if not needed. Figure 1 also illustrates the pin numbering used in the original DB-25 connector and 
that now commonly used with a DB-9 connector normally used in modern computers 


Specifying compliance to RS-232 only establishes that the signal levels in two devices will be 
compatible and that if both devices use the suggested connector, they may be able to be connected. 
Compliance to RS-232 does not imply that the devices will be able to communicate or even acknowledge 
each other's presence. 


RS-232 Interface 
Ground 

Transmit data Transmit data 

Rewedse  @ ><, Reece 
« Signal Ground 
: Request to send ° Request to send z 
= Clear to-send lear to send Fe 
Ss Carrier datact Carrier detest - 

Data set ready Data sat ready 

Ring indbator Ring indbator 

Data terminal ready Data terminal ready 


Figure 1, Direct-to-Computer RS-232 Interface. 


Table I shows the signal names, and functions of the RS-232 serial port pinout. Table 2 shows a 
complete pin description. 


Table 1. RS. 


32 Serial Port Pinout. 


Name Pin — Signal Name 


Function 


AA 1 PG This line is connected to the chassis ground of the GPIB-232CV. Since the 
Protective GPIB-232CV chassis ground is not connected to earth ground, pin 1 
Ground should be connected on both serial devices. 
BA TxD This line carries serial data from the GPIB-232CV to the serial host. 
‘Transmit Data 
BB 3 RxD This line carries serial data from the serial host to the GPIB-232CV. 
Receive Data 
CA 4 RTS This signal line is driven by the GPIB-232CV and when asserted indicates 
Request to Send _ that the GPIB-232CV is ready to accept serial data. The GPIB-232CV un- 
asserts RTS when it is no longer ready to accept serial data because of a 
buffer full condition 
cB) 5S «CTS This signal line is asserted by the serial host and sensed by the GPIB- 
Clear to Send 232CV. When asserted, it indicates that the serial host is ready to accept 
serial data. When unasserted, it indicates that data transmission should be 
disabled 
AB 7 SG This line establishes a reference point for all interface voltages. 
Signal Ground 
CD 20 DIR This signal line is asserted by the GPIB-232CV to signal that it has been 
Data Terminal powered on, and is ready to operate 
Ready 


Table 2. RS-232C Interface Signals 
Pin Description Pin Description Pin Description 
1__ Protective Ground 10 (Reserved for Data Set Testing) 19 Secondary Request to Send 
2 Transmitted Data TI_Unassigned 20 Data Terminal Ready 
3__ Received Data 12_Sec. Rec'd, Line Sig. Detector 21 Signal Quality Detector 
4 Request to Send 13_Sec. Clear to Send 22_Ring Indicator 
3 Clear to Send 14 Secondary Transmitted Data 23 Data Signal Rate Selector 
(DTE/DCE Source) 
6 Data Set Ready 15. Transmission Signal Element 24 Transmit Signal Element 
‘Timing (DCE Source) ‘Timing (DTE Source) 

7 Signal Ground 16 Secondary Received Data 25° Unassigned 

(Common Return) 
8 Received Line Signal [17 Receiver Signal Element Timing 

Detector (DCE Source) 
‘9 (Reserved for Data Set | 18 Unassigned 

Testing) 
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Electrical Characteristi 


ignal is used on all interchange 


circuits. 


‘The RS-232-C specifies the signaling rate between the DTE and DCE, and a digital 


The RS-232 standard specifies that logic “1” is to be sent as a 


voltage in the range -15 to -5 V and that logic “0” is to sent as a voltage in the range +5 to +15 V. The 
standard specifies that voltages of at least 3 V in amplitude will always be recognized correctly at the receiver 
according to their polarity, so that appreciable attenuation along the line can be tolerated. The transfer rate is 
rated > 20 kbps and a distance of < 15 m. Greater distance and data rates are possible with good design, but it 
is reasonable to assume that these limits apply in practice as well as in theory. The load impedance of the 
terminator side of the interface must be between 3000 and 7000 ohms, and not more than 2500 pF. 


Table 3, summarizes the functional spec 


ications of the most important circuits 


Table 3. RS-232-C Circuit Definitions. 
Direction 
Name = Function 
Data Signals 
Transmitted Data (BA) DCE {Data generated by DTE 
Received Data (BB) DTE [Data Received by DTE 
Timing signals 
Transmitter Signal Element Timing (DA) | DCE nal, transitions to ON and OFF occur at center of each signal element 
Transmitter Signal Element Timing (DB) | TE nal, as above; both leads relate to signals on BA 
leeceiver Signal Element Timing (DD) —_|_DTE_ [Clocking signal, as above, for circuit BB 
Control Signals 
lequest to Send (CA) DCE |DTE wishes to transmit 
clear to Send (CB) DTE | DCE is ready to transmit; response to request to send 
[Data Set Ready (CC) DTE  |DCE is ready to operate 
[Data Terminal Ready (CD) DCE _DTE is ready to operate 
Ring indicator (CE) DTE Indicates that DCE is receiving a ringing signal on the communication channel 
carrier Detect (CE) DTE _|lndicates that DCE is receiving a carrier signal 
signal Quality Detector (CG) DTE _|Asserted when there is reason to believe there is an error inthe received data 
gnal Rate Selector (CH) DCE [Asserted to select the higher of two possible data rates 
gnal Rate Selector (CD DTE _[Asserted to select the higher of two possible data rates 
Ground 
protective Ground (AA) NA _ Attached to machine frame and possibly external grounds 
signal Ground (AB) NA _ [Establishes common ground reference for all circuits 


Range: The RS-232-C standard specifies that the maximum length of cable between the transmitter and 
receiver should not exceed 100 feet. Although in practice many systems are used in which the distance 


between transmitter and receiver exceeds this rather low figure. The limited range of the RS-232C standard is 
one of its major shortcomings compared with other standards which offer greater ranges within their 


specifications 


‘One reason why the range of the Ri 


232C standard is limited is the need to charge and 


discharge the capacitance of the cable connecting the transmitter and receiver. 


Mechanical Characteristics: 
arrangement of wires 


The connector for the RS-232-C is a 25 pin connector with a specific 
In theory, a 25 wire cable could be used to connect the Data Terminal Equipment 


(DTE) to the Data Communication Equipment (DCE). The DTE is a device that is acting as a data source, 
data sink, or both, e.g. a terminal, peripheral, or computer. The DCE is a device that provides the functions 
required to establish, maintain, and terminate a data-transmission connecting, as well as the signal conversion, 
and coding required for communication between data terminal equipment and data circuit; e.g. a modem. 
Table 4, shows the complete summary of the RS-232-C, e.g., descriptor, sponsor, data format, ete. 
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Table 4. 


Data Format 


5- to 8- bit serial 


Transfer Type | Asynchronous 

Error Optional Parity Bit 

Handling 

Connector 25-pin female connector on DCE; 25-pin male connector on DTE 

Length 20 meters 

Speed 20 kb/s 

Remarks S-232 is used in the microcomputer world for communications between two DTEs. 


The null-modem is included into one or both connecting devices, and/or cable and is 
seldom documented. As a result, establishing an RS-232 connection between two 
DTEs is frequently a difficult task 
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RS-422 BALANCED VOLTAGE INTERFACE 


Specifying compliance to RS-422 only establishes that the signal between the specified devices will 
be compatible. It does not indicate that the signal functions or operations between the two devices are 
compatible, The RS-422 standard only defines the characteristic requirements for the balanced line drivers 
and receivers. It does not specify one specific connector, signal names, or operations. RS-422 interfaces are 
typically used when the data rate or distance criteria cannot be met with RS-232. The RS-422 standard allows 
for operation of up to 10 receivers from a single transmitter. The standard does not define operations of 
multiple tri-stated transmitters on a link. 


‘The RS-422-A interfaces between the Data Terminal Equipment (DTE) and Data Communication 
Equipment (DCE) or in any point-to-point interconnection of signals between digital equipment. It employs 
the electrical characteristics of balanced-voltage digital interface circuits. 


The balanced voltage digital interface circuit will normally be utilized on data, timing, or control 
circuits where the data signaling rate is up to 10 Mbit/s. While the balanced interface is intended for use at 
the higher data signaling rate, it may ( in preference to the unbalanced interface circuit ) generally be required 
if any of the following conditions prevail: 


* The interconnecting cable is too long for effective unbalanced operation, 


* The interconnecting cable is exposed to an extraneous noise source that may cause an unwanted 
voltage in excess of + 1 volt measured differentially between the signal conductor and circuit 
common at the load end of the cable with a 50 ohm resistor substituted for the generator. 


* Itis necessary to minimize interference with other signals 


# Inversion of signals may be required, ic. plus to minus MARK may be obtained by inverting the 
cable pair 


Applications of the balanced voltage digital interface circuit are shown in Figure 1 
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Figure 1. Application of a RS-422 Circuit. 
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While a restriction on maximum cable length is not specified, guidelines are given later with respect 
to conservative operating distances as function of data signaling rate. 


For a binary system in which the RS-422-A is designed, the data signaling rate in bit/s and the 
modulation in bauds are numerically equal when the unit interval used in each determination is the minimum 
interval 


Electrical Characteristics: 


‘The balanced voltage digital interface circuit consists of three parts: the generator (G), the balanced 
interconnecting cable, and the load. The load is comprised of one or more receivers (R) and an optional cable 
termination resistance (RT). The balanced voltage interface circuit is shown in Figure 2. 


Environmental Constraints: 


Balanced voltage digital interface conforming to this standard will perform satisfactorily at data 
signaling rates up to 10 Mbit/s providing that the following operational constraints are satisfied: 


«The interconnecting cable length is within that recommended for the applicable data signaling 
rate (see Figure 3) and the cable is appropriately terminated. 

«The common mode voltage at the receiver is less than 7 volts (peak). The common mode voltage 

is defined to be any uncompensated combination of generator-receiver ground potential 

difference, the generator offset voltage (Vos), and longitudinally coupled peak noise voltage 

measured between the received circuit ground and cable within the generator ends of the cable 

short-cireuited to ground. 
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Fi = Optional Cable Termination Resistance 
Vo = Ground Potentia| Difference 

A,B. = Generator Interface Ponts 

Ay, B= Load Interface Points 
© = Generator Ciroult Grourd 
Cr = Load Circuit Ground 


Note: The physical connections of multiple receiver is not defined 


Figure 2, Balanced Digital Interface Circuit, 


Interconnecting Cable Guidelines: 


The maximum permissible length of cable separating the generator and the load is a function of data 
ignaling rate and is influenced by the tolerable signal distortion, the amount of coupled noise and ground 
potential difference introduced between the generator and load circuit as well as by cable balance. The curve 
of cable length versus signaling rate is given in Figure 3. This curve is based upon using 24 AWG copper, 
twisted-pair cable with a capacitance of 52.5 pE/meter terminated in a 100 ohm load. As data signaling rate is 
reduced below 90 kbit/s, the cable length has been limited at 1200 meters by the assumed maximum allowable 
6 dBV signal loss. 


Industry customs are not nearly as well established for RS-422 interfaces as they are for RS-232. The 
standard specifies use of the 37-pin “D”; the 9-pin “D” is specified for use with the secondary channel. Most 
data communications equipment uses the 37-pin “D”; many computer applications use a 9-pin “D” only 
Some equipment applications use the 25-pin “D” defined for RS-232 


Compatibility With Other Interfaces 


Since the basic differential receivers of RS-423-A and RS-422-A are electrically identical, it is 
possible to interconnect an equipment using RS-423-A receivers and generators on one side of the interface 
with an equipment using RS-422-A generators and receivers on the other side of the interface, if the leads of 
the receivers and generators are properly configured to accommodate such an arrangement and the cable is not 
terminated. 


This circuit is not intended for interoperation with other interface electrical circuits such as RS-232-C, 
MIL-STD-I88C, or CCITT (Comite Consultatif Internationale Telegraphique et Telephonique), 
recommendations V.28 and V.35. Under certain conditions, the above interfaces may be possible but may 
require modification of the interface or equipment; therefore satisfactory operation is not assured and 
additional provisions not specified herein may be required. 
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Figure 3. Data Signaling Rate vs. Cable Length. 
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RS-485 INTERFACE 


STANDARD FOR ELECTRICAL CHARACTERISTICS OF GENERATORS AND RECEIVERS FOR 
USE IN BALANCED DIGITAL MULTIPOINT SYSTEMS, 


Introduction: The RS-485 is the recommend standard by the Electronic Industries Association (EIA) that 
specifies the electrical characteristics of generators and receivers that may be employed for the interchange of 
binary signals in multipoint interconnection of digital equipments, When implemented within the guidelines, 
multiple generators and receivers may be attached to a common interconnecting cable. An interchange 
system includes one or more generators connected by a balanced interconnecting cable to one or more 
receivers and terminating resistors. 


Electrical Characteristics: 

The electrical 
characteristics that are] | P'- ~~}, |---~-~-~-~ 
specified are measured at 
an interconnect point 
supplied by the devices 
manufacturer. Figure 1 
shows an interconnection al 


GRD pallnced 
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application of generators FT ence 
and receivers having the LEGEND: Thies Standard 
electrical parameters G =Generstor 
specified. The elements in veehsr 
fhe application aret amination Generar / acest 

lh of sub the guide ne assumes lena of stub tobe weil zeta 
generators, receivers, 


Termination resistance; location and value ar2 not spacted in this 
transmission cables, and slaydatd, but a gonsrator can dies 32 unloads pus two toi ation 


termination resistances eeerenes of Tev-ahnig eh 
(Rt), The loads on the 
system caused by each 
receiver and passive generator shall be defined in terms of unit loads. Each generator can drive up to 32 unit 
loads consisting of both receivers and generators in the passive state. The loading caused by receivers and 
passive generators on the interconnect must be considered in defining the device electrical characteristics, 
Two areas are of concern: the DC load and the AC load characteristics. The DC load is defined as a number 
or fractions of “unit loads.” The AC loading is not standardized but must be considered in the design of a 
system using the devices meeting this standard. 


Figure 1, Multipoint Interconnect Application. 


General System Configuration: The generators and receivers conforming to the RS-485 standard can operate 
‘with a common mode voltage between -7 volts and +7 volts (instantaneous). The common mode voltage is 
defined to be any uncompensated combination of generator-receiver ground potential difference and 
longitudinally coupled peak noise voltage measured between the receiver circuit ground and cable with the 
generator ends of the cable short circuited to ground, plus the generator offset voltage (Vos) 


Grounding Arrangements: Proper operation of the generator and receiver circuits requires the presence of a 
signal return path between the circuit grounds of the equipment at each end of the interconnection. The 
grounding arrangements are shown in Figure 2. Where the circuit reference is provided by a third conductor, 
the connection between circuit common and the third conductor must contain some resistance (e.g., 
100 ohms) to limit circulating currents when other ground connections are provided for safety. Some 
applications may require the use of shielded interconnecting cable for EMI or other purposes. The shield 
shall be connected to frame ground at either or both ends, depending on the application 
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Figure 2. Grounding Arrangements. 
Similarity with RS-422-A: 

Incertain instances, it may be possible to produce generators and receivers that meet the requirements 
of both RS-422-A and of RS-485. Table 1 depicts the differences in parameter specifications which exist 


between the two documents. 


Table 1. Comparison of RS-422-A and RS-485 Characteristics. 


Characteristic RS-422-A, RS-485, 
Min. output voltage | 2V into 100 ohm 5 V into 54 ohms 
> 12 open circuit V 
Taya t0 ground 150 mA maximum 
Tyga to -7, +12 volts 250 mA peak 
the time <0.1t , 100 ohm load =0.3 ty, 54 ohm, 50 pF load 


Where t, = time duration of the unit 


interval at the applicable data signaling rate (pulse width). 
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IEEE-488 INTERFACE BUS (HP-IB/GP-IB) 


Inthe early 1970’s, Hewlett-Packard came out with a standard bus (HP-IB) to help support their own 
laboratory measurement equipment product lines, which later was adopted by the IEEE in 1975. This is 
known as the IEEE Std. 488-1975. The IEEE-488 Interface Bus (HP-IB) or general purpose interface bus 
(GP-1B) was developed to provide a means for various instruments and devices to communicate with each 
other under the direction of one or more master controllers. The HP-IB was originally intended to support a 
‘wide range of instruments and devices, from the very fast to the very slow. 


DESCRIPTION 


‘The HP-IB specification permits up to 15 devices to be connected together in any given setup, 
including the controller if it is part of the system. A device may be capable of any other three types of 
functions: controller, listener, or talker, A device on the bus may have only one of the three functions active 
ata given time. A controller directs which devices will be talkers and listeners. The bus will allow multiple 
controllers, but only one may be active at a given time. Each device on the bus should have a unique address 
in the range of 0-30. The maximum length of the bus network is limited to 20 meters total transmission path 
length. It is recommended that the bus be loaded with at least one instrument or device every 2 meter length 
of cable (4 meters is maximum). The use of GP-IB extenders may be used to exceed the maximum permitted 
length of 20 meters, 


ELECTRICAL INTERFACE 


The GP-IB is a bus to which many similar modules can be directly connected, as is shown in 
Figure 1. A total of 16 wires are shown in the figure - eight data lines and eight control lines. The bus cables 
actually have 24 wires, providing eight additional for shielding and grounds. 


8 - wire data bus E 


indie 


Ready for data : 
: 


| Servette request | 
| intertace clear 
[remote enatie _] 


Figure 1. IEEE-488 (HP-IB / GP-IB) Bus Configuration, 


The GP-IB defines operation of a three-wire handshake that is used for all data transfers on the bus. 
‘The bus operation is asynchronous in nature. The data-transfer rate of the GP-IB is 500 kHz for standard 
applications and can go up 1 MHz if special conventions are followed. Each transaction carries 8 bits, the 
maximum data bandwidth is on the order of 4 to 8 megabits (1 M byte) per second. The bus is a two way 
communications channel and data flows in both directions. Figure 2 illustrates the structure of the GP-IB bus 
and identifies the 16 connections of the interconnecting cable. 
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Figure 2. GP-IB Instrumentation Bus Structure 


‘The cabling limitations make it a less-than-ideal choice for large separation between devices. These 
imitations can be overcome with bus extenders. Those attempting to use bus extenders should be aware that 
few extenders are as transparent as claimed. This is especially true in handling of continuous data and 
interrupts. In nonextended environments, it provides an excellent means for high-speed computer control of 
multiple devices. 


The following table shows the various interface functions, the mnemonics and the descriptions, 


Table 1. GP-IB Interface Functions. 


Interface Function [Mnemonic Description 
Talker (extended talker) | _T (TE) © must be able to transmit 
Listener (Extended TE) e must receive commands and data 
listener) 
[Source Handshake SH = must properly transfer a multiline message 
[Acceptor Handshake ‘AH __ [Device must properly receive remote multiline messages 
[Remote/Local RL___ | Device must be able fo operate from front panel and remote information from bus 
Service Request ‘SR___ [Device can asynchronously request service from the controller 
Parallel Poll PP [Upon controller request, device must uniquely identify iself i it requires service 
Device Clear DC__ [Device can be initialized to a predetermined state 
Device Trigger DT__|A device function can be initiated by the talker on the bus 
[Controtier C___ [Device can send addresses, universal commands, address commands, and conduct 
polls 
Drivers E___| This code describes the type of electrical drivers in a device 


tions of the GP-IB interface system permit interconnecting all devices together 
-pin ribbon-type connector. 


The cabling speci 
ina star or linear configuration. The GP-IB connector is a 2 


In summary, Table 2 on this page and the next shows the complete description of the GP-IB data bus. 


Table 2. GP-IB Data Bus Description. 


IEEE-488, GP-IB, HP-IB, or IEC-625, 


Descriptor | 8-bit parallel, Arbitration | Token passing: the] Connector | 24-pin Amphenol 
‘monodirectional, multi- controller addresses Female connector on 
‘master (token passing) the next controller equipment chassis. 
One controller, one SRQ Service request DIOL 1m@ -m 13 DIOS 
talker, several listeners ‘hen the controller DIo6 
assigns modes DIO? 
Sponsor | Hewlett-Packard Enor Parity bit D107 when pa 
handing | 7-bit ACSI characters REN 


Gnd 


Standard [IEEE 488, IEC 625 Bus length | 15m NRED7 Gnd 

Address | 31 devices Driver Special 24 mA drivers NDAO 8, Gnd 

space Icom Gnd 
SRQ 10m Gnd 

Data format | 8-bit parallel Speed T MByteis| ATN I Gnd 
Shld 2 m_m24 Gnd 

Transfer | Write only, talker toward 

type listener(s) or commander Remarks | The 488 is most commonly 


used for data acquisition of. 


toward all others 
HP peripherals. 


Timing | Handshaken 3-wire References | IEEE Computer 
broadcast transfer Society Programmable interfaces 
DAV. data valid and drivers exist and 
NDAC Not data accepted simplify the development of 
NRED Not ready for microprocessor interfaces. 
data 


HP-IL VARIATION 


Since introduction of the IEEE-488, technology produced a generation of medium-speed, low-power, 
nstrumentation which had a need to operate in an automatic test system such as the GP-IB. The HP-IL 
(Hewlett-Packard Interface Loop), was introduced to meet this need. The HP-IL is a low-cost, low-power 
alternative to the GP-IB system. The HP-IL and GP-IB provide the same basic functions in interfacing 
controllers, instruments, and peripherals, but they differ in many other respects. HP-IL is suitable for use in 
low-power, portable applications (typically used for interface of battery-power systems). The GP-IB is not 
practical to operate from battery power. The HP-IL maximum data rate is 20K bytes per second. This is a 
high rate compared to the RS-232C, but much slower than GP-IB. The HP-IL can operate over distances of 
up to 100 meters between any two devices. Since it is a loop environment, there is no maximum system cable 
restriction. The basic device-addressing scheme allows for up to 30 devices on a loop. 
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MIL-STD-1553 & 1773 DATA BUS 
PURPOSE 


In recent years, the use of digital techniques in aircraft equipment has greatly increased, as have the 
number of avionics subsystems and the volume of data processed by them, 


Because analog point-to-point wire bundles are inefficient and cumbersome means of interconnecting 
the sensors, computers, actuators, indicators, and other equipment onboard the modem military vehicle, a 
serial digital multiplex data bus was developed. MIL-STD-1553 defines all aspects of the bus, therefore, 
many groups working with the military tri-services have chosen to adopt it 


The 1553 multiplex data bus provides integrated, centralized system control and a standard interface 
for all equipment connected to the bus. The bus concept provides a means by which all bus traffic is available 
to be accessed with a single connection for testing and interfacing with the system. ‘The standard defines 
operation of a serial data bus that interconnects multiple devices via a twisted, shielded pair of wires. The 
system implements a command-response format. 


MIL-STD-1553, “Aircraft Internal Time-Division Command/Response Multiplex Data Bus,” has 
been in use since 1973 and is widely applied. MIL-STD-1553 is referred to as “1553” with the appropriate 
revision letter (A or B) as a suffix. The basic difference between the 1553A and the 1553B is that in the 
1553B, the options are defined rather than being left for the user to define as required. It was found that when 
the standard did not define an item, there was no coordination in its use. Hardware and software had to be 
redesigned for each new application. The primary goal of the 1553B was to provide flexibility without 
creating new designs for each new user. This was accomplished by specifying the electrical interfaces 
explicitly so that compatibility between designs by different manufacturers could be electrically 
interchangeable. 


The Department of Defense chose multiplexing because of the following advantages: 


Weight reduction 
Simplicity 
Standardization 
© Flexibility 
Some 1553 applications utilize more than one data bus on a vehicle. This is often done, for example, 
to isolate a Stores bus from a Communications bus or to construct a bus system capable of interconnecting 


more terminals than a single bus could accommodate. When multiple buses are used, some terminals may 
connect to both buses, allowing for communication between them. 


MULTIPLEXING 


Multiplexing facilitates the transmission of information along the data flow. It permits the 
transmission of several signal sources through one communications system. 
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BUS 


The bus is made up of twisted-shielded pairs of wires to maintain message integrity. MIL-STD-1553 
specifies that all devices in the system will connect to a redundant pair of buses. This provides a second path 
for bus traffic should one of the buses be damaged. Signals are only allowed to appear on one of the two 
buses at atime, Ifa message cannot be completed on one bus, the bus controller may switch to the other bus. 

In some applications more than one 1553 bus may be implemented on a given vehicle. Some terminals on 
the bus may actually connect to both buses 


BUS COMPONENTS 


There are only three functional modes of terminals allowed on the data bus: the bus controller, the 
‘bus monitor, and the remote terminal, Devices may be capable of more than one function. Figure | illustrates 
a typical bus configuration. 


Bus Remote Remote 


Terminal 
RT 


Controller Terminal 
Bc 


Shielded Two-wire CableBus 


Figure 1, 1553 Bus Structure, 


* Bus Controller - The bus controller (BC) is the terminal that initiates information transfers on the 
data bus. It sends commands to the remote terminals which reply with a response, The bus will 
support multiple controllers, but only one may be active ata time. Other requirements, according 
to 1553, are: (1) it is “the key part of the data bus system,” and (2) “the sole control of 
information transmission on the bus shall reside with the bus controller.” 


* Bus Monitor - 1553 defines the bus monitor as “the terminal assigned the task of receiving bus 
traffic and extracting selected information to be used ata later time.” Bus monitors are frequently 
used for instrumentation. 

# Remote Terminal - Any terminal not operating in either the bus controller or bus monitor mode is 
operating in the remote terminal (RT) mode, Remote terminals are the largest group of bus 
components, 


MODULATION 


The signal is transferred over the data bus using serial digital pulse code modulation, 
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DATA ENCODING 
‘The type of data encoding used by 1553 is Manchester II biphase. 
* A logic one (1) is transmitted as a bipolar coded signal 1/0 (in other words, a positive pulse 


followed by a negative pulse). 
* A logic zero (0) is a bipolar coded signal 0/1 (i.e., a negative pulse followed by a positive pulse). 


{<—»! One Bit Time 


NRZ (+) 
Data oT 1 ZZ 


Manchester) 7 | og | 4 1 0 Q 0 
Bi-Phase Level (0) ' : 
() i l J l 


Figure 2, Data Encoding, 


A transition through zero occurs at the midpoint of each bit, whether the rate is a logic one or a logic 
zero. Figure 2 compares a commonly used Non Return to Zero (NRZ) code with the Manchester II biphase 
level code, in conjunction with a 1 MHz clock 


BIT TRANSMISSION RATE 


‘The bit transmission rate on the bus is 1.0 megabit per second with a combined accuracy and long- 
term stability of +/-0.1%. The short-term stability is less than 0.01% 


There are 20 1.0-microsecond bit times allocated for each word. All words include a 3 bit-time syne 
pattern, a 16-bit data field that is specified differently for each word type, and 1 parity check bit. 


WORD FORMATS 


Bus traffic or communications travels along the bus in words. A word in MIL-STD-1553 is a 
sequence of 20 bit times consisting of a 3 bit-time syne wave form, 16 bits of data, and 1 parity check bit. 
This is the word as it is transmitted on the bus; 1553 terminals add the syne and parity before transmission 
and remove them during reception. Therefore, the nominal word size is 16 bits, with the most significant bit 
(MSB) first. 


There are three types of words: command, status, and data, A packet is defined to have no inter- 
message gaps. The time between the last word of a controller message and the return of the terminal status 
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byte is 4-12 microseconds. The time between status byte and the next controller message is undefined. 
Figure 3 illustrates these three formats. 


aittimes [1] 2]3 [4]5]@ [7 [a [9 [to [it [12 [13 ta [15 [16 [17 [18 [19 [20 
Command 
word 5 1 5 5 1 
| syne | Remote Terminal Subaddresaode | DataWord Gout) | P | 
H i Address | Made Code aga 
Data 
Word | 16 1 
rare | oa PF 
sials +l 8 ififa] 2 iifijififa 
| sy | Remoteteminal [5 § Bo Reseed g FB 8 RE 
H H Address: ig BS Pen Fis 
Sa gg See. 
58 B 8see 
TR - TransmiReceive gee se ogee & 
Po Parity *F8 ge ae" 
a5 a8 
a8 
Figure 3. 1553 Word Formats. 
COMMAND WORD 


Command words are transmitted only by the bus controller and always consist of: 


‘© 3bit-time syne pattern 
© Sbit RT address field 

I Transmit/Receive (T/R) field 

* Sbit subaddress/mode field 

* Sbit word count/mode code field 
| parity check bit. 


DATA WORD 


Data words are transmitted either by the BC or by the RT in response toa BC request. The standard 
allows a maximum of 32 data words to be sent in a packet with a command word before a status response 
must be returned, Data words always consist of: 


‘© 3 bit-time sync pattern (opposite in polarity from command and status words) 
© 16 bit data field 
© I parity check bit 
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STATUS WORD 


Status words are transmitted by the RT in response to command messages from the BC and consist 
of: 


3 bit-time sync pattern (same as for a command word) 
5 bit address of the responding RT 

11 bit status field 

1 parity check bit. 


‘The 11 bits in the status fi 


Id are used to notify the BC of the operating condition of the RT and subsystem. 


INFORMATION TRANS 


FERS 

Three basic types of information transfers are defined by 1553 
+ Bus Controller to Remote Terminal transfers 
* Remote Terminal to Bus Controller transfers 


© Remote Terminal to Remote Terminal transfers 


‘These transfers are related to the data flow and are referred to as messages. The basic formats of 
these messages are shown in Figure 4. 


From Controller From RT Next Sequence 
Controller 
Recene | Data | Data Data Status Command 
toRT ~ # ‘ol 
eer | Command | word | Wore Word Word Word 
rom Controller rom Next Sequence 
Rtte From Control From RT 
Controller [Transmit], Status | Data | Data Data Command 
Transfer | Command Word | ward | Word won | # | “Word 
From From 
From Controller Transmiting RT Receiving RT 
RMORT ( Recewe | transmt | ,, [Status ] Data | Data Data ],, [Status 
Transfer } Command | Commancl Word | Word | Word Word word |# 
RT = Remote Terminal * = End of transmission from that unit # = Endofoverall sequence 


Figure 4, 1553 Data Message Formats. 


‘The normal command/response operation involves the transmission of a command from the BC toa 
selected RT address. The RT either accepts or transmits data depending on the type (receive/transmit) of 
command issued by the BC. A status word is transmitted by the RT in response to the BC command if the 
transmission is received without error and is not illegal. 
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Figure 5 illustrates the 1553B Bus Architecture in a typical aircraft 


Rercies Fire Control Bus Contral nea Penney 
Panel sone Discrete Unit Unit 
Stores Fire Control Cental Air Radar Target 

Management Radar Dala Computer Display Ident ation 


Figure 5. Typical Bus Architecture. 


MIL-STD-1773 


MIL-STD-1773 contains the requirements for utilizing a fiber optic “cabling” s 
transmission medium for the MIL-STD-1553B bus protocol. As such, the standard repeats MIL-STD-1553 
nearly word-for-word. The standard does not specify power levels, noise levels, spectral characteristics, 
optical wavelength, electrical/optical isolation or means of distributing optical power. These must be 
contained in separate specifications for each intended use 


Data encoding and word format are identical to MIL-STD-1553, with the exception that pulses are 
defined as transitions between 0 (off) and | (on) rather than between + and - voltage transitions since light 
cannot have a negative value. 


Since the standard applies to cabling only, the bus operates at the same speed as it would utilizing 
wire. Additionally, data error rate requirements are unchanged. 


Different environmental considerations must be given to fiber optic systems. Altitude, humidity, 
temperature, and age affects fiber optics differently than wire conductors. Power is divided evenly at 
junctions which branch and connectors have losses just as wire connectors do. 


9-6.6 


ETHERNET 
HISTORY 


Ethernet was originally developed by Digital, Intel, and Xerox (DIX) in the early 1970's at the Xerox 
Palo Alto Research Center (PARC). The two primary inventors were Robert Metcalf and David Boggs. 


IEEE Project 802 was set up in February 1980 to provide standards for Local Area Network (LAN) 
and Metropolitan Area Network (MAN) Architecture. The following committees were established: 


‘© IEEE 802.1: Standards related to network management. 


‘* IEEE 802.2: General standard for the data link layer in the OSI Reference Model. The IEEE divides 
this layer into two sub-layers -- the logical link control (LLC) layer and the media access control 
(MAC) layer. The MAC layer varies for different network types and is defined by standards IEEE 
802.3 through IEEE 802.5. 


* IEEE 802.3: Defines the MAC layer for bus networks that use CSMA/CD. Thi 
what is most commonly referred to as the Ethernet standard. 


* IEEE 802.4: Defines the MAC layer for token-bus networks 
* IBEE 802.5: Defines the MAC layer for token-ring networks. 
* IEEE 802.6: Standard for Metropolitan Area Networks (MANS). 
«IEEE 802.7-9 Inactive Standards: 
© IBEE 802.7: Broadband local area networks. The working group is currently inactive 


o IEEE 802.8: The Fibre Optic Technical Advisory Group was to create a LAN standard 
for fiber optic media used in token passing computer networks like FDDI 


© IEEE 802.9: Integrated Services (IS) LAN Interface at the MAC and Physical Layers. 
* IEEE 802.10: A standard for security functions that can be used in both LAN and MAN 
IEEE 802.11: Wireless LAN MAC and physical layer 


«IEEE 802.12: Demand Priority Access Method, Physical Layer and Repeater used in star 
topology, 100VG-AnyLAN, ete 


IEEE 802.16: Fixed broadband wireless LAN 


the 


is of 


Ethemet versions 1.0 and 2.0 followed after the original development until the IEEE 802.3 committee 
altered the structure of the Ethernet II packet to form the Ethernet 802.3 packet, You will currently see either 
Ethernet II (DIX) format or Ethernet 802.3 format being used. 


IEEE 802.3 Ethernet uses Manchester Phase Encoding (MPE) for coding the data bits on the outgoing 
signal. 
INTRODUCTION 

Ethernet is a family of frame-based computer networking technologies for local area networks 
(LANs). The ‘Ether’ part of Ethernet denotes that the system is not meant to be restricted for use on only one 


medium type. Copper cables, fiber cables and even radio waves can be used. 


Ethernet is standardized as IEEE 802.3. The combination of the twisted pair versions of Ethernet for 
connecting end systems to the network, along with the fiber optic versions for site backbones, is the most 
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widespread wired LAN technology. It has largely replaced competing LAN standards such as token ring, 
FDDI, and ARCNET. 


Ethernet defines a number of wiring and signaling standards for the Physical Layer of the OSI 
networking model, through means of network access at the Media Access Control (MAC) / Data Link Layer, 
and a common addressing format. Therefore, Ethernet defines the lower two layers of the OSI Reference 
Model (see Data Busses Section intro). Ethernet sometimes implies an attached protocol—such as TCP/IP, 
however TCP/IP really defines the transport and network layers, respectively, of the OSI model. 


Ethernet was designed as a ‘broadcast’ system, i.e. stations on the network can send messages 
whenever and wherever they want. All stations may receive the messages, however only the specific station 
to which the message is directed responds. To handle simultaneous demands, the system uses Carrier Sense 
Multiple Access with Collision Detection (CSMA/CD). 


CARRIER SENSE MULTIPLE ACCESS WITH COLLISION DETECTION (CSMA/CD) 


When an Ethernet station is ready to transmit, it checks for the presence of a signal on the cable. Ifno 
ignal is present then the station begins transmission. However, ifa signal is present then the station delays 
transmission until the cable is not in use. If two stations detect an idle cable and at the same time transmit 
data, then a collision occurs. Ona star-wired, unshielded twisted pair (UTP) network, if the transceiver of a 
sending station detects activity on both its receive and transmit pairs before it has completed transmitting, 
then it decides that a collision has occurred. On a coaxial system, a collision is detected when the DC signal 
level on the cable is the same or greater than the combined signal level of the two transmitters. Line voltage 
drops dramatically if two stations transmit at the same time and the first station to notice this sends a high 
voltage jamming signal around the network as a signal. The two stations involved with the collision quit 
transmitting again for a random time interval. 


A Collision Domain is that part of the network where each station can ‘see’ other stations’ traffic both 
unicast and broadcasts. The Collision Domain is made up of one segment of Ethernet coax (with or without 
repeaters) or a number of UTP shared hubs. A network is segmented with bridges that create two segments, 
or two Collision Domains where a station on one segment cannot see traffic between stations on the other 
segment unless the packets are destined for itself. If it can still see all broadcasts on the segmented 
network(s), no matter the number of segments, it is a Broadcast Domain. 


ETHERNET FRAME 


Figure | depicts the structure of the older DIX (Ethermet II) and the now standard 802.3 Ethernet 
frames. The numbers above each field represent the number of bytes. 
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byes__8 6 6 2 48 - 1500 4 


Preamble | Destination | Source | Type Data Unit RC 


DIX Ethomet Packet 


byes 7 16 6 2 48 = 1500 4 


Preamble || Destination | Source [Lengih LLC | Data Uni | Pad | FOS. 


IEEE 802.3 Freme 


Figure 1. Ethernet Frame. 


‘+ Preamble field: Establishes bit synchronization and transceiver conditions so that the circuitry 
synchs with the received frame timing. The DIX frame has 8 bytes for the preamble rather than 7, as 
it does not have a Start Frame Delimiter (or Start of Frame). 

‘+ Start Frame Delimiter: Sequence 10101011 in a separate field, only in the 802.3 frame. 

‘* Destination address: Hardware address (MAC address) of the destination station (usually 48 bits ie. 
6 bytes). 

‘* Source address: Hardware address of the source station (must be of the same length as the 
destination address, the 802.3 standard allows for2 or 6 byte addresses, although 2 byte addresses are 
never used, N.B. Ethernet II only uses 6 byte addresses). 


© Type: Specifies the protocol sending the packet such as IP or IPX (only applies to DIX frame). 

‘© Length: Specifies the length of the data segment, actually the number of LLC data bytes, (only 
applies to 802.3 frame and replaces the Type field) 

‘* LLC: Logical Length Control is a data communication protocol layer which provides 
multiplexing and flow control mechanisms that make it possible for several network 
protocols (IP, IPX) to coexist within a multipoint network and to be transported over the 
same network media, 

* Data: Actual data which is allowed anywhere between 46 to 1500 bytes within one frame. 

# Pad: Zeros added to the data field to ‘Pad’ a short data field to 46 bytes (applies to 802.3 frame). 

* CRC: Cyclic Redundancy Check to detect errors during transmission (DIX version of FCS). 


© FCS: Frame Check Sequence to detect errors that occur during transmission (802.3 version of CRC). 
This 32-bit code has an algorithm applied to it, which will give the same result as the other end of 
the link, provided that the frame was transmitted successfully. 


From the above we can see that the maximum 802.3 frame size is 1518 bytes and the minimum size is 
64 bytes. Packets that have correct CRCs (or FCSs) but are smaller than 64 bytes are known as ‘Runts’. 


‘The hardware address, or MAC address is transmitted and stored in Ethernet network devices in 
Canonical format i.e. Least Significant Bit (LSB) first. The expression Little-Endian is used to describe the 
LSB format in which Ethernet is transmitted. On the other hand, Token Ring networks and the subset, Fiber 
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Distributed Data Interface (FDDI) networks, transmit the MAC address with the Most Significant Bit 
(MSB) first, or Big-Endian, This is known as Non-Canonical format. Note that this applies on a byte-by- 
byte basis i.e. the bytes are transmitted in the same order, it is just the bits in each of those bytes that are 
reversed. The storage of the MAC addresses in Token Ring and FDDI devices however, may sometimes still 
be in Canonical format so this can sometimes cause confusion. The reference to, the distribution of MAC 
addresses and the Organizationally Unique Identifier (OUI) destinations are always in Canonical format. 


‘The Logical Link Control (LLC) protocol data unit (PDU) is defined in IEEE 802.2 and operates with 
802.3 Ethernet as seen in Figure 2. 


DSAP SSAP 
address address Control Information 


ai peihatly 


DSAP address = _—_—Destination service access point address field 
SSAP address = ~_—_‘Source service access point address field 
Control = Control field [16 bits for formats that include 


sequence numbering, and 8 bits for formats that 
do not (see 5.2)] 


Information = Information field 
* = Multiplication 
M = An integer value equal to or greater than 0. 


(Upper bound of Mis a function of the medium 
access control methodology used.) 


Figure 2. LLC Format, 


LLC is based on the High-Level Data Link Control (HDLC) data protocol format. Whereas Ethernet 
11 (2.0) combines the MAC and the Data link layers restricting itself to connectionless service in the process, 
IEEE 802.3 separates out the MAC and Data Link layers. IEEE 802.2 is also required by Token Ring and 
FDDI but cannot be used with the Novell ‘Raw’ format. There are three types of LLC; Type 1, which is 
connectionless, Type 2 which is connection-oriented, and Type 3 for Acknowledged Connections. 


The Service Access Point (SAP) is used to distinguish between different data exchanges on the same 
end station and basically replaces the Type field for the older Ethernet II frame. The Source Service Access 
Point (SSAP) indicates the service from which the LLC data unit is sent, and the Destination Service Access 
Point (DSAP) indicates the service to which the LLC data unit is being sent. As examples, NetBIOS uses the 
SAP address of FO whilst IP uses the SAP address of 06. The following lists some common SAPs: 


00 - Null LSAP 

02 - Individual LLC Sublayer Management Function 
03 - Group LLC Sublayer Management Function 

05 - IBM SNA Path Control (group) 
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06 - Internet Protocol (IP) 

18 - Texas Instruments 

42 - IEEE 802.1 Bridge Spanning Tree Protocol 
80 - Xerox Network Systems (XNS) 

86 - Nestar 

AA - SubNetwork Access Protocol (SNAP) 

EO - Novell NetWare 

FO - IBM NetBIOS 

F5 - IBM LAN Management (group) 

FE - ISO Network Layer Protocol 


‘The Control Field identi 


ies the type of LLC, of which there are three: 


© Type I - Data (PDUs) shall be exchanged between LLCs without the need for the establishment 
ofa data link connection. These PDUs shall not be acknowledged, nor shall there be any flow 
control or error recovery. This is called Unsequenced Information (UI). 

Type 2~Needs data link connection. Uses Information (1) frames and maintains the sequence 
numbers during an acknowledged connection-oriented transmission. 

© Type 3—No data link connection required. Uses Acknowledged Connection (AC) frames 
acknowledged connectionless service. 


an 


MAC ADDRESS 


With an Ethemet MAC address, the first octet uses only the lowest significant bit as the 
Individual/Group (1/G) bit address identifier. If itis zero it indicates the address is individual. If itis one, it 
indicates a group address. The Universally or Locally administered (U/L) address bit is the bit of octet 0 
adjacent to the /G address bit. This bit indicates whether the address has been assigned by a local or 
universal administrator. Universally administered addresses have this bit set to 0. If this bit is set to 1, the 
entire address (i.e., 48 bits) has been locally administered. 


‘The first 3 octets of the MAC address form the Organizational Unique Identifier (OUI) assigned by 
IEEE to organizations that requires their own group of MAC addresses. 


SUBNETWORK ACCESS PROTOCOL (SNAP) 
The SNAP protocol was introduced to allow an easy transition to the new LLC frame format for 


vendors. SNAP allows older frames and protocols to be encapsulated in a Type 1 LLC header making any 
protocol ‘pseudo-IEEE compliant’. SNAP is described in RFC 1042. Figure 3 shows how it looks: 
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Destination | Source [Ethemal 


MAG address | MAC addcess | Type Eneienseis | [ECE 


Z 


nc|ec] Destination | Sows | SNAP] SNAP] UI | RFC 1042 [Ethemet 
MAC address | MAC address | "AA" | *AA" | 09" | OUI 00-00-00] Type 


Ethemet data | FS. 


Protocal Identiieation 
Field 


osap| ssap| cTL Protocol Data Field 


iEEE 803.5 MAC header LL¢ POU header ‘SNAP POU 


Figure 3. Ethernet Frame SNAP-encapsulated in IEEE 802.5 Frame. 


Itcan be seen that it is an LLC data unit (sometimes called a Logical Protocol Data Unit (LPDU)) of 
‘Type | (indicated by 03). The DSAP and SSAP are set to AA to indicate that this is a SNAP header coming 
up. The SNAP header then indicates the vender via the Organizational Unique Identifier (OUI) and the 
protocol type via the Ethertype field. In the example above the OUI is 00-00-00 which means that there is an 
Ethernet frame. An ethernet type (Ethertype) of 08-00 would indicate Internet IP is the protocol. The official 
list of types can be found at IEEE. Although vendors tend to be are moving to LLC on the LAN, SNAP still 
remains. 


‘TRANSMISSION MEDIA 


10Base- 


- largely obsolete, but may still be in use. 


Traditionally, Ethernet is used over ‘thick’ coaxial cable called 10Base-5 (the ‘10° denotes 10Mbps, 
‘base means that the signal is baseband i.e. takes the whole bandwidth of the cable (so that only one device can 
transmit at one time on the same cable), and the ‘5’ denotes 500 m maximum length). The minimum length 
between stations is 2.5 m. 


The cable is run in one long length forming a “Bus Topology’. Stations attach to it by way of inline 
N-type connections or a transceiver, which is literally screwed into the cable (by way of a ‘Vampire Tap’) 
providing a 15-pin Attachment Unit Interface (AUI) connection (also known as a DIX connector ora DB-15 
connector) fora drop lead connection (maximum of 50 m length) to the station, The segments are terminated 
with 50 ohm resistors and the shield grounded at one end only. 


‘The segment could be appended with up to a maximum of 4 repeaters; therefore 5 segments (total 
length of 2,460 m) can be connected together. Of the 5 segments only 3 can have devices attached (100 per 
segment). This is known as the 5-4-3 rule. A total of 300 devices can be attached on a Thicknet broadcast 
domain, 


9-7.6 


dominant for many years 


It was common to see the Thick coax used in Risers to connect Repeaters, which in turn provide 
“Thin Ethernet’ coaxial connections for runs up to 30 workstations. Thin Ethernet (Thinnet) uses RG-58 
cable and is called 10Base-2 (The ‘2’ now denoting 200 m maximum length - strictly speaking this is 185 m). 
‘The minimum length between stations is 0.5 m. 


Each station connects to the thinnet by way of a Network Interface Card (NIC), which provides a 
BNC (British Naval Connector). At each station the thinnet terminates at a T-piece and at each end of the 
thinnet run (or ‘Segment’) a 50-ohm terminator is required to absorb stray signals, thereby preventing signal 
bounce. The shield is grounded at one end only. 


‘A segment can be appended with other segments using up to 4 repeaters, i.e. 5 segments in total. Two 
of these segments however, cannot be tapped; they can only be used for extending the length of the broadcast 
domain (to 925 m). What this means is that 3 segments with a maximum of 30 stations on each can give you 
90 devices on a Thinnet broadcast domait 


10Base- 


Most widespread today 


‘The most common media used in of Ethernet today involves use of Unshielded Twisted Pair (UTP) or 
Shielded Twisted Pair (STP). For instance, Category 5 UTP can be installed in a ‘Star-wired’ format, with 
runs recommended at no greater than 100 m (including patch leads, cable run and flyleads) and Ethernet Hubs 
with UTP ports (R145) centrally located. It has been found though that runs of up to 150 m are feasible, the 
limitations being signal strength. Also, there should be no more than a 11.5 dB signal loss and the minimum 
distance between devices is 2.5 m. The maximum delay for the signal in a 10Mbps network is 
51.2 microseconds. This comes from the fact that the bit time (time to transmit one bit) is 0.1 microseconds 
and that the slot time for a frame is 512 bit times. 


In order to connect to Ethernet in this ‘Star Topology’, each station has a NIC, which contains an 
RJAS socket which is used by a 4-pair droplead to connect to another nearby RJ45 socket 


Each port on the hub sends a ‘Link Beat Signal” which checks the integrity of the cable and devices 
attached, a flickering LED on the front of the port of the hub tells you that the link is running fine. The 
maximum number of hubs (or, more strictly speaking, repeater counts) that you can have in one segment is, 
four and the maximum number of stations on one broadcast domain is 1024. 


9-77 


‘The advantages of the UTP/STP technology are gained from the flexibility of the system, with respect 


to moves, changes, fault finding, reliability, and security. The following table shows the RJ45 p 


Color 


White/Orange stripe 


Orange 


White/Green stripe 


Blue 


White/Blue stripe 


Green 


White/Brown stripe 


10Base-T: 
© RU4S Pin | Function 
| 1 Transmit 
| 2 | Transmit 
i 3 Receive 
| 4 
| 3 
6 Receive 
- 
8 


Brown 


outs for 


If you wish to connect hub to hub, or a NIC directly to another NIC, then the following 10Base-T 


crossover cable should be used: 


RS 
1 
2) 


RAS 


Figure 4. 10Base-T Crossover 


‘The 4-repeater limit manifests itself in 10/100Base-T environments where the active hub/switch port 
is in fact a repeater, hence the name multi-port repeater. Generally, the hub would only have one station per 
port but you can cascade hubs from one another up to the 4-repeater limit. The danger here is that you will 
have all the traffic from a particular hub being fed into one port so care would need to be taken on noting the 
applications being used by the stations involved, and the likely bandwidth that the applications will use. 


‘There is a pre-standard called Lattisnet (developed by Synoptics), which runs 10 MHz Ethernet over 


twisted pair but instead of bit synchronization occurring at the sending (as 


occurs at the receiving end. 
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in 10Base-T) the synchronization 


10Base-F 


‘The 10Base-F standard defines the use of fiber for Ethernet. 10Base-FL describes the standards for 
the fiber optic links between stations and repeaters, allowing up to 2 km per segment on multi-mode fiber. It 
replaces the 1987 FOIRL (Fiber Optic Inter-Repeater Link), which provides the specification fora fiber optic 
Media Attachment Unit (MAU) and other interconnecting components. Two related standards are essentially 
“dead”: 10Base-FB allows up to 2 km per segment (on multi-mode fiber) and is designed for backbone 
applications such as cascading repeaters. In addition, there is the 10Base-FP (Passive components) standard 


‘The 10Base-F standard allows for 1024 devices per network. 


Fast Ethernet - 100Base-T 


Fast Ethernet is the most popular of the newer standards and is an extension to 10Base-T. The “100° 
denotes 100 Mbps data speed and it uses the same two pairs as 10Base-T and must only be used on 
Category 5 UTP cable installations with provision for it to be used on Type 1 STP. The actual data 
throughput increases by between 3 to 4 times that of 10Base-T. 


Fast Ethernet is specified in 802.3u and uses the same frame formats and CSMA/CD technology as 
normal 10Mbps Ethernet. The difference is that the maximum delay for the signal across the segment is 
5.12 microseconds instead of 51.2 microseconds. This stems from the fact that the bit time (time to transmit 
‘one bit) is 0.01 microseconds and that the slot time for a frame is 512 bit times. ‘The Inter-Packet Gap (IPG) 
for 802.30 is 0.96 microseconds as opposed to 9.6 microseconds for 10Mbps Ethernet. 


Whereas 10Base-T uses Normal Link Pulses (NLP) for testing the integrity of the connection, 
100Base-T uses Fast Link Pulses (FLP) which are backwardly compatible with NLPs but contain more 
information. FLPs are used to detect the speed of the network (e.g. in 10/100 switchable cards and ports). 
‘The distance must not exceed 100 m. 


‘The IEEE uses the term 100Base-X to refer to both 100Base-Tx and 100Base-Fx and the Media- 
Independent Interface (MII) allows a generic connector for transceivers to connect to 100Base-Tx, 100Base- 
Fx and 100Base-T4 LANs 


There is no such thing as the 5-4-3 rule in Fast Ethernet. All 10Base-T repeaters are considered to be 
functionally identical. Fast Ethernet repeaters are divided into two classes of repeater: Class Iand Class Il. A 
Class I repeater has a repeater propagation delay value of 140 bit times, whilst a Class II repeater is 92 bit 
times. The Class I repeater (or Translational Repeater) can support different signaling types such as 100Base- 
‘Tx and 100Base-T4. A Class I repeater transmits or repeats the incoming line signals on one port to the other 
ports by first translating them to digital signals and then retranslating them to line signals. ‘The translations 
are necessary when connecting different physical media (media conforming to more than one physical layer 
specification) to the same collision domain. Any repeater with an MI port would be a Class I device. Only 
one Class I repeater can exist within a single collision domain, so this type of repeater cannot be cascaded. 


‘A Class II repeater immediately transmits or repeats the incoming line signals on one port to the other 
ports: it does not perform any translations. This repeater type connects identical media to the same collision 
domain (for example, TX to TX). At most, two Class II repeaters can exist within a single collision domain. 
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The cable used to cascade the two devices is called and unpopulated segment or IRL (Inter-Repeater Link). 
‘The Class II repeater (or Transparent Repeater) can only support one type of physical signaling. 


100Base-T4 


100Base-T4 was an early implementation of Fast Ethernet. It requires four twisted copper pairs, but 
those pairs were only required to be category 3 rather than the category 5 required by TX. One pair is 
reserved for transmit, one for receive, and the remaining two will switch direction as negotiated. A ver 
unusual 8B6T code is used to convert 8 data bits into 6 base-3 digits (the signal shaping is possible as there 
are three times as many 6-digit base-3 numbers as there are 8-digit base-2 numbers). The two resulting 
3-digit base-3 symbols are sent in parallel over 3 pairs using 3-level pulse-amplitude modulation (PAM-3). 


100Base-T2 


This little known version of Fast Ethernet is for use over two pairs of Category 3 cable and uses 
PAM-5 for encoding, There is simultaneous transmission and reception of data in both pairs and the 
electronics uses DSP technology to handle alien signals in adjacent pairs. 100Base-T2 can run up to 100m 
on Category 3 UTP. 


100Base-Fx 


100Base-Fx is a version of Fast Ethernet over optical fiber. It uses a 1300 nm near-infrared (NIR) 
light wavelength transmitted via two strands of optical fiber, one for receive (RX) and the other for transmit 
(TX). Maximum length is 400 meters (1,310 ft) for half-duplex connections (to ensure collisions are 
detected) or 2 kilometers (6,600 ft) for full-duplex over multimode optical fiber. Longer distances are 
possible when using single-mode optical fiber. 100Base-Fx uses the same 4B5B encoding and NRZI line 
code that 100Base-TX does. 100Base-Fx should use the following connectors: SC, straight tip (ST), or media 
independent connectors (MIC), with SC being the preferred option. 100Base-Fx is not compatible with 
10Base-Fl, the 10 MBit/s version over optical fiber. 


100Base-Sx 


100Base-Sx is a version of Fast Ethernet over optical fiber. It uses two strands of multi-mode optical 
fiber for receive and transmit. It is a lower cost alternative to using 100Base-Fx, because it uses short 
wavelength optics (850 nm) which are significantly less expensive than the long wavelength optics used in 
100Base-Fx. 100Base-Sx can operate at distances up to 300 meters (980 fi) 


100Base-Sx uses the same wavelength as 1 0Base-Fl, the 10 MBit/s version over optical fiber. Unlike 
100Base-Fx, this allows 100Base-Sx to be backwards-compatible with 10Base-Fl. Because of the shorter 
wavelength used and the shorter distance it can support, 1 00Base-Sx uses less expensive optical components 
(LEDs instead of lasers) which makes it an attractive option for those upgrading from 10Base-Fl and those 
who do not require long distances. 
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100Base-Bx is a version of Fast Ethernet over a single strand of optical fiber (unlike 100Base-Fx, 
which uses a pair of fibers). Single-mode fiber is used, along with a special multiplexer which splits the 
signal into transmit and receive wavelengths. The two wavelengths used for transmit and receive are either 
1310/1550 nm or 1310/1490 nm. Distances can be 10, 20, or 40 km. 


100VG-AnyLAN 


Based on 802.12 (Hewlett Packard), 100VG-AnyLAN uses an access method called Demand Priority. 
The “VG” stands for ‘Voice Grade’ as it is designed to be used with Category 3 cable. This is where the 
repeaters (hubs) carry out continuous searches around all of the nodes for those that wish to send data. Iftwo 
devices cause a ‘contention’ by wanting to send at the same time, the highest priority request is dealt with 
first, unless the priorities are the same, in which case both requests are dealt with at the same time (by 
alternating frames). The hub only knows about connected devices and other repeaters so communication is 
only directed at them rather than broadcast to every device in the broadcast domain (which could mean 100°s 
of devices!). This is a more efficient use of the bandwidth. This is the reason why the new standard was 
developed as itis not strictly Ethemet. Standard 802.12 is designed to better support both Ethernet and Token 
Ring. 


‘The encoding techniques used are SB/6B and NRZ. All four pairs of UTP are used. On Cat3 the 
longest cable run is 100 m but this increases to 200 m on Cat5. The clock rate on each wire is 30 MHz; 
therefore 30 Mbits per second are transmitted on each pair giving a total bit rate of 120 Mbps. Since each 
6-bits of data on the line represents 5 bits of real data due to the 5B/6B encoding, the rate of real data being 
transmitted is 25 Mbps on each pair, giving a total real data rate of 100 Mbps. For 2-pair STP and fiber, the 
bit rate is 120 Mbps on the transmitting pair, for a real data transmission rate of 100 Mbps. 


Gigabit Ethernet 


Although the functional principles of Gigabit Ethernet are the same as Ethernet and Fast Ethernet ie. 
CSMA/CD and the Framing format, the physical setup is very different. One difference is the slot time. The 
standard Ethernet slot time required in CSMA/CD half-duplex mode is not long enough for running over 
100 m of copper, so Carrier Extension is used to guarantee a 512-bit slot time. 


1000Base-X (802.32) 
‘The 802.3z committee is responsible for formalizing the standard for Gigabit Ethemet. The 1000 


refers to | Gbps data speed. The existing Fiber Channel interface standard (ANSI X3T 11) is used and allows 
up to 4.268 Gbps speeds. The Fiber Channel encoding scheme is 8B/10B. 


Gigabit Ethernet can operate in half or full duplex modes and there is also a standard 802.3x which 
manages XON/XOFF flow control in full duplex mode. With 802.3x, a receiving station can send a packet to 
a sending station to stop it sending data until a specified time interval has passed. 


‘There are three media types for 1000Base-X. 1000Base-Sx, 1000Base-Lx, and 1000Base-Cx. 
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1000Base-Sx (*S* is for Short Haul) uses short-wavelength laser (850 nm) over multi-mode fiber. 
1000Base-Sx can run up to 300 m on 62.5/125 um multimode fiber and up to 550 m on 50/125 jum multimode 
fiber. 


1000Base-Lx (‘L’ is for Long Haul) uses long wavelength laser (1300 nm) and can run up to $50 m 
on 62.5/125 jum multi-mode fiber or 50/125 jim multi-mode fiber. In addition, 1000Base-Lx can run up to 
5 km (originally 3 km) on single-mode fiber using 1310 nm wavelength laser. 


1000Base-Cx is a standard for STP copper cable and allows operation up to 25 m over STP cable. 


Many cable manufacturers are enhancing their cable systems to ‘enhanced Category 5° (Cat Se) 
standards in order to allow Gigabit Ethernet to run at up to 100 m on copper. The Category 6 standard has yet 
to be ratified, and is not being pursued very strongly. 


In order to obtain the 1000 Mbps data bit rate across the UTP cable without breaking the FCC rules 
for emission, all 4 pairs of the cable are used. Hybrid circuits at each end of each pair are used to allow 
simultaneous transmission and reception of data (full-duplex) by separating the transmission signal from the 
receiving signal. Because some transmission signal still manages to couple itself to the receiving side there is 
an additional echo canceller built in, this is called a Near End Crosstalk (NEXT) canceller. 


Encoding is carried out with PAM-S 
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TRANSMISSION CONTROL PROTOCOL / INTERNET PROTOCOL. 


‘Transmission Control Protocol / Internet Protocol (TCP/IP) is the communication protocol for the 
Internet. 


Whereas IP handles lower-level transmissions from computer to computer as a message makes its 
way across the Internet, TCP operates at a higher level, concerned only with the two end systems, for example 
a Web browser and a Web server. In particular, TCP provides ordered delivery of a stream of bytes from a 
program on one computer to another program on another computer. Besides the Web, other common 
applications of TCP include e-mail and Internet file transfer like FTP. Among its other management tasks, 
TCP controls message size, the rate at which messages are exchanged, and network traffic congestion. Your 
‘computer Internet address is a part of the standard TCP/IP protocol and so is your domain name. 


Inside the TCP/IP standard there are several protocols for handling data communication: 


‘TCP (Transmission Control Protocol) communication between applications 
UDP (User Datagram Protocol) simple communication between applications 
IP (Internet Protocol) communication between computers 

ICMP (Internet Control Message Protocol) for errors and statistics 

DHCP (Dynamic Host Configuration Protocol) for dynamic addr 


sing 


TCP: If one application wants to communicate with another via TCP, it sends a communication 
request. This request must be sent to an exact address. TCP is responsible for breaking data down into IP 
packets before they are sent, and for assembling the packets when they arrive. Afier a “handshake” between 
the two applications, TCP will set up a “full-duplex” communication between the two applications. The “full- 
duplex” communication will occupy the communication line between the two computers until itis closed by 
one of the two applications. UDP is very similar to TCP, but simpler and less reliable. 


IP: IP is responsible for sending the packets to the correct destination. IP does not occupy the 
‘communication line between two computers and hence reduces the need for network lines. Each line can be 
used for communication between many different computers at the same time. With IP, messages (or other 
data) are broken up into small independent “packets” and sent between computers via the Internet. IP is 
responsible for “routing” each packet to the correct destination. 


When an IP packet is sent froma computer, it arrives at an IP router. The IP router is responsible for 
“routing” the packet to the correct destination, directly or via another router. The path the packet will follow 
might be different from other packets in the same communication chain, The router is responsible for the 
right addressing, depending on traffic volume, errors in the network, or other parameters 


Each computer must have a unique IP address before it can connect to the Internet. Each IP packet 
must also have an address before it can be sent to another computer. TCP/IP uses 32 bits (4 bytes), of four 
numbers between 0 and 255, separated by a period, to address a computer. A typical IP address is of the 
format: 192.255.30.50 


Domain Names: A name is much easier to remember than a 12 digit number. The names used for 
‘TCP/IP addresses are called domain names. “navy.mil” is a domain name. Subdomains are identified by 
prefixes to the main domain name (separated by a period). When you address a web site, like 
http://www.navair.navy.mil the name is translated to a number by a Domain Name System (DNS) Server. 
DNS servers are connected to the Internet all over the world. When a new domain name is registered together 
with a TCP/IP address, all DNS servers are updated with this information. 
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BROWSER AND OTHER APPLICATION LAYER PROTOCOL! 


DHCP - Dynamic Host Configuration Protocol. DHCP is used for allocation of dynamic IP addresses to 
computers in a network. 


FTP - File Transfer Protocol. FTP takes care of transmission of data files between computers. 


HTTP - Hyper Text Transfer Protocol - takes care of the communication between a web server and a web 
browser. It is used for sending requests from a web client (a browser) to a web server, returning web content 
(web pages) from the server back to the client. 


HTTPS - Secure HTTP. HTTPS typically handles credit card transactions and other sensitive data. 


IMAP - Internet Message Access Protocol. The IMAP protocol is used by email programs (like Microsoft 
Outlook) just like the POP protocol (discussed below). The main difference between the IMAP protocol and 
the POP protocol is that the IMAP protocol will not automatically download all your emails each time your 
email program connects to your email server. The IMAP protocol allows you to look through your email 
messages at the email server before you download them. With IMAP you can choose to download your 
messages or just delete them. This way IMAP is useful if you need to connect to your email server from 
different locations, but only want to download your messages when you are back in your office. 


NTP - Network Time Protocol. NTP is used to synchronize the time (the clock) between computers. 


POP - Post Office Protocol. The POP protocol is used by email programs (like Microsoft Outlook) to retrieve 
emails from an email server. If your email program (also called email client), uses POP, all your emails are 
downloaded to your computer each time it connects to your email server. 


SMTP - Simple Mail Transfer Protocol. The SMTP protocol is used for the transmission of e-mails to another 
computer. Normally your email is sent to an email server (SMTP server), and then to another server or 
servers, and finally to its destination, SMTP can only transmit pure text. It cannot transmit binary data like 
pictures, sounds, or movies directly. SMTP uses the MIME protocol to send binary data across TCP/IP 
networks. 


SNMP - Simple Network Management Protocol. SNMP is used for administration of computer networks. 


PRESENTATION LAYER PROTOCOLS 


MIME - Multi-purpose Internet Mail Extensions protocol. Converts binary data to pure text. The MIME 
protocol lets SMTP transmit multimedia files including voice, audio, and binary data. 


SSL - Secure Sockets Layer. The SSL protocol is used for encryption of data for secure data transmission. 


LOWER LAYER PROTOCOLS 


ARP - Address Resolution Protocol. ARP is used by IP to find the hardware address of a computer network 
card based on the IP addres 


BOOTP - Boot Protocol. BOOTP is used for booting (starting) computers from the network. 
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ICMP - Internet Control Message Protocol. ICMP takes care of error-handling in the network. 


LDAP - Lightweight Directory Access Protocol. LDAP is used for collecting information about users and 
e-mail addresses from the internet. 


PPTP - Point to Point Tunneling Protocol. PPTP is used for setting up a connection (tunnel) between private 
networks, 


RARP - Reverse Address Resolution Protocol. RARP is used by IP to find the IP address based on the 
hardware address of a computer network card 
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GLOSSARY 


ACCEPTABLE DEGRADATION - The allowable reduction in system performance. For a fire 
control radar, the acceptable degradation is usually expressed as a reduction in range; for example, the 
maximum lock-on range might be degraded by 25 percent without loss of essential defense capability 


ACQUISITION - A procedure by which a fire control tracking radar attains initial lock-on, Usually, 
the approximate target coordinates are supplied to the tracking radar and it searches a predetermined volume 
of space to locate the target. 


AEROSOLS - Solid particles dispersed in the atmosphere having resonant size particles with a high 
index of refraction, The particles both scatter and absorb visual and laser directed energy so as to cut down 
‘on weapon systems directed by these techniques. 


AFC (AUTOMATIC FREQUENCY CONTROL) - An arrangement whereby the frequency of an 
oscillator or the tuning of a circuit is automatically maintained within specified limits with respect to a 
reference frequency. A magnetron drifts in frequency over a period of time. The AFC of a radar makes the 
local oscillator shift by an equal amount so the IF frequency will remain constant. 


AGC (AUTOMATIC GAIN CONTROL) - A method for automatically obtaining an essentially 
constant receiver output amplitude. The amplitude of the received signal in the range gate determines the 
AGC bias (a DC voltage) which controls the receiver gain so as to maintain a nearly constant output even 
though the amplitude of the input signal changes. 


AMPLIFIER - An electronic device used to increase signal magnitude or power. See also GaAs FET 
Amplifier, Klystron Amplifier, Traveling-Wave Tube Amplifier. 


AMPLITUDE MODULATION (AM) - A method of impressing a message upon a carrier signal by 
causing the carrier amplitude to vary proportionally to the message waveform, 


AMPLITUDE SHIFT KEYING (ASK) - A method of impressing a digital signal upon a carrier signal 
by causing the carrier amplitude to take different values corresponding to the different values of the digital 
signal. 


ANGLE JAMMING - ECM technique, when azimuth and elevation information from a scanning fire 
control radar is jammed by transmitting a jamming pulse similar to the radar pulse, but with modulation 
information out of phase with the returning target angle modulation information. 


ANGULAR SEPARATION - This term is frequently used to indicate a protective (from EMI) zone 
for a missile. The interfering antenna axis must be separated, throughout the critical portion of the missile 
flight, from the missile by the specified angle. The vertex of the angle is at the interference source antenna. 


ANTENNA BEAMWIDTH - The angle, 
in degrees, between the half-power points 
(-3 dB) of an antenna beam. This angle is also | *#tee¥or 
nearly that between the center of the mainlobe 
and the first null. The angle is given for both 
horizontal and vertical planes unless the beam is 
circular. When so indicated, the term may refer to the angular width of the mainlobe between first nulls 
[beamwidth between first nulls (BWEN)]. See also Antenna Pattern. The figure illustrates vertical profile for 
antenna displaying a 10-degree beamwidth characteristic. The values can vary dramatically with frequency. 
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ANTENNA CROSS TALK - A measure of undesired power transfer through space from one antenna 
to another. Ratio of power received by one antenna to power transmitted by the other, usually expressed in 
decibels 


ANTENNA ISOLATION - The ratio of the power input to one antenna to the power received by the 
other. It can also be viewed as the insertion loss from transmit antenna input to receive antenna output to 
circuitry. 


ANTENNA LOBING - Two lobes are created 
that overlap and intercept at -1 to -3 dB. The ove oF enor 
difference between the two lobes produces much 
greater spatial selectivity than provided by either lobe 
alone. (See also Lobe, Antenna.) 


ANTENNA NUTATING - An antenna, as | ayrewu- 
used in automatic-tracking radar systems, consisting of 
parabolic reflector combined with a radiating element 
which is caused to move ina small circular orbit about 
the focus of the antenna with or without change of polarization. The radiation pattern is in the form of a beam 
that traces out a cone centered on the reflector axis. The process is also known as nutating conical scanning, 


ANTENNA PATTERN - A cross section of the 
radiating pattern (representing antenna gain or loss) in any 
plane that includes the origin (source reference point) of | rets,rmex 
the pattem. Both horizontal and vertical polar plots are | 7s "re 
normally used to describe the pattem. Also, termed “polar 
diagram” and “radiation pattern.” 


ANTENN. PENC! EAM - A_ highly 
directional antenna designed that cross sections of the 
major lobe are approximately circular, with a narrow beamwidth. 


ANTI-CLUTTER CIRCUITS (IN RADAR) - Circuits which attenuate undesired reflections to permit 
detection of targets otherwise obscured by such reflections. 


APERTURE - In an antenna, that portion of the plane surface area near the antenna perpendicular to 
the direction of maximum radiation through which the major portion of the radiation passes. The effective 
and/or scattering aperture area can be computed for wire antennas which have no obvious physical area. 


A-SCOPE - A cathode-ray oscilloscope used in radar systems to display vertically the signal 
amplitude as a function of time (range) or range rate. Sometimes referred to as Range (R)-Scope. 


ASYNCHRONOUS PULSED JAMMING - An effective form of pulsed jamming. The jammer 
nearly matches the pulse repetition frequency (PRF) of the radar; then it transmits multiples of the PRF. It is 
more effective if the jammer pulsewidth is greater than that of the radar. Asynchronous pulsed jamming is 
similar to synchronous jamming except that the target lines tend to curve inward or outward slightly and 
appear fuzzy in the jammed sector of a radar scope. 


ATTENUATION - Decrease in magnitude of current, voltage, or power of a signal in tran: 
between two points. May be expressed in decibels. 
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AUTOMATIC FREQUENCY CONTROL - See AFC. 


AUTOMATIC G. 


IN CONTROL - See AGC. 


BACKWARD WAVE OSCILLATOR (BWO) - A cross-field device in which an electron stream 
interacts with a backward wave on a nonreentrant circuit. This oscillator may be electronically tuned over a 
wide range of frequencies, is relatively unaffected by load variations and is stable. BWO is commonly 
pronounced “be woe”. 


BALANCED MIXERS - The two most frequently encountered mixer types are single-balanced and 
double-balanced. In a double-balanced mixer, four Schottky diodes and two wideband transformers are 
employed to provide isolation of all three ports. 


BALLISTIC MISSILE - Any missile which does not rely upon aerodynamic surfaces to produce lift 
and consequently follows a ballistic trajectory when thrust is terminated, 


BANDPASS FILTER - A type 
of frequency discrimination network Input pony 
designed to pass a band or range of | Strength Tengt 


frequencies and produce attenuation to rae 
1 ow Lu 


all other frequencies outside of the pass 
1 tata Frequency ap tty ty 


3° 


region. The figure illustrates a typical 
bandpass filter, incorporating a 
bandpass region of (F,)-(F)), offering no 
rejection (0 dB) to desired signal (F,.) 
and much higher rejection to the 
adjacent undesired signals Fy, and F, 
The upper and lower frequencies are usually specified to be the half power (-3 dB) or half voltage points 
(6 dB). 


Attenuation 
o-_ 


BANDWIDTH - An expression used to define the actual operational frequency range of a receiver 
when it is tuned to a certain frequency. For a radar receiver, itis the difference between the two frequencies 
at which the receiver response is reduced to some fraction of its maximum response (such as 3 dB, 6 dB, or 
some other specified level). The frequencies between which “satisfactory” performance is achieved. Two 
equations are used: 


-F (100) ; Broadband by ratio £* 
F Fi 


Where F.,=Upper ; F,=lower ; F.= center =(F,+ F) +2 


Narrowband by % (= 


See also Receiver Bandwidth and Spectrum Width. 


BARRAGE NOISE JAMMING - Noise jamming spread in frequency to deny the use of multiple 
radar frequencies to effectively deny range information. Although this is attractive because it enables one 
jammer to simultaneously jam several radars of different frequencies, it does have the inherent problem that 
the wider the jamming spread, the less jamming power available per radar, i.e. the watts per MHz bandwidth 
is low 


BATTERY, MISSILE - A missile battery consists ofa missile launcher and its associated missile fire 
control systems (such as a MK 11 MOD 0 Missile Launcher and two MK 74 MOD 0 Missile Fire Control 
Systems), 
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BEACON - A system wherein a transponder in a missile receives coded signals from a shipboard 
radar guidance transmitter and transmits reply signals to a shipboard radar beacon receiver to enable a 
computer to determine missile position. The missile beacon transmitter and shipboard radar beacon receiver 
are tuned to a frequency different from that of the guidance transmitter. 


BEAM - See Lobe, antenna. The beam is to the side of an aircraft or ship. 
BEAM, CAPTURE - See Capture Beam. 
BEAM-TO-BEAM CORRELATION (BBC) - BBC is used by frequency scan radars to reject pulse 


jamming and jamming at a swept frequency. Correlation is made from two adjacent beams (pulses). The 
receiver rejects those targets (signals) that do not occur at the same place in two adjacent beams. 


BEAMWIDTH - 


see Antenna Beamwidth. 


BEAT FREQUENCY OSCILLATOR (BFO) - Any oscillator whose output is intended to be mixed 
with another signal to produce a sum or difference beat frequency. Used particularly in reception of CW 
transmissions. 


BINGO - The fuel state at which an aircraft must leave the area in order to return and land safely. 
‘Also used when chafffflares reach a preset low quantity and automatic dispensing is inhibited 


BIPOLAR VIDEO - Unrectified (pre-detection) IF (both positive and negative portions of the RF 
envelope) signals that arise from the type of detection and console display employed in pulse Doppler and 
MTI receivers. 


BISTATIC RADAR - A radar using antennas at different locations for transmission and reception. 

BLANKING - The process of making a channel, or device non-effective for a certain interval. Used 
for retrace sweeps on CRTs or to mask unwanted signals such as blanking ones own radar from the onboard 
RWR. 

BOGEY - Unknown air target. 

BURN-THROUGH RANGE - The ability of a radar to see through jamming. Usually, described as 
the point when the radar’s target return is a specified amount stronger than the jamming signal (typical values 


are 6 dB manual and 20 dB automatic). See Section 4-8. 


BUTT LINE - Line used for reference in measurement of left/right location. One of several aircraft 
references. See also fuselage station and water line. 


CAPTURE BEAM - A wide beam 
incorporated in capture transmitters of beam oupace 
rider (command guided) missile systems to wissie\ 
facilitate gaining initial control of a missile 
immediately after launch. Upon capture, the 
system then centers the missile in the narrow 
guidance beam. The figure illustrates a 
launched missile at point of capture 


10-14 


CAPTURE TRANSMITTER - A transmitter employing a wide beam antenna to gain initial control of 


n-flight missile for the purpose of centering the r 
Capture Beam, 


ssile in the guidance transmitter antenna beam. See also 


CARRIER FREQUENCY - The basic 
radio frequency of the wave upon which 
modulations are impressed. Also called 
“Carrier” or f. See figure at right. 


fe (Cartier Frequonay) 
‘Spectta Line Spactng--{R| 


Amplitude changes trom # 10 
ntevery OW interval 


CATCH-22 - A lose-lose situation, 
from the book of the same name. 


pam 
<7 


Frequency 


alae 


CAVITY - A space enclosed by a conducting surface used as a resonant circuit at microwave 


frequencies. 
electromagnetic energy. 


Cavity space geometry determines the resonant frequency 


A storage area for oscillating 


CENTER FREQUENCY - The tuned or operating frequency. Also referred to as center operating 
frequency. In frequency diversity systems, the midband frequency of the operating range. See also Carrier 


Frequency. 


CHAFF - Ribbon-like pieces of metallic materials or metalized plastic which are dispensed by aircraft 


or ships to mask or screen other “targets.” 


The radar reflections off the chaff may cause a tracking radar to 


break lock on the target. The foil materials are generally cut into small pieces for which the size is dependent 


upon the radar i 


rainbow, rope, stream chaff, and window. 


errogation frequency (approximately 1/2 wave length of the victim radar frequency). Being 
this length, chaff acts as a resonant dipole and reflects much of the energy back to the radar. 


Also see 


CHANNEL - A frequency or band of frequencies. In guided missile systems, an assigned center 


frequency and a fixed bandwidth around it. 


Designates operating frequency of track radars and 


frequency/code assignments of X-band CW illuminators. 


CHIRP - A pulse compression technique which uses frequency modulation (usually linear) on pulse 


transmission. 
CHIRP RADAR - See PC. 


CIRCULARLY POLARIZED JAM! 


ING - The techniques of radiating jamming energy in both 
planes of polarization simultaneously. With this method, there is a1 


s of 3 dB of effective power in either 


linear plane, and substantial loss if the opposite sense of circular polarization is used (ice. left ys. right). See 


Section 3-2. 


CLUTTER, RADAR - Undesired radar 
returns or echoes resulting from man-made or 
natural objects including chaff, sea, ground, and 
rain, which interfere with normal radar system 


‘enouno TARGET 


observations. The figure illustrates a target being masked by ground clutter 


CO-CHANNEL - This term is used to indicate that two (or more) equipments are operating on the 


same frequency. 


COHERENT - Two signals that have a set (usually fixed) phase relationship. 
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COINCIDENCE DETECTOR - This radar video process requires more than one hit in a range cell 
before a target is displayed. This prevents video interference from pulses coming from another radar, because 
such interference is unlikely to occur twice in the same range cell. 


COLLIMATION - The procedure of aligning fire control radar system antenna axes with optical line 
of sight, thereby ensuring that the radars will provide for correct target illumination and guidance beam 
positioning, 


COMMAND CODE - Modulations superimposed upon transmitter carrier signals to provide 
electronic instructions to an airborne guided missile or pilotless aircraft. The receiver of the remotely guided 
vehicle is preset to accept only a selected transmitter code to eliminate the possibility of the vehicle 
responding to commands of extraneous signals. Missile command codes include instructions such as arm, 
warhead detonate, and self destruct. 


COMMAND GUIDANCE - A guidance system wherein intelligence transmitted to the missile from 
an outside source causes the missile to traverse a directed flight path. 


CONICAL SCAN - See Antenna, Nutating. 


CONTINUOUS WAVE and CONTINUOUS WAVE ILLUMINATOR - See CW and CWL. 


COOPERATIVE COUNTERMEASURES - (CO-OP) Generic term for jamming the same threat 
radar from two or more separate platforms that are in the same radar resolution cell 


COUPLING FACTOR - A multiplying factor, expressed in dB, used to express the change in EM 
energy intensity from a radar transmitter to a receiver. The factor includes the antenna gains and the loss 
(basic transmission loss) caused by the distance between the antennas. The factor will usually be a negative 
4B figure (a reduction in intensity) because basic transmission loss is always a large negative value. The 
antenna gains may be positive (pointed toward each other) or negative (no main beam interactions), 


CROSS MODULATION - Intermodulation caused by modulation of the carrier by an undesired 
signal wave 


CROSS POLARIZATION - or “Cross Pole,” is a monopulse jamming technique where a cross- 
polarized signal is transmitted to give erroneous angle data to the radar. The component of the jamming 
signal with the same polarization as the radar must be very small. 


CW (CONTINUOUS WAVE) - In radar and EW systems this term means that the transmitter is on 
constantly; i.e., not pulsed (100% duty cycle). These systems may frequency or phase modulate the 
‘transmitter output. A CW radar has the ability to distinguish moving targets against a stationary background 
while conserving spectrum bandwidth compared to pulsed radar requirements. A CW radar extracts accurate 
target range-rate data but cannot determine target range. 


CWI (CONTINUOUS WAVE ILLUMINATOR) - A surface or aircraft-based CW transmitter 
employed in semiactive homing missile systems where the transmitter illuminates the target and the missile 
senses the reflected energy. The transmitter also provides a reference signal to the missile rear receiver to 
allow determination of range-rate data and target identification. CW transmitter emissions are sometimes 
coded corresponding to the associated missile receiver codes to reduce the possibility of the “missile 
accepting commands of extraneous signals, 
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DECIBEL (dB) - A dimensionless unit for expressing the ratio of two values of power, current, or 
voltage. The number of decibels being equal to: dB = 10 log P,/P; = 20 log V3/Vi = 20 log Ly, 
Normally, used for expressing transmission gains, losses, levels, and similar quantities. See Section 2-4. 


DECEPTION - The deliberate radiation, reradiation, alteration, absorption or reflection of 
electromagnetic energy in a manner intended to mislead the enemy interpretation or use of information 


received by his electronic systems. 


dB - See Decibel, or Decibel Section 2-4. 
Be - Decibels referenced to the carrier signal. 


Bi - Decibels referenced to an isotropic radiator. (dBLi indicating linear isotropic radiator is 
sometimes used), 


dBm - Decibels relative to | mW. dBmis calculated by using the ratio of some power (expressed in 
mW) to | mW. For example, | mW is 0 dBm and 10 mW is +10 dBm. 


dBsm - Decibel referenced to one square meter. 
<dBv / dBuv - Decibels referenced to one volt or microvolt, ic. 0 dBv is 1 volt or 120 dBpv. 


ABW / dBuW - Decibels referenced to | watt or one microwatt, i.e. 0 dBW is | watt or 30 dBm or 
60 dBaW. 


DEMODULATOR - A device employed to separate the modulation signal from its associated carrier, 
also called Second Detector. See also Detection. 


DESIGNATION - The assignment of a | (USUI APE, 


fire control radar to a specific target by supplying | ENVELOPE 
target coordinate data to the radar system. 


RF CARRIER 
DETECTION - Usually refers to the 
technique of recovering the amplitude | pereoqey 
modulation signal (envelope) superimposed ona | SIGNAL 
carver. See figure at right. 


DICKE FIX - This type of radar processing occurs in the IF amplifier. A limiter follows a wideband 
‘amplifier, and then the signal goes to a matched filter amplifier. This discriminates against pulses that are too 
Jong (clutter) or too short (interference). The “DICKE FIX” is a technique that is specifically designed to 
protect the receiver from ringing caused by noise, fast-sweep, or narrow pulse jamming. The basic 
configuration consists of a broadband limiting IF amplifier, followed by an IF amplifier of optimum 
bandwidth. The limit level is preset at approximately the peak amplitude of receiver noise, the bandwidth 
may vary from 10 to 20 MHz, depending on the jamming environment. This device provides excellent 
discrimination against fast sweep jamming (10-500 MHz), usually something on the order of 20 to 40 dB, 
without appreciable loss in sensitivity. However, strong CW jamming will seriously degrade the performance 
of the DICKE FIX because the CW signal captures the radar signal in the limiter. 


DIELECTRICALLY STABILIZED OSCILLATOR - The DSO uses a dielectric resonator as the 
frequency determining element. When the dielectric material is properly selected and used, the variations in 
dielectric constant vs, temperature and the dimensions of the resonant structure vs. temperature tend to cancel 
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out, providing relatively good frequency vs. temperature stability. The DSO offers frequency accuracy and 
stability, low power consumption and high reliability. Some of the commonly used materials are barium, 
zirconium, or tin tinates. The composition of these materials may be controlled to achieve any frequency 
variation with temperature with close tolerances 


DIODE - An electronic device which restricts current flow chiefly to one direction. See also Gunn 
diode, IMPATT diode, PIN diode, point contact diode, Schottky barrier diode, step recovery diode, tunnel 
diode, varactor diode. 


DIODE SWITCH - PIN-diode switches provide state-of-the-art switching in most present-day 
microwave receivers. These switches are either reflective or nonreflective in that the former reflect incident 
power back to the source when in the isolated state. While both types of switches can provide high isolation 
and short transition times, the reflective switch offers multi octave bandwidth in the all shunt diode 
configuration, while the non-reflective switch offers an octave bandwidth. 


DIPLEX - The simultaneous transmission or reception of two signals using a common feature such as 
asingle antenna or carrier. Typically, two transmitters operate alternately at approximately the same RF and 
using a common antenna. See Section 6-7 for a discussion of diplexers 


DIRECTIONAL COUPLER - A 4-port transmission coupling device used to sample the power 
traveling in one direction through the main line of the device. There is considerable isolation (typically 
20 dB) to signals traveling in the reverse direction. Because they are reciprocal, the directional coupler can 
also be used to directively combine signals with good reverse isolation. The directional coupler is 
implemented in waveguide and coaxial configurations. See Section 6-4, 


DIRECTIVITY - For antennas, directivity is the maximum value of gain in a particular direction. 
(Isotropic point source has directivity = 1). For directional couplers, directivity is a measure (in dB) of how 
good the directional coupling is and is equal to the isolation minus the coupling. See Section 6-4. 


DISH - A microwave reflector used as part of a radar antenna system. The surface is concave and is 
usually parabolic shaped. Also called a parabolic reflector. 


DOPPLER EFFECT - The apparent 
change in frequency of an electromagnetic wave raaneuir TED sat, 
caused by a change in distance between the 
‘transmitter and the receiver during 
transmission/reception, The figure illustrates the 
Doppler increase that would be realized by 
comparing the signal received from a target NeCEIvED stoma 
approaching the radar site to the transmitted 
reference signal. An apparent frequency decrease would be noted for targets departing the radar location. 
Differences can be calibrated to provide target range-rate data, 


DRY RUN - A test run with aircrafi/ship armament and/or EW switches off. 


DUCTING - The increase in range that an electromagnetic wave will travel due to a temperature 
nversion of the atmosphere. The temperature inversion forms a channel or waveguide (duct) for the waves to 
travel in, and they can be trapped, not attenuating as would be expected from the radar equation. 


DUMMY LOAD (Radio Transmission) - A dissipative but essentially nonradiating substitute device 
having impedance characteristics simulating those of the antenna. This allows power to be applied to the 
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radar transmitter without radiating into free space. Dummy loads are commonly used during EMCON 
conditions or when troubleshooting a transmitter at a workbench away from its normal environment. 


DUPLEXER - A switching device used in radar to permit alternate use of the same antenna for both 
transmitting and receiving 


DUTY CYCLE - The ratio of average power to peak cor: 

power, or ratio of pulse length to interpulse period for pulsed ee wise 

transmitter systems. Interpulse period is equal to the verAce POWER 
reciprocal of the pulse repetition rate. omrenruls pemOO— 

See Section 2-5. 


‘The duty cycle ofa radar having a pulse length of 0.3 jisec and a PRF of 2000 pulses/sec is computed 
as follows: 
Interpulse Period, T = PRI = 
Pulselength __0.3 see 


/PRF = 500 psec 
= 0.0006 (or 0.06%) ot Duty Cycle (dB) = 10log(Duty cycle) 


Duty Cycle= 32.2dB 


Interpulse Period 500 musec 


An output tube providing an average power of only 90 watts for such a system would, therefore, provide a 
peak power of: 


Average Power __ 90 
Duty Cycle 0.0006 


Peak Power = 


50,000 W or 52 ABW or 82 dBm 


EFFECTIVE RADIATED POWER (ERP) - Input power to the antenna in watts times the gain ratio 
ofthe antenna. When expressed in dB, ERP is the transmitter power (P:), in dBm (or dBW) plus the antenna 
gain (Gr) in dB. The term EIRP is used sometimes and reiterates that the gain is relative to an isotropic 
radiator. 


EGRESS - Exit the target area. 


ELECTROMAGNETIC COUPLING - The transfer of electromagnetic energy from one circuit or 
system to another circuit or system. An undesired transfer is termed EMI (electromagnetic interference). 


EMC (ELECTROMAGNETIC COMPATIBILITY) - That condition in which electrical/electronic 
systems can perform their intended function without experiencing degradation from, or causing degradation to 
other electrical/electronic systems. More simply stated, EMC is that condition which exists in the absence of 
EMI. See also Intersystem and Intrasystem EMC tests. 


EME (ELECTROMAGNETIC ENVIRONMENT) - The total electromagnetic energy in the RF 
spectrum that exists at any given location 


EMI (ELECTROMAGNETIC INTERFERENCE) - Any induced, radiated, or conducted electrical 
emission, disturbance, or transient that causes undesirable responses, degradation in performance, or 
malfunctions of any electrical or electronic equipment, device, or system. Also synonymously referred to as 
RFI (Radio Frequency Interference). 


EMI MODEL - Usually a set of equations or logical concepts designed to illustrate the interactions, 
the detailed parameters considerations, and mathematical procedures necessary for proper analysis of a given 
EMI situation. 
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EMITTER - Any device or apparatus which emits electromagnetic energy. 


EMP (ELECTROMAGNETIC PULSE) - The generation and radiation of a very narrow and very 
high-amplitude pulse of electromagnetic noise. It is associated with the high level pulse as a result of a 
nuclear detonation and with intentionally generated narrow, high-amplitude pulse for ECM applications. In 
the case of nuclear detonations, EMP consists of a continuous spectrum with most of its energy distributed 
through the low frequency band of 3 KHz to 1 MHz. 


ERROR SIGNAL - In servomechanisms, the signal applied to the control circuit that indicates the 
degree of misalignment between the controlling and the controlled members. In tracking radar systems, a 
voltage dependent upon the signal received from a target whose polarity and magnitude depend on the angle 
between the target and the center axis of the scanning beam. 


EAST TIME CONSTANT - See FTC. 


FEET DRY / WET - Aircraft has crossed from water to shore / aircraft has crossed from shore to 


water. 


FERRET - Anaircraft, ship, or vehicle especially equipped for the detection, location, recording, and 
analyzing of electromagnetic radiations. 


FIELD STRENGTH - The magnitude of a magnetic or electric field at any point, usually expressed in 
terms of ampere turns per meter or volts per meter. Sometimes called field intensity and is expressed in 
volts/meter or dBpvimeter. Above 100 MHz, power density terminology is used more often. See 
Section 4-1 


FIRST HARMONIC - The fundamental (original) frequency. 


FREQUENCY AGILITY - A radar’s ability to change frequency within its operating band, usually on 
apulse-to-pulse basis. This is an ECCM technique employed to avoid spot jamming and to force the jammer 
to go into a less effective barrage mode. 


FREQUENCY AGILITY RADAR - A radar that automatically or semiautomatically tunes through a 
discrete set of operating frequencies in its normal mode of operation. 


FREQUENCY DIVERSITY RADAR - A radar system technique, employed primarily as an 
antijamming feature, where the transmitter output frequency varies randomly from pulse to pulse over a wide 


frequency range. 


FREQUENCY RANGE - (1) A specifically designated portion of the frequency spectrum; (2) of a 
device, the band of frequencies over which the device may be considered useful with various circuit and 
operating conditions; (3) of a transmission system, the frequency band in which the system is able to transmit 
power without attenuating or distorting it more than a specified amount. 


FREQUENCY SHIFT KEYING (FSK) - A form of FM where the carrier is shifted between two 
frequencies in accordance with a predetermined code. In multiple FSK, the carrier is shifted to more than two 
frequencies. FSK is used principally with teletype communications. 


“ERUIT” - In a radar beacon system, there is a type of interference called “FRUIT,” caused by 
beacon replies to interrogation asynchronous with the observer's interrogator. The largest amount of this 
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interference is received through the sidelobes of the interrogating antenna, but it can become dense enough to 
cause false target indications. 


FTC (FAST TIME CONSTANT) - An antijam feature employed in radar systems where receiver 
circuits may be selected to provide a short time constant to emphasize signals of short duration to produce 
discrimination against the low frequency components of clutter. 


FUNDAMENTAL FREQUENCY - Used synonymously for tuned frequency, carrier frequency, 
center frequency, output frequency, or operating frequency. 


FUSELAGE STATION or just STATION - A reference point (usually the nose of an aircraft) used to 
measure or identify fore and aft locations. One of several aircraft location designations - also see butt line and 
water line, 


GaAs FET AMPLIFIER - Because of their low noise, field-effect transistors are often used as the 
input stage of wideband amplifiers. Their high input resistance makes this device particularly useful in a 
variety of applications. Since the FET does not employ minority current carriers, carrier storage effects are 
eliminated giving the device faster operating characteristics and improved radiation resistant qualities, 


GAIN - For antennas, the value of power gain ina given direction relative to an isotropic point source 
radiating equally in all directions. Frequently expressed in dB (gain of an isotropic source = 0 dB). The 
formula for calculating gain 


A f2P OB) shore P(0,)= Radiation intensity in given direction 


Pu P,,= Power into lossless antenna radiating uniformly in all directions 


G 


Note: (1) Ifradiation efficiency is unity, then gain = directivity ice. if directiv 
(2) Interference losses within an array also affect gain 
(3) See Section 3-1 for further details 


=2, then gain = 3 dB, ete. 


For amplifiers, 


n is the ratio of the output power to input power (usually in dB). 


GATE (RANGE) - A signal used to select radar echoes corresponding to a very short range 
increment. Range is computed by moving the range gate or marker to the target echo; an arrangement which 
permits radar signals to be received in a small selected fraction of the time period between radar transmitter 
pulses 


GATING - (1) The process of selecting those portions of a wave which exist during one or more 
selected time intervals; (2) the application of a square waveform of desired duration and timing to perform 
electronic switching; (3) the application of receiver operating voltages to one or more stages only during that 
portion of a cycle of operation when reception is desired. See also Gate (Range). 


GCI (GROUND-CONTROLLED INTERCEPT) - Vectoring an interceptor aircraft to an airborne 
target by means of information relayed from a ground-based radar site which observes both the interceptor 
and the target. 


GIGA - A prefix meaning 10” (times a billion). For example, gigahertz (GHz). 


GLINT (In Radar) - 1, The random component of target location error caused by variations in the 
phase front of the target signal (as contrasted with Scintillation Error). Glint may affect angle, range of 
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Doppler measurements, and may have peak values corresponding to locations beyond the true target extent in 
the measured coordinate. 2. Electronic countermeasures that uses the scintillating, or flashing effect of 
shuttered or rotating reflectors to degrade tracking or seeking functions of an enemy weapons system. 


GUARDBAND - A frequency band to which no other emitters are assigned as a precaution against 
interference to equipments susceptible to EMI in that band, 


GUIDANCE, BEAM RIDER - A missile guidance technique which is dependent on the missile’s 
ability to determine its positions with reference to the center of scan of the guidance radar beam and thus 
correct its trajectory on the basis of detected errors. 


GUIDANCE CODE - A technique of modulating guidance transmitter carriers with coded pulses 
compatible with the receiver code of the missile assigned that system, thus reducing the possibility of the 
missile accepting erroneous commands of other transmissions. 


GUIDANCE, COMMAND - A guidance system wherein intelligence transmitted to the missile from 
an outside source causes the missile to traverse a directed path in space. 


GUIDANCE, HOMING, ACTIVE - A system of homing guidance wherein both the transmitter and 


receiver are carried within the missile. 


GUIDANCE, HOMING, PASSIVE - A form of homing guidance, which is dependent on a mi 
ability to detect energy emitted by the target. Frequently termed Home-On-Jam (HOJ). 


GUIDANCE, HOMING, SEMIACTIVE - A system of homing guidance wherein the missile uses 
reflected signals from the target which has been illuminated by a source other than within the missile. See 
also CWI. 


GUIDANCE, INERTIAL - A self-contained system independent of information obtained from 
outside the missile, usually using Newton’s second law of motion. 


GUNN DIODE - The Gunn diode is a transferred electron device which because of its negative 
resistance can be used in microwave oscillators or amplifiers. When the applied voltage exceeds a certain 
critical value, periodic fluctuations in current occur. The frequency of oscillation depends primarily upon the 
drift velocity of electrons through the effective length of the device. This frequency may be varied over a 
small range by means of mechanical tuning. 


HARMONIC - A sinusoidal component of a periodic wave or quantity having a frequency that is an 
integral multiple of the fundamental frequency. For example, a component which is twice the fundamental 
frequency is called the second harmonic. (The fundamental is the first harmonic, which is frequently 
misunderstood.) 


HERTZ - The unit of frequency equal to one cycle per second. 


HOME-ON-JAM (HOJ) - See Gi 


idance, Homing, Pas 


ve. 


HORN ANTENNA - A flared, open-ended section of waveguide used to radiate the energy from a 
‘waveguide into space. Also termed “horn” or “horn radiator.” Usually linearly polarized, it will be vertically 
polarized when the feed probe is vertical, or horizontally polarized if the feed is horizontal. Circular 
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polarization can be obtained by feeding a square hom at a 45° angle and phase shifting the vertical or 
horizontal excitation by 90°. 


HYPERABRUPT VARACTOR OSCILLATOR - Due to a non-uniform concentration of N-type 
material (excess electrons) in the depletion region, this varactor produces a greater capacitance change in 
‘tuning voltage and a far more linear voltage-vs.-frequency tuning curve. As a result, this device has an 
improved tuning linearity and low tuning voltage. 


IF (INTERMEDIATE FREQUENCY) - The difference frequency resulting from mixing (beating) the 
received signal in a superheterodyne receiver with the signal from the local oscillator. The difference 
frequency product provides the advantages inherent to the processing (amplification, detection, filtering, and 
such) of low frequency signals. The receiver local oscillator may operate either below or above the receiver 
tuned frequency. A single receiver may incorporate multiple IF detection. 


IF = Fyo - Fo (for a local oscillator operating above the fundamental) 


Received fundamental frequency Antenna 


Fyo = Local oscillator frequency 0 MME IF 
2 Mor pe 
aested received 
The simplified block diagram illustrates a typical mixing_| sto! (1050 MHz) ¥ 
procedure employed in radar systems to obtain desired Local Osellater 


IF frequencies. The local oscillator is tuned above the (iio) 
fundamental frequency in this example. It should be 
noted that an undesired signal received at the receiver image frequency of 1170 MHz will also produce the 
desired 60 MHz IF frequency; this relationship provides the receiver image. See also Image Frequency. 


IFF (IDENTIFICATION FRIEND OR FOE) - A system using radar transmission to which equipment 
carried by friendly forces automatically responds by emitting a unique characteristic series of pulses thereby 
distinguishing themselves from enemy forces. It is the “Mode IV” for the aircraft transponder. See also 
transponder. 


IMAGE FREQUENCY - 
Desited received 
That frequency to which a given | gua (1050 Mrz) 


superheterodyne receiver is Fo-Fo= FF 
inherently susceptible, thereby Antenna Here 
rendering such a receiver extremely cote IF 

nage Frequency 
vulnerable to EMI at that | (Ree sresensy [-—— 
frequency. The image frequency is sitet ix Suaiwal 
located at the same frequency rarbecseny) IPaFo-Ro- af 
difference (Af) to one side of the Rok OB ep eneunn| oF Re 
local oscillator as the tuned ids leas eee 


(desired) frequency is to the other 
side. An undesired signal received 
at the image frequency by a superheterodyne receiver not having preselection would, therefore, mix (beat) 
with the oscillator, produce the proper receiver IF, and be processed in the same manner as a signal at the 
desired frequency. See also receiver selectivity. 


IMAGE JAMMING - Jamming at the image frequency of the radar receiver. Barrage jamming is 
made most effective by generating energy at both the normal operating and image frequency of the radar. 
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Image jamming inverts the phase of the response and is thereby useful as an angle deception technique. Not 
effective if the radar uses image rejection, 


IMPATT DIODE - The IMPATT (IMPact Avalanche and Transit Time) diode acts like a negative 
resistance at microwave frequencies. Because of this property, Impatt diodes are used in oscillators and 
amplifiers. Usually the frequency range is in the millimeter wave region where other solid state devices 
cannot compete. 


INGRESS - Go into the target area, 


INSERTION LOSS - The loss incurred by inserting an element, device, or apparatus in an 
electrical/electronic circuit. Normally expressed in decibels determined as 10 log of the ratio of power 
measured at the point of insertion prior to inserting the device (P,) to the power measured after inserting the 
device (P.). Insertion loss (4B) = 10 log P1/P2. 


INTEGRATION EFFECT - Pulse radars usually obtain several echoes from a target. If these echoes 
are added to each other, they enhance the S/N ratio, making a weak target easier to detect. The noise and 
interference do not directly add from pulse to pulse, so the ratio of target strength to undesired signal strength 
mproves making the target more detectable. Random noise increases by the square root of the number of 
integrations, whereas the signal totally correlates and increases directly by the number of integrations, 
therefore the S/N enhancement is equal to the square root of the number of integrations. 


INTERFERENCE - See EML. 


INTERFERENCE PARAMETERS - Equipment and propagation characteristics necessary for the 
proper evaluation of a given EMI situation. 


INTERFERENCE/SIGNAL RATIO - See I/S Ratio. 


INTERFERENCE THRESHOLD - The level of interference normally expressed in terms of the I/S 
(interference/signal) ratio at which performance degradation in a system first occurs as a result of EMI. 

INTERFEROMETER - When two widely spaced antennas are arrayed together, they form an 
interferometer. The radiation pattern consists of many lobes, each having a narrow beamwidth. This antenna 
can provide good spatial selectivity if the lobe-to-lobe ambiguity can be solved such as using amplitude 
comparison between the two elements. 


INTERMODULATION - The production, in a nonlinear element (such as a receiver mixer), of 
frequencies corresponding to the sums and differences of the fundamentals and harmonics of two or more 
frequencies which are transmitted through the element; or, the modulation of the components of a complex 
wave by each other, producing frequencies equal to the sums and differences of integral multiples of the 
component frequencies of the complex wave 


INTERSYSTEM EMC - EMC between the external electromagnetic environment (EME) and an 
aircraft with its installed systems. Generally, only system BIT must operate properly on the carrier deck 
while all system functions must operate properly in the operational EME. 


INTRASYSTEM EMC - EMC between systems 
environment. 


stalled on an aircraft, exclusive of an external 
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INVERSE CON SCAN - One method of confusing a radar operator or fire control radar system is to 
provide erroneous target bearings. This is accomplished by first sensing the radar antenna scan rate and then 
modulating repeater amplifier gain so the weak portion of the radar signal is amplified by the jammer, while 
the strong portion is not, so the weapons systems will fire at some bearing other than the true target bearing 


‘The angle deception technique is used to break lock on CONSCAN radars. 


INVERSE GAIN - Amplification, inverse modulation, and re-radiation of a radar’s pulse train at the 


rotation rate of the radar scan, Deceives a conical scanning radar in angle. 


ISOTROPIC ANTENNA - A hypothetical antenna which radiates or receives energy equally in all 
directions. 


VS_RATIO (INTERFERENCE-TO-SIGNAL RATIO) (ISR) - The ratio of electromagnetic 
interference level to desired signal level that exists at a specified point in a receiving system. The ratio, 
normally expressed in dB, is employed as a tool in prediction of electronic receiving system performance 
degradation for a wide range of interference receiver input levels. Performance evaluations compare actual 
V/S ratios to minimum acceptable criteria. 


JAFE - Expression for the combination of electronic and chaff jamming. 


JAMMING - The deliberate radiation, reradiation, or reflection of electromagnetic energy with the 
object of impairing the use of electronic devices, equipment, or systems by an enemy. 


JATO - JAmmer Technique Optimization group -- Organization coordinates EA technique 
development and evaluation efforts in support of naval airborne EA (ALQ-99, USQ-113, ALQ-227, 
ALQ-231, ALE-43). The group is run out of PMA-234 and comprised of elements at NAWCWD-Point 
Mugu, Johns Hopkins University/ Applied Physics Lab, Naval Research Lab, and NSWC-Crane. Efforts 
include M&S, Lab test, ground test, flight test, direct fleet support, and requirements and test support to 
development programs. 


JINK - An aircraft maneuver which sharply changes the instantaneous flight path but maintains the 
overall route of flight. More violent than a weave. 


JITTERED PRE - An antijam feature of certain radar systems which varies the PRF consecutively, 
and randomly, from pulse to pulse to prevent enemy ECM equipment from locking on, and synchronizing 
with, the transmitted PRF. PRF is synonymous with pulse repetition rate (PRR). 


STAT -JATO Techniques Analysis and Tactics - Analysis documents produced by JATO to advise 
EA systems operators on the best ways to employ their systems by region, mission and equipment 
configuration. Currently covering ALQ-99 and USQ-113 on EA-6B; ALQ-99 and ALQ-227 on EA-18G, and 
ALQ-231 on AV-8B. 


KILO - A prefix meaning 10° (times one thousand). For example, kilohertz. 

KLYSTRON AMPLIFIER - An electron beam device which achieves amplification by the 
conversion of periodic velocity variations into conduction-current modulation in a field-free drift region, 
Velocity variations are launched by the interaction of an RF signal in an input resonant cavity and are coupled 
out through an RF output cavity. Several variations including reflex and multi cavity klystrons are used, 

KLYSTRON, MULTICAVITY - An electron tube which employs velocity modulation to generate or 


amplify electromagnetic energy in the microwave region. Since velocity modulation employs transit time of 
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the electron to aid in the bunching of electrons, transient time is not a deterrent to high frequency operations 
as is the case in conventional electron tubes. See also Velocity Modulation. 


KLYSTRON, REFLEX - A klystron which employs a reflector (repeller) electrode in place of a 
second resonant cavity to redirect the velocity-modulated electrons through the resonant cavity. The repeller 
‘causes one resonant circuit to serve as both input and output, which simplifies the tuning operation. This type 
of klystron is well adapted for use as an oscillator because the frequency is easily controlled by varying the 
position of the repeller. See also Velocity Modulation. 


LEAKAGE - Undesired radiation or conduction of RF energy through the shielding of an enclosed 
area or of an electronic device. 


LENS, RADAR (MICROWAVE) - The purpose of any such lens is to refract (focus) the diverging 
beam from an RF feed into a parallel beam (transmitting) or vice versa (receiving). The polarization is feed 
dependent. 


LIGHT AMPLIFICATION BY STIMULATED EMISSION OF RADIATION (LASER) - A process 
of generating coherent light. ‘The process utilizes a natural molecular (and atomic) phenomenon whereby 
molecules absorb incident electromagnetic energy at specific frequencies, store this energy for short but 
usable periods, and then release the stored energy in the form of light at particular frequencies in an extremely 
narrow frequency-band, 


LIMITING - A term to describe that an amplifier has reached its point of saturation or maximum 
‘output voltage swing. Deliberate limiting of the signal is used in FM demodulation so that AM will not also 
be demodulated. 


LITTORAL - Near a shore. 


LOBE, ANTENNA - Various parts of the 


antenna’s radiation pattern are referred to as lobes, | antskie Lobe 318i Lobe 
which may be subclassified into major and minor lobes. | past tote 
The major lobe is the lobe of greatest gain and is also ese, 


referred to as the main lobe or main beam. The minor 
lobes are further subclassified into side and back lobes 
as indicated in the figure to the right. The numbering of 
the side lobes are from the main lobe to the back lobe. 


LOCAL OSCILLATOR FREQUENCY - An internally generated frequency in a superheterodyne 
receiver. This frequency differs from the receiver operating frequency by an amount equal to the IF of the 
receiver. The local oscillator frequency may be designed to be either above or below the incoming signal 
frequency 


LOG VIDEO - This receiver process, generally implemented in the IF, compresses the dynamic range 
of the signal so both weak and strong signals are displayed without changing the gain setting. Output voltage 
can be calibrated in volts/dB of input power 


LONG PULSE MODE - Many pulsed radars are capable of transmitting either long or short pulses of 
RF energy. When the long pulses of RF energy are selected manually (or sometimes automatically), the radar 
is said to be operating in the long pulse mode. In general, “long pulse mode” is used to obtain high average 
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power for long-range search or tracking, and “short pulse mode” gives low average power for short-range, 
high-definition, tracking or search. 


LOOSE DEUCE - General term for two aircraft working in mutual support of each other. 
LORO (LOBE-ON-RECEIVE-ONLY) - A mode of operation generally consisting of transmitting on 


‘one non-scanning antenna system and receiving the reflected energy on another scanning system (The 
receiver could be TWS, Conical, or monopulse). 


MACH NUMBER - The ratio of the velocity of a body to the speed of sound in the medium that is 
being considered. In the atmosphere, the speed of sound varies with temperature and atmospheric pressure, 
hence, so does mach number. 


MAGNETIC ANOMALY DETECTOR - A means of detecting changes in the earth’s magnetic field 
caused by the presence of metal in ships and submarines. 


MAGNETRON - A magnetron is a thermionic vacuum tube which is constructed with a permanent 
magnet forming a part of the tube and which generates microwave power. These devices are commonly used 
as the power output stage of radar transmitters operating in the frequency range above 1000 MHz and are 
used less commonly down to about 400 MHz. A magnetron has two concentric cylindrical electrodes. On a 
conventional magnetron, the inner one is the cathode and the outer one is the anode. The opposite is true for a 
coaxial magnetron. 


MAGNETRON OSCILLATOR - A high-vacuum tube in which the interaction of an electronic space 
charge and a resonant system converts direct current power into ac power, usually at microwave frequencies, 
The magnetron has good efficiency, is capable of high power outputs, and is stable. 


MATCHED FILTER - This describes the bandwidth of an IF amplifier that maximizes the 
signal-to-noise ratio in the receiver output. This bandwidth is a function of the pulsewidth of the signal 


MDS (MINIMUM DETECTABLE/DISCERNIBLE SIGNAL) - The receiver input power level that 
is just sufficient to produce a detectable/discernible signal in the receiver output. The detectable term is 
nterchangeable with Syia and the discernable term is interchangeable with MVS. See Section 5-2. 


MEACONING — A system receiving radio signals and rebroadcasting them (or just transmitting) on 
the same frequency to confuse navigation. The meaconing station attempts to cause aircraft to receive 
inaccurate range or bearing information. 


MEATBALL - Visual light “ball” seen in Fresnel lens optical landing system (FLOLS) by pilot 
during carrier or Navy field landing. Used as a reference to determine if flight path is high or low. 


MEGA - A prefix meaning 10° (times one million). For example megahertz (MHz) 


MICROVOLT PER METER - A commonly used unit of field strength at a given point. The field 
strength is measured by locating a standard receiving antenna at that point, and the “microvolts per meter” 
value is then the ratio of the antenna voltage in microvolts to the effective antenna length in meters. Usually 
used below 100 MHz. Above 100 MHz, power density terminology is normally used. 


10-1.17 


MICROWAVE AMPLIFICATION BY STIMULATED EMISSION OF RADIATION (MASER)- A 
low-noise radio-frequency amplifier. The emission of energy stored in a molecular or atomic system by a 
microwave power supply is stimulated by the input signal. 


MISS DISTANCE - Used variously in different contexts. The distance from the missile to the 
‘geometric center of the aircraft, or the closest point of approach (CPA) of the missile to any portion of the 
aircraft such as the aircraft nose or telemetry pod, ete. 


MISSILE SYSTEMS FUNCTIONS - Examples of missile system functions are: “acquisition” (ability 
to lock-on a desired target); “tracking” of a target; “guidance” of a missile toward a target; “illumination” of a 
target so that a homing missile can home on the reflected RF illumination; and “command” signal 
transmission to a missile to cause it to arm, to detonate, to commence homing, or to destroy itself. 


MIXERS - See Balanced and Schottky Diode Mixers. 


MODULATION - The process whereby some AMPLITUDE MODULATED 
characteristic of one wave is varied in accordance with | UU setae 
some characteristic of another wave. The basic types of | _[—]___[—|__anputtuoe mooutarine 
modulation are angle modulation (including the special PULSE HAVE 


cases of phase and frequency modulation) and amplitude weitiariierdrbe 
modulation. In missile radars, it is common practice to ta 
fj il 


amplitude modulate the transmitted RF carrier wave of 
tracking and guidance transmitters by using a pulsed wave 
for modulating, and to frequency module the transmitted 
RF carrier wave of illuminator transmitters by using a sine 
wave. 


AMPLITUDE MODULATED 
RF CARRIER 


MODULATION, AMPLITUDE - This type of modulation changes the amplitude of a carrier wave in 
responses to the amplitude of a modulating wave. This modulation is used in radar and EW only as a switch 
to tum on or tum off the carrier wave; i.e., pulse is a special form of amplitude modulation. 


MODULATION, FREQUENCY - The frequency of the modulated carrier wave is varied in 
proportion to the amplitude of the modulating wave and therefore, the phase of the carrier varies with the 
integral of the modulating wave. See also Modulation. 


MODULATION, PHASE - The phase of the modulated carrier is varied in proportion to the 
amplitude of the modulating wave. See also Modulation, 


MONOPULSE - (See figure to right) A Tet ABOVE RADAR 
type of tracking radar that permits the extracting 
of tracking error information from each received 
pulse and offers a reduction in tracking errors as 
compared to a conical-scan system of similar 
power and size, Multiple (commonly four) BES 
receiving antennas or feeds are placed worn 
symmetrically about the center axis and operate | ARRANGEMENT 


z 
q 


SIGNAL 
AMPLITUDE 


BoD 


simultaneously to receive each RF pulse Lo. BEAM CENTER LINE | 
reflected from the target. A comparison of the Pa 
‘output signal amplitude or phase among the four + 38 
antennas indicates the location of the target with 35 
respect to the radar beam center line. The output “s 
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of the comparison circuit controls a servo system that reduces the tracking error to zero and thereby causes the 
antenna to track the target. 


MOS (MINIMUM OPERATIONAL SENSITIVITY) - The minimum signal which can be detected 
and automatically digitally processed by a radar without human discrimination. 


MTI (MOVING TARGET INDICATOR) - This radar signal process shows only targets that are in 
motion. Signals from stationary targets are subtracted out of the return signal by a memory circuit. 


MULTIPATH - The process by which a transmitted signal arrives at the receiver by at least two 
different paths. These paths are usually the main direct path, and at least one reflected path. The signals 
combine either constructively or destructively depending upon phase, and the resultant signal may be either 
stronger or weaker than the value computed for free space. 


MULTIPLEX - Simultaneous transmission of two or more signals on a common carrier wave. The 
three types of multiplex are called time division, frequency division, and phase division. 


MULTIBAND RADAR - A type of radar which uses simultaneous operation on more than one 
frequency band through a common antenna. This technique allows for many sophisticated forms of video 
processing and requires any jammer to jam all channels at the same time in order to be effective 


MVS (MINIMUM VISIBLE SIGNAL) - The minimum input pulse signal power level which permits 
visibility of the output pulse, such as on a radar A-scope display. This level is determined by initially setting 
the input level above the visible detection threshold, and then slowly decreasing the amplitude. 


NOISE FIGURE, RECEIVER - A figure of merit (NF or F) of a system given by the ratio of the 
signal-to-noise ratio at the input, S;/N;, divided by the signal-to-noise ratio at the output, S,/N.. It essentially 
expresses the ratio of output noise power of a given receiver to that of a theoretically perfect receiver which 
adds no noise. 


SYSTEM OUTPUT Woigg Fewer Adaoa] 
Noise Figure a Bysecower | 
iss input Powe] A Tnput Power 
times Power ain | &N | times PowerGan | | 
Where S, = GS, and G is the gain of the system, Perfect System fatwa Sisto 


Noise figure is usually expressed in dB and given for an impedance matched condition. Impedance mismatch 
will increase the noise figure by the amount of mismatch loss. NF is usually given at room temperature; 17° 
or 290°K. See Section 5-2. 


NOISE JAMMING - A continuous random signal radiated with the objective of concealing the 
aircraft echo from the enemy radar. In order for it to be effective, it must have an average amplitude at least 
as great as the average amplitude of the radar echo. There are three major categories of noise jamming which 
are grouped by how jamming power is concentrated: Spot, barrage, and swept jamming. (See individual 
definitions) 


NONCOHERENT - Two signals that have no set phase relationship. 


NOTCH - The portion of the radar velocity display where a target disappears due to being notched 
‘out by the zero Doppler filter. If not filtered (notched), ground clutter would also appear on the display. A 


10-1.19 


notch filter is a narrow band-reject filter. A “notch maneuver" 
the aircraft so it will be excluded, 


used to place a tracking radar on the beam of 


NULL, ANTENNA PATTERN - The directions of minimum transmi 
directional antenna. See also Lobe, Antenna. 


ion (or reception) of a 


NULL FILL - The nulls in an antenna ies 
pattem may be reduced (filled) by u 


ie ty wigs | ES KD ETS 
second ancillary (spoiler) antenna whose pattern 


is such that it fills in the nulls of the main | — rarrenw oF PATTERN OF couPOSITE PATTERN OF 
antenna pattern. (eme-nuti rei) ANTENNA ‘Remenna (we 7) 


NUTATION - As applied to current n 
of'an antenna feed to produce a conical scan (1 
providing a means of developing tracking error signals. See also Antenna, Nutating. By analogy, “Nutation’ 
also is used to denote the electrical switching of the quadrants of a seeker antenna. See also Interferometer. 
The effect is similar to that of a conical scan. 


ile system radars, this term refers to the mechanical motion 
ced polarization) by the main beam of a tracking antenna, thus 


NUTATOR - A motor-driven rotating antenna feed used to produce a conical scan for a tracking 
radar. See also Antenna, Nutating. Also, the electrical circuits necessary to effect nonmechanical conical 
scans. See also Nutation. 


OPERATIONAL CONSTRAINTS - Limitations on operating procedures in order to prevent 
interference between missile systems on a ship or between missile systems in a formation of ships under 
operational conditions. These limitations consist of such things as limited frequency bands or channels in 
which the radars may be tuned, limited sectors of space into which radar beams may be pointed, limits on 
minimum spacing between ships, limits on what codes may be used by radars and missiles on each ship, and 
limits on minimum interval between firing of certain missiles. 


OSCILLATORS - Devices which generate a frequency. See also Backward Wave, Dielectrically 
Stabilized Oscillator, Hyperabrupt Varactor Oscillator, Magnetron Oscillator, Varactor Tuned Oscillator, and 
YIG tuned oscillator. 


OSCILLATOR, LOCAL 


jee Local Oscillator Frequency. 


PALMER SCAN - Conical scan superimposed on another type of scan pattern - usually a spiral 
pattern. 


PARAMETER - A quantity which may have various values, each fixed within the limits of a stated 
case or discussion. In the present case, some examples of parameters; would be: radar frequency, limited by 
the tuning range of the radar; missile range, limited by the maximum operating range of the mis 
missile code, limited by the number of codes available and by the codes that the ship radars are set up to 
operate on. 


PASSIVE ANGLE TRACKING - Tracking of a target using radiation from the target (such as 
jamming), with no radiation from the radar itself, Only angular tracking is possible under these conditions 
since no measurement of time of travel of radiation to the target is possible, as is required to obtain target 
range. 


PC (PULSE COMPRESSION) - The process used in search and tracking pulse radars whereby the 
transmitted pulse is long, so as to obtain high average transmitter output power, and the reflected puise is 
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processed in the radar receiver to compress it to a fraction of the duration of the transmitted pulse to obtain 
high definition and signal strength enhancement. Pulse compression may be accomplished by sweeping the 
transmitted frequency (carrier) during the pulse. The returned signal is then passed through a 
frequency-dependent delay line. The leading edge of the pulse is therefore delayed so that the trailing edge 
catches up to the leading edge to produce effectively a shorter received pulse than that transmitted. Pulse 
compression radars are also referred to as CHIRP radars. Other more sophisticated pulse compression 
techniques are also possible and are becoming more popular. 


PENCIL BEA\ 
parabolic reflector). 


‘A narrow circular radar beam from a highly directional antenna (such as a 


PHASED ARRAY RADAR - Radar using many antenna elements which are combined in a 
controlled phase relationship. The direction of the beam can be changed as rapidly as the phase relationships 
(usually less than 20 microseconds). ‘Thus, the antenna typically remains stationary while the beam is 
electronically scanned. The use of many antenna elements allows for very rapid and high directivity of the 
beam(s) with a large peak and/or average power. There is also a potential for greater reliability over a 
conventional radar since the array will fail gracefully, one element at a time. 


PIN DIODE - A diode with a large intrinsic (1) region sandwiched between the P- and N- doped 
semiconducting regions. The most important property of the PIN diode is the fact that it appears as an almost 
pure resistance at RF. The value of this resistance can be varied over a range of approximately one- 
10,000 ohms by direct or low frequency current control. When the control current is varied continuously, the 
PIN diode is useful for attenuating, leveling and amplitude modulation of an RF signal. When the control 
current is switched on and off or in discrete steps, the device is useful in switching, pulse modulating, and 
phase shifting an RF signal 


POINT CONTACT DIODE - This was one of the earliest semiconductor device to be used at 
microwave frequencies. Consisting of a spring-loaded metal contact on a semiconducting surface, this diode 
can be considered an early version of the Schottky barrier diode. Generally used as a detector or mixer, the 
device is somewhat fragile and limited to low powers. 


POLARIZATION - The direction of the electric field (E-field) vector of an electromagnetic (EM) 
‘wave. See Section 3-2. The most general case is elliptical polarization with all others being special cases. 
The E-field of an EM wave radiating from a vertically mounted dipole antenna will be vertical and the wave 
is said to be vertically polarized. In like manner, a horizontally mounted dipole will produce a horizontal 
electric field and is horizontally polarized. Equal vertical and horizontal E-field components produce circular 
polarization, 


PORT - The left side of a ship or aircraft when facing the bow (forward) 


POWER (AVERAGE) FOR PULSED AF Pulse 
RADARS - Average power for a pulse radar is the —\\ Wj" 
average power transmitted between the start of one 

pulse and the start of the next pulse (because the time 
between pulses is many times greater than the pulse fer] Scene: 
duration time, the average power will be a small z 


fraction of peak power), 


For this example: Peak Power =I MW, Pulse Time (t) = 0.5 microsecond, and Interval Between Pulses (T) = 
1000 microseconds (1000 pps). 
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10° Watts = 90 dBm, 


Peak Power = Pwr during pulse time (t) = 1 MW 


Avg Power = Average Power During Time (T) = 10° x t/T 
= 10° x 0.5/1000 = 0.5 x 10° = 0.5 kilowatt = 57 dBm or 27 dBW 


POWER OUTPUT - Power output of a transmitter or transmitting antenna is commonly expressed in 
ABW or dBm. One megawatt would be expressed as 60 dBW or 90 dBm: 


10 log (1 megawatt / 1 watt) = 10 log (10°/10°) 10 log (1 megawatt / 1 milliwatt) = 10log(10°/10°) 
= 10x 6 = 60 dBW =10x9=90dBm 


POWER (PEAK) FOR PULSED RADARS - Peak power for a pulsed radar is the power radiated 
during the actual pulse transmission (with zero power transmitted between pulses). 


POWER FOR CW RADARS - Since the power output of CW transmitters (such as illuminator 
transmitters) usually have a duty cycle of one (100%), the peak and average power are the same. 


POWER DENSITY - The density of power in space expressed in Watts/meter”, dBW/m’, etc. 
Generally used in measurements above 100 MHz. At lower frequencies, field intensity measurements are 
taken. See Section 4-1 


PPI-SCOPE - A radar display yielding range and azimuth (bearing) information via an intensity 
modulated display and a circular sweep of a radial line. The radar is located at the center of the display. 


A device placed ahead of F ae 
the mixer in a receiver, | —*[PescestrP] Mer Pantie ie 
which has —_ bandpass. = EJ Do 
characteristics such that the ostllator £4 a 
desired (tuned) RF signal, a 


the target return, is allowed 


to pass, and other undesired 
signals (including the image frequency) are attenuated. 


PROPAGATION - In electrical practice, the travel of waves through or along a medium. The path 
traveled by the wave in getting from one point to another is known as the propagation path (such as the path 
through the atmosphere in getting from a transmitting antenna to a receiving antenna, or the path through the 
waveguides and other microwave devices in getting from an antenna to a receiver). 


PULSE COMPRESSION - See PC. 


PULSED DOPPLER (PD) - A type of radar that combines the features of pulsed radars and CW 
Doppler radars. It transmits pulses (instead of CW) which permits accurate range measurement. This is an 
inherent advantage of pulsed radars. Also, it detects the Doppler frequency shift produced by target range rate 
which enables it to discriminate between targets of only slightly different range rate and also enables it to 
greatly reduce clutter from stationary targets. See also Doppler Effect. 


PULSE LENGTH - Same meaning as Pulsewidth. 
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PULSE MODULATION - A special case of amplitude modulation wherein the carrier wave is varied 
at a pulsed rate. Pulse Modulation - The modulation of a carrier by a series of pulses generally for the 
purpose of transmitting data. The result is a short, powerful burst of electromagnetic radiation which can be 
used for measuring the distance from a radar set to a target. 


PULSE REPETITION FREQUENCY (PRE) - The rate of occurrence of a series of pulses, such as 
100 pulses per second. It is equal to the reciprocal of the pulse spacing (T) or PRT. (PRF = 1/T = 1/PRI). 
Sometimes the term pulse repetition rate (PRR) is used 


PULSE REPETITION FREQUENCY (PRF) STAGGER - The technique of switching PRF (or PRI) 
to different values on a pulse-to-pulse basis such that the various intervals follow a regular pattern. This is 
useful in compensating for blind speeds in pulsed MTI radars. Interpulse intervals which differ but follow a 
regular pattern. 


PULSE REPETITION INTERVAL (PRI) or TIME (PRT) - Time between the beginning of one pulse 
and the beginning of the next. 


PULSE SPACING - The interval of time between the leading edge of one pulse and the leading edge 
of the next pulse in a train of regularly recurring pulses. See also Pulse Repetition Frequency. Also called 
“the interpulse period.” 


PULSEWIDTH - The interval sae 
of time between the leading edge of a uesoine See 
pulse and the trailing edge of a pulse 
(measured in microseconds for the ™“———> 


short pulses used in radar). Usually 
measured at the 3 dB midpoint (50-percent power or 70% voltage level) of the pulse, but may be specified to 
be measured at any level. See Section 6-10 for measurement techniques 


QUANTIZE - The process of restricting a variable to a number of discrete values. For example, to 
limit varying antenna gains to three levels. 


RADAR - Radio detection and ranging. 


RADAR CROSS TION - A measure of the radar reflection characteristics of a target. It is equal 
to the power reflected back to the radar divided by power density of the wave striking the target. For most 
targets, the radar cross section is the area of the cross section of the sphere that would reflect the same energy 
back to the radar if the sphere were substituted. RCS of sphere is independent of frequency if operating in the 
far field region. See Section 4-11 


RADAR RANGE EQUATION - The radar range equation is a basic relationship which permits the 
calculation of received echo signal strength, if certain parameters of the radar transmitter, antenna, 
propagation path, and target are known, 

re 
PGiGA'F  Geespace) as the basic two-way radar equation (see Sections 4-4 thru 4-6) 


Given: 


where: 
P, = Peak power at receiver input 
2 = Wavelength of signal (length) = c/f 
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P, = Transmitted signal level (power) 
R= Range of target to radar (distance) 


G, = Gain of transmitting antenna (dimensionless ratio) 
6 = Radar cross section of target 
G. = Gain of receiving antenna (dimensionless ratio) 


In practical use, the radar range equation is often written in logarithmic form, all terms expressed in decibels, 
so that the results can be found by simple processes of addition and subtraction, Using the above equation 
and 2.= elf, 


10 log P, = 10 log P, + 10 log G, + 10 log G, + 10 log a - 40 log R - 20 log f + 20 log ¢ - 30 log 4x 
where: f= Signal frequency (cycles {dimensionless}/time) c= Speed of light (length/time) 


10 log P, = 10 log P, + 10 log G, + 10 log G, + Gy ~ 2a 


where a, and G, are factors containing the constants and conversion factors to keep the equations in consistent 
units, 


Refer to Sections 4-4 through 4-6. 


RADAR TRIGGER KILL - see Trigger Kill, Radar 


RADIATION EFFICIENC 


E = Prsdistea/Pin (ideal=1) 
RADIATION PATTERN - See Antenna Pattern, 
RADIO FREQUENCY - See RF. 

RADIO FREQUENCY INTERFERENCE - See RFI, 


RAIL KEEPING 
launch, 


Ability of countermeasures to keep the n 


ile on the launch rail, ic., prevent 


RAINBOW - A technique which applies pulse-to-pulse frequency changing to identifying and 
discriminating against decoys and chaff. 


RANGE CELL - In a radar, a range cell is the smallest range increment the radar is capable of 
detecting. Ifa radar has a range resolution of 50 yards and a total range of 30 nautical miles (60,000 yds), 
there are: 60000/50 = 1,200 range cells, 


RANGE GATE - A gate voltage used to select radar echoes from a very short range interval 


RANGE GATE PULL OFF (RGPO) - Deception technique used against pulse tracking radars using 
range gates. Jammer initially repeats the skin echo with minimum time delay at a high power to capture the 
AGC circuitry. The delay is progressively increased, forcing the tracking gates to be pulled away (“walked 
off”) from the target echo. Frequency memory loops (FML’s), or transponders provide the variable delay. 


RANGE RATE - The rate at which a radar target is changing its range with respect to the radar (in 


feet per second for example). Note that this rate is not the same as target velocity unless the target is moving 
straight toward or straight away from the radar. 
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RANGE SCOPE - See A-Scope or PPI 


Fe 
e—Recelver Bandwkith 


RECEIVER BANDWIDTH - The difference i 
between the limiting frequencies within which " 
receiver performance in respect to some characteristic 
falls within specified limits. (In most receivers th 
will be the difference between the two frequencies 
where the intermediate frequency (IF) amplifier gain 
falls off 3 dB from the gain at the center IF 

5 : Genterat 
frequency.) See also Receiver Selectivity. Frequerey 


Gain 0707 comespomis w 
oD decrease avd ealeo 
Caled the half ewer poles 


RECEIVER SELECTIVITY - The ‘SELECTIVITY 
degree to which a receiver is capable of wide receiver handwidth “TDA. Marrow weetver bansuisth 
differentiating between the desired signal and_Ju"ested signal wil passe inereases signal epetion 
signals or interference at other frequencies. 
(The narrower the receiver bandwidth, the 
greater the selectivity.) 


4 


~ 
Desired Signs Undecited Signal 


REFLECTION - The turning back (or 
to the side) ofa radio wave as a result of impinging on any conducting surface which is at least comparable in 
dimension to the wavelength of the radio wave. 


RESOLUTION - In radar, the minimum separation in angle or in range between two targets which the 
radar is capable of distinguishing 


RE (RADIO FREQUENCY) - A term indicating high frequency electromagnetic energy. 


REI (RADIO FREQUENCY INTERFERENCE) - Any induced, radiated, or conducted electrical 
disturbance or transient that causes undesirable responses or malfunctioning in any electrical or electronic 
equipment, device, or system. Same as EMI. Not to be confused with the logistic term ready for issue (also 
RFI). 


RING AROUND - A condition in which a repeater jammer’s total gain, from receiver antenna to 
transmitter antenna, exceeds the antenna isolation resulting in the repeater amplifying its own internal noi 
Akin to positive feedback in an amplifier that causes unwanted oscillations. 


RING AROUND (RADAR-TO-MISSILE) - The condition where radio frequency interference 
signals from a transmitter of one missile radar enter the receiving circuits of a missile under the control of 
another missile radar. 


RING AROUND (RADAR-TO-RADAR) - The condition where radio frequency interference signals 
from a transmitter of one radar enter the receiving circuits of another radar. 


ROPE - An element of chaff consisting of a long roll of metallic foil or wire which is designed for 
broad, low-frequency response. See Chaff. 


R-SCOPE - (RANGE SCOPE) See A-scope or PPI 


SAFETY OF FLIGHT (SOF) TEST - A flight test to verify that a new or modified subsystem will not 
cause a major problem with the aircraft, ie., interference can occur, but will not be such that required 
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navigational systems will fail or which might potentially cause the loss of an aircraft under all normally 
expected weather conditions. 


SCAN - To transverse or sweep a sector or volume of airspace with a recurring pattern, by means of a 
controlled directional beam from a radar antenna, See also “Antenna, nutating.” 


SCHOTTKY BARRIER DIODE - The Schottky barrier diode is a simple metal-semiconductor 
boundary with no P-N junction. A depletion region between the metal contact and the doped semiconductor 
region offers little capacitance at microwave frequencies. This diode finds use as detectors, mixers, and 
switches. 


SCHOTTKY DIODE MIXER - The mixer is a critical component in modern RF systems. Any 
nonlinear element can perform the mixing function, but parameters determining optimal mixing are no 
figure, input admittance, and IF noise and impedance. The Schottky diode is particularly effective because of 
its low noise figure and nearly square law characteristics 


SCHOTTKY DIODE SWITCH - Standard P-N diodes are limited in switching ability at high 
frequencies because of capacitance provided by the minority carriers. The Schottky diode overcomes this 
problem by use of the metal-semiconductor junction with inherently low carrier lifetimes, typically less than 
100 picoseconds. 


SEARCH RADAR - A radar whose prime function is to scan (search) a specified volume of space 
and indicate the presence of any targets on some type of visual display, and, in some cases, to provide 
coordinates of the targets to a fire control system to assist in target acquisition and tracking 


SEEKER - The seeker consists of circuitry in a homing missile which detects, electronically 
‘examines, and tracks the target; provides data for controlling the flight path of the missile; and provides 
signals for destroying the missile or for detonating it at intercept. (The seeker function is similar to that of an 
interferometer.) 


SELF-SCREENING JAMMING (SSI) - Each aircraft carries its own jamming equipment for its own 
protection, 


SENSITIVITY - The sensitivity of a receiver is taken as the minimum signal level required to 
produce an output signal having a specified signal-to-noise ratio, See also Minimum Visible Signal and 
Minimum Discernible Signal (MDS). 


SENSITIVITY TIME CONTROL - See STC. 


SENSOR - The receiver portion of a transmitter/receiver pair used to detect and process 
electromagnetic energy. 


SHIELDING - The physical arrangement of shields fora particular component, equipment, or system, 
(A shield is a housing, screen, or other material, usually conducting, that substantially reduces the effect of 
electric or magnetic fields on one side of the shield upon devices or circuits on the other side.) Examples are 
tube shields, a shielded enclosure or cabinet for a radar receiver, and the screen around a screen room 


SHORT PULSE MODE - See Long Pulse Mode. 
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SIDEBAND - A signal either above or 
below the carrier frequency, produced by the | Lower 


Upper _Low: Upper 
modulation of the carrier wave by some other | Sidebané Sidgband —Sideband Sidoband 
wave. See figure at right => ‘y a | 

7 fe oT Va 


SIDELOBE - See Lobe, Antenna, Frequency Frequency 
Cartior modulated by asino wave Carrier amplitude modulated by a pulse 


ier Frequency. 


SIGNAL STRENGTH - The magnitude 
of a signal at a particular location, Units are volts per meter or dBV/m. 


SIGNATURE - The set of parameters which describe the characteristics of a radar target or an RF 
emitter and distinguish one emitter from another. Signature parameters include the radio frequency of the 
carrier, the modulation characteristics (typically the pulse modulation code), and the scan pattern. 


SILICON CONTROLLED SWITCH - A P-N-P-N device able to operate at sub-microsecond 
switching speeds by the application of gate signals. Because it is a four layer device, this switch is also 
known as a tetrode thyristor. 


SLANT POLARIZATION - Technique of rotating a linear antenna 45° so it can receive or jam both 
horizontal and vertical polarization although there is a 3 dB loss. See Section 3.2 


SOLID STATE STAMO - A stable master oscillator constructed using transistors and other solid 
state devices as opposed to vacuum tubes. See also STAMO. 


SPECTRUM - The distribution of power versus frequency in an electromagnetic wave. See also 
Spectrum Signature Analysis and illustrations under Sideband. 


SPECTRUM ANALYZER - An electronic device for automatically displaying the spectrum of the 
electromagnetic radiation from one or more devices. A cathode ray tube display is commonly used to display 
this power-versus frequency spectrum. For examples of two types of displays, see illustrations under 
Sideband. 


ECTRUM NATURE ANALYSIS - The analysis of the electromagnetic radiation from an 
electronic device to determine the relative power in each sideband, harmonic, and spurious emission 
‘compared to the carrier frequency. This particular distribution (or spectrum) is peculiar to the device and can 
identify this type of device, thereby acting as an identifying “signature.” 


SPECTRUM WIDTH (TRANSMITTER) - The difference between the frequency lt 
which contains all the spectrum frequency components of significant magnitude. 


nits of the band 


SPOILER ANTENNA - Anantenna used to change (spoil) the antenna pattern of a second antenna so 
as to reduce the nulls in the pattem of the second antenna. See also Null Fill 


SPOKING (RADAR) - Periodic flashes of the rotating radial display. Sometimes caused by mutual 
interference 


SPOOFING” - A type of deception by using an electronic device to transmit a “target” echo. The 
spoofing transmitter must operate at the same frequency and PRF as the radar to be deceived. The radar main 
pulse triggers the spoofing transmitter which, after a delay, transmits a false echo. 
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OT JAMMING - Narrow frequency band jamming concentrated against a specific radar at a 
particular frequency. The jamming bandwidth is comparable to the radar bandpass. Can deny range and 
angle information. 


SPURIOUS EMISSION - Electromagnetic radiation transmitted on a frequency outside the 
bandwidth required for satisfactory transmission of the required waveform. Spurious emissions include 
harmonics, parasitic emissions, and intermodulation products, but exclude necessary modulation sidebands of 
the fundamental carrier frequency. 


UINT ANGLE - 
The angular difference 
between the axis of the [Antenna 
antenna mainlobe and the 
geometric axis of the 
antenna reflector, such as 


Main Lobe Axi 


Retlector Geometric Axis” 


the constant —_ angle 
maintained during conical scan as the m: 


nlobe rotates around the geometric axis of the reflector. 


STAGGERED PRE - Staggered PRF allows an increase in MTI blind speeds such that no zeros exist 
in the velocity response at lower velocities. In a two-period mode, the usual “blind speed” or occurrence of a 
zero in the velocity response is multiplied by a factor which is a function of the ratio of the two repetition 
periods 


STAMO (STABLE MASTER OSCILLATOR) - A very stable (drift free) oscillatory used to provide 
a precise frequency for transmission and for comparison with the reflected radar signal returned to the 
receiver, such as in a Doppler radar where a precise difference between transmitted and received signals must 
‘be measured to determine accurately the Doppler frequency. 


‘AND-FORWARD JAMMING 
sensors and attack aircrafi 


- A method which places the jamming vehicle between the enemy 


STAND-IN JAMMING (SIJ) - Similar to stand-forward jamming but usually using an UAV with a 
lower powered jammer instead of a jammer aircraft 


STAND-OFF JAMMING (SOJ) - An ECM support aircraft orbits in the vicinity of the intended 
target. As the fighter-bomber pilot starts his strike penetration, the ECM aircraft directs jamming against all 
significant radars in the area. This technique provides broad frequency band ECM without affecting 
performance of the strike aircraft 


STARBOARD - The right side of a ship or airplane when facing the bow (forward) 


STC (SENSITIVITY TIME CONTROL) - Gain control that reduces the radar receiver gain for 
nearby targets as compared to more distant targets. STC prevents receiver saturation from close-in targets. 


STEP RECOVERY DIODE - A charge-controlled switch which ceases current conduction so rapidly 
that it can be used to produce an impulse. Cyclic operation of the diode can produce a train of impulses 
which when used with a resonant circuit can produce a single frequency output at any harmonic of the pulse 
frequency 


STERADIAN - Unit of solid angle. An entire sphere has 4m steradians. 
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REAM CHAFF - Operational technique of dropping large quantities of chaff for a continuous 
period of time. This results in a “ribbon” or “stream” of returns many miles in lengths on radarscopes. The 
penetrating strike force can then use the resulting chaff corridor to mask their penetration. 


IBHARMONIC - A frequency which is an integral submultiple of another frequency. For example, 
a sine wave whose frequency is one-third of the frequency of another sine wave is called the third 
subharmonic, (3 MHz is the third subharmonic of 9 MHz). 


SUPERHETERODYNE RECEIVER - A receiver that mixes the incoming signal with a locally 
‘generated signal (local oscillator) to produce a fixed, low intermediate frequency (IF) signal for amplification 
in the IF amplifiers. 


SUPPRESSION - Elimination or reduction of any component of an emission, such as suppression of 
aharmonic of a transmitter frequency by band rejection filter 


SUPPRESSION OF ENEMY AIR DEFENSES (SEAD) - Activity which neutralizes, destroys, or 
temporarily degrades enemy air defense systems by using physical attack or electronic means (SEAD 
pronounced “seed” or “C add”) 


SUSCEPTIBILITY - The degree to which an equipment or a system is set 
generated interference. 


itive to externally 


SWEPT JAMMING - Narrowband jamming which is swept through the desired frequency band in 
order to maximize power output. This technique is similar to sweeping spot noise to create barrage jamming, 
but at a higher power. 


SWITCHES - See also Diode Switch, Silicon Controlled Switch, Schottky Diode Switch. 


NCHRODYNE - A klystron mixer amplifier stage in a transmitter, where two signal frequencies 
are applied as inputs and a single amplified signal is taken out. 


TARGET SIZE - A measure of the ability of a radar target to reflect energy to the radar receiving 
antenna. The parameter used to describe this ability is the “radar cross section” of the target. The size (or 
radar cross section) of a target, such as an aircraft, will vary considerably as the target maneuvers and presents 
different views to the radar. A side view will normally result in a much larger radar cross section than a 
head-on view. See also Radar Cross Section. 


TERMINAL IMPEDANCE - The equivalent impedance as seen by the transmitter/receiver. 


TERRAIN BOUNCE - Term for jamming that is directed at the earth’s surface where it is reflected 
toward the threat radar. Reflected jamming creates a virtual image of the jamming source on the earth as a 
target for HOJ missiles. 


THERMISTOR - A resistor whose resistance varies with temperature in a defined manner. The word 
is formed from the two words “thermal” and “resistor,” 


THRESHOLD ISR - The interference to signal ratio (ISR) at which the performance of a receiver 
starts undergoing degradation. It must be determined by tests. 
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TRACKING RADAR - A radar whose prime function is to track a radar target and determine the 
target coordinates (in range and angular position) so that a missile may be guided to the target, ora gun aimed 
at the target. 


TRACKING RADAR RECEIVER - These are of two primary types: conical scan and monopulse. 
(1) The conical scan system directs the radar signal in a circle around the target. The radar paints this circle 
15 to 40 times per second. As the target moves out of the center of this circle, the radar develops aim error 
voltages and re-aims the antenna. (2) The monopulse system directs four beams at the target simultaneously. 
The target is in the middle of the four beams. If the target is not in the center, the radar return develops an 
aim error voltage to re-aim the antenna. 


TRACK WHILE SCAN (TWS) RADAR - Although it is not really a tracking radar in the true sense 
of the word, it does provide complete and accurate position information for missile guidance. In one 
implementation it would utilize two separate beams produced by two separate antennas on two different 
frequencies. The system utilizes electronic computer techniques whereby raw datum is used to track an 
assigned target, compute target velocity, and predict its future position, while maintaining normal sector scan, 

Most aircraft use only a single antenna, 


TRADE-OFF TABLES - A set of tables showing the various combinations of two or more variables 
that are related in that making one variable better will make the other variable worse. The trade-offhelps find 
the best solution considering all combinations. (For example, how a no-interference condition can be 
maintained if two emitter platforms are brought close together, if at the same time the frequency separation 
between their radar transmitters is increased.) 


TRANSIENT - A phenomenon (such asa surge of voltage or current) caused ina system by a sudden 
change in conditions, and which may persist for a relatively short time afier the change (sometimes called 
ringing). 


TRANSPONDER - A transmitter-receiver capable of accepting the electronic challenge of an 
interrogator and automatically transmitting an appropriate reply. There are four modes of operation currently 
in use for military aircraft. Mode 1 is a nonsecure low cost method used by ships to track aircraft and other 
ships. Mode 2 is used by aircraft to make carrier controlled approaches to ships during inclement weather. 
Mode 3 is the standard system used by commercial aircraft to relay their position to ground controllers 
throughout the world. Mode 4 is IFF. See also IFF. 


TRAVELING. .VE TUBE AMPLIFIER - The TWT is a microwave amplifier capable of operation 
over very wide bandwidths. In operation, an electron beam interacts with a microwave signal which is 
traveling on a slow wave helical structure. The near synchronism of the beam and RF wave velocities results 
in amplification. Bandwidths of 3:1 are possible. Operation at high powers or at millimeter wavelengths is 
possible at reduced bandwidths. 


TRIGGER KILL (RADAR) - A method employed to momentarily disable certain radar system 
circuits to reduce or eliminate RF emissions which may cause an EMV/EMC or RADHAZ situation such as on 
the deck of a ship. 


TUNNEL DIODE - The tunnel diode is a heavily doped P-N junction diode that displays a negative 
resistance over a portion of its voltage-current characteristic curve. In the tunneling process, electrons from 
the p-side valence bands are able to cross the energy barrier into empty states in the N-side conduction band 
when a small reverse bias is applied. This diode is used as a microwave amplifier or oscillator. 
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UPLINK - The missile guidance signal which passes midcourse correction command guidance 
intelligence from the guidance radar site to the missile. 


VARACTOR DIODE - A P-N junction employing an external bias to create a depletion layer 
containing very few charge carriers. The diode effectively acts as a variable capacitor. 


VARACTOR TUNED OSCILLATOR - A varactor diode serves as a voltage-controlled capacitor ina 
tuned circuit to control the frequency of a negative resistance oscillator. The major feature of this oscillator is 
its extremely fast tuning speed. A limiting factor is the ability of the external voltage driver circuit to change 
the voltage across the varactor diode, which is primarily controlled by the driver impedance and the bypass 
capacitors in the tuning circuit 


VELOCITY GATE PULL-OFF (VGPO) - Method of capturing the velocity gate of a Doppler radar 
and moving it away from the skin echo. Similar to the RGPO, but used against CW or Doppler velocity 
tracking radar systems. The CW or pulse doppler frequency, which is amplified and retransmitted, is shifted 
in frequency (velocity) to provide an apparent rate change or Doppler shift. 


VELOCITY MODULATION - Velocity modulation is modification of the velocity of an electron 
beam by alternately accelerating and decelerating the electrons at a frequency equal to the input frequency 
Thus, the electrons are segregated in bunches, each bunch causing a cycle or current as it passes an output 
electrode. The velocity of the electrons is thus a function of the modulation voltage. See also Klystron, 
Multicavity and Klystron, Reflex. 


VICTIM - A receiver (radar or missile) that suffers degradation due to ECM or EMI effects. 


VIDEO - Receiver RF signals that have been converted (post detection) into a pulse envelope that can 
‘be seen when applied to some type of radar visual display; also used to describe the actual display itself (such 
as the video on an A-scope). 


WARM - Acronym for Wartime Reserve Mode. Any mode of operation of a radar or ECM that is 
held in reserve, and never used, except in actual combat. 


WATER LINE - A reference line used for vertical measurements. When used with an aircraft it is 
usually the ground with the landing gear extended normally. One of several aircraft location designations, 
also see butt line and fuselage station, 


WAVEGUIDE - A transmission line consisting of a hollow conducting tube of arbitrary geometry 
(usually rectangular, but may be circular) within which electromagnetic waves may propagate. 


WAVELENGTH (2) - The distance traveled by a wave in one period (the period is the time required 
to complete one cycle). 1 = c/f. In the atmosphere, electromagnetic waves travel at c, the speed of light 
(300 million meters per second or 30 cm/nsec). At 5 GHz, one wavelength = 6 cm. At 10 GHz, one 
wavelength = 3 cm. 


WAVEMETER - An instrument for measuring the frequency of a radio wave. The wavemeter is a 
mechanically tunable resonant circuit. It must be part ofa reflection of transmission measurement system to 
measure the maximum response of a signal. Below 20 GHz, the wavemeter has been replaced by the 
frequency counter with much greater accuracy and ease of use. 


WEAVE - An aircraft maneuver that smoothly changes the instantaneous flight path but maintains the 
overall route of flight. Not as violent as a jink. 
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WET RUN - A test run with ship / aircraft armament and/or EW switches on. 


WILD WEASEL - USAF aircraft (F-4Gs during Desert Storm) used for suppression of enemy air 
defense (SEAD) mission. 


WINDOW - WWII name for chaff 


YIG TUNED OSCILLATOR - A YIG (yttrium iron garnet) sphere, when installed in the proper 
magnetic environment with suitable coupling will behave like a tunable microwave cavity with Q on the order 
of 1,000 to 8,000. Since spectral purity is related to Q, the device has excellent AM and FM noise 
characteristics. 


ZENER DIODE - A diode that exhibits in the avalanche-breakdown region a large change in reverse 
current over a very narrow range in reverse voltage. This characteristic permits a highly stable reference 
voltage to be maintained across the diode despite a wide range of current. 
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THE REALITY OF 
PSYCHOTRONIC 
WEAPONS TODAY! 


by 
Preston T. Bailey, PhD. 


Poll: Most Americans Feel Threatened By the 
Government 


A new survey from Pew Research Center 
finds more than half of Americans believe the 
government threatens their personal rights. 
The national survey marks the first time a 
majority of Americans have viewed the 
government as a threat since Pew began 
tracking public opinion on the subject in 1995. 


1ON ICRIMINAL S& TERRORIS — 


The outgoing Homeland Security Secieuny 
has a warning for her successor: A massive 
and “serious” cyber attack on the U.S. 
homeland is coming, and a natural disaster — 
the likes of which the nation has never seen — 
is also likely on its way. 


ELECTROMAGETIC ENERGY 
WEAPONS 


I Project Soul Catcher: 
Secrets of Cyber and 


Cybernetic Warfare 
Revealed reveals the 


cybernetic mind 
control by the CIA 
ms and their use of 

: psychotronic 
weapons and their 
pursuit to weaponize 
neurpsychology. 


ELECTROMAGNETIC SATELLITE TECHNOLOGY 


THE NEUROPHONE:US Patent # 3,393,279. 
July 16th, 1968 


It's a device that converts sound to electrical 
impulses sometimes called the “Voice of God” 
or makes the person think he is crazy. When 
the signals are sent to the brain, it makes a 
person think that God is speaking to him/her or 
even an “alien.” It targets the unique 
bioelectrical resonance frequency using his 
“vibrational pattern” in the brain called a 
“signature” and it acts like an audio receiver. 


THE PSYCHO-ACOUSTIC PROJECTOR: 


U.S. patent #3,566,347, (23/2/71) 
A device/weapon which can actually deafen 
the target. 


SILENT SUBLIMAL MESSAGES: US Patent # 
5,159,703. October 27th, 1992 


Non aural carriers in extreme audio frequency 
ranges are amplified or modulated with the 
desired material and propagated acoustically 
for direct inducement into the brain. This is an 
excellent method of influencing people without 
their knowledge and is used in advertising. 


METHODS AND SYSTEMS OF ALTERING 
CONSICOUSNESS: 


US Patent # 5,123,844. June 23rd, 1992 

US Patent # 5,289,438. February 22nd, 1994 
These systems stimulate the brain with 
different frequencies and wave forms to alter 
the subject's state of consciousness. 


Electro Magnetic Field (EMF) 
monitoring/interference is one of the most 
insidious and secretive of all methods used 
by the agencies. 


MICROWAVE WEAPONS: "A hearing system" 
U.S. patent #4,877,027, 31/10/89 & "A hearing 
device" U.S. patent #4,858,612, 22/8/89. 


The first known experiment with microwaved 
voices was conducted by Sharp and Grove in the 
early 70's. However, the Defence Intelligence 
Agency and ARPA (The Advanced Research 
Projects Agency) are principally to blame for the 
abuse of such technologies since. eg Project 
Pandora etc. The CIA's Langley Research Center 
as well as numerous scientists working in 
Energy/Defence department labs across the U.S. 
are also responsible. 


BRAIN WAVE MONITORS/ANALYSERS 
When the brain wave pattern of an individual is 
detected from the use of one of numerous types of 
detectors such as a satellite, these brainwave 
signals are sent to a monitor with a computer. 
These brain wave patterns are interpreted through a 
brain wave vocabulary that records the thoughts 
into words. The NSA monitors the brainwaves of 
their targets by satellite and decode the evoked 
potentials (3.50Hz 5 milliwatts) that the brain emits. 
So, using lasers / satellites and high-powered 
computers, the agencies have now gained the 
ability to decipher human thoughts - and from a 
considerable distance almost instantaneously. 


Psychotronic Weapons 


Russian former Prime Minister Dmitry 
Medvedev with a iiebalicabci gun 


Psychotronic Guns by Thor Jensen 

This is still an in-development project, but the 
potential for mayhem is unimaginable. Russia is 
currently working on weapons that employ 
electromagnetic radiation to directly affect the 
central nervous system — the root of all sensory 
processing — in a variety of unpleasant ways. The 
weapon will most likely build on existing research 
that shows the ability of low-frequency 
microwaves to affect brain function, alter moods 
and transmit false sensory data. Although this 
may all seem like X-Files stuff, the scientific basis 
is there. It’s up to some unscrupulous weapons 
designer to put it into practice. 


Sound waves have the potential to deal 
tremendous damage at loud enough 
amplitudes — think about a sonic boom, for 
instance. But you don’t need a jet engine to 
turn sound into a weapon. The Long Range 
Acoustic Device is a creation of the 
American technology Corporation that was 
originally designed to defend safe zones 
around boats. It produces an incredibly loud 
noise that can travel almost 1000 feet ina 
targeted beam, and if the frequency is 
amplified enough it can cause legitimate 
physical pain in its victims. 


Dazer Laser 


Of all the senses you use on the battlefield, 
vision is probably the most important. So 
disrupting that can turn the tide in war. One of 
the most effective sensory weapons on the 
market right now is the Dazer Laser, made by 
Laser Energetics. Using a green laser source 
that emits both a continuous and pulsed wave, 
the range on the unit can be adjusted to as far 
as 2400 meters. One shot of the laser 
targeted at the eye area can completely 
incapacitate the victim for several minutes, 
long enough for them to be subdued non- 
lethally. 


"oiribted Sound nd Light Akay Detilitator 


The most effective sensory weapons are ones 
that can engage and disorient multiple methods 
of input as well. Colloquially known as the 
“puke ray,” the Distributed Sound And Light 
Array Debilitator generates sound and light in a 
specific sequence designed to overload the 
brain’s processors, generating feelings of 
unease and discomfort. Prolonged exposure 
can result in even more unpleasant effects, 
including nausea and vomiting. Some scientists 
are even working towards producing a portable 
version the size of a flashlight that can be used 
on an individual basis. 


FE ® ledustries. Inc.’ Mission Kesearct, Corp 
04-16-2001 


The sensory organ with the largest active area in 
the body is, of course, the sense of touch. The 
human body has millions of individual nerves that 
are used to transmit sensory data to the brain, 
and a new experimental weapon from the U.S. 
government aims to really get them going. Pulsed 
energy projectiles are a specially-modulated laser 
that generates a burst of expanding plasma when 
they hit a solid object. That plasma in turn emits 
an electromagnetic pulse that causes immediate, 
searing pain to nerve cells all over the target’s 
body. They’re not in use yet, but research has 
been very promising. 


One of the most interesting sensory weapons 
on the market uses audio to disorient and 
confuse targets, but it skips the ear entirely. 
MEDUSA, a product of the Sierra Nevada 
Corporation, doesn’t create sound in a 
conventional way. Instead, it uses pulses of 
microwave radiation to generate shockwaves 
inside the skull that are detected by the ears 
from within — so earplugs won’t help you at all. 
It can generate painful white noise and even 
recognizable speech that sounds like it’s 
coming from the inside of your brain. Scary 
stuff. 


"The Mind Has No Firewall" Army article on 
psychotronic weapons (Parameters) 


The human body, much like a computer, 
contains myriad data processors. They include, 
but are not limited to, the chemical-electrical 
activity of the brain, heart, and peripheral 
nervous system, the signals sent from the 
cortex region of the brain to other parts of our 
body, the tiny hair cells in the inner ear that 
process auditory signals, and the light-sensitive 
retina and cornea of the eye that process 
visual activity. 


We are on the threshold of an era in which 
these data processors of the human body 
may be manipulated or debilitated. Examples 
of unplanned attacks on the body’s data- 
processing capability are well-documented. 
Strobe lights have been known to cause 
epileptic seizures. Not long ago in Japan, 
children watching television cartoons were 
subjected to pulsating lights that caused 
seizures in some and made others very sick. 


http://dprogram.net/2009/07/01/the-mind-has-no- 
firewall-army-article-on-psychotronic-weapons/ 


TYPES OF PSYCHOTRONIC WEAPONS 


A psychotronic generator produces a powerful 
electromagnetic emanation capable of being 


sent through telephone lines, TV, radio 
networks, supply pipes, and incandescent 
lamps. 


An autonomous generator is a device that 
operates in the 10-150 Hertz band. At the 10-20 
Hertz band, it forms an infrasonic oscillation 
that is destructive to all living creatures. 


A nervous system generator is designed to 
paralyze the central nervous systems of 


insects which could have the same 
applicability to humans. 


Ultrasound emanation devices using 
ultrasound emanations are capable of carrying 
out bloodless internal operations without 
leaving a mark on the skin. They can also be 
used to kill people from a distance. 


Noiseless cassettes is the ability to place 
infra-low frequency voice patterns over music, 
patterns that are detected by the 
subconscious. These messages are then 
stored in a person’s sub-conscious mind 
which they may later act upon. 


MICHIGAN LAW AGAINST ELECTROMAGNETIC 
DEVICES 

House Bill 4513 would amend the penal code 
(MCL 750.200h) to define “harmful 
electronic or electromagnetic device” as a device 
designed to emit or radiate an electronic or 
electromagnetic pulse or signal or microwave 
intended to cause harm to others or cause 
damage to, destroy, or disrupt any electronic or 
telecommunications system or device including a 
computer or computer network. The bill would also 
include a harmful electronic or electromagnetic 
device in the definition of “imitation harmful 
substance or device.” 


The Nuremberg Code opposes all forms of 
human experiments 


The state of Missouri has a law against 
involuntary chipping or implanting of a human 


Many countries have laws against human 
experimentation and the use of 
electromagnetic devices to control a person 
either their mind or their bodies 


SENATOR JOHN GLENN 


Senator Glenn's publicly-expressed outrage 
that this government has been found to be 
engaging in brutal forms of involuntary human 
experimentation, and that any and all forms of 
this type of experimentation be exposed. He 
stated that there are experiments with non- 
ionizing, so-called "non-lethal," directed- 
energy weapons, surveillance and 
psychotronic systems. He opposes 
Microwave Harassment and Mind-Control 
Experimentation especially connected to Los 


Alamos National Laboratory, the Department 
of Energy, the Department of Defense, CIA, 
and the National Reconnaissance Office. He 
stated the DOD has increased in the numbers 
of Ground Wave Emergency Network 
(GWEN) towers and satellites that qualify as 
directed-energy emitters, microwave towers, 
and antennae arrays. John Glenn is also a 
member of the Electronic Surveillance Project 
that is trying to stop these forms of 
harassment and human experimentation. 


CITIZENS AGAINST HUMAN RIGHTS 
ABUSE 


Scientists, many of which are Nobel Prize 
winners, in this Human Rights organization 
have documented for years the numerous 
abuses of electromagnetic weapons and 
electromagnetic radiation (EMR) mind 
control weapons. Most of the perpetrators of 
this abuse has been Russia and the United 
States. The International Red Cross has also 
verified these offenses. 


http://mindjustice.org/emr13.htm 


RUSSIAN DEFENSE MINISTER 


In March 2012 the Russian defense minister 
Anatoli Serdjukov said: 


“The development of weaponry based on new 
physics principles; direct-energy weapons, 
geophysical weapons, wave-energy weapons, 
genetic weapons, psychotronic weapons, etc., 
is part of the state arms procurement program 
for 2011-2020,”Voice of Russia 


EUROPEAN PARLIAMENT 


A directed energy weapon system is designed 
to match a radio frequency source to interfere 
with human brain activity at a synapse level.” 
Since 1999 those weapons have been 
upgraded and should be banned in the world. 
UNITED NATIONS 


The United Nations also agreed with this 
report and stated the “United States is the 
main country of the world to use directed 
energy weapons and electromagnetic 
weapons. 


The former United States Secretary of Defense 
William Cohen stated in a press briefing, while 
commenting on new technological threats 
possibly held by terrorist organizations: "Others 
are engaging in an eco-type of terrorism whereby 
they can alter the climate, set off earthquakes, 
(and) volcanoes remotely, using the use of 
electromagnetic waves." 


A TARGETED INDIVIDUAL 


Targeted Individuals are people who are illegally 
and covertly stalked, tortured and harassed by the 
use of hi-tech, Modern-day Military type 
Technologies (DAARPA, NASA, CIA etc.). 
Targets/Victims are usually implanted with RFID 
(Radio-Remote Frequency Identification Device) 
type transmitter chips (Positive!D or VERi Chips) 
and sometimes miniature Nano-Biochips and 
Stimulators/Transmitters mostly for GPS tracking 
purposes. Targets can be remotely connected to 
via radio frequency signals sent to the chip/s thus 
the mind and body being in theory "wirelessly" 
connected.. controlled and manipulated. 


There are targeted individuals, victims of 
Psychotronic (or Mind Control, Electronic, 
Electromagnetic, Directed Energy, Neurological, 
Non-lethal) Weapons, who are being targeted 
unjustly or used as human subjects in experiments 
without their informed consent. Victims of 
mind/body control detail the most extreme and 
totalitarian violations of human rights in human 
history. Criminals may implant people with 
microchips or nanomaterials and place them under 
continuous surveillance. They monitor the human 
brain, continuously alter consciousness and 
behavior, directly assault and torture mind and 
bodies of the human subjects. 


These are some of the symptoms that targeted 
individuals may experience: 

a). Microwave hearing, torture with loud noise. 
b). Visual hallucinations, artificial dreams. 

c). Reading thoughts, retrieving memories. 

d). Manipulation of thoughts, will, emotions, 
desires and perceptions. 

e). Manipulation of human behavior: forced 
speech, involuntary body movements, 
transmission of specific commands into the 
subconscious, compulsory execution of these 
commands (i.e. the Manchurian Candidate 
effect). 


f). Debilitation of mental acuity, loss of 
memory. 

g). Sleep deprivation or uncontrollable sleep 
h). Cramps, spasms, excruciating artificial 
pain in any part of the body, manipulation of 
body systems, including heart attacks and 
other serious medical conditions. 


TARGETED INDIVIDUAL SUPPORT 
GROUPS 


http:/Awww.freedomfchs.com/id19.html 
http:/Awww.stopcovertwar.com/support.html 


https ://www.facebook.com/victimsoforganized 
stalking 


http:/Awww.targetedinamerica.com/hitlist.html 
http://targetedindividualsua.weebly.com/ 


http://targetedindividuals.blogspot.com/2011/0 
8/tis-support-group.html 


Future Strategic Issues/Future 
Warfare 


& CURRENTLY 


* Order of 70% of Worlds Research 
conducted outside of U.S. (to first order, 
a % of GDP, U.S. produces order of 18% of 
worlds GDP) 


Order of 70% of U.S. Research now 
“Commercial” (as opposed to Government 
sponsored) 


gS TYPES OF WARFARE 


Hunter-Gatherer - “Nature Provided” 


Agriculture - Controlled Nature 
(Plants/Animals) 


Industrial - Mechanized Agriculture 


IT/BIO/Nano - Automating 
Industry/Agriculture 


Virtual - Robotization of 
IT/Bio/Nano/Industry/Agriculture 


Gy Worldwide IT Revolution 


¢ Comms/Computing/Sensors/Electronics 
¢ U.S. Commercial IT R&D ~ $100B/yr. 


¢ Factor of 1 Million further improvement 
[Silicon, Molecular,Quantum,Bio,Optical] 


¢ Beyond Human AI? 
« Automatics/Robotics “in the large” 
¢ Immersive multi-sensory VR/” Holodecks” 


¢ Ubiquitous multi physics/hyperspectral sensors 
[land/sea/air/space] 


¢ Micro/Nano sats/GNC/sensors,etc. 


Gy Current Competitive 


Landscape 


U.S. produces only 18% of Worlds GDP 
~70% of Research conducted offshore 
$300B/yr trade deficit 


32 other nations devote a larger % of their 
GDP to Research 


5th in No of R&D personnel/labor unit 
3% savings rate vs. 30% in Asia 


Proliferation of IT,bio,.nano,Space Technology 
etc. 


Gy Bio Revolution Applications 


¢ “Pharm Animals” [drugs, spare parts] 


Fast Growing plants on/near sea surface 
& sea water irrigated plants for biomass 
energy/closed CO2 cycle 


Polymer growing plants 


Spider genes in goats allow spider silk 
spinning from goat milk for “Biosteel”, 
3.5X strength of aramid fibers for Armor 


Binary Bio-weaponry 


Zs 


S 


Carbon Nanotubes 


C1,000,000, Buckminister Fullerine 
Carbon 


100X strength, 1/6 weight of steel 

8X better Armor 

Low energy Molecular/Petaflop 
Computing 

Ultra Capacitor/High Temperature SC 
Non-Cryo H2 storage 


& 


¢ SMART DUST 


— Cubic mm or less 


Some Sensor “Swarms” 


— Combined sensors, comms and power supply 
— Floats in air currents for up to 2 years 

« NANOTAGS 
— Placed on everything/everywhere 
— Identification and Status Info 

* Co-opted INSECTS 


Gy “Volumetric” Weaponry 


[Alternatives to HE] 
EMP 
Info/Net/Psy warfare 
Miniature brilliant sensor/mine combo’s 
Fuel/air & dust/air 
RF 
Chem/bio Antifunctionals/antifauna 


Isomers, Strained Bond Energy Release, 
etc. 


Carbon fibers/Acoustics etc. 


EMP Area By Bursts At 30, 120, 
bud 
Click on the image’ forja larger view! 


Burst Altitude 
300 Miles 


Burst Altitude 
120 Miles 


<P Burst Altitude 
an 30 Miles 
<> 4 


% 


(em 
Wide area coverage PA. 
-A million square miles 
Intensity depends on:/aga 
-Weapon design &y 
-Height of burst . 
-Location of burst 
Broad frequency range 


Threat to all electronics: 


tay 


Source: Gary Smith, “Electromagnetic Pulse Threats”, testimony to 
House National Security Committee on July 16, 1997 


Copiifight™ Young Reseasth 


gy “Slingatron” for Global 
Precision Strike 


¢ 10Kg projectiles, up to thousands/minute 

* Global, or less, range 

¢ $20M/device 

¢ Mechanical “on-the-ground” propulsion via 
Gyrating Spiral Guide Tube (a multiple “hula 
hoop” 

¢« “Poor Mans” Global Precision 
Strike/“Takedown Weapon” 


Impact Physics and Space 
Launch Research Facility 


Global Reach Machine 


Potential Future “Orders of 
Magnitude” Increases in Overall 
Weapon Effectiveness/Availability at 
Orders of Magnitude Reduced Cost(s) 
¢ Bio/Chem/Molec./Nano Computing - (E6) 

¢ Ubiquitous Optical Comms - (E4) 

¢« Micro/Nano/Ubiquitous Sensors - (E4) 

* BioWeaponry - (EN) 

* Co-operative Swarms of Cheap/Small 
Weapons/Sensors - (E4) 

¢ Volumetric Weaponry - (E4) 

¢ Cyber/Artificial Life (Beyond AI) - (E?) 


Chemtrails 


Ss Inside of a US Chemtrail Plane 


Gy Major U.S. Future Warfare Issues 


¢ “Non-explosive Warfare” (psywar, 
biowar IT/net war, “anti-operability 
war,” Beam weaponry including RF, 
Spoofing/Cammo 

* Robotic Warfare “in the large”/better 
than human AI/“Cyber life” 


( Wiis 1000.com 


DARPA Laser Weapon 


Gy ROBOTIC SOLDIERS 


Robotic soldiers are 
being created right 
now in the world to 
build a huge army 

‘ against humans and 
God. The New World 
im Order is not going to 
reveal their plans on 
the evening news! 


Gy SINGULARITY 


The technological singularity is a theoretical 
moment in time when artificial intelligence will 
have progressed to the point of a greater-than- 
human intelligence that will "radically change 
human civilization” according to Amnon Eden. 
Ray Kurzweil says “revolutions in genetics, 
nanotechnology and robotics will usher in the 
beginning of the Singularity.” Robots and 
cybernetic organisms are developing at a very 
fast pace that is blurring the line between 
humans and robots. 


Bionic Skin for a Cyborg You 


Flexible electronics allow us to cover robots and 
humans with stretchy sensors 


By Takao Someya Share | [Email | & Print 
Posted 26 Aug 2013 | 17:30 GMT 


One decade ago, my research 
group at the University of Tokyo 
created a flexible electronic mesh and 
wrapped it around the mechanical 
bones of a robotic hand. We had 
dreamed of making an electronic 
skin, embedded with temperature 
and pressure sensors, that could be 
wom by a robot. If a robotic health 
aide shook hands with a human 
patient, we thought, this sensor-clad 
e-skin would be able to measure 
some of the person's vital signs at the 
same time. 


Today we're still working intensively 
on e-skin, but our focus is now on 
applying it directly to the human 
body. Such a bionic skin could be 
used to monitor medical conditions photo: someya-Sektani Group 


or to provide more sensitive and Gilded skin: 
en ee en eae 


‘akao Someya’s latest 


Today we're still working intensively on e-skin but our 
focus is now on applying it directly to the human body. 
Such a bionic skin could be used to monitor medical 
conditions or to provide more sensitive and lifelike 
prosthetics. 


@ 


Gilded skin: Takao Someya’s latest e-skin material is 
one-tenth the thickness of plastic kitchen wrap, and it 
can conform to any body shape. 


Thin-film transistors don’t just allow electronics to be 
flexible—they can also help an e-skin mimic the 
sensitivity of real skin. Consider this: There are more 
than 2 million pain receptors in a person’s skin, which is 
equivalent to the number of pixels found in a typical 
high-definition TV. Synthetic skin covers the circuits that 
looks like human skin. 


http://spectrum.ieee.org/biomedical/bionics/bionic-skin-for-a-cyborg-you 
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Coming to your city soon! 


FEMA CAMPS in the United States 


From © Reply => Forward (Archive @ Junk © Delete 


Subject RE:Supply Questions 7728 /20131048 AM 


To Me <support@mypatriotsupply.com> |! Other Actions > 
Matt, 
1am inquiring in regards to the following: 


1. Breakdown the total possible servings available for immediately delivery. For example, “averaging 3 
servings per meal, 3 times per day, per person =9 servings per day per person” how many servings 
can you provide within 24 hours, 48 hours, 72 hours, etc.? 

Number of currently available meals? 

Can your current stock begin shipping in 24 hours? 

Do you ship dedicated truckloads by pallet? If so, how many pallets per truck? 

At full capacity (assuming all resources are available) how many canned/packaged servings per day 
can you provide in a 24 hour period? 


ypep 


Please let me know when you have the opportunity. 


Thanks in advance, 


DHS/Federal Emergency Management Agency 


Patriots Plaza 


395 E Street, 

Washington, DC 20472 
(202) - Office 
(202) - BlackBerry 


FM 3-39.40 
There is over 600 FEMA camps 


INTERNMENT AND RESETTLEMENT OPERATIONS 


FEMA has divided the U.S. into 
10 regions with Governors 
assigned over each region 


February 2010 


Region 


Region 


VI 
10 FEDERAL REGIONS 


: Military Internment Camps in U.S to be Used for Political Dissidents 
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INTERNMENT AND RESETTLEMENT 
OPERATIONS 


February 2010 


Chapter 1 


Chapter 2 


Chapter 3 


Internment and Resettlement Operations 
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If there are not real FEMA camps for 


detainment of American citizens, then why: 


Did Obama sign so many Executive Orders 
taking away the freedoms of American 
citizens? 

Did Obama say that anyone who is a threat to 
American security could be “detained 
indefinitely?” 

Does Homeland Security avoid answering a 
direct question about the hundreds of camps 
that exist? 


Are so many camps totally empty but staffed 
24 hours a day? 


¢ Why did they not house a single illegal 
immigrant of the 12 million that are here in 
any of these camps even though they say 
that is what they were built for? 

¢ Why didn’t any of those effected by 
hurricanes go to a FEMA camp? 

« Why does Homeland Security keep on 
building more FEMA camps? 

« Why are a majority of these camps 
designed to hold 20,000 inmates? 


Why aren't the people paid to station 
these camps informed about the purpose 
of the camps? 

Why are these camps hiring so many 
guards recently? 

Why aren’t the victims of fires, flooding, 
tornadoes, and hurricanes taken to any of 
these camps? 

Why did the sponsors of the bill years ago 
to build these camps even know what 
these camps were designed for? 


LIST OF ALL OF THE CAMPS: 


htto://www.sianews.com/modules.php?name 
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Complete 326 page manual 


http: //info. publicintelligence.net/USAr 
my-InternmentResettlement. pdf 


Leaked Document: Military 
Internment Camps in U.S to 
be Used for Political 
Dissidents 

http://www. youtube.com/watch 
?v=FfkZ1yri26s 


Military ad as it appeared in Government Pub: 
Correction Officer Internment / Resettlement Specialist 


As an Internment/Resettlement Specialist for the Army 
National Guard, you will ensure the smooth running of 
military confinement/ correctional facility or 
detention/internment facility, similar to those duties 
conducted by civilian Corrections Officers. This will 
require you to know proper procedures and military law; 
and have the ability to think quickly in high-stress 
situations. Specific duties may include assisting with 
supervision and management operations; providing 
facility security; providing custody, control, supervision, 
and escort; and counseling individual prisoners in 
rehabilitative programs. 

So, why is the National Guard hiring “Internment / 
Resettlement Specialists?” 


http://intellinub.com/2013/06/1 3/find-the-fema- 
camp-nearest-you/ 


The White House quietly issued National 
Security Presidential Directive 51 (NSPD-51), 
to ensure "continuity of government" in the 
event of what the document vaguely calls a 
"catastrophic emergency." Should the 
president determine that such an emergency 
has occurred, he and he alone is empowered 
to do whatever he deems necessary to ensure 
"continuity of government." This could include 
everything from canceling elections to 
suspending the Constitution to launching a 
nuclear attack. 


REX 84 


The Rex 84 Program was established on the 
reasoning that if a mass exodus of illegal aliens 
crossed the Mexican/US border, they would be 

quickly rounded up and detained in detention 

centers by FEMA. Rex 84 allowed many 
military bases to be closed down and to be 
turned into prisons. With half a million entering 
the US every year, not one of them has been 
put ina FEMA camp yet! What are they waiting 
for? 


NATIONAL DEFENSE AUTHORIZATION ACT 


Sect. 1042 of the 2007 National Defense 
Authorization Act (NDAA), "Use of the Armed 
Forces in Major Public Emergencies," gives 
the executive the power to invoke martial law. 
For the first time in more than a century, the 
president is now authorized to use the military 
in response to "a natural disaster, a disease 
outbreak, a terrorist attack or any other 
condition in which the President determines 
that domestic violence has occurred to the 
extent that state officials cannot maintain 
public order." 


If the US government spends billions of 
dollars on Homeland Security, they scan all 
of our emails, record all of our telephone 
calls, and watch almost everything we do; 
because they expect a Muslim terrorist to 
blow up our country any minute, then why 
did they allow 9 million Muslims to come into 
Our country? 


FEMAEXECUTIVEORDERS 


E.0. 11004 - Allows the Housing and Finance Authority to relocate communities, 
build new housing with public funds, designate areas to be abandoned, 
and establish new locations for populations. 


E.0. 10990 - Allows the government to take over all models of transportation 
and control of highways and seaports. 


E.0. 10995 - Allows the government to seize and control the communication 
media. 


E.0. 10997 - Allows the government to take over all electrical power, gas, petroleum, 
fuels and minerals. 


E.0. 10998 - Allows the government to take over all food resources and farms. 
Etc. these are real presidential executive orders! 

Not to mention these are just a few of them... 
To learn more Google fema executive orders. 


ARMY TRAINING MANUAL 


The manual states, “These operations (camp) 
may be performed as domestic civil support 
operations,” and adds that “The authority to 
approve resettlement such operations within 
U.S. territories,” would require a “special 
exception” to “The Posse Comitatus Act,” 
which can be obtained via “the President 
invoking his executive authority.” The 
document also makes reference to identifying 
detainees using their “social security number.” 


Mock Military Invasions 


http://www.independentsentinel.com/2013/03/military-drills- 
armored-tanks-zombies-are-coming-to-a-city-near-you/ 


DRONES 


The U.S. has over 8,000 drones 


They are used by police for surveillance 
on Americans 


They are used along the borders 


Some states have passed laws against 
flying drones 


~~ * 
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CHRISTIAN PERSECUTION 


Media Silent as Muslims Ethnically Cleanse 
60,000 Christians in Philippines 


http://frontpagemag.com/201 3/dgreenfield/media-silent-as-muslims-ethnically- 
cleanse-60000-christians-in-philippines/ 


PERSECUTION AT UNPRECEDENTED 
LEVELS 

The Body of Christ today is suffering a degree 
of persecution not seen previously in our 
lifetime. In Central African Republic a serious 
humanitarian crisis is unfolding as the 
predominantly Christian population suffers 
terror at the hands of Islamic rebels. Afghan 
converts risk death not only in Afghanistan but 
also in India because the Afghan media is 
inciting violence against them, particularly 
Pastor Obaid. In Somalia, al-Shabaab 
routinely kills Somali converts. 


Mustaf (13), who has already lost two 
Christian relatives to al-Shabaab, was recently 
kidnapped by militants seeking to draw his 
Christian parents out of hiding. For example 
on 30 August eleven Laos families (50 people) 
were expelled from their village and sent out 
into the bush for refusing to renounce Christ. 
On 1 September nine Catholics were 
massacred by Fulani Muslim gunmen in 
Nigeria's Kaduna State. On 4 September 
jihadists killed eight Syrian soldiers before 
seizing control of the Aramaic-speaking, 
Christian village of Maaloula in western Syria. 


"The power of the Executive 
to cast a man into prison 
without formulating any 
charge known to the law, 
and particularly to deny him 
the judgment of his peers, is 
in the highest degree odious 
and is the foundation of all 
totalitarian government 
whether Nazi or 
Communist." 


- Winston Churchill, Nov. 21, 
1943 


Fed downgrades its outlook for US economy 


Federal Reserve sketches a gloomier outlook for US economic growth for this year 
and next 


AP By Christopher s, Rugaber, AP Economics Writer | Associated Press — 5 hours ago 


(emai! Ei Recommena|{ 605 | | Tweet Gsm gt B print 


WASHINGTON (AP) -- The Federal Reserve on Wednesday downgraded its outlook for the U.S. 
economy for 2013 and 2014. In doing so, it underscored concerns that led it to maintain the pace of 
its stimulus. 

‘The Fed predicted Wednesday that the economy will grow just 2 percent to 2.3 percent this year, 
down from its previous forecast in June of 2.3 percent to 2.6 percent growth. 

‘Next year’s economic growth will be a barely healthy 3 percent, the Fed predicts. 

Fed officials decided to continue their $85-billion-a-month bond purchase program, surprising 


most economists, who had expected a slight reduction. The bond purchases have been designed to 
keep long-term loan rates low to encourage spending. 


The Fed's policymakers expect the unemployment rate to fall to 7.1 percent to 7.3 percent by the end 
of 2013, slightly below its June forecast of 7.2 percent to 7.3 percent. It predicts that unemployment 
will fall as low as 6.4 percent next year, down from 6.5 percent in its June forecast. 


The unemployment rate is now 7.3 percent. 


The projections showed that 12 of the 17 officials on the Fed's policymaking committee think the 
Fed shouldn't begin raising rates until 2015. And two think the Fed shouldn't do so until 2016, one 
more than in June. Three chose 2014, the same as in June. 


The Fed doesn't say which policymakers made which forecast. 


““" Foreigners Dumping the Most Treasuries 
in History! 


$40.8 

BLNin 

sales is 
worst 
ever! 
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DataSource: USTreasury 


FINANCES IN THESE DIFFICULT TIMES 


We Are Now On The Verge Of A Historic Meltdown & Collapse 


On the heels of a tremendous rally in gold and silver, today a man who has been involved in the financial 
markets for 50 years shocked King World News when he said that we are on the verge of a historic and 
catastrophic global financial “meltdown.” He also spoke about events that are unfolding behind the scenes at 
the White House right now. This is without question one of John Embry’s most powerful interviews ever. 


Embry: “/ guess I’m always unnerved as a result of what happened in April, the last time the President of the 
United States had a meeting with all of the bank heads, and two days later the price of gold was smashed for over 
$200. Now, the President is meeting with all of the heads of the various agencies, institutions, the Fed, and all of 
the other key money entities in the United States today. What's that all about? 


But clearly if the President is having this meeting, there is a crisis unfolding somewhere in the background, and it 
could very well relate to the dollar, interest rates, and the massive derivatives market associated with interest 
rates... 


“Rising interest rates are a killer in an over-levered economy, and that’s 
exactly what we’ve been seeing in the United States. 


This surge in interest rates may have already seriously destabilized the entire 
financial system, and that’s why there is this meeting taking place in the 
White House today. The fact is that the vast majority of derivatives in the 
global financial system are related to interest rates. 


Now, the entire financial system may be on the precipice of some sort of 
catastrophic event unfolding because of what we have already seen in the 
bond market, and how the derivatives are so heavily intertwined. Meaning, 
we may be on the verge of another disastrous derivatives meltdown. 


We have an unbelievable amount of interest rate derivatives in the financial 
system. So the winners theoretically take the profits on them, and the losers 
simply misprice them on their books. But as you get higher interest rates it 
becomes even more destabilizing. 


| firmly believe the reason the President has called this meeting today is 
because if interest rates in the U.S. continue to rise, it could really unleash 
something disastrous. We are talking here about the possibility of a 
meltdown. 
http://kingworldnews.com/kingworldnews/KWN_DailyWeb/Entries/2013/8/20_ 
We_Are_Now_On_The_Verge_Of_A_Historic_Meltdown_%26_Collapse.html 


Financial Crisis Alert: Half A Million People 
Drop Off Workforce In One Month, Bank of 
America To Cut 2100 Jobs, Shut 16 offices, 
HP Has Chopped 22,700 Jobs Since Last 
Year, Polled Unemployment Soars To March 
2012 Levels! 
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— Gallup Unemployment (°o) 


®& Government Unemployment (0) 


6.5 T T T T T T T 
Jun-11  Sep-11 Dec-11  Apr-12 Jul-12 Oct-12. Jan-13.  May-13' Aug-13 


People not In Labor Force ('000s) 


60000 -1500 


gv ¢ ¥ FE EF KK KK ¥ 


mm Moathiy Changs of People NotIaLaborFowe  smmPeople not In Labox Force 


http://investmentwatchblog.com/financial-crisis-alert-half-a-million-people-drop-off- 
workforce-in-one-month-bank-of-america-to-cut-2100-jobs-shut-16-offices-hp-has- 
chopped-22700-jobs-since-last-year-jpmorgan-exits-commodity-a/ 


Us Pension Funding Ratios by State 
(Ranked in Descending Order, All 50 States) 
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International Investors Dump $40.8 Billion in 
Treasuries, the Most Ever 


Money and Markets 


Foreign holders dumped a whopping $40.8 
billion in long-term Treasuries, the biggest 
exodus from bonds in the history of the U.S. 
Worse, June was actually the third month of 
mass dumping in the past four, for a total of $79 
billion. China, the biggest holder of our bonds, 
unloaded $21.5 billion, while Japan, the second- 
largest holder, dumped $20.3 billion. 


It wasn't just government bonds, either. 
Foreigners dumped $116 million of bonds made 
up of packaged U.S. mortgages. They sold $5.2 
billion of Fannie Mae, Freddie Mac and Ginnie 
Mae bonds, and $5 billion in corporate bonds. 
And they unloaded $26.8 billion of U.S. stocks. 
All told, more international capital flowed out of 
U.S. markets than at any time in history, worse 
even than at the depths of the 2008 credit crisis. 


State's unfunded pension debt will grow to more than $200 billion under new reporting rules 


Unfunded liability as Unfunded liability 
currently reported under Moody's 


TRS $43.5 billion $120.6 billion 
SERS $20.2 billion $46.2 billion 
SURS $17.6 billion $39.3 billion 
IRS $1.3 billion $2.6 billion 
GARS $0.2 billion $0.4 billion 
Combined $82.9 billion $209.0 billion 


Source: Commission on Government Forecasting and Accountability; Mlinois Policy Institute 
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UNITED STATES DOLLAR 


China and Japan a few weeks ago sold $48 
billion worth of U.S. Treasury Bonds in one 
day more than ever in history. Bernanke and 
the Fed are printing $85 billion per month ($40 
billion to buy Mortgage Backed Securities and 
$45 billion to buy Treasuries). All foreign 
countries are buying less US Treasury bonds 
since June of this year. This is very bad news. 


WHAT TO DO TO PREPARE FOR THIS? 
1.Get a job and keep it 

2. Start a job on something that makes money 
3. Store cash at your home 


4. Buy gold and silver eagles and keep it at 
home 


5. Pay off your bills 
6. Store food 


7. Store water 


8. Store guns & ammunition 
9. Store toilet paper 


10. Store tooth brush, tooth paste, shampoo, 
soap, etc. 


11. Have something to cook on such as an 
outside gas cooker, fireplace, or solar cooker. 


12. Store cooking oil, condiments, bowls, 
cups, etc. 


13. Have a water filter- Big Berkey 


Preston T. Bailey, PhD., D.Min. 
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‘The truth is liberating at the same time paralysing. Laurence Mountford 


Introduction 

Just read it, Every word in this document is true, and it is the most important document to 
ever reach the internet. This document is written to empower good people of the world 
against the tyranny which exists all around us in our world today. Effectively, the document 
presented here discloses concealed information about the extent to which medicine, science, 
and technology has advanced in our current era. Moreover, I am disclosing this information 
because I have been extensively abused, and I am victim of current advances in medicine, 
science, and technology, which I describe in detail below. There are many, many, other 
victims of abuse, including myself, and therefore it is our plea that you read this document 
with an open mind and you investigate ALL statements which may initially irk you and 
appear ‘suspect’ to begin with (the circumstantial evidence is available all around you); 
because as a victim of abuse, I can honestly say, there is nothing worse than experiencing 
abuse, and those who have the power to protect you from your abusers, ignore you. 


I will now discuss what qualifies as whistle blowing disclosure. After detailing the criteria 
which qualifies for whistle blowing disclosure, I will detail aspects of the Serious Crime Act, 
and preface a foundation which defines, explains, and references key information for the 
reader to understand as well as explore the extent to which medicine, science, and technology 
has advanced today; all for the express purpose of compelling the reader that medicine, 
science, and technology, has advanced at an incredible rate; that current advances in 
medicine, science and technology are withheld from public knowledge; and finally these 
advancements in medicine, science, and technology, have been and are currently used to 
commit serious unspeakable crimes against humanity and our environment here on earth. 
Moreover, it is my aim to present this information as coherently as possible to assist the 
reader to save me, and save many, many others who experience abuse daily resulting from 
concealed advances in technology. 


Whistle Blowing: Qualifying Disclosure 


In the United Kingdom under the Public Interest Disclosure Act (1998) (PIDA) section 43B, 
a “qualifying disclosure” (whistle blowing disclosure) implies “any disclosure of information 
which in the reasonable belief of the worker, tends to show one of the following: 


a) That a criminal offence has been committed, is being committed or is likely to be 
committed, 

b) That a person has failed, is failing or is likely to fail to comply with any legal 
obligation to which he is subject 

c) Thata miscarriage of justice has occurred, is occurring or is likely to occur, 

d) That the health or safety of any individual has been, is being or is likely to be 
endangered, 

e) That the environment has been, is being, or is likely to be damaged, or 

f) That information tending to show any matter falling within any one of the preceding 
paragraphs has been, or is likely to be deliberately concealed” 
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Furthermore, under the Enterprise and Regulatory Reform Act (ERRA) 2013 section 17 (The 
new ‘public interest’ test) is added for whistle blowing disclosures, amending section 43B of 
the Employment Rights Act (ERA) 1996 and therefore now reads as such (new words 
underlined): 


“(1) In this part a ‘qualifying disclosure’ means any disclosure of information which, in the 
reasonable belief of the worker making the disclosure, is made in the public interest and 
tends to show one or more of the following-- [criminal offence, breach of legal obligation, 
ete}.” (Halliday 2013, p. 2). 


‘The following information is presented with the express intent that it is made in the public 
interest, and meets the all criteria set out in section 43B (a-f) of PIDA as well as the ‘public 
interest test’, ERRA section 17. Furthermore, in order for the reader to perceive the credence 
of my statements, so that (s)he has impetus to research the validity of my statements and not 
dismiss it as folly supplied by an internet troll who has nothing better to do than waste 
peoples’ time, I will cite the Serious Crime Act 2015 here for the express purpose of 
convincing the reader that all statements made in this document and my original document 
are indeed FACTUAL! THIS IS NO HOAX. THIS IS NO JOKE, This is simply what is 
happening in the world today. 


The Serious Crime Act 2015 


The Serious Crime Act 2015 (UK) section 41, 3ZA, amends section 3A of the Computer 
Misuse Act 1990 which previously read [under Computer Misuse Offences]: 


[3A Making, supplying or obtaining articles for use in offence under section 1 or 3 


1) [That] A person is guilty of an offence if he makes, adapts, supplies or offers to supply any article intending 
it to be used to commit, or to assist in the commission of, an offence under section 1 or 3, 


To: [The Serious Crime Act 2015, section 41, 3ZA] 


3ZA Unauthorised acts causing, or creating risk of, serious damage 


(1) A person is guilty of an offence if— 


(a) the person does any unauthorised act in relation to a computer; 


(2) Damage is of a “material kind” for the purposes ofthis section i itis — 
(@) damage to human welfare in any place; 
(b) damage to the environment of any place; 
(©) damage to the economy of any country; or 


(4) damage to the national security of any country. 
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3) For the purposes of subsection (2)(a) an act causes damage to human welfare only if it causes — 
(a) loss to human life: 


(b) human illness or injury; 


(4) Ibis immuterial for the purposes of subsection (2) whether or not an act causing damage— 
(a) does so directly; 


(b) is the only or main cause of the damage. 


(5) In this section— 


(©) areference to a country includes a reference to a territory, and to any place in, or part or region of, a 


country or territory 


(6) A person guilty of an offence under this section is (unless subsection (7) applies) liable, on conviction on 


indictment, to imprisonment for a term not exceeding 14 years, or to a fine, or to both. 


(7) Where an offence under this section is committed as a result of an act causing or creating a significant risk 


of 
(a) serious damage to human welfare of the kind mentioned in subsection (3)(a) or (3)(b), oF 
(b) serious damage to national security, 


a person guilty of the offence is liable, on conviction on indictment, to imprisonment for life, or to a fine, or 
to both.” 


In laymen’s terms it is a serious crime (Serious Crime Act 2015), punishable by 
imprisonment, a fine, or both, to cite hatred or spread hoaxes by use of a computer which 
would cause mass hysteria or public dissension. I have been condemning public figures, high 
profile individuals, celebrities, singers, movie stars, directors, politicians, work! leaders, 
royalty, anti-secret society ‘truthers’ (who are really misinformation agents, and agents of 
deception) ete. the list is long - since 2011 and NOT a single one of these high profile 
people has issued a public statement saying “I do not like how you have tarnished my name” 
or filed a law suit against me, Why you may ask? Because every word I have stated and will 
state again (in this document) is true. 


Fundamentals 


Before I describe the heinous crimes committed against me and many others (including 
unsuspecting civilians of the world) it is important that I explain, define, and reference: 


* Key figures such as Phil Schneider, George Green and Aaron Russo, so that the 
reader has reference points to verify the extent to which technology has advanced in 
our present era (and continues to advance); 

Define and briefly explain the transhumanist / post human agenda (for those who may 
be unfamiliar with their aims). 

* Define and explain rapid eye movement (R.E.M) sleep, the phases of sleep, and what 
happens to the (original’s) body during sleep. 


Ble 


Reference advances in technology, with particular attention to: Memory suppression 
technologies; Mind-voice technology; H.A.A.R.P technology, RFID microchip 
technology, and MK Ultra technology (CIA’s mind control program); 

Define and explain cloning; the different types of clones; cloning centres and cloning 
technology; 

Define drip feed disclosure / evaluative conditioning and explain why it occurs; 
Exphin what ‘consciousness transfer’ is to the best of my knowledge, and cite drip 
feed disclosure articles with the express intent to allow the reader to grasp the abuse 1 
have suffered daily at the hands of my tormentors. 


Key Figures 


Phil Schneider 


Phil Schneider (pictured) had 17 years experience working in government black projects 
carrying a level three security clearance. He was a geologist and engineer who worked in the 
black projects underground bases at Area 51, S-4, and Los Alamos. 


He is most notable for disclosing (Schneider 1995; 1996; Open Minds 2011): 


The ‘black budget’ expenditure of the United States, which Schneider claims to be 
between 1,023 trillion U.S. dollars every 2 years ( over $500 billion per year); 

Deep Underground Military Bases (also known as D.U.M.Bs -“dumbs”), and at the 
time of his lecture (Schneider, 1995), -that there are 131 active Deep Underground 
Military Bases present in the United States, and 1477 Deep Underground Military 
Bases worldwide; 

Each D.U.M.B costs on average 17-19 billion U.S. dollars; paid for by the taxpayer; 
and it takes approximately a year-and-a-half to 2 years to build D.U.M.Bs with 
sophisticated methods. 

That military technology outstrips the general public’s technology at a rate of 44 to 45 
years of technology for every calendar year which passes. In other words for every 12 
months which passes military technology will have advanced by 44 years than what 
we as the general public is currently accustomed to. Therefore as a rough example if 
we were to take the year Facebook was founded (2004) as a base year, then the 
military technology since the creation of Facebook will have outstripped what the 
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general public is accustomed to by as much as 484 years(!) (2015 - 2004 = 11. II x 
44 = 484). Similarly, if we are to use the year which YouTube was founded as a base 
year (2005), once again, military technology would be 440 years more advanced than 
what the public is currently accustomed to today. 


For the purpose of disclosing current advances in medicine, science and technology, and 
how such advances are used against me and the people of the world to commit monstrous 
crimes I will use 1945 as a base year. Everything will become apparent including why I 
use 1945 as a base year for my disclosure, but for the express purpose of compelling the 
reader to investigate my disclosure I must present everything, logically, sequentially, 
methodologically, and provide references for the reader in a coherent way to enable him 
or her to pay serious attention to my eye witness accounts. Therefore, at this present 
stage keep in mind the year 1945, and the fact that military technology outstrips the 
general public’s technology at a rate of 44 years for every 12 months which passes. 
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George Green 


George Green (pictured) was affiliated with U.S. Presidential candidates, and was once asked 
to be the Finance Chairman for the next President of the United States, Green would later 
declined the offer of Finance Chairman when a comment made by Ted Kennedy regarding 
sleeping with Green's 14 year old daughter caused George Green to re-evaluate his 
associations with this in-group. 


During his 2008 interview with Project Camelot (2008a; 2008b), Green disclosed the 
following noteworthy information: 


© US. presidents are “selected” and not elected. This is clearly expressed in a story 
Green recounts, when Green asks: 
“Who is going to be the next President of the United States [for him to overlook 
their finances]?” 
‘And the reply was: “Jimmy Carter” 
Green responds: "Jimmy who?" 
The reply Green received was: "Well, he's the Democratic Governor of Georgia.” 
George Green: "But I've been voting Republican." 
Green was then confronted by a tall man, Paul Volcker (American Economist, and 
Chairman of Federal Reserve under Jimmy Carter and Ronald Regan), who 
walked over and said, “Son, don't worry about it [Republican or Democrat], we 
control em both." 


© USS. scientists learned how to make people (clones) since 1938 -walking talking 
ones ~and the scientists call these people “synthetics” or “the others”, 

Cloning technology is relatively advanced. All that has to be done is take two cells 
from the original, give the cells a small electrical charge (retain a fertilised egg), 
then all one needs is a receiver (a womb / artificial womb for the fertilised egg to 
grow). 

© Scientist were excited by the synthetic technology because it meant that spare 
organ parts could be grown for an “original” human without rejection, because 
theoretically speaking, the DNA of the synthetic is the same as the original, 

© Green gives an example of a cloned Politician: George Walker Bush. Green 
advices the viewer to seek old video recordings of George W. Bush, and compare 
the od George W. Bush, with the George W. Bush during Bush's second term, 
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-in terms of mannerism, speech pattern, body language etc. (old videos of George 
Walker Bush (Boringest 2006; Fox 4 News - Dallas-Fort Worth 2014) are 
presented in the References section). 

Scientist have also learned how to make these synthetic peopk within a few 
months, to the point where the synthetic can be a walking, talking duplicate of the 
original, intact with all the memories and experiences of the original. The only 
problem is that the memory, experiences, and functioning capabilities of these 
synthetics are like: “A DVD recorder. Sometimes you have glitches, and you have 
to take the synthetics to Camp David occasionally [every 6 months to a year] to 
get them tuned up.” 

Remember these synthetics are people too, they can think and act just like you 
can, but they do not have a soul. 

Most of the world leaders have been bought and paid for [by men in the 
background] and are created to think a certain way to meet the agendas of these 
men who remain in the background. 

The global elite plans on depopulating the current human population of over 7 
billion to 500 million peopk. This is corroborated by the “Georgia Guidestones” 
(WorldTruth 2014), 

Vladimir Putin is executing plans to bring the United States down and into a 
massive depression. Furthermore, China agrees with Vkadimir Putin's plans; 
stating that the Chinese government has not been a Superpower for over 5000 
years and “It is their turn to run the world.” 

China has the capacity to set back / shut down all of U.S. computing and electrical 
systems within two days. 


At this present stage, the most salient points to keep in mind from Green’s accounts are that: 
USS. presidents are selected and not elected; and most importantly, that scientists have been 
capable of creating synthetics (cloning people) since 1938. If you have kept in mind 
Schneider's statement (1995; 1996), (that for every 12 months which passes military 
technology increases by the equivalent of 44 years compared to what the general public is 
accustomed to) ~then learning that scientists have been capable of cloning humans since 1938 
should not come as much surprise. Again, everything regarding my disclosure will become 
apparent, and I thank these men for disclosing their information, because it helps the reader to 
corroborate my disclosure. 
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Aaron Russo 


Aaron Russo (pictured) was an American businessman, director, and political activist. He is 
best known for directing blockbuster films such as Trading Places, The Rose and Wise Guys. 
Russo believed that a human being “Should stand for something, and do the right thing when 
the time calls to act”, Consequently, during the latter part of his career he did his best to warn 
the American public by producing documentaries such as Mad as Hell (1996), Freedom to 
Fascism (Russo 2006), and Reflections and Warning s (Jones 2008). 


Russo disclosed the following key information in Freedom to Fascism (Rus 


2006) 


Income Tax 


There is no law requiring Americans to pay income tax. Although this is a truth, 1 
DO NOT advocate Americans NOT to pay income tax (and neither did Russo). 
This is simply because the Federal Reserve can imprison you and seize your 
possessions for not paying income tax (although there is no law requiring Americans 
to do so). So for the sake of avoiding hassle for the mean time —pay your income 
taxes. 


To further illustrate the above point, Bob Shultz speaking at “We the People 
Foundation” said the following: “Most people believe that the income tax system is 
legal and that the revenue from the tax is used in the public interest. However, there is 
a substantial conclusive body of evidence that proves that our income tax system 
represents the most pernicious form of tyranny. It is the greatest hoax ever perpetrated 
by government against the working men and women of America.” 

Charlie Beall: “The federal government itself refuses to provide, the American 
people, who are coercively being subjected to this extraction of their private property, 
without any underlying legal justification. There is no law. There is no law that 
requires the average American worker in the private sector to pay a direct un- 
apportioned tax on their labour and compensation for services. There is no law.” 
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© State Representative ~ Phil Hart -(R-Idaho): “You can look through the statutes, and 
Jook for the law that requires you to pay, and when you do that, you cannot identify a 
law that requires the average person in America who earns a wage and works in 
private business to pay an income tax.” 

Peter Gibbons (Tax Attorney) —It’s actually very simple. Congress tried to enact an 
income tax in 1894 —The Supreme Court said that is unconstitutional. When The 
Supreme Court says something is unconstitutional, it’s unconstitutional, They 
(Congress) tried again in 1913 ~and The Supreme Court said —the 16" amendment- 
“No new power of taxation” -so if they (Congress) didn’t have it then (1913) and they 
didn’t get it; they DON’T have it. There is no constitutional base for a tax on the 
wages for Americans living and working in the 50 States of the union. Period. End of 
argument. 


Radio Frequency Identification (RFID) Microchips 


The latest technology for identifying people at the point of self, when they make 
purchases —is actually the implantable (RFID) microchip. There are microchips 
that can actually be imbedded directly into human flesh... It's a tiny glass capsule 
about the size of a grain of rice... it contains an RFID computer microchip with a 
coiled antenna and it can transmit information also at a distance. 

© Katherine Albrecht Author of “Spychips” (2005) makes the following comment: 
“RFID is a technology that uses tiny computer technology the size of a grain of 
sand or smaller; hooked up to miniature antennas to transmit information about 
items at a distance. Back in 1999, Procter and Gamble, Gillette, and MIT got 
together to find a way to commercialise this technology and make it small enough, 
make it efficient enough and make it low cost enough to essentially ---their dream 
is to put these tiny computer chips on every physical item manufactured on planet 
earth.” 

Radio waves can travel through walls, they can travel through wood, and they can 
travel through things we normally rely on to protect our privacy, for example your 
purse, your bag-pack, your pocket, ~anything you are wearing or carrying. 

© One of the most worrisome applications of RFID microchips, are proposals to put 
them into cash, meaning that it would be able to track every bank note where it 
had been, who it had been issued to, and create in essence an audit trail. That 
would essentially take away the anonymity of cash we now enjoy today. 

© Once everything you do is tied down to a single number and there is no longer the 
ability to pay with cash, then all it takes to render you a non citizen is to simply 
turn that microchip off. You will no longer be able to participate in any 
function in society including buying food. Once money becomes digitised 
through RFID technology, the elite can deduct whatever amount of money 
they want out of your microchip, whenever they want. They can trace you 
whenever they want. You will be at their merey. 
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Habeas Corpus 


Habeas Corpus is “[A] writ [formal document] requiring a person under arrest to be 
brought before a judge or into court, especially to secure the person's release unless 
lawful grounds are shown for their detention” (Legal-dictionary 2015). 

During the Bush Presidency [2001-2009 (History 2015)], President Bush signed 
executive orders giving him sole authority to impose martial law, and suspend Habeas 
Corpus. This gives him doctorial power over the people without any ‘checks and 
balance: 
In other words, “The government can jail you for life without charges, without a trial, 
without a lawyer” (Russo 2006). 

Furthermore: “The National Defense Authorization Act [4] signed by President 
Obama on the 31st December 2011 authorises the indefinite detention, without trial or 
indictment, of any US citizens designated as enemies by the executive.” See Paye 
(2013) for further discussion regarding the suspension of Habeas Corpus. 


Fraudulent Manipulation of Election Results 


In 2004 at the “Forum of Presidential Election” Clinton Eugene Curtis, a former 
Computer Programmer for NASA and ExxonMobil testified under oath that election 
results can be rigged using electronic programs. 

In 2004 he gave the following abridged testimony (Russo 2006): 

Judge: Mr Curtis, are there programs which can be used to secretly fix elections? 
Curtis: Yes. 

Judge: How do you know that to be the case? 

Curtis: Because in October of 2000 I wrote a prototype for present congressman 

Tom Feeney, and the company I worked for in O viedo Florida ~it did just that. 

Judge: And when you said, “it did just that” —it would rig an election? 

Curtis: It would flip the vote 51:49 —whoever you wanted it to go to, and whichever 
race you wanted to win. 

Judge: And would that program that you designed be something that election officials 
that might be on county boards would actually, could detect? 

Curtis: They'd never see it. 

Judge: So how would such a program, a secret program that, fixes the election -how 
could it be detected? 

Curtis: You would have to view it either with source code, or you would have to 
have a receipt and then count the hard paper against the actual vote total other than 
that you won't see it. 

Judge: Given the availability of such vote rigging software and the testimony that has 
been given under oath of substantial statistical anomalies and gross differences 
between exit polling data and the actual tabulated results, do you have an opinion 
whether or not Ohio elections, the Ohio Presidential elections was hacked? 
Curtis: Yes. I would say it was. 
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Person in the audience: —-So in other words there is absolutely no assurance 
whatsoever in anything in regard to these machines? 

Curtis: Absolutely none. 

See Truthstream (2006) for further details regarding the full account of Curtis’ 
testimony on how eketions can be manipulated. 

Moreover, voting machine manufactures refuse to allow anyone to see the source 
code, Without paper ballots, the honesty of any election cannot be verified. 


The War on Terrorism is the War on Your Freedom 


It is time to wake up America. These ID cards are not about defeating terrorism, but 
they are ALL about controlling the American peopk. 

The (mainstream) media controls the information that a person gets in various ways. 
They can make sure that the average American watching T.V. or reading the 
newspaper is going to come out with a certain mindset. She is going to say this is 
good, that’s bad —and that is all they (media/elites) have to do. 


Whoever Makes the Money Makes the Rules 


As Mayer Rothschild said “Give me control of a nation’s money supply, and I care 
not who makes its laws”. Mayer Rothschild, private banker, —knew that he and the 
other bankers would now control the laws of the nation, Government gave these 
bankers one of its most important powers, and now had to borrow money from the 
bankers and pay interest to finance the government. 

America has gone from people owning their own property, owning their own 
businesses -to a nation in debt because all the money is created by borrowing (from 
private banks) and this country has become one where peopl just live by borrowing. 


If youare in the military or law enforcement, remember you swore an oath [to uphold 
the law of the land]. You did not swear an oath to promote world government, or 
corporations. 

Now that you do understand what happened [to America, and the monetary system 
based on debt skivery] and how it is leading to a tyrannical one world government 
the future of mankind depends on you —will you choose freedom or slavery? 

Stop being passive liberals. Stop being passive conservatives. Stop being passive 
centralists. Stop being passive human beings! When the media starts telling you that 
the country will fall apart if this is done... Do not be fooled! 

Remember these are sick, malevolent and twisted people we are dealing with, trying 
to save themselves. Squash their agendas and stay on course. 

“L believe the time for mankind is time to give all or perish. Grow up or die. Grow up 
and become adults, Act like adults, Take some responsibility. The world which you 
have perceived is childlike; ~and now the curtain has been pulled back for all to see.” 
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Unkss people get active [get fully informed, and learn how governments of the world 
are conspiring against their people] and say —I am going to help shut down the Federal 
Reserve System; I am going to shut down the powers that be -the whole human race 
is doomed otherwise. 

We are coming near the end game and things are starting to accelerate... ~and people 
are looking at the world leaders to declare martial aw [which in turn will rid Habeas 
corpus]. 


Let’s Consolidate our Problems 


If we can all get focused on how to win the game instead of all these different 
objectives -such as peopl are fighting for a better environment; people are fighting to 
keep their guns/gun control; there are all these different issues which are going on 
around the world -and which are all important on their own ~but if we can consolidate 
on that and focus ~and take all those people ~and say —hey let’s shut down the Federal 
Reserve, then we'll deal with those issues. Let’s go to the agenda, the objective, the 
root cause of man’s problems, first, then we'll go back to the other stuff. 

That is the priority right now. You have to cut off the head of the beast. And the head 
of the beast is the Federal Reserve System and the people behind it. You see, and that 
is what will save the world, and if people understand that and they stop being 
passive liberals, and stop being passive republicans, but rather become active human 
beings -that is what will save the world! 


Aaron Russo: Reflections and Warnings 


In this documentary Russo recalls his relationship with Nick Rockefeller. Russo shares 
critical information Rockefeller discussed with him. 


The Falsehood of September 11th 2001 


Russo met Nick Rockefeller through a female attorney who telephoned Russo and 
said “One of the Rockefellers would like to meet you.” Russo made a documentary 
called Mad as Hell (1996), and Rockefeller had watched the video and knew Russo 
was running for Governor of Nevada and wanted to meet him. Russo said “Sure 'd 
like to meet him”, and the two met and talked. Rockefeller proved to be a very smart 
man and shared ideas with Russo and was the person to tell Russo 11 months before 
9/11 happened “There was going to be an event... 
Rockefeller never told Russo what the event was going to be; but, there was going to 
be an event ~and out of that event, we [America] were going to invade Afghanistan, 
to run pipelines from the Caspian Sea; we were going to invade Iraq, to take over the 
oil fields and establish a base in the Middle East, and make it all part of the New 
World Order; and we would go after (Hugo) Chavez and Venezuela ~and sure 
enough, later when 9/11 happened ~and I remember he was telling me how you are 
going to see soldiers looking in caves for people in Afghanistan and Pakistan and all 
these places and there is going to be this war on terror which has no real enemy and 
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the whole thing is a giant HOAX, but it is a way for the government to take over the 
American people (and the world). 

There is no question about it [that 9/11 is a hoax]. Nick Rockefeller said to Russo: 
“There is going to be a “War on Terror” and he was laughing. Who are we fighting 
against...” Why do you think 9/11 happened and then nothing has happened since 
then? Do you think that our security is so great here that these people who pulled off 
9/11, who were able to lock down another plane...? Come on it is ridiculous... 9/11 
was done by people in our own government and our own banking system to 
perpetuate the fear of the American people into subordinating themselves to anything 
the government wants them to do. That is what it is about and to create this endless 
war on terror. 

Nick Rockefeller was laughing when he said, “We are going to be sending men into 
caves in Afghanistan and Pakistan” ~and it was just cynical, he kept laughing and 
saying “Look how stupid everyone is! We can do whatever we want!” 

9/LL was the first lie; and the next lie was to go into Iraq, to get Saddam Hussein out 
with his weapons of mass destruction (when the real issue was control of the oil 
fields) -that was the next lie. 9/11 created an endless war on terror that would go on 
and on and you can never define a real winner. There is no one to defeat and so it goes 
on and on forever. And they can do whatever they want; because they scared the hell 
out of the American public. 

This whole war on terror is [perpetuated on] a fraud. It is a farce. It is very difficult to 
say it out loud because people are intimidated in saying it. Because if you say it they 
want to make you into a nutcase —but the truth has to be... and the truth has to come 
out. The fact of the matter happens to be the whole war on terror is a fraud, it isa 
farce. Yes. There is a war going on in Iraq, because we invaded Iraq, and people over 
there are fighting... but the ‘war on terror’ —it is a JOKE ~you know, and until we 
discover what really happened in 9/11 and who was responsible for 9/11 —because 
that is where the war on terror emanates from, That is where it comes from. It was 
9/11 which allowed this war on terror to begin and until we get to the bottom root of 
9/11 the truth of 9/11 we'll never know about the war on terror. 

Russo was in Tahiti when 9/11 happened and he got a call from his son ~ and his son 
said —“The twin towers, they were just attacked and they are falling down or 
something...” Russo was in Tahiti and had just woken up from sleep. Russo didn’t 
realise what it was immediately (11 months after Rockefeller had told him about 9/11 
and it had happened —because Rockefeller said there was going to be an event ~he 
wasn’t specific) but after Russo saw that America was going to go to Iraq and 
Afghanistan, that is when he realised, and equated it to what Rockefeller had said. 

9/11 was only a manifestation to create a fear in the American public. So that we 
would obey and do what they want us to do. Take for example, Richard Reed ‘The 
shoe bomber’ —now here is a guy who is 6 feet 6, ugly as can be; I heard he smelled. 
He sits on a plane, lights a match in a non-smoking area, to put his shoe on fire 
surrounded by peop... That is idiotic! If you were going to blow up a plane... you 
would go into the bathroom... you close the door... and you put your shoe on fire... 
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you are not going to sit there.... surrounded by people, lighting matches in a no 
smoking flight... they (elite) want you to believe this nonsense. That is ridiculous! 


The war on terrorism is to keep people in fear. It is an endless war without a real 
enemy (‘terrorists’) -so that peopk would submit and do whatever the government 
wants them to, Submit to searches, give you ID cards, put Radio Frequency 
Identification (RFID) chips in you etc. You become servants to the elite that is what 
this is all about. 

Freedom of liberty is what peopke really want, and it is time to stop the duplicity of 
the government from lying to us. You see many people know the truth of what is 
happening in this country; like 9/11 but they are afraid to stand up. People have to 
stand up and find their courage and say “I’m not going to take this anymore, I know 
the truth” ~and they create a situation where if you tell the truth, you are considered a 
lunatic. 

In other words if someone goes ona T.V. show and says that 9/11 was an inside job 
immediately the person is labelled an idiot or crazy. They call you names. You 
cannot be afraid of that. 

If you do not fight the corruption and you do not stand up for what is right in life, you 
end up being a serf and a sive and you are leaving your children a world in which 
you would not want to live in yourself, so how can you in decency behave that way? 
You have to stand up for what is right in life, and unless you do that you are nothing. 


The New World Order Agenda 


The whole agenda is to create a one world government where everyone has an RFID 
chip implanted in them. All the money is to be in those chips [a cashless world]. This 
information came straight from Nick Rockefeller himself. That is what the ultimate 
plans of the global elite, banking industry and Rockefeller wants to accomplish. 

‘The agenda is to implant everyone with RFID microchips. All money is transferred to 
those microchips. There is no more cash. Money would be in microchips. Instead of 
having cash, you would have money in your microchips, but whenever they want, 
they (elite) could take whatever amount out of your microchip whenever they want to. 
Total control. If you are a protestor they just turn off your chip; you cannot buy food; 
you cannot do anything; it is total control of the people. 

So they want a one world government controlled by them, Everyone being chipped, 
all the money in those chips, and they control the chips and they control people, and 
you become a slave. You become a serf to these people —that is their goal. That is 
their goal; that is their intentions. 

Russo did not believe in enslaving people and Rockefeller would question him in the 
following manner: “Why do you care about them? Why do you care about those 
people? What difference does it make to you [Aaron]? Take care of your own life. 

Do the best you can for you and your family. What do the rest of the people mean to 
you? They don’t mean anything to you. They are just serfs. They are just people...” 
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Rockefeller asked “Why are you fighting for the people for, what is it all about? The 
people have to be ruled. The constitution, what you are standing for is only for a few 
peopl, it’s only for a few individuals who can live that way and we believe that it is 
best for society to be ruled by an elite people who control everything.” Russo told 
Rockefeller he does not believe that. Russo believes: “God put me on this earth to be 
best person I could be and put everyone on this earth to be the best they can be, and 
NOT to be a skive and a sheep to YOU and these people (elite) ~and I do not 
understand why you want to control everything. What is the need for that? 

It was just a lack of caring [from Rockefeller’s part], and that is just not who Russo 
was. It was just sort of like cold you know, and Russo used to say to Rockefeller, 
“What is the point, of all this? You have all the money in the workd you need; you 
have all the power you need, what is the point? What is the end goal? Rockefeller 
said “The end goal is to get everyone chipped. To control the whole society. To have 
the elite people [the bankers and government] controlling the world.” 


Women’s Liberation from the Perspective of the Elite 


© Women’s’ Liberation was founded by the Rockefellers. 

© Rockefeller asked Russo: “What do you think women’s liberation was about?” At the 
time Russo had a pretty conventional thinking about it and he said “It’s about women 
having the right to work; get equal pay with men; just like they won the right to vote.” 
Atthis point Rockefeller started to laugh and he said to Russo “You're an idiot” 

© Rockefeller said —“Let me tell you what that was about. We the Rockefellers funded 
women’s’ liberation, We are the ones who got it all over the newspapers and 
television. The Rockefeller foundation ~and you want to know why? There were two 
primary reasons:” 

© 1) “We couldn't tax half the population before Women’s Liberation and the second 
reason was” 


© 2) ‘Now we get the kids at an early age [because both parents are away from home 
working] —we can indoctrinate the kids how to think, so it breaks up their family ~the 
kids start looking at the state as the family, as the school as the officials as their 
family, not as their parents teaching them, and so those are the two primary reasons 
for women’s liberation.” 

© Russo thought, up to that point, Women’s Liberation was a noble thing; however 
when he saw the Rockefellers’ intentions behind it, where they were coming from 
when they created Women’s Liberation; the thought process of it; Russo saw the evil 
behind what he thought was a noble venture. 


America is a Republic 


© America is a constitution republic / it is supposed to be a constitution republic and 
NOT a democracy. The majority should not rule, and nor should the majority take 
over the inalienable rights of the minority. 
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and 


© Americans pledge allegiance to the “Flag and the Republic which it stands 
NOT democracy. 
© Democracy is the worst form of government you can have because it is majority rule. 
Therefore the government can tell you what to do because ‘the majority’ wants it. It is 
irrelevant what the majority wants. Decisions should not take away the inalienable 
rights of an individual. 
Russo also said “It doesn’t matter who you vote for, republican or democrat; -they are 
the same —neither one of them is stopping the Federal Reserve or paying income 
taxes. 
The elite (Federal Reserve) have taken over the American government; there is no 
difference between republicans and democrats. There is no difference between the 
two parties. The duality is manufactured. They (Federal Reserve; central banks) 
control both parties. It doesn’t matter to the elite which one wins, because whoever is 
running for President will be someone they anoint. Whoever runs for President, will 
do whatever the elite want them to do. The fact of the matter happens to be that you 
cannot win an ekction unless you have enough money to win; they (Federal Reserve; 
central banks) make sure who gets the money. 


Depopulation 


© Russo and Rockefeller discussed many things ~and one of the things Rockefeller 
brought up in conversation was reducing the world population. Rockefeller felt that 
there are too many people in the world. Ina way Russo agreed that there are too many 
people in the world, but he does not think he has the authority to say who dies and 
who lives; but the elite felt that they want to reduce world population and Rockefeller 
felt it should be reduced by half. 

© Rockefeller even mentioned to Russo in conversation, that they were having a real 
problem trying to solve the Israel/Palestine problem ~and they were playing with the 
idea of bringing Israel to Arizona —and taking everybody from Israel and giving 
everybody a million dollars, and setting up Israel in the state of Arizona because that 
is a problem that they are not in charge of. 


Borrowing Money from Private Banks causes Inflation and Debt 


© These people (elite) control the money so they make all the rules, and therefore they 
put the rules in which they want into effect, and the truth is America has really 
become a socialist communistic country. Everyone says it is a capitalistic country, 
but how can it be a capitalistic country when you have a central bank? That is the first 
question people should ask. It can’t be. It is a planned economy, it is a phony! 

* Ifthey want to create prosperity, they just print dollars, or put digits into the economy. 
Now you have prosperity. You do not have real prosperity, you do not have real 
manufacturing, you just have money being injected in which is infusion of credit. This 
makes the government go into more debt. 
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Whoever makes the money makes the rules, Rothschild said that, Why are we 
allowing these private bankers to make the money for our country? It is nonsense. 
Why are we paying interest to these banks to make money for us when the 
government can do it itself without paying interest, without all that debt? There is no 
answer to that question and it is a question no politician will raise. Everybody talks 
about America’s debt.. We are in debt because we borrow money... but we don’t 
HAVE to borrow money. They designed it so that we can go into debt. We can create 
the money, and back it by gold so that they cannot create too many of it, so that you 
do not have the inflation, and do what the Founding Fathers told us. 

Why in the world does the American government borrow money from the banks when 
they have the ability to create it themselves without borrowing it, and paying interest 
on it? Why? Nobody can answer that question —not one politician ever raises that. 
Why does the American government ever borrow money, when they can create it 
without paying interest? 

‘And peopke say that —well if the American government creates it, it will cause 

inflation. And that is their answer. And Russo says well let’s look at it: the American 
government has the Federal Reserve do it, which creates the same inflation as if they 
did it, but also with the inflation -now you are getting massive debt -so with the 
Federal Reserve you have inflation and debt. Now if the American government made 
the money, backed by gold which would limit the amount they could make —you 
wouldn’t have debt and you wouldn't have inflation, 
It wasn’t until 1913 when the Federal Reserve came in, that America had inflation. 
Before then there was no inflation for 100 years. There were points and spikes, mostly 
during the Civil War but basically there was no inflation other than during that short 
period of time. I mean a loaf of bread would cost the same thing. People could plan 
their lives. 


Today, they have planned inflation, and now you have two parents working, they 
cannot afford to take and pay for their family anymore; the kids are going to state run 
schools now, the kids are being indoctrinated how to think; they are being given 
Ritalin, they are being given all these drugs, the whole country is being dumb down, it 
is all because of the Federal Reserve System; and the Federal Reserve system and 
these bankers are responsible for the demise of America. And if we ever want to win 
this battle you must shut down the Federal Reserve System, and we must shut down 
these bankers and restore sound money to this country. 

If you analyse the situation and if you realise that since the Federal Reserve has come 
into being since 1913, illegally, without a constitutional amendment, by bribing a few 
senators during Christmas vacation, they turned over the most important power that 
the American government has, the creation and issuance of money to a private bank. 
Through that private bank issuing money they have destroyed this country. They have 
destroyed the purchasing power of money in this country; they have created social 
programs that are destroying this country. 

The Federal Reserve has created massive inflation in America which means the 
American worker has to keep on making more money to keep up with the cost of 
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living. The more money they make to keep up with the cost of living, the less 
competitive they become in the world economy. So now what happens is that we have 
to pay our workers so much to keep up with the cost of living; and then they (elite; 
government; corporations ete.) say screw the American worker; let's go overseas now 
to get the cheap labour. 

The inflation the Federal Reserve has created has now allowed other countries to 
outcompete us. Other countries do not have to pay as much money as we have to pay 
to our workers to survive. So now we are not competitive anymore and we have lost 
our manufacturing base. We have lost our competitive edge. 

“Freedom to Fascism” is a documentary that everybody should see. Russo and his 
team show the fraud of the income tax; they show how Judges put people into jail for 
no reason; they show the corruption of the justice system. They show how the Federal 
Reserve came into being and how it is controlling society and how all the central 
banks are working together through the bank of International Settlements, in 
Switzerland which is the central bank for all central banks and how all are working 
together to create this one world government; this one world order; which is what they 
are trying to do. 


The Deception of the Council of Foreign Relations (CFR) 


Russo was interested in joining the Council of Foreign Relations, but he found out 
from Rockefeller himself, that part of the end goal of the CFR is to get everyone 
RFID chipped. To control the whole society and have the elite peopl (bankers, 
government ete.) controlling the world. Russo asked Rockefeller “Do all the people in 
the CFR believe the way that you do?” Rockefeller said “No, no, no. Most of them 
believe they are doing the right thing. A lot of them believe it is better off being 
socialistic. We have to convince people that socialism is really capitalism.” Because 
America is becoming a socialistic country; it is a communist country today. 

Russo’s friendship with Rockefeller became one where they would share thoughts, 
ideas and philosophies and Rockefeller wanted Russo to become a part of what they 
were doing [enslavement agenda], and for Russo to become a member of the CFR; 
Rockefeller offered various business opportunities for Russo to get involved in the 
CER and to not take up the fight or the battle that Russo had been taking up in the 
past. Rockefeller wanted Russo to drop the idea of helping the people; because “What 
was the point in Russo fighting for the people?” Rockefeller would question. 

Russo asked Rockefeller do all the people of the Council of Foreign Relations feel the 
same way you feel? Rockefeller said “A lot of them think they are doing the right 
thing, they think that socialism is the best way to go (but this form of socialism 
involves redistributing the wealth for the elites and not to everyone), they think that 
they are doing the right thing.” But the people at the (very) top they all know the truth 
of what is happening. (Therefore, the good people in the CFR are also under an 
illusion, and do not know that effectively they are working for evil men who have the 
overall goal to control the populace of the world). 
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So it is compartmentalised within the elite structure as well. All the people in the CFR 
-2000 to 3000 people like Dan Raddler ~they don’t know what is going on--- they join 
the CFR because it is prestigious. They think it is good for business, it is good for 
this; they don’t know what is really happening -the evil that comes out of it ~that is 
emanating out of it. 

In terms of the CFR, in terms of compartmentalisation, there are many good people 
which Russo believes are part of these organisations who do not even understand 
what these organisations are really about. For example, when Russo was in Germany, 
doing cancer treatment, there was a gentleman there who was visiting a friend of his 
with cancer. The gentleman visiting his friend was a member of the CFR, and him and 
Russo were talking and Russo showed him the movie (Freedom to Fascism (2006)); - 
-and he said, “Oh my god! I’m going to resign.” “I had no idea this is what the CFR is 
about”, He had no idea; he is just a nice guy, who thought he was joining a prestigious 
organisation, 

A lot of peop join the CFR because they think it is a prestigious organisation; it will 
help them in business; make good business contacts etc. They do not have an 
understanding that the CFR is really about world domination. How they, and the 
Trilateral Commission, The Bilderberger [Group], the banks, all work together to 
control the people ~a lot of them do not understand that. They do not see the big 
picture. They think: Oh the CFR is a prestigious organisation. I'll make this, I'll make 
that, and I can do business deals. It is just business to them. The CFR wants to get the 
people in there that have influence and power, and so they are part of that 
(enslavement agenda), and so they are not opposed to them. So the whole country is 
becoming the haves and the have not. You are getting the very, very wealthy and the 
middle class being destroyed and you are getting the poor peopk. 

In Russo’s words: “You can call the CFR what you like, but it is a criminal 
organisation, Run by criminals. But people do not think of it as a criminal 
organisation, because it has ‘class’; ‘style’; ‘prestige’; ~and it is ‘respected’; so people 
do not look at it as being a criminal organisation. That is what a great job they have 
done.” 


Combining America, Mexico and Canada into one Country 


Imagine this... here you are in America, and they (elite) are combining American, 
Canada and Mexico into one country. The North American union. And the American 
people do not know anything about it. It is not even in the press. They would rather 
talk about Rosy O'Donnell and Donald Trump calling each other names than 
discussing the fact that we are merging into one country. This isn’t even reported. 

The fact of the matter happens to be, that tells you how controlled the media is, The 
elite control the media, and they control governments and they are all in bed together. 
Here you are combining American, Canada and Mexico into one country, and you do 
not see it in the press. You do not see it in the press. Why? This should be one of the 
top stories everywhere ~and the elite are not worried about it. That tells you -there is 
the evidence that [media] it is controlled. They do not want the American people to 
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know what is going on, that is why they do not protect our borders. That is why we 
are losing our constitution, the very document that secures our freedoms, 


Russo’s Vision on How to Bring These People Down 


There is no question we are in tyranny, there is no question that the American citizen 
is no longer a free individual human being, to do the things that they wish to do. 
We're slaves and it is getting worse. 

We are dealing with complete evil; and until the American people wake up and say, 
we do not want this evil in our country anymore and we want to come back to a 
country of decency and goodness, integrity and honour, we are going down that road 
and that is what it is going to take? It is going to take people to stand up and say we 
do not want to live in this kind of world anymore. I believe we should pull all of our 
troops out of Iraq, I believe we should leave other countries alone. Let other countries 
live their lives the way they choose to. Stop trying to spread ‘democracy’ around the 
world, which is the worst form of government there is anyway (because 51 percent 
rule over 49%), restore our republic to what it is supposed to be and go back to what 
the founding fathers gave us. Restore the republic. 

In Russo’s opinion: The populace must shut down the Federal Reserve System —and 
there has to be an uprising. There has to be an uprising. People have to stand up. One 
person cannot do it alone. You cannot do it alone. People do not seem to have the 
courage to do what they have to do. 

A lot of people in Hollywood know the truth, they do not want to stand up and speak 
about it; [know many of them have seen my movie (Freedom to Fascism (2006) and 
they know I am right, and they want to talk about it because everybody is afraid. 
Everybody is afraid because they think that the money they get from the Federal 
Reserve is really money and they have a comfortable lifestyle and they are afraid of 
change. They are afraid to stand up for what is right, and until people are willing to 
stand up and have the courage to do what they need to do, it is not going to change; 
and hopefully we can affect change when people stand up and say “Hey, I’ve had 
enough”. 

We (the populace) have one advantage. They (elite) need us to cooperate. See, if we 
do not cooperate with them, they cannot win, They always need our cooperation with 
them to go along with their programs. They try to “sell us”. Democracy; this majority 
says this; believe in this; do this, do that; the war on terror; we have to be scared... 
They are always trying to do things to “sell to us” to go along with them, and once we 
learn not to cooperate with them; then we win the game. 

That is the point, do not cooperate with them, and do not go along with the program 
anymore. Stop it. Join forces, and bring freedom back to this country. It is going to 
take people who believe in freedom; The Constitution and the Founding Fathers, 
Thomas Jefferson, to make this country whole again, because right now it is in the 
grip of the evil ones, and the only way to stop that is for good men to stand up. 
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© We have to stop being scared. We have to do what is necessary to take back what is 
ours. We have to stop these bankers, these elite, full of liars, congressmen full of liars. 
‘They are destroying our borders. 

© So through these bankers, attempting to take over America, knowing that America 
was the freest nation on this earth, it was necessary for them to takeover America, 
take away gun rights, freedom to bear arms, and create a country where we become 
slaves, because once they take over America, the rest of the world becomes a lot 
easier for them. And so by creating 9/11, an event to terrify the American people that 
we are being ‘attacked by terrorist’, you create a world where there is an enemy that 
can never be pinpointed. You can never win the battle. It is 100 year war ~ a never 
ending war on terrorism, So you are always fighting this war, and through the war on 
terrorism, through 9/11 which is the first lie, then you create the war on terrorism 
which is the next lie, then you create the war in Iraq through weapons of mass 
destruction, which is the next lie -so you get one lie, to the next lie, to the next lie, 
now it is going to be Iran the next lie ~and sending more troops and insurgents into 
Iraq. 

* Restore America’s Republic back to what it is supposed to be. Get the bankers out of 
our government. Get government to stop borrowing money from the banks. 
Government should make its own money; restore the Republic. Restore individual 
freedoms. That is what this country is about -and until we do that we are going to be 
slaves. 


* You have to take away the creation of money away from the private bankers and you 
will solve 95% of your problems. 

© Americans, mobilise, stand tall, stand together, tell the government you are “Mad as 
hell!” Do not cooperate with the government do not accept a National ID card. Do 
everything in your power to restore freedom and your individuality back to America. 
Stop being a country run by the institutions for the institutions. Let’s go back to “We 
the people, by the people for the people”, as opposed to, we the institutions, by the 
institution, for the institution. Stand up for your individual rights. Stand up for the 
God leaders that are in each and every one of us! 


The Trans-humanist / Post Human Agenda 


Transhumanism is a cultural and intellectual movement that believes we can, and should, 
improve the human condition through the use of advanced technologies. One of the core 
concepts in transhumanist thinking is life extension: through genetic engineering, nanotech, 
cloning, and other emerging technologies, eternal life may soon be possible. Likewise, 
transhumanists are interested in the ever-increasing number of technologies that can boost our 
physical, intellectual and psychological capabilities beyond what humans are naturally 
capable of (thus the term/ranshuman) (Anthony 2013). Transcranial direct current 
stimulation (DCS), for exampk, which speeds up reaction times and learning speed 
by running a very weak electric current through your brain, (Anthony 2012) has already been 
used by the US military to train snipers. On the more extreme side, transhumanism deals with 
the concepts of mind uploading (to a computer), and what happens when we finally craft a 
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computer with greater-than-human intelligence (the technological singularity) (See 
create a mind, or die trying”, Hewitt 2012) (Anthony 2013). 


Moreover, put simply, “posthumanism” can be defined as that condition in which humans 
and intelligent technology are becoming increasingly intertwined (TheNanoAge 2015). For 
readers interested in learning more about the posthuman / transhuman agenda see BT Soul 
Catcher 2025 (BEAMS 2007); Avatar Project 2045 (2045 Initiative 2015; Borghino 2012) 
and Mind Clone Robot (Bloomberg Business 2015; RT 2015) which have all been disclosed 
as methods of transferring the human consciousness to a computer. 


The Phases of Sleep and Rapid Eye Movement (R.E.M) Sleep 


Skepers pass through five stages of sleep: 1, 2, 3, 4, and REM (rapid eye movement) sleep. 
These stages progress cyclically from stage | through REM then begin again with stage 1. A 
complete skep cycle takes an average 90 to 110 minutes (Sleepdex 2015). In other words, 
after falling asleep, it takes approximately 90-110 minutes to enter REM sleep. 


Stages 
Waking REM Sleep NREM Sleep 
Light Sleep Deep Sleep 
Stage 0 Stage R 
Stage 1 |Stage2 |||Stage3_ Stage a 
Transition 
between 
Eyes open, Brain waves waking —_|Main body of 
responsive to similar towaking. |Jandsleep. |lightsleep. [Slow —_|Slow 
external stimuli, | Most vivid dreams || if Memory waves on | waves on 
can hold happen in this awakened, | consolidation. |EEG EEG 
intelligible stage, Body does |}person —_| synaptic readings. |readings. 
conversation not move. will claim | pruning. 
was never 
asleep. 
16 to 18 hours per |90 to 120 
4 to 7 hours per night 
day min/night 


Image 1: Stages of sleep. Source: Sleepdex: (2015) 
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Any sufficiently advanced technology is indistinguis hable from magic. 
Arthur C. Clarke 


REM Sleep 


Most dreaming occurs during Stage Five, known as REM. REM sleep is characterized by eye 
movement, increased respiration rate, and increased brain activity. REM skep is also referred 
to as paradoxical sleep because, while the brain and other body systems become more active, 
your muscles become more relaxed, or paralyzed. Dreaming occurs because of increased 
brain activity, but voluntary muscles become paralyzed. Voluntary muscles are those that you 
need to move by choice, for example, your arms and legs. Involuntary muscles are those that 
include your heart and gut. They move on their own (Sleepdex 2015; Waleutt 2013). 


Rapid eye movement, or REM skep, is when you typically dream. You may have images 
float by in earlier stages, particularly when you are going through Alpha or Theta (brain 
waves), but the actual dream state occurs in REM (Walcutt 2013). 


This period of paralyzation is a built-in protective measure to keep you from harming 
yourself, When you are paralyzed, you can’t leap out of bed and run. Do you ever feel like 
you can’t escape during a dream? Well, the truth is, you can’t. You can breathe, and your 
heart is working, but you really can’t move (Walcutt 2013). 


The reader is alo advised to see the Horizon documentary “Why Do We Dream?” (BBC 
Horizon 2009). This video is available, on YouTube, and details sleep, the phases of sleep, 
REM skep, the period of paralysation and more. 


Current Advances in Technology 


This is a section some readers may have difficulty with, because reading about these current 
technologies alone, one cannot help but feel that such technologies described below sound 
like the stuff of science fiction and fantasy -although they have been corroborated through 
public drip- feed disclosure (explained below). Nevertheless, I urge the reader to keep in mind 
Arthur C. Clarke’s quote (above), as well as Phil Schneider's testimony regarding the 
advancements of military technology in comparison to the general public’s technology (for 
every 12 months, military technology outstrips the technology the public is accustomed to by 
a rate of 44 years). Moreover, for the reader who finds difficulty understanding the 
technologies described below, seek the supporting articles / videos. 
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Memory Suppression Technologies 

Memory suppression technologies are any scientifically advanced technologies which are 
used to suppress memory. Examples of how memories can be suppressed can be found by 
reading Winter’s (2014) article which details how memories can be suppressed using light; 
and Greenberg's (2013) article which discusses memory suppression through gene / chemical 
modification. 


Mind-Voice Technology 


Mind-voice technology is an advanced technology which is capable of reading, listening, 
hearing or broadcasting your inner voice / thoughts. Examples of articles which discuss mind- 
voice technology are: Prigg (2014) details software which can read the inner voice; and New 
Scientist (2014) which also discusses a brain decoder which can eavesdrop on one’s inner 
woice. 


H. Technology 
The High Frequency Active Auroral Research Program (HAARP) is a radio transmitting 


system that can bounce signals off the ionosphere (a region of the Earth’s upper atmosphere 
60km (37 miles) t0 1000km (620 miles) altitude) and back to earth to probe deep into the 
earth or sea, its proponents say. The system could locate minerals or communicate with 
submarines. (Begich & Manning 1997; Sheen, Begich & Robbins 2005). 


HAARP can also: 


© Disrupt human mental processes. 
© Knock out all global communications systems. 

© Manipulate global weather. 

© Change weather patterns over large areas. 

© Interfere with wildlife migration patterns. 

© Hurt ecosystems. 

© Negatively affect your health, moods, and mental states. 
© Unnaturally impact the Earth’s upper atmosphere. 
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This illustration (below) shows the ionosphere's relationship to the Earth. The illustration 
appeared in the HAARP Environmental Impact Statement on page 10-125 of Volume IL 


IONOSPHERE 


620 MILES’ 


Image 2: The ionos phere's relationship to earth. Source: (Begich & Manning 1997) 


The ionosphere protects the earth, HAARP (High frequency Active Auroral Research 
Program) is made to beam more than 1.7 gigawatts (billion watts) of radiated power into the 
ionosphere -the electrically charged layer above Earth's atmosphere. Put simply, the 
apparatus is a reversal of a radio telescope - just transmitting instead of receiving. It will boil 
the upper atmosphere. After disturbing the ionosphere, the radiations will bounce back onto 
the earth in the form of long waves which penetrate our bodies, the ground, and the oceans. 


HAARP represents a technology which could lead to a new class of weapons that could 
change our world profoundly - an alkpurpose military tool, If misused, the tool could mess 
up the weather. It could be used against humanity in a way that would change what people 
think, believe and feel. It could be used for good or evil, just asa harp can produce the music 
of Mozart or the melody of a death march. 


H. R.P. and Weather Control 


‘The theoretical implication [of Dr. Robert Helliwell and John Katsufrakis of 
Stanford University in 1974] suggested by their work is that global weather control 
can be attained by the injection of relatively small ‘signals’ into the Van Allen belts 
(radiation belts around Earth) - something like a super-transistor effect” said Frederic 
Jueneman. 

© Yes. The weather can be controlled using HAARP technology. 
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© A series of weather disasters began in 1960, according to a CIA report mentioned in 
the editorial, but at the time climatologists couldn't look ahead and see that droughts, 
floods and abnormal temperatures would continue beyond that decade. As if natural 
disasters weren't bad enough, the CIA reported that national governments were 
already able to manipulate weather for military purposes [using HAARP technology]. 


As far back as 1958, the chief White House advisor on weather modification, Captain 
Howard T. Orville, said the U.S. Department of Defence (DoD) was studying ways to 
manipulate the charges of the earth and sky and so affect the weather by using an electronic 
beam to ionize or deionize the atmosphere over a given area, In 1966, Professor Gordon J. F. 
MacDonald, associate director of the Institute of Geophysics and Planetary Physics at the 
University of California, Los Angeles, was a member of the President's Science Advisory 
Committee, and later a member of the President's Council on Environmental Quality. 


Gordon J. F, MacDonald published papers on the use of environmental control technologies 
for military purposes. MacDonald made a revealing comment: —The key to geophysical 
warfare is the identification of environmental instabilities to which the addition of a small 
amount of energy would release vastly greater amounts of energy. MacDonald had a number 
of ideas for using the environment as a weapon system and he contributed to what was, at the 
time, the dream of a futurist. When he wrote his chapter, —“How to Wreck the Environment” 
for the book “Unless Peace Comes” he was not kidding around. 


In the text MacDonald describes the use of weather manipulation, climate modification, polar 
ice cap melting or destabilization, ozone depletion techniques, earthquake engineering, ocean 
wave control and brain wave manipulation utilizing the planet's energy fields. He also said 
that these types of weapons would be developed and, when used, would be virtually 
undetectable by their victims. He was not some wire haired fanatic when he made these 
observations in 1966 -he had the credentials of a world recognized scientist. What his 
futuristic concepts became, are the things which projects like HAARP are made of. 


H.A.A.R.P. and Mind Control 

© Radio frequency radiation, acting as a carrier for extremely low frequencies (ELF), 
can be used to wirelessly entrain (adjust) brain waves. 

© We are talking about very, very low power requirements. The trick for influencing 
brain activity is in the combination of frequency, power level and wave form. 

© As Dr. Patrick Flanagan, one of America’s most gifted inventors noted in an 
imterview, the HARP project could be not only the biggest ionospheric heater in the 
world, but also the biggest brain-entrainment (brain adjustment) device ever 
conceived. 

* According to HAARP records, when the device is built to full power it can send very 
low frequency (VLF) and extremely low frequency (ELF) waves using many wave 
forms at energy levels sufficient to affect the mental states of entire regional 
populations. 
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The HAARP transmitting system could be used unintentionally or intentionally to 
alter mental functions. 

If HARP js tuned to the right frequency, using just the right wave forms, mental 
disruption throughout a region could occur intentionally or as a side effect of the radio 
frequency transmissions [in other words: “mind control”). 


RFID Technology 
Radio Frequency Identification (RFID) microchips are microchips that can be directly 
imbedded into human flesh. This section discusses the dangers of RFID chips. See Rense 
(2001) for full review. 


RFID technology links the brains of people via implanted microchips to satellites 
controlled by ground-based super-computers. 

Today they are small enough to be inserted into the neck or back, and also 
intravenously (through a vein) in different parts of the body during surgical 
operations, with or without the consent of the subject. It is now almost impossible to 
detect or remove them. 

Implanted human beings can be followed anywhere. 

Today's microchips operate by means of low-frequency radio waves that target them. 
With the help of satellites, the implanted person can be tracked anywhere on the 
globe 


RFID Technology and the Medical Profession 


One reason the dangers of implantable microchip technology has remained a state 
secret is the widespread prestige of the psychiatric DIAGNOSTIC STATISTICAL 
MANUAL IV produced by the U.S. American Psychiatric Association (APA), and 
printed in 18 languages. Psychiatrists working for U.S. intelligence agencies no doubt 
participated in writing and revising this manual. This psychiatric "bible" covers up the 
secret development of Mind Control technologies by labelling some of their effects as 
symptoms of paranoid schizophrenia. 

‘The Psychiatrie Diagnostic Statistical Manual (DSM) for mental disorders has been a 
brilliant cover up operation in 18 languages to hide the atrocities of military and 
intelligence agencies’ actions towards their targets. THE MANUAL LISTS ALL 
MIND CONTROL ACTIONS AS SIGNS OF PARANOID SCHIZOPHRENIA. 

Ifa target is under surveillance with modern technology via TV, radio, telephone, 
loudspeakers, lasers, microwaves, poisoned with mind altering drugs via air-ducts, 
giving familiar smells which cause headache, nausea and so forth, if s/he claims 
her/his clothes are poisoned, her/his food or tap water as well --- all medical schools 
teach their students that the person is paranoid, ESPECIALLY if s/he believes 
intelligence agencies are behind it all. 

Never is the medical profession told that these are routine actions all over the world 
by intelligence agencies against their targets. Thus, victims of mind control are falsely 
considered mentally ill and get no help since they are not believed and their suffering 
is doubled by misinformed health professionals. 
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Further Implications of RFID Technology 
* How many people realize what the implications of implantable chips actually mean? 
It means total loss of privacy and total outside control of the person's physical body 
functions, mental, emotional and thought processes, including the implanted person's 
subconscious and dreams! For the rest of his / her life! 


© Itsounds like science fiction but it is secret military and intelligence agencies’ mind 
control technology, which has been experimented with for over half a century (since 
1950s). Totally without the knowledge of the general public and even the general 
academic population, 

© Supercomputers in Maryland, Israel and elsewhere with a speed of over 20 BILLION 
bits/sec can monitor millions of people simultaneously. In fact, the whole world 
population can be totally controlled by these secret brain-computer interactions, 
however unbelievable it sounds for the uninformed. 

© Neuro-electromagnetic involuntary human experimentation has been going on with 
the so-called "Vulnerable population” for over 50 years, in the name of "science" or 
“national security" contrary to all human rights. It happens today in the USA, Japan, 
and Europe. With few exceptions, the mass media suppresses all information about 
the entire topic. 

© Only increased public awareness of the microchip implants, their frightful 
consequences to privacy by influencing of individuals’ thoughts and actions, causing 
peopl to become biological robots with physical and emotional pain whenever the 
supercomputer technician so wishes, is enough reason to refuse to take the microchip 
into your body for whatever reason. 

© It is the biggest threat to humanity and the most sinister plan to enslave the human 
race forever. 


If you have a choice and want to remain a normal human being with privacy, DO NOT have 
your children implanted NOR yourself implanted with RFID microchip(s) (or any other type 
of implantable microchip). Otherwise your vision, hearing, sensing, thoughts, dreams and 
subconscious will be influenced by an outsider, who does not have your best interests in 
mind. For the rest of your life! 


Mind Control: MK Ultra Technology 

MK Ultra today has evolved from the 1950s variation of mind control (MK Ultra 
Compendium 1980), whereby drugs such as LSD, and interrogation were used as methods to 
weaken the mind of the individual to force confessions through mind control, Today, mind 
control is achieved through the implantable microchip (mentioned above; Rense 2001). 


© The brain functions of an implanted person can then be remotely monitored by 
supercomputers and even altered through the changing of frequencies. 

© Once implanted, the U.S. National Security Agency's (NSA) 20 billion bits / second 
supercomputers could now "see and hear" what you are experiencing with a remote 
monitoring system (RMS). 
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* Every thought, reaction, hearing and visual observation causes a certain neurological 
potential, spikes, and patterns in the brain and its electromagnetic fields, which can 
now be decoded into thoughts, pictures and voices. MK Ultra technology is therefore 
capable of Mental Video and Audio Projection, as well as Artificial Telepathy. 

© The mass media have not reported that an implanted person's privacy vanishes for the 
rest of his or her life. S/he can be manipulated in many ways. Using different 
frequencies, the secret controller of MK Ultra technology can even change a person's 
emotional life. S/he can be made aggressive or lethargic. Sexuality can be artificially 
influenced. Thought signals and subconscious thinking can be read, dreams affected 
and even induced, all without the knowledge or consent of the implanted person by 
using MK ultra technology. 

© Memory suppression technologies are used in conjunction with MK Ultra technology, 
which enables the programmer to control certain memories the victim remembers. 
The use of memory suppression technologies and MK Ultra technology allows the 
programmer to reinforce behaviour and elicit specific conditioned responses. 

© Mind control techniques, such as MK Ultra, can be used for political purposes. The 
goal of mind controllers today is to induce the targeted persons or groups to act 
against his/her own convictions and best interests. Zombified individuals can even be 
programmed using MK Ultra technology, to murder and remember nothing of their 
crime afterward. 

© The goal of mind control, using MK Ultra technology is to program an individual to 
carry out any task against their will and self-preservation instinct and to control the 
absolute behaviour and thought patterns of the individual The purpose of mind 
control, using MK Ultra technology is to disrupt memory, discredit people through 
unusual behaviour, to make them insane or to commit suicide or murder. 


See Mind-Computer (2012) which discusses how artificial telepathy is achieved. Artificial 
telepathy, also known as ‘brain to brain communication’, is also possible using MK Ultra 
technology. Furthermore, review: Jim Cristea (2009); Berkeley News (2011); UC Berkeley 
Campus Life (2011) CTForecaster (2013); nature video (2013) and Stromberg (2013). The 
above mentioned articles and videos describe, demonstrate, and corroborate how audio and 
video projection of the brain is achieved; how dreams can be recorded and projected digitally; 
how the brain can be scanned to reveal hidden information personal to an individual; and 
what a person’s underlying intentions are, by using brain scans. Moreover, the articles and 
videos mentioned above confirm the functionalities of MK Ultra technology. 


Furthermore, when our brain functions are connected to supercomputers by means of RFID 
technology, MK Ultra technology and other implantable microchips, it will be too late for 
protest. This threat can be defeated only by educating the public, using available literature on 
biotelemetry (electronic equipment that receives signals from radio transmitters) and 
information exchanged at international congresses. 
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Human Cloning 

There are currently five different types of clones, concealed from public knowledge. There 
are Mark | clones; Mark 2 Clones; Mark 3 Clones; and Mark 4 clones and reanimated clones. 
Moreover, there are two types of cloning techniques: duplication cloning and replication 
cloning. 


Mark I clones are REM sleep driven clones. However, the technology used for Mark | clones 
causes many side effects and therefore Mark 1 REM sleep driven clones are no longer a 
preferred choice. 


Mark 2 clones are also REM sleep driven clones. Mark 2 clones have fewer side effects than 
Mark | clones, and therefore Mark 2 clones are currently the preferred method for REM sleep 
driven clones. 


Mark 3 clones are independent clones which operate on microchip containing the entire 
consciousness of an individual. 


Mark 4 clones are alo independent clones, operating on a microchip which contains the 
entire consciousness of an individual and is an advanced version of a Mark 3 clone. 


These independent clones (Mark 3 and Mark 4) have a lifespan of 6 months to 12 months and 
require adjustments after this period to run efficiently once more. Without these adjustments, 
their functionality weakens. 


To “teanimate” means “to restore to life; resuscitate; revive”. Consequently, reanimated 
clones are clones which are genetically identical to that of a person who once lived. 


Replication cloning is what the public is most familiar with. Replication cloning involves 
giving birth to a genetic identical of an original where the newborn starts life off as a baby 
and matures. The newborn is referred to as a clone. 


However, duplication cloning is a current concealed advanced from of cloning, and it 
involves taking as little as two cells from an individual, adding a constant electrical charge to 
the cells until a complete human being is formed. 


Duplication cloning is similar to the process of regenerative medicine as demonstrated by Dr. 
Stephen Badylak’s video “How to grow a New Fingertip” (CBS 2008; Science Channel 
2014) where Badylak states: “A whole human can be grown within 9 months.” On average it 
takes 5 months to grow a duplicate clone of an original by means of advanced scientific and 
technological regenerative procedures. 
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Cloning Centre and Cloning Technology 


A cloning centre is a plice where clones are produced. Cloning technology are the 
advancements in medicine, science and technology used to produce duplicate and replicate 
copies of originals. 


Drip Feed Disclosure and Evaluative Conditioning 


Drip Feed Disclosure 

Drip feed disclosure is the process of supplying information but in small amounts overtime. 
Drip feed disclosure is also the process of revealing information slowly overtime, possibly 
telling lies to conceal certain aspects of the truth until the source administering the drip feed 
disclosure has adequate time to ket out the truth in a slow and controlled way, thereby 
delaying the betrayed partner (in this disclosure, the public) from having the “complete truth” 
for some time. 


Drip feed disclosure is also a method to gauge public reaction used by governments, the 
media, multinational corporations and organisations as well as high ranking officials to “test” 
whether the general public is acceptant of the concealed information or not. When the public 
reacts favourably to the drip feed disclosure, more information is revealed and made public, 
and it appears to the unsuspecting observer that the people involved in making the disclosure 
are taking positive steps towards a favourable goal for all. However, when the public reacts 
adversely; information contradicting the drip feed disclosure is presented, and an expert is 
presented to the public who voices the concerns of the general public, and therefore it appears 
that the opinions of the public have been noted and research and development will not 
continue in the initial stated direction, Nevertheless, the truth remains concealed and research 
and development continues despite the aversions of the public. 


Examples of drip feed disclosure involve articles such as mind uploading / downloading 
(BEAMS 2007), Mind Clone Robots (Bloomberg Business 2015; RT 2015), The 2045 Avatar 
Project (2045 Initiative 2015; Borghino 2012). 1 am here to tell you that I have been a spy for 
over 30 years and such technological accomplishments which are posted under trans- 
humanism / post-humanism genre have been realised many years ago and are available 
today. They are just concealed from the public. 


Furthermore, Dolly the sheep was announced as the first publicly cloned mammal (Animal 
Research 1996), but how many readers can say they know that, four years later, a monkey 
(BBC News 2000), our closest primate, was cloned? This is publicly disclosed knowledge, 
but I suspect not many people know of a cloned monkey four years after Dolly. This is 
because there was such a worldwide adverse reaction to genetic cloning when Dolly was 
made public, that the disclosure of the cloned Rhesus monkey (BBC News 2000) was not 
made public knowledge ona grand scale. 
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Evaluative Conditioning 

Evaluative conditioning is defined as a change in liking, which occurs due to an association 
with a positive or negative stimulus (see De Houwer et al., 2001). Simply put, this means that 
our preferences for brands, products, people and other things can be influenced and even 
modified by the presence of something we like or dislike strongly (Hake 2012). 


In many settings, a neutral stimulus, called a “conditioned stimulus”, often coincides with 
some desirable or undesirable object, called the unconditioned stimulus. An unknown brand, 
for example, might appear in a commercial that also depicts a happy child. Over time, stimuli 
that often coincide with desirable objects are perceived more favourably, whereas stimuli that 
often coincide with undesirable objects are perceived less favourably--called evaluative 
conditioning (De Houwer, Thomas, & Bauyens, 2001; Walter, Nagengast, & Trassilli, 2005; 
Moss 2009). An “unconditioned response” is a response to a neutral stimulus we have no / 
little control over. It is a natural automatic response. 


In other words, our preferences for liking or disliking brands, products etc. (the neutral 
stimulus) can be influenced by embedding (implicitly placing) the brand etc. (neutral 
stimulus) with positive or negative associations. Overtime our conditioned response becomes 
one of conditioned favourable or negative response towards the brand, product etc. (neutral 
stimulus) when we are faced with the brand, product etc. at a future date, Our preferences 
have been guided overtime. Evaluative conditioning can change our preferences when carried 
out subliminally or implicitly; it does not have to be explicit. 


In media; music; movies; and other forms of popular culture and entertainment, images and 
symbols (of stimuli which cause undesirable consequences) are embedded subliminally and 
implicitly and are paired with positive associations as a form of evaluative conditioning. This 
causes individuals who have no preconceived judgements of the stimulus to be guided to 
have positive associations with a stimulus which causes undesirable consequences. 


In popular culture; media; advertisements; movies; music and other forms of entertainment, 
evaluative conditioning is used as a method of hinting (that something is wrong); showing off 
of power (ie. nothing can be done to stop the negative stimulus) and as a form of gloating 
(ie. we've pulled off the negative stimulus / we are pulling it off). In over the 30 years I have 
been a spy, I have witnessed methods of evaluative conditioning used to hint, show off 
power, and gloat more offen than not, and evaluative conditioning is not used just to guide 
social order. 
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The fortunate aspect is that once a person learns that his / her preferences are being guided by 
methods of evaluative conditioning, in order to influence the person to have positive 
associations with negative stimuli (or feel powerless towards the negative stimuli); and that 
the stimulus (brand / product) does in fact cause undesirable consequences —then the ‘spell” is 
broken, The person can now choose how he or she responds to the brand etc. Usually, once 
all is known: a negative stimulus is associated with negative associations; despite it being 
portrayed as positive through evaluative conditioning. 


Consciousness Transfer 


Consciousness is defined as “the state of being aware of and responsive to one’s 
surroundings; a person's awareness or perception of something” (Dictionary Reference 
2015). Consciousness can also be described as: individual awareness of a person's unique 
thoughts, memories, feelings, sensations and environment (Cherry 2015). 


John Locke (1632-1704) was an English philosopher, Oxford academic and medical 
researcher who argues that it is sameness of consciousness rather than sameness of substance 
that constitutes personal identity. Consequently, if the psychological life is transferred from 
the body of a prince to the body of a cobbler (shoe mender), Locke argues, the resulting 
person will be the prince and not the cobbler. He would be responsible for the prince’s 
actions and not the cobbler’s; those who were close to the prince could continue their 
relationships with him but those who had relationships with the cobbler could not, and so on 
(Schechtman 2012, p.334). Moreover, basic Lockean intuition has proved to be that 
“consciousness transfer” can be thought of as the feat in which the person moves from one 
body into another (Schechtman 2012, p.334). 


Consciousness transfer can also be thought of as the process of transferring or copying the 
mental content (including long-term memory and “self”) from a particular brain and copying 
it to a computational device; artificial body or avatar body such as that of a robot or clone 
version of the original. The computation device, robot or the clone, will then respond 
essentially the same way as the original brain (as suggested by Lockean theory on 
consciousness transfer) and therefore the computational device, robot or clone experiences 
having a conscious mind and essentially the behaviour of the computational device, robot or 
clone, can be attributed as belonging to that of the original. 
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It is OF MONUMENTAL IMPORTANCE that the reader understands the above statement 
regarding consciousness transfer is a method of CURRENT concealed advances in 
technology and not a concept relegated only to the genre of science fiction, At the very east 
the reader should be open to the possibility of consciousness transfer and the implications of 
consciousness transfer, in order to truly begin to understand the extent to which current 
concealed advances in technology are used to commit monstrous crimes. 


I understand the above sounds unsettling, but there are ako many wonderful concealed 
advances in technology (detailed in the disclosure section), The marvels in technological 
feats and human accomplishment will be released for the benefit of mankind once the world 
learns about the monstrous crimes which are committed against the them, and the earth, 
through the use of highly concealed technological advances and the good people of the world 
band together to put an end to the tyranny around us. 


Now is also a good time to remind the reader that if military technology advances by a rate of 
44 years for every 12 months which passes, then since 1945 military technology has 
advanced by a rate of more than 3000 years compared to the technology the public is 
currently accustomed to (44 times 70 = 3080). Now ask yourself honestly, in 3000 years 
from now (the year is 5015) don’t you think humans will have been capable of developing a 
method which allows them to transfer their consciousness from one body to the next and 
more? 


Tam here to tell you that I have been a spy for over 30 years and that from the intelligence I 
have gathered over the years it has been illustrated to me countless times that consciousness 
transfer is indeed fact and currently exists. Consciousness transfer has been achieved since 
1945, although this accomplishment in human advancement (and more) is concealed from 
public knowledge. Moreover, consciousness transfer is a highly advanced form of concealed 
technology used by high ranking members of society to commit unspeakable crimes against 
the public. 


Furthermore, for the reader who wishes to understand how consciousness transfer is possible, 
see Petkova and Ehrsson (2008) and Ehrsson (2013). In the video Professor Henrik Ehrsson 
(2013) demonstrates: 


1) Consciousness transfer from one body to the next (owning another body other than 
ones original) 

2) Physiological evidence for owning the new body. In other words when consciousness 
has been transferred and the person perceives the new body as that of his or her own; 
when the new body is threatened as the mannequin (new body) was in the experiment, 
individuals still perceived the mannequin body as that of their own and became 
frightened (displayed biological and physiological responses). 

3) Visual perception and stimulation causes us to perceive ownership of a new body. 

4) The new body we inhabit must be similar to that of our own (it does not matter 
whether the new body is smaller or larger than our original so long as the 
measurements are proportional) for consciousness transfer to occur. 
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5) That it is possible for consciousness to be transferred to another person's body and 
have (or perceive) ownership of other person’s body while being localised in your 
‘own body. In other words, dual consciousness is possible. 


Petkova and Ehrsson’s (2008) and Ehrsson’s (2013) research gives one of the clearest 
publicly disclosed explanations of consciousness transfer and I urge the reader to watch the 
video in order to better understand my disclosure. One of the main findings from his research 
is that perception is not rigid; and perception does shape reality. Sight and synchronous 
(going on at the same time) stimulation can, and does alter the brains perception of reality. 
Sight and synchronous stimulation activates certain parts of the brain (the sensory parts of the 
brain and the motor (movement) parts of the brain). The match between the two (sight and 
stimulation) “convinces” the brain that ‘hey, I’m no longer in this body; I’m in that one or 
that I have a third arm (although it is a false limp) etc. Accordingly, “perception is reality”. 


Disclosure: Save the Victims through your Diligence 

Tve done my best to prefice this information as logically, sequentially and methodologically 
for the reader as possible. I have stated what the law is on ‘whistle blowing’; I have given 
references and definitions where appropriate and I have provided many sources in order for 
the reader to research, corroborate, and better understand my disclosure, so that he or she 
becomes compelled to help me and victims like me, defeat tyranny and save the future of 
mankind; therefore if there are any areas of my disclosure which still appears suspect ~and I 
understand, after all my efforts -things may still not appear clear to some readers because we 
are dealing with highly advanced concealed technologies which are not available in the world 
the general public lives in; and therefore it is difficult to fathom and furthermore conceive 
that men can be so evil to their fellow humans through the use of advances in science and 
technology. Nevertheless, I promise you, I have no reason to lie, I am victimised daily 
because of these technologies, and therefore my only option is to tell the truth, and nothing 
but the truth so that the people of the world can put an end to this grave injustice. 


For the reader who still finds it difficult to accept my disclosure after first read, I want you to 
do two things: 


1) Give me the benefit of the doubt. I am asking you to do this because as I stated earlier, 
one of the hardest things to do as a victim of abuse is to come forward about the abuse you 
have suffered. It is even more heartbreaking when nobody believes you. Consider all the 
victims of paedophiles you have heard about on the news. I cannot speak for their individual 
cases but I can attest to the fact it affects my mental psyche beyond comprehension; there is 
nothing worse than being ignored and that nobody believes you. So on that premise, please 
give me the benefit of the doubt, because I’m sure the majority of good human beings out 
there will feel worse when it is proven that ama victim of severe abuse and you ignored me, 
when you could have done everything in your power to save me. 


2) Set out ona genuine quest to debunk my disclosure. If my disclosure appears suspect to 
you to begin with, then set out on a genuine and investigative quest to debunk my disclosure 
because, if my disclosure initially appears circumspect to believe, then I should be proven 
false within minutes of your research of my disclosure, because even professionals make 
mistakes. There will be something about the disclosure which will just not ‘add up’. 
However, when a person is telling the truth, then it is very difficult to debunk that person. 

I promise you, it will be worth your time to know the real truth about the world, simply 
because the truth is liberating. 
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I would also like to remind you that the truth about the world has been hidden from the public 
for many decades, therefore when you do hear the truth of course it is going to sound absurd 
to begin with; but keep an open mind and pursue till you know what truth is; because “to 
“know” is to understand with certainty”. 


Words of Inspiration: Personalized from a Theoretical Physicist Thomas 
Campbell 


The following gives an introduction to many aspects which occur in this world behind closed 
doors or in plain sight depending on how familiar the reader is with the topics. Evidently, a 
Jot of what is written predominantly affects the people of the world and it is time the people 
of the world stood up and reclaimed their world. I cannot stress this importance enough! The 
disclosure is also a basis which explains many of the anomalies which exist in the world 
today. I apologise in advance if the disclosure is too shocking to be believable (initia lly) and 
it shakes the foundations of your belief systems... but as I’ve said, rather than lash out at the 
information, you must question your own belief system... and probe into the mechanisms 
which have influenced you to adopt your current belief system... only then does the shock 
subside... and you can move forward with an open mind through investigation, which should 
lead you to either corroborate or debunk the disclosure. Keep in your heart: scepticism, 
optimism and open mindedness (Campbell 2008). Scepticism keeps you from believing 
fallacies. It keeps you from falling into that which you have not yet proven for yourself. 
Scepticism is a requirement for breakthroughs. Optimism gives you the ability to give merit 
to that which you have not yet proven for yourself and Open Mindedness gives you the 
ability to “see” that which has not yet been proven. 


The Science of Hidden Consciousness 
Furthermore, “Consciousness Science Kept Hidden” (YesEthan 2013) illustrates: 


‘The heart is an ekctrical organ. It produces by far the strongest form of bio 
electricity in our body; up to 40-60 times stronger than the second most powerful 
source -which is the brain, This electrical energy travels through every single cell in 
our body and in a sense, binds the cells together. The bio-electricity field is strong 
enough that it can even be detected outside of the body; out into space; beyond the 
skin, It is very measurable electromagnetic energy, much like radio waves. What we 
found is that the heart produces an electromagnetic field that surrounds our entire 
body 360 degrees; and it can be detected about 3-4 feet with megatron meters outside 
of the body. Researchers at the medical facility in Kansas ~say they have detected it 
10-12 feet. So regardless of how far it goes, what is interesting is that we produce this 
electromagnetic field which can be detected; it can be measured, with sensitive 
mainstream medical equipment.” -Howard Martin (co Author) “The Heart Math 
Solution” 

Scientific studies have shown: that the heart is not only the most powerful centre in 
the body, it is the most intelligent and has the ability to receive precognition 
(knowledge of a future event or situation, especially outside one’s normal sense of 
perception). If we can create coherence with our heart and mind centre we can access 
our intuition more frequently. 
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When you read my disclosure, remember that it is the heart and NOT the brain which is the 
most powerful centre in the body; the heart is the most intelligent; it has the ability to receive 
precognition and intuition about a future event, before it actually occurs; therefore if you 
find that your heart is in resonance with the themes I disclose; do not fight it with the ego of 
the mind; when our egos get in the way it overrides our heart’s intuition; your heart is capable 
of discerning the truth of an event before your brain becomes conscious of it; by all means 
listen to your heart, and allow your brain to naturally develop its intuition, It will be the 
coherence between your heart first, and then your mind centre which will allow you to access 
your intuition, 


Make an effort and reach your own conclusions to the point where you feel comfort in the 
fact that you KNOW the information contained in this disclosure is indeed factual. This will 
be the point you will have become empowered with golden truth and compelled to fulfil your 
duty as a human being and also spread the truth far and wide. Yes, we are all living in very 
interesting times. 


Disclosure: Donald Marshall’s Message to the World 

My name is Donald Marshall. I have been cloned by a large secretive cult know as “The 
Freemasons” and “The Vril Society” and “Scientologist” together called the Illuminati, For 
readers unfamiliar with The Illuminati see “The New World Order” (1990) by A. Ralph 
Epperson and Appendix C in this document; an introductory guide to the Illuminati and their 
agenda for the world is presented. 


Furthermore, I have to tell you that human cloning has been done since 1945. Now is also a 
very good time to recall Phil Schneider’s comment (Schneider was a Geologist and Engineer 
who worked on black projects and Deep Underground Military Bases (DUMBs)): “That for 
every 12 months which passes, military technology advances by a rate of 44 years compared 
to the technology the public is currently accustomed to” (Schneider 1995; 1996; Open Minds 
2011). George Green (a former Financier affiliated with U.S. Presidential candidates) also 
attests to the fact that humans have been cloned since 1938 (Green 2008a; 2008b). Therefore 
if we take 1945 as a base year, then military technology or hidden technology has advanced 
by the rate equivalent to 3080 years than the technology the general public is currently 
accustomed to (2015 ~ 1945 = 70 years; 70 multiplied by 44 = 3080). So yes, humans have 
been cloned since 1945 and continue to be cloned today and that current hidden technology in 
the year 2015 is as much as 3000 years ahead of the technology the public is currently 
accustomed to. I'll repeat myself because it is very important the reader understands the 
above statement, even if, the rest of the disclosure is hard to fathom after first read. The two 
most important things to keep in mind are: 

1) Humans have been cloned for over 70 years (since 1945); 

2) Present hidden technology is more advanced -as much as 3080 years more advanced- than 
what the public is currently accustomed to and technology continues to advance at an 
incredible rate. 


The Two Types of Cloning Techniques 


Now there are two different types of cloning techniques, there is replication cloning and 
duplication cloning. Replication cloning is the type of cloning the public has generally heard 
of. Replication cloning involves taking the nuckus (the DNA) out of a donor egg, and 
replacing it with new DNA from the person to be cloned. After a few days the resulting 
embryo can be implanted for pregnancy. The newborn starts life off as a genetic copy of an 
original. 
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Duplication cloning, on the other hand, is the second hidden method and type of cloning 
where the DNA from the person is grown ina big thick tank full of (salty) water. It involves a 
method of regenerative technology where the cells are agitated and agitated and over the 
course of 5 months, a fully formed duplicate clone body of an original is developed. The 
Iluminati used to have to use a tissue sample from the original or the cells from women’s pap 
smears because this contained rich cells to make duplicate clones; they also used children’s 
foreskins which were discarded at the hospital that got removed. That is what happened to 
me. I had my foreskin removed at age 4 ~and by age 5 the Illuminati grew duplicate clones of 
me. Now the Illuminati say they have upgraded the technology since 2000 and now all they 
need is blood from the original. They then agitate the blood cells over and over again through 
regenerative technology, until a fully formed duplicate clone body of an original is produced. 
For readers who are unfamiliar with regenerative procedures, see Dr Stephen Badylak’s video 
‘on “How to grow a new fingertip” (Science Channel 2014) and Carmichael (2013) which 
discuses how scientists cloned a mouse from a blood sample (this is another example of drip- 
feed disclosure). Regenerative science and medicine (CBS 2008) does work; I’ve seen it 
many times. 


The Different Grades of Clones: “Mark 1” to “Mark 4” Clones 


There are a few different grades of clones that I know of. There are: “Mark 1” to “Mark 4” 
clones. Mark 1 clones were available at the end of World War II (1945). Mark 1 clones were 
rapid eye movement (REM) driven clones but they were primitive grades of cloning with lots 
of side effects caused to the original Mark 1, REM driven clones were called “Organic 
Robotoids”, even though there are no robotic parts to the clone at all. See Dr Peter Beter’s 
discussion on “Organic Robotoids” (Beter 2011). 


Donald Marshall’s Dilemma with “Mark 2” Sleep Driven REM Clones 

The problem I am having is with Mark 2 REM driven clones. “Mark 2” is a rapid eye 
movement (REM) driven clone. In other words, Mark 2 clones are sleep driven clones. REM 
sleep is the fifth stage of sleep (Slepdex 2015). The first REM cycle usually happens 90 
minutes to 110 minutes after we fall asleep (Sleepdex 2015). What that means is: currently, 
this is the Hluminati’s main form of communication. They do not call people on the phone; 
they do not meet at the Bohemian Grove anymore (they only meet there once a year for 
traditional purposes). Since they discovered the science of sleep driven cloning, they meet at 
the cloning centre WHEN THEY GO TO SLEEP (The cloning centre is a physical location, 
located 5 / 6 hours radius from the Robert Pickton Farm (Port Coquitlam, British Columbia, 
Canada) at a nature reserve). 


Consciousness Transfer Happens When the Original Reaches REM Sleep 

The Illuminati can transfer the consciousness of an original once the person reaches REM 
sleep if there is a duplicate clone of the original at the cloning centre, once the person goes to 
sleep (90 minutes to 110 minutes after falling askep). So what happens is that the 
consciousness of the original is transferred to the duplicated clone body (the duplicated clone 
body is grown within 5 months by regenerative technology) once the original reaches REM 
sleep. The original’s consciousness is transferred from the original’s body, although the 
original’s body is still in their bed, asleep at home; to a duplicated REM driven clone body at 
the cloning centre and the original ‘wakes up’ as a cloned version of himself / herself at the 
cloning centre. It is a great marvel of science and one man’s greatest achievements, but it is 
kept hidden and used for sinister purposes which I discuss below. I must address the readers 
at this point who are lost at the thought of duplication cloning, and consciousness transfer. 
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For readers who may have difficulty understanding the process of duplication cloning, see the 
video which features Dr Stephen Badylak (CBS 2008; Science Channel 2014). Badylak 
describes and illustrates how a new fingertip can be grown within 4 weeks, by the process of 
regenerative technology. Duplication cloning works a similar way; involving regenerative 
technology whereby the cells are agitated and agitated, and over the course of 5 months a 
fully formed duplicate clone body of an original is grown, Moreover, readers should also 
view the Horizon documentary “Why Do We Dream?” (2009); the documentary clearly 
explains the phases of sleep; particularly REM slep. The documentary ako clearly explains 
that during REM phase sleep the whole body shuts down, and it is only the brain which is 
active. The fact that the brain is still active, although the body is inactive, is a perfect 
opportunity for consciousness transfer; and this is usually the moment the Illuminati transfer 
the consciousness of a person who is asleep, to a cloned version of himself / herself. The 
reader should also explore Ehrsson’s (2013) lecture on consciousness transfer. In the video, 
Ehrsson (2013) clearly explains how through the first person visual perspective (seeing 
through the eyes), and through synchronous (occurring at the same time) stimulation of a 
body part, individuals can perceive and see the world from another body different from their 
original. In other words, so long as people can see through the eyes, and the body is 
stimulated, the match between the visual perspective and feeling body sensations allows the 
individual to see and perceive the world through another body different from their original. 
The consciousness has been transferred to another body. 


Ehrsson (2013) also demonstrates that consciousness is linked. Once consciousness is 
transferred (fiom the original's body to the new body), even though the new body is not the 
persons original body; when the new body is attacked, because the person perceives the 
world through the new body, everything feels “very real”. When the new body (for which the 
person’s consciousness has been transferred to) is attacked, the original still perceives the 
threat as “real”, and therefore the person displays a biological and physiological fear response 
in their original body; the heart rate increases, as does respiration (breathing) rate, as well as 
anxiety. 


Donald Marshall is an Original as he sits at Home Typing this Disclosure 

This is how advanced technology is today. This is also exactly what happens to me. I am an 
original as I sit at home here typing this disclosure, but when I enter REM sleep, my entire 
original body shuts down, and only my brain is active. The Illuminati have linked my 
consciousness to a REM driven duplicate clone body of me. Therefore, as soon as I enter 
REM sleep, they are alerted to the fact that I have entered stage five of the sleep cycle, and in 
REM sleep, because they have a green and red light above duplicate clones at the cloning 
centre. The red light indicates that the original is awake, and the green light lets them know 
that original has entered REM phase sleep and it is time to transfer their consciousness to a 
duplicate clone version, They cannot transfer the consciousness of an original before REM 
phase or when the original is awake. When they try and transfer consciousness before an 
original is in REM phase it makes the original have intense headaches, Setting an alarm every 
90 minutes to wake up and then go back to skeep ako does not work in terms of avoiding 
REM sleep and having your consciousness transferred, because the body requires REM sleep, 
and therefore you become very tired, quickly, if you do not get REM sleep. If you stay awake 
for four days without REM sleep you begin to hallucinate; after seven days without REM 
sleep you will die. 
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When Donald Marshall’s REM Driven Cloned Experiences Began 


This whole sordid episode began when I was 5 years old, after going to the doctors to get my 
foreskin removed, at age 4. The tissues from my discarded foreskin were used to grow 
multiple duplicate clones of me. Within months, I was having my consciousness transfered 
to a REM driven, 5 year old clone version of me every time I entered REM sleep. The reason 
the Illuminati did this was because they wanted to use me as what they term “a diddle kid” 
in other words they wanted to have sex with an REM driven, 5 year old, duplicate clone 
version of me. This is what they do. They clone people. They make duplicate clone bodies of 
people to victimise in terrible ways, and they clone children for men with undeveloped 
penises to have sex with. 


However, I could never remember any of these REM driven clone experiences when I woke 
up for 25 years; because another aspect of REM driven cloning is that the Illuminati have the 
advantage of being able to suppress the experiences of people who have their consciousness 
transferred to their REM driven duplicate clone versions through advanced memory 
suppression technologies. For the reader who wishes to understand how memory suppression 
works see Winter (2014). Memories are stored and retrieved from different parts of the brain, 
Interactions between the cerebral cortex (the outer layer of the brain) and hippocampus need 
to work together in order to bring the memories out of mental storage to be re-experienced by 
the mind (Winter 2014). Therefore all that has to be done is for them to turn off the nerve 
cells which communicate with the cerebral cortex and hippocampus for the evening which 
you went to skep and had your consciousness transferred to a REM driven duplicate clone 
version of you, and you will not remember anything. The technology is so advanced; they 
can, and do suppress memories at a push of a button, Therefore, the victim wakes up the next 
morning and will not remember a single REM driven duplicate clone experience. All that 
they will be aware of is that they did not have a dream the previous night. 


This is what happened to me for over 25 years. I wasn’t allowed to remember these REM 
driven duplicate clone experiences until I turned 30. My memories were suppressed for 25 
years. I would wake up many days, after a night’s sleep, thinking ‘I didn’t have a dream last 
night’; or I would wake up the next morning and I would be sick, although I went to skep the 
previous night feeling compktely healthy. Throughout the years, I thought I had terminal 
illness; because whenever I went to see a doctor, the diagnosis would always come back that 
“there was nothing wrong with me’. 


However, over the course of 25 years when I was memory suppressed, and not allowed to 
remember my REM sleep driven clone experiences, the Illuminati were using me to produce 
songs, lots and lots of songs, and whenever I could not produce a song, or did not want to, 
they would stab my REM driven clone body; sodomize my REM driven clone body; chain 
me to a crucifix and burn my REM driven clone and torture me for all kinds different 
reasons; and even when I was compliant and did what they toll me to, I was attacked, simply 
because some members of the Illuminati wanted to know what it feels like to stab someone, 
Now because consciousness is linked (Ehrsson 2013), all these REM clone torture 
experiences affected me in my original body, and I have a weak heart today because of it, at 
the age of 39. The memories of my REM clone driven experiences also had to be released to 
me slowly (see Alford (2014) and FW: Thinking (2014) —for an example of how memories 
can be wiped and restored) over the course of many months because I had been through so 
much horror and torture that if the memories was released all at once, I would have had a 
heart attack in my real body and died. 
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This is one of the main reasons the Illuminati currently use REM sleep driven cloning 
(besides sex and torture): to plagiarise talented people under duress. There are many people 
including me who have been, and are plagiarised on a daily basis. Their consciousness is 
transferred to their REM driven clone alternates, and night after night and under duress they 
are forced to reveal their money making ideas or face torture or clone death; clone death after 
clone death. That is what the movie Inception (2010) is about: REM sleep driven cloning, and 
stealing ideas from the minds of unsuspecting individuals. The Illuminati actually made the 
film Inception (2010) as well as The Island (2005), Avatar (2009) and The 6" Day (2000); the 
films mentioned above contain references of cloning and REM driven cloning to show off 
the Illuminati’s ‘power’ and throw in the world’s face and laugh, 


The Science of REM Driven Cloning Began in 1945 

Tam one of the few people fortunate, or unfortunate depending on how you look at it, who 
remembers all of my REM driven cloning experiences because these memories were released 
to me at the age of 30. I remember many people who have attended and still attend the 
cloning centre which they bring me to over the course of 34 years. I am currently 39 years old 
and was brought there since the age of 5. The science of REM sleep driven cloning was first 
discovered in 1945, and at first it was just a political thing which leaders of the world did. 
Through the science of REM sleep driven cloning, political figures, heads of state and royalty 
met each other as REM driven clones versions of their selves when they went to sleep and 
discussed worldly affairs in complete secret with each other. They also did whatever they 
wanted with each other as REM driven clones, which they could not do in their original 
bodies such as sex, fighting each other to the death, jumping off cliffs as their REM driven 
clones, and just about anything you can think of when one has the ability of pseudo- 
immortality as a sleep driven clone version of themselves hidden from the guise of the world 
and general public. 


Well they soon got bored of each other very quickly, and started to make REM driven 
duplicate clones of movie stars, musicians, celebrities and public figures from all walks of 
life to hang with as REM driven clones and now they all get together for a disgusting time as 
REM driven clones when they go to sleep. Most of the G20 political leaders meet at the 
cloning centre as REM driven clones when they go to sleep to discuss worllly matters and 
watch gruesome things done to innocent and unsuspecting civilians, who are allo REM sleep 
driven clones at the cloning centre, but civilians have their memories suppressed. This is what 
the films Hostel (2006); Hostel: Part I (2007); and Hostel: Part IT (2011) (Illuminati made 
films) -are about: -rich people paying to torture and kill innocent people at a secluded 
location for sport; just that at the cloning centre, the luminati members torture and kill REM 
driven clones of innocent people. 


Therefore, depending on what was done to your REM driven clone, you could wake up the 
next day with a very intense headache in your original body, if your REM clone was 
repeatedly punched in the head; an upset stomach in your original body if your internal 
organs were tortured; achy limbs; and worst of all, feel sick all over; although the previous 
evening you went to sleep feeling healthy. Remember consciousness is linked (Ehrsson 
2013), therefore whatever happens to your REM driven clone will affect you in your original 
body. Even when they suppress your memory; the previous night’s experiences still affects 
you in your original body. You wake up with the knowledge that you did not dream the 
previous evening when you went to sleep, and with certain illnesses depending on what was 
done to your REM driven clone. 
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Help Donald Marshall STOP REM Driven Cloning NOW! 


Everything I discuss in this disclosure is firsthand witness accounts. I have seen and 
experienced horror spectacles done to innocent civilians and to me. For the sake of humanity 
and the innocent children brought to the cloning centres all over the world; I must tell the 
whole world about this and the good peopk of this world MUST HELP ME TO BRING 
THIS TO A STOP. My sense of duty, moral correctness, and conscience cannot allow me to 
stay silent about this evil. REM sleep driven cloning, and the torture of innocent civilians as 
REM driven clones; having REM driven clone sex with beautiful, innocent unsuspecting 
civilians of the world; the paedophilia of children through the process of REM driven 
cloning; REM driven sex slavery; the plagiarism of talented individuals through the process 
of REM driven cloning; and REM driven idea slavery, whereby talented individuals must 
produce new ideas and concepts daily (or whenever they sleep) or be stabbed or tortured in 
their sleep as REM clones —is the most vicious and pernicious form of tyranny ever to occur 
against humanity and IT MUST BE STOPPED NOW! 


Do Not Panic, Riot, or Cause Chaos. This is Very Important. 


Now I must preface this carefully, because members of the Illuminati have told me that I 
have to put this in an eloquent fashion, in a way which does not make people panic because 
people finding out about REM driven cloning, and the extent of the evil it has been used for, 
and continues to be used for; it could cause loss of social order, riots and anarchy in the 
streets. Moreover, I too DO NOT want riots and anarchy in the streets, despite the fact that I 
am vehemently angry considering the extent to which they plagiarised my talents over the 
years. If you are a good person reading this, and you want to help and you want social order 
restored for the benefit of mankind, promise yourself; me; all the innocent children they have 
affected through REM driven cloning, and the children of the future that you will NOT riot, 
and destroy a world for children who are going to inherit the world. This is very important. 
Remember the Illuminati have highly advanced technologies (kept hidden and secret), 
including weaponry, and they are just waiting for any excuse to use it on the populace. In all 
revolutions, the populace always win, and I want this disclosure and the end of REM driven 
sleep cloning to go smoothly. I want the good people of the world to keep spreading this 
information, keep spreading this disclosure all over social media, tell your close friends, your 
family, and as many people on social media platforms as you can. The internet, and radio 
shows with small audiences are the only forms of communication the Illuminati do not 
control. They own all forms of television networks, even including the Aboriginal People’s 
Television Network (APTN), and therefore a message as important as this will never reach 
the average man or woman through television because it does not serve their agenda. 


Spread this Disclosure Document until it reaches the Armed Forces 

I want this message to reach the armed forces, because currently people in the armed forces 
are following orders, yet they do not know how corrupt their governments and people in high 
profile places are. They are unknowingly defending these corrupt people. People in the armed 
forces will NOT defend these corrupt people nor will they harm civilians when they realise 
that these corrupt people have been growing duplicate clone bodies of civilians, transferring 
civilians consciousness to their duplicate clone versions when the victim reaches REM sleep, 
and torturing civilians in their skep; having sex with under-aged REM driven cloned 
children; having sex with innocent and unsuspecting adults as REM driven sleep clones, 
against their will; torturing REM driven clones for sport; and for money-making ideas to 
benefit their own pockets while they make innocent civilians sick and have side effects in 
their original bodies from REM sleep driven cloning technology. No. The armed forces will 
not accept that. Therefore keep spreading and sharing this information for everyone to see so 
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that it reaches personnel in the armed forces ASAP! I want the armed forces to overthrow 
these corrupt people. The Illuminati think they are very sly and untouchable because together 
they hold most of the wealth in the world. We must show them that they are not untouchable. 
Please do all you can, to share and spread this message. It is the most important message to 
ever reach the internet because it affects all our liberties. 


I must also address the readers who may feel afraid in spreading my message because they 
may want to do the right thing, but they are terrified the Illuminati may degrade or end their 
lives. As unbelievable as the next thing I am going to share sounds, it isa belief system which 
shapes the reality of the Illuminati and therefore they themselves are afraid to do anything 
which may degrade their lives or ‘eternal soul’, 


They believe that they are the ‘fornicators’ mentioned in The Bible, and if they were to 
degrade or harm the lives of anyone aiding me, they would suffer the wrath of God when they 
die. Notice I said when they die, but so long as they are still alive they can do all the evil 
they like, with little consequence, as they do in their REM driven clone versions at the 
cloning centre; worshipping Lucifer and doing all sorts of ungodly things. They even say God 
does not exist, only science and technology; yet they are afraid of dying. Very afiaid of 
dying; because they believe they'll meet God’s judgement. I’m just relaying what they have 
told me. They are weird like that. They also follow Hopi Indian Prophecy, Mayan Prophecy 
and Nostradamus Prophecy. They mix and match those three prophecies and come up with 
their own religion of what may or may not happen in the future. 


Donald Marshall is NOT “The New Age Saviour”. Nobody wants to be a 
‘saviour’ 


Furthermore, THEY believe I am a new age saviour for the end times; that I was going to 
save the world from something, according to the Nostradamus prophecy (quatrains); the 
Iluminati consider Nostradamus the greatest prophet ever to walk the earth. They are in awe 
of him. 


1 DO NOT endorse their claims. I just want REM driven cloning to stop and these people 
face punishments for their crimes against humanity. I really do not endorse such claims, but if 
it saves my life and yours, so be it. In reality and practicality, nobody wants to be ‘the 
saviour’; not with such tyranny and pernicious evil such as this. We'd rather all just be living 
normal lives without the knowledge and practice of REM driven sleep cloning which is used 
for torture, clone death spectacles and sex with children. My friends on Facebook do not 
want to be heroes or ‘saviours’ either; nobody really does, but we do it out of a sense of duty, 
moral correctness and our conscience would never rest knowing the true extent of evil in this 
world, and doing nothing to end it. So all that saviour and Nostradamus prophecy talk, it is 
just the Illuminati; they like to quote prophecies, and make them come true to make 
themselves feel special. 


Like I said, they are weird. I’m just relaying what they say, and I do not endorse the new age 
saviour claims. I’m just a normal guy, who was unfortunate to be cloned when he had his 
foreskin removed at age 4. This could have happened to anyone. Thankfully I had a very 
active imagination at the age of 5 and with the use of the technologies such as Mind-voice 
technology (that is what the Illuminati call it) it allowed me to make songs to keep the 
perverts off me. Mind-voice technology is just a technology which can tune into the inner 
voice in your head (See articles by Prigg (2014) and New Scientist (2014) -which discuss 
how scientist can listen to your inner voice; —it is similar to how Mind-voice technology 
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works). Therefore, when you hear the sound of a guitar; the sound of drums; or any 
instrument for that matter; after hearing the sound, when you imagine the sound you heard, 
your REM driven clone can replicate this sound with Mind-voice technology exaetly; and I 
used Mind-voice technology to make many, many songs over the years. As I’ve said, and I'll 
say it again: technology today is very advanced. 


How the Nostradamus Prophecies shapes the lives of the Illuminati 

Also another reason they have not killed me is because the Illuminati said “If they do, 
everyone is going to know I am telling the truth”, -which Tam with my right hand to God and 
I cannot lie about this stuff; the things I have seen are too sinister and diabolical. It would 
make me as bad as them if I did. Furthermore, because they follow the Nostradamus 
prophecies religiously, they have told me that they believe anyone helping me is considered 
part of “The Army of Light” and again, to hurt or degrade anyone helping me, considered 
part of The Army of Light would incur the wrath of God; and that to hurt anyone considered 
part of The Army of Light will degrade their lives; they will suffer misfortune and entire ruin 
as will their eternal soul, These are just some of the interpretations of the Nostradamus 
quatrains they have relayed to me. These people are beyond crazy, zealot and religious 
fanatics. Nevertheless, the main point to remember by alll this is that you are safe, and they 
cannot hurt you, they are scared to hurt you, as well as kill me because prophecies have 
shaped their lives and the lives of their ancestors for hundreds of years. 


Furthermore, and practically, I have told too many people that this is the extent, to which 
technology has developed in our current day, and it is kept secret and hidden from the public 
for nefarious purposes and this is what the Illuminati do: REM skep driven cloning. I have 
been spreading this information since 2011 and not one of these high profile people, 
government officials or celebrity figures has issued a (public) statement against me or taken 
me to court over libel charges because I’m telling the truth; and their statements would not 
hold in court. 


I have also tod over a million Arabs; I have appeared on radio interviews with Vinny 
Eastwood (Vincent Eastwood 2013); Jeanice Barcelo (Jeanice Barcelo 2013); and Lisa 
Phillips on the Cry Freedom Radio show (Astral Tight 2013a — 2013h). I have reached 
audiences as many as 280,000 views on the Vinny Eastwood Show (Vincent Eastwood 2013) 
alone. However, I must stress that YouTube reduces the view count of my interviews every 
so often in order to suppress the truth so that my interviews do not get featured on their 
platform, Nevertheless, there is safety in numbers and rest assured there are new people 
waking up to the disclosure of REM driven sleep cloning every day; and therefore you can 
share and spread this information without any worry about facing reprisals from the 
Mluminati, even if you do not believe that it is in fact their beliefs in Nostradamus prophecies 
which is saving you and I from the Illuminati, 


HIV/AIDS has been cured; so have many forms of cancer 


Now js also a good time to share with the reader that this situation is not all ‘doom and 
gloom.’ In their quest to perfect technologies, science and medicine, the Illuminati discovered 
the cure for HIV/AIDS; cancer (except pancreatic cancer); Alzheimer’s; Dementia and many 
more debilitating diseases which humanity suffers with. They relayed the fact that they found 
the cure for HIV/AIDS by stimulating the cells in an oxygenated rich environment because 
diseases/viruses cannot thrive in an oxygenated rich environment (in layman’s terms). Magic 
Johnson was cured from AIDS this way and they use him as a spokesperson to sell the 
retrovirus pills which they know is not as effective. However, the greed these people have, 
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knows no bounds, and because they receive too many donations for HIV/AIDS as well as 
cancer donations they do not announce they have cured HIV/AIDS or cancer publicly. As 
T’ve told you, and will continue to tell you: technology is far, far, FAR advanced than what 
you currently see around you. With the help of the good people of earth I promise to release 
these technologies for the benefit of mankind, and all reading this disclosure can hold me to 
this. You must hold me to this. It is time we ended corupt governments and corrupt 
individuals in high positions of power in this work. Hold me to this 


Thope you are now beginning to understand why this is a world emergency and why these 
corrupt people must be ousted and overthrown, I also hope you understand why you must not 
riot or cause chaos because as I said at the beginning of this disclosure “I write this to 
empower good people of the world against the tyranny which exists all around us in our 
world today”; I did NOT write this to cause chaos, public dissension or anarchy. Good 
people of the world will inherit the earth once these corrupt people are overthrown. 
Therefore, under no circumstance must you destroy the world when you are going to inherit 
it. No matter how angry this disclosure makes you; no matter how angry the diabolical people 
who commit these crimes against humanity make you feel. Let’s make sure this goes 
smoothly. Keep spreading and sharing this information, until this disclosure reaches the 
armed forces; until the armed forces bring these corrupt people to their knees. We are about 
to inherit the earth; by all means let’s ensure everything goes smoothly, Now that you 
understand how important this disclosure is and that the overthrow of these corrupt 
individuals must progress smoothly, I’ll continue. 


The Behaviour of High Profile People at the Cloning Centre 


The high profile individuals who attend these REM driven clone gatherings in their sleep 
have nothing better to do than to show off in disgusting ways. They have no shame and it 
seems nothing embarrasses them. Some REM sleep driven, cloning centre attendees, sit in the 
stands of an unused arena, smaller than a hockey rink, but it still has the capacity to seat 
between approximately 300 to 400 people. There is dirt in the centre of the rink where ice 
would be. They have frightened REM driven clones of children walk into the middle of the 
dirt rink to be victimised for a bizarre and disgusting spectacle. Sometimes, they have 
animals like dogs have sex with the REM driven clone children, while a man holds the dogs 
on leash so that it wouldn't bite the child on the back of the neck; which I have seen happen 
before. They all try to outdo each other in their levels of depravity; to be evil is to be “cool” 
to them. 


The Ring Leaders of the Cloning Centre 


I will now discuss the ring leaders, but before I name names, please understand that I am not 
someone who has collated stories and evidence together over the internet. I REALLY do not 
need to do this. Every time I enter REM sleep, the ring leaders at the cloning centre transfer 
my consciousness to a duplicate clone version of me. I have seen and talked with these 
monsters over the course of 34 years as REM driven clones at the cloning centre. However, I 
do understand that for the average reader, without understanding how far medicine, science 
and technology has advanced; without seeing or hearing people, other than me, discuss the 
crimes the ring leaders of the cloning centres commit, it is very difficult to imagine that this is 
what these high profile people are involved with, and do. Nevertheless, I guarantee it; this is 
the true extent and prevalence of evil in our world. 
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Their public personas, and public images is well managed by their PR teams, and therefore 
for the average person it is difficult to imagine these people in any other way but “positive”; 
but these people behind closed doors are the most evil, sick and twisted people I have ever 
had the misfortune of encountering. It is also difficult to take in what I am saying because I 
am not a public figure, nor do I have the “influence” or public image these people have; the 
general populace have never met, or heard of me, or known who I am; if this was the case my 
eye witness testimony alone will be enough; however, I do understand that we are dealing 
with highly advanced technologies, thousands of years advanced compared to what the 
general public is accustomed to, and because of this I provide references for the reader; I 
provide references for the reader to have something to corroborate what I am disclosing; and 
I provide references for the reader to see past the illusions these people have created. 


Moreover, as “Consciousness Science Kept Hidden” demonstrates (YesEthan 2013): 
remember that it is the heart and not the brain which is the most powerful centre in the body, 
the heart is the most intelligent; it has the ability to receive precognition and intuition about a 
future event, before it actually occurs, therefore if you find that your heart is in resonance 
with the names mentioned; do not fight it with the ego of the mind; when our egos get in the 
way it overrides our heart’s intuition; your heart is capable of discerning the truth of an event 
before your brain becomes conscious of it; by all means listen to your heart, and allow your 
brain to naturally develop its intuition. It will be the coherence between your heart first, and 
then your mind centre which will allow you to access your intuition, 


The references I provide for the reader to corroborate what I am about to say includes: 
“Appeal from Survivors of Canadian Genocide” (inifiniLor 2013); Tila Tequila —“Missing 
Children and Cloning Centres” (Astral ight 20131); “Royal Babylon by Heathcote Williams” 
(MrCowshedder 2012); and “THIS MOVIE WILL BLOW YOUR F%SNG MIND” 

(KafkaW instonWorld 2014). 


Watch all the above videos and you will easily see all that I disclose. In Appeal from 
Survivors of Canadian Genocide interview (inifiniLor 2013): Listen to the indigenous people 
Stee-mas and Wahtsek speak about the pain and torment they have suffered under the Crown, 
the Vatican, the government, and churches of Canada. 50,000 to 150,000 indigenous children 
have gone missing because of the involvement of the Crown, the Vatican, the government, 
and the churches of Canada; and all these factions involved know this! 


Tila Tequila is a television personality who has attended the cloning centres as a REM driven 
clone since childhood. In Tila Tequila’s radio phone in (Astral Tight 2013i), the audio is not 
very car for the majority of her disclosure; she was also frightened and therefore she sounds 
most animated; however her words are clear at the following points of the audio (I also 
provide a transcript in the appendices section: “Appendix A”): 


4.00 min: Cloning Centres and they take your children... 
4.25 min: —There are these CLONING CENTRES -I’m not even talking about child 
molestation here... 

5.40 min —They take your children -they not only molest them; men f*** them; and make 
them shoot each other... 

7.59 min- There is a point where you cannot just turn the other way, you know this stuff is 
going on and you go ‘oh well, you know... that’s their problem; let’s just turn the other cheek. 
How long are you going to turn the other cheek until it happens to your own freaking 
children? 
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10.34 min - Do you know why they love children? Because they are innocent souls; they are 
innocent... they are the most innocent, pure beings in this planet. They are not harmed by 
anything. They are new to the world; bright-eyed, pure innocent children. That is why these 
disgusting paedophile... and these clone rings, cloning centres, satanic rituals, Brownsville 
Texas... there are many of the of the cloning centres where they take your children that go 
missing. 


Royal Babylon by Heathcote Williams (MrCowshedder 2012) addresses the fact that for 
Brits, despite their inordinate pride about their tradition, it is often revealed they know little 
about it than anyone. The documentary then goes on to address the fact that Prince Phillip the 
Duke of Edinburgh, has a lust for blood-sports which includes shooting endangered wildlife 
and mammals which he considers ‘culling’. The documentary is ako notable for 
demonstrating to the viewer that Queen Elizabeth II redistributed as much as 2.1 million for 
her private income from 276 people from Merseyside and Lancashire. These people had no 
will, so their property was grabbed. The same is true for the Duchy of Cornwall. If you die 
without making a will, everything you p. will go to Prince Charles. Furthermore, 
Queen Elizabeth II is the largest land owner on earth, Queen Elizabeth II: head of state of the 
United Kingdom, and 31 other states and territories is the legal owner of about 6600 million 
acres of land; one six of the earth’s non ocean surface. She is the only person on earth who 
‘owns whole countries, and who owns countries that are not her own domestic territory. This 
land ownership is separate from her role as head of state; is different from other monarchies 
where no such claim is made -Norway, Belgium, Denmark etc. The value of her land holding 
is £17,600,000,000,000 (17.6 trillion Pounds) (approximately)). 


In “THIS MOVIE WILL BLOW YOUR F%SNG MIND” (KafkaWinstonWorld 2014), 
readers with a deeper knowledge of the Illuminati and the agenda of the Illuminati will easily 
spot the minor inaccuracies in the documentary. However, the documentary provides a good 
reference and foundation for anyone new to the topic of the Illuminati and their agendas for 
the world, The documentary demonstrates how the world is currently a deception within a 
deception coated in reverse psychology. It gives widespread insight into the Royal family of 
England, and their lineage. 


Furthermore, the documentary provides information that the world’s most popular religions 
have been infiltrated with Illuminati dogma, in secret. The documentary details how (some) 
modern Christians, Jews, and Muslims do not (yet) recognise their common enemy because 
that enemy is invisible (until now). The enemy hides within their own religions, The enemy 
ako hides within the activist community (anti- Illuminati movements), it finances big budget 
documentaries and movements. The end game is to sell a divisive (creating strong 
disagreement), anti-capitalistic, atheistic message and deliver trusting followers right into the 
lap of a communist (one government) New Work Order. The enemy is the Illuminati 


The documentary also details that: “Today, the bloodlines of this unholy alliance are on the 
final stages of establishing one world religion, one world government, and one world ruler [-- 
that is IF, the good people of this world do nothing to stop them}. The Windsor Royals are at 
the control of this web of deceit. It is a known fact that Adam Weishaupt (the founder of the 
Mluminati) took refuge and got assistance from the German Saxe-Coburg Gotha Royal 
family. The Saxe-Coburg Gotha’s changed their German name to Windsor (in 1917). The 
Windsor’s public image is a figade, to hide the cesspool from which they operate behind the 
scenes; their power and control cascades out of Buckingham Palace to the elite bloodlines 
who run world affairs, 
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For anyone who thinks they know they Royal family of England, did you know that still to 
this day: they have a person appointed called “Groom of the Stool”? What is a “Groom of the 
stool”, you may ask? A Groom of the stool is responsible for stools. The kind you sit on and 
the kind you expel. In other words a Groom of the stool wipes Royal bottoms. The above has 
been confirmed to me by Prince Charles of Wales himself as REM driven clones at the 
cloning centre, and I quote: “It gives you the feeling of being completely taken care of” when 
Lasked Prince Charles (as a REM driven clone) why they still have that. But don’t just take 
my word for this; research “Groom of the stool”. 


The Royal Family of England 


As most of readers have already guessed; and as unbelievable as it may currently sound to 
some readers, the ring leaders of these cloning centres includes the royal family of England. 
As I’ve said REM driven cloning started as far back as 1945, and it was just a political thing, 
but Queen Elizabeth II has been involved with REM driven cloning since its inception! Yes! 
Queen Elizabeth II; Phillip, Duke of Edinburgh and Prince Charles of Wales are the worst of 
them, They are unbelievable depraved perverts all showing off to the celebrities who attend 
these REM driven clone gatherings. Elizabeth has the REM skep driven cloned children at 
the cloning centre call her “Lilli-bet” and Elizabeth as a REM driven clone herself does 
ungodly things to these REM driven cloned children, Some she fakes being nice to; some she 
is terrible to; and as a REM skep driven clone Elizabeth cuts these REM driven clone 
children with swords while they scream. The decent peop at these cloning centres who have 
had their consciousness transferred into their duplicate REM driven clones, and are there 
against their will, like I am; they are terrified to say anything against Elizabeth and her 
cronies. Most of these decent people also have their children’s consciousness transferred into 
their REM driven duplicate clones, and Elizabeth and her cronies hold these decent peoples’ 
children as hostage; to be torn apart; clone death after clone death if they have the slightest 
inkling of informing anyone, but as Elizabeth and her cohort have been torturing me as REM 
driven sleep clones anyway, I will disclose all that they do. 


Vladimir Putin is also there, as an REM driven clone, and he loves to put the fear of torture 
and death into people, but he is essentially a perverted coward himself. Most of the famous 
people who attended the cloning centre as REM driven clones are ashamed to speak or be 
seen by me there very much; because they are ashamed of the perverse and disgusting 
gatherings. I am a decent person, even when my consciousness is transferred to my REM 
duplicate clone alternative, and I will not participate in these depraved acts; so they use me as 
an example and torture me for being a good person, They have drugged my REM driven 
clone, and as I’ve mentioned because consciousness transfer is real (Ehrsson 2013) and 
because consciousness is linked, therefore everything feels “real as real”; when I’m drugged 
as a REM driven clone, I behave exactly as any person would on hard drugs (although I have 
never taken any drugs in my original body); my vision is blurry and my balance affected; 
they have used this as method of having me do disgusting things in a blurred state, 
videotaping these dirty acts and editing a highlight reel which also depicts me doing 
disgusting things to show to the world when the world learns of their depraved natures and 
their public personas are shattered so that I can be despised as much as they will be when the 
entire world learns about this. Furthermore, because of the microchip inserted in my REM 
driven clone; they mind controlled me like a “Manchurian Candidate” (The Manchurian 
Candidate 2004) using MK Ultra technology, which is far more advanced than the 
declassified MK Ultra techniques (MK Ultra Compendium 1980) mentioned online today 
which references MK Ultra techniques in the 1970s, See Rense (2001) for a detailed 
explanation of how implanted microchips work, and how these chips allow the programmer 
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control victims. C.S.1.$ Canadian intelligence are all involved; they have REM driven clones 
too; including a lot of Commissionaires and Canadian Prime Minister Steven Harper himself; 
They do what Elizabeth says, and seem to follow her every whim without question, It 
doesn’t matter who you are; if you have a cute child, or a talented child with imagination, 
creativity and moneymaking potential (such as business smarts; song making ability; literary / 
oratory ability etc. -you name it so Jong as your child has moneymaking value to them) they 
will send for the blood record of your child; agitate the blood cells over and over until a 
duplicate clone of your child is grown; they will then transfer your child’s duplicate clone 
body from the tank they were grown onto a steel rack; the steel racks contain 5 rows and each 
row holds a duplicate cloned body; once your child goes to sleep in his or her original body 
and once they enter REM sleep (90 minutes to 110 minutes after they first fall asleep) the 
Iluminati are alerted to this fact by a green light above your child’s duplicate clone at the 
cloning centre and they then transfer your child’s consciousness to the REM driven duplicate 
clone; this is the point where the prime evils molest your children; and so your children are 
being moksted in their sleep as REM driven clones and then they suppress the child’s 
memory or implant false memories (see Kim (2013) and Alford (2015) -on how false 
memories can be implanted) so your children wake up not remembering dreams from the 
previous night, or if they do remember anything, the memory is false. These depraved acts 
very much stunt children’s development; it causes them to have learning disabilities; 
unexplained depression; loneliness; suicidal thoughts, and all kinds of side effects. 


The cloning centre is a paedophiles paradise and it must be stopped! Elizabeth secretly owes 
a few music companies too (Universal and others) with bands under contract; she forces me 
under a knife to compose music for them; if I can’t she will stab my REM driven clone; burn 
my REM driven clone and have her pervert thugs smash my REM driven clone body there. 
As Ehrsson (2013) demonstrated, because consciousness is linked; and consciousness transfer 
leads the person who has had their consciousness transferred to still perceive reality as “real 
as real” in the new body; I have the same biological and physiological responses as 1 would 
have if these attacks were occurring to my original body. This has caused me to have heart 
damage and severe debilitating headaches. Because my memories were released to me; I can 
now alo remember all my past REM driven clone memories since age 5; as well as the 
previous night’s REM driven cloned memories (when I have my consciousness transferred to 
the cloning centre) which causes severe stress to my mental psyche and mental well being. 


‘As unbelievable as the above statement sounds regarding Elizabeth's ownership of music 
companies, just go and listen to the song “Abadon” performed by Boondox (RainmanJhof 
2011) on YouTube. There are two “Abadon” versions; the version you seek can be found in 
the Reference section uploaded by RainmanJhof (2011); skip to 2:46 min (or listen to the 
whole song; pay particular attention at 2:46 min) and you will hear loud and clearly, 
Elizabeth say “Drop the mother f**** ing base”. That is Elizabeth's voice; you can compare it 
to any of her Christmas speeches, That is her. Elizabeth said the above as a REM driven 
clone at the cloning centre. I know. I was there. They got so confident, that nobody would 
ever find out about their REM driven cloning shenanigans, that they even had me sing on a 
song 1 produced: “Where'd You Go” -Fort Minor (Murdok Dubstep Remix) 
(MurdokDubstep 2010), available on YouTube. Tila Tequila and I sing on this remixed track 
as REM driven clones (MurdokDubstep 2010); I start to sing from 1:44 min onwards. You 
can compare the voice you hear in the song with the Vinny Eastwood interview (Vincent 
Eastwood 2013). That is me, in both cases, and that song was recorded at the cloning centre. 
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One good person at the cloning centre; Bernie Mac (also as an REM clone version of 
himself); who was an actor and comedian, tried to stand up for me and speak up for me 
saying “Cloning and torturing people here, it’s not right to do to a human being...’ and “This 
place is the devil”... Bernie Mac also tried to have others join him in speaking out against the 
REM driven clone torture zone while he was having his consciousness transferred to his 
REM clone driven version. Elizabeth and Philip tortured him for 4 to 5 hours continuously at 
the cloning centre as an example of their ‘power’, Bernie Mac had an aneurysm (brain bleed) 
the next day and died. This is one of the aspects about REM driven clone torture: if you 
torture a REM driven clone continuously for hours on end, you will cause the person to die in 
their original body from a heart attack or aneurysm (while they sleep); even if they do 
manage to wake up the next day; because of the constant pain their consciousness has 
recorded; and because consciousness is linked they will wake up only to have a heart attack 
or aneurysm in their original bodies the following day. If you apply a constantly electrical 
current to a REM driven clone, that person will either have a heart attack or die from 
aneurysm in their original bodies while they sleep. 


This form of murder is similar to the CIA’s heart attack gun (Non Mirage Truth Vision 
2015); which was declassified in the 1970s and was a weapon used for causing heart attacks 
in victims, undetectable as the cause of heart attack under autopsy. The difference with REM 
driven clone death as a form of weaponry is that hardly anyone has heard of death by REM 
driven clone torture. Moreover, the perpetrator can be thousands of miles away from the 
victim; the culprit just needs a duplicate REM driven clone of the victim to torture or apply a 
constant eketrical current to; this is exactly what is going on in our world every day. When 
Elizabeth and Philip don’t like someone and they want to get rid of that person, they clone 
that person; torture his or her REM driven clone till that person has a heart attack or 
aneurysm in their original body and dies. 


This is what Elizabeth and Duke Phillip did to the indigenous people in Canada. The video 
reference (inifiniLor 2013) provided above, regarding the genocide of the indigenous people 
of Canada discusses this very topic (inifiniLor 2013). As Elizabeth and Duke Phillip visited 
‘Canada as clones, when they Killed the native children; they both had solid alibis of being in 
England at the time. They then cloned all the witnesses of the Canadian missing children’s 
case and had them remotely killed by applying constant electric currents to their REM driven 
clones; one by one and each witness either died of a heart attack or aneurysm. They just 
dispatched the last witness by also applying a constant electric current to the persons REM 
driven clone because the missing children’s case was building momentum. 


Afier Bernie Mac’s death everyone is afraid to speak up; they all became affraid of suffering 
the same fate. All it will take is a few lie detector tests froman independent source; and I will 
volunteer for them; they cover up for themselves so carefully that lie detector tests from an 
independent source unconnected to them in anyway will be the only viable method. I know 
many know non-famous people who have also attended these clone centre gatherings as their 
REM driven clone duplicate versions and also remember the clone gathering experiences in 
their original bodies (because they were not memory suppressed) that could be given lie 
detector tests to prove this. When it comes to the sexual exploitation of a child, lie detectors 
are admissible in Canadian courts. I need decent people with integrity to speak about this 
filthy business; to testify about who is involved. There is much to tell about the Illuminati and 
Tama wealth of information about this topic. 
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Elizabeth also had Princess Dianna Spencer killed by having someone shine the brightest 
light known to mankind through the window side on her car; they served away to avoid the 
light and hit the divider; it was no paparazzi. I first wrote about this in my original disclosure 
in 2011; this was corroborated by an artic 2 years AFTER I had made my original 
disclosure. See Radar Online (2013) for the corroborating article. Furthermore, “Candle in 
the wind” performed by Elton John (SadSongs4You 2010) was not Dianna’s “death song’; it 
was “Bigger than us” performed by “White Lies” (WhiteLiesVevo 2010). The Illuminati 
released this song, deliberately, 13 years after Dianna’s death, again as a show of their 
‘power’. I did not want to compose this song but Elizabeth and her thugs threatened to stab 
and burn my REM driven clone repeatedly if I did not. Listen to the lyrics. I'll provide some 
of the lyrics here for those of you who are feeling too shocked by these revelations: 


White Lies Lyrics “Bigger than us 


You took the tunnel route home. 
You've never taken that way with me before. 
Did you feel need for change? 

Apologies on your fingernails, 

Love flickered in the city of lights 

Like internet and radio waves. 


I don’t need your tears 
I don’t want your love 
T’ve just got to get home 


And I feel like I'm breaking up 
But I wanted to stay. 
Headlights on the hillside 
Dont take me this way. 

I don't want you to hold me 

I want you to pray, 

‘cause it's bigger than us. 


Are you beginning to see why these people must be stopped and stopped immediately? Are 
you beginning to see why it is no longer okay to ‘turn a blind eye’ or ‘bury your head in the 
sand’, and hope it all goes away? Can you see why I need the good people of this world to 
keep sharing this disclosure (online); to tell your friends and family until this information 
reaches the armed forces so that the armed forces can bring these people to their knees. I also 
do not want innocent civilians to get hurt despite the monstrosities these people cause to 
humanity ona daily basis. I want the overthrow to progress smoothly so that the good people 
of the earth can inherit the world, with all technologies and medical advancements which 
benefit mankind, made available to all. This is why I maintain my composure and resolve, in 
spite of the evil I see on a daily basis, and you the reader must also maintain your composure 
and resolve in spite of the evil which I am disclosing, so that we do not inherit a torn down 
world after we have completely overthrown these malevolent, sinister and corrupt hypocrites! 
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Furthermore, Diana survived the car crash; and while, either on her way to hospital or in 
hospital, Dianna was injected with a high concentration of salt, which is near undetectable in 
an autopsy and she died. Elizabeth did this because Diana was going to marry an Arab named 
Dodi Fayed. The Illuminati hate Arabs because for the most part, Arabs have not broken their 
relationship with God. Dianna hated her association with these people; Dianna knew about 
REM driven, sleep cloning and wanted nothing to do with it; but she was afraid of being 
killed and so said nothing. 1 know a lot about this and many more deplorable things the 
Iluminati have done over the course of 34 years and I will be more than happy to reveal all 
the evil they have done; as well as all the wonderful discoveries and progresses they have 
made in medicine, science and technology, which they have withheld from the general public. 
Tam very happy to disclose all, because I known once the world learns of all they have done, 
we truly will begin to see the end of such evil on this planet. Just make sure you keep 
spreading this disclosure and it reaches the armed forces soon, Soon, soon, soon! 


Help Donald Marshall by Sharing this Disclosure with Your Close Friends 
and Family 


If you are reading this, then you have to help me. I know some of you may be reading this 
thinking, but am just an ordinary man or woman Donald, I know you are telling the truth; I 
can feel it in my heart and my head that what you say is true and that you are telling the truth 
(which I promise you, with my right hand to God I am) but I’m just an ordinary man / woman 
Donald; I don’t have any power; I don’t have any influence; or because of the position I am 
currently in I can’t speak out against these people; and I am just an ordinary man / woman I 
cannot be expected to take on the world’s problems. You are right if you are thinking and 
feeling this, and I do not expect or want you to take on the world’s problems. All I want you 
to do is share this information with close friends and family initially, because when you do 
that, at least that is one more person who will know about the true extent of evil in this world. 
When your close friend or family member also shares my disclosure with another close 
friend, the disclosure will eventually spread exponentially. It will also be one more person 
who has your well being in their thoughts because I understand how scary it is to know this. 
Therefore remember there is safety in numbers; and the more people you tell in your social 
circle, the more you can all look out for each other. So feel free to share my disclosure with 
close friends and family. Do not talk about my disclosure in public (for now) if it makes you 
feel uncomfortable. Moreover, if you want to reach more peopke (other than your initial social 
circle) the best way, is to do it online: through social media, such as Facebook, Twitter, and 
YouTube etc. As I’ve already mentioned, the Illuminati controls all forms of media except 
the internet. 


The Illuminati, being so ‘confident’ at the time with the evil they wield onto the world, put 
my face on a Megadeth album cover titled The World Needs a Hero (2001) (to mock me) 
when I was 23. I posed for this album cover at the cloning centre when I was 23, and the 
album was released with a picture of my face, as a REM driven clone, 3 years later when I 
was 26. They did this because they were extremely confident that nothing would ever be 
proven. Google image it, although I am 39 now, you can still tell that it is me. The image 
shows what I end up looking like after an REM driven clone gathering with a skeleton 
popping out from my chest. I understand most of you are going to continue reading because 
although it is “liberating”, it is also “paralysing” at the same time (Laurence Mountford) to 
realise what the truth of the world is, so I will display two images below, but promise 
yourself, that you will Google search this image in your spare time. 
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Image 3: Megadeth Album Cover: The World Needs a Hero (2001) 


ul @egadeth’s “The World 


oe" Album Gover 


Image 4: My original body: top left (age 37) and bottom right (age 37); 
compared to my 23 year old REM driven duplicate clone body (Lop right and bottom eft) 
at the cloning centre, 
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You can ckarly see from the images that, it is in fact me. In Image 4, you can also compare 
what my real body (top left and bottom right) looks like compared to my duplicate clone 
body. Duplicate clones do not come out of the tank looking 100% like the original; it’s 99% - 
there are always some slight variations as some have commented that the eyebrows and nose 
in the picture, bottom right, is not the same (as the duplicate clone on the album cover). 
However, to people who make such comments, I say: my eyebrows and nose is the same 
when you compare it to the pictures of my original body (top left and bottom right). Also, 
remember that the image on the album cover is a duplicate REM driven clone of me. REM 
duplicate clones do not come out of the tank looking 100% like the original. There are always 
slight variations; but the wrinkles on my 37 year old forehead (when I took the picture in my 
original body; top left and bottom right) is similar to my 23 year old wrinkles, the lips are the 
same; and the face which you see, is definitely, the same! Yes. REM duplicate cloning is real; 
going to skep and waking up as a cloned version of version of you is real and we must put a 
stop to it now! 


The Deplorable Nature of the Illuminati 


My own family has been turned against me one by one. The Illuminati have told my family 
members when they were REM driven clones at the cloning centre, things such as I secretly 
hit or molested their children; poisoned their pets when the pets died of sickness and other 
such things to make my own family hate me and not want to help me. Even when my family 
side with me there at the cloning centre, as REM driven clones of themselves; and my family 
members say ‘They do not believe that Donny did all those horrid things’ -which they have 
been told; Elizabeth then says “Are you cooling me a liyah?!” in her disgusting croaking 
voice made as low as low and evil sounding as she can make it, complete with psychotic and 
malevolent glare; and as terrified REM driven clones my family say “No, no, of course [what 
you are saying] it’s true”, stuttering and affaid as REM clones. My mother Catherine 
McMahon sold me into this REM driven sex and torture cloning slavery when she remarried 
a man named Gordon Cohoon; Gordon's whole family is in this scummy secret society, his 
brothers Tom and Tony Cohoon; his sisters Darlene and Bernadette Cohoon; they fear the 
new and improved lie detector tests; and all it would take, is for an independent source, far, 
far removed from any association with the Illuminati to administer these lie detector tests on 
me AND the above named people to prove this unequivocally. 


Half way through the making of my original disclosure document (in 2011), when I went to 
sleep that evening, the Illuminati transfered my consciousness to my REM driven clone and 
introduced me to a man (who was also a REM driven clone) named TROY LANDRY. He is 
an alligator trapper from Louisiana on the TV program named “Swamp People”. Troy Landry 
said “If I send my [original] disclosure out to the public then he would take a power drill to 
my shin bone at the cloning centre and suck the marrow fiom my [REM driven clone’s] 
bones.” It is similar to spinal tap, and one of the WORST things you can do to a REM driven 
clone besides burning a REM driven clone. I told Troy that I will be sending out my 
disclosure to the public, because I have to escape the cloning centre, and so, Troy Landry did 
just that. It was excruciatingly painful; all the REM driven clones that were sat in the stands 
of the arena just watched; slack-jawed. Troy Landry is an insatiable child molester and an 
extra retarded REM driven clone. A side effect of REM driven cloning is that as a REM 
driven clone version of yourself, your emotions are heightened and you are less smart as you 
are when you are experiencing the world in your original body. Nevertheless, Troy Landry is 
extra retarded as a REM driven clone. 
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In Louisiana, when Troy sees a young boy that he likes, Troy asks of the boy’s name and tells 
the boy “He is an alligator hunter”; Troy then proceeds to shake the boy's hand; Troy then 
has his paedophile friends at the local cloning centre find the boy's blood records to grow 
duplicate clones of the boy. Five months later, there are multiple REM driven duplicate clone 
bodies of the boy grown for Troy Landry to victimise before the crowd of onlookers. All 
members of the Illuminati do this; it’s just a way of life to them; they consider themselves 
“the privileged people’ in the world power organisation. Almost all the cast on the “Swamp 
People” television program attended the cloning centre as REM driven duplicate clones of 
themselves, when they go to sleep. After putting a power drill to my shin bone, Troy Landry 
asked me again, “Will I send my [original] disclosure out?” I said “Yes” to which he replied 
“1'll do the same to your pelvic bone everyday!” The pain on my pelvie bone was far worse 
than when Troy put the power drill to my REM driven clone shin bone. I told Troy “I have no 
choice but to inform the public” — and so Troy put a power drill to my REM driven pelvic 
bone, everyday... and it is the worst pain ever... you forget your own name; where you are; all 
you know is pain; and you beg God or anything to save you from it... 


Another deplorable thing which the Illuminati did in real life is: The Canadian government 
were trying to lower the amount of prostitutes on the streets (Elizabeth hates prostitutes) so 
they had a man named Robert Pickton start killing the women and feeding the women to pigs 
on his farm. The Illuminati had a camera set up in the upper corner of a room in Pickton’s 
house and recorded Pickton hitting these women over the head with a hammer (a ball-peen 
hammer). They took the recordings, all 49 of these murders, and they all watch them at the 
cloning centre. To be seen as ‘tough’ at the cloning centre is to watch all 49 of the Pickton 
murders without having it affect your psyche. Elizabeth loves watching the Pickton murders 
and she says she has a macabre fascination with death. Canadian Prime minster Steven 
Harper knows all about the conduct of the Pickton murders; he has seen all the recordings and 
cheers on as the rest of them do. If Mr. Pickton says anything about his involvement with the 
Mluminati, or the recordings, they will apply a constant electrical current to his REM driven 
clone until Pickton has a heart attack or aneurysm in his original body. 


What Happened to Britney Spears? 

The Pickton murders are also the reason Britney Spears ‘lost it’ and shaved her head bald. 
She had watched too many Pickton murders as a REM driven clone at the cloning centre and 
it drove her ‘over the edge’. I'll also reference the following songs performed by Britney 
Spears so that the reader has more corroborating evidence to add to the ever increasing pile. 
Search for the video “Break the Ice” (BritneySpearsVevo 2009) on YouTube. In the 
Japanimation video; at the beginning of the video; that is a cloned cartoon version of Britney 
Spears being grown in a big thick thank full of water (1 second to 7 seconds); and at 1:32 min 
to 1:43 min Britney walks into the cloning centre. This is EXACTLY how the cloning tubes 
are in real life. They are stacked one on top of the other, each filled with salty water. Britney 
Spears made this video because she said a fantasy of hers is to “Blow up a cloning centre”. 
The Illuminati allowed her to release this video because at the time they figured nobody 
would ever figure it out. I have provided the images on the next page. 
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a A 
Image 5: Britney Spears is being grown as a duplicate clone in a cloning tube. The depiction is 
EXACTLY how the duplicate clones are grown in the Cloning Centre... with wires extending from the 
body; in a big thick tank full salty water. 


Image 6: Britney S pears walks into the cloning centre. The cloning tubes are stacked one on top of 
another. This is EXACTLY how these cloning tubes are in real life at the Cloning Centre. 


Image 7: The Cloning Centre depicted from an a 
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In “Hold it Against Me” (BritneySpearsVevo 2011) performed by Britney Spears; Britney is 
depicted fighting against her clone at 2:46 min till the end of the video, In “Mona Lisa” 
(SimpleGirewer 2007) later remade by Britney Spears she changed the words in the song 
from “gone” to “cloned”. I'll provide the lyrics to chorus here because they have not changed 
iton A-Z lyrics ete., but listen to the song and you will clearly hear the following: 


Britney Spears Lyrics “Mona Li 


She’s the original (yeah, yeah) 
She’s unforgettable (yeah yeah) 
She wants you to know (yeah) 
She’s been cloned... 

It's kind of incredible (yeah yeah) 
She’s so unpredictable (yeah yeah) 
She wants you to know (yeah) 
She’s been cloned, 

She’s been cloned, 
She’s been cloned... 


Yes. Britney Spears and many other celebrities want you to know they have been cloned. The 
cekebrities are depending on you, the ordinary man / woman; the populace, as I am depending 
on you to spread this message fast and far, In fact Elizabeth has said that “If any public 
person speaks out, they will die!” Therefore, public figures cannot openly discuss this topic to 
warn the populace —so they hint. It is NOW up to the ordinary man and woman to end this. 
Furthermore, Elizabeth has a nuclear bomb hooked up at the cloning centre which she can 
press at any time to wreck havoc on the world unsuspectingly. Thankfully, I managed to 
convince Elizabeth not to do such a silly thing. I hope you can now understand why everyone 
is terrified of Elizabeth at the cloning centre, and why this is a world emergency and we are 
depending on youto share and spread my disclosure! 


NEVER EVER SELL YOUR SOUL 


In This Physical World Selling Your Soul Is Selling Your REM Driven Clone 


Furthermore I must discuss an entrapment many up and coming ‘stars’ fall into. You have 
most likely heard many public figures say “I sold my soul to the devil” or some variation of 
“L sold my soul”. I am now going to address the aspect of “selling souls” or “selling your 
soul” which I am sure you have heard many of these celebrities talk about. I'll address this as 
coherently as I can because the on the surface selling your soul talk is difficult to contemplate 
especially if you consider the soul to be a metaphysical, ethereal or mystical part separate 
from your earth body. Moreover, we live ina physical world, so selling a metaphysical aspect 
of you sounds incomprehensible (at first). For the most part we have little understanding of 
What the soul is. However, we are told that the soul is a part of us which never dies and it is 
eternal. It is all that we are, ever were, and ever will be. Now our faiths and beliefs come into 
question, because if you are an atheist: there is no God, selling your soul is a bunch of crazy 
nonsense. 
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Froma practical perspective it also seems difficult to fathom, because if you go on what you 
have been told, you are selling an intangible part of yourself to be used by someone else for 
whatever they wish; and so if you get into the headspace of viewing your soul as something 
separate from you or that you are in control of your mind and your body, then again, “selling 
an intangible aspect of you’ again sounds like nonsense because right now nobody controls 
you; you are controlling you; so what are you really selling? Thin air? 


Many up and coming ‘stars’ think this way when they are confronted with “selling their soul” 
aspect. The up and coming ‘stars’ are blinded by the prospect of being super famous and 
super rich; and in the moment they are confronted with “selling their soul” they believe these 
Iluminati peopk, are a group of over religious zealots and that they, -the up and coming 
‘stars’ are taking advantage of the Illuminati because the ‘soon to be ‘stars”” do not believe 
(in that moment) it is possible to sell your soul, and only consider being super rich and super 
famous; so the ‘stars’ sign their ‘soul’ over. 


At this point, it is usually too late for the up and coming ‘star’; because what they have 
actually sold, in this physical world, is the use of their REM driven clone to the Illuminati. 
They have sold their REM driven clone to be used for REM driven sex by perverse old men 
and women whenever they enter REM skep. 


These celebrities are not memory suppressed either; so whenever they enter REM skep, their 
consciousness is transferred to their REM driven clone, to be used for whatever the Illuminati 
wish: usually sex as REM driven clones with dirty and perverse od men in return for a 
promotion in the entertainment industry; such as movie role, advertisements, concert gigs 
ete. It is a very, very, sick business, and once these up and coming ‘stars’ get into the 
business they are trapped. Now you can begin to understand why so many celebrities, 
although on the surface it appears they have it all, are depressed; and do random and crazy 
things. It is a cry for help. Their illogical behaviours, (not all) for the most part, can be 
attributed to REM driven cloning Furthermore, the Illuminati consider ‘selling your soul’ 
(the use of your REM clone) a very serious business. They do not joke about this; and there 
are NO RETURNS. Once you have sold the use of your REM driven clone for promotions 
etc, that’s it. If you ever make a fuss and want your ‘soul’ back, in other words: you no 
longer wish to have your REM driven clone to be used by dirty old men for sex; the 
Iluminati will kill you by applying a constant electric current to your REM driven clone until 
you have a heart attack or aneurysm in your original body and die. It is as simple as that. 


For example, Whitney Houston wanted nothing to do with the cloning centres, she said she 
would keep quiet; she never wants to be in the spotlight; she never wants to do radio or 
television. Let bygones be bygones, I’ll go my way and you can go your way. The Illuminati 
were extremely angry! They had bank-rolled her, and now she didn’t want to be their *friend” 
or ever associate with them again, She was sacrificed; she was killed with a constant electric 
current to her REM clone. She had sold her soul, in the beginning of her career; in other 
words, the “use of her REM clone”, Earlier in Whitney Houston’s career, she had signed that 
they can use her REM driven clone however they wish. 
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I have also seen people say “No” —when confronted with ‘selling their souls’. These people 
are then memory suppressed, and will not remember the proposal of their REM driven 
experience. The people who also refuse to sell the use of their REM driven clone (‘sell their 
souls’) are blacklisted secretly, and they will never receive a high paying movie role, concert 
gig, advertisements etc. If you have ever wondered why so many talented people have not 
‘made it’ -they refused to sell their souls, in other words, the use of their REM driven clones 
in exchange for promotions. This is how the entertainment industry really works. Another 
aspect of selling your soul, in other words, selling your REM driven clone is that you are 
also agreeing to sell your children, and your children’s children etc.; your whole lineage to 
the Illuminati; for the Illuminati to use your unborn children for paedophilia, torture, sex 
sports and other grotesque and ungodly things when they skep. It is a nasty business. 
NEVER EVER sell your soul. 


The lesson is very important. NEVER EVER, ‘sell your soul’; NEVER, EVER! You will 
experience the worst nightmare situation ever, and in this physical world, that is the use of 
your REM driven clone to be used for sex sports. You'll never have a decent night’s skep 
ever again, and you will always retain the full memory of your REM driven clone 
experiences; as well as, you will be selling your unborn children into this dirty business. 
Even when contfonted with this as a joke: never sell your soul. Never Ever! The physical 
aspect you are confronted with when asked to ‘sell your soul’ is: “YOU”, and everything 
which makes you, “you”; your ideas, your creativity, your privacy, your biology; everything 
which makes you, you. Never sell your soul, which in this life is currently the use of your 
REM driven clone! Never, ever! I hope that is well received. 


Fake Alien Abductions conducted through REM Driven Cloning Technology 


I must add they grow duplicate REM driven clones of people from all walks of life and then 
they transfer the persons consciousness to their REM driven clone version at the cloning 
centre while the person’s REM driven duplicate clone is chained down to stainless steel 
corpse tables; or they pre-inject the REM driven duplicate clones with drugs before 
transferring the consciousness so that once the consciousness has been transferred, the REM 
driven clone cannot move. This is the point when they usually send people into the room 
dressed as aliens. It is a fake alien abduction, It’s just these Illuminati people dressed in 
Hollywood quality accessories and they make the REM driven duplicate clones which have 
either been chained to the steel corpse tables or pre-injected with drugs, believe they are 
having an ‘alien abduction’. Members of the Illuminati even dye chicken skin grey, and 
stretch it over a mask for realism and perform “experiments” on the immobile REM driven 
clones; the perverts anally probe them; they rape their limb bodies and do not suppress the 
victims memories; so these victims wake up thinking they have been abducted by aliens but 
in reality, they had their consciousness transferred to their duplicate clone versions when they 
entered REM sleep and they were violated. The victims do not know where to turn and 
naturally, they are embarrassed. Some victims even try and do install cameras all around their 
bedrooms in order to videotape themselves while they skep; to prove they have been ‘taken’; 
but to no avail they have not been taken; they have been cloned and had their consciousness 
transferred to their REM driven duplicate copies once they enter REM sleep by the most 
disgusting perverts in the world. The scum even videotape these ‘abductions’ to watch later 
as sick demented porn, These fake abductions are conducted by the Illuminati more often 
than you can imagine. They just keep doing it to random people over and over and over... 
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Lam THE Spy for Humanity against the Corruption of the Mluminati 

Over the years the Illuminati have offered me: a priceless katana (samurai sword); a rigged 
jackpot winning lottery ticket; REM driven clone slaves to keep me quiet, any of the prettiest 
‘women I've ever seen; any girl from high school; Vladimir Putin's daughter; even children; I 
do the right thing and spit in their REM driven clone faces; jam my fingers into their eyes but 
they have the technology to turn off the pain sensors of a REM driven clone, and therefore 
they have their pain receptors turned off as REM clones, while my pain receptors are fully on 
(sometimes even beyond the threshold of what is normal pain for a human). See the online 
articles: Science Daily (2014) and RT (2014) which discuss how pain receptors can be turned 
on and off in humans. Not much will hurt their REM driven clones other than getting dirt or 
vomit in a wound or bleeding too much. However, they have perfected the science and 
technology of REM driven cloning and therefore it only takes time and approximately $30 to 
grow new duplicate clone bodies. I started to smear excrement in their faces as a REM driven 
clone at the cloning centre in an attempt to deter them; I have never handled faeces in my 
original body, but I do this as a REM driven clone at the cloning centre, and even that does 
not deter them from their depraved ways. I composed a song which was later performed by 
“One Republic” referring to it called “All the Right Moves” (“Alll the right friends in all the 
right places... All the right moves in all the right faces"). I’ve made so many songs with MK 
Ultra technology (Rense 2001; Jim Cristea 2009; Berekley News 2011; Mind-Computer 2012 
nature video 2013) and Mind-voice technology (New Scientist 2014; Prigg 2014) it is 
ridiculous. You see it is very easy to make music using Mind-voice technology; Flo-Rida 
used Mind-voice technology to produce the song “Whistk” when I first made my original 
disclosure (in 2011). The song is a taunt at me about my “whistle blowing disclosure” i.e. 
*Can Donald blow the whistle? Etc. ete.’ The thing is, anyone with a talent for music can 
make musie much easier with the technologies which they have (MK ultra technology; Mind- 
voice technology); however, the Illuminati made more money from the music I composed, 
and so over the years, they just kept using me, over and over and over again, for rock, pop, 
rap, country ete. There are so many people involved in this REM driven cloning business, it 
is staggering; the organisation is vast. The only things the Illuminati fear are nuclear war; the 
new and improved lie detector tests and the general populace spreading my DISCLOSURE 
DOCUMENTS. 


For those of you thinking Queen Elizabeth II looks like a kindly little old lady and you still 
cannot believe that all this is true, although I have provided plenty of evidence to the contrary 
as well as evidence of her saying “Drop the mother f***ing base” as a REM driven clone on 
a song track (RainmanJhof 2011); you could not be more wrong. She is the worst human 
being I have ever seen or heard of. It is so sad to see these REM driven women and children 
having their consciousness transferred to their REM driven clone duplicates and brought to 
the centre of the dirt rink, sitting there naked, afraid and crying and raped and beaten for 
sport, for the rich and famous. REM driven cloned women and children display the most 
range of emotions, and it is the saddest thing to see there. Therefore, of course I cannot bring 
myself to be a part of this despite any riches which the Illuminati offer me. 


Over the 31 years when I was having my consciousness transferred to my REM driven clone 
at the cloning centre; Elizabeth, Vladimir and many, many Illuminati members and cloning 
centre attendees discussed many topics with me, These Illuminati people, such as Elizabeth 
and Vladimir, as well as many others confided in me because I had composed songs since I 
was 5 years old, 
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For readers struggling with the idea that a 5 year old can compose such wonderful songs at 
such a young age I will remind you that, it is easier to compose songs with technologies such 
as MK Ultra and Mind-voice technology. One is only limited by their imagination and 
creativity. Moreover, research talented children. 1 won't provide references of talented 
children here because I want to protect children from the Illuminati, and not have children 
exploited like I was; and for the readers who are parents; I am sure you know how talented, 
creative, and imaginative your children are. 


Accordingly, since the age of 5, Elizabeth, Vladimir and many, others confided me in me 
because they thought I was special, and wanted me to hang with them; some of these 
Mluminati people, I had composed their favourite songs; I was also memory suppressed for 
many years so they thought it was harmless to tell me everything that exists or is possible. 
‘They were trying to impress me and amaze me, and therefore they showed me plenty of their 
technologies and what they had. They wanted me to me a willing, full Illuminati member; so 
over the years I feigned interest and pretended to like these Illuminati people, so that I could 
learn what they do and how they do it. I was looking for a way to block the consciousness 
transfer to a clone during REM sleep, or hoping they would reveal this part to me; but they 
did not, and I did not find a method to block the consciousness transfer. However, I bided my 
time, until I knew just about everything they do; so that I could reveal to the world everything 
they do; to give humanity a fighting chance against everything they do and as a consequence, 
T became a spy for humanity against the corruption of the luminati. 


The Threat to Humanity when the H.A.A.R.P Grid is Complete 


One of the most important topics which they discussed with me that I must add to this 
disclosure is HAARP technology and their plans for HAARP technology. I have discussed 
the basics of HAARP above. HAARP radio transmitters have to be placed at certain points 
across earth to complete a “HAARP grid’. Once all the installations are completed over the 
earth HAARP will have more functions as a grid than the basics described. The Illuminati 
have told me, there is a possibility the HAARP grid will be capable of time travel, although 
there is a 50/50 chance using HAARP for time travel could destroy the earth. They also told 
me that once the HAARP installations are completed, the HAARP grid will be able to bend 
space and make the distance between, for example, Earth and Pluto approximately 1000 
miles for a few seconds, and then the distance will go back to normal. 


The Illuminati also said, once the HAARP grid is completed, they would be able to mind 
control people like never before without the use of RFID microchips or MK Ultra. Life on 
earth will be much worse once all the HAARP installations are up and working together in 
unison, The grid has to be complete though. HAARP cannot achieve time travel manipulation 
and mind control if it is just located in one or a few locations around the earth, There must be 
a certain number of HAARP installations around the world, in certain locations around the 
world; and the HARP radio transmitters must be working in unison in order to achieve time 
travel manipulation and mind control of the populace of earth, 


This is what they told me as REM driven clones at the cloning centre. This disclosure could 
be false, or a half truth. I do not know. However, it is very important that I add this to the 
disclosure because the Illuminati are working twice as fast to complete the HAARP grid to 
achieve their aim of mind control over the entire population since I the time I sent out my 
first disclosure (in 2011), Whether or not they will achieve their aim of total mind control 
once all the HAARP installations are completed is NOT something we can afford to debate. 
They also told me that once the HAARP installations are completed; they will have the 
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capability to mind control anyone remotely like never before, at the push of a button. 
HAARP will also be capable of setting back time; which the Illuminati will use if they are 
ever in danger of being exposed. However, the Illuminati will remember the previous time, 
and the general populace will NOT remember the previous time, so that the Illuminati can 
correct the mistake(s) which led to their downfall. Once the HAARP grid is completed, 
humanity will be slaves forever. This is why we cannot afford to debate. Furthermore, from 
the book “Angels don’t play this HAARP” (Begich & Manning 1997, p. 8), it is estimated 
that the HAARP grid will be completed by approximately 2017; others estimate by the year 
2020. The important thing to note is that humanity does not haye long, until the HAARP grid 
is completed. 


I must also add the positive side of HAARP, because as I have said, there is nothing 
inherently evil about technology. Technology is just a tool; it depends on the person using it. 
HAARP used correctly, and in the hands of honest men and women, will tame the weather 
with no adverse effects. Therefore humanity is on a timeline and a deadline to bring the 
Mluminati to an end, HAARP is one of the main reasons, this disclosure must spread, and 
spread fast. 


See below for possible HAARP locations around the earth (Rense 2011). The HAARP sites 
are located globally where the richest mineral belts are located. Sub-surface mineral 
exploration has been done from satellites by radio tomography that is 100% accurate. 
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Image 8: Possible H.A.A.RP. Locations. Source: Rense (2011) 
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REM Driven Cloning is the Most Terrible Nightmare Situation Ever 
Furthermore, in terms of REM driven cloning; Fefe Dobson (singer) and Kurt Russell (actor) 
told me during my original disclosure (2011) specifically, to include in my disclosure that 
they do not like the cloning centre and they didn’t torture me. Then they said not to mention 
them, but I will mention them again. Mila Kunis (actress) from “That 70s Show” stabbed in 
my REM driven clone body multiple times when I made my original disclosure and I was 
rendered immobile for saying that “She is a slimy scumbag for hanging with these people” 
and for ako saying “She has enormous eyeballs and looks like a lemur”. Mila Kunis (as a 
REM driven clone at the cloning centre) then begged me not to mention her (in my original 
disclosure, but I’ll mention her again too) and then Mila Kunis said “She doesn’t want to go 
to the clone zone anyway” and the Illuminati then deactivated her consciousness from her 
REM driven clone body, and she left. Her REM driven clone body went limp at the point 
where her consciousness was deactivated from it; her REM driven clone body looked ‘dead’, 
and she was gone. Some of the privileged people at the cloning centre are allowed NOT to 
have their consciousness transferred to their REM driven, clone duplicate versions (or they 
attend the cloning centre willingly when they want), but not me. I am an imprisoned slave in 
the worst nightmare situation. Itold Nicole Leone (Madonna) also a REM driven clone at the 
cloning centre, that I was going to tell everyone that she coerced me to compose songs for her 
throughout my life (as REM driven clones). Nicole Leone (Madonna) told me VERY 
specifically to say in my disclosure here “She is not affaid!” and “No one will believe me and 
nothing will come of this”. I beg you to help me prove her wrong. 


Moreover, having your consciousness transferred to a REM driven clone alternative inhibits 
the person’s ability to dream for that evening. Although your original body is immobile and 
asleep in your bed, when they transfer your consciousness you have actually ‘woken up’ as a 
REM driven clone version of you at a physical location here on earth; therefore you walk and 
talk asa clone version of you. You are not dreaming; you are just a REM driven clone for the 
evening. Furthermore, when the Illuminati restore your memories (as they have with me) or 
do not suppress the memory of your REM driven cloning experience for the evening (such as 
with the fake alien abductions), you will remember the experience as ‘clear as daylight on a 
summer's day’; the experience is ‘clear as a bell’ as life is in your original body. 


It is unlike dreaming, where dreams are fuzzy, incoherent and with random conjecture. The 
Mluminati know this as a fact, and therefore pre-inject the REM driven clones of random 
unsuspecting civilians for the evening with drugs before they transfer the person’s 
consciousness. They tell the person who has had their consciousness transferred to their REM 
driven clone all sorts of nonsense: such as they are in the 5" Dimension; the astral plane; a 
singularity; the spiritual realm; Valhalla; quantum hopping etc. and all sorts of fallacies so 
that the person will not have a coherent picture of what has happened or what is happening. 
‘The truth is that person has had their consciousness transferred to their REM driven duplicate 
clone when they went to sleep and entered REM sleep; their original body still remains asleep 
in their bed; their consciousness however is now transferred to a clone duplicate alternative, 
and the person is ‘awake’, walking and talking as a cloned version of themselves in a 
physical location. The Illuminati allow some people to retain some of these REM driven 
clone experiences to affect their mental psyche. 
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The physical location where the populace will be able to verify these REM driven clones is 
somewhere within 5/6 hours drive, in a radius of the Robert Pickton farm, Port Coquitlam, 
British Columbia, in Canada, somewhere at a remote nature reserve. This is the cloning 
centre all the rich and famous attend because it is above ground and the rich and famous 
don’t like the ‘hospital smell’ of underground cloning centres. The above ground cloning 
centre located in Canada is the cloning centre I have my consciousness transferred to when I 
sleep. It is guarded by military personnel. There are many cloning centres all over the world; 
as Phil Schneider (1995; 1996) disclosed as far back as the mid 1990s when he spoke: there 
were 1477 Deep Underground Military Bases (DUMBs) worldwide and 131 active DUMBs 
in the United States alone. Each DUMB costs on average 17 -19 billion U.S. dollars; paid for 
by the taxpayer; and it takes approximately a year-and-a-half to 2 years to build DUMBs with 
sophisticated methods. DUMBs contain cloning floors, and have an entire floor dedicated to 
human cloning, where duplicate clones are grown of unsuspecting civilians (remember they 
just need your blood / DNA); and unsuspecting civilians have their consciousness transferred 
to their REM driven clones at a physical location, which is usually these Deep Underground 
Military Bases when they sleep; unsuspecting civilians are memory suppressed, also to be 
used for gruesome torture and sex sports; as well as the plagiarism of talented individuals. 
Schneider gave the above statistics in the mid 1990s; chances are there are more DUMBS and 
cloning centres worldwide today. 


Are you beginning to understand why this is the worst nightmare situation ever? Can you 
understand how: you, your friends, your family, your brothers, your sisters, aunties, uncles, 
children, work colleagues and anyone else you have contact with in your network, may be 
involved in this REM driven cloning business and will not even be fully aware of the 
situation or remember any experiences which they may have had once they wake up from 
sleep and they are back in their original bodies? I remember all of the REM driven clone 
experiences as clear as daylight because my memories are fully restored. Can you understand 
why the Illuminati must be stopped and stopped immediately? This REM driven clone 
business is vast, and it affects everyone, not just me. 


This is why I mention that I am fortunate or unfortunate to remember all these experiences 
clearly depending on how you view it. 1am unfortunate in the sense that I can recall all the 
depraved things these people do as REM driven cloned duplicates as clear as daylight and it 
affects my mental psyche. However, the fortunate part is: because I can recall all these 
experiences clearly, I can inform the world about the evil committed against humanity in a 
clear and logical way for the average reader to understand and verify, so that the populace 
can bring these people to justice for the crimes they have perpetrated against humanity and 
continue to inflict on humanity. For anyone who has had their intellectual property stolen by 
the Illuminati as a consequence of the technologies they have used on you unsuspectingly, 
you will be able to sue and regain monetary reward for the theft of intellectual property as 
well as invasion of your privacy. 


I do not want to get too far ahead, because at this present moment, it is very important (I 
cannot say it enough) that this disclosure spreads (this is the stage we are currently at); it 
reaches the armed forces; to enable the armed forces to realise the crimes committed against 
humanity because of these people (the armed forces are kept ‘out of the loop’; they just 
“follow orders’); the armed forces will have to perform a military coup and bring this people 
to their knees. This is the point where the ordinary man / woman can have his REM driven 
cloning experiences restored, (that is if you want to) and sue / rightfully reclaim damages and 
legal reward for any crimes committed against him or her. 
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The Meek Shall Inherit the Earth 


As you can see if everything goes smoothly; the meek shall inherit the earth. This is why you 
must maintain your composure and resolve, as I do every single day. You must not riot or 
cause chaos, damage property or undertake any act which will cause public dissension, The 
good people of this earth are about to inherit the earth; under no circumstance must you 
destroy anything. At the end of this currently dire and complicated situation; humanity will 
inherit the cure for HIV/AIDS, cancer, Alzheimer’s, dementia, you name it —many 
debilitating diseases known to man; and other such wonderful technologies like hypersonic 
trains which run on magnets and are capable of doing Mach 5 (Mach 5 is the equivalent of 
3806 miles per hour or 6125 kilometres per hour; Schneider (1995; 1996) also mentions the 
availability of Mach 5 trains in his disclosure, back in the 1990s). These trains can be used to 
deliver foods which are discarded in More Economically Developed Countries (MEDCs) to 
Less Economically Developed Countries (LEDCs) because these trains can travel thousands 
of miles within minutes. Yes. The Illuminati have all these wonderful technologies and more, 
but withhold it, and in turn withhold the progress of humanity. Yes. Plenty of man’s problems 
can be solved when we address the root causes of our problems, and one of the root causes of 
humanity’s problems is: REM driven human cloning which is currently in the hands of evil 
men, Even REM driven cloning can be used for the benefit of mankind when this tool is in 
the hands of righteous men. It can be used learn new skills in your skep: such as gain extra 
qualifications; learn how to speak a new language; play instruments etc. -so long as 
memories are not suppressed, you will be able to perform the skills you learned as a REM 
clone in your original body when you wake up. As you see there is nothing wrong with most 
technologies; it all depends on the person / people using it. Nevertheless, although they may 
be beneficial uses to REM driven cloning not yet realised, we must be shut down REM 
cloning before we can even consider how REM driven cloning may benefit mankind, because 
at this present moment all that REM driven human cloning is used for is to commit evil, 
particularly against unsuspecting civilians, 


It is OK to feel angry about all these crimes committed against humanity daily. But do not let 
these evil crimes rule you, in fact, let it motivate you; let it motivate you to the point where 
you will stand up and speak out to ensure that these crimes end. I think about the children 
and the future of the world every day; that is what motivates me and I view my situation as a 
God-given mission to bring these people to justice. I view things this way to maintain my 
sanity and composure. This is what keeps me going despite the extreme evil I experience, and 
it helps me to maintain my resolve and composure. The fact that I do not want a single child 
to grow up ina world, where they are being messed with in their sleep is what keeps me 
going despite this extreme evil. Some children are even kidnapped and brought to the cloning 
centre in their original bodies, again to be messed with. This is the root cause of why so many 
children go missing across the world. I’m sure any rational thinking human being feels the 
same way I do, and does not want their children, or any child to inherit a sick world governed 
by sick individuals. 


Iam a baptised Roman Catholic and a God fearing man, I believe there is a Creator of the 
universe but the Illuminati tell me there is no God, only science and technology. The 
Iluminati are also responsible for the death of the young beauty pageant girl Jean-Benet 
Ramsay; her parents are in this REM driven cloning business. Casey Anthony's daughter; as 
well as, Casey Anthony (before she died) AND Casey Anthony’s parents also attend the 
cloning centre as REM driven clones. Many others; a man had his wife killed and this was 
mentioned on the news; it was an Asian woman whose rich husband had killed her; the 
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husband said the wife was responsible for their son’s death. Elizabeth's response was that 
“Rich people in this organisation (The Illuminati) do not go to jail, they are covered for.” 


Stephen Spielberg and George Lucas are Illuminati members and they willing attend the 
cloning centre as REM driven clones when they sleep. George Lucas made other Illuminati 
members light my REM driven clone body on fire for the end of his movie Star Wars 
Episode Ill: Revenge of the Sith (2005).George Lucas said (as a REM driven clone) he 
wanted Hayden Christensen “To scream realistically”. Hayden Christensen (also a REM 
driven clone at the cloning centre) watched me, and listened to my screams and groans of 
pain and copied the sounds coming from my burning REM driven clone exactly. Hayden 
Christensen knows he is a REM driven clone when he goes to sleep and Hayden Christensen 
knows his consciousness is transferred when he reaches REM sleep. Hayden Christensen 
knows all about REM driven human cloning, and he is a “privileged” Illuminati member. 
Natalie Portman also knows all there is to know about REM driven human cloning; as does 
approximately a quarter of the “Star Wars” cast. Many directors have attended the cloning 
centre as REM driven clones too, and have used me in a similar role playing situation; they 
have caused me to have excruciating pain as a REM driven clone, to see what kind of squeak 
or screech I will make, as if I were less than a dog; and when I am a bloody mess on the floor 
as a REM driven clone; that is when they usually crawl on my broken REM driven clone 
body and sodomize me saying something like “They love me and they cannot control 
themselves because I made all their favourite songs and I’m so “special”. 


My ribs in my REM driven clone body will be broken, I will have suffered internal beding 
and will be crying or screaming, if Iam able, but they just continue to sodomize me, and 
videotape such a depraved act of wickedness so that they can view it again like “evil 
pornography”. 


The REM driven cloned children, who have their consciousness transferred while they sleep 
at home in bed, in their original bodies, need a familiar face to talk to as REM clones or all 
they do is scream and cry at the cloning centre; that is where Joy Geizer comes in. Joy Geizer 
is married to my half brother from my father’s first marriage; Joy Geizer is a REM driven 
clone girl guide leader, and when the Illuminati clone young girls, Joy Geizer speaks to these 
REM driven cloned girls; Joy Geizer keeps the REM driven cloned girls calm and “pimps” 
them out for free, knowing that these young girls will have their memories suppressed, and 
therefore they will not remember the experience and will not talk about it when they wake up. 
Alll the Geizers are in this REM driven, human cloning business; there are many people who 
remember these REM driven cloning experiences in their ‘awake state’ and in their original 
bodies who could be polygraph tested by independent polygraph testers. The police, and 
polygraph testers in my City of Halifax, Nova Scotia are compromised (they attend cloning 
centres as REM driven clones too); they cover up for child molesters and therefore cannot be 
trusted to fairly administer a polygraph test; as I said, commissionaires and C.S.LS are 
heavily involved. All it would take is a few polygraph tests to prove these things 
unequivocally, because for those of you who have ‘eyes’, you can already see that REM 
driven cloning is real, and that this is actually the way of the world, I will take these 
polygraph tests publicly too, and demand that my mother and step father submit to them. 
They have tol me, they wouldn’t even attempt to lie on a polygraph. 
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Human cloning, particularly REM driven human cloning, is one of the absolute truths of this, 
world; hidden from the world for over 70 years. My life and the freedoms of many, many 
people, including the reader (you) depend on this disclosure. The Illuminati say that the world 
finding out about REM driven human cloning will set the stage for the end of the world; 
people panicking and destroying property because of the evil these people have committed, 
but as I’ve said: prove them wrong, because we are going to inherit the earth, so there is no 
need to riot or cause public dissension, There will be no end of this world; just the end of the 
crazy Illuminati people. They always like to think and behave so negatively, don’t they? 
*Sigh*. Furthermore, the whole talk about 2012; December 21 2012 and the end of the 
world Mayan Prophecy; that was really about the world finding out REM driven human 
cloning, and the sick and sadistic nature it has been used for by these sick and sadistic people. 
Under no circumstance must you riot; you must prove you are better than these savage 
barbarians. I’ll say it again, because it is important: we are going to inherit the earth, and 
therefore the smart and right thing to do, is not to destroy anything, especially the earth which 
you shall inherit. 


Furthermore, I hope you are beginning to understand that the good people of this world must 
bring these people to justice and stop their wicked ways. I sincerely wrote this disclosure so 
that the good people of earth would be empowered to put a stop to their wicked ways. I wrote 
this disclosure to empower the good peopk of earth against tyranny and not so that the world 
would end. Therefore you must understand that the downfall of these Luciferians (Illuminati) 
must progress smoothly, because unless you have been to the cloning centre as a REM driven 
clone and retained the full memories of your experience, it is difficult to understand the level 
of depravity and sub human cruelty; it is beyond anything that has ever been heard of, and 
there is much more to tell. 


Ignore this disclosure and you will condemn me to a horrible eventual death and you will 
encourage them that ‘they are all ‘powerful’. This is not an exaggeration. There is no need to 
exaggerate even President Barrack Obama is involved in the REM driven cloning business 
and attends the cloning centre as a REM driven clone version of himself, when he goes to 
sleep. He and his wife Michelle Obama attend these REM driven clone gatherings. Barrack 
Obama has even told me as a REM driven clone, at the cloning centre “Donny, we're all 
powerful. You are a slave and the people here [as REM driven clones at the cloning centre] 
‘won't speak up for you for fear of torture or death. Now make us a new song or we'll gut you 
like fish and leave you to writhe in agony!” 


Be Wary of: Shills; Trolls; Disinformation Agents and Double Agents 


There are many, many disinformation agents whose aim it is, is to denounce or debunk me. 
Be very wary of them. They DO NOT, and cannot debunk me, because after all, everything I 
have disclosed is truth. Although the truth concerns highly advanced concealed technologies, 
so it is a bit difficult to fathom at first, but keep reading, and you will realise that all which I 
have disclosed is true. Be very wary of the disinformation agents, 


The most common thing these peopl say is that “Donald is a paranoid schizophrenic” ~yet, 
ask them to detail the ins and outs of what a paranoid schizophrenic is and what specifically 
qualifies Donald to be a ‘paranoid schizophrenic’; there is a high probability they will not be 
able to explain this to you, logically, sequentially and methodologically. Their main goal is 
just to make it as difficult for newcomers to understand what the real truth of this world is 
and as I have disclosed; and one of the root causes of man’s problems is REM driven cloning. 
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Some disinformation agents are paid by the Illuminati, to behave this way, and are all too 
happy to echo empty statements (without any substantial evidence for their claims) because it 
provides them with a pay check. I will provide the following reference for the reader which 
discusses the signs and symptoms of a paranoid schizophrenic; all for the express intent for 
the reader to further understand paranoid schizophrenia, You can read more about paranoid 
schizophrenia on Medical News Today (2015). The link is provided in the reference section. 
You are welcome to read my Facebook wall and within days, you will realise I converse with 
others quite naturally. You can also ask individuals who have spoken to me through Skype or 
met me; but if this is not a viable option for you; all you have to do is read my Facebook wall 
and within days, you'll see that whoever makes such harsh and untrue remarks on my 
character is in fact a disinformation agent. 


Furthermore, remember we live in a 3D physical world; and there is always a phys pect 
to how something manifests. Therefore, when you hear others discussing concepts such as 
‘Tila Tequila demonstrated an ‘energy ball’ right on camera; Why didn’t Donald discuss 
that?!’ Please understand that these people are trying to deceive you with misinformation. 
There are also professional disinformation agents to be wary of. I do not perceive anything 
extra-ordinary in the world when I am awake in my original body beyond the five senses, I 
don’t see orbs, auras or anything of the like. All I will ever discuss are practical things which 
have been unequivocally proven to me as fact; because in the situation the earth is currently 
in, I cannot afford to speculate. 


Contact Information 


My Facebook is: https://www.facebook.com/donald, marshall. 148 
You can also press Ctrl+Click (hold “Ctl” on your keyboard and left 
“Click” with your mouse, on the image to your right). 


T have a public wall on Facebook which starts from March 2012. In other words, all posts are 
made public since March 2012 and you do not have to join my friends list or subscribe me to 
see what I post (although you will have to have a Facebook account). I suggest that 
newcomers start reading from March 2012, and be patient, and read everything. You can 
read everything and learn the real truth of the world fiee of charge. I don’t wish to write a 
book, am not looking to turn a profit from this; I want to crush these guys and shut down the 
cloning centres! 


It also worthwhile to add that: I am not asking for donations. I do not want ANY donations. 
Ever! These disclosures are far more important than any donations. This is NOT my job. 1 
have a job. Iam an independent contractor; carpentry is my trade and I earn a living this way. 
If you sincerely want to help; the best way to help is to spread and share my disclosures. That 
is all I ever ask for, so that eventually, the world knows about REM driven human cloning, 
and the armed forces can bring these people to their knees, That is all I want; spread, 
spread, and spread this disclosure. I will never ever ask for donations. Ever! Please keep 
this in mind, and anyone who asks for donations in my name or on my behalf should not be 
trusted. 1, Donald Marshall, will NEVER EVER ask for any donations. I hope that is well 
received. 
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You can also view Proboards which has all my Facebook posts and have been archived by 
Celine O’Carroll and Astral 7ight by visiting: 


http:/donaldmarshall,proboards.com/ 
You can abo press Ctrl+Click (hold “Ctrl” on your keyboard and left 


“Click” with your mouse, on the image to your right). 


There is a search function on Proboards, and you can use this to search for and read all the 
disclosures I have made regarding REM driven clones, the people involved and more. I 
understand that it is human nature to want to know, which people have been to the cloning 
centre as REM driven clones; therefore, use the search function to read about any public 
figure which I have already covered that you have an inkling about. You can also post 
anonymously on Proboards and Celine and other Administrators will transfer your question 
onto Facebook which I’ll answer. 


(hold “Ctrl” on your keyboard and left 
“Click” with your mouse, on the image to your right). 


Interviews 
You can listen to the radio interviews I have done. Listen for consistency: particularly 
anything which you do not hear me, pronounce clearly for the first time: the best thing to do 
is to pause the recording at that particular point and replay it. You should also research the 
statement you do not understand. Sometimes reading helps comprehension a lot faster. 


One of the main reasons you should pause and replay the recordings is because: the truth has 
been kept hidden for so long that a lot of what I discuss in my interviews are beyond most 
peopk’s current world view; so at some points I may speak too fast for you; my audio/ 
microphone may not be so clear so you may miss what I say ete, 


A friend has told me that when he first watched the Vinny Eastwood interview; he did not 
hear me say the word “scars” (When Vinny asked: ‘How do I know I'm the real me?’) 
although he replayed that particular point in the video 8 times. Everything was just beyond 
his current comprehension, at the time, No matter how many times he replayed that part he 
really could not hear me say the word “scars” ~so he let that part go, and played the rest of 
the interview, pausing, and replaying points which he did not understand, especially to 
comprehend whether I was talking about my original body or my REM driven clone duplicate 
body. He ako listened to all my interviews for consistency, to note any ‘slip ups’, or any parts 
of my testimonies which do not ‘add up’. He would listen to all my interviews, pausing and 
replaying parts he did not understand and he would reserve his judgements until he felt 
everything I was saying was for example as ordinary as: ‘I woke up today, brushed my teeth, 
and took the dog for a walk’. He was also patient to realise the truth. After listening to my 
interviews he would just let it ‘sink in’, A week later he would come back and listen to the 
same interviews, to test whether his comprehension on the topics I discuss has improved, and 
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whether he can understand what I am saying without having to pause and repeat at certain 
points in my interview; and soon enough he could now hear me say “scars” at that particular 
point of the Vinny Eastwood interview. He had reached the point where all topics I discuss 
sounded to him like I’m saying everyday common place stuff that people have heard, such as: 
‘I woke up today, brushed my teeth, and took the dog for a walk’, For anyone who may 
struggle to understand the topics I discuss: I strongly recommend you take the above 
approach as my friend did; soon enough, you too will realise the real truth of the world like 
he has: REM driven cloning, kept secret and used for sinister purposes. 


I cannot say the following is true for everybody, however, an unproductive venture a 
complete newcomer can do is to listen to my interviews first time, all the way through, 
without pausing or replaying parts which they do not fully understand; If you do this and if 
there is just a single part of my interviews which does not make sense to you; this will 
interfere with your understanding of the entire interview. Remember, all I am discussing is 
technology, thousands of years advanced compared to what you currently use; available 
today, hidden and secret. If things start to get too complex for you, reduce it to its bare 
minimums: (advanced) science and technology. I hope that helps. 


Another thing which I do in my interviews, that friends have picked up on, is: -because REM 
driven cloning has been my reality for many years; I don’t differentiate between my original 
body and my REM driven clone body. I just say: I did this, I did that, and Elizabeth did this 
and that, therefore it can become very confusing for newcomers. Please bare with me; 
although I’m more emotional as a REM driven clone, and not as smart as I am in my original 
body (this is a side effect of cloning: REM driven clones are more emotional than normal, 
and dumber than they are in their original bodies) I’m still “me” when my consciousness is 
transferred; I have all the experiences and knowledge which makes me, “me” and therefore I 
naturally do not differentiate between my REM driven clone version, and my original body as 
an outsider discussing these concepts would. I understand it helps comprehension so I have 
painstakingly done this throughout this disclosure. 


I hope this helps; and I hope this helps to better understand my disclosure as well as the 
imerviews which I have done. On the next page you can find the links to my interviews. You 
can copy and paste the links to your web browser or press Ctrl-C lick ~ (hold “Ctr!” on your 
keyboard and left “Click” with your mouse, on the images below) to direct you to the 
imterviews. 
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Links to Donald Marshall Interviews 


Vincent Eastwood 


Copy and paste the link below to your web browser. 
hups:/Avww. youtube,com/watch?v=M_1UiFeVSJg&ab_channek=VincentEastwood 


OR Press Ctrl+Click (on the image below) to follow the link. 


Jeanice Barcelo 


Copy and paste the link below to your web browser. 
hups/Avww. youtube.com/watch?'v=3uzgudekT3c&ab_channel=JeaniceBarcelo 


OR Press Ctrl+Click (on the image below) to follow the link. 


Lisa Phillips (CFR, 


Copy and paste the link below to your web browser. 
https /Avww. youtube.com/watch?v=UonnFuHLIKe&ab_channel=Astral7ight 
OR Press Ctrl+Click (on the image below) to follow the link. 

Listen to parts | through 8. 
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Radio Presenters —Contact Donald Marshall 


Anyone who sincerely wants to contact me for radio interviews on their show is welcome to 
do this. Please contact me through Proboards by leaving a message for me to contact you. 


Professionals who_understand “Consciousness Transfer” —Contact Donald 
Marshall 


Any neuroscientists, engineers or professionals who understand how consciousness transfer 
works, and can provide me with a detailed methodology of how to block the consciousness 
transfer to my REM driven clone; please message me on Proboards, and this will be greatly 
appreciated. 


Email 


I currently do not have a contactable email address. In my original disclosure, the email 
address has been compromised (hacked), and so has any other email accounts I created: 
Yahoo, hotmail, Gmail, AOL ete. It doesn’t matter; they eventually get hacked; for whatever 
reason, the Illuminati do not want me to have an email account. 


How to Learn More about Donald Marshall’s Whistle Blowing Disclosures 


The best ways to karn about the truth of the world is through my Facebook page and 
Proboards. There is a mountain of evidence which has been collated over the years, and 
corroborates all that I have disclosed here. I also understand that for some people it is 
impractical to read three years worth of Facebook posts, especially when some post are 
repetitive; contain unnecessary comments from trolls, shills and other disinformation agents. 
Therefore, I am currently compiling 5 documents which should make it easier for others to 
read and understand everything quickly; as well as, for others to share and spread those 5 
documents including this main disclosure document -so 6 documents about the real truth of 
the world. Alll for free!! 


These documents include: 

© “Frequently Asked Donald Marshall Questions” This will contain all the general 
FAQs which I have been asked over the years; all in one place. 

© “Experiences from the cloning centre” —This document will contain the full disclosure 
of my REM driven cloning experiences from the cloning centre when I go to skep; all 
in chronological order. 

© “List of people to avoid” This will contain a whole list of trolls, shills, and 
disinformation agents and double agents in alphabetical order, to avoid at all costs, in 
real life and online; -all complied in one place; and the reasons why they should be 
avoided. 

© “Public Figures and their relationship with Donald Marshall as REM driven clones” 
this will be a complete list of every public figure I have ever come into contact with 
as a REM driven clone; and you will be able to read about all the public figures I have 
met as REM clones, as well as the experiences, all in one plaice. 

© “The subterranean underground colonists: The Vril” this will be everything about the 
biological parasites the Illuminati harbour. Yes. The Illuminati harbour biological 
parasites, which they use against unsuspecting humans. I told you the Illuminati were 


77|Page 


the biggest depraved perverts ever to grace God’s earth. REM driven human cloning, 
kept secret from the world for over 70 years is difficult to fathom as it is, as are these 
biological parasites. These parasites are also one of the main root causes of 
humanity’s problems here on earth, and must be rendered extinct. In this document 
you will be abke to arn everything about their, strengths, weaknesses, psychology, 
biology, ecology, sexuality and arm yourself with knowledge which ensures that 
humanity exterminates these parasites from our earth, forever. The secret of Vril; a 
secret no more! 


T hope afier reading my eye witness statements presented in this document that you have now 
began to understand that this is simply what is happening in our world today. 


Heed my disclosure, very diligently. At the start of my disclosure I asked the reader to do two 
things: 


1) Give me the benefit of the doubt —because there is nothing worse than being a victim 
of abuse, reporting it and the people who have the power to stop it, ignore you; 

2) Set out on a genuine quest to debunk my disclosure. I understand that for some 
people, pknty of what I have disclosed will still sound ‘too out there’ beyond their 
current scope of reality to be believable. For such people, the honest thing to do is to 
start with the first topic which you do not fully understand and explore it, either by 
finding that corresponding topic on Proboards (Donald Marshall Proboards 2015), and 
continuing your research from there; or just Google any topic you currently do not 
understand and review the topic on websites such as New Scientist (2015), Gizmag 
(2015), Motherboard (2015), BBC News (2015a; 2015b), BBC Future (2015), The 
Guardian (2015a; 2015b) The Independent (2015a; 2015b), Daily Mail Online (2015) 
and start reading more articles in the Science and Technology columns because these 
people have been telling you what they have been doing for decades. Consequently, 
keep in mind that articles which discuss ‘future’ technologies and ‘improvements’ in 
medicine or science, are articles, which are really discussing present technologies, 
and achievements in science and medicine already realised; because most of these 
achievements have been realised decades ago. It just hasn’t been fully disclosed 
publicly. 


I have also saved and backed-up every reference (except the homepages of the websites 
referenced) in this document; therefore if a link or video is ever deleted let me know. 


How Much Do You Know About Post-humanism / Trans-humanism? 


Furthermore, you have to be honest here: because if you do not know much or anything about 
post-humanism / trans-humanism then I am afraid to say, -and this is no fault of yours ~ that 
you are behind in this the world; simply because these Illuminati people are Post-humanists; 
and that is the direction the want the rest of the world to go. They want the world to reach a 
destination where human cloning is common place; a world where downloading your mind / 
entire life experience onto a computer microchip and living on as a cloned version of you 
with the microchip running the consciousness to be common place; and these Illuminati Post- 
humanists want the world to head in a direction where it is commonplace to molest children 
through science and technology. No. This really is not Science-Fiction, this is the world we 
live in today; this is why such marvels in science, medicine and technology has been withheld 
from the general public and kept hidden by an ‘elite’ group of people because if these people 
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honestly came forward, and said “We have invented this technology and we want to use it for 
this “negative” purpose” -the populace would not accept it, and these people will be lynched 
in the streets before lunchtime. Therefore, through concealed advancements in medicine, 
science and technology, the Illuminati can live out their inner depraved cravings and commit 
crimes against humanity and the world, for which most people will be too blind to see or even 
fathom, because the hidden science and technology is beyond the average person’s current 
comprehension. 


Therefore, please attain an education in post-humanism / trans-humanism because these 
Illuminati people believe they can rival creation, nature and the marvels of the universe 
through science, medicine and technology. The Illuminati go against creation; they go 
against nature; and they go against humans. They don’t consider themselves humans. They 
consider themselves post-humans and believe they can become “gods” through advancements 
in medicine, science and technology. See LawOfldentity (2014) and Mark Dice (2014) for 
Richard Seed’s comments on ‘becoming gods’ through transhumanism, Richard Seed is a 
Physicist with a Ph.D. from Harvard University; he is well known in the controversial cloning 
debate and declares his aspirations to "become god" saying 'We are going to become Gods, 
period. If you don't like it, get off. You don't have to contribute, you don't have to participate, 
but if you are going to interfere with me becoming a God, you're going to have trouble. 
There'll be warfare.’ If you value humanity, do your best to attain an education in the trend of 
post-humanism / trans-humanism; otherwise the future of mankind will be beak. We must do 
everything we can to stop these people. 


This is of uttermost importance. REM driven cloning of is the most terrible thing in the 
world, especially when it involves unsuspecting civilians, and worst of all, innocent children, 
If you choose NOT to do anything you allow the Hluminati to continue to clone your 
children, sisters, wives, and sons. You allow the Illuminati to continue to hijack the minds of 
your children, sisters, wives, and sons while they sleep, through concealed advancements in 
science and technology. You allow the Illuminati to transfer the consciousness of your 
children, sisters, wives and sons to their REM driven duplicate clone versions while they 
sleep, whereby the Illuminati molest your children, sisters, wives and sons, which will cause 
them to have learning disabilities, unexplained depression and suicidal thoughts, as well as all 
kinds of side effects. 


This IS your ONLY chance to end these monsters. There is a deadline! 


This is your ONLY chance to do something to end these monsters. We are on a timeline and 
there is a deadline. As I have already mentioned, as well as, the top scientists in the field of 
physics and geophysics have mentioned: HAARP js not only capable of controlling the 
weather; once the HAARP grid is completed and working at full power, it will be capable of 
mind control over entire populations. We will all be slaves to the Illuminati FOREVER. Our 
freewill will be gone forever. Furthermore, if they achieve their aim of time travel with 
HAARP technology, future generations of humanity will never be able to stop them, because 
as they have told me: ‘They will always be able to go back to a previous time, and correct the 
mistake(s) which led to their downfall’. This is the Illuminati’s end game and what they wish 
to achieve. This is why this disclosure is so heavy, and so important. It goes beyond REM 
driven cloning; although it is important the world understands REM driven cloning. The 
future of humanity is at stake; and because of the 2-5 year deadline until the HAARP grid is 
competed, it is time humanity stood up and brought an end to the Illuminati. This REALLY 
is your ONLY chance to end these monsters! 
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‘The only way for evil to triumph is for good people to do nothing. 
Edmund Burke 


Remember for every 12 months which passes military / concealed technology outstrips the 
technology the general public is accustomed to by 44 years (Schneider 1995; 1996). Close 
your eyes and think 44 years into the future. The year is 2059. What kind of technologies do 
you expect mankind to have? Do it for real; don’t just read the words. Close your eyes and 
imagine. The year is 2059. What kind of technologies does mankind have? You see. It is ‘out 
of this world” technology, right. This is exactly what is going on today in the year 2015. It’s 
just that it is hidden, That’s all. Not so difficult to fathom now. 


Do NOT Be Afraid to Help. We Qutnumber the Illuminati by 1,000,000:1 


Don't be affaid to help. These people are easily defeated when good people stand together as 
one. These Illuminati people total no more than 10,000 people. 10,000 peopl against 
7,000,000,000 (7 billion) people ~that’s less than 0.000001 % of the world’s population. Now 
can you begin to understand how prevalent evil can be when a small organised group of 
individuals, as little as 10,000 of the world’s most evil and tyrannical people all work 
together in unison to exert their influence over the work? The world does not have to be this, 
way. We outnumber the Illuminati people by a 1,000,000 to 1. For every Illuminati person 
there is, there are one million people who are not Illuminati, therefore do not to be affraid to 
help; all you will be doing is helping humanity rid itself of its sickness. So please feel free to 
share and spread my disclosure far and wide. 


For those of you whom this applies to: remember the Illuminati (and I know it sounds 
ridiculous despite the evil they do) are deeply religious. They believe anyone aiding me is 
part of the “Army of Light” prophesised by Nostradamus; and to harm or degrade the life of 
anyone assisting me will bring them to their ultimate end and they will incur the wrath of 
God; they will suffer utter ruin and demise in their lives if they are to hurt you; they are very 
scared of people who can see through the lies and deceptions they have inflicted on the 
world. So please, stay calm, do not stress your heart, and know that you are safe, and they 
cannot hurt you. You can feel safe in the knowledge that you can do the right thing by 
helping me. They told me this as REM driven clones on the night of 21* of February 2014 
when I went to skeep. The above is exactly what they said. 


For anyone interested in understanding the interpretations of the Nostradamus Prophecies, 
Crystal Links (2015) provides a good source for all 942 of the quatrains. Delores Cannon is 
also an author who has written three volumes called “Conversations with Nostradamus” and 
for anyone interested you can read these online (Galactic 2012a; Galactic 2012b) as well as 
watch her YouTube videos (CreativeForceVideo 2014; Disclose TruthTV 2015). 


Yes. This is the state of the world today: a deception within a deception coated in reverse 
psychology; and fact is indeed stranger than fiction. Now after everything I have said, if you 
are still sceptical and ‘in-between’ on this issue then the best thing for you to do is to pay 
attention to your dreams; or lack of dreams -they are your own experiences and you cannot 
deny your experiences. 
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Inother words, you may be having REM driven cloned experiences too; for some people they 
have a ‘dream’, where they are in the same environment, over and over and over again; or the 
theme being discussed in their ‘dreams’ is the same over and over and over again; or the 
environment their ‘dreams’ take place always appear to happen in the same 3 or 4 
environments over and over again —no matter what the theme is. In each scenario there is a 
likely probability that these are not just dreams, and in fact these people have had their 
consciousness transferred to the REM driven clone duplicates and the Illuminati is trying to 
extract something from them, once that is done they implant a false memory (See Kim (2013) 
and Alford (2015) for discussions on how false memories are implanted) so you wake up 
with the feeling of remembering something, but in actuality it is false; or you wake up with 
no memory of dreams from the previous evening, which means there is a high probability that 
you had your memories suppressed when your consciousness was transferred to your REM 
driven clone. This is why I say you can be sceptical about everything I have said (for now), 
but pay attention to your dreams, or lack of dreams, they are your own experiences, and you 
cannot deny your own experiences. 


Noteworthy Frequently Asked Question 


A Frequently Asked Question I receive, which is worth a mentioning here, is as follows: 
Q: Donald, if everything you have said is true...; in other words human clones walk among us 
now in a multilayered conspiracy which reaches the highest kvels of government; armed 
with this knowledge what does one do exactly? What happens now, Donald? You obviously 
want to spread the word and make peopl aware but to what end? 


DM: In short: I want to bring a complete end to the Illuminati and usher in a “Golden Age” 
of mankind. This question is best answered by detailing my ‘Mission and Vision’ for ending 
the Illuminati completely. 


Donald Marshall’s Mission and Vision on How to Bring Down The Illuminati 


© This disclosure must spread, and spread FAST and FAR! 

If you now understand everything I have disclosed in this document as truth, then do 
not waste any more time. Share this disclosure with your wives, husbands, brothers, 
sisters’ aunties, uncles, friends, co-workers, and children. We all have a part to play in 
saving the world from a premature doom. 

© Call friends who have not heard from you ina while and tell them you have important 
news to share. Share this document. Share it on social media such as Facebook; 
Twitter; Instagram; Dropbox; Slideshare etc. 

© Keep sharing this document until it comes to the attention of the Armed Forces. The 
Armed Forces will have to intervene. Once the Armed Forces intervene we will have 
reached the middle stage of this vision and will be witnessing a complete end to the 
Illuminati, Until then, we're in the beginning stages, so please; spread this document 
faster and further. The quicker it is spread; the quicker the Illuminati are ended. 

© Once the Armed Forces have intervened a Military coup can be orchestrated against 
these vile people. 

© Cloning centres can then be shut down once these people are overthrown, 
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The freeing of any missing people (children; teens; adults) trapped in the cloning 
centres can commence (once the Armed Forces intervene). 

HAARP (as well as other highly advanced technologies) can now be contained and 
not used for adverse effects against the world (once the world karns of this 
disclosure). 

These Iluminati people will then HAVE to appear in court for their crimes against 
humanity. 

Suing the Illuminati members in court (once court proceedings commence... we will 
be past the midpoint of my vision, and closer towards witnessing a complete end to 
the Illuminati). 

The populace (and it will be your choice) can then have their REM driven clone 
experiences restored and also sue and claim any legal reward / compensation. 

After the populace has sued the Illuminati for their crimes against humanity; the 
punishments can commence. 

Punishments will include: imprisonment and executions of these sick and malevolent 
people. The imprisonment and executions of evil Illuminati members will bring an 
end to the Illuminati, 

After the punishments and executions; Governments worldwide can now be replaced 
with incorrupt individuals, worldwide. 

The structure of Governance will also have to change. The reason for this because 
future generations will always be able to check their leaders and governance more 
appropriately; so that the depraved and subhuman acts I described can NEVER be 
committed against humanity again; nor will world leaders be capable of committing 
such monstrous crimes in such secrecy ever again. 

Ensuring that the laws of the land always progresses in line with advancements in 
medicine, science and technology; as well as, ensuring law progresses in the 
directions of Research and Development (R&D) regarding future technologies, 
science and medicine. 

Release of technologies, science and medicine which benefit mankind. 

‘Commence a “Golden Age” of mankind. 
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If you do not fight the corruption and you do not stand up for what is right in life, 
you end up being a serf anda slave and you are leaving your children a world in 
which you would not want to live in yourself, so how can you in decency behave that 
way? You have to stand up for what is right in life, and unless you do that you are 
nothing. 

Aaron Russo 


Empowerment by Virtue of Golden Truth 


As you can see, despite all the horror of the world I currently present: if everything goes 
smoothly, the good peopk of this world, truly will inherit it. This is why despite any anger, 
sadness, or fears you may have; you must not riot, damage property or cause chaos or bring 
about any other form of public dissension. You cannot stay silent, or ignore the issue in the 
hope that the threat removes itself, You are called to act; you must take action to help bring 
the Hluminati to an end; you must act while at the same time, you must maintain your 
composure and resolve to ensure that the whole procedure goes smoothly, and we all inherit a 
world we want to live in. 


Your life, at this very moment, is more important than you may have probably ever 
imagined. You have purpose. Through you, and other good people around the world, together 
we can bring an end to such unspeakable forms of tyranny in this world, It is my humble 
stance that you have now become truly empowered with golden truth and you are now 
compelled to bring this tyranny to an end. 


Do not waste the knowledge you have obtained from this disclosure. It is my only hope to 
escape this man made living hell. It is my only hope, as well as, the hope of many REM 


clones imprisoned there, as well as, real people who go missing daily, and are trapped in the 
cloning centres. 


We sincerely beg you. 


Donald Marshall 
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Appendices 
Appendix A: Thien Thanh Thi Nguyen (Tila Tequila) Transcript 


=7MRZ7HF9s&ab_channek Astral7 ight 


Link: https://www.youtube.com/wateh? 


00.00 ~ 1.10 min: You know what... since you f*+** with my program darling Queen 
Elizabeth [II] and the paedophilia ring and the cloning centres, and the cloning centres. That’s 
right darling the cloning centres. Parents listen to me right now, they are blocking me but that 
is quite alright. They are blocking me but that is quite alright. Because I have many, many 
other forces; I shall not say their names right now, but I have many big plans to expose all of 
you disgusting, sadistic f*'s! Okay? That is all. I shall save that for another time. But, 
however, I shall REPEAT: that was just an introduction to the reptilian family, leading all the 
way back. They call themselves the “The Black Nobility”. Now that is just one part of it; 
alright? 


1.11 -2.47 min: The Black Nobility; the reptilian family; all the way back from ancient 
times; so which they think... they feel like they are the divine chosen ones... from whom may 
I ask? Definitely. Definitely not God. Our creator of the world. Reptilians: they feed on 
blood; children; the paedophilia ring; recently busted. Oh! It has been going on for centuries. 
Parents listen to me carefully. I don’t care if I’m cutting out. I will continue this and I am not 
alone on this battle. Believe THAT! Believe THAT! I am not alone on this battle. I started 
out alone but I am marching on with MILLIONS; okay? So sit your old a** down okay. 
Because you are gonna roll over, but it doesn’t matter anyway because you are all ancestral 
fe**s! Who interbreed... ancestral f**"*g... and then... and then... Oh! Only going to talk 
about cloning those children and... oh! And all those many children’s parents listen to me 
carefully. 


2.48 -4.24 min: Hundreds of missing children come up every year. You wonder... why? 
How? How could this be? And then there is so called CPS [Child Protection Services] or 
whatever they are called; they come and take your children, just, just for nothing; right? Not 
to discredit everybody, because not everybody is bad. I’m talking about the bad people. And 
they take your kids... they take them as this... they treat them like... I can’t even say the word, 
It's disgusting, it’s sadistic. They... they... they take your kids... they toss them out like little 
[inaudible] cause they are so f****g... Pardon my French, but then again when I’m dealing 
with these evil cum-buckets I have no holy words coming out of my mouth, because these are 
the only words they resonate to, So therefore that’s how I refer to them. Because they can 
only [inaudible] ...their masters whiplash on them with these [inaudible] words of cursing, 
vileness and slaving and that is not what the true God is; okay? The God of Hell... 
Anyways... 
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4.25 — 5.30 min: There are these CLONING CENTRES where they take your children and 
do sadistic things to them, I’m not even talking about child mokstation here; not to mention; 
uh there is one of them that got caught, flying out to Florida; to meet up with a four year old 
little girl, to have sex with a four year old girl. That’s right. Google it because it is so highly 
sinful. We have commercials about... you know starving kids; you know save the starving 
kids and it is heartbreaking. We can have commercials about it... why? Because it is a 
horrible thing and people can have commercials about it, WHY do we not have commercials 
about... ‘Daddy please don’t, don’t. Mommy please don’t ket daddy let daddy touch me?” 
because it is disgusting! It is so disgusting; beyond sin that no one, NO ONE, can even make 
a commercial about that because that’s how sinful itis. 


5.31 — 7.19 min: Do you understand that? Do you understand how sinful that is? These 
peopk, I’m not even going to call them people; alright? They take your children; they not 
only molest them; men f*** them and make them shoot each other. They give them guns. It’s 
either you shoot him or I’m gonna shoot you. They are... mind you, they are children, 
Children. Yes. I’m speaking out, because I... uh! Who else is doing this? You're all just 
[inaudible}... shame on you... And actually the most recent paedophilia... got taken down... 
WOW! How long did that take? Really?! Do you know how long this has been going on? 
*Sigh* Alright I’m gonna calm down... but as a parent and I love parents out there. My heart 
goes out to all the parents out there who have missing children, You know, we all pray for 
them; every day. And I put on a bold face in public every day; because there needs to be 
someone strong, believe that. But my strength comes from somewhere... that I have a very 
vulnerable emotional side where I feel very strongly for these children and innocent people. 
So therefore I want to speak out. 


7.20 — 9.10 min: I have and I have my passion too; and in the end you shall all know why I 
am so passionate about exposing every single one of these scumbags; okay? The truth shall 
prevail and you all will know why. So, as for you parents... ah... there are no words to 
describe. But let me just expose because you can’t just... there is a point where you CANNOT 
just turn the other way. You know this stuff is going on; and you go ‘Oh well... that’s their 
problem. Let’s just turn the other cheek.’ How long are you going to turn the other cheek, 
until it happens to your own freaking children? When, when, when your own child; three 
years old, get’s run out {kidnapped] and gets blasted right in the head with a gun... yeah... 
there’s more to that people; okay? And I’m not just saying that coming from some... I mean, 
actually, mothers, fathers out there... If you found out... I'm sure you would do way worse 
than what I am just saying. I’m just using voc. I’m just annihilating them vocally. I’m sure 
the parents out there who find out what their children have gone through, their missing 
children. I am pretty positive more than just a vocal annihilation of these scumbags that do 
this to your children; okay? 
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9.11 — 10.32 min: So keep on turning the other cheek folks. Hey, go and turn the other cheek; 
youare with the others. 1am not. 1 AM NOT, Like I said you... There is only two ways to go 
about this: you're either with us: the good guys, or you're with the others. There is no in- 
between. Cause if you are in-between, hiding like cowards, turning the other cheek; doing 
whatever; well then you are a freaking coward and you are just a sheep. And sheep end up 
dying because you know what you are owned by “The Others”. So pick one: you're either 
‘one of us: the good guys or you're part of the others. That is simple as that! Two choices: 
good guys; bad guys. In-between you're dead because the bad guys are going to suck your 
soul out [transfer your consciousness to your REM driven clone] and do some sadistic stuff to 
you and watch, and make you watch while they pretty sadistic stuff to your children as well. 


10.33 - 11.33 min: Do you know why they love children? Because they are innocent souls; 
they're innocent... they're, they’re the most innocent pure beings in this planet, They’re not 
harmed by anything They're new to the world; bright-eyed pure innocent children. That is 
why these disgusting paedophile and these clone rings; cloning centres; satanic rituals; 
Brownsville Texas... There are many other cloning centres where they take your children that 
go missing. And you wonder why? What happens to them? I’m sorry to break this to you but 
that is what happens. Now either do you want to know what happens to them or do you want 
to turn the other freaking cheek? 


11.34 — 13.09 min: Tune into my next show. I’m gonna upload stuff; I have an arsenal ready 
to blow up! Okay. And I have reason behind this. You all should know my personal reason 
soon; but this has nothing to do with me right now. But know that I'm back, I’m back with a 
vengeance and I’m back with an army full of people around the world who are sick and tired 
of treated like animals; or quote, unquote “COWS”. We all know what that means. For the 
outside world (the masses) we all know the term “sheep”, sheeple. But for the insiders we 
know what the cows are don’t we? You know what “The Others” like to do with the cows, 
right? They start to herd you in... and to... yeah...’m gonna end it at that, And to all the 
parents, families and children out there, I love youso much. I... have to maintain composure, 
because that is what I do. That is all. Over and out. 
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Appendix B: MK Ultra 


MK Ultra noun: [Manufacturing Killers Utilizing Lethal Tradecraft Requiring 
Assassinations] The goal of mind control, using MK Ultra technology is to program an 
individual to carry out any task against their will and self-preservation instinct, and to control 
the absolute behaviour and thought patterns of the individual, 


Modern-day MK Ultra involves an implantable microchip which is inserted into a Mark 2 
clone of the victim. Every thought, reaction, hearing and visual observation causes a certain 
neurological potential, spikes, and patterns in the brain and its electromagnetic fields, which 
can now be decoded by the imphintable microchip into thoughts, pictures and voices. The 
thoughts, pictures and voices of the implanted Mark 2 clone (vietim) can now be displayed 
visually and heard on any system capable of converting visual images, such as a television or 
a computer. These images are usually displayed on a giant screen at the cloning centre, 


The purpose of MK Ultra is to elicit a specific conditioned response in a victim (desired by 
the programmer) to an otherwise neutral stimulus. In other words, through the process of 
“classical conditioning” (which involves karning a new behaviour via the process of 
association, In simple terms two stimuli are linked together to produce a new learned 
response in a person) the implanted Mark 2 REM duplicate clone (victim) is placed thorough 
many similar recurring scenarios which are experienced (or perceived) by the victim as 
“real”, because the programmer manipulates the victim’s audio and visual field, and 
continuously pairs the victim with the neutral stimulus, so that either a positive or negative 
conditioned response is elicited in the victim towards the neutral stimulus. 


In other words an implanted victim can be placed in many recurring situations deemed as 
frightful, where a mystery stranger saves the victim from the frightful situation over and over 
again. The victim will now have positive associations towards the mystery stranger and 
therefore the conditioned response is now one of ‘positive associations” (towards the mystery 
stranger who did not elicit such a reaction before). 


MK Ultra techniques are administered through Mark 2 (sleep driven) clones. In other words 
classical conditioning happens when the person skeps. Memory suppression technologies are 
ako used in conjunction with MK Ultra technology, which enables the programmer to control 
certain memories the victim remembers. The use of memory suppression technologies and 
MK Ultra technology allows the programmer to reinforce behaviour and elicit specific 
conditioned responses (in an original). 


Therefore, in our example above, when the original meets the mystery stranger in real life, 
the original (victim) will be predisposed to the mystery stranger and automatically ‘fee! safe’ 
around this person and may even believe that he / she should ‘date this mystery stranger’ 
depending on what was programmed; because the victim was conditioned to elicit such an 
emotional response towards the mystery stranger in his / her sleep as a Mark 2 REM driven 
clone through MK Ultra functionality. 
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MK Ultra can also be used to create zombified individuals who are programmed to murder 
and remember nothing of their crime afterward. MK Ultra (technology) can also be used to 
disrupt the memory of the original, discredit people through unusual behaviour, make the 
person insane or commit suicide and murder. 


MK Ultra has much functionality. Furthermore, because of its video and audio projection 
functionality, MK Ultra can also be used to compose music. MK Ultra is capable of relaying 
the Mark 2 REM driven clone’s subconscious and conscious mind as visual images and 
audio, projected onto a screen, Therefore thoughts, pictures and voices which have been 
experienced consciously and subconsciously in one’s life can be displayed visually and 
audibly on a television or computer screen. The Mark 2 clone now has the option of 
harmonising these thoughts, pictures, and voices into a coherent order which produces music 
through the thought process of his or her imagination. See Jim Cristea (2009); Berkeley News 
(2011); UC Berkeley Campus Life (2011) CTForecaster (2013); nature video (2013) and 
Stromberg (2013) for examples and discussions and the capability of MK Ultra technology. 
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Appendix C: The Mlumina 


Muminati -noun: A modern-day criminal organisation operated by reprobate (depraved, 
unprincipled and wicked person) criminals. Their main agenda: is to enslave the whole world 
through advanced conceakd technologies 


Today's Illuminati trace their roots back to Professor Adam Weishaupt who found the 
Iluminati on 1 May 1776. Since the inception of the Illuminati the intent has always been, 
and remains: “to bring about a NEW World Order that writes God out of the picture and 
deifies (glorifies) Lucifer.” This intent is still prevalent today. The following excerpt is 
derived from A. Ralph Epperson (1990) The New World Order: 


‘Weishaupt was a teacher of Cannon Law (law governing the affairs of a Christian Church, especially 
the law created or recognised by the Papal authority in the Roman Catholic Church) at the University 
of Ingolstadt in Bavaria, now part of Germany 


He even told the world, in his writings, where he would conceal the Order: "None is fitter than the 
three lower degrees of Free Masonry; the public is accustomed to it, expects little from it, and therefore 
takes little notice of it.” He felt that this secrecy would lead him to success because he felt no one 
would be able to break into it, He wrote: "Our secret Association works in a way that nothing can 
withstand ..." 


wssociations and secret orders had two doctrines, one 
2" and the Illuminati was [and are to this 


Weishaupt accepted the fact that all secret 
concealed and reserved for the Masters... the other public 
day] a secret society with two doctrines. 


Professor Weishaupt, its founder, boasted of his organization's secrecy. He realized that this secrecy 
would enable them to decide the fate of nations and because their deliberations were secret, no outsider 
could interfere. He wrote: "The great strength of our Order lies in its concealment; let it never appear in 
its own name, but always covered by another name, and another occupation.” Weishaupt later wrote 
‘about that secrecy in a letter to a fellow member of the Illuminati: "Nothing can bring this about [the 
new world order] but hidden societies. Hidden schools of wisdom are the means which will one day 
free men from their bonds [the "bonds" of religion] Princes and nations shall vanish from the earth." So 
the secret societies were created to bring the world to the new society known as the New World Order. 
‘The members of these organizations obviously feel that their goals are so noble that they may perform 
whatever tasks are required of them to bring that goal to fruition. This means that murder, plunder, and 
lying all become acceptable as long as these methods assist its members in obtaining their goal. 


Adam Weishaupt, the founder of the Illuminati, wrote over and over and over again, that "the ends 
justified the means.” Weishaupt also told initiates to use whatever means, which included murder, to 
achieve the goals of the association that he was joining. And that the major goal of the [lumi 
the destruction of all religion, including Christianity. That meant that if Christians physically stood in 
the way, they could be removed by simply murdering them Weishaupt even went so far as to say that 
anyone not willing to take the life of another was unfit to join the Hluminati. He wrote the following in 
a letter to a fellow member in 1778: "No man is fit for our Order who is not ... ready to go to every 
length...” 


Another reason, that Weishaupt felt that the Illuminati would succeed, was the fact that he was offering 
his members worldwide power. He felt that this inducement would enable him to draw into his 
organization only those who would do anything to satisfy that desire for power. He wrote: "The true 
purpose of the Order was to rule the world. To achieve this it was necessary for the Order to destroy all 
religions, overthrow all govemments and abolish private property.” 
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But his religion had a different base than the traditional religion: his was based upon a worship of 
reason: "... then will Reason rule with unperceived sway." ".. Reason will be the only code of Man. 
This is one of our greatest secrets.” "When at last Reason becomes the religion of man, then will the 
problem be solved.” Weishaupt’s dedication of his organization to “reason” makes some sense when the 
reader recalls that “reason” has been defined as the "unbridled use of man's mind to solve man's 
problems without the involvement of God.” The Bible calls this "the fruit of the tree of the knowledge 
of good and evil.” It was this knowledge that God wanted man not to have, and it was the promise 
made to man by Lucifer that min could have it by eating of "the fruit." In addition, Weishaupt’s 
religion offered its believers a reward not offered by any other religion: worldwide power! 


Weishaupt wrote: "The pupils [members of the Hluminati] are convinced that the Onder will rule the 
world. Every member therefore becomes a ruler.” Weishaupt’s religion not only offered power to his 
believers, but he offered them something else not guaranteed by any other religion: worldly success. He 
said that once a candidate had achieved the exited degree of Mluminatus Minor, the fourth of the 
thirteen inside his Onder, his superiors would: “assist him [the member] in bringing his talents into 
action, and [would] place him in situations most favourable for their exertion, so that he may be 
assured of success.” Finally, the goal of the Illuminati was "man made perfect as a god - without God.” 


The ideology of “man made perfect as a god —without God” still remains to this day, and it is 
practiced by today’s Illuminati members. The above phrase is what ties in Luciferian worship 
and trans-humanism, Lucifer is idolised by Illuminati members as the deity who gave man 
“knowledge” and therefore is worthy of worship; God, -according to Luciferians, -did not 
want man to have knowledge and therefore is despised by Luciferians. Ingrained in the trans- 
humanism doctrine is the believe that: ‘man can become ‘god’ through science and 
technology and in turn overthrow the Creator of the universe: God’. See LawOfldentity 
(2014) and Mark Dice (2014). 


These are the basics of Luciferianism. Therefore everything which is natural or pertains t0 
nature must be contended or destroyed by Luciferians. This is why Illuminati members 
endorse having sex with children, killing first born sons, and drink blood. All the above go 
against nature and according to the ‘edicts of Lucifer’: paedophilia makes the person 
committing the act younger (it doesn’t, it is just an excuse to act perverse on children because 
they know children are vulnerable); killing your first born son gives you good luck and 
fortune in this life (so yes, some Luciferians have sacrificed their first bon sons); and 
Illuminati members believe drinking blood / cannibalism is a ‘purifying agent’ (although in 
reality it causes spongiform encephalitis (holes in the brain). 


Modern-day Illuminati members still retain the goal of its founder “to bring about a NEW 
World Order that writes God out of the picture and deifies (glorifies) Lucifer.” Infiltration 
through secrecy, still remains their mode of operation, for the current Illuminati and therefore 
they have secretly infiltrated all the major religions on earth; government and education 

where each successive generation is being dumb down; they have continually diminished the 
ability for individuals to own private property, or claim inheritance; divided people against 
each other to continually diminish patriotism; and have continually diminished family values 


They also compartmentalise their knowledge between members. Until I fully exposed the 
Mluminati, many people who have been REM clones at the cloning centre did not know they 
were in fact REM driven clones, and thought they were in the 5‘* Dimension; the astral plane; 
a singularity; the spiritual realm; Valhalla; quantum hopping; a time stutter ete, or whatever 
else the Illuminati told them, 
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Today's Illuminati members also meet in secret (just like the founding members) as REM 
driven clones, when they go to sleep. Furthermore, because Illuminati meetings are in secret 
and not many people know the exact location (because knowledge is compartmentalised) of 
the cloning centre; or the fact that their consciousness has been transferred to Mark 2 REM 
driven clone bodies at the cloning centre (and they are not in their original bodies); as well as 
the fact that unsuspecting civilians have their memories suppressed; the points mentioned 
above are the reasons the Illuminati believe ‘they are all powerful and untouchable’; and as a 
consequence, today’s Illuminati members do all the disgusting things they want, because they 
believe no outsider can interfere. 


The ring leaders of the Illuminati today also believe “the ends justify the means”. This is why 
they clone, torture, molest, murder, and rape unsuspecting civilians as REM driven clones in 
their skep. The Illuminati of today offer their members incitements to go along with their 
agenda and not oppose them (or face death). Another popular method is to entice their target 
with many, many wonderful prospects, and have the target believe they are joining a noble 
and prosperous venture, so that the target fulfils the objectives of the Illuminati unknowingly; 
promoting the Illuminati in a positive way, because the target has been deceived to perceive 
the nature of the Illuminati as ‘positive’; by the time the target finds out the true intent of the 
Iluminati, and the evil which emanates from it, it is too late. Those who rise up in the ranks 
of the Illuminati are the men and women who have an insatiable lust for power, and most 
importantly: the men and women who want to rule the world. 


Modern-day Illuminati members also wish to become gods (through technology); overthrow 
the Creator, and achieve their overall aim of enslaving mankind. This is why they clone 
people, and clone people in high rank society from all walks of life (movie stars, musicians, 
politicians ete.; whether the person willing wants to be part of the Illuminati or not) so long as 
that person is in a position of power and influence, the Illuminati clone that person, and 
threaten that person, for example -“Hey, you're going to hang with us -or else” —through 
such coercion, the people in high rank society who have power and influence will not oppose 
the Illuminati’s plans to become gods; enslave mankind forever; and rule the world. Another 
reason for cloning high rank society is to include these people into the Illuminati (willingly or 
unwillingly) to ensure the world’s populace remains in ignorance (because once all the world 
leaders and high rank society are cloned and under the coercion of the Illuminati nobody in a 
position of influence or power can warn the populace against the Illuminati) until the 
Iluminati’s plan is completed and they have enslaved the world forever. 
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The Iluminati’s overall aim of ‘becoming gods’ and ruling the world, as well as, mind 
controlling all the inhabitants of earth is also the reason the Illuminati 


Administer drip feed disclosure through media, by telling some truths mixed with lies 
in order to conceal their true intentions and overall aim, and prevent the betrayed 
partner (the public) from ever discovering “the complete truth”; 

Administer evaluative conditioning, by placing their symbols and ideology in popular 
media with positive associations, so that the unknowing and unsuspecting public will 
eventually become predisposed to the Illuminati and unsuspectingly have a positive or 
neutral response towards the Illuminati; 

Because they want to become ‘gods’ is also the reason the Illuminati is promoting 
RFID microchips and only discussing RFID microchips positively, while at the same 
time placing suppression (gagging) orders on anyone who speaks negatively about 
RFID microchips -which implies an unsuspecting public will willingly accept the 
microchip; and at the point of transaction, the person will have (unknowingly) given 
up their privacy to a third party (the Illuminati) for the rest of his / her life; 

Their aim to become ‘gods’ is also the reason the Illuminati are hurriedly trying to 
compkte the HAARP grid across earth because a complete HAARP grid will allow 
them to achieve their goal of mind control over the entire world; which fulfils their 
objective of becoming gods; because a complete HARP grid will be capable of time 
travel, and therefore the Illuminati will be capable of going back to a previous time to 
correct the mistake(s) which led to their downfall; the Illuminati members will retain 
the knowledge of the previous time, and the rest of humanity will have no recollection 
of sucha memory. 


The Illuminati is not a joke. It is not fiction. They are very real, and part of humanity’s 
reality; and through advanced concealed technologies the Illuminati aim to enslave humanity 
forever. The ring leaders of the present Illuminati includes Queen Elizabeth II, Prince Philip 
Duke of Edinburgh, Prince Charles of Wales and Vladimir Putin. 1 have also detailed the 
actions of the ringleaders in the main text in this disclosure, as well as, detailed other modern- 
day evil Iuminati members on my Facebook and Proboards. It is time the good people of 
earth, stopped being afraid, do the right thing, put a stop to this evil, and save themselves, as 
well as their children’s children from being slaves forever. Spread and share this disclosure. 
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Glossary 


Aneurysm -noun: An excessive swelling of the wall of an artery ata fixed point in the body. 
A brain aneurysm is therefore a: bulge or ballooning in a blood vessel in the brain. It often 
looks like a berry hanging on a stem. A brain aneurysm can leak or rapture, causing bleeding 
into the brain. 


Brain Aneurysm -noun: see Aneurysm. 


Clone -noun: a cell, group of cells, an organism produced asexually froma single ancestor 
and is genetically identical to a single ancestor. 


Concealed Technology -noun: hidden machinery and devices undisclosed and currently 
unavailable for public consumption. Concealed (or military) technology develops at a rate of 
44 years for every 12 months which passes in comparison to the technology the public is 
currently accustomed to. Origin: Phil Schneider. 


Cloning Centre -noun: a physical location (on earth) where duplicate and replicate clones 
are produced. These physical locations are usually Deep Underground Military Bases 
(DUMBs). DUMBs have an entire floor dedicated to cloning. It is also a place where 
Mluminati members meet with each other as REM driven clones. The above-ground cloning 
centre where many high profile people attend can be found within a radius of 5/6 hours drive 
from the Robert Pickton Farm Port Coquitlam, British Columbia, in Canada, somewhere at a 
remote nature reserve. 


Cloning Technology -noun: the technological advancements in medicine, science and 
technology used to produce duplicate and replicate copies of originals. 


Conditioned Response -noun: an automatic response established by training to an ordinarily 
neutral stimulus. 


Conditioned Stimulus —noun: A previously neutral stimulus that, after repeated association 
with an unconditioned stimulus, elicits the response produced by the unconditioned stimulus 
itself. 


Consciousness noun: the state of being aware of and responsive to one’s surroundings; a 
person’s awareness or perception of something. 


Consciousness Transfer -noun or verb: the process of transferring or copying the mental 
content (including long-term memory and “self”) from a particular brain and copying it to a 
computational device; artificial body or avatar body such as that of a robot or clone version of 
the original. It is ako the feat in which the person’s mental content (long term memory and 
“self”) moves from one body into another. 


Depopulation verb: to remove or reduce the population of, as by destruction or force. 
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Drip Feed Disclosure noun or verb: is the process of supplying information but in small 
amounts overtime. Drip feed disclosure is also the process of revealing information slowly 
overtime, possibly telling lies to conceal certain aspects of the truth until the source 
administering the drip feed disclosure has adequate time to let out the truth in a slow and 
controlled way, thereby delaying the betrayed partner (in this disclosure, the public) from 
having the “complete truth” for some time. 


DUMB -noun: [Deep Underground Military Base] a facility directly owned and operated by 
or for the military or one of its branches that shelters military equipment and personnel, and 
facilitates training and operations beneath the surface of the earth. 


Duplicate Clone -noun: a fully formed human body which is a genetic copy of original 
developed through the process of regenerative technology. Duplicate clones are grown in a 
big thick tank full of (salty) water. 


Duplication Cloning -verb: involves agitating the cells of on an original repetitively until a 
fully formed human body of the original is developed. Duplicate clones take an average of 5 
months to form into a fully developed human body of the original through the process of 
regenerative medicine and technology. 


Evaluative Conditioning -noun: is a change in liking, which occurs due to an association 
with a positive or negative stimulus. 


H.A.A.R.P. Technology noun: [High frequency Active Auroral Research Program] a radio 
transmitting system that can bounce signals off the Earth’s upper atmosphere, (60km (37 
miles) t0 1000km (620 miles) high) back to probe deep info the earth or sea. HAARP is also 
capable of: disrupting human mental processes; knocking out all global communication 
systems; changing weather patterns over large areas; interfering with wildlife and migration 
patterns; hurting ecosystems; negatively affect human beings health, moods and mental 
states; and unnaturally ‘boil’ the earth’s upper atmosphere. HAARP used correctly will 
control the weather without any adverse effects. 


HLA.A.R.P. Grid -noun: a network of radio transmitters which can bounce signals off the 
earth’s upper surface. Each transmitter is located at a specific point across earth and 
communicates in unison with other radio transmitters across the earth, At this present time of 
writing, a HAARP grid has not been completed, although the Illuminati are working twice as 
fast to complete a HAARP grid. The threat to humanity once a HAARP grid is completed 
includes: mind control over the entire world’s inhabitants. A completed HAARP grid will 
ako be capable of time travel, and therefore the Illuminati will always be able to go back to a 
pervious point in time to correct the mistake(s) which led to their downfall. Humanity will be 
slaves forever. 


Habeas Corpus -noun: is [A] writ [formal document] requiring a person under arrest to be 
brought before a judge or into court, especially to secure the person's release unless lawful 
grounds are shown for their detention, 


Heart Attack -noun: A sudden occurrence ofa blockage of the flow of blood to the heart, 


Human Clone -noun: The creation of a genetically identical copy ofa human, 
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Ionosphere noun: the layer of the earth's atmosphere which contains a high concentration of 
ions and free electrons and is able to reflect radio waves. It lies above the mesosphere and 
extends from about 60km (37 miles) to 1,000 km (620 miles) above the earth's surface. 


Muminati -noun: A modern-day criminal organisation operated by reprobate (depraved, 
unprincipled and wicked person) criminals. Their main agenda: is to enslave the whole world 
through advanced conceakd technologies. See Appendix C for further discussion. 


Mark 2 Clone -noun: Is a sleep driven clone; specifically, a REM sleep driven clone. A 
Mark 2 Clone is activated by transferring the consciousness of an original into. a Mark 2 
Clone only when the original reaches REM sleep (usually 90- 110 minutes after the original 
falls asleep). Once the consciousness of the original is transferred from the original's body to 
the Mark 2 Clone, the Mark 2 clone is now capable of motion: such as walking, talking etc. 
The Mark 2 clone ‘drops limp’ and becomes motionless once the original wakes up from 
sleep. The original’s consciousness no longer resides in the Mark 2 clone (once the original is 
awake) and therefore the Mark 2 clone is now incapable of motion, Mark 2 Clones are also 
known as “REM Driven Clones” and “REM Duplicate Clones”, 


Memory Suppression -noun or verb: is the selective removal of memories or associations 
with the mind using memory suppression technology. 


Memory Suppression Technology —noun: any scientifically advanced technology used 
selectively to remove memories from the conscious mind. 


Mind-Voice Technology —noun: an advanced technology capable of reading, listening, 
hearing and broadcasting a person’s inner voice or thoughts. It is capable of replicating 
sounds exactly. Therefore an individual can hear the sound of drums, a guitar or any 
instrument and replicate that sound exactly just by thinking about it. Consequently, Mind- 
voice technology has the functionality of producing music. 


Military Technology —noun: machinery and devices developed fiom scientific knowledge 
used by the Armed Forces which advance at a rate of 44 years for every 12 months which 
passes, compared to the technology the public is accustomed to. Origin: Phil Schneider 


MK Ultra noun: (Manufacturing Killers Utilizing Lethal Tradecraft. Requiring 
Assassinations] The goal of mind control, using MK Ultra technology is to program an 
individual to carry out any task against their will and self-preservation instinct and to control 
the absolute behaviour and thought patterns of the individual. See Appendix B for further 
details. 


Neutral Stimulus —noun: is a stimulus which initially produces no specific response other 
than focusing attention, In classical conditioning, when used together with an unconditioned 
stimulus, the neutral stimulus becomes a conditioned stimulus. 


Negative Association -noun: is an undesirable experience or perception. 


Negative Stimulus -nouwn: a stimulus with undesirable consequences. 
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New World Order -noun: [NWO] Agenda. The whoke NWO agenda is to turn humanity into 
mindless slaves forever, whereby the post-humans / trans-humans mind control the entire 
world’s populace either through RFID microchips or a completed HAARP grid, Another 
aspect of the NWO agenda is to depopulate the world’s current population of 7.3 billion 
people to 500 million people (and never exceed a world population of 500 million people 
afterwards); ruled by a one world government; a one world ruler; with a one world religion. 
See Appendix C for more details. 


Original -noun: A person who is not a clone. 


Pain Receptor -noun: Any one of the many nerve endings throughout the body that warn of 
harmful changes in the environment such as excessive pressure or temperature. 


Positive Association -noun: is a desirable experience or perception. 
Positive stimulus -noun: a stimulus with desirable consequences. 

Posthumanism —noun: seeks to rewrite the very definition of being human, It is the 
condition in which humans and intelligent technology become intertwined. In the Posthuman 
there are no essential differences or absolute demarcations between bodily existence and 
computer stimulation, cybernetic mechanism and biological organism, robot technology and 
human goals. 

Posthuman -noun: see Posthumanism. 


Project MK Ultra -noun: see MK Ultra. 


Regenerative Medicine -noun: (of a living organism) the process of re- growing new tissues 
after loss or damage. 


Regenerative Technology -noun: any machinery or device developed from scientific 
knowledge which has the capability to re- grow new tissues after loss or damage. 


REM Sleep —noun: [Rapid Eye Movement] is the fifth stage of sleep in the sleep cycle. It 
takes 90 - 110 minutes to reach REM sleep after we fall asleep. REM sleep is also known as 
the “period of paralysation”. The involuntary muscles such as the brain become more active 
whereas voluntary muscles (those that you move by choice) such as your arms and legs 
become more relaxed or paralysed. REM sleep is a kind of sleep that occurs at intervals 
during sleep, and it is characterised by rapid eye movements. 


REM Driven Clone -noun: [Rapid Eye Movement Driven Clone] a clone that can only 
become activated, once the original is in REM sleep. See Mark 2 Clone. 


REM Duplicate Clone -noun: [Rapid Eye Movement Driven Clone] A clone developed by 
regenerative medicine and technology and is therefore an identical copy of an original. REM 
duplicate clones can only become activated when the original is in REM sleep. See Mark 2 
Clone 
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REM Driven Clone Death -noun: the process where an original dies because of constant 
torture to their REM driven clone or where a constant electrical current is applied to the REM 
driven clone resulting in death of an original usually in the form of an aneurysm or heart 
attack (because consciousness is linked) in the original’s body. 


REM Driven Clone Torture —noun or verb: the action or practice of inflicting serve pain 
on a REM driven clone. REM driven clone torture causes biological and physiological 
responses in the original’s body because consciousness is linked. Intermittent REM driven 
clone torture (depending on what is done) causes the original to experience severe headaches, 
an upset stomach, achy limbs, sickness; a weakened heart. Continuous REM driven clone 
torture will lead to the death of the original; usually in the form of aneurysm or heart attack in 
the original’s body. 


Replication Cloning -verb: involves giving birth to a genetic identical of an original where 
the newborn starts life offas a baby and matures. The newborn is referred to as a clone. 


RFID Technology [Radio Frequeney Identification] -noun: are electronic microchips the size 
of a grain of sand that can be directly embedded into the human flesh. RFID microchips 
communicate wirelessly through the use of electromagnetic fields to transfer data. RFID 
microchips link the brains of people via the implanted microchip to satellites controlled by 
ground base super-computers. The dangers of RFID microchips to the implanted person are: 
total loss of privacy and total control of the person’s physical body functions, mental and 
emotional thought processes, including the implanted person’s subconscious or dreams —for 
the rest of that person’s life! RFID microchips are also tracking devices, and the implanted 
person can be tracked anywhere on the globe. 


Selling One’s Soul -verb: to sell the use one’s “Mark 2" REM driven clone to the Illuminati, 
for the Illuminati to use the individual’s Mark 2 REM driven clone in whatever manner the 
Iluminati wishes. There are no returns once the individual has signed over his / her (soul) 
Mark 2 REM driven clone. When an individual sells their (soul) Mark 2 REM driven clone, 
the person has also entered into a contract to sell the Mark 2 REM driven clone(s) of their 
current children (if they have any) as well as any unborn children the person may have later 
in life. The person sells all their descendants (souls) Mark 2 REM driven clones to the 
Mluminati, once the individual sells their (soul) Mark 2 REM driven clone to the Illuminati, 
Selling one’s (soul) Mark 2 REM driven clone is considered a serious business transaction 
to the Illuminati. There are no returns, If the person ever makes a fuss and wants their (soul) 
Mark 2 REM driven clone back, the Illuminati will either torture the person’s Mark 2 Clone, 
or apply a constant electric current to the person’s Mark 2 Clone until the person either has a 
heart attack or aneurysm in their original body. This is what public figures are hinting at 
when they say “They have sold their soul”. They have sold the use of their Mark 2 REM 
driven clone to the Hiuminati. Selling one’s soul is not a joke. Never sell your soul. 


Stimulus —noun: is something that causes a reaction, especially interest, excitement or 
energy. It is also an energy change registered by the senses. For example a stimulus can be a 
shinny object for a baby. 


‘Technology —noun: machinery and devices developed from scientific knowledge. 
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Technological Advancement —noun: is incorporating, by means of experimental 
development, a characteristic or capability not previously existing or available in standard 
practice, into a new or existing process or product that enhances a product's 
performance. Novelty, uniqueness, or innovation alone does not indicate a technological 
advancement. 


‘Transhumanism —noun: the belief or theory that the human race can evolve beyond its 
current physical and mental limitations, especially by means of science and technology. 


Unconditioned Response —noun: is a response to a neutral stimulus we have no / little 
control over. It is a natural automatic response. For example, food is an unconditioned 
stimulus for a hungry animal, and salivation is the unconditioned response. 


Unconditioned Stimulus noun: A stimulus that elicits an unconditioned response. 
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Tetryonic Theory 


The unified quantum field geometry of charged EM mass-ENERGY-Matter in motion 
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Given the range and applied scope of Quantum Physics in today’s modern technologic World there 
remains a driving desire to rationalise our numerous disparate scientific theories into one coherent 
theory with a intuitive model that can be applied equally to the Quantum and Cosmological scales of 
our Universe 


Such a theory would need to preserve the currently observed outcomes and present established 
theories in a new light, offering additional testable predictions of its own, and ideally do so in a 
manner that is simpler than that of the established theories and hypothesises. 


Many foundational properties of Quantum Mechanics remain unaddressed by scientific theory and 
in the following pages an overview of the key quantum properties challenging our current scientific 
advancement will be highlighted, including a number of assumptions that currently impede the 
development of a fully realised, coherent solution to all of our current scientific questions. 


While Mathematics is the language of Science it remains a language that lacks a well-defined 
physical model on which to test it and further its many and varied solutions to Quantum & 
Cosmological scale physics. Its this lack of any rigid, enforceable GEOMETRY that has allowed the 
development of numerous disjointed statistical and probabilistic solutions to physical problems, in 
turn impeding our scientific understanding and advancement of quantum processes. 


The Standard Model has many observed and testable components to it but more recently new 
theories have emerged to contest it without being rigorously testable themselves. They rely on the 
established foundation provided by the Standard Model but try to explain its various deficiencies ad- 
hoc with various suppositions without any solid footing of their own. 


Often the only way to progress further in our scientific endeavours is to retrace our footsteps in 
science and to develop new physical models on which we can discern our known results and 
observations thus excluding any false or misleading assumptions (mathematical of otherwise). 


In doing so there exists the promise that a simple underlying foundation can be found to the physics 
of our Universe, revealing new and exciting advances in Science that will allow us to usher in anew 
age of scientific and technological advancement for the betterment of humanity as a whole. 


‘Tetryonics - The charged geometry of EM mass-ENERGY-Matter’ whose founding principle is that 
EQUILATERAL Planck energies are the foundation geometry for all quantum mechanical processes is 
presented here as just such a solution to the current quandaries of Quantum Mechanics. 


ENERGY 


EM mass-Energy momenta 
Energy, in Physics, is an indirectly vem aC mere at 


observed quantity of a system that 
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velocity and ElectroMagnetic fields. 


The most recent attempt to quantify its 
characteristics (with respect to heat and light) led to the discovery of Planck’s constant and the 
development of Quantum Mechanics 


The application of a simple proposition (that Energy has an equilateral geometry) opens the door on 
‘a greater understanding of the mechanics of the quantum world, a realm that will be forever beyond 
the reach of our physical eyes. 


The myriad of perplexing properties of quantum properties (such as Charge, mass & Matter) and the 
astonishing outcomes of quantum experiments (Interference and Wave-Particle duality) can now all 
be readily modelled and explained rationally on a solid geometric footing. 


Paving the way for new discoveries and a greater understanding of our Universe and its mechanics 


Quantised Angular Momenta 


Building on the priori definition of 

equilateral energy quantisation it can be 
hy quickly demonstrated that any energy 
measurement per unit of Time results in a 
geometric unit of measurement that has 
historically be taken to represent 
rotational motion (specifically Angular 
momentum) 


Planck Quanta 


This unit of motion is found throughout 
Quantum Mechanics and is directly 
related to the square energy levels in 
nuclear processes. 


The equilateral EM fields of energy quanta are constrained by its geometry and this geometry lies at 
the heart of understanding the quantum world in all its beauty. 


It determines properties such as Electric permittivity and Magnetic permeability, the vector direction 
of linear momentum and relates the scalar property of electromagnetic mass directly to velocity. 


CHARGE 


A fundemental property of all mass-ENERGY- 
Matter that gives rise to the Forces of electrical 
mv? Interaction has eluded physical explanation by 
Physicists since its discovery and led to many 
‘band aid’ additions to the Standard model in 
attempts to explain its observed properties. 


Charged mass geometry 


The most recent attempt at an explanation was 
Special relativity theory which in turn led to 

AB ourcurrent models of charge from 
contractions of Matter due to motion. 


SR explains Charge as an invariant property of of electrostatic bodies and that the motion of charges 
creates an additional magnetic moment through the relativistic distortion of spherical bodies of 
Matter. 


Equilateral Planck energy momenta geometries and Matter topologies offer a completely different 
explanation for the source of electrostatic charges and their associated magnetic moments. 


Positive and Negative charges are revealed to be opposite side of the same quantum energy ‘quoin’, 
and can be modelled electrically as ideal quantum inductive loops. It is equilateral geometry that 
ives rise to the physical properties of quantised angular momenta, inertial mass, elemental charges 
and even the geometric topology of Matter itself. 


In a planar 2D form they form a neutral EM energy momenta geometry but it is when they form the 
topology of 3D Matter they are expressed as either Positive or Negative electric charge fascia, 


ODD number energy quanta [W Bosons] combine via their magnetic bases in fixed quantum steps to 
create the ‘squared’ nuclear energy levels so familiar to quantum mechanics and form the basis for 
ElectroMagnetic Induction. 


Itis their rigid equilateral 
geometry that provides the basis 


Elementary and quantum Charges 


for relativistic charge invariance 
and the quantum mechanism for 
photo-electron transitions in 
atoms while the net energy 
momenta quanta in charged 
‘geometries provides the 
electromotive force known as 
Voltage. 


Equilateral geometry reveals an 


intrinsic connection between EM 
Energy, mass and Charge. 


‘A Charges nec trian 


‘As separated charges seek equilibrium they provide motive energies & the quantum scaffolding for 
large scale Matter topologies and their force interactions throughout our Universe. 


mass-ENERGY-Matter 
All Energy has an EM mass equivalence and equally any object with EM mass has energy equivalence 


But there has never been a formal scientific definition and associated equation to distinguish the 
property of EM mass from that of 
Matter. 


EM mass-Energy- Matter 


Using Tetryonic geometry it can be 
clearly demonstrated that 
ElectroMagnetic mass is NOT Matter 
= itis the Energy content of a system 
per unit of time [E / c’] in total 
agreement with Einstein (and all 


before him) however, lacking a ASN <> 
formal definition of either the two 
terms have become mired with each |"((#lim-¥/) Balen] 


other so much that they are often 
used for each other inappropriately even in scientific peer-reviewed literature. 


ElectroMagnetic mass is the two dimen: 
whereas Matter is a measure of the tetrahedral energies found in a spherical volume of 3D space. 


nal (planar) measurement of Energy per unit of Time 


Mass-energy can be viewed as the paper from which 3D Matter is created when it is folded into a 
tetrahedral shape (the quantum canvas covering the topology of Matter) 


The often used tem of ‘massless’ is now shown to be a misnomer that should be removed from the 
scientific vocabulary except where it specifically refers to empty space (devoid of any energies). 


Matter is now formally defined geometrically as Anz tetrahedral standing wave of EM energy and it 
isthe tetrahedral topology of Tetryons 
; Tetzyors : that forms the foundation forall large 
A : scale Matter in the Universe (not spherical 
ZPF point particles). 
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Matter at rest is comprised of EM mass- 
energies that are always in motion and 
propagating in a tetrahedral EM standing 


wave. 
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Sub-Atomic Particles 


Using equilateral energy all the mass-energy geometries & mass-Matter topologies of EM fields and 
particles can be physically modelled revealing the known Standard Model particle sand a few more. 


Bosons are shown to be transverse EM fields that facilitate EM induction and Photons are revealed 
as longitudinal dual-charge pairs possessing a neutral EM charge and inherent magnetic moment. 


The net unidirectional momentum of Bosons then distinguishes them from Photons that possess a 
bi-directional momentum 


Closer examination of the geometries highlights a long-standing error in the mathematical 
formulation of QM energy formulas, namely the mistaken interchanging of Planck's quanta [v] for 
Einstein's frequency [f]in relation to Energy. 
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Historically these particles have been classified according to their charges and masses, Tetryonic 
‘geometry now provides a 3D physical model of all the particles highlighting the physical source of 
the 1/3 charges of Quarks and revealing charge to be the foundational geometry of all Matter. 
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Tetryans are 4x charge topologies that are the foundational quanta of Matter and surprisingly have 
‘a mass-charge ratio identical to that of Leptons explaining how these particles have remained 
hidden from accelerator experiments. 


Quarks are 12x charge geometries where the attractive strong charge interactions between their 
fascia form 8x particle topologies with entirely different properties to that of Leptons 


Leptons also have 127 charge geometries but with repulsive fascia that result in them forming the 
quantum equivalent of a 6 loop rotor 


Protons and Neutrons are 36x charge geometries [that result in 207 Baryon topologies] and have 
identical masses (against the current model of baryonic masses which derived from an entirely 
different process where Neutrons are formed by Protons absorbing electrons). 


The Particle Zoo 


Baryons ~ the building blocks of atomic nuclei can be formed from many tri- quark combinations and 
energy levels and this is of Lehanoad ‘The Particle Zoo 
particular note when modern 
accelerators are used to probe 
atomic structures. 


ta} 


The higher energies they 
‘employ when colliding particles 
together results in higher 2D 
kinetic energies (and increased 
‘energy quanta) which 
recombine after collisions into a 
plethora of similar particles 
called the Particle Zoo. 
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‘Asound understanding of EM mass-energy geometries & the charged topologies of all sub-atomic 
Matter particles reveals the true genesis of all of the Baryons to be found in the particle zoo. 


Tetryonic geometries facilitate the precise 3D modelling of all the periodic elements, allotropes and 
‘compounds enabling the development of new classes of materials and medicines providing us with 
many new insights into Quantum Chemistry and large scale Matter in general. 


Quantum Electro-Dynamics [QED. 


‘Adding to the mysteries of quantum mechanics is a number of well-known QED effects that have 
also eluded physical explanation - to date 


‘Wave Particle Mechanics 


scp 19-1865, James Maxwell Clerk 
Planck Finstein t unified the then disparate 
4 theories of Electric and Magnetic 
fields into a theory of 
| Electromagnetism and related 
§ ¥- then to the velocity of light. 


The exact quantum geometry for 
EM wave geometries (and the 
photons comprising them) that 
explains their Wavefunctions and 
observed inference patterns 
represents one of the greatest 
challenges to developing a concise fully realised quantum theory of EM radiation. 


auf 


‘Wave-Particle duality dating back to the 17" century is perhaps the best known example of quantum 
behaviour that has defied precise modelling despite intense effort by scientists around the World for 
over two centuries 


The application of equilateral energy momenta to the charged geometries of Photons and EM waves 
not only explains these long standing mysteries but also removes the quantum fuzziness introduced 
by Heisenberg’s Uncertainty principle, in turn clearing the way for Science to develop an advanced 
understanding of Electricity, its role in Quantum ElectroDynamics and provide new clean forms of 
energy from quantum processes. 


Photo-electrons and spectral lines 


‘Quantum Electrodynamies The physical relationship 
between Spectral lines, 
Rydberg’s Constant and the 
Kinetic energies of Photo- 
electrons as they interact, 
with photons and atomic 
rnuclel is quickly revealed 
when equilateral energy 
geometries are employed 


itis the rigid geometry of 
equilateral Planck energy 
momenta that gives rise to 
the invisible forces of 
Faraday’s Electric and 


Gauss’ Magnetic fields as well as Newton’s Action-at- 


istance. 


Quantised Angular Momentum, a direct measure of the long hidden equilateral geometry of Energy, 
is revealed as the source of Charge, the physical constants and even the geometry of EM mass- 
energy & Matter itself. 


The geometry of Nuclear Forces and Constants 


Charge interactions resulting from equilateral EM energy geometries have been mistakenly 
developed into three disparate nuclear forces: 


The EM Force is the result of 2nz charge geometries acting along transverse or longitudinal 
directions (or in superposition) in the forms of Bosons and Photons 


‘The Weak Force is the inductive coupling of the magnetic permeability of adjacent energy 
geometries 


‘The Strong Force is the attractive force between opposite charged fascia of Tetryonic Matter. It can 
also form a repulsive force between similar charged fasciae resulting in charged Leptons [electrons] 


Gravitation (mathematically identical to Coulomb's Force save for strength and source) can also be 
modelled as the geometric mean of super-positioned EM waves. 


All of which are determined by the Fine Structure Constant - the mysterious hand of GOD ~ setting 
the strength of EM interactions and determining Charge on the quantum level. 


Applying equilateral geometry to energy momenta quanta, the Tetryanic model of EM mass- 
ENERGY-Matter quickly evolves to explain many additional electrical properties such as Voltage, 
Current and Power 


Quantum Chemistry 


Applying tetrahedral Matter topologies to quantum chemistry leads to a number of significant 
advances in the understanding of chemical processes most notably: 


+ Accurate models for all periodic elements and their associated allotropes 
* Advanced molecular orbitals plots 

‘+ Exact rest masses for all elements and 

‘+ Anew Periodic table based on the charged topologies of Matter 


Improving upon and extending the Aufbau principle with charged geometries leads to many 
refinements in chemical engineering and facilitates the building of accurate 3D models of all 
elements, isotopes and compounds. 


Every element can be analysed from the quantum level upwards revealing its exact 3D topology, 
quark configuration, rest mass-Matter-energies and chemical properties. 


‘And number of misconceptions can be quickly clarified and corrected in turn advancing our 
understanding to the physical mechanics underlying chemical processes like chemical bonding, 
element family properties and the structures of complex chemical compounds. 


Hydrocarbons and Carbohydrates have already been modelled using equilateral charge topology 
with the results matching the 
established chemical models of 
Nobel gases, Core electrons, Lewis 
diagrams and the most recent 
electron photographs of these 
chemical properties of atoms. 
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iy Anal Ala al Even DNA can be modelled in 3 
dimensions leading to a greater 
understanding of the role of 
quantum mechanics in biological 
processes and the interaction of 
4 mee EM radiation on organic 
compounds, 


Ahighly developed quantum model of chemical elements and compounds will allow us to model 
chemical and biological structures in hitherto unimagined detail and facilitate the building of 
‘complex (and increasingly accurate) models of all chemical compounds and biological processes. 


A Unified field equation 


In physics a Unified Field Theory is a type of theory that allows all that is usually thought of as a 
fundamental force or 

elementary particle to be m Unified Field Equation M 
formulated in terms of a single soe EM ike here Me 

equation that explains all their 
disparate properties. 


It is considered the holy grail of 
Science, offering the promise of 
advances in Technology, Energy 
and Medicine unparalleled in lial) 
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single equation that expresses 
EM mass-ENERGY and Matter as the result of geometric & topological charge interactions. 


Applying equilateral geometry to Planck energy momenta quanta has been shown to firmly resolve 
many of the current mysteries plaguing the Standard model and provides a firm foundation for the 
development of a single unified quantum theory uniting all quantum and macroscopic forces. 


It effortlessly merges all the tested features of Classical mechanics with the statistical probabilities of 
quantum mechanics and scales up to the cosmological scale of General Relativity. 


Equilateral charged energy geometries provide a quantifiable foundation for advances in: 


* Quantum Mechanics 
Quantum Electrodynamics 
* Quantum Chemistry 
= Quantum Cosmology 


Explaining the quantum mysteries of mass & 
Matter, Wave-Particle duality and 
gravitational Singularities by challenging the 
very foundational assumptions of Relativity 
and the role of charge in our Universe. 


Mathematical principles such as re-normalisation, probabilities and square roots of negative 
numbers can all be geometrically modelled through Tetryonics leading to further advances in fields 
such as biology, medicine, quantum computing and telecommunications 


Through the charged geometry of Tetryonics many of the erroneous theories that have been 
developed during the last 100 years can be falsified at last providing a solid foundation for further 
advances in science and mathematics. 


The force of Gravity has been long-held to be the 
mysterious force that holds our Universe together, 
shaping the Stars and holding us to the Earth as we 
orbit our own SUN. 


Ga > EM. Tetryonic geometry reveals its quantum mechanics to 
be the result of electromagnetic fields and the effect 
produced by the geometry of Matter in these fields. 


os <== Newton saw Gravity as a force that acts 
instantaneously on distant bodies of Matter while Einstein dismissed the force between the bodies 


and explained it as the result of the ‘curvature of Spacetime’. 


In fact the Gravitational field is comprised of 3 separate components, each of which produces 
differing forces of interaction, but all SEES 

combine to produce the nett Gravitational 

field that we observe and describe as aCe > 

strictly convergent Gravity. 

Gravity fields are created by the topology 


of Matter itself as it displaces and distorts, 
the Vacuum energies surrounding it. 


G 


Electric fields diverge radially from all 
Matter as it is heated, or placed in motion = K 

by other forces creating an interactive St me 
field with both divergent and convergent equatorial regions of force and acceleration. 


Dipole Magnetic fields located around the Polar Regions of all Matter also create a perturbative 
force on bodies close to them 


Although Newton's and Einstein's theories were both correct in their respective analysis of the 
forces at work they both failed to define and distinguish between EM masses and Matter leading to 
the continued debate over the true nature and 
Stellar mechanics physical formulation of quantum gravity. 


These three quantum forces [G+E#M] combine to 
produce a field of gravitational acceleration that was 
so eloquently modelled by Newton back in the 16" 
century through his inverse square law. 


And these 3 distinct forces also combine to produce 
the stellar mechanics that power the Stars —a 
Gravito-Electro-Magnetic pinch. 


The force of Gravity, created by the geometry of Matter draws Matter toward the core of Stars. 


‘And the GEM pinch singularity at the core of the Star destroys Matter (collapsing its 3D geometry), 
turning it into radiant 2D ElectroMagnetic radiation (Light). 


Energy from the Stars 


Virtual particles, Dark Energy and Dark Matter (were all developed to explain the observed 
mechanics of our Universe) and can now be revealed to be differing manifestations of the 
electromagnetic force interacting at various angles to, and with, the standing-wave topologies that 
create it. 


Quantum fields of Planck energies combine to 
create charged 2D geometries of radiative 
ElectroMagnetic fields that in turn spread out 
interacting with each other to give us the 
fundamental laws of Attraction and 

Repulsion. 


The 3D standing-wave topologies of Matter 
provide a rigid structure that displaces the 
surrounding Vacuum energies and creates a 
pressure gradient which we call Gravity. 


‘And the destruction of these Matter topologies in turn creates radiant energies that propagate out 
into the surrounding space to weaken and form the Vacuum energies that permeate all of Space. 


The eternal cycle of Matter creation and destruction within Stars and Galaxies is what drives the 
Universe we see today causing it to contract as it forms gravitational Matter and to expand as it 
restructures the standing-wave Matter into radiant forms of Energy (Light and heat). 


The same process offers us clean, limitless energy for all our needs as well as unlimited resources 
from the restructuring of this energy into its varied elemental and compound forms. 


Our toxic stockpiles of radioactive wastes can be completely eliminated from the environment and 
electrical power can be safely stored as mass within large-scale models of the deuterium nuclei and 
distributed worldwide to any location without the need for transmission lines. 


Even hydro-electric storage schemes can be eliminated, returning water courses to their natural 
states of flow in turn reducing conflicts stemming from the flow of this precious resource worldwide. 


Through the geometries of equilateral Planck 
energies and the application of the Tetryonic 
unified field equation of mass-ENERGY-Matter 
in motion to our needs, for the first time in 
Humanity’s history, we have the chance to 
advance our civilization to new pinnacles of 

technology and understanding in turn leaving our World a better place than we found it to be. 


The age old dilemma of technological advancement versus environmental pollution is at an end 
We stand on the threshold of realising one of the greatest advances in scientific understanding ever 
witnessed but we must also endeavour to redress our current social challenges with an equally 


rigorous determination to ensure all of Humanity benefits from this discovery 


ABRAHAM [2012] 


Tetryonics .... Challenging and correcting the foundations of quantum theory 


Electric field permittivity has a 2pi (rhombic) field geometry while magnetic field permeability is always 
the result of two separate equilateral magnetic fields that form a magnetic dipole moment 


Where two or more rhombic electric fields interact a Coulombic —charge force of interaction results 
Where two or more equilateral magnetic fields interact a Gaussian-Ampere forces of interaction 
results [opposite fields attract - same fields repel] 


The classical model of the unidirectional electrostatic force fields of point charged particles is 
corrected to show a bidirectional arrangement of equilateral Planck energy momenta geometries 
within the electrostatic field that creates the bi-directional forces of charge interactions 


Where two similar coupled equilateral energy momenta fields combine an electrostatic field is created 
Where two opposite coupled equilateral energy momenta fields combine a magnetic dipole is created 


The arrangement and asymmetry of Planck quantum charges with in any EM field determines the 
motion and acceleration of charged particles within the field of electrostatic force 


The classical forces of attraction should be renamed forces of interaction 
{as they result from bidirectional quantum vector forces) 


Alll electromagnetic fields are comprised of a squared number of equilateral Planck energy momenta 
quanta (whose asymmetrical distribution of equilateral Planck quanta results in a net divergent Force) 
with a convergent vector force component 


When modelled with equilateral Planck geometries electromagnetic fields follow the Biot-Savart Law: 
‘+ Rhombic electric fields follow the inverse squared law of propagation 
+ Equilateral magnetic fields follow the inverse squared law of propagation 
+ Magnetic dipole fields follow an inverse cubed law of propagation 


The equilateral geometry of quantised angular momentum creates chirality at the quantum level in 
physics (rotation does not affect the charge of plank quanta, but mirroring and/or spatial coordinate 
translations do) 


All positive charged fields can be modelled as having a clockwise inductive flux geometry 
All negative charged fields can be modelled as having an anticlockwise inductive flux geometry 
(with OMEGA representing equilateral geometries per second and PI reflecting their scalar areas) 


All W bosons are comprised of an odd number of equilateral Planck quanta in a trapezoidal geometry 
All Z bosons are comprised of an even number of equilateral Planck quanta in a dual-trapezoidal 
geometry (neutral Z bosons are equivalent in terms of Planck mass energy momenta to photons save 
their net geometry) 


All charged fascia [Higgs bosons] are comprised of squared numbers of equilateral Planck quanta in 
an equilateral geometry. 


The odd quanta W bosons within electromagnetic fields form quantum levels of charged mass-energy 
momenta 


The Planck equation [E=n.hy] of quantised energy is a generalised equation of Planck geometries 
(and applies to all energy momenta arrangements equally) 


Bosons and Quantum levels are a transverse measure of mass energy momenta in EM fields 
Photons are a longitudinal measure of mass energy momenta within the same electromagnetic fields 


Equilateral Planck energy momenta per second [E/c’2] equates to mass geometries 
Equilateral Planck energies momenta per second squared [E/c4] equates to Matter topologies 


Interactive mass energy geometries can combine via the weak force to form standing wave Matter 
topologies 


Standing wave Matter topologies can combine via the strong force to form elementary subatomic 
particles 


The fundamental Matter quantum of all physics is the tetryon (a tetrahedral mass-energy Matter 
topology) which is formed from photons of electrostatic energy and can be found as positive, neutral 
or negative charges topologies 


These three forms of charged tetryons form the foundation of all the physical Matter of our universe 
as they seek a state of equilibrium, Tetryons are not spherical point charges — they are tetrahedral, 
likewise the subatomic particles they form are not spherical point charges - they are [T]Tetryonic 

charge topologies 


The Tetryonic topologies created by tetryons as they combine to form elementary particles creates 
new forms of closed volume topologies that follow Euler's characteristic [V+F-E = 2] for Platonic solids 


Quarks and leptons are comprised of 12 charged mass energy geometries 
- quarks form [8.x] octahedral Matter topologies 
- leptons form [12] dodecahedral Matter topologies 


and 


Baryons are comprised of 36 charged mass energy geometries 
- forming [207] lcosahedral Matter topologies 


Anti-UP quark’s are comprised of 2 positive and 8 negative charges 
creating a net charge of -8 [-2/3 elementary charge] 

DOWN quark’s are comprised of 4 positive and 8 negative charges 
creating a net charge of -4 [-1/3 elementary charge] 

Anti-DOWN quark's are comprised of 8 positive and 4 negative charges 
creating a net charge of 4 [1/3 elementary charge] 

UP quark’s are comprised of 10 positive and 2 negative charges 
creating a net charge of 8 [2/3 elementary charge] 


Positrons are comprised of 12 positive charges 
creating a net charge of +12 [positive integer elementary charge] 
neutrinos are comprised of 6 positive and 6 negative charges 
creating a net charge of 0 [no elementary charge] 
Electrons are comprised of 12 negative charges 
creating a net charge of -12 [negative integer elementary charge] 


Protons are comprised of 24 positive charges and 12 negative charges 
creating a net charge of +12 [positive integer elementary charge] 
Neutrons are comprised of 18 positive and 18 negative charges 
creating a net charge of 0 [no elementary charge] 
anti-Neutrons are comprised of 18 positive and 18 negative charges 
creating a net charge of 0 [no elementary charge] 
anti -Protons are comprised of 12 positive charges and 24 negative charges 
creating a net charge of -12 [negative integer elementary charge] 


Rest lepton topologies have a completely neutralised magnetic dipole structure and all leptons 
(charged or neutral) have identical physical Matter topologies 

Their rest masses are the result of the number of plank quanta comprising each Matter topology with 
applied forces creating additional asymmetrical KEM fields resulting in kinetic energies, magnetic 
moments and vector velocities of motion 


As the energies of motion are added to equilateral KEM fields the Planck quanta themselves are 
physically WAVE-length Lorentz contracted 


(Lorentz contractions apply to mass energy geometries only - NOT to Matter topologies) 


Matter topologies are Lorentz invariant to velocity changes (or acceleration) 
The relativistic distortion of spherical point charges in physics is no longer applicable, in turn 
undermining a basic tenet of special relativity as postulated by Albert Einstein 


tis the equilateral secondary KEM fields of motion created by applied forces to material 
Matter topologies (and the asymmetrical distribution of plank charges therein) that creates the 
magnetic moments associated with charged particles in motion, not the relativistic distortion 
of spherical bodies of Matter as postulated by Einstein in special relativity 


These secondary KEM fields of motion also contain the kinetic EM energies and vector [square root] 
linear momentum of material particles in motion - the mass energy momenta density and physical 
‘geometries of Matter topologies is unaffected by applied forces or changes to velocity-momenta 


The changing Lorentz contracted mass energies of kinetic EM fields contributes to the total relativistic 
mass energy of Matter topologies but in no way changes the mass energy distribution of the Matter 
‘component of particles in motion itself - leading in turn to varying generations of subatomic particles 
with in the particle families themselves 


The net asymmetric KEM field geometry of each particles in motion is reflective of the charged 
distribution of the Matter topology of the particle itself. 


Mesons are created when quark and anti-quark particles combine via the strong force interaction 
between their charged fascias to create unique 14 pi Matter topologies (neutral or charged pions) 


These strong interactions between opposite charge fascia of material particles and the resulting 
Matter topologies are evidence of the fact that Matter-antimatter combinations do not necessarily 
result in the explosive annihilation of the particles concerned (in fact the combining of opposite 
charge quarks is a necessary step in the formation of the baryons) 


All Baryons are Matter topologies created from the combination of tr-quark topologies 

The quark’s combine via their opposite charged [Higgs] fascia to create neutral and charged 
elementary topologies 

Due to this opposite charge interaction the charged distribution of baryonic topologies does not follow 
the textbook given arrangements of [JUD] & [DDU] instead they are arranged as follows: 


Protons uP + DOWN + uP 
Neutrons, DOWN + uP + DOWN 
anti-Neutrons anti-DOWN + anti-UP + anti-DOWN 
anti-Protons anti-UP + anti-DOWN + anti-UP 


The specific arrangement of charged fascia within these respective Matter topologies goes on to 
facilitate nuclear bonding via the residual strong force between atomic nuclei, following the charge 
arrangement given in modern textbooks does not allow the formation of baryons or their subsequent 
bonding to form larger scale atoms and molecules 


Protons and neutrons are revealed to have quark arrangements that are mirror symmetries of each 
other, revealing the neutral charge neutron to have a complementary negative charge arrangement to 
that of protons. 


The increased Planck mass energy contents of various families of quarks facilitates the creation of a 
huge number of possible Baryon topologies resulting in the particle zoo of subatomic elements 
created in particle collisions within accelerator experiments - all of these elements can be easily 
modelled and accounted for using Tetryanic mass-energy Matter topologies 


Additionally, the particles often referred to as gluons within the standard model can be easily 
accounted for and explained as being neutral tetryons within Tetryonic theory - where these neutral 
charge Matter topologies form a neutral Matter dielectric between charged tetryons to facilitate the 
strong force interaction and the formation of larger particles 


Neutral tetryons (gluons) can also form particles in their own right (neutrinos and glue-balls), as can 
charged tetryons (charge-ball particles), most of which are short lived 


Tetryonics reveals the previously hidden geometry and topology of electromagnetic fields and 
subatomic particles and the geometric relationship and interplay between electric permittivity and 
magnetic permeability within all EM field that results on the speed of light in any medium. 


As well as the revealing a geometric source of all physical constants within physics itself, Tetryonic 
charge geometries show the weak force to be a magnetic dipole [edge] interaction between mass 
energy geometries and Matter topologies and the strong force to be a charge [fascia] interaction 
between Matter topologies themselves. 


The equilateral [quantised angular momentum] of inductive Planck mass energy geometries within 
squared [HIGGS] fascia of Matter topologies is what creates inertial properties of Matter at the 
quantum level 


The strong force between charged parallel Higgs fascia of Matter topologies results in ‘hidden’ 
partitions of mass energy with in the Matter topologies of quark’s and baryons leading to the inability 
of mathematics online to accurately model and understand the physics of creating these particles at 
the quantum level 


Tetryonic charged mass energy geometries allows for the accurate 2D and 3D modelling of all Matter 
topologies and fields of Force interactions within physics 


It reveals that the deuterium atom [not the hydrogen atom] is the quantum building block of all 
elementary Matter - the unique charge topology of deuterium (consisting of a proton, neutron and 
electron) can be related to the electromechanical topology and function of quantum synchronous 
converters. 


‘These quantum synchronous converters absorb and emit mass energies via the rotating electrons 
[quantum rotors] bound to the nuclei by way of radiant bosons and photons [heat and light] 


The net charge of Deuteron nuclei facilitates their binding together to form helium and larger atoms, 
While stored mass energy quanta within their Matter topology results in raised quantum grounds 
states that can all be modelled mathematically using Schrodinger's wavenumbers 


The simpler geometric charge topology reveals visually how the mass energy content of baryons 
directly affects the angular momentum and energy levels of photo electrons bound to atomic nuclei, in 
turn revealing that larger elements be created in two ways - namely by the addition of a neutron to a 
Hydrogen atom (as classically modelled in modern chemical physics) or through the raising of Planck 
mass-energy quanta within the deuterium Matter topology itself 


Deuterium nuclei without any bound photo-electrons form quantum batteries with EM mass energies 
can be stored indefinitely without being released. 

These nuclei can be arranged atomically in either a series, parallel or empty parallel configuration 
each of which affects the ground energy states of the respective nuclei created. 

Where photo-electrons (quantum rotors) are attracted and bind to these nuclei (quantum batteries) 
the stored mass energies can then be released in a controlled manner via spectral line emissions, or 
energy can be added via spectral line absorption. 


‘As photo-electrons are bound to the deuteron nuclei the energy levels are affected directly by the 
mass energy levels of the nuclei that they bind to, in turn affecting their KEM field energies 

The square root linear momentum of KEM field energies normally creates a vector motion but in the 
case of bound electrons this vector motion is turned into an angular motion resulting in electron spin 
within the nucleus. 


The direction of the spin is always reference with respect to the nuclear magnetic moment resulting in 
up and down electron spins and their associated magnetic dipole moments 


The kinematics of KEM fields provides an easy visual explanation of Newton's 2nd law of motion - 
namely that deceleration can be seen as the removal of odd number quanta from the squared kinetic 
energy fields and acceleration can be viewed as the addition of odd numbered quanta to squared 
kinetic energy fields. 


The addition or subtraction of odd numbered Planck quanta from squared energy fields results in 
changing square root linear momentum for the particles that these fields are associated with - this 
changing linear momentum over time can be equated to acceleration leading to Newton's formulation 
of Force = mass x acceleration [F = ma = dp/t = dmwvit] 


Using the equilateral geometry of Planck's constant we can now unify classical mechanics with 
quantum mechanics and reveal the underlying dynamics of relativistic mass energies of motion (as 
well is providing an electromechanical explanation of inertia in the physics of Matter in motion) 


Newton's vector linear momentum [p=my] forces are revealed to be the geometric square root of 
Leibnitz’s scalar energies [E/mv"2] with their associated inertial mass being a measure of the scalar 
energies per second [m=E/v"2] 


Linear momentum [my] is differentiated from vector velocities [v] through the equilateral geometry of 
energy per second [m] in tetryonics, with the total linear momentum of any EM field or system of 
particles being the vector some of the square root Planck linear momentum of the quanta in the fields 
‘comprising the system 


Once the equilateral field geometry of KEM fields is revealed it is easy to show that the total energy of 
the field [E=mv"2] is the result of the kinetic energies [u2Mv*2] plus the magnetic moment [ueMv"2] of 
any material topology in motion 


This in turn allows for a rigid geometric differentiation of quantised angular momentum [2] in Planck 
quanta, the linear momentum [p] of any system and the classical angular momentum [vector rotation 
about a point] in physics 


These geometric definitions of mass energy momenta in physical systems as portrayed in Tetryonic 
theory reveal a differing geometric relationship to that commonly portrayed in modern physics Ji.e 
neutralising right angled Pythagorean triangles] 


‘Additionally Lorentz corrections factors are restricted to planar 2-D mass energies of KEM fields 
associated to particles in motion where changes of velocity force result in the addition or subtraction 
of equilateral Planck quanta from the KEM field geometry resulting in the physical expansion or 
contraction of Planck geometries within the field 


Tetryonic theory's geometric definition and application of quantised angular momentum with respect 
to mass energy momenta in physics allows for the physical modelling of mass energy and Matter at 
all scales of physics and their unification of classical, quantum and relativistic mechanics 


The ‘squared’ energies of quantum mechanics and statistical distributions of the math associated with 
quantum mechanics is now revealed in an entirely new light facilitating the macro scale modelling of 
all hitherto unseen quantum particles and processes. 


The geometric relationships between charge, mass geometries and Matter topologies is easily 
visualised and applied to all physics revealing quantised angular momenta [QAM] to be the hidden 
variable of Planck's constant [i]... 


‘The modelling of quantised angular momentum as an equilateral geometry allows for the elimination 
of Heisenberg's uncertainty principle and Bell's inequality from the foundational tenants of quantum. 
mechanics 


Both the position and momentum of particles and fields can be now modelled at any stage of a 
system's spatio-temporal development and evolution using these simple equilateral charged 
geometries of mass energy momenta 


Precise rest mass energies of any Matter topology can be calculated from 1st principles allowing for 
accurate modelling of all quantum systems and even periodic elements - expanding our knowledge of 
chemical systems and processes 


‘The Planck-Compton frequency, de Broglie wavelength, absolute rest mass and charge Matter 
topology of all periodic elements, compounds and molecules can now be calculated with absolute 
certainty and precision and can be related back to Avogadro's number for all elements in chemistry 


‘The exponential energy levels of atomic nuclei and atomic processes of energy release can also now 
be shown to be the result of an underlying geometric Planck scale geometry inherent to all mass 
energy Matter within physics 


Einstein's mass energy equivalence formula is shown to be a geometric relationship between 
measurements of energy per second and inertial mass........ combined with Tetryonics new definition 
of Matter as energy per second squared we can now show that Einstein's famous formulation is an 
incomplete formulation of the mass-ENERGY-Matter relationship that applying only to specific 
processes within our physical universe 


The Lorentz corrections on which special relativity is based are shown to be WAVE-length and QAM 
corrections for the changing physical geometries of scalar mass energies per unit of time in spatial co- 
ordinate systems (c%2) and that additional time-based dimensional analysis must be taken into 
account in order to define and differentiate between electromagnetic mass and Matter in physics 


The application of squared (equilateral) geometries to physics in the role of quantised angular 
momentum has been overlooked since the inception of physics itself, but with the inclusion of this 
geometry a rigid geometric grammar can now be imposed upon the mathematics of physics leading to 
the correction of many erroneous mathematical assumptions 


An exact value from first principles for Planck's constant can be calculated and Avogadro's 
number can be confirmed and related to the absolute rest mass of hydrogen atoms. 


‘A geometric representation of Coulomb's charged field interactions and the impedance of free space 
can also be provided for all physical processes allowing for a fast and accurate visualisation of energy 
mechanics at all scales of physics 


Tetryonics theory's equilateral charged mass energy and polyhedral Matter topologies allow for the 
‘modelling and differentiation of energy in all its forms within any spatial coordinate system providing a 
vast improvement over relativity’s use of stress energy tensors and non-Euclidean geometries in 
‘modelling physical systems 


All fields and particles can be defined and differentiated in terms of their charged mass energy 
geometries and Matter topologies respectively and the differentiation of elemental families into their 
generations can be easily accounted for through the addition of mass energies of motion to secondary 
KEM fields associated with each particle grouping 


Inertial resistance to force can be modelled and explained through the equilateral geometry of 
quantised angular momentum when viewed as an electromechanical equivalent to an inductive loop 
of energy 


Electromagnetic inertial mass can now be clearly defined as a measure of the inductive EM energy 
density of any charged 2D planar Planck geometry in any spatial co-ordinate system of measurement 


3D Matter can now be viewed and modelled as the closed topology created by 2D mass energies 
through charge interactions in any spatial co-ordinate system of measurement per second squared 


Additionally physical terms such as 'mass-less' particles are shown to be a misnomer as any 
field or particle must by definition contain energy per unit of time - and should be more 
appropriately re-termed Matter-less or weightless particles 


Tetryonics theory defines, differentiates and unifies energy in all its forms (mass, Matter & Force) 
through the equilateral geometry of quantised angular momentum at the quantum level, allowing for 
the development of a unified field equation that models physics on all scales and reveals a common 
geometric thread to all the disparate fields of physics that to date have defied unification 


Equilateral (SQUARED) energy fields of Planck quanta comprised of statistical distributions of (ODD) 
transverse bosons and (EVEN) longitudinal photons account for all the quantum mechanical 
processes of physics including EM field geometries and material particle topologies and electron spin 


Principle quantum levels [1st Schrodinger wave-numbers] are shown to be the result of the series 
addition of deuterium nuclei in atomic elements with their resulting energy levels determining the 
squared energy levels of bound photoelectron KEM fields — in turn forming the foundation of discrete 
quantum jumps of electrons bound to atomic nuclei 


The bound photo-electron can only transition between allowed squared energy levels permitted by the 
energy levels of deuterium nuclei to which they are bound and once free from the atomic nuclei the 
electron can emit or absorbed a continuous spectra of light photons - but while bound to the 
deuterium nuclei in atoms it can only have specific [squared] KEM energy levels 


The complex, asymmetric tri-quark (9 tetryon) Matter topology of baryons directly affects the magnetic 
moment of protons and neutrons in motion making them considerably weaker than the symmetric, 
axial Bohr magnetron of electrons in motion 


‘As the Bohr magneton of photo-electrons is determined by the squared energies of its secondary 
KEM field confusion has arisen with respect to the allocation of spins to subatomic particles, Tetryonic 
geometries now correct for this and suggest that the electron historically viewed as a spin 1/2 particle 
is in fact a spin 3 particle under the formal definitions of spin rotations i.e. rotating at 120° can bring it 
back to an identical quantum state as the initial state measured] 


‘Again Tetryonic theory and its energy geometries in addition to explaining and correcting electron 
spins also shows that the term electron spin can now be taken literally when modelled with Tetryonic 
geometries to provide an accurate description of the origin of magnetic moments for electrons, in turn 
undermining the foundational postulate of special relativity that these magnetic moments are the 
result of the distortion of spherical point charges and that relativistic Lorentz contractions apply to 
Matter topologies 


Dirack's constant, or Planck's reduced constant [h/2x], is revealed to be a measure of the electric 
permittivity of a relativistic electron’s KEM field, and the measurement of the associated magnetic 
dipole of the same KEM field results in the mistaken concept of 1/2 spins in the measurement of Bohr 
magnetons 


‘The magnetic vector created by the Bohr magneton [or KEM field dipole] when measured with respect 
to the nuclear magneton [Proton magnetic moment] produces either a higher energy [parallel] or lower 
energy [anti-parallel] state for all atomic nuclei 


Itis the arrangement of these parallel or anti-parallel magnetic dipoles within atomic nuclei that, 
determines the exact frequency-wavelength (energy level) of emitted spectral lines with the interaction 
of a particle's magnetic dipole moment with external electromagnetic fields creating Lorentz forces 


As electrons and protons have identical quantum Matter topologies [elementary charges] but differing 
mass energy contents the electron is able to create a much larger secondary KEM field (with 
associated magnetic dipole moment) for the same velocity [u2Mv"2] 


The energy level differences created by the parallel or anti-parallel spin coupling of electrons with 
protons or deuterium nuclei within atomic elements creates the hyperfine splitting and Zeemen effects 
observed and spectral lines 


As the electron is now shown to be a complex non-spherical particle topology when it binds with 
protons to form hydrogen the unique Matter topology of both the proton and the electron [Hydrogen] 
create a small but detectable precession in the motion of the spinning electron as compared to that of 
the motion of the same electron in a deuterium nuclei 


Additionally, as all periodic elements, compounds and molecules are comprised of deuterium nuclei 
(not hydrogen as currently supposed) the orientation and spin direction of electrons bound within 
these nuclei results in the diamagnetic and paramagnetic properties of various macro-scale materials, 


Tetryonics theory reveals that the mass charge ratio is of particles are measure of the constituent 
mass energy geometries that go into making the particle's final Matter topology that we observe a 
measure 


But unlike the current mathematical approach the geometric approach of Tetryonics reveals the 
hidden mass energy partitions within the Matter topology of all subatomic particles and that particles 
such as tetryons (the quantum building blocks of all Matter) are in fact hidden within the debris of 
current collider results. 


4 quantum charge tetryons have the same1/3 partial elementary charge as some quarks, and 


can be measured as having the same mass charge ratio's as charged leptons such as, 
positrons and electrons in collider experiments. 


. To be continued [QED, Chemistry, Cosmology, Mathematics, Biology and economic theory] 
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re-terming the masses of the periodic summation formula into Planck energy quanta 
we can derive a quadratic formulation for the mass-energies of any periodic element 
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this quadratic form can be again re-organised to better reflect the specific rest mass-energy contributions of 
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elemental family geometry electron configuration 
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elemental family geometry electron configuration 
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elemental family geometry electron configuration 
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Chemical element bonding @ Individual chemical element topologies. 


are mapped using Cormier grid 
All Deuterium nuclei pack in hexagonal patterns 
to form larger atoms & molecules 
Tetryonic chemistry (4) «) 
utilises hexagonal tiling for 
Hexagonal tiling 
isafregular tiling of -----/ eee creeriens eames 
the Euclidean plane © 


unfilled atomi¢ orbital 

positions are indicated 

by Vacant hexagonal 
tiles 


When seeking the most stable energy configurations 
nuclei & atoms bond to create filled s&p [stable octet] 


electron orbital patterns as welll as filled d & f orbitals. 


138,708 “14,688 
Allocropes are different structural form 


the same element and cav exhibit quite different physical properties and chemical behavivwes 


‘The Periodic Table, although useful in identifying Elements 672 
via their atomic and quantum numbers, does not reflect all the U 
charged topologes that Deuterium nuclei can form as they combine. si 
Allotropes 


‘ous atomic configurations wit the sae Tesyonk charge but dering the ol 
‘Matter topologies and properties can be formed - they are the Allotropes 


Some of the more plentiful chemical elements form this way 


360,096 
Carbon 
504 Ca 504 a oa 
cerry 1.9068, eo-as) 
ee soli 2447609 ss 
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electrons (0-12) 


Allotropes are elements created from the same 
number of Deuterium nuclei as periodic elements 
but possess a differing mass-Matter topology 
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Lame component change 


24803 


336 F 8 187,392 


Allotropic geometries Allotropes vs. Isotopes 


[charge vs Matter] Isotopes are elementary atoms 
with the same number of nuclei, 
° ot idl feringenvenity levels) 


resulting in different mass-energies 
183,756 
eapennniia Beryllium: 
ferent Matter geomet 336] 9 
138.168 
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‘The varying material geometries allows 
what is the same chemical element 


RFB2ZOVEa 
-NnweUaua 


to possess vastly different bonding points 
and chemical attributes 


504 c 


pen shove also allows forthe 
calculation of the molar 
“Tetryonic theory affords us the abiltty was a 
polyresin cope pre doer ‘any Matter topology 
‘Its bonding points. 
270.072 oomtand 
Carbon Allotropes 
Cattion is capable of forming many allotropes dus to its valency, Q e RE 
Well known forms of ce ° e 
eee 
preety Foiemomet 
Graphite of ts electrons eCi2e« 
Petre M KE 
ips, 
atomic RB emp 6 
Q7------- ems 
P6 em 6 
Garbor-14, Os em “ 6; 
504 ‘adenine otape fbn witha hae ot 730 yar W4 eqzp = 6 
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m1 em «6 


In 1961 the International unions of physicists and chemists. 
agreed to use the mass of the Isotope carbon-12 meray 
pects econss Re 


Graphene 
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Graphite electrons can act as atomic bearings 
between the planar sheets of graphene 


Unlike periodic carbon where electrons are 

tightly bound, graphite is highly conductive, 

with electrical energy being propagated via 
the electrons & their KEM fields 


Graphene electrons are loosley bound to 
the top of the Deuterium nuclei 


Carbon Nanotubes 


Carbon nanotubes - 
With a cylindrical nanosteuctut, 


284,760 


Ci2 eee 


Carbon nanotubes are the strongest 
and stiffest materials yet discovered 


‘Nanotubes are member ofthe fulerene stricta fay, 
‘hich ao incades the spherical bach and the ends 
‘of ananotube maybe capped witha hemisphere ofthe 
becky structure, 


Oxygen Allotropes 


} ‘All charge fascia interact 
02 and bind where possible to form 

7; 
‘neutral chemical bonds 


Phosphor Allotropes 


Elemental phosphorus can exist in several allotropes; 
the most common of which are white and red solids. 


Solid violet and black allotropes are also known, 


Gaseous phosphorus exists as diphosphorus 
‘and atomic phosphorus. 


Block phosphorus the thermodyramically stable form of phosphorus 
snd pressure Wis obtained by heating white 


‘phosphorus unde high pressures (12,000 atmospheres) 


Thedehuphonsseopt pf canbe tmiad amaboly 
spencer 
Net some henna ee cine eng apnea scenic ofc sndooey 
SaeE eniecneennicen aia aero h pat 
onan aatmuntyioe eontee al nepaes 
Tandonts easiness 


Charged fascis interactions 
between differing elements 
result inthe familiar 
chemical bonds 


‘There area large number of allotropes of sulfur. 
In this respect, sulfur i second only to carbon. 


4032-4.032 


Sulfur [like Carbon] 
can form Chains 


or Ring compounds 


Isotopes 


In addition to formir 


varying allotropic 


Atoms can also absorb energy directly and create 
numerous elemental isotopes as a result of thei 
differing nuclear energy level 


0 Hydrogen 22512 


Element 
Deuterium 


DDevterium mucei with bound photo-electrons form quantum scale synchronous converters 


56,680 
333,280 
169,920 


226,560 
253,200 


339.880 


395,480 


‘Aluminium 
Silicon 
Phosphorus 
Sulfur 
Chlorine 
‘Argon 
Potassium 
Calcium 


433.120 
509,760 
66,400 
2.080 
679,680 
736,220 
792.960 
849,600 
906.240 
962.880 

1.019520 

1.076.160 

4.132.800 


It is the increased nucleonic energy levels that creates isotopes 
(not extra Neutrons within an atomic nucleus) 


2 @ & & 


‘The energy level of faryons determinesthe KEM energies of photo-electtons bound to them 


topes are considered 
tobe radioactive as a result of 


lease excess 


the nuclei s 


or 


Carbon Isotopes Carbon 12-14 


Itis widely held in the 
Carbon-14, 14G, or radi 
with a nucleus 


tra neutrons (in excess of the 
the nuclei of atomic Isotopes. 


e2s4 


504 C2 


isin facta 

[with 6 Prt Cc 

6 Deuterium 
nuclei 


jeutron 


Tetryonics finally corrects this erroneous assumption 


ALL elements & isotopes have equal numbers 
of Protons, electrons & Neutrons 


304 6: 504, © Gx 
co dm | 


A 
eee petty Quantum levels of atomic nuclei 
[Isotopes are higher energy nuclei] 
; ul nz "3 be "5 6 7, fi This applies equally 
KEM diff = cz to all atomic nuclei 
0 22,248 45,504 69,768 95,040 121320 148,608 176,904 
neutron # 


98 2.0 34 42 54 66 78 


Q RE ‘Atoms store mass-energies 
a in their standing wave Matter topologies 
is ° and telease it via radioactive decay paths 


Cc 
has o< oon 6, “sso 


1990.97 MeV] 


Kinetic mass-energy geametties 
sored in 30 Mater topologies 
Is teleased as Chemical energies 


DDevteriam nuclei with bound photo-elecrons fom quantum scale synchronous converters 


1176 2N 


(588-588 | 29.623 
Nitrogen gas 
666,888 36,720 
‘tls Increased Nucleonic energy levels that creates Isotopes iat (5938 GeV) 
(Wot extra Newors within any elementary Nucleus). 
588 Ns 
294-294) 15.149 Isotopes are created by increasing 

Nit All t CY \e) the number of Planck mass-energies 

itrogen otropes - = stored in the standing-wave geometries 
& Isotopes A) of chemical elements 
341,040 ey 25,959 
oeatan eb el ae 

R8 C7 ed 

14 Qe ere azp 7 
588 Nu P 6 GD = 7, 
GC, > The charged mass-energy geometriesof 0 5 arp ws 7 
differing allotropic topologies N4 exp ow 75 
Ao) create various chemical M3 Gam «xu _—7* 

) bond points E2 emp sag 7 

315,084 ex Ground energy Ki Gap es 7 

a.sun7r4 62644 tel rode 7 
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036 ‘ ene 
15.905 17313 = 18.690 = 


360,096 


aninnae ay 


389,760) 36,664 420,768 60,672 453,120 
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Oxygen Allotropes rie 
& Isotopes Q7 

P6 

Os 
N4 
M3 
L2 
KI 


Tis cxygen allotropes ict rangement ery Rabe There exity an allottope of Onygen iss Nucor ery ea at rae totes 
and ine the Neon fe os led ton a formed when Brucies combine 3 (not extra Neutrons within a Nude) 
tegle level SP orttal arrangement 


On 672 Oo 24 


23.181 w6336 24,797 
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The Natural states of Matter Thehalogen element family 
(room temperature) of Matter at room temperature 


{lenents appear in their natural phase at oom temperature as 398s, laid, sold or synthetic 


As energy is added or removed from any element's 
charged Matter topology or their baryonic KEM field geometry 
their phase states & Brownian motion changes 


Solid Radioactive 


=> 


Chemical bonds Parte charge & mer fascia elec teraction provides the foundation of chemical bonds 


‘Acchemical bond isan attraction between atoms tha: allows 
the formation of chemical substances that contain two of more atoms. 


double bond 


Lewis dlagrams are not 
‘an accurate representation 
of chemical bonding 
In elernents or compounds 


filled electron shells 
[weak KEM ‘cal bonds] 
Siays uonDafa paylyun 


triple bond 


[spuog je>,way 126u0Ns] 


Valance electrons also play an important role in determining the strength of chemical bonds 


Allcharges 
seek equilibrium 


The Forces of interaction 
can beattractive or 
repulsive 


H 


Ss 


Van der Waals Forces 


HH Van der Walls and London forces 
are the geometc fields of meraction 
‘between charged Matter 
Tt oe topologies 
o 


Residual interactive 
bonding force between 
the charged fascia 
of atoms 


‘This considered to be the only attractive intermolecular force present between neutral atoms 
{(€9.a noble as configurations and charge neutral atomic topologies) 


Without London forces, HCl 
there would be no attractive force 
‘between noble gas ators, 
and they woulda’ exist in iguid frm. 


chemical compounds and 
molecules 


Lewis Structures 


“The Atom and the Molecule 


Lewis structures, also called Lewis-dot diagrams, 


are diagrams that show the bonding between the atoms of any molecule, 
‘and the lune pit af electeans nat may exist in lve nate 


Une drawings can be used to depict molecular goometry: 
‘Teryonic geometry uses the 


. : per eaetler iy 
SS ach 
Ce ee Paces on 
css ns eet 
cn pe ees tee fi N= 
Hydrogen Isa tetrahedral trigonal HE ‘to show the bonds and 
free radical’ atom near charge interactions between 
eee Stnaoccate 
changed to faclitate ‘Alse applies to molecules with muttiole bending: form larger compounds 
chemical bonding fo" 
between elements. A 
vn coal aiaclta 
hanal quantum topology of 
(lomaldenyde) elements 
ae pon 


They are similar to electron dot diagrams in that the valence electrons in lone pairsare represented as cots, 


but they also contain lines to represent shared pairs in a chemical bond (single, double, triple, etc 


single double triple 
fascia bond fascia bonds fascia bond 


* 7 * 
al- < » * > 
ee x 
itis the electric field fascia of baryons that facilitates chemical bonds 


05°, Atomic bonds oH 
© 


All atoms, elements and compounds 
seek stable core 


© cron 
(») ( .) where their electron orbitals are filled 


Tonic bonds 


Nitrate and Carbonate tons. Core electron configuration 


CORE ELECTRON tHe} 


‘ configurations Lay bo fit 
“ 152 2s2 2p6| tan 
x 182 282 2p6 352 3p6 3410} 452 46) oy 
°o ‘1s2 282 2p6 352 3p6 3d10 452 4p6 4410) Ss2Sp6| Xe} 
e 152 252 2p6 352 3p6 3410 452 4p6 4410 414 552 5p6 5d10|6s26p6| Rn} 
Q 152 252 2p6 352 3p6 3d 10 452 4p6 4410 4f14 552 Sp6 Sd10 5114 6s2 6p6 6d10\7s2 7p6) [Uuo] 


The term “core electrons* or “noble gas core” refers to the electrons within the atom which have the 
same electron configuration as the nearest noble gas of lower atomic number and contain filled s8p orbitals, 


“Nobel Gar’ configuration 
full xp orbitals: 


oe = 


Using core electron notation greatly reduces complexity of 
the electron configuration notations of larger elements in the periodic taole 


[Yb] 152 252 2p6 352 3pS 3410 452 4p6 552 4d 10 Sp6 414 S10 652 6p6 S14 6d10 752 7p6 B52 
20668 " 2 32 a s 2 


They are the electrons in the inner part of the atom that are not valence electrons 


jae aad and therefore do not participate in bonding 


Tar] 3410 452 4p6 Peis 


Core electron configurations 


herefore do not participate in bonding, 
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H Z {and consequently have ne valence electrons fr bonding) Hf 
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Allnobel gases have filled electron orbitals creating inert, chemically un-reactive elements 
The noble gases are a group of chemical elements 
with very similar properties: under standard conditions, 


they are all odorless, colorless, monatomic gases, with 
a very low chemical reactivity. 


Xenon 


Whilst some of the nobel gases are often termed core electron configuratiors 
the large elements also have filled d & f orbitals in them 


Ununoctium 


i 
: 
Hl 
i 
j 
2 


The six noble gases that occur naturally are 
Helium (He), Neon (Ne), Argon (Ar), Krypton (Kf), 
Xenon (Xe), and the radioactive noble gases are 
misnonaies Radon (Rn) and Ununioctium (Uuo). 


filed spd ektron configuration 


Molecular Bonds 


Tetryonic 
mass-energy geometries 
& 3D Matter topologies 
provide for the modelling 
of even the most complex 
chemical bonding 
arrangements 


Covalent bonds are chemical links between two atoms in which electrons are shared between them. 


Double and triple bonds between atoms are usually made up of 
‘single sigma bond and one or two pi bonds 


l—O—-T 


Lewis electron dot diagrams fail to ilustrate reality 
in that molecules exist as 3D objects and not asa 
two dimensional systems as shown by them. 


Tetryonic geometry & topologies provide a polar view 
‘0f 3D atomic nucle that can be viewed as an exact 
representation of what a molecule & its bonds 
‘would look like when viewed from above. 


Sigma & Pi "ameacaecroes 
crayon 


covalent bonds 


]- All rights reserved 


Alkali Metals 


tiNa)3) ¢t/a3$ 


Valence electrons 


“ 


are the highest energy electrons in an atom: 


531,996 


ounce 


Historically, the number of 
valence electrons was reflected by 
the element's group number 
in the Mendeleev table 
and formed the basis of 
elemental families 


1 valence electron 
[Ne] 3s1 Tetryonic topologies now replace the older, 
incorrect models of valence electron configurations 
with the fall 3D modelling ofall atoms, 
elements & compounds 


2 [zz] are core electron configurations 


1 providing a superior visual means of 
‘accurately determining the energies and position 
of any electron in chemical compounds 
and determining the valence numbers 


RrFPZZ0voesd 


* @ ps pat 
‘Atoms with more electrons than a closed shell are also hichy reactive, 
‘asthe extra valence electrons are easy fom that orbital 

(toform a postive ion) 


Halogens 


Say Tp oS 
R 8 
: 7 valence electrons 
© [Ne] 3s2 3p5 x 
N 4 
cy 3 
L 2 
K 1 


*@es @ @ 
‘Atoms one ortwovatence electrons short ofa closed shel ae highly reactive 
‘due o their tendency t0 seek to gain the missing valence electrons 
(thereby forming a negative lon) 


Hydro-chloric acid Carbonic acid 


The Arthenius definition defines acl as substances which increase the concentration of tydrogen ions (HH), or more accurately, hydroniumn fons (H3O#), when disolved in water 
“The Bansted-Lowry definition i the most widely used defstion where acé-basereactionsare assumed! to Involve the translr ofa proton (H+) froman acid oa base, 
Atewis acd isa substancethatcanaccept a pair ofelectons to form a covalent bond, 


HC2H302 H2C204 


Oxalic acid 


Chemical reactions 
Valence Bonds & Molecular orbitals 


‘A chemical rection sa process that leads fo the transformation 
‘of one set of chemical substances to another 


ns combine I 
(0 individual che 


Tetryonic theory replaces both 
VB & MO theories by modelling the 
physical quantum charge topologies 
and rest mass-energy geometry of all 
elements and compounds 


Valence configurations seek to create 
stable filled obital configurations 


Building on exisiting electron configuration nomenclature 
tetryonic theory provides a new bonding schema for 
‘elements and complex compounds alike thats fully 
‘eflective of the physical quantum charge interactions 


lonic Bonding pa 


ao, Alkaline Metal va 
Sodium atom develops into 
‘a nett POSITIVE charge ion 


Sodium atom gives up an electron in order to 
create a stable [Ne] nobel gas configuration 


2 wv peer atl ot pees 
OPPOSITES ATTRACT pope hein 
tofill the 3p6 orbital 


Chlorine atom seeks an electron to order to 
create a stable [Ar] nobel gas configuration 


Chlorine atom develops into 
‘nett NEGATIVE charge ion 


All atoms and molecules seek equilibrium 
via stable electron configurations 


In short it is bond formed by the attraction between two oppositely charged ions. 


n2. 


An ionic 


ond (or electravalent bond) is a type of chemical bond that can often form between metal and non-metal ior 


(or polyatomic ions such as ammonium) through elect action, sa 

lection 
The metal donates one or more electrons, forming a positivaly charged fon or cation with a stable electron configuration. ‘ingen 
These electrons then enter: 


10N metal, causing it to form a negatively charged jon or anion which also has stable electron configuration, 
The electrostatic attraction between the oppositely charged ions causes them to come together and form a bond. 


Gold 
[Xe] 4714, 5d9, 652 


® Valence -11 


wie PE oS 
== » ES 


eee {Ar} 308, 452 
Valence - 10 
'sp8 - core electron orbital grouping 
Tetryonic quantum charge topologies 
provide the complete picture Scandium 


(Ar) 341, 452 
Valence -3 


Indium 


nu x 
os {Ne} 3s1 
Neon 


Valence - ry 
[He] 252, 2p6 : [Xe] 4f14, 510, 652 


Filled electron orbitals rom 


AHAN 


108) - All rights res 


ACID icctocacte cute sttonlhoge chelate iy conoe, ong inet 


‘The His) cation ofthe acid combines with 
‘the OH(.) anion of the base to form water. 


H20, 


combining the free Protons & electrons 


all charges seek equilibrium 


+ \When an acid and. base ae placed together, they react to newbie the ack and base properties, producing a at, 
lag) + NaOHiag) ——> NaCtag) + H2001 


‘The compound formed by the cation of the base 
‘and the anion ofthe acid scaled a salt. 


Geometric Molecular Topology i 


Molecules ae most often held together with covalent bonds valving sinale, double, and/o tiple bonds, 
‘where a "bond" ia pai of electrons shared between elements as they seek equiiium 
(another method of bonding is ionic bonding and involves aposive cation and a negate anion) 


Hydrogen 


toanelectionegative atm, especialy nitvogen, 
‘aygen, or flourin atoms, usualy of another molecule 


The hydrogen bond is often described as 
an electrostatic dipole-dipole imeraction 


The oudaton state of enygen i 
However it alas has some features of covalent boring: In almost all known compounds 
itsltectlonal and stong, acting over interatomic distances 
shorter than that of van derWaaks radi 


(Odes of Oxygen & oxygen molecules 
are found throughout the range of 
‘Organic & inorganic compounds 


Geometric Molecular Topology is the overall arrangement of the atoms in a molecule, 
All molecules seek where the bonded atoms in a molecule are responsible for determining by bonding together 
KEMical charge and the final molecular topology ofa chemical system of bonded elements, and forming larger 


energy equilibrium complex molecules 


As the numbers of atoms in molecules increases, the quantum molecular topology 
of a sysiem grows increasingly complex and can only be modelled accurately 
using Tetryonic charged geometries 


mon itiogen furctional groups in ‘Compounds of Carbon fer the backbones! 
Ese chet ae oF Organic ineganic compounds 


Molecular Octets 


‘The concept ofthe Expanded Octet occurs nany system that hasan om with mre than fourelectron pairs attached to 


contain total of fve ose elec pals 
‘expand beyond those number 


Most commonly atoms wil expand thelr oct 
theory, tts possi 


small volumes of 
forming. 


amounts of reat 
prevent those fr 


age concentra 
expanded octet 


relocated in the center fthe structure 
ams tothe cent ator, Cathe 


Theatem that expands its ctetin a structure wil us 
al the system vil not use any multiple bond in ataching 


9 2 2 168 


pid 
(48-48, 7 84 

. nee! 2 Protons 

pen ee 

Veleagee electrons: 


Ben 
H2 has a smaller s-orbital 
Hydrogen is a [lower energy level] Deuterium is the 
‘free radical’ atom ‘compared to Helium building block of elements 
H + H He 
Hydrogen atoms 
- & © => di-atomic 
Brava Brawl form Covalent bonds Hydrogen 
Hydrogen Hydrogen 
‘atom atom 


Hydrogen, bound mostly to carbon and nitrogen, is part of almost every molecule in your body: ONA proteins sugars fats. 
Hydrogen bonds which form between atoms that “share” a hydrogen atom, isone ofthe most important interactions that makes biological malecules behave as they do, 


ype onde ae agra or 


rake lots of different molecules 


504 Carbon can bond in four places, and it can bond to itself so i's 


[252-252 | 


(He] 252 2p2 


Carbon Monoxide 
Molecule mem 


‘Many carbon compounds are essential for life as we know it 
Some of the most common carbon compounds are: carbon dioxide (C02), cartoon monoxide (CO), 
carbon disulfide (C52), chloroform (CHCI3), carbon tetrachloride (CCI4), methane (CH), ethylene (C2H4), 
acetylene iC2H2), benzene (C6H6), ethyl alcohol (C2HSH) and acetic acid (CH3COOH) to namejust a few. 


Acetylene 4 C2H2 
Molecule came 


Carbon Compounds 


Carbon dioxide 
Oz. Molecule 
{552-552) 


The 


M 


Or 
GO. 
00 


[294-294 | 


1,932 
(966-966) 


672 


[336-336 ) 


Oxygen Compounds 


O 


1,440 


[M58-1158) 


KOH 


potassium hydrowide 


|738-738) £ 


Ea ¢ Chemistry ws ee 


Pars cee ‘Compounds containing bonds between carbon and a metal are called organometallic compounds 


Schrodinger’ quantum numbers 


Inorganic compounds are produced by non-living 
‘natural processes or in the laboratory. 


{Inorganic compounds can form salts. 


Organic compounds are produced by living things. 


=) 
;) 
vy): 


‘Organic compounds can’ form salts 


a 


Inorganic compounds contain metal atoms. & ‘Organic compounds contain carbon hydrogen bonds 


-NWwWtuann @ 


B eB 


hr's atomic orbitals 


‘Tetryonic theory unifies and expands upon the currently disjointed physical and chemical theories 
through the application of 2D equilateral charged mass-energy geometries in 
3D standing-wave mass-Matter topologies 


Tnorganic — wiatyineanaencatdeinatastengwbeterernctaniancecontinecaton orcatoningtogentonds = Organic 


‘A chemical compound is a collection of elements bonded together in a way that the resultant fons. atoms or molecules form a 30 material geometric structure. 
Tetryanic chemical geometries, along with its firm definition and distinction between EM mass & Matter provide a clear visual path for the 
differentiation between both branckes of modem chemistry -as well as the source of animation in living Matter 


carbory group Functional Groups carboxyl group 


\ OH | 
c JT © 


R R R ou 


hydroxyl group 


‘Organic molecules containing a hydroxyl group are known as alcohols. 


The combinations of functional groups with hydrocarbons produce a vast number of compounds 


Carbon monoxide Carbonic acid 


HNO3 
& ss 
Nitric acid 


‘carbonyl group Is composed of a carbon atom 
<double-bonded to an oxygen atom 


Derivatives of Hydrocarbons 


‘Av almost unlimited number of carbon compounds can be formed by the addition of a functional group to a hydrecarbon 


a 


Most esters have pleasant odors, The best known shy ethes. 
Esters are esponsble fr the fragrances of Its 9 volatile, hight Nammable haus 
‘many lowers & the tastes of cipened tls, that wos vied as am anesthetic in the past 


Carboxylic Acids 
R 


The simplest of the carboxylic acid is formic ald 
and sa constituent of bee stings andthe bites of 
‘other insects including mosquito, 


Common aay halides nce medical» 
hlorouoracarbons (CFCs), hydrochiorofor 
and hydrofiuorecarbons (HFC) 


toons HCFCS) 


Ri 


2 
Ketones 


‘Acotone is the impat ofthe ketone. 
‘Acetone iba commonly used solvent andi 


R 


‘cats ae organic 
hyydrony group { OMT su 
Ethanol isthe alcohol in alcoholic beverages and 

itis ho widely used a a solvent 


An aldehyde compound con 
carbonyl group with at least one hydrogen attached tt 
Wath a Hydrogen in place ofthe Rgroup forms Formaldehyde 


# ee thh 


Amines 
‘Amines ate organic compounds tat containitrogen 
they ae basic compounds wth strong odors, ‘Amides are rtrogen-containing ganic compounds 
‘often described as shy” “Re stand for carbon substiuents or hydrogen atoms. andar formed when amino acids react to form proteins 


Hydrocarbons 


CH4 


Methane 


CH2-(CH)2-CH2 


CaM 


ihsecalgleonie (CH3-(CH2)-CH3. 


2,404 


20202 


CH3-(CH2)2-CH3 


canto 


4 


Butane, also called n-butane, 
« the unbranche 


with four carbon atoms 
(CHE. (CH2}n -CH3 


Butane isa 
term for n 

with is only oth 

[also called methyl 


collective 
ther 

butane 
ane), CHICH3)3, 


Butanes are highly flammable, colorless, 
‘odorless, easly liquefied gases. 


CH3-(CH2)3-CH3 


5 


csii2 


CH3-(CH2)4-CH3 


cone 


6 


7 CH3-(CH2)5-CH3 5g 


omg 


CH3-(CH2)6-CH3, 


canis 


8 


(C3H6) Just like periodic elements, 
ochre compounds can form 
allotropic compound structures 


CH3-(CH)n-CH3 


Long chains of [CH] compounds form Poylmer chains 
hydrocarbons, aeromatic oils, fuels, plastics etc. 


3,024 


Vom 


(7 September 1829-13 July 1896) 


Organic Chemistry 


{n 1865, August Kekulé presented a paper at the Academie des 
‘Sciences in Paris suggesting a cyclic structure for benzene, the 
Inspiration for which he ascribed to a dream. However, was 
‘Kekulé the first to suggest that benzene was cyclic. Some 
‘credit an Austrian schoolteacher, Josef Loschmidt 
with the first depiction of cyclic benzene structures. 


In 1861, 4 years before Kekulé’s 
dream, Loschmidt published a book in 
which he represented benzene as a set 
of rings. itis not certain whether 
Loschmidt or Kekulé—or even a Scot 
‘named Archibald Couper—got it right 
fist 


ee) ‘Some non-benzene-based compounds called heteroarenes, which foliow HOcke's rule, 


3108 Carbon-Nitrogen ring SS eee Carbon-Oxygen ring 3,192 


Benzene molecules 


Benzene, or benzo}, is an organic chemical compound Cyclic hydrocarbon compounds 


and 3 known carcinagen withthe molecular forma CBH6. are often referred to as 
aaNet ‘Aromatic compounds 
Itissometimes abbreviated Ph-H. : 
Benzene sa colorless and highly flammable liquid with a sweet due to their sweet smell 
Smell ania relatively high melting point 
Because itisa knotwn carcinogen, its use as on adv in 
gasoline is pow limited, bt Its an important industrial solvent 
and precutsorin te production of drugs plastics, synthetic 
uber and dyes, Benzene isa natural constituent of crude ol 
and may be synthesize from other compounds present in 
petroleum, 
yaaa naiirie nacaiiaren unica Hams 3,312 
[orannere) acyclic hydrocm ban with x cont|tuous pl bone 8 1165621656] 


(CH)6 


Bewzene ring 
6H 


A aromatic hydrocarbon is formed 
when CH compounds form a 
cyclic molecule 


Many Important additional chemical compounds are derived from benzene 
by replacing one or more of its hydrogen atoms with another functional group. 


Examples of simple benzene derivatives are phenol, toluene, and aniline, 
abbreviated PhOH, PhMe, and PhNH2, respectively 


C6H6 


Repos Re ites Linear (CH)n chains are rarely found in nature 
Functional goups quickly interact as the Positive and Negative tail ends of 
with vacant bonding postions in Hydrocarbon chain interact and bond 
(Hin chains to form hydrocarbon efor ciclic compaunde 


compounds 


Carbon-Nitrogen Chains 


3,108 


1554-1554 


Carbon-Oxygen Chains 


Heterocyclic Rings 


“Tetrahydropyeon is the organic compound consitng of a saluted six-membered ring containing five carbon atoms and ane onygen atom. 


38 Protons 
38 electrons 
38 Neutrons 


3,192 


1,596-1,596) 


C6H2(NO2)3CH3 No2 
Trinitrotoluene 


246 -trinitrotoluene is better known by its initia, THT. 
itisan important explosive, sinceit can very quick 
change from solid into hot expanding gases. 


TNT s explosive fortwo reasons: 


First it contains theelements carbon, oxygen and nitrogen, 
which means that when the material burns it produces 
highly stable substances (CO, CO2 and N2) with strong bonds, 
so eleasing a greatdeal of energy. 


Secondly, TNTIs chemically unstable 
the nitro groups are so closely packed that they experiences 
{great deal of strain and hindrance to movement fram their 
‘neighbouring groups. 


Thusit doesn’ take much of an initiating force to break some 
lof the strained bonds, and the molecule then fies apart 


‘Because TNT melts 22" C(178°F) and des na explade below 240° C464" F), 
It can be melted in steam-heated vesselsand poured into casings 


{it Istetatively insensitive to shock and cannot be exploded without a detonator. NO2 


for these ess tithe most vous chemical spot 1,932 
Cate seinen od for deol 


9,564 


[4782-4,782) 


toluene, or more specifically, 24.6-trnitrotoluene, 
isa chemical compound with the formula C6H2(NO2)3CH3 


3,024 ( Jae 


ores 


12,576 


6,288-6,288) 


a 


Pyrene highlights the failings 
of Lewis diagram structures 


Which can be rectified using charged 
Tetryonic geometric Matter topologies 
for all elements and compound 
interactions & modelling 


ic hydrocarbon (PAH) 


Ammonium Nitrate 


3,384 


NHavo3, 


‘The bonds in a polyatomic atomicion are covalent 


becouse they take place between gases. 
api ee nett Renae Meare ge This means that the hydrogens of the ammonium jan 

Bitweeton HOB) ate bonded to the nitrogen covalently and that the oaygens 
of thenitate are bonded to the nitrogen covalently 


“The bord botwnor those ions an lone bond mesning 
‘the ammonium ton transfers an electron to thenitrate fon, 


Ammonium nitrate decomposes into the gases nitrous oxide and water vapor when heated (non-explosive reaction); 
however, ammonium nitrate can be induced to decompose explosively by detonation. 


H20 


Carbohydrates 


carbohydrate is an organic compound that consists only of 
carbon, hydrogen, and axygen (with a hydrogen:axygen ratio of 2:1) 
in other words, with the empirical formula Cm(H20)n 


Ribose 


Gluclose 


Lactose 


Fructose 


Sucrose 


Deoxyribose 


Carbohydrates perform numerous roles in living organisms. 
Polysaccharides serve for the storage of energy (eg., starch and glycogen), 
and as structural components (e.g, cellulose in plants and chitin in arthropods) 


liciossaiieitewibe dni cadichydaas Monosaccharides The Gabon nucle in Monosaccharides 
Tritt they crt be hysrobaed to jo ogee soon cae TELS 
petal Shs ech enpie 


1,272 


| 636-636) 


C(H20) 


unmodified monosaccharide is (C-H20) n, 
literally a "carbon hydrate? 


sx = CH-OH = 


H H 
H-@-OH He 
HO-@-H H-G-OH 
H-Z-on Hi 
H ‘OH He H 
C(H20)6 oo ches C(H20)6 
D-glucose D-Glucose L-Glucose L-glucose 


(C6-H12-06 C6-H12-06 


Major Monosaccharides 


ne H-C=0 H-C=0 
H-¢=0 
HOCH H-C—OH 
im exe e HO—C—H HO—C—H 
HOCH - - 
H—-C—OH i Zi al 
| H—C—OH H—C—OH H—C—OH 
H—C—OH 
] H—C—on H-C—OH = HAC—OH 
H—C—OH I 
Se RPE wpe 
t H # 
ribose Fructose mannose glucose 


mannose 
6-12.06 CeH12-05, 


‘Amonosacl 


topo cyclic monosaccharides 


For many monosaccharides (including glucose), the cyclic forms predominate, 
and therefore the same name commonly is used for forms of isomers. 


#2) 3 ” 
glucose —= hice 
CoHI206 coH12.06 


cyclic Oxygen-Carbon ring 


C6-Hi2-06 
7,632 


(3.816-3,816 


linear saccharide chain 


‘The Carbon nucel in Monosaccharides chains 
‘can jin together to frm cyic [Carbon- Oxygen] rings 
‘or polyearbohydrates through condensation 


acyclic monosaccharides 


Condensed Disaccharides 


‘Condensed Disaccharides are formed when two monosaccharides are joined together and a molecule of water Is removed 


ym glucose and galactose 
p glucose and fructose 


2,544 


[1,272-1,272| 


[CH2O]12 - [H20] 


H20 
768 


water molecule 


The reverse ofthis reaction, the formation of two monosaccharides from one disaccharide. called hydrolysis reaction and reqs one water molecule Yo supply the M and OH to the sugars formed, 


Disaccharides Ci2-(H20)n 
14, 496 tte tha manent gpa tes oe pascchtes) ( oe ) 


fructose 


glucose 
once 


lactose 
(C12-H22-011 


‘The general chemical formula for carbohydrates, C(H20). 
sucrose gives the relative proportions of carbon, hydrogen, and oxygen in a monosaccharide 
12-22-01 {the proportion of these atoms are 1:2:1)-(H20) 


Oligosaccharides 2 
ey bcbceae Rater assigns 
pomeees Ta ici tt form Menccehandes alas 


can also join to form cyclic Carbohydrates 
{Polysaccharides} 


coos coos cpra0y6 
glucose B fructose owe 
i oy conn 
Q 


© Ci2-H22-O1n 
sucrose 


‘An oligosaccharide Isa saccharide polymer containing a small number (typically two to ten) component sugars (monosaccharides). 
Oligosaccharides can have many functions; for example, they are commonly found on the plasma membrane 
‘of animal cells where they can play a role In cell-cell recognition. 


Starchor amylum i carbohydrate consisting ofa large number of glucose units joined by glycosidic bonds. This polysaccharide b produced by most green plants as an energy store. 


LS os oo ji Rise 


6,864 n Polysaccharides C,[H20] q 


[3,432-3,432| Polyacchardeshave general formula ol x20} where sual ge number between 200 and 2500 
‘The repeating units in a Polysaccharide polymer backbone are often sbc-carbon monosaccharides, Polysaccharides are 
thelr general formula can be represented as (C6-H10-05)n generally comprised of 


chains of cyclic 
monasaccharides 


Cettulose san organic compound with the formula (C6H1005In, 2 polysaccharide consisting of linea chain of several hundred 1 over ten thousand lahed D-glucose sugas. 


Amines NH2-[HC-R]-COOH + NH2-[HC-R]-COOH 


‘Asboth the amine and carboxylic acid groups of anno acids can react ta form amide bonds, 
cone amino eid molecule can react with another and become joined through an amide linkage 
‘This polymerization of amino acids what creates proteins, 

OH+NH2 ----> NH+H20 
This yields a peptide bond and a molecule of water 


‘vin acondensationreetion 


Aries are organic compounds that contain Nkrogen. 
“The general formula ofa carboxylic acd is COOH 


Amino Acids 


Amino acids are biologically important organic compounds 
made from amine and carboxylic acid functional groups, 
along with a side-chain specific to each amino acid 


unionized aminoacid 


NH2-HC-R}-COOH 


_witterionic amino acid 


The a-carbon. 
‘The c-amino acids in peptides and proteins consist of a carboxylic acid (COOH) and 
‘an amino (-NH2) functional group attached to the same tetrahedral carbon atom 


Amino 


acid 


ee 
HE 


‘The peptide group attached to the alpha carbon distinguishes one amino acid from another 
(Tetryonic theory defines these compound side-chains of atoms as peptides (pl) 


Peptide side chains 


‘Amino acids are the structural units (monomers) that join together 
to form short polymer chains called peptides; 
‘or longer chains called either polypeptides or proteins 


C5-H5-N5S, (C4-H5-N3-O 
Adenine amino ge acid Cytosine 


3,180 4,452 5,052 6,192 7,392 8,640 
Gly Ser Thr Gin Arg Trp 
austen GHTIOS_CathO ccsion203— cetenon —cHIHIZNO2 
3,780 4,884 5,124, 6.216 = 7,668 
Ala Pro Cys Lys Tyr 
cower HINO ceitanzo2 — coHiNos 
4,980 5,580 6,228 
Val Lle Glu 
csuminoa——_cati3Noz come 
5,580 6, 
Leu current chemical theory ‘ae 
G carsno2 ——ypothesizes that all SATINO®S U 
5,592 —peptidesand proteins 6,564 
Asn are the result of codon His 
CS-HS.N5-O casian203 triplet side chains ee 
‘Guanine 5,628 ‘on amino acids 6596 


serious flaws inthis line 
of thought 


CAA 
CAG 
CAC 
cAU 
CGA 
cGG 
cGc 
cGuU 
CCA 
ccG 
ccc 
ccu 
CUA 
cUuG 
cuc 
cuu 


UAA 
UAG 
VAC 
UAU 
UGA 
UGG 
uGc 
uGuU 
UCA 
ucG 
ucc 
ucu 
UUA 
UUG 
uuc 
uuu 


ene, 


Serine 
WonccHNn2Ich20H 


HOZH) 


” CH(CH3)2 


HORCCHINH)CHICHaKCIREH 


€HI(HO)HD 


€HIZHI(EHD)HD 


5,592 
Asn 
canazn 


Leucine Hoare ee) 
HORCCHENEICHICHKCHEE 


Z(EHD)HIZHD 


CH2CO(NH2) 


WORCCHINHR)ICHDCOO 


CH2NH(CH2)2N 


(CH2)2SCH3 


ORCCHNHAKCAUICOPONS 


(CH2)2CONH2 


xtra cos 


9>(HNZD)ZHD 


The four-atom functional group Polypetide chains of amino acids 
-CONH- is called a peptide link arte held together by peptide bonds 


Peptide Bonds 
carboxyl + amine 


‘A peptide bond (amide bond) isa covalent chemical bond formed 
between two molecules when the amine group of one molecule 
reacts with the carboxyl group of theother molecule, 
‘causing the release of a molecule of water (H20), 


H20 H20 fe 


OH+NH2 —> NH+H20 OH+NH2 —-> NH+H20 i 


amino terminus 


The beginning of a polypeptide protein 
molecule has a free amino group. 


carboxy terminus 


The end of a polypeptide protein 
molecule has a free carboxyl group. 


Proteins [poly-peptides] are formed by Joining the -CO2H [carbaxyl] end of one amino acid with the -NH2 [amine] end of another to form an amide. 
‘The -CONH- bond between amino acs is inown as a peptide bond because relatively short polymers of amino acids are known as peptides. 


polypetide chains 


Proteins are formed when amino acids are covalently linked together. 
DNAand RNA havea deonybove and rbte sugar backbone, respective, whereas PNAS backbone i compote of epeating L2-minoty cine uns inked by peptide bonds. 
ec nANAA 
Sa5 eehan 
ane SSER8 


ry o > 
a > a 
a > a 


hydrophyllic hydrophobic 


Lipids are 2 group of naturally occurring mole: 
fats, waxes, sterols, fat-soluble vitamins (such a! 
Mono-glycetides, di-glyceride 


es that include 
amins A, D, E, and K), 
i-glycerides, phospho-lipids, and others 


hydrophobic 


Lipids are molecules that con 


a Acetylcholine 


is an organic molecule that acts as a neurotransmitter in many organisms, 
including humans. It is an ester of acetic acid and choline 


Ach 
C7H16NO2 
CH3COO(CH2)2N+(CH3)3 


6,228 


Ribose 


Carbohydrate compounds 
can form acyclic sugars 


ribose 
C5-H10-05 


6,360 


|3,180-3,180_ 


Ribose is an organic compound 

with the formula CSH1005; specifically, 

a monosaccharide (simple sugar) with 
linear form H~(C=0)—(CHOH)4-H 


Ribose forms part of the backbone of RNA. 
Itis related to deoxyribose, which is found in DNA. 


C5-H10-05, 


Carbohydrate compounds 
can also form cyclic sugars 


C(H20)5 


ribose 


CS-H10-05, 


Ribose is present within every ving cell ofthe body and is used to manufacture ATP (the energy currency ofthe cell) from scratch. 
‘Whilst the body can manufacture Its own ribose from glucose, this requires energy and is very slow process. 


Tis ies idlanes Ries designated busi F 6 8 8 
nee Deoxyribose 5 
‘As a. component of DNA, 2-deaxyribose derivatives have an important role in biology 


Thm, Game 0 clos ich ee ep=eton of pet Booman MS 
consists of a long chain of deoxyribose-containing units linked via phosphate groups 


H-€-OH 
CH,OH 


H-(CO)-(CH2)-(CHOH)3-H 


Hermann Emil Fischer won the Nobo! Prize In Chemistry (1902) 


1 his workin determining the sructure of the D-aldchenoses 


ever, then fce-aldehy 
nnd Hirst and Citford 
‘orsit membeted, ting 


Phosporus 


HPO4 
phosphate 
group 


C5-Hi0-04 


" 
on t VR) |, deoxyribose 


‘The other repeating part of the DNA backbone isa phosphate group. 
‘Aphosphate group Is attached to the sugar molecule In place of the -OH 
‘group on the S'carbon, 


AGCT 


nucleotide 


The spectral line emissions of photons from bound electrons 
in addition to Alpha, Beta and Gamma Particle emissions 
from nuclei can release KEM energies over long time spans 


E 


Radioactive Decay mass-ENERGY-Matter 


The Atom releases excess energies in geometries topologies 
various forms as it seeks a lower energy, 


state of equilibria with its surrounding sceasa * 


EM energy environment 


Energy in all its forms 
seeks equilibirium 


Photons, Heat, Vibration & Kinetics 
can all raise the energy levels of atomic aucle 


Radio-Carbon isotope dating 


P 


504 
eas 6 ‘ 
comee OY 


Standing-wave KE not ‘excess’ Neutrons 


It is the stored Kinetic Energies [KE] that increase pea!) 
the mass of Carbon12 to create its isotopes, 
historically these mass-energies have aa 
been mistakenly thought to be Boat 
extra Neutrons in the nuclei 


Carbon-r4, 146. radiocarbon, 
{sa radioactive isotope of carbon 
with a nucleus containing 


[6 Cina : BS ‘6 protons, 6 nero and 6 econ 


Carbon atom 


‘with an excess energy content 

of 188GeV 
ALL elemental Carbon atoms 

have an atomic configuration of 


Carbon-13, 16. sa weakly 
radioactive sotope of carbon 


with a mucleus containing 
6 protons, 6 neutrons and 6 electrons 6 provns, 6 neurons and 6 electrons 
with am exces energy content trop 
fo MeV quotient 


et Chges Stoned KE 
reste 30 Mater commbutes 10 
Isotopic mass 


504 12C 
11.996 


‘Carbon nuclei make it useful in dating 
‘objects based on their decay rates 


Ground 
‘energy level 


Radioactive Isotopes The mass ~ energy content of Matter 
Where the elementary nuclei’s Deuteron energy < Sy 


levels axe tealeed th level Einstein's relativistic stress energy tensor models mass-energy-Matter 
if rie und ‘as @ nebulous energy-momenta density-pressure gradient 
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Each periodic element is comprised of an Proton Number [Z] 


EQUAL number of Protons, Neutrons & electrons that 


form each element's unique 2D mass-energy geometries & a geometric measure of the charged 2D electromagnetic mass-energies 
3D Matter topology and contribute to its observed properties & 3D Matter topologies within any spatial co-ordinate system 


Tetryonic theory redefines the relativistic stress energy tensor [Tix] into 


[ste set of processes by which an unstable atric nucleus emis subatomic particles Fi 


Nuclear Decay processes Charge & mass-energy momenta are conservative physical properties 


7 EL 
aN WANy| 
NVANANVA 
alpha-particles 


=NWPUAN © 


0 
ps3) [zo] [6-6] [ora] 
Neutron decay processes 


N° >» ve+ vet ve 
(18.18) [6-6] (6-6) [6-6] 


3D Matter topologies are not conservative 


Alpha radiation 24 
662 “a 


particke 


large, unstable loenatie 
‘energetic nucet 


‘Alpha particles are released during alpha decay processes in ultra-heavy nucle! lke 
‘uranlum, thorium, actinium, and redium, 


alpha particles 


a > 


‘The radioactive otope Americlum 241 emits alpha particles 
which me used in smoke detectors 


as Alas 560 
¢ 90,024 
Beta radiation - Negative charge sets (Nuclei) 


Gamma radiation - Neutral Charge sets (Photons) Pires boverchuis oval inelersbectheleis 


Beta particle decay catt —sepn-—_beta-minus decay 
N° 


—> et+vet+e 
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[18-18] (12-0) [6-6] [0-2] Picton Me satol 
Neutron decay paths i nadie Beta decay 
N° — + ve + ve + ve ° apes 
(18-18) 6-6) (6-6 (6-6) 4 + Oot @ 
0010s Sprtons beta-plus decay 
(the emission of leptons from atomic nuclei) 4nerons Seaton 


Charge /s a conserved physical 
property of all material objects 


All beta decay processes are the result of 
neutrino interaction with Neutrons 


is 


: a &- 
Alpha radiation - Positive charge particles (Nuclei) e = 


Gamma radiation - Neutral charge quanta (Photons) = 


Gamma Radiation ts 
(high energy photon emission) waiieccenaees 


Naural sources of gamma ys on Earth ne gama decay rom tray ocuring topes 
and secondary adation fom atmospheric interactions wth cosmic ay artes 


ion) 
All ejected gamma ray photons are 
1@ neutral energy quanta sets yh EM Wave 
[photons / EM waves] = 
cam ey ie nari oe re 


therefore general 
‘wavelengths tess than 10 picometers (ess than the diameter of n atom) 


an[ ev) [mav4] 


etroMgratic ane 


‘Gamma rays area form of ionizing radiation ad they have very ood penetrating power 
‘They result from the release of atom energies and will cause biological damage to ving tissue, 


ahv = E =hf 


wnt vl and photons It) 


gamma ay bursts 


Alpha radiation - Positive charge particles (nuclei) 
Beta radiation - Negative charge particles (leptons) 


‘are the recut ofthe sered KEM mass-energes of Matter topologles 
‘being released 2s mass-energy momenta, 


neutrino-Neutron Interactions Neutronium decay processes 


ANeutron/neutrine interaction can decay into 4 differing particle sets 


neutrino capture e+ettete 
Neutron decay fs not the spontaneous process 


Ihybothesied by modern nuclear physicists [20] [20] fon} fon] 


The observed decay products are the result of 
solar neutrinos interacting with Neutrons a2 Lo ewer prea 
[20] for] [66] [6-6) 


N° 


[0-6] 
(24-24) er ee ae ae 
A Neutronium atom 
has an identical mass-charge 


quotient to that of Hydrogen 
(24-24) 


two 9 


—- 


Excluding their nett Charge, 
‘Neutrons have neutral particle geometries 18-18) 
Identical to that of a Proton 24-12) 


see Tetryonic Charge numbers) 


|-NWPUAN @ 


A Neutron is NOT a Proton that has absorbed an electron 


neutrino-Proton Interactions 


neutrino capture 
4 Natron decay snot the spontaneous process 
65) Proton bypothesied by modem nuclear physicists 


3 The observed decay products ate the result of 
neutrino hie 


solar neutrinos interacting with Neutrons 


(evaj (both within nuclei and free 
a \ lll rere 
(30-18) 
‘Athough very weakly interacting, A Proton-neutrino atom 


neutrinos can stilbe attracted to and bind 
{to rotons via ther negative charge fascia 


would have an identical charge 
quotient to that of a Proton 
[24-12] 


=NWABUAN 


Proton decay paths 


‘A Proton/Neutrino interaction can decay Into 4 differing particle sets 
[ss] 


e*+et+e> + ve 


[2-0] [2-0] [oz] [6-6] 
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[6-6] [6-6] [12-0] 


(9) 


and could be detected by the anomalous spin measurements that would result 


‘AProton has a Positive charge geometry (24-12), 
equivalent to that of a Neutral Neutron [18-18) 


A Proton is topologically identical to a Neutron 
(differing only in the net charge created) 


Quantum Batteries (Atomic Nuclei) 


‘Atomic nuclel can be easily scaled to non-quantum sizes to offer clean, 
safe and portable long term Eneray storage devices that can store energy 
Indefinitely and release it on demand anywhere In the World 


Quantum 


Synchronous quantum converter topologies can be connected in parallel 
or series to meet varying power requirements anywhere in the World 
and provides for the safe storage of nuclear energy as mass 
The quantum battery is unique in that 
in addition to storing energy indefinitely, 
when an electron binds to the Deuteron nuclei 
it has the ability to release specific energies 
[photons] by way of its quantum-scale 
synchronous converter topologies 


ative charge 


topolo 


12 loop quantum inductive rotor 


Quantum synchronous Converters 


Energy can be stored in macro-saled quantum 


electron has ac 


Energy 


Q 


momenta Energy 


841T Q 


‘momenta 


These devices can be transported any where demand requires them 


Energy 
a worldwide with their energies stored in the form of mass 


Y 


momenta 


Negating the need for centralised power stations and distribution 
lines extending vast distances to provide power to remote communities 


A quantum synchronous converter 
can store and release 3 forms of energy a 


Radiant Energy 


~ 
EM mass-Matter = 


eis Fission is a currently known source of nuclear energy 
Nuclear Fission 


for human consumption with an efficiency of less than 1% 


Its energy output can be easily exceeded with cold fission & EM pinch 
technologies without any of the harmful nuclear by-products 


2- Outer layer of alpha particles 


&} 


a) 
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1 - ASlow Neutron with 
>0.4eV of [KIEM energy interacts 
with a unstable Uranium nuclei 
raising its quantum levels 


Energy Released 


289,440 


are ejected from inner 
Barium core electron 
configuration 


3 - Remaining Bayonic cloud 
releases excess energy and 
recombines to form Nuclel 


4-Barium cores and 
recombined Krypton cores 
form Decay products 


In fission the outermost layer of protons/newtrons 
are ‘ejected! leaving a core (electron) element 


Ejected baryons then recombine under residual 
Strong Forces to form the lighter secondary 
decay products 


Remaining Bayonic cloud 
releases excess energy and 
recombines to form Nuclei 


The controlled release of KEM energies 
from the atomic nucleus is nuclear 
The linear momentum of [heat, light & radioactive isotopes) 
slow neutrons fractures the weakly held 
‘outer orbital baryons from the core electron 


configurations in radioactive elements 


Energy Released 


289,440 


It is the sudden release of stored standing-wave & 
kinetic energies that creates the explosive power 
of nuclear explasions 


Sonoluminescence 


Sonoluminescence is the first hint at the energies that can be released from Tetryonic collapse and 
involves the emission of short bursts of light from imploding bubbles in aliquid when excited by sound. 


tts. a key step on the road to realising technologies that can provide Humanity 
‘with clean, safe, efficient Energy production through 
the conversion of Matter Into vartous forms of EM radiation 


Finding an efficient means 
of inducing and managing a 
controlled reaction where 3D 
Matter topologies are converted 
into 20 radiant energy isa key step 
Cn the path to creating a 
future energy source 
of all Humanity 


wy 
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All Matter and molecules are 
3D Tetryonic charge topologies 
which can be collapsed into 
2D radiant EM geometries The energies released 
[waveforms] are seen as brief flashes of light at 
the centre of the surrounding medium 


7B 


‘Nuclear fusion ofthe type postulated 
would be inconsistent with current understanding 
and, f verified, would require theory t 
bbe extended in an unexpected way” 


Palladium’s rest molar mass is 108.7867 
with a stored Kinetic energy content of 
15.699 Gev [16 neutron equivalence] 


Expelling the non-core atomic nuclel 
result in a release of stored KEM energies 
as the deuterium nuclei seekto reach 
2 ground energy level state 


122,688 
5.076 GeV] 


.d KEM and alpha particle 


Cold Fission 


Avomnie nucle can easily release 
the reported energies without Neutron 
paricle emissions when an cccurare 
‘adel ofthe atomic mucei's used 


‘Fusion’ a fictious nuclear process 
‘cold fusion is in fact a form of nuclear fission 


Krypton’s rest molar mass is 83.3412 
with a stored Kinetic energy content of 


10.582 Gev [11 neutron equivalence] 
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TETRYONICS 


The charged interactions of universal Gravitation 
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Radiant Standing-wave 
masses Matter 
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\ Vacuum ‘ P 
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| ouneational Quanturn Cosmology 


“Abraham 


Faraday discovered the principles of electromagnetic induction, 
amagnetism, andthe laws of electromagnetism, 
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Newton's Principia formulated the laws of motion 
‘and of universal gravitation 


Gauss 


The separate works of Gauss 


Light is an 
: Ampere & Faroday were nied = VE 


v electromagnetic 
wave 


twereate an ekctromagnetic 
wave fel theory 


Faraday Ampere 
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Lorentz Contraction 


tempted 0 explain the consta 


1 & ‘contract in the direction of motion 
¥ & 


‘curvature of spacetime cansed by Matter 


Lorentz Transformations General Relativity 


Greek philosopher Aristotle 


Aristotle defined space to be 
the boundary geometry of a body 
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geometry, (oplogy 


Atistotle defined time to be 
a measure of movement 


the past A the future 


‘Nature abhors a vacuum’ 


Early physi 


Inthe 4th century BC tuto 


here is no effect or mat 


{In Book Vil of his De Architectura, the Roman engineer and architect Vitruvius 
contends that gravity is not dependent on a substance's “weight” but rather on its “nature’. 


‘The cause of the downward motion of heavy bodies, such as the element earth, 
‘was related to their nature, which caused them to move 


{In the 7th Century the indian mathematician Brahmagupta stated 
“Bodies fall towards the earth as it isin the nature of the earth to attract bodies, 


just as itis in the nature of water to flow’ 


Actual motion 
of projectile 


Heavier things fall faster, with speed being proportional to weight. 


The speed with which a body falls is inversely proportional 
to the density of the medium itis falling through. 


cs of Motion 


Predicted 
motion 
according to 
Aristotle 


Indian Mathematician Brahmagupta 


(597-668 AD) 


Brahmagupta dedicated a substantial 
portion of his work to geometry 


Brahmagupta is considered the first 
to formulate the concept of zero 


nogative positive 
numbers numbers 


Brahmagupta introduced new algebric 
methods for solving quadratic equations 


The Motion of Falling Bod 


Galilean Gravity 


MATHEMATICAL 


Galileo claimed to have a Universal Law of Gravitation 2 
covering both terrestrial gravity and the motion of planets DIS c by) UR SES 
Too New Sciences 


which he was afraid to discuss. 


But this looks more an inspired aspiration than a reality, 
as he seems not to have considered gravitational force as 
decreasing with distance from its source. 


He did however, definitively show that objects experience a uniform 
acceleration in a gravitational field (irrespective of their masses) 
which was central to Newton's later Universal Law of Gravitation 
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All objects experience a uniform acceleration in a Gravitational field 
(inespective of their different mass-Matter contents) 


In De motu Galileo proposed that in free fall bodies dropped with a characteristic 
uniform speed determined not by their weight but by their specific gravity. 


He put this theory to the test by dropping bodies from heights and 
found that his experiments did not confirm his theory. 


It is quoted in Galileo's Daughter’ that the lighter body (Le. that of the lower specific gravity) 
will move ahead of the heavier body at the start of the fall, and 
that the heavier body then overtakes it and arrives at 
the bottom slightly earlier. 


Newtanlan physics 


Aristotelian physics 
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Newton's Law of universal Gravitation 


"Ideduced thot the forces which keep the plonets in their orbs must Ibe] reciprocally as the squares oftheir distances 
{from the centers about which they revolve: and thereby compared the force requisite to keep the Moon in her Orb 
with the force of gravity at the surface of the Earth; and found them answer pretty neatly” 


F=-GMm 


Accoiding to Botkavic's simple dynamistic atomism, Matter is not only endowed with forces (dynamic system), 


but itis composed of forces (dynamistic system), Forces flow out of the atom and permeate empty space, a> 


(s formous for his atemtc theory and made 


Important co 
This idea led to the concept of the field, much later formulated by M., Faraday (184), cluding the fi 
who together with JC, Maxwel introduced the idea of fields of force into science. 
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Boslove propoted that attractive Gavtational elds 
oul be explained as diminshed interactive EM Belds 
‘thatretlt na pet converent force at great distances 
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Diminished EM waves 


DE 
VIRIBUS VIVIS 
DISSERTATIO {In 1745 BoBkovié published De Virbus Vivi In which 
wescrons he trled to find a middle way between Issac Newton's 
-ROGHID JouERND NOKOVICN 6, Gravitational theory and Gottfried Leibniz’s metaphysical 


theory of monad-points 


Molin Point ps Hone 


‘The force is repulsive when this curve lies above the line AC 
and attractive when it lies below it. 


At very large distances at and beyond V}, 
its atractive and spproaches Nowton'rinverse-equare 
law of force produced by gravity 


Gaussian Gravity 


that Gauss's law for electricity bears to Coulomb's 
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‘Gauss's law for gravity Is mathematically similar in form 
to Gauss's law for electrostatics. 
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Gaussian (imaginary) surface 
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V-E=L2=4nkp 


Gauss's law for gravity bears the same mathematical relation to Newton's law 
law. 


Gaussian (imaginary) surface 


p=p(r) 


¢ g-dA =—47GM 
ov 


The gravitational ux through any closed surface 
's proportional tothe enclosed Matter 


V-g=—4nGp 


Charges are the sources 
and sinks of EM fields 


Simeon Poisson 


Poisson's Gravity fields 


pe sources and sinks. 


lectvic eld lines, and th 


recognised that electrost 


aiges emanate 


gravitation 
that field lines terminate at objects t 


Poisson formalised Gauss Law for elecvic fields (using the more general divergence theorem) 


Matter is the source J B.d-"%39-6=% 


of Gravitational fields 


and then applied the same formulation to spherical Matter for gravitation 
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AILEM feld interactions are the result of superpositioned EM fields (comprising of convergent AND divergent energy momenta) whose quanta create differing field strengths, 
The inverse square forces of gravity can be modelled using the same field geometry thus illustrating the reason for the geometric & mathematical similarity between Newton's & Coulomb's constants 


Positive charges are Negative Charges are 
Sources of positive flds ond ‘Sources of negative Efelds and 
‘Sinks for negative E fel . Sinks for positive fields 


Gravitational Matter is a source of intecactve EM elds and a snk for convergent Gravitational elds 


Tetryonic QM & QED clearly shows that both the sink and source fields are the result of bidirectional energy momenta 


‘Poisons field equations shows that weak KEM field geometries can be used to model the convergent forces of Gravitational elds 
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Maxwell's equations 
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stulctly convergent vector force 
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Gravito-Electro-Magnetism 
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Maxwell's 1864 achievements concerning electromagnetism 
have been called the "second great unification in physics’, 
following on from the first one realised by Isaac Newton. 


Any opinion as tothe form in which the energy of gravitation 
exists in space is of great importance, and whoever can make 
his opinion probable will have, made an enormaus stride in 
Physical speculation. 


The apparent universality of gravitation, and the equality of 
Its effects on matter of allkinds are most remarkable facts, 
hitherto without exception; but they are purely experimental 
facts; lable to be corrected by a single observed exception. 


We cannot canceive of Matter with negative inertia or mass; 
but we see no way of accounting for the proportionality of 
gravitation to mass by any legitimate method of demonstration 


‘Maxwell proposed a set of equations based on his EM field laws 
that created a Gravito-Electro-Magnetic field reflective of 
the similarities between Newton's & Coulomb's Laws. 
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‘ving rise to spectultion about the existence of gravitons! 
a theorised Gravitationalcharge'carier 
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vector 
Magnetic forces 
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‘ravitomagnetic dipole 
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‘The General Theory of Relativity oe 
In 1915, Einstein extended SR and proposed a new theory of gravitation to account for accelerating bodies ~ General Relativity 


Einstein said that when he 'was sitting ina chair in the patent office at Bem when all of a sudden a thought occurred to me: 
‘Wa person falls freely he will not fel his own weight: was startled. This simple thought .. impelled me toward a theory of gravitation. .” 


Ga = 8G Tits 


Albert Einstein 


(14 March 1879 ~ 18 Ap 1985) 


Ga=K Tw 


cured mas eery 
spaceine ‘enor 
General Relativity describes gravity 2s a warping of space Rel nota force. where 
‘insteln pictured spaces: a three-dimensonal version of thin uber sheet 
Einsteins General Theory of Relativity, which was published in 1916 had as its foundation that Kk =—82G 
the laws of nature in an accelerating frame are equivalent tothe laws ofa gravitational field. ee 


This is known as the Equivalence Principle. 


GEM fields & Gravity 


Gravity is one of the four fundamental interactions of nature, 
along with electromagnetism and the nuclear strong and weak forces 
{Mor centuries sient enquiry has been aimed squarely at discerning a physical mechanism for gravitation} 


‘Tetryonics reveals Gravity to be the result of the 
displacement of vacuum energies by mass-Matter topologies 
which is accurately modelled using GEM field geometry 


energies 
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F=-G Mim. 


Gravity is responsible for keeping the Earth and the other planets in their orbits around the Sun; 
for keeping the Moon in its orbit around the Earth: for the formation of tides; for natural convection, 
by which fluid flow occurs under the influence of a density gradient and gravity 
{or heating the interiors of forming stars and planets to very high temperatures; 

‘and for various other phenomena observed on Earth. 


Sepaisine space Tite 


(in the search for Gravity) 
Relativistic 


spacetime ‘curvature’ 
DOES 


OR 


Does the Earth curve spacetime in its vicinity 
with the moon following the geodesic path created 


ght answer to Gravitation 


Tetryonic theory through its clear definitions of charged mass-ENERGY-Matter provides the le 


Empty Space En ergy 


is defined in Tetryonic & relativistic theory conte openers 
by the speed of light 


A Spatial region is defined 
ce by a co-ordinate system so as to 
ay measure the physics and motion 
IERGY-Matter 


within its confines 


mass 


of mass: 


Enercon pe 
EM mass-energies can 
be found in (and move through) 
empty Space in various forms: 
radiant energies, Matter etc 


Fe Matter 


‘4 Energy content per uni of time squared 


Space can be any regular geometry 
[Cubic, Spherical or polyhedral] 
limited by the spatial co-ordinates 


used to define the region or volume 


Empty Space is defined as a geometric volume devoid of any form of Energy 


Spacetime co-ordinates 
‘The linear force vectors of divergent Energy 
‘can form various co-ordinate systems 
based on their vector directions Euclidean 
Vector forces Fekete planar 
Charge redistes unilageralty. 


space-time 
—— c e 
299,792,458 8.987551787 el6 
linear metres radial square metres 
er see Per sec Reumesnssaay 
travel 299,792,458 metres 
from ts source ina vacuum 
metre (jt ee 250792858. 
299,792,458 sec 7 second 
‘Ametre in Physics is 
the distance light travels in 
1/ 299,792,458 of a second 
from its source 
2.6944.00242 e25 8.077608713 e33 
cubic metres , spherical metres 
per see \ per sec 
Cartesian and Curvilinear 
Energy entropy spatial co-ordinate systems mass-energy-Matter 


of a system ae content of a system 


vector 


2 Spatial co-ordinate geometries 
lines 


Planar asec the vectar’spead of ight 
Circles form distinct spatial co-ordinate systems 
: F for the it of i 
1 Dimefsional the measurement of physics 
veldcity Gubie 
2 Dimé¢nsions volumes 
metres 
2 Zz 
velocity|squared 
Spherical 
3 Dimensions uohinnes 
Forces velocity cubed 
seconds 3 
Lf ——>Y 
x 3 Dimensions 
mass-energies 


Cartesian co-ordinates 4 


quarternipn velocity 


EM energy has an equilateral geometry 
and forms Tetrahedral topologies 
within regions of empty space 


seconds’ 


Spatial co-ordinate systems Spherical 


Spa 


spacetimes sally 
of a fol 


Tetryonic theory redefines as time to be a measure ofthe changing 
‘quantised angular momenta of lanckscale Charges 
Inany spatial plane or volume 


imber ef py 


Tetryonics maps radial spacetime co-ordinates a 
through the vector momentum of Energy seconds 


Cartesian Space-Time Tetryonic Space-Time 


3 spatial vectors 


3 spatial vectors 


Recti-Linear The quantved anguler moments of mass-Energy 


ancl Matter are trlangula: geometries 
energy momenta 
mapping ‘The current methodologies for mapping 
energy densities onto Euclidean, Cartesian and 
Reimannian co-ordinates are inaccurate reflections of 
the charged mass-ENERGY-Matter geometries, 
introducing amathematical complexity 
toa otherwise simple foundetional 
‘equilateral geometry 


Tetryonic 
mass-ENERGY- Matter 
geometries 


changing QAM, 


Thidden dimension of time istime 


By mapping equilateral mass-energies & Matter into radial spatial co-ordinates Tetryonic theory is able to reveal the hidden 4th dimension of time 


‘Tre standing. waves 


Space & time separated ¢* spatial regions contain mass-Matter 


All equilateral mass-energies & tetrahedral Matter 
can be mapped with planar spatial geometries 


within spherical space-time co-ordinates 


Space is the region of measurenient defined by the vector propagation of light 
time is a measure of the changing QAM within any spatial region 


¢? spatial regions contain mass-energies 
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2D Euclidean spatial geometry 
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(2D space & time) 


negative curvative 
angles add upto> 180 
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flat Euclidean 


Minkowski spacetime 


is a close approximation of 
Tetryonic energy momenta 


EM waves i) set [[mav 


ic positive curvature 
Tetryonic space-time seconds angles add up to < 180 


Light cones space & time 


Linear momentum 
isthe square rat of 
‘equialera energy 


“The Tetrahedral sets 
‘of Mater reflect the 
3ulimensions of space 
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Charge, energy momenta & time 
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Linear Lorentz factor onali'standingwaye Scalar Lorentz factor 
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Spatial co-ordinate systems 
are defined by the vectors 
of their linear energy 


AQ 


Time is a measure of 
the changing quantised 
angular momenta in any 


momentum defined region of space 
Space chang Kear nent (time: 
{xyz F=mAp=mAvit= ma [seconds] 
EM masses are 2D mass-energy quanta Matter has a 
2D planar have linear &angular 3D volumetric 
energy waveforms momenta energy waveform 
(2-2) Tetryonic geometry restores symmetry to 
r Einstein's mass-energy equivalence and 
14-0) [o-4) reveals a mass-ENERGY-Matter equivalance 


radiant mass-energies can form 
standing-wave Matter 


standing-wave Matter can release 
radiant mass-energies 


where space and time are separated 


Spacetime Fields 


are spatial geometries that contain changing 
Quantised Angular energy-Momenta 
{Planck quanta] 


a: 


Charge is the nett distribution of Planck quanta 
mass.[Quantised Angular Momenta] 
within any spatial co-ordintate systern 
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The 4th dimension of Time 


is charge, the angular momenta associated with any planar mass-energy 


Accelerate Deccelerate 
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decreasing systems near momentum 
F=mAp =mAvjt= ma 


creates deceeleration 
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increasing 2 systems near momentum 
F=mAp=maAvjt=ma 


Clockwise charge is Counter-clockwise charge 
positive mass-seconds 


Positive charge Negative charge 


the two ‘arrows’ of time in physics are a 
mathematical mis-interpretation of charge 
Posie and 2 heck eer ot 


AQ =e 


Positive Time Plane 


AQ, 


spatial weg Negative Time 


eometry 


CHARGE 


all ideal inductive loops all quantised Planck 
resist changes to their energy momenta posses 

Energy levels ‘square root vector Forces 
INERTIAL mass quantum of WORK 


All quantised angular momentum 
isan equilateral geometry 
@ 
vector velocity results from 
linear momentum - the square root 
ofall scalar energies 
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mass 
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mass.seconds 


‘i isthe of | 
Positive charged ag pip maya sna foto Negative charged 


mass.seconds im physies is 
expresied as Coulombs [charge] 


Clockwise inductive 


Counter clockwise 


energy flux energy flux 
‘Charge ‘Two ElectroMagnetic charges 
is a quantum property are possible & both are created 
resulting from the equilateral ‘through the tesselation of EM energy 


QAM geometry of mass-energy momenta in ideal inductive loops 


The Quantum Arrow of Time 


Cosmological arrow of time 


Radiative arrow of time Causal arrow of time 


Tetryonic theory maps QAM as equilateral Planck geometries & reveals AQAM to be time 
Time and the spatial dimensions it creates are mapped with radial & spherical co-ordinates 


Ama 
Decedlarati The Arrow of Time Amo 
ecobleratinr =< is our perception of changing quantum-scale angular momenta S>- Acceleration 


Time dilation 


The changing quantised angular momenta of 
all mass-energy-Matter densities in any spatial region 
all impact on our measurement of time [AQ] 


increasing the mass of Matter accelerating material objects 
increases the stress energy tensor increases the Planck quanta 
[mass-energy gradient] Imass.QAM] in their KEM fields 


Stronger G fields Stronger KEM fields 


GR SR 


Vacuum energy-Matter 
pressure gradients 


Weaker G fields 


Kinetic EM energles 
of motion 


Weaker KEM fields 


gravity is proportional to deccelerating material objects 
the material displacement volume of mass-Matter decreases the Planck quanta 
ina given spatial region of vacuum energy [mass.QAM] in their KEM fields 


Any attempt to accurately model the full effections of Gravitation must include 
‘a complete definition and differentiation of all mass-energy & Matter 
along with the vacuum energy pressure gradient created by them 


Entropy in physical systems 


S=k-[log(W)] 


Joyeipes ABsaua-ssew 
lower energy blackbody 


Energy always moves from higher energy organised systems 
toa lower dis-organised system 


Tetryonic theory unites classical and quantum mechanics with relativity through equilateral QAM 


The Aether 


Aether theories in physics propose the existence ofa medlurn, th 
a space iling substance or Feld thought 1o be necessary as tans 
the propagation of electromagnetic wave 


bosons, photons and Matter Spacetime is the 
are simply geometric concentrations rere ttre QAM geometry of any 
of EM energy in regions of Space measured spatial [LT] region 


Matter geometries form 
ohoseteiinkdvein Perfect quantum Faraday cages 


Fess 
‘Vast radiant energy fields , is “ pia ~ 
exist throughout all of Space — ES ps 
save inside Matter topologies creating nullspaces 
‘The vacuum energy field 
‘The low level EM fields Pentre aii 
permeating the space between volumes of all Matter creating a 
Matter forms a background devel 
vacuum Be isan. Satan premrure procent 
conden Sa Bene, 


" cr EM held i 
Mealy ein to as the _— : ‘ieh cover nanan the EM energy that permeates and 
(or the Ether) this vacuum energy field fills any spatial region 


has been the source of much contention 


Photons do not require the aether to propagate however 
the aether is permeated with ‘weak’ superpositioned EM fields 


fe) The Luminiferous Aether 
m Soni gana non 


Photons are radiant 2D Neyetan's Opticks (1 
mass-energy geometries 
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In Tetryonics all EM radiation & Matter 
are revealed to be concentrations of geometric 
Energies seeking equilibrium in regions of Spacetime 


Vacuum enengies are 
very long wavelength 
photons 


Hendrie Lowntecreaidan eletran/aether theory 
In which he troduced ast separarion 
bet terand the aeter 


The aether does NOT facilitate the transmission of Energies 
throughout the Universe, itis the result of radiated [KJEM energies 


Vacuum energies can be likened to the mean atmospheric pressure, 
with 2D mass-energies being HIGHER pressure gusts’ 


and 


the nullspaces within 3D Matter ereating a LOW pressure gradient 
[providing a driving mechanism akin ta to that of Storms, Cyclones or Tornados) 


™ 
All Matter are 3D mass-energy 
topologies containing nullspaces 
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Vacuum Energy 


4 a oe Vacuum energy isan underying background mass-energy that exists 
‘The Universe is Electric in nature In tree space even when the space ls devoid of matter 


and all Matter in it interacts via 
Gravito-Electro-magnetic [GEM] fields Tetryonics shows that all Matter is quantised and 
these charged mass-energy quanta produce EM fields 
of varying strengths in turn radiating out from 
the source Matter into Space to 
form GEM fields 


VE is not a ‘quantum foam’ as 
popularly depicted, it isa 
triangular Eu 

of neutral mass-energies 


idean geometry 


‘Vacuum’ Energies were are no ‘virtual particles’ in free space 
Wy varying mass-Energy density geometries 


[Bosons, Photons & Matter] 


Gravitational Energy 
Coulombic fields are DIVERGENT 


[KJEM fields with interactive forces 


strongest closer to 
bodies of Matter 


Itis filled with 
superpositioned 


Space is not Black 
[it is INDIGO] 


ional fields are CONVERGENT 
EM fields Gravis veya attractive 


The Higgs Field 


is another name for the Aether 
(or vacuum energy field) that fills 
free Space its interaction with 
inductive Tetryonic topologies 
creates the inertial properties 
observed in mass-Matter 


The ‘Higgs Boson’ is 


@ just a W boson by 


another name 


All Higgs vacuum fields 
are equilateral mass- 
Energy-momenta 


fields 


Free Space 


is any spatial region 
free of EM energy quanta 


(nullspace within Tetryons 


‘Virtual particles’ 


do NOT exist 
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Inductive resistance to changes of 
the energy content of charged fascia 
through vacuum energy fields 


creates inertial mass 
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per unit of Time 
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‘The HIGGS boson has a 
squared number of Planck quanta 
ina equilateral x geometry 
At 


The HIGGS boson is an alternative name for the 2D charged mass-energy fascia of all Matter 
[whose inductive QAM quanta create the physical property of inertial mass] 
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Charged Planck quanta form the geometry of ofall mass-ENERGY-Matter 
[each charge fascia contains equilateral mass-energy momenta] 


All Matter has 4n 
enclosed tetrahedral 


Matter Planck quants 


Taflove] 


30 material Matter is 
EM standing-wave topology 
whose mass a measire of ts 
‘geometric nergy content 
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The energy momenta density of standing wave Matter 


determines its inertial mass 
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Spatial topology 4ann[ [mov] EM mass-energies 
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‘The mass-energy content of Matter is contained entirely within its charged fascia topology 


3D Nullspaces sayin el 


3D EM fields with volume 
are measurements of 
Planck mass-energy quanta clothe are measurements of 
‘unit Time 
prices — only the topologies of Matter shoo ae 
‘mass 


ima 


rE 
‘The mass-energy densities [fascia] of 


Nullspace is proportional to the 

internal volumes of Tetryons. Matter do NOT influence nullspaces 

Matter 
4 
Inside the Tetrahedral topologies 
of all Matter exists the only true vacuum 

Aris vatank tne into enter * = The interior volume of Tetryons has the 

Ks aahathai & <0 H,=0 lowest energy density/pressure possible 

and is accumulative as Matter forms 


the interior volume of a Tetryon 
will be absorbed into the fascia, 
increasing its Tetryonic mass 


increasingly complex states, creating 
regions of law energy density within 
the nuclei of all Matter 


(or increasing its KEM field energy) 
Avot Seved of ny posse energy quanta 
Tethers vac) 
Outer space is considered a high-quality vacuum A re vacuum is a spatial volume 

with the equivalent of just a few hydrogen atoms that is completely devoid of EM mass-energies, 
per cubic meter on average, However even it is to suich that its energy density’ pressure is much lower 
permeated with superpositioned EM fields r T x than of the surrounding energy density/pressure 
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Positive charges in 2D space 
are classically modelled as 


clockwise energy fluxs In any spatial region 
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Negative charges in 2D space 
are classically modelled as 
anti-clockwise energy fluxs 


(Charged Planck mass-energies provide the scaffolding of 3D Matter 
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3 Dimensions of Space KG 
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Matter 
2D charged fascia 

3D 
Matter topology 


is not a property of 
2D mass-energy 


3D Space + Time 


Positive Matter 


Neutral Matter 


The impedance of any spatial region 


is determined by its scalar energy content 
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11.265 ohms 


The impedance of any medium determines 
the velocity of propagation for mass-energy momenta through it 
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Negative Matter 
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if Carbon 12's mass-energy. content 
was raised to nq atomic leve's 
ie would be close to the same weigh: as lead 


4,321,152 
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EM mass vs. Matter 


Often a source of confusion, 
Tetryonics provides a rigorous 
definition of both EM mass & Matter 


6.022141579 <3 
[Avagadros number] 


1 ton of Carbon & 1 ton of Lead 
have the same mass-energies 


{n terms of charged Matter topology 
Carbon 2 displaces 1/ 1g» the volume of Lead 


{n terms of mass: ENERGY. Matter densities 
Lead is 17 times denser than Carbon 
asa result of the mass quanta per charge fascia 
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EM mass-energy geometries 


are 2D Euclidean EM fields posessing energy momenta 
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Equilateral mass-energy geometries & Matter Topologies are 
measured in radial spatial-time co-ordinate systems 


Fermions 
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Matter Topologies 


are 3D standing-wave [4n7] mass-energy geometries 


Matter 
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mass-energy-Matter quanta 
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are all defined by charged geometries & topologies 
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mass-Matter 
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‘waves 


All modern physical theories including relativity 
Jail to define and differentiate between mass & Matter 


Increasing & particles speed increases its Kinetkc EM mass:-nergies 
(rest Matters EM mass energy content is velocity variant) 


Charged Planck quanta 


737620864 @51 hg 


Photons 
1478247727 &50kg 


EM waves 
'5.900990907 e-50 kg 


All Mater has EM mass-energies 
‘not all EM mass-energies form Maier 
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kg ny’ Energy 


6.629432351 e-34 J 
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the proagation velocity of energy is determined 
by the impedance of any spatial region 


the scalar impedance of space 


eS, % fh 


Electric permittivity & Magnetic permeability 


2 onto 
1.11265 e-17 &, permnoty pemeststy 
m' ee, 
the Forces created by energy momenta in any spatial region 
are related through the scalar constant of mass 
at mass 
Planck Ww? 
m 
mass NNT] | Ecko}. 
mass ve 
24 HlectroWlagretic 
EM mass 


7.376238376 e-51 kg € 


Pp = mv 


Linear correction factor 


B=[z] 


The Energy comprising all 
KEM fields is proportional to 
the particle's velocity 


p=[¥] 


Scalar correction factor 


p*=E= mv 


The energy-momenta 


of Matter 


p =Tr[[mov]] 


As the velocity of 
a particle increases 
so does its KEM field's 
mass-energy momentum 


mv = p=hv 
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The linear momentum of mass-energies in 


standing-wave rest Matter topologies 
propagates at c 


P = 47[mv] 


The rest mass of a particle with NO motion 
is the total EM mass-energy of the particle 


Its linear four-momentum is the 
square root of its scalar eneraies 
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RE 
rest mass-Matter 
In standing-wave Matter, 
where there is NO external forces 


acting on the particle, all internal momenta 
act in opposition and add to ZERO 


all fascia 


p=P 


Gravitational mass-Matter quanta 


_gravity pulls on things proportional to their mass-Matter content, s di Mi 
geometries Topologies 
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p / ty ‘Mautter particles can have 
7376238634051 49 {> the same Tetryonic topologies 
mmasseneray equlvalenco Ly ~\ tryonic topolog 


but possess a differing charged 
‘mass-energy momenta content 


616204526720-34} 
v 7 
All 3D Tetryontc topologies create 
displacement Matter volumes 
that in turn generate KEM fields 


«asa result of the motion of their 
charge faseia 
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way or . 
Gravitational Attraction can be 
modelled as a dipole autraction of opposite 
charged mass fascia of Matter topologies 


through its differing energy field 


interactions 
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KEM field energy momenta produce a Gravitation attraction is KEM field energy momenta produce a 
BI-DIRECTIONAL INTERACTION FIELD 20 orders of magnitude weaker BI-DIRECTIONAL INTERACTION FIELD. 


Photons 


‘Where Newton's 


Law of Gravitation is 
modelled on geometric means 


F=kQQ. 
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Inverse Square Law 


F=-GMm 
T? 


Stress energy gradi ents 


Energy's highest density form is 3D Matter [comprised of planar 2D EM mass energies) 


hls its lowest pressure form ts the vacuum energies created by radiated mass energies filing space 


ENERGY in all its forms 
seeks equilibrium 


Like any pressure gradient, ENERGY always flows from 
areas of highest density to regions of low density 
seeking to reduce ‘pressure’ differentials and 
reach a state of equilibrium. 


Photons 
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Einstein’s 
General Relativity is 
modelled on energy pressure 


PV = nRT 


‘Matter tells Spacetime how to bend 
Spacetime tells Mater how to move 
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tmass-Matter topologies create stress energy differentials 


in the vacuum energies of space 


Gravitational Matter & weight 


is a measure of the amount of mass-energy in Matter 


The gravitational mass mae a vets The gravitational acceleration 
of a body determined by its ant [ [mov of a body in any gravity field is uniform 
response to the force of gravity odeci and proportional to its mass-Matter 


mass-Matter w =F= M.g 
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mass- Matter m molar mass 


w=M.g weight 
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F=Ma, 9.8 m/s? notes 
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= .0098 N KG 


Zero Point Fields Gravity &EM fields 


All energy fields are velocity dependent 
and combine to form vectorial K-EM fields 


All charged Matter posseses 
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DA fe] ssthe veo of Maer creases 
A is relativistic mass Energy quanta increase 
as a result of the associated momentum, \/ \ 

kinetic energy ond. tic moment ‘ 
Peropeneererrti a — Pr cmerenrerre charged Matter topologies create os 
Or ‘uni-directional convergent 

energy gradiants 


radiant mass-energies All mass-Matter is velocity invariant 
and creates convergent G fields 


\ [vy] ZPF quanta have unidireetional 


‘energy momenta orientations 
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KEM fields 


Matterless EM mass-energies 


Photons are often termed as“mass-less'partcles in physics which isa complete mis-nomer. 
Leading to mary erroneous supersitions on the true nature and physics of ightand gravity, 


E 
== m M= 


sass geometry mass is a measure of planar Energy Matter topology Cc 22 
per second 
mass-less infers A Particle has a 
no energy momenta charged Matter topology 


Photons are weightless Matter is a closed tetrahedral 
radiant EM energies yy standing-wave energy 
not massless particles possessing volume 


photons possess photons & EM waves 
2D planar radiant EM have no 3D Matter topology, 
mass-energy momenta they are Matter-less geometries 
ENERGY Rp flanck wants 
nlf ‘I 
oT 
Matter 


a T Planck quanta 
Via) Tx[[mav"]] 
(ey mass velocity 


{s.a major failing of modern physics, corrected for by Tetryonic theory ct mass velocity 


EM fields, vacuum energies and gravity F=kQQ 


all result from radiant equilateral mass-energy momenta 
and standing-wave Matter in radial space 


mass-energy momenta 


EM 


Kinetic & EM fields create 
bi-directional fields 
of INTERACTION 


3 
ig 
j Zz have equilateral the proportional attraction of 
ae quantum geometries ‘material bodies towards each other 
2 can be easily modeled with Tetryonic fields 
F=-G Mm 
T 2 


Matter displaces vacuum eneries 
in its environment to create a 
CONVERGENT force 


geometric mean 


inverse square law 


Charged partes are Charges vs. Gravity Neutral Mater is 
cxiapriied of wob-nenraiied Aen AR Rae oh comprised of neutralised 
Planck quanta 3 feces Planck quanta 
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2.25¢23 Charges produce bi-lateral Gravity is a convergent 2.25¢23 
Interactive forces ‘attractive force 
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8.99x 10? Nm* 749x107" Nm? 
kg? kG 


Interactive Gravitational 


Opposites Attract mass-energies ‘mass-Matter Gravitational Matter 
Similars Repel both produce inverse squared forces ‘és always Attractive 


(abbreviated GEM), refers to a set of formal: 
‘an approximation, valid under certain conditions, 


| Maxwell's field equations and 
Einstein field equations for General Relativity. 


V-B=0 
F=a(%) = F= k QQ, 


k=8.99x 10° 
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nett Charge is a DIVERGENT field 
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Gravity is a CONVERGENT field 
-G MM, = 


-11.Nm?2 
G=6.67x10 a? 


GEM fields “sme 


Gravitational attraction 
‘between masive bodies using weak KEM fed vectors 


V-B,=0 
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Electrostatic fields 


‘Charges attract or repel dependent on polarity 
Neutral Matter is largely unaffected (equally repel & attract) 
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Gravitational fields 
can be modelled as 
weak convergent EM fields 


Nett KEM field inte 


Gravitational attraction is the 


Gravitational & Electric constants 


are scaling constant relating Gravitational gradients to superpositioned EM fields 


GEM = 


ElectroMagnetic forces Gravito ElectroMagnetism 


Newton's convergent Gravity & Couolomb’s Charge interaction 


both follow inverse squared laws 


(geometric means) 


Attractive Gravity has Interactive EM fields are 
the negative vector of 20 orders of magnitude 
nett Charge Interaction stronger than Gravity 
“rotor Photon 
Gravitational charge’ cartier superpositioned EM fields can be used to model the strength and Electric charge carier 


direction of the weaker Graviational force vectors at any point in the fields 
as they are both inverse squared forces 


Producing the ongoing speculation of the existence of 
a gravitational charge carrier 


(an erroneous assumption that stems from using mathematics alone, 
without a solid understanding of geometric mass-cnergies & Matter topologies) 


Convergent force vectors Divergent force vectors 


Newton's attractive Gravity & Coulomb's Charge interaction 
both follow inverse square laws 


Instantaneous 
action-at-a-distance 


Gravitational action 


limited to c 
The Force of Gravity mass-ENERGY-Matter 
Absolute Curved relativistic 
Space &Time Spacetime 
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Modelling Gravity with EM field geometries 


While superpositioned EM fields can be used to model the strength and vector direction 
‘of weaker Gravitational fields at any point in time within the field geometry 
they DO NOT reflect the actual physicality of the fields involved 


Ra Ry FRgw= SAG 7,, 


=4np cc 
The speed of Gravity is not limited toc 
as changes to the energy density-pressure 
gradient are immediately translated through 
the aether from one object to the other 


Gravity isa the pressure gradient created 

by the displacement of vacuum energies 

though the presence of 3D mass-Matter 
topologies in any region of space 


Fields of Interaction 


All topological Matter in motion creates a interactive Kinetic EM field 
in addition to its inherent convergent Gravitational field 


Convergent Gravity fields Divergent EM fields 

produce a uni-directional ca produce a bi-directional 

attraction between two or interactive force between 
charged objects 


more Matter topologies 


G fields 
E fields 


EM 


Gravito-Electro-Magnetic 
Fields 


GEM gradients 


‘The gravitational field of Material objects is 
the result of zero energy nullspace volumes 
encompassed by all Matter which In turn creates 
a displacement energy pressure differential 
gradient with the surrounding Vacuum Energies 


Gravitational attraction can be modelled as a 
CONVERGENT EM FIELD created by the 
nullspace differential of Matter 


All Matter in motion creates an eternally 
dynamic system of Gravitational fields 
and radiative ElectroMagnetic Energies 


EM radidfigp is a bidirectional 
INVERGENT FIELD 
resulting f¥gm quanta imbalances 


radiative EM. by all Matter 

asit seeks Its environment, 

the Impedance: propagation 
velocity of light 


convergent Gravitational fields 


radiant interactive EM fields 


Gravity and ElectroMagnetic fields 


Gravity & Electro-Magnetic field strengths G 
Newtonian Gravity all converge to zero at the centre of the sphere i Relativity 


AILEM fields and The total relativisitc 
Matter are comprised enn St a ie 
EMquanta , sum mass- 
iotctianged Eg Matter & Kinetic energies 


All Matterin motion 


All Matter 
seeks thermal df luces radiant 
equilibrium y [KIEM fields 
Gravimetric fields can be modelled as weak EM fields Gravity is always attractive 


Charges are Interactive [space-time curvatures] created by Matter 


interactive electrostatic fields 


Electric vs Gravitational Fields 


In fields of charge 
the nett divergent 


the basis for the development 
of a General theory of Relativity 


to model Gravity is problematic 
[as SR models EM interactions] 


Z 
' SR Using Special relativity as GR 
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attractive gravitational fields 


2 Electric fields and Gravitation 


os a 
i Gravitational attraction 
has the opposite force vector of 
"ectrostatic interaction 
| 
a 


All ElectroMagnetic field quanta ate subject 10 Gravitational Matter topologies are NOT affected by 
Lorentz wavelength-frequency corrections due to velocity Lorentz corrections due to their velocity of motion 
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Both actin 
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Both field typ 
12n Electric chi 


rest onan Matter est man Mater 


8.987551787e9 N 


‘We have two fundamental laws stating 
that the forces between two particles 
‘are directly proportional ts the product oftheir 
charges/masses and inversely proportional 
tothe square ofthe distance between them 


Gravitational attraction can be 
modelled as a CONVERGENT EM FIELD 


Charge vs Gravitation 


Coulombic interaction is proportional to Charge 
(energy geometry imbalances) 


F=kQQ, 


T? 


Qa. Cond Foy Q. 


F = -G MM: 
rT? 


Gravitational attraction is proportional to Matter 


(total rest EM mass-energy content) 


Itcan now be clearly demonstrated that 
Newtonian Gravity can be modelled as 
a weak convergent Electro-Magnetic Force 


k 89875 e9 N 
G_ 6.67384 e-1 N 


= 1.346 e20 
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Einstein’s general relativity 
offers a different model of 
Gravitational attraction 
however 


‘The attractive strength of Gravity 
is 20 orders of magnitude weaker than 
the strength of Electrostatic interaction 
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CONVERGENT FORCE 
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Fo Mim. 


tothe est Matter topology 
rT? (and con be modeled with weak coulombic Feld) 


Charged Matter Rravitationa interactions 


eoergy momenta force fle 
Following the field symmetries F=kQ.Q. Electromagnetic interactions 
provided by Tetryonic geometry tT as well as the convergent 


we can now model all fields Gravitational atraction 


2.30900415 e-28 Newtons 


1.60217602 e 19 C 160217602 e 19 C 
Proton Ld i electron 
roan tig LM @ acmaa: 
9.6577107 €7 Cikg Y 1.810820762 el C/kg 
22.5000 M M sd 
1659653693 e -27 KG 8.85148636) ¢ -31 KG 
Reflecting all of the 110025594 e-67 Newtons Allowing an accurate value 
geometric force interactions in terms of of the graviationl constant 
EM mass-ENERGY &Matter F=-GMm to be derived 
T 
Gravity [like electrostatic] fields 


can be modelled as superpositioned 
Energy momenta force fields 


Henry Cavendish 


The Gravitational Constant 


‘The gravitational constants denoted by letter G, 
tis an empirical physica constant involved in the cakcation 
‘ofthe gravitational force between two material bodes. 


(usually appears in Sir save Newton's aw of universal gravity, 
fan in Albert Einstein's theory of general relatty. 


The accuracy of 
the measured value of G 
Extreme care must be taken when attempting +has increased only modestly since ‘The attractive strength of Gravity 


10 measure the strength of Gravitational attraction 
to ensure that NO Electrostatic interaction, 
(influences the experimental results 


is 20 orders of magnitude weaker than 


the original Cavendish 
it the strength of Electrostatic interaction 


experiment 


8.98755 e9 N Itisalso known as the universal gravitational constant, 6.67384 e-11N 


Newton's constant, and colloquially as Big G. 


k Q, Q. Itshould not be confused with "tle g” (9), 
= which isthe local gravitational field F me -G M m 
F = ANo€2 {equivalent to the free-fall acceleration), = 1 bEt2 


‘especially that at the Earth's surface. 


‘Gravity has no established relation to other fundamental forces sot doesnot appear posible to calcu lt Indirectly fom other constants that can be measured moreaccurately, 2s is done in some other areas of physics 


Fundamental field strengths 


are the result of equilater 


energy momenta geometries 
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Weak 


Approximate Relative 


Strength Range 


Strong Nuclear 1088 10-5 
ElectroMagnetic 10% Infinite 
Weak 1078 
Gravitational infinite 
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Newton's Constant 


The Strength of the Gravitational Constant 


[24-12] ; 0-12) 
equal 
Proton nett charge —(w/ oppov')__ Electron nett charge = 


nett Charges 


160217646 e -19 C 160217646 e -19 C SS” 


8.987551787e9 N 


1659653693 e -27 KG 8.851486361 ¢ -31 KG 
Proton rest mass-Matter 187 5 electron rest mass-Matter 
(15023-7522) [1.2620] 


Although it provides a coherent and accurate madel of all the 
motive forces & interactions present the modelling of Gravity with EM fieids 
des not account for the source, strength & unilateral direction of Gravitational fields 


vitational C 


Tetryonic Matter interaction and Gravitation 
Electrostatic convergence can serve as a model for Gravitational attraction 


All gravitational systems 
AN Master comprised RE are 
OfEM mast Enegies ub Matter OREM els 
312.5885 
Charged Einstein’ stress energy tensor 


form Mauter topologias 


1ass-Energy-matter together 


as a pressure gradient 


F=kQQ. 
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F=-GMm 
Tr? 


EM moss & Matter 
must be differentiared 


Al 
posseses { KJEM fields 


Aaiter in motion 


635,552 ats 


sna[imv4] = M "KE -lineval 


Alb Matters All Mater radiates 
otroctve TREN meseEnergies 
but in reality 
Gravitational attraction results from the displacement of vacuum energies by Matter topologies 


[The effects of stronger [KJEM fields can be excluded from the long distance attractive [gravitational] motion of material bodies to each other} 


| Modelling the force of Gravity | 


{isin many ways very similar to Coulomb’ law of Interaction 
between charged particles developed by Coulomb 


<_— 
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For many people, itis easiest to picture gravity 
as a kind of special invisible force, 
lemanating from ALL the Matter in the universe. 
‘Newton's law of Gravity leads one to sees 
‘this way and its probably the view 
most of us were given when we learned 


Gravity can be modelled as weak convergent EM field 


M, 


{after Newton's Gravitation) 


M, 
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However, there isanother way 
to model Gravity’ effects. 
Itstems from Albert Einstein's 
General theory of Relativity, 
a theory that describes gravitation 
as being the result of the curvature of 
spacetime as a result of energy gradiant 


‘about gravity in elementary school, 


Gravity can also be modelled as convergent pressure gradients 


‘To understand what gravity really is you must have a clear understanding of the distinctions 
between radiant EM mass and standing-wave Matter and the various quantum interactions they produce. 


Tetryonics provides a clear geometric definition and distinction between 2D radiant mass-energy geometries and 3D Matter topologies 
along with a new unified model of the mechanics of Universal Gravitation at all scales 


radiant mass-energy geometries 
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‘Action-at-a-Distance’ 
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[K]EM mass-Energies 
with QAM create interactive 
divergent [and convergent] 
charge geometries 


Newtonian Gravity 


Toplogical mass is Matter 


All Matter contains nullspaces 
and produces motional KEM fields 
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standing-wave Matter toplogies 
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ce 


‘Folded Space-Time’ 


4nt[[miiv? 
ann[|may"l] 
Tetryonic Matter creates 
low pressure nullspace 
resulting in convergent 
Energy pressure gradients 


General Relativity 


Instantaneous action-at-a-distance 
SoF=0 a oy Tetryonic QED theory shows that where the linear energy momentum of longitudinal waves align 
‘and actin a co-linear direction they can facilitate near instantanous action-at-a-distance 
Free particles move with ss eet vector-velocity 
baa an watroeataone 
F=ma 
Instantaneous Forces 


The Earth orbits the SUN where It is now 
about a common centre of gravity 


‘Action-at-a-Distance' and “Instantaneous forces were introduced into Physics 
Within Newton's notion of absolute space and tine 3) 


If the SUN were to vanish the Earth would 


cease traveling in its current elipical orbit immediately Action at a Distance 


W=mad 


The vector-force on a particle equals the product of its mass by its vector acceleration 


F=ma = Ob Anny 


‘The speed of gravity is limited toc 


Einstein's GR theory replaces Newton's force of gravity and absolute space & time 
with a relaavistic spacetime gradient curved by mass-energies 


If the SUN were to vanish the Earth would 
continue traveling in its current orbit for 8 minutes 


The forces of action and reaction are equal and opposite; 


At DOF as =- Fea 


Long distance fo 


Newton’s Gravitational Constant 
F = -G Mim: 
T? 
According to Newton's law of universal gravitation, 


spacetime curvature 


(NEI = [emer] - (gel 87Gp 


Action-at-a-Distance 


All Matter All Matter 
creates KEM fields of creates a displacement 
energy momenta of vacuum energies 


radiant mass-energies Once established longitudinal EM fields between Matter form standing-waye Matter 
INTERT an ‘inelastic rod’ of energy momenta that can facilitate SHIRA 
an instantaneous ‘Action-at-a-Distance’ 


Energy momenta propagates at! ACTION moves instantancously along established lines of longitudinal Electric Force 


Tineat mommentufil impulse. 


Any field of longitudinal energy momenta between Matter can facilitate instantancous interactions 
including radiant EM fields and vacuum energies 


is known as a Universal force of attraction 


Gravity’ 
between two objects that is proportional to their mass-Matter content 


Newton's theory of gravity offered no prospect of identifying any mediator of gravitational interaction. 
His theory assumed that gravity acts instantaneously, regardless of distance. 


‘According to Albert Einstein’ theory of special relativity, instamtaneous action-at-a-distance 


Energy momenta ‘was seen to violate the relativistic upper limit on speed of propagation of information Gravity fields 
creates universal {If one of the interacting objects were to suddenly be displaced from its position. the other create a universal 
motive forces objsct would feel its influence instantaneously, meaning information had somehow been transmitted attractive field 


faster than the speed of light 


Gravitational Constant 


The gravitational cor ween two bodies. 


It should not Be cor 


6.67 en fa M, m2 6.67en [E} 


linear Newton metres scalar Energy momentum 


"ater ENERGY eke 


Ss 


as the geometric MEAN of 
superpositioned fields of gravitational energy 


F=-G Mm 
T? 


The gravitational force between 
two neutral interacting bodies is 


N.m = Joules eal [N.m/kg]* ~ [E/kg]” 
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Gravitational acceleration 


“The force on a body acted upon 
by a Gravitational field is given by 


Gravitational acceleration can be 
viewed as a reflection of the change 


in an object's momentum over time 
The eater the mass of a gravitating objet 
_-the gener the aecoleration due to the mass 


_dp_odv dm = 
UP Goa ta F=ma 
The Uorerahodyis to a the souice 


iof a Gravitetional field 
the aeaterthe accelaation due fo the field 


expressed Vectorially ve Jorce is Qlways 
ATTRACTIVE to the larger mass 
and acts in opposition ta the’, 
KEM field's divergent moment, 


gravitational acceleration 
can be modelled as the 


ie sess, 
“St sperpstoned E els Sa : eal 


“The gravitational force between 


(N) = (al - (sg 


Modelling Gravitational fields 


The ekcimtergtiveorce created hy 


8.98755 9 two supereaianed KEM fs 


The [KJEM fields of planetary bodies 
are the result of their mass-Matter_ 
density and motion in space 


Matter topologies 
displace vacuum energies 
creating Gravity 


Weak KEM fields The previ fre betwen 
Eertaccurnshy model 6.67384 e-11 ine pmol Vamsi bedi 


Gravitational fields 


Gravitational fields are the result of the F a -G MM. 


displacement of vacuum energies by Matter topologies T 
and the interactive energy momenta of thelr radiant KEM fields 
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Centres of Gravity 


c 
EM Bel 
have ct geometries xe"T 


Tetryonies 67.09 - Centres of Gravity 


) Gravitational mass, hich may 
Inertial mass 
is a measure of the total 
energy momenta geometries 
of Matter topologies 


Alll Gravitational Matter 
has EM mass geometries in 
its Matter topology 
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Often stated as the Principle of Equivalence’ 
‘on which General relativity is founded , 
it can be summarised as follows: 


2 
a=Mg by v 
. m 
‘ ipods , 
Inertial mass “Inertia mass and Gravitational mass Gravitational’ mass 
are equivalent” 


results from constituent quanta is seen as being the constituent quanta 
acting against (or with) any whilst mass-energies contribute equally of opposite charge polarity 


Force applied to a mass vie lenis acerapsees attracting another particle's quanta 


M+KE Discerning between the competing laws of Gravity 


pivot of ‘At the heart of resolving the true nature of Gravity is the formal definitions of mass-Energy-Matter 
‘nasy Mater ‘nce and the interplay between the various field interactions they produce and possess 


Newton's view of gravity F=-G Mm 


= RE 


relativistic mass-energy 
densities 


Einstein's view of gravity 
Sirlsaac Newton described gravity as a force t? Albert Einstein described gravity as @ 2D. 
Sanya pong ee Newton taught tat masses tac eachother witha force peeeierectgrectine canned iy nes 


Inversy proportionate the 


Neston cea va that planets ae held in ther bats aroun the Sun by 8 

foxceproptional to the mars ofthe Sun andthe planets and that force i always 

fomting inwards planets got puiled nthe detron of the Sun, and the Sun 
‘gets pled in the rections of the planets. 


Nevin said that person standing on the Earth eng he tothe Earth by 
8 force de to the mass of he arth and the mats othe person. and that force 
“alway pointing inwards. 3 person gets pulled nthe dean towatd the 
‘enter ofthe Earth and tha Earth get pulled in the dtecton ofthat pers 


Newton's and Einstein's view of gravity differ markedly 


Einstein, on the other hand, taught that al things with mas inching the Sun 
Enh and the eto the planet) create a energy deeitygraent that canes 
spacetime to curve ad tht ths curvature an aeration the geometry of spacetime 


The curvature casues Mate to move 


‘Adotsonay, iste taught tat there are no extemal forces acting upon an 
objec (even those without ony mass Such as phatons) then that obec wil Senply 
Tollow natural path geodesic tough the stewed geometry Othe lca! 
paceline segardess of the degree of curvature of that focal spacetime. This 
mle that an abyect somehow tpt rom flowing te natural path (geades) 
‘then et force dacs est and measurabie on that object 


Gravity is an instantaneous ‘Action-at-a-Distance’ R ra IR = 871G if ‘Matter and energy tll spacetime how to curve. 
‘mediated by @ means unknown uy 2 gev Ce uv ‘Spacetime tells matter how to move 


The two models of Gravitation 
Newtenton gravitation vacllale the observed lorgs:ecule convergent force Uchween all yneleviel bodies 


Newtonian Gravitation 
reed, 


th weak KEM i] 
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General Relativity 
(Taal EM Presure Gadierts} 
General Relativity models the convergent pressure gradiant created by all forms of energy 


While both models are very successful they both fail to reveal the quantum-scale geometries and topologies that give rise to universal gravitation 


Newton viewed Gravitation as . Einstein viewed it as the 
an attractive FORCE of Matter curvature of 4D spacetime 


(inverse square field strength G (PRESSURE gradient) 


F=-GM s e Ga= KT 


Force 


vs. 


Pressure 


Newton's formula based on Einstein's formula, attempted to 
observations maps only the correct observational discrepancies by 
observed nett force of gravitational ‘mapping convergent G & divergent EM 


traction on large-scale Matter K forces as a single pressure gradient 


Both Newton and Einstein failed to define and distingush between mass-energy geometries & Matter topologies 


Newton’sG_ vs_ Einstein GR 


Both Newton and Einstein developed their gravitational models 
from the observed motions of celestial bodies without any distinction 
‘betiveen mass and Matter or the quantum forces at work 


Le 


[Newton] = 4%7GMm [Einstein] = 8%GTw 
“re = Poisson ct 


Pressure gradients and GR 


Tensor mathematics is utilised in General relativity to model mass-energy 


F=-GIM: sfeometres and wey pressor: gradients an cureed syscntnie Ga= KT» 


Atal scales of physics. 
the cine gy momenta of K[EM fields 
p gravitation 


Newton's Gravitational fields 

are modelled on the observed 

motions of large-scale Matter 
attraction 


Einstein's GR gradients corrects 
Newtonian gravity by modelling 
all forms of EM mass-Energy 
momenta 


sri 


Newtonian G field 


An 


Einsteins G field 


Sit 


‘At the quantum level KEM mass energy densities 
‘overwhelm the vacuum pressure gradients 
‘red by Mower topologies 


Vector Force rag | Pressure gradient 
between Matter np =2 [mov] = Tiv per unit Volume 


ea) 


velocity 


Radiant mass-energies have 
planar energy geometries 


nt Energy quanta 
EVENz photons 
ODDrx bosons 


4x tetryons 
12x = quarks 
12x leptons 
24x ~~ mesons 
36x =Baryons 


All Matter topologies are 
tetrahedral standing-wave 
™mass-energy geometries 


Matter relaivstic 


c! 


as SPHERICAL 4n mass-energy topologies sires ene 


radiated [K]JEM fields 
Ihave interactive energy momenta 


[convergent & divergent] 


fields of Force 


KEM 


standing wave radiant 
Maiter smass-energles 


Fe 
Tr 2] On the non-quantum scale all Matter topologies meanest 
aaa mary can be generalised and mathematically modelled RE =M+ KEM 


topologies geometries 


Stress energy-pressure gradiants 


are the result of Tetryonic charge geometries & topologies 


AON eo 


sows 


Stress Energy tensor 


in the Einstein field equations [EFE] of general relativity, the stress-energy tensor is the source of gravitational mass 


Just as Matter is the source of such a field in Newtonian gravity 


mass ENERGY = Matter 


by mEM 


In Einstein's general relativity, 
the symmetric stress-energy tensor geometries momenta topologies 


acts as the source of spacetime curvature 


A recognised problem in General Relativity is that 
the stress tensor models all forms of mass-energy-Matter 
in the form of a generalised stress energy pressure gradient 
but fails to differentiate between either mass or Matter 
‘and their resulting interactions within the flelds 


Planck Sg 


nT [mov 


velocity 


radiant mass-energies 
create interactive 
fields of force 


Na Planck. quanta 


anz[fmov'] 


‘The Tetryonic unified field equation 
‘models all mass-ENERGY geometries 
& Matter topologies 
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Trp] 


standing-wave Matter 
creates vacuum energy 
pressure gradients 


Gravimetric topologies KG 
Charges create radiant mass-energy geometries & standing-wave Matter topologies 
2D mass geometries 5 Sa. acl te 3D Matter topologies 
4A A 
(etryons 
°o 


EM mass Matter 


=\ 


is not so S8 os . has mass 
Matter “y =z, a" energies 


ce dodecyons “ 
we. y ii 
Tal 


an [m: v4] fmciv4] 


[n-n} 


= fp 


Charged energy geometries 
are the basis for 2D mass 


Photons have mass-ehergy momenta geometries 
ano Matter topology 


are the basis for 3D Matter 


1s topology forms « quamum Faraday cage 
with «charged surface integra of mass cnergies} 


Interactive mass-energies vs. gravitational Matter 
energy in all its forms seeks equilibrium 


ant [|miiv4 


Charged Planck quanta of mass-energy momenta that form topologies 
displace the vacuum energies surrounding them in turn creating 10) 
‘a mass-energy-Matter pressure gradient 


The integral inductive EM mass-energy momenta in Matter fascia 
create the physical property of inertial mass 


F=APAA 


Pressure’ the force per unt area 


The theory of general relativity uses a 


applied in a dlection perpendicular tothe surface ofan object 


stress-energy tensor to reflect to the pressure 
differentials created by Energy in ALL its forms 
(making no distinction between EM masses & Matter) 


Radiant EM masses 
aah] 
Photons are often referred 
to.as massless particles are 
better defined as Matterless 
EM mass-energy momenta 


an [fmiv'] 


Interactive mass-energy momenta 
geometries 


Energy Pressure gradients 


‘The vacuum energy pressure gradient created 
by the changed topology of Matter is distinct from its 
intrinsic & radiative mass-energy geometries. 
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P= 6 
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‘Any theory of gravitation that attempts to model 
it on any scale must account for energy in all its forms 


Standing-wave Matter 


Taf fmiav’]] 


Tetryons, 
‘the quantum building blocks of Matter 
have EM mass-energy topologies that 
create a vaccum pressure gradient 


A [fmiv 


mama 


gravitational Matter 
topologies 


Convergent mass-energies & Gravitational Matter 


TN = Rr Rg = 8G 7, M 


‘The concept of mass in general relativity (GR) Is more complex than the concept of mass in special relativity. 
In fact, general relativity does not offer a single definition for the term mass, but offers several different definitions 
which are applicable under different circumstances. 

Komar mass Bondi mass ADMmass. 


Under some circumstances, the mass or Matter components of a system may not even be defined 


Einstein Field equation 


total mass-energy Matter 
Spacetime curvature 


Rw PRew= KC ae [[mov’] 


per spatial volume 


Tetryonic geometries & topologies 
— In contrast Tetryonic field equations explicitly differentiate 
= all EM mass-energies and Matter via their charged geometries 
along with their contributions to the total energy density 
of any spatial region 
GR models the convergent force gravitational Tetryonics models gravitation 
of gravitation as a convergent energy k asthe result of mass-energy interactions 
density pressure gradient created iD Mane tepdogy secant 
re LY EM = U te op sn 


Special Relativity 
was developed from 
the foundation of 
Lorentz corrections 
to EM fields 


=ii-* 
L=I 2 
t 
t= 
2 
Le 


the failure to differentiate between mass & Matter has lead to major misconceptions in physics 


Interactive EM force fields are subject to 
Lorentz velocity corrections 


E@M 4 eM 


Beds =pgi+ 42 [B.gh 
or 


oor 


General Relativity 
was developed from 
Special Relativity 
and incorporates 
EM field interactions 
Cw =82GT wy 
dé 
SR seconds® GR pee 
Standing-wave Matter topologies re 
are Lorentz invariant 


RankoO 


scalars 


‘An example of scalar would be the 
EM mass-energy ofa partic or felt 


‘or dmply @sealar 


‘Asecond example of scolar fed 
would be 
venta energy as felon of positon 


value ofthe gravitalowal 


Rank3 


curved spacetime 


Rank 4 Tensors as wsed in 's General They 
‘of Relativity, describe the curvature of spacetine 
[the so-called Riemann curvature tensor] 


Tensor Rankings 
Rank 


The next most cefnplicated tensor 
is the tensor of order one. otherwise 
mown aga vector 


vectors 


A vector can be defined asa divetion beter two points 
is atrengeh may wa 5 p-to po 
herby defining a vies fd 


imuouny 


y 
4 |ya 


EW ills can be represented by Tetryonic Matices(Tensors} 
‘denica to current square Tensor Matrices with the only 
itference being the change in the geometry ofthe mati to 
‘beter reflec the true geometry of EM Fld 


This better octates the easy recognition of Electric & Magnetic 
‘car fds and ther aseciateg energy- momenta vectors 


Rank2 


c 


mass-energy momenta 


A nensor of ronk >t defined 0 system that Nox 
tmguitde and two assocated vector directions 
within the lls hati deserbes 


Rank4 
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mass-Matter topology 


the tral mass energies of Mater & fields 
thatconuribute to creating gravity 


Maxwe's theory of electromagnetism 


pri 


are their own anti particles 


Speed of Light 


EM wave factors such as Lorentz's 
velocity corrections arise naturally 
‘from the geometry providing 
a clear and concise illustration 
of the relationships between 
FM mass energies, Charge, 
Electric & Magnetic fields 
tand the speed of Light 


Wavelength contraction 


B=LE] senate 


ElectroMagnetic field tensor 


‘Te electiomagnetic tensor o electromagnetic REIS tensor sometimes called the ed strength tens, Faraday tesor 
‘or Maxwell biyector isa mathematical object that describes the electromagnetic eld ofa physical system in 


v-b="% 
«0 


Photons 
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A.B ald tensor has six degrees of freedom, 
the three components 
of each ofthe electric and magnetic lds 


Vx B-s== = pol 
Te culo the magnetic el vector minus 
‘the cange of the suc eld with vespect 0 Ue 


‘sequal vthe fields current density 


det (F) = 5. é)’ 


the electromagnetic tensor may also be 
writen in terms of the 4-vector potential 


3D space 


time Relativistic Four-vectors 
[Ax, Ay, Az] At re gy ar a 
In Tetryonics, the relativistic Four vector reflects the 


changing quantised angular momenta [time] of 
EM mass-energies & Matter in 5D space 


The electromagnetic four-potential is a potential from which 

electromagnetic field can be derived, It combines both 

the electric scalar potential and the magnetic vector potential 
into a single space-time four-vector 


M,+KE= E 


2 
m’v+= KE = pv? 
Standing wave Lorentz corrected Stress energy 
four-vector mass-energies 


‘momenta tensor 


radiant enerpjes 


Four-vectors are reflective of the total EM mass-energy momenta of 
superpositioned (KJEM fields where the KE is the interactive force component 


rector 


Special and General relativity 


ibe th 


SR 


Special Relativity 


General Relativi 


(describes accelerating frames of reference 
in curved Riemannian spacetime) 


mass-energy 


at [Imoy'] 


geometries 


2D At 
all physical theories to date have failed to explain the mechanics of 
gravitation at all scales of energy and distance 


6629432351 e-34) 
ENERGY 
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The Weak Equivalence Principle 


Av AES 
m,.a=mi.g ' m=m2N a 


Newton Einstein 
The uniqueness of fee fall The uniqueness of fee fall 
states than any two test bodies must all vith the trajectories allows one to regard spacetime as 
same acceleration ina given external gravitational field illd being with curved energy gradients 


At E 
‘There is no way of distinguishing between the effects on an observer 
of a uniform gravitational field and that of constant acceleration’ 


Inertial and Gravitational masses are equivalent 


Of particular note is the fact that the relativistic formulation 
of the weak equivalence principle hints at the fact that 
mass-energies in all their forms must be accounted 
‘for and correctly modeled for an accurate 
picture of the mechanics of gravitiation 
on all-scales to be developed 


acceleration vs gravitational mass 


Einstein’s Gravitational Constant 
‘Newton gave a law for the behavior of objects that experienced gravitational 
F=ma,where F=-my fora given gravitational field 6 
G = KE, [And along with Gauss & Poisson also gavea law determining how @ is generated: ni mEM 
ab ie v= 4nGp. 


General Relativity instein subsiquently |Newtonian Gravitation as a 


Tetryonic charged geometries 
carvan of spcatine beat soy the presence of all mass-Energles 


pacine Goviuinat ress 


Ga= as To 


Tetryonics differentiates between 
‘Matter & interactive mass-energies 


Einstein viewed gravitation as 
the result of a curvature of 


spacetime created by a mass- via their charged geometries 
energy-pressure gradiant and topologies 


Rank 2 tensors Rank 4 tensors 


rsd 


m= p By modeling all mass-energy geometries and Matter topologies M= p 
a as a stress energy tensor General Relativity fails to differentiate between the aa 
c interactive Forces of mass-energy momenta and gravitational Matter 


mass-energy-Matter spatial interactions 


No two Fermions [3D Matter topologies] 
can occupy the same physical space 
at the same time - Pauli exclusion 


ct 


ct 
isa volumetric measure is also a spatial measure 
of the amount of space - of two superpositioned 
taken up by Matter a 3) interactive KEM fields 
Fermions ck quanta 
4nn[[may'] 
ea Lines ely 


All separated particles 
interact with each other via 2D fields of Force 
(superpositioned [K]EM fields) 


GR /E 


i General relativity applies SR m 3 
é to total energy momenta 7 5 


density-pressure gradients 


F. SR 


m 2 Special relativity applies 
Lorentz velocity corrections to 


elev” radiant mass-energy momenta 


Otto vote Guericke, (1602-1686), a German physicist, performed a famous experiment: the "Magdeburg Hentispheres 


Wien two halves of large, hollow metal ball had all the air removed from the volume they created when joined. wo teams of horses coun’ pul hem apart, 
because the pressure of the Earth’s atmosphere external (0 the volume created) exerted a very lange force on the ball as t sought 10 equalise the pressure gradi created. 


Nullspace energy pressure gradients 


mass-energy P= Force _ F ae Ed ad W _ Energy _ mass-Matter 


geometries Area oA Ad Vo Volume U topologies 


‘The scalar mass-energies of all Matter topologies 
are all contained in their charged fascia 


2 
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A Faraday cage is a metallic enclosure Alll Matter topol are ideal Faraday cages, An ideal quantum Faraday cage consists of 
that proven the entry or escape of an quantum standing-waves of EM mass-energies can unbroken, perfeily conducting shell 


electromagnetic field (EM jield) (a Maiter topology of scalar mass-energies) 


that in turn create regions of nullspace 


Total stress energies & Matter 


‘The stress energy tensor can be regarded only asa provisional means of representing all ofthe TE. on ov? 
interactive mass-energies & gravitational Matter in any physical system. oe 


| l Vv Einstein 


GR’ Stress Energy Tensor ses 
does NOT differentiate Th _ [m v9] ] 
between EM mass & Matter aoe 


@ 10,080 ub RE 


changing quantised angular 


changing linear momentum 
momenta creates charge~Time 


creates forces of Acceleration 


3D MATTER topologies radiant 2D planar 
displace vacuum energies Ne WN mass-ENERGIES create 
Vacuum energies are formed from KEM field energy momenta 
weak radiated mass-energies Ayeeasa 1,635,552 create fields of interactive Force 
ancien rere 


M <= == KE 


Einstein’s Field Equation 


General Relativity was developed to account for the observed perthilion precession of Mercury’ orbit around the SUN 


Newtonian G field Einsteins G field 


ATC Peepiaeite Ras Iga R+ Nga "Ee y_ eta iw 8 


The EFEis a tensor equation relating a set of symmetric 4x4 tensors. Each tensor has 10 independent components 


‘The EFE (based on SR ‘reduces to Newton's law of gravitation where the radiant mass-energy fields are weak and velocities are much less than the speed of light 


Ighlghting the inability of GR to ditinguah between radiant mass-energy geometries & the standing wave Matter topologies comping the total energies within the stress Energy tensor] 


Gat Aga = = ci 


Despite the successes of General Relativity, the problems of 
quantum gravity and spacetime singularities remain open 
problems in its formulation of curved spacetime geometries 


Gravitation is Universal 


All Energies are quantised Gravity results from curved spacetime 


ZPF 


VE 


Quantum theory Newtonian Mechanics Relativity theory 


Quantum gravity is the effort in theoretical physics to create a theory that includes bath general relativity and the standard model of particle physics. 
Currently, these two theories describe different scales of nature and attempts ta explore the scale where they overlap yield results that don't quite make sense, 
like the force of gravity (or curvature of spacetime) becoming infinite. 
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1099 1785 1686 1905 sais 
Planck’ law Conolomb's law [Newton's aw of Gravitation ‘Special relaiviey General relaiviey 


Without the aid of Tetryonic’s charged geometries 
t to mathematical singularities 


Gravitational & EM fields p 


Inverse squared Inverse squared 
Electric fields produce Magnetic fields produce 
INTERACTIVE / PURTURBATIVE 

/ fields of force 


fields of force y 
There are NO 


| 
point Particles 


There are NO 


Black Holes ie 
\ 
Matter produces Gravitation is the nett 
CONVERGENT convergent force 
inverse squared fields produced by all 
of Gravity G-E-M fields 


aa ee 
GravitoElectroMagnetic fields 


Matter topologies and gravity 


the positive spatial dlzplace rents created by tetrahedral standing-wove mass-energies displace vacuum energies found in those regionsto create 9 energy density presture gradient 


A convergent Gravity field is the result of the higher density-pressure vacuum energies in any spatial region 
seeking to equalise the lower pressure regions of nullspace within Matter topologies 


Matter has a Gravity itself is 
the result of vacuum 
energy pressure gradients 


not Coloumbic fields 


Tetrahedral mass-energy 
quantum topology 
[non-Spherical] 


Gravitation is the 


The mass-energies 
result of the convergent 


of Matter topologies 
are stored in the integral 
surface area geometries 

of their charged fascia 


gravity AND interactive. 
[kJEM fields that all quantum 
Matter topologies create 


The resultant density-pressure gradients created by the displacement of vacuum energies 


by Matter topologies can be modelled using equilateral EM field geometries 
and a reduced Coloumb constant 


Spatial displacement of GEM energies by Matter topologies 


The positive 4nt displacement of vacuum eneriges by Matter topologies creates 


F=-G Mm. 


T? 


Planets orbit 
around the SUN 


Newtonian 
fields models the 
resultant attraction 


as gravity 


EM fields accelerate 
charged Matter 


Spatial energy density-pressure 


Convergent Gravitational fields 


Ga= 8G Ty 


All EM mass & Matter 
create stress energies 


Einstein 
models the GEM 
energy densities as 
curved spacetime 


Orbital precessions 
must be accounted for 


Newton Einstein 


47 vs. 870 


GHSR 


Newtonian Gravity 


model the observed, long range attraction between two bodies of Matter 
(exclusive of the clase range electromagnetic interactions of each body} 


creates intrisic nullspace energy differentials 


Aarau y field is produced by the charged topology of mass-Matter 
m energies 


However, unless itis at absolute zero all Matter topologies produce interactive EM fields that contribute to gravitational forces 
as evidenced with the perihelion of Mercury where later observations revealed inaccuracies in Newton's formulation 
{or the motion of material bodies subject to convergent G forces & interactive EM fields 


Gravitational energies as a geometric mean 


the geometric mean of two numbers isthe square root of their product 


EM standing waves EM 
[Matter] can be Sir Issac Newton was the first to realise that gravity could be modelled as an inverse square Force can be neither 
created and destroyed created or destroyed 


a =-G Mm 
Tr? 


Gravitational energy of Mattern movon 


G,, = 8GT, 


Finch KEM field erations} 


Gravitational field of massa 


R= 4nGp 


ignoring EN interactions) 


Fo=VM.-m. 


F, = M,.m2 


T 
Gravity is the result of spatial eneray density differentials created by the internal null-space volumes of Matter. 
Energy (in all its forms) will seek to fill areas of lower pressure in search of universal equilbrium 
Newton modelled the GR models the 
attractive forces between Matter topologies are non-conservative and as they are destroyed ‘energy density created 
abjects of Matter by mass-Matter 
the low pressure nullspace gradient [convergent gravitational Force] they created 


is replaced with conservative forms of radiative EM energy [interactive vacuum energies-photons] 


Gravitational Tidal Forces 


The tidal force isa secondary effect of the force of gravity re 
from the geometry of massive bodies attracting each oth 


lts geometric effects allow acceleration fields to be 
distingushed from pure graviation fields 


material body of mais Matter 
hha historically been defined as 
strietyatracive force tween bodes 


Convergent G i 
AIneractveE feds a 
Peraurbauve M filds 


Tetryonic Gravitation 
is the result of the combined interactions 
of radiant EM geometries & Matter topologies 
in any spatial region of measurement 


Radiant EM mass-energy densities 
create [KJEM and Vacuum Energy fields 


EM masses & Gravitational Matter 


‘The core problem preventing the unification of Classical gravitation with QM & Relativity theory Ls 
2 is the imprecise formulation, definition and differentiation between mass & Matter 


Elke) 


. F=ma 
mass is a conserved quantity 
‘Matter is not a conserved quantity 


F=-G Mm 


2 
kg — Bes 
inertial mass 
£ active gravitational mass 


passive gravitational mass 


B=1me* Ga= KT E=Mc?* 


Even GR offers no clea distinction 


radiant mass-energy General relativity has been heralded as a highly successfil model of standing-wave Matter 
geometry eviction ond cso. which hase for pase every umthignons topology 


observational and experimental tes. 


fam Even so. there are strong indications the theory is incomplete Foergy 
ater 
Without a clear, concise understanding and accurate models of the relationship r a. fen’ 
ok a7 ng{[mi v7] between mass & Matter [and their interactions] a Unified Field theory is impossible Tal 
ae ey ny 


Piers ersestise ee es mc? = E = Mc* practi ences 
2D masses Note: in both cases the amount af Energy described is identical 3D Matter 


‘tisthe changing spatial co-ordinate systems used to measre Enea inal it forms Z 
bosons photons ‘that allows forthe differentiation between mass energy geometries & Matter-energy topologies: Fermions, Baryons 


mass-ENERGY-Matter equivalence 


Einstein’ mass-energy equivalence can be further refined and differentiated through charge geometries 
in turn creating a symetric mass- ENERGY Matter equivalence formulation] 


standing-wave 


‘The mass-energies of EM waveforms is contained 


within its charged geometry 
E=me 
EM mass-energy is a property of Matter 


m=E E=M 
c? ct 
radiant 
Matter is NOT a property of EM mass-energy 
E=Mc* 
if The mass-energies of Matter is contained lene KG 
aa entirely —_ ~ mre fascia Matter 


Tetryonic unified GEM fields 


Equilateral Tetryonic geometry/topology provides a unified quantum field equation 
to model all Gravito-Electro-Magnetic mass-ENERGY-Matter interactions 


oak [[miy} 


thass & Matter are 
distinct EM properties 


ENERGY 


Tr[mQv? 


Mauier 


3D Matter geometry i 
determined by charge 


Matter topologies create & ™Mass-energy geometries 
convergent gravity create interactive forces 


Quantum Gravity 


At present one af the deepest prablems af madera theoretical physics Is the unification of 
General Relativity, which describes gravitation, and applies to large-scale structures (stars, planets, galaxies), 
with Quanturn Mechanics, which describes the other three fundamental forces acting on the atomic scale 


piv 


Newtonian Gravitation 
models observed motions 
of large-scale MATTER 


Einstein's GR 
models interactions of 


all mass-energy-Matter 


K 


There are major points of tension between Quantum mechanics and General relativity. 


Firstly, classical general relativity breaks down at singularities, andl Quantum mechanics 


The large scale Cosmos becomes inconsistent with general relativity inthe neighborhood of singularities The Quantum world 
is ruled by ‘Secondly, itis not clear how to determine the gravitational feld of a particle since under the is ruled by 
GRAVITY Heisersberg uncertainty principle of Quantum mechanics its location and velocity at any instant =~ ELECTROMAGNETISM 


of Tine cannot be known witk certainty. 
Thirdly, there is the Problem of Time in Quantum gravity. Tine has a different meanings in Quantum 


mechanics and General relativity and hence there ar subtle issues to resolve when trying to 
{formulate a theory whic combines the two. 


Gravitatio) Its from 
energy dditsity/pressure 
lients 


ction is 


Force 
Matter 


Attempts to generalize ordinary quantum field theories, used in elementary particle physics to 
describe the fundamental interaction of gravity have to date led to serious problems. 


Gravitons 


Gravitons are not required in Tetryonic theory 
‘All standing-wave Matter as gravitational attraction is a convergent force created Radiant EM fields are produced 
‘geometries create Gravity by the EM energy differential produced by by all Matter in motion 
3D Matter topologies in a vacuum energy field 


EM 


DIVERGENT 
ElectroMagnetism 


Gravitation 
Gravitons are the hypothetical 


carriers of the attractive 
Gravitational FORCE 


Photons are the carriers 
of the interactive 
ElectroMagnetic FORCE 


Gravitons were proposed as the gravitational equivalent 
of the Photon in ElectroMagnetic theory but have never been detected 
They were postulated because ofthe great succes of quantum field theory in particular, the Standard Mode!) 
clectromacnetism by the photon, the trong interaction by the gluons, and the weakinteraction by the W and Z bosons. 


The hypothesis was that the gravitational interaction is likewise mediated by a ~ yet undiscovered - elementary particle, dubbed the graviton. 
Inthe classical limit the theory would allow Newton's law of gravitation in the weak-feld limit to conform with Einstein’ field equations af General relativity 


Laplacian field interactions 


p ‘The planar two-dimensional Laplacian is given by 
Z> G@ *Eoflo A=V2=V v=-5+5 


‘This fundamental differential operator of Applied Mathematics was introduced by Laplace 
im his 1782 study of the force of gravitational attraction exerted by spheroids 
‘and was named after him by Maxwell in his 1873 treatise on electromagnetism, 


The net divergence of - The net divergence of 
Positive charge flelds is due to Negative charge fields is due to 
the anti-symmetry of their A r\g A the anti-symmetry of their 


component Planck quanta 


component Planck quanta 


Jneractive fled 


Bee 
C? lo 


V _uperpositioned [k[EM fields produce both comvergemt and divergent forces Vv 
depending on the charges tasted 


‘The Laplacian of any scalar field is interpreted as being the limit of the 
net Gutward flux per unit enclosed area ofthis field through a closed contour 
surrounding the point of evaluation 


Lt 8% 
Ab= hm af 5o th A= srea(D) 


corordinatetree representation ofthe Laplacian 


Newtonian Gravitation models 
the observed convergent force of 
GEM interactions that results i 
the motion of large-scale Matter 


KE 
[24-12] [1-0] 


Coulomb's Law Pe [? Z ] be Coulombic 


[k]EM fields 


Gravitational 
Matter 


Convergent [Attractive] 


All Matter is Gravity fields 
gravitationally produce a convergent 
ATTRACTIVE inverse square force 
soir ps A Mare ots 
praca per wrnnacrive es 
posers Serene 
F=-GMm weak superpositioned E-field geometries G= 82G7,, 


T2 a ict 


Inverse squared 
M interactive E-fields 


‘vastly overwhelmed by the Coulombic. 
=) Interaction field resulting from the 


wherever mass-energies ‘Matter and ts fields wherever there exists 
create standing-wave ~ mass-energy imbalances 
topologies they also energy will seek equilibirum 
create Gravity y ‘via radiant EM fields 
i, 


‘electrons have 
Weaker G fields than Protons 
‘but stronger KIEM fields 


v 


Matter", mass-energy KEM Matter igss-energy 
M 36m 6 Q5I2 series ten ts cerefreesofaucion rion 127% 11? [kJEM 
ipotky Sey Groviy creates svc convergent force of traction topology geometry 
G 


Equilateral [KJEM mass-energies 
‘vacuum energies to form ct contribute to the total 
convergent gravity stress energies of any region 


1 Eo = 88541878176" F/m 


0G Lo The Electric fields produced by Matter Vacuum Permitivity 
produce interactive nett divergent forces 
Opposites ATTRACT 
Similars REPEL P=. AL 
CHARGED mas ‘Electric field 
“Int n Toes oope 
All Electric fields Electric fields 
arenettdivergent > < follow the 
charge geometries Inverse square law 
mas Maur opologler 2 


Equal opposing E-field energy-momenta 
create electrostatic fields around Matter 
[that produce Lorentz forces] 


er po 


antsy 
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Perturbative M-forces 


ElectroMagnetism is a velocity dependent yector interaction that dominates the Gravitational attraction of Matter 


(KJEM fields have 
electric and magnetic 
field components 


‘The Tetryonic GEM model reveals the Interplay of. 
Inertial Convergent [Gravity], interactive [E-fields] & perturbative [M-field] forces 


viewpoint Gravitational Matter Is ALWAYS attractive 
‘vectorial ElectroMagnetic fields are interactive 


Gravity can be modelled 
with pseudo-cleetric and 
pseudo-magnetic field 


components 
4nG. 
Vx By= 3,4 


The sign of the effect I different (attraction in one case. repulsion in another) 
but thes is ust Because in electromagnetism te sign of the electric part ofthe 


‘The Gravitational forces on Acceleration i oppose that of ov: lectric charges ofthe same type ‘The ElectroMagnetic forces 
the central particle are tepel dich abe: wien resulting from inertial motion in a 
Apart from this sign. the he malogy gr that a 
pirureorteenees As rum sp here rect hse oma vo meee te = seca Lhe 


this velocity-dependent gravitational effect is often termed Gravito magnetism 


1.08 - Perturbative M-Force 


Uo- 1,2566370614e"" N/A? 
Vacuum Permeability 


The Magnetic fields of Matter 
produce perturbative interactions 


Pak 
v 
Magnetic field 
contributes 
to STRESS energies 


Matter posesses a secondary magnetic moment 
that is subject to Lorentz forces 


= e 


Gravitational & EM fields 


‘Ay Uified Field equation that attempts to accurately model celestial 


attraction must also take into account KEM field interactions 
bodies resulting from their respective mations 


RE 


along with displaced 
Vacuum energy gradients 


Interactive E-fields 
_and perturbative M-fields 


- also contribute to the nett 
convergent gravitational field 


KEM 


sorene0™ Ki . sencemtontiie eae 

Earth [ aazi6i+ ann[P] ann{p) ]+ anrtp)] eae 
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Independently and almost simultaneously inl 964 three graups of physicist 
Francois Englert and Robe 


As the Universe cooled and the temperature fell below a critical val Se as formed rogether with the associated Wiggs boson’ 


The Higgs mech: 


BOSONS / PHOTONS 
2D planar matterless fields 
[nx EM mass-energy geometries} 
‘slice’ through the vacuum energy aether 


sons can obtain mass 


TETRYONS / FERMIONS / BARYONS 
3D tetrahedral standing-waves 
[4nx EM mass-Matter topologies) 
interact with the vacuum energy aether 


Matter EM masses 


energies 
Tetryonics is a full relativistic unified theory of electromagnetic mass-ENERGY & Matter and motion 
in which the classical properties of inerital mass ard quantum mechanical quantised energy momenta are explained 
as being direct result of the geometric properties of inductive equilateral energies moving through external electromagnetic fields 


Applying the Unified Field Equation 


for ElectroMagnetic masses & Matter interactions 


All Matter has a AIL KEM waves have 
4m standing-wave 4m superpositioned 
mass-energy topology G _ 8 TC G tb mass-energy geometries 
sy Vv 
Matter topologies ab H mass-ENERGY geometries 
The net gravitational force is the geometric mean of 


all EM mass-ENERGY-Matter interactions 


r? rT? 
Gravity can be modelled as a ‘Coloumb’s Constant Is a large 
reduced negative Coloumb Constant Interactive Electric constant 
acting over a large distance acting over a short distance 
Tetryons -4 Charges 1 
Leptons - 125 
Quarks -12 Ignoring interactive [kJEM field interactions reduces GR [k] to Newtonian [G] Photons -2x 
baners-36¢ EM Fields -2n 


Gua = 41G i 


Tetryonic two body interactions 
Gy = 8G7,,, 


all GEM interactions 
‘Tetryonics resolves to Genera relativity 
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Ina purely gravitational fleld 
‘Tetryonics resolves to Newtonian gravity 


Gy = 4G ile 


e RELATIVISTIC 
mass-ENERGY-Matter 


mass-MATTER KINETIC EM 
topologies Gh mass-energy geometries 


Our EM SUN 


The SUN (like the Planets) is 
a CHARGED body moving 
through an EM environment 


Solar wind 


Positive ions stream outward 
from the Sun's surface 
and accelerate away 


The charged E field [heliosphere] 
of our SUN interacts with other 


charged planetary bodies 


The nett Charge of a body is the result of 
aan excess of one type of energy quanta and 
is reflective of their charged topologies 
[ie ionised Matter] 


Solar wind 


Positive ions stream outward 
from the Sun's surface 
and accelerate away 


the SUNS EM corona in detail 


Prominences 


Where Solar EM loops 
‘breakdown or tnteract flares result 


Solar Flares 


Solar Dynamics 


‘Tetryonle charge geometries 
‘explain Solar EM field dynamics 


Positive fons stream outward 
From the Sun’s surface 


The SUN (like the Planets) is 
‘The breaking of large Inductive EM loops creates 


2 CHARGED body moving ‘CMEs [Coronal Matter Bjctions) 


through an EM environment 


> 


3 angi 
Pini cine 


The Charged EM field [heliosphere] 
of our SUN interacts with the 
charged planetary bodies 


Positive ions stream outward 
from the Sun's surface 


and accelerate away 


The SUN (like the Planets) is 
@ CHARGED body moving 
through an EM environment 


Solar Coronal Heating 


{aquestion that hos perplexed olor phyeciet for over half century. 


Curent Solar Magnetohydfodynarnics 
Uses nanoflares and wave heating inn 
attempt to try to explain this 
temperature differential 


Tetryonics explains this temperature aifferential! 
36 3 product of the Electric permittivity 
ofthe SUNSEM field geometry 


Producing cyclic variations 
in the energy outputs of 
all stars 


Solar cycles 


Onan 11 year cycle, the shape of the corona oseillates from a wide crown about the Sun's 
equator to a completely closed envelope surrounding the Sun 


Solar maximuniy 
whole spheiiae 


Solar wind 


atpninimum 
EM irradiance 


itorial regions 


Solar maximum: 
whole sphers 


The solar cycle is the periodic recurrence of sunspots, or darker, 
relatively cool regions at the Sun’s surface over a period of about 11 years 


Sunspot cycles 


a that has perplexe for 


ay 
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Sunspot activity occurs 
in the region of the SUN 
dominated by E-field 


geometries 


Solar irradiance 


{shows how the mas 
emitted by th 
to what is used 


Stellar refraction of EM waves 


tivity using photons (or EM Waves) will ony measure SR interact 
fed-shifting is 2 SR effect on EN not grav Matter) 


Photons are NOT ‘bent’ by Gravitational fields 
they are refracted by propagation velocity changes 
resulting from their EM interactions The motion of EM masses is 
with the solar corona affected by EM interactions 


and creates refraction 


Stellor light spectra 


Tr 
The additional ‘bending’ of light rays as they pass by a Gravitational body as predicited 
in Einstein's general relativity is caused by refractive EM interactions 
not by the force of gravity 
ce 
Gravitation in General relativity is Newton's Gravity with SR corrections 


The Solar Heliosphere 


The eight planets (plus Pluto and all those other dwarf planets) 
orbit within a very small volume of the heli 
(the volume of space dominated by the € field influ 


Outer Jovian 
gaseous Planets 


Inner Terrestrial rocky Planets — 
Uranus Saturn 


ss 


Jupiter = Venus 
= ——TheSun 
(098% of total Matter) 


Neptune 


Dwarf Planets 


The SUN is the Solar system's dominant 
Riovetary Osi are charged electromagnetic mass-Matter body ary solar Orbits, though 


NOT to scale ly ellipses, are nearly circular 


Radiant 


Stellar mechanics Sap aes 


produce interactive EM waves 


charged Relativisitic 
coma \ RE eee 
The current mathematical 
p 3 modelling of all G & EM field a 
~ energy momenta leads to” 


» ‘e 
Tetryonic charge geometry, 
provides a foundational 

solution 
mass-Matter } KE Kinetic EM 
topologies energies 


Electric fields obey the 
inverse SQUARED law 


Mattér:Stars 
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Neutron Stars . 
Coloisrs sed are illustrative of Matter types Shly 


Neutron 


(42-42) 


anti- Matter stars have Matter stars have 
the opposite charge topology the opposite charge topology * 
to Matter stars . %  ‘toanti-Matter stars 


Star classifications 


om jl ( 
: 2 > 16M 


The greater the EM mass-energies Blue giants 
radiated in a given volume of space 3 
the higher the Temperatures 


White dwarves 


Average Matter in Small volumes 


The greater the vou fora given 
amount of radiated EM mass-energy 
the ‘cooler’ the Frequency of light 
produced from stellar processes 


F 


1.04-1.4M 


Main sequence 


Average mass- Matter 
fn medium volumes 


Nucleosynthesis 


Lee 


All Star 


spectral lines The CNO cycle 
describing element creation 
inside Stars is erroneous ........ 


All spectral lines can be produced 
by the excitation of stellar nuclei by 
photons released by GEM pinch 
Matter-Energy conversion 


The CNO cycle and P-P reactions are 
incorrect theorical models, developed to 
explain the SUN's GEM pinch dynamics 

and broad spectral line emissions 


The goal of nucleosynthesis is to understand the vastly differing abundances of the 
chemical elements and their several isotopes as being a result of natural history 


The P-P Chain 
describing the FUSION 
of elements to release energy 

is erroneous ....... 


All 
Matter-Energy conversion 
inside Stars is the result of 
ElectroMagnetic Pinches 


Solar Arc lamp spectra 


Energy- momentum 


relationship 


E Sine 


Elemental 


—_—_—_— 


spectral lines are produced by accelerating electrons 


Spectral lines 


Tetryonic QED explains 
Planck's heat law along with 
all the observed spectral lines 

{from first principles 


Stellar spectral lines 
E=Mc' 


Energy. ms Matter 
equivalence 


Quantum Efergy 
levels layers}, 


The spectral lines of all elements can be mimicked by 
Deuterium nuclei with rasied energy levels 
undergoing energy transitions 


Tetryonic Electrodynamics 


is ‘released’by the collapse of 
mass-Matter topologies in the stellar core 
they radiate outward raising the nuclear 
energies of the surrounding Matter which 
in turn radiate spectral series photons 


geometries 


Joseph von Fraunhofer ogewove Annie Jump Cannon 


aa 
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‘Quantum’/ 


Stellar spectroscopy 


Astronomical spectroscopy is the technique of spectroscopy used in astronomy. 
The object of study isthe spectrum of electromagnetic radiation, including visible light, 
which radiates ftom stars and other celestial objects 


In 1901 Annie Cannon improved 

Spectral absorption lines upon the 1897 work of Harvard 
are often referred to associate Antonia Maury to produce 
as Fraunhofer lines . - s the Harvard spectral class 


Spectroscopy can be used to derive many properties of distant stars and galaxies, 
such as their chemical composition, and motion through Doppler shift measurements. 


Radiant electromagnetic waves propagate 


lt i i i 
at the speed of light in a vacuum [c] 
taking 8.3 minutes to reach Earth 


Xevoys visite light heot 


p= m 


Square root linear momenta present in 
all longitudinal EM waveforms from rigid rods 


and once established propagate impulses of momenta 
near-instantaneously along the longitudinal waves 
arriving 8.3 minutes before visible light 


Energy from the SUN 


EM energies released by the collapse of standing-wave 
‘Matter topologies in the SUN radiate through space 
as mass-energy momenta and interact with Matter 


All atoms are comprised of Deuterium nuclei 


The Earth receives a broad spectrum of energies from the SUN 
[with visible light falling into the Balmer spectral series) 


kKEM = hcR 


f 


By inductively coupling to the raised quantum 
KEM fields of the bound electrons their 
energies can be extracted and utilised 


Deuterium nuclei are 


kEM = 


As energy momenta is recieved the energy levels 
‘of the Baryons increases in tum affecting and 
raising the KEM field energies of bound electrons 


The CNO eye 


The energy released hypothesised by ‘Fusion Alll mass-ENERGY-Matter topologies 
is 1/200th that of ‘the Tetryonic collapse of are modelled in Tetryonic theory and 
Matter into radiant EM mass-energies Baryon decay is instigated by neutrinos 


P-P cha 
Neutrons are NOT Protons with ee The P-P fusion chain of 
‘an absorbed electron inside 1@ @n 1@ Ou Hydrogen->Helium 


their charge topology is completely erroneous 


fusion’ 


High pressure tunneling The neutrino production of 
through the Coulomb barrier Protox-Proton chain reactions 
does NOT occur is 1/3 of what is detected 


The SUN's energy comes from Tetryonic Matter collapse 
NOT the fusion of atomic nuclei 


‘COLD fusion’ 


can be realised through the 
fragmenting of large atomi 

thus releasing stored nuclez 

IKJEM waveform energies 


The much-maligned 
‘COLD fusion’ of Palladium 
is in fact a form of atomic fission 
that releases the stored chemical 
[kEM] energies of atomic nuclei 
and is 12-13% efficient 


Stellar Nuclear Fusion 


Long sought after, but never realised, 
Fusion energies remain an ellusive 
source of clean limitless energy. 


Be at 
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Tetryonics reveals the true mechanics 
behind the cold ‘fusion’ observed by Drs. Pons 
& Fleischmann and corrects the model of 
stellar processes to reveal new energy 
sources for the future 


Where Fusion went Wrong 


nversion of standing-wav sdiant mass-energy constitutes 
b tally compatible long-term 
f Humanity’s needs 


In any useful fusion device, 
the energy output must exceed the energy required 


to confine and heat the plasma 


ElectroMagnetic Pinch technology 


Radiant 
mass-energies 
form kEM wave 
geometries 


TR fy 
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Stellar GEM Pinches 


Electric fields obey the 
Inverse SQUARE law 


2D 
ee radiant 
produced by EM Pinces geometries 


reabsorbed by nucle! in the Sun 
and then re-emitted ever the course of 


E=Mc* = E=mc 
Bigey naeMine GEM @ pinch ] was Enerey 


equivalence equivalance 


mass-energies 
Theythen make their way through the 
radiative zones of the Sun create kEM fields 


The conversion of Matter to Energy 
in stellar GEM pinches is 
100% efficient 
The Fusion of elements Stars emit broad spectra 
is NOT the eneay LONGITUDINAL 
source of Stars electromagnetic waves 


M 


5979) 
mass- Matter 
topologies 
c4* 


GEM Pinch efficiency 


GEM Matter-Eneray conversion is the 100% efficient 
dimensional transformation of 3D Matter into 2D mass-energy 


Q 


Spel Yr GEM Bae PN spkkal 


Energies energies 


M 


The collapse and conversion of 
3D mass-Matter topologies 
into radiant mass-energies 
releases as much energy as 


Matter anti-Matter 


annihilation 


m 


2D 
mass-energy 
geometries 


Cc? 


EM Pinch reactors Teeny a cenenet ee) 


along with energy storage and distribution 
The technology required to create clean, limitless energy vat ele re 


and meet all of humanity's future energy requirements Gorlole Tet joie Weld gecwritiis tS 
has existed since the 1900's. capture and re-circulate all EM 
‘energies produced 


EM pinches are fuelled and release mass. energy 


The electromagnetic pinching of Matter 
(as utilised in Nature in all stellar cores) 
produces only EM radiation [light & heat] 
as a by-product - there are no harmful wastes 
- as the Matter is converted with 


by any form of Matter 100% efficiency as radiative KEM fields 


EM Pinch reactor containment vessel 


With clean, ; RES = We can create 
limitless energy = . ; unlimited resources 


‘The Earth has finite resources and ar ever increasing human population 
puts pressure on its ability to supply resources to meet our needs 


Unlimited material Resources 


C 


Tetryonics offers a solution to human problems that 
have plagued civilization from its beginnings 
leading to wars, disease and famines 


mass-energy geometries 
cannot be created or destroyed 


i 


Denser, rocky 
planets are 
strongly attracted 
to the SUN 


Convergent gravity 
attracts all Matter 
towards stars 


closer to the SUN 
where radiant Eh 


energies are stronger 


Light measurement AU——_KM traveled 
ight-second 0.0020 199792458 
ightminute 01202-1798 millon 
‘light hour 72143 1.08 ilion 
ight-day 17314 259billon 
ightveek 12120 181.3billon 
Tlightmonth $1943 77.96 billion 
ight-year 9.46 tellion S89tilion 


= 
The Solar System 


the strength of divergent EM solar radiation 
‘acs on convergent, gravitating Matter to accelerateit 
forming stable orbits relative to the individual 
densities ofthe planetary bodies 


The PULL of gravity 


< 


Divergent EM fields 
is counte-balanced by accelerates Matter'to 


General Relativity 
corrects for fine purturbations 
caused by EM interactions 


Lighter, gaseous 
planets are less 
aereniahy attcock 
strongly attracted 
to the SUN 


Special Relativity 


create stable orbits 


the PUSH of EM fields 


e 
Longitudinal EM energy momenta 
produced in the cores of stars provides the mechanics for 
Instantaneous Interaction -at-a-distance 
between stars and their planets 


Cc? 


Lighter, gaseous 
s orbit further 
om the SUN 
nt EM 


eaker 


Planet Distance from Sun 
Mercury 192 ight-seconds 
500 ight-seconds 

762 ight-second: 

ight seconds 
‘4782light-seconds 

91576 ight-seconds 

14976 ight-seconds 


Kepler’s Laws 


T’=ka3 


The square ofthe orbital period ofa p 
directly proportional to th 
semi-major axis oft 


This 


An Elipse circumsribed, 
onto the Apex points of 
an Equilateral triangle 
has the form 
of a Circle 


The divergent energy momenta 
of kEM fields create an acceleration 
FORCE on material bodies 


The orbit of every planet is an ellipse 
with the Sun at one of the two foci. 


Aline joining a planet and the Sun sweeps 
out equal areas during equal intervals of time, 


A Star's kEM field accelerates 
Matter away from it creating 
stable ellipical orbits 


od triangles 


The Major celestial bodies Ie esac ttc bree 


‘gravitation Matter and interactive KEM fields 


comet 
eet) 


Plonet Object Axial le) Atal (radions) 


Mercury 
Venus 
Mar 
Plato 
radiant 


ss 


Venus and Uranus are unique in that their orbital motions 
‘about the SUN are retro-grade mations 


Inclination to Sun's equator (°) 


Solar orbit Inclinations 


Rocky Planets 

Mercury 3.38 
Venus 3.86 
Earth 7.15 
Mars 5.65 


Gas giants 
Jupiter 


Saturn Solar 
Uranus Magnetosphere 


Neptune 


phen a «———«*S lar Heliosphere 


Inclination to Suns equator 


Solar 
Magnetospliere 


Orbital inclination is one of the six orbital parameters describing the shape and orientation of a celestial orbit. 


It is the angular distance of the orbital plane from the plane of reference (usually the primary’s equator or the ecliptic), normally stated in degrees. 


The Lag 


th 


The Lagrange Points 
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Earth-Moon Gravito-Electro-Magnetic fields 


Gravitational tests jth 


‘al body using Photons must also 
‘ake into account EM interaction: 


Earths gravitational field onthe Moons surface 
15 1/3600 that of the eld on the Earth surface 
160 


F=-GMm 


T 


i. 
The origin of 
the Earth's magnetic field 
has 50 far defied all attempts 
ata satisfactory solution, 


The Graviatio‘al field of the Earth 
is the rest of its mass-Matter and can 
‘be modelled as a weak EM field 


sqrt[GM/r] 


Gravity isnot what gives the Moon its velocity 


Ic has been theorised that whatever velocity the 
‘Moon has was probably acquired when it was created. 


Gravity prevents the Moon from breaking out of Earth 
orbit and flying away, confining i 0 its known orbit 


‘eiryonics iMustrates that along with the gravitational force 
the Earth's [kJEM field provides a interactive force to 
accelerate any bodies in its gravitational embrace. 


Tis this balance between Gravitational attraction 
Interactive E-field forces & Magnetic purturbations 
that creates stable orbits overlong periods of time 


The Earth’s-ElectroMagnetic field 


Earth's magnetic field (also known asthe geomagnetic fe) sth fed 
that extends from the Earth’ inner core to where i meets the sor wind, 


It is the magnetic dipole field 
tilted'at an anglé of 11 degrees 
With respect to the rotational axis 


The Earth's magnetic field is really 
generated by the motion of the Earth 
through solar & vacuum energies 


and it is enhanced by the molten 
alloys in the Earth's core 


Sola particle ons 
repelled 


Solar particle ions, 


The magnetic poles 


recess and even filp over time 
It protects the Earth from cosmic rays 


ahead nip nen elgeet rears E 
Terns expone to UY Ecos ys y-™ 


Atrandom Intervals (several hundred thousand years) the Earth's field reverses 
(the north and south geomagnetic poles change places with each other) 


The Earth’s molten core 


The Earth hasan outer slicate Sli crust 3 id a solid inner core 
Scientific understanding 


KE 


The energy that creates the 
Earth’s magnetic field 
is supplied by the SUN 
via longitudinal waves 
of energy momenta 


Terrestrial Aurora 


result from the interaction of the Earth's magnetic field and the energetic solar wind, 
which provides energised ions and photons to the polar regions of Planets 


Solar particle fons 


epelied 


Absolute Rest Frames 


Rest in physics refers to an object being stationary relative. In Tetryonics an Inertial Rest frame can be determined 
to a particular frame of reference or another object by the absence of a Kinetic EM field & its Magnetic moment 


Red-shifted Photonic Energies 


Energy is ALWAYS conserved... longer wavelength [red-shifted] photon energies are a reflection of 


the time specific measurement of photonic energies at-a particular distance from the source of the light 


evens | mQ 
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General relativity additionally states that t r itofa photon traveling through an expanding space time field 


: Red-shifted photon 
>| << moving away from observer 


2c 


‘Tetryonic geometry relates photon mass-energy momenta to 


the constant velocity of light in a vacuum and its intrinsic quantised angular momenta 


As EM energy radiates from any point source 
QAM isa hidden geometry 


QAM has the dimensions 
within Planck's constant 


of Area/time [m2/s] 


if 


its wave-length’ increases and it’s lorentz.contracted 


Planck's constant 2 charged Planck quanta 


equilateral mass-energy form a EM photon of 


momenta per second v2 


mass-energy momenta 


in its direction of motion wrt the observer 


As the elapsed time period is increased 
the equilateral mass-energy: momenta geometry 


is spread over a greater area creating longer wavelengths 


The Doppler shifting of EM waves 


It is the Photons intrinsic geometry that increases the further it travels from the source due to the inverse square law 
resulting in less energy (per unit of time) being recieved at increasing distances from the source 
5 the Photon’s specific QAM [m2/s] has increased over time 


d 


Wave-length contraction 


linear 


Lorentz corrections 


SR - measuring rods in differing interial frames 


have different contracted lengths 


GR - lengths measured in curved 


are different to straight lines in flat 5 


Relativistic Corrections 


are applied to only [kinetic]EM mass-energy geometries 


dt 


Time Dilation 


se time dilation 


s Gravitational fields 


-e time dilation 


®@) 


C2 


GPS relativistic corrections 
Photons are mass-energy momenta quanta 
[they are Matter-less NOT mass-less] 
and are subect to Lorentz Forces and corrections 


News G-+SR=GR tins 
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Newtonian Gravity N ‘ General Relativity 
is universal = : is limted to ¢ 


The ‘gravitational’ frequency shifting [Red-Blue shifting of EM waves] is in fact an electromagnetic effect 


All Light and EM wave 
are 2D ElectroMagnetic 
and are unaffected by gravity 


The Bending of Light 


EM waves of light are refracted by the 
EM plasma enviroment 
of any star 


4nG + 4nSR = 8nGR 
* antz . 
“8 


All Light and EM waves 
are deflected and dispersed 
by ElectroMagnetic interactions 


M 
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2D radiant 
electromagnetic 


™mass-energies 


The Perihelion of Mercury 
Si the result of EM interactions wi addition te gravéalional attraction 


Newton's the ming af i hip for dist te of 3 differs from th 


Both Newton and Einstein saw Gravity as a singular force of attraction between objects 
and developed their math accordinglyfrom the observed motions 
without any physical distinction between mass & Matter 


Universal gravitation is the result of the 
convergent gravity AND interactive EM fields 
in any spatial region 


Einstein 


+ 


Newton Lorentz 


Newton 


Universal Gravitation 


Close to gravitational Matter sources 
Pérturbiative M fidlds have y 4m Newtonian gravity has to be 
inverse squared geometries modified with SR corrections to 


account for [K]EM field 
interactions 


Gravity + At larger distances 8% GR reduces 


MHiekl pertibations’ to 4x Newtonian gravity 
Gravity + [field interactions 


The SUN’ longitudinal wave emissions creates interaction-at-a-distance 


All the major solar bodies orbit within the interactive Stellar E-field 


Gravity + [field interactions 


Gravity 
M—fiekhpertubations Convergent Gravitational fields 
and interactive Electric fields 
are inverse squared fields 
of differing strengths 
Perturbative M -dipole fields 
have inverse cubed geometries 


The SUN’s GEM field 


SUN-Earth-Moon GEM fields 


Using equilateral [Tetryonic] GEM field geometries, 
a visual representation of the SUN-Earth-moon 
GEM interactions can be created 


The imeractive Magnetic dipole force isa inverse cubed force 
whereas the interactive Electric force is an inverse squared force 
[as is Gravity) 


F=kQQ, F=kQ.Q: 
Ge T 


The Gravitational force of Matter 
is co-incidental to [and weaker than] 
the divergent interactive forces 
of E fields 


AILGEM fields pre comprised of M/ 
Convergent G fields G EM fi el d 
Interactive E fields oe | A 
Perturbative M fields _acce erations 


Interactive KE fields are geometrically! 
= —co-incidental with the ‘ 
convergent Gravity fields of Matter | 


Convergent G fields & Interactive E fields 
are inverse squared field geometries 


Perturbative dipolar M fields have 
inverse bas es geometries 


Thepoiion ofthe Moon 
Tnisorttwilether ay 
Wipers ordecease rie) 
EM field accelerations of the 
SUNEantemoon stem 


Polar view 


All GEM fields are comprised of: GEM field 


Convergent G fields 
Interactive E fields 5 
Perturbative M fields accelerations 
Interactive KE field vectors are 
geometrically co-incidental with the 
strictly convergent vector of Gravity 


Convergent G fields & interactive E fields 
are inverse squared geometries 


Perturbative dipolar M fields have ere 
inverse cubed geometries Side elevation 


Gravitational flyby accelerations 


As Gravity pulls 
the Moon towards to Earth 


from purely 


The Earth's EM field 
provides a congtant outword force 
até a stable orbit 


Gravity &EM field forces at work 


ALL Matter creates GravitoElectoMagnetic fields 


Any measurement of GEM fields 
must take into account: 


E-field accelerations 


—__— 
M¢ield perturbances 


and the position of AtL Matter 
wrt other bodies in the systém that 
contribute to GEM field interactions 


Spacecraft at great distances 
from material bodies are affected by 
convergent Gravitational fields 
[Newtonian gravity] 


7 
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F=kQ.Q: 


Flyby anomalies 


Spacecraft flybys in this: 
K alphS region of GEMfields OD 
z xperience E-fieldinteractions 


Spacecraft travelling closer to 
material bodies are affected by 
interactive E-fields as well as G-fields 
{General Relativity] 


Viewed down from 
north ecliptic pole 


ae 


hore 


The modelln 
Spacecraft mations using 
either Newtonian Gravitation 
or Einstein’ General relativity 
problematicas neither model 
urately reflects the true, dynam 
GravitoElectroMagnetic interacitons 
of our Solar system and its environment 


Pioneer anomaly 


Despite many proposed solutions, 
there is not yet an accepted explanation 
for the cause of the Pioneer velocity anomaly 


Many proposals 
have been put forward to 
Voyager 2 explain this unexpected 
acceleration towards the Sun 


tryoni interactions shc 
that the measured acceleration 
the result of a weakening, inve 
juared stellar EM interaction 


Pioneer 11 throughout the Solar heliopause 


Voyager 1 


co-linear momentum forms an inflexible path for the propagation of linear forces between separated objects of mass-Matter 


The SUN radiates longitudinal mass-energy momenta from the collapse of Matter in its GEM pinch core 


instantaneous interaction-at-any-distance 


electrostatic field co-linear momentum 
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EM waves propagate at the speed of light - co-linear momentum impulses can propagate instantly for as long as the field exists between the objects 


Instantaneous interaction-at-a-distance 


One of the major points of disagreement between Newtonian Graviation and General Relativity 
concerns Einstein's limiting of information and energy momenta propagation to the speed of light 
whereas the Newtonian physics for Gravitation acts instantly between Matter irrespective of distance and time 


Coulomb 


Newton 


Where electrostatic and/or electromagnetic fields overlap they form fields of interaction between bodies of Matter 


the (quantum rods’ of co-linear momentum in their EM fields facilitate ‘FTL spooky interaction-at-a-distance’ 
facilitating near instantaneous [real time] impulses of linear momentum to convey physical forces 
over vast distances without loss for as long as the fields exist between the objects 


The efficient wireless transmission of electrical energy 
requires the creation of a large electrostatic 
field of longitudinal energy momenta_ 


The key to wireless energy isthe use 


= ‘Nikola Tesla was the first o promowe 
of LONGITUDINAL EM voltages such a the use of Longitudinal EM waves 
4 those produced by spark gaps a5 a source of wireless energy 


Once generated by EM pinch [or other spark gap technologies) 
real electrical power can be transmitted wirelessly through the air 
without lass using LONGITUDINAL waves of energy momenta 


here upon its reciept at distant locations near instanteous impulses 
of linear momentum can be uilised to produce electrical work 
{for any number of devices uising an earth return 


‘Since the discovery of the photo-electric effect 

at the tur of the 10th century electrical engineering 

aand physics theory has focused on transverse Hertzian 
waveforms tothe exclusion of longitudinal waves 


For the efficient generation, production and storage 
. of electrical energy to met ALL of Humanities growing 
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‘Transverse EM waves are in-efficient The lossless transmission of power 
for transmitting energy over distances as é over any distance, including to and from 
their linear energy momentum is not co-linear orbital platforms & remote locations on Earth, 
with their direction of proagation 


can at last be made into a physical reality 


Super-luminal communications 


Creating a near instantaneous real-time communications network 


EOL PPL PO PL DS PMP DO LO. 
€a ¢ BGS3S3S3E 36 3S3 


Earth 


Sending spacecrit to each star in order to 
establish longitudigal wave communications 
_ .# ISsimply impractical, however a solution 
to this problem is apparent 


Instead of ‘beaming’ 
transverse radiowaves 
into space or searching 


for thé same arriving 
fromother planets “F + 


= Anyadivanced 
technological civilisation 
becoming aware of longitudinal 
waves should look to their local star 
for signs of life in the Universe 
and use It to communicate 
‘With other lifeforms 


